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ɸʅʆʊɸʎɯʗ 

 

ʃʠʭʦʚʠʜ ʖ.ɻ. ʇʝʨʝʥʘʧʨʫʛʠ ʚ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʨʝʞʠʤʘʭ ʤʘʛʽʩʪʨʘʣʴʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.14.02 çɽʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ, ʤʝʨʝʞʽ ʽ ʩʠʩʪʝʤʠè. ï ɯʥʩʪʠʪʫʪ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2021. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʥʘʫʢʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʱʦʜʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ, ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʘʥʘʣʽʟʫ ʨʝʞʠʤʥʠʭ ʧʝʨʝʥʘʧʨʫʛ 

ʫ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʝʩʠʤʝʪʨʽʾ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʟʘʭʦʜʽʚ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʾʭ ʧʦʷʚʠ ʪʘ ʨʦʟʚʠʪʢʫ 

ʧʦʥʘʜ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ. 

ʋ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʦ ʚʘʞʣʠʚʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʤʘʛʽʩʪʨʘʣʴʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʧʦʙʫʜʦʚʠ ʥʦʚʠʭ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ 

ʧʨʠʯʠʥʠ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʦʩʥʦʚʥʦʶ ʟ ʷʢʠʭ 

ʚʠʟʥʘʯʝʥʦ ʷʚʠʱʝ ʧʝʨʝʥʘʧʨʫʛ - ʘʥʦʨʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʧʦʥʘʜ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫ ʚʝʣʠʯʠʥʫ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʬʘʢʪʦʨʦʤ ʥʘʷʚʥʦʩʪʽ 

ʤʘʣʦʛʦ ʨʝʟʝʨʚʫ ʽʟʦʣʷʮʽʾ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ (ʄɽʄ) 

ʯʝʨʝʟ ʾʭʥʶ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ. ʇʝʨʝʥʘʧʨʫʛʠ ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ ʚʠʥʠʢʘʶʪʴ ʫʥʘʩʣʽʜʦʢ 

ʥʝʩʠʤʝʪʨʠʯʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʫ ʩʚʦʶ ʯʝʨʛʫ ʚʠʥʠʢʘʻ ʯʝʨʝʟ 

ʥʝʩʠʤʝʪʨʠʯʥʽ ʢʦʨʦʪʢʽ ʟʘʤʠʢʘʥʥʷ (ʂɿ) ʘʙʦ ʯʝʨʝʟ ʥʝʧʦʚʥʦʬʘʟʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ 

(ʨʝʤʦʥʪʥʽ ʨʦʙʦʪʠ ʥʘ ʬʘʟʽ, ʦʙʨʠʚ ʬʘʟʠ, ʥʝʚʽʨʥʘ ʨʦʙʦʪʘ ʬʘʟʠ ʚʠʤʠʢʘʯʘ ʧʨʠ 

ʚʽʜʢʣʶʯʝʥʥʽ ʯʠ ʚʚʽʤʢʥʝʥʥʽ). 

ʋ ʨʦʙʦʪʽ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʥʘʨʘʟʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʨʝʞʠʤʠ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʻ ʥʝʩʠʤʝʪʨʠʯʥʠʤʠ, ʘʜʞʝ ʩʫʯʘʩʥʽ ʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ 

ʪʨʠʬʘʟʥʦʛʦ ʩʪʨʫʤʫ ʤʽʩʪʷʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ 

ʚʠʩʪʫʧʘʶʪʴ ʫ ʨʦʣʽ ʜʞʝʨʝʣ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʩʪʨʫʤʽʚ ʪʘ ʥʘʧʨʫʛ. ɺʦʥʠ ʤʦʞʫʪʴ 

ʽʩʥʫʚʘʪʠ ʢʦʨʦʪʢʦʯʘʩʥʦ ʪʘ ʚʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʥʝʩʠʤʝʪʨʽʷ ʻ ʥʝʩʫʪʪʻʚʦ  ʁʪʘ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʧʦʭʠʙʦʢ ʫ ʨʦʟʨʘʭʫʥʢʘʭ. 

ʇʨʦʪʝ ʽʩʥʫʶʪʴ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʥʝʩʠʤʝʪʨʽʷ ʻ ʽʩʪʦʪʥʦ ,ʁ ʽ ʾ ʾ ʦʙʦʚôʷʟʢʦʚʦ ʪʨʝʙʘ 



3 

 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ. ʂʦʨʦʪʢʦʯʘʩʥʽ ʨʝʞʠʤʠ ʦʙʫʤʦʚʣʝʥʽ ʚʠʥʠʢʥʝʥʥʷʤ ʪʘ 

ʧʦʜʘʣʴʰʦʶ ʣʽʢʚʽʜʘʮʽʻʶ ʂɿ, ʧʦʬʘʟʥʠʤʠ ʚʽʜʢʣʶʯʝʥʥʷʤʠ ʪʘ ʚʢʣʶʯʝʥʥʷʤʠ 

ʚʠʤʠʢʘʯʽʚ ʪʘ ʽʥʰʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ. ʊʘʢʦʞ ʚʠʥʠʢʘʶʪʴ ʫ ʚʠʧʘʜʢʘʭ 

ʩʢʣʘʜʥʠʭ ʧʦʰʢʦʜʞʝʥʴ (ʦʜʥʦʯʘʩʥʽ ʂɿ ʪʘ ʨʦʟʨʠʚ ʬʘʟʠ), ʥʘʧʨʠʢʣʘʜ, ʫ ʮʠʢʣʽ 

ʦʜʥʦʬʘʟʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʚʚʽʤʢʥʝʥʥʷ (ʆɸʇɺ). 

ʊʨʠʚʘʣʘ ʥʝʩʠʤʝʪʨʽʷ ʚʠʥʠʢʘʻ ʧʨʠ ʜʝʷʢʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʨʝʞʠʤ ʧʣʘʚʣʝʥʥʷ ʦʞʝʣʝʜʽ ʪʘ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʧʽʜ ʦʭʦʨʦʥʥʦʶ ʥʘʧʨʫʛʦʶ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʦʩʪʘʥʥʽʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʥʝ 

ʦʧʠʩʘʥʠʡ ʣʽʪʝʨʘʪʫʨʦʶ ʪʘ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ʎʝ ʚʠʤʫʰʝʥʠʡ 

ʢʨʦʢ ʩʴʦʛʦʜʝʥʥʷ. ɼʦ ʥʴʦʛʦ ʚʜʘʶʪʴʩʷ ʜʣʷ ʥʝʜʦʧʫʱʝʥʥʷ ʘʢʪʽʚ ʚʘʥʜʘʣʽʟʤʫ ʱʦʜʦ  

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ, ʷʢʽ ʥʘʨʘʟʽ ʥʝ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ. 

ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʪʝʦʨʝʪʠʯʥʽ ʧʦʤʠʣʢʠ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʦʚʝʜʝʥʠʭ ʱʦʜʦ 

ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ (ʃɽʇ ʅɺʅ), ʜʫʞʝ ʜʦʨʦʛʦ ʢʦʰʪʫʶʪʴ ʫ 

ʚʠʧʘʜʢʫ ʾʭʥʴʦʾ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʦʤʫ ʙʫʜʴ-ʷʢ̔ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 

ʮʽʡ ʛʘʣʫʟʽ ʧʦʚʠʥʥʽ ʧʨʦʚʦʜʠʪʠʩʴ ʜʫʞʝ ʨʝʪʝʣʴʥʦ ʪʘ ʟʚʘʞʝʥʦ. ʊʘʢʽ ʘʥʘʣʽʟʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʜʽʡʩʥʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ: ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʜʽʶʯʦʤʫ ʦʙʣʘʜʥʘʥʥʽ; 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ; ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʪʘ ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥ ̔

ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ (ɽʆʄ). ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʯʝʨʝʟ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʥʝʩʧʦʜʽʚʘʥʦʛʦ ʧʝʨʝʭʦʜʫ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʚ 

ʘʚʘʨʽʡʥʠʡ ʩʪʘʥ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʦʙʤʝʞʝʥʦ, ʪʦʤʫ ʚ 

ʦʩʥʦʚʥʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ. ʊʨʘʜʠʮʽʡʥ̔  ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʥʘʧʨʫʛ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʧʝʚʥʽ ʩʧʨʦʱʝʥʥʷ, ʯʝʨʝʟ ʱʦ ʥʝ ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʞʘʥʦʾ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʜʝʷʢʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʪʦʤʫ ʫ ʜʠʩʝʨʪʘʮʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʃɽʇ ʅɺʅ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩ ɹ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʠ ʥʴʦʤʫ ʨʝʘʣʴʥʘ ʣʽʥʽʷ 

ʝʣʝʢʪʨʦʧʝʨʘʜʘʚʘʥʥʷ (ʯʠ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ ʦʙôʻʢʪ) ʟʘʤʽʥʶʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʤ 

ʽʤʽʪʘʪʦʨʦʤ, ʷʢʠʡ ʥʘ ʦʩʥʦʚʽ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʘʣʝʞʥʦʩʪʝʡ ʨʝʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʧʦʚʪʦʨʶʻ 

(ʤʦʜʝʣʶʻ) ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʦʙôʢ̒ʪʽ. 
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ɹʘʛʘʪʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʠʯʥʠʭ ʨʝʞʠʤʽʚ 

ʜʦʧʫʩʢʘʶʪʴ ʥʠʟʢʫ ʩʧʨʦʱʝʥʴ. ɼʦ ʪʘʢʠʭ ʩʧʨʦʱʝʥʴ ʥʘʣʝʞʠʪʴ ʥʝʭʪʫʚʘʥʥʷ ʷʚʠʱʝʤ 

ʢʦʨʦʥʫʚʘʥʥʷ ʧʨʦʚʦʜʽʚ. ʊʦʤʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʤʘʛʽʩʪʨʘʣʴʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʦʪʨʠʤʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʚʝʨʠʬʽʢʘʮʽʾ ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ, ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʫʩʢʦʚʠʭ ʦʧʝʨʘʮʽʡ 

ʨʝʘʣʴʥʦʾ ʣʽʥʽʾ ʅɺʅ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʫʜʦʩʢʦʥʘʣʝʥʫ ʤʦʜʝʣʴ ʣʽʥʽʾ 

750 ʢɺ ʇʽʚʜʝʥʥʦʫʢʨʘʾʥʩʴʢʘ ɸɽʉ ï ɯʩʘʢʯʘ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʾʾ ʜʦʩʣʽʜʞʝʥʴ ʧʦʨʽʚʥʷʥʽ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʫʩʢʦʚʠʭ ʪʘ ʩʠʩʪʝʤʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʴ 

ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʧʨʠʜʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʤʦʜʝʣʽ ʜʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʘʢʦʞ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʦʜʝʣʶʚʘʥʴ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʨʘʚʠʣʴʥʽʩʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʚʦʭ ʨʝʘʢʪʦʨʥʠʭ ʛʨʫʧ 

ʥʘ ʣʽʥʽʾ 750 ʢɺ ʇʽʚʜʝʥʥʦʫʢʨʘʾʥʩʴʢʘ ɸɽʉ ï ɯʩʘʢʯʘ ʟ ʙʦʢʫ ʇʽʚʜʝʥʥʦʫʢʨʘʾʥʩʴʢʦʾ ɸɽʉ 

ʪʘ ʦʜʥʽʻʾ ʨʝʘʢʪʦʨʥʦʾ ʛʨʫʧʠ ʟ ʙʦʢʫ ɯʩʘʢʯʠ. 

ʅʘʨʘʟʽ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʃɽʇ ʅɺʅ 

750 ʢɺ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 30 ʛʨʫʧ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ (ʐʈ). ʇʨʦʪʝ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ [22] ʥʘʚʽʪʴ ʟʘ ʫʤʦʚ ʟʘʛʘʣʴʥʦ ʾʧʝʨʝʢʦʤʧʝʥʩʦʚʘʥʦʩʪʽ ʤʝʨʝʞʽ 750 ʢɺ 

ʐʈ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʪʝʭʥʽʯʥʦ ʧʨʠʧʫʩʪʠʤʠʭ ʨʽʚʥʽʚ ʥʘʧʨʫʛʠ ʣʠʰʘʻʪʴʩʷ 

ʘʢʪʫʘʣʴʥʦʶ. ʎʴʦʤʫ ʷʚʠʱʫ ʩʧʨʠʷʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʚʘʨʽʡʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʠʭ ʐʈ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ [22] ʚʠʟʥʘʯʝʥʦ, ʱʦ ʫ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ ʫ 

ʤʝʨʝʞʘʭ 750 ʢɺ ʤʦʞʫʪʴ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʙʫʚʘʪʠ ʥʝ ʙʽʣʴʰʝ, ʥʽʞ 18-19 ʨʝʘʢʪʦʨʥʠʭ 

ʛʨʫʧ. ʊʘʢʠʤ ʯʠʥʦʤ ʫ ʙʝʟʨʝʘʢʪʦʨʥʽʡ ʬʘʟʽ (ʟ ʚʠʚʝʜʝʥʠʤ ʟ ʨʦʙʦʪʠ ʰʫʥʪʫʚʘʣʴʥʠʤ 

ʨʝʘʢʪʦʨʦʤ) ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʥʘʧʨʫʛʘ ʚʠʱʘ ʟʘ ʨʽʚʥʽ ʥʘʧʨʫʛʠ ʽʥʰʠʭ ʬʘʟ ʪʘ ʧʦʥʘʜ 

ʥʦʨʤʘʪʠʚʥʦ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ. ʆʢʨʤ̔ ʟʘʟʥʘʯʝʥʦʛʦ, ʧʦʩʪʽʡʥʦ ʜʽʶʯʘ ʥʝʩʠʤʝʪʨʽʷ 

ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʦʛʦ ʨʝʞʠʤʫ ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ʢʦʨʦʪʢʦʯʘʩʥʫ ʥʝʩʠʤʝʪʨʽʶ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʢʦʤʫʪʘʮʽʡʥʠʭ ʦʧʝʨʘʮʽʡ, ʯʝʨʝʟ ʱʦ ʟʨʦʩʪʘʪʠʤʝ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ 

ʪʨʠʚʘʣʠʭ ʪʘ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʧʝʨʝʥʘʧʨʫʛ. ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘʢʠʭ ʚʠʧʘʜʢ̔ʚ ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʜʽʻʚʽʩʪʴ ʷʢʠʭ ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʧʽʜ ʯʘʩ 
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ʤʦʜʝʣʶʚʘʥʴ. ʉʫʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ. ʋ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘ ʦʜʥʦʤʫ ʢʽʥʮʽ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʣʴʥʦʾ ʣʽʥʽʾ ʟʘ ʨʝʞʠʤʦʤ ʥʘʧʨʫʛʠ 

ʘʙʦ ʯʝʨʝʟ ʽʥʰʽ ʦʙʤʝʞʝʥʥʷ ʨʝʘʢʪʦʨʥʘ ʛʨʫʧʘ ʚʠʚʝʜʝʥʘ ʟ ʨʦʙʦʪʠ, ʘ ʥʘ ʽʥʰʦʤʫ ʢʽʥʮʽ 

ʣʽʥʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʙʦʪʽ ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʘ ʛʨʫʧʘ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ, ʤʦʞʝ  

ʚʽʜʙʫʚʘʪʠʩʴ ʟʨʦʩʪʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʽʡ ʬʘʟʽ. ɼʣʷ ʥʝʜʦʧʫʱʝʥʥʷ 

ʪʘʢʦʛʦ ʥʘʜʥʦʨʤʦʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʥʘʧʨʫʛʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʦʤʫ 

ʢʽʥʮʽ ʣʽʥʽʾ (ʜʝ ʛʨʫʧʘ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʚʠʚʝʜʝʥʘ ʟ ʨʦʙʦʪʠ) ʚʚʝʩʪʠ ʚ ʨʦʙʦʪʫ 

ʦʜʠʥ ʐʈ ʥʘ ʬʘʟʽ, ʟʘʨʷʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʷʢʦʛʦ ʚʠʷʚʠʣʘʩʴ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʦʶ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʥʠʟʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʶʚʘʥʴ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʜʽʻʚʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ ʟʨʦʙʣʝʥʽ ʚʠʩʥʦʚʢʠ, ʱʦ ʜʣʷ ʃɽʇ ʅɺʅ, 

ʷʢʘ ʤʘʻ ʥʘ ʩʚʦʾʭ ʢʽʥʮʷʭ ʧʦ ʦʜʥʽʡ ʛʨʫʧʽ ʐʈ, ʟ ʷʢʠʭ ʦʜʥʘ ʛʨʫʧʘ ʚʠʚʝʜʝʥʘ ʟ ʨʦʙʦʪʠ 

(ʧʦ ʨʝʞʠʤʫ ʥʘʧʨʫʛʠ ʘʙʦ ʟ ʽʥʰʦʾ ʧʨʠʯʠʥʠ), ʘ ʽʥʰʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʙʦʪʽ ʫ 

ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʦʤʫ ʨʝʞʠʤʽ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥ ̫ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʥʘʧʨʫʛʠ ʥʘ 

ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʽʡ ʬʘʟʽ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʚ ʨʦʙʦʪʫ ʐʈ ʮʽʻʾ ʞ ʬʘʟʠ ʥʘ ʽʥʰʦʤʫ ʢʽʥʮʽ 

ʣʽʥʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤ ʧʝʨʝʥʘʧʨʫʛ 

ʥʘ ʧʽʜʩʪʘʥʮʽʷʭ ʟ ʥʝʧʦʚʥʦʶ ʨʝʘʢʪʦʨʥʦʶ ʛʨʫʧʦʶ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐʈ ʽʥʰʠʭ 

ʧʜ̔ʩʪʘʥʮʽʡ. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ 

ʨʝʘʢʪʦʨʘ ʥʝ ʣʠʰʝ ʧʽʜ ʯʘʩ ʙʝʟʩʪʨʫʤʦʚʦʾ ʧʘʫʟʠ ʦʜʥʦʬʘʟʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʧʦʚʪʦʨʥʦʛʦ ʚʚʽʤʢʥʝʥʥʷ, ʘ ʧʦʩʪʽʡʥʦ ʧʨʠ ʨʦʙʦʪʽ ʧʦʚʥʦʨʝʘʢʪʦʨʥʦʾ ʛʨʫʧʠ 

ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʁ ʚʠʢʦʥʘʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʜʦʚʝʜʝʥʦ 

ʙʝʟʧʝʯʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʧʽʜ ʥʘʧʨʫʛʦʶ ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ ʨʝʘʢʪʦʨʘ. 

ʇʦʩʪʽʡʥʦ ʜʽʶʯʘ ʯʦʪʠʨʠʧʨʦʤʝʥʝʚʘ ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ 

ʆɽʉ ʋʢʨʘʾʥʠ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʪʨʝʙʠ ʫ ʚʠʢʦʨʠʩʪʘʥʥ̔ 

ʘʚʪʦʤʘʪʠʢʠ ʢʝʨʫʚʘʥʥʷ ʚʚʝʜʝʥʥʷ ʚ ʨʦʙʦʪʫ ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʷʢʘ ʫ ʩʚʦʶ 

ʯʝʨʛʫ ʤʦʞʝ ʜʘʪʠ ʟʙʽʡ ʪʘ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʨʫʝhʥʥʷ ʩʧʨʘʮʶʚʘʥʥʷ ʆɸʇɺ. ɿʘ ʨʘʭʫʥʦʢ 

ʣʽʢʚʽʜʘʮʽʾ ʘʚʪʦʤʘʪʠʢʠ ʢʝʨʫʚʘʥʥʷ ʚʚʝʜʝʥʥʷ ʚ ʨʦʙʦʪʫ ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ ʨʝʘʢʪʦʨʘ 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʪʨʝʙʘ ʫ ʜʦʜʘʪʢʦʚʦʤʫ ʜʦʨʦʛʦʚʘʨʪʽʩʥʦʤʫ ʢʦʤʫʪʘʮʽʡʥʦʤʫ 

ʫʩʪʘʪʢʫʚʘʥʥʽ. ʊʘʢʦʞ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʚʽʜ ʧʦʩʪʽʡʥʦʛʦ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʦʪʠʨʠʧʨʦʤʝʥʝʚʦʾ ʨʝʘʢʪʦʨʥʦʾ ʩʭʝʤʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʩʫʤʘʨʥʠʭ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʫ ʨʝʘʢʪʦʨʘʭ. 

ʆʜʥʠʤ ʽʟ ʚʠʜʽʚ ʥʝʩʠʤʝʪʨʠʯʥʦʾ ʨʦʙʦʪʠ ʃɽʇ ʅɺʅ ̒ ʥʝʧʦʚʥʦʬʘʟʥʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ. ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʠʚʘʣʠʭ ʥʝʧʦʚʥʦʬʘʟʥʠʭ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ, ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ ʫʥʘʩʣʽʜʦʢ ʘʚʘʨʽʡʥʠʭ ʘʙʦ ʧʣʘʥʦʚʠʭ 

ʚʠʤʢʥʝʥʴ ʦʜʥʽʻʾ ʘʙʦ ʜʚʦʭ ʬʘʟ ʣʽʥʽʾ, ʩʧʦʞʠʚʘʯ ʙʫʜʝ ʦʪʨʠʤʫʚʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, 

ʭʦʯʘ ʡ ʚ ʦʙʤʝʞʝʥʦʤʫ ʦʙʩʷʟʽ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʥʘʨʘʟʽ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʪʨʠʚʘʣʽ ʥʝʧʦʚʥʦʬʘʟʥʽ ʨʝʞʠʤʠ.  

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʪʨʠʚʘʣʽ (ʪʨʠʜʮʷʪʠʭʚʠʣʠʥʥʽ) 

ʥʝʧʦʚʥʦʬʘʟʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʧʝʨʝʚʽʨʢʘ ʧʨʘʢʪʠʯʥʦʾ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʨʝʞʠʤʽʚ ʫ ʯʘʩʪʠʥʽ ʚʠʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʠʭ 

ʧʝʨʝʥʘʧʨʫʛ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ (ʘʚʘʨʽʡʥʠʭ 

ʯʠ ʧʣʘʥʦʚʠʭ) ʥʘ ʣʽʥʽʷʭ ʪʘʢʦʛʦ ʢʣʘʩʫ ʧʨʠʧʘʜʘʻ ʥʘ ʧʦʬʘʟʥʝ ʚʠʢʦʥʘʥʥʷ, ʧʨʘʢʪʠʯʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʧʦʚʥʦʬʘʟʥʠʭ ʨʝʞʠʤʽʚ ʣʽʥʽʡ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʻ 

ʟʥʘʯʥʠʤ ʟʜʦʙʫʪʢʦʤ ʜʣʷ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʆɽʉ ʋʢʨʘʾʥʠ, ʦʩʦʙʣʠʚʦ ʟʘ ʫʤʦʚ 

ʧʣʘʥʫʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʟ ʝʣʝʢʪʨʦʤʝʨʝʞʦʶ ENTSO-E. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʤʦʜʝʣʶʚʘʥ ɹʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘ ʬʘʟʘʭ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʦʙʦʪʽ, ʥʘʧʨʫʛʘ ʟʤʽʥʶʻʪʴʩʷ ʫ ʥʝ ʟʥʘʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʚ ʦʩʥʦʚʥʦʤʫ ʫ 

ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʠʭ ʚʽʜʭʠʣʝʥʴ ʜʣʷ ʜʘʥʦʛʦ ʢʣʘʩʫ ʥʘʧʨʫʛ Ñ 5% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ 

ʥʘʧʨʫʛʠ. 

ʐʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥ ̫ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʫ 

ʥʝʧʦʚʥʦʬʘʟʥʠʭ ʨʝʞʠʤʘʭ ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʨʘʥʽʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ: ʧʨʠ ʧʝʨʝʚʝʜʝʥʥʽ ʣʽʥʽʾ ʫ ʥʝʧʦʚʥʦʬʘʟʥʠʡ ʨʝʞʠʤ 

ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ ʟʜʽʡʩʥʠʪʠ ʚʽʜʢʣʶʯʝʥʥʷ ʚʠʤʠʢʘʯʽʚ ʟ ʙʦʢʫ ʞʠʚʣʝʥʥʷ, ʘ ʧʦʪʽʤ ʟ 

ʙʦʢʫ ʩʧʦʞʠʚʘʯʘ; ʧʨʠ ʧʦʚʝʨʥʝʥʥʽ ʫ ʧʦʚʥʦʬʘʟʥʠʡ ʨʝʞʠʤ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʯʽʪʢʝ, 

ʛʘʨʘʥʪʦʚʘʥʝ ʚʚʽʤʢʥʝʥʥʷ ʩʧʦʯʘʪʢʫ ʟ ʙʦʢʫ ʧʨʠʡʤʘʯʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʘ ʧʦʪʽʤ ʟ 

ʙʦʢʫ ʞʠʚʣʝʥʥʷ. ɺʠʢʦʥʘʥʥʷ ʪʘʢʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʧʨʘʮʁʚʘʥʥʷ ʚʠʤʠʢʘʯʽʚ 
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ʩʧʨʠʷʪʠʤʝ ʥʝʜʦʧʫʱʝʥʥʶ ʥʝʧʨʠʧʫʩʪʠʤʦʛʦ ʟʨʦʩʪʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʬʘʟʘʭ, ʱʦ 

ʚʽʜʢʣʶʯʘʶʪʴʩʷ/ʚʤʠʢʘʶʪʴʩʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʥʘʫʢʦʚʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʧʨʘʢʪʠʯʥʽʩʪʴ ʨʦʙʦʪʠ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʫ 

ʥʝʧʦʚʥʦʬʘʟʥʦʤʫ ʨʝʞʠʤʽ. 

ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʧʦʙʫʜʦʚʠ ʄɽʄ ʻ 

ʚʘʞʣʠʚʦʶ ʥʘʫʢʦʚʦʶ ʪʘ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʶ ʟʘʜʘʯʝʶ, ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ ʚʥʘʩʣʽʜʦʢ 

ʟʤʽʥʠ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʛʨʦʟʦʟʘʭʠʩʥʦʛʦ ʪʨʦʩʫ (ɻɿʊ) ʟʤʽʥʶʻʪʴʩʷ ʤʦʞʣʠʚʠʡ ʨʽʚʝʥʴ 

ʧʝʨʝʥʘʧʨʫʛ. ʊʘʢ, ʧʽʜ ʯʘʩ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʶʚʘʥʴ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚ ʫʤʦʚʘʭ 

ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʠʭ ʃɽʇ ʅɺʅ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʠʭ ʜʦʮʽʣʴʥʠʤ ʢʨʦʢʦʤ ʻ 

ʧʝʨʝʭʽʜ ʚʽʜ ʽʟʦʣʴʦʚʘʥʦʾ ʨʦʙʦʪʠ ɻɿʊ ʜʦ ʟʘʟʝʤʣʝʥʦʛʦ, ʦʩʢʽʣʴʢʠ ʮʝ ʜʘʻ ʟʥʘʯʥʠʡ 

ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʝʨʝʥʘʧʨʫʛ.  

ʈʦʟʛʣʷʥʫʪʦ ʚʽʜʥʦʩʥʦ ʤʦʣʦʜʠʡ, ʧʨʦʪʝ ʜʦʚʦʣʽ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʟ ʥʘʫʢʦʚʦʾ ʪʦʯʢʠ 

ʟʦʨʫ ʥʘʧʨʷʤʦʢ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʚʠʪʢʫ ʚʽʪʯʠʟʥʷʥʦʾ ʥʘʫʢʠ ʪʘ ʪʝʭʥʽʢʠ - Smart Grid ʫ 

ʨʦʟʨʽʟʽ ʄɽʄ (ʨʦʟʫʤʥʽ ʤʝʨʝʞʽ). ʊʘʢ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ Smart Grid - 

ʙʣʦʢʽʚ ʢʝʨʦʚʘʥʦʾ ʢʦʤʫʪʘʮʽʾ - ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ ʘʙʦ ʦʙʤʝʞʠʪʠ ʧʝʨʝʥʘʧʨʫʛʠ ʚ 

ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʄɽʄ, ʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʦʛʦ ʝʣʝʤʝʥʪʘ Smart 

Grid - ʢʝʨʦʚʘʥʦʛʦ ʰʫʥʪʫʚʘʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ (ʂʐʈ) ʤʦʞʥʘ: ʧʽʜ ʯʘʩ ʧʘʫʟʠ ʆɸʇɺ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʠʞʝʥʥʷ ʩʪʨʫʤʫ ʂɿ ʫ 1,5 ʨʘʟʠ ʪʘ ʟʤʝʥʰʠʪʠ ʯʘʩ ʙʝʟʩʪʨʫʤʦʚʦʾ ʧʘʫʟʠ; 

ʫ ʨʝʞʠʤʽ ʚʢʣʶʯʝʥʥʷ ʣʽʥʽʾ ʦʙʤʝʞʠʪʠ ʢʦʤʫʪʘʮʽʡʥʽ ʧʝʨʝʥʘʧʨʫʛʠ; ʧʽʜ ʯʘʩ ʨʽʟʢʦʛʦ 

ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʂʐʈ ʫʩʧʽʰʥʦ ʟʥʠʞʫʻ ʨʽʚʝʥʴ ʧʝʨʝʥʘʧʨʫʛ ʪʘ ʟʘʧʦʙʽʛʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʘʚʘʨʽʡʥʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ ʣʽʥʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʝʨʝʥʘʧʨʫʛʘ, ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʨʝʞʠʤ, ʢʦʨʦʥʠʡ ʨʦʟʨʷʜ ʣ̔ ʥʽʾ 

ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʛʨʦʟʦʟʘʭʠʩʥʠʡ ʪʨʦʩ, ʰʫʥʪʫʚʘʣʴʥʠʡ ʨʝʘʢʪʦʨ, ʢʦʤʧʝʥʩʘʮʽʡʥʠʡ 

ʨʝʘʢʪʦʨ, Smart Grid. 

 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ  

1. ʂʫʟʥʝʮʦʚ ɺ.ɻ., ʊʫʛʘʡ ʖ.ɯ., ʂʫʯʘʥʩʴʢʠʡ ɺ.ɺ., ʃʠʭʦʚʠʜ ʖ.ɻ., 

ʄʝʣʴʥʠʯʫʢ ɺ.ɸ. ʈʝʟʦʥʘʥʩʥʽ ʧʝʨʝʥʘʧʨʫʛʠ ʫ ʥʝʩʠʥʫʩʦʾʜʥʦʤʫ ʨʝʞʠʤʽ ʤʘʛʽʩʪʨʘʣʴʥʦʾ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ. ɽʣʝʢʪʨʦʪʝʭʥʽʢʘ ʽ ɽʣʝʢʪʨʦʤʝʭʘʥʽʢʘ. 2018. ˉ2. ʉ. 69 ï 73 
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(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ - ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʜʽʘʧʘʟʦʥʽʚ ʢʫʪʽʚ ʢʦʤʫʪʘʮʽʾ, 

ʧʨʠ ʷʢʠʭ ʚʠʥʠʢʘʶʪʴ ʥʝʙʝʟʧʝʯʥʽ ʧʝʨʝʥʘʧʨʫʛʠ). 

2. ʊʫʛʘʡ ʖ.ɯ., ʃʠʭʦʚʠʜ ʖ.ɻ. ʄʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ ʥʘ 

ʧʝʨʝʥʘʧʨʫʛʠ ʚ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʨʝʞʠʤʘʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʥʘʜʚʠʩʦʢʦʾ 

ʥʘʧʨʫʛʠ. ʇʨ. ɯʥ-ʪʫ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʅɸʅ ʋʢʨʘʾʥʠ. 2016. ˉ45. ʉ. 16 ï 20 
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ANNOTATION  

 

Lykhovyd Y.G. Overvoltages in asymmetric modes of main electrical networks. - 

Qualifying scientific work on the rights of manuscripts. 

Dissertation for the degree of a candidate of technical sciences in specialty 

05.14.02 - electric stations, networks and systems. - Institute of Electrodynamics of the 

National Academy of Sciences of Ukraine, Kyiv, 2021. 

The thesis is devoted to solving scientific tasks for improving methods of 

mathematical models, developing scientific approaches and measures to prevent and 

leveling effects of the emergence of the phenomenon over a main power grids. 

The work determines the importance of functioning of existing main electrical 

networks and the prospects for building new ones. The main reasons for the failure of 

super-high voltage transmission lines are considered, the main of which is the 

phenomenon of over-voltage - an abnormal increase in voltage beyond the maximum 

permissible value. This can be explained by the presence of a small isolation reserve for 

elements of main electrical networks due to their high cost. Overvoltage established 

regime arising from asymmetry of power grid, which in turn arises from the 

asymmetrical short circuits or nepovnofazni modes (repair work on stage, break phase, 

wrong phase switch operation when disconnected or turned on). 

The paper noted that virtually all modes electric systems are asymmetric because 

modern electrical power system phase containing a number of different elements that 

act as sources of asymmetric currents and voltages. They can exist for a short time and 

for a long time. In most cases, asymmetric regimes are insignificant and do not lead to 

significant errors in calculations. However, there are cases where asymmetric regimes 

are significant, and they must be taken into account when calculating. Short-term modes 

are caused by the emergence and subsequent elimination of short locking, by phase 

disconnections and switching switches and other switching devices. Also occur in cases 

of severe damage (simultaneous short locking and phase breakage), for example, in a 

single-phase automatic re-engagement cycle. 
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Were considered and special modes of operation of main electrical networks, 

which included the mode of melting ice and the mode of operation under the security 

voltage. It is determined that the last mode of operation is not described by any 

literature and normative-technical documents. This is a forced step of the present. They 

resort to it to prevent the theft of structural elements of power lines, which at the current 

time are not exploited. 

It is noted that theoretical errors during calculations carried out with respect to 

transmission lines NPV are very expensive in the case of their practical implementation 

and operation. Therefore, any research in this area should be conducted very, very 

carefully and carefully. Such analyzes can be carried out using: experiments on active 

equipment; use of analytical methods; mathematical and simulation modeling using an 

electronic computer (computer). It should be borne in mind that due to the high level of 

danger of an unexpected transition of the electrical network to an emergency condition, 

experimental research is limited, and, accordingly, mainly analytical methods are used. 

Traditional analytical methods based on some over simplification, because they can not 

provide the desired accuracy of some modes of power lines, so the thesis research 

modes of transmission line used NVN simulation. Under this, the real electric power 

line (or any other object) was replaced by a so-called simulator, which, based on the 

parameters and dependencies of real objects, repeats (simulates) the processes occurring 

in the object being studied. 

Many proposed methods of calculating electric modes allow for a number of 

simplifications. Such simplifications include the neglect of the phenomenon of 

coronation of wires. Therefore, in order to study the modes of operation of main 

electrical networks in the dissertation, an imitation model was developed, taking into 

account the impact of the corona discharge. This allowed to improve the accuracy of the 

results. 

In order to verify the created model, a comparison of the results obtained by 

simulation with the results of the start-up operations of the real line of the NPV was 

made. Thus, the model of the OHL 750 kV Youzhno-Ukrainska NPP - Isakcha was 

created, and the results of its research are compared with the results of the launch and 
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system tests. As a result of the comparison of the obtained dependences, conclusions 

were made on the suitability of the proposed model for practical use. Also, during the 

research, it was experimentally confirmed the correct location of two reactor groups on 

the OHL 750 kV Youzhno-Ukrainska NPP - Isakcha by the Youzhno-Ukrainska NPP 

and one reactor group from Isakchi. 

At present, about 30 groups of shunt reactors are used in the IPS of Ukraine to 

compensate for the charging power of the transmission lines of 750 kV NPV. However, 

according to [22], even with the general overcompensation of the 750 kV network by 

shunting reactors, the problem of the provision of technically permissible voltage levels 

remains relevant. This phenomenon is contributed by the high level of accidents of 

installed shunting reactors. According to the analysis [22], it is determined that in the 

operating state of 750 kV networks, at most, no more than 18-19 reactor groups can be 

present at the same time. In this way, in the non-reactor phase, voltage may be higher 

than the voltage of other phases and there is an overvoltage phenomenon of the 

indicated phase. In addition to this, the continuous asymmetry of a non-full -reactive 

mode will influence its short-term asymmetry when performing switching operations, 

and, accordingly, the probability of long and short-term overvoltages will increase. It 

was assumed that in the event that at one end of the transmission line under voltage 

regime or other restrictions the reactor group was withdrawn from operation, and at the 

other end of the line a non-full reactor group of shunting reactors is in operation, an 

increase in the voltage at the non-compensated phase occurs. In order to prevent such 

excessive voltage growth, it was proposed at the transmission end of the line (where a 

group of shunting reactors was withdrawn from work) to put into operation a single SF 

in the phase whose charge power was uncompensated. As a result of a series of 

experiments, the theoretical assumption and conclusions were drawn experimentally 

that the LNP NPV has at its ends one group of SFs, of which one group is withdrawn 

from work (under voltage or other reason), while the other is in work In incompletely 

reactive mode, in order to ensure a decrease in the voltage level at a non-compensated 

phase, it is necessary to introduce the same phase at the other end of the line. Thus, for 
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the first time, it was proposed to solve overvoltage problems at substations with 

incomplete reactor group by using the SS of other substations. 

In the dissertation work it was proposed to use a compensation reactor not only 

during an uninterrupted pause of single-phase automatic re-enable, but constantly at 

work of a full reactor group of shunt reactors. With the help of the conducted 

simulation, the safety of the constant voltage compensation of the compensation reactor 

was proved. The continuously operating four-beam circuit can improve the reliability of 

the IPS of Ukraine.  

This is achieved by the lack of the need for automatic control of the introduction 

of compensation reactor into operation, which in turn could fail and lead to the 

commissioning of the operation of the relay protection and automatics. Due to the 

elimination of the control automation of the introduction of the compensating reactor, 

the need for additional expensive switching equipment is reduced. Also, the positive 

effect of the constant use of the four-beam reactor circuit was determined by reducing 

the total energy losses in the reactors. 

One of the types of asymmetric operation of transmission lines NPV is 

incomplete mode of operation.  

It was determined that the use of long-time incomplete mode of operation of the 

power transmission can significantly improve the reliability of electricity supply to 

consumers, since, even due to emergency or scheduled shutdown of one or two phase of 

the line, the consumer will receive electricity, albeit in limited quantities. It is noted that 

in Ukraine at the present time, long incomplete modes are not applied. Therefore, 

through simulation, we tested the practical feasibility of applying such regimes. Given 

the fact that the overwhelming majority of repair works (emergency or planned) on the 

lines of this class falls on phased implementation, the practical feasibility of using 

incomplete phase modes of ultra-high voltage lines is an invaluable gain for reliable 

operation of the IPS of Ukraine, especially in terms of planning of parallel operation 

with the electricity grid ENTSO -E 
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It has been experimentally proved that at the working phase the voltage varies 

slightly, mainly within the tolerances for this class of voltage Ñ 5% of the nominal 

voltage. 

In the simulation of operating modes of transmission lines NPV in non-phase 

modes for the first time was determined the sequence of operation of line switches: 

when transferring the line in incomplete mode, it is necessary first to disconnect 

switches from the side of the power supply, and then from the side of the consumer; 

when returning to full-phase mode it is necessary to make a clear, guaranteed start-up 

first from the receiver of electric energy, and then from the power supply. Performing 

such a sequence of triggering switches will help to prevent the unacceptable increase in 

voltage in the phases being disconnected / switched on. 

Thus, the reliability and practicality of the transmission lines of the NPV in non-

phase mode was scientifically verified by simulation. 

It was noted that the study of the constructive construction of main electrical 

network is an important scientific and electrical task, because even due to the change in 

the mode of lightning protection, the possible level of overvoltage changes. Thus, 

during numerical experimental studies, it was determined that under the conditions of 

construction of new transmission lines of NPV and reconstruction of the existing 

feasible step is the transition from the isolated work of the HRT to grounded since this 

measure has a significant positive effect on the reduction of the overvoltage level. 

Considered relatively young, but rather promising from a scientific point of view, 

the direction of research and development of domestic science and technology - Smart 

Grid in the section of main electrical network (smart grids). Thus, with the help of one 

of the elements of the Smart Grid - controlled switching units, one can avoid or limit 

overvoltages in the asymmetrical modes of the main electrical network, and with the 

help of another element of the Smart Grid, a controlled bypass reactor, it is possible to: 

to reduce the current short locking during the pause of the single-phase automatic re-

enable in 1,5 times and to reduce the time of a powerless pause; in the mode of line 

switching to limit switching overvoltages; during a sharp decrease in load, the CWR 
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successfully reduces overvoltage and prevents the possibility of an emergency 

shutdown of the line. 

Key words: over-voltage, asymmetric mode, crown, ultra-high voltage line, 

lightning cable, shunt reactor, compensating reactor, Smart Grid. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

 

ɸɽʉ ï ʘʪʦʤʥʘ ʝʣʝʢʪʨʠʯʥʘ ʩʪʘʥʮʽʷ 

ɸʇɺ ï ʘʚʪʦʤʘʪʠʯʥʝ ʧʦʚʪʦʨʥʝ ʚʢʣʶʯʝʥʥʷ 

ɻɽʉ ï ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷ 

ɻɿʊ ï ʛʨʦʟʦʟʘʭʠʩʥʠʡ ʪʨʦʩ 

ɼɽʇ ï ʜʘʣʴʥʷ ʣʽʥʽʷ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ 

ɽʈʉ ï ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ 

ʂɿ ï ʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷ 

ʂʈ ï ʢʦʤʧʝʥʩʘʮʽʡʥʠʡ ʨʝʘʢʪʦʨ 

ʂʐʈ ï ʢʝʨʦʚʘʥʠʡ ʰʫʥʪʫʚʘʣʴʥʠʡ ʨʝʘʢʪʦʨ 

ʃɽʇ ï ʣʽʥʽʷ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ 

ʄɽʄ ï ʤʘʛʽʩʪʨʘʣʴʥʘ ʝʣʝʢʪʨʠʯʥʘ ʤʝʨʝʞʘ 

ʅɺʅ ï ʥʘʜʚʠʩʦʢʘ ʥʘʧʨʫʛʘ 

ʆɸʇɺ ï ʦʜʥʦʬʘʟʥʝ ʘʚʪʦʤʘʪʠʯʥʝ ʧʦʚʪʦʨʥʝ ʚʢʣʶʯʝʥʥʷ 

ʆɽʉ ï ʦʙôʻʜʥʘʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ 

ʆʇʅ ï ʦʙʤʝʞʫʚʘʯ ʧʝʨʝʥʘʧʨʫʛ 

ʇʃ ï ʧʦʚʽʪʨʷʥʘ ʣʽʥʽʷ 

ʈɿɸ ï ʨʝʣʝʡʥʠʡ ʟʘʭʠʩʪ ʪʘ ʘʚʪʦʤʘʪʠʢʘ 

ʊɸʇɺ ï ʪʨʠʬʘʟʥʝ ʘʚʪʦʤʘʪʠʯʥʝ ʧʦʚʪʦʨʥʝ ʚʢʣʶʯʝʥʥʷ 

ʍʍ ï ʭʦʣʦʩʪʠʡ ʭʽʜ 

ʐʈ ï ʰʫʥʪʫʚʘʣʴʥʠʡ ʨʝʘʢʪʦʨ 

ENTSO-E - european network of transmission system operators for electricity 
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ɺʉʊʋʇ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʟʘ ʙʘʟʦʚʠʡ ʧʨʠʡʤʘʶʪʴ 

ʥʦʨʤʘʣʴʥʠʡ ʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤ, ʧʨʠ ʷʢʦʤʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ 

ʤʝʨʝʞ ʻ ʦʧʪʠʤʘʣʴʥʠʤʠ ʟ ʧʦʛʣʷʜʫ ʥʘʜʽʡʥʦʩʪʽ, ʷʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ɸʣʝ ʝʣʝʢʪʨʠʯʥʘ ʤʝʨʝʞʘ ʻ ʜʠʥʘʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʷʢʘ 

ʟʤʽʥʶʻʪʴʩʷ ʷʢ ʫ ʯʘʩʽ (ʟʤʽʥʘ ʩʭʝʤʠ ʽ ʥʘʚʘʥʪʘʞʝʥʴ), ʪʘʢ ʽ ʚ ʧʨʦʩʪʦʨʽ (ʧʦʷʚʘ ʥʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʘʙʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ). ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʤʘʥʝʥʪʥʠʭ ʟʤʽʥ 

ʧʦʪʦʯʥʠʡ ʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤ, ʷʢʠʡ ʽʩʥʫʻ ʚ ʤʝʨʝʞʽ, ʟʘʚʞʜʠ ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʴ ʚʽʜ 

ʦʧʪʠʤʘʣʴʥʦʛʦ. ʊʦʤʫ ʧʦʧʝʨʝʜʥʴʦ ʧʨʠʡʥʷʪʽ ʨʽʰʝʥʥʷ ʧʦʚʠʥʥʽ ʧʽʜʜʘʚʘʪʠʩʴ ʧʦʩʪʽʡʥʽʡ 

ʢʦʨʝʢʮʽʾ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʙʘʞʘʥʠʭ ʟʥʘʯʝʥʴ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ [68].   

ʃ̔ ʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘʜʚʠʩʦʢʦʾ ʥʦʤʽʥʘʣʴʥʦʾ ʥʘʧʨʫʛʠ 330-750 ʢɺ (ʃɽʇ 

ʅɺʅ) ʻ ʦʩʥʦʚʥʠʤʠ ʩʠʩʪʝʤʦʫʪʚʦʨʶʶʯʠʤʠ ʣʽʥʽʷʤʠ ʚ ʦʙôʻʜʥʘʥʽʡ ʝʥʝʨʛʦʩʠʩʪʝʤʽ 

(ʆɽʉ) ʋʢʨʘʾʥʠ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʜʘʯʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʧʦʪʫʞʥʠʭ ʙʣʦʢʽʚ 

ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ɸɽʉ), ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʠʡ ʾʾ ʦʙʤʽʥ ʤʽʞ ʦʢʨʝʤʠʤʠ 

ʝʥʝʨʛʦʩʠʩʪʝʤʘʤʠ. ʇʦʟʘ ʪʠʤ ʨʦʟʚʠʪʦʢ ʪʘ ʝʬʝʢʪʠʚʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʤʘʛʽʩʪʨʘʣʴʥʠʭ 

ʃɽʇ ʅɺʅ ʻ ʦʩʥʦʚʥʦʶ ʪʝʭʥʽʯʥʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʆɽʉ 

ʋʢʨʘʾʥʠ ʚ ɭʚʨʦʧʝʡʩʴʢʫ ʝʥʝʨʛʦʩʠʩʪʝʤʫ ENTSO-E. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʚʠʭʽʜ ʟ ʣʘʜʫ ʃɽʇ 

ʅɺʅ ʘʙʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭʥʻ ʧʨʠʻʜʥʘʥʥʷ, ʻ ʚʘʞʢʦʶ ʩʠʩʪʝʤʥʦʶ 

ʘʚʘʨʽʻʶ ʚ ʆɽʉ ʋʢʨʘʾʥʠ. ɺʦʥʘ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʨʦʟʧʘʜ ʩʠʩʪʝʤʠ ʥʘ ʦʢʨʝʤʽ ʩʢʣʘʜʦʚʽ 

ʯʘʩʪʠʥʠ ʟ ʜʝʬʽʮʠʪʦʤ ʪʘ ʥʘʜʣʠʰʢʦʤ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʚʠʤʘʛʘʪʠ ʚʠʢʦʥʘʥʥʷ ʢʦʨʝʛʫʚʘʣʴʥʠʭ ʜʽʡ ʫ ʚʠʛʣʷʜʽ ʚʽʜʢʣʶʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʫ 

ʜʝʬʽʮʠʪʥʠʭ ʨʝʛʽʦʥʘʭ ʪʘ ʟʫʧʠʥʝʥʥʷ ʛʝʥʝʨʫʶʯʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʫ 

ʥʘʜʣʠʰʢʦʚʠʭ. ʊʘʢʠʡ ʘʥʦʨʤʘʣʴʥʠʡ ʨʝʞʠʤ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ 

(ʄɽʄ) ʙʫʜʝ ʜʘʣʝʢʠʤ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʽ ʤʘʪʠʤʝ ʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʦʤʫ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʻ ʚʘʞʣʠʚʦʶ ʥʘʫʢʦʚʦʶ ʪʘ ʧʨʘʢʪʠʯʥʦʶ 

ʟʘʜʘʯʝʶ. 
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ɽʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʧʝʚʥʠʭ ʛʨʘʥʠʮʷʭ ʙʝʟʧʝʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ ʚʽʜ ʙʘʟʦʚʠʭ ʟʥʘʯʝʥʴ. ʎʽ ʛʨʘʥʠʮʽ ʚʠʟʥʘʯʘʶʪʴ 

ʛʘʨʘʥʪʦʚʘʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ, ʷʢʠʡ ʙʫʜʝ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʤʦʛʠ 

ʥʘʜʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶ ʚʽʜʧʦʚʽʜʥʦʾ ʷʢʦʩʪʽ ʟ 

ʥʘʡʤʝʥʰʠʤʠ ʚʪʨʘʪʘʤʠ. ɼʣʷ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ 

ʷʢ ʜʣʷ ʩʧʦʞʠʚʘʯʘ, ʪʘʢ ʽ ʜʣʷ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚ ʮʽʣʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʝʞʠʤʥʫ ʙʝʟʧʝʢʫ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ.  

ʆʜʥʠʤ ʟ ʢʨʠʪʠʯʥʠʭ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ, ʷʢʠʡ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ 

ʚʠʭʽʜ ʟ ʣʘʜʫ ʃɽʇ ʅɺʅ ʪʘ ʽʥʰʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʻ ʧʝʨʝʥʘʧʨʫʛʠ, ʪʦʙʪʦ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʙʦʯʦʾ ʥʘʧʨʫʛʠ ʧʦʥʘʜ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʧʝʨʝʜʙʘʯʝʥʦ ʪʝʭʥʽʯʥʠʤ 

ʨʝʛʣʘʤʝʥʪʦʤ.  

ɸʚʘʨʽʾ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʥʘʧʨʫʛ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʰʢʦʜʞʝʥʥ̫ ʤ ʚʘʨʪʽʩʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʦʟʙʘʚʣʝʥʥʷʤ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʥʘʯʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʚʝʣʠʢʠʤʠ ʚʠʪʨʘʪʘʤʠ ʯʘʩʫ ʪʘ ʟʘʩʦʙʽʚ ʥʘ 

ʣʽʢʚʽʜʘʮʽʶ ʥʘʩʣʽʜʢʽʚ. 

ʊʦʤʫ ʘʥʘʣʽʟ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘʢʦʛʦ ʷʚʠʱʘ, ʷʢ 

ʧʝʨʝʥʘʧʨʫʛʠ ʫ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ, ʻ ʚʘʞʣʠʚʦʶ ʥʘʫʢʦʚʦʶ ʪʘ 

ʧʨʘʢʪʠʯʥʦʶ ʟʘʜʘʯʝʶ. ɺʠʨʽʰʝʥʥʶ ʟʘʟʥʘʯʝʥʦʛʦ ʧʠʪʘʥʥʷ ʧʨʠʩʚʷʯʝʥʦ ʥʘʫʢʦʚʽ ʧʨʘʮʽ 

ʙʘʛʘʪʴʦʭ ʚʽʜʦʤʠʭ ʫʯʝʥʠʭ: ɻ.ʅ. ɸʣʝʢʩʘʥʜʨʦʚ, ʇ.ɺ. ɸʣʝʢʩʻʻʚ, ɺ.ɺ. ɹʘʟʫʪʢʽʥ, ɺ.ʆ. 

ɹʨʞʝʟʠʮʴʢʠʡ, ʖ.ʄ. ɺʝʧʨʠʢ, ʃ.ʉ. ɼʤʦʭʦʚʩʴʢʠʡ, ʆ.ʌ. ɼʴʷʢʦʚ, ʂ.ʇ. ʂʘʜʦʤʩʴʢʘ, 

ɺ.ɻ. ʂʫʟʥʝʮʦʚ, ɸ.ɺ. ʇʘʥʽʥ, ʆ.ʄ. ʈʘʚʣʠʢ, ʄ.ʉ. ʉʝʛʝʜʘ, ʖ.ɯ. ʊʫʛʘʡ, S. Atmuri, N. 

Knudsen, M. Hashmi ʪʘ ʽʥ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʋ ʨʦʙʦʪʽ 

ʚʠʢʣʘʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʚʽʜʜʽʣʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯʥʩʪʠʪʫʪʫ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ 

ʋʢʨʘʾʥʠ. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʢʦʪʨʽ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʩʪʫʧʥʠʭ ʧʣʘʥʦʚʠʭ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, ʫ ʷʢʠʭ ʟʜʦʙʫʚʘʯ ʙʨʘʚ ʫʯʘʩʪʴ: çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʽ 

ʤʦʜʝʣʝʡ ʘʥʘʣʽʟʫ ʨʝʟʦʥʘʥʩʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʤʽʥʽʤʟ̔ʘʮʽʾ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ 

ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞè  (çɹʝʟʧʝʢʘ-3è) ˉ: III-24-14,  
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2014-2018 ʨʨ. ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ʨʦʙʦʪʠ 0114U001465. ɺʠʢʦʥʫʻʪʴʩʷ  

ʟʘ ʇʦʩʪʘʥʦʚʦʶ ɹʶʨʦ ɺʌʊʇɽ ʅɸʅʋ ʚʽʜ 15.10.2013 ʨ., ˉ 14; çʇʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʢʦʤʫʪʘʮʽʡ ʚ ʢʦʤʧʝʥʩʦʚʘʥʠʭ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʣʽʥʽʷʭ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠè  ˉ II-17-16, 2016-2018 ʨʨ. ʢʦʤʧʣʝʢʩʥʦʾ 

ʧʨʦʛʨʘʤʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ HAH ʋʢʨʘʾʥʠ çʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʦʩʥʦʚʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʤʽʞ ʋʢʨʘʾʥʦʶ ʪʘ ɭʚʨʦʧʝʡʩʴʢʠʤ ʉʦʶʟʦʤ 

(çʆʙ'ʻʜʥʘʥʥʷ-3è)è. ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ʨʦʙʦʪʠ 0116U006587. 

ɺʠʢʦʥʫʻʪʴʩʷ ʟʘ ʧʦʩʪʘʥʦʚʘʤʠ ʇʨʝʟʠʜʽʾ ʅɸʅ ʋʢʨʘʾʥʠ ʚʽʜ 30.12.2015 ˉ 311, 

20.01.2016 ˉ 12 ʪʘ ʨʦʟʧʦʨʷʜʞʝʥʥʷʤʠ ʇʨʝʟʠʜʽʾ ʅɸʅ ʋʢʨʘʾʥʠ  ʚʽʜ 25.03.2016  ˉ 

180,   ʚʽʜ  02.02.2017  ̄  99, ʚʽʜ 01.02.2018  ˉ 69. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʘʥʘʣʽʟʫ ʨʝʞʠʤʥʠʭ ʧʝʨʝʥʘʧʨʫʛ ʫ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʝʩʠʤʝʪʨʽʾ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʭʦʜʽʚ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʾʭ ʧʦʷʚʠ ʪʘ ʨʦʟʚʠʪʢʫ ʧʦʥʘʜ ʢʨʠʪʠʯʥʽ 

ʟʥʘʯʝʥʥʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʟʦʥ ʽʩʥʫʚʘʥʥʷ ʜʦʩʪʘʪʥʽʭ ʪʘ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʥʠʢʥʝʥʥʷ 

ʧʝʨʝʥʘʧʨʫʛ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʽʚ ʄɽʄ; 

- ʩʪʚʦʨʠʪʠ ʥʦʚʽ ʪʘ ʚʜʦʩʢʦʥʘʣʠʪʠ ʽʩʥʫʯʁʽ ʤʦʜʝʣʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʥʘʧʨʫʛ ʚ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʄɽʄ; 

- ʨʦʟʨʦʙʠʪʠ ʪʘ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʟʘʭʦʜʠ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʥʠʢʥʝʥʥʶ 

ʧʝʨʝʥʘʧʨʫʛ ʥʘ ʃɽʇ ʅɺʅ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʝʞʠʤʠ ʚ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ  ʤʝʨʝʞʘʭ, ʚ 

ʷʢʠʭ ʚʠʥʠʢʘʶʪʴ ʧʝʨʝʥʘʧʨʫʛʠ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʝʨʝʥʘʧʨʫʛʠ ʫ ʥʝʩʠʤʝʪʨʠʯʥʠʭ  ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ. 

 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʫ ʨʦʙʦʪʽ ʟʘʚʜʘʥʴ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʟʘʢʦʥʘʭ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ, ʪʝʦʨʽʾ ʣʽʥʽʡʥʠʭ ʪʘ ʥʝʣʽʥʽʡʥʠʭ ʢʽʣ, ʤʝʪʦʜʘʭ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʠ ʚʠʚʝʜʝʥʥʽ ʨʽʚʥʷʥʴ ʥʦʨʤʘʣʴʥʦʛʦ ʪʘ 

ʘʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʙʘʛʘʪʦʬʘʟʥʠʭ 
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ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ. ɺʝʨʠʬʽʢʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʚʠʢʦʥʘʥʘ ʟʘ ʜʘʥʠʤʠ ʧʫʩʢʦʚʠʭ ʪʘ ʥʘʣʘʛʦʜʞʫʚʘʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʃɽʇ ʅɺʅ ʚ ʆɽʉ ʋʢʨʘʾʥʠ. 

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

1. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʥʘʜʚʠʩʦʢʦʾ 

ʥʘʧʨʫʛʠ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ, ʚʨʘʭʦʚʫʻ ʷʚʠʱʝ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʢʦʨʦʥʥʦʛʦ 

ʨʦʟʨʷʜʫ ʚ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʪʘ ʚʧʣʠʚ ʛʝʦʤʝʪʨʽʾ 

ʛʨʦʟʦʟʘʭʠʩʥʠʭ ʪʨʦʩʽʚ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʫʪʦʯʥʝʥʽ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʧʝʨʝʥʘʧʨʫʛ ʫ ʥʦʨʤʘʣʴʥʠʭ ʪʘ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʨʝʞʠʤʘʭ ʽ ʦʙʨʘʪʠ 

ʘʜʝʢʚʘʪʥʽ ʟʘʩʦʙʠ ʢʦʨʝʢʮʽʾ. 

2. ʋʧʝʨʰʝ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʦʪʠʨʠʧʨʦʤʝʥʝʚʦʾ 

ʨʝʘʢʪʦʨʥʦʾ ʩʭʝʤʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʷʢ ʚ ʥʝʩʠʤʝʪʨʠʯʥʠʭ, ʪʘʢ ʽ ʚ 

ʥʦʨʤʘʣʴʥʠʭ ʨʝʞʠʤʘʭ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʘʛʽʩʪʨʘʣʴʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʪʘ  ʧʨʦʪʠʘʚʘʨʽʡʥʦʾ ʘʚʪʦʤʘʪʠʢʠ. 

3. ʆʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʚ ʥʘʧʨʷʤʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʩʠʤʝʪʨʠʯʥʠʭ 

ʨʝʞʠʤʽʚ ʧʨʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʟʘʭʦʜʠ ʱʦʜʦ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʧʝʨʝʥʘʧʨʫʛ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʧʦʚʥʠʭ ʛʨʫʧ 

ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʧʽʜ ʯʘʩ ʣʽʢʚʽʜʘʮʽʾ ʘʚʘʨʽʾ ʟʘʩʦʙʘʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʥʷ. 

4. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʫ ʯʘʩʪʠʥʽ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʫʪʘʮʽʡ 

ʝʣʝʛʘʟʦʚʠʭ ʣʽʥʽʡʥʠʭ ʚʠʤʠʢʘʯʽʚ ʫ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘʜʚʠʩʦʢʦʾ 

ʥʘʧʨʫʛʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʙʽʣʴʰ ʪʦʯʥʦ ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʨʠ ʧʝʨʝʚʝʜʝʥʽ ʣʽʥʽʾ ʟ ʥʝʧʦʚʥʦʬʘʟʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʫ ʧʦʚʥʦʬʘʟʥʠʡ (ʪʘ 

ʥʘʚʧʘʢʠ). 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʣʝʥʥʽ 

ʤʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʢʝʨʫʚʘʥʥʷ ʣʽʥʽʡʥʠʤʠ ʚʠʤʠʢʘʯʘʤʠ ʧʨʠ ʧʝʨʝʚʝʜʝʥʥʽ ʃɽʇ 
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ʅɺʅ ʟ ʧʦʚʥʦʬʘʟʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʫ ʥʝʧʦʚʥʦʬʘʟʥʠʡ ʪʘ ʥʘʚʧʘʢʠ, ʷʢʽ ʥʘ ʧʨʘʢʪʠʮʽ 

ʜʦʟʚʦʣʷʶʪʴ ʥʽʚʝʣʶʚʘʪʠ ʥʘʩʣʽʜʢʠ ʥʝʧʦʚʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʬʘʟʠ ʣʽʥʽʾ ʰʫʥʪʫʚʘʣʴʥʠʤʠ 

ʨʝʘʢʪʦʨʘʤʠ (ʐʈ) ʪʘ ʟʥʠʟʠʪʠ ʨʽʚʥʽ ʧʝʨʝʥʘʧʨʫʛ ʮʽʻʾ ʬʘʟʠ.  

ʇʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʟʘʟʝʤʣʝʥʥʽ 

ʛʨʦʟʦʟʘʭʠʩʥʠʭ ʪʨʦʩʽʚ ʫ ʥʦʚʠʭ ʪʘ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʠʭ ʃɽʇ ʅɺʅ, ʱʦ ʜʘʣʦ 

ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʜʦ ʩʧʝʮʽʘʣʴʥʠʭ ʘʧʘʨʘʪʥʠʭ ʟʘʭʠʩʥʠʭ 

ʟʘʩʦʙʽʚ.   

ɺʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʫ ʚʠʛʣʷʜʽ ʤʝʪʦʜʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʧʨʦʚʘʜʞʝʥʽ ʚ 

ʧʨʦʻʢʪʥʽʡ ʦʨʛʘʥʽʟʘʮʽʾ ʊʆɺ çɽʅʂʆʈ ʇʃʖʉè (ʤ. ɹʝʨʝʟʘʥʴ) ʪʘ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʅɽʂ çʋʢʨʝʥʝʨʛʦè (ʤ. ʂʠʾʚ) ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʛʽʩʪʨʘʣʴʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ. 

 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʅʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ 

ʚʠʩʚʽʪʣʝʥʦ ʚ ʜʠʩʝʨʪʘʮʽʾ, ʦʜʝʨʞʘʥʦ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ. ʋ ʨʦʙʦʪʘʭ, 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ: [72] ï ʟʜʡ̔ʩʥʝʥʥ ̫ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʘʥʘʣʽʟ ʜʽʘʧʘʟʦʥʽʚ ʢʫʪʽʚ ʢʦʤʫʪʘʮʽʾ, ʧʨʠ ʷʢʠʭ ʚʠʥʠʢʘʶʪʴ ʥʝʙʝʟʧʝʯʥʽ ʧʝʨʝʥʘʧʨʫʛʠ; 

[75] ï ʧʨʦʚʝʜʝʥʥʷ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʨʝʟʦʥʘʥʩʥʠʭ ʜʦʚʞʠʥ ʣʽʥʽʡ ʚʽʜ 

ʨʽʚʥʷ ʾʭ ʢʦʤʧʝʥʩʘʮʽʾ; [90] ï ʨʦʟʨʦʙʢʘ ʪʘ ʩʪʚʦʨʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦ ʾʜʦʩʣʽʜʥʦʾ ʤʦʜʝʣ ̔

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʄɽʄ ʪʘ ʧʨʦʧʦʟʠʮʽʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʧʝʨʝʥʘʧʨʫʛ ʥʘ ʧʽʜʩʪʘʥʮʽʷʭ ʟ ʥʝʧʦʚʥʦʶ ʨʝʘʢʪʦʨʥʦʶ ʛʨʫʧʦʶ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʽʥʰʠʭ ʧʽʜʩʪʘʥʮʽʡ; [91] ï 

ʟʜʽʡʩʥʝʥʥ ̫ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʢʦʤʧʝʥʩʦʚʘʥʠʭ ʃɽʇ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʷʚʠʱʘ ʧʝʨʝʥʘʧʨʫʛ; [117] ï ʩʪʚʦʨʝʥʥ ̫ʽʤʽʪʘʮʽʡʥʦ ʾʤʦʜʝʣ ̔ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ ʥʘ ʧʝʨʝʥʘʧʨʫʛʠ ʫ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ; [118] ï  ʨʦʟʨʦʙʢʘ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥ ̫ ʬʘʢʪʦʨʫ ʚʧʣʠʚʫ ʥʘ ʨʽʚʝʥʴ ʧʝʨʝʥʘʧʨʫʛ ʫ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ 

ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ: ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ 
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ɸʇʂ ʋʢʨʘʾʥʠè (ʍʘʨʢʽʚ, 12-13 ʣʠʩʪʦʧʘʜʘ 2015ʨ.);  ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡè (ʈʽʚʥʝ, 2-4 ʙʝʨʝʟʥʷ 2018ʨ.); XVIII 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ 

ʝʥʝʨʛʦʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭè (ʂʨʝʤʝʥʯʫʢ, 15-17 ʪʨʘʚʥʷ 

2018ʨ.); XV ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʩʫʯʘʩʥʦʾ 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ - 2018è (ʂʠʾʚ, 4-8 ʯʝʨʚʥʷ 2018ʨ.); International Ukraine-Poland 

Seminar çPower quality in distribution neworks with distributed generationè (Kyiv , 

July 4-5, 2019); I International Scientific and Practical Conference çPriority directions 

of science and technology developmentè, (Kyiv , September 27-29, 2020). 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ  148 

ʩʪʦʨʽʥʢʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʫ, ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, 

ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʪʨʴʦʭ ʜʦʜʘʪʢʽʚ. ʆʙʩʷʛ 

ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ ʩʢʣʘʜʘʻ 126 ʩʪʦʨʽʥʢʫ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ. ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ 25 

ʨʠʩʫʥʢʽʚ ʪʘ 12 ʪʘʙʣʠʮʴ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 142 

ʥʘʡʤʝʥʫʚʘʥʴ, ʟ ʥʠʭ ʢʠʨʠʣʝʮʝʶ 130 ʪʘ ʣʘʪʠʥʠʮʝʶ 12. 
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ʈʆɿɼɯʃ 1 

ɼʆʉʃɯɼɾɽʅʅʗ ʈɽɾʀʄɯɺ ʃɯʅɯʁ ɽʃɽʂʊʈʆʇɽʈɽɼɸʏɯ ʅɸɼɺʀʉʆʂʆɰ 

ʅɸʇʈʋɻʀ 

 

1.1 ɺʠʭʽʜʥʽ ʧʦʣʦʞʝʥʥʷ  

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ, ʥʘʚʝʜʝʥʦʛʦ ʯʠʥʥʦʶ ʨʝʜʘʢʮʽʻʶ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ 

çʇʨʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʫè, ʤʘʛʽʩʪʨʘʣʴʥʘ ʝʣʝʢʪʨʠʯʥʘ ʤʝʨʝʞʘ ï ʝʣʝʢʪʨʠʯʥʘ ʤʝʨʝʞʘ, 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʚʠʨʦʙʥʠʢʘ ʜʦ ʧʫʥʢʪʽʚ 

ʧʽʜʢʣʶʯʝʥʥʷ ʤʽʩʮʝʚʠʭ (ʣʦʢʘʣʴʥʠʭ) ʤʝʨʝʞ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʟʘʜʘʯ ʚ ʆʙôʻʜʥʘʥʽʡ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽʡ ʩʠʩʪʝʤʽ (ʆɽʉ) ʋʢʨʘʾʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʽʥʽʾ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ (ʃɽʇ ʅɺʅ). ɺ ʋʢʨʘʾʥʽ ʜʦ ʟʘʟʥʘʯʝʥʠʭ 

ʣʽʥʽʡ ʥʘʣʝʞʘʪʴ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʟ̔ ʥʦʤʽʥʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ ʧʦʥʘʜ 220 ʢɺ, 

ʫ ʜʝʷʢʠʭ ʽʥʰʠʭ ʢʨʘʾʥʘʭ ï 275 ʢɺ ʪʘ ʚʠʱʝ. 

ʊʝʨʠʪʦʨʽʷ ʋʢʨʘʾʥʠ ʟʘʡʤʘʻ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʧʣʦʱʫ ʪʘ ʤʘʻ ʜʦʚʦʣʽ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʛʝʥʝʨʫʶʯʠʭ ʜʞʝʨʝʣ ʽ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʥʘʜʚʠʩʦʢʦʾ 

ʥʘʧʨʫʛʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɽʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ, 

ʧʨʦʝʢʪʫ ɽʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2035 ʨʦʢʫ, ʽʤʧʣʝʤʝʥʪʦʚʘʥʠʭ 

ʫʛʦʜ ʟ̔ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʩʧʽʚʪʦʚʘʨʠʩʪʚʘʤʠ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʰʠʭ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ ʆɽʉ ʋʢʨʘʾʥʘ ʡ ʥʘʜʘʣʽ ʙʫʜʝ ʨʦʟʚʠʚʘʪʠ ʤʘʛʽʩʪʨʘʣʴʥʽ 

ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ. ʊʘʢ, ʟʛʽʜʥʦ ʟ ʦʥʦʚʣʝʥʠʤ ʧʣʘʥʦʤ ʨʦʟʚʠʪʢʫ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ (ʤʽʞʜʝʨʞʘʚʥʠʭ) ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʆɽʉ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 

2024 ʨʦʢʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʙʫʜʽʚʥʠʮʪʚʦ (ʨʝʢʦʥʩʪʨʫʢʮʽʷ) 63 ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ (ʇʃ) 

ʟʘʛʘʣʴʥʦʶ ʧʨʦʪʷʞʥʽʩʪʶ 4180 ʢʤ, ʜʘʥʽ ʧʨʦ ʷʢʽ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1.1. 

ʇʨʘʚʠʣʴʥʘ ʧʦʙʫʜʦʚʘ, ʚʽʜʥʦʚʣʝʥʥʷ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʣʽʥʽʡ 

ʟʘʟʥʘʯʝʥʦʛʦ ʢʣʘʩʫ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘʰʦʾ ʜʝʨʞʘʚʠ, 

ʦʩʦʙʣʠʚʦ ʫ ʪʘʢʠʡ ʩʢʣʘʜʥʠʡ ʜʣʷ ʢʨʘʾʥʠ ʯʘʩ. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʚʠʭʦʜʫ ʟ 

ʣʘʜʫ ʝʣʝʤʝʥʪʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʻ 
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ʧʝʨʝʥʘʧʨʫʛʠ ï ʘʥʦʨʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʧʦʥʘʜ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫ 

ʚʝʣʠʯʠʥʫ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʯʠʥʥʠʢʦʤ ʥʘʷʚʥʦʩʪʽ ʤʘʣʦʛʦ ʨʝʟʝʨʚʫ ʽʟʦʣʷʮʽʾ ʜʣʷ 

ʝʣʝʤʝʥʪʽʚ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʯʝʨʝʟ ʾʭʥʶ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ. 

 

ʊʘʙʣʠʮʷ 1.1 

 

ʈʦʟʙʫʜʦʚʘ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʥʦʚʣʝʥʦʛʦ  

ʧʣʘʥʫ ʥʘ ʧʝʨʽʦʜ ʜʦ 2024 ʨʦʢʫ 

 

 ɹʽʣʴʰʽʩʪʴ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʢʣʘʩʠʬʽʢʫʶʪʴ ʧʝʨʝʥʘʧʨʫʛʠ ʥʘ ʟʦʚʥʽʰʥʽ ʪʘ 

ʚʥʫʪʨʽʰʥʽ [2, 3, 34, 37, 59, 64]. 

ʌʘʢʪʦʨʦʤ ʟʦʚʥʽʰʥʽʭ ʧʝʨʝʥʘʧʨʫʛ ʻ ʛʨʦʟʦʚʽ (ʘʪʤʦʩʬʝʨʥʽ) ʷʚʠʱʘ ʧʝʨʝʥʘʧʨʫʛ. ʋ 

ʚʠʧʘʜʢʫ ʧʨʷʤʠʭ ʫʜʘʨʽʚ ʙʣʠʩʢʘʚʢʠ ʫ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʚʠʥʠʢʘʶʪʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ. ɺʽʜ ʪʦʯʢʠ ʚʠʥʠʢʥʝʥʥʷ ʚʦʥʠ ʧʦ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ 

ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʫ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ. ʋ ʤʽʩʮʷʭ 

ʅʘʟʚʘ ʦʙôʻʢʪʽʚ 

ʢʘʧʽʪʘʣʴʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ/ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʇʣʘʥʦʚʠʡ ʧʝʨʽʦʜ (ʧʨʦʛʥʦʟ) ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʦʙôʻʢʪʘ 

ʙʫʜʽʚʥʠʮʪʚʘ/ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʨʽʢ/ʢʤ 

ʫʩʴʦʛʦ 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 

ɹʫʜʽʚʥʠʮʪʚʦ 

63 ʇʃ, ʢʤ 

4180 

ʢʤ 

588 

ʢʤ 

459 

ʢʤ 

171 

ʢʤ 

802 

ʢʤ 

30 

 ʢʤ 

1166 

ʢʤ 

555 

ʢʤ 

125 

ʢʤ 

180 

ʢʤ 

104 

ʢʤ 

ʫ ʪ.ʯ. 8 ʃɽʇ ï 

750 ʢɺ 

1229 

ʢʤ 

478 

ʢʤ 

186 

ʢʤ 

   425 

ʢʤ 

140 

ʢʤ 

   

ʫ ʪ.ʯ. 2 ʃɽʇ ï 

500 ʢɺ 

2  

ʢʤ 

       2 

ʢʤ 

  

ʫ ʪ.ʯ. 1 ʃɽʇ ï 

400 ʢɺ 

4 

ʢʤ 

     4 

ʢʤ 

    

ʫ ʪ.ʯ. 48 ʃɽʇ 

ï 330 ʢɺ 

2899 

ʢʤ 

110 

ʢʤ 

257 

ʢʤ 

171 

ʢʤ 

802 

ʢʤ 

 737 

ʢʤ 

415 

ʢʤ 

123 

ʢʤ 

180 

ʢʤ 

104 

ʢʤ 

ʫ ʪ.ʯ. 4 ʃɽʇ ï 

220 ʢɺ 

46 

ʢʤ 

 16 

ʢʤ 

  30 

ʢʤ 
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ʧʨʠʻʜʥʘʥʥʷ ʽʥʰʠʭ ʃɽʇ, ʟʙʽʨʥʠʭ ʰʠʥ, ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʧʽʜʩʪʘʥʮʽʾ ʭʚʠʣʽ, ʱʦ 

ʥʘʙʽʛʘʶʪʴ, ʟʘʣʦʤʣʶʶʪʴʩʷ, ʚʽʜʙʠʚʘʶʪʴʩʷ, ʟʤʽʥʶʶʯʠ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʦʨʤʫ ʪʘ 

ʘʤʧʣʽʪʫʜʫ. ʏʘʩʪʦ ʪʘʢʽ ʭʚʠʣʽ ʥʘʟʠʚʘʶʪʴ ʙʣʫʢʘʶʯʠʤʠ. ʗʢʱʦ ʧʽʜ ʾʭ ʜʽʻʶ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʢʨʠʪʪʷ ʽʟʦʣʷʮʽʾ ʃɽʇ ʘʙʦ ʩʧʨʘʮʶʚʘʥʥʷ ʨʦʟʨʷʜʥʠʢʘ ʯʠ 

ʦʙʤʝʞʫʚʘʯʘ ʧʝʨʝʥʘʧʨʫʛ (ʆʇʅ), ʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʽʟ ʭʚʠʣʽ, ʽ ʜʘʣʽ ʧʦ ʃɽʇ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʢʦʨʦʪʢʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʭʚʠʣʷ. 

ʅʘʚʽʪʴ ʧʨʠ ʧʦʨʽʚʥʷʥʦ ʥʝʟʥʘʯʥʽʡ ʚʝʣʠʯʠʥʽ ʩʪʨʫʤʫ ʙʣʠʩʢʘʚʢʠ ʥʘʧʨʫʛʘ ʥʘ 

ʚʨʘʞʝʥʽʡ ʬʘʟʽ ʟʙʽʣʴʰʠʪʴʩʷ ʧʦʥʘʜ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʧʫʩʪʠʤʫ ʚʝʣʠʯʠʥʫ, ʥʘ ʷʢʫ 

ʨʦʟʨʘʭʦʚʘʥʘ ʛʽʨʣʷʥʜʘ ʽʟʦʣʷʪʦʨʽʚ, ʪʘ ʚʠʥʠʢʥʝ ʧʨʷʤʝ ʧʝʨʝʢʨʠʪʪʷ ʮʽʻʾ  ʛʽʨʣʷʥʜʠ ʟ ʬʘʟʠ 

ʥʘ ʦʧʦʨʫ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʛʨʦʟʦʟʘʭʠʩʥʠʭ ʪʨʦʩʽʚ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʦʪʨʘʧʣʷʥʥʷ ʙʣʠʩʢʘʚʢʠ 

ʥʘ ʧʨʦʚʽʜ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʦʶ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʷʤʝ ʚʣʫʯʘʥʥʷ 

ʙʣʠʩʢʘʚʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʪʨʦʩ. ʗʢʱʦ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʙʣʠʟʫ ʚʝʨʰʠʥʠ ʦʧʦʨʠ 

(ʤʝʪʘʣʝʚʦʾ ʯʠ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ), ʪʦ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʩʪʨʫʤʫ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʾʾ 

ʟʘʟʝʤʣʝʥʥʷ, ʪʘ ʚʠʥʠʢʘʻ ʥʝʙʝʟʧʝʢʘ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʛʽʨʣʷʥʜʠ ʟ ʦʧʦʨʠ, 

ʚʨʘʞʝʥʦʾ ʩʪʨʫʤʦʤ, ʥʘ ʧʨʦʚʽʜ.  

ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʦʞ, ʱʦ ʪʨʦʩ ʟʚʠʩʘʻ ʫ ʧʨʦʣʴʦʪʽ, ʽ ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ 

ʦʧʦʨʘ ʧʝʨʝʚʠʱʫʻ ʡʦʛʦ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʫʜʘʨ ʙʣʠʩʢʘʚʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ 

ʚʝʨʰʠʥʫ ʦʧʦʨʠ ʟ ʥʘʩʪʫʧʥʠʤ ʟʚʦʨʦʪʥʽʤ ʧʝʨʝʢʨʠʪʪʷʤ ʥʘ ʧʨʦʚʽʜ ʫ ʷʢʦʩʪʽ ʜʨʫʛʦʛʦ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʚʠʧʘʜʢʫ. ʗʢʱʦ ʧʨʷʤʠʡ ʫʜʘʨ ʙʣʠʩʢʘʚʢʠ ʚʣʫʯʘʻ ʥʘ ʩʝʨʝʜʠʥʫ 

ʧʨʦʣʴʦʪʫ ʪʨʦʩʫ, ʪʦ ʩʪʨʫʤ ʙʣʠʩʢʘʚʢʠ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘʚʧʽʣ ʤʽʞ 

ʟʘʟʝʤʣʝʥʠʤʠ ʩʫʩʽʜʥʽʤʠ ʦʧʦʨʘʤʠ. ɯ ʚʽʨʦʛʽʜʥʽʩʪʴ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʥʘ ʦʧʦʨʽ 

ʚʠʷʚʣʷʻʪʴʩʷ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʠʤ, ʥʽʞ ʧʨʠ ʫʜʘʨʽ ʫ ʚʝʨʰʠʥʫ ʦʧʦʨʠ, ʧʨʦʪʝ ʫ ʤʽʩʮʽ 

ʫʜʘʨʫ ʚʠʥʠʢʘʻ ʚʠʩʦʢʘ ʥʘʧʨʫʛʘ, ʪʘ ʻ ʜʝʷʢʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʟ 

ʪʨʦʩʫ ʥʘ ʧʨʦʚʽʜ ʫ ʩʝʨʝʜʠʥʽ ʧʨʦʣʴʦʪʫ.  

ʅʘʩʪʫʧʥʠʤ ʻ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʙʣʠʩʢʘʚʢʘ ʤʦʞʝ ʚʣʫʯʠʪʠ ʫ ʚʝʨʭʽʚʢʠ ʜʝʨʝʚ 

ʥʘʚʢʦʣʦ ʣʽʥʽʡ, ʫ ʟʝʤʣʶ ʘʙʦ ʙʫʜʦʚʠ, ʱʦ ʧʝʨʝʚʘʞʘʶʪʴ ʧʦ ʚʠʩʦʪʽ. ʅʘ ʧʨʦʚʦʜʘʭ ʣʽʥʽʾ 

ʚʠʥʠʢʘʶʪʴ ʽʥʜʫʢʪʦʚʘʥʽ ʧʝʨʝʥʘʧʨʫʛʠ. ɺʦʥʠ ʟʥʘʯʥʦ ʤʝʥʰʽ, ʥʽʞ ʧʨʠ ʧʨʷʤʦʤʫ 

ʚʣʫʯʘʥʥʽ ʙʣʠʩʢʘʚʢʠ, ʪʘ ʟʘʟʚʠʯʘʡ ʥʝ ʚʠʷʚʣʷʶʪʴ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ 

ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʪʘ ʫʣʴʪʨʘʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʧʨʦʪʝ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ 

ʧʝʨʝʢʨʠʪʪʷ ʽʟʦʣʷʮʽʾ ʣʽʥʽʡ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʢʣʘʩʽʚ ʥʘʧʨʫʛʠ.  
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ʉʪʨʫʤ ʙʣʠʩʢʘʚʢʠ ʜʫʞʝ ʢʦʨʦʪʢʦʯʘʩʥʠʡ. ɯ ʷʢʱʦ ʚ ʤʦʤʝʥʪ ʧʨʷʤʦʛʦ ʫʜʘʨʫ 

ʙʣʠʩʢʘʚʢʠ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʾ ʥʘʧʨʫʛʠ ʥʘ ʧʨʦʚʦʜʽ ʙʣʠʟʴʢʝ ʜʦ ʥʫʣʷ, ʪʦ 

ʝʣʝʢʪʨʠʯʥʘ ʤʽʮʥʽʩʪʴ ʛʽʨʣʷʥʜ ʽʟʦʣʷʪʦʨʽʚ ʤʦʞʝ ʚʽʜʥʦʚʠʪʠʩʷ ʰʚʠʜʰʝ, ʥʽʞ ʨʦʙʦʯʘ 

ʥʘʧʨʫʛʘ [59].  

ɯʥʰʠʤ ʚʠʜʦʤ ʧʝʨʝʥʘʧʨʫʛ ʻ ʚʥʫʪʨʽʰʥʽ ʧʝʨʝʥʘʧʨʫʛʠ. ʉʘʤʝ ʮʠʤ ʚʠʜʘʤ 

ʧʝʨʝʥʘʧʨʫʛ ʧʨʠʩʚʷʯʝʥʦ ʜʘʥʫ ʜʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ. ɺʦʥʠ ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʪʘʢʦʞ ʥʘ ʜʚʘ ʦʩʥʦʚʥʠʭ ʚʠʜʠ: ʧʝʨʝʥʘʧʨʫʛʠ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ 

(ʢʦʤʫʪʘʮʽʡʥʽ) ʪʘ ʧʝʨʝʥʘʧʨʫʛʠ ʩʪʘʣʦʛʦ ʨʝʞʠʤʫ (ʪʨʠʚʘʣʽ). ɸʣʝ ʩʣʽʜ ʧʘʤôʷʪʘʪʠ, ʱʦ 

ʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤ ʫ ʨʝʘʣʴʥʽʡ (ʥʝ ʽʜʝʘʣʴʥʽʡ) ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʷʢ 

ʢʚʘʟʽʩʪʘʣʠʡ ʨʝʞʠʤ, ʦʩʢʽʣʴʢʠ ʩʪʘʣʘ ʥʘʧʨʫʛʘ ï ʮʝ ʣʠʰʝ ʩʢʣʘʜʦʚʘ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ. 

ʋ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʤʝʨʝʞʽ ʽʩʥʫʻ ʙʘʣʘʥʩ 

ʤʽʞ ʛʝʥʝʨʘʮʽʻʶ ʪʘ ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʈʽʚʥʽ ʥʘʧʨʫʛ ʫ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʪʦʯʢʘʭ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʋ 

ʚʠʧʘʜʢʫ ʧʦʨʫʰʝʥʥʷ ʙʘʣʘʥʩʫ (ʨʽʟʢʘ ʟʤʽʥʘ ʨʽʚʥʷ ʛʝʥʝʨʫʶʯʦʾ ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫʥʘʩʣʽʜʦʢ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʟ ʙʦʢʫ 

ʚʠʨʦʙʥʠʢʘ, ʩʧʦʞʠʚʘʯʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʯʠ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʤʝʨʝʞʽ) ï 

ʝʥʝʨʛʦʩʠʩʪʝʤʘ ʧʦʯʠʥʘʻ ʢʦʣʠʚʘʪʠʩʷ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʧʝʨʝʥʘʧʨʫʛ. 

ʇʝʨʝʥʘʧʨʫʛʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫʥʘʩʣʽʜʦʢ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ (ʢʦʤʫʪʘʮʽʡʥʽ), 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʚʠʜʽ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. ɺʦʥʠ ʪʨʠʚʘʶʪʴ ʩʦʪʽ ʜʦʣʽ ʩʝʢʫʥʜʠ. 

ʅʝʘʙʠʷʢʫ ʨʦʣʴ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʚʽʜʽʛʨʘʻ ʜʦʚʞʠʥʘ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʣʴʥʦʾ ʣʽʥʽʾ. 

ʆʩʢʽʣʴʢʠ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʟ ʢʣʘʩʦʤ ʥʘʧʨʫʛ ʜʦ 110 ʢɺ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ 

ʝʣʝʤʝʥʪʘʤʠ ʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʦ ʫ ʪʘʢʦʤʫ ʢʦʣʠʚʘʣʴʥʦʤʫ ʢʦʥʪʫʨʽ 

ʧʝʨʝʥʘʧʨʫʛʠ ʟʘʟʚʠʯʘʡ ʰʚʠʜʢʦ ʟʘʪʫʭʘʶʪʴ ʪʘ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʧʦʜʚʽʡʥʫ ʨʦʙʦʯʫ 

ʥʘʧʨʫʛʫ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ. ʋ ʜʦʚʛʠʭ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʤʘʛʽʩʪʨʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʭʚʠʣʴʦʚʽ 

ʧʨʦʮʝʩʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʜʦʚʞʠʥʘ ʟʘʟʥʘʯʝʥʠʭ ʣʽʥʽʡ ʩʧʽʚʩʪʘʚʥʘ ʟ 

ʜʦʚʞʠʥʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ, ʘ ʮʝ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʮʝʩʽʚ 

ʟʘʣʦʤʣʝʥʥʷ ʪʘ ʚʽʜʙʠʪʪʷ ʭʚʠʣʴ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ. ɿʘʟʥʘʯʝʥʝ ʷʚʠʱʝ ʤʦʞʝ 
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ʧʨʠʟʚʦʜʠʪʠ ʧʨʘʢʪʠʯʥʦ ʜʦ ʙʝʟʤʝʞʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʥʘʧʨʫʛʠ. ʆʩʢʽʣʴʢʠ 

ʧʝʨʝʜʘʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʚʠʥʷʪʢʦʚʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʽʢʠ ʥʘʜʚʠʩʦʢʠʭ ʥʘʧʨʫʛ, ʪʦ ʫʩʽ ʜʘʣʴʥʽ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ 

ʙʫʜʫʪʴ ʣʽʥʽʷʤʠ ʥʘʜʚʠʩʦʢʠʭ ʥʘʧʨʫʛ. 

ʇʝʨʝʥʘʧʨʫʛʠ ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ ʚʠʥʠʢʘʶʪʴ ʫʥʘʩʣʽʜʦʢ: 

- ʥʝʩʠʤʝʪʨʠʯʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʫ ʩʚʦʶ ʯʝʨʛʫ ʚʠʥʠʢʘʻ ʯʝʨʝʟ 

ʥʝʩʠʤʝʪʨʠʯʥʽ ʂɿ ʘʙʦ ʯʝʨʝʟ ʥʝʧʦʚʥʦʬʘʟʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ (ʨʝʤʦʥʪʥʽ ʨʦʙʦʪʠ ʥʘ 

ʬʘʟʽ, ʦʙʨʠʚ ʬʘʟʠ, ʥʝʚʽʨʥʘ ʨʦʙʦʪʘ ʬʘʟʠ ʚʠʤʠʢʘʯʘ ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʯʠ ʚʚʽʤʢʥʝʥʥʽ). 

ʇʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʥʝʧʦʰʢʦʜʞʝʥʠʭ ʬʘʟʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʟʘʟʝʤʣʝʥʥʷ 

ʥʝʡʪʨʘʣʽ. ʎʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʚʭʽʜʥʠʭ ʦʧʦʨʽʚ ʥʫʣʴʦʚʦʾ ʪʘ ʧʨʷʤʦʾ  

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ (Z0/Z1) ʚʽʜʥʦʩʥʦ ʤʽʩʮʷ ʂɿ. ʋ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʟ ʝʬʝʢʪʠʚʥʦ 

ʟʘʟʝʤʣʝʥʦʶ ʥʝʡʪʨʘʣʣʶ ʫ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Ò 3, ʦʧʽʨ ʧʨʷʤʦʾ 

ʪʘ ʥʫʣʴʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʘʶʪʴ ʽʥʜʫʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ 

ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Z0/Z1Ò3 ʪʘʢʦʞ ʚʠʪʨʠʤʫʻʪʴʩʷ ʫ ʨʝʞʠʤʽ 

ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʞʠʚʣʝʥʥʷ ʣʽʥʽʾ. ʇʨʠ ʦʜʥʦʙʽʯʥʦʤʫ ʚʽʜʢʣʶʯʝʥʥʽ ʥʝʩʠʤʝʪʨʠʯʥʦʛʦ 

ʂɿ ʫ ʚʽʜʜʘʣʝʥʠʭ ʚʽʜ ʞʠʚʣʝʥʥʷ ʪʦʯʮʽ ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʫ 

ʜʦʚʦʣʽ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʘ ʧʨʠ ʻʤʥʽʩʥʦʤʫ ʭʘʨʘʢʪʝʨʽ ʦʜʥʦʛʦ ʟ ʦʧʦʨʽʚ ʮʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʙʫʚʘʪʠʤʝ ʟʥʘʯʝʥʥʷ ʟʽ ʟʥʘʢʦʤ ç-è. ʎʝ ʧʨʠʟʚʦʜʠʪʠʤʝ ʜʦ ʟʥʘʯʥʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʥʝʧʦʰʢʦʜʞʝʥʠʭ ʬʘʟʘʭ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʭʽʜʥʽ ʦʧʦʨʠ ʧʨʷʤʦʾ 

ʪʘ ʥʫʣʴʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʜʥʘʢʦʚʽ ʟʘ ʤʦʜʫʣʝʤ, ʘʣʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʟʥʘʢʦʤ, ʫ 

ʤʝʨʝʞʘʭ ʟ ʝʬʝʢʪʠʚʥʦ ʟʘʟʝʤʣʝʥʦʶ ʥʝʡʪʨʘʣʣʶ ʧʨʠ ʥʝʧʦʚʥʦʬʘʟʥʠʭ ʨʝʞʠʤʘʭ 

ʚʠʥʠʢʘʶʪʴ ʧʝʨʝʥʘʧʨʫʛʠ ʥʘ ʥʝʧʦʰʢʦʜʞʝʥʠʭ ʬʘʟʘʭ. ʊʘʢʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʢʦʣʠ 

ʚʠʷʚʣʷʻʪʴʩʷ ʻʤʥʽʩʥʠʡ ʝʬʝʢʪ, ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʩʘʤʝ ʫ ʣʽʥʽʷʭ 

ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʜʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʟ ʙʦʢʫ ʩʝʨʝʜʥʴʦʾ ʘʙʦ 

ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ. ʇʨʠ ʂɿ ʥʘ ʟʝʤʣʶ ʚ ʦʜʥʽʡ ʪʦʯʮʽ ʮʠʨʢʫʣʷʮʽʷ ʩʪʨʫʤʽʚ ʥʫʣʴʦʚʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʭʝʤʘʤʠ ʟôʻʜʥʘʥʥʷ ʦʙʤʦʪʦʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʪʘ ʟʘʟʝʤʣʝʥʥʷʤ ʾʭʥʽʭ ʥʝʡʪʨʘʣʝʡ, ʪʦʙʪʦ ʦʧʦʨʠ ʟʘʤʽʱʝʥʥʷ 

ʥʫʣʴʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ 

ʧʽʜʩʪʘʥʮʽʾ. ʆʧʽʨ ʥʫʣʴʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟ ʙʦʢʫ ʦʙʤʦʪʢʠ, ʱʦ 

ʟôʻʜʥʘʥʘ ʫ ʪʨʠʢʫʪʥʠʢ ʯʠ ʟʽʨʢʫ ʟ ʥʝʟʘʟʝʤʣʝʥʦʶ ʥʝʡʪʨʘʣʣʶ, ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʠʡ, 
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ʪʦʤʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʟʽ ʚʢʘʟʘʥʠʤʠ ʩʭʝʤʘʤʠ ʟôʻʜʥʘʥʥʷ  ʪʘ ʚʩʽ ʝʣʝʤʝʥʪʠ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʥʠʤ, ʫ ʩʭʝʤʫ ʟʘʤʽʱʝʥʥʷ ʥʫʣʴʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʝ ʚʭʦʜʷʪʴ. ʏʝʨʝʟ 

ʦʧʠʩʘʥʝ ʷʚʠʱʝ (ʧʝʨʝʥʘʧʨʫʛʘ ʚʠʢʣʠʢʘʻ ʚʧʣʠʚ ʥʘʩʠʯʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ) ʪʘʢʠʡ 

ʚʠʜ ʧʝʨʝʥʘʧʨʫʛ ʱʝ ʢʣʘʩʠʬʽʢʫʶʪʴ ʷʢ ʬʝʨʦʨʝʟʦʥʘʥʩʥʽ ʧʝʨʝʥʘʧʨʫʛʠ.  ʇʨʠ 

ʦʜʥʦʬʘʟʥʦʤʫ ʂɿ ʥʘʧʨʫʛʘ ʤʦʞʝ ʟʨʦʩʪʘʪʠ ʜʦ 25 %; 

- ʥʘʷʚʥʦʩʪʽ ʫ ʣʽʥʽʾ ʥʝʣʽʥʽʡʥʠʭ ʢʽʣ ʟʽ ʩʪʘʣʝʚʠʤ ʦʩʝʨʜʷʤ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʬʝʨʦʨʝʟʦʥʘʥʩʥʠʭ ʥʘʧʨʫʛ ʥʘ ʨʦʙʦʯʽʡ ʯʘʩʪʦʪʽ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʥʝʧʦʚʥʦʬʘʟʥʠʭ ʨʝʞʠʤʘʭ, ʘ ʪʘʢʦʞ ʫ ʬʝʨʦʨʝʟʦʥʘʥʩʥʠʭ 

ʧʝʨʝʥʘʧʨʫʛʘʭ ʥʘ ʚʠʱʠʭ ʪʘ ʥʠʞʯʠʭ ʛʘʨʤʦʥʽʢʘʭ. ʋ ʃɽʇ ʅɺʅ ʚʠʥʠʢʥʝʥʥʷ 

ʬʝʨʦʨʝʟʦʥʘʥʩʥʠʭ ʥʘʧʨʫʛ ï ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʻʤʥʽʩʥʦʛʦ ʝʬʝʢʪʫ, ʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʫʩʪʘʪʢʫʚʘʥʥʷʤ 110-220 ʢɺ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʨʝʘʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʭʝʤʠ; 

- ʻʤʥʽʩʥʦʛʦ ʝʬʝʢʪʫ ʫ ʩʠʤʝʪʨʠʯʥʠʭ ʣʽʥʽʡʥʠʭ ʩʭʝʤʘʭ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʧʝʨʝʥʘʧʨʫʛʠ ʚʠʥʠʢʘʶʪʴ, ʷʢʱʦ ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ ʣʽʥʽʾ (ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʢʪʠʚʥʠʭ 

ʩʢʣʘʜʦʚʠʭ) ʩʧʽʚʧʘʜʘʻ ʟ ʯʘʩʪʦʪʦʶ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ. ʇʝʨʝʥʘʧʨʫʛʠ ʪʘʢʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʩʘʤʝ ʫ ʜʦʚʛʠʭ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʘʭ 

ʥʝʢʦʤʧʝʥʩʘʮʽʾ ʘʙʦ ʥʝʧʦʚʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʾʾ ʟʘʨʷʜʥʦʾ ʻʤʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʜʢʣʶʯʝʥʠʭ ʰʫʥʪʫʶʯʠʭ ʨʝʘʢʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ [17, 34, 15].  

 

1.2 ʅʦʨʤʘʣʴʥʽ ʨʝʞʠʤʠ ʃɽʇ ʅɺʅ 

 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢ ʟʚʘʥʽ ʜʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʜʘʯʽ. ʎʝ ʣʽʥʽʾ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ, ʜʦʚʞʠʥʘ ʷʢʠʭ ʩʧʽʚʤʽʨʥʘ ʜʦ ʜʦʚʞʠʥʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʭʚʠʣʴ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʾʭʥʽʭ 

ʨʝʞʠʤʽʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʭʦʜʽʚ ʬʽʟʠʢʠ ʭʚʠʣʴʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ 

ʪʘʢʽ ʣʽʥʽʾ ʱʝ ʥʘʟʠʚʘʶʪʴ ʧʨʦʪʷʞʥʠʤʠ ʘʙʦ ʜʦʚʛʠʤʠ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʪʨʘʪ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʮʽ ʣʽʥʽʾ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʥʘ ʥʘʜʚʠʩʦʢʽʡ ʥʘʧʨʫʟʽ. ʆʪʞʝ, ʫʩʽ 

ʜʘʣʴʥʽ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʻ ʣʽʥʽʷʤʠ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʧʨʦʪʝ ʟʚʦʨʦʪʥʝ 
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ʪʚʝʨʜʞʝʥʥʷ ʥʝ ʚʽʨʥʝ, ʦʩʢ̔ʣʴʢʠ ʥʝ ʫʩʽ ʣʽʥʽʾ ʅɺʅ ʻ ʩʧʽʚʨʦʟʤʽʨʥʠʤʠ ʟʘ ʜʦʚʞʠʥʦ  ʁʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʭʚʠʣʷʤʠ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ ʜʘʣʴʥʽʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ  ̒ʚʠʢʦʥʫʚʘʥʘ 

ʨʦʣʴ ʤʽʞʩʠʩʪʝʤʥʠʭ ʟʚô̫ ʟʢʽʚ, ʱʦ ʦʙôʻʜʥʫʻ ʦʢʨʝʤʽ ʽʟʦʣʴʦʚʘʥʽ ʯʘʩʪʠʥʠ (ʩʠʩʪʝʤʠ) ʥʘ 

ʧʘʨʘʣʝʣʴʥʫ ʨʦʙʦʪʫ ʫ ʩʢʣʘʜʽ ʦʙôʻʜʥʘʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ (ʆɽʉ). 

ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʤʽʞʩʠʩʪʝʤʥʠʭ ʟʚôʷʟʢʽʚ ʻ ʢʦʝʬʽʮʽʻʥʪ ʞʦʨʩʪʢʦʩʪʽ, ʱʦ 

ʜʦʨʽʚʥʶʻ 

 

,       (1.1) 

 

ʜʝ  ï ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʤʽʞʩʠʩʪʝʤʥʠʭ ʟʚôʷʟʢʽʚ, ʦʙôʻʜʥʘʥʠʭ ʥʘ 

ʧʘʨʘʣʝʣʴʥʫ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ j ʪʘ n, ʄɺʪ;  

 ï ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʤʝʥʰ ʧʦʪʫʞʥʦʾ ʟ ʦʙôʻʜʥʘʥʠʭ 

ʝʥʝʨʛʦʩʠʩʪʝʤ, ʄɺʪ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʦʙôʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ ʥʘ ʧʘʨʘʣʝʣʴʥʫ 

ʨʦʙʦʪʫ ʫ ʩʢʣʘʜʽ ʆɽʉ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʥʘʩʪʫʧʥʽ [21, 113]: 

- ʟʘʛʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʨʝʟʝʨʚʫ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʆɽʉ (ʫ ʤʝʥʰʽʡ ʤʽʨʽ 

ʟʥʠʞʝʥʥʷ ʨʝʟʝʨʚʫ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ); 

- ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʤʘʥʝʚʨʝʥʠʭ ʪʘ ʰʚʠʜʢʦʜʽʶʯʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ ʛʽʜʨʦʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʛʽʜʨʦʘʢʫʤʫʣʶʶʯʠʭ ʩʪʘʥʮʽʡ (ʩʤʩʪʝʤ 

ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ) ʜʣʷ ʧʦʪʨʝʙ ʫʩʽʻʾ ʆɽʉ; 

- ʟʥʠʞʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʆɽʉ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʩʫʤʦʶ ʤʘʢʩʠʤʫʤʽʚ ʥʘʚʘʥʪʘʞʝʥʴ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ; 

- ʝʬʝʢʪʠ ʜʦʚʛʦʪʠ ʪʘ ʰʠʨʦʪʠ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ ʨʽʟʥʠʮʝʶ ʧʦʷʩʥʦʛʦ ʯʘʩʫ ʪʘ 

ʧʨʦʪʷʞʥʽʩʪʶ ʪʝʨʠʪʦʨʽʾ, ʷʢʫ ʦʭʦʧʣʶʻ ʆɽʉ ʧʦ ʤʝʨʠʜʽʘʥʫ; 

- ʟʥʠʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ 

ʩʫʤʘʨʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʥʝʫʭʠʣʴʥʦʤʫ ʟʨʦʩʪʘʥʥʽ ʚʩʪʘʥʦʚʣʝʥʦʾ 
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ʧʦʪʫʞʥʦʩʪʽ (ʚʠʢʦʥʘʥʥʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ) ʦʜʠʥʠʯʥʠʭ ʘʛʨʝʛʘʪʽʚ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʪʘʥʮʽʷʭ; 

- ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ; 

- ʚʟʘʻʤʦʜʦʧʦʤʦʛʘ ʦʢʨʝʤʠʤ ʝʥʝʨʛʦʩʠʩʪʝʤʘʤ ʯʝʨʝʟ ʩʝʟʦʥʥʽ ʦʙʤʝʞʝʥʥʷ 

ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʝʡ ʚʠʨʦʙʥʠʢʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʩʧʦʞʠʚʘʯʽʚ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʩʧʦʨʫʜʞʝʥʥʷ ɼɽʇ ʚʠʥʠʢʣʘ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʙʫʜʫʚʘʪʠ 

ʢʨʫʧʥʽ ʪʝʧʣʦʚʽ ʪʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚʠʱʠʭ ʢʣʘʩʽʚ 

ʥʘʧʨʫʛʠ. ʉʝʨʝʜ ʤʽʞʩʠʩʪʝʤʥʠʭ ʟʚôʷʟʢʽʚ ʨʦʟʨʽʟʥʷʶʪʴ ʩʠʣʴʥʽ ʪʘ ʩʣʘʙʢʽ ʟʚôʷʟʢʠ. ʇʨʠ 

ʮʴʦʤʫ ʩʣʘʙʢʽ ʟʚôʷʟʢʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʥʝʟʥʘʯʥʠʭ ʧʦʪʦʢʽʚ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʽʚ ʥʘʧʨʫʛʠ ʚ ʆɽʉ. ʉʣʘʙʢʠʡ ʟʚ'ʷʟʦʢ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʱʦ ʩʢʣʘʜʘʻ 10-15% ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘʡʤʝʥʰʦʾ ʟ ʧʦʚôʷʟʘʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ. ʉʠʣʴʥʽ ʟʚôʷʟʢʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ  

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʥʘʯʥʠʭ ʦʙʩʷʛʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʽ ʩʧʽʚʨʦʟʤʽʨʥʽ ʟ 

ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪ ʁʥʘʡʤʝʥʰʦʾ ʟ ʧʦʚôʷʟʘʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ. ʉʠʣʴʥʽ ʟʚôʷʟʢʠ 

ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʩʠʩʪʝʤʦʫʪʚʦʨʶʶʯʠʭ ʟʚôʷʟʢʽʚ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʬʦʨʤʫʶʪʴ 

ʩʪʨʫʢʪʫʨʫ ʆɽʉ. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʟʥʘʯʥʦʾ ʧʨʦʪʷʞʥʦʩʪʽ ʚ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ 

ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʧʨʦʮʝʩ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʦʷʚʣʷʻ ʭʚʠʣʴʦʚʠʡ 

ʭʘʨʘʢʪʝʨ, ʱʦ ʩʧʨʠʷʻ ʚʽʜʯʫʪʥʦʤʫ ʟʘʧʽʟʥʝʥʥʷ ʚʝʢʪʦʨʽʚ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʯʝʨʝʟ 

ʦʙʤʝʞʝʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʚʟʜʦʚʞ ʣʽʥʽʾ. 

ʉʘʤʝ ʪʦʤʫ ʫʩʽ ʤʘʛʽʩʪʨʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʟ ʤʝʪʦʶ 

ʚʨʘʭʫʚʘʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʧʦʚʠʥʥʽ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʭʝʤ ʟʘʤʽʱʝʥʥʷ ʽʟ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʟʜʦʚʞ ʜʦʚʞʠʥʠ ʣʽʥʽʾ.  

ʇʽʜ ʯʘʩ ʨʫʭʫ ʧʦ ʣʽʥʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʚʠʥʠʢʘʻ ʷʚʠʱʝ ʚʽʜʙʠʪʪʷ ʭʚʠʣʽ 

ʚʽʜ ʾʾ ʢʽʥʮʽʚ, ʥʘ ʧʽʜʩʪʘʚʽ ʯʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʤʘʡʞʝ ʫ ʙʫʜʴ-ʷʢʽʡ 

ʄɽʄ ʅɺʅ ʤʘʻ ʤʽʩʮʝ ʨʫʭ ʧʨʷʤʦʾ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʭʚʠʣʴ ʚʽʜ ʾʾ ʢʽʥʮʽʚ ʟ ʦʜʥʘʢʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ɺʽʜʦʙʨʘʞʝʥʥʷ ʭʚʠʣʴ ʥʝ ʙʫʜʝ ʚʽʜ ʢʽʥʮʽʚ ʣʽʥʽʾ, ʷʢʱʦ 

ʰʪʫʯʥʦ ʧʽʜʽʙʨʘʪʠ ʫʤʦʚʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʭʚʠʣʴʦʚʠʡ ʦʧʽʨ ʧʨʠʡʤʘʯʘ ʥʘ ʢʽʥʮʽ ʣʽʥʽʾ  
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ʜʦʨʽʚʥʶʚʘʚ ʭʚʠʣʴʦʚʦʤʫ ʦʧʦʨʫ ʩʘʤʦʾ ʣʽʥʽʾ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʧʦ ɼɽʇ ʙʫʜʝ 

ʧʝʨʝʜʘʚʘʪʠʩʷ ʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʾʾ ʚʪʨʘʪʘʤʠ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ 

ʪʘʢʠʭ ʫʤʦʚ ʥʝʦʙʭʽʜʥʦ ʚʽʜʨʝʛʫʣʶʚʘʪʠ ʩʪʨʫʤʠ ʪʘ ʥʘʧʨʫʛʠ ʧʦ ʢʽʥʮʷʭ ʣʽʥʽʾ ʟʘʜʣʷ 

ʾʭʥʴʦʛʦ ʩʧʽʚʧʘʜʘʥʥʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʬʘʟʦʶ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʣʽʥʽʻʶ ʧʝʨʝʜʘʻʪʴʩʷ 

ʥʘʪʫʨʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʻ ʚʠʢʣʶʯʥʦ ʘʢʪʠʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʪʘ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʪʨʘʪʘʤʠ.  

ʇʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʥʘʪʫʨʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʦ ɼɽʇ ʚʪʨʘʪʠ ʽʥʜʫʢʪʠʚʥʦʾ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʽʥʜʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʣʽʥʽʾ ʧʦʚʥʽʩʪʶ ʢʦʤʧʝʥʩʫʶʪʴʩʷ 

ʻʤʥʽʩʥʠʤʠ ʚʪʨʘʪʘʤʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʻʤʥʽʩʥʠʭ ʝʣʝʤʝʥʪʘʭ ʣʽʥʽʾ. ɿʘʟʚʠʯʘʡ ʚʝʣʠʯʠʥʘ 

ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ ɼɽʇ ʩʢʣʘʜʘʻ 230-400 ʆʤ. ʉʣʽʜ ʧʘʤôʷʪʘʪʠ, ʱʦ ʦʙôʻʤʠ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʣʽʥʽʻʶ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʘʤʦʾ ɼɽʇ 

(æQC), ʷʢʘ ʤʘʻ ʻʤʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ ʪʘ ʾʾ ʛʝʥʝʨʫʻ. ʇʨʠ ʮʴʦʤʫ ʮʷ ʟʘʨʷʜʥʘ  ʧʦʪʫʞʥʽʩʪʴ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ. ɺʪʨʘʪʠ 

ʽʥʜʫʢʪʠʚʥʦʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (æQL) ʚ ʽʥʜʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʟʘʚʞʜʠ ʧʨʦʧʦʨʮʽʡʥʽ ʢʚʘʜʨʘʪʫ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʦʪʽʢʘʻ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʻʤʥʽʩʥʽ ʚʪʨʘʪʠ ʜʦʨʽʚʥʶʶʪʴ ʚʪʨʘʪʘʤ ʽʥʜʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (æQC 

= æQL), ʤʘʻ ʤʽʩʮʝ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʧʦ ʄɽʄ ʅɺʅ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘʪʫʨʘʣʴʥʘ 

ʧʦʪʫʞʥʽʩʪʴ. 

ʈʦʟʛʣʷʥʫʪʦ ʨʽʚʥʽ ʥʘʧʨʫʛʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʚʟʜʦʚʞ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ 

ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʜʘʯʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, 

ʚʽʜʤʽʥʥʦʾ ʚʽʜ ʥʘʪʫʨʘʣʴʥʦʾ.  

ʋ ʚʠʧʘʜʢʫ ʬʽʢʩʘʮʽʾ ʥʘʧʨʫʛʠ ʥʘ ʧʦʯʘʪʢʫ ʣʽʥʽʾ ʤʘʪʠʤʝʤʦ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʛʠ, 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 1.1.  

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʨʠʩ. 1.1 ʪʘ ʦʧʠʩʫ, ʥʘʚʝʜʝʥʦʛʦ ʫ [113], 

ʷʢʱʦ ʧʦ ʣʽʥʽʾ ʧʝʨʝʜʘʶʪʴʩʷ ʘʢʪʠʚʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʤʝʥʰʽ ʚʽʜ ʥʘʪʫʨʘʣʴʥʦʾ, ʪʦ ʻʤʥʽʩʥʽ 

ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʫ ʧʦʧʝʨʝʯʥʠʭ ʧʨʦʚʽʜʥʦʩʪʷʭ ʣʽʥʽʾ ʙʫʜʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʥ̔ʜʫʢʪʠʚʥʽ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʫ ʧʦʟʜʦʚʞʥʽʭ ʦʧʦʨʘʭ. 

ʎʝ ʧʨʠʟʚʦʜʠʪʠʤʝ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʥʘʧʨʫʛʠ ʜʦ ʢʽʥʮʷ ʣʽʥʽʾ. ʗʢʱʦ ʧʦ ʣʽʥʽʾ 

ʧʝʨʝʜʘʻʪʴʩʷ ʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʦʥʘʜ ʥʘʪʫʨʘʣʴʥʫ, ʪʦ ʽʥʜʫʢʪʠʚʥʽ ʚʪʨʘʪʠ 
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ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʚʠʱʫʚʘʪʠʤʫʪʴ ʻʤʥʽʩʥʽ ʚʪʨʘʪʠ, ʽ ʥʘʧʨʫʛʘ ʚʟʜʦʚʞ ʣʥ̔ʽʾ ʙʫʜʝ 

ʟʥʠʞʫʚʘʪʠʩʴ. 

 

 

ʈʠʩ. 1.1 ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʛʠ ʚʟʜʦʚʞ ʣʽʥʽʾ ʧʨʠ ʬʽʢʩʘʮʽʾ ʥʘʧʨʫʛʠ ʥʘ ʧʦʯʘʪʢʫ ʣʽʥʽʾ 

 

ʋ ʚʠʧʘʜʢʫ ʬʽʢʩʘʮʽʾ ʥʘʧʨʫʛʠ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʥʘ ʢʽʥʮʽ ʣʽʥʽʾ ʤʘʪʠʤʝʤʦ ʨʦʟʧʦʜʽʣ 

ʥʘʧʨʫʛʠ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 1.2. 

 

 

ʈʠʩ. 1.2 ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʛʠ ʚʟʜʦʚʞ ʣʽʥʽ ʾʧʨʠ ʬʽʢʩʘʮʽʾ ʥʘʧʨʫʛʠ ʥʘ ʧʦʯʘʪʢʫ ʪʘ 

ʢʽʥʮʽ ʣʽʥʽʾ 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1.2, ʫ ʚʠʧʘʜʢʫ ʬʽʢʩʘʮʽʾ ʥʘʧʨʫʛʠ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʢʽʥʮʽ ʣʽʥʽʾ 

ʥʘʡʙʽʣʴʰʽ ʚʽʜʭʠʣʝʥʥʷ ʧʦ ʥʘʧʨʫʟʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʝʨʝʜʠʥʽ ʣʽʥʽʾ. ʇʨʠ ʧʝʨʝʜʘʯʽ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʤʝʥʰʦʾ ʟʘ ʥʘʪʫʨʘʣʴʥʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʥʘʧʨʫʛʠ 

ʧʦʩʝʨʝʜʠʥʽ ɼɽʇ, ʘ ʧʨʠ ʧʝʨʝʜʘʯʽ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʙʽʣʴʰʦʾ ʟʘ ʥʘʪʫʨʘʣʴʥʫ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʘʜ ʥʘʧʨʫʛʠ ʥʘ ʩʝʨʝʜʠʥʽ ʣʽʥʽʾ. 

ʋʩʽ ʣʽʥʽʾ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʜʦʚʦʣʽ ʯʫʪʣʠʚʽ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʨʽʚʥʷ 

ʥʘʧʨʫʛʠ ʟʘ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʽʥʽʡʥʦʾ ʽʟʦʣʷʮʽʾ [113]. ɼʣʷ ʜʘʣʴʥʠʭ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ 330 ʢɺ ʜʦʧʫʩʢʘʻʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷ ʫ 10% 

ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ. ɼʣʷ ʚʠʱʠʭ ʢʣʘʩʽʚ ʥʘʧʨʫʛʠ ʟʘʟʥʘʯʝʥʠʡ ʧʦʢʘʟʥʠʢ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 

5% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʣʽʥʽʾ. ɸ, ʚʽʜʧʦʚʽʜʥʦ, ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫʩʽ ʤʦʞʣʠʚʽ 

ʪʝʭʥʽʯʥ ̔ ʟʘʭʦʜʠ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʥʘʧʨʫʛ, ʧʦʚôʷʟʘʥʠʭ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʚʽʜʤʽʥʥʦʾ ʚʽʜ ʥʘʪʫʨʘʣʴʥʦʾ.  

ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʧʦʥʘʜ  

ʥʘʪʫʨʘʣʴʥʫ ʤʦʞʣʠʚʝ ʚʠʢʣʶʯʥʦ ʥʘ ʥʝʟʥʘʯʥʫ (ʜʦ 200 ʢʤ) ʜʦʚʞʠʥʫ. ʅʘʩʘʤʧʝʨʝʜ ʮʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʫʤʦʚʘʤʠ ʩʪʽʡʢʦʩʪʽ ʄɽʄ ʅɺʅ. 

 

1.3 ʅʝʩʠʤʝʪʨʽʷ ʃɽʇ ʅɺʅ 

 

ɺʽʜʦʤʦ, ʱʦ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʟʘʟʚʠʯʘʡ ʻ 

ʥʝʩʠʤʝʪʨʠʯʥʠʤʠ, ʘʜʞʝ ʩʫʯʘʩʥʽ ʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ ʪʨʠʬʘʟʥʦʛʦ ʩʪʨʫʤʫ ʤʽʩʪʷʪʴ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʠʩʪʫʧʘʪʁʴ ʫ ʨʦʣʽ ʜʞʝʨʝʣ 

ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʩʪʨʫʤʽʚ ʪʘ ʥʘʧʨʫʛ. ɺʦʥʠ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʢʦʨʦʪʢʦʯʘʩʥʦ ʪʘ 

ʚʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝʩʠʤʝʪʨʽʷ ʻ ʥʝʩʫʪʪʻʚʦ  ʁʪʘ ʥʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʧʦʭʠʙʦʢ ʫ ʨʦʟʨʘʭʫʥʢʘʭ.  

ʇʨʦʪʝ ʽʩʥʫʶʪʴ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʥʝʩʠʤʝʪʨʽʷ ʻ ʽʩʪʦʪʥʦʶ, ʽ ʾ ʾʦʙʦʚôʷʟʢʦʚʦ ʪʨʝʙʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ. ʂʦʨʦʪʢʦʯʘʩʥʽ ʨʝʞʠʤʠ ʦʙʫʤʦʚʣʝʥʽ ʚʠʥʠʢʥʝʥʥʷʤ ʪʘ 

ʧʦʜʘʣʴʰʦʶ ʣʽʢʚʽʜʘʮʽʻʶ ʂɿ, ʧʦʬʘʟʥʠʤʠ ʚʽʜʢʣʶʯʝʥʥʷʤʠ ʪʘ ʚʢʣʶʯʝʥʥʷʤʠ 

ʚʠʤʠʢʘʯʽʚ ʪʘ ʽʥʰʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ. ʊʘʢʦʞ ʚʠʥʠʢʘʶʪʴ ʫ ʚʠʧʘʜʢʘʭ 
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ʩʢʣʘʜʥʠʭ ʧʦʰʢʦʜʞʝʥʴ (ʦʜʥʦʯʘʩʥʽ ʂɿ ʪʘ ʨʦʟʨʠʚ ʬʘʟʠ), ʥʘʧʨʠʢʣʘʜ, ʫ ʮʠʢʣʽ 

ʦʜʥʦʬʘʟʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʚʚʽʤʢʥʝʥʥʷ (ʆɸʇɺ). ʗʢ ʟʘʟʥʘʯʝʥʦ ʫ 

[113], ʪʨʠʚʘʣʽ ʥʝʩʠʤʝʪʨʠʯʥʽ ʨʝʞʠʤʠ ʫ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ 

ʦʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʾʭʥʴʦʛʦ ʚʠʥʠʢʥʝʥʥʷ: 

ï ʥʝʩʠʤʝʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʬʘʟ, ʟʫʤʦʚʣʝʥʝ ʧʦʬʘʟʥʦʶ ʨʦʟʙʽʞʥʽʩʪʶ 

ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ (ɽʈʉ) ʛʝʥʝʨʘʪʦʨʽʚ, ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʪʘ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʦʜʥʦʬʘʟʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʟʘ ʬʘʟʘʤʠ ʪʦʱʦ. ʊʘʢʘ ʥʝʩʠʤʝʪʨʽʷ ʤʘʻ ʩʪʦʭʘʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʫʤʦʚʣʶʻ ʥʝʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ. ʊʦʤʫ ʥʝʩʠʤʝʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʬʘʟ ʥʝ ʩʧʨʠʯʠʥʷʻ 

ʧʦʤʽʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʝʞʠʤʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

ï ʨʦʟʙʽʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʠʭ ʬʘʟ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʟʫʤʦʚʣʝʥʘ ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʛʝʦʤʝʪʨʠʯʥʦʶ ʥʝʩʠʤʝʪʨʽʻʶ ʨʦʟʤʽʱʝʥʥʷ ʬʘʟʥʠʭ ʧʨʦʚʦʜʽʚ ʫ ʧʨʦʩʪʦʨʽ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʧʨʦʚʦʜʽʚ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘ ʦʧʦʨʘʭ ʫ 

ʚʝʨʰʠʥʘʭ ʨʽʚʥʦʙʽʯʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ʾʭʥ ̒ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʫʜʝ ʩʠʤʝʪʨʠʯʥʠʤ, 

ʧʨʦʪʝ ʚʽʜʥʦʩʥʦ ʟʝʤʣ̔ ʧʨʦʚʦʜʠ ʙʫʜʫʪʴ ʥʘ ʨʽʟʥʽʡ ʚʠʩʦʪʽ. ʎʝ ʩʧʨʠʯʠʥʠʪʴ ʥʝʩʠʤʝʪʨʽʶ 

ʻʤʥʽʩʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʧʨʦʚʽʜʥʦʩʪʝʡ ʣʽʥʽʾ. ʇʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʨʦʟʤʽʱʝʥʥʽ 

ʧʨʦʚʦʜʽʚ ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ ʚʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʜʥʘʢʦʚʽʡ ʚʠʩʦʪʽ ʱʦʜʦ ʥʝʾ, ʘʣʝ ʾʭʥ ̒

ʚʟʘ̒ʤʥʝ ʨʦʟʤʽʱʝʥʥʷ ʥʝʩʠʤʝʪʨʠʯʥʝ ï ʚʽʜʩʪʘʥʴ ʤʞ̔ ʧʨʦʚʦʜʘʤʠ ʢʨʘʡʥʽʭ ʬʘʟ ʙʫʜʝ 

ʫʜʚʽʯʽ ʙʽʣʴʰʦʶ, ʥʽʞ ʤʽʞ ʮʝʥʪʨʘʣʴʥʦʶ ʪʘ ʢʨʘʡʥʽʤʠ. ʎʝ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʷʚʠ 

ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʚʟʘʻʤʥʠʤʠ ʽʥʜʫʢʪʠʚʥʦʩʪʷʤʠ ʽ ʻʤʥʽʩʪʶ ʤʽʞ ʧʨʦʚʦʜʘʤʠ ʨʽʟʥʠʭ ʬʘʟ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ. ʇʦʬʘʟʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʣʽʥʽʾ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʝʤʠʥʫʯʝ ʟʫʤʦʚʠʪʴ ʚʠʥʠʢʥʝʥʥʷ ʥʝʩʠʤʝʪʨʽʾ ʩʪʨʫʤʽʚ ʪʘ ʥʘʧʨʫʛ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʦʙʤʝʞʝʥʥʷ ʥʝʩʠʤʝʪʨʽʾ ʚʥʘʩʣʽʜʦʢ ʧʦʬʘʟʥʦʾ 

ʨʦʟʙʽʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʻ ʪʨʘʥʩʧʦʟʠʮʽʷ ʬʘʟʥʠʭ ʧʨʦʚʦʜʽʚ ʣʽʥʽʾ, ʷʢʘ 

ʧʦʣʷʛʘʻ ʚ ʧʝʨʽʦʜʠʯʥʽʡ ʟʤʽʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪ̔ ʬʘʟʥʠʭ ʧʨʦʚʦʜʽʚ ʫ ʧʨʦʩʪʦʨʽ ʥʘ 

ʩʧʝʮʽʘʣʴʥʠʭ ʪʨʘʥʩʧʦʟʠʮʽʡʥʠʭ ʦʧʦʨʘʭ;  

ï ʪʨʠʚʘʣʽ ʥʝʧʦʚʥʦʬʘʟʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʣʽʥʽʾ, ʟʫʤʦʚʣʝʥʽ ʪʨʠʚʘʣʠʤ 

ʚʠʤʢʥʝʥʥʷʤ ʧʽʜ ʯʘʩ ʧʦʬʘʟʥʦʛʦ ʨʝʤʦʥʪʫ ʣʽʥʽʾ ʘʙʦ ʽʥʰʦʛʦ ʾʾ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʨʠʚʘʣʠʭ ʥʝʧʦʚʥʦʬʘʟʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʣʥ̔ʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ 
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ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ, ʦʩʢʽʣʴʢʠ 

ʥʘʚʽʪʴ ʫʥʘʩʣʽʜʦʢ ʘʚʘʨʽʡʥʠʭ ʯʠ ʧʣʘʥʦʚʠʭ ʚʠʤʢʥʝʥʴ ʦʜʥʽʻʾ ʯʠ ʜʚʦʭ ʬʘʟ ʣʽʥʽʾ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʩʧʦʞʠʚʘʯ ʙʫʜʝ ʦʪʨʠʤʫʚʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʭʦʯʘ ʽ ʚ 

ʦʙʤʝʞʝʥʦʤʫ ʦʙʩʷʟʽ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʢʣʘʜʝʥʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ 

ʥʘʷʚʥʦʩʪʽ ʧʦʚʥʦʾ ʩʠʤʝʪʨʽʾ ʥʘ ʧʦʯʘʪʢʫ ʃɽʇ, ʧʨʦʪʷʛʦʤ ʾʾ ʜʦʚʞʠʥʠ ʪʘ ʥʘ 

ʧʨʦʪʠʣʝʞʥʦʤʫ ʢʽʥʮʽ ʣʽʥʽʾ ʥʘʧʨʫʛʘ ʪʘ ʩʪʨʫʤ ʙʫʜʫʪʴ ʥʝʩʠʤʝʪʨʠʯʥʽ. ʅʝʩʠʤʝʪʨʽʷ 

ʩʪʨʫʤʽʚ ʙʫʜʝ ʚʠʢʣʠʢʘʪʠ ʥʘʷʚʥʽʩʪʴ ʪʘ ʮʠʨʢʫʣʷʮʽʶ ʩʪʨʫʤʽʚ ʥʫʣʴʦʚʦʾ ʪʘ ʟʚʦʨʦʪʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ʊʘʢʦʞ ʥʝʩʠʤʝʪʨʠʯʥʽ ʨʝʞʠʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʩʫʚʦʤ ʥʝʡʪʨʘʣʽ ʪʨʠʬʘʟʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘʧʨʫʛ (ʚʠʥʠʢʘʻ ʥʘʧʨʫʛʘ ʟʩʫʚʫ), ʱʦ ʟʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʥʘʧʨʫʛʠ 

ʚ ʦʜʥʠʭ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚ ʽʥʰʠʭ ʬʘʟʘʭ. ʎʝ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʚʠʥʠʢʥʝʥʥʷ 

ʥʝʜʦʧʫʩʪʠʤʠʭ ʧʝʨʝʥʘʧʨʫʛ, ʷʢʽ ʞʦʨʩʪʢʦ ʦʙʤʝʞʝʥʽ ʟʘ ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ ʣʽʥʽʡʥʦʾ 

ʽʟʦʣʷʮʽʾ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ. ɿʩʫʚ ʥʝʡʪʨʘʣʽ ʥʝʛʘʪʠʚʥʦ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʧʨʠʡʤʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʥʘʧʨʫʛʘ ʥʘ 

ʟʘʪʠʩʢʘʯʘʭ ʷʢʠʭ ʚʠʷʚʣʷʻʪʴʩʷ ʽʩʪʦʪʥʦ ʚʠʱʦʶ ʯʠ ʥʠʞʯʦʶ ʚʽʜ ʩʚʦʛʦ ʥʦʤʽʥʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʩʪʨʫʤʽʚ ʚ ʦʢʨʝʤʠʭ ʬʘʟʘʭ ʣʽʥʽʾ ʫ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʨʝʞʠʤʘʭ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʨʠʧʫʩʪʠʤʦʛʦ ʧʝʨʝʛʨʽʚʫ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʧʝʨʝʜʫʩʽʤ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʜʚʠʛʫʥʽʚ. ʋ ʥʝʩʠʤʝʪʨʠʯʥʠʭ 

ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʾʭ 

ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʫʥʘʩʣʽʜʦʢ ʟʥʠʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ 

ʦʙôʻʜʥʫʚʘʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ. 

ʋ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʨʽʟʢʦ ʧʦʛʽʨʰʫʶʪʴʩʷ 

ʫʤʦʚʠ ʛʝʥʝʨʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʥʭʨʦʥʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ, 

ʢʦʤʧʝʥʩʘʪʦʨʘʤʠ ʽ ʙʘʪʘʨʝʷʤʠ ʩʪʘʪʠʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʣʘʚʠʥʠ ʥʘʧʨʫʛʠ ʫ ʩʠʩʪʝʤʽ. 

ʈʽʟʢʦ ʫʩʢʣʘʜʥʶʶʪʴʩʷ ʫʤʦʚʠ ʨʦʙʦʪʠ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʽ ʘʚʪʦʤʘʪʠʢʠ, 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʷʢʠʭ ʚʠʢʦʥʫʪʁʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʠʭ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʧʨʘʚʠʣʴʥʝ ʥʘʣʘʛʦʜʞʝʥʥʷ ʟʘʩʦʙʽʚ 
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ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʘʚʪʦʤʘʪʠʢʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʜʘʣʴʥʽʭ ʣʽʥʽʷʭ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʟ ʦʙʦʚôʷʟʢʦʚʠʤ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʬʘʟʥʦʾ ʥʝʩʠʤʝʪʨʽʾ ʧʘʨʘʤʝʪʨʚ̔ ʣ̔ʥʽʾ. 

ʗʢ ʚʽʜʟʥʘʯʝʥʦ ʫ [35], ʭʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʃɽʇ ʅɺʅ ʫ 

ʥʝʧʦʚʥʦʬʘʟʥʦʤʫ ʨʝʞʠʤʽ ʻ ʟʤʽʥʘ ʢʘʥʘʣʫ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ ʧʦʰʢʦʜʞʝʥʦʾ ʬʘʟʠ, ʘ 

ʩʘʤʝ ʡʦʛʦ ʧʝʨʝʭʽʜ ʟ ʧʦʰʢʦʜʞʝʥʦʾ ʬʘʟʠ ʫ ʪʨʦʩʠ ʪʘ ʟʝʤʣʶ ʥʘ ʜʦʚʦʣʽ ʟʥʘʯʥʫ 

ʛʣʠʙʠʥʫ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʤʘʛʥʪ̔ʥʦʛʦ ʧʦʣʷ ʚʠʷʚʣʷʻʪʴʩʷ ʟʦʩʝʨʝʜʞʝʥʦʶ ʫ 

ʟʝʤʣʽ ʥʘ ʟʥʘʯʥʠʭ ʪʝʨʝʥʘʭ, ʚʝʨʪʠʢʘʣʴʥʠʡ ʧʨʦʩʪʽʨ ʷʢʦʛʦ ʧʝʨʝʚʠʱʫʻ ʦʜʠʥ ʢʽʣʦʤʝʪʨ. ɿ 

ʧʨʦʪʠʣʝʞʥʦʛʦ ʙʦʢʫ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʃɽʇ ʦʙʤʝʞʝʥʝ ʧʦʚʝʨʭʥʝʶ ʟʝʤʣʽ. ʉʘʤʝ ʪʦʤʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥ ̫ʣʠʰʘʻʪʴʩʷ ʥʝʟʙʘʣʘʥʩʦʚʘʥʠʤ, ʘ ʮʝ 

ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʚʟʜʦʚʞ ʃɽʇ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ 

ʥʝʧʦʰʢʦʜʞʝʥʠʭ ʬʘʟ. ʊʘʢʘ ʥʝʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʝʡ ʥʘʚʢʦʣʦ 

ʣʽʥ̔ʡ ʅɺʅ, ʷʢ ̔ʧʨʘʮʶʪʁɹ ʚ ʥʝʩʠʤʝʪʨʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʽʩʪʦʪʥʦ ʧʦʛʽʨʰʫʶʪʴ ʫʤʦʚʠ 

ʨʦʙʦʪʠ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʽ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʢʣʘʩʽʚ ʥʦʤʽʥʘʣʴʥʦʾ 

ʥʘʧʨʫʛʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʙʣʠʟʫ ʣʽʥʽʡ, ʟʘ ʨʘʭʫʥʦʢ ʽʥʜʫʢʫʚʘʥʥʷ ʚ ʥʠʭ ʚʝʣʠʢʠʭ, 

ʯʘʩʪʦ ʥʝʜʦʧʫʩʪʠʤʠʭ ɽʈʉ [16, 122]. 

 

1.4 ʉʧʝʮʽʘʣʴʥʽ ʨʝʞʠʤʠ ʃɽʇ ʅɺʅ 

 

ʈʦʟʛʣʥ̫ʫʪʽ ʫ ʧʦʧʝʨʝʜʥʽʭ ʧʽʜʨʦʟʜʽʣʘʭ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʤʘʛʽʩʪʨʘʣʴʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʚʽʜʦʙʨʘʞʘʣʠ ʾʭʥ ̔ʫʩʪʘʣʝʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ, 

ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʽʥʽʡ. ʇʨʦʪʝ ʽʩʥʫʻ 

ʥʠʟʢʘ ʩʧʝʮʽʘʣʴʥʠʭ ʨʝʞʠʤʽʚ, ʷʢʽ ʤʘʶʪʴ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ. ɼʦ ʪʘʢʠʭ ʨʝʞʠʤʽʚ ʤʦʞʥʘ 

ʟʘʨʘʭʫʚʘʪʠ ʥʘʩʪʫʧʥʽ. 

ʈʝʞʠʤ ʧʣʘʚʢʠ ʦʞʝʣʝʜʽ. 

ʆʞʝʣʝʜʴ ï ʷʚʠʱʝ ʫʪʚʦʨʝʥʥʷ ʚʽʜʢʣʘʜʝʥʴ ʩʥʽʛʫ ʪʘ ʣʴʦʜʫ ʥʘ ʧʨʦʚʦʜʘʭ 

ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʚʨʘʭʦʚʫʶʯʠ ʧʨʦʮʝʩʠ, 

ʧʦʚôʷʟʘʥʽ ʟ ʷʚʠʱʝʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʥ̔ʥ,̫ ʥʘ ʪʝʨʝʥʘʭ ʋʢʨʘʾʥʠ ʜʦʚʦʣʽ ʯʘʩʪʦ ʫ 

ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʦʜʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʯʝʨʝʟ 0 ÁC ʥʘʚʽʪʴ 
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ʧʨʦʪʷʛʦʤ ʜʦʙʠ. ʋ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʩʦʢʦʶ ʚʦʣʦʛʽʩʪʶ ʪʘ ʚʽʪʨʦʤ ʮʝ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ 

ʟʥʘʯʥʠʭ ʥʘʣʠʧʘʥʴ ʥʘ ʧʨʦʚʦʜʘʭ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʚʘʛʠ ʧʨʦʚʦʜʽʚ ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʦʧʦʨ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʟʨʦʩʪʘʥʥʷ ʚʘʛʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʝ ʤʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʩʽ 

ʝʣʝʤʝʥʪʠ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ (ʦʩʦʙʣʠʚʦ ʧʽʜ ʜʽʻʶ ʚʽʪʨʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ). 

ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʤʦʞʣʠʚʝ ʨʫʡʥʫʚʘʥʥʷ ʦʧʦʨ ʄɽʄ ʅɺʅ ʪʘ ʦʙʨʠʚʠ ʧʨʦʚʦʜʽʚ ʽ 

ʛʨʦʟʦʟʘʭʠʩʥʠʭ ʪʨʦʩʽʚ. ʏʘʩ ʣʽʢʚʽʜʘʮʽʾ ʧʦʜʽʙʥʠʭ ʘʚʘʨʽʡ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʽʡ 

ʯʘʩ ʣʽʢʚʽʜʘʮʽʾ ʘʚʘʨʽʡ, ʷʢʽ ʚʠʥʠʢʣʠ ʫʥʘʩʣʽʜʦʢ ʜʽʾ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ, ʧʦʜʝʢʫʜʠ ʫ 10 

ʨʘʟʽʚ ʪʘ ʙʽʣʴʰʝ.  

ʆʞʝʣʝʜʴ ʥʘ ʧʨʦʚʦʜʘʭ ʪʘ ʪʨʦʩʘʭ ʃɽʇ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ: 

- ʨʦʟʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʚʦʜʽʚ ʪʘ ʛʨʦʟʦʟʘʭʠʩʥʠʭ ʪʨʦʩʽʚ ʽ ʾʭʥʻ ʟʙʣʠʞʝʥʥʷ ʤʽʞ 

ʩʦʙʦʶ; 

- ʛʘʣʦʧʫʚʘʥʥʷ ʧʨʦʚʦʜʽʚ; 

- ʟʙʣʠʞʝʥʥʷ ʧʨʦʚʦʜʽʚ ʪʘ ʪʨʦʩʽʚ ʫʥʘʩʣʽʜʦʢ ʥʝʦʜʥʦʯʘʩʥʦʛʦ ʩʢʠʜʘʥʥʷ 

ʥʘʣʠʧʘʥʴ; 

- ʢʦʣʠʚʘʥʥʷ ʧʨʦʚʦʜʽʚ ʧʽʩʣʷ ʩʢʠʜʘʥʥʷ ʦʞʝʣʝʜʽ; 

- ʦʙʨʠʚʠ ʧʨʦʚʦʜʽʚ ʪʘ ʪʨʦʩʽʚ; 

- ʨʫʡʥʫʚʘʥʥʷ ʦʧʦʨ ʄɽʄ ʅɺʅ; 

- ʧʝʨʝʢʨʠʪʪʷ ʣʽʥʽʡʥʦʾ ʽʟʦʣʷʮʽʾ ʧʽʜ ʯʘʩ ʪʘʥʝʥʥʷ ʦʞʝʣʝʜʽ. 

ɼʣʷ ʥʝʜʦʧʫʱʝʥʥʷ ʧʦʜʽʙʥʠʭ ʘʚʘʨʽʡ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʜʦʚʦʣʽ ʯʘʩʪʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʝʞʠʤ ʨʦʙʦʪʠ ʧʣʘʚʢʠ ʦʞʝʣʝʜʽ ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʝʨʝʞʘʭ [21, 41, 113]. 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʭʝʤʠ ʧʽʜʢʣʶʯʝʥʥ̫ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʪʘ ʩʭʝʤʠ ʟôʻʜʥʘʥʥʷ 

ʧʨʦʚʦʜʽʚ, ʧʣʘʚʢʫ ʦʞʝʣʝʜʽ ʥʘ ʬʘʟʥʠʭ ʧʨʦʚʦʜʘʭ ʤʦʞʥʘ ʦʨʛʘʥʽʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʩʪʫʧʥʠʭ ʩʧʦʩʦʙʽʚ: 

- ʢʦʨʦʪʢʝ ʟʘʤʢʥʝʥʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʣʽʥʽʶ ʟʘʢʦʨʦʯʫʶʪʴ ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʘ ʟ 

ʽʥʰʦʛʦ ʜʦ ʥʝʾ ʧʽʜʢʣʶʯʘʶʪʴ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʟ ʧʦʪʫʞʥ̔ʩʪʁ, ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʧʣʘʚʣʝʥʥʷ ʦʞʝʣʝʜʽ; 
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- ʟʫʩʪʨʽʯʥʝ ʫʚʽʤʢʥʝʥʥʷ ʬʘʟ, ʧʨʠ ʷʢʦʤʫ ʬʘʟʥʽ ʧʨʦʚʦʜʠ ʥʘ ʧʨʦʪʠʣʝʞʥʠʭ 

ʢʽʥʮʷʭ ʣʽʥʽʾ ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʟʘ ʚʝʣʠʯʠʥʦʶ ʪʘ/ʘʙʦ ʬʘʟʦʶ ʥʘʧʨʫʛʦʶ ʜʞʝʨʝʣ 

ʞʠʚʣʝʥʥʷ; 

- ʧʝʨʝʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʤʝʪʦʶ ʰʪʫʯʥʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʨʫʤʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʣʽʥʽʾ, ʜʝ ʦʨʛʘʥʽʟʦʚʘʥʘ ʧʣʘʚʢʘ ʦʞʝʣʝʜʽ; 

- ʥʘʢʣʘʜʘʥʥʷ ʩʪʨʫʤʽʚ, ʢʦʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ 

(ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ  ʚʦʣʴʪʦʜʦʜʘʪʢʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ) ʥʘ ʨʦʙʦʯʠʡ ʩʪʨʫʤ 

ʥʘʢʣʘʜʘʪ̒ʴʩ̫ ʜʦʜʘʪʢʦʚʠʡ ʩʪʨʫʤ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ ʧʦ ʣʽʥʽʾ, ʜʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʣʘʚʢʘ 

ʦʞʝʣʝʜʽ. 

ʗʢ ʟʘʟʥʘʯʘʻʪʴʩʷ ʫ [130], ʥʘʡʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤʘʭ ʥʘʙʫʚ ʩʧʦʩʽʙ ʧʣʘʚʢʠ ʦʞʝʣʝʜʽ ʩʪʨʫʤʦʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʢʥʝʥʥʷ ʷʢ ʥʘʡʙʽʣʴʰ 

ʧʨʦʩʪʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ 

ʦʨʛʘʥʽʟʘʮʽʾ ʩʭʝʤʠ ʧʣʘʚʣʝʥʥʷ ʪʘ ʧʦʚʝʨʥʫʪʠ ʥʦʨʤʘʣʴʥʫ ʩʭʝʤʫ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʦʾ 

ʣʽʥʽʾ.  

ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʣʘʚʢʠ ʦʞʝʣʝʜʽ ʥʘ ʜʦʚʛʠʭ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʠʤʠ ʽ ʻ ʄɽʄ ʅɺʅ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʥʝʦʙʭʽʜʥʽ ʜʦʚʦʣʽ ʧʦʪʫʞʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʪʦʤʫ ʜʣʷ ʪʘʢʠʭ ʣʽʥʽʡ ʽʟ ʧʨʦʚʦʜʘʤʠ 

ʚʝʣʠʢʦʛʦ ʧʝʨʝʪʠʥʫ ʪʘ ʟ ʨʦʟʱʝʧʣʝʥʠʤʠ ʬʘʟʘʤʠ ʤʘʶʪʴ ʧʝʨʝʚʘʛʠ ʩʭʝʤʠ ʧʣʘʚʢʠ 

ʦʞʝʣʝʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʋ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʧʨʷʤʫʚʘʣʴʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ. 

ɼʽʦʜʥʽ ʚʠʧʨʷʤʣʷʯʽ ʤʘʶʪʴ ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʧʨʷʤʣʝʥʦʾ 

ʥʘʧʨʫʛʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʞʠʚʣʝʥʥʷ 

ʘʙʦ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʏʝʨʝʟ ʟʘʟʥʘʯʝʥʠʡ ʘʩʧʝʢʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʩʢʣʘʜʥʝʥʠʡ 

ʧ̔ ʜʙ̔ʨ ʨʝʞʠʤʫ ʧʣʘʚʣʝʥʥʷ, ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʦʩʪʫʧʦʚʦʛʦ ʚʢʣʶʯʝʥʥʷ ʪʘ ʚʽʜʢʣʶʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʷʚʠ 

ʥʝʙʝʟʧʝʯʥʠʭ ʧʝʨʝʥʘʧʨʫʛ ʥʘ ʚʝʥʪʠʣʷʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʘ ʄɽʄ ʅɺʅ. 

ʊʘʢʦʞ ʜʦ ʩʧʝʮʽʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʃɽʇ ʅɺʅ ʤʦʞʥʘ ʟʘʨʘʭʫʚʘʪʠ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʣʽʥʽʾ ʧʽʜ ʦʭʦʨʦʥʥʦʶ ʥʘʧʨʫʛʦʶ. ʎʝʡ ʨʝʞʠʤ ʥʝ ʦʧʠʩʘʥʠʡ ʣʽʪʝʨʘʪʫʨʦʶ ʪʘ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʠʤʠ  ʜʦʢʫʤʝʥʪʘʤʠ. ʇʨʠ ʮʴʦʤʫ ï ʮʝ ʚʠʤʫʰʝʥʠʡ ʢʨʦʢ 

ʩʴʦʛʦʜʝʥʥʷ. ɼʦ ʥʴʦʛʦ ʚʜʘʶʪʴʩʷ, ʱʦʙ ʥʝʜʦʧʫʩʪʠʪʠ ʨʦʟʢʨʘʜʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 
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ʝʣʝʤʝʥʪʽʚ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ, ʷʢʽ ʥʘ ʧʦʪʦʯʥʠʡ ʯʘʩ ʥʝ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ. ʊʘʢʽ 

ʣʽʥʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʧʦʚʥʦʮʽʥʥʠʤʠ, ʟ ʥʘʷʚʥʠʤʠ ʜʽʶʯʠʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʤʠ 

ʧʽʜʩʪʘʥʮʽʷʤʠ, ʪʘʢ ʽ çʨʦʟʨʽʟʘʥʽè ʤʽʞ ʦʧʦʨʘʤʠ. ɺʢʘʟʘʥʠʡ ʨʝʞʠʤ ʤʦʞʥʘ ʟʘʨʘʭʫʚʘʪʠ 

ʜʦ ʨʝʞʠʤʫ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ, ʘʙʦ ʷʢ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ ʫ ʜʝʷʢʠʭ ʣʪ̔ʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣʘʭ ï ʨʝʞʠʤ ʥʝʨʦʙʦʯʦʛʦ ʭʦʜʫ ʜʘʣʴʥʴʦʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ. ʍʘʨʘʢʪʝʨʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʨʝʞʠʤʫ ʜʣʷ ʣʽʥʽʡ ʅɺʅ ʻ ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʦʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʘ ʛʝʥʝʨʫʻʪʴʩʷ ʩʘʤʦʶ ʣʽʥʽʻʶ. 

ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʥʘʧʨʫʛʠ, ʷʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.1 

ʪʘ 1.2.  

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʰʝʥʴ ʥʘʧʨʫʛʠ ʧʦ ʢʽʥʮʷʭ ʦʜʥʦʙʽʯʥʦ ʚʚʽʤʢʥʫʪʦʾ ʣʽʥʽʾ ʟʨʦʩʪʘʻ 

ʟ ʜʦʚʞʠʥʦʶ ʣʽʥʽʾ (ʨʠʩ. 1.1) ʪʘ ʧʨʠ ʜʦʚʞʠʥʽ ʣʽʥʽʾ, ʱʦ ʧʝʨʝʚʠʱʫʻ 400-500 ʢʤ, ʟʘ 

ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʧʝʨʝʯʥʦʾ ʽʥʜʫʢʪʠʚʥʦʾ ʢʦʤʧʝʥʩʘʮ̔ʾ  ʥʘʧʨʫʛʠ,  ʥʘʧʨʫʛʘ ʥʘ ʢʽʥʮʽ 

ʣʽʥʽʾ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʝ ʧʦ ʽʟʦʣʷʮʽʾ ʟʥʘʯʝʥʥʷ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʣʷ 

ʜʝʷʢʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ  ʧʽʜ ʦʭʦʨʦʥʥʦʶ ʥʘʧʨʫʛʦʶ 

ʧʽʜʚʝʜʝʥʘ ʥʝ ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ, ʘ ʥʘʧʨʫʛʘ ʥʘ ʢʣʘʩ (ʜʝʢʽʣʴʢʘ ʢʣʘʩʽʚ) ʥʠʞʯʘ ʟʘ 

ʥʦʤʽʥʘʣʴʥʫ. 

ʗʢ ʚʽʜʟʥʘʯʝʥʦ ʫ [113], ʜʣʷ ʽʜʝʘʣʽʟʦʚʘʥʠʭ ʜʘʣʴʥʽʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʫ 

ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʽʩʥʫʻ ʥʠʟʢʘ ʢʨʠʪʠʯʥʠʭ ʪʦʯʦʢ. ɼʣʷ ʜʦʚʞʠʥ 3000 ʢʤ ʪʘ 

6000 ʢʤ ʚʠʥʠʢʘʻ ʨʝʟʦʥʘʥʩ ʩʪʨʫʤʽʚ, ʘ ʜʣʷ ʜʦʚʞʠʥ 1500 ʢʤ ʪʘ 4500 ʢʤ ï ʨʝʟʦʥʘʥʩ 

ʥʘʧʨʫʛ. ɿʘʟʥʘʯʝʥʝ ʷʚʠʱʝ ʚʜ̔ʙʫʚʘʻʪʴʩʷ ʫʥʘʩʣʽʜʦʢ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ 

ʣʽʥʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʭʚʠʣʴʦʚʦʾ ʜʦʚʞʠʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʦʾ ʣʽʥʽʾ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʢʦʤʧʝʥʩʘʮʽʾ ʥʘʜʣʠʰʢʫ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʫ ʛʝʥʝʨʫʻ ʃɽʇ 

ʅɺʅ, ʩʧʨʠʷʻ ʟʥʘʯʥʽʡ ʚʪʨʘʪʽ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʝʞʠʤʽ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʥʝʨʛʽʾ ʚʽʜ ʮʠʨʢʫʣʷʮʽʾ ʻʤʥʽʩʥʠʭ ʩʪʨʫʤʽʚ ʧʦ 

ʣʽʥʽʾ 500 ʢɺ ʟʘʚʜʦʚʞʢʠ 500 ʢʤ ʟ ʪʨʴʦʤʘ ʧʨʦʚʦʜʘʤʠ ɸʉ 500 ʫ ʬʘʟʽ ʩʢʣʘʜʘʶʪʴ 

9 ʄɺʪ ʪʘ 80 ʤʣʥ. ʢɺʪ*ʛʦʜ ʥʘ ʨʽʢ, ʘ ʧʨʠ ʜʦʚʞʠʥʽ ʣʽʥʽʾ 1000 ʢʤ ï 53 ʄɺʪ ʪʘ 460 ʤʣʥ. 

ʢɺʪ*ʛʦʜ ʥʘ ʨʽʢ ʚʽʜʧʦʚʽʜʥʦ [16]. 
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1.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

ɿʚʘʞʘʶʯʠ ʥʘ ʦʧʠʩʘʥʝ ʚʠʱʝ, ʤʦʞʥʘ ʧʽʜʪʚʝʨʜʠʪʠ ʚʘʞʣʠʚʽʩʪʴ ʄɽʄ ʅɺʅ ʜʣʷ 

ʩʪʘʣʦʾ ʪʘ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʆɽʉ ʋʢʨʘʾʥʠ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭʥʴʦʛʦ ʧʦʜʘʣʴʰʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʨʦʟʚʠʪʢʫ ʪʘ ʨʦʟʙʫʜʦʚʠ. 

ʇʨʦʪʝ ʩʣʽʜ ʟʚʘʞʘʪʠ, ʱʦ ʧʨʠ ʧʨʦʢ̒ʪʫʚʘʥʥʽ ʡ ʙʫʜʽʚʥʠʮʪʚʽ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʟʘ ʙʘʟʦʚʠʡ ʧʨʠʡʤʘʶʪʴ ʥʦʨʤʘʣʴʥʠʡ ʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤ, ʧʨʠ 

ʷʢʦʤʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʾʾ ʨʦʙʦʪʠ ʻ ʦʧʪʠʤʘʣʴʥʠʤʠ ʟ ʧʦʛʣʷʜʫ 

ʥʘʜʽʡʥʦʩʪʽ, ʷʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥ.̫ ɸʣʝ ʝʣʝʢʪʨʠʯʥʘ ʤʝʨʝʞʘ ʻ 

ʜʠʥʘʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʷʢ ʫ ʯʘʩʽ (ʟʤʽʥʘ ʩʭʝʤʠ ʽ ʥʘʚʘʥʪʘʞʝʥʴ), ʪʘʢ ʽ 

ʚ ʧʨʦʩʪʦʨʽ (ʧʦʷʚʘ ʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʘʙʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ). ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʙʝʟʧʝʨʝʨʚʥʠʭ ʟʤʽʥ ʽʩʥʫʶʯʠʡ ʚ ʤʝʨʝʞʽ ʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤ ʟʘʚʞʜʠ ʙʫʜʝ 

ʚʜ̔ʨ̔ʟʥʷʪʠʩʴ ʚʽʜ ʧʨʦʢ̒ʪʥʦʛʦ, ʪʦʤʫ ʧʦʧʝʨʝʜʥʴʦ ʧʨʠʡʥʷʪʽ ʨʽʰʝʥʥʷ ʧʦʚʠʥʥʽ 

ʧʽʜʜʘʚʘʪʠʩʴ ʧʦʩʪʽʡʥʽʡ ʢʦʨʝʢʮʽʾ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʙʘʞʘʥʠʭ ʟʥʘʯʝʥʴ ʢʨʠʪʝʨʽʾʚ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʧʨʘʮʶʚʘʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʣʽʪʝʨʘʪʫʨʠ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ 

ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣ̔ ʪʴ ʚ ʋʢʨʘʾʥʽ ʚʽʜʯʫʚʘʚʩʷ ʜʝʬʽʮʠʪ ʪʝʭʥʽʯʥʦʾ ʽ 

ʤʝʪʦʜʦʣʦʛʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʫ ʷʢʽʡ ʙʠ ʢʦʤʧʣʝʢʩʥʦ, ʥʘ ʻʜʠʥʽʡ ʪʝʦʨʝʪʠʯʥʽʡ ʽ 

ʤʝʪʦʜʦʣʦʛʽʯʥʽʡ ʦʩʥʦʚʽ, ʫ ʩʪʨʦʛʽʡ ʣʦʛʽʯʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʨʽʰʫʚʘʣʠʩʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʨʝʞʠʤʽʚ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ 

ʥʘʜʚʠʩʦʢʠʭ ʥʘʧʨʫʛ. ʆʩʥʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʱʝ ʫ ʩʝʨʝʜʠʥʽ ʤʠʥʫʣʦʛʦ 

ʩʪʦʨʽʯʯʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʜʦʩʢʦʥʘʣʠʭ ʽ ʤʘʣʦʧʦʪʫʞʥʠʭ, ʟʘ ʪʝʧʝʨʽʰʥʽʤʠ ʤʽʨʢʘʤʠ,  

ʟʘʩʦʙʘʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʱʦ, ʥʘ ʤʦʶ ʜʫʤʢʫ, ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʥʽ ʧʦʭʠʙʢʠ 

ʪʘ ʥʝʪʦʯʥʦʩʪʽ. ɸʥʘʣʽʟʫʶʯʠ ʚʠʢʣʘʜʝʥʠʡ ʤʘʪʝʨʽʘʣ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ 

ʧʝʨʝʥʘʧʨʫʛʠ ʫ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʜʽʻʶ ʙʘʛʘʪʴʦʭ 

ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʯʠʥʥʠʢʽʚ ʟ̔ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ. ɸ ʾʭʥʻ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʪʘ ʦʙʤʝʞʝʥʥʷ ʜʦ ʧʨʠʡʥʷʪʥʠʭ ʟʥʘʯʝʥʴ ʻ ʚʘʞʣʠʚʦʶ ʥʘʫʢʦʚʦʶ ʪʘ ʪʝʭʥ̔ʯʥʦʶ 

ʟʘʜʘʯʝʶ. 
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ʆʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʚʠʢʣʘʜʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʫʟʘʛʘʣʴʥʝʥʽ ʜʘʥʽ ʟ 

ʷʢʦʾʩʴ ʧʨʦʙʣʝʤʘʪʠʢʠ, ʙʝʟ ʾʾ ˇʨʫʥʪʦʚʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʧʨʠʨʦʜʠ ʚʠʥʠʢʥʝʥʥʷ. 

ɿʦʢʨʝʤʘ, ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʚʠʚʯʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʷʚʠʱ ʧʝʨʝʥʘʧʨʫʛ ʥʝʩʠʤʝʪʨʠʯʥʠʭ 

ʨʝʞʠʤʽʚ ʤʘʛʩ̔ʪʨʘʣɹʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ. 

 

 

ʇʦʩʠʣʘʥʥʷ [2], [3], [15-17], [34], [35], [37], [41], [59], [64], [113], [122], [130] 

ʜʠʚ. ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʩʪʦʨ. 122 ï 134.  
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ʈʆɿɼɯʃ 2 

ʂʆʄʇɽʅʉɸʎɯʗ ɿɸʈʗɼʅʀʍ ʇʆʊʋɾʅʆʉʊɽʁ ʃɽʇ ʅɺʅ 

 

2.1 ɺʠʭʽʜʥʽ ʧʦʣʦʞʝʥʥ ̫

 

ʗʢ ʚʽʜʦʤʦ, ʃɽʇ ʅɺʅ ï ʮʝ ʩʢʣʘʜʥʘ ʽʥʞʝʥʝʨʥʘ ʩʧʦʨʫʜʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʷʢʦʾ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʻʤʥʽʩʥʦʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʘʙʦ ʞ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʣʽʥʽʾ. ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʘʨʷʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥ,̫ ʦɦ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʣʽʥʽʾ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʟʜʦʨʦʚʦʛʦ ʛʣʫʟʜʫ ʥʝʤʘʻ ʞʦʜʥʦʛʦ ʟʠʩʢʫ ʟʜʽʡʩʥʶʚʘʪʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʘʛʽʩʪʨʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʎʝ ʧʦʚôʷʟʘʥʦ 

ʟ ʪʠʤ, ʱʦ ʧʝʨʝʜʘʯʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʙʽʣʴʰʫʻ ʧʦʚʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ 

ʧʝʨʝʜʘʻʪʴʩʷ ʃɽʇ ʅɺʅ, ʘ, ʚ̔ ʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʪʘ ʚʪʨʘʪʠ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʨʦʙʽʪʢʫ ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʩʪʘʥʮʽʷʤʠ ʜʦʜʘʪʢʦʚʦʾ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʯʝʨʝʟ ʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʪʨʘʪʘ 

ʜʝʬʽʮʠʪʥʦʛʦ, ʦʩʦʙʣʠʚʦ ʥʠʥʽ, ʧʘʣʠʚʘ, ʦʙʫʤʦʚʣʝʥʘ ʧʝʨʝʜʘʯʝʶ ʧʦ ʃɽʇ ʅɺʅ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʊʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ ʡ ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʣʽʥʽʾ ʧʦ 

ʧʝʨʝʜʘʯʽ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʆʙôʻʤʠ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʃɽʇ ʅɺʅ, ʜʫʞʝ ʩʠʣʴʥʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʘʤʦʾ ʣʽʥʽʾ. ʄʦʞʣʠʚʽ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʻʤʥ̔ʩʥʽ 

ʚʪʨʘʪʠ ʜʦʨʽʚʥʶʶʪʴ ʚʪʨʘʪʘʤ ʽʥʜʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʉʘʤʝ ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʦ 

ʃɽʇ ʅɺʅ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘʪʫʨʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʪʨʘʪʘʤʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ɺʠʧʘʜʢʠ, ʢʦʣʠ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʃɽʇ ʅɺʅ, ʚʽʜʨʽʟʥʷʻʪʴʩ ̫ʚʜ̔ 

ʥʘʪʫʨʘʣʴʥʦʾ, ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʫ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ. ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʛʠ ʚʟʜʦʚʞ ʣʽʥʽʡ, ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭʥʽʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 1.1 ʪʘ ʨʠʩ. 1.2. 

ɿʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʥʘʜ ʜʦʧʫʩʪʠʤʝ ʚʽʜʭʠʣʝʥʥʷ ʥʝʧʨʠʡʥ̫ʪʥʝ. 

ɼʦʧʫʩʪʠʤʠʤ ʜʣʷ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʦʤʽʥʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ 750 ʢɺ 

ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ 5% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʥʘʧʨʫʛʠ. ʎʝ 
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ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʜʣʷ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʪʘʢʦʛʦ ʢʣʘʩʫ ʥʘʧʨʫʛ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʜʫʞʝ ʥʝʟʥʘʯʥʠʡ ʟʘʧʘʩ ʧʦ ʽʟʦʣ̫ʮʽʾ ʜʣʷ ʫʩʽʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪ̔ʚ ʯʝʨʝʟ ʾʭʥ  ʁʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ. 

ɼʣʷ ʮʴʦʛʦ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʠʟʢʠ ʥʘʜʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ,  ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʧʨʠʩʪʨʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʣʽʥʽʾ ʙʫʜʴ-ʷʢʦʾ ʭʚʠʣʴʦʚʦʾ ʜʦʚʞʠʥʠ 

ʧʦʥʘʜ ɚ=0,32 ʨʘʜ. 

ʆʩʢʽʣʴʢʠ ʩʪʨʫʤ ʫ ʣʽʥʽʾ ʚ ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʚʠʟʥʘʯʘ̒ʪʩɹ̫ ʻʤʥʽʩʪʶ 

ʧʨʦʚʦʜʽʚ ʣʽʥʽʾ ʚʽʜʥʦʩʥʦ ʩʫʩʽʜʥʽʭ ʬʘʟ, ʟʝʤʣʽ ʪʘ ʛʨʦʟʦʟʘʭʠʩʥʠʭ ʪʨʦʩʽʚ, ʩʣʽʜ 

ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʤʧʝʥʩʘʮʽʶ ʻʤʥʦʩʪʽ ʣʽʥʽʾ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʮʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʨʝʘʢʪʦʨʽʚ.   

ʆʪʞʝ, ʚʠʟʥʘʯʝʥʦ, ʱʦ ʣʠhʝ ʟʘ ʫʤʦʚʠ ʧʦʚʥʦʾ 100% ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʨ̫ʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ (ɓ=1) ʤʦʞʥʘ ʧʦʚʥʽʩʪʶ 

ʚʠʢʣʶʯʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʧʨʠʡʤʘʣʴʥʦʤʫ ʢʽʥʮʽ ʣʽʥʽʾ ʫ ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʫ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʨʷʜʥʦ ʾʧʦʪʫʞʥʦʩʪʽ ʣʽʥʽʾ ʫ 

ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ [41] 

 

 ,    (2.1) 

 

ʜʝ  ʪʘ   ï ʥʘʧʨʫʛʘ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʢʽʥʮʽ ʣʽʥʽʾ, ʄɺʪ. 

ɿ ʬʦʨʤʫʣʠ 2.1 ʦʪʨʠʤʘʻʤʦ, ʱʦ ʩʪʫʧʽʥʴ ʢʦʤʧʝʥʩʘʮʽʾ ʜʦʨʽʚʥʶʻ 

 

 ,     (2.2)  

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʦʧʫʩʪʠʤʝ ʚʽʜʭʠʣʝʥʥʷ ʥʘʧʨʫʛʠ ʜʣʷ ʜʘʥʦʛʦ ʢʣʘʩʫ ʣʽʥʽʡ 

ʩʢʣʘʜʘʻ 5% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʥʘʧʨʫʛʠ, ʘ , ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫʣʫ 
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ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʜʦʧʫʩʪʠʤʦʛʦ ʧʝʨʝʧʘʜʫ ʥʘʧʨʫʛʠ [41] 

 

,        (2.3) 

 

ɺʨʘʭʦʚʫʶʯʠ ʦʪʨʠʤʘʥʫ ʬʦʨʤʫʣʫ, ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦʛʦ 

ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʣʽʥʽʾ ɓ ʚʽʜ ʭʚʠʣʦɹʚʦʾ ʜʦʚʞʠʥʠ ʣʽʥʽʾ 

(ʨʠʩ. 2.1). 

ʉʘʤʝ ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʽʡ ʧʨʘʢʪʠʮʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʃɽʇ ʅɺʅ. 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟ ʦʪʨʠʤʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.1, ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʭʚʠʣʴʦʚʦʾ ʜʦʚʞʠʥʠ ɚ ʥʝʦʙʭʽʜʥʘ ʩʪʫʧʽʥʴ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʨʷʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʣ̔ ʥ̔ʾ  ʨʽʟʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʧʨʷʤʫʶʯʠ ʜʦ ɓ=1. 

 

ʈʠʩ. 2.1 ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʶ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʭʚʠʣʴʦʚʦʾ  

ʜʦʚʞʠʥʠ ʣʽʥʽʾ 
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ʉʘʤʝ ʧʦʚʥʫ ʢʦʤʧʝʥʩʘʮʽʶ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠ 

ʷʢ ʧʦʯʘʪʢʦʚʠʡ ʝʪʘʧ ʧʦʰʫʢʫ ʢʽʣʴʢʦʩʪʽ ʨʝʘʢʪʦʨʽʚ ʪʘ ʾʭʥ̔ʭ ʦʧʪʠʤʘʣʴʥʠʭ ʤʽʩʮʴ 

ʨʦʟʪʘʰʫʚʘʥʥʷ. ʈʝʘʢʪʦʨʠ ʤʦʞʫʪʴ ʧʨʠʻʜʥʫʚʘʪʠʩʷ ʜʦ ʟʙʽʨʥʠʭ ʰʠʥ ʘʙʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ. 

ʇʨʦʪʝ ʃɽʇ ʅɺʅ ʟʽ 100% ʢʦʤʧʝʥʩʘʮʽʻʶ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʘʶʪʴ ʥʠʟʢʫ 

ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ ʟʘʨʘʭʫʚʘʪʠ ʥʘʩʪʫʧʥʽ: 

- ɿʥʠʞʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʣʽʥʽʾ; 

- ʇʦʰʢʦʜʞʝʥʥʷ ʚʠʤʠʢʘʯʽʚ ʃɽʇ ʅɺʅ ʘʧʝʨʽʦʜʠʯʥʠʤʠ ʩʪʨʫʤʘʤʠ; 

- ʈʝʟʦʥʘʥʩʥʽ ʧʝʨʝʥʘʧʨʫʛʠ ʥʘ ʚʽʜʢʣʶʯʝʥ̔ ʡ ʚʽʜ ʤʝʨʝʞʽ ʬʘʟʽ ʃɽʇ ʅɺʅ ʧʨʠ 

ʥʝʧʦʚʥʦʬʘʟʥʠʭ ʨʝʞʠʤʘʭ, ʧʨʠʤʽʨʦʤ, ʨʝʞʠʤ ʨʦʙʦʪʠ ʆɸʇɺ. 

ʅʘ ʧʽʩʜʪʘʚʽ ʮʴʦʛʦ ʚʠʥʠʢʘʻ ʧʨʦʪʠʨʽʯʯʷ ʨʘʥʽʰʝ ʥʘʚʝʜʝʥʽʡ ʪʝʟ̔ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʘ ʧʝʨʝʚʘʛʠ ʟʜʽʡʩʥʝʥʥʷ ʧʦʚʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʣʽʥʽʾ. 

ɸʜʞʝ ʜʣʷ ʥʝʜʦʧʫʱʝʥʥʷ ʧʽʜʚʠʝɦʥʥʷ ʥʘʨʫʛʠ ʧʦʥʘʜ ʜʦʧʫʩʪʠʤʠʡ ʜʽʘʧʘʟʦʥ ʩʣʽʜ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʦʚʥʫ ʢʦʤʧʝʥʩʘʮʽʶ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʥʘʪʫʨʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʝ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʞʦʜʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ. 

ʆʪʞʝ, ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ, ʱʦ ʧʽʜ ʯʘʩ ʚʢʣʶʯʝʥʥʷ (ʩʠʥʭʨʦʥʽʟʘʮʽʾ) ʣʽʥʽʾ ʚ 

ʨʝʞʠʤ̔ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʥʝʦʙʭʽʜʥʘ ʧʦʚʥʘ ʢʦʤʧʝʥʩʘʮʽʷ ʣʽʥʽʾ, ʘ ʧʽʩʣʷ ʧʦʯʘʪʢʫ 

ʧʝʨʝʜʘʯʽ ʧʦ ʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʫʚʘʪʠ ʩʪʫʧʽʥʴ ʢʦʤʧʝʥʩʘʮʽʾ ʪʘ 

ʧʦʚʥ̔ʩʪʶ ʾʾ ʧʨʠʧʠʥʠʪʠ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘʤʠ 

ʥʘʪʫʨʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʆʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʥʘʨʘʟʽ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʫʥʪʫʚʘʣʴʥʠʭ 

ʨʝʘʢʪʦʨʽʚ (ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʡ ʘʧʘʨʘʪ ʫ ʚʠʛʣʷʜʽ ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ). 

ʐʫʥʪʫʚʘʣʴʥʽ ʨʝʘʢʪʦʨʠ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ 750 ʢɺ ʚʠʢʦʥʫʶʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ 

ʢʦʞʥʦ ʾʬʘʟʠ. ʊʘʢʽ ʧʨʠʩʪʨʦʾ ʤʘʶʪʴ ʫʩʪʘʣʝʥʫ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʽ ʧʨʘʮʶʶʪʴ ʫ ʜʚʦʭ 

ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʘʭ (ʚʚʝʜʝʥʦ ʚ ʨʦʙʦʪʫ/ʚʠʚʝʜʝʥʦ ʟ ʨʦʙʦʪʠ). ɯʩʥʫʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥ ̔

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʥʪʫʚʘʣʴʥʽ ʨʝʘʢʪʦʨʠ ʟʽ ʟʤʽʥʥʦʶ ʽʥʜʫʢʪʠʚʥʽʩʪʶ ï ʢʝʨʦʚʘʥʽ 

ʰʫʥʪʫʚʘʣʴʥʽ ʨʝʘʢʪʦʨʠ, ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʥʝʦʙʭʽʜʥʦʛʦ 

ʩʪʫʧʝʥʶ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ. ʋʩʽ 



49 

 

ʰʫʥʪʫʚʘʣʴʥʽ ʨʝʘʢʪʦʨʠ ʤʦʞʥʘ ʧʽʜʢʣ ʯʁʘʪʠ ʜʦ ʰʠʥ ʧʝʨʚʠʥʥʦʾ, ʚʪʦʨʠʥʥʦʾ ʘʙʦ 

ʪʨʝʪʠʥʥʦʾ ʥʘʧʨʫʛ ʧʽʜʩʪʘʥʮʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ.  

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ [113], ʧʦʚʽʪʨʷʥʽ ʚʠʤʠʢʘʯʽ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʤʽʞ ʧʨʦʬʽʣʘʢʪʠʯʥʠʤʠ ʦʛʣʷʜʘʤʠ ʩʪʘʥʫ ʾʭʥʽʭ 

ʢʦʥʪʘʢʪʽʚ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʚʠʤʠʢʘʯʽʚ ʜʣʷ ʢʦʤʫʪʘʮʽʾ ʨʝʘʢʪʦʨʽʚ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʞʠʤʥʠʭ ʫʤʦʚ ʤʘʶʪʴ ʙʘʛʘʪʦʨʘʟʦʚʦ ʚʤʠʢʘʪʠʩ ̫ʪʘ ʚʠʤʠʢʘʪʠʩʷ, 

ʧʦʪʨʝʙʫʻ ʯʘʩʪʠʭ ʨʝʚʽʟʽʡ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʜʦʮʽʣʴʥʠʤ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʘʢʪʦʨʽʚ, ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʰʠʥ ʚʪʦʨʠʥʥʦʾ ʥʘʧʨʫʛʠ, ʨʝʩʫʨʩ ʚʠʤʠʢʘʯʽʚ ʷʢʠʭ ʽʩʪʦʪʥʦ 

ʚʠʱʠʡ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜʢʣʶʯʝʥʥʷ ʨʝʘʢʪʦʨʽʚ ʜʦ ʰʠʥ ʚʪʦʨʠʥʥʦʾ ʘʙʦ ʪʨʝʪʠʥʥʦʾ 

ʥʘʧʨʫʛʠ ʩʧʨʠʷ ̒ ʧʽʜʚʠʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ, ʦʩʢʽʣʴʢʠ ʽʩʪʦʪʥʦ 

ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʫʨ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ.  

ʇʨʦʪʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʭʝʤ ʧ̔ ʜʢʣʶʯʝʥʥʷ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʜʦ ʰʠʥ 

ʚʪʦʨʠʥʥʦʾ ʘʙʦ ʪʨʝʪʠʥʥʦʾ ʥʘʧʨʫʛʠ ʤʘʻ ʥʠʟʢʫ ʥʘʩʪʫʧʥʠʭ ʥʝʜʦʣʽʢʽʚ: 

- ʆʙʤʝʞʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʘʢʪʦʨʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʥʘʧʨʫʛ; 

- ʇʦʪʨʝʙʘ ʟʙʽʣʴʰʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʚ̔ ʥʘ ʧʽʜʩʪʘʥʮʽʷʭ; 

- ʅʝʧʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʽʚ ʟʘ ʟʥʠʞʝʥʦʾ ʥʘʧʨʫʛʠ ʥʘ 

ʚʪʦʨʠʥʥʽʡ (ʪʨʝʪʠʥʥʽʡ) ʦʙʤʦʪʮʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ; 

- ɺʠʚʝʜʝʥʥʷ ʨʝʘʢʪʦʨʽʚ ʟ ʨʦʙʦʪʠ ʚ ʨʘʟʽ ʚʠʤʠʢʘʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ. 

ʐʫʥʪʫʚʘʣʴʥʽ ʨʝʘʢʪʦʨʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʣʽʥʽʾ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʤʦʞʥʘ ʧʽʜʢʣʶʯʠʪʠ ʜʦ ʰʠʥ ʨʦʟʧʦʜʽʣʴʯʦʛʦ ʧʨʠʩʪʨʦʶ 

ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʣʽʥʽʾ ʟʘ ʣʽʥʽʡʥʠʤ ʚʠʤʠʢʘʯʝʤ. ʎʽ 

ʨʝʘʢʪʦʨʠ ʧʽʜʢʣʶʯʘʶʪʴ ʯʝʨʝʟ ʚʠʤʠʢʘʯ ʘʙʦ ʙʝʟ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʯʝʨʝʟ 

ʨʦʟôʻʜʥʫʚʘʯ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʩʭʝʤʠ ʧʽʜʢʣʶʯʝʥʥʷ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ  ʜʦ 

ʃɽʇ ʅɺʅ ʦʙˇʨʫʥʪʦʚʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʣʽʥʽʾ.  
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1 1 4

32

330 kB

750kB

     ʈʠʩ. 2.2 ɺʘʨʽʘʥʪʠ ʧʽʜʢʣʶʯʝʥʥʷ hʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ 

 

ʅʘ ʨʠʩ. 2.2 ʥʘʚʝʜʝʥʦ: ʧʽʜʢʣʶʯʝʥʥʷ ʰʫʥʪʫʚʘʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʣʽʥʽʾ ʙʝʟ 

ʚʠʤʠʢʘʯʘ (1), ʥʘ ʰʠʥʘʭ ʙʝʟ ʚʠʤʠʢʘʯʘ (2), ʥʘ ʰʠʥʘʭ ʟ ʚʠʤʠʢʘʯʝʤ (3) ʪʘ ʥʘ ʣʽʥʽʾ ʟ 

ʚʠʤʠʢʘʯʝʤ (4). 

 

2.2 ʄʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʢʦʤʧʝʥʩʦʚʘʥʠʭ ʣʽʥʽʡ ʅɺʅ 

 

ɿ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦʾ ʚʠʱʝʥʘʚʝʜʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, 

ʱʦ ʪʝʦʨʝʪʠʯʥʽ ʧʦʤʠʣʢʠ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʦʚʝʜʝʥʠʭ ʱʦʜʦ ʃɽʇ ʅɺʅ, ʜʫʞʝ 

ʜʦʨʦʛʦ ʢʦʰʪʫʶʪʴ ʫ ʚʠʧʘʜʢʫ ʾʭʥʴʦʾ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʦʤʫ 

ʙʫʜʴ-ʷʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʽʡ ʛʘʣʫʟʽ ʧʦʚʠʥʥʽ ʧʨʦʚʦʜʠʪʠʩ ɹʜʫʞʝ ʽ ʜʫʞʝ ʨʝʪʝʣʴʥʦ ʪʘ 

ʟʚʘʞʝʥʦ. ʊʘʢʽ ʘʥʘʣʽʟʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʜʽʡʩʥʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ: ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ 

ʜʽʶʯʦʤʫ ʦʙʣʘʜʥʘʥʥʽ; ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ; ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʪʘ 

ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. 

ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʯʝʨʝʟ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʥʝʩʧʦʜʽʚʘʥʦʛʦ ʧʝʨʝʭʦʜʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʚ ʘʚʘʨʽʡʥʠʡ ʩʪʘʥ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹ̔  ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʦʙʤʝʞʝʥʦ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʽ 

ʤʝʪʦʜʠ. ʊʨʘʜʠʮʽʡʥʽ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥ ̫ʧʝʨʝʥʘʧʨʫʛ ʩʧʠʨʘʶʪʴʩʷ ʥʘ 
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ʧʝʚʥʽ ʩʧʨʦʱʝʥʥʷ, ʯʝʨʝʟ ʱʦ ʥʝ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʞʘʥʦʾ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʣʷ ʜʝʷʢʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ. 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʃɽʇ ʅɺʅ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʠ ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʘʣʴʥʘ ʣʽʥʽʷ 

ʝʣʝʢʪʨʦʧʝʨʘʜʘʚʘʥʥʷ (ʯʠ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ ʦʙôʻʢʪ) ʟʘʤʽʥʶʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʤ 

ʽʤʽʪʘʪʦʨʦʤ, ʷʢʠʡ ʥʘ ʦʩʥʦʚʽ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʘʣʝʞʥʦʩʪʝʡ ʨʝʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʧʦʚʪʦʨʶʻ 

(ʤʦʜʝʣʶʻ) ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʦʙôʻʢʪʽ. ɿ ʮʽʻʶ ʤʦʜʝʣʣ  ʁ

ʧʨʦʚʦʜʷʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʜʦʩʣʽʜʞʫʚʘʥʫ ʩʠʩʪʝʤʫ, ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ï ʃɽʇ ʅɺʅ. 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ï ʮʝ ʦʜʠʥ ʟ ʚʠʜʽʚ ʘʙʦ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʮʝ ʣʦʛʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʦʙôʻʢʪʘ, ʷʢʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ 

ʦʮʽʥʶʚʘʪʠ ʧʨʦʮʝʩʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥ̫ ʦʙôʻʢʪʘ. 

ɼʦ ʨʽʟʥʦʚʠʜʽʚ ʽʤʽʪʘʮʽʾ ʥʘʣʝʞʘʪʴ: 

- ʄʝʪʦʜ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ; 

- ɸʛʝʥʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ; 

- ʄʝʪʦʜ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ; 

- ɯʤʽʪʘʮʽʡʥʝ ʛ̔ʨʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ; 

- ʄʝʪʦʜ ʜʠʩʢʨʝʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ; 

- ʉʠʩʪʝʤʥʘ ʜʠʥʘʤʽʢʘ ʪʘ ʽʥʰʽé 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʥʘʫʢʠ ʪʘ ʪʝʭʥʽʢʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʩʠʩʪʝʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘʡʧʦʧʫʣʷʨʥʽʰʠʤʠ ʩʝʨʝʜ ʥʠʭ ʻ ʥʘʩʪʫʧʥʽ: 

- MathWorks. MATLAB  and Simulink for Technical Computing; 

- ʀʄʀʊɸʂ; 

- Triad.Net; 

- AnyLogic;   

- Aimsun; 

- Arena; 

- Business Studio; 

- PTV Vision VISSIM; 

https://uk.wikipedia.org/wiki/AnyLogic
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- eM-Plant; 

- Powersim; 

- GPSS; 

- NS-2; 

- Transyt; 

- Tecnomatix Plant Simulation; 

- simuLab; 

- Simplex3 ʪʘ ʽʥʰʽé   

ʋ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʃɽʇ ʅɺʅ 

ʧʽʜ ʯʘʩ ʷʚʠʱʘ ʧʝʨʝʥʘʧʨʫʛ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʥʘ ʟ ʥʘʡʧʨʦʛʨʝʩʠʚʥʽʰʠʭ ʩʠʩʪʝʤ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ - ʩʠʩʪʝʤʘ 

MATLAB/Simulink.  

ɺʠʙʽʨ ʟʘʭʦʜʽʚ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʝʨʝʥʘʧʨʫʛ ʚ ʘʥʦʨʤʘʣʴʥʠʭ ʨʝʞʠʤʘʭ 

ʚʠʤʘʛʘʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʣʝ ʪʨʘʜʠʮʽʡʥʘ ʤʦʜʝʣʴ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʽ ʚ ʩʠʩʪʝʤʽ MATLAB/Simulink ʤʽʩʪʠʪʴ ʥʠʟʢʫ 

ʩʧʨʦʱʝʥʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʤʝʪʦʜʦʤ ɼʘʣʘʤʙʝʨʘ, ʱʦ ʤʦʞʝ ʚʽʜʦʙʨʘʟʠʪʠʩʴ ʥʘ 

ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʊʘʢ, ʫ ʮʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽʩʥʫʻ ʥʠʟʢʘ ʦʙôʻʢʪʽʚ (ʩʫʢʫʧʥʦʩʪʽ ʚʟʘʻʤʦʟʚôʷʟʢʫ 

ʥʠʟʢʠ ʦʙôʻʢʪʽʚ), ʜʣʷ ʷʢʠʭ ʥʝʨʦʟʨʦʙʣʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ. ɼʣʷ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʝʚʥʽ ʜʦʜʘʪʢʦʚ ̔ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥ ̔ʟʘʭʦʜʠ. 

ʊʘʢ, ʧʨʠʤʽʨʦʤ, ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʷʚʠʱʘ ʧʝʨʝʥʘʧʨʫʛ ʥʘ ʧʨʠʢʣʘʜʽ 

ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʃɽʇ ʅɺʅ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ [29, 102]. 

ʇʨʦʪʝ ʥʝʭʪʫʚʘʪʠ ʥʠʤ ʥʝ ʤʦʞʥʘ, ʦʩʢʽʣʴʢʠ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʧʦʭʠʙʦʢ 

ʪʘ ʥʝʪʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʟʥʘʯʥʽ ʬʽʥʘʥʩʦʚʽ 

ʟʙʠʪʢʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʷʚʠʱʝ ʢʦʨʦʥʫʚʘʥʥʷ ʧʨʦʚʦʜʽʚ ʪʘ ʡʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʜʝʪʘʣʴʥʽʰʝ.  

ʇ̔ ʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʚʠʙʽʨ ʧʝʨʝʨʽʟʫ ʧʨʦʚʦʜʽʚ 

ʟʜʽʡʩʥʶʶʪʴ ʥʘ ʧʽʜʩʪʘʚʽ ʥʠʟʢʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʩʧʦʨʫʜʞʝʥʥʷ [117]. ʇʨʠ ʮʴʦʤʫ ʦʙʦʚôʷʟʢʦʚʠʤ ʦʙʤʝʞʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʫ 

https://uk.wikipedia.org/w/index.php?title=EM-Plant&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=GPSS&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=Plant_Simulation&action=edit&redlink=1
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ʣʽʥʽʷʭ ʚʠʩʦʢʦʾ ʪʘ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʻ ʤʥ̔ʽʤʘʣʴʥʠʡ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʧʝʨʝʨʽʟ ʬʘʟʥʠʭ 

ʧʨʦʚʦʜʽʚ ʟʘ ʫʤʦʚʘʤʠ ʚʠʥʠʢʥʝʥʥʷ ʢʦʨʦʥʫʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪ̔ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʮʴʦʛʦ ʝʬʝʢʪʫ ʚʠʢʦʥʫʶʪʴ 

ʨʦʟʱʝʧʣʝʥʥʷ ʬʘʟʠ ʥʘ ʜʝʢʽʣʴʢʘ ʧʨʦʚʦʜʽʚ ʫ ʃɽʇ ʅɺʅ. ɿʘʚʷʜʢʠ ʮʴʦʤʫ ʟʙʣ̔ʴhʫʻʪʴʩʷ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʨʘʜʽʫʩ ʽ ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʧʨʦʚʽʜʥʠʢʽʚ ʬʘʟʠ, ʢʦʤʧʝʥʩʫʻʪʴʩʷ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʧʦʣʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʤʝʥʰʫʻʪʴʩʷ ʢʦʨʦʥʥʠʡ ʨʦʟʨʷʜ, ʥʘʩʣʽʜʢʘʤʠ 

ʷʢʦʛʦ ʻ ʥʠʟʢʘ ʪʘʢʠʭ ʥʝʙʘʞʘʥʠʭ ʷʚʠʱ, ʷʢ ʚʪʨʘʪʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʘʢʫʩʪʠʯʥʽ 

ʰʫʤʠ, ʧʦʨʫʰʝʥʥʷ ʩʪʘʣʦʾ  ̔ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ɸʣʝ, ʢʨʽʤ 

ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʢʦʨʦʥʥʠʡ ʨʦʟʨʷʜ ʻ ʧʨʠʯʠʥʦʶ ʡ ʧʦʟʠʪʠʚʥʦʛʦ ʝʬʝʢʪʫ 

ʟʥʠʞʝʥʥʷ ʧʝʨʝʥʘʧʨʫʛ ʫ ʥʦʨʤʘʣʴʥʠʭ ʪʘ ʘʥʦʨʤʘʣʴʥʠʭ ʨʝʞʠʤʘʭ ʃɽʇ ʅɺʅ. ɺʽʜʦʤʽ 

ʨʝʟʫʣʴʪʘʪʠ ʦʢʨʝʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʠʢʦʥʫʚʘʣʠʩɹ ʫ ʩʝʨʝʜʠʥʽ 

ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ, ʤʝʪʦʶ ʷʢʠʭ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ ʷʢ ʤʦʞʣʠʚʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʩʦʙʫ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʧʝʨʝʥʘʧʨʫʛ [122]. 

ʅʝʦʙʭʽʜʥʦ ʧʘʤôʷʪʘʪʠ, ʱʦ ʢʦʨʦʥʥʠʡ ʨʦʟʨʷʜ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʥʘ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ ʃɽʇ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ 

ʚʠʙʦʨʫ ʫʩʪʘʚʦʢ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʦʪʠʘʚʘʨʽʡʥʦʛʦ ʟʘʭʠʩʪʫ. ʊʦʤʫ ʧʣʘʥʦʚʽ ʪʘ 

ʦʧʝʨʘʪʠʚʥʽ ʨʦʟʨʘʭʫʥʢʠ ʨʝʞʠʤʽʚ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ, ʚʠʢʦʥʘʥʽ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ 

ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ, ʟʫʤʦʚʣʶʶʪʴ ʟʥʘʯʥʽ ʧʦʭʠʙʢʠ, ʱʦ ʟʥʠʞʫʻ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʾʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʥʘʷʚʥʽ ʤʝʪʦʜʠ ʚʨʘʭʫʚʘʥʥʷ ʝʬʝʢʪʫ ʢʦʨʦʥʫʚʘʥʥʷ ʧʨʦʚʦʜʽʚ 

ʜʦʩʠʪʴ ʥʝʪʦʯʥʽ ʽ ʤʘʣʦ ʧʨʠʩʪʦʩʦʚʘʥ̔ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʟʘʜʘʯʘʭ ʦʮʽʥʢʠ ʦʙʤʝʞʝʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʥʘʧʨʫʛ. ʉʢʣʘʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʝʬʝʢʪʫ ʚʧʣʠʚʫ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ 

ʥʘ ʨʝʞʠʤʠ ʣʽʥʽʡ ʅɺʅ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʷʢʽʩʥʽ ʽ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʪʘ ʬʦʨʤʠ ʢʨʠʚʦʾ ʥʘʧʨʫʛʠ 

ʥʘ ʧʨʦʚʦʜʘʭ ʣʽʥʽʾ, ʷʢʽ ʫ ʩʚʦʶ ʯʝʨʛʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʤʽʥʝʥʠʤʠ ʧʽʜ ʜʽʻʶ ʢʦʨʦʥʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʣʽʥʽʡ. ɺʟʘʻʤʥʠʡ ʟʚ'ʷʟʦʢ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʽ ʧʘʨʘʤʝʪʨʽʚ ʣʽʥʽʡ, ʚʽʜ 

ʷʢʠʭ ʚʦʥʠ ʟʘʣʝʞʘʪʴ, ʩʪʘʥʦʚʠʪʴ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʚʽʜʦʤʠʤʠ 

ʤʝʪʦʜʠʢʘʤʠ. 

ʊʦʤʫ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʘ ʨʦʟʨʦʙʣʝʥʘ 

ʥʦʚʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚ ʧʣʘʥʦʚʠʭ ʪʘ ʦʧʝʨʘʪʠʚʥʠʭ 

ʨʝʞʠʤʘʭ ʨʦʟʧʦʜʽʣʝʥʽ ʧʘʨʘʤʝʪʨʠ ʚʟʜʦʚʞ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ 
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ʚʧʣʠʚʫ.  

ʊʨʘʜʠʮʽʡʥʦ ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʥʘʧʨʫʛʠ ʢʦʨʦʥʠ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʛʨʘʜʽʻʥʪʦʤ 

ʧʦʪʝʥʮʽʘʣʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʽʚ ʟ ʤʘʣʠʤʠ ʨʘʜʽʫʩʘʤʠ 

ʢʨʠʚʠʟʥʠ. ɸʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʥʠʢʥʝʥʥʷ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ ʟʘʣʝʞʠʪʴ ʽ ʚʽʜ ʽʥʰʠʭ 

ʯʠʥʥʠʢʽʚ. ɼʦ ʪʘʢʠʭ ʥʘʣʝʞʘʪʴ: ʛʝʦʤʝʪʨʽʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʚʦʜʽʚ, ʩʪʘʥ ʾʭʥʴʦʾ 

ʧʦʚʝʨʭʥʽ (ʯʠʩʪʦʪʘ ʧʨʦʚʦʜʽʚ ʪʘ ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ), 

ʧʦʛʦʜʥʽ ʫʤʦʚʠ. ʎʽ ʯʠʥʥʠʢʠ ʚʠʢʣʠʢʘʶʪʴ ʧʦʷʚʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʞʝʨʝʣ ʨʦʟʨʷʜʫ ʥʘ 

ʧʦʚʝʨʭʥʽ ʧʨʦʚʦʜʫ. ʆʧʠʩʘʥʽ ʣʦʢʘʣʴʥʽ ʨʦʟʨʷʜʠ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘʟʠʚʘʶʪʴʩʷ 

çʤʽʩʮʝʚʦʶ ʢʦʨʦʥʦʶè. ɼʣʷ ʥʝʾ ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʨʷʜ ʧʨʠ ʥʘʧʨʫʟʽ ʥʘ ʣʽʥʽʾ, ʤʝʥʰʫ ʟʘ 

ʥʘʧʨʫʛʫ ʢʦʨʦʥʠ (U < Uk). ʋ ʚʠʧʘʜʢʫ ʪʨʠʚʘʣʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʯʠ 

ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʘʣʴʰʘ ʽʦʥʽʟʘʮʽʷ ʧʦʚʽʪʨʷ ʥʘʚʢʦʣʦ ʧʨʦʚʦʜʽʚ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʫ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʫʤʫ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ. 

ɺʠʥʠʢʘʻ ʪʘʢ ʟʚʘʥʘ çʟʘʛʘʣʴʥʘ ʢʦʨʦʥʘè, ʚʦʥʘ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʫʩʴʦʛʦ 

ʧʨʦʚʦʜʫ. ʇʨʠ ʥʽʡ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʬʽʦʣʝʪʦʚʦ-ʙʣʘʢʠʪʥʝ çʧʽʜʩʚʽʯʫʚʘʥʥʷè 

ʧʨʦʚʦʜʽʚ, ʦʟʦʥʦʚʠʡ ʟʘʧʘʭ ʪʘ ʰʫʤʠ (ʧʦʪʨʽʩʢʫʚʘʥʥʷ). ʅʘ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥ̫, 

ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ, ʢʦʨʦʥʥʠʡ ʨʦʟʨʷʜ ʽʦʥʽʟʫʻ ʥʘʚʢʦʣʠʰʥʻ ʧʦʚʽʪʨʷ ʪʘ ʫ 

ʚʠʛʣʷʜʽ ʯʦʭʣʘ ʩʠʤʝʪʨʠʯʥʦ ʦʭʦʧʣʶʻ ʧʨʦʚʽʜ, ʟʙʽʣʴʰʫʶʯʠ ʡʦʛʦ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʫ 

ʻʤʥʽʩʪʴ. ʋ ʮʽʣʦʤʫ ʧʨʦʮʝʩ ʢʦʨʦʥʠ ʥʘ ʧʨʦʚʦʜʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʨʦʮʝʩʫ 

ʨʦʟʚʠʪʢʫ ʪʘ ʟʘʪʫʭʘʥʥʷ ʩʪʨʠʤʝʨʽʚ, ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ ʪʘ ʢʦʣʠʚʘʥʴ, ʱʦ 

ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʚʟʜʦʚʞ ʧʨʦʚʦʜʽʚ, ʪʨʦʩʽʚ ʪʘ ʦʧʦʨ ʽ ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʚ ʦʪʦʯʫʶʯʝ 

ʩʝʨʝʜʦʚʠʱʝ. ɺʟʘʛʘʣʽ ʟʘ ʩʪʘʣʦʾ ʥʘʧʨʫʛʠ ʭʘʨʘʢʪʝʨ ʢʦʨʦʥʠ ʥʘ ʧʨʦʚʦʜʘʭ ʙʫʜʝ 

ʩʪʘʮʽʦʥʘʨʥʠʤ. ʇʽʜ ʯʘʩ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʧʦʯʘʪʢʦʚʘ ʥʘʧʨʫʛʘ ʢʦʨʦʥʠ 

ʟʥʠʞʫʻʪʴʩʷ, ʽ ʟʘʛʘʣʴʥʘ ʢʦʨʦʥʘ ʚʠʥʠʢʘʻ ʥʘ ʚʩʽʭ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʧʨʘʢʪʠʯʥʦ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʜʽʘʤʝʪʨʘ ʧʨʦʚʦʜʽʚ ʪʘ ʾʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʛʣʘʜʢʦʩʪʽ. ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ 

ʚʠʱʝ, ʢʦʨʦʥʥʠʡ ʨʦʟʨʷʜ ʚʠʢʣʠʢʘʻ ʩʫʪʪʻʚʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʽʣʴʢʦʩʪ ̔ ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ ʪʘ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʅʘʡʤʝʥʰʽ ʚʪʨʘʪʠ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʛʘʨʥʦʾ ʩʫʭʦʾ ʧʦʛʦʜʠ, ʘ ʥʘʡʙʽʣʴʰʽ - ʧʨʠ ʧʘʤʦʨʦʟʽ. ʅʝ ʦʩʪʘʥʥʻ 

ʟʥʘʯʝʥʥ ̫ʤʘʻ ʡ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʧʨʦʚʦʜʽʚ: ʥʘʚʽʪʴ ʧʨʠ ʥʝʟʥʘʯʥʦʤʫ ʧʝʨʝʛʨʽʚʽ 

ʧʦʚʝʨʭʥʽ ʧʨʦʚʽʜʥʠʢʘ ʚʽʜʥʦʩʥʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʟʤʝʥʰʫʶʪʴʩʷ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ. 
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ʋʩʽ ʮʽ ʬʘʢʪʦʨʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʃɽʇ ʅɺʅ. ɿʦʢʨʝʤʘ, ʮʝ ʟʘʣʝʞʥʽʩʪʴ ʨʽʯʥʠʭ ʚʪʨʘʪ ʥʘ ʢʦʨʦʥʫ ʚʽʜ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʫʟʜʦʚʞ ʪʨʘʩʠ ʣʽʥʽʾ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʦʯʘʪʢʦʚʫ ʥʘʧʨʫʛʫ 

ʢʦʨʦʥʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʮʠʭ ʫʤʦʚ ʥʘ ʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʥʘ ʢʦʨʦʥʫ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʦʛʦʜʥʠʭ ʫʤʦʚ: 

1. ʉʧʨʠʷʪʣʠʚʘ ʧʦʛʦʜʘ ʙʝʟ ʦʧʘʜʽʚ; 

2. ʉʫʭʠʡ ʩʥʽʛ ï ʩʥʽʞʥʘ ʢʨʫʧʘ, ʩʥʽʞʥʽ ʟʝʨʥʘ, ʢʨʠʞʘʥʽ ʛʦʣʢʠ, ʟʘʤʝʪʽʣʽ, ʟʘʤʝʪʽʣʽ ʟ 

ʚʠʧʘʜʘʥʥʷʤ ʩʥʽʛʫ; 

3. ɼʦʱ ʽ ʤʦʢʨʠʡ ʩʥʽʛ; 

4. ʇʘʤʦʨʦʟʴ, ʟʤʝʨʟʣʘ ʦʞʝʣʝʜʴ, ʩʥʽʛ ʽ ʤʦʢʨʠʡ ʟʘʤʝʨʟʣʠʡ ʩʥʽʛ. 

ʊʦʤʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ, ʧʦʚôʷʟʘʥʠʭ ʟ ʝʢʦʥʦʤʽʯʥʽʩʪʶ ʨʦʙʦʪʠ 

ʃɽʇ ʅɺʅ, ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʢʦʨʦʥʫ, ʚ̔ʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʜʣʷ ʨʘʡʦʥʽʚ ʋʢʨʘʾʥʠ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʫʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʨʽʟʥʠʭ ʛʨʫʧ ʧʦʛʦʜʥʠʭ ʫʤʦʚ (ʊʘʙʣ. 2.1) [113].  

ʋ ʪʘʙʣʠʮʽ ʧʘʨʘʤʝʪʨ Tʧ ʦʟʥʘʯʘʻ ʪʨʠʚʘʣʽʩʪʴ ʧʝʚʥʦʾ ʛʨʫʧʠ ʧʦʛʦʜʠ ʟʘ ʨʽʢ, ʘ p(A) ï 

ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʮʽʻʾ ʛʨʫʧʠ ʧʦʛʦʜʠ. 

 

ʊʘʙʣʠʮʷ 2.1 

 

ʊʨʠʚʘʣʽʩʪʴ ʛʨʫʧ ʧʦʛʦʜʥʠʭ ʫʤʦʚ 

 

ɻʨʫʧʘ ʧʦʛʦʜʠ Tʧ, ʛʦʜ p(A) 

ʉʧʨʠʷʪʣʠʚʘ ʧʦʛʦʜʘ 7235 0,8259 

ʉʫʭʠʡ ʩʥʽʛ 800 0,0913 

ɼʦ ɦ 500 0,0571 

ʇʘʤʦʨʦʟʴ ʪʘ ʦʞʝʣʝʜʴ 225 0,0257 

 

ʋ ʪʘʙʣʠʮʽ ʧʘʨʘʤʝʪʨ Tʧ ʦʟʥʘʯʘʻ ʪʨʠʚʘʣʽʩʪʴ ʧʝʚʥʦʾ ʛʨʫʧʠ ʧʦʛʦʜʠ ʟʘ ʨʽʢ, ʘ p(A) ï 

ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʚ̫ʠ ʮʽʻʾ ʛʨʫʧʠ ʧʦʛʦʜʠ. 
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ʉʘʤʝ ʨʦʟʛʣʷʜ ʥʝʛʘʪʠʚʥʦʛʦ ʬʘʢʪʦʨʫ ʟʨʦʩʪʘʥʥʷ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ 

ʧʝʨʝʚʘʞʘʚ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʧʨʠ ʘʥʘʣʽʟʽ ʝʬʝʢʪʫ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ. ʇʨʦʪʝ, ʷʢ ʙʫʣʦ 

ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʽʩʥʫʶʪʴ  ̔ ʧʦʟʠʪʠʚʥʽ ʝʬʝʢʪʠ ʚʽʜ ʮʴʦʛʦ ʷʚʠʱʘ: ʟʙʽʣʴʰʫʻʪʴʩʷ  

ʢʦʝʬʽʮʽʻʥʪ ʟʚôʷʟʢʫ ʤʽʞ ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʨʦʚʦʜʘʤʠ, ʱʦ ʟʫʤʦʚʣʶʻ ʜʝʬʦʨʤʘʮʽʶ ʪʘ 

ʛʘʩʽʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʭʚʠʣʴ, ʷʢʽ ʧʦʰʠʨʶʶʪʴʩʷ ʚʟʜʦʚʞ ʣʽʥʽʾ, ʪʘ ʦʙʤʝʞʫʻʪʴʩʷ 

ʟʥʘʯʝʥʥʷ ʚʥʫʪʨ̔h ʥ̔ʭ ʧʝʨʝʥʘʧʨʫʛ ʜʦ ʤʝʥʰʠʭ ʢʨʘʪʥʦʩʪʝʡ ʚʽʜʥʦʩʥʦ ʜʦ ʨʦʙʦʯʦʾ 

ʥʘʧʨʫʛʠ. ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʝʬʝʢʪ ʚʧʣʠʚʫ ʢʦʨʦʥʫʚʘʥʥʷ ʧʨʦʚʦʜʽʚ 

ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʥʘ ʨʽʚʝʥʴ ʧʝʨʝʥʘʧʨʫʛ, ʱʦ ʚʠʥʠʢʘʻ 

ʧʨʠ ʥʝʩʠʤʝʪʨʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʦʩʚʽʜʫ ʧʦʧʝʨʝʜʥʽʭ 

ʜʦʩʣʽʜʞʝʥʴ.  

ʄʦʜʝʣʶʚʘʥʥʷ ʩʭʝʤʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʝʨʝʜʦʚʠʱʘ MATLAB/Simulink. ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.3.  

 

  

ʈʠʩ. 2.3 ʈʝʘʣʽʟʘʮʽʷ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʦʜʝʣʽ ʃɽʇ ʅɺʅ ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink 
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ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʦʯʘʪʢʦʚʘ ʥʘʧʨʫʛʘ ʢʦʨʦʥʠ ʩʢʣʘʜʘʻ 1,1-1,3 ʥʘʧʨʫʛʠ ʃɽʇ 

ʅɺʅ, ʧʽʜʢʣʶʯʝʥʥʷ ʤʦʜʝʣʽ ʢʦʨʦʥʠ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʢʣʶʯʝʤ ʣʠʰʝ ʧʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʥʝʦʙʭʽʜʥʠʭ ʚʝʣʠʯʠʥ ʥʘʧʨʫʛʠ. 

ʇʠʪʦʤʽ ʩʝʨʝʜʥʴʦʨʽʯʥʽ ʚʪʨʘʪʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʢʦʨʦʥʫ ʜʣʷ ʪʨʠʬʘʟʥʦʾ 

ʣʽʥʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʣʷʭʦʤ ʧʽʜʩʫʤʫʚʘʥʥʷ ʚʪʨʘʪ ʟʘ ʬʘʟʘʤʠ ʜʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ 

ʧʦʛʦʜʥʠʭ ʫʤʦʚ  [113] 

 

3 3 3 3
2

0 0 ʩ.ʧ. ʛ.ʧ.k ʩ.ʩ. ʩ.ʩ.k ʜ. ʜ.k ʧʘʤ. ʧʘʤ.k

1 1 1 1

( )k

ʢ ʢ ʢ ʢ

P nr y y y y
= = = =

D = Q + Q + Q + Qä ä ä ä ,   (2.4) 

 

ʜʝ , , ,  ï ʫʟʘʛʘʣʴʥʝʥʽ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʢʦʨʦʥʫ ʜʣʷ 

ʩʧʨʠʷʪʣʠʚʦʾ ʧʦʛʦʜʠ, ʩʫʭʦʛʦ ʩʥʽʛʫ, ʜʦʱʫ ʽ ʧʘʤʦʨʦʟʽ ʜʣʷ k-ʾ ʬʘʟʠ ʣʽʥʽʾ; , , , 

 ï ʽʤʦʚʽʨʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʫʧ ʧʦʛʦʜʠ.  

ʆʩʢʽʣʴʢʠ ʚʪʨʘʪʠ ʥʘ ʢʦʨʦʥʫ ʻ ʬʫʥʢʮʽʻʶ ʚʽʜ ʥʘʧʨʫʛʠ, ʷʢʘ ʜʦʚʦʣʽ ʥʝʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʘ ʚʟʜʦʚʞ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʦʩʦʙʣʠʚʽʩʪʶ 

ʨʦʟʨʦʙʣʝʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʻ ʥʝ ʟʦʩʝʨʝʜʞʝʥʝ ʚʨʘʭʫʚʘʥʥʷ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ, ʘ 

ʨʦʟʦʩʝʨʝʜʞʝʥʝ. ɿʘʟʥʘʯʝʥʠʡ ʧʽʜʭʽʜ ʙʫʚ ʨʝʘʣʽʟʦʚʘʥʠʡ ʰʣʷʭʦʤ ʧʦʜʽʣʫ ʣʽʥʽʾ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘ n ʜʽʣʷʥʦʢ ʟ ʦʜʥʘʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ  ʤʦʜʝʣʶʚʘʥʥʷʤ 

ʦʢʨʝʤʦʛʦ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ ʥʘ ʢʦʞʥʽʡ ʟ ʥʠʭ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʽʚ. ʆʩʢʽʣʴʢʠ ʤʘʛʽʩʪʨʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ ʜʦʚʦʣʽ ʧʨʦʪʷʞʥʽ, ʪʦ ʤʦʞʫʪʴ 

ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʨʽʟʥʠʭ ʧʦʛʦʜʥʠʤ ʫʤʦʚʘʭ ʧʨʦʪʷʛʦʤ ʩʚʦʻʾ ʜʦʚʞʠʥʠ, ʘ ʚʽʜʧʦʚʽʜʥʦ 

ʟʘʚʜʷʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʧʽʜʭʦʜʫ ʟ ʨʦʟʜʽʣʝʥʥʷʤ ʣʽʥʽʾ ʥʘ n ʜʽʣʷʥʦʢ ʚ ʢʦʞʥ̔ ʡ ʟ ʥʠʭ 

ʤʦʞʥʘ ʟʤʦʜʝʣʶʚʘʪʠ ʩʚʽʡ ʚʧʣʠʚ ʥʘ ʢʦʨʦʥʥʠʡ ʨʦʟʨʷʜ.  ʋʩʝʨʝʜʠʥʽ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ, 

ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 2.2, ʦʢʨʝʤʠʤʠ ʩʫʙʩʠʩʪʝʤʘʤʠ ʤʦʜʝʣʶʻʪʴʩʷ ʜʽʣʷʥʢʘ ʣʽʥʽʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʧʨʫʛʠ ʥʘ ʢʦʞʥʽʡ ʟ ʥʠʭ. 

ʂʦʨʦʥʥʠʡ ʨʦʟʨʷʜ ʚʨʘʭʦʚʫʪ̒ɹ ʩʷ ʫ çʇè-ʧʦʜʽʙʥʽʡ ʩʭʝʤʽ ʟʘʤʽʱʝʥʥʷ ʣʽʥʽʾ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.4. 
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ʈʠʩ. 2.4 ʈʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ ʚʧʣʠʚʫ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ 

ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink 

ɼʦ ʧʝʨʝʚʘʛ ʪʘʢʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʟʘʨʘʭʫʚʘʪʠ ʪʘʢʦʞ ʟʥʘʯʥʫ 

ʛʥʫʯʢʽʩʪɹ  ʚʠʙʦʨʫ ʤʽʩʮʷ ʘʥʘʣʽʟʫ ʂɿ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʣʽʥʽʾ ʧʦ ʫʩʽʡ ʾʾ 

ʜʦʚʞʠʥʽ. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʚʝʨʠʬʽʢʘʮʽʾ ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ, ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʫʩʢʦʚʠʭ ʦʧʝʨʘʮʽʡ 

ʨʝʘʣʴʥʦʾ ʜʽʶʯʦʾ ʣʽʥʽʾ ʅɺʅ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʜʣʷ ʣʽʥʽʾ 750 ʢɺ 

ʇʽʚʜʝʥʥʦʫʢʨʘʾʥʩʴʢʘ ɸɽʉ ï ɯʩʘʢʯʘ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʾʾ ʜʦʩʣʽʜʞʝʥʴ ʧʦʨʽʚʥʷʥʽ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʫʩʢʦʚʠʭ ʪʘ ʩʠʩʪʝʤʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ (ʧʨʠ ʯʘʩʪʦʪʽ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʩʪʨʫʤʫ 50 ɻʮ) ʥʘ ʢʽʥʮʽ ʦʜʥʦʩʪʦʨʦʥʥʴʦ ʚʚʽʤʢʥʫʪʦʾ ʣʽʥʽʾ ʟ ʨʽʟʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʨʝʘʢʪʦʨʽʚ ʪʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʨʝʘʢʪʘʥʩʘ (x1ʉ) ʞʠʚʠʣʴʥʦʾ 

ʤʝʨʝʞʽ ʟʘ ʧʨʷʤʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʚʠʟʥʘʯʠʥʦ ʥʝʦʙʭʽʜʥʫ 

ʢʽʣʴʢʽʩʪʴ ʪʘ ʩʭʝʤʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʝʘʢʪʦʨʽʚ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥ ̫ ʟʤʽʥʥʦʛʦ ʨʝʘʢʪʘʥʩʫ ʩʠʩʪʝʤʠ ʜʦ ʟʘʛʘʣʴʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ 

ʤʦʜʝʣʽ ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 2.2 ʙʫʚ ʜʦʜʘʥʠʡ ʜʦʜʘʪʢʦʚʠʡ ʙʣʦʢ ʟʽ ʟʤʽʥʥʦʶ 

ʈʠʩ. 2.4 ʙʣʦʢ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ 
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ʽʥʜʫʢʪʠʚʥʽʩʪʶ. 

 

ʖʋɸɽʉ ɯʩʘʢʯʘ

403 ɸʉ 400*4

X1ʉ

 

ʈʠʩ. 2.5 ʉʭʝʤʘ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʣʽʥʽʾ 

 

ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʝʥʽ ʫ 

ʪʘʙʣ. 2.2. 

 

          ʊʘʙʣʠʮʷ 2.2 

 

ʇʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʢʽʥʮʽ ʦʜʥʦʩʪʦʨʦʥʥʴʦ ʚʚʽʤʢʥʫʪʦʾ ʣʽʥʽʾ ʟ ʨʽʟʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʨʝʘʢʪʦʨʽʚ ʪʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʨʝʘʢʪʘʥʩʘ ʞʠʚʠʣʴʥʦʾ 

ʤʝʨʝʞʽ 

 

ˉ 

ʧ/ʧ 

ʩʭʝʤʘ 

ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʨʝʘʢʪʦʨʽʚ 

ʨʝʘʢʪʘʥʩ ʞʠʚʠʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʆʤ 

50 100 150 200 250 300 350 400 450 500 

1 0-0 1,24 1,36 1,49 1,66 1,87 2,15 2,52 3,06 3,90 5,39 

2 0-1 1,13 1,19 1,26 1,33 1,42 1,51 1,62 1,75 1,90 2,08 

3 0-2 1,04 1,07 1,09 1,12 1,14 1,17 1,20 1,24 1,27 1,31 

4 1-0 1,21 1,28 1,36 1,44 1,54 1,66 1,79 1,95 2,14 2,38 

5 1-1 1,10 1,13 1,16 1,18 1,21 1,24 1,27 1,31 1,34 1,38 

6 1-2 0,98 0,99 0,99 0,99 1,00 1,00 1,00 1,01 1,01 1,02 

7 2-1 1,04 1,05 1,05 1,05 1,06 1,06 1,06 1,07 1,07 1,08 
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ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.6. 

 

ʈʠʩ. 2.6 ɿʘʣʝʞʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʚʽʜ ʨʝʘʢʪʘʥʩʫ ʤʝʨʝʞʽ 

ʇʦʨʽʚʥʶʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʫ ʧʫʩʢʦʚʠʭ ʪʘ 

ʩʠʩʪʝʤʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʃɽʇ ʅɺʅ 750 ʢɺ ʇʽʚʜʝʥʥʦʫʢʨʘʾʥʩʴʢʘ ɸɽʉ ï ɯʩʘʢʯʘ (ʨʠʩ. 

2.7) ʪʘ ʚʽʜʦʙʨʘʞʝʥʠʤʠ ʥʘ ʨʠʩ. 2.6, ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ  (ʟ ʧʝʚʥʦʶ ʯʘʩʪʢʦʶ 

ʧʨʠʧʫʱʝʥʴ) ʾʭʥʶ ʽʜʝʥʪʠʯʥʽʩʪʴ. ʋʩʝʨʝʜʥʝʥʘ ʧʦʭʠʙʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʣʘ 1,3 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʫʩʢʦʚʠʭ 

ʚʠʧʨʦʙʫʚʘʥʥʴ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʧʨʠʜʘʪʥʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʜʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 

 

ʈʠʩ. 2.7 ɿʘʣʝʞʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʚʽʜ ʨʝʘʢʪʘʥʩʫ ʤʝʨʝʞʽ ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʧʽʜʢʣʶʯʝʥʠʭ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ 

 

ʊʘʢʦʞ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʦʜʝʣʁ ʚʘʥʴ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʚʦʭ ʨʝʘʢʪʦʨʥʠʭ ʛʨʫʧ ʥʘ ʣʽʥʽʾ 750 ʢɺ 
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ʇʽʚʜʝʥʥʦʫʢʨʘʾʥʩʴʢʘ ɸɽʉ ï ɯʩʘʢʯʘ ʟ ʙʦʢʫ ʇʽʚʜʝʥʥʦʫʢʨʘʾʥʩʴʢʦʾ ɸɽʉ ʪʘ ʦʜʥʽʻʾ 

ʨʝʘʢʪʦʨʥʦʾ ʛʨʫʧʠ ʟ ʙʦʢʫ ɯʩʘʢʯʠ. 

2.3 ʅʝʧʦʚʥʦʨʝʘʢʪʦʨʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʃɽʇ ʅɺʅ 

ʅʘ ʧʦʪʦʯʥʠʡ ʯʘʩ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʃɽʇ 

ʅɺʅ 750 ʢɺ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 30 ʛʨʫʧ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ. ɺ 

ʋʢʨʘʾʥʽ  ʜʣʷ ʮʴʦʛʦ ʢʣʘʩʫ ʥʘʧʨʫʛʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʰʫʥʪʫʚʘʣʴʥʽ ʨʝʘʢʪʦʨʠ ʪʠʧʫ 

ʈʆʄ-110000/750. ʋ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʮʽ ʨʝʘʢʪʦʨʠ ʩʪʘʥʦʚʣʷʪ ɹ

ʮʠʣʽʥʜʨʠʯʥʫ ʦʙʤʦʪʢʫ ʙʝʟ ʩʪʘʣʝʚʦʛʦ ʦʩʝʨʜʷ ʪʘ ʟʽ ʩʪʘʣʠʤ ʽʥʜʫʢʪʠʚʥʠʤ ʪʘ ʦʤʽʯʥʠʤ 

ʦʧʦʨʦʤ. ɿʘʟʥʘʯʝʥʽ ʨʝʘʢʪʦʨʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʫ ʦʜʥʦʬʘʟʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʪʘ ʤʘʶʪʴ 

ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: 

- ʂʣʘʩ ʥʘʧʨʫʛʠ ï 750 ʢɺ; 

- ʅʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ï 110000 ʢɺɸʨ; 

- ʅʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ï 787/ã3 ʢɺ; 

- ʅʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ ï 242 ɸ; 

- ʆʧ̔ʨ ï 1875 ʆʤ. 

ɺʽʜʧʦʚʜ̔ʥʦ ʜʦ [22] ʥʘʚʽʪʴ ʟʘ ʫʤʦʚ ʟʘʛʘʣʴʥʦʾ ʧʝʨʝʢʦʤʧʝʥʩʦʚʘʥʦʩʪʽ ʤʝʨʝʞʽ 

750 ʢɺ ʰʫʥʪʫʚʘʣʴʥʠʤʠ ʨʝʘʢʪʦʨʘʤʠ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʪʝʭʥʽʯʥʦ 

ʧʨʠʧʫʩʪʠʤʠʭ ʨʽʚʥʽʚ ʥʘʧʨʫʛʠ ʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ. ʎʴʦʤʫ ʷʚʠʱʫ ʩʧʨʠʷʻ  

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʚʘʨʽʡʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʠʭ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ [22] ʚʠʟʥʘʯʝʥʦ, ʱʦ ʫ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ ʫ ʤʝʨʝʞʘʭ 750 ʢɺ 

ʤʦʞʫʪʴ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʙʫʚʘʪʠ ʥʝ ʙʽʣʴʰʝ, ʥʽʞ 18-19 ʨʝʘʢʪʦʨʥʠʭ ʛʨʫʧ. 

ɸ ʧʽʜ ʯʘʩ ʾʭʥʴʦʛʦ ʨʝʤʦʥʪʫ ʝʣʝʢʪʨʠʯʥʘ ʣ̔ʥʽʷ ʬʫʥʢʮʽʦʥʫʚʘʪʠʤʝ ʫ ʪʘʢ ʟʚʘʥʦʤʫ 

ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʦʤʫ ʨʝʞʠʤ̔. ʊʘʢʽ ʨʝʞʠʤʠ ʚʥʦʩʷʪʴ ʥʝʩʠʤʝʪʨʠʯʥʫ ʩʢʣʘʜʦʚʫ ʫ 

ʥʦʨʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʣʽʥʽʾ ï ʩʪʫʧʽʥʴ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʨʷʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʬʘʟʠ ʟ 

ʚʠʚʝʜʝʥʠʤ ʫ ʨʝʤʦʥʪ ʨʝʘʢʪʦʨʦʤ  ʙʫʜʝ ʤʝʥʰʠʤ ʟʘ ʩʪʫʧʝʥʽ ʢʦʤʧʝʥʩʘʮʽʾ ʽʥʰʠʭ ʬʘʟ. 

ɺʨʘʭʦʚʫʶʯʠ ʥʘʚʝʜʝʥʝ, ʫ ʙʝʟʨʝʘʢʪʦʨʥʽʡ ʬʘʟʽ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʥʘʧʨʫʛʘ ʚʠʱʘ ʟʘ 

ʨʽʚʥʽ ʥʘʧʨʫʛʠ ʽʥʰʠʭ ʬʘʟ ʪʘ ʚʠʥʠʢʥʫʪʠ ʷʚʠʱʝ ʧʝʨʝʥʘʧʨʫʛʠ ʟʘʟʥʘʯʝʥʦʾ ʬʘʟʠ. ʆʢʨʽʤ 

ʟʘʟʥʘʯʝʥʦʛʦ, ʧʦʩʪʽʡʥʦ ʜʽʶʯʘ ʥʝʩʠʤʝʪʨʽʷ ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʦʛʦ ʨʝʞʠʤʫ ʙʫʜʝ 

ʚʧʣʠʚʘʪʠ ʥʘ ʢʦʨʦʪʢʦʯʘʩʥʫ ʥʝʩʠʤʝʪʨʽʶ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʤʫʪʘʮʽʡʥʠʭ ʦʧʝʨʘʮʽʡ, 
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ʯʝʨʝʟ ʱʦ ʟʨʦʩʪʘʪʠʤʝ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʪʨʠʚʘʣʠʭ ʪʘ ʢʦʨʦʪʢʦʯʘʩʥʠʭ 

ʧʝʨʝʥʘʧʨʫʛ. 

ʂʦʨʦʪʢʦʯʘʩʥʽ ʚʥʫʪʨʽʰʥʽ ʧʝʨʝʥʘʧʨʫʛʠ ʚʠʥʠʢʘʶʪʴ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ 

ʧʦʨʽʚʥʷʥʦ ʯʘʩʪʦ ʫ ʚʠʛʣʷʜʽ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. ɺʦʥʠ ʻ ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦ-ʧʝʨʰʝ, ʙʫʜʴ-

ʷʢʦʾ ʥʦʨʤʘʣʴʥʦʾ ʚʘʨʽʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʘʙʦ ʤʘʛʥ̔ ʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʤʝʨʝʞʽ, ʘ ʧʦ-ʜʨʫʛʝ, 

ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʊʨʠʚʘʣʽ ʚʥʫʪʨʽʰʥʽ ʧʝʨʝʥʘʧʨʫʛʠ ʩʧʨʠʯʠʥʷʶʪʴʩʷ 

ʨʝʟʦʥʘʥʩʦʤ, ʟʙʫʜʞʫʚʘʥʠʤ ʽ ʧʽʜʪʨʠʤʫʚʘʥʠʤ ʧʦʩʪʽʡʥʦ ʜʽʶʯʦʶ ʟʦʚʥʽʰʥʴʦʶ ʩʠʣʦʶ; 

ʚʦʥʠ ʦʙʫʤʦʚʣʝʥʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʝʨʝʞʽ ʡ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʫʥʫʪʽ ʣʠʰʝ ʰʣʷʭʦʤ 

ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʤʝʨʝʞʽ ʪʘ ʾʾ ʨʝʞʠʤʫ [64].  

ɺ ʆɽʉ ʋʢʨʘʾʥʠ ʟʘʩʪʦʩʦʚʫʚʘʥʠʡ ʪʠʧ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ 

ʙʝʟ ʩʪʘʣʝʚʦʛʦ ʦʩʝʨʜʷ, ʪʦʙʪʦ ʚʽʜʩʫʪʥʷ ʚʟʘʻʤʦʜʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʝʡ ʪʘ 

ʚʟʘʻʤʦʽʥʜʫʢʮʽʷ. ʊʦʤʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʦʧʝʨʝʜʥʽʡ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʠʡ  ʨʝʞʠʤ, ʷʢʠʡ ʩʧʨʠʯʠʥʷʻ ʥʝʩʠʤʝʪʨʽʶ, ʥʝ ʧʦʚʠʥʝʥ ʩʧʨʠʷʪʠ 

ʘʥʦʨʤʘʣʴʥʦʤʫ ʟʙʽʣʴʰʝʥʥ ʁʥʘʧʨʫʛʠ. 

ʋ ʧʝʨʝʚʘʞʥʽʡ ʯʘʩʪʠʥʽ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʋʢʨʘʾʥʠ ʥʘ ʃɽʇ ʅɺʅ 750 ʢɺ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦ ʦʜʥʽʡ ʨʝʘʢʪʦʨʥʽʡ ʛʨʫʧʽ ʥʘ ʢʽʥʮʷʭ ʣʽʥʽʾ.  ɺʠʭʦʜʷʯʠ ʟ ʘʥʘʣʪ̔ʠʯʥʠʭ 

ʤʽʨʢʫʚʘʥʴ ʙʫʣʦ ʟʨʦʙʣʝʥʝ ʥʘʩʪʫʧʥʝ ʧʨʠʧʫʱʝʥʥʷ: ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘ ʦʜʥʦʤʫ ʢʽʥʮʽ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʣʴʥʦʾ ʣʽʥʽʾ ʟʘ ʨʝʞʠʤʦʤ ʥʘʧʨʫʛʠ ʘʙʦ ʯʝʨʝʟ ʽʥʰʽ ʦʙʤʝʞʝʥʥʷ  

ʨʝʘʢʪʦʨʥʘ ʛʨʫʧʘ ʚʠʚʝʜʝʥʘ ʟ ʨʦʙʦʪʠ, ʘ ʥʘ ʥ̔h ʦʤʫ ʢʽʥʮʽ ʣʽʥʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʙʦʪʽ 

ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʘ ʛʨʫʧʘ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ, ʚʠʥʠʢʘʻ ʟʨʦʩʪʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ 

ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʽʡ ʬʘʟʽ. ɼʣʷ ʥʝʜʦʧʫʱʝʥʥʷ ʪʘʢʦʛʦ ʥʘʜʥʦʨʤʦʚʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʥʘʧʨʫʛʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʦʤʫ ʢʽʥʮʽ ʣʽʥʽʾ (ʜʝ ʛʨʫʧʘ 

ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʚʠʚʝʜʝʥʘ ʟ ʨʦʙʦʪʠ) ʚʚʝʩʪʠ ʚ ʨʦʙʦʪʫ ʦʜʠʥ ʐʈ ʥʘ ʬʘʟʽ, 

ʟʘʨʷʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʷʢʦʛʦ ʚʠʷʚʠʣʘʩʴ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʦʶ. 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʢʽʣʴʢʘ ʜʦʩʣʽʜʞʝʥʴ 

ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʣʽʥʽʡ ʂʠʾʚʩʴʢʦʛʦ ʝʥʝʨʛʦʚʫʟʣʘ, ʘ ʪʘʢʦʞ ʃɽʇ 

ʅɺʅ 750 ʢɺ ʇʽʚʜʝʥʥʦ-ʋʢʨʘʾʥʩʴʢʘ ɸɽʉ ï ɺʽʥʥʠʮʴʢʘ 750, ʥʘ ʢʽʥʮʷʭ ʷʢʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʨʦʟʤʽʱʝʥʦ ʧʦ ʦʜʥʽʡ ʛʨʫʧʽ ʐʈ.  

ɺʠʭʽʜʥʠʤʠ ʫʤʦʚʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʥʘʩʪʫʧʥʽ:  

- ɼʦʩʣʽʜʞʫʚʘʥʘ ʣʽʥʽʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ; 
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- ʅʘ ʧʝʨʝʜʘʚʘʣʴʥʦʤʫ ʢʽʥʮʽ ʣʽʥʽʾ ʥʘʧʨʫʛʘ ʙʣʠʟʴʢʘ ʜʦ ʥʦʤʽʥʘʣʴʥʦʾ, ʽ ʛʨʫʧʠ 

ʐʈ ʚʠʚʝʜʝʥʽ ʟ ʨʦʙʦʪʠ ʟʘ ʨʝʞʠʤʦʤ ʥʘʧʨʫʛʠ; 

- ʅʘ ʧʨʠʡʤʘʣʴʥʦʤʫ ʢʽʥʮʽ ʣʽʥʽʾ ʟʘ ʨʝʞʠʤʦʤ ʥʘʧʨʫʛʠ ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ ʚ 

ʨʦʙʦʪʽ ʨʝʘʢʪʦʨʥʦʾ ʛʨʫʧʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʙʫʜʦʚʘʥʝ ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʪʨʴʦʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ:  

1. ʅʘ ʧʦʯʘʪʢʫ ʣ̔ʥʽʾ ʛʨʫʧʘ ʐʈ ʚʠʚʝʜʝʥʘ ʟ ʨʦʙʦʪʠ, ʥʘ ʢʽʥʮʽ ʣʽʥʽʾ ʛʨʫʧʘ ʐʈ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʙʦʪʽ;  

2. ʅʘ ʧʦʯʘʪʢʫ ʣʽʥʽʾ ʛʨʫʧʘ ʐʈ ʚʠʚʝʜʝʥʘ ʟ ʨʦʙʦʪʠ, ʥʘ ʢʽʥʮʽ ʣʽʥʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʨʦʙʦʪʽ ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʘ ʛʨʫʧʘ ʐʈ (ʨʝʘʢʪʦʨ ʬʘʟʠ ɺ ʚʠʚʝʜʝʥʠʡ ʟ ʨʦʙʦʪʠ);  

3. ʅʘ ʧʦʯʘʪʢʫ ʣʽʥʽʾ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʦʾ ʬʘʟʠ ʚʚʝʜʝʥʠʡ ʚ 

ʨʦʙʦʪʫ ʦʜʠʥ ʐʈ ʥʘ ʬʘʟʽ B, ʥʘ ʢʽʥʮʽ ʣʽʥʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʙʦʪʽ ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʘ 

ʛʨʫʧʘ ʐʈ (ʨʝʘʢʪʦʨ ʬʘʟʠ ɺ ʚʠʚʝʜʝʥʠʡ ʟ ʨʦʙʦʪʠ). 

ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʝʥʽ ʫ 

ʪʘʙʣ. 2.3. 

 

ʊʘʙʣʠʮ̫  2.3 

 

ʇʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʢʽʥʮʽ ʦʜʥʦʩʪʦʨʦʥʥʴʦ ʚʚʽʤʢʥʫʪʦʾ ʣʽʥʽʾ ʟ ʨʽʟʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʨʝʘʢʪʦʨʽʚ 

 

ʥʘʟʚʘ ʣʽʥʽʾ ʬʘʟʘ 

 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʐʈ 

0 - 1 0 - 2/3  1/3 - 2/3 

Uʧʦʯ., 

ʚ.ʦ. 

Uʢʽʥ., 

ʚ.ʦ. 

Uʧʦʯ., 

ʚ.ʦ. 

Uʢʽʥ., 

ʚ.ʦ. 

Uʧʦʯ., 

ʚ.ʦ. 

Uʢʽʥ., 

ʚ.ʦ. 

1 2 3 4 5 6 7 8 

ʖʋɸɽʉ-

ɺʽʥʥʠʮʴʢʘ 750 

A 1,028 1,049 1,040 1,046 1,042 1,042 

B 1,029 1,049 1,174 1,368 1,095 1,294 

C 1,028 1,050 1,040 1,053 1,040 1,058 
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ʇʨʦʜʦʚʞ. ʪʘʙʣ. 2.3 

1 2 3 4 5 6 7 8 

ʈɸɽʉ-ʂʠʾʚʩʴʢʘ 

A 1,023 1,041 1,041 1,052 1,038 1,049 

B 1,023 1,041 1,161 1,351 1,089 1,286 

C 1,023 1,041 1,037 1,067 1,035 1,054 

ʍɸɽʉ-

ʂʠʾʚʩɹʢʘ 

A 1,003 1,003 1,015 0,995 1,017 1,001 

B 1,003 1,003 1,122 1,245 1,060 1,165 

C 1,003 1,003 1,013 1,007 1,019 1,014 

ɺʽʥʥʠʮʴʢʘ 750-

ʂʠʾʚʩʴʢʘ 

A 1,003 0,994 1,022 1,003 1,025 1,013 

B 1,003 0,994 1,115 1,185 1,064 1,121 

C 1,003 0,994 1,022 1,012 1,036 1,013 

ʂʠʾʚʩʴʢʘ-

ʏʦʨʥʦʙʠʣʴʩʴʢʘ 

A 1,003 0,992 1,024 1,008 1,042 1,011 

B 1,003 0,992 1,111 1,149 1,073 1,100 

C 1,003 0,993 1,029 1,010 1,040 1,030 

ɺʽʥʥʠʮʴʢʘ750-

ɿ.ʋʢʨʘʾʥʩʴʢʘ 

A 1,101 1,123 1,111 1,141 1,110 1,144 

B 1,101 1,123 1,255 1,462 1,190 1,398 

C 1,101 1,123 1,114 1,143 1,115 1,143 

ʖʋɸɽʉ-

ɼʥʽʧʨʦʚʩʴʢʘ 

A 1,083 1,094 1,109 1,141 1,113 1,149 

B 1,083 1,094 1,209 1,362 1,150 1,313 

C 1,083 1,094 1,112 1,144 1,115 1,153 

ɼʦʥʙʘʩʴʢʘ-

ɿʘʧʦʨʽʟʴʢʘ 

A 1,036 1,030 1,054 1,050 1,056 1,048 

B 1,036 1,030 1,117 1,152 1,071 1,129 

C 1,036 1,030 1,056 1,050 1,057 1,045 

ɿɸɽʉ-

ɿʘʧʦʨʽʟʴʢʘ 

A 1,023 1,014 1,056 1,063 1,068 1,091 

B 1,022 1,014 1,140 1,201 1,074 1,153 

C 1,023 1,014 1,058 1,061 1,065 1,082 

ɿɸɽʉ-

ʖ.ɼʦʥʙʘʩʴʢʘ 

A 1,058 1,058 1,075 1,080 1,077 1,070 

B 1,058 1,058 1,188 1,314 1,123 1,249 

C 1,058 1,058 1,075 1,079 1,078 1,072 
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ʗʢ ʚʠʜʥʦ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʘʤʧʣʽʪʫʜʥʘ ʥʘʧʨʫʛʘ ʬʘʟʠ ɺ ʥʘ ʢʽʥʮʽ ʣʽʥʽʾ 

ʫ ʜʨʫʛʦʤʫ ʨʝʞʠʤʽ (ʟ ʚʠʚʝʜʝʥʠʤ ʐʈ) ʥʘ ʫʩʽʭ ʜʦʩʣ̔ ʜʞʫʚʘʥʠʭ ʣʽʥʽʷʭ ʟʨʦʩʪʘʻ ʥʘ 

ʚʝʣʠʯʠʥʫ 0,2-0,3 ʚ.ʦ. ʫ ʧʦʨʽʚʥ̫ʥʥʽ ʟ ʧʝʨʰʠʤ (ʝʪʘʣʦʥʥʠʤ, ʧʦʚʥʦʨʝʘʢʪʦʨʥʠʤ) 

ʨʝʞʠʤʦʤ ʪʘ ʜʦʩʷʛʘʻ 1,2-1,4 ʥʦʤʽʥʘʣʴʥʦʾ ʥʘʧʨʫʛʠ. 

ʇʨʠ ʚʚʝʜʝʥʥʽ ʚ ʨʦʙʦʪʫ ʐʈ ʫ ʬʘʟʽ ɺ ʥʘ ʧʦʯʘʪʢʫ ʣʽʥʽʾ (ʪʨʝʪʽʡ ʨʝʞʠʤ) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʘʤʧʣʽʪʫʜʠ ʥʘʧʨʫʛʠ ʥʘ ʟʘʟʥʘʯʝʥʽʡ ʬʘʟʽ ʚ ʢʽʥʮʽ ʣʽʥʽʾ 

ʥʘ ʚʝʣʠʯʠʥʫ 0,06-0,07 ʚ.ʦ. ʪʘ ʜʦʩʷʛʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘ 1,1-1,3 ʥʦʤʽʥʘʣʴʥʦʾ ʥʘʧʨʫʛʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʜʣʷ ʃɽʇ 

ʅɺʅ, ʷʢʘ ʤʘʻ ʥʘ ʩʚʦʾʤ ʢʽʥʮʷʭ ʧʦ ʦʜʥʽʡ ʛʨʫʧʽ ʐʈ, ʟ ʷʢʠʭ ʦʜʥʘ ʛʨʫʧʘ ʚʠʚʝʜʝʥʘ ʟ 

ʨʦʙʦʪʠ (ʧʦ ʨʝʞʠʤʫ ʥʘʧʨʫʛʠ ʘʙʦ ʟ ʽʥʰʦʾ ʧʨʠʯʠʥʠ), ʘ ʽʥʰʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʙʦʪʽ ʫ 

ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʦʤʫ ʨʝʞʠʤʽ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʥʘʧʨʫʛʠ ʥʘ 

ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʽʡ ʬʘʟʽ, ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʚ ʨʦʙʦʪʫ ʐʈ ʮʽʻʾ ʞ ʬʘʟʠ ʥʘ ʽʥʰʦʤʫ ʢʽʥʮʽ 

ʣʽʥʽʾ. 

ʊʘʢʦʞ ʟʥʠʞʝʥʥʶ ʨʽʚʥʽʚ ʧʝʨʝʥʘʧʨʫʛʠ ʫ ʩʭʝʤʽ ʟ ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʠʤʠ ʛʨʫʧʘʤʠ 

ʣʽʥʽʡ ʤʦʞʝ ʩʧʨʠʷʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʘʚʠʣʴʥʦ ʥʘʣʘʰʪʦʚʘʥʦʾ ʢʝʨʦʚʘʥʦʾ ʢʦʤʫʪʘʮʽʾ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [64] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʫ ʬʘʟʽ ʙʝʟ ʐʈ ʚʠʥʠʢʘʻ ʥʝʙʝʟʧʝʢʘ ʧʦʷʚʠ ʙʽʣʴʰʠʭ 

ʟʘ ʨʽʚʥʝʤ ʧʝʨʝʥʘʧʨʫʛ. ʂʨʽʤ ʪʦʛʦ, ʧʦʩʪʽʡʥʦ ʜʽʶʯʘ ʥʝʩʠʤʝʪʨʽʷ ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʦʛʦ 

ʨʝʞʠʤʫ ʙʫʜʝ ʥʘʢʣʘʜʘʪʠʩ̫ ʥʘ ʢʦʨʦʪʢʦʯʘʩʥʫ ʥʝʩʠʤʝʪʨʽʶ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʝʨʦʚʘʥʦʾ 

ʢʦʤʫʪʘʮʽʾ, ʷʢʘ ʩʧʨʠʯʠʥʝʥʘ ʟʩʫʚʦʤ ʬʘʟ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʫ ʪʨʠʬʘʟʥʽʡ ʤʝʨʝʞʽ. ɸ 

ʚʽʜʧʦʚʽʜʥʦ ʨʠʟʠʢʠ ʚʠʥʠʢʥʝʥʥʷ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʽ ʪʨʠʚʘʣʠʭ ʧʝʨʝʥʘʧʨʫʛ ʟʨʦʩʪʘʶʪʴ. 

ʉʧʝʮʽʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʧʝʨʝʥʘʧʨʫʛ (ʦʙʤʝʞʫʚʘʯʽ ʧʝʨʝʥʘʧʨʫʛ) ʚʘʨʪʦ  

ʨʦʟʛʣʷʜʘʪʠ ʧʝʨʰ ʟʘ ʚʩʝ ʷʢ ʜʦʜʘʪʢʦʚʠʡ ʟʘʭʠʩʪ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʣʠʰʝ ʦʙʤʝʞʫʻ 

ʧʝʨʝʥʘʧʨʫʛʠ, ʱʦ ʚʠʥʠʢʣʠ ʧʨʠ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚʘʭ ʟʜʽʡʩʥʝʥʥʷ ʢʦʤʫʪʘʮʽʾ. ʅʘ 

ʧʨʦʪʠʚʘʛʫ ʾʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʨʦʚʘʥʦʾ ʢʦʤʫʪʘʮʽʾ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʩʘʤʫ ʧʨʠʯʠʥʫ 

ʚʠʥʠʢʥʝʥʥ̫ ʧʝʨʝʥʘʧʨʫʛ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʟʨʦʙʣʝʥʽ 

ʚʠʩʥʦʚʢʠ, ʱʦ ʢʝʨʦʚʘʥʘ ʢʦʤʫʪʘʮʽʷ ʻ ʜʽʻʚʠʤ ʟʘʭʦʜʦʤ ʟʥʠʞʝʥʥʷ ʨʽʚʥʽʚ ʢʦʤʫʪʘʮʽʡʥʠʭ 

ʧʝʨʝʥʘʧʨʫʛ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʽʜʢʣʶʯʝʥʴ ʥʝʥʘʚʘʥʪʘʞʝʥʠʭ ʣʥ̔ʡ̔ 750 ʢɺ ʫ 

ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʠʭ ʨʝʞʠʤʘʭ. 

ɿ ʚʠʢʣʘʜʝʥʦʛʦ ʫ ʨʦʟʜ̔ ʣʽ ʤʘʪʝʨʽʘʣʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʫ ʚʠʧʘʜʢʫ 

ʨʦʙʦʪʠ ʃɽʇ ʅɺʅ ʟ ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʠʤʠ ʛʨʫʧʘʤʠ ʐʈ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤʫ 



67 

 

ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʦʤʫʪʘʮʽʡ ʐʈ  ʪʘ 

ʚʽʜʧʦʚʜ̔ʥʦ ʥʘʣʘʰʪʦʚʘʥʦʾ ʢʝʨʦʚʘʥʦʾ ʢʦʤʫʪʘʮʽʾ, ʤʦʞʥʘ ʟʥʘʯʥʦ ʥʽʚʝʣʶʚʘʪʠ ʥʘʩʣʽʜʢʠ 

ʥʝʧʦʚʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʬʘʟʠ ʣʽʥʽʾ (ʙʝʟ ʐʈ) ʪʘ ʟʥʠʟʠʪʠ ʨʽʚʥʽ ʧʝʨʝʥʘʧʨʫʛ ʮʽʻʾ ʬʘʟʠ. 

ʊʘʢʦʞ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʽ ʩʭʝʤʠ ʨʦʙʦʪʠ ʃɽʇ ʅɺʅ ʜʣʷ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʧʝʨʝʥʘʧʨʫʛ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʝʥʘʧʨʫʛ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʧʨʦʢ̒ʪʥʠʭ 

ʩʭʝʤʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ, ʨʝʟʦʥʘʥʩʥʽ ʧʝʨʝʥʘʧʨʫʛʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʨʝʞʠʤʽʚ, ʚ ʷʢʠʭ ʽʩʪʦʪʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʩʭʝʤʠ ʽ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ 

ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ. 

ʈʝʟʦʥʘʥʩʥ̔ ʧʝʨʝʥʘʧʨʫʛʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʞʝʨʝʣʘ ʥʝʩʠʤʝʪʨʽʾ ʚ ʣʽʥʽʷʭ ʥʘʜʚʠʩʦʢʦʾ 

ʥʘʧʨʫʛʠ ʟʫʤʦʚʣʝʥʽ ʨʝʟʦʥʘʥʩʦʤ ʩʪʨʫʤʽʚ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʧʣʠʚ ʥʘ ʮʝʡ ʚʠʜ 

ʧʝʨʝʥʘʧʨʫʛ ʤʦʞʣʠʚʠʡ ʟʘʚʜʷʢʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʽʜʢʣʶʯʝʥʽ 

ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʧʦʚʽʪʨʷʥʦʾ ʣʽʥʽʾ. ɼʦ ʥʠʭ, ʟʦʢʨʝʤʘ, ʥʘʣʝʞʘʪʴ: ʽʥʜʫʢʪʠʚʥʽʩʪʴ 

ʢʦʤʧʝʥʩʘʮʽʡʥʠʭ ʨʝʘʢʪʦʨʽʚ ʪʘ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ, ʧʘʨʘʤʝʪʨʠ ʢʦʨʦʥʫʚʘʥʥʷ 

ʧʨʦʚʦʜʽʚ ʪʘ ʣʽʥʽʾ. ʂʦʤʙʽʥʘʮʽʡ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʨʝʞʠʤʽʚ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʛʨʫʧ 

ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʤʦʞʝ ʙʫʪʠ ʜʝʢʽʣʴʢʘ [75]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʚʠʥʠʢʥʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʧʝʨʝʥʘʧʨʫʛ ʚ 

ʧʘʫʟʽ ʦʜʥʦʬʘʟʥʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʛʨʫʧ 

ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ, ʧʽʜʢʣʶʯʝʥʠʭ ʟʘ ʯʦʪʠʨʠʧʨʦʤʝʥʝʚʦʶ ʩʭʝʤʦʶ ʽ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ. 

ʗʢ ʜʦʚʝʣʠ ʜʦʩʣʽʜʞʝʥʥ,̫ ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʧʝʨʝʥʘʧʨʫʛ ʚʽʜ ʜʦʚʞʠʥʠ ʣʽʥʽʾ 

ʤʘʻ ʚʠʛʣʷʜ ʧʘʨʘʙʦʣʠ, ʪʦʤʫ ʟʤʽʱʝʥʥʷ ʨʝʟʦʥʘʥʩʥʦʾ ʜʦʚʞʠʥʠ ʣʽʥʽʾ ʥʘ 1 ï 2 ʢʤ ʥʝ 

ʧʨʠʟʚʝʜʝ ʜʦ ʽʩʪʦʪʥʦʾ ʟʤʽʥʠ ʥʘʣʘʛʦʜʞʝʥʥʷ ʫʤʦʚ ʨʝʟʦʥʘʥʩʫ. ɼʦʩʷʛʪʠ ʪʘʢʠʤ ʰʣʷʭʦʤ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʧʝʨʝʥʘʧʨʫʛ ʘʙʦ ʟʥʠʞʝʥʥʷ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝ 

ʚʜʘʻʪʴʩʷ. 

ʋ ʩʫʯʘʩʥʠʭ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʩɹ̫  ʧʝʨʰ ʟʘ 

ʚʩʝ ʩʪʨʫʢʪʫʨʥʽ ʟʘʭʦʜʠ ʟʥʠʞʝʥʥʷ ʪʘ ʧʨʠʜʫʰʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʧʝʨʝʥʘʧʨʫʛ, ʷʢʽ 

ʧʦʚôʷʟʘʥʽ ʟʽ ʟʤʽʥʦʶ ʨʦʙʦʯʦʾ ʩʭʝʤʠ ʪʘ ʧʝʨʝʭʦʜʫ ʚʽʜ ʘʥʦʨʤʘʣʴʥʦʛʦ ʥʝʩʠʤʝʪʨʠʯʥʦʛʦ 

ʨʝʞʠʤʫ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ. ɸʣʝ ʟʘ ʥʝʦʙʭ̔ʜʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʩʧʝʮʽʘʣʴʥʽ 

ʧʨʠʩʪʨʦʾ, ʥʘʣʘʰʪʦʚʘʥ̔ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʥʘʧʨʫʛ. 
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ɺʽʜʢʣʶʯʝʥʥʷ ʦʜʥʦʡʤʝʥʥʦʾ ʬʘʟʠ ʰʫʥʪʫʚʘʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ ʱʦʜʦ ʬʘʟʠ 

ʧʦʚʽʪʨʷʥʦʾ ʣʽʥʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʟʦʥʘʥʩʥʦʛʦ ʢʦʥʪʫʨʫ, ʽ ʚ 

ʨʝʟʫʣʴʪʘʪ̔ ʧʝʨʝʥʘʧʨʫʛʠ ʘʙʦ ʥʝ ʚʠʥʠʢʥʫʪʴ ʥʘ ʣʽʥʽʾ, ʘʙʦ ʟʤʽʩʪʷʪʴ ʾʭ ʚ ʙʽʢ ʤʝʥʰʠʭ 

ʚʝʣʠʯʠʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʽʜʢʣʶʯʝʥʥʷ ʬʘʟ ʛʨʫʧ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʟʘʭʦʜʦʤ  ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʥʘʧʨʫʛ ʽ ʡʦʛʦ ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʷʢ ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ 

ʟʘʭʦʜʽʚ ʜʣʷ ʥʝʧʦʚʥʦʬʘʟʥʠʭ ʨʝʞʠʤʽʚ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʽ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ. ɿʘʫʚʘʞʠʤʦ, ʷʢʱʦ ʥʘ ʣʽʥʽʾ ʚʩʪʘʥʦʚʣʝʥʦ ʜʚʽ 

ʛʨʫʧʠ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ, ʪʦ ʚʽʜʢʣʶʯʝʥʥʷ ʦʜʥʦʡʤʝʥʥʦʾ ʬʘʟʠ ʦʜʥʽʻʾ ʛʨʫʧʠ 

ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʢʪʦʨʽʚ ʧʽʜ ʯʘʩ ʥʝʧʦʚʥʦʬʘʟʥʦʛʦ ʨʝʞʠʤʫ ʧʨʠʟʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ 

ʧ̔ ʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʚʽʜʙʫʜʝʪʴʩʷ ʥʘ ʣʽʥʽʾ ʟ ʦʜʥʽʻʶ ʛʨʫʧʦʶ ʰʫʥʪʫʚʘʣʴʥʠʭ 

ʨʝʘʢʪʦʨʽʚ. ʋ ʚʠʧʘʜʢʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʨʴʦʭ ʛʨʫʧ ʐʈ ʢʦʤʫʪʘʮʽʷ ʟ ʬʘʟʦʶ ʦʜʥʽʻʾ ʛʨʫʧʠ 

ʐʈ ʧʨʠʟʚʝʜʝ ʜʦ ʧʝʨʝʭʦʜʫ ʣʽʥʽʾ ʚ ʨʝʞʠʤ ʟ ʜʚʦʤʘ ʛʨʫʧʘʤʠ ʐʈ. ɺʽʜʢʣʶʯʝʥʥʷ 

ʦʜʥʦʽʤʝʥʥʦʾ ʬʘʟʠ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʘ ʣʽʥʽʾ ʦʜʥʽʻʾ ʛʨʫʧʠ ʐʈ, ʚʟʘʛʘʣʽ ʥʝ ʚʠʢʣʠʢʘʻ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ. ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʝʨʝʭʽʜ ʜʦ ʣʽʥʽʾ ʟ 

ʤʝʥʰʦʶ ʥʘ ʦʜʠʥʠʮʶ ʛʨʫʧʦʶ ʐʈ ʻ ʯʠʩʪʦ ʫʤʦʚʥʠʤ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ 

ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʥʘʧʨʫʛ ʧʽʜ ʯʘʩ ʦʜʥʦʬʘʟʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʦʚʪʦʨʥʦʛʦ 

ʚʢʣʶʯʝʥʥʷ. ʅʘʩʧʨʘʚʜʽ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ 

ʛʨʫʧʘ ʪʽʣʴʢʠ ʟ ʥʝʧʦʚʥʦʶ ʢʽʣʴʢʽʩʪʶ ʐʈ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʚʠʥʠʢʥʝʥʥʶ ʨʝʟʦʥʘʥʩʥʠʭ ʧʝʨʝʥʘʧʨʫʛ ʧʨʠ ʧʦʚʥʦʨʝʘʢʪʦʨʥʦʤʫ ʨʝʞʠʤʽ ʘʙʦ 

ʚʽʜʢʣʶʯʝʥʥʽ ʨʽʟʥʦʽʤʝʥʥʠʭ ʬʘʟ ʐʈ ʟʘʩʦʙʘʤʠ ʟʤʽʥʠ ʥʘʣʘʛʦʜʞʝʥʥʷ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʢʦʥʪʫʨʫ ʻ ʟʤʽʥʘ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʰʫʥʪʫʚʘʣʴʥʦʛʦ ʘʙʦ ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ  ʨʝʘʢʪʦʨʽʚ. 

ʇʝʨʝʭʽʜ ʥʘ ʢʽʥʮʝʚʠʭ ʧʽʜʩʪʘʥʮʽʷʭ ʟ ʧʦʚʥʦʨʝʘʢʪʦʨʥʦʛʦ ʨʝʞʠʤʫ ʚ 

ʥʝʧʦʚʥʦʨʝʘʢʪʦʨʥʠʡ ʜʣʷ ʦʜʥʦʡʤʝʥʥʠʭ ʬʘʟ ʛʨʫʧ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʜʦʟʚʦʣʷʻ 

ʚʠʚʝʩʪʠ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʟ ʨʝʟʦʥʘʥʩʥʠʭ ʫʤʦʚ ʽ ʫʥʠʢʥʫʪʠ 

ʧʝʨʝʥʘʧʨʫʛ ʧʽʜ ʯʘʩ ʙʝʟʩʪʨʫʤʦʚʦʾ ʧʘʫʟʠ ʆɸʇɺ [75]. 
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2.4 ɺʧʣʠʚ ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʃɽʇ ʅɺʅ 

 

ʗʢ ʥʝʦʜʥʦʨʘʟʦʚʦ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʤʘʛʽʩʪʨʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ ʢʣʘʩʦʤ 

ʥʘʧʨʫʛʠ 750 ʢɺ ʻ ʦʜʥʠʤʠ ʟ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪ̔ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ, ʘ ʾʭ 

ʥʘʜʽʡʥʘ ʙʝʟʧʝʨʝʨʚʥʘ ʨʦʙʦʪʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫʩʽʻʾ ʆɽʉ ʋʢʨʘʾʥʠ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʝʣʝʢʪʨʦʤʝʨʝʞʦʶ ENTSO-E.  

ʆʩʥʦʚʥʠʤ ʚʠʜʦʤ ʧʦʰʢʦʜʞʝʥʴ ʃɽʇ ʅɺʅ ʻ ʦʜʥʦʬʘʟʥʽ ʢʦʨʦʪʢʽ ʟʘʤʢʥʝʥʥʷ ʥʘ 

ʟʝʤʣʶ. ʅʘ ʥʠʭ ʧʨʠʧʘʜʘʻ ʧʦʥʘʜ 90% ʫʩʽʭ ʧʦʰʢʦʜʞʝʥʴ ʣʽʥʽʡ. ʆʩʥʦʚʥʠʤ ʟʘʩʦʙʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʃɽʇ ʅɺʅ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʧʦʚʪʦʨʥʦʛʦ ʚʚʽʤʢʥʝʥʥʷ (ɸʇɺ) ʧʽʩʣʷ ʣʽʢʚʽʜʘʮʽʾ ʥʘ ʥʽʡ ʧʦʰʢʦʜʞʝʥʥʷ. ɸ ʫ ʚʠʧʘʜʢʫ 

ʦʜʥʦʬʘʟʥʦʛʦ ʂɿ ʥʘ ʟʝʤʣʶ ʟʘʩʪʦʩʦʚʫ̒ ʪʴʩʷ ʦʜʥʦʬʘʟʥʝ ʘʚʪʦʤʘʪʠʯʥʝ ʧʦʚʪʦʨʥʝ 

ʚʚʽʤʢʥʝʥʥʷ (ʆɸʇɺ), ʧʨʠ ʷʢʦʤʫ ʧʦʰʢʦʜʞʝʥʘ ʬʘʟʘ ʟ ʂɿ ʚʽʜʢʣʶʯʘʻʪʴʩʷ, ʘ ʧʽʩʣʷ ʡʦʛʦ 

ʣʽʢʚʽʜʘʮʽʾ ʪʘ ʟʥʠʢʥʝʥʥʷ ʜʫʛʠ ʞʠʚʣʝʥʥʷ ʚʤʠʢʘʻʪʴʩʷ ʚ ʨʦʙʦʪʫ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ɦʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʆɸʇɺ ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ 

ʘʚʘʨʽʡʥʠʭ ʧʦh ʢʦʜʞʝʥʴ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʬʘʟʥʠʭ ʂɿ ʚʠʟʥʘʯʘʻʪʴʩʷ ʱʝ ʡ ʪʠʤ, ʱʦ ʧʦʥʘʜ 

60% ʪʘʢʠʭ ʧʦʰʢʦʜʞʝʥʴ ʻ ʥʝʩʪʽʡʢʠʤʠ, ʪʦʙʪʦ ʟʥʠʢʘʶʪʴ ʧʽʩʣʷ ʟʘʛʘʩʘʥʥʷ ʚʪʦʨʠʥʥʦʾ 

ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [10] ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʆɸʇɺ, 

ʻ ʚʠʪʨʠʤʢʘ ʥʝʦʙʭʽʜʥʦʾ ʙʝʟʩʪʨʫʤʦʚʦʾ ʧʘʫʟʠ. ɺʠʤʦʛʠ ʜʦ ʾʾ ʪʨʠʚʘʣʦʩʪʽ ʦʙʫʤʦʚʣʝʥʽ 

ʪʠʤ, ʱʦ ʧʽʩʣʷ ʚʽʜʢʣʶʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʦʾ ʘʚʘʨʽʡʥʦʾ ʬʘʟʠ ʟ ʜʚʦʭ ʩʪʦʨʽʥ ʝʣʝʢʪʨʠʯʥʘ 

ʜʫʛʘ ʫ ʤʽʩʮʽ ʚʠʥʠʢʥʝʥʥʷ ʂɿ ʧʨʦʜʦʚʞʫʻ ʛʦʨʽʪʠ, ʦʪʨʠʤʫʶʯʠ ʞʠʚʣʝʥʥʷ ʚʽʜ 

ʥʝʚʽʜʢʣʶʯʝʥʠʭ ʬʘʟ ʣʽʥʽʾ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʽʜʥʦʩʥʦ ʥʝʟʥʘʯʥ̔ ʡ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʘʚʘʨʽʡʥʦʾ ʬʘʟʠ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʽʩʣʷ ʩʧʨʦʙʠ ʟʛʘʩʘʥʥʷ ʜʫʛʠ ʫ ʤʽʩʮʽ ʾʾ ʛʦʨʽʥʥʷ 

ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ ʥʘʧʨʫʛʘ, ʦʙʫʤʦʚʣʝʥʘ ʥʘʚʝʜʝʥʥʷʤʠ ʚʽʜ 

ʧʨʘʮʶʶʯʠʭ ʬʘʟ, ʜʫʛʘ ʤʦʞʝ ʟʘʛʦʨʽʪʠʩʷ ʟʥʦʚʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʛʦʨ̔ ʥʥʷ ʜʫʛʠ. ɸ ʮʝ ʥʘʪʦʤʽʩʪʴ ʥʽʚʝʣʶʶ  ̒ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʆɸʇɺ ʟʘ ʫʤʦʚʘʤʠ ʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʃɽʇ 

ʅɺʅ.   
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ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚ ʟʛʘʩʘʥʥʷ ʜʫʛ ʞʠʚʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 

ʧʨʠʡʥʷʪʥʦʛʦ ʯʘʩʫ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʟʘʭʦʜʠ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʩʪʨʫʤʽʚ ʜʫʛʠ ʞʠʚʣʝʥʥʷ ʪʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʥʘʧʨʫʛʠ, 

ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʘʞʢʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʦʙʤʝʞʝʥʥ ̫ ʩʪʨʫʤʫ ʧʽʜʞʠʚʣʝʥʥʷ ʻ 

ʧʨʦʧʦʟʠʮʽʷ ʅ. ʂʥʫʜʩʝʥʘ [135], ʩʫʪɹ ʢ̫ʦʾ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʥʫʣʴʦʚʦʛʦ ʨʝʘʢʪʦʨʘ ʫ ʥʝʡʪʨʘʣʴ ʛʨʫʧʠ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ, ʪʘʢ ʟʚʘʥʠʡ 

ʯʦʪʠʨʠʧʨʦʤʝʥʝʚʠʡ ʨʝʘʢʪʦʨ. ʅʫʣʴʦʚʠʡ ʨʝʘʢʪʦʨ ʱʝ ʥʘʟʠʚʘʶʪʴ ʢʦʤʧʝʥʩʘʮʽʡʥʠʤ. 

ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʙʝʟʩʪʨʫʤʦʚʦʾ ʧʘʫʟʠ ʆɸʇɺ ʰʣʷʭʦʤ ʟʤʝʰʝʥʥʷ 

ʩʪʨʫʤʽʚ ʧʽʜʞʠʚʣʝʥʥʷ ʜʫʛʦʚʠʭ ʦʜʥʦʬʘʟʥʠʭ ʂɿ ʧʽʩʣʷ ʚʽʜʢʣʶʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʦʾ 

ʬʘʟʠ ʣʽʥʽʾ. 

ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ ʨʝʘʢʪʦʨʘ ʚ ʥʝʡʪʨʘʣʴ ʰʫʥʪʫʚʘʣʴʥʠʭ 

ʨʝʘʢʪʦʨʽʚ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.8. 

ʐʈ b ʐʈ ʩ

ʂʈ

ʈ-1

ʈ-3

ʈ-2
ʆʇʅʂ-35

ɺʄʂ-27

ʐʈ a

 

ʈʠʩ. 2.8 ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ ʨʝʘʢʪʦʨʘ 

 

ʋ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʣʽʥʽʾ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʨʝʘʢʪʦʨ ʟʘʰʫʥʪʦʚʘʥʠʡ 

ʚʠʤʠʢʘʯʝʤ ʪʠʧʫ ɺʄʂ-27 (ʚʠʤʠʢʘʯ ʫʚʽʤʢʥʝʥʠʡ, ʨʦʟôʻʜʥʫʚʘʯʽ ʈ-2 ʪʘ ʈ-3 

ʚʽʜʢʣʶʯʝʥʽ, ʘ ʨʦʟôʻʜʥʫʚʘʯ ʈ-1 ʫʚʽʤʢʥʝʥʠʡ). ʋ ʮʠʢʣʽ ʆɸʇɺ ʚʠʤʠʢʘʯ ɺʄʂ-27 

ʢʦʨʦʪʢʦʯʘʩʥʦ ʚʠʤʠʢʘʻʪʴʩʷ, ʘ ʧʦʪʽʤ ʚʤʠʢʘʻʪʴʩʷ ʚʽʜ ʘʚʪʦʤʘʪʠʢʠ ʢʝʨʫʚʘʥʥʷ 

ʢʦʤʧʝʥʩʘʮʽʡʥʠʤ ʨʝʘʢʪʦʨʦʤ, ʷʢʘ ʢʝʨʫʻ ʩʭʝʤʦʶ ʆɸʇɺ, ʯʠʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʚʝʜʝʥʥʷ 
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ʂʈ ʫ ʨʦʙʦʪʫ ʥʘ ʯʘʩ ʤʝʥʰʠʡ ʟʘ ʙʝʟʩʪʨʫʤʦʚʫ ʧʘʫʟʫ, ʘʣʝ ʜʦʩʪʘʪʥʽʡ ʜʣʷ ʛʘʩʽʥʥʷ ʜʫʛʠ 

ʧʽʜʞʠʚʣʝʥʥʷ ʂɿ 

ɼʣʷ ʤʦʞʣʠʚʦʛʦ ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʥʘ ʂʈ, ʚʠʤʠʢʘʯʽ  ɺʄʂ-27, 

ʨʦʟʨʷʜʥʠʢʫ ʆʇʅʂ-35 ʘʙʦ ʫ ʣʘʥʮʶʛʘʭ ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ ʨʝʘʢʪʦʨʘ ʧʝʨʝʜʙʘʯʝʥʽ 

ʨʦʟôʻʜʥʫʚʘʯʽ:  ʈ-2, ʷʢʠʡ ʟʘʟʝʤʣʶʻ ʥʝʡʪʨʘʣʴ ʂʈ, ʈ-3, ʷʢʠʡ ʟʘʟʝʤʣʶʻ 

ʢʦʤʧʝʥʩʘʮʽʡʥʠʡ ʨʝʘʢʪʦʨ, ʘ ʪʘʢʦʞ ʈ-1, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜôʻʜʥʘʪʠ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ 

ʜʽʯʁʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ. 

ʂʦʤʧʝʥʩʘʮʽʡʥʠʡ ʨʝʘʢʪʦʨ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚ ʨʦʙʦʪʽ ʥʘ ʣʽʥʽʾ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ 

ʘʚʪʦʤʘʪʠʢʠ ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʷʢʱʦ ʥʘ ʥʽʡ ʚʚʝʜʝʥʦ ʆɸʇɺ. ʂʈ 

ʚʠʚʦʜʠʪʴʩʷ ʟ ʨʦʙʦʪʠ ʫ ʚʠʧʘʜʢʘʭ: 

- ɺʠʚʝʜʝʥʥʷ ʟ ʣʽʥʽʾ ʆɸʇɺ; 

- ɺʽʜʢʣʶʯʝʥʥʷ ʛʨʫʧʠ ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʘʙʦ ʦʜʥʦʛʦ ʰʫʥʪʫʚʘʣʴʥʦʛʦ 

ʨʝʘʢʪʦʨʘ, ʫ ʥʝʡʪʨʘʣʴ ʷʢʦʛʦ ʚʚʽʤʢʥʝʥʠʡ ʂʈ; 

- ʇʨʠ ʨʦʙʦʪʽ ʃɽʇ ʅɺʅ 750 ʢɺ ʟ ʥʝʧʦʚʥʠʤ ʯʠʩʣʦʤ ʬʘʟ ʰʫʥʪʫʚʘʣʴʥʠʭ 

ʨʝʘʢʪʦʨʽʚ ʪʘ ʚʠʢʦʥʘʥʥʽ ʚʠʧʝʨʝʜʞʘʶʯʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʦʾ ʬʘʟʠ ʣʽʥʽʾ; 

- ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʂʈ, 

ʚʠʤʠʢʘʯʘ ɺʄʂ-27, ʆʇʅʂ-35 ʘʙʦ ʣʘʥʮʶʛʽʚ ʡʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʘʚʪʦʤʘʪʠʢʠ. 

ʅʘ ʧʦʪʦʯʥʠʡ ʯʘʩ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʧôʷʪʴ ʃɽʇ ʅɺʅ ʦʙʣʘʜʥʘʥʽ 

ʢʦʤʧʝʥʩʘʮʽʡʥʠʤʠ  ʨʝʘʢʪʦʨʘʤʠ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʷʢʽ ʚʽʜʦʙʨʘʞʝʥʘ ʫ ʪʘʙʣ. 2.4. 

 

ʊʘʙʣʠʮʷ 2.4 

 

ʅʘʷʚʥʽʩʪʴ ʢʦʤʧʝʥʩʘʮʽʡʥʠʭ ʨʝʘʢʪʦʨʽʚ ʚ ʆɽʉ ʋʢʨʘʾʥʠ 

 

ʥʘʟʚʘ ʣʽʥʽʾ ʨʦʟʤʽʱʝʥʥʷ ʂʈ 

ɺʽʥʥʠʮʴʢʘ ï ɿ.ʋʢʨʘʾʥʩɹʢʘ ʥʘ ʇʉ ɺʽʥʥʠʮʴʢʘ 

ʂʠʾʚʩʴʢʘ ï ɺʽʥʥʠʮʴʢʘ ʥʘ ʇʉ ɺʽʥʥʠʮʴʢʘ 

ʥʘ ʇʉ ʂʠʾʚʩʴʢʘ 

ʂʠʾʚʩʴʢʘ ï ʏɸɽʉ ʥʘ ʇʉ ʂʠʾʚʩʴʢʘ 

ɿʘʧʦʨʽʟʴʢʘ ï ɼʥʽʧʨʦʚʩʴʢʘ ʥʘ ʇʉ ɼʥʽʧʨʦʚʩʴʢʘ 

ʈɸɽʉ ï ɿ.ʋʢʨʘʾʥʩʴʢʘ ʥʘ ʇʉ ɿ.ʋʢʨʘʾʥʩʴʢʘ -1 ʂʈ 

ʥʘ ʇʉ ʈɸɽʉ - 2ʂʈ 
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ɺ ʋʢʨʘʾʥʽ ʚ ʷʢʦʩʪʽ ʢʦʤʧʝʥʩʘʮʽʡʥʠʭ ʨʝʘʢʪʦʨʚ̔ ʥʘʨʘʟʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʈʆʄ-270/35 ʚʠʨʦʙʥʠʮʪʚʘ ʇɸʊ çɿʘʧʦʨʽʞʪʨʘʥʩʬʦʨʤʘʪʦʨè.  

ɰʭʥʽ ʧʘʩʧʦʨʪʥʽ ʜʘʥʽ ʚʽʜʦʙʨʘʞʝʥʦ ʫ ʪʘʙʣ. 2.5. 

 

ʊʘʙʣʠʮʷ 2.5 

 

ʇʘʨʘʤʝʪʨʠ ʈʆʄ-270/35 

 

ʊʠʧ ʈʆʄ-270/35 

ɺʠʜ ʨʝʘʢʪʦʨʘ ʅʝʡʪʨʘʣʴʥʠʡ 

ʂʽʣʴʢʽʩʪʴ ʬʘʟ 1 

ʅʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʢɺɸʨ 270 

ʅʦʤʽʥʘʣʥɹʘ ʥʘʧʨʫʛʘ, ʢɺ 35  

ʅʦʤʽʥʘʣʴʥʠʡ ʪʨʠʚʘʣʠʡ ʩʪʨʫʤ, ɸ 30 

ʉʪʨʫʤ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʽʡʥʦʩʪʽ, ɸ 280 

ʅʦʤʽʥʘʣʴʥʠʡ ʢʦʨʦʪʢʦʯʘʩʥʠʡ ʩʪʨʫʤ, ɸ 750 

ʅʦʤʽʥʘʣʴʥʠʡ ʨʝʘʢʪʠʚʥʠʡ ʦʧʽʨ, ʆʤ 300 

ɺʠʜ ʪʘ ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʦʧʦʨʫ, ʆʤ ʇɹɺ (300-4*30) 

ʏʘʩʪʦʪʘ, ɻʮ 50 

ʊʠʧ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʄ 

 

ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʢʦʤʧʝʥʩʘʮʽʡʥʽ ʨʝʘʢʪʦʨʠ ʚʤʠʢʘʶʪʴʩʷ ʚ ʨʦʙʦʪʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʘʚʪʦʤʘʪʠʢʠ ʫ ʧʝʨʽʦʜ ʙʝʟʩʪʨʫʤʦʚʦʾ ʧʘʫʟʠ ʮʠʢʣʫ ʆɸʇɺ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʘʨʽʘʥʪ ʨʦʙʦʪʠ ʣʽʥʽʾ ʅɺʅ ʟ ʢʦʤʧʝʥʩʘʮʽʡʥʠʤ ʨʝʘʢʪʦʨʦʤ, ʷʢʠʡ ʧʦʩʪʽʡʥʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʙʦʪʽ. 

ɺʧʣʠʚ ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ ʨʝʘʢʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʤʦʤ, ʱʦ ʯʝʨʝʟ ʥʴʦʛʦ 

ʧʨʦʭʦʜʠʪʴ ï I0, ʷʢʠʡ ʫ ʩʚʦʶ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʤʽʚ Ia, Ib ʪʘ Ic, ʱʦ ʧʨʦʭʦʜʷʪʴ 

ʯʝʨʝʟ ʰʫʥʪʫʚʘʣʴʥʽ ʨʝʘʢʪʦʨʠ (ʨʠʩ. 2.9).  
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ɺ ʽʜʝʘʣʴʥʦʤʫ (ʩʠʤʝʪʨʠʯʥʦʤʫ) ʨʝʞʠʤʽ ʩʪʨʫʤʠ Ia, Ib ʪʘ Ic ʨ̔ʚʥʽ ʟʘ ʤʦʜʫʣʝʤ ʪʘ 

ʟʤʽʱʝʥʽ ʟʘ ʬʘʟʦʶ ʥʘ 120Ü ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʩʪʨʫʤ I0 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʥʫʣʴʦʚʦʤʫ ʨʝʘʢʪʦʨʽ ʪʘʢʦʞ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʢʦʤʧʝʥʩʘʮʽʡʥʠʡ ʨʝʘʢʪʦʨ ʥʝ ʚʧʣʠʚʘʻ ʞʦʜʥʠʤ ʯʠʥʦʤ ʥʘ ʨʦʙʦʪʫ 

ʰʫʥʪʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʚ̔ ʪʘ ʣʽʥʽʾ ʚʮʽʣʦʤʫ. 

ʇʨʦʪʝ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ ʫ ʨʦʟʜʽʣʽ 1.3, ʧʦʚʥʦʾ ʩʠʤʝʪʨʽʾ ʯʝʨʝʟ 

ʧʝʚʥʽ ʦʙôʻʢʪʠʚʥʽ ʧʨʠʯʠʥʠ ʥʝ ʽʩʥʫʻ.  

ʐʈ b ʐʈ ʩ

ʂʈ

ʐʈ aIa Ib Iʩ

I0

 

ʈʠʩ. 2.9 ʇʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʽʚ ʯʝʨʝʟ ʢʦʤʧʝʥʩʘʮʽʡʥʠʡ ʨʝʘʢʪʦʨ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [26] ʪʘ [40] ʥʝʩʠʤʝʪʨʽʷ ʥʘʧʨʫʛʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʝʩʠʤʝʪʨʽʾ ʥʘʧʨʫʛʠ ʧʦ ʟʚʦʨʦʪʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ (k2U) ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʥʝʩʠʤʝʪʨʽʾ ʥʘʧʨʫʛʠ ʧʦ ʥʫʣʴʦʚʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʆʩʢʽʣʴʢʠ ʫ ʃɽʇ ʅɺʅ ʥʝʤʘʻ 

ʥʫʣʴʦʚʦʛʦ ʧʨʦʚʦʜʫ, ʪʦ ʥʫʣʴʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘʢʦʞ ʥʝ ʙʫʜʝ. ʅʦʨʤʘʣʴʥʦ 

ʧʨʠʧʫʩʪʠʤʠʤ ʪʘ ʛʨʘʥʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʥʝʩʠʤʝʪʨʽʾ ʥʘʧʨʫʛʠ ʧʦ 

ʟʚʦʨʦʪʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʻ 2% ʪʘ 4% ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʂʈ ʥʘ ʨʝʞʠʤ ʨʦʙʦʪʠ ʃɽʇ ʅɺʅ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʩʝʨʝʜʦʚʠʱʝ  MATL AB/Simulink. ɺ ʦʩʥʦʚʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʧʦʢʣʘʜʝʥʦ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʴʦʭ ʦʜʥʦʬʘʟʥʠʭ  ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʟʘʤʽʩʪʴ ʦʜʥʦʛʦ ʪʨʠʬʘʟʥʦʛʦ 

(ʽʜʝʘʣʴʥʦʛʦ, ʩʠʤʝʪʨʠʯʥʦʛʦ). ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʦʜʝʣʽ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 2.11. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʦʾ ʘʤʧʣʽʪʫʜʠ ʬʘʟ ʦʜʥʦʬʘʟʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ 

ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʨʝʞʠʤ ʟ ʢʦʝʬʽʮʽʥ̒ʪʦʤ ʥʝʩʠʤʝʪʨʽʾ, ʱʦ ʜʦʨʽʚʥʶʻ 2%. ʂʦʝʬʽʮʽʻʥʪ 

ʥʝʩʠʤʝʪʨʽʾ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ 

(ʨʠʩ. 2.10). 

 

ʈʠʩ. 2.10 ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʙʣʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʥʝʩʠʤʝʪʨʽʾʫ ʩʝʨʝʜʦʚʠʱʽ Matlab 
Simulink 

  

ʉʫʪʴ ʟʦʙʨʘʞʝʥʦʛʦ ʙʣʦʢʫ ʧʦʣʷʛʘʻ ʚ ʦʙʯʠʩʣʶʚʘʥʥ ̔ʚʽʜʥʦʰʝʥʥʷ ʚʠʤʽʨʷʥʦʾ 

ʧʨʷʤʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘʧʨʫʛʠ ʜʦ ʟʚʦʨʦʪʥʦʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʠʤʝʪʨʠʯʥʦʛʦ ʨʝʞʠʤʫ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʝʩʠʤʝʪʨʽʾ 

2% ʧʦ ʟʚʦʨʦʪʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʫʣʠ ʧʽʜʪʚʝʨʜʞʝʥʽ ʨʦʟʨʘʭʫʥʢʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʫʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [26], [40] 

 

,  (2.5) 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ k2U, ʦʢʨʽʤ ʤʝʪʦʜʘ ʩʠʤʝʪʨʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʪʘʢʦʞ 

ʧʨʠʧʫʩʪʠʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʥʘʙʣʠʞʝʥʦʾ ʬʦʨʤʫʣʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ U2(1) 

[26], [40] 
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,     (2.6) 

 

ʜʝ  ï ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʟʚʦʨʦʪʥʴʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʩʥʦʚʥʦʾ 

ʯʘʩʪʦʪʠ, ʢɺ;  

Uʅɹ(1) ʪʘ Uʅʄ(1) ï ʥʘʡʙʽʣʴʰʝ ʪʘ ʥʘʡʤʝʥʰʝ ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ ʟ ʪʨʴʦʭ ʤʽʞʬʘʟʥʠʭ 

ʥʘʧʨʫʛ ʦʩʥʦʚʥʦʾ ʯʘʩʪʦʪʠ, ʢɺ. 
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ʈʠʩ. 2.11 ɼʦʩʣʽʜʞʫʚʘʥʘ ʤʦʜʝʣɹ ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink 

ʂʦʝʬʽʮʽʻʥʪ ʥʝʩʠʤʝʪʨʽʾ ʧʦ ʟʚʦʨʦʪʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

 

,       (2.7) 

 

ʜʝ Uʥʦʤ.ʤʬ - ʥʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʽʞʬʘʟʥʦʾ ʥʘʧʨʫʛʠ, ʢɺ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʢʦʝʬʮ̔̔ ʻʥʪ ʥʝʩʠʤʝʪʨʽʾ ʟʘ 

ʟʚʦʨʦʪʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ, ʱʦ ʜʦʨʽʚʥʶʻ 2 %, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʥʝʩʠʤʝʪʨ̔ ʾ ʟʘ ʫʤʦʚ, ʱʦ ʚʽʜʭʠʣʝʥʥʷ ʥʘʧʨʫʛʠ ʜʣʷ ʤʝʨʝʞʽ 750 ʢɺ 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʫ ʤʝʞʘʭ Ñ5% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʥʘʧʨʫʛʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ  k2U ʜʦʨʽʚʥʶʻ 2,88 %, ʪʦʙʪʦ ʥʝ ʜʦʩʷʛʘʻ ʛʨʘʥʠʯʥʦʾ 

ʚʝʣʠʯʠʥʠ ʚʽʜʭʠʣʝʥʴ. 

ʋ ʪʘʙʣ. 2.6 ʚʠʢʣʘʜʝʥʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ I0 ʪʘ ʧʘʜʽʥʥʷ 

ʥʘʧʨʫʛʠ ʥʘ ʥʫʣʴʦʚʦʤʫ ʨʝʘʢʪʦʨʽ (U0) ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʥʝʩʠʤʝʪʨʽʾ ʥʘʧʨʫʛʠ ʧʦ ʟʚʦʨʦʪʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘ 

ʃɽʇ ʅɺʅ 750 ʢɺ  ʂʠʾʚʩʴʢʘ - ɺʽʥʥʠʮʴʢʘ. 

 

ʊʘʙʣʠʮʷ 2.6 

 

ʉʪʨʫʤ ʪʘ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʥʫʣʴʦʚʦʤʫ ʨʝʘʢʪʦʨʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʘ ʥʝʩʠʤʝʪʨʽʾ ʥʘ ʃɽʇ ʅɺʅ 750 ʢɺ  ʂʠʾʚʩʴʢʘ ï ɺʽʥʥʠʮʴʢʘ 

 

k2U, % 2 2,88 

I0, ɸ 14 20,5 

U0, ʢɺ 4,2 6,07 

 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʽʥʰʠʭ ʃɽʇ ʅɺʅ, ʱʦ ʤʽʩʪʷʪʴ 

ʢʦʤʧʝʥʩʘʮʽʡʥʽ ʨʝʘʢʪʦʨʠ (ʪʘʙʣ. 2.4), ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʘʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. 
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ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ 

ʩʪʨʫʤ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʠʤʝ ʯʝʨʝʟ ʥʫʣʴʦʚʠʡ ʨʝʘʢʪʦʨ, ʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ ʡʦʛʦ 

ʥʦʤʽʥʘʣʴʥʠʡ ʪʨʠʚʘʣʠʡ ʩʪʨʫʤ (30 ɸ), ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ʪʘʢʦʞ ʥʝ ʙʫʜʝ 

ʧʝʨʝʚʠʱʝʥʘ.  

ʋ ʚʠʧʘʜʢʫ ʚʠʥʠʢʥʝʥʥʷ ʘʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ, ʥʘʧʨʠʢʣʘʜ, ʂɿ ʦʜʥʽʻʾ ʟ ʬʘʟ 

ʃɽʇ ʅɺʅ ʥʘ ʟʝʤʣʶ, ʚʠʥʠʢʘʻ ʥʝʩʠʤʝʪʨʽʷ, ʷʢʘ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʠʡ ʩʪʨʫʤ ʯʝʨʝʟ ʂʈ ʪʘ 

ʧʘʜ̔ʥʥ̫ ʥʘʧʨʫʛʠ ʥʘ ʥʴʦʤʫ.   

ʏʠʩʝʣʴʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʨʦʪʢʦʯʘʩʥʠʭ (0,2 ʩ) ʦʜʥʦʬʘʟʥʠʭ ʢʦʨʦʪʢʠʭ 

ʟʘʤʢʥʝʥʴ ʥʘ ʟʝʤʣʶ ʧʦʢʘʟʘʣʠ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ 

ʢʦʤʧʝʥʩʫʚʘʣʴʥʠʡ ʨʝʘʢʪʦʨ ʥʘ ʨʽʚʥʽ ʜʦ 200 ɸ, ʱʦ ʥʝ ʜʦʩʷʛʘʻ ʥʘʚʽʪʴ ʤʝʞʽ ʩʪʨʫʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʘʩʧʦʨʪʥʠʭ ʜʘʥʠʭ ʂʈ. 

ʋʟʘʛʘʣʴʥʝʥʝ ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʩʪʨʫʤʽʚ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 2.12. 

 

 

 

ʈʠʩ. 2.12 ʉʪʨʫʤ ʂɿ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʂʈ 

 


