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ʆʈɻɸʅɯɿɸʎɯʁʅʀʁ ʂʆʄɯʊɽʊ 

ɻʦʣʦʚʘ 

ɼɽʈɽɺôʗʅʂʆ ɼʝʥʠʩ ʢ.ʪ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ. 

ʏʣʝʥʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ 

ɹɭʃʆʍɸ ɻʘʣʠʥʘ ʢ.ʪ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 

ɿɸʂʃɸɼʅʀʁ ʆʣʝʛ ʢ.ʪ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ. 

ʗʎɽʅʂʆ ɼʤʠʪʨʦ ʢ.ʪ.ʥ. ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ. 

ʏʣʝʥʠ ʥʘʫʢʦʚʦʛʦ ʢʦʤʽʪʝʪʫ 

ɹʦʨʠʩ ɹɸʉʆʂ ʯʣʝʥ-ʢʦʨ. ʅɸʅ 

ʋʢʨʘʾʥʠ 
ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ 

ʆʣʝʢʩʘʥʜʨ ɹɽʉɸʈɸɹ ʧʨʦʬʝʩʦʨ ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʋʢʨʘʾʥʘ 

ʉʝʨʛʽʡ ɹʆʁʏɽʅʂʆ ʧʨʦʬʝʩʦʨ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

ʖʨʽʡ ɹʆʅɼɸʈɽʅʂʆ ʧʨʦʬʝʩʦʨ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʩʧʽʣʢʘ ʝʥʝʨʛʝʪʠʢʽʚ ʪʘ ʝʣʝʢʪʨʦʪʝʭʥʽʢʽʚ ʋʢʨʘʾʥʠ 

ʆʣʝʥʘ ɹʆʈʀʏɽʅʂʆ ʜʦʮʝʥʪ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

ʄʠʭʘʡʣʦ ɹʋʈɹɽʃʆ ʧʨʦʬʝʩʦʨ ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

ʆʣʝʢʩʽʡ 

ɹʗʃʆɹʈɾɽʉʔʂʀʁ 

ʜʦʮʝʥʪ ʂʨʝʤʝʥʯʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ̔ ʤʝʥʽ ʄʠʭʘʡʣʘ 

ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

ʆʢʩʘʥʘ ɺʆɺʂ ʧʨʦʬʝʩʦʨ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 
ʌʨʘʥʩʽʩʢʦ ɻʆʅʉɸʃɽʉ- 

ʃʆʅɻɸʊʊ 

ʧʨʦʬʝʩʦʨ ʋʥʽʚʝʨʩʠʪʝʪ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʾ ʅʦʨʚʝʛʽʾ, ʅʦʨʚʝʛʽʷ 

ʉʝʨʛʽʡ ɻʋɹɯʅ ʧʨʦʬʝʩʦʨ ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ̔ ʤ. ʄ.ɭ. ɾʫʢʦʚʩʴʢʦʛʦ 

çʍɸɯè, ʋʢʨʘʾʥʘ 

ʉʝʨʛʽʡ ɼɽʅʀʉʖʂ ʧʨʦʬʝʩʦʨ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

ɼʝʥʠʩ ɼɽʈɽɺôʗʅʂʆ ʜʦʮʝʥʪ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

ɺʘʣʝʨʽʡ ɼɽʐʂʆ ʧʨʦʬʝʩʦʨ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

ɸʥʜʨʽʡ ɾɸʈʂɯʅ ʘʢʘʜʝʤʽʢ ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ 

ɸʨʪʫʨ ɿɸʇʆʈʆɾɽʎʔ ʩʪʘʨʰʠʡ 

ʜʦʩʣʽʜʥʠʢ 

ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ 

ɺʽʢʪʦʨ ɿɸʍɸʈʏɽʅʂʆ ʧʨʦʬʝʩʦʨ ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

ɺʽʢʪʦʨ ʂɸʇʃʋʅ ʧʨʦʬʝʩʦʨ ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ̔  ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ 

ʄʠʭʘʡʣʦ ʂɯʆʈʉɸʂ ʧʨʦʬʝʩʦʨ ɯʥʩʪʠʪʫʪ ʝʥʝʨʛʝʪʠʢʠ ɸʅ ʄʦʣʜʦʚʠ, ʄʦʣʜʦʚʘ 

ɺʷʯʝʩʣʘʚ ʂʆʄɸʈ ʧʨʦʬʝʩʦʨ ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

ʉʪʝʧʘʥ ʂʋɼʈʗ ʧʨʦʬʝʩʦʨ ɯʥʩʪʠʪʫʪ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ 

ʆʣʝʢʩʘʥʜʨ ʃɸɿʋʈɽʅʂʆ ʧʨʦʬʝʩʦʨ ʅʊʋ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ̔ ʥʩʪʠʪʫʪè, ʋʢʨʘʾʥʘ 

ʇʝʪʨʦ ʃɽɾʅʖʂ ʧʨʦʬʝʩʦʨ ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

ɹʝʨʥʪ ʃɯ ʧʨʦʬʝʩʦʨ ʋʥʽʚʝʨʩʠʪʝʪ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʾ ʅʦʨʚʝʛʽʾ, ʅʦʨʚʝʛʽʷ 

ɺʦʣʦʜʠʤʠʨ ʅɸʍʆɼʆɺ ʧʨʦʬʝʩʦʨ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

ʖʨʽʡ ʇɸʇɸɰʂɸ ʧʨʦʬʝʩʦʨ ʅʘʮʽʦʥʘʣʴʥʠʡ ʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʋʢʨʘʾʥʘ 

ʇʝʪʨʦ ʇʃɭʐʂʆɺ ʧʨʦʬʝʩʦʨ ʎʝʥʪʨʘʣʴʥʦ ʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʋʢʨʘʾʥʘ 

ɺʦʣʦʜʠʤʠʨ ʇʆʇʆɺ ʧʨʦʬʝʩʦʨ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

ʄʠʭʘʡʣʦ ʉɽɻɽɼɸ ʧʨʦʬʝʩʦʨ ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʋʢʨʘʾʥʘ 

ʆʣʝʛ ʉɯʅʏʋʂ ʧʨʦʬʝʩʦʨ ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

ʈʠʰʘʨʜ ʉʊʈɾɽʃɽʎʔʂɯ ʧʨʦʬʝʩʦʨ ɻʜʘʥʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ, ʇʦʣʴʱʘ 

https://www.nas.gov.ua/UA/Org/Pages/default.aspx?OrgID=0000265
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ɸʥʘʪʦʣʽʡ ʏɽʈʅʗɺʉʔʂʀʁ ʜʦʮʝʥʪ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

ʆʣʝʢʩʘʥʜʨ ʐʈɸʄ ʜʦʮʝʥʪ ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʋʢʨʘʾʥʘ 

ɺʘʜʠʤ ʑʆʂɯʅ ʧʨʦʬʝʩʦʨ ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 
 

˻˽ˢ˨  22 -24 , 20 23  

 
 

 

 

ɸʜʨʝʩʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ ʢʦʥʬʝʨʝʥʮʽʾ: 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, ɯʥʩʪʠʪʫʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ. 03056, ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ, ʚʫʣ. ɹʦʨʱʘʛʽʚʩʴʢʘ, 115, 

ʢʦʨʧʫʩ 22,  

ʢ. 315, ʪʝʣ./ʬʘʢʩ (38-044) 204-85-14; ʩʘʡʪ: pems.kpi.ua, e-mail: pems@kpi.ua 
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ʈʆɿɼɯʃ 1: ɯʅʊɽʃɽʂʊʋɸʃʔʅɯ ɽʅɽʈɻɽʊʀʏʅɯ SMART GRID 

ʉʀʉʊɽʄʀ ʊɸ ɽʅɽʈɻɽʊʀʏʅʀʁ ʄɽʅɽɼɾʄɽʅʊ 
 

UDC 621.311.29 

ʇ. ɼ. ʃʝʞʥʶʢ1,2, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ORCID 0000 0002 9366 3553  

ɯ. ʆ. ɻʫʥʴʢʦ2, ʢ-ʥ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., ʜʦʢʪʦʨʘʥʪʢʘ, ORCID 0000-0003-2868-4056 

ɺ. ʄ. ʃʠʩʠʡ2, ʘʩʧʽʨʘʥʪ, ORCID 0009-0007-0211-9100 
1ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

2ɯʥʩʪʠʪʫʪ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅʋ 

 

ʈʆɿʈɸʍʋʅʆʂ ʏɸʉʊʂʀ ʅʀɿʔʂʆɺʋɻʃɽʎɽɺʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ ɺ 

ʉʇʆɾʀɺɸʅʅɯ: ʐʃʗʍ ɼʆ ɼɽʂɸʈɹʆʅɯɿɸʎɯɰ 
ʇʦʣʽʪʠʢʘ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʛʣʦʙʘʣʴʥʠʭ ʟʫʩʠʣʴ ʫ ʙʦʨʦʪʴʙʽ ʟʽ 

ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ɼʝʢʘʨʙʦʥʽʟʘʮʽʷ ʧʝʨʝʜʙʘʯʘʻ 

ʟʥʠʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʚʫʛʣʝʮʝʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʷʢ ʚʫʛʽʣʣʷ, ʥʘʬʪʘ ʪʘ ʛʘʟ, ʪʘ ʧʝʨʝʭʽʜ 

ʥʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʫ ʚʩʽʭ ʩʝʢʪʦʨʘʭ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʣʷ ʩʪʠʤʫʣʶʚʘʥʥʷ 

ʽʥʚʝʩʪʠʮʽʡ ʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʫ ʝʥʝʨʛʝʪʠʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʛʘʨʘʥʪʽʾ 

ʧʦʭʦʜʞʝʥʥʷ (Guarantees of Origin), ʢʦʥʪʨʘʢʪʠ ʥʘ ʢʫʧʽʚʣʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (Power Purchase 

Agreements), ʜʝʷʢʽ ʢʨʘʾʥʠ ʟʘʧʨʦʚʘʜʞʫʶʪʴ ʚʣʘʩʥʽ ʩʠʩʪʝʤʠ ʤʘʨʢʫʚʘʥʥʷ ʪʘ ʟʚʽʪʫʚʘʥʥʷ 

(Labelling and Reporting System) ʪʘ ʽʥ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʨʦʙʥʠʢʘʤ ʟʤʝʥʰʠʪʠ ʩʚʽʡ ʚʫʛʣʝʮʝʚʠʡ 

ʩʣʽʜ ʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʩʧʦʞʠʚʘʯʘʤ, ʱʦ ʾʭʥʷ ʧʨʦʜʫʢʮʽʷ ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ʅɺɼɽ). ɺʠʟʥʘʯʝʥʥʷ ʧʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʩʘʤʝ 

ʚʽʜʩʪʝʞʝʥʥʷ ʧʝʨʝʪʦʢʽʚ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʨʦʙʥʠʢʘ 

ʪʘ ʩʧʦʞʠʚʘʯʘ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʘʢʪʠʚʥʦʛʦ) ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʦʛʦ ʨʠʥʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʦʩʢʽʣʴʢʠ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʨʦʟʧʦʜʽʣʝʥʽ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʫʪʴ ʟʘʩʪʦʩʫʚʘʪʠʩʷ ʤʝʪʦʜ ʜʦʣʴʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ, 

ʷʢʠʡ, ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ Electricity Map.  ʊʘʢ ʟʦʢʨʝʤʘ, ʪʨʘʩʫʚʘʥʥʷ 

ʧʦʪʦʢʽʚ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ɹʽʘʣʝʢʦʤ,  ʷʢ ʩʭʝʤʘ ʨʦʟʧʦʜʽʣʫ ʚʪʨʘʪ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʚ'ʷʟʘʥʥʽ 

ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ [1], ʽ ʧʘʨʘʣʝʣʴʥʦ ʂʽʨʰʝʥʦʤ ʷʢ ʘʥʘʣʽʪʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʽʪʝʨʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʘʬʽʚ [2]. ʅʘʷʚʥʽʩʪʴ ʢʽʣʴʮʝʚʠʭ ʩʭʝʤ, ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ 

ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚ ʤʝʨʝʞʘʭ ʟ ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ 

ʧʨʠʻʜʥʘʥʴ ʨʽʟʥʦʪʠʧʥʠʭ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʟʦʢʨʝʤʘ ʚʽʪʨʦʚʠʭ ʪʘ ʩʦʥʷʯʥʠʭ 

ʩʪʘʥʮʽʡ, ʨʝʞʠʤ ʨʦʙʦʪʠ ʷʢʠʭ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʛʦʜʥʽʡ ʫʤʦʚ. 

ʆʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʽʩʥʫʶʯʠʭ 

ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʦʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʥʘ ʫʟʘʛʘʣʴʥʠʪʠ, 

ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1. ʎʝ ʟʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʦʩʦʙʣʠʚʦ ʟ 

ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʴʥʽ 

ʚʠʨʦʙʥʠʢʠ ʭʦʯʫʪʴ ʟʥʘʪʠ, ʷʢʫ 

ʯʘʩʪʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʦʥʠ 

ʦʪʨʠʤʫʶʪʴ ʚʽʜ ʅɺɼɽ. ʄʝʪʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʦʪʨʠʤʘʥʦʾ 

ʩʧʦʞʠʚʘʯʝʤ ʚʽʜ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʾʾ ʧʦʭʦʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʚʠʨʦʙʥʠʢʘʤ ʚʠʧʫʩʢʘʪʠ ʧʨʦʜʫʢʮʽʶ 

ʈʠʩʫʥʦʢ 1 ╖  ʅʝʜʦʣʽʢʠ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 
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ʟ ʟʝʣʝʥʠʤ ʤʘʨʢʫʚʘʥʥʷʤ.  

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʘ ʘʣʛʦʨʠʪʤ ʦʮʽʥʶʚʘʥʥʷ ʯʘʩʪʢʠ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʟʘʜʘʥʦʛʦ 

ʩʧʦʞʠʚʘʯʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ  ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʦʧʠʩʘʥʘ 

ʫ [3]. ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ  ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʦʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʯʘ ʚʽʜ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʜʝʤʦʥʩʪʨʘʮʽʾ ʡʦʛʦ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʢʽʣʴʮʝʚʠʭ ʤʝʨʝʞ ʨʽʟʥʠʭ ʥʘʧʨʫʛ, ʨʦʟʛʣʷʥʫʪʦ 14 ʚʫʟʣʦʚʫ ʤʝʨʝʞʫ IEEE, ʚ  6 

ʪʘ 8 ʚʫʟʣʘʭ ʷʢʦʾ ʚʩʪʘʥʦʚʣʝʥʦ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ ʧʦʪʫʞʥʽʩʪʶ 15 ʄɺʪ ʪʘ 20 ʄɺʪ 

ʚʽʜʧʦʚʽʜʥʦ. ʂʦʥʪʨʦʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʠ PowerFactory 15.1. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜ ʅɺɼɽ 

ʜʣʷ 5 ʪʘ 9 ʚʫʟʣʽʚ  ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ.1. ʊʘʢ, ʟʦʢʨʝʤʘ, ʚʪʨʘʪʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʚʪʨʘʪʘʤʠ ʦʪʨʠʤʘʥʠʤʠ ʟ PowerFactory. ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʪʦʯʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 

ʊʘʙʣʠʮʷ 1  ╖  ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ˉ 

 ʧ/ʧ 

ɺʫʟʦʣ  

6 

ɺʫʟʦʣ 

8 
ɺʫʟʦʣ 

5 

ɺʫʟʦʣ 

9 

ɺʪʨʘʪʠ 

ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ 

ȹPPF, ʄɺʪ 

 

ɺʪʨʘʪʠ 

ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ 

ȹPʨʦʟʨ, ʄɺʪ 

 

ʈʛʝʥ 

ʌɽʉ1, 

ʄɺʪ 

ʈʛʝʥ 

ʌɽʉ2, 

ʄɺʪ 

1 

(7 ʛʦʜ) 
4 5 

ɺʽʜ ʊɽʉ ï 3 ʄɺʪ 

(40%) 

ɺʽʜ ʅɺɼɽ  ╖  4,6 ʄɺʪ 

(60 %) 

 

ɺʽʜ ʊɽʉ ï 0,1 ʄɺʪ 

(0,34%) 

ɺʽʜ ʌɽʉ2 ï 2,6 ʄɺʪ 

(8,8%) 

ɺʽʜ ʅɺɼɽ ï 99,66% 

15,11 
15,1 

 

2 

(11 ʛʦʜ ) 
13 18 

ɺʽʜ ʊɽʉ  ╖ 3.14 ʄɺʪ 

78,5% 

ɺʽʜ ʅɺɼɽ  ╖  

0,86 ʄɺʪ 

 (21,5 %) 

 

ɺʽʜ ʊɽʉ ï 0,07 ʄɺʪ 

(0,35%) 

ɺʽʜ ʌɽʉ2 ï 7,26 

ʄɺʪ (36,3%) 

ʌɽʉ1  ╖  1,98 ʄɺʪ 

(10%) 

ɺʽʜ ʅɺɼɽ ï 99,65% 

7,28 
7,3 

 

3 

(13 ʛʦʜ) 
15 20 

ɺʽʜ ʊɽʉ ï 3,1 ʄɺʪ 

(77,5%) 

ɺʽʜ ʅɺɼɽ  ╖  0,9 ʄɺʪ 

(22,5 %) 

 

ɺʽʜ ʊɽʉ ï 0,07 ʄɺʪ 

(0,46%) 

ɺʽʜ ʌɽʉ1 ï 2,67 

ʄɺʪ (17,8%) 

ʌɽʉ2 ï 8,15 ʄɺʪ 

(54,3%) 

ɺʽʜ ʅɺɼɽ ï 99,54% 

12,37 12,3 

4 

(19 ʛʦʜ) 
2 2,5 

ɺʽʜ ʊɽʉ ï 3,01 ʄɺʪ 

(40%) 

ɺʽʜ ʅɺɼɽ ï  

4,59 ʄɺʪ (60%) 

ɺʽʜ ʊɽʉ ï 0,09 ʄɺʪ 

(0,3%) 

ɺʽʜ ʌɽʉ2 ï 1,68 

ʄɺʪ (5,6%) 

ɺʽʜ ʅɺɼɽ ï 99,7% 

15,64 
15,57 

 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. Bialek J. Tracing the Flow of Electricity. IEE Proc.-Gener. Transm. Distrih, Vol. 143, No 

4, July pp. 313-320. 

2. Kirschen D., Allan R., Strbac G. Contributions of individual generators to loads and 

flows.  IEEE Transactions on Power Systems, Volume. 12, pp. 52-60, Feb. 1997. 

doi:10.1109/59.574923. 

3. ɯ. ɻʫʥʴʢʦ, ñʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʯʘ 

ʚʽʜ ɺɼɽ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽʡ ʩʠʩʪʝʤʽò ɺʽʩʥʠʢ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ: ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ, ʚʠʧ. 339, ʚʠʧ. 4, ʩʪʦʨ. 230ï234, ʩʝʨʧʝʥʴ 2024 ʨ. 

 

https://keprofesianhmeitb.wordpress.com/wp-content/uploads/2009/07/getpdf4.pdf
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ɹʘʩʦʢ ɹ.ɯ., ʯʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ, ʜ.ʪ.ʥ., 

ɹʘʟʻʻʚ ɭ.ʊ. 

ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ,  

ʚʫʣ. ɹʫʣʘʭʦʚʩʴʢʦʛʦ, 2, ʋʢʨʘʾʥʘ. 

 

ʈʆɿʆʉɽʈɽɼɾɽʅɸ ɽʅɽʈɻɽʊʀʂɸ ï ʊʈɽʅɼ ʉʊɯʁʂʆʉʊɯ, 

ɺɯɼʅʆɺʃɽʅʅʗ ʊɸ ʈʆɿɺʀʊʂʋ ʋ ɺɯʁʉʔʂʆɺʀʁ ʊɸ 

ʇɯʉʃʗɺʆɭʅʅʀʁ ʇɽʈɯʆɼʀ 
 

ɺ ʜʦʧʦʚʽʜʽ ʥʘʚʝʜʝʥʦ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʡ ʘʥʘʣʽʟ ʭʦʜʫ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʡʥʷʪʠʭ ʚ ʋʢʨʘʾʥʽ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʨʘʪʝʛʽʡ, ʥʘʚʝʜʝʥʦ ʦʛʣʷʜ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʧʨʦʙʣʝʤʠ ʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʤʦʞʣʠʚʦʩʪʽ 

ʨʦʟʧʦʜʽʣʝʥʦʾ (ʨʦʟʩʝʨʝʜʞʝʥʦʾ) ʪʝʧʣʦʝʣʝʢʪʨʦʛʝʥʝʨʘʮʽʾ ʚ ʋʢʨʘʾʥʽ. ʅʘʚʝʜʝʥʦ ʽʥʥʦʚʘʮʽʡʥʽ 

ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ɦ ʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʫʢʦʚʦʤʫ ʥʘʧʨʷʤʫ çʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʪʝʧʣʦʬʽʟʠʯʥʘ ʽʥʞʝʥʝʨʽʷè, ʮʽʣʷʤ ʪʘ 

ʟʘʚʜʘʥʥʷʤ ʧʨʦʝʢʪʫ çʅʘʮʽʦʥʘʣʴʥʠʡ ʧʣʘʥ ʟ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʢʣʽʤʘʪʫ ʥʘ ʧʝʨʽʦʜ ʜʦ-2030 ʨʨ.è 

ʋʢʨʘʾʥʘ ʜʦ 90-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʣʽʪʪʷ ʤʘʣʘ ʨʦʟʚʠʥʝʥʠʡ ʇɽʂ ʟ ʚʠʩʦʢʠʤ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʤ ʽ ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ, ʷʢʠʡ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʽʟ ʟʘʨʫʙʽʞʥʠʤʠ. 

ɿʽ ʟʜʦʙʫʪʪʷʤ ʥʝʟʘʣʝʞʥʦʩʪʽ ʧʝʨʝʜ ʋʢʨʘʾʥʦʶ ʧʦʩʪʘʣʦ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʠʪʠ ʚʽʪʯʠʟʥʷʥʫ 

ʩʪʨʘʪʝʛʽʶ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ. ɻʦʣʦʚʥʦʶ ʮʽʣʴʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ 

ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ ʧʦʚʠʥʝʥ ʙʫʚ ʙʫʪʠ ʧʝʨʝʭʽʜ ʚʽʜ ʽʤʧʦʨʪʥʦ-

ʩʠʨʦʚʠʥʥʦʛʦ ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ ʇɽʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʝʟʫʣʴʪʘʪʽʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʧʨʠʨʦʜʥʠʯʠʭ ʪʘ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʫʢ, ʚʽʪʯʠʟʥʷʥʦʛʦ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʟ ʡʦʛʦ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʤʠ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʨʦʟʨʦʙʢʘʤʠ. ɺʩʝ ʮʝ ʚ ʫʤʦʚʘʭ ʢʣʶʯʦʚʠʭ ʚʥʫʪʨʽʰʥʽʭ 

ʪʘ ʟʦʚʥʽʰʥʽʭ ʨʠʟʠʢʽʚ ʪʘ ʚʠʢʣʠʢʽʚ ʨʦʟʚʠʪʢʫ ʊɽʂ, ʫ ʪʽʩʥʽʡ ʫʚ'ʷʟʮʽ ʪʨʽʘʜʠ: ʝʥʝʨʛʝʪʠʢʘ-

ʝʢʦʥʦʤʽʢʘ-ʝʢʦʣʦʛʽʷ ʪʘ ʚʠʩʦʢʠʭ ʪʝʤʧʽʚ ʟʨʦʩʪʘʥʥʷ ʥʘʫʢʦʚʠʭ ʟʥʘʥʴ. ɹʫʣʦ ʧʨʠʡʥʷʪʦ ʥʠʟʢʫ 

ʨʝʛʫʣʷʪʦʨʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʽʪʠʢʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ 

ʋʢʨʘʾʥʠ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʥʠʟʢʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʨʠʚʽʚ ʫ ʛʘʣʫʟʽ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʘʢʪʠʚʥʦʶ ʫʯʘʩʪʶ ʫ ʮʠʭ ʨʦʙʦʪʘʭ ʥʘʫʢʦʚʮʽʚ ʪʘ ʬʘʭʽʚʮʽʚ-

ʝʥʝʨʛʝʪʠʢʽʚ ʋʢʨʘʾʥʠ: 

- ɽʥʝʨʛʝʪʠʯʥʘ ʧʨʦʛʨʘʤʘ ʥʘ ʧʝʨʽʦʜ 1996-2010 ʨʨ. 

- ɽʥʝʨʛʝʪʠʯʥʘ ʩʪʨʘʪʝʛʽʷ ʥʘ ʧʝʨʽʦʜ 2006-2030 ʨʨ. 

- ʆʥʦʚʣʝʥʦ ʝʥʝʨʛʝʪʠʯʥʫ ʩʪʨʘʪʝʛʽʶ ʥʘ ʧʝʨʽʦʜ 2013-2030 ʨʨ. 

- ʅʦʛʚʘ ɽʥʝʨʛʝʪʠʯʥʘ ʩʪʨʘʪʝʛʽʷ ʥʘ ʧʝʨʽʦʜ 2017-2035 ʨʨ. 

- ɽʥʝʨʛʝʪʠʯʥʘ ʩʪʨʘʪʝʛʽʷ ʥʘ ʧʝʨʽʦʜ 2023-2050 ʨʨ. (ʤʘʻ ʛʨʠʬ çʜʣʷ ʩʣʫʞʙʦʚʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷè). 

- ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʣʘʥ ʟ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʢʣʽʤʘʪʫ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨ.è (ʧʨʠʡʥʷʪʦ ʫ 2024 
ʨ.) 

ʇʝʨʰʘ ʧʨʦʛʨʘʤʘ ʪʘ ʪʨʠ ʥʘʩʪʫʧʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʪʨʘʪʝʛʠʾ ʥʝ ʙʫʣʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚ 

ʧʝʨʝʜʙʘʯʝʥʽ ʯʘʩʦʚʽ ʧʝʨʽʦʜʠ ï ʢʦʞʥʘ ʥʝ ʜʦʩʷʛʘʣʘ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʮʽʣʝʡ ʪʘ ʽʥʜʠʢʘʪʠʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. ɺʞʝ ʥʘ ʧʨʦʤʽʞʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ ʙʫʣʘ ʦʯʝʚʠʜʥʦʶ ʾʭ ʥʝʟʜʽʡʩʥʝʥʥʽʩʪʴ ʽ 

ʥʘʩʪʫʧʥʽ ʩʪʨʘʪʝʛʽʾ ʧʽʩʣʷ 1996 ʨʦʢʫ ʫʭʚʘʣʶʚʘʣʠʩʷ ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ ʧʦʧʝʨʝʜʥʴʦʾ. 

ʈʝʘʣʽʟʘʮʽʷ ʮʽʣʝʡ ʪʘ ʟʘʚʜʘʥʴ ʧʝʨʝʜʦʩʪʘʥʥʴʦʾ ɽʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʥʘ ʧʝʨʽʦʜ 2017-

2035 ʨʨ. (ʅɽʉ-35) ʙʫʣʘ ʪʦʨʧʝʜʦʚʘʥʘ ʨʦʩʽʡʩʴʢʦʶ ʘʛʨʝʩʽʻʶ ʫ 2022 ʨʦʮʽ. ʊʦʤʫ ʧʦʩʪʘʻ 

ʟʘʧʠʪʘʥʥʷ -, ʜʝ ʰʫʢʘʪʠ ʧʨʠʯʠʥʠ çʪʘʢʦʾ ʨʝʘʣʽʟʘʮʽʾè ʧʦʧʝʨʝʜʥʽʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʨʘʪʝʛʽʡ? ʋ 

ʤʝʪʦʜʘʭ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʷʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ ʰʣʷʭʘʤʠ ʪʘ ʤʝʭʘʥʽʟʤʘʤʠ ʨʝʘʣʽʟʘʮʽʾ, 

ʫ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽʡ ʪʘ ʛʝʦʧʦʣʽʪʠʯʥʽʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʫ ʛʣʦʙʘʣʴʥʽʡ ʬʽʥʘʥʩʦʚʦ-

ʝʢʦʥʦʤʽʯʥʽʡ ʢʨʠʟʽ? ɸʙʦ ʫ ʧʨʠʥʮʠʧʦʚʽʡ ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʽʟʥʘʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ (ʥʘ ʜʦʩʠʪʴ 

ʚʽʜʜʘʣʝʥʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ)? 
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ɿʘʟʥʘʯʝʥʘ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʟʤʽʥʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʫ ʢʨʘʾʥʽ ʚʠʢʣʠʢʘʣʘ 

ʧʝʚʥʫ ʥʝʜʦʚʽʨʫ ʜʦ ʨʦʟʨʦʙʦʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʥʘ ʚʽʜʜʘʣʝʥʠʡ ʧʝʨʽʦʜ (ʜʝʩʷʪʢʠ ʨʦʢʽʚ) ʪʘ 

ʚʠʢʣʠʢʘʣʘ ʫ ʝʥʝʨʛʝʪʠʯʥʦʾ, ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʧʨʦʧʦʟʠʮʽʶ ʧʨʦ 

ʜʦʮʽʣʴʥʽʩʪʴ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʧʨʦʛʥʦʟ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥʥʠʭ ʫʤʦʚ, 

ʢʦʨʠʛʫʚʘʪʠ, ʩʫʧʨʦʚʦʜʞʫʚʘʪʠ ʪʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʦʧʝʨʘʪʠʚʥʠʤʠ (ʧʦʪʦʯʥʠʤʠ), ñʢʦʚʟʘʶʯʠʤʠ 

ʧʣʘʥʘʤʠ-ʧʨʦʛʥʦʟʘʤʠò ʥʘ ʧʦʨʽʚʥʷʥʦ ʢʦʨʦʪʢʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ (ʪʨʠ-ʧ'ʷʪʴ ʨʦʢʽʚ). 

ʄʘʪʝʨʽʘʣʠ çʅʘʮʽʦʥʘʣʴʥʠʡ ʧʣʘʥ ʟ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʢʣʽʤʘʪʫ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫè 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʩʥʦʚʫ çʜʦʨʦʛʦʚʢʘʟʫè ʥʘ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʡ ʨʷʜʦʢ. ɺʽʥ ʻ ʩʪʨʘʪʝʛʽʯʥʠʤ 

ʜʦʢʫʤʝʥʪʦʤ, ʷʢʠʡ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʫʟʛʦʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʢʣʽʤʘʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠè. ʋ ʥʴʦʤʫ ʚʠʟʥʘʯʝʥʽ 

ʢʣʶʯʦʚʽ ʮʽʣʽ ʜʦ 2030 ʨ., ʥʘʷʚʥʽ ʪʘ ʟʘʧʣʘʥʦʚʘʥʽ ʧʦʣʽʪʠʢʠ ʪʘ ʟʘʭʦʜʠ ʫ ʩʬʝʨʽ ʝʥʝʨʛʝʪʠʢʠ ʪʘ 

ʢʣʽʤʘʪʫ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʧ'ʷʪʴʤʘ ʚʠʤʽʨʘʤʠ ɽʥʝʨʛʝʪʠʯʥʦʛʦ ʉʦʶʟʫ ɭʉ: 

1. ɼʝʢʘʨʙʦʥʽʟʘʮʽʷ (ʨʦʟʚʠʪʦʢ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ) 

2. ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 

3. ɽʥʝʨʛʝʪʠʯʥʘ ʙʝʟʧʝʢʘ 

4. ɽʥʝʨʛʝʪʠʯʥʠʡ ʨʠʥʦʢ (ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ) 

5. ɽʥʝʨʛʝʪʠʯʥʠʡ ʨʠʥʦʢ (ʛʘʟ) 

ʋ çʅʘʮʽʦʥʘʣʴʥʦʤʫ ʧʣʘʥʽ ʟ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʢʣʽʤʘʪʫ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫè ʚʽʜʩʫʪʥʽʡ 

ʦʨʛʘʥʽʯʥʠʡ ʜʣʷ ʩʪʨʫʢʪʫʨʠ ʪʘʢʦʛʦ ʜʦʢʫʤʝʥʪʘ ʨʦʟʜʽʣ ï ʤʫʥʽʮʠʧʘʣʴʥʘ (ʢʦʤʫʥʘʣʴʥʘ) 

ʝʥʝʨʛʝʪʠʢʘ, ʷʢ ʩʢʣʘʜʦʚʘ çʚʝʣʠʢʦʾ ʝʥʝʨʛʝʪʠʢʠè ʟʽ ʩʚʦʾʤʠ ʧʦʪʨʝʙʘʤʠ ʚ ʝʥʝʨʛʦʨʝʩʫʨʩʘʭ, 

ʨʝʤʦʥʪʥʽʡ ʙʘʟʽ, ʽʥʚʝʩʪʠʮʽʷʭ, ʪʘ ʦʩʥʦʚʫ ʷʢʦʾ ʫ ʩʫʯʘʩʥʠʭ ʨʝʘʣʽʷʭ ʤʘʻ ʩʪʘʥʦʚʠʪʠ ʨʦʟʧʦʜʽʣʝʥʘ 

ʪʝʧʣʦʝʣʝʢʪʨʦʛʝʥʝʨʘʮʽʷ. ʆʜʥʘʢ ʩʘʤʝ ʮʷ ʛʘʣʫʟʴ ʝʥʝʨʛʝʪʠʢʠ ʻ ʟʘʨʘʟ ʥʘʡʙʽʣʴʰ ʩʦʮʽʘʣʴʥʦ 

ʟʥʘʯʫʱʦʶ. 
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ʋɼʂ 621.316 

ʂʫʣʠʢ ɺ.ɺ., ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʇʦʣʽʱʫʢ ɸ.ʃ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

ɹʫʨʠʢʽʥ ʆ.ɹ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., 

Tetra Tech, Inc. ʇʨʦʻʢʪ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ (ʇɽɹ), ʋʢʨʘʾʥʘ 

 

ʄɽʊʆɼ ʆʎɯʅʖɺɸʅʅʗ ʏɸʉʊʂʀ ɽʃɽʂʊʈʆʉʇʆɾʀɺɸʅʅʗ 

ɿɸɼɸʅʆɻʆ ʉʇʆɾʀɺɸʏɸ ʄɯʂʈʆʄɽʈɽɾɯ, ʗʂɸ ɿɸɹɽɿʇɽʏʋɭʊʔʉʗ 

ɿ ʈʆɿʆʉɽʈɽɼɾɽʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ 

 
ɺʩʪʫʧ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚ ʋʢʨʘʾʥʽ ʛʦʩʪʨʦ ʧʦʩʪʘʣʦ ʧʠʪʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʽʢʨʦʤʝʨʝʞ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʢʨʠʪʠʯʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʧʽʜ ʯʘʩ ʚʠʤʫʰʝʥʠʭ 

ʚʽʜʢʣʶʯʝʥʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʄʽʢʨʦʤʝʨʝʞʽ ʬʘʢʪʠʯʥʦ ʻ ʢʦʤʧʘʢʪʥʦʶ ʝʣʝʢʪʨʦʤʝʨʝʞʝʶ, 

ʧʨʠʟʥʘʯʝʥʦʶ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʝʥʝʨʛʦʨʝʩʫʨʩʘʤʠ. ɺʦʥʘ ʤʦʞʝ ʧʦʻʜʥʫʚʘʪʠ 

ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʪʘʢʽ ʷʢ ʩʦʥʷʯʥʫ, ʚʽʪʨʦʚʫ ʘʙʦ ʛʽʜʨʦʝʥʝʨʛʽʶ, ʟ 

ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʤʠ, ʪʘʢʠʤʠ ʷʢ ʜʠʟʝʣʴʥʽ ʛʝʥʝʨʘʪʦʨʠ ʘʙʦ ʛʘʟʦʚʽ ʪʫʨʙʽʥʠ. ʄʽʢʨʦʤʝʨʝʞʽ ʤʦʞʫʪʴ 

ʧʨʘʮʶʚʘʪʠ ʷʢ ʫ ʟʚ'ʷʟʢʫ ʟ ʦʩʥʦʚʥʦʶ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ, ʪʘʢ ʽ ʘʚʪʦʥʦʤʥʦ ʧʽʜ ʯʘʩ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʘʙʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʚʥʠʭ ʧʦʪʨʝʙ. 

ɸʚʪʦʥʦʤʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʤʽʢʨʦʤʝʨʝʞʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʦʟʦʩʝʨʝʜʞʝʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ (ʈɼɽ), ʱʦ ʧʦʪʨʝʙʫʻ ʧʣʘʥʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʤʽʢʨʦʤʝʨʝʞʽ. 

ʂʨʽʤ ʪʦʛʦ, ʧʦʩʪʽʡʥʽ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʛʝʥʝʨʫʚʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ (ɺɼɽ) ʷʢʽ ʯʘʩʪʢʦʚʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ ʞʠʚʣʝʥʥʷ, ʯʘʩʪʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ ʪʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥ ʫ ʚʠʪʨʘʪʘʭ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʩʧʦʞʠʚʘʯʽʚ ʤʽʢʨʦʤʝʨʝʞʽ. ʊʦʤʫ, 

ʦʧʪʠʤʽʟʘʮʽ ̫ ʚʠʪʨʘʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʯʘʩʪʢʫ 

ʨʦʟʦʩʝʨʝʜʞʝʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʫ ʩʧʦʞʠʚʘʥʥʽ ʢʦʥʢʨʝʪʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʤʽʢʨʦʤʝʨʝʞʽ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ɰʾ ʨʦʟʚôʷʟʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʦʪʦʯʥʠʭ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʜʞʝʨʝʣ ʽ ʧʦʰʫʢʫ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʤʽʢʨʦʤʝʨʝʞʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʣʝʥʥ ̫ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ 

ʩʢʣʘʜʦʚʠʭ ʧʝʨʝʪʽʢʘʥʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦ ʧʝʚʥʦʛʦ ʩʧʦʞʠʚʘʯʘ, ʱʦ ʟʫʤʦʚʣʝʥʽ ʛʝʥʝʨʫʚʘʥʥʷʤ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷʤ ʫ ʚʫʟʣʘʭ ʤʽʢʨʦʤʝʨʝʞʽ. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿʘʣʝʞʥʦʩʪʽ ʧʝʨʝʪʽʢʘʥʴ ʧʦʪʫʞʥʦʩʪʽ ʫ ʦʢʨʝʤʠʭ ʚʽʪʢʘʭ ʚʽʜ ʛʝʥʝʨʫʚʘʥʥʷ ʈɼɽ ʻ 

ʥʝʣʽʥʽʡʥʠʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʟʘʜʘʯʫ ʚʠʦʢʨʝʤʣʝʥʥʷ ʾʭ ʽʟ ʩʫʢʫʧʥʦʛʦ ʧʝʨʝʪʽʢʘʥʥʷ. ɼʣʷ 

ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʚ ɽʄ ʟʘ ʦʢʨʝʤʠʤʠ ʪʨʘʥʟʘʢʮʽʷʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʫ [1] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʨʠʮʶ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʦʟʧʦʜʽʣʫ ʧʝʨʝʪʽʢʘʥʴ ʧʦʪʫʞʥʦʩʪʽ ʫ ʚʽʪʢʘʭ ʩʭʝʤʠ ɽʄ, ʷʢʽ ʟʫʤʦʚʣʝʥʽ ʛʝʥʝʨʫʚʘʥʥʷʤ ʫ ʚʫʟʣʘʭ 

ʧʨʠʻʜʥʘʥʥʷ ʈɼɽ ʫ ʚʠʛʣʷʜʽ (1): 
1

ʨʜʝ ʨʜʝ( )ʢi t i i
-

S=A U M C U ,                                                   (1) 

ʜʝ tU ï ʪʨʘʥʩʧʦʥʦʚʘʥʠʡ ʚʝʢʪʦʨ ʥʘʧʨʫʛ ʫ ʚʫʟʣʘʭ ʚʢʣʶʯʘʶʯʠ ʽ ʙʘʟʠʩʥʠʡ; ʢ
SM  ï ʤʘʪʨʠʮʷ, ʱʦ 

ʤʽʩʪʠʪʴ ʬʨʘʛʤʝʥʪ ʤʘʪʨʠʮʽ ʟôʻʜʥʘʥʴ, ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ʥʫʣʽ ʪʘ ʦʜʠʥʠʮʽ ʟʽ ʟʥʘʢʦʤ ñïò (ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʧʝʨʝʪʢʘʥʴ ʧʦʪʫʞʥʦʩʪʽ ʣʽʥʽʷʭ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʢʽʥʮʷ); 
1
ʨʜʝ
-

U  ï ʦʙʝʨʥʝʥʘ 

ʜʽʘʛʦʥʘʣʴʥʘ ʤʘʪʨʠʮʷ ʥʘʧʨʫʛ ʫ ʚʫʟʣʘʭ ʧʨʠʻʜʥʘʥʥʷ ɺɼɽ; ʨʜʝiC ï -̔ʡ ʚʝʢʪʦʨ-ʨʷʜʦʢ ʬʨʘʛʤʝʥʪʫ 

ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʧʦʜʽʣʫ ʩʪʨʫʤʽʚ ʧʦ ʚʽʪʢʘʭ ʩʭʝʤʠ ɽʄ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʽ-ʤʫ ʚʫʟʣʫ 

ʧʨʠʻʜʥʘʥʥʷ ʈɼɽ: 
1 1

ʨʜʝ ʚ ʨʜʝt ʨʜʝ( )- -=C z M Y ,                                                 (2) 

ʨʜʝtM , ʨʜʝY  ï ʬʨʘʛʤʝʥʪʠ ʪʨʘʥʩʧʦʥʦʚʘʥʦʾ ʤʘʪʨʠʮʽ ʟôʻʜʥʘʥʴ ʪʘ ʤʘʪʨʠʮʽ ʚʫʟʣʦʚʠʭ 
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ʧʨʦʚʽʜʥʦʩʪʝʡ ʩʭʝʤʠ ɽʄ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʫʟʣʘʤ ʧʨʠʻʜʥʘʥʥʷ ʈɼɽ; ʚz ï ʜʽʘʛʦʥʘʣʴʥʘ 

ʤʘʪʨʠʮʷ ʢʦʤʧʣʝʢʩʥʠʭ ʦʧʦʨʽʚ ʚʽʪʦʢ ʩʭʝʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʪʽʢʘʥʴ ʚʽʜ ʈɼɽ ʫ ʚʽʪʢʘʭ ʩʭʝʤʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 
ʚ
ʨʜʝ t ʨʜʝ( )diag=S A S                                                    (3) 

ʜʝ 
ʚ
ʨʜʝS ï ʚʝʢʪʦʨ ʧʝʨʝʪʽʢʘʥʴ ʧʦʪʫʞʥʦʩʪʽ ʫ ʚʽʪʢʘʭ ʩʭʝʤʠ ʚʠʢʣʠʢʘʥʠʭ ʛʝʥʝʨʫʚʘʥʥʷʤ ʫ ʚʫʟʣʘʭ 

ʧʨʠʻʜʥʘʥʥʷ ʈɼɽ; ʨʜʝS ï ʬʨʘʛʤʝʥʪ ʚʝʢʪʦʨʫ ʧʦʪʫʞʥʦʩʪʝʡ ʚʫʟʣʽʚ ʤʽʢʨʦʤʝʨʝʞʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʚʫʟʣʘʤ ʧʨʠʻʜʥʘʥʥʷ ʈɼɽ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (1) ʽ (3) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʽʚ ʛʘʨʘʥʪʦʚʘʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʘ ʧʦʪʫʞʥʽʩʪʶ ʟ ʈɼɽ: 
ʯʘʩʪ ʚ
ʨʜʝ ʨʜʝS=S M S ,                                                    (4) 

ʄʘʪʨʠʮʷ 
ʯʘʩʪ
ʨʜʝS  ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ʟʘ ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʽʚ ʧʨʠʻʜʥʘʥʥʷ ʈɼɽ ʪʘ ʟʘʛʘʣʴʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʽʚ ʩʭʝʤʠ. ɺʦʥʘ ʚʤʽʱʫʻ ʦʙʩʷʛʠ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʢʨʝʤʠʭ 

ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʽʻʶ ʟ ʚʠʟʥʘʯʝʥʠʭ ʈɼɽ ʫ ʨʝʞʠʤʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʋ 

[1] ʪʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʪʽʢʘʥʴ ʚʽʜ ʽʥʰʠʭ ʮʝʥʪʨʽʚ ʞʠʚʣʝʥʥʷ, 

ʟʦʢʨʝʤʘ ʰʠʥ ʧʽʜʩʪʘʥʮʽʾ ʜʦ ʷʢʦʾ ʧʽʜʢʣʶʯʝʥʦ ʤʽʢʨʦʤʝʨʝʞʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʢʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘʜʘʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʤʽʢʨʦʤʝʨʝʞʽ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ 

ʧʝʨʝʪʽʢʘʥʴ ʟʘ ʜʘʥʠʤʠ Microgrid Management System (MGMS) - cʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʤʽʢʨʦʤʝʨʝʞʘʤʠ [2]. ʇʨʠ ʟʤʽʥʽ ʨʝʞʠʤʫ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʨʘʭʦʚʫʚʘʪʠ 

ʤʘʪʨʠʮʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʧʦʜʽʣʫ ʧʝʨʝʪʽʢʘʥʴ ʧʦʪʫʞʥʦʩʪʽ, ʪʦʤʫ ʱʦ ʟʥʘʯʝʥʥʷ ʾʾ ʝʣʝʤʝʥʪʽʚ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʧʨʫʛʠ ʫ ʚʫʟʣʘʭ. ʇʨʠ ʮʴʦʤʫ, ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʧʦʜʽʣʫ 

ʧʝʨʝʪʽʢʘʥʴ ʧʦʪʫʞʥʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʽʦʜ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʥʘʜʭʦʜʞʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ. ʈʦʟʨʘʭʫʥʦʢ 

ʚʝʜʝʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʦʢʠ ʘʢʪʠʚʥʦʾ ʽ ʨʝʘʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ (ʧʦʪʫʞʥʦʩʪʽ), 

ʦʪʨʠʤʘʥʦʾ ʟ ʜʦʧʦʤʦʛʦʶ MGMS. ʏʘʩʪʦʪʘ  ʧʝʨʝʨʘʭʦʚʫʚʘʥʥʷ ʤʘʪʨʠʮʽ tA ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʭʘʨʘʢʪʝʨʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʛʝʥʝʨʫʚʘʥʥʷ.  

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʢʠ ʧʝʨʝʪʽʢʘʥʴ ʧʦʪʫʞʥʦʩʪʽ ʜʦ 

ʧʝʚʥʦʛʦ ʚʫʟʣʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʩʫʢʫʧʥʦʩʪʽ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʫ ʤʽʢʨʦʤʝʨʝʞʽ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʥʘʧʨʫʛʘʤʠ ʫ ʚʫʟʣʘʭ ʤʽʢʨʦʤʝʨʝʞʽ ʪʘ 

ʧʦʪʫʞʥʦʩʪʷʤʠ ʾʭ ʛʝʥʝʨʫʚʘʥʥʷ ʯʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʫʩʪʘʣʝʥʠʭ ʨʝʞʠʤʽʚ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʦʙʩʷʛʽʚ ʧʦʢʨʠʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʜʘʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʟ 

ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʧʝʨʝʪʽʢʘʥʴ 

ʧʦʪʫʞʥʦʩʪʽ ʜʦ ʚʫʟʣʘ ʡʦʛʦ ʧʨʠʻʜʥʘʥʥʷ ʟʘ ʜʞʝʨʝʣʘʤʠ ʧʦʭʦʜʞʝʥʥʷ. ɺʢʘʟʘʥʠʡ ʤʝʪʦʜ ʤʦʞʝ 

ʙʫʪʠ ʽʥʩʪʨʫʤʝʥʪʦʤ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʝʞʥʦʩʪʽ ʩʧʦʞʠʚʘʯʘ ʚʽʜ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʜʞʝʨʝʣ ʪʘ 

ʜʦʟʚʦʣʷʻ ʢʦʨʠʛʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʥʝʨʛʽʶ, ʧʝʨʝʭʦʜʷʯʠ ʥʘ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽʰʽ ʜʞʝʨʝʣʘ ʫ 

ʤʝʞʘʭ ʤʽʢʨʦʤʝʨʝʞ.̔ 
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IMPROVING THE COMPETITIVE STRUCTURE OF THE DISTRICT 

HEATING MARKET THROUGH ENERGY STORAGE DEVICES  
 

The ongoing evolution of energy systems worldwide is driven by the imperative to enhance efficiency, minimize 

environmental impacts, and integrate a greater proportion of renewable energy sources into existing 

infrastructures. This transformation is particularly relevant to district heating systems (DHSs), which are crucial 

components of urban energy distribution networks. DHSs stand poised for significant modernization reforms, 

especially under competitive market conditions where the integration of energy storage devices (ESD) emerges 

as a critical enabler [1]. The drive for such modernization stems from an urgent need to address the challenges 

posed by the growing share of intermittent renewable energy sources (RES) like wind and solar power [2, 3]. Fig. 

1 illustrates the trend in the increasing share of renewable energy sources in the European Union [4]. 

 

 
Figure 1 - Share of energy from renewable sources (European Union - 27 countries) 

 

The modernization of structural schemes in DHSs through the incorporation of ESD is a pivotal aspect of 

current research focused on transforming urban energy systems to meet the demands of a sustainable future. This 

integration promises not only to enhance operational efficiency and reduce emissions but also to redefine service 

delivery frameworks in competitive environments, aligning local urban systems with broader global efforts towards 

renewable and resilient energy infrastructures. This research aims to significantly contribute to the development of 

modern DHS structures, leveraging storage technologies to foster innovative solutions for sustainable urban energy 

management [8, 13]. 

The purpose of this research is to improve the competitive structure of the district heating market through 

energy storage devices. To achieve this goal, the following tasks must be completed: 

1. Conduct a literature review on the application of ESDs to identify the most effective technologies for 

integration into DHSs. 

2. Propose upgraded structural scheme of interaction among entities in the competitive DHS using energy 

storage. 

1. Modernization of structural scheme of interaction among entities in a competitive DH market based 

on ESDs. The need for modernization of the structural scheme of competitive DHS presented in [31, 32] arises from 

several factors. The integration of renewable energy is increasingly essential in todayôs DHS, as sustainability goals 

call for cleaner energy sources. Advanced demand response capabilities and energy storage are increasingly necessary 

to efficiently handle fluctuating demand, especially with the rise of intermittent RES. Enhancing these features in the 

previous scheme would improve energy efficiency and system stability, supporting a more dynamic balance between 

supply and demand. Decentralized management aligns well with the growing complexity of modern energy networks. 
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Such a structure allows the system to distribute responsibilities across multiple operators, making it easier to respond 

to changes in demand and balance loads efficiently. This approach also supports a consumer-centric model by giving 

end-users more influence over their energy consumption and costs. Modernizing the DHS to focus on consumer 

engagement and adaptable pricing could encourage energy-saving behavior and boost satisfaction. 

The proposed basic scheme in Fig. 2 illustrates a competitive DHS in which multiple actors are involved in 

producing, transporting, consuming, and managing energy. The system is divided into four main groups: the energy 

production group, the energy transportation group, the energy consumption group, and the DHS operations group. 

 

 
Figure 2 ï Basic modernization of the structural scheme of the competitive DHS with ESD 

 

The energy production group consists of several entities that generate thermal and electric energy. The CHP 

producer plays a dual role by supplying both electric and thermal energy. Electricity produced by the CHP is directed 

to the electricity market, facilitating the balancing of electric supply and demand. Independent energy producers, 

including RES and other independent thermal energy producers, contribute thermal energy to the system, which is 

essential in a competitive environment. A major player in this group is the main thermal energy producer, who supplies 

significant amounts of thermal energy to the network. 

The energy transportation group is primarily managed by the thermal energy network organization, which 

serves as the central entity for distributing thermal energy across the network. This organization receives thermal 

energy from various producers, including both independent and main thermal energy producers. It ensures efficient 

distribution to meet consumer demand and works in close collaboration with energy storage to balance supply and 

demand fluctuations. Energy storage plays a critical role by absorbing excess energy during low-demand periods and 

releasing it when demand peaks, thereby stabilizing the network and optimizing resource utilization. 

Consumers are represented in the energy consumption group, where buildings or other end-users receive 

thermal energy through the thermal network. Consumers rely on this energy for heating and other applications, making 

them the final link in the energy flow chain. Cash flows from consumers to the DHS operations group, highlighting 

the financial transactions necessary to sustain the energy supply chain. 

The DHS operations group encompasses several crucial roles that ensure the stability and efficiency of the 

system. The system operator is responsible for maintaining overall network stability, overseeing the smooth operation 

of the energy flows and balancing them as needed. The energy storage operator manages the energy storage facilities, 

collaborating closely with the thermal energy network to help balance demand and supply. This group also includes 

the market operator, who oversees the trading of thermal energy, creating a competitive environment that benefits 

both producers and consumers. Finally, the demand response coordinator is tasked with managing demand response 

mechanisms, encouraging consumers to adjust their energy consumption patterns based on system conditions. This 

helps alleviate demand peaks and prevents potential strain on the system. 

Thermal energy flows from various producers to the thermal network organization, which distributes it to 

consumers, representing the core functionality of the DHS. In parallel, the CHP supplies electric energy to the 

electricity market, adding value and efficiency to the system. Cash flows indicate the financial interactions between 

consumers and the DHS operations, while system control and management flows reflect the communication and 
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coordination among different operators and the network organization. These management flows are essential for 

ensuring that the system operates in a synchronized manner. 

In competitive conditions, multiple energy producers vie to supply thermal energy to the network, incentivizing 

efficiency and potentially lowering energy costs for consumers. The integration of energy storage adds flexibility, 

allowing excess thermal energy to be stored and used during periods of high demand. The market operator plays a key 

role in maintaining a fair and efficient trading environment, while the demand response coordinatorôs involvement 

helps manage peak loads and prevent system overload. The system operator oversees these interactions, ensuring that 

the DHS remains stable and reliable despite the complexities of competition and varying energy demands. 

Discussion 

The integration of ESD into competitive DHSs presents significant potential to enhance operational efficiency, 

increase system flexibility, and reduce environmental impact, aligning with broader sustainability goals. One of the 

primary technological advancements outlined is the strategic integration of TES systems, such as BTES, PTES, and 

ATES. These technologies offer substantial promise in addressing the inherent variability of RES, such as solar and 

wind, by providing reliable energy storage solutions that bridge supply-demand gaps. However, challenges such as 

high initial costs and site-specific geological dependencies present barriers that necessitate further innovation and 

refinement. The incorporation of PCM also highlights an innovative avenue for enhancing energy density and reducing 

required storage volumes, albeit with associated technical complexities. Moreover, BESS and CES add a new 

dimension by enabling electrical energy storage, although they are often costly and require advancements in 

technology maturity to be viable on a larger scale. These systems, in conjunction with TES, broaden the scope of 

energy storage options available to DHSs, potentially enabling more nuanced and efficient energy management 

strategies. 

From an economic standpoint, utilizing ESD in competitive DHSs promises to reduce operational costs and 

enhance grid stability. The proposed structural scheme fosters a multi-actor competitive environment where various 

energy producers contribute to a dynamic energy marketplace. By facilitating demand response and allowing for a 

more decentralized system management approach, DHSs can better optimize pricing structures and encourage energy-

saving behaviors among consumers. Strategically, the integration of ESD supports a shift towards a consumer-centric 

model, enhancing end-user engagement and satisfaction. Additionally, by capitalizing on technologies like CHP, 

DHSs can extend their roles within energy networks, providing valuable balancing services that maintain grid 

reliability amidst increased RES penetration. This, in turn, enhances energy security and bolsters the economic 

viability of DHSs in competitive settings, where efficient energy management is crucial. 

Despite the clear benefits, several challenges must be addressed. The complex interplay between different 

technological components requires careful coordination and management, demanding robust control systems and 

strategic planning. The financial implications, particularly concerning initial investment costs and economic feasibility 

in diverse geographical contexts, need in-depth analysis. 

Looking towards future research directions, the scheme laid out can be explored through various alternative 

structural configurations. Given the diverse potential interactions between energy storage, producers, and consumers, 

further studies could focus on optimizing these relationships to maximize efficiency, economic, and environmental 

outcomes. Additionally, advanced modeling and simulation techniques could be applied to analyze the impact of 

various ESD integration strategies under different market and regulatory scenarios, providing critical insights for 

policymakers and industry stakeholders. 

Additionally, ongoing advancements in smart grid technologies and real-time data analytics will play pivotal 

roles in refining these systems. As DHS operations become more data-driven, integrating advanced analytics and 

machine learning could lead to more accurate forecasts and better demand-supply matching, thereby enhancing overall 

system performance. 

Conclusions 

The modernization of competitive DHSs through the integration of ESD represents a critical advancement 

towards achieving a sustainable, efficient, and flexible urban energy infrastructure. This research confirms that the 

incorporation of promising energy storage technologies, such as TES and other advanced storage solutions, 

significantly enhances the operational capacity and adaptability of modern DHSs. By enabling more effective 

management of the variability and intermittency associated with RES, ESDs are essential for ensuring a stable and 

reliable energy supply. 

Through a comprehensive literature review, this study identified key technologies that stand out for their 

potential to improve DHS performance. TES solutions like BTES, PTES, and ATES emerge as particularly effective, 

though initial costs and geological dependencies pose challenges that need strategic consideration.  

The proposed structural scheme illustrates a dynamic interaction model among various entities within a 

competitive DHS, encompassing energy producers, transportation networks, and consumption sectors, alongside 

robust operations management facilitated by a market operator and a demand response coordinator. 

The shift towards a decentralized and consumer-centric model promotes energy-saving behaviors and enhances 

user engagement, aligning with global sustainability efforts and reducing greenhouse gas emissions. Energy storage, 

particularly in conjunction with CHP technologies, offers the dual benefit of maintaining energy security and 

providing valuable balancing services to the electrical grid, thereby reinforcing the critical role DHSs play in modern 

energy networks. 
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In summary, this research underscores the transformative capacity of ESD in DHSs, positioning these systems 

at the forefront of sustainable urban energy solutions. Continued innovation and strategic integration of these 

technologies will be vital in catering to evolving energy demands and meeting stringent environmental targets 

globally. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ" 
  

ɺʀɿʅɸʏɽʅʅʗ ʅɸɼɯʁʅʆʉʊɯ ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ ɾʀʊʃʆɺʆɻʆ 

ʄɸʉʀɺʋ ʅɸ ʆʉʅʆɺɯ ʉʀʉʊɽʄʅʆɻʆ ʄɸʊɽʄɸʊʀʏʅʆɻʆ 

ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʇʃʆɺʆɰ ʄɽʈɽɾɯ 
 

ʊʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʠʭ ʤʘʩʠʚʽʚ ʙʘʛʘʪʴʦʭ ʤʽʩʪ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʚʝʣʠʢʠʭ ʜʞʝʨʝʣ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʦʙʣʘʜʥʘʥʽ ʚʦʜʦʛʨʽʡʥʠʤʠ ʪʘ ʧʘʨʦʚʠʤʠ ʢʦʪʣʘʤʠ. ɼʞʝʨʝʣʘ, ʷʢ ʧʨʘʚʠʣʦ, 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʟʥʘʯʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʧʦʞʠʚʘʯʽʚ. ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜ ʜʞʝʨʝʣ ʜʦ 

ʞʠʪʣʦʚʠʭ ʤʘʩʠʚʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʤʘʛʽʩʪʨʘʣʴʥʠʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʚʝʣʠʢʠʭ ʜʽʘʤʝʪʨʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ. ɺʝʣʠʢʽ ʚʽʜʩʪʘʥʽ, ʥʘ ʷʢʽ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʪʝʧʣʦʥʦʩʽʡ, 

ʦʙʫʤʦʚʣʶʶʪʴ ʪʘʢʦʞ ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ. ʄʽʩʮʝʚʽ 

ʪʝʧʣʦʚʽ ʤʝʨʝʞʽ ʦʧʘʣʝʥʥʷ ʧʽʜʢʣʶʯʝʥʽ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦ ʟʘʣʝʞʥʽʡ ʩʭʝʤʽ ʯʝʨʝʟ ʪʝʧʣʦʨʦʟʧʦʜʽʣʴʯʽ 

ʧʫʥʢʪʠ. ʉʪʘʥ ʾʭ ʦʙʣʘʜʥʘʥʥʷ ʯʘʩʪʦ ʙʫʚʘʻ ʥʝʟʘʜʦʚʽʣʴʥʠʤʠ, ʱʦ ʧʦʛʽʨʰʫʻ ʷʢʽʩʪʴ ʦʧʘʣʝʥʥʷ 

ʙʫʜʠʥʢʽʚ ʪʘ ʫ ʦʩʪʘʥʥʽʡ ʯʘʩ ʜʝʷʢʽ ʩʧʦʞʠʚʘʯʽ ʚʽʜʤʦʚʣʷʶʪʴʩʷ ʚʽʜ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʟʤʝʥʰʫʻ ʧʦʪʨʝʙʫ ʚ ʧʦʩʪʘʯʘʥʥʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʂʨʽʤ ʪʦʛʦ, ʩʘʤʽ ʩʭʝʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʤʘʶʪʴ ʥʝʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ.  

ʋ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʘ ʩʠʩʪʝʤʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʦʛʦ ʤʘʩʠʚʫ ʚʝʣʠʢʦʛʦ ʤʽʩʪʘ 

(ʜʠʚ. ʨʠʩ. 1). ʂʦʪʝʣʴʥʷ  ʨʦʟʪʘʰʦʚʘʥʘ ʟʘ ʨʽʚʥʝʤ ʟʝʤʣʽ ʙʽʣʴʰ ʥʽʞ ʥʘ 70 ʤ ʚʠʱʝ ʞʠʪʣʦʚʦʛʦ 

ʤʽʢʨʦʨʘʡʦʥʫ.  

 

 
ɻɺʇ ï ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʊʂ ï ʪʝʧʣʦʚʘ ʢʘʤʝʨʘ; ʊʈʇ ï ʪʝʧʣʦʨʦʟʧʦʜʽʣʴʯʠʡ 

ʧʫʥʢʪ 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʦʛʦ ʤʘʩʠʚʫ 
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ʄʽʞ ʢʦʪʝʣʴʥʝʶ ʪʘ ʤʽʢʨʦʨʘʡʦʥʦʤ ʧʝʨʝʜʙʘʯʝʥʘ ʧʦʥʠʞʫʶʯʘ ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ. ʂʦʪʝʣʴʥʷ 

ʽ ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ 1960-ʭ ʨʦʢʽʚ. ʇʨʦʝʢʪʦʤ ʙʫʚ ʧʝʨʝʜʙʘʯʝʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʟʘʭʠʩʪ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ ʩʧʦʞʠʚʘʯʽʚ ʥʠʞʥʴʦʾ ʟʦʥʠ ʚʽʜ 

ʥʝʧʨʠʧʫʩʪʠʤʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚ ʥʠʭ ʧʨʠ ʛʽʜʨʦʫʜʘʨʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʥʝʞʠʚʣʝʥʥʷ 

(ʟʫʧʠʥʢʠ) ʤʝʨʝʞʥʠʭ ʥʘʩʦʩʽʚ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ, ʘ ʩʘʤʝ ʫʩʪʘʥʦʚʢʘ ʩʢʠʜʥʠʭ ʢʣʘʧʘʥʽʚ. ʗʢ 

ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʽʻʾ ʩʠʩʪʝʤʠ, ʚʦʥʘ ʥʝ ʻ ʥʘʜʽʡʥʦʶ. ʇʨʠ ʘʚʘʨʽʡʥʠʭ ʧʝʨʝʨʚʘʭ ʚ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʽ ʥʘʩʦʩʥʦʾ ʚ ʦʧʘʣʶʚʘʣʴʥʦʤʫ ʩʝʟʦʥʽ ʧʝʨʽʦʜʠʯʥʦ ʤʘʶʪʴ ʤʽʩʮʝ ʛʽʜʨʦʫʜʘʨʠ ʪʘ 

ʫʰʢʦʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ, ʘ ʪʘʢʦʞ ʟʤʫʰʝʥʽ ʧʝʨʝʨʚʠ ʚ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʽ ʩʧʦʞʠʚʘʯʽʚ 

ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʽ ʥʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʽ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ ʧʨʦʚʦʜʠʣʦʩʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʥʘ ʢʘʬʝʜʨʽ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʅʊʋ 

çʍʇɯè ʧʨʦʛʨʘʤʠ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʥʦʾ ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʛʨʘʬʽʚ [1-5] ʪʘ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ 

ʪʝʧʣʦʥʦʩʽʷ. 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

1) ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ (ʜʫʛʠ ʛʨʘʬʫ) ʜʣʷ ʪʝʧʣʦʪʨʘʩ: ʥʘʩʦʩʽʚ; ʘʨʤʘʪʫʨʠ (ʢʣʘʧʘʥʠ, 

ʟʘʩʫʚʢʠ, ʝʣʝʤʝʥʪʠ ʦʙʣʘʜʥʘʥʥʷ); ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ ʩʧʦʞʠʚʘʯʽʚ; ʧʽʜʽʛʨʽʚʘʯʽʚ ʛʘʨʷʯʦʾ ʚʦʜʠ, 

2) ʢʦʞʥʦʛʦ ʚʫʟʣʘ (ʚʝʨʰʠʥʠ ʛʨʘʬʫ): ʚʠʩʦʪʘ; ʷʢʱʦ ʚʫʟʦʣ ʜʞʝʨʝʣʦ ï ʚʠʪʨʘʪʘ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʧʣʦʥʦʩʽʷ ʱʦ ʜʦʜʘʻʪʴʩʷ, ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʫ ʚʫʟʦʣ; ʷʢʱʦ ʚʫʟʦʣ ʩʢʠʜ ï ʚʠʪʨʘʪʘ 

ʪʝʧʣʦʥʦʩʽʷ ʪʘ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʩʪʽʢʘʻ ʟ ʚʫʟʣʘ ʟʟʦʚʥʽ; ʜʣʷ ʛʨʘʥʠʯʥʠʭ ʚʫʟʣʽʚ ï ʩʪʘʪʠʯʥʠʡ 

ʪʠʩʢ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ, 

3) ʛʨʘʬʫ ʩʭʝʤʠ ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ: ʤʘʪʨʠʮʷ ʟ'ʻʜʥʘʥʴ (ʽʥʮʠʜʝʥʮʽʡ, ʥʦʤʝʨ ʨʝʙʨʘ 

(ʜʽʣʷʥʢʠ); ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʪʠʧʫ; ʧʦʯʘʪʢʦʚʠʡ ʪʘ ʢʽʥʮʝʚʠʡ ʚʫʟʦʣ; ʧʝʨʝʣʽʢ ʪʘ ʪʠʧ ʛʨʘʥʠʯʥʠʭ 

ʚʫʟʣʽʚ (ʜʞʝʨʝʣʦ ʯʠ ʩʢʠʜ), 

4) ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ (ʪʝʤʧʝʨʘʪʫʨʥʽ ʛʨʘʬʽʢʠ, ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ). 

ʇʨʠ ʘʥʘʣʽʟʽ ʜʘʥʠʭ ʨʦʟʨʘʭʫʥʢʫ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʙʽʞʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʟ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ (ʧʦ ʪʠʩʢʘʤ ʽ ʚʠʪʨʘʪʘʤ) ʩʢʣʘʜʘʻ ʥʝ ʙʽʣʴʰʝ 0,5 %, 

ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ ʽ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʽʥʰʠʭ ʨʝʞʠʤʽʚ. 

ɺʽʜʧʫʩʢ ʪʝʧʣʦʪʠ ʜʦ ʩʧʦʞʠʚʘʯʽʚ ʥʠʞʥʴʦʾ ʟʦʥʠ ʽ ʊʈʇ ʚʝʨʭʥʴʦʾ ʟʦʥʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

ʥʦʨʤʠ. ɺʽʜʧʫʩʢ ʪʝʧʣʦʪʠ ʜʦ ʩʧʦʞʠʚʘʯʽʚ, ʱʦ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʪʝʧʣʦʪʨʘʩʠ ʚʽʜ ʊʂ 2 ʜʦ ʊʂ 5, 

ʟʥʘʯʥʦ ʥʠʞʯʝ ʥʦʨʤʠ (ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 13õ14ʉ̄) ʫ ʟʚôʷʟʢʫ ʟ ʚʝʣʠʢʠʤʠ 

ʪʝʧʣʦʚʠʤʠ ʚʪʨʘʪʘʤʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟʽ ʟʥʘʯʥʦʶ ʧʨʦʪʷʞʥʽʩʪʶ ʪʝʧʣʦʪʨʘʩ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ ʽ 

ʤʘʣʠʤ ʪʝʧʣʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʝ ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ 

ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʚ ʢʚʘʨʪʘʣʴʥʽʡ ʪʝʧʣʦʚʽʾ ʤʝʨʝʞʽ. 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʜʣʷ ʥʝʰʪʘʪʥʠʭ ʨʝʞʠʤʽʚ: 

ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʧʽʜʢʘʯʫʚʘʣʴʥʦʛʦ ʥʘʩʦʩʫ ʥʘ ʊʈʇ ʚʝʨʭʥʴʦʾ ʟʦʥʠ; ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ 

ʧʽʜʢʘʯʫʚʘʣʴʥʦʛʦ ʥʘʩʦʩʫ ʥʘ ʥʘʩʦʩʥʽʡ; ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʧʽʜʢʘʯʫʚʘʣʴʥʦʛʦ ʥʘʩʦʩʫ ʥʘ ʥʘʩʦʩʥʽʡ 

ʪʘ ʧʽʜʢʘʯʫʚʘʣʴʥʦʛʦ ʥʘʩʦʩʫ ʥʘ ʊʈʇ ʚʝʨʭʥʴʦʾ ʟʦʥʠ; ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʤʝʨʝʞʥʠʭ ʥʘʩʦʩʽʚ ʥʘ 

ʢʦʪʝʣʴʥʽ; ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʤʝʨʝʞʥʠʭ ʥʘʩʦʩʽʚ ʥʘ ʢʦʪʝʣʴʥʽ ʪʘ ʧʽʜʢʘʯʫʚʘʣʴʥʦʛʦ ʥʘʩʦʩʫ ʥʘ ʊʈʇ 

ʚʝʨʭʥʴʦʾ ʟʦʥʠ. ɺʠʟʥʘʯʝʥʘ ʟʤʽʥʘ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʧʦ ʜʽʣʷʥʢʘʭ ʤʝʨʝʞʽ, ʥʝʜʦʪʦʧʠ ʪʘ 

ʧʝʨʝʪʦʧʠ ʚ ʦʢʨʝʤʠʭ ʟʦʥʘʭ ʪʘ ʨʝʞʠʤʠ çʧʝʨʝʢʠʜʘʥʥʷ ʮʠʨʢʫʣʷʮʽʾè.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʙʫʜʦʚʘʥʽ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʚʠʟʥʘʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʞʠʪʣʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʽ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ ʧʦʢʘʟʘʣʦ, ʱʦ ʚʽʥ ʜʫʞʝ ʩʢʣʘʜʥʠʡ 

ʪʘ ʤʘʻ ʥʠʟʴʢʫ ʥʘʜʽʡʥʽʩʪʴ. ʅʘʜʽʡʥʽʩʪʴ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʯʫʪʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʨʦʙʦʪʫ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʜʽʣʷʥʦʢ. ʊʦʤʫ ʽʩʥʫʶʯʘ ʩʭʝʤʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʽʜʣʷʛʘʻ 
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ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʥʰʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 
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1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

 

ʎʀʌʈʆɺɸ ʄʆɼɽʃʔ ʆʎɯʅʂʀ ɯʅɺɽʉʊʀʎɯʁʅʆɻʆ ʈʀɿʀʂʋ ɺ 

ɻɸʃʋɿɯ ɽʅɽʈɻɽʊʀʂʀ 
 
ɿʙʨʦʡʥʘ ʘʛʨʝʩʽʷ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ, ʙʘʛʘʪʦʨʘʟʦʚʽ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʽ ʘʪʘʢʠ ʥʘ ʦʙôʻʢʪʠ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʧʨʠʯʠʥʠʣʠ ʚʝʣʠʢʽ ʟʙʠʪʢʠ ʝʢʦʥʦʤʽʮʽ ʥʘʰʦʾ ʜʝʨʞʘʚʠ. ɿʘ ʦʮʽʥʢʘʤʠ ʩʧʝʮʽʘʣʽʩʪʽʚ 

KSE Institute ʩʪʘʥʦʤ ʥʘ ʪʨʘʚʝʥʴ 2024 ʨ. ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʝʢʪʦʨ ʋʢʨʘʾʥʠ ʟʘʟʥʘʚ ʧʨʷʤʠʭ ʟʙʠʪʢʽʚ  ʽ ʥʝʧʨʷʤʠʭ 

ʬʽʥʘʥʩʦʚʠʭ ʚʪʨʘʪ ʥʘ ʩʫʤʫ $56,2 ʤʣʨʜ. ɼʣʷ ʧʦʚʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʨʫʡʥʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢ ʚʠʟʥʘʯʝʥʦ 

ʘʥʘʣʽʪʠʯʥʦʶ ʢʦʤʘʥʜʦʶ KSE Institute, ʙʫʜʝ ʧʦʪʨʽʙʥʦ $50,5 ʤʣʨʜ [1]. ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ ʘʙʦ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʥʝʦʙʭʽʜʥʠʤ ʻ ʟʘʣʫʯʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ ʚ ʫʢʨʘʾʥʩʴʢʠʡ ʝʥʝʨʛʦʩʝʢʪʦʨ ʽ ʨʦʟʚʠʪʦʢ 

ʚʽʪʯʠʟʥʷʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʇʨʦʪʝ ʽʥʚʝʩʪʠʮʽʡʥʘ ʜʽʷʣʴʥʽʩʪʴ ʧʦʚôʷʟʘʥʘ ʟʽ ʩʫʢʫʧʥʽʩʪʶ ʨʠʟʠʢʽʚ, ʚʧʣʠʚ ʷʢʠʭ 

ʟʘʛʦʩʪʨʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ.  

ʊʝʥʜʝʥʮʽʾ ʽʥʚʝʩʪʫʚʘʥʥʷ ʫ ʩʬʝʨʫ ʝʥʝʨʛʝʪʠʢʠ ʽ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʧʨʦʙʣʝʤʠ ʨʠʟʠʢʽʚ ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʰʠʨʦʢʦ ʚʠʩʚʽʪʣʶʶʪʴʩʷ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ [2, 3]. ɸʣʝ ʧʦʧʨʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʩʪʦʩʦʚʥʦ 

ʘʥʘʣʽʟʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʨʠʟʠʢʫ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʬʝʨʽ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʡʦʛʦ ʷʢʽʩʥʦʾ 

ʡ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʟʘʩʦʙʽʚ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɺ ʨʦʙʦʪʽ ʧʦʙʫʜʦʚʘʥʦ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʽ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʘʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ 

ʨʠʟʠʢʫ ʚ ʛʘʣʫʟʽ ʝʥʝʨʛʝʪʠʢʠ. ɿʥʘʡʜʝʥʦ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ ʪʘ ʚʠʟʥʘʯʝʥʦ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʨʠʟʠʢʫ ʙʘʥʢʨʫʪʩʪʚʘ ʧʨʠ ʽʥʚʝʩʪʫʚʘʥʥʽ ʟʘ ʨʘʭʫʥʦʢ ʫʟʷʪʦʛʦ ʧʽʜ ʧʨʦʮʝʥʪ sr  ʢʨʝʜʠʪʫ. 

ɿ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʦʮʽʥʢʠ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʨʠʟʠʢʫ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʥʝʨʽʚʥʦʩʪʽ ʏʝʙʠʰʝʚʘ, ʫʟʘʛʘʣʴʥʝʥʦʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʽʥʚʝʩʪʠʮʽʡ. ʗʢʱʦ ʚʽʜʦʤʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ, ʪʦ ʥʝʨʽʚʥʽʩʪʴ 

ʏʝʙʠʰʝʚʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʩʪʨʦʛʫ ʨʽʚʥʽʩʪʴ [4].  

ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʦʮʽʥʢʠ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʨʠʟʠʢʫ ʧʦʙʫʜʦʚʘʥʘ ʫ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ R ʤʘʻ ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʠʡ (ʣʦʛʥʦʨʤʘʣʴʥʠʡ) ʨʦʟʧʦʜʽʣ ʟʽ ʱʽʣʴʥʽʩʪʶ ʨʦʟʧʦʜʽʣʫ 

ʡʤʦʚʽʨʥʦʩʪʝʡ 
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ʜʝ , 0a-¤< <¤ s> ï ʧʘʨʘʤʝʪʨʠ. 

ɹʘʥʢʨʫʪʩʪʚʦ ʽʥʚʝʩʪʦʨʘ ʟ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʦʟʥʘʯʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ R ʥʘʙʫʜʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʦʶ: sR r< . 

ʋ ʚʠʧʘʜʢʫ ʣʦʛʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ ʚʠʨʘʟ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ 

ʙʘʥʢʨʫʪʩʪʚʘ bP  ʤʘʻ ʚʠʛʣʷʜ:  
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p
ñ  ï ʬʫʥʢʮʽʷ ʧʦʤʠʣʦʢ,Rm  ï ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ, 

Rs  ï ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ. 

ɺ ʛʨʘʥʠʯʥʠʭ ʚʠʧʘʜʢʘʭ ʟʥʘʯʝʥʴ ʚʽʜʩʦʪʢʘ ʟʘ ʢʨʝʜʠʪ sr  ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1) ʚʽʜʧʦʚʽʜʥʦ ʦʪʨʠʤʫʻʤʦ: 

0bP ­  ʧʨʠ 0sr ­ ; 1bP ­  ʧʨʠ s Rr m­ . 
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ʂʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʨʠʟʠʢʦʚʦʾ ʤʦʜʝʣʽ (1) ʧʨʦʚʝʜʝʥʦ ʚ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʨʝʜʘʢʪʦʨʽ Maple 18.  

ɸʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʨʠʟʠʢʫ ʟʘ ʧʦʙʫʜʦʚʘʥʦʶ ʤʦʜʝʣʣʶ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ: 

1) ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʠʟʠʢʫ 0bP ­  (ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʫʤʦʚʥʦ ʧʨʠʡʥʷʪʦ 10%sr = ).  

ɿʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʜʘʥʠʤʠ, ʧʨʠ 15,8220Rm = , 4,1883Rs =  ʡʤʦʚʽʨʥʽʩʪʴ ʙʘʥʢʨʫʪʩʪʚʘ ʧʨʘʢʪʠʯʥʦ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ.  

2) ʇʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʽʤʦʚʽʨʥʦʩʪʽ ʨʠʟʠʢʫ 0bP ­  ʟʘʣʝʞʥʽʩʪʴ ( ),s R Rr f m s=  ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ɿʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʜʘʥʠʤʠ (ʨʠʩ. 2) ʤʘʻʤʦ: 18,9709sr =  ʧʨʠ 20 0,1R Rm s= >> =.  

ʋ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ 0Rs ­  ʦʪʨʠʤʫʻʤʦ ʘʩʠʤʧʪʦʪʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʽʷ ( ),sr f mR sR= , ʷʢʘ 

ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʽʡ ʽʤʦʚʽʨʥʦʩʪʽ ʨʠʟʠʢʫ 

ʈʠʩʫʥʦʢ 2 ï ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʽʜʩʦʪʢʫ ʟʘ ʢʨʝʜʠʪʦʤ ʧʨʠ 

20 0,1R Rm s= >> = 

 

3) ʆʮʽʥʢʘ ʟʘʣʝʞʥʦʩʪʽ ( ),R R is f m rs=  ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʽʤʦʚʽʨʥʦʩʪʽ ʨʠʟʠʢʫ 0bP ­  ʽ ʬʽʢʩʦʚʘʥʦʤʫ 

ʟʥʘʯʝʥʥʽ ʚʽʜʩʦʪʢʫ ʟʘ ʢʨʝʜʠʪʦʤ irs . ɿʥʘʡʜʝʥʦ ʦʙʣʘʩʪʴ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ Rm  ʽ Rs , ʚ ʷʢʽʡ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ 

ʚʽʜʩʦʪʢʫ ʟʘ ʢʨʝʜʠʪʦʤ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʘʥʢʨʫʪʩʪʚʘ.  

4) ʆʮʽʥʢʘ ʟʘʣʝʞʥʦʩʪʽ ( ),Ri Rrs f m s=  ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʽʤʦʚʽʨʥʦʩʪʽ ʨʠʟʠʢʫ 0bP ­  ʽ ʬʽʢʩʦʚʘʥʦʤʫ 

ʟʥʘʯʝʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ Rim .  

5) ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʠʟʠʢʫ 1bP ­  ʧʨʠ ʟʥʘʯʝʥʥʽ ʚʽʜʩʦʪʢʫ ʟʘ ʢʨʝʜʠʪʦʤ 10%sr = .  

ʗʢ ʧʦʢʘʟʘʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ, ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʙʘʥʢʨʫʪʩʪʚʘ ʧʨʠ ʽʥʚʝʩʪʫʚʘʥʥʽ ʟʘ ʨʘʭʫʥʦʢ ʫʟʷʪʦʛʦ ʧʽʜ ʧʨʦʮʝʥʪ ʢʨʝʜʠʪʫ.  

ʆʪʞʝ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢ ʙʘʥʢʨʫʪʩʪʚʘ ʧʽʜ ʯʘʩ ʽʥʚʝʩʪʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʢʨʝʜʠʪʥʠʭ ʢʦʰʪʽʚ, ʧʨʠ 

ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ. 
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ʋɼʂ 620.9 

ɼʝʥʠʩʶʢ ʉ. ʇ. ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʉʦʧʝʣʴ ʄ. ʌ. ʜ.ʪ.ʥ., ʧʨʦʬ. 

ɹʻʣʦʭʘ ɻ. ʉ., ʢ. ʪ. ʥ., ʜʦʮ.;  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʈɽɸʃɯɿɸʎɯɰ SMART- ʄʆʅɯʊʆʈʀʅɻʋ ʇʈʀ 

ɻɽʅɽʈɸʎɯɰ , ʇɽʈɽɼɸʏɯ ʊɸ ʈʆɿʇʆɼɯʃʋ ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ. 
 

ɺʩʪʫʧ.  ɼʝʢʘʨʙʦʥʽʟʘʮʽʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʚʠʤʘʛʘʻ ʮʽʣʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ: ʛʝʥʝʨʫʶʯʽ ʘʢʪʠʚʠ, ʤʝʨʝʞʫ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ï 

ʚʩʝ ʮʝ ʝʬʝʢʪʠʚʥʦ ʽʥʪʝʛʨʦʚʘʥʦ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ 

ʚʠʢʠʜʽʚ ʚʫʛʣʝʮʶ. ʃʦʢʘʣʴʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ ʻ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ ʤʝʨʝʞʝʶ, 

ʦʜʥʠʤ ʽʟ ʟʘʚʜʘʥʴ ʷʢʦʾ ʻ ʦʧʪʠʤʽʟʦʚʘʥʝ ʢʝʨʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ [1-4].  

ʅʘ ʩʴʦʛʦʜʥʽ ʩʠʩʪʝʤʘ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ (Wide-area monitoring/measurement 

system, WAMS) ʻ ʢʦʤʧʣʝʢʩʦʤ ʩʠʩʪʝʤ, ʷʢʠʡ ʚʽʜʩʪʝʞʫʻ ʩʪʘʥ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

ʪʘ ʟʜʘʪʥʠʡ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʦʛʨʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʮʽʥʢʠ WAMS ʟʜʘʪʥʘ ʧʨʘʮʶʚʘʪʠ ʥʘ 

ʟʥʘʯʥʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʦʭʦʧʣʶʶʯʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ ʚ ʮʽʣʦʤʫ. ʉʫʯʘʩʥʽ WAMS 

ʬʘʢʪʠʯʥʦ ʻ ʪʝʭʥʦʣʦʛʽʻʶ ʥʝ ʪʽʣʴʢʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʘʣʝ ʡ ʢʝʨʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʜʠʥʘʤʽʢʠ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [2]. 

Smart-ʤʦʥʽʪʦʨʠʥʛ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʥʦʚʘ ʷʢʽʩʪʴ ʫ ʧʨʠʡʥʷʪʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʷʢ 

ʢʦʤʧʣʝʢʩʥʠʡ ʪʘ ʩʠʩʪʝʤʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʱʦ ʥʘ ʩʫʯʘʩʥʦʤʫ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʨʽʚʥʽ ʟʘʙʝʟʧʝʯʫʻ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʦʪʦʯʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ [3]. 

ʇʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʧʨʠʜʽʣʠʪʠ ʫʚʘʛʫ 

ʚʠʨʽʰʝʥʥʶ ʥʘʩʪʫʧʥʠʭ ʟʘʜʘʯ: 

  - ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʦʧʠʪʫ ʪʘ ʧʨʦʧʦʟʠʮʽʾ; 

  - ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤ (ʤʝʭʘʥʽʟʤʽʚ) ʢʝʨʫʚʘʥʥʷ ʧʦʧʠʪʦʤ (Demand Side 

Management); 

  - ʦʮʽʥʢʘ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʛʨʘʬʽʢʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʽ ʝʣʝʤʝʥʪʽʚ 

ʃɽʉ ʷʢ ʥʘ ʟʤʽʥʥʦʤʫ, ʪʘʢ ʽ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʩʫʯʘʩʥʠʭ ʣʦʢʘʣʴʥʠʭ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʚʠʜʽʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʘʣʽʟʘʮʽʾ Smart-ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠ 

ʛʝʥʝʨʘʮʽʾ, ʧʝʨʝʜʘʯʽ ʪʘ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ Smart-ʤʦʥʽʪʦʨʠʥʛ ʚʠʨʽʰʫʻ ʟʘʚʜʘʥʥʷ ʷʢ 

ʘʥʘʣʽʟʫ (ʦʧʪʠʤʽʟʘʮʽʾ), ʪʘʢ ʩʠʥʪʝʟʫ (ʧʨʦʝʢʪʫʚʘʥʥʷ, ʧʣʘʥʫʚʘʥʥʷ, ʢʝʨʫʚʘʥʥʷ).  

ɿ ʪʦʯʢʠ ʟʦʨʫ çʢʝʨʫʶʯʠʭ ʬʫʥʢʮʽʡè ʩʠʩʪʝʤʠ Smart-ʤʦʥʽʪʦʨʠʥʛʫ ʤʘʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʩʴʦʛʦʜʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ ʻ ʽʻʨʘʨʭʽʯʥʦʶ ʙʘʛʘʪʦʨʽʚʥʝʚʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ 

ʧʦʚʠʥʥʘ ʜʽʷʪʠ ʟʘ ʧʨʠʥʮʠʧʦʤ: ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ 

ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʨʘʥʛʫ ʽʻʨʘʨʭʽʾ. ɿʜʽʡʩʥʶʻʪʴʩʷ ʜʚʦʩʪʦʨʦʥʥʽʡ ʟʚôʷʟʦʢ ʟ ʦʙôʻʢʪʘʤʠ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʪʝʭʥʽʯʥʦʾ ʪʘ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʽʥʪʝʛʨʦʚʘʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʘ ʧʽʜʪʨʠʤʢʘ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʽʥʬʦʨʤʘʮʽʾ.  

ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ Smart-ʤʦʥʽʪʦʨʠʥʛʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ:   

- ʢʦʤʧʣʝʢʩʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʤʦʥʽʪʦʨʠʥʛ 
ʧʦʪʨʝʙ ʨʽʟʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʠ. 

- ʤʦʥʽʪʦʨʠʥʛ ʨʦʙʦʪʠ ʜʞʝʨʝʣ ʨʦʟʧʦʜʽʣʝʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʥʘʧʨʠʢʣʘʜ 
ʥʘʧʨʫʛʠ, ʩʪʨʫʤʫ, ʧʦʪʫʞʥʦʩʪʽ, ʯʘʩʪʦʪʠ ʪʦʱʦ (ʜʘʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʙʽʨʢʦʚʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ ʨʦʙʦʪʠ ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ).  

- ʤʦʥʽʪʦʨʠʥʛ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʚʢʣʶʯʘʶʯʠ ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʢʨʝʤʠʤ 
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ʢʘʪʝʛʦʨʽʷʤ, ʥʘʧʨʠʢʣʘʜ,  ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʘʞʣʠʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʯʫʪʣʠʚʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʝʣʠʢʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʦʱʦ. 

ʇʨʠ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʥʘ ʨʽʚʥʽ ʩʝʨʝʜʥʽʭ ʥʘʧʨʫʛ ʪʘ ʧʨʠ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʥʘ ʨʽʚʥʽ ʚʠʩʦʢʠʭ 

ʥʘʧʨʫʛ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ WAMS, ʘ ʥʘ ʥʠʟʴʢʠʭ ʥʘʧʨʫʛʘʭ ʧʨʠ ʛʝʥʝʨʘʮʽʾ, ʧʝʨʝʜʘʯʽ 

ʪʘ ʨʦʟʧʦʜʽʣʫ  Smart ï ʤʦʥʽʪʦʨʠʥʛ. 

ʅʘ ʨʽʚʥʽ ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʤʝʥʪʠ ʽʥʪʨʫʟʠʚʥʦʛʦ ʪʘ 

ʥʝʽʥʪʨʫʟʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʟʘ ʜʘʥʠʤʠ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʦʧʠʪʫ ʪʘ ʧʨʦʧʦʟʠʮʽʾ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʧʠʪ 
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ʈʠʩʫʥʦʢ 1 ï ʃʦʢʘʣʴʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ 

 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʢʝʨʫʚʘʥʥʷ ʧʦʧʠʪʦʤ DSM ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ Smart-

ʤʦʥʽʪʦʨʠʥʛʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʨʘʪʝʛʽʾ DSM: ʧʝʨʝʥʝʩʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʛʥʫʯʢʝ 

ʟʤʽʥʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʆʩʥʦʚʥʦʶ ʽʜʝʻʶ, ʥʘ ʷʢʽʡ ʟʘʩʥʦʚʘʥʘ ʩʪʨʘʪʝʛʽʷ ʛʥʫʯʢʦʛʦ ʟʤʽʥʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʩʧʦʞʠʚʘʯ ʩʬʦʨʤʫʚʘʚ ʥʝʦʙʭʽʜʥʽ ʛʨʘʬʽʢʠ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʦʙʤʽʥ ʥʘ ʬʽʥʘʥʩʦʚʽ ʩʪʠʤʫʣʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʟʥʘʯʝʥʦʛʦ Smart-ʤʦʥʽʪʦʨʠʥʛʫ, ʃɽʉ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʛʨʘʬʽʢʽʚ ʩʧʦʞʠʚʘʥʥʷ ʧʨʦʧʦʥʫʻ ʩʧʦʞʠʚʘʯʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʛʨʘʬʽʢ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʥʠʟʠʚʰʠ ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʣʝʥʦʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʱʦ ʩʧʨʠʷʪʠʤʝ ʟʥʠʞʝʥʥʶ 

ʪʘʨʠʬʫ ʩʧʦʞʠʚʘʯʫ (ʘʙʦ ʥʘʜʘʥʥʷ ʷʢʠʭʦʩʴ ʙʦʥʫʩʽʚ), ʰʣʷʭʦʤ ʧʝʨʝʥʝʩʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʽʥʰʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ, ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ, ʱʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʩʧʦʞʠʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ. ɺʽʜʩʦʪʦʢ ʟʤʽʥʝʥʥʷ ʚʽʜʥʦʩʥʦ ʙʘʟʦʚʦʛʦ 

ʛʨʘʬʽʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ  (ʫ ʚʽʜʩʦʪʢʘʭ) ʜʣʷ ʤʝʭʘʥʽʟʤʫ çʧʝʨʝʥʝʩʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷè ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 4%, ʜʣʷ ʛʥʫʯʢʦʛʦ ʟʤʽʥʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ï 6%. ʅʝʦʙʭʽʜʥʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘ ʦʪʨʠʤʘʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʩʧʦʞʠʚʘʯʽ ʫ ʧʦʜʘʣʴʰʦʤʫ ʩʘʤʽ ʦʙʠʨʘʶʪʴ 

ʧʨʠʡʥʷʪʥʠʡ ʚʘʨʽʘʥʪ, ʚʠʭʦʜʷʯʠ ʽʟ ʥʘʜʘʥʠʭ ʾʤ ʧʨʦʧʦʟʠʮʽʾ ʪʘ ʾʭʥʽʭ ʧʨʽʦʨʠʪʝʪʽʚ. 

 

ɺʠʩʥʦʚʢʠ.  

ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ Smart-ʤʦʥʽʪʦʨʠʥʛʫ ʩʧʨʠʷʻ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʃɽʉ, ʧʦʙʫʜʦʚʽ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʽʜʚʠʱʝʥʥʶ ʾʭʥʴʦʾ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʦʢʨʝʤʘ, ʨʦʟʰʠʨʝʥʥʶ ʩʪʨʘʪʝʛʽʾ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʦʮʽʥʢʠ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʽʚ ʩʠʩʪʝʤʠ. 

ɺʠʜʽʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ Smart-ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠ ʛʝʥʝʨʘʮʽʾ, ʧʝʨʝʜʘʯʽ ʪʘ ʨʦʟʧʦʜʽʣʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʥʘ ʧʨʠʢʣʘʜʽ ʧʦʢʘʟʘʥʦ ʟʘʩʪʦʚʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʢʝʨʫʚʘʥʥʷ ʧʦʧʠʪʦʤ ʜʣʷ 

ʣʦʢʘʣʴʥʦʝ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ. 
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ɯ.ʈ. ɺʘʱʠʰʘʢ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ, ʋʢʨʘʾʥʘ 

 

ɽʂʆʅʆʄɯʏʅɸ ɽʌɽʂʊʀɺʅɯʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ ɹɽʅɿʀʅʆɺʀʍ 

ɽʃɽʂʊʈʆɻɽʅɽʈɸʊʆʈɯɺ ʅɸ ʇɯɼʇʈʀɭʄʉʊɺɸʍ ɺ ʋʄʆɺɸʍ 

ɽʅɽʈɻɽʊʀʏʅʆɰ ʅɽʉʊɸɹɯʃʔʅʆʉʊɯ 
 

ɺʩʪʫʧ. ʋ ʟʚ'ʷʟʢʫ ʟ ʥʝʩʪʘʙʽʣʴʥʦʶ ʩʠʪʫʘʮʽʻʶ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ ʋʢʨʘʾʥʠ, 

ʩʧʨʠʯʠʥʝʥʦʶ ʚʽʡʩʴʢʦʚʠʤʠ ʜʽʷʤʠ, ʧʣʘʥʦʚʠʤʠ ʪʘ ʘʚʘʨʽʡʥʠʤʠ ʚʠʤʢʥʝʥʥʷʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʚʩʝ ʙʽʣʴʰʝ ʧʽʜʧʨʠʻʤʩʪʚ ʟʤʫʰʝʥʝ ʰʫʢʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ʏʘʩʪʽ ʚʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʥʘʯʥʦ ʟʥʠʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʧʽʜʚʠʱʫʶʪʴ ʚʠʪʨʘʪʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ, 

ʟʦʢʨʝʤʘ ʙʝʥʟʠʥʦʚʠʭ, ʩʪʘʻ ʥʝʦʙʭʽʜʥʠʤ ʢʨʦʢʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ 

ʥʘ ʯʘʩ ʚʠʤʢʥʝʥʴ.  

ʇʨʦʪʝ, ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʥʠʢʘʻ ʥʠʟʢʘ ʧʠʪʘʥʴ ʱʦʜʦ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʥʟʠʥʦʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ. ɺʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘʢʠʭ 

ʫʩʪʘʥʦʚʦʢ ʚʢʣʶʯʘʶʪʴ ʥʝ ʣʠʰʝ ʚʘʨʪʽʩʪʴ ʧʘʣʴʥʦʛʦ ʪʘ ʦʣʠʚʠ, ʘʣʝ ʡ ʘʤʦʨʪʠʟʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ 

ʪʘ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʡʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ. ʂʨʽʤ ʪʦʛʦ, ʟʥʘʯʥʘ ʨʽʟʥʠʮʷ ʚ ʚʘʨʪʦʩʪʽ 

ʚʠʨʦʙʣʝʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʚʽʜ ʦʬʽʮʽʡʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʩʪʘʚʠʪʴ ʧʠʪʘʥʥʷ ʧʨʦ 

ʬʽʥʘʥʩʦʚʫ ʜʦʮʽʣʴʥʽʩʪʴ ʪʘʢʦʛʦ ʚʠʜʫ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʊʦʤʫ ʘʥʘʣʽʟ ʚʠʪʨʘʪ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʥʟʠʥʦʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ, ʧʦʨʽʚʥʷʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʯʘʩʪʠʭ ʚʠʤʢʥʝʥʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʬʽʥʘʥʩʦʚʽ 

ʧʦʢʘʟʥʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʫʤʦʚʘʭ ʢʨʠʟʦʚʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʬʽʥʘʥʩʦʚʠʭ ʚʪʨʘʪ ʚʽʜ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʘʙʽʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʝʥʟʠʥʦʚʠʭ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʙʽʣʴʥʦʛʦ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʚʠʪʨʘʪ ʥʘ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟ ʚʠʪʨʘʪʘʤʠ ʥʘ 

ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ, ʟʘʢʫʧʣʝʥʫ ʫ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ.  

ɺʠʢʣʘʜ ʤʘʪʝʨʽʘʣʫ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʠʪʨʘʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦ ʙʝʥʟʠʥʦʚʽ ʛʝʥʝʨʘʪʦʨʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ 

ʚ ʧʝʨʽʦʜ ʚʠʤʢʥʝʥʴ.  

ʏʘʩʪʽ ʽ ʪʨʠʚʘʣʽ ʚʠʤʢʥʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʤʫʩʠʣʠ ʢʝʨʽʚʥʠʮʪʚʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʜʦʚʦʣʽ 

ʩʪʠʩʣʠʡ ʪʝʨʤʽʥ ʚʧʨʦʚʘʜʠʪʠ ʧʝʚʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʨʝʟʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʙʝʟ ʷʢʠʭ ʥʝʤʦʞʣʠʚʘ ʜʽʷʣʴʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʊʘʢʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʻ 

ʤʝʨʝʞʝʚʝ ʪʘ ʩʝʨʚʝʨʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʧʝʨʩʦʥʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʠ (ʇʂ) ʦʢʨʝʤʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʪʘ 

ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ (ʛʘʟʦʚʠʡ ʢʦʪʝʣ ʟ ʚʙʫʜʦʚʘʥʠʤ ʮʠʨʢʫʣʷʮʽʡʥʠʤ ʥʘʩʦʩʦʤ).  

ʃʘʟʝʨʥʽ ʧʨʠʥʪʝʨʠ ʜʦʚʦʜʠʣʦʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʧʨʠ ʫʚʽʤʢʥʝʥʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʟʟʦʚʥʽ. ɼʣʷ ʥʘʛʘʣʴʥʦʛʦ ʜʨʫʢʫ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʘʨʢʫʰʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʠʥʪʝʨ 

ʩʪʨʫʤʝʥʝʚʦʛʦ ʪʠʧʫ, ʷʢʠʡ ʩʧʦʞʠʚʘʻ ʩʫʪʪʻʚʦ ʤʝʥʰʝ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʥʽʞ ʣʘʟʝʨʥʠʡ. ʊʘʢ ʷʢ 

ʝʣʝʢʪʨʦʤʝʨʝʞʘ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʧʽʜôʻʜʥʘʥʥʷ ʨʝʟʝʨʚʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʪʦʤʫ ʧʝʨʝʭʽʜ ʩʝʨʚʝʨʽʚ, ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʪʘ ʇʂ ʥʘ ʨʝʟʝʨʚʥʝ ʞʠʚʣʝʥʥʷ ʟʜʽʡʩʥʶʚʘʚʩʷ 

çʚʨʫʯʥʫè ʽ ʟ ʜʝʷʢʠʤʠ ʥʝʟʨʫʯʥʦʩʪʷʤʠ. ʊʦʤʫ ʜʦʚʝʣʦʩʷ ʟʨʦʙʠʪʠ ʽʤʧʨʦʚʽʟʦʚʘʥʫ ʤʝʨʝʞʫ 

ʞʠʚʣʝʥʥʷ ʚ ʘʢʪʦʚʦʤʫ ʟʘʣʽ, ʜʝ ʙʫʣʦ ʦʨʛʘʥʽʟʦʚʘʥʦ ʨʦʙʦʯʽ ʤʽʩʮʷ ʙʽʣʴʰʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʛʘʣʫʞʫʚʘʯʽʚ ʚʜʘʚʘʣʦʩʷ ʧʦʜʘʪʠ ʞʠʚʣʝʥʥʷ ʥʘ ʇʂ ʧʨʘʮʽʚʥʠʢʽʚ. ʆʙʤʽʥ ʜʘʥʠʤʠ 

ʟ ʩʝʨʚʝʨʘʤʠ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʟʧʨʦʚʽʜʥʦʾ ʤʝʨʝʞʽ (WiFi). ʉʝʨʚʝʨʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʜʦʚʦʜʠʣʦʩʴ ʪʘʢʦʞ ʧʝʨʝʤʠʢʘʪʠ ʚʨʫʯʥʫ ʜʦ ʧʦʜʦʚʞʫʚʘʯʘ, ʷʢʠʡ ʧʨʠʻʜʥʘʥʠʡ ʜʦ 

ʛʝʥʝʨʘʪʦʨʘ.  
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ʅʘʡʚʽʜʦʤʽʰʠʡ ʟ ʫʩʽʭ ʽ, ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʥʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʠʡ ʚʘʨʽʘʥʪ ʟʘʙʝʟʧʝʯʠʪʠ 

ʨʝʟʝʨʚʥʝ ʞʠʚʣʝʥʥʷ ï ʮʝ ʧʘʣʠʚʥʠʡ ʛʝʥʝʨʘʪʦʨ. ʅʘ ʧʨʠʢʣʘʜʽ ʜʚʦʭ ʤʦʜʝʣʝʡ ʛʝʥʝʨʘʪʦʨʽʚ Fogo 

F3001R ʪʘ Fogo Fʅ6001, ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʠʪʨʘʪ ʥʘ ʧʘʣʠʚʦ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʟʘʤʽʥʫ 

ʦʣʠʚʠ. 

ɺʠʪʨʘʪʠ ʥʘ ʛʝʥʝʨʘʪʦʨ Fogo F3001R.  

ɹʝʥʟʠʥʦʚʠʡ ʛʝʥʝʨʘʪʦʨ 3,0 ʢɺʘ ʤʦʜʝʣʴ Fogo F3001R ʤʘʻ ʥʦʤʽʥʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʫ 2,5 

ʢɺʪ. ʉʝʨʝʜʥʷ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʩʪʘʥʦʚʠʪʴ 1,4 ʣ/ʛʦʜ, ʟʘ ʫʤʦʚʠ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 75% 

ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʈʝʢʦʤʝʥʜʦʚʘʥʠʡ ʪʠʧ ʙʝʥʟʠʥʫ: ɸ95. ʈʝʢʦʤʝʥʜʦʚʘʥʠʡ ʪʠʧ ʦʣʠʚʠ: 

10W30. ʆʙôʻʤ ʦʣʠʚʠ: 0,6 ʣ. 

ʎʝʡ ʛʝʥʝʨʘʪʦʨ ʙʫʚ ʧʨʠʜʙʘʥʠʡ ʚ ʢʽʥʮʽ 2022 ʨʦʢʫ ʟʘ 28 770 ʛʨʥ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʟʛʽʜʥʦ 

ʟ ʜʘʥʠʤʠ ʞʫʨʥʘʣʫ ʦʙʣʽʢʫ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʦʪʷʛʦʤ 181,83 

ʤʦʪʦʛʦʜʠʥ. ɿʘ ʮʝʡ ʯʘʩ ʚʽʥ ʩʧʦʞʠʚ 254,2 ʣ ʙʝʥʟʠʥʫ ʽ 3 ʣ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. ɺʘʨʪʽʩʪʴ ʙʝʥʟʠʥʫ, 

ʟʘ ʩʝʨʝʜʥʴʦʶ ʮʽʥʦʶ ʥʘ ʪʦʡ ʯʘʩ, ʩʢʣʘʣʘ 12 590,53 ʛʨʥ. ɺʘʨʪʽʩʪʴ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ï 537 ʛʨʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʮʴʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟʘ 181,83 ʤʦʪʦʛʦʜʠʥ ʩʪʘʥʦʚʣʷʪʴ 13 

127,53 ʛʨʥ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʨʪʦʩʪʽ ʩʘʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʘʶʪʴ 41 897,53 ʛʨʥ. 

ɺʠʪʨʘʪʠ ʥʘ ʛʝʥʝʨʘʪʦʨ Fogo Fʅ6001.  

ɹʝʥʟʠʥʦʚʠʡ ʛʝʥʝʨʘʪʦʨ 6,2 ʢɺʪ ʤʦʜʝʣʴ Fogo Fʅ6001 ʤʘʻ ʥʦʤʽʥʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʫ 5,6 

ʢɺʪ. ʉʝʨʝʜʥʷ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʩʪʘʥʦʚʠʪʴ 2,7 ʣ/ʛʦʜ, ʟʘ ʫʤʦʚʠ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 75% 

ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʈʝʢʦʤʝʥʜʦʚʘʥʠʡ ʪʠʧ ʙʝʥʟʠʥʫ: ɸ92/ɸ95. ʈʝʢʦʤʝʥʜʦʚʘʥʠʡ ʪʠʧ 

ʦʣʠʚʠ: 10W30. ʆʙôʻʤ ʦʣʠʚʠ: 1,1 ʣ. 

ʎʝʡ ʛʝʥʝʨʘʪʦʨ ʤʘʻ ʙʽʣʴʰʫ ʧʦʪʫʞʥʽʩʪʴ ʽ ʙʫʚ ʧʨʠʜʙʘʥʠʡ ʚ 2023 ʨʦʮʽ ʟʘ 57 510 ʛʨʥ. ʇʨʠ 

ʪʠʭ ʩʘʤʠʭ 181,83 ʤʦʪʦʛʦʜʠʥʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 75%, ʚʽʥ ʩʧʦʞʠʚ 490,94 ʣ 

ʙʝʥʟʠʥʫ. ɺʘʨʪʽʩʪʴ ʧʘʣʴʥʦʛʦ ʩʢʣʘʣʘ 24 316,31 ʛʨʥ. ʂʽʣʴʢʽʩʪʴ ʟʘʤʽʥʝʥʦʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ 

ʩʪʘʥʦʚʠʪʴ 5,5 ʣ, ʱʦ ʜʦʨʽʚʥʶʻ 984,5 ʛʨʥ. ɺʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʛʝʥʝʨʘʪʦʨʘ Fogo Fʅ6001 

ʩʢʣʘʜʘʶʪʴ 25 300,81 ʛʨʥ. ɿʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʨʪʦʩʪʽ ʩʘʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ï 82 

810,81 ʛʨʥ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʚʘʨʪʦʩʪʽ ʝʥʝʨʛʽʾ, ʷʢʫ ʥʝ ʦʪʨʠʤʘʣʦ ʧʽʜʧʨʠʻʤʩʪʚʦ ʯʝʨʝʟ ʚʽʜʢʣʶʯʝʥʥʷ, ʙʫʣʦ 

ʚʟʷʪʦ ʪʘʨʠʬʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʢʦʤʧʘʥʽʻʶ-ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ. ɼʣʷ 

ʛʝʥʝʨʘʪʦʨʘ Fogo F3001R ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʣʝʥʦʾ ʝʥʝʨʛʽʾ ʩʢʣʘʣʘ 2 731,6 ʛʨʥ. ɺʨʘʭʦʚʫʶʯʠ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʦʙʩʷʟʽ 181,83 ʢɺʪĿʛʦʜ, ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʽʾ, ʷʢʫ ʛʝʥʝʨʫʻ ʮʝʡ 

ʛʝʥʝʨʘʪʦʨ, ʩʪʘʥʦʚʠʪʴ 40,11 ʛʨʥ ʟʘ ʢɺʪĿʛʦʜ, ʱʦ ʚ 4,8 ʨʘʟʠ ʙʽʣʴʰʝ, ʥʽʞ ʮʽʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʷʢʫ ʧʦʩʪʘʯʘʻ ʢʦʤʧʘʥʽʷ. 

ɼʣʷ ʛʝʥʝʨʘʪʦʨʘ Fogo Fʅ6001, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʥʘ ʥʦʤʽʥʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ, 

ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʣʝʥʦʾ ʝʥʝʨʛʽʾ ʟʘ 181,83 ʤʦʪʦʛʦʜʠʥʠ ʩʢʣʘʣʘ 8 498,3 ʛʨʥ, ʱʦ ʚ 3 ʨʘʟʠ ʙʽʣʴʰʝ, 

ʥʽʞ ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʽʾ, ʟʘʢʫʧʣʝʥʦʾ ʫ ʧʦʩʪʘʯʘʣʴʥʠʢʘ. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʝʥʟʠʥʦʚʠʭ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʫ ʨʘʟʽ 

ʯʘʩʪʠʭ ʚʠʤʢʥʝʥʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʽ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʥʝ 

ʪʽʣʴʢʠ ʚʠʪʨʘʪʠ ʥʘ ʧʘʣʠʚʦ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘʣʝ ʡ ʘʤʦʨʪʠʟʘʮʽʶ ʛʝʥʝʨʘʪʦʨʘ.  

ɺʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʠʨʦʙʣʝʥʦʾ ʛʝʥʝʨʘʪʦʨʘʤʠ, ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʚʘʨʪʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʫ ʧʦʩʪʘʯʘʶʪʴ ʢʦʤʝʨʮʽʡʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʢʦʤʧʘʥʽʾ. ʎʝ ʚʢʘʟʫʻ ʥʘ 

ʝʢʦʥʦʤʽʯʥʫ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ.  

ʗʢ ʙʘʯʠʤʦ, ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʯʘʩʪʠʭ ʚʽʜʢʣʶʯʝʥʴ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʘʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʪʨʘʪ ʥʘ ʛʝʥʝʨʘʪʦʨʠ ʽ ʟʘʢʫʧʽʚʣʶ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. 
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ɹʘʩʦʢ ɹ. ɯ., ʯʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ, ʜ.ʪ.ʥ.,  

ɻʦʥʯʘʨʫʢ ʉ.ʄ.,  ʢ.ʪ.ʥ.,  

ɼʘʚʠʜʝʥʢʦ ɼ.ɹ., 

 ɹʝʣʷʻʚʘ ʊ.ɻ., ʢ.ʪ.ʥ.,  

ʍʠʙʠʥʘ ʄ.ɸ., ʢ.ʬ.-ʤ. ʥ. 

ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

 

 

ʊɽʇʃʆɺɯ ʈɽɾʀʄʀ ɺɽʅʊʀʃʔʆɺɸʅʀʍ ʉʂʃʆʇɸʂɽʊɯɺ 
 

ʆʜʠʥ ʟʽ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʢʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʢʦʥ ʚ ʩʠʩʪʝʤʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʧʨʠʤʽʱʝʥʥʷ. ʏʝʨʝʟ ʚʽʢʥʘ ʤʦʞʥʘ 

ʧʨʦʧʫʩʢʘʪʠ ʚʝʥʪʠʣʷʮʽʡʥʝ ʧʦʚʽʪʨʷ ʟ ʜʦʚʢʽʣʣʷ ʧʝʨʝʜ ʡʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷʤ ʚ ʧʨʠʤʽʱʝʥʥʷ. ɺ 

ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʨʦʢʫ ʮʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʮʴʦʛʦ ʧʦʚʽʪʨʷ. ʄʦʞʥʘ ʪʘʢʦʞ 

ʚʠʜʘʣʷʪʠ ʧʦʚʽʪʨʷ ʟ ʧʨʠʤʽʱʝʥʥʷ ʯʝʨʝʟ ʚʽʢʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʠʥʘ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ, ʷʢʘ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʨʠʤʽʱʝʥʥʷ ʨʘʟʦʤ ʟ ʧʦʚʽʪʨʷʤ, ʯʘʩʪʢʦʚʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ 

ʧʨʠʤʽʱʝʥʥʷ. ɸʣʝ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʢʦʥ ʚ ʩʠʩʪʝʤʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʜʠʩʠʧʘʪʠʚʥʽ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʯʝʨʝʟ ʚʽʢʦʥʥʝ ʩʢʣʦ. ʊʦʤʫ ʚʘʨʪʦ ʚʠʟʥʘʯʠʪʠ, 

ʥʘʩʢʽʣʴʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʥʪʠʣʴʦʚʘʥʠʭ ʚʽʢʦʥ ʩʧʨʠʷʪʠʤʝ ʟʙʽʣʴʰʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʫ ʮʽʣʦʤʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʽ ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʠʧʘʪʠʚʥʠʭ ʚʪʨʘʪ ʪʝʧʣʦʪʠ ʯʝʨʝʟ ʚʽʢʦʥʥʝ ʩʢʣʦ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ ʯʝʨʝʟ ʚʝʥʪʠʣʴʦʚʘʥʽ ʜʚʦʢʘʤʝʨʥʽ 

ʩʢʣʦʧʘʢʝʪʠ ʰʣʷʭʦʤ ʩʢʽʥʯʝʥʦ-ʨʽʟʥʠʮʝʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʽ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʜʦ ʷʢʦʾ ʚʭʦʜʷʪʴ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ, ʧʝʨʝʥʝʩʝʥʥʷ ʽʤʧʫʣʴʩʫ ʪʘ ʝʥʝʨʛʽʾ ʜʣʷ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʯʝʨʝʟ ʢʘʤʝʨʠ ʩʢʣʦʧʘʢʝʪʫ, ʪʘ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʜʣʷ ʩʢʣʘ. ʅʘ ʧʦʚʝʨʭʥʷʭ ʩʢʣʘ ʟʘʜʘʶʪʴʩʷ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʯʝʪʚʝʨʪʦʛʦ ʨʦʜʫ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ 

ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʤʽʞ ʧʦʚʽʪʨʷʤ ʽ ʩʢʣʦʤ ʽ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʩʢʣʷʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ.   

ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʢʣʦʧʘʢʝʪʘ  ʩʢʣʘʜʘʶʪʴ: ʪʦʚʱʠʥʘ ʩʢʣʘ - 4 ʤʤ; 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʟʦʚʥʽʰʥʽʤ ʽ ʩʝʨʝʜʥʽʤ ʩʢʣʦʤ - 10 ʤʤ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʝʨʝʜʥʽʤ ʽ ʚʥʫʪʨʽʰʥʽʤ ʩʢʣʦʤ 

- ʪʘʢʦʞ 10 ʤʤ. ɺʠʩʦʪʘ ʩʢʣʦʧʘʢʝʪʘ 1,0 ʤ; ʰʠʨʠʥʘ 0,75 ʤ. ʉʢʣʦ ʥʝ ʤʘʻ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʧʦʢʨʠʪʪʽʚ. ɺ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʢʣʘ ʟʥʘʭʦʜʠʪʴʩʷ ʱʽʣʠʥʘ ʚʠʩʦʪʦʶ 66,7 ʤʤ ʜʣʷ 

ʧʦʜʘʯʽ ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ; ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʢʣʘ ʪʘʢʦʞ ʟʥʘʭʦʜʠʪʴʩʷ 

ʱʽʣʠʥʘ ʚʠʩʦʪʦʶ 66,7 ʤʤ ʜʣʷ ʚʠʧʫʩʢʫ ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ.  ɺ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʩʝʨʝʜʥʴʦʛʦ 

ʩʢʣʘ ʻ ʱʽʣʠʥʘ ʚʠʩʦʪʦʶ 53 ʤʤ, ʯʝʨʝʟ ʷʢʫ ʧʦʚʽʪʨʷ ʧʝʨʝʪʽʢʘʻ ʟ ʟʦʚʥʽʰʥʴʦʾ ʢʘʤʝʨʠ ʜʚʦʢʘʤʝʨʥʦʛʦ 

ʩʢʣʦʧʘʢʝʪʘ ʫ ʚʥʫʪʨʽʰʥʶ ʢʘʤʝʨʫ. ʇʦʚʽʪʨʷ ʫ ʟʦʚʥʽʰʥʶ ʢʘʤʝʨʫ ʧʦʜʘʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 0,02 

ʤ/ʩ. ʁʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʨʽʚʥʶʻ -10,0 ʦʉ. 

ɿʦʚʥʽʰʥʻ ʧʦʚʽʪʨʷ ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʱʽʣʠʥʥʠʡ ʢʘʥʘʣ, ʱʦ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʢʣʘ. ɼʘʣʽ ʮʝ ʧʦʚʽʪʨʷ ʨʫʭʘʻʪʴʩʷ ʜʦʥʠʟʫ ʯʝʨʝʟ ʟʦʚʥʽʰʥʶ ʢʘʤʝʨʫ 

ʩʢʣʦʧʘʢʝʪʘ. ʇʦʪʽʤ ʚʦʥʦ ʧʦʪʨʘʧʣʷʻ ʫ ʚʥʫʪʨʽʰʥʶ ʢʘʤʝʨʫ ʽ ʪʝʯʝ ʫʛʦʨʫ. ɺʠʜʘʣʷʻʪʴʩʷ 

ʚʝʥʪʠʣʷʮʽʡʥʝ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʱʽʣʠʥʥʠʡ ʢʘʥʘʣ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʢʣʘ. ʆʩʢʽʣʴʢʠ ʚ ʮʠʭ ʫʤʦʚʘʭ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʩʝʨʝʜʠʥʽ 

ʩʢʣʦʧʘʢʝʪʘ ʚʠʷʚʣʷʻʪʴʩʷ ʥʠʞʯʦʶ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʟʚʠʯʘʡʥʦʛʦ ʜʚʦʢʘʤʝʨʥʦʛʦ ʩʢʣʦʧʘʢʝʪʘ, ʦʙʩʷʛ 

ʜʠʩʠʧʘʪʠʚʥʦʾ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʨʠʤʽʱʝʥʥʷ ʯʝʨʝʟ ʪʘʢʝ ʚʝʥʪʠʣʴʦʚʘʥʝ ʚʽʢʥʦ, ʙʫʜʝ 

ʙʽʣʴʰʠʤ, ʥʽʞ ʮʝ ʤʘʣʦ ʙ ʤʽʩʮʝ ʫ ʚʠʧʘʜʢʫ ʟʚʠʯʘʡʥʦʛʦ ʜʚʦʢʘʤʝʨʥʦʛʦ ʩʢʣʦʧʘʢʝʪʘ. ʈʦʟʨʘʭʫʥʦʢ 

ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʟʚʠʯʘʡʥʦʛʦ ʜʚʦʢʘʤʝʨʥʦʛʦ ʩʢʣʦʧʘʢʝʪʘ ʟ ʪʠʤʠ ʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ ʧʨʠ ʪʠʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʧʦʢʘʟʫʻ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʷʭ ʟʚʠʯʘʡʥʦʛʦ 

ʩʢʣʦʧʘʢʝʪʘ ʨʦʟʧʦʜʽʣʠ ʛʫʩʪʠʥ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦ ʟʦʚʥʽʰʥʽʡ ʽ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʷʭ 

ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʦʤʽʨʥʽ ʽ ʩʢʣʘʜʘʶʪʴ ~ 60 ɺʪ/ʤ2. ʈʦʟʧʦʜʽʣʠ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʧʦ ʧʦʚʝʨʭʥʷʭ 

ʩʢʣʦʧʘʢʝʪʘ, ʯʝʨʝʟ ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʟʦʚʥʽʰʥʻ ʧʦʚʽʪʨʷ, ʤʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ (ʈʠʩʫʥʦʢ 
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1 ʘ). ʅʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʪʘʢʦʛʦ ʩʢʣʦʧʘʢʝʪʘ ʨʦʟʧʦʜʽʣ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʽ 

ʤʘ̒ ʤʘʢʩʠʤʫʤ ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʧʦʚʝʨʭʥʽ q=53,76 ɺʪ/ʤ2 (ʢʨʠʚʘ 1 ʥʘ ʈʠʩʫʥʢʫ 1ʘ). ʋ ʚʝʨʭʥʽʡ 

ʽ ʥʠʞʥʽʡ ʯʘʩʪʠʥʘʭ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʩʫʪʪʻʚʦ ʥʠʞʯʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤ ʩʢʣʦʧʘʢʝʪʦʤ ʦʙʩʷʛ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʘʣʷʻʪʴʩʷ ʯʝʨʝʟ 

ʟʦʚʥʽʰʥʻ ʩʢʣʦ, ʚʠʷʚʣʷʻʪʴʩʷ ʤʝʥʰʠʤ, ʥʽʞ ʯʝʨʝʟ ʟʦʚʥʽʰʥʻ ʩʢʣʦ ʟʚʠʯʘʡʥʦʛʦ ʩʢʣʦʧʘʢʝʪʘ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʩʢʣʦʧʘʢʝʪʘ 

ʩʢʣʘʜʘʻ 110 ɺʪ/ʤ2, ʘ ʤʽʥʽʤʘʣʴʥʽ  - 63,3 ɺʪ/ʤ2. ʆʪʞʝ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʻ ʩʢʣʦ ʪʘʢʦʛʦ 

ʚʝʥʪʠʣʴʦʚʘʥʦʛʦ ʩʢʣʦʧʘʢʝʪʘ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʨʠʤʽʱʝʥʥʷ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʪʝʧʣʦʪʠ, ʥʽʞ ʫ 

ʚʠʧʘʜʢʫ ʟʚʠʯʘʡʥʦʛʦ ʩʢʣʦʧʘʢʝʪʘ. ɺʦʜʥʦʯʘʩ, ʷʢʱʦ ʚʝʥʪʠʣʷʮʽʡʥʝ ʧʦʚʽʪʨʷ ʧʦʜʘʻʪʴʩʷ ʚ 

ʧʨʠʤʽʱʝʥʥʷ ʯʝʨʝʟ ʚʝʥʪʠʣʴʦʚʘʥʠʡ ʩʢʣʦʧʘʢʝʪ, ʪʦ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟʽ ʩʢʣʦʧʘʢʝʪʘ 

ʩʢʣʘʜʘʻ ~5,86 ʦʉ ʽ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʥʦʩʠʪʴʩʷ ʚ ʧʨʠʤʽʱʝʥʥʷ ʟ ʧʦʚʽʪʨʷʤ, ʱʦ ʧʨʦʡʰʣʦ 

ʯʝʨʝʟ ʩʢʣʦʧʘʢʝʪ, ʥʘ 21,46 ɺʪ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʝʥʪʠʣʷʮʽʡʥʝ ʧʦʚʽʪʨʷ ʧʦʜʘʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʜʦʚʢʽʣʣʷ. ʆʪʞʝ ʫ ʚʠʧʘʜʢʫ ʚʝʥʪʠʣʴʦʚʘʥʦʛʦ ʩʢʣʦʧʘʢʝʪʘ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʻ ʩʢʣʦ 

ʚʪʨʘʯʘʻʪʴʩʷ ʥʘ 7,24 ɺʪ ʙʽʣʴʰʝ ʪʝʧʣʦʪʠ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʟʚʠʯʘʡʥʦʛʦ ʩʢʣʦʧʘʢʝʪʘ, ʘ 

ʚʝʥʪʠʣʷʮʽʡʥʝ ʧʦʚʽʪʨʷ ʚʥʦʩʠʪʴ ʚ ʧʨʠʤʽʱʝʥʥʷ ʥʘ 21,46 ɺʪ ʪʝʧʣʦʪʠ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ 

ʧʦʜʘʯʘ ʧʦʚʽʪʨʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʜʦʚʢʽʣʣʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʝʥʪʠʣʷʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʚ ʧʨʠʤʽʱʝʥʥʽ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʚʠʷʚʣʷʻʪʴʩʷ ʚʝʥʪʠʣʴʦʚʘʥʠʡ ʩʢʣʦʧʘʢʝʪ. 

 

     
ʘ) 

   
 ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʈʦʟʧʦʜʽʣʠ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʧʦ ʟʦʚʥʽʰʥʽʡ (1) ̔  ʚʥʫʪʨʽʰʥʽʡ (2) ʧʦʚʝʨʭʥʷʭ 

ʩʢʣʦʧʘʢʝʪʫ, ʯʝʨʝʟ ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʟʦʚʥʽʰʥʻ ʧʦʚʽʪʨʷ (ʘ), ʽ ʩʢʣʦʧʘʢʝʪʫ, ʯʝʨʝʟ ʷʢʠʡ ʧʦʚʽʪʨʷ 

ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʨʠʤʽʱʝʥʥʷ. 

 

ʋ ʚʠʧʘʜʢʫ ʩʢʣʦʧʘʢʝʪʘ, ʯʝʨʝʟ ʷʢʠʡ ʧʦʚʽʪʨʷ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʨʠʤʽʱʝʥʥʷ, ʛʫʩʪʠʥʘ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʩʢʣʽ ʙʫʜʝ ʤʝʥʰʦʶ, ʥʽʞ ʥʘ ʧʦʚʝʨʭʥʽ ʟʚʠʯʘʡʥʦʛʦ 

ʩʢʣʦʧʘʢʝʪʘ, ʘ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʩʢʣʽ - ʙʽʣʴʰʦʶ. ʅʘ ʧʦʚʝʨʭʥʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʢʣʘ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʾʾ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʽ ʩʢʣʘʜʘʻ 55,5 

ɺʪ/ʤ2.(ʢʨʠʚʘ 2, ʈʠʩʫʥʦʢ 1 ʙ). ʅʘ ʧʦʚʝʨʭʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʢʣʘ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʠʷʚʣʷʶʪʴʩʷ ʚ ʾʾ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʽ ʩʢʣʘʜʘʶʪʴ 65,13 ɺʪ/ʤ2. ʋ ʚʝʨʭʥʽʡ ʽ 

ʥʠʞʥʽʡ ʯʘʩʪʠʥʘʭ ʧʦʚʝʨʭʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʢʣʘ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʙʽʣʴʰʫʶʪʴʩʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʩʠʧʘʪʠʚʥʽ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʟ ʧʨʠʤʽʱʝʥʥʷ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʻ ʩʢʣʦ ʩʢʣʦʧʘʢʝʪʘ 

ʙʫʜʫʪʴ ʤʝʥʰʠʤʠ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʟʚʠʯʘʡʥʦʛʦ ʩʢʣʦʧʘʢʝʪʘ, ʘ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʯʝʨʝʟ ʟʦʚʥʽʰʥʻ 

ʩʢʣʦ - ʙʽʣʴʰʠʤʠ. ʏʘʩʪʠʥʘ ʪʝʧʣʦʪʠ ʚʠʜʘʣʷʪʠʤʝʪʴʩʷ ʪʘʢʦʞ ʟ ʥʘʛʨʽʪʠʤ ʚ ʧʨʠʤʽʱʝʥʥʽ ʧʦʚʽʪʨʷʤ. 

ɸʣʝ ʷʢʱʦ ʧʦʚʽʪʨʷ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʨʠʤʽʱʝʥʥʷ ʯʝʨʝʟ ʚʝʥʪʠʣʴʦʚʘʥʠʡ ʩʢʣʦʧʘʢʝʪ, ʚʪʨʘʪʠ 

ʪʝʧʣʦʪʠ ʙʫʜʫʪʴ ʤʝʥʰʠʤʠ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʜʘʣʝʥʥʷ ʧʦʚʽʪʨʷ ʟ ʧʨʠʤʽʱʝʥʥʷ 

ʚ ʜʦʚʢʽʣʣʷ. ʎʝʡ ʦʙʩʷʛ ʪʝʧʣʦʪʠ (22,705 ɺʪ), ʱʦ ʟʘʦʱʘʜʞʫʻʪʴʩʷ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʩʢʣʦʧʘʢʝʪ, ʢʦʤʧʝʥʩʫʻ ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ ʪʝʧʣʦʪʠ (ʥʘ 10,635 ɺʪ) ʯʝʨʝʟ ʟʦʚʥʽʰʥʻ ʩʢʣʦ ʫ 

ʚʝʥʪʠʣʴʦʚʘʥʦʤʫ ʩʢʣʦʧʘʢʝʪʽ.  

ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʝʥʪʠʣʴʦʚʘʥʠʭ ʩʢʣʦʧʘʢʝʪʽʚ ʜʦʮʽʣʴʥʦ ʟ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ ʧʨʠ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʧʨʠʤʽʱʝʥʥʷ. ʇʨʠ ʧʦʜʘʯʽ ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ ʟ 

ʜʦʚʢʽʣʣʷ ʯʝʨʝʟ ʚʝʥʪʠʣʴʦʚʘʥʠʡ ʩʢʣʦʧʘʢʝʪ ʚ ʧʨʠʤʽʱʝʥʥʷ ʜʦʜʘʪʢʦʚʽ ʜʠʩʠʧʘʪʠʚʥʽ ʚʪʨʘʪʠ 

ʪʝʧʣʦʪʠ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʻ ʩʢʣʦ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʝʥʝʨʛʽʾ ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ, 

ʷʢʘ ʦʪʨʠʤʫʻʪʴʩʷ ʮʠʤ ʧʦʚʽʪʨʷʤ ʟ ʩʘʤʦʛʦ ʩʢʣʦʧʘʢʝʪʘ. ʇʨʠ ʚʠʜʘʣʝʥʥʽ ʧʦʚʽʪʨʷ ʟ ʧʨʠʤʽʱʝʥʥʷ 
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ʯʝʨʝʟ ʚʝʥʪʠʣʴʦʚʘʥʠʡ ʩʢʣʦʧʘʢʝʪ ʜʦʜʘʪʢʦʚʽ ʜʠʩʠʧʘʪʠʚʥʽ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʯʝʨʝʟ ʟʦʚʥʽʰʥʻ ʩʢʣʦ 

ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷʤ ʚʪʨʘʪ ʪʝʧʣʦʪʠ ʟ ʧʦʚʽʪʨʷʤ, ʱʦ ʚʠʜʘʣʷʻʪʴʩʷ ʟ 

ʧʨʠʤʽʱʝʥʥʷ ʚ ʜʦʚʢʽʣʣʷ.  

ʎʷ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʟʘ ʧʽʜʪʨʠʤʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʬʦʥʜʫ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ ʚ 

ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʫ ˉ 92/0172 çɸʝʨʦʜʠʥʘʤʽʢʘ, ʪʝʧʣʦʦʙʤʽʥ ʪʘ ʽʥʥʦʚʘʮʽʾ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʢʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʽʜʙʫʜʦʚʠ 

ʧʦʰʢʦʜʞʝʥʠʭ ʚʽʡʥʦʶ ʙʫʜʽʚʝʣʴ ʋʢʨʘʾʥʠè. 
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ʃ. ɼ. ʊʨʝʪʷʢʦʚʘ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ORCID 0000-0001-5244-746X 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

C.ɺ. ʂʦʩʪʨʠʮʷ, ʘʩʧʽʨʘʥʪ, ORCID 0000-0002-7729-2844 

 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 
 

SMART ʊɽʍʅʆʃʆɻɯɰ ɺ ʆʉɺɯʊʃɽʅʅɯ ɺʀʈʆɹʅʀʏʀʍ ʇʈʀʄɯʑɽʅʔ 
ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ çsmartè ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʜʞʝʨʝʣ 

ʦʩʚʽʪʣʝʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʢʦʣʴʦʨʫ ʩʚʽʪʣʘ ʚʧʨʦʜʦʚʞ 

ʜʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʯʝʨʝʟ ʩʧʨʠʡʤʘʥʥʷ ʢʦʣʴʦʨʽʚ ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʨʦʙʦʯʦʛʦ ʛʨʘʬʽʢʫ ʟ ʧʨʠʨʦʜʥʠʭ ʦʩʚʽʪʣʝʥʥʷʤ. 

ʇʦʜʽʾ ʦʩʝʥʽ 2022, ʟʠʤʠ 2023 ʪʘ ʣʽʪʘ 2024 ʨʦʢʽʚ ʧʽʜ ʯʘʩ ʦʙʤʝʞʝʥʦʛʦ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʦʩʚʽʪʣʝʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʫʯʘʩʥʦʛʦ ʞʠʪʪʷ, ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʦʩʥʦʚʥʽ ʧʦʪʨʝʙʠ ʣʶʜʝʡ: ʚʽʟʫʘʣʴʥʠʡ ʢʦʤʬʦʨʪ, ʷʢʠʡ ʧʽʜʚʠʱʫʻ ʚʽʜʯʫʪʪʷ ʙʣʘʛʦʧʦʣʫʯʯʷ ʪʘ 

ʩʧʦʢʦʶ; ʚʽʟʫʘʣʴʥʫ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡ ʫʩʽʭ ʛʘʣʫʟʝʡ ʮʽʣʦʜʦʙʦʚʦ; ʙʝʟʧʝʢʫ, ʟʤʝʥʰʫʶʯʠ ʨʠʟʠʢʠ 

ʪʨʘʚʤʘʪʠʟʤʫ ʪʘ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ ʫ ʞʠʪʣʦʚʠʭ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʽ ʚʠʨʦʙʥʠʯʠʭ ʙʫʜʽʚʣʷʭ. 

ʇʦʨʷʜ ʟ ʨʦʟʫʤʽʥʥʷʤ, ʱʦ ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ ï ʚʝʣʠʢʝ ʜʞʝʨʝʣʦ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ, ʧʦʪʨʽʙʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʚʧʣʠʚ ʩʠʩʪʝʤ ʦʩʚʽʪʣʝʥʥʷ ʥʘ ʝʢʦʣʦʛʽʶ. 

ʄʽʞʫʨʷʜʦʚʠʡ ʝʢʩʧʝʨʪʥʠʡ ʢʦʤʽʪʝʪ ʟʽ ʟʤʽʥ ʢʣʽʤʘʪʫ ʜʽʡʰʦʚ ʚʠʩʥʦʚʢʫ, ʱʦ ʦʙʤʝʞʝʥʥʷ ʫ 

ʩʧʦʞʠʚʘʥʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʠʩʪʝʤʘʤʠ ʦʩʚʽʪʣʝʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʟʘʭʦʜʽʚ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʡʜʝʰʝʚʰʽ ʚʘʨʽʘʥʪʠ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ. ʅʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʩʧʦʩʦʙʦʤ 

ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʘʭ ʦʩʚʽʪʣʝʥʥʷ ʻ ʟʘʤʽʥʘ ʣʘʤʧ ʨʦʟʞʘʨʶʚʘʥʥʷ ʽ 

ʤʘʣʦʝʬʝʢʪʠʚʥʠʭ ʨʪʫʪʥʠʭ ʣʘʤʧ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʥʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʣʘʤʧʠ, ʜʦ ʷʢʠʭ ʥʠʥʽ 

ʚʽʜʥʦʩʷʪʴ ʢʦʤʧʘʢʪʥʽ ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʪʘ ʩʚʽʪʣʦʜʽʦʜʥʽ LED-ʣʘʤʧʠ [1]. 

ʈʝʘʣʽʟʘʮʽʷ ʧʦʣʦʞʝʥʴ Smart home ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʰʦʯʝʨʛʦʚʦ ʘʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʤʠ ʽʥʞʝʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʩʝʨʝʜʠʥʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ ʪʘ ʥʘʟʦʚʥʽ 

ʚ ʤʝʞʘʭ ʨʦʙʦʯʦʾ ʧʣʦʱʘʜʢʠ. ʂʝʨʫʚʘʥʥʷ ʦʩʚʽʪʣʝʥʥʷʤ ī ʦʜʥʘ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʬʫʥʢʮʽʡ Smart 

home, ʷʢʘ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʩʧʦʞʠʚʘʯʫ ʪʘ ʩʫʪʪʻʚʽʡ ʝʢʦʥʦʤʽʾ ʩʧʦʞʠʪʦʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɽʣʝʢʪʨʦʥʥʘ ʧʫʩʢʦʨʝʛʫʣʶʶʯʘ ʘʧʘʨʘʪʫʨʘ ʻ ʥʦʚʽʪʥʽʤ ʥʘʧʨʷʤʦʤ ʧʽʜ ʯʘʩ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʦʣʦʞʝʥʴ Smart home. ɿʘʚʜʷʢʠ ʩʫʯʘʩʥʠʤ ʤʦʜʝʣʷʤ ʨʝʛʫʣʷʪʦʨʽʚ 

ʩʪʚʦʨʶʶʪʴʩʷ ʛʥʫʯʢʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʦʩʚʽʪʣʝʥʥʷʤ ʫ ʨʽʟʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʯʠ ʦʢʨʝʤʠʭ 

ʟʦʥʘʭ ʙʫʜʽʚʣʽ ʪʘ ʪʝʨʠʪʦʨʽʾ [3]. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʣʠʚʦ ʦʩʚʽʪʠʪʠ ʧʨʠʤʽʱʝʥʥʷ ʧʦʚʥʽʩʪʶ ʯʠ ʪʽʣʴʢʠ 

ʦʢʨʝʤʽ ʯʝʨʛʦʚʽ ʟʦʥʠ ʟ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷʤ; ʧʣʘʚʥʦ ʚʽʜʨʝʛʫʣʶʚʘʪʠ ʧʦʪʽʢ ʪʘ ʷʩʢʨʘʚʽʩʪʴ 

ʦʩʚʽʪʣʝʥʥʷ; ʚʠʤʢʥʫʪʠ ʩʚʽʪʣʦ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʫ ʥʝʨʦʙʦʯʠʡ ʯʘʩ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʜʘʪʯʠʢʽʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʯʠ ʨʫʭʫ ʚ ʦʢʨʝʤʠʭ ʟʦʥʘʭ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʩʚʽʪʣʝʥʥʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʙʫʜʽʚʣʽ ʣʶʜʝʡ. ʅʘʡʜʦʮʽʣʴʥʽʰʠʡ ʚʘʨʽʘʥʪ ī ʮʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ (çmultiroomè, çmultiwayè) ʫʩʽʭ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʙʫʜʽʚʣʽ: 

ʦʩʚʽʪʣʝʥʥʷ, ʦʧʘʣʝʥʥʷ, ʚʦʜʦ-, ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ, ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʪʘ ʚʝʥʪʠʣʷʮʽʶ. ʇʽʜʢʣʶʯʝʥʥʷ 

ʯʝʨʛʦʚʦʛʦ (ʫ ʥʝʨʦʙʦʯʠʡ ʯʘʩ), ʦʭʦʨʦʥʥʦʛʦ ʪʘ ʝʚʘʢʫʘʮʽʡʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ, ʷʢʽ ʧʦʪʨʽʙʥʦ 

ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʽ ʚ ʦʨʛʘʥʽʟʘʮʽʷʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʤʦʞʥʘ 

ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʦ ʟʜʽʡʩʥʠʪʠ ʚ ʩʠʩʪʝʤʘʭ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ. ʇʽʜ ʯʘʩ ʚʽʜʢʣʶʯʝʥʥʷ 

ʟʦʚʥʽʰʥʴʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʨʘʮʴʦʚʫʻ ʩʠʩʪʝʤʘ ʝʚʘʢʫʘʮʽʡʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ, ʷʢʘ 

ʧʽʜôʻʜʥʘʥʘ ʜʦ ʘʚʪʦʥʦʤʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. ʆʭʦʨʦʥʥʘ ʩʠʩʪʝʤʘ ʦʩʚʽʪʣʝʥʥʷ, ʷʢʫ 

ʨʦʟʤʽʱʫʶʪʴ ʚʩʝʨʝʜʠʥʽ ʪʘ ʥʘʟʦʚʥʽ, ʚʢʣʶʯʘʻʪʴʩʷ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʩʠʩʪʝʤʘʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʅʠʥʽ ʩʬʦʨʤʫʚʘʚʩʷ ʥʦʚʠʡ ʥʘʧʨʷʤ ʫ ʧʨʦʻʢʪʫʚʘʥʥʽ ʦʩʚʽʪʣʝʥʥʷ ï ʩʚʽʪʣʦʜʠʟʘʡʥ [4]. 

ɿʘʚʜʷʢʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʨʦʟʤʽʱʝʥʥʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʚʽʪʠʣʴʥʠʢʽʚ ʫʪʚʦʨʶʶʪʴʩʷ ʭʫʜʦʞʥʴʦ-

ʦʙʨʘʟʥʽ ʝʬʝʢʪʠ. ʇʦʨʷʜ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʚʠʤʦʛʘʤʠ ʱʦʜʦ ʩʠʩʪʝʤ ʦʩʚʽʪʣʝʥʥʷ 

(ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʝʢʦʥʦʤʽʯʥʽʩʪʴ) ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 
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ʟʘʩʪʦʩʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʝʨʛʦʥʦʤʽʯʥʽ ʩʚʽʪʠʣʴʥʠʢʠ, ʷʢʽ ʤʘʶʪʴ: ʥʝʚʝʣʠʢʽ ʨʦʟʤʽʨʠ, 

ʧʨʠʧʘʩʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʦʾ ʛʘʤʠ ʩʚʽʪʠʣʴʥʠʢʽʚ ʜʦ ʢʦʣʴʦʨʽʚ ʽʥʪʝʨôʻʨʫ; ʝʢʦʣʦʛʽʯʥʽ ʤʘʪʝʨʽʘʣʠ; 

ʣʝʛʢʝ ʦʯʠʱʝʥʥʷ ʚʽʜ ʧʠʣʫ ʽ ʚʠʨʦʙʥʠʯʦʛʦ ʙʨʫʜʫ; ʨʽʟʥʦʩʪʠʣʴʦʚʝ ʜʠʟʘʡʥʝʨʩʴʢʝ ʚʠʢʦʥʘʥʥʷ. 

ʇʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʩʚʽʪʣʦʨʦʟʧʦʜʽʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʽ ʜʦʧʦʤʽʞʥʠʭ ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʩʚʽʪʠʣʴʥʠʢʽʚ ʩʪʚʦʨʶʻ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʫ 

ʪʘ ʟʨʫʯʥʦʩʪʽ. ʇʨʠʡʦʤʘʤʠ ʩʚʽʪʣʦʜʠʟʘʡʥʫ ʩʪʚʦʨʶʶʪʴʩʷ ʭʫʜʦʞʥʴʦ-ʦʙʨʘʟʥʽ, ʢʫʣʴʪʫʨʥʽ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʝʩʪʝʪʠʯʥʠʭ ʫʧʦʜʦʙʘʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʷʚʥʽ ʪʝʭʥʽʯʥʽ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʧʽʜʭʦʜʠ ʩʚʽʪʣʦʜʠʟʘʡʥʫ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʧʨʠʤʽʱʝʥʽ 

ʢʦʤʧʘʥʽʾ çEPAMè. ɺʩʪʘʥʦʚʣʝʥʦ ʢʦʤʙʽʥʦʚʘʥʝ ʦʩʚʽʪʣʝʥʥʷ, ʚ ʷʢʦʤʫ ʧʦʻʜʥʘʥʦ ʟʘʛʘʣʴʥʝ ʚʝʨʭʥʻ 

ʩʚʽʪʣʦ, ʟʦʥʘʣʴʥʝ ʦʩʚʽʪʣʝʥʥʷ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʪʘ ʯʝʨʛʦʚʝ ʦʩʚʽʪʣʝʥʥʷ. ɿʘʛʘʣʴʥʝ ʦʩʚʽʪʣʝʥʥʷ 

(ʦʩʥʦʚʥʝ) ʟʘʧʨʦʻʢʪʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʢʨʫʛʣʠʭ ʩʚʽʪʠʣʴʥʠʢʽʚ ʥʘ ʚʽʩʽʤ ʣʘʤʧ; ʤʽʩʮʝʚʝ ʦʩʚʽʪʣʝʥʥʷ 

ï ʚʤʦʥʪʦʚʘʥʽ ʩʚʽʪʠʣʴʥʠʢʠ ʟ ʜʚʦʤʘ ʣʘʤʧʘʤʠ; ʯʝʨʛʦʚʝ ʦʩʚʽʪʣʝʥʥʷ ï ʪʦʯʢʦʚʽ ʩʚʽʪʠʣʴʥʠʤʠ, ʷʢʽ 

ʨʦʟʪʘʰʦʚʘʥʦ ʙʽʣʷ ʚʠʭʦʜʽʚ ʟ ʧʽʜʩʚʽʪʢʦʶ ʦʢʨʝʤʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽʥʪʝʨôʻʨʫ ʚʟʜʦʚʞ 

ʧʨʦʭʦʜʽʚ ʽ ʩʧʽʨʘʣʴʥʠʤ ʦʭʦʧʣʝʥʥʷʤ ʫʩʽʭ ʩʭʦʜʽʚ. ʈʦʟʤʽʱʝʥʥʷ ʩʚʽʪʠʣʴʥʠʢʽʚ ʥʘ ʨʽʟʥʠʭ ʷʨʫʩʘʭ 

ʩʪʚʦʨʶʻ ʧʨʦʩʪʦʨʦʚʝ ʦʩʚʽʪʣʝʥʥʷ ð ʥʘʡʙʽʣʴʰ ʢʦʤʬʦʨʪʥʝ ʜʣʷ ʣʶʜʠʥʠ. 

ʇʨʦʻʢʪ ʟ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ ʟʘʟʚʠʯʘʡ ʧʝʨʝʜʙʘʯʘʻ ʟʘʤʽʥʫ ʜʞʝʨʝʣ ʩʚʽʪʣʘ, 

ʨʝʛʫʣʶʶʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʩʚʽʪʠʣʴʥʠʢʽʚ (ʫ ʨʘʟʽ ʧʦʪʨʝʙʠ) ʙʝʟ ʟʘʤʽʥʠ ʥʘʷʚʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʤʝʨʝʞʠ. ʄʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤ ʦʩʚʽʪʣʝʥʥʷ, ʷʢʘ ʦʭʦʧʣʶʻ ʨʦʙʦʯʝ ʽ ʜʦʧʦʤʽʞʥʽ ʚʠʜʠ ʦʩʚʽʪʣʝʥʥʷ, 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʦʞ ʽ ʥʝʝʣʝʢʪʨʠʯʥʽ ʝʬʝʢʪʠ (ʧʦʢʨʘʱʝʥʥʷ ʫʤʦʚ 

ʧʨʘʮʽ, ʧʽʜʚʠʱʝʥʥʷ ʢʦʤʬʦʨʪʥʦʩʪʽ, ʚʽʜʦʢʨʝʤʣʝʥʦʩʪʽ, ʟʨʫʯʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʪʦʱʦ). 

ʈʽʰʝʥʥʷ ʱʦʜʦ ʟʜʽʡʩʥʝʥʥʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʨʠʡʤʘʶʪʴ ʥʘ ʧʽʜʩʪʘʚʽ ʤʦʥʽʪʦʨʠʥʛʫ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʨʽʚʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ) ʽ ʩʚʽʪʣʦʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

(ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʽʚʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ ʨʦʙʦʯʠʭ ʤʽʩʮʷʤ ʥʦʨʤʘʪʠʚʘʤ). ʅʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷʭ ʧʽʜ ʯʘʩ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʢʘʟʥʠʢʽʚ ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ, ʷʢʘ 

ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʩʚʽʪʠʣʴʥʠʢʽʚ ʽ ʩʭʝʤ ʾʭ ʚʤʠʢʘʥʥʷ ʪʘ ʟʘʩʦʙʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʧʨʦʮʝʩ ʢʦʥʪʨʦʣʶ ʪʘ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ ʩʫʪʪʻʚʦ 

ʫʩʢʣʘʜʥʷʻʪʴʩʷ. ɺʦʯʝʚʠʜʴ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʻ 

ʜʦʨʝʯʥʠʤ. ɼʦʩʚʽʜ ʘʚʪʦʨʽʚ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ Microsoft Dynamics 365 

Customer Engagement ʧʽʜ ʯʘʩ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʩʚʽʜʯʠʚ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʧʦʯʘʪʢʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʾ ʘʥʘʣʽʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʧʨʦʻʢʪʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʦʩʚʽʪʣʶʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʚʩʽ ʤʦʞʣʠʚʽ ʚʠʤʦʛʠ ʽ ʯʠʥʥʠʢʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʤʦʜʝʨʥʽʟʘʮʽʶ ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʪʘʢʠʭ 

ʫʤʦʚ: ʚʘʨʪʽʩʪʴ ʱʦʨʽʯʥʦʾ ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʝʨʝʚʠʱʫʻ ʚʘʨʪʽʩʪʴ ʟʘʤʽʥʠ ʣʘʤʧ; ʩʚʽʪʣʦʚʠʡ 

ʧʦʪʽʢ ʣʘʤʧ ʫ ʭʦʜʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʻ ʤʝʥʰ ʷʢ 75 % ʚʽʜ ʧʝʨʚʽʩʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɿʘʛʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʩʚʽʪʣʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʤʦʛʘʤʠ ʱʦʜʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʥʦʨʤʘʪʠʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʦʩʚʽʪʣʝʥʦʩʪʽ. ʅʘʪʦʤʽʩʪʴ ʧʦʪʨʽʙʥʦ ʟʘʦʭʦʯʫʚʘʪʠ ʩʧʦʞʠʚʘʯʽʚ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ çsmartè ʪʝʭʥʦʣʦʛʽʡ, ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʩʧʦʞʠʚʯʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʘʨʪʽʩʪʶ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʘʨʪʽʩʪʶ ʱʦʨʽʯʥʦʾ 

ʩʧʦʞʠʚʘʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɸʚʪʦʨʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʥʦʚʠʡ ʢʨʠʪʝʨʽʡ ʚʠʙʦʨʫ ʧʨʦʻʢʪʫ ī 

ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʬʽʥʘʥʩʦʚʽ ʪʘ ʩʚʽʪʣʦʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

ὑ̃
Ὅ ὡϽὅ

ˡϽὝ
ȟ                                                                              ρ 

 ʜʝ ʂʚ ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʜʦʮʽʣʴʥʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ, ʛʨʥ/ (ʣʤʛʦʜ); ɯ ï ʧʦʯʘʪʢʦʚʽ 

ʽʥʚʝʩʪʠʮʽʾ ʚ ʩʠʩʪʝʤʫ ʦʩʚʽʪʣʝʥʥʷ, ʛʨʥ; W ī ʨʽʯʥʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʢʚʪʛʦʜ; ʉ ï ɦ ʦʨʽʯʥʘ 

ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʛʨʥ/ (ʢʚʪʛʦʜ); ʌ ï ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʣʘʤʧʠ, ʣʤ; ʊ ī ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʣʘʤʧʠ, ʛʦʜ.  

ʂʨʠʪʝʨʽʡ ʧʨʠʡʥʷʪʪʷ ʧʨʦʻʢʪʫ ʩʝʨʝʜ ʢʽʣʴʢʦʭ ʚʘʨʽʘʥʪʽʚ ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʤʽʨʢʫʚʘʥʴ: ʷʢʱʦ 

ʦʙʯʠʩʣʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʷʚʣʷʻʪʴʩʷ ʤʝʥʰʠʤ ʩʝʨʝʜ ʫʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ, ʪʘʢʠʡ ʧʨʦʻʢʪ 

ʚʚʘʞʘʻʪʴʩʷ ʧʨʠʡʥʷʪʥʠʤ ʽ ʢʨʘʱʠʤ ʚʘʨʽʘʥʪʦʤ ʜʣʷ ʚʢʣʘʜʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡ. 

ɺʠʩʥʦʚʦʢ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʷʚʥʽ çsmartè ʪʝʭʥʦʣʦʛʽʾ ʚ ʩʠʩʪʝʤʘʭ ʚʠʨʦʙʥʠʯʦʛʦ 
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ʦʩʚʽʪʣʝʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʠʭ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʠʪʠ ʧʦʩʪʘʚʣʝʥʽ ʟʘʚʜʘʥʥʷ ī 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʤʽʩʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ, ʩʚʽʪʣʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʬʽʥʘʥʩʦʚʠʭ ʪʘ ʝʨʛʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ɼʦʚʝʜʝʥʦ, ʱʦ 

ʦʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ çsmartè ʪʝʭʥʦʣʦʛʽʡ ʫ 

ʧʨʦʻʢʪʫʚʘʥʥʽ ʟ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʻʶ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜ ʯʘʩ ʚʠʙʦʨʫ 

ʧʨʦʻʢʪʫ ʟ ʨʦʟʨʦʙʢʠ ʯʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ, 

ʷʢʠʡ ʦʙôʻʜʥʫʻ ʦʩʥʦʚʥʽ ʩʚʽʪʣʦʪʝʭʥʽʯʥʽ ʽ ʬʽʥʘʥʩʦʚʽ ʧʦʢʘʟʥʠʢʠ.  

ʃʽʪʝʨʘʪʫʨʘ 
1. ʊʘʥʢʝʚʠʯ ʉ.ɭ., ɹʣʽʥʦʚ ɯ.ɺ., ʂʠʨʠʣʝʥʢʦ ɺ.ɺ. ʋʢʨʘʾʥʘ ʪʘ ʩʚʽʪ: ʥʦʨʤʘʪʠʚʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʟʘ ʢʦʥʮʝʧʮʽʻʶ Smart Grid. ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ, ʩʝʨʪʠʬʽʢʘʮʽʷ, 

ʷʢʽʩʪʴ. 2014. ˉ 4 (89). ʉ. 38ï44. 

2. ʄʽʪʷʻʚ ɼ.ʄ., ɼʨʫʙʝʮʴʢʘ ʊ.ɯ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʦʩʚʽʪʣʝʥʦʩʪʽ ʪʘ ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʾʭ 

ʧʦʢʨʘʱʝʥʥʶ. ɽʥʝʨʛʝʪʠʢʘ: ʝʢʦʥʦʤʽʢʘ, ʪʝʭʥʦʣʦʛʽʾ, ʝʢʦʣʦʛʽʷ. 2023. ˉ 1. ʉ. 109ï116.  

3. ʇʫʩʢʦʨʝʛʫʣʶʶʯʘ ʘʧʘʨʘʪʫʨʘ. URL: https://mirsveta.com.ua/ua/g17533880-puskoreguliruyuschaya-

apparatura-pra 

4. ʏʠʨʯʠʢ ʉ. ɺ. ʉʚʽʪʣʦʜʠʟʘʡʥ ʫ ʢʦʥʪʝʢʩʪʽ ʩʫʯʘʩʥʦʾ ʥʘʫʢʦʚʦʾ ʜʫʤʢʠ. ɼʝʤʽʫʨʛ: ʽʜʝʾ, ʪʝʭʥʦʣʦʛʽʾ, 

ʧʝʨʩʧʝʢʪʠʚʠ ʜʠʟʘʡʥʫ. 2018. 2, 18ï29. URL: https://doi.org/10.31866/2617-7951.2.2018.15466 

 

 

 

 

 

 

 

 

https://mirsveta.com.ua/ua/g17533880-puskoreguliruyuschaya-apparatura-pra
https://mirsveta.com.ua/ua/g17533880-puskoreguliruyuschaya-apparatura-pra
https://doi.org/10.31866/2617-7951.2.2018.15466


36 

 

ʋɼʂ 621.311.25 

ɹʦʨʠʯʝʥʢʦ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʏʝʨʥʷʚʩʴʢʠʡ ʂ.ɸ., ʩʪʫʜʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 
 

ʆʉʆɹʃʀɺʆʉʊɯ ʇʈʆɺɽɼɽʅʅʗ ɽʅɽʈɻʆɸʋɼʀʊʋ 

ɽʃɽʂʊʈʆʉʊɸʅʎɯʁ ɺ ʂʆʅʊɽʂʉʊɯ ʄɯɾʅɸʈʆɼʅʀʍ ʉʊɸʅɼɸʈʊɯɺ 

ɽʅɽʈɻʆɸʋɼʀʊʋ 
ɺʩʪʫʧ. ɽʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʤʽʥʽʤʽʟʘʮʽʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ 

ʚʠʤʘʛʘʶʪʴ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɿʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʧ.8 ʩʪʘʪʪʽ 10 

ʟʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴè [1] ʩʫʙôʻʢʪʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʱʦ ʤʘʶʪʴ ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ 

ʨʽʯʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʦʙʩʷʟʽ 100 ʪʠʩʷʯ ʄɺʪĿʛʦʜ ʥʘ ʨʽʢ ʪʘ ʚʠʱʝ, ʧʦʚʠʥʥʽ ʧʨʦʚʝʩʪʠ ʧʝʨʰʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʘʫʜʠʪ (ɽɸ) ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ ʨʦʢʽʚ ʟ ʜʥʷ ʥʘʙʨʘʥʥʷ ʯʠʥʥʦʩʪʽ ʮʴʦʛʦ ʟʘʢʦʥʫ, ʪʦʙʪʦ ʜʦ 

ʞʦʚʪʥʷ 2025 ʨʦʢʫ. ɼʦ ʯʠʩʣʘ ʪʘʢʠʭ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʝʣʝʢʪʨʠʯʥʽ 

ʩʪʘʥʮʽʾ (ʊɽʉ, ʊɽʎ ʪʘ ɸɽʉ) ʋʢʨʘʾʥʠ. ʅʘʨʘʟʽ ʚ ʋʢʨʘʾʥʽ ʜʽʻ ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʪʘ ʚʠʤʦʛʠ ʜʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ ʧʨʦʮʝʩʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʫ [2], ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʨʦʮʝʜʫʨʠ ʧʽʜʛʦʪʦʚʢʠ, ʧʨʦʚʝʜʝʥʥʷ ʪʘ 

ʦʬʦʨʤʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ɽɸ ʧʨʦʮʝʩʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʫ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʬʦʨʤʠ ʪʘ ʟʤʽʩʪʫ 

ʟʚʽʪʫ ʪʘ ʚʠʪʷʛʫ ʽʟ ʟʚʽʪʫ ʟ ɽɸ. ʆʜʥʘʢ, ʜʘʥʠʡ ʇʦʨʷʜʦʢ ʬʦʨʤʫʣʶʻ ʫʟʘʛʘʣʴʥʝʥʽ ʚʠʤʦʛʠ ʜʦ ɽɸ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚ, ʽ ʥʝ ʚʨʘʭʦʚʫʻ ʩʧʝʮʠʬʽʢʠ ɽɸ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ.   

ɺʨʘʭʦʚʫʶʯʠ ʩʢʘʟʘʥʝ ʚʠʱʝ, ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʛʣʷʥʫʪʠ ʜʝʷʢʽ ʧʠʪʘʥʥʷ ʩʧʝʮʠʬʽʢʠ 

ʧʨʦʚʝʜʝʥʥʷ ɽɸ ʩʘʤʝ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʘʫʜʠʪʫ.  

ʄʝʪʘ. ʉʬʦʨʤʫʣʶʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦʘʫʜʠʪʫ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʤʽʞʥʘʨʦʜʥʠʡ ʜʦʩʚʽʜ ʪʘ ʩʪʘʥʜʘʨʪʠ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʘʫʜʠʪʫ, ʽ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʜʣʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʝʥʝʨʛʦʘʫʜʠʪʦʨʽʚ, ʱʦ ʤʘʶʪʴ ʥʘ ʤʝʪʽ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦʘʫʜʠʪʫ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 

ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ. ɽʥʝʨʛʝʪʠʯʥʠʡ ʘʫʜʠʪ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʝʢʦʥʦʤʽʾ ʨʝʩʫʨʩʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʰʢʦʜʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʫ. ʗʢʘ ʞ ʤʝʪʦʜʠʯʥʘ ʦʩʥʦʚʘ ʤʘʻ ʙʫʪʠ ʧʦʢʣʘʜʝʥʘ ʚ ʦʩʥʦʚʫ ʧʨʦʮʝʜʫʨʠ ʧʨʦʚʝʜʝʥʥʷ ɽɸ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ? 

ʌʘʢʪʠʯʥʦ ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ɽɸ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʚʠʟʥʘʯʝʥʽ ʚ ʮʴʦʤʫ ʇʦʨʷʜʢʫ [2]. ʇʨʦʪʝ, ʥʽ 

ʩʪʨʫʢʪʫʨʘ ʟʚʽʪʫ ʟ ʝʥʝʨʛʦʘʫʜʠʪʫ, ʥʽ ʬʦʨʤʘ ʚʠʪʷʛʫ ʽʟ ʟʚʽʪʫ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʢʠ 

ʝʥʝʨʛʦʘʫʜʠʪʫ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ʊʦʤʫ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ ʜʣʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʜʦʮʽʣʴʥʦ ʨʦʟʨʦʙʠʪʠ ʩʚʦʶ 

ʤʝʪʦʜʦʣʦʛʽʯʥʫ ʙʘʟʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦʘʫʜʠʪʫ, ʷʢʘ ʙ ʙʘʟʫʚʘʣʘʩʴ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʜʦʩʚʽʜʽ ʪʘ 

ʩʪʘʥʜʘʨʪʘʭ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʘʫʜʠʪʫ.  

ɿʛʽʜʥʦ ʟ ʇʦʨʷʜʢʦʤ [2] ʝʥʝʨʛʝʪʠʯʥʠʡ ʘʫʜʠʪ ʧʨʦʮʝʩʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ɼʉʊʋ EN 

16247-3:2015 [3] ʪʘ ʽʥʰʠʭ ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʛʘʨʤʦʥʽʟʦʚʘʥʠʭ ʟ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʫ 

ʩʬʝʨʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ ʧʨʦʮʝʩʽʚ, ʚ ʤʝʞʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʝʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ ʪʘ ʡʦʛʦ 

ʦʙʩʷʛʫ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʚ [4] ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʧʨʦʚʝʜʝʥʥʷ ɽɸ ʚʠʨʦʙʥʠʯʠʭ ʦʙôʻʢʪʽʚ ʟʘ 

ʤʝʪʦʜʦʣʦʛʽʻʶ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ISO 50002, ʷʢʠʡ ʛʘʨʤʦʥʽʟʦʚʘʥʦ ʚ ʋʢʨʘʾʥʽ ʷʢ ɼʉʊʋ ISO 

50002:2016 [5], ʷʢʽ ʦʭʦʧʣʶʶʪʴ: ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʪʘ ʦʙʩʷʛʫ ʘʫʜʠʪʫ; ʟʙʽʨ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ ʱʦʜʦ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ; ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʢʣʶʯʦʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ; ʨʦʟʨʦʙʢʘ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʉʪʘʥʜʘʨʪ ɼʉʊʋ ISO 50002 ʧʨʦʧʦʥʫʻ ʫʥʽʚʝʨʩʘʣʴʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦʘʫʜʠʪʫ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽ ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʦʪʝʥʮʽʘʣ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ɽʣʝʢʪʨʦʩʪʘʥʮʽʾ ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʱʦ ʦʙʫʤʦʚʣʶʻ 

ʧʝʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦʘʫʜʠʪʫ, ʘ ʩʘʤʝ ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʢʣʶʯʦʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʫʨʙʽʥ, 

ʛʝʥʝʨʘʪʦʨʽʚ, ʩʠʩʪʝʤ ʞʠʚʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʩʝʟʦʥʥʠʭ ʢʦʣʠʚʘʥʴ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʦʱʦ. ʂʨʽʤ ʪʦʛʦ, ʦʩʦʙʣʠʚʫ ʚʘʞʣʠʚʽʩʪʴ ʚ ʢʦʥʪʝʢʩʪʽ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ 

ɽɸ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʤʘʻ ʙʫʪʠ ʧʨʠʜʽʣʝʥʦ ʧʠʪʘʥʥʷʤ ʚʠʟʥʘʯʝʥʥʷ ʨʝʣʝʚʘʥʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʘʥʮʽʡ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʘʟʦʚʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ 
ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʢʦʨʠʩʥʠʤ ʤʦʞʝ ʩʪʘʪʠ ʩʪʘʥʜʘʨʪ ɼʉʊʋ ISO 50006 :2016 [6].  

ʊʘʢ ʷʢ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʝʥʝʨʛʦʘʫʜʠʪʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʝʡ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙôʻʢʪʘ, ʪʦ ʜʣʷ ʧʝʨʚʠʥʥʠʭ ʝʥʝʨʛʦʘʫʜʠʪʽʚ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʜʦʮʽʣʴʥʦ 
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ʙʫʣʦ ʙ ʚ ʤʝʪʦʜʠʯʥʠʭ ʚʢʘʟʽʚʢʘʭ ʥʘʚʝʩʪʠ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʪʠʧʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʜʦ ʩʢʣʘʜʫ ʪʠʧʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʤʦʞʣʠʚʦʩʪʽ, ʧʦʚôʷʟʘʥʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʪʝʧʣʦʚʠʭ 

ʤʝʨʝʞ, ʚʥʫʪʨʽʰʥʽʭ ʤʝʨʝʞ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʧʝʨʝʣʽʢ ʪʠʧʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʮʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 1. 

ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʪʠʧʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʮʽʣʴʥʦ ʚ 

ʤʝʪʦʜʠʯʥʠʭ ʚʢʘʟʽʚʢʘʭ ʥʘʚʝʩʪʠ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʙʫʜʝ 

ʚʠʤʽʨʶʚʘʪʠʩʴ ʷʢ ʫ ʤʦʞʣʠʚʽʡ ʢʽʣʴʢʦʩʪʽ ʟʘʦʱʘʜʞʝʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʾ 

ʤʦʞʣʠʚʦʩʪʽ ʥʘ ʩʪʘʥʮʽʾ, ʪʘʢ ʽ ʧʝʨʽʦʜʽ ʦʢʫʧʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʞʥʦʾ ʟ 

ʤʦʞʣʠʚʦʩʪʝʡ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʝʷʢʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʚʝʜʝʥʦ ʫ [7]. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʝʨʝʣʽʢ ʪʠʧʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 

ɺʠʩʥʦʚʢʠ. ɽʥʝʨʛʦʘʫʜʠʪ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʻ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟʥʠʞʝʥʥʷ ʾʭ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʤʝʥʰʝʥʥʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʇʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦʘʫʜʠʪʫ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʫ ʢʦʥʪʝʢʩʪʽ 

ʩʪʘʥʜʘʨʪʫ ISO 50002 ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʩʝʙʽʯʥʠʡ ʘʥʘʣʽʟ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʚʠʷʚʠʪʠ ʩʣʘʙʢʽ ʤʽʩʮʷ ʚ 

ʨʦʙʦʪʽ ʦʙʣʘʜʥʘʥʥʷ, ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
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ɹʦʨʠʯʝʥʢʦ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʏʝʨʥʷʚʩʴʢʠʡ ɸ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 
 

ʇʈʆʌɽʉɯʁʅɸ ʇɯɼɻʆʊʆɺʂɸ ɽʅɽʈɻʆɸʋɼʀʊʆʈɯɺ ɸʊʆʄʅʀʍ 

ɽʃɽʂʊʈʆʉʊɸʅʎɯʁ ɺ ʂʆʅʊɽʂʉʊɯ ɺʇʈʆɺɸɼɾɽʅʅʗ ʉʀʉʊɽʄʀ 

ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʄɽʅɽɼɾʄɽʅʊʋ 
ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʚʠʢʣʠʢʠ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ, ʟʦʢʨʝʤʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, ʟʫʤʦʚʣʶʶʪʴ ʘʢʪʠʚʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ (ʉɽʄ) ʥʘ ʦʙôʻʢʪʘʭ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʚʢʣʶʯʘʶʯʠ ʘʪʦʤʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ɸɽʉ). ɺʧʨʦʚʘʜʞʝʥʥʷ ʉɽʄ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʩʪʘʥʜʘʨʪʫ ISO 50001 ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʟʤʝʥʰʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʠʪʨʘʪʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ ʧʽʜʧʨʠʻʤʩʪʚ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ 

ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɽʄ ʻ ʥʘʷʚʥʽʩʪʴ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ, ʟʜʘʪʥʠʭ 

ʟʜʽʡʩʥʶʚʘʪʠ ʝʥʝʨʛʦʘʫʜʠʪ, ʘʥʘʣʽʟʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʧʨʦʮʝʩʠ ʪʘ ʨʦʟʨʦʙʣʷʪʠ ʟʘʭʦʜʠ ʟ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʆʩʦʙʣʠʚʫ ʨʦʣʴ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʚʽʜʽʛʨʘʶʪʴ 

ʝʥʝʨʛʦʘʫʜʠʪʦʨʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ˇʨʫʥʪʦʚʥʽ ʟʥʘʥʥʷ ʟ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʤʝʪʦʜʽʚ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʮʽʻʾ ʩʪʘʪʪʽ ʻ ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʚʠʤʦʛ ʜʦ ʧʨʦʬʝʩʽʡʥʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʝʥʝʨʛʦʘʫʜʠʪʦʨʽʚ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʟʤʽʩʪʫ ʥʘʚʯʘʣʴʥʦʾ 

ʧʨʦʛʨʘʤʠ, ʢʣʶʯʦʚʠʭ ʢʦʤʧʝʪʝʥʮʽʡ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʫ ʩʣʫʭʘʯʽʚ, ʘ ʪʘʢʦʞ ʧʨʘʢʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʥʴ ʜʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʟ 

ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ɸɽʉ. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɽʥʝʨʛʦʘʫʜʠʪ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʚʩʪʘʥʦʚʠʪʠ ʤʽʩʮʷ ʾʭ ʦʩʥʦʚʥʠʭ ʚʪʨʘʪ ʽ ʥʘʤʽʪʠʪʠ 

ʟʘʭʦʜʠ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʫʩʫʥʫʪʠ ʮʽ ʚʪʨʘʪʠ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʪʝʨʤʽʥʠ 

ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʟʘʭʦʜʽʚ ʪʘ ʾʭ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʇʨʦʬʝʩʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʴ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ, ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚ 2-3 ʨʘʟʠ, ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ 

ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʙʫʜʽʚʝʣʴ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʪʪʽ 10 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴè [1] çéʝʥʝʨʛʝʪʠʯʥʠʡ ʘʫʜʠʪ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʝʥʝʨʛʝʪʠʯʥʠʤ 

ʘʫʜʠʪʦʨʦʤ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʫ ʪʨʫʜʦʚʠʭ ʚʽʜʥʦʩʠʥʘʭ ʟ ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʫʩʪʘʥʦʚʦʶ, ʦʨʛʘʥʽʟʘʮʽʻʶ, 

ʚ ʷʢʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʠʡ ʘʫʜʠʪ, ʢʨʽʤ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʘʫʜʠʪʫ ʻ ʦʜʥʽʻʶ ʟ ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠè. 

ɼʣʷ ʷʢʽʩʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʝʥʝʨʛʦʘʫʜʠʪʦʨʽʚ ɸɽʉ ʚ 2024 ʨʦʮʽ ʘʚʪʦʨʠ ʜʘʥʦʾ ʧʫʙʣʽʢʘʮʽʾ, ʧʽʜ 

ʝʛʽʜʦʶ ʮʝʥʪʨʫ ʧʽʜʛʦʪʦʚʢʠ ʝʥʝʨʛʦʤʝʥʝʜʞʝʨʽʚ ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʨʦʟʨʦʙʠʣʠ ʢʫʨʩ 

çʊʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʘʫʜʠʪʽʚ ʧʨʦʮʝʩʽʚè, ʷʢʠʡ ʙʫʚ 

ʫʩʧʽʰʥʦ ʘʧʨʦʙʦʚʘʥʠʤ ʜʣʷ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʩʪʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ɸʊ ʅɸɽʂ çɽʥʝʨʛʦʘʪʦʤè. 

ʎʽʣʴʦʚʦʶ ʘʫʜʠʪʦʨʽʻʶ ʪʨʝʥʽʥʛʫ ʙʫʣʠ: ʽʥʞʝʥʝʨʠ-ʝʥʝʨʛʝʪʠʢʠ, ʪʝʭʥʽʯʥʽ ʩʧʝʮʽʘʣʽʩʪʠ, 

ʤʝʥʝʜʞʝʨʠ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥʰʠʡ ʧʝʨʩʦʥʘʣ ʬʽʣʽʡ ɺʇ ɸɽʉ (çɺʇ ʇɸɽʉè, çɺʇ 

ʍɸɽʉè ʪʘ çɺʇ ʈɸɽʉè), ʱʦ ʤʘʻ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʦʩʚʽʪʠ ʜʣʷ ʦʧʘʥʫʚʘʥʥʷ ʪʨʝʥʽʥʛʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. 

ʄʝʪʦʶ ʪʨʝʥʽʥʛʫ ʙʫʣʦ ʥʘʜʘʥʥʷ ʩʣʫʭʘʯʘʤ ʟʥʘʥʴ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ ʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ, ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʪʨʝʥʽʥʛʫ ʙʫʣʠ: ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʥʝʦʙʭʽʜʥʠʤʠ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʟʥʘʥʥʷʤʠ ʧʨʦ ʧʨʠʥʮʠʧʠ ʪʘ ʤʝʪʦʜʦʣʦʛʽʾ ʝʥʝʨʛʦʘʫʜʠʪʫ; ʨʦʟʰʠʨʝʥʥʷ ʨʦʟʫʤʽʥʥʷ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʪʘ ʩʪʘʥʜʘʨʪʽʚ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦʘʫʜʠʪʽʚ; 

ʥʘʚʯʘʥʥʷ ʤʝʪʦʜʘʤ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʘʥʠʭ ʥʘ ʦʙôʻʢʪʘʭ ʘʪʦʤʥʦʾ 
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ʝʥʝʨʛʝʪʠʢʠ; ʦʧʘʥʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʪʝʭʥʽʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʪʘ ʦʮʽʥʢʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ; ʧʽʜʛʦʪʦʚʢʘ ʧʝʨʩʦʥʘʣʫ ɸɽʉ ʜʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʙʣʝʤʥʠʭ 

ʟʦʥ ʫ ʩʠʩʪʝʤʘʭ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʧʨʘʢʪʠʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʾʭ ʦʧʪʠʤʽʟʘʮʽʾ; 

ʨʦʟʚʠʪʦʢ ʚʤʽʥʴ ʽʜʝʥʪʠʬʽʢʦʚʫʚʘʪʠ ʪʘ ʨʦʟʨʦʙʣʷʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʟʘʭʦʜʠ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʚʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʇʨʦʛʨʘʤʘ ʥʘʚʯʘʥʥʷ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʜʦ ʧʨʦʬʝʩʽʡʥʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʫ ɸɽʉ ʽ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʫ ʬʘʭʽʚʮʽʚ ʢʦʤʧʝʪʝʥʮʽʡ, ʥʝʦʙʭʽʜʥʠʭ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʝʥʝʨʛʦʘʫʜʠʪʫ ʥʘ ʦʙ'ʻʢʪʘʭ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʝʥʦ ʧʨʘʢʪʠʯʥʠʤ ʘʩʧʝʢʪʘʤ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙʩʪʝʞʝʥʴ, ʚʧʨʦʚʘʜʞʝʥʥʶ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʨʦʟʨʦʙʮʽ ʜʽʻʚʠʭ ʨʽʰʝʥʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ ɸɽʉ. 

ʅʘʚʯʘʥʥʷ ʦʭʦʧʣʶʚʘʣʦ ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʘʩʧʝʢʪʠ ʝʥʝʨʛʦʘʫʜʠʪʫ, ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʧʨʘʢʪʠʯʥʽ ʟʘʥʷʪʪʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ 

ʪʘ ʧʨʠʢʣʘʜʽʚ. ʇʨʦʛʨʘʤʘ ʚʢʣʶʯʘʣʘ ʪʝʤʘʪʠʯʥʽ ʤʦʜʫʣʽ, ʱʦ ʜʦʟʚʦʣʷʣʠ ʫʯʘʩʥʠʢʘʤ ʦʩʚʦʾʪʠ ʷʢ 

ʙʘʟʦʚʽ ʟʥʘʥʥʷ, ʪʘʢ ʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠʢʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ, ʷʢʽ 

ʚʠʨʽʰʫʶʪʴʩʷ ʝʥʝʨʛʦʘʫʜʠʪʦʨʘʤʠ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ 

ʜʦʢʫʤʝʥʪʽʚ, ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʧʽʜʛʦʪʦʚʢʠ ʫʯʘʩʥʠʢʽʚ ʪʨʝʥʽʥʛʫ. 

ɼʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʤʽʞʥʘʨʦʜʥʽ ʪʘ ʻʚʨʦʧʝʡʩʴʢʽ 

ʩʪʘʥʜʘʨʪʠ ʟ ʝʥʝʨʛʦʘʫʜʠʪʫ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ, ʷʢʽ ʛʘʨʤʦʥʽʟʦʚʘʥʽ ʚ ʋʢʨʘʾʥʽ, ʛʘʣʫʟʝʚʽ 

ʤʝʪʦʜʠʢʠ ʟ ʝʥʝʨʛʦʘʫʜʠʪʫ, ʥʘʚʯʘʣʴʥʽ ʧʦʩʽʙʥʠʢʠ, ʘ ʪʘʢʦʞ ʤʘʪʝʨʽʘʣ ʧʨʘʢʪʠʯʥʦʛʦ ʧʦʩʽʙʥʠʢʘ [2]. 

ʇʨʦʛʨʘʤʦʶ ʜʘʥʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʪʨʝʥʽʥʛʫ ʙʫʣʦ ʧʝʨʝʜʙʘʯʝʥʦ: 

ῐ ʧʨʦʚʝʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʥʘʚʯʘʥʥʷ (40 ʛʦʜʠʥ) ʥʘ ʙʘʟʽ ʎʝʥʪʨʫ ʧʽʜʛʦʪʦʚʢʠ 

ʝʥʝʨʛʦʤʝʥʝʜʞʝʨʽʚ ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʦʜʥʦʯʘʩʥʦʛʦ ʜʣʷ ʫʩʽʭ ʧʨʘʮʽʚʥʠʢʽʚ, 

ʚʠʟʥʘʯʝʥʠʭ ɿʘʤʦʚʥʠʢʦʤ; 

ῐ ʧʨʦʚʝʜʝʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʥʘʚʯʘʥʥʷ (40 ʛʦʜʠʥ) ʜʣʷ ʧʨʘʮʽʚʥʠʢʽʚ ɿʘʤʦʚʥʠʢʘ, ʦʢʨʝʤʦ ʜʣʷ 

ʩʣʫʭʘʯʽʚ ʢʦʞʥʦʾ ʬʽʣʽʾ ɺʇ ɸɽʉ (çɺʇ ʇɸɽʉè, çɺʇ ʍɸɽʉè ʪʘ çɺʇ ʈɸɽʉè) ʟʘ ʪʝʤʦʶ çɿʙʽʨ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʟʚʽʪʽʚ ʟ ʝʥʝʨʛʦʘʫʜʠʪʽʚ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, 

ʚʠʨʦʙʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʧʦʩʪʘʯʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾè (ʚ ʤʝʞʘʭ, ʚʠʟʥʘʯʝʥʠʭ 

ɿʘʤʦʚʥʠʢʦʤ), ʘ ʪʘʢʦʞ ʟʘ ʪʝʤʦʶ çʇʦʨʷʜʦʢ ʩʢʣʘʜʘʥʥʷ ʟʚʽʪʽʚ ʟ ʝʥʝʨʛʦʘʫʜʠʪʽʚ ʧʨʦʮʝʩʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʚʠʨʦʙʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʧʦʩʪʘʯʘʥʥʷ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾè. 

ʆʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʾ ʧʨʦʛʨʘʤʠ ʻ ʽʥʪʝʛʨʘʮʽʷ ʨʝʘʣʴʥʠʭ ʢʝʡʩʽʚ, ʩʫʯʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʚʨʘʭʫʚʘʥʥʷ ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʪʠ 

ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 

ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʨʝʥʽʥʛʫ ʩʣʫʭʘʯʘʤʠ ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʦʢʨʝʤʠʡ ʥʘʚʯʘʣʴʥʠʡ ʤʦʜʫʣʴ ʥʘ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʽ ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʧʦʩʪʽʡʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʚʩʽʭ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʨʝʥʽʥʛʫ, ʷʢʽ ʨʦʟʤʽʱʝʥʦ ʥʘ 

ʧʣʘʪʬʦʨʤʽ. 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ʟ ʥʘʚʯʘʥʥʷ ʧʨʦʚʝʜʝʥʥʶ ʝʥʝʨʛʦʘʫʜʠʪʫ ʥʘ ʘʪʦʤʥʽʡ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʻ 

ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʬʦʨʤʫʚʘʥʥʽ ʧʨʦʬʝʩʽʡʥʠʭ ʥʘʚʠʯʦʢ ʟ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʥʥʷ ʪʘ ʤʝʪʦʜʠʢʠ, ʦʪʨʠʤʘʥʽ ʧʽʜ 

ʯʘʩ ʥʘʚʯʘʥʥʷ, ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʪʦʤʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʚʠʢʦʥʘʥʥʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʩʪʘʥʮʽʾ, ʚʠʷʚʣʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʪʘ ʨʦʟʨʦʙʢʘ ʧʨʘʢʪʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʾʭ ʫʩʫʥʝʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʘʪʦʤʥʠʭ 

ʦʙ'ʻʢʪʽʚ, ʚʘʞʣʠʚʦ ʥʝ ʣʠʰʝ ʜʦʩʷʛʪʠ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʡ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʪʘ 

ʙʝʟʧʝʢʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤ. 

ʎʝʡ ʤʦʜʫʣʴ ʥʘʚʯʘʥʥʷ ʧʝʨʝʜʙʘʯʘʚ: 

1. ʇʨʦʚʝʜʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʢʦʥʩʫʣʴʪʘʮʽʡ) ʟʘ ʪʝʤʘʤʠ çɿʙʽʨ 
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ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʟʚʽʪʽʚ ʟ ʝʥʝʨʛʦʘʫʜʠʪʽʚ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, 

ʚʠʨʦʙʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʧʦʩʪʘʯʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾè ʪʘ ʚʠʤʦʛʘʤʠ çʇʦʨʷʜʢʫ 

ʩʢʣʘʜʘʥʥʷ ʟʚʽʪʽʚ ʟ ʝʥʝʨʛʦʘʫʜʠʪʽʚ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʚʠʨʦʙʥʠʮʪʚʘ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʧʦʩʪʘʯʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾè (ʚ ʤʝʞʘʭ, ʚʠʟʥʘʯʝʥʠʭ ɿʘʤʦʚʥʠʢʦʤ) ʜʣʷ 

ʚʩʽʭ ʩʣʫʭʘʯʽʚ ʪʨʝʥʽʥʛʫ. ɹʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʷʢ ʟʘʛʘʣʴʥʽ ʘʩʧʝʢʪʠ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙôʻʢʪ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ, ʪʘʢ ʩʧʝʮʠʬʽʯʥʽ ʘʩʧʝʢʪʠ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʝʥʝʨʛʦʘʫʜʠʪʫ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʚʽʪʥʠʭ ʬʦʨʤ ʪʘ ʤʘʢʝʪʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʞʥʦʶ ʬʽʣʽʻʶ ɺʇ ɸɽʉ. ʂʨʽʤ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʥʷʪʪʷ ʙʫʣʦ ʧʽʜʛʦʪʦʚʣʝʥʦ ʰʘʙʣʦʥ ʟʚʽʪʫ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ, ʘʜʘʧʪʦʚʘʥʠʡ ʧʽʜ ʧʦʪʨʝʙʠ 

ʢʦʞʥʦʾ ʬʽʣʽʾ ɺʇ ɸɽʉ (ʚ ʤʝʞʘʭ, ʚʠʟʥʘʯʝʥʠʭ ɿʘʤʦʚʥʠʢʦʤ).  

2. ʇʨʦʚʝʜʝʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʦʙôʻʢʪʘʭ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ (ʚ ʤʝʞʘʭ, 

ʚʠʟʥʘʯʝʥʠʭ ɿʘʤʦʚʥʠʢʦʤ) ʟʘ ʪʝʤʦʶ çɿʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʟʚʽʪʽʚ ʟ ʝʥʝʨʛʦʘʫʜʠʪʽʚ 

ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʚʠʨʦʙʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʧʦʩʪʘʯʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾè ʟ ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʢʦʥʢʨʝʪʥʠʭ ʨʝʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʟʙʦʨʫ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙôʻʢʪ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ ʦʢʨʝʤʦ ʜʣʷ ʩʣʫʭʘʯʽʚ ʢʦʞʥʦʾ ʬʽʣʽʾ ɺʇ ɸɽʉ (çɺʇ 

ʇɸɽʉè, çɺʇ ʍɸɽʉè ʪʘ çɺʇ ʈɸɽʉè), ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʪʨʝʥʽʥʛʫ ʟʘʚʜʘʥʴ 

ʱʦʜʦ ʧʽʜʛʦʪʦʚʢʠ ʦʢʨʝʤʠʭ ʨʦʟʜʽʣʽʚ ʟʚʽʪʫ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ.  

3. ʧʨʦʚʝʜʝʥʥʷ ʚ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʨʝʞʠʤʽ ʢʦʥʩʫʣʴʪʘʮʽʡ ʜʣʷ ʩʣʫʭʘʯʽʚ ʢʦʞʥʦʾ ʬʽʣʽʾ ɺʇ 

ɸɽʉ (çɺʇ ʇɸɽʉè, çɺʇ ʍɸɽʉè ʪʘ çɺʇ ʈɸɽʉè) ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʟʽ 

ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙôʻʢʪ ʝʥʝʨʛʦʘʫʜʠʪʫ, ʘ ʪʘʢʦʞ ʧʽʜʛʦʪʦʚʢʠ ʟʚʽʪʽʚ ʟ ʝʥʝʨʛʦʘʫʜʠʪʽʚ 

ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʚʠʨʦʙʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʧʦʩʪʘʯʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʟʘ ʢʦʞʥʦʶ ʬʽʣʽʻʶ ɺʇ ɸɽʉ ʙʫʣʦ 

ʟʘʢʨʽʧʣʝʥʦ ʜʚʘ ʚʠʢʣʘʜʘʯʽ ʚʽʜ ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʜʣʷ ʥʘʩʪʘʚʥʠʮʪʚʘ ʪʘ 

ʢʦʥʩʫʣʴʪʫʚʘʥʥʷ. ɿʚʘʞʘʶʯʠ ʥʘ ʯʘʩʦʚʽ ʦʙʤʝʞʝʥʥʷ ʫ ʨʝʘʣʽʟʘʮʽʾ ʜʦʛʦʚʦʨʫ, ʥʘ ʚʠʢʦʥʘʥʥʷ ʮʠʭ 

ʟʘʚʜʘʥʴ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʜʦ 3 ʪʠʞʥʽʚ.  

4. ʇʨʦʚʝʜʝʥʥʷ ʚ ʦʯʥʦʤʫ ʨʝʞʠʤʽ ʧʨʝʟʝʥʪʘʮʽʾ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʜʷʥʥʷ ʟ ʝʥʝʨʛʦʘʫʜʠʪʫ ʢʦʞʥʦʾ ʬʽʣʽʾ ɺʇ ɸɽʉ (çɺʇ ʇɸɽʉè, çɺʇ ʍɸɽʉè ʪʘ 

çɺʇ ʈɸɽʉè) ʧʝʨʝʜ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ɺʇ ɸɽʉ ʪʘ ʚʠʢʣʘʜʘʯʘʤʠ ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 

ʱʦ ʙʫʣʠ ʟʘʣʫʯʝʥʠʤʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʮʴʦʛʦ ʙʣʦʢʫ ʧʨʘʢʪʠʯʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʇʨʘʢʪʠʯʥʘ ʯʘʩʪʠʥʘ ʨʦʙʦʪʠ ʙʘʟʫʚʘʣʘʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʨʦʙʦʪʫ ʟ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ. ʂʨʽʤ ʪʦʛʦ, ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʜʦʪʨʠʤʘʥʥʶ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ, ʱʦ 

ʻ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʜʽʷʣʴʥʦʩʪʽ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 

ʉʣʫʭʘʯʽ ʪʨʝʥʽʥʛʫ, ʷʢʽ ʟʘʚʝʨʰʠʣʠ ʪʨʝʥʽʥʛ ʽ ʫʩʧʽʰʥʦʛʦ ʩʢʣʘʣʠ ʧʽʜʩʫʤʢʦʚʠʡ ʽʩʧʠʪ, ʥʘ 

ʧʨʘʢʪʠʮʽ ʟʤʦʞʫʪʴ: 

ῐ ʧʨʠʡʤʘʪʠ ʫʯʘʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ; 

ῐ ʩʘʤʦʩʪʽʡʥʦ ʟʙʠʨʘʪʠ ʜʘʥʽ ʜʣʷ ʝʥʝʨʛʦʘʫʜʠʪʫ ʩʠʩʪʝʤ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ; 

ῐ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʽʜ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʘʫʜʠʪʽʚ ʧʨʦʮʝʩʽʚ ʥʘ ʧʨʘʢʪʠʮʽ; 

ῐ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʣʶʯʦʚʽ ʦʙʣʘʩʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ; 

ῐ ʨʦʟʨʦʙʣʷʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ; 

ῐ ʢʚʘʣʽʬʽʢʦʚʘʥʦ ʛʦʪʫʚʘʪʠ ʜʘʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʟʚʽʪʽʚ ʟ ʝʥʝʨʛʦʘʫʜʠʪʽʚ, ʘ ʪʘʢʦʞ ʚʠʪʷʛʽʚ ʟ 

ʥʠʭ ʜʣʷ ʚʝʜʝʥʥʷ ʪʘ ʦʧʨʠʣʶʜʥʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʚʠʪʷʛʽʚ ʽʟ ʟʚʽʪʽʚ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ, 

ʥʝʟʘʣʝʞʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʪʷʛʽʚ ʽʟ ʟʚʽʪʽʚ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ, ʥʝʟʘʣʝʞʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ 

ʟʚʽʪʽʚ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ, ʷʢ ʮʝ ʚʠʟʥʘʯʝʥʦ ʚ ʇʦʨʷʜʢʫ, ʟʘʪʚʝʨʜʞʝʥʦʤʫ ʧʦʩʪʘʥʦʚʦʶ ʂʄʋ 

ʚʽʜ 19.01.2024 ˉ 54. 

ῐ ʛʦʪʫʚʘʪʠ ʟʚʽʪʠ ʪʘ ʚʠʪʷʛʠ ʟ ʥʠʭ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʥʝʨʛʦʘʫʜʠʪʽʚ ʪʘ ʧʨʝʜʩʪʘʚʣʷʪʠ ʾʭ 

ʢʝʨʽʚʥʠʮʪʚʫ; 

ῐ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʩʝʨʪʠʬʽʢʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʤʠ 

ʮʝʥʪʨʘʤʠ, ʘʢʨʝʜʠʪʦʚʘʥʠʤʠ ʅʘʮʽʦʥʘʣʴʥʠʤ ʘʛʝʥʪʩʪʚʦʤ ʢʚʘʣʽʬʽʢʘʮʽʡ ʋʢʨʘʾʥʠ ʟʘ ʧʨʦʬʝʩʽʡʥʠʤ 
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ʩʪʘʥʜʘʨʪʦʤ çɽʥʝʨʛʝʪʠʯʥʠʡ ʘʫʜʠʪʦʨ ʧʨʦʮʝʩʽʚè, ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʥʘʢʘʟʦʤ 

ɼʝʨʞʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ 16.04.2024 ˉ 37-24, ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ 

ʩʝʨʪʠʬʽʢʘʪʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʦʨʘ ʧʨʦʮʝʩʽʚ. 

 

ɺʠʩʥʦʚʢʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ: 

1. ʋʯʘʩʥʠʢʠ ʪʨʝʥʽʥʛʫ ʫʩʧʽʰʥʦ ʟʘʩʚʦʾʣʠ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʦʚʦʣʦʜʽʣʠ ʩʫʯʘʩʥʠʤʠ 

ʤʝʪʦʜʠʢʘʤʠ ʝʥʝʨʛʦʘʫʜʠʪʫ ʪʘ ʦʪʨʠʤʘʣʠ ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʘʥʘʣʽʟʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʾʭʥʶ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʘʤʦʩʪʽʡʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦʘʫʜʠʪʽʚ ʥʘ ʦʙôʻʢʪʘʭ ʘʪʦʤʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ. 

2. ɿʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ, ʧʨʘʢʪʠʯʥʠʭ ʢʝʡʩʽʚ ʪʘ ʩʠʤʫʣʷʮʽʡ, ʫʯʘʩʥʠʢʠ 

ʥʘʙʫʣʠ ʩʠʩʪʝʤʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʫ ʝʥʝʨʛʦʘʫʜʠʪʫ, ʚʽʜ ʟʙʦʨʫ ʜʘʥʠʭ ʜʦ ʨʦʟʨʦʙʢʠ 

ʨʝʢʦʤʝʥʜʘʮʽʡ. 

3. ʈʦʙʦʪʘ ʚ ʛʨʫʧʘʭ ʩʧʨʠʷʣʘ ʨʦʟʚʠʪʢʫ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʥʘʚʠʯʦʢ ʽ ʟʜʘʪʥʦʩʪʽ ʜʦ 

ʢʦʤʘʥʜʥʦʾ ʩʧʽʚʧʨʘʮʽ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʚʜʘʥʴ 

ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

4. ʇʽʜ ʯʘʩ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʫʤʦʚ ʢʦʥʢʨʝʪʥʠʭ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
8. ʇʨʦ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ: ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 21.10.2021 ʨ. ˉ 1818-IX. ɼʘʪʘ ʦʥʦʚʣʝʥʥʷ: 03.08.2022. URL: 

https://zakon.rada.gov.ua/laws/show/1818-20#Text (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 15.11.2022). 

9. ʇʨʘʢʪʠʯʥʠʡ ʧʦʩʽʙʥʠʢ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ɸ. ʏʝʨʥʷʚʩʴʢʠʡ, ɸ. ʉʘʬʴʷʥʮ, ʅ. 
ʋʩʝʥʢʦ, ʆ. ʉʦʣʦʚʝʡ, ʆ. ɹʦʨʠʯʝʥʢʦ, ʇ. ʇʝʨʪʢʦ, ʖ. ʐʠʰʢʦ, ɸ. ɻʦʻʥʢʦ// ɿʘ ʟʘʛʘʣʴʥʦʶ ʨʝʜʘʢʮʽʻʶ ʅ. ʋʩʝʥʢʦ ʪʘ 

ɸ. ʏʝʨʥʷʚʩʴʢʦʛʦ. ï ʂ.: ʇʨʦʝʢʪ çʂʦʥʩʫʣʴʪʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʱʦʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽè Deutsche Gesellschaft 

f¿r Internationale Zusammenarbeit (GIZ) GmbH ʟʘ ʜʦʨʫʯʝʥʥʷʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʤʽʥʽʩʪʝʨʩʪʚʘ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʪʘ ʨʦʟʚʠʪʢʫ ʅʽʤʝʯʯʠʥʠ (BMZ), 2020. 
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ʋɼʂ 621.311 

 

ɺ.ʆ. ʍʦʜʘʢʽʚʩʴʢʠʡ, ʘʩʧʽʨʘʥʪ, ʤʘʛʽʩʪʨ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ  

https://orcid.org/0009-0007-3237-3476  

ɼ.ʉ. ʂʘʨʧʝʥʢʦ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʤʦʣʦʜʰ. ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

https://orcid.org/0000-0002-8022-9782 

 ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ,  

ʚʫʣ. ɸʥʪʦʥʦʚʠʯʘ, 172, ʤ. ʂʠʾʚ, 03150, ʋʢʨʘʾʥʘ; 
 

ʆʎɯʅʖɺɸʅʅʗ ʈɯɺʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɺʇʈʆɺɸɼɾɽʅʅʗ 

ʂʆɻɽʅɽʈɸʎɯɰ ɺ ʉʀʉʊɽʄɸʍ ɿ ʈʆɿʇʆɼɯʃɽʅʆʖ ɻɽʅɽʈɸʎɯɭʖ ɺ 

ʋʄʆɺɸʍ ʄʆɼɽʈʅɯɿɸʎɯɰ ʊɸ ʈɽɿɽʈɺʋɺɸʅʅʗ ʉʀʉʊɽʄʀ 

ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ  
 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʤʦʜʝʨʥʽʟʘʮʽʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʩʪʘʣʠ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ, ʟʦʢʨʝʤʘ 

ʋʢʨʘʾʥʠ, ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʪʘ ʂʠʪʘʶ. ɺ ʋʢʨʘʾʥʽ ʮʷ ʧʨʦʙʣʝʤʘ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʘ ʯʝʨʝʟ 

ʟʘʩʪʘʨʽʣʽ ʪʝʭʥʦʣʦʛʽʾ, ʥʝʩʪʘʙʽʣʴʥʽ ʧʦʩʪʘʚʢʠ ʧʘʣʠʚʘ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ. ʇʦʧʠʪ ʥʘ ʪʝʧʣʦ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʟʨʦʩʪʘʻ, ʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʧʽʜ ʟʘʛʨʦʟʦʶ ʯʝʨʝʟ ʥʝʩʪʘʙʽʣʴʥʫ ʛʝʥʝʨʘʮʽʶ ʟ ɺɼɽ ʪʘ ʚʽʡʩʴʢʦʚʽ ʜʽʾ. 

ʉʫʯʘʩʥʘ ʫʢʨʘʾʥʩʴʢʘ ʝʥʝʨʛʦʩʠʩʪʝʤʘ ʤʘʻ ʟʥʘʯʥʽ ʧʨʦʙʣʝʤʠ ʟʽ ʩʪʘʨʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ 

ʢʦʪʝʣʝʥʴ ʪʘ ʪʝʧʣʦʤʝʨʝʞ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ 

ʙʘʛʘʪʴʦʭ ʨʝʛʽʦʥʘʭ ʢʨʘʾʥʠ. ʎʝ ʧʦʪʨʝʙʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʛʝʥʝʨʘʮʽʾ ʪʘ ʤʽʥʽ-ʊɽʎ ʥʘ ʙʘʟʽ ʆʈʉ-ʮʠʢʣʽʚ (ʦʨʛʘʥʽʯʥʠʡ ʮʠʢʣ ʈʝʥʢʽʥʘ (ʤʽʥʽ-

ʊɽʎ (ʆʈʉ), ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʪʠʤʘʣʴʥʠʤʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʘ ʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ 

ʥʝʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʘʙʦ ʨʝʛʽʦʥʘʭ ʟ ʦʙʤʝʞʝʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ (ʎʊ) ʚ ʋʢʨʘʾʥʽ ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

(ʨʠʩʫʥʦʢ 1). 

ʆʛʣʷʜ ʧʦʢʘʟʫʻ, ʱʦ ʽʥʪʝʛʨʘʮʽʷ ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʽʥʽ-ʊɽʎ (ʆʈʉ), ɺɼɽ, 

ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʩʠʩʪʝʤ "Power-to-Heat" ʟʜʘʪʥʘ ʥʝ ʣʠʰʝ ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ, ʘ ʡ 

ʧʽʜʚʠʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʝʧʣʦ- ʪʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʋʢʨʘʾʥʠ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʚʽʜʙʫʜʦʚʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ. ʄʦʜʝʨʥʽʟʘʮʽʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʩʧʨʠʷʻ 

ʝʬʝʢʪʠʚʥʽʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʪʘ ʰʚʠʜʰʽʡ ʦʢʫʧʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ, ʦʩʢʽʣʴʢʠ, 

ʷʢ ʟʘʟʥʘʯʘʻ [1-2], ʚʠʩʦʢʘ ʱʽʣʴʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʩʢʦʨʶʻ ʧʦʚʝʨʥʝʥʥʷ 

ʽʥʚʝʩʪʠʮʽʡ, ʱʦ ʧʽʜʚʠʱʫʻ ʢʦʥʢʫʨʝʥʪʥʽʩʪʴ DH-ʩʠʩʪʝʤ ʥʘ ʪʣʽ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ. 
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ʈʠʩʫʥʦʢ 5 ï ʆʧʠʩ ʨʘʡʦʥʥʦʾ ʪʝʧʣʦ- ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ. [ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ] 

ʇʦʧʨʠ ʧʣʘʥʠ ʜʣʷ ʧʝʨʝʜʤʽʩʪʷ ɼʨʝʟʜʝʥʘ ʦʧʘʣʶʚʘʪʠ ʪʝʧʣʦʚʠʤʠ ʥʘʩʦʩʘʤʠ, ʜʣʷ ʋʢʨʘʾʥʠ 

ʜʦʮʽʣʴʥʽʰʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʦʧʘʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ 

ʘʙʦ ʪʚʝʨʜʦʧʘʣʠʚʥʠʭ ʢʦʪʣʽʚ ʽʟ ʧʨʠʨʦʜʥʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʽ ʮʠʨʢʫʣʷʮʽʡʥʠʤ ʥʘʩʦʩʦʤ ʥʘ ʙʘʡʧʘʩʽ 

ð ʩʠʩʪʝʤʠ, ʷʢʽ ʙʫʣʠ ʧʦʰʠʨʝʥʽ ʚ ʋʢʨʘʾʥʽ ʜʦ ʛʘʟʠʬʽʢʘʮʽʾ ʚ 1990-ʭ ʨʦʢʘʭ. ʎʝ ʨʽʰʝʥʥʷ ʚʨʘʭʦʚʫʻ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʧʽʜʪʚʝʨʜʞʫʶʯʠ ʪʝʟʫ, ʱʦ ʩʪʘʨʽ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʝʬʝʢʪʠʚʥʠʤʠ ʚ ʥʦʚʠʭ ʫʤʦʚʘʭ. 

ʊʠʤ ʯʘʩʦʤ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʪʦʜʽ ʷʢ 

ʩʫʯʘʩʥʽ ʝʥʝʨʛʦʤʝʨʝʞʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʋʢʨʘʾʥʽ ʩʦʙʽʚʘʨʪʽʩʪʴ 

ʦʧʘʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʤʠ ʢʦʪʣʘʤʠ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʦʶ, ʦʩʦʙʣʠʚʦ ʟ ʦʛʣʷʜʫ ʥʘ ʟʨʦʩʪʘʥʥʷ ʮʽʥ 

ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. ɻʘʟʦʚʽ ʢʦʪʣʠ ʻ ʚʜʚʽʯʽ ʜʦʨʦʞʯʠʤʠ ʚʽʜ ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʱʦ 

ʜʦʩʷʛʘʶʪʴ ʧʦʥʘʜ 10% ʝʢʦʥʦʤʽʾ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʚʝʣʠʢʠʭ CHP (>1 ʄɺʪ) ʽ 0% ʜʣʷ ʤʘʣʠʭ 

CHP. ɺʘʞʣʠʚʦ ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʪʝʧʣʦʤʝʨʝʞʽ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ, ʱʦ ʥʘʨʘʟʽ ʧʝʨʝʚʠʱʫʶʪʴ 

ʥʦʨʤʘʪʠʚʥʽ 12%; ʫ ɹʫʨʰʪʠʥʽ ʟʥʦʩ ʪʝʧʣʦʤʝʨʝʞ ʦʮʽʥʶʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 43,2%, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʚʪʨʘʪ ʫ 18% [3-6]. 

ɺʠʩʥʦʚʢʠ: 

ɺ ʋʢʨʘʾʥʽ, ʷʢ ʽ ʚ ʂʠʪʘʾ, ʤʽʞʫʨʷʜʦʚʘ ʩʧʽʚʧʨʘʮʷ ʤʦʞʝ ʩʧʨʠʷʪʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʝʧʣʦʚʠʭ 

ʤʝʨʝʞ ʽ ʚʧʨʦʚʘʜʞʝʥʥʶ "ʨʦʟʫʤʥʠʭ" ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. ʄʽʩʮʝʚʽ ʦʨʛʘʥʠ ʚʣʘʜʠ 

ʧʦʚʠʥʥʽ ʘʢʪʠʚʥʦ ʟʘʣʫʯʘʪʠ ʬʽʥʘʥʩʫʚʘʥʥʷ ʟ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʜʣʷ ʦʥʦʚʣʝʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʜʦʜʘʪʢʦʚʽ ʨʝʩʫʨʩʠ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ. ʇʨʠʢʣʘʜ 

ʅʽʤʝʯʯʠʥʠ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʦʙʦʚ'ʷʟʢʦʚʝ ʪʝʧʣʦʚʝ ʧʣʘʥʫʚʘʥʥʷ ʩʧʨʠʷʻ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʪʘ 

ʮʠʬʨʦʚʽʟʘʮʽʾ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʤʽʩʪʘ ʤʦʞʫʪʴ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʽʥʽʮʽʘʪʠʚʠ, ʱʦ ʧʽʜʩʠʣʶʶʪʴ 

ʥʘʮʽʦʥʘʣʴʥʽ ʧʦʣʽʪʠʢʠ.  [6-8] 

ɿʚʘʞʘʶʯʠ ʥʘ ʟʨʦʩʪʘʶʯʫ ʧʦʪʨʝʙʫ ʚ ʦʭʦʣʦʜʞʝʥʥʽ, ʤʽʩʪʘ ʧʦʚʠʥʥʽ ʚʧʨʦʚʘʜʞʫʚʘʪʠ 

ʽʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ. ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʝ ʣʠʰʝ ʟʤʝʥʰʫʶʪʴ ʚʠʢʠʜʠ, ʘ ʡ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ 

ʥʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʛʘʣʫʟʝʡ ʚ ʫʤʦʚʘʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. ʇʣʘʥʫʚʘʥʥʷ ʨʦʟʫʤʥʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʥʝʨʛʝʪʠʢʠ, ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʤʦʞʝ ʧʨʠʩʢʦʨʠʪʠ ʜʝʢʘʨʙʦʥʽʟʘʮʽʶ ʪʘ 

ʮʠʬʨʦʚʽʟʘʮʽʶ. ʋʢʨʘʾʥʘ ʤʦʞʝ ʟʘʧʨʦʚʘʜʠʪʠ ʦʙʦʚ'ʷʟʢʦʚʝ ʧʣʘʥʫʚʘʥʥʷ ʪʝʧʣʘ ʥʘ ʤʫʥʽʮʠʧʘʣʴʥʦʤʫ 

ʨʚ̔ʥʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ ʽʥʽʮʽʘʪʠʚʠ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʦʣʽʪʠʢ.  

ʄʽʩʪʘ ʤʦʞʫʪʴ ʙʫʪʠ "ʣʘʙʦʨʘʪʦʨʽʷʤʠ" ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ, ʟʘ ʫʩʧʽʭʫ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʤʘʩʰʪʘʙʦʚʘʥʽ ʜʣʷ ʽʥʰʠʭ ʨʝʛʽʦʥʽʚ. ʎʝ ʩʧʨʠʷʪʠʤʝ ʟʤʝʥʰʝʥʥʶ ʚʠʢʠʜʽʚ CO2 ʽ 
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ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʛʘʣʫʟʝʡ. ʆʜʥʘʢ ʰʚʠʜʢʽ ʟʤʽʥʠ ʚʠʤʘʛʘʶʪʴ ʜʦʩʪʘʪʥʴʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ, 

ʷʢʝ ʤʘʻ ʥʘʜʘʚʘʪʠʩʷ ʯʝʨʝʟ ʩʧʝʮʽʘʣʴʥʽ ʬʦʥʜʠ ʟ ʤʽʩʮʝʚʠʭ ʘʙʦ ʥʘʮʽʦʥʘʣʴʥʠʭ ʙʶʜʞʝʪʽʚ. ɺʘʞʣʠʚʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʟʦʨʽʩʪʴ ʫ ʨʦʟʧʦʜʽʣʽ ʩʫʙʩʠʜʽʡ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʰʪʽʚ ʪʘ 

ʫʥʠʢʥʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʙʶʜʞʝʪʫ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ ʚ ʋʢʨʘʾʥʽ. 
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ɺ ʇʦʧʦʚʘ ɯ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʂʚʽʪʢʘ ʉ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʊʘʚʨʽʡʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʽʤʝʥʽ ɼʤʠʪʨʘ ʄʦʪʦʨʥʦʛʦ 
 

ʅɸɹʋʊʊʗ ʇʈʆʌɽʉɯʁʅʀʍ ʗʂʆʉʊɽʁ ɹɸʂɸʃɸɺʈɸʄʀ-

ɽʅɽʈɻɽʊʀʂɸʄʀ ɺ ʇʈʆʎɽʉɯ ʅɸɺʏɸʅʅʗ  
 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʤʦʜʝʨʥʽʟʘʮʽʾ ʦʩʚʽʪʠ ʻ ʧʦʩʠʣʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ-

ʝʥʝʨʛʝʪʠʢʽʚ, ʷʢʽ ʙʫʣʠ ʙ ʟʜʘʪʥʽ ʚʠʨʽʰʫʚʘʪʠ ʚʠʨʦʙʥʠʯʽ, ʥʘʫʢʦʚʽ ʟʘʚʜʘʥʥʷ ʫ ʪʽʩʥʦʤʫ ʟʚôʷʟʢʫ ʽʟ 

ʟʘʚʜʘʥʥʷʤ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʟʙʘʛʘʯʝʥʥʷ ʣʶʜʩʴʢʠʭ ʮʽʥʥʦʩʪʝʡ.  

ʇʦʢʘʟʥʠʢʘʤʠ ʧʨʦʬʝʩʽʡʥʦ ʚʘʞʣʠʚʠʭ ʷʢʦʩʪʝʡ ʟʘ [1, 2] ʻ ʧʨʦʬʝʩʽʡʥʘ ʧʦʟʠʮʽʷ ʙʘʢʘʣʘʚʨʘ-

ʝʥʝʨʛʝʪʠʢʘ ï ʩʠʩʪʝʤʘ ʩʬʦʨʤʦʚʘʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽ ʮʽʥʥʽʩʥʠʭ ʦʨʽʻʥʪʘʮʽʡ, ʩʪʘʚʣʝʥʴ ʽ ʦʮʽʥʦʢ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʦʪʦʯʫʶʯʦʛʦ ʜʦʩʚʽʜʫ, ʨʝʘʣʴʥʦʩʪʽ ʽ ʧʝʨʩʧʝʢʪʠʚ, ʘ ʪʘʢʦʞ ʚʣʘʩʥʽ ʜʦʩʷʛʥʝʥʥʷ 

ʬʘʭʽʚʮʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʜʽʷʣʴʥʽʩʪʴ, ʧʦʚʝʜʽʥʢʫ, ʩʧʽʣʢʫʚʘʥʥʷ, ʤʽʩʮʝ ʽ ʨʦʣʴ ʚ ʩʣʫʞʙʦʚʽʡ 

ʜʽʷʣʴʥʦʩʪʽ ʽ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ. ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʜʦʩʚʽʜ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʘ-ʝʥʝʨʛʝʪʠʢʘ 

ʥʘ ʧʨʠʢʣʘʜʽ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ (ʊʆɽ) ʽ ʧʨʦʙʣʝʤʠ, ʫ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʦʬʝʩʽʡʥʠʭ ʷʢʦʩʪʝʡ (ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ) ʙʘʢʘʣʘʚʨʘ-ʝʥʝʨʛʝʪʠʢʘ ʚ ʧʨʦʮʝʩʽ ʚʠʚʯʝʥʥʷ ʊʆɽ. 

ʇʨʦʬʝʩʽʡʥʘ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ʙʘʢʘʣʘʚʨʘ-ʝʥʝʨʛʝʪʠʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʘʻ ʥʘʩʪʫʧʥʫ 

ʩʪʨʫʢʪʫʨʫ: ʟʘʛʘʣʴʥʦʣʶʜʩʴʢʘ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ (ʟʘʛʘʣʴʥʦʢʫʣʴʪʫʨʥʘ, ʤʦʨʘʣʴʥʘ, ʧʦʣʽʪʠʯʥʘ, 

ʩʦʮʽʘʣʴʥʘ, ʽʥʬʦʨʤʘʮʽʡʥʘ, ʢʦʤʫʥʽʢʘʪʠʚʥʘ, ʝʪʠʯʥʘ, ʝʢʦʣʦʛʽʯʥʘ, ʚʘʣʝʦʣʦʛʽʯʥʘ); 

ʟʘʛʘʣʴʥʦʥʘʫʢʦʚʘ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ (ʤʝʪʦʜʦʣʦʛʽʯʥʘ, ʪʝʦʨʝʪʠʯʥʘ, ʤʝʪʦʜʠʯʥʘ, ʜʦʩʣʽʜʥʠʮʴʢʘ); 

ʟʘʛʘʣʴʥʦʧʨʦʬʝʩʽʡʥʘ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ (ʟʘʛʘʣʴʥʦʬʘʭʦʚʘ, ʝʢʦʥʦʤʽʯʥʘ, ʪʝʭʥʽʯʥʘ, ʧʨʘʚʦʚʘ, 

ʧʩʠʭʦʣʦʛʽʯʥʘ, ʧʝʜʘʛʦʛʽʯʥʘ); ʬʘʭʦʚʘ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ (ʪʝʭʥʦʣʦʛʽʯʥʘ); ʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ (ʩʪʨʘʪʝʛʽʯʥʘ, ʤʝʥʝʜʞʝʨʩʴʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʩʫʙôʻʢʪʘʤʠ ʪʘ ʦʙôʻʢʪʘʤʠ 

ʜʽʷʣʴʥʦʩʪʽ, ʚʠʢʦʥʘʚʯʘ); ʦʩʦʙʠʩʪʽʩʥʘ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ (ʤʦʪʠʚʘʮʽʡʥʘ, ʘʫʪʦʧʩʠʭʦʣʦʛʽʯʥʘ, 

ʨʝʛʫʣʷʪʦʨʥʘ, ʘʜʘʧʪʠʚʥʘ, ʥʘʚʯʘʣʴʥʘ). 

ɿʛʽʜʥʦ ʥʦʚʦʾ ʧʘʨʘʜʠʛʤʠ ʦʩʚʽʪʠ ʱʦʜʦ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʘ-ʝʥʝʨʛʝʪʠʢʘ, ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʜʦʩʚʽʜʫ ʾʭ ʧʽʜʛʦʪʦʚʢʠ, ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ 

ʧʽʜʭʦʜʠ ʜʦ ʾʾ ʦʙˇʨʫʥʪʫʚʘʥʥʷ: ʨʦʟʫʤʽʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ ʷʢʦʩʪʝʡ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʫ ʙʘʢʘʣʘʚʨʘ-ʝʥʝʨʛʝʪʠʢʘ ʫ ʧʨʦʮʝʩʽ ʡʦʛʦ 

ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʫ ɿɺʆ; ʧʦʰʫʢ ʘʜʝʢʚʘʪʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ ʱʦʜʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʝʜʘʛʦʛʽʢʦʶ, ʧʩʠʭʦʣʦʛʽʻʶ, ʬʽʣʦʩʦʬʽʻʶ ʦʩʚʽʪʠ, ʩʦʮʽʦʣʦʛʽʻʶ, ʽʥʬʦʨʤʘʪʠʢʦʶ ʪʘ 

ʶʨʠʩʧʨʫʜʝʥʮʽʻʶ ʧʝʜʘʛʦʛʽʯʥʠʭ ʷʚʠʱ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ ʢʦʤʧʝʪʝʥʮʽʡ 

ʫ ʙʘʢʘʣʘʚʨʘ-ʝʥʝʨʛʝʪʠʢʘ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʧʽʜʛʦʪʦʚʢʠ ʫ ɿɺʆ; ʨʦʟʫʤʽʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ ʷʢʦʩʪʝʡ, ʢʦʤʧʝʥʪʥʦʩʪʽ ʙʘʢʘʣʘʚʨʘ-ʝʥʝʨʛʝʪʠʢʘ ʷʢ ʧʽʜ ʯʘʩ 

ʥʘʚʯʘʣʴʥʦʾ, ʪʘʢ ʽ ʧʦʟʘ ʥʘʚʯʘʣʴʥʦʾ ʨʦʙʦʪʠ; ʚʠʚʯʝʥʥʷ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʽ ʪʚʦʨʯʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʟʠʪʠʚʥʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʘ-ʝʥʝʨʛʝʪʠʢʘ; ʟʤʽʥʘ 

ʩʪʝʨʝʦʪʠʧʽʚ ʱʦʜʦ ʩʧʨʠʡʥʷʪʪʷ ʡʦʛʦ ʦʩʦʙʠʩʪʦʩʪʽ ʪʘ ʫʩʚʽʜʦʤʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ 

ʡʦʛʦ ʪʚʦʨʯʦʾ ʦʩʦʙʠʩʪʦʩʪʽ ʡ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ; ʽʥʥʦʚʘʮʽʡʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʤʽʩʮʝ, ʨʦʣʴ, ʟʘʚʜʘʥʥʷ ʽ ʬʫʥʢʮʽʾ ʩʫʯʘʩʥʦʛʦ ʬʘʭʽʚʮʷ-ʝʥʝʨʛʝʪʠʢʘ ʚ ʩʠʩʪʝʤʽ ʩʫʩʧʽʣʴʥʠʭ, 

ʚʠʨʦʙʥʠʯʠʭ ʽ ʤʽʞʦʩʦʙʠʩʪʽʩʥʠʭ ʩʪʦʩʫʥʢʽʚ ʫ ʩʠʩʪʝʤʽ ʝʥʝʨʛʝʪʠʢʠ ʢʨʘʾʥʠ; ʨʦʟʫʤʽʥʥʷ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʧʝʜʘʛʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʧʽʜʛʦʪʦʚʢʠ 

ʙʘʢʘʣʘʚʨʽʚ-ʝʥʝʨʛʝʪʠʢʽʚ ʜʦ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ [2]. 

ɼʠʩʮʠʧʣʽʥʘ ʊʆɽ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʦʪʨʠʤʘʥʥʷ ʟʜʦʙʫʚʘʯʘʤʠ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ ʢʦʣʘʭ ʧʦʩʪʽʡʥʦʛʦ ʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʽʚ 

ʪʘ ʚ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʽ, ʷʢʝ ʧʨʘʮʶʻ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʽ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ ʪʘ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʘʭ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʠʭ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ. ɼʠʩʮʠʧʣʽʥʘ ʟʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʚʠʚʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʣʽʥʽʡʥʠʭ ʽ ʥʝʣʽʥʽʡʥʠʭ ʢʦʣʘʭ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤ, ʣʽʥʽʡʥʠʭ ʡ 
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ʥʝʣʽʥʽʡʥʠʭ ʢʦʣʘʭ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʧʽʜ ʯʘʩ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʣʽʥʽʡʥʠʭ ʢʦʣʘʭ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʛʦ, ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʩʠʩʪʝʤ. ʄʝʪʦʶ ʚʠʚʯʝʥʥʷ 

ʜʠʩʮʠʧʣʽʥʠ ʻ ʥʘʚʯʠʪʠ ʙʘʢʘʣʘʚʨʽʚ-ʝʥʝʨʛʝʪʠʢʽʚ ʤʝʪʦʜʘʤ ʨʦʟʨʘʭʫʥʢʫ ʫ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘʭ, 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʝʥʝʨʛʽʾ, ʚ ʟʘʩʚʦʻʥʥʽ ʦʩʥʦʚʥʠʭ ʧʦʥʷʪʴ ʪʘ ʟʘʢʦʥʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʧʨʘʢʪʠʯʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʤʘʛʥʽʪʥʠʭ ʷʚʠʱ ʧʨʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ ʚ 

ʣʽʥʽʡʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘʭ, ʦʚʦʣʦʜʽʥʥʽ ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʟʫ ʽ ʦʩʥʦʚʘʤʠ ʨʦʟʨʘʭʫʥʢʫ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘʭ ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʽʚ ʪʘ ʫʤʽʥʥʶ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʧʨʦʙʣʝʤ ʫ ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. 

ɿʘʚʜʘʥʥʷ ʜʠʩʮʠʧʣʽʥʠ ʧʦʣʷʛʘʻ ʫ ʟʘʩʚʦʻʥʥʽ ʩʫʪʥʦʩʪʽ ʬʽʟʠʯʥʠʭ ʷʚʠʱ ʪʘ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʝʣʽʥʽʡʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ ʢʦʣʘʭ ʧʦʩʪʽʡʥʦʛʦ ʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʽʚ, 

ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʽʚ ʥʝʣʽʥʽʡʥʠʭ ʤʘʛʥʽʪʥʠʭ ʢʽʣ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʧʠʩʫ ʟʘʢʦʥʽʚ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ 

ʪʘ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ ʚʝʣʠʯʠʥ; ʤʝʪʦʜʘʤ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʠʯʥʠʭ ʽ 

ʤʘʛʥʽʪʥʠʭ ʢʽʣ ʪʘ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʢʦʣʘʭ. ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʟʘʩʚʦʻʥʥʷ ʜʠʩʮʠʧʣʽʥʠ ʊʆɽ 

ʥʝʦʙʭʽʜʥʽ ʟʥʘʥʥʷ, ʫʤʽʥʥʷ ʡ ʥʘʚʠʯʢʠ ʧʦʧʝʨʝʜʥʽʭ ʜʠʩʮʠʧʣʽʥ: çʌʽʟʠʢʘè (ʨʦʟʜʽʣ ʝʣʝʢʪʨʠʢʘ ʪʘ 

ʤʘʛʥʝʪʠʟʤ), çɺʠʱʘ ʤʘʪʝʤʘʪʠʢʘè, çɽʣʝʢʪʨʦʪʝʭʥʽʯʥʽ ʤʘʪʝʨʽʘʣʠè. ʇʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʊʆɽ 

ʙʘʢʘʣʘʚʨ-ʝʥʝʨʝʛʝʪʠʢ ʥʘʙʫʚʘʻ ʥʘʩʪʫʧʥʽ ʟʘʛʘʣʴʥʽ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ: ʟʜʘʪʥʽʩʪʴ ʜʦ ʘʙʩʪʨʘʢʪʥʦʛʦ 

ʤʠʩʣʝʥʥʷ, ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ; ʟʜʘʪʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʥʘʥʴ ʫ ʧʨʘʢʪʠʯʥʠʭ ʩʠʪʫʘʮʽʷʭ; 

ʟʜʘʪʥʽʩʪʴ ʩʧʽʣʢʫʚʘʪʠʩʷ ʜʝʨʞʘʚʥʦʶ ʤʦʚʦʶ; ʟʜʘʪʥʽʩʪʴ ʚʠʷʚʣʷʪʠ, ʩʪʘʚʠʪʠ ʪʘ ʚʠʨʽʰʫʚʘʪʠ 

ʧʨʦʙʣʝʤʠ. 

ʆʩʥʦʚʥʦʶ ʬʘʭʦʚʦʶ ʩʧʝʮʽʘʣʴʥʦʶ ʢʦʤʧʝʪʝʥʪʥʽʩʪʶ ʙʘʢʘʣʘʚʨʘ-ʝʥʝʨʛʝʪʠʢʘ ʻ ʟʜʘʪʥʽʩʪʴ 

ʚʠʨʽʰʫʚʘʪʠ ʧʨʘʢʪʠʯʥʽ ʟʘʜʘʯʽ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʢʠ, ʬʽʟʠʢʠ ʪʘ ʪʝʦʨʝʪʠʯʥʽ 

ʦʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ [3]. ʈʝʟʫʣʴʪʘʪʘʤʠ ʚʠʚʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʜʣʷ 

ʟʜʦʙʫʚʘʯʘ-ʝʥʝʨʛʝʪʠʢʘ ʻ: ʟʥʘʪʠ ʽ ʨʦʟʫʤʽʪʠ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʤʝʪʨʦʣʦʛʽʾ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ, ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ 

ʘʚʪʦʤʘʪʠʢʠ, ʤʘʪʠ ʥʘʚʠʯʢʠ ʟʜʽʡʩʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ ʟʘʚʜʘʥʴ; ʟʜʽʡʩʥʶʚʘʪʠ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʤʫ, ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʽ ʩʠʩʪʝʤʘʭ; 

ʦʙʠʨʘʪʠ ʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠʜʘʪʥʽ ʤʝʪʦʜʠ ʜʣʷ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʽʟ ʟʘʜʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ; ʫʤʽʪʠ ʦʮʽʥʶʚʘʪʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ, ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ; 

ʚʤʽʪʠ ʩʘʤʦʩʪʽʡʥʦ ʚʯʠʪʠʩʷ, ʦʧʘʥʦʚʫʚʘʪʠ ʥʦʚʽ ʟʥʘʥʥʷ ʽ  ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʥʘʚʠʯʢʠ ʨʦʙʦʪʠ ʟ 

ʩʫʯʘʩʥʠʤ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷʤ, ʚʠʤʽʨʶʚʘʣʴʥʦʶ ʪʝʭʥʽʢʦʶ ʪʘ ʧʨʠʢʣʘʜʥʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ; ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠʜʘʪʥʽ ʝʤʧʽʨʠʯʥʽ ʽ ʪʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʾʾ ʚʠʨʦʙʥʠʮʪʚʽ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ, ʨʦʟʧʦʜʽʣʝʥʥʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ. 

ɿʜʦʙʫʪʪʷ ʟʘʛʘʣʴʥʠʭ ʽ ʬʘʭʦʚʠʭ ʢʦʤʧʝʪʝʥʮʽʡ ʙʘʢʘʣʘʚʨʘʤʠ-ʝʥʝʨʛʝʪʠʢʘʤʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʚʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʣʝʢʮʽʡʥʠʭ ʟʘʥʷʪʪʷʭ, 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʦʪʘʭ, ʜʝ ʚʦʥʠ ʦʧʘʥʦʚʫʶʪʴ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽ ʪʝʨʤʽʥʠ, ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʩʠʤʚʦʣʠ; ʩʫʪʴ ʬʽʟʠʯʥʠʭ ʷʚʠʱ ʚ ʝʣʝʢʪʨʦʪʝʭʥʽʮʽ; ʬʦʨʤʫʣʶʚʘʥʥʷ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʧʠʩʠ 

ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʽʚ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʦʱʦ. ʆʪʞʝ, ʛʦʣʦʚʥʠʤ ʫ ʥʘʙʫʪʪʽ 

ʧʨʦʬʝʩʽʡʥʠʭ ʷʢʦʩʪʝʡ ʙʘʢʘʣʘʚʨʘʤʠ-ʝʥʝʨʛʝʪʠʢʘʤʠ ʻ ʨʝʘʣʽʟʘʮʽʷ ʢʦʤʧʝʪʝʥʪʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʨʦʟʚʠʪʢʫ ʾʭ ʬʘʭʦʚʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚʽʜ ʢʚʘʣʽʬʽʢʘʮʽʾ, ʷʢʫ 

ʙʘʢʘʣʘʚʨ-ʝʥʝʨʝʛʝʪʠʢ ʟʜʦʙʫʚʘʻ ʦʜʠʥ ʨʘʟ ʽ ʥʘʟʘʚʞʜʠ, ʜʦ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʤʦʙʽʣʴʥʦ ʟʤʽʥʶʚʘʪʠ ʧʨʦʬʝʩʽʡʥʫ ʜʽʷʣʴʥʽʩʪʴ 
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ʋɼʂ 621.311 

ɺʝʨʧʝʪʘ ɺʣʘʜʠʩʣʘʚ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, 

ʘʩʧʽʨʘʥʪ, 

ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ.ʂʠʾʚ 

ɿʘʧʦʨʦʞʝʮʴ ɸʨʪʫʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʟʘʩʪʫʧʥʠʢ ʜʠʨʝʢʪʦʨʘ ʟ ʥʘʫʢʦʚʦ-ʦʨʛʘʥʽʟʽʡʥʦʾ ʨʦʙʦʪʠ, 

ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ.ʂʠʾʚ 

 

ʄʆɾʃʀɺʆʉʊɯ NASA POWER ʊɸ OPEN METEO ɼʃʗ 

ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɻɽʅɽʈɸʎɯɰ ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ ʉʆʅʗʏʅʀʄʀ 

ʊɸ ɺɯʊʈʆɺʀʄʀ ɽʃɽʂʊʈʆʉʊɸʅʎɯʗʄʀ ɺ ʋʂʈɸɰʅɯ 
ɿʨʦʩʪʘʥʥʷ ʨʦʣʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʋʢʨʘʾʥʽ ʚʠʤʘʛʘʻ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʛʝʥʝʨʫʶʯʠʤʠ ʧʦʪʫʞʥʦʩʪʷʤʠ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ʉɽʉ) ʪʘ 

ʚʽʪʨʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ɺɽʉ) [1]. ʏʝʨʝʟ ʚʧʣʠʚ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʥʘ ʛʝʥʝʨʘʮʽʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʚʽʜ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʪʦʯʥʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ ʩʪʘʶʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʚʽ ʧʣʘʪʬʦʨʤʠ, NASA POWER ʪʘ Open Meteo, 

ʧʨʦʧʦʥʫʶʪʴ ʚʘʞʣʠʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʮʽʻʾ ʤʝʪʠ. NASA POWER ʥʘʜʘʻ ʜʦʚʛʦʩʪʨʦʢʦʚʽ 

ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ ʜʣʷ ʦʮʽʥʢʠ ʩʝʨʝʜʥʽʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʪʝʥʜʝʥʮʽʡ, ʚ ʪʦʡ ʯʘʩ ʷʢ Open Meteo 

ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽ ʧʦʛʦʜʥʽ ʧʨʦʛʥʦʟʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʬʫʥʢʮʽʡ ʽ ʧʦʪʝʥʮʽʡʥʠʭ ʧʝʨʝʚʘʛ ʦʙʦʭ 

ʧʣʘʪʬʦʨʤ ʫ ʢʦʥʪʝʢʩʪʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʫʤʦʚʘʭ 

ʋʢʨʘʾʥʠ. 

NASA POWER (Prediction Of Worldwide Energy Resources) ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ 

ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʱʦʜʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʫ ʩʬʝʨʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʪʨʘʥʩʧʦʨʪʫ. ɼʘʥʽ ʚʢʣʶʯʘʶʪʴ ʱʦʜʝʥʥʽ ʪʘ ʱʦʤʽʩʷʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ, ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ, ʰʚʠʜʢʦʩʪʽ ʽ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ. ʆʜʥʽʻʶ 

ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ NASA POWER ʻ ʡʦʛʦ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʪʝʨʤʽʥ ʦʭʦʧʣʝʥʥʷ ʜʘʥʠʭ 

(ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ), ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʩʪʨʘʪʝʛʽʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ, 

ʦʮʽʥʶʚʘʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʢʣʽʤʘʪʠʯʥʽ ʪʨʝʥʜʠ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʉɽʉ ʽ ɺɽʉ [2]. ʅʘʧʨʠʢʣʘʜ, ʜʘʥʽ NASA POWER ʤʦʞʫʪʴ ʚʽʜʦʙʨʘʟʠʪʠ 

ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʝʚʥʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʘʣʫ ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʠʭ ʩʪʘʥʮʽʡ ʘʙʦ ʨʦʟʰʠʨʝʥʥʷ ʽʩʥʫʶʯʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, Open Meteo ʥʘʜʘʻ ʘʢʪʫʘʣʴʥʽ ʧʨʦʛʥʦʟʠ ʧʦʛʦʜʠ ʥʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ 

ʯʘʩʫ ʟ ʯʘʩʪʠʤʠ ʦʥʦʚʣʝʥʥʷʤʠ ʪʘ ʟʥʘʯʥʦ ʢʨʘʱʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ [3]. ʎʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʰʚʠʜʢʽ ʟʤʽʥʠ ʫ ʧʦʛʦʜʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʱʦʜʝʥʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʦʧʝʨʘʮʽʡʥʦʶ ʜʽʷʣʴʥʽʩʪʶ ʉɽʉ ʪʘ ɺɽʉ. ɼʘʥʽ ʚʢʣʶʯʘʶʪʴ ʧʨʦʛʥʦʟ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʦʧʘʜʽʚ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ, ʽʥʩʦʣʷʮʽʾ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 
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ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʋʥʽʢʘʣʴʥʽʩʪʴ Open Meteo ʧʦʣʷʛʘʻ ʫ ʣʦʢʘʣʴʥʽʡ ʘʜʘʧʪʘʮʽʾ 

ʧʨʦʛʥʦʟʽʚ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʽʦʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʚʽʪʴ ʤʽʥʽʤʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ 

ʧʦʛʦʜʠ, ʱʦ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʝʥʝʨʛʽʾ [4]. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚ ʥʘʩʪʫʧʥʽ ʛʦʜʠʥʠ, 

ʦʧʝʨʘʪʦʨʠ ɺɽʉ ʤʦʞʫʪʴ ʚʨʘʭʫʚʘʪʠ ʮʝʡ ʬʘʢʪʦʨ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʦʙʩʷʛʽʚ ʛʝʥʝʨʘʮʽʾ ʽ ʢʦʨʠʛʫʚʘʪʠ 

ʧʣʘʥ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʦʢ. 

ʊʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʻ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ ʉɽʉ ʽ ɺɽʉ, ʦʩʢʽʣʴʢʠ 

ʧʦʛʦʜʥʽ ʢʦʣʠʚʘʥʥʷ ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʦʙʩʷʛʠ ʛʝʥʝʨʘʮʽʾ. NASA POWER ʽ Open 

Meteo ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʨʘʟʦʤ 

ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʠʡ ʧʨʦʛʥʦʟ. ɼʦʚʛʦʩʪʨʦʢʦʚʽ ʜʘʥʽ NASA POWER ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʘʪʠ ʟʘʛʘʣʴʥʫ ʢʘʨʪʠʥʫ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ. ʋ 

ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ, ʮʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʠʪʠ ʢʣʽʤʘʪʠʯʥʠʡ ʧʨʦʬʽʣʴ ʧʝʚʥʦʛʦ 

ʨʝʛʽʦʥʫ ʽ ʦʮʽʥʠʪʠ ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʉɽʉ ʪʘ ɺɽʉ ʚʧʨʦʜʦʚʞ ʨʦʢʫ [5]. 

ɿʠʤʦʚʠʡ ʧʝʨʽʦʜ ʚ ʋʢʨʘʾʥʽ ʦʩʦʙʣʠʚʦ ʫʩʢʣʘʜʥʶʻ ʧʣʘʥʫʚʘʥʥʷ ʯʝʨʝʟ ʯʘʩʪʽ ʟʤʽʥʠ ʚ 

ʧʦʛʦʜʥʠʭ ʫʤʦʚʘʭ, ʪʘʢʽ ʷʢ ʨʘʧʪʦʚʽ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, 

ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʽʥʩʦʣʷʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʙʦʭ ʧʣʘʪʬʦʨʤ ʩʠʥʭʨʦʥʥʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʙʽʣʴʰ ʧʦʚʥʫ ʢʘʨʪʠʥʫ: NASA POWER ʟʘʙʝʟʧʝʯʫʻ ʩʝʨʝʜʥʴʦ- ʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʜʘʥʽ ʜʣʷ 

ʘʥʘʣʽʟʫ ʪʝʥʜʝʥʮʽʡ, ʪʦʜʽ ʷʢ Open Meteo ʥʘʜʘʻ ʧʦʪʦʯʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʻ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʥʮʽʷʤʠ ʱʦʜʝʥʥʦ. 

ʆʜʥʘ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ð ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ 

NASA POWER ʪʘ Open Meteo ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʡ ʫʧʨʘʚʣʽʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʠʪʠ ʙʘʛʘʪʦʨʽʚʥʝʚʠʡ ʧʨʦʛʥʦʟʥʠʡ ʤʝʭʘʥʽʟʤ, ʱʦ ʧʦʻʜʥʫʻ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽʟ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʶ ʛʥʫʯʢʽʩʪʶ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʨʽʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʩʦʥʷʯʥʫ 

ʽʥʩʦʣʷʮʽʶ ʪʘ ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʚʽʜ NASA POWER ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʉɽʉ ʽ ɺɽʉ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʨʝʛʽʦʥʽ ʋʢʨʘʾʥʠ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʦʩʥʦʚʫ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʨʽʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʨʦʟʧʦʜʽʣʠʪʠ ʽʥʚʝʩʪʠʮʽʾ ʡ ʨʝʩʫʨʩʠ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ. 

ɿʘʚʜʷʢʠ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʜʘʥʠʭ Open Meteo, ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ 

ʧʦʢʨʘʱʠʪʠ ʫʧʨʘʚʣʽʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʫ ʚʠʧʘʜʢʘʭ ʨʽʟʢʠʭ ʟʤʽʥ 

ʧʦʛʦʜʥʠʭ ʫʤʦʚ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʨʦʛʥʦʟ Open Meteo ʚʢʘʟʫʻ ʥʘ ʦʯʽʢʫʚʘʥʫ ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ ʘʙʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʧʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʟʘʟʜʘʣʝʛʽʜʴ 

ʩʢʦʨʠʛʫʚʘʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʋ ʚʠʧʘʜʢʫ ʟ ɺɽʉ, 

ʟʥʘʥʥʷ ʧʨʦ ʤʘʡʙʫʪʥʻ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʨʠʟʠʢ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʩʠʩʪʝʤʠ, ʘ ʜʣʷ ʉɽʉ ð ʧʝʨʝʜʙʘʯʠʪʠ ʤʦʞʣʠʚʝ ʧʘʜʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʽʜ ʯʘʩ ʧʦʭʤʫʨʠʭ ʜʥʽʚ ʽ 

ʧʽʜʛʦʪʫʚʘʪʠ ʨʝʟʝʨʚʥʽ ʧʦʪʫʞʥʦʩʪʽ. 

ʂʨʽʤ ʪʦʛʦ, ʢʦʤʙʽʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʦʙʦʭ ʧʣʘʪʬʦʨʤ ʜʘʻ ʟʤʦʛʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. ɿʘʚʜʷʢʠ 

ʧʦʻʜʥʘʥʥʶ ʽʩʪʦʨʠʯʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʽ ʘʢʪʫʘʣʴʥʠʭ ʧʦʛʦʜʥʠʭ ʧʨʦʛʥʦʟʽʚ ʤʦʞʥʘ 

ʨʦʟʨʦʙʠʪʠ ʘʜʘʧʪʠʚʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʘʚʪʦʤʘʪʠʯʥʦ ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ ʧʽʜ ʟʤʽʥʥʽ ʧʦʛʦʜʥʽ ʫʤʦʚʠ. ʎʝ 

ʩʧʨʠʷʻ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʦʙʦʪʠ ʛʝʥʝʨʘʮʽʾ, ʟʥʠʞʫʻ ʧʦʪʨʝʙʫ ʚ ʜʦʜʘʪʢʦʚʠʭ ʨʝʟʝʨʚʥʠʭ ʧʦʪʫʞʥʦʩʪʷʭ, 

ʟʤʝʥʰʫʻ ʚʪʨʘʪʠ ʪʘ ʧʽʜʚʠʱʫʻ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʆʢʨʽʤ ʪʦʛʦ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦʧʦʤʘʛʘʻ ʢʨʘʱʝ ʢʦʦʨʜʠʥʫʚʘʪʠ ʨʦʙʦʪʫ ʟ ʮʝʥʪʨʘʣʴʥʦʶ 

ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ, ʟʥʠʞʫʶʯʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʫ ʚ ʧʽʢʦʚʽ ʧʝʨʽʦʜʠ. ɿʦʢʨʝʤʘ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʥʦʟʽʚ ʤʦʞʥʘ ʧʨʦʨʘʭʫʚʘʪʠ ʧʝʨʽʦʜʠ ʤʦʞʣʠʚʦʛʦ ʜʝʬʽʮʠʪʫ ʘʙʦ ʧʨʦʬʽʮʠʪʫ 

ʝʥʝʨʛʽʾ ʽ ʟʘʚʯʘʩʥʦ ʩʢʦʨʝʛʫʚʘʪʠ ʨʦʙʦʪʫ ʫʩʪʘʥʦʚʦʢ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʤʦʚʘʭ ʽʥʪʝʛʨʘʮʽʾ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʟʘʛʘʣʴʥʫ ʤʝʨʝʞʫ, ʜʝ ʥʘʜʤʽʨʥʽ ʢʦʣʠʚʘʥʥʷ ʫ ʛʝʥʝʨʘʮʽʾ ʤʦʞʫʪʴ 

ʩʧʨʠʯʠʥʠʪʠ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ NASA POWER ʜʣʷ ʙʘʟʦʚʦʛʦ ʩʪʨʘʪʝʛʽʯʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʦʧʝʨʘʪʠʚʥʠʤʠ ʢʦʨʠʛʫʚʘʥʥʷʤʠ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʽʚ Open Meteo 

ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ. 

ʅʘʨʝʰʪʽ, ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʽʰʦʾ ʦʮʽʥʢʠ 
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ʝʢʦʣʦʛʽʯʥʠʭ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉɽʉ ʽ ɺɽʉ. ʆʧʪʠʤʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʦʨʝʢʮʽʷ ʦʙʩʷʛʽʚ 

ʛʝʥʝʨʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʜʦʜʘʪʢʦʚʠʭ ʚʠʢʠʜʘʭ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʞʝʨʝʣ, ʢʦʣʠ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʥʝ ʤʦʞʫʪʴ ʧʦʢʨʠʪʠ ʧʦʧʠʪ. ʎʝ ʩʧʨʠʷʻ 

ʟʥʠʞʝʥʥʶ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ ʪʘ ʧʦʩʠʣʝʥʥʶ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʝʛʽʦʥʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙ'ʻʜʥʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ NASA POWER ʪʘ Open Meteo ʥʘʜʘʻ 

ʦʧʝʨʘʪʦʨʘʤ ʉɽʉ ʽ ɺɽʉ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ, 

ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʝʩʪʘʙʽʣʴʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ ʽ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ. 
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ʃʫʥʽʥ ʄ.ʄ, ʘʩʧʽʨʘʥʪ 

 ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʄʆɼɽʃʔ ʆʇʊʀʄɸʃʔʅʆɰ ʈʆɹʆʊʀ ɽʅɽʈɻʆʉɽʈɺɯʉʅʆɰ ʂʆʄʇɸʅɯɰ 
 

ɺʩʪʫʧ. ɽʥʝʨʛʦʩʝʨʚʽʩʥʽ ʢʦʤʧʘʥʽʾ ʤʘʶʪʴ ʚʠʨʘʞʝʥʫ ʩʝʟʦʥʥʽʩʪʴ ʨʦʙʦʪʠ, ʪʘ ʛʨʦʰʦʚʠʭ 

ʥʘʜʭʦʜʞʝʥʷ, ʱʦ ʧʦʚôʷʟʘʥʝ ʟ ʩʧʝʮʠʬʽʢʦʶ ʨʦʙʦʪʠ ʪʘ ʝʥʝʨʛʦʩʝʨʚʽʩʫ ʫ ʮʽʣʦʤʫ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʮʝ 

ʥʝʩʝ ʧʝʚʥʽ ʨʠʟʠʢʠ ʪʘ ʚʠʢʣʠʢʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʫ ʦʧʪʠʤʘʣʴʥʫ ʤʦʜʝʣ 

ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʝʨʚʽʩʥʦʾ ʬʽʨʤʠ, ʫ ʷʢʽʡ ʮʽ ʨʠʟʠʢʠ ʟʥʘʯʥʦ ʟʤʝʥʰʫʶʪʴʩʷ, ʘʙʦ ʥʽʚʝʣʶʶʪʴʩʷ 

ʚʟʘʛʘʣʽ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʦʧʪʠʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ɽʉʂʆ ʢʦʤʧʘʥʽʾ, ʱʦ 

ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʥʘʜʭʦʜʞʝʥʴ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʦʙôʻʢʪʘʭ ʢʦʤʫʥʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ. 

ʄʘʪʝʨʽʘʣ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʧʽʚʧʨʘʮʷ ʟ ʝʥʝʨʛʦʩʝʨʚʽʩʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ 

(ɽʉʂʆ) ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʜʽʻʚʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʣʫʯʝʥʥʷ ʢʦʰʪʽʚ ʫ 

ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʶ ʦʙôʻʢʪʽʚ ʢʦʤʫʥʘʣʴʥʦʾ ʩʬʝʨʠ. ɽʥʝʨʛʦʩʝʨʚʽʩʥʽ ʢʦʥʪʨʘʢʪʠ ʧʝʨʝʚʘʞʥʦ 

ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʟʘʭʦʜʠ ʽʟ ʩʢʦʨʦʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 90% ʢʦʥʪʨʘʢʪʽʚ ʟ 

ʝʥʝʨʛʦʩʝʨʚʽʩʫ ð ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʙʦ ʤʦʜʝʨʥʽʟʘʮʽʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʧʫʥʢʪʽʚ (ɯʊʇ) ʥʘ 

ʦʙôʻʢʪʘʭ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʦʧʘʣʝʥʥʷʤ. ʎʝ ʧʦʚôʷʟʘʥʦ ʧʝʨʝʜʫʩʽʤ ʟ ʽʥʚʝʩʪʠʮʽʡʥʦ ʧʨʠʚʘʙʣʠʚʠʤ 

ʩʪʨʦʢʦʤ ʦʢʫʧʥʦʩʪʽ ʪʘʢʠʭ ʧʨʦʻʢʪʽʚ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ ʜʚʘ-ʪʨʠ ʨʦʢʠ. ʉʝʨʝʜʥʷ ʮʽʥʘ ɽʉʂʆ-

ʜʦʛʦʚʦʨʽʚ ʩʪʘʥʦʚʠʪʴ ʤʘʡʞʝ 1 ʤʣʥ ʛʨʥ ʟ ʩʝʨʝʜʥʽʤ ʩʪʨʦʢʦʤ 6,5 ʨʦʢʽʚ ʪʘ ʬʘʢʪʠʯʥʦ ʜʦʩʷʛʥʫʪʦʶ 

ʩʝʨʝʜʥʴʦʶ ʝʢʦʥʦʤʽʻʶ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ 35%. ʋ ʩʝʨʝʜʥʴʦʤʫ ʜʦʩʷʛʥʫʪʘ ʝʢʦʥʦʤʽʷ 
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ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ 90/10, ʜʝ 90% ʩʧʣʘʪʘ ɽʉʂʆ, 10% ð ʝʢʦʥʦʤʽʷ ʙʶʜʞʝʪʫ[1,2]. ʆʜʥʘʢ, ʪʘʢʘ 

ʧʨʘʢʪʠʢʘ ʥʝʩʝ ʚ ʩʦʙʽ ʧʝʚʥʫ çʩʝʟʦʥʥʽʩʪʴè ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʢʦʣʠ ʢʦʤʧʘʥʽʷ ʦʪʨʠʤʫʻ ʜʦʭʽʜ 

ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʝʥʝʨʛʦʩʝʨʚʽʩʫ ʪʽʣʴʢʠ ʧʽʜ ʯʘʩ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ. ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʦ 

ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʠʡ ʱʦʨʽʯʥʠʡ ʛʨʦʰʦʚʠʡ ʧʦʪʽʢ ɽʉʂʆ ʢʦʤʧʘʥʽʾ ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʫʥʢʪʫ ʚ ʦʙôʻʢʪʽ ʢʦʤʫʥʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ - ʜʠʪʷʯʦʤʫ ʩʘʜʢʫ. 

 
ʈʠʩʫʥʦʢ 1. ʅʘʜʭʦʜʞʝʥʥʷ ʢʦʰʪʽʚ ʟʘ ʦʧʣʘʪʫ ʝʥʝʨʛʦʩʝʨʚʽʩʫ ɽʉʂʆ ʢʦʤʧʘʥʽʾ 

ʊʘʢʘ ʩʝʟʦʥʥʽʩʪʴ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʦʤʧʘʥʽʡ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ 

ʝʥʝʨʛʦʩʝʨʚʽʩʦʤ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʜʦʭʽʜ ʥʘʜʭʦʜʠʪʴ ʧʨʦʪʷʛʦʤ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ. 

ʎʝ ʩʪʚʦʨʶʻ ʧʝʚʥʽ ʚʠʢʣʠʢʠ ʜʣʷ ʬʽʥʘʥʩʦʚʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘʢʠʭ ʢʦʤʧʘʥʽʡ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʫ 

ʯʘʩʪʠʥʫ ʨʦʢʫ ʚʦʥʠ ʟʤʫʰʝʥʽ ʧʨʘʮʶʚʘʪʠ ʟ ʦʙʤʝʞʝʥʠʤ ʧʦʪʦʢʦʤ ʢʦʰʪʽʚ. ʑʦʙ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ 

ʩʝʟʦʥʥʦʩʪʽ, ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʫʪʴ ʰʫʢʘʪʠ ʩʧʦʩʦʙʠ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʜʦʭʦʜʽʚ. ʆʜʥʠʤ ʽʟ 

ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʜʦʭʦʜʽʚ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʙôʻʢʪʽ ʝʥʝʨʛʦʩʝʨʚʽʩʫ. ʎʝ 

ʜʘʩʪʴ ʟʤʦʛʫ ʦʪʨʠʤʫʚʘʪʠ ʜʦʭʽʜ ʽ ʚ ʚʝʩʥʷʥʦ-ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ, ʢʦʣʠ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʚʽʜʩʫʪʥʻ. ʅʘʡʧʨʦʩʪʽʰʠʡ ʨʦʟʨʘʭʫʥʦʢ ʥʘʜʭʦʜʞʝʥʴ ʚʽʜ ʉɽʉ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM 

(PVGIS 5.3)[3]. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʩʝʨʚʽʩʫ ʤʦʞʣʠʚʦ ʨʦʟʨʘʭʫʚʘʪʠ ʛʝʥʝʨʘʮʽʶ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʶ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ ʟʘʜʘʥʦʶ ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. ʅʘ ʨʠʩʫʥʢʫ 2 

ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢ ʥʘʜʭʦʜʞʝʥʴ ʢʦʰʪʽʚ ʚʽʜ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʉɽʉ ʚʩʪʘʥʦʚʣʝʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ 50 ʢɺʪ ʥʘ ʛʝʦʛʨʘʬʽʯʥʽʡ ʰʠʨʦʪʽ ʤʽʩʪʘ ʂʠʻʚʘ. ʊʘʨʠʬ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ 

ʧʨʠʡʤʘʻʪʴʩʷ 7,17 ʛʨʥ/ʢɺʪ*ʛʦʜ [4]. 

 
ʈʠʩʫʥʦʢ 2. ʅʘʜʭʦʜʞʝʥʥʷ ʢʦʰʪʽʚ ʟʘ ʛʝʥʝʨʘʮʽʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʉɽʉ, ʛʨʥ 

ʅʘ ʨʠʩʫʥʢʫ ʚʠʱʝ ʧʦʤʽʪʥʘ çʩʝʟʦʥʥʽʩʪʴè ʥʘʜʭʦʜʞʝʥʴ ʢʦʰʪʽʚ, ʱʦ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʪʠ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ʆʜʥʘʢ, ʫ ʚʠʧʘʜʢʫ ʨʦʙʦʪʠ ɽʉʂʆ ʢʦʤʧʘʥʽʾ ʷʢ ʫ 

ʩʬʝʨʽ ʩʢʦʨʦʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʪʘʢ ʽ ʫ ʩʬʝʨʽ ʩʢʦʨʦʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʰʣʷʭʦʤ ʟʘʤʽʱʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʟ ʤʝʨʝʞʽ ʉɽʉ, ʪʘʢʘ ʩʝʟʦʥʥʽʩʪʴ ʤʦʞʝ 

ʥʽʚʝʣʶʚʘʪʠʩʷ, ʪʘ ʛʨʘʬʽʢ ʥʘʜʭʦʜʞʝʥʥʷ ʢʦʰʪʽʚ ʤʦʞʝ ʚʠʨʽʚʥʷʪʠʩʷ. ʆʢʨʽʤ ʮʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʚ 

ʋʢʨʘʾʥʽ ʜʽʻ ʝʥʝʨʛʦʩʝʨʚʽʩʥʠʡ ʜʦʛʦʚʽʨ ʟʽ ʩʢʦʨʦʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʰʣʷʭʦʤ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʚʫʣʠʯʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ. ʅʘ ʨʠʩʫʥʢʫ ʥʠʞʯʝ ʧʦʢʘʟʘʥʦ ʥʘʜʭʦʜʞʝʥʥʷ 
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ʢʦʰʪʽʚ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʨʦʻʢʪʫ. 

 
ʈʠʩʫʥʦʢ 3. ʅʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ɽʉʂʆ ʫ ʩʠʩʪʝʤʽ ʚʫʣʠʯʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ, ʛʨʥ 

ʉʫʤʘʨʥʦ, ʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʪʨʴʦʭ ʧʨʦʻʢʪʽʚ ʤʘʶʪʴ ʢʦʤʧʝʥʩʫʚʘʪʠ ʾʭʥʶ 

ʩʝʟʦʥʥʽʩʪʴ (ʨʠʩ.4). ʊʘʢʠʤ ʯʠʥʦʤ, ɽʉʂʆ ʢʦʤʧʘʥʽʷ ʧʦʟʙʫʜʝʪʴʩʷ ʦʙʤʝʞʝʥʦʩʪʽ ʧʦʪʦʢʫ ʢʦʰʪʽʚ, 

ʪʘ ʜʠʚʝʨʩʠʬʽʢʫʻ ʩʚʦʾ ʧʨʠʙʫʪʢʠ.  

 
ʈʠʩʫʥʦʢ 4. ɻʨʘʬʽʢ ʥʘʜʭʦʜʞʝʥʥʷ ʢʦʰʪʽʚ ʟʘ ʫʤʦʚʠ ʢʦʤʧʣʝʢʩʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʽʚ ʟ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ɿʘ ʫʤʦʚʠ ʜʦʩʪʘʪʥʴʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʦʻʢʪʽʚ ʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʛʨʘʬʽʢʫ ʥʘʜʭʦʜʞʝʥʥʷ ʢʦʰʪʽʚ ʟʘ ʝʥʝʨʛʦʩʝʨʚʽʩ. ʎʝ ʽ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʦʧʪʠʤʘʣʴʥʠʡ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ɽʉʂʆ ʢʦʤʧʘʥʽʾ, ʢʦʣʠ ʦʩʥʦʚʥʠʡ ʚʠʢʣʠʢ, ʧʦʚôʷʟʘʥʠʡ ʽʟ ʩʝʟʦʥʥʽʩʪʶ ʨʦʙʦʪʠ 

ʥʽʚʝʣʶʻʪʴʩʷ. SWOT ʘʥʘʣʽʟ ʜʘʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʝʨʚʽʩʥʦʾ ʢʦʤʧʘʥʽʾ ʧʦʢʘʟʘʥʦ ʫ 

ʪʘʙʣʠʮʽ 1. 

 

 

Strengths 

1. ɿʤʝʥʰʝʥʥʷ ʘʙʦ ʟʥʠʢʥʝʥʥʷ ʬʘʢʪʦʨʫ 

ʩʝʟʦʥʥʦʩʪʽ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʝʨʚʽʩʫ 

2. ɿʙʽʣʴʰʝʥʥʷ ʛʨʦʰʦʚʠʭ ʥʘʜʭʦʜʞʝʥʴ 

3. ʄʦʞʣʠʚʽʩʪʴ ʦʧʝʨʫʚʘʥʥʷ ʢʦʰʪʘʤʠ, 

ʪʘ ʟʘʣʫʯʝʥʥʷ ʾʭ ʚ ʥʦʚʽ ʽʥʚʝʩʪʠʮʽʾ 

Weaknesses 

1. ɿʥʘʯʥʝ ʧʦʯʘʪʢʦʚʝ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ʧʨʦʻʢʪʽʚ 

2. ɹʽʣʴʰʠʡ ʧʝʨʽʦʜ ʦʢʫʧʥʦʩʪʽ 

3. ʈʠʟʠʢ ʥʠʟʴʢʦʛʦ ʧʦʧʠʪʫ ʥʘ ʢʦʥʢʨʝʪʥʽ 

ʚʠʜʠ ʝʥʝʨʛʦʩʝʨʚʽʩʫ 

Opportunities 

1. ʈʦʟʰʠʨʝʥʥʷ ʨʦʙʦʪʠ ʟʘ ʨʘʭʫʥʦʢ 

ʷʢʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʻʢʪʽʚ 

2. ʇʘʨʪʥʝʨʩʪʚʦ ʟ ʜʝʨʞʘʚʥʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʢʨʝʜʠʪʫʚʘʥʥʷ 

3. ɿʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʧʨʦʻʢʪʠ 

ʢʦʤʧʘʥʽʾ 

Threats 

1. ʂʦʥʢʫʨʝʥʮʽʷ ʟ ʽʥʰʠʤʠ ʢʦʤʧʘʥʽʷʤʠ 

2. ʇʦʣʽʪʠʯʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ 

3. ɿʤʽʥʠ ʚ ʟʘʢʦʥʦʜʘʚʩʪʚʽ, ʨʝʛʫʣʶʚʘʥʥʽ 

ʪʦʱʦ 

ʊʘʙʣʠʮʷ 1. SWOT ʘʥʘʣʽʟ ʤʦʜʝʣʽ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʝʨʚʽʩʥʦʾ ʬʽʨʤʠ 
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ɺʠʩʥʦʚʢʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʜʦʧʦʤʦʞʝ 

ɽʉʂʆ ʢʦʤʧʘʥʽʷʤ ʥʽʚʝʣʶʚʘʪʠ ʨʠʟʠʢʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ʩʝʟʦʥʥʽʩʪʶ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʨʦʟʰʠʨʠʪʠ ʬʫʥʢʮʽʦʥʘʣ ʥʘʜʘʥʠʭ ʧʦʩʣʫʛ, ʧʽʜʚʠʱʠʪʠ ʧʨʝʩʪʠʞ ʬʽʨʤʠ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʠʪʠ ʩʚʦʾ 

ʧʨʠʙʫʪʢʠ. ʆʜʥʘʢ ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʙʽʣʴʰʝ ʬʽʥʘʥʩʫʚʘʥʥʷ ʪʘ ʛʦʪʦʚʥʽʩʪʴ ʟʘʢʣʘʜʽʚ ʪʘ 

ʫʩʪʘʥʦʚ ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ. 
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ʃʫʥʽʥ ʄ.ʄ, ʘʩʧʽʨʘʥʪ 

 ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʆɹʉʗɻɯɺ ʉʇʆɾʀɺɸʅʅʗ ʇɸʃʀɺʅʆ ï 

ɽʅɽʈɻɽʊʀʏʅʀʍ ʈɽʉʋʈʉɯɺ ʋ ʉʀʉʊɽʄɯ ɽʅɽʈɻʆʄʆʅɯʊʆʈʀʅɻʋ 
 

ɺʩʪʫʧ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʜʦʟʚʦʣʠʪʴ ʥʝ 

https://re.jrc.ec.europa.eu/pvg_tools/en/#TMY
https://prozorro.gov.ua/tender/UA-2024-10-30-012900-a
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ʣʠʰʝ ʚʠʟʥʘʯʠʪʠ ʦʙʩʷʛʠ ʤʘʡʙʫʪʥʴʦʛʦ ʩʧʦʞʠʚʘʥʥʷ, ʘʣʝ ʡ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʝʨʝʚʠʪʨʘʪʠ ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜʠʪʠ ʣʽʤʽʪʠ ʩʧʦʞʠʚʘʥʥʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʷʚʣʷʻʪʴʩʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ʇɽʈ ʫ ʩʠʩʪʝʤʘʭ 

ʝʥʝʨʛʦʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʩʠʩʪʝʤʠ.  

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʜʦʟʚʦʣʷʶʪʴ ʥʘʢʦʧʠʯʠʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʧʦʞʠʚʘʥʥʷ ʇɽʈ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ 2025 ʨʽʢ ʦʙôʻʢʪʦʤ 

ʢʦʤʫʥʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ï ʢʦʨʧʫʩʦʤ ʣʽʢʘʨʥʽ. ɼʘʥʽ ʧʨʦ ʧʦʤʽʩʷʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʟ ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʤʽʩʷʯʥʠʭ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʧʝʨʰʦʯʝʨʛʦʚʦ, ʚʠʢʦʥʫʚʘʣʦʩʴ ʥʘ ʘʥʘʣʽʟʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʟʘ ʧʝʨʽʦʜ 2021-

2023 ʨʦʢʽʚ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʛʥʦʟʽʚ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʨʽʟʥʽ ʪʠʧʠ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʶʯʠ 

ʣʽʥʽʡʥʫ, ʝʢʩʧʦʥʝʥʮʽʡʥʫ, ʣʦʛʘʨʠʬʤʽʯʥʫ, ʩʪʝʧʝʥʝʚʫ ʪʘ ʧʦʣʽʥʦʤʽʘʣʴʥʫ (ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ). 

ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʢʦʞʥʦʾ ʤʦʜʝʣʽ ʟʜʽʡʩʥʶʚʘʣʘʩʴ  ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ  ʜʝʪʝʨʤʽʥʘʮʽʾ 

(R2) ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ. ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʧʦʢʘʟʫʻ ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʚʠʢʦʨʠʩʪʘʥʘ 

ʤʦʜʝʣʴ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʪʠʩʪʠʯʥʠʤ ʜʘʥʠʤ. ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ 

ʣʽʥʽʡʥʦʛʦ ʩʪʫʧʝʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʥʘʙʦʨʘʤʠ  ʜʘʥʠʭ.  

ʊʘʙʣʠʮʷ 1 - ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ RĮ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʨʽʟʥʠʭ 

ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ (ʟʘ ʧʦʤʽʩʷʯʥʠʤʠ ʜʘʥʠʤʠ ʟʘ 2021 ï 2023 ʨʨ.) 

ˉ ʅʘʟʚʘ ʬʫʥʢʮʽʾ 
ʂʦʝʬʽʮʽʻʥʪ 

ʜʝʪʝʨʤʽʥʘʮʽʾ RĮ 
ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

1. ʃʽʥʽʡʥʘ ʬʫʥʢʮʽʷ 0,293 0,541 

2. ɽʢʩʧʦʥʝʥʮʽʡʥʘ ʬʫʥʢʮʽʷ 0,275 0,525 

3. ʃʦʛʘʨʠʬʤʽʯʥʘ 0,512 0,715 

4. ʉʪʝʧʝʥʝʚʘ ʬʫʥʢʮʽʷ 0,493 0,702 

5. ʇʦʣʽʥʦʤʽʘʣʴʥʘ ʬʫʥʢʮʽʷ (2 ʧʦʨʷʜʢʫ) 0,117 0,342 

ʇʦʤʽʩʷʯʥʽ ʛʨʘʬʽʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1. 

 
ʈʠʩʫʥʦʢ 1. ʇʨʦʛʥʦʟʥʽ ʧʦʤʽʩʷʯʥʽ ʦʙʩʷʛʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʨʽʟʥʠʭ 

ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʥʘ 2025 ʨʽʢ,  ʄɺʪĀʛʦʜ 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʣʦʛʘʨʠʬʤʽʯʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʧʦʢʘʟʘʣʘ ʥʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʝʪʝʨʤʽʥʘʮʽʾ ʪʘ ʢʦʨʝʣʷʮʽʾ ʩʝʨʝʜ ʫʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ, ʩʘʤʝ ʾʾ ʙʫʣʦ ʦʙʨʘʥʦ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 2025 ʨʽʢ (ʨʠʩʫʥʦʢ 2).  
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ʈʠʩʫʥʦʢ 2. ʌʘʢʪʠʯʥʽ (2021 ï 2024 ʨʨ.) ʪʘ ʧʨʦʛʥʦʟʥʽ (2025 ʨ.) ʧʦʤʽʩʷʯʥʽ ʦʙʩʷʛʠ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ,  ʢɺʪĀʛʦʜ 

ʊʘʙʣʠʮʷ 1 - ʌʘʢʪʠʯʥʽ (2021 ï 2024 ʨʨ.) ʪʘ ʧʨʦʛʥʦʟʥʽ (2025 ʨ.) ʦʙʩʷʛʠ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ , ʢɺʪ*ʛʦʜ 
 

2021 2022 2023 2024 2025 

ʉʽʯʝʥʴ 21600 32880 26640 27040 25092 

ʃʶʪʠʡ 31360 27600 25680 28213 23760 

ɹʝʨʝʟʝʥʴ 34080 25360 24000 27813 22640 

ʂʚʽʪʝʥʴ 30240 18320 23840 24133 29360 

ʊʨʘʚʝʥʴ 27600 21040 22080 23573 23120 

ʏʝʨʚʝʥʴ 25280 19600 18320 21067 17040 

ʃʠʧʝʥʴ 25200 18480 18960 20880 19440 

ʉʝʨʧʝʥʴ 29760 23200 20000 24320 16800 

ɺʝʨʝʩʝʥʴ 19360 18720 16560 18213 14400 

ɾʦʚʪʝʥʴ 28160 18640 22080  25520 

ʃʠʩʪʦʧʘʜ 32720 24960 24160  23360 

ɻʨʫʜʝʥʴ 32080 22240 24880  27520 

ɺʠʩʥʦʚʢʠ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʥʦ ï ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ 

ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʽʥʩʪʨʫʤʝʥʪ ʘʥʘʣʽʪʠʢʠʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʗʢʱʦ ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʪʠʢʠ ʚʧʨʦʚʘʜʠʪʠ ʚ ʤʘʡʙʫʪʥʶ ʅʘʮʽʦʥʘʣʴʥʫ ʩʠʩʪʝʤʫ 

ʤʦʥʽʪʦʨʠʥʛʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ[1], ʮʝ ʜʘʩʪʴ ʟʤʦʛʫ ʜʝʨʞʘʚʥʠʤ ʦʨʛʘʥʘʤ ʪʘ ʫʩʪʘʥʦʚʘʤ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʇɽʈ ʥʘ ʩʚʦʾʭ ʦʙôʻʢʪʘʭ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ʇʨʦ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ : ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 21.10.2021 ˉ 1818-IX : 

ʩʪʘʥʦʤ ʥʘ 18 ʚʝʨʝʩ. 2024 ʨ. URL: https://zakon.rada.gov.ua/laws/show/1818-20#Text  
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ʑʝʨʙʠʥʘ ɭ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ORCID 0000-0002-1565-4547 

ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʉʊʈʋʂʊʋʈʅʆɰ ʊʈɸʅʉʌʆʈʄɸʎɯɰ ʆɹôɭɼʅɸʅʆɰ  

ɽʅɽʈɻʆʉʀʉʊɽʄʀ ʋʂʈɸɰʅʀ ʋ ʇɽʈɯʆɼ ʇʆɺʆɭʅʅʆɻʆ 

ɺɯɼʅʆɺʃɽʅʅʗ 
 

ɺʩʪʫʧ 

ʆʙôʻʜʥʘʥʘ ʝʥʝʨʛʦʩʠʩʪʝʤʘ (ʆɽʉ) ʋʢʨʘʾʥʠ ʧʦʪʨʝʙʫʻ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʚʥʘʩʣʽʜʦʢ 

ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʧʦʩʪʫʧʦʚʦʾ ʚʽʜʤʦʚʠ ʚʽʜ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʽ ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ) - ʩʦʥʷʯʥʦʾ ʪʘ 

ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʙʽʦʝʥʝʨʛʝʪʠʢʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʩʢʣʘʜ ʽ ʩʪʨʫʢʪʫʨʘ ʝʥʝʨʛʦʩʠʩʪʝʤʠ  

ʟʘʟʥʘʣʠ ʟʥʘʯʥʠʭ ʟʤʽʥ ʚʥʘʩʣʽʜʦʢ ʚʪʨʘʪ ʯʝʨʝʟ ʨʦʩʽʡʩʴʢʫ ʚʽʡʩʴʢʦʚʫ ʘʛʨʝʩʽʶ. ɼʣʷ ʜʦʚʦʻʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʆɽʉ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʥʽ ʥʘʜʣʠʰʦʢ ʙʘʟʦʚʠʭ ʘʪʦʤʥʠʭ 

(ɸɽʉ) ʪʘ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ʊɽʉ) ʽ ʟʥʘʯʥʠʡ ʜʝʬʽʮʠʪ ʤʘʥʝʚʨʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʛʝʥʝʨʘʮʽʾ. ʇʨʦʙʣʝʤʘ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʠʣʘʩʴ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʜʽʾ ʟʘʢʦʥʽʚ ʧʨʦ 

çʟʝʣʝʥʠʡ ʪʘʨʠʬè, ʱʦ ʧʨʠʟʚʝʣʠ ʜʦ ʰʚʠʜʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ɺɼɽ 

ʙʝʟ ʦʜʥʦʯʘʩʥʦʛʦ ʚʚʦʜʫ ʨʝʛʫʣʶʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. ʇʽʩʣʷ ʧʦʯʘʪʢʫ ʨʦʩʽʡʩʴʢʦʾ 

ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʘʛʨʝʩʽʾ ʚ ʣʶʪʦʤʫ 2022 ʨ. ʝʥʝʨʛʝʪʠʢʘ ʋʢʨʘʾʥʠ ʟʘʟʥʘʣʘ ʟʥʘʯʥʠʭ ʚʪʨʘʪ. 

ɿʤʽʥʠʣʘʩʴ ʩʪʨʫʢʪʫʨʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟʽ ʩʢʦʨʦʯʝʥʥʷʤ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʚʪʨʘʪʦʶ ʨʷʜʫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʟʥʘʯʥʦʶ ʤʽʛʨʘʮʽʻʶ ʥʘʩʝʣʝʥʥʷ. ʋ 2023 ʨ. ʚʽʜʙʫʣʘʩʴ 

ʥʝʟʥʘʯʥʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʧʽʩʣʷ ʯʘʩʪʢʦʚʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ, ʘʣʝ ʥʦʚʽ ʨʘʢʝʪʥʽ ʫʜʘʨʠ ʧʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʘʭ ʫ ʥʘʚʝʩʥʽ 2024 

ʨ. ʜʫʞʝ ʫʩʢʣʘʜʥʠʣʠ ʩʠʪʫʘʮʽʶ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʚʥʘʩʣʽʜʦʢ ʤʘʡʞʝ ʧʦʚʥʦʛʦ ʟʥʠʱʝʥʥʷ 

ʤʘʥʝʚʨʝʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʊɽʉ ʽ ɻɽʉ. ɼʣʷ ʚʠʭʦʜʫ ʟ ʢʨʠʪʠʯʥʦʾ ʩʠʪʫʘʮʽʾ ʥʝʦʙʭʽʜʥʽ ʰʚʠʜʢʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ ʽ ʧʦʙʫʜʦʚʘ ʥʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʛʝʥʝʨʘʮʽʾ ʟʘʤʽʩʪʴ ʚʪʨʘʯʝʥʠʭ. ʅʝʩʪʘʯʘ 

ʙʘʟʦʚʠʭ ʽ ʤʘʥʝʚʨʝʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ɺɼɽ ʧʦʪʨʝʙʫʶʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʤʘʡʙʫʪʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʆɽʉ ʋʢʨʘʾʥʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʠʭ ʩʮʝʥʘʨʽʾʚ ʩʪʨʫʢʪʫʨʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ  ʜʦʟʚʦʣʠʪʴ ʩʬʦʨʤʫʚʘʪʠ 

ʝʬʝʢʪʠʚʥʽ ʥʘʧʨʷʤʠ ʾʾ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʫ ʧʝʨʽʦʜ ʧʦʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴʥʠʡ ʧʽʜʭʽʜ [1], ʚ ʷʢʦʤʫ ʩʧʦʯʘʪʢʫ ʬʦʨʤʫʶʪʴʩʷ 

ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʨʦʟʚʠʪʢʫ ʤʘʡʙʫʪʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʾ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ. ɺʘʨʽʘʥʪʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʙʩʷʛʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʛʝʥʝʨʘʮʽʾ ʜʣʷ ʧʦʢʨʠʪʪʷ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ. ʅʘ ʜʨʫʛʦʤʫ 

ʝʪʘʧʽ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʽ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʮʽʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʜʣʷ ʧʦʢʨʠʪʪʷ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʦʙʩʷʛʫ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʌʦʨʤʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚʠʪʢʫ ʩʪʨʫʢʪʫʨʠ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚʨʘʭʦʚʫʻ 

ʩʢʦʨʦʯʝʥʥʷ ʚʫʛʽʣʴʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ɺɼɽ, ʨʦʟʚʠʪʦʢ ʥʦʚʦʾ ʛʘʟʦʚʦʾ ʛʝʥʝʨʘʮʽʾ, 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ ɻɽʉ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ ʥʦʚʠʭ ɻɸɽʉ. ɿʥʘʯʥʘ ʚʪʨʘʪʘ ʩʪʘʨʦʾ ʚʫʛʽʣʴʥʦʾ 

ʛʝʥʝʨʘʮʽʾ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʩʢʦʨʠʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʛʝʥʝʨʘʮʽʾ ʽ 

ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ɺɼɽ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʩʪʨʫʢʪʫʨʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʫ ʧʝʨʰʽ ʧʦʚʦʻʥʥʽ ʨʦʢʠ ï ʙʘʟʦʚʠʡ ʽ ʦʧʪʠʤʽʩʪʠʯʥʠʡ. ɺ ʪʘʙʣʠʮʽ 1 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʪʨʫʢʪʫʨʠ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʬʦʨʤʦʚʘʥʠʤ 

ʚʘʨʽʘʥʪʘʤ. 
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ʊʘʙʣʠʮʷ 1 ï ʉʪʨʫʢʪʫʨʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʜʣʷ ʙʘʟʦʚʦʛʦ ʽ ʦʧʪʠʤʽʩʪʠʯʥʦʛʦ 

ʚʘʨʽʘʥʪʽʚ 

ʊʠʧ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 

ɺʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ, ɻɺʪ 

ɹʘʟʦʚʠʡ ʚʘʨʽʘʥʪ 
ʆʧʪʠʤʽʩʪʠʯʥʠʡ 

ʚʘʨʽʘʥʪ 

ʊɽʉ ʚʫʛʽʣʴʥʽ 2,5 3,3 

ʊɽʉ ʛʘʟʦʚʽ, ʚ ʪ.ʯ.: 1,1 1,6 

ɻʊʋ 0,6 0,9 

ɻʇʋ 0,5 0,7 

ɸɽʉ 7,7 7,7 

ʊɽʎ, ʙʣʦʢ-ʩʪʘʥʮʽʾ  1,8 1,8 

ɻɽʉ, ɻɸɽʉ 3,3 3,3 

ɺɽʉ 0,9 2,3 

ʉɽʉ 6,3 7,0 

ɹʽʦ-ʊɽʉ 0,3 0,3 

 

ʆʙʠʜʚʘ ʚʘʨʽʘʥʪʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʯʘʩʪʢʦʚʝ ʚʽʜʥʦʚʣʝʥʥʷ ʚʫʛʽʣʴʥʠʭ ʊɽʉ, ʧʦʙʫʜʦʚʫ ʥʦʚʠʭ 

ʛʘʟʦʪʫʨʙʽʥʥʠʭ  (ɻʊʋ) ʽ ʛʘʟʦʧʦʨʰʥʝʚʠʭ (ɻʇʋ) ʫʩʪʘʥʦʚʦʢ, ʧʨʠʩʢʦʨʝʥʠʡ ʨʦʟʚʠʪʦʢ ʚʽʪʨʦʚʠʭ ʽ 

ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʘʣʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʽʣʴʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ʇʨʦʛʥʦʟʥʠʡ ʦʙʩʷʛ 

ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʩʧʦʞʠʚʘʥʥʷ 2023 ʨ. - 106 ʤʣʨʜ 

ʢɺʪĿʛʦʜ ʥʘ ʨʽʢ. ɼʣʷ ʦʧʪʠʤʽʩʪʠʯʥʦʛʦ ʚʘʨʽʘʥʪʘ ʨʦʟʚʠʪʢʫ ʩʪʨʫʢʪʫʨʠ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʧʨʦʛʥʦʟʥʠʡ ʦʙʩʷʛ ʩʧʦʞʠʚʘʥʥʷ ʟʨʦʩʪʘʻ ʥʘ 7,5% ʜʦ 114 ʤʣʨʜ ʢɺʪĿʛʦʜ ʥʘ ʨʽʢ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʛʥʦʟʥʠʤ ʪʝʤʧʘʤ ʟʨʦʩʪʘʥʥʷ ʝʢʦʥʦʤʽʢʠ ʫ ʥʘʡʙʣʠʞʯʽ 2-3 ʨʦʢʠ. 

ɼʣ ̫ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾʾ ʩʪʨʫʢʪʫʨʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʛʝʥʝʨʫʶʯʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ ʪʘ ʾʭ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʧʦʢʨʠʪʪʽ ʜʦʙʦʚʠʭ ʛʨʘʬʽʢʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʆɽʉ ʋʢʨʘʾʥʠ [2]. ʂʨʠʪʝʨʽʻʤ ʦʧʪʠʤʽʟʘʮʽʾ ̒ ʤʽʥʽʤʫʤ ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʠʭ ʚʠʪʨʘʪ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʉʠʩʪʝʤʘ ʦʙʤʝʞʝʥʴ ʚʢʣʶʯʘʻ ʧʦʛʦʜʠʥʥʠʡ ʙʘʣʘʥʩ ʦʙʩʷʛʽʚ 

ʩʧʦʞʠʚʘʥʥʷ ̔ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʜʝʪʘʣʴʥʦ ʦʧʠʩʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʚʩʽʭ ʪʠʧʽʚ ̔ ʾ ʭ ʧʦʛʦʜʠʥʥʠʡ ʩʪʘʥ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʛʝʥʝʨʘʮʽʾ ʜʣ ̫ʦʙʦʭ ʚʘʨʽʘʥʪʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 

2.  

 

ʊʘʙʣʠʮʷ 2 ï ʆʙʩʷʛʠ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʙʘʟʦʚʦʛʦ ʽ ʦʧʪʠʤʽʩʪʠʯʥʦʛʦ ʚʘʨʽʘʥʪʽʚ  
ʇʦʢʘʟʥʠʢ ɹʘʟʦʚʠʡ ʚʘʨʽʘʥʪ ʆʧʪʠʤʽʩʪʠʯʥʠʡ ʚʘʨʽʘʥʪ 

ʇʨʦʛʥʦʟʦʚʘʥʝ ʩʧʦʞʠʚʘʥʥʷ,  

ʤʣʨʜ ʢɺʪĿʛʦʜ 
105,99 114,06 

ɺʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʤʣʨʜ ʢɺʪĿʛʦʜ, 

ʚ ʪ.ʯ.: 
106,63 114,22 

ʊɽʉ ʚʫʛʽʣʴʥʽ 19,41 23,03 

ʊɽʉ ʛʘʟʦʚʽ, ʚ ʪ.ʯ.: 5,38 5,75 

ɻʊʋ 2,97 4,0 

ɻʇʋ 1,41 1,75 

ɸɽʉ 59,45 58,56 

ʊɽʎ, ʙʣʦʢ-ʩʪʘʮʽʾ 6,13 6,13 
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ɻɽʉ 5,14 5,14 

ɻɸɽʉ 1,37 1,28 

ɺɽʉ 1,97 5,0 

ʉɽʉ 7,03 7,81 

ɹʽʦ-ʊɽʉ 1,7 1,45 

ʉʧʦʞʠʚʘʥʥʷ ɻɸɽʉ -1,78 -1,66 

ɯʤʧʦʨʪ 1,27 1,66 

 

ɺʠʩʥʦʚʢʠ  

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʚʘʨʽʘʥʪʠ  ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʆɽʉ 

ʋʢʨʘʾʥʠ ʚʨʘʭʦʚʫʶʪʴ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘ ʧʦʩʪʫʧʦʚʫ ʚʽʜʤʦʚʫ ʚʽʜ ʚʠʢʦʧʥʦʛʦ 

ʧʘʣʠʚʘ ʽ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ɺɼɽ. ʇʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʦʩʪʫʧʥʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ ʜʣʷ ʦʙʦʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚʠʪʢʫ ʩʪʨʫʢʪʫʨʠ ʥʝ ʚʠʩʪʘʯʘʻ ʜʣʷ ʧʦʢʨʠʪʪʷ ʧʨʦʛʥʦʟʥʠʭ 

ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʙʘʣʘʥʩʫ ʥʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽʤʧʦʨʪ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʧʦʪʨʝʙʫʻ ʷʢ ʧʦʙʫʜʦʚʠ ʥʦʚʦʾ 

ʘʪʦʤʥʦʾ ʽ ʪʝʧʣʦʚʦʾ ʛʝʥʝʨʘʮʽʾ ʜʣʷ ʧʦʢʨʠʪʪʷ ʙʘʟʦʚʦʾ ʟʦʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘʢ ʽ ʟʙʽʣʴʰʝʥʥʷ 

ʤʘʥʝʚʨʝʥʦʾ ʛʝʥʝʨʘʮʽʾ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʨʦʩʪʘʶʯʠʭ ʦʙʩʷʛʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ɺɼɽ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʩʬʦʨʤʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʽ ʜʦʩʣʽʜʠʪʠ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʙʘʣʘʥʩʦʚʦʾ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ. 
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ʋɼʂ 621.31 

ɹʦʛʦʡʢʦ ɯ.ɯ., ʘʩʧʽʨʘʥʪ, 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ORCID 0000-0002-6816-6352 

 

ʆʇʊʀʄɯɿɸʎɯʗ ɹɸɻɸʊʆʈɯɺʅɽɺʀʍ ʉʀʉʊɽʄ ɸʂʋʄʋʃʖɺɸʅʅʗ 

ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ ɺ ʈʆɿʇʆɼɯʃɽʅɯʁ ɻɽʅɽʈɸʎɯɰ 
 

ɿʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ (ɺɼɽ) ʪʘ ʾʭʥʻ ʽʥʪʝʛʨʫʚʘʥʥʷ ʫ 

ʨʦʟʧʦʜʽʣʝʥʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʩʪʚʦʨʶʶʪʴ ʥʦʚʽ ʚʠʢʣʠʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ʉʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʷʢ ʦʜʠʥ ʽʟ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ɺɼɽ, ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ 

ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ, ʘʣʝ ʾʭ ʥʝʧʦʩʪʽʡʥʽʩʪʴ ʩʪʚʦʨʶʻ ʧʦʪʨʝʙʫ ʚ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤʘʭ 

ʘʢʫʤʫʣʶʚʘʥʥʷ. ʉʠʩʪʝʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʥʫʯʢʽʩʪʴ ʪʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʧʦʩʪʽʡʥʽ ɺɼɽ, ʪʘʢʽ ʷʢ ʩʦʥʷʯʥʘ ʪʘ 

ʚʽʪʨʦʚʘ ʝʥʝʨʛʽʷ. ɹʘʛʘʪʦʨʽʚʥʝʚʽ ʩʠʩʪʝʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʽʰʝ ʫʧʨʘʚʣʷʪʠ 

ʝʥʝʨʛʦʧʦʪʦʢʘʤʠ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʘʣʘʥʩ ʤʽʞ ʚʠʨʦʙʥʠʮʪʚʦʤ ʽ ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

[1]. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʟʤʝʥʰʫʶʯʠ ʨʠʟʠʢ ʚʽʜʢʣʶʯʝʥʴ ʪʘ ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʨʘʱʫ ʘʜʘʧʪʘʮʽʶ ʜʦ 

ʟʤʽʥʥʠʭ ʫʤʦʚ ʛʝʥʝʨʘʮʽʾ. 

ʂʦʤʙʽʥʦʚʘʥʽ ʩʠʩʪʝʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʧʦʻʜʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ. ʂʦʤʙʽʥʦʚʘʥʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰʫ ʛʥʫʯʢʽʩʪʴ ʫ 

ʢʝʨʫʚʘʥʥʽ ʝʥʝʨʛʦʧʦʪʦʢʘʤʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʾ 

ʛʝʥʝʨʘʮʽʾ ʚʽʜ ɺɼɽ [2].  

ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʢʽʣʴʢʘ ʪʠʧʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʟʘʩʪʦʩʫʚʘʥʴ. ʆʩʥʦʚʥʽ ʪʠʧʠ ʘʢʫʤʫʣʷʪʦʨʽʚ ʷʢʽ 

ʨʦʟʛʣʷʜʘʶʠʪʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʩʠʩʪʝʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʚʢʣʶʯʘʶʪʴ [3]: 

- ʃʽʪʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʠ;  

- ʉʚʠʥʮʝʚʦ-ʢʠʩʣʦʪʥʽ ʘʢʫʤʫʣʷʪʦʨʠ;  

- ʅʽʢʝʣʴ-ʢʘʜʤʽʻʚʽ ʪʘ ʥʽʢʝʣʴ-ʤʝʪʘʣ-ʛʽʜʨʠʜʥʽ ʘʢʫʤʫʣʷʪʦʨʠ;  

- ʉʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʠ.  

ɸʢʫʤʫʣʷʪʦʨʥʽ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ (ɸʂɹ) ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 

ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʨʝʞ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʦʧʠʪʫ ʽ ʧʨʦʧʦʟʠʮʽʾ, 

ʽʥʪʝʛʨʘʮʽʶ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. 

ɿʛʽʜʥʦ ʟ ʂʦʥʮʝʧʮʽʻʶ "ʨʦʟʫʤʥʠʭ" ʤʝʨʝʞ ʚ ʋʢʨʘʾʥʽ, ʫʩʪʘʥʦʚʢʠ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʤʦʞʫʪʴ 

ʚʠʨʽʚʥʶʚʘʪʠ ʜʦʙʦʚʠʡ ʛʨʘʬʽʢ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʥʠʞʫʶʯʠ ʥʝʝʬʝʢʪʠʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʫ ʧʝʨʽʦʜʠ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ [4]. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ɸʂɹ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ, ʧʝʨʝʚʠʱʠʚ 2 

400 ʛʽʛʘʚʘʪ-ʛʦʜʠʥ (ɻɺʪ-ʛʦʜ) ʫ 2023 ʨʦʮʽ, ʱʦ ʚʯʝʪʚʝʨʦ ʙʽʣʴʰʝ, ʥʽʞ ʫ 2020 ʨʦʮʽ. ɿʘ ʦʩʪʘʥʥʽ 

ʧ'ʷʪʴ ʨʦʢʽʚ ʫ ʩʚʽʪʽ ʙʫʣʦ ʜʦʜʘʥʦ ʧʦʥʘʜ 2 000 ɻɺʪ-ʛʦʜ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ, ʱʦ ʞʠʚʣʷʪʴ 40 

ʤʽʣʴʡʦʥʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʽ ʪʠʩʷʯʽ ʧʨʦʝʢʪʽʚ ʟ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʋ 2023 ʨʦʮʽ ʙʫʣʦ ʜʦʜʘʥʦ 

ʧʦʥʘʜ 40 ʛʽʛʘʚʘʪ (ɻɺʪ) ʻʤʥʦʩʪʽ, ʱʦ ʚʜʚʽʯʽ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʮʽ [5]. ɹʫʣʦ ʦʮʽʥʝʥʦ, 

ʱʦ ʜʣʷ ʝʥʝʨʛʦʤʝʨʝʞʽ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʙʣʠʟʴʢʦ 2 ɻɺʪ ʥʦʚʦʾ ʧʽʢʦʚʦʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʧʨʠʙʣʠʟʥʦ 500 

ʄɺʪ ʧʦʪʫʞʥʦʩʪʝʡ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʜʦ 2025 ʨʦʢʫ [6]. ɼʦ ʚʽʡʥʠ ʨʝʘʣʽʟʘʮʽʷ ʧʝʨʰʠʭ 

ʧʨʦʝʢʪʽʚ ʫ ʤʘʩʰʪʘʙʥʦʤʫ ʘʢʫʤʫʣʶʚʘʥʥʽ ʝʥʝʨʛʽʾ ʟʘʣʫʯʘʣʘ ʟʥʘʯʥʫ ʫʯʘʩʪʴ ʧʨʠʚʘʪʥʦʛʦ ʩʝʢʪʦʨʘ 

ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʧʘʨʪʥʝʨʽʚ. ɺ 2022 ʨʦʢʫ ʢʦʤʧʘʥʽʷ ɼʊɽʂ, ʥʘʡʙʽʣʴʰʠʡ ʧʨʠʚʘʪʥʠʡ ʽʥʚʝʩʪʦʨ ʫ 

ʩʬʝʨʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ, ʟʘʚʝʨʰʠʣʘ ʧʨʦʝʢʪ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʪʫʞʥʽʩʪʶ 1 

ʄɺʪ ʫ ʤʽʩʪʽ ɽʥʝʨʛʦʜʘʨ ʟʘ ʧʽʜʪʨʠʤʢʠ Honeywell ʪʘ SunGrid. ɼʊɽʂ ʧʣʘʥʫʻ ʧʦʙʫʜʫʚʘʪʠ ʩʝʨʽʶ 

ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 200 ʄɺʪ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 
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ʥʘʜʽʡʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ [6]. 

ɸʂɹ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʚʽʜʥʦʚʣʝʥʥʽ ʩʠʩʪʝʤ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʧʽʜ ʯʘʩ 

ʚʦʻʥʥʦʛʦ ʪʘ ʧʦʚʦʻʥʥʦʛʦ ʧʝʨʽʦʜʫ. ʇʽʜ ʯʘʩ ʢʨʠʟʦʚʠʭ ʩʠʪʫʘʮʽʡ ɸʂɹ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʟʝʨʚʥʝ 

ʞʠʚʣʝʥʥʷ ʜʣʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʦʙ'ʻʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʣʽʢʘʨʥʽ, ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ ʪʘ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ʋ ʧʦʚʦʻʥʥʠʡ 

ʯʘʩ ɸʂɹ ʩʧʨʠʷʶʪʴ ʚʽʜʥʦʚʣʝʥʥʶ ʝʥʝʨʛʦʩʠʩʪʝʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʛʥʫʯʢʽʩʪʴ, ʽʥʪʝʛʨʘʮʽʶ 

ʚ̔ ʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʽʢʨʦʤʝʨʝʞ, ʷʢʽ ʤʦʞʫʪʴ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʾ ʤʝʨʝʞʽ ʫ ʨʘʟʽ ʾʾ 

ʧʦʰʢʦʜʞʝʥʥʷ [6]. 

ʆʩʦʙʣʠʚʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʩʠʩʪʝʤ ʘʢʫʤʫʣʶʚʘʥʥʷ. ʆʧʪʠʤʽʟʘʮʽʷ 

ʨʦʙʦʪʠ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʩʠʩʪʝʤ ʘʢʫʤʫʣʶʚʘʥʥʷ ʚʢʣʶʯʘʻ ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʠʭ ʪʠʧʽʚ 

ʘʢʫʤʫʣʷʪʦʨʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʷʢ ʻʤʥʽʩʪʴ, ʚʘʨʪʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʟʘʨʷʜʢʠ 

ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ [7]. ɺʦʜʥʦʯʘʩ, ʚʘʞʣʠʚʠʤ ʻ ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʨʷʜʥʦ-ʨʦʟʨʷʜʥʠʤʠ ʮʠʢʣʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʥʽʤʽʟʘʮʽʶ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʪʘ ʧʨʦʜʦʚʞʝʥʥʷ 

ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ɸʂɹ. ɺʨʘʭʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ 

ʬʘʢʪʦʨʦʤ, ʦʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʘʢʫʤʫʣʷʪʦʨʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʠʩʪʝʤ ʘʢʫʤʫʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ. ʇʦʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʘʢʫʤʫʣʷʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʣʽʪʽʡ-ʽʦʥʥʽ, ʩʚʠʥʮʝʚʦ-ʢʠʩʣʦʪʥʽ ʪʘ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʠ, ʟʘʙʝʟʧʝʯʫʻ 

ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʧʦʪʦʢʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʚʨʘʭʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʟʘʨʷʜʥʦ-ʨʦʟʨʷʜʥʠʭ ʧʨʦʮʝʩʽʚ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʪʘ 

ʧʦʜʦʚʞʠʪʠ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʘʢʫʤʫʣʷʪʦʨʽʚ.  

ɺʠʩʥʦʚʢʠ. ʆʧʪʠʤʽʟʘʮʽʷ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʩʠʩʪʝʤ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ 

ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʛʝʥʝʨʘʮʽʡ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʽʥʪʝʛʨʘʮʽʾ ɺɼɽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʢʫʤʫʣʷʪʦʨʽʚ ʫ 

ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʦʞ ʦʧʪʠʤʽʟʘʮʽʷ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ 

ʙʽʣʴʰʦʾ ʛʥʫʯʢʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʧʦʪʦʢʘʤʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ, ʟʜʘʪʥʽ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʩʧʦʞʠʚʘʥʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʅʘ ʦʩʥʦʚʽ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʜʘʪʢʦʚʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʘʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʶʚʘʪʠ ʙʽʣʴʰ ʩʪʽʡʢʽ ʪʘ ʥʘʜʽʡʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʤʝʨʝʞʽ. 
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ʎʀʌʈʆɺɯɿɸʎɯʗ ɺ ɽʅɽʈɻɽʊʀʏʅʀʍ ʉʀʉʊɽʄɸʍ 
 

ɸʥʦʪʘʮʽ ̫

ʈʦʟʛʣʷʥʫʪʦ ʤʽʩʮʝ ʮʠʬʨʦʚʽʟʘʮʽʾ ʚ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʪʘ 

ʟʘʚʜʘʥʥʷ ɦ ʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʽʟʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʥʝʨʛʝʪʠʮʽ. ɺʠʟʥʘʯʝʥʦ ʨʦʣʴ ʪʘ 

ʤʽʩʮʝ ʩʤʘʨʪ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʨʦʙʦʪʫ ʪʘ ʨʦʟʚʠʪʦʢ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚ ʮʽʣʦʤʫ. ʅʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ, ʟʘ ʷʢʠʤʠ ʧʨʦʚʦʜʠʣʦʩʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʦʝʪʘʧʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʮʠʬʨʦʚʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʝʥʝʨʛʦʤʝʨʝʞ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʠʬʨʦʚʽʟʘʮʽʷ, ʫʧʨʘʚʣʽʥʥʷ, ʮʠʬʨʦʚʽʟʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ 

ʤʝʨʝʞʽ, ʤʦʥʽʪʦʨʠʥʛ, ʮʠʬʨʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ʈʽʚʝʥʴ ʮʠʬʦʚʽʟʘʮʽʾ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʶ ʩʬʝʨʦʶ ʚ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ  ̒ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʚ ʷʢʠʭ ʨʽʚʝʥʴ ʮʠʬʨʦʚʽʟʘʮʽʾ ʚʽʜʽʛʨʘʻ ʧʝʨʰʦʯʝʨʛʦʚʫ ʨʦʣʴ. ʆʜʥʘʢ 

ʮʠʬʨʦʚʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʥʝʦʙʭʽʜʥʘ ʪʘʢʦʞ  ̔ ʽʥʰʠʤ ʛʘʣʫʟʷʤ ʪʘʢʠʤ ʷʢ ʝʢʦʥʦʤʽʢʘ,

 ʪʨʘʥʩʧʦʨʪʥʘ ̔ ʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʝʥʝʨʛʝʪʠʢʘ, ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʪʘ ʽʥ. 

ʇʨʦʮʝʩ ʨʦʟʚʠʪʢʫ ̔ʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʨʝʞ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ. ʇʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʨʘʭʫʥʦʢ ʮʠʬʨʦʚʽʟʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʚ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʷʚʣʷʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚʨʘʭʦʚʫʶʯʠ ʥʝʦʙʭʽʜʥʦʩʪʴ ʰʚʠʜʢʠʭ ʜʽʡ ʟ ʙʦʢʫ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ, ʢʝʨʫʚʘʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʨʦʟʚʠʪʢʦʤ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷʤ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʝʨʝʞ, ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʮʠʬʨʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʮʽʣʦʤʫ [1-2]. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʘʣʽʟ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ 

ʮʠʬʨʦʚʽʟʘʮʽʾ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʧʦʟʠʮʽʡ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʨʘʪʝʛʽʡ ʨʦʟʚʠʪʢʫ ʨʽʚʥʷ ʮʠʬʨʦʚʽʟʘʮʽʡ ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʎʠʬʨʦʚʽʟʘʮʽʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʭʦʜʫ ʜʦ ʥʦʚʦʛʦ ʝʪʘʧʫ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ, ʽ ʷʢʽ 

ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʧʦʪʦʯʥʽ ʧʨʦʮʝʩʠ ʨʦʙʦʪʠ ʚ ʫʩʽʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫ, ʤʦʥʽʪʦʨʠʥʛʫ, ʫʧʨʘʚʣʽʥʥʷ 

ʪʘ ʽʥ. ʇʨʦʮʝʩ ʮʠʬʨʦʚʽʟʘʮʽʾ ʚ ʝʥʝʨʛʝʪʠʮʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʷʢ ʩʢʣʘʜʦʚʘ 

ʯʘʩʪʠʥʘ ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ. 

ʎʠʬʨʦʚʽʟʘʮʽʷ ʚ ʝʥʝʨʛʝʪʠʮʽ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ: ʧʦ-ʧʝʨʰʝ, ʷʢ ʝʣʝʤʝʥʪ ʢʝʨʫʚʘʥʥʷ, ʻ 

ʦʩʥʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ; 

ʧʦ-ʜʨʫʛʝ, ʷʢ ʝʣʝʤʝʥʪ ʤʦʥʽʪʦʨʠʥʛʫ - ʙʝʟʧʝʨʝʨʚʥʠʡ ʘʥʘʣʽʟ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʤʦʥʽʪʦʨʠʥʛʫ 

ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʟʙʽʨ ʜʘʥʠʭ ʜʣʷ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ; ʧʦ-ʪʨʝʪʻ, 

ʷʢ ʮʠʬʨʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʨʦʙʦʪʠ 

ʦʙôʻʜʥʘʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʮʠʬʨʦʚʽʟʘʮʽʾ ʧʦʪʨʝʙʫʻ ʩʫʪʪʻʚʠʭ ʽʥʚʝʩʪʠʮʽʡ ʚ ʝʥʝʨʛʦʩʠʪʝʤʫ. ɿʘ 

ʜʘʥʠʤʠ ʋʢʨʽʥʚʝʩʪ [3] ʜʦ 2035 ʨʦʢʫ ʋʢʨʘʾʥʘ ʧʣʘʥʫʻ ̔ ʥʚʝʩʪʫʚʘʪʠ ʚ ʛʘʣʫʟʴ ʝʥʝʨʛʝʪʠʢʠ 383 ʤʣʨʜ 

ʜʦʣʘʨʽʚ ʉʐɸ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ɭʉ ʽʥʚʝʩʪʠʮʽʾ ʚ ʨʽʢ ʩʢʣʘʜʘʶʪʴ 396 ʤʣʨʜ ʜʦʣʘʨʽʚ ʉʐɸ [4]. ʂʨʽʤ 

ʪʦʛʦ, ʥʘ ʰʣʷʭʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʽʟʘʮʽʾ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʫ ʚʠʥʠʢʘʶʪʴ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ 

ʪʘʢʽ ʷʢ: ʽʩʪʦʪʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 
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ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ, ʧʽʜʛʦʪʦʚʢʘ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʟʘʣʫʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʽʥʚʝʩʪʠʮʽʡ, ʧʽʜʛʦʪʦʚʢʘ ʟʘʢʦʥʦʜʘʚʯʦʾ ʙʘʟʠ ʪʘ ʽʥ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʧʦʨʷʜʞʝʥʥʷ  ̄908 ʚʽʜ 14 

ʞʦʚʪʥʷ 2022 ʨ ñʇʨʦ ʩʭʚʘʣʝʥʥʷ ʂʦʥʮʝʧʮʽʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ñʨʦʟʫʤʥʠʭ ʤʝʨʝʞò ʚ ʋʢʨʘʾʥʽ ʜʦ 

2035 ʨʦʢʫò 

[5] ʋʢʨʘʾʥʘ ʧʦʯʘʣʘ ʨʫʭʘʪʠʩʷ ʚ ʥʘʧʨʷʤʢʫ ʮʠʬʨʦʚʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ, 

ʦʜʥʘʢ ʧʦʪʦʯʥʘ ʟʘʢʦʥʦʜʘʚʯʘ ʙʘʟʘ, ʩʪʨʘʪʝʛʽʷ ʪʘ ʢʨʠʪʝʨʽʾ ʨʦʟʚʠʪʢʫ, ʧʦʝʪʘʧʥʠʡ ʧʣʘʥ ʥʝ ʻ 

ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʯʽʪʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʽʟʘʮʽʾ ʚ ʩʠʩʪʝʤʫ, ʱʦ ʽ ʙʫʜʝ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʥʘʫʢʦʚʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ. 

 

ɺʠʩʥʦʚʢʠ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ʝʥʝʨʛʝʪʠʢʠ ʮʠʬʨʦʚʽʟʘʮʽʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ  ̒

ʚʘʞʣʠʚʠʤ ʧʨʽʦʨʠʪʝʪʦʤ. ʈʦʟʚʠʪʦʢ ʮʠʬʨʦʚʦʾ ʽʥʜʫʩʪʨʽʾ ʚ ʝʥʝʨʛʝʪʠʮʽ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ 

ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʛʥʫʯʢʽʩʪʴ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʧʨʠʚʝʩʪʠ ʧʦʢʘʟʥʠʢʠ SIADI ʪʘ SAIFI ʜʦ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʂʨʽʤ ʪʦʛʦ, ʮʠʬʨʦʚʽʟʘʮʽʷ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ, ʷʢ ʝʪʘʧ 

ʤʦʜʝʨʘʥʽʟʘʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʝʥʝʨʛʦʤʝʨʝʞʽ, ʪʘʢ ʽ ʽʥʩʪʨʫʤʝʥʪʦʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ 

ʧʽʜʚʠʱʫʶʪʴ ʷʢʽʩʪʴ ʛʝʥʝʨʘʮʽʾ, ʨʦʟʧʦʜʽʣʫ ʪʘ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ̔ ʥʥʦʚʘʮʽʡʥʽʡ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ : ʢʦʣʝʢʪʠʚʥʘ 

ʤʦʥʦʛʨʘʬʽʷ / ɭʛʦʨʦʚ ɯ.ʖ., ʅʠʢʠʬʦʨʫʢ ʆ.ɯ. ʪʘ ʽʥ. ; ʟʘ ʨʝʜ.: ʯʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ 

ɭʛʦʨʦʚʘ ɯ.ʖ., ʜ.ʝ.ʥ. ʅʠʢʠʬʦʨʫʢ ʆ.ɯ., ʢ.ʝ.ʥ. ʃʽʨʘ ɺ.ɽ. ; ʅɸʅ ʋʢʨʘʾʥʠ, ɼʋ ñɯʥ-ʪ. ʝʢʦʥ. 

ʪʘ ʧʨʦʛʥʦʟʫʚ. ʅɸʅ ʋʢʨʘʾʥʠò. ï ɽʣʝʢʪʨʦʥ. ʨʝʩʫʨʩ. ï ʂ., 2020. ï 308 ʩ. : 41 ʪʘʙʣ., 17 

ʨʠʩ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : http://ief.org.ua/docs/mg/321.pdf 

2. ɻʦʥʯʘʨʫʢ ɯ.ɺ. ɽʥʝʨʛʝʪʠʯʥʘ ʥʝʟʘʣʝʞʥʽʩʪʴ ʷʢ ʩʫʩʧʽʣʴʥʦ ʝʢʦʥʦʤʽʯʥʝ ʷʚʠʱʝ. 

ɽʢʦʥʦʤʽʯʥʘ ʥʘʫʢʘ. http://www.economy.in.ua/pdf/8_2020/15.pdf 

3. https://ukraineinvest.gov.ua/industries/energy/ 

4. https://www.europarl.europa.eu/RegData/etudes/BRIE/2023/754623/EPRS_BRI(2023)75

4623_EN.pdf 

5. ʇʨʦ ʩʭʚʘʣʝʥʥʷ ʂʦʥʮʝʧʮʽʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ñʨʦʟʫʤʥʠʭ ʤʝʨʝʞò ʚ ʋʢʨʘʾʥʽ ʜʦ 2035 ʨʦʢʫ. 

ʈʦʟʧʦʨʷʜʞʝʥʥʷ ʢʘʙʽʥʝʪʫ ʤʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 14 ʞʦʚʪʥʷ 2022 ʨ. ˉ 908-ʨ. 
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References 

1. Digital technologies in innovative transformation of the economy of Ukraine: collective 

monograph / Yegorov I.Yu., Nykyforuk O.I. et al. ; ed.: Corresponding Member of the 

NAS of Ukraine Yegorov I.Yu., Doctor of Economics. Nykyforuk O.I., Candidate of 

Economics. Lira V.E. ; NAS of Ukraine, State Institution ñInst. of Economics and 

Forecasting of NAS of Ukraineò. ï Electronic resource. ï K., 2020. ï 308 p. : 41 tables, 

17 figures. ï Access mode: http://ief.org.ua/docs/mg/321.pdf 

2. Goncharuk I.V. Energy independence as a socio-economic phenomenon. Economic 

science. http://www.economy.in.ua/pdf/8_2020/15.pdf 

3. https://ukraineinvest.gov.ua/industries/energy/ 

4. https://www.europarl.europa.eu/RegData/etudes/BRIE/2023/754623/EPRS_BRI(2023 

)754623_EN.pdf 

5. On approval of the Concept of implementation of ñsmart gridsò in Ukraine until 2035. 
Resolution of the Cabinet of Ministers of Ukraine dated October 14, 2022 No. 908-ʨ. 

https://zakon.rada.gov.ua/laws/show/605-2017-%D1%80#Text 

   

http://ief.org.ua/docs/mg/321.pdf
http://www.economy.in.ua/pdf/8_2020/15.pdf
https://ukraineinvest.gov.ua/industries/energy/
https://www.europarl.europa.eu/RegData/etudes/BRIE/2023/754623/EPRS_BRI(2023)754623_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2023/754623/EPRS_BRI(2023)754623_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2023/754623/EPRS_BRI(2023)754623_EN.pdf
https://zakon.rada.gov.ua/laws/show/605-2017-%D1%80#Text
http://ief.org.ua/docs/mg/321.pdf
http://www.economy.in.ua/pdf/8_2020/15.pdf
http://www.europarl.europa.eu/RegData/etudes/BRIE/2023/754623/EPRS_BRI(2023
http://www.europarl.europa.eu/RegData/etudes/BRIE/2023/754623/EPRS_BRI(2023


62 

 

ʋɼʂ 621.311 

ʆ.ɺ. ʂʦʮʘʨ1, ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ, ORCID 0000-0002-7958-2335 

C.C. ɼʦʚʛʠʡ1, ʘʩʧʽʨʘʥʪ, ORCID 0009-0003-9428-7240 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʇɯɼɺʀʑɽʅʅʗ ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ ʉʀʉʊɽʄ ɽʅɽʈɻɽʊʀʏʅʆɻʆ 

ʄɽʅɽɼɾʄɽʅʊʋ ʄʉʇ ʏɽʈɽɿ ʋʇʈɸɺʃɯʅʅʗ ɼɸʅʀʄʀ 

ɽʅɽʈɻʆʄʆʅɯʊʆʈʀʅɻʋ 
ɺʩʪʫʧ. ɿ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʚʽʜʯʫʪʥʘ ʢʽʣʴʢʽʩʪʴ ʫʢʨʘʾʥʩʴʢʠʭ 

ʢʦʤʧʘʥʽʡ ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʣʘ ʯʠʩʝʣʴʥʽʩʪʴ ʩʣʫʞʙ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʠʚʽʚʰʠ ʧʨʘʮʽʚʥʠʢʽʚ ʧʦʟʘ 

ʰʪʘʪ ʦʩʥʦʚʥʦʾ ʢʦʤʧʘʥʽʾ ʘʙʦ ʮʽʣʢʦʤ ʧʦʢʣʘʚʰʠʩʴ ʥʘ ʘʫʪʩʦʨʩʠʥʛ. ɿʘ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʫ ʰʪʘʪʽ 

ʢʦʤʧʘʥʽʾ ʤʦʞʝ ʟʘʣʠʰʘʪʠʩʷ ʣʠʰʝ 1-2 ʽʥʞʝʥʝʨʠ, ʥʘ ʷʢʠʭ ʧʦʢʣʘʜʝʥʦ ʦʙʦʚôʷʟʢʠ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʽʡʥʦʾ ʪʘ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʢʦʥʪʨʦʣʶ ʟʘ ʡʦʛʦ ʪʝʭʥʽʯʥʠʤ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ (ʊʆ) ʽ ʨʝʤʦʥʪʦʤ. ʈʘʟʦʤ ʽʟ ʥʝʩʧʨʦʩʪʦʚʥʠʤʠ ʬʽʥʘʥʩʦʚʠʤʠ ʚʠʛʦʜʘʤʠ ʜʣʷ 

ʢʦʤʧʘʥʽʾ, ʦʙʫʤʦʚʣʝʥʠʤʠ ʟʥʠʞʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʬʦʥʜ ʦʧʣʘʪʠ ʧʨʘʮʽ, ʟʘ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 

ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʫ ʽʥʞʝʥʝʨʽʚ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʯʘʩʫ, ʷʢʠʡ 

ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʨʠʜʽʣʠʪʠ ʝʥʝʨʛʦʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʧʘʥʽʾ. ɿʘʟʚʠʯʘʡ, ʜʘʥʽ ʟ ʧʨʠʣʘʜʽʚ ʦʙʣʽʢʫ ʟʥʽʤʘʶʪʴʩʷ ʣʠʰʝ ʚ ʧʝʨʽʦʜʠ 

ʱʦʤʽʩʷʯʥʦʾ ʟʚʽʪʥʦʩʪʽ, ʘ ʾʭʥʽʡ ʘʥʘʣʽʟ ʦʙʤʝʞʫʻʪʴʩʷ ʧʝʨʝʚʽʨʢʦʶ ʚʠʢʦʥʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ʢʦʤʧʘʥʽʾ  ʥʦʨʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ɿʘʢʦʥ ʋʢʨʘʾʥʠ ñʇʨʦ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴò [1] ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʩʫʙôʻʢʪʠ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʽʟ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʨʽʯʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʦʙʩʷʟʽ 100 ʪʠʩʷʯ ʄɺʪĀʛʦʜ 

ʥʘ ʨʽʢ ʪʘ ʚʠʱʝ ʟʦʙʦʚôʷʟʘʥʽ ʧʨʦʚʦʜʠʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʘʫʜʠʪ ʢʦʞʥʽ ʯʦʪʠʨʠ ʨʦʢʠ ʘʙʦ 

ʚʧʨʦʚʘʜʠʪʠ ʽ ʩʝʨʪʠʬʽʢʫʚʘʪʠ ʩʠʩʪʝʤʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʪʘ/ʘʙʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʟ 

ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʫʭʠʣʴʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʠʡ ʛʨʘʥʠʯʥʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʚʠʤʦʛʠ ɿʘʢʦʥʫ 

ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ ʧʦʪʫʞʥʽ ʧʨʦʤʠʩʣʦʚʽ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ. ɺʦʜʥʦʯʘʩ, ʤʘʣʽ ʪʘ 

ʩʝʨʝʜʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ (ʄʉʇ), ʚ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʦʙʣʝʤʠ ʟ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʤʝʥʝʜʞʤʝʥʪʦʤ ʽ ʝʥʝʨʛʦʤʦʥʽʪʦʨʠʥʛʦʤ ʯʝʨʝʟ ʤʘʣʫ ʯʠʩʝʣʴʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʩʣʫʞʙ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʘʢʪʠʯʥʦ ʦʧʠʥʠʣʠʩʷ ʧʦʟʘ ʚʠʤʦʛʘʤʠ ɿʘʢʦʥʫ [1]. 

ʄʉʇ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚ ʝʢʦʥʦʤʽʮʽ ʋʢʨʘʾʥʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʣʠʟʴʢʦ 64% 

ʜʦʜʘʥʦʾ ʚʘʨʪʦʩʪʽ, 81,5% ʟʘʡʥʷʪʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʪʘ 37% 

ʧʦʜʘʪʢʦʚʠʭ ʥʘʜʭʦʜʞʝʥʴ [2]. ʋʢʨʘʾʥʩʴʢʠʤ ʄʉʇ ʥʘʜʘʻʪʴʩʷ ʷʢ ʜʝʨʞʘʚʥʘ [3], ʪʘʢ ʽ ʤʽʞʥʘʨʦʜʥʘ 

ʧʽʜʪʨʠʤʢʘ, ʟʦʢʨʝʤʘ ʽʩʥʫʻ ʥʠʟʢʘ ʮʽʣʴʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʛʨʘʤ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʤʝʪʦʶ ʷʢʠʭ ʻ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʇʨʦʪʝ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ, ʟʘʟʥʘʯʝʥʽ ʧʨʦʛʨʘʤʠ ʟʘʟʚʠʯʘʡ ʞʦʜʥʠʤ 

ʯʠʥʦʤ ʥʝ ʩʪʠʤʫʣʶʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ 

(ʉɽʥʄ) ʄʉʇ. ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʄʉʇ ʚ ʝʢʦʥʦʤʽʮʽ ʋʢʨʘʾʥʠ [4], ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʉɽʥʄ ʯʝʨʝʟ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʝʥʝʨʛʦʤʦʥʽʪʦʨʠʥʛʫ ʚ ʫʤʦʚʘʭ ʩʢʦʨʦʯʝʥʥʷ 

ʽʥʞʝʥʝʨʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʽ ʜʝʬʽʮʠʪʫ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ 

ʜʦʟʚʦʣʠʪʴ ʚʽʜʯʫʪʥʦ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʄʉʇ ʥʘ ʦʧʣʘʪʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʽ ʩʧʨʷʤʫʚʘʪʠ 

ʚʠʚʽʣʴʥʝʥʽ ʢʦʰʪʠ ʥʘ ʨʦʟʚʠʪʦʢ ʙʽʟʥʝʩʫ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ ʄʉʇ ʯʝʨʝʟ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʝʥʝʨʛʦʤʦʥʽʪʦʨʠʥʛʫ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ʄʘʪʝʨʽʘʣ ʜʦʩʣʽʜʞʝʥʴ. ʇʦʚʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʝʥʝʨʛʦʤʦʥʽʪʦʨʠʥʛʫ ʜʦʟʚʦʣʷʻ 

ʧʨʠʩʢʦʨʠʪʠ ʽ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʘʜʘʧʪʫʚʘʥʥʷ ʜʦ 

ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʮʝ ʩʪʘʥʝ ʦʜʥʠʤ ʽʟ ʨʫʰʽʾʚ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

(ʜʽʜʞʠʪʘʣʽʟʘʮʽʾ) ʄʉʇ ʽ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ ɯʥʜʫʩʪʨʽʾ 4.0, ʱʦ ʦʭʦʧʣʶʻ ʰʽʩʪʴ ʝʪʘʧʽʚ ʨʦʟʚʠʪʢʫ 

ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʢʨʝʤʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʜʦ ʘʜʘʧʪʦʚʘʥʦʩʪʽ ʜʦ ʤʽʥʣʠʚʦʛʦ 
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ʩʝʨʝʜʦʚʠʱʘ [9]. 

ʇ̔ ʜ ʯʘʩ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ ʤ. ʂʠʻʚʽ ʚʟʠʤʢʫ 

2024 ʨʦʢʫ ʜʦʩʣʽʜʞʝʥʦ ʧʦʪʝʥʮʽʘʣ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʤʦʥʽʪʦʨʠʥʛʫ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʦʙʣʽʢ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʜʽʡʩʥʶʻʪʴʩʷ 8-ʤʘ ʚʚʽʜʥʠʤʠ ʢʦʤʝʨʮʽʡʥʠʤʠ 

ʚʫʟʣʘʤʠ ʦʙʣʽʢʫ. ɼʦʜʘʪʢʦʚʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʚʩʪʘʥʦʚʣʝʥʦ 135 ʣʽʯʠʣʴʥʠʢʽʚ ʪʝʭʥʽʯʥʦʛʦ 

(ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ) ʦʙʣʽʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʙʣʽʢ ʧʦʥʘʜ 86% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʽʜʧʨʠʻʤʩʪʚʦʤ. ʊʝʭʥʽʯʥʠʡ ʦʙʣʽʢ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦ ʷʢ ʟʘ 

ʛʨʫʧʘʤʠ ʦʜʥʦʪʠʧʥʠʭ ʩʪʨʫʤʦʧʨʠʡʤʘʯʽʚ, ʪʘʢ ʽ ʟʘ ʚʚʽʜʥʠʤʠ ʨʦʟʧʦʜʽʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ (ɺʈʇ) 

ʪʘ ʛʦʣʦʚʥʠʤʠ ʨʦʟʧʦʜʽʣʴʥʠʤʠ ʱʠʪʘʤʠ (ɻʈʑ), ʚʽʜ ʷʢʠʭ ʟʘʞʠʚʣʝʥʦ ʨʽʟʥʽ ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ 

(ʚʝʥʪʠʣʷʮʽʷ, ʦʩʚʽʪʣʝʥʥʷ, ʨʦʟʝʪʢʦʚʽ ʛʨʫʧʠ ʪʦʱʦ). ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʧʨʠʻʤʩʪʚʦ ʟʘʙʝʟʧʝʯʝʥʦ 

ʜʝʪʘʣʽʟʦʚʘʥʠʤ ʦʙʣʽʢʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʩʪʚʦʨʝʥʦ ʚʩʽ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʝʥʝʨʛʦʤʦʥʽʪʦʨʠʥʛʫ. 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦʘʫʜʠʪʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʘʥʽ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʧʦ ʚʩʽʭ 

ʢʦʤʝʨʮʽʡʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʪʦʯʢʘʭ ʦʙʣʽʢʫ ʟʙʠʨʘʣʠʩʷ ʚʞʝ ʧʦʥʘʜ ʨʽʢ, ʧʨʦʪʝ, ʞʦʜʥʠʤ ʯʠʥʦʤ ʥʝ 

ʘʥʘʣʽʟʫʚʘʣʠʩʷ ʬʘʭʽʚʮʷʤʠ ʧʦʧʨʠ ʥʘʷʚʥʽʩʪʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʚʣʘʩʥʦʾ ʩʣʫʞʙʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʧʨʦʬʽʣʴʥʠʭ ʽʥʞʝʥʝʨʽʚ. ɸʥʘʣʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʛʦʜʠʥʥʠʭ 

ʜʘʥʠʭ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʧʦ ʙʘʛʘʪʴʦʭ ʪʦʯʢʘʭ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʽʢʫ ʧʦʢʘʟʘʚ ʧʝʨʽʦʜʠʯʥʽ 

ʥʝʪʠʧʦʚʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʧʘʪʝʨʥʽʚ (ʨʠʩ. 1), ʷʢ ʪʦ ʚʽʜʩʫʪʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʚ 

ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ ʪʘ ʫ ʚʠʭʽʜʥʽ ʜʥʽ, ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʨʝʣʷʮʽʾ ʩʧʦʞʠʚʘʥʥʷ ʧʦʛʦʜʦʟʘʣʝʞʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʦʚʢʽʣʣʷ ʪʦʱʦ (ʨʠʩ. 2). 

 

  
ʈʠʩʫʥʦʢ 1 ï ɼʦʙʦʚʝ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʦʙʣʘʜʥʘʥʥʷ 

ʈʠʩʫʥʦʢ 2 ï ɼʦʙʦʚʝ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʦʛʦʜʦʟʘʣʝʞʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ  ̔ʩʝʨʝʜʥʴʦʜʦʙʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 

 

ʆʩʢʽʣʴʢʠ ʧʦʷʩʥʝʥʥʷ ʪʘʢʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʥʝ ʥʘʜʘʥʦ ʩʣʫʞʙʦʶ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʨʦʙʣʝʥʦ 

ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʾʭ ʩʧʨʠʯʠʥʝʥʦ ʩʫʙôʻʢʪʠʚʥʠʤ ʬʘʢʪʦʨʦʤ ʚʥʘʩʣʽʜʦʢ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ 

ʪʨʫʜʦʚʦʾ ʜʠʩʮʠʧʣʽʥʠ. ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʣʝʞʥʦʛʦ ʝʥʝʨʛʦʤʦʥʽʪʦʨʠʥʛʫ ʽ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʯʠʥ ʚʽʜʭʠʣʝʥʴ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʨʽʯʥʘ ʧʝʨʝʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ʩʢʣʘʣʠ ʱʦʥʘʡʤʝʥʰʝ 12%. 

ɯʥʰʠʤ ʧʦʪʝʥʮʽʘʣʴʥʠʤ ʜʞʝʨʝʣʦʤ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʊʆ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤʠ 

ʨʝʛʣʘʤʝʥʪʘʤʠ. ɼʉʊʋ 9050:2020 [10] ʚʠʟʥʘʯʝʥʦ, ʱʦ ʊʆ ï ʮʝ ʢʦʤʧʣʝʢʩ ʦʧʝʨʘʮʽʡ ʯʠ ʦʧʝʨʘʮʽʷ 

ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʩʧʨʘʚʥʦʛʦ ʩʪʘʥʫ ʯʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʙôʻʢʪʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ, ʧʽʜ ʯʘʩ ʧʨʦʩʪʦʶ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʊʆ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ 
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ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʴ ʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʛʣʘʤʝʥʪʽʚ, ʟʘʟʥʘʯʝʥʠʭ ʚ ʪʝʭʥʽʯʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ ʮʝ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʛʘʣʫʟʝʚʠʭ ʩʪʘʥʜʘʨʪʘʭ. ɺʠʢʦʥʘʚʮʝʤ ʊʆ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʷʢ ʚʣʘʩʥʘ ʩʣʫʞʙʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʪʘʢ ʽ ʩʪʦʨʦʥʥʷ ʦʨʛʘʥʽʟʘʮʽʷ ʥʘ ʜʦʛʦʚʽʨʥʽʡ ʦʩʥʦʚʽ. 

ʇʽʜ ʯʘʩ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ ʦʬʽʩʥʦ-ʩʢʣʘʜʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʫ ʤ. ʂʠʻʚʽ ʚʣʽʪʢʫ 2019 

ʨʦʢʫ ʚʠʢʦʥʘʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʥʠʭ ʭʦʣʦʜʠʣʴʥʠʭ ʤʘʰʠʥ, 

ʟʦʢʨʝʤʘ, ʪʠʩʢʫ/ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʽ ʢʦʥʜʝʥʩʘʮʽʾ, ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʧʝʨʝʛʨʽʚʫ, ʘ 

ʪʘʢʦʞ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ɼʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʧʨʠʤʽʱʝʥʴ ʢʦʤʧʣʝʢʩʫ ʚ 

ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʫʣʴʪʠʟʦʥʘʣʴʥʽ ʩʠʩʪʝʤʠ (VRF/VRV) ʚʠʨʦʙʥʠʮʪʚʘ 

ñDaikinò ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 30 ʜʦ 50 ʢɺʪ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʭʦʣʦʜʦʘʛʝʥʪʽ R410A. ɿʘʛʘʣʦʤ 

ʩʠʩʪʝʤʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 10 ʟʦʚʥʽʰʥʽʭ ʽ 59 ʚʥʫʪʨʽʰʥʽʭ ʙʣʦʢʽʚ. 

ɺʠʩʥʦʚʢʠ. ɺ ʫʤʦʚʘʭ ʩʢʦʨʦʯʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʩʣʫʞʙ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʝʥʝʨʛʦʤʦʥʽʪʦʨʠʥʛʫ ʽ ʚʠʢʣʶʯʝʥʥʷ ʩʫʙôʻʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ ʤʦʞʝ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʟʘʛʘʣʦʤ ʽ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʄʉʇ, ʱʦ ʩʚʦʻʶ ʯʝʨʛʦʶ ʧʨʠʟʚʝʜʝ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʾʭ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʧʝʨʝʜ 
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ʋɼʂ 621.311:621.33 

ɻ.ʇ. ʂʦʩʪʝʥʢʦ, ʥʘʫʢ. ʩʧʽʚʨʦʙ.,  

ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ʄʆɼɽʃɯ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɿɸʃʀʐʂʆɺʆɻʆ ʈɽʉʋʈʉʋ 

ɺʊʆʈʀʅʅʀʍ ʃɯʊɯʁ-ɯʆʅʅʀʍ ɹɸʊɸʈɽʁ ɽʃɽʂʊʈʆʊʈɸʅʉʇʆʈʊʋ 

ʗʂ ɯʅʉʊʈʋʄɽʅʊ ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʄɽʅɽɼɾʄɽʅʊʋ 
 

ɺʩʪʫʧ. ʇʝʨʝʭʽʜ ʜʦ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ ʝʢʦʥʦʤʽʢʠ ʟʫʤʦʚʣʶʻ ʟʨʦʩʪʘʶʯʫ ʧʦʪʨʝʙʫ ʚ 

ʝʬʝʢʪʠʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʰʝʥʥʷʭ. ɺʪʦʨʠʥʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ, 

ʱʦ ʟʘʚʝʨʰʠʣʠ ʩʚʽʡ ʧʝʨʚʠʥʥʠʡ ʞʠʪʪʻʚʠʡ ʮʠʢʣ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʤʝʭʘʥʽʟʤʠ ʩʪʘʨʽʥʥʷ ʙʘʪʘʨʝʡ, 

ʪʘʢʽ ʷʢ ʢʘʣʝʥʜʘʨʥʝ ʪʘ ʮʠʢʣʽʯʥʝ ʩʪʘʨʽʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʦʜʠ ʜʦ ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʉʫʯʘʩʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʩʪʠʢʘʶʪʴʩʷ ʟʽ ʟʥʘʯʥʠʤʠ ʚʠʢʣʠʢʘʤʠ, ʧʦʚôʷʟʘʥʠʤʠ ʟ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʻʶ, ʽʥʪʝʛʨʘʮʽʻʶ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ 

ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʽʻʶ [1-3]. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʦʩʥʦʚʥʦʛʦ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ ʪʘʢʽ ʙʘʪʘʨʝʾ ʟʙʝʨʽʛʘʶʪʴ ʟʥʘʯʥʠʡ ʨʽʚʝʥʴ ʻʤʥʦʩʪʽ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʾʭ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ ʩʠʩʪʝʤʘʭ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʧʽʜʪʨʠʤʢʠ ʧʽʢʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ 

ʧʨʠʥʮʠʧʘʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤ. 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ ʷʢ ʽʥʩʪʨʫʤʝʥʪʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʥʠʞʫʚʘʪʠ 

ʚʠʪʨʘʪʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʾʭʥʶ ʝʬʝʢʪʠʚʥʫ 

ʽʥʪʝʛʨʘʮʽʶ ʚ ʨʦʟʧʦʜʽʣʝʥʽ ʪʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ. ʎʝ ʩʧʨʠʷʻ ʨʦʟʨʦʙʮʽ 

ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ, ʚʨʘʭʦʚʫʶʯʠ ʧʨʠʥʮʠʧʠ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ, 

ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʋʢʨʘʾʥʠ. 

ʄʘʪʝʨʽʘʣ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʣʝʡ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʩʭʝʤʫ ʷʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ.1, ʱʦ ʧʦʻʜʥʫʻ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʛʨʘʜʘʮʽʾ ʙʘʪʘʨʝʡ ʪʘ 

ʘʥʘʣʽʟ ʾʭʥʴʦʾ ʟʘʣʠʰʢʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ [4-5].  
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ʈʠʩʫʥʦʢ 1 ï ʉʪʘʜʽʾ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʢʘʣʝʥʜʘʨʥʦʛʦ ʩʪʘʨʽʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʜʝʪʘʣʴʥʝ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʟʙʝʨʽʛʘʥʥʷ, ʨʽʚʝʥʴ ʟʘʨʷʜʫ ʪʘ ʯʘʩ ʧʨʦʩʪʦʶ. 

ʅʘʧʨʠʢʣʘʜ, ʧʽʜʚʠʱʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʚʪʨʘʪʠ ʻʤʥʦʩʪʽ ʙʘʪʘʨʝʾ, 

ʪʦʜʽ ʷʢ ʟʙʝʨʽʛʘʥʥʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʤʦʞʝ ʩʧʦʚʽʣʴʥʠʪʠ ʮʽ ʧʨʦʮʝʩʠ. ʊʘʢʦʞ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʨʽʚʝʥʴ ʟʘʨʷʜʫ ʙʘʪʘʨʝʾ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ: ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ 

ʜʝʛʨʘʜʘʮʽʾ, ʪʦʜʽ ʷʢ ʪʨʠʚʘʣʝ ʟʙʝʨʽʛʘʥʥʷ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʟʘʨʷʜʫ ʥʘʚʧʘʢʠ ʧʨʠʩʢʦʨʶʻ ʚʪʨʘʪʫ 

ʻʤʥʦʩʪʽ. ʎʠʢʣʽʯʥʝ ʩʪʘʨʽʥʥʷ ʙʘʪʘʨʝʡ ʻ ʱʝ ʦʜʥʠʤ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʝ 

ʚʢʣʶʯʘʻ ʘʥʘʣʽʟ ʟʤʽʥ ʾʭʥʴʦʾ ʻʤʥʦʩʪʽ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʦʨʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʛʫʣʷʨʥʦʛʦ 

ʟʘʨʷʜʞʘʥʥʷ ʪʘ ʨʦʟʨʷʜʞʘʥʥʷ. ʋ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʛʣʠʙʠʥʘ ʨʦʟʨʷʜʫ, 

ʰʚʠʜʢʽʩʪʴ ʟʘʨʷʜʞʘʥʥʷ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʴ ʧʦʚʥʠʭ ʪʘ ʯʘʩʪʢʦʚʠʭ ʮʠʢʣʽʚ. ʅʘʧʨʠʢʣʘʜ, ʙʘʪʘʨʝʾ, 

ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʥʝʧʦʚʥʠʭ ʮʠʢʣʘʭ ʨʦʟʨʷʜʫ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʜʦʚʰʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʧʦʨʽʚʥʷʥʦ 

ʟ ʙʘʪʘʨʝʷʤʠ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʛʣʠʙʦʢʠʤ ʨʦʟʨʷʜʘʤ. ʂʨʽʤ ʪʦʛʦ, ʯʘʩʪʝ ʰʚʠʜʢʝ ʟʘʨʷʜʞʘʥʥʷ ʤʦʞʝ 

ʟʙʽʣʴʰʠʪʠ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʙʘʪʘʨʝʾ, ʱʦ ʧʨʠʰʚʠʜʰʫʻ ʾʾ ʜʝʛʨʘʜʘʮʽʶ [3-4]. ʎʝʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʪʦʯʥʫ ʢʘʨʪʠʥʫ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʙʘʪʘʨʝʡ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʮʝ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʪʘʨʝʡ ʚ ʫʩʪʘʥʦʚʢʘʭ 

ʧʽʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʧʣʠʚʽʚ, ʪʘʢʠʭ ʷʢ ʥʝʨʽʚʥʦʤʽʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʯʠ ʟʤʽʥʥʘ ʯʘʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʘʩʪʦʩʦʚʘʥʦ ʩʪʦʭʘʩʪʠʯʥʽ ʤʝʪʦʜʠ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʫ ʧʦʚʝʜʽʥʮʽ ʙʘʪʘʨʝʡ, ʱʦ ʻ ʪʠʧʦʚʠʤ ʜʣʷ 

ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʪʦʨʠʥʥʠʭ ʩʠʩʪʝʤʘʭ [1, 5]. ʅʘʧʨʠʢʣʘʜ, ʨʽʟʥʠʮʷ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʧʨʦʪʷʛʦʤ ʜʥʷ ʯʠ ʪʠʞʥʷ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʙʘʪʘʨʝʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʮʶ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʽ 

ʩʪʚʦʨʶʚʘʪʠ ʩʮʝʥʘʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢʽ ʦʧʪʠʤʽʟʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʩʣʫʞʙʠ 

ʙʘʪʘʨʝʡ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʘʣʴʥʠʡ ʽʥʜʝʢʩ ʜʝʛʨʘʜʘʮʽʾ, ʷʢʠʡ ʦʙ'ʻʜʥʫʻ ʚʩʽ ʟʘʟʥʘʯʝʥʽ ʘʩʧʝʢʪʠ ï 

ʢʘʣʝʥʜʘʨʥʝ ʩʪʘʨʽʥʥʷ, ʮʠʢʣʽʯʥʝ ʩʪʘʨʽʥʥʷ ʪʘ ʩʪʦʭʘʩʪʠʯʥʽ ʚʧʣʠʚʠ [4-5]. ʎʝʡ ʽʥʜʝʢʩ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʜʝʛʨʘʜʘʮʽʶ ʙʘʪʘʨʝʡ, ʱʦ ʨʦʙʠʪʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʽʣʴʰ ʥʘʜʽʡʥʠʤ ʽ ʪʦʯʥʠʤ. ʅʘʧʨʠʢʣʘʜ, ʽʥʪʝʛʨʘʣʴʥʠʡ ʽʥʜʝʢʩ ʤʦʞʝ ʦʮʽʥʶʚʘʪʠ 

ʥʝ ʣʠʰʝ ʢʽʣʴʢʽʩʪʴ ʟʘʣʠʰʢʦʚʠʭ ʮʠʢʣʽʚ, ʘ ʡ ʟʘʣʠʰʢʦʚʫ ʻʤʥʽʩʪʴ ʙʘʪʘʨʝʾ ʚ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʨʠʩʥʠʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ 

ʫ ʩʠʩʪʝʤʘʭ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʦʪʦʢʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʧʦʻʜʥʫʻ ʨʽʟʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ 

ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʪʦʯʥʽ ʜʘʥʽ ʧʨʦ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʙʘʪʘʨʝʡ. ʎʝ 

ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʽʰʦʤʫ ʫʧʨʘʚʣʽʥʥʶ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʧʽʜʚʠʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ 

ʝʥʝʨʛʦʩʠʩʪʝʤ ʪʘ ʩʢʦʨʦʯʝʥʥʶ ʚʠʪʨʘʪ ʥʘ ʾʭʥʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 
 

ʊʘʙʣʠʮʷ 1. ʇʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʦʚʠʭ ʽ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ 

ʇʘʨʘʤʝʪʨ ʅʦʚʽ ʙʘʪʘʨʝʾ ɺʪʦʨʠʥʥʽ ʙʘʪʘʨʝʾ 

ʇʦʯʘʪʢʦʚʘ ʻʤʥʽʩʪʴ (%) 100 80 

ʊʝʨʤʽʥ ʩʣʫʞʙʠ (ʨʦʢʠ) 10-12 5-10 

ɺʘʨʪʽʩʪʴ ($/ʢɺʪĿʛʦʜ) 150-240 70-90 

ʂʽʣʴʢʽʩʪʴ ʟʘʣʠʰʢʦʚʠʭ 

ʮʠʢʣʽʚ 

5000 2500-3500 

ɽʥʝʨʛʝʪʠʯʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ (%) 

95 90 

 

ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʚʪʦʨʠʥʥʽ ʙʘʪʘʨʝʾ ʤʦʞʫʪʴ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʨʽʰʝʥʥʷʤ 

ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʩʪʽʡʢʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʥʦʟʥʦʾ ʦʮʽʥʢʠ ʟʘʣʠʰʢʦʚʦʛʦ 

ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪ ʥʘ ʟʘʤʽʥʫ ʙʘʪʘʨʝʡ ʪʘ ʦʧʪʠʤʽʟʫʻ ʾʭʥʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʮʝʥʘʨʽʷʭ. ɿʦʢʨʝʤʘ, ʫ ʩʠʩʪʝʤʘʭ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʽʢʦʚʠʭ 



68 

 

ʥʘʚʘʥʪʘʞʝʥʴ ʘʙʦ ʽʥʪʝʛʨʘʮʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʚʪʦʨʠʥʥʽ ʙʘʪʘʨʝʾ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤ. ʎʝ 

ʪʘʢʦʞ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ CO  ʟʘʚʜʷʢʠ ʟʥʠʞʝʥʥʶ ʧʦʪʨʝʙʠ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʥʦʚʠʭ ʙʘʪʘʨʝʡ. 

ɺʠʩʥʦʚʢʠ. ɯʥʪʝʛʨʘʮʽʷ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʚʪʦʨʠʥʥʠʭ 

ʣʽʪʽʡ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. ʎʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʝʥʝʨʛʦʤʝʥʝʜʞʝʨʘʤ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʧʨʦʮʝʩ ʽʥʪʝʛʨʘʮʽʾ ʙʘʪʘʨʝʡ ʫ ʩʠʩʪʝʤʠ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʚʠʪʨʘʪʠ ʥʘ ʟʘʤʽʥʫ ʙʘʪʘʨʝʡ ʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘ 15-20% ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʥʮʠʧʘʤ ʮʠʨʢʫʣʷʨʥʦʾ 

ʝʢʦʥʦʤʽʢʠ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʚʧʣʠʚʫ ʥʘ 

ʜʦʚʢʽʣʣʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʛʨʘʮʽʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʘʻ ʩʪʘʪʠ ʢʣʶʯʦʚʦʶ ʯʘʩʪʠʥʦʶ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʋʢʨʘʾʥʠ ʫ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ. 
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ɻ.ʇ. ʂʦʩʪʝʥʢʦ, ʥʘʫʢ. ʩʧʽʚʨʦʙ.,  

ɸ.ʆ. ɿʘʧʦʨʦʞʝʮʴ, ʜ.ʪ.ʥ., ʧʨʦʚ. ʥʘʫʢ.ʩʧʽʚʨʦʙ. 

ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ʎʀʈʂʋʃʗʈʅɸ ɽʂʆʅʆʄɯʂɸ ʊɸ ɽʅɽʈɻɽʊʀʏʅʀʁ ʄɽʅɽɼɾʄɽʅʊ: 

ɺʊʆʈʀʅʅɯ ɹɸʊɸʈɽɰ ɽʃɽʂʊʈʆʊʈɸʅʉʇʆʈʊʋ ʗʂ ɽʃɽʄɽʅʊ 

ʉʊɯʁʂʆɰ ɽʅɽʈɻʆʉʀʉʊɽʄʀ 

ɺʩʪʫʧ. ʉʪʨʽʤʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ ʩʪʚʦʨʶʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʫ ʢʦʥʪʝʢʩʪʽ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ [1-2]. ɺʪʦʨʠʥʥʽ ʙʘʪʘʨʝʾ 

ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ, ʟʥʠʞʫʶʯʠ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʪʘ ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʛʥʫʯʢʽʩʪʴ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʩʪʚʦʨʶʻ ʥʝ 

ʣʠʰʝ ʚʠʢʣʠʢʠ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ, ʘʣʝ ʡ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʾʭ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʘʚʪʦʤʦʙʽʣʷʭ 

ʪʘʢʽ ʙʘʪʘʨʝʾ ʱʝ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʟʘʣʠʰʢʦʚʠʡ ʧʦʪʝʥʮʽʘʣ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʩʧʨʠʷʶʯʠ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ 

ʝʥʝʨʛʦʩʠʩʪʝʤ [3-5]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʷʢ ʝʣʝʤʝʥʪʘ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʠʜʦʙʫʪʢʫ ʧʝʨʚʠʥʥʠʭ ʨʝʩʫʨʩʽʚ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʚʽʜʭʦʜʽʚ ʪʘ ʩʪʚʦʨʠʪʠ ʥʦʚʽ ʝʢʦʥʦʤʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ. ʅʘ ʈʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʛʥʦʟʥʫ ʦʮʽʥʢʫ 

ʜʦʩʪʫʧʥʦʩʪʽ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ [6]. 

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʛʥʦʟʥʽ ʦʮʽʥʢʠ ʜʦʩʪʫʧʥʦʩʪʽ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ [6] 

ʇʨʠʥʮʠʧʠ ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʨʝʩʫʨʩʽʚ ʩʪʘʶʪʴ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʫ 

ʜʦʩʷʛʥʝʥʥʽ ʮʽʣʝʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɯʥʪʝʛʨʘʮʽʷ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʫ ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ ʻ ʧʨʠʢʣʘʜʦʤ ʪʦʛʦ, ʷʢ ʢʦʥʮʝʧʮʽʾ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʝʢʪʦʨ. ʎʝ ʚʢʣʶʯʘʻ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ 

ʧʝʨʝʨʦʙʢʫ ʙʘʪʘʨʝʡ, ʱʦ ʥʝ ʣʠʰʝ ʟʥʠʞʫʻ ʝʢʦʣʦʛʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʡ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʨʠʥʢʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʙʽʟʥʝʩʫ. 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ̒  ʚʠʟʥʘʯʝʥʥʷ ʨʦʣʽ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ 

ʫ ʨʦʟʚʠʪʢʫ ʩʪʽʡʢʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ.  
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ʄʘʪʝʨʽʘʣ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʩʪʦʩʦʚʘʥʦ ʽʥʪʝʛʨʘʣʴʥʠʡ ʪʘ ʩʮʝʥʘʨʥʠʡ ʧʽʜʭʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʘʥʘʣʽʟʽ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ, ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʾʭʥʴʦʾ ʝʢʦʥʦʤʽʯʥʦʾ 

ʜʦʮʽʣʴʥʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʪʝʭʥʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʉʮʝʥʘʨʽʾ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʨʘʭʦʚʫʶʪʴ ʘʜʘʧʪʘʮʽʶ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʜʦ ʨʽʟʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʽʜʢʨʝʩʣʶʶʯʠ ʾʭʥʶ 

ʝʢʦʥʦʤʽʯʥʫ ʪʘ ʪʝʭʥʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ. ʈʦʟʛʣʷʥʫʪʽ ʩʮʝʥʘʨʽʾ ʩʪʚʦʨʶʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʽʥʚʝʩʪʠʮʽʡ ʫ ʩʪʘʣʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʝʢʪʦʨ. 

ʋ ʊʘʙʣʠʮʽ 1 ʨʦʟʛʣʷʥʫʪʦ ʩʮʝʥʘʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ 

ʟʘ ʢʣʶʯʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʝʥʝʨʛʝʪʠʯʥʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʩʪʨʦʢ ʩʣʫʞʙʠ ʙʘʪʘʨʝʡ, ʘ ʪʘʢʦʞ ʽʥʜʠʢʘʪʦʨʠ ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ.  

 

ʊʘʙʣʠʮʷ 1. ɸʥʘʣʽʟ ʩʮʝʥʘʨʽʾʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ 

ɿʘʩʪʦʩʫʚʘʥʥ

ʷ ʚʪʦʨʠʥʥʠʭ 

ʙʘʪʘʨʝʡ 

ɽʥʝʨʛʝʪʠʯʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪ

ʴ (%) 

ʉʝʨʝʜʥʽ

ʡ ʩʪʨʦʢ 

ʩʣʫʞʙʠ 

(ʨʦʢʠ) 

ɽʢʦʥʦʤʽʯʥ

ʘ ʚʠʛʦʜʘ 

(ʟʥʠʞʝʥʥʷ 

ʚʠʪʨʘʪ, %) 

ɽʢʦʣʦʛʽʯʥʠ

ʡ ʚʧʣʠʚ 

(ʟʤʝʥʰʝʥʥʷ 

CO , 

ʪʦʥʥ/ʨʽʢ) 

ɹʽʟʥʝʩ-

ʤʦʞʣʠʚʦʩʪʽ 

(ʧʨʠʙʫʪʢʦʚʽʩʪ

ʴ, %) 

ɹʘʣʘʥʩʫʚʘʥʥʷ 

ʧʽʢʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ 

85 5-7 20 15 10-15 

ɯʥʪʝʛʨʘʮʽʷ ʟ 

ɺɼɽ 
80 6-8 25 20 12-18 

ʈʝʟʝʨʚʥʝ 

ʞʠʚʣʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ 

ʦʙ'ʻʢʪʽʚ 

90 7-10 30 10 8-12 

ɺʽʨʪʫʘʣʴʥʽ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽ

ʾ (VPP) 

88 6-9 28 18 15-20 

ʉʪʘʮʽʦʥʘʨʥʽ 

ʩʠʩʪʝʤʠ 

ʥʘʢʦʧʠʯʝʥʥʷ 

87 8-10 22 17 10-14 

 

ʈʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʩʧʨʠʷʶʯʠ ʧʝʨʝʭʦʜʫ ʜʦ 

ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʜʝʰʝʚʰʽ ʪʘ 

ʝʬʝʢʪʠʚʥʽʰʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʟʙʽʣʴʰʝʥʥʶ ʾʭʥʴʦʾ ʩʪʽʡʢʦʩʪʽ. ʈʠʩʫʥʦʢ 2 ʥʘʦʯʥʦ ʽʣʶʩʪʨʫʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ 

ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʽʩʪʶ, ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʪʘ ʧʦʚʪʦʨʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʪʘʨʝʡ, ʧʽʜʢʨʝʩʣʶʶʯʠ ʾʭʥʽʡ ʚʥʝʩʦʢ ʫ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʠʥʝʨʛʽʷ ʤʽʞ ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʽʩʪʶ, ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ 

ʪʘ ʧʦʚʪʦʨʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʪʘʨʝʡ ʚ ʫʤʦʚʘʭ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 2, ʧʦʻʜʥʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʦʩʪʽ, ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ʪʘ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʩʪʚʦʨʶʻ ʟʘʤʢʥʫʪʠʡ ʮʠʢʣ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʧʨʠʥʮʠʧʘʤ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʘʥʠʭ ʙʘʪʘʨʝʡ ʩʧʨʠʷʻ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ, ʧʽʜʚʠʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

ʪʘ ʩʢʦʨʦʯʝʥʥʶ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʥʦʚʠʭ ʙʘʪʘʨʝʡ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʽʥʪʝʛʨʘʮʽʷ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʟʥʘʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʩʪʘʣʠʭ 

ʨʽʰʝʥʴ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ, ʧʽʜʚʠʱʫʶʯʠ ʡʦʛʦ ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʛʣʦʙʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ ʪʘ 

ʧʽʜʪʨʠʤʫʶʯʠ ʮʽʣʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ɺʠʩʥʦʚʢʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ 

ɯʥʪʝʛʨʘʮʽʷ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ ʫ ʩʫʯʘʩʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʻ 

ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʝʨʚʠʥʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʤʝʥʰʠʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʦʚʠʭ ʙʘʪʘʨʝʡ ʽ ʩʪʚʦʨʠʪʠ ʥʦʚʽ ʙʽʟʥʝʩ-ʤʦʞʣʠʚʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʙʘʪʘʨʝʡ 

ʫ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ, ʷʢ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʨʝʟʝʨʚʥʝ ʞʠʚʣʝʥʥʷ ʯʠ ʽʥʪʝʛʨʘʮʽʷ 

ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ, ʻ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ ʽ ʪʝʭʥʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʪʦʨʠʥʥʽ ʙʘʪʘʨʝʾ ʤʘʶʪʴ ʟʥʘʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʫ ʩʪʚʦʨʝʥʥʽ ʩʪʽʡʢʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. ɿʦʢʨʝʤʘ, ʩʮʝʥʘʨʽʾ ʾʭʥʴʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʜʘʪʥʽʩʪʴ ʟʥʠʞʫʚʘʪʠ ʚʠʪʨʘʪʠ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʪʘ ʩʧʨʠʷʪʠ ʜʦʩʷʛʥʝʥʥʶ ʮʽʣʝʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɯʥʪʝʛʨʘʮʽʷ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʩʧʨʠʷʻ 

ʛʥʫʯʢʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʝʢʦʣʦʛʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʆʢʨʽʤ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʝʨʝʚʘʛ, ʨʝʘʣʽʟʘʮʽʷ ʧʨʠʥʮʠʧʽʚ ʮʠʨʢʫʣʷʨʥʦʾ 

ʝʢʦʥʦʤʽʢʠ ʯʝʨʝʟ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʪʘʨʝʡ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʥʦʚʠʭ ʨʠʥʢʽʚ ʽ 

ʙʽʟʥʝʩ-ʤʦʜʝʣʝʡ. ʎʝ ʚʢʣʶʯʘʻ ʨʠʥʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʧʦʩʣʫʛʠ ʨʝʟʝʨʚʥʦʛʦ 

ʞʠʚʣʝʥʥʷ ʪʘ ʘʚʪʦʥʦʤʥʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʱʦ ʻ ʧʨʠʚʘʙʣʠʚʠʤʠ ʜʣʷ ʽʥʚʝʩʪʦʨʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʦʟʨʦʙʥʠʢʽʚ. 

ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʚ ʋʢʨʘʾʥʽ ʚʘʞʣʠʚʦ 
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ʟʘʙʝʟʧʝʯʠʪʠ ʰʠʨʰʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʾʭʥʴʦʛʦ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʠʪʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʫ ʙʘʟʫ, ʱʦ ʩʪʠʤʫʣʶʚʘʪʠʤʝ ʽʥʥʦʚʘʮʽʾ 

ʫ ʩʬʝʨʽ ʧʝʨʝʨʦʙʢʠ ʪʘ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝ ʣʠʰʝ 

ʝʢʦʣʦʛʽʯʥʫ, ʘ ʡ ʝʥʝʨʛʝʪʠʯʥʫ ʩʪʽʡʢʽʩʪʴ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. 
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ʋɼʂ 621.311 
ɼʘʥʽʰʝʚʩʴʢʠʡ ɸ.ʉ., ʘʩʧʽʨʘʥʪ 

ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ  

ʅɸʅ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ 

 

ɼʀʅɸʄɯʂɸ ʊɽʇʃʆʇʈʆɺɯɼʅʆʉʊɯ ʇɯʅʆʇʆʃɯʋʈɽʊɸʅʆɺʆɰ 

ɯɿʆʃʗʎɯɰ ʆɻʆʈʆɼɾʋɺɸʃʔʅʆɰ ʂʆʅʉʊʈʋʂʎɯɰ ɹʋɼɯɺʃɯ 
 

ɺʩʪʫʧ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʆʂ) ʩʪʽʥ, ʦʩʦʙʣʠʚʦ ʚ 

ʢʦʥʪʝʢʩʪʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ ʫ ʙʫʜʽʚʣʷʭ. ʆʩʢʽʣʴʢʠ ʢʨʘʾʥʘ 

ʩʪʠʢʘʻʪʴʩʷ ʟ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʦʙʤʝʞʝʥʥʷʤ ʨʝʩʫʨʩʽʚ, ʝʬʝʢʪʠʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʙʫʜʽʚʣʷʭ ʥʘʙʫʚʘʻ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɺ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʽ ʩʢʣʘʜʥʦʱʽʚ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ, ʧʦʢʨʘʱʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʾ 

ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʽʥʦʚʠʭ ʆʂ ʩʧʨʠʷʪʠʤʫʪʴ ʟʥʘʯʥʦʤʫ ʟʤʝʥʰʝʥʥʶ 

ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʤʽʱʝʥʴ. ʎʝ ʜʦʧʦʤʦʞʝ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʣʝʢʪʨʦʤʝʨʝʞʽ, ʷʢʽ ʚʞʝ ʧʨʘʮʶʶʪʴ ʥʘ 

ʤʝʞʽ ʤʦʞʣʠʚʦʩʪʝʡ, ʪʘ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʜʦ ʤʦʞʣʠʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʨʠʟ. ʊʦʤʫ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʂ ʻ ʢʣʶʯʦʚʠʤ ʥʘʧʨʷʤʢʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʫʤʦʚʘʭ ʾʭ 

ʦʙʤʝʞʝʥʦʩʪʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɼʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʧʦʣʽʫʨʝʪʘʥ) ʆʂ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʙʫʜʽʚʣʶ, ʱʦ ʧʦʪʨʝʙʫʻ ʪʝʨʤʦʨʝʥʦʚʘʮʽʾ. 

ʎʝ ʪʨʠʧʦʚʝʨʭʦʚʘ ʛʨʦʤʘʜʩʴʢʘ ʩʧʦʨʫʜʘ, ʚʚʝʜʝʥʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ 1973 ʨʦʮʽ, ʟʙʫʜʦʚʘʥʘ ʟʘ ʪʠʧʦʚʠʤ 

ʧʨʦʝʢʪʦʤ ˉ 416-3-3/70 (1966 ʨ.) ʧʽʜ ʥʘʟʚʦʶ "ʋʥʽʚʝʨʩʘʣʴʥʘ 3-ʧʦʚʝʨʭʦʚʘ ʩʧʦʨʫʜʘ ʨʦʟʤʽʨʦʤ 18x60 

ʤ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʢʦʨʧʫʩʽʚ, ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʙʶʨʦ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ". 

ʊʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʩʪʘʨʠʭ ʚʽʢʦʥ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʥʘ ʩʫʯʘʩʥʽ 

ʩʢʣʦʧʘʢʝʪʠ ʪʘ ʚʣʘʰʪʫʚʘʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʨʽʟʥʠʭ ʚʠʜʽʚ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʯʘʩʪʠʥʽ 

ʧʣʦʱʽ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʞ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʬʘʩʘʜʽ ʙʫʜʽʚʣʽ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʫʪʝʧʣʝʥʥʷ ʆʂ ʚʝʨʭʥʴʦʛʦ ʧʦʚʝʨʭʫ ʢʦʨʧʫʩʫ ˉ 1 ɯʊʊʌ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʩʪʘʥ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʪʝʧʣʶʚʘʯʝʤ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ, ʱʦ 

ʚʢʣʁʯʘʻ ʜʘʪʯʠʢʠ, ʚʪʦʨʠʥʥʽ ʧʨʠʣʘʜʠ ʽ ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧ'ʶʪʝʨ [1]. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʦʶ ʪʝʧʣʦʬʽʟʠʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʻ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ɿʛʽʜʥʦ ʟ [2, 3], ʬʘʢʪʠʯʥʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʤʝʪʦʜʦʤ ʪʝʧʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʫ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ. ʎʝʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʫ 

ʚʠʤʽʨʶʚʘʥʥʽ ʬʘʢʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʩʪʘʣʦʤʫ ʪʝʧʣʦʚʦʤʫ ʨʝʞʠʤʽ ʟʘ ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʦʣʦʛʽʩʥʠʭ ʫʤʦʚ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʆʂ. ɿʦʢʨʝʤʘ: 

¶ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʽʰʥʴʦʾ ʽ 

ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʦʥʴ ʥʘ ʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʘʢʪʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ; 

¶ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʦʪʦʯʫʻ ʢʦʥʩʪʨʫʢʮʽʶ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʨʦʟʨʘʭʦʚʫʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ [2]. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʙʫʣʠ ʟʽʙʨʘʥʽ ʟʘ ʩʽʯʝʥʴ-ʣʶʪʠʡ 2024 ʨʦʢʫ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʙʫʚ ʦʙʨʘʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʟ 18:00 7 ʩʽʯʥʷ 2024 ʨʦʢʫ ʧʦ 6:00 8 ʩʽʯʥʷ 2024 ʨʦʢʫ, ʪʘʢ 

ʷʢ ʮʝ ʥʽʯʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʟʘ ʷʢʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʥʝ ʤʝʥʰʠʡ ʥʽʞ 15 ʂ (ȹʊʅʉ Ó 15K) [4], 

ʚʽʜʩʫʪʥʽʡ ʚʧʣʠʚ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʧʝʨʩʦʥʘʣʫ. 

ɼʘʣʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʷʢʦʛʦ 11 ʨʦʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ [2]. 

ʅʘ ʨʠʩʫʥʢʫ 2 ʚʽʜʦʙʨʘʞʝʥʦ ʯʘʩʦʚʫ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʣʽʫʨʝʪʘʥʫ. ɼʘʥʽ ʟʘ ʧʦʧʝʨʝʜʥʽ ʨʦʢʠ ʚʟʷʪʽ ʟ[5, 6]. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʣʽʫʨʝʪʘʥʫ ʟʘ 11 ʨʦʢʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

ʅʘ ʨʠʩʫʥʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʧʝʨʰʽ 

ʨʦʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿ 2013 ʨʦʢʫ ʜʦ 2019 ʨʦʢʫ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʣʽʫʨʝʪʘʥʫ ʟʨʽʩ ʟ 

0,025 ɺʪ/(ʤĿʂ) ʜʦ 0,029 ɺʪ/(ʤĿʂ). ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʫ ʟ ʯʘʩʦʤ, ʡʤʦʚʽʨʥʦ, ʯʝʨʝʟ ʩʪʘʨʽʥʥʷ, ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ (ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʠ, 

ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʘʙʦ ʜʝʛʨʘʜʘʮʽʶ ʩʪʨʫʢʪʫʨʠ. 

ʇʽʩʣʷ 2019 ʨʦʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʥʦʩʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʘ 

ʨʽʚʥʽ 0,03 ɺʪ/(ʤĿʂ). ʎʝ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʧʽʩʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʧʝʨʽʦʜʫ ʩʪʘʨʽʥʥʷ ʤʘʪʝʨʽʘʣ 

ʜʦʩʷʛ ʩʪʘʙʽʣʴʥʦʛʦ ʩʪʘʥʫ ʽ ʡʦʛʦ ʧʦʜʘʣʴʰʘ ʜʝʛʨʘʜʘʮʽʷ ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ ʘʙʦ ʟʫʧʠʥʷʻʪʴʩʷ. 

ʅʘʡʙʽʣʴʰʠʡ ʧʨʠʨʽʩʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜʙʫʚʩʷ ʤʽʞ 2013 ʪʘ 2019 ʨʦʢʘʤʠ (ʥʘ 0,004 ɺʪ/(ʤĿʂ), ʘʙʦ 

16%). ʋ ʧʝʨʽʦʜ ʟ 2019 ʧʦ 2024 ʨʽʢ ʟʤʽʥʘ ʩʢʣʘʣʘ ʣʠʰʝ 0,001 ɺʪ/(ʤĿʂ), ʪʦʙʪʦ 3,4%. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ 

ʛʧ̔ʦʪʝʟʫ ʧʨʦ ʥʝʣʽʥʽʡʥʫ ʜʠʥʘʤʽʢʫ ʜʝʩʪʨʫʢʮʽʾ ʪʘ ʥʝʣʽʥʽʡʥʝ çʩʪʘʨʽʥʥʷè ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʦʣʽʫʨʝʪʘʥʫ. 

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʚ ʧʝʨʰʽ ʨʦʢʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʣʽʫʨʝʪʘʥʫ, ʱʦ ʤʦʞʝ 

ʩʚʽʜʯʠʪʠ ʧʨʦ ʜʝʛʨʘʜʘʮʽʶ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʜʝʩʪʨʫʢʮʽʶ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ ʧʽʜ 

ʚʧʣʠʚʦʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ. ʆʜʥʘʢ, ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʪʘʙʽʣʽʟʫʚʘʚʩʷ, ʱʦ ʤʦʞʝ 

ʚʢʘʟʫʚʘʪʠ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʤʘʪʝʨʽʘʣʦʤ ʩʪʘʙʽʣʴʥʦʛʦ ʩʪʘʥʫ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʣʝʞʥʽ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʫʨʝʪʘʥʫ ʪʘ ʧʨʦ ʪʝ, ʱʦ ʮʝʡ ʤʘʪʝʨʽʘʣ  ̒ ʝʬʝʢʪʠʚʥʠʤ 

ʪʝʧʣʦʽʟʦʣʷʪʦʨʦʤ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʣʽʫʨʝʪʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʪʘ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʚʘʞʣʠʚʽʩʪʴ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʦʮʽʥʢʠ ʟʤʽʥ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʋɼʂ 621.311 

ʃʝʱʝʥʢʦ ʇ.ʄ., ʘʩʧʽʨʘʥʪ 

ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ʉɺɯʊʆɺʀʁ ɼʆʉɺɯɼ ʆʈɻɸʅɯɿɸʎɯɰ ʂɽʈʋɺɸʅʅʗ ʂʃɸʉʊɽʈɸʄʀ 

ʄɯʂʈʆʄɽʈɽɾ 
ɯʥʪʝʛʨʘʮʽʷ ʜʞʝʨʝʣ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʚ ʪʨʘʜʠʮʽʡʥʫ ʝʥʝʨʛʦʩʠʩʪʝʤʫ ʻ ʩʢʣʘʜʥʠʤ 

ʧʨʦʮʝʩʦʤ ʯʝʨʝʟ ʨʦʟʧʦʜʽʣʝʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʠʭ ʨʝʩʫʨʩʽʚ ʽ ʾʭ ʥʝʩʪʘʙʽʣʴʥʫ ʛʝʥʝʨʘʮʽʶ. 

ʅʘ ʨʽʚʥʽ ʨʦʟʧʦʜʽʣʫ ʤʝʨʝʞʽ ʪʨʘʜʠʮʽʡʥʦ ʧʨʘʮʶʚʘʣʠ ʷʢ ʧʘʩʠʚʥʽ ʩʠʩʪʝʤʠ. ʇʨʦʪʝ, 

ʽʥʪʝʛʨʘʮʽʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʨʝʩʫʨʩʽʚ ʛʝʥʝʨʘʮʽʾ ʧʝʨʝʪʚʦʨʶʻ ʮʽ ʤʝʨʝʞʽ ʥʘ ʘʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʟ 

ʨʦʟʧʦʜʽʣʝʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʪʘ ʜʚʦʥʘʧʨʘʚʣʝʥʠʤʠ ʧʦʪʦʢʘʤʠ ʝʥʝʨʛʽʾ. ʉʘʤʝ ʪʦʤʫ ʧʦʪʨʽʙʥʽ ʥʦʚʽ 

ʢʦʥʮʝʧʮʽʾ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʘʢʪʠʚʥʠʭ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞ, ʜʝ ʦʜʥʽʻʶ ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ 

ʩʪʨʫʢʪʫʨ ʤʝʨʝʞ ʻ ʤʽʢʨʦʤʝʨʝʞʽ. 

ʂʦʥʮʝʧʮʽʷ ʤʽʢʨʦʤʝʨʝʞ ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʘ ʜʦ ʙʽʣʴʰʠʭ ʤʘʩʰʪʘʙʽʚ, ʢʦʣʠ ʜʚʽ ʯʠ 

ʙʽʣʴʰʝ ʤʽʢʨʦʤʝʨʝʞʽ ʧʨʘʮʶʶʪʴ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʦ, ʪʘʢʠʤ ʯʠʥʦʤ ʫʪʚʦʨʶʶʯʠ ʢʣʘʩʪʝʨ 

ʤʽʢʨʦʤʝʨʝʞ. ʄʽʢʨʦʤʝʨʝʞʽ ʢʣʘʩʪʝʨʫ ʤʦʞʫʪ ɹʧʽʜôʻʜʥʫʚʘʪʠʩʴ ʜʦ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞ (ʨʝʞʠʤ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ) ʪʘ ʚʽʜᾷ̒ ʜʥʫʚʘʪʠʩʴ ʚʽʜ ʤʝʨʝʞʽ (̔ ʟʦʣʴʦʚʘʥʠʡ ʨʝʞʠʤ)[1]. 

ʋ ʣʽʪʝʨʘʪʫʨʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʢʦʥʪʨʦʣʽ 

ʪʘ ʫʧʨʘʚʣʽʥʥʽ ʤʽʢʨʦʤʝʨʝʞʝʚʠʤʠ ʢʣʘʩʪʝʨʘʤʠ, ʧʨʦʧʦʥʫʶʪʴʩʷ ʨʽʟʥʽ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ʎ ̔ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʟʘ ʪʘʢʠʤʠ ʘʨʭʽʪʝʢʪʫʨʘʤʠ:  

ï ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ [2, 3], ʷʢʘ ʻ ʧʨʦʩʪʦʶ ʩʭʝʤʦʶ ʟ ʥʠʟʴʢʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ. ʇʨʠʩʫʪʥʷ ʻʜʠʥʘ ʪʦʯʢʘ ʚʽʜʤʦʚʠ, ʧʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʦʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʭʦʜʫ ʽʟ ʣʘʜʫ ʚʩʴʦʛʦ ʢʣʘʩʪʝʨʫ; ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʦʙʣʝʤʠ ʟ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ; ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʫ 

ʥʘʜʽʡʥʠʭ ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ ʤʽʞ ʮʝʥʪʨʘʣʴʥʠʤ ʪʘ ʣʦʢʘʣʴʥʠʤʠ ʢʦʥʪʨʦʣʝʨʘʤʠ; 

ï ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ [2, 3], ʷʢʘ ʥʘʜʘʻ ʧʦʚʥʫ ʘʚʪʦʥʦʤʥʽʩʪʴ ʢʦʞʥʽʡ ʤʽʢʨʦʤʝʨʝʞʽ, ʱʦ 

ʚʭʦʜʠʪʴ ʜʦ ʢʣʘʩʪʝʨʫ, ʘʣʝ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʤʽʢʨʦʤʝʨʝʞʘʤʠ ʥʝ ʤʦʞʝ 

ʛʘʨʘʥʪʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʨʦʙʦʪʫ ʚʩʴʦʛʦ ʢʣʘʩʪʝʨʫ, ʘ ʥʘ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʢʦʥʢʫʨʝʥʮʽʷ ʤʽʞ ʦʢʨʝʤʠʤʠ ʙʣʦʢʘʤʠ; ʢʝʨʫʚʘʥʥʷ ʫʩʢʣʘʜʥʝʥʝ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʝʨʫ; 

ï ʨʦʟʧʦʜʽʣʝʥʦʶ [3, 4], ʷʢʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʦʨʜʠʥʘʮʽʻ ʁʤʽʞ ʦʢʨʝʤʠʤʠ 

ʤʽʢʨʦʤʝʨʝʞʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʥʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʩʴʦʛʦ ʢʣʘʩʪʝʨʫ; ʘʣʝ 

ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʫ ʥʘʜʽʡʥʠʭ ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ; 

ï ʽʻʨʘʨʭʽʯʥʦʶ [2], ʚ ʷʢʽʡ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʰʘʨʠ (ʨʽʚʥʽ) ʽʟ ʨʽʟʥʠʤʠ 

ʟʘʚʜʘʥʥʷʤʠ ʪʘ ʮʽʣʷʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʰʘʨʫ; ʷʚʣʷʻ ʩʦʙʦʶ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʟ 

ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʪʘ ʥʠʟʴʢʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʠʪʨʘʪʘʤʠ; ʘʣʝ ʤʘʻ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʙʦʾʚ ʯʝʨʝʟ ʞʦʨʩʪʢʽ ʟʚᾷ̫ ʟʢʠ ʤʽʞ ʰʘʨʘʤʠ ʫʧʨʘʚʣʷʥʥʷ;  

ï ʪʝʭʥʦʣʦʛʽʻʶ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ [5, 6], ʷʢʘ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ 

ʩʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʥʦʤʥʠʭ ʪʘ ̔ ʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʛʝʥʪʽʚ. 

ʋʜʦʩʢʦʥʘʣʝʥʽ ʘʛʝʥʪʠ ʢʝʨʫʚʘʥʥʷ ʤʦʞʫʪʴ ʚʠʨʽʰʫʚʘʪʠ ʟʥʘʯʥʦ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʧʨʦʙʣʝʤʠ 

ʢʦʦʨʜʠʥʘʮʽʾ ʟʘʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʛʘʣʴʥʦʾ (ʘʙʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ) ʤʝʪʠ [6]; ʎʝʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʫ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʤʝʨʝʞʽ; ʚʩʽ ʘʛʝʥʪʠ ʫʧʨʘʚʣʽʥʥʷ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ, ʱʦ ʚʠʤʘʛʘʻ 

ʥʘʷʚʥʦʩʪʽ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʘʛʝʥʪʽʚ; 

ï ʩʪʨʫʢʪʫʨʘ çʩʠʩʪʝʤʘ ʩʠʩʪʝʤè [7, 8], ʷʢʘ ʦʙôʻʜʥʫʻ ʪʘ ʢʦʦʨʜʠʥʫʻ ʜʝʢʽʣʴʢʘ ʩʠʩʪʝʤ, 

ʫʪʚʦʨʶʶʯʠ ʙʽʣʴʰ ʚʝʣʠʢʫ ʽ ʩʢʣʘʜʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʽ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʨʽʰʝʥʽ ʦʜʥʽʻʶ ʩʠʩʪʝʤʦʶ ʘʙʦ ʛʨʫʧʦʶ ʥʝʩʢʦʦʨʜʠʥʦʚʘʥʠʭ ʩʠʩʪʝʤ; ʤʘʻ ʚʠʩʦʢʽ ʦʧʝʨʘʮʽʡʥʽ 

ʚʠʪʨʘʪʠ. 

ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʽʢʨʦʤʝʨʝʞʝʚʠʭ 

ʢʣʘʩʪʝʨʽʚ ̒  ʦʨʛʘʥʽʟʘʮʽʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʽʞ ʤʽʢʨʦʤʝʨʝʞʘʤʠ 

ʢʣʘʩʪʝʨʫ, ʪʦʙʪʦ, ʥʘʷʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʢʫʧʽʚʣʽ ʪʘ ʧʨʦʜʘʞʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʂʦʥʮʝʧʮʽʷ 

ʢʣʘʩʪʝʨʽʚ ʤʽʢʨʦʤʝʨʝʞ ʤʦʞʝ ʚʽʜʽʛʨʘʚʘʪʠ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʩʮʝʥʘʨʽʾ, ʜʝ ʤʽʢʨʦʤʝʨʝʞʽ ʟ 
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ʥʘʜʣʠʰʢʦʤ ʝʥʝʨʛʽʾ ʩʧʽʚʧʨʘʮʶʶʪʴ ʟ ʤʽʢʨʦʤʝʨʝʞʘʤʠ ʟ ʜʝʬʽʮʠʪʦʤ ʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʦʙʤʽʥʫ 

ʥʘʜʣʠʰʢʦʚʦʶ ʝʥʝʨʛʽʻʶ. ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʮʽʻʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʦʨʛʽʚʣʽ ʤʽʞ ʦʢʨʝʤʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʠʥʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʪ ɹ

ʧʨʦʟʦʨʽʩʪʴ ʪʦʨʛʽʚʝʣʴʥʠʭ ʧʨʦʧʦʟʠʮʽʡ ʤʽʞ ʧʨʦʜʘʚʮʷʤʠ ʪʘ ʧʦʢʫʧʮʷʤʠ. ʎʝʡ ʨʠʥʦʢ ʤʦʞʝ ʙʫʪʠ 

ʷʢ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ, ʪʘʢ ʽ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ. 

ɺ ʣʽʪʝʨʘʪʫʨʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʨʠʥʢʦʚʽ ʤʦʜʝʣʽ: 

ï P2G (prosumer-to-grid) ʤʦʜʝʣʴ ï ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʤʦʜʝʣʴ, ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʦʧʝʨʘʪʦʨʘ 

ʨʠʥʢʫ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʮʝʥʪʨʘʣʴʥʠʡ ʩʫʙôʻʢʪ, ɦ ʦ ʢʦʥʪʨʦʣʶʻ ʚʩʽ ʢʦʥʪʨʘʢʪʠ ʪʘ ʚʩʪʘʥʦʚʣʶʻ 

ʮʽʥʠ ʪʘ ʦʙʩʷʛʠ ʥʘ ʨʠʥʢʫ ʜʣʷ ʢʦʞʥʦʛʦ ʪʦʨʛʦʚʦʛʦ ʧʝʨʽʦʜʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʷʚʦʢ ʽ ʧʨʦʧʦʟʠʮʽʡ, 

ʟʨʦʙʣʝʥʠʭ ʫʯʘʩʥʠʢʘʤʠ; 

ï P2P (peer-to-peer) ʤʦʜʝʣʴ ï ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʨʠʥʢʦʚʠʡ ʧʽʜʭʽʜ, ʧʨʠ ʷʢʦʤʫ 

ʮʝʥʪʨʘʣʴʥʠʡ ʦʧʝʨʘʪʦʨ ʨʠʥʢʫ ʥʝ ʧʦʪʨʽʙʝʥ, ̔  ʢʦʞʝʥ ʩʧʦʞʠʚʘʯ ʯʠ ʧʦʩʪʘʯʘʣʴʥʠʢ ʚʩʪʫʧʘʻ ʚ 

ʪʦʨʛʦʚʽ ʚʽʜʥʦʩʠʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʽʥʰʠʤ ʩʧʦʞʠʚʘʯʝʤ ʯʠ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ [9]. ʄʦʞʣʠʚʘ 

ʨʝʘʣʽʟʘʮʽʷ ʽʟ ʥʝʩʠʤʝʪʨʠʯʥʠʤ ʧʫʣʦʤ (ʚʠʤʘʛʘʶʪʴʩʷ ʟʘʷʚʢʠ ʚʽʜ ʛʨʘʚʮʽʚ ʨʠʥʢʫ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ ʟ̔  ʩʪʦʨʦʥʠ ʧʦʧʠʪʫ ʘʙʦ ʧʨʦʧʦʟʠʮʽʾ) ʪʘ ʩʠʤʝʪʨʠʯʥʠʤ ʧʫʣʦʤ (ʚʠʤʘʛʘʶʪʴʩʷ 

ʟʘʷʚʢʠ ʚʽʜ ʛʨʘʚʮʽʚ ʨʠʥʢʫ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ ʷʢ ʟʽ ʩʪʦʨʦʥʠ ʧʦʧʠʪʫ, ʪʘʢ ʽ ʟʽ 

ʩʪʦʨʦʥʠ ʧʨʦʧʦʟʠʮʽʾ) [12]; 

ï ʛ̔ʙʨʠʜʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʦʙᾷʻʜʥʫʻ ʤʦʜʝʣʽ P2P ʠ P2G. ʊʘʢʘ ʤʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʨʫʧ 

ʩʧʦʞʠʚʘʯʽʚ/ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʱʦ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʨʠʥʢʫ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʮʽ ʛʨʫʧʠ ʪʘ ʽʥʰʽ ʫʯʘʩʥʠʢʠ ʨʠʥʢʫ ʤʦʞʫʪʴ ʪʦʨʛʫʚʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʦʜʠʥ ʽʟ ʦʜʥʠʤ ʚ ʨʝʞʠʤʽ 

P2P [10,11]. 

ɺʠʩʥʦʚʢʠ. ɯʥʪʝʛʨʘʮʽʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʪʨʘʜʠʮʽʡʥʫ ʝʥʝʨʛʦʩʠʩʪʝʤʫ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʢʣʘʩʪʝʨʽʚ ʤʽʢʨʦʤʝʨʝʞ ʥʘʜʘʻ ʷʢ ʩʧʦʞʠʚʘʯʘʤ ʪʘʢ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʠʥʢʫ. ʇʨʠ ʮʴʦʤʫ ʢʣʶʯʦʚʘ ʨʦʣʴ ʚ 

ʨʦʙʦʪʽ ʢʣʘʩʪʝʨʽʚ ʚʽʜʚʦʜʠʪʴʩʷ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʤʘʶʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʜʦ 

ʘʨʭʽʪʝʢʪʫʨʠ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʤʝʨʝʞʽ. ɺʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʫʧʨʘʚʣʽʥʥʷ ʷʚʣʷʻ 

ʩʦʙʦʶ ʢʦʤʧʣʝʢʩʥʫ ʟʘʜʘʯʫ, ʱʦ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ, ʘ ʩʘʤʝ ʪʦʧʦʣʦʛʽʶ 

ʧʦʙʫʜʦʚʠ ʢʣʘʩʪʝʨʫ ʤʽʢʨʦʤʝʨʝʞ, ʪʠʧ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ, ʪʝʭʥʦʣʦʛʽʶ ʦʨʛʘʥʽʟʘʮʽʾ ʟôʻʜʥʘʥʴ, ʚʠʤʦʛʠ 

ʜʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʡ ʥʘʜʽʡʥʦʩʪʽ, ʩʧʦʩʦʙʠ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʭʠʩʪʫ, ʪʦʱʦ. 
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ʋɼʂ 621.311 

ʇʨʠʪʠʩʢʘʯ ɯ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè  

 

ɺʀɹɯʈ ɸʈʍɯʊɽʂʊʋʈʀ ɯʅʌʆʈʄɸʎɯʁʅʆɻʆ ʂʆʄʇʃɽʂʉʋ ɼʃʗ 

ʆʇʊʀʄɯɿɸʎɯɰ ʈɽɾʀʄɯɺ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ɽʅɽʈɻɽʊʀʏʅʀʍ 

ʉʇɯʃʔʅʆʊ 
ɽʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʽʣʴʥʦʪ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʨʦʟʦʩʝʨʝʜʞʝʥʽ ʥʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʜʽʡʥʦʾ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʪʘʢʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʜʞʝʨʝʣ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʛʝʥʝʨʘʮʽʾ, ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʮʴʦʛʦ ʨʦʟʛʣʷʜʫ ʟʫʤʦʚʣʝʥʘ ʟʦʢʨʝʤʘ ʽʥʪʝʛʨʘʮʽʻʶ 

ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʽ ʪʘ ʚʽʪʨʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʩʠʩʪʝʤ 

ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʧʦʞʠʚʘʥʥʷʤ, ʱʦ ʚʠʤʘʛʘʻ ʝʬʝʢʪʠʚʥʠʭ 

ʨʽʰʝʥʴ ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ.  ʂʨʽʤ ʮʴʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʟʘʙʝʟʧʝʯʠʪʴ ʧʨʦʟʦʨʽʩʪʴ ʨʦʙʦʪʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʧʽʣʴʥʦʪʠ, ʥʘʜʘʶʯʠ ʯʣʝʥʘʤ 

ʩʧʽʣʴʥʦʪʠ, ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤ ʪʘ ʦʧʝʨʘʪʦʨʘʤ ʜʦʩʪʫʧ ʜʦ ʘʢʪʫʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʢʣʶʯʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʩʠʩʪʝʤ ʾʾ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʣʶʯʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʱʦ ʚʢʣʶʯʘʶʪʴ: 

ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʜʘʪʯʠʢʠ, ʢʦʤʫʥʽʢʘʮʽʡʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ), ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

(ʤʦʜʫʣʽ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʽʥʪʝʨʬʝʡʩʠ ʢʦʨʠʩʪʫʚʘʯʘ), ʘ ʪʘʢʦʞ ʧʠʪʘʥʥʷ ʙʝʟʧʝʢʠ 

ʪʘ ʟʘʭʠʩʪʫ ʜʘʥʠʭ (ʨʠʩ. 1). 

  

  

ʈʠʩʫʥʦʢ 1  ̨ʉʪʨʫʢʪʫʨʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʧʽʣʴʥʦʪʠ 

  

ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʩʠʩʪʝʤʫ, ʱʦ ʦʙ'ʻʜʥʫʻ 

ʨʽʟʥʦʤʘʥʽʪʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɺ ʦʩʥʦʚʽ ʣʝʞʠʪʴ ʨʦʟʧʦʜʽʣʝʥʘ ʤʝʨʝʞʘ 

ʜʘʪʯʠʢʽʚ, ʷʢʽ ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʧʨʦ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʷʢ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʷʢ ʛʝʥʝʨʘʮʽʶ ʝʥʝʨʛʽʾ, 

ʩʪʘʥ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ (ʨʽʚʝʥʴ ʟʘʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʽʚ), ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ (ʩʦʥʷʯʥʘ 

ʽʥʩʦʣʷʮʽʷ, ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʪʘ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʝʥʝʨʘʮʽʶ). ɼʣʷ ʟʚ'ʷʟʢʫ ʟ 
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ʜʘʪʯʠʢʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʤʠʩʣʦʚʽ ʧʨʦʪʦʢʦʣʠ, ʟʦʢʨʝʤʘ ʙʝʟʜʨʦʪʦʚʽ - Zigbee, Z-Wave, 

LoRaWAN ʪʘ ʧʨʦʚʽʜʥʽ - Modbus, DNP3. 

ɿʽʙʨʘʥʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʩʭʦʚʠʱʘ ʯʝʨʝʟ ʢʦʤʫʥʽʢʘʮʽʡʥʫ ʤʝʨʝʞʫ 

(LAN ʪʘ ɯʥʪʝʨʥʝʪ-ʟ'ʻʜʥʘʥʥʷ) ʟʘ ʜʦʧʦʤʦʛʦʶ IoT-ʰʣʶʟʽʚ. ʉʭʦʚʠʱʝ ʜʘʥʠʭ, ʨʝʘʣʽʟʦʚʘʥʝ ʥʘ ʙʘʟʽ 

ʩʝʨʚʝʨʽʚ ʟ SQL/NoSQL ʙʘʟʘʤʠ ʜʘʥʠʭ, ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʫ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ. 

ʅʘʩʪʫʧʥʠʡ ʨʽʚʝʥʴ ï ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ: 

¶ ʤʦʜʫʣʽ ʟʙʦʨʫ ʜʘʥʠʭ, ʷʢʽ ʘʛʨʝʛʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ API 

ʜʦʩʪʫʧʫ ʜʦ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ ʜʘʪʯʠʢʽʚ; 

¶ ʘʥʘʣʽʟʘʪʦʨʠ ʷʢʦʩʪʽ ʜʘʥʠʭ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʢʦʥʪʨʦʣʶ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʮʽʣʽʩʥʦʩʪʽ 

ʜʘʥʠʭ; 

¶ ʤʦʜʫʣʽ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʻʶ, ʩʧʦʞʠʚʘʥʥʷʤ ʪʘ 

ʥʘʢʦʧʠʯʝʥʥʷʤ ʝʥʝʨʛʽʾ. ɺ ʷʢʦʩʪʽ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟʦʢʨʝʤʘ 

ʘʣʛʦʨʠʪʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [1]; 

¶ ʤʦʜʫʣʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. ɺ ʷʢʦʩʪʽ ʤʦʜʝʣʝʡ ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʦʜʥʦʢʨʠʪʝʨʽʘʣʴʥʽ ʪʘʢ ʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʽ ʤʦʜʝʣʽ [2]. 

ʈʽʚʝʥʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʢʣʶʯʘʻ ʧʘʥʝʣʽ ʤʦʥʽʪʦʨʠʥʛʫ, ʘ ʪʘʢʦʞ ʟʚʽʪʠ ʪʘ ʘʥʘʣʽʪʠʯʥʽ 

ʜʘʰʙʦʨʜʠ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʪʘ ʚ 

ʽʩʪʦʨʠʯʥʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. ɯʥʪʫʾʪʠʚʥʽ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʬʫʥʢʮʽʦʥʘʣʫ ʜʣʷ 

ʦʧʝʨʘʪʦʨʽʚ, ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʨʠʢʣʘʜ ʩʪʦʨʽʥʢʠ ʟ ʚʽʜʦʙʨʘʞʝʥʥʷʤʠ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʧʽʣʴʥʦʪʠ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.   

 

ʈʠʩʫʥʦʢ 2 ä ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

  

ɯʥʰʠʤ ʢʣʶʯʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʻ ʢʦʤʧʣʝʢʩʥʘ ʩʠʩʪʝʤʘ 

ʙʝʟʧʝʢʠ, ʱʦ ʚʢʣʶʯʘʻ ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ, ʘʚʪʦʨʠʟʘʮʽʶ, ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʙʝʟʧʝʢʠ, 

ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʜʘʥʠʭ ʪʘ ʮʽʣʽʩʥʽʩʪʴ ʩʠʩʪʝʤʠ. ɽʬʝʢʪʠʚʥʘ ʚʟʘʻʤʦʜʽʷ ʚʩʽʭ ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ ʪʘ ʦʧʪʠʤʘʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʧʽʣʴʥʦʪʠ, ʩʧʨʠʷʶʯʠ ʩʪʘʣʦʤʫ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ.  

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʽʣʴʥʦʪ. ʂʦʤʧʣʝʢʩ, ʱʦ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʙʘʛʘʪʦʨʽʚʥʝʚʽʡ ʩʠʩʪʝʤʽ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʛʝʥʝʨʘʮʽʶ, 

ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ 

ʘʣʛʦʨʠʪʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʧʦʚʠʥʥʝ ʩʧʨʠʷʪʠ 
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1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè; 

 2ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ. 

 

 

ɽʂʆʅʆʄɯʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɽʅɽʈɻʆʆʑɸɼʅʀʍ ɿɸʍʆɼɯɺ ɺ 

ʈʆɿʇʆɼɯʃʔʏʀʍ ɽʃɽʂʊʈʀʏʅʀʍ ʄɽʈɽɾɸʍ 
ɺʩʪʫʧ. ʇʨʠʢʣʘʜʦʤ ʝʬʝʢʪʠʚʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʜʽʡ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʻ ʨʦʙʦʪʠ ʧʦ 

ʥʦʨʤʘʣʽʟʘʮʽʾ ʧʦʪʦʢʽʚ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽ ʾʾ ʢʦʤʧʝʥʩʘʮʽʾ ï ʮʝ ʩʧʨʠʷʪʠʤʝ ʟʥʠʞʝʥʥʶ ʚʪʨʘʪ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʩʧʦʨʫʜʞʝʥʥʶ ʜʦʜʘʪʢʦʚʠʭ ʛʝʥʝʨʫʶʯʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ, ʘʣʝ ʟ ʤʝʥʰʠʤʠ ʟʘʪʨʘʪʘʤʠ.  

ʇʠʪʘʥʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʘʚʪʦʨʘʤʠ ʙʘʛʘʪʴʦʭ 

ʧʫʙʣʽʢʘʮʽʡ [3, 4, 5], ʘʣʝ ʩʫʯʘʩʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʪʘ ʯʠʥʥʽ ʥʦʨʤʘʪʠʚʥʦ-

ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʚʠʤʘʛʘʶʪʴ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʛʦ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʛʦ 

ʟʘʭʦʜʫ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʨʝʛʫʣʴʦʚʘʥʠʭ ʂʋ; ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ 

ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʦʧʣʘʪʫ ʟʘ ʨʝʘʢʪʠʚʥʽ ʧʝʨʝʪʽʢʘʥʥʷ ʟ ʤʝʨʝʞ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʣʴʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ;  ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʥʘ ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ. ɿʤʦʜʝʣʶʚʘʚʰʠ ʨʝʞʠʤ ʨʦʙʦʪʠ ʨʝʛʫʣʴʦʚʘʥʦʾ ʢʦʥʜʝʥʩʘʪʦʨʥʦʾ 

ʫʩʪʘʥʦʚʢʠ, ʦʪʨʠʤʘʣʠ ʛʨʘʬʽʢʠ ʨʝʘʢʪʠʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʚʽʤʢʥʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ  ʂʋ (ʨʠʩ.1) 

ʪʘ ʛʨʘʬʽʢʠ ʨʝʘʢʪʠʚʥʠʭ ʧʝʨʝʪʽʢʘʥʴ ʟ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʜʦ ʾʾ ʢʦʤʧʝʥʩʘʮʽʾ ʽ ʧʽʩʣʷ ʾʾ ʢʦʤʧʝʥʩʘʮʽʾ 

(ʨʠʩ.2). 

 
ʈʠʩʫʥʦʢ 1 - ɻʨʘʬʽʢʠ ʨʝʘʢʪʠʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ Qʟ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʽ ʚʚʽʤʢʥʝʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ  ʂʋ Qʟʢʫ (ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ) ʜʣʷ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ. 
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ʈʠʩʫʥʦʢ 2 - ɻʨʘʬʽʢʠ ʩʧʦʞʠʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʜʦ ʾʾ 

ʢʦʤʧʝʥʩʘʮʽʾ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʽ ʧʽʩʣʷ ʾʾ ʢʦʤʧʝʥʩʘʮʽʾ (ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ) ʜʣʷ ʟʠʤʦʚʦʛʦ 

ʧʝʨʽʦʜʫ. 

 

ʉʫʤʘʨʥʘ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʚʝʣʠʯʠʥʘ ʟʘʦʱʘʜʞʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ 

ʚʪʨʘʪ ʧʨʠ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʢʣʘʜʘʻ dWʤʽʩ=4443 ʢɺʪÖʛʦʜ. ɺʘʨʪʽʩʪʴ 

ʟʘʦʱʘʜʞʝʥʦʾ ʟʘ ʤʽʩʷʮʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʢʣʘʜʘʻ ʎW=19 110 ʛʨʥ. 

ʈʦʟʨʘʭʫʥʦʢ ʦʧʣʘʪʠ ʟʘ ʨʝʘʢʪʠʚʥʽ ʧʝʨʝʪʽʢʘʥʥʷ ʧʽʩʣʷ ʾʭ ʢʦʤʧʝʥʩʘʮʽʾ ʧʦʢʘʟʘʚ ʥʘʩʪʫʧʥʽ 

ʨʝʟʫʣʴʪʘʪʠ: ʇ1ʢ=1873 ʛʨʥ, ʇ2ʢ=0, ʇʢ=1873 ʛʨʥ. 

ʆʪʞʝ, ʟʥʠʞʝʥʥʷ ʱʦʤʽʩʷʯʥʦʾ ʧʣʘʪʠ ʟʘ ʨʝʘʢʪʠʚʥʽ ʧʝʨʝʪʽʢʘʥʥʷ ʧʨʠ ʾʭ ʢʦʤʧʝʥʩʘʮʽʾ 

ʩʢʣʘʜʘʻ:  

Dʇ=ʇ ï ʇʢ = 70100,97 ï 1873=68230 ʛʨʥ. 

ɽʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʰʠʥʘʭ 0,4 ʢɺ ɿʊʇ-

10/0,4 ʥʘʛʣʷʜʥʦ ʽʣʶʩʪʨʫʻ ʱʦʤʽʩʷʯʥʠʡ m ʯʠʩʪʠʡ ʜʠʩʢʦʥʪʦʚʘʥʠʡ ʜʦʭʽʜ (ʨʠʩ.3) [2]:  

ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ɽʘ =0,05; ɽʝ =0,07. 

 
ʈʠʩʫʥʦʢ 3 - ɿʤʽʥʘ ʯʠʩʪʦʛʦ ʜʠʩʢʦʥʪʦʚʘʥʦʛʦ ʜʦʭʦʜʫ ʚʽʜ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ: ʏɼɼ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) - ʧʨʠ ʧʨʠʜʙʘʥʥʽ ʂʋ ʟʘ 

ʚʣʘʩʥʽ ʢʦʰʪʠ ʩʧʦʞʠʚʘʯʘ; ʏɼɼʢʨ (ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ) - ʧʨʠ ʧʨʠʜʙʘʥʥʽ ʂʋ ʟʘ 

ʟʘʧʦʟʠʯʝʥʽ ʢʦʰʪʠ. 
 

ɺʠʩʥʦʚʢʠ.  

ʆʢʨʽʤ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʨʦʟʧʦʜʽʣʴʯʽʡ ʤʝʨʝʞʽ ʪʘ ʧʣʘʪʠ ʩʧʦʞʠʚʘʯʝʤ ʟʘ 

ʨʝʘʢʪʠʚʥʽ ʧʝʨʝʪʽʢʘʥʥʷ ʟ ʤʝʨʝʞʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ, ʢʦʤʧʝʥʩʘʮʽʷ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʚʘʥʪʘʞʫʻ ʝʣʝʢʪʨʠʯʥʫ ʤʝʨʝʞʫ ʞʠʚʣʝʥʥʷ ɿʊʇ, ʟʦʢʨʝʤʘ ʽ ʩʘʤʫ ʧʽʜʩʪʘʥʮʽʶ (ʨʠʩ.3): 

ʷʢ ʧʨʠʢʣʘʜ, ʜʣʷ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ ʟʥʠʞʝʥʥʷ ʧʦʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʩʪʘʥʮʽʾ ʧʨʦʪʷʛʦʤ ʜʦʙʠ 

ʩʢʣʘʜʘʻ 20é26% ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʮʽʣʦʤʫ ʮʝ ʧʽʜʚʠʱʫʻ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʾʾ ʝʣʝʤʝʥʪʽʚ ï ʢʘʙʝʣʽʚ, ʩʠʣʦʚʠʭ 
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ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ. ʇʨʠ ʮʴʦʤʫ, ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʜʦʙʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʦʩʪʘʻ ʚʽʜ 0,78 ʜʦ 

0,998-1,0. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʫʤʘʨʥʠʡ ʜʠʩʢʦʥʪʦʚʘʥʠʡ ʜʦʭʽʜ ʟʘ 1 ʨʽʢ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʂʋ ʩʢʣʘʜʘʻ ʏɼɼʝ=115200 ʛʨʥ - ʧʨʠ ʧʨʠʜʙʘʥʥʽ ʂʋ ʟʘ ʟʘʧʦʟʠʯʝʥʽ 

ʢʦʰʪʠ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝ=0,15) ʽ ʏɼɼS=402700 ʛʨʥ - ʧʨʠ ʧʨʠʜʙʘʥʥʽ ʂʋ ʟʘ ʚʣʘʩʥʽ ʢʦʰʪʠ 

ʩʧʦʞʠʚʘʯʘ. 

ʗʢ ʚʠʜʥʦ ʽʟ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ.3, , ʜʣʷ ʪʠʤʯʘʩʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʧʽʜʩʪʘʥʮʽʾ 10/0,4 ʢɺ ʙʝʟ ʾʾ  ʨʝʢʦʥʩʪʨʫʢʮʽʾ  ʜʦʮʽʣʴʥʦ  ʟʘʩʪʦʩʫʚʘʪʠ  ʢʦʤʧʝʥʩʘʮʽʶ  ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ  ʟʘ   ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʴʦʚʘʥʦʾ ʂʋ ʧʦʪʫʞʥʽʩʪʶ 450 ʢɺ*ɸʨ ʚʘʨʪʽʩʪʶ  150000 ʛʨʥ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
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ʪʘ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ˉ 87 ʚʽʜ 06.02.2018//ʆʬʽʮʽʡʥʠʡ ʚʽʩʥʠʢ ʋʢʨʘʾʥʠ ʚʽʜ 27.04.2018. - ˉ 

33. - ʩ. 172.  

2.ɺʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ ʚ ʝʥʝʨʛʝʪʠʢʫ. ʄʝʪʦʜʠʢʘ. 

ɽʥʝʨʛʦʩʠʩʪʝʤʠ ʽ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ: ɻʂɼ 340.000.002-97. -ʂ.: ʄʽʥʝʥʝʨʛʦ ʋʢʨʘʾʥʠ, 1997.-54 ʩ. 
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SUSTAINABLE DEVELOPMENT OF RENEWABLE ENERGY SOURCES 
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Annotation. In the conditions of modern challenges, such as armed conflicts and global 

climate changes, the issue of Ukraine's energy security is gaining special importance in state 

policy. Renewable energy sources (RES), which include solar, wind energy and biomass, can 

significantly strengthen Ukraine's energy independence. The development of RES not only reduces 

dependence on imported energy resources, but also contributes to the creation of new jobs and 

economic growth. 

The main factor in the development of RES is state support through the implementation of 

legislative initiatives and financial programs. Ukraine has significant potential in the fields of solar 

and wind energy, which allows reducing greenhouse gas emissions and reducing the negative 

impact on the environment. According to the data of the Ministry of Energy of Ukraine, by 2030 

it is planned to significantly increase the share of RES in the overall energy balance. 

The need to transition to RES is also emphasized by Ukraine's international obligations, in 

particular the association agreement with the EU, which provides for the integration of energy 

systems and the introduction of clean technologies. Investments in RES open up new opportunities 

for technological development and reduction of energy costs in the long term. 

Thus, the development of renewable energy sources is a decisive factor for improving 

Ukraine's energy security, ensuring energy independence and economic stability in the face of 

global challenges. 

Keywords: RES (renewable energy sources), energy security, energy independence, solar 

energy, wind energy. 

Introduction. Today, in the conditions of the global energy crisis and climate change, the 

development of renewable energy sources is of strategic importance for Ukraine. The use of natural 

resources, such as the sun, wind, water and biomass, not only contributes to environmental 

sustainability, but also significantly reduces the state's dependence on traditional sources of 

energy, especially imported ones. Renewable energy makes it possible to diversify the country's 

energy resources, strengthening its energy security and independence. 

The purpose and tasks of research . The main goal of the study is to analyze the potential 

of renewable energy sources in Ukraine and determine their role in ensuring Ukraine's energy 

security. Research tasks include: 

- about the current state of development of renewable energy sources in Ukraine. 

- finding legislative, economic and technical conditions for the introduction and stimulation 

of the use of renewable energy. 

- in the definition of scientific novelty, in particular, in the context of strategic approaches 

to the integration of renewable sources into the general energy system of Ukraine. 

- proposals for optimizing the development of renewable sources, which will ensure the 

reliability and sustainability of the energy system in the long term. 

Materi al and research results . Scientific novelty . The scientific novelty consists in a 

comprehensive approach to considering renewable energy as a key element of the state's energy 

security. For the first time, the study emphasizes the importance of integrating renewable sources 

into the energy system through infrastructure modernization and the creation of flexible and 

efficient energy markets. 
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Assessment of the state of development . Ukraine has significant potential for the use of 

renewable energy sources. For example, the potential of wind energy, especially in the coastal 

areas of the Black and Azov seas, is one of the highest in Europe. Solar energy, due to its spread, 

is also promising, especially in the southern regions of the country. However, the level of use of 

this potential still remains at a low level due to various factors, such as an imperfect legal 

framework, lack of investment, insufficient energy infrastructure. 

Economic and technical aspects . To ensure the effective development of renewable 

energy, it is necessary to create a favorable environment for investors, in particular with the help 

of state incentives and "green" tariffs. In addition, it is necessary to carry out research on the 

introduction of modern energy storage technologies and improving the efficiency of electricity 

transmission. 

Conclusions . The development of renewable energy sources is an important component 

of Ukraine's energy security. It helps reduce dependence on imported fuel, reduce greenhouse gas 

emissions, and create new jobs. The state needs to develop a long-term strategy that will provide 

for the consistent introduction of renewable technologies and their integration into the overall 

energy system. Only a comprehensive approach to the development of renewable energy will be 

able to provide Ukraine with stability and independence in the energy sector, which is the basis 

for the country's sustainable economic development. 
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ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʋʉʊɸʅʆɺʆʂ ʉʋʍʆɻʆ 

ɻɸʉɯʅʅʗ ʂʆʂʉʋ ʐʃʗʍʆʄ ɺʀʂʆʈʀʉʊɸʅʅʗ ʅɸɼʃʀʐʂʆɺʆɻʆ 

ʎʀʈʂʋʃʖʖʏʆɻʆ ɻɸɿʋ 
ʇʠʪʘʥʥʷʤ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʢʦʢʩʦʭʽʤʽʯʥʽʡ ʛʘʣʫʟʽ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʫʚʘʛʘ. ʊʘʢ 

ʥʘ ʢʦʢʩʦʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ (ʂʍɺ) ʨʝʘʣʽʟʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʥʘʷʚʥʠʭ ʚʪʦʨʠʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ (ɺɽʈ), ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʢʨʽʤ ʝʢʦʥʦʤʽʾ ʧʨʠʨʦʜʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʩʠʨʦʚʠʥʫ, ʧʝʨʚʠʥʥʝ ʧʘʣʠʚʦ, 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʽʥʰʽ ʨʝʩʫʨʩʠ, ʷʢʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʩʥʦʚʥʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʘ ʦʪʞʝ ʽ ʥʘ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʮʽʣʦʤʫ. 

ʊʝʭʥʦʣʦʛʽʷ ʩʫʭʦʛʦ ʛʘʩʽʥʥʷ ʢʦʢʩʫ ʨʝʢʦʤʝʥʜʦʚʘʥʘ [1] ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ 

ʥʦʚʠʭ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʢʦʢʩʦʚʠʭ ʙʘʪʘʨʝʡ, ʷʢ ʦʜʥʘ ʟ ʥʘʡʢʨʘʱʠʭ ʜʦʩʪʫʧʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɽʈ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʢʩʫ.  

ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʙʝʟʣʽʯ ʧʝʨʝʚʘʛ ʥʘʜ ʤʦʢʨʠʤ ʛʘʩʽʥʥʷʤ [2]. 

ɺ ʪʝʧʝʨʝʰʥʽʡ ʯʘʩ ʚʥʘʩʣʽʜʦʢ ʧʦʜʦʨʦʞʯʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʽʥʪʝʨʝʩ ʜʦ ʪʝʭʥʦʣʦʛʽʾ 

ʩʫʭʦʛʦ ʛʘʩʽʥʥʷ ʟʥʘʯʥʦ ʟʨʽʩ. ʊʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʩʫʭʦʛʦ ʛʘʩʽʥʥʷ ʢʦʢʩʫ 

ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ɺʽʜʦʤʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʩʫʭʦʛʦ ʛʘʩʽʥʥʷ ʢʦʢʩʫ ʮʠʨʢʫʣʶʶʯʠʤ ʛʘʟʦʤ ʫʪʚʦʨʶʻʪʴʩʷ ʜʝʷʢʘ 

ʢʽʣʴʢʽʩʪʴ ʥʘʜʣʠʰʢʦʚʦʛʦ ʛʘʟʫ (Ó80 ʥʤ3 ʥʘ 1 ʪ ʧʦʛʘʰʝʥʦʛʦ ʢʦʢʩʫ), ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʙʝʟʧʝʨʝʨʚʥʦ 

ʚʠʚʦʜʠʪʠ ʟ ʮʠʢʣʫ. ʎʝʡ ʛʘʟ ʟʘʟʚʠʯʘʡ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘ ʩʢʠʜʘʻʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʝʟʧʦʚʦʨʦʪʥʠʭ ʚʪʨʘʪ ʮʴʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ.  

ʅʘʜʣʠʰʢʦʚʠʡ ʛʘʟ, ʱʦ ʩʢʠʜʘʻʪʴʩʷ, ʤʘʻ ʜʦʚʦʣʽ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʽ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ 

ʩʢʣʘʜʽ ʟʥʘʯʥʠʡ ʚʤʽʩʪ ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʊʘʢ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʩʫʭʦʛʦ ʛʘʩʽʥʥʷ ʢʦʢʩʫ (ʋʉɻʂ) 

ʢʦʥʩʪʨʫʢʮʽʾ ɼʇ çɻʀʇʈʆʂʆʂʉè (ʟʘ ʩʪʘʣʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ) ʮʠʨʢʫʣʶʶʯʠʡ ʛʘʟ 

ʤʦʞʝ ʤʽʩʪʠʪʠ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ: ʉʆ ʜʦ 12 %, ʅ2 ʜʦ 3 %, ʉʅ4 ʜʦ 0,6 %; ʚʠʪʨʘʪʘ ʛʘʟʫ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʽ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʙʣʦʢʫ ʧʦʪʫʞʥʽʩʪʶ 180 ʪ/ʛʦʜ ʧʦ ʛʘʩʽʥʥʶ ʢʦʢʩʫ ʤʦʞʝ 

ʩʪʘʥʦʚʠʪʠ ʜʦ 15 000 ʥʤ3/ʯ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʜʦ 180Áʉ.  

ʊʦʤʫ ʩʢʠʜʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʮʠʨʢʫʣʶʶʯʦʛʦ ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʫ, ʧʨʠʟʚʦʜʠʪʴ ʥʝ ʣʠʰʝ 

ʜʦ ʚʪʨʘʪʠ ʮʽʥʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ, ʘ ʡ ʜʦ ʟʥʘʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʮʠʨʢʫʣʶʶʯʦʛʦ ʛʘʟʫ ʜʦʟʚʦʣʷ ̒ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ, ʟʥʠʟʠʪʠ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʜʦʜʘʪʢʦʚʦ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ ʢʦʢʩʫ ʪʘ ʟʥʠʟʠʪʠ ʡʦʛʦ ʚʪʨʘʪʠ (ʫʛʘʨ) [3]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʮʠʨʢʫʣʶʶʯʦʛʦ ʛʘʟʫ ʋʉɻʂ ʤʦʞʣʠʚʦ ʥʘʩʪʫʧʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ: 

- ʜʦʩʧʘʣʶʚʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʮʠʨʢʫʣʶʶʯʦʛʦ ʛʘʟʫ ʋʉɻʂ ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ 

ʢʦʪʣʽ-ʫʪʠʣʽʟʘʪʦʨʽ ʟ ʜʦʜʘʚʘʥʥʷʤ ʢʦʢʩʦʚʦʛʦ ʛʘʟʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʚʦʜʷʥʦʾ ʧʘʨʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; 
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- ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʛʘʟʫ ʋʉɻʂ, ʷʢ ʧʘʣʠʚʥʦʛʦ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʧʝʨʝʜʘʯʘ ʧʦʧʝʨʝʜʥʴʦ ʦʭʦʣʦʜʞʝʥʦʛʦ ʪʘ ʦʯʠʱʝʥʦʛʦ (ʚʽʜ ʢʦʢʩʦʚʦʛʦ ʧʠʣʫ) ʥʘʜʣʠʰʢʦʚʦʛʦ 

ʮʠʨʢʫʣʶʶʯʦʛʦ ʛʘʟʫ ʚ ʛʘʟʦʧʨʦʚʽʜ ʜʦʤʝʥʥʦʛʦ ʛʘʟʫ. ʊʝʭʥʦʣʦʛʽʷ ʧʝʨʝʜʙʘʯʘʻ ʧʽʜʚʠʱʝʥʥʷ 

ʢʘʣʦʨʽʡʥʦʩʪʽ ʥʘʜʣʠʰʢʦʚʦʛʦ ʮʠʨʢʫʣʶʶʯʦʛʦ ʛʘʟʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʡʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʟ ʛʘʟʦʤ ʙʽʣʴʰ 

ʚʠʩʦʢʦʾ ʢʘʣʦʨʽʡʥʦʩʪʽ (ʧʨʠʨʦʜʥʠʤ ʘʙʦ ʢʦʢʩʦʚʠʤ). 

ʇʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ.1 ʪʘ 2. 

 
 

ʅʘ ʩʭʝʤʽ ʧʨʝʜʩʪʘʚʣʝʥʦ: 

ʘ) ʦʙʣʘʜʥʘʥʥʷ ʋʉɻʂ: 1 - ʢʘʤʝʨʘ 

ʛʘʩʽʥʥʷ ʢʦʢʩʫ; 2 ï ʢʦʪʝʣ-ʫʪʠʣʽʟʘʪʦʨ ʋʉɻʂ; 3 

ï ʧʠʣʦʚʣʦʚʣʶʶʯʝ ʦʙʣʘʜʥʘʥʥʷ (ʮʠʢʣʦʥʠ ʘʙʦ 

ʤʫʣʴʪʠʮʠʢʣʦʥ); 4 ï ʮʠʨʢʫʣʷʮʽʡʥʠʡ 

ʚʝʥʪʠʣʷʪʦʨ (ʜʠʤʦʩʦʩ); 5 ï 

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ;  

ʙ) ʦʙʣʘʜʥʘʥʥʷ ʚʫʟʣʘ ʫʪʠʣʽʟʘʮʽʾ: 6 ï 

ʨʝʘʢʪʦʨ; 7 ï ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʘʥʥʷ ʢʦʪʣʘ-

ʫʪʠʣʽʟʘʪʦʨʘ; 8 ï ʜʠʤʦʩʦʩ; 9 - ʜʠʤʦʚʘ ʪʨʫʙʘ; 

10 ï ʧʠʣʦʚʣʦʚʣʶʶʯʠʡ ʧʨʠʩʪʨʽʡ.  

 

ʅʘ ʩʭʝʤʽ ʧʨʝʜʩʪʘʚʣʝʥʦ: 

ʘ) ʦʙʣʘʜʥʘʥʥʷ ʋʉɻʂ: 1 - ʢʘʤʝʨʘ ʛʘʩʽʥʥʷ 

ʢʦʢʩʫ; 2 ï ʢʦʪʝʣ-ʫʪʠʣʽʟʘʪʦʨ ʋʉɻʂ; 3 ï 

ʧʠʣʦʚʣʦʚʣʶʶʯʝ ʦʙʣʘʜʥʘʥʥʷ (ʮʠʢʣʦʥʠ ʘʙʦ 

ʤʫʣʴʪʠʮʠʢʣʦʥ); 4 ï ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʚʝʥʪʠʣʷʪʦʨ 

(ʜʠʤʦʩʦʩ); 5 ï ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ; 

ʙ) ʦʙʣʘʜʥʘʥʥʷ ʚʫʟʣʘ ʫʪʠʣʽʟʘʮʽʾ: 6 ï 

ʦʭʦʣʦʜʞʫʚʘʯ; 7 ï ʜʠʤʦʩʦʩ; 8 ï ʛʘʟʦʧʨʦʚʽʜ  

ʜʦʤʝʥʥʦʛʦ ʛʘʟʫ; 9 ï ʘʚʘʨʽʡʥʝ ʩʢʠʜʘʥʥʷ; 10 ï

ʬʽʣʴʪʨ. 

ʈʠʩ.1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 

ʫʪʠʣʽʟʘʮʽʾ ʥʘʜʣʠʰʢʦʚʦʛʦ 

ʮʠʨʢʫʣʶʶʯʦʛʦ ʛʘʟʫ ʋʉɻʂ ʰʣʷʭʦʤ 

ʩʧʘʣʶʚʘʥʥʷ ʫ ʩʧʝʮʽʘʣʴʥʦʤʫ ʢʦʪʣʽ-

ʫʪʠʣʽʟʘʪʦʨʽ 

ʈʠʩ.2. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʝʨʝʜʘʯʽ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʮʠʨʢʫʣʶʶʯʦʛʦ ʛʘʟʫ 

ʋʉɻʂ ʫ ʛʘʟʦʧʨʦʚʽʜ ʜʦʤʝʥʥʦʛʦ ʛʘʟʫ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʫʟʣʘ ʫʪʠʣʽʟʘʮʽʾ ʥʘʜʣʠʰʢʦʚʠʭ ʮʠʨʢʫʣʶʶʯʠʭ ʛʘʟʽʚ (ʨʠʩ.1) ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʜʘʪʢʦʚʦ ʚʠʨʦʙʣʝʥʥʷ ʧʘʨʠ ʜʦ 14 ʪ/ʛʦʜ (ʧʘʨʘʤʝʪʨʠ: ʪʠʩʢ 4,0 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ 440 ʉ), ʷʢʘ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʘʙʦ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʪʨʝʙʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʩʢʠʜʥʠʭ ʛʘʟʘʭ. 

ʇʝʨʝʜʘʯʘ ʚ ʛʘʟʦʧʨʦʚʽʜ ʜʦʤʝʥʥʦʛʦ ʛʘʟʫ (ʨʠʩ.2) ʜʦʟʚʦʣʷʻ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʠʪʠ ʚʠʢʠʜʠ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʮʠʨʢʫʣʶʶʯʦʛʦ ʛʘʟʫ ʋʉɻʂ ʚ ʘʪʤʦʩʬʝʨʫ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʦʥʦʤʽʶ ʫ 

ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʫ ʢʽʣʴʢʦʩʪʽ ʜʦ 4 997 ʪʠʩ.ʥʤ3/ʨʽʢ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ 

ʫ ʪʝʧʣʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ ʟʘ ʤʝʞʘʤʠ ʋʉɻʂ.  

ɺʠʩʥʦʚʢʠ 

ɼʦʩʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫʩʪʘʥʦʚʦʢ ʜʦʚʦʜʠʪʴ ʤʦʞʣʠʚʦʩʪʽ ʝʬʝʢʪʠʚʥʦ ʫʪʠʣʽʟʫʚʘʪʠ 

ʥʘʜʣʠʰʢʦʚʽ ʮʠʨʢʫʣʶʶʯʽ ʛʘʟʠ ʋʉɻʂ: ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʣʶʯʝʥʥʷ ʚʠʢʠʜʽʚ ʉʆ ʪʘ ʧʠʣʫ ʯʝʨʝʟ 

çʭʦʣʦʜʥʽ ʩʚʽʯʢʠè ʋʉɻʂ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʪʝʧʣʘ, ʱʦ 

ʤʽʩʪʠʪʴʩʷ ʚ ʥʘʜʣʠʰʢʦʚʠʭ ʮʠʨʢʫʣʶʶʯʠʭ ʛʘʟʘʭ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʩʪʘʥʦʚʦʢ ʜʦʟʚʦʣʷ ̒ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʋʉɻʂ, ʘ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʧʨʦʮʝʩʫ. 
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3. ʂʨʘʚʯʝʥʢʦ ʉ.ʆ., ʄʠʨʦʰʥʠʯʝʥʢʦ ɼ.ɺ. ʋʪʠʣʽʟʘʮʽʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʛʘʟʫ ʋʉɻʂ // ɺʫʛʣʝʭʽʤʽʯʥʠʡ ʞʫʨʥʘʣ. ï 2023. - 

ˉ2. 

References 

1. Best Available Techniques (BAT) Reference Document for Iron and Steel Production, 2013. 

2. Directory of coke chemist. In 6 volumes. Volume 2. Coke production / Ed. ed.. V.I. Rudyka, Yu.E. Zingerman. ï 

Kharkov: publishing house ñINZHEKò, 2014. ï 728 p. 

3. Kravchenko S.A., Miroshnichenko D.V. Coke dry cooling plant excess gas utilization // Journal of Coal Chemistry. ï 

2023. - ˉ2. 

 



89 

 

ʋɼʂ: 621.311:351.824.11 

ɭ.ʖ.ʊʘʨʘʥʝʥʢʦ, ʘʩʧʽʨʘʥʪ (ʆʅʊʋ, ʤ. ʆʜʝʩʘ) 

ɯ.ɺ.ɹʝʟʙʘʭ, ʜ.ʪ.ʥ., ʜʦʮʝʥʪ (ʆʅʊʋ, ʤ. ʆʜʝʩʘ) 

 

ɸʅɸʃɯɿ ɿɸʉʊʆʉʋɺɸʅʅʗ ʉʋʐɸʈʂʀ ʅɸ ɹɸɿɯ ʊɽʈʄʆʉʀʌʆʅɯɺ ɺ 

ʃɯʅɯɰ ʉʋʐɯʅʅʗ ɿɽʈʅɸ 

 
ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʜʝʬʽʮʠʪʫ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʛʦʩʪʨʦ ʩʪʘʚʣʷʪʴʩʷ ʧʠʪʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʫʩʽʭ ʧʨʦʮʝʩʘʭ 

ʭʘʨʯʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʚʢʣʶʯʘʶʯʠ ʩʫʰʽʥʥʷ. ʋ ʙʘʛʘʪʴʦʭ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 2...3 ʨʘʟʠ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ, ʥʽʞ ʾʾ ʬʽʟʠʯʥʦ ʥʝʦʙʭʽʜʥʦ ʥʘ ʧʨʦʮʝʩ. ʇʨʦʮʝʩʠ 

ʩʫʰʽʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʭ, ʽ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʯʘʩʪʢʘ ʝʥʝʨʛʽʾ ʚ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʩʪʘʥʦʚʠʪʴ ʜʦ 30 %.  

ʇʨʠ ʩʫʰʽʥʥʽ ʟʝʨʥʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʰʘʭʪʥʽ ʢʦʥʚʝʢʪʠʚʥʽ ʩʫʰʘʨʢʠ, 

ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʷʢʠʭ ʩʪʘʥʦʚʣʷʪʴ 5 ʄɼʞ/ʢʛ ʚʠʜʘʣʝʥʦʾ ʚʦʣʦʛʠ ʽ ʚʠʱʝ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʤʫ 

ʬʽʟʠʯʥʦʤʫ ʤʽʥʽʤʫʤʽ ʥʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ 2,5 ʄɼʞ/ʢʛ. ʂʂɼ ʩʫʯʘʩʥʠʭ ʢʦʥʚʝʢʪʠʚʥʠʭ 

ʩʫʰʘʨʦʢ ʩʪʘʥʦʚʠʪʴ ʚʩʴʦʛʦ 40 % [1]. 

ɽʥʝʨʛʦʘʫʜʠʪ ʻ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʥʝʨʘʮʽʦʥʘʣʴʥʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʪʝʭʥʽʯʥʽ ʟʘʭʦʜʠ ʜʣʷ ʾʭ ʟʤʝʥʰʝʥʥʷ. 

ɸʛʨʘʨʥʘ ʢʦʤʧʘʥʽʷ ʅɯɹʋʃʆʅ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʝʢʩʧʦʨʪʝʨʽʚ ʽ 

ʚʠʨʦʙʥʠʢʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ. ʅʘ ʛʦʣʦʚʥʦʤʫ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʤʫ 

ʪʝʨʤʽʥʘʣʽ ʮʽʻʾ ʢʦʤʧʘʥʽʾ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʫ ʤ. ʄʠʢʦʣʘʻʚʽ, ʚʩʪʘʥʦʚʣʝʥʦ 4 ʩʫʯʘʩʥʽ ʘʤʝʨʠʢʘʥʩʴʢʽ 

ʤʦʜʫʣʴʥʽ ʛʘʟʦʚʽ ʩʫʰʘʨʢʠ ʰʘʭʪʥʦʛʦ ʪʠʧʫ ʚʽʜ ʢʦʤʧʘʥʽʾ Mathews Company ʩʝʨʽʾ Legacy ʟ 

ʨʽʟʥʠʤ ʯʠʩʣʦʤ ʟʦʥ ʩʫʰʽʥʥʷ.  

ʗʢ ʦʙ'ʻʢʪ ʜʣʷ ʝʥʝʨʛʦʘʫʜʠʪʫ ʙʫʣʦ ʚʠʙʨʘʥʦ ʜʽʣʷʥʢʫ ʩʫʰʽʥʥʷ ʟʝʨʥʘ. ɸʥʘʣʽʟ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʩʘʤʝ ʥʘ 

ʮʽʡ ʜʽʣʷʥʮʽ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʭʝʤʽ ʤʦʞʥʘ ʽʩʪʦʪʥʦ ʟʤʽʥʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʘʫʜʠʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʫʰʘʨʢʠ 

Legacy 1250. 

ɿ ʙʫʥʢʝʨʘ ʩʠʨʦʛʦ ʟʝʨʥʘ ʩʠʨʦʚʠʥʘ ʯʝʨʝʟ ʢʦʥʚʝʻʨ ʡʜʝ ʥʘ ʥʦʨʽʶ, ʘ ʟ ʥʦʨʽʾ - 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʩʫʰʽʥʥʷ. ʇʽʩʣʷ ʩʫʰʽʥʥʷ ʟʝʨʥʦ ʢʦʥʚʝʻʨʦʤ ʥʘʜʭʦʜʠʪʴ ʚ ʙʫʥʢʝʨ ʩʫʭʦʛʦ 

ʟʝʨʥʘ. 

ʇʠʪʦʤʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ (ʥʘ ʢʽʣʦʛʨʘʤ ʧʨʦʜʫʢʮʽʾ) ʣʽʥʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 

ʇʠʪʦʤʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʣʽʥʽʾ ʩʫʰʽʥʥʷ 

ʆʙʣʘʜʘʥʘʥʥʷ ʕ, ʢɺʪ Q, ʢɺʪ ʕʧʠʪ, ʢɼʞ/ʢʛ 

 ʉʪʨʽʯʢʦʚʠʡ ʢʦʥʚʝʡʝʨ ʂʃʉ-1 3.5   1.05 

ʅʦʨʽʷ ʢʦʚʰʦʚʘ ʅ-10  1.1   0.33 

 ʉʫʰʘʨʢʘ Legacy 1250 22.2 1464 445.9 

 ʉʪʨʽʯʢʦʚʠʡ ʢʦʥʚʝʡʝʨ ʂʃʉ-1 3.5   1.05 

 ʅʦʨʽʷ ʢʦʚʰʦʚʘ ʅ-10  0.75   0.23 

ʉʫʤʘʨʥʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʣʽʥʽʾ 448.5 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʧʘʨʘʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʦʮʝʩ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʝʬʝʢʪʫ. ʋ ʪʘʙʣʠʮʽ: ʕ, ʢɺʪ ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ, ʩʧʦʞʠʚʘʥʦʾ ʫʩʪʘʥʦʚʢʘʤʠ, Q, ʢɺʪ ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʩʧʦʞʠʚʘʥʦʾ 

ʫʩʪʘʥʦʚʢʘʤʠ, ʕʧʠʪ, ʢɼʞ/ʢʛ ï ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʜʫʢʮʽʾ. 

ʇʽʩʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʩʝʛʤʝʥʪ ï ʩʫʰʽʥʥʷ ï ʩʢʣʘʜʘʻ 445,9 ʢɼʞ/ 
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(ʢʛ ʧʨʦʜʫʢʮʽʾ). 

ʅʘ ʢʘʬʝʜʨʽ ʧʨʦʮʝʩʽʚ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʆʅʊʋ ʙʫʣʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʘ ʨʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʝʨʥʦʩʫʰʘʨʢʠ ʥʘ ʙʘʟʽ ʪʝʨʤʦʩʠʬʦʥʽʚ, ʷʢʘ ʟʜʘʪʥʘ 

ʟʨʦʙʠʪʠ ʚʘʛʦʤʠʡ ʚʥʝʩʦʢ ʚ ʦʧʪʠʤʽʟʘʮʽʶ ʝʥʝʨʛʦʚʠʪʨʘʪʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ 

ʚʠʨʦʙʥʠʮʪʚʘʭ.  

ʉʫʰʘʨʢʘ ʤʽʩʪʠʪʴ ʰʘʨʦʚʠʡ ʧʽʜʽʛʨʽʚʥʠʢ 1, ʩʫʰʠʣʴʥʫ ʢʘʤʝʨʫ 2, ʚʠʧʘʨʥʠʢ 3 ʰʘʨʦʚʦʛʦ 

ʧʽʜʽʛʨʽʚʥʠʢʘ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʛʘʟʦʭʦʜʽ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʘ 4, ʘ ʢʦʥʜʝʥʩʘʪʦʨ 9 ʚʩʝʨʝʜʠʥʽ 

ʰʘʨʦʚʦʛʦ ʧʽʜʽʛʨʽʚʥʠʢʘ 1, ʪʝʨʤʦʩʠʬʦʥʥʠʡ ʢʘʣʦʨʠʬʝʨ 5, ʥʦʨʽʶ 6 ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʜʫʢʪʫ, 

ʚʝʥʪʠʣʷʪʦʨ 7, ʚʝʥʪʠʣʷʪʦʨ 8. ʋ ʢʦʨʧʫʩʽ ʩʫʰʠʣʴʥʦʾ ʢʘʤʝʨʠ ʚʠʢʦʥʘʥʽ ʢʘʥʘʣʠ ʜʣʷ ʚʽʜʚʦʜʫ 

ʧʘʨʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʥʪʠʣʷʪʦʨʘ, ʟ'ʻʜʥʘʥʦʛʦ ʽʟ ʩʫʰʠʣʴʥʦʶ ʢʘʤʝʨʦʶ. 

 
1 - h ʘʨʦʚʠʡ ʧʽʜʽʛʨʽʚʥʠʢ, 2 - ʩʫʰʠʣʴʥʘ ʢʘʤʝʨʘ, 3 ï ʚʠʧʘʨʥʠʢ ʰʘʨʦʚʦʛʦ ʧʽʜʽʛʨʽʚʥʠʢʘ, 4 

- ʪʝʧʣʦʛʝʥʝʨʘʪʦʨ, 5 - ʪʝʨʤʦʩʠʬʦʥʥʠʡ ʢʘʣʦʨʠʬʝʨ, 6 ï ʥʦʨʽʷ, 7 ï ʚʝʥʪʠʣʷʪʦʨ, 8 ï ʚʝʥʪʠʣʷʪʦʨ, 

9 ï ʢʦʥʜʝʥʩʘʪʦʨ ʰʘʨʦʚʦʛʦ ʧʽʜʽʛʨʽʚʥʠʢʘ 

                             ʄʘʣ.1. ɹʣʦʢ-ʩʭʝʤʘ ʟʝʨʥʦʩʫʰʘʨʢʠ 

 

ʉʫʰʘʨʢʘ ʧʨʘʮʶʻ ʫ ʥʘʩʪʫʧʥʠʡ ʩʧʦʩʽʙ. ʇʨʠ ʟʛʦʨʷʥʥʽ ʧʘʣʠʚʘ ʫ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʽ 4 

ʫʪʚʦʨʶʶʪʴʩʷ ʛʘʟʠ ʟʛʦʨʷʥʥʷ, ʱʦ ʥʘʛʨʽʚʘʶʪʴ ʚʠʧʘʨʥʠʢ 3. ɺʩʝʨʝʜʠʥʽ ʚʠʧʘʨʥʠʢʘ ʫʪʚʦʨʶʻʪʴʩʷ 

ʚʦʜʷʥʘ ʧʘʨʘ, ʷʢʘ ʧʦʩʪʫʧʘʻ ʫ ʢʦʥʜʝʥʩʘʪʦʨ 9. ɿʝʨʥʦ ʧʦʜʘʻʪʴʩʷ ʥʦʨʽʻʶ 6, ʟʽʰʪʦʚʭʫʻʪʴʩʷ ʟ 

ʥʘʛʨʽʪʦʶ ʧʦʚʝʨʭʥʝʶ ʢʦʥʜʝʥʩʘʪʦʨʘ 9 ʡ ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʩʫʰʽʥʥʷ. ɺʦʜʷʥʘ ʧʘʨʘ 

ʚʽʜʜʘʻ ʪʝʧʣʦʪʫ ʽ ʢʦʥʜʝʥʩʫʻʪʴʩʷ, ʢʦʥʜʝʥʩʘʪ ʧʽʜ ʜʽʻʶ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ 

ʚʠʧʘʨʥʠʢ 3. ɿʝʨʥʦ ʫ ʰʘʨʦʚʦʤʫ ʧʽʜʽʛʨʽʚʥʠʢʫ 1 ʽ ʩʫʰʠʣʴʥʽʡ ʢʘʤʝʨʽ 2 ʨʫʭʘʻʪʴʩʷ ʱʽʣʴʥʠʤ 

ʛʨʘʚʽʪʘʮʽʡʥʠʤ ʰʘʨʦʤ.  

ɻʘʟʠ ʟʛʦʨʷʥʥʷ, ʱʦ ʧʨʦʡʰʣʠ ʯʝʨʝʟ ʚʠʧʘʨʥʠʢ 3, ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʜʦ ʪʝʨʤʦʩʠʬʦʥʥʦʛʦ 

ʢʘʣʦʨʠʬʝʨʘ 5, ʜʝ ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʧʦʚʽʪʨʷ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ 

ʧʦʜʘʻʪʴʩʷ ʚʝʥʪʠʣʷʪʦʨʦʤ 8. ʇʽʜʽʛʨʽʪʝ ʧʦʚʽʪʨʷ ʧʦʜʘʻʪʴʩʷ ʜʦ ʩʫʰʠʣʴʥʦʾ ʢʘʤʝʨʠ 2, ʥʘʩʠʯʫʻʪʴʩʷ 

ʚʦʣʦʛʦʶ ʽʟ ʧʨʦʜʫʢʪʫ ʽ ʚʠʜʘʣʷʻʪʴʩʷ ʯʝʨʝʟ ʢʘʥʘʣʠ ʥʘ ʢʦʨʧʫʩʽ ʢʘʤʝʨʠ. ɿʥʠʞʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʘʜʨʝʩʥʦʾ ʜʦʩʪʘʚʢʠ ʝʥʝʨʛʽʾ ʜʦ ʧʨʦʜʫʢʪʫ ʪʘ 

ʘʚʪʦʥʦʤʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʙʘʟʽ ʪʝʨʤʦʩʠʬʦʥʽʚ 

ʩʢʣʘʜʘʶʪʴ 3,6 ʄɼʞ/(ʢʛ ʚʠʜʘʣʝʥʦʾ ʚʦʣʦʛʠ), ʱʦ ʟʥʘʯʥʦ ʢʨʘʱʝ ʟʘ 7,8 ʄɼʞ/(ʢʛ ʚʠʜʘʣʝʥʦʾ 

ʚʦʣʦʛʠ) ʚ ʩʫʰʘʨʮʽ Legacy 1250. 

ʇʠʪʦʤʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʩʫʰʽʥʥʷ ʤʦʞʣʠʚʦ ʙʫʜʝ ʟʤʝʥʰʠʪʠ ʜʦ 209,6 ʢɼʞ/ (ʢʛ 

ʧʨʦʜʫʢʮʽʾ). 

ʉʪʚʦʨʝʥʠʡ ʟʨʘʟʦʢ ʟʝʨʥʦʩʫʰʘʨʢʠ ʥʘ ʙʘʟʽ ʪʝʨʤʦʩʠʬʦʥʽʚ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 12 ʪ/ʛʦʜ 

ʤʦʞʣʠʚʦ ʙʫʜʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʦʙʨʦʙʢʠ: ʤʘʣʠʭ ʧʘʨʪʽʡ ʥʘʩʽʥʥʷ, ʩʝʣʝʢʮʽʡʥʦʛʦ ʥʘʩʽʥʥʷ, 

ʟʝʨʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʠʨʦʙʥʠʢʘ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʫʰʽʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟʘʙʝʟʧʝʯʫʻ 
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ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʪʘ ʩʧʨʠʷʻ ʝʢʦʣʦʛʽʯʥʽʡ 

ʙʝʟʧʝʮʽ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʩʫʰʘʨʦʢ ʽ 

ʨʦʟʰʠʨʝʥʥʷ ʩʬʝʨ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. ɹʫʨʜʦ ʆ. ɻ. ɽʚʦʣʶʮʽʷ ʩʫʰʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ: ʤʦʥʦʛʨʘʬʽʷ / ʆ. ɻ. ɹʫʨʜʦ. ð ʆʜʝʩʘ: 

ʇʦʣʽʛʨʘʬ, 2010. ð 368 ʩ. ð ISBN 978-966-8788-98-7.  
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ʂʫʭʪʘ ʆʣʝʢʩʘʥʜʨ, ʟʜʦʙʫʚʘʯ ʩʪʫʧʝʥʷ PhD  

ʂʨʠʚʦʨʟ̔ʴʢʠʡ ʥʘʮʦ̔ʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʂʨʠʚʠʡ ʈʽʛ 

e-mail: cuxta.s@gmail.com 
 

ʉʋʏɸʉʅɯ ʇɯɼʍʆɼʀ ɼʆ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ 

ɽʃɽʂʊʈʀʌɯʂɸʎɯɰ ʄɯʉʔʂʆɻʆ ʈɽʁʂʆɺʆɻʆ ʊʈɸʅʉʇʆʈʊʋ 
 

ɿʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʪʘ ʧʦʪʨʝʙʘ ʚ ʟʤʝʥʰʝʥʥʽ ʚʠʢʠʜʽʚ ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ ʤʽʩʴʢʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ ʟʘʚʜʘʥʥʷ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ (ʇʉ), ʟʦʢʨʝʤʘ PMDC (Permanent Magnet DC Motors), ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ. 

PMDC ʜʚʠʛʫʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʩʪʽʡʥʽ ʤʘʛʥʽʪʠ ʟʘʤʽʩʪʴ ʦʙʤʦʪʦʢ ʟʙʫʜʞʝʥʥʷ, ʱʦ 

ʟʤʝʥʰʫʻ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʽ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ, 

ʢʦʤʧʘʢʪʥʽʩʪʴ ʪʘ ʟʥʠʞʝʥʥʷ ʚʘʛʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟ ʯʘʩʪʠʤʠ 

ʟʫʧʠʥʢʘʤʠ. PMDC ʜʚʠʛʫʥʠ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ, ʟʤʝʥʰʫʶʪʴ ʚʪʨʘʪʠ ʥʘ 

ʥʘʛʨʽʚʘʥʥʷ ʽ ʧʦʢʨʘʱʫʶʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ. 

ʐʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʘ ʤʦʜʫʣʷʮʽʷ (ʐɯʄ): ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, ʟʤʽʥʶʶʯʠ ʩʝʨʝʜʥʶ ʥʘʧʨʫʛʫ ʞʠʚʣʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʘʜʘʧʪʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʧʽʜ ʟʤʽʥʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ. ʉʝʨʝʜʥʷ ʥʘʧʨʫʛʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

ὠὥὺὫὠάὥὼὈ 

     ʜʝ  ὠάὥὼ ð ʤʘʢʩʠʤʘʣʴʥʘ ʥʘʧʨʫʛʘ, ʘ Ὀ ð ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ. 

    

ɼʚʠʛʫʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ PMDC ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʫ ʨʝʞʠʤʽ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ 

ʛʘʣʴʤʫʚʘʥʽ, ʧʦʚʝʨʪʘʶʯʠ ʜʦ 25% ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʩʠʩʪʝʤʫ. ʈʝʢʫʧʝʨʦʚʘʥʘ ʝʥʝʨʛʽʷ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ[5]: 

ὡ
ρ

ς
άὺ 

     ʜʝ ά ð ʤʘʩʘ ʪʨʘʥʩʧʦʨʪʫ, ʘ ὺ ð ʡʦʛʦ ʰʚʠʜʢʽʩʪʴ. ɽʥʝʨʛʽʷ ʤʦʞʝ ʙʫʪʠ ʟʙʝʨʝʞʝʥʘ ʚ 

ʥʘʢʦʧʠʯʫʚʘʯʘʭ ʘʙʦ ʧʝʨʝʜʘʥʘ ʚ ʝʣʝʢʪʨʦʤʝʨʝʞʫ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚ'ʷʟʢʫ ʟʘ ʩʪʨʫʤʦʤ. ʈʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:      

     ὠέόὸὙẗὍ ὒ , 

   ʜʝ  ὠέόὸð ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ, Ὑ ð ʦʧʽʨ, Ὅ ð ʩʪʨʫʤ, ὒ ð ʽʥʜʫʢʪʠʚʥʽʩʪʴ. 

   ʑʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʘʪʠ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʤʽʥʽʤʽʟʫʚʘʪʠ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʤʝʪʦʜʽʚ ʢʽʥʮʝʚʠʭ 

ʝʣʝʤʝʥʪʽʚ (FEM), ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʨʝʞʠʤʠ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ. ɿʘʛʘʣʴʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ: 

Ὁ Ὥ ρВὲὠὭẗὍὭẗὸὭ 
ʜʝ ὠὭ  ʪʘ ὍὭ ð ʥʘʧʨʫʛʘ ʽ ʩʪʨʫʤ ʥʘ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ  ὸὭ.  
ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʟʦʢʨʝʤʘ PMDC, ʯʝʨʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯʄ, ʨʝʢʫʧʝʨʘʮʽʶ ʪʘ ʢʦʥʪʨʦʣʴ ʩʪʨʫʤʫ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʩʴʢʦʛʦ ʨʝʡʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ 

ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʘʣʝ ʡ ʟʤʝʥʰʠʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ, ʩʧʨʠʷʶʯʠ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʤʽʩʴʢʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʇʨʘʢʪʠʯʥʽ ʧʨʠʢʣʘʜʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʅʦʚʽ ʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ 

ʟʙʽʣʴʰʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ PMDC ʜʚʠʛʫʥʽʚ ʥʘ 30% . 
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ʄʝʪʦʜʠ ʐɯʄ: ʅʦʚʽ ʤʝʪʦʜʠ ʨʝʛʫʣʶʚʘʥʥʷ ʐɯʄ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʥʘ 

ʢʦʤʫʪʘʮʽʶ ʥʘ 25%, ʟʙʽʣʴʰʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠʭ[1]. 

ʈʝʢʫʧʝʨʘʪʠʚʥʽ ʩʠʩʪʝʤʠ: ʋ ʃʦʥʜʦʥʩʴʢʦʤʫ ʤʝʪʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʨʝʢʫʧʝʨʘʮʽʾ 

ʝʥʝʨʛʽʾ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ʟʘʛʘʣʴʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 10-20%.  

ɯʥʥʦʚʘʮʽʾ ʚ ʦʙʣʘʩʪʽ ʽʥʚʝʨʪʦʨʽʚ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʚʝʨʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ IGBT-

ʪʨʘʥʟʠʩʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʥʘ 10-15%. 

 

ɺʠʩʥʦʚʢʠ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ (PMDC) ʫ ʤʽʩʴʢʦʤʫ 

ʨʝʡʢʦʚʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʐɯʄ, ʢʦʥʪʨʦʣʴ 

ʩʪʨʫʤʫ ʪʘ ʨʝʢʫʧʝʨʘʮʽʷ ʝʥʝʨʛʽʾ, ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʟʥʘʯʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʚʪʨʘʪ ʽ ʧʽʜʚʠʱʠʪʠ 

ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʪʦʯʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʚʠʛʫʥʽʚ, ʱʦ ʩʧʨʠʷʻ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʤʽʩʴʢʦʾ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʟʥʠʞʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. M. Niasati and A. Gholami, "Overview of stray current control in DC railway systems", 

Proc. IET Int. Conf. Railway Eng. (ICRE), pp. 1-6, 2008 

2. ɽʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦʪʨʘʥʩʧʦʨʪʫ: ʥʘʚʯ. ʧʦʩʽʙ./ɺ. ʍ. ɼʘʣʝʢʘ,ɺ. ʂ. ʅʝʤ, ɺ. 

ɯ. ʉʢʫʨʽʭʽʥ; ʍʘʨʢ. ʥʘʮ. ʘʢʘʜ. ʤʽʩʴʢ. ʛʦʩʧ-ʚʘ. ï ʍ.: ʍʅɸʄɻ, 2012. ï 168 ʩ. 

3. ʄʦʢʽʥ ɹ. ɯ., ʄʦʢʽʥ ʆ. ɹ. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʪʨʘʤʚʘʷ ʟ ʪʷʛʦʚʠʤʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʄʦʥʦʛʨʘʬʽʷ. ï ɺʽʥʥʠʮʷ: ʋʥʽʚʝʨʩʫʤ 2008. ï 92ʩ. 

4. ʂʫʭʪʘ ʆ. ʆ. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʽʾ ʨʝʢʫʧʝʨʘʮʽʾ ʨʝʡʢʦʚʦʛʦ 

ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ / ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ ʂʫʭʪʘ. // ɺʽʩʥʠʢ ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ.. ï 2024. ïï ˉ4. ï ʉ. 397ï405. 

5. ʂʫʭʪʘ ʆ. ʆ. ʄʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʫ ʩʠʩʪʝʤʽ ʪʷʛʦʚʦʾ 

ʧʽʜʩʪʘʥʮʽʾ / ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ ʂʫʭʪʘ. // ɺʽʩʥʠʢ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ.. ï 2024. ï ˉ3. ï ʉ. 342-348. 

 
 



94 

 

ʋɼʂ 621.311: 621.314.2 

ʆ.ɸ.ʐʨʘʤ, ʢʘʥʜ. ʪʝʭʥ.ʥʘʫʢ, ʜʦʮʝʥʪ,  

ɸ.ɺ. ʉʚʝʨʛʫʥ, ʘʩʧʽʨʘʥʪ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʋʢʨʘʾʥʘ 
 

ɸʅɸʃɯɿ ʉʇʆʉʆɹɯɺ ʇɯɼɺʀʑɽʅʅʗ ʗʂʆʉʊɯ ɽʃɽʂʊʈʀʏʅʆɰ 

ɽʅɽʈɻɯɰ  
ʋ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʤʝʨʝʞʘʭ ʧʨʦʙʣʝʤʘ ʛʘʨʤʦʥʽʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʩʪʘʻ ʜʝʜʘʣʽ 

ʘʢʪʫʘʣʴʥʽʰʦʶ ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʣʽʥʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪ 

ʝʥʝʨʛʽʾ, ʧʦʛʽʨʰʝʥʥʷ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʘʞʣʠʚʦʾ ʜʣʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ. ɼʣʷ ʙʦʨʦʪʴʙʠ ʟʽ ʩʧʦʪʚʦʨʝʥʥʷʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʽʣʴʪʨʦʢʦʤʧʝʥʩʫʶʯʽ ʧʨʠʩʪʨʦʾ, ʨʦʟʜʽʣʦʚʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ, ʪʠʨʠʩʪʦʨʥʽ 

ʢʦʤʧʝʥʩʘʪʦʨʠ ʪʘ ʘʢʪʠʚʥʽ ʢʦʤʧʝʥʩʘʪʦʨʠ, ʘʣʝ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʜʦʩʠʪʴ 

ʦʙʤʝʞʝʥʠʤʠ. 

ɻʘʨʤʦʥʽʯʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʚ ʝʣʝʢʪʨʦʤʝʨʝʞʘʭ, ʩʧʨʠʯʠʥʝʥʽ ʩʫʯʘʩʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ, ʟʦʢʨʝʤʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʯʘʩʪʦʪʠ ʪʘ ʥʝʣʽʥʽʡʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ, ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʙʦʾʚ ʫ ʨʦʙʦʪʽ 

ʯʫʪʣʠʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʝʨʝʞ. 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʛʘʨʤʦʥʽʢ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʽʣʴʪʨʦʢʦʤʧʝʥʩʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ (ʌʂʇ). ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʌʂʇ ʪʨʴʦʭ 

ʚʠʜʽʚ: ʧʘʩʠʚʥʽ, ʘʢʪʠʚʥʽ ʪʘ ʛʽʙʨʠʜʥʽ. ʂʦʞʝʥ ʽʟ ʪʠʧʽʚ ʌʂʇ ʤʘʻ ʷʢ ʩʚʦʾ ʧʝʨʝʚʘʛʠ, ʪʘʢ ʽ ʥʝʜʦʣʽʢʠ. 

ɺ ʨʦʙʦʪʘʭ [1-3] ʨʦʟʛʣʷʥʫʪʽ ʧʝʨʝʚʘʛʠ ʡ ʥʝʜʦʣʽʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʩʠʚʥʠʭ ʬʽʣʴʪʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ 

ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʻ ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ʇʘʩʠʚʥʽ ʬʽʣʴʪʨʠ, ʟʘʚʜʷʢʠ ʧʨʦʩʪʽʡ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʨʠʚʘʣʫ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʙʝʟ 

ʯʘʩʪʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʦʥʠ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽʰʽ ʟʘ ʘʢʪʠʚʥʽ ʬʽʣʴʪʨʠ ʡ ʧʽʜʭʦʜʷʪʴ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʴ ʽʟ ʧʦʤʽʨʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʬʽʣʴʪʨʘʮʽʾ. ɺʦʥʠ ʟʜʘʪʥʽ ʝʬʝʢʪʠʚʥʦ ʬʽʣʴʪʨʫʚʘʪʠ ʧʝʚʥʽ 

ʛʘʨʤʦʥʽʢʠ ʚ ʩʪʘʙʽʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʽ ʧʨʦʩʪʠʭ ʩʠʩʪʝʤʘʭ, ʜʝ ʥʝ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʝʣʠʢʽ ʟʤʽʥʠ ʚ ʩʧʝʢʪʨʽ ʛʘʨʤʦʥʽʢ [4,5]. 

ʇʘʩʠʚʥʽ ʬʽʣʴʪʨʠ ʤʘʶʪʴ ʥʝʜʦʣʽʢʠ: ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ, ʦʙʤʝʞʝʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ 

ʩʢʣʘʜʥʠʭ ʩʧʝʢʪʨʽʚ ʩʧʦʪʚʦʨʝʥʴ, ʧʦʪʨʝʙʫ ʚ ʪʦʯʥʦʤʫ ʥʘʣʘʰʪʫʚʘʥʥʽ ʡ ʦʙʤʝʞʝʥʥʷ ʫ ʧʨʠʜʫʰʝʥʥʽ 

ʢʽʣʴʢʦʭ ʛʘʨʤʦʥʽʢ.. ʈʠʟʠʢ ʨʝʟʦʥʘʥʩʫ ʤʽʞ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ ʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʧʝʨʝʛʨʽʚ ʽ ʧʦʰʢʦʜʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ 

ʤʝʨʝʞ. ɸʢʪʠʚʥʠʡ ʬʽʣʴʪʨ ʻ ʧʨʠʩʪʨʦʻʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʁʦʛʦ ʛʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʟʜʘʪʥʽʩʪʴ ʘʜʘʧʪʫʚʘʪʠʩʷ 

ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʪʘ ʢʦʤʧʝʥʩʫʚʘʪʠ ʨʽʟʥʽ ʛʘʨʤʦʥʽʢʠ ʦʜʥʦʯʘʩʥʦ [6].  

ɸʢʪʠʚʥʠʡ ʬʽʣʴʪʨ ʟʘʚʜʷʢʠ ʛʥʫʯʢʦʤʫ ʫʧʨʘʚʣʽʥʥʶ ʧʨʠʛʥʽʯʫʻ ʛʘʨʤʦʥʽʢʠ, ʢʦʨʠʛʫʻ 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʟʤʝʥʰʫʻ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ. ɺʽʥ ʢʦʤʧʘʢʪʥʽʰʠʡ ʽ ʝʬʝʢʪʠʚʥʽʰʠʡ ʟʘ 

ʧʘʩʠʚʥʽ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʤʘʻ ʪʨʠʚʘʣʽʰʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ, ʦʩʢʽʣʴʢʠ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘ-ʨʽʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ. 

ʆʜʥʘʢ ʥʝʜʦʣʽʢʘʤʠ ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʘ ʻ ʡʦʛʦ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʫ 

ʥʘʣʘʰʪʫʚʘʥʥʽ [7,8]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʧʦʯʘʪʢʦʚʽ ʚʠʪʨʘʪʠ. ʆʢʨʽʤ ʮʴʦʛʦ, ʘʢʪʠʚʥʽ ʬʽʣʴʪʨʠ 

ʩʧʦʞʠʚʘʶʪʴ ʜʦʜʘʪʢʦʚʫ ʝʥʝʨʛʽʶ ʜʣʷ ʩʚʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʱʦ ʟʥʠʞʫʻ ʟʘʛʘʣʴʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʏʫʪʣʠʚʽʩʪʴ ʜʦ ʷʢʦʩʪʽ ʞʠʚʣʝʥʥʷ ʪʘ ʨʠʟʠʢ ʧʝʨʝʛʨʽʚʫ ʯʠ ʚʠʭʦʜʫ ʟ ʣʘʜʫ 

ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʥʘʜʽʡʥʽʩʪʴ. ɯʥʞʝʢʮʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʰʫʤʽʚ, ʷʢʫ ʩʪʚʦʨʶʶʪʴ ʘʢʪʠʚʥʽ ʬʽʣʴʪʨʠ, ʪʘʢʦʞ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʾʾ 

ʤʽʥʽʤʽʟʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʥʠʢʘʻ ʛʦʩʪʨʘ ʧʦʪʨʝʙʘ ʫ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ, ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʛʘʨʤʦʥʽʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʛʥʫʯʢʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʧʨʦʩʪʦʪʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ 

ʩʫʯʘʩʥʠʭ ʤʝʨʝʞʘʭ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

  

ʆɻʃʗɼ ʉʀʉʊɽʄ ʇʆʂʈɸʑɽʅʅʗ ʗʂʆʉʊɯ ɽʃɽʂʊʈʀʏʅʆɰ ɽʅɽʈɻɯɰ 
 

ɺʩʪʫʧ. ʗʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʯʠʥʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʝʨʝʞ ʯʝʨʝʟ ʥʠʟʢʫ ʬʘʢʪʦʨʽʚ [1-6]: 

¶ ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ. ɯʥʚʝʨʪʦʨʠ, ʯʘʩʪʦʪʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʙʣʦʢʠ ʞʠʚʣʝʥʥʷ ʜʣʷ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ ʽ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʩʪʚʦʨʶʶʪʴ 

ʟʥʘʯʥʽ ʛʘʨʤʦʥʽʡʥʽ ʚʠʢʨʠʚʣʝʥʥʷ, ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʯʠ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʤʝʨʝʞʽ. 

¶ ɿʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ɯʥʪʝʥʩʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʴʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʫ ʤʝʨʝʞʘʭ. 

¶ ʇʽʜʢʣʶʯʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʉʦʥʷʯʥʽ ʽ ʚʽʪʨʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʯʝʨʝʟ 

ʩʚʦʶ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ, ʩʧʨʠʯʠʥʷʶʪʴ ʢʦʣʠʚʘʥʥʷ ʥʘʧʨʫʛʠ ʪʘ ʯʘʩʪʦʪʠ. 

¶ ʉʪʘʨʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʫʢʨʘʾʥʩʴʢʠʭ ʤʝʨʝʞ 

ʧʦʙʫʜʦʚʘʥʘ ʱʝ ʚ ʩʝʨʝʜʠʥʽ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʽ ʥʝ ʧʨʠʩʪʦʩʦʚʘʥʘ ʜʦ ʩʫʯʘʩʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

¶ ɺʽʜʩʫʪʥʽʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ. ʅʝʜʦʩʪʘʪʥʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʫʩʢʣʘʜʥʶʻ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʪʘ ʣʽʢʚʽʜʘʮʽʶ 

ʧʨʦʙʣʝʤ. 

ʎʽ ʯʠʥʥʠʢʠ ʩʪʚʦʨʶʶʪʴ ʩʝʨʡʦʟʥʽ ʚʠʢʣʠʢʠ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʧʦʪʨʝʙʫʶʯʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʨʽʰʝʥʴ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ ʟʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪʘʤʠ ɼʉʊʋ 

EN 50160:2014 [4]. 

ɺ ʫʤʦʚʘʭ ʚʽʡʥʠ ʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ ʋʢʨʘʾʥʠ ʟʘʟʥʘʣʘ ʟʥʘʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʘʣʝ ʮʝ 

ʪʘʢʦʞ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʤʝʨʝʞ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʦʢʨʝʤʘ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ SVG (Static Var Generator), ʪʘ ʦʮʽʥʢʘ ʾʭ ʧʝʨʩʧʝʢʪʠʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ 

ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ ʋʢʨʘʾʥʠ. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʪʨʘʜʠʮʽʡʥʽ, ʪʘʢ ʽ ʥʦʚʽʪʥʽ ʤʝʪʦʜʠ. ʈʦʟʛʣʷʥʝʤʦ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʥʝʜʦʣʽʢʠ. 

ɼʦ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʢʦʥʜʝʥʩʘʪʦʨʥʽ ʙʘʪʘʨʝʾ (ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ - 

rʦʤʧʝʥʩʘʮʽʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ) ʪʘ ʧʘʩʠʚʥʽ ʬʽʣʴʪʨʠ ʛʘʨʤʦʥʽʢ 

(ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ï ʫʩʫʥʝʥʥʷ ʚʠʢʨʠʚʣʝʥʴ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʬʦʨʤʠ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ.) 

ʊʘʢʽ ʤʝʪʦʜʠ ʻ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʚʠʩʫʚʘʶʪʴʩʷ ʩʪʘʥʜʘʨʪʘʤʠ ʥʘ ʷʢʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʅʘ ʨʽʚʥʽ ʧʽʜʩʪʘʥʮʽʡ ʤʦʞʣʠʚʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʥʘʧʨʫʛʠ ʫ ʤʝʨʝʞʽ, ʥʝʜʦʣʽʢʦʤ ʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʩʪʘʥʫ ʤʝʨʝʞʽ, ʚʠʩʦʢʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪ ʥʘ 

ʧʝʨʝʜʘʯʫ ʝʥʝʨʛʽʾ. 

ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʦʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʢʪʠʚʥʠʭ ʬʽʣʴʪʨʽʚ, ʩʪʘʪʠʯʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʢʦʨʝʢʪʦʨʦʚ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʘʢʪʠʚʥʠʭ ʚʠʧʨʷʤʣʷʯʽʚ.  

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ (ʪʘʙʣ.1). 

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʱʦ ʩʪʘʪʠʯʥʽ ʛʝʥʝʨʘʪʦʨʠ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

Static Var Generator (SVG) ʻ ʦʜʥʠʤ ʟ ʥʘʡʢʨʘʱʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦʢʨʘʱʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʻ ʜʠʥʘʤʽʯʥʘ 

ʢʦʤʧʝʥʩʘʮʽʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʥʘʧʨʫʛʠ. 
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ʇʝʨʝʚʘʛʠ: 

Á ʐʚʠʜʢʦʜʽʷ: ʈʝʘʢʮʽʷ ʥʘ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʢʽʣʴʢʘ ʤʽʣʽʩʝʢʫʥʜ. 

Á ɻʥʫʯʢʽʩʪʴ: ʄʦʞʣʠʚʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

Á ʋʥʽʚʝʨʩʘʣʴʥʽʩʪʴ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʪʠʧʘʭ ʤʝʨʝʞ (ʧʨʦʤʠʩʣʦʚʠʭ, ʢʦʤʝʨʮʽʡʥʠʭ, 

ʞʠʪʣʦʚʠʭ). 

Á ɿʤʝʥʰʝʥʥʷ ʚʪʨʘʪ: ʆʧʪʠʤʽʟʘʮʽʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʤʝʨʝʞʽ. 

ʅʝʜʦʣʽʢʠ: ɺʠʩʦʢʘ ʧʦʯʘʪʢʦʚʘ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʦʪʝ ʚʦʥʘ ʰʚʠʜʢʦ ʦʢʫʧʦʚʫʻʪʴʩʷ 

ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ ʚʪʨʘʪ ʽ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

 

ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ  
ʄʝʪʦʜ ʐʚʠʜʢʽʩʪʴ 

ʨʝʘʢʮʽʾ 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʙʦʨʦʪʴʙʠ ʟ 

ʛʘʨʤʦʥʽʢʘʤʠ 

ɻʥʫʯʢʽʩʪʴ ɺʘʨʪʽʩʪʴ 

ʂʦʥʜʝʥʩʘʪʦʨʥʽ ʙʘʪʘʨʝʾ ʅʠʟʴʢʘ ʅʝʝʬʝʢʪʠʚʥʽ ʆʙʤʝʞʝʥʘ ʅʠʟʴʢʘ 

ʇʘʩʠʚʥʽ ʬʽʣʴʪʨʠ ʛʘʨʤʦʥʽʢ ʇʦʤʽʨʥʘ ʆʙʤʝʞʝʥʘ ʯʘʩʪʦʪʘʤʠ ʆʙʤʝʞʝʥʘ ʉʝʨʝʜʥʷ 

ɸʢʪʠʚʥʽ ʬʽʣʴʪʨʠ ʛʘʨʤʦʥʽʢ ɺʠʩʦʢʘ ɺʠʩʦʢʘ ɺʠʩʦʢʘ ɺʠʩʦʢʘ 

ʉʪʘʪʠʯʥʽ ʛʝʥʝʨʘʪʦʨʠ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

(SVG) 

ɼʫʞʝ ʚʠʩʦʢʘ ɺʠʩʦʢʘ ɼʫʞʝ ʚʠʩʦʢʘ ɺʠʩʦʢʘ 

 

ɿʛʽʜʥʦ ʟ ʧʫʙʣʽʢʘʮʽʻʶ ʚ IEEE Power and Energy Magazine (2022) [6], ʚʧʨʦʚʘʜʞʝʥʥʷ SVG 

ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʝʨʝʞʘʭ ʂʠʪʘʶ ʪʘ ʅʽʤʝʯʯʠʥʠ ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ 15-

20%, ʧʦʢʨʘʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʥʘʧʨʫʛʠ ʥʘ 30% ʽ ʟʥʠʟʠʪʠ ʛʘʨʤʦʥʽʡʥʽ ʚʠʢʨʠʚʣʝʥʥʷ ʜʦ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʽʚʥʷ. ɼʣʷ ʋʢʨʘʾʥʠ ʮʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ 

ʚʧʨʦʚʘʜʞʝʥʥʷ SVG ʫ ʧʨʦʤʠʩʣʦʚʠʭ, ʤʽʩʴʢʠʭ ʽ ʩʽʣʴʩʴʢʠʭ ʤʝʨʝʞʘʭ. 

 

ɺʠʩʥʦʚʢʠ.  

ʇʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʩʠʩʪʝʤ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʧʨʦʚʝʜʝʥʦ ʾʭ 

ʧʦʨʽʚʥʷʥʥʷ  

ɺʧʨʦʚʘʜʞʝʥʥʷ SVG ʜʦʟʚʦʣʠʪʴ: 

- ɿʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʪʘ ʧʽʜʚʠʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʩʪʘʯʘʥʥʷ. 

- ɿʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ 

ɼʉʊʋ EN 50160:2014. 

- ɯʥʪʝʛʨʫʚʘʪʠ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʚ ʥʘʜʽʡʥʫ ʩʠʩʪʝʤʫ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

5. ʂʘʩʘʪʢʽʥʘ ɯ.ɺ., ɹʦʡʢʦ ʉ.ʄ., ɺʠʰʥʝʚʩʴʢʠʡ ʉ.ʗ. "ɸʩʧʝʢʪʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʤʝʨʝʞʘʭ 
ʞʠʚʣʝʥʥʷ". ï ɺʽʥʥʠʮʷ: ɺʅʊʋ, 2020. ï ʉ. 45ï52.  

6. ʃʝʩʴʢʦ ɺ.ʆ., ʂʫʣʠʢ ɺ.ɺ., ʅʝʪʨʝʙʩʴʢʠʡ ɺ.ɺ. "ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤ". ï 

ɺʽʥʥʠʮʷ: ɺʅʊʋ, 2020. ï ʉ. 138ï145. 

7. ʉʽʥʯʫʢ ɯ., ʂʦʪʷʢʦʚʘ ʄ. "ʇʽʜʭʽʜ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘʣʽʟʦʨʫʜʥʠʭ 
ʧʽʜʧʨʠʻʤʩʪʚ". ï ɾʫʨʥʘʣ ʂʅʋ, ʊʦʤ 21, ˉ2, 2023. ï ʉ. 67ï75. 
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GENERAL OVERVIEW OF CHALLENGES IN THE OPERATION OF DC 

CONVERTERS IN INVERTERS OF PHOTOVOLTAIC POWER PLANTS 

UNDER VARIABLE LOAD CONDITIONS  
 

In the context of the global transition to renewable energy, photovoltaic power plants 

(PVPPs) have become crucial as an efficient means of generating clean electricity. However, 

effective conversion of solar energy into usable electrical current requires specialized devices 

capable of adapting the output parameters of solar panels. DC-DC converters play a pivotal role 

by stabilizing and regulating output voltage and current for optimal PVPP operation, ensuring 

maximum energy utilization. They adjust the output voltage based on requirements, performing 

two critical tasks: integrating renewable energy sources into the grid and identifying the Maximum 

Power Point (MPP) on the I-V curve using suitable MPPT algorithms. Ideally, DC-DC converters 

operating in switching mode have 100% efficiency, but in practice, conduction and switching 

losses reduce this. Voltage waveforms exhibit characteristic switching patterns requiring filtering 

through capacitors and inductors. Thus, DC-DC converter circuits always include at least one 

power switch with these components. When paired with inverters in PVPPs under variable load 

conditions, several issues can arise, potentially compromising the system's overall efficiency and 

stability. 

DC-DC converters regulate current and voltage according to load requirements, ensuring 

stable power delivery for devices or inverters, which is crucial for reliable operation. This 

capability allows systems to maintain optimal performance even under variable load conditions. 

In solar energy systems, DC-DC converters are vital for the stable operation of panels and 

connected devices. They maintain voltage and current at the Maximum Power Point (MPP) to 

maximize energy extraction. By stabilizing the output, DC-DC converters ensure that inverters 

efficiently convert DC from panels into AC for grid integration. The primary DC-DC converter 

control schemes used in modern systems are illustrated in Figure 1. 

 

Figure 1 - Voltage and current control scheme of the DC-DC converter. 

The circuits and algorithms shown in the figure [1,2] are used in modern converters for 

photovoltaic power stations. However, they may not function correctly under varying load 

conditions. This is important because poor adaptation to load changes can lead to voltage and 

current fluctuations, power reduction, and deterioration in inverter performance, ultimately 

lowering the system's productivity and reliability. When considering the operation of solar power 

plants under dynamic loads, where power requirements change rapidly, several issues can arise 
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that may affect system stability. Changes in load can lead to a decrease in the stability of output 

voltage and current if the system fails to adapt quickly, causing voltage fluctuations. This impacts 

the efficiency of the inverter, which converts DC from panels into AC for grid use. Additionally, 

the MPPT algorithm, responsible for finding the Maximum Power Point, may struggle under rapid 

load changes, reducing energy efficiency and overall performance. 

Dynamic load variations present significant challenges to the operation of photovoltaic 

power stations, especially concerning inverter efficiency and system stability. Rapid load changes 

can disrupt the inverter's ability to adapt, resulting in power losses and diminished performance. 

Switching processes under dynamic loads introduce current and voltage ripples, increasing 

electromagnetic interference and reducing energy quality. Voltage spikes destabilize critical 

components like inverters and DC-DC converters, while the deviation from the Maximum Power 

Point (MPP) decreases energy capture efficiency.  

Additionally, abrupt changes in load and solar intensity create difficulties for MPPT 

algorithms, delaying their response and reducing the system's ability to sustain optimal energy 

conversion. These fluctuations often lead to decreased overall stability and the inability to maintain 

maximum output from the solar panels. 

To address these challenges, integrated control systems combining DC-DC converters, 

advanced MPPT algorithms, and robust inverters are essential. These systems rapidly adapt to 

changing conditions, maintaining stable voltage and current levels. This approach ensures better 

adherence to the MPP, enhances energy output, and stabilizes the overall performance of 

photovoltaic stations even under fluctuating load conditions. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Omar, N., Tiwari, A., Seethalekshmi, K., & Shrivastava, N. (2022). A Novel Controller 

Design for Small-Scale Islanded Microgrid Integrated with Electric Vehicle-Based Energy 

Storage Management. International Transactions on Electrical Energy Systems, 2022. 

https://doi.org/10.1155/2022/5059215 

2. Al-Hanahi, B., & Akin, B. (2018). MPPT controlled DC-DC converter design and 

application for three stages battery charger [Book]. 2018/06/25. 
 

 

 

https://doi.org/10.1155/2022/5059215


100 

 

ʋɼʂ 621.3  

ʆʤʝʣʴʯʫʢ ʄ.ʄ, ʘʩʧʽʨʘʥʪ 

ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 
 

ɯʅʊɽɻʈɸʎɯʗ ʇʈʆʎɽʉʋ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ ʊʗɻʆɺʀʍ 

ɽʃɽʂʊʈʀʏʅʀʍ ʄɽʈɽɾ  ɺ ʂʆʄʇʃɽʂʉʀ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɻʆ 

ʂɽʈʋɺɸʅʅʗ ɽʅɽʈɻʆʇʆʊʆʂɸʄʀ ʇɯɼɿɽʄʅʀʍ ʈʋɼʅʀʂɯɺ  
 

ʈʦʟʚʠʪʦʢ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚʟʘʛʘʣʽ ʪʘ ʟ 

ʧʽʜʟʝʤʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚʠʜʦʙʫʪʢʫ ʟʘʣʽʟʥʦʾ ʨʫʜʠ ʟʦʢʨʝʤʘ. ɺʘʞʣʠʚʠʤ ʩʢʣʘʜʦʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʉɽʇ ʧʽʜʟʝʤʥʠʭ ʨʫʜʥʠʢʽʚ ʻ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦʚʦʟʥʦʾ 

ʚʽʜʢʘʪʢʠ. ɽʣʝʢʪʨʦʚʦʟʥʠʡ ʪʨʘʥʩʧʦʨʪ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʩʢʣʘʜʦʚʠʭ  ʪʝʭʥʦʣʦʛʽʾ ʚʠʜʦʙʫʪʢʫ 

ʟʘʣʽʟʥʦʾ ʨʫʜʠ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʨʫʜʠ ʪʘ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʽʜʟʝʤʥʠʭ 

ʫʤʦʚʘʭ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʩʦʪʦʢ ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʮʠʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʫ ʚ ʫʤʦʚʘʭ ʨʫʜʥʠʢʽʚ ʩʷʛʘʻ 

10-12% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ. ʊʦʤʫ ʣʦʛʽʯʥʦ, ʱʦ ʩʠʩʪʝʤʘ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʷʢ 

ʩʢʣʘʜʦʚʘ ʉɽʇ ʘʥʘʣʽʟʫʻʤʦʛʦ ʚʠʜʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʚʠʥʥʘ ʬʦʨʤʫʚʘʪʠʩʴ ʚ ʚʘʨʽʘʥʪʽ 

ʧʽʜʛʦʪʦʚʣʝʥʦʾ ʜʦ ʧʦʜʘʣʴʰʦʾ ʽʥʪʝʛʨʘʮʽʾ ʚ ʟʘʛʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʝʥʝʨʛʦʧʦʪʦʢʘʤʠ ʧʽʜʟʝʤʥʠʭ ʨʫʜʥʠʢʽʚ. ɯʥʪʝʛʨʘʮʽʷ ʾʭ ʫ ʪʘʢʫ ʩʪʨʫʢʪʫʨʫ ʤʘʻ ʥʘ ʫʚʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʪʦʯʥʫ ʧʦʪʨʝʙʫ ʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʨʝʛʫʣʶʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʧʝʨʝʨʦʟʧʦʜʽʣʷʪʠ ʨʝʩʫʨʩʠ, ʱʦ 

ʚ ʧʝʨʩʧʝʢʪʠʚʽ  ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭʥʻ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʠʟʚʝʜʝ ʜʦ 

ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ ʝʣʝʢʪʨʦʚʦʟʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʪʨʘʥʩʧʦʨʪʫ. ɺ ʫʤʦʚʘʭ ʧʽʜʟʝʤʥʠʭ ʨʫʜʥʠʢʽʚ ʮʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʨʦʙʦʪʘ ʚ ʥʠʭ 

ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ʊʝʭʥʦʣʦʛʽʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʘʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ, ʚʢʣʶʯʘʶʯʠ ʢʦʥʪʨʦʣʴ ʟʘ 

ʩʧʦʞʠʚʘʥʥʷʤ ʪʘ ʛʝʥʝʨʘʮʽʻʶ, ʦʙʤʽʥ ʜʘʥʠʤʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʛʥʫʯʢʽʩʪʴ ʫ ʨʦʙʦʪʽ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ [1].  

ʇʨʠ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤʠ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚ ʻʜʠʥʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʩʠʩʪʝʤʫ 

ʢʝʨʫʚʘʥʥʷ ʉɽʇ ʜʘʥʠʭ ʚʠʜʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʥʠʟʢʫ ʩʧʝʮʠʬʽʯʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ. ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʟʥʘʯʥʽ ʧʦʯʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ 

ʩʪʚʦʨʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʢʣʶʯʘʶʯʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʪʦʯʥʠʭ 

ʨʽʚʥʽʚ ʩʧʦʞʠʚʘʥʥʷ ɽɽ. ʊʘʢʦʞ ʧʦʪʨʽʙʥʘ ʘʜʘʧʪʘʮʽʷ ʽ ʦʥʦʚʣʝʥʥʷ ʥʘʷʚʥʠʭ ʤʝʨʝʞ ʞʠʚʣʝʥʥʷ, 

ʚʢʣʶʯʘʶʯʠ ʢʦʥʪʘʢʪʥʽ ʤʝʨʝʞʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʪʫ ʪʨʘʥʩʧʦʨʪʫ ʫ ʧʽʜʟʝʤʥʠʭ ʫʤʦʚʘʭ. 

ʆʜʥʠʤ ʽʟ ʚʠʢʣʠʢʽʚ ʻ ʥʘʜʽʡʥʘ ʢʦʤʫʥʽʢʘʮʽʷ - ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʚ ʫʤʦʚʘʭ ʧʽʜʟʝʤʥʠʭ ʧʝʨʝʰʢʦʜ ʪʘ 

ʦʙʤʝʞʝʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʟʚ'ʷʟʢʫ. ʉʧʝʮʠʬʽʯʥʽ ʫʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʨʫʜʥʠʢʦʚʠʭ ʝʣʝʢʪʨʦʚʦʟʽʚ  ʚ ʧʽʜʟʝʤʥʠʭ ʫʤʦʚʘʭ ʚʠʢʣʠʢʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ 

ʥʘʜʽʡʥʦʛʦ ʽ ʬʫʥʢʮʽʦʥʘʣʴʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷʤ. 

ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ Microrid, ʷʢʘ ʦʙôʻʜʥʫʻ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʜʘʻ ʪʝʭʥʽʯʥʫ ʤʦʞʣʠʚʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʨʦʙʦʪʫ ʩʫʯʘʩʥʠʭ 

ʘʜʘʧʪʠʚʥʠʭ ʩʭʝʤ ʞʠʚʣʝʥʥʷ, ʱʦ ʘʚʪʦʤʘʪʠʯʥʦ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʷʢ 

ʦʢʨʝʤʦ ʚʟʷʪʠʭ ʪʘʢ ʽ ʚʩʽʭ ʝʣʝʢʪʨʦʚʦʟʽʚ ʪʘ ʧʦʪʦʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʪʷʛʦʚʫ ʝʣʝʢʪʨʠʯʥʫ 

ʤʝʨʝʞʫ [1, 2]. ʎʝ ʩʧʨʠʷʻ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ, ʤʽʥʽʤʽʟʫʶʯʠ ʨʠʟʠʢʠ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʽ ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʟʘ ʫʤʦʚ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʘʙʦ ʫ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ.  ʂʨʽʤ ʪʦʛʦ, 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʘ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʚʦʟʥʦʾ 

ʚʽʜʢʘʪʢʠ ʫ ʧʽʜʟʝʤʥʠʭ ʫʤʦʚʘʭ ʟʘʚʜʷʢʠ ʧʦʩʪʽʡʥʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ 

ʪʷʛʦʚʠʭ ʧʽʜʩʪʘʥʮʽʡ, ʢʦʥʪʘʢʪʥʦʾ ʤʝʨʝʞʽ ʪʘ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʝʣʝʢʪʨʦʚʦʟʽʚ. ɼʘʥʘ ʩʠʩʪʝʤʘ 

ʤʦʞʝ ʧʦʧʝʨʝʜʞʘʪʠ ʧʨʦ ʤʦʞʣʠʚʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʪʘ ʥʝʛʘʡʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʚʽʜʭʠʣʝʥʥʷ ʫ ʨʦʙʦʪʽ 

ʦʙʣʘʜʥʘʥʥʷ. ʎʝ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʨʠʟʠʢʠ ʘʚʘʨʽʡ ʪʘ ʩʧʨʠʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ 
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ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ ʪʨʘʥʩʧʦʨʪʫ, ʦʩʢʽʣʴʢʠ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ ʜʦʩʪʫʧʥʘ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ.  ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫʚʘʪʠ ʘʢʪʫʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʨʦʙʦʪʫ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʷʛʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʝʣʝʢʪʨʦʚʦʟʽʚ, ʧʨʦʬʽʣʴʥʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʤʦʞʝ ʟʜʽʡʩʶʚʘʪʠʩʴ ʢʦʨʠʛʫʚʘʥʥʷ ʜʦʨʦʞʥʴʦʾ ʢʘʨʪʠ ʪʘ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʚʦʟʽʚ ʧʽʜ ʢʦʥʢʨʝʪʥʽ 

ʫʤʦʚʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʘʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ 

ʣʦʢʦʤʦʪʠʚʽʚ ʽ ʟʤʝʥʰʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. 

ʆʢʨʝʤʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ 

ʩʪʨʫʢʪʫʨʫ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ï ʉɽʇ ʟ ʨʦʟʧʦʜʽʣʝʥʦʶ ʛʝʥʝʨʘʮʽʻʶ ɽɽ ʛʽʨʥʠʯʦʚʠʜʦʙʫʚʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʪʘʢʠʭ ʛʽʙʨʠʜʥʠʭ ʨʽʰʝʥʴ, ʜʣʷ ʞʠʚʣʝʥʥʷ ʨʫʜʥʠʢʦʚʦʾ 

ʝʣʝʢʪʨʦʚʦʟʥʦʾ ʚʽʜʢʘʪʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʪʨʘʜʠʮʽʡʥʽ, ʪʘʢ ʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘʢʦʧʠʯʫʚʘʣʴʥʽ ʩʠʩʪʝʤʠ. ʎʝ ʟʘʙʝʟʧʝʯʠʪʴ ʛʥʫʯʢʽʩʪʴ ʩʠʩʪʝʤʠ, ʜʦʟʚʦʣʷʶʯʠ 

ʧʽʜʧʨʠʻʤʩʪʚʫ ʧʦʢʨʠʚʘʪʠ ʩʚʦʾ ʧʽʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʽ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʝʣʝʢʪʨʦʚʦʟʽʚ ʥʘʚʽʪʴ ʫ ʨʘʟʽ ʧʝʨʝʙʦʾʚ ʟʦʚʥʽʰʥʴʦʛʦ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ [2]. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤ. ʂʠʾʚ 

ʂʘʬʝʜʨʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʪʘ ʭʦʣʦʜʠʣʴʥʦʾ ʪʝʭʥʽʢʠ 
 

ʆʈɻɸʅɯʏʅʀʁ ʎʀʂʃ ʈɽʅʂɯʅɸ ʗʂ ɸʃʔʊɽʈʅɸʊʀɺɸ ɼʃʗ 

ʈɽɿɽʈɺʅʆɻʆ ɽʃɽʂʊʈʆɾʀɺʃɽʅʅʗ 
ɺʩʪʫʧ. ɺʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ ʨʦʩʽʾ ʚ ʋʢʨʘʾʥʽ ʚʽʜ ʞʦʚʪʥʷ 2022 ʨʦʢʫ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʠʣʦʩʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʦʢʨʝʤʘ 

ʜʘʭʦʚʠʭ ʢʦʪʝʣʝʥʴ ʫ ʥʦʚʦʙʫʜʦʚʘʭ. ʎʷ ʧʨʦʙʣʝʤʘ ʚʠʤʘʛʘʻ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʜʣʷ 

ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʋ ʩʫʯʘʩʥʽʡ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ 

ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʨʝʟʝʨʚʥʦʛʦ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ ʢʦʛʝʥʝʨʘʮʽʡʥʽ 

ʫʩʪʘʥʦʚʢʠ, ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʠ ʪʘ ʘʢʫʤʫʣʷʪʦʨʠ ʨʝʟʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ. ʇʨʦʪʝ ʚʦʥʠ ʤʘʶʪʴ 

ʩʫʪʪʻʚʽ ʦʙʤʝʞʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʚʞʝ ʟʙʫʜʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ.   
ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ: ʦʙˇʨʫʥʪʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʫ ʛʝʥʝʨʘʮʽʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʦʨʛʘʥʽʯʥʦʛʦ ʮʠʢʣʫ ʈʝʥʢʽʥʘ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʦʩʦʙʫ ʨʝʟʝʨʚʥʦʛʦ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʜʘʭʦʚʠʭ ʢʦʪʝʣʝʥʴ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʩʥʦʚʥʽ ʚʘʨʽʘʥʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʝʟʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ ʜʘʭʦʚʠʭ ʢʦʪʝʣʝʥʴ. ʆʮʽʥʠʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ORC ʜʣʷ ʫʤʦʚ ʥʦʚʦʙʫʜʦʚ ʚ ʋʢʨʘʾʥʽ.  ɺʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʢʦʪʝʣʝʥʴ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ.   

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʈʦʟʛʣʷʥʫʪʦ ʚʘʨʽʘʥʪʠ ʨʝʟʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ. 

ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʚʢʣʶʯʘʶʪʴ 1. ʂʦʛʝʥʝʨʘʮʽʡʥʽ ʫʩʪʘʥʦʚʢʠ. ɼʦʟʚʦʣʷʶʪʴ ʦʜʥʦʯʘʩʥʦ 

ʚʠʨʦʙʣʷʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʾ, ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʥʘ 

ʤʦʜʝʨʥʽʟʘʮʽʶ ʩʠʩʪʝʤʠ ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʦʙôʻʢʪʘ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʣʷʭ. 2. ɼʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʯʝʨʝʟ ʧʦʪʨʝʙʫ ʚ 

ʨʝʛʫʣʷʨʥʦʤʫ ʧʦʧʦʚʥʝʥʥʽ ʟʘʧʘʩʽʚ ʧʘʣʠʚʘ ʪʘ ʡʦʛʦ ʪʨʠʚʘʣʦʤʫ ʟʙʝʨʽʛʘʥʥʽ. 3. ɸʢʫʤʫʣʷʪʦʨʠ 

ʨʝʟʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʙʤʝʞʝʥʦʶ ʻʤʥʽʩʪʶ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʘʜʘʧʪʘʮʽʾ ʜʦ 

ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʙʦʾʚ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ.   

ɸʣʴʪʝʨʥʘʪʠʚʥʦʶ ʢʦʥʮʝʧʮʽʻʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʮʠʢʣʫ ʈʝʥʢʽʥʘ. ɹʣʦʢ ORC 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ ʷʢʦʩʪʽ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʨʽʜʠʥ ʟ  ʥʠʟʴʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʢʠʧʽʥʥʷ (ʭʦʣʦʜʠʣʴʥʠʡ ʘʛʝʥʪ). ɺ ʩʠʩʪʝʤʽ ORC ʪʝʧʣʦ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʢʦʪʝʣʥɹʝʶ, 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʤʝʭʘʥʽʯʥʫ ʝʥʝʨʛʽʶ, ʘ ʧʦʪʽʤ ʥʘ ʝʣʝʢʪʨʠʯʥʫ. ʆʩʥʦʚʥʦʶ ʟ ʧʝʨʝʚʘʛ ʱʦʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚ ʽʩʥʫʶʯʽ ʦʙôʻʢʪʠ ʻ ʪʝ, ʱʦ ʙʣʦʢ ORC ʤʦʞʝ ʙʫʪʠ ʧʨʠʻʜʥʘʥʠʡ ʜʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʙʝʟ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʠʭ ʢʦʪʝʣʝʥ.  

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ORC ʨʦʟʛʣʷʥʫʪʦ ʜʘʭʦʚʫ ʢʦʪʝʣʴʥʶ ʟ ʪʝʧʣʦʚʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ 2 ʄɺʪ ʪʘ ʝʣʝʢʪʨʠʯʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ 17 ʢɺʪ. ʇʨʦʚʝʜʝʥʦ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʛʨʘʬʽʢʽʚ (80-60 ÁC, 90-70 ÁC, 95-70 

ÁC, 105-70 ÁC, 50-30 ÁC). ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʛʨʘʬʽʢʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʽʣʴʢʘ 

ʨʦʙʦʯʠʭ ʨʝʯʦʚʠʥ ʚ ʙʣʦʢʫ ʦʨʛʘʥʽʯʥʦʛʦ ʮʠʢʣʫ ʈʝʥʢʽʥʘ (ʽʟʦʙʫʪʘʥ, R245fa, R1233zdE, R134a). 

ɼʦʜʘʪʢʦʚʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʪʝʣʴʥʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʷʭ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ:  1. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ORC ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʨʘʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʬʽʢʘ;   2. ʇʦʪʨʝʙʘ ʚ ʪʝʧʣʦʚʽʡ 

ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʙʣʦʢʫ ORC ʩʪʘʥʦʚʠʪʴ 160-200 ʢɺʪ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ 8-10% ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʢʦʪʝʣʴʥʽ; ɺʠʪʨʘʪʘ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʝ ʚʧʣʠʚʘʻ 

ʥʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʙʫʜʽʚʝʣʴ ʧʨʠ ʟʦʚʥʽʰʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ -18 ÁC. 

ɯʥʪʝʛʨʘʮʽʷ ʙʣʦʢʫ ORC ʫ ʩʠʩʪʝʤʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʯʘʩʪʢʦʚʝ 

ʧʦʚʝʨʥʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʢʦʪʝʣʴʥʽ, ʟʤʝʥʰʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ. ʎʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ, ʘʣʝ ʧʨʠ 

ʚʧʨʦʚʘʜʞʝʥʽ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ.  

ɺʠʩʥʦʚʢʠ  ɺʠʢʦʨʠʩʪʘʥʥʷ ORC ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʩʠʩʪʝʤʫ ʚ ʽʩʥʫʶʯʫ ʢʦʪʝʣʴʥʶ ʙʝʟ 
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ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʥʘʯʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʤʽʥ. ʇʦʪʨʝʙʘ ʚ ʪʝʧʣʦʚʽʡ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ORC ʥʝ ʧʦʨʫʰʫʻ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʘʚʽʪʴ ʫ ʤʦʨʦʟʥʽ ʧʝʨʽʦʜʠ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʽʜ 

ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʜʣʷ ORC ʪʘ ʾʭ ʘʜʘʧʪʘʮʽʶ ʜʦ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʛʨʘʬʽʢʽʚ ʢʦʪʝʣʝʥʴ.   
ʃʽʪʝʨʘʪʫʨʘ. 
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ʋɼʂ 621.316.122.5 

ʌʝʜʽʨʢʦ ʄʠʭʘʡʣʦ ʄʠʢʦʣʘʡʦʚʠʯ ʢ.ʝ.ʥ., ʜʦʮʝʥʪ  

ʂʦʰʧʘʨʝʥʢʦ ʆʣʝʢʩʘʥʜʨ ɸʥʜʨʽʡʦʚʠʯ ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɽʃɽɸ-21;  

ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ 
 

ʄɽʊʆɼʀʏʅɯ ʇɯɼʍʆɼʀ ɼʆ ɺʀɿʅɸʏɽʅʅʗ ʈɽɸʂʊʀɺʅʆɰ 

ʇʆʊʋɾʅʆʉʊɯ ʉʇʆɾʀɺɸʅʆɰ ɽʃɽʂʊʈʆʇʈʀɺʆɼʆʄ ʅɸʉʆʉʅʀʍ 

ɸɻʈɽɻɸʊɯɺ ʄɽʈɽɾɯ ʎɽʅʊʈɸʃɯɿʆɺɸʅʆɻʆ ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ 

ɺ ʂʆʅʊɽʂʉʊɯ ʇʈʆɺɽɼɽʅʗ ɽʅɽʈɻʆɸʋɼʀʊʋ 
 

ɺʩʪʫʧ. ɽʣʝʢʪʨʦʧʨʠʚʦʜʠ ʥʘ ʙʘʟʽ ʘʩʠʥʭʨʦʥʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʻ ʦʩʥʦʚʥʠʤʠ 

ʩʧʦʞʠʚʘʯʘʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [1], ʟʦʢʨʝʤʘ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʢʦʤʫʥʘʣʴʥʦʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ. 

ʅʘʩʦʩʥʽ ʘʛʨʝʛʘʪʠ ʤʝʨʝʞ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚʠʜʽʣʷʶʪʴʩʷ ʩʚʦʻʶ 

ʝʥʝʨʛʦʻʤʥʽʩʪʶ, ʧʨʠ ʮʴʦʤʫ ʚʦʥʠ ʧʨʘʮʶʶʪʴ ʚ ʨʝʞʠʤʘʭ ʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʟʥʠʞʫʻ 

ʾʭʥʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʻ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ, ʪʘ  

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʩʠʩʪʝʤʘʭ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʪʦʜʽ ʷʢ ʚʢʘʟʘʥʽ ʚʠʱʝ 

ʧʨʦʙʣʝʤʠ, ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ ʚ ʤʝʨʝʞʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤʠ. ɸʥʘʣʽʟ ʧʨʘʢʪʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦʘʫʜʠʪʫ ʧʦʢʘʟʫʻ. 

ʱʦ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʥʝʨʛʦʘʫʜʠʪʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʩʧʦʞʠʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʩʧʦʞʠʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʟʘ ʫʚʘʛʦʶ ʝʥʝʨʛʦʘʫʜʠʪʦʨʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ ʫ ʤʝʨʝʞʘʭ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ 

ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦʘʫʜʠʪʫ.   

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʤʝʪʦʶ ʥʘʰʦʾ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʩʧʦʞʠʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ ʤʝʨʝʞʽ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʤʠ ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʨʝʘʢʪʠʚʥʫ ʝʥʝʨʛʽʶ ʩʧʦʞʠʚʘʥʫ ʷʢ 

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʯʘʩʪʦʪʠ, ʪʘʢ ʽ ʧʨʠʚʦʜʥʠʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ. ʄʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ 

ʩʧʦʞʠʚʘʥʦʾ ʨʝʘʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʥʦʾ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʻ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ 

ʨʦʟʨʦʙʣʝʥʠʤʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʦʾ 

ʯʘʩʪʦʪʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʚ ʩʪʨʫʢʪʫʨʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ 

ʦʙʛʨʫʥʪʦʚʘʥʠʤʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʯʘʩʪʦʪʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ  ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʬʦʨʤʫʣʘʤʠ ʡʦʛʦ ʤʝʨʝʞʝʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʪʨʠʤʘʥʠʭ ʫ 

ʧʨʠʧʫʱʝʥʥʽ ʚʽʜʩʫʪʥʦʩʪʽ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʫ ʢʨʠʚʠʭ ʩʪʨʫʤʽʚ ʪʘ ʥʘʧʨʫʛ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, 

ʝʣʝʢʪʨʠʯʥʠʭ ʚʪʨʘʪ ʫ ʚʝʥʪʠʣʷʭ ʚʠʧʨʷʤʣʷʯʘ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʠʣʦʚʠʭ ʝʣʝʤʝʥʪʘʭ 

ʽʥʚʝʨʪʦʨʘ ʥʘʧʨʫʛʠ, ʘ ʪʘʢʦʞ ʚʪʨʘʪ ʫ ʩʪʘʣʽ ʨʝʘʢʪʦʨʽʚ. ʇʨʠ ʮʠʭ ʧʨʠʧʫʱʝʥʥʷʭ ʨʝʘʢʪʠʚʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʭʦʜʽ ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

1 ʖ ,˰̑Ȣ̃ É̖̃            (1) 
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 ʌʦʨʤʫʣʘ (1) ʧʦʢʘʟʫʻ, ʱʦ ʨʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ Q ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʚʠʧʨʷʤʣʷʯʘ Ὥ ʪʘ ʽʥʜʫʢʪʠʚʥʦʛʦ ʦʧʦʨʫ               ὢ̑Ȣ̖̃ ‫ ὒ̤̑Ȣ̃  ̖

ʢʦʤʫʪʫʚʘʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ.  

 

ɺʠʭʽʜʥʠʡ ʩʪʨʫʤ ʚʠʧʨʷʤʣʷʯʘ ʚʠʟʥʘʯʘʻ ʩʪʨʫʤ ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʷʢ 

ʩʢʣʘʜʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʠʢʣʫ ʨʦʙʦʪʠ 

ʥʘʩʦʩʘ. ʊʠʧʦʚʠʡ ʮʠʢʣ ʨʦʙʦʪʠ ʥʘʩʦʩʘ, ʚʠʟʥʘʯʝʥʠʡ ʨʝʛʣʘʤʝʥʪʦʤ ɭʚʨʦʩʦʶʟʫ [3] ʽ ʧʦʜʽʣʝʥʠʡ 

ʥʘ 4 ʨʝʞʠʤʠ. ʆʩʦʙʣʠʚʽʩʪʶ ʮʠʢʣʫ ʻ ʪʝ, ʱʦ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʯʘʩʫ ʥʘʩʦʩ ʧʨʘʮʶʻ ʟ ʚʠʪʨʘʪʦʶ 

ʥʘʙʘʛʘʪʦ ʤʝʥʰʦʶ ʟʘ ʥʦʤʽʥʘʣʴʥʫ. ʅʘʧʨʠʢʣʘʜ, ʟ ʚʠʪʨʘʪʦʶ 25 % ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʥʘʩʦʩ ʧʨʘʮʶʻ ʚʽʜʥʦʩʥʠʡ ʯʘʩ ὸὭ /ὸ  = 44 %, ʜʝ ὸ  ï ʩʫʤʘʨʥʠʡ ʯʘʩ ʨʦʙʦʪʠ, ʧʨʠʡʥʷʪʠʡ ʨʽʚʥʠʤ 
24 ʛʦʜʠʥʘʤ, ti ï ʯʘʩ ʨʦʙʦʪʠ ʥʘʩʦʩʘ ʚ ʜʘʥʦʤʫ ʨʝʞʠʤʽ. ʎʝʡ ʧʨʦʬʽʣʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʪʠʧʦʚʠʤ 

ʜʣʷ ʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʽʟ ʧʦʪʨʝʙʦʶ ʫ ʟʤʽʥʽ ʚʠʪʨʘʪʠ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. 

ʇʦʢʘʟʥʠʢʠ ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʩʧʦʞʠʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ ʚ ʤʝʨʝʞʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʨʦʟʨʘʭʫʻʤʦ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʝʪʦʜʠʢʠ ʪʘ ʪʝʭʥʽʯʥʠʭ ʜʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʨʦʟʨʦʙʣʝʥʦʾ ʥʘʤʠ ʽ ʦʧʫʙʣʽʢʦʚʘʥʦʾ ʫ ʨʦʙʦʪʘʭ[4,5] ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʤʝʨʝʞʝʚʦʛʦ 

ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ (1). 

 

ʊʘʙʣʠʮʷ 1 

ʇʘʨʘʤʝʪʨʠ ʯʘʩʪʦʪʥʦ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ ʤʝʨʝʞʽ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 
 

ˉ  

ʈʝʞʠʤ ʨʦʙʦʪʠ 

 

ὖȟ̋ ˏ̓ Cos • Q, ʚ. ʦ. S, ʢɺ*ɸ 

 

Ὅẖ̌ 

 

ʄ, ʚ. ʦ. 

 

1 ʈʝʞʠʤ: Ὧ̈ ́̃ 

=0,25 

 

χȟσ 0,7 0,04 10,4 

 

16 

 

0,05 

2 ʈʝʞʠʤ: Ὧ̈ ́̃ 

=0,5 

 

σρȟφ 0,8 0,15 39,5 

 

63,2 

 

0,24 

3 ʈʝʞʠʤ: Ὧ̈ ́̃ 

=0,75 

 

 

ψςȟς 0,81 0,31  101,4 

 

 

164,4 

 

 

0,55 

4 ʈʝʞʠʤ: Ὧ̈ ́̃ =1  

 

ρωςȟσ 0,86 0,59 223,6 

 

 

384,6 

 

 

0,98 

 ʇʨʠʤʽʪʢʠ: ʈʦʟʨʘʭʦʚʘʥʦ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟ ʝʣʝʪʨʦʜʚʠʛʫʥʦʤ ὖ̎̏̍
ςππ̋ˏ̓  ʘ ὔ̎ ̏=̍1450 ʦʙ/ʭʚ. ʈʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʥʝʩʝʥʘ ʜʦ ὖ̎̏,̍ ʘ ʤʦʤʝʥʪ ʜʦ ὓ̎ ̏.̍ 

ɺʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʩʧʦʞʠʚʘʥʦʾ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ. ʆʩʥʦʚʥʘ ʯʘʩʪʢʘ ʧʨʠʧʘʜʘʻ ʥʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʤʦʤʝʥʪʫ, ʪʦʜʽ ʷʢ ʯʘʩʪʢʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ ʻ 

ʥʝʟʥʘʯʥʦʶ. ɿʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʦʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ, ʚʠʨʽʚʥʶʚʘʥʥʷ ʡʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ 

ʨʝʘʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʧʦʤʘʛʘʻ ʝʥʝʨʛʦʘʫʜʠʪʦʨʫ ʦʮʽʥʶʚʘʪʠ ʦʙʩʷʛ 

ʩʧʦʞʠʚʘʥʦʾ ʨʝʘʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʥʦʤʽʥʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʚʠʛʫʥʘ, ʘ ʧʦʜʘʣʴʰʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʫʪʦʯʥʠʪʠ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʨʽʟʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ.  
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ʅʽʥʘ ʌʽʣʽʤʦʥʝʥʢʦ, ʢ.ʪ.ʥ, ʜʦʮ., ORCID 0000-0003-1867-3812 

ʉʭʽʜʥʦʫʢʨʘʽʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺʦʣʦʜʠʤʠʨʘ ɼʘʣʷ 

ʂʦʩʪʷʥʪʠʥ ʌʽʣʽʤʦʥʝʥʢʦ, ʢ.ʪ.ʥ, ʜʦʮ., ORCID 0000-0001-9264-4767 

ʉʭʽʜʥʦʫʢʨʘʽʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺʦʣʦʜʠʤʠʨʘ ɼʘʣʷ 

ʅʘʪʘʣʽʷ ʉʤʠʨʠʥʩʴʢʘ, ʥʘʯʘʣʴʥʠʢ ʚʽʜʜʽʣʫ, ORCID0000-0001-5373-2625 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ"ʆʜʝʩʴʢʘ ʄʦʨʩʴʢʘ ɸʢʘʜʝʤʽʷ" 

ɺô̫ ʯʝʩʣʘʚ ʃʝʚʘʥʜʦʚʩʴʢʠʡ, ʢʦʥʩʪʨʫʢʪʦʨ, ʨʦʟʨʦʙʥʠʢ, ORCID 0000-0003-0033-

0694 

ɹʦʨʠʩ ʗʢʫʪʦʚʠʯ ʜʠʨʝʢʪʦʨ ʊʆɺ çʌʽʣʪʽʤ-ʛʣʦʙʘʣè, ORCID  

 

ɺʀʇʈʆɹʋɺɸʃʔʅʀʁ ʉʊɽʅɼ ʉʇʈʆʑɽʅʆɰ ʂʆʅʉʊʈʋʂʎɯɰ ɼʃʗ 

ɺʀɿʅɸʏɽʅʅʗ ʂʈʀʊɽʈɯɸʃʔʅʀʍ ʈɯɺʅɽʁ ʋʈɸɾɽʅʅʗ 

ʈɸɼɯʆɽʃɽʂʊʈʆʅʅʀʍ ʂʆʄʇʆʅɽʅʊɯɺ ʇʈʀ ɺʇʃʀɺɯ ʇʆʊʋɾʅʀʍ 

ɯʄʇʋʃʔʉɯɺ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʆɰ ɽʅɽʈɻɯɰ 
 

ɹʝʟʧʨʦʚʽʜʥʘ ʧʝʨʝʜʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʩʪʦʨʽ ʥʝʤʠʥʫʯʝ ʚʧʣʠʚʘʻ ʥʘ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʽ 

ʟʘʩʦʙʠ (ʈɽɿ) ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ʃɸ), ɹʇʃɸ, ʪʘ ʥʘʟʝʤʥʠʭ ʙʝʟʧʽʣʦʪʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ, ʘʙʦ ʢʨʠʪʠʯʥʦʛʦ ʟʙʦʶ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʮʠʭ ʈɽɿ. ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ 

ʚʢʘʟʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʤʝʥʪʥʫ ʙʘʟʫ ʥʘ COTS-ʪʝʭʥʦʣʦʛʽʷʭ (Commercial off-the-shelf) 

ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʦʰʢʦʜʞʝʥʥʷ, ʘʙʦ ʢʨʠʪʠʯʥʦʛʦ ʟʙʦʶ ʚ ʨʦʙʦʪʽ ʈɽɿ ʪʽʣʴʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʽʣʢʦʤ ʦʯʝʚʠʜʥʦ, ʱʦ 

ʪʝʭʥʦʣʦʛʽʾ ʙʝʟʧʨʦʚʽʜʥʦʾ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʙʝʟʧʽʣʦʪʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚʞʝ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʦʜʥʘ ʦʜʥʽʡ. 

ɺʧʣʠʚ ʥʘ ʈɽɿ ʧʦʪʫʞʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʪʘʢ ʽ ʫ 

ʷʢʦʩʪʽ ʽʤʧʫʣʴʩʥʠʭ ʥʘʧʨʫʛ ʪʘ ʩʪʨʫʤʽʚ, ʷʢʽ ʥʘʚʦʜʷʪʴʩʷ ʇɽʄɯ ʚ ʘʥʪʝʥʦ-ʭʚʠʣʝʚʦʜʥʠʭ ʧʨʠʩʪʨʦʷʭ ʽ ʣʽʥʽʷʭ ʟʚôʷʟʢʫ, 

ʱʦ ʧʨʷʤʫʶʪʴ ʫ ʧʽʜʩʫʤʢʫ ʥʘ ʯʫʪʣʠʚʽ ʝʣʝʤʝʥʪʠ ʚʭʦʜʽʚ ʈɽɿ. ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʚʧʣʠʚʫ ʇɽʄɯ ï çʧʨʷʤʝè, ʯʝʨʝʟ 

ʘʥʪʝʥʦïʭʚʠʣʝʚʦʜʥʠʡ ʪʨʘʢʪ ʽ çʟʚʦʨʦʪʥʽʡè ʯʝʨʝʟ ʦʪʚʦʨʠ ʪʘ ʱʽʣʠʥʠ ʚ ʟʘʭʠʩʥʦʤʫ ʝʢʨʘʥʽ ʈɽɿ [6]. ʉʪʽʡʢʽʩʪʴ 

ʩʫʯʘʩʥʠʭ ʈɽɿ ʜʦ ʚʧʣʠʚʫ ɽʄɿ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʜʚʦʤʘ ʧʦʢʘʟʥʠʢʘʤʠ: ʩʪʽʡʢʽʩʪʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦ 

ʚʧʣʠʚʫ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʪʘ ʩʪʽʡʢʽʩʪʶ ʜʦ ʽʤʧʫʣʴʩʥʠʭ ʩʪʨʫʤʽʚ ʽ ʥʘʧʨʫʛʠ, ʱʦ ʥʘʚʦʜʷʪʴʩʷ. ʇɽʄɯ 

ʟʜʘʪʝʥ ʧʨʠʟʚʝʩʪʠ ʜʦ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʫ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʘʭ ʈɽɿ. ʉʪʫʧʽʥʴ ʽ ʭʘʨʘʢʪʝʨ ʜʝʛʨʘʜʘʮʽʡ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʙʘʟʽ ʽʩʥʫʶʯʠʭ ʪʝʧʣʦʚʠʭ ʪʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʈɽɿ ʜʦ ʚʧʣʠʚʫ ʇɽʄɯ, ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤʠ ʟ ʷʢʠʭ ʻ ʢʣʘʩʠʯʥʘ ʪʝʧʣʦʚʘ ʤʦʜʝʣʴ ɺʫʥʰʘ- ɹʝʣʣʘ (W - B), 

ʤʦʜʝʣʽ ʊʘʩʢʘ, ɸɸɻʈ, ʦʙ'ʻʤʥʘ ʪʝʧʣʦʚʘ ʤʦʜʝʣʴ ɼʚʘʻʨʘ-ʌʨʘʥʢʣʽʥʘ-ʂʝʤʧʙʝʣʣʘ, ʤʦʜʝʣʴ ʧʦʰʢʦʜʞʝʥʥʷ 

ʨʦʟʰʘʨʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ. ʋʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʾ ʟ ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʇɽʄɯ, 

ʛʝʥʝʨʦʚʘʥʦʛʦ ʇɽʄɺ, ʽ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙ'ʻʢʪʘ, ʱʦ ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ [7, 8, 11]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʩʴʦʛʦʜʥʽ ʚʽʜʩʫʪʥʽ ʫʥʽʚʝʨʩʘʣʴʥʽ ʤʝʪʦʜʠʢʠ ʪʘ ʧʽʜʭʦʜʠ, ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʘʣʴʥʠʭ 

ʨʽʚʥʝʡ ʫʨʘʞʝʥʥʷ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʜ ʯʘʩ ʚʧʣʠʚʫ ʇɽʄɯ ʥʘ ʽʩʥʫʶʯʽ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʽ ʙʝʟʧʽʣʦʪʥʽ 

ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʠʭ ʟʘʩʦʙʽʚ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ï ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʤʘʣʠʭ ʽ ʩʝʨʝʜʥʽʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ï ʚʠʨʦʙʥʠʢʘʭ ʙʝʟʧʽʣʦʪʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʝʩʢʣʘʜʥʠʭ ʪʘ ʥʝʜʦʨʦʛʠʭ ʩʪʝʥʜʽʚ ʜʣʷ 

ʦʨʽʻʥʪʦʚʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʨʽʚʥʝʡ ʫʨʘʞʝʥʥʷ ʈɽɿ ʧʨʠ ʚʧʣʠʚʽ ʇɽʄɯ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ[12-14]  ʚʠʨʦʙʥʠʢ ʧʦʚʠʥʝʥ ʚʠʢʦʥʫʚʘʪʠ ʧʝʨʝʚʽʨʢʫ ʈɽɿ ʪʘ ʾʭ 

ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʚʠʢʣʶʯʥʦ ʥʘ ʙʘʟʽ ʩʝʨʪʠʬʽʢʦʚʘʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʮʝʥʪʨʽʚ, ʱʦ ʻ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʠʤ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʜʨʽʙʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʪʘ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʩʝʨʝʜʥʴʦʾ ʣʘʥʢʠ ʮʽʻʾ ʛʘʣʫʟʽ. ʏʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʚʢʘʟʘʥʠʡ ʫ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ [12-14] ʦʙʤʝʞʝʥʠʡ ʯʘʩʪʦʪʦʶ 18 ɻɻʮ, ʭʦʯʘ ʱʝ ʟ 60-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʽʘʧʘʟʦʥ çʚʽʢʥʘ ʧʨʦʟʦʨʦʩʪʽè 34-40 ɻɻʮ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʈɽɿ ʟʘ ʚʠʤʦʛʘʤʠ ɼʉʊʋ 

3681-98 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʙʫʭʦʤʘʛʥʽʪʥʽ ʛʝʥʝʨʘʪʦʨʠ (ɺʄɻ), ʚ ʫʤʦʚʘʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ. 

ʅʘʧʨʠʢʣʘʜ, ʬʘʭʽʚʮʽ ʆʜʝʩʴʢʦʾ ʄʦʨʩʴʢʦʾ ɸʢʘʜʝʤʽʾ ɺʄʉʋ ʚʠʢʦʥʫʚʘʣʠ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ɺʄɻ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʩʦʢʦʚʦʣʴʪʥʠʡ ʛʝʥʝʨʘʪʦʨ NSG 3060, ʬʽʨʤʠTESEQ  (ʐʚʝʡʮʘʨʽʷ) ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʩʪʽʡʢʽʩʪʴ [16]. ʉʭʝʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩ.1. 

ʊʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʽʩʥʫʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʮʝʥʪʨ - ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʙʘʟʘ 

ʜʦʩʣʽʜʥʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʘ ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʪʘ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ çʄʦʣʥʽʷò 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ Ăʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò [17]. ʎʝʡ ʧʦʣʽʛʦʥ ʟʘʡʤʘʻ 

ʧʣʦʱʫ 270000 ʤ2. ʇʨʦʩʪʝ ʧʽʜʪʨʠʤʘʥʥʷ ʚ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ ʮʴʦʛʦ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʮʝʥʪʨʫ ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʢʦʰʪʽʚ. 
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ʈʠʩ.1 ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ɺʄɻ ʽ ʚʠʩʦʢʦʚʦʣʴʪʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ NSG 3060 [16] 

 

ʊʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ ʱʦ ʧʨʠʚʘʪʥʽ ʚʠʨʦʙʥʠʢʠ ʚ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʙʫʜʫʶʪʴ ʪʘʢʽ ʚʠʧʨʦʙʫʚʘʣʴʥʽ ʮʝʥʪʨʠ ʟʘ 

ʚʣʘʩʥʽ ʢʦʰʪʠ, ʘʙʦ ʟʘ ʧʽʜʪʨʠʤʢʠ ʜʝʨʞʘʚʠ, ʥʘʧʨʠʢʣʘʜ ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʮʝʥʪʨ ʬʽʨʤʠ SAAB (ʐʚʝʮʽʷ), ʤʝʪʦʶ 

ʷʢʦʛʦ ʙʫʣʘ ʚʣʘʩʥʝ ʥʝ ʽʤʽʪʘʮʽʷ ʇɽʄɯ ʷʜʝʨʥʦʛʦ ʚʠʙʫʭʫ, ʘ ʚʧʣʠʚ ʤʽʢʨʦʩʝʢʫʥʜʥʠʭ ʽ ʥʘʥʦʩʝʢʫʥʜʥʠʭ ʇɽʄɯ ʚ ʅɺʏ-

ʜʽʘʧʘʟʦʥʽ [19]. ʅʘʩʢʽʣʴʢʠ ʧʦʪʫʞʥʠʤ ʤʦʞʝ ʙʫʪʠ ʪʘʢʠʡ ʚʧʣʠʚ ʇɽʄɯ ʥʘ ʝʣʝʤʝʥʪʠ ʈɽɿ ʥʘʦʯʥʦ ʽʣʶʩʪʨʫʻ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʧʫʙʣʽʢʘʮʽʾ [19] . 

 ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʈɽɿ ʚ ʫʤʦʚʘʭ ʧʦʣʴʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʥʝʩʢʣʘʜʥʠʡ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʩʪʝʥʜ ʟ ʅɺʏ ʛʝʥʝʨʘʪʦʨʦʤ ʥʘʥʦʩʝʢʫʥʜʥʠʭ ʇɽʄɯ ʥʘ ʙʘʟʽ ʩʝʨʽʡʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, 

ʥʘʧʨʠʢʣʘʜ ʄʀ-241 (ʄʀ-514 ʯʘʩʪʦʪʘ 14570-15420 ʄɻʮ, ʧʦʪʫʞʥʽʩʪʴ 150 ʢɺʪ) ʟ ʧʨʠʩʪʨʦʻʤ ʯʘʩʦʚʦʾ ʢʦʤʧʨʝʩʽʾ, 

ʩʪʠʩʥʝʥʥʷʤ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʽʤʧʫʣʴʩʫ ʜʦ ʪʨʠʚʘʣʦʩʪʽ 10-30 10-9 ʩʝʢ, ʧʦʪʫʞʥʽʩʪʶ 1-1,5 ʄɺʪ. 

ʉʪʠʩʥʝʥʥʷ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʽʤʧʫʣʴʩʫ ð ʟʘʛʘʣʦʤ ʮʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʽʤʧʫʣʴʩʫ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʽʤʧʫʣʴʩ ʟ ʤʝʥʰʦʶ ʪʨʠʚʘʣʽʩʪʶ ʽ ʙʽʣʴʰʦʶ ʘʤʧʣʽʪʫʜʦʶ. ʆʧʠʩ ʚʢʘʟʘʥʦʾ ʤʝʪʦʜʠʢʠ 

ʩʪʠʩʥʝʥʥʷ ʽʤʧʫʣʴʩʫ ʥʘʚʝʜʝʥʦ ʚ ʜʞʝʨʝʣʘʭ [20, 21, 22]. ʉʭʝʤʘʪʠʯʥʦ ʙʫʜʦʚʫ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʧʦʢʘʟʘʥʦ 

ʥʘ ʈʠʩ.2. ʉʪʝʥʜ ʤʽʩʪʠʪʴ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʤʘʛʥʝʪʨʦʥʽʚ (ʥʘ ʩʭʝʤʽ ʫʤʦʚʥʦ ʥʝ ʧʦʢʘʟʘʥʦ), ʤʘʛʥʝʪʨʦʥʠ - 1, 

ʭʚʠʣʝʚʦʜʠ - 2, ʦʙʝʨʪʦʚʽ ʟʯʣʝʥʫʚʘʥʥʷ ʭʚʠʣʝʚʦʜʽʚ - 3, ʢʦʤʧʨʝʩʦʨ ʩʪʠʩʥʝʥʥʷ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʽʤʧʫʣʴʩʫ - 4, 

ʣʽʥʟʦʚʫ (ʧʘʨʘʙʦʣʽʯʥʫ) ʘʥʪʝʥʫ - 5, ʮʘʧʬʠ ʢʨʽʧʣʝʥʥʷ ʘʥʪʝʥʠ ʜʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʰʪʘʪʠʚʘ (ʪʨʠʤʘʯʘ) - 6. ɹʫʜʦʚʘ 

ʢʦʤʧʨʝʩʦʨʘ ʽʤʧʫʣʴʩʽʚ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʴ 22 ʤʤ (ʄʀ-241 - ʯʘʩʪʦʪʘ ~13,64 ɻɻʮ) ʚ ʮʽʣʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʢʦʥʩʪʨʫʢʮʽʾ 

ʥʘʚʝʜʝʥʽʡ ʚ [20] ʽ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩ.2ʘ. 

ɿʘ ʧʽʜʨʘʭʫʥʢʘʤʠ ʘʚʪʦʨʽʚ ʤʘʩʘ ʩʪʝʥʜʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 8 ʢʛ, ʛʘʙʘʨʠʪʠ ʩʢʣʘʜʘʶʪʴ 0,5ʭ0,5ʭ0,8 ʤ (ʙʝʟ ʜʞʝʨʝʣʘ 

ʧʝʨʚʠʥʥʦʛʦ ï ʧʦʪʫʞʥʽʩʪʶ ʜʦ 15 ʢɺʪ, ʪʘ ʚʪʦʨʠʥʥʦʛʦ ʞʠʚʣʝʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 10 ʢɺʪ).  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʛʥʝʪʨʦʥʽʚ IP Mag-457 (ʈʠʩ.3, ʈʠʩ.3a) ʢʦʤʧʘʥʽʾ Insight Product Co, (ʉʐɸ) [23] ʚ 

ʜʽʘʧʘʟʦʥʽ 34-38 ɻɻʮ ʽ ʢʦʤʧʨʝʩʦʨʘ ʩʪʠʩʥʝʥʥʷ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʽʤʧʫʣʴʩʫ ʮʽʣʢʦʤ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʽʤʧʫʣʴʩʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʨʽʚʥʽ 10-15 ʄɺʪ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʈɽɿ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ. 

ʌʘʢʪʠʯʥʦ ʮʽ ʧʨʠʩʪʨʦʾ ʻ ʧʨʦʜʫʢʮʽʻʶ ɺɸʊ çʇʣʫʪʦʥè ʤ. ʄʦʩʢʚʘ, ʪʦʤʫ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʙʽʣʴʰ 

ʜʦʩʪʫʧʥʫ ʘʣʴʪʝʨʥʘʪʠʚʫ ï ʤʘʛʥʝʪʨʦʥ ʄʀ-514ʄ ʧʦʪʫʞʥʽʩʪʶ 150 ʢɺʪ. 

 

  

ʈʠʩ.2 ʈʠʩ.2ʘ 

 

ɺʠʩʥʦʚʢʠ: 
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1. ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʢʦʤʧʘʢʪʥʦʛʦ, ʥʝʩʢʣʘʜʥʦʛʦ ʩʪʝʥʜʫ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʈɽɿ ʚʠʢʦʥʘʥʠʭ ʥʘ 

COTS-ʪʝʭʥʦʣʦʛʽʷʭ ʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʇɽʄɯ ʚ ʥʘʥʦʩʝʢʫʥʜʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ, 

2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʛʥʝʪʨʦʥʽʚ ʧʦʪʫʞʥʽʩʪʶ 150 ʢɺʪ, ʪʘ ʧʨʦʩʪʦʛʦ ʧʨʠʩʪʨʦʶ ʯʘʩʦʚʦʾ ʢʦʤʧʨʝʩʽʾ, ʩʪʠʩʥʝʥʥʷʤ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʽʤʧʫʣʴʩʫ ʜʦ ʪʨʠʚʘʣʦʩʪʽ 10-30 10-9 ʩʝʢ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʅɺʏ-

ʚʠʧʨʦʤʽʥʝʥʥʷ ʧʨʠ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷʭ ʈɽɿ ʥʘ ʨʽʚʥʽ 1-1,5 ʄɺʪ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɯʥʜʝʢʩ ʧʨʦʟʦʨʦʩʪʽ ʝʥʝʨʛʝʪʠʢʠ - 2022. ɸʥʘʣʽʪʠʯʥʠʡ ʧʨʦʜʫʢʪ ɻʆ "DiXi Group", 2023. ï 31 ʩ. 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://index.ua-energy.org/assets/files/dixi_index_2022_final.pdf. 
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ʚʠʤʽʨʶʚʘʥʥʷ. ʄʝʪʦʜʠʢʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʟʘʭʠʩʪʫ ʚʽʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʽʤʧʫʣʴʩʫ ʚʠʩʦʪʥʦʛʦ ʷʜʝʨʥʦʛʦ 

ʚʠʙʫʭʫ ʪʘ ʽʥʰʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʠʭ ʟʙʫʨʝʥʴ; 
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ʋɼʂ 621.316.1.052.6:696.6-1 

ʂʘʧʣʫʥ ʈ.ɺ., ʘʩʧʽʨʘʥʪ, 

ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 
 

ʌʆʈʄʋɺɸʅʅʗ ʆɼʅʆʈɸʅɻʆɺʀʍ ʉʊʈʋʂʊʋʈ 

ʄɯʂʈʆɽʅɽɻʆʉʀʉʊɽʄ ɿ ʇʆʃɯɻɽʅɽʈɸʎɯɭʖ 
ʐʚʠʜʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ ʧʨʠʟʚʝʣʠ ʜʦ 

ʧʦʰʫʢʫ ʥʦʚʠʭ ʨʽʰʝʥʴ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʟʜʘʪʥʠʭ, ʟʘ ʧʦʪʨʝʙʠ, 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʚ ʦʩʪʨʽʚʥʦʤʫ ʨʝʞʠʤʽ.  ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʽʮʠʪʫ ʧʦʪʫʞʥʦʩʪʽ 

ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʨʠʥʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʚʽʜʢʨʠʣʘ ʤʦʞʣʠʚʦʩʪʽ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʛʝʥʝʨʫʶʯʠʭ ʫʩʪʘʥʦʚʦʢ.  

ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʽʨʞ ʜʘʻ ʢʽʥʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʩʧʽʣʴʥʦʪʘʤ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʘʤʦʜʦʩʪʘʪʥʦʩʪʽ, ʢʦʣʠ  ʧʝʨʝʭʽʜ ʫ 

ʦʩʪʨʽʚʥʠʡ ʨʝʞʠʤ ʤʦʞʝ ʩʪʘʪʠ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ.  

ʅʘ ʨʽʚʥʽ ʤʽʢʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʨʠʥʢʽʚ ʟôʷʚʠʣʠʩʴ ʥʦʚʽ ʫʯʘʩʥʠʢʠ - ʘʢʪʠʚʥʽ ʩʧʦʞʠʚʘʯʽ 

(ʧʨʦʩôʶʤʝʨʠ). ɿʘʣʝʞʥʦ ʚʽʜ ʩʚʦʛʦ ʶʨʠʜʠʯʥʦʛʦ ʩʪʘʪʫʩʫ ʧʨʦʩôʶʤʝʨʠ ʤʦʞʫʪʴ ʫʢʣʘʜʘʪʠ 

ʢʦʥʪʨʘʢʪʠ ʟ ʘʛʨʝʛʘʪʦʨʘʤʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʙʘʟʦʚʠʭ ʛʝʥʝʨʫʶʯʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ ʜʣʷ ʧʦʢʨʠʪʪʷ ʧʦʧʠʪʫ ʦʙʨʘʥʦʾ ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʨʠʩ.1).  

 

 
ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʤʽʢʨʦʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟ ʧʦʣʽʛʝʥʝʨʘʮʽʻʶ 

 

ɸʢʪʫʘʣʴʥʠʤ ʻ ʦʜʥʦʨʘʥʛʦʚʠʡ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʤʝʞʘʭ ʣʦʢʘʣʴʥʦʾ 

ʤʽʢʨʦʝʥʝʨʛʦʩʠʩʪʝʤʠ ʜʣʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʝʨʝʣ ʫ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘʭ. ʅʘ 

ʨʠʩ.2 ʧʦʢʘʟʘʥʠʡ ʚʘʨʽʘʥʪ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʟ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʚ 

ʫʤʦʚʘʭ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʠʭ ʦʩʪʨʦʚʽʚ ʟ ʥʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʦʶ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ. ʉʘʤʝ ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʪʘʢʦʾ 

ʤʽʢʨʦʝʥʝʨʛʦʩʠʩʪʝʤʠ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʩʮʝʥʘʨʽʾʚ ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʦʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ.  
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ʈʠʩ.2. ʇʨʠʢʣʘʜ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʫʤʦʚʘʭ 

ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʛʦ ʦʩʪʨʦʚʘ 

 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʜʣʷ ʚʠʙʦʨʫ i-ʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʤʽʢʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

άὭὲ έὦὮВ Ὣ˞ ˒Ͻ˞ὡ˞ ˒˞ Ὣˏ ˒Ͻ˞ὡˏ ˒˞ Ὣ̍ ˟˒Ͻ˞ὡ̍ ˟˒˞Ὣ̠ Ͻɣὡ̠ ˠ̐  
Ὣ˞ ˣ˒ὡ̃˞ ˣ˒ ̃                                                                                                                             (1) 

ʜʝ Ὣzȟ̄ ̑Ⱦ̎̋ ˏĿ̓ʛʦʜ ï ʧʠʪʦʤʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

ὡz ὉϽὸ, ʢɺʪĿʛʦʜ ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʘ ʛʝʥʝʨʫʚʘʪʠʤʝʪʴʩʷ ʜʞʝʨʝʣʘʤʠ 

ʤʽʢʨʦʝʥʝʨʛʦʩʠʩʪʝʤʠ ʜʣʷ ʧʦʢʨʠʪʪʷ ʛʨʘʬʽʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ; ὉϽὸ ï ʝʥʝʨʛʽʷ ʚʟʘʻʤʥʦʾ ʢʦʥʚʝʨʩʽʾ 
ʧʝʨʚʠʥʥʠʭ ʧʘʣʠʚ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ ʧʦʢʨʠʪʪʷ ʧʦʧʠʪʫ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʦʟʨʘʭʫʥʦʢ ʧʠʪʦʤʠʭ ʚʘʨʪʦʩʪʝʡ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ Ὣz ʚ ʤʽʥʽʊɽʉ. 

ʉʢʦʨʠʩʪʘʻʤʦʩʴ ʩʧʨʦʱʝʥʠʤ ʨʦʟʨʘʭʫʥʢʦʤ ʟʘ ʬʦʨʤʫʣʘʤʠ (ʜʣʷ -̔ʛʦ ʤʽʩʷʮʷ): 

Ὣ̍ ̨̨̎˟˒˞ Ͻ– Ϸ Ƞ                                     (2) 

ʜʝ ὃ ï ʧʠʪʦʤʽ ʢʘʧʽʪʘʣʴʥʽ ʚʠʜʘʪʢʠ, ʚʽʜʥʝʩʝʥʽ ʥʘ ʚʝʩʴ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʽʦʜ 

ʝʢʩʧʣʫʘʪʘʮʽʾ; ὄ ï ʚʠʪʨʘʪʠ ʧʝʨʚʠʥʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʮʠʢʣ ʟʘ ʢʘʣʝʥʜʘʨʥʠʡ ʤʽʩʷʮʴ; 

ὅ ï ʨʽʯʥʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ; Ὀ ï ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʚʠʪʨʘʪʠ, ʚʠʢʣʠʢʘʥʽ ʟʫʧʠʥʢʦʶ 

ʝʥʝʨʛʦʚʠʨʦʙʥʠʮʪʚʘ; (%) ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʘʛʨʝʛʘʪʘ ʤʽʥʽʊɽʉ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʪʝʧʣʘ ʫ ʤʽʩʷʯʥʦʤʫ ʮʠʢʣʽ. 

ʊʘʢʠʡ ʨʠʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ ʤʽʞ ʧʨʦʩôʶʤʝʨʘʤʠ ʪʘ ʢʽʥʮʝʚʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ  ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʪʝʭʥʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʷʭ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʽʢʨʦʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟ ʜʝʢʽʣʴʢʦʤʘ ʜʞʝʨʝʣʘʤʠ 

(ʙʘʟʦʚʠʤʠ ʽ ʤʘʥʝʚʨʦʚʠʤʠ)  ʽ ʱʝ ʙʽʣʴʰʝ ʩʪʠʤʫʣʶʻ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʶ, ʥʘʜʘʶʯʠ ʩʧʦʞʠʚʘʯʘʤ 

ʤʦʞʣʠʚʽʩʪʴ ʤʘʪʠ ʙʽʣʴʰʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ, ʚʠʨʦʙʣʝʥʦʾ ʫ ʤʝʞʘʭ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʧʽʣʴʥʦʪʠ.  
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ʋɼʂ 621:31  

ʂʫʣʠʙʘʙʘ ɭ.ʆ., ʘʩʧʽʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʄʆʅɯʊʆʈʀʅɻ ʊʈʀʌɸɿʅʀʍ ʏʆʊʀʈʀʇʈʆɺɯɼʅʀʍ ʄɽʈɽɾ ʋ 

ʉʀʉʊɽʄɯ ɼʀʅɸʄɯʏʅʆɻʆ ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʄɽʅɽɼɾʄɽʅʊʋ  
ʉʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʤʽʩʪʷʪʴ ʥʦʚʽ   

ʪʝʥʜʝʥʮʽʾ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʝʥʝʨʛʽʾ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʤʽʢʨʦʝʥʝʨʛʦʩʠʩʪʝʤʠ  ʙʫʜʫʪʴ ʤʘʪʠ ʣʦʢʘʣʴʥʽ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʜʞʝʨʝʣʘ, ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʙʣʠʟʫ 

ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʽʾ. ɺʘʞʣʠʚʠʤ, ʧʦʚôʷʟʘʥʠʤ ʟ ʮʠʤ ʟʘʚʜʘʥʥʷʤ, ʻ ʨʦʟʨʦʙʣʝʥʥʷ  ʟʘʛʘʣʴʥʦʾ ʛʥʫʯʢʦʾ 

ʪʘ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ ʥʠʟʴʢʦʚʦʣʴʪʥʠʭ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʚ ʷʢʽ ʙʫʜʫʪʴ ʽʥʪʝʛʨʦʚʘʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ (ʧʝʨʚʠʥʥʠʡ ʢʦʥʪʨʦʣʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ,  ʨʝʛʫʣʶʚʘʥʥʷ 

ʥʘʧʨʫʛʠ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʤʝʨʝʞʝʚʠʭ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʽʥ). 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ çʨʽʜʢʽʩʥʠʭ 

ʧʦʜʽʡè ʚ ʩʠʩʪʝʤʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʚ ʯʦʪʠʨʠʧʨʦʚʽʜʥʽʡ ʚʥʫʪʨʽʰʥʽʡ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʫ ʤʝʞʘʭ ʜʦʙʠ ʪʨʝʙʘ ʤʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʯʘʩʦʚʠʭ ʧʨʦʤʽʞʢʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ: 

- ʤʦʤʝʥʪ apt  ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤʠ ʫ ʨʝʞʠʤ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʪʠʚʥʠʤ; 

- ʤʦʤʝʥʪ pat  ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʫ ʨʝʞʠʤ,  ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʪʠʚʥʠʤ; 

- ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʽʦʜʫ ʯʘʩʫ [ , ]ap pat t  ʤʽʞ ʚʢʘʟʘʥʠʤʠ ʤʦʤʝʥʪʘʤʠ ʧʝʨʝʭʦʜʽʚ ʟ ʦʜʥʦʛʦ 

ʩʪʘʥʫ ʚ ʽʥʰʠʡ. 

ʇʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʤʝʥʪʽʚ apt ʘʙʦpat  ʬʦʨʤʘʣʴʥʦ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʘʢ. 

ɺʚʘʞʘʻʤʦ, ʱʦ ʟʘ ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʜʝʷʢʦʾ ʩʠʩʪʝʤʠ 

ʥʘ ʽʥʪʝʨʚʘʣʽ 0  [ , ]obs kT t t=   ʤʘʻ ʤʽʩʮʝ ʧʦʜʽʷ, ʷʢʘ ʚʽʜʙʫʚʘʣʘʩʷ n ʨʘʟʽʚ ,  1,  2,  ... ,i i nx = .  ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʾ ʧʨʦʮʝʜʫʨʠ ʥʝʦʙʭʽʜʥʠʡ ʜʦʩʪʘʪʥʽʡ ʦʙʩʷʛ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʷʢʦʛʦ ʽʥʪʝʨʚʘʣ obsT  ʤʦʞʥʘ ʙʫʜʝ ʨʦʟʜʽʣʠʪʠ ʥʘ n ʽʥʪʝʨʚʘʣʽʚ:  

1 1 10  , , ... , , , ... , ,
i i n nobs s s s s sT t t t t t t
- -

è ø=           ê ú,                                      (1) 

ʜʝ
is

t ʻ ʤʦʤʝʥʪ ʥʘʩʪʘʥʥʷ i-ʾ ʧʦʜʽʾ.  

ʊʘʢʝ ʨʦʟʙʠʪʪʷ ʣʦʛʽʯʥʝ ʟ ʦʛʣʷʜʫ ʥʘ ʚʢʘʟʘʥʽ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʜʣʷ 
1

[ , ]
i is st t
-
  ̔ ʥʪʝʨʚʘʣʫ 

ʧʦʜʽʷ ix ʚʽʜʙʫʣʘʩʷ ʣʠʰʝ ʦʜʠʥ ʨʘʟ. ɼʘʣʽ, ʢʦʞʝʥ ʽʥʪʝʨʚʘʣ 
1

[ , ]
i is st t
-
  

 
ʜʽʣʠʪʴʩʷ ʥʘ l  ʱʝ ʙʽʣʴʰ 

ʚʫʟʴʢʠʭ ʽʥʪʝʨʚʘʣʽʚ 1, , 1, 2, ...j jt t t const j l¡ ¡ ¡

-D  = [  ] =   =     ʽ ʚ ʡʦʛʦ ʚʫʟʣʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʦʙ'ʻʢʪ ʪʘ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘʤʽʨʠ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ 

ʩʘʤʦʛʦ ʦʙôʻʢʪʘ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʤʘʻʤʦ ʤʥʦʞʠʥʫ ʟ n ʤʦʤʝʥʪʽʚ ʥʘʩʪʘʥʥʷ ʧʦʜʽʡ 

,  1,  2,  ... ,i i nx = . ʄʝʪʦʶ ʮʴʦʛʦ ʝʪʘʧʫ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʧʨʦʛʥʦʟ ( )1n+ - ʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ 

ʢʦʣʠ ʤʦʞʝ ʥʘʩʪʘʪʠ ʧʦʜʽʷ ( )n i
x
+
, ʷʢʘ ʽ ʻ ʩʘʤʝ ʤʦʤʝʥʪʦʤ çin-out" apt ʘʙʦpat . 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʤʝʥʪʽʚ çin-out" apt ʘʙʦpat  ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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1

2

1(0) 1( 1) 1( )

2(0) 2( 1) 2( )

(0) ( 1) ( )

  { , , ... , ,

, , ... , ,

, , ... , , } ,
m

f

m m m f

y f x x x

x x x

x x x

t

t

t q

- -

- -

- -

=     

                   

                                ...

                     

    ( 2) 

ʜʝ  fy  ï ʚʠʭʽʜʥʝ (ʧʨʦʛʥʦʟʥʝ) ʟʥʘʯʝʥʥʷ, ,   1,  2,  ...,  iʭ i m= ï ʘʨʛʫʤʝʥʪʠ,   ï çʟʘʧʽʟʥʝʥʥʷè 

ʢʦʞʥʦʛʦ ʘʨʛʫʤʝʥʪʫ, ʷʢʠʡ ʧʨʠʡʤʘʻʪʴʩʷ ʜʦ ʫʚʘʛʠ, fqï ʮʝ ʚʝʢʪʦʨ ʦʮʽʥʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ.  

ɹʽʣʴʰ ʢʦʤʧʘʢʪʥʝ ʤʦʜʝʣʴ ( ) ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ: 

  
               ( ) ( , )f ff y Xq= =·   .    (3) 

ɿʙʽʨ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ  ʪʘ ʷʦʥʽʪʦʨʠʥʛ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʪʨʠʬʘʟʥʦʾ ʯʦʪʠʨʠʧʨʦʚʽʜʥʦʾ 

ʤʝʨʝʞʽ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ SATEC PM180. 

 

 
ʈʠʩ.  1.  ʈʝʟʫʣʴʪʘʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥ  ʘʢʪʠʚʥʦʾ, ʨʝʘʢʪʠʚʥʦʾ ʪʘ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʚʧʨʦʜʦʚʞ ʧʨʠʣʘʜʫ SATEC PM180 ʪʘ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ExpertPowerPluse   

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʙʘʣʘʥʩʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʷʢʽʩʥʦʾ ʪʘ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʜʦʜʘʪʢʦʚʠʭ (ʥʝʪʝʭʥʦʣʦʛʽʯʥʠʭ) 

ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʠʭ ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ ʫ ʩʠʩʪʝʤʘʭ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ. ʉʘʤʝ ʧʦʰʫʢ ʰʣʷʭʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ ʥʠʟʴʢʦʚʦʣʴʪʥʠʭ ʤʝʨʝʞ ʥʘ ʦʩʥʦʚʽ ʨʝʛʫʣʶʚʘʥʥʷ ʾʭ ʥʝʘʢʪʠʚʥʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʤʦʞʝ ʩʪʘʪʠ ʧʨʝʜʤʝʪʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
 

1. Ivakhnenko A.G., R. Madala. Inductive Learning Algorithms for Complex Systems 

Modeling. CRC Press, Boca Raton, 1994. 350 p. 
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ʋʢʨʘʾʥʠ, 2020. 318 ʩ.  

3. ɸʨʪʝʤʝʥʢʦ ʄ. ʖ., ʂʘʧʣʫʥ ɺ. ɺ., ɹʦʙʨʦʚʥʠʢ ɺ. ʄ. ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʧʦʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʪʨʠʬʘʟʥʦʾ ʯʦʪʠʨʠʧʨʦʚʽʜʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟʘ ʚʽʜʦʤʠʤʠ ʘʢʪʠʚʥʠʤʠ 

ʪʘ ʨʝʘʢʪʠʚʥʠʤʠ ʧʦʪʫʞʥʦʩʪʷʤʠ ʦʢʨʝʤʠʭ ʬʘʟ. ɺʯʝʥʽ ʟʘʧʠʩʢʠ ʊʘʚʨʽʡʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ɺ. ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ, ʉʝʨʽʷ: ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. 2019. ɺʠʧ. ˉ30(69) ʊʦʤ ˉ4. ʉ. 
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ʐʧʽʣʻʚʠʡ ʄ. ʆ. 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ  (ʋʢʨʘʾʥʘ) 

 

Iʅʊɽʃɽʂʊʋɸʃʔʅɯ ɽʅɽʈɻɽʊʀʏʅɯ ʉʀʉʊɽʄʀ SMART GRID 
 

ɿ ʨʦʟʚʠʪʢʦʤ ʩʫʯʘʩʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚʩʝ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʽʥʥʦʚʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ, ʥʘʜʽʡʥʝ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʝ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ʆʜʥʠʤ ʽʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʧʽʜʭʦʜʽʚ ʫ ʮʽʡ ʩʬʝʨʽ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʢʦʥʮʝʧʮʽʾ Smart Grid, ʘʙʦ ʨʦʟʫʤʥʠʭ ʤʝʨʝʞ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʧʝʨʝʜʦʚʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ. ʊʝʭʥʦʣʦʛʽʾ 

Smart Grid ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʚʦʩʪʦʨʦʥʥʽʡ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʚʠʨʦʙʥʠʢʘʤʠ, ʩʧʦʞʠʚʘʯʘʤʠ 

ʪʘ ʨʦʟʧʦʜʽʣʴʯʠʤʠ ʩʠʩʪʝʤʘʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʜʦʟʚʦʣʷʶʯʠ ʛʥʫʯʢʦ ʫʧʨʘʚʣʷʪʠ ʧʦʪʦʢʘʤʠ 

ʝʥʝʨʛʽʾ ʪʘ ʧʽʜʚʠʱʫʚʘʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ɺʧʨʦʚʘʜʞʝʥʥʷ Smart Grid ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʦʧʠʪʫ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʶ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʽ 

ʧʘʥʝʣʽ ʪʘ ʚʽʪʨʦʚʽ ʪʫʨʙʽʥʠ. 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ Smart Grid ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʟʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʜʠʥʘʤʽʯʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʟʤʽʥʫ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʥʠʞʫʻ ʚʪʨʘʪʠ ʚ ʤʝʨʝʞʘʭ ʪʘ ʧʽʜʚʠʱʫʻ ʟʘʛʘʣʴʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʪʘʢʦʞ ʩʧʨʠʷʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʷʢʽ ʻ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʯʝʨʝʟ ʟʤʽʥʫ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʟʘʚʜʷʢʠ 

ʽʥʥʦʚʘʮʽʡʥʠʤ ʧʽʜʭʦʜʘʤ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ 

ʝʥʝʨʛʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʙʘʣʘʥʩʫʚʘʪʠ ʧʦʧʠʪ ʽ ʧʨʦʧʦʟʠʮʽʶ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚ 

ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʾ ʯʘʩʪʢʠ ɺɼɽ ʫ ʩʚʽʪʦʚʦʤʫ ʝʥʝʨʛʦʙʘʣʘʥʩʽ. 

ʑʝ ʦʜʥʽʻʶ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ Smart Grid ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʝʣʝʢʪʨʦʤʝʨʝʞʫ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʽ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʽʻʶ. ʊʘʢʽ ʧʨʠʩʪʨʦʾ ʜʘʶʪʴ ʟʤʦʛʫ ʩʧʦʞʠʚʘʯʘʤ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʚʦʻ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʩʧʨʠʷʶʯʠ ʧʝʨʝʭʦʜʫ ʥʘ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʽ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ. ʂʨʽʤ ʪʦʛʦ, 

ʟʘʚʜʷʢʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʤʦʞʣʠʚʦ ʟʤʝʥʰʠʪʠ 

ʧʽʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʥʘʚʽʪʴ ʫ ʧʝʨʽʦʜʠ 

ʚʠʩʦʢʦʛʦ ʧʦʧʠʪʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ Smart Grid ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʝʨʝʜʘʯʽ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʇʨʦʪʝ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʫʤʥʠʭ ʤʝʨʝʞ ʧʦʚôʷʟʘʥʝ ʟ ʧʝʚʥʠʤʠ ʚʠʢʣʠʢʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ 

ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʧʠʪʘʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ. ʋ ʟʚôʷʟʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ Smart Grid, ʨʠʟʠʢʠ ʢʽʙʝʨʟʘʛʨʦʟ ʟʥʘʯʥʦ ʟʨʦʩʪʘʶʪʴ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʟʘʭʠʩʪʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʤ ʘʪʘʢʘʤ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʑʝ ʦʜʥʽʻʶ ʧʨʦʙʣʝʤʦʶ ʻ ʚʠʩʦʢʽ ʧʦʯʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ 

ʩʪʚʦʨʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʨʦʟʫʤʥʠʭ ʤʝʨʝʞ, ʱʦ ʤʦʞʝ ʩʪʨʠʤʫʚʘʪʠ ʪʝʤʧʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʘʢʠʭ ʨʽʰʝʥʴ, ʦʩʦʙʣʠʚʦ ʫ ʢʨʘʾʥʘʭ ʟ ʦʙʤʝʞʝʥʠʤʠ ʬʽʥʘʥʩʦʚʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɼʦʜʘʪʢʦʚʠʤ 

ʚʠʢʣʠʢʦʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʩʠʩʪʝʤ, ʪʦʙʪʦ ʤʦʞʣʠʚʦʩʪʽ ʩʫʤʽʩʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʱʦ ʚʠʤʘʛʘʻ 

ʫʥʽʬʽʢʘʮʽʾ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʧʨʦʪʦʢʦʣʽʚ ʦʙʤʽʥʫ ʜʘʥʠʤʠ. 

ʆʪʞʝ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ Smart Grid ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʥʘ ʰʣʷʭʫ ʜʦ 

ʧʦʙʫʜʦʚʠ ʩʪʽʡʢʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʤʘʡʙʫʪʥʴʦʛʦ. ʎʷ ʢʦʥʮʝʧʮʽʷ ʜʦʟʚʦʣʷʻ 

ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, 

ʘʣʝ ʡ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʫ, ʱʦ ʩʧʨʠʷʻ ʙʦʨʦʪʴʙʽ ʟʽ ʟʤʽʥʘʤʠ 

ʢʣʽʤʘʪʫ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʫʤʥʠʭ ʤʝʨʝʞ. Smart Grid ï ʮʝ ʥʝ ʧʨʦʩʪʦ ʽʥʥʦʚʘʮʽʷ, ʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ 
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ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ 
 

ʉʀʉʊɽʄʀ ʊɽʍʅɯʏʅʆɻʆ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ ɯ ʈɽʄʆʅʊʋ 

ʇʆɺɯʊʈʗʅʀʍ ʃɯʅɯʁ  
ɺʩʪʫʧ. ʉʴʦʛʦʜʥʽ ʷʢ ʥʽʢʦʣʠ ʘʢʪʫʘʣʴʥʝ ʧʠʪʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ 

ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ. ʇʦʚʽʪʨʷʥʘ ʣʽʥʽʷ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʷʚʣʷʻ ʩʦʙʦʶ ʜʦʩʠʪʴ ʩʢʣʘʜʥʝ ʽʥʞʝʥʝʨʥʝ 

ʩʧʦʨʫʜʞʝʥʥʷ. ʗʢ ʚʽʜʦʤʦ ʧʦʚʽʪʨʷʥʽ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʽ ʾʭʥʽ ʝʣʝʤʝʥʪʠ ʧʨʦʝʢʪʫʶʪʴʩʷ ʥʘ ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʜʦ 40 ʨʦʢʽʚ. ɺʩʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʯʘʩʪʠʥʠ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ ʧʨʘʮʶʶʪʴ ʫ ʜʦʩʠʪʴ ʞʦʨʩʪʢʠʭ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ʄʝʪʘ. ʇʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ  ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʨʝʤʦʥʪʫ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʽ ʟʘ ʢʦʨʜʦʥʦʤ.  

ɿʘʚʜʘʥʥʷ.  ɼʦʩʣʽʜʠʪʠ ʤʝʪʦʜʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʫ ʧʦʜʘʣʴʰʦʤʫ ʾʭ ʚʜʦʩʢʦʥʘʣʠʪʠ. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʜʦʩʠʪʴ ʨʦʟʚʠʥʝʥʘ ʪʝʥʝʜʝʥʮʽʷ ʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ ʧʽʜ ʥʘʧʨʫʛʦʶ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʷʢ ʚʠʩʦʢʠʭ, 

ʪʘʢ ʽ ʥʘʜʚʠʩʦʢʠʭ ʥʘʧʨʫʛ. ʎʴʦʤʫ ʧʠʪʘʥʥʶ ʧʨʠʩʚʷʯʝʥʠʡ ʨʷʜ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʷʢ 

ʩʚʽʪʦʚʦʛʦ ʨʽʚʥʷ ï ESMO (Engineering in Safery, Maintenance and Operation), ʪʘʢ ʽ ʝʚʨʦʧʝʡʩʴʢʠʭ ï 

ICOLIM (International Conference on Live Maintenance).  

ʅʘ ʪʘʢʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʰʠʨʦʢʝ ʢʦʣʦ ʧʠʪʘʥʴ, ʩʝʨʝʜ ʷʢʠʭ: ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ 

ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʽʪ ʇʈʅ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ, ʚ ʦʢʨʝʤʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ ʽ ʧʽʜʧʨʠʻʤʩʪʚʘʭ; 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʫ ʽ ʙʝʟʧʝʢʠ ʨʦʙʽʪ ʇʈʅ; ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ 

ʇʈʅ; ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʽʚ ʇʈʅ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ; 

ʨʦʟʨʦʙʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʇʈʅ; ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʽ 

ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʧʝʨʩʦʥʘʣʫ ʚʽʜ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʙʽʪ ʇʈʅ; ʟʘʢʦʥʠ, ʽʥʩʪʨʫʢʮʽʾ ʪʘ ʧʨʘʚʠʣʘ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʇʈʅ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʊʆ ʣʽʥʽʡ ʻ ʧʝʨʽʦʜʠʯʥʽ ʪʘ 

ʧʦʟʘʯʝʨʛʦʚʽ ʦʛʣʷʜʠ. ʇʝʨʽʦʜʠʯʥʽ ʦʛʣʷʜʠ ʇʃ (6 ï 750) ʢɺ ʧʨʦʚʦʜʠʪʴʩʷ ʝʣʝʢʪʨʦʤʦʥʪʝʨʘʤʠ ʥʝ ʨʽʜʰʝ 

ʦʜʥʦʛʦ ʨʘʟʫ ʚ 6 ʤʽʩʷʮʽʚ. ʇʨʦʪʝ ʇʃ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʫ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ, ʧʨʦʤʠʩʣʦʚʠʭ ʨʘʡʦʥʘʭ, 

ʤʽʩʮʷʭ ʩʠʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʛʣʷʜʘʪʠ ʙʽʣʴʰ ʯʘʩʪʽʰʝ ʦʜʠʥ ʨʘʟ ʥʘ 3 ʤʽʩʷʮʽ. ʇʽʜ 

ʯʘʩ ʦʛʣʷʜʫ ʦʙʭʽʜʥʠʢ ʧʝʨʝʩʫʚʘʻʪʴʩʷ ʧʦ ʢʨʘʶ ʪʨʘʩʠ, ʫʚʘʞʥʦ ʦʛʣʷʜʘʶʯʠ ʚʩʽ ʝʣʝʤʝʥʪʠ ʣʽʥʽʡ ʽ 

ʦʜʥʦʯʘʩʥʦ ʪʨʘʩʫ. ʃʽʥʽʷ, ʱʦ ʦʛʣʷʜʘʻʪʴʩʷ, ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʚʚʘʞʘʻʪʴʩʷ ʪʘʢʦʶ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʧʽʜ 

ʥʘʧʨʫʛʦʶ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʜʝʬʝʢʪʠ:  ʧʨʦʚʦʜʽʚ ʽ ʪʨʦʩʽʚ (ʨʦʟʪʷʛʫʚʘʥʥʷ, ʧʨʦʚʠʩʘʥʥʷ, ʨʦʟʨʠʚ); 

ʽʟʦʣʷʪʦʨʽʚ ʽ ʘʨʤʘʪʫʨʠ (ʤʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʽʟʦʣʷʪʦʨʽʚ, ʪʨʽʱʠʥʠ ʚ ʰʘʧʢʘʭ, ʧʝʨʝʢʨʠʪʪʷ 

ʛʽʨʣʷʥʜ, ʟʘʙʨʫʜʥʝʥʥʷ ʽʟʦʣʷʪʦʨʽʚ, ʩʠʣʴʥʽ ʚʽʜʭʠʣʝʥʥʷ ʧʽʜʪʨʠʤʫʶʯʠʭ ʛʽʨʣʷʥʜ ʽʟʦʣʷʪʦʨʽʚ); 

ʪʨʫʙʯʘʩʪʠʭ ʨʦʟʨʷʜʥʠʢʽʚ (ʥʝʟʘʜʦʚʽʣʴʥʝ ʢʨʽʧʣʝʥʥʷ ʨʦʟʨʷʜʥʠʢʽʚ, ʟʘʙʨʫʜʥʝʥʥʷ, ʧʦʰʢʦʜʞʝʥʥʷ 

ʣʘʢʦʚʦʾ ʧʣʽʚʢʠ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʢʘʞʯʠʢʽʚ ʩʧʨʘʮʶʚʘʥʥʷ); ʦʧʦʨ ʽ ʬʫʥʜʘʤʝʥʪʽʚ (ʪʨʽʱʠʥʠ, ʦʩʽʜʘʥʥʷ ʽ 

ʚʠʩʤʠʢʫʚʘʥʥʷ ʬʫʥʜʘʤʝʥʪʽʚ, ʦʩʣʘʙʣʝʥʥʷ ʽ ʧʦʰʢʦʜʞʝʥʥʷ ʥʘʪʷʞʦʢ ʦʧʦʨ, ʜʝʬʦʨʤʘʮʽʷ ʯʘʩʪʠʥ 

ʤʝʪʘʣʝʚʠʭ ʦʧʦʨ, ʥʘʷʚʥʽʩʪʴ ʟʘʛʥʠʚʘʥʥʷ, ʦʙʛʦʨʘʥʥʷ ʽ ʨʦʟʱʝʧʣʶʚʘʥʥʷ ʜʝʪʘʣʝʡ ʜʝʨʝʚôʷʥʠʭ ʦʧʦʨ, 

ʥʘʭʠʣʠ ʦʧʦʨ); ʪʨʘʩ ʽ ʧʨʦʩʽʢ (ʥʘʷʚʥʽʩʪʴ ʚ ʦʭʦʨʦʥʥʽʡ ʟʦʥʽ ʤʘʪʝʨʽʘʣʽʚ, ʥʝʙʝʟʧʝʯʥʠʭ ʚ ʧʦʞʝʞʥʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ, ʥʘʷʚʥʽʩʪʴ ʥʘ ʢʨʘʶ ʧʨʦʩʽʢ ʜʝʨʝʚ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʛʨʦʞʫʚʘʪʠ ʧʘʜʽʥʥʷʤ ʥʘ ʧʨʦʚʦʜʠ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʛʥʘʣʴʥʠʭ ʟʥʘʢʽʚ ʙʽʣʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʪʦʱʦ). 

ɺʠʩʥʦʚʢʠ: ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʩʚʪʦʚʠʡ ʪʘ ʚʽʪʯʠʟʥʷʥʠʡ ʜʦʩʚʽʜ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʨʝʤʦʥʪʫ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʦʝʨʝʜʘʯ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʾʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. ɼʘʥʦʤʫ ʧʠʪʘʥʥʶ ʽ ʙʫʜʫʪʴ 

ʧʨʠʩʚʷʯʝʥʽ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʽʚ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʂʘʟʘʥʩʴʢʠʡ ʉ.ɺ. ɽʢʩʧʣʫʘʪʘʮʽʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ: ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʧʽʜ ʨʦʙʦʯʦʶ 
ʥʘʧʨʫʛʦʶ: ʥʘʚʯ. ʧʦʩʽʙ. / ʉ.ɺ. ʂʘʟʘʥʩʴʢʠʡ. ï ʂʠʾʚ.: ʅʊʋʋ çʂʇɯè, 2016. ï 237 ʩ. ï ɹʽʙʣʽʦʛʨ.: ʩ. 236-237. 



119 

 

2. ɼʨʫʙʝʮʴʢʘ ʊ.ɯ., ʂʦʟʘʯʝʥʢʦ ɭ.ʄ., ʇʘʥʘʩʝʥʢʦ ɼ.ʂ. ʇʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 
ʨʝʤʦʥʪʫ ʦʙʣʘʜʥʘʥʥʷ ʪʷʛʦʚʠʭ ʧʽʜʩʪʘʥʮʽʡ. ɽʥʝʨʛʝʪʠʢʘ: ʝʢʦʥʦʤʽʢʘ, ʪʝʭʥʦʣʦʛʽʾ, ʝʢʦʣʦʛʽʷ. 2024. ˉ 1. ʉ. 51-56. 
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ʈʆɿɼɯʃ 3: ʍɯʄʄʆʊʆʃʆɻɯʏʅɸ ʅɸɼɯʁʅɯʉʊʔ ʊɸ ʊɽʍʅʆʃʆɻɯɰ 

ɽʅɽʈɻʆʆʑɸɼʅʆʉʊɯ ɺ ɽʅɽʈɻɽʊʀʎɯ ʊɸ ʊʈɸʅʉʇʆʈʊɯ 
 

ʋɼʂ 620.92 

ɹʦʡʯʝʥʢʦ ʉ.ɺ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

                                 ɼʫʙʦʚʠʢ ɺ.ɻ., ʩʪ. ʚʠʢʣʘʜʘʯ 

                                               ɹʦʩʘʢ ɸ.ɺ., ʜʦʮʝʥʪ 

                                  ɹʝʨʥʘʮʴʢʠʡ ɺ.ɺ., ʩʪʫʜʝʥʪ 

                                                                    ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʋʢʨʘʾʥʠ 

                 çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʄʆɾʃʀɺʆʉʊɯ ɻɽʆɯʅɾɽʈɯɰ ɼʃʗ ɿʄɯʅʀ ʂʃɯʄɸʊʋ ɿɽʄʃɯ 
 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʇʘʨʠʟʴʢʦʾ ʫʛʦʜʠ ʧʦ ʢʣʽʤʘʪʫ, ʟʦʙʦʚôʷʟʘʥʥʷ, 

ʷʢʽ ʙʝʨʫʪʴ ʥʘ ʩʝʙʝ ʢʨʘʾʥʠ ʧʨʠ ʾʾ ʧʽʜʧʠʩʘʥʥʽ, ʜʠʥʘʤʽʢʘ ʟʨʦʩʪʘʥʥʷ ʚʠʢʠʜʽ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʤʦʞʥʘ ʰʪʫʯʥʦ ʟʤʽʥʠʪʠ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʽ, ʱʦʙ ʚʦʥʘ ʚʽʜʙʠʚʘʣʘ ʙʽʣʴʰʝ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʽ 

ʪʠʤ ʩʘʤʠʤ ʩʧʨʠʷʣʘ ʦʭʦʣʦʜʞʝʥʥʶ ʢʣʽʤʘʪʫ ʧʣʘʥʝʪʠ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʚ ʘʪʤʦʩʬʝʨʫ ʚʚʝʩʪʠ 

ʯʘʩʪʠʥʢʠ ʩʽʨʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʠʣʠʥʢʠ ʘʣʤʘʟʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʇʘʨʠʟʴʢʘ ʫʛʦʜʘ;  ʧʘʨʥʠʢʦʚʽ ʛʘʟʠ; ʟʤʽʥʘ ʢʣʽʤʘʪʫ. 

 

ʅʘ ʟʘʚʝʨʰʝʥʥʷ 21-ʾ ʂʦʥʬʝʨʝʥʮʽʾ ʟʽ ʟʤʽʥʠ ʢʣʽʤʘʪʫ 12 ʛʨʫʜʥʷ 2015 ʦʩʪʘʪʦʯʥʠʡ ʪʝʢʩʪ 

ʇʘʨʠʟʴʢʦʾ ʫʛʦʜʠ ʙʫʚ ʧʦʛʦʜʞʝʥʠʡ ʢʦʥʩʝʥʩʫʩʦʤ ʚʩʽʭ 195 ʢʨʘʾʥ-ʧʽʜʧʠʩʘʥʪʽʚ ʈʘʤʢʦʚʦʾ 

ʢʦʥʚʝʥʮʽʾ ʪʘ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ, ʷʢ ʯʘʩʪʠʥʠ ʟʫʩʠʣʴ ʟʽ 

ʟʤʝʥʰʝʥʥʷ ʥʝʟʚ'ʷʟʘʥʠʭ ʦʙʩʷʛʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʋʛʦʜʘ ʥʘʙʨʘʣʘ ʯʠʥʥʦʩʪʽ 4 

ʣʠʩʪʦʧʘʜʘ 2016 ʨʦʢʫ.  ʋ 2020 ʨʦʮʽ ʉʐɸ ʩʪʘʣʠ ʧʝʨʰʦʶ ʢʨʘʾʥʦʶ, ʱʦ ʚʠʡʰʣʘ ʟ ʫʛʦʜʠ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʂʽʦʪʩʴʢʦʛʦ ʧʨʦʪʦʢʦʣʫ, ʇʘʨʠʟʴʢʘ ʢʣʽʤʘʪʠʯʥʘ ʫʛʦʜʘ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʟʦʙʦʚôʷʟʘʥʥʷ 

ʟʽ ʩʢʦʨʦʯʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʙʝʨʫʪʴ ʥʘ ʩʝʙʝ ʚʩʽ ʜʝʨʞʘʚʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʩʪʫʧʝʥʷ ʾʭʥʴʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɻʦʣʦʚʥʘ ʮʽʣʴ ʇʘʨʠʟʴʢʦʾ ʫʛʦʜʠ ï ʥʝ ʜʦʧʫʩʪʠʪʠ 

ʟʨʦʩʪʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʴʰʝ 2ÁC ʚʽʜʥʦʩʥʦ ʧʦʢʘʟʥʠʢʽʚ 

ʜʦʽʥʜʫʩʪʨʽʘʣʴʥʦʾ ʝʧʦʭʠ, ʷʢʽ ʧʝʨʝʚʘʞʘʣʠ ʜʦ ʧʨʠʭʦʜʫ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽʾ ʚ ʧʝʨʽʦʜ ʟ 1750 

ʧʦ 1850 ʨʦʢʠ.  

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʇʘʨʠʟʴʢʦʾ ʫʛʦʜʠ ʻ:  

ʘ) ʩʪʨʠʤʘʥʥʷ ʟʨʦʩʪʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʥʘʯʥʦ ʥʠʞʯʝ 2Áʉ ʧʦʥʘʜ 

ʜʦʽʥʜʫʩʪʨʽʘʣʴʥʽ ʨʽʚʥʽ ʽ ʦʙʤʝʞʝʥʥʷ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 1,5Áʉ;  

ʙ) ʧʽʜʚʠʱʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ ʟʤʽʥʠ ʢʣʽʤʘʪʫ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʝ ʩʪʘʚʠʪʠ ʧʽʜ ʟʘʛʨʦʟʫ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʜʦʚʦʣʴʩʪʚʘ;  

ʚ) ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ ʬʽʥʘʥʩʦʚʠʭ ʧʦʪʦʢʽʚ[1].   

ɯʩʥʫʻ ʙʘʛʘʪʦ ʽʜʝʡ ʧʨʦ ʪʝ, ʷʢ ʤʦʞʥʘ ʰʪʫʯʥʦ ʟʤʽʥʠʪʠ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʽ, ʱʦʙ ʚʦʥʘ 

ʚʽʜʙʠʚʘʣʘ ʙʽʣʴʰʝ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʽ ʪʠʤ ʩʘʤʠʤ ʩʧʨʠʷʣʘ ʦʭʦʣʦʜʞʝʥʥʶ ʢʣʽʤʘʪʫ ʧʣʘʥʝʪʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʛʝʦʽʥʞʝʥʝʨʽʾ. ɼʣʷ ʟʫʧʠʥʢʠ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʚʯʝʥʽ 

ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʤʝʪʦʜ ʫʧʦʨʩʢʫʚʘʥʥʷ ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʩʪʨʘʪʦʩʬʝʨʫ ï 

ʜʨʫʛʠʡ ʰʘʨ ʘʪʤʦʩʬʝʨʠ ï ʜʣʷ ʚʽʜʭʠʣʝʥʥʷ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʪʘ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʫ 

ʦʭʦʣʦʜʞʝʥʥʷ. ɺʚʝʜʝʥʥʷ ʘʝʨʦʟʦʣʶ ʚ ʩʪʨʘʪʦʩʬʝʨʫ ʚʢʣʶʯʘʻ ʯʘʩʪʠʥʢʠ ʩʽʨʢʠ ʘʙʦ ʽʥʰʦʾ 

ʨʝʯʦʚʠʥʠ. 

ɺʚʝʜʝʥʥʷ ʚ ʘʪʤʦʩʬʝʨʫ ʯʘʩʪʠʥʦʢ ʩʽʨʢʠ ʚʞʝ ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʙʘʛʘʪʦ ʨʦʢʽʚ. ʑʦʩʴ 

ʧʦʜʽʙʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʚʥʘʩʣʽʜʦʢ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ɿʝʤʣʽ, ʪʘʢʠʭ ʷʢ ʚʠʚʝʨʞʝʥʥʷ 

ʚʫʣʢʘʥʽʚ. ʆʩʢʽʣʴʢʠ ʜʽʦʢʩʠʜ ʩʽʨʢʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʠʩʣʦʪʥʠʭ ʜʦʱʽʚ ʪʘ ʧʦʰʢʦʜʠʪʠ 

ʦʟʦʥʦʚʠʡ ʰʘʨ, ʮʷ ʽʜʝʷ ʻ ʩʧʽʨʥʦʶ. ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʙʫʣʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 

ʞʫʨʥʘʣʽ Geophysical Research Letters, ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʘʣʫʟʽ ʛʝʦʽʥʞʝʥʝʨʽʾ - ʥʘʫʢʠ, ʷʢʘ 

ʟʘʡʤʘʻʪʴʩʷ ʩʧʨʦʙʘʤʠ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʰʣʷʭʦʤ ʤʘʥʽʧʫʣʶʚʘʥʥʷ 

https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BC%D0%B8%D1%81%D0%BB%D0%BE%D0%B2%D0%B0_%D1%80%D0%B5%D0%B2%D0%BE%D0%BB%D1%8E%D1%86%D1%96%D1%8F
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ʧʨʠʨʦʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʅʝ ʚʩʽ ʤʝʪʦʜʠ ʦʜʥʘʢʦʚʦ ʙʝʟʧʝʯʥʽ. ʊʨʘʜʠʮʽʡʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʽʦʢʩʠʜʫ ʩʽʨʢʠ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʚʦʨʦʪʥʦʛʦ ʝʬʝʢʪʫ, 

ʚʠʢʣʠʢʘʪʠ ʪʘ ʩʧʨʦʚʦʢʫʚʘʪʠ ʧʦʪʝʧʣʽʥʥʷ ʩʪʨʘʪʦʩʬʝʨʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʻ ʨʽʟʥʽ 

ʯʘʩʪʢʠ ʨʝʯʦʚʠʥ, ʷʢʽ ʟʜʘʪʥʽ ʚʽʜʙʠʚʘʪʠ ʩʦʥʷʯʥʝ ʩʚʽʪʣʦ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʩʧʨʠʷʪʠ ʦʭʦʣʦʜʞʝʥʥʶ 

ʢʣʽʤʘʪʫ. ɿ ʨʷʜʫ ʨʝʯʦʚʠʥ - ʘʣʤʘʟʫ, ʘʣʶʤʽʥʽʶ ʽ ʢʘʣʴʮʽʻʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ - ʢʘʣʴʮʠʪʫ, ʚ 

ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʥʘʡʢʨʘʱʝ ʩʝʙʝ ʧʦʢʘʟʘʚ ʘʣʤʘʟʥʠʡ ʧʠʣ  ʫ ʚʽʜʦʙʨʘʞʝʥʥʽ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʏʘʩʪʠʥʢʠ ʩʽʨʢʠ ʧʦʩʽʣʠ ʜʨʫʛʝ ʤʽʩʮʝ ʫ ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ. ʏʝʨʝʟ ʚʠʩʦʢʫ 

ʚʘʨʪʽʩʪʴ ʘʣʤʘʟʥʦʛʦ ʧʠʣʫ ʥʘʡʢʨʘʱʠʤ ʚʘʨʽʘʥʪʦʤ, ʷʢ ʽ ʨʘʥʽʰʝ, ʚʚʘʞʘʻʪʴʩʷ ʩʽʨʢʘ. ɺ ʧʨʠʨʦʜʽ 

ʜʦʩʪʘʪʥʴʦ ʽ ʾʾ ʯʘʩʪʠʥʢʠ ʤʦʞʥʘ ʰʚʠʜʰʝ ʨʦʟʧʦʜʽʣʠʪʠ ʚ ʘʪʤʦʩʬʝʨʽ ʣʽʪʘʢʘʤʠ. ɺʧʣʠʚ ʯʘʩʪʠʥʦʢ 

ʩʽʨʢʠ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚ ʜʘʥʠʡ ʯʘʩ ʢʨʘʱʝ ʚʠʚʯʠʪʠ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʧʨʠʨʦʜʥʦ ʚʠʚʽʣʴʥʷʶʪʴʩʷ ʧʽʜ ʯʘʩ ʚʠʚʝʨʞʝʥʴ ʚʫʣʢʘʥʽʚ. 

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʭ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʢʣʽʤʘʪʫ ʧʨʦʪʷʛʦʤ 45 

ʨʦʢʽʚ ʪʘ ʦʮʽʥʮʽ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʯʘʩʪʠʥʦʢ ʜʣʷ ʙʦʨʦʪʴʙʠ ʽʟ ʛʣʦʙʘʣʴʥʠʤ ʧʦʪʝʧʣʽʥʥʷʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʤʘʟʥʦʛʦ ʧʠʣʫ. ʗʢ ʧʠʰʝ ʚʠʜʘʥʥʷ IFLScience, ʧʣʘʥ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʠʜ ʚ ʘʪʤʦʩʬʝʨʫ 5 ʤʽʣʴʡʦʥʽʚ ʪʦʥʥ ʮʠʭ ʯʘʩʪʠʥʦʢ ʱʦʨʽʯʥʦ. ʗʢʙʠ ʚʩʝ ʚʜʘʣʦʩʷ, 

ʮʝ ʤʦʛʣʦ ʟʥʠʟʠʪʠ ʛʣʦʙʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 1,6 ÁC. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʩʚʽʪ ʚʞʝ ʙʣʠʟʴʢʠʡ ʜʦ 

ʧʝʨʝʚʠʱʝʥʥʷ ʤʝʞʽ 1,5 ÁC, ʚʩʪʘʥʦʚʣʝʥʦʾ ʇʘʨʠʟʴʢʦʶ ʫʛʦʜʦʶ. ɺʠʢʠʜ ʪʘʢʦʛʦ ʟʥʘʯʝʥʥʷ ʤʘʩʠ 

ʘʣʤʘʟʥʦʛʦ ʧʠʣʫ ʚ ʩʪʨʘʪʦʩʬʝʨʫ ʥʝ ʙʫʜʝ ʜʝʰʝʚʠʤ, ʧʠʰʝ Science ʪʘ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ 

ʩʚʦʾʤ ʥʘʙʦʨʦʤ ʨʠʟʠʢʽʚ. ɼʣʷ ʨʦʟʩʽʶʚʘʥʥʷ ʘʣʤʘʟʥʦʛʦ ʧʠʣʫ ʥʝʦʙʭʽʜʥʦ ʣʽʪʘʪʠ ʯʘʩʪʽʰʝ ʽ 

ʧʦʩʪʫʧʦʚʦ ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠ ʡʦʛʦ ʚ ʩʪʨʘʪʦʩʬʝʨʫ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʫʪʚʦʨʝʥʥʷ ʟʛʫʩʪʢʽʚ, ʪʘʢʦʞ 

ʜʦʚʝʜʝʪʴʩʷ ʤʘʩʦʚʦ ʟʙʽʣʴʰʠʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʩʠʥʪʝʪʠʯʥʠʭ ʘʣʤʘʟʽʚ. ʆʜʥʘʢ ʻ ʦʜʥʘ ʩʝʨʡʦʟʥʘ 

ʧʨʦʙʣʝʤʘ: ʟʘ ʦʜʥʽʻʶ ʟ ʦʮʽʥʦʢ, ʫ ʧʝʨʽʦʜ ʟ 2035 ʧʦ 2100 ʨʽʢ ʪʘʢʝ ʦʭʦʣʦʜʞʝʥʥʷ ʢʦʰʪʫʚʘʪʠʤʝ 

$175 ʪʨʣʥ. ʎʝ ʚʝʣʠʯʝʟʥʽ ʚʠʪʨʘʪʠ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʩʚʽʪʦʚʠʡ ɺɺʇ ʫ 2023 ʨʦʮʽ 

ʩʪʘʥʦʚʠʚ ʣʠʰʝ 105 ʪʨʠʣʴʡʦʥʽʚ ʜʦʣʘʨʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʠʥʢʠ ʩʽʨʢʠ ʙʫʣʦ ʙ ʥʘʙʘʛʘʪʦ 

ʜʝʰʝʚʰʠʤ.  ʇʨʠ ʮʽʥʽ $500 000 ʟʘ ʪʦʥʥʫ ʘʣʤʘʟʥʠʡ  ʧʠʣ ʙʫʜʝ ʚ 2400 ʨʘʟʽʚ ʜʦʨʦʞʯʠʤ ʟʘ ʩʽʨʢʫ 

[2].  

 ɻʨʫʥʪʫʶʯʠʩʴ ʥʘ ʨʦʙʦʪʽ, ʱʦ ʨʦʟʛʣʷʜʘʻ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʧʣʘʪʬʦʨʤʠ (Mcclellan et al 

2012), ʉʤʽʪ ʪʘ ɺʘʛʥʝʨ ʧʨʝʜʩʪʘʚʠʣʠ ʩʧʝʮʠʬʽʢʘʮʽʾ ʜʣʷ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʣʽʪʘʢʘ ʟ ʘʝʨʦʟʦʣʴʥʠʤ 

ʽʥʞʝʢʪʦʨʦʤ (SAIL) ʧʝʨʰʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟ ʯʦʪʠʨʤʘ ʜʚʠʛʫʥʘʤʠ, ʧʦʨʦʞʥʴʦʶ ʚʘʛʦʶ (OEW) 50 

ʪʦʥʥ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʢʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 25 ʪʦʥʥ (Smith and Wagner 2018). 

ʋʜʦʩʢʦʥʘʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʣʽʪʘʢʘ, ʥʘʟʠʚʘʻʪʴʩʷ SAIL-1. ʎʝ ʤʝʥʰʠʡ ʣʽʪʘʢ ʽʟ ʰʽʩʪʴʤʘ 

ʜʚʠʛʫʥʘʤʠ, OEW 38,2 ʪʦʥʥʠ ʪʘ ʢʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 15,7 ʪʦʥʥʠ (Bingaman et al 2020). 

ʋ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʧʨʦʛʨʘʤʠ SAIL-1 ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʧʨʠʙʣʠʟʥʦ ʥʘ 60% ʙʽʣʴʰʝ ʮʠʢʣʽʚ, ʱʦʙ 

ʧʽʜʥʷʪʠ ʪʫ ʞ ʤʘʩʫ, ʱʦ ʽ SAIL, ʣʽʪʘʢ ʙʫʜʝ ʧʽʜʥʽʤʘʪʠʩʷ ̔  ʦʧʫʩʢʘʪʠʩʷ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ ʽ ʣʝʪʽʪʠ 

ʣʠʰʝ 10 ʭʚʠʣʠʥ, ʩʢʦʨʦʯʫʶʯʠ ʯʘʩ ʮʠʢʣʫ ʚʜʚʽʯʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʪʠʤ, ʷʢʽ ʙʫʣʠ ʨʘʥʽʰʝ ʧʨʝʜʩʪʘʚʣʝʥʽ, ʘʣʝ ʽʩʪʦʪʥʦ ʨʽʟʥʷʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʾ ʢʘʪʝʛʦʨʽʾ. 

ʋ ʪʘʙʣ. ʫʟʘʛʘʣʴʥʝʥʦ ʦʩʥʦʚʥʽ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʣʽʪʘʢʽʚ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ ʢʘʪʝʛʦʨʽʡ 

SAI. 

 

                                 ʊʘʙʣʠʮʷ. ʆʩʥʦʚʥʽ ʧʨʠʧʫʱʝʥʥʷ  ʧʘʨʘʤʝʪʨʽʚ ʣʽʪʘʢʽʚ  

              ʇʘʨʘʤʝʪʨʠ ʣʽʪʘʢʽʚ  SAIL -1 SAIL -2 SAIL -3 

ʄʘʢʩʠʤʘʣʴʥʘ ʟʣʽʪʥʘ ʚʘʛʘ, ʪʦʥʥ 59,2 81,1 83,7 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʘ ʧʦʨʦʞʥʷ ʚʘʛʘ, ʪʦʥʥ 38,2 51,6 51,6 

ɿʘʧʘʩ ʧʘʣʠʚʘ (ʫ ʨʝʞʠʤʽ ʨʦʟʧʠʣʶʚʘʥʥʷ)  5,4 8,3 6,7 

ɺʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ, ʪʦʥʥ 15,7 21,2 25,4 

ʂʽʣʴʢʽʩʪʴ ʜʚʠʫʥʽʚ ʥʘ ʣʽʪʘʢ 6 4 4 

ʏʘʩ ʮʠʢʣʫ, ʛʦʜ. 0,7 1,5 1,8 

ʑʦʜʝʥʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʛʦʜ. 4,2 7,5 7,2 

 ʂʽʣʴʢʽʩʪʴ ʜʥʚ̔ ʨʦʙʦʪʠ ʥʘ ʨʽʢ 330 330 330 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʴʦʪʥʦʛʦ ʯʘʩʫ, % 75 90 90 

ɽʢʦʥʦʤʽʯʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ, ʨʦʢʽʚ 20 30 30 
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SAIL-1, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʨʦʟʨʦʙʣʷʪʠʤʝʪʴʩʷ ʫ ʥʝʚʠʟʥʘʯʝʥʽʡ ʧʦʣʽʪʠʯʥʽʡ ʦʙʩʪʘʥʦʚʮʽ, ʜʝ 

ʛʨʦʤʘʜʩʴʢʝ ʧʨʠʡʥʷʪʪʷ SAI ʥʝ ʤʦʞʝ ʙʫʪʠ ʛʘʨʘʥʪʦʚʘʥʦ. ɿʽʪʢʥʫʚʰʠʩʴ ʟ ʤʘʪʝʨʽʘʣʴʥʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ ʪʦʛʦ, ʱʦ ʣʽʪʘʢ ʥʽʢʦʣʠ ʥʝ ʧʦʣʝʪʠʪʴ ʘʙʦ ʡʦʛʦ ʤʘʥʜʘʪ ʤʦʞʝ ʙʫʪʠ ʚʽʜʢʣʠʢʘʥʠʡ 

ʧʝʨʝʜʯʘʩʥʦ ʪʘ ʨʘʧʪʦʚʦ, ʬʽʥʘʥʩʦʚʠʡ ʧʣʘʥ SAIL-1 ʤʽʥʽʤʽʟʫʻ ʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʢʠ ʟʘ ʨʘʭʫʥʦʢ 

ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. ʐʣʷʭ ʩʝʨʪʠʬʽʢʘʮʽʾ ʧʨʦʩʪʦ ʛʘʨʘʥʪʫʻ, ʱʦ ʣʽʪʘʢ 

ʙʝʟʧʝʯʥʠʡ ʽ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʧʦʣʴʦʪʽʚ, ʘʣʝ ʤʘʣʦ ʛʨʦʰʝʡ ʙʫʜʝ ʚʠʪʨʘʯʝʥʦ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʚʘʛʠ, 

ʧʘʣʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʙʦ ʚʘʨʪʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢ ʮʝ ʙʫʣʦ ʙ ʟʨʦʙʣʝʥʦ ʽʟ ʢʦʤʝʨʮʽʡʥʠʤ 

ʘʚʽʘʣʘʡʥʝʨʦʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʢʦʨʦʪʠʪʴ ʷʢ ʚʠʨʦʙʥʠʯʠʡ ʮʠʢʣ ʧʨʦʛʨʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʪʘʢʘ 

SAIL-1, ʪʘʢ ʽ ʢʦʨʠʩʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʢʦʞʥʦʛʦ ʣʽʪʘʢʘ (20 ʨʦʢʽʚ). 

ʆʜʥʘʢ, ʷʢʱʦ SAIL-1 ʜʦʚʝʜʝ ʙʘʞʘʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ SAI, ʪʦ ʡʦʛʦ ʥʘʩʪʫʧʥʠʢ SAIL-

2 ʙʫʜʝ ʤʘʪʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʡ ʙʶʜʞʝʪ ʥʘ ʨʦʟʨʦʙʢʫ (10 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʧʨʦʪʠ ʤʝʥʰʝ 2,5 

ʤʽʣʴʷʨʜʘ). ʅʦʚʠʡ ʙʶʜʞʝʪ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ SAIL-2 ʤʘʪʠʤʝ ʥʦʚʽ ʨʦʟʨʦʙʣʝʥʽ ʜʚʠʛʫʥʠ ʪʘ ʥʘʙʘ-

ʛʘʪʦ  ʝʬʝʢʪʠʚʥʽʰʫ ʢʦʥʩʪʨʫʢʮʽʶ ʧʣʘʥʝʨʘ. SAIL-2 ʧʣʘʥʫʻʪʴʩʷ ʚʚʝʩʪʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʘ 16-ʡ 

ʨʽʢ ʧʨʦʛʨʘʤʠ SAI (2050), ʧʽʩʣʷ ʯʦʛʦ ʥʽʷʢʠʭ ʜʦʜʘʪʢʦʚʠʭ SAIL-1 ʧʦʩʪʘʚʣʷʪʠʩʷ ʥʝ ʙʫʜʝ, ʭʦʯʘ 

ʚʩʽ ʣʽʪʘʢʠ ʨʦʟʛʣʷʥʫʪʠʭ ʢʘʪʝʛʦʨʽʡ ʧʨʦʜʦʚʞʫʚʘʪʠʤʫʪʴ ʣʽʪʘʪʠ ʜʦ ʢʽʥʮʷ ʩʚʦʛʦ 20-ʨʽʯʥʦʛʦ 

ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ. ʃʽʪʘʢʠ ʢʘʪʝʛʦʨʽʾ SAIL-2 ʥʘ 35% ʤʘʶʪʴ ʙʽʣʴʰʽ ʧʦʢʘʟʥʠʢʠ OEW (51,6 ʪʦʥʥʠ) 

ʽ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥ ̫ (21,2 ʪʦʥʥʠ), ʪʘʢʦʞ ʤʘʪʠʤʫʪʴ ʯʦʪʠʨʠ ʩʫʪʪʻʚʦ ʧʦʪʫʞʥʽʰʠʭ 

ʜʚʠʛʫʥʘ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʡʦʤʫ ʩʧʘʣʶʚʘʪʠ ʥʘ 20% ʤʝʥʰʝ ʧʘʣʠʚʘ. ʆʜʥʘʢ ʯʘʩ ʮʠʢʣʫ ʟʙʽʣʴʰʠʪʴʩʷ 

ʜʦ 2 ʛʦʜʠʥ ʯʝʨʝʟ ʟʤʽʥʠ ʘʝʨʦʟʦʣʴʥʦʛʦ ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʫ (ʜʠʚ. ʪʘʙʣ.). SAIL-2 ʙʫʜʝ ʦʩʥʦʚʦʶ 

ʘʚʽʘʮʽʡʥʦʛʦ ʬʣʦʪʫ ʨʦʟʛʦʨʪʘʥʥʷ ʜʦ 2070 ʨʦʢʫ, ʢʦʣʠ SAIL-3 ʫʚʽʡʜʝ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ, 

ʦʙʤʝʞʫʶʯʠ ʚʠʨʦʙʥʠʮʪʚʦ ʣʽʪʘʢʽʚ SAIL-2 ʪʘ ʧʦʯʠʥʘʶʯʠ ʾʭ ʧʦʩʪʫʧʦʚʝ ʚʠʚʝʜʝʥʥʷ ʟ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʩʣʷ 20-ʨʽʯʥʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ. SAIL-3 ʤʘʻ ʙʶʜʞʝʪ ʨʦʟʨʦʙʢʠ, ʱʦ ʜʦʨʽʚʥʶʻ 

ʙʶʜʞʝʪʫ SAIL-2. ɺʽʥ ʥʝ ʩʧʨʠʯʠʥʷʻ ʟʙʽʣʴʰʝʥʥʷ OEW, ʘʣʝ ʟʙʽʣʴʰʫʻ ʢʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʱʝ ʥʘ 20% (25,4 ʪʦʥʥʠ) ʽ ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ. ʏʘʩ ʮʠʢʣʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʦ 2100 ʘʚʽʘʮʽʡʥʠʡ ʬʣʦʪ SAI ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ 

ʧʦʚʥʽʩʪʶ ʽʟ SAIL-3, ʘ ʦʩʪʘʥʥʽʡ ʽʟ SAIL-2 ʜʦʩʷʛʥʝ ʢʽʥʮʷ ʩʚʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ 

ʨʦʢʦʤ ʨʘʥʽʰʝ [3].   

ɺʯʝʥʽ ʚʠʟʥʘʶʪʴ, ʱʦ ʧʨʠ ʪʘʢʦʤʫ ʚʠʩʦʢʦʤʫ ʟʥʘʯʝʥʥʽ ʤʘʩʠ ʘʣʤʘʟʥʦʛʦ ʧʠʣʫ ʱʝ ʧʦʪʨʽʙʥʦ 

ʚʠʨʽʰʠʪʠ ʙʝʟʣʽʯ ʧʠʪʘʥʴ. ʅʘʧʨʠʢʣʘʜ, ʯʠ ʤʦʞʣʠʚʦ ʚʟʘʛʘʣʽ ʚʽʜʧʨʘʚʠʪʠ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʚ 

ʘʪʤʦʩʬʝʨʫ ʙʝʟ ʨʠʟʠʢʫ ʾʭ ʢʦʘʛʫʣʷʮʽʾ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʘʛʨʽʚʘʥʥʷ. ʊʝʭʥʽʯʥʠʡ ʪʝʨʤʽʥ 

ʜʣʷ ʮʴʦʛʦ ʥʘʡʛʽʨʰʦʛʦ ʩʮʝʥʘʨʽʶ - ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʡ ʰʣʷʭ ʢʦʥʮʝʥʪʨʘʮʽʾ (RCP) 

ʄʽʞʫʨʷʜʦʚʘ ʛʨʫʧʘ ʝʢʩʧʝʨʪʽʚ ʟʽ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʚʧʝʨʰʝ ʚʠʢʦʨʠʩʪʘʣʘ RCP ʧʨʠ 

ʧʽʜʛʦʪʦʚʮʽ ʩʚʦʻʾ ʧ'ʷʪʦʾ ʜʦʧʦʚʽʜʽ ʧʨʦ ʦʮʽʥʢʫ, ʦʧʫʙʣʽʢʦʚʘʥʫ ʫ 2014 ʨʦʮʽ. ɯʩʥʫʻ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ 

RCP: RCP 2.6, RCP4.5, RCP 6.0, RCP 8.5. ʎʽ ʯʠʩʣʘ ʻ ʟʥʘʯʝʥʥʷʤʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʝʥʝʨʛʽʾ 

ʩʦʥʮʷ, ʷʢʝ ʚʣʦʚʣʶʻ ʘʪʤʦʩʬʝʨʘ. ʇʦʯʠʥʘʶʯʠ ʟ 2005 ʨʦʢʫ, ʧʨʦʛʥʦʟʠ RCPs ʧʨʦʢ̒ʪʫʶʪʴ 

ʪʨʘʻʢʪʦʨʽʶ ʟʥʘʯʝʥʴ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʫ ʜʦ 2100 ʨʦʢʫ. ʂʦʞʝʥ ʧʨʦʛʥʦʟ ʤʽʩʪʠʪʴ ʪʘʢʦʞ 

ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʤʘʡʙʫʪʥʻ ʥʘʩʝʣʝʥʥʷ, ʝʢʦʥʦʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʦʧʥʦʛʦ 

ʧʘʣʠʚʘ. 

ʋ RCP 8.5 ʤʠ ʧʨʦʜʦʚʞʫʻʤʦ ʛʝʥʝʨʫʚʘʪʠ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʚ ʘʪʤʦʩʬʝʨʫ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 500 ʚʽʜʩʦʪʢʽʚ ʜʦ 2100 ʨʦʢʫ. ʂʨʽʩʪʦʬʝʨ ʐʚʘʣʴʤ ʪʘ ʡʦʛʦ 

ʢʦʣʝʛʠ ʟ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʮʝʥʪʨʫ ɺʫʜʩ-ʍʦʫʣ ʦʧʫʙʣʽʢʫʚʘʣʠ ʜʦʧʦʚʽʜʴ ʫ ʞʫʨʥʘʣʽ Proceedings of 

the National Academy of Sciences, ʚ ʷʢʦʤʫ ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʤʠ ʜʽʡʩʥʦ ʩʣʽʜʫʻʤʦ ʪʨʘʻʢʪʦʨʽʾ 

RCP 8.5. ɸʣʝ ʽʥʰʽ ʚʯʝʥʽ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ RCP 8.5 ʥʝ ʜʘʻ ʪʦʯʥʦʾ ʢʘʨʪʠʥʠ ʪʦʛʦ, ʱʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʨʘʟ ʽ ʦʩʦʙʣʠʚʦ ʤʘʣʦʡʤʦʚʽʨʥʠʡ ʷʢ ʤʘʡʙʫʪʥʽʡ ʩʮʝʥʘʨʽʡ, ʱʦ ʧʝʨʝʭʦʜʠʪʴ ʫ 2100 

ʨʽʢ  [4].   

ɺʠʩʥʦʚʢʠ. ɿ ʪʦʛʦ ʯʘʩʫ, ʷʢ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ RCPs, ʤʠ ʙʫʣʠ ʥʘʡʙʣʠʞʯʠʤʠ ʜʦ ʮʴʦʛʦ 

ʥʘʡʛʽʨʰʦʛʦ ʰʣʷʭʫ. ɿʘ ʦʩʪʘʥʥʽ 15 ʨʦʢʽʚ ʥʘʰʽ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʥʘʡʙʽʣʴʰʝ ʪʦʯʥʦ 

ʚʽʜʧʦʚʽʜʘʣʠ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʫ ʨʘʤʢʘʭ RCP 8.5. ɽʢʩʧʝʨʪʠ ʧʽʜʨʘʭʫʚʘʣʠ, ʱʦ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ 

ʧʦʣʽʪʠʯʥʽ ʟʦʙʦʚ'ʷʟʘʥʥʷ, ʚʟʷʪʽ ʢʨʘʾʥʘʤʠ, ʤʠ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʥʘ ʰʣʷʭʫ ʜʦ ʪʦʛʦ, ʱʦʙ ʟʽʛʨʽʪʠ 

ʧʣʘʥʝʪʫ ʥʘ 3ÁC ʥʘʧʨʠʢʽʥʮʽ ʩʪʦʣʽʪʪʷ. ʆʜʥʘʢ RCP 8.5 ʩʪʘʚʠʪʴ ʥʘʩ ʥʘ ʧʦʟʥʘʯʢʫ ʙʣʠʟʴʢʦ 5ÁC.    
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ʋɼʂ 665.71 

ʄʦʨʦʟ ɸ.ɺ., ʤʘʛʽʩʪʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 
 

ɺɯɼʅʆɺʃʖɺɸʃʔʅɯ ɼɾɽʈɽʃɸ ɽʅɽʈɻɯɰ ɺ ɺʀɼʆɹʋɺʅʀʏɯʁ 

ʇʈʆʄʀʉʃʆɺʆʉʊɯ  
ɺʠʜʦʙʫʚʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʦʢʨʝʤʘ ʢʘʨ'ʻʨʠ, ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʽʾ 

ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʩʝʢʪʦʨʽ ʪʘ ʩʫʪʪʻʚʠʤʠ ʜʞʝʨʝʣʘʤʠ ʚʠʢʠʜʽʚ CO  (ʨʠʩ 1) [1]. ʊʨʘʜʠʮʽʡʥʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʪʘʢʽ ʷʢ ʜʠʟʝʣʴʥʝ ʧʘʣʠʚʦ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʤʝʨʝʞʽ, 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʪʘ ʤʘʶʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ. ɺ ʫʤʦʚʘʭ ʩʫʯʘʩʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʢʣʠʢʽʚ, ʩʧʨʠʯʠʥʝʥʠʭ ʘʛʨʝʩʽʻʶ ʨʦʩʽʾ ʪʘ ʘʪʘʢʦʶ ʥʘ ʢʨʠʪʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʋʢʨʘʾʥʠ, ʧʠʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʪʘʣʦ ʥʘʜʟʚʠʯʘʡʥʦ 

ʘʢʪʫʘʣʴʥʠʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ) ʜʦʟʚʦʣʷʻ ʧʽʜʧʨʠʻʤʩʪʚʘʤ 

ʜʦʩʷʛʪʠ ʘʚʪʦʥʦʤʽʾ, ʟʤʝʥʰʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ.  

 
ʈʠʩʫʥʦʢ 1- ʚʠʢʠʜʠ CO  ʚʽʜ ʨʽʟʥʠʭ ʩʝʢʪʦʨʽʚ [1] 

 

ɺʧʨʦʚʘʜʞʝʥʥʷ ɺɼɽ ʥʘ ʢʘʨ'ʻʨʘʭ ʚʽʜʢʨʠʚʘʻ ʟʥʘʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʪʘ ʚʽʪʨʦʚʠʭ ʪʫʨʙʽʥ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ 

ʝʥʝʨʛʝʪʠʯʥʫ ʥʝʟʘʣʝʞʥʽʩʪʴ ʢʘʨ'ʻʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. 

ʅʘʧʨʠʢʣʘʜ, ʽʥʪʝʛʨʘʮʽʷ ʩʦʥʷʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʚʽʜʢʨʠʪʠʭ ʜʽʣʷʥʢʘʭ ʢʘʨ'ʻʨʫ ʘʙʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʽʪʨʷʢʽʚ ʥʘ ʧʽʜʚʠʱʝʥʠʭ ʤʽʩʮʝʚʦʩʪʷʭ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ ʛʝʥʝʨʘʮʽʶ ʝʥʝʨʛʽʾ ʥʘʚʽʪʴ ʫ 

ʚʽʜʜʘʣʝʥʠʭ ʨʝʛʽʦʥʘʭ. ʎʝʡ ʧʽʜʭʽʜ ʻ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʠʤ ʧʽʜ ʯʘʩ ʚʽʡʥʠ, ʢʦʣʠ ʝʥʝʨʛʝʪʠʯʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʽʜʜʘʻʪʴʩʷ ʘʪʘʢʘʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʙʦʾʚ ʫ ʧʦʩʪʘʯʘʥʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʇʝʨʝʭʽʜ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʪʘʢʦʞ ʤʘʻ ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʽ ʚʽʪʨʦʚʠʭ ʪʫʨʙʽʥ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʽʥʚʝʩʪʠʮʽʡ, 

ʦʜʥʘʢ ʦʢʫʧʥʽʩʪʴ ʮʠʭ ʧʨʦʝʢʪʽʚ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʚʞʝ ʧʨʦʪʷʛʦʤ 3-5 ʨʦʢʽʚ ʟʘʚʜʷʢʠ 

ʟʥʘʯʥʦʤʫ ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʥʘ ʧʘʣʠʚʦ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʦʧʦʤʘʛʘʻ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʟʘʭʠʩʪʠʪʠ ʩʝʙʝ ʚʽʜ ʢʦʣʠʚʘʥʴ ʮʽʥ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ 

ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ɺɼɽ ʩʧʨʠʷʻ ʟʥʘʯʥʦʤʫ ʟʥʠʞʝʥʥʶ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʱʦ ʻ 

ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʫ ʙʦʨʦʪʴʙʽ ʟʽ ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ. ʂʘʨ'ʻʨʠ, ʷʢʽ ʚʧʨʦʚʘʜʞʫʶʪʴ "ʟʝʣʝʥʽ" 

ʪʝʭʥʦʣʦʛʽʾ, ʧʦʢʨʘʱʫʶʪʴ ʩʚʽʡ ʝʢʦʣʦʛʽʯʥʠʡ ʽʤʽʜʞ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʩʫʯʘʩʥʦʤʫ 

ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʽ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʯʠʩʣʝʥʥʽ ʧʝʨʝʚʘʛʠ, ʚʧʨʦʚʘʜʞʝʥʥʷ ɺɼɽ ʥʘ ʢʘʨ'ʻʨʘʭ ʤʘʻ ʽ ʧʝʚʥʽ 

ʚʠʢʣʠʢʠ. ɿʥʘʯʥʽ ʧʦʯʘʪʢʦʚʽ ʽʥʚʝʩʪʠʮʽʾ ʤʦʞʫʪʴ ʩʪʘʪʠ ʙʘʨ'ʻʨʦʤ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʦʩʦʙʣʠʚʦ ʚ 

ʫʤʦʚʘʭ ʝʢʦʥʦʤʽʯʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ʥʝʦʙʭʽʜʥʦ ʘʜʘʧʪʫʚʘʪʠ ʽʩʥʫʶʯʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ ʥʘʚʯʠʪʠ ʧʝʨʩʦʥʘʣ ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ ʥʦʚʠʭ 

ʫʩʪʘʥʦʚʦʢ. ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ, ʱʦ ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʽ ʚʨʘʭʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɼɽ ʜʣʷ ʄʘʣʠʥʩʴʢʦʛʦ ʢʘʨôʻʨʫ. ɺʠʭʦʜʷʯʠ ʟ 

ʨʝʣʴʻʬʫ, ʦʪʦʯʝʥʥʷ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ ʤʽʩʮʝʚʦʩʪʽ ʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ɺɼɽ 

ʚʠʟʥʘʯʝʥʦ ʙʽʦʛʘʟ ʪʘ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽ.ʁ ʊʘʢʠʡ ʚʠʙʽʨ ʦʙʫʤʦʚʣʝʥʠʡ ʥʘʩʪʫʧʥʠʤ: 

1) ʧʦʙʣʠʟʫ ʦʙôʻʢʪʘ ʨʦʟʪʘʰʦʚʘʥʘ ʬʝʨʤʘ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ 

ʩʪʘʙʽʣʴʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʛʥʦʶ ʜʣʷ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ; 

2) ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʢʨʠʪʠʭ ʛʘʣʷʚʠʥ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʨʦʟʤʽʱʝʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ. 

ɼʦʙʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʢʘʨôʻʨʫ ʩʢʣʘʜʘʻ 2500 ʢɺʪĿʛʦʜ. ʌʝʨʤʘ ʟ 

ʯʠʩʝʣʴʥʽʩʪʶ ʭʫʜʦʙʠ ʚ 750 ʛʦʣʽʚ ʚʠʨʦʙʣʷʻ ʜʦʩʪʘʪʥʴʦ ʛʥʦʶ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʤʘʣʦʾ 

ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ 100 ʢɺʪ, ʷʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʤʝʥʰʠʪʴ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʟ ʤʝʨʝʞʽ 

ʥʘ 46-52%. ʇʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʤʽʱʫʚʘʪʠ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʥʘ ʟʘʢʠʥʫʪʠʭ ʧʦʣʷʭ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʨʽʚʥʽ ʧʣʦʱʽ ʙʝʟ ʣʽʩʦʥʘʩʘʜʞʝʥʴ. ʇʨʠʧʫʩʪʠʚʰʠ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʚ 1 ʢɺʪ ʥʝʦʙʭʽʜʥʦ 5-6 ʤ2 ʧʣʦʱʽ, ʪʦ ʤʘʶʯʠ ʚ ʨʦʟʧʦʨʷʜʞʝʥʥʽ 1300 ʤ2 ʤʦʞʥʘ 

ʟʤʝʥʰʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʟ ʤʝʨʝʞʽ ʱʝ ʥʘ 30-33%. 

ɺʠʩʥʦʚʢʠ. ɯʥʪʝʛʨʘʮʽʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʘ ʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʻ 

ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ɺɼɽ ʥʘ ʢʘʨ'ʻʨʘʭ ʥʝ ʪʽʣʴʢʠ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʘʣʝ ʡ 

ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʤʦʞʫʪʴ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʠʪʠ ʩʚʦʶ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ, ʘʣʝ ʡ ʟʨʦʙʠʪʠ ʩʚʽʡ ʚʢʣʘʜ ʫ 

ʟʙʝʨʝʞʝʥʥʷ ʝʢʦʣʦʛʽʾ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. 
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ʇʦʥʝʤʘʩʦʚ ɼ.ɭ., ʤʘʛʽʩʪʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʅɽʁʈʆʄɽʈɽɾɽɺʀʍ ʈɽɻʋʃʗʊʆʈɯɺ ɺ ʉʀʉʊɽʄɯ 

ʋʇʈɸɺʃɯʅʅʗ ɽʃɽʂʊʈʆʇʈʀɺʆɼɸ ʃɯʌʊɸ 
 

ɺʩʪʫʧ. ɿʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʩʧʦʨʫʜ ʚ ʋʢʨʘʾʥʽ ʪʘ ʩʚʽʪʽ ʧʽʜʚʠʱʫʻ 

ʧʦʪʨʝʙʫ ʚ ʩʫʯʘʩʥʠʭ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʘ ʙʝʟʧʝʯʥʠʭ ʣʽʬʪʦʚʠʭ ʩʠʩʪʝʤʘʭ. ʆʩʥʦʚʦʶ ʨʦʙʦʪʠ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʘʜʽʡʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʽʬʪʘ ʪʘ ʢʦʤʬʦʨʪ ʧʘʩʘʞʠʨʽʚ. ʄʦʜʝʨʥʽʟʘʮʽʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʟʤʝʥʰʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʪʘ ʧʦʢʨʘʱʠʪʠ ʙʝʟʧʝʢʫ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʚ ʩʢʣʘʜʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʣʽʬʪʘ.  

ɽʣʝʢʪʨʦʧʨʠʚʦʜ ʣʽʬʪʘ ʻ ʢʦʤʧʣʝʢʩʥʦʶ ʩʠʩʪʝʤʦʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ, ʜʘʪʯʠʢʽʚ ʧʦʣʦʞʝʥʥʷ ʪʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. ʊʨʘʜʠʮʽʡʥʽ ʨʝʣʝʡʥʦ-

ʢʦʥʪʘʢʪʦʨʥʽ ʩʭʝʤʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʉʫʯʘʩʥʽ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʽ ʧʨʠʚʦʜʠ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʣʘʚʥʦʛʦ ʨʦʟʛʦʥʫ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ, ʧʽʜʚʠʱʫʶʪʴ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʟʤʝʥʰʫʶʪʴ ʟʥʦʩ ʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʈʦʙʦʯʘ ʛʽʧʦʪʝʟʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʣʽʬʪʦʚʠʭ ʩʠʩʪʝʤ, ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʦʜʽʶ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʘʙʦ ʩʧʨʦʩʪʠʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ ʚ ʩʢʣʘʜʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʝʣʝʢʪʨʦʚʦʜʫ. ɿʘʚʜʷʢʠ ʘʣʛʦʨʠʪʤʘʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨ ʤʦʞʝ ʘʚʪʦʤʘʪʠʯʥʦ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʫʧʨʘʚʣʽʥʥʷ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʤʽʥʫ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʤʘʩʘ 

ʣʽʬʪʘ ʯʠ ʟʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ. ʅʝʡʨʦʨʝʛʫʣʷʪʦʨ ʥʝ ʚʠʤʘʛʘʻ ʪʨʠʚʘʣʦʛʦ ʨʫʯʥʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʥʘʚʯʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʷʢʽ 

ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʢʦʥʢʨʝʪʥʠʡ ʦʙôʻʢʪ.  

ʉʠʥʪʝʟʦʚʘʥʦ ʤʦʜʝʣʴ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʣʽʬʪʘ ʟʘ ʩʠʩʪʝʤʦʶ çʇʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ ï 

ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥè ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab/Simulink. ʄʦʜʝʣʴ ʤʽʩʪʠʪʴ ʜʚʘ ʢʦʥʪʫʨʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ï ʟʘ ʩʪʨʫʤʦʤ ʽ ʟʘ ʰʚʠʜʢʽʩʪʶ. ɼʣʷ ʫʩʽʭ ʚʠʧʘʜʢʽʚ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʧʨʦʧʦʨʮʽʡʥʦ-

ʽʥʪʝʛʨʫʶʯʠʡ ʨʝʛʫʣʷʪʦʨ ʩʪʨʫʤʫ. ʇʦʜʽʙʥʽ ʨʝʛʫʣʷʪʦʨʠ ʻ ʩʪʘʥʜʘʨʪʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʫʨʦʤ ʩʪʨʫʤʫ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʝʛʫʣʷʪʦʨʽʚ ʰʚʠʜʢʦʩʪʽ 

ʜʣʷ ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ. ɹʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʪʨʘʜʠʮʽʡʥʽ ʇ, ʇɯ ʪʘ ʇɯɼ ʨʝʛʫʣʷʪʦʨʠ, ʘ ʪʘʢʦʞ 

ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʨʝʛʫʣʷʪʦʨʠ ʪʠʧʽʚ Model Reference Controller, Model Predictive Controller ʪʘ 

NARMA L2. 

ʇʘʨʘʤʝʪʨʠ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʪʘ ʧʨʦʧʦʨʮʽʡʥʦ-ʽʥʪʝʛʨʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ 

ʩʠʤʝʪʨʠʯʥʠʡ ʦʧʪʠʤʫʤ. ʇɯɼ ʨʝʛʫʣʷʪʦʨ ʥʘʣʘʰʪʦʚʘʥʦ ʤʝʪʦʜʦʤ ɿʽʛʣʝʨʘ-ʅʽʢʦʣʴʩʘ. ɼʣʷ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʬʦʨʤʦʚʘʥʦ ʥʘʚʯʘʣʴʥʫ ʚʠʙʽʨʢʫ ï ʜʘʥʽ, ʥʘ ʷʢʠʭ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘʚʯʘʥʥʷ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (ʐʅʄ). ʊʘʢʽ ʜʘʥʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʦʙʦʶ ʩʠʛʥʘʣʠ ʟ ʚʭʦʜʫ ʽ ʚʠʭʦʜʫ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ (ʆʋ). ɼʣʷ ʟʙʦʨʫ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʢʦʞʥʦʛʦ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʾ ʽʜʝʥʪʠʬʽʢʘʮʽʡ ʦʙôʻʢʪʫ ʫʧʨʘʚʣʽʥʥʷ. ɼʣʷ 

ʮʴʦʛʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʩʪʫʧʽʥʯʘʪʠʭ ʩʠʛʥʘʣʽʚ ʧʦʜʘʚʘʣʘʩʴ ʥʘ ʚʭʽʜ ʦʙôʻʢʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʽ ʬʽʢʩʫʚʘʣʠʩʷ ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʆʋ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʢʦʞʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ 

ʦʪʨʠʤʘʥʦ ʧʘʨʫ ʩʠʛʥʘʣʽʚ: ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ. ʅʘ ʨʠʩ.1. ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʫʢʪʫʨʫ 

ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ Model reference controller, ʪʘ ʨʝʘʢʮʽʶ ʩʠʩʪʝʤʠ ʥʘ ʦʜʠʥʠʯʥʠʡ 

ʩʪʫʧʽʥʯʘʪʠʡ ʚʧʣʠʚ ʜʣʷ 6 ʜʦʩʣʽʜʞʝʥʠʭ ʪʠʧʽʚ ʨʝʛʫʣʷʪʦʨʽʚ. 
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ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ Model reference controller (ʘ) ʪʘ 

ʨʝʘʢʮʽʷ ʩʠʩʪʝʤʠ ʥʘ ʦʜʠʥʠʯʥʠʡ ʩʪʫʧʽʥʯʘʪʠʡ ʚʧʣʠʚ (ʙ) 

ɺʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʽʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʨʝʛʫʣʷʪʦʨʽʚ ʰʚʠʜʢʦʩʪʽ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. ʈʝʛʫʣʷʪʦʨʠ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʝʤʦʥʩʪʨʫʶʪʴ ʤʝʥʰʠʡ ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʽ ʨʝʛʫʣʷʪʦʨʠ. ʏʘʩ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ NARMA L2 ʚ 1,75 ʨʘʟʠ 

ʤʝʥʰʠʡ ʟʘ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʅʝʡʨʦʤʝʨʝʞʝʚʽ ʨʝʛʫʣʷʪʦʨʠ 

Model reference controller ʪʘ Model predictive controller ʜʝʤʦʥʩʪʨʫʶʪʴ ʩʭʦʞʠʡ ʭʘʨʘʢʪʝʨ 

ʥʘʨʦʩʪʘʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ, ʰʚʠʜʢʽʩʪʴ ʥʘʨʦʩʪʘʥʥʷ ʚʠʱʘ ʟʘ ʩʠʩʪʝʤʠ ʽʟ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʨʝʛʫʣʷʪʦʨʘʤʠ. ɯʟ ʜʦʩʣʽʜʞʝʥʠʭ ʥʝʨʦʤʝʨʝʞʝʚʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʥʘʡʤʝʥʰʝ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ 

ʧʦʢʘʟʘʚ Model reference controller, ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ ʩʢʣʘʚ 0,15 ʩ ʨʝʛʫʣʷʪʦʨ ʤʽʩʪʠʪʴ 10 

ʥʝʡʨʦʥʽʚ ʽʟ ʪʘʥʛʝʥʮʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʘʢʪʠʚʘʮʽʾ ʚ ʧʨʠʭʦʚʘʥʦʤʫ ʰʘʨʽ ʪʘ ʦʜʠʥ ʚʠʭʽʜʥʠʡ ʥʝʡʨʦʥ 

ʽʟ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʘʢʪʠʚʘʮʽʾ.  
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ʋɼʂ 621.31  
ʄʘʣʘʤʘʥ ɼ.ʆ, ʤʘʛʽʩʪʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʆʇʊʀʄɯɿɸʎɯʗ ʊɸ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅɯʉʊʔ ʉʀʉʊɽʄ 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɺʆɼʅʖ ʊɸ ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ ɿ ɺʀɼɸʃɽʅʅʗʄ 

CO2 
 

ɿʘʧʘʩʠ ʚʠʢʦʧʥʠʭ ʧʘʣʠʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰʽʩʪʴ ʩʚʽʪʦʚʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʚʠʩʥʘʞʫʶʪʴʩʷ, ʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʠʯʠʥʷʻ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʶʯʠ ʥʘ ʢʣʽʤʘʪ. ʊʦʤʫ ʩʚʽʪ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ, ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ, ʪʘʢʽ ʷʢ ʚʦʜʝʥʴ, ʧʨʦʜʫʢʪʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʻ ʚʦʜʘ. 

ɺʦʜʝʥʴ ï ʫʥʽʚʝʨʩʘʣʴʥʝ ʧʘʣʠʚʦ ʟ ʚʝʣʠʢʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʜʣʷ ʜʚʠʛʫʥʽʚ, ʧʘʣʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʽ ʩʠʥʪʝʪʠʯʥʠʭ ʧʘʣʠʚ. ʆʧʪʠʤʘʣʴʥʠʤ ʻ ʢʦʤʙʽʥʦʚʘʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ ʪʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʦʜʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ ʫʪʠʣʽʟʘʮʽʾ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʝʧʣʘ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʭ ʧʨʦʮʝʩʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ ʧʘʣʘʜʽʻʚʽ ʤʝʤʙʨʘʥʠ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʄʝʪʘ ð ʦʧʪʠʤʽʟʫʚʘʪʠ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʯʥʽ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʨʘʪ ʥʘ 

ʚʠʜʘʣʝʥʥʷ CO. 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ: 

¶ ʈʦʟʨʦʙʢʘ ʧʽʜʭʦʜʽʚ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ɽʊʋ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʦʜʝʥʴ 

ʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʟ ʚʠʜʘʣʝʥʥʷʤ CO . 

¶ ʉʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʮʝʩʽʚ ɽʊʋ ʥʘ ʨʽʟʥʠʭ ʚʠʜʘʭ ʦʨʛʘʥʽʯʥʦʛʦ 

ʧʘʣʠʚʘ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʩʠʩʪʝʤʠ ʚʠʜʘʣʝʥʥʷ CO . 

¶ ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ɽʊʋ ʜʣʷ ʚʫʛʽʣʣʷ ʪʘ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʨʪʦʩʪʽ ʚʠʜʘʣʝʥʥʷ CO . 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ: 

¶ ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʽ ʤʦʜʝʣʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʤʝʪʦʜʠ ʜʣʷ ɽʊʋ ʥʘ ʚʫʛʽʣʣʽ 

ʪʘ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ ʟ ʚʠʜʘʣʝʥʥʷʤ CO , ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ. 

¶ ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ɽʊʋ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʪʘ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʠʭ ʨʽʜʢʠʭ ʩʠʥʪʝʪʠʯʥʠʭ ʧʘʣʠʚ (ʉɾʊ), ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʪʨʘʪ ʥʘ ʚʠʜʘʣʝʥʥʷ CO . 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ: 

¶ ʈʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʶʚʘʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ɽʊʋ 

ʚʦʜʥʶ ʡ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʧʨʠʡʤʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʾʭ ʧʨʦʻʢʪʫʚʘʥʥʷ. 
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 ʈʠʩʫʥʦʢ 1- ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʫʩʪʘʥʦʚʢʠ (ɽʊʋ) 

ʜʣʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʠʜʘʣʝʥʥʷʤ CO. 

 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʪʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʠʜʘʣʝʥʥʷʤ CO  ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʧʽʜʚʠʱʫʶʯʠ 

ʟʘʛʘʣʴʥʠʡ ʂʂɼ ʟʘ ʨʘʭʫʥʦʢ ʫʪʠʣʽʟʘʮʽʾ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʝʧʣʘ ʡ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ.  

ʉʠʩʪʝʤʘ ʫʣʦʚʣʶʚʘʥʥʷ CO  ʩʫʪʪʻʚʦ ʩʢʦʨʦʯʫʻ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʱʦ ʩʧʨʠʷʻ 

ʜʦʩʷʛʥʝʥʥʶ ʚʫʛʣʝʮʝʚʦ-ʥʝʡʪʨʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʜʘʨʪʘʤ.  

ʂʦʤʙʽʥʦʚʘʥʠʡ ʧʨʦʮʝʩ ʪʘʢʦʞ ʟʤʝʥʰʫʻ ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ, ʦʩʢʽʣʴʢʠ ʦʜʥʦʯʘʩʥʦ 

ʛʝʥʝʨʫʻ ʚʦʜʝʥʴ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʧʽʜʚʠʱʫʶʯʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ.  

ɿʘʚʜʷʢʠ ʤʘʪʝʤʘʪʠʯʥʠʤ ʤʦʜʝʣʷʤ ʧʨʦʮʝʩ ʤʦʞʥʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ, ʱʦ ʧʽʜʩʠʣʶʻ ʝʢʦʥʦʤʽʯʥʫ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. 

ʇʨʠʧʫʩʪʠʤʦ, ʢʦʤʙʽʥʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʤʘʻ ʧʦʯʘʪʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ (ʂʂɼ) 

50%. ɿʘ ʨʘʭʫʥʦʢ ʫʪʠʣʽʟʘʮʽʾ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʝʧʣʘ ʪʘ ʚʠʜʘʣʝʥʥʷ CO  ʂʂɼ ʟʨʦʩʪʘʻ ʜʦ 70%. 

ʗʢʱʦ ʧʦʯʘʪʢʦʚʠʡ ʨʽʚʝʥʴ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʩʪʘʥʦʚʠʪʴ 1000 ʄɺʪĿʛʦʜ, ʪʦ ʧʨʠ ʂʂɼ 50% 

ʢʦʨʠʩʥʘ ʝʥʝʨʛʽʷ ʥʘ ʚʠʭʦʜʽ ʜʦʨʽʚʥʶʻ 500 ʄɺʪĿʛʦʜ, ʘ ʧʨʠ 70% ð 700 ʄɺʪĿʛʦʜ. ʎʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʦʛʦ ʞ ʨʽʚʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫʩʪʘʥʦʚʢʘ ʪʝʧʝʨ ʚʠʪʨʘʯʘʻ ʥʘ 200 ʄɺʪĿʛʦʜ 

ʤʝʥʰʝ, ʩʢʦʨʦʯʫʶʯʠ ʚʠʪʨʘʪʠ ʥʘ 20%, ʘ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ CO  ʧʨʦʧʦʨʮʽʡʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʪʽʣʴʢʠ ʟʥʠʞʫʻ ʚʠʪʨʘʪʠ, ʘ ʡ ʟʤʝʥʰʫʻ ʝʥʝʨʛʝʪʠʯʥʽ ʚʪʨʘʪʠ, ʧʽʜʚʠʱʫʶʯʠ 

ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ. 

 

ɺʠʩʥʦʚʢʠ.  

ʆʧʪʠʤʽʟʘʮʽʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʩʪʘʥʦʚʦʢ (ɽʊʋ) ʜʣʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʠʜʘʣʝʥʥʷʤ CO  ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʰʣʷʭʦʤ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʝʧʣʘ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤʠ ʫʣʦʚʣʶʚʘʥʥʷ CO  ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʂʂɼ 

ʫʩʪʘʥʦʚʦʢ ʟ 50% ʜʦ 70%, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ ʥʘ 20% ʪʘ ʚʽʜʧʦʚʽʜʥʝ 

ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ.  

ʎʝ ʥʝ ʪʽʣʴʢʠ ʟʤʝʥʰʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʠʢʦʧʥʠʭ ʧʘʣʠʚ, ʘ ʡ ʩʧʨʠʷʻ ʜʦʩʷʛʥʝʥʥʶ 

ʚʫʛʣʝʮʝʚʦ-ʥʝʡʪʨʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ, ʟʥʠʞʫʶʯʠ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʨʦʙʠʪʴ ʪʘʢʽ ʫʩʪʘʥʦʚʢʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ 
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ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʪʘ ʨʝʩʫʨʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʙʽʥʦʚʘʥʽ 

ʫʩʪʘʥʦʚʢʠ ʟ ʚʦʜʥʝʤ ʽ ʚʠʜʘʣʝʥʥʷʤ CO  ʩʪʘʥʦʚʣʷʪʴ ʥʘʜʽʡʥʫ ʦʩʥʦʚʫ ʜʣʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ. 
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ʂʘʨʘʫʣʴʥʠʡ ʂ.ʊ., ʤʘʛʽʩʪʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 
 

ɺʆɼʅɽɺɸ ʉʀʉʊɽʄɸ ɸɺɸʈɯʁʅʆɻʆ ɸɺʊʆʅʆʄʅʆɻʆ 

ɽʅɽʈɻʆɿɸɹɽɿʇɽʏɽʅʅʗ ʄɸʃʆɰ ʇʆʊʋɾʅʆʉʊɯ 
 

ɺʩʪʫʧ. ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʫ ʥʘʜʽʡʥʠʭ ʜʞʝʨʝʣʘʭ ʝʥʝʨʛʽʾ ʜʣʷ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ ʚʘʞʣʠʚʠʭ ʦʙôʻʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʩʝʨʚʝʨʠ, ʤʝʜʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʪʘʥʮʽʾ ʪʦʱʦ. ʆʜʥʘ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʥʦʤʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʻ ʚʦʜʥʝʚʘ ʩʠʩʪʝʤʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (PEM). ɺʦʜʥʝʚʽ ʧʘʣʠʚʥʽ ʝʣʝʤʝʥʪʠ ʜʘʶʪʴ ʟʤʦʛʫ ʛʝʥʝʨʫʚʘʪʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʨʽʚʥʝʤ ʚʠʢʠʜʽʚ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ. ʋ ʨʘʤʢʘʭ 

ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʝʚʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʘʚʘʨʽʡʥʦʛʦ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ɯʜʝʷ. ʆʩʥʦʚʥʦʶ ʽʜʝʻʶ ʻ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʥʦʤʥʦʾ ʩʠʩʪʝʤʠ ʨʝʟʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ ʥʘ ʙʘʟʽ 

ʚʦʜʥʝʚʠʭ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʘ ʟʜʘʪʥʘ ʧʨʘʮʶʚʘʪʠ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ 

ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʘʙʦ ʥʘʚʽʪʴ ʚ ʾʾ ʧʦʚʥʽʡ ʚʽʜʩʫʪʥʦʩʪʽ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ 

ʪʨʘʜʠʮʽʡʥʠʤ ʘʢʫʤʫʣʷʪʦʨʥʠʤ ʪʘ ʜʠʟʝʣʴʥʠʤ ʜʞʝʨʝʣʘʤ ʞʠʚʣʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʨʠʚʘʣʝ 

ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʚʦʜʥʶ ʪʘ ʢʠʩʥʶ. ʆʢʨʽʤ ʮʴʦʛʦ, ʚʦʜʥʝʚʽ 

ʩʠʩʪʝʤʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʯʘʩʪʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ 

ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʦʜʥʝʚʦʾ ʩʠʩʪʝʤʠ 

ʘʚʘʨʽʡʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʞʠʚʣʝʥʥʷ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʘʚʘʨʽʡʥʦʛʦ 

ʞʠʚʣʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʤʘʻ ʥʘ ʤʝʪʽ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʪʘ ʧʘʨʘʤʝʪʨʠ, ʧʨʠ 

ʷʢʠʭ ʚʦʜʥʝʚʘ ʩʠʩʪʝʤʘ ʻ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦʶ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. 

 
ʈʠʩʫʥʦʢ 1- ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ PEM [1] 

 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ 
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ʤʦʜʝʣʽ ʚʦʜʥʝʚʠʭ ʩʠʩʪʝʤ ʞʠʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ PEM ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʦʙʨʘʥʦ 

ʪʝʩʪʦʚʽ ʟʨʘʟʢʠ UPS-ʩʠʩʪʝʤ. ɼʦ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʦʮʽʥʶʚʘʣʠʩʴ, ʥʘʣʝʞʘʣʠ: ʪʨʠʚʘʣʽʩʪʴ 

ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ, ʘ ʪʘʢʦʞ ʚʘʨʪʽʩʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʘ ʟʤʦʜʝʣʴʦʚʘʥʘ ʩʠʪʫʘʮʽʷ ʘʚʘʨʽʡʥʦʛʦ ʚʠʤʢʥʝʥʥʷ 

ʞʠʚʣʝʥʥʷ.  

ʊʨʠʚʘʣʽʩʪʴ ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

Ὕ
ʂz ,(6zά

0ÌÏÁÄ
 

ʜʝ: 

¶ m ðʢʽʣʴʢʽʩʪʴ ʚʦʜʥʶ (ʢʛ), 

¶ Pload ðʥʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ (ʢɺʪ) 

¶ ɖ ð ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʘʣʠʚʥʦʛʦ ʝʣʝʤʝʥʪʘ (60%, ʘʙʦ 0.6), 

¶ LHV ð ʥʠʞʯʘ ʪʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʚʦʜʥʶ (33,33 ʢɺʪ*ʛʦʜ). 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʜʥʝʚʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʝ ʧʦʩʪʘʯʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʚ ʫʤʦʚʘʭ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʟʘʣʠʰʘʚʩʷ ʚʠʩʦʢʠʤ, ʘ ʚʠʢʠʜʠ ʙʫʣʠ ʤʽʥʽʤʘʣʴʥʠʤʠ. ʉʠʩʪʝʤʘ 

ʚʠʷʚʠʣʘʩʴ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʶ ʟ ʽʥʰʠʤʠ ʘʚʘʨʽʡʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ 

ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ, ʘʣʝ ʾʾ ʚʘʨʪʽʩʪʴ ʟʘʣʠʰʘʣʘʩʴ ʚʠʱʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʘʢʫʤʫʣʷʪʦʨʘʤʠ. 

ɺʠʩʥʦʚʦʢ. ɺʦʜʥʝʚʘ ʩʠʩʪʝʤʘ ʘʚʘʨʽʡʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʞʠʚʣʝʥʥʷ ʤʘʣʦʧʦʪʫʞʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʦʩʦʙʣʠʚʦ ʚ 

ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʍʦʯʘ ʪʘʢʽ ʩʠʩʪʝʤʠ ʧʦʪʨʝʙʫʶʪʴ 

ʟʥʘʯʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʽʥʚʝʩʪʠʮʽʡ, ʾʭ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʪʘ ʪʨʠʚʘʣʘ ʘʚʪʦʥʦʤʥʽʩʪʴ ʤʦʞʫʪʴ ʩʪʘʪʠ 

ʚʘʛʦʤʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. Akroot, A.; Ekici, ¥.; Kºksal, M. Process modeling of an automotive pem fuel cell system. Int. J. Green Energy, 2019 

2. "Fuel Cell Systems Explained" ï James Larminie, Andrew Dicks, 2003 

3. "Energy Systems Engineering: Evaluation and Implementation" ï Francis Vanek, Louis Albright, Largus Angenent, 2012 

4. Ogden, J. M. "Prospects for building a hydrogen energy infrastructure." Annual Review of Energy and the 

Environment, 1999 

5. "Hydrogen and Fuel Cells: Emerging Technologies and Applications" ï Bent Sßrensen, 2005 
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ʋɼʂ 621.311.25 

ʂʦʚʘʣʝʥʢʦ ʆ. ɯ., ʘʩʧʽʨʘʥʪ 

ʈʦʟʝʥ ɺ. ʇ., ʧʨʦʬ., ʜ.ʪ.ʥ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

ʂɯʅɽʊʀʏʅɯ ʅɸʂʆʇʀʏʋɺɸʏɯ ɽʅɽʈɻɯɰ ʗʂ ʄɽʊʆɼ ʈɽɻʋʃʖɺɸʅʅʗ 

ɽʃɽʂʊʈʀʏʅʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ ʇʈʆʄʀʉʃʆɺʀʍ 

ʇɯɼʇʈʀɭʄʉʊɺ 
 

ɺʩʪʫʧ. ʇʨʦʙʣʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʠʭ ʚʠʤʦʛ ʜʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ 

ʤʘʭʦʚʠʢʠ, ʤʦʞʝ ʩʪʘʪʠ ʢʣʶʯʦʚʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ ʨʽʟʢʠʭ ʢʦʣʠʚʘʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʘʚʜʷʢʠ 

ʤʦʞʣʠʚʦʩʪʽ ʰʚʠʜʢʦ ʚʽʜʜʘʚʘʪʠ ʥʘʢʦʧʠʯʝʥʫ ʝʥʝʨʛʽʶ, ʢʽʥʝʪʠʯʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʛʥʫʯʢʝ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ 

ʪʘ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʤʝʨʝʞ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʝʨʝʚʘʛʠ ʢʽʥʝʪʠʯʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ. ʄʘʭʦʚʠʢʠ ʧʨʘʮʶʶʪʴ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʢʽʥʝʪʠʯʥʫ, ʥʘʢʦʧʠʯʫʶʯʠ ʾʾ ʚ ʨʦʪʦʨʽ, ʱʦ 

ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ. ʂʽʥʝʪʠʯʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ ʧʨʘʮʶʶʪʴ ʟʘʚʜʷʢʠ 

ʨʦʪʦʨʫ, ʷʢʠʡ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘ ʰʚʠʜʢʦʩʪʽ ʜʦ 60 000 ʦʙʝʨʪʽʚ ʟʘ ʭʚʠʣʠʥʫ ʽ ʟʜʘʪʥʠʡ ʘʢʫʤʫʣʶʚʘʪʠ 

ʜʦ 500 ʢɺʪĿʛʦʜ ʝʥʝʨʛʽʾ. ɺʦʥʠ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʪʨʠʚʘʣʠʤ ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ, ʯʘʩʪʦ ʧʝʨʝʚʠʱʫʶʯʠ 

20 ʨʦʢʽʚ, ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʥʘ ʨʽʚʥʽ 85-95% ʟʘʚʜʷʢʠ ʤʽʥʽʤʘʣʴʥʠʤ ʚʪʨʘʪʘʤ ʥʘ ʪʝʨʪʷ ʫ ʩʫʯʘʩʥʠʭ 

ʩʠʩʪʝʤʘʭ ʟ ʤʘʛʥʽʪʥʠʤʠ ʧʽʜʰʠʧʥʠʢʘʤʠ ʘʙʦ ʚʘʢʫʫʤʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʐʚʠʜʢʠʡ ʯʘʩ ʚʽʜʛʫʢʫ 

(0,1ï1 ʩʝʢʫʥʜʘ) ʨʦʙʠʪʴ ʤʘʭʦʚʠʢʠ ʥʝʟʘʤʽʥʥʠʤʠ ʜʣʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ, ʜʝ ʥʘʚʽʪʴ ʢʦʨʦʪʢʦʯʘʩʥʽ ʟʙʦʾ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʚʪʨʘʪ. ɺʠʩʦʢʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʭʦʚʠʢʽʚ ʧʦʷʩʥʶʻʪʴʩʷ ʾʭ ʤʘʣʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʪʘ 

ʤʦʞʣʠʚʽʩʪʶ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʮʠʢʣʫ ʟʘʨʷʜʢʠ ʙʝʟ ʚʪʨʘʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʅʘ ʨʠʩ. 1 ʩʭʝʤʘʪʠʯʥʦ 

ʥʘʚʝʜʝʥʘ ʪʠʧʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʫʯʘʩʥʦʛʦ ʢʽʥʝʪʠʯʥʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ ʝʥʝʨʛʽʾ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʢʽʥʝʪʠʯʥʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ ʝʥʝʨʛʽʾ 

(1 ï ʜʚʠʛʫʥ-ʛʝʥʝʨʘʪʦʨ, 2 ï ʤʘʛʥʽʪʥʘ ʤʫʬʪʘ, 3 ï ʤʘʭʦʚʠʢ, 4,5 ï ʤʘʛʥʽʪʥʽ ʧʽʜʚʽʩʠ, 6 ï 

ʩʪʘʙʽʣʽʟʫʶʯʽ ʤʘʛʥʽʪʠ, 7 ï ʛʝʨʤʝʪʠʯʥʠʡ ʢʦʨʧʫʩ) 

ʇʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ 

ʤʝʪʘʣʫʨʛʽʡʥʽ ʟʘʚʦʜʠ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʢʽʥʝʪʠʯʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʢʦʤʧʘʥʽʷ Temporal Power ʫ 

ʂʘʥʘʜʽ ʚʩʪʘʥʦʚʠʣʘ ʢʽʥʝʪʠʯʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʜʣʷ ʝʣʝʢʪʨʦʤʝʨʝʞ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴ ʚʝʣʠʢʠʡ 

ʟʘʚʦʜ, ʜʦʟʚʦʣʠʚʰʠ ʟʤʝʥʰʠʪʠ ʧʽʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 15%, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʟʚʝʣʦ ʜʦ 

ʝʢʦʥʦʤʽʾ ʙʣʠʟʴʢʦ 200 000 ʜʦʣʘʨʽʚ ʥʘ ʨʽʢ ʟʘ ʨʘʭʫʥʦʢ ʫʥʠʢʥʝʥʥʷ ʚʠʩʦʢʠʭ ʧʽʢʦʚʠʭ ʪʘʨʠʬʽʚ. 

ɯʥʰʠʡ ʧʨʠʢʣʘʜ ð ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʭʦʚʠʢʽʚ ʥʘ ʟʘʚʦʜʘʭ ʢʦʤʧʘʥʽʾ ABB, ʜʝ ʚʩʪʘʥʦʚʣʝʥʽ 
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ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʪʫʞʥʽʩʪʶ 1 ʄɺʪ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʱʦ 

ʧʽʜʚʠʱʠʣʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʨʝʞʽ ʪʘ ʟʤʝʥʰʠʣʦ ʧʦʪʨʝʙʫ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʜʠʟʝʣʴʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ. 

ʄʘʭʦʚʠʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʤʝʥʰʫʶʯʠ 

ʢʦʣʠʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʫʥʠʢʘʶʯʠ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ 

ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʛʨʘʬʽʢʦʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʷʢ-ʦʪ ʭʽʤʽʯʥʽ 

ʟʘʚʦʜʠ ʘʙʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʽʥʝʪʠʯʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʥʘ 10ï20% 

ʟʘʚʜʷʢʠ ʦʧʪʠʤʽʟʘʮʽʾ ʛʨʘʬʽʢʘ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʶ ʥʘʜʽʡʥʦʛʦ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ 

ʨʝʟʝʨʚʫʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʧʽʜʚʠʱʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʪʘ ʚʠʢʣʠʢʠ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʇʦʧʨʠ ʚʠʩʦʢʽ ʧʦʯʘʪʢʦʚʽ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ (ʙʣʠʟʴʢʦ 1-2 ʤʣʥ ʜʦʣʘʨʽʚ ʉʐɸ ʟʘ ʩʠʩʪʝʤʫ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ), 

ʦʢʫʧʥʽʩʪʴ ʢʽʥʝʪʠʯʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʻ ʧʨʠʚʘʙʣʠʚʦʶ ʟʘʚʜʷʢʠ ʟʥʠʞʝʥʥʶ ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. 

ɿʘ ʫʤʦʚ ʚʠʩʦʢʠʭ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʟʥʘʯʥʦʾ ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘʢʽ ʩʠʩʪʝʤʠ 

ʦʢʫʧʘʶʪʴʩʷ ʟʘ 5-7 ʨʦʢʽʚ. ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʪʘ ʚʘʢʫʫʤʥʠʭ 

ʩʠʩʪʝʤ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʪʨʘʪ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʽ 

ʟʤʝʥʰʫʚʘʪʠ ʾʭʥʶ ʮʽʥʫ. ʇʦʻʜʥʘʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʪʘʢʠʤʠ ʷʢ ʣʽʪʽʡ-ʽʦʥʥʽ ʙʘʪʘʨʝʾ ʘʙʦ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʠ, ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ 

ʛʽʙʨʠʜʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʙʽʣʴʰ ʛʥʫʯʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʊʘʢʦʞ ʤʦʞʣʠʚʝ 

ʧʦʻʜʥʘʥʥʷ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʨʠʷʻ ʟʙʘʣʘʥʩʦʚʘʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʫ 

ʪʘ ʩʧʦʞʠʚʘʥʥʶ ʝʥʝʨʛʽʾ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. ɺʦʜʥʦʯʘʩ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʧʦʪʨʝʙʫʻ ʪʝʭʥʽʯʥʦʾ ʘʜʘʧʪʘʮʽʾ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʾʭʥʴʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʂʽʥʝʪʠʯʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʚʠʜʢʠʡ 

ʚʽʜʛʫʢ, ʩʪʘʙʽʣʽʟʘʮʽʶ ʤʝʨʝʞʽ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʟʥʠʟʠʪʠ ʧʽʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʟʤʝʥʰʠʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ. ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʘ ʨʦʟʚʠʪʦʢ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʩʧʨʠʷʪʠʤʫʪʴ ʟʜʝʰʝʚʣʝʥʥʶ ʪʝʭʥʦʣʦʛʽʾ, ʨʦʙʣʷʯʠ ʾʾ 

ʜʦʩʪʫʧʥʽʰʦʶ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 
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ʄʫʛʝʥʦʚ ɼ.ɼ., PhD, ʩʪ. ʚʠʢʣ. 

ʇʝʪʨʦʚʩʴʢʠʡ ʆ.ʉ., ʤʘʛʽʩʪʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

ɸʃɻʆʈʀʊʄ ʈʆɹʆʊʀ ʂʆʄɹɯʅʆɺɸʅʆɰ ʉʀʉʊɽʄʀ ʆʇɸʃɽʅʅʗ 

ɾʀʊʃʆɺʆɻʆ ɹʋɼʀʅʂʋ 
 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʢʦʤʙʽʥʦʚʘʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʜʞʝʨʝʣʘ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ, ʪʘʢʽ ʷʢ ʪʨʘʜʠʮʽʡʥʽ ʢʦʪʣʠ, ʩʦʥʷʯʥʽ ʢʦʣʝʢʪʦʨʠ, ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʪʘ ʛʝʦʪʝʨʤʘʣʴʥʽ 

ʫʩʪʘʥʦʚʢʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʟʥʠʟʠʪʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʙʽʣʴʥʠʭ ʮʽʥ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ. ʇʨʦʪʝ 

ʢʦʤʙʽʥʦʚʘʥʽ ʩʠʩʪʝʤʠ ʚʠʤʘʛʘʶʪʴ ʪʦʯʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʝ ʧʦʚʠʥʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʤʬʦʨʪʥʠʡ ʤʽʢʨʦʢʣʽʤʘʪ ʫ ʧʨʠʤʽʱʝʥʥʽ, ʤʽʥʽʤʽʟʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʘʣʠʚʘ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʶ 

ʩʠʩʪʝʤʦʶ ʦʧʘʣʝʥʥʷ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ, ʱʦ ʚʢʣʶʯʘʻ ʛʘʟʦʚʠʡ ʢʦʪʝʣ ʪʘ ʩʦʥʷʯʥʽ ʢʦʣʝʢʪʦʨʠ, 

ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʷʚʥʫ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ ʽ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ 

ʛʘʟʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ 

ʦʧʘʣʝʥʥʷ ʚʨʘʭʦʚʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʧʨʠʤʽʱʝʥʥʽ ʪʘ ʧʦʟʘ ʡʦʛʦ ʤʝʞʘʤʠ ʪʘ ʨʽʚʝʥʴ ʽʥʩʦʣʷʮʽʾ, ʷʢʠʡ 

ʻ ʚʠʨʽʰʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ. 

ɺ ʩʠʩʪʝʤʽ ʧʨʠʩʫʪʥʽ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʨʦʟʤʽʱʝʥʽ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʽ ʟʘ 

ʡʦʛʦ ʤʝʞʘʤʠ, ʘ ʪʘʢʦʞ ʜʘʪʯʠʢ ʚ ʢʦʥʪʫʨʽ ʢʦʣʝʢʪʦʨʘ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ, ʘ ʪʘʢʦʞ ʚ ʩʠʩʪʝʤʽ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʠʤʽʨʶʚʘʯ ʽʥʩʦʣʷʮʽʾ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʣʽʟʦʚʘʥʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʪʘ 

ʨʝʛʫʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʦʯʥʝ ʧʽʜʪʨʠʤʘʥʥʷ 

ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ. ɿʘʚʜʷʢʠ ʛʥʫʯʢʦʩʪʽ 

ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘʣʝʞʥʦ 

ʚʽʜ ʩʝʟʦʥʥʠʭ ʟʤʽʥ, ʨʽʚʥʷ ʽʥʩʦʣʷʮʽʾ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʦʧʘʣʝʥʥʷ. ɯʥʬʦʨʤʘʮʽʷ ʟ ʜʘʪʯʠʢʽʚ ʥʘʜʭʦʜʠʪʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʽ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ, ʩʢʽʣʴʢʠ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠ ʩʦʥʷʯʥʽ ʢʦʣʝʢʪʦʨʠ. ʇʨʠ ʜʦʩʪʘʪʥʴʦʤʫ ʨʽʚʥʽ ʽʥʩʦʣʷʮʽʾ 

ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʩʧʨʷʤʦʚʫʻ ʪʝʧʣʦʥʦʩʽʡ, ʥʘʛʨʽʪʠʡ ʩʦʥʷʯʥʠʤʠ ʧʘʥʝʣʷʤʠ, ʚ ʦʧʘʣʶʚʘʣʴʥʫ 

ʩʠʩʪʝʤʫ ʙʫʜʠʥʢʫ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ ʷʢ ʦʩʥʦʚʥʝ 

ʜʞʝʨʝʣʦ ʪʝʧʣʘ, ʱʦ ʟʥʠʞʫʻ ʧʦʪʨʝʙʫ ʚ ʽʥʰʠʭ ʚʠʜʘʭ ʧʘʣʠʚʘ. 

ʋ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʨʽʚʝʥʴ ʽʥʩʦʣʷʮʽʾ ʧʘʜʘʻ, ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʧʦʛʽʨʰʝʥʥʷ ʧʦʛʦʜʥʠʭ ʫʤʦʚ 

ʘʙʦ ʥʘʩʪʘʥʥʷ ʚʝʯʽʨʥʽʭ ʛʦʜʠʥ, ʢʦʥʪʨʦʣʝʨ ʬʽʢʩʫʻ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʢʦʥʪʫʨʽ 

ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ. ɸʣʛʦʨʠʪʤ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʜʞʝʨʝʣʘ ʪʝʧʣʘ ï ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʪʣʘ (ʛʘʟʦʚʦʛʦ, ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʙʦ ʪʚʝʨʜʦʧʘʣʠʚʥʦʛʦ). ʂʦʪʝʣ 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʣʠʰʝ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʧʣʦʚʪʨʘʪ ʙʫʜʽʚʣʽ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦ, ʟʘʣʠʰʘʶʯʠ ʢʦʪʝʣ ʫ 

ʨʝʟʝʨʚʽ ʜʣʷ ʧʦʢʨʠʪʪʷ ʪʝʧʣʦʚʠʭ ʧʦʪʨʝʙ ʫ ʧʝʨʽʦʜʠ ʥʠʟʴʢʦʾ ʽʥʩʦʣʷʮʽʾ, ʱʦ ʩʧʨʠʷʻ ʝʢʦʥʦʤʽʾ 

ʨʝʩʫʨʩʽʚ. 

ɿʘ ʫʤʦʚ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ ʦʧʫʩʢʘʻʪʴʩʷ ʥʠʞʯʝ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ 

ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ. ʗʢʱʦ ʨʽʚʝʥʴ ʽʥʩʦʣʷʮʽʾ ʥʝʜʦʩʪʘʪʥʽʡ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʧʨʠʤʽʱʝʥʥʽ, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʘʢʪʠʚʫʻ ʢʦʪʝʣ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʧʣʦʚʪʨʘʪ ʽ ʧʽʜʪʨʠʤʢʠ 

ʢʦʤʬʦʨʪʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʜʽʡʩʥʦ 
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ʥʝ ʚʠʩʪʘʯʘʻ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʙʘʣʘʥʩʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʢʦʥʦʤʠʪʠ ʧʘʣʠʚʦ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʷʢ ʨʝʟʝʨʚʥʝ ʜʞʝʨʝʣʦ ʪʝʧʣʘ. ʂʦʪʝʣ ʧʨʘʮʶʻ ʜʦʪʠ, ʜʦʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʧʨʠʤʽʱʝʥʥʽ ʥʝ ʜʦʩʷʛʥʝ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ. ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʦʥʪʨʦʣʝʨ ʧʦʜʘʻ ʩʠʛʥʘʣ ʥʘ ʚʠʤʢʥʝʥʥʷ ʢʦʪʣʘ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʥʘʜʤʽʨʥʦʤʫ ʩʧʦʞʠʚʘʥʥʶ ʝʥʝʨʛʽʾ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʽʥʥʷ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʢʦʤʙʽʥʫʚʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʽ ʛʘʟʦʚʦʛʦ ʢʦʪʣʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ 

ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚ 

ʘʚʪʦʤʘʪʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʦʧʘʣʝʥʥʷʤ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʘʙʽʣʴʥʠʡ ʢʦʤʬʦʨʪʥʠʡ ʢʣʽʤʘʪ ʫ ʧʨʠʤʽʱʝʥʥʽ, 

ʘʜʘʧʪʫʶʯʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʜʦ ʟʤʽʥʠ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. 
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ʋɼʂ 544.47, 662.7, 661.72 

ʐʝʨʩʪʥʴʦʚ ʖ.ɺ., ʘʩʧʽʨʘʥʪ 

ʂʨʠʚʦʨʽʟʴʢʠʡ ʅʘʮʽʦʥʘʣʴʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ 
 

ʂɽʈʋɺɸʅʅʗ ʈɽɸʂʊʀɺʅʆʖ ʇʆʊʋɾʅɯʉʊʖ ʅɸ ʆʉʅʆɺɯ 

ʂɯɹɽʈʌɯɿʀʏʅʆɰ ʄʆɼɽʃɯ ʇɯɼʉʊɸʅʎɯɰ 

ɻɯʈʅʀʏʆɿɹɸɻɸʏʋɺɸʃʔʅʆɻʆ ʇɯɼʇʈʀɭʄʉʊɺɸ 

 
ɽʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʧʽʜʚʠʱʝʥʥʽ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʛʽʨʥʠʯʦʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ (ɻɿʂ), ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ 

ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ. ɺ ʧʦʪʦʯʥʠʭ ʨʝʘʣʽʷʭ ʩʢʣʘʣʘʩʷ ʩʠʪʫʘʮʽʷ 

ʩʫʪʪʻʚʦʛʦ ʦʙʤʝʞʝʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʏʝʨʝʟ ʮʝ ʟʥʠʞʫʻʪʴʩʷ 

ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʯʘʩʪʢʠ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʈʇ). ɼʦʜʘʪʢʦʚʦ ʤʦʞʣʠʚʽ ʚʽʜʢʣʶʯʝʥʥʷ çʧʨʠʨʦʜʥʽʭè 

ʢʦʤʧʝʥʩʘʪʦʨʽʚ ï ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ (ʉɼ). ɺ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʦʙʣʽʢʫ ʪʘ ʢʦʥʪʨʦʣʶ ʧʝʨʝʪʽʢʘʥʥʷʤ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ (ʪʦʙʪʦ ʨʦʟʛʣʷʜʘʪʠ ʤʝʨʝʞʫ ʷʢ ʢʽʙʝʨʬʽʟʠʯʥʫ ʩʠʩʪʝʤʫ (ʂʌʉ)).  

ɸʥʘʣʽʟ ʨʽʯʥʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʛʨʘʬʽʢʘʭ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʻ ʢʣʶʯʦʚʠʤ 

ʝʪʘʧʦʤ ʫ ʨʦʟʫʤʽʥʥʽ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ. ʊʘʢ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʯʘʤʠ ʪʘ ʩʧʣʘʪʘ ʟʘ ʥʝʾ ʥʘ ɻɿʇ ˉ1 ʧʽʜʧʨʠʻʤʩʪʚʘ N. ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ 

ʟʘʬʽʢʩʦʚʘʥʦ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ (ʥʘʡʙʽʣʴʰʠʡ ʩʧʘʜ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʫ 2022-ʤʫ ʨʦʮʽ, ʥʘ 28,5% ʜʣʷ ʘʢʪʠʚʥʦʾ ʪʘ 17,44% ʜʣʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʩʧʦʞʠʚʘʯʘʤʠ ɻɿʇˉ1).  ʇʨʠ ʮʴʦʤʫ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʪʘʨʠʬʽʚ, ʩʧʣʘʪʘ ʟʘ ʨʝʘʢʪʠʚʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʟʥʠʟʠʣʘʩʷ ʣʠʰʝ ʥʘ 2%. ʊʘʢʦʞ ʧʽʜʧʨʠʻʤʩʪʚʦ ʩʧʣʘʯʫʻ ʥʝ ʣʠʰʝ ʟʘ ʬʘʢʪʠʯʥʠʡ 

ʨʽʚʝʥʴ ʩʧʦʞʠʪʦʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʘʣʝ ʡ ʜʦʜʘʪʢʦʚʽ ʢʦʰʪʠ ʟʘ ʥʝʜʦʢʦʤʧʝʥʩʘʮʽʶ.  

ʅʘ ʨʠʩ. 1 ʟʦʙʨʝʞʝʥʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽʟ ʣʽʯʠʣʴʥʠʢʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʚʫʟʣʦʚʠʭ ʪʦʯʢʘʭ 

ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʪʘ ʾʾ ʛʨʘʬ. ʉʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʠʥʮʠʧʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʶʚʘʪʠ ʨʦʙʦʪʫ ʢʦʤʧʝʥʩʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʫ 

ʩʧʦʞʠʚʘʥʥʽ ʝʥʝʨʛʽʾ. 

ʎʝʥʪʨʘʣʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʟʤʽʥʶʻ ʢʦʤʧʝʥʩʫʶʯʫ ʟʜʘʪʥʽʩʪʴ ʉɼ ˉ1éʉɼ ˉN (ʨʝʛʫʣʶʶʯʠ 

Uʟʙ.ʩʜ.1é Uʟʙ.ʩʜ.N) ʪʘ ʧʝʨʝʢʣʶʯʘʶʯʠ ʩʪʫʧʝʥʽ ʂɹ (ʂɹ6ʢɺ ʪʘ ʂɹ0,4ʢɺ). ʈʘʮʽʦʥʘʣʴʥʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʘʤʧʝʨʝʜ ʢʦʥʜʝʥʩʘʪʦʨʥʽ ʙʘʪʘʨʝʾ (ʂɹ), ʦʩʢʽʣʴʢʠ ʾʭʥʽ ʚʪʨʘʪʠ ʩʪʘʥʦʚʣʷʪʴ ʫ 

ʩʝʨʝʜʥʴʦʤʫ 0,002ï0,0045 ʢɺʪ/ʢɺɸʨ, ʪʦʜʽ ʷʢ ʜʣʷ ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ (ʉɼ) ʮʝʡ ʧʦʢʘʟʥʠʢ 

ʩʷʛʘʻ 0,013 ʢɺʪ/ʢɺɸʨ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʦʮʽʥʶʻʪʴʩʷ ʾʭ ʜʦʮʽʣʴʥʽʩʪʴ ʫ 

ʧʨʦʮʝʩʽ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɿʽʙʨʘʥʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʉɼ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʚʽʜʥʦʩʥʽʡ 

ʧʦʚʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʢʦʞʥʦʛʦ ʜʚʠʛʫʥʘ [1]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘʛʘʣʴʥʝ ʙʘʣʘʥʩʥʝ 

ʟʥʘʯʝʥʥʷ Qʟ.ʙ. (ʄɺɸʨĿʛʦʜ) ʚ ʽʜʝʘʣʽ ʧʦʚʠʥʥʦ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ, ʱʦ ʦʟʥʘʯʘʻ ʪʝ, ʱʦ ʩʠʩʪʝʤʘ 

ʥʝ ʛʝʥʝʨʫʻ ʪʘ ʥʝ ʩʧʦʞʠʚʘʻ ʨʝʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʟ ʤʝʨʝʞʽ.  

ʇʦʧʨʠ ʥʘʚʝʜʝʥʽ ʧʣʶʩʠ, ʪʘʢʘ ʩʠʩʪʝʤʘ ʤʘʻ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ: ʥʘʷʚʥʽʩʪʴ ʜʦʨʦʛʦʛʦ ʩʫʯʘʩʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʢʣʘʜʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʝʥʩʫʶʯʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ. ɺʠʩʦʢʦʚʘʨʪʽʩʥʝ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʟʘ ʨʘʭʫʥʦʢ 

ʩʢʦʨʦʯʝʥʥʷ ʧʝʨʽʦʜʫ ʦʢʫʧʥʦʩʪʽ, ʧʨʦʪʝ ʮʝ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʢʣʘʜʥʽ 

ʘʣʛʦʨʠʪʤʠ ʤʦʞʥʘ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ, ʟʙʝʨʽʛʰʠ ʪʦʯʥʽʩʪʴ ʪʘ ʰʚʠʜʢʦʜʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ, 

ʥʘʧʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʫ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʦʙʣʽʢʫ ʪʘ ʢʦʥʪʨʦʣʶ [2].  
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ʘ) ʙ) 

 

ʘ) ï ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʦʙʣʽʢʫ ʪʘ ʢʦʥʪʨʦʣʶ (Qʟ.ʙ. - ʟʘʛʘʣʴʥʠʡ ʙʘʣʘʥʩ ʈʇ; Qʩ.ʜ.ˉ1éQʩ.ʜ.ˉN - 

ʩʧʦʞʠʚʘʥʥʷ (ʛʝʥʝʨʘʮʽʷ) ʈʇ ʩʠʥʭʨʦʥʥʠʤʠ ʜʚʠʛʫʥʘʤʠ; Qʢ.ʙ. - ʛʝʥʝʨʘʮʽʷ ʈʇ ʢʦʥʜʝʥʩʘʪʦʨʥʠʤʠ ʙʘʪʘʨʝʷʤʠ 6ʢɺ; 

Qʘ.ʜ.ˉ1éQʘ.ʜ.ˉN - ʩʧʦʞʠʚʘʥʥʷ ʈʇ ʘʩʠʥʭʨʦʥʥʠʤʠ ʜʚʠʛʫʥʘʤʠ; Qʙ.ʪʧ. - ʙʘʣʘʥʩ ʈʇ 0,4ʢɺ; Qʥʢʙ - ʛʝʥʝʨʘʮʽʷ ʈʇ 

ʢʦʥʜʝʥʩʘʪʦʨʥʠʤʠ ʙʘʪʘʨʝʷʤʠ 0,4ʢɺ; ʉɼ1éN - ʜʘʥʽ ʧʨʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ; 

Uʟʙ.ʩʜ.1éUʟʙ.ʩʜ.N - ʥʘʧʨʫʛʘ ʟʙʫʜʞʝʥʥʷ ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ; ʂɹ0,4ʢɺ (ʂɹ6ʢɺ) - ʢʦʥʪʨʦʣʴ ʩʪʫʧʝʥʽʚ ʢʦʥʜʝʥʩʘʪʦʨʥʠʭ 

ʙʘʪʘʨʝʡ.); ʙ)- ʛʨʘʬ ʧʽʜʩʪʘʥʮʽʾ (ɺ - ʚʚʽʜ; Wh1, Wh2 - ʣʽʯʠʣʴʥʠʢʠ; 6ʢɺ - ʰʠʥʠ 6ʢɺ; ʉʂ - ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ; ʂ6 - 

ʢʦʥʪʨʦʣʴ ʢʦʤʧʝʥʩʘʪʦʨʽʚ 6ʢɺ; ʂ0,4 - ʢʦʥʪʨʦʣʴ ʢʦʤʧʝʥʩʘʪʦʨʽʚ 0,4ʢɺ; ʂɹ - ʢʦʥʜʝʥʩʘʪʦʨʥʽ ʙʘʪʘʨʝʾ; ɸɼ1, ɸɼ2, 

ɸɼ3, ɸɼ4 - ʘʩʠʥʭʨʦʥʥʽ ʜʚʠʛʫʥʠ; ʊ1 - ʪʨʘʥʩʬʦʨʤʘʪʦʨ 6/0,4ʢɺ; ʅʂɹ - ʥʠʟʴʢʦʚʦʣʴʪʥʽ ʢʦʥʜʝʥʩʘʪʦʨʥʽ ʙʘʪʘʨʝʾ; 

ʉɼ1, ʉɼ2 - ʩʠʥʭʨʦʥʥʽ ʜʚʠʛʫʥʠ). 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬ ʧʽʜʩʪʘʥʮʽʾ ʪʘ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʧʝʨʝʪʽʢʘʥʥʷʤ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ 

ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽʡ ʚ ʮʝʡ ʯʘʩ ʢʦʥʮʝʧʮʽʾ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ ʪʘ ʚʽʜʦʤʠʤ ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʥʜʘʨʪʘʤ [3]. ʇʨʦʪʝ 

ʧʦʚʥʽʩʪʶ ʟʘʙʝʟʧʝʯʠʪʠ çʥʫʣʴ-ʧʝʨʝʪʽʢʘʥʥʷè ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʚ ʩʠʩʪʝʤʽ ʥʘʷʚʥʽ  

ʧʦʪʫʞʥʽ ʉɼ ʪʘ ʢʦʥʜʝʥʩʘʪʦʨʥʽ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 6ʢɺ ʪʘ 0,4ʢɺ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʘʞʣʠʚʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ.  

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʦʙʣʽʢʫ 

ʪʘ ʢʝʨʫʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ 

ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʝʥʩʫʶʯʽ ʧʨʠʩʪʨʦʾ. ʇʨʠ ʮʴʦʤʫ ʂɹ ʪʘ ʉɼ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʜʘʧʪʠʚʥʦ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʥʝʦʙʭʽʜʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʈʇ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʝ ʜʦ 

ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʈʇ ʟ ʤʝʨʝʞʽ, ʟʥʘʯʥʦ ʟʥʠʞʫʶʯʠ ʩʧʣʘʪʫ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʟʘ 

ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ.  

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʉʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʛʨʝʛʘʪʽʚ ʟ ʩʠʥʭʨʦʥʥʠʤʠ 
ʧʨʠʚʦʜʘʤʠ: ʧʘʪ. 157230 ʋʢʨʘʾʥʘ: ʄʇʂ H02J 3/18; ʟʘʷʚʣ. 14.03.2024; ʦʧʫʙʣ. 18.09.2024, ɹʶʣ. ˉ38. 6 ʩ. 

2. A. Kupin, Y. Sherstnov, Y. Osadchuk, O. Savytskyi, Intellegent Control of Industrial Compensating Devices 

Based on the Application of Fuzzy Logic, CEUR Workshop Proceedings, 3403. pp. 218-230. 
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ʍʦʤʷʢ ɸ.ʆ., ʘʩʧʽʨʘʥʪ, 

ɺ.ʇ.ʈʦʟʝʥ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 
 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɸ ʉʀʉʊɽʄɸ ʈɽɻʋʃʖɺɸʅʅʗ ʈɽɾʀʄɯɺ 

ʈʆɹʆʊʀ ʉʆʅʗʏʅʆɰ ɽʃɽʂʊʈʆʉʊɸʅʎɯɰ  
 

ɺʩʪʫʧ. ʇʨʦʮʝʩ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʫ ʩʚʽʪʽ ʩʧʨʠʯʠʥʠʚ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʟʝʣʝʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʦʥʷʯʥʦʾ. ʇʠʪʘʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʣʶʜʩʪʚʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʚʠʡʰʣʦ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ, ʭʦʯʘ ʡ ʥʝʩʝ ʚ ʩʦʙʽ ʩʫʪʪʻʚʽ 

ʨʠʟʠʢʠ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʩʪʽʡʢʦʾ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʉʫʯʘʩʥʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʢʨʘʾʥ ʩʚʽʪʫ 

ʩʪʠʢʥʫʣʠʩʴ ʟ ʧʨʦʙʣʝʤʘʤʠ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʟʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʪʘʢʠʤʠ ʷʢ ʥʠʟʴʢʘ 

ʧʨʦʛʥʦʟʦʚʘʥʽʩʪʴ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʟʥʠʞʝʥʥʷ ʽʥʝʨʮʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʙʽʣʴʰʝʥʥʷ ʨʝʟʝʨʚʽʚ ʜʦʧʦʤʽʞʥʠʭ ʧʦʩʣʫʛ, ʥʝʟʜʘʪʥʽʩʪʴ ʥʝʩʪʠ ʩʪʘʙʽʣʴʥʝ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʝ 

ʙʘʟʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʝʣʠʢʘ ʮʽʥʘ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʥʝʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʡʥʠ, ʚ ʋʢʨʘʾʥʽ ʩʠʪʫʘʮʽʷ ʟ ʩʪʘʙʽʣʴʥʽʩʪʶ ʽ ʩʪʽʡʢʽʩʪʶ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

ʚʽʜʯʫʚʘʻʪʴʩʷ ʦʩʦʙʣʠʚʦ ʩʠʣʴʥʦ. ʉʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ 

ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʝʨʚʽʚ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʥʝʙʘʣʘʥʩʽʚ ʪʘ ʟʙʽʣʴʰʠʪʴ ʩʪʽʡʢʽʩʪʴ, ʧʨʦʛʥʦʟʦʚʘʥʽʩʪʴ ʪʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʠʪʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ.  

ʄʝʪʘ: ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʝʨʚʽʚ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʥʝʙʘʣʘʥʩʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʦʥʷʯʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ. ɿʜʝʰʝʚʣʝʥʥʷ ʧʨʦʮʝʩʫ ʢʦʤʧʝʥʩʘʮʽʾ ʥʝʙʘʣʘʥʩʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʤʽʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ. ʇʨʦʛʥʦʟʦʚʘʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟ 

ʚʝʣʠʢʦʶ ʯʘʩʪʢʦʶ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɿʙʽʣʴʰʝʥʥʷ ʢʝʨʦʚʘʥʦʩʪʽ 

ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʧʦʪʨʝʙʫ ʝʥʝʨʛʝʪʠʢʠ. 

ʈʝʟʫʣʴʪʘʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʨʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʠ, ʚʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʘʣʛʦʨʠʪʤʫ 

ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʥʝʙʘʣʘʥʩʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʤʽʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ. ʉʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʨʦʙʦʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ. ʆʧʪʠʤʽʟʘʮʽʷ 

ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ɺʠʩʥʦʚʦʢ: ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʜʘʪʥʝ ʛʝʥʝʨʫʚʘʪʠ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽ ʧʨʦʛʥʦʟʠ ʟʤʽʥʠ ʛʨʘʬʽʢʫ ʛʝʥʝʨʘʮʽʾ ʥʘ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʟ 

ʛʦʨʠʟʦʥʪʦʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 15 ʭʚʠʣʠʥ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʨʘʥʞʫʚʘʪʠ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʟʘʛʘʣʴʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʘʥʘʣʽʪʠʯʥʽ ʜʘʥʽ. ʊʘʢʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ, ʨʦʙʣʷʯʠ ʮʝʡ ʧʨʦʮʝʩ ʙʽʣʴʰ ʜʝʰʝʚʠʤ ʜʣʷ ʦʧʝʨʘʪʦʨʘ 

ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ, ʙʽʣʴʰ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʪʘ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ, ʝʥʝʨʛʦʩʠʩʪʝʤʘ ʧʨʠ ʮʴʦʤʫ ʩʪʘʻ 

ʙʽʣʴʰ ʩʪʽʡʢʦʶ. ʂʨʽʤ ʮʴʦʛʦ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʪʴ ʋʢʨʘʾʥʽ 

ʩʪʘʪʠ ʥʝ ʪʽʣʴʢʠ ʧʝʨʝʜʦʚʦʶ ʜʝʨʞʘʚʦʶ ʚ ʧʨʦʮʝʩʽ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ, ʘ ʡ ʚ ʝʥʝʨʛʝʪʠʮʽ ʚ ʮʽʣʦʤʫ, 

ʘʜʞʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ 

ʩʬʝʨʘʭ ʝʥʝʨʛʝʪʠʢʠ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
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https://zakon.rada.gov.ua/laws/show/v0309874-18#Text 
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ʋɼʂ 644.1 

Ren Junwei 
 

ELECTROMECHANICAL EQUIPMENT AUTOMATED PLASTIC 

WASTE SORTING SYSTEM AND TECHNOLOGY FOR THEIR 

DISPOSAL 
 

The plastic waste classification system image recognition algorithm poses as primary 

technical challenge, where the accuracy rate fluctuates about Ñ12.5% due to changes in lighting 

conditions and material surface characteristics . The challenge was addressed through the 

implementation of a multi-stage image preprocessing pipeline incorporating adaptive histogram 

equalization (AHE) with a contrast limiting factor defined by: The limiting parameters for ŬCDF 

are calculated as 0.75 and 3.5 for Ŭ and ɓ respectively so that we can write CLAHE(x,y) = 

min(ŬCDF(f(x,y)), ɓ). Together with a residual connection modified convolution neural network 

architecture, enhancing stability through reducing variance to Ñ3.2% across all operating 

conditions. was achieved with this solution. A main challenge was to synchronize multiple control 

loops in the pyrolysis system, as timing errors introduced process instabilities in the form of Ñ8ÁC 

temperature oscillations. The solution implemented a distributed control architecture using the 

IEEE 1588 Precision Time Protocol (PTP) for temporal alignment, achieving synchronization 

accuracy of Ñ50ɛs across all control nodes, while implementing a Smith Predictor-based control 

strategy defined by the transfer function: The form of the process model is given by G(s) = Gp(s)e-

ɗs/(1 + Gc(s)Gm(s)(1 - e-ɗs)) , in which ɗ corresponds to the measured process delay. 

 
The problem solving methodology followed the Six Sigma DMAIC (Define, Measure, 

Analyze, Improve, Control) methodology together with various Quantitative Analysis Tools 

(QATs) including Statistical Process Control (SPC) and Failure Mode and Effect Analysis 

(FMEA). Ishikawa diagrams were used for root cause analysis and quantification of cause effect 

relationships were achieved using correlation coefficients and regression analysis (reducing the 

average problem resolution time by 45% in comparison to traditional troubleshooting methods) . 

A structured testing protocol was used to handle system integration problems by implementing 

real time hardware in the loop (HIL) simulation at execution rates of 1kHz so as to identify and 

resolve interface problems prior to employment.  

Automated test case generation method employed for the purpose of testing was boundary 

value analysis and equivalence partitioning which resulted in the critical system function test 
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coverage ratio of 94.8 percent . We found three key lessons: the need for robust error handling 

mechanisms, the development of a hierarchical fault detection and isolation (FDI) system that was 

able to reduce the end to end mean time to repair (MTTR) by 35 percent using automated 

diagnostic capabilities. This underscores the importance of practices around systematic 

documentation and version control: setting up a Gitbased version control system with branching 

strategies that reduced code integration conflicts by 78% while maintaining a complete audit 

history of changes to the system . 

 
 

With the practical hands on exposure to advanced automation systems, mechanical 

equipment operation, and process control implementation, industrial grade technical competencies 

have been developed in a very pragmatic manner. Implementation of machine learning algorithms 

in waste classification was successful resulting in a 6.6% improvement in system accuracy, 

optimization of pyrolysis control systems led to a 28% energy consumption reduction, and 

integrated testing protocols were developed to improve system reliability 35%.  
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ʋɼʂ 621.22 

ɸ. ʆ.ʅʦʚʠʢʦʚ, ʘʩʧ., 

ɺ. ʄ. ʉʣʽʜʝʥʢʦ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʈɽʂʋʇɽʈɸʎɯʗ ɽʅɽʈɻɯɰ ɺɯɹʈɸʎɯʁʅʀʍ ʅɸɺɸʅʊɸɾɽʅʔ ɺ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ʉʀʉʊɽʄɸʍ 
 

ɸʚʪʦʤʦʙʽʣʽ ʟ ʜʚʠʛʫʥʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʣʠʟʴʢʦ 25% ʝʥʝʨʛʽʾ 

ʚʽʜ ʧʘʣʴʥʦʛʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʘ ʨʝʰʪʘ ʝʥʝʨʛʥʽʾ, ʚ ʧʨʦʮʝʩʽ ʜʠʥʘʤʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʽʙʨʘʮʽʾ, ʨʦʟʩʽʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʝʧʣʘ. ɽʣʝʢʪʨʦʤʦʙʽʣʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 

ʙ̔ ʣʴʰ ʝʬʝʢʪʠʚʥʽ, ʦʩʢʽʣʴʢʠ ʚʠʪʨʘʯʘʶʪʴ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʫʭʫ ʧʨʠʙʣʠʟʥʦ 85% ʚʽʜ ʚ ʮʽʣʦʤʫ 

ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [1].  

ʆʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʧʨʦʮʝʩʽ ʨʫʭʫ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʻ ʤʝʪʦʜ ʨʝʢʫʧʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʚʽʜ ʜʠʥʘʤʽʯʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʨʫʭʫ. ʏʘʩʪʽʰʝ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʪʨʘʯʝʥʦʾ ʝʥʝʨʛʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʧʨʠʩʪʨʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʬʝʢʪʽʚ ʧʦʚôʷʟʘʥʠʭ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʽʥʜʫʢʮʽʻʶ, 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʶ ʛʝʥʝʨʘʮʽʻʶ ʪʘ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʤ ʝʬʝʢʪʦʤ [2]. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧôʻʟʦʛʝʥʝʨʘʪʦʨʽʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ, ʻ ʪʘʢʽ, 

ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ, ʜʠʩʢʦʚʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʙʽʣʴʰʫ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʤʦʞʫʪʴ ʚʠʪʨʠʤʫʚʘʪʠ ʧʦʚʪʦʨʶʚʘʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ 

ʧʝʨʽʦʜʫ [3]. 

ʈʦʟʛʣʷʥʫʪʦ ʩʧʦʩʽʙ ʨʝʢʫʧʝʨʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʟʘ ʷʢʠʤ 

ʧôʻʟʦʛʝʥʝʨʘʪʦʨ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʤʽʞ ʢʫʟʦʚʦʤ ʪʘ ʧʽʜʚʽʩʢʦʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ɼʦʩʣʽʜʞʫʚʘʣʘʩʴ ʩʭʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʾ ʧʽʜʚʽʩʢʠ ʘʚʪʦʤʦʙʽʣʷ (ʨʠʩ.1), ʷʢʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʧʨʠʡʤʘʻ ʚʽʙʨʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʫʩʽ  ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʦ 

ʜʦʨʦʞʥʴʦʤʫ ʧʦʢʨʠʪʪʶ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ.  

 
1- ʧôʻʟʦʛʝʥʝʨʘʪʦʨ, 2 - ʜʠʩʠʧʘʪʠʚʥʠʡ ʙʣʦʢ (ʤʦʜʝʣʴ ʅʴʶʪʦʥʘ), 3 ï ʧʨʫʞʥʠʡ ʙʣʦʢ 

(ʤʦʜʝʣʴ ɻʫʢʘ), 

4 ï ʧʝʨʝʪʚʦʨʶʚʘʯ, 5 - ʝʣʝʢʪʨʦʘʢʫʤʫʣʷʪʦʨ 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʾ ʧʽʜʚʽʩʢʠ ʘʚʪʦʤʦʙʽʣʷ 

 

ʇʦʛʣʠʥʘʶʯʠ ʚʽʙʨʘʮʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʚʽʩʢʘ ʧʝʨʝʜʘʻ ʾʭ ʥʘ ʢʦʨʧʫʩ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ, ʚ ʧʨʦʮʝʩʽ ʯʦʛʦ ʯʘʩʪʠʥʘ ʟ ʥʠʭ ʛʘʩʠʪʴʩʷ ʘʤʦʨʪʠʟʘʪʦʨʘʤʠ, ʘ ʯʘʩʪʠʥʘ ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʧôʻʟʦʛʝʥʝʨʘʪʦʨʽʚ, ʷʢʽ ʽ ʟʜʽʡʩʥʶʶʪʴ ʨʝʢʫʧʝʨʘʮʽʶ. ʇôʻʟʦʛʝʥʝʨʘʪʦʨʠ ʤʽʩʪʷʪʴ ʜʝʢʽʣʴʢʘ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʘʢʝʪʽʚ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʙʨʘʮʽʡ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ 

ʥʘ ʧʝʨʝʪʚʦʨʶʚʘʯ. ʇʝʨʝʪʚʦʨʶʚʘʯ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʚ 
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ʧʦʩʪʽʡʥʠʡ, ʫʩʫʚʘʻ ʧʫʣʴʩʘʮʽʾ ʪʘ ʧʽʜʪʨʠʤʫʻ ʩʪʘʣʝ ʟʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ɼʘʣʽ ʩʪʨʫʤ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʟʘʨʷʜʢʫ ʝʣʝʢʪʨʦʘʢʫʤʫʣʷʪʦʨʘ. ʅʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʢʫʧʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʚʧʣʠʚʘʻ 

ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʘʤʦʨʪʠʟʘʮʽʡʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʟ ʧʘʢʝʪʘ ʧôʻʟʦʢʝʨʘʤʽʯʥʠʭ ʧʣʘʩʪʠʥ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ,  ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʦʜʥʦʨʘʟʦʚʦʤʫ  ʧʨʠʢʣʘʜʝʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ [3]. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʠʣʘ ʩʪʨʫʤʫ ʩʪʘʥʦʚʠʪʴ 0,01 ɸ, ʘ ʥʘʧʨʫʛʘ ʜʦʨʽʚʥʶʻ 1,39 

ɺ, ʧʨʠ ʦʜʥʦʨʘʟʦʚʦʤʫ ʧʨʠʢʣʘʜʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʽʜʚʽʩʢʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ 

ʮʠʢʣʽʯʥʽʩʪʶ ʜʦ 5000 ʚʧʣʠʚʽʚ ʥʘ ʛʦʜʠʥʫ, ʪʘ ʟʘ ʫʤʦʚʠ ʧʽʜʤʠʢʘʥʥʷ ʯʦʪʠʨʴʦʭ ʧôʻʟʦʙʣʦʢʽʚ, 

ʟʛʝʥʝʨʦʚʘʥʘ  ʧʦʪʫʞʥʽʩʪʴ ʟʘ ʛʦʜʠʥʫ ʩʢʣʘʜʝ: 

 

P=U1ĀIĀn1Ān2=278 ɺʪ 

 

ʜʝ  n1ï ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʪʷʟʽ ʛʦʜʠʥʠ, n1=5000 ; 

n2ï ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, n2=4 ; 

U1, ʥʘʧʨʫʛʘ, U1=1,39 ɺ; I ï ʩʪʨʫʤ ʥʘ ʚʠʭʦʜʽ ʟ ʧʘʢʝʪʘ, ʧʽʩʣʷ ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

I=0,01 ɸ. 

 

ɺʠʩʥʦʚʢʠ 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʨʝʢʫʧʝʨʘʮʽʾ ʝʥʝʨʛʽʾ  ʚʽʙʨʘʮʽʾ, ʷʢʘ ʦʙôʻʢʪʠʚʥʦ ʚʠʥʠʢʘʻ ʧʨʠ ʨʫʩʽ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʨʦʚʝʜʝʥʦ 

ʦʮʽʥʢʫ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʫ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧôʻʟʦʛʝʥʝʨʘʪʦʨʽʚ. ʇʨʠ ʟʥʘʯʝʥʥʷʭ 

ʥʘʧʨʫʛʠ 1,39 ɺ ʪʘ ʩʪʨʫʤʫ 0,01 ɸ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʦʞʣʠʚʦʩʪʷʤ ʦʜʥʦʛʦ ʧôʻʟʦʛʝʥʝʨʘʪʦʨʘ, 

ʧʦʪʫʞʥʽʩʪʴ ʩʢʣʘʜʘʻ ʜʦ 278 ɺʪ. ʆʯʝʚʠʜʥʦ, ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧôʻʟʦʛʝʥʝʨʘʪʦʨʽʚ, ʚ 

ʷʢʦʩʪʽ ʨʝʢʫʧʝʨʘʪʦʨʽʚ ʝʥʝʨʛʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʝ ʟʥʘʯʥʦ ʙʽʣʴʰʘ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʨʝʢʫʧʝʨʘʮʽʾ ʝʥʝʨʛʽʾ. 
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ʋɼʂ 622.23.05  

                           ɹʦʛʜʘʥ ʄʘʢʩʠʤʝʥʢʦ 

ʂʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʽ ʤʝʭʘʪʨʦʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ɯʥʩʪʠʪʫʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ʆɻʃʗɼ ʉʋʏɸʉʅʀʍ ɺʆɼʅɽɺʀʍ ʊɽʍʅʆʃʆɻɯʁ ɺ ɽʅɽʈɻɽʊʀʎɯ ʊɸ 

ʊʈɸʅʉʇʆʈʊɯ  
ɺʩʪʫʧ 

ɼʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʚʫʛʣʝʮʝʚʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ï ʢʦʤʧʣʝʢʩʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʚʢʣʶʯʘʻ ʨʽʟʥʽ 

ʬʘʢʪʦʨʠ. ʆʜʥʽʻʶ ʩʢʣʘʜʦʚʦʶ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʠ ʜʣʷ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʘʣʠʚʘ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʠʪʠ ʪʽ ʛʘʣʫʟʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʝ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʻ ʚʘʞʢʠʤ ʯʠ ʥʝ ʨʝʥʪʘʙʝʣʴʥʠʤ. ɻʘʣʫʟʷʤʠ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ ʻ, ʥʘʧʨʠʢʣʘʜ, ʤʦʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʘʚʽʘʮʽʷ, 

ʪʨʘʥʩʧʦʨʪ. ɺʦʜʝʥʴ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʚʠʢʦʧʥʠʤ ʧʘʣʠʚʘʤ ʙʫʚ ʦʙʨʘʥʠʡ ʥʝ ʚʠʧʘʜʢʦʚʦ, ʦʩʢʽʣʴʢʠ 

ʚʽʥ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʝʣʝʤʝʥʪʦʤ ʚʩʝʩʚʽʪʫ ʽ ʤʘʻ ʚʝʣʠʢʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ. ʇʦʯʠʥʘʶʯʠ ʟ 2020 

ʨʦʢʫ ɭʚʨʦʧʝʡʩʴʢʠʡ ʩʦʶʟ, ʘ ʧʽʟʥʽʰʝ ʉʐɸ ʪʘ ʂʠʪʘʡ, ʡ ʽʥʰʽ ʧʨʦʚʽʜʥʽ ʢʨʘʾʥʠ ʩʚʽʪʫ ʟʘʪʚʝʨʜʠʣʠ 

ʩʚʦʾ ʚʦʜʥʝʚʽ ʩʪʨʘʪʝʛʽʾ. ʎʝ ʜʘʻ ʚʝʣʠʢʠʡ ʧʦʰʪʦʚʭ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʦʟʚʠʪʢʫ ʚʦʜʥʝʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 

ɺʦʜʥʝʚʽ ʩʪʨʘʪʝʛʽʾ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʻʚʨʦʧʝʡʩʴʢʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʚʦʜʥʝʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚʦʜʝʥʴ ʚʠʟʥʘʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʘʣʠʚʦʤ ʜʣʷ ʟʘʤʽʥʠ ʪʨʘʜʠʮʽʡʥʦʛʦ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. ʉʪʨʘʪʝʛʽʷ ʧʝʨʝʜʙʘʯʘʻ 

ʚʩʝʦʩʷʞʥʫ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʚʦʜʥʶ ʟ ʥʠʟʴʢʠʤ 

ʚʤʩ̔ʪʦʤ ʚʫʛʣʝʮʶ, ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʜʝʢʘʨʙʦʥʽʟʫʚʘʪʠ ɭʉ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʽ 

ʟʤʝʥʰʠʪʠ ʡʦʛʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʽʤʧʦʨʪʫ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. ʉʪʨʘʪʝʛʽʷ ɭʉ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʚ 

2020 ʨʦʮʽ ʽ ʥʘ ʧʦʯʘʪʦʢ 2022 ʚʞʝ ʚʠʢʦʥʘʥʦ 20 ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ [1]. 

ɺʦʜʥʝʚʘ ʩʪʨʘʪʝʛʽʷ ʉʐɸ ʧʨʠʡʥʷʪʘ 2023 ʨʦʢʫ ʽ ʧʝʨʝʜʙʘʯʘʻ ʨʷʜ ʜʽʡ, ʱʦ ʙʫʜʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠʩʴ ʜʦ 2050 ʨʦʢʫ. ʉʪʨʘʪʝʛʽʷ ʜʦʩʣʽʜʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʠʩʪʦʛʦ ʚʦʜʥʶ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʭ ʮʽʣʝʡ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʚ ʙʘʛʘʪʴʦʭ ʩʝʢʪʦʨʘʭ ʝʢʦʥʦʤʽʢʠ. ʆʩʥʦʚʥʘ 

ʮʽʣʴ ʩʪʨʘʪʝʛʽʾ ʮʝ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʫ ʥʘ 10% ʜʦ 2050. ɼʣʷ 

ʮʴʦʛʦ ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʥʢʨʝʪʥʠʡ ʧʣʘʥ ʜʽʡ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʪʨʝʙʠ ʫ ʩʧʽʚʧʨʘʮʽ ʤʽʞ 

ʬʝʜʝʨʘʣʴʥʠʤʠ ʫʨʷʜʦʚʠʤʠ ʫʩʪʘʥʦʚʘʤʠ, ʧʨʦʤʠʩʣʦʚʽʩʪʶ, ʘʢʘʜʝʤʽʯʥʠʤʠ ʢʦʣʘʤʠ, 

ʥʘʮʽʦʥʘʣʴʥʠʤʠ ʣʘʙʦʨʘʪʦʨʽʷʤʠ, ʜʝʨʞʘʚʥʠʤʠ, ʤʽʩʮʝʚʠʤʠ ʪʘ ʧʣʝʤʽʥʥʠʤʠ ʛʨʦʤʘʜʘʤʠ, 

ʝʢʦʣʦʛʽʯʥʠʤʠ ʪʘ ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʩʧʽʣʴʥʦʪʘʤʠ, ʧʨʦʬʩʧʽʣʢʘʤʠ ʪʘ ʯʠʩʣʝʥʥʠʤʠ ʛʨʫʧʘʤʠ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʛʨʝʩʫ ʪʘ ʚʠʭʦʜʫ ʥʘ ʨʠʥʦʢ [2]. 

ʂʠʪʘʡ ʥʝ ʤʘʻ ʧʝʚʥʦʾ ʦʬʽʮʽʡʥʦʾ ʚʦʜʥʝʚʦʾ ʩʪʨʘʪʝʛʽʾ ʘʣʝ ʻ ʥʘʡʙʽʣʴʰʠʤ ʚʠʨʦʙʥʠʢʦʤ 

ʚʦʜʥʶ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ, ʫ 2020 ʨʦʮʽ ʙʫʣʦ ʚʠʨʦʙʣʝʥʦ ʙʣʠʟʴʢʦ 33 ʤʣʥ.ʪ., ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʚʫʛʽʣʣʷ 

ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʘʣʝ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʦʜʥʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʣʽʟʫ ʚʦʜʠ. ɼʦ 2022 ʨʦʢʫ 30% ʩʚʽʪʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʂʠʪʘʾ. ɿ ʧʦʯʘʪʢʫ 2023 ʨʦʢʫ ʂʠʪʘʡ ʜʦʩʷʛ ʟʥʘʯʥʦʛʦ ʧʨʦʛʨʝʩʫ 

ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʦʜʥʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʣʽʟʫ ʚʦʜʠ, ʽ ʜʦ ʢʽʥʮʷ ʨʦʢʫ ʦʯʽʢʫʻʪʴʩʷ, ʱʦ 

ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʜʦʩʷʛʥʝ 1,1 ɻɺʪ, ʱʦ ʩʪʘʥʦʚʠʪʠʤʝ 50% ʩʚʽʪʦʚʦʾ 

ʯʘʩʪʢʠ. ɼʘʣ̔ ʦʯʽʢʫʚʘʥʘ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʚ ʂʠʪʘʾ ʤʘʻ ʧʦʪʨʦʾʪʠʩʷ ʜʦ 3,3 

ɺʪ ʜʦ 2024 ʨʦʢʫ ʪʘ ʜʦʩʷʛʪʠ ʤʘʡʞʝ 5,4 ɻɺʪ ʜʦ 2025 ʨʦʢʫ [3]. 

ɿʘʛʘʣʦʤ ʚʦʜʥʝʚʫ ʩʪʨʘʪʝʛʽʶ ʧʨʠʡʥʷʣʠ ʫʨʷʜʠ 41 ʜʝʨʞʘʚʠ, ʥʘ ʷʢʽ ʧʨʠʧʘʜʘʻ ʙʣʠʟʴʢʦ 80% 

ʚʽʜ ʚʠʢʠʜʽʚ ʉʆ2 ʧʦʚôʷʟʘʥʠʭ ʟ ʝʥʝʨʛʝʪʠʢʦʶ. ʊʘʢʦʞ ʫʨʷʜʠ ʨʽʟʥʠʭ ʢʨʘʾʥ ʦʥʦʚʣʶʶʪʴ ʩʚʦʾ 

ʧʨʦʛʨʘʤʠ ʩʪʨʘʪʝʛʽʡ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʮʽʣʝʡ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʩʫʤʘʨʥʽ ʮʽʣʽ ʩʪʘʥʦʤ ʥʘ 2022 ʨʽʢ 

ʧʦ ʦʪʨʠʤʘʥʥʶ ʚʦʜʥʶ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʚʠʢʠʜʽʚ ʩʪʘʥʦʚʠʣʠ 15-22 ʤʣʥ. ʪ. ʽ ʮʝ ʯʠʩʣʦ 

ʟʙʽʣʴʰʠʣʦʩʴ ʜʦ 27-35 ʤʣʥ. ʪ. ʚ 2023 ʨʦʮʽ [3]. 
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ʈʠʩʫʥʦʢ 1 ï ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʛʨʘʤ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 22-23 ʨʦʢʽʚ 

(GHR = ɻʣʦʙʘʣʴʥʠʡ ʦʛʣʷʜ ʚʦʜʥʶ. ɼʣʷ ʢʨʘʾʥ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʮʽʣʴʦʚʦʛʦ ʦʙʩʷʛʫ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʚʠʢʠʜʽʚ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʮʽʣʴʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʦʪʫʞʥʦʩʪʽ, ʧʨʠʧʫʩʢʘʶʯʠ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ 57% ʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ (LHV) 69% ʜʣʷ 

ʝʣʝʢʪʨʦʣʽʟʝʨʽʚ ʽ 90% ʜʣʷ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. ʇʫʥʢʪʠʨʥʘ ʦʙʣʘʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʻ ʜʽʘʧʘʟʦʥʠ ʮʽʣʝʡ ʧʦʣʽʪʠʢʠ.) 

ɺʦʜʥʝʚʘ ʩʪʨʘʪʝʛʽʷ ʋʢʨʘʾʥʠ ʧʝʨʝʜʙʘʯʘʻ  ʜʦʩʷʛʥʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ 

ʚʦʜʥʶ ʚ ʦʙʩʷʛʘʭ ʜʦ 1,3 ʤʣʥ ʪʦʥʥ ʫ 2035 ʨʦʮʽ ʪʘ ʜʦ 3,0 ʤʣʥ ʪʦʥʥ ʫ 2050 ʨʦʮʽ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʦʙʩʷʛʽʚ ʝʢʩʧʦʨʪʫ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʧʠʪʫ. ɯ ʩʧʦʞʠʚʘʥʥʷ ʚ ʦʙʩʷʛʘʭ ʚʽʜ 0,1 ʜʦ 0,5 ʤʣʥ ʪʦʥʥ ʫ 

2035 ʨʦʮʽ ʪʘ ʜʦ 1,5 ʤʣʥ ʪʦʥʥ ʫ 2050 ʨʦʮʽ ʟʘʣʝʞʥʦ ʚʽʜ ʦʙʩʷʛʽʚ ʧʦʧʠʪʫ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʨʠʥʢʫ 

[4]. ʉʪʨʘʪʝʛʽʷ ʋʢʨʘʾʥʠ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʥʠʡ ʝʢʩʧʦʨʪ ʚʦʜʥʶ ʟʘ ʨʘʭʫʥʦʢ ʚʞʝ ʥʘʷʚʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʛʘʟʦʧʨʦʚʦʜʽʚ, ʪʘ ʚʠʛʽʜʥʝ ʛʝʦʛʨʘʬʽʯʥʝ ʧʦʣʦʞʝʥʥʷ. ʊʘʢʦʞ ʋʢʨʘʾʥʘ ʤʘʻ 

ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʚ ʩʬʝʨʽ ʝʥʝʨʛʝʪʠʢʠ. ʅʘ ʢʽʥʝʮʴ 2023 ʨʦʢʫ ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 10.9 ɻɺʪ. ʊʘʢʦʞ ʧʦʪʝʥʮʽʡʥʘ ʧʦʪʫʞʥʽʩʪʴ ɸɽʉ ʩʪʘʥʦʚʠʪʴ 14 

ɻɺʪ. ɸʣʝ ʩʪʘʥʦʤ ʥʘ 2024 ʨʽʢ ʚʦʥʘ ʟʥʠʞʝʥʘ ʯʝʨʝʟ ʧʦʚʥʦʤʘʩʰʪʘʙʥʝ ʚʪʦʨʛʥʝʥʥʷ ʨʦʩʽʾ ʽ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 7 ɻɺʪ. ʊʘʢʦʞ ʯʝʨʝʟ ʙʦʡʦʚʽ ʜʽʾ ʽ ʚʪʨʘʪʫ ʢʘʭʦʚʩʴʢʦʾ ɻɽʉ ʩʢʣʘʜʥʦ ʦʮʽʥʠʪʠ 

ʧʦʪʫʞʥʽʩʪʴ ɻɽʉ, ʘʣʝ ʜʦ ʧʦʯʘʪʢʫ ʚʽʡʥʠ ʚʦʥʘ ʩʪʘʥʦʚʠʣʘ  6,23 ɻɺʪ ʟʘ ʜʘʥʠʤʠ ʥʘ 2019 ʨʽʢ [5]. 

ʋʢʨʘʾʥʩʴʢʘ ʈʝʛʽʦʥʘʣʴʥʘ ɻʘʟʦʚʘ ʂʦʤʧʘʥʽʷ(ʈɻʂ) ʧʦʯʘʣʘ ʨʦʙʦʪʫ ʟ ʚʣʘʩʥʠʤ ʚʦʜʥʝʚʠʤ 

ʧʨʦʝʢʪʦʤ ʚ 2020 ʨʦʮʽ ʟ ʩʪʚʦʨʝʥʥʷ ʧʦʣʽʛʦʥʽʚ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ. ʅʘ ʪʝʩʪʦʚʠʭ ʤʘʡʜʘʥʯʠʢʘʭ 

ʚʽʜʪʚʦʨʝʥʽ ʨʝʘʣʴʥʽ ʤʦʜʝʣʽ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞ ʦʙʣʘʩʪʝʡ [6]. 

ɿʘʛʘʣʦʤ ʚ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʧʨʦʩʪʦʨʽ ʋʢʨʘʾʥʘ ʤʘʻ 18 ʧʨʦʝʢʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʚ ɭʉ 

(ʨʠʩ 2) [7]. 

 
ʈʠʩʫʥʦʢ 2 ï ʧʨʦʝʢʪʠ ʧʦʚôʷʟʘʥʽ ʚʦʜʥʝʚʦʶ ʩʪʨʘʪʝʛʽʻʶ ɭʉ, ʚ ʷʢʠʭ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʋʢʨʘʾʥʘ. 

 

ʊʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ. 

ʉʪʨʘʪʝʛʽʷ ɭʉ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ çʯʠʩʪʦʛʦè ʟʝʣʝʥʦʛʦ ʚʦʜʥʶ, ʪʦʙʪʦ ʚʦʜʥʶ 

ʦʪʨʠʤʘʥʦʛʦ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʩʪʨʘʪʝʛʽʾ ʜʝʷʢʠʭ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ 

ʷʢ ʉʐɸ ʪʘ ʂʠʪʘʡ ʦʨʽʻʥʪʫʶʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʚʠʢʠʜʽʚ. ʎʽ ʨʽʟʥʽ 

ʧʽʜʭʦʜʠ ʤʘʶʪʴ ʩʧʽʣʴʥʫ ʨʠʩʫ ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ 

ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʣʽʟʝʨʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ ʙʝʟ ʚʠʢʠʜʽʚ. ɸ ʚʦʜʝʥʴ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ 

ʚʠʢʠʜʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʞʝ ʥʘʷʚʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʽ ʪʝʭʥʦʣʦʛʽʷʭ ʨʠʬʦʨʤʽʥʛʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʡ ʚʣʦʚʣʶʚʘʥʥʷ ʟʙʝʨʽʛʘʥʥʷ ʡ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʮʶ(CCUS). ɼʣʷ ʋʢʨʘʾʥʠ ʷʢ 

ʤʘʡʙʫʪʥʴʦʛʦ ʯʣʝʥʘ ɭʉ ʚʘʨʽʘʥʪ ʨʦʟʚʠʪʢʫ ʛʝʥʝʨʘʮʽʾ ʚʦʜʥʶ, ʮʝ ʨʦʟʛʣʷʜ ʚʘʨʽʘʥʪʽʚ ʛʝʥʝʨʘʮʽʾ 

ʚʦʜʥʶ ʟ ʥʫʣʴʦʚʠʤ ʨʽʚʥʝʤ ʚʠʢʠʜʽʚ CO2 ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʟ ʷʢʠʭ ʻ ʝʣʝʢʪʨʦʣʽʟ. 
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ɺ ʨʦʙʦʪʽ [8] ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʥʝʨʛʽʾ ʩʦʥʮʷ: ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʝ ʨʦʟʯʝʧʣʝʥʥʷ ʚʦʜʠ(PC), ʬʦʪʦʝʣʝʢʪʨʦʭʽʤʽʯʥʝ 

ʨʦʟʯʝʧʣʝʥʥʷ ʚʦʜʠ(PEC), ʬʦʪʦʝʣʝʢʪʨʠʯʥʝ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʨʦʟʯʝʧʣʝʥʥʷ ʚʦʜʠ(PV-EC), 

ʩʦʥʷʯʥʝ ʪʝʨʤʦʭʽʤʽʯʥʝ ʨʦʟʯʝʧʣʝʥʥʷ ʚʦʜʠ(STC), ʬʦʪʦʪʝʨʤʽʯʥʝ ʢʘʪʘʣʽʪʠʯʥʝ ʫʪʚʦʨʝʥʥʷ 

ʅ2(PTC), ʬʦʪʦʙʽʦʣʦʛʽʯʥʠʡ ʤʝʪʦʜ(PB). ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʣʽʟʝʨʽʚ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʘʤʠ ʻ ʫ ʚʽʜʥʦʩʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʢʦʤʝʨʮʽʘʣʽʟʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ. ɺ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʥʽ, ʭʦʯʘ ʚ 

ʧʝʨʩʧʝʢʪʠʚʽ ʤʦʞʫʪʴ ʜʘʚʘʪʠ ʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘʢ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʦʥʷʯʥʠʭ 

ʧʘʥʝʣʝʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʽʥ ʧʨʘʮʶʻ. 

ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʄʝʪʦʜʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʥʶ ʪʘʢʽ ʞ ʷʢ ʽ ʙʫʜʴ ʷʢʦʛʦ ʽʥʰʦʛʦ ʛʘʟʫ. ɸʣʝ ʯʝʨʝʟ ʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ H2 ʚ ʯʠʩʪʦʤʫ ʚʠʜʽ ʩʢʣʘʜʥʦ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ, ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʚʝʣʠʢʦʛʦ ʪʠʩʢʫ, ʘʙʦ ʟʨʽʜʞʝʥʥʷ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʦʤʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʽ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʫ ʩʢʣʘʜʽ ʩʧʦʣʫʢ, ʪʘʢʠʭ ʷʢ CH4 ʘʙʦ NH3 ï ʮʝ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʞʝ ʥʘʷʚʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʥʝʚʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʜʢʠʭ ʦʨʛʘʥʽʯʥʠʭ ʥʦʩʽʾʚ(LOHC) 

ɺʠʢʦʨʠʩʪʘʥʥʷ LOHC ʜʣʷ ʟʙʝʨʛʽʥʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʥʶ, ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʡʦʛʦ ʥʘ ʘʤʽʘʢ/ʤʝʪʘʥ. 

 
ʈʠʩʫʥʦʢ 3 ï ʩʭʝʤʘ LOHC ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ. 

ʇʨʠʥʮʠʧ LOHC ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ ʮʝ ʥʘʩʠʯʝʥʥʷ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ(ʥʘʧʨʠʢʣʘʜ ʪʦʣʫʝʥ) 

ʚʦʜʥʝʤ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʘʩʠʯʝʥʦʾ ʩʧʦʣʫʢʠ(ʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥ) ʷʢʘ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, ʽ 

ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʧʽʩʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʽʜʜʘʶʯʠ ʚʦʜʝʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʜʢʠʭ ʦʨʛʘʥʽʯʥʠʭ ʥʦʩʽʾʚ ʜʦʟʚʦʣʷʻ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʛʽʜʨʦʛʝʥ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʎʝʡ ʤʝʪʦʜ ʚʞʝ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʚ ʗʧʦʥʽʾ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ 

ʚʦʜʥʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʥʢʝʨʽʚ ʟ ɹʨʫʥʝʶ[10]. 

ɺʠʩʥʦʚʢʠ 

ɺʠʨʦʙʥʠʮʪʚʦ, ʟʙʝʨʽʛʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʥʶ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʩʪʘʜʽʾ ʰʚʠʜʢʦʛʦ 

ʨʦʟʚʠʪʢʫ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʜʦʩʪʘʪʥʽʤʠ ʽʥʚʝʩʪʠʮʽʷʤʠ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʦʪʨʠʤʫʶʪʴ ʨʦʟʚʠʪʦʢ 

ʽ ʩʫʤʽʞʥʽ ʛʘʣʫʟʽ. ɺʦʜʝʥʴ ʧʝʨʝʜʙʘʯʘʻ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʧʣʘʥʫʚʘʥʥʽ, 

ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʽ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʝʥʝʨʛʽʶ ʙʝʟ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ɺʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ ʚ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʨʦʟʚʠʪʦʢ ʽ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʟʝʨʽʚ, ʭʦʯʘ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʤʦʞʣʠʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ 

ʢʦʥʢʫʨʝʥʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɿʙʝʨʽʛʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ ʤʦʞʣʠʚʝ ʷʢ ʽ ʚ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ, ʪʘʢ ʽ ʷʢ ʭʽʤʽʯʥʫ 

ʩʧʦʣʫʢʫ ï ʤʝʪʘʥ, ʘʤʦʥʽʘʢ, ʯʠ ʽʥʰʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʣʫʢ ʟ ʛʽʜʨʦʛʝʥʦʤ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ 

ʰʣʷʭʠ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘ ʟʤʝʥʰʫʻ ʚʘʨʪʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʞʝ ʥʘʷʚʥʽ ʛʘʟʦʧʨʦʚʦʜʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʨʽʜʞʝʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʥʦʩʽʾʚ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʦʨʩʴʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. 

ɸʣʝ ʨʘʟʦʤ ʟ ʧʝʨʝʚʘʛʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ ʤʘʻ ʧʝʚʥʽ ʚʠʢʣʠʢʠ: ʇʦʪʨʝʙʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʟʘʧʫʩʢʫ ʥʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɺʪʨʘʪʠ ʝʥʝʨʛʽʾ ʧʨʠ ʢʦʞʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ. 

ʉʢʣʘʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ / ʟʙʝʨʽʛʘʥʥʷ. ɺʘʨʪʽʩʪʴ. 
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CAPACITY PRICING PROMOTES THE COORDINATED 

DEVELOPMENT OF WIND, SOLAR, FIRE, AND ENERGY STORAGE  
Introduction  

Currently, new energy sources such as wind and solar energy are developing rapidly, but 

there is still insufficient coordination with traditional thermal power, leading to frequent 

occurrences of "wind and solar power curtailment". New energy power generation is greatly 

affected by weather and its output is unstable, while thermal power generation is limited by cost 

factors and has a weak willingness to peak load, making it difficult to quickly adapt to the 

fluctuations of new energy. In addition, the lack of grid infrastructure and energy storage 

technology also limits the grid connection and consumption capacity of new energy. Therefore, 

strengthening the coordination and scheduling of new energy and thermal power, enhancing the 

flexibility and energy storage capacity of the power grid, is the key to solving the problem of 

"abandoning wind and solar power" and promoting the transformation of energy structure.  

Main part  

The capacity pricing mechanism provides compensation for coal-fired power units, 

encouraging them to serve as a backup and flexible power source when renewable energy 

generation output is unstable. In this way, coal-fired power units can be used as backup when 

renewable energy generation is stable, making room for wind and solar power generation. At the 

same time, capacity pricing is used to recover fixed costs for coal-fired power enterprises, ensuring 

their stable operation. The capacity pricing incentive mechanism is an economic incentive 

mechanism in the electricity market aimed at ensuring the long-term capacity adequacy and 

reliability of the power system. This mechanism provides economic incentives to participants in 

the power system, such as power plants, energy storage facilities, and demand response, by setting 

capacity electricity prices to encourage them to provide stable power supply and flexible regulation 

capabilities. In the capacity pricing incentive mechanism, the capacity pricing is usually related to 

the maximum load demand of the power system, that is, during peak load periods of the power 

system, the capacity pricing will be correspondingly increased to encourage participants to provide 

more capacity resources. During non peak hours, the capacity electricity price will be reduced to 

lower the costs for participants. In this way, the capacity pricing incentive mechanism can promote 

participants such as power plants, energy storage facilities, and demand response to provide 

sufficient capacity resources in the power system to ensure the stable operation and reliability of 

the power system.  

Conclusion 

At the same time, this mechanism can also promote the consumption of new energy and 

reduce energy costs, improving the efficiency and competitiveness of the electricity market. It 

should be noted that the design and implementation of capacity pricing incentive mechanisms need 

to consider various factors, such as the structure and rules of the electricity market, the behavior 

and response of participants, and the operation and planning of the power system. Therefore, in 

practical operation, corresponding policies and measures need to be formulated according to 

specific situations to ensure the effective implementation of the mechanism and fair market 

competition. 
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ʋʢʨʘʾʥʠ 

                 çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʇʆʊɽʅʎɯɸʃ ɺʀʂʆʈʀʉʊɸʅʅʗ ʇʆɹʋʊʆɺʀʍ ɺɯɼʍʆɼɯɺ 
ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʽʽ ʥʘʷʚʥʦʾ ʚʝʣʠʯʝʟʥʦʾ 

ʢʽʣʴʢʽʩʪʴ ʥʝʫʪʠʣʽʟʦʚʘʥʠʭ ʝʥʝʨʛʦʻʤʥʠʭ ʚʽʜʭʦʜʽʚ: ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʽʜʭʦʜʽʚ ʧʣʘʩʪʠʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʟʥʦʰʝʥʠʭ ʰʠʥʠ, ʪʦʱʦ, ʘ ʪʘʢʦʞ ʚʽʜʭʦʜʠ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʠʚʯʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ, ʘʥʘʣʽʟ ʾʾ ʩʢʣʘʜʦʚʠʭ ʽ ʧʦʰʫʢ ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʻ  ʘʢʪʫʘʣʴʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 
ʩʴʦʛʦʜʝʥʥʷ.        

        ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʙʫʪʦʚʽ ʚʽʜʭʦʜʠ;  ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʮʮʽʘʣ. 

        ʅʝʧʨʘʚʠʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʯʠʩʣʝʥʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʽ 

ʧʨʦʙʣʝʤ ʟʽ ʟʜʦʨʦʚôʷʤ. ɿʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʚʦʜʠ ʽ ˇʨʫʥʪʽʚ, ʧʦʰʠʨʝʥʥʷ ʽʥʬʝʢʮʽʡʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʘ ʪʘʢʦʞ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʻ ʣʠʰʝ ʜʝʷʢʠʤʠ ʟ ʤʦʞʣʠʚʠʭ 

ʥʘʩʣʽʜʢʽʚ. ʇʣʘʩʪʠʢʦʚʽ ʽ ʛʫʤʦʚʽ ʚʽʜʭʦʜʠ ʟʘʙʨʫʜʥʶʶʪʴ ʦʢʝʘʥʠ ʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʛʠʙʝʣʽ 

ʤʦʨʩʴʢʠʭ ʪʚʘʨʠʥ, ʪʦʜʽ ʷʢ ʭʘʨʯʦʚʽ ʚʽʜʭʦʜʠ ʩʧʨʠʷʶʪʴ ʟʤʽʥʽ ʢʣʽʤʘʪʫ ʯʝʨʝʟ ʚʠʢʠʜʠ ʤʝʪʘʥʫ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʟʤʝʥʰʝʥʥʷ ʾʭ ʫʪʚʦʨʝʥʥʷ, 

ʚʪʦʨʠʥʥʫ ʧʝʨʝʨʦʙʢʫ ʪʘ ʧʨʘʚʠʣʴʥʫ ʫʪʠʣʽʟʘʮʽʶ, ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ, 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ ʣʶʜʝʡ. 

         ʇʣʘʩʪʠʢʦʚʽ ʚʽʜʭʦʜʠ, ʚʢʣʶʯʘʶʯʠ ʧʦʣʽʝʪʠʣʝʥʦʚʽ ʷʢ ʦʢʨʝʤʫ ʧʽʜʢʘʪʝʛʦʨʽʶ,  ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʙʽʣʴʰʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʩʪʽ. ʇʣʘʩʪʠʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʪʘ 

ʩʪʽʡʢʽʩʪʶ ʜʦ ʨʦʟʢʣʘʜʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʫ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʇʣʘʩʪʠʢʦʚʽ ʚʽʜʭʦʜʠ ʟʘʙʨʫʜʥʶʶʪʴ ʦʢʝʘʥʠ, ʨʽʯʢʠ ʪʘ ˇʨʫʥʪʠ, ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʯʠ ʥʘ ʬʣʦʨʫ 

ʪʘ ʬʘʫʥʫ.     

        ɰʭ ʯʘʩʪʢʘ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʩʪʘʥʦʚʠʪʴ ʫʩʴʦʛʦ 9ï13%.  ʆʙʩʷʛʠ 

ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ ʱʦʨʦʢʫ, ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ 990 ʪʠʩ. ʪʦʥʥ ʜʦ 

1898 ʪʠʩ.ʪʦʥʥ, ʱʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʜʘʻ ï 1444 ʪʠʩ.ʪʦʥʥ.  ʇʣʘʩʪʠʢʦʚʽ ʚʽʜʭʦʜʠ, ʚ ʦʩʥʦʚʥʦʤʫ, 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ: ʧʦʣʽʝʪʠʣʝʥʫ ï 36%, ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʣʘʪʘʪʫ ï 26%, ʧʦʣʽʚʽʥʽʣ-ʭʣʦʨʠʜʫ ï 16%, 

ʧʦʣʽʧʨʦʧʽʣʝʥʫ ï 12%, ʧʦʣʽʩʪʠʨʦʣʫ ï 10% [1]. ɺʽʜʧʦʚʽʜʥʦ ʚʽʜʭʦʜʠ ʧʦʣʽʝʪʠʣʝʥʫ ʩʢʣʘʜʘʶʪʴ ï 

520 ʪʠʩ. ʪʦʥʥ ʥʘ ʨʽʢ. ɺʨʘʭʫʚʘʚʰʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʣʘʩʪʠʢʫ ʫ 

ʧʘʣʠʚʦ - 0,58, ʪʦ ʦʙʩʷʛ ʧʘʣʠʚʘ, ʢʦʪʨʠʡ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚʫ ʙʫʜʝ 

ʩʢʣʘʜʘʪʠ ï 838 ʪʠʩ. ʪʦʥʥ ʥʘ ʨʽʢ. 

        ʋ ʩʚʽʪʽ ʥʘ ʩʴʦʛʦʜʥʽ ʥʘʢʦʧʠʯʠʣʦʩʴ ʜʦ 25 ʤʣʥ ʪʦʥʥ ʰʠʥ, ʘ ʱʦʨʽʯʥʠʡ ʧʨʠʨʽʩʪ ʩʪʘʥʦʚʠʪʴ 

ʥʝ ʤʝʥʰʝ 7 ʤʣʥ ʪʦʥʥ. ʋ ɭʚʨʦʧʽ ʱʦʨʽʯʥʦ ʫʪʚʦʨʶʻʪʴʩʷ ʙʣʠʟʴʢʦ 2 ʤʣʥ ʪʦʥʥ ʟʥʦʰʝʥʠʭ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʾʭ ʧʝʨʝʨʦʙʢʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 30%. ʆʙʩʷʛʠ ʧʝʨʝʨʦʙʢʠ 

ʟʥʦʰʝʥʠʭ ʰʠʥ ʚ ʗʧʦʥʽʾ, ʥʘʧʨʠʢʣʘʜ, 87%, ʉʐɸ 20ï30%, ʚ ʅʽʤʝʯʯʠʥʽ ï 50,5% [2]. ɺ ʋʢʨʘʾʥʽ 

ʫʪʚʦʨʶʻʪʴʩʷ 150ï360 ʪʠʩ. ʪʦʥʥ ʥʝʫʪʠʣʽʟʦʚʘʥʠʭ ʟʥʦʰʝʥʠʭ ʰʠʥ ʱʦʨʦʢʫ. ɿʘʛʘʣʴʥʘ ʤʘʩʘ 

ʥʘʢʦʧʠʯʝʥʠʭ ʥʝʫʪʠʣʽʟʦʚʘʥʠʭ ʰʠʥ ʫ ʥʘʰʽʡ ʢʨʘʾʥʽ ʩʢʣʘʜʘʻ ʚʞʝ ʙʽʣʷ 10 ʤʣʥ ʪʦʥʥ. ʇʨʦʙʣʝʤʘ 

ʟʙʦʨʫ ʚʞʠʚʘʥʠʭ, ʥʝʚʠʢʦʨʠʩʪʘʥʠʭ ʰʠʥ ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ ʚ ʋʢʨʘʾʥʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

çʅʘʮʽʦʥʘʣʴʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʪʨʘʪʝʛʽʷ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫè, ʜʝ ʟʘʟʥʘʯʝʥʦ, ʱʦ 

ʧʠʪʘʥʥʷ ʧʝʨʝʨʦʙʢʠ ʰʠʥ ʥʝ ʚʠʨʽʰʝʥʦ. ʊʽʣʴʢʠ 8ï10% ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ ʧʝʨʝʨʦʙʣʷʶʪʴ ʽ 

ʙʣʠʟʴʢʦ 20% ï ʩʧʘʣʶʶʪʴ ʚ ʧʦʪʫʞʥʠʭ ʧʝʯʘʭ. ʈʝʰʪʘ ʥʘʛʨʦʤʘʜʞʫʶʪʴʩʷ ʥʘ ʩʤʽʪʪʻʚʠʭ 
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ʧʦʣʽʛʦʥʘʭ ʽ ʩʪʠʭʽʡʥʠʭ ʟʚʘʣʠʱʘʭ. 

        ʆʯʽʢʫʚʘʥʠʡ ʧʦʪʝʥʮʽʘʣ ʦʪʨʠʤʘʥʥʷ ʧʘʣʠʚʘ ʚʽʜ ʚʽʜʭʦʜʽʚ ʟʥʦʰʝʥʠʭ ʰʠʥ ʩʢʣʘʜʘʻ 102 ʪʠʩ. 

ʪʦʥʥ ʥʘ ʨʽʢ  ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʠ ʾʭ ʧʝʨʝʪʚʦʨʝʥʥ - 0,4. ʇʝʨʝʨʦʙʢʘ ʥʘʢʦʧʠʯʝʥʦʛʦ ʦʙʩʷʛʫ 

ʥʝʫʪʠʣʽʟʦʚʘʥʠʭ ʟʥʦʰʝʥʠʭ ʰʠʥ ʚ ʋʢʨʘʾʥʽ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʜʦ 10 ʤʣʥ ʪʦʥʥ ʧʘʣʠʚʘ. 

         ʍʘʨʯʦʚʽ ʚʽʜʭʦʜʠ ʩʪʘʥʦʚʣʷʪʴ 30ï50% ʫ ʩʪʨʫʢʪʫʨʽ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ. ɺ ʋʢʨʘʾʥʽ 

ʱʦʨʦʢʫ ʫʪʚʦʨʶʻʪʴʩʷ ʫ ʩʝʨʝʜʥʴʦʤʫ  5,84 ʤʣʥ ʪʦʥʥ ʭʘʨʯʦʚʠʭ ʚʽʜʭʦʜʽʚ. 

        ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʫʪʚʦʨʝʥʠʭ ʚʽʜʭʦʜʽʚ ʦʣʽʾ ʪʘ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʩʪʘʥʦʚʠʪʴ 1460 ʪʦʥʥ 

ʥʘ ʨʽʢ. ɺʽʜʧʦʚʽʜʥʦ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʨʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʦʪʨʠʤʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ  

ʘʙʦ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ  ʚʽʜ ʚʽʜʭʦʜʽʚ ʭʘʨʯʦʚʦʾ ʦʣʽʾ ʩʢʣʘʜʝ 1212 ʪʦʥʥ.  

        ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʤʦʞʥʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  ʚʽʜʭʦʜʠ 

ʪʚʘʨʠʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʊʘʢʠʤʠ ʚʽʜʭʦʜʘʤʠ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʢʫʨʷʯʽ ʚʽʜʭʦʜʠ, ʱʦ 

ʟʘʣʠʰʘʶʪʴʩʷ ʧʽʩʣʷ ʨʦʟʜʽʣʝʥʥʷ ʪʫʰʦʢ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʤ'ʷʩʦ-ʢʽʩʪʢʦʚʦʛʦ ʙʦʨʦʰʥʘ. ɺʟʘʛʘʣʽ, 

ʚʽʜʭʦʜʠ ʪʚʘʨʠʥʥʦʛʦ ʞʠʨʫ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʚʽʣʴʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʩʫʙʧʨʦʜʫʢʪʠ 

ʤ'ʷʩʦʧʝʨʝʨʦʙʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘʧʨʠʢʣʘʜ, ʙʽʦʜʠʟʝʣʷ ʘʙʦ 

ʢʦʤʧʦʥʝʥʪʽʚ ʘʚʽʘʮʽʡʥʦʛʦ ʛʘʩʫ (sustainable aviation fuel (SAF)).  ʉʝʨʝʜʥʽʡ ʨʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʦʪʨʠʤʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʚʽʜ ʚʽʜʭʦʜʽʚ ʧʨʦʜʫʢʪʽʚ ʪʚʘʨʠʥʥʠʮʪʚʘ ʩʢʣʘʜʘʻ 3,98 ʪʠʩ. 

ʪʦʥʥ. 

         ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ, ʱʦʨʽʯʥʦ ʚ ʋʢʨʘʾʥʽ 

ʫʪʚʦʨʶʻʪʴʩʷ 350 ʤʣʥ ʪʦʥʥ ʚʽʜʭʦʜʽʚ, ʟ ʷʢʠʭ ʣʠʰʝ 5% ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʧʝʨʝʨʦʙʢʫ. ʊʦʙʪʦ, 

ʧʨʠʙʣʠʟʥʦ 17,5 ʤʣʥ ʪʦʥʥ ʚʽʜʭʦʜʽʚ ʫ ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ ʫʪʠʣʽʟʫʻʪʴʩʷ, ʘ ʽʥʰʽ 332,5 ʤʣʥ ʪʦʥʥ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʫʪʠʣʽʟʦʚʘʥʠʤʠ ʱʦʨʦʢʫ.  ɼʦʩʣʽʜʞʝʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʾ ʢʦʤʽʩʽʾ, ʱʦ ʟʜʽʡʩʥʶʻ 

ʜʝʨʞʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʫ ʩʬʝʨʘʭ ʝʥʝʨʛʝʪʠʢʠ ʽ ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ (ʅʂʈɽʂʇ) ʧʨʠʚʦʜʷʪʴ 

ʧʦʜʽʙʥʽ ʜʘʥʽ, ʟʘʟʥʘʯʘʶʯʠ, ʱʦ ʥʘ ʦʜʥʦʛʦ ʞʠʪʝʣʷ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʛʦ ʙʫʜʠʥʢʫ ʧʨʠʧʘʜʘʻ 350 ʢʛ 

ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʥʘ ʨʽʢ, ʘ ʥʘ ʞʠʪʝʣʷ ʧʨʠʚʘʪʥʦʛʦ ʙʫʜʠʥʢʫ ï 450 ʢʛ, ʘ ʧʨʠ ʨʽʚʥʽ 

ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʚ 5%, ʚ ʨʽʢ ʫʪʠʣʽʟʫʻʪʴʩʷ ʣʠʰʝ 17,5 ʢʛ ʪʘ 22,5 ʢʛ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ 

ʚʽʜʭʦʜʽʚ ʥʘ ʞʠʪʝʣʷ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ ʪʘ ʞʠʪʝʣʷ ʧʨʠʚʘʪʥʦʛʦ ʙʫʜʠʥʢʫ ʚʽʜʧʦʚʽʜʥʦ, 

ʘ ʽʥʰʽ 332,5 ʢʛ/ʨʽʢ ʫʪʚʦʨʝʥʠʭ ʞʠʪʝʣʝʤ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ ʪʘ 427,5 ʢʛ ï ʞʠʪʝʣʝʤ 

ʧʨʠʚʘʪʥʦʛʦ ʙʫʜʠʥʢʫ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʫʪʠʣʽʟʦʚʘʥʠʤʠ. ʋ ʤʘʣʠʭ ʤʽʩʪʘʭ 

ʧʦʙʫʪʦʚʽ ʚʽʜʭʦʜʠ ʩʢʣʘʜʘʶʪʴ 220ï250 ʢʛ/ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, ʘ ʫ ʚʝʣʠʢʠʭ ï 330ï380 ʢʛ/ʜʫʰʫ 

ʥʘʩʝʣʝʥʥʷ. ɿʘ ʜʘʥʠʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ   ʚ ʋʢʨʘʾʥʽ ʫʪʚʦʨʠʣʦʩʴ 

36 ʤʣʨʜ ʪʦʥʥ ʩʤʽʪʪʷ ʥʘ ʢʽʥʝʮʴ 2017 ʨʦʢʫ, ʟ ʢʦʪʨʠʭ ʣʠʰʝ 3% ʩʢʣʘʜʘʶʪʴ ʪʚʝʨʜʽ ʧʦʙʫʪʦʚʽ 

ʚʽʜʭʦʜʠ ʊʇɺ, ʟʘ ʽʥʰʠʤʠ ʜʘʥʠʤʠ 2018 ʨʦʢʫ, ʋʢʨʘʾʥʘ ʻ ʣʽʜʝʨʦʤ ʟ ʢʽʣʴʢʦʩʪʽ ʚʽʜʭʦʜʽʚ ʥʘ ʜʫʰʫ 

ʥʘʩʝʣʝʥʥʷ ʩʝʨʝʜ ʢʨʘʾʥ ɭʚʨʦʧʠ. 

          ʂʽʣʴʢʽʩʪʴ ʧʘʣʠʚʘ, ʱʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʽʨʦʣʽʟ ʻ ʧʦʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʣʘʩʪʠʢʦʚʠʭ 

ʚʽʜʭʦʜʽʚ ʥʘ ʧʘʣʠʚʦ ʪʘ ʤʦʞʝ ʜʘʚʘʪʠ ʟʥʘʯʥʽ ʦʙʩʷʛʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʽʨʦʣʽʟ ʤʦʞʝ 

ʧʝʨʝʪʚʦʨʠʪʠ ʧʣʘʩʪʠʢʦʚʽ ʚʽʜʭʦʜʠ ʥʘ ʥʘʬʪʫ ʜʦ 81%, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʪʘʢʠʭ ʷʢ ʧʘʨʘʬʽʥ, ʽʟʦʧʨʦʧʽʣ, ʦʣʝʬʽʥ, ʥʘʬʪʘʣʝʥ ʽ ʘʨʦʤʘʪʠʯʥʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ 

ʤʦʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʧʘʣʠʚʘ. ɽʢʩʧʝʨʠʤʝʥʪʠ  ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʟ ʚʦʜʷʥʠʤ ʽ ʣʴʦʜʦʚʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʽʟ ʧʽʨʦʣʽʟʦʤ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʭʦʜʫ 

ʥʘʬʪʠ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 130 ʤʣ ʜʦ 600 ʤʣ ʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʦʜʫ ʪʘ ʫʤʦʚ ʦʭʦʣʦʜʞʝʥʥʷ ʟ 1 ʢʛ 

ʧʣʘʩʪʠʢʫ. ɯʥʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʯʠʱʝʥʽ ʦʣʽʾ ʟ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʘʪʠ ʜʦ 70,6% ʨʽʜʠʥʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 460ÁC, ʽʟ ʟʤʽʥʥʦʶ ʢʘʣʦʨʽʡʥʽʩʪʶ ʪʘ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ ʥʘ ʦʩʥʦʚʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ. ɿʘ ʜʘʥʠʤʠ [3], ʟ 

ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʜʦ 94% ʧʘʣʠʚʘ.  ʎʝ ʟʥʘʯʠʪʴ, ʱʦ ʟ 10 ʪʦʥʥ 

ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʚʽʜ 3 ʜʦ 9,5 ʪʦʥʥ ʧʘʣʠʚʘ [4], ʱʦ ʩʢʣʘʜʘʻ ʚ 

ʩʝʨʝʜʥʴʦʤʫ 600 ʢʛ ʧʘʣʠʚʘ.  

       ʇʦʪʝʥʮʽʘʣ ʦʪʨʠʤʘʥʥʷ ʧʘʣʠʚʘ ʚʽʜ ʚʽʜʭʦʜʽʚ ʧʣʘʩʪʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ (1). 

                                                               Nʧʧ =Nʧ Ā kʧʧ                                                 
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ʜʝ:   Nʧʧï ʢʽʣʴʢʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʧʘʣʠʚʘ ʚʽʜ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʣʘʩʪʠʢʫ/ʧʦʣʽʝʪʠʣʝʥʫ, ʪʠʩ. ʪ/ʨʽʢ; 

        Nʧï ʢʽʣʴʢʽʩʪʴ ʫʪʚʦʨʝʥʦʛʦ ʧʣʘʩʪʠʢʫ, ʧʦʣʽʝʪʠʣʝʥʫ, ʪʠʩ. ʪʦʥʥ ʥʘ ʨʽʢ; 

         kʧʧï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʣʘʩʪʠʢʫ/ʧʦʣʽʝʪʠʣʝʥʫ ʫ ʧʘʣʠʚʦ. 

         ʈʦʟʨʘʭʫʻʤʦ ʧʦʪʝʥʮʽʘʣ ʦʪʨʠʤʘʥʥʷ ʧʘʣʠʚʘ ʟ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʟʘ ʬʦʨʤʫʣʦʶ (1). 

ʆʙʩʷʛ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ ʱʦʨʦʢʫ, ʩʪʘʥʦʚʠʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ  ï 

1444 ʪʠʩ. ʪʦʥʥ. ɺʠʢʦʥʫʶʯʠ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʬʦʨʤʫʣʦʶ (1) ʪʘ ʚʨʘʭʫʚʘʚʰʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ - 0,58, ʦʙʩʷʛ ʧʘʣʠʚʘ, ʱʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ  

ʩʢʣʘʜʘʪʠʤʝ   Nʧʧ = 1444 Ā 0,58 = 838  ʪʠʩ. ʪʦʥʥ ʥʘ ʨʽʢ. 

        ʇʽʨʦʣʽʟʦʤ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʚʽʜʭʦʜʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʘʣʠʚʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʨʦʣʽʟ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʧʦʣʽʝʪʠʣʝʥʦʚʽ (PE) 

ʧʘʢʝʪʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʧʦʣʽʝʪʠʣʝʥ ʥʠʟʴʢʦʾ ʱʽʣʴʥʦʩʪʽ (LDPE) ʽ ʧʦʣʽʝʪʠʣʝʥ ʚʠʩʦʢʦʾ 

ʱʽʣʴʥʦʩʪʽ (HDPE), ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʘʣʠʚʘ. ʅʘʧʨʠʢʣʘʜ, ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ ʚʽʜʭʦʜʘʤʠ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʧʘʢʝʪʽʚ, ʚʠʭʽʜ ʤʘʟʫʪʫ ʜʦʩʷʛʘʚ 59,3% ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 500ÁC. ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʣʘʩʪʤʘʩ LDPE ʪʘ HDPE ʫ ʧʽʨʦʣʽʟʥʝ 

ʨʽʜʢʝ ʧʘʣʠʚʦ (PLF) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʦʛʦ ʚʠʭʦʜʫ 50,3% ʪʘ 77,0% ʚʽʜʧʦʚʽʜʥʦ. ɸʚʪʦʨʘʤ [5] 

ʚʜʘʣʦʩʴ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʭʦʜʫ ʧʘʣʠʚʘ ʟ ʚʽʜʭʦʜʽʚ HDPE: 79% ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʢʘʪʘʣʽʪʠʯʥʠʡ ʧʽʨʦʣʽʟ. ɿʘ ʜʘʥʠʤʠ [5], ʟ 1 ʢʛ ʧʦʣʽʝʪʠʣʝʥʽʚ ʪʠʧʽʚ HDPE, LDPE, PP ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ 602ï720 ʤʣ ʩʠʨʦʾ ʥʘʬʪʠ. ɺʠʭʽʜ ʜʠʟʝʣʷ ʤʘʻ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ: HDPE 72%, LDPE 

70%, PP 60%. ʂʨʽʤ ʪʦʛʦ, ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʧʣʘʩʪʠʢʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʧʣʷʰʢʠ ʟ 

ʤʽʥʝʨʘʣʴʥʦʾ ʚʦʜʠ (PP) ʽ ʧʦʣʽʝʪʠʣʝʥʦʚʽ ʧʘʢʝʪʠ (LDPE), ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ 1 ʢʛ ʩʠʨʦʚʠʥʠ 

ʤʦʞʝ ʜʘʚʘʪʠ 0,863ï0,908 ʢʛ ʧʘʣʠʚʘ ʟ ʪʝʧʣʦʪʚʦʨʥʦʶ ʟʜʘʪʥʽʩʪʶ 44,6ï46 ʄɼʞ/ʢʛ, ʦʪʞʝ, 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʚʽʜʭʦʜʽʚ ʫ ʧʘʣʠʚʦ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 50ï90%, ʱʦ 

ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 70%. 

  

 
                                                      ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ 
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ʋɼʂ 621.31 

ʐʢʘʧʘ ʗ.ɯ., ʤʘʛʽʩʪʨ,  

ʈʦʟʝʥ ɺ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬ,  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʇʃɸʅʋɺɸʅʅʗ ʊɸ ʄʆʅɯʊʆʈʀʅɻ ʈɽɾʀʄʋ 

ɽʃɽʂʊʈʆʉʇʆɾʀɺɸʅʅʗ ɺʋɻɯʃʔʅʀʍ ʐɸʍʊ ʃʔɺɯɺʉʔʂʆ-

ɺʆʃʀʅʉʔʂʆɻʆ ɹɸʉɽʁʅʋ 
 

ɺʩʪʫʧ. ɺʫʛʽʣʴʥʽ ʰʘʭʪʠ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ 

ʨʝʛʽʦʥʽ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʪʫʞʥʦʛʦ ʛʽʨʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʠʩʪʝʤ 

ʚʝʥʪʠʣʷʮʽʾ. ʇʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʚʠʤʘʛʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ. 

 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ: ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʦʣʦʛʽʾ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛʫ ʨʝʞʠʤʫ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ 

ʰʘʭʪ. ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʚʢʣʶʯʘʶʪʴ: 

1. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ. 

2. ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ. 

3. ʇʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ. 

4. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

  

 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ.  

1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ 

ɼʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ 

ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ: 

         %Ô 0Ô ,Ô 3Ôȟ                (1) 

                                     

ˑ :̆ 

Ŀ  E(t) ð ʟʘʛʘʣʴʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʤʦʤʝʥʪ ʯʘʩʫ ttt; 

Ŀ  P(t)P(t)P(t) ð ʚʠʨʦʙʥʠʯʝ ʩʧʦʞʠʚʘʥʥʷ (ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ); 

Ŀ  L(t)L(t)L(t) ð ʚʪʨʘʪʠ ʚ ʝʣʝʢʪʨʦʤʝʨʝʞʘʭ; 

Ŀ  S(t)S(t)S(t) ð ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ. 

2. ʈʦʟʨʘʭʫʥʦʢ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ɺʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὡ ὍὙὸ                                         (2) 

ʜʝ: 

¶ ὡ  ð ʚʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʢɺʪĿʛʦʜ); 

¶ Ὅ ð ʩʠʣʘ ʩʪʨʫʤʫ (ɸ); 

¶ Ὑ ð ʦʧʽʨ ʤʝʨʝʞʽ (ʆʤ); 

¶ ὸ ð ʯʘʩ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ (ʛʦʜ). 

ʇʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʩʠʣʠ ʩʪʨʫʤʫ 150 ɸ ʪʘ ʦʧʦʨʽ ʤʝʨʝʞʽ 0,5 ʆʤ ʟʘ ʟʤʽʥʫ 

ʪʨʠʚʘʣʽʩʪʶ 8 ʛʦʜʠʥ, ʚʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʢʣʘʜʘʶʪʴ: 

7ÌÏÓÓρυπ πȟυ ψ ωππππ ˏ ̓̄̏ω̅π ̋ ˏ̓͵̄̏Ȣ̅            (3) 

ʎʝ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 5% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʟʘ ʟʤʽʥʫ. 

3. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʚʠʷʚʣʝʥʥʷ ʥʝʝʬʝʢʪʠʚʥʦʾ 
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ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʩʧʦʞʠʚʘʥʥʷ ʟʘ ʤʽʩʷʮʴ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʪʘ ʧʽʩʣʷ: 

¶ ʉʝʨʝʜʥʻ ʩʧʦʞʠʚʘʥʥʷ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ: 1800 ʢɺʪĿʛʦʜ/ʜʝʥʴ. 

¶ ʉʝʨʝʜʥʻ ʩʧʦʞʠʚʘʥʥʷ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ: 1530 ʢɺʪĿʛʦʜ/ʜʝʥʴ. 

ɽʢʦʥʦʤʽʷ ʩʪʘʥʦʚʠʪʴ: 

ɝ% ρψππρυσπςχπ ̋ ˏ ̓̄̏Ⱦ̅̅ ̝̆̎Ȣ                                        (4) 

ʇʨʠ ʩʝʨʝʜʥʽʡ ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 2,5 ʛʨʥ/ʢɺʪĿʛʦʜ, ʝʢʦʥʦʤʽʷ ʟʘ ʤʽʩʷʮʴ ʩʢʣʘʜʘʻ: 

˒̨̠̋̏̎̏̍ςχπ ̋ ˏ̓͵̄̏ σ̅π ̅ ̨̎ς̃ȟυ ̄ ̑Ⱦ̎̋ ˏ̓͵̄̏ ς̅πςυπ ̄ ̑Ⱦ̎̍ ̨Ȣ̒        (5) 

ɺʠʩʥʦʚʢʠ 

1. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ 
ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʦʙʥʠʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʩʝʟʦʥʥʠʭ 

ʢʦʣʠʚʘʥʴ. 

2. ʇʨʦʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʘʚ, ʱʦ ʚʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʤʝʨʝʞʽ 
ʩʢʣʘʜʘʶʪʴ ʜʦ 5%, ʱʦ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʾʭ ʟʤʝʥʰʝʥʥʷ. 

3. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʙʝʟʧʝʯʠʣʦ ʟʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ 
ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 15%, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʦʱʘʜʞʫʚʘʪʠ ʧʦʥʘʜ 20 000 ʛʨʥ ʥʘ 

ʤʽʩʷʮʴ ʜʣʷ ʦʜʥʽʻʾ ʰʘʭʪʠ. 

4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 
ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʪʘ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʱʦ ʻ 

ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚ ʛʘʣʫʟʽ. 
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ʢʘʬʝʜʨʘ ɸɽʄʂ 

 

ɽʃɽʂʊʈʆɻɯɼʈɸɺʃɯʏʅʀʁ ɻɽʅɽʈɸʊʆʈ ɯʄʇʋʃʔʉɯɺ ɼʃʗ 

ʇɯɼɺʀʑɽʅʅʗ ɺʀɼʆɹʋʊʂʋ ɺʋɻʃɽɺʆɼʅɯɺ 
ɸʥʦʪʘʮʽʷ ʅʘʚʝʜʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽʤʧʫʣʴʩʽʚ ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʝʬʝʢʪʽ ʖʪʢʽʥʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʦʙʫʪʢʫ ʚʫʛʣʝʚʦʜʥʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʛʝʥʝʨʘʮʽʾ 

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʜʦʙʫʚʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʡ ʛʝʥʝʨʘʪʦʨ, ʽʤʧʫʣʴʩʠ, ʚʠʜʦʙʫʪʦʢ ʚʫʛʣʝʚʦʜʥʽʚ, 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

Annotation. Information is given on the study of the operation process of the 

electrohydraulic pulse generator based on the Yutkin effect to increase the efficiency of 

hydrocarbon extraction. A mechanism for generating electro-hydraulic pulses is proposed to 

effectively influence the productivity of production wells. 

Keywords: electro-hydraulic generator, impulses, extraction of hydrocarbons, 

productivity improvement.. 

ɺʩʪʫʧ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʦʙʫʪʢʫ ʚʫʛʣʝʚʦʜʥʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʥʘʬʪʦʛʘʟʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [1]. ʆʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʜʝʙʽʪʫ ʚʫʛʣʝʚʦʜʥʽʚ, ʚʢʣʶʯʘʶʪʴ: ʟʥʠʞʝʥʥʷ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʥʘʬʪʠ, ʷʢʘ ʧʨʠʨʦʜʥʠʤ ʯʠʥʦʤ ʥʘʜʭʦʜʠʪʴ ʫ ʩʚʝʨʜʣʦʚʠʥʫ; ʦʙʚʦʜʥʝʥʽʩʪʴ 

ʥʘʬʪʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ; ʟʘʩʤʽʯʫʚʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʣʘʩʪʦʚʦʾ ʩʠʩʪʝʤʠ ʯʝʨʝʟ  

ʥʘʢʦʧʠʯʝʥʥʷ ʧʘʨʘʬʽʥʽʚ, ʘʩʬʘʣʴʪʝʥʽʚ ʪʘ ʽʥʰʠʭ ʪʚʝʨʜʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʷʢʽ ʟʥʠʞʫʶʪʴ 

ʧʨʦʥʠʢʥʽʩʪʴ ʧʣʘʩʪʘ ʽ ʫʩʢʣʘʜʥʶʶʪʴ ʨʫʭ ʥʘʬʪʠ ʜʦ ʩʚʝʨʜʣʦʚʠʥʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ 

ʚʧʣʠʚʫ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʥʠʢʥʽʩʪʴ ʧʣʘʩʪʽʚ, ʱʦ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʚʠʜʦʙʫʚʥʠʭ ʩʚʝʨʜʣʦʚʠʥ.  

ɺ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʦʟʛʣʷʜʘʣʠʩʴ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʭ 

ʽʤʧʫʣʴʩʽʚ ʥʘ ʦʩʥʦʚʽ ʝʬʝʢʪʫ ʖʪʢʽʥʘ ʪʘ ʾʭ ʧʝʨʝʜʘʯʘ ʟ ʧʦʚʝʨʭʥʽ ʚ ʧʨʠʚʠʙʽʡʥʫ ʟʦʥʫ ʥʘʬʪʦʚʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ [2].  

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʫʥʢʮʽʡ 

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽʤʧʫʣʴʩʽʚ ʟ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʡʦʛʦ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ  ʟ ʨʦʟʨʦʙʢʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʤ ʨʝʞʠʤʦʤ. 

ʄʘʪʝʨʽʘʣ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʛʝʥʝʨʘʮʽʾ ʽʤʧʫʣʴʩʽʚ 

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʤ ʤʝʪʦʜʦʤ, ʨʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʽʤʧʫʣʴʩʽʚ ʟ ʤʦʞʣʠʚʽʩʪʶ ʡʦʛʦ ʫʩʪʘʥʦʚʢʠ ʥʘ ʧʦʚʝʨʭʥʽ [3]. ʇʨʠʯʦʤʫ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʝʨʝʜʘʯʽ ʽʤʧʫʣʴʩʽʚ ʟ ʧʦʚʝʨʭʥʽ ʥʘ ʛʣʠʙʠʥʫ ʜʦ 4000 ʤ ʨʦʟʨʦʙʣʝʥʘ ʘʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ 

ʧʨʦʣʦʥʛʘʮʽʾ ʽʤʧʫʣʴʩʽʚ ʪʠʩʢʫ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʤʦʞʣʠʚʽʩʪʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ 

ʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ ʢʦʣʠʚʘʥʴ. 

 ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨʠ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʧʪʠʤʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʧʣʘʩʪʠ. ʇʨʠ ʮʴʦʤʫ ʝʥʝʨʛʽʷ ʽʤʧʫʣʴʩʫ ʚ ʨʦʟʨʷʜʥʽʡ ʢʘʤʝʨʽ ʚʠʟʥʘʯʘʣʘʩʴ 

ʟʘʣʝʞʥʽʩʪʶ E=0,5ȚCȚV2, ʜʝ C ï ʻʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ, V ï ʥʘʧʨʫʛʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. 

ɸʤʧʣʽʪʫʜʘ ʽʤʧʫʣʴʩʫ ʪʠʩʢʫ ʥʘ ʚʠʭʦʜʽ ʟ ʤʦʜʫʣʶ ʨʝʟʦʥʘʥʩʥʦʾ ʧʨʦʣʦʥʛʘʮʽʾ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ 

ʬʦʨʤʫʣʦʶ ɾʫʢʦʚʩʴʢʦʛʦ ʥʝʧʨʷʤʦʛʦ ʛʽʜʨʦʫʜʘʨʫ: p = ɟȚcȚv , ʜʝ  ɟ, c  ï ʚʽʜʧʦʚʽʜʥʦ ʛʫʩʪʠʥʘ  

ʨʽʜʠʥʠ ʪʘ ʰʚʠʜʢʽʩʪʴ ʟʚʫʢʫ ʚ ʥʽʡ, v ï ʰʚʠʜʢʽʩʪʴ ʧʣʫʥʞʝʨʘ ʤʦʜʫʣʶ ʧʨʦʣʦʥʛʘʮʽʾ ʽʤʧʫʣʴʩʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

ʚʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʘʤʧʣʽʪʫʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʽʤʧʫʣʴʩʫ ʚ ʨʦʟʨʷʜʥʽʡ ʢʘʤʝʨʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʤʝʨʠ; 
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ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʽʤʧʫʣʴʩʽʚ, ʘ ʪʘʢʦʞ  ʚʠʟʥʘʯʝʥʽ ʘʤʧʣʽʪʫʜʥʽ ʽ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʣʦʥʛʦʚʘʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʪʠʩʢʫ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʧʨʠʚʠʙʽʡʥʫ ʟʦʥʫ ʥʘʬʪʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. 

ɺ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʨʽʰʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʽʤʧʫʣʴʩʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʧʨʘʢʪʠʢʫ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 

 

ɺʠʩʥʦʚʢʠ.  

ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽʤʧʫʣʴʩʽʚ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʜʦʙʫʚʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʥʠʢʥʦʩʪʽ ʧʣʘʩʪʽʚ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʽʤʧʫʣʴʩʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʫ ʜʽʶ ʥʘ ʧʨʠʚʠʙʽʡʥʫ ʟʦʥʫ ʥʘʬʪʦʚʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʪʘ  ʧʣʘʩʪʦʚʫ ʩʠʩʪʝʤʫ, ʱʦ ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʜʦʙʫʪʢʫ ʚʫʛʣʝʚʦʜʥʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʾ ʽʤʧʫʣʴʩʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʚʧʣʠʚʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ 

ʧʦʚʝʨʭʥʽ ʚʘʞʣʠʚʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʽ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ʨʦʟʨʷʜʥʦʾ 

ʩʠʩʪʝʤʠ. ɸ ʧʨʠ ʧʝʨʝʜʘʯʽ ʽʤʧʫʣʴʩʽʚ ʪʠʩʢʫ ʧʦ ʟʘʪʨʫʙʥʦʤʫ ʧʨʦʩʪʦʨʽ ʥʘʬʪʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 

ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʦʜʠʪʠ ʦʙʨʦʙʢʫ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ ʽ ʚʧʣʠʚʘʪʠ ʥʘ ʧʣʘʩʪʦʚʫ ʩʠʩʪʝʤʫ ʧʨʘʢʪʠʯʥʦ 

ʙʝʟ ʟʫʧʠʥʢʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʜʦʙʫʪʢʫ ʚʫʛʣʝʚʦʜʥʽʚ 
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çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

  

 

ʆʎɯʅʂɸ ɽʌɽʂʊʀɺʅʆʉʊɯ ɺʀɼɸʃɽʅʅʗ ɼɯʆʂʉʀɼʋ ɺʋɻʃɽʎʖ ɿ 

ɹɯʆɻɸɿʋ ʊɺɽʈɼʀʄʀ ʉʆʈɹɽʅʊɸ 
 

ʅʠʥʽ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʜʣʷ ʚʠʜʽʣʝʥʥʷ CO  ʽʟ ʙʽʦʛʘʟʫ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʘʙʩʦʨʙʮʽʡʥʽ, ʤʝʤʙʨʘʥʥʽ ʪʘ ʢʨʽʦʛʝʥʥʽ ʪʝʭʥʦʣʦʛʽʾ [2, 3]. ʅʘʪʦʤʽʩʪʴ ʜʣʷ ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʦʢ 

ʤʘʣʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʜʦ 300 ʤį/ʛʦʜ ʙʽʦʛʘʟʫ) ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʻ ʥʘʜʤʽʨʥʦ ʟʘʪʨʘʪʥʠʤʠ ʽ 

ʪʝʭʥʽʯʥʦ ʩʢʣʘʜʥʠʤʠ. 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ. ʆʮʽʥʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʝʨʜʠʭ ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʉʆ2 ʽʟ ʙʽʦʛʘʟʫ. ʈʦʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ 

ʢʦʥʪʘʢʪʦʨʘ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʩʦʨʙʝʥʪʫ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ. ɼʦʩʣʽʜʠʪʠ ʪʝʧʣʦʚʽ 

ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʢʦʥʪʘʢʪʦʨʽ. ɺʠʟʥʘʯʠʪʠ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʘʣʝʥʥʷ CO  

ʟ ʙʽʦʛʘʟʫ ʪʚʝʨʜʠʤʠ ʩʦʨʙʝʥʪʘʤʠ. 

. ʉʠʩʪʝʤʘ ʚʠʜʘʣʝʥʥʷ CO  ʟ ʙʽʦʛʘʟʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʥʪʘʢʪʦʨʘ, ʢʦʪʝʣʴʥʽ, ʨʦʟʧʦʜʽʣʴʯʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʚʝʥʪʠʣʷʪʦʨʘ, ʜʠʤʦʩʦʩʫ ʪʘ ʢʦʤʧʨʝʩʦʨʘ (ʨʠʩ. 1). ʉʠʩʪʝʤʘ ʧʨʘʮʶʻ ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ 

ʮʠʢʣʽʯʥʦʤʫ ʨʝʞʠʤʽ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʙʽʦʛʘʟ ʟ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʧʦʜʘʻʪʴʩʷ ʜʦ 

ʢʦʥʪʘʢʪʦʨʘ, ʷʢʽʡ ʟʘʧʦʚʥʝʥʠʡ ʪʚʝʨʜʠʤ ʩʦʨʙʝʥʪʦʤ. ʇʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʙʽʦʛʘʟʫ ʯʝʨʝʟ 

ʩʦʨʙʝʥʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʘʜʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣ CO  ʟ ʙʽʦʛʘʟʫ ʜʦ ʩʦʨʙʝʥʪʫ. ʆʯʠʱʝʥʠʡ ʚʽʜ 

CO  ʙʽʦʛʘʟ ʥʘʜʭʦʜʠʪʴ ʜʦ ʢʦʪʝʣʴʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʧʘʣʶʚʘʥʥʷ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʬʘʟʠ ʘʜʩʦʨʙʮʽʾ, ʢʦʥʪʫʨ ʧʦʜʘʯʽ ʙʽʦʛʘʟʫ ʜʦ ʢʦʥʪʘʢʪʦʨʘ 

ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ. ʈʦʟʧʦʯʠʥʘʻʪʴʩʷ ʥʘʛʨʽʚʘʥʥʷ ʩʦʨʙʝʥʪʫ ʜʣʷ ʜʝʩʦʨʙʮʽʾ ʟ ʥʴʦʛʦ ʤʦʣʝʢʫʣ CO . 

ʅʝʦʙʭʽʜʥʘ ʪʝʧʣʦʪʘ ʟʘʙʠʨʘʻʪʴʩʷ ʚʽʜ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʟ ʢʦʪʝʣʴʥʽ, ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʜʦ ʢʦʥʪʘʢʪʦʨʫ 

ʯʝʨʝʟ ʩʧʝʮʽʘʣʴʥʠʡ ʢʦʥʪʫʨ. ʇʽʩʣʷ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʩʦʨʙʝʥʪʫ, ʜʠʤʦʚʽ ʛʘʟʠ ʚʠʜʘʣʷʶʪʴʩʷ ʟ 

ʢʦʥʪʘʢʪʦʨʘ ʜʦ ʜʠʤʦʚʦʾ ʪʨʫʙʠ ʢʦʪʝʣʴʥʽ. ʇʽʩʣʷ ʥʘʛʨʽʚʘʥʥʷ ʢʦʥʪʘʢʪʦʨʘ, ʤʦʣʝʢʫʣʠ CO  

ʜʝʩʦʨʙʫʶʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʫ ʪʘ ʯʝʨʝʟ ʢʦʥʪʫʨ ʚʠʜʘʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʜʦ 

ʢʦʤʧʨʝʩʦʨʘ, ʜʝ ʩʪʠʩʢʘʶʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʫʪʠʣʽʟʘʮʽʾ. 

ʇʽʩʣʷ ʧʦʚʥʦʛʦ ʚʠʜʽʣʝʥʥʷ CO ʫ ʢʦʥʪʘʢʪʦʨ ʧʦʜʘʻʪʴʩʷ ʟʦʚʥʽʰʥʻ ʧʦʚʽʪʨʷ, ʷʢʝ ʚʽʜʙʠʨʘʻ 

ʟʘʣʠʰʢʦʚʝ ʪʝʧʣʦ ʚʽʜ ʩʦʨʙʝʥʪʫ, ʟʥʠʞʫʶʯʠ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ ʨʽʚʥʷ ʧʦʯʘʪʢʦʚʦʾ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʦʭʦʣʦʜʞʝʥʠʡ ʩʦʨʙʝʥʪ ʛʦʪʦʚʠʡ ʜʦ ʥʦʚʦʛʦ ʮʠʢʣʫ ʘʜʩʦʨʙʮʽʾ. 

 

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʉʆ2 ʟ ʙʽʦʛʘʟʫ 
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ʆʩʦʙʣʠʚʽʩʪʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʻ ʢʦʥʪʘʢʪʦʨ, ʷʢʠʡ ʤʘʻ ʚʠʛʣʷʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʢʦʞʫʭʦʪʨʫʙʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ (ʨʠʩ. 2). ʉʦʨʙʝʥʪ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʽʞʪʨʫʙʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʘ 

ʜʠʤʦʚʽ ʛʘʟʠ ʧʦʜʘʶʪʴʩʷ ʚʩʝʨʝʜʠʥʫ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʪʨʫʙ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʜʝ ʪʝʧʣʦʥʦʩʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʶʪʴ ʽʟ ʩʦʨʙʝʥʪʦʤ, ʢʦʞʫʭʦʪʨʫʙʥʠʡ 

ʢʦʥʪʘʢʪʦʨ ʤʽʥʽʤʽʟʫʻ ʨʠʟʠʢ ʟʘʙʨʫʜʥʝʥʥʷ ʩʦʨʙʝʥʪʫ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʟʥʘʯʥʦ ʧʨʦʜʦʚʞʠʪʠ ʪʝʨʤʽʥ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʨʙʝʥʪʫ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʯʠʩʪʦʪʫ ʧʨʦʮʝʩʽʚ ʘʜʩʦʨʙʮʽʾ ʪʘ 

ʜʝʩʦʨʙʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʜʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʦʞʝ ʚʠʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʠ, ʱʦ 

ʨʦʙʠʪʴ ʾʾ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʞʝʨʝʣ ʚʪʦʨʠʥʥʦʾ ʪʝʧʣʦʪʠ. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʽʜ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʜʦ ʩʦʨʙʝʥʪʫ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʢʦʥʪʘʢʪʦʨʘʤʠ. 

ɿʦʢʨʝʤʘ ʥʝʚʽʜʦʤʘ ʪʨʠʚʘʣʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ ʩʦʨʙʝʥʪʫ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʦʮʽʥʢʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʚʠʜʘʣʝʥʥʷ ʉʆ2.  

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʢʦʥʪʘʢʪʦʨʘ ʧʽʜ ʯʘʩ ʮʠʢʣʫ ʥʘʛʨʽʚʘʥʥʷ ʟʜʽʡʩʥʝʥʦ ʚ 

ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʉɸʇʈ SolidWorks ʪʘ 

ʩʽʤʝʡʩʪʚʘ ʜʦʜʘʪʢʦʚʠʭ ʤʦʜʫʣʽʚ ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ SolidWorks Flow Simulation ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʧʨʦʻʢʪʦʚʘʥʦʛʦ ʘʧʘʨʘʪʫ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʷʢ ʪʝʧʣʦʥʦʩʽʷ (ʜʠʤʦʚʽ ʛʘʟʠ) ʪʘʢ ʽ ʩʦʨʙʝʥʪʘ (ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ). 

ɺʠʩʥʦʚʢʠ 

ɺʝʨʪʠʢʘʣʴʥʘ ʢʦʞʫʭʦʪʨʫʙʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʥʪʘʢʪʦʨʘ ʜʘʻ ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʩʦʨʙʝʥʪʫ ʪʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʩʪʫʧʥʫ ʚʪʦʨʠʥʥʫ ʪʝʧʣʦʪʫ (ʟʦʢʨʝʤʘ ʜʠʤʦʚʽ ʛʘʟʠ) 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʧʨʦʮʝʩʫ ʜʝʩʦʨʙʮʽʾ ʉʆ2. ɼʘʥʝ ʨʽʰʝʥʥʷ 

ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʪʝʧʣʦʚʠʭ ʚʠʪʨʘʪ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʩʦʨʙʝʥʪʫ. ɺʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʠʪʴʩʷ ʽ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʉʆ2. 

ɺʩʪʘʥʦʚʣʝʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʢʦʥʪʘʢʪʦʨʘ (ʜʽʘʤʝʪʨ 0,75 ʤ ʪʘ ʜʦʚʞʠʥʘ 3,5 ʤ), ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʙʽʦʛʘʟʫ ʫ ʤʽʞʪʨʫʙʥʦʤʫ ʧʨʦʩʪʦʨʽ ʽ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚ 

ʪʨʫʙʘʭ. ʇʽʜ ʯʘʩ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʢʦʥʪʘʢʪʦʨʘ ʚʠʟʥʘʯʝʥʦ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʩʦʨʙʝʥʪʫ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ï 

14,5 ʭʚ., ʪʨʠʚʘʣʽʩʪʴ ʧʦʚʥʦʛʦ ʮʠʢʣʫ ʚʠʜʘʣʝʥʥʷ ʉʆ2 ï 51 ʭʚ., ʚʪʨʘʪʠ ʪʠʩʢʫ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚ 

ʢʦʥʪʘʢʪʦʨʽ ï 1048 ʇʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʝʨʜʠʭ ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʉʆ2 ʽʟ ʙʽʦʛʘʟʫ. 

ʈʦʟʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʢʘʟʘʚ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʝʨʜʠʭ 

ʩʦʨʙʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ, ʜʦʟʚʦʣʷʻ ʚʠʜʘʣʷʪʠ 281 ʪʦʥʫ ʉʆ  ʟ ʙʽʦʛʘʟʫ ʱʦʨʦʢʫ. 

ɺʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʮʝʡ ʧʨʦʮʝʩ ʩʢʣʘʜʘʶʪʴ 157 ʢɺʪĀʛʦʜ ʥʘ ʢʦʞʥʫ ʪʦʥʫ ʚʠʜʘʣʝʥʦʛʦ 

ʉʆ . ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʩʦʙʽʚʘʨʪʽʩʪʴ ʫʣʦʚʣʶʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 1049 ʛʨʥ ʟʘ ʪʦʥʥʫ ʉʆ2. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʙʽʣʴʰ ʜʦʢʣʘʜʥʠʭ ʧʦʛʣʠʙʣʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʮʝʩʫ ʚʠʜʘʣʝʥʥʷ ʉʆ2 ʪʚʝʨʜʠʤʠ ʩʦʨʙʝʥʪʘʤʠ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʽʻʾ 

ʪʝʭʥʦʣʦʛʽʾ ʚ ʋʢʨʘʾʥʽ. 
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ʃʦʙʘʥʴ ʆʣʝʢʩʘʥʜʨ ʉʝʨʛʽʡʦʚʠʯ, ʩʪʫʜʝʥʪ 2 ʢʫʨʩʫ ʤʘʛʽʩʪʨʘʪʫʨʠ,  ʢʘʬʝʜʨʘ ɸɽʄʂ 

ʃʽʩʪʦʚʱʠʢ ʃʝʦʥʽʜ ʂʦʩʪʷʥʪʠʥʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  ʢʘʬʝʜʨʘ ɸɽʄʂ 

 

ʈʆɿʈʆɹʃɽʅʅʗ ʉʀʉʊɽʄʀ ɸɼɸʇʊɸʎɯɰ ɺɯɹʈʆʂʆɺʐɸ ɼʃʗ 

ʈʋʁʅʋɺɸʅʅʗ ʇʆʈɯɼ ɺ ʋʄʆɺɸʍ ʂʃɽʉɯɺʉʔʂʆɻʆ ʂɸʈôɭʈʋ 

ʅɽʈʋɼʅʀʍ ʂʆʇɸʃʀʅ 
 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʩʠʩʪʝʤʫ ʘʜʘʧʪʘʮʽʾ ʚʽʙʨʦʢʦʚʰʘ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 

ʧʦʨʽʜ ʫ ʂʣʝʩʽʚʩʴʢʦʤʫ ʢʘʨôʻʨʽ ʥʝʨʫʜʥʠʭ ʢʦʧʘʣʠʥ.. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʙʨʦʢʽʚʰ, ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ, ʘʜʘʧʪʘʮʽʷ, ʢʘʨôʻʨ, ʝʢʩʢʘʚʘʪʦʨ. 

Abstract. The system of adapting the vibratory bucket for effective rock fragmentation in 

the Klesiv non-metallic minerals quarry has been considered. The technical and economic 

indicators of implementing the adaptive system have been analyzed 

Key words: vibro-bucket, rock destruction, adaptation, quarry, excavator. 

ɺʩʪʫʧ. ɺ ʫʤʦʚʘʭ ʚʠʜʦʙʫʪʢʫ ʥʝʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʫ ʂʣʝʩʽʚʩʴʢʦʤʫ ʢʘʨôʻʨʽ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʦʙʝʟʧʝʯʥʦʩʪʽ ʧʨʠ 

ʚʠʜʦʙʫʪʢʫ ʢʦʧʘʣʠʥ ʚʽʜʢʨʠʪʠʤ ʩʧʦʩʦʙʦʤ[1]. ɺʽʙʨʦʢʽʚʰ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, 

ʷʢʠʡ, ʟʘʚʜʷʢʠ ʚʽʙʨʘʮʽʡʥʠʤ ʢʦʣʠʚʘʥʥʷʤ, ʧʽʜʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʜʨʦʙʣʝʥʥʷ, ʟʥʠʞʫʻ 

ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʡ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʇʨʦʪʝ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʚʝʨʜʦʩʪʽ ʡ 

ʩʪʨʫʢʪʫʨʠ ʧʦʨʦʜʠ, ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʚʽʙʨʦʢʦʚʰʘ ʤʘʶʪʴ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʬʝʢʪʫ[2].  

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ʈʦʟʨʦʙʢʘ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʚʽʙʨʦʢʦʚʰʝʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ ʫ ʩʢʣʘʜʥʠʭ ʢʘʨôʻʨʥʠʭ ʫʤʦʚʘʭ. 

ʄʘʪʝʨʽʘʣ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚʽʙʨʦʢʦʚʰʘ, ʷʢʠʡ ʧʦʢʘʟʘʚ ʟʘʣʝʞʥʽʩʪʴ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʚʽʙʨʘʮʽʾ ʪʘ ʩʠʣʠ ʫʜʘʨʫ[3]. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ ʟ ʨʽʟʥʦʶ 

ʪʚʝʨʜʽʩʪʶ, ʘ ʪʘʢʦʞ ʦʙʨʘʥʽ ʚʽʜʧʦʚʽʜʥʽ ʜʘʪʯʠʢʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

 ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʘʢʩʠʤʘʣʴʥʦ  ʩʠʣʠ ʦʧʦʨʫ ˇʨʫʥʪʫ ʚʠʢʦʨʠʩʪʘʥʦ  

ʟʘʣʝʞʥʽʩʪʴ: 
Ὑ ὑ ὬȢ  

ʜʝ h ð ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ: ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʘʜʘʧʪʘʮʽʾ 

ʚʽʙʨʦʢʦʚʰʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʤʽʥʫ ʪʚʝʨʜʦʩʪʽ ʧʦʨʦʜʠ ʡ ʨʝʛʫʣʶʻ ʧʘʨʘʤʝʪʨʠ ʚʽʙʨʘʮʽʾ ʪʘ ʩʠʣʠ 

ʫʜʘʨʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ.  

ɺ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʨʽʰʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʘʜʘʧʪʘʮʽʾ ʚʽʙʨʦʢʦʚʰʘ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ɺʧʨʦʚʘʣʞʝʥʥʷ ʩʠʩʪʝʤʠ ʘʜʘʧʪʘʮʽʾ ʚʽʙʨʦʢʦʚʰʘ ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ ʫ 

ʂʣʝʩʽʚʩʴʢʦʤʫ ʢʘʨôʻʨʽ ʜʦʟʚʦʣʠʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʶʚʘʪʠ ʨʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʘʣʝʞʥʦ 

ʚʽʜ ʪʚʝʨʜʦʩʪʽ ʧʦʨʽʜ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ, ʟʤʝʥʰʝʥʥʶ ʟʥʦʩʫ ʦʙʣʘʜʥʘʥʥʷ ʡ 

ʧʦʜʦʚʞʝʥʥʶ ʪʝʨʤʽʥʫ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʪʯʠʢʘ ʪʠʩʢʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʜʦʟʚʦʣʷʻ ʚʤʠʢʘʪʠ ʚʽʙʨʦʢʦʚʰ ʪʽʣʴʢʠ 

ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʪʠʩʢʫ ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʚʠʪʨʘʪʫ 

ʝʥʝʨʛʽʾ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

 



165 

 

1. ʊʝʭʥʦʣʦʛʽʷ ʝʢʦʣʦʛʦʙʝʟʧʝʯʥʦʾ ʚʽʜʢʨʠʪʦʾ ʨʦʟʨʦʙʢʠ ʥʝʨʫʜʥʠʭ ʨʦʜʦʚʠʱ ʪʚʝʨʜʠʭ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ: ʤʦʥʦʛʨʘʬʽʷ. ʉʠʤʦʥʝʥʢʦ ɺ.ɯ., ʇʘʚʣʠʯʝʥʢʦ ɸ.ɺ., ɸʥʽʩʽʤʦʚ ʆ.ʆ., 

ɹʦʥʜʘʨʝʥʢʦ ɸ.ʆ., ʏʝʨʥʷʻʚ ʆ.ɺ., ɻʨʠʮʝʥʢʦ ʃ.ʉ. ɼʥʽʧʨʦ: ɾʫʨʬʦʥʜ, 2022. 365 ʩ.  

2. ʉʣʽʜʝʥʢʦ ɺ.ʄ., ʐʝʚʯʫʢ ʉ.ʇ. ʉʪʘʙʽʣʽʟʘʮʽʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʽʨʥʠʯʦʾ ʤʘʰʠʥʠ ʟ 

ʽʤʧʫʣʴʩʥʠʤ ʚʠʢʦʥʘʚʯʠʤ ʦʨʛʘʥʦʤ: ʤʦʥʦʛʨʘʬʽʷ, ʂʠʾʚ: ʅʊʋʋ òʂʇɯò, 2010. 192 ʩ. 

3. ʉʣʽʜʝʥʢʦ ɺ.ʄ., ʐʝʚʯʫʢ ʉ.ʇ., ɿʘʤʘʨʘʻʚʘ ʆ.ɺ. ʃʽʩʪʦʚʱʠʢ ʃ.ʂ. ɸʜʘʧʪʠʚʥʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʚʠʢʦʥʘʚʯʠʭ ʦʨʛʘʥʽʚ ʛʽʨʥʠʯʠʭ ʤʘʰʠʥ: ʤʦʥʦʛʨʘʬʽʷ. -ʂ.: ʅʊʋʋ 

òʂʇɯò, 2013. -180 ʩ. 

list of references  

 

1. Technology of Ecologically Safe Open Development of Non-Metallic Mineral 

Deposits of Solid Useful Minerals: Monograph. Simonenko V.I., Pavlychenko A.V., Anisimov 

O.O., Bondarenko A.O., Cherniayev O.V., Hrytsenko L.S. Dnipro: Zhurfond, 2022. 365 p. 

2. Slydenko V.M., Shevchuk S.P. Stabilization of the Operation of a Mining Machine 

with an Impulse Actuator: Monograph, Kyiv: NTUU "KPI", 2010. 192 p. 

3. Slydenko V.M., Shevchuk S.P., Zamaraieva O.V., Listovschik L.K. Adaptive 

Operation of Impulse Actuators in Mining Machines: Monograph. Kyiv: NTUU "KPI", 2013. 180 

p. 
 



166 

 

ʋɼʂ 622.23.05, 532.517.6  

 

                           ʉʣʽʜʝʥʢʦ ɺ.ʄ., ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʇʦʣʽʱʫʢ ɺ.ʆ. 

                                             ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

                     çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè  

 

 

ʇɯɼɻʆʊʆɺʂɸ ʌɸʍʆɺʀʍ ɯʅɾɽʅɽʈɯɺ 
 

ʉʚʽʪʦʚʘ ʬʝʜʝʨʘʮʽʷ ʽʥʞʝʥʝʨʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ  (WFEO),  ʄʽʞʥʘʨʦʜʥʘ ʘʩʦʮʽʘʮʽʷ 

ʥʝʧʝʨʝʨʚʥʦʾ ʽʥʞʝʥʝʨʥʦʾ ʦʩʚʽʪʠ (IACEE) ʪʘ ʽʥʰʽ ʤʽʞʥʘʨʦʜʥʽ ʦʙᾷʻʜʥʘʥʥʷ ʚʠʚʯʘʶʪʴ ʧʠʪʘʥʥʷ 

ʜʠʥʘʤʽʢʠ ʽʥʪʝʛʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ  ʫ  ʛʘʣʫʟʽ ʦʩʚʽʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ 

ʽʥʞʝʥʝʨʽʚ,  ʟʜʽʡʩʥʶʶʪʴ ʢʦʦʨʜʠʥʘʮʽʶ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ  ʫ  ʩʬʝʨʽ ʽʥʞʝʥʝʨʽʾ, 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʦʱʦ. ʎʝʡ ʥʘʧʨʷʤʦʢ ʟʘʜʝʢʣʘʨʦʚʘʥʠʡ ʽ ʚ ʅʘʮʽʦʥʘʣʴʥʽʡ ʜʦʢʪʨʠʥʽ 

ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʠ ʚ ʋʢʨʘʾʥʠ[1]. 

ʂʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʪʘ ʤʝʭʘʪʨʦʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʅʘʚʯʘʣʴʥʦ ï 

ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ  ʟʜʽʡʩʥʶʻ ʧʽʜʛʦʪʦʚʢʫ  ʤʘʛʽʩʪʨʽʚ ʟʜʘʪʥʠʭ 

ʚʠʨʽʰʫʚʘʪʠ ʽʥʞʠʥʽʨʠʥʛʦʚʽ ʟʘʜʘʯʽ ʚ ʛʘʣʫʟʽ ʨʦʟʨʦʙʢʠ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʪʘ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʽ ʥʦʚʽʪʥʴʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘ, ʚʩʝʙʽʯʥʦʛʦ ʧʨʦʬʝʩʽʡʥʦʛʦ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʪʘ ʪʚʦʨʯʦʛʦ ʨʦʟʚʠʪʢʫ ʦʩʦʙʠʩʪʦʩʪʽ 

ʚ ʧʨʦʬʝʩʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʨʠʥʢʫ ʧʨʘʮʽ ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʟ ʨʦʙʦʪʦʜʘʚʮʷʤʠ 

[2]. ʇʦʯʠʥʘʶʯʠ ʟ ʧʝʨʰʦʛʦ ʢʫʨʩʫ ʽ ʟʘʢʽʥʯʫʶʯʠ ʟʘʭʠʩʪʦʤ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʽʜ ʤʘʛʽʩʪʨʘ, 

ʚʠʤʘʛʘʻʪʴʩʷ ʟʥʘʯʥʠʭ ʟʫʩʠʣʴ ʚ ʦʩʚʦʻʥʥʽ ʨʽʟʥʦʧʣʘʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʜʫʣʴʥʦʛʦ ʧʨʠʥʮʠʧʫ ʩʠʥʪʝʟʫ ʟʥʘʥʴ 

ʪʘ ʟʘʣʫʯʝʥʥʷ ʩʪʫʜʝʥʪʽʚ ʜʦ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʧʨʦʪʷʛʦʤ ʥʘʚʯʘʥʥʷ, ʧʦʯʠʥʘʶʯʠ ʟ ʤʦʣʦʜʰʠʭ 

ʢʫʨʩʽʚ ʽ ʚʢʣʶʯʘʶʯʠ ʦʢʨʝʤʽ ʽʥʪʝʛʨʦʚʘʥʽ ʤʦʜʫʣʽ ʚ ʩʪʨʫʢʪʫʨʽ ʚʠʧʫʩʢʥʦʾ ʨʦʙʦʪʠ ʤʘʛʽʩʪʨʘ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʩʠʥʪʝʟʫ ʟʥʘʥʴ ʚ ʩʠʩʪʝʤʽ ʧʽʜʛʦʪʦʚʢʠ ʤʘʛʽʩʪʨʽʚ ʟ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ, 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ ʧʦʣʷʛʘʻ ʚ ʬʦʨʤʫʚʘʥʥʽ ʦʢʨʝʤʠʭ, ʚʽʜʥʦʩʥʦ ʟʘʢʽʥʯʝʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʫʣʽʚ ʟʘ ʦʩʥʦʚʥʠʤʠ ʧʨʝʜʤʝʪʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʦʨʛʘʥʽʯʥʽ ʧʨʝʜʤʝʪʥʽ ʟʚôʷʟʢʠ ʽ, 

ʷʢʽ ʧʨʠ ʧʝʨʝʭʦʜʽ ʟʜʦʙʫʚʘʯʽʚ ʥʘ ʩʪʘʨʰʽ ʢʫʨʩʠ ʩʫʪʪʻʚʦ ʧʦʩʠʣʶʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʛʨʘʬʽʯʥʠʭ ʨʦʙʦʪʘʭ, 

ʢʫʨʩʦʚʠʭ ʨʦʙʦʪʘʭ ʪʘ ʧʨʦʢ̒ʪʘʭ. ɼʘʣʽ ʮʽ ʤʦʜʫʣʽ ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʦʢʨʝʤʠʭ 

ʨʦʟʜʽʣʘʭ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʤʘʛʽʩʪʨʘ. 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʟʘʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʤʘʛʽʩʪʨʘ ʻ ʫʯʘʩʪʴ 

ʩʪʫʜʝʥʪʘ-ʤʘʛʽʩʪʨʘʥʪʘ ʧʨʦʪʷʛʦʤ ʥʘʚʯʘʥʥʷ ʚ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ ʢʘʬʝʜʨʠ, ʘ ʪʘʢʦʞ  ʎʝʥʪʨʫ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʽʤʧʫʣʴʩʥʦ-ʭʚʠʣʴʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʥʘʚʯʘʣʴʥʠʭ ʩʠʩʪʝʤ, 

ʩʪʚʦʨʝʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʢʘʬʝʜʨʠ, ʷʢ ʦʢʨʝʤʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ ʅʅ ɯɽɽ. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʟʘʜʘʯ ʎʝʥʪʨʫ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢ ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪʽʚ ʟʘ ʫʤʦʚʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫʥʽʚʝʨʩʠʪʝʪʫ ʷʢ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ. ʊʝʤʠ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʧʦʚôʷʟʘʥʽ ʟ ʦʩʚʽʪʥʴʦ-

ʧʨʦʬʝʩʽʡʥʦʶ ʧʨʦʛʨʘʤʦʶ "ɯʥʞʠʥʽʨʠʥʛ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʪʘ ʤʝʭʘʪʨʦʥʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ" ʪʘ ʤʘʡʙʫʪʥʽʤ ʧʨʦʬʽʣʝʤ ʜʽʷʣʴʥʦʩʪʽ ʚʠʧʫʩʢʥʠʢʽʚ-ʤʘʛʽʩʪʨʽʚ ʥʘ ʧʝʨʚʠʥʥʠʭ ʧʦʩʘʜʘʭ  

ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʫʩʪʘʥʦʚʘʭ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ.  ʎʝʥʪʨ  ʩʧʨʠʷʻ  ʫʢʣʘʜʝʥʥʶ ʽ ʚʠʢʦʥʫʻ 

ʛʦʩʧʦʜʘʨʩʴʢʽ ʜʦʛʦʚʦʨʠ ʤʽʞ ʅʊʋʋ òʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò ʪʘ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʷʢʽ ʟʘ 

ʧʨʦʬʽʣʝʤ ʥʘʙʣʠʞʝʥʽ ʜʦ ʥʘʧʨʷʤʫ ʧʽʜʛʦʪʦʚʢʠ ʤʘʛʽʩʪʨʽʚ. ʋʯʘʩʪʴ ʟʜʦʙʫʚʘʯʽʚ ʚ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ 

ʎʝʥʪʨʫ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʟʠʪʠ ʪʝʤʘʪʠʢʫ ʨʦʙʽʪ ʪʘ ʨʽʚʝʥʴ ʾʭ ʚʠʢʦʥʘʥʥʷ ʜʦ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʚʯʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʚʘʞʣʠʚʠʤ ʻ 

ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʢʦʤʧʝʥʪʥʦʩʪʽ ʩʪʫʜʝʥʪʽʚ ʚ ʦʢʨʝʤʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤʘʭ ʟʦʢʨʝʤʘ 

ʪʘ ʧʠʪʘʥʥʷʭ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ [3].  
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ʋʩʧʽʰʥʦʤʫ ʧʨʦʚʝʜʝʥʥʶ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʟʜʦʙʫʚʘʯʽʚ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʠʩʣʝʥʥʷ ʪʘ ʫʷʚʠ, ʙʝʟ ʷʢʠʭ ʟʘʩʚʦʻʥʥʷ ʪʘʢʠʭ ʽʥʞʝʥʝʨʥʠʭ ʜʠʩʮʠʧʣʽʥ ʷʢ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʦʙʣʘʜʥʘʥʥʷʤ ʧʨʦʩʪʦ ʥʝʤʦʞʣʠʚʦ.  

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʚ ʟʘʟʥʘʯʝʥʽʡ ʧʨʦʙʣʝʤʽ ʻ ʦʩʚʦʻʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ, ʷʢ ʟʘʩʦʙʫ ʦʩʦʙʣʠʚʦʾ ʚʟʘʻʤʦʜʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚʠʢʣʘʜʘʯ - ʩʪʫʜʝʥʪ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʜʠʩʮʠʧʣʽʥʽ  "ɸʜʘʧʪʠʚʥʽ ʢʦʤʧʣʝʢʩʠ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʪʘ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤò ʚʧʨʦʚʘʜʞʝʥʦ ʢʦʤʧʝʪʝʥʪʥʽʩʥʦ ʦʨʽʻʥʪʦʚʘʥʽ 

ʝʢʩʧʝʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʩʘʤʦʩʪʽʡʥʽʡ ʨʦʙʦʪʽ ʩʪʫʜʝʥʪʽʚ ʧʦ ʚʠʚʯʝʥʥʶ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟʘ ʦʙ'ʻʢʪʦʤ ʪʘ ʧʨʝʜʤʝʪʦʤ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʟʥʘʡʜʫʪʴ ʩʚʦʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʷʢ 

ʦʜʠʥ ʽʟ ʨʦʟʜʽʣʽʚ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ʉʪʫʜʝʥʪ ʬʦʨʤʫʻ ʚʣʘʩʥʽ ʟʘʢʽʥʯʝʥʽ ʤʦʜʫʣʽ ʫ ʚʠʛʣʷʜʽ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ (ʟʘ ʚʠʙʦʨʦʤ) ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʉ# Visual Studio, AutoLisp, ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʦʙʦʣʦʥʢʘʭ MathCad, MatLab ʨʦʟʨʦʙʢʠ 

ʛʨʘʬʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʽʥʩʪʨʫʤʝʥʪʘʤʠ SolidWorks ʪʘ AutoCad, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ 

ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʢʝʪʽʚ. ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʪʘ 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʦʞʥʠʡ ʩʪʫʜʝʥʪ - ʤʘʡʙʫʪʥʽʡ ʤʘʛʽʩʪʨʘʥʪ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʟʘ 

ʚʠʢʣʘʜʘʯʝʤ  ʢʘʬʝʜʨʠ, ʷʢʠʡ ʥʘʜʘʣʽ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʢʝʨʽʚʥʠʢʦʤ ʤʘʛʽʩʪʝʨʩʴʢʦʾ 

ʨʦʙʦʪʠ. ʉʪʫʜʝʥʪ, ʧʨʦʚʦʜʷʯʠ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʦʙʛʦʚʦʨʝʥʥʷʭ ʾʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʩʝʤʽʥʘʨʩʴʢʠʭ ʟʘʥʷʪʪʷʭ ʪʘ ʟʘʭʠʱʘʻ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʨʦʟʨʦʙʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʟʘʢʽʥʯʝʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʫʜʝʥʪʠ-ʤʘʛʽʩʪʨʘʥʪʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚ 

ʧʫʙʣʽʢʘʮʽʷʭ ʪʘ ʧʘʪʝʥʪʘʭ ʥʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʚʣʘʩʥʽʩʪʴ, ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʚ ʱʦʨʽʯʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʅʅ ɯɽɽ "ɽʥʝʨʛʝʪʠʢʘ. ɽʢʦʣʦʛʽʷ. ʃʶʜʠʥʘ" ʟʘ ʪʘʢʠʤʠ 

ʥʘʧʨʷʤʢʘʤʠ ʷʢ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʝʪʠʢʠ; ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʝʢʦʙʝʟʧʝʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ; ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʚʠʤʦʛ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 
 

ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅɽ ʆɹʃɸɼʅɸʅʅʗ ʊɸ ɸɺʊʆʄɸʊʀɿʆɺɸʅɸ 

ʉʀʉʊɽʄɸ ʂɽʈʋɺɸʅʅʗ ʇʈʆʎɽʉʆʄ ʇɯʈʆʃɯɿʋ ɻʋʄʆɺʀʍ ɯ 

ʇʆʃɯɽʊʀʃɽʅʆɺʀʍ ɺɯɼʍʆɼɯɺ 
ɺʩʪʫʧ. ʇʽʨʦʣʽʟ ʛʫʤʠ ʻ ʩʢʣʘʜʥʠʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʨʦʟʱʝʧʣʝʥʥʷ ʚʝʣʠʢʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʣʘʥʮʶʛʽʚ ʥʘ ʤʝʥʰʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʧʘʜʫ ʤʘʪʝʨʽʘʣʫ ʥʘ ʢʦʤʧʦʥʝʥʪʠ, ʘ ʩʘʤʝ: ʧʽʨʦʣʽʟʥʠʡ ʛʘʟ, ʧʽʨʦʣʽʟʥʝ 

ʤʘʩʣʦ, ʚʫʛʣʝʮʝʚʽ ʟʘʣʠʰʢʠ ʪʘ ʤʝʪʘʣʝʚʠʡ ʜʨʽʪ. ʇʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʟʘʢʨʠʪʦʤʫ ʨʝʘʢʪʦʨʽ ʚ ʘʥʘʝʨʦʙʥʠʭ ʫʤʦʚʘʭ 

ʽ ʪʝʭʥʽʯʥʦ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʪʨʠ ʩʪʘʜʽʾ (ʥʘʛʨʽʚʘʥʥʷ, ʘʢʪʠʚʥʘ ʬʘʟʘ ʧʽʨʦʣʽʟʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ). ʅʘʰʝ ʨʦʟʨʦʙʣʝʥʥʷ 

ʧʨʦʧʦʥʫʻ ʽʥʪʝʛʨʘʮʽʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ ʮʠʢʣʦʤ ʧʽʨʦʣʽʟʫ, ʷʢʘ ʤʦʞʝ 

ʧʦʻʜʥʫʚʘʪʠʩʷ ʟ ʤʦʜʝʣʣʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʪʠ ʧʨʦʮʝʩ ʥʘ ʾʾ ʦʩʥʦʚʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  
ʉʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʝʪʦʜʽʚ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʧʨʦʮʝʩʠ. ʄʝʪʦʜʠ 

ʻ ʥʘʙʦʨʦʤ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʙʦ ʢʨʦʢʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʚʜʘʥʥʷ. ʋ ʢʝʨʫʚʘʥʥʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ ʚʠʜʘʯʽ ʢʦʤʘʥʜ. ɺʝʩʴ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʧʨʠʚ'ʷʟʘʪʠ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʨʝʞʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɺʠʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ 

ɺʠʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʽʨʦʣʽʟʫ ʻ ʙʘʛʘʪʦʨʽʚʥʝʚʠʤ. 

ɿʦʢʨʝʤʘ, ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ, ʚʘʛʠ, ʚʦʣʦʛʦʩʪʽ, ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ ʟʘʩʦʙʽʚ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʩʠʛʥʘʣʽʟʘʮʽʾ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʚʠʙʦʨʫ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʽ ʚʠʪʨʠʤʫʚʘʪʠ ʞʦʨʩʪʢʽ ʫʤʦʚʠ. ʇʨʦʻʢʪʫʚʘʥʥʷ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʘʶʪʴ ʦʙʤʝʞʝʥʴ. ʆʜʥʘʢ ʥʘʰʘ ʫʚʘʛʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ 

ʤʦʜʝʣʶʚʘʥʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʩʘʤʠʤ ʧʨʦʮʝʩʦʤ ʧʽʨʦʣʽʟʫ. ʂʝʨʫʚʘʥʥʷ ʚʠʢʦʥʘʚʯʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʢʦʥʪʘʢʪʦʨʽʚ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʢʦʤʘʥʜʘʤʠ 

ʚʽʜ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ (PLC). 

ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʙʫʣʦ ʦʙʨʘʥʦ ʥʦʚʽʪʥʽʡ ʤʦʜʫʣʴ S7-1500 TM NPU, ʱʦ 

ʧʽʜʪʨʠʤʫʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɺʽʜʦʤʠʡ ʩʚʦʻʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʥʘʜʽʡʥʽʩʪʶ, ʤʦʜʫʣʴ S7-1500 

ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʫʻ ʩʚʦʾʭ ʧʦʧʝʨʝʜʥʠʢʽʚ ʟʘʚʜʷʢʠ ʰʚʠʜʰʽʡ ʦʙʨʦʙʮʽ ʜʘʥʠʭ, ʙʽʣʴʰʽʡ ʧʘʤ'ʷʪʽ ʪʘ ʨʦʟʰʠʨʝʥʠʤ 

ʤʦʞʣʠʚʦʩʪʷʤ ʟʚ'ʷʟʢʫ. ʎʝʡ ʢʦʥʪʨʦʣʝʨ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʰʠʡ ʚʽʜʛʫʢ ʥʘ ʟʤʽʥʫ ʫʤʦʚ ʧʨʦʮʝʩʫ, ʧʦʢʨʘʱʝʥʫ 

ʽʥʪʝʛʨʘʮʽʶ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʙʽʣʴʰʫ ʛʥʫʯʢʽʩʪʴ ʫ ʥʘʣʘʰʪʫʚʘʥʥʷʭ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ S7-1500 ʻ 

ʡʦʛʦ ʤʦʜʫʣʴʥʽʩʪʴ ʽ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. ʋ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʶʪʴʩʷ ʜʚʘ ʨʽʟʥʽ ʤʝʪʦʜʠ ʽʥʪʝʛʨʘʮʽʾ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʫ ʩʠʩʪʝʤʫ. 

ʇʝʨʰʠʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʜʫʣʷ ʦʙʨʦʙʢʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (NPM), ʟʦʢʨʝʤʘ ʤʦʜʝʣʽ 

6ES7677-2AA00-0AA0. ʎʝʡ ʤʦʜʫʣʴ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʠʡ ʥʝʡʨʦʥʥʠʡ ʤʝʨʝʞʝʚʠʡ 

ʘʣʛʦʨʠʪʤ ʫ ʩʠʩʪʝʤʫ, ʧʦʧʝʨʝʜʥʴʦ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ ʥʘ SD-ʢʘʨʪʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʪʠ, 

ʷʢ TensorFlow, ʚʽʜʢʨʠʪʘ ʧʨʦʛʨʘʤʥʘ ʙʽʙʣʽʦʪʝʢʘ, ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧʘʥʽʻʶ Google ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʎʷ ʢʦʥʬʽʛʫʨʘʮʽʷ ʧʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦʾ ʪʘ ʥʘʚʯʝʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʦʧʝʨʝʜʥʽʭ ʮʠʢʣʘʭ ʽ ʤʦʞʝ ʘʚʪʦʥʦʤʥʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠʩʷ ʟʘ ʥʘʚʯʝʥʦʶ ʩʭʝʤʦʶ. ʗʢ ʧʝʨʝʚʘʛʦʶ, ʪʘʢ ʽ ʥʝʜʦʣʽʢʦʤ 

ʮʽ̒ʾ  ʩʭʝʤʠ ʻ ʪʝ, ʱʦ ʚʦʥʘ ʟʘʤʢʥʝʥʘ, ʪʦʙʪʦ ʧʨʘʮʶʻ ʥʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ ʙʝʟ ʤʦʞʣʠʚʦʩʪʽ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʘʙʦ 

ʘʜʘʧʪʘʮʽʾ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʘʥʪʘʞʝʥʴ ʫ ʨʝʘʢʪʦʨʽ. ʎʝʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ ʛʥʫʯʢʽʩʪʴ, ʥʽʞ ʧʨʦʩʪʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʴ ʢʝʨʫʚʘʥʥʷ ʚ PLC, ʘʣʝ ʚʩʝ ʞ ʥʝ ʻ ʽʜʝʘʣʴʥʠʤ. 

ɼʨʫʛʠʡ ʤʝʪʦʜ ʽʥʪʝʛʨʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʛʣʦʙʘʣʴʥʠʤ ʪʘ 

ʩʢʣʘʜʥʠʤ. ɺʽʥ ʧʝʨʝʜʙʘʯʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʱʦʛʦ ʨʽʚʥʷ ʯʝʨʝʟ SCADA-ʧʘʢʝʪ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʝʨʚʝʨ, ʷʢʠʡ ʚʟʘʻʤʦʜʽʻ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʧʫʥʢʪʦʤ, ʜʘʥʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʥʘʜʩʠʣʘʶʪʴʩʷ 

ʚʽʜ PLC ʜʦ ʟʘʤʢʥʝʥʦʾ ʤʝʨʝʞʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʘ ʦʙʨʦʙʣʷʻ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʯʝʥʦʾ ʰʪʫʯʥʦʾ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʮʴʦʤʫ ʨʝʞʠʤʽ ʽʥʩʪʨʫʢʮʽʾ ʙʝʟʧʝʨʝʨʚʥʦ ʥʘʜʭʦʜʷʪʴ ʫ ʩʠʩʪʝʤʫ ʪʘ ʢʦʨʠʛʫʶʪʴʩʷ. 

ʇʝʨʝʚʘʛʘ ʮʽʻʾ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʾʾ ʧʦʚʥʽʡ ʘʚʪʦʥʦʤʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ. ɿ ʪʘʢʦʶ ʩʠʩʪʝʤʦʶ ʤʦʞʣʠʚʦ ʦʙ'ʻʢʪʠʚʥʦ 

ʦʮʽʥʶʚʘʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʞʥʦʛʦ ʮʠʢʣʫ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ɼʨʫʛʘ ʯʘʩʪʠʥʘ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʧʨʠʩʚʷʯʝʥʘ ʤʦʜʝʣʶʚʘʥʥʶ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʣʷ ʟʘʚʦʜʫ ʟ ʧʝʨʝʨʦʙʢʠ 

ʚʽʜʭʦʜʽʚ. ʂʦʤʧʣʝʢʩʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʧʽʜʪʨʠʤʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ, ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʫ ʚ ʨʝʘʢʪʦʨʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʧʨʦʮʝʩʫ. 

ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʪʨʦʣʴʥʠʡ ʧʫʥʢʪ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ. 
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ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟ ʽʩʥʫʶʯʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ 

ʤʘʡʩʪʝʨʥʽ. ʎʝ ʟʘʙʝʟʧʝʯʠʣʦ ʥʘʜʽʡʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʨʽʟʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ, ʧʽʜʚʠʱʠʣʦ ʟʘʛʘʣʴʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʟʤʝʥʰʠʣʦ ʨʠʟʠʢ ʘʚʘʨʽʡ. ʊʘʢʦʞ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʘʚʘʨʽʡʥʦʛʦ ʚʠʤʢʥʝʥʥʷ, ʷʢʘ 

ʘʢʪʠʚʫʻʪʴʩʷ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʜʦʧʫʩʪʠʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʜʘʪʢʦʚʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. 

 

ɺʠʩʥʦʚʦʢ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʽʨʦʣʽʟʫ ʛʫʤʦʚʠʭ ʽ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʚʽʜʭʦʜʽʚ ʻ 

ʟʥʘʯʥʠʤ ʢʨʦʢʦʤ ʫʧʝʨʝʜ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʩʫʨʩʽʚ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ ʥʘ 

ʧʘʣʠʚʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʥʝ ʣʠʰʝ ʚʠʨʽʰʫʻ ʟʨʦʩʪʘʶʯʽ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʫʪʠʣʽʟʘʮʽʻʶ 

ʚʜ̔ʭʦʜʽʚ, ʘʣʝ ʡ ʩʧʨʠʷʻ ʝʥʝʨʛʝʪʠʯʥʽʡ ʥʝʟʘʣʝʞʥʦʩʪʽ. ɯʥʪʝʛʨʘʮʽʷ ʩʫʯʘʩʥʦʛʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʽʟʘʮʽʶ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʫ ʧʽʨʦʣʽʟʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 
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APPLICATION OF HYDROGEN FUEL IN AUTOMOTIVE ENERGY 

MANAGEMENT: MATERIAL IMPACT, ENVIRONMENTAL BENEFITS, 

AND SAFETY CONSIDERATION S 
Hydrogen fuel, as a clean and efficient energy source, has transformative potential in 

automotive energy management. This paper addresses the material challenges of hydrogen 

embrittlement and permeation, environmental benefits like zero emissions and lifecycle 

sustainability, and safety considerations associated with high-pressure storage and leakage risks. 

By overcoming these challenges, hydrogen fuel can enable sustainable and efficient automotive 

systems. 
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Environmental Benefits, Safety Measures, Green Hydrogen, Hydrogen Embrittlement. 

 

Introduction 

The automotive sector accounts for approximately 20% of global CO  emissions, 

making it a significant contributor to climate change [1]. This necessitates a shift to low-

carbon technologies. Hydrogen fuel, with its high energy density and zero-emission 

characteristics, emerges as a promising alternative [2]. However, challenges such as 

material degradation, safety risks, and infrastructure limitations hinder its widespread 

adoption [3]. Addressing these issues is critical to unlocking hydrogenôs potential in 

sustainable transportation. 

This study focuses on: 

1) Material compatibility challenges, such as hydrogen embrittlement, and proposed 

mitigation strategies [4]. 

2) Environmental benefits of hydrogen fuel, including lifecycle emissions reduction and 

sustainability [5]. 

3) Safety measures for high-pressure storage systems and leak prevention [6]. 

1) Hydrogen Fuel in Energy Management 

Key Properties 

Hydrogen fuel is characterized by its̔ 

2) High Energy Density: Hydrogen has a superior energy-to-weight ratio, enabling efficient 

energy storage for transportation [2]. 

3) Zero Emissions: Hydrogen produces only water vapor when used, eliminating harmful 

pollutants [3]. 

4) Adaptability : Hydrogen can power both fuel cells and internal combustion engines, 

providing flexibility across vehicle types [4]. 

Comparison with Conventional Fuels 

Compared to fossil fuels: 

1) Hydrogen fuel cells achieve efficiencies of up to 60%, double that of internal combustion 

engines [5]. 

2) CO  emissions are entirely eliminated at the point of use, making hydrogen essential for 

decarbonizing transport [6]. 

1. Material Impact 

  Challenges: 

1) Hydrogen Embrittlement : High-strength metals like steel are prone to hydrogen-

induced cracking, reducing durability under stress [4]. 
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2) Permeation: Hydrogenôs small molecular size enables it to diffuse through materials, 

leading to leaks and long-term degradation [5]. 

  Solutions: 

1) Advanced Materials: Stainless steel and composite liners with enhanced 

resistance to embrittlement significantly improve safety [3]. 

2) Protective Coatings: Applying chromium or polymer-based coatings 

prevents hydrogen diffusion [6]. 

3) Innovative Tank Designs: 

Å Multi -layered tanks combining metal and composite materials. 

Å Cryogenic tanks for liquid hydrogen storage, reducing volumetric 

constraints [7]. 

3. Environmental Benefits 

Zero Emissions:  

Hydrogen fuel eliminates tailpipe emissions, reducing urban air pollution and 

improving public health outcomes [5]. 

Lifecycle Analysis: 

1) Green Hydrogen: Produced using renewable energy, green hydrogen achieves near-

zero lifecycle emissions [6]. 

2) Gray Hydrogen: Predominantly produced via steam methane reforming, gray hydrogen 

contributes to CO  emissions and requires mitigation [4]. 

Sustainability: Hydrogen integrates seamlessly with renewable energy systems, acting as a 

storage medium for excess solar and wind power. This enables: 

1) Decarbonization of heavy transport sectors, such as freight and aviation [7]. 

2) Greater energy resilience in urban and rural areas [2]. 

4. Safety Considerations 

Risks: 

1) High-Pressure Storage: Tanks operating at up to 700 bar pose explosion risks during 

refueling or accidents [4]. 

2) Leaks: Undetected leaks can lead to accumulation of hydrogen, increasing flammability 

hazards [5]. 

Mitigation Strategies: 

1) Leak Detection Systems: Advanced sensors for early detection reduce the risk of 

accidents [6]. 

2) Explosion-Proof Designs: Implementing ventilation and spark-resistant materials in 

refueling stations [7]. 

3) International Standards: Adherence to ISO 14687 ensures consistency in hydrogen 

purity and system integrity [5]. 

4. Challenges and Future Directions 

Technical Challenges:  

1) High costs of green hydrogen production limit widespread adoption [3]. 

2) Material compatibility issues persist in high-pressure systems [4]. 

Opportunities: 

1) Green Hydrogen Technologies: Expanding electrolyzer efficiency and renewable 

energy capacity reduces costs [5]. 

2) Infrastructure Development: Scaling hydrogen refueling networks enhances 

accessibility [7]. 

3) Policy Incentives: Government subsidies and regulatory frameworks accelerate 

commercialization [6]. 

Conclusion 

Hydrogen fuel offers a transformative solution for the automotive sector, combining 

high energy density with zero emissions [2]. Overcoming challenges related to material 
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compatibility, safety, and infrastructure is essential to its adoption [4]. 

This study emphasizes the importance of: 

1) Mitigating hydrogen embrittlement through advanced materials and coatings [3]. 

2) Transitioning to green hydrogen production for lifecycle sustainability [6]. 

3) Ensuring safety through robust leak detection and adherence to international standards 

[7]. 

Future research should focus on cost reductions, material innovation, and the 

integration of hydrogen systems into smart energy networks [1]. Collaborative efforts 

among industries, governments, and academia are crucial to establishing hydrogen fuel as 

a cornerstone of sustainable transportation systems [4]. 
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ʂʦʰʠʣʴ ʇ.ɺ., ʘʩʧ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʊɽʍʅʆʃʆɻɯɰ ʅɸ ʆʉʅʆɺɯ ɿɽʃɽʅʆɻʆ ɺʆɼʅʖ 
ɺʩʪʫʧ. ɸʢʪʫʘʣʽʟʦʚʘʥʽ ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʠʢʣʠʢʠ ʛʣʦʙʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘ ʚʠʤʘʛʘʶʪʴ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʜʝʨʞʘʚ ʪʘ 

ʨʝʛʽʦʥʽʚ. ʅʘʨʘʟʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʩʪʘʨʦʛʦ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʚ ʷʢʽʡ ʽʩʥʫʚʘʣʠ ʚʝʣʠʢʽ ʚʠʨʦʙʥʠʢʠ, ʪʨʘʜʠʮʽʡʥʽ ʧʘʣʠʚʥʽ ʨʝʩʫʨʩʠ, ʟʘʩʪʘʨʽʣʽ ʤʝʨʝʞʝʚʽ 

ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʤʦʥʦʧʦʣʴʥʠʡ ʪʠʩʢ ʥʘ ʨʠʥʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ 

ʩʪʚʦʨʝʥʥʽ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ. ɺʠʭʽʜʥʦʶ ʪʝʟʦʶ ʚ ʦʥʦʚʣʝʥʠʭ ʩʪʨʘʪʝʛʽʷʭ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ ʤʘʻ ʩʪʘʪʠ 

ʘʢʪʠʚʽʟʘʮʽʷ ʜʦʩʽ ʥʝʚʠʢʦʨʠʩʪʘʥʠʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʽʟ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʾ ʜʦ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. 

ʊʝʭʥʦʣʦʛʽʾ ʥʘ ʦʩʥʦʚʽ ʚʦʜʥʶ ʧʨʠʚʝʨʥʫʣʠ ʟʥʘʯʥʫ ʫʚʘʛʫ ʜʦ ʩʪʘʮʽʦʥʘʨʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʫ 

ʩʬʝʨʽ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʟ ʢʽʣʴʢʦʭ ʢʣʶʯʦʚʠʭ ʧʨʠʯʠʥ: 

¶ ɺʦʜʝʥʴ - ʮʝ ʯʠʩʪʠʡ ʝʥʝʨʛʦʥʦʩʽʡ, ʷʢʠʡ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ ʚʠʜʽʣʷʻ 

ʣʠʰʝ ʚʦʜʷʥʫ ʧʘʨʫ ʽ ʪʝʧʣʦ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʚʠʢʦʧʥʠʤ ʚʠʜʘʤ 

ʧʘʣʠʚʘ; 

¶ ɺʦʜʝʥʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ 
ʟʙʝʨʽʛʘʪʠ ʥʘʜʣʠʰʦʢ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ (ʥʘʧʨʠʢʣʘʜ, ʩʦʥʷʯʥʦʾ ʘʙʦ ʚʽʪʨʦʚʦʾ) ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʧʽʟʥʽʰʝ, ʢʦʣʠ ʧʦʧʠʪ ʧʝʨʝʚʠʱʫʻ ʧʨʦʧʦʟʠʮʽʶ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʩʪʘʙʽʣʽʟʫʚʘʪʠ 

ʝʥʝʨʛʦʩʠʩʪʝʤʫ ʪʘ ʟʙʽʣʴʰʠʪʠ ʧʨʦʥʠʢʥʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ; 

¶ ʊʘʢʽ ʛʘʣʫʟʽ, ʷʢ ʩʪʘʣʝʣʠʚʘʨʥʘ, ʮʝʤʝʥʪʥʘ ʪʘ ʭʽʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʷʢʽ ʚʘʞʢʦ 
ʝʣʝʢʪʨʠʬʽʢʫʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʦʜʝʥʴ ʷʢ ʩʠʨʦʚʠʥʫ ʘʙʦ ʜʞʝʨʝʣʦ 

ʝʥʝʨʛʽʾ, ʟʤʝʥʰʫʶʯʠ ʩʚʽʡ ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ; 

¶ ɺʦʜʝʥʴ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʩʥʫʶʯʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟ ʧʝʚʥʠʤʠ 
ʤʦʜʠʬʽʢʘʮʽʷʤʠ, ʱʦ ʧʦʪʝʥʮʽʡʥʦ ʟʥʠʞʫʻ ʚʘʨʪʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʙʫʜʽʚʥʠʮʪʚʦʤ 

ʘʙʩʦʣʶʪʥʦ ʥʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʽʥʰʠʭ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ; 

ɺʦʜʝʥʴ ʷʢ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ. ʉʴʦʛʦʜʥʽ ʚʦʜʝʥʴ ʚʠʟʥʘʥʦ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤ 

ʝʥʝʨʛʦʥʦʩʽʻʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʥʝ ʩʧʨʠʷʻ ʛʣʦʙʘʣʴʥʦʤʫ ʧʦʪʝʧʣʽʥʥʶ, ʷʢʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʟ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʂʨʽʤ ʪʦʛʦ, ʚʦʜʝʥʴ ʻ ʻʜʠʥʠʤ ʚʪʦʨʠʥʥʠʤ ʝʥʝʨʛʦʥʦʩʽʻʤ, ʷʢʠʡ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʟʘʩʪʦʩʫʚʘʥʴ ʥʘ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʠʥʢʫ. ʁʦʛʦ ʤʦʞʥʘ ʚʠʛʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʘʩʪʦʩʫʚʘʥʴ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ 

ʧʦʨʪʘʪʠʚʥʦʛʦ ʜʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʚʦʜʝʥʴ ʪʘʢʦʞ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʙʝʟ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ʇʠʪʦʤʘ ʚʘʛʘ ʟʨʽʜʞʝʥʦʛʦ ʚʦʜʥʶ ʩʪʘʥʦʚʠʪʴ 71 ʢʛ/ʤ3, ʱʦ ʜʘʻ ʡʦʤʫ ʥʘʡʚʠʱʫ ʱʽʣʴʥʽʩʪʴ 

ʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥʠʮʶ ʤʘʩʠ ʩʝʨʝʜ ʫʩʽʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʪʘ ʝʥʝʨʛʦʥʦʩʽʾʚ: 1 ʢʛ ʚʦʜʥʶ ʤʽʩʪʠʪʴ ʩʪʽʣʴʢʠ 

ʞ ʝʥʝʨʛʽʾ, ʩʢʽʣʴʢʠ 2,1 ʢʛ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʘʙʦ 2,8 ʢʛ ʥʘʬʪʠ [1]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʚʠʜʽʚ 

ʧʘʣʠʚʘ, ʪʘʢʠʭ ʷʢ ʥʘʬʪʘ, ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʽ ʚʫʛʽʣʣʷ, ʚʦʜʝʥʴ ʻ ʚʽʜʥʦʚʣʶʚʘʥʠʤ ʽ ʥʝʪʦʢʩʠʯʥʠʤ 

ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ. 

ʄʝʪʦʜʠ ʛʝʥʝʨʘʮʽʾ ʟʝʣʝʥʦʛʦ ʚʦʜʥʶ. ɽʣʝʢʪʨʦʣʽʟ ʚʦʜʠ ʩʢʣʘʜʘʻ ʣʠʰʝ 2% ʚʽʜ ʟʘʛʘʣʴʥʦʾ 
ʛʝʥʝʨʘʮʽʾ ʚʦʜʥʶ, ʘʣʝ ʥʘʨʘʟʽ ʮʝʡ ʤʝʪʦʜ ʻ ʦʩʥʦʚʥʠʤ ʪʘ ʥʘʡʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʦ ʨʦʟʚʠʥʝʥʠʤ 
ʤʝʪʦʜʦʤ ʛʝʥʝʨʘʮʽʾ çʟʝʣʝʥʦʛʦè ʚʦʜʥʶ (ʚʦʜʥʶ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 
ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ) [2]. ʆʩʥʦʚʥʽ ʚʠʜʠ ʝʣʝʢʪʨʦʣʽʟʝʨʽʚ ʚʦʜʠ ʚʠʩʦʢʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʛʦʪʦʚʥʦʩʪʽ 
ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʪʠʧʦʤ ʝʣʝʢʪʨʦʣʽʪʘ ʪʘ ʨʝʘʛʝʥʪʽʚ ʥʘ ʙʘʟʽ ʽʦʥʽʚ (OH-, H+, O2

-) ʪʘ ʚʢʣʶʯʘʶʪʴ: 
ʣʫʞʥʽ ʝʣʝʢʪʨʦʣʽʟʝʨʠ, ʧʨʦʪʦʥʥʦ-ʦʙʤʽʥʥʽ ʤʝʤʙʨʘʥʥʽ ʝʣʝʢʪʨʦʣʽʟʝʨʠ ʪʘ ʪʚʝʨʜʦʦʢʩʠʜʥʽ 
ʝʣʝʢʪʨʦʣʽʟʝʨʠ . 
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ʄʝʪʦʜʠ ʟʙʝʨʽʛʘʥʥ ̫ʟʝʣʝʥʦʛʦ ʚʦʜʥʶ. ʋ ʟʘʛʘʣʴʥʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʠʩʪʝʤʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʪʝʭʥʦʣʦʛʽʷʭ çʟʝʣʝʥʦʾè ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ çʟʝʣʝʥʦʛʦè ʚʦʜʥʶ, ʤʝʪʦʶ ʧʽʜʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ 

ʚʦʜʥʶ ʻ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ ʰʣʷʭʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʥʫʯʢʦʩʪʽ ʤʽʞ 

ʧʦʧʠʪʦʤ ʽ ʧʨʦʧʦʟʠʮʽʻʶ ʝʥʝʨʛʽʾ [3]. ɿʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ ʦʩʥʦʚʥʽ 

ʪʠʧʠ: ʬʽʟʠʯʥʝ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʭʽʤʽʯʥʝ ʟʙʝʨʽʛʘʥʥʷ [4]. ɼʣʷ çʟʝʣʝʥʦʛʦè ʚʦʜʥʶ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʻ ʟʙʝʨʽʛʘʥʥʷ ʩʪʠʩʥʝʥʦʛʦ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʚʦʜʥʶ, ʚʢʣʶʯʘʶʯʠ 

ʧʽʜʟʝʤʥʝ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ ʫ ʚʠʛʣʷʜʽ ʤʝʪʘʣʦʛʽʜʨʠʜʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʝʣʝʥʦʛʦ ʚʦʜʥʶ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʢʦʨʠʩʪʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

çʟʝʣʝʥʦʛʦè ʚʦʜʥʶ ʚ ʙʽʣʴʰʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʴ, ʡʦʛʦ ʧʦʪʨʽʙʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. 

ʎʴʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʦʢ. ʇʘʣʠʚʥʽ ʢʦʤʽʨʢʠ - ʮʝ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ 

ʧʨʠʩʪʨʦʾ, ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʭʽʤʽʯʥʫ ʝʥʝʨʛʽʶ ʚʦʜʥʶ ʰʣʷʭʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʟ 

ʦʢʠʩʣʶʚʘʯʝʤ, ʪʘʢʠʤ ʷʢ ʢʠʩʝʥʴ, ʚ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ [5]. ʇʽʜ ʯʘʩ ʮʽʻʾ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʚʦʜʘ 

(ʨʽʜʠʥʘ ʘʙʦ ʧʘʨʘ) ʽ ʪʝʧʣʦ ʚʠʨʦʙʣʷʶʪʴʩʷ ʷʢ ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ [5]. ʇʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʽʣʴʢʘ ʪʝʭʥʦʣʦʛʽʡ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʦʢ, ʽ ʾʭʥʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʣʽʪʽ, ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʘʣʠʚʽ/ʦʢʠʩʣʶʚʘʯʽ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ ʩʧʝʮʠʬʽʯʥʠʭ ʽʦʥʽʚ, ʪʘʢʠʭ ʷʢ H+ , OH-, O2-, H3O
+ ʽ CO3

2- , ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʷʢ ʧʘʣʠʚʥʽ ʢʦʤʽʨʢʠ ʟ ʧʨʦʪʦʥʥʦ-ʦʙʤʽʥʥʦʶ ʤʝʤʙʨʘʥʦʶ (PEMFC), 

ʪʚʝʨʜʦʦʢʩʠʜʥʽ ʧʘʣʠʚʥʽ ʢʦʤʽʨʢʠ (SOFC), ʣʫʞʥʽ ʧʘʣʠʚʥʽ ʢʦʤʽʨʢʠ (AFC), ʧʘʣʠʚʥʽ ʢʦʤʽʨʢʠ ʥʘ 

ʬʦʩʬʦʨʥʽʡ ʢʠʩʣʦʪʽ (PAFC) ʽ ʨʦʟʧʣʘʚ-ʢʘʨʙʦʥʘʪʥʽ ʧʘʣʠʚʥʽ ʢʦʤʽʨʢʠ ʥʘ (MCFC) [5]. ʂʘʪʝʛʦʨʽʷ 

PEMFC ʤʦʞʝ ʙʫʪʠ ʜʦʜʘʪʢʦʚʦ ʧʦʜʽʣʝʥʘ ʥʘ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ PEMFC (LT-PEMFC), 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ PEMFC (HT-PEMFC) ʽ ʧʘʣʠʚʥʽ ʢʦʤʽʨʢʠ ʟ ʧʨʷʤʠʤ ʤʝʪʘʥʦʣʦʤ (DMFC) 

[6]. 

ɺʠʩʥʦʚʢʠ. ʋ ʩʪʘʪʪʽ ʚʠʢʦʥʘʥʦ ʦʛʣʷʜ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʦʩʥʦʚʽ ʟʝʣʝʥʦʛʦ ʚʦʜʥʶ ʷʢ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʝʥʝʨʛʦʥʦʩʽʷ ʚ ʢʦʥʪʝʢʩʪʽ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ, ʱʦ 

ʧʦʩʪʘʶʪʴ ʧʝʨʝʜ ʛʣʦʙʘʣʴʥʠʤ ʩʫʩʧʽʣʴʩʪʚʦʤ. ɺʦʜʝʥʴ, ʟʦʢʨʝʤʘ ʟʝʣʝʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʘ ʪʘ ʚʽʪʨʦʚʘ ʝʥʝʨʛʽʷ), ʤʘʻ 

ʯʠʩʣʝʥʥʽ ʧʝʨʝʚʘʛʠ. ɺʽʥ ʻ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤ ʝʥʝʨʛʦʥʦʩʽʻʤ, ʱʦ ʥʝ ʩʧʨʠʷʻ ʛʣʦʙʘʣʴʥʦʤʫ 

ʧʦʪʝʧʣʽʥʥʶ, ʧʨʠ ʮʴʦʤʫ ʟʜʘʪʝʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʨʽʟʥʠʭ ʩʝʢʪʦʨʘʭ ʝʢʦʥʦʤʽʢʠ, ʚʢʣʶʯʘʶʯʠ 

ʪʨʘʥʩʧʦʨʪ, ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʩʠʩʪʝʤʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʤʝʨʝʞʽ. ʅʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʟʝʣʝʥʦʛʦ ʚʦʜʥʶ ʻ ʝʣʝʢʪʨʦʣʽʟ ʚʦʜʠ, ʭʦʯʘ ʥʘ ʩʴʦʛʦʜʥʽ 

ʮʝʡ ʤʝʪʦʜ ʟʘʡʤʘʻ ʣʠʰʝ ʥʝʚʝʣʠʢʠʡ ʚʽʜʩʦʪʦʢ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʫ ʩʚʽʪʽ. ɼʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʣʝʥʦʛʦ ʚʦʜʥʶ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʘʣʠʚʥʽ ʢʦʤʽʨʢʠ, ʷʢʽ 

ʧʝʨʝʪʚʦʨʶʶʪʴ ʭʽʤʽʯʥʫ ʝʥʝʨʛʽʶ ʚʦʜʥʶ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ 

ʯʠʩʪʫ ʝʥʝʨʛʽʶ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʢʠʜʘʤʠ, ʘ ʨʽʟʥʽ ʪʠʧʠ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʦʢ, ʚʢʣʶʯʘʶʯʠ 

ʧʨʦʪʦʥʥʦ-ʦʙʤʽʥʥʽ ʤʝʤʙʨʘʥʥʽ (PEMFC) ʪʘ ʪʚʝʨʜʦʦʢʩʠʜʥʽ (SOFC), ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʨʽʟʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 
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ʋɼʂ 621.31 
 

ʄʽʰʘʢʽʥ ɺ.ʄ., ʤʘʛʽʩʪʨʘʥʪ 

ɼʘʥʽʣʽʥ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 
 

ɯʅɾʀʅɯʈʀʅɻ ʊɸ ɸɺʊʆʄɸʊʀɿɸʎɯʗ ɽʃɽʂʊʈʆʊɽʍʅɯʏʅʆɻʆ 

ʂʆʄʇʃɽʂʉʋ ʉʊʈɯʏʂʆɺʆɻʆ ʂʆʅɺɽɭʈʋ 
ɸʥʦʪʘʮʽʷ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʪʘ ʨʦʟʨʦʙʮʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʪʘʢʽ ʢʣʶʯʦʚʽ ʢʦʤʧʦʥʝʥʪʠ 

ʩʠʩʪʝʤʠ, ʷʢ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ, ʨʝʜʫʢʪʦʨʠ, ʩʪʨʽʯʢʠ, ʥʘʧʨʘʚʣʷʶʯʽ ʩʠʩʪʝʤʠ ʪʘ ʢʝʨʫʶʯʽ ʧʨʠʩʪʨʦʾ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʶʪʴ ʘʥʘʣʽʟ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʚʝʻʨʘ, ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, 

ʨʦʟʨʦʙʢʫ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ MATLAB, ʘ ʪʘʢʦʞ ʧʦʙʫʜʦʚʫ 

ʩʪʨʫʢʪʫʨʥʦʾ ʤʦʜʝʣʽ ʢʦʥʚʝʻʨʘ. ʋ ʨʦʙʦʪʽ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʫ ʩʬʝʨʽ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʛʽʩʪʨʘʣʴʥʠʤʠ ʢʦʥʚʝʻʨʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʽʥʪʝʛʨʘʮʽʶ 

ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʝ ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʆʯʽʢʫʚʘʥʽ ʚʠʩʥʦʚʢʠ ʚʢʣʶʯʘʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

ʨʦʙʦʪʠ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ, ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʘ ʪʘʢʦʞ 

ʧʦʢʨʘʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʛʣʦʙʘʣʴʥʦʤʫ ʨʠʥʢʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʚ 

ʨʦʙʦʪʽ ʤʝʪʦʜʠ ʪʘ ʨʽʰʝʥʥʷ ʩʧʨʠʷʶʪʴ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʘ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʧʦʣʷʛʘʻ ʫ ʚʩʝʙʽʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘ 

ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʥʘʜʽʡʥʦʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ 

ʢʦʥʚʝʻʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʩʠʨʦʚʠʥʠ ʥʘ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ, 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʪʘʢʠʭ ʷʢ ʫʜʦʩʢʦʥʘʣʝʥʽ ʘʣʛʦʨʠʪʤʠ 

ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  ʉʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʠ ʻ ʦʩʥʦʚʥʠʤ ʟʘʩʦʙʦʤ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʛʽʨʥʠʯʦʜʦʙʫʚʥʘ, ʭʘʨʯʦʚʘ ʪʘ 

ʧʝʨʝʨʦʙʥʘ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʠʡ, ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʙʝʟʧʝʯʥʠʡ ʩʧʦʩʽʙ ʧʝʨʝʤʽʱʝʥʥʷ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʽʟʥʽ ʚʽʜʩʪʘʥʽ. ʈʽʟʥʽ ʪʠʧʠ ʢʦʥʚʝʻʨʥʠʭ ʩʪʨʽʯʦʢ, ʤʘʪʝʨʽʘʣʠ ʾʭ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʩʪʠʢʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʟʘʛʘʣʴʥʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʧʝʨʝʜʘʯʽ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʩʪʨʽʯʮʽ 

ʧʨʠʚʦʜʥʠʤʠ ʙʘʨʘʙʘʥʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠʚʽʜʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʥʘʜʽʡʥʽʩʪʴ 

ʩʠʩʪʝʤʠ ʟʘʛʘʣʦʤ. ʅʘʪʷʞʥʽ ʩʪʘʥʮʽʾ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʽʜʪʨʠʤʮʽ ʦʧʪʠʤʘʣʴʥʦʾ 

ʥʘʪʷʞʢʠ ʩʪʨʽʯʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʘʪʠ ʧʨʦʙʫʢʩʦʚʦʢ ʽ ʟʥʠʞʫʻ ʟʥʦʩ ʦʙʣʘʜʥʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, 

ʨʦʣʠʢʦʚʽ ʪʘ ʦʧʦʨʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʨʦʙʦʪʠ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʦʛʣʷʜ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟ 

ʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʙʘʯʠʪʠ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʪʘ ʥʦʚʽʪʥʽ ʨʦʟʨʦʙʢʠ ʚ ʛʘʣʫʟʽ. ʆʢʨʝʤʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʝʥʦ ʨʝʞʠʤʘʤ ʨʦʙʦʪʠ ʪʘ ʚʠʤʦʛʘʤ ʜʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ. ʄʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʘ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʢʣʘʜʦʚʠʭ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ. ʄʘʪʝʤʘʪʠʯʥʠʡ 

ʦʧʠʩ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʠʩʪʝʤʽ, 

ʚʨʘʭʦʚʫʶʯʠ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʎʝ ʚʢʣʶʯʘʻ ʨʦʟʨʘʭʫʥʢʠ ʩʠʣ ʥʘʪʷʞʢʠ, ʪʝʨʪʷ, 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʢʦʥʚʝʻʨʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʥʝʦʙʭʽʜʥʦ ʧʨʘʚʠʣʴʥʦ 

ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʥʦʾ ʩʪʘʥʮʽʾ. ʎʝ ʚʢʣʶʯʘʻ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʜʦʚʞʠʥʘ ʪʘ ʰʠʨʠʥʘ ʩʪʨʽʯʢʠ, ʚʘʛʘ ʤʘʪʝʨʽʘʣʫ, ʱʦ 
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ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʘ ʽʥʰʽ. ɺʠʙʽʨ ʝʣʝʤʝʥʪʽʚ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʪʘʢʠʭ ʷʢ ʨʝʜʫʢʪʦʨʠ, ʤʫʬʪʠ ʪʘ ʧʽʜʰʠʧʥʠʢʠ, ʤʘʻ ʙʘʟʫʚʘʪʠʩʷ ʥʘ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ, ʷʢʠʡ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʩʠʩʪʝʤʠ. ʇʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʜʚʠʛʫʥʘ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʄʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʧʨʦʮʝʩʽʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʜʦʚʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘʭ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʪʦʯʥʽ ʤʦʜʝʣʽ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ɺʠʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʫʥʘ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʠʪʠ ʜʠʥʘʤʽʢʫ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʚ 

ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʩʢʘʣʷʨʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʘʩʠʥʭʨʦʥʥʠʤ 

ʜʚʠʛʫʥʦʤ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʧʣʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʟʤʝʥʰʠʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʚ ʘʣʛʦʨʠʪʤʽ ʢʝʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ʉʪʨʫʢʪʫʨʥʘ ʤʦʜʝʣʴ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʚʢʣʶʯʘʻ 

ʚʩʽ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʠʪʠ ʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʚʝʻʨʘ, ʚʠʷʚʠʪʠ ʩʣʘʙʢʽ ʤʽʩʮʷ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ. ʄʦʜʝʣʴ 

ʚʨʘʭʦʚʫʻ ʚʩʽ ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

ʢʦʥʚʝʻʨʘ, ʽ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʩʠʤʫʣʷʮʽʾ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ. 

ʇʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʯʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɸʥʘʣʽʟ ʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʢʣʶʯʘʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ, ʪʝʨʪʷ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ. ɽʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʽʾ ʪʘ ʚʠʷʚʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʾʾ ʟʥʠʞʝʥʥʷ. ɽʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʚʢʣʶʯʘʻ ʦʮʽʥʢʫ ʚʠʪʨʘʪ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʦʯʽʢʫʚʘʥʫ ʝʢʦʥʦʤʽʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʧʽʜʚʠʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʽʥʚʝʩʪʠʮʽʾ ʚ ʪʘʢʫ ʩʠʩʪʝʤʫ ʦʢʫʧʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʨʦʢʽʚ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʝʢʦʥʦʤʽʯʥʦ 

ʚʠʛʽʜʥʦʶ. ʋʟʘʛʘʣʴʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʡ ʢʦʤʧʣʝʢʩ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ 

ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʩʣʘʙʢʽ ʤʽʩʮʷ ʩʠʩʪʝʤʠ ʪʘ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʾʭ ʫʩʫʥʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʨʦʙʦʪʽ ʤʝʪʦʜʠ 

ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʧʽʜʚʠʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʪʘ ʟʤʝʥʰʠʪʠ 

ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 
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ʋɼʂ 621.31 

ʉʝʨʛʽʡ ɹʦʡʯʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʉʦʬʽʷ ɾʦʣʪʘʡʣʠ, ʜ-ʨ ʬʽʣʦʩʦʬʽʾ  

ɯʨʠʥʘ ʐʢʽʣʴʥʶʢ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ  

ɸ.ɺ. ʗʢʦʚʣʻʚʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɯʛʦʨ ʂʫʙʝʨʩʴʢʠʡ, ʘʩʧʽʨʘʥʪ 

 

ʆʎɯʅʂɸ ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʇʆʊɽʅʎɯɸʃʋ ɺʊʆʈʀʅʅʆɰ 

ʉʀʈʆɺʀʅʀ (ʇʃɸʉʊʀʂʆɺʀʍ ɺɯɼʍʆɼɯɺ, ɿʅʆʐɽʅʀʍ ʐʀʅ ʊɸ 

ɺɯɼʍʆɼɯɺ ʍɸʈʏʆɺʆɰ ʇʈʆʄʀʉʃʆɺʆʉʊɯ) ɼʃʗ ɺʀʈʆɹʅʀʎʊɺɸ 

ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʄʆʊʆʈʅʀʍ ʇɸʃʀɺ 
ɺʩʪʫʧ. ʑʦʨʽʯʥʦ ʦʙʩʷʛʠ ʩʤʽʪʪʷ ʟʨʦʩʪʘʶʪʴ ʞʘʭʣʠʚʠʤʠ ʪʝʤʧʘʤʠ, ʟʘʙʨʫʜʥʶʶʯʠ 

ʜʦʚʢʽʣʣʷ, ʰʢʦʜʷʯʠ ʟʜʦʨʦʚôʶ ʣʶʜʝʡ ʪʘ ʟʘʚʜʘʶʯʠ ʟʥʘʯʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʟʙʠʪʢʽʚ. 

ɺ ʋʢʨʘʾʥʽ ʥʘʷʚʥʘ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʥʝʫʪʠʣʽʟʦʚʘʥʠʭ ʝʥʝʨʛʦʻʤʥʠʭ ʚʽʜʭʦʜʽʚ 

(ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʽʜʭʦʜʠ ʧʣʘʩʪʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ɺʇʄ), ʟʥʦʰʝʥʽ ʰʠʥʠ, ʪʦʱʦ,ʘ ʪʘʢʦʞ ʚʽʜʭʦʜʠ 

ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ɺʍʇ)). 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʦʪʨʠʤʘʥʥʷ ʚʽʪʯʠʟʥʷʥʦʛʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʟ ʚʽʜʭʦʜʽʚ ʧʣʘʩʪʠʢʫ, ʧʦʣʽʝʪʠʣʝʥʫ,  ʟʥʦʰʝʥʠʭ ʰʠʥ; ʭʘʨʯʦʚʠʭ 

ʚʽʜʭʦʜʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʜʽʷʣʴʥʦʩʪʽ ʨʝʩʪʦʨʘʥʥʦʛʦ ʙʽʟʥʝʩʫ, ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ ʪʘ ʪʚʘʨʠʥʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʜʘʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʭʦʜʽʚ 

ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ (ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʟʥʦʰʝʥʠʭ ʰʠʥ ʪʘ ʚʽʜʭʦʜʽʚ ʭʘʨʯʦʚʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ) ʪʘ ʩʬʦʨʤʦʚʘʥʦ ʡ ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʯʽʢʫʚʘʥʠʡ ʧʦʪʝʥʮʽʘʣ ʦʪʨʠʤʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʦʪʦʨʥʠʭ ʧʘʣʠʚ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʩʪʫʧʥʽ: 

1. ʑʦʨʽʯʥʝ ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ ʚ ʋʢʨʘʾʥʽ ï 350 ʤʣʥ ʪʦʥʥ, ʟ ʥʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ 

ï 11ï14,6 ʤʣʥ ʪʦʥʥ. ʆʙʩʷʛ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ   ʚ ʋʢʨʘʾʥʽ ʱʦʨʦʢʫ, 

ʩʪʘʥʦʚʠʪʴ ʚʽʜ 990 ʪʠʩ. ʪʦʥʥ/ʨʽʢ ʜʦ 1898 ʪʠʩ. ʪʦʥʥ/ʨʽʢ, ʱʦ    ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʜʘʻ ï 1444 

ʪʠʩ. ʪʦʥʥ/ʨʽʢ. ʇʣʘʩʪʠʢʦʚʽ ʚʽʜʭʦʜʠ, ʚ ʦʩʥʦʚʥʦʤʫ, ʩʢʣʘʜʘʶʪʴʩʷ ʟ: ʧʦʣʽʝʪʠʣʝʥʫ (ʇɽ) ï 36%, 

ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʣʘʪʘʪʫ (ʇɽʊʌ) ï 26%, ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʫ (ʇɺʍ) ï 16%, ʧʦʣʽʧʨʦʧʽʣʝʥʫ (ʇʇ) 

ï 12%, ʧʦʣʽʩʪʠʨʦʣʫ (ʇʉ) ï 10%. ɺʽʜʧʦʚʽʜʥʦ ʚʽʜʭʦʜʠ ʇɽ ʩʢʣʘʜʘʶʪʴ ï 520 ʪʠʩ. ʪʦʥʥ/ʨʽʢ. 

ɺʠʢʦʥʫʶʯʠ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʬʦʨʤʫʣʦʶ 1.3.1 ʪʘ ʚʨʘʭʫʚʘʚʰʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʣʘʩʪʠʢʫ ʫ ʧʘʣʠʚʦ (0,3; 0,95 (ʟʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ), 0,5 (ʟʘ ʜʘʥʠʤʠ ʧʝʨʝʨʦʙʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ), ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 0,58), ʦʙʩʷʛ ʧʘʣʠʚʘ, ʱʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜ ʧʣʘʩʪʠʢʦʚʠʭ 

ʚʽʜʭʦʜʽʚ ʫ ʩʝʨʝʜʥʴʦʤʫ ʙʫʜʝ ʩʢʣʘʜʘʪʠ ὔʧʧ ρτττϽπȟυψ  ʪʠʩ. ʪʦʥʥ/ʨʽʢ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʇɽ ï 302 ʪʠʩ.ʪʦʥʥ/ʨʽʢ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʫʪʚʦʨʶʻʪʴʩʷ 150ï360 ʪʠʩ. ʪʦʥʥ ʥʝʫʪʠʣʽʟʦʚʘʥʠʭ 

ʟʥʦʰʝʥʠʭ ʰʠʥ ʱʦʨʦʢʫ, ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ï 255 ʪʠʩ. ʪʦʥʥ. ʇʨʠʯʦʤʫ, ʩʪʘʥʦʤ ʥʘ 

2022 ʨʽʢ, ʥʘʢʦʧʠʯʝʥʠʡ ʦʙʩʷʛ ʥʝʫʪʠʣʽʟʦʚʘʥʠʭ ʟʥʦʰʝʥʠʭ ʰʠʥ ʚ ʋʢʨʘʾʥʽ ʧʝʨʝʚʠʱʠʚ 10 ʤʣʥ 

ʪʦʥʥ ʚʨʘʭʫʚʘʚʰʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʥʦʰʝʥʠʭ ʰʠʥ ʫ ʧʘʣʠʚʦ (0,3; 0,5 (ʟʘ 

ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ), 0,35 (ʟʘ ʜʘʥʠʤʠ ʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ), ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 0,4), 

ʦʙʩʷʛ ʧʘʣʠʚʘ, ʱʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜ ʧʝʨʝʨʦʙʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʰʠʥ ʫ ʩʝʨʝʜʥʴʦʤʫ ʙʫʜʝ 

ʩʢʣʘʜʘʪʠ ὔh ʧ ςυυϽπȟτ  ʪʠʩ. ʪʦʥʥ/ʨʽʢ. 

ʇʝʨʝʨʦʙʠʚʰʠ, ʥʘʧʨʠʢʣʘʜ, ʥʘʢʦʧʠʯʝʥʠʡ ʦʙʩʷʛ ʥʝʫʪʠʣʽʟʦʚʘʥʠʭ ʟʥʦʰʝʥʠʭ ʰʠʥ ʚ 

ʋʢʨʘʾʥʽ ï 10 ʤʣʥ ʪʦʥʥ, ʦʪʨʠʤʘʻʤʦ 4 ʤʣʥ ʪʦʥʥ ʢʦʤʧʦʥʝʥʪʫ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʘʣʠʚʘ.  

3. ʍʘʨʯʦʚʽ ʚʽʜʭʦʜʠ ʩʪʘʥʦʚʣʷʪʴ ï 30ï50% ʫ ʩʪʨʫʢʪʫʨʽ ʊʇɺ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʋʢʨʘʾʥʽ 

ʱʦʨʦʢʫ ʫʪʚʦʨʶʻʪʴʩʷ 14,6 ʤʣʥ ʪʦʥʥ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ. ʊʦʙʪʦ   ʚ ʜʽʘʧʘʟʦʥʽ 4,38ï7,3 (ʫ 

ʩʝʨʝʜʥʴʦʤʫ ï 5,84) ʤʣʥ ʪʦʥʥ ʱʦʨʽʯʥʦ ʚ ʥʘʰʽʡ ʜʝʨʞʘʚʽ ʫʪʚʦʨʶʻʪʴʩʷ ʭʘʨʯʦʚʠʭ ʚʽʜʭʦʜʽʚ. 

4. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʩʪʘʪʠʩʪʠʢʠ ʫ 2020 ʨ. ʚ ʋʢʨʘʾʥʽ ʙʫʣʦ 

ʚʠʛʦʪʦʚʣʝʥʦ 6,1 ʤʣʥ ʪʦʥʥ ʨʘʬʽʥʦʚʘʥʦʾ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ. ʇʝʨʝʚʘʞʥʘ ʯʘʩʪʠʥʘ ʮʽʻʾ ʦʣʽʾ 

ʧʦʪʨʘʧʣʷʻ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʫ ʚʠʛʣʷʜʽ ʧʝʨʝʩʤʘʞʝʥʦʾ ʚʽʜʧʨʘʮʴʦʚʘʥʦʾ (ʬʨʠʪʶʨʥʦʾ) 
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ʧʽʩʣʷ ʩʤʘʞʝʥʥʷ ʾʞʽ. ɼʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʥʘ ʩʴʦʛʦʜʥʽ ʚʠʢʠʜʠ ʚʽʜʧʨʘʮʴʦʚʘʥʦʾ 

ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ  ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʥʝ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ. 

5. ɺ ʋʢʨʘʾʥʽ ʥʘʨʘʭʦʚʫʻʪʴʩʷ 521 ʟʘʢʣʘʜ ʭʘʨʯʫʚʘʥʥʷ ʨʝʩʪʦʨʘʥʥʦʛʦ ʪʠʧʫ (ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ çʃʴʚʽʚʩʴʢʠʭ ʢʨʫʘʩʘʥʽʚè. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʦʨʽʻʥʪʦʚʥʠʤʠ ʜʘʥʠʤʠ ʦʜʠʥ 

ʨʝʩʪʦʨʘʥ ʤʘʻ ʫʪʠʣʽʟʫʚʘʪʠ 2,8 ʪʦʥʥ ʚʠʢʦʨʠʩʪʘʥʦʾ (ʬʨʠʪʶʨʥʦʾ) ʭʘʨʯʦʚʦʾ (ʢʫʣʽʥʘʨʥʦʾ) ʦʣʽʾ 

ʱʦʨʽʯʥʦ. ʊʦʙʪʦ ʩʫʤʘʨʥʦ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʩʢʣʘʜʝ 1460 ʪʦʥʥ/ʨʽʢ. ʊʦʙʪʦ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʫʪʚʦʨʝʥʠʭ ʚʽʜʭʦʜʽʚ ʦʣʽʾ ʪʘ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʩʪʘʥʦʚʠʪʴ 1,460 ʪʠʩ. ʪʦʥʥ ʥʘ ʨʽʢ, 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʨʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʦʪʨʠʤʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ (ʘʙʦ ʡʦʛʦ 

ʢʦʤʧʦʥʝʥʪʽʚ) ʚʽʜ ʚʽʜʭʦʜʽʚ ʭʘʨʯʦʚʦʾ (ʢʫʣʽʥʘʨʥʦʾ) ʦʣʽʾ ʪʦʜʽ ʩʢʣʘʜʝ 1,  ʪʠʩ. ʪʦʥʥ/ʨʽʢ.  

6. ɼʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʦʙʩʷʛʠ ʚʠʨʦʙʥʠʮʪʚʘ ʧʘʣʠʚʘ ʚʽʜ ʚʽʜʭʦʜʽʚ ʨʝʩʪʦʨʘʥʥʦʛʦ 

ʙʽʟʥʝʩʫ ʧʦʪʝʥʮʽʡʥʦ ʟʥʘʯʥʦ ʙʽʣʴʰʽ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ ʦʙʩʷʛʠ ʚʠʨʦʙʣʝʥʥʷ 

ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ ï 6,1 ʤʣʥ ʪʦʥʥ ʪʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʣʠʰʝ 10 ʯʘʩʪʠʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʬʨʠʪʶʨʥʘ ʦʣʽʷ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʦʨʪʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ) ʪʘ ʩʪʘʻ ʥʝʧʨʠʜʘʪʥʦʶ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʦʙʪʦ 610 ʪʠʩ. ʪʦʥʥ, ʪʦ ʦʯʽʢʫʚʘʥʠʡ ʨʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʦʪʨʠʤʘʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ (ʘʙʦ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ) ʩʢʣʘʜʝ ȟ  ʪʠʩ. ʪʦʥʥ/ʨʽʢ. 

7. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ɺʊɾ ʩʪʘʥʦʚʣʷʪʴ 80 ʪʠʩ. ʪʦʥʥ. ɺʽʜʧʦʚʽʜʥʦ ʥʘʤʠ ʦʪʨʠʤʘʥʠʡ 

ʦʯʽʢʫʚʘʥʠʡ ʩʝʨʝʜʥʽʡ ʨʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ 

(ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ) ʚʽʜ ʚʽʜʭʦʜʽʚ ʧʨʦʜʫʢʪʽʚ ʪʚʘʨʠʥʥʠʮʪʚʘ ʩʢʣʘʜʘʪʠʤʝ ï 6  ʪʠʩ. ʪʦʥʥ/ʨʽʢ.  

8. ʉʬʦʨʤʦʚʘʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʘʣʫ ʦʪʨʠʤʘʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ (ʘʙʦ ʢʦʤʧʦʥʝʥʪʽʚ) ʟ ʧʣʘʩʪʠʢʫ, ʧʦʣʽʝʪʠʣʝʥʫ, ʟʥʦʰʝʥʠʭ ʰʠʥ, 

ʚʽʜʭʦʜʽʚ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʪʚʘʨʠʥʥʠʮʪʚʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ  ʫ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1. ʇʦʪʝʥʮʽʘʣ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʦʪʦʨʥʠʭ ʧʘʣʠʚ ʟ 

ʧʣʘʩʪʠʢʫ, ʧʦʣʽʝʪʠʣʝʥʫ, ʟʥʦʰʝʥʠʭ ʰʠʥ, ʚʽʜʭʦʜʽʚ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʪʚʘʨʠʥʥʠʮʪʚʘ 

ʊʠʧ 

ʚʽʜʭʦʜʽʚ 

ʆʙʩʷʛ 

ʫʪʚʦʨʝʥʥʷ, ʪʠʩ. 

ʪʦʥʥ/ʨʽʢ 

ʉʝʨʝʜʥʽʡ 

ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ 

ʧʘʣʠʚʦ, ʚ.ʦ. 

ʇʦʪʝʥʮʽʘʣ 

ʦʪʨʠʤʘʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ 

ʪʠʩ. ʪʦʥʥ/ʨʽʢ 

ʇʣʘʩʪʠʢ, 

min 990  

0,58 

 

min 574 

×ʩʝʨ. 1444 ×ʩʝʨ. 838 

max 1898 max 1101 

ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʧʦʣʽʝʪʠʣʝʥ 

(36% 

ʚʽʜʭʦʜʽʚ 

ʧʣʘʩʪʠʢʫ) 

min 356 

0,58 

min 207 

×ʩʝʨ. 520 ×ʩʝʨ. 302 

max 683 max 396 

ɿʥʦʰʝʥʽ 

ʰʠʥʠ 

min 150 

0,4 

min 60 

×ʩʝʨ. 255 ×ʩʝʨ. 102 

max 360 max 144 

ɺʽʜʭʦʜʠ 

ʭʘʨʯʦʚʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ* 

×ʩʝʨ. 1,46 0,83 ×ʩʝʨ. 1,212* 

ɺʽʜʭʦʜʠ 

ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʦʜʫʢʪʽʚ 

ʪʚʘʨʠʥʥʠʮʪʚʘ 

×ʩʝʨ. 80 0,75 ×ʩʝʨ. 60 

* ʆʙʩʷʛʠ ʚʠʨʦʙʥʠʮʪʚʘ ʧʘʣʠʚʘ ʚʽʜ ʚʽʜʭʦʜʽʚ ʨʝʩʪʦʨʘʥʥʦʛʦ ʙʽʟʥʝʩʫ ʧʦʪʝʥʮʽʡʥʦ ʟʥʘʯʥʦ ʙʽʣʴʰʽ. ʗʢʱʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ 

ʦʙʩʷʛʠ ʚʠʨʦʙʣʝʥʥʷ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ 6,1 ʤʣʥ ʪʦʥʥ ʪʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʣʠʰʝ 10 ʯʘʩʪʠʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʬʨʠʪʶʨʥʘ 

ʦʣʽʷ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʦʨʪʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ) ʪʘ ʩʪʘʻ ʥʝʧʨʠʜʘʪʥʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʦʙʪʦ 610 ʪʠʩ. 

ʪʦʥʥ, ʪʦ ʦʯʽʢʫʚʘʥʠʡ ʨʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʦʪʨʠʤʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ (ʘʙʦ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ) ʩʢʣʘʜʝ: ὔʦʧ
φρπ πππ Ͻπȟψσ ȟ  ʪʠʩ. ʪʦʥʥ/ʨʽʢ.  

 

ɺʠʩʥʦʚʦʢ. ʆʪʞʝ, ʩʫʤʘʨʥʠʡ ʨʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʦʪʨʠʤʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʟ 

ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʟʥʦʰʝʥʠʭ ʰʠʥ ʪʘ ʚʽʜʭʦʜʽʚ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 1001 

ʪʠʩ. ʪʦʥʥ. ɺʠʩʫʥʫʪʘ ʥʘʤʠ ʛʽʧʦʪʝʟʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʤʠ ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʥʘʡʙʣʠʞʯʠʤ 

ʘʥʘʣʦʛʦʤ ʚ ʛʘʣʫʟʽ ʥʘʬʪʦʭʽʤʽʾ, ʥʘʬʪʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʪʘ ʥʘʬʪʦʧʝʨʝʨʦʙʢʠ ʻ ʧʨʦʮʝʩ 

ʛʽʜʨʦʢʨʝʢʽʥʛʫ ʥʘʬʪʠ. ʇʨʦʮʝʩ ʜʦʟʚʦʣʷʻ ʧʽʜʙʦʨʦʤ ʚʽʜʧʦʚʽʜʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʦʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʠʡ ʚʠʭʽʜ ʰʠʨʦʢʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʚʠʩʦʢʦʷʢʽʩʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚ ʽ ʦʣʠʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʦʢʨʝʢʽʥʛʫ ʤʦʞʥʘ ʦʜʝʨʞʫʚʘʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʣʝʛʢʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʩʠʨʦʚʠʥʠ ʚʘʞʢʠʭ ʥʘʬʪʦʚʠʭ ʜʠʩʪʠʣʷʪʽʚ, ʚʘʞʢʠʭ ʥʘʬʪ, 

ʥʘʬʪʦʚʠʭ ʟʘʣʠʰʢʽʚ ï ʤʘʣʦʮʽʥʥʠʭ ʤʘʟʫʪʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʭʦʜʽʚ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ (ʦʣʽʡ ʧʽʩʣʷ 

ʬʨʠʪʶʨʫ, ʪʚʘʨʠʥʥʠʭ ʞʠʨʽʚ). 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʆʉʅʆɺʅɯ ʇɸʈɸʄɽʊʈʀ ɽʃɽʂʊʆɻɯɼʈɸɺʃɯʏʅʆɰ ɯʄʇʋʃʔʉʅʆɰ 

ʉʀʉʊɽʄʀ ɺʇʃʀɺʋ ʅɸ ʇʈʀɺʀɹɯʁʅʋ ɿʆʅʋ ʅɸʌʊʆɺʆɰ 

ʉɺɽʈɼʃʆɺʀʅʀ 

ʆʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʜʝʙʽʪʫ ʥʘʬʪʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʻ 

ʧʝʨʽʦʜʠʯʥʝ ʦʯʠʱʝʥʥʷ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ ʥʘʬʪʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʚʽʜ ʘʩʬʘʣʴʪʝʥʽʚ, 

ʧʘʨʘʬʽʥʽʚ ʪʘ ʽʥʰʠʭ ʢʦʣʴʤʘʪʘʥʪʽʚ. ʏʘʩʪʽʰʝ ʚ ʷʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʦʯʠʱʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʽʤʧʫʣʴʩʥʽ ʤʝʪʦʜʠ [1]. 

ɺ ʅʊʋʋ òʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò ʨʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʤʧʫʣʴʩʥʦ- ʭʚʠʣʴʦʚʠʭ ʤʝʪʦʜʽʚ ʚʧʣʠʚʫ ʥʘ ʥʘʬʪʦʚʫ ʩʚʝʨʜʣʦʚʠʥʫ. ʊʝʭʥʦʣʦʛʽʾ ʧʨʦʡʰʣʠ 

ʧʨʦʤʠʩʣʦʚʫ ʘʧʨʦʙʘʮʽʶ ʥʘ ʥʘʬʪʦʚʠʭ ʨʦʜʦʚʠʱʘʭ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ ʢʨʘʾʥ [2]. 

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʾ ʽʤʧʫʣʴʩʥʦʾ ʩʠʩʪʝʤʠ 

(ɽɻɯʉ). 

 

.  

ʈʠʩʫʥʦʢ 1 ïʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʾ ʽʤʧʫʣʴʩʥʦʾ ʩʠʩʪʝʤʠ: 

ʂʅ1, ʂʅ2, ʂʅ3 ï ʢʦʥʜʝʥʩʘʪʦʨʠ, ɺʇ ï ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ, ʄɺ ï ʤʽʩʪ 

ʚʠʧʨʷʤʣʷʶʯʠʡ, ʂɸɿ ï ʢʦʪʫʰʢʘ ʘʚʪʦ ʟʘʧʘʣʶʚʘʥʥʷ, ʇʂ ï ʧʫʣʴʪ ʢʝʨʫʚʘʥʥʷ, ʊʨ ï ʪʠʨʠʩʪʦʨ, 

ʉʨ ï ʩʠʤʠʩʪʦʨ, ʄ ïʤʝʨʝʞʘ, ʈ1, ʈ2, ʈ3 ï ʨʝʟʠʩʪʦʨʠ, ʂʂʥ ï ʢʦʥʪʘʢʪʦʨ ʢʥʦʧʢʦʚʠʡ, ɽɻɻɯ ï 

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʡ ʛʝʥʝʨʘʪʦʨ ʽʤʧʫʣʴʩʽʚ, ʂʊ ï ʢʦʣʦʥʘ ʪʨʫʙ ʜʦ ʩʚʝʨʜʣʦʚʠʥʠ 

 

ɽʣʝʢʪʨʦʪʝʭʥʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʬʦʨʤʘ ʝʣʝʢʪʨʦʜʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʜʠʥʠ ʪʘ 
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ʧʦʣʷʨʥʽʩʪʴ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʟ ʚʠʩʦʢʦʶ ʥʘʧʨʫʛʦʶ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʧʨʫʛʫ ʧʨʦʙʦʶ ʚ ʟʘʟʦʨʽ 

ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ. ʇʠʪʦʤʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʧʨʦʙʦʶ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 1 ʢɺ/ʩʤ ʽ ʙʽʣʴʰʝ [3]. 

ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʛʝʥʝʨʦʚʘʥʦʛʦ ɽɻɯʉ ʪʠʩʢʫ ʛʽʜʨʦʫʜʘʨʫ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 60 ʄʇʘ. ɿʤʽʥʘ 

ʥʘʧʨʫʛʠ ʧʨʦʙʦʶ ʧʦʚ'ʷʟʘʥʘ ʟ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ, ʱʦ ʢʝʨʫʶʪʴ ʚʠʩʦʢʦʚʦʣʴʪʥʠʤ 

ʧʨʦʙʦʻʤ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʽʞ ʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ 

ʇʝʨʝʜʘʯʘ ʽʤʧʫʣʴʩʫ ʪʠʩʢʫ, ʯʝʨʝʟ ʪʨʫʙʦʧʨʦʚʽʜʥʫ ʩʠʩʪʝʤʫ ʚ ʟʦʥʫ ʧʝʨʬʦʨʘʮʽʾ ʦʙʩʘʜʥʦʾ 

ʢʦʣʦʥʠ ʥʘʬʪʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. ʦʢʨʝʤʦ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʧʨʦʤʠʩʣʦʚʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʛʽʜʨʦʽʤʧʫʣʴʩʥʦʾ ʽʤʧʣʦʟʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ [1], ʱʦ ʧʽʜʪʚʝʨʜʠʣʦ ʤʦʞʣʠʚʽʩʪʴ 

ʚʧʣʠʚʫ ʥʘ ʧʨʠʚʠʙʽʡʥʫ ʟʦʥʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʧʦʚʝʨʭʥʽ. 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.1. 

 

ʊʘʙʣʠʮʷ 1 ï ɿʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɽɻɯʉ 

 ̄ ʇʘʨʘʤʝʪʨ ɿʥ
ʘʯʝʥʥʷ 

1 ʅʘʧʨʫʛʘ ʨʦʟʨʷʜʫ, ʢɺ 15 

2 ɺʽʜʩʪʘʥʴ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ, ʤʤ 9.. 
10 

3 ʆʙôʻʤ ʨʽʜʠʥʠ ʚ ʨʦʟʨʷʜʥʽʡ ʢʘʤʝʨʽ, ʜʤ3 3 

4 ɽʥʝʨʛʽʷ ʨʦʟʨʷʜʫ ʚ ʽʤʧʫʣʴʩʽ, ʢɼʞ 1, 3 

5 ʏʠʩʣʦ ̔ ʤʧʫʣʴʩʽʚ ʟʘ ʛʦʜʠʥʫ 50 

6 ʊʠʩʢ ʛʽʜʨʦʫʜʘʨʫ, ʄʇʘ ʜʦ 

60 

 
ɺʠʩʥʦʚʦʢ 

ɿ ʥʘʚʝʜʝʥʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʾ ʽʤʧʫʣʴʩʥʦʾ ʩʠʩʪʝʤʠ 

ʜʦʟʚʦʣʠʪʴ ʚʧʣʠʚʘʪʠ ʽʤʧʫʣʴʩʘʤʠ ʚʠʩʦʢʦʾ ʘʤʧʣʽʪʫʜʠ ʪʠʩʢʫ ʥʘ ʧʨʠʚʠʙʽʡʥʫ ʟʦʥʫ ʥʘʬʪʦʚʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ 

ʨʦʟʨʷʜʥʦʾ ʩʠʩʪʝʤʠ ʟ ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣʠʮʽ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

1. ʉʣʽʜʝʥʢʦ ɺ.ʄ., ʃʽʩʪʦʚʱʠʢ ʃ.ʂ., ɹʫʪ ɺ.ʆ. ɸʜʘʧʪʠʚʥʘ ʤʝʭʘʪʨʦʥʥʘ ʩʠʩʪʝʤʘ 

ʽʤʧʫʣʴʩʥʦ- ʭʚʠʣʴʦʚʦʾ ʜʽʾ ʥʘ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ //ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ. 

ʄʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʍVI ʄʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʽ ʩʧʝʮʽʘʣʽʩʪʽʚ (ʤ. ʂʨʝʤʝʥʯʫʢ 12ï13 ʢʚʽʪʥʷ 

2018 ʨ.) ʂʨʝʤʝʥʯʫʢ, ʂʨʅʋ, 2018. C. 27-28. 

2. V. Slidenko, R. Karsey, S.Chernobay. Pulse-Jet Technology: Effective Technology 

nj Increase Oil and Gas Wells Production// Enhanced Oil Recovery. Your First Soucre of 

Indonesian Oil & Gas Information. January 2003 ʛ. P. 23 ï 26. 

3. ɸʥʪʦʥʝʮʴ ɯ.ʆ. ɯʤʧʫʣʴʩʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʾ ʫʩʪʘʥʦʚʢʠ/ ɯ.ʆ. 

ɸʥʪʦʥʝʮʴ, ʆ.ʄ. ɸʥʪʦʥʝʮʴ, ɺ.ʄ. ɻʣʫʰʝʥʢʦ// ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ "ʂʇɯ" ʉʝʨʽʷ - ʈʘʜʽʦʪʝʭʥʽʢʘ. ʈʘʜʽʦʘʧʘʨʘʪʦʙʫʜʫʚʘʥʥʷ. ï 2006. - ̄  33. 
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ʋɼʂ 620.9 
ʐʚʝʮʴ ʂ.ʉ., ʤʘʛʽʩʪʨʘʥʪ  

ɹʦʡʯʝʥʢʦ ʉ.ɺ., ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʈʆɹʆʊʀɿʆɺɸʅɸ ʉʀʉʊɽʄɸ ɻɽʅɽʈɸʎɯɰ ɺʆɼʅʖ ʊɸ ʇʈʆɭʂʊʀ 

ɿɸʇʈɸɺʂʀ ʅʀʄ ɸɺʊʆʊʈɸʅʉʇʆʈʊʋ 
ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʡ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʚʦʜʥʶ ʪʘ ʟʘʧʨʘʚʢʠ ʚʦʜʥʝʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʚʩʷ ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʮʝʩʽʚ ʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʨʦʙʥʠʮʪʚʦ, ʟʙʝʨʽʛʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ ʷʢ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʩʫʨʩʫ ʜʣʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʦʜʝʥʴ (H ) ð ʮʝ ʭʽʤʽʯʥʠʡ ʝʣʝʤʝʥʪ, 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʫ ɺʩʝʩʚʽʪʽ, ʘʣʝ ʚ ʧʨʠʨʦʜʽ ʚʽʥ ʟʘʟʚʠʯʘʡ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʩʢʣʘʜʽ ʩʧʦʣʫʢ 

(ʥʘʧʨʠʢʣʘʜ, ʚʦʜʘ, ʤʝʪʘʥ). ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʯʠʩʪʦʛʦ ʚʦʜʥʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ 

ʪʝʭʥʦʣʦʛʽʾ. ʁʦʛʦ ʮʽʥʥʽʩʪʴ ʷʢ ʝʥʝʨʛʦʨʝʩʫʨʩʫ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

¶ ɺʠʩʦʢʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ: ʇʨʠ ʩʧʘʣʶʚʘʥʥʽ ʚʦʜʥʶ ʚʠʜʽʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 
ʝʥʝʨʛʽʾ, ʘ ʻʜʠʥʠʤ ʧʦʙʽʯʥʠʤ ʧʨʦʜʫʢʪʦʤ ʻ ʚʦʜʘ. 

¶ ɽʢʦʣʦʛʽʯʥʽʩʪʴ: ɺʦʜʝʥʴ ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʽʩʪʶ "ʯʠʩʪʠʤ" ʧʘʣʠʚʦʤ, ʷʢʱʦ ʡʦʛʦ 
ʚʠʨʦʙʥʠʮʪʚʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣʘʭ ʝʥʝʨʛʽʾ. 

¶ ʋʥʽʚʝʨʩʘʣʴʥʽʩʪʴ: ɺʦʜʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʫ, ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʫ ʚʘʞʢʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫʚʘʥʥʷ ʚʦʜʥʶ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʨʦʮʝʜʫʨʠ ʪʘ ʩʠʨʦʚʠʥʠ. ʅʘ ʦʩʥʦʚʽ ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʪʨʠ ʦʩʥʦʚʥʽ ʚʠʜʠ ʚʦʜʥʶ, ʱʦ ʦʪʨʠʤʫʶʪʴ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ: 

ɿʝʣʝʥʠʡ ʚʦʜʝʥʴ ï ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʪʘ ʧʨʘʢʪʠʯʥʦ ʥʫʣʴʦʚʽ ʚʠʢʠʜʠ. ɿʝʣʝʥʠʡ 

ʚʦʜʝʥʴ ʚʠʨʦʙʣʷʻʪʴʩʷ ʰʣʷʭʦʤ ʝʣʝʢʪʨʦʣʽʟʫ ʰʣʷʭʦʤ ʨʦʟʱʝʧʣʝʥʥʷ ʤʦʣʝʢʫʣ ʚʦʜʠ ʥʘ ʦʢʨʝʤʽ 

ʝʣʝʤʝʥʪʠ. ʇʽʜ ʯʘʩ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʣʷʶʪʴʩʷ ʣʠʰʝ ʚʦʜʝʥʴ ʽ ʢʠʩʝʥʴ. ʂʠʩʝʥʴ ʤʦʞʝ 

ʙʝʟʧʝʯʥʦ ʚʠʢʠʜʘʪʠʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʷʢ ʧʦʙʽʯʥʠʡ ʧʨʦʜʫʢʪ. ɽʣʝʢʪʨʦʣʽʟ ʧʦʪʨʝʙʫʻ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ, ʚʠʨʦʙʣʝʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʷʢ-ʦʪ ʚʽʪʨʦʚʦʾ ʪʘ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ 

ʫ ʚʠʧʘʜʢʫ ʟʝʣʝʥʦʛʦ ʚʦʜʥʶ. ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʝʣʝʢʪʨʦʣʽʟʫ, ʟʝʣʝʥʠʡ ʚʦʜʝʥʴ ʪʘʢʦʞ ʤʦʞʥʘ 

ʚʠʨʦʙʣʷʪʠ ʰʣʷʭʦʤ ʧʘʨʦʚʦʾ ʢʦʥʚʝʨʩʽʾ ʙʽʦʤʝʪʘʥʫ ʪʘ ʧʽʨʦʣʽʟʫ ʙʽʦʛʝʥʥʦʾ ʩʠʨʦʚʠʥʠ. ɿʝʣʝʥʠʡ 

ʚʦʜʝʥʴ ð ʮʝ ʥʘʡʯʠʩʪʽʰʠʡ ʩʧʦʩʽʙ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʟ ʥʘʡʤʝʥʰʠʤʠ (ʙʣʠʟʴʢʠʤʠ ʜʦ ʥʫʣʷ) 

ʚʠʢʠʜʘʤʠ CO2. 

ɹʣʘʢʠʪʥʠʡ ʚʦʜʝʥʴ ï ʧʘʨʦʚʠʡ ʨʠʬʦʨʤʽʥʛ, ʫʣʦʚʣʶʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʮʶ. 

ɹʣʘʢʠʪʥʠʡ ʚʦʜʝʥʴ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʨʦʟʱʝʧʣʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ ʚʦʜʝʥʴ ʽ CO2, 

ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʦʚʦʾ ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʫ (SMR). CO2 ʥʝ ʚʠʢʠʜʘʻʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ, 

ʘ ʚʣʦʚʣʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʽ ʟʙʝʨʽʛʘʻʪʴʩʷ. ʎʝʡ ʧʨʦʮʝʩ ʫʣʦʚʣʶʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʮʶ 

(CCS) ʧʦʤôʷʢʰʫʻ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʉʽʨʠʡ ʚʦʜʝʥʴ ï ʚʠʨʦʙʣʷʻʪʴʩʷ ʟ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. ʉʽʨʠʡ ʚʦʜʝʥʴ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʦʜʽʙʥʦ 

ʜʦ ʙʣʘʢʠʪʥʦʛʦ ʚʦʜʥʶ ʟ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ, ʥʘʧʨʠʢʣʘʜ ʚʫʛʽʣʣʷ ʘʙʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ʆʜʥʘʢ 

ʚʠʢʠʜʠ ʚʫʛʣʝʮʶ ʚʠʢʠʜʘʶʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ, ʱʦ ʨʦʙʠʪʴ ʮʶ ʪʝʭʥʦʣʦʛʽʶ ʤʝʥʰ ʙʝʟʧʝʯʥʦʶ ʜʣʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʈʦʙʦʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫ ʚʦʜʥʝʚʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. ʈʦʙʦʪʠʟʘʮʽʷ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚ ʫʩʽ 

ʢʣʶʯʦʚʽ ʝʪʘʧʠ ʚʦʜʥʝʚʦʾ ʝʢʦʥʦʤʽʢʠ: 

¶ ɻʝʥʝʨʘʮʽʷ ʚʦʜʥʶ: ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʶʪʴ ʧʨʦʮʝʩʘʤʠ ʝʣʝʢʪʨʦʣʽʟʫ ʘʙʦ 
ʛʘʟʠʬʽʢʘʮʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʦʯʥʽʩʪʴ ʽ ʢʦʥʪʨʦʣʴ. 
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¶ ɿʙʝʨʽʛʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ: ʈʦʙʦʪʠ ʜʦʧʦʤʘʛʘʶʪʴ ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ 

ʚʠʩʦʢʦʪʠʩʢʦʚʠʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ 

ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ. 

¶ ɿʘʧʨʘʚʢʘ ʪʨʘʥʩʧʦʨʪʫ: ʅʘ ʟʘʧʨʘʚʥʠʭ ʩʪʘʥʮʽʷʭ ʨʦʙʦʪʠʟʦʚʘʥʽ ʤʘʥʽʧʫʣʷʪʦʨʠ 
ʟ'ʻʜʥʫʶʪʴ ʙʘʢ ʘʚʪʦʤʦʙʽʣʷ ʟ ʩʠʩʪʝʤʦʶ ʧʦʜʘʯʽ ʚʦʜʥʶ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʰʚʠʜʢʽʩʪʴ ʽ 

ʙʝʟʧʝʢʫ.  

ɺʠʢʣʠʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ. ʍʦʯʘ ʚʦʜʥʝʚʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, 

ʽʩʥʫʶʪʴ ʽ ʧʝʚʥʽ ʧʝʨʝʰʢʦʜʠ: 

¶ ɽʥʝʨʛʦʟʘʪʨʘʪʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ: ʆʩʦʙʣʠʚʦ ʜʣʷ ʟʝʣʝʥʦʛʦ ʚʦʜʥʶ. 

¶ ɺʘʨʪʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ: ʉʪʚʦʨʝʥʥʷ ʤʝʨʝʞʽ ʚʦʜʥʝʚʠʭ ʩʪʘʥʮʽʡ ʽ ʨʝʟʝʨʚʫʘʨʽʚ ʻ 
ʜʦʨʦʛʦʚʘʨʪʽʩʥʠʤ. 

¶ ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʢʣʘʜʥʽʩʪʴ: ʈʦʙʦʪʠʟʘʮʽʷ ʚʠʤʘʛʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʝʨʝʜʦʚʠʭ 

ʩʝʥʩʦʨʽʚ, ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʙʝʟʧʝʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʽʥʪʝʨʝʩ ʜʦ ʚʦʜʥʝʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ. ʇʨʦʚʽʜʥʽ ʢʨʘʾʥʠ 

ʩʚʽʪʫ ʽʥʚʝʩʪʫʶʪʴ ʫ ʨʦʟʨʦʙʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘʜʞʝ ʚʦʜʝʥʴ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʷʢ ʢʣʶʯʦʚʠʡ ʝʣʝʤʝʥʪ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ ʜʦ ʚʫʛʣʝʮʝʚʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ. 

ɺʠʩʥʦʚʦʢ. ɺʦʜʥʝʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʨʦʙʦʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭʥʶ 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʻ ʢʣʶʯʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʫ ʛʣʦʙʘʣʴʥʦʤʫ ʧʝʨʝʭʦʜʽ ʜʦ ʩʪʘʣʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ. ʅʘ ʪʣʽ ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʯʠʩʪʫ ʝʥʝʨʛʽʶ, ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʪʘ ʨʦʟʨʦʙʢʠ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʦʜʝʥʴ ʟʘʡʤʘʻ ʮʝʥʪʨʘʣʴʥʝ ʤʽʩʮʝ ʚ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ʈʦʟʚʠʪʦʢ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫ ʮʽʡ ʩʬʝʨʽ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʚʦʜʥʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.  

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʨʠʚ ʫ ʚʦʜʥʝʚʽʡ ʝʥʝʨʛʝʪʠʮʽ. ʉʫʯʘʩʥʽ ʨʦʙʦʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʱʦ 

ʘʚʪʦʤʘʪʠʟʫʶʪʴ ʧʨʦʮʝʩʠ ʛʝʥʝʨʘʮʽʾ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʟʘʧʨʘʚʢʠ ʚʦʜʥʶ, ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʶʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ: 

¶ ɯʥʥʦʚʘʮʽʾ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʦʜʥʶ (ʟʦʢʨʝʤʘ ʟʝʣʝʥʦʛʦ ʚʦʜʥʶ) ʩʧʨʠʷʶʪʴ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʘ 
ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʪʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʣʽʟʦʤ ʽ ʛʘʟʠʬʽʢʘʮʽʻʶ 

ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ. 

¶ ʈʦʙʦʪʠʟʘʮʽʷ ʟʘʧʨʘʚʥʠʭ ʩʪʘʥʮʽʡ ʨʦʙʠʪʴ ʾʭ ʰʚʠʜʰʠʤʠ, ʙʝʟʧʝʯʥʽʰʠʤʠ ʪʘ ʟʨʫʯʥʽʰʠʤʠ 
ʜʣʷ ʪʨʘʥʩʧʦʨʪʫ. 

ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʚʦʜʥʶ ʚ ʪʨʘʥʩʧʦʨʪʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʽ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ. 

ɽʢʦʣʦʛʽʯʥʽ ʪʘ ʩʦʮʽʘʣʴʥʽ ʧʝʨʝʚʘʛʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʚʦʜʥʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ 

ʜʦʩʷʛʥʝʥʥʶ ʝʢʦʣʦʛʽʯʥʠʭ ʮʽʣʝʡ: 

¶ ɿʥʠʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. 

¶ ɿʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

¶ ʉʪʠʤʫʣʶʚʘʥʥʷ ʨʦʟʚʠʪʢʫ "ʟʝʣʝʥʦʾ" ʝʥʝʨʛʝʪʠʢʠ, ʱʦ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʩʝʨʝʜ ʥʘʩʝʣʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʟʘʚʜʷʢʠ 

ʟʤʝʥʰʝʥʥʶ ʣʶʜʩʴʢʦʛʦ ʚʪʨʫʯʘʥʥʷ ʫ ʩʢʣʘʜʥʽ ʡ ʥʝʙʝʟʧʝʯʥʽ ʧʨʦʮʝʩʠ. 
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ɽʌɽʂʊʀɺʅɯʉʊʔ ʋʃʆɺʃɽʅʅʗ ɺʋɻʃɽʂʀʉʃʆɻʆ ɻɸɿʋ ʋ 

ɺɯɼʎɽʅʊʈʆɺʆʄʋ ɸʇɸʈɸʊɯ 
ɺʩʪʫʧ. ʆʩʪʘʥʥʽ ʨʦʢʠ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʟʨʦʩʪʘʶʯʦʶ ʪʝʥʜʝʥʮʽʻʶ ʧʝʨʝʭʦʜʫ ʜʦ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ï ʧʨʘʛʥʝʥʥʷ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʪʘ ʽʥʰʠʭ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʥʘʰ ʯʘʩ 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʦʻʜʥʘʥʥʷ ʜʚʦʭ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ï ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ʎʝ 

ʟʦʙʦʚ'ʷʟʫʻ ʩʫʯʘʩʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʝʥʝʨʛʝʪʠʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʘʣʝ ʡ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʢʠʜʠ CO , ʱʦʙ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ.  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʘ ʝʥʝʨʛʝʪʠʢʘ, ʟʦʢʨʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʙʽʦʛʘʟʫ. ɹʽʦʛʘʟ ʚ ʦʩʥʦʚʥʦʤʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʪʘʥʫ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʧʨʠʯʦʤʫ 

ʯʘʩʪʢʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʤʦʞʝ ʩʷʛʘʪʠ 50%. ɺʠʜʘʣʝʥʥʷ ʉʆ2 ʟ ʙʽʦʛʘʟʫ ʜʦ ʩʧʘʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʪʝʧʣʦʪʚʦʨʥʫ ʟʜʘʪʥʽʩʪʴ ʧʘʣʠʚʘ, ʘ ʧʨʠ ʧʦʚʥʦʤʫ ʚʠʜʘʣʝʥʥʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʪʘ ʽʥʰʠʭ 

ʜʦʤʽʰʦʢ ʦʪʨʠʤʘʪʠ ʯʠʩʪʠʡ ʤʝʪʘʥ (ʙʽʦʤʝʪʘʥ). ɺʠʜʘʣʝʥʠʡ ʉʆ2 ʤʦʞʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʘʙʦ ʫʪʠʣʽʟʫʚʘʪʠ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʧʘʨʥʢʦʚʦʛʦ ʝʬʝʢʪʫ. 

 ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʚʠʜʘʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʽ: ʤʝʤʙʨʘʥʠ 

ʪʘ ʘʙʩʦʨʙʮʽʡʥʽ ʢʦʣʦʥʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʙʩʦʨʙʮʽʡʥʠʭ ʢʦʣʦʥ ʧʨʦʮʝʩ ʤʦʞʥʘ 

ʨʝʘʣʽʟʫʚʘʪʠ ʫ ʚʽʜʮʝʥʪʨʦʚʦʤʫ ʘʧʘʨʘʪʽ [1]. ʋ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʚʽʜʮʝʥʪʨʦʚʘ ʫʩʪʘʥʦʚʢʘ ʢʦʤʧʘʢʪʥʘ, ʩʧʦʞʠʚʘʻ ʤʘʣʦ ʝʥʝʨʛʽʾ ʽ ʤʘʻ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʘʭʫʥʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʫʣʦʚʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ ʫ ʚʽʜʮʝʥʪʨʦʚʽʡ ʫʩʪʘʥʦʚʮʽ. 

 ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʫʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩ. 1. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫʩʪʘʥʦʚʢʠ ʪʘ ʢʦʥʪʘʢʪʫʶʯʠʭ ʨʝʯʦʚʠʥ, 

ʙʫʣʦ ʨʦʟʨʘʭʫʥʢʦʚʦ ʜʦʩʣʽʜʞʝʥʦ ʦʙôʻʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ kyae, ʝʬʝʢʪʠʚʥʫ ʧʣʦʱʫ 

ʤʘʩʦʦʙʤʽʥʫ ae, ʘ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʛʘʟʦʚʦʾ ʬʘʟʠ ky. ʋ ʣʽʪʝʨʘʪʫʨʽ ʨʦʟʛʣʷʥʫʪʘ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʘʙʩʦʨʙʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʫʣʦʚʣʝʥʥʷ ʉʆ2[2]. ʆʜʥʠʤʠ ʽʟ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʟʘʟʥʘʯʝʥʽ MEA(ʤʦʥʦʝʪʘʥʦʣʘʤʽʥ), PZ(ʧʽʧʝʨʘʟʠʥ), NaOH. 

 

 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʘʧʘʨʘʪʫ ʜʣʷ ʚʣʦʚʣʶʚʘʥʥʷ ʉʆ2 

1 ï ʢʦʨʧʫʩ; 2 ï ʧʦʜʘʯʘ ʛʘʟʫ; 3 ï ʧʦʨʦʞʥʠʩʪʠʡ ʚʘʣ; 4 ï ʦʙʝʨʪʦʚʽ ʜʠʩʢʠ; 5 ï ʩʽʪʯʘʩʪʘ 

ʥʘʩʘʜʢʘ; 6 ï ʧʦʜʘʯʘ ʨʽʜʠʥʠ; 7 ï ʢʘʥʘʣ ʜʣʷ ʚʽʜʚʝʜʝʥʥʷ ʨʽʜʠʥʠ; 8 ï ʧʽʜʰʠʧʥʠʢʠ; 9 ï ʰʢʽʚ; 10 
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ï ʚʽʜʚʝʜʝʥʥʷ ʛʘʟʫ; 11 ï ʫʱʽʣʴʥʝʥʥʷ. 

ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷʛʘʻ ʫ ʦʙʯʠʩʣʝʥʥʽ ʚʽʜʥʦʰʝʥʥʷ ʤʦʣʴʥʠʭ ʯʘʩʪʦʢ ʉʆ2, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʰʠʨʝʥʫ ʫ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʦʙôʻʤʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ ʤʘʩʦʚʽʜʜʘʯʽ[3]: 

ὰὲ˞˛
̖̃

˞˛
̖̃̉  ȟ     (1) 

ʜʝ G ï ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʛʘʟʫ, ʤ3/ʭʚ ; r1, r2 ï ʚʥʫʪʨʽʰʥʽʡ ʪʘ ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ ʧʘʢʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ, ʤ; h ï ʦʩʴʦʚʘ ʜʦʚʞʠʥʘ ʧʘʢʫʚʘʥʥʷ, ʤ ; yco2 ï ʤʦʣʴʥʘ ʯʘʩʪʢʘ ʉʆ2 ʫ ʛʘʟʦʚʽʡ ʬʘʟʽ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʦʙôʻʤʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʤʘʩʦʚʽʜʜʘʯʽ, ʝʬʝʢʪʠʚʥʦʾ ʧʣʦʱʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪ 

ʤʘʩʦʚʽʜʜʘʯʽ ʛʘʟʦʚʦʾ ʬʘʟʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʢʦʨʝʣʷʮʽʾ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʱʦ ʟʘʟʥʘʯʝʥʽ 

ʫ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ[4]. 

ʆʙôʻʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʷʢ: 

Ὧὥ πȟπρπψρὙὩȟ ὡὩȟ Ὃὥȟ     (2) 

ʜʝ ReG ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʛʘʟʦʚʦʾ ʬʘʟʠ; WeL ï ʢʨʠʪʝʨʽʡ ɺʝʙʝʨʘ ʜʣʷ ʨʽʜʢʦʾ ʬʘʟʠ;  G ï 

ʯʠʩʣʦ ɻʘʣʽʣʝʷ. 

ʈʦʟʨʘʭʫʥʦʢ ʝʬʝʢʪʠʚʥʦʾ ʧʣʦʱʽ ʤʘʩʦʦʙʤʽʥʫ: 

ὥ πȟπρπψρὙὩȟ ὡὩȟ Ὃὥȟ     (3) 

ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʫ ʤʘʩʦʚʽʜʜʘʯʽ ʛʘʟʦʚʦʾ ʬʘʟʠ: 

Ὧὥ πȟπψψςχὙὩȟ ὡὩȟ Ὃὥȟ     (4) 

ɹʝʟʨʦʟʤʽʨʥʽ ʢʨʠʪʝʨʽʾ ʦʙʯʠʩʣʶʚʘʣʠʩʴ ʟʛʽʜʥʦ ʽʟ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʽʜʮʝʥʪʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ 

ɺʠʩʥʦʚʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʩʦʦʙʤʽʥʫ ʫ ʚʽʜʮʝʥʪʨʦʚʽʡ ʫʩʪʘʥʦʚʮʽ 

ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʮʝʥʪʨʦʚʠʡ ʘʧʘʨʘʪ ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʩʝʙʝ ʷʢ ʧʨʘʮʝʟʜʘʪʥʫ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʫ 

ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ ʫʣʦʚʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʷʢʘ ʤʦʞʝ ʩʪʘʪʠ ʛʽʜʥʦʶ ʟʘʤʽʥʦʶ ʪʨʘʜʠʮʽʡʥʠʤ 

ʪʝʭʥʦʣʦʛʽʷʤ. ʄʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʛʘʟʫ 

ʟʥʘʯʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʻ ʥʘ ʤʘʩʦʦʙʤʽʥ. ɿʙʽʣʴʰʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʚʝʣʠʯʠʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ kyae,, ae, ʪʘ ky, ʱʦ ʤʦʞʥʘ ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʩʦʧʝʨʝʜʘʯʽ.  

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 
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2. Wei Zhang, Peng Xie, Yuxing Li, Lin Teng, Jianlu Zhu / Hydrodynamic characteristics and mass transfer performance of rotating packed 

bed for CO2 removal by chemical absorption // Journal of Natural Gas Science and Engineering 79, 2020. 

3. Majeed Jasim, Dag Eimer, Gary Rochelle / Carbon Dioxide Absorption and Desorption in Aqueous Monoethanolamine Solution in a 

Rotating Packed Bed // Industrial and Engineering Chemistry Research 46, Vol. 46, ˉ 9, 2007. 

4. Youzhi Liu, Fagfang Zhang, Deyin Gu, Guisheng Qi, Weizhou Jiao, Xiaoyan Chen / Gass-Phase Mass Transfer Characteristics in a Counter 

Airflow Shear Rotating Packed Bed // The Canadian Journal of Chemical Engineering, Vol. 94, 2016. 
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ʋɼʂ 622.276.6 

ɹʦʙʝʨ ɺʦʣʦʜʠʤʠʨ ʉʝʨʛʽʡʦʚʠʯ, ʩʪʫʜʝʥʪ 2 ʢʫʨʩʫ ʤʘʛʽʩʪʨʘʪʫʨʠ,  

ʗʢʦʚʣʻʚʘ ɸʥʥʘ ɺʘʣʝʨʽʾʚʥʘ, ɼʦʮ., ʩʪ. ʜʦʩʣ., ʢ.ʪ.ʥ.,  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

Cʋʏɸʉʅɯ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅɯ ʊɽʍʅʆʃʆɻɯɰ ʇɽʈɽʈʆɹʂʀ 

ɺʊʆʈʀʅʅʆɰ ʉʀʈʆɺʀʅʀ ɼʃʗ ʆɼɽʈɾɸʅʅʗʄʆʊʆʈʅʀʍ ʇɸʃʀɺ 

ɺʩʪʫʧ 

ʇʝʨʝʨʦʙʢʘ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʦʪʦʨʥʠʭ ʧʘʣʠʚ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʠʭ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʤ ʩʫʯʘʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʪʘ ʝʥʝʨʛʝʪʠʢʠ. ʋ 

ʛʣʦʙʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʚʽʜʭʦʜʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʤʠʩʣʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʩʧʦʞʠʚʘʥʥʷ ʪʦʚʘʨʽʚ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʩʪʘʚʠʪʴ ʧʝʨʝʜ 

ʣʶʜʩʪʚʦʤ ʚʘʞʣʠʚʝ ʟʘʚʜʘʥʥʷ ð ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʚʽʜʭʦʜʽʚ ʷʢ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʫʪʠʣʽʟʘʮʽʾ, ʪʘʢʽ ʷʢ ʩʧʘʣʶʚʘʥʥʷ ʘʙʦ ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʯʘʩʪʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʠʭ ʽ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʭ ʩʧʦʩʦʙʽʚ ʧʝʨʝʨʦʙʢʠ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʚ ʤʦʪʦʨʥʽ ʧʘʣʠʚʘ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʇʝʨʩʧʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʧʝʨʝʨʦʙʢʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ 

ʛʽʜʨʦʛʝʥʽʟʘʮʽʷ, ʧʽʨʦʣʽʟ, ʙʽʦʧʝʨʝʨʦʙʢʘ ʪʘ ʽʥʰʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʥʘ 

ʝʢʦʣʦʛʽʶ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʚʽʜʭʦʜʠ ʚ ʧʘʣʠʚʦ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ. ɺʦʜʥʦʯʘʩ, ʮʽ ʤʝʪʦʜʠ ʚʽʜʢʨʠʚʘʶʪʴ 

ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʟʥʠʞʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʚʠʢʦʧʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ ʥʘʬʪʘ ʪʘ ʛʘʟ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ʇʝʨʝʨʦʙʢʘ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʦʪʦʨʥʠʭ ʧʘʣʠʚ ̒  ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ 

ʥʘʧʨʷʤʢʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʩʷʛʽʚ ʚʽʜʭʦʜʽʚ ʫ 

ʩʚʽʪʽ, ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʚ ʝʬʝʢʪʠʚʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʤʝʪʦʜʘʭ ʾʭ ʧʝʨʝʨʦʙʢʠ. 

ɺʠʨʦʙʥʠʮʪʚʦ ʤʦʪʦʨʥʠʭ ʧʘʣʠʚ ʟ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʪʘ ʩʠʥʪʝʪʠʯʥʠʭ ʚʽʜʭʦʜʽʚ ʫ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʨʦʙʢʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ: ʛʽʜʨʦʛʝʥʽʟʘʮʽʷ, ʧʽʨʦʣʽʟ, 

ʛʘʟʠʬʽʢʘʮʽʷ, ʙʽʦʧʝʨʝʨʦʙʢʘ. 

ɻʽʜʨʦʛʝʥʽʟʘʮʽʷ. ɻʽʜʨʦʛʝʥʽʟʘʮʽʷ ð ʮʝ ʧʨʦʮʝʩ ʦʙʨʦʙʣʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʦʜʥʝʤ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʠʩʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʽʜʢʽ ʚʫʛʣʝʚʦʜʥʝʚʽ ʩʧʦʣʫʢʠ, 

ʧʦʜʽʙʥʽ ʜʦ ʥʘʬʪʠ. ʎʝʡ ʤʝʪʦʜ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ, 

ʪʘʢʠʭ ʷʢ ʧʣʘʩʪʤʘʩʠ, ʛʫʤʘ, ʙʽʦʤʘʩʘ. 

ɻʽʜʨʦʛʝʥʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʘʣʠʚʘ, ʷʢʽ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ ʧʦʜʽʴʥʠʤʠ ʜʦ 

ʪʨʘʜʠʮʽʡʥʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʝʧʣʦʪʫ ʟʛʦʨʘʥʥʷ ʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʚ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. ʆʜʥʘʢ ʧʨʦʮʝʩ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʝʥʝʨʛʦʻʤʥʽʩʪʶ 

ʪʘ ʚʘʨʪʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʝʙʫʻ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʠʩʢʫ, ʱʦ ʟʙʽʣʴʰʫʻ ʚʠʪʨʘʪʠ 

ʥʘ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʽʨʦʣʽʟ. ʇʽʨʦʣʽʟ ð ʮʝ ʪʝʨʤʽʯʥʠʡ ʨʦʟʢʣʘʜ ʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʥʦʚʥʦʶ ʫʤʦʚʦʶ 

ʷʢʦʛʦ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʢʠʩʥʶ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʽʨʦʣʽʟʫ ʫʪʚʦʨʶʶʪʴʩʷ ʛʘʟʦʧʦʜʽʙʥʽ, ʨʽʜʢʽ ʪʘ ʪʚʝʨʜʽ 

ʧʨʦʜʫʢʪʠ, ʚʢʣʶʯʘʶʯʠ ʩʠʥʪʝʪʠʯʥʝ ʧʘʣʠʚʦ, ̫ ʢʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʜʚʠʛʫʥʽʚ. 

ʇʽʨʦʣʽʟ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʨʦʙʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʧʣʘʩʪʠʢ, ʛʫʤʘ ʪʘ ʙʽʦʤʘʩʘ, ʧʨʠ ʮʴʦʤʫ ʝʥʝʨʛʽʷ ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʙʝʟ 
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ʜʦʩʪʫʧʫ ʢʠʩʥʶ, ɦ ʦ ʟʥʠʞʫʻ ʚʠʢʠʜʠ h ʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʆʜʥʘʢ ʜʣʷ ʢʦʥʪʨʦʣʶ 
ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ ʧʦʪʨʽʙʥʝ ʩʧʝʮʽʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʜʦʨʦʛʠʤ. 

ʇʨʦʜʫʢʪʠ ʧʽʨʦʣʽʟʫ ʚʠʤʘʛʘʶʪʴ ʧʦʜʘʣʴʰʦʾ ʦʯʠʩʪʢʠ ʪʘ ʦʙʨʦʙʢʠ ʧʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʷʢ ʤʦʪʦʨʥʝ ʧʘʣʠʚʦ, ʘ ʧʨʦʮʝʩ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʫʪʚʦʨʝʥʥʷʤ ʪʦʢʩʠʯʥʠʭ ʛʘʟʽʚ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʾʭ ʦʯʠʱʝʥʥʷ. 

ɻʘʟʠʬʽʢʘʮʽʷ. ɻʘʟʠʬʽʢʘʮʽʷ ð ʮʝ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʩʠʨʦʚʠʥʠ ʚ 

ʛʘʟʦʧʦʜʽʙʥʝ ʧʘʣʠʚʦ, ʪʘʢʝ ʷʢ ʩʠʥʪʝʪʠʯʥʠʡ ʛʘʟ (ʩʠʥʪʝʟ-ʛʘʟ), ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟ 

ʚʦʜʥʶ, ʤʝʪʘʥʫ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ɼʣʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ 

ʚʽʜʭʦʜʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʙʽʦʤʘʩʫ ʪʘ ʧʣʘʩʪʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ. 

ɻʘʟʠʬʽʢʘʮʽʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʩʠʥʪʝʪʠʯʥʠʡ ʛʘʟ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʘʙʦ ʧʝʨʝʨʦʙʢʠ ʚ ʤʦʪʦʨʥʝ ʧʘʣʠʚʦ, ʽ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʻ ʟ 

ʥʠʟʴʢʦʢʘʣʦʨʽʡʥʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʦʙʩʷʛ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ, 

ʧʝʨʝʪʚʦʨʶʶʯʠ ʾʭ ʥʘ ʝʥʝʨʛʽʶ. ʆʜʥʘʢ ʧʨʦʮʝʩ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʉʠʥʪʝʟ-ʛʘʟ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ 

ʦʯʠʱʝʥʥʷ ʧʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫ ʜʚʠʛʫʥʘʭ ʘʙʦ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʘʣʠʚʘ, ʘ ʪʘʢʦʞ ʥʝ ʚʩʽ 

ʚʽʜʭʦʜʠ, ʟʦʢʨʝʤʘ ʪʽ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʚʦʜʠ ʯʠ ʪʦʢʩʠʯʥʽ ʜʦʤʽʰʢʠ, ʧʽʜʣʷʛʘʶʪʴ 

ʝʬʝʢʪʠʚʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ. 

ɹʽʦʧʝʨʝʨʦʙʣʝʥʥʷ. ɹʽʦʧʝʨʝʨʦʙʣʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ, 

ʪʘʢʠʭ ʷʢ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʙʽʦʤʘʩʘ, ʭʘʨʯʦʚʽ ʚʽʜʭʦʜʠ ʪʘ ʽʥʰʽ ʙʽʦʣʦʛʽʯʥʦ ʨʦʟʢʣʘʜʥʽ 

ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʦʝʪʘʥʦʣʫ, ʙʽʦʜʠʟʝʣʶ ʘʙʦ ʙʽʦʛʘʟʫ. 

ɹʽʦʧʘʣʠʚʦ ʻ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʟʙʽʣʴʰʫʻ ʚʠʢʠʜʠ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʘ ʪʘʢʦʞ ʻ ʚʽʜʥʦʚʣʶʚʘʥʠʤ ʨʝʩʫʨʩʦʤ, ʷʢʠʡ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʽʩʥʫʶʯʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘʭ ʙʝʟ ʟʥʘʯʥʠʭ ʟʤʽʥ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʆʜʥʘʢ ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦʧʘʣʠʚʘ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʦʥʢʫʨʝʥʮʽʾ ʟʘ ʟʝʤʣʶ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʾʞʽ, ʱʦ ʧʽʜʚʠʱʫʻ ʮʽʥʠ ʥʘ 

ʧʨʦʜʫʢʪʠ. ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʶʪʴ ʧʨʦʙʣʝʤʠ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʝʨʝʨʦʙʢʠ ʥʠʟʴʢʦʢʘʣʦʨʽʡʥʠʭ 

ʚʽʜʭʦʜʽʚ ʽ ʧʦʪʨʝʙʘ ʚ ʟʥʘʯʥʠʭ ʦʙʩʷʛʘʭ ʩʠʨʦʚʠʥʠ. ɯʥʪʝʥʩʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʜʣʷ 

ʚʠʨʦʱʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʤʦʞʝ ʪʘʢʦʞ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʊʘʙʣʠʮʷ 1 

ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʨʦʙʢʠ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ 
 

ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ɻʽʜʨʦʛʝʥʽʟʘʮʽʷ 

- ʇʦʢʨʘʱʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʪʝʨʤʽʥ 
ʟʙʝʨʽʛʘʥʥʷ ʞʠʨʽʚ. 

- ɿʥʠʞʫʻ ʚʤʽʩʪ ʪʨʘʥʩ ʞʠʨʽʚ ʫ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ. 

- ʇʽʜʚʠʱʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʨʠ ʩʤʘʞʝʥʥʽ ʪʘ ʚʠʧʽʯʮʽ. 

- ʄʦʞʝ ʫʪʚʦʨʶʚʘʪʠ h ʢʽʜʣʠʚʽ ʪʨʘʥʩ 
ʞʠʨʠ. 

- ɿʥʠʞʫʻ ʢʦʨʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʞʠʨʥʠʭ 

ʢʠʩʣʦʪ. 

- ʄʦʞʣʠʚʽ ʪʦʢʩʠʯʥʽ ʧʦʙʽʯʥʽ 

ʧʨʦʜʫʢʪʠ. 

- ɺʠʤʘʛʘʻ ʝʥʝʨʛʦʚʠʪʨʘʪ ʪʘ 
ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʽʨʦʣʽʟ 

- ʇʝʨʝʪʚʦʨʶʻ ʚʽʜʭʦʜʠ ʚ ʝʥʝʨʛʽʶ ʪʘ 

ʢʦʨʠʩʥʽ ʧʨʦʜʫʢʪʠ (ʪʚʝʨʜʠʡ ʟʘʣʠʰʦʢ, ʨʽʜʢʝ 

ʧʘʣʠʚʦ, ʛʘʟ). 

- ɿʥʠʞʫʻ ʦʙʩʷʛ ʚʽʜʭʦʜʽʚ, ʩʧʨʠʷʶʯʠ ʾʭ 

ʫʪʠʣʽʟʘʮʽʾ. 

- ɺʠʩʦʢʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʟʘʧʫʩʢ ʪʘ 

ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ. 

- ʄʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʪʦʢʩʠʯʥʠʭ 

ʛʘʟʽʚ ʽ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. 
- ʇʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʦʛʦ 
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- ʄʦʞʝ ʚʠʨʦʙʣʷʪʠ ʚʽʜʥʦʚʣʶʚʘʥʽ 
ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. 

- ʇʨʦʜʫʢʪʠ ʧʽʨʦʣʽʟʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʝʧʦʩʪʽʡʥʠʤʠ ʟʘ ʷʢʽʩʪʶ. 

ɻʘʟʠʬʽʢʘʮʽʷ 

- ʇʝʨʝʪʚʦʨʶʻ ʪʚʝʨʜʠʡ ʚʫʛʽʣʣʷ ʘʙʦ 

ʙʽʦʤʘʩʫ ʚ ʙʽʣʴʰ ʯʠʩʪʝ ʪʘ ʟʨʫʯʥʝ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʝʪʠʯʥʝ ʧʘʣʠʚʦ. 

- ʄʦʞʝ ʚʠʨʦʙʣʷʪʠ ʩʠʥʪʝʟ-ʛʘʟ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 
(ʝʥʝʨʛʽʷ, ʭʽʤʽʯʥʽ ʧʨʦʜʫʢʪʠ). 

- ɺʠʩʦʢʽ ʢʘʧʽʪʘʣʴʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʠʪʨʘʪʠ ʥʘ ʦʙʣʘʜʥʘʥʥʷ. 

- ʆʙʤʝʞʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ 
ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʚʫʛʽʣʣʷ ʘʙʦ ʙʽʦʤʘʩʠ. 

ɹʽʦʧʝʨʝʨʦʙʣʝʥʥʷ 

- ɺʠʨʦʙʣʷʻ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ (ʙʽʦʛʘʟ, ʙʽʦʝʪʘʥʦʣ). 

- ʇʽʜʪʨʠʤʫʻ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʪʘ 

ʝʢʦʥʦʤʽʢʫ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʫ. 

- ʇʦʪʨʝʙʫʻ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʦʨʛʘʥʽʯʥʦʾ ʩʠʨʦʚʠʥʠ. 

- ʄʦʞʝ ʤʘʪʠ ʦʙʤʝʞʝʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʫ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʘʭ. 

 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʨʦʙʢʠ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ: 

ʇʝʨʩʧʝʢʪʠʚʠ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʤʦʜʝʨʥʽʟʘʮʽʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʛʽʜʨʦʛʝʥʽʟʘʮʽʾ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʦʪʦʨʥʦʛʦ ʧʘʣʠʚʘ 

ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʽ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʫ. ʆʩʥʦʚʥʠʤʠ 

ʥʘʧʨʷʤʘʤʠ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʢʘʪʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽ 

ʪʠʩʢʦʚʠʭ ʫʤʦʚ, ʘ ʪʘʢʦʞ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʙʽʣʴʰ 

ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʽʚ. ʎʽ ʽʥʥʦʚʘʮʽʾ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʪʘ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʝʨʝʨʦʙʢʠ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʩʧʨʠʷʶʯʠ ʚʠʨʦʙʥʠʮʪʚʫ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʧʘʣʠʚʘ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʝʨʝʨʦʙʢʠ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʭʘʨʯʦʚʠʭ ʦʣʽʡ ʚ ʤʦʪʦʨʥʝ ʧʘʣʠʚʦ ʧʦʣʷʛʘʶʪʴ ʫ 

ʧʦʜʘʣʴʰʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʧʨʦʮʝʩʽʚ ʦʯʠʩʪʢʠ, ʛʽʜʨʦʛʝʥʽʟʘʮʽʾ ʪʘ ʦʯʠʱʝʥʥʷ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʧʘʣʠʚʘ. ʈʦʟʚʠʪʦʢ ʥʦʚʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʜʣʷ ʛʽʜʨʦʛʝʥʽʟʘʮʽʾ, ʽʥʪʝʛʨʘʮʽʷ 

ʧʦʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ  ̔ ʧʦʢʨʘʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʥʝ ʣʠʰʝ ʟʨʦʙʠʪʠ ʧʨʦʮʝʩ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʤ, ʘʣʝ ʡ ʟʥʠʟʠʪʠ ʝʢʦʣʦʛʽʯʥʠʡ 

ʚʧʣʠʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʣʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʦʣʽʡ ʷʢ ʨʝʩʫʨʩʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ. 

ɺʠʩʥʦʚʢʠ 
ʇʝʨʝʨʦʙʢʘ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʦʪʦʨʥʠʭ ʧʘʣʠʚ ʤʘʻ ʚʝʣʠʯʝʟʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʟʥʠʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʚʠʢʦʧʥʠʭ 

ʨʝʩʫʨʩʽʚ. ʂʦʞʝʥ ʟ ʤʝʪʦʜʽʚ ð ʛʽʜʨʦʛʝʥʽʟʘʮʽʷ, ʧʽʨʦʣʽʟ, ʛʘʟʠʬʽʢʘʮʽʷ, ʙʽʦʧʝʨʝʨʦʙʢʘ ð ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʩʠʨʦʚʠʥʠ, ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʘ 

ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. ʇʝʨʩʧʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʟʥʘʯʥʦ ʟʤʽʥʠʪʠ 

ʣʘʥʜʰʘʬʪ ʝʥʝʨʛʝʪʠʢʠ, ʟʥʠʞʫʶʯʠ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʽ ʩʪʚʦʨʶʶʯʠ ʩʪʽʡʢʽʰʽ ʩʠʩʪʝʤʠ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. 
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ʈʆɿɼɯʃ 4: ʅɸʋʂʆɺɯ ɼʆʉʃɯɼɾɽʅʅʗ ʄʆʃʆɼʀʍ ɺʏɽʅʀʍ 
 

ʋɼʂ 690.9 

ʉʢʚʦʨʮʦʚ ɼ.ɺ., 

ɿʝʤʩʴʢʠʡ ɼ.ʈ., ʜʦʮʝʥʪ  

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 
 

ʅɽʃɯʅɯʁʅɯ ʇʈʆʎɽʉʀ ɺ ʉʀʉʊɽʄɸʍ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ 
 

ɺʩʪʫʧ. ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʟʨʦʩʪʘʥʥʷʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ, ʚʢʣʶʯʘʶʯʠ ʧʦʙʫʪ, ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʪʘ ʽʥʰʽ ʘʩʧʝʢʪʠ ʣʶʜʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʛʝʥʝʨʫʻ ʛʘʨʤʦʥʽʢʠ 

ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʅʝʩʠʥʫʩʦʾʜʘʣʴʥʽ ʩʪʨʫʤʠ ʪʘ 

ʥʘʧʨʫʛʠ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʝʣʽʥʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʭ ʷʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ, ʦʙʝʨʪʦʚʽ 

ʝʣʝʢʪʨʠʯʥʽ ʤʘʰʠʥʠ, ʩʪʘʣʝʧʣʘʚʠʣʴʥʽ ʧʝʯʽ ʪʘ ʢʦʤʧʦʥʝʥʪʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧ'ʶʪʝʨʘʭ, ʙʣʦʢʘʭ ʞʠʚʣʝʥʥʷ ʪʘ ʝʣʝʢʪʨʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. 

ɺʧʣʠʚ ʛʘʨʤʦʥʽʢ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ ʟʥʘʯʥʠʡ: ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʧʝʨʝʰʢʦʜʠ ʚ ʨʦʙʦʪʽ 

ʢʝʨʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʧʦʨʦʜʞʫʚʘʪʠ ʪʝʣʝʬʦʥʥʽ ʧʝʨʝʰʢʦʜʠ, ʘ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ ʚ 

ʦʙʣʘʜʥʘʥʥʽ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʢʦʨʦʯʫʻ ʪʝʨʤʽʥ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʬʝʨʦʨʝʟʦʥʘʥʩʥʽ ʷʚʠʱʘ 

ʪʘ ʧʝʨʝʛʨʽʚ. ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʠʭ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʩʪʘʻ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ ʨʦʟʨʦʙʣʷʪʠ 

ʥʦʚʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʠʪʪʻʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʣʽʥʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʄʦʜʝʣʶʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ ʯʝʨʝʟ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʪʠʧʽʚ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʊʦʤʫ 

ʜʦʮʽʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ, ʷʢʘ ʙ ʜʦʟʚʦʣʷʣʘ ʚʠʟʥʘʯʘʪʠ ʧʘʨʘʤʝʪʨʠ ʦʙôʻʢʪʫ 

(ʦʙôʻʢʪʽʚ) ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʫ ʡʦʛʦ (ʾʭ) ʢʦʥʩʪʨʫʢʮʽʶ. ʊʦʙʪʦ, ʨʦʟʛʣʷʜʘʪʠ ʦʙôʻʢʪ ʘʙʦ ʾʭ ʩʫʢʫʧʥʽʩʪʴ ʷʢ çʯʦʨʥʫ 

ʩʢʨʠʥʶè, ʘ ʧʦʪʨʽʙʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʘʨʘʤʝʪʨʠ çʩʢʨʠʥʽè ʦʪʨʠʤʘʪʠ ʟʘ ʚʭʽʜʥʠʤʠ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ ʤʠʪʪʻʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʚʦʟʽʚ ʽ ʧʣʝʯʝʡ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʦʩʥʦʚʽ ʦʩʮʠʣʦʛʨʘʤ, ʱʦ ʦʪʨʠʤʘʥʽ 

ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʴ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ, ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʴʥʽʰʝ ʟʨʦʟʫʤʽʪʠ ʜʠʥʘʤʽʢʫ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʧʦʤʘʛʘʻ ʚ ʘʥʘʣʽʟʽ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʚʠʟʥʘʯʝʥʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʤʦʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʫ 

ʩʠʩʪʝʤʘʭ, ʪʘʢʠʭ ʷʢ ʩʧʦʪʚʦʨʝʥʥʷ ʥʘʧʨʫʛʠ, ʩʪʨʫʤʫ ʪʘ ʬʝʨʦʨʝʟʦʥʘʥʩʥʽ ʷʚʠʱʘ. ɺʠʷʚʣʝʥʥʷ ʪʘʢʠʭ ʧʨʦʙʣʝʤ 

ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ ʾʭ ʥʘʷʚʥʽʩʪʴ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʝʨʝʛʨʽʚʫ ʘʙʦ ʥʘʚʽʪʴ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʦʙʣʘʜʥʘʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʧʦʪʦʢʘʤʠ, ʱʦ ʧʽʜʚʠʱʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʪʦʯʥʽ ʜʘʥʽ ʧʨʦ ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ (ʜʠʚ. ʨʠʩ. 1) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʥʠʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʦʙʣʘʜʥʘʥʥʷ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

  

ʉʀɻʅɸʊʋʈɸ ɼɺʆʌɸɿʅʀʍ ʅɽɹɸʃɸʅʉʅʀʍ ʇʈʆɺɸʃɯɺ ʅɸʇʈʋɻʀ ɺ 

ʊʈʀʌɸɿʅʀʍ ɽʃɽʂʊʈʀʏʅʀʍ ʄɽʈɽɾɸʍ 
 

ɸʥʦʪʘʮʽʷ. ɺ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʚʦʬʘʟʥʠʭ ʥʝʙʘʣʘʥʩʥʠʭ ʧʨʦʚʘʣʽʚ 

ʥʘʧʨʫʛʠ ʚ ʪʨʠʬʘʟʥʽʡ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ, ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʡʚʣʝʪ - 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦ ʩʠʛʥʘʣʫ ʥʘʧʨʫʛʠ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʩʧʦʪʚʦʨʝʥʥʷ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʡʦʛʦ ʪʨʠʚʘʣʽʩʪʴ ʪʘ ʯʘʩ ʡʦʛʦ ʧʦʯʘʪʢʫ ʪʘ ʟʘʢʽʥʯʝʥʥʷ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʪʴʩʷ 

ʘʥʘʣʽʟ ʩʠʛʥʘʪʫʨʠ ʚʝʢʪʦʨʽʚ ʥʘʧʨʫʛʠ ʚ ʢʦʤʧʣʝʢʩʥʽʡ ʧʣʦʱʠʥʽ ʟʘ ʤʝʪʦʜʦʣʦʛʽʻʶ ʧʨʦʩʪʦʨʦʚʦʛʦ ʚʝʢʪʦʨʫ ʪʘ 

ʥʘʧʨʫʛʠ ʥʫʣʴʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʉʠʛʥʘʪʫʨʘ ʧʨʦʩʪʦʨʦʚʦʛʦ ʚʝʢʪʦʨʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʟʠʪʠʚʥʠʭ ʪʘ 

ʥʝʛʘʪʠʚʥʠʭ ʚʝʢʪʦʨʽʚ ʢʫʪʦʚʦʾ ʯʘʩʪʦʪʠ, ʘ ʧʦʪʽʤ ʩʣʽʜʫʻ ʟʘ ʝʣʽʧʩʦʤ ʫ ʢʦʤʧʣʝʢʩʥʽʡ ʧʣʦʱʠʥʽ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʨʽʟʥʽ ʪʠʧʠ ʧʨʦʚʘʣʽʚ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʽʧʩʫ ʪʘ ʥʘʧʨʫʛʠ ʥʫʣʴʦʚʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʷʢʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʜʚʦʬʘʟʥʽ ʧʨʦʚʘʣʠ ʥʘʧʨʫʛʠ, ʧʨʦʩʪʦʨʦʚʠʡ ʚʝʢʪʦʨ.  

Abstract. This paper proposes an approach to identify two-phase unbalanced voltage sags in a three-

phase electrical network. At the first stage, by applying the wavelet transform to the voltage signal of the 

electrical network, the presence of power quality distortion, its duration, and the time of its beginning and end 

are determined. At the second stage, an analysis of the voltage vector signature in the complex plane is carried 

out using the space vector and zero-sequence voltage methodology. The space vector signature consists of 

positive and negative angular frequency vectors, followed by an ellipse in the complex plane. It is shown that 

different types of sags can be identified using the characteristics of the ellipse and the zero-sequence voltage. 

Keywords: power quality, two-phase voltage sags, space vector. 

ɺʩʪʫʧ. ʗʢʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ (ʗɽɽ) - ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʪʫʧʽʥʴ ʾʾ ʧʨʠʜʘʪʥʦʩʪʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʣʦʞʝʥʴ ʧʫʥʢʪʫ 11.4.6 ʛʣʘʚʠ 11.4 ʨʦʟʜʽʣʫ XI ʂʦʜʝʢʩʫ ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʫ, 

ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʧʦʩʪʘʥʦʚʦʶ ʅʂʈɽʂʇ ʚʽʜ 14.03.2018 ˉ 310,  çé  ʧʘʨʘʤʝʪʨʠ ʗɽɽ ʚ ʪʦʯʢʘʭ ʧʨʠʻʜʥʘʥʥʷ 

ʩʧʦʞʠʚʘʯʽʚ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʧʘʨʘʤʝʪʨʘʤ, ʚʠʟʥʘʯʝʥʠʤ ʫ ɼʉʊʋ EN 

50160:2014: ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʫʛʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʟʘʛʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ (ʜʘʣʽ ï ɼʉʊʋ EN 50160:2014) è [1]. 

ʅʘʩʠʯʝʥʥʷ ʨʽʟʥʦʛʦ ʨʦʜʫ ʧʨʠʩʪʨʦʾʚ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʚ ɽʥʝʨʛʦʩʠʩʪʝʤʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʥʝ ʪʽʣʴʢʠ ʚʠʷʚʣʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʩʧʦʪʚʦʨʝʥʴ, ʘ ʽ ʣʽʢʚʽʜʘʮʽʾ 

ʾʭ ʚʧʣʠʚʫ ʥʘ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ. 

ʆʜʥʠʤ ʽʟ ʧʘʨʘʤʝʪʨʽʚ ʗɽɽ ʻ ʧʨʦʚʘʣʠ ʥʘʧʨʫʛʠ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʪʘʢʝ ʦʙʣʘʜʥʘʥʥʷ. 

ɼʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʗɽɽ (ʧʨʦʚʘʣʽʚ ʥʘʧʨʫʛʠ) ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʥʝʦʙʭʽʜʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʾʭ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʘ ʙ ʚʢʣʶʯʘʣʘ ʚ ʩʦʙʽ ʤʝʪʦʜʠ ʾʭ ʚʠʷʚʣʝʥʥʷ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ɿʘʚʜʷʢʠ ʩʚʦʻʯʘʩʥʽʡ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʚʘʣʽʚ ʥʘʧʨʫʛʠ ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʝʨʩʦʥʘʣ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʧʨʠʯʠʥʠ ʧʨʦʚʘʣʫ, ʤʽʩʮʝ ʥʝʩʧʨʘʚʥʦʩʪʽ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ.   

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʢʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʠʧʽʚ ʧʨʦʚʘʣʫ 

ʥʘʧʨʫʛʠ ʟ ʨʦʟʨʘʭʫʥʢʦʤ ʾʭ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʝʪʘʧʽʚ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʧʨʫʛʠ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ [2] ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʧʨʦʚʘʣʫ ʥʘʧʨʫʛʠ, ʯʘʩ ʡʦʛʦ ʧʦʯʘʪʢʫ ʪʘ ʟʘʢʽʥʯʝʥʥʷ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʪʠʧʫ ʧʨʦʚʘʣʫ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟʘ ʤʝʪʦʜʦʣʦʛʽʻʶ ʧʨʦʩʪʦʨʦʚʦʛʦ ʚʝʢʪʦʨʫ 

(ʤʝʪʦʜʫ ʂʣʘʨʢʘ) [3]. ɼʦ ʜʚʦʬʘʟʥʠʭ  ʧʨʦʚʘʣʽʚ ʥʘʧʨʫʛʠ ʚ ʪʨʠʬʘʟʥʠʭ ʤʝʨʝʞʘʭ ʚʽʜʥʦʩʷʪʴʩʷ ʧʨʦʚʘʣʠ ʪʠʧʫ 

C, E, G.  

ʇʨʦʚʘʣ ʪʠʧʫ ʉ. ʇʨʦʚʘʣ ʪʠʧʫ C ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʜʚʽ ʬʘʟʥʽ ʥʘʧʨʫʛʠ ʟʤʽʥʶʶʪʴʩʷ ʣʠʰʝ 
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ʚʟʜʦʚʞ ʫʷʚʥʦʾ ʦʩʽ (ʷʢ ʟʘ ʚʝʣʠʯʠʥʦʶ, ʪʘʢ ʽ ʟʘ ʢʫʪʦʤ).  

ʈʠʩʫʥʦʢ 1  ï ʇʨʦʩʪʦʨʦʚʽ ʚʝʢʪʦʨʠ ʧʨʦʚʘʣʫ 

ʪʠʧʫ E: Ea ï ʬʘʟʘ ɸ, Eb ï ʬʘʟʘ ɺ, Ec ï ʬʘʟʘ ʉ 

 ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩ. 1, ʤʘʣʘ ʚʽʩʴ ʝʣʽʧʩʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʣʠʙʠʥʠ ʧʨʦʚʘʣʫ ʥʘʧʨʫʛʠ ʧʨʠ h = 

0.85 ʟʥʘʯʝʥʥʷ 
ʤʽʥ

r  = 0.15, ʘ ʧʨʠ h = 0.2 ʟʥʘʯʝʥʥʷ 

ʤʽʥr  = 0.8 ʜʣʷ ʚʩʽʭ ʬʘʟ. ʂʫʪ ʥʘʭʠʣʫ ʝʣʽʧʩʘ ʬʘʟʠ 

ɸ - 
0ɗ 0

A
= , ʘ ʬʘʟʠ ɺ - 

0ɗ 60B=-  ʽ ʬʘʟʠ ʉ - 

0ɗ 120
ʉ
=- . ɯʟ ʨʠʩ. 1 ʦʯʝʚʠʜʥʦ, ʱʦ ʤʘʢʩR  ʜʣʷ 

ʚʩʽʭ ʬʘʟ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʛʣʠʙʠʥʠ ʧʨʦʚʘʣʫ ʥʘʧʨʫʛʠ. 

             ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʝʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʩʪʦʨʦʚʦʛʦ ʚʝʢʪʦʨʫ ʚʽʜ ʛʣʠʙʠʥʠ ʧʨʦʚʘʣʽʚ ʥʘʧʨʫʛʠ ʜʚʦʬʘʟʥʠʭ 

ʥʝʙʘʣʘʥʩʥʠʭ ʧʨʦʚʘʣʽʚ ʥʘʧʨʫʛʠ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ ʧʦʢʘʟʘʣʠ ʥʘʩʪʫʧʥʝ: ʪʨʠ ʪʠʧʠ ʜʚʦʬʘʟʥʠʭ ʧʨʦʚʘʣʽʚ 

ʥʘʧʨʫʛʠ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ  (C, E, G) ʤʦʞʥʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʘʚʜʷʢʠ ʜʚʦʤ ʧʘʨʘʤʝʪʨʘʤ:  

- ʥʘʧʨʫʛʘ ʥʫʣʴʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʣʷ ʧʨʦʚʘʣʫ ʪʠʧʫ ɽ ʽ 
0
( ) 0u t =  ʜʣʷ ʧʨʦʚʘʣʽʚ ʪʠʧʫ ʉ ̔ G; 

- ʚʝʣʠʢʘ ʚʽʩʴ ʝʣʽʧʩʘ, ʤʘʢʩ ʥʦʤR U=  ʜʣʷ ʧʨʦʚʘʣʫ ʪʠʧʫ ʉ ʽ ʤʘʢʩ ʥʦʤR U<  ʜʣʷ ʜʚʦʭ ʽʥʰʠʭ 

ʪʠʧʽʚ ʧʨʦʚʘʣʫ ʥʘʧʨʫʛʠ ï E, G. 

 

ɺʠʩʥʦʚʢʠ. 

1. ɼʣʷ ʜʚʦʬʘʟʥʠʭ ʧʨʦʚʘʣʽʚ ʥʘʧʨʫʛʠ ʪʠʧʫ C ʪʘ G ʟʤʽʥʥʘ h ʻ ʬʫʥʢʮʽʻʶ ʟʩʫʚʫ ʬʘʟʦʚʦʛʦ ʢʫʪʘ 

ʪʘ ʧʘʜʽʥʥʷ ʬʘʟ ʥʘʧʨʫʛʠ ʚ ʤʽʩʮʽ ʥʝʩʧʨʘʚʥʦʩʪʽ. ʑʦ ʦʟʥʘʯʘʻ ʥʝʧʨʘʚʠʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʛʣʠʙʠʥʠ ʧʨʦʚʘʣʫ. 

2. ʇʨʦʩʪʦʨʦʚʠʡ ʚʝʢʪʦʨ ʽ ʥʘʧʨʫʛʘ ʥʫʣʴʦʚʦʾ  ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʚʘʣʽʚ ʥʘʧʨʫʛʠ.   ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʤʘʣʫ ʚʽʩʴ ʝʣʽʧʩʘ ʤʽʥr  ʽ ʚʝʣʠʯʠʥʫ 

ʥʘʧʨʫʛʠ ʥʫʣʴʦʚʦʾ  ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʚʘʣʫ ʥʘʧʨʫʛʠ 

(ʤʘʣʘ ʚʽʩʴ ʝʣʽʧʩʘ ʤʝʥʰʘ ʟʘ ʥʦʤʽʥʘʣʴʥʫ ʥʘʧʨʫʛʠ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʧʨʦʚʘʣʽʚ ʚʽʜ A ʜʦ G). 

ʃʽʪʝʨʘʪʫʨʘ. 

 1.  ɼʉʊʋ ɽN 50160:2014 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʫʛʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ 

ʟʘʛʘʣʴʥʦʾ ʧʨʠʟʥʘʯʝʥʦʩʪʽ (ɽN 50160:2010, IDT). 

 2. ɺʦʣʦʰʢʦ ɸ.ɺ. ʋʟʘʛʘʣʴʥʝʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʥʘʷʚʥʦʩʪʽ ʩʧʦʪʚʦʨʝʥʴ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʊʝʭʥʽʯʥʘ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʘ. 2022, ˉ6, ʉ. 72 - 76. https://doi.org/10.15407/techned2022.06.072 

 3. Vanya Ignatova, Pierre Granjon, Seddik Bacha. Space vector method for voltage dips and swells 

analysis. IEEE Transactions on Power Delivery, 2009, 24 (4), pp.2054 - 2061. 

ff10.1109/TPWRD.2009.2028787ff. ffhal-00108164v1f. 

https://doi.org/10.15407/techned2022.06.072


 

198 

ʋɼʂ 621.317.318 

ʂʦʮʘʨ ʆ.ɺ., ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʂʘʩʴʷʥʝʥʢʦ ɭ.ʆ., ʤʘʛʽʩʪʨʘʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ̔ ʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʈʆʃʔʆɺɯ ʄʆɼɽʃɯ ʋʇʈɸɺʃɯʅʅʗ ʄɯʂʈʆʄɽʈɽɾɸʄʀ ɽʅɽʈɻɽʊʀʏʅʀʍ 

ʂʆʆʇɽʈɸʊʀɺɯɺ 
ɺʩʪʫʧ. ʋ ʩʝʨʧʥʽ 2024 ʨʦʢʫ ɺʝʨʭʦʚʥʦʶ ʈʘʜʦʶ ʋʢʨʘʾʥʠ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʟʤʽʥʠ ʜʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ 

ñʇʨʦ ʨʠʥʦʢ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾò [1] ʷʢʠʤʠ ʚʠʟʥʘʯʝʥʦ, ʟʦʢʨʝʤʘ, ʪʝʨʤʽʥʠ ñʤʽʢʨʦʤʝʨʝʞʘò, ñʢʦʨʠʩʪʫʚʘʯ 

ʤʽʢʨʦʤʝʨʝʞʽò, ñʦʩʪʨʽʚʥʠʡ ʨʝʞʠʤ ʤʽʢʨʦʤʝʨʝʞʽò. ʇʨʦʪʝ, ʱʝ ʥʘ ʝʪʘʧʽ ʦʪʨʠʤʘʥʥʷ ʟʘʢʦʥʦʧʨʦʻʢʪʫ 

ɺʝʨʭʦʚʥʦʶ ʈʘʜʦʶ ʥʘʫʢʦʚʦ-ʝʢʩʧʝʨʪʥʠʤ ʚʠʩʥʦʚʢʦʤ [2] ʜʦ ʚʠʱʝʟʛʘʜʘʥʦʛʦ ʟʘʢʦʥʫ ʙʫʣʦ ʚʠʩʫʥʫʪʦ ʥʠʟʢʫ 

ʟʘʫʚʘʞʝʥʴ. ɿʦʢʨʝʤʘ, ʝʢʩʧʝʨʪʠ ʟʘʟʥʘʯʠʣʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʦʚʽ ʪʝʨʤʽʥʠ, ʷʢʠʤʠ ʧʨʦʧʦʥʫʚʘʣʦʩʴ 

ʜʦʧʦʚʥʠʪʠ ɿʘʢʦʥ [1] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʫ ʷʢʦʩʪʽ ʚʠʟʥʘʯʝʥʴ ʽ ʜʘʣʽ ʧʦ ʪʝʢʩʪʫ ɿʘʢʦʥʫ ʚʟʘʛʘʣʽ ʥʝ 

ʟʛʘʜʫʶʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʫ ʟʘʢʦʥʦʜʘʚʯʦʤʫ ʚʠʤʽʨʽ ʥʝʤʘʻ ʟʘʛʘʣʴʥʦ ʚʠʟʥʘʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʥʘʧʨʠʢʣʘʜ, 

ʱʦ ʻ ñʛʨʫʧʘ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴò ʘʙʦ ñʟʜʘʪʥʽʩʪʴ ʤʽʢʨʦʤʝʨʝʞʽ ʧʨʘʮʶʚʘʪʠ ʧʘʨʘʣʝʣʴʥʦ ʟ ʆɽʉ 

ʋʢʨʘʾʥʠò, ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʟʤʽʚ ʾʾ ʨʝʘʣʽʟʘʮʽʾ. ʆʪʞʝ, ʧʦʩʪʘʻ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʠʭ 

ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʤʝʨʝʞʘʤʠ ʚ ʨʘʤʢʘʭ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʯʦʛʦ ʧʨʦʩʪʦʨʫ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʦʟʨʦʙʢʘ ʨʦʣʴʦʚʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʤʝʨʝʞʘʤʠ ʚ ʨʘʤʢʘʭ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ. 

ʄʘʪʝʨʽʘʣ ̔  ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʉʴʦʛʦʜʥʽ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʠʜʽʣʷʶʪʴ ʪʨʠ ʙʽʟʥʝʩ-ʤʦʜʝʣʽ 

ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʤʝʨʝʞʘʤʠ, ʘ ʩʘʤʝ: ʤʦʜʝʣʴ ʤʦʥʦʧʦʣʽʾ ʦʧʝʨʘʪʦʨʘ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ (Distribution System 

Operator Monopoly Model, DSOMM), ʢʦʥʩʦʨʮʽʫʤ ʧʨʦʩʶʤʝʨʽʚ (Prosumer Consortium, PC) ʪʘ ʤʦʜʝʣʴ 

ʚʽʣʴʥʦʛʦ ʨʠʥʢʫ (Free Market Model, FMM) [3, c.2]. ʇʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʛʣʷʥʫʪʠ ʮʽ ʙʽʟʥʝʩ-ʤʦʜʝʣʽ ʚ 

ʢʦʥʪʝʢʩʪʽ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʈʦʣʴʦʚʽ ʤʦʜʝʣʽ DSOMM (ʜʝ ʦʧʝʨʘʪʦʨʦʤ 

ʤʽʢʨʦʤʝʨʝʞʽ ʻ ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ, ʆʉʈ) ʪʘ FMM ʩʭʦʞʽ ʥʘ ʨʦʣʴʦʚʫ ʤʦʜʝʣʴ ʟʘʛʘʣʴʥʦʛʦ ʨʠʥʢʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʉʘʤʝ ʪʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʝʪʘʣʴʥʽʰʝ ʜʦʩʣʽʜʠʪʠ ʫʧʨʘʚʣʽʥʥʷ ʈʉ ʥʘ ʦʩʥʦʚʽ 

ʟʘʢʦʥʦʜʘʚʯʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʧʨʦʮʝʩʽʚ ʫʪʚʦʨʝʥʥʷ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʢʦʦʧʝʨʘʪʠʚʽʚ. 

ʄʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʤʝʨʝʞʘʤʠ ʈʉ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʶʨʠʜʠʯʥʦʛʦ ʦʙôʻʜʥʘʥʥʷ 

ʩʧʦʞʠʚʘʯʽʚ, ʚʠʨʦʙʥʠʢʽʚ ʽ ʦʧʝʨʘʪʦʨʽʚ ʫʩʪʘʥʦʚʦʢ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ (ʆʋɿɽ) ʪʘ ʧʝʨʝʜʘʯʫ ʫʧʨʘʚʣʽʥʥʷ 

ʤʽʢʨʦʤʝʨʝʞʝʶ ʘʛʨʝʛʘʪʦʨʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ DSOMM, ʜʝ ʆʉʈ ʤʘʻ ʟʥʘʯʥʠʡ ʨʽʚʝʥʴ ʤʦʥʦʧʦʣʽʾ, ʫ ʈʉ ʚʘʛʦʤʫ 

ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʩʘʤʝ ʚʠʨʦʙʥʠʢʠ, ʩʧʦʞʠʚʘʯʽ (ʟʦʢʨʝʤʘ, ʘʢʪʠʚʥʽ ʢʦʨʠʩʪʫʚʘʯʽ) ʪʘ ʆʋɿɽ. ɸʛʨʝʛʘʪʦʨ 

ʟʜʽʡʩʥʶʻ ʜʽʷʣʴʥʽʩʪʴ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʦʙôʻʜʥʘʥʥʽ ʦʜʠʥʠʮʴ ʘʛʨʝʛʘʮʽʾ (ʛʝʥʝʨʫʚʘʥʥʷ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ/ʘʙʦ 

ʥʘʢʦʧʠʯʝʥʥʷ / ʟʙʝʨʽʛʘʥʥʷ) ʟ ʤʝʪʦʶ ʟʘʢʫʧʽʚʣʽ / ʧʨʦʜʘʞʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʧʦʩʪʘʯʘʥʥʷ ʧʦʩʣʫʛ 

ʙʘʣʘʥʩʫʚʘʥʥʷ (ʇɹ) ʪʘ/ʘʙʦ ʜʦʧʦʤʽʞʥʠʭ ʧʦʩʣʫʛ (ɼʇ). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʯ.2 ʩʪ.302 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ ñʇʨʦ 

ʨʠʥʦʢ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾò ʘʛʨʝʛʘʪʦʨ ʤʦʞʝ ʘʛʨʝʛʫʚʘʪʠ ʦʜʥʫ ʘʙʦ ʜʝʢʽʣʴʢʘ ʦʜʠʥʠʮʴ ʘʛʨʝʛʘʮʽʾ [1]. ɸʢʪʠʚʥʽ 

ʩʧʦʞʠʚʘʯʽ ʟʜʝʙʽʣʴʰʦʛʦ ʧʝʨʝʩʣʽʜʫʶʪʴ ʜʚʽ ʛʦʣʦʚʥʽ ʤʝʪʠ: ʤʘʢʩʠʤʽʟʘʮʽʷ ʧʨʠʙʫʪʢʫ ʰʣʷʭʦʤ ʧʨʦʜʘʞʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʚʠʨʦʙʣʝʥʦʾ ʚʣʘʩʥʠʤʠ ʛʝʥʝʨʫʚʘʣʴʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʘʙʦ ʞ ʩʘʤʦʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʾʭ 

ʧʦʪʨʝʙ. ɺʠʨʦʙʥʠʢʠ ʪʘ ʆʋɿɽ ʤʦʞʫʪʴ ʤʘʪʠ ʪʘʢʦʞ ʜʚʘ ʚʘʨʽʘʥʪʠ: ʘʙʦ ʥʘʜʘʚʘʪʠ ʧʨʘʚʦ ʨʦʟʧʦʨʷʜʞʘʪʠʩʷ 

ʚʠʨʦʙʣʝʥʦʶ / ʥʘʢʦʧʠʯʝʥʦʶ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶ ʘʛʨʝʛʘʪʦʨʫ ʽ ʚʞʝ ʚʽʥ ʙʫʜʝ ʥʘ ʚʣʘʩʥʠʡ ʨʦʟʩʫʜ ʾʾ 

ʧʨʦʜʘʚʘʪʠ ʪʘ/ʘʙʦ ʧʦʩʪʘʯʘʪʠ ʇɹ ʪʘ/ʘʙʦ ɼʇ. ɯʥʰʠʡ ʚʘʨʽʘʥʪ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʠʨʦʙʥʠʢʠ ʪʘ ʆʋɿɽ 

ʤʦʞʫʪʴ ʩʘʤʦʩʪʽʡʥʦ ʧʨʦʜʘʚʘʪʠ ʚʣʘʩʥʫ ʚʠʨʦʙʣʝʥʫ / ʥʘʢʦʧʠʯʝʥʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʚ ʆʈɽ ʪʘ/ʘʙʦ ʧʦʩʪʘʯʘʪʠ 

ʧʦʩʣʫʛʠ ʥʘ ʙʘʣʘʥʩʫʚʘʣʴʥʦʤʫ ʨʠʥʢʫ (ɹʈ) ʪʘ/ʘʙʦ ʥʘ ʨʠʥʢʫ ʜʦʧʦʤʽʞʥʠʭ ʧʦʩʣʫʛ (ʈɼʇ). 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ ʤʝʞʘʭ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʤʝʨʝʞʝʶ ʟʘ ʤʦʜʝʣʣʶ ʈʉ ʩʪʚʦʨʶʚʘʪʠ 

ʱʦʥʘʡʤʝʥʰʝ ʜʚʽ ʘʛʨʝʛʦʚʘʥʽ ʛʨʫʧʠ (ʨʠʩ. 1). ʇʝʨʰʘ ʘʛʨʝʛʦʚʘʥʘ ʛʨʫʧʘ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʤʘʢʩʠʤʽʟʘʮʽʶ 

ʧʨʠʙʫʪʢʫ, ʘ ʦʪʞʝ ʚʠʨʦʙʥʠʢʠ, ʩʧʦʞʠʚʘʯʽ ʪʘ ʆʋɿɽ ʮʽʣʢʦʤ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʘʛʨʝʛʘʪʦʨʘ ʪʘ ʧʝʨʝʜʘʶʪʴ 

ʡʦʤʫ ʧʨʘʚʦ ʨʦʟʧʦʨʷʜʞʘʪʠʩʷ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʪʘ/ʘʙʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫʯʘʩʥʠʢʘʤʠ, 

ʟ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʧʨʠʙʫʪʢʫ. ɼʨʫʛʘ ʘʛʨʝʛʦʚʘʥʘ ʛʨʫʧʘ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʾʭ 

ʧʦʪʨʝʙ (ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ), ʘ ʚʽʜʥʦʩʥʦ ʚʠʨʦʙʥʠʢʽʚ ʯʠ ʆʋɿɽ ï ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʦʙʫʤʦʚʣʝʥʠʭ 

ʟʦʙʦʚôʷʟʘʥʴ ʱʦʜʦ ʧʨʦʜʘʞʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʯʠ ʧʦʩʪʘʯʘʥʥʷ ʇɹ ʪʘ/ʘʙʦ ɼʇ, ʘ ʥʘʜʣʠʰʢʘʤʠ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʤʦʞʫʪʴ ʨʦʟʧʦʨʷʜʞʘʪʠʩʷ ʥʘ ʚʣʘʩʥʠʡ ʨʦʟʩʫʜ. ɺʽʜʧʦʚʽʜʥʦ, ʚʠʭʦʜʷʯʠ ʟ ʮʽʣʝʡ 

ʫʯʘʩʥʠʢʽʚ ʚ ʢʦʥʢʨʝʪʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʚʦʥʠ ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʪʘ ʚʠʭʦʜʠʪʠ ʟ ʧʝʚʥʦʾ ʘʛʨʝʛʦʚʘʥʦʾ ʛʨʫʧʠ, 
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ʜʝʣʝʛʫʶʯʠ ʧʨʘʚʦ ʥʘ ʨʦʟʧʦʨʷʜʞʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶ, ʱʦ ʙʫʣʘ ʚʠʨʦʙʣʝʥʘ ʚʣʘʩʥʠʤʠ 

ʛʝʥʝʨʫʚʘʣʴʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʪʘ/ʘʙʦ ʟʙʝʨʝʞʝʥʘ ʚ ʋɿɽ ʘʙʦ ʞ ʨʦʟʧʦʨʷʜʞʘʪʠʩʷ ʥʝʶ ʩʘʤʦʩʪʽʡʥʦ. 

 

 
ʈʠʩʫʥʦʢ 1 ð ʈʦʣʴʦʚʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʤʝʨʝʞʝʶ ʈʉ / ʧʨʠʙʫʪʢʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʢʦʦʧʝʨʘʪʠʚʫ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʮʽʦʥʘʣʴʥʦʾ ʟʘʢʦʥʦʜʘʚʯʦʾ ʙʘʟʠ ʩʪʦʩʦʚʥʦ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʢʦʦʧʝʨʘʪʠʚʽʚ, ʘ ʩʘʤʝ: ʤʦʞʣʠʚʽʩʪʴ ʾʭʥʴʦʛʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ ñʇʨʦ ʢʦʦʧʝʨʘʮʽʶò 

[4] (ʚʠʢʣʶʯʥʦ ʥʝʧʨʠʙʫʪʢʦʚʽ ʢʦʦʧʝʨʘʪʠʚʠ) ʪʘ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ ñʇʨʦ ʩʧʦʞʠʚʯʫ ʢʦʦʧʝʨʘʮʽʶò [5] 

(ʤʦʞʣʠʚʠʡ ʚʘʨʽʘʥʪ ʦʪʨʠʤʘʥʥʷ ʧʨʠʙʫʪʢʫ), ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʜʚʦʭ ʨʽʟʥʠʭ ʨʦʣʴʦʚʠʭ 

ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʾʭʥʽʤʠ ʤʽʢʨʦʤʝʨʝʞʘʤʠ. ʋ ʚʠʧʘʜʢʫ ʧʨʠʙʫʪʢʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʦʧʝʨʘʪʠʚʫ 

ʜʦʮʽʣʴʥʦʶ ʙʘʯʠʪʴʩʷ ʤʦʜʝʣʴ ʈʉ. ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʥʝʧʨʠʙʫʪʢʦʚʦʛʦ ʢʦʦʧʝʨʘʪʠʚʫ, ʪʦ ʜʦʮʽʣʴʥʦ 

ʧʝʨʝʜʙʘʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʢʫʧʽʚʣʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʩʧʦʞʠʚʘʯʘ ʪʘ ʆʋɿɽ ʫ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʣʴʥʠʢʘ ʽʟ ʟʘʛʘʣʴʥʦʾ ʤʝʨʝʞʽ (ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʦʙʩʷʛ ʛʝʥʝʨʘʮʽʾ ʚ ʤʝʞʘʭ ʤʽʢʨʦʤʝʨʝʞʽ ʻ 

ʥʝʜʦʩʪʘʪʥʽʤ). ʊʘʢʦʞ ʚʘʨʪʦ ʧʝʨʝʜʙʘʯʠʪʠ ʨʦʣʴ ʪʨʝʡʜʝʨʘ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʨʦʙʥʠʢʘʤ ʪʘ ʆʋɿɽ 

ʤʽʢʨʦʤʝʨʝʞʽ ʧʨʦʜʘʚʘʪʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʜʦ ʟʘʛʘʣʴʥʦʾ ʤʝʨʝʞʽ (ʨʠʩ. 2). 

ʅʘʷʚʥʽʩʪʴ ʨʦʣʝʡ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʣʴʥʠʢʘ ʽ ʪʨʝʡʜʝʨʘ ʚʩʝʨʝʜʠʥʽ ʤʽʢʨʦʤʝʨʝʞʽ ʻ ʥʝʜʦʮʽʣʴʥʦʶ ʯʝʨʝʟ 

ʪʝ, ʱʦ ʩʧʦʞʠʚʘʯʽ ʤʦʞʫʪʴ ʥʘʧʨʷʤʫ ʦʙʤʽʥʶʚʘʪʠʩʴ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶ ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ 

ʢʦʦʧʝʨʘʪʠʚʫ. ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʥʝʧʨʠʙʫʪʢʦʚʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʢʦʦʧʝʨʘʪʠʚ ʥʝ ʤʘʻ ʥʘ ʤʝʪʽ ʦʪʨʠʤʘʥʥʷ 

ʧʨʠʙʫʪʢʫ, ʪʦ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ ʪʘʢʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʦʧʝʨʘʪʠʚʫ ʻ ʥʘʜʽʡʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶ, ʷʢʫ ʚʠʨʦʙʣʝʥʦ ʚʣʘʩʥʠʤʠ ʛʝʥʝʨʫʚʘʣʴʥʠʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʯ.7-9 ʩʪ.581 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ ñʇʨʦ ʨʠʥʦʢ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾò [1] ʘʢʪʠʚʥʽ 

ʩʧʦʞʠʚʘʯʽ (ʟʦʢʨʝʤʘ, ʝʥʝʨʛʝʪʠʯʥʽ ʢʦʦʧʝʨʘʪʠʚʠ) ʤʘʶʪʴ ʧʨʘʚʦ ʧʨʠʻʜʥʫʚʘʪʠ ʜʦ ʚʣʘʩʥʠʭ ʤʽʢʨʦʤʝʨʝʞ 

ʛʝʥʝʨʫʚʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʪʘ ʋɿɽ, ʱʦ ʥʘʣʝʞʘʪʴ ʪʨʝʪʽʤ ʦʩʦʙʘʤ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʫʧʫ ʚʩʴʦʛʦ 

ʚʠʨʦʙʣʝʥʦʛʦ ʥʠʤʠ ʦʙʩʷʛʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʜʘʞ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʨʦʙʣʝʥʘ 

ʛʝʥʝʨʫʚʘʣʴʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʪʨʝʪʽʭ ʦʩʽʙ ʪʘ/ʘʙʦ ʚʽʜʧʫʱʝʥʘ ʟ ʋɿɽ ʟʘ ʫʤʦʚʠ ʧʨʠʻʜʥʘʥʥʷ ʾʭ ʜʦ ʤʝʨʝʞ 

ʘʢʪʠʚʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʥʝ ʚʚʘʞʘʻʪʴʩʷ ʧʦʩʪʘʯʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʨʦʟʫʤʽʥʥʽ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ ñʇʨʦ 

ʨʠʥʦʢ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾò, ʘ ʦʪʞʝ ʥʝ ʧʦʪʨʝʙʫʻ ʦʪʨʠʤʘʥʥʷ ʣʽʮʝʥʟʽʾ ʟʘ ʫʤʦʚʠ ʥʝ ʧʝʨʝʚʠʱʝʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʻʜʥʘʥʠʭ ʜʦ ʤʽʢʨʦʤʝʨʝʞʽ ʘʢʪʠʚʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʛʝʥʝʨʫʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ 
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5 ʄɺʪ. 

 
ʈʠʩʫʥʦʢ 2 ð ʈʦʣʴʦʚʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʤʝʨʝʞʝʶ ʥʝʧʨʠʙʫʪʢʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʢʦʦʧʝʨʘʪʠʚʫ 

 

ʅʘʜʣʠʰʢʠ, ʷʢʽ ʥʝ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʘʢʪʠʚʥʠʤ ʩʧʦʞʠʚʘʯʝʤ, ʧʨʦʜʘʶʪʴʩʷ ʥʘ ʨʠʥʢʫ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʩʘʤʦʚʠʨʦʙʥʠʮʪʚʘ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ, ʪʦ ʫ ʧ.43 

ɼʠʨʝʢʪʠʚʠ 2019/944 ʚʚʦʜʠʪʴʩʷ ʪʘʢʝ ʧʦʥʷʪʪʷ ʷʢ ñʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾò 

(ñCommunity energy offers an inclusive option for all consumers to have a direct stake in producing, 

consuming or sharing energyò) [6]. ʇʽʜ ʩʧʽʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʨʦʟʫʤʽʻʪʴʩʷ ʦʙʤʽʥ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ, ʱʦ ʚʠʨʦʙʣʝʥʘ ʛʝʥʝʨʫʚʘʣʴʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʚ ʤʝʞʘʭ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʧʽʣʴʥʦʪʠ. ʂʨʽʤ 

ʪʦʛʦ, ʧ.46 ɼʠʨʝʢʪʠʚʠ 2019/944 ʜʦʟʚʦʣʷʻ ʦʙʤʽʥʶʚʘʪʠʩʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʥʝ ʟʥʘʭʦʜʷʯʠʩʴ ʚ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʬʽʟʠʯʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʛʝʥʝʨʫʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ [6], ʘʣʝ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʝʥʝʨʛʝʪʠʯʥʫ ʩʧʽʣʴʥʦʪʫ ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʤʽʢʨʦʤʝʨʝʞʝʶ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʽ ʨʦʣʴʦʚʽ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʤʝʨʝʞʘʤʠ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʟʘʢʦʥʦʜʘʚʯʦʾ ʙʘʟʠ ʱʦʜʦ ʤʦʜʝʣʝʡ ʤʽʢʨʦʤʝʨʝʞ ʪʘʢʠʭ ʷʢ ʧʨʠʙʫʪʢʦʚʽ ʪʘ ʥʝʧʨʠʙʫʪʢʦʚʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʢʦʦʧʝʨʘʪʠʚʠ. ʇʨʦʪʝ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʷʚʥʽ ʯʠʩʣʝʥʥʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʪʦʩʦʚʥʦ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʦʧʝʨʘʪʠʚʽʚ, ʫʪʚʦʨʝʥʥʷ ʽ ʜʽʷʣʴʥʽʩʪʴ ʷʢʠʭ ʩʴʦʛʦʜʥʽ ʨʝʛʫʣʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʘʨʽʣʦʾ 

ʟʘʢʦʥʦʜʘʚʯʦʾ ʙʘʟʠ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʨʽʟʥʠʭ ʢʦʦʧʝʨʘʪʠʚʽʚ (ʚʠʨʦʙʥʠʯʠʭ, ʦʙʩʣʫʛʦʚʫʚʘʣʴʥʠʭ, ʩʧʦʞʠʚʯʠʭ). 
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ɺʽʨʠʢ ɸ.ʆ., ʤʘʛʽʩʪʨ 

ʅʘʭʦʜʦʚ ɺ.ʌ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 
 

ʆʇʊʀʄɯɿɸʎɯʗ ɺɿɸɭʄʆɼɯɰ ʋʏɸʉʅʀʂɯɺ ɹɸʃɸʅʉʋʖʏʆɰ ɻʈʋʇʀ ɼʃʗ 

ʇɯɼɺʀʑɽʅʅʗ ɽʂʆʅʆʄɯʏʅʆɰ ɽʌɽʂʊʀɺʅʆʉʊɯ ʋʇʈɸɺʃɯʅʅʗ 

ɹɸʃɸʅʉʆʄ   
 
ɺʩʪʫʧ ʆʧʪʠʤʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʫʯʘʩʥʠʢʽʚ ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ ʻ ʢʣʶʯʦʚʦʶ ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʢʠ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ, ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʤʦʛʠ ʜʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʤʦʚʘʭ 

ʧʦʰʢʦʜʞʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʋʢʨʘʾʥʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʤʦʜʝʣʝʡ ʨʦʟʧʦʜʽʣʫ ʚʠʪʨʘʪ ʥʘ 

ʢʦʤʧʝʥʩʘʮʽʶ ʥʝʙʘʣʘʥʩʽʚ: ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʘʙʩʦʣʶʪʥʠʭ ʧʦʭʠʙʦʢ ʧʨʦʛʥʦʟʽʚ, ʧʨʦʧʦʨʮʽʡʥʦ ʪʘ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʭʘʨʘʢʪʝʨʫ ʥʝʙʘʣʘʥʩʽʚ ʫʯʘʩʥʠʢʽʚ ʪʘ ʛʨʫʧʠ ʚ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʰʪʨʘʬʠ ʪʘ ʚʠʥʘʛʦʨʦʜʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʠʪʴ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʙʘʣʘʥʩ ʤʽʞ ʩʪʘʙʽʣʴʥʽʩʪʶ ʨʦʙʦʪʠ ʛʨʫʧʠ ʽ ʟʥʠʞʝʥʥʷʤ ʚʠʪʨʘʪ ʫʯʘʩʥʠʢʽʚ 

ʥʘ ʢʦʤʧʝʥʩʘʮʽʶ, ʩʧʨʠʷʶʯʠ ʛʥʫʯʢʽʰʦʤʫ ʫʧʨʘʚʣʽʥʥʶ ʽ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʚʠʪʨʘʪ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʇʦʨʽʚʥʷʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʟʘʻʤʦʜʽʾ ʫʯʘʩʥʠʢʽʚ ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʥʘ ʢʦʤʧʝʥʩʘʮʽʶ ʥʝʙʘʣʘʥʩʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ.  

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ ʫʢʣʘʜʝʥʠʭ ʜʦʛʦʚʦʨʽʚ, ʫʯʘʩʥʠʢʠ ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ ʟʦʙʦʚ'ʷʟʘʥʽ ʥʘʜʘʪʠ ʦʧʝʨʘʪʦʨʫ ʛʨʫʧʠ 

ʧʦʛʦʜʠʥʥʽ ʛʨʘʬʽʢʠ ʟʘʷʚʣʝʥʠʭ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ 5 ʜʥʽʚ ʜʦ ʧʦʯʘʪʢʫ ʥʦʚʦʛʦ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʤʽʩʷʮʷ. ʎʽ ʛʨʘʬʽʢʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʽʚ ʟʘʢʫʧʽʚʣʽ ʙʘʟʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʦʩʥʦʚʥʠʭ ʦʧʪʦʚʠʭ 

ʧʨʦʜʘʚʮʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʇʈɸʊ çʋʂʈɻɯɼʈʆɽʅɽʈɻʆè, ɸʊ çʅɸɽʂ ɽʅɽʈɻʆɸʊʆʄè ʪʘ ɼʇ 

çɻɸʈɸʅʊʆɺɸʅʀʁ ʇʆʂʋʇɽʎʔè. ɺʽʜʧʦʚʽʜʥʘ ʟʘʢʫʧʽʚʣʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʘʫʢʮʽʦʥʥʠʡ ʬʫʥʢʮʽʦʥʘʣ, ʷʢʠʡ ʥʘʜʘʻ ʊʆɺ 

çʋʢʨʘʾʥʩʴʢʘ ʝʥʝʨʛʝʪʠʯʥʘ ʙʽʨʞʘè. ʎʝʡ ʧʨʦʮʝʩ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʬʽʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʨʦʙʦʪʠ ʛʨʫʧʠ ʪʘ ʪʦʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʦʧʠʪʫ ʪʘ ʧʨʦʧʦʟʠʮʽʾ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ, ʦʩʢʽʣʴʢʠ ʧʦʛʦʜʠʥʥʽ ʛʨʘʬʽʢʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ ʢʫʧʽʚʣʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʨʝʟʝʨʚʽʚ. ɺʯʘʩʥʝ ʧʦʜʘʥʥʷ ʪʘʢʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʢʫʧʽʚʣʶ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʽʥʰʠʭ ʩʝʛʤʝʥʪʘʭ ʨʠʥʢʫ. ɿʘʷʚʣʝʥʠʡ ʦʙʩʷʛ ʫʯʘʩʥʠʢʽʚ, ʱʦ ʧʝʨʝʚʠʱʫʻ 

ʦʙʩʷʛ ʟʘʢʫʧʽʚʣʽ ʙʘʟʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʦʧʪʦʚʠʭ ʧʨʦʜʘʚʮʽʚ ʜʦʢʫʧʦʚʫʻʪʴʩʷ ʥʘ ʈɼʅ, ɺɼʈ ʘʙʦ ʫ ʪʨʝʡʜʝʨʽʚ ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʝʨʝʧʨʦʜʘʞ ʦʙʩʷʛʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʛʽʜʥʦ ʜʚʦʩʪʦʨʦʥʥʽʭ ʜʦʛʦʚʦʨʽʚ. ʂʦʨʠʛʫʚʘʥʥʷ ʟʘʷʚʣʝʥʠʭ ʦʙʩʷʛʽʚ ʧʨʦʪʷʛʦʤ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʤʽʩʷʮʷ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʫʯʘʩʥʠʢʦʤ ʢʦʞʥʦʛʦ ʜʥʷ ʜʦ 17:00 ʥʘ ɼ+2, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʯʘʩʥʠʢʘʤ 

ʘʜʘʧʪʫʚʘʪʠ ʩʚʦʾ ʧʣʘʥʠ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʨʠʥʢʫ [2]. ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʫʩʽʤʘ ʫʯʘʩʥʠʢʘʤʠ ʛʨʫʧʠ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʧʽʜʪʨʠʤʢʠ ʙʘʣʘʥʩʫ ʤʽʞ ʚʠʨʦʙʥʠʮʪʚʦʤ ʽ ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʚ ʩʝʨʝʜʠʥʽ ʛʨʫʧʠ. ɻʨʘʬʽʯʥʦ ʟʦʙʨʘʟʠʤʦ ʛʨʘʬʽʢ ʟʘʢʫʧʽʚʣʽ ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ ʪʘ ʙʘʟʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʠʩʫʥʢʫ 1. 

ɺʽʜʩʦʪʦʢ ʥʝʙʘʣʘʥʩʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʤʽʞ ʧʦʪʝʥʮʽʡʥʦʶ ʚʠʛʦʜʦʶ ʥʘ ʨʠʥʢʫ çʥʘ ʜʦʙʫ ʥʘʧʝʨʝʜè (ʈɼʅ) ʪʘ 

ʚʠʪʨʘʪʘʤʠ/ʥʘʜʭʦʜʞʝʥʥʷʤʠ ʚʽʜ ʥʝʙʘʣʘʥʩʽʚ. ʎʝʡ ʚʽʜʩʦʪʦʢ ʚʽʜʦʙʨʘʞʘʻ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ, ʷʢʽ ʫʯʘʩʥʠʢ ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ ʥʝʩʝ 

ʯʝʨʝʟ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʘʷʚʣʝʥʠʭ ʦʙʩʷʛʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʯʠ ʛʝʥʝʨʘʮʽʾ [2-3]. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʝʙʘʣʘʥʩʫ, ʮʽ ʚʠʪʨʘʪʠ 

ʧʨʦʧʦʨʮʽʡʥʦ ʟʨʦʩʪʘʶʪʴ, ʚʧʣʠʚʘʶʯʠ ʥʘ ʢʽʥʮʝʚʫ ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ 1 ʢɺʪ*ʛʦʜ ʜʣʷ ʫʯʘʩʥʠʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʙʘʣʘʥʩʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʘʨʠʬʽʚ ʪʘʨʠʬʽʚ ʜʣʷ ʢʽʥʮʝʚʠʭ ʩʧʦʞʠʚʘʯʽʚ. 

 

ʈʠʩʫʥʦʢ 1 ï ʇʦʛʦʜʠʥʥʠʡ ʛʨʘʬʽʢ ʢʫʧʽʚʣʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ɹɻ 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʬʘʢʪʠʯʥʠʭ ʧʦʛʦʜʠʥʥʠʭ ʛʨʘʬʽʢʽʚ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʛʝʥʝʨʘʮʽʾ ʚʽʜ ʫʯʘʩʥʠʢʽʚ ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ, 

ʦʧʝʨʘʪʦʨ ʧʨʦʚʦʜʠʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʥʝʙʘʣʘʥʩʽʚ ʢʦʞʥʦʛʦ ʟ ʫʯʘʩʥʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʾʭ ʟʘʷʚʣʝʥʠʭ ʦʙʩʷʛʽʚ ʟʘ 
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ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʤʽʩʷʮʴ. 

ʇʝʨʰʠʡ ʤʝʭʘʥʽʟʤ ʢʦʤʧʝʥʩʘʮʽʾ ʥʝʙʘʣʘʥʩʽʚ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʾʭ ʭʘʨʘʢʪʝʨʽ, ʧʦʟʠʪʠʚʥʦʤʫ ʘʙʦ ʥʝʛʘʪʠʚʥʦʤʫ. ʅʝʙʘʣʘʥʩ 

ʚʚʘʞʘʻʪʴʩʷ ʧʦʟʠʪʠʚʥʠʤ, ʷʢʱʦ ʬʘʢʪʠʯʥʠʡ ʦʙʩʷʛ ʚʠʨʦʙʣʝʥʦʾ ʘʙʦ ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʙʽʣʴʰʠʡ ʟʘ ʟʘʷʚʣʝʥʠʡ, ʽ 

ʥʝʛʘʪʠʚʥʠʤ ð ʷʢʱʦ ʬʘʢʪʠʯʥʠʡ ʦʙʩʷʛ ʤʝʥʰʠʡ ʥʽʞ ʟʘʷʚʣʝʥʠʡ [3]. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʥʝʙʘʣʘʥʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ 

ʧʽʜʭʽʜ. 

1. ʗʢʱʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʥʝʙʘʣʘʥʩ ʫʯʘʩʥʠʢʘ ʪʘ ʟʘʛʘʣʴʥʠʡ ʥʝʙʘʣʘʥʩ ʛʨʫʧʠ ʤʘʶʪʴ ʨʽʟʥʠʡ ʭʘʨʘʢʪʝʨ: 

   ʋʯʘʩʥʠʢ ʦʪʨʠʤʫʻ ʢʦʤʧʝʥʩʘʮʽʶ ʚ ʨʦʟʤʽʨʽ 100% ʚʽʜ ʦʙʩʷʛʫ ʩʚʦʛʦ ʥʝʙʘʣʘʥʩʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʫʯʘʩʥʠʢ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʥʝʙʘʣʘʥʩʫ ʢʫʧʫʻ ʘʙʦ ʧʨʦʜʘʻ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʦʧʝʨʘʪʦʨʫ ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ ʟʘ ʮʽʥʦʶ ʈɼʅ, ʱʦ, ʻ 

ʚʠʛʽʜʥʽʰʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʽʥʘʤʠ ʥʘ ʙʘʣʘʥʩʫʶʯʦʤʫ ʨʠʥʢʫ.  

ʌʦʨʤʫʣʘ ʢʦʤʧʝʥʩʘʮʽʾ ʜʣʷ ʫʯʘʩʥʠʢʘ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὅ Ὅὓὄ Ȣ ρ 
   ʜʝ: 

- ὅ  ð ʦʙʩʷʛ ʢʦʤʧʝʥʩʘʮʽʾ ʜʣʷ ʫʯʘʩʥʠʢʘ; 

- Ὤ ð ʛʦʜʠʥʘ; 

- Ὠ ð ʜʝʥʴ; 

- Ὅὓὄ ð ʥʝʙʘʣʘʥʩ ʫʯʘʩʥʠʢʘ. 

2. ʗʢʱʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʥʝʙʘʣʘʥʩ ʫʯʘʩʥʠʢʘ ʪʘ ʟʘʛʘʣʴʥʠʡ ʥʝʙʘʣʘʥʩ ʛʨʫʧʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʭʘʨʘʢʪʝʨ: 

   ʂʦʤʧʝʥʩʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʘʩʪʢʦʚʦ, ʱʦʙ ʟʙʝʨʝʛʪʠ ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʚʥʝʩʢʫ ʢʦʞʥʦʛʦ ʫʯʘʩʥʠʢʘ ʚ ʟʘʛʘʣʴʥʠʡ ʥʝʙʘʣʘʥʩ 

ʛʨʫʧʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʢʦʤʧʝʥʩʘʮʽʾ. ʇʨʠ ʯʘʩʪʢʦʚʽʡ 

ʢʦʤʧʝʥʩʘʮʽʾ, ʥʝʙʘʣʘʥʩ ʫʯʘʩʥʠʢʘ ʜʽʣʠʪʴʩʷ ʥʘ ʥʝʙʘʣʘʥʩ ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ ʟ ʪʘʢʠʤ ʞʝ ʭʘʨʘʢʪʝʨʦʤ ʪʘ ʤʥʦʞʠʪʴʩʷ ʥʘ ʥʝʙʘʣʘʥʩ 

ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ ʟ ʧʨʦʪʠʣʝʞʥʠʤ ʭʘʨʘʢʪʝʨʦʤ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʢʦʚʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ: 

¶ ʗʢʱʦ ʥʝʙʘʣʘʥʩ ʫʯʘʩʥʠʢʘ ʧʦʟʠʪʠʚʥʠʡ: 

ὅ
Ὅὓὄ

Ὅὓὄ
ὍὓὄȢ ς 

ʜʝ: 

- Ὅὓὄ  ð ʧʦʟʠʪʠʚʥʠʡ ʥʝʙʘʣʘʥʩ ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ; 

- Ὅὓὄ  ð ʥʝʛʘʪʠʚʥʠʡ ʥʝʙʘʣʘʥʩ ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ. 

¶ ʗʢʱʦ ʥʝʙʘʣʘʥʩ ʫʯʘʩʥʠʢʘ ʥʝʛʘʪʠʚʥʠʡ: 

ὅ
Ὅὓὄ

Ὅὓὄ
ὍὓὄȢ σ 

ɼʘʥʠʡ ʤʝʭʘʥʽʟʤ ʢʦʤʧʝʥʩʘʮʽʾ ʥʝʙʘʣʘʥʩʽʚ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʭʘʨʘʢʪʝʨʽ ʥʝʙʘʣʘʥʩʽʚ: ʚʽʥ ʧʦʚʥʽʩʪʶ ʢʦʤʧʝʥʩʫʻ ʥʝʙʘʣʘʥʩ 

ʫʯʘʩʥʠʢʘ, ʷʢʱʦ ʡʦʛʦ ʟʥʘʢ ʧʨʦʪʠʣʝʞʥʠʡ ʜʦ ʛʨʫʧʦʚʦʛʦ, ʽ ʯʘʩʪʢʦʚʦ ð ʷʢʱʦ ʚʦʥʠ ʦʜʥʘʢʦʚʽ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʟʥʠʞʫʚʘʪʠ ʚʠʪʨʘʪʠ ʫʯʘʩʥʠʢʽʚ, ʢʦʣʠ ʾʭʥʽ ʥʝʙʘʣʘʥʩʠ ʚʨʽʚʥʦʚʘʞʫʶʪʴ ʟʘʛʘʣʴʥʠʡ ʥʝʙʘʣʘʥʩ ʛʨʫʧʠ, ʱʦ ʨʦʙʠʪʴ ʤʝʭʘʥʽʟʤ ʚʠʛʽʜʥʠʤ 

ʫ ʩʠʪʫʘʮʽʷʭ ʟ ʨʽʟʥʦʩʧʨʷʤʦʚʘʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ. ʇʨʦʪʝ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʭʘʨʘʢʪʝʨʽ ʥʝʙʘʣʘʥʩʽʚ ʛʨʫʧʠ ʪʘ ʫʯʘʩʥʠʢʘ 

ʢʦʤʧʝʥʩʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ, ʱʦ ʟʙʝʨʽʛʘʻ ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʧʦʯʘʪʢʦʚʦʛʦ ʥʝʙʘʣʘʥʩʫ ʩʝʨʝʜ ʫʯʘʩʥʠʢʽʚ, ʥʝ ʚʨʘʭʦʚʫʶʯʠ 

ʚʽʜʩʦʪʢʦʚʝ ʚʽʜʭʠʣʝʥʥʷ ʫʯʘʩʥʠʢʽʚ ʚʽʜ ʟʘʷʚʣʝʥʠʭ ʦʙʩʷʛʽʚ. ʎʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

ὅ

ừ
Ử
Ừ

Ử
ứ

πȟὭɵ ὑȠ

Ὅὓὄ

Ὅὓὄ
Ὅὓὄὅ ȟὭɴ ὑȠ

Ὅὓὄ

Ὅὓὄ
Ὅὓὄὅ ȟὭɴ ὑȠ

τ 

 

ὑ ίὭὫὲὍὓὄ ίὭὫὲὍὓὄ Ȣ υ 
 

ɼʨʫʛʠʡ ʤʝʭʘʥʽʟʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʧʦʜʽʣʽ ʚʠʪʨʘʪ ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʧʦʭʠʙʦʢ 

ʧʨʦʛʥʦʟʽʚ ʢʦʞʥʦʛʦ ʫʯʘʩʥʠʢʘ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʟʥʘʢʫ ʧʦʭʠʙʢʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʤʧʝʥʩʘʮʽʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʥʘ 

ʦʩʥʦʚʽ ʚʝʣʠʯʠʥʠ ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ʘʙʦ ʛʝʥʝʨʘʮʽʾ ʚʽʜ ʟʘʷʚʣʝʥʠʭ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʻ ʮʝ 

ʚʽʜʭʠʣʝʥʥʷ ʧʦʟʠʪʠʚʥʠʤ ʯʠ ʥʝʛʘʪʠʚʥʠʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʯʠʤ ʙʽʣʴʰʘ ʧʦʭʠʙʢʘ ʚ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʫʯʘʩʥʠʢʘ, ʪʠʤ ʚʠʱʽ ʚʠʪʨʘʪʠ, 

ʷʢʽ ʚʽʥ ʧʦʢʨʠʚʘʻ ʫ ʙʘʣʘʥʩʫʶʯʽʡ ʛʨʫʧʽ. ʎʝ ʩʪʠʤʫʣʶʻ ʫʯʘʩʥʠʢʽʚ ʙʽʣʴʰ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʚʦʾ ʦʙʩʷʛʠ, ʘʜʞʝ ʥʝʪʦʯʥʽʩʪʴ ʫ 

ʧʨʦʛʥʦʟʘʭ ʥʘʧʨʷʤʫ ʟʙʽʣʴʰʫʻ ʾʭ ʬʽʥʘʥʩʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʦʢʨʠʪʪʷ ʥʝʙʘʣʘʥʩʽʚ, ʪʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ: 

ὅ
Ὅὓὄ

ВὍὓὄ
ὅ Ȣ φ 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʧʦʜʽʣʫ ʚʠʪʨʘʪ ʜʣʷ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ (ʇ1ïʇ6), ʩʦʥʷʯʥʠʭ ʩʪʘʥʮʽʡ (ʉ1ïʉ8), ʛʘʟʦʚʦʾ (ɻ1) ʪʘ 

ʙʽʦʛʘʟʦʚʦʾ ʛʝʥʝʨʘʮʽʾ (ɹ1), ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. 
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ʈʠʩʫʥʦʢ 2 ï ʨʦʟʧʦʜʽʣ ʚʠʪʨʘʪ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʷʢ ʨʽʟʥʽ ʤʝʪʦʜʠ ʢʦʤʧʝʥʩʘʮʽʾ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʧʦʜʽʣ ʥʝʙʘʣʘʥʩʽʚ ʩʝʨʝʜ ʫʯʘʩʥʠʢʽʚ 

ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ. ʈʦʟʨʘʭʫʥʢʠ ʟʘ ʧʝʨʰʠʤ ʤʝʪʦʜʦʤ ʧʦʢʘʟʫʶʪʴ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʥʝʙʘʣʘʥʩʽʚ, ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʮʝʥʘʨʽʻʤ ʙʝʟ 

ʢʦʤʧʝʥʩʘʮʽʾ. ʇʝʨʰʠʡ ʤʝʪʦʜ ʧʦʢʘʟʫʻ ʟʘʛʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʥʝʙʘʣʘʥʩʽʚ ʟʘʚʜʷʢʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʚʠʪʨʘʪ ʥʘ ʦʩʥʦʚʽ 

ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ʘʙʦ ʛʝʥʝʨʘʮʽʾ. 

ɼʨʫʛʠʡ ʤʝʪʦʜ ʜʝʤʦʥʩʪʨʫʻ ʽʥʰʠʡ ʚʧʣʠʚ. ʍʦʯʘ ʚʽʥ ʪʝʞ ʟʥʠʞʫʻ ʥʝʙʘʣʘʥʩʠ ʫ ʟʥʘʯʥʦʾ ʯʘʩʪʠʥʠ ʫʯʘʩʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ ʇ1, 

ʇ6, ʉ1, ʉ2 ʪʘ ʉ6, ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʮʝʡ ʤʝʪʦʜ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʥʝʙʘʣʘʥʩʽʚ, ʷʢ-ʦʪ ʫ ʇ4, ʉ7, ʪʘ ɻ1. ʎʝ ʟʨʦʩʪʘʥʥʷ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ 2 ʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʦʙʩʷʛʽʚ ʮʠʭ ʫʯʘʩʥʠʢʽʚ ʩʧʨʠʯʠʥʠʣʠ ʧʨʦʧʦʨʮʽʡʥʝ 

ʟʨʦʩʪʘʥʥʷ ʾʭ ʚʠʪʨʘʪ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʽʜʯʫʪʥʦ ʚ ʫʤʦʚʘʭ ʚʝʣʠʢʠʭ ʧʦʯʘʪʢʦʚʠʭ ʧʦʭʠʙʦʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʨʫʛʠʡ ʤʝʪʦʜ ʙʽʣʴʰʝ 

ʩʪʠʤʫʣʶʻ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰ ʚʠʛʽʜʥʠʤ ʜʣʷ ʫʯʘʩʥʠʢʽʚ ʽʟ ʚʝʣʠʢʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ, ʦʩʢʽʣʴʢʠ 

ʚʽʥ ʥʝ ʚʨʘʭʦʚʫʻ ʢʦʨʝʢʮʽʶ ʥʘ ʥʝʚʝʣʠʢʽ ʧʦʤʠʣʢʠ ʪʘʢ ʩʘʤʦ ʝʬʝʢʪʠʚʥʦ, ʷʢ ʧʝʨʰʠʡ ʤʝʪʦʜ. 

ɺʠʩʥʦʚʢʠ: ɸʥʘʣʽʟ ʜʚʦʭ ʤʝʪʦʜʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʥʝʙʘʣʘʥʩʽʚ ʫ ʙʘʣʘʥʩʫʶʯʽʡ ʛʨʫʧʽ ʧʦʢʘʟʘʚ ʷʢ ʾʭʥʽ ʧʝʨʝʚʘʛʠ, ʪʘʢ ʽ 

ʦʙʤʝʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʜʣʷ ʧʝʚʥʠʭ ʫʤʦʚ.  

ʇʝʨʰʠʡ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʨʦʟʧʦʜʽʣʫ ʢʦʤʧʝʥʩʘʮʽʾ, ʱʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʫʯʘʩʥʠʢʽʚ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʢʫ ʜʣʷ ʫʯʘʩʥʠʢʽʚ, ʷʢʽ ʤʘʶʪʴ ʩʪʘʙʽʣʴʥʽ ʪʘ 

ʧʝʨʝʜʙʘʯʫʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʥʝʙʘʣʘʥʩʽʚ, ʩʪʠʤʫʣʶʶʯʠ ʪʦʯʥʽʩʪʴ ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʦʙʩʷʛʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝʡ ʤʝʪʦʜ ʤʽʥʽʤʽʟʫʻ 

ʬʽʥʘʥʩʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʫʯʘʩʥʠʢʽʚ, ʜʣʷ ʷʢʠʭ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʘʷʚʣʝʥʠʭ ʦʙʩʷʛʽʚ ʥʝʟʥʘʯʥʽ, ʱʦ ʨʦʙʠʪʴ ʚʠʪʨʘʪʠ ʙʽʣʴʰ 

ʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ ʪʘ ʩʪʘʙʽʣʴʥʠʤʠ. ʆʜʥʘʢ ʜʣʷ ʫʯʘʩʥʠʢʽʚ ʽʟ ʚʝʣʠʢʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʧʦʭʠʙʢʘʤʠ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰ 

ʝʬʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʥʝ ʟʘʚʞʜʠ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʻ ʨʝʘʣʴʥʽ ʚʽʜʭʠʣʝʥʥʷ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪ ʫ ʪʘʢʠʭ 

ʚʠʧʘʜʢʘʭ. 

ɼʨʫʛʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʽʜʭʽʜ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʦʭʠʙʦʢ ʢʦʞʥʦʛʦ ʫʯʘʩʥʠʢʘ, 

ʽ ʪʠʤ ʩʘʤʠʤ ʙʽʣʴʰ ʪʦʯʥʦ ʨʦʟʧʦʜʽʣʷʻ ʚʠʪʨʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʚʨʘʭʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʚʽʜʭʠʣʝʥʴ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʜʦʜʘʪʢʦʚʠʡ 

ʩʪʠʤʫʣ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ, ʘʜʞʝ ʫʯʘʩʥʠʢʠ ʟ ʤʝʥʰʠʤʠ ʧʦʭʠʙʢʘʤʠ ʥʝʩʫʪʴ ʤʝʥʰʽ ʚʠʪʨʘʪʠ. ʄʝʪʦʜ ʪʘʢʦʞ 

ʧʽʜʪʨʠʤʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʘʛʘʣʦʤ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʥʘ ʢʦʤʧʝʥʩʘʮʽʷ ʥʘʜʘʻʪʴʩʷ ʫʯʘʩʥʠʢʘʤ ʟ ʚʝʣʠʢʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ, ʷʢʱʦ 

ʾʭʥʽ ʥʝʙʘʣʘʥʩʠ ʧʨʦʪʠʣʝʞʥʽ ʟʘʛʘʣʴʥʦʤʫ ʥʝʙʘʣʘʥʩʫ ʛʨʫʧʠ. ʇʨʦʪʝ ʜʣʷ ʫʯʘʩʥʠʢʽʚ ʽʟ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʯʠ ʟʥʘʯʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ 

ʮʝʡ ʧʽʜʭʽʜ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪ, ʱʦ ʟʥʠʞʫʻ ʚʠʛʦʜʫ ʜʣʷ ʪʘʢʠʭ ʫʯʘʩʥʠʢʽʚ. 

ʆʪʞʝ, ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʧʝʨʰʠʡ ʤʝʪʦʜ ʜʣʷ ʛʨʫʧ, ʫ ʷʢʠʭ ʧʝʨʝʚʘʞʘʶʪʴ ʫʯʘʩʥʠʢʠ ʟ ʥʝʚʝʣʠʢʠʤʠ ʪʘ ʩʪʘʙʽʣʴʥʠʤʠ 

ʚʽʜʭʠʣʝʥʥʷʤʠ. ɺʽʥ ʟʘʙʝʟʧʝʯʠʪʴ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʝ ʪʘ ʩʪʘʙʽʣʴʥʝ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ, ʧʽʜʭʦʜʷʯʠ ʜʣʷ ʪʠʭ, ʭʪʦ ʧʨʘʛʥʝ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʢʦʣʠʚʘʥʥʷ ʫ ʬʽʥʘʥʩʦʚʠʭ ʧʦʢʘʟʥʠʢʘʭ. ʇʨʦʪʝ ʜʣʷ ʨʽʟʥʦʨʽʜʥʠʭ ʙʘʣʘʥʩʫʶʯʠʭ ʛʨʫʧ, ʜʝ ʻ ʫʯʘʩʥʠʢʠ ʟ ʚʝʣʠʢʠʤʠ ʧʦʭʠʙʢʘʤʠ, 

ʦʧʪʠʤʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʙʫʜʝ ʧʦʻʜʥʘʥʥʷ ʧʽʜʭʦʜʽʚ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʫʯʘʩʥʠʢʽʚ ʽʟ ʟʥʘʯʥʠʤʠ 

ʚʽʜʭʠʣʝʥʥʷʤʠ, ʚʦʜʥʦʯʘʩ ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʪʨʘʪ ʜʣʷ ʨʝʰʪʠ ʛʨʫʧʠ.  
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ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 
 

 ʉʋʏɸʉʅɯ ʄʆʅɯʊʆʈʀʅɻʆɺɯ ɿɸʍʆɼʀ ɼɽʈɾɽʅɽʈɻʆʅɸɻʃʗɼʋ ʑʆɼʆ 

ɹɽɿʇɽʂʀ ʇʆʉʊɸʏɸʅʅʗ ɽʃɽʂʊʈʀʏʅʆɰ ɽʅɽʈɻɯɰ 
ɸʥʦʪʘʮʽʷ: ɺ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʩʫʯʘʩʥʽ ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʟʘʭʦʜʠ ɼʝʨʞʝʥʝʨʛʦʥʘʛʣʷʜʫ ʱʦʜʦ 

ʙʝʟʧʝʢʠ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʩʢʦʥʮʝʥʪʨʦʚʘʥʘ ʥʘ ʦʛʣʷʜʽ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ 

ʟʘʜʘʯʘʭ ɼʝʨʞʝʥʝʨʛʦʥʘʛʣʷʜʫ ʚ ʯʘʩʪʠʥʽ ʙʝʟʧʝʢʠ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ, ʱʦ ʧʦʩʪʘʚʣʝʥʽ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʠʤʠ ʘʢʪʘʤʠ. ʇʝʨʚʽʩʥʘ ʦʮʽʥʢʘ ʨʽʚʥʷ ʨʠʟʠʢʽʚ ʙʝʟʧʝʢʠ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʦʟʚʦʣʠʪʴ 

ʚʠʟʥʘʯʠʪʠ ʧʨʽʦʨʠʪʝʪʥʽ ʟʘʜʘʯʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʦʜʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʾʭ ʤʽʥʽʤʽʟʫʚʘʪʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʝʟʧʝʢʘ ʧʦʩʪʘʯʘʥʥʷ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʤʦʥʽʪʦʨʠʥʛ, ɼʝʨʞʝʥʝʨʛʦʥʘʛʣʷʜ, ʨʠʟʠʢʠ. 

Abstract: The paper analyzes the current monitoring activities of the State Energy Supervision Service 

on the security of electricity supply. The main attention is focused on the review of the monitoring tasks of 

the State Energy Supervision in terms of security of electricity supply, which are set by regulatory legal acts. 

The initial assessment of the level of risks to the security of electricity supply will allow determining the 

priority tasks to ensure the implementation of measures that will minimize them. 

Keywords: security of supply, electricity, monitoring, State Energy Supervision Inspectorate of 

Ukraine, risks. 

ɺʩʪʫʧ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʛʽʜʥʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʨʠʥʦʢ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾè [1] 

ʄʽʥʝʥʝʨʛʦʚʫʛʽʣʣʷʤ ʙʫʣʦ ʧʨʠʡʥʷʣʦ ʅʘʢʘʟ çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʇʨʘʚʠʣ ʧʨʦ ʙʝʟʧʝʢʫ ʧʦʩʪʘʯʘʥʥʷ ɽɽè ʚʽʜ 

27.08.2018 ˉ 448 [2] (ʜʘʣʽ ï ʅʘʢʘʟ) ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʙʝʟʧʝʢʠ 

ʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʦʟʥʘʯʘʻ ʩʠʩʪʝʤʫ ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʦʙʦʪʦʶ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ 

ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʽʚ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʝʥʝʨʛʽʾ. 

ɼʝʨʞʘʚʥʘ ʽʥʩʧʝʢʮʽʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʥʘʛʣʷʜʫ ʋʢʨʘʾʥʠ (ʜʘʣʽ ï ɼʝʨʞʝʥʝʨʛʦʥʘʛʣʷʜ) , ʷʢ ʩʪʨʫʢʪʫʨʘ, 

ʷʢʘ ʨʝʘʣʽʟʫʻ ʜʝʨʞʘʚʥʫ ʧʦʣʽʪʠʢʫ ʫ ʩʬʝʨʽ ʥʘʛʣʷʜʫ (ʢʦʥʪʨʦʣʶ) ʫ ʛʘʣʫʟʷʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ, ʤʘʻ 

ʚʠʢʦʥʫʚʘʪʠ ʧʫʥʢʪ 3 ʨʦʟʜʽʣʫ V ʅʘʢʘʟʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʪʘ ʟʘʚʜʘʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʣʽʢʫ 

ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʟʘʭʦʜʽʚ ɼʝʨʞʝʥʝʨʛʦʥʘʛʣʷʜʫ ʱʦʜʦ ʙʝʟʧʝʢʠ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʄʦʥʽʪʦʨʠʥʛ ʙʝʟʧʝʢʠ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʩʪʚʦʨʝʥʠʡ ʜʣʷ ʪʦʛʦ ʱʦʙ ʚʠʷʚʠʪʠ ʨʠʟʠʢʠ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʘʣʽʟʘʮʽʶ ʟʘʭʦʜʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʾʭ ʤʽʥʽʤʽʟʫʚʘʪʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʅʘʢʘʟʫ ɼʝʨʞʝʥʝʨʛʦʥʘʛʣʷʜ 

ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠ ʬʫʥʢʮʽʾ ʱʦʜʦ ʜʝʨʞʘʚʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʥʘʛʣʷʜʫ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʨʠʥʦʢ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾè ʪʘ ʇʦʣʦʞʝʥʥʷ ʧʨʦ ɼʝʨʞʘʚʥʫ ʽʥʩʧʝʢʮʽʶ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʥʘʛʣʷʜʫ ʋʢʨʘʾʥʠ, ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʧʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 14 ʣʶʪʦʛʦ 

2018 ʨʦʢʫ ˉ 77, ʟʦʢʨʝʤʘ ʱʦʜʦ: ʜʦʪʨʠʤʘʥʥʷ ʫʯʘʩʥʠʢʘʤʠ ʨʠʥʢʫ ʚʠʤʦʛ ʧʨʘʚʠʣ ʪʘ ʽʥʰʠʭ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ ʽ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʟ ʧʠʪʘʥʴ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ, 

ʫʩʪʘʥʦʚʦʢ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʽ ʤʝʨʝʞ, ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽ 

ʤʝʨʝʞ, ʥʘʛʣʷʜʫ ʟʘ ʥʘʷʚʥʽʩʪʶ ʪʘ ʩʪʘʥʦʤ ʨʝʟʝʨʚʥʠʭ ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʥʘ ʦʙôʻʢʪʘʭ 

ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʝʨʰʦʾ ʢʘʪʝʛʦʨʽʾ ʪʘ ʦʩʦʙʣʠʚʦʾ ʛʨʫʧʠ ʧʝʨʰʦʾ ʢʘʪʝʛʦʨʽʾ ʟ ʥʘʜʽʡʥʦʩʪʽ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʥʘʛʣʷʜʫ ʟʘ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʥʘʣʝʞʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ 

ʩʠʩʪʝʤʥʦʾ ʧʨʦʪʠʘʚʘʨʽʡʥʦʾ ʘʚʪʦʤʘʪʠʢʠ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʫ ʫʯʘʩʥʠʢʽʚ ʨʠʥʢʫ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʩʧʦʞʠʚʘʯʽʚ), 

ʚʠʢʦʥʘʥʥʷ ʜʦʨʫʯʝʥʴ ʄʽʥʝʥʝʨʛʦ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʙʝʟʧʝʢʠ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʚ ʯʘʩʪʠʥʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʛʦʪʦʚʥʦʩʪʽ ʩʫʙôʻʢʪʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ ʜʦ ʨʦʙʦʪʠ ʚ ʦʩʽʥʥʴʦ-ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ, 

ʧʨʦʭʦʜʞʝʥʥʷ ʛʨʦʟʦʚʦʛʦ ʧʝʨʽʦʜʫ, ʧʝʨʽʦʜʽʚ ʚʠʩʦʢʠʭ ʪʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʣʴʦʜʦʭʦʜʫ ʪʘ ʧʦʚʝʥʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʛʨʘʤ ʤʦʥʽʪʦʨʠʥʛʽʚ, ʟʘʪʚʝʨʜʞʝʥʠʭ ɼʝʨʞʘʚʥʦʶ ʽʥʩʧʝʢʮʽʻʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʥʘʛʣʷʜʫ 

ʋʢʨʘʾʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʣʦʞʝʥʴ ʅʘʢʘʟʫ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʪʘʢʠʭ 
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ʟʘʭʦʜʽʚ ʟ  ʧʝʨʽʦʜʠʯʥʽʩʪʶ: 

- ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʪʦʨʦʤ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ (ʜʘʣʽ ï ʆʉʈ) ʟʘʧʣʘʥʦʚʘʥʠʭ ʨʝʤʦʥʪʽʚ (ʢʦʞʥʦʛʦ ʤʽʩʷʮʷ); 

- ʨʦʟʯʠʩʪʢʠ ʪʨʘʩ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ ʪʘ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʨʦʙʦʪʠ ʚ ʛʨʦʟʦʚʠʡ ʩʝʟʦʥ (ʚ ʛʨʦʟʦʚʠʡ ʧʝʨʽʦʜ 2 

ʨʘʟʠ ʥʘ ʨʽʢ); 

- ʛʦʪʦʚʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʧʽʜʩʪʘʥʮʽʡ 35-110 (150) ʢɺ ʜʦ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʨʘʟ ʫ 

ʨʽʢ ʚʝʩʥʦʶ); 

- ʛʦʪʦʚʥʦʩʪʽ ʆʉʈ ʜʦ ʨʦʙʦʪʠ ʚ ʆɿʇ (ʨʘʟ ʫ ʨʽʢ ʦʩʽʥʥʶ); 

- ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʧʽʜʩʪʘʥʮʽʷʭ 35-110 

(150) ʢɺ ʆʉʈ ʪʘ ʩʧʦʞʠʚʘʯʽʚ (ʨʘʟ ʫ ʨʽʢ ʧʝʨʝʜ ʆɿʇ). 

ɿʘʟʥʘʯʝʥʽ ʤʦʥʽʪʦʨʠʥʛʠ ʧʦʪʨʝʙʫʶʪʴ ʨʦʟʛʣʷʜʫ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʢʣʽʯʥʦʩʪʽ ʪʘ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʮʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʧʨʦʮʝʩʽʚ 

ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ. 

ʉʬʦʨʤʦʚʘʥʦ ʧʝʨʝʣʽʢ ʨʠʟʠʢʽʚ ʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʭʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ɼʝʨʞʝʥʝʨʛʦʥʘʛʣʷʜʦʤ: 

ʧʦʰʢʦʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʯʝʨʝʟ ʾʭ ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʩʪʘʥ, ʟʥʘʯʥʽ ʫʰʢʦʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ 

ʯʝʨʝʟ ʥʝʛʦʜʫ, ʚʠʭʽʜ ʟ ʣʘʜʫ ʧʽʜʩʪʘʥʮʽʡ 35-110 (150) ʢɺ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʯʝʨʝʟ ʥʝʷʢʽʩʥʫ 

ʧʽʜʛʦʪʦʚʢʫ ʆʉʈ, ʟʥʘʯʥʘ ʘʚʘʨʽʡʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʧʽʜ ʯʘʩ ʆɿʇ (ʚʝʣʠʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ) ʯʝʨʝʟ ʥʝ 

ʛʦʪʦʚʥʽʩʪʴ ʆʉʈ. 

ɿʛʽʜʥʦ ʅʘʢʘʟʫ ʦʮʽʥʶʚʘʪʠ ʨʠʟʠʢʠ ʩʣʽʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʧʨʝʚʝʥʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʥʽʪʦʨʠʥʛʫ ʙʝʟʧʝʢʠ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʟʥʘʯʝʥʽ ʨʠʟʠʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʙʣʠʮʶ ʨʠʟʠʢʽʚ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʚ ʜʦʜʘʪʢʫ ʜʦ ʅʘʢʘʟʫ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 

1. 

 

ʊʘʙʣʠʮʷ 1 - ɸʥʘʣʽʟ ʨʠʟʠʢʽʚ  

ʈʠʟʠʢ 
ʉʝʨʡʦʟʥʽʩʪʴ 

ʥʘʩʣʽʜʢʽʚ 
ʁʤʦʚʽʨʥʽʩʪʴ ʈʠʟʠʢ 

ʇʦʰʢʦʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʝʨʝʞ ʯʝʨʝʟ ʾʭ ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʩʪʘʥ 
ʉʝʨʡʦʟʥʽ ɺʠʩʦʢʘ ɺʠʩʦʢʠʡ 

ɿʥʘʯʥʽ ʫʰʢʦʜʞʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʯʝʨʝʟ ʥʝʛʦʜʫ 
ʂʨʠʪʠʯʥʽ 

ɼʫʞʝ 

ʚʠʩʦʢʘ 
ɺʠʩʦʢʠʡ 

ɺʠʭʽʜ ʟ ʣʘʜʫ ʧʽʜʩʪʘʥʮʽʡ 35-

110 (150) ʢɺ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ 

ʉʝʨʡʦʟʥʽ ɺʠʩʦʢʘ ɺʠʩʦʢʠʡ 

ɿʥʘʯʥʘ ʘʚʘʨʽʡʥʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʧʽʜ ʯʘʩ ʆɿʇ 
ʉʝʨʡʦʟʥʽ ɺʠʩʦʢʘ ɺʠʩʦʢʠʡ 

 

ɺʠʩʥʦʚʢʠ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ ʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʭʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ. ʉʬʦʨʤʦʚʘʥʦ ʤʦʜʝʣʴ. ʂʨʽʤ ʪʦʛʦ, ʩʬʦʨʤʦʚʘʥʽ 

ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʧʝʨʝʣʽʢʫ ʥʘʛʣʷʜʦʚʠʭ ʜʽʡ, ʘ ʪʘʢʦʞ ʾʭ ʧʝʨʽʦʜʠʯʥʦʩʪʽ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʙʝʟʧʝʢʠ ʧʦʩʪʘʯʘʥʥʷ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʇʨʦ ʨʠʥʦʢ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ: ɿʘʢʦʥ ʋʢʨʘʾʥʠ, 2017 ˉ 1909-Iʍ.ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ 

ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ ʋʢʨʘʾʥʠ. URL: https://zakon.rada.gov.ua/laws/show/2019-19#Text (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

10.11.2024). 

2. ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʇʨʘʚʠʣ ʧʨʦ ʙʝʟʧʝʢʫ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ : ʅʘʢʘʟ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ ʚʽʜ 27.08.2018 ˉ 448. URL: 

https://zakon.rada.gov.ua/laws/show/z1076-18#Text (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 01.05.2023 

https://zakon.rada.gov.ua/laws/show/2019-19#Text
https://zakon.rada.gov.ua/laws/show/z1076-18#Text
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ʋɼʂ 690.9 

ʐʝʚʯʝʥʢʦ ɼ.ɯ., ʤʘʛʽʩʪʨ 

ʐʝʚʯʝʥʢʦ ʆ.ʄ., ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ, ʩʪ.ʚʠʢʣ. 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʘʪʦʤʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʐʦʚʢʘʣʶʢ ʄ.ʄ., ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ, ʜʦʮ. 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

 

 ʄʆɼɽʃʖɺɸʅʅʗ ɽʅɽʈɻʆʉʇʆɾʀɺɸʅʅʗ ʉʋʏɸʉʅʆɰ ɹʋɼɯɺʃɯ 

ɻʋʈʊʆɾʀʊʂʋ ʋʅɯɺɽʈʉʀʊɽʊʋ ɿɸ ʈɯɿʅʀʄʀ ʉʎɽʅɸʈɯʗʄʀ ʇɯɼɺʀʑɽʅʅʗ 

ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʇʈʆɻʈɸʄʅʀʍ ɿɸʉʆɹɯɺ  
ɺʩʪʫʧ.  

ɹʫʜʽʚʣʽ ʚʩʴʦʛʦ ʩʚʽʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʣʠʟʴʢʦ 40 % ʚʩʽʻʾ ʩʧʦʞʠʚʘʥʦʾ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ, ʙʣʠʟʴʢʦ 60 % 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʚʠʨʦʙʣʷʶʪʴ ʪʨʝʪʠʥʫ ʚʩʽʭ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʂʦʥʮʝʧʮʽʾ 

ʟʝʣʝʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ ʋʢʨʘʾʥʠ ʜʦ 2050 ʨʦʢʫ, ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʥʘʧʨʷʤʘʤʠ çʟʝʣʝʥʦʛʦ ʧʝʨʝʭʦʜʫè 

ʩʪʘʶʪʴ ʩʘʤʝ ʝʥʝʨʛʝʪʠʯʥʽ (ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʧʦʩʠʣʝʥʥʷ ʝʣʝʢʪʨʠʬʽʢʘʮʽʾ 

ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ, ʟʤʝʥʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʙʘʟʽ ʚʠʢʦʧʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ) [1]. 

ɺʽʜʙʫʚʘʻʪʴʩʷ ʛʘʨʤʦʥʽʟʘʮʽʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʟ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ɭʉ [2], ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ɼɹʅ, 

ɼʉʊʋ ʟ ʥʦʚʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʥʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ. ʋʢʨʘʾʥʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʘʜʘʧʪʘʮʽʶ 

ʙʘʛʘʪʴʦʭ ʧʦʣʦʞʝʥʴ ʩʪʨʘʪʝʛʽʾ ɭʚʨʦʧʝʡʩʴʢʠʡ ʟʝʣʝʥʠʡ ʢʫʨʩ (European Green Deal), ʚʢʣʶʯʘʶʯʠ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʶ. ɺ ʥʘʰʽʡ ʜʝʨʞʘʚʽ ʟʘʧʨʦʚʘʜʞʝʥʦ ʥʠʟʢʫ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʨʦʻʢʪʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʛʨʦʤʘʜʩʴʢʠʭ ʽ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʟʦʢʨʝʤʘ ʜʽʶʪʴ ʧʨʦʛʨʘʤʠ ʚʽʜ ʌʦʥʜʫ 

ʝʥʝʨʛʦʝʬʝʢʠʚʥʦʩʪʽ ʽ ʚʽʜ ʌʦʥʜʫ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʋʢʨʘʾʥʠ. ʆʜʥʘʢ, ʚʠʤʦʛʠ ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ 

ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ ʪʘ ʧʝʨʝʛʣʷʜʘʶʪʴʩʷ, ʪʦʤʫ ʜʣʷ ʚʞʝ ʪʝʨʤʦʤʦʜʝʨʥʽʟʦʚʘʥʠʭ ʪʘ ʥʦʚʦʟʚʝʜʝʥʠʭ ʙʫʜʽʚʝʣʴ ʽʩʥʫʻ 

ʧʦʪʨʝʙʘ ʫ ʧʦʰʫʢʫ ʥʦʚʠʭ ʨʽʰʝʥʴ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. ɿʦʢʨʝʤʘ, ʦʩʥʦʚʥʠʤʠ 

ʥʘʧʨʷʤʢʘʤʠ ʻ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʽʚʣʽ, ʘ 

ʪʘʢʦʞ ʟʘʭʦʜʽʚ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʦʙʣʘʜʥʘʥʥʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʛʣʷʜ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʨʦʨʘʭʫʥʢʠ 

ʩʮʝʥʘʨʽʾʚ ʧʦʜʘʣʴʰʦʾ ʝʬʝʢʪʠʚʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʽʚʣʽ ʛʫʨʪʦʞʠʪʢʫ ˉ5 ʂʇɯ ʽʤ.ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʫ ʥʘʧʨʷʤʢʫ 

ʜʦ ʙʫʜʽʚʝʣʴ ʽʟ ʥʫʣʴʦʚʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʄʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ: ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʧʦʨʽʚʥʷʥʥʷ; ʨʦʟʨʘʭʫʥʢʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʡ, ʩʪʘʪʠʩʪʠʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʤʝʪʦʜʠ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ: DesignBuilder, PVSol Premium, GeoTSol, MS Excel. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʩʪʫʜʝʥʪʩʴʢʠʡ ʛʫʨʪʦʞʠʪʦʢ ʜʣʷ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʽʥʦʟʝʤʥʠʭ ʩʪʫʜʝʥʪʽʚ, ʱʦ ʚʚʝʜʝʥʦ 

ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʫ 2021 ʨʦʮʽ ʽ ʦʙʣʘʜʥʘʥʠʡ ʢʽʤʥʘʪʘʤʠ ʥʘ ʪʨʠ ʦʩʦʙʠ ʡ ʢʽʤʥʘʪʘʤʠ ʩʽʤʝʡʥʦʛʦ ʪʠʧʫ, ʢʽʣʴʢʽʩʪʴ 

ʢʚʘʨʪʠʨ - 128. ɹʫʜʽʚʣʷ ʛʫʨʪʦʞʠʪʢʫ ʟʙʫʜʦʚʘʥʘ ʢʘʩʢʘʜʦʤ ʚʠʩʦʪʥʽʩʪʶ 9 ʪʘ 11 ʧʦʚʝʨʭʽʚ ʪʘ ʤʘʻ ʮʦʢʦʣʴʥʠʡ ʪʘ 

ʪʝʭʥʽʯʥʠʡ ʧʦʚʝʨʭʠ; ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʙʫʜʽʚʣʽ ʩʢʣʘʜʘʻ 8667 ʤ2, ʦʧʘʣʶʚʘʣʴʥʠʡ ʦʙôʻʤ - 23490 ʤ3. ʅʘ 

ʮʦʢʦʣʴʥʦʤʫ ʧʦʚʝʨʩʽ ʙʫʜʽʚʣʽ ʨʦʟʤʽʱʝʥʦ ʫʢʨʠʪʪʷ, ʛʦʩʧʦʜʘʨʩʴʢʽ ʢʽʤʥʘʪʠ, ʧʨʠʤʽʱʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʪʝʧʣʦʧʫʥʢʪʫ, ʝʣʝʢʪʨʦʱʠʪʦʚʦʾ, ʚʫʟʣʘ ʚʚʦʜʫ ʭʦʣʦʜʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʅʘ ʧʝʨʰʦʤʫ ʧʦʚʝʨʩʽ ʨʦʟʤʽʱʝʥʽ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʧʨʠʤʽʱʝʥʥʷ ʪʘ ʢʘʬʝʪʝʨʽʡ. ʊʝʧʣʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʥʘ ʦʧʘʣʝʥʥʷ: 0,189 ɻʢʘʣ/ʛʦʜ, ʥʘ 

ʚʝʥʪʠʣʷʮʽʶ: 0,022 ɻʢʘʣ/ʛʦʜ, ʥʘ ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ - 0,089 ɻʢʘʣ/ʛʦʜ. ʉʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ʟʘʣʝʞʥʘ, 

ʜʚʦʪʨʫʙʥʘ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʨʦʟʚʝʜʝʥʥʷʤ, ʟ ʘʚʪʦʨʝʛʫʣʶʚʘʥʥʷʤ ʚ ʪʝʧʣʦʚʦʤʫ ʧʫʥʢʪʽ. ʉʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ 

ʚʽʜʩʫʪʥʷ.  

ʇʽʩʣʷ ʚʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʥʘʧʨʠʢʽʥʮʽ 2021 ʨʦʢʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʥʦʚʽ ʚʠʤʦʛʠ ʜʦ 

ʪʝʧʣʦʟʘʭʠʩʪʫ ʪʘ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ [3].  

ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʽʚʣʽ ʥʦʚʦʟʙʫʜʦʚʘʥʦʛʦ ʩʪʫʜʝʥʪʩʴʢʦʛʦ 

ʛʫʨʪʦʞʠʪʢʫ ʚʠʢʦʥʘʥʦ ʧʦʛʣʠʙʣʝʥʠʡ ʝʥʝʨʛʦʘʫʜʠʪ, ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʨʽʟʥʽ ʧʦʪʨʝʙʠ 

ʟʘ ʥʘʮʽʦʥʘʣʴʥʠʤ ʩʪʘʥʜʘʨʪʦʤ [4], ʧʦʙʫʜʦʚʘʥʦ ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ DesignBuilder ʪʘ 

ʨʦʟʨʦʙʣʝʥʦ ʜʝʢʽʣʴʢʘ ʩʮʝʥʘʨʽʾʚ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʧʨʦʚʝʜʝʥʥʷʤ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ [5]. 

DesignBuilder ī ʧʨʦʛʨʘʤʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʥʘ ʦʩʥʦʚʽ EnergyPlus, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ. ɺ ʤʝʞʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʙʘʟʦʚʫ (base line) ʤʦʜʝʣʴ 
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ʙʫʜʽʚʣʽ ʛʫʨʪʦʞʠʪʢʫ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ, ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ (proposed) ʩʮʝʥʘʨʽʾ ï ʪʘʢʽ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʟʘʭʦʜʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʽʚʣʽ. ʋ ʨʦʟʜʽʣʽ ʧʨʦʛʨʘʤʠ Activity ʜʣʷ ʙʫʜʽʚʣʽ ʙʫʣʦ ʟʘʜʘʥʦ ʧʘʨʘʤʝʪʨʠ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʨʝʞʠʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʦʧʘʣʝʥʥʷ, ʩʝʨʝʜʥʶ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʦʧʨʠʣʘʜʽʚ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʪʦʱʦ. ʑʽʣʴʥʽʩʪʴ ʤʝʰʢʘʥʮʽʚ 

ʧʨʠʡʥʷʪʦ ʩʝʨʝʜʥʶ ʧʦ ʙʫʜʽʚʣʽ ʜʣʷ ʚʩʽʭ ʧʨʠʤʽʱʝʥʴ (ʟ ʨʦʟʨʘʭʫʥʢʫ  517 ʤʝʰʢʘʥʮʽʚ). ʋ ʧʽʜʨʦʟʜʽʣʘʭ ʧʨʦʛʨʘʤʠ 

Construction ʪʘ Openings ʙʫʣʠ ʟʘʜʘʥʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ. ʅʘ 

ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʦ ʬʦʪʦʛʨʘʬʽʶ ʨʝʘʣʴʥʦʾ ʙʫʜʽʚʣʽ ʛʫʨʪʦʞʠʪʢʫ ʽ ʧʦʙʫʜʦʚʘʥʫ 3D ʤʦʜʝʣʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʨʝʘʣʴʥʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʨʦʟʤʽʨʘʤ ʦʙôʻʢʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʧʘʩʧʦʨʪʫ ʙʫʜʽʚʣʽ.  

     
ʈʠʩʫʥʦʢ 1 ï ɻʫʨʪʦʞʠʪʦʢ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʘ ʧʦʙʫʜʦʚʘʥʘ 3D ʤʦʜʝʣʴ ʫ DesignBuilder 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʛʣʷʥʫʪʠ ʥʘʩʪʫʧʥʽ ʚʘʨʽʘʥʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʽʚʣʽ: 

- ʚʩʪʘʥʦʚʣʝʥʥʷ: ʤʽʩʮʝʚʦʛʦ ʘʚʪʦʨʝʛʫʣʶʚʘʥʥʷ ʧʦʜʘʯʽ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʧʨʠʣʘʜʠ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ; 

ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʛʨʘʬʽʢʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʜʘʯʽ ʪʝʧʣʦʥʦʩʽʷ ʜʦ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ; ʩʠʩʪʝʤʠ 

ʚʽʜʜʘʣʝʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʙʫʜʽʚʣʽ; 

- ʚʣʘʰʪʫʚʘʥʥʷ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʦʪʠ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʙʫʜʽʚʣʽ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʜʣʷ ʯʘʩʪʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʧʦʪʨʝʙʠ ʝʥʝʨʛʽʾ ʚ ʦʭʦʣʦʜʞʝʥʥʽ ʪʘ ʦʧʘʣʝʥʥʽ; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʥʘ ʜʘʭʫ ʙʫʜʽʚʣʽ ʜʣʷ ʯʘʩʪʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʧʦʪʨʝʙʠ ʚ 
ʝʣʝʢʪʨʠʯʥʽʡ ʝʥʝʨʛʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ ʜʣʷ ʙʘʟʦʚʦʾ ʪʘ ʧʨʦʧʦʥʦʚʘʥʦʾ 

ʤʦʜʝʣʝʡ ʫ DesignBuilder ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1. ʂʣʘʩ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʚʝʜʝʥʦ ʟ ʽʣʶʩʪʨʘʪʠʚʥʦʶ ʤʝʪʦʶ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʩʮʝʥʘʨʽʾʚ, ʦʩʢʽʣʴʢʠ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʚ DesignBuilder ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʝʪʦʜʠʢʠ 

ɼʉʊʋ [4], ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʦʾ ʤʘʻ ʚʠʟʥʘʯʘʪʠʩʷ ʢʣʘʩ. ɼʣʷ ʩʮʝʥʘʨʽʾʚ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ PVSol Premium (ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʬʦʪʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ) ʪʘ GeoTSol (ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟ ʪʝʧʣʦʚʠʤʠ ʥʘʩʦʩʘʤʠ). ɿʘ ʙʘʟʦʚʫ ʤʦʜʝʣʴ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʟ DesignBuilder. ʨʝʟʫʣʴʪʘʪʠ ʚ ʪʘʙʣ.2. 

ʌʦʪʦʝʣʝʢʪʨʠʯʥʫ ʩʠʩʪʝʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʤʽʩʪʠʪʠ ʥʘ ʜʘʭʫ ʙʫʜʽʚʣʽ (66 ʤʦʜʫʣʽʚ). ʆʩʢʽʣʴʢʠ ʧʦ 

ʧʝʨʠʤʝʪʨʫ ʜʘʭʫ ʚʣʘʰʪʦʚʘʥʠʡ ʧʘʨʘʧʝʪ ʥʘ ʚʠʩʦʪʫ 1,5 ʤ, ʪʦ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʟʘʪʽʥʝʥʥʷ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʥʝʦʙʭʽʜʥʦ 

ʧʽʜʥʷʪʠ ʥʘ ʚʠʩʦʪʫ 1,5 ʤ ʥʘʜ ʜʘʭʦʤ. 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ DesignBuilder 

 ̄
ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʘ/ʩʮʝʥʘʨʽʶ 

ɹʘʟʦʚʘ ʤʦʜʝʣʴ, 

ʢɺʪĿʛʦʜ/ʨʽʢ 

ʇʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ, ʢɺʪĿʛʦʜ/ʨʽʢ 

ʉʮʝʥʘʨʽʡ 1 ʉʮʝʥʘʨʽʡ 2 ʉʮʝʥʘʨʽʡ 3 

1 
ɽʥʝʨʛʦʧʦʪʨʝʙʘ ʜʣʷ ʦʧʘʣʝʥʥʷ, 

ʢɺʪĿʛʦʜ/ʨʽʢ 
306 601,67 299 120,08 72 357,95 60 446,13 

2 
ɽʥʝʨʛʦʧʦʪʨʝʙʘ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ, 

ʢɺʪĿʛʦʜ/ʨʽʢ 
96 223,32 96 223,32 95 658,38 95 658,25 

3 
ɽʥʝʨʛʦʧʦʪʨʝʙʘ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʢɺʪĿʛʦʜ/ʨʽʢ 
256 414,11 256 414,11 256 414,11 256 414,11 

4 ʇʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 

ʦʧʘʣʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ, Eʈuse, 

ʢɺʪʛʦʜ/ʤ2 

46,29 45,3

2 

15,6

9 

14,1

3 

5 
ȹ (ʚʽʜ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ), % 

- 
-

2,11 

-

66,12 

-

69,48 

6 ʂʣʘʩ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ɺ ɺ ɸ ɸ 



 

208 

 
ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʫ PVSol Premium 

PV ʩʠʩʪʝʤʘ ʆʜʠʥʠʮʷ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ʇʦʪʫʞʥʽʩʪʴ PV ʛʝʥʝʨʘʪʦʨʘ  36,3 ʢɺʪĿʧʽʢ 

ʆʯʽʢʫʚʘʥʘ ʨʽʯʥʘ ʛʝʥʝʨʘʮʽʷ PV 

ʛʝʥʝʨʘʪʦʨʘ 

28 614  

ʢɺʪĿʛʦʜ 

ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (PR) 89,6% % 

ʋʥʠʢʥʝʥʥʷ ʚʠʢʠʜʽʚ ʉʆ2* 12 819 ʢʛ/ʨʽʢ 

ʈʽʚʝʥʴ ʩʘʤʦʜʦʩʪʘʪʥʦʩʪʽ   

ɿʘʛʘʣʴʥʝ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ 

ʙʫʜʽʚʣʽ 

80 025  

ʢɺʪĿʛʦʜ/ʨʽʢ 

ʇʦʢʨʠʪʝ ʤʝʨʝʞʝʶ 51 894  ʢɺʪĿʛʦʜ/ʨʽʢ 

ʈʽʚʝʥʴ ʩʘʤʦʜʦʩʪʘʪʥʦʩʪʽ 35,7 % 

*ʇʨʠʤʽʪʢʘ: ʇʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʧʝʨʝʚʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 0,448 

ʪʦʥ/ʄɺʪ*ʛʦʜ (ʨʝʢʦʤʝʥʜʘʮʽ ʾʄʽʞʥʘʨʦʜʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ IEA [6]). 

 

ɺ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ GEOT*SOL ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʪʝʧʣʦʚʽʡ 

ʝʥʝʨʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ: ʧʦʚʽʪʨʷʥʠʡ ʘʙʦ ˇʨʫʥʪʦʚʠʡ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ; 

ʚʠʟʥʘʯʝʥʠʡ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʟʘʭʦʜʫ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 15 ʨʦʢʽʚ. 

ɺʠʩʥʦʚʢʠ: ʚʠʢʦʥʘʥʦ ʝʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ ʛʫʨʪʦʞʠʪʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʦʢʘʟʘʥʦ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʦʜʘʣʴʰʦʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʦʚʦʟʙʫʜʦʚʘʥʠʭ ʙʫʜʽʚʝʣʴ ʚ ʥʘʧʨʷʤʢʫ ʜʦʩʷʛʥʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʨʽʚʥʽ ʙʫʜʽʚʝʣʴ ʟ 

ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʴʦʚʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 
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8. ʐʝʚʯʝʥʢʦ, ɼ. ɯ. ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʛʫʨʪʦʞʠʪʢʫ ˉ5 ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʟ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ : ʤʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩ. : 144 ʊʝʧʣʦʝʥʝʨʛʝʠʢʘ / ʐʝʚʯʝʥʢʦ ɼʤʠʪʨʦ ɯʛʦʨʦʚʠʯ. ï ʂʠʾʚ, 2023. ï 170 ʩ. 
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ʋɼʂ 621.311 
ʈʘʙʝʥʢʦ ɭ.ʆ., ʤʘʛʽʩʪʨ 

ʐʦʚʢʘʣʶʢ ʄ.ʄ., ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ, ʜʦʮ. 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʇʆʂɸɿʅʀʂɯɺ ɽʅɽʈɻʆʉʇʆɾʀɺɸʅʅʗ 

ɹɸɻɸʊʆʂɺɸʈʊʀʈʅʆɰ ɹʋɼɯɺʃɯ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʉʇɽʎɯɸʃɯɿʆɺɸʅʀʍ 

ʇʈʆɻʈɸʄʅʀʍ ʇʈʆɼʋʂʊɯɺ 
ɼʦ ʦʜʥʦʛʦ ʟ ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʜʦ 2030 ʨʦʢʫ ʚʭʦʜʠʪʴ ʟʤʝʥʰʝʥʥʷ 

ɺʩʪʫʧ. ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʬʦʥʜʫ ʽ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʻ 

ʩʪʨʘʪʝʛʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʋʢʨʘʾʥʠ. ɼʣʷ ʟʘʣʫʯʝʥʥʷ ʬʽʥʘʥʩʫʚʘʥʥʷ ʥʘ ʢʦʤʧʣʝʢʩʥʽ ʧʨʦʻʢʪʠ 

ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʯʝʨʝʟ ʌʦʥʜ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ [1] ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʘʫʜʠʪ ʪʘ 

ʨʦʟʨʦʙʣʷʪʠ ʝʥʝʨʛʦʩʝʨʪʠʬʽʢʘʪ ʙʫʜʽʚʣʽ. ɽʥʝʨʛʦʘʫʜʠʪʦʨʠ ʟʘʟʚʠʯʘʡ ʨʦʟʨʦʙʣʷʶʪʴ ʚʣʘʩʥʽ ʤʦʜʝʣʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʦʪʝ ʽʩʥʫʶʪʴ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʦʨʦʜʞʝʥʴ ʪʘ 

ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ. ɺʠʚʯʝʥʥʷ ʾʭ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʻ ʦʛʣʷʜ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʢʣʘʩʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʨʦʟʨʦʙʢʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʨʪʠʬʽʢʘʪʫ [2] ʟ ʚʠʢʦʥʘʥʥʷʤ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ɽ-ɸʫʜʠʪ, MS Excel ʪʘ ʽʥ. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ʟ ʇ-ʧʦʜʽʙʥʦʶ ʬʦʨʤʦʶ ʚ ʧʣʘʥʽ, 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʤ. ɹʫʯʘ, ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʽ ʚʚʝʜʝʥʠʡ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʫ 2009 ʨʦʮʽ. ʅʘ ʪʠʧʦʚʦʤʫ ʧʦʚʝʨʩʽ 

ʨʦʟʪʘʰʦʚʘʥʦ 5 ʢʚʘʨʪʠʨ, ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʚʘʨʪʠʨ ï 213. ʇʽʜ ʫʩʽʤ ʧʝʨʰʠʤ ʧʦʚʝʨʭʦʤ ʨʦʟʪʘʰʦʚʘʥʦ 

ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʧʽʜʚʘʣ, ʥʘʜ 9 ʧʦʚʝʨʭʦʤ ï ʥʝʦʧʘʣʶʚʘʣʴʥʝ ʛʦʨʠʱʝ. ʅʘʜ ʪʨʝʪʽʤ ʧʘʨʘʜʥʠʤ - ʜʘʭʦʚʘ ʛʘʟʦʚʘ 

ʢʦʪʝʣʴʥʷ ʥʘ ʙʫʜʠʥʦʢ. ʉʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ʜʚʦʪʨʫʙʥʘ, ʟ ʩʫʧʫʪʥʽʤ ʨʫʭʦʤ ʪʝʧʣʦʥʦʩʽʷ. ʆʧʘʣʶʚʘʣʴʥʠʡ ʦʙôʻʤ - 

63 673,2 ʤį. ɿʦʚʥʽʰʥʽ ʩʪʽʥʠ ʟ ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ. ɺʽʢʥʘ, ʙʘʣʢʦʥʥʽ ʜʚʝʨʽ - ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʽ.  

ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʥʝʨʛʝʪʠʯʥʝ ʦʙʩʪʝʞʝʥʥʷ ʪʘ 
ʦʬʦʨʤʣʝʥʦ ʟʚʽʪ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ ʙʫʜʽʚʣʽ. ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʽ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʧʠʪʦʤʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʧʦʪʨʝʙʠ ʦʧʘʣʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ, 

ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʦ ʢʣʘʩ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʟʜʽʡʩʥʶʚʘʚʩʷ ʰʣʷʭʦʤ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʽʟ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ɽ-ɸʫʜʠʪ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʮʽʦʥʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ [3] ʚʠʟʥʘʯʘʪʠ ʧʦʢʘʟʥʠʢʠ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʨʦʟʨʦʙʣʷʪʠ ʝʥʝʨʛʦʩʝʨʪʠʬʽʢʘʪ ʙʫʜʽʚʣʽ. ɼʘʣ̔ ʧʨʦʧʦʥʫʚʘʣʠʩʷ ʟʘʭʦʜʠ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽ-ɸʫʜʠʪ ʚʠʟʥʘʯʘʣʠʩʷ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦ ʪʘ 

ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ. ʊʘʢʦʞ ʥʘ ʧʨʠʢʣʘʜʽ ʜʘʥʦʛʦ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʴ ʚʠʚʯʘʣʠʩʷ ʤʦʞʣʠʚʦʩʪʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ DesignBuilder, Audytor OZC ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴ (ʨʠʩ.1). 

  
ʈʠʩʫʥʦʢ 1 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʙʫʜʽʚʣʽ ʪʘ 3ɼ ʤʦʜʝʣʴ ʚ Audytor OZC 

 

ʆʧʠʩ ʘʣʛʦʨʠʪʤʫ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ.  

ɼʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʽ ʨʦʟʨʦʙʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʝʨʪʠʬʽʢʘʪʽʚ ʟʛʽʜʥʦ ʜʦ [2] 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʟ ɼʉʊʋ 9190:2022 [3]. ʎʷ ʤʝʪʦʜʠʢʘ ʚʨʘʭʦʚʫʻ (ʨʠʩ.1): ʟʦʚʥʽʰʥʽ ʢʣʽʤʘʪʠʯʥʽ 
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ʫʤʦʚʠ ʽ ʫʤʦʚʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʛʦʨʦʜʞʝʥʴ, ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ 

ʦʭʦʧʣʶʻ ʘʥʘʣʽʟ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʚʝʥʪʠʣʷʮʽʶ, ʽʥʬʽʣʴʪʨʘʮʽʶ ʧʦʚʽʪʨʷ, ʪʝʧʣʦʚʽ 

ʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ, ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʽʛʨʽʚ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ; 

ʚʨʘʭʦʚʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʝʥʝʨʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺ ʭʦʜʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦ 

ʪʘ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

 
ʈʠʩʫʥʦʢ 1 ï ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ  

 

ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ ʙʫʜʽʚʣʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʥʝʧʨʦʟʦʨʠʭ 

(ʩʪʽʥʠ, ʜʘʭ, ʧʽʜʣʦʛʘ) ʪʘ ʧʨʦʟʦʨʠʭ (ʚʽʢʥʘ, ʙʘʣʢʦʥʥʽ ʜʚʝʨʽ) ʦʛʦʨʦʜʞʝʥʴ. ʇʨʠʚʝʜʝʥʽ ʦʧʦʨʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʽʩʥʫʶʯʠʭ ʦʛʦʨʦʜʞʝʥʴ, ʦʙʯʠʩʣʝʥʽ ʟʘ ʤʝʪʦʜʠʢʦʶ [3] ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ [4]. ɺ ʪʘʙʣʠʮʽ 

ʥʘʚʝʜʝʥʦ 1 ʧʠʪʦʤʽ ʧʦʢʘʟʥʠʢʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʚ Excel ʤʘʪʝʤʘʪʠʯʥʦʶ 

ʤʦʜʝʣʣʶ. ʇʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʧʦʪʨʝʙʠ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 98,08 ʢɺʪĿʛʦʜ/ʤ2, 

ʚʩʪʘʥʦʚʣʝʥʽ ʤʽʥʽʤʘʣʴʥʽ ʚʠʤʦʛʠ ʧʨʠ ʮʴʦʤʫ ï 85 ʢɺʪĿʛʦʜ/ʤ2 [4]. ʂʣʘʩ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʽʩʥʫʶʯʦʾ ʙʫʜʽʚʣʽ: 

ɼ (ʨʠʩ.2). 

ʊʘʙʣʠʮʷ 1 ï ʈʦʟʨʘʭʫʥʢʠ ʧʠʪʦʤʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (ʟʘ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ) 

 ̄ ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ 
ʆʜʠʥʠʮʷ 

ʚʠʤʽʨʶʚʘʥʥʷ 
ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

1 
ʇʠʪʦʤʘ ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʥʘ ʦʧʘʣʝʥʥʷ, 

ʦʭʦʣʦʜʞʝʥʥʷ, ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 
ʢɺʪĿʛʦʜ/ʤ2 99,97 

2 ʇʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʦʧʘʣʝʥʥʷ ʢɺʪĿʛʦʜ/ʤ2 96,72 

3 ʇʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʦʭʦʣʦʜʞʝʥʥʷ ʢɺʪĿʛʦʜ/ʤ2 1,36 

4 
ʇʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 
ʢɺʪĿʛʦʜ/ʤ2 36,38 

5 ʇʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʦʩʚʽʪʣʝʥʥʷ ʢɺʪĿʛʦʜ/ʤ2 9,75 

7 ʇʠʪʦʤʝ ʩʧʦʞʠʚʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʢɺʪĿʛʦʜ/ʤ2 225,12 

 

ɿʘʭʦʜʠ, ʱʦ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ (ʪʘʙʣ.2):  

 ʫʪʝʧʣʝʥʥʷ ʬʘʩʘʜʽʚ ʪʘ ʮʦʢʦʣʶ, ʫʪʝʧʣʝʥʥʷ ʛʦʨʠʱʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ, 

 ʟʘʤʽʥʘ ʟʦʚʥʽʰʥʽʭ ʜʚʝʨʝʡ ʪʘ ʦʙʣʘʰʪʫʚʘʥʥʷ ʪʘʤʙʫʨʘʤʠ ʚʭʦʜʽʚ,  

 ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ ʤʽʩʮʴ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, 

 ʟʘʤʽʥʘ ʚʽʢʦʥ ʚ ʤʽʩʮʷʭ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, 

 ʫʪʝʧʣʝʥʥʷ ʧʝʨʝʢʨʠʪʪʷ ʥʘʜ ʥʝʦʧʘʣʶʚʘʣʴʥʠʤ ʧʽʜʚʘʣʦʤ, 

 ʛʽʜʨʘʚʣʽʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, 
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 ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʢʚʘʨʪʠʨʥʦʛʦ ʦʙʣʽʢʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ (ʧʨʠʣʘʜʠ-ʨʦʟʧʦʜʽʣʶʚʘʯʽ) ʪʘ ʽʥ. 

 
ʈʠʩʫʥʦʢ 2 ï ʂʣʘʩ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʨʪʠʬʽʢʘʪʫ ʙʫʜʽʚʣʽ)  

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʜʣʷ ʝʥʝʨʛʦʘʫʜʠʪʦʨʽʚ E-audit ʧʨʦʚʝʜʝʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ ʜʦ ʪʘ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ (ʨʠʩ.3). ɺʽʜʭʠʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʽʚ ʚ MS Excel ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ E-audit ʩʪʘʥʦʚʠʪʴ ʧʦ ʦʢʨʝʤʠʤ ʩʢʣʘʜʦʚʠʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʤʝʞʘʭ ʜʦ 5-10%. 

 
ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʨʦʙʦʪʠ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ E-audit 

ʊʘʙʣʠʮʷ 2ï ɸʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ ʜʦ ʪʘ ʧʽʩʣʷ ʟʘʭʦʜʽʚ (ɽ-ɸʫʜʠʪ) 

ɺʠʜ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʆʙʩʷʛ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʘ ʨʽʢ 

ɼʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ 

ʪʠʩ. ʢɺʪ Ā ʛʦʜ ʢɺʪ Ā ʛʦʜ/ʤ2 ʪʠʩ. ʢɺʪ Ā ʛʦʜ ʢɺʪ Ā ʛʦʜ/ʤ2 

ʅʘ ʦʧʘʣʝʥʥʷ 2003,45 95,17 1026,75 48,78 

ʅʘ ʦʭʦʣʦʜʞʝʥʥʷ 30,05 1,43 60,91 2,89 

ɺʠʩʥʦʚʢʠ: ʚʠʢʦʥʘʥʦ ʜʝʪʘʣʽʟʦʚʘʥʝ ʝʥʝʨʛʝʪʠʯʥʝ ʦʙʩʪʝʞʝʥʥʷ ʞʠʪʣʦʚʦʾ ʙʫʜʽʚʣʽ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʚ Excel ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ E-

audit.  
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

10. ʇʨʦ ʌʦʥʜ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ: ɿʘʢʦʥ ʋʢʨʘʾʥʠ ˉ 2095-VIII, ʨʝʜ. ʚʽʜ 30.06.2024. 

11. ʇʨʦ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ: ɿʘʢʦʥ ʋʢʨʘʾʥʠ 2118-VIII, ʨʝʜ. ʚʽʜ 30.06.2024. 

12. ɼʉʊʋ 9190:2022 ɽʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ. ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʦʧʘʣʝʥʥʽ, ʦʭʦʣʦʜʞʝʥʥʽ, 

ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

13.  ɼɹʅ ɺ.2.6-31:2021 ʊʝʧʣʦʚʘ ʽʟʦʣʷʮʽʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ. 
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ʋɼʂ 620.9 

 
ʆʙʦʨʦʥʦʚ ʊ.ʖ., ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ, 

ʥʘʯʘʣʴʥʠʢ ʚʽʜʜʽʣʫ ʧʽʜʪʨʠʤʢʠ ʢʣʽʻʥʪʽʚ ʪʘ ʩʫʧʨʦʚʦʜʫ ʧʨʦʝʢʪʽʚ ʌʦʥʜʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʐʦʚʢʘʣʶʢ ʄ.ʄ., ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ, ʜʦʮ. 

ʊʢʘʯ ʄ.ʆ., ʤʘʛʽʩʪʨ 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

 

 

ʆɻʃʗɼ ʇʈʆɻʈɸʄ ʇɯɼʊʈʀʄʂʀ ʂʆʄʇʃɽʂʉʅʀʍ ʊɽʍʅɯʏʅʀʍ ʈɯʐɽʅʔ 

ɿ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ɺ ɾʀʊʃʆɺʆʄʋ ʉɽʂʊʆʈɯ 
ɺʩʪʫʧ.  

ɽʥʝʨʛʝʪʠʯʥʘ ʥʝʟʘʣʝʞʥʽʩʪʴ ʜʝʨʞʘʚʠ ʻ ʫʤʦʚʦʶ ʩʪʘʣʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʫ 

ʞʠʪʣʦʚʦ-ʙʫʜʽʚʝʣʴʥʦʤʫ ʬʦʥʜʽ ʩʧʦʞʠʚʘʻʪʴʩʷ ʙʣʠʟʴʢʦ 40% ʝʥʝʨʛʽʾ ʽ ʧʨʠʧʘʜʘʻ ʙʣʠʟʴʢʦ ʪʨʝʪʠʥʠ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʮʴʦʤʫ ʩʝʢʪʦʨʽ ʻ ʩʪʨʘʪʝʛʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʜʝʨʞʘʚʠ. 

ʉʪʘʥ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ (ɾʂɻ) ʻ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ ʋʢʨʘʾʥʠ, ʟʚʘʞʘʶʯʠ ʥʘ 

ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ ʝʥʝʨʛʦʥʦʩʽʾʚ, ʟʥʦʰʝʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ, ʟʘʩʪʘʨʽʣʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ.  ɹʣʠʟʴʢʦ 70% 

ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʟʙʫʜʦʚʘʥʦ ʚ ʯʘʩʠ ʤʘʩʦʚʦʾ ʟʘʙʫʜʦʚʠ, ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʦʩʣʫʛ ʫ ʢʽʣʴʢʘ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ 

ʧʦʢʘʟʥʠʢʠ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ. ɺʽʜʥʦʚʣʝʥʥʷ ʢʨʘʾʥʠ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʧʦʚʠʥʥʦ ʚʽʜʙʫʚʘʪʠʩʷ 

ʽʟ ʜʦʪʨʠʤʘʥʥʷʤ ʚʠʤʦʛ ʱʦʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʉʝʨʝʜ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʩʬʝʨʽ ɾʂɻ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ: ʧʨʘʚʦʚʽ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ, ʝʢʦʥʦʤʽʯʥʽ 

(ʜʠʚ. ʨʠʩ.1).  

 
ʈʠʩʫʥʦʢ 1 ï ɯʥʩʪʨʫʤʝʥʪʠ ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʩʬʝʨʽ ɾʂɻ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʛʣʷʜ ʧʨʦʛʨʘʤ ʧʽʜʪʨʠʤʢʠ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʻʢʪʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ 

ʞʠʪʣʦʚʦʤʫ ʩʝʢʪʦʨʽ, ʱʦ ʚʞʝ ʙʫʣʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʋʢʨʘʾʥʽ ʪʘ ʜʽʶʪʴ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ.  

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ɿʚʘʞʘʶʯʠ ʥʘ ʤʽʞʥʘʨʦʜʥʽ ʟʦʙʦʚôʷʟʘʥʥʷ ʋʢʨʘʾʥʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʢʦʥʦʜʘʚʯʦʾ [1,2] ʪʘ 

ʥʦʨʤʘʪʠʚʥʦʾ [3] ʙʘʟʠ ʚ ʩʬʝʨʽ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʬʦʥʜʫ ʽ ʾʾ ʛʘʨʤʦʥʽʟʘʮʽʷ ʟ 

ʥʦʨʤʘʪʠʚʥʦʶ ʙʘʟʦʶ ɭʉ. ɺ ʋʢʨʘʾʥʽ ʟʘ ʫʯʘʩʪʶ ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʜʦʥʦʨʽʚ ʚʞʝ ʨʝʘʣʽʟʦʚʘʥʦ [4] 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʻʢʪʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʞʠʪʣʦʚʦʛʦ ʩʝʢʪʦʨʫ (ʟʘ ʧʨʦʛʨʘʤʘʤʠ, ʱʦ 

ʬʽʥʘʥʩʫʚʘʣʠʩʷ USAID, NEFKO, GIZ, SECO, ɭɹʈʈ, ʉʚʽʪʦʚʠʤ ʙʘʥʢʦʤ, ʙʘʥʢʦʤ KfW ʪʘ ʽʥ.). ʋʢʨʘʾʥʘ ʤʘʻ 

ʧʦʟʠʪʠʚʥʠʡ ʜʦʩʚʽʜ ʬʽʥʘʥʩʫʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ (ʪʘʙʣ.1), ʟʦʢʨʝʤʘ 

ʟʘʚʜʷʢʠ ʧʨʦʛʨʘʤʽ çʊʝʧʣʽ ʢʨʝʜʠʪʠè ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʦʚʽʨʫ ʽ ʩʪʚʦʨʝʥʦ ʧʦʧʠʪ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʧʨʦʻʢʪʠ 

ʩʝʨʝʜ ʥʘʩʝʣʝʥʥʷ, ʧʨʠʯʦʤʫ 53% ʆʉɹɹ ʩʢʦʨʠʩʪʘʣʠʩʴ ʧʨʦʛʨʘʤʦʶ 2 ʽ ʙʽʣʴʰʝ ʨʘʟʽʚ. ɺ ʙʘʛʘʪʴʦʭ ʤʽʩʪʘʭ 

ʚʧʨʦʚʘʜʞʝʥʦ ʛʨʘʥʪʦʚʽ ʧʨʦʛʨʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʧʨʦʛʨʘʤʘ 70/30 ʚ ʤʽʩʪʽ ʂʠʻʚʽ), ʚ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜʘʭ 

ʟʘʪʚʝʨʜʞʝʥʽ ʧʨʦʛʨʘʤʠ ʧʽʜʪʨʠʤʢʠ ʜʣʷ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʽʚʝʣʴ (ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʆʉɹɹ), ʟʦʢʨʝʤʘ 

ʧʝʨʝʙʘʯʝʥʦ ʯʘʩʪʢʦʚʝ ʧʦʢʨʠʪʪʷ ʚʽʜʩʦʪʢʽʚ ʯʠ ʪʽʣʘ ʢʨʝʜʠʪʫ ʧʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤ ʧʨʦʻʢʪʘʤ. 

ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤ ʧʽʜʪʨʠʤʢʠ ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʞʠʪʣʦʚʦʤʫ ʬʦʥʜʽ ʋʢʨʘʾʥʠ 

ʅʘʟʚʘ 

ʧʦʢʘʟʥʠʢʘ 

ʊʝʧʣʽ ʢʨʝʜʠʪʠ ʇʨʦʛʨʘʤʘ IQ energy 

ɼʞʝʨʝʣʦ 

ʬʽʥʘʥʩʫʚʘʥʥʷ 

ɼʝʨʞʘʚʥʘ ʧʨʦʛʨʘʤʘ, 

ʤʽʞʥʘʨʦʜʥʽ ʽ ʧʨʠʚʘʪʥʽ ʽʥʚʝʩʪʠʮʽʾ 

ʄʽʞʥʘʨʦʜʥʽ ʽ ʧʨʠʚʘʪʥʽ 

ʽʥʚʝʩʪʠʮʽʾ 

ʇʝʨʽʦʜ 2014-2020 2016-2020 

ʎʽʣʴʦʚʘ 

ʛʨʫʧʘ 

ʌʽʟʠʯʥʽ ʦʩʦʙʠ (ʚʣʘʩʥʠʢʠ 

ʙʫʜʠʥʢʽʚ, ʢʚʘʨʪʠʨ), ʆʉɹɹ, ɾɹʂ 

ɺʣʘʩʥʠʢʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʙʫʜʽʚʝʣʴ ʪʘ 

ʆʉɹɹ 

ʋʤʦʚʠ ʜʣʷ 

ʫʯʘʩʪʽ 

ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ, 

ʦʙʣʘʜʥʘʥʥʷ, ʤʘʪʝʨʽʘʣʽʚ, 

ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʠ ʟ 

ʧʝʨʝʣʽʢʫ, ʚʢʘʟʘʥʦʛʦ ʥʘ ʩʘʡʪʽ 

ʧʨʦʛʨʘʤʠ 

ɿʘʛʘʣʴʥʘ 

ʩʫʤʘ 

1,1 ʤʣʨʜ. ʛʨʥ 75 ʤʣʥ. ʻʚʨʦ. 

ʋʤʦʚʠ 

ʬʽʥʘʥʩʫʚʘʥʥʷ 

ʚʽʜʰʢʦʜʫʚʘʥʥʷ 30-70% ʪʽʣʘ 

ʢʨʝʜʠʪʫ ʥʘ ʦʙʣʘʜʥʘʥʥʷ 

ʚʽʜʰʢʦʜʫʚʘʥʥʷ 15-

20% ʯʘʩʪʠʥʠ ʪʽʣʘ ʢʨʝʜʠʪʫ 

ʆʙʤʝʞʝʥʥʷ 14000 ʛʨʥ/ʦʩʦʙʫ ʚʝʨʭʥʷ ʤʝʞʘ 3000 ʻ/ 

ʦʩʦʙʫ 

 

ʌʦʥʜ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ [1] - ʜʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ, ʫʪʚʦʨʝʥʘ ʟ ʤʝʪʦʶ ʩʪʠʤʫʣʶʚʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʞʠʪʣʦʚʦʤʫ ʩʝʢʪʦʨʽ. ʇʦʯʠʥʘʶʯʠ ʟ 2019 ʨʦʢʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʦʛʨʘʤʘ 

çɽʥʝʨʛʦʜʽʤè, ʱʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʨʦʛʨʘʤʠ çʊʝʧʣʽ ʢʨʝʜʠʪʠè ʚ ʙʽʣʴʰ ʤʘʩʰʪʘʙʥʫ, ʘʜʞʝ 

ʜʦʟʚʦʣʷʻ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʧʨʦʻʢʪʠ ʪʝʨʤʦʤʦʞʝʨʥʽʟʘʮʽʾ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʟʘ ʜʚʦʤʘ ʧʘʢʝʪʘʤʠ 

(ʧʘʢʝʪ ɸ çʃʝʛʢʠʡè ʪʘ ʧʘʢʝʪ ɹ çʂʦʤʧʣʝʢʩʥʠʡè, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʽʩʪʠʪʴ ʦʙʦʚ'ʷʟʢʦʚʽ ʪʘ ʜʦʜʘʪʢʦʚʽ ʟʘʭʦʜʠ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ). ʉʪʘʥʦʤ ʥʘ ʣʠʩʪʦʧʘʜ 2024 ʨʦʢʫ ʜʦ ʌʦʥʜʫ ʧʦʜʘʥʦ ʚʞʝ ʙʽʣʴʰʝ 1000 ʟʘʷʚʦʢ (ʟʘ ʧʘʢʝʪʦʤ 

çɸè - 280, ʟʘ ʧʘʢʝʪʦʤ çɹè - 730, ʩʫʢʫʧʥʘ ʟʘʷʚʣʝʥʘ ʚʘʨʪʽʩʪʴ ʧʨʦʻʢʪʽʚ ï 6824 ʤʣʥ. ʛʨʥ.); ʢʽʣʴʢʽʩʪʴ 

ʟʘʚʝʨʰʝʥʠʭ ʧʨʦʻʢʪʽʚ ï 292. ɿʘʷʚʣʝʥʘ ʨʽʯʥʘ ʝʢʦʥʦʤʽʷ ʝʥʝʨʛʽʾ ʜʣʷ ʚʢʘʟʘʥʠʭ ʧʨʦʻʢʪʽʚ ï 318096,65 ʢɺʪ-

ʛʦʜ/ʨʽʢ, ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʨʠ ʮʴʦʤʫ ï 86,32 ʪʠʩ. ʪʦʥ ʉʆ2. ʉʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʟʘʷʚʣʝʥʦʾ ʝʢʦʥʦʤʽʾ 

ʝʥʝʨʛʽʾ: ʧʘʢʝʪ çɸè -17,5%, ʧʘʢʝʪ çɹè - 37,78%. ʉʝʨʝʜʥʷ ʚʘʨʪʽʩʪʴ ʧʨʦʻʢʪʽʚ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʟʘ ʧʘʢʝʪʦʤ 

çɸè - ʙʣʠʟʴʢʦ 2 ʤʣʥ., ʟʘ ʧʘʢʝʪʦʤ çɹè - 13,25 ʤʣʥ.ʛʨʥ. ʂʽʣʴʢʽʩʪʴ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʧʨʦʛʨʘʤʽ çɽʥʝʨʛʦʜʽʤè - ʙʽʣʷ 70ʪʠʩ., ʢʽʣʴʢʽʩʪʴ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʫ ʟʘʚʝʨʰʝʥʠʭ ʧʨʦʻʢʪʘʭ ï 18363. ʂʨʽʤ 

ʧʨʦʛʨʘʤʠ çɽʥʝʨʛʦʜʽʤè, ʌʦʥʜʦʤ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʦʛʨʘʤʠ çɺʽʜʥʦʚʠ ʜʽʤè ʪʘ 

çɻʨʽʥʜʽʤè, ʾʭ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ.2. 



 

214 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʦʛʨʘʤʠ ʜʣʷ ʥʘʩʝʣʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʌʦʥʜʦʤ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

 

ʅʘ ʨʠʩ ʥʠʞʯʝ ʧʦʢʘʟʘʥʦ ʨʦʢʠ ʧʦʙʫʜʦʚʠ ʙʫʜʽʚʝʣʴ, ʷʢʽ ʧʦʜʘʣʠ ʟʘʷʚʢʠ ʜʦ ʌʦʥʜʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟ ʤʝʪʦʶ ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʦʻʢʪʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʗʢ ʙʘʯʠʤʦ, ʦʩʥʦʚʥʘ ʤʘʩʘ ʙʫʜʽʚʝʣʴ ï 

ʮʝ ʩʝʨʽʡʥʽ ʙʫʜʽʚʣʽ, ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʠʭ ʟʥʘʯʥʦ ʥʠʞʯʝ ʜʽʶʯʠʭ ʚʠʤʦʛ [3]: ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʩʪʽʥ ʙʽʣʴʰʝ 70% ʙʫʜʽʚʝʣʴ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 0,8-1 ʤ2Ŀʂ/ɺʪ. ʉʝʨʝʜ ʟʘʭʦʜʽʚ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʚ 

ʧʨʦʻʢʪʘʭ: ʫʪʝʧʣʝʥʥʷ ʩʪʽʥ, ʧʝʨʝʢʨʠʪʪʽʚ, ʟʘʤʽʥʘ ʚʽʢʦʥ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʫʟʣʽʚ ʦʙʣʽʢʫ, ʤʦʜʝʨʥʽʟʘʮʽʷ ɯʊʇ, 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʪʝʧʣʦʽʟʦʣʷʮʽʷ ʪʨʫʙ ʚ ʥʝʦʧʘʣʶʚʘʣʴʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʪʘ ʽʥ. 

 
ʈʠʩʫʥʦʢ 3 ï ʈʦʟʧʦʜʽʣ ʙʫʜʽʚʝʣʴ ʟʘ ʨʦʢʘʤʠ ʧʦʙʫʜʦʚʠ  

 

ɺʠʩʥʦʚʢʠ: ʨʦʟʛʣʷʥʫʪʦ ʽʥʩʪʨʫʤʝʥʪʠ ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʩʬʝʨʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʨʽʟʥʽ 

ʧʨʦʛʨʘʤʠ ʧʽʜʪʨʠʤʢʠ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʚʞʝ ʙʫʣʠ ʚʧʨʦʚʘʜʞʝʥʽ ʘʙʦ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚ ʋʢʨʘʾʥʽ.  
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3. ɼɹʅ ɺ.2.6-31:2021 ʊʝʧʣʦʚʘ ʽʟʦʣʷʮʽʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ. 

4. ʄ.ʄ. ʐʦʚʢʘʣʶʢ. ʉʧʽʚʧʨʘʮʷ ʋʢʨʘʾʥʠ ʟ ʤʽʞʥʘʨʦʜʥʠʤʠ ʬʽʥʘʥʩʦʚʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʫ ʩʬʝʨʽ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ɾʂɻ 

// ɿʙʽʨʥʠʢ ʧʨʘʮʴ XIV ɺʩʝʫʢʨ. ʥʘʫʢ.-ʧʨʘʢʪ.ʢʦʥʬ. çʄʽʞʥʘʨʦʜʥʝ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ: ʧʨʠʥʮʠʧʠ, ʤʝʭʘʥʽʟʤʠ, 

ʝʬʝʢʪʠʚʥʽʩʪʴè - [ʂʠʾʚ, ʂʇɯ, 15-16 ʙʝʨʝʟʥʷ 2018 ʨ.], - ʩ.34-37. 
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ɼʝʨʝʚᾷʷʥʢʦ ɼ. ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɻʦʣʦʚʢʦ ɼ. ʉ., ʤʘʛʽʩʪʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

NET METERING: ʐʃʗʍ ɼʆ ɽʌɽʂʊʀɺʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ 

ɽʅɽʈɻʆʈɽʉʋʈʉɸʄʀ 
ɺʩʪʫʧ. ʉʠʩʪʝʤʠ "net metering" ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ ʚ ʋʢʨʘʾʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚʣʘʩʥʠʢʘʤ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʣʘʩʥʫ ʚʠʨʦʙʣʝʥʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʥʝ ʣʠʰʝ ʩʧʦʞʠʚʘʪʠ ʩʘʤʦʩʪʽʡʥʦ ʚʠʨʦʙʣʝʥʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʘ ʡ ʧʨʦʜʘʚʘʪʠ ʥʘʜʣʠʰʢʠ ʚ 

ʝʥʝʨʛʦʩʠʩʪʝʤʫ. ʋ ʢʨʘʾʥʽ, ʜʝ ʝʥʝʨʛʝʪʠʯʥʘ ʥʝʟʘʣʝʞʥʽʩʪʴ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʥʘʙʫʚʘʶʪʴ ʚʩʝ 

ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʪʘʶʪʴ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɸʥʘʣʽʟ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤ "net metering" ʚ ʋʢʨʘʾʥʽ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʧʨʦʙʣʝʤ ʪʘ ʚʠʢʣʠʢʽʚ. ʈʦʟʛʣʷʥʫʪʦ ʩʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʫ ʩʬʝʨʽ net metering ʪʘ ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ "net metering" ʚ ʋʢʨʘʾʥʽ. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʽʡʥʫ, ʩʠʩʪʝʤʘ net metering ʚ ʋʢʨʘʾʥʽ 

ʜʝʤʦʥʩʪʨʫʻ ʩʪʽʡʢʠʡ ʨʦʟʚʠʪʦʢ. ɿʘʢʦʥʦʜʘʚʩʪʚʦ ʧʽʜʪʨʠʤʫʻ ʨʦʟʚʠʪʦʢ net metering, ʦʜʥʘʢ ʟ 2025 ʨʦʢʫ 

ʦʯʽʢʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʥʘ ʘʫʢʮʽʦʥʥʫ ʤʦʜʝʣʴ ʧʽʜʪʨʠʤʢʠ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʂʽʣʴʢʽʩʪʴ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʟ ʧʨʠʚʘʪʥʠʤʠ ʩʦʥʷʯʥʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ, ʧʝʨʝʚʠʱʠʚʰʠ 50 000 ʫ 

2024 ʨʦʮʽ. ɿʘʛʘʣʴʥʘ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʘʢʠʭ ʩʪʘʥʮʽʡ ʪʘʢʦʞ ʟʙʽʣʴʰʠʣʘʩʷ, ʧʝʨʝʚʠʱʠʚʰʠ 1235 

ʄɺʪ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʨʦʩʪʘʶʯʠʡ ʽʥʪʝʨʝʩ ʫʢʨʘʾʥʮʽʚ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʟʠʪʠʚʥʫ ʜʠʥʘʤʽʢʫ, ʚʽʡʥʘ ʧʦʰʢʦʜʠʣʘ ʝʥʝʨʛʝʪʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, 

ʩʪʚʦʨʠʚʰʠ ʜʦʜʘʪʢʦʚʽ ʧʝʨʝʰʢʦʜʠ. ʇʨʦʪʝ, ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʦʧʪʠʤʽʩʪʠʯʥʠʤʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟʨʦʙʠʪʴ net metering ʱʝ ʧʨʠʚʘʙʣʠʚʽʰʠʤ 

ʜʣʷ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ. [1] 

 
ʈʠʩʫʥʦʢ 1- ʆʩʥʦʚʥʽ ʧʝʨʝʰʢʦʜʠ ʜʣʷ ʨʦʟʚʠʪʢʫ net metering 

ʈʦʟʚʠʪʦʢ net metering ʧʦʪʨʝʙʫʻ ʤʦʜʝʨʥʽʟʘʮʽʾ, ʥʦʚʠʭ ʽʥʚʝʩʪʠʮʽʡ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʢʘʜʨʽʚ. ʎʝ 

ʟʘʙʝʟʧʝʯʠʪʴ ʝʥʝʨʛʝʪʠʯʥʫ ʥʝʟʘʣʝʞʥʽʩʪʴ ʋʢʨʘʾʥʠ. [2] 

ʑʦʜʦ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʢʨʘʾʥʫ, ʷʢʘ ʚʧʝʚʥʝʥʦ ʡʜʝ ʜʦ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʘʤʠ. ʅʦʨʚʝʛʽʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʙʘʛʘʪʽ ʛʽʜʨʦʝʣʝʢʪʨʦʨʝʩʫʨʩʠ, ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻ ʩʦʥʷʯʥʫ 

ʝʥʝʨʛʝʪʠʢʫ. ɿʘ ʦʩʪʘʥʥʽ ʜʚʘ ʨʦʢʠ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʧʦʜʚʦʾʣʘʩʷ. 

ʇʨʦʛʨʘʤʘ ʧʽʜʪʨʠʤʢʠ Enova ʩʧʨʠʷʣʘ ʮʴʦʤʫ ʟʨʦʩʪʘʥʥʶ, ʘʣʝ ʾʾ ʩʢʦʨʦʯʝʥʥʷ ʩʪʘʚʠʪʴ ʧʽʜ ʧʠʪʘʥʥʷ ʤʘʡʙʫʪʥʽ 

ʪʝʤʧʠ ʨʦʟʚʠʪʢʫ. ʅʦʨʚʝʛʽʷ ʚʧʨʦʚʘʜʞʫʻ ʽʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ ʚ ʩʠʩʪʝʤʽ net metering: 

- ɺʽʨʪʫʘʣʴʥʠʡ net metering: ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʥʝʨʛʽʶ, ʚʠʨʦʙʣʝʥʫ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ, ʚ 

ʽʥʰʦʤʫ. 

˽ͦ΄͔ͦ͒͗ͤͤ͟Ύ ͔͔͎͔͙ͤͪͭ;ͤͦ͝ ͤ͜ͺ͙ͪ͊ͫͭͪͯͭͯͪ͟

˽͔͔͍͔ͪ͊ͤͭ͊͗ͤͤΎ ͦ͊͟͡͡Έ͙ͤͻ ͔͔ͣͪ͗ 

˿͊͒ͤ͟͜͡ ͙͔͙ͫͫͭͣ ͒͡Ύ ͍͋͊͊ͤͫͯ͊ͤͤ͡Ύ ͔͔ͣͪ͗͜

˭͍͊ͦͤͦ͒͊͟;͊ ͔͍͙ͤͤ͊͘;͔ͤͫͭ͜Έ

˻͔͔͙͚͋ͣ͗ͤ ͒ͦͫͭͯͨ ͒ͦ ͺ͍ͤ͊ͤͫͯ͊ͤͤ͜Ύ



 

216 

- ɯʥʪʝʛʨʘʮʽʷ ʟ ʝʣʝʢʪʨʦʤʦʙʽʣʷʤʠ (V2G): ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʤʦʞʫʪʴ ʚʽʜʜʘʚʘʪʠ ʝʥʝʨʛʽʶ ʥʘʟʘʜ ʫ 

ʤʝʨʝʞʫ. 

- ʈʦʟʫʤʥʽ ʤʝʨʝʞʽ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ: ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ. 

- ɼʠʥʘʤʽʯʥʽ ʪʘʨʠʬʠ: ʩʪʠʤʫʣʶʶʪʴ ʝʬʝʢʪʠʚʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. [3] 

 

 
ʈʠʩʫʥʦʢ 2 ï ɿʤʽʥʘ ʪʘʨʠʬʫ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [4] 

- ʉʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ: ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʦʥʷʯʥʫ 

ʝʥʝʨʛʽʶ. 

- ʎʝʥʪʨʘʣʽʟʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ ʦʙʤʽʥʫ ʜʘʥʠʤʠ: ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʠʡ ʦʙʣʽʢ. [5] 

- ɯʥʪʝʛʨʘʮʽʷ ʟ ʪʝʧʣʦʚʠʤʠ ʥʘʩʦʩʘʤʠ: ʦʧʪʠʤʽʟʫʻ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʠʥʢʽʚ. 

ɼʦʩʚʽʜ ʅʦʨʚʝʛʽʾ ʧʦʢʘʟʫʻ, ʱʦ net metering ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ ʥʘʚʽʪʴ ʫ ʢʨʘʾʥʘʭ ʟ ʦʙʤʝʞʝʥʦʶ 

ʩʦʥʷʯʥʦʶ ʨʘʜʽʘʮʽʻʶ. ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʚʢʣʶʯʘʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽʥʥʦʚʘʮʽʾ ʪʘ ʧʽʜʪʨʠʤʢʫ ʜʝʨʞʘʚʠ, 

ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ "net metering" ʚ ʋʢʨʘʾʥʽ ʩʣʽʜ ʚʧʨʦʚʘʜʞʫʚʘʪʠ 

ʽʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ, ʪʘʢʽ ʷʢ: 

1. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʮʠʬʨʦʚʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ. 

2. ʉʪʠʤʫʣʶʚʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡ ʫ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

3. ʇʦʢʨʘʱʝʥʥʷ ʟʘʢʦʥʦʜʘʚʯʦʾ ʙʘʟʠ ʪʘ ʧʽʜʪʨʠʤʢʘ ʟ ʙʦʢʫ ʜʝʨʞʘʚʠ. 

4. ɿʘʣʫʯʝʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʽʥʚʝʩʪʠʮʽʡ: ʟʘʣʫʯʝʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʜʣʷ 

ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʦʝʢʪʽʚ ʟ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

5. ʇʦʜʘʪʢʦʚʽ ʧʽʣʴʛʠ: ʥʘʜʘʥʥʷ ʧʦʜʘʪʢʦʚʠʭ ʧʽʣʴʛ ʜʣʷ ʚʠʨʦʙʥʠʢʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ. 

6. ʄʦʜʝʨʥʽʟʘʮʽʷ ʝʣʝʢʪʨʦʤʝʨʝʞ: ʥ̔ʚʝʩʪʫʚʘʥʥʷ ʚ ʤʦʜʝʨʥʽʟʘʮʽʶ ʝʣʝʢʪʨʦʤʝʨʝʞ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʾ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʧʽʜʢʣʶʯʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ ʛʝʥʝʨʘʮʽʾ. 

7. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʢʦʥʦʜʘʚʩʪʚʘ: ʨʦʟʨʦʙʢʘ ʪʘ ʧʨʠʡʥʷʪʪʷ ʯʽʪʢʠʭ ʪʘ ʚʩʝʦʩʷʞʥʠʭ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ, ʷʢʽ ʨʝʛʫʣʶʚʘʪʠʤʫʪʴ ʚʩʽ ʘʩʧʝʢʪʠ "net metering", ʚʢʣʶʯʘʶʯʠ ʪʝʭʥʽʯʥʽ 

ʚʠʤʦʛʠ, ʧʨʦʮʝʜʫʨʠ ʧʽʜʢʣʶʯʝʥʥʷ, ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʪʘʨʠʬʠ. 

 

ɺʠʩʥʦʚʦʢ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʢʣʠʢʠ ʚʽʡʥʠ, ʩʠʩʪʝʤʘ net metering ʚ ʋʢʨʘʾʥʽ ʜʝʤʦʥʩʪʨʫʻ ʩʪʽʡʢʠʡ 

ʨʦʟʚʠʪʦʢ. ɿʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘ ʟʘʛʘʣʴʥʦʾ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʟʨʦʩʪʘʶʯʠʡ ʽʥʪʝʨʝʩ ʫʢʨʘʾʥʮʽʚ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ʋʢʨʘʾʥʘ ʤʦʞʝ ʚʟʷʪʠ ʧʨʠʢʣʘʜ ʟ ʅʦʨʚʝʛʽʾ, ʷʢʘ ʫʩʧʽʰʥʦ ʧʦʻʜʥʫʻ ʨʦʟʚʠʪʦʢ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʠ ʟ ʘʢʪʠʚʥʠʤ 
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ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʚ ʩʠʩʪʝʤʽ net metering. ʉʠʩʪʝʤʘ net 

metering ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʩʪʘʪʠ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʪʘ 

ʧʝʨʝʭʦʜʫ ʜʦ ʙʽʣʴʰ ʩʪʘʣʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. Net Metering ʪʘ ʩʠʩʪʝʤʫ ʚʠʜʘʯʽ ʛʘʨʘʥʪʽʾ ʧʦʭʦʜʞʝʥʥʷ ʝʥʝʨʛʽʾ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.kmu.gov.ua/news/derzhenergoefektivnosti 

2. NET ENERGY METERING ʚ ʋʢʨʘʾʥʽ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://saee.gov.ua/sites/Net_Energy_Metering 

3. Johannes Mauritzen; April 5, 2023; With great power (prices) comes great tail pipe emissions? 

A natural experiment of electricity prices and electric car adoption. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.researchgate.net/publication/369792492 

4. ʊʘʨʠʬ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ (ʅʦʨʚʝʛʽʷ) [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://euenergy.live/country.php?a2=NO2 

5. ʊʘʨʠʬ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ ʧʦʜʘʪʢʘʤʠ (ʅʦʨʚʝʛʽʷ) [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.ssb.no/en 
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ʅʝʨʫʙʘʮʴʢʠʡ ɺ.ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʛʫʨʮʦʚ ʉ.ʉ., ʤʘʛʽʩʪʨ 

ʐʘʧʦʚʘʣʦʚʘ ɼ.ʉ., ʙʘʢʘʣʘʚʨ 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

 

ʉʋʏɸʉʅɯ ɸʉʇɽʂʊʀ ʈʆɿɺʀʊʂʋ ɯ ɺʇʈʆɺɸɼɾɽʅʅʗ ɯʅʊɽʃɽʂʊʋɸʃʔʅʀʍ 

ɽʅɽʈɻɽʊʀʏʅʀʍ ʉʀʉʊɽʄ SMART GRID 
 

ʉʫʯʘʩʥʝ ʩʫʩʧʽʣʴʩʪʚʦ ʜʝʜʘʣʽ ʧʨʘʛʥʝ ʩʪʘʪʠ ʙʽʣʴʰ ʝʥʝʨʛʦʟʘʣʝʞʥʠʤ, ʫ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʧʦʪʨʝʙʫʻ 

ʩʪʘʙʽʣʴʥʦʛʦ, ʥʘʜʽʡʥʦʛʦ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʆʢʨʽʤ ʪʦʛʦ, ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ 

ʫ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘʜʞʝ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʝʢʪʦʨ ʥʘʨʘʟʽ ʻ ʦʩʥʦʚʥʠʤ 

ʜʞʝʨʝʣʦʤ ʤʘʡʞʝ ʧʦʣʦʚʠʥʠ ʚʩʽʭ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʋ ʚʠʨʽʰʝʥʥʽ ʮʠʭ ʧʨʦʙʣʝʤ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʻ ʩʠʩʪʝʤʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ (Smart Grid), ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʝʣʝʢʪʨʠʯʥʫ 

ʤʝʨʝʞʫ, ʷʢʘ ʚʢʣʶʯʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʭʦʜʠ ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ [1, 2]. 

ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ, ʽʥʪʝʛʨʘʮʽʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʧʦʞʠʚʘʯʽʚ, ʘ 

ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʨʝʩʫʨʩʽʚ [3, 4]. ʂʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʮʽʻʾ 

ʩʠʩʪʝʤʠ ʻ ʝʣʝʢʪʨʦʥʥʝ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʊʝʨʤʽʥ ñSmart Gridò ʙʫʚ ʚʧʝʨʰʝ ʚʚʝʜʝʥʠʡ ʫ 2003 ʨʦʮʽ, ʢʦʣʠ Electric Power Research Institute 

ʟʘʧʨʦʧʦʥʫʚʘʚ ʟʘʤʽʥʠʪʠ ʪʨʘʜʠʮʽʡʥʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʧʨʠʩʪʨʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʥʘ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ. ʆʬʽʮʽʡʥʝ ʚʠʟʥʘʯʝʥʥʷ ñʨʦʟʫʤʥʦʾ ʤʝʨʝʞʽò ʙʫʣʦ ʟʘʢʨʽʧʣʝʥʦ ʫ 2007 ʨʦʮʽ ʚ ʉʐɸ ʚ ʨʘʤʢʘʭ 

ʟʘʢʦʥʫ ñʇʨʦ ʝʥʝʨʛʝʪʠʯʥʫ ʥʝʟʘʣʝʞʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫò. ʅʘʡʙʽʣʴʰʽ ʧʨʦʛʨʘʤʠ Smart Grid ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ 

ʉʐɸ, ʂʘʥʘʜʽ, ʂʠʪʘʾ ʪʘ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʉʦʶʟʽ, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʪʘʢʠʭ ʢʨʘʾʥʘʭ, ʷʢ ɯʥʜʽʷ, 

ɹʨʘʟʠʣʽʷ ʪʘ ʄʝʢʩʠʢʘ [5]. 

ʉʠʩʪʝʤʠ Smart Grid ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ, ʥʘʜʽʡʥʦʾ ʪʘ ʛʥʫʯʢʦʾ ʤʝʨʝʞʽ, 

ʟʜʘʪʥʦʾ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʨʦʩʪʘʶʯʦʛʦ ʧʦʧʠʪʫ ʥʘ ʝʥʝʨʛʽʶ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ 

ʩʦʥʷʯʥʘ ʪʘ ʚʽʪʨʦʚʘ ʝʥʝʨʛʽʷ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʟʘʣʫʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʜʦ 

ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʜʝ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʥʝ ʪʽʣʴʢʠ ʩʧʦʞʠʚʘʪʠ, ʘ ʡ ʚʠʨʦʙʣʷʪʠ ʝʥʝʨʛʽʶ 

(ʪʘʢ ʟʚʘʥʽ ñʧʨʦʟôʶʤʝʨʠò). ʎʝ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʽ 

ʩʪʚʦʨʶʚʘʪʠ ʝʢʦʥʦʤʽʯʥʽ ʩʪʠʤʫʣʠ ʜʣʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ [6, 7]. 

ɺʧʨʦʚʘʜʞʝʥʥʷ Smart Grid ʚʢʣʶʯʘʻ ʢʣʶʯʦʚʽ ʝʪʘʧʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʛʨʘʮʽʶ 

ʩʫʯʘʩʥʠʭ ʨʽʰʝʥʴ ʚ ʝʥʝʨʛʝʪʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʇʝʨʰʦʯʝʨʛʦʚʠʤ ʻ ʽʥʩʪʘʣʷʮʽʷ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʽ 

ʜʘʪʯʠʢʽʚ ʜʣʷ ʪʦʯʥʦʛʦ ʦʙʣʽʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʦʞʠʚʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ɯʥʪʝʛʨʘʮʽʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ʩʦʥʷʯʥʦʾ, ʚʽʪʨʦʚʦʾ) ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʪʨʘʪʠ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʘʣʘʥʩ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ [8, 9]. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ ʝʥʝʨʛʽʾ ʽ ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦʤʝʨʝʞ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʛʥʫʯʢʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʤʽʥʫ ʧʦʧʠʪʫ ʡ ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʥʫ ʤʝʨʝʞʫ. 

ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʻ ʟʘʣʫʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʷʢ ʘʢʪʠʚʥʠʭ ʫʯʘʩʥʠʢʽʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʠʥʢʫ 

(ʧʨʦʟôʶʤʝʨʽʚ), ʷʢʽ ʚʠʨʦʙʣʷʶʪʴ ʽ ʥʘʜʘʶʪʴ ʝʥʝʨʛʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʽʚ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʰʠʬʨʫʚʘʥʥʷ, ʟʘʭʠʩʪ ʚʽʜ ʢʽʙʝʨʘʪʘʢ ʽ ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ ʜʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ [10]. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ Smart Grid ʚʞʝ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ 

ʩʚʽʪʫ. ʋ ʉʐɸ ʜʣʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʟʘʩʪʘʨʽʣʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʨʦʟʫʤʥʽ 

ʣʽʯʠʣʴʥʠʢʠ ʪʘ ʤʝʨʝʞʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʧʦʧʠʪʦʤ ʥʘ ʝʥʝʨʛʽʶ ʪʘ ʽʥʪʝʛʨʫʚʘʪʠ 

ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. ʂʠʪʘʡ ʧʨʘʮʶʻ ʥʘʜ ʤʦʜʝʨʥʽʟʘʮʽʻʶ ʩʚʦʾʭ ʝʣʝʢʪʨʦʤʝʨʝʞ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʨʦʟʫʤʥʽ ʣʽʯʠʣʴʥʠʢʠ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ʋ ʢʨʘʾʥʘʭ ɭʉ, ʟʦʢʨʝʤʘ ʚ ʅʽʤʝʯʯʠʥʽ, ʌʨʘʥʮʽʾ ʪʘ ɯʩʧʘʥʽʾ, ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʦʻʢʪʠ Smart 

Grid, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʽʥʪʝʛʨʘʮʽʶ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʨʠʷʻ ʩʪʘʣʦʤʫ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʶ ʽ ʩʢʦʨʦʯʝʥʥʶ ʚʠʢʠʜʽʚ [11, 12]. 

ʇʦʪʝʥʮʽʘʣ ʩʠʩʪʝʤ Smart Grid ʻ ʟʥʘʯʥʠʤ ʽ ʙʘʛʘʪʦʛʨʘʥʥʠʤ. Smart Grid ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʥʠʞʫʶʯʠ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʜʣʷ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʽ ʩʧʦʞʠʚʘʯʽʚ ʪʘ 
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ʩʢʦʨʦʯʫʶʯʠ ʧʦʪʨʝʙʫ ʚ ʨʝʟʝʨʚʥʠʭ ʧʦʪʫʞʥʦʩʪʷʭ. ɯʥʪʝʛʨʘʮʽʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ 

ʩʦʥʷʯʥʘ ʽ ʚʽʪʨʦʚʘ ʝʥʝʨʛʽʷ, ʨʦʙʠʪʴ ʝʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ ʙʽʣʴʰ ʩʪʽʡʢʦʶ ʽ ʟʤʝʥʰʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ. 
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ʏʝʨʥʝʮʴʢʘ ʖ.ɺ., ʢ. ʪ. ʥ., ʜʦʮ.;  

ʅʻʜʻʣʴʢʦ ʂ.ʅ., ʤʘʛʽʩʪʨʘʥʪʢʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅʆɻʆ ʆɹˆʈʋʅʊʋɺɸʅʅʗ 

ʄɽʈɽɾɽɺʆɰ ʂʆʄɹɯʅʆɺɸʅʆɰ ɺɯʊʈʆ-ʉʆʅʗʏʅʆɰ ɽʃɽʂʊʈʆʉʊɸʅʎɯɰ 
ɺʩʪʫʧ. ɺʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ (ɺɼɽ) ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʜʦʩʷʛʥʝʥʥʽ ʮʽʣʝʡ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʢʠ. ʆʩʥʦʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ɺɼɽ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ 

ʧʨʠʨʦʩʪʦʤ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʩʚʽʪʽ ʻ ʩʦʥʷʯʥʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʫʩʪʘʥʦʚʢʠ (ʉʌɽʋ) ʪʘ ʥʘʟʝʤʥ ̔

ʚʽʪʨʦʚʽ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ (ɺɽʋ), ʙʦ ʾʭ ʮʽʥʦʚʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʩʫʪʪʻʚʦ ʟʨʦʩʣʘ ʟʘ ʦʩʪʘʥʥʻ 

ʜʝʩʷʪʠʣʽʪʪʷ. ʄʽʞʥʘʨʦʜʥʝ ʘʛʝʥʪʩʪʚʦ ʟ ɺɼɽ (IRENA) ʪʘ ʽʥʚʝʩʪʠʮʽʡʥʽ ʽʥʩʪʠʪʫʮʽʾ (ʥʘʧʨʠʢʣʘʜ, Lazard) 

ʥʘʛʦʣʦʰʫʶʪʴ, ʱʦ ʩʴʦʛʦʜʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʘ ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ (LCOE) ʫ ʪʘʢʠʭ ʧʨʦʻʢʪʘʭ 

ʥʠʞʯʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʝʣʝʢʪʨʦʛʝʥʝʨʘʮʽʾ ʟ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. 

ʂʦʤʙʽʥʦʚʘʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʧʦʻʜʥʫʶʪʴ ʚʽʪʨʦʚʽ ʪʘ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʥʘ ʦʜʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ, 

ʟʙʽʣʴʰʫʶʯʠ ʟʘʛʘʣʴʥʠʡ ʚʠʨʦʙʽʪʦʢ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʟʤʝʥʰʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ ʡʦʛʦ ʦʙʩʷʛʫ ʚʽʜ 

ʧʦʛʦʜʥʠʭ ʫʤʦʚ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ [1] ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘʚʜʷʢʠ ʪʘʢʦʤʫ ʢʦʤʙʽʥʫʚʘʥʥʶ ʜʦʩʷʛʘʻʪʴʩʷ ʝʢʦʥʦʤʽʷ 

ʚʠʪʨʘʪ ʜʦ 16 %, ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʨʪʫʘʣʴʥʠʤ ʦʙôʻʜʥʘʥʥʷʤ ʦʢʨʝʤʠʭ ʩʦʥʷʯʥʦʾ ʪʘ ʚʽʪʨʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʽʻʾ 

ʞ ʧʦʪʫʞʥʦʩʪʽ; ʦʙʩʷʛ ʧʦʪʝʥʮʽʡʥʦʾ ʝʢʦʥʦʤʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʫʤʘʨʥʦʾ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ: ʢʨʘʱʽ 

ʧʦʢʘʟʥʠʢʠ ʤʘʻ ʤʝʨʝʞʝʚʘ ʢʦʤʙʽʥʦʚʘʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ 50 ʄɺʪ ʽ ʚʠʱʝ. 

ʇʽʩʣʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ ʘʪʘʢ ʈʦʩʽʡʩʴʢʦ ʾʌʝʜʝʨʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʜʦʩʪʫʧʥʘ ʚʩʪʘʥʦʚʣʝʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʚ ʦʙô̒ ʜʥʘʥʽʡ ʝʥʝʨʛʦʩʠʩʪʝʤ ̔ʋʢʨʘʾʥʠ ʩʢʦʨʦʪʠʣʘʩʷ ʥʘ 66 %, ʽʟ 27 ɻɺʪ ʫ 2021 ʨ. ʜʦ 18 ɻɺʪ ʫ 

2023 ʨ. [2]. ʎʝ ʫʩʢʣʘʜʥʶʻ ʩʪʘʙʽʣʴʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶ ʩʴʦʛʦʜʥʽ, ʽ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʡʦʛʦ ʟʘ ʫʤʦʚʠ ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ. 

ʄʝʪʘ: ʚʠʟʥʘʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʨʝʞʝʚʦʾ ʢʦʤʙʽʥʦʚʘʥʦ ʾ

ʚʽʪʨʦ-ʩʦʥʷʯʥʦ ʾʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʦʻʢʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʦʙôʻʢʪʘ ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 50 

ʄɺʪ ʫ ʤ. ʂʘʥʽʚ, ʏʝʨʢʘʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɽʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʌɽʋ ʪʘ ɺɽʋ 

ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʫ ʤʽʩʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ɿʘ ʜʘʥʠʤʠ ʘʪʣʘʩʫ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ɺɼɽ ʋʢʨʘʾʥʠ [3], ʩʫʤʘʨʥʘ ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ (ɟ) ʟʘ ʨʽʢ ʫ ʤ. ʂʘʥʽʚ ʏʝʨʢʘʩʴʢʦʾ 

ʦʙʣʘʩʪʽ ʩʢʣʘʜʘʻ 1150 ʢɺʪĀʛʦʜ/ʤ2, ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ (ɜ) ʥʘ ʚʠʩʦʪʽ 10 ʤ ï 3,3 ʤ/ʩ, ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʪʠʧʦʚʦʾ ɺɽʋ ʪʨʴʦʭʤʝʛʘʚʪʥʦʛʦ ʢʣʘʩʫ (ʚʠʩʦʪʘ ʦʩʽ ʨʦʪʦʨʘ 135 ʤ, ʜʽʘʤʝʪʨ 

ʚʽʪʨʦʢʦʣʝʩʘ 126 ʤ) ï 0,36. 

ʈʘʟʦʤ ʽʟ ʪʠʤ, ʚʧʨʦʜʦʚʞ ʜʦʙʠ ʽ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʦʙʩʷʛ ʛʝʥʝʨʦʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ɺɽʋ ʪʘ ʉʌɽʋ ʩʫʪʪʻʚʦ 

ʢʦʣʠʚʘʻʪʴʩʷ. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʜʘʥʽ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʪʘ ʨʽʚʝʥʴ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʚ ʤʽʩʮʽ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʻʢʪʦʚʘʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʜʦʩʪʫʧʥʽ ʫ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣʘʭ: (1) ʪʠʧʦʚʠʡ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʡ ʨʽʢ ʥʘ ʧʣʘʪʬʦʨʤʽ PVGIS; (2) ʧʨʦʻʢʪ NASA POWER; (3) ʧʣʘʪʬʦʨʤʘ ʦʙʨʦʙʢʠ 

ʤʝʪʝʦʜʘʥʠʭ Open-Meteo. ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʂʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʚ ʤʽʩʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʻʢʪʦʚʘʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟʘ ʜʘʥʠʤʠ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ: ʘ) 

ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ; ʙ) ʩʫʤʘʨʥʘ ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ ʟʘ ʤʽʩʷʮʷʤʠ ʨʦʢʫ 
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ʅʘ ʧʣʘʪʬʦʨʤʽ PVGIS ʥʘʷʚʥʽ ʜʘʥʽ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʣʠʰʝ ʥʘ ʚʠʩʦʪʽ 10 ʤ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʤʝʥʰʝ 3 ʤ/ʩ, ʪʦʙʪʦ ʥʝ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʩʪʘʨʪʫ ʨʦʙʦʪʠ 

ʙʽʣʴʰʦʩʪʽ ɺɽʋ. ʅʘ ʩʘʡʪʽ ʧʨʦʻʢʪʫ NASA POWER ʜʦʩʪʫʧʥʽ ʜʘʥʽ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʚʠʩʦʪʽ 10 ʤ ʪʘ 

50 ʤ; ʥʘ ʧʣʘʪʬʦʨʤʽ Open-Meteo ï 10 ʤ ʪʘ 100 ʤ. ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 1 (ʘ), ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʚʠʩʦʪʽ 50 ʤ 

ʪʘ 100 ʤ ʚʘʨʽʶʻ ʚʧʨʦʜʦʚʞ ʨʦʢʫ ʚʽʜ 4,5 ʜʦ 7 ʤ/ʩ, ʱʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʩʪʘʨʪʫ ɺɽʋ. ʈʘʟʦʤ ʽʟ ʪʠʤ, 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʜʘʥʠʭ ʫ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚʠ, ʙʦ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʟʘ ʜʘʥʠʤʠ NASA 

POWER ʥʘ ʚʠʩʦʪʽ 50 ʤ ʚʠʱʘ, ʥʽʞ ʥʘ ʚʠʩʦʪʽ 100 ʤ ʟʘ ʜʘʥʠʤʠ Open-Meteo. ʄʦʞʝʤʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʜʣʷ ʨʝʘʣʽʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʥʦʟʫ ʚʠʨʦʙʽʪʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ɺɽʋ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʚʽʪʨʦʚʠʤʽʨʶʚʘʥʥʷ ʚ ʤʽʩʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʻʢʪʦʚʘʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʜʽʡ ʧʽʜ ʯʘʩ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʦʻʢʪʫ ʻ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʨʦʙʽʪʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ɺɽʋ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʟʘ ʜʘʥʠʤʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʽʟ 

ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ ʨʘʟʦʤ ʽʟ ʦʮʽʥʢʦʶ ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʦʛʥʦʟʫ. 

ɼʣʷ ʟʘʜʘʥʦʾ ʩʫʤʘʨʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʢʦʤʙʽʥʦʚʘʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ɺɽʋ ʪʘ ʉʌɽʋ. ɺ [4] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʧʦʪʫʞʥʦʩʪʽ (ʥʘ ʤʽʥʽʤʫʤ). ɸʣʝ ʜʣʷ ʽʥʚʝʩʪʦʨʘ ʢʨʠʪʝʨʽʻʤ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʻ ʟʥʘʯʝʥʥʷ ʯʠʩʪʦʾ ʧʨʠʚʝʜʝʥʦʾ ʚʘʨʪʦʩʪʽ (NPV) ʧʨʦʻʢʪʫ, ʪʦʤʫ ʚ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʽʥʰʫ ʮʽʣʴʦʚʫ 

ʬʫʥʢʮʽ ʁ(1), ʷʢʘ ʚʢʣʶʯʘʻ ʽʥʚʝʩʪʠʮʽʡʥʽ ʚʠʪʨʘʪʠ (CAPEX) ʪʘ ʟʘʛʘʣʴʥʠʡ ʜʠʩʢʦʥʪʦʚʘʥʠʡ ʧʨʠʙʫʪʦʢ ʚʽʜ 

ʧʨʦʜʘʞʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʫʚʝʩʴ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (Ὕ). 

ὔὖὠ В ὅὃὖὉὢВ ὅὊO άὥὼ.   (1) 

ʉʴʦʛʦʜʥʽ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʻʢʪ̔ ʚ ʤʝʨʝʞʝʚʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʪʨʦ-ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʚ ʋʢʨʘʾʥʽ 

ʦʙʤʝʞʝʥʘ ʥʝ ʣʠʰʝ ʚʽʡʩʴʢʦʚʠʤ ʩʪʘʥʦʤ, ʘ ʽ ʥʝʜʦʩʪʘʪʥʴʦʶ ʧʽʜʛʦʪʦʚʢʦʶ ʨʝʛʫʣʷʪʦʨʥʦʾ ʙʘʟʠ. çɿʝʣʝʥʠʡè 

ʪʘʨʠʬ, ʧʝʨʝʜʙʘʯʝʥʠʡ ʜʣʷ ɺɼɽ, ʧʦʰʠʨʶʻʪʴʩʷ ʣʠʰʝ ʥʘ ʢʦʤʙʽʥʦʚʘʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ ʜʦ 150 ʢɺʪ. ʊʦʤʫ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ, ʚʠʨʦʙʣʝʥʘ ʢʦʤʙʽʥʦʚʘʥʦʶ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ ʙʽʣʴʰʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʙʫʜʝ ʧʨʦʜʘʚʘʪʠʩʷ ʥʘ ʟʘʛʘʣʴʥʠʭ ʫʤʦʚʘʭ ʨʠʥʢʫ ʜʚʦʩʪʦʨʦʥʥʽʭ ʜʦʛʦʚʦʨʽʚ ʪʘ ʨʠʥʢʫ ʥʘ ʜʦʙʫ 

ʥʘʧʝʨʝʜ. 

ʋ (1) ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʚʘʨʪʽʩʪʴ ʧʨʠʻʜʥʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʦ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ. ʊʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʉʆʋ ʅɽʂ 341.001:2019 ʱʦʜʦ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʟ ʦʙôʻʜʥʘʥʦʶ 

ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ ʋʢʨʘʾʥʠ ʩʪʦʩʫʶʪʴʩʷ ʩʦʥʷʯʥʠʭ ʪʘ ʚʽʪʨʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʘʣʝ ʥʝ ʾʭ ʢʦʤʙʽʥʘʮʽʾ. ɿʛʽʜʥʦ 

ʚʠʤʦʛ ʂʦʜʝʢʩʫ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ, ʢʦʤʙʽʥʦʚʘʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʟʽ ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 50 ʄɺʪ 

ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʘ ʜʦ ʪʠʧʫ ʉ ʘʙʦ ʪʠʧʫ D, ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʧʨʫʛʠ ʚ ʪʦʯʮʽ ʧʨʠʻʜʥʘʥʥʷ (ʜʦ 110 ʢɺ ʯʠ 

ʚʠʱʝ). 

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʨʝʞʝʚʦʾ ʢʦʤʙʽʥʦʚʘʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʨʝʚʘ ʨʽʰʝʥʴ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʧʦʨʽʚʥʶʚʘʪʠ NPV ʧʨʦʻʢʪʫ, ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ 

ʩʫʢʫʧʥʦʛʦ ʚʠʨʦʙʽʪʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʨʽʟʥʠʭ ʧʨʠʧʫʱʝʥʴ ʱʦʜʦ ʮʽʥ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʟʘ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʦʻʢʪʫ ʤʝʨʝʞʝʚʦʾ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʽʟ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʫʤʘʨʥʦʛʦ ʚʠʨʦʙʽʪʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ɺɽʋ ʪʘ ʉʌɽʋ; ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʤʙʽʥʘʮʽʾ 

ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ɺɽʋ ʪʘ ʉʌɽʋ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ NPV ʧʨʦʻʢʪʫ; ʦʙʤʝʞʝʥʽʩʪʴ 

ʨʝʛʫʣʷʪʦʨʥʦʾ ʙʘʟʠ ʜʣʷ ʧʨʦʻʢʪʽʚ ʤʝʨʝʞʝʚʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ; ʜʦʮʽʣʴʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʚʠʛʣʷʜʽ ʜʝʨʝʚʘ ʨʽʰʝʥʴ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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ʅʝʨʫʙʘʮʴʢʠʡ ɺ.ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʛʫʨʮʦʚ ʉ.ʉ., ʤʘʛʽʩʪʨ 

ʐʘʧʦʚʘʣʦʚʘ ɼ.ʉ., ʙʘʢʘʣʘʚʨ 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

 

ɺʇʈʆɺɸɼɾɽʅʅʗ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿɺʀʊʂʋ ɯʅʅʆɺɸʎɯʁʅʀʍ 

ʊɽʍʅʆʃʆɻɯʁ ɺ ɽʅɽʈɻɽʊʀʏʅɯʁ ɻɸʃʋɿɯ 

 
ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʝʥʝʨʛʝʪʠʮʽ ʦʭʦʧʣʶʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ, ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʘʜʘʧʪʘʮʽʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʜʦ ʩʫʯʘʩʥʠʭ ʚʠʢʣʠʢʽʚ [1, 2]. ʆʜʥʽʻʶ ʟ 

ʢʣʶʯʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʪʫʪ ʻ ʧʝʨʝʭʽʜ ʚʽʜ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʦ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ ʪʘ ʟʤʝʥʰʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʠʢʦʧʥʠʭ ʚʠʜʽʚ 

ʧʘʣʠʚʘ. ʋ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʮʝʡ ʧʨʦʮʝʩ ʚʽʜʦʤʠʡ ʷʢ ñʝʥʝʨʛʝʪʠʯʥʠʡ ʧʝʨʝʭʽʜò ʽ ʚʢʣʶʯʘʻ ʟʘʤʽʥʫ ʩʪʘʨʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʩʫʯʘʩʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ʩʦʥʮʷ, ʚʽʪʨʫ, ʛʽʜʨʦʝʥʝʨʛʽʾ ʪʘ ʙʽʦʤʘʩʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʚʠʢʠʜʠ CO2 ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ. 

ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʥʘʧʨʷʤʢʠ ʤʦʞʣʠʚʠʭ ʽʥʥʦʚʘʮʽʡ. ɼʝʮʝʥʪʨʘʣʽʟʘʮʽʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ï 

ʚʽʜʤʦʚʘ ʚʽʜ ʚʝʣʠʢʠʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʚʩʝ ʙʽʣʴʰʠʡ ʧʝʨʝʭʽʜ ʥʘ ʤʽʩʮʝʚʽ, ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ 

ʦʙôʻʢʪʠ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʰʚʠʜʰʝ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʧʦʧʠʪʫ ʽ ʧʨʦʧʦʟʠʮʽʾ ʪʘ ʧʽʜʚʠʱʫʻ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʦʪʝʥʮʽʡʥʠʭ ʧʝʨʝʙʦʾʚ. ʈʦʟʫʤʥʽ ʤʝʨʝʞʽ (Smart Grid), ʥʘʧʨʠʢʣʘʜ, ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʽʥʪʝʛʨʫʚʘʪʠ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʫ ʩʠʩʪʝʤʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʛʥʫʯʢʝ ʢʝʨʫʚʘʥʥʷ ʪʘ ʝʢʦʥʦʤʽʶ 

ʨʝʩʫʨʩʽʚ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʪʘ ɯʥʪʝʨʥʝʪ ï ʮʝ ʮʠʬʨʦʚʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʟʨʦʩʪʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ, 

ʟʥʠʞʫʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʜʘʶʪʴ ʟʤʦʛʫ ʧʝʨʝʜʙʘʯʘʪʠ ʧʽʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʢʝʨʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʦʪʦʯʥʠʭ ʧʦʪʨʝʙ. ʉʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ï ʚʝʣʠʢʽ ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ, ʟʜʘʪʥʽ ʥʘʢʦʧʠʯʫʚʘʪʠ ʥʘʜʣʠʰʦʢ 

ʝʥʝʨʛʽʾ, ʚʠʨʦʙʣʝʥʦʾ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʧʽʜ ʯʘʩ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʎʝ ʟʥʘʯʥʦ ʩʪʘʙʽʣʽʟʫʻ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʚʠʨʦʙʥʠʮʪʚʦ ʟʥʠʞʫʻʪʴʩʷ ʯʝʨʝʟ ʥʝʩʧʨʠʷʪʣʠʚʽ 

ʧʦʛʦʜʥʽ ʫʤʦʚʠ. ɺʦʜʥʝʚʘ ʝʥʝʨʛʝʪʠʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ʜʣʷ ʚʘʞʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʪʨʘʥʩʧʦʨʪʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ñʟʝʣʝʥʦʛʦò ʚʦʜʥʶ, ʷʢʠʡ ʚʠʨʦʙʣʷʻʪʴʩʷ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ, ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ ʚʫʛʣʝʮʶ ʽ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʚʠʨʦʙʥʠʮʪʚ. ɺ 

ʋʢʨʘʾʥʽ ʚʦʜʥʝʚʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʜʠʥ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʠʢʦʧʥʠʭ ʜʞʝʨʝʣ ʧʘʣʠʚʘ. ʊʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ ï ʧʨʦʟʦʨʝ ʚʽʜʩʪʝʞʫʚʘʥʥʷ ʣʘʥʮʶʞʢʘ ʧʦʩʪʘʯʘʥʥʷ 

ʝʥʝʨʛʽʾ ʪʘ ʢʝʨʫʚʘʥʥʷ ʦʧʝʨʘʮʽʷʤʠ, ʧʦʚôʷʟʘʥʠʤʠ ʟ ʪʦʨʛʽʚʣʝʶ ʚʽʜʥʦʚʣʶʚʘʥʦʶ ʝʥʝʨʛʽʻʶ. ʎʝ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʦʙʣʽʢʫ ʜʘʥʠʭ ʪʘ ʩʧʨʠʷʥʥʷ ʨʦʟʚʠʪʢʫ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʝʥʝʨʛʝʪʠʢʠ, ʜʝ 

ʢʦʞʝʥ ʩʧʦʞʠʚʘʯ ʤʦʞʝ ʩʪʘʪʠ ʽ ʚʠʨʦʙʥʠʢʦʤ, ʽ ʩʧʦʞʠʚʘʯʝʤ ʝʥʝʨʛʽʾ. 

ʇʝʨʝʚʘʛʠ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʝʥʝʨʛʝʪʠʮʽ ʦʭʦʧʣʶʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʪʘ 

ʥʘʜʽʡʥʽʩʪʴ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʨʽʰʝʥʴ ʩʧʨʠʷʻ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʝʩʫʨʩʽʚ, 

ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʦʚʠʨʦʙʥʠʮʪʚʦ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʽʟʫʻ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ [3, 4]. 

ʋ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʝʥʝʨʛʝʪʠʮʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ 

ʧʝʨʝʚʘʛʠ, ʘ ʩʘʤʝ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʘ ʩʪʽʡʢʽʩʪʴ, ʟʙʽʣʴʰʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʛʥʫʯʢʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ. ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʩʧʨʠʷʶʪʴ ʟʤʝʥʰʝʥʥʶ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ ʥʘ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʅʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʦʩʦʙʣʠʚʦ ʫ ʚʽʜʥʦʚʣʶʚʘʥʽʡ ʝʥʝʨʛʝʪʠʮʽ, ʩʧʨʠʷʶʪʴ ʟʥʠʞʝʥʥʶ ʚʘʨʪʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɺʦʜʥʦʯʘʩ, ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ, ʷʢ-ʦʪ ʧʝʨʦʚʩʢʽʪʦʚʽ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʜʦʧʦʤʘʛʘʻ ʟʥʠʟʠʪʠ ʚʘʨʪʽʩʪʴ 

ʫʩʪʘʥʦʚʦʢ ʽ ʟʙʽʣʴʰʠʪʠ ʜʦʩʪʫʧʥʽʩʪʴ ʯʠʩʪʦʾ ʝʥʝʨʛʽʾ ʥʘʚʽʪʴ ʫ ʚʽʜʜʘʣʝʥʠʭ ʨʝʛʽʦʥʘʭ. 

ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʛʘʣʫʟʽ ʩʪʠʢʘʶʪʴʩʷ ʟ ʥʠʟʢʦʶ ʚʠʢʣʠʢʽʚ, ʱʦ ʫʧʦʚʽʣʴʥʶʶʪʴ ʾʭ 

ʚʧʨʦʚʘʜʞʝʥʥʷ. ʇʦ-ʧʝʨʰʝ ʟʥʘʯʥʦʶ ʧʝʨʝʰʢʦʜʦʶ ʻ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʟʘʧʫʩʢʫ 

ʥ̔ʥʦʚʘʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ, ʦʩʦʙʣʠʚʦ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ, ʧʦʪʨʽʙʥʽ ʚʝʣʠʢʽ ʽʥʚʝʩʪʠʮʽʾ, ʱʦ ʩʪʚʦʨʶʻ 

ʪʨʫʜʥʦʱʽ ʜʣʷ ʢʨʘʾʥ ʽʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʜʦʭʦʜʽʚ. ʇʦ-ʜʨʫʛʝ, ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ  ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʘ ʽ ʚʽʪʨʦʚʘ ʝʥʝʨʛʽʷ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʱʦ ʚʠʤʘʛʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟ ʾʭ ʚʣʘʩʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. ʊʨʝʪʽʤ ʚʠʢʣʠʢʦʤ ʻ ʦʙʤʝʞʝʥʘ 
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ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ. ʋ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʨʦʟʧʦʜʽʣʴʯʽ ʤʝʨʝʞʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʝ ʛʦʪʦʚʽ ʜʣʷ 

ʽʥʪʝʛʨʘʮʽʾ ʥʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʤʦʜʝʨʥʽʟʘʮʽʶ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʣʝʞʥʦʛʦ 

ʬʽʥʘʥʩʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʩʦʮʽʘʣʴʥʽ ʪʘ ʨʝʛʫʣʷʪʦʨʥʽ ʧʝʨʝʰʢʦʜʠ ʪʝʞ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ. ɹʨʘʢ 

ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʪʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ ʦʙʤʝʞʫʶʪʴ ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ [5, 6]. ɼʦ ʪʦʛʦ ʞ, ʜʝʷʢʽ ʛʨʦʤʘʜʠ ʚʠʩʪʫʧʘʶʪʴ ʧʨʦʪʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʪʨʦʚʠʭ ʯʠ ʩʦʥʷʯʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʯʝʨʝʟ ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʩʪʝʪʠʯʥʽ ʧʦʙʦʶʚʘʥʥʷ. 

ʎʽ ʚʠʢʣʠʢʠ ʚʠʤʘʛʘʶʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʧʦʜʦʣʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʬʽʥʘʥʩʦʚʫ ʧʽʜʪʨʠʤʢʫ, 

ʨʦʟʚʠʪʦʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʩʪʚʦʨʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʪʘ ʽʥʬʦʨʤʫʚʘʥʥʷ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʧʨʦ 

ʧʝʨʝʚʘʛʠ ʪʘʢʠʭ ʟʤʽʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʚʠʢʣʠʢʽʚ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʝʦʙʭʽʜʥʦ 

ʟʘʣʫʯʘʪʠ ʽʥʚʝʩʪʠʮʽʾ ʯʝʨʝʟ ʩʫʙʩʠʜʽʾ ʪʘ ʧʦʜʘʪʢʦʚʽ ʧʽʣʴʛʠ, ʧʦʣʽʧʰʫʚʘʪʠ ʘʢʫʤʫʣʷʪʦʨʥʽ ʩʠʩʪʝʤʠ, 

ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣʴʯʽ ʤʝʨʝʞʽ, ʩʪʚʦʨʶʚʘʪʠ ʩʪʘʙʽʣʴʥʫ ʧʦʣʽʪʠʢʫ, ʽʥʬʦʨʤʫʚʘʪʠ ʛʨʦʤʘʜʩʴʢʽʩʪʴ, 

ʨʦʟʚʠʚʘʪʠ ʧʨʦʛʨʘʤʠ ʥʘʚʯʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ, ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʪʦʨʛʽʚʣʽ ʚʫʛʣʝʮʝʚʠʤʠ ʢʨʝʜʠʪʘʤʠ ʽ ʩʧʨʠʷʪʠ ʤʽʞʥʘʨʦʜʥʽʡ ʩʧʽʚʧʨʘʮʽ. 

ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʛʘʣʫʟʽ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʟʥʠʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʱʦ ʨʦʙʠʪʴ ʾʭ 

ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ. 
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scientific journal çIndustry 4.0è. 2019. Vol. 4, Issue 4. P. 179ï182. 
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ɻʘʚʨʠʢ ɯ. ʈ., ʩʪʫʜʝʥʪʢʘ  

ɼʝʨʝʚôʷʥʢʦ ɼ. ɻ., ʥʘʫʢ. ʢʝʨʽʚʥʠʢ, ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ, ʜʦʮ. 

ʇʨʠʱʝʧʘ ʆ.ʉ., ʩʪʫʜʝʥʪ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 
 

ɻɯɹʈʀɼʅɽ ɽʃɽʂʊʈʆɿɸɹɽɿʇɽʏɽʅʅʗ ʇʈʆʄʀʉʃʆɺʀʍ ʆɹôɭʂʊɯɺ ɺɯɼ 

ɼɸʍʆɺʀʍ ʌʆʊʆɽʃɽʂʊʈʀʏʅʀʍ ʉʀʉʊɽʄ 
ɺʩʪʫʧ. ɺʥʘʩʣʽʜʦʢ ʟʥʠʱʝʥʥʷ ʨʬ ʚʝʣʠʢʦʛʦ ʚʽʜʩʦʪʢʘ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʱʦ ʟʜʽʡʩʥʶʚʘʣʠ 

ʛʝʥʝʨʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʚ ʧʽʢʦʚʽ ʛʦʜʠʥʠ, ʙʫʣʠ ʟʘʜʽʷʥʽ ʛʨʘʬʽʢʠ ʚʽʜʢʣʶʯʝʥʥʷ ʩʚʽʪʣʘ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʽʩʪʦʪʥʦ ʚʧʣʠʥʫʣʦ ʥʘ ʨʦʙʦʪʫ ʙʘʛʘʪʴʦʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʆʜʥʠʤ ʽʟ ʨʽʰʝʥʴ ʙʫʣʦ ʚʧʨʦʚʘʜʠʪʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ 

ʩʦʥʷʯʥʽ ʩʠʩʪʝʤʠ. ʋ ʟʚôʷʟʢʫ ʟ ʜʦʩʠʪʴ ʰʚʠʜʢʠʤ ʨʦʟʚʠʪʢʦʤ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʜʝʨʞʘʚʥʠʤ 

ʧʨʦʛʨʘʤ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʶ ʜʘʥʦʛʦ ʚʠʜʫ ʉɽʉ ʪʘ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʮʴʦʛʦ ʚʠʜʫ ʝʥʝʨʛʽʾ,  ʚʧʨʦʚʘʜʞʝʥʥʷ  

ʉɽʉ ʜʦʟʚʦʣʷʻ ʚʣʘʩʥʠʢʘʤ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʟʝʢʦʥʦʤʠʪʠ ʢʦʰʪʠ, ʪʦʙʪʦ ʻ ʜʦʩʠʪʴ ʚʠʛʽʜʥʠʤ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷʤ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʛʣʷʜ ʜʦʮʽʣʴʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʽʙʨʠʜʥʦʾ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʜʘʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ, ʱʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ 

ʡʦʛʦ - ʃʴʚʽʚʩʴʢʘ ʦʙʣʘʩʪʴ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʦʱʽ ʢʦʞʥʦʾ ʙʫʜʽʚʣʽ, ʧʨʦʝʢʪʫʚʘʣʠʩʴ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʥʘ  ʨʠʩʫʥʢʫ. 

1.  

 

 
 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʥʘ ʜʘʭʘʭ ʧʽʜʧʨʠʻʤʩʪʚʘ 

 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʥʘʭʦʜʷʪʴʩʷ ʪʘʢʽ ʙʫʜʽʚʣʽ: 1 ï ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʧʦʙʫʪʦʚʠʡ ʢʦʨʧʫʩ; 2 ï 

ʂʦʪʝʣʴʥʷ; 3 ï ʉʢʣʘʜ ʧʝʨʚʠʥʥʦʾ ʩʠʨʦʚʠʥʠ; 4 ï ʉʫʰʘʨʥʷ; 5 ï ɺʠʨʦʙʥʠʯʠʡ ʮʝʭ; 6 ï ʉʢʣʘʜ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ; 

7 ï ʊʨʘʥʩʬʦʨʤʘʪʦʨʥʘ ʧʽʜʩʪʘʥʮʽʷ. 

ɿʘʛʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʛʝʥʝʨʫʚʘʥʥʷ ʉɽʉ ʜʣʷ ʫʩʽʭ ʙʫʜʽʚʝʣʴ ʜʦʨʽʚʥʶʶʪʴ 166 086 

ʢɺʪĿʛʦʜ.  ʅʘ ʨʠʩʫʥʢʫ 2 ʧʦʢʘʟʘʥʘ ʜʽʘʛʨʘʤʘ ʨʽʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʦʙôʻʢʪʘ, ʟʛʽʜʥʦ ʟʚʽʪʫ 

ʧʨʦʛʨʘʤʠ PVsyst. 
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ʈʠʩʫʥʦʢ 2 - ɼʽʘʛʨʘʤʘ ʧʦʤʽʩʷʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʉɽʉ 

 

ɺ ʭʦʜʽ ʨʦʙʦʪʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʮʽʾ 

ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ, ʟʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʷʢʠʭ -  3 991 487,412 ʛʨʥ ʟ ʇɼɺ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʚʘʨʪʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʜʽʟʥʘʪʠʩʴ ʷʢʠʡ ʜʽʻ ʪʘʨʠʬ, ʟʛʽʜʥʦ ʩʘʡʪʫ ʊʆɺ çʃʴʚʽʚʝʥʝʨʛʦʟʙʫʪ [1], ʘ ʪʘʢʦʞ ʷʢʘ 

ʦʙʣʽʢʦʚʦʘ  ʩʪʘʚʢʘ ʅɹʋ [2]. ʇʽʩʣʷ ʯʦʛʦ, ʧʨʦʛʨʘʤʦʶ EXCEL ʚʽʜʙʫʚʩʷ ʨʦʟʨʘʭʫʥʦʢ  ʦʢʫʧʥʦʩʪʽ ʜʘʥʦʾ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʥ ʩʢʣʘʜʘʻ ï 2,6 ʨʦʢʽʚ, ʫ ʪʝʨʤʽʥʽ ʜʚʘʜʮʷʪʠ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ 

ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʦʧʨʘʮʴʦʚʘʥʝ ʛʽʙʨʠʜʥʝ ʝʣʝʢʪʨʦʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʚʽʜ 

ʜʘʭʦʚʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ, ʘ ʩʘʤʝ: ʟʘʛʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʛʝʥʝʨʫʚʘʥʥʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʪʘ 

ʚʘʨʪʽʩʪʴ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ. ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʻ ʭʦʨʦʰʠʤ ʧʦʢʘʟʥʠʢʦʤ, 

ʷʢʠʡ ʧʦʢʘʟʫʻ ʱʦ ʚ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ ʮʝ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʟʤʦʞʝ ʧʦʢʨʠʪʠ ʩʚʦʾ ʚʠʪʨʘʪʠ, ʽ ʟʘʙʝʟʧʝʯʠʪʴ 

ʧʽʜʧʨʠʻʤʩʪʚʫ ʤʝʥʰʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ.  

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. (No date) ʇʝʨʩʦʥʘʣʴʥʠʡ ʢʘʙʽʥʝʪ ʜʣʷ ʶʨʠʜʠʯʥʠʭ ʢʣʽʻʥʪʽʚ | ɽʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʘ ʢʦʤʧʘʥʽʷ 

ʃʴʚʽʚʝʥʝʨʛʦʟʙʫʪ. ɼʦʩʪʫʧʥʦ ʟʘ ʘʜʨʝʩʦʶ: 

https://lez.com.ua/personalnyi_kabinet_yurydychni_kliienty_lvivenergozbut (ɼʘʪʘ ʟʚʝʨʥʝʥʥʷ: 15 ʣʠʩʪʦʧʘʜʘ 

2024). 

2. ʆʙʣʽʢʦʚʘ ʩʪʘʚʢʘ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʙʘʥʢʫ (no date) ʅʘʮʽʦʥʘʣʴʥʠʡ ʙʘʥʢ ʋʢʨʘʾʥʠ. ɼʦʩʪʫʧʥʦ ʟʘ ʘʜʨʝʩʦʶ: 
https://bank.gov.ua/ua/monetary/archive-rish (ɼʘʪʘ ʟʚʝʨʥʝʥʥʷ: 15 ʣʠʩʪʦʧʘʜʘ 2024). 

3. References: 

4. (No date) Personal office for legal clients | Energy supply company Lvivenergosbut. Available at: 

https://lez.com.ua/personalnyi_kabinet_yurydychni_kliienty_lvivenergozbut (Accessed: 15 November 2024). 

5. Discount rate of the national bank (no date)  National Bank of Ukraine. Available at: 

https://bank.gov.ua/ua/monetary/archive-rish (Accessed: 15 November 2024). 
1. . 

https://lez.com.ua/personalnyi_kabinet_yurydychni_kliienty_lvivenergozbut
https://bank.gov.ua/ua/monetary/archive-rish
https://lez.com.ua/personalnyi_kabinet_yurydychni_kliienty_lvivenergozbut
https://bank.gov.ua/ua/monetary/archive-rish
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ʏʝʨʥʝʮʴʢʘ ʖ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʄʦʣʦʜʝʮʴ ʉ.ʉ., ʤʘʛʽʩʪʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʅɸɺʏɸʃʔʅʀʁ ɿɸʉʊʆʉʋʅʆʂ ELEʉTRYKA ɼʃʗ ɿɸʃʋʏɽʅʅʗ 

ʇʆɹʋʊʆɺʀʍ ʉʇʆɾʀɺɸʏɯɺ ɽʃɽʂʊʈʀʏʅʆɰ ɽʅɽʈɻɯɰ ɼʆ ʋʇʈɸɺʃɯʅʅʗ 

ʇʆʇʀʊʆʄ 
ɺʩʪʫʧ. ʋʧʨʘʚʣʽʥʥʷ ʧʦʧʠʪʦʤ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʥʘʙʫʚʘʻ ʥʦʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʟ ʦʛʣʷʜʫ ʥʘ 

ʜʝʬʽʮʠʪ ʛʝʥʝʨʫʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʱʦ ʚʠʥʠʢ ʧʽʩʣʷ ʤʘʩʦʚʠʭ ʘʪʘʢ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ ʦʙôʻʢʪʽʚ 

ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ. ɼʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʧʠʪʦʤ ʚʘʞʣʠʚʦ ʟʘʣʫʯʠʪʠ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ, ʷʢʽ ʩʪʘʥʦʤ ʥʘ 

2023 ʨʽʢ ʩʢʣʘʜʘʶʪʴ 38 % ʨʦʟʜʨʽʙʥʦʛʦ ʨʠʥʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ ʨʽʯʥʠʤ ʦʙʩʷʛʦʤ ʩʧʦʞʠʚʘʥʥʷ 31,6 

ʤʣʨʜ ʢɺʪĀʛʦʜ [1]. ɿʚʠʯʘʡʥʦ, ʩʘʤʝ ʧʦ ʩʦʙʽ ʧʽʜʚʠʱʝʥʥʷ ʪʘʨʠʬʽʚ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʜʣʷ ʧʦʙʫʪʦʚʠʭ 

ʩʧʦʞʠʚʘʯʽʚ ʟ 01.06.2024 ʨʦʢʫ ʜʦ 4,32 ʛʨʥ/ʢɺʪĀʛʦʜ ʩʪʠʤʫʣʶʻ ʥʘʩʝʣʝʥʥʷ ʩʢʦʨʦʯʫʚʘʪʠ ʚʣʘʩʥʽ ʚʠʪʨʘʪʠ. 

ʈʘʟʦʤ ʽʟ ʪʠʤ, ʜʦʩʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤ ʫʧʨʘʚʣʽʥʥʷ ʧʦʧʠʪʦʤ ʚ ʽʥʰʠʭ ʢʨʘʾʥʘʭ, ʜʝ ʧʦʙʫʪʦʚʽ 

ʩʧʦʞʠʚʘʯʽ ʟʘʚʞʜʠ ʩʧʣʘʯʫʚʘʣʠ ʟʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʟʘ ʨʠʥʢʦʚʠʤʠ ʮʽʥʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʢʘʤʧʘʥʽʷ 

ʚʟʠʤʢʫ 2022 ʨʦʢʫ ʫ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ [2]), ʧʦʢʘʟʫʻ ʥʝ ʣʠʰʝ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʟʘʣʫʯʝʥʥʷ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʧʠʪʦʤ, ʘ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʚʯʘʥʥʷ ʫʯʘʩʥʠʢʽʚ ʪʘʢʠʭ ʧʨʦʛʨʘʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʨʦʟʨʦʙʠʪʠ ʥʘʚʯʘʣʴʥʠʡ ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, 

ʷʢʠʡ ʙʠ ʚʨʘʭʦʚʫʚʘʚ ʦʩʦʙʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʪʘ ʜʦʧʦʤʘʛʘʚ ʟʘʣʫʯʘʪʠ ʾʭ ʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʧʠʪʦʤ. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʟʘʣʫʯʝʥʥʷ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʧʠʪʦʤ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʝ. ʇʦ-ʧʝʨʰʝ, ʮʝ ʜʦʩʠʪʴ ʯʠʩʝʣʴʥʘ ʛʨʫʧʘ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʙʫʜʫʪʴ 

ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ. ʆʙʩʷʛ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ: ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ, 

ʟʦʢʨʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ; ʩʦʮʽʘʣʴʥʦ-

ʜʝʤʦʛʨʘʬʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘ; ʧʦʙʫʪʦʚʠʭ ʝʣʝʢʪʨʦʧʨʠʣʘʜʽʚ, ʱʦ ʥʘʷʚʥʽ ʚ 

ʢʦʨʠʩʪʫʚʘʥʥʽ; ʟʚʠʯʦʢ ʪʘ ʩʪʘʚʣʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʇʦ-ʜʨʫʛʝ, ʧʦʙʫʪʦʚʽ ʩʧʦʞʠʚʘʯʽ 

ʩʧʣʘʯʫʶʪʴ ʟʘ ʩʧʦʞʠʪʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ, ʷʢ ʧʨʘʚʠʣʦ, ʦʜʠʥ ʨʘʟ ʥʘ ʤʽʩʷʮʴ; ʽ ʩʘʤʝ ʚʘʨʪʽʩʪʴ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʻ ʪʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ ʤʦʪʠʚʫʚʘʪʠʤʝ ʟʤʽʥʶʚʘʪʠ ʫʩʪʘʣʝʥʽ ʧʦʚʝʜʽʥʢʦʚʽ ʤʦʜʝʣʽ. ʇʦ-

ʪʨʝʪʻ, ʜʣʷ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ ʜʦʩʪʫʧʥʠʡ ʪʘʨʠʬ, ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʡ ʟʘ 

ʧʝʨʽʦʜʘʤʠ ʯʘʩʫ. ʆʩʢʽʣʴʢʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʝʙʫʻ ʦʙʣʘʰʪʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʽʢʫ, ʪʦ ʚʘʞʣʠʚʦ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘ ʧʦʨʽʚʥʶʚʘʪʠ ʧʦʪʝʥʮʽʡʥʫ ʝʢʦʥʦʤʽʶ ʚ ʦʧʣʘʪʽ ʪʘ ʚʠʪʨʘʪʠ ʥʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʦʥʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ. ɿʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ 

ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ELEʉTRYKA. 

ʗʜʨʦʤ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʚʚʘʞʘʻʤʦ ʫʯʥʽʚ ʩʝʨʝʜʥʴʦʾ ʪʘ ʩʪʘʨʰʦʾ ʰʢʦʣʠ, ʘ 

ʪʘʢʦʞ ʾʭʥʽʭ ʙʘʪʴʢʽʚ ʽ ʚʯʠʪʝʣʽʚ. ʉʘʤʝ ʧʽʜʣʽʪʢʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʪʠʤʠ, ʭʪʦ ʟʤʽʥʶʻ ʧʦʚʝʜʽʥʢʦʚʽ ʤʦʜʝʣʽ ʩʚʦʻʾ 

ʩʽʤôʾ ʫ ʩʧʦʞʠʚʘʥʥʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʘ ʧʽʟʥʽʰʝ, ʫ ʩʘʤʦʩʪʽʡʥʦʤʫ ʜʦʨʦʩʣʦʤʫ ʞʠʪʪʽ ï ʘʢʪʠʚʥʠʤʠ 

ʩʧʦʞʠʚʘʯʘʤʠ.  

ʆʮʽʥʢʘ ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʦʤ ʟʘ ʤʽʩʷʮʴ, ʫ 

ʟʘʩʪʦʩʫʥʢʫ ELEʉTRYKA ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1), ʪʦʙʪʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʠʭ ʫ ʢʦʨʠʩʪʫʚʘʥʥʽ 

ʝʣʝʢʪʨʦʧʨʠʣʘʜʽʚ, ʪʨʠʚʘʣʦʩʪʽ ʾʭ ʨʦʙʦʪʠ ʪʘ ʪʘʨʠʬʥʦʾ ʩʠʩʪʝʤʠ. 

Ὁὄ В В ὖ ὸ ὅ Ὧ Ὠ,    (1) 

ʜʝ Ὁὄ ï ʦʮʽʥʢʘ ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘ ʟʘ ʤʽʩʷʮʴ, ʛʨʥ; ὖ  ï ʧʦʪʫʞʥʽʩʪʴ 

Ὥ-ʛʦ ʝʣʝʢʪʨʦʧʨʠʣʘʜʫ ʚ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʜʦʙʠ Ὦ, ʢɺʪ; ὸ ï ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ Ὥ-ʛʦ ʧʨʠʩʪʨʦʶ ʚ ʯʘʩʦʚʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʜʦʙʠ Ὦ, ʛʦʜ; ὅ ï ʮʽʥʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʜʦʙʠ Ὦ, ʛʨʥ/ʢɺʪĀʛʦʜ; ὲ ï 

ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʙʫʪʦʚʠʭ ʝʣʝʢʪʨʦʧʨʠʣʘʜʽʚ; ά ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʜʦʙʠ; Ὧ ï 

ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʪʘʨʠʬʫ ʚ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʜʦʙʠ Ὦ; Ὠ ï ʢʽʣʴʢʽʩʪʴ ʜʥʽʚ ʫ ʤʽʩʷʮʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧôʷʪʴ ʧʨʦʬʽʣʽʚ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʯʥʦʛʦ ʦʙʩʷʛʫ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ (ʪʘʙʣ. 1): ɯ - ʜʫʞʝ ʥʠʟʴʢʠʡ ʦʙʩʷʛ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ (ɼʅ), ɯɯ - ʥʠʟʴʢʠʡ (ʅ), ɯɯɯ  - 

ʩʝʨʝʜʥʽʡ (ʉ), ɯV - ʚʠʩʦʢʠʡ (ɺ), V - ʜʫʞʝ ʚʠʩʦʢʠʡ (ɼɺ). ɺ ʦʩʥʦʚʫ ʮʽʻʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʢʣʘʜʝʥʦ ʢʽʣʴʢʽʩʥʽ 

ʦʮʽʥʢʠ, ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ ʚʽʜ 09.02.2023 ʨ. ˉ 47, ʪʘ 
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ʩʪʘʥʜʘʨʪʥʫ ʩʪʨʫʢʪʫʨʫ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘ ʟʘ ʮʽʣʷʤʠ 

ʧʨʠʟʥʘʯʝʥʥʷ. 

ʊʘʙʣʠʮʷ 1  

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʦʬʽʣʽ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʟʘ ʦʙʩʷʛʦʤ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ 

ʇʨʦʬʽʣʴ 

ʧʦʙʫʪʦʚʦʛʦ 

ʩʧʦʞʠʚʘʯʘ 

ʈʽʯʥʠʡ ʦʙʩʷʛ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ (Ὁὄ̨̑̋), 

ʢɺʪĀʛʦʜ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ: (+) 

/ (-) 

ʆ
ʧ
ʘ
ʣ
ʝ
ʥ
ʥ
ʷ
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-
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ɯ - ɼʅ Ὁὄ̨̑̋ρπππ (-) (-) (-) (-) (+) (-) 

ɯɯ - ʅ ρπππὉὄ̨̑̋ςυππ (-) (+) / (-) (-) (+) / (-) (+) (-) 

ɯɯɯ  - ʉ ςυππὉὄ̨̑̋υπππ (-) (+) (+) / (-) (+) (+) (+) / (-) 

ɯV - ɺ υπππὉὄ̨̑̋ρυπππ (+) / (-) (+) (+) (+) (+) (+) / (-) 

V - ɼɺ Ὁὄ̨̑̋ρυπππ (+) (+) (+) (+) (+) (+) 

ʇʝʨʰʫ ʚʝʨʩʽʶ ʟʘʩʪʦʩʫʥʢʫ ELEʉTRYKA ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ iOS, ʢʦʨʦʪʢʠʡ ʚʽʜʝʦʦʛʣʷʜ 

ʬʫʥʢʮʽʦʥʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ [3].  

ɼʣʷ ʘʧʨʦʙʘʮʽʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʬʦʨʤʫʣʠ (1) ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ ʧʨʦ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʢʚʘʨʪʠʨʠ ʚ 

ʤ. ʂʠʻʚʽ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʟʘʩʪʦʩʫʥʢʫ ELEʉTRYKA ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

 
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʉʢʨʽʥʰʦʪʠ ʨʦʟʨʦʙʣʝʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ELEʉTRYKA: ʘ) ʦʜʥʦʟʦʥʥʠʡ ʦʙʣʽʢ; ʙ) ʜʚʦʟʦʥʥʠʡ  

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʩʪʦʩʫʥʦʢ ELEʉTRYKA ʜʦʧʦʤʘʛʘʻ ʚ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ 

ʬʦʨʤʘʪʽ ʦʮʽʥʶʚʘʪʠ ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʦʤ ʟʘ ʤʽʩʷʮʴ, ʜʣʷ 

ʟʘʣʫʯʝʥʥʷ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʧʠʪʦʤ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɿʚʽʪ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ ʜʽʷʣʴʥʦʩʪʽ  ʅʂʈɽʂʇ, 2023. ʅʘʮʽʦʥʘʣʴʥʘ ʢʦʤʽʩʽʷ, ʱʦ ʟʜʽʡʩʥʶʻ ʜʝʨʞʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʫ 

ʩʬʝʨʘʭ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ. URL: https://www.nerc.gov.ua/ 

storage/app/sites/1/Docs/Byuleten_do_richnogo_zvitu/broshura_do_richnogo_zvitu_nkrekp-2023.pdf. 

2. Domestic Scarcity Reserve: trial results. Octopus-National Grid Energy System Operator. July, 2022 URL: 

https://octoenergy-production-media.s3.amazonaws.com/documents/OE-NGESO_Domestic_Scarcity_Reserve 

_Trial_Results_vSEND_v2.pdf. 
3. ɺʽʜʝʦʧʨʝʟʝʥʪʘʮʽʷ ʧʝʨʰʦʾ ʚʝʨʩʽʾ ʟʘʩʪʦʩʫʥʢʫ ELEʉTRYKA ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ iOS. YouTube ʢʘʥʘʣ ʉʝʨʛʝʡ ʄʦʣʦʜʝʮ. 

URL: https://www.youtube.com/shorts/RsyAIixsYhw. 

 

https://www.nerc.gov.ua/storage/app/sites/1/Docs/Byuleten_do_richnogo_zvitu/broshura_do_richnogo_zvitu_nkrekp-2023.pdf
https://www.nerc.gov.ua/storage/app/sites/1/Docs/Byuleten_do_richnogo_zvitu/broshura_do_richnogo_zvitu_nkrekp-2023.pdf
https://www.youtube.com/shorts/RsyAIixsYhw
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ʋɼʂ 690.9 

ʏʝʨʢʘʰʠʥʘ ɻ.ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪʢʘ, 

ʗʢʫʥʯʠʢʦʚʘ ɼ.ʆ., ʤʘʛʽʩʪʨʘʥʪʢʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

 
 

ʋʃɸʐʊʋɺɸʅʅʗ ʉʀʉʊɽʄʀ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ ɿɸ ʈɯɿʅʀʍ ʂʃɸ-ʉɯɺ 

ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ɹʋɼɯɺʃɯ 

ɺʩʪʫʧ. ʂʦʨʝʢʪʥʝ ʫʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʻ ʦʩʥʦʚʦʶ ʙʝʟʧʝʯʥʦʾ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʪʘ ʟʨʫʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʽʩʪʴ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʢʦʤʬʦʨʪ, ʤʽʥʽʤʽʟʫʻ ʨʠʟʠʢʠ ʘʚʘʨʽʡ ʽ ʩʧʨʠʷʻ ʝʢʦʣʦʛʽʯʥʦʩʪʽ. ʗʢʽʩʥʘ 

ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʙʫʜʽʚʣʽ ʥʝ ʣʠʰʝ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʩʴʦʛʦʜʝʥʥʷ, ʘ ʡ ʣʝʛʢʦ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʤʘʡʙʫʪʥʽʭ ʧʦʪʨʝʙ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʠʤʦʛ ʜʦ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʙʫʜʽʚʣʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʾ ʾʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ.   
ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʎʝʥʪʨ ʨʦʟʚʠʪʢʫ ʜʠʪʠʥʠ ï ʩʘʜʦʯʦʢ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʦʾ ʙʫʜʽʚʣʽ 

ʪʘ ʙʫʜʽʚʣʽ ʟ ʙʘʩʝʡʥʦʤ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤ. ʂʠʾʚ. ʄʝʨʝʞʘ ʛʨʫʧ - 194 ʜʠʪʠʥʠ. ʈʝʞʠʤ ʨʦʙʦʪʠ: ʧôʷʪʠʜʝʥʥʠʡ ʟ 

7.30 ʜʦ 18.00. ʆʩʥʦʚʥʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʝʥʝʨʛʽʾ ʻ ʊɽʅʠ ʜʣʷ ʥʘʛʨʽʚʫ ʚʦʜʠ ʙʘʩʝʡʥʫ, ʝʣʝʢʪʨʠʯʥʽ ʚʦʜʷʥʽ 

ʥʘʛʨʽʚʘʯʽ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʪʠʧʫ (ʙʦʡʣʝʨʠ) ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, 

ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʜʽʪʝʡ, ʩʠʩʪʝʤʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʩʠʩʪʝʤʘ ʦʩʚʽʪʣʝʥʥʷ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʽʚʣʽ ʟʘʢʣʘʜʫ ʙʘʟʦʚʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ɽ. 

ɺ ʨʦʙʦʪʽ  ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʙʫʜʽʚʣʽ ʮʝʥʪʨʫ 

ʨʦʟʚʠʪʢʫ ʜʠʪʠʥʠ ʥʘ ʧʨʝʜʤʝʪ ʾʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʫʯʘʩʥʠʤ ʥʦʨʤʘʤ ʪʘ ʧʨʘʚʠʣʘʤ. 

ɼʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʪʘ ʧʝʨʝʣʽʢ 

ʥʝʦʙʭʽʜʥʠʭ ʟʤʽʥ ʚ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. 

ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʧʽʜʚʠʱʝʥʥʷ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʮʠʚʽʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ɽʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ï ʮʝ ʢʽʣʴʢʽʩʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʨʦʙʦʪʦʶ, ʧʦʩʣʫʛʘʤʠ, 

ʪʦʚʘʨʘʤʠ ʘʙʦ ʝʥʝʨʛʽʻʶ ʥʘ ʚʠʭʦʜʽ ʪʘ ʚʠʪʨʘʯʝʥʦʶ ʝʥʝʨʛʽʻʶ ʥʘ ʚʭʦʜʽ [1].ʊʦʞ ʯʠʤ ʤʝʥʰʝ ʝʥʝʨʛʽʾ ʙʫʜʽʚʣʷ 

ʩʧʦʞʠʚʘʻ, ʪʠʤ ʤʝʥʰʝ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ ʚʦʥʘ ʟʘʚʜʘʻ ʽ ʪʠʤ ʣʝʛʰʝ ʙʫʜʝ ʧʦʩʪʫʧʦʚʦ ʟʘʤʽʱʫʚʘʪʠ ʙʨʫʜʥʝ 

ʧʘʣʠʚʦ ʙʽʣʴʰ ʯʠʩʪʠʤʠ ʪʘ ʙʝʟʧʝʯʥʠʤʠ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ (ʩʦʥʮʝ, ʚʽʪʝʨ, ʙʽʦʤʘʩʘ ʪʦʱʦ). 

ɺ ʨʘʤʢʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʫʤʦʚʠ ʤʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠʩʴ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʮʠʚʽʣʴʥʦʶ ʙʫʜʽʚʣʝʶ ʟ ʨʽʟʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 
 

ʊʘʙʣʠʮʷ 1 ï ɺʧʨʦʚʘʜʞʝʥʽ ʟʘʭʦʜʠ ʚʽʜʧʦʚʽʜʥʦ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 
ʂʣʘʩʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚ- 

ʥʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝ- 

ʨʠʩʪʠʢʠ  

ʙʫʜʽʚʣʽ                     ɿʘʭʦʜʠ ʜʦ  

ʚʧʨʦʚʘʜʞʝʥʥ ̫

D ʉ ɺ 

¶ ʫʪʝʧʣʝʥʥʷ 
ʩʪʽʥ/ʜʘʭʫ/ʧʽʜʣʦʛʠ; 
¶ ʯʘʩʪʢʦʚʘ ʟʘʤʽʥʘ ʚʽʢʦʥ 
ʪʘ ʜʚʝʨʝʡ; 
¶ ʚʩʪʘʥʦʚʣʝʥʥʷ ɯʊʇ; 
¶ ʫʪʝʧʣʝʥʥʷ 
ʪʨʫʙʦʧʨʦʚʦʜʽʚ ɻɺʇ ʪʘ ʦʧʘʣʝʥʥʷ 
ʚ ʥʝʦʧʘʣʶʚʘʣʴʥʠʭ ʦʙôʻʤʘʭ; 
¶ ʯʘʩʪʢʦʚʝ 
ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ 
ʙʘʣʘʥʩʫʚʘʣʴʥʠʭ ʢʣʘʧʘʥʽʚ; 
¶ ʧʦʚʥʘ ʟʘʤʽʥʘ ʩʠʩʪʝʤʠ 
ʦʩʚʽʪʣʝʥʥʷ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ.
  

ʈʽʢ ʧʦʙʫʜʦʚʠ ï 1982 
ʉʪʽʥʠ ï ʢʣʘʜʢʘ ʟ ʮʝʛʣʠ 
ʢʝʨʘʤʽʯʥʦʾ ʧʦʨʦʞʥʠʩʪʦʾ 
1400 ʢʛ/ʤ3 0,51ʤ 
ʂʦʝʬʽʮʽʻʥʪ ʢʦʤʧʘʢʪʥʦʩʪʽ 
0,59 
1 ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʦʥʘ 

ʈʽʢ ʧʦʙʫʜʦʚʠ ï 1983 
ʉʪʽʥʠ- 
ʢʝʨʘʤʟʠʪʦʰʣʘʢʦʙʝʪʦʥ 
0,2 ʤ 
ʂʦʝʬʽʮʽʻʥʪ ʢʦʤʧʘʢʪʥʦʩʪʽ 
ï 0,32 
2 ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʦʥʘ 

- 

ʈʽʢ ʧʦʙʫʜʦʚʠ ï 2004 
ʉʪʽʥʠ- ʮʝʛʣʘ ʢʝʨʘʤʽʯʥʘ 
ʧʦʨʦʞʥʠʩʪʘ 0,51 ʤ 
ʂʦʝʬʽʮʽʻʥʪ ʢʦʤʧʘʢʪʥʦʩʪʽ 
ï 0,32 
1 ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʦʥʘ 

ʈʽʢ ʧʦʙʫʜʦʚʠ ï 1977 
ʉʪʽʥʠ ï ʢʣʘʜʢʘ ʟ ʮʝʛʣʠ 
ʩʠʣʽʢʘʪʥʦʾ 0,51  
ʂʦʝʬʽʮʽʻʥʪ ʢʦʤʧʘʢʪʥʦʩʪʽ 
ï 0,32 
2 ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʦʥʘ 

- 
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¶ ʫʪʝʧʣʝʥʥʷ 
ʩʪʽʥ/ʜʘʭʫ/ʧʽʜʣʦʛʠ; 
¶ ʟʘʤʽʥʘ ʚʽʢʦʥ ʪʘ 
ʜʚʝʨʝʡ; 
¶ ʚʩʪʘʥʦʚʣʝʥʥʷ ɯʊʇ; 
¶ ʫʪʝʧʣʝʥʥʷ 
ʪʨʫʙʦʧʨʦʚʦʜʽʚ ɻɺʇ ʪʘ ʦʧʘʣʝʥʥʷ 
ʚ ʥʝʦʧʘʣʶʚʘʣʴʥʠʭ ʦʙôʻʤʘʭ; 
¶ ʚʩʪʘʥʦʚʣʝʥʥʷ 
ʘʚʪʦʤʘʪʠʯʥʠʭ ʙʘʣʘʥʩʫʚʘʣʴʥʠʭ 
ʢʣʘʧʘʥʽʚ; 
¶ ʧʦʚʥʘ ʟʘʤʽʥʘ ʩʠʩʪʝʤʠ 
ʦʩʚʽʪʣʝʥʥʷ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ; 
¶ ʩʠʩʪʝʤʘ 
ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ; 
¶ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ; 
¶ ʉɽʉ.  

- - ʈʽʢ ʧʦʙʫʜʦʚʠ ï 1965 
ʉʪʽʥʠ ï ʢʣʘʜʢʘ ʟ 
ʮʝʛʣʠ ʢʝʨʘʤʽʯʥʦʾ 
ʧʦʨʦʞʥʠʩʪʦʾ 1400 
ʢʛ/ʤ3 0,78 ʤ 
ʂʦʝʬʽʮʽʻʥʪ 
ʢʦʤʧʘʢʪʥʦʩʪʽ ï 0,34 
1 ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʦʥʘ 

- - ʈʽʢ ʧʦʙʫʜʦʚʠ ï 2019 
ʉʪʽʥʠ ï ʢʣʘʜʢʘ ʟ 
ʮʝʛʣʠ ʢʝʨʘʤʽʯʥʦʾ 
ʟʚʠʯʘʡʥʦʾ 0,25 ʤ 
ʂʦʝʬʽʮʽʻʥʪ 
ʢʦʤʧʘʢʪʥʦʩʪʽ ï 0,27 
1 ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʦʥʘ 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʫʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʙʫʜʽʚʣʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ.  ʇʦʙʫʜʦʚʘ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʦʚʠʥʥʘ ʙʘʟʦʚʦ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ [2]. ɸʥʘʣʽʟ ʜʘʥʦʛʦ ʜʦʢʫʤʝʥʪʫ ʧʦʢʘʟʘʚ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

ʦʙ'ʻʢʪʫ ʩʫʯʘʩʥʠʤ ʥʦʨʤʘʤ ʽ ʧʨʘʚʠʣʘʤ (ʨʠʩ.1). 

ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʙʫʜʽʚʣʽ ʮʝʥʪʨʫ ʨʦʟʚʠʪʢʫ ʜʠʪʠʥʠ 
 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʫʜʽʚʣʝʶ ʦʙôʻʢʪʘ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʉ ʥʝ ʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʥʦʩʠʪʠ 

ʟʤʽʥʠ ʚ ʩʠʩʪʝʤʫ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ɼʦʩʪʘʪʥʴʦ ʧʨʠʚʝʜʝʥʥʷ ʩʭʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʜʦ ʚʠʤʦʛ [2].  

ʇʨʦʪʝ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʱʠʭ ʢʣʘʩʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ (ɸ ʪʘ ɺ), ʻ ʥʝʦʙʭʽʜʥʠʤ ʽʥʪʝʛʨʘʮʽʷ ʜʞʝʨʝʣ 

ʛʝʥʝʨʘʮʽʾ ʥʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣʘʭ ʝʥʝʨʛʽʾ (ɺɼɽ), ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ, ʧʦʙʫʜʦʚʘ 

ʩʠʩʪʝʤʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ, ʚʩʪʘʥʦʚʣʝʥʥʷ ɯʊʇ. ɺʽʜʧʦʚʽʜʥʦ, ʮʝ ʧʦʪʨʝʙʫʻ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʙʫʜʽʚʣʽ ʪʘ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ [4, 5, 6].  

ɺʠʩʥʦʚʢʠ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʪʘ ʧʨʘʚʠʣ ʜʦ 

ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʙʫʜʽʚʝʣʴ ʮʠʚʽʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʠʟʥʘʯʝʥʦ ʧʝʨʝʣʽʢ ʟʘʭʦʜʽʚ 

ʱʦʜʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʙʫʜʽʚʝʣʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʝʚʥʦʛʦ ʢʣʘʩʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

1.  ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴè. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://zakon.rada.gov.ua/laws/show/1818-20#Text; 

2.  ɼɹʅ ɺ.2.5-23:2010 ɯʥʞʝʥʝʨʥʝ ʦʙʣʘʜʥʘʥʥʷ ʙʫʜʠʥʢʽʚ ʽ ʩʧʦʨʫʜ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʦʙ`ʻʢʪʽʚ ʮʠʚʽʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ; 

3.  ʇʋɽ ʇʨʘʚʠʣʘ ʫʣʘʰʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ (ʧʝʨʰʝ ʧʝʨʝʛʣʷʥʫʪʝ, ʧʝʨʝʨʦʙʣʝʥʝ, ʜʦʧʦʚʥʝʥʝ ʪʘ ʘʜʘʧʪʦʚʘʥʝ ʜʦ ʫʤʦʚ ʋʢʨʘʾʥʠ 
ʚʠʜʘʥʥʷ); 

4.  ɼʉʊʋ IEC 61727:2019 ʉʠʩʪʝʤʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʦʢ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ (IEC 61727:2004, 

IDT). ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=86631; 

5.  IEC/TS 62548:2013 Photovoltaic (PV) arrays ï Design requirements. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://cdn.standards.iteh.ai/samples/16211/eac248ca7d804093aa32dbf95376325b/IEC-TS-62548-2013.pdf;  

6.  ɼʉʊʋ HD 60364-5-56:2021 ʅʠʟʴʢʦʚʦʣʴʪʥʽ ʝʣʝʢʪʨʠʯʥʽ ʫʩʪʘʥʦʚʢʠ. ʏʘʩʪʠʥʘ 5-56. ɺʠʙʠʨʘʥʥʷ ʪʘ ʤʦʥʪʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʫʩʪʘʪʢʦʚʘʥʥʷ. ʉʠʩʪʝʤʠ ʙʝʟʧʝʢʠ (HD 60364-5-56:2018, IDT; IEC 60364-5-56:2018, IDT). ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=94399; 

7.  ɼʉʊʋ IEC 60364-7-712:2019 ɽʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʥʠʟʴʢʦʚʦʣʴʪʥʽ. ʏʘʩʪʠʥʘ 7-712. ɺʠʤʦʛʠ ʜʦ ʩʧʝʮʽʘʣʴʥʠʭ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʘʙʦ 

ʤʽʩʮʴ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ. ʉʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʙʘʪʘʨʝʡ (IEC 60364-7-712:2017, IDT). ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=86629.   

https://zakon.rada.gov.ua/laws/show/1818-20#Text
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=86631
https://cdn.standards.iteh.ai/samples/16211/eac248ca7d804093aa32dbf95376325b/IEC-TS-62548-2013.pdf
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=94399
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=86629
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ʇʨʠʱʝʧʘ ʆ.ʉ., ʤʘʛʽʩʪʨʘʥʪ, 

ɻʘʚʨʠʢ ɯ.ʈ., ʤʘʛʽʩʪʨʘʥʪ, 

ɼʝʨʝʚᾷʷʥʢʦ ɼ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ ʇʈʆʄʀʉʃʆɺʆɻʆ ʇɯɼʇʈʀɭʄʉʊɺɸ ɺɯɼ 

ʅɸɿɽʄʅʆɰ ʉʆʅʗʏʅʆɰ ɽʃɽʂʊʈʆʉʊɸʅʎɯɰ 
ɺʩʪʫʧ 

ʊʝʤʘ ʥʘʙʫʚʘʻ ʚʝʣʠʢʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʥʦʤʽʾ ʝ.ʝ ʪʘ ʟʘʦʱʘʜʞʝʥʥʷ ʢʦʰʪʽʚ. ʆʩʦʙʣʠʚʦ 

ʚ ʧʽʢʦʚʽ ʛʦʜʠʥʠ ʛʝʥʝʨʘʮʽʷ ʉɽʉ ʧʨʠʧʘʜʘʻ ʥʘ ʧʽʢʦʚʽ ʛʦʜʠʥʠ ʩʧʦʞʠʚʘʥʥʷ ʝ.ʝ. ʩʧʦʞʠʚʘʯʘʤʠ. ʑʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʮʽʥʠ ʟʘ 1 ʢɺʪ ʝ.ʝ. ʥʘ ʨʠʥʢʫ ʝ.ʝ. ʊʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ (ʉɽʉ-

ʛʽʙʨʠʜʥʠʡ ʽʥʚʝʨʪʦʨ- ʤʝʨʝʞʘ) ʚ ʜʦʚʦʻʥʥʽ ʯʘʩʠ ʮʝ ʙʫʣʘ ʟʥʘʯʥʘ ʝʢʦʥʦʤʽʷ ʜʣʷ ʶʨʠʜʠʯʥʠʭ ʩʧʦʞʠʚʘʯʽʚ. 

ɺ ʥʘʰ ʯʘʩ ʨʦʩʽʡʩʴʢʠʡ ʘʛʨʝʩʦʨ ʱʦʜʥʷ ʙôʻ ʧʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽʡ ʩʠʩʪʝʤʽ ʷʢ ʧʦ ʛʝʥʝʨʘʮʽʾ ʪʘʢ ʽ 

ʧʦ ʨʦʟʧʦʜʽʣʝʥʥʶ ʱʦ ʥʘʥʦʩʠʪʴ ʥʝʚʠʧʨʘʚʥʦʾ ʰʢʦʜʠ ʩʠʩʪʝʤʽ. ɺ ʧʨʠʬʨʦʥʪʦʚʠʭ ʨʘʡʦʥʘʭ ʧʽʜ ʫʜʘʨ 

ʧʦʧʘʜʘʶʪʴ ʥʝ ʧʦʪʫʞʥʽ ʊʇ ʥʘʚʽʪʴ ʃɽʇ ʪʘ ʇʃ, ʱʦ ʻ ʥʘʡ ʧʨʦʩʪʽʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʝʨʝʞʽ ʪʘ ʥʝ 

ʧʦʪʨʝʙʫʶʪʴ ʚʝʣʠʢʠʭ ʛʨʦʰʦʚʠʭ ʚʢʣʘʜʝʥʴ ʪʘ ʚʽʜʥʦʚʣʶʩʷ ʰʚʠʜʢʦ. ɺʩʽ ʝʥʝʨʛʝʪʠʢʠ ʢʨʘʾʥʠ ʩʫʤʣʽʥʥʦ 

ʚʠʢʦʥʫʶʪʴ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʨʦʙʦʪʠ ʥʘʚʽʪʴ ʧʽʜ ʦʙʩʪʨʽʣʘʤʠ ʪʘ ʥʘʤʘʛʘʶʪʴʩʷ ʟʘʙʝʟʧʝʯʠʪʠ ʝ.ʝ. ʚʩʽʭ 

ʩʧʦʞʠʚʘʯʽʚ.    

ʎʽ ʬʘʢʪʦʨʠ ʚʥʦʩʷʪʴ ʧʦʩʪʽʡʥʠʡ ʥʝʙʘʣʘʥʩ ʚ ʤʝʨʝʞʫ ʪʘ ʥʝ ʜʘʶʪʴ ʰʚʠʜʢʦ ʚʽʜʥʦʚʠʪʠ ʙʘʣʘʥʩ ʚ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʶ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʩʠʩʪʝʤʘ ʩʪʘʙʽʣʽʟʫʚʘʣʘʩʷ ʧʦʩʪʽʡʥʦ ʚʠʢʦʥʫʶʪʴʩʷ ʘʚʘʨʽʡʥʽ 

ʚʽʜʢʣʶʯʝʥʥʷ ʷʢ ʩʧʦʞʠʚʘʯʽʚ ʪʘʢ ʽ ʛʝʥʝʨʘʮʽʾ. ʉʘʤ ʧʦ ʩʦʙʽ ʥʝʙʘʣʘʥʩ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰ ʨʫʡʥʽʚʥʠʤ 

ʚ ʧʦʨʽʚʥʷʥʽ ʟ ʦʙʩʪʨʽʣʘʤʠ. ɺ ʤʦʤʝʥʪʠ ʢʨʠʪʠʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʯʠ ʧʦʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ ʥʝʦʙʭʽʜʥʦ ʥʝʛʘʡʥʦ 

ʚʠʤʠʢʘʪʠ ʚʽʜ ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʠ ʤʝʨʝʞʽ. ʑʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʘʪʷʛʫʻ ʚʽʜʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 

ʊʦʤʫ ʱʦ ʜʣʷ ʥʘʨʦʱʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʧʦʪʨʽʙʥʦ ʩʠʤʝʪʨʠʯʥʦ ʥʘʨʦʱʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʛʝʥʝʨʘʮʽʶ. ɺ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʽʪʴ ʢʦʣʠ ʚʩʷ ʝʣʝʢʪʨʦʤʝʨʝʞʘ ʮʽʣʘ, ʚʽʜʥʦʚʣʝʥʥʷ ʛʝʥʝʨʘʮʽʾ ʜʦ ʩʪʘʣʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʟʘʡʤʘʻ ʥʝ ʤʝʥʰʝ 4 ʜʥʽʚ. 

ʆʪʞʝ ʉɽʉ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʦ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʜʘʪʢʦʚʽ ʛʦʜʠʥʠ ʨʦʙʦʪʠ ʚ ʯʘʩʠ ʚʽʜʢʣʶʯʝʥʴ 

ʩʚʽʪʣʘ ʪʘ ʛʨʦʰʦʚʫ ʝʢʦʥʦʤʽʶ ʚ ʯʘʩʠ ʩʪʘʙʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ɸ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʠʡ ʽʥʚʝʨʪʦʨ 

ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʚʣʘʩʥʠʭ ʩʧʦʞʠʚʘʯʽʚ. 

 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ 

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʝʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʉɽʉ. 

 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

1. ʆʩʥʦʚʥʽ ʜʘʥʥʽ ʧʨʦʝʢʪʫ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ ʚ ʯʘʩʠ ʘʚʘʨʽʡʥʠʭ ʚʽʜʢʣʶʯʝʥʴ ʪʘ ʯʘʩʠ 

ʩʪʘʙʽʣʽʟʘʮʽʡʥʠʭ ʚʽʜʢʣʶʯʝʥʴ, ʨʦʟʛʣʷʥʝʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚ ʧʘʨʽ ʟ ʛʽʙʨʠʜʥʠʤ 

ʽʥʚʝʨʪʦʨʦʤ ʪʘ ʘʢʫʤʫʣʷʪʦʨʥʦʶ ʙʘʪʘʨʝʻʶ. 

ʇʦʪʫʞʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ 358 ʢɺʪ ʫ ʧʽʢʦʚʽ ʛʦʜʠʥʠ. 

ʇʘʨʘʤʝʪʨʠ ʉɽʉ: 350 ʢɺʪ, 625 ʧʘʥʝʣʝʡ Redbo LR5-72HPH-550M, 2 ʽʥʚʝʨʪʦʨʠ Huawei SUN2000-

175KTL-H0, 146 ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ. 

ʈʽʯʥʘ ʛʝʥʝʨʘʮʽʷ 429 ʄɺʪĀʛʦʜ. 

ɽʢʦʥʦʤʽʷ ʜʦ 2,7 ʤʣʥ ʛʨʥ ʱʦʨʽʯʥʦ. 

ʇʦʨʽʚʥʷʻʤʦ ʩʧʦʞʠʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʛʝʥʝʨʘʮʽʻʶ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ: 
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ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʘ ʧʦʨʽʚʥʷʥʥʷ ʩʧʦʞʠʪʦʾ ʪʘ ʟʛʝʥʝʨʦʚʘʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

  ʆʪʞʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤʠ ʚʠʜʥʦ ʱʦ ʚ ʣʽʪʥʽ ʤʽʩʷʮʽ ʛʝʥʝʨʘʮʽʷ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʤʘʡʞʝ 

ʧʝʨʝʢʨʠʚʘʻ ʩʧʦʞʠʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʣʝ ʚ ʟʠʤʥʽ ʤʽʩʷʮʽ ʢʦʣʠ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʤʘʣʦ 

ʩʦʥʷʯʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʧʦʢʨʠʚʘʻ ʪʽʣʴʢʠ 1/5 ʩʧʦʞʠʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

2. ɽʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ. 

ɿʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʦʙʫʜʦʚʫ ʉɽʉ ʩʪʘʥʦʚʣʷʪʴ 8,7 ʤʣʥ ʛʨʥ. ʇʨʠ ʧʨʦʛʥʦʟʦʚʘʥʽʡ ʝʢʦʥʦʤʽʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʦʻʢʪ ʦʢʫʧʘʻʪʴʩʷ ʟʘ 3,3 ʨʦʢʠ, ʘ ʯʠʩʪʠʡ ʧʨʠʚʝʜʝʥʠʡ ʜʦʭʽʜ (NPV) ʟʘ 20 ʨʦʢʽʚ ʩʪʘʥʦʚʠʪʴ 

38,7 ʤʣʥ ʛʨʥ (ʟʝʢʦʥʦʤʣʝʥʠʭ ʛʨʦʰʝʡ ʟʘ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ). ɼʠʩʢʦʥʪʦʚʘʥʠʡ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ï 4 ʨʦʢʠ. 

 

ɺʠʩʥʦʚʦʢ 

ʉʦʥʷʯʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ï ʮʝ ʝʬʝʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ɺʦʥʘ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʥʦʤʽʶ ʢʦʰʪʽʚ, ʘʣʝ ʡ ʩʧʨʠʷʻ ʝʢʦʣʦʛʽʯʥʽʡ ʩʪʽʡʢʦʩʪʽ, 

ʩʢʦʨʦʯʫʶʯʠ ʚʠʢʠʜʠ ʉʆ . ʆʢʫʧʥʽʩʪʴ ʫ 3,3 ʨʦʢʠ ʧʽʜʪʚʝʨʜʞʫʻ ʽʥʚʝʩʪʠʮʽʡʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʧʨʦʻʢʪʫ, 

ʦʩʦʙʣʠʚʦ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ. 
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ʉ.ʆ. ʇʘʱʠʥʘ, ʤʘʛʽʩʪʨʘʥʪ 

ʆ.ʉ. ʗʨʤʦʣʶʢ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

ɻɸʃʋɿɽɺɯ ʆʉʆɹʃʀɺʆʉʊɯ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ: 

ʇʈɸʂʊʀʏʅɯ ʇɯɼʍʆɼʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿɺʀʊʂʋ 
 

ɸʥʦʪʘʮʽʷ: ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʛʘʣʫʟʝʚʽ ʘʩʧʝʢʪʠ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʦʩʥʦʚʥʽ ʧʨʘʢʪʠʯʥʽ 

ʧʽʜʭʦʜʠ, ʘ ʪʘʢʦʞ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʫ ʨʽʟʥʠʭ ʩʝʢʪʦʨʘʭ ʝʢʦʥʦʤʽʢʠ, ʟʦʢʨʝʤʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʪʨʘʥʩʧʦʨʪʽ, ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. ʈʦʟʫʤʽʥʥʷ ʩʧʝʮʠʬʽʢʠ ʢʦʞʥʦʾ ʛʘʣʫʟʽ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʪʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʪʨʘʪʝʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʛʘʣʫʟʝʚʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʧʨʦʤʠʩʣʦʚʽʩʪʴ, 

ʪʨʘʥʩʧʦʨʪ, ʙʫʜʽʚʥʠʮʪʚʦ, ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʙʽʦʛʘʟʦʚʘ ʫʩʪʘʥʦʚʢʘ, ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʨʦʟʫʤʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʽʚʣʷʤʠ, ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ, ʝʥʝʨʛʝʪʠʯʥʘ ʟʤʽʥʘ. 

Abstract. This article examines sectoral aspects of improving energy efficiency, key practical 

approaches, and development prospects across various sectors, including industry, transport, construction, and 

agriculture. Understanding the specifics of each sector enables the development of targeted strategies that 

ensure maximum efficiency and sustainability. 

Keywords: Energy efficiency, sectoral features, energy saving, industry, transport, construction, 

agriculture, biogas plant, energy-saving technologies, smart building management systems, sustainable 

development, energy transition. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʚʠʢʣʠʢʠ ʚ ʝʥʝʨʛʝʪʠʮʽ, ʧʦʚôʷʟʘʥʽ ʟ ʦʙʤʝʞʝʥʽʩʪʶ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʤʽʥʦʶ 

ʢʣʽʤʘʪʫ ʡ ʝʢʦʥʦʤʽʯʥʠʤʠ ʪʨʘʥʩʬʦʨʤʘʮʽʷʤʠ, ʟʤʫʰʫʶʪʴ ʢʨʘʾʥʠ, ʧʽʜʧʨʠʻʤʩʪʚʘ ʡ ʦʢʨʝʤʽ ʛʘʣʫʟʽ ʝʢʦʥʦʤʽʢʠ 

ʰʫʢʘʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʋʢʨʘʾʥʘ, ʷʢ ʯʘʩʪʠʥʘ ʛʣʦʙʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ, 

ʘʢʪʠʚʥʦ ʽʥʪʝʛʨʫʻʪʴʩʷ ʫ ʩʚʽʪʦʚʽ ʧʨʦʮʝʩʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʤʘʛʘʻ ʘʜʘʧʪʘʮʽʾ ʩʪʨʘʪʝʛʽʡ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦ ʩʧʝʮʠʬʽʢʠ ʦʢʨʝʤʠʭ ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʛʘʣʫʟʝʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ 

ʨʽʟʥʠʭ ʩʝʢʪʦʨʘʭ ʝʢʦʥʦʤʽʢʠ, ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʪʨʘʪʝʛʽʡ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʩʪʨʘʪʝʛʽʡ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʨʽʟʥʠʭ ʩʝʢʪʦʨʘʭ ʝʢʦʥʦʤʽʢʠ, ʪʘʢʠʭ ʷʢ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʪʨʘʥʩʧʦʨʪ, ʙʫʜʽʚʥʠʮʪʚʦ ʪʘ 

ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʣʦ ʦʛʣʷʜ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʛʘʣʫʟʝʚʠʭ ʟʚʽʪʽʚ ʽ ʧʨʠʢʣʘʜʽʚ 

ʟ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʽʚ. 

ʋ ʧʨʦʤʠʩʣʦʚʦʤʫ ʩʝʢʪʦʨʽ ʘʢʮʝʥʪ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʪʘʢʠʭ ʷʢ ʩʠʩʪʝʤʠ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʘ ʪʘ ʧʝʨʝʭʽʜ ʥʘ ʙʽʣʴʰ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʝ ʦʙʣʘʜʥʘʥʥʷ. ʇʨʠʢʣʘʜʠ ʟ 

ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʝʡ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʤʽʥʘ ʟʘʩʪʘʨʽʣʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʘʥʘʣʦʛʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 20ï30% [1]. ʆʢʨʽʤ ʪʦʛʦ, 

ʽʥʪʝʛʨʘʮʽʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʪʘ ʙʽʦʛʘʟʦʚʽ ʫʩʪʘʥʦʚʢʠ, ʜʘʣʘ ʟʤʦʛʫ 

ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʠʢʦʧʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ 

ʟʨʦʰʝʥʥʷ, ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ [2]. ʅʘʧʨʠʢʣʘʜ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʘʧʝʣʴʥʦʛʦ ʟʨʦʰʝʥʥʷ ʡ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʥʘʩʦʩʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 20ï25 % ʜʣʷ ʟʨʦʰʝʥʥʷ. 

ʋ ʙʫʜʽʚʝʣʴʥʦʤʫ ʩʝʢʪʦʨʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʢʨʝʩʣʠʣʦ ʚʘʞʣʠʚʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʽʚʝʣʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʫʪʝʧʣʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʡ ʦʭʦʣʦʜʞʝʥʥʷ, 

ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʫʤʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʽʚʣʷʤʠ (Building management system). ʎʽ 

ʪʝʭʥʦʣʦʛʽʾ ʜʘʣʠ ʟʤʦʛʫ ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 30ï50 %[3]. 
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ɯʥʪʝʛʨʘʮʽʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʪʘʢʦʞ ʩʧʨʠʷʣʘ ʧʽʜʚʠʱʝʥʥʶ ʩʪʘʣʦʩʪʽ 

ʙʫʜʽʚʝʣʴ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʩʝʢʪʦʨ ʪʨʘʥʩʧʦʨʪʫ, ʟʦʢʨʝʤʘ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʽ ʟʘʣʽʟʥʠʯʥʽʡ ʛʘʣʫʟʷʭ, 

ʤʦʞʝ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʠʬʽʢʘʮʽʾ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʪʘʢʠʭ ʷʢ ʙʽʦʧʘʣʠʚʦ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ 

ʛʨʦʤʘʜʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʜʦ 40 %, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ 

ʚʠʢʠʜʠ CO . 

 

ɺʠʩʥʦʚʢʠ. 

1. ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʘʣʦ ʟʤʦʛʫ ʟʥʠʟʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʪʘ 
ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʥʘ 30 %.  

2. ʇʝʨʝʭʽʜ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʪʘ ʙʽʦʧʘʣʠʚʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʚ ʩʝʢʪʦʨʽ ʪʨʘʥʩʧʦʨʪʫ ʜʘʚ ʤʦʞʣʠʚʽʩʪʴ 
ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʚʠʢʠʜʠ.  

3. ʄʦʜʝʨʥʽʟʘʮʽʷ ʙʫʜʽʚʝʣʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʫʪʝʧʣʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ Building 

management system ʜʘʣʘ ʟʤʦʛʫ ʟʘʦʱʘʜʞʫʚʘʪʠ ʜʦ 50 % ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʡ ʦʭʦʣʦʜʞʝʥʥʷ. 

4. ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʟʨʦʰʝʥʥʷ ʪʘ ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʫ ʩʽʣʴʩʴʢʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 20ï25 %. 
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ʆʥʽʱʝʥʢʦ ʖ. ɭ., ʤʘʛʽʩʪʨʘʥʪ 

ɹʦʨʠʯʝʥʢʦ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ ɼʃʗ ʇʈʆɻʅʆɿʋɺɸʅʅʗ 

ʆɹʉʗɻɯɺ ɽʅɽʈɻʆɿɹɽʈɽɾɽʅʅʗ ʅɸ ʇɯɼʇʈʀɭʄʉʊɺɸʍ ɿ ʇɽʈɽʈʆɹʃɽʅʅʗ 

ʄʆʃʆʂɸ 
ɿʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʽ, ʟʦʢʨʝʤʘ ʚ 

ʤʦʣʦʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʝ ʧʝʨʝʨʦʙʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʧʦʞʠʚʘʶʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʷʢ ʝʣʝʢʪʨʠʯʥʦʾ, ʪʘʢ 

ʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʢʘʨʜʠʥʘʣʴʥʦ ʟʤʽʥʶʶʪʴ ʩʧʦʩʽʙ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʡ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʮʠʭ ʦʙôʻʢʪʘʭ. ʋ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʦʩʣʽʜʠʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʤʦʣʦʯʥʦʾ ʛʘʣʫʟʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʽʾ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʷʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʨʦʮʝʩ ʧʝʨʝʨʦʙʣʝʥʥʷ ʤʦʣʦʢʘ ʻ ʝʥʝʨʛʦʻʤʥʠʤ, ʟʘ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ 

ʟʘ 2020 ʨ. ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʤʦʣʦʯʥʦʾ ʛʘʣʫʟʽ ʙʫʣʦ ʩʧʦʞʠʪʦ 18769 ɻʢʘʣ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʪʘ 10254 ʪʠʩ. 

ʢɺʪÖʛʦʜ [1]. ɼʣʷ ʤʦʣʦʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʪʝ, ʱʦ ʝʣʝʢʪʨʠʯʥʘ ʽ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ 

ʩʧʦʞʠʚʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ, ʧʨʠ ʮʴʦʤʫ ʜʦ 60% ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʻʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʭʦʣʦʜʫ. 

ʇʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʝʨʝʜ ʧʽʜʧʨʠʻʤʩʪʚ ʤʦʣʦʯʥʦʾ ʛʘʣʫʟʽ ʽ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦʜʫʢʮʽʾ, ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʫʩʪʘʪʢʫʚʘʥʥʷ. ʋ ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪʘʭ ʤʦʣʦʢʦʟʘʚʦʜʽʚ ʚʠʪʨʘʪʠ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʚ ʋʢʨʘʾʥʽ ʩʢʣʘʜʘʶʪʴ 

ʙʣʠʟʴʢʦ 10%, ʘ ʚ ʢʨʘʾʥʘʭ-ʯʣʝʥʘʭ ɭʉ ʪʽʣʴʢʠ 0,8-2% [2]. 

 

 
ʈʠʩʫʥʦʢ 1 - ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʙʘʣʘʥʩʽ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʤʦʣʦʯʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʋʢʨʘʾʥʠ, 2018 ʨ. [3] 
 

ɯʩʥʫʶʪʴ ʧʝʚʥʽ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʧʨʦʪʝ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʛʣʷʥʫʪʠ ʤʝʪʦʜ, ʷʢʠʡ ʪʽʣʴʢʠ ʧʦʯʠʥʘʻ ʥʘʙʠʨʘʪʠ ʧʦʧʫʣʷʨʥʽʩʪʴ, 

ï ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʝʨʝʟ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ. ɼʦʩʽ ʮʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʙʽʣʴʰʝ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʧʨʦʪʝ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʽ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʩʷʛʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ɼʣʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ. ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʩʷʛʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʢʦʤʧʨʝʩʦʨʘʤʠ [4]. ɺ ʜʦʩʣʽʜʞʝʥʥʽ 

ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʧʨʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʢʽʣʴʢʦʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʾʭ ʧʦʨʽʚʥʷʪʠ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʧʦʭʠʙʢʠ 

ʪʘ ʚʠʟʥʘʯʠʪʠ ʥʘʡʢʨʘʱʫ ʤʦʜʝʣʴ. ɹʫʣʦ ʩʪʚʦʨʝʥʦ ʧ'ʷʪʴ ʤʦʜʝʣʝʡ ML: Deep Learning (DL), Distributed 

Random Forest  (DRF), Gradient Boosting Machine (GBM), Generalized Linear Modeling (GLM) ʪʘ Stacked 

Ensemble (SE).  

ʄʦʜʝʣʽ ʥʝ ʪʘʢ ʚʘʞʢʦ ʩʪʚʦʨʠʪʠ, ʘʣʝ ʥʝʦʙʭʽʜʥʽ ʜʦʢʘʟʠ ʪʦʛʦ, ʱʦ ʚʦʥʠ ʪʦʯʥʽ ʪʘ ʥʘʜʽʡʥʽ, ʪʦʤʫ 

ʚʘʞʣʠʚʦ ʧʝʨʝʚʽʨʠʪʠ ʾʭ ʥʘ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʄʦʜʝʣʴ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟʘ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʭʠʙʢʠ ï ʮʝ ʩʧʦʩʽʙ ʧʦʨʽʚʥʷʪʠ ʤʦʜʝʣʽ ʪʘ ʟʨʦʟʫʤʽʪʠ, ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʤʦʜʝʣʴ ʤʦʞʝ 
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ʧʨʦʛʥʦʟʫʚʘʪʠ ʦʙʩʷʛʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʷʢʦʩʪʽ ʤʦʜʝʣʝʡ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʪʨʠ ʢʣʶʯʦʚʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʦʭʠʙʢʠ ʧʨʦʛʥʦʟʫ: R-ʢʚʘʜʨʘʪ (R2), ʩʝʨʝʜʥʷ 

ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ (MAE) ʽ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ (RMSE). ɿʘʩʪʦʩʦʚʫʶʯʠ ʧôʷʪʴ ʨʽʟʥʠʭ 

ʤʦʜʝʣʝʡ ʜʦ ʪʨʴʦʭ ʧʨʦʤʠʩʣʦʚʠʭ ʩʮʝʥʘʨʽʾʚ ʩʧʦʞʠʚʘʥʥʷ, ʙʫʣʦ ʧʦʤʽʯʝʥʦ, ʱʦ ʤʦʜʝʣʴ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

GBM ʪʘ ʤʦʜʝʣʴ SE ʥʝ ʧʝʨʝʜʙʘʯʠʣʠ ʪʦʯʥʦ ʝʢʦʥʦʤʽʾ, ʽʟ ʩʝʨʝʜʥʽʤ ʚʽʜʩʦʪʢʦʤ ʧʦʭʠʙʢʠ ʧʨʠʙʣʠʟʥʦ 30%. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʣʠʰʝ 170 ʪʦʯʦʢ ʜʘʥʠʭ ʩʧʦʞʠʚʘʥʥʷ, ʪʦʤʫ ʦʯʝʚʠʜʥʦ, ʱʦ ʤʦʜʝʣʽ ʚʩʝ ʱʝ 

ʥʝʜʦʩʪʘʪʥʴʦ ʪʦʯʥʽ. DRFM ʤʦʞʝ ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʢʦʥʦʤʽʶ ʝʥʝʨʛʽʾ ʜʣʷ ʫʩʫʥʝʥʥʷ ʚʠʪʦʢʽʚ ʽʟ ʩʝʨʝʜʥʴʦʶ 

ʧʦʭʠʙʢʦʶ 17%. ɹʽʣʴʰʝ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʦʢʨʘʱʠʣʦ ʙ ʮʶ ʩʝʨʝʜʥʶ ʚʽʜʩʦʪʢʦʚʫ 

ʧʦʭʠʙʢʫ, ʘʣʝ ʮʶ ʤʦʜʝʣʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʘʫʜʠʪʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʢʦʥʦʤʽʾ 

ʝʥʝʨʛʽʾ ʟ ʧʦʭʠʙʢʦʶ 17%. ʆʜʥʠʤ ʽʟ ʦʙʤʝʞʝʥʴ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʚʽʜ 

ʚʠʨʦʙʥʠʢʽʚ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʻ ʮʽ ʦʙʩʷʛʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʦʯʥʠʤʠ [4]. 

ʊʨʘʜʠʮʽʡʥʝ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʽʻʶ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʩʪʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʷʭ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʥʝ 

ʧʨʦʩʪʦ ʚʽʜʦʙʨʘʟʠʪʠ ʩʢʣʘʜʥʫ ʜʠʥʘʤʽʢʫ ʧʝʨʝʨʦʙʣʝʥʥʷ ʤʦʣʦʢʘ. ɸʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʫʪʴ 

ʦʙʨʦʙʣʷʪʠ ʜʝʢʽʣʴʢʘ ʟʤʽʥʥʠʭ ʦʜʥʦʯʘʩʥʦ ʪʘ ʚʠʷʚʣʷʪʠ ʪʦʥʢʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ.  

ɼʣʷ ʧʦʪʝʥʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʦʙʩʷʛʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʟʦʢʨʝʤʘ ʤʦʣʦʯʥʦʾ 

ʛʘʣʫʟʽ, ʧʦʪʨʽʙʥʽ ʥʘʩʪʫʧʥʽ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ (ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʽ ʜʘʥʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ (ʉɽʥʄ) ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ): ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʦʙʩʷʛʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʯʘʩ ʨʦʙʦʪʠ, 

ʝʢʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʪʘ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ. ɼʘʣʽ ʤʘʶʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʪʘʢʽ ʬʫʥʢʮʽʾ ʷʢ: ʟʤʽʥʥʽ ʥʘ ʦʩʥʦʚʽ ʯʘʩʫ 

(ʛʦʜʠʥʘ, ʜʝʥʴ, ʩʝʟʦʥ), ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʬʫʥʢʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʧʨʦʛʥʦʟʫʶʪʴʩʷ ʦʙʩʷʛʠ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ɿʘʛʘʣʦʤ, ʉɽʥʄ ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ, ʷʢʽ ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʄʅ). ʎʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʩʪʚʦʨʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʦʩʥʦʚʥʦʛʦ ʷʚʠʱʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʝʣʝʡ ʩʧʦʞʠʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʘʤʠ ʦʩʚʽʪʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ, 

ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫ ʥʘʚʘʥʪʘʞʝʥʥʷ [5]. 

ɺʠʩʥʦʚʢʠ. ʊʝʩʪʫʚʘʥʥʷ ʪʘ ʧʦʩʪʫʧʦʚʘ ʽʤʧʣʝʤʝʥʪʘʮʽʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʋʢʨʘʾʥʽ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʜʦʩʷʛʥʝʥʥʶ ʟʥʘʯʥʦʾ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʽʾ ʘʙʦ ʧʽʜʚʠʱʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘʨʘʟʽ ʪʝʭʥʦʣʦʛʽʷ ʻ ʥʝ ʜʦʩʠʪʴ ʪʦʯʥʦʶ, ʧʨʦʪʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʠʭ ʜʘʥʠʭ ʽ 

ʩʪʚʦʨʝʥʥʷ ʜʦʩʢʦʥʘʣʽʰʠʭ ʤʦʜʝʣʝʡ ʟʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʦʪʨʠʤʘʥʥʷ ʜʝʜʘʣʽ ʪʦʯʥʽʰʠʭ ʧʨʦʛʥʦʟʽʚ. 

ʇʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʇʦʩʪʘʯʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʫ 2020 ʨʦʮʽ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] - 

https://od.ukrstat.gov.ua/stat_info/energ/energ6.htm. 

2. ɽʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] - 

http://www.economic-energy.com.ua/article/article44.html 

3. ʉʢʽʣʴʢʠ ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʻʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʤʦʣʦʯʥʦʾ ʧʨʦʜʫʢʮʽʾ? [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] - 

https://saee.gov.ua/sites/default/files/Dairy_Ukr_23.11.2020.pdf 

4. Utilizing machine learning models to estimate energy savings from an industrial energy system 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] - 

https://www.sciencedirect.com/science/article/pii/S2666916122000470#sec3. 

5. Study on Potential of Energy Optimization in German Dairy Industry [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] - 

file:///C:/Users/User/Downloads/I001831868Thesis.pdf. 

http://www.economic-energy.com.ua/article/article44.html
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ʏʝʨʥʝʥʢʦ ʄ., ʤʘʛʽʩʪʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ  

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ  

 

 

ʌʆʈʄʋɺɸʅʅʗ ʆʇʊʀʄɸʃʔʅʆɰ ʉʊʈɸʊɽɻɯɰ ɽʅɽʈɻʆɿɸɹɽɿʇɽʏɽʅʅʗ 

ʊʆʈɻʆɺɽʃʔʅʆɻʆ ʎɽʅʊʈʋ 
 

ʆʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʨʽʤʢʠʤ ʟʨʦʩʪʘʥʥʷʤ ʽʥʪʝʨʝʩʫ ʜʦ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ, ʩʦʥʷʯʥʘ ʝʥʝʨʛʝʪʠʢʘ, ʷʢ ʦʜʥʘ ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʛʘʣʫʟʝʡ, ʟʘʣʫʯʘʻ 

ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʜʦʩʣʽʜʥʠʢʽʚ, ʽʥʚʝʩʪʦʨʽʚ ʪʘ ʫʨʷʜʽʚ. ɺʽʡʥʘ ʚ ʋʢʨʘʾʥʽ, ʷʢʘ ʟʘʚʜʘʣʘ ʚʝʣʠʯʝʟʥʠʭ 

ʩʪʨʘʞʜʘʥʴ ʽ ʧʨʠʟʚʝʣʘ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʠʤʘʛʘʻ ʪʝʨʤʽʥʦʚʠʭ ʜʽʡ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʨʘʾʥʠ ʪʘ ʾʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ.   ʉʴʦʛʦʜʥʽ ʋʢʨʘʾʥʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ, ʥʘ ʷʢʝ ʫ 2020 ʨʦʮʽ ʧʨʠʧʘʜʘʣʦ ʙʣʠʟʴʢʦ 70% ʾʾ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʈʦʩʽʡʩʴʢʝ 

ʚʪʦʨʛʥʝʥʥʷ ʧʨʠʟʚʝʣʦ ʜʦ ʦʢʫʧʘʮʽʾ (ɿʘʧʦʨʽʟʴʢʦʾ ɸɽʉ ʽ ʙʣʠʟʴʢʦ 44% ʟʘʛʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ) 

ʪʘ ʟʥʠʱʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʧʨʠʯʠʥʠʣʦ ʨʽʟʢʝ ʩʢʦʨʦʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ 

ʧʦʩʪʘʯʘʥʥʷ ʝʥʝʨʛʽʾ, ʪʦʜʽ ʷʢ ʧʦʧʠʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʚʧʘʚ ʥʘ 40% ʜʦ ʞʦʚʪʥʷ 2022 ʨʦʢʫ.  

ʊʘʙʣʠʮʷ 1. ɿʘʛʘʣʴʥʝ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʟʛʽʜʥʦ International Renewable Energy Agency 

(IRENA) 

ʇʦʢʘʟʥʠʢ 2016 ʨʽʢ 2023 ʨʽʢ 

ɿʘʛʘʣʴʥʝ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ (ʊɽʉ), ʊɼʞ 3944735 3665638 

- ʅʝʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ, ʊɼʞ 3828394 3454463 

- ɺʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ, ʊɼʞ 116341 211175 

ʏʘʩʪʢʘ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, % 3 6 

ʊʘʙʣʠʮʷ 2. ɸʥʘʣʽʟ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ  
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ʆʙ'ʻʢʪʦʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ  ̒ʪʦʨʛʦʚʝʣʴʥʠʡ ʮʝʥʪʨ ʇʘʣʴʤʽʨʘ ʇʣʘʟʘ, ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʘʜʨʝʩʦʶ 

ʤ. ɿʘʧʦʨʽʞʞʷ ʧʨʦʩʧʝʢʪ ʉʦʙʦʨʠʡ 92 

 
ʌʦʪʦ ʦʙôʻʢʪʫ 

ʆʙ'ʻʢʪ ʙʫʚ ʟʙʫʜʦʚʘʥʠʡ ʫ 2000 ʨʦʮʽ, ʊʎ ʤʘʻ 

ʧ'ʷʪʴ ʧʦʚʝʨʭʽʚ, ʚ ʙʫʜʽʚʣʷ ʧʦʙʫʜʦʚʘʥʘ ʟʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤ ʧʨʦʝʢʪʦʤ. ɹʫʜʽʚʣʷ 

ʧʨʘʮʶʻ ʫ ʨʝʞʠʤʽ ʩʝʤʠʜʝʥʥʦʛʦ ʪʠʞʥʷ ʟ 11:00 

ʜʦ 19:00. ʋ ʜʝʥʥʠʡ ʯʘʩ ʧʨʘʮʶʻ ʧʝʨʩʦʥʘʣ 

ʪʦʨʛʦʚʝʣʴʥʦʛʦ ʮʝʥʪʨʫ ʪʘ ʚʽʜʚʽʜʫʚʘʯʽ ʫ ʥʽʯʥʠʡ 

ʯʘʩ ʫ ʙʫʜʽʚʣʽ ʧʨʠʩʫʪʥʽ ʦʭʦʨʦʥʮʽ. 

ʉʭʝʤʘ ʙʫʜʽʚʣʽ ʚʠʜ ʟʚʝʨʭʫ  

ʆʧʘʣʶʚʘʣʴʥʠʡ ʦʙʻʤ 32860.89ʤ3 

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ 10953.63ʤ2 

ɺʠʩʦʪʘ ʙʫʜʽʚʣʽ  

14,8ʤ 

 

ʉʧʦʞʠʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ 

2021-2024 ʨʨ 
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