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ɼʀʉɽʈʊɸʎɯʗ 

ɸʚʪʦʥʦʤʥʘ  ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʘ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʘ ʫʩʪʘʥʦʚʢʘ ʥʘ ʙʘʟʽ ʛʝʥʝʨʘʪʦʨʘ 

ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ 

ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 141 ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ 

ʚ ʛʘʣʫʟʽ ʟʥʘʥʴ 14 çɽʣʝʢʪʨʠʯʥʘ ʽʥʞʝʥʝʨʽʷè 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ. 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ 

ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ_________ɯ.ʗ. ʂʦʚʘʣʝʥʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ɻʦʣʦʚʢʦ ɺʦʣʦʜʠʤʠʨ ʄʠʭʘʡʣʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʦʨ. 

 

ʂʠʾʚ ï 2023 
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ɸʅʆʊɸʎɯʗ 

ʂʦʚʘʣʝʥʢʦ ɯ. ʗ. ɸʚʪʦʥʦʤʥʘ  ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʘ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʘ 

ʫʩʪʘʥʦʚʢʘ ʥʘ ʙʘʟʽ ʛʝʥʝʨʘʪʦʨʘ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ. - ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ 

ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

141 ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ ʚ ʛʘʣʫʟʽ ʟʥʘʥʴ 14 

çɽʣʝʢʪʨʠʯʥʘ ʽʥʞʝʥʝʨʽʷè. - ʅʘʮʽʦʥʘʣʴʥʠʡ  ʪʝʭʥʽʯʥʠʡ  ʫʥʽʚʝʨʩʠʪʝʪ  ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ  ʧʦʣʽʪʝʭʥʽʯʥʠʡ  ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ  ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, 2022. 

ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʝ ʜʦʩʣʽʜʞʝʥʥʶ ʪʘ ʚʠʨʽʰʝʥʥʶ 

ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʟʘʚʜʘʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʤʝʪʦʜʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 

ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʘʚʪʦʥʦʤʥʦʾ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʘʥʠʭ 

ʤʝʪʦʜʽʚ, ʰʣʷʭʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʟʤʽʥʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʣʽʪʝʨʘʪʫʨʥʦ-ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʟʘʛʘʣʴʥʦʛʦ ʩʪʘʥʫ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ ʚ ʨʝʛʽʦʥʘʣʴʥʦʤʫ 

ʢʦʥʪʝʢʩʪʽ ʪʘ ʚ ʮʽʣʦʤʫ ʦʮʽʥʝʥʦ ʩʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʜʘʥʦʾ ʛʘʣʫʟʽ. ʈʦʟʛʣʷʥʫʪʦ 

ʪʠʧʠ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʠʭ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʾʭ ʧʝʨʝʚʘʛʠ 

ʪʘ ʥʝʜʦʣʽʢʠ, ʭʘʨʘʢʪʝʨʥʽ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʥʘʨʘʟʽ ʩʢʣʘʜʘʶʪʴ å20% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʨʠʥʢʫ ʘʛʨʝʛʘʪʽʚ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɺʦʥʠ 

ʫʩʧʽʰʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ ʢʦʥʢʫʨʫʶʪʴ ʽʟ ʨʝʜʫʢʪʦʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ 

ʨʷʜ ʧʨʠʥʮʠʧʦʚʠʭ ʧʝʨʝʚʘʛ, ʪʘʢʠʭ ʷʢ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʙʽʣʴʰ ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. ɼʣʷ ʦʮʽʥʢʠ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʘʚʪʦʥʦʤʥʠʭ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʪʨʦʝʣʝʢʪʦʨʦʫʩʪʘʥʦʚʦʢ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ. ʇʨʝʜʤʝʪʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʻ: ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ, 

ʚʠʭʽʜʥʘ ʯʘʩʪʦʪʘ ʪʘ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ. ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ 

ʟʘʩʦʙʠ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʠʭ 

ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʫ ʩʢʣʘʜʽ ʟ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʟ 
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ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ. ɼʣʷ ʘʚʪʦʥʦʤʥʠʭ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʠʭ 

ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʠʬʽʯʥʠʡ ʪʠʧ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʘʥʝʨʛʽʾ. ɺʠʤʦʛʘ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘʢʦʾ ʩʠʩʪʝʤʠ 

ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʨʦʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʛʝʥʝʨʘʪʦʨʘ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʮʠʣʽʥʜʨʠʯʥʠʤ 

ʛʝʥʝʨʘʪʦʨʦʤ ʟʽ ʟʙʫʜʞʝʥʥʷʤ ʚʽʜ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɿ ʦʛʣʷʜʫ ʥʘ 

ʧʝʨʝʚʘʛʠ ʛʝʥʝʨʘʪʦʨʘ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ, ʚ ʨʦʙʦʪʽ ʦʙʨʘʥʦ ʟʘ ʦʩʥʦʚʫ ʩʘʤʝ ʮʝʡ ʪʠʧ 

ʛʝʥʝʨʘʪʦʨʘ. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ ʪʘ ʧʦʜʚʽʡʥʠʤ 

ʩʪʘʪʦʨʦʤ.  

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʦʪʦʨʽʚ ɺɽʋ ʜʣʷ ʚʽʜʦʤʠʭ ʧʨʦʬʽʣʽʚ ï ʪʨʘʜʠʮʽʡʥʠʭ (ʈ-ɯɯ, ɸ-6, BS-10, BS-10, p-11-18), 

ʧʨʦʬʽʣʽʚ ʩʝʨʽʾ GA(W)-1 ʪʘ ʣʘʤʽʥʦʚʘʥʠʭ FX. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʥʝʨʘʪʦʨʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʪʦʨʠ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʟ 

ʧʨʦʬʽʣʷʤʠ ʣʦʧʘʪʝʡ ʛʨʫʧʠ ʪʨʘʜʠʮʽʡʥʠʭ, ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 91,8é93,3 ɺʪ/ʤ2,  ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʽʾ ʚʽʪʨʫ ɝ=0,33é0.44 ʚ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ z=4é5. ʈʦʪʦʨʠ ʟ ʧʨʦʬʽʣʷʤʠ 

ʛʨʫʧʠ 2 ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ  

114,3é115,7 ɺʪ/ʤ2 ʧʨʠ ɝ= 0,54é0,55 ʚ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ z = 6é7. 

ʇʨʦʚʝʜʝʥʦ ʫʟʛʦʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʟ 

ʤʝʭʘʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ 

ʤʝʞʽ ʢʦʨʝʢʮʽʾ ʡʦʛʦ ʟʘ ʤʦʤʝʥʪʦʤ ʪʘ ʧʦʪʫʞʥʽʩʪʶ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʥʦʤʽʥʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. ʊʘʢ ʜʣʷ ʧʨʦʬʽʣʶ ʣʦʧʘʪʽ ʩʝʨʽʾ GA(W) ʚʦʥʘ ʩʢʣʘʜʘʻ ʟʘ ʤʦʤʝʥʪʦʤ 

22%, ʘ ʟʘ ʧʦʪʫʞʥʽʩʪʶ 9,5%, (ʟʘ ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ 5ʤ/ʩ ʚʽʜʥʦʩʥʦ ʚʝʨʭʥʴʦʾ ʤʝʞʽ 

ʜʽʘʧʘʟʦʥʘ ʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 8ʤ/ʩ). ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʚʘ ʤʝʪʦʜʠ ʢʦʨʝʢʮʽʾ: ʧʨʠʻʜʥʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʜʦ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ 

ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʧʦʨʽʚʥʷʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʪʦʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʰʣʷʭʦʤ ʫʨʘʭʫʚʘʥʥʷ 
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ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʟʘʻʤʦʚʧʣʠʚʫ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʽ ʤʦʜʫʣʷ 

ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʠʚ ʧʨʦʚʝʩʪʠ ʫʟʛʦʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʟ ʤʝʭʘʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʪʘ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʤʝʞʽ ʢʦʨʝʢʮʽʾ ʡʦʛʦ ʟʘ ʤʦʤʝʥʪʦʤ ʪʘ ʧʦʪʫʞʥʽʩʪʶ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʽ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʘʚʪʦʥʦʤʥʦʾ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʚ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʨʦʙʣʝʥʽ ʯʠʩʝʣʴʥʽ ʽʤʽʪʘʮʽʡʥʽ 

ʤʦʜʝʣʽ. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʚʘʨʽʘʥʪʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʥʘʧʨʫʛʠ ʧʨʠ: ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟ 

ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ; ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ; ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʦʜʘʪʢʦʚʦʛʦ ʟʙʫʜʞʝʥʥʷ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ; ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ ʘʚʪʦʥʦʤʥʦʾ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ: ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʢʦʨʝʢʮʽʾ 

ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ 

ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ; ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʟʙʫʜʞʝʥʥʷ ʧʨʠ 

ʜʠʩʢʨʝʪʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ.  

ɺ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʫʪʦʯʥʝʥʦ  ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚ̔ʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʫ ʩʢʣʘʜʽ ʟ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʤ 

ʛʝʥʝʨʘʪʦʨʦʤ ʟ ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʪʘ ʜʚʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ, ʷʢʘ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʦʾ, ʚʨʘʭʦʚʫʻ ʥʘʷʚʥʽʩʪʴ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ  ʧʦʜʚʽʡʥʦʛʦ ʩʪʘʪʦʨʘ ʪʘ 

ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʜʣʷ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʚʠʟʥʘʯʠʪʠ ʤʝʞʽ ʢʦʨʝʛʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ. ʆʙʛʨʫʥʪʦʚʘʥʦ, 

ʰʣʷʭʦʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ, ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʟ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʩʪʘʪʠʯʥʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ ʜʦʜʘʪʢʦʚʦʛʦ ʟʙʫʜʞʝʥʥʷ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ 
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ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʚʝʣʠʯʠʥʠ ʢʦʨʝʛʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʚʠʧʘʜʢʦʚʦʾ ʟʤʽʥʠ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. ʇʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʜʦ ʟʘʪʠʩʢʘʯʽʚ ʛʝʥʝʨʘʪʦʨʘ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ å5-10%. ɺʦʜʥʦʯʘʩ, ʥʘʧʨʫʛʘ ʥʘ 

ʟʘʪʠʩʢʘʯʘʭ, ʧʨʠ ʮʴʦʤʫ, ʟʤʝʥʰʫʻʪʴʩʷ ʚ 1,8 ʨʘʟʠ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʧʘʜʽʥʥʷʤ ʥʘʧʨʫʛʠ 

ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʦʧʦʨʘʭ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʨʦʩʪʦʤ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʤʫ 

ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ å2,2 ʨʘʟʠ. ɹʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʧʽʜʤʘʛʥʽʯʫʶʯʦʾ ʦʙʤʦʪʢʠ 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ ʦʙʤʦʪʢʫ ʟʙʫʜʞʝʥʥʷ Uf=8 ɺ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠʨʽʩʪ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ å30-40% ʥʽʞ ʙʝʟ 

ʨʝʛʫʣʶʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʻʤʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʦʙʤʦʪʢʠ 

ʷʢʦʨʷ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʚʝʣʠʯʠʥʠ ʚʟʘʻʤʦʽʥʜʫʢʮʽʾ, ʭʘʨʘʢʪʝʨʫ ʪʘ ʚʝʣʠʯʠʥʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ ʚʽʜ 

4,3 ï 32,1 ʤʢʌ ʜʣʷ ʯʠʩʪʦ ʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʧʦʪʫʞʥʦʩʪʽ 0 ï 87 

ɺʪ. 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʥʦʤʥʦʛʦ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʫ ʩʢʣʘʜʽ ʙʝʟ ʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʪʝʥʜʫ ʦʮʽʥʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʛʝʥʝʨʘʪʦʨʘ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʡʦʛʦ ʨʦʙʦʪʠ, ʘ ʩʘʤʝ: ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʦʾ 

ʩʭʝʤʠ ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟ ʢʦʨʝʢʮʽʻʶ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ 

ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ; ʧʨʦʚʝʜʝʥʦ ʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʨʝʢʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ; 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʦʨʝʢʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʤʝʞʘʭ 7-10%, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʚʠʭʽʜʥʫ ʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʥʘ: 44%, 35,5%, 18,07%, 21,6% ʧʨʠ 

ʰʚʠʜʢʦʩʪʽ   ʦʙʝʨʪʘʥʥʷ 200 ʦʙ/ʭʚ, 350 ʦʙ/ʭʚ, 550 ʦʙ/ʭʚ ʪʘ 650 ʦʙ/ʭʚ ʚʽʜʧʦʚʽʜʥʦ. 6.

 ɿʘ ʫʤʦʚʠ ʧʽʜʪʨʠʤʢʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ U1=14,4 ɺ ʪʘʢʦʞ 
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ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʥʘ 30 % ʧʨʠ 200 ʦʙ/ʭʚ, 

12,5% ʧʨʠ 350 ʦʙ/ʭʚ, 9,7% ʧʨʠ 550 ʦʙ/ʭʚ ʪʘ 17,6% ʧʨʠ 650 ʦʙ/ʭʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ɺʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʘ ʫʩʪʘʥʦʚʢʘ, 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʘ, ʘʚʪʦʥʦʤʥʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʘ, ʣʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ, 

ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʘ ʩʪʘʥʮʽʷ, ʚʽʪʨʦʪʫʨʙʽʥʘ, ʛʝʥʝʨʘʪʦʨ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ, ʩʠʥʭʨʦʥʥʠʡ 

ʛʝʥʝʨʘʪʦʨ, ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʡ ʛʝʥʝʨʘʪʦʨ ʟ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ, 

ʝʣʝʢʪʨʠʯʥʘ ʤʝʨʝʞʘ, ʥʘʜʽʡʥʽʩʪʴ, ʘʚʪʦʥʦʤʥʘ ʩʠʩʪʝʤʘ, ʘʩʠʥʭʨʦʥʥʠʡ ʛʝʥʝʨʘʪʦʨ, 

ʘʚʪʦʥʦʤʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ.  

ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 
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SUMMARY  

Kovalenko I.Ya. Autonomous non-multiplication wind power installation with 

axial-flux generator. - Qualifying scientific work on manuscript rights. 

Dissertation for obtaining the scientific degree of Doctor of Philosophy in the 

specialty 141 Electric power, electrical engineering and electromechanics in the field of 

knowledge 14 "Electrical engineering". - National Technical University of Ukraine "Ihor 

Sikorsky Kyiv Polytechnic Institute", Kyiv, 2023. 

The dissertation study is dedicated to the research and solution of an actual scientific 

task, which consists in substantiating the methods of regulating the output power and 

developing a mathematical model of the generator equipment of a multiplier-less 

autonomous wind power plant, taking into account these methods, by means of simulation 

modeling with variable rotation frequency of the wind turbine rotor. 

In this work was performed literature and patent search on the topic of the 

dissertation research. An assessment of the general state of wind energy in the regional 

context was carried out, and global trends in the development of this industry were 

generally assessed. The types of non-multiplication wind power plants are considered, 

their advantages and disadvantages, typical areas of application are analyzed. According to 

the results of the analysis of literary sources, it was established that the multiplierless 

systems currently make up å20% of the total number of wind generators on the market of 

small power units. They are successfully developed and compete with gear systems, as 

they have a number of fundamental advantages, such as simplicity of design, higher 

reliability and efficiency. In order to assess the existing methods and means of regulating 

the initial parameters of autonomous wind turbines, an analysis of methods of stabilizing 

the initial parameters of wind turbines was carried out, their advantages and disadvantages 

were analyzed. The subject of regulation of wind power plants is: output voltage, output 

frequency and output power. The analysis showed that there are practically no means for 

regulating the output power of multiplicative wind turbines combined with 

magnetoelectric generators with axial magnetic flux. A specific type of electromechanical 

energy converters is used for autonomous non-multiplication wind turbines. The 

requirement to adjust the output parameters of such a system requires the use of specially 
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designed electric generators. A comparative analysis of the end-type generator with a 

traditional cylindrical generator with excitation from low-power permanent magnets was 

carried out. Given the advantages of the end-type generator, this type of generator was 

chosen as the basis for the work. The paper calculates the parameters and characteristics of 

a magnetoelectric generator with an axial magnetic flux and a double stator. 

In the work, a comparative analysis of the aerodynamic characteristics of wind 

turbine rotors for known profiles - traditional (ʈ-ɯɯ, ɸ-6, BS-10, BS-10, p-11-18), profiles 

of the GA(W)-1 series and laminated FX is carried out. When calculating the energy 

characteristics of the generator of the wind turbine, it was established that the rotors of 

wind turbines with blade profiles of the traditional group allow to obtain the maximum 

values of mechanical power of 91.8...93.3 W/m2, with the values of wind energy 

utilization coefficients ɝ=0.33...0.44 in the speed range z=4...5. Rotors with profiles of 

group 2 allow to obtain maximum values of mechanical power of 114.3...115.7 W/m2 at 

ɝ= 0.54...0.55 in the speed range z = 6...7. The aerodynamic characteristics of the wind 

turbine rotor were reconciled with the mechanical characteristics of the electric generator, 

which made it possible to set the limits of its correction in terms of moment and power at 

different values of the nominal wind speed. Thus, for the blade profile of the GA(W) 

series, it is 22% in terms of moment, and 9.5% in terms of power (at a nominal speed of 5 

m/s relative to the upper limit of the range of nominal values of 8 m/s). To implement the 

given task, it is proposed to analyze two correction methods: connecting additional 

capacitors to the generator stator winding and using an additional generator stator 

magnetization winding 

As a result of the study, the method of comparative analysis of the aerodynamic 

characteristics of the rotors of wind turbines was further developed by taking into account 

the rational interaction of the coefficient of wind energy utilization and the speed module, 

which made it possible to reconcile the aerodynamic characteristics of the rotor of the 

wind turbine with the mechanical characteristics of the electric generator and set the limits 

of its correction in terms of torque and power for different values of the nominal wind 

speed 
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Numerical simulation models were developed in the dissertation research to assess 

the possibility of correcting the output power of an autonomous wind turbine. On the basis 

of the developed model, options for stabilization of output power and voltage were 

investigated when: using a generator of a wind power plant with one-sided arrangement of 

rotor magnets; correction of the output power of the generator using the introduction of 

static capacitors at discrete values of the wind speed; correction of generator output power 

using additional excitation at discrete values of wind speed; using a magnetoelectric 

generator with an axial magnetic flux of an autonomous wind power plant with a bilateral 

arrangement of the rotor magnets. According to the results of mathematical modeling, the 

following was performed: a comparative analysis of the correction of the output power of 

the generator using the introduction of static capacitors at discrete and random values of 

the wind speed; comparative analysis of generator output power correction using 

additional excitation at discrete and random wind speed values. 

In the dissertation research, the mathematical model of the multiplicationless wind 

power plant in the composition with the magnetoelectric generator with one-sided and 

two-sided arrangement of the rotor magnets was clarified, which, unlike the known one, 

takes into account the presence of the influence of the parameters of the double stator and 

an additional winding for magnetizing the magnetic system, which made it possible to 

determine the limits of the adjustment of the output power of the generator . The nature of 

the influence of the correction of the output power of a magnetoelectric generator with 

axial magnetic flux using the introduction of static capacitors and additional excitation of 

the generator stator was substantiated by means of structural simulation modeling and 

experimentally confirmed, which made it possible to estimate the amount of correction of 

the output power under random changes in wind speed. When connecting capacitors to the 

generator clamps, an increase in output power by å5-10% is observed. At the same time, 

the voltage on the clamps, in this case, decreases by 1.8 times, which is explained by the 

voltage drop on the internal resistances of the generator and the growth of the active and 

reactive components of the generator armature current by å2.2 times. A more effective 

way of correcting the output power is to use an additional magnetizing winding of the 

magnetoelectric generator. When applying a voltage to the excitation winding of Uf=8 V, 
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an increase in the output power of the generator is observed by å30-40% compared to 

without regulation. It was established that the size of the capacity depends on the 

parameters of the generator armature winding, the amount of mutual inductance, the nature 

and size of the load. For the studied generator, the capacitance values range from 4.3 to 

32.1 ɛF for a purely active load and for a power range of 0 to 87 W. 

In the dissertation study, an experimental stand was developed for the study of 

parameters and characteristics of an autonomous magnetoelectric generator in a 

composition without a multiplying wind power plant. With the help of the developed 

stand, the possibility of correcting the output active power of the generator in different 

modes of its operation was evaluated, namely: the structural diagram of the autonomous 

operation of the wind power plant with the correction of the generator power by an 

additional magnetizing winding was analyzed; an analysis of the experimental results of 

generator power correction with an additional magnetization winding was carried out; 

comparative analysis of the results of the experiment and simulation modeling of the 

generator power correction, the convergence of the results is within 7-10%, which 

confirms the adequacy of the developed models and the reliability of the obtained results. 

The use of magnetization with an additional winding allows you to increase the output 

active power by: 44%, 35.5%, 18.07%, 21.6% at rotation speeds of 200 rpm, 350 rpm, 550 

rpm and 650 rpm in accordance. 6. Under the condition of maintaining the output voltage 

of the generator U1=14.4 V, the output power at the generator terminals also increases by 

30% at 200 rpm, 12.5% at 350 rpm, 9.7% at 550 rpm and 17.6% at 650 rpm. 

Keywords. Renewable energy sources, wind power plant, multiplierless wind power 

plant, autonomous wind power plant, local system, wind power plant, wind turbine, wind 

power generator, synchronous generator, axial flux magnetoelectric generator, electric 

network, reliability, autonomous system, asynchronous generator, autonomous power 

source. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʈʽʟʢʝ ʧʽʜʚʠʱʝʥʥʷ ʮʽʥ ʥʘ ʛʘʟ ʽ ʩʢʣʘʜʥʽʩʪʴ ʡʦʛʦ  ʚʠʜʦʙʫʪʢʫ 

ʟʤʫʰʫʶʪʴ ʙʘʛʘʪʦ ʜʝʨʞʘʚ ʟʘʜʫʤʘʪʠʩʷ ʧʨʦ ʪʝ, ʷʢʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʤʦʛʣʠ ʙ ʩʪʘʪʠ ʡʦʤʫ 

ʘʣʴʪʝʨʥʘʪʠʚʦʶ. ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʚʽʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʤʦʞʥʘ 

ʧʦʢʨʠʪʠ ʜʦ 40 - 50% ʧʦʪʨʝʙʠ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʉʫʯʘʩʥʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʘ ʻ ʦʜʥʠʤ ʟ 

ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʛʨʝʛʘʪʽʚ ʩʝʨʝʜ ʽʥʰʠʭ ʟʘʩʦʙʽʚ ʥʝʪʨʘʜʠʮʽʡʥʦʾ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʜʦ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʧʨʦʷʚʣʷʻ ʥʘʩʝʣʝʥʥʷ, 

ʦʩʦʙʣʠʚʦ ʪʘ ʯʘʩʪʢʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʘʭ, ʚʽʜʜʘʣʝʥʠʭ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ ʚ ʟʦʥʘʭ ʙʝʟ ʝʣʝʢʪʨʠʬʽʢʘʮʽʾ. ɽʥʝʨʛʽʶ, ʱʦ 

ʦʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʨʦʙʦʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ 

ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʨʝʟʝʨʚʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ 

ʦʩʦʙʣʠʚʦ ʟʨʫʯʥʦ ʜʣʷ ʢʦʪʝʜʞʥʠʭ ʩʝʣʠʱ, ʥʝʚʝʣʠʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʩʪʨʘʪʝʛʽʯʥʠʭ 

ʘʙʦ ʚʽʡʩʴʢʦʚʠʭ ʦʙ'ʻʢʪʽʚ.  

ʋʢʨʘʾʥʘ ʻ ʦʜʥʽʻʶ ʟ ʢʨʘʾʥ, ʱʦ ʤʘʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟʥʘʭʦʜʠʪʴ ʚʩʝ ʙʽʣʴʰʦʛʦ 

ʧʦʰʠʨʝʥʥʷ, ʷʢ ʚ ʨʦʙʦʪʘʭ ʚʽʪʯʠʟʥʷʥʠʭ, ʪʘʢ ʽ ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ. 

ɿʘʜʘʯʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʫʪʠʣʽʟʘʮʽʾ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʟʘʚʞʜʠ ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ʊʨʘʜʠʮʽʡʥʦ ʚʦʥʘ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʪʦʨʘ 

ʚʽʪʨʦʪʫʨʙʽʥʠ. ʊʘʢ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ ʟʙʽʣʴʰʫʶʪʴ 

ʡʦʛʦ ʜʽʘʤʝʪʨ. ɸʣʝ ʧʽʜʚʠʱʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚ ʜʚʘ ʨʘʟʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʜʽʘʤʝʪʨʘ ʨʦʪʦʨʘ ʚ ʯʦʪʠʨʠ ʨʘʟʠ. ʊʘʢʠʡ ʨʝʟʫʣʴʪʘʪ ʚʠʢʣʠʢʘʻ ʧʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ 

ʨʦʟʤʽʨʽʚ, ʘ ʟʥʘʯʠʪʴ ʽ ʤʘʩʠ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ ʚʽʪʨʦʘʛʨʝʛʘʪʘ, ʪʦʙʪʦ ʧʠʪʦʤʘ 

ʤʘʪʝʨʽʘʣʦʻʤʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʟʨʦʩʪʘʻ ʽ ʟʥʠʞʫʻʪʴʩʷ ʝʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʫʩʪʘʥʦʚʢʠ. ɯʥʰʠʤ ʰʣʷʭʦʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʭ 

ʧʨʦʬʽʣʽʚ ʣʦʧʘʪʝʡ. 

ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʢʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʦʤʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʘʙʦ ʨʦʟʨʦʙʢʘ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ 

ʪʠʧʽʚ ʛʝʥʝʨʘʪʦʨʽʚ. ʇʨʠʨʦʜʘ ʚʽʪʨʫ ʥʦʩʠʪʴ ʤʽʥʣʠʚʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʤʫ ʘʢʪʫʘʣʴʥʦʶ 

ʟʘʜʘʯʝʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʽʪʨʫ ʧʨʠ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʝʥʝʨʛʽʾ. ɾʦʨʩʪʢʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʘʣʫ 

ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʚʽʜ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʦʧʘʪʽ ʚʽʜʦʤʽ ʽ ʚʪʽʣʝʥʽ ʚ 

ʽʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ, ʧʨʦʪʝ ʫʟʛʦʜʞʝʥʥʷ ʦʪʨʠʤʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʧʦʪʫʞʥʽʩʪʶ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ, ʱʦ ʧʽʜôʻʜʥʘʥʘ ʜʦ ʨʦʪʦʨʘ, ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʝʪʦʶ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ 

ʩʪʘʣʠʭ ʪʘ ʟʤʽʥʥʠʭ ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. ʈʦʟʨʦʙʣʝʥʦ ʯʠʩʣʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽʟ 

ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ, ʱʦ ʚʨʘʭʦʚʫʻ ʜʚʦʩʪʦʨʦʥʥʶ ʘʢʪʠʚʥʫ ʟʦʥʫ ʩʪʘʪʦʨʘ ʪʘ 

ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ. 

  ɸʢʪʠʚʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚ ʥʘʧʨʷʤʢʫ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʟʘʡʤʘʶʪʴʩʷ ʷʢ ʚʽʪʯʠʟʥʷʥʽ ʪʘʢ ʽ ʟʘʢʦʨʜʦʥʥʽ ʜʦʩʣʽʜʥʠʢʠ 

ʪʘʢʽ ʷʢ: ʇ.ʌ. ɺʘʩʴʢʦ, ʉ.ʆ. ʂʫʜʨʷ, ɺ. ʄ. ɻʦʣʦʚʢʦ, ʆ. ɯ. ʗʢʦʚʣʻʚ, ɸ. ʇ., ɻʦʣʫʙʝʥʢʦ, ɺ.ɯ. 

ɹʫʜʴʢʦ, ʆʣʝʡʥʠʢʦʚ ʆ.ʄ., ɿʘʨʠʮʴʢʘ ɭ.ɯ.,  ʆ.ɺ. ʆʩʪʘʧʯʫʢ ʪʘ ʽʥ. [1-4, 6-10, 20, 21, 55, 

69, 82, 89-91, 97, 119]. 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʻ ʝʣʝʢʪʨʠʯʥʠʡ 

ʛʝʥʝʨʘʪʦʨ. ɼʦʩʣʽʜʞʝʥʥʷʤ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʽʚ ʟʘʡʤʘʣʠʩʴ ʥʘʫʢʦʚʮʽ 

- ʃ.ʄ. ʇʘʣʘʩʪʽʥ, ɼ.ɸ. ɹʫʪ, ɸ.ɸ. ɸʬʦʥʽʥ, ɺ.ɺ. ɻʨʝʙʝʥʥʽʢʦʚ, ʃ. ɯ. ʄʘʟʫʨʝʥʢʦ, ʖ.ʅ. 

ʂʨʦʥʝʙʝʨʛ, ʖ.ʄ. ʇʝʨʤʽʥʦʚ, ɺ.ɺ. ʏʫʤʘʢ,  ʌ. ʂʝʥʽʦ, Jacek F.Gieras, Takayuki Mizuno, 

Kazutoshi Nagayama, Rita Mbayed, ʪʘ ʽʥ., ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʷʢʠʭ 

ʫʟʘʛʘʣʴʥʝʥʦ ʫ ʧʨʘʮʷʭ [16, 23-26, 35, 44, 51, 52, 61, 64, 74, 87, 110]. ɼʦʩʚʽʜ ʪʘ 

ʨʦʟʨʦʙʢʠ ʟʘʨʫʙʽʞʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʚʯʝʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʘʡʙʽʣʴʰʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʶʪʴ ʛʝʥʝʨʘʪʦʨʠ ʤʘʣʦʧʦʪʫʞʥʠʭ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ, ʱʦ ʚʠʢʦʥʘʥʽ ʥʘ ʙʘʟʽ 

ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʽʟ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ (SmCo, NdFeB). ʇʽʜʚʠʱʠʪʠ 
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ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʚ ʝʣʝʢʪʨʠʯʥʫ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ. ɯʥʰʠʤ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʻ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʘʚʪʦʥʦʤʥʦʾ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ, ʪʘʢʠʭ ʷʢ: ʤʦʤʝʥʪ, ʧʦʪʫʞʥʽʩʪʴ, ʥʘʧʨʫʛʘ.  

ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʪʘ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʣʦʧʦʪʫʞʥʠʭ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʚʘʨʪʦʩʪʽ, 

ʤʘʩʦʛʘʙʘʨʠʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʛʨʦʤʽʩʪʢʦʩʪʽ, ʟʥʠʞʝʥʥʷ ʾʭ ʥʘʜʽʡʥʦʩʪʽ, ʧʦʪʨʝʙʫʶʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʨʝʛʫʣʷʨʥʠʭ ʪʝʭʥʽʯʥʠʭ ʦʛʣʷʜʽʚ  [8, 34, 55, 62, 68, 77, 99, 105, 114]. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʩʝʢʪʦʨʽ ʤʘʣʦʾ 

ʚʪ̔ʨʦʝʥʝʨʛʝʪʠʢʠ, ʨʦʟʨʦʙʣʝʥʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ ʥʦʤʽʥʘʣʴʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ ʪʽʣʴʢʠ ʧʨʠ ʦʜʥʦʤʫ ʟʥʘʯʝʥʥʽ ʨʦʙʦʯʦʾ (ʥʦʤʽʥʘʣʴʥʦʾ) ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʱʦ 

ʥʝ ʜʦʟʚʦʣʷʻ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʫʪʠʣʽʟʫʚʘʪʠ ʝʥʝʨʛʽʶ ʚʽʪʨʫ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʡʦʛʦ 

ʰʚʠʜʢʦʩʪʽ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ ʤʘʻ ʚʘʞʣʠʚʝ 

ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽ ʬʽʟʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʘʚʪʦʥʦʤʥʦʾ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʤʘʣʦʧʦʪʫʞʥʦʾ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. ʋ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ ʘʥʘʣʦʛʘʤʠ ʜʘʥʠʡ ʚʘʨʽʘʥʪ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ ʡʦʛʦ ʰʚʠʜʢʦʩʪʽ. ɸʢʪʫʘʣʴʥʦʶ 

ʟʘʜʘʯʝʶ ʻ ʘʥʘʣʽʟ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʪʦʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʪʘ ʨʦʟʨʦʙʢʘ 

ʯʠʩʣʦʚʠʭ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʢʦʨʝʢʮʽʾ 

ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. ɺʠʨʽʰʝʥʥʶ 

ʟʘʟʥʘʯʝʥʦʾ ʘʢʪʫʘʣʴʥʦʾ ʟʘʜʘʯʽ ʧʨʠʩʚʷʯʝʥʦ ʜʘʥʝ ʜʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʠʭ ʚʽʪʨʦʫʩʪʘʥʦʚʢʘʭ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ 

ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʧʦʜʘʥʽ ʧʨʦʛʨʘʤʥʠʤʠ ʧʘʢʝʪʘʤʠ MATLAB-Simulink, Comsol 

Multiphysics. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʚʨʘʭʫʚʘʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʥʝʣʽʥʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʛʝʥʝʨʘʪʦʨʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ, ʧʨʦʚʦʜʠʪʠ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʯʠʭ, ʧʝʨʝʭʽʜʥʠʭ 

ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʽʥʰʽ.  
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ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʙ̌ ʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ 

ʘʚʪʦʥʦʤʥʦʾ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʟʤʽʥʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ.ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ  ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʘʚʪʦʥʦʤʥʠʭ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ;  

- ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʨʦʪʦʨʘ ʤʘʣʦʧʦʪʫʞʥʦʾ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʥʘ ʘʛʨʝʛʘʪʫʚʘʥʥ̫  ʟ ʾʾ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ; 

- ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟ 

ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ; 

- ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟ 

ʜʚʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ; 

- ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʪʘ 

ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ; 

- ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʟʙʫʜʞʝʥʥʷ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ 

ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ; 

- ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʘʚʪʦʥʦʤʥʦʾ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʫʟʛʦʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  

ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʘʚʪʦʥʦʤʥʦʾ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʙʘʟʽ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʟ ʘʢʩʘ̔ʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʘʚʪʦʥʦʤʥʦʾ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ 

ʟʘ ʚʠʧʘʜʢʦʚʦʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʫ ʨʦʙʦʪʽ ʟʘʜʘʯ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ: ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʤʝʪʦʜʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ ʣʝʞʠʪʴ ʯʠʩʝʣʴʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʦʮʽʥʢʠ ʩʧʦʩʦʙʽʚ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʤʝʪʦʜʠ 

ʪʝʦʨʽʾ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʚʽʜʦʤʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʪʦʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʰʣʷʭʦʤ ʫʨʘʭʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʟʘʻʤʦʚʧʣʠʚʫ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʽ ʤʦʜʫʣʷ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ, ʱʦ 

ʜʦʟʚʦʣʠʚ ʧʨʦʚʝʩʪʠ ʫʟʛʦʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʪʦʨʘ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟ ʤʝʭʘʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ 

ʤʝʞʽ ʢʦʨʝʢʮʽʾ ʤʦʤʝʥʪʫ ʽ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. 

2.ʋʪʦʯʥʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ  ʟ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʟ ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʪʘ 

ʜʚʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʦʾ, ʚʨʘʭʦʚʫʻ 

ʥʘʷʚʥʽʩʪʴ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ  ʧʦʜʚʽʡʥʦʛʦ ʩʪʘʪʦʨʘ ʪʘ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʜʣʷ 

ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʤʝʞʽ ʢʦʨʝʛʫʚʘʥʥʷ 

ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ. 

3. ʆʙʛʨʫʥʪʦʚʘʥʦ ʰʣʷʭʦʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟ ʘʢʩʘ̔ʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʚʝʜʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ ʜʦʜʘʪʢʦʚʦʛʦ ʟʙʫʜʞʝʥʥʷ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʚʝʣʠʯʠʥʠ ʢʦʨʝʛʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ 

ʚʠʧʘʜʢʦʚʦʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

- ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʦʙʫʜʦʚʠ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʛʝʥʝʨʘʪʦʨʘ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟ ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ; 
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- ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʦʙʫʜʦʚʠ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʛʝʥʝʨʘʪʦʨʘ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ; 

- ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʜʣʷ 

ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟ 

ʘʢʩʠʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ; 

- ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʫ ʩʢʣʘʜʽ ʟ 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʟ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫ 

ʚʠʛʣʷʜʽ ʩʪʨʫʢʪʫʨʥʠʭ ʘʣʛʦʨʠʪʤʽʚ; 

- ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʝʨʝʜʘʥʦ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʪʘ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʢʘʬʝʜʨʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʽʤ. ʧʨʦʬ. ɺ.ʄ. ʉʠʥʴʢʦʚʘ ʅʅɯ ʝʥʝʨʛʝʪʠʢʠ, 

ʘʚʪʦʤʘʪʠʢʠ ʽ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʙʽʦʨʝʩʫʨʩʽʚ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʥʘ ʢʘʬʝʜʨʫ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʬʘʢʫʣʴʪʝʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʦʪʝʭʥʽʢʠ  ʪʘ 

ʘʚʪʦʤʘʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʅɼʈ 

çʂʦʤʧʣʝʢʩʥʽ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʙʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾè ʪʘ ʜʦ  ɯʥʩʪʠʪʫʪʫ ʤʝʭʘʥʽʢʠ 

ʪʘ ʘʚʪʦʤʘʪʠʢʠ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʅɸɸʅ ʋʢʨʘʾʥʠ.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ 

ʩʘʤʦʩʪʽʡʥʦ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʜʠʩʝʨʪʘʥʪʦʤ ʟʜʽʡʩʥʝʥʦ: 

- ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʽʪʝʨʘʪʫʨʥʦ-ʧʘʪʝʥʪʥʦʛʦ ʧʦʰʫʢʫ ʟʘ ʪʝʤʦʶ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ, ʩʧʦʩʦʙʽʚ 

ʪʘ ʟʘʩʦʙʽʚ ʜʣʷ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʠʧʽʚ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʽʪʨʦʫʩʪʘʥʦʚʢʘʭ ʽʟ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʘʤʠ 

ʪʘ ʙʝʟ ʥʠʭ; 

- ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʨʦʙʦʪʠ ʫ ʩʢʣʘʜʽ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ; 
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- ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʜʦ ʨʦʟʨʦʙʢʠ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ; 

- ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʬʽʣʶ ʣʦʧʘʪʽ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ; 

- ʨʦʟʨʦʙʣʝʥʦ ʯʠʩʣʦʚʫ ʽʤʽʪʘʮʽʡʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʙʫʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʦʾ ʚʽʪʨʦʣʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʫ ʩʢʣʘʜʽ ʟ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʤ 

ʛʝʥʝʨʘʪʦʨʦʤ ʟ ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʪʘ ʜʚʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ; 

- ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʚʝʜʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ; 

- ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʾʭ ʦʙʨʦʙʮʽ ʪʘ 

ʘʥʘʣʽʟʽ. 

ʉʧʽʚʘʚʪʦʨʘʤʠ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʻ ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʪʘ ʥʘʫʢʦʚʮʽ, ʩʧʽʣʴʥʦ ʟ 

ʷʢʠʤʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʩʘʤʝ: ʏʫʤʘʢ ɺ.ɺ., ʄʦʥʘʭʦʚ ɭ.ɸ., ʂʦʭʘʥʻʚʠʯ ɺ.ʇ., 

ɹʘʞʝʥʦʚ ɺ.ɸ., ɻʦʣʦʚʢʦ ɺ.ʄ., ʊʠʤʦʱʫʢ ʆ.ʃ., ʇʦʥʦʤʘʨʴʦʚ ʆ.ɯ., ʂʦʚʘʣʝʥʢʦ ʄ.ɸ., 

ʎʠʚʽʥʩʴʢʠʡ ʉ.ʉ., ʊʢʘʯʫʢ ɯ.ɺ., ʐʠʭʘʡʣʦʚ ʄ.ʆ., ʎʠʧʣʝʥʢʦʚ ɼ.ɺ. 

ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʜʠʩʝʨʪʘʥʪʫ ʥʘʣʝʞʠʪʴ 

ʬʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʽ ʦʩʥʦʚʥʠʡ ʪʚʦʨʯʠʡ ʜʦʨʦʙʦʢ. 

ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʴ ʧʨʦʚʝʜʝʥʽ ʨʘʟʦʤ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ. ʅʘʫʢʦʚʽ 

ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʚʠʩʚʽʪʣʝʥʦ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʦʪʨʠʤʘʥʦ 

ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬʝʩʦʨʘ ʢʘʬʝʜʨʠ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʄʆʅ ʋʢʨʘʾʥʠ, ʜ.ʪ.ʥ. 

ɻʦʣʦʚʢʘ ɺ.ʄ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʽʟ ʥʘʫʢʦʚʦʶ ʪʝʤʘʪʠʢʦʶ, ʷʢʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʥʘ ʢʘʬʝʜʨʽ 

ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ɯɺɽ ʅɸʅ ʋʢʨʘʾʥʠ ʟʘ 

ʪʝʤʦʶ çʈʦʟʨʦʙʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ  ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ (ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ 
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ʥʦʤʝʨ: 0119U001599) ʪʘ ʧʝʨʝʜʘʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʪʘ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʽʤ. ʧʨʦʬ. ɺ.ʄ. ʉʠʥʴʢʦʚʘ ʅʅɯ 

ʝʥʝʨʛʝʪʠʢʠ, ʘʚʪʦʤʘʪʠʢʠ ʽ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʙʽʦʨʝʩʫʨʩʽʚ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʪʘ ʙʫʣʠ ʩʭʚʘʣʝʥʽ ʥʘ: XXI 

ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ çɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ 

ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʫ XXI ʩʪʦʣʽʪʪʽ (ʂʠʾʚ, 2019 ʨ); XXII ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʦʥʣʘʡʥ-ʢʦʥʬʝʨʝʥʮʽʾ çɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʫ 

XXI ʩʪʦʣʽʪʪʽè (ʂʠʾʚ, 2020 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ 

ʚʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʦʪʝʭʥʽʢʠ ʪʘ 

ʘʚʪʦʤʘʪʠʢʠè (ʤ. ʂʠʾʚ, 2018, 2019, 2020, 2021, 2022, 2023 ʨ. ʨ.); 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 23 ʜʨʫʢʦʚʘʥʠʭ 

ʧʨʘʮʷʭ, ʟ ʥʠʭ 13 ï ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ɼɸʂ 

ʋʢʨʘʾʥʠ, ʟ ʥʠʭ 3 ï ʫ ʚʠʜʘʥʥʽ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ 

SCOPUS, ʥʘʣʝʞʘʪʴ ʜʦ ʪʨʝʪʴʦʛʦ ʢʚʘʨʪʠʣʶ (Q3), 10 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʽʟ ʧʫʙʣʽʢʘʮʽʻʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʧʦʚʽʜʝʡ. 

ʆʙʩʷʛ ʽ ʩʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 150 

ʩʪʦʨʽʥʢʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʫ, ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʘʥʦʪʘʮʽʾ, ʚʩʪʫʧʫ, 4 ʨʦʟʜʽʣʽʚ, 

ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ 6 ʜʦʜʘʪʢʽʚ. ʆʙʩʷʛ ʦʩʥʦʚʥʦʛʦ 

ʪʝʢʩʪʫ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 120 ʩʪʦʨʽʥʦʢ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ. ʈʦʙʦʪʘ ʽʣʶʩʪʨʦʚʘʥʘ 74 

ʨʠʩʫʥʢʘʤʠ ʪʘ 7 ʪʘʙʣʠʮʷʤʠ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʤʽʩʪʠʪʴ 119 ʥʘʡʤʝʥʫʚʘʥʴ, ʟ 

ʥʠʭ 34 ʢʠʨʠʣʠʮʝʶ ʪʘ 85 ʣʘʪʠʥʠʮʝʶ. 
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ʈʆɿɼɯʃ 1  

ʉʋʏɸʉʅʀʁ ʉʊɸʅ ʈʆɿɺʀʊʂʋ ɺɯʊʈʆɽʅɽʈɻɽʊʀʂʀ 

 

1.1  ɿʘʛʘʣʴʥʠʡ ʩʪʘʥ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ  

 

ʋ ʟʚ'ʷʟʢʫ ʽʟ ʚʠʩʥʘʞʝʥʥʷʤ ʟʘʧʘʩʫ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʚʩʝ ʙʽʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ ʥʘʙʫʚʘʶʪʴ ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʪʨʘʜʠʮʽʡʥʠʭ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʟʥʘʯʥʝ ʤʽʩʮʝ ʩʝʨʝʜ ʷʢʠʭ ʟʘʡʤʘʶʪʴ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʽ 

ʫʩʪʘʥʦʚʢʠ. 

ʇʨʠʥʮʠʧ ʜʽʾ ɺɽʋ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʽ ʝʥʝʨʛʽʾ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʟ ʣʦʧʘʪʷʤʠ ʚ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʛʝʥʝʨʘʪʦʨʘ  ̔ʚ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʽʶ. ɿʘʛʘʣʦʤ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʪʦʨʘ, ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʘ, 

ʱʦ ʫʟʛʦʜʞʫʻ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʪʘ ʛʝʥʝʨʘʪʦʨʘ, ʧʝʨʝʪʚʦʨʶʚʘʯʘ, 

ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʟ ʚʠʤʦʛʘʤʠ 

ʝʣʝʢʪʨʦʩʠʩʪʝʤʠ ʩʧʦʞʠʚʘʯʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʨʦʟʨʽʟʥʷʶʪʴ ɺɽʋ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʦʶ ʦʩʷʤʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ. ɺ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ɺɽʋ ʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ [17, 21, 22, 27, 95, 97]. 

ʉʪʨʫʢʪʫʨʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʩʭʝʤʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ɺɽʋ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʾ ʧʦʪʫʞʥʦʩʪʽ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʜʦʧʫʩʪʠʤʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʚʠʩʦʪʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʩʽ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ, ʜʘʣʴʥʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʢʠ ʧʨʠʻʜʥʘʥʥʷ ʜʦ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʘʙʦ ʩʧʦʞʠʚʘʯʘ. 

ʇʦʪʫʞʥʽʩʪʴ ɺɽʋ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ (ʜʽʘʤʝʪʨʘ) ʣʦʧʘʪʝʡ ʨʦʪʦʨʘ 

ʚʽʪʨʦʪʫʨʙʽʥʠ, ʜʦʧʫʩʪʠʤʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʪʘ ʚʠʩʦʪʠ ʫʩʪʘʥʦʚʢʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʧʣʦʱʫ, ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʘ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ [76, 80, 98, 103]. 
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ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʧʦʪʫʞʥʦʩʪʽ, ɺɽʋ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʧʦʩʪʽʡʥʦʶ 

ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʪʘ ʟʤʽʥʥʦʶ (ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ). 

ʇʨʦʚʽʜʥʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ɺɽʋ ʻ ɼʘʥʽʷ (Vestas), ʅʽʤʝʯʯʠʥʘ (Enercon, Nordex, 

Simens ʪʘ ʽʥ.), ʉʐɸ (GE), ɯʩʧʘʥʽʷ (Gamesa, Ecotecnica), ʗʧʦʥʽʷ (Mitsubishi) ʪʘ ʽʥ [5, 

14, 20, 21, 65, 108 ]. 

ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʬʽʨʤ, ʱʦ ʚʠʧʫʩʢʘʶʪʴ, ʚʠʢʣʠʢʘʻ ʽ ʨʽʟʥʦʤʘʥʽʪʪʷ ʩʭʝʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʫ. ɼʦ ʛʝʥʝʨʘʪʦʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʫ ʩʢʣʘʜʽ ʛʣʦʙʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʚʠʩʫʚʘʶʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʠʩʦʢʽ ʚʠʤʦʛʠ, ʜʦʪʨʠʤʘʥʥʷ ʷʢʠʭ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʤʽʞʥʘʨʦʜʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, 

ʪʘʢʠʤʠ ʷʢ UCTE (Union for Coordination of Transmission of Electricity). ʄʝʨʝʞʘ 

UCTE ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩʠ ʦʧʝʨʘʪʦʨʽʚ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʫ 20 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ, ʾʾ ʦʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ï ʙʝʟʧʝʯʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʜʥʘʥʠʭ 

ʝʥʝʨʛʦʩʠʩʪʝʤ. ʑʦʨʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʤʝʨʝʞʘʭ UCTE ʩʪʘʥʦʚʠʪʴ 

ʙʣʠʟʴʢʦ 2100 ʊɺʪ.ʛʦʜ. ɼʘʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʚʠʨʦʙʣʝʥʦ ʚʠʤʦʛʠ ʜʦ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʛʝʥʝʨʘʪʦʨʠ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ, ʽ ʟ 1 ʩʽʯʥʷ 2002 ʨ. ʞʦʜʥʘ ɺɽʋ, ʷʢʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʮʠʤ 

ʚʠʤʦʛʘʤ, ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʨʠʻʜʥʘʥʘ ʜʦ ʤʝʨʝʞʽ [27, 86]. 

ʅʝʤʘʻ ʩʧʝʮʽʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʷʢʽ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʚʠʤʦʛʠ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ɺɽʋ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʛʝʥʝʨʘʪʦʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʧʨʠʥʮʠʧʠ ʪʘ ʚʠʤʦʛʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʷʢ 

ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʭ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʫʯʘʩʥʦʾ ɺɽʋ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʩʪʘʥʥʽ 

ʜʦʩʷʛʥʝʥʥʷ ʤʝʭʘʥʽʢʠ, ʝʣʝʢʪʨʦʥʽʢʠ, ʘʝʨʦʜʠʥʘʤʽʢʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʻʚʨʦʧʝʡʩʢɹʠʭ 

ʩʪʘʥʜʘʨʪʽʚ ʜʦ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʨʠʻʜʥʘʥʠʡ ʛʝʥʝʨʘʪʦʨ ʧʦʪʫʞʥʽʩʪʶ 

ʤʝʥʰʝ 1 ʄɺʪ, ʘ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ 1 ʢɺʪ/ʛʦʜ ʚʽʪʨʦʝʥʝʨʛʽʾ ʙʘʞʘʥʦ, ʱʦʙ ʧʦʪʫʞʥʽʩʪʴ 

ʦʜʠʥʠʯʥʦʾ ɺɽʋ ʩʪʘʥʦʚʠʣʘ 5...10 ʄɺʪ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʦ ʥʘʡʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʠʭ ʟʘʨʘʟ ʦʬʰʦʨʥʠʭ (ʚʩʪʘʥʦʚʣʝʥʠʭ ʫ ʤʦʨʽ) ʚʽʪʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʫ ʷʢʠʭ 

ʚʘʨʪʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ, ʤʦʥʪʘʞ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʣʷ ʪʘʢʠʭ ʩʪʘʥʮʽʡ ʤʦʞʣʠʚʦʩʪʽ ʩʪʘʥʜʘʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʘʢʪʠʯʥʦ 

ʚʠʯʝʨʧʘʥʽ. 
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ɻʝʥʝʨʘʪʦʨʠ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʚʠʧʨʘʚʜʘʥʦ ʧʨʠ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʙʝʨʪʘʥʥʷ, ʤʘʶʪʴ 

ʧʨʦʩʪʽʰʫ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʫ ʧʦʪʫʞʥʽʩʪʴ. ʇʨʘʚʜʘ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʦʩʪʘʥʥʽʭ, ʾʭʥʷ ʨʦʙʦʪʘ ʥʝʤʦʞʣʠʚʘ ʙʝʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʽʜʧʦʚʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʽ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʦʙʤʝʞʫʻ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʰʠʥ ʪʘʢʦʛʦ 

ʪʠʧʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʽʪʨʦʫʩʪʘʥʦʚʢʘʭ ʟ ʥʘʧʨʫʛʦʶ ʜʦ 1 ʢɺ (LV ʥʘʧʨʫʛʦʶ ʤʝʥʰʝ 1 

ʢɺ) ʛʝʥʝʨʘʪʦʨʽʚ ʟʤʽʥʥʦʾ ʯʘʩʪʦʪʠ ʩʪʘʻ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ ʧʨʠ ʩʪʨʫʤʘʭ ʢʽʣʴʢʘ ʢʽʣʦʘʤʧʝʨ, 

ʘ ʚʘʨʪʽʩʪʴ 1 ʢɺʪĿʛʦʜ ʝʥʝʨʛʽʾ ʧʨʠ ʮʴʦʤʫ ʧʦʯʠʥʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ.  

ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ ʻ ʧʦʙʫʜʦʚʘ ʩʠʩʪʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ 

ʚʽʜʜʘʯʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦ ʩʧʦʞʠʚʘʯʘ, ʘ ʪʘʢʦʞ ʧʽʜʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʩʪʝʤʠ: ʩʪʨʫʤʫ, ʥʘʧʨʫʛʠ, ʧʦʪʫʞʥʦʩʪʽ [13, 35, 38, 40, 67, 106]. 

ɸʥʘʣʽʟ ʨʦʟʚʠʪʢʫ ʟʘʨʫʙʽʞʥʦʾ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ ʧʦʢʘʟʫʻ, ʱʦ ʢʣʘʩʠʯʥʽ ʩʭʝʤʠ ɺɽʋ 

ʟʽ ʟʤʽʥʥʠʤʠ ʦʙʦʨʦʪʘʤʠ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʟ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʦʤ ʘʙʦ ʪʠʭʦʭʽʜʥʠʤ 

ʙʘʛʘʪʦʧʦʣʶʩʥʠʤ ʩʠʥʭʨʦʥʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʚ ʢʦʤʧʣʝʢʪʽ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʽ 

ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ, ʤʘʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʚ ʝʣʝʢʪʨʠʯʥʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. 

 

1.2  ɹʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥ ̔ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʽ ʫʩʪʘʥʦʚʢʠ 

 

ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʧʦʙʫʜʦʚʘʥʦ ʨʽʟʥʽ ʢʦʥʮʝʧʮʽʾ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʟ ʤʝʪʦʶ 

ʤʘʢʩʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ, ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʜʝʩʷʪʠʣʽʪʴ [13, 14, 21, 33, 97,113]. ʊʘʢʽ 

ʢʦʥʮʝʧʮʽʾ ʪʫʨʙʽʥ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟ ʧʦʛʣʷʜʫ ʥʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʪʠʧʫ ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʨʦʟʛʣʷʜʽ ʢʦʥʩʪʨʫʢʮʽʾ ʛʝʥʝʨʘʪʦʨʥʦʾ 

ʩʠʩʪʝʤʠ ʚʽʪʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʚʦʥʠ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʥʘ ʩʠʩʪʝʤʠ ʧʨʷʤʦʛʦ ʧʨʠʚʦʜʫ ʪʘ 

ʨʝʜʫʢʪʦʨʥʽ. ʆʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʪʠʧ ʛʝʥʝʨʘʪʦʨʘ, ʩʠʩʪʝʤʘ ʛʝʥʝʨʘʪʦʨʘ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʥʘ 

ʤʘʰʠʥʠ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʽ ʤʘʰʠʥʠ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ.  
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ɺ ʪʦʡ ʯʘʩ, ʷʢ ʽʥʥʦʚʘʮʽʡʥʽ ʪʘ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʢʦʥʢʫʨʫʶʯʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʥʘʫʢʦʚʠʤʠ ʢʦʣʝʢʪʠʚʘʤʠ ʯʠ ʛʨʫʧʘʤʠ ʦʜʥʦʯʘʩʥʦ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʢʽʣʴʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʨʦʟʨʦʙʣʷʣʠʩʷ 

ʧʝʨʰʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ, ʚʽʪʨʷʥʽ ʪʫʨʙʽʥʠ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʚʽʩʩʶ ʪʘ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ 

ʚʽʩʩʶ ( ʮʝ ʪʨʠʚʘʣʦ ʙʣʠʟʴʢʦ ʜʝʩʷʪʠ ʨʦʢʽʚ) ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʚʽʩʩʶ ʥʝ 

ʩʪʘʣʘ ʜʦʤʽʥʫʶʯʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ. ʇʨʦʮʝʩ, ʚ ʷʢʦʤʫ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʙʽʣʴʰʝ ʦʜʥʦʛʦ 

ʚʘʨʽʘʥʪʘ ,̔ ʟʨʝʰʪʦ ,ʁ ʦʜʠʥ ʽʟ ʥʠʭ ʚʠʛʨʘʻ, ʥʘʟʠʚʘʻʪʴʩʷ  çʙʠʪʚʘ ʪʝʭʥʦʣʦʛʽʡè, çʙʦʨʦʪʴʙʘ 

ʟʘ ʜʦʤʽʥʫʶʯʠʡ ʜʠʟʘʡʥè ʘʙʦ çʨʠʥʢʦʚʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʷè . ʆʜʥʦʯʘʩʥʘ ʨʦʟʨʦʙʢʘ ʢʽʣʴʢʦʭ 

ʚʘʨʽʘʥʪʽʚ ʥʝʤʠʥʫʯʘ, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʘ ʢʦʤʧʘʥʽʡ ʤʦʞʫʪʴ ʦʜʥʦʯʘʩʥʦ ʧʨʘʮʶʚʘʪʠ ʥʘʜ 

ʢʦʥʢʫʨʫʶʯʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʎʝ ʚʘʨʪʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʯʘʩʫ ʪʘ ʛʨʦʰʝʡ. 

ʅʘʫʢʦʚʽ ʛʨʫʧʠ, ɦ ʦ ʜʦʩʣʽʜʞʫʚʘʣʠ ʪʘ ʨʦʟʨʦʙʣʷʣʠ ʚʘʨʽʘʥʪ, ʱʦ ʥʝ ʩʪʘʚ ʧʝʨʝʜʦʚʠʤ, 

ʧʦʯʠʥʘʶʪʴ ʨʦʙʦʪʫ ʥʘʜ ʽʥʰʠʤʠ ʧʨʦʝʢʪʘʤʠ ʘʙʦ ʧʨʦʩʫʚʘʶʪʴ ʩʚʽʡ ʚʘʨʽʘʥʪ. ʎʝ 

ʧʝʨʝʜʙʘʯʘʻ ʪʘʢ ʟʚʘʥʝ çʧʝʨʝʤʠʢʘʥʥʷè, ʱʦ ʚʝʜʝ ʟʘ ʩʦʙʦʶ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ. ɯ 

ʧʦʣʽʪʠʢʠ, ʷʢʽ ʩʫʙʩʠʜʫʶʪʴ ʨʦʟʚʠʪʦʢ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠ, ʱʦ 

ʚʦʥʠ ʩʫʙʩʠʜʫʚʘʣʠ çʥʝʧʨʘʚʠʣʴʥʠʡ ʚʘʨʽʘʥʪè. ʊʦʤʫ ʚʘʞʣʠʚʦ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ ʤʘʪʠ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝ, ʷʢʠʡ ʽʟ ʢʦʥʢʫʨʫʶʯʠʭ ʚʘʨʽʘʥʪʽʚ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʩʪʘʥʫʪʴ 

ʜʦʤʽʥʫʶʯʠʤʠ ʧʨʦʝʢʪʘʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʄʘʪʝʨʽʘʣ ʜʘʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ ʟʦʩʝʨʝʜʞʝʥʠʡ 

ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʚʽʪʨʦʘʛʨʝʛʘʪʽʚ ʽ ʟ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʦʤ ʪʘ ʚʽʪʨʦʘʛʨʝʛʘʪʽʚ ʟ ʧʨʷʤʠʤ ʘʙʦ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ. 

ɺʽʪʨʦʚʘ ʝʥʝʨʛʝʪʠʢʘ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʘ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʽ ʰʚʠʜʢʦ ʧʦʰʠʨʶʻʪʴʩʷ. 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʠʨʦʙʣʝʥʘ ʚʽʪʨʦʚʠʤʠ ʩʪʘʥʮʽʷʤʠ ʚ ɭʚʨʦʧʝʡʩʴʢʦʤʫ 

ʉʦʶʟʽ ʟʨʦʩʣʘ ʚ ʦʜʠʥʘʜʮʷʪʴ ʨʘʟʽʚ ʟʘ ʦʩʪʘʥʥʽ 15 ʨʦʢʽʚ, ʟ 13 ɻɺʪ ʫ 2005 ʨʦʮʽ ʜʦ 153 ɻɺʪ 

ʫ 2016 ʨʦʮʽ. ɿʘʛʘʣʦʤ ʫ 2017 ʨʦʮʽ 11,6% ʚʽʜ ʚʠʨʦʙʣʝʥʦ ʾʝʥʝʨʛʽʾ ʚ ɭʉ ʥʘʜʭʦʜʠʣʦ ʟ 

ʝʥʝʨʛʽʾ ʚʽʪʨʫ [21, 93, 97]. ʊʦʤʫ ʯʘʩʪʢʘ ʧʦʪʫʞʥʦʩʪ̔ ʚʽʪʨʫ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʽ, ʰʚʠʜʰʝ 

ʟʘ ʚʩʝ, ʙʫʜʝ ʟʨʦʩʪʘʪʠ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. ɺ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʘ ʪʠʧʠ 

ʚʠʢʦʥʘʥʥʷ ʧʨʠʚʦʜʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ: 

ï ʽʟ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʦʤ (ʨʝʜʫʢʪʦʨʦʤ ʘʙʦ ʢʦʨʦʙʢʦʶ ʧʝʨʝʜʘʯ); 

ï ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʽ (ʙʝʟʨʝʜʫʢʪʦʨʥʽ ʯʠ ʽʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ). 
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ʄʫʣʴʪʠʧʣʽʢʘʮʽʡʥʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʘ ʤʘʻ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨ ʤʽʞ ʨʦʪʦʨʦʤ ʽ 

ʛʝʥʝʨʘʪʦʨʦʤ. ʎʝ ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʦ ʪʘʢʦʾ ʚʝʣʠʯʠʥʠ, ʱʦʙ ʚʦʥʘ ʙʫʣʘ 

ʙʣʠʟʴʢʦʶ ʘʙʦ ʨʽʚʥʦʶ ʥʦʤʽʥʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

ʇʝʨʰ̔ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʽ ʚʽʪʨʦʘʛʨʝʛʘʪʠ ʩʪʘʣʠ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʪʘ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ 1970-ʭ ʨʦʢʘʭ [46, 73, 81, 94, 104]  ̔ ʯʘʩʪʦ ʦʩʥʘʱʫʚʘʣʠʩʷ 

ʘʩʠʥʭʨʦʥʥʠʤ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʽ ʙʘʛʘʪʦʢʘʩʢʘʜʥʦ  ʁʢʦʨʦʙʢʦ  ʁʧʝʨʝʜʘʯ. 

ɿ 1990-ʭ ʨʦʢʽʚ ʙʽʣʴʰʽʩʪʴ ʛʝʥʝʨʘʪʦʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʧʝʨʝʡʰʣʠ ʥʘ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʫ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʫ ʟʽ ʟʤʽʥʥʦʶ ʰʚʠʜʢʽʩʪʶ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ [83, 88, 110]. ɺ ʪʘʢʦʤʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʚʘʨʽʘʥʪʽ ʚʠʢʦʥʘʥʥʷ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʧʨʠʻʜʥʘʥʘ ʜʦ ʪʨʘʜʠʮʽʡʥʦʛʦ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟ ʧʦʜʚʽʡʥʠʤ ʞʠʚʣʝʥʥʷʤ. 

ɿ 1991 ʨʦʢʫ ʚʠʨʦʙʥʠʢʘʤʠ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʘʢʪʠʚʥʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʚʽʪʨʦʚʽ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʽ ʪʫʨʙʽʥʠ. ʎʝʡ ʪʠʧ ʚʽʪʨʦʚʦʾ ʪʫʨʙʽʥʠ ʚʽʜʦʤʠʡ ʷʢ ʚʽʪʨʦʫʩʪʘʥʦʚʢʘ ʟ 

ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʽʟ ʟʤʽʥʥʦʶ ʰʚʠʜʢʽʩʪʶ. ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ, ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ 

ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʙʫʣʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʂʂɼ ʟʘ ʨʘʭʫʥʦʢ ʫʩʫʥʝʥʥʷ ʚʪʨʘʪ ʚ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʽ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʾʾ ʧʦʣʦʤʦʢ. ɺ ʪʘʢʽʡ 

ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʪʦʨ ʚʽʪʨʦʪʫʨʙʽʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʛʝʥʝʨʘʪʦʨʘ, ʧʨʠ ʮʴʦʤʫ 

ʰʚʠʜʢʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʜʦʨʽʚʥʶʻ ʰʚʠʜʢʦʩʪʽ ʨʦʪʦʨʘ. ɿʘʚʜʷʢʠ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽʡ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ, ʛʝʥʝʨʘʪʦʨ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʛʥʽʪʥʠʭ 

ʧʦʣʶʩʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʾ ʚʠʭʽʜʥʦʾ ʯʘʩʪʦʪʠ. ɺʽʪʨʦʫʩʪʘʥʦʚʢʠ ʽʟ 

ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʤʽʩʪʷʪʴ ʜʚʘ ʪʠʧʠ ʚʠʢʦʥʘʥʥʷ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ: 

ï ʛʝʥʝʨʘʪʦʨʠ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ; 

ï ʛʝʥʝʨʘʪʦʨʠ ʽʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʟʙʫʜʞʝʥʥʷʤ.  

ʋ 1990-ʭ ʨʦʢʘʭ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʽ ʫʩʪʘʥʦʚʢʠ ʫ ʩʢʣʘʜʽ ʟ ʛʝʥʝʨʘʪʦʨʘʤʠ ʽʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʦʩʠʪʴ ʯʘʩʪʦ, ʦʩʢʽʣʴʢʠ ʧʦʩʪʽʡʥʽ 

ʤʘʛʥʽʪʠ ʙʫʣʠ ʜʦʨʦʛʠʤʠ ʪʘ ʤʘʣʠ ʜʦʩʠʪʴ ʥʠʟʴʢʫ ʧʠʪʦʤʫ ʧʦʪʫʞʥʽʩʪʴ. ʇʽʟʥʽʰʝ, ʢʦʣʠ 

ʮʽʥʠ ʥʘ ʧʦʩʪʽʡʥʽ ʤʘʛʥʽʪʠ ʚʧʘʣʠ, ʚʦʥʠ ʩʪʘʣʠ ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ . ʆʜʥʘʢ ʫ 2011 ʨ. ʧʽʜ 

ʯʘʩ ʧʽʜʚʠʱʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ, ʽʥʪʝʨʝʩ ʜʦ ʛʝʥʝʨʘʪʦʨʽʚ ʽʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʟʥʦʚʫ ʟʨʽʩ. ɺ ʜʘʥʠʡ ʯʘʩ ʦʙʠʜʚʘ ʚʘʨʽʘʥʪʠ ʚʠʢʦʥʘʥʥʷ 

ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʧʦʙʫʪʽ. 
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ʋ 2011 ʨʦʮʽ ʬʫʥʢʮʽʦʥʫʚʘʣʦ ʙʣʠʟʴʢʦ 83% ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʠʭ ʚʽʪʨʦʚʠʭ 

ʫʩʪʘʥʦʚʦʢ [76, 99, 83], ʪʦʜʽ ʷʢ ʯʘʩʪʢʘ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʠʭ ʚʽʪʨʦʚʠʭ ʫʩʪʘʥʦʚʦʢ 

ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 17%. ʂʽʣʴʢʘ ʚʯʝʥʠʭ [21, 39, 47, 72] ʦʧʠʩʘʣʠ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ 

ʪʨʘʥʩʤʽʩʽʾ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʽ ʟʨʦʙʠʣʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʝʚʽʜʦʤʦ, ʜʦ ʷʢʦʾ ʟ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʙʫʜʫʪʴ ʩʧʨʷʤʦʚʘʥʽ ʜʦʤʽʥʫʶʯʽ ʨʦʟʨʦʙʢʠ ʚ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

ɹʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʤʘʶʪʴ ʨʷʜ ʧʨʠʥʮʠʧʦʚʠʭ ʧʝʨʝʚʘʛ ʧʝʨʝʜ 

ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ [56, 57, 83]: 

ï ʨʦʙʦʪʘ ʧʨʠ ʨʽʟʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ; 

ï ʥʠʟʴʢʘ ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʙʦʪʫ ʧʨʠ ʥʠʟʴʢʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʚʽʪʨʫ; 

ï ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤʠ; 

ï ʚʠɦʝ ʟʥʘʯʝʥʥʷ ʂʂɼ.  

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʪʠʧʠ ʙʫʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʠʭ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ. 

ɺʽʜʦʤʦ, ʱʦ 3000 ʦʙ/ʭʚ ï ʮʝ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʜʚʦʧʦʣʶʩʥʦʛʦ 

ʪʨʠʬʘʟʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, 1500 ʦʙ/ʭʚ ï ʮʝ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʯʦʪʠʨʠʧʦʣʶʩʥʦʛʦ ʪʨʠʬʘʟʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʦʜʥʘʢ ʰʚʠʜʢʽʩʪʴ ʨʦʪʦʨʘ 

ʚʽʪʨʦʚʦʾ ʪʫʨʙʽʥʠ ʟʘʚʞʜʠ ʥʠʟʴʢʘ, ʚʽʪʨʦʫʩʪʘʥʦʚʢʘ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʘʻ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʢʽʣʴʢʘ ʩʦʪʝʥʴ ʦʙ/ʭʚ. ʂʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʦʙʝʨʪʽʚ ʥʘ ʭʚʠʣʠʥʫ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʩʝʨʝʜʥʴʦʾ ʪʘ ʚʠʩʦʢʦʾ (ʄɺʪ) ʧʦʪʫʞʥʦʩʪʽ, ʷʢʠʤ ʧʦʪʨʽʙʝʥ 

ʤʫʣʴʪʠʧʣʽʢʘʪʦʨ, ʱʦ ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ, ʱʦʙ ʧʨʠʚʝʩʪʠ ʰʚʠʜʢʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʜʦ 

ʥʦʤʽʥʘʣʴʥʦʾ. 

ʊʫʨʙʽʥʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʫ ʟ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʦʤ ʟʤʝʥʰʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟʘ ʨʘʭʫʥʦʢ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ, ʦʩʢʽʣʴʢʠ ʻ 

ʰʚʠʜʢʦʟʥʦʰʫʚʘʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ. 

ʊʘʢʦʞ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʫʩʢʣʘʜʥʝʥʦ ʚ ʢʦʨʧʫʩʽ ʚʽʪʨʦʚʦʾ ʪʫʨʙʽʥʠ, ʘ 

ʨʝʛʫʣʷʨʥʘ ʟʘʤʽʥʘ ʾʾ ʻ ʜʫʞʝ ʜʦʨʦʛʦʶ ʧʨʦʮʝʜʫʨʦʶ.  

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʪʝʭʥʦʣʦʛʽʷ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʽʜ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʜʦ ʚʝʣʠʢʦʾ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʚʽʪʨʦʫʩʪʘʥʦʚʢʫ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʥʘ 

ʦʩʥʦʚʽ ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʧʦʪʫʞʥʽʩʪʶ 5 ʄɺʪ.[30, 78, 95, 112] 
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ʈʽʜʢʦʟʝʤʝʣʴʥʽ ʧʦʩʪʽʡʥʽ ʤʘʛʥʽʪʠ NdFeB ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʛʝʥʝʨʘʪʦʨʘ. ɻʝʥʝʨʘʪʦʨ ʧʨʷʤʦʛʦ 

ʧʨʠʚʦʜʫ ʥʘ ʦʩʥʦʚʽ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʤʘʻ ʧʨʦʩʪʫ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʚʠʩʦʢʠʡ ʂʂɼ.  

ʂʦʥʩʪʨʫʢʮʽʷ ʛʝʥʝʨʘʪʦʨʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʪʘ ʟ ʛʝʥʝʨʘʪʦʨʦʤ 

ʽʟ ʟʦʚʥʽʰʥʽʤ ʩʪʘʪʦʨʦʤ ʪʘ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʩʭʦʞʘ ʥʘ ʟʚʠʯʘʡʥʠʡ ʪʨʠʬʘʟʥʠʡ 

ʛʝʥʝʨʘʪʦʨ. ʅʘ ʟʦʚʥʽʰʥʽʡ ʩʪʦʨʦʥʽ ʩʪʘʪʦʨʘ ʨʦʟʪʘʰʦʚʘʥʠʡ ʨʦʪʦʨ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʢʽʣʴʢʦʭ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ, ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʷʨʤʘ.  

ɼʣʷ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʥʘ ʙʘʟʽ ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʧʦʩʪʽʡʥʠʤʠ 

ʤʘʛʥʽʪʘʤʠ ʽʩʥʫʶʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʛʝʥʝʨʘʪʦʨʦʤ ʟ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʴ ʟ ʜʝʢʽʣʴʢʦʭ ʘʢʩʽʘʣʴʥʠʭ ʩʪʘʪʦʨʽʚ ʪʘ ʨʦʪʦʨʽʚ, 

ʨʦʟʜʽʣʝʥʠʭ ʘʢʩʽʘʣʴʥʠʤ ʧʦʚʽʪʨʷʥʠʤ ʧʨʦʤʽʞʢʦʤ.  

ɺʽʪʨʦʘʛʨʝʛʘʪʠ ʽʟ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʘʤʠ. ɿʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʫ 

ʪʝʭʥʦʣʦʛʽʾ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʚʽʜʙʫʣʠʩʷ ʟʤʽʥʠ, ʱʦ ʧʨʠʟʚʝʣʠ ʜʦ ʧʦʷʚʠ ʚʽʪʨʦʚʠʭ ʪʫʨʙʽʥ ʽʟ 

ʟʤʽʥʥʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʦʤ. ʎʝʡ ʪʠʧ ʪʫʨʙʽʥʠ ʤʘʻ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨ ʤʽʞ 

ʥʠʟʴʢʦʰʚʠʜʢʽʩʥʠʤ ʨʦʪʦʨʦʤ ʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ 

(ʟʘʟʚʠʯʘʡ ʮʝ ʚʽʜʥʦʩʥʦ ʩʪʘʥʜʘʨʪʥʠʡ ʘʩʠʥʭʨʦʥʥʠʡ ʛʝʥʝʨʘʪʦʨ ʟ ʧʦʜʚʽʡʥʠʤ ʞʠʚʣʝʥʥʷʤ). 

ʄʝʪʘ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ 

ʚʠʭʽʜʥʦʛʦ ʚʘʣʫ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʚʽʪʨʦʫʩʪʘʥʦʚʮʽ 

ʧʦʪʫʞʥʽʩʪʶ 1 ʄɺʪ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨ ʟʙʽʣʴʰʫʻ ʚʭʽʜʥʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʟ 15-20 

ʦʙʝʨʪʽʚ ʥʘ ʭʚʠʣʠʥʫ ʜʦ ʧʨʠʙʣʠʟʥʦ 1800 ʦʙʝʨʪʽʚ ʥʘ ʭʚʠʣʠʥʫ (ʨʠʩ. 1.1). 

 

 

ʈʠʩ. 1.1 ʉʭʝʤʘ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʦʤ 
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ʎʝʡ ʪʠʧ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʫʩʢʣʘʜʥʶʻ ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ ʜʣʷ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʽʚ 

ʯʝʨʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʫʤʦʚʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʜʦ ʷʢʠʭ ʯʫʪʣʠʚʠʡ 

ʤʫʣʴʪʠʧʣʽʢʘʪʦʨ. ʇʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʫʻʪʴʩʷ ʯʝʨʝʟ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʚʽʜ ʨʦʪʦʨʘ, ʦʜʥʘʢ 

ʚʝʣʠʢʽ ʤʦʤʝʥʪʠ ʪʘ ʩʠʣʠ ʪʘʢʦʞ ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʨʦʪʦʨʦʤ ʜʦ ʧʨʠʚʦʜʫ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. 

ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʫʩʠʣʴ ʪʘ ʟʙʦʷʤ, ʢʦʥʩʪʨʫʢʪʦʨʠ ʧʦʚʠʥʥʽ ʥʘʣʘʰʪʫʚʘʪʠ 

ʢʦʨʦʙʢʫ ʧʝʨʝʜʘʯ, ʱʦʙ ʚʠʪʨʠʤʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. ʋʱʽʣʴʥʝʥʥʷ 

ʪʘ ʩʠʩʪʝʤʠ ʟʤʘʱʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʩʪʘʙʽʣʴʥʦ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʟʥʘʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʽʥʘʢʰʝ ʙʨʫʜ ʽ ʚʦʣʦʛʘ ʤʦʞʫʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚʩʝʨʝʜʠʥʽ ʢʦʨʦʙʢʠ 

ʧʝʨʝʜʘʯ.  

ɺʽʪʨʦʝʣʝʢʪʨʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʽʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʧʦʣʦʤʦʢ 

ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʽ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʫ ʪʨʘʥʩʤʽʩʽʾ, ʚʠʨʦʙʥʠʢʠ ʨʦʟʨʦʙʠʣʠ ʚʽʪʨʦʚʽ 

ʪʫʨʙʽʥʠ ʙʝʟ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ. ʎʝʡ ʪʠʧ ʚʽʪʨʦʚʦʾ ʪʫʨʙʽʥʠ ʩʪʘʚ ʚʽʜʦʤʠʤ ʫ 1991 ʨʦʮʽ ʪʘ 

ʚʽʜʦʤʠʡ ʷʢ ʚʽʪʨʦʚʘ ʪʫʨʙʽʥʘ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʽʟ ʟʤʽʥʥʦʶ ʰʚʠʜʢʽʩʪʶ. ʗʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 1.2, ʩʠʥʭʨʦʥʥʠʡ ʛʝʥʝʨʘʪʦʨ ʤʘʻ ʧʨʷʤʠʡ ʧʨʠʚʽʜ ʚʽʜ ʨʦʪʦʨʘ. ʐʚʠʜʢʽʩʪʴ 

ʛʝʥʝʨʘʪʦʨʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʝʢʚʽʚʘʣʝʥʪʥʘ ʰʚʠʜʢʦʩʪʽ ʨʦʪʦʨʘ, 

ʦʩʢʽʣʴʢʠ ʨʦʪʦʨ ʧʨʠʻʜʥʘʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʛʝʥʝʨʘʪʦʨʘ. ʆʩʢʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʥʠʟʴʢʘ, ʚ ʛʝʥʝʨʘʪʦʨʽ ʨʦʟʤʽʱʫʻʪʴʩʷ ʢʽʣʴʢʘ ʤʘʛʥʽʪʥʠʭ ʧʦʣʶʩʽʚ, 

ʱʦʙ ʜʦʩʷʛʪʠ ʚʽʜʧʦʚʽʜʥʦʾ ʚʠʩʦʢʦʾ ʚʠʭʽʜʥʦʾ ʯʘʩʪʦʪʠ.  

 

 

ʈʠʩ. 1.2 ʉʪʨʫʢʪʫʨʘ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ 
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ɻʝʥʝʨʘʪʦʨʠ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʝʚʝʣʠʢʠʭ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʘʭ, ʘʣʝ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʩʠʩʪʝʤʘʭ ʥʘ ʚʝʣʠʢʫ 

ʧʦʪʫʞʥʩ̔ʪɹ. 

ɺʽʪʨʦʚʽ ʫʩʪʘʥʦʚʢʠ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 7-10 ʄɺʪ ʧʦʪʨʝʙʫʶʪʴ 

ʟʥʘʯʥʦ ʙʽʣʴʰʠʭ ʽ ʚʘʞʯʠʭ ʛʝʥʝʨʘʪʦʨʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʦʜʥʦ- ʯʠ ʜʚʦʩʪʫʧʝʥʝʚʫ ʢʦʨʦʙʢʫ ʧʝʨʝʜʘʯ, ʦʩʢʽʣʴʢʠ ʪʘʢʘ ʩʠʩʪʝʤʘ ʥʘʙʘʛʘʪʦ ʤʝʥʰʘ, 

ʣʝʛʰʘ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʪʽ ʩʘʤʽ ʧʝʨʝʚʘʛʠ, ʱʦ ʡ ʛʝʥʝʨʘʪʦʨ ʽʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ. ɼʣʷ 

ʚʠʜʦʙʫʪʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ, ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ 

ʛʝʥʝʨʘʪʦʨʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʪʠʧʫ. ʆʩʢʽʣʴʢʠ ʪʨʘʜʠʮʽʡʥʽ ʛʝʥʝʨʘʪʦʨʠ ʤʘʶʪʴ ʮʠʣʽʥʜʨʠʯʥʫ 

ʬʦʨʤʫ, ʩʠʥʭʨʦʥʥʽ ʛʝʥʝʨʘʪʦʨʠ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʢʨʘʱʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʧʨʷʤʦʛʦ 

ʧʨʠʚʦʜʫ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʆʜʥʘʢ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʚʠʩʦʢʠʭ 

ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʪʘ ʧʦʪʫʞʥʦʩʪʝʡ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʪʘʢʦʛʦ 

ʨʦʪʦʨʘ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ (ʜʽʘʤʝʪʨʫ) ʩʘʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʇʝʨʝʚʘʛʦʶ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʠʭ ʚʽʪʨʦʫʩʪʘʥʦʚʢʦ ʻ ʚʠʩʦʢʠʡ ʂʂɼ ʩʠʥʭʨʦʥʥʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ. ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʤ ʻ ʪʝ, ʱʦ ʯʝʨʝʟ ʥʝʧʦʩʪʽʡʥʽʩʪʴ 

ʚʽʪʨʫ ʪʫʨʙʽʥʠ ʯʘʩʪʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʯʘʩʪʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ɻʝʥʝʨʘʪʦʨ ʽʟ 

ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʧʨʘʮʶʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʥʘʚʽʪʴ ʫ ʮʠʭ ʫʤʦʚʘʭ, ʦʩʢʽʣʴʢʠ ʚʽʥ 

ʧʨʦʜʦʚʞʫʻ ʧʨʘʮʶʚʘʪʠ ʤʘʡʞʝ ʥʘ ʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ. 

ʊʘʢʦʞ, ʪʘʢʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʧʨʦʩʪʽʰʝ ʢʝʨʫʚʘʪʠ, ʩʁ ʜʠ ʜʦʜʘʻʪʴʩʷ ʢʽʣʴʢʘ ʧʝʨʝʚʘʛ ʫ 

ʨʦʟʰʠʨʝʥʠʭ ʬʫʥʢʮʽʷʭ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ, ʪʠʭʫ ʨʦʙʦʪʫ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ. ʆʩʢʽʣʴʢʠ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʥʝ ʤʘʶʪʴ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ, ʤʝʭʘʥʽʯʥʠʡ ʰʫʤ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʙʝʨʪʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʮʝʡ ʪʠʧ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʤʘʻ 

ʻʜʠʥʠʡ ʢʦʨʽʥʥʠʡ ʧʽʜʰʠʧʥʠʢ ʜʣʷ ʚʫʟʣʘ ʨʦʪʦʨʘ ʪʘ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʟʤʝʥʰʫʻ 

ʢʽʣʴʢʽʩʪʴ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ, ʘ ʪʘʢʦʞ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪ. 

ʄʫʣʴʪʠʧʣʽʢʘʪʦʨʥʽ ʪʘ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʽ ʫʩʪʘʥʦʚʢʠ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟ ʢʦʨʦʙʢʦʶ ʧʝʨʝʜʘʯ, ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ ʚʽʪʨʫ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ 

ʚʝʣʠʯʝʟʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʪʦʨ ʚʽʪʨʦʪʫʨʙʽʥʠ ʪʘ ʧʽʜʰʠʧʥʠʢʠ ʚ ʢʦʨʦʙʮʽ ʧʝʨʝʜʘʯ, 

ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʜʝʬʝʢʪʽʚ ʢʦʤʧʦʥʝʥʪʽʚ ʪʫʨʙʽʥʠ ʪʘ, ʟʨʝʰʪʦʶ, ʜʦ 
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ʟʫʧʠʥʢʠ ʤʝʭʘʥʽʟʤʫ. ʏʠʤ ʩʠʣʴʥʽʰʠʡ ʚʽʪʝʨ, ʪʠʤ ʙʽʣʴʰ ʫʨʘʟʣʠʚʽ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ. 

ʄʫʣʴʪʠʧʣʽʢʘʪʦʨ ʻ ʯʘʩʪʠʥʦʶ ʪʫʨʙʽʥʠ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʯʘʩʪʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; ʦʪʞʝ, ʚʠʜʘʣʝʥʥʷ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. ʂʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʪʘʢʦʞ ʻ ʥʘʡʚʘʞʯʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʪʫʨʙʽʥʽ ʟʘ ʤʘʩʦʶ, 

ʪʦʤʫ ʾʾ ʚʽʜʩʫʪʥʽʩʪʴ ʪʘʢʦʞ ʧʦʢʨʘʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʪʫʨʙʽʥʠ. 

ɺʠʨʦʙʥʠʢʠ ʨʦʢʘʤʠ ʜʦʩʣʽʜʞʫʚʘʣʠ, ʷʢ ʧʽʜʚʠʱʠʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ 

ʪʫʨʙʽʥ ʽʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʧʦʨʽʚʥʷʥʦ ʟ ʪʫʨʙʽʥʘʤʠ ʟ ʢʦʨʦʙʢʦʶ ʧʝʨʝʜʘʯ [53, 96, 116]. 

ʆʩʴ ʯʦʤʫ ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʰʦʛʦ ʧʦʢʨʘʱʠʣʘʩʷ ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʢʣʘʜʥʦʩʪʽ, ʪʘʢ ʽ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʪʫʨʙʽʥʠ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʧʨʘʢʪʠʯʥʠʤʠ ʜʣʷ 

ʚʽʪʨʦʚʠʭ ʫʩʪʘʥʦʚʦʢ. ʆʜʥʘʢ ʥʝʜʦʣʽʢʘʤʠ ʛʝʥʝʨʘʪʦʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʽʟ ʧʨʷʤʠʤ 

ʧʨʠʚʦʜʦʤ ʻ ʚʘʨʪʽʩʪʴ ʽ ʤʘʩʘ ʪʫʨʙʽʥ ʽʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ. ʎʽ ʥʝʜʦʣʽʢʠ ʜʦʥʝʜʘʚʥʘ ʥʝ 

ʜʦʟʚʦʣʷʣʠ ʾʤ ʩʪʘʥʦʚʠʪʠ ʩʝʨʡʦʟʥʫ ʢʦʥʢʫʨʝʥʮʽʶ ʪʫʨʙʽʥʘʤ ʽʟ ʢʦʨʦʙʢʦʶ ʧʝʨʝʜʘʯ [31, 

102, 109, 117].  

ʈʦʟʚʠʪʦʢ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʟʚʽʚ ʜʦ ʟʤʝʥʰʝʥʥʷ ʾʭ 

ʮʽʥʠ, ʪʘ ʟʤʝʥʰʝʥʥʷ ʾʭ ʤʘʩʠ. ʎʽʥʘ ʥʘ ʧʦʩʪʽʡʥʽ ʤʘʛʥʽʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʪʫʨʙʽʥʘʭ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ, ʪʘʢʦʞ ʟʥʘʯʥʦ ʚʧʘʣʘ, ʧʽʜʚʠʱʠʚʰʠ ʧʦʧʫʣʷʨʥʽʩʪʴ ʪʫʨʙʽʥ 

ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʘ ʨʠʥʢʫ ʟʘʨʘʟ ʜʦʩʪʫʧʥʽ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʠʩʷʯʽ ʪʫʨʙʽʥ ʟ ʢʦʨʦʙʢʦʶ ʧʝʨʝʜʘʯ, ʘ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʮʝ ʪʠʧ ʪʫʨʙʽʥʠ ʥʝ ʤʦʞʝ ʨʘʧʪʦʚʦ 

ʟʥʠʢʥʫʪʠ. ʏʝʨʝʟ ʮʝ ʚʠʨʦʙʥʠʢʠ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʧʨʦʜʦʚʞʫʶʪʴ ʨʦʟʚʠʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ 

ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʧʨʦʩʪʦʾ ʪʘ ʧʽʜʚʠʱʠʪʠ ʾʾ ʥʘʜʽʡʥʽʩʪʴ. ʗʢ ʥʘʩʣʽʜʦʢ, 

ʩʠʩʪʝʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʚ ʝʣʝʢʪʨʠʯʥʫ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʪʝʧʝʨ 

ʣʝʛʰʽ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʤʝʥʰʝ ʟʘʪʨʘʪ ʤʽʜʽ. 

ʌʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʚʠʟʥʘʯʘʶʪʴ, ʷʢʠʡ ʪʠʧ 

ʪʫʨʙʽʥʠ ʩʪʘʥʝ ʜʦʤʽʥʫʶʯʠʤ ʥʘ ʨʠʥʢʫ, ʻ:  

¶ ʨʝʧʫʪʘʮʽʷ ʙʨʝʥʜʫ ʚʠʨʦʙʥʠʢʘ ʪʘ ʥʘʜʽʡʥʽʩʪʴ; 

¶ ʪʝʭʥʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʟʘʛʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʭʦʜʫ ʝʥʝʨʛʽʾ, 

ʚʘʨʪʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ; 

¶ ʮ̔ ʥʘ (ʢʽʥʮʝʚʘ ʮʽʥʘ ʧʨʦʜʫʢʪʫ, ʚʘʨʪʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ); 
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¶ ʥʘʷʚʥʽʩʪʴ ʜʝʬʽʮʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʥʘʧʨʠʢʣʘʜ, ʤʘʛʥʽʪʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʛʝʥʝʨʘʪʦʨʽʚ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ); 

¶ ʛʘʨʘʥʪʽʷ ʚʠʨʦʙʥʠʢʘ; 

¶ ʢ̔ ʣʴʢʽʩʪʴ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʠʭ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʻ 

ʚʘʨʪʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ. ɺʘʨʪʽʩʪʴ ʝʥʝʨʛʽʾ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ 

ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʘʪʝʛʽʯʥʝ ʨʽʰʝʥʥʷ ʱʦʜʦ ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʠʭ ɺɽʉ. ɺ ʽʜʝʘʣʽ ʮʽʥʘ ʧʦʚʠʥʥʘ 

ʟʘʣʠʰʘʪʠʩʷ ʬʽʢʩʦʚʘʥʦʶ ʧʨʦʪʷʛʦʤ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʧʝʨʽʦʜʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʚʽʨʠʪʠ 

ʪʝʭʥʦʣʦʛʽʶ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʥʠʞʯʫ ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʽʾ, ʤʘʶʯʠ ʧʝʨʝʚʘʛʫ ʥʘʜ 

ʢʦʥʢʫʨʝʥʪʘʤʠ. ɼʨʫʛʠʤ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʥʘʜʽʡʥʽʩʪʴ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ. 

ɺʽʪʨʦʫʩʪʘʥʦʚʢʠ ʧʦʚʠʥʥʽ ʧʨʘʮʶʚʘʪʠ ʚ ʨʽʟʥʠʭ ʤʽʩʮʷʭ, ʚʽʜ ʣʝʛʢʦʜʦʩʪʫʧʥʠʭ ʧʦʣʽʚ ʜʦ 

ʚʽʜʜʘʣʝʥʠʭ ʤʦʨʩʴʢʠʭ ʘʙʦ ʛʽʨʩʴʢʠʭ ʤʽʩʮʴ. ʈʝʤʦʥʪ ʽ ʧʦʟʘʧʣʘʥʦʚʝ ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʥʠʟʴʢʦʾ ʥʘʜʽʡʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʜʦʨʦʛʠʤʠ ʪʘ 

ʪʨʠʚʘʣʠʤʠ. ʊʘʢʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢ ʨʦʟʫʤʥʠʡ ʦʥʣʘʡʥ-ʤʦʥʽʪʦʨʠʥʛ, ʤʦʞʫʪʴ ʧʽʜʚʠʱʠʪʠ 

ʟʘʛʘʣʴʥʫ ʥʘʜʽʡʥʽʩʪʴ [37, 58].  

ɼʫʤʢʠ ʝʢʩʧʝʨʪʽʚ ʩʪʘʚʣʷʪʴ ʦʙʠʜʚʽ ʪʝʭʥʦʣʦʛʽʾ ʧʣʽʯ-ʦ-ʧʣʽʯ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʦʜʥʠʤ ʽʟ ʜʚʦʭ ʩʧʦʩʦʙʽʚ: ʘʙʦ ʦʙʠʜʚʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʜʦʚʞʫʚʘʪʠʤʫʪʴ ʨʦʟʚʠʚʘʪʠʩʷ, ʧʦʢʠ 

ʦʜʥʘ ʥʝ ʧʝʨʝʤʦʞʝ, ʘʙʦ ʦʙʠʜʚʘ ʪʠʧʠ ʟʥʘʡʜʫʪʴ ʜʦʩʪʘʪʥʴʦ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʣʷ 

ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʥʘ ʨʠʥʢʫ.  

ɯʥʰʽ ʝʢʩʧʝʨʪʠ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʦʛʦ ʧʨʠʚʦʜʫ ʟ 

ʯʘʩʦʤ ʩʪʘʥʝ ʜʦʤʽʥʫʶʯʦʶ. ʉʪʚʝʨʜʞʫʶʯʠ ʮʝ, ʚʦʥʠ ʥʘʚʦʜʷʪʴ ʪʨʠ ʘʨʛʫʤʝʥʪʠ: 

ï ʚʠʪʨʘʪʠ ʥʘ ʤʦʨʩʴʢʫ ʦʧʦʨʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʜʣʷ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʟ ʧʨʷʤʠʤ 

ʧʨʠʚʦʜʦʤ ʥʠʞʯʽ ʯʝʨʝʟ ʾʾ ʤʝʥʰʫ ʤʘʩʫ; 

ï ʧʨʷʤʠʡ ʧʨʠʚʽʜ ʤʘʻ ʙʽʣʴʰʝ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ɽʢʩʧʝʨʪʠ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʽʪʨʦʫʩʪʘʥʦʚʢʘ ʟ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʦʤ ʤʘʡʞʝ ʜʦʩʷʛʣʘ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʦʜʽ ʷʢ ʪʫʨʙʽʥʠ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʤʘʶʪʴ ʙʽʣʴʰʝ 

ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ; 

ï ʧʨʷʤʠʡ ʧʨʠʚʽʜ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟ 

ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʦʤ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʩʪʫʧʝʥʽʚ ʧʝʨʝʜʘʯ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ ʫ ʢʦʨʦʙʮʽ ʧʝʨʝʜʘʯ.  
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ɿʨʝʰʪʦʶ, ʪʝʭʥʦʣʦʛʽʷ ʩʠʩʪʝʤ ʟ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʦʤ ʥʝ ʟʥʠʢʥʝ ʥʘʡʙʣʠʞʯʠʤ 

ʯʘʩʦʤ. ʆʜʥʘʢ ʟʘʜʽʷʥʽ ʦʙʝʨʪʦʚʽ ʯʘʩʪʠʥʠ ʧʦʚʠʥʥʽ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʂʂɼ, 

ʦʩʢʽʣʴʢʠ ʚʠʪʨʘʪʠ ʥʘ ʪʝʭʥʦʣʦʛʽʶ ʧʨʷʤʦʛʦ ʧʨʠʚʦʜʫ ʟʥʠʞʫʶʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʪʘʢʦʞ 

ʟʤʫʩʠʪʴ ʪʝʭʥʦʣʦʛʽʶ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʧʽʜʚʠʱʠʪʠ ʾʾ ʥʘʜʽʡʥʽʩʪʴ. ɯʩʥʫʻ ʪʘʢʦʞ 

ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʛʽʙʨʠʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʝʣʝʤʝʥʪʠ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ 

ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ. 

1.3 ʉʧʦʩʦʙʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʪʨʦʝʣʝʢʪʦʨʦʫʩʪʘʥʦʚʦʢ 

 

ʉʪʘʙʽʣʴʥʽʩʪʴ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʟʜʘʪʥʽʩʪʶ ʧʦʚʝʨʪʘʪʠʩʷ 

ʜʦ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʧʽʩʣʷ ʬʽʟʠʯʥʦʛʦ ʟʙʦʶ. ʅʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ ʤʦʞʝ ʚʧʣʠʚʘʪʠ 

ʢʽʣʴʢʘ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ; ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ; ʟʙʽʣʴʰʝʥʥʷ 

ʧʦʧʠʪʫ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʚ ʤʽʩʮʷʭ ʽʟ ʚʠʩʦʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ; ʥʝʜʦʮʽʣʴʥʽʩʪʴ ʘʙʦ 

ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ; ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʤʦʜʝʣʝʡ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʟʚʽʣʴʥʝʥʥʷ ʨʠʥʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɺ ʫʤʦʚʘʭ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 

ʥʘʧʨʫʛʠ ʪʘ ʯʘʩʪʦʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʧʦʨʫʰʝʥʘ.  

ʆʪʞʝ, ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʥʘʧʨʫʛʠ ʪʘ ʯʘʩʪʦʪʠ ʩʪʘʻ ʦʩʥʦʚʥʦʶ ʪʝʤʦʶ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ʯʝʨʝʟ ʨʽʟʥʽ ʬʘʢʪʦʨʠ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʩʚʽʪʽ [41, 47, 70]. 

ɼʣʷ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʽʟ ʬʽʢʩʦʚʘʥʦʶ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ʧʦʛʽʨʰʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʥʘʧʨʫʛʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʯʝʨʝʟ ʥʘʜʣʠʰʦʢ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʩʧʦʞʠʚʘʥʦʾ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʤ ʚʽʪʨʦʚʦ ʾʪʫʨʙʽʥʠ ʧʽʜ ʯʘʩ ʾʭ ʨʦʙʦʪʠ, ʘ 

ʪʘʢʦʞ ʯʝʨʝʟ ʥʝʩʧʦʜʽʚʘʥʽ ʟʙʦʾ. ɯʩʥʫʶʯʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʧʦʚʦʜʷʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʛʝʥʝʨʘʪʦʨʘ, ʢʦʣʠ ʧʽʜʜʘʶʪʴʩʷ ʟʙʦʷʤ ʽ ʟʙʫʨʝʥʥʷʤ. ɸʩʠʥʭʨʦʥʥʽ 

ʛʝʥʝʨʘʪʦʨʠ ʩʧʦʞʠʚʘʶʪʴ ʨʝʘʢʪʠʚʥʫ ʝʥʝʨʛʽʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 

ʥʘʧʨʫʛʠ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ [37, 111]. ɺʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟʽ ʟʤʽʥʥʦʶ ʰʚʠʜʢʽʩʪʶ ʚʩʝ 

ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʝʨʝʟ ʾʭ ʟʜʘʪʥʽʩʪʴ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʫʧʨʘʚʣʽʥʥʽ ʥʘʧʨʫʛʦʶ 

ʤʝʨʝʞʽ [99, 118]. ɺ̔ ʪʨʦʫʩʪʘʥʦʚʢʠ ʟ ʘʩʠʥʭʨʦʥʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʤʦʞʫʪʴ ʩʧʦʞʠʚʘʪʠ 

ʘʙʦ ʛʝʥʝʨʫʚʘʪʠ ʨʝʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʽ ʾʭ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ. 

ɺʧʣʠʚ ʧʦʪʫʞʥʦʩʪʽ, ʚʠʨʦʙʣʝʥʦʾ ʚʽʪʨʦʚʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ, ʥʘ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʫ ʪʘ 
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ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʚ ʨʦʙʦʪʘʭ [48, 120]. ʈʝʟʫʣʴʪʘʪʠ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʥʘʧʨʫʛʠ ʤʦʞʥʘ ʧʦʢʨʘʱʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɺʧʣʠʚ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʽʪʨʫ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʪʦʪʠ 

ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʘʭ [42, 60]. ɺ ʜʘʥʠʭ ʨʦʙʦʪʘʭ ʘʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ 

ʢʦʥʪʫʨ ʢʝʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʉʪʘʙʽʣʴʥʽʩʪʴ ʥʘʧʨʫʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʧʦʩʪʽʡʥʫ ʥʘʧʨʫʛʫ ʥʘ ʚʩʽʭ ʰʠʥʘʭ ʫ ʚʩʽʡ ʩʠʩʪʝʤʽ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʽʜʪʨʠʤʢʫ ʘʙʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ ʛʝʥʝʨʘʮʽʻʶ ʪʘ ʧʦʧʠʪʦʤ ʫ ʧʨʠʡʥʷʪʥʠʭ ʤʝʞʘʭ. 

ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʘʜʽʥʥʷ ʘʙʦ ʧʦʩʪʫʧʦʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ. 

ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʥʘʧʨʫʛʠ ʻ ʨʘʧʪʦʚʘ ʚʪʨʘʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʦʥʽ 

ʪʘ ʚʽʜʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʢʘʩʢʘʜʫ ʟʙʦʾʚ ʽ ʚʽʜʤʦʚ. ʎʽ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʢʘʩʢʘʜʥʽ ʟʙʦʾ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʽ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʪʘ ʟʙʽʡ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʯʘʩʪʦ ʩʧʨʠʯʠʥʝʥʝ ʧʨʦʩʪʠʤʠ ʘʙʦ ʢʽʣʴʢʦʤʘ ʤʘʣʦʡʤʦʚʽʨʥʠʤʠ 

ʘʚʘʨʽʷʤʠ. 

ɺʟʘʛʘʣʽ ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ 

ʨʝʛʫʣʶʚʘʥʥʶ ʚ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʢʘʭ: 

ï ʢʫʪ ʥʘʭʠʣʫ ʣʦʧʘʪʽ ʚʽʪʨʦʘʛʨʝʛʘʪʫ ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʫ ʚʽʪʨʫ; 

ï ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ; 

ï ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʯʘʩʪʦʪʠ ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ; 

ï ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ 

ɼʝʪʘʣʴʥʠʡ ʦʛʣʷʜ ʪʝʭʥʦʣʦʛʽʡ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ 

ʧʦʢʘʟʫʻ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʜʣʷ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʽʚ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ.  

ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʪʨʦʝʣʝʢʪʠʯʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʻ: 

ï ʨʝʛʫʣʶʚʘʥʥʷ ʢʫʪʫ ʥʘʭʠʣʫ ʣʦʧʘʪʽ ʚʽʪʨʦʘʛʨʝʛʘʪʫ ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʥʘʧʨʷʤʫ ʚʽʪʨʫ; 

ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʚʽʪʨʦʘʛʨʝʛʘʪʫ ʨʝʘʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ; 

ï ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʩʪʦʨʦʥʥʴʦʶ (ʜʦʜʘʪʢʦʚʦʶ) ʻʤʥʽʩʪʶ; 
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ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʟʙʫʜʞʝʥʥʷʤ; 

ï ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʝʨʘ 

(ʽʥʚʝʨʪʦʨʘ) ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʯʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ; 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ: 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʽ ʛʝʥʝʨʘʪʦʨʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ, ʛʝʥʝʨʘʪʦʨʠ ʟ ʰʫʥʪʫʚʘʥʥʷʤ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʽ ʪ.ʽʥ. 

ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʨʝʛʫʣʶʚʘʥʥʷ ʢʫʪʫ ʥʘʭʠʣʫ ʣʦʧʘʪʽ ʚʽʪʨʦʘʛʨʝʛʘʪʫ ʧʨʠ ʟʤʽʥʽ 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʫ ʚʽʪʨʫ ʚʠʤʘʛʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦʾ ʚʠʩʦʢʦʾ ʚʘʨʪʦʩʪʽ ʩʠʩʪʝʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʥʠʞʫʻ ʥʘʜʽʡʥʽʩʪʴ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʨʦʙʦʪʠ, ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʚʠʭʽʜʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʤ 

ʛʝʥʝʨʘʪʦʨʦʤ ʟ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ. 

 

1.4 ʊʠʧʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʥʝʨʛʽʾ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʢʣʘʜʽ ʚʽʪʨʦʝʣʝʢʪʦʨʦʫʩʪʘʥʦʚʦʢ 

 

ʗʢ ʧʦʢʘʟʘʥʦ ʫ ʧʦʧʝʨʝʜʥʽʭ ʧʽʜʨʦʟʜʽʣʘʭ ʧʦʪʨʽʙʥʽ ʙʽʣʴʰ ʧʨʦʩʪʽ, ʤʽʮʥʽ ʪʘ ʥʘʜʽʡʥʽ 

ʛʝʥʝʨʘʪʦʨʥʽ ʩʠʩʪʝʤʠ ʟ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. ɻʝʥʝʨʘʪʦʨʠ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʧʨʦʙʣʝʤ ʟ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ. 

ɻʝʥʝʨʘʪʦʨʠ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʧʨʘʮʶʶʪʴ ʥʘ ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ ʽ ʾʤ ʧʦʪʨʽʙʝʥ 

ʚʠʩʦʢʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ. ɺʠʩʦʢʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʪʘʥʛʝʥʮʽʘʣʴʥʦʾ 

ʩʠʣʠ ʽ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʛʘʙʘʨʠʪʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʮʝ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰ ʩʠʣʴʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʛʝʥʝʨʘʪʦʨ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʻ ʚʝʣʠʢʠʤ ʽ 

ʚʘʞʢʠʤ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʜʫʤʢʠ ʧʨʦ ʪʝ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʧʽʜʭʦʜʠʪʴ ʛʝʥʝʨʘʪʦʨʥʘ ʩʠʩʪʝʤʘ 

ʩʝʨʝʜ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʷʢ ʢʦʥʮʝʧʮʽʾ ʧʨʷʤʦʛʦ ʧʨʠʚʦʜʫ ʪʘ 

ʛʝʥʝʨʘʪʦʨʘ ʟ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʦʤ. 

ʇʦʨʽʚʥʷʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʜʣʷ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʈʽʟʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʛʝʥʝʨʘʪʦʨʽʚ ʜʣʷ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ, ʪʘʢʽ ʷʢ ʧʨʷʤʠʡ ʧʨʠʚʽʜ ʽ ʧʨʠʚʽʜ ʟ 
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ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʦʤ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ ʙʘʛʘʪʴʦʭ ʘʚʪʦʨʽʚ [37, 67]. ʇʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ ʢʦʥʮʝʧʮʽʾ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʠʭ ʩʠʩʪʝʤ ʫʟʘʛʘʣʴʥʝʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʇʝʨʝʚʘʛʠ:  

ï ʩʧʨʦʱʝʥʘ ʪʨʘʥʩʤʽʩʽʷ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ; 

ï ʚʠʩʦʢʘ ʟʘʛʘʣʴʥʘ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʩʫʤʘʨʥʠʡ ʂʂɼ ʩʠʩʪʝʤʠ; 

ï ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʰʫʤʫ ʩʠʩʪʝʤʠ. 

ʅʝʜʦʣʽʢʠ: 

ï ʟʥʘʯʥʠʡ ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʛʝʥʝʨʘʪʦʨʘ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʢʘʧʩʫʣʠ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ; 

ï ʟʘ ʨʘʭʫʥʦʢ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ ʚʝʣʠʢʘ ʤʘʩʘ; 

ï ʙʽʣʴʰ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʜʦʨʦʛʦʚʠʟʥʠ ʛʝʥʝʨʘʪʦʨʘ 

ʅʘ ʨʠʩ. 1.3 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʛʝʥʝʨʘʪʦʨʽʚ ʜʣʷ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ, 

ʱʦ ʜʦʩʣʽʜʞʝʥʦ ʘʚʪʦʨʘʤʠ ʚ [15, 28, 49, 63, 71]. ʂʨʠʪʝʨʽʷʤʠ ʧʦʨʽʚʥʷʥʥʷ ʻ ʚʠʭʽʜ ʝʥʝʨʛʽʾ, 

ʚʘʨʪʽʩʪʴ ʪʘ ʤʘʩʘ. 

 

ʈʠʩ. 1.3 ʇʦʨʽʚʥʷʥʥʷ ʚʪʨʘʪ ʪʘ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʪʦʨʽʚ ʨʽʟʥʦʛʦ ʪʠʧʫ [62] 

 

ɺʘʨʪʽʩʪʴ ʨʦʟʛʣʷʥʫʪʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʚ ʮʽʣʦʤʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

1.4. 
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ʈʠʩ. 1.4 ɺʘʨʪʽʩʪʴ ʛʝʥʝʨʘʪʦʨʽʚ ʨʽʟʥʦʛʦ ʪʠʧʫ [62] 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ  [12, 17, 

26, 76, 92 ] ʧʽʜʩʫʤʦʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ:                                                            ï 

ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʽ ʟ ʘʩʠʥʭʨʦʥʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʟ ʧʦʜʚʽʡʥʠʤ ʞʠʚʣʝʥʥʷʤ ʽ 

ʪʨʠʩʪʫʧʝʥʝʚʦʶ ʢʦʨʦʙʢʦʶ ʧʝʨʝʜʘʯ (DFIG 3G) ʤʘʻ ʥʘʡʤʝʥʰʫ ʤʘʩʫ ʽ ʻ 

ʥʝʜʦʨʦʛʠʤ ʪʝʭʥʽʯʥʠʤ ʨʽʰʝʥʥʷʤ; 

ï ʟ ʦʛʣʷʜʫ ʥʘ ʚʠʭʽʜ ʝʥʝʨʛʽʾ, ʛʝʥʝʨʘʪʦʨʥʽ ʩʠʩʪʝʤʠ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ 

ʚʠʜʘʶʪʴʩʷ ʢʨʘʱʠʤʠ, ʥʽʞ ʩʠʩʪʝʤʠ ʟ ʨʝʜʫʢʪʦʨʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ; 

ï ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʽ ʟ ʩʠʥʭʨʦʥʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʟ 

ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ (PMSG DD) ʻ ʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʦʶ, ʥʽʞ ʽʥʰʽ ʩʠʩʪʝʤʠ, ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʚʪʨʘʪ ʽ ʚʠʭʦʜʫ ʝʥʝʨʛʽʾ; 

ï ʩʠʩʪʝʤʘ ʽʟ ʩʠʥʭʨʦʥʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʟ 

ʦʜʥʦʩʪʫʧʽʥʯʘʩʪʠʤ ʨʝʜʫʢʪʦʨʦʤ (PMSG 1G) ʤʘʻ ʥʘʡʚʠʱʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʽʯʥʦʛʦ 

ʚʠʭʦʜʫ ʝʥʝʨʛʽʾ ʜʦ ʚʘʨʪʦʩʪʽ; 

ï ʚʘʨʪʽʩʪʴ ʩʠʩʪʝʤʠ ʟ ʩʠʥʭʨʦʥʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʟ 

ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʥʘ 32 % ʚʠʱʘ ʥʽʞ ʚʘʨʪʽʩʪʴ ʩʠʩʪʝʤʠ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʪʘ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ (EESG DD) ʥʘ 77 % 

ʚʠʱʘ, ʘ ʚʘʨʪʽʩʪʴ PMSG 1G ʥʘ 4 % ʚʠʱʘ ʚʽʜʧʦʚʽʜʥʦ ʧʦʨʽʚʥʷʥʦ ʟ DFIG 3G. 
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ʗʢʱʦ ʤʦʞʣʠʚʦ ʟʤʝʥʰʠʪʠ ʚʘʨʪʽʩʪʴ PMSG DD ʜʦ ʚʘʨʪʦʩʪʽ DFIG 3G ʘʙʦ ʥʠʞʯʝ, 

ʪʦʜʽ PMSG DD ʤʦʞʝ ʙʫʪʠ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʦʶ ʩʠʩʪʝʤʦʶ ʛʝʥʝʨʘʪʦʨʘ. ʊʦʤʫ 

ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʛʝʥʝʨʘʪʦʨʥʠʭ ʩʠʩʪʝʤ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ 

ʷʢ ʜʣʷ ʩʠʩʪʝʤʠ ʛʝʥʝʨʘʪʦʨʘ, ʪʘʢ ʽ ʜʣʷ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. 

ʂʦʥʮʝʧʮʽʷ ʧʨʷʤʦʛʦ ʧʨʠʚʦʜʫ ʧʨʘʮʶʻ ʥʘ ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ. ʂʦʣʠ ʨʦʟʤʽʨʠ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟʙʽʣʴʰʫʶʪʴʩʷ, ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʱʝ ʙʽʣʴʰʝ ʟʤʝʥʰʫʻʪʴʩʷ. ʑʦʙ 

ʟʙʽʣʴʰʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ P ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ, ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ T ʧʦʚʠʥʝʥ 

ʟʤʽʥʠʪʠʩʴ ʚʽʜʥʦʩʥʦ ʤʝʭʘʥʽʯʥʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ɤm: 

 P=TĀ ɤm (1.1) 

ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ ʛʝʥʝʨʘʪʦʨʘ T ʧʨʦʧʦʨʮʽʡʥʠʡ ʪʘʥʛʝʥʮʽʘʣʴʥʽʡ ʩʠʣʽ F ʽ ʜʽʘʤʝʪʨʫ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʤʽʞʢʫ Dg. ʊʘʥʛʝʥʮʽʘʣʴʥʘ ʩʠʣʘ F ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʷʢ ʜʦʙʫʪʦʢ 

ʱʽʣʴʥʦʩʪʽ ʪʘʥʛʝʥʮʽʘʣʴʥʦʾ ʩʠʣʠ Fd ʽ ʧʣʦʱʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʤʽʞʢʫ Ag. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ P ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ: 

 P=(ˊ/2) ĀFdĀD
2
gĀlsĀ ɤm (1.2) 

ʜʝ ls ï ʘʢʩʽʘʣʴʥʘ ʜʦʚʞʠʥʘ ʛʝʥʝʨʘʪʦʨʘ. 

ʆʩʢʽʣʴʢʠ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʚʘʜʨʘʪʫ ʜʽʘʤʝʪʨʘ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʨʦʤʽʞʢʫ, ʛʝʥʝʨʘʪʦʨ ʽʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʤʘʻ ʙʽʣʴʰʠʡ ʜʽʘʤʝʪʨ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʱʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ. ɿʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʤʽʞʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ. ʊʦʤʫ ʢʦʥʩʪʨʫʢʮʽʷ 

ʛʝʥʝʨʘʪʦʨʘ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ, ʤʘʻ ʪʘʢʽ ʥʝʜʦʣʽʢʠ, 

ʷʢ ʚʠʩʦʢʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʚʝʣʠʢʠʡ ʜʽʘʤʝʪʨ, ʚʝʣʠʢʘ ʤʘʩʘ ʪʘ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ. 

ʅʘ ʨʠʩ. 1.5(a) ʥʘʚʝʜʝʥʦ ʤʝʭʘʥʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʛʝʥʝʨʘʪʦʨʘ ʚ̔ʪʨʦʫʩʪʘʥʦʚʢʠ ʟ 

ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ, ʷʢʠʡ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʉʧʫʥʝʨʦʤ ʪʘ ʽʥ. [12,17,84]. 

ʇʨʦʧʦʥʦʚʘʥʠʡ ʛʝʥʝʨʘʪʦʨ ʤʘʻ ʧʘʨʫ ʩʧʠʮʝʚʠʭ ʢʦʣʽʩ ʜʣʷ ʧʝʨʝʥʝʩʝʥʥʷ ʨʦʪʦʨʘ ʽ ʩʪʘʪʦʨʘ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʤʽʞʢʫ ʦʙʤʦʪʢʠ ʤʘʰʠʥʠ ʟ ʨʘʜʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ. ɺ ʨʦʙʦʪʽ 

[69,76] ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ, ʷʢ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʘʨ ʧʦʣʶʩʽʚ ʽ ʨʘʜʽʫʩ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʨʦʤʽʞʢʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʚʝʣʠʢʠʭ ʥʠʟʴʢʦʰʚʠʜʢʽʩʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʟ 

ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ (ʜʠʚ. ʨʠʩ. 1.5 (ʙ) [86,89]. ʇʦʢʘʟʘʥʦ ʪʘ ʧʦʨʽʚʥʷʥʦ ʚʠʭʽʜʥʠʡ ʢʨʫʪʥʠʡ 

ʤʦʤʝʥʪ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʘʩʠ ʪʘ ʩʪʨʫʢʪʫʨʥʦʾ/ʘʢʪʠʚʥʦʾ ʯʘʩʪʠʥʠ ʨʽʟʥʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ. 
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    ʘ)      ʙ) 

ʈʠʩ 1.5 ʂʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʥʠʟʴʢʦʰʚʠʜʢʽʩʥʠʭ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʠʭ ʧʨʠʚʦʜʽʚ 

[27] 

ʇʦʨʽʚʥʷʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʟ ʨʽʟʥʠʤʠ ʨʽʚʥʷʤʠ ʧʦʪʫʞʥʦʩʪʽ ʜʘʻ 

ʥʘʩʪʫʧʥʠʡ ʧʽʜʩʫʤʦʢ: 

ï ʧʽʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʫʩʪʘʥʦʚʢʠ ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʧʨʦʧʦʨʮʽʡʥʦ ʢʨʫʪʥʦʤʫ ʤʦʤʝʥʪʫ; 

ï ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʦʪʫʞʥʦʩʪʽ ʫʩʪʘʥʦʚʢʠ ʥʝʘʢʪʠʚʥʘ ʩʪʘʥʦʚʠʪʴʩʷ ʙʽʣʴʰ 

ʟʥʘʯʥʦʶ; 

ï ʤʘʰʠʥʘ ʨʘʜʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʝʣʠʢʠʭ, 

ʧʦʪʫʞʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ. 

ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ m/T PMSG DD ʥʠʞʯʝ, ʥʽʞ EESG DD. 

ï ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʪʠʧ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʧʦʩʪʽʡʥʠʤʠ 

ʤʘʛʥʽʪʘʤʠ ʜʣʷ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʦʛʦ ʧʨʠʚʦʜʫ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʛʝʥʝʨʘʪʦʨʽʚ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ, ʪʘʢʽ ʷʢ ʛʝʥʝʨʘʪʦʨ ʟ ʨʘʜʽʘʣʴʥʠʤ 

ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ, ʤʘʰʠʥʘ ʟ ʦʩʴʦʚʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ ʽ ʤʘʰʠʥʘ ʟ ʧʦʧʝʨʝʯʥʠʤ 

ʧʦʪʦʢʦʤ, ʱʦ ʚʠʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʜʘʥʦʛʦ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɻʝʥʝʨʘʪʦʨʠ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʤʘʶʪʴ ʪʘʢʽ ʧʦʟʠʪʠʚʥʽ ʩʪʦʨʦʥʠ, ʷʢ ʙʽʣʴʰ 

ʚʠʩʦʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʦ ʤʘʩʠ, ʚʠʱʝ ʟʥʘʯʝʥʥʷ ʂʂɼ, ʚʠʱʫ ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʚʠʫɦ ʧʦʪʫʞʥʽʩʪʴ, ʥʽʞ ʛʝʥʝʨʘʪʦʨʠ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʟʙʫʜʞʝʥʥʷʤ. ʊʦʤʫ ʛʝʥʝʨʘʪʦʨʠ 
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ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʦʙʨʘʥʽ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ ʤʘʰʠʥʠ ʜʣʷ ɺɽʋ ʟ ʧʨʷʤʠʤ 

ʧʨʠʚʦʜʦʤ. ɺ ʨʦʙʦʪʘʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʪʨʴʦʭ ʨʽʟʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʽʟ 

ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ, ʪʘʢʠʭ ʷʢ ʛʝʥʝʨʘʪʦʨʠ ʽʟ ʨʘʜʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ 

(ɻʈʄʇ) [89,92], ʛʝʥʝʨʘʪʦʨʠ ʟ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ (ɻɸʄʇ) [85,88] ʽ 

ʛʝʥʝʨʘʪʦʨʠ ʟ ʧʦʧʝʨʝʯʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ (ɻʇʄʇ) [91, 96], ʜʣʷ ʪʦʛʦ ʱʦʙ ʟʥʘʡʪʠ 

ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʡ ʪʠʧ ʤʘʰʠʥʠ ʜʣʷ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ. ʎʽ ʪʨʠ ʪʠʧʠ ʛʝʥʝʨʘʪʦʨʽʚ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ 

ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ ʩʠʥʭʨʦʥʥʠʭ ʤʘʰʠʥ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ. ɽʣʝʢʪʨʠʯʥʽ ʤʘʰʠʥʠ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʯʘʩʪʠʥʠ) ʽ ʥʝʘʢʪʠʚʥʦʾ ʯʘʩʪʠʥʠ (ʤʝʭʘʥʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ). ɸʢʪʠʚʥʘ ʯʘʩʪʠʥʘ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ 

(PMSG) ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʘʣʽʟʥʦʛʦ ʦʩʝʨʜʷ, ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʽ ʤʽʜʽ. 

ɻʝʥʝʨʘʪʦʨʠ ʟ ʨʘʜʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ (ɻʈʄʇ). ʋ ʛʝʥʝʨʘʪʦʨʽʚ ʪʠʧʫ 

ɻʈʄʇ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʘʜʽʘʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ. ɹʽʣʴʰʽʩʪʴ ʤʘʰʠʥ ɻʈʄʇ ʤʘʶʪʴ ʟʚʠʯʘʡʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʦʪʦʨʘ, ʘʣʝ ʜʝʷʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʨʦʪʦʨʘ ʪʘʢʦʞ 

ʙʫʣʠ ʥʘʚʝʜʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ [4, 11, 75 ]. ʅʘ ʨʠʩ. 1.6 ʟʦʙʨʘʞʝʥʦ ʛʝʥʝʨʘʪʦʨ ʟ ʧʦʩʪʽʡʥʠʤʠ 

ʤʘʛʥʽʪʘʤʠ, ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ ʧʦʚʝʨʭʥʽ, ʽ ʣʽʥʽʡʥʠʤ ʧʝʨʝʨʽʟʦʤ ʜʚʦʭ ʧʦʣʶʩʽʚ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʇʄ ʜʣʷ ʛʝʥʝʨʘʪʦʨʽʚ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ, ʛʝʥʝʨʘʪʦʨʠ ʤʦʞʫʪʴ 

ʧʨʘʮʶʚʘʪʠ ʟ ʭʦʨʦʰʦʶ ʪʘ ʥʘʜʽʡʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʰʚʠʜʢʦʩʪʝʡ. ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʥʘʡʧʨʦʩʪʽʰʠʤ ʩʧʦʩʦʙʦʤ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʰʠʥʠ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʣʶʩʽʚ ʻ ʥʘʢʣʝʶʚʘʥʥʷ ʇʄ ʥʘ ʧʦʚʝʨʭʥʶ ʨʦʪʦʨʘ. 

 

 

ʈʠʩ.  1.6 ɻʝʥʝʨʘʪʦʨ ʽʟ ʨʘʜʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ [77] 
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ɻʝʥʝʨʘʪʦʨʠ ʟ ʨʘʜʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʪʘʙʽʣʴʥʽ ʽ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ [26, 30, 64, 77, 82, 96]. ɹʽʣʴʰʽʩʪʴ ʥʠʟʴʢʦʰʚʠʜʢʽʩʥʠʭ 

ʧʦʪʫʞʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʥʘ ʨʠʥʢʫ ʙʘʟʫʶʪʴʩʷ ʥʘ ʛʝʥʝʨʘʪʦʨʘʭ ʟ 

ʨʘʜʽʘʣʴʥʠʤ ʧʦʪʦʢʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʰʠʥʠ ɻʈʄʇ ʻ ʥʘʡʮʽʢʘʚʽʰʠʤ ʪʠʧʦʤ ʤʘʰʠʥ ʜʣʷ 

ʧʦʪʫʞʥʠʭ ʚʽʪʨʦʚʠʭ ʪʫʨʙʽʥ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ. ʇʨʦʪʝ ʧʨʦʚʝʜʝʥʦ ʙʘʛʘʪʦ ʨʦʙʦʪʠ ʟ 

ʦʧʪʠʤʽʟʘʮʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥ ɻʈʄʇ. ʊʦʤʫ ʚʘʞʢʦ ʟʥʘʯʥʦ 

ʟʤʝʥʰʠʪʠ ʤʘʩʫ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʘʨʪʽʩʪʴ ʤʘʰʠʥ ɻʈʄʇ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʘʞʢʦ 

ʟʤʝʥʰʠʪʠ ʚʘʨʪʽʩʪʴ PMSG DD ʜʦ ʚʘʨʪʦʩʪʽ DFIG 3G [55, 70, 89]. 

ɻʝʥʝʨʘʪʦʨʠ ʟ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ (ɻɸʄʇ). ɻɸʄʇ ï ʮʝ ʛʝʥʝʨʘʪʦʨ 

ʚ ʷʢʦʤʫ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʽʡʥʠʭ 

ʤʘʛʥʽʪʽʚ. ɻɸʄʇ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʥʘ ʧʘʟʦʚʽ ʪʘ ʙʝʟʧʘʟʦʚʽ. ʅʘ ʨʠʩ. 1.7 ʟʦʙʨʘʞʝʥʦ 

ʧʘʟʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ɻɸʄʇ. 

 

 

ʈʠʩ. 1.7 ʇʘʟʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ɻɸʄʇ [100] 

 

ɻɸʄʇ ʤʘʻ ʪʘʢʽ ʧʝʨʝʚʘʛʠ ʧʦʨʽʚʥʷʥʦ ʟ ɻʈʄʇ: 

ï ʧʨʦʩʪʘ ʥʘʤʦʪʢʘ (ʚ ʙʝʟʧʘʟʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʛʝʥʝʨʘʪʦʨʘ); 

ï ʥʠʟʴʢʽ ʢʦʣʠʚʘʥʥʷ (ʧʫʣʴʩʘʮʽʾ) ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʽ ʰʫʤʫ (ʚ ʙʝʟʧʘʟʦʚʽʡ 

ʢʦʥʩʪʨʫʢʮʽʾ ʛʝʥʝʨʘʪʦʨʘ); 

ï ʢʦʨʦʪʢʘ ʦʩʴʦʚʘ ʜʦʚʞʠʥʘ; 

ï ʚʠʱʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ/ʦʙôʻʤ. 

ʆʜʥʘʢ ʪʘʢʦʞ ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ ɻɸʄʇ ʧʦʨʽʚʥʷʥʦ ʟ ɻʈʄʇ [29, 85, 101]: 
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ï ʥʠʞʯʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ/ʤʘʩʘ; 

ï ʙʽʣʴʰʠʡ ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʽ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʇʄ (ʚ ʙʝʟʧʘʟʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ 

ʛʝʥʝʨʘʪʦʨʘ); 

ï ʩʪʨʫʢʪʫʨʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ; 

ï ʚʘʞʢʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʤʽʞʦʢ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ ʨʽʚʥʦʤʽʨʥʠʤ (ʚ 

ʧʘʟʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʛʝʥʝʨʘʪʦʨʘ); 

ï ʩʢʣʘʜʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʩʝʨʜʷ ʩʪʘʪʦʨʘ (ʚ ʧʘʟʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʛʝʥʝʨʘʪʦʨʘ). 

ʑʦʙ ʟʘʩʪʦʩʫʚʘʪʠ ɻɸʄʇ ʫ ʚʝʣʠʢʠʭ ʚʽʪʨʦʫʩʪʘʥʦʚʢʘʭ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ, 

ʥʝʦʙʭʽʜʥʦ ʧʦʜʦʣʘʪʠ ʮʽ ʥʝʜʦʣʽʢʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʪʘ 

ʫʩʢʣʘʜʥʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘʚʧʘʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ɻɸʄʇ ʚ ʩʠʩʪʝʤʘʭ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ 

ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʻ ʘʢʪʫʘʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʧʦʪʫʞʥʦʩʪʽ ʜʘʥʽ 

ʥʝʜʦʣʽʢʠ ʥʽʚʝʣʶʶʪʴʩʷ [4,11,29,37,52]. 

ɻʝʥʝʨʘʪʦʨʠ ʟ ʧʦʧʝʨʝʯʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ (ɻʇʄʇ). ʇʨʠʥʮʠʧ ʧʦʧʝʨʝʯʥʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʦʟʥʘʯʘʻ, ʱʦ ʰʣʷʭ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʜʦ 

ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ɻʇʄʇ ʧʦʨʽʚʥʷʥʦ ʟ ʤʘʰʠʥʘʤʠ 

ɻʈʄʇ ʽ ɻɸʄʇ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ɻʇʄʇ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʧʨʦʩʪʽʨ ʜʣʷ ʦʙʤʦʪʦʢ 

ʙʝʟ ʟʤʝʥʰʝʥʥʷ ʜʦʩʪʫʧʥʦʛʦ ʦʙôʻʤʫ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʫ. ɻʇʄʇ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʜʫʞʝ ʤʘʣʠʤ ʢʨʦʢʦʤ ʧʦʣʶʩʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʪʠʧʘʤʠ. ʎʷ 

ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʽʥʜʫʢʦʚʘʥʦʾ ʥʘʧʨʫʛʠ [43, 50, 66]: 

 emax=NĀ◖maxĀ2ˊĀf=NĀ ◖maxĀ2ˊĀ(vg/2Űp) (1.3) 

ʜʝ: N ï ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ; ◖max ï ʚʝʣʠʯʠʥʘ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ; f ï ʯʘʩʪʦʪʘ; vg ï ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ; Űp ï ʧʦʣʶʩʥʘ ʧʦʜʽʣʢʘ. 

ʅʘ ʨʠʩ. 1.8 ʟʦʙʨʘʞʝʥʦ ɻʇʄʇ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʪʠʧʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ. 
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ʈʠʩ. 1.8 ɻʇʄʇ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʪʠʧʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ [52] 

 

ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʫʻ, ʱʦ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ɻʇʄʇ ʧʦʨʽʚʥʷʥʦ ʟ ɻʈʄʇ ʽ 

ɻɸʄʇ ʤʦʞʥʘ ʧʽʜʩʫʤʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ï ʚʠʱʘ ʱʽʣʴʥʽʩʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʫʩʠʣʣʷ; 

ï ʟʥʘʯʥʦ ʤʝʥʰʽ ʚʪʨʘʪʠ ʤʽʜʽ; 

ï ʧʨʦʩʪʦʪʘ ʥʘʤʦʪʢʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʠʣʴʥʠʭ ʩʪʦʨʽʥ, ʢʦʥʩʪʨʫʢʮʽʷ ɻʇʄʇ ʻ ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ, ʥʽʞ 

ɻʈʄʇ ʽ ɻɸʄʇ, ʦʩʢʽʣʴʢʠ ʤʘʰʠʥʘ ɻʇʄʇ ʤʘʻ ʪʨʠʚʠʤʽʨʥʠʡ ʰʣʷʭ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ. 

ʄʘʰʠʥʘ ɻʇʄʇ ʟ ʚʝʣʠʢʠʤ ʧʦʚʽʪʨʷʥʠʤ ʧʨʦʤʽʞʢʦʤ ʥʝ ʚʠʛʣʷʜʘʻ ʧʨʠʚʘʙʣʠʚʦʶ, 

ʦʩʢʽʣʴʢʠ ʾʾ ʧʝʨʝʚʘʛʘ ʚ ʮʽʥʽ ʧʦʜʽʙʥʘ ʘʙʦ ʥʘʚʽʪʴ ʚʠʱʘ ʧʦʨʽʚʥʷʥʦ ʟ ʤʘʰʠʥʘʤʠ ɻʈʄʇ 

[38, 43, 49, 50, 59, 74]. 

ʎʽ ʥʝʜʦʣʽʢʠ ʨʦʙʣʷʪʴ ɻʇʄʇ ʥʝʧʨʠʚʘʙʣʠʚʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʧʦʪʫʞʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ. ʆʜʥʘʢ ʫ ʨʷʜʽ ʨʦʙʽʪ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʽʟʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ɻʇʄʇ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʜʘʥʠʭ ʥʝʜʦʣʽʢʽʚ. ʂʦʞʥʘ ʢʦʥʩʪʨʫʢʮʽʷ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʨʦʙʦʪʘʭ, ʤʘʻ ʧʨʠʥʘʡʤʥʽ ʦʜʥʫ ʩʠʣʴʥʫ ʩʪʦʨʦʥʫ, ʱʦʙ ʟʨʦʙʠʪʠ ɻʇʄʇ 

ʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʗʢʱʦ ʤʦʞʣʠʚʦ ʧʦʜʦʣʘʪʠ ʥʝʜʦʣʽʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʘ ʧʦʻʜʥʫʻ ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ ʨʽʟʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʾ, ɻʇʄʇ ʙʫʜʝ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʝʣʠʢʠʭ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʟ 

ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ. 
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1.5 ɽʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ ʜʣʷ ʨʦʙʦʪʠ ʫ ʩʢʣʘʜʽ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ  

 

ɼʦʩʚʽʜ ʪʘ ʨʦʟʨʦʙʢʠ ʟʘʨʫʙʽʞʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʚʯʝʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʥʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʥʘʡʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʶʪʴ ʛʝʥʝʨʘʪʦʨʠ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ, ʱʦ ʚʠʢʦʥʘʥʽ ʥʘ 

ʙʘʟʽ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʽʟ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ(SmCo, NdFeB). ʇʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʚ ʝʣʝʢʪʨʠʯʥʫ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ [41, 48, 54, 76, 94]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʦʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʤʦʜʫʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʧʠʪʦʤʫ ʧʦʪʫʞʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʪʘ ʧʦʢʨʘʱʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʛʝʥʝʨʘʪʦʨʘ (ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ, ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ, ʦʙʤʦʪʫʚʘʣʴʥʦʛʦ 

ʧʨʦʚʦʜʫ).  

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ 

ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʝʥʝʨʘʪʦʨʘʤʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʚʦʣʷʶʪʴ 

ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

- ʛʝʥʝʨʘʪʦʨ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ ʤʘʻ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʦʾ ʯʘʩʪʠʥʠ, ʱʦ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʦʚʘʥʦʾ ɽʈʉ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ, ʧʦʢʨʘʱʝʥʠʤʠ 

ʧʠʪʦʤʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʟʦʢʨʝʤʘ ʫ ʚʠʧʘʜʢʫ ʙʘʛʘʪʦʧʦʣʶʩʥʦʛʦ ʚʠʢʦʥʘʥʥʷ; 

- ʛʝʥʝʨʘʪʦʨʠ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʝ  

ʟʥʘʯʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʟʜʽʙʥʦʩʪʽ ʪʘ ʥʦʤʽʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ; 

- ʛʝʥʝʨʘʪʦʨʠ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ ʤʘʶʪʴ ʢʨʘʱʽ ʫʤʦʚʠ ʜʣʷ ʧʨʠʨʦʜʥʴʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ; 

- ʛʝʥʝʨʘʪʦʨʫ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ  ʭʘʨʘʢʪʝʨʥʽ ʪʦʧʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ; 

- ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʽʡʥʦʛʦ ʢʦʥʩʦʣʴʥʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʽʟ-ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʥʝʚʝʣʠʢʦʾ ʦʩʴʦʚʦʾ ʜʦʚʞʠʥʠ. 
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1.6  ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ.  

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʨʝʢʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʘʚʪʦʥʦʤʥʦʾ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ 

ʟʤʽʥʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʘʚʪʦʥʦʤʥʠʭ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ;  

- ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʨʦʪʦʨʘ ʤʘʣʦʧʦʪʫʞʥʦʾ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʥʘ ʘʛʨʝʛʘʪʫʚʘʥʥʷ ʟ ʾʾ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ; 

- ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟ 

ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ; 

- ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟ 

ʜʚʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ; 

- ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʪʘ 

ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ; 

- ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʟʙʫʜʞʝʥʥʷ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ 

ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ; 

- ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʘʚʪʦʥʦʤʥʦʾ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. 

 

 

 

 

 

 



49 
 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1. 

 

1. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʥʘʨʘʟʽ ʩʢʣʘʜʘʶʪʴ å20% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʨʠʥʢʫ ʘʛʨʝʛʘʪʽʚ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɺʦʥʠ ʫʩʧʽʰʥʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ ʢʦʥʢʫʨʫʶʪʴ ʽʟ ʨʝʜʫʢʪʦʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ 

ʨʷʜ ʧʨʠʥʮʠʧʦʚʠʭ ʧʝʨʝʚʘʛ, ʪʘʢʠʭ ʷʢ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʙʽʣʴʰ ʚʠʩʦʢʘ 

ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ; 

2. ʇʨʝʜʤʝʪʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʻ: ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ, 

ʚʠʭʽʜʥʘ ʯʘʩʪʦʪʘ ʪʘ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ. ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʫʯʘʩʥʠʭ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ. ɸʥʘʣʽʟ 

ʧʦʢʘʟʘʚ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʟʘʩʦʙʠ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʠʭ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʫ ʩʢʣʘʜʽ ʟ 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʟ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ; 

3. ʈʦʟʛʣʷʥʫʪʦ ʪʠʧʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʥʝʨʛʽʾ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʚʽʪʨʦʫʩʪʘʥʦʚʢʘʭ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʠʭ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʥʭʨʦʥʥʽ ʛʝʥʝʨʘʪʦʨʠ ʟ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ 

ʧʦʪʦʢʦʤ ʽʟ ʟʙʫʜʞʝʥʥʷʤ ʚʽʜ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ. 

4. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʛʝʥʝʨʘʪʦʨʘ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ ʟ ʪʨʘʜʠʮʽʡʥʠʤ 

ʮʠʣʽʥʜʨʠʯʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʟʽ ʟʙʫʜʞʝʥʥʷʤ ʚʽʜ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʤʘʣʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. ɿ ʦʛʣʷʜʫ ʥʘ ʧʝʨʝʚʘʛʠ ʛʝʥʝʨʘʪʦʨʘ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ, ʚ ʨʦʙʦʪʽ 

ʦʙʨʘʥʦ ʟʘ ʦʩʥʦʚʫ ʩʘʤʝ ʮʝʡ ʪʠʧ ʛʝʥʝʨʘʪʦʨʘ.  
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ʈʆɿɼɯʃ 2   

ɺʀɿʅɸʏɽʅʅʗ ɺʇʃʀɺʋ ɸɽʈʆɼʀʅɸʄɯʏʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʈʆʊʆʈɸ ʄɸʃʆʇʆʊʋɾʅʆɰ ɺɯʊʈʆʋʉʊɸʅʆɺʂʀ ʇʈʀ ɸɻʈɽɻɸʊʋɺɸʅʅɯ ɰɰ 

ɿ ɻɽʅɽʈɸʊʆʈʅʀʄ ʆɹʃɸɼʅɸʅʅʗʄ  

 

2.1 ɸʥʘʣʽʟ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʬʽʣʽʚ ʣʦʧʘʪʽ ʨʦʪʦʨʘ 

 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʫʩʪʘʥʦʚʦʢ ʤʘʣʦʾ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ ʚʠʤʘʛʘʻ 

ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʾʭ ʨʦʟʨʘʭʫʥʢʫ. ɻʦʣʦʚʥʠʤ ʚʫʟʣʦʤ, ʟ ʷʢʦʛʦ ʧʦʯʠʥʘʻʪʴʩʷ 

ʨʦʟʨʦʙʣʝʥʥʷ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʽ ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ 

(ɺʋ) ʚ ʮʽʣʦʤʫ ʻ ʨʦʪʦʨ, ʪʦʤʫ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʣʘʜʘʻ 

ʦʜʥʫ ʟ ʛʦʣʦʚʥʠʭ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʈʦʙʦʪʠ ɾʫʢʦʚʩʴʢʦʛʦ ʄ.ɭ, ɹʝʪʮʘ ɸ., ʖʨʴʻʚʘ ɹ.ʄ., ʪʘ ʽʥʰʠʭ ʫʯʝʥʠʭ [5, 10, 18, 

32] ʜʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʚʘʪʠ ʪʝʦʨʽʶ ʨʦʪʦʨʘ, ʷʢʘ ʙʫʣʘ ʘʜʘʧʪʦʚʘʥʘ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʘ 

ɻ.ʍ.ʉʘʙʽʥʽʥʠʤ ʜʣʷ ʨʦʪʦʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʽ ʨʦʟʨʦʙʣʝʥʘ ʮʽʣʽʩʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʨʦʪʦʨʘ ʪʘ ʡʦʛʦ ʘʝʨʦʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʘ ʜʘʥʠʤʠ 

ʤʝʪʦʜʠʢʘʤʠ ʚʠʙʽʨ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʬʽʣʶ ʜʣʷ ʣʦʧʘʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʜʦʚʽʣʴʥʦ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʚ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʬʽʣʽʚ ʦʮʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 

ʜʝʢʽʣʴʢʦʭ ʪʠʩʷʯ ʚʠʜʽʚ ʽ ʢʽʣʴʢʽʩʪʴ ʾʭ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʥʘ ʧʨʘʢʪʠʮʽ ʾʭ 

ʚʠʙʽʨ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʧʝʚʥʠʭ ʩʠʩʪʝʤʥʠʭ ʧʽʜʭʦʜʽʚ 

ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʚʠʙʦʨʫ ʥʝʦʙʭʽʜʥʦʛʦ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʬʽʣʶ. 

ʗʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʧʨʠ ʚʠʙʦʨʽ ʧʨʦʬʽʣʶ ʻ ʚʠʤʦʛʠ ʜʦ 

ʘʝʨʦʜʠʥʘʤʽʢʠ, ʘ ʧʦʪʽʤ ʚʞʝ ʚʠʤʦʛʠ ʜʦ ʤʽʮʥʦʩʪʽ ʣʦʧʘʪʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʽ ʣʦʧʘʪʽ. 

ɿʘʜʘʯʘʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠʩʚʷʯʝʥʘ ʥʠʟʢʘ 

ʧʫʙʣʽʢʘʮʽʡ [1, 2, 9, 10, 17, 58, 62, 68]. ʆʜʥʘʢ ʚ ʜʘʥʠʭ ʨʦʙʦʪʘʭ ʥʝ ʜʦʩʪʘʪʥʴʦ ʧʨʠʜʽʣʝʥʦ 

ʫʚʘʛʫ ʘʥʘʣʽʟʫ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʽʪʨʦʚʠʭ ʨʦʪʦʨʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʫʤʦʚʠ ʟʤʽʥʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. ɺ ʨʦʙʦʪʽ [9] 

ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ (ɝ) 
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ʚʽʜ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ ʨʦʪʦʨʘ (z), ʧʨʠ ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʧʨʦʬʽʣʶ ʣʦʧʘʪʽ. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʧʨʦʬʽʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʨʦʪʦʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʣʠ ʦʙʨʘʥʽ ʧ'ʷʪʴ ʙʘʟʦʚʠʭ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʬʽʣʽʚ ʨʽʟʥʦʛʦ ʪʠʧʫ: ɸ-6, BS-10, BS-10, GA(W)-1, p-11-18, ʟʛʽʜʥʦ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ [6, 8]. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʦʙʝʨʥʝʥʦʾ 

ʷʢʦʩʪʽ ʚʩʽ ʧʨʦʬʽʣʽ ʙʫʣʠ ʧʦʜʽʣʝʥʽ ʥʘ ʜʚʽ ʛʨʫʧʠ: 

1 ï ʪʨʘʜʠʮʽʡʥʽ ʧʨʦʬʽʣʽ (ʈ-ɯɯ); 

2 ï ʧʨʦʬʽʣʽ ʩʝʨʽʾ GA(W) ʪʘ ʣʘʤʽʥʽʟʦʚʘʥʽ ʧʨʦʬʽʣʽ FX. 

ʅʘ ʨʠʩ.2.1 ʘ, ʙ, ʚ, ʛ, ʜ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʪʫʞʥʦʩʪʽ (ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ) ʚʽʜ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ ʨʦʪʦʨʘ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚ ʡʦʛʦ ʧʣʦʱʠʥʽ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʧʨʦʬʽʣʶ.  

 

 

ʘ) 
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ʙ) 

 

ʚ) 
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0,36-0,38

0,34-0,36

0,32-0,34

0,3-0,32
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ʛ) 

 

ʜ) 

ʈʠʩʫʥʦʢ 2.1 ï ɿʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ (ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʪʫʞʥʦʩʪʽ) ʚʽʜ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ ʨʦʪʦʨʘ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʣʴʤʫʚʘʥʥʷ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚ ʡʦʛʦ ʧʣʦʱʠʥʽ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʨʦʬʽʣʶ. 

 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʦʬʽʣʽ ʛʨʫʧʠ 1 ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ɝ=0,36é0,4 ʚ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʭʽʜʥʦʩʪʝʡ Z=4é5, ʘ ʧʨʦʬʽʣʽ ʛʨʫʧʠ 2 ʜʦʟʚʦʣʷʶʪʴ 
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ʦʪʨʠʤʘʪʠ ɝ=0,53é0,57 ʚ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʭʽʜʥʦʩʪʝʡ Z=6é11. ʇʨʠ ʮʴʦʤʫ ʧʨʦʬʽʣʽ 

ʛʨʫʧʠ 2 ʚ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʭʽʜʥʦʩʪʝʡ Z=5é6 ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ 

ɝ=0,49é0,53, ʱʦ ʚʠʱʝ ʥʽʞ ʚ ʧʨʦʬʽʣʽʚ ʛʨʫʧʠ 1 ʚ ʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ. 

[6, 8, 12]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠ ʚʠʙʦʨʽ ʧʨʦʬʽʣʽʚ ʜʣʷ ʣʦʧʘʪʝʡ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ 

ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʚʘʛʘ ʧʦʚʠʥʥʘ ʥʘʜʘʚʘʪʠʩʴ ʧʨʦʬʽʣʷʤ ʩʝʨʽʾ GAW ʪʘ ʩʝʨʽʾ FX, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʧʨʦʬʽʣʷʤʠ ʪʘ ʜʦʟʚʦʣʷʻ ʧʨʦʝʢʪʫʚʘʪʠ ʨʦʪʦʨʠ ɺɽʋ ʟ ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʦʭʽʜʥʽʩʪʶ, ʱʦ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʫʚʘʪʠ ʦʙʝʨʪʠ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʪʘ 

ʟʤʝʥʰʫʚʘʪʠ ʾʭ ʤʘʩʦʛʘʙʘʨʠʪʥʽ ʧʦʢʘʟʥʠʢʠ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʦʙʨʘʥʦʛʦ ʧʨʦʬʽʣʶ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʟʥʽ ʤʝʭʘʥʽʯʥʽ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʪʦʨʘ, ʟʦʢʨʝʤʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ 

ʟʘʜʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ.  

ʇʦʪʫʞʥʽʩʪʴ ʥʘ ʚʘʣʫ ʚʽʪʨʦʘʛʨʝʛʘʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ : 

  (2.1) 

ʜʝ ɟ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ; 

 v ïh ʚʠʜʢʽʩʪʴ ʥʝʟʙʫʨʝʥʦʛʦ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ;  

F ï ʧʣʦʱʘ ʦʙʤʘʭʫ ʨʦʪʦʨʘ (ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʤʘʻʪʴʩʷ 1ʤ2). 

ɺ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [4, 6, 8] ʙʫʣʘ ʟʘʜʘʥʘ ʰʚʠʜʢʦʭʽʜʥʽʩʪʴ ʨʦʪʦʨʘ (z) ʚ 

ʤʝʞʘʭ z=3é9 ʪʘ ʦʙʯʠʩʣʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ (ɝ), ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʽʘʧʘʟʦʥʫ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 4-8ʤ/ʩ, ʱʦ ʻ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤ ʚʠʩʦʪʘʤ 

ʚʠʢʦʥʘʥʥʷ ʤʘʣʠʭ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ (ɺʋ) ʚ ʫʤʦʚʘʭ ʥʘʰʦʾ ʜʝʨʞʘʚʠ. 

ɺ ɼʆɼɸʊʂʋ ɹ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʘʣʫ 

ʚʽʪʨʦʪʫʨʙʽʥʠ ʧʨʠ ʟʘʜʘʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʚʽʪʨʫ ʚ ʜʽʘʧʘʟʦʥʽ 4-8 ʤ/ʩ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʜʣʷ ʧʨʦʬʽʣʽʚ ʧʝʨʰʦʾ ʛʨʫʧʠ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʦʬʽʣʽ ʛʨʫʧʠ 1 ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 91,8é93,27 ɺʪ/ʤ2 ʧʨʠ ʟʥʘʯʝʥʥʷʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ɝ=0,33é0.44 ʚ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ z = 

4é5. 

zr 35.0 kFvN=
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ʅʘ ʨʠʩ. 2.2 ʘ, ʙ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʨʦʬʽʣʽʚ ʜʨʫʛʦʾ ʛʨʫʧʠ [8]. 

 

 

ʘ) 

 

 

ʙ) 

ʈʠʩ. 2.2 ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʚʽʜ 

ʤʦʜʫʣʷ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʧʨʦʬʽʣʽʚ ʜʨʫʛʦʾ ʛʨʫʧʠ 

 

ʇʨʦʬʽʣʽ ʛʨʫʧʠ 2 ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʙʪʽʢʘʶʯʫ ʚʽʪʨʦʪʫʨʙʽʥʦʶ ʧʣʦʱʫ 

114,27é115,74 ɺʪ/ʤ2 ʧʨʠ ɝ= 0,54é0,55 ʚ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ z = 6é7.  
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ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʨʠʚʠʤʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʦʪʨʠʤʘʥʽ 

ʝʢʩʪʨʝʤʫʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʪʠʧʫ ʧʨʦʬʽʣʶ ʣʦʧʘʪʽ ʟʘ ʾʾ ʜʦʮʽʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ.  

ʅʘ ʨʠʩ. 2.3 ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ 

ʚʽʪʨʦʪʫʨʙʽʥʠ (ʥʘ 1ʤ2 ʦʙʤʘʭʫ ʨʦʪʦʨʘ) ʜʣʷ ʧʨʦʬʽʣʽʚ, ʱʦ ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ. 

 

 

ʈʠʩ. 2.3 ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ 

ʚʽʪʨʦʪʫʨʙʽʥʠ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʜʣʷ ʨʽʟʥʠʭ ʧʨʦʬʽʣʽʚ 

 

ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʽʪʨʦʫʩʪʘʥʦʚʢʦʶ, ʣʦʧʘʪʽ ʨʦʪʦʨʘ ʷʢʦʾ 

ʚʠʢʦʥʘʥʽ ʥʘ ʦʩʥʦʚʽ ʧʨʦʬʽʣʶ FX ʪʘ GA(W)-1. ɯʥʰʽ ʧʨʦʬʽʣʽ ʟʘ ʜʘʥʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝʟʥʘʯʥʦ. ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʚʠʭʽʜʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʟʤʽʥʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. 

ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʩʝʨʝʜʥʴʦʨʽʯʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʚʽʪʨʫ ʜʣʷ ʫʤʦʚ 

ʋʢʨʘʾʥʠ ʚ ʤʝʞʘʭ 4,0 ï 6,0 ʤ/ʩ ʩʢʣʘʜʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ 9,1 ʪʘ 42,2ɺʪ/ʤ2. ʄʘʢʩʠʤʘʣʴʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 8 ʤ/ʩ ʩʪʘʥʦʚʠʪʴ 115,74 ɺʪ/ʤ2. 
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2.2 ʋʟʛʦʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʟ 

ʤʝʭʘʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ 

 

ɺʽʪʨʦʫʩʪʘʥʦʚʢʘ ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʧʨʘʮʶʻ ʟʽ ʟʤʽʥʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʪʘ ʯʘʩʪʦʪʦʶ 

ʦʙʝʨʪʘʥʥʷ. ɺʚʝʜʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʜʝʱʦ ʧʦʣʽʧʰʫʻ ʩʠʪʫʘʮʽʶ, ʘʣʝ ʚ 

ʧʝʚʥʠʭ ʤʝʞʘʭ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ 

ʧʨʦʧʦʨʮʽʡʥʠʡ v2, ʧʦʪʫʞʥʽʩʪʴ ï  v3, ʘ ʯʘʩʪʦʪʘ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ ïv. ʊʘʢʝ ʧʦʣʦʞʝʥʥʷ 

ʫʩʢʣʘʜʥʶʻ ʘʛʨʝʛʝʪʫʚʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʟ ʤʘʰʠʥʘʤʠ, ʱʦ ʤʘʶʪʴ ʥʦʤʽʥʘʣʴʥʽ 

ʧʦʢʘʟʥʠʢʠ ʟʘ ʧʦʩʪʽʡʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ.  

ʅʘ ʨʠʩ. 2.4 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʝʞʥʦʩʪʽ M = f(ɤ) ʪʘ ʈ = f(ɤ) ʜʣʷ 

ʧʨʦʬʽʣʶ GAW ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ.  
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ʈʠʩ. 2.4 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʝʞʥʦʩʪʽ M = f(ɤ) ʪʘ ʈ = f(ɤ) ʜʣʷ ʧʨʦʬʽʣʶ GAW ʟʘ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 
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ʄʅ5éʄʅ8 ï ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʄ=f (ɽʈʉ, Rʅ) ʟʘ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ (ʚʽʜ5ʤ/ʩ ʜʦ 8ʤ/ʩ); ʈʅ5éʈʅ8 ï ʟʥʘʯʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

(ʚʽʜ 5ʤ/ʩ ʜʦ 8ʤ/ʩ). 

ʅʘ ʜʘʥʽ ʢʨʠʚʽ ʥʘʢʣʘʜʝʥʽ ʛʨʘʬʽʢʠ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʣʽʥʽʘʨʽʟʦʚʘʥʽ) 

ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. ɿʛʽʜʥʦ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ɼʉʊʋ4859:2007 ʚʝʨʭʥʷ ʤʝʞʘ ʜʽʘʧʘʟʦʥʫ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ 

ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʝʢʦʤʝʥʜʫʻʪʪʴʩʷ ʧʨʠʡʤʘʪʠ 8ʤ/ʩ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, 

ʱʦ ʙʽʣʴʰʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʤʘʻ ʩʝʨʝʜʥʴʦʨʽʯʥʫ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʚ ʤʝʞʘʭ 

4,2é4,6ʤ/ʩ. ʅʦʤʽʥʘʣʴʥʘ ʰʚʠʜʢʽʩʪ ɹʚʽʪʨʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʫʤʦʚʠ : 

vʥ=kvʩʨ.ʨ., 

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʽ ʩʢʣʘʜʘʻ ʜʣʷ 

ʰʚʠʜʢʦʭʽʜʥʠʭ ʘʛʨʝʛʘʪʽʚ 1,5é2; 

vʩʨ.ʨ. ï ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʽʘʧʘʟʦʥ ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʤʦʞʝ ʩʢʣʘʜʘʪʠ 5, 6, 7, 8ʤ/ʩ. 

ɸʥʘʣʽʟ ʨʠʩ. 2.4 ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʯʘʩʪʢʫ ʢʦʨʝʢʮʽʾ ʤʦʤʝʥʪʫ (ʨʠʩ. 2.5) ʪʘ 

ʧʦʪʫʞʥʦʩʪʽ (ʨʠʩ. 2.6) ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ. ʅʘʧʨʠʢʣʘʜ, ʢʦʨʝʢʮʽʷ ʚʽʜʥʦʩʥʦʾ ʚʝʣʠʯʠʥʠ ʤʦʤʝʥʪʫ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʤʘʻ 

ʥʦʤʽʥʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʟʘ ʚʝʣʠʯʠʥʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 5ʤ/ʩ, ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ 8 ʤ/ʩ ʩʢʣʘʜʝ ̒ʚʽʜʥʦʰʝʥʥʷ ʨʽʟʥʠʮʽ ʤʦʤʝʥʪʽʚ ʚ ʪʦʯʮʽ ʘ (356ʅʤ) ʪʘ ʚ ʪʦʯʮʽ b (275 

ʅʤ) ʜʦ ʤʦʤʝʥʪʫ ʚ ʪʦʯʮʽ ʘ ʽ ʩʢʣʘʜʝ (22%). ɺʽʜʧʦʚʽʜʥʦ ʚʽʜʥʦʩʥʘ ʚʝʣʠʯʠʥʘ ʢʦʨʝʢʮʽʾ 

ʧʦʪʫʞʥʦʩʪʽ ʩʢʣʘʜʝ ʚʽʜʥʦʰʝʥʥʷ ʨʽʟʥʠʮʽ ʧʦʪʫʞʥʦʩʪʽ ʚ ʪʦʯʮʽ ʩ (3100ɺʪ) ʪʘ ʚ ʪʦʯʮʽ d 

(2808ɺʪ) ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʚ ʪʦʯʮʽ ʩ ̔ ʩʢʣʘʜʝ (9,5%). 
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ʈʠʩ. 2.5 ʏʘʩʪʢʘ ʢʦʨʝʢʮʽʾ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ 

ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

 

 

 

ʈʠʩ. 2.6 ʏʘʩʪʢʘ ʢʦʨʝʢʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ 

ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 
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ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩ. 2.5 ʪʘ 2.6 ʟʥʘʯʝʥʥʷ ʢʦʨʝʢʮʽʾ ʩʪʘʻ ʙʽʣʴʰʠʤ ʧʨʠ ʚʽʜʜʘʣʝʥʽ 

ʚʠʙʨʘʥʦʾ ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʜ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʜʽʘʟʦʥʘ ʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥ.ɹ ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʦʜʽʚ, ʱʦʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʚʘ 

ʤʝʪʦʜʠ ʢʦʨʝʢʮʽʾ: 

ï ʧʨʠʻʜʥʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʜʦ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ; 

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ.  
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2. 

 

 1. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʪʦʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ 

ʧʨʦʚʝʜʝʥʠʡ ʜʣʷ ʧʨʦʬʽʣʽʚ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʦʙʝʨʥʝʥʦʾ ʷʢʦʩʪʽ ʙʫʣʠ 

ʧʦʜʽʣʝʥʽ ʥʘ ʜʚʽ ʛʨʫʧʠ: 1 ï ʪʨʘʜʠʮʽʡʥʽ ʧʨʦʬʽʣʽ: ʈ-ɯɯ, ɸ-6, BS-10, BS-10, p-11-18 ï ʜʘʥʽ 

ʧʨʦʬʽʣʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ 

ʚʽʪʨʫ ʨʦʪʦʨʦʤ ʚ ʤʝʞʘʭ ɝ = 0,36é0.4 ʚ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ z = 4é5. 2 ï ʧʨʦʬʽʣʽ 

ʩʝʨʽʾ GA(W)-1 ʪʘ ʣʘʤʽʥʽʟʦʚʘʥʽ ʧʨʦʬʽʣʽ FX ï ʧʨʦʬʽʣʷʤ ʜʘʥʦʾ ʛʨʫʧʠ ʧʨʠʪʘʤʘʥʥʽ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ɝ=0,53é0,57 ʚ ʜʽʘʧʘʟʦʥʽ 

ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ Z=6é11, ʘ ʧʨʠ Z=5é6 ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ 

ɝ=0,49é0,53.  

2. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʥʝʨʘʪʦʨʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʪʦʨʠ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʟ ʧʨʦʬʽʣʷʤʠ ʣʦʧʘʪʝʡ ʛʨʫʧʠ 1 ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 91,8é93,3 ɺʪ/ʤ2  ʧʨʠ 

ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ɝ=0,33é0.44 ʚ ʜʽʘʧʘʟʦʥʽ 

ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ z=4é5. ʈʦʪʦʨʠ ʟ ʧʨʦʬʽʣʷʤʠ ʛʨʫʧʠ 2 ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʦʙʤʽʪʘʶʯʫ ʨʦʪʦʨʦʤ ʚʽʪʨʦʪʫʨʙʽʥʠ ʧʣʦʱʫ 114,3é115,7 ɺʪ/ʤ2 ʧʨʠ ɝ= 0,54é0,55 ʚ 

ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ z = 6é7.  

3. ʇʨʦʚʝʜʝʥʦ ʫʟʛʦʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ 

ʟ ʤʝʭʘʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ 

ʤʝʞʽ ʢʦʨʝʢʮʽʾ ʡʦʛʦ ʟʘ ʤʦʤʝʥʪʦʤ ʪʘ ʧʦʪʫʞʥʽʩʪʶ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʥʦʤʽʥʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. ʊʘʢ ʜʣʷ ʧʨʦʬʽʣʶ ʣʦʧʘʪʽ ʩʝʨʽʾ GA(W) ʚʦʥʘ ʩʢʣʘʜʘʻ ʟʘ ʤʦʤʝʥʪʦʤ 

22%, ʘ ʟʘ ʧʦʪʫʞʥʽʩʪʶ 9,5%, (ʟʘ ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪ ̔5ʤ/ʩ ʚʽʜʥʦʩʥʦ ʚʝʨʭʥʴʦʾ ʤʝʞʽ 

ʜʽʘʧʘʟʦʥʘ ʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 8ʤ/ʩ). ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʚʘ ʤʝʪʦʜʠ ʢʦʨʝʢʮʽʾ: ʧʨʠʻʜʥʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʜʦ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ 

ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ. 
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ʈʆɿɼɯʃ 3  

 ɯʄɯʊɸʎɯʁʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɹɽɿʄʋʃʔʊʀʇʃɯʂɸʎɯʁʅʆɰ 

ɺɯʊʈʆɽʃɽʂʊʈʆʋʉʊɸʅʆɺʂʀ 

 

3.1 ɸʥʘʣʽʟ ʚʠʭʽʜʥʠʭ ʧʦʣʦʞʝʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʝʥʝʨʘʪʦʨʘ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ 

 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʻ ʝʣʝʢʪʨʠʯʥʠʡ 

ʛʝʥʝʨʘʪʦʨ. ɼʦʩʚʽʜ ʪʘ ʨʦʟʨʦʙʢʠ ʟʘʨʫʙʽʞʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʚʯʝʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʥʘ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʘʡʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʶʪʴ ʛʝʥʝʨʘʪʦʨʠ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ, ʱʦ 

ʚʠʢʦʥʘʥʽ ʥʘ ʙʘʟʽ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʽʟ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ (SmCo, NdFeB) [20, 

35, 39, 54, 71]. ʇʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʚ ʝʣʝʢʪʨʠʯʥʫ 

ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʨʽʰʝʥʴ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ [29, 35, 44, 45]. ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʝʥʝʨʘʪʦʨʠ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʪʘ ʛʝʥʝʨʘʪʦʨʠ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ ʟ 

ʜʚʦʩʪʦʨʦʥʥʴʦʶ ʘʢʪʠʚʥʦʶ ʧʦʚʝʨʭʥʝʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʝ ʪʦʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʤʦʜʫʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʠʪʦʤʫ ʧʦʪʫʞʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʪʘ 

ʧʦʢʨʘʱʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʛʝʥʝʨʘʪʦʨʘ (ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ, 

ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ, ʦʙʤʦʪʫʚʘʣʴʥʦʛʦ ʧʨʦʚʦʜʫ).  

ʊʦʨʮʝʚʽ ʝʣʝʢʪʨʠʯʥʽ ʤʘʰʠʥʠ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʟ ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʧʘʨ ʧʦʣʶʩʽʚ, 

ʱʦ ʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʦ ʚʠʜʽʣʷʻ ʮʝʡ ʢʣʘʩ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʠʟʴʢʦ ʰʚʠʜʢʽʩʥʠʭ ʘʙʦ ʚ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʧʨʠʚʦʜʘʭ. ʅʘ ʨʠʩ. 3.1 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʩʝʨʽʾ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʰʠʥ ʟ ʘʢʩʽʘʣʴʥʠʤ ʪʘ ʨʘʜʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ, ʪʦʙʪʦ ʮʠʣʽʥʜʨʠʯʥʦʾ ʤʘʰʠʥʠ 

ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʧʦʪʫʞʥʦʩʪ ̔ʚʽʜ 0,25 ʜʦ 10 ʢɺʪ [86, 88, 97, 100]. 
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ʈʠʩ. 3.1 ʇʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʣʽʥʜʨʠʯʥʦʾ (1) ʤʘʰʠʥʠ ʪʘ ʪʦʨʮʝʚʦʾ ʟ 

ʜʚʦʩʪʦʨʦʥʥʴʦʶ ʘʢʪʠʚʥʦʶ ʧʦʚʝʨʭʥʝʶ (2) 

 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʤʘʰʠʥ ʙʣʠʟʴʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʤʘʰʠʥʠ ʟ ʘʢʩʽʘʣʴʥʠʤ ʧʦʪʦʢʦʤ 

ʤʘʶʪʴ ʤʝʥʰʠʡ ʦʙôʻʤ ʽ ʤʘʩʫ ʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʽʞ ʤʘʰʠʥʠ ʪʨʘʜʠʮʽʡʥʦʾ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʽ 

ʦʙôʻʤʫ ʤʘʰʠʥ ʚ ʜʽʘʧʘʟʦʥʽ ʧʦʪʫʞʥʦʩʪ ̔ ʚʽʜ 0,25 ʜʦ 10 ʢɺʪ. ɼʽʘʧʘʟʦʥ ʧʦʪʫʞʥʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʟ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ ʟʙʫʜʞʝʥʥʷ ʣʝʞʠʪʴ ʚ 

ʤʝʞʘʭ ʚʽʜ ʯʘʩʪʦʢ ɺʪ ʜʦ ʄɺʪ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ, 

ʢʦʥʪʘʢʪʥʘ ʧʦʚʝʨʭʥʷ ʟ'ʻʜʥʘʥʥʷ ʚʘʣʫ ʽ ʨʦʪʦʨʘ ʟʤʝʥʰʫʻʪʴʩʷ ʥʝʧʨʦʧʦʨʮʽʡʥʦ ʜʦ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʤʘʰʠʥʠ, ʱʦ ʦʙʤʝʞʫʻ ʚʠʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ ʤʘʰʠʥʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʤʝʭʘʥʽʯʥʦʾ ʮʽʣʽʩʥʦʩʪʽ ʽ ʤʽʮʥʦʩʪʽ ʚʘʣʫ ʤʘʰʠʥʠ. ʈʽʰʝʥʥʷʤ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʮʽʣʽʩʥʦʩʪʽ ʟ'ʻʜʥʘʥʥʷ ʨʦʪʦʨïʚʘʣ ʻ ʤʦʜʫʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥʠ [53, 115, 120]. 

ʊʦʧʦʣʦʛʽʷ ʮʠʭ ʤʘʰʠʥ ʻ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʘ ʜʣʷ ʤʦʜʫʣʴʥʦʾ ʢʦʤʧʦʥʦʚʢʠ, ʚ ʷʢʽʡ ʯʠʩʣʦ 

ʦʜʥʘʢʦʚʠʭ ʤʦʜʫʣʽʚ ʚʠʙʠʨʘʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ 

ʤʦʤʝʥʪʫ [45, 53, 116].  

ʅʘ ʨʠʩ. 3.2 ʧʦʢʘʟʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʛʝʥʝʨʘʪʦʨʘ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ ʟ ʜʚʦʩʪʦʨʦʥʥʴʦʶ 

ʘʢʪʠʚʥʦʶ ʧʦʚʝʨʭʥʝʶ [29, 35, 60, 71]. 
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ʈʠʩ. 3.2 ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʪʦʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʜʚʦʩʪʦʨʦʥʥʴʦʶ ʘʢʪʠʚʥʦʶ 

ʧʦʚʝʨʭʥʝʶ: 1 ï ʤʘʛʥʽʪʥʝ ʦʩʝʨʜʷ ʩʪʘʪʦʨʘ; 2 ï ʦʙʤʦʪʢʘ ʩʪʘʪʦʨʘ; 3 ï ʨʦʪʦʨ; 4 ï ʧʦʩʪʽʡʥʽ 

ʤʘʛʥʽʪʠ; 5 ï ʢʦʨʧʫʩ; 6 ï ʧʽʜʰʠʧʥʠʢʠ; 7 ï ʚʘʣ. 

 

ʅʘ ʨʠʩ. 3.3 ʥʘʚʝʜʝʥʦ ʚʠʜ ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʪʨʘʜʠʮʽʡʥʦʾ 

(ʮʠʣʽʥʜʨʠʯʥʦʾ) ʢʦʥʩʪʨʫʢʮʽʾ [89, 91, 109]. 

 

  

ʈʠʩ. 3.3 ɻʝʥʝʨʘʪʦʨ ʢʣʘʩʠʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ: 1 ï ʤʘʛʥʽʪʥʝ ʦʩʝʨʜʷ ʩʪʘʪʦʨʘ; 2 ï 

ʦʙʤʦʪʢʘ ʩʪʘʪʦʨʘ; 3 ï ʚʘʣ; 4 ï ʧʦʩʪʽʡʥʽ ʤʘʛʥʽʪʠ; 5 ï ʧʦʣʶʩʥʽ ʥʘʢʦʥʝʯʥʠʢʠ. 

 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.1. 
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 ʊʘʙʣʠʮʷ 3.1 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

 
ʊʦʨʮʝʚʠʡ 

ʛʝʥʝʨʘʪʦʨ 

ʎʠʣʽʥʜʨʠʯʥʠʡ 

ʛʝʥʝʨʘʪʦʨ 

ʇʦʩʪʽʡʥʽ ʤʘʛʥʽʪʠ 

NdFeB N38: 

Br=1,21ʊʣ, 

Hc=939̋ ˍ  ̍

NdFeB N38: 

Br=1,21ʊʣ, 

Hc=939̋ ˍ  ̍

ʄʘʪʝʨʽʘʣ ʨʦʪʦʨʘ ʉʪʘʣʴ 3 ʉʪʘʣʴ 3 

ʄʘʪʝʨʽʘʣ ʩʪʘʪʦʨʘ ʉʪʘʣʴ 1211 ʉʪʘʣʴ 1211 

ʆʙʤʦʪʫʚʘʣʴʥʠʡ ʧʨʦʚʽʜ ʇʕʊ 155  ɲ0,47  ʇʕʊ 155  ɲ0,47 

ʂʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʚ ʢʦʪʫʰʮʽ 118 94 

ʂʽʣʴʢʽʩʪʴ ʢʦʪʫʰʦʢ 3Ĭ8 3Ĭ6 

ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ 300 ʦʙ/ʭʚ 300 ʦʙ/ʭʚ 

ʂʽʣʴʢʽʩʪʴ ʧʦʣʶʩʽʚ 8 8 

ɿʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʤʘʛʥʽʪʥʦʛʦ ʦʩʝʨʜʷ 

ʩʪʘʪʦʨʘ, ʤʤ 
170 130 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʤʘʛʥʽʪʥʦʛʦ 

ʦʩʝʨʜʷ ʩʪʘʪʦʨʘ, ʤʤ 
100 76 

ɼʦʚʞʠʥʘ ʩʪʘʪʦʨʘ 35 127 

ɼʽʘʤʝʪʨ ʨʦʪʦʨʘ, ʤʤ 175 75 

ɼʦʚʞʠʥʘ ʨʦʪʦʨʘ, ʤʤ 16 127 

ɺʝʣʠʯʠʥʘ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʤʽʞʢʫ, ʤʤ 0,5 0,5 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ  ʪʦʨʮʝʚʦʛʦ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʫ ʧʦʣʴʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʟʦʥʽ ʪʘʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʨʘʜʽʘʣʴʥʦ-

ʘʢʩʽʘʣʴʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʜʦʟʚʦʣʷʻ [56, 66, 80]: 

- ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʣʦʙʦʚʠʭ ʯʘʩʪʠʥ; 

- ʚʨʘʭʦʚʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʤʽʞʣʠʩʪʦʚʦʾ ʽʟʦʣʷʮʽʾ ʤʽʞ ʦʢʨʝʤʠʤʠ ʣʠʩʪʘʤʠ 

ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ; 

- ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʦʚʟʜʦʚʞʥʽ ʪʘ ʧʦʧʝʨʝʯʥʽ ʢʽʥʮʝʚʽ ʝʬʝʢʪʠ; 

- ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ. 
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ʏʠʩʝʣʥɹʘ ʨʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ COMSOL Multiphysics. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʩʠʣʠ ʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʪʝʥʟʦʨʫ ʤʘʛʥʽʪʥʦʛʦ ʥʘʪʷʛʫ. ɺ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʚʠʨʘʟ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 ὲὝ
ρ

ς
ὙὩϽ

ρ

ς
ὲ ὉϽὈ ὲϽὉ ϽὈ

ρ

ς
ὲ ὌϽὄ ὲϽὉϽὄ  (3.1)  

ʅʘ ʨʠʩ. 3.4 ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ ʜʣʷ 

ʛʝʥʝʨʘʪʦʨʘ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

 

 

ʈʠʩ. 3.4 ʈʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ 

 

ʅʘ ʨʠʩ. 3.5 ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʚ ʨʘʤʢʘʭ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʦʙʣʘʩʪʽ ʪʦʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʘʪʠ ʟ ʜʚʦʩʪʦʨʦʥʥʴʦʶ ʘʢʪʠʚʥʦʶ 

ʧʦʚʝʨʭʥʝʶ. 
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ʈʠʩ. 3.5 ʈʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʨʘʜʽʘʣʴʥʦ-ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ 

 

ʂʽʥʮʝʚʠʡ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʛʝʥʝʨʘʪʦʨʘ 

ʧʨʠʡʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 ˙̞ ̍
Ͻ̑Ͻ Ͻ

᷿""ÄÌ     (3.2) 

ʜʝ Bn, ɺŰ ï ʥʦʨʤʘʣʴʥʘ ʪʘ ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʽ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʱʦʜʦ 

ʧʦʚʝʨʭʥʽ ʨʦʪʦʨʘ;  

R2, L2 ï ʨʘʜʽʫʩ ʪʘ ʜʦʚʞʠʥʘ ʨʦʪʦʨʘ; ʨ ï ʢʽʣʴʢʽʩʪʴ ʧʘʨ ʧʦʣʶʩʽʚ; Ű ï ʚʝʣʠʯʠʥʘ 

ʧʦʣʶʩʥʦʾ ʧʦʜʽʣʢʠ ʨʦʪʦʨʘ. 

ʅʘ ʨʠʩ. 3.6 ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ  ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʜʣʷ 

ʪʦʨʮʝʚʦʾ ʜʚʦʭʩʪʦʨʦʥʥʴʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

 

ʈʠʩ. 3.6 ʈʦʟʧʦʜʽʣ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʜʣʷ 

ʪʦʨʮʝʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ  

 

ɿ ʨʠʩ. 3.6 ʚʠʜʥʦ, ʱʦ ʛʝʥʝʨʘʪʦʨ ʪʦʨʮʝʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʝ 

ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʚ ʧʨʦʤʽʞʢʫ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʥʽʞ ʛʝʥʝʨʘʪʦʨ ʢʣʘʩʠʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʂʨʽʤ ʪʦʛʦ ʫ ʛʝʥʝʨʘʪʦʨʘ ʢʣʘʩʠʯʥʦʾ 
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ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʣʠʯʠʥʘ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʩʠʣʴʥʽʰʝ ʟʘ 

ʨʘʭʫʥʦʢ ʷʚʥʦ ʚʠʨʘʞʝʥʦʾ ʟʫʙʯʘʩʪʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʾ ʨʦʟʪʦʯʢʠ ʩʪʘʪʦʨʘ ʪʘ ʷʚʥʦ 

ʧʦʣʶʩʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʨʦʪʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʾ ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʾʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.2. 

ʊʘʙʣʠʮʷ 3.2  

ʈʝʟʫʣʴʪʘʪ ʧʦʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʥʝʨʘʪʦʨʽʚ 

ʇʘʨʘʤʝʪʨʠ ʆʜ. ʚʠʤ. 
ʊʦʨʮʝʚʠʡ 

ʛʝʥʝʨʘʪʦʨ 

ʎʠʣʽʥʜʨʠʯʥʠʡ 

ʛʝʥʝʨʘʪʦʨ 

ʅʦʤʽʥʘʣʴʥʠʡ ʬʘʟʥʠʡ 

ʩʪʨʫʤ 
ɸ 2,8 2,8 

ɯʥʜʫʢʮʽʷ ʚ ʧʦʚʽʪʨʷʥʦʤʫ 

ʧʨʦʤʽʞʢʫ 
ʊʣ 0,43 0,32 

ʌʘʟʥʘ ɽʈʉ ɺ 87 63 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʘ 

ʧʦʪʫʞʥʽʩʪʴ 
ɺʪ 320 314 

ʃʽʥʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ɸ/ʤĬ103 13,14 12,67 

ʄʘʩʘ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʢʛ 1,7 0,94 

ʄʘʩʘ ʛʝʥʝʨʘʪʦʨʘ ʢʛ 7,3 6,8 

ʂʂɼ % 91,0 93,0 

ʋʤʦʚʥʠʡ ʦʙôʻʤ ʘʢʪʠʚʥʦʾ 

ʯʘʩʪʠʥʠ 
ʤ3 0,014 0,011 

ʄʘʩʘ ʢʛ 7,9 7,1 

ʇʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ɺʪ/ʤ3 3600 1500 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʤʦʤʝʥʪ ʅĿʤ 28,52 14,32 

ʅʦʤʽʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʅĿʤ 16,7 10,2 

ʌʘʟʥʘ ɽʈʉ ɺ 87 63 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʠʭ ʪʠʧʽʚ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʪʦʨʮʝʚʠʡ ʪʠʧ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʛʝʥʝʨʘʪʦʨʘʤʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʻ: 

- ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʦʾ ʯʘʩʪʠʥʠ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʠʤ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʦʚʘʥʦʾ ɽʈʉ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ, ʧʦʢʨʘʱʝʥʠʤʠ ʧʠʪʦʤʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ, ʟʦʢʨʝʤʘ ʫ ʚʠʧʘʜʢʫ ʙʘʛʘʪʦʧʦʣʶʩʥʦʛʦ ʚʠʢʦʥʘʥʥʷ; 

- ʙʽʣʴʰ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʥʦʤʽʥʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʫ; 
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- ʣʽʧʰʽ ʫʤʦʚʠ ʜʣʷ ʧʨʠʨʦʜʥʴʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ; 

- ʭʘʨʘʢʪʝʨʥʽ ʪʦʧʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʴʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ; 

- ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʽʡʥʦʛʦ ʢʦʥʩʦʣʴʥʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʝʚʝʣʠʢʦʾ 

ʦʩʴʦʚʦʾ ʜʦʚʞʠʥʠ. 

 

3.2 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟ 

ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ 

 

3.2.1 ɿʘʛʘʣʴʥʠʡ ʦʧʠʩ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʛʝʥʝʨʘʪʦʨʘ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟ ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ 

 

ʈʦʟʨʦʙʢʘ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʽʟ ʛʽʙʨʠʜʥʠʤ ʟʙʫʜʞʝʥʥʷʤ (ʟ 

ʥʘʷʚʥʽʩʪʶ ʜʦʜʘʪʢʦʚʦʾ ʧʽʜʤʘʛʥʽʯʫʶʯʦʾ ʦʙʤʦʪʢʠ) ʤʘʻ ʥʘ ʤʝʪʽ ʨʦʟʨʦʙʢʫ ʤʦʜʝʣʽ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʫ ʩʢʣʘʜʽ ʚʽʪʨʦʘʛʨʝʛʘʪʫ 

ʪʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʚ ʝʣʝʢʪʨʠʯʥʫ. ʆʢʨʝʤʠʤ ʟʘʚʜʘʥʥʷʤ ʜʘʥʦʾ ʤʦʜʝʣʽ ʻ ʩʠʥʪʝʟ 

ʟʘʢʦʥʫ ʢʝʨʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʘ ʤʽʥʣʠʚʦʤʫ ʚʽʪʨʽ. 

ɺ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʜʽʣʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʚ 

ʩʝʨʝʜʦʚʠʱʽ MATLAB-Simulink. ɸ ʩʘʤʝ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʤʽʞʢʫ, ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʌ, ɺʙ ʪʘ ʧʘʨʘʤʝʪʨʠ ʦʙʤʦʪʦʢ (ʘʢʪʠʚʥʽ ʪʘ ʽʥʜʫʢʪʠʚʥʽ ʦʧʦʨʠ). 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʚʽʪʨʦʚʦʛʦ ʢʦʣʝʩʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʽ ʚʽʪʨʦʚʦʾ ʪʫʨʙʽʥʠ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʝʪʘʣʴʥʦ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ. 

ʉʪʨʫʢʪʫʨʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʽʟ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʤ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 3.7. 
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ʈʠʩ. 3.7 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ  

 

ʂʦʞʝʥ ʽʟ ʝʣʝʤʝʥʪʽʚ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʚ ʩʝʨʝʜʦʚʠʱʽ MATLAB-Simulink 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʨʝʤʠʤ ʙʣʦʢʦʤ, ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʦʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʥʝʣʽʥʽʡʥʠʭ 

(ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ) ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ. 

ɹʣʦʢ-ʩʭʝʤʘ ʚʽʪʨʦʚʦʾ ʪʫʨʙʽʥʠ ʚ ʩʠʩʪʝʤʽ MATLAB-Simulink ʤʘʻ 3 ʣʦʛʽʯʥʠʭ 

ʚʭʦʜʠ ʪʘ ʦʜʥʠʥ ʚʠʭʽʜ (ʨʠʩ. 3.8.). ʇʝʨʰʠʡ ʚʭʽʜ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʥʦʤʽʥʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ (ɤr), ʜʨʫʛʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʢʫʪ ʘʪʘʢʠ ʚʽʪʨʦʚʦʛʦ ʢʦʣʝʩʘ ʪʘ ʪʨʝʪʽʡ 

ï ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʚ ʤ/ʩ. ʂʦʝʬʽʮʽʻʥʪ ʦʢʨʫʞʥʦʾ ʰʚʠʜʢʦʩʪʽ ɚ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʧʦʜʽʣʫ ʘʙʩʦʣʶʪʥʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ (ʱʦ ʟʘʜʘʻʪʴʩʷ) ʪʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. 

ɺʠʭʽʜʥʦʶ ʚʝʣʠʯʠʥʦʶ ʤʦʜʝʣʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʻ ʚʝʣʠʯʠʥʘ ʤʝʭʘʥʽʯʥʦʛʦ ʤʦʤʝʥʪʫ, ʱʦ 

ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʚʘʣʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

 

 

ʈʠʩ. 3.8 ɹʣʦʢ-ʩʭʝʤʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ 

 

ʅʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.8 ʤʦʜʝʣʴ ʦʧʠʩʫʻ ʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʞʦʨʩʪʢʽʩʪʴ ʧʨʠʚʦʜʫ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʥʝʩʢʽʥʯʝʥʥʘ, ʘ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ 

ʽ ʽʥʝʨʮʽʷ ʪʫʨʙʽʥʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʧʦʻʜʥʫʚʘʪʠʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʈʦʪʦʨ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ 
ɽʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ 

ʅʘʚʘʥʪʘʞʝʥʥʷ 

ʛʝʥʝʨʘʪʦʨʘ 

ʉʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ 

ɼʦʜʘʪʢʦʚʘ 

ʦʙʤʦʪʢʘ 
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ʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʪʫʨʙʽʥʠ. ɺʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ 

ʚʽʪʨʦʪʫʨʙʽʥʠ ʟʘʜʘ̒ʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

 ˝ ὧ ‗ȟ‍
”ὃ

ς
ὺ  (3.3) 

ʜʝ: 

Pm ï ʚʠʭʽʜʥʘ ʤʝʭʘʥʽʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ (ɺʪ); 

ʩp ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ; 

ɟ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ (ʢʛ/ʤ3); 

A ï ʧʣʦʱʘ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ; 

ὺ wind ï ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ (ʤ/ʩ); 

ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʪʫʨʙʽʥʠ ʜʦ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ; 

ɓ ï ʢʫʪ ʥʘʭʠʣʫ ʣʦʧʘʪʽ. 

ɺ ʩʠʩʪʝʤʽ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ ʨʽʚʥʷʥʥʷ  ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʩʧʨʦʱʝʥʦʤʫ 

ʚʠʛʣʷʜʽ: 

 ὖ  ͅ Ὧὧͺ ὺ ͺ  (3.4) 

ʜʝ: 

Pm_ pu ï  ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚ ʚ.ʦ. ʜʣʷ ʟʘʜʘʥʠʭ ʚʝʣʠʯʠʥ ɟ ʪʘ A; 

cp_pu ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ; 

vwind_pu ï ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʚ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ. ɿʘ ʙʘʟʦʚʫ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ 

ʧʨʠʡʤʘʻʪʴʩʷ ʦʯʽʢʫʚʘʥʘ (ʩʝʨʝʜʥʷ) ʚʝʣʠʯʠʥʘ ʚʽʪʨʫ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʽʦʥʫ; 

kp ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʟʘ ʧʦʪʫʞʥʩ̔ʪʁ ʜʣʷ cp_pu=1 ʪʘ vwind_pu=1 ʢʦʝʬʽʮʽʻʥʪ kp 

ʧʨʠʡʤʘʻʪʴʩʷ ʤʝʥʰʠʤ ʘʙʦ ʨʽʚʥʠʤ 1. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ cp(ɚ,ɓ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠ ʧʨʠʡʥʷʪʦʾ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʽʘʣʦʛʦʚʦʛʦ ʚʽʢʥʘ ʚ ʩʝʨʝʜʦʚʠʱʽ MATLAB-Simulink, ʚ ʷʢʦʤʫ 

ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

3.9. 
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ʈʠʩ. 3.9 ɺʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʴ ʧʘʨʘʤʝʪʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ " Wind Turbine" 

 

ɺ ʙʣʦʮʽ ʥʘʣʘʰʪʫʚʘʥʴ ʧʘʨʘʤʝʪʨʽʚ ʚʽʪʨʦʚʦʾ ʪʫʨʙʽʥʠ ʥʝʦʙʭʜ̔ʥʦ ʟʘʜʘʪʠ ʥʘʩʪʫʧʥʽ 

ʧʘʨʘʤʝʪʨʠ: 

ʅʦʤʽʥʘʣʴʥʘ ʚʠʭʽʜʥʘ ʤʝʭʘʥʽʯʥʘ ʧʦʪʫʞʥʽʩʪʴ; 

ʅʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ (ɺɸ). ɼʘʥʠʡ ʧʘʨʘʤʝʪʨ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʭʽʜʥʦʛʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ; 

ʅʦʤʽʥʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ (ʤ/ʩ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʚ.ʦ. ʟʘʜʘʻʪʴʩʷ 

ʟʥʘʯʝʥʥʷ ʦʯʽʢʫʚʘʥʦʾ (ʩʝʨʝʜʥʴʦʾ) ʚʝʣʠʯʠʥʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʜʣʷ ʟʘʜʘʥʦʛʦ ʨʝʛʽʦʥʫ; 

ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʙʘʟʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ; 

ɹʘʟʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ; 

ʂʫʪ ʘʪʘʢʠ ʣʦʧʘʪʝʡ ʚʽʪʨʦʪʫʨʙʽʥʠ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʠʬʽʢʦʚʘʥʘ ʤʦʜʝʣʴ 

ʩʠʥʭʨʦʥʥʦʾ ʤʘʰʠʥʠ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʚ ʩʝʨʝʜʦʚʠʱʽ MATLAB-Simulink. 

ɹʣʦʢ ʩʠʥʭʨʦʥʥʦʾ ʤʘʰʠʥʠ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ 

ʨʝʞʠʤʠ ʛʝʥʝʨʘʪʦʨʘ ʘʙʦ ʜʚʠʛʫʥʘ. ʈʝʞʠʤ ʨʦʙʦʪʠ ʟʘʜʘʻʪʴʩʷ ʟʥʘʢʦʤ ʤʝʭʘʥʽʯʥʦʛʦ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ (ʧʦʟʠʪʠʚʥʠʡ ʜʣʷ ʨʝʞʠʤʫ ʜʚʠʛʫʥʘ, ʚʽʜôʻʤʥʠʡ ʜʣʷ ʨʝʞʠʤʫ 

ʛʝʥʝʨʘʪʦʨʘ). ɽʣʝʢʪʨʠʯʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʯʘʩʪʠʥʠ ʤʘʰʠʥʠ ʧʦʜʘʥʽ ʤʦʜʝʣʷʤʠ ʩʪʘʪʠʯʥʠʤʠ 

ʪʘ ʜʠʬʝʨʝʥʮʽʡʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʄʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʧʦʪʽʢ, 

ʩʪʚʦʨʝʥʠʡ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʚ ʩʪʘʪʦʨʽ, ʻ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ 

ʝʣʝʢʪʨʦʨʫʰʽʡʥʽ ʩʠʣʠ ʻ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤʠ.  



74 
 

ʈʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʦʙʦʪʠ ʩʠʥʭʨʦʥʥʦʾ ʤʘʰʠʥʠ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ 

ʪʘ ʛʽʙʨʠʜʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. ʅʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ 

ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ ʜʦʜʘʪʢʦʚʦʶ ʩʢʣʘʜʦʚʦʶ: 

 

 

(3.5) 

ʜʝ Lm ï ʽʜʫʢʪʠʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ; 

Rf ï ʨʝʘʢʪʠʚʥʠʡ ʦʧʽʨ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ; 

Uf, if ï ʥʘʧʨʫʛʘ ʪʘ ʩʪʨʫʤ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ; 

Lq, Ld ï ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʦʩʷʤʠ q ʪʘ d; 

R ï ʘʢʪʠʚʥʠʡ ʦʧʽʨ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ; 

iq, id ï ʩʪʨʫʤʠ ʟʘ ʦʩʷʤʠ q ʪʘ d; 

vq, vd ï ʥʘʧʨʫʛʠ ʟʘ ʦʩʷʤʠ q ʪʘ d; 

ɤr ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ; 

ɚ ï ʘʤʧʣʽʪʫʜʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʪʘ 

ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ; 

p ï ʢʽʣʴʢʽʩʪʴ ʧʘʨ ʧʦʣʶʩʽʚ ʛʝʥʝʨʘʪʦʨʘ; 

Te ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ɯʥʜʫʢʪʠʚʥʦʩʪʽ Lq ʪʘ Ld ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʬʘʟʥʦʶ ʽʥʜʫʢʪʠʚʥʽʩʪʶ 

ʪʘ ʧʦʣʦʞʝʥʥʷʤ ʨʦʪʦʨʘ. ʅʘʧʨʠʢʣʘʜ, ʽʥʜʫʢʪʠʚʥʽʩʪʴ, ʚʠʤʽʨʷʥʘ ʤʽʞ ʬʘʟʘʤʠ ɸ ʪʘ ɺ (ʧʨʠ 

ʨʦʟʽʤʢʥʝʥʽʡ ʉ) ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

   ὒ ὒ ὒ ὒ ὒ ÃÏÓ ςῸ  (3.6) 

ʈʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʛʝʥʝʨʘʪʦʨʘ ʩʢʣʘʜʝ: 

( )

( )

d f

d s d m p s q

s

q

q s q p s d p m f p 0

s

df

f f f m

f

c

p 0 q m q f

di di1
u R i L Z L i ;

dt L dt

di 1
u R i Z L i Z L i Z ;

dt L

didi 1
u R i L ;

dt L dt

d 1
M M ;

dt J

3
M Z i L i i ,

2

ë å õ
= - - +wî æ ö

ç ÷î
î

= - -w -w -w yî
î
î

å õî
= - +ì æ ö

ç ÷î
îw

= -î
î
î

è ø= y °î ê ú
îí
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Ὠ

Ὠὸ
‫

ρ

ὐ
Ὕ Ὂ‫ Ὕ  (3.7) 

 
ὨῸ

Ὠὸ
‫  (3.8) 

ʜʝ J ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʦʪʦʨʘ; 

F ï ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʩʪʽ ʪʝʨʪʷ ʨʦʪʦʨʘ; 

Ū ï ʢʫʪʦʚʝ ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ; 

Tm ï ʤʝʭʘʥʽʯʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ. 

ʈʽʚʥʷʥʥʷ ʜʣʷ ʥʘʧʨʫʛʠ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ 

ʟʘʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ὺ ὶ Ὥ ὴ‗  ᵼ ὺ ὶὭ ὴ‗  (3.9) 

ὺ ὶ Ὥ ὴ‗  ᵼ ὺ ὶὭ ὴ‗  (3.10) 

 Ὢ ὪὪὪ  (3.11) 

 Ὢ ὪὪὪ  (3.12) 

ʜʝ f ïʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʝʢʪʦʨʠ ʥʘʧʨʫʛʠ, ʩʪʨʫʤʫ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ. ɯʥʜʝʢʩʠ 

s1 ʪʘ s2 ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʦʩʪʽʡʥʽ ʪʘ ʟʤʽʥʥʽ ʧʘʨʘʤʝʪʨʠ ʚʽʜʧʦʚʽʜʥʦ ʧʝʨʰʦʾ (abc) ʪʘ 

ʜʨʫʛʦʾ (xyz) ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʫ ʚʽʜʧʦʚʽʜʥʦ; rs1 ʪʘ rs2 ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʜʽʘʛʦʥʘʣʴʥʽ 3Ĭ3 

ʤʘʪʨʠʮʽ ʘʢʪʠʚʥʠʭ ʦʧʦʨʽʚ ʜʣʷ abc ʪʘ xyz ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʚʽʜʧʦʚʽʜʥʦ. 

ʋ ʢʦʤʧʣʝʢʩʥʽʡ ʚʝʢʪʦʨʥʽʡ ʬʦʨʤʽ ʨʽʚʥʷʥʥʷ ʤʦʞʣʠʚʦ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ὺ  ὶὭ ὴ‗  (3.13) 

 ὺ  ὶὭ ὴ‗  (3.14) 

ʂʦʤʧʣʝʢʩʥʽ ʚʝʢʪʦʨʥʽ ʜʦʚʽʣʴʥʽ ʟʤʽʥʥʽ f╒s1 ʪʘ f╒s2 ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

 Ὢ
ς

σ
Ὢ ὥὪ ὥὪ  (3.15) 

 Ὢ
ς

σ
Ὢ ὥὪ ὥὪ  (3.16) 

ɼʝ ὥ Ὡ   ʪʘ f ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʥʘʧʨʫʛʫ, ʩʪʨʫʤ ʪʘ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ. 

ʇʦʪʦʢʦʟʯʝʧʣʝʥʥʷ ʢʦʞʥʦʾ ʟ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʤʦʞʣʠʚʦ ʟʘʧʠʩʘʪʠ ʷʢ ʢʦʤʙʽʥʘʮʽʶ 

ʪʨʠʬʘʟʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʪʦʢʦʟʯʝʧʣʝʥʴ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ: 
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 ‗ ‗ ‗ ‗ ‗  (3.17) 

ɼʝ ‗  ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ abc ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ, ʩʪʚʦʨʝʥʦʛʦ 

ʩʪʨʫʤʦʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʥʽʡ; ‗  ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ, ʩʪʚʦʨʝʥʦʛʦ 

ʩʪʨʫʤʦʤ ʚ xyz ʦʙʤʦʪʮʽ ʩʪʘʪʦʨʘ; ‗  ʻ ʨʝʟʫʣʴʪʫʶʯʝ ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ ʦʙʤʦʪʦʢ 

ʩʪʘʪʦʨʘ ʽʟ ʧʦʪʦʢʦʤ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ; ‗  ï ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ ʦʙʤʦʪʢʠ, 

ʧʽʜʤʘʛʥʽʯʫʻʪʴʩʷ. 

ʊʘʢʠʤ ʞʝ ʯʠʥʦʤ, 

 ‗ ‗ ‗ ‗ ‗  (3.18) 

ʆʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʧʘʨ ʧʦʣʶʩʽʚ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʨʽʚʥʘ, ʪʦ ʚʟʘʻʤʥʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʤʽʞ ʮʠʤʠ ʦʙʤʦʪʢʘʤʠ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ, ʱʦ ʟʘʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ‗ ‗ π (3.19) 

ʊʘʢʦʞ, ʚʟʘʻʤʥʝ ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ (ʘ ʦʪʞʝ ʽ ʤʘʛʥʽʪʥʽ ʧʦʪʦʢʠ ʧʨʷʤʫʶʪʴ ʜʦ ʥʫʣʷ. 

ʆʪʞʝ ʚʠʨʘʟʠ ʤʦʞʣʠʚʦ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ‗ ‗ ‗ ‗  (3.20) 

 ‗ ‗ ‗ ‗  (3.21) 

ɺ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ ʚʠʨʘʟʠ ʥʘʙʫʚʘʶʪʴ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ: 

         
‗
‗

ὒ π
π ὒ

Ὥ
Ὥ

‗ π
π ‗

‗
‗

                (3.22) 

ʜʝ: 

 
ὒ

ụ
Ụ
Ụ
Ụ
ợὒ ὒ

ὒ ὒ ὒ ὒ

ὒ ὒ ὒ ὒ Ứ
ủ
ủ
ủ
Ủ

, ʜʝ i=1, 2 

 

(3.23) 

ɯʥʜʫʢʪʠʚʥʦʩʪʽ Lq ʪʘ Ld ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʬʘʟʥʦʶ ʽʥʜʫʢʪʠʚʥʽʩʪʶ 

ʪʘ ʧʦʣʦʞʝʥʥʷʤ ʨʦʪʦʨʘ. ʅʘʧʨʠʢʣʘʜ, ʽʥʜʫʢʪʠʚʥʽʩʪʴ, ʚʠʤʽʨʷʥʘ ʤʽʞ ʬʘʟʘʤʠ a ʪʘ b (ʧʨʠ 

ʨʦʟʽʤʢʥʝʥʽʡ ʩ) ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

 ὒ ὒ ὒ ὒ ὒ ὧέίς—
“

σ
 (3.24) 
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ʈʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʛʝʥʝʨʘʪʦʨʘ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ: 

 
Ὠ

Ὠὸ
‫

ρ

ὐ
Ὕ Ὂ‫ Ὕ  (3.25) 

 ὨῸ

Ὠὸ
‫  (3.26) 

ʜʝ: 

J ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʦʪʦʨʘ; 

F ï ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʩʪʽ ʪʝʨʪʷ ʨʦʪʦʨʘ; 

Ū ï ʢʫʪʦʚʝ ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ; 

Tm ï ʤʝʭʘʥʽʯʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ. 

ɹʣʦʢ-ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʽʟ ʦʙʤʦʪʢʦʶ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.10. 

 

 

ʈʠʩ. 3.10 ɹʣʦʢ-ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

 

ɻʦʣʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʜʘʥʦʾ ʤʦʜʝʣʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʩʪʘʥʜʘʨʪʥʦʾ, ʱʦ ʥʘʷʚʥʘ ʚ 

ʩʝʨʝʜʦʚʠʱʘ MATLAB-Simulink ʻ ʥʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʾ ʚʝʣʠʯʠʥʠ Uf, ʷʢʘ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʥʘʚʝʜʝʥʽ ʚʠʱʝ. ɺʝʣʠʯʠʥʘ Uf ʜʘʣʽ 
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ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʩʪʨʫʤ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ if ʽ ʯʝʨʝʟ ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ ʙʝʨʝ ʫʯʘʩʪʴ ʫ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ ʥʘʧʨʫʛʠ. 

ɹʣʦʢ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 

MATLAB -Simulink ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.11. 

 

ʈʠʩ. 3.11 ɹʣʦʢ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʝʥʝʨʘʪʦʨʘ,ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

 

ɺ ʧʘʨʘʤʝʪʨʘʭ ʙʣʦʢʫ ʟʘʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: 

- ʦʧʽʨ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ; 

- ʥ̔ʜʫʢʪʠʚʥʠʡ ʦʧʽʨ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ; 

- ʽʥʝʨʮʽʾ, ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʪʘ ʢʽʣʴʢʽʩʪʴ ʧʘʨ ʧʦʣʶʩʽʚ; 

- ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ; 

- ʚʝʣʠʯʠʥʘ ʥʦʤʽʥʘʣʴʥʦʾ ʥʘʧʨʫʛʠ; 

- ʚʝʣʠʯʠʥʘ ʟʘʜʘʥʦʛʦ ʤʦʤʝʥʪʫ; 

- ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ. 
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3.2.2 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

 

ʅʘ ʨʠʩ. 3.12 ʥʘʚʝʜʝʥʦ ʚʠʛʣʷʜ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚ ʩʢʣʘʜʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʦʙʤʦʪʢʠ 

ʧʽʜʤʘʛʥʽʯʫʚʘʥʥ ̫ʷʢʦʨʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʦʨʦʥʥʴʦ ʾʻʤʥʦʩʪ̔. 

 

 

ʈʠʩ. 3.12 ɺʠʛʣʷʜ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʦʨʦʥʥʴʦ ʾʻʤʥʦʩʪʽ 

 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʥʫʪʦ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʜʣʷ ʩʠʤʫʣʷʮʽʾ ʨʝʞʠʤʫ ʨʦʙʦʪʠ: 

1) ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʘʢʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʛʝʥʝʨʘʪʦʨʘ 

(ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ); 

2) ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʟʤʽʥʽ ʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʧʨʠ 

ʧʦʩʪʽʡʥʽʡ ʜʦʜʘʪʢʦʚʽʡ ʻʤʥʦʩʪʽ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ. 

ʅʘ ʨʠʩ. 3.13 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʦʙʤʦʪʢʠ 
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ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʦʨʦʥʥʴʦ ʾʻʤʥʦʩʪʽ ʪʘ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

4 ʤ/ʩ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʧʨʠʨʽʩʪ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʥʘʯʝʥʥʷʭ 

ʻʤʥʦʩʪʽ 10 ʤʌ ʪʘ 30 ʤʌ.  ɼʦʜʘʚʘʥʥʷ ʻʤʥʦʩʪʽ ʚ ʦʙʤʦʪʢʫ ʷʢʦʨʷ ʪʨʠʬʘʟʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʜʦʜʘʪʢʦʚʦʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʘ 

ʧʽʜʤʘʛʥʽʯʫʻ ʤʘʛʥʽʪʥʫ ʩʠʩʪʝʤʫ ʛʝʥʝʨʘʪʦʨʘ. ʊʦʙʪʦ ʨʝʘʢʮʽʷ ʷʢʦʨʷ ʪʘʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʩʪʘ̒ ʧʽʜʤʘʛʥʽʯʫʶʯʦʶ (ʪʘʢʦʶ, ʱʦ ʧʽʜʩʠʣʶʻ ʦʩʥʦʚʥʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ). 

 

 

ʈʠʩ. 3.13 ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʦʨʦʥʥʴʦ ʾʻʤʥʦʩʪʽ 

 

ʇʦʜʘʣʴʰʝ ʧʘʜʽʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʧʦʷʩʥʶʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ 

ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʪʘ ʜʦʜʘʪʢʦʚʠʤ ʥʘʩʠʯʝʥʥʷʤ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ. ʇʨʠ ʥʘʜʤʽʨʥʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ ʻʤʥʦʩʪʽ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ (ʢʨʠʚʘ 100 ʤʌ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʚʦʨʦʪʥʽʡ ʝʬʝʢʪ ï ʧʦʪʫʞʥʽʩʪʴ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʥʝʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʧʦʯʠʥʘʻ ʟʤʝʥʰʫʚʘʪʠʩʴ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʜʽʥʥʷ 

ʥʘʧʨʫʛʠ ʥʘ ʘʢʪʠʚʥʦʤʫ, ʽʥʜʫʢʪʠʚʥʦʤʫ ʪʘ ʜʦʜʘʪʢʦʚʦʤʫ ʻʤʥʽʩʥʦʤʫ ʦʧʦʨʽ ʛʝʥʝʨʘʪʦʨʘ. 

ʂʨʽʤ ʪʦʛʦ, ʜʦʜʘʪʢʦʚʘ ʻʤʥʽʩʪʴ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʝʘʢʪʠʚʥʦʛʦ ʩʪʨʫʤʫ 

ʛʝʥʝʨʘʪʦʨʘ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʦʩʥʦʚʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʮʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʱʦ ʻ ʜʦʜʘʪʢʦʚʠʤ ʤʝʭʘʥʽʯʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʜʣʷ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. 
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ʅʘ ʨʠʩ. 3.14 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʦʙʤʦʪʢʠ 

ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʦʨʦʥʥʴʦ ʾʻʤʥʦʩʪʽ ʪʘ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

5 ʤ/ʩ ʽ ʧʨʠ ʟʤʽʥʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʛʝʥʝʨʘʪʦʨʘ. 

 

ʈʠʩ. 3.14 ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʦʨʦʥʥʴʦʾ ʻʤʥʦʩʪ̔ 

 

ɿʘʣʝʞʥʦʩʪʽ ʥʘ ʨʠʩ. 3.14 ʧʦʷʩʥʶʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ 

ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʜʦ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ ʟôʷʚʣʷʻʪʴʩʷ ʜʦʜʘʪʢʦʚʘ ʨʝʘʢʪʠʚʥʘ 

ʩʢʣʘʜʦʚʘ ʩʪʨʫʤʫ ʷʢʦʨʷ, ʷʢʘ ʻ ʧʽʜʤʘʛʥʽʯʫʶʯʦʶ. ɿʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʚʝʣʠʯʠʥʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʚʝʣʠʯʠʥʘ ʽʥʜʫʢʦʚʘʥʦʾ ɽʈʉ ʚ ʦʙʤʦʪʮʽ 

ʷʢʦʨʷ, ʘ ʦʪʞʝ ʽ ʧʦʪʫʞʥʦʩʪʽ. ɿʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ 

ʭʘʨʘʢʪʝʨ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʦʙʝʨʪʽʚ ʚʽʪʨʦʘʛʨʝʛʘʪʘ) ʩʪʘʥʦʚʠʪʴʩʷ ʙʣʠʞʯʠʤ 

ʜʦ ʣʽʥʽʡʥʦʛʦ. 

 

3.2.3 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʟʙʫʜʞʝʥʥʷ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚ ʩʠʩʪʝʤʽ MATLAB-Simulink, ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚʽʪʨʦʘʛʨʝʛʘʪ-ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ 

ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ: 
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- ʚʽʜʩʫʪʥʽʡ ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ ʚ ʩʠʩʪʝʤʽ ʟʘ ʥʘʧʨʫʛʦʶ ʛʝʥʝʨʘʪʦʨʘ; 

- ʦʩʥʦʚʥʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʛʝʥʝʨʘʪʦʨʘ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʪʽʡʥʠʭ 

ʤʘʛʥʽʪʽʚ ʛʝʥʝʨʘʪʦʨʘ; 

- ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙʤʦʪʢʘ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ; 

- ʟʘʢʦʥ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʦʤ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʨʝʛʫʣʶʻʪʴʩʷ ʚʨʫʯʥʫ 

ʩʪʦʨʦʥʥʽʤ ʦʧʝʨʘʪʦʨʦʤ; 

- ʚʽʜʩʫʪʥʽ ʜʦʜʘʪʢʦʚʽ ʢʦʥʜʝʥʩʘʪʦʨʠ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ. 

ʅʘ ʨʠʩ. 3.15 ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʪʘ 

ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. 

 

 

 

ʈʠʩ. 3.15 ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ 

ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ: 

1 ï ʙʣʦʢ ʨʦʪʦʨʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʣʦʧʘʪʽ NASA 40; 2 ï ʙʣʦʢ, ʚ 

ʷʢʦʤʫ ʟʘʜʘʥʽ ʥʝʣʽʥʽʡʥʽ ʜʠʬʝʨʝʥʮʽʡʥʽ ʨʽʚʥʷʥʥʷ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʥʘ ʨʦʪʦʨʽ ʪʘ ʘʢʩʽʘʣʴʥʠʤ 

ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ; 3 ï ʙʣʦʢ ʽʟ ʙʘʟʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʪʦʨʘ ʚʽʪʨʦʚʦʾ ʪʫʨʙʽʥʠ ʪʘ 

ʛʝʥʝʨʘʪʦʨʦʤ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʷʢʠʡ ʽʤʽʪʫʻ ʤʽʥʣʠʚʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚ ʤʝʞʘʭ 3-8 

ʤ/ʩ; 4 ï ʙʣʦʢ ʚʠʤʽʨʫ, ʢʦʥʪʨʦʣʶ, ʟʘʧʠʩʫ ʪʘ ʦʙʨʦʙʢʠ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚ ʩʫʢʫʧʥʦʩʪʽ ʽʟ 
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ʩʠʩʪʝʤʦʶ ʟʚʦʨʦʪʥʠʭ ʟʘʚôʷʟʢʽʚ; 5 ï ʙʣʦʢ, ʚ ʷʢʦʤʫ ʨʝʘʣʽʟʦʚʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʛʝʥʝʨʘʪʦʨʘ ʫ ʚʠʛʣʷʜʽ ʚʠʧʨʷʤʣʷʯʘ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʙʣʦʢʫ 

ʪʨʠʬʘʟʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥ 

ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʚʘʨʽʘʥʪʫ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʥʘʩʪʫʧʥʠʡ: 

- ʟʘʜʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ R=40 ʆʤ; 

- ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʟʘʜʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʜʣʷ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ (ʧʘʨʘʤʝʪʨ "Wind speed (m/s)" ʚ ʽʤʽʪʘʮʽʡʥʽʡ ʤʦʜʝʣʽ 

- ʟʘʜʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʟʥʘʯʝʥʥʷʤ ʥʘʧʨʫʛʠ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ Uf=const; 

- ʟʤʽʥʶʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʘʛʨʝʛʘʪʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʚʭʜ̔ʥʽ ʧʘʨʘʤʝʪʨʠ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʚ ʽʤʽʪʘʮʽʡʥʽʡ ʤʦʜʝʣʽ ("Generator speed (pu); 

- ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ, ʥʘʧʨʫʛʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ; 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚʽʪʨʦʘʛʨʝʛʘʪ-ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ 

ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 4 ʤ/ʩ ʪʘ 5 ʤ/ʩ, ʟʤʽʥʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ, ʧʦʩʪʽʡʥʽʡ ʥʘʧʨʫʟʽ 

ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʪʘ ʉ=0 ʤʌ ʥʘʚʝʜʝʥʽ ʚ ɼʆɼɸʊʂʋ ɻ. 

ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ 

ʛʝʥʝʨʘʪʦʨʘ. 

 

3.3 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟ 

ʜʚʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ 

 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚ ʩʠʩʪʝʤʽ MATLAB-Simulink, ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚʽʪʨʦʘʛʨʝʛʘʪ-ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ 

ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3.15 ʪʠʤ, ʱʦ: 

- ʚʽʜʩʫʪʥʽʡ ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ ʚ ʩʠʩʪʝʤʽ ʟʘ ʥʘʧʨʫʛʦʶ ʛʝʥʝʨʘʪʦʨʘ; 

- ʦʩʥʦʚʥʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʛʝʥʝʨʘʪʦʨʘ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʪʽʡʥʠʭ 

ʤʘʛʥʽʪʽʚ ʛʝʥʝʨʘʪʦʨʘ; 

- ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙʤʦʪʢʘ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ; 
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- ʟʘʢʦʥ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʦʤ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʨʝʛʫʣʶʻʪʴʩʷ ʚʨʫʯʥʫ 

ʩʪʦʨʦʥʥʽʤ ʦʧʝʨʘʪʦʨʦʤ; 

- ʚʽʜʩʫʪʥʽ ʜʦʜʘʪʢʦʚʽ ʢʦʥʜʝʥʩʘʪʦʨʠ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ. 

ʅʘ ʨʠʩ. 3.16 ʧʦʢʘʟʘʥʦ ʚʠʛʣʷʜ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚ ʩʢʣʘʜʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ 

ʛʝʥʝʨʘʪʦʨʘ ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ. 

 

 

ʈʠʩ. 3.16 ɺʠʛʣʷʜ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ 

ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ 

 

ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʚʘʨʽʘʥʪʫ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʥʘʩʪʫʧʥʠʡ: 

- ʟʘʜʘʻʤʦʩʷ ʧʦʩʪʽʡʥʠʤ ʦʧʦʨʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ R=400 ʆʤ; 

- ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʟʘʜʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʜʣʷ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ (ʧʘʨʘʤʝʪʨ "Wind speed (m/s)" ʚ ʽʤʽʪʘʮʽʡʥʽʡ ʤʦʜʝʣʽ; 

- ʟʘʜʘʻʤʦʩʷ ʧʦʩʪʽʡʥʠʤ ʟʥʘʯʝʥʥʷʤ ʥʘʧʨʫʛʠ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ Uf=const; 

- ʟʤʽʥʶʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʘʛʨʝʛʘʪʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʚʽʪʨʦʚʦʾ ʪʫʨʙʽʥʠ ʚ ʽʤʽʪʘʮʽʡʥʽʡ ʤʦʜʝʣʽ ("Generator speed (pu); 

- ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ, ʥʘʧʨʫʛʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ 

ʜʦʩʣʽʜʞʫʪ̒ʴʩʷ; 
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ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚʽʪʨʦʘʛʨʝʛʘʪ-ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ 

ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 4 ʤ/ʩ ʪʘ 5 ʤ/ʩ, ʟʤʽʥʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ, ʧʦʩʪʽʡʥʽʡ ʥʘʧʨʫʟʽ 

ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʪʘ ʉ=0 ʤʌ ʥʘʚʝʜʝʥʦ ʚ ɼʆɼɸʊʂʋ ɼ.  

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʜʦ 5 ʤ/ʩ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʥʘʧʨʫʛʠ ʧʨʠ ʧʦʜʘʯʽ ʩʪʨʫʤʫ ʥʘ ʜʦʜʘʪʢʦʚʫ ʦʙʤʦʪʢʫ Uf. 

ɿʙʽʣʴʰʝʥʥʷ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ  

ʧʦʷʩʥʶʻʪʴʩʷ ʨʦʩʪʦʤ ʨʝʘʢʪʠʚʥʦʾ ʥʘʤʘʛʥʽʯʫʚʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʤʫ. 

 

3.4 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʛʝʥʝʨʘʪʦʨʘ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ   

 

3.4.1 ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ 

ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

 

ɺ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʭʘʨʘʢʪʝʨ ʚʽʪʨʫ ʥʦʩʠʪʴ ʤʽʥʣʠʚʠʡ ʭʘʨʘʢʪʝʨ. ʉʝʨʝʜʥʴʦʨʽʯʥʘ 

ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʜʣʷ ʋʢʨʘʾʥʠ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 5ʤ/ʩ. ʇʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʯʘʩʫ ʜʦʙʠ ʪʘ ʧʦʨʠ ʨʦʢʫ. ɺʽʜʧʦʚʽʜʥʦ ʽ ʭʘʨʘʢʪʝʨ 

ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʙʫʜʝ ʤʘʪʠ ʤʽʥʣʠʚʠʡ ʭʘʨʘʢʪʝʨ.  

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ "ʚʽʪʨʦʪʫʨʙʽʥʘ-ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ" 

ʧʨʠ ʟʤʽʥʥʦʤʫ ʚʽʪʨʽ, ʱʦ ʥʦʩʠʪʴ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʘ ʤʦʜʝʣʴ, ʱʦ 

ʦʧʠʩʘʥʘ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʥʣʠʚʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʣʦʢ "Uniform Random Number" ʚ ʩʠʩʪʝʤʽ Simulink. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʜʘʥʦʛʦ ʙʣʦʢʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʚ ʦʢʨʝʤʽ ʤʦʤʝʥʪʠ 

ʯʘʩʫ ʻ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ, ʨʦʟʧʦʜʽʣʝʥʦʶ ʟʘ ʥʦʨʤʘʣʴʥʠʤ  ʟʘʢʦʥʦʤ ʽʟ ʟʘʜʘʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʨʠʩ. 3.17).  
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ʈʠʩ. 3.17 ʇʘʨʘʤʝʪʨʠ ʙʣʦʢʫ Uniform Random Number ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

 

ʋ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʘ ʚʭʦʜʷʪʴ: Minimum ï ʥʠʞʥʷ ʤʝʞʘ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ; Maximum ï ʚʝʨʭʥʷ ʤʝʞʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ; 

Initial seed ï ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʙʘʟʠ ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ; Sample time ï 

ʜʠʩʢʨʝʪ ʯʘʩʫ, ʪʦʙʪʦ ʯʘʩ, ʯʝʨʝʟ ʷʢʠʡ ʟʤʽʥʶʶʪʴʩʷ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ. 

ʅʘ ʨʠʩ. 3.18 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚʽʜ ʯʘʩʫ ʧʨʠ ʟʘʜʘʥʠʭ 

ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʙʣʦʢʫ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ 

. 

   

ʈʠʩ. 3.18 ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚʽʜ ʯʘʩʫ 
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ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚʽʪʨʦʘʛʨʝʛʘʪ-

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʩʪʦʨʦʥʥʴʦʶ ʻʤʥʽʩʪʶ ʪʘ ʧʨʠ ʤʽʥʣʠʚʽʡ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ ʪʠʤ, ʱʦ: 

- ʚʽʜʩʫʪʥʽʡ ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ ʚ ʩʠʩʪʝʤʽ ʟʘ ʥʘʧʨʫʛʦʶ ʛʝʥʝʨʘʪʦʨʘ; 

- ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʻ ʥʝ ʢʦʥʩʪʘʥʪʦʶ, ʘ ʟʤʽʥʶʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦ; 

- ʦʩʥʦʚʥʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʛʝʥʝʨʘʪʦʨʘ ʫʪʚʦʨʶʻʪʴʩʷ ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʛʝʥʝʨʘʪʦʨʘ; 

- ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙʤʦʪʢʘ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ, ʘ ʦʪʞʝ 

ʚʽʜʩʫʪʥʽʡ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʛʝʥʝʨʘʪʦʨʘ Uf ʪʘ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʛʝʥʝʨʘʪʦʨʘ "signal 11"; 

- ʻʤʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ 

ʧʨʠʡʤʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ. 

ʅʘ ʨʠʩ. 3.19 ʥʘʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʚ ʩʢʣʘʜʽ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʩʪʦʨʦʥʥʴʦʶ ʻʤʥʽʩʪʶ. 

 

 

ʈʠʩ. 3.19 ɺʠʛʣʷʜ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ 

ʩʪʦʨʦʥʥʴʦʶ ʻʤʥʽʩʪʶ 
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ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʘʢʪʠʚʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʛʝʥʝʨʘʪʦʨʘ (ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʛʝʥʝʨʘʪʦʨʘ) ʪʘ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʜʦʜʘʪʢʦʚʽʡ ʻʤʥʦʩʪʽ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ. 

ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʜʘʥʦʛʦ ʚʘʨʽʘʥʪʫ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʥʘʩʪʫʧʥʠʡ: 

- ʟʘʜʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ R=400 ʆʤ; 

- ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʟʘʜʘʻʪʴʩʷ ʙʣʦʢʦʤ "Uniform Random Number"; 

- ʟʘʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ 

ʛʝʥʝʨʘʪʦʨʘ ʉ=10 ʤʌ, ʉ =30 ʤʌ, ʉ=100 ʤʌ; 

- ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ, ʥʘʧʨʫʛʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ; 

ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʦʪʦʨʘ ʚʽʪʨʦʘʛʨʝʛʘʪʫ ʧʨʠ 

ʚʠʧʘʜʢʦʚʦʤʫ ʟʥʘʯʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.20.  

 

 

ʈʠʩ. 3.20 ɿʘʣʝʞʥʽʩʪʴ ʤʦʤʝʥʪʫ ʨʦʪʦʨʘ ʚʽʪʨʦʘʛʨʝʛʘʪʫ ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʟʥʘʯʝʥʥʽ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

 

ʋʩʝʨʝʜʥʝʥʝ (ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ) ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʚ 

ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.21 
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ʈʠʩʫ. 3.21 ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ 

ʚʠʧʘʜʢʦʚʦʤʫ ʟʥʘʯʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʤʽʥʣʠʚʦʩʪʽ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.22. 

 

 

ʈʠʩ. 3.22 ʋʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ 

 

 ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʤʽʥʣʠʚʽʡ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.23. 
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ʈʠʩ. 3.23 ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

 

ʇʦʨʽʚʥʷʥʥʷ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ 30 ʤʢʌ (ʚʝʨʭʥʷ 

ʢʨʠʚʘ) ʪʘ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ (ʥʠʞʥʷ ʢʨʠʚʘ) ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʯʘʩʫ ʧʨʠ ʤʽʥʣʠʚʽʡ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.24. 

 

 

ʈʠʩ. 3.24 ɿʘʣʝʞʥʽʩʪʴ ʤʠʪʪʻʚʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ  

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʧʣʠʚʘʻ, ʱʦ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ 

ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʚ 30 ʤʢʌ ʪʘ ʧʨʠ ʚʠʧʘʜʢʦʚʽʡ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʥʘʧʨʫʛʠ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ. ɸʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʛʠ ʧʨʠ ʧʨʠʻʜʥʘʥʽʡ ʻʤʥʦʩʪʽ ʤʝʥʰʝ ʧʨʠʙʣʠʟʥʦ ʚ 1,8 ʨʘʟʠ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʜʦʜʘʪʢʦʚʽʡ ʻʤʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʾ ʧʨʠ 
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ʧʨʠʻʜʥʘʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʥʦʩʠʪʴ ʙʽʣʴʰ ʧʣʘʚʥʠʡ ʭʘʨʘʢʪʝʨ, ʟʘ ʨʘʭʫʥʦʢ 

ʥʘʢʦʧʠʯʝʥʦʾ ʚ ʻʤʥʦʩʪʽ ʝʥʝʨʛʽʾ. 

ʇʦʨʽʚʥʷʥʥʷ ʫʩʝʨʝʜʥʝʥʦʛʦ (ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ) ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʟ 

ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ 30 ʤʢʌ ʪʘ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ 

ʯʘʩʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.25. 

 

 

ʈʠʩ. 3.25 ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ 

 

ɿ ʨʠʩ. 3.25 ʩʣʽʜʫʻ, ʱʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʛʝʥʝʨʘʪʦʨʽ 

ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʤʝʥʰʝ ʥʽʞ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ. ʍʘʨʘʢʪʝʨ ʢʨʠʚʦʾ 

ʥʘʧʨʫʛʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʥʦʩʠʪʴ ʙʽʣʴʰ ʧʣʘʚʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʦʨʽʚʥʷʥʥʷ ʫʩʝʨʝʜʥʝʥʦʛʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʥʘ ʚʠʭʦʜʽ 

ʛʝʥʝʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ 30 ʤʢʌ ʪʘ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ ʤʽʥʣʠʚʦʩʪʽ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩ. 3.26. 
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ʈʠʩ. 3.26 ʋʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ 

 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ 30 

ʤʢʌ ʤʘʡʞʝ ʚ 2,2 ʨʘʟʠ ʚʠʱʝ ʥʽʞ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʜʦʜʘʪʢʦʚʦʾ ʧʽʜʤʘʛʥʽʯʫʶʯʦʾ ʨʝʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ. 

ɺʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʘʢʪʠʚʥʠʭ ʚʪʨʘʪ ʚ 

ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ. 

ʇʦʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʠʭʽʜʥʦʾ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʟ 

ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ 30 ʤʢʌ ʪʘ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ ʤʽʥʣʠʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘʚʝʜʝʥʝ 

ʥʘ ʨʠʩ. 3.27. 

 

 

ʈʠʩ. 3.27 ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 
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ʇʦʪʫʞʥʽʩʪʴ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʤʽʥʣʠʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘ 5-10% 

ʙʽʣʴʰʝ ʥʽʞ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʨʦʩʪʦʤ ʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʤʫ 

ʷʢʦʨʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʩʪʫ ʩʪʨʫʤʫ. ʱʦ ʧʽʜʤʘʛʥʽʯʫʻ ʡʦʛʦ. 

 

3.4.2 ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʟʙʫʜʞʝʥʥʷ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚʽʪʨʦʘʛʨʝʛʘʪ-

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ ʪʘ ʤʽʥʣʠʚʽʡ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3.42 (ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʜʽʣʫ). ɻʦʣʦʚʥʽ 

ʚʽʜʤʽʥʥʦʩʪʽ ʦʙʫʤʦʚʣʝʥʽ ʪʠʤ, ʱʦ: 

- ʚʽʜʩʫʪʥʽʡ ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ ʚ ʩʠʩʪʝʤʽ ʧʦ ʥʘʧʨʫʟʽ ʛʝʥʝʨʘʪʦʨʘ; 

- ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʻ ʥʝ ʢʦʥʩʪʘʥʪʦʶ, ʘ ʟʤʽʥʶʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʯʘʩʫ; 

- ʦʩʥʦʚʥʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʛʝʥʝʨʘʪʦʨʘ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʪʽʡʥʠʭ 

ʤʘʛʥʽʪʽʚ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ; 

- ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙʤʦʪʢʘ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ, ʘ ʦʪʞʝ 

ʧʦʜʘʻʪʴʩʷ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʥʘ ʚʭʽʜ ʛʝʥʝʨʘʪʦʨʘ Uf ʪʘ ʧʨʠʩʫʪʥʽʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʛʝʥʝʨʘʪʦʨʘ "signal 11"; 

- ʚʽʜʩʫʪʥʽ ʜʦʜʘʪʢʦʚʽ ʢʦʥʜʝʥʩʘʪʦʨʠ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ. 

ʅʘ ʨʠʩ. 3.28 ʥʘʚʝʜʝʥʦ ʚʠʛʣʷʜ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚ ʩʢʣʘʜʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ. 
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ʈʠʩ. 3.28 ɺʠʛʣʷʜ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ 

ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ 

 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʘʢʪʠʚʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʛʝʥʝʨʘʪʦʨʘ (ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʛʝʥʝʨʘʪʦʨʘ) ʪʘ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ. 

ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʜʘʥʦʛʦ ʚʘʨʽʘʥʪʫ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʥʘʩʪʫʧʥʠʡ: 

- ʟʘʜʘʻʤʦʩʷ ʧʦʩʪʽʡʥʠʤ ʦʧʦʨʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ R=40 ʆʤ; 

- ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʟʘʜʘʻʪʴʩʷ ʙʣʦʢʦʤ "Uniform Random Number"; 

- ʟʘʜʘʻʪʴʩʷ ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʭʽʜ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ Uf 

"signal 11"; 

- ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ, ʥʘʧʨʫʛʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ; 

ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʦʪʦʨʘ ʚʽʪʨʦʘʛʨʝʛʘʪʫ ʚʽʜ ʯʘʩʫ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.29. 
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ʈʠʩ. 3.29 ɿʘʣʝʞʥʽʩʪʴ ʤʦʤʝʥʪʫ ʨʦʪʦʨʘ ʚʽʪʨʦʘʛʨʝʛʘʪʫ ʚʽʜ ʯʘʩʫ 

 

ɿʘʣʝʞʥʽʩʪʴ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʯʘʩʫ ʧʨʠ 

ʤʽʥʣʠʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.30. 

 

 

ʈʠʩ. 3.30 ʄʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʤʽʥʣʠʚʦʤʫ 

ʚʽʪʨʽ 

 

ɺʝʨʭʥʷ ʢʨʠʚʘ ʚʽʜʧʦʚʽʜʘʻ ʤʠʪʪʻʚʦʤʫ ʟʥʘʯʝʥʥʶ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʙʝʟ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʥʠʞʥʷ ʚʽʜʧʦʚʽʜʘʻ ʨʦʙʦʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟ ʥʘʧʨʫʛʦʶ ʥʘ ʜʦʜʘʪʢʦʚʽʡ 

ʦʙʤʦʪʮʽ. ʆʙʠʜʚʽ ʢʨʠʚʽ ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʦʜʥʘʢʦʚʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ 
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ʚʽʪʨʫ ʚ ʯʘʩʽ. ʄʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʨʦʙʦʪʽ ʟ ʜʦʜʘʪʢʦʚʦʶ 

ʦʙʤʦʪʢʦʶ ʚʠʱʽ ʥʘ 15-20 % ʥʽʞ ʧʨʠ ʚʽʜʩʫʪʥʴʦʤʫ ʨʝʛʫʣʶʚʘʥʥʶ. 

ʇʦʨʽʚʥʷʥʥʷ ʫʩʝʨʝʜʥʝʥʦʛʦ (ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ) ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʟ 

ʧʨʠʻʜʥʘʥʦʶ ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ ʪʘ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʚ 

ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.31. 

 

ʈʠʩ. 3.31 ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ 

 

ʅʠʞʥʷ ʢʨʠʚʘ ʥʘ ʨʠʩ. 3.31 ʚʽʜʧʦʚʽʜʘʻ ʨʦʙʦʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟ ʧʽʜʢʣʶʯʝʥʦʶ 

ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ. 

ʇʦʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʠʭʽʜʥʦʾ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʟ 

ʦʙʤʦʪʢʦʶ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʪʘ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ ʤʽʥʣʠʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.32. 
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ʈʠʩ. 3.32 ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

ʅʠʞʥʷ ʢʨʠʚʘ ʧʦʙʫʜʦʚʘʥʘ ʧʨʠ ʧʨʠʻʜʥʘʥʽʡ ʜʦʜʘʪʢʦʚʽʡ ʦʙʤʦʪʮʽ ʛʝʥʝʨʘʪʦʨʘ, 

ʚʝʨʭʥʷ ʚʽʜʧʦʚʽʜʘʻ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʇʦʪʫʞʥʽʩʪʴ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʤʽʥʣʠʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘ 30-40% 

ʙʽʣʴʰʝ ʥʽʞ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʨʦʩʪʦʤ ʦʩʥʦʚʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ. ʗʢ ʥʘʩʣʽʜʦʢ 

ʟʨʦʩʪʘʻ ʥʘʚʝʜʝʥʘ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ɽʈʉ ʽ ʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ. 

 

3.5 ʈʦʙʦʪʘ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʧʨʠ 

ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʩʪʦʨʦʥʥʴʦʶ ʻʤʥʽʩʪʶ 

 

ʅʘ ʩʴʦʛʦʜʥʽ ʩʠʥʭʨʦʥʥʽ ʛʝʥʝʨʘʪʦʨʠ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʫ 

ʘʚʪʦʥʦʤʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʽ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʩʠʩʪʝʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ. ʇʝʨʝʚʘʞʥʦʶ ʟʘʜʘʯʝʶ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʻ ʩʪʘʙʽʣʽʟʘʮʽʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʽʾ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ. ʆʜʥʠʤ ʟʽ ʩʧʦʩʦʙʽʚ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʻ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʩʪʦʨʦʥʥʴʦʶ ʻʤʥʽʩʪʶ. ʆʜʥʘʢ ʫ ʮʝʡ 
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ʯʘʩ ʧʠʪʘʥʥʶ ʱʦʜʦ ʨʦʟʨʘʭʫʥʢʫ ʜʦʮʽʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʻʤʥʦʩʪʽ ʜʣʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʪʠʧʫ 

ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ.  

ɼʣʷ ʦʮʽʥʢʠ ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʚʽʪʨʦʘʛʨʝʛʘʪ-ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ ʽʟ 

ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʜʦʮʽʣʴʥʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʫ ʨʘʥʽʰʝ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʚ ʩʝʨʝʜʦʚʠʱʽ MATLAB-Simulink. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʝʣʠʯʠʥʠ ʻʤʥʦʩʪʽ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʻʜʥʘʪʠ ʜʦ ʦʙʤʦʪʢʠ ʷʢʦʨʷ 

ʉɻʇʄ, ʚʠʢʦʨʠʩʪʘʥʘ ʟʘʩʪʫʧʥʘ ʩʭʝʤʘ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.33. ʋ ʨʘʟʽ, ʢʦʣʠ ʉɻʇʄ 

ʧʨʘʮʶʻ ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ, ʥʘʧʨʫʛʘ ʪʘ ʾʾ ʯʘʩʪʦʪʘ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʚʠʜʢʽʩʪʶ 

ʦʙʝʨʪʘʥʥʷ ʧʨʠʚʽʜʥʦʛʦ ʨʫʰʽʷ (ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ), ʚʝʣʠʯʠʥʦʶ ʧʨʠʻʜʥʘʥʦʾ ʜʦ 

ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʻʤʥʦʩʪʽ ʪʘ ʚʝʣʠʯʠʥʦʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ. 

 

ʈʠʩ. 3.33 ɿʘʩʪʫʧʥʘ ʩʭʝʤʘ ʉɻʇʄ 

 

ʅʘ ʨʠʩ. 3.33 ʚʠʢʦʨʠʩʪʘʥʽ ʧʦʟʥʘʯʝʥʥʷ: ɽŭ ï ɽʈʉ (ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ), 

ʽʥʜʫʢʦʚʘʥʘ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʦʩʥʦʚʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ; ɯ1, U1 ï ʩʪʨʫʤ ʽ ʥʘʧʨʫʛʘ 

ʦʙʤʦʪʢʠ ʷʢʦʨʷ; R1, ʍ1 ï ʘʢʪʠʚʥʠʡ ʪʘ ʽʥʜʫʢʪʠʚʥʠʡ ʦʧʽʨ ʨʦʟʩʽʶʚʘʥʥʷ ʦʙʤʦʪʢʠ ʷʢʦʨʷ; 

Rʥ, ʍʥ ï ʘʢʪʠʚʥʠʡ ʪʘ ʽʥʜʫʢʪʠʚʥʠʡ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ; ɯʩ, ʍʩ ï ʩʪʨʫʤ ʚ ʢʦʣʽ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʘ ʡʦʛʦ ʦʧʽʨ; Fïʯʘʩʪʦʪʘ ʩʪʨʫʤʫ ʡ ʥʘʧʨʫʛʠ ʚ ʦʙʤʦʪʮʽ ʩʪʘʪʦʨʘ; ʍm ï 

ʽʥʜʫʢʪʠʚʥʠʡ ʦʧʽʨ ʚʟʘʻʤʦʽʥʜʫʢʮʽʾ, ʱʦ ʻ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʤʘʛʥʽʪʥʠʤ ʦʧʦʨʦʤ 

ʚʟʘʻʤʦʽʥʜʫʢʮʽʾ ʤʽʞ ʧʦʪʦʢʦʤ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʪʘ ʦʙʤʦʪʢʦʶ ʷʢʦʨʷ. 

ɺʩʽ ʽʥʜʫʢʪʠʚʥʽ ʦʧʦʨʠ ʟʘʩʪʫʧʥʦʾ ʩʭʝʤʠ ʧʨʠʚʝʜʝʥʽ ʜʦ ʥʦʤʽʥʘʣʴʥʦʾ ʯʘʩʪʦʪʠ 

ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ F ʪʘ ʚʽʜʥʦʩʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ɤ. ʊʘʢʦʞ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʽʥʜʫʢʪʠʚʥʠʡ ʦʧʽʨ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʍmʻ ʟʤʽʥʥʦʶ 

ʚʝʣʠʯʠʥʦʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ɽŭ, ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʯʘʩʪʦʪʽ F. ʎʝʡ ʧʨʦʮʝʩ 
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ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ ʪʘ ʦʧʠʩʫʻʪʴʩʷ ʢʨʠʚʦʶ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ, ʷʢʘ ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩʫʻʪʴʩʷ ʢʫʙʽʯʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

 
Ὁ

Ὂ
ὢ Ὧẗὢ Ὧẗὢ Ὧẗὢ Ὧ (3.27) 

ʋ ʨʽʚʥʷʥʥʽ ʢʦʝʬʽʮʽʻʥʪʠ k0, k1, k2 ʪʘk3 ʦʙʯʠʩʣʶʶʪʴʩʷ ʫ ʩʠʩʪʝʤʽ ʚʽʜʥʦʩʥʠʭ 

ʦʜʠʥʠʮʴ ʟʘ ʚʽʜʦʤʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ [4ï6]. 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʻʤʥʦʩʪʽ ʉɻʇʄ 

ʚʩʽ ʦʧʦʨʠ ʟʘʩʪʫʧʥʦʾ ʩʭʝʤʠ ʟʚʦʜʷʪʴʩʷ ʜʦ ʪʨʴʦʭ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʭ ʦʧʦʨʽʚ Z1, Z2 ʪʘ 

Z3: 

 ὤ
Ὑ

Ὂ
Ὦὢ (3.28) 

 ὤ Ὦὢ  (3.29) 

 

ὤ

Ὦὢ
Ὂ

Ὑ̎
Ὂ

Ὦὢ̎

Ὦὢ
Ὂ

Ὑ̎
Ὂ

Ὦὢ̎
 

 

(3.30) 

ʈʽʚʥʷʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʧʨʦʱʝʥʽʡ ʟʘʩʪʫʧʥʽʡ ʩʭʝʤʽ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.34. 

 

 

 

 

 

 

 

ʈʠʩ. 3.34 ʉʧʨʦʱʝʥʘ ʟʘʩʪʫʧʥʘ ʩʭʝʤʘ ʉɻʇʄ 

 

ʉʫʤʘʨʥʠʡ ʦʧʽʨ ʩʧʨʦʱʝʥʦʾ ʟʘʩʪʫʧʥʦʾ ʩʭʝʤʠ ʉɻʇʄ (ʨʠʩ. 3.34), ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʂʽʨʭʛʦʬʘ, ʦʧʠʩʫʻʪʴʩʷ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ: 

 Zʪ=Z1+Z2+ Z3 (3.31) 

 ɯ1ĀZʊ=0 (3.32) 

 

  
Z3 

Z1 

Z2 
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ʇʽʩʣʷ ʜʝʢʽʣʴʢʦʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʨʝʘʣʴʥʘ ʪʘ ʫʷʚʥʘ ʯʘʩʪʠʥʠ ʧʦʚʥʦʛʦ 

ʦʧʦʨʫ Zʪ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʫ ʩʠʩʪʝʤʫ ʟ ʜʚʦʭ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʚʠʨʘʟʽʚ: 

 
í
ì
ë

==

==

0)Re(

0)Im(

2

1

T

T

Zf

Zf

 

(3.33) 

ʌʫʥʢʮʽʾ ʚ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ ʦʧʠʩʫʶʪʴʩʷ ʪʘʢʠʤʠ ʚʠʨʘʟʘʤʠ: 

 f1=a1F+a2F
2+a3F

3+a4F
4+a5F

5 (3.34) 

 f2=b0+b1F
1+b2F

2+b3F
3+b4F

4 (3.35) 

ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ ʚ ʨʽʚʥʷʥʥʽ  ʘ1 ï ʘ5 ʪʘ b1 ï b4: 

 
ὥ ‐ὢ ὥὙ̎ ; ὥ ς‐ὢ Ὑ̎ὥὢ ; ὥ ‐ὢ ‐ὢ ‐; ὥ

ς ‐ὢ Ὑ̎ὥ ; ὥ ‐ὢ ‐; 
(3.36) 

 ὦ ‍ὥὢ ; ὦ ὢ‏ ; ὦ Ὑ̎ὥ ‏ ὢ ςὢ̎‏ ὢ ‍ὥ; 

ὦ ςὢ̎‏ ὢ Ὑ̎‏;  ὦ ς‏ὢȢ 
(3.37) 

ɿʥʘʯʝʥʥʷ ʚʩʽʭ ʢʦʝʬʽʮʽʻʥʪʽʚ a1 ï ʘ6, Ů1 ï Ů6, ɓ1 ï ɓ5 ʪʘ ŭ1 ï ŭ5 ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʚʠʨʘʟʘʤʠ: 

 
ὥ ὢ ὢ; ὥ ὢ ; ὥ Ὑ ρ ὢ ; 

ὥ Ὑ ὢ ὢ ; ὥ Ὑʥὢ ὢ ;ὥ Ὑʥ ὢ ; 
(3.38) 

 ‐ ὥ ςὥὢʥ ; ‐ ὥὢʥ Ὑʥὥ ;  ‐ ὥὢʥ ὥ; 

 ‐ ὥὢʥ ςὥὢʥ Ὑʥὥ ;  ‐ Ὑʥὥ ὥ ; ‐ ὥὢʥ ὥ ; 
(3.39) 

 ‍ Ὑʥὢ ; ‍ Ὑὥ; ‍ ὙʥὙ; ‍ ὙὙʥ; ‍ Ὑʥ Ὑ; (3.40) 

‏  ςὥ‍ ‍ ‏ ; ‍ ‍ ‏ ; ‍ ‍ ;  

‏ ‍ ς‍ ‏ ; ‍ ‍ὢʥ  
(3.41) 

ɺʠʨʘʟ  ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʽʥʜʫʢʮʽʾ Xm ʪʘ ʥʝʚʽʜʦʤʠʭ ʟʥʘʯʝʥʴ ʦʧʦʨʫ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʍʩ 

ʧʨʠ ʯʘʩʪʦʪʽ ʩʪʨʫʤʽʚ ʪʘ ʥʘʧʨʫʛʠ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ F. ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, 

ʦʪʨʠʤʘʻʤʦ ʪʘʢʠʡ ʚʠʨʘʟ: 

 f(X)=0, (3.42) 

ʜʝ 

 
Ὢ Ὢ     Ὢ  

[ ]TC FXX     =  
(3.43) 
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ɼʣʷ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʅʴʶʪʦʥʘïʈʘʬʩʦʥʘ. 

ɼʘʥʠʡ ʤʝʪʦʜ ʻ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ [7]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʻʤʥʦʩʪʽ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʩʧʨʦʱʝʥʦʶ 

ʟʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʥʘʧʨʫʛʘ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʉɻʇʄ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

 5
:

: :
%

 
(3.44) 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ ʟʘ ʦʩʥʦʚʫ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʥʘʧʨʫʛʘ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʦʙʤʦʪʢʠ 

ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʦʤʽʥʘʣʴʥʦʶ, ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ: 

 

ừ
Ừ

ứ
Ὢ Ὅάὤ π
Ὢ ὙὩὤ π

Ὢ
ὤ

ὤ ὤ
ẗὉ Ὗʥ π

 

(3.45) 

ɼʣʷ ʟʘʜʘʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʥʘʧʨʫʛʘ 

ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ Xʩ ʪʘ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʥʘʚʝʜʝʥʦʾ ɽʈʉ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʧʦʪʦʢʦʤ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ (ɽŭ). 

ɼʣʷ ʦʮʽʥʢʠ ʟʘʣʝʞʥʦʩʪʽ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ, ʱʦ ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʟʘʪʠʩʢʘʯʽʚ 

ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ, ʧʨʠʡʥʷʪʽ ʪʘʢʽ ʧʨʠʧʫʱʝʥʥʷ: 

- ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʧʨʠʡʤʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ; 

- ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ n, ʘ ʦʪʞʝ, ʽ ʯʘʩʪʦʪʘ f ɽʈʉ ʪʘ 

ʩʪʨʫʤʽʚ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʡʤʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ; 

- ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʡʤʘʻʪʴʩʷ ʯʠʩʪʦ ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʛʝʥʝʨʘʪʦʨʘ: Zʥ=Rʥ; 

- ʥʘʧʨʫʛʘ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ ʧʨʠʡʤʘʶʪʴʩʷ 

ʧʦʩʪʽʡʥʠʤʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʟʛʘʜʘʥʽ ʚʠʱʝ ʧʨʠʧʫʱʝʥʥʷ, ʫʤʦʚʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʻʤʥʦʩʪʽ ʚ ʨʘʟʽ 

ʰʫʥʪʦʚʦʛʦ ʧʨʠʻʜʥʘʥʥʷ ʩʢʣʘʜʝ: 

 01

13

3 =-Ö
+

ʥUE
ZZ

Z
d  (3.46) 

ʆʧʦʨʠ Z1 ʪʘZ3ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ: 
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Cʥ

ʥC

jXR

RjX
Z

jXRZ

-
-=

+=

3

111

 (3.47) 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ: 

 
ὤ

ὤ ὤ

ὮὢὙʥ
ὮὢὙʥ ὙὙʥ ὮὢὙ ὮὢὙ ὢὢ

 (3.48) 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟ, ʦʪʨʠʤʘʻʤʦ: 

 ὢ
ὟὙ Ὑʥ Ὦὢ

Ὗὢ ὮὙʥὟ ὙὟ ὙʥὉ
 (3.49) 

ɿ ʚʠʨʘʟʫ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʚʝʣʠʯʠʥʘ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘ ʦʜʥʫ ʬʘʟʫ 

ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʤʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ . 

ʇʽʩʣʷ ʜʝʢʽʣʴʢʦʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚʠʨʘʟ ʥʘʙʫʚʘʻ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ: 

 ˢ̒
ὟὢὙὙ̎ ὟὙὢὥ

Ὗὢ ὥ
Ὦ
Ὗὢ ὟὙὙ̎ὥ

Ὗὢ ὥ
 (3.50) 

ɿ ʚʠʨʘʟʫ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʍʩ, ʟ ʷʢʦʛʦ ʜʘʣʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ: 

 ὢ
ὟὢὙὙʥ ὟὙὢὥ

Ὗὢ ὥ

Ὗὢ ὟὙὙʥὥ

Ὗὢ ὥ
 (3.51) 

ʜʝ ὥ ὙʥὟ ὙὟ ὙʥὉ 

ɿ ʚʠʨʘʟʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪ̔ ʜʣʷ ʩʠʩʪʝʤʠ 

ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ: 

 ʉ
ρ

ς“Ὢὢ
 (3.52) 

ɿʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ ʚʝʣʠʯʠʥʘ ʻʤʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʦʙʤʦʪʢʠ ʷʢʦʨʷ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʚʝʣʠʯʠʥʠ ʚʟʘʻʤʦʽʥʜʫʢʮʽʾ, ʭʘʨʘʢʪʝʨʫ ʪʘ ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʽʜʩʪʘʚʠʤʦ ʧʘʨʘʤʝʪʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʚʠʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʫ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʻʤʥʦʩʪʽ ʧʨʠ ʥʦʤʽʥʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. ʇʘʨʘʤʝʪʨʠ ʛʝʥʝʨʘʪʦʨʘ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.3. 
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ʊʘʙʣʠʮʷ 3.3  

ʇʘʨʘʤʝʪʨʠ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ ʆʜʠʥʠʮʽ ʚʠʤʽʨʫ 

R1 8,8 ʆʤ 

X1 6,9 ʆʤ 

U1 24 ɺ 

Rʥ 33,0 ʆʤ 

ɽŭ 26,4 ɺ 

 

 ὢ

ỹ

ςτẗφȟωẗψȟψẗσσ ςτẗψȟψẗφȟωẗσσẗςτ ψȟψẗςτ σσẗςφȟτ

ςτφȟω σσẗςτ ψȟψẗςτ σσẗςφȟτ

ςτφȟω ςτẗψȟψẗσσẗσσẗςτ ψȟψẗςτ σσẗςφȟτ

ςτφȟω σσẗςτ ψȟψẗςτ σσẗςφȟτ
ωωȟςρʆʤ

 

(3.53) 

  

ʉ
ρ

ς“Ὢὢ
σςȟρẗρπ ʌ 

 

(3.54) 

 

ʇʨʠ ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʪʘ ʧʨʠ ʟʘʜʘʥʽʡ 

ʥʦʤʽʥʘʣʴʥʽʡ ʚʝʣʠʯʠʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ, 

ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʟʘʜʘʥʦʾ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛʠ. ɿʘʜʘʻʤʦʩʴ ʚʽʜʭʠʣʝʥʥʷʤ ʥʘʧʨʫʛʠ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ ʚ ʤʝʞʘʭ +5 %, ï 5 % ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ. ʇʨʠ ʮʴʦʤʫ 

ʨʽʚʥʷʥʥʷ  ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘ ʥʝʟʤʽʥʥʠʭ ʟʥʘʯʝʥʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ Umax ʪʘ 

Umin. ʂʦʞʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʝʣʠʯʠʥʘ ʻʤʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʉɻʇʄ ʧʨʘʮʶʚʘʪʠ ʫ 

ʬʽʢʩʦʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʦʪʫʞʥʦʩʪʽ ʚ ʤʝʞʘʭ ʟʘʜʘʥʦʾ ʧʦʭʠʙʢʠ ʟʘ ʚʠʭʽʜʥʦʶ ʥʘʧʨʫʛʦʶ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʧʨʠ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 5 ʤ/ʩ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.4. 
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ʊʘʙʣʠʮʷ 3.4  

ɿʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʜʣʷ ʧʽʜʪʨʠʤʢʠ U1åUʥ +5 %, ï 5 % 

ɼʽʘʧʘʟʦʥ ʟʤʽʥʠ 

ʧʦʪʫʞʥʦʩʪʽ 
0 ï ʈ0 ʈ0ï ʈ1 ʈ1 ï ʈ2 ʈ3 ï ʈ4 ʈ5 ï ʈ6 

ɼʽʘʧʘʟʦʥ 

ʧʦʪʫʞʥʦʩʪʽ, ɺʪ 
0ï17 17ï36 36ï58 58ï77 77ï86 

ɭʤʥʽʩʪʴ 

ʟʙʫʜʞʝʥʥʷ 

(ʘʥʘʣʽʪʠʯʥʠʡ 

ʤʝʪʦʜ), ʤʢʌ 

4,3 8,9 15,7 26,3 32,1 

ɭʤʥʽʩʪʴ 

ʟʙʫʜʞʝʥʥʷ 

(ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

MATLAB -

Simulink), ʤʢʌ 

4,056 8,72 16,5 27,17 30,68 

 

ʆʪʞʝ, ʥʘʚʝʜʝʥʽ ʤʝʪʦʜʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʜʦʮʽʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʱʦ ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʩʪʘʪʦʨʘ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ 

ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʪʘ ʧʦʩʪʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. ɺ ʪʘʙʣ. 3.5 ʥʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʚʝʣʠʯʠʥʠ ʻʤʥʦʩʪʽ, ʱʦ ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ, 

ʧʨʠ ʷʢʽʡ ʚʽʥ ʚʽʜʜʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʟʘ ʫʤʦʚʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʧʦʩʪʽʡʥʘ, 

4 ʤ/ʩ,  ̔ʧʦʩʪʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, 33,0 ʆʤ. 

ʊʘʙʣʠʮʷ 3.5  

ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʉɻʇʄ ʚʽʜ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ 

ʉ, ʤʢʌ 0 11,3 30 100 

ʈ, ɺʪ 42 52,5 50,3 30,82 

 

ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʜʘʥʽ ʽʟ ʪʘʙʣ. 3.5, ʧʦʜʘʥʦ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ (ʨʠʩ. 3.35). 
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ʈʠʩ. 3.35 ɿʘʣʝʞʥʽʩʪʴ ʻʤʥʦʩʪʽ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʥʘʧʨʫʟʽ 

 

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʥʝʦʙʭʽʜʥʝ ʩʪʫʧʽʥʯʘʩʪʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʡ 

ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʟʥʘʯʥʦ ʟʜʦʨʦʞʫʻ ʪʘ ʫʩʢʣʘʜʥʶʻ ʩʠʩʪʝʤʫ. ɼʣʷ ʦʮʽʥʢʠ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʉɻʇʄ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʩʪʦʨʦʥʥʴʦʶ ʻʤʥʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʦʧʠʩʘʥʘ ʚ ʧʦʧʝʨʝʜʥʽʡ ʨʦʙʦʪʽ ʤʦʜʝʣʴ ʚ ʩʠʩʪʝʤʽ MATLAB-Simulink[1]. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʽʻʾ ʤʦʜʝʣʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʪʘ 

ʧʦʪʫʞʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 4 ʤ/ʩ. ʅʘ ʨʠʩ. 3.35 

ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʪʘ ʧʦʩʪʽʡʥʦʾ ʚʝʣʠʯʠʥʠ ʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

 

ʈʠʩ. 3.36 ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʉɻʇʄ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

 



106 
 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʦʜʘʥʘ ʫ ʚ.ʦ. ʅʘ ʨʠʩ. 3.36 ʧʦʢʘʟʘʥʦ, 

ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ, 52 ɺʪ, ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʟʥʘʯʝʥʥʽ 

ʻʤʥʦʩʪʽ 10 ʤʢʌ, ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʻʤʥʦʩʪʽ ʧʦʥʘʜ 30 ʤʢʌ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʩʪʫʧʦʚʦʛʦ ʟʥʠʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦ 30 ɺʪ ʧʨʠ ʟʥʘʯʝʥʥʽ ʻʤʥʦʩʪʽ 100 ʤʌ. 

ɿʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʜʦʜʘʪʢʦʚʦʾ 

ʻʤʥʦʩʪʽ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʩʠʯʝʥʥʷʤ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ 

ʘʢʪʠʚʥʠʭ ʚʪʨʘʪ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ, ʘ ʦʪʞʝ, ʽ ʧʘʜʽʥʥʷʤ ʂʂɼ. 

ʅʘ ʨʠʩ. 3.37 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 33,0 ʆʤ. 

 

ʈʠʩ. 3.37 ɿʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ, 53 ɺ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, 

ʢʦʣʠ ʧʨʠʻʜʥʫʻʪʴʩʷ ʧʽʜʤʘʛʥʽʯʫʚʘʣʴʥʘ ʻʤʥʽʩʪʴ 30 ʤʢʌ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʶ. ɺ ʨʘʟʽ ʧʨʠʻʜʥʘʥʥʷ ʻʤʥʦʩʪʽ ʚʝʣʠʯʠʥʦʶ ʚ 10 ʤʢʌ ʥʘʧʨʫʛʘ ʤʘʻ ʜʝʱʦ 

ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ï 48 ɺ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʟʘʜʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʧʽʜʤʘʛʥʽʯʫʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ 10 ʤʢʌ ʥʝ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ 

ʨʦʟʤʘʛʥʽʯʫʚʘʣʴʥʦʾ ʨʝʘʢʮʽʾ ʷʢʦʨʷ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʧʽʜʤʘʛʥʽʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ 

ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ, ʦʩʢʽʣʴʢʠ ʥʘʜʣʠʰʦʢ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʧʝʨʝʚʘʥʪʘʞʫʻ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʛʝʥʝʨʘʪʦʨ ʟ ʧʦʜʘʣʴʰʠʤ ʧʦʛʽʨʰʝʥʥʷʤ ʚʩʽʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

1. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 

ʛʝʥʝʨʘʪʦʨʦʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʻ ʛʝʥʝʨʘʪʦʨʠ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ ʽʟ ʟʙʫʜʞʝʥʥʷʤ ʚʽʜ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʜʘʥʠʡ ʪʠʧ ʛʝʥʝʨʘʪʦʨʽʚ ʤʘʶʪʴ ʙʽʣɹh ʫ ʧʠʪʦʤʫ ʧʦʪʫʞʥʽʩʪʴ, ʥʽʞ 

ʪʨʘʜʠʮʽʡʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʛʝʥʝʨʘʪʦʨʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘ ʧʦʪʫʞʥʦʩʪʽ ʜʦ 5-7 ʢɺʪ. ʂʨʽʤ 

ʪʦʛʦ, ʪʦʨʮʝʚʽ ʛʝʥʝʨʘʪʦʨʠ ʤʦʞʣʠʚʦ ʚʠʛʦʪʦʚʠʪʠ ʙʘʛʘʪʦʧʦʣʶʩʥʠʤʠ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʙʫʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʠʭ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʯʠʩʣʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʜʚʦʩʪʦʨʦʥʥʶ ʘʢʪʠʚʥʫ ʟʦʥʫ ʩʪʘʪʦʨʘ ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ.  

3. ʇʨʠ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʚʽʪʨʫ (3-5 ʤ/ʩ) ʥʘʧʨʫʛʘ ʛʝʥʝʨʘʪʦʨʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʥʘ ʨʽʚʥʽ å5-10 ɺ, ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʪʦʨʘ ʪʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ (6-7 ʤ/ʩ) 

ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʩʪʘʥʦʚʠʪʴ å5 ɺ ʽ ʜʦʩʷʛʘʻ ʩʚʦʛʦ 

ʤʘʢʩʠʤʫʤʫ ʫ 18 ɺ ʪʘ 26 ɺ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ɽʈʉ ʦʙʝʨʪʘʥʥʷ, ʟ ʧʦʜʘʣʴʰʠʤ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʜʦ 6 ɺ ʪʘ 16 

ɺ ʚʽʜʧʦʚʽʜʥʦ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʚʪʨʘʪ ʚ ʨʦʪʦʨʽ ʚʽʪʨʦʘʛʨʝʛʘʪʫ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʽʤʽʪʘʮʽʡʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ 

ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʥʘ ʨʦʪʦʨʽ ʪʘ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ, ʱʦ ʧʨʘʮʶʻ ʫ ʩʢʣʘʜʽ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢʠ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. 

5. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʦʩʦʙʽʚ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʛʝʥʝʨʘʪʦʨʘ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. ʇʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ 

ʜʦ ʟʘʪʠʩʢʘʯʽʚ ʛʝʥʝʨʘʪʦʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ å5-

10%. ɺʦʜʥʦʯʘʩ, ʥʘʧʨʫʛʘ ʥʘ ʟʘʪʠʩʢʘʯʘʭ, ʧʨʠ ʮʴʦʤʫ, ʟʤʝʥʰʫʻʪʴʩʷ ʚ 1,8 ʨʘʟʠ, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʧʘʜʽʥʥʷʤ ʥʘʧʨʫʛʠ ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʦʧʦʨʘʭ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʨʦʩʪʦʤ ʘʢʪʠʚʥʦʾ 

ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʤʫ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ å2,2 ʨʘʟʠ. 
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6. ɹʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʧʽʜʤʘʛʥʽʯʫʶʯʦʾ ʦʙʤʦʪʢʠ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʇʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ ʦʙʤʦʪʢʫ ʟʙʫʜʞʝʥʥʷ Uf=8 ɺ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠʨʽʩʪ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ å30-40% ʥʽʞ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ. 

7. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʪʨʦʚʦʾ ʪʫʨʙʽʥʠ ʪʘ 

ʛʝʥʝʨʘʪʦʨʘ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʫ ʤʦʜʝʣʴ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ. 

8. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʻʤʥʦʩʪʽ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʜʣʷ ʚʧʣʠʚʫ ʥʘ ʝʬʝʢʪʠʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʪʨʦʚʦʛʦ 

ʧʦʪʦʢʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʻʤʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʚʝʣʠʯʠʥʠ ʚʟʘʻʤʦʽʥʜʫʢʮʽʾ, ʭʘʨʘʢʪʝʨʫ ʪʘ ʚʝʣʠʯʠʥʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ ʚʽʜ 

4,3 ï 32,1 ʤʢʌ ʜʣʷ ʯʠʩʪʦ ʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʧʦʪʫʞʥʦʩʪʽ 0 ï 87 

ɺʪ. 

9. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʚ ʩʠʩʪʝʤʽ MATLAB-Simulink 

ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʨʦʮʝʩʫ 

ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ 

ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʘʛʨʝʛʘʪʫ ʪʘ ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. 

ɼʣ̫ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 4 ʤ/ʩ ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ ʻʤʥʦʩʪʽ 10ʤʢʌ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʙʦʪʘ 

ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʻʤʥʽʩʪʶ 30 ʤʢʌ ʪʘ 100 

ʤʢʌ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʻʤʥʦʩʪʽ 30 ʤʢʌ ʽ 100 ʤʢʌ, ʚ ʨʘʟʽ ʧʨʠʻʜʥʘʥʥʷ ʻʤʥʦʩʪʽ 10 ʤʢʌ 

ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 4 ʤ/ʩ ʛʝʥʝʨʘʪʦʨ ʧʨʘʮʶʻ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. 
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ʈʆɿɼɯʃ 4  

 ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɻɽʅɽʈɸʊʆʈɸ ɿ 

ɼɺʆʉʊʆʈʆʅʅɯʄ ʈʆɿʊɸʐʋɺɸʅʅʗʄ ʄɸɻʅɯʊɯɺ ʈʆʊʆʈɸ 

ɹɽɿʄʋʃʔʊʀʇʃɯʂɸʎɯʁʅʆɰ ɺɯʊʈʆɽʃɽʂʊʈʆʋʉʊɸʅʆɺʂʀ 

 

4.1 ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʦʟʨʦʙʢʘ ʩʪʝʥʜʫ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʛʝʥʝʨʘʪʦʨʘ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ  

 

ʄʝʪʦʶ ʨʦʟʨʦʙʢʠ ʩʪʝʥʜʫ ʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ 

ʦʪʨʠʤʘʥʽ ʧʨʠ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʪʘ ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ ʽʟ ʟʙʫʜʞʝʥʥʷʤ ʚʽʜ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʪʘ ʜʦʜʘʪʢʦʚʦʶ 

ʦʙʤʦʪʢʦʶ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʦʩʥʦʚʥʽ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ 

ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʪʦʨʘ: ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ; ʨʦʙʦʯʠʡ ʩʪʨʫʤ ʷʢʦʨʷ; ʚʠʭʽʜʥʘ 

ʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ, ʨʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ, 

ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʷʢʦʛʦ ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 4.1. 

 

ʈʠʩ. 4.1 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ 
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ɼʦ ʩʢʣʘʜʫ ʩʪʝʥʜʫ ʚʭʦʜʠʪʴ: ʧʨʠʚʽʜʥʠʡ ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽʟ ʥʝʟʘʣʝʞʥʠʤ 

ʟʙʫʜʞʝʥʥʷʤ; ʮʠʬʨʦʚʠʡ ʚʠʤʽʨʶʚʘʯ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ; 

ʪʨʠʬʘʟʥʠʡ ʪʦʨʮʝʚʠʡ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʡ ʛʝʥʝʨʘʪʦʨ; ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ʱʦ 

ʟʜʽʡʩʥʶʶʪʴ ʢʦʥʪʨʦʣʴ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʝʥʝʨʘʪʦʨʘ, ʧʨʠʚʽʜʥʦʛʦ ʜʚʠʛʫʥʘ, 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ, ʱʦ ʧʽʜʤʘʛʥʽʯʫʻ; ʪʨʠʬʘʟʥʦʛʦ ʤʦʩʪʦʚʦʛʦ 

ʚʠʧʨʷʤʣʷʯʘ; ʥʘʚʘʥʪʘʞʝʥʥʷ; ʢʦʤʧʣʝʢʪʫ ʻʤʥʦʩʪ,̔ ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ 

ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ; ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʦʤ ʟʙʫʜʞʝʥʥʷ ʧʨʠʚʽʜʥʦʛʦ ʜʚʠʛʫʥʘ ʪʘ 

ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ, ʱʦ ʧʽʜʤʘʛʥʽʯʫʻ. 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.2. 

 

 

ʈʠʩ. 4.2 ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ: 

1 ï ʪʦʨʮʝʚʠʡ ʛʝʥʝʨʘʪʦʨ; 2 ï ʧʨʠʚʽʜʥʠʡ ʜʚʠʛʫʥ; 3 ïʨʝʦʩʪʘʪ ʨʝʛʫʣʶʚʘʥʥʷ 

ʟʙʫʜʞʝʥʥʷ; 4 ï ʢʦʤʧʣʝʢʪ ʽʟ ʚʠʧʨʷʤʣʷʯʘʤʠ ʪʘ ʬʽʣʴʪʨʘʤʠ; 5 ï ʢʦʤʧʣʝʢʪ ʧʨʠʣʘʜʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʢʦʣʽ ʧʨʠʚʽʜʥʦʛʦ ʜʚʠʛʫʥʘ; 6 ï ʢʦʤʧʣʝʢʪ ʧʨʠʣʘʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʦʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ; 7 ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʦʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ; 8 ï ʚʠʤʽʨʶʚʘʯ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʪʦʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

 

ʗʢ ʚʠʧʨʷʤʣʷʯʽ ʚʠʢʦʨʠʩʪʘʥʽ ʤʦʩʪʠ ʃʘʨʽʦʥʦʚʘ ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʧʨʠʻʜʥʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʦʨʠʛʫʚʘʥʥʷ ʪʘ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʟʦʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʦʶ ʥʘ ʷʢʽʨʥʽʡ ʦʙʤʦʪʮʽ 

ʧʨʠʚʽʜʥʦʛʦ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʩʪʨʫʤʫ ʡʦʛʦ ʟʙʫʜʞʝʥʥʷ. ʗʢ ʚʠʤʽʨʶʚʘʯ 
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ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ 

ʜʘʪʯʠʢʘ ʍʦʣʣʘ. ʆʩʢʽʣʴʢʠ ʥʦʤʽʥʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʟʥʘʯʥʦ ʥʠʞʯʘ 

ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʧʨʠʚʽʜʥʦʛʦ ʜʚʠʛʫʥʘ, ʧʝʨʝʜʘʯʘ ʟʫʩʠʣʣʷ ʚʽʜ 

ʧʨʠʚʽʜʥʦʛʦ ʜʚʠʛʫʥʘ ʜʦ ʛʝʥʝʨʘʪʦʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʘʩʦʚʦʾ ʧʝʨʝʜʘʯʽ ʪʘ 

ʩʠʩʪʝʤʠ ʰʢʽʚʽʚ ʽʟ ʧʝʨʝʜʘʚʘʣʴʥʠʤ ʯʠʩʣʦʤ 1:5. 

 

4.2  ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟ 

ʻʤʥʽʩʪʥʦʶ ʢʦʨʝʢʮʽʻʶ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ 

 

4.2.1 ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʻʤʥʽʩʥʦʾ ʢʦʨʝʢʮʽʾ ʧʦʪʫʞʥʦʩʪʽ 

ʛʝʥʝʨʘʪʦʨʘ 

 

4.2.1.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʨʮʝʚʦʛʦ 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʚ ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ 

 

ʈʝʞʠʤ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʫ ʩʢʣʘʜʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ 

ʩʠʩʪʝʤʠ. 

ɼʦʩʣʽʜʞʫʚʘʣʦʩʴ ʪʨʠ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ: 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ; 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʩʪʦʨʦʥʥʴʦʾ ʻʤʥʦʩʪʽ; 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʜʦʜʘʪʢʦʚʦʶ 

ʦʙʤʦʪʢʦʶ (ʧʨʠ ʧʦʜʘʯʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ). 

ʅʘ ʨʠʩ. 4.3 ʥʘʚʝʜʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʛʝʥʝʨʘʪʦʨʘ. 
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ʈʠʩ. 4.3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʛʝʥʝʨʘʪʦʨʘ 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʥʝʨʘʪʦʨʘ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ ʤʘʻ ʥʘʡʥʠʞʯʽ 

ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛʠ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ 

ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʣʽʥʽʡʥʦ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ɽʈʉ 

ʦʙʝʨʪʘʥʥʷ, ʱʦ ʥʘʚʦʜʠʪʴʩʷ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʝʣʠʯʠʥʠ 

ʻʤʥʦʩʪʽ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ, ʥʘʧʨʫʛʘ ʧʦʯʠʥʘʻ ʟʨʦʩʪʘʪʠ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ. ʆʜʥʘʢ, ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ 

ʚʝʣʠʯʠʥʠ ʪʘʢʦʾ ʻʤʥʦʩʪʽ (ʧʨʠ ʉ>100ʤʢʌ) ʥʘʧʨʫʛʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʝʟʥʘʯʥʦ, ʱʦ 

ʧʦ̫ʩʥʶʻʪʴʩʷ ʥʘʩʠʯʝʥʥʷʤ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ, ʟʙʽʣʴʰʝʥʥʷʤ ʨʝʘʢʪʠʚʥʦʛʦ ʩʪʨʫʤʫ ʚ 

ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʪʘ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʘʢʪʠʚʥʦʤʫ ʪʘ ʽʥʜʫʢʪʠʚʥʦʤʫ ʦʧʦʨʘʭ. 

ʇʨʠ ʧʦʜʘʯʽ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʜʦʜʘʪʢʦʚʫ ʦʙʤʦʪʢʫ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛʠ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʧʽʜʩʠʣʝʥʥʷʤ 

ʦʩʥʦʚʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʛʝʥʝʨʘʪʦʨʘ. ɼʘʥʠʡ ʜʦʩʣʽʜ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʚʠʤʢʥʝʥʽʡ 

ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ. 

ɺʽʜʥʦʩʥʘ ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛʠ ʚ ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 

4.4. 
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ʈʠʩ. 4.4 ɺʽʜʥʦʩʥʘ ʚʝʣʠʯʠʥʘ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʟʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ 

 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ (ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ ʯʠ 

ʧʨʠʻʜʥʘʥʥʷʤ ʻʤʥʦʩʪʽ) ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʨʽʩʪ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜ ʥʘʡʤʝʥʰʠʭ 2% (ʧʨʠ ʰʚʠʜʢʦʩʪʽ 200 ʦʙ/ʭʚ ʪʘ ʜʦʜʘʪʢʦʚʦʾ 

ʻʤʥʦʩʪʽ ʉ=30ʤʢʌ) ʜʦ 47 % (ʧʨʠ ʰʚʠʜʢʦʩʪʽ 780 ʦʙ/ʭʚ ʪʘ ʧʦʜʘʯʽ ʩʪʨʫʤʫ ʥʘ ʜʦʜʘʪʢʦʚʫ 

ʦʙʤʦʪʢʫ ɯʢ=1ɸ). ʂʦʞʝʥ ʽʟ ʨʦʟʛʣʷʥʫʪʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʫʻ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ɽʈʉ, ʱʦ 

ʥʘʚʦʜʠʪʴʩʷ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ.  

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ 

ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ, ʻ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʾ 

ʦʙʤʦʪʢʠ. ʇʨʠ ʮʴʦʤʫ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 26% (ʧʨʠ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ 200 ʦʙ/ʭʚ) ʜʦ 47 % (ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 780 ʦʙ/ʭʚ). ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʪʠʤ, ʱʦ ʩʪʨʫʤ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʧʽʜʩʠʣʶʻ ʦʩʥʦʚʥʠʡ ʤʘʛʥʽʪʥʠʡ 

ʧʦʪʽʢ ʽ ʥʝ ʚʠʢʣʠʢʘʻ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʥʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʽ ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʚʪʨʘʪ 

(ʥʘ ʘʢʪʠʚʥʠʭ ʪʘ ʨʝʘʢʪʠʚʥʠʭ ʦʧʦʨʘʭ). 

ʇʨʠ ʧʨʠʻʜʥʘʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʜʦ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ ʪʘ 

ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʚʠʥʠʢʘʻ ʨʝʘʢʪʠʚʥʠʡ ʩʪʨʫʤ, ʱʦ ʧʨʦʪʽʢʘʻ 

ʦʙʤʦʪʢʦʶ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ (ʨʠʩ. 4.5). 
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ʈʠʩ. 4.5 ɿʘʣʝʞʥʽʩʪʴ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʻʤʥʦʩʪʽ ʧʨʠ 

ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ 

 

ʍʘʨʘʢʪʝʨ ʚʽʜʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 4.5 ʬʫʥʢʮʽʡ ʥʦʩʠʪʴ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʫ 

ʟʘʣʝʞʥʽʩʪʴ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʚʝʣʠʯʠʥʠ 

ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ, ʤʘʛʥʽʪʥʘ ʩʠʩʪʝʤʘ ʛʝʥʝʨʘʪʦʨʘ ʧʝʨʝʭʦʜʠʪʴ ʚ ʨʝʞʠʤ ʥʘʩʠʯʝʥʥʷ, 

ʧʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ "ʟʣʘʤ" ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ n=780 ʦʙ/ʭʚ. ɿʘ ʧʦʩʪʽʡʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʝʘʢʪʠʚʥʠʡ ʩʪʨʫʤ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʟʙ̔ ʣʴʰʫʻʪʴʩʷ ʪʠʤ ʙʽʣʴʰʝ, 

ʯʠʤ ʙʽʣʴʰʝ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʪʘ ʚʝʣʠʯʠʥʘ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ. ɿʙʽʣʴʰʝʥʥʷ 

ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʚ ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʟ ʨʦʩʪʦʤ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ 

ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʧʦʷʩʥʶʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʻʤʥʽʩʥʦʛʦ ʦʧʦʨʫ (ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʧʨʦʮʝʩʽʚ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ), ʧʦʚʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʨʦʩʪʫ 

ʩʪʨʫʤʫ ʷʢʦʨʷ ʧʨʠ ʧʝʚʥʽʡ ʥʘʧʨʫʟʽ.  

ʇʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʩʪʦʨʦʥʥʴʦʶ ʻʤʥʽʩʪʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ 

ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ ʮʠʬʨʦʚʠʤ ʚʠʤʽʨʶʚʘʣʴʥʠʤ 

ʧʨʠʣʘʜʦʤ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 4.6). 
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ʈʠʩ. 4.6 ʇʦʪʫʞʥʽʩʪʴ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ 

ʩʪʦʨʦʥʥʴʦʶ ʻʤʥʽʩʪʶ 

 

ɿʘ ʨʠʩ. 4.6 ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ: ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʦʨʦʥʥʴʦ ʾʻʤʥʦʩʪ̔ ʜʽʡʩʥʦ ʟʙʽʣʴʰʫʻ ʚʝʣʠʯʠʥʫ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʫ ʩʢʣʘʜʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʪʘ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʚʝʣʠʯʠʥʦʶ 

ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ; ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʩʪʦʨʦʥʥʴʦʶ ʻʤʥʽʩʪʶ ʫ ʩʢʣʘʜʽ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʩʪʚʦʨʶʻ ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʘʣʫ ʚʽʪʨʦʪʫʨʙʽʥʠ ʥʘʚʽʪʴ ʚ ʨʝʞʠʤʽ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ.  

ʇʨʠ ʟʙʣ̔ʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʚʝʣʠʯʠʥʠ ʩʪʦʨʦʥʥʴʦʾ ʻʤʥʦʩʪʽ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɿʘ 

ʦʜʥʘʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʻʤʥʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, ʉ=100ʤʢʌ) ʚʝʣʠʯʠʥʘ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘ 15,7 ɺʪ (ʜʣʷ ʰʚʠʜʢʦʩʪʝʡ 650 ʦʙ/ʭʚ ʪʘ 780 ʦʙ/ʭʚ), ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʨʦʩʪʦʤ ʥʘʧʨʫʛʠ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʻʤʥʦʩʪʽ.  

ʅʘ ʨʠʩ. 4.7 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʩʪʦʨʦʥʥʴʦ ʾ ʻʤʥʦʩʪ̔ ʨʽʟʥʦʾ ʚʝʣʠʯʠʥʠ ʪʘ ʧʨʠ ʨʽʟʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʛʝʥʝʨʘʪʦʨʘ. 
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ʈʠʩ. 4.7 ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʚʝʣʠʯʠʥʠ ʜʦʜʘʪʢʦʚʦʾ 

ʻʤʥʦʩʪʽ 

 

ɿ ʨʠʩ. 4.7 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʙʣ̔ʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʪʘ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʝʣʠʯʠʥʠ ʻʤʥʦʩʪʽ ʟʨʦʩʪʘʻ ʚʝʣʠʯʠʥʘ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʦʙʤʦʪʮʽ 

ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʧʽʜʩʠʣʝʥʥʷʤ ʦʩʥʦʚʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʟʘ 

ʨʘʭʫʥʦʢ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ɽʈʉ 

ʦʙʝʨʪʘʥʥʷ. 

ʅʘ ʨʠʩ. 4.8 ʥʘʚʝʜʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʧʦʜʘʯʽ 

ʥʘʧʨʫʛʠ ʥʘ ʦʙʤʦʪʢʫ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʟʘ ʨʽʟʥʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ: 200 ʦʙ/ʭʚ, 350 

ʦʙ/ʭʚ, 550 ʦʙ/ʭʚ, 650 ʦʙ/ʭʚ, 780 ʦʙ/ʭʚ.  

 

ʈʠʩ. 4.8 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʜʦʜʘʪʢʦʚʦʶ 
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ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ɽʈʉ ʦʙʝʨʪʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ 

ʽ ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʧʦʜʘʯʽ ʩʪʨʫʤʫ ʥʘ ʜʦʜʘʪʢʦʚʫ ʦʙʤʦʪʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʩʠʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 650 ʦʙ/ʭʚ ʽ ʩʢʣʘʜʘʻ 15,3 ɺ. ʇʨʠ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ 200 ʦʙ/ʭʚ ʪʘ ʧʨʠ ʩʪʨʫʤʽ ʚ ʦʙʤʦʪʮʽ ɯʂ=0 ɸ 

ʥʘʧʨʫʛʘ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʩʪʘʥʦʚʠʪʴ 10,8 ɺ, ʦʜʥʘʢ ʧʨʠ ʧʦʜʘʯʽ ʩʪʨʫʤʫ ʥʘ 

ʦʙʤʦʪʢʫ ɯʂ=1 ɸ ʥʘʧʨʫʛʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 1,8 ɺ ʘʙʦ ʥʘ 17%.  

ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʫ ʩʢʣʘʜʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʙʤʦʢʪʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ï ʚʽʜʩʫʪʥʽʩʪʴ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ. 

 

4.2.1.2 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʨʦʙʦʪʽ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʨʦʚʝʜʝʥʽ 

ʧʨʠ ʨʦʙʦʪʽ ʡʦʛʦ ʥʘ ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʩʢʣʘʣʦ 0,2ɸ; 0,5ɸ ʪʘ 1ɸ ʥʘ 

ʢʦʞʥʫ ʬʘʟʫ ʪʨʠʬʘʟʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ.  

ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʩʪʦʨʦʥʥʴʦʶ 

ʻʤʥʽʩʪʶ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʪʘ ʟʘ ʧʦʩʪʽʡʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.9. 
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ʈʠʩ. 4.9 ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

 

ɿ ʨʠʩ. 4.9 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʝʣʠʯʠʥʘ ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʟʨʦʩʪʘʻ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ 

ʩʪʦʨʦʥʥʴʦʶ ʻʤʥʽʩʪʶ ʥʘʧʨʫʛʘ ʪʘʢʦʞ ʟʨʦʩʪʘʻ ʪʠʤ ʙʽʣʴʰʝ ʯʠʤ ʙʽʣʴʰʝ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʻʤʥʦʩʪʽ >100ʤʢʌ ʥʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʜʘʣʴʰʠʤ 

ʨʦʩʪʦʤ ʚʝʣʠʯʠʥʠ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʨʦʩʪʦʤ ʘʢʪʠʚʥʠʭ ʚʪʨʘʪ ʚ 

ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʥʘʩʠʯʝʥʥʷʤ ʤʘʛʥʽʪʥʦʛʦ ʦʩʝʨʜʷ. ʇʨʠ ʥʦʤʽʥʘʣʴʥʽʡ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʻʤʥʦʩʪʽ ʉ=100ʤʢʌ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 6,5 ɺʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʩʪʫ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 47%.  

ɿʙʽʣʴʰʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʦʷʩʥʶʻʪʴʩʷ 

ʧʽʜʩʠʣʝʥʥʷʤ ʦʩʥʦʚʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʟʘ ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ ʻʤʥʦʩʪʽ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʩʪʫ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ. ɿʤʽʥʘ ʥʘʧʨʫʛʠ ʧʨʠ 

ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʩʪʦʨʦʥʥʴʦʶ ʻʤʥʽʩʪʶ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.10. 

0

5

10

15

20

25

0 200 400 600 800

ʈ
1
,
ɺ
ʪ

n, ʦʙ/ʭʚ

I=0,2 A

C=0

C=100

C=140



119 
 

 

ʈʠʩ. 4.10 ɺʧʣʠʚ ʚʝʣʠʯʠʥʠ ʩʪʦʨʦʥʥʴʦʾ ʻʤʥʦʩʪʽ ʥʘ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ  

 

ɿ ʨʠʩ. 4.10 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʚʠʭʽʜʥʘ 

ʥʘʧʨʫʛʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʩʪʦʨʦʥʥʴʦʶ ʻʤʥʽʩʪʶ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʥʠʟʴʢʦʶ ʚʝʣʠʯʠʥʦʶ ʧʦʪʫʞʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ, ʧʨʠ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ ʩʪʨʫʤʫ ʦʙʤʦʪʢʠ ʷʢʦʨʷ 

ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʦ 350ʦʙ/ʭʚ ʪʘ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ 

ʛʝʥʝʨʘʪʦʨʘ  ʉ=100ʤʢʌ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʥʘ 

3,8%. ʇʨʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 750 ʦʙ/ʭʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠʨʽʩʪ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 

ʛʝʥʝʨʘʪʦʨʘ ʥʘ 26%.  

ʇʨʠ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ (Ò200 ʦʙ/ʭʚ) ʦʙʝʨʪʘʥʥʷ ʧʦʪʫʞʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ,  ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʩʪʨʫʤʫ ʚ 

ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʨʦʪʦʨʘ 

ʚʽʪʨʦʪʫʨʙʽʥʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩʪʦʪʘ ʩʪʨʫʤʫ ʦʙʤʦʪʢʠ ʷʢʦʨʷ, ʘ ʦʪʞʝ ʽ ʚʝʣʠʯʠʥʘ 

ʨʝʘʢʪʠʚʥʦʛʦ ʩʪʨʫʤʫ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʩʪʨʫʤʫ ʚ 

ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʻʤʥʽʩʪʶ ʉ=100ʤʢʌ ʥʘ 40%, 277%, 390%, 496% 

ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 350 ʦʙ/ʭʚ, 550 ʦʙ/ʭʚ, 650 ʦʙ/ʭʚ ʪʘ 750 ʦʙ/ʭʚ 

ʚʽʜʧʦʚʽʜʥʦ. ʇʽʜʚʠʱʝʥʥʷ ʩʪʨʫʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʦʩʪʽʡʥʦʾ ʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʩʪʘʥʦʚʠʪʴ 0,2 ɸ ʧʨʠ ʧʦʯʘʪʢʫ ʜʦʩʣʽʜʫ. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ 

ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ, ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ 

ʥʝ ʧʝʨʝʚʠʱʫʻ ʥʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ.  
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ʅʘ ʨʠʩ. 4.11 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ 

ʧʨʠʻʜʥʘʥʥʽ ʜʦ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʻʤʥʦʩʪʽ ʉ=30ʤʢʌ, 100ʤʢʌ ʪʘ 140ʤʢʌ ʪʘ ʧʦʩʪʽʡʥʦʤʫ 

ʘʢʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 0,2 ɸ. 

 

 

ʈʠʩ 4.11 ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ 

ʩʪʦʨʦʥʥɹ ʦʾ ʻʤʥʦʩʪʽ 

 

ɿʛʽʜʥʦ ʟ ʨʠʩ. 4.11, ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ Ò200 ʦʙ/ʭʚ. ʇʨʘʢʪʠʯʥʦ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʥʝʟʥʘʯʥʠʤ ʨʦʩʪʦʤ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ 

ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ Ó350 ʦʙ/ʭʚ, ʛʣʠʙʠʥʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʥʦʚʠʪʴ: 9% ʧʨʠ 350 ʦʙ/ʭʚ; 35% ʧʨʠ 550 ʦʙ/ʭʚ; 

41,4% ʧʨʠ 650 ʦʙ/ʭʚ; 46,9% ʧʨʠ 750 ʦʙ/ʭʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʷʩʥʶʶʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʤʫ ʚ 

ʦʙʤʦʪʮʽ ʷʢʦʨʷ. ɿʙʽʣʴʰʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʨʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

ʨʦʪʦʨʘ ʩʧʽʚʧʘʜʘʻ ʽʟ ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʻʶ ʝʣʝʢʪʨʦʤʘʰʠʥ. 

ɸʥʘʣʦʛʽʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʟʘ ʧʦʩʪʽʡʥʦʛʦ ʘʢʪʠʚʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ 0,5 ɸ ʪʘ ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʉ=30ʤʢʌ, 

100ʤʢʌ ʪʘ 140ʤʢʌ. 

ʅʘ ʨʠʩ. 4.12 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʚʝʣʠʯʠʥʠ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ.  
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ʈʠʩ. 4.12 ɿʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʨʠʻʜʥʘʥʦʾ ʻʤʥʦʩʪʽ ʟʘ 

ɯ=0,5 ɸ 

 

ɿ ʨʠʩ. 4.12 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʪʘ ʚʝʣʠʯʠʥʠ 

ʧʨʠʻʜʥʘʥʦʾ ʻʤʥʦʩʪʽ ʥʘʧʨʫʛʘ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʟʨʦʩʪʘʻ. ɿʘ ʉ>100ʤʢʌ ʥʘʧʨʫʛʘ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʥʫʪʨʽʰʥʽʭ 

ʘʢʪʠʚʥʠʭ ʪʘ ʽʥʜʫʢʪʠʚʥʠʭ ʦʧʦʨʘʭ ʛʝʥʝʨʘʪʦʨʘ. ɺʽʜʥʦʩʥʝ ʟʨʦʩʪʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ 

ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʧʨʠʻʜʥʘʥʦʶ ʻʤʥʽʩʪʶ ʜʣʷ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ 200 ʦʙ/ʭʚ, 350 ʦʙ/ʭʚ, 550 ʦʙ/ʭʚ, 650 ʦʙ/ʭʚ, 750 ʦʙ/ʭʚ ʩʢʣʘʜʘʻ: 1%, 2,2%, 

8%, 11,6% ʪʘ 15,4% ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘ ʨʠʩ. 4.13 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ 

ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʧʨʠʻʜʥʘʥʦʶ ʻʤʥʦʩʪʽ ʟʘ ʨʽʟʥʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ: 200 ʦʙ/ʭʚ, 350 

ʦʙ/ʭʚ, 550 ʦʙ/ʭʚ, 650 ʦʙ/ʭʚ ʪʘ 750 ʦʙ/ʭʚ. 

 

 

ʈʠʩ. 4.13 ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʨʠʻʜʥʘʥʦʾ ʻʤʥʦʩʪʽ  
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ɿ ʨʠʩ. 4.13 ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ Ó350 ʦʙ/ʭʚ, ʘʥʘʣʦʛʽʯʥʦ ʽʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ɯ=0,2 ɸ, ʛʣʠʙʠʥʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʥʽʠ ʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ɯ=0,5 ɸ ʩʪʘʥʦʚʠʪʴ: 4,2% ʧʨʠ 350 

ʦʙ/ʭʚ; 18,6% ʧʨʠ 550 ʦʙ/ʭʚ; 28,2% ʧʨʠ 650 ʦʙ/ʭʚ; 33,96% ʧʨʠ 750 ʦʙ/ʭʚ. ʆʪʨʠʤʘʥʽ 

ʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʨʝʛʫʣʶʚʘʥʥʷ ʤʝʥʰʽ ʟʥʘʯʝʥʴ, ʥʽʞ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ɯ=0,2 ɸ, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʚʪʨʘʪ. 

ʅʘ ʨʠʩ. 4.14 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʚʝʣʠʯʠʥʠ ʜʦʜʘʪʢʦʚʦʾ ʧʨʠʻʜʥʘʥʦʾ ʻʤʥʦʩʪʽ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʘʢʪʠʚʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʛʝʥʝʨʘʪʦʨʘ ɯ=0,8 ɸ. 

 

ʈʠʩ. 4.14 ɿʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʨʠʻʜʥʘʥʦʾ ʻʤʥʦʩʪʽ ʧʨʠ 

ɯ=0,8 ɸ 

 

ɯʟ ʨʠʩ. 4.14 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʪʘ ʚʝʣʠʯʠʥʠ 

ʧʨʠʻʜʥʘʥʦʾ ʻʤʥʦʩʪʽ ʥʘʧʨʫʛʘ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʟʨʦʩʪʘʻ. ʇʨʠʨʽʩʪ ʥʘʧʨʫʛʠ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʧʦʩʪʽʡʥʦʛʦ ʟʘ ʚʝʣʠʯʠʥʦʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʠʤʠ ʘʢʪʠʚʥʠʤʠ ʚʪʨʘʪʘʤʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʜʽʾ ʨʝʘʢʮʽʾ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ ̫ʢʦʨʷ. 

ɺʽʜʥʦʩʥʝ ʟʨʦʩʪʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ 

ʧʨʠʻʜʥʘʥʦʾ ʻʤʥʽʩʪʶ ʉ=100ʤʢʌ ʜʣʷ ʰʚʠʜʢʦʩʪʝʡ ʦʙʝʨʪʘʥʥʷ 350 ʦʙ/ʭʚ, 550 ʦʙ/ʭʚ, 650 

ʦʙ/ʭʚ, 750 ʦʙ/ʭʚ ʩʢʣʘʜʘʻ: 2,7%, 3,3%, 5,6% ʪʘ 8,7% ʚʽʜʧʦʚʽʜʥʦ. 

0

5

10

15

20

25

30

0 50 100 150

U
, 
V

C, ʤʢʌ

n=350, I=0,8 A

n=550, I=0,8 A

n=650, I=0,8 A

n=750, I=0,8 A



123 
 

ɺ̔ ʜʥʦʩʥʝ ʟʨʦʩʪʘʥʥʷ ʩʪʨʫʤʫ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ 

ʧʨʠʻʜʥʘʥʦʾ ʻʤʥʽʩʪʶ ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 350ʦʙ/ʭʚ, 550ʦʙ/ʭʚ, 650ʦʙ/ʭʚ, 750ʦʙ/ʭʚ 

ʩʢʣʘʜʘʻ: 7,9%, 15%, 19,3% ʪʘ 32,9% ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʦʩʪʽʡʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʧʨʠʻʜʥʘʥʦʶ ʻʤʥʽʩʪʶ 

ʩʪʨʫʤ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʟʨʦʩʪʘʻ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ.  

ʅʘ ʨʠʩ. 4.15 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ 

ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʽ ʧʨʠʻʜʥʘʥʦʶ ʻʤʥʽʩʪʶ ʟʘ ʨʽʟʥʦʶ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ: 350 ʦʙ/ʭʚ, 550 

ʦʙ/ʭʚ, 650 ʦʙ/ʭʚ ʪʘ 750 ʦʙ/ʭʚ. ɼʦʩʣʽʜ ʚʠʢʦʥʫʚʘʚʩʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʛʝʥʝʨʘʪʦʨʘ ɯ=0,8 ɸ. 

 

ʈʠʩ. 4.15 ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʨʠʻʜʥʘʥʦʾ ʻʤʥʦʩʪʽ  

 

ɿ ʨʠʩ. 4.15 ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ Ó350 ʦʙ/ʭʚ, ʘʥʘʣʦʛʽʯʥʦ ʽʟ ʧʦʧʝʨʝʜʥʽʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʛʣʠʙʠʥʘ 

ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʽ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ɯ=0,8 ɸ ʩʪʘʥʦʚʠʪʴ: 

1,4% ʧʨʠ 350 ʦʙ/ʭʚ; 12,5% ʧʨʠ 550 ʦʙ/ʭʚ; 15,3% ʧʨʠ 650 ʦʙ/ʭʚ; 22,12% ʧʨʠ 750 

ʦʙ/ʭʚ. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʨʝʛʫʣʶʚʘʥʥʷ ʤʝʥʰʽ ʟʥʘʯʝʥʴ, ʥʽʞ ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ɯ=0,5 ɸ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʘʢʪʠʚʥʠʭ ʚʪʨʘʪ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ 

ʛʝʥʝʨʘʪʦʨʘ. 
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ɺ ʪʘʙʣ. 4.1 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʛʣʠʙʠʥʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʽʟʥʦʾ ʚʝʣʠʯʠʥʠ ʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʛʝʥʝʨʘʪʦʨʘ ɯ=0,2 ɸ; 0,5 ɸ; 0,8 ɸ. 

ʊʘʙʣʠʮʷ 4.1 

ʇʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʨʽʟʥʦʾ 

ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɻʣʠʙʠʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, % 

ʅʘʚʘʥʪʘʞʝʥʥʷ, 

ɸ 
350 ʦʙ/ʭʚ 550 ʦʙ/ʭʚ 650 ʦʙ/ʭʚ 750 ʦʙ/ʭʚ 

0,2 9,1 35,1 41,4 47 

0,5 4,2 18,6 28,2 33,9 

0,8 1,4 12,5 15,3 22,1 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʧʨʠʻʜʥʘʥʦʾ ʻʤʥʦʩʪʽ ʷʢ ʨʝʛʫʣʷʪʦʨʘ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʤʘʥʝʚʨʫʚʘʥʥʷ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. ʆʜʥʘʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʨʠʻʜʥʘʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ 

ʟʙʽʣʴʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʪʦʨ ʚʽʪʨʦʪʫʨʙʽʥʠ, ʟʙʽʣʴʰʫʻ ʚʪʨʘʪʠ ʚ ʛʝʥʝʨʘʪʦʨʽ, 

ʟʤʝʥʰʫʻ ʡʦʛʦ ʟʘʛʘʣʴʥʠʡ ʂʂɼ ʪʘ ʜʦʟʚʦʣʷʻ ʩʪʫʧʽʥʯʘʩʪʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

 

4.3 ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟ 

ʢʦʨʝʢʮʽʻʶ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ 

 

4.3.1 ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʨʝʢʮʽʾ ʧʦʪʫʞʥʦʩʪʽ 

ʛʝʥʝʨʘʪʦʨʘ ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ 

 

ʇʨʦʛʨʘʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦʜʘʪʢʦʚʦʾ 

ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʝ: 
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- ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥ ̫ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʘʢʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʪʘ ʟʘ ʨʽʟʥʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʧʨʠ 

ʧʽʜʪʨʠʤʮʽ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ 14,4 ɺ. 

ʅʘ ʨʠʩ. 4.19 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʘʢʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʪʘ ʨʽʟʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ.  

 

 

ʈʠʩ. 4.16 ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʫ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.16, 

ʧʽʜʪʨʠʤʫʚʘʣʘʩʴ ʧʦʩʪʽʡʥʘ ʚʝʣʠʯʠʥʘ ʩʪʨʫʤʫ ʚ ʜʦʜʘʪʢʦʚʽʡ ʦʙʤʦʪʮʽ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ 1 

ɸ. ʇʨʠ ʮʴʦʤʫ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʛʝʥʝʨʘʪʦʨʘ ʟʤʽʥʶʚʘʣʘʩʴ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ʉʪʨʫʤ ʚ 

ʦʙʤʦʪʮʽ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʫ ʄʈʉ, ʱʦ ʥʘʧʨʘʚʣʝʥʘ ʫʟʛʦʜʞʝʥʦ ʽʟ 

ʦʩʥʦʚʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ, ʧʽʜʩʠʣʶʻ ʡʦʛʦ ʽ ʟʙʽʣʴʰʫʻ ʚʝʣʠʯʠʥʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʜʫʢʦʚʘʥʦʾ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ɽʈʉ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ. ɿʘ 

ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʚʜʘʻʪʴʩʷ ʧʽʜʚʠʱʠʪʠ ʚʽʜʜʘʯʫ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ: 

44%, 35,5%, 18,07%, 21,6% ʧʨʠ ʰʚʠʜʢʦʩʪʽ   ʦʙʝʨʪʘʥʥʷ 200 ʦʙ/ʭʚ, 350 ʦʙ/ʭʚ, 550 

ʦʙ/ʭʚ ʪʘ 650 ʦʙ/ʭʚ ʚʽʜʧʦʚʽʜʥʦ. 
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ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʧʦʪʫʞʥʦʩʪʽ, 

ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ, ʘ ʦʪʞʝ ʽ ʚʪʨʘʪ ʚ ʦʙʤʦʪʮʽ. ʊʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʧʣʠʚ ʨʝʘʢʮʽʾ 

ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ ʷʢʦʨʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʛʣʠʙʠʥʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ. 

ɿʘ ʧʽʜʪʨʠʤʢʠ ʧʦʩʪʽʡʥʦʾ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ, 

ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʞʠʚʣʝʥʥʽ ʩʧʦʞʠʚʘʯʽʚ, ʜʣʷ ʷʢʠʭ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, 

ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʩʪʨʫʤʫ ʢʝʨʫʚʘʥʥʷ ʤʘʻ ʚʠʛʣʷʜ, ʷʢ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 4.17. 

 

 

ʈʠʩ. 4.17 ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʩʪʨʫʤʫ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ  

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.18, 

ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʪʨʴʦʭ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ 

ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ʟʤʽʥʶʚʘʣʘʩʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ U1=const.  
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ʈʠʩ. 4.18 ɻʣʠʙʠʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ U1=const 

 

ɿ ʨʠʩ. 4.18 ʚʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʧʨʠ U1=const. ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ n=350 ʦʙ/ʭʚ ʽ ʩʢʣʘʜʘʻ 55,1 % ʪʘ 

ʧʨʠ ʩʪʨʫʤʽ ʢʝʨʫʚʘʥʥʷ ɯʂ=1ɸ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʛʝʥʝʨʘʪʦʨʘ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚʪʨʘʪʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ, 

ʤʝʭʘʥʽʯʥʽ ʚʪʨʘʪʠ ʪʘ ʚʪʨʘʪʠ ʚ ʦʙʤʦʪʮʽ ʷʢʦʨʷ. ʊʦʤʫ ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ ʦʙʝʨʪʘʥʥʷ 550 

ʦʙ/ʭʚ ʪʘ 650 ʦʙ/ʭʚ ʛʣʠʙʠʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʩʢʣʘʜʘʻ 22% ʪʘ 21,4% ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʩʪʨʫʤʽ 

ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ɯʂ=1ɸ. 

ʇʨʠ ʧʽʜʪʨʠʤʮʽ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ U1=const ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʚʜʘʻʪʴʩʷ 

ʟʙʽʣʴʰʠʪʠ ʚʝʣʠʯʠʥʫ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ ʚʽʜ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ (ʥʘ ʨʠʩ. 

4.19). 
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ʈʠʩ. 4.19 ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʦʙʝʨʪʽʚ ʨʦʪʦʨʘ ʧʨʠ U1=const 

 

ʇʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʩʪʨʫʤʫ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʟʘ ʫʤʦʚʠ U1=14,4ɺ=const 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʥʘ 30 % ʧʨʠ 200 ʦʙ/ʭʚ, 

12,5% ʧʨʠ 350 ʦʙ/ʭʚ, 9,7% ʧʨʠ 550 ʦʙ/ʭʚ ʪʘ 17,6% ʧʨʠ 650 ʦʙ/ʭʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʽʪʨʦʘʛʨʝʛʘʪ-ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ 

ʥʽʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʽʚ. 

 

4.3.2 ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʨʝʢʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ 

 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʛʦʪʦʚʣʝʥʦʛʦ 

ʧʨʦʪʦʪʠʧʫ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ. 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʦʜʠʪʴʩʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.2. 
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ʊʘʙʣʠʮʷ 4.2 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʪʦʨʘ 

 ̄ ʇʘʨʘʤʝʪʨ ɺʝʣʠʯʠʥʘ ʆʜʠʥʠʮʽ ʚʠʤʽʨʫ 

1 ʇʦʚʥʘ ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪ ɹ 50,0 ɺĀɸ 

2 ʅʦʤʽʥʘʣʴʥʘ ʬʘʟʥʘ ʥʘʧʨʫʛʘ ʛʝʥʝʨʘʪʦʨʘ 24,0 ɺ 

3 ʏʠʩʣʦ ʬʘʟ 3  ï  

4 ʉʠʥʭʨʦʥʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 750,0 ʦʙ/ʭʚ 

5 ʂʽʣʴʢʽʩʪʴ ʧʘʨ ʧʦʣʶʩʽʚ 4 ï 

6 ʇʦʩʪʽʡʥʽ ʤʘʛʥʽʪʠ 

NdFeB N38H: 

Br=1,21ʊʣ, 

ʅc=939 ʢɸ 

ï 

7 ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ 0,9 ï 

8 
ɺʝʣʠʯʠʥʘ ʦʩʴʦʚʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʨʦʤʽʞʢʫ 
0,5 ʤʤ 

9 ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʂʂɼ 82 % 

10 
ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʚ 

ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʤʽʞʢʫ 
0,21 ʊʣ 

11 
ɸʢʪʠʚʥʠʡ ʬʘʟʥʠʡ ʦʧʽʨ ʦʙʤʦʪʢʠ ʷʢʦʨʷ 

ʛʝʥʝʨʘʪʦʨʘ 
8,8 ʆʤ 

12 
ɯʥʜʫʢʪʠʚʥʽʩʪʴ ʬʘʟʠ ʦʙʤʦʪʢʠ ʷʢʦʨʷ 

ʛʝʥʝʨʘʪʦʨʘ 
0,022 ɻʥ 

 

ɺ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʠʨʽʩʪ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ ʜʦʜʘʪʢʦʚʦʾ 

ʻʤʥʦʩʪʽ ʜʦ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ ʚʝʣʠʯʠʥʦʶ ʉ=100ʤʢʌ ʪʘ ʧʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ 

ʥʘ ʜʦʜʘʪʢʦʚʫ ʦʙʤʦʪʢʫ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʝʜʝʥʽ ʧʦʨʽʚʥʷʣʴʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʙʦʪʘ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʥʘʧʨʫʛʠ å14,4 ɺ (ʱʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ 

ʟʘʨʷʜʞʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʥʦ ʾʙʘʪʘʨʝ)ʾ ʪʘ ʧʨʠ ʦʜʥʦʤʫ ʟʥʘʯʝʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ. 



130 
 

ʅʘ ʨʠʩ. 4.23 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ ʜʦ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ 

ʉ=100ʤʢʌ. 

 

 

ʈʠʩ. 4.20 ʟʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ 

ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʉ=100ʤʢʌ 

 

ɿ ʨʠʩ. 4.20 ʚʠʜʥʦ, ʱʦ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 8-10%, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʘʜʝʢʚʘʪʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʢʨʠʚʘ ʥʝ 

ʤʘʻ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʧʦʪʫʞʥʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 12 ʤ/ʩ, ʦʩʢʽʣʴʢʠ 

ʜʣʷ ʩʠʤʫʣʷʮʽʾ ʨʦʪʦʨʘ ʫʩʪʘʥʦʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʠʚʽʜʥʠʡ ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʟ ʥʝʟʘʣʝʞʥʠʤ ʟʙʫʜʞʝʥʥʷʤ. 

ʅʘ ʨʠʩ. 4.21 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʧʨʠ 

ʧʦʜʘʯʽ ʧʦʩʪʽʡʥʦʾ ʟʘ ʚʝʣʠʯʠʥʦʶ ʥʘʧʨʫʛʠ ʥʘ ʜʦʜʘʪʢʦʚʫ ʦʙʤʦʪʢʫ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ. 
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ʈʠʩ. 4.21 ʟʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʧʨʠ ʧʦʜʘʯʽ 

ʥʘʧʨʫʛʠ ʥʘ ʜʦʜʘʪʢʦʚʫ ʦʙʤʦʪʢʫ 

 

ɯʟ ʨʠʩ. 4.21 ʚʠʜʥʦ, ʱʦ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 7-10%, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʘʜʝʢʚʘʪʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʟʘ ʘʥʘʣʽʟʦʤ ʛʣʠʙʠʥʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ. 

ɿʘʣʝʞʥʽʩʪʴ ʧʨʠʨʦʩʪʫ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 4.22. 

 

 

ʈʠʩ. 4.22 ɻʣʠʙʠʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ ʜʦʜʘʪʢʦʚʫ 

ʦʙʤʦʪʢʫ ʪʘ ʧʨʠʻʜʥʘʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ 
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ɿ ʨʠʩ. 4.22 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʪʘ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʧʘʨʘʤʝʪʨʽʚ  ʛʣʠʙʠʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʦʩʷʛʘʻ 40-45 %.  ɿʘ 

ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʚʠʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʥʘ 10-15% ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦʜʘʪʢʦʚʦʾ 

ʻʤʥʦʩʪʽ ʪʘ 17-25% ʧʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ ʜʦʜʘʪʢʦʚʫ ʦʙʤʦʪʢʫ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʫ ʩʢʣʘʜʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. ʈʦʟʙʽʞʥʽʩʪʴ 

ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʷʩʥʶʻʪʴʩʷ ʧʦʭʠʙʢʘʤʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ʥʝ ʩʪʘʙʽʣʴʥʽʩʪʶ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ 

ʧʨʠʚʽʜʥʦʛʦ ʜʚʠʛʫʥʘ ʪʘ ʚʪʨʘʪʘʤʠ ʫ ʧʘʩʦʚʽʡ ʧʝʨʝʜʘʯʽ ʩʠʩʪʝʤʠ ʧʨʠʚʽʜʥʦʛʦ ʜʚʠʛʫʥʘ ʪʘ 

ʛʝʥʝʨʘʪʦʨʘ. 

ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʽʟʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʪʘ 

ʧʦʩʪʽʡʥʽʡ ʥʘʧʨʫʟʽ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.23. ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʽ 

ʩʪʨʫʤ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʢʪʠ ʨʝʛʫʣʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʦʩʪʽʡʥʫ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʥʘʧʨʫʛʫ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ. 

 

 

ʈʠʩ. 4.23 ʟʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ  

 

ɿʘ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʪʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʥʘ å10-20%. ʈʦʟʙʽʞʥʽʩʪʴ 

ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʞ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

0

5

10

15

20

25

30

35

4 6 8 10 12

˾
Σ
 
ˤ
ͭ

v, ͣ κͫ

U=const

ͣͦ͒Φ

͔ͫͨ͟Φ



133 
 

ʤʝʞʘʭ 7-10%. ʇʦʪʫʞʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʪʨʫʤʫ ʢʝʨʫʚʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʩʪʘʥʦʚʠʪʴ ʜʦ 15% ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʛʝʥʝʨʘʪʦʨʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʢʦʨʝʣʶʶʪʴʩʷ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʦʙʨʘʥʦʛʦ ʧʨʦʬʽʣʶ, ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʟʜʽʣʽ 2 ʜʘʥʦʾ ʨʦʙʦʪʠ (ʨʠʩ. 2.4, 2.5 

ʪʘ 2.6). ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʝʣʠʯʠʥʘ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʨʠʩ. 2.6) ʜʣʷ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 5 ʤ/ʩ ʩʢʣʘʜʘʻ å10-38%, ʘ ʜʣʷ ʰʚʠʜʣʢʦʩʪʽ ʚʽʪʨʫ 6 ʤ/ʩ ï å10-20%. ɺ 

ʪʦʡ ʞʝ ʯʘʩ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ ʧʨʠʨʽʩʪ 

ʧʦʪʫʞʥʦʩʪʽ ʜʦ 18-22% ʧʨʠ ʰʚʠʢʣʦʩʪʽ ʚʽʪʨʫ 5 ʤ/ʩ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4. 

 

1. ʈʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʥʦʤʥʦʛʦ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʫ ʩʢʣʘʜʽ 

ʚʽʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʪʝʥʜʫ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ 

ʤʦʞʣʠʚʦʩʪʽ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ 

ʡʦʛʦ ʨʦʙʦʪʠ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʜʘʥʠʡ ʤʝʪʦʜ ʥʝ ʚʠʢʣʠʢʘʻ ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ ʚ ʨʝʞʠʤʽ ʤʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʻ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

3. ʇʨʠ ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʟʙʽʣʴʰʝʥʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʨʝʛʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʘʜʘʻ, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʚʪʨʘʪ ʚ ʛʝʥʝʨʘʪʦʨʽ. 

4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʚʠʭʽʜʥʫ ʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʥʘ: 44%, 35,5%, 18,07%, 21,6% ʧʨʠ ʰʚʠʜʢʦʩʪʽ   

ʦʙʝʨʪʘʥʥʷ 200 ʦʙ/ʭʚ, 350 ʦʙ/ʭʚ, 550 ʦʙ/ʭʚ ʪʘ 650 ʦʙ/ʭʚ ʚʽʜʧʦʚʽʜʥʦ. ʆʪʨʠʤʘʥʽ 

ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʜʦʩʪʘʪʥʻ ʩʧʽʚʧʘʜʘʥʥʷ ʽʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʤʦʞʣʠʚʦʩʪʽ 

ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʧʨʦʚʝʜʝʥʽ ʚ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʘʥʦʾ ʨʦʙʦʪʠ. 

5. ɸʥʘʣʽʟ ʟʘʩʪʦʩʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʤʦʞʣʠʚʦ ʧʽʜʚʠʱʠʪʠ ʚʠʭʽʜʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʥʘ 10-15% ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʪʘ 17-25% 

ʧʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ ʜʦʜʘʪʢʦʚʫ ʦʙʤʦʪʢʫ. 

6. ɿʘ ʫʤʦʚʠ ʧʽʜʪʨʠʤʢʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ U1=14,4 ɺ ʪʘʢʦʞ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʘ ʥʘ 30 % ʧʨʠ 200 ʦʙ/ʭʚ, 

12,5% ʧʨʠ 350 ʦʙ/ʭʚ, 9,7% ʧʨʠ 550 ʦʙ/ʭʚ ʪʘ 17,6% ʧʨʠ 650 ʦʙ/ʭʚ. 

7. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʻ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʤʝʞʘʭ 7-

10%, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ɺʀʉʅʆɺʂʀ 

 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʘʢʪʫʘʣʴʥʝ ʥʘʫʢʦʚʝ ʟʘʚʜʘʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ ʚ 

ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʤʝʪʦʜʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʦʾ ʘʚʪʦʥʦʤʥʦʾ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʘʥʠʭ ʤʝʪʦʜʽʚ, ʰʣʷʭʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʟʤʽʥʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʥʘʫʢʦʚʽ ʪʘ 

ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʽ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʶʪʴ å20% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʥʘ ʨʠʥʢʫ ʘʛʨʝʛʘʪʽʚ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʪʦʨʥʽ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʠʥʭʨʦʥʥʽ ʛʝʥʝʨʘʪʦʨʠ ʟ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ ʽʟ ʟʙʫʜʞʝʥʥʷʤ ʚʽʜ ʧʦʩʪʽʡʥʠʭ 

ʤʘʛʥʽʪʽʚ (ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ).  

2. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʪʦʨʽʚ 

ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʧʨʦʚʝʜʝʥʠʡ ʜʣʷ ʧʨʦʬʽʣʽʚ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʦʙʝʨʥʝʥʦʾ 

ʷʢʦʩʪʽ ʙʫʣʠ ʧʦʜʽʣʝʥʽ ʥʘ ʜʚʽ ʛʨʫʧʠ: 1 ï ʪʨʘʜʠʮʽʡʥʽ ʧʨʦʬʽʣʽ: ʈ-ɯɯ, ɸ-6, BS-10, BS-10, p-

11-18 ï ʜʘʥʽ ʧʨʦʬʽʣʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʢʦʝʬʽʮʽʻʥʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʨʦʪʦʨʦʤ ʚ ʤʝʞʘʭ ɝ = 0,36é0.4 ʚ ʜʽʘʧʘʟʦʥʽ 

ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ z = 4é5. 2 ï ʧʨʦʬʽʣʽ ʩʝʨʽʾ GA(W)-1 ʪʘ ʣʘʤʽʥʦʚʘʥʽ ʧʨʦʬʽʣʽ FX ï 

ʧʨʦʬʽʣʷʤ ʜʘʥʦʾ ʛʨʫʧʠ ʧʨʠʪʘʤʘʥʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ 

ɝ=0,53é0,57 ʚ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ Z=6é11, ʘ ʧʨʠ Z=5é6 ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ɝ=0,49é0,53. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʝʥʝʨʘʪʦʨʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʪʦʨʠ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʟ ʧʨʦʬʽʣʷʤʠ 

ʣʦʧʘʪʝʡ ʛʨʫʧʠ 1 ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

91,8é93,3 ɺʪ/ʤ2  ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ 

ɝ=0,33é0.44 ʚ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ z=4é5. ʈʦʪʦʨʠ ʟ ʧʨʦʬʽʣʷʤʠ ʛʨʫʧʠ 2 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ  114,3é115,7 

ɺʪ/ʤ2 ʧʨʠ ɝ= 0,54é0,55 ʚ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ z = 6é7. ʇʨʦʚʝʜʝʥʦ ʫʟʛʦʜʞʝʥʥʷ 
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ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʪʦʨʘ ʚʽʪʨʦʪʫʨʙʽʥʠ ʟ ʤʝʭʘʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʤʝʞʽ ʢʦʨʝʢʮʽʾ ʡʦʛʦ ʟʘ ʤʦʤʝʥʪʦʤ 

ʪʘ ʧʦʪʫʞʥʽʩʪʶ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. ʊʘʢ ʜʣʷ ʧʨʦʬʽʣʶ 

ʣʦʧʘʪʽ ʩʝʨʽʾ GA(W) ʚʦʥʘ ʩʢʣʘʜʘʻ ʟʘ ʤʦʤʝʥʪʦʤ 22%, ʘ ʟʘ ʧʦʪʫʞʥʽʩʪʶ 9,5%, (ʟʘ 

ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ 5ʤ/ʩ ʚʽʜʥʦʩʥʦ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʜʽʘʧʘʟʦʥʘ ʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

8ʤ/ʩ). 

3. ʈʦʟʨʦʙʣʝʥʦ ʯʠʩʣʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʜʚʦʩʪʦʨʦʥʥʶ ʘʢʪʠʚʥʫ ʟʦʥʫ ʩʪʘʪʦʨʘ ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʪʦʨʘ 

ʚʽʪʨʦʪʫʨʙʽʥʠ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʽʤʽʪʘʮʽʡʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ 

ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʥʘ ʨʦʪʦʨʽ ʪʘ ʘʢʩʽʘʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ, ʱʦ ʧʨʘʮʶʻ ʫ ʩʢʣʘʜʽ 

ʙʝʟʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢʠ ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. ʇʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʩʪʘʪʠʯʥʦʾ ʻʤʥʦʩʪʽ ʜʦ ʟʘʪʠʩʢʘʯʽʚ 

ʛʝʥʝʨʘʪʦʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ å5-10%. ɹʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ 

ʦʙʤʦʪʢʠ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ 

ʦʙʤʦʪʢʫ ʟʙʫʜʞʝʥʥʷ Uf=8 ɺ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠʨʽʩʪ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ 

å30-40% ʥʽʞ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʻʤʥʦʩʪʽ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʜʣʷ ʚʧʣʠʚʫ ʥʘ ʝʬʝʢʪʠʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʪʨʦʚʦʛʦ 

ʧʦʪʦʢʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʻʤʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʚʝʣʠʯʠʥʠ ʚʟʘʻʤʦʽʥʜʫʢʮʽʾ, ʭʘʨʘʢʪʝʨʫ ʪʘ ʚʝʣʠʯʠʥʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ 

ʚʧʣʠʚʫ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ  ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ, ʥʘ ʚʝʣʠʯʠʥʫ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʚʽʪʨʦʘʛʨʝʛʘʪʫ ʪʘ ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. ɼʣʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 4 ʤ/ʩ ʧʨʠ 

ʧʨʠʻʜʥʘʥʥʽ ʻʤʥʦʩʪʽ 10ʤʢʌ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʙʦʪʘ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʻʤʥʽʩʪʶ 30ʤʢʌ ʪʘ 100ʤʢʌ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʻʤʥʦʩʪʽ 30ʤʢʌ 
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ʽ 100ʤʢʌ, ʚ ʨʘʟʽ ʧʨʠʻʜʥʘʥʥʷ ʻʤʥʦʩʪʽ 10ʤʢʌ ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 4 ʤ/ʩ ʛʝʥʝʨʘʪʦʨ 

ʧʨʘʮʶʻ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. 

5. ʈʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʥʦʤʥʦʛʦ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʫ ʩʢʣʘʜʽ 

ʚʽʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʪʝʥʜʫ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ 

ʤʦʞʣʠʚʦʩʪʽ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʾ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ 

ʡʦʛʦ ʨʦʙʦʪʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʶ ʦʙʤʦʪʢʦʶ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʚʠʭʽʜʥʫ ʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʥʘ: 44%, 35,5%, 18,07%, 21,6% ʧʨʠ 

ʰʚʠʜʢʦʩʪʽ   ʦʙʝʨʪʘʥʥʷ 200 ʦʙ/ʭʚ, 350 ʦʙ/ʭʚ, 550 ʦʙ/ʭʚ ʪʘ 650 ʦʙ/ʭʚ ʚʽʜʧʦʚʽʜʥʦ. ɸʥʘʣʽʟ 

ʟʘʩʪʦʩʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʤʦʞʣʠʚʦ ʧʽʜʚʠʱʠʪʠ ʚʠʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʛʝʥʝʨʘʪʦʨʘ ʥʘ 10-15% ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ ʪʘ 17-25% ʧʨʠ ʧʦʜʘʯʽ 

ʥʘʧʨʫʛʠ ʥʘ ʜʦʜʘʪʢʦʚʫ ʦʙʤʦʪʢʫ. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʻ 

ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʤʝʞʘʭ 7-10%, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʽʤ. ʧʨʦʬ. ɺ.ʄ. ʉʠʥʴʢʦʚʘ ʅʅɯ 

ʝʥʝʨʛʝʪʠʢʠ, ʘʚʪʦʤʘʪʠʢʠ ʽ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʙʽʦʨʝʩʫʨʩʽʚ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʥʘ ʢʘʬʝʜʨʫ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʬʘʢʫʣʴʪʝʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʦʪʝʭʥʽʢʠ  ʪʘ ʘʚʪʦʤʘʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʪʘ ʜʦ  ɯʥʩʪʠʪʫʪʫ ʤʝʭʘʥʽʢʠ ʪʘ ʘʚʪʦʤʘʪʠʢʠ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʅɸɸʅ 

ʋʢʨʘʾʥʠ.  
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1844
7,336

2 314,159 2 4

M
m

M

V
h ʤʤ

S p
= = =

Ö Ö Ö Ö  

ʇʨʠʡʤʘʻʤʦ 8mh =  

ʆʙ'ʻʤ ʤʘʛʥʽʪʽʚ ʜʣʷ ʜʚʦʭ ʧʦʣʦʚʠʥ ʤʘʰʠʥʠ: 

32011159,3148422 ììSphV mmM =ÖÖÖ==

 
ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʤʽʞʦʢ (ʧʨʦʤʽʞʦʢ ʤʽʞ ʧʦʩʪʽʡʥʠʤ ʤʘʛʥʽʪʦʤ ʽ 

ʩʪʦʨʦʥʦʶ ʢʦʪʫʰʢʠ ʩʪʘʪʦʨʘ), ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʪʘʢʠʤ, ʱʦʙ 

ʚʠʢʣʶʯʠʪʠ ʟʘʯʝʧʣʝʥʥʷ ʤʘʛʥʽʪʽʚ ʟ ʢʦʪʫʰʢʘʤʠ ʩʪʘʪʦʨʘ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʤʽʞʦʢ d, ʤʤ 
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0,1 0,02 0,1 0,02 110 20 0,663ʚʰ ʄD L ʤʤd= Ö Ö Ö = Ö Ö Ö = 

ʇʨʠʡʤʘʻʤʦ0,6d=  ʤʤ 

ʅʝʤʘʛʥʽʪʥʠʡ ʧʨʦʤʽʞʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʩʦʪʠ ʢʦʪʫʰʢʠ 
1 dD =, ʤʤ 
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ɼʆɼɸʊʆʂ ɻ 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ 4 ʤ/ʩ, ʉ=0 ʤʌ, Uf=const 

ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʪʫʨʙʽʥʠ, ʚ.ʦ. 0,4 0,6 0,8 1 1,2 

ʉʪʨʫʤ ʛʝʥʝʨʘʪʦʨʘ, ɸ 0,5445 0,69 0,47 0,155 0,1345 

ʅʘʧʨʫʛʘ ʛʝʥʝʨʘʪʦʨʘ, ɺ 21,77 27,6 18,76 6,2 5,38 

ɸʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ , ɺʪ 35,57 57,1 26,4 2,887 2,171 

 

ʅʘ ʨʠʩ. ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ ʜʣʷ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ; ʧʨʠ 

ʧʨʠʻʜʥʘʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ (ʉ); ʧʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ ʜʦʜʘʪʢʦʚʫ 

ʧʽʜʤʘʛʥʽʯʫʚʘʣʴʥʫ ʦʙʤʦʪʢʫ (Uf).  

 

ʈʠʩ.1  ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʨʠ 

Uf=const 

 

ʅʘ ʨʠʩ. ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

ʜʣʷ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ; ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ 

ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ (ʉ); ʧʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ ʜʦʜʘʪʢʦʚʫ ʧʽʜʤʘʛʥʽʯʫʚʘʣʴʥʫ ʦʙʤʦʪʢʫ 

(Uf). 
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ʈʠʩ. 2 ɿʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʨʠ 

Uf=const 

 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚʽʪʨʦʘʛʨʝʛʘʪ-ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ 

ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 5 ʤ/ʩ, ʟʤʽʥʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ, ʧʦʩʪʽʡʥʽʡ ʥʘʧʨʫʟʽ 

ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʪʘ ʉ=0 ʤʌ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 

ʊʘʙʣʠʮʷ  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ 5 ʤ/ʩ, ʉ=0 ʤʌ, Uf=const 

ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʪʫʨʙʽʥʠ, ʚ.ʦ. 0,4 0,6 0,8 1 1,2 

ʉʪʨʫʤ ʛʝʥʝʨʘʪʦʨʘ, ɸ 0,553 1,059 1,057 0,74 0,34 

ʅʘʧʨʫʛʘ ʛʝʥʝʨʘʪʦʨʘ, ɺ 22,11 42,33 42,25 29,55 13,64 

ɸʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ, ɺʪ 36,69 134,4 133,9 65,52 13,95 

 

ʅʘ ʨʠʩ.3 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ ʜʣʷ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ: 

ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ; 

ï ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ (ʉ); 

ï ʧʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ ʜʦʜʘʪʢʦʚʫ ʧʽʜʤʘʛʥʽʯʫʚʘʣʴʥʫ ʦʙʤʦʪʢʫ (Uf).  
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ʈʠʩ. 3 ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʨʠ 

Uf=const 

ʅʘ ʨʠʩ. 4 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʜʣʷ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ; ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ (ʉ); ʧʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ 

ʜʦʜʘʪʢʦʚʫ ʧʽʜʤʘʛʥʽʯʫʚʘʣʴʥʫ ʦʙʤʦʪʢʫ (Uf).  

 

ʈʠʩ.4 ɿʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʨʠ 

Uf=const 
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ɼʆɼɸʊʆʂ ɼ 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ 4 ʤ/ʩ, ʉ=0 ʤʌ, Uf=const 

ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʪʫʨʙʽʥʠ, ʚ.ʦ. 0,4 0,6 0,8 1 

ʉʪʨʫʤ ʛʝʥʝʨʘʪʦʨʘ, ɸ 0,33 0,316 0,26 0,09 

ʅʘʧʨʫʛʘ ʛʝʥʝʨʘʪʦʨʘ, ɺ 67,26 82,41 52,18 18,67 

ɸʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ, ɺʪ 26,88 42,64 20,00 2,34 

ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ, ʦʙ/ʭʚ 204,5 261 176,5 57,08 

 

ʅʘ ʨʠʩ.5 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʜʣʷ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ:  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʟ 

ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ; ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ (mF); ʧʨʠ ʧʦʜʘʯʽ 

ʥʘʧʨʫʛʠ ʥʘ ʜʦʜʘʪʢʦʚʫ ʧʽʜʤʘʛʥʽʯʫʚʘʣʴʥʫ ʦʙʤʦʪʢʫ (Uf). 

 

ʈʠʩ.5  ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʨʠ 

Uf=const 

 

ʅʘ ʨʠʩ. 6 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʜʣʷ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ:  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ; ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ (mF); ʧʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ 

ʜʦʜʘʪʢʦʚʫ ʧʽʜʤʘʛʥʽʯʫʚʘʣʴʥʫ ʦʙʤʦʪʢʫ (Uf). 
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ʈʠʩ. 6 ɿʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʨʠ 

Uf=const 

 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚʽʪʨʦʘʛʨʝʛʘʪ-ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ 

ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 5 ʤ/ʩ, ʟʤʽʥʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ, ʧʦʩʪʽʡʥʽʡ ʥʘʧʨʫʟʽ 

ʜʦʜʘʪʢʦʚʦʾ ʦʙʤʦʪʢʠ ʪʘ ʉ=0 ʤʌ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ 5 ʤ/ʩ, ʉ=0 ʤʌ, Uf=const 

ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʪʫʨʙʽʥʠ, ʚ.ʦ. 0,4 0,6 0,8 1 

ʉʪʨʫʤ ʛʝʥʝʨʘʪʦʨʘ, ɸ 0,322 0,62 0,618 0,36 

ʅʘʧʨʫʛʘ ʛʝʥʝʨʘʪʦʨʘ, ɺ 69,42 129,6 127,5 91 

ɸʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ, ɺʪ 27,77 95,89 95,51 48,77 

ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʛʝʥʝʨʘʪʦʨʘ, ʦʙ/ʭʚ 
207,6 401,4 400,7 279,3 

 

ʅʘ ʨʠʩ.7 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʜʣʷ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ:  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʟ 

ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ; ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ (mF); ʧʨʠ ʧʦʜʘʯʽ 

ʥʘʧʨʫʛʠ ʥʘ ʜʦʜʘʪʢʦʚʫ ʧʽʜʤʘʛʥʽʯʫʚʘʣʴʥʫ ʦʙʤʦʪʢʫ (Uf). 
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ʈʠʩ.7  ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʨʠ 

Uf=const 

 

ʅʘ ʨʠʩ.8 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʜʣʷ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ:  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ; ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ (mF); ʧʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ 

ʜʦʜʘʪʢʦʚʫ ʧʽʜʤʘʛʥʽʯʫʚʘʣʴʥʫ ʦʙʤʦʪʢʫ (Uf). 

 

 

ʈʠʩ.8 ɿʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʨʠ 

Uf=const 
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