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ɹʃɸɻʆɼɸʈʅʆʉʊʔ 

ʇʝʯʘʪʥʳʝ ʩʪʨʘʥʠʮʳ ʵʪʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ 

ʧʨʦʩʪʦ ʨʝʟʫʣʴʪʘʪ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʵʪʠʭ ʩʪʨʘʥʠʮʘʭ ʪʘʢʞʝ 

ʦʪʨʘʞʝʥʳ ʦʪʥʦʰʝʥʠʷ ʩʦ ʤʥʦʛʠʤʠ ʱʝʜʨʳʤʠ ʠ ʚʜʦʭʥʦʚʣʷʶʱʠʤʠ ʣʶʜʴʤʠ, ʢʦʪʦʨʳʭ 

ʷ ʚʩʪʨʝʪʠʣ ʩ ʥʘʯʘʣʘ ʩʚʦʝʡ ʘʩʧʠʨʘʥʪʩʢʦʡ ʨʘʙʦʪʳ. ʉʧʠʩʦʢ ʜʣʠʥʥʳʡ, ʥʦ ʷ ʮʝʥʶ ʚʢʣʘʜ 

ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʚʢʣʘʜ ʚ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʢʘʢ ʫʯʝʥʦʛʦ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ.  

ɺʦ-ʧʝʨʚʳʭ, ʷ ʭʦʪʝʣ ʙʳ ʚʳʨʘʟʠʪʴ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʤʦʝʤʫ ʛʣʘʚʥʦʤʫ 

ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, ʧʨʦʬʝʩʩʦʨʫ ʗʢʠʤʦʚʠʯʫ ɹʦʨʠʩʫ ɸʥʘʪʦʣʴʝʚʠʯʫ, ʟʘ 

ʧʦʜʜʝʨʞʢʫ ʠ ʧʦʦʱʨʝʥʠʝ ʤʦʝʡ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. ɸ ʪʘʢʞʝ ʟʘ ʝʛʦ 

ʪʝʨʧʝʥʠʝ, ʤʦʪʠʚʘʮʠʶ, ʵʥʪʫʟʠʘʟʤ ʠ ʦʛʨʦʤʥʳʝ ʟʥʘʥʠʷ. ɽʛʦ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦʤʦʛʘʣʦ 

ʤʥʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʤʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʘʧʠʩʘʥʠʷ ʵʪʦʡ 

ʜʠʩʩʝʨʪʘʮʠʠ. ʗ ʥʝ ʤʦʛ ʩʝʙʝ ʧʨʝʜʩʪʘʚʠʪʴ ʣʫʯʰʝʛʦ ʢʦʥʩʫʣʴʪʘʥʪʘ ʠ ʥʘʩʪʘʚʥʠʢʘ ʜʣʷ 

ʤʦʝʡ ʢʘʥʜʠʜʘʪʩʢʦʡ ʩʪʝʧʝʥʠ. ɺ ʪʝʯʝʥʠʝ ʜʦʣʛʠʭ ʤʝʩʷʮʝʚ, ʢʦʪʦʨʳʝ ʷ ʧʦʪʨʘʪʠʣ, 

ʨʘʙʦʪʘʷ ʥʘʜ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʝʡ. ʗ ʭʦʪʝʣ ʙʳ ʧʦʙʣʘʛʦʜʘʨʠʪʴ ʚʩʝʭ 

ʩʦʪʨʫʜʥʠʢʦʚ ʢʘʬʝʜʨʳ çʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʢʦʤʧʣʝʢʩʳ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠè, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʯʝʥʴ ʪʝʨʧʝʣʠʚʳ ʠ 

ʩʦʪʨʫʜʥʠʯʘʣʠ ʩʦ ʤʥʦʡ. 

ʆʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʭʦʯʫ ʚʳʨʘʟʠʪʴ ʩʚʦʝʡ ʩʝʤʴʝ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʤʦʠʤ ʤʘʤʝ 

ʠ ʧʘʧʝ ʟʘ ʪʦ, ʯʪʦ ʦʥʠ ʨʦʜʠʣʠ ʤʝʥʷ ʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʤʝʥʷ ʜʫʭʦʚʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʡ ʤʦʝʡ ʞʠʟʥʠ. ʂʨʦʤʝ ʪʦʛʦ, ʷ ʭʦʪʝʣ ʙʳ ʚʳʨʘʟʠʪʴ ʙʦʣʴʰʦʝ ʩʧʘʩʠʙʦ ʤʦʝʡ ʞʝʥʝ ʠ 

ʜʝʪʷʤ ʟʘ ʠʭ ʧʦʤʦʱʴ, ʧʦʜʜʝʨʞʢʫ, ʧʦʦʱʨʝʥʠʝ ʠ ʪʝʨʧʝʥʠʝ ʚ ʛʦʜʳ ʤʦʝʛʦ ʦʙʫʯʝʥʠʷ. 

ʗ ʪʘʢʞʝ ʭʦʪʝʣ ʙʳ ʧʦʙʣʘʛʦʜʘʨʠʪʴ ʚʩʝʭ ʤʦʠʭ ʜʨʫʟʝʡ ʠ ʢʦʣʣʝʛ ʟʘ ʧʦʜʜʝʨʞʢʫ ʤʝʥʷ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʅʦ ʧʨʝʞʜʝ ʚʩʝʛʦ, ʷ ʙʣʘʛʦʜʘʨʶ ʠ ʩʣʘʚʣʶ ɹʦʛʘ ʟʘ ʪʦ, ʯʪʦ ʦʥ ʙʣʘʛʦʩʣʦʚʠʣ ʤʝʥʷ 

ʚʳʧʦʣʥʝʥʠʝ ʤʦʝʡ ʜʠʩʩʝʨʪʘʮʠʷ. 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ɹʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʩʦʣʥʝʯʥʦʡ (ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ) 

ʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʜʝʣʘʣʦ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʨʘʟʚʠʪʠʝʤ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʚʝʪʨʦʚʳʝ ʠ ʛʠʙʨʠʜʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚʥʝʩʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ ʚ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ, ʛʜʝ ʪʨʝʪʴ ʥʘʩʝʣʝʥʠʷ ʤʠʨʘ ʞʠʚʝʪ ʙʝʟ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. 

ʄʥʦʛʠʝ ʧʳʪʘʶʪʩʷ ʨʘʩʰʠʨʠʪʴ ʩʚʦʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʩʧʨʦʩ ʥʘ 

ʵʣʝʢʪʨʠʬʠʢʘʮʠʶ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʦʚ. ʆʜʥʘʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ 

ʠʟ ʛʦʨʦʜʦʚ ʚ ʦʪʜʘʣʝʥʥʳʝ ʩʝʣʘ ʨʝʜʢʦ ʙʳʚʘʝʪ ʜʦʩʪʫʧʥʦʡ ʨʦʩʢʦʰʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʧʨʦʠʟʚʦʜʷʪ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ, ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʩʢʨʦʤʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʜʝʨʝʚʝʥʴ. ʅʝʦʙʭʦʜʠʤʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

ʆʜʥʦʡ ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʤʦʜʫʣʝʡ ʠʟ-

ʟʘ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʨʘʜʠʘʮʠʦʥʥʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʠ ʠʟʤʝʥʝʥʠʡ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. ɺʘʞʥʦʩʪʴ ʵʪʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ 

ʠ ʚʳʙʦʨʘ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʠ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʠʙʨʠʜʥʦʡ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

ʊʘʢʞʝ ʚʘʞʥʦʩʪʴ ʵʪʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʩʥʠʞʝʥʠʷ ʜʝʬʠʮʠʪʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʀʨʘʢʝ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʦʙʲʝʤ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 10-15 %. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʘʥʘ ʚʘʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʳʭ 
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ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʝʜʣʦʞʝʥʘ ʛʠʙʨʠʜʥʘʷ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʦʤʧʘʥʠʷʤ ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ ʚ ʧʨʦʝʢʪʳ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʛʠʙʨʠʜʥʳʭ 

ʚʝʪʨʦ-ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ ʚ ʧʨʦʚʠʥʮʠʠ ʅʘʜʞʘʬ ʚ ʀʨʘʢʝ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʙʦʪʘʭ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ: 

ʌʨʝʜʝ ɹʣʘʘʙʴʝʨʛ (ʆʣʴʙʦʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʘʥʠʷ), ɻ. ʉʤʘʡʩʠʤ (ʋʥʠʚʝʨʩʠʪʝʪ 

ʂʫʬʳ, ʀʨʘʢ) ʠ ʊ. ʍʘʪʠʙʘ (ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ɸʥ-ʅʘʜʞʘ, ʇʘʣʝʩʪʠʥʘ). 

ʈʘʙʦʪʘ ʘʚʪʦʥʦʤʥʳʭ ʛʠʙʨʠʜʥʳʭ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʫʜʘʣʝʥʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʪʘʢʠʤʠ ʘʚʪʦʨʘʤʠ, ʢʘʢ ɼʞ. ʇ. ʈʘʡʭʣʠʥʛ (ʋʥʠʚʝʨʩʠʪʝʪ ʄʠʥʥʝʩʦʪʳ, ʉʐɸ), ɼʞʦʥ 

ʂʘʣʜʝʣʣʠʩ (ʋʥʠʚʝʨʩʠʪʝʪ ɿʘʧʘʜʥʦʡ ɸʪʪʠʢʠ, ɻʨʝʮʠʷ). ʄʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʱʠʝ 

ʤʝʪʦʜ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʘʚʪʦʨʘʤʠ ʇ. 

ʃʶʪʘʥʘʢʫʣ (ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʉʝʚʝʨʥʦʛʦ ɹʘʥʛʢʦʢʘ, ʊʘʠʣʘʥʜ) ʠ ʇ. ʃ. 

ʏʵʧʤʝʥ (ʋʥʠʚʝʨʩʠʪʝʪ ʀʣʣʠʥʦʡʩʘ ʋʨʙʘʥʘ-ʐʘʤʧʝʡʥ, ʉʐɸ) 

ʈʘʙʦʪʳ ʧʦ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʥʦʤʥʳʤʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʪʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʨʦʩʩʠʡʩʢʠʤʠ ʫʯʝʥʳʤʠ: ʄ. ʉ. 

ɸʥʜʨʝʝʚʳʤ, ɺ.ɺ. ɽʣʠʩʪʨʘʪʦʚʳʤ, ɸ. ʂ. ʉʫʭʝʥʢʦ, ɽ. ʖ. ʊʠʤʯʝʥʢʦ, ɸ. ɺ. 

ɹʦʨʠʩʝʚʠʯʝʤ, ʃ.ʖ. ʖʬʝʨʝʚʳʤ, ʊ.ʅ. ɿʘʡʯʝʥʢʦ, ɺ. ʀ. ɺʝʣʴʢʠʥʳʤ, ʕ. ɸ. ɹʝʢʠʨʦʚʳʤ, 

ɹ. ɸ. ʗʢʠʤʦʚʠʯʝʤ, ʇ. ʅ. ʂʫʟʥʝʮʦʚʳʤ, ɺ. ɺ. ʂʫʚʰʠʥʦʚʳʤ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʳʭ ʚʝʪʨʦ-

ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ  ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ: ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ; 

ʚʦʟʤʫʱʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ. 
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ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ, ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ 

ʛʠʙʨʠʜʥʳʭ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ . 

2. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʪʙʦʨʘ ʪʦʯʝʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠ ̫ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʙʘʪʘʨʝʷʤʠ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥ r. 

4. ɺʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʛʠʙʨʠʜʥʦʡ 

ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

5. ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʨʘʙʦʪʝ ʛʠʙʨʠʜʥʦʡ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʛʦʨʦʜʝ ʅʘʜʞʘʬ ʚ 

ʨʝʩʧʫʙʣʠʢʝ ʀʨʘʢ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʩʝʨʠʡʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʠ ʚʝʪʨʦʚʳʭ ʪʫʨʙʠʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʀʨʘʢ 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʣʛʦʨʠʪʤʳ ʠ ʤʦʜʝʣʠ ʛʠʙʨʠʜʥʳʭ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

ʅʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʨʘʙʦʪʳ: 

1. ʇʨʝʜʣʦʞʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʛʠʙʨʠʜʥʦʡ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

2. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʦʪʙʦʨʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʨʝʤʷ 

ʫʩʪʘʥʦʚʢʠ ʥʘ 2 ʩʝʢʫʥʜʳ ʚ ʪʦʯʢʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʪʦʢʘ 
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ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʥʘ 4,3%. 

3. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʦʪʙʦʨʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʥʘ 8%, ʧʦʟʚʦʣʷʶʱʠʡ ʩʥʠʟʠʪʴ ʚʨʝʤʷ 

ʫʩʪʘʥʦʚʢʠ ʚ ʪʦʯʢʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʚʦʛʦ 

ʧʦʪʦʢʘ. 

4. ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʤʦʜʝʣ ɹ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʛʠʙʨʠʜʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʛʝʥʝʨʘʮʠʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ 12% 

ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʚʦʟʤʫʱʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚʥʝʜʨʝʥʳ ʚ ʈʝʩʧʫʙʣʠʢʝ ʀʨʘʢ ʠ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʣʦʱʘʜʢʝ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʧʦʣʠʛʦʥʘ ʚ ʀʥʩʪʠʪʫʪʝ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʉʝʚɻʋ, ʚ ʚʠʜʝ 

ʛʠʙʨʠʜʥʳʡ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʳʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʠʝʡ ʯʪʦ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩ ̫ ʤʝʪʦʜ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʠ ʂʇɼ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʷʭ ʩʠʣʳ ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʦʱʥʦʩʪʠ, ʪʝʦʨʠʷ 

ʧʦʜʦʙʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʢʣʘʜʥʳʭ 

ʧʨʦʛʨʘʤʤ Matlab, HOMER.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʣʩʷ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʝʡ, ʦʙʦʩʥʦʚʘʥʠʷʭ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʘʩʧʝʢʪʦʚ ʠ 

ʫʩʣʦʚʠʡ, ʦʙʲʷʩʥʷʶʱʠʭ ʧʦʪʝʥʮʠʘʣ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʀʕ ʜʣʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʈʘʟʨʘʙʦʪʢʘ 
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ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʙʨʠʜʥʦʡ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Matlab, ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ. 

  ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʠʥʩʦʣʷʮʠʠ, 

ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ, ʘʪʤʦʩʬʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʜʨʫʛʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ. 

2. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʦʪʙʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʧʨʠ 

ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʤʩʷ ʫʨʦʚʥʝ ʩʦʣʥʝʯʥʦʡ ʠʥʩʦʣʷʮʠʠ.  

3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʞʠʤʘʤʠ ʦʪʙʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. 

4. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʛʠʙʨʠʜʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʛʝʥʝʨʘʮʠʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʪʦʯʝʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʱʝʧʨʠʥʷʪʳʭ ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʪʝʭʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʚʳʚʦʜʦʚ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʦʩʥʦʚʘʥʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʦʤ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʦʢʘʟʘʥʥʳʭ ʠ ʢʦʨʨʝʢʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚʳʚʦʜʘʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢ, ʢʦʪʦʨʳʝ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. 



12 
 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ.  ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

«ʕʢʦʣʦʛʠʯʝʩʢʘʷ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʠ  ɻʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ» 23 ï 26 ʩʝʥʪʷʙʨʷ 

2019 ʛʦʜʘ, ʉʝʚɻʋ- ʛ. ʉʝʚʘʩʪʦʧʦʣʴ; ʅʘ ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 12 

ʤʦʣʦʜʝʞʥʦʡ ʰʢʦʣʳ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ (24ï25 ʥʦʷʙʨʷ 2020) ʄɻʋ ʀʤʝʥʠ 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ - ʛ. ʄʦʩʢʚʘ; ʅʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  çɸʢʪʫʘʣʴʥʳʝ 

ʇʨʦʙʣʝʤʳ ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ» 17 ʜʝʢʘʙʨʷ 2021 ʛʦʜʘ, ʅɻʊʋ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ - ʛ. 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ;  ʅʘ ʚʪʦʨʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʅʘʫʯʥʘʷ ʠʥʠʮʠʘʪʠʚʘ ʠʥʦʩʪʨʘʥʥʳʭ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ» 26ï28 ʘʧʨʝʣʷ 2022 

ʛʦʜʘ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʊʇʋ - ʛ. ʊʦʤʩʢ; ʥʘʫʯʥʳʭ 

ʩʝʤʠʥʘʨʘʭ ʢʘʬʝʜʨʳ ɺʀʕʕʉʠʉ ʉʝʚɻʫ 2018-2023 ʛʦʜr. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ 42 

ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ, ʠʟ ʥʠʭ 24 ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ɺɸʂ ʈʌ ʠ ɸʪʪʝʩʪʘʮʠʦʥʥʳʤ ʩʦʚʝʪʦʤ ʋʨʌʋ, ʚ ʪʦʤ ʯʠʩʣʝ 14 ʩʪʘʪʝʡ ʚ 

ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ Scopus ʠ WoS, ʘ ʪʘʢʞʝ 18 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʠ ʩʪʘʪʝʡ ʚ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʈʀʅʎ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʠʟ 192 ʩʪʨʘʥʠʮ 

ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ, 109 ʨʠʩʫʥʢʦʚ ʠ 23 ʪʘʙʣʠʮ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʩʦʜʝʨʞʠʪ 

111 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠʩʪʦʯʥʠʢʦʚ. 
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ɻʃɸɺɸ 1. ɸʅɸʃʀɿ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɺ ʄʀʈʆɺʆʁ ʕʅɽʈɻɽʊʀʂɽ 

ʂʆʄɹʀʅʀʈʆɺɸʅʅʓʍ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʋʉʊɸʅʆɺʆʂ ʅɸ ʆʉʅʆɺɽ 

ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ ɺʀɼʆɺ ʕʅɽʈɻʀʀ 

1.1 . ʆʙʟʦʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ 

ʉʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʥʘʟʳʚʘʝʪʩʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʠʣʠ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʦʡ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ 

ʢʦʥʮʝʧʮʠʝʡ, ʩʢʦʨʝʝ ʦʥʘ ʧʦʣʫʯʘʝʪ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ 

ʜʝʩʷʪʠʣʝʪʠʡ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʗʥ ʍ. [1]. ʆʥ ʨʝʢʦʤʝʥʜʦʚʘʣ 

ʦʧʪʠʤʘʣʴʥʫʶ ʤʦʜʝʣʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʦʣʥʝʯʥʦ-ʚʝʪʨʦʚʦʡ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʙʘʪʘʨʝʠ ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩʠʩʪʝʤʳ ʚ 

ʂʠʪʘʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʭʦʨʦʰʠʝ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ, ʠ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʛʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ 

ʩʧʦʩʦʙʥʘ ʨʘʙʦʪʘʪʴ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʩʣʫʯʘʷʤʠ ʯʨʝʟʤʝʨʥʦʛʦ ʨʘʟʨʷʜʘ ʙʘʪʘʨʝʠ. ʐʘʢʴʷ ɹɼ. [2] ʠʟʫʯʠʣ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʘʚʪʦʥʦʤʥʦʡ ʛʠʙʨʠʜʥʦʡ ʚʝʪʨʦ-ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ 

ʭʨʘʥʠʣʠʱʝ ʩʞʘʪʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ɸʚʩʪʨʘʣʠʠ. ʆʥ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ, ʝʩʣʠ 

ʧʨʦʠʟʦʡʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʮʝʥ ʥʘ ɻʣʝʤʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʜʩʠʩʪʝʤʦʡ 

ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʟʘʪʨʘʪʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʙʫʜʫʪ ʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʳʤʠ ʜʣʷ ʘʚʪʦʥʦʤʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʕʢʨʝʥ ʆ. [3] ʧʦʢʘʟʘʣ ʦʧʪʠʤʘʣʴʥʫʶ 

ʧʨʦʮʝʜʫʨʫ ʦʧʪʠʤʠʟʘʮʠʠ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʚʝʪʨʦ-ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʚ ʊʫʨʮʠʠ, ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʟʘ ʦʥ ʨʘʩʩʯʠʪʘʣ ʟʘʪʨʘʪʳ ʥʘ ʫʩʪʘʥʦʚʢʫ ʛʠʙʨʠʜʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. 

ʕʣʴ-ʐʘʪʪʝʨ ʊʌ. [4] ʠʩʧʦʣʴʟʦʚʘʣ ʥʝʯʝʪʢʦʝ ʣʦʛʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʢʘʢ ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʪʘʢ ʠ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʚ 
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ʛʠʙʨʠʜʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ-ʚʝʪʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʧʣʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʈʘʡʭʣʠʥʛ ɼʞ.ʇ. [5] ʩʤʦʜʝʣʠʨʦʚʘʣ ʛʠʙʨʠʜʥʫʶ ʚʝʪʨʦ-

ʩʦʣʥʝʯʥʫʶ ʵʣʝʢʪʨʦʩʪʘʥʮʠʶ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʄʠʥʥʝʩʦʪʝ ʚ ʪʝʯʝʥʠʝ 2-ʣʝʪʥʝʛʦ 

ʧʝʨʠʦʜʘ, ʠʩʧʦʣʴʟʫʷ ʧʦʯʘʩʦʚʳʝ ʜʘʥʥʳʝ ʦ ʚʝʪʨʝ ʠ ʩʦʣʥʝʯʥʦʤ ʠʟʣʫʯʝʥʠʠ. ʆʥ ʧʨʠʰʝʣ 

ʢ ʚʳʚʦʜʫ, ʯʪʦ ʪʘʢʦʡ ʘʥʘʣʠʟ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʟʘʪʨʘʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʝʟʝʨʚʥʳʤʠ 

ʛʝʥʝʨʠʨʫʶʱʠʤʠ ʤʦʱʥʦʩʪʷʤʠ ʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʠʩʢʦʧʘʝʤʦʝ ʪʦʧʣʠʚʦ ʠ ʝʛʦ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʧʦʤʦʞʝʪ ʫʩʪʘʥʦʚʠʪʴ ʦʙʱʫʶ ʧʦʣʴʟʫ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʠʙʨʠʜʥʳʭ ʩʦʣʥʝʯʥʦ-ʚʝʪʨʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

ʏʪʦʙʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʤʦʛʣʘ ʧʨʦʠʟʚʦʜʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʫʶ ʤʦʱʥʦʩʪʴ, ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ɻʠʤʘʟʦʚ ʈ. ʋ. [6] ʠ ʊʘʨʦʣʘ ɼ. ʀ. [7] 

ʧʨʝʜʣʦʞʠʣʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʤʝʪʦʜ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʤʝʪʦʜ 

ʚʦʟʤʫʱʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ. ɺ ʩʪʘʪʴʷʭ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ ʙʳʣʘ ʦʧʠʩʘʥʘ ʨʝʘʣʠʟʘʮʠʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (ʊʄʄ) ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

ɹʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʦʪʩʣʝʞʠʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ ʘʣʛʦʨʠʪʤ ʚʦʟʤʫʱʝʥʠʷ ʠ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʘʣʛʦʨʠʪʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʦʯʢʠ ʤʦʱʥʦʩʪʠ (ʊʄʄ). 

ʄʝʪʦʜ ʊʄʄ ʙʳʣ ʠʩʧʳʪʘʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠʥʩʦʣʷʮʠʠ ʠ ʥʘʛʨʫʟʢʠ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʚʦʟʤʫʱʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʫ 

ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʚʨʝʤʷ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʦʯʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ɼʨʫʛʠʝ ʩʪʨʘʪʝʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʪ ʤʝʪʦʜ 

ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʪʘʢʞʝ ʤʝʪʦʜ ʜʨʦʙʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʦʤʢʥʫʪʦʡ 

ʮʝʧʠ, ʢʦʪʦʨʳʡ ʧʦʜʨʦʙʥʦ ʦʙʩʫʞʜʘʣʩʷ ʇʦʧʦʚʳʤ ʉ. ɸ. [8]. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴ ʂʫʚʰʠʥʦʚ ɺ. ɺ. [9] ʠʟ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʨʝʘʣʠʟʦʚʘʣ ʤʦʜʝʣʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Matlab/Simulink. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʙʳʣ ʧʦʣʫʯʝʥ ʟʘ ʩʯʸʪ 
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ʠʟʤʝʥʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʤʝʥʪʘ. ɿʘ ʦʩʥʦʚʫ, 

ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ʚʭʦʜʘ ʙʳʣʘ ʚʟʷʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ 

ʩʦʣʥʝʯʥʘʷ ʠʥʩʦʣʷʮʠʷ ʚ ʢʘʯʝʩʪʚʝ ʫʥʠʢʘʣʴʥʦʛʦ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʧʘʨʘʤʝʪʨʘ. 

ʀʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʠ ʤʦʱʥʦʩʪʠ ʙʳʣʦ ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʇʨʦʚʝʨʢʘ ʤʦʜʝʣʠ ʙʳʣʘ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʠʟʤʝʨʝʥʠʝʤ. 

ɸʚʪʦʨ ɹʫʷʣʴʩʢʠʡ ɺ. ʀ.  [10] ʩʤʦʜʝʣʠʨʦʚʘʣ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʣʘ 

ʚʝʪʨʦʚʫʶ ʪʫʨʙʠʥʫ, ʛʝʥʝʨʘʪʦʨ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʰʠʥʫ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ 

ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʠ ʠʥʚʝʨʪʦʨ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʧʦ ʪʦʢʫ 

ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʝʡ (PWM). ʇʦʣʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʩʠʥʭʨʦʥʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʥʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʘʭ 

(PMSG) ʠ ʠʥʪʝʨʬʝʡʩʦʤ ʩʠʣʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚʤʝʩʪʝ ʩʦ ʩʭʝʤʦʡ 

ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Matlab/Simulink.  

ʋʯʝʥʳʡ ʠʟ ʂʨʳʤʩʢʦʛʦ ʌʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺʝʨʥʘʜʩʢʦʛʦ ɹʝʢʠʨʦʚ 

ʕ. ɸ. [11] ʠʩʧʦʣʴʟʦʚʘʣ ʩʠʩʪʝʤʫ ʚʝʪʨʦʚʳʭ ʪʫʨʙʠʥ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʨʘʪʦʨʘ PMSG ʠ 

ʦʙʲʷʩʥʠʣ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʜʫʢʮʠʦʥʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ, PMSG ʠʤʝʝʪ 

ʤʝʥʴʰʠʡ ʬʠʟʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʠ ʤʝʥʴʰʠʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʜʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ. 

ɸʚʪʦʨʳ ʗʢʠʤʦʚʠʯ ɹ. ɸ. [12]  ʠ ʂʫʟʥʝʮʦʚ ʇ. ʅ. [13] ʧʨʝʜʩʪʘʚʠʣʠ ʦʙʟʦʨ ʦʜʥʦ- ʠ 

ʤʥʦʛʦʮʝʣʝʚʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʵʥʝʨʛʠʠ ʚʝʪʨʘ, ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠ ʛʠʙʨʠʜʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʦʙʟʦʨʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʥʝ ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʩʝʪʠ ʛʠʙʨʠʜʥʳʭ PV-WT ʩʠʩʪʝʤ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʨʝʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʦʧʪʠʤʠʟʘʮʠʠ, ʪʘʢʠʭ ʢʘʢ 

ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʳʝ ʨʝʩʫʨʩʳ, ʪʘʢʠʝ ʢʘʢ ʵʥʝʨʛʠʷ ʚʝʪʨʘ ʠ ʩʦʣʥʮʘ. 



16 
 

ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʝʙʫʝʪ ʜʦʩʪʦʡʥʦʛʦ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʧʦʜʭʦʜʘ ʢ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʜʝʪʘʣʠʟʘʮʠʝʡ ʤʦʜʝʣʠ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ. 

ɸʚʪʦʨ ʂʘʟʝʤ ʍ. ɸ. [14] ʠʩʩʣʝʜʦʚʘʣʠ ʥʝʭʚʘʪʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʤʥʦʛʠʝ 

ʧʨʦʙʣʝʤʳ ʚ ʵʥʝʨʛʝʪʠʢʝ ʀʨʘʢʝ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʦʣʥʮʘ, 

ʚʝʪʨʘ ʠ ʙʠʦʤʘʩʩʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʥʦ ʵʪʠ ʚʠʜʳ 

ʵʥʝʨʛʠʠ ʤʦʛʣʠ ʙʳ ʩʳʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʙʫʜʫʱʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʀʨʘʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʧʦʪʝʥʮʠʘʣ ʵʥʝʨʛʠʠ ʤʦʨʩʢʦʛʦ ʚʝʪʨʘ 

ʚ ʇʝʨʩʠʜʩʢʦʤ ʟʘʣʠʚʝ (ʥʝʜʘʣʝʢʦ ʦʪ ɹʘʩʨʳ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʀʨʘʢʘ). ʆʥʠ ʫʧʦʤʷʥʫʣʠ, 

ʦʙʩʫʜʠʣʠ ʠ ʨʘʩʩʤʦʪʨʝʣʠ ʧʦʧʳʪʢʠ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʀʨʘʢʘ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʪʨʘʩʣʷʭ ʀʨʘʢʘ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʪʘʢʠʭ ʢʘʢ ʚʝʪʨʦʚʳʝ ʠ ʩʦʣʥʝʯʥʳʝ ʫʩʪʘʥʦʚʢʠ. 

1.2 ɻʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʧʦʚʳʰʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ɺʀʕ, 

ʨʘʙʦʪʘʶʱʠʝ ʩʦʚʤʝʩʪʥʦ ʩ ʩʝʪʴʶ 

ʕʥʝʨʛʠ ̫ ʩʯʠʪʘʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ, ʝʩʣʠ ʝʝ ʠʩʪʦʯʥʠʢ ʷʚʣʷʝʪʩʷ 

ʨʝʛʝʥʝʨʘʪʠʚʥʳʤ ʠʣʠ ʥʝ çʠʩʯʝʨʧʘʥè ʚ ʤʘʩʰʪʘʙʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. 

ʆʙʳʯʥʦ çʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠè ʩʯʠʪʘʶʪʩʷ ʩʦʣʥʮʝ, ʚʝʪʝʨ, ʤʦʨʝ, 

ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ çʥʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʡè ʨʝʩʫʨʩ ð ʵʪʦ 

ʧʨʠʨʦʜʥʳʡ ʨʝʩʫʨʩ, ʢʦʪʦʨʳʡ ʥʝʣʴʟʷ ʧʨʦʠʟʚʦʜʠʪʴ, ʚʳʨʘʱʠʚʘʪʴ, ʛʝʥʝʨʠʨʦʚʘʪʴ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʤʘʩʰʪʘʙʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʨʦʚʝʥʴ ʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. 

ʀʩʢʦʧʘʝʤʦʝ ʪʦʧʣʠʚʦ (ʥʘʧʨʠʤʝʨ, ʫʛʦʣʴ, ʥʝʬʪʴ ʠ ʧʨʠʨʦʜʥʳʡ ʛʘʟ) ʠ ʷʜʝʨʥʘʷ ʵʥʝʨʛʠʷ 

(ʫʨʘʥ) ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʘʤʠ. ʕʪʠ ʨʝʩʫʨʩʳ ʯʘʩʪʦ ʩʫʱʝʩʪʚʫʶʪ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʠʣʠ ʧʦʪʨʝʙʣʷʶʪʩʷ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʨʠʨʦʜʘ ʤʦʞʝʪ ʠʭ ʩʦʟʜʘʪʴ. ɺ 

ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʯʘʩʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ çʢʣʘʩʩʠʯʝʩʢʠʤʠè 
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ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ (ʚ ʦʩʥʦʚʥʦʤ ʛʠʜʨʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʛʝʦʪʝʨʤʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ) ʠ çʥʦʚʳʤʠè ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʦʣʥʝʯʥʘʷ 

ʵʥʝʨʛʠʷ, ʚʝʪʝʨ ʠ ʙʠʦʤʘʩʩʘ. ɺ ʢʦʥʪʝʢʩʪʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ 

ʪʘʢʞʝ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ çʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʠʩʪʦʯʥʠʢʠè ʠ çʥʝʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ 

ʠʩʪʦʯʥʠʢʠè, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʣʘʥʠʨʦʚʘʥʳ ʧʦ ʟʘʧʨʦʩʫ ʥʘ ʵʥʝʨʛʠʶ ʠʣʠ ʥʝʪ. 

ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ Gestore dei Servizi Elettrici, ʧʝʨʚʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩ ʚʦʜʦʭʨʘʥʠʣʠʱʝʤ ʠ ʙʘʩʩʝʡʥʦʤ, ʪʚʝʨʜʳʝ ʦʪʭʦʜʳ, ʙʠʦʤʘʩʩʫ, 

ʫʩʪʘʥʦʚʢʠ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʪʦʧʣʠʚʘ ʠʣʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ, ʘ ʚʪʦʨʘʷ ʛʨʫʧʧʘ (ʥʝʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ): ʧʨʦʪʦʯʥʳʝ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʚʝʪʨʦʚʳʝ, ʛʝʦʪʝʨʤʘʣʴʥʳʝ, ʩʦʣʥʝʯʥʳʝ, ʙʠʦʛʘʟʦʚʳʝ. 

1.2.1 ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

ʉʦʣʥʮʝ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʠʩʪʦʯʥʠʢʦʤ ʧʦʯʪʠ ʚʩʝʡ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʘ 

ɿʝʤʣʝ. ɿʝʤʣʷ ʧʦʣʫʯʘʝʪ ʟʘʧʘʩ ʵʥʝʨʛʠʠ ʦʪ ʩʦʣʥʮʘ, ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʧʣʘʥʝʪʫ ʢʘʞʜʳʡ ʯʘʩ, ʨʘʚʥʦ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʵʥʝʨʛʠʠ ʟʘ ʤʥʦʛʠʝ ʛʦʜʳ. 

ʉʚʝʪ, ʧʦʧʘʜʘʶʱʠʡ ʥʘ ʧʘʥʝʣʠ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʯʠʩʪʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, 

ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʘʝʪ ʚ ʚʠʜʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʠʥʚʝʨʪʦʨʘ ʦʥ 

ʧʨʝʦʙʨʘʟʫʝʪ ʧʦʩʪʦʷʥʥʳʡ ʚ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ, ʧʦʵʪʦʤʫ ʦʥ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥ ʩ 

ʵʣʝʢʪʨʦʩʝʪʴʶ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʦʙʳʯʥʦʤ ʨʝʞʠʤʝ. ɿʘʪʝʤ ʯʠʩʪʦʝ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʧʦʩʪʫʧʘʝʪ ʚ ʩʝʪʴ ʩ ʧʦʤʦʱʴʶ ʧʣʘʪʳ ʧʨʝʜʦʭʨʘʥʠʪʝʣʝʡ. ʉ ʧʦʤʦʱʴʶ 

ʩʯʝʪʯʠʢʦʚ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʝʜʝʥʥʦʡ 

ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʣʶʙʘʷ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ɻ ʣʝʢʪʨʦʵʥʝʨʛʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʦʜʘʥʘ ʦʙʨʘʪʥʦ ʧʦʩʪʘʚʱʠʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʩʪʫʧʥʦ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ. ʅʘ 

ʨʠʩʫʥʢʝ 1.1 ʧʦʢʘʟʘʥʦ ʨʘʟʤʝʱʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʥʘ ʢʨʳʰʝ ʟʜʘʥʠʷ. ʀʭ ʤʦʞʥʦ 

ʣʝʛʢʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʜʦʤ, ʠ ʦʥʠ ʨʘʙʦʪʘʶʪ ʦʯʝʥʴ ʧʨʦʩʪʦ ï ʧʦʜʭʦʜʠʪ ʣʶʙʘʷ ʢʨʳʰʘ, 

ʚʳʭʦʜʷʱʘʷ ʥʘ ʶʞʥʫʶ ʩʪʦʨʦʥʫ. 
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ʈʠʩʫʥʦʢ 1.1. ʉʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ ʥʘ ʢʨʳʰʝ ʟʜʘʥʠʷ 

 

ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʩʩʠʚʘ ʦʙʳʯʥʦ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

- ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

- ʆʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʦʨʦʚ ʫʭʫʜʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ 

ʩʙʦʨʢʦʡ ʤʘʩʩʠʚʘ. 

- ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʚ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

- ʈʘʩʯʝʪ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʤʘʩʩʠʚʘ. 

ʊʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʩʦʯʝʪʘʥʠʝʤ 

ʩʣʝʜʫʶʱʠʭ ʢʨʠʪʝʨʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: 

ɺʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ï ʤʦʱʥʦʩʪʴ (ɺʪ), ʜʦʩʪʫʧʥʘʷ ʨʝʛʫʣʷʪʦʨʫ ʤʦʱʥʦʩʪʠ, 

ʫʢʘʟʳʚʘʝʤʘʷ ʣʠʙʦ ʢʘʢ ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʣʠʙʦ ʢʘʢ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ, 

ʧʨʦʠʟʚʝʜʝʥʥʘʷ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʜʥʷ. 

ɺʳʭʦʜ ʵʥʝʨʛʠʠ ï ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ (ɺʪ*ʯ), ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ [15]. 

ʇʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʚʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʤʘʩʩʠʚʘ 

(ɺʪ.ʯ/ʤ2) ʠ ʚʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʥʘ ʝʜʠʥʠʮʫ ʩʪʦʠʤʦʩʪʠ ʤʘʩʩʠʚʘ (ɺʪ*ʯ/$). 
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1.2.2 ɺʝʪʨʦʚʘʷ ʵʥʝʨʛʝʪʠʢʘ 

ʕʥʝʨʛʠʷ ʚʝʪʨʘ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʠʟ 

ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ɺʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ 

ʩʦʙʠʨʘʶʪ ʪʘʢʫʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʠ ʧʨʝʦʙʨʘʟʫʶʪ ʝʝ ʚ ʧʦʣʝʟʥʫʶ ʵʥʝʨʛʠʶ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʜʦʤ, ʰʢʦʣʫ, ʬʝʨʤʫ ʠʣʠ ʙʠʟʥʝʩ-

ʧʨʠʣʦʞʝʥʠʷ ʚ ʥʝʙʦʣʴʰʠʭ (ʞʠʣʳʭ) ʠʣʠ ʢʨʫʧʥʳʭ (ʢʦʤʤʫʥʘʣʴʥʳʝ) ʤʘʩʰʪʘʙʘʭ. 

ʕʪʠ ʨʘʩʪʫʱʠʝ ʪʝʥʜʝʥʮʠʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʤʥʦʛʦʛʨʘʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʵʥʝʨʛʠʝʡ ʚʝʪʨʘ: 

¶ ʋʩʪʦʡʯʠʚʘʷ ʵʥʝʨʛʝʪʠʢʘ: ʚʝʪʝʨ ʷʚʣʷʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʵʥʝʨʛʠʠ; ʦʥʦ ʥʝʠʩʯʝʨʧʘʝʤʦ ʠ ʥʝ ʪʨʝʙʫʝʪ ʥʠʢʘʢʦʛʦ çʪʦʧʣʠʚʘè, ʢʨʦʤʝ ʚʝʪʨʘ, 

ʢʦʪʦʨʳʡ ʜʫʝʪ ʧʦ ʟʝʤʣʝ. 

¶ ɿʝʣʝʥʘʷ ʵʥʝʨʛʠʷ: ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʧʨʦʠʟʚʝʜʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʵʥʝʨʛʠʠ ʚʝʪʨʘ, 

ʩʯʠʪʘʝʪʩʷ çʯʠʩʪʳʤè, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʛʨʷʟʥʝʥʠʷ 

ʠʣʠ ʚʳʙʨʦʩʘ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʙʣʝʤʳ ʩʦ ʟʜʦʨʦʚʴʝʤ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʶʪʩʷ ʩʝʨʴʝʟʥʦʡ ʫʛʨʦʟʦʡ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ ʨʘʩʪʝʪ. 

¶ ɼʦʩʪʫʧʥʦʩʪʴ: ʵʥʝʨʛʠʷ ʚʝʪʨʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ ʚʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʠ 

ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 

¶ ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ: ʚʝʪʨʦʚʘʷ ʵʥʝʨʛʠʷ ʥʝ ʪʦʣʴʢʦ ʜʦʩʪʫʧʥʘ ʧʦ ʮʝʥʝ, ʥʦ ʠ 

ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʝʩʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʩʦʦʙʱʝʩʪʚʘʤ ʩʦʭʨʘʥʷʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʜʦʣʣʘʨʳ ʠ ʠʥʚʝʩʪʠʨʦʚʘʪʴ 

ʠʭ ʚ ʩʚʦʶ ʵʢʦʥʦʤʠʢʫ. ʉʦʟʜʘʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ (ʧʨʦʠʟʚʦʜʩʪʚʦ, ʦʙʩʣʫʞʠʚʘʥʠʝ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ) ʠ ʫʚʝʣʠʯʝʥʠʝ ʥʘʣʦʛʦʚʦʡ ʙʘʟʳ ʷʚʣʷʶʪʩʷ 

ʜʨʫʛʠʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʣʷ ʩʪʨʘʥ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʵʥʝʨʛʠʶ ʚʝʪʨʘ. 
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ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2018 ʛʦʜ ʵʥʝʨʛʠʷ ʚʝʪʨʘ ʠʛʨʘʝʪ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʩʬʝʨʝ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʉʦʛʣʘʩʥʦ ʦʬʠʮʠʘʣʴʥʳʤ 

ʦʪʯʝʪʘʤ [16], ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʦʰʝʣʦʤʣʷʶʱʘʷ ʩʦʚʦʢʫʧʥʘʷ 

ʤʦʱʥʦʩʪʴ ʙʦʣʝʝ 500 ɻɺʪ. ʂʠʪʘʡ, ʉʐɸ ʠ ɻʝʨʤʘʥʠʷ ʟʘʥʠʤʘʝʪ ʚʳʩʦʢʦʝ ʤʝʩʪʦ ʚ ʩʧʠʩʢʝ 

ʩʪʨʘʥ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʵʥʝʨʛʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʥʝʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ñʠʛʨʦʢʠò, ʪʘʢʠʝ 

ʢʘʢ ʀʥʜʠʷ ʠ ɹʨʘʟʠʣʠʷ, ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʚ ʛʣʦʙʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ. ɺ ɽʚʨʦʧʝʡʩʢʦʤ ʩʦʶʟʝ ʛʦʩʫʜʘʨʩʪʚʘ-ʯʣʝʥʳ ʜʦʛʦʚʦʨʠʣʠʩʴ ʫʚʝʣʠʯʠʪʴ ʩʚʦʠ 

ʠʥʚʝʩʪʠʮʠʠ ʚ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʫ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʤʝʥʝʝ 20% ʦʪ ʦʙʱʝʡ 

ʪʨʝʙʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʢ 2020 ʛʦʜʫ. ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ, ɽʚʨʦʧʝʡʩʢʘʷ ʢʦʤʠʩʩʠʷ 

ʚʳʩʪʫʧʠʣʘ ʩ ʧʨʝʜʣʦʞʝʥʠʝʤ ʩʜʝʣʘʪʴ ɽʉ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʚ ʦʙʣʘʩʪʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʜʦʩʪʠʛʥʫʚ ʮʝʣʝʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʝ ʤʝʥʝʝ 27% 

[17]. 

ʇʦʤʠʤʦ ʰʠʨʦʢʦʡ ʤʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʚ ʚʠʜʝ ʩʫʙʩʠʜʠʡ, 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ ʪʘʢʞʝ ʧʨʠʚʣʝʢʣʘ ʚʥʠʤʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʬʠʥʘʥʩʦʚʦʡ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ. ʉ ʢʨʫʧʥʳʤʠ ʚʝʪʨʦʵʣʝʢʪʨʦ ʩʪʘʥʮʠʷʤʠ ʩ ʝʱʝ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ 

ʪʫʨʙʠʥʘʤʠ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʜʦʩʪʠʛʥʝʪ 15 ʄɺʪ ʢ 

2024 ʛʦʜʫ) ʵʥʝʨʛʠʷ ʚʝʪʨʘ ʤʦʞʝʪ ʧʦʯʪʠ ʚʜʚʦʝ ʩʥʠʟʠʪʴ ʠʭ ʩʪʦʠʤʦʩʪʴ [18]. 

ʕʪʠ ʨʘʩʪʫʱʠʝ ʪʝʥʜʝʥʮʠʠ ʚ ʦʬʬʰʦʨʥʦʡ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʝ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ / ʵʢʩʧʣʫʘʪʘʮʠʶ, ʪʘʢ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʩʧʝʰʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʙʦʣʝʝ 

ʢʨʫʧʥʳʝ ʚʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʤʝʨ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, 

ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ (ʩʤ. ʨʠʩʫʥʢʝ 1.2) ʢʘʢ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʚʝʪʨʦʚ, ʪʘʢ ʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʠ ʨʦʪʦʨʘ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʴʰʝʛʦ ʫʣʘʚʣʠʚʘʥʠʷ ʵʥʝʨʛʠʠ. ɼʠʘʤʝʪʨ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʪʨʷʥʳʭ 

ʪʫʨʙʠʥ ʥʝ ʧʨʝʚʳʰʘʝʪ 120 ʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʳʣʠ ʦʙʲʷʚʣʝʥʳ ʝʱʝ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʪʫʨʙʠʥʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʣʝʛʢʦ ʧʨʝʚʳʰʘʪʴ ʜʠʘʤʝʪʨ 210 ʤ ʠ ʠʤʝʪʴ ʥʦʤʠʥʘʣʴʥʫʶ 

ʤʦʱʥʦʩʪʴ 12 ʄɺʪ [19,20]. 
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ʈʠʩʫʥʦʢ 1.2. ʕʚʦʣʶʮʠʷ ʨʘʟʤʝʨʦʚ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʥʘ ʙʫʜʫʱʝʝ.  

[21]. 

 

1.2.3 ɸʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʵʥʝʨʛʠʠ 

ɸʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ (ʜʘʣʝʝ: ʙʘʪʘʨʝʠ) ð ʵʪʦ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʥʘʢʘʧʣʠʚʘʶʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʚʠʜʝ ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ɹʘʪʘʨʝʷ ʩʦʩʪʦʠʪ ʠʟ 

ʢʘʪʦʜʘ (ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ), ʘʥʦʜʘ (ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ) ʠ 

ʵʣʝʢʪʨʦʣʠʪʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ɺʦ 

ʚʨʝʤʷ ʨʘʟʨʷʜʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʥʘ ʜʚʫʭ ʵʣʝʢʪʨʦʜʘʭ ʛʝʥʝʨʠʨʫʶʪ ʧʦʪʦʢ 

ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʚʥʝʰʥʶʶ ʮʝʧʴ, ʧʨʠ ʵʪʦʤ ʢʘʪʦʜ ʧʨʠʥʠʤʘʝʪ ʵʣʝʢʪʨʦʥʳ, ʘ ʘʥʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʣʝʢʪʨʦʥʳ. ɺ ʧʨʦʮʝʩʩʝ ʟʘʨʷʜʢʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ 

ʧʨʦʠʩʭʦʜʷʪ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʠ ʙʘʪʘʨʝʷ ʧʦʛʣʦʱʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 

ʠʟ ʚʥʝʰʥʝʡ ʮʝʧʠ. 

ɹʘʪʘʨʝʠ ʠʟʚʝʩʪʥʳ ʩʚʦʠʤ ʙʦʣʝʝ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ [22, 23]. ʇʦʵʪʦʤʫ 

ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ - ʦʪ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ 

ʜʦ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʤʘʣʦʤʦʱʥʳʭ 

ʩʠʩʪʝʤʘʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɺ ʩʧʨʘʚʦʯʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʟʨʝʣʦʩʪʠ, ʦʮʝʥʠʚʘʝʤʳʝ ʦʪ 6 ʜʦ 8 ʧʦ ʰʢʘʣʝ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ 

(ʋʊɻ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʘʪʘʨʝʡ. ʌʘʢʪʠʯʝʩʢʠ, ʩʩʳʣʢʘ [24] ʫʢʘʟʳʚʘʝʪ, ʯʪʦ 
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ʩʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʠʤʝʶʪ ʥʘʠʚʳʩʰʫʶ ʩʪʝʧʝʥʴ ʟʨʝʣʦʩʪʠ, 8 ʙʘʣʣʦʚ 

ʧʦ ʰʢʘʣʝ ʋʊɻ. ʃʠʪʠʡ-ʠʦʥʥʳʝ ʠ NaS (ʥʘʪʨʠʝʚʦ-ʩʝʨʥʳʝ) ʙʘʪʘʨʝʠ ʦʮʝʥʠʚʘʶʪʩʷ ʚ 7 

ʙʘʣʣʦʚ, ʘ ʙʘʪʘʨʝʠ ʩ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʦʢʦʤ ʦʮʝʥʠʚʘʶʪʩʷ ʚ 6 

ʙʘʣʣʦʚ ʧʦ ʪʦʡ ʞʝ ʰʢʘʣʝ ʋʊɻ. ʂʨʦʤʝ ʪʦʛʦ, ʘʢʢʫʤʫʣʷʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʟʘʤʝʪʥʫʶ ʧʨʦʙʣʝʤʫ ʩ ʩʘʤʦʨʘʟʨʷʜʦʤ, ʯʪʦ ʩʥʠʞʘʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ 

ʟʘʨʷʜʢʝ. ʅʘʢʦʥʝʮ, ʙʘʪʘʨʝʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʩʝʪʝʚʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ 

ʩʪʦʠʤʦʩʪʴ ʠ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʩʣʫʞʙʳ. ʌʘʢʪʠʯʝʩʢʠ, ʩʦʛʣʘʩʥʦ ʩʧʨʘʚʦʯʥʠʢʫ [24], 

ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʙʘʪʘʨʝʠ, ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʨʦʢ ʩʣʫʞʙʳ ʤʦʛʫʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 0,3 ʜʦ 4 ʜʦʣʣʘʨʦʚ ʉʐɸ/ɺʪ, ʦʪ 0,05 ʜʦ 0,45 ʜʦʣʣʘʨʘ ʉʐɸ/ʢɺʪ*ʯ ʠ 

ʦʪ 3 ʜʦ 15 ʣʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 1.1. 

 

ʊɸɹʃʀʎɸ 1.1: ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʪʦʠʤʦʩʪʠ ʙʘʪʘʨʝʡ [24]. 

 
ʉʚʠʥʮʦʚʦ-

ʢʠʩʣʦʪʥʳʡ 

ʃʠʪʠʡ-

ʠʦʥʥʳʡ 
NaS 

ʆʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ 

ʧʦʪʦʢ 

ʉʨʦʢ ʩʣʫʞʙʳ (ʛʦʜʳ) 3-10 10-15 15 5-15 

ʂʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ 

($/ɺʪ) 
0,3-0,8 0,4-1 1-2 3-4 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 
0,25-0,35 0,3-0,455 

0,05-

0,15 
0,25-0,3 

 

ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʭʥʦʣʦʛʠʷ ʙʘʪʘʨʝʡ ʜʣʷ ʩʝʪʝʚʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʥʘʯʠʥʘʝʪ ʧʦʷʚʣʷʪʴʩʷ ʚ ʨʝʘʣʴʥʳʭ ʧʨʦʝʢʪʘʭ. ɺ ʩʧʨʘʚʦʯʥʠʢʝ [25] ʧʨʝʜʩʪʘʚʣʝʥ 

ʦʙʥʦʚʣʝʥʥʳʡ ʦʙʟʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʙʘʪʘʨʝʡ ʜʣʷ ʩʝʪʝʚʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʤʦʱʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʪʘʢʠʭ ʙʘʪʘʨʝʡ ʷʚʣʷʝʪʩʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ "ʋʤʥʘʷ ʩʝʪʴ ʪʶʨʴʤʳ ʉʘʥʪʘ-ʈʠʪʘ" 

ʚ ʂʘʣʠʬʦʨʥʠʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʣʠʪʠʡ-ʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʩ ʝʤʢʦʩʪʴʶ ʭʨʘʥʝʥʠʷ 32 
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ʄɺʪ/0,25 ʯ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʨʠʣʦʞʝʥʠʷ ʩ ʥʘʠʙʦʣʴʰʝʡ ʝʤʢʦʩʪʴʶ ʭʨʘʥʠʣʠʱʘ, ʪʦ 

"ʉʫʤʠʪʦʤʦ ʕʣʝʢʪʨʠʢ ʀʥʜʘʩʪʨʠʟ" ʥʘ ʍʦʢʢʘʡʜʦ, ʗʧʦʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʪʝʭʥʦʣʦʛʠʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʚʘʥʘʜʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʤʢʦʩʪʴ 

ʭʨʘʥʠʣʠʱʘ 15 ʄɺʪ/60 ʄɺʪ.ʯ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ, Navigant ʠ ʛʣʦʙʘʣʴʥʦʡ ʙʘʟʝ 

ʜʘʥʥʳʭ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ ʉʐɸ [25,26], ʥʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʨʘʩʯʝʪʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʝʤʢʦʩʪʴ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʚʦ ʚʩʝʤ ʤʠʨʝ ʠ ʦʮʝʥʢʘ 

ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 

 

ʈʠʩʫʥʦʢ 1.3. (ʘ) ʨʘʩʯʝʪʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʝʤʢʦʩʪʴ ʙʘʪʘʨʝʠ ʠ (ʙ) ʢʦʤʠʩʩʠʦʥʥʳʝ 

(ʄɺʪ) ʚ ʤʠʨʦʚʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʝ [27]. 

 

1.3 .  ʆʧʠʩʘʥʠʷ ʤʦʜʝʣʠ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤʳ 

ɻʠʙʨʠʜʥʘʷ ʵʥʝʨʛʦʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʢʘʢ ʩʠʩʪʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʠʪʘʥʠʝ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʠʟ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʪʠʧʦʚ 

ʠʩʪʦʯʥʠʢʦʚ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʘʢʠʭ ʢʘʢ ʩʦʣʥʝʯʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʘʥʝʣʠ, ʛʝʥʝʨʘʪʦʨʳ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ, ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ / ʠʣʠ ʪʦʧʣʠʚʥʳʝ 
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ʛʝʥʝʨʘʪʦʨʳ. ʇʦʣʝʟʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʷʚʣʷʶʪʩʷ ʩʦʣʥʝʯʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʥʝʣʠ ʠ 

ʛʝʥʝʨʘʪʦʨʳ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ. ʕʥʝʨʛʠʷ ʦʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [28]. 

ɺʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʵʥʝʨʛʠʶ ʚʝʪʨʘ ʠʣʠ ʪʦʣʴʢʦ ʩʦʣʥʝʯʥʫʶ 

ʵʥʝʨʛʠʶ, ʩʦʯʝʪʘʥʠʝ ʚʝʪʨʘ ʠ ʩʦʣʥʮʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʠ ʥʘʜʝʞʥʫʶ ʩʠʩʪʝʤʫ. ʆʙʘ 

ʠʩʪʦʯʥʠʢʘ ʚʤʝʩʪʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʠʪʘʥʠʝ, ʠ ʝʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢʦʝ-ʣʠʙʦ 

ʩʥʠʞʝʥʠʝ ʤʦʱʥʦʩʪʠ, ʪʦ ʜʨʫʛʦʡ ʠʩʪʦʯʥʠʢ ʤʦʞʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʝʨʚʳʡ. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʙʝ ʩʠʩʪʝʤʳ ʚʤʝʩʪʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ, ʝʩʣʠ ʵʪʦ 

ʥʝʦʙʭʦʜʠʤʦ. ɺʩʷʢʠʡ ʨʘʟ, ʢʦʛʜʘ ʛʝʥʝʨʠʨʫʝʤʘʷ ʤʦʱʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʠʟʙʳʪʦʯʥʦʡ, ʝʝ 

ʪʘʢʞʝ ʤʦʞʥʦ ʭʨʘʥʠʪʴ ʚ ʘʢʢʫʤʫʣʷʪʦʨʝ. ɼʣʷ ʥʘʜʝʞʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʦʪʜʘʣʝʥʥʳʭ 

ʤʝʩʪ ʠʣʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ 

ʥʘʩʪʨʦʠʪʴ ʛʠʙʨʠʜʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʠʣʘ ʙʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʣʠʙʦ ʜʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʣʠʙʦ ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ʠ ʪʨʘʜʠʮʠʦʥʥʘʷ ʵʥʝʨʛʠʷ ʠʣʠ ʪʝʭʥʦʣʦʛʠʷ 

ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ. ɻʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʪ ʧʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʚ ʧʘʩʤʫʨʥʳʝ ʜʥʠ ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʧʨʠ 

ʩʣʘʙʦʤ ʚʝʪʨʝ ʜʣʷ ʚʝʪʨʦʚʳʭ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʚ. ʇʦ ʤʥʝʥʠʶ ʤʥʦʛʠʭ ʵʢʩʧʝʨʪʦʚ ʧʦ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ, ʥʝʙʦʣʴʰʘʷ ʛʠʙʨʠʜʥʦ-ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 

ʩʦʯʝʪʘʶʱʘʷ ʚʝʪʨʦʚʫʶ ʵʥʝʨʛʝʪʠʢʫ ʠ ʩʦʣʥʝʯʥʫʶ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʪʝʭʥʦʣʦʛʠʶ, 

ʧʨʝʜʣʘʛʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʶʙʦʡ ʦʪʜʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ, ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ (ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ). 

ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʠʩʧʦʣʴʟʫʶʱʝʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʡ ʚʳʙʦʨ 
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ʢʦʤʙʠʥʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʵʢʦʥʦʤʠʯʝʩʢʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʘʛʨʫʟʢʝ [29]. 

ʅʘ ʦʩʥʦʚʝ ʩʪʦʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚʘ, ʨʘʙʦʯʝʡ ʩʠʣʳ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʞʝʣʘʪʝʣʴʥʦ ʦʮʝʥʠʪʴ ʥʘʠʙʦʣʝʝ ʨʝʥʪʘʙʝʣʴʥʳʡ ʨʘʟʤʝʨ 

ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʧʠʢʦʚʳʤ ʥʘʛʨʫʟʢʘʤ. ɺ ʵʪʦʡ 

ʟʘʜʘʯʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ 

ʯʠʩʪʳʭ ʪʝʢʫʱʠʭ ʟʘʪʨʘʪ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʥʘʜʝʞʥʦʤ ʠ ʵʢʦʥʦʤʠʯʥʦʤ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʩʧʨʦʩʘ. ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʩʜʝʣʘʪʴ ʵʪʦ ð ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʦʜʝʣʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [30]. 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ, ʘ 

ʠʤʝʥʥʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʠ ʵʥʝʨʛʠʶ ʚʝʪʨʘ. 

 

1.3.1. ɸʥʘʣʠʟ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʤʦʜʫʣʷ ʠ ʤʘʩʩʠʚʘ 

ɹʝʟ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʣʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʧʨʝʦʙʨʘʟʫʶʪ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʉʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʤʦʛʫʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʵʥʝʨʛʠʶ ʥʘʧʨʷʤʫʶ ʠʣʠ 

ʥʘʛʨʝʚʘʪʴ ʚʦʜʫ ʩ ʧʦʤʦʱʴʶ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʠʠ. ʌʦʪʦʵʣʝʤʝʥʪʳ 

(ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ) ʩʦʩʪʦʷʪ ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʢʘʢ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ. ʆʥʠ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʪ ʠʟ PN-ʩʦʝʜʠʥʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 1.4 ʧʦʢʘʟʘʥ 

ʧʨʠʥʮʠʧ ʛʝʥʝʨʘʮʠʠ ʬʦʪʦʪʦʢʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦ ʩʫʪʠ, ʢʦʛʜʘ 

ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʧʦʧʘʜʘʝʪ ʚ ʷʯʝʡʢʫ, ʬʦʪʦʥʳ ʧʦʛʣʦʱʘʶʪʩʷ ʘʪʦʤʘʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, 

ʦʩʚʦʙʦʞʜʘʷ ʵʣʝʢʪʨʦʥʳ ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʩʣʦʷ. ʕʪʦʪ ʩʚʦʙʦʜʥʳʡ ʵʣʝʢʪʨʦʥ ʥʘʭʦʜʠʪ 

ʩʚʦʡ ʧʫʪʴ ʯʝʨʝʟ ʚʥʝʰʥʶʶ ʮʝʧʴ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʩʣʦʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ. 
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ʈʠʩʫʥʦʢ 1.4. ʉʦʣʥʝʯʥʳʡ ʵʣʝʤʝʥʪ 

 

ʆʙʳʯʥʦ ʬʦʪʦʵʣʝʤʝʥʪ ʛʝʥʝʨʠʨʫʝʪ ʥʘʧʨʷʞʝʥʠʝ ʦʪ 0,4 ʜʦ 0,8 ɺ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ [31]. ʕʪʦ ʥʘʧʨʷʞʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ 

ʥʠʟʢʦʝ, ʪʘʢ ʢʘʢ ʦʥʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʠʟʚʣʝʯʴ ʚʳʛʦʜʫ ʠʟ 

ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʜʝʩʷʪʢʠ ʬʦʪʦʵʣʝʤʝʥʪʦʚ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʟʫʷ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ. ʕʪʠ ʤʦʜʫʣʠ ʤʦʛʫʪ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ, ʦʙʨʘʟʫʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʘʥʝʣʴ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.5. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʵʪʠ ʤʦʜʫʣʠ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʥʘʧʨʷʞʝʥʠʷ 

ʜʦʙʘʚʣʷʶʪʩʷ ʩ ʦʜʠʥʘʢʦʚʳʤ ʪʦʢʦʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʛʜʘ ʦʥʠ ʩʦʝʜʠʥʝʥʳ 

ʧʘʨʘʣʣʝʣʴʥʦ, ʠʭ ʪʦʢʠ ʩʫʤʤʠʨʫʶʪʩʷ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʥʘʧʨʷʞʝʥʠʠ. 

 
ʈʠʩʫʥʦʢ 1.5. ʉʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ 

ʊʨʠ ʦʩʥʦʚʥʳʭ ʩʝʤʝʡʩʪʚʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʢʣʶʯʘʶʪ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʪʝʭʥʦʣʦʛʠʶ ʠ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʠ ʠʭ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10% ʜʦ 15% ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʦʪ 

9% ʜʦ 12% ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ. ɼʣʷ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʷʯʝʝʢ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ 10% ʜʣʷ Si, 12% ʜʣʷ CuInSe2 ʠ 9% ʜʣʷ CdTe [32]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʦʡ 

ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʷʯʝʡʢʘ, ʦʙʣʘʜʘʶʱʘʷ ʥʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʨʘʙʦʪʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʦʪʦʵʣʝʤʝʥʪʘ ʚ ʩʠʩʪʝʤʝ ʄatlab, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ 

ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʚʝʜʝʥʠʝ ʬʦʪʦʵʣʝʤʝʥʪʘ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʦʣʥʝʯʥʦʤ ʦʙʣʫʯʝʥʠʠ. 

 

1.3.1.1 ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʷʯʝʡʢʠ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʧʨʠ ʧʨʷʤʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʧʘʜʘʶʱʝʡ ʨʘʜʠʘʮʠʠ ʥʘ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ, ʧʦʵʪʦʤʫ ʛʝʥʝʨʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘʚʠʩʠʪ 

ʥʘʧʨʷʤʫʶ ʦʪ ʤʝʪʦʜʘ ʠ ʧʨʦʮʝʩʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɺʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʡʢʠ ʠ ʩʦʩʪʦʷʥʠʷ ʥʘʛʨʫʟʢʠ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʩ ʦʜʥʠʤ ʜʠʦʜʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʨʠʩʫʥʢʝ 1.6, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. 

 
ʈʠʩʫʥʦʢ 1.6. ʄʦʜʝʣʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʭʝʤ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. 

 

ɺʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʦʜʥʦʛʦ ʜʠʦʜʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʫʢʘʟʘʥʘ. 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ Ipv(Vpv) ʵʪʦʡ ʤʦʜʝʣʠ ʟʘʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ [33]: 

               Ὅ Ὅ Ὅ Ὅ                                                             ρȢυ 

ʠ ʨʘʟʚʠʚʘʷ ʪʝʨʤʠʥʳ Id ʠ IRsh: 

Ὅ Ὅ Ὅ Ὡὼὴή 
ὠ Ὅ Ὑ

ὃ ὑὝ
ρ

ὠ Ὅ Ὑ

Ὑ  
        ρȢφ 

ʛʜʝ IPh - ʬʦʪʦʪʦʢ; I0 - ʪʦʢ ʥʘʩʳʱʝʥʠʷ ʜʠʦʜʘ; q = 1.6×10-19 C - ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ; k 

= 1,38×10-23 ɼʞ/ʂ - ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; T - ʪʝʤʧʝʨʘʪʫʨʘ ʷʯʝʡʢʠ ʚ ʂʝʣʴʚʠʥʘʭ; ɸ- 

ʠʜʝʘʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ [34]; RSh 

ʷʚʣʷʝʪʩʷ ʰʫʥʪʠʨʫʶʱʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʠ RS ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ [34]. ʂʨʦʤʝ ʪʦʛʦ, ʪʦʢ ʥʘʩʳʱʝʥʠʷ ʵʣʝʤʝʥʪʘ (I0) ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʤʝʥʪʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʢʘʢ:  

Ὅ Ὅ
Ὕ

˟̆
̖̆̑

ήὉ

ὃ ὑ
ρ
Ὕ̆

 
ρ
Ὕ

                                                        ρȢχ 

Ὅ  
ὠ

Ὑ
     

ὠ ὍὙ

Ὑ
                                                                 ρȢψ 

Ὅ
Ὅί̒

Ὡὼὴ
ή˒ ˞

ˍ̠ ˟
ρ
                                                                                 ρȢω 

ʛʜʝ I0Ŭ - ʪʦʢ ʦʙʨʘʪʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʵʣʝʤʝʥʪʘ ʧʨʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ 

ʵʪʘʣʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; Isc - ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʵʣʝʤʝʥʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

25°C ʠ 1000 ɺʪ/ʤ2; ɽg - ʵʥʝʨʛʠʷ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʚ ʵʣʝʤʝʥʪʝ; ʠ ɽoc - ʥʘʧʨʷʞʝʥʠʝ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ ʵʣʝʤʝʥʪʘ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʠʜʝʘʣʴʥʦʩʪʠ ʷʯʝʡʢʠ (ɸ) ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʷʯʝʡʢʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 1.2 
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ʊʘʙʣʠʮʘ 1.2 ï ʀʜʝʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ (ɸ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ [108] 

ʂʣʝʪʦʯʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʀʜʝʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ (ɸ) 

Si-ʇʦʣʠ  1.3 

Si-ʤʦʥʦ  1.2 

ɸ-Si-ʪʨʦʡʥʦʡ  5 

ʘ-ʉʠ:ʪʘʥʜʝʤ  3.3 

a-Si:H  1.8 

CdTe  1.5 

CIS  1.5 

AsGa  1.3 

 

1.3.1.2 ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ 

ɺr ʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦʩʪʠʛʘʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2 ɺʪ ʧʨʠ 

0,5 ɺ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʷʯʝʡʢʠ ʩʦʝʜʠʥʝʥʳ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʤʦʜʫʣʝ. ɼʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʧʘʨʘʣʣʝʣʴʥʦ 

ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʪʨʝʙʫʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ. 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ, ʨʘʟʤʝʱʝʥʥʦʛʦ ʚ ʚʝʪʚʷʭ ʧʘʨʘʣʣʝʣʴʥʦʡ 

NP ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ NS, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.7. 

 
ʈʠʩʫʥʦʢ 1.7 ʕʢʚʠʚʘʣʝʥʪʥʳʝ ʩʭʝʤʥʳʝ ʤʦʜʝʣʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ 
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ʊʝʨʤʠʥʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʤʦʜʫʣʷ ʷʯʝʡʢʠ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [35]: 

Ὅ ὔὍ ὔὍ Ὡὼὴ
ήὠȾὔ ὍὙ Ⱦὔ

ὑ˟ ὃ̒
ρ

ὔὠȾὔ ὍὙ

Ὑ  
  ρȢρπ 

ʛʜʝ I0 ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (11). 

           Ὅ
Ὅȟ ὑ Ў˟

Ὡὼὴή 
ὠ̏ȟ̒ ὑ Ў˟
ὃ ὑὔ

ρ

                                                             ρȢρρ 

ʛʜʝ ISC,n - ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʦʙʳʯʥʦ 25 oC ʠ 

1000 ɺʪ /ʤ2), Voc,n - ʥʘʧʨʷʞʝʥʠʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, Kv - 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʷʞʝʥʠʷ / ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, Ki - ʢʦʵʬʬʠʮʠʝʥʪ ʪʦʢʘ / 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʦʢʘ Ki ʠ Kv ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʪʦʢ 

ʥʘʩʳʱʝʥʠʷ Io, ʢʦʪʦʨʳʡ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ: 

 ȹT = T-Tn, ʛʜʝ T ʠ Tn - ʬʘʢʪʠʯʝʩʢʠʝ ʠ ʥʦʤʠʥʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ [K], G - 

ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʢɺʪ/ʤ2, ʘ NS - ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʷʯʝʝʢ, NP - ʵʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʷʯʝʝʢ. ʊʦʢ Iʈh, ʛʝʥʝʨʠʨʫʝʤʳʡ ʩʚʝʪʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ (12) ɿʥʘʯʝʥʠʷ RS ʠ RP ʤʦʞʥʦ ʥʘʡʪʠ, ʝʩʣʠ Pmax,m = Pmax,e, ʠʟ ʫʨʘʚʥʝʥʠʡ 

(13) ʠ (14): 

Ὅ Ὅ ὑὝ  Ὕ
Ὃ

Ὃ
                                                                               ρȢρς 

ʛʜʝ Gn - ʥʦʤʠʥʘʣʴʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ [ɺʪ/ʤ
2]. 

ὖ Ȣ ὠ Ὅ Ὅ Ὡὼὴ
ή 

ὑ Ὕ

ὠ ὙὍ  

ὥ ὔ 
ρ  

ὠ Ὑ Ὅ

Ὑ
ὖ Ȣ    ρȢρσ 

Ὑ
ὠ  ὠ Ὅ Ὑ

ὠ  Ὅ  ὠ ὍὩὼὴ
ή 
ὑ Ὕ
ὠ ὙὍ  
ὥ ὔ 

ὠ Ὅὖ Ȣ 
                  ρȢρτ 

ʋʨʘʚʥʝʥʠʝ (1.13) ʠ ʫʨʘʚʥʝʥʠʝ (1.14) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ RS 

ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʦ ʟʥʘʯʝʥʠʝ RP. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʵʪʦ ʟʥʘʯʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʜʝʣʘʪʴ ʠʪʝʨʘʮʠʶ ʧʨʦʮʝʩʩʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ Pmax,m ʥʝ ʩʪʘʥʝʪ ʨʘʚʥʳʤ Pmax,e. 
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1.3.2. ɸʥʘʣʠʟ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʨʦʪʦʨʘ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʀʟ ʚʩʝʭ ʚʠʜʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʵʥʝʨʛʠʷ ʚʝʪʨʘ ʧʨʠʟʥʘʥʘ ʦʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ. ʈʝʩʫʨʩʳ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʦʛʨʦʤʥʳ ʚʦ ʚʩʝʤ ʤʠʨʝ. 

ʉʠʩʪʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʛʦ ʩʧʨʦʩʘ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ʇʦʩʢʦʣʴʢʫ ʚʝʪʝʨ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, ʘ ʝʛʦ 

ʧʦʣʝʟʥʦʩʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ, ʚʘʞʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʵʥʝʨʛʠʶ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʧʨʦʩʘ [36]. 

ʕʥʝʨʛʠʷ ʚʝʪʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʦʨʘʩʪʫʱʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʦʨʘʩʪʫʱʠʭ ʨʳʥʢʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. ʅʘ 

ʨʠʩʫʥʢʝ 1.8 ʧʦʢʘʟʘʥʘ ʜʠʘʛʨʘʤʤʘ ʨʦʩʪʘ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʝ, ʚ ʯʘʩʪʥʦʩʪʠ,  ʚ 2021 

ʛʦʜʫ. ɺʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ʕʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ ʚʥʫʪʨʠ ʪʫʨʙʠʥʳ ʧʨʝʦʙʨʘʟʫʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʉʠʩʪʝʤʳ ʚʝʪʨʦʚʳʭ ʪʫʨʙʠʥ ʜʦʩʪʫʧʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 50 

ɺʪ ʜʦ 3-5 ʄɺʪ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʠʠ ʚʝʪʨʷʥʳʤʠ ʪʫʨʙʠʥʘʤʠ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʪʫʨʙʠʥʫ [37].  ɺ ʨʠʩʫʥʢʝ 1.9 ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ 

ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ. 

 
ʈʠʩʫʥʦʢ 1.8. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʝ ʜʦ 2021 ʛ, 

(ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ) [37] 
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ʈʠʩʫʥʦʢ 1.9. ʉʭʝʤʘ ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʉʠʩʪʝʤʳ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʚʘʣʘ. ʕʪʠ ʛʨʫʧʧʳ ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʣʦʧʘʩʪʝʡ ʨʦʪʦʨʘ ʠʣʠ ʢʦʣʠʯʝʩʪʚʘ ʣʦʧʘʩʪʝʡ ʠ 

ʩʧʦʩʦʙʘ ʧʦʜʢʣʶʯʝʥʠʷ ʪʫʨʙʠʥʥʦʡ ʩʠʩʪʝʤʳ ʢ ʩʝʪʠ. ɼʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʪʫʨʙʠʥ 

ʩʦʩʪʦʷʪ ʠʟ ʪʫʨʙʠʥ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʘʣʘ ʠ ʪʫʨʙʠʥ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʘʣʘ.  

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʥʘʟʚʘʥʠʡ, ʚ ʩʣʫʯʘʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʚʘʣʦʤ ʚʘʣ 

ʥʘʭʦʜʠʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩ ʣʦʧʘʩʪʷʤʠ, ʩʦʝʜʠʥʝʥʥʳʤʠ ʩ ʦʜʥʠʤ 

ʢʦʥʮʦʤ ʚʘʣʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.10 (a). ɺʝʪʨʷʥʘʷ ʪʫʨʙʠʥʘ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʚʘʣʦʤ ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʜʣʠʥʥʳʡ ʚʘʣ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩ ʣʦʧʘʩʪʷʤʠ, 

ʩʦʝʜʠʥʝʥʥʳʤʠ ʩ ʚʘʣʦʤ ʙʦʣʝʝ ʯʝʤ ʚ ʦʜʥʦʡ ʪʦʯʢʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.10 (b). 

ʊʫʨʙʠʥʳ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʚʘʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʛʨʫʧʧʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʬʦʨʤʳ ʣʦʧʘʩʪʝʡ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʡ 

ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʦʡ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʚʘʣʦʤ ʷʚʣʷʝʪʩʷ phi-ʢʦʥʬʠʛʫʨʘʮʠʷ Darrieus, 

ʪʘʢʞʝ ʠʟʚʝʩʪʥʘʷ ʢʘʢ ʢʦʥʬʠʛʫʨʘʮʠʷ eggbeater. ɼʨʫʛʠʤʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʷʚʣʷʶʪʩʷ ʪʠʧʳ ʄʘʩʛʨʦʫʚ, ɼʘʡʤʦʥʜ, ʉʘʚʦʥʠʫʩ, ɼʞʠʨʦʤʠʣʣ ʠ Phi [38, 39]. 
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ʈʠʩʫʥʦʢ 1.10. ɺʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʚʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ 

 

ʉʘʤʳʤ ʙʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʚʘʣʦʤ 

ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʚʩʝʥʘʧʨʘʚʣʝʥʥʦʡ, ʧʦʵʪʦʤʫ ʵʥʝʨʛʠʷ ʤʦʞʝʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʚʝʪʨʦʤ ʜʫʶʱʠʤ, ʩ ʣʶʙʦʡ ʩʪʦʨʦʥʳ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʩʝʥʠʷ 

ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʚ ʚʝʪʨʷʥʫʶ ʪʫʨʙʠʥʫ. ʊʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʫʩʪʨʘʥʷʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʳʩʢʘʶʱʠʭ ʧʝʨʝʜʘʯʘʭ. ɽʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʛʝʥʝʨʘʪʦʨ ʠ ʨʝʜʫʢʪʦʨ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʥʘ ʫʨʦʚʥʝ ʟʝʤʣʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʩʪʫʶ ʠ ʜʝʰʝʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ ʫʨʦʚʥʝ ʟʝʤʣʠ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʚʘʣʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʵʪʠ ʪʫʨʙʠʥʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʩʘʤʦʟʘʧʫʩʢʘʶʪʩʷ, ʜʣʷ ʟʘʧʫʩʢʘ ʚʝʪʨʷʢʘ 

ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ. ɺʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʚʘʣʦʤ 

ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʩʚʦʝʡ ʙʦʣʝʝ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʝʨʪʚʳʭ ʟʦʥ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʣʦʧʘʩʪʠ ʜʦʣʞʥʳ ʧʨʦʡʪʠ, ʯʪʦʙʳ 

ʟʘʚʝʨʰʠʪʴ ʩʚʦʝ ʚʨʘʱʝʥʠʝ [40]. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʚʘʣʦʤ. ʕʪʦʪ ʪʠʧ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʫʨʙʠʥʳ ʤʦʞʝʪ ʙʳʪʴ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʜʝʣʝʥ ʥʘ ʧʦʜʢʘʪʝʛʦʨʠʠ, ʝʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʪʦʢ 

ʪʫʨʙʠʥʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʦʜʥʦʡ, ʜʚʫʤʷ, ʪʨʝʤʷ ʠ 

ʥʝʩʢʦʣʴʢʠʤʠ ʣʦʧʘʪʢʘʤʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʦʜʥʦʡ ʣʦʧʘʩʪʠ - 

ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʥʘ ʣʦʙʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʚʳʩʦʢʘʷ ʠʜʝʘʣʴʥʘʷ ʨʘʙʦʯʘʷ 

ʩʢʦʨʦʩʪʴ. ɺʳʩʦʢʘʷ ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʜʝʰʝʚʦʡ ʢʦʨʦʙʢʝ ʧʝʨʝʜʘʯ ʩ 

ʥʠʟʢʠʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʯʠʩʣʦʤ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʚʳʩʦʢʦʡ ʨʘʙʦʯʝʡ 

ʩʢʦʨʦʩʪʴʶ, ʦʪʥʦʩʷʪʩʷ ʙʦʣʴʰʠʡ ʠʟʥʦʩ ʩʠʩʪʝʤʳ ʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ. ɽʱʝ ʦʜʠʥ 

ʥʝʜʦʩʪʘʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʣʝʟʚʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʨʘʚʥʦʚʝʩʠʪʴ ʧʨʦʪʠʚʦʚʝʩʦʤ. 

ʕʪʦʪ ʚʝʩ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʟʚʣʝʢʘʝʤʫʶ ʵʥʝʨʛʠʶ, ʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʪʝʨʠ ʥʘ ʣʦʙʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ [41]. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʦʜʥʦʣʦʧʘʩʪʥʦʡ ʪʫʨʙʠʥʦʡ, ʫ ʜʚʫʭʣʦʧʘʩʪʥʳʭ ʪʫʨʙʠʥ ʠʜʝʘʣʴʥʘʷ 

ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ ʚʳʩʦʢʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʩʝ ʝʱʝ ʜʦʚʦʣʴʥʦ ʰʫʤʥʘ. ʉʘʤʳʤ 

ʙʦʣʴʰʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʫʨʙʠʥ ʩ ʯʝʪʥʳʤ ʯʠʩʣʦʤ ʣʦʧʘʩʪʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʘʤʘʷ 

ʚʝʨʭʥʷʷ ʣʦʧʘʩʪʴ ʧʦʣʫʯʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʦʪ ʚʝʪʨʘ ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʩʘʤʘʷ 

ʥʠʞʥʷʷ ʣʦʧʘʩʪʴ ʧʦʣʫʯʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʦʪ ʚʝʪʨʘ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʙʘʰʥʠ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʘʤ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʤʘʰʠʥʝ ʠʣʠ ʢʦʨʦʙʢʝ ʧʝʨʝʜʘʯ ʩ 

ʞʝʩʪʢʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʫʨʙʠʥʳ ʩ ʯʝʪʥʳʤ ʯʠʩʣʦʤ ʣʦʧʘʩʪʝʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʘʢ ʯʘʩʪʦ [42]. ʊʨʝʭʣʦʧʘʩʪʥʘʷ ʪʫʨʙʠʥʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʘ ʢʘʢ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʜʘʪʩʢʘʷ ʢʦʥʮʝʧʮʠʷ. ʕʪʘ ʪʫʨʙʠʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʯʝʤ ʦʜʥʦ- ʠʣʠ ʜʚʫʭʣʦʧʘʩʪʥʳʝ ʪʫʨʙʠʥʳ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʠ ʠʤʝʶʪ ʦʧʪʠʯʝʩʢʠ ʙʦʣʝʝ ʧʣʘʚʥʫʶ ʨʘʙʦʪʫ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʠʟʫʘʣʴʥʦ ʣʫʯʰʝ 

ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʣʘʥʜʰʘʬʪ. ʋ ʚʩʝʭ ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠʤʝʶʪʩʷ ʤʦʜʝʣʠ 

ʪʨʝʭʣʦʧʘʩʪʥʳʭ ʪʫʨʙʠʥ ʤʦʱʥʦʩʪʴʶ ʦʪ ʜʝʩʷʪʢʦʚ ʢʠʣʦʚʘʪʪ ʜʦ 6 ʄɺʪ [43,44]. ʇʦʩʣʝ 

ʤʥʦʛʠʭ ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚʩʝʤʠ ʦʩʥʦʚʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ 

ʪʫʨʙʠʥ, ʢʘʞʝʪʩʷ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʚʳʙʨʘʣʦ ʢʦʥʬʠʛʫʨʘʮʠʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʚʘʣʘ ʩ ʪʨʝʤʷ ʣʦʧʘʩʪʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʨʦʪʠʚ ʚʝʪʨʘ.  
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1.3.2.1 ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ɺʕʋ 

ʃʦʧʘʩʪʠ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ ʠʟʚʣʝʢʘʶʪ ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʠʟ ʜʚʠʞʫʱʝʛʦʩʷ ʚʦʟʜʫʭʘ, 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʝʦʙʨʘʟʫʝʪ ʵʪʫ ʵʥʝʨʛʠʶ ʚ ʵʥʝʨʛʠʶ ʚʨʘʱʝʥʠʷ ʠ ʧʦʜʘʝʪ ʝʝ ʯʝʨʝʟ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʠʚʦʜ ʢ ʨʦʪʦʨʫ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚ ʚʦʟʜʫʭʝ 

ʦʙʲʝʢʪʘ ʤʘʩʩʳ ά, ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v, ʨʘʚʥʘ [45]:  

Ὁ πȟυ ά ὺ            ̎  ̍                                ρȢρυ 

ʉʠʣʘ ʚ ʜʚʠʞʫʱʝʤʩʷ ʚʦʟʜʫʭʝ, ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʤ ʧʦʩʪʦʷʥʥʫʶ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, 

ʨʘʚʥʘ [46]: 

˝̃ ̆̓̆̑

Ὠ˒ 

Ὠὸ
πȟυ ά ὺ                                  ρȢρφ 

ʛʜʝ ά  - ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚ ʩʝʢʫʥʜʫ, ʈʚʝʪʝʨ ð ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʚ (ɺʪ), v ð 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ (ʤ/ʩ) 

ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ  

ά  ”̱
Ὠ̖

Ὠὸ
                                                     ρȢρχ 

ɻʜʝ ɟ - ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ (ʢʛ/ʤ3), ̱  ʪʘʢʞʝ ʧʣʦʱʘʜʴ ʟʘʭʚʘʪʘ ʣʦʧʘʩʪʝʡ (ʤ2), ʘ 

dʭ/dt - ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʝʢʫʥʜʫ [47]. 

Ὠ̖

Ὠὸ
 ὺ                                                                       ρȢρψ 

ʠʟ ʫʨʘʚʥʝʥʠʡ (1.17) ʠ (1.18) ʤʳ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ (1.19) 

ά  ”̱ ὺ                                                              ρȢρω 

ʂʦʛʜʘ ʚʦʟʜʫʭ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʙʣʘʩʪʴ A, ʪʘʢʫʶ ʢʘʢ ʦʙʣʘʩʪʴ, ʦʭʚʘʪʳʚʘʝʤʘʷ 

ʣʦʧʘʩʪʷʤʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ, ʤʦʱʥʦʩʪʴ ʚ ʚʦʟʜʫʭʝ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʫʨʘʚʥʝʥʠʝʤ 

(21), ʢʦʪʦʨʦʝ ʚʳʪʝʢʘʝʪ ʠʟ ʫʨʘʚʥʝʥʠʡ (16) ʠ (19): 

˝̃ ̆̓̆  ̑πȟυ ”̱ ὺ                                                     ρȢςπ 

ʠʟ ʫʨʘʚʥʝʥʠʷ 20 ʩʣʝʜʫʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ, ʜʦʩʪʫʧʥʦʡ ʦʪ ʚʝʪʨʘ, 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ (ɟ), ʧʣʦʱʘʜʠ ʦʭʚʘʪʘ (ˍ) ʠ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ (v), ʠ ʦʙʨʘʪʥʦʝ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʤ 
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ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ʇʨʠʚʝʜʝʥʥʦʝ 

ʚʳʰʝ ʫʨʘʚʥʝʥʠʝ ʦʮʝʥʠʚʘʝʪ, ʢʘʢʘʷ ʤʦʱʥʦʩʪʴ ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʝʪʨʝ, ʥʦ ʢʘʢʘʷ ʯʘʩʪʴ ʵʪʦʡ 

ʤʦʱʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʠʟʚʣʝʯʝʥʘ ʠʟ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʵʥʝʨʛʠʠ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [48], ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʫʶ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʟʚʣʝʢʘʝʪ ʠʟ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʙʫʜʝʪ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʤʦʱʥʦʩʪʝʡ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʜʦ ʠ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ: 

˝̍ ̖̆́̎Ȣ  
ρ

ς
 ”̱ ὺ

ρ

ς
 ”̱ ὺ

ρ

ς
 ” ̱ ὺ  ̱ ὺ     ˏ  ̓            ρȢςρ 

ʛʜʝ ˝̍ ̖̆́̎Ȣ ʵʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, Aʉ1 ʠ ɸʉ2 ð ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʜʦ ʠ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʘ ὺ1 ʠ ὺ2 ð ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʜʦ ʠ ʧʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʟʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʜʦʣʞʥʘ ʫʤʝʥʴʰʘʪʴʩʷ, ʘ ʤʘʩʩʦʚʳʡ 

ʨʘʩʭʦʜ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ [49], ʩʣʝʜʦʚʘʪʝʣʴʥʦ: 

”̱ ὺ  ”̱ ὺ    
Ὣ̠

ί
 (1.22) 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

˝̍ ̖̆́̎Ȣ  
ρ

ς
 ” ̱ ὺ ὺ  ὺ     ˏ  ̓ (1.23) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (1.23) ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ 

ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ v2 ʨʘʚʥʦ ʥʫʣʶ. ɽʩʣʠ ʙ  rv2 ʙʳʣʦ ʨʘʚʥʦ ʥʫʣʶ, ʚʦʟʜʫʭ ʙʳʣ ʧʦʣʥʦʩʪʴʶ 

ʦʩʪʘʥʦʚʣʝʥ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʯʪʦ ʬʠʟʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ɽʩʣʠ ʩʢʦʨʦʩʪʴ 

ʠʩʪʝʯʝʥʠʷ ʟʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʨʘʚʥʘ ʥʫʣʶ, ʪʦ ʩʢʦʨʦʩʪʴ ʚʪʝʢʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ 

ʨʘʚʥʘ ʥʫʣʶ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʦʢʘ ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, ʠʟʚʣʝʢʘʝʤʘʷ ʠʟ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʜʦʣʞʥʘ ʙʳʪʴ 

ʚʳʨʘʞʝʥʘ ʜʨʫʛʠʤ ʫʨʘʚʥʝʥʠʝʤ. ʇʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ 

ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩʦ ʩʪʦʨʦʥʳ ʚʝʪʨʘ, ʨʘʚʥʘ [49]: 

Ὂ  ά ὺ ὺ         ̊                                                   ρȢςτ 

ʠ ʠʟʚʣʝʯʝʥʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ: 
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˝̍ ̖̆́̎Ȣ  Ὂ ὺ ά ὺ ὺ ὺ                                           ρȢςυ 

ʉʨʘʚʥʠʚʘʷ ʫʨʘʚʥʝʥʠʷ 22 ʠ 26, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ ὺ: 

ὺ  
ρ

ς
 ὺ ὺ      ̍ Ⱦ̒                                                      ρȢςφ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʨʘʚʥʘ 

ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ὺ1 ʠ ὺ2. 

ʊʦʛʜʘ ʤʝʭʘʥʠʯʝʩʢʘʷ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥʘ ʢʘʢ: 

˝̍ ̖̆́̎Ȣ  
ρ

τ
 ” ̱ ὺ ὺ  ὺ   ὺ ὺ   ˏ  ̓            ρȢςχ 

ʇʦʩʢʦʣʴʢʫ ʤʦʱʥʦʩʪʴ ʚʝʪʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʘʢ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʪʘʢ ʠ 

ʢʫʙʫ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʠʨʪʫʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (Tv ʚ K) ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ Ð ̃ ˜́ ȟ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʣʦʪʥʦʩʪʴ ɟ ʚʦʟʜʫʭʘ ʚ (ʢʛ/ʤ3) 

[50]. 

”   
˝

Ὑ  4
                                                             ρȢςψ 

ʛʜʝ R= 287,058 ɼɾ/ʢʛ. ʂ - ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʫʭʦʤʫ 

ʚʦʟʜʫʭʫ. ɺʳʯʠʩʣʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʡ ʩ ʧʦʤʦʱʴʶ ʚʠʨʪʫʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʣʦʱʘʜʴ ʩʪʨʝʣʦʚʠʜʥʦʩʪʠ ʪʫʨʙʠʥʳ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʜʣʠʥʝ ʣʦʧʘʩʪʝʡ 

ʪʫʨʙʠʥʳ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʧʣʦʱʘʜʠ ʦʢʨʫʞʥʦʩʪʠ: 

ˍ   
“

τ 
 Ὀ                                                            ρȢςω 

ʛʜʝ D - ʜʠʘʤʝʪʨ ʨʦʪʦʨʘ ʚ ʤʝʪʨʘʭ. 
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1.3.2.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʱʥʦʩʪʠ ʨʦʪʦʨʘ ɺʕʋ 

ʇʨʝʜʝʣ ɹʝʪʮʘ ð ʵʪʦ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʝʪʨʷʥʦʡ 

ʪʫʨʙʠʥʳ, ʧʨʝʜʧʦʣʦʞʝʥʥʳʡ ʥʝʤʝʮʢʠʤ ʬʠʟʠʢʦʤ ɸʣʴʙʝʨʪʦʤ ɹʝʪʮʝʤ ʚ 1920 ʛʦʜʫ [51]. 

ɹʝʪʮ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 59,3%, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝ 

ʙʦʣʝʝ 59,3% ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʨʘʱʝʥʠʷ 

ʪʫʨʙʠʥʳ ʠ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʫʨʙʠʥʳ ʥʝ ʤʦʛʫʪ 

ʜʦʩʪʠʯʴ ʧʨʝʜʝʣʘ ɹʝʪʮʘ, ʘ ʦʙʱʠʡ ʂʇɼ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 35-45%. ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ, ʠʟʚʣʝʢʘʝʤʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʠ ʤʦʱʥʦʩʪʴʶ, 

ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ, ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʪʫ ʞʝ ʦʙʣʘʩʪʴ, ʥʘʟʳʚʘʝʪʩʷ 

ñʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʦʱʥʦʩʪʠò cp, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʱʥʦʩʪʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʪʦʢʘ ʙʝʟ ʪʨʝʥʠʷ. ɺ 

ʨʝʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʚʝʪʨʦʜʚʠʛʘʪʝʣʴ ʚʩʝʛʜʘ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʥʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʯʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ɹʝʪʮʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʤʥʦʛʠʤʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ (ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʩʪʝʡ, ʚʝʩ, ʞʝʩʪʢʦʩʪʴ ʠ ʪ. ʜ.). ʂʦʵʬʬʠʮʠʝʥʪ 

ʤʦʱʥʦʩʪʠ ʠ ʂʇɼ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ ʨʘʟʣʠʯʥʳ. ʂʇɼ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ ʚʢʣʶʯʘʝʪ 

ʧʦʪʝʨʠ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝ, ʚʳʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʪʝʨʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʪ. ʜ., ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʚʝʪʨʘ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʥʘ ʚʘʣʫ 

ʨʦʪʦʨʘ. ʅʘ ʨʠʩʫʥʢʝ 1.12 ʧʦʢʘʟʘʥʘ ʜʠʘʛʨʘʤʤʘ ʩ ʧʦʪʝʨʷʤʠ ʚʝʪʨʦʪʫʨʙʠʥʥʦʡ ʩʠʩʪʝʤʳ 

[52]. 
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ʈʠʩʫʥʦʢ 1.12. ʇʦʪʦʢ ʤʦʱʥʦʩʪʠ ʠ ʧʦʪʝʨʠ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ 

 

ʀʩʧʦʣʴʟʫʷ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ, ʤʝʭʘʥʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ ʥʘ ʨʦʪʦʨʝ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ, ʢʘʢ ʬʫʥʢʮʠʶ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ: 

̑̍  
ρ

ς
˞̑”̱ ὺ                                                     ρȢσπ 

ʛʜʝ: 

ʉʨ- ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʨʦʪʦʨʘ  

ʈʤ - ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʨʦʪʦʨʝ (ɺʪ). 

ɟ- ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ (ʢʛ/ʤ3) 

v - ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ (ʤ/ʩ) 

ɸʩ- ʧʣʦʱʘʜʴ ʩʪʨʝʣʦʚʠʜʥʦʩʪʠ ʨʦʪʦʨʘ (ʤ2) 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦ ʧʦʣʷʤ ʜʘʥʥʳʭ ʠʣʠ ʪʘʙʣʠʮʘʤ 

ʙʣʦʢʠʨʦʚʢʠ ʠʣʠ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ. ɺ ʵʪʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʣʝʜʫʶʱʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʚ [53]: 
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˞̑ ‎ȟ‍  ˞ ˞  ˞ ‍ ˞ Ὡ
˞ 
 ˞ɾ  ˏ  ̓             ρȢσρ 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʉ1 - ʉ6 ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʫʨʙʠʥ. ʆʥʠ ʟʘʚʠʩʷʪ 

ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʨʦʪʦʨʘ ʠ ʣʦʧʘʩʪʠ ʚʝʪʨʦʪʫʨʙʠʥʳ. ɔ- ʢʦʵʬʬʠʮʠʝʥʪ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ 

(TSP). 

ʅʘ ʨʠʩʫʥʢʝ 1.13 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʪʨʦʪʫʨʙʠʥʳ, ʧʦʢʘʟʘʥʥʦʡ ʚʳʰʝ. 

ɺʘʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʘʞʜʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ ʙʫʜʝʪ ʠʤʝʪʴ ʨʘʟʥʳʡ 

ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʢʘʞʜʦʡ ʪʫʨʙʠʥʳ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʝʝ ʣʦʧʘʩʪʠ ʠ ʫʛʣʦʤ ʥʘʢʣʦʥʘ (ʩʤ. ʨʠʩʫʥʢʝ1.14). 

 

ʈʠʩʫʥʦʢ 1.13. ʊʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ. 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʨʘʟʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ (0, 5, 10, é), ʥʦ ʥʘʠʣʫʯʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ ß = 0 (ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʩʪʠ ʧʨʠ 

ʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ). 
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ʀʟ ʨʠʩʫʥʢʘ 1.14 ʚʠʜʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʥʮʘ ʣʦʧʘʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ ɔ = 8,1 ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ Cp ʤʘʭ. = 

0,48. 

 

ʈʠʩʫʥʦʢ 1.14. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʢʦʥʮʘ ʣʦʧʘʩʪʠ (ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ ɔ) 

 

ʆʯʝʥʴ ʚʘʞʥʦ ʠʟʫʯʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ. ɿʥʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʷʥʳʭ 

ʪʫʨʙʠʥ ʧʦʟʚʦʣʠʪ ʠʤ ʧʨʘʚʠʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʘʛʨʫʟʢʝ ʠ ʨʘʙʦʪʘʪʴ ʩ ʛʝʥʝʨʘʪʦʨʦʤ 

ʚ ʝʛʦ ʩʪʘʙʠʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʊʠʧʠʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʩʢʦʨʦʩʪʠ 

ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.15. ʇʨʦʬʠʣʴ ʢʨʠʚʦʡ, 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ-ʩʢʦʨʦʩʪʴ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ: 

                         ˟̍ ̖̆́̎Ȣ  
˝̇

ύ
                             ρȢσς 

ʛʜʝ Tʤʝʭʘʥ. ð ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚ ʨʦʪʦʨʝ, ʘ ʈʄ ʠ ɤr ð 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʠ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʦʚ 1.13 ʠ 1.15, ʪʦʯʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. 



42 
 

 

ʈʠʩʫʥʦʢ 1.15. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʩʢʦʨʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ 

ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ. 

 

ɺʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʩʢʦʨʦʩʪʠ, 

ʧʦʵʪʦʤʫ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʛʝʥʝʨʘʪʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʛʨʫʟʢʠ ʤʦʛʫʪ 

ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʧʨʠ ʚʩʝʭ ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ. 

ʏʪʦʙʳ ʫʧʨʘʚʣʷʪʴ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʣʦʚʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʭʝʤʳ. 

 

1.3.3. ɸʥʘʣʠʟ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ 

ʙʘʪʘʨʝʡ 

ɹʘʪʘʨʝʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʭʘʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʝʦʙʨʘʟʫʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʭʠʤʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʠ ʚʳʩʚʦʙʦʞʜʘʝʪ ʵʪʫ ʵʥʝʨʛʠʶ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʢʦʛʜʘ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ. ɺ ʧʨʠʣʦʞʝʥʠʷʭ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʩʝʪʠ ʧʝʨʝʟʘʨʷʞʘʝʤʳʝ ʙʘʪʘʨʝʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʥʘʛʨʫʟʢʠ ʧʫʪʝʤ ʟʘʨʷʜʢʠ ʙʘʪʘʨʝʡ ʚ ʧʝʨʠʦʜʳ ʥʠʟʢʦʛʦ ʩʧʨʦʩʘ ʠ ʚʦʟʚʨʘʪʘ ʵʥʝʨʛʠʠ ʚ ʩʝʪʴ 

ʚ ʧʝʨʠʦʜʳ ʚʳʩʦʢʦʛʦ ʩʧʨʦʩʘ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʫʩʪʨʘʥʠʪʴ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʨʦʛʠʭ ʧʠʢʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʠ ʘʤʦʨʪʠʟʠʨʦʚʘʪʴ ʩʪʦʠʤʦʩʪʴ 

ʛʝʥʝʨʘʪʦʨʦʚ. ʙʦʣʝʝ ʯʘʩʦʚ ʨʘʙʦʪʳ [56]. ʇʦʩʢʦʣʴʢʫ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʪʘʨʝʠ 

(ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ) ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʚʥʫʪʨʝʥʥʷʷ ʠ ʚʥʝʰʥʷʷ ʩʨʝʜʘ, 
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ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʪʦʯʥʳʝ ʤʦʜʝʣʠ ʙʘʪʘʨʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʘʪʘʨʝʡ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ 

ʨʘʟʨʘʙʦʪʘʣʠ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʦʜʝʣʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 

ʩʣʦʞʥʦʩʪʠ. 

ʉʘʤʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʩʠʩʪʝʤʘ: ʣʠʪʠʡ-ʠʦʥʥʘʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʤ, 

ʛʜʝ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʠ ʤʘʣʳʡ ʚʝʩ. 

ʊʝʭʥʦʣʦʛʠʷ ʭʨʫʧʢʘʷ, ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʩʭʝʤʘ ʟʘʱʠʪʳ. 

ʇʨʠʣʦʞʝʥʠʷ ʚʢʣʶʯʘʶʪ ʥʦʫʪʙʫʢʠ ʠ ʩʦʪʦʚʳʝ ʪʝʣʝʬʦʥʳ. ʃʠʪʠʡ ʠʦʥʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ 

ð ʵʪʦ ʘʢʢʫʤʫʣʷʪʦʨ ʩ ʥʠʟʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʨʘʩʭʦʜʘʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʦ, ʥʘ 

ʢʦʪʦʨʦʝ ʥʝ ʤʦʞʝʪ ʧʨʝʪʝʥʜʦʚʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ʇʘʤʷʪʠ ʥʝʪ, ʠ ʜʣʷ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʙʘʪʘʨʝʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʮʠʢʣʠʨʦʚʘʥʠʝ ʧʦ 

ʨʘʩʧʠʩʘʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤʦʨʘʟʨʷʜ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ ʧʦʣʦʚʠʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

NiCd, ʯʪʦ ʜʝʣʘʝʪ ʣʠʪʠʡ-ʠʦʥʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʩ ʜʘʪʯʠʢʘʤʠ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. ʃʠʪʠʡ ʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ 

ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ ʥʘʥʦʩʷʪ ʥʝʙʦʣʴʰʦʡ ʚʨʝʜ, ʧʦʵʪʦʤʫ ʙʫʜʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʵʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ [57]. 

1.3.3.1 ʄʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʣʠʪʠʡ-ʠʦʥʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ʃʠʪʠʡ-ʠʦʥʥʘʷ ʙʘʪʘʨʝʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʠʧ ʧʝʨʝʟʘʨʷʞʘʝʤʦʡ ʙʘʪʘʨʝʠ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʘʪʦʜʘ ʠʟ ʩʦʝʜʠʥʝʥʠʷ ʣʠʪʠʷ, ʛʨʘʬʠʪʦʚʦʛʦ (ʦʙʳʯʥʦ) ʘʥʦʜʘ ʠ 

ʵʣʝʢʪʨʦʣʠʪʘ (ʩʝʧʘʨʘʪʦʨʘ), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.17. ʀʦʥʳ ʣʠʪʠʷ ʜʚʠʞʫʪʩʷ ʦʪ 

ʢʘʪʦʜʘ ʢ ʘʥʦʜʫ ʧʨʠ ʟʘʨʷʜʝ ʠ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ ʨʘʟʨʷʜʝ. 
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ʈʠʩʫʥʦʢ 1.17. ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʣʠʪʠʡ-ʠʦʥʥʘʷ ʙʘʪʘʨʝʷ [58] 

 

ʈʠʩʫʥʦʢ 1.18 ʧʦʷʩʥʷʝʪ ʜʝʤʦʥʩʪʨʘʮʠʶ ʚʥʫʪʨʝʥʥʠʭ ʨʝʘʢʮʠʡ ʠ ʠʟʤʝʥʝʥʠʡ ʪʦʢʘ 

ʚʦ ʚʨʝʤʷ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʘ. ʇʨʠ ʟʘʨʷʜʝ ʩʦʝʜʠʥʝʥʠʷ ʣʠʪʠʷ ʨʘʩʧʘʜʘʶʪʩʷ 

ʥʘ ʠʦʥʳ ʣʠʪʠʷ, ʵʣʝʢʪʨʦʥʳ ʠ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʣʠʪʠʷ. ʕʣʝʢʪʨʦʥʳ ʠʜʫʪ ʦʪ ʢʘʪʦʜʘ ʢ 

ʘʥʦʜʫ ʧʦ ʚʥʝʰʥʠʤ ʧʨʦʚʦʜʥʠʢʘʤ, ʠʦʥʳ ʣʠʪʠʷ ʧʝʨʝʭʦʜʷʪ ʦʪ ʢʘʪʦʜʘ ʢ ʘʥʦʜʫ ʯʝʨʝʟ 

ʵʣʝʢʪʨʦʣʠʪ, ʘ ʪʦʢ ʠʜʝʪ ʦʪ ʘʥʦʜʘ ʢ ʢʘʪʦʜʫ. ɻʨʘʬʠʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʥʦʜʘ, ʧʦʪʦʤʫ ʯʪʦ ʦʥ ʠʤʝʝʪ 

ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʣʠʪʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʝʤʢʦʩʪʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘ. ʀʦʥʳ ʣʠʪʠʷ ʠ ʵʣʝʢʪʨʦʥʳ ʨʝʘʛʠʨʫʶʪ ʩ ʫʛʣʝʨʦʜʦʤ ʥʘ ʘʥʦʜʝ ʠ ʦʙʨʘʟʫʶʪ 

ʩʦʝʜʠʥʝʥʠʝ ʫʛʣʝʨʦʜʘ ʩ ʣʠʪʠʝʤ [59].  

ʇʦʩʢʦʣʴʢʫ ʠʦʥʳ ʣʠʪʠʷ ʪʝʢʫʪ ʧʨʠ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʢʘʞʜʘʷ 

ʷʯʝʡʢʘ ʛʝʥʝʨʠʨʫʝʪ 3,6 ʚʦʣʴʪʘ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ 1,5 ʚʦʣʴʪʘ ʚ ʦʙʳʯʥʦʤ 

ʵʣʝʤʝʥʪʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʠʪʠʡ-ʠʦʥʥʳʤ ʙʘʪʘʨʝʷʤ ʙʳʪʴ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʤʠ ʚ 

ʥʝʙʦʣʴʰʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʪʘʢʠʭ ʢʘʢ ʩʤʘʨʪʬʦʥ r[60]. 
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ʈʠʩʫʥʦʢ 1.18. ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʣʠʪʠʡ-ʠʦʥʥʘʷ ʙʘʪʘʨʝʷ [61] 

 

1.3.3.2 ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ɸʂɹ 

ʇʨʦʩʪʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʠʜʝʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʩʦ ʟʥʘʯʝʥʠʝʤ Eb 

(ʨʘʚʥʳʤ ʥʘʧʨʷʞʝʥʠʶ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ) ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Rʙʘʪ.. ɻʜʝ Vʙʘʪ. - ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʣʝʤʤʘʭ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʝ 1.19. 

 

ʈʠʩʫʥʦʢ 1.19. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʤʦʜʝʣʠ ʙʘʪʘʨʝʠ. 

 

ʊʦʢ ʚ ʙʘʪʘʨʝʝ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʩ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 

ʥʘ ʜʨʫʛʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʧʨʷʞʝʥʠʷ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʠ ʨʘʟʥʠʮʘ ʩʦʩʪʦʠʪ ʠʟ (1) ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ, 

ʚʳʟʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ ʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟ-ʟʘ 

ʷʚʣʝʥʠʡ ʧʝʨʝʥʦʩʘ, ʠ (2) ʦʤʠʯʝʩʢʠʭ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʡ, 
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ʘ ʪʘʢʞʝ ʠʦʥʥʳʡ ʪʦʢ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʦʚʦʜʷʱʠʭ ʯʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʵʣʝʢʪʨʦʣʠʪ. ʉʫʤʤʘ 

ʦʙʦʠʭ, ʥʘʟʳʚʘʝʤʘʷ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʦʪʚʝʯʘʝʪ ʟʘ ʩʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʤʝʥʪʝ 

(Vʨʘʟʨ.) ʚʦ ʚʨʝʤʷ ʨʘʟʨʷʜʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʤʝʥʪʝ (Vʟʘʨ.) ʧʨʠ ʟʘʨʷʜʝ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʠʞʝ [62]. 

6̑ ́̈̑Ȣ  ˒̂́Ȣ̓̏  6̏ ̑  6̏ ̑ Ὅ Ὑ̐ ̏ ̌           ρȢσσ 

6̈ ́Ȣ̑  ˒̂́Ȣ̓̏  6̏ ̑  6̏ ̑ Ὅ Ὑ̐ ̏ ̌             ρȢστ 

ʛʜʝ Rʧʦʣ ʦʟʥʘʯʘʝʪ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʘ Vop+ ʠ Vop- - 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʵʣʝʢʪʨʦʜʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʟ-ʟʘ ʵʬʬʝʢʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʝ ʙʘʪʘʨʝʠ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʦʷʥʠʷ ʟʘʨʷʜʘ ʙʘʪʘʨʝʠ. ʕʪʠ ʫʩʣʦʚʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʘʢʢʫʤʫʣʷʪʦʨʘ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʡ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʤʦʜʝʣʴʶ ʜʣʷ ʨʘʟʨʷʜʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʐʝʧʝʨʜʘ [63]: 

6̂ ́Ȣ̓  ˒̂́Ȣ̓̏  ̠ 
ὗ

ὗ Ὅ̓
 Ὅ Ὅ Ὑ̂ ́Ȣ̓̏         ρȢσυ 

Ὓ̨ ˞   
ὗ Ὅ̓

ὗ
                                                  ρȢσφ 

ʛʜʝ ʧʝʨʚʳʡ ʯʣʝʥ Eʙʘʪ.ʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʧʨʷʞʝʥʠʝ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ ʙʘʪʘʨʝʠ ʧʨʠ 

ʧʦʣʥʦʡ ʝʤʢʦʩʪʠ, Q - ʝʤʢʦʩʪʴ ʙʘʪʘʨʝʠ (ɸʯ), K - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʆʤ), I - ʪʦʢ ʙʘʪʘʨʝʠ (ɸ), Rʙʘʪ.ʦ - ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɺ (1.39) 

ʚʪʦʨʦʡ ʯʣʝʥ ʩʚʷʟʘʥ ʩ ʧʦʪʝʨʝʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʦʤʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʘ 

ʧʦʩʣʝʜʥʠʡ ʯʣʝʥ ʦʙʦʟʥʘʯʘʝʪ ʧʦʪʝʨʶ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʫʪʝʤ 

ʧʦʜʩʪʘʥʦʚʢʠ ʫʨʘʚʥʝʥʠʷ (1.36) ʚ ʫʨʘʚʥʝʥʠʝ (1.35) ʧʦʣʫʯʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ (1.37), 

ʠʩʧʦʣʴʟʫʷ ʩʦʩʪʦʷʥʠʝ ʟʘʨʷʜʘ (SOC), ʢʦʪʦʨʦʝ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʤʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʦʣʷʨʠʟʘʮʠʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ SOC [64]. 

6̂ ́Ȣ̓  ˒̂́Ȣ̓̏  
 ̠

3/#
 Ὅ Ὅ Ὑ̂ ́Ȣ̓̏         ρȢσχ 
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ʉʦʦʪʥʦʰʝʥʠʝ ʐʝʧʘʨʜʘ ʤʝʥʝʝ ʩʣʦʞʥʦʝ, ʯʝʤ ʚ ʥʝʢʦʪʦʨʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʷʭ 

ʥʘʧʨʷʞʝʥʠʝ-ʪʦʢ [65]. ʏʘʩʪʦ ʵʪʠ ʤʦʜʝʣʠ ʥʘʯʠʥʘʶʪʩʷ ʩ ʦʪʥʦʰʝʥʠʡ, ʧʦʜʦʙʥʳʭ 

ʦʪʥʦʰʝʥʠʷʤ ʐʝʧʝʨʜʘ, ʘ ʟʘʪʝʤ ʨʘʟʚʠʚʘʶʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʪʘʢʠʭ 

ʪʝʨʤʠʥʦʚ, ʢʘʢ: 

 1) ʦʩʣʘʙʠʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʤʦʜʝʣʠ ʐʝʧʝʨʜʘ. 

 2) ʫʣʫʯʰʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʪʥʦʰʝʥʠʷ ʢʘʢ ʥʘʙʣʶʜʘʝʤʳʤ ʟʘʨʷʜʥʳʤ, ʪʘʢ ʠ 

ʨʘʟʨʷʜʥʳʤ ʢʨʠʚʳʤ.  

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʦʙʲʷʩʥʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ (1.38 ʠ 

1.39), ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʧʨʦʮʝʩʩʳ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʚ Matlab [66,67], 

6̑ ́̈̑Ȣ  ˒̂́Ȣ̓̏  ̠ 
ὗ

ὗ Ὅ̓
 Ὅᶻ Ὅ Ὑ̂ ́Ȣ̓̏  ̠ 

ὗ

ὗ Ὅ̓
 Ὅ̓ Ὡ̖ ὸ̑       ρȢσψ 

6̈ ́Ȣ̑  ˒̂́Ȣ̓̏  ̠ 
ὗ

‗ὗ Ὅ̓
 Ὅᶻ Ὅ Ὑ̂ ́Ȣ̓̏  ̠ 

ὗ

ὗ Ὅ̓
 Ὅ̓ ̞̋̒̐Ȣὸ    ρȢσω 

ɺ (1.38) ʠ (1.39) ʢʦʵʬʬʠʮʠʝʥʪ ɚ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʩʯʝʪʘ ʩʜʚʠʛʘ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦ ʚʨʝʤʷ ʟʘʨʷʜʘ ʙʘʪʘʨʝʠ [68].  ʉʣʝʜʫʶʱʠʡ ʯʣʝʥ, 

ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤʫ ʦʤʠʯʝʩʢʦʤʫ ʧʘʜʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʟʣʠʯʝʥ ʜʣʷ 

ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ ʠ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʙʘʪʘʨʝʠ I* 

ʜʣʷ ʠʤʠʪʘʮʠʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʝʜʣʝʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ 

ʨʝʘʢʮʠʠ ʥʘ ʩʪʫʧʝʥʯʘʪʳʡ ʪʦʢ. ɺʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʪʨʝʪʴʝʤ ʯʣʝʥʝ ʠʤʝʝʪ 

ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ. ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʚʫʶ ʨʘʟʨʷʜʘ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʙʘʪʘʨʝʠ [69]. 

ʇʦʩʣʝʜʥʠʡ ʯʣʝʥ ʵʢʩʧ.(t) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʦʪʨʘʞʘʶʱʝʝ ʷʚʣʝʥʠʝ ʥʝʣʠʥʝʡʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʤʝʞʜʫ ʨʘʟʨʷʜʦʤ ʠ 

ʟʘʨʷʜʦʤ. ʀʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʢʨʠʚʘʷ ʨʘʟʨʷʜʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.20. ʊʨʠ ʪʦʯʢʠ 

ʨʘʟʨʷʜʘ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1.20, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʩʪʦʷʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʂ, Rʙʘʪ.ʦ ʠ Eʙʘʪ.ʦ ʚ (1), ʯʪʦʙʳ ʦʪʨʘʟʠʪʴ ʷʚʣʝʥʠʝ ʥʝʣʠʥʝʡʥʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ʤʝʞʜʫ ʨʘʟʨʷʜʦʤ ʠ ʟʘʨʷʜʦʤ. 
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ʈʠʩʫʥʦʢ 1.20.  ʇʨʠʤʝʨ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʢʨʠʚʦʡ ʨʘʟʨʷʜʘ ʙʘʪʘʨʝʠ [69]. 

1.3.3.3 ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ  

ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʪʠʧʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʛʨʫʟʢʠ: ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʙʱʘʷ ʠ ʬʘʨʘʜʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʢʫʣʦʥʦʚʩʢʘʷ). ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʧʦʩʦʙʥʦʩʪʠ ʙʘʪʘʨʝʠ ʥʘʢʘʧʣʠʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ; ʵʪʦ ʥʝ ʩʚʷʟʘʥʦ ʩ 

ʜʞʦʫʣʝʚʳʤʠ ʧʦʪʝʨʷʤʠ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʯʠʪʳʚʘʝʪ ʢʫʣʦʥʦʚʩʢʠʡ ʂʇɼ ʠ ʧʦʪʝʨʠ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ɼʞʦʫʣʷ [70]. 

                 ρ  Ὡὼὴ 
ςπȟχσ

Ὅ̂́Ȣ̓
Ὅ

πȟυ
Ὓ̨ ˞ ρ                    ρȢτπ 

ʛʜʝ Л - ʂʇɼ, I10 - 10-ʯʘʩʦʚʦʡ ʪʦʢ, 

1.4  ʆʧʪʠʤʠʟʘʮʠʠ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʇʦʩʢʦʣʴʢʫ ʵʥʝʨʛʦʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʫʩʪʦʡʯʠʚʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʦʡ, ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʜʝʞʥʦʤ ʠ ʵʢʦʥʦʤʠʯʥʦʤ ʩʥʘʙʞʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʝʡ [71]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʠʟʘʮʠʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ, ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʠ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʧʪʠʤʠʟʘʮʠʷ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ, ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʜʚʫʭ ʧʨʦʙʣʝʤʘʭ: 

(ɸ) ʩʪʨʘʪʝʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ 
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ʦʪ ʦʛʨʘʥʠʯʝʥʠʡ ʩʠʩʪʝʤʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʥʘʛʨʫʟʢʠ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ, ʠ (ɹ) ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʦʧʪʠʤʘʣʴʥʳʡ ʪʠʧ ʠ ʨʘʟʤʝʨ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʛʝʥʝʨʠʨʫʶʱʠʭ ʙʣʦʢʦʚ 

[72]. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʦʜʭʦʜʷʱʫʶ ʛʠʙʨʠʜʥʫʶ ʩʠʩʪʝʤʫ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, 

ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʨʘʤʠ, ʯʪʦʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʤ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ. ʏʪʦʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ, ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʠʱʫʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʠʤʝʥʴʰʠʝ ʦʙʱʠʝ ʟʘʪʨʘʪʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ʩʠʩʪʝʤʳ. ɿʘʪʨʘʪʳ ʥʘ ʩʨʦʢ ʩʣʫʞʙʳ ʩʠʩʪʝʤʳ ʦʙʳʯʥʦ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʉʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ ï ʵʪʦ ʩʫʤʤʘ ʚʩʝʭ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʚʝʪʨʷʥʳʭ, ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʠ ʣʶʙʳʭ 

ʜʨʫʛʠʭ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʩʪʦʠʤʦʩʪʴ ʤʦʥʪʘʞʘ [73]. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʦʟʤʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʯʪʦʙʳ 

ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʙʠʥʘʮʠʠ. ʂʦʣʠʯʝʩʪʚʦ ʩʠʤʫʣʷʮʠʡ ʠ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʤʝʥʥʳʭ 

ʦʧʪʠʤʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʚʳʙʦʨ ʪʦʯʥʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ ʦʯʝʥʴ ʚʘʞʝʥ 

[74]. 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

ʊʝʭʥʦʣʦʛʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʷʯʝʝʢ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ, 

ʧʦʪʦʤʫ ʯʪʦ ʦʥʘ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʪʝʧʣʦʚʳʤ ʠʟʤʝʥʝʥʠʷʤ, ʯʝʤ ʜʨʫʛʠʝ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʉʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʳʯʥʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ: 

¶ ʂʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ; 
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¶ ʊʦʥʢʠʭ ʧʣʝʥʦʢ; 

¶ ɼʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʝ ʢʘʢ CPV, OPV ʠ DSSC. 

ɺ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʣʠʥʝʡʥʳʝ ʚʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (I-V ʠ P-V), ʢʦʪʦʨʳʝ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʝʢ ʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʥʦʯʥʦʝ 

ʚʨʝʤʷ ʷʯʝʡʢʘ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʜʠʦʜ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʘ ʙʫʜʝʪ ʥʝʘʢʪʠʚʥʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʩʦʣʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʘʜʘʶʱʝʛʦ ʥʘ ʵʣʝʤʝʥʪʳ ʠʟʣʫʯʝʥʠʷ (ʦʪ ʧʣʦʪʥʦʩʪʠ ʩʚʝʪʦʚʦʡ 

ʵʥʝʨʛʠʠ), ʵʥʝʨʛʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʚʠʜʝ ʧʨʷʤʳʭ ʠʣʠ ʨʘʩʩʝʷʥʥʳʭ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ. ʅʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʪʘʢʞʝ ʚʣʠʷʶʪ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, 

ʪʘʢʠʝ ʢʘʢ ʘʟʠʤʫʪ ʢʦʣʣʝʢʪʦʨʘ, ʟʘʪʝʥʝʥʠʝ ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ. 

ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ, ʠ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʫʯʠʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʬʘʢʪʦʨʳ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ 

ʩʚʝʪʘ ʥʘ ʧʨʠʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

ɺ ʨʘʟʜʝʣʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ ʠ ʠʭ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ, 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʨʘʙʦʯʘʷ ʤʦʜʝʣʴ ʠ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʭ 

ʚʳʨʘʙʦʪʢʫ, ʪʘʢʠʝ ʢʘʢ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʣʦʧʘʩʪʠ. 

ɹʝʟʦʧʘʩʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʚʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ ʧʨʝʦʙʨʘʟʫʶʪ ʢʠʥʝʪʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʝʪʨʘ ʚ ʯʠʩʪʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ɺʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ ʤʦʛʫʪ ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʚʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ ʛʝʥʝʨʠʨʫʶʪ ʨʘʟʣʠʯʥʫʶ ʵʥʝʨʛʠʶ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʩʘʤʦʡ ʪʫʨʙʠʥʳ ʠ ʚʳʩʦʪʳ ʙʘʰʥʠ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʥʝʙʦʣʴʰʠʝ ʪʫʨʙʠʥʳ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ 

ʚ ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ, ʜʦʤʘʭ ʠ ʬʝʨʤʘʭ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʧʦʪʨʝʙʣʷʶʪ ʤʝʥʝʝ 50 ʢɺʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʚʝʪʨʦʜʚʠʛʘʪʝʣʝ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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ɺ ʥʝʤ ʨʘʙʦʪʘʝʪ ʛʝʥʝʨʘʪʦʨ ʥʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʘʭ ʠ ʚʳʭʦʜʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʪʠʧʳ ʛʝʥʝʨʘʪʦʨʦʚ ʚʝʪʨʦʚrʭ ʪʫʨʙʠʥ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʜʚʠʛʘʪʝʣʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠ ʩ ʚʳʭʦʜʥʳʤ ʪʦʢʦʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

ʄʦʱʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʤʘʷ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʦʡ, ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʛʝʥʝʨʘʪʦʨʦʚ ʵʪʠʭ ʪʫʨʙʠʥ ʠ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ. ʉʫʱʝʩʪʚʫʝʪ ʧʨʝʜʝʣ, ʥʘʟʳʚʘʝʤʳʡ 

ʧʨʝʜʝʣʦʤ ʇʠʪʝʨʘ, ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪ (ʤʘʢʩʠʤʫʤ 59%), ʠ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʜʦʩʪʠʞʝʥʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴ ʵʥʝʨʛʠʶ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ ʧʨʦʠʟʚʦʜʷʪ ʵʥʝʨʛʠʶ, ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʝʥʘ 

ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʘ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʝʚʳʰʘʶʱʘʷ ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ ʧʨʝʜʝʣʘ ʇʠʪʝʨʘ. 

ʀʟ ʩʦʦʙʨʘʞʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʫʟʣʦʚ ʜʣʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʜʦ ʝ y ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ (ʩʤ. ʩʣʝʜʫʶʱʫʶ ʛʣʘʚʫ). 

ʅʘ ʚʳʨʘʙʦʪʢʫ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚʣʠʷʶʪ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʪʘʢʠʝ 

ʢʘʢ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠʣʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʧʦʜʜʝʨʞʠʚʘʶʱʫʶ ʧʦʜʘʯʫ ʵʥʝʨʛʠʠ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʘʧʨʠʤʝʨ, ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, ʢʦʪʦʨʳʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʚʦʩʧʦʣʥʝʥʠʷ ʜʝʬʠʮʠʪʘ. ɸʢʢʫʤʫʣʷʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʟʘʧʫʩʢ. ɺ ʵʪʦʡ ʛʣʘʚʝ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʣʠʪʠʡ-

ʠʦʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʷʚʣʷʶʪʩʷ ʣʫʯʰʠʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʝ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʭʦʨʦʰʝʡ ʥʘʜʝʞʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʦʥʠ ʪʘʢʞʝ ʥʝ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʣʠʪʠʡ-ʠʦʥʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʝʛʦ ʭʠʤʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʠ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʙʦʪʫ ʘʢʢʫʤʫʣʷʪʦʨʘ ʚ ʩʣʫʯʘʝ ʟʘʨʷʜʢʠ ʠ 

ʨʘʟʨʷʜʢʠ. ɺ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʛʠʙʨʠʜʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Matlab. 
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ɻʃɸɺɸ 2. ʈɸɿʈɸɹʆʊʂɸ ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ 

ʂʆʄʇʆʅɽʅʊʆɺ ɻʀɹʈʀɼʅʓʍ ʕʅɽʈɻʆʉʀʉʊɽʄ 

2.1  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʉʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ ʷʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʤ ʙʣʦʢʦʤ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ʏʪʦʙʳ ʧʦʥʷʪʴ ʧʨʠʥʮʠʧʳ ʝʸ ʨʘʙʦʪʳ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʟʚʝʩʪʥʫʶ 

ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʭʝʤʫ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʕʪʦ ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ ʩ ʦʜʥʠʤ 

ʜʠʦʜʦʤ. ʉʭʝʤʘ ʤʦʜʝʣʠ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.6. ʄʦʜʝʣʴ 

ʩʦʩʪʦʠʪ ʠʟ ʬʦʪʦʪʦʢʘ, ʜʠʦʜʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʟʠʩʪʦʨʘ (RS), ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ, ʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʝʟʠʩʪʦʨʘ (RSh), 

ʚʳʨʘʞʘʶʱʝʛʦ ʪʦʢ ʫʪʝʯʢʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʪʦʢʘ (I) (ʩʤ. 

ʨʘʟʜʝʣ 1.3.). ʅʘ ʨʠʩʫʥʢʝ 2.1 ʠ 2.3 ʧʦʢʘʟʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʙʣʦʢ-ʩʭʝʤʳ ʤʦʜʝʣʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʦʜʩʠʩʪʝʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʙʦʙʱʝʥʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʥʝʣʠʥʝʡʥʳʭ ʚʳʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ P-V ʠ 

I-V ʤʦʜʝʣʴ PV ʩʪʨʦʠʪʩʷ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ Matlab [75,76]. ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʝʛʦ 

ʫʜʦʙʥʳʤ ʜʣʷ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʯʠʪʘʝʤʳʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʞʜʘ ̫ʬʫʥʢʮʠ ̫ʜʣʷ ʟʘʧʠʩʠ 

ʦʩʤʳʩʣʝʥʥʳʤʠ ʙʫʢʚʘʤʠ, ʥʘʧʨʠʤʝʨ, ʬʫʥʢʮʠʷ ʦʙʨʘʪʥʦʛʦ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʦʪʥʦʩʠʪʩʷ 

ʢ ʨʝʘʣʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʷ (1.9). ʏʪʦʙʳ ʟʥʘʪʴ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʠ ʦʮʝʥʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʣʶʙʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʝʸ ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʈʠʩʫʥʦʢ 2.2 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʧʨʝʜʣʘʛʘʝʤʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ 

ʵʪʦʡ ʜʠʩʩʝʨʪʘʮʠʠ [77].  
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ʈʠʩʫʥʦʢ 2.1: ʈʝʘʣʠʟʘʮʠʷ ʙʣʦʢ-ʩʭʝʤʳ ʧʨʦʝʢʪʥʦʡ ʤʦʜʝʣʠ. 

 

 

ʈʠʩʫʥʦʢ 2.2. ɹʣʦʢ-ʩʭʝʤʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

 

ɺʩʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʙʳʣʠ ʚʟʷʪʳ ʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ. ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʧʨʠ 25 ÁC ʠ 1000 ɺʪ /ʤ2, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʵʪʦʤ ʧʨʠʤʝʨʝ (ʩʤ. 1.3.1) [78,79]. 
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ʈʠʩʫʥʦʢ 2.3. ʇʦʜʩʠʩʪʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ PV. 

 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʙʳʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥ rʠ ʩʤʦʜʝʣʠʨʦʚʘʥ rʚ Matlab, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.3, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ: 

) ) Ὅ ̖̆̑
ήὠ ὙὍ

ˍ˗˟
ρ                                             ςȢρ 

                    ˒
 ̠˟

ή
                                                                                  ςȢς 

) Ὅ Ὅ ̖̆̑
ὠ ὙὍ

ˍ˒
ρ                                                    ςȢσ 

                                  ὥ ὃ Ȣὠ                                                                              ςȢτ          

Ὅ Ὅ Ὅ ̖̆̑
ὠ ὙὍ

́
ρ                                                            ςȢυ 

 

ʉʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ 2.6 ʠ 2.7 ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ [80]. 

Ὅ Ὅ                                                                                                     ςȢφ 
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ừ
Ử
Ử
Ừ

Ử
Ử
ứὥ

‍  Ȣ  Ὕ̆  ὠ ̆  Ὁ

Ὕ  Ȣ  ‌ Ὅ ̆ϳ σ
                                            

Ὅ 
Ὅ

̖̆ ὠ̑ ̆ ὥ̆ϳ ρ
                                              

Ὑ
ὥ ÌÎρ  Ὅ̓̍̍̆ Ὅ ̆ϳ  ὠ̓̍̍  ὠ ̆

Ὅ̓̍̍̆

                       ςȢχ   

ừ
Ử
Ử
Ừ

Ử
Ử
ứὍ  

Ὃ

Ὃ
 zὍ  ‌  z Ὕ Ὕ         

Ὅ  Ὅ ̆  Ȣ  ̖̆̑
Ὁ

ὥ
ρ  
Ὕ

Ὕ
 Ȣ  

˟

Ὕ

Ὑ  Ὑ ̆                                                             

ὥ  ὥ̆ Ȣ  ˟ Ὕ̆ϳ                                                 

                                           ςȢψ 

 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʫʨʘʚʥʝʥʠʝ (1.6) ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ ʫʨʘʚʥʝʥʠʝʤ, 

ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ, ʠ ʧʨʠ 

ʘʥʘʣʠʟʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. ʉ 

ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʷʪʴ ʧʘʨʘʤʝʪʨʦʚ IL, I0, Rs, Rsh ʠ A 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25Áʉ ʠ ʫʨʦʚʥʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, Isc, 

Voc, Iʊʄʄ ʠ Vʊʄʄ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʨʝʜʝʣʝʥʠʡ Rso. ʋʨʘʚʥʝʥʠʝ (1.6) ʙʳʣʦ 

ʧʝʨʝʧʠʩʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʡʩʪʚʘ IPv ʧʦ-ʜʨʫʛʦʤʫ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

Ὅ  Ὅ  Ὅ ̆ ̖̑
ὠ  ὙὍ

ὃὠ
ρ  

ὠ  ὙὍ

Ὑ
                             ςȢω 

ˑ̌ ̠  ὠ  ὠȟὍ πȟ     ̘̐̏̌̔̉̍ 

π  Ὅ̑ Ὅ ὼ̆ὴ
ὠ̏

ὃὠ
ρ  

ὠ̏

Ὑ
                                                             ςȢρπ 

ˑ̌ ̠   ὠ  πȟὍ Ὅȟ     ̘̐̏̌̔̉̍ȡ 

Ὅ̒  Ὅ̑  Ὅ ̆ ̖̑
 Ὅ̒Ὑ

ὃὠ
ρ  

 Ὅ̒Ὑ

Ὑ
                                                 ςȢρρ 
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ɺ ʫʨʘʚʥʝʥʠʠ 2.11 ʟʘʤʝʥʝʥʦ Iph ʥʘ ʝʛʦ ʟʥʘʯʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʫʨʘʚʥʝʥʠʷ 2.10: 

Ὅ̒  Ὅ̏ ̖̆ ̑
ὠ̏

ὃὠ
ρ  

ὠ̏̒
Ὑ

 Ὅ̏ ̖̆̑
Ὅ̒Ὑ

ὃὠ
ρ  

Ὅ̒Ὑ

Ὑ
         ςȢρς 

Ὅ̒  Ὅ̏ ̖̆̑
ὠ̏

ὃὠ
̖̆̑
Ὅ̒Ὑ

ὃὠ
 
ὠ̏̒
Ὑ

 
Ὅ̒Ὑ

Ὑ
                                      ςȢρσ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

Ὅ̏ ὼ̆ὴ
ὠ

ὃὠ
̖̆̑
Ὅ̒Ὑ

ὃὠ
 
ὠ̏̒
Ὑ

 Ὅ̒ ρ  
Ὑ

Ὑ
π                           ςȢρτ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʦʢʫ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ 2.9: 

ρ   Ὅ̏
Ὠὠ

ὨὍ

ρ

ὃὠ
 
Ὑ

ὃὠ
 ̖̆̑
ὠ  ὍὙ

ὃὠ
 
ρ

Ὑ

Ὠὠ

ὨὍ
 
Ὑ

Ὑ
  

 

 
Ὅ̏

ὃὠ
̖̆̑
ὠ  ὍὙ

ὃὠ

Ὠὠ

ὨὍ
 
Ὅ̏Ὑ

ὃὠ
 ̖̆̑
ὠ  ὍὙ

ὃὠ
  
ρ

Ὑ

Ὠὠ

ὨὍ

 
Ὑ

Ὑ
                                                                                                 ςȢρυ  

 

 
Ὠὠ

ὨὍ

Ὅ̏

ὃὠ
̖̆̑
ὠ  ὍὙ

ὃὠ
 
ρ

Ὑ
 
Ὅ̏Ὑ

ὃὠ
 ̖̆̑
ὠ  ὍὙ

ὃὠ
 
Ὑ

Ὑ
ρ

π                                                                                                  ςȢρφ 

ɼʣʷ Vpv = Voc ʦʧʨʝʜʝʣʷʝʤ 

                         
Ὠὠ

ὨὍ
 

  Ὑ  ̏                                                           ςȢρχ 

ʥʘʭʦʜʠʤ, ʧʦʜʩʪʘʚʣʷʷ ʫʨʘʚʥʝʥʠʝ 2.17 ʚ ʫʨʘʚʥʝʥʠʠ. 2.16 

Ὑ̏
Ὅ

ὃὠ
̖̆̑

ὠ̏̒
ὃὠ

 
ρ

Ὑ
 
Ὅ̏Ὑ

ὃὠ
̖̆̑

ὠ̏̒
ὃὠ

 
Ὑ

Ὑ
ρ π                

Ὑ̏  Ὑ
Ὅ̏

ὃὠ
̖̆̑

ὠ̏̒
ὃὠ

 
ρ

Ὑ
ρ π                                                  ςȢρψ        
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ɼʣʷ ʫʩʣʦʚʠʷ Isʩ = Ipv ʦʧʨʝʜʝʣʷʝʤ: 

Ὠὠ

ὨὍ
  

  Ὑ                                                                            ςȢρω 

ɿʘʤʝʥʷʷ ʫʨʘʚʥʝʥʠʝ 2.19 ʚ ʫʨʘʚʥʝʥʠʠ 2.16, ʥʘʭʦʜʠʤ: 

Ὑ
Ὅ

ὃὠ
Ὡὼὴ
ὍὙ

ὃὠ
 
ρ

Ὑ
 
ὍὙ

ὃὠ
Ὡὼὴ
ὍὙ

ὃὠ
 
Ὑ

Ὑ
ρ π                

Ὑ  Ὑ
Ὅ

ὃὠ
Ὡὼὴ
ὍὙ

ὃὠ
 
ρ

Ὑ
ρ π                                                   ςȢςπ 

ʈʘʟʜʝʣʠʚ ʥʘ (Rshʦ - Rs) ʥʘʭʦʜʠʤ: 

ρ

Ὑ
 

ρ

Ὑ ̏  Ὑ
 
Ὅ̏

ὃὠ
ὼ̆ὴ
Ὅ̒Ὑ

ὃὠ
π                                                              ςȢςρ 

ɺ ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠʤʝʝʤ 

Ὅ̓̍̍  Ὅ  Ὅ̏ ὼ̆ὴ
ὠ̓̍̍ Ὅ̓̍ ̍Ὑ

ὃὠ
ρ  

ὠ̓̍̍ Ὅ̓̍ ̍Ὑ

Ὑ
                        ςȢςς 

ʀʟ ʫʨʘʚʥʝʥʠʷ 2.10 ʧʦʣʫʯʘʝʤ: 

Ὅ  Ὅ̏ Ø̆Ð
ὠ̏̒
ὃὠ

ρ  
ὠ̏̒
Ὑ
                                                                ςȢςσ 

ʇʦʜʩʪʘʚʣʷʷ ʫʨʘʚʥʝʥʠʝ 2.23 ʚ ʫʨʘʚʥʝʥʠʝ 2.22, ʧʦʣʫʯʘʝʤ: 

Ὅ̓̍̍  Ὅ̏ Ø̆Ð
ὠ̏̒
ὃὠ

ρ
ὠ̏̒
Ὑ
 Ὅ̏ ὼ̆ὴ

ὠ̓̍̍ Ὅ̓̍ ̍Ὑ

ὃὠ
ρ

 
ὠ̓̍̍ Ὅ̓̍ ̍Ὑ

Ὑ
                                                                ςȢςτ 

Ὅ̖̏̆̑
ὠ

ὃὠ
 
ὠ ὠ

Ὑ
 Ὅ  Ὅ̓̍̍

Ὑ

Ὑ
   Ὅ̏̆ ̖̑

ὠ̓̍̍ Ὅ̓̍ ̍Ὑ

ὃὠ
π     ςȢςυ 

ɺ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʂʝʥʥʝʨʫʜ ʠ ʏʘʨʣʴʟ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʯʝʪʳʨʝ ʧʘʨʘʤʝʪʨʘ A, Rs, I0 ʠ 

Rsh ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʧʫʪʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 2.14, 2.18, 2.21 ʠ 2.25. ʆʜʥʘʢʦ ʦʧʨʝʜʝʣʠʪʴ ʵʪʠ 

ʧʘʨʘʤʝʪʨʳ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʪʨʦʛʦʡ ʩʭʦʜʠʤʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʚʳʨʘʞʝʥʠʷ. 

ʊʘʢ ʢʘʢ Rs << Rsh, ʧʨʠʤʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ 

ρ  Ὑ Ὑϳ     ρ 

ʧʨʝʜʧʦʣʘʛʘʝʤ ʪʘʢʞʝ ʚ ʫʨʘʚʥʝʥʠʠ 2.14 

̖̆̑
ὠ̏̒
ὃὠ
ỚỚ ̖̆̑

ὍὙ

ὃὠ 
                                                                             ςȢςφ       

ʧʨʝʜʧʦʣʘʛʘʝʤ ʚ ʫʨʘʚʥʝʥʠʠ 2.18: 

Ὅ̏

ὃὠ
̖̆̑

ὠ̏̒
ὃὠ
ỚỚ
ρ

Ὑ
                                                                      ςȢςχ 

ɺ ʫʨʘʚʥʝʥʠʠ 2.17, ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ: Ὡὼὴ
 

 ρπϷ ʦʩʪʘʣʴʥʳʭ 

ʯʣʝʥʦʚ. ʉ ʵʪʠʤʠ ʫʧʨʦʱʝʥʠʷʤʠ ʧʦʣʫʯʘʝʤ ʠʟ ʫʨʘʚʥʝʥʠʡ: 2.14, 2.18, 2.21 ʠ 2.25:  

Ὅ̖̏̆̑
ὠ̏̒
ὃὠ

Ὅ̒  
ὠ̏̒
Ὑ

π                                                        ςȢςψ   

Ὑ  Ὑ
Ὅ̏

ὃὠ
̖̆̑

ὠ̏̒
ὃὠ

ρ π                                           ςȢςω 

Ὑ  Ὑ  ̏                                                                                     ςȢσπ  

Ὅ̖̏̆̑
ὠ̏̒
ὃὠ

 
ὠ ὠ̓̍̍
Ὑ

 Ὅ̓̍̍  Ὅ ̖̆̑
ὠ̓̍̍ Ὅ̓̍Ȣ̍Ὑ

ὃὠ
π              ςȢσρ   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ. A ʠʟ ʵʪʠʭ ʧʦʩʣʝʜʥʠʭ 

ʫʨʘʚʥʝʥʠʡ, ʠ ʚ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

Ὅ  Ὅ
ὠ

Ὑ
ÅØÐ 

ὠ

ὃὠ
                                               ςȢσς 

ʀʟ ʫʨʘʚʥʝʥʠ ̫2.29 ʠʤʝʝʤ: 

Ὑ̏  Ὑ  
ρ

Ὅ
ὃὠ

ÅØÐ
ὠ̏̒
ὃὠ

                                                                       ςȢσσ 

Ὑ  Ὑ̏  
ρ

Ὅ
ὃὠ

ÅØÐ
ὠ̏̒
ὃὠ

 Ὑ̏
ρ

ρ
ὃὠ

Ὅ  
ὠ̏̒
Ὑ

                     ςȢστ 
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ʇʦʜʩʪʘʚʣʷʷ ʫʨʘʚʥʝʥʠʝ 2.32 ʚ ʫʨʘʚʥʝʥʠʝ 2.31, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

Ὅ̒
ὠ̏̒
Ὑ

 
ὠ̏̒ ὠ̓̍̍
Ὑ

 Ὅ̓̍̍  Ὅ̏ ̖̆̑
ὠ̓̍̍ Ὅ̓̍Ȣ̍Ὑ

ὃὠ
  

Ὅ
ὠ̓̍̍
Ὑ
  Ὅ̓̍̍   Ὅ

ὠ̏̒
Ὑ

̖̆̑
ὠ̏̒
ὃὠ

 
ὠ̓̍̍ Ὅ̓̍Ȣ̍Ὑ

ὃὠ
         ςȢσυ 

ʠʣʠ ʟʘʤʝʥʠʚ ʫʨʘʚʥʝʥʠʝ 2.34 ʚ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ: 

Ὅ
ὠ̓̍̍
Ὑ
  Ὅ̓̍̍

Ὅ
ὠ
Ὑ

 Ὡὼὴ 
 ὠ̏̒ ὠ̓̍̍ Ὅ̓̍ ̍Ὑ̏  

Ὅ̓̍Ȣ̍ὃȢὠ
Ὅ  ὠ̏̒Ὑϳ

ὃὠ
  

ÌÎ
Ὅ̒

ὠ̓̍̍
Ὑ
  Ὅ̓̍̍

Ὅ
ὠ̏̒
Ὑ

 
 ὠ̏̒ ὠ̓̍̍ Ὅ̓̍ ̍Ὑ̏

ὃὠ
 
Ὅ̓̍̍

Ὅ
ὠ̏̒
Ὑ

 

ʅʘʢʦʥʝʮ, ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ A: 

ὃ  
ὠ̓̍̍  Ὅ̓̍ ̍Ὑ  ὠ̏ ̒

ὠ ÌÎὍ̒
ὠ̓̍̍
Ὑ
  Ὅ̓̍̍  ÌÎὍ̒

ὠ̏̒
Ὑ

 
Ὅ̓̍̍

Ὅ̒
ὠ̏̒
Ὑ

          ςȢσφ 

ʇʘʨʘʤʝʪʨʳ Iʦ, Rs ʠ Iph ʧʦʣʫʯʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ừ
ỬỬ
Ừ

ỬỬ
ứὍ̏  Ὅ

ὠ̏̒
Ὑ

̖̆̑
ὠ̏̒
ὃὠ

                     

Ὑ  Ὑ̏  
ὃὠ

Ὅ̏
̖̆̑

ὠ̏̒
ὃὠ

                    

Ὅ   Ὅ̒ ρ
Ὑ

Ὑ
 Ὅ̏ Ὡὼὴ

Ὅ̒ Ὑ

ὃὠ
ρ

                                                       ςȢσχ   

ɺʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ P-V, ʪʘʢ ʠ IV ʦʙʦʙʱʝʥʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ Delta BST 260-24P ̫ ʯʝʡʢʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ (2.4-2.5). ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 2.4 ʠ 2.5, ʧʘʨʘʤʝʪʨʳ ʬʦʪʦʵʣʝʤʝʥʪʦʚ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʥʝʣʠʥʝʡʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʪʦ ʝʩʪʴ ʚʳʭʦʜʥʦʡ ʪʦʢ ʠ ʤʦʱʥʦʩʪʴ ʬʦʪʦʵʣʝʤʝʥʪʘ ʟʘʚʠʩʷʪ ʦʪ ʨʘʙʦʯʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʥʮʠʠ, ʧʦʤʠʤʦ ʩʦʣʥʝʯʥʦʡ ʠʥʩʦʣʷʮʠʠ  [81]. ʅʘʭʦʜʠʤ 
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ʠʟ ʨʠʩʫʥʢʘ 2.4 (I) ʠ ʠʟ ʨʠʩʫʥʢʘ 2.4 (II ) ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʘ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʇʦʩʢʦʣʴʢʫ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ, 

ʧʦʣʝʟʥʘʷ ʤʦʱʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [82,83]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʘʤʝʪʠʤ, ʯʪʦ ʠʟ ʨʠʩʫʥʢʘ 2.5 (I) ʠ 2.5 (II) ʚʠʜʥʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʠʥʩʦʣʷʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʭʦʜʥʘʷ 

ʤʦʱʥʦʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ. 

ʇʨʠʯʠʥʘ ʚ ʪʦʤ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʩʚʷʟʘʥʦ ʩ 

ʩʦʣʥʝʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʘ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 2.4. ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʠ ʤʦʱʥʦʩʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʵʣʝʤʝʥʪʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʦʩʚʝʱʝʥʥʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 2.5. ɺʦʣʴʪʘʤʧʝʨʥʳʝ ʠ ʤʦʱʥʦʩʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 
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ʇʨʘʢʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʦʡ 

ʧʘʥʝʣʠ (ʤʦʜʫʣ)̫ Delta BST 260-24P ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʧʨʠʙʦʨʘʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʪʦʢʘ ʠ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.6.  

 

 
ʈʠʩʫʥʦʢ 2.6. ʇʨʘʢʪʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ 
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2.1.1 ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʘʥʝʣʠ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʦʪʙʦʨʘ ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

(ʊʄʄ) 

2.1.1.1 ʄʝʪʦʜ ʚʦʟʤʫʱʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ (P&O): 

ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʦʡ ʥʝʙʦʣʴʰʦʛʦ ʚʦʟʤʫʱʝʥʠʷ; 

ʚʦʟʤʫʱʝʥʠʝ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ. ɽʩʣʠ ʤʦʱʥʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʚʦʟʤʫʱʝʥʠʝ ʜʦʣʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʟʤʫʱʝʥʠʷ ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ. 

ʄʦʱʥʦʩʪʴ ʧʘʥʝʣʠ ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʧʠʢʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 

ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʧʦʵʪʦʤʫ ʚʦʟʤʫʱʝʥʠʝ ʤʝʥʷʝʪ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

[84].  ɺ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʩʠʩʪʝʤʘ ʢʦʣʝʙʣʝʪʩʷ ʦʢʦʣʦ ʪʦʯʢʠ ʧʠʢʦʚʦʡ 

ʤʦʱʥʦʩʪʠ. ʂʦʛʜʘ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʧʠʢʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ 

ʙʫʜʝʪ ʥʝʙʦʣʴʰʠʤ. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ P&O ʦʪʩʣʝʞʠʚʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.8, ʛʜʝ V(n), I(n) ʠ P(n) ï ʥʘʧʨʷʞʝʥʠʝ, ʪʦʢ ʠ ʤʦʱʥʦʩʪʴ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʘʥʝʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʨʠʩʫʥʢʝ 2.7 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ Simulink 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ ʠ ʧʦʥʠʞʘʶʱʠʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʫʧʨʘʚʣʷʝʤʳʡ ʢʦʥʪʨʦʣʣʝʨʦʤ ʊʄʄ [85,86]. 
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ʈʠʩʫʥʦʢ 2.7. ʄʦʜʝʣʴ ʩʦʣʥʝʯʥʦʛʦ ʬʦʪʦ-ʵʤʫʣʷʪʦʨʘ ʩ ʧʦʥʠʞʘʶʱʠʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ. 

 

 

ʈʠʩʫʥʦʢ 2.8. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʤʝʪʦʜʘ çɺʦʟʤʫʱʝʥʠʝ ʠ ʥʘʙʣʶʜʝʥʠʝè 

 

2.1.1.2 ʄʝʪʦʜ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʀʇ):  

ʄʝʪʦʜ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʙʦʪʘʝʪ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʨʘʚʥʦ ʥʫʣʶ ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 

(ʊʄʄ), ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʭʦʜʷʪʩʷ ʩʧʨʘʚʘ ʦʪ ʢʨʠʚʦʡ ʊʄʄ, ʘ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʚ ʣʝʚʦʡ ʦʙʣʘʩʪʠ ʢʨʠʚʦʡ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪ. ʋʨʘʚʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʀʇ: 

Ὠ̋
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ὨὺὭ

Ὠὺ
 Ὅ
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Ὠὺ
                                                          ςȢσψ 

ʊʄʄ ʜʦʩʪʠʛʘʝʪʩʷ, ʢʦʛʜʘ (
˝
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Ὅ

ὺ
                                                                             ςȢσω 
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ʊʝʦʨʝʪʠʯʝʩʢʠ ʪʦʯʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ I/V ʩ dI/dV, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.9, ʛʜʝ 

dI/dV ï ʀʥʢʨʝʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ I/V ï ʄʛʥʦʚʝʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʦʧʦʨʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʨʘʙʦʪʳ ʤʘʩʩʠʚʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʨʘʚʥʦ ὠὶ. 

Vʊʄʄ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ὠὶ, ʢʦʛʜʘ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʜʦʩʪʠʛʘʝʪʩʷ ʊʄʄ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʩʦʭʨʘʥʷʝʪ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʊʄʄ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʥʝ ʧʨʦʠʟʦʡʜʝʪ ʠʟʤʝʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ ʠʣʠ ʥʝ ʧʨʦʠʟʦʡʜʝʪ ʠʟʤʝʥʝʥʠʝ 

ʩʘʤʦʡ ʊʄʄ, ʧʦʵʪʦʤʫ ʮʝʣʴʶ ʘʣʛʦʨʠʪʤʘ Iʉ ʷʚʣʷʝʪʩʷ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦʙ 

ʫʚʝʣʠʯʝʥʠʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʠ ὠὶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʥʦʚʦʡ ʊʄʄ [87]. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʘʣʛʦʨʠʪʤʘ ʀʇ ʷʚʣʷʝʪʩʷ ʤʝʥʴʰʝʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʚʦʢʨʫʛ ʊʄʄ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʦʪʩʣʝʞʠʚʘʪʴ 

ʠʟʤʝʥʷʶʱʠʝʩʷ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ 

ʯʘʩʪʦʪʫ ʦʰʠʙʦʢ, ʯʝʤ ʤʝʪʦʜ P&o ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʦʜ «ʚʦʩʭʦʞʜʝʥʠʷ ʥʘ 

ʚʝʨʰʠʥʫè ʠ ʪ. ʜ. [88,89]. 

 

ʈʠʩʫʥʦʢ 2.9. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʤʝʪʦʜʘ ʀʇ 
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2.1.2 ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʠʢ ʦʪʙʦʨʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚʳʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʘʥʝʣʴ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ 

ʧʨʦʛʨʘʤʤʦʡ Matlab ʚ ʫʩʣʦʚʠʷʭ ʘʣʛʦʨʠʪʤʦʚ ʊʄʄ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ÁC ʠ 

ʠʟʣʫʯʝʥʠʠ 1000 ɺʪ/ʤ2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʘʥʝʣʠ ʧʨʠʚʝʜʝʥʘ ʚ 

ʪʘʙʣʠʮʝ 2.1. 

 

ʊʘʙʣʠʮʘ 2.1. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ 

 Delta BST 260-24 P [109]. 

ʉʦʣʥʝʯʥʳʡ ʤʦʜʫʣʴ 

ʧʘʨʘʤʝʪʨ 
Delta BST 260-24 P 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ     (Pmax) 260 ɺʪ 

ʅʘʧʨʷʞʝʥʠʝ ʧʨʠ Pmax          (Vmp) 30,5 ɺ 

ʊʦʢ ʧʨʠ Pmax                         (Imp) 8,36 ɸ 

ʊʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ        (Isc) 8,94 ɸ 

ʅʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ   (Voc) 38,5 ɺ 

ʊʝʤʧʝʨʘʪʫʨʘ ʂʦʵʬʬʠʮʠʝʥʪ      Isc 0,036 %/Áʉ 

ʊʝʤʧʝʨʘʪʫʨʘ ʂʦʵʬʬʠʮʠʝʥʪ      Voc -0,34 %/Áʉ 

ʊʝʤʧʝʨʘʪʫʨʘ ʂʦʵʬʬʠʮʠʝʥʪ ʩʠʣʳ -0,39 %/Áʉ 

NOCT 47±2 0C 

ʂʦʣʠʯʝʩʪʚʦ ʩʝʨʠʡʥʳʭ ʷʯʝʝʢ, Ns 60 (6 Ĭ10) 

 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʱʥʦʩʪʠ, ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʊʄʄ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʊʄʄ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʤʝʪʦʜ 

P&O ʠ ʤʝʪʦʜ «ʚʦʩʭʦʞʜʝʥʠʝ ʥʘ ʚʝʨʰʠʥʫè, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.10, 2.11 

ʠ 2.12 ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚ ʩʠʩʪʝʤʝ Matlab ʜʣʷ ʤʦʜʫʣʷ PV 260ɺʪ. 
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ʈʠʩʫʥʦʢ 2.10. ɺɸʍ ʧʨʠ 1000 ɺʪ/ʤ2 ʠ 25 Áʉ (ʉ1) 

 

 

ʈʠʩʫʥʦʢ 2.11. P-V ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 1000 ɺʪ/ʤ2 ʠ 25 ÁC (ʉ1) 
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ʈʠʩʫʥʦʢ 2.12. P-I ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 1000 ɺʪ/ʤ2 ʠ 25 ÁC (ʉ1) 

 

ɻʝʥʝʨʠʨʫʝʤʳʡ ʪʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʠ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʧʨʷʞʝʥʠʝ ʦʩʪʘʝʪʩʷ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʳʤ ʠ ʥʝ ʩʠʣʴʥʦ 

ʤʝʥʷʝʪʩʷ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 2.13, 2.14 ʠ 2.15. ʕʪʠ ʨʠʩʫʥʢʠ ʪʘʢʞʝ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʢʦʛʜʘ ʩʦʣʥʝʯʥʘʷ ʠʟʦʣʷʮʠʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ.  

 

ʈʠʩʫʥʦʢ 2.13. ɺɸʍ ʧʨʠ 600 ɺʪ/ʤ2 ʠ 25 Áʉ (ʉ2) 
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ʈʠʩʫʥʦʢ 2.14. P-V ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 600 ɺʪ/ʤ2 ʠ 25 ÁC (ʉ2) 

 

 

ʈʠʩʫʥʦʢ 2.15. P-I ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 600 ɺʪ/ʤ2 ʠ 25 ÁC (ʉ2) 

 

ʅʘ ʨʠʩʫʥʢʝ2.16, 2.17 ʠ 2.18 ʦʧʠʩʘʥʳ ʛʨʘʬʠʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ V-I, P-V ʠ P-I ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ. ʉʦʣʥʝʯʥʘʷ ʠʥʩʦʣʷʮʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʪ 

ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʷʪ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ, ʪʦʢ ʠ ʥʘʧʨʷʞʝʥʠʝ ʬʦʪʦʵʣʝʤʝʥʪʦʚ. 
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ʈʠʩʫʥʦʢ 2.16. ɺɸʍ ʧʨʠ 1000 ɺʪ/ʤ2 ʠ 40 Áʉ (ʉ3) 

 

ʈʠʩʫʥʦʢ 2.17. P-V ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 1000 ɺʪ/ʤ2 ʠ 40 ÁC (ʉ3) 

 

ʈʠʩʫʥʦʢ 2.18. P-I ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 1000 ɺʪ/ʤ2 ʠ 40 ÁC (ʉ3) 
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ɺ ʪʘʙʣʠʮʝ 2.2 ʦʧʠʩʘʥʘ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷ, ʛʜʝ ʉ1, ʉ2 ʠ ʉ3 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ ʧʨʠ ʠʥʩʦʣʷʮʠʠ 

1000, 600, 1000 ɺʪ/ʤ2 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 25, 25, 40 ÁC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʊʘʙʣʠʮʘ 2.2. ʉʨʘʚʥʝʥʠʝ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊʄʄ ʪʝʭʥʦʣʦʛʠʡ 

ˉ: ʄʝʪʦʜ ʊʄʄ ʉ1 ʉ2 ʉ3 

1 ɹʝʟ ʊʄʄ 214,2 150,1 182,1 

2 ʀʥʢʨʝʤʝʥʪʘʣʴʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ (ʀʇ) 

244 165,3 209,8 

3 ʈ&ʆ 222,1 158,4 190,2 

4 Hʉ 218,4 155,6 185,9 

 

ɺʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʦʟʜʘʥʥʦʝ ʩʨʝʜʦʡ Matlab/Simulink, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷ Delta BST 260-24 P, ʚ ʢʦʪʦʨʦʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʊʄʄ. ʕʪʘ ʥʝʩʣʦʞʥʘʷ ʤʦʜʝʣʴ ʜʘʝʪ ʙʳʩʪʨʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʚʝʜʝʥʠʝ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ, ʘ ʤʦʱʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ ʚʩʝʭ ʪʨʝʭ ʘʣʛʦʨʠʪʤʦʚ ʊʄʄ 

ʙʣʠʟʢʘ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʚʦ ʚʥʠʤʘʥʠʝ, 

ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʦʛʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʢʦʥʢʨʝʪʥʳʤ ʣʠʩʪʦʤ 

ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ. 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʟʚʦʣʠʣʘ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʤʝʪʦʜ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (Iʉ) 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʠ ʠʤʝʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ 

ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ, ʯʝʤ ʤʝʪʦʜ P&O ʠ Hill  Climbing (Hʉ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

 

2.1.3 ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʀʇ) 

ɸʣʛʦʨʠʪʤ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʢʣʦʥʘ ʢʨʠʚʦʡ P-V, ʪʦ ʝʩʪʴ 

ʚ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʀʇ ʣʝʞʠʪ ʥʘʢʣʦʥ ʢʨʠʚʦʡ PïV, ʛʜʝ dV ʠ dI ð ʠʟʤʝʥʝʥʠʷ 
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ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʠ 

ʩʦʣʥʝʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʣʛʦʨʠʪʤ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʠʟʤʝʥʝʥʠʡ ʥʘʛʨʫʟʢʠ ʥʘ ʪʦʢ ʠ ʥʘʧʨʷʞʝʥʠʝ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.19 ɹ, ʢʦʛʜʘ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʥʘ ʣʠʥʠʠ ʥʘʛʨʫʟʢʠ II  (ʪʦʯʢʘ F) ʠ ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʨʘʙʦʯʘʷ ʪʦʯʢʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʪʦʯʢʫ G. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ, ʪʘʢ ʠ ʪʦʢ. 

ʀ ʥʘʦʙʦʨʦʪ, ʢʦʛʜʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʥʘ ʣʠʥʠʠ ʥʘʛʨʫʟʢʠ 1 (ʪʦʯʢʘ 

E) ʠ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚʥʝʟʘʧʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʨʘʙʦʯʘʷ ʪʦʯʢʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʪʦʯʢʫ H. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʥʘʧʨʷʞʝʥʠʝ, ʠ ʪʦʢ 

ʫʤʝʥʴʰʘʶʪʩʷ. 

ɺ ʦʙʳʯʥʦʤ ʘʣʛʦʨʠʪʤʝ ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʪʠ ʜʚʘ ʪʠʧʘ ʠʟʤʝʥʝʥʠʡ 

ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ. ʄʝʞʜʫ ʪʝʤ, ʝʩʣʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʥʘ ʣʠʥʠʠ 

ʥʘʛʨʫʟʢʠ I ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʣʠʥʠʠ ʥʘʛʨʫʟʢʠ II, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʧʨʷʞʝʥʠʝ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʪʦʢ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ 

ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʥʘʧʨʷʞʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʪʦʢ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʫʤʝʥʴʰʘʝʪʩʷ. 

 
(ɸ) 
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(ɹ) 

 

(ʉ) 

ʈʠʩʫʥʦʢ 2.19: (ɸ) ʄʦʜʝʣʠʨʦʚʘʥʠʝ Matlab ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ MPPT ʜʣʷ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ, (ɹ) ɺɸʍ ʠ PïV ʢʨʠʚʳʝ ʦʙʣʫʯʝʥʠʷ 1000 

ɺʪ/ʤ2 ʠ 400 ɺʪ/ʤ2. 

 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʀʇ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʙʦʨ ʤʦʱʥʦʩʪʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʘʢ ʥʘʧʨʷʞʝʥʠʷ, ʪʘʢ ʠ ʪʦʢʘ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʨʢʝ ʪʦʛʦ, ʜʦʩʪʠʛʥʫʪʘ ʣʠ ʊʄʄ ʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʣʠ 

ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʦ ʥʝʦʞʠʜʘʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦʧʫʩʪʠʤʘʷ ʦʰʠʙʢʘ ʚ ʫʨʘʚʥʝʥʠʠ (2,40) ʧʨʠʥʠʤʘʝʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʜʦʩʪʠʛʥʫʪ ʣʠ ʧʦʜʭʦʜ ʊʄʄ . 

A C B 
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ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʀʇ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʧʫʪʝʤ ʨʘʟʜʝʣʝʥʠʷ P-V 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʪʨʠ ʦʙʣʘʩʪʠ, ʦʙʦʟʥʘʯʘʝʤʳʝ ʢʘʢ ʦʙʣʘʩʪʴ A, ʦʙʣʘʩʪʴ B ʠ ʦʙʣʘʩʪʴ 

C, ʛʜʝ ʦʙʣʘʩʪʴ A ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0 ʜʦ 65%Voc, ʦʙʣʘʩʪʴ B ʩʦʩʪʘʚʣʷʝʪ ʦʪ 65% Voc ʜʦ 85% 

Voc, ʘ ʦʙʣʘʩʪʴ ʩ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 85% Voc ʜʦ Voc. ʆʙʣʘʩʪʴ B ð ɻ ʪʦ ʦʙʣʘʩʪʴ, ʚʢʣʶʯʘʶʱʘʷ 

ʊʄʄ. ʇʦʥʷʪʥʦ, ʯʪʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʀʇ ʜʦʣʞʝʥ ʥʘʡʪʠ ʊʄʄ 

ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ B, ʢʦʪʦʨʘʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 65 % ʜʦ 85 %, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʫʨʘʚʥʝʥʠʝ 2.41. ʂʨʠʚʘʷ PV ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʦʙʣʘʩʪʠ, ʯʪʦʙʳ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ 

ʠ ʚʨʝʤʷ ʥʘ ʧʦʠʩʢ ʊʄʄ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʨʦʚʝʨʝʥ, ʘ ʪʘʢʞʝ 

ʘʜʜʠʪʠʚʥʳʡ ʧʦʠʩʢ ʧʨʦʚʝʨʷʝʪ, ʙʳʣʘ ʣʠ ʜʦʩʪʠʛʥʫʪʘ ʪʦʯʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

(ʊʄʄ), ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ 2.41. ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʘʣʛʦʨʠʪʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪ Var 

ʨʘʚʥʳʤ 1, ʪʦʛʜʘ ʫʨʘʚʥʝʥʠʝ 2.40 ʚʳʧʦʣʥʷʝʪʩʷ, ʘ ʝʩʣʠ Var ʨʘʚʥʦ ʥʫʣʶ, ʪʦ ʥʝʪ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʪʘʢʞʝ ʧʨʦʚʝʨʷʝʪ, ʙʳʣʠ ʣʠ ʫʚʝʣʠʯʝʥʳ ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʯʠʡ ʮʠʢʣ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʭʦʜʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʥʦʚʣʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʀʇ ʙʳʣ ʫʩʪʨʘʥʸʥ 

ʥʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ, ʧʦʣʫʯʘʶʱʠʡʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʊʄʄ ʚʨʝʤʝʥʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʦʢ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʘʥʝʣʠ ʥʘ ʥʦʣʴ ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʀʇ, 

ʧʦʟʚʦʣʷʷ ʠʟʤʝʨʷʪʴ ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʘʥʝʣʝʡ. ɹʣʦʢ-ʩʭʝʤʘ ʥʘ ʨʠʩʫʥʢʝ 2.20 

ʦʧʠʩʳʚʘʝʪ ʨʘʙʦʪʫ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʀʇ. 

ὨὍ

Ὠὠ

Ὅ

ὠ
    πȢπφυ (2.40) 

ὠ˟˙˙ φυϷ ὠ ψυϷ ὠ   (2.41) 
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ʈʠʩʫʥʦʢ 2.20. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

2.1.3.1 ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʊʝʩʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʪʦʜʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʳ Matlab/Simulink ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ 

Delta BST 260-24 P. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʚʥʝʟʘʧʥʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ 250 ɺʪ/ʤ2, 500 

ɺʪ/ʤ2, 750 ɺʪ/ʤ2 ʜʦ 1000 ɺʪ/ʤ2, ʟʘ ʚʨʝʤʷ t = 1,5 ʩ, 3 ʩ, 4,5 ʩ, 6 ʩ, ʘ ʟʘʪʝʤ ʧʘʜʘʣʘ ʜʦ 250 

ɺʪ/ʤ2 ʟʘ ʚʨʝʤʷ ʩ 6 ʜʦ 7,25 ʩ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ = 25 ʉ. ʅʘ ʨʠʩʫʥʢʝ 2.21 

ʧʦʢʘʟʘʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʙʳʯʥʦʤʫ ʤʝʪʦʜʫ ʀʇ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʧʳʪʘʥʠʡ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ . 
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ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ï ʫʚʝʣʠʯʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ T=25 ÁC, 30 ʉ, 35 ʉ, 40 ʉ, ʠ 

ʧʘʜʝʥʠʠ ʜʦ 25 ʉ, ʧʨʠ ʪʘʢʦʤ ʞʝ ʠʟʤʝʥʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʅʘ ʨʠʩʫʥʢʝ 2.22 ʧʦʢʘʟʘʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʦ 

ʦʙʳʯʥʦʤʫ ʤʝʪʦʜʫ ʀʇ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʠʭ ʨʠʩʫʥʢʦʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʜʦʧʫʩʢʘʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ 0,065. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʝʜʝʥʳ ʢ ʤʠʥʠʤʫʤʫ, ʘ ʤʦʱʥʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 2.21 ʠ 2.22, ʧʨʠ 

ʨʝʟʢʦʤ ʫʚʝʣʠʯʝʥʠʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʤʦʱʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ 

ʙʦʣʝʝ 255,5 ɺʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʳʯʥʘʷ Iʉ ʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ, ʤʦʱʥʦʩʪʴ 

ʦʪʢʣʦʥʷʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʥʝ ʤʝʥʝʝ 244 ɺʪ ʠ ʠʟ-ʟʘ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʩʠʩʪʝʤʝ ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʊʄʄ, 

ʜʘʞʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʊʄʄ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 2.21 ʠ 2.22. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʥʘʨʫʞʠʚʘʝʪ ʙʳʩʪʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʨʠʥʠʤʘʝʪ ʧʨʘʚʠʣʴʥʦʝ ʨʝʰʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʱʥʦʩʪʴ ʩ ʧʝʨʚʦʛʦ ʰʘʛʘ ʩʭʦʜʠʪʩʷ ʢ ʥʦʚʦʡ ʊʄʄ ʠ ʫʜʝʨʞʠʚʘʝʪʩʷ ʪʘʤ. ɹʦʣʝʝ ʪʦʛʦ, 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʊʄʄ ʪʨʝʙʫʝʪʩʷ ʚʩʝʛʦ 0,001 ʩʝʢʫʥʜʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʱʥʦʩʪʴ 

ʩʭʦʜʠʪʩʷ ʙʳʩʪʨʝʝ ʩ ʧʨʝʜʣʘʛʘʝʤʦʡ ʀʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, 

ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʊʄʄ. ʂʘʢ ʧʦʢʘʟʘʥʦ, 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʦʢʘʟʳʚʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ, 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʦʢʨʫʛ ʊʄʄ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. 



76 
 

 

ʈʠʩʫʥʦʢ 2.21. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʀʇ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʫʯʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʊʄʄ. 

 

ʈʠʩʫʥʦʢ 2.22 ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʀʇ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʫʯʝʥʠʡ ʠ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʊʄʄ. 
 

2.1.3.2 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɺʩʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʘʥʝʣʠ Delta BST 260-24P, 

ʢʦʥʪʨʦʣʣʝʨʘ PIC16F1789, ʧʦʚʳʰʘʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʥʘʛʨʫʟʢʠ. ʂʦʥʪʨʦʣʣʝʨ 

PIC16F1789 ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʳʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʦʜʭʦʜʷʱʝʡ 

ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ, ʫʧʨʘʚʣʷʶʱʝʡ ʨʘʙʦʯʠʤ ʮʠʢʣʦʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ 12 ʦʢʪʷʙʨʷ 



77 
 

2021 ʛ. ʩ (10 ʯ: 39 ʤʠʥ ʜʦ 12 ʯ: 35 ʤʠʥ), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʦʩʮʠʣʣʦʛʨʘʬʝ ʨʠʩʫʥʦʢ 2.23. 

ɺ ʵʪʦʪ ʜʝʥʴ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʦʩʪʘʚʣʷʶʪ: 

644,36 ɺʪ/ʤ2; 19,4 Áʉ ʚ 10 ʯ 44 ʤʠʥ ʠ 690,97 ɺʪ/ʤ2; 22,56 Áʉ ʚ 12 ʯ 35 ʤʠʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʥʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ 12 ʦʢʪʷʙʨʷ 2021 ʛ. ʩ (10 ʯ: 39 ʤʠʥ ʜʦ 12 ʯ: 35 ʤʠʥ), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʦʩʮʠʣʣʦʛʨʘʬʝ ʨʠʩʫʥʦʢ 2.23. ɺ ʵʪʦʪ ʜʝʥʴ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʦʩʪʘʚʣʷʶʪ: 644,36 ɺʪ/ʤ2; 19,4 Áʉ ʚ 10 ʯ 44 ʤʠʥ ʠ 690,97 ɺʪ/ʤ2; 

22,56 Áʉ ʚ 12 ʯ 35 ʤʠʥ. 

 

ʈʠʩʫʥʦʢ 2.23 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʥʘʧʨʷʞʝʥʠʷ PV  

(1 - ʦʙʳʯʥʳʡ ʘʣʛʦʨʠʪʤ IC, 2 -ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ IC). 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʩʥʦ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʞʠʜʘʝʤʳʝ ʮʝʣʠ ʨʘʙʦʪʳ 

ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ, ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʀʇ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʩʭʦʞʜʝʥʠʷ ʢ ʊʄʄ ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʧʫʣʴʩʘʮʠʡ. ʕʪʠ ʫʣʫʯʰʝʥʠʷ ʚʠʜʥʳ ʥʘ ʢʘʯʝʩʪʚʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 2.23. 

ɿʘʤʝʯʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʀʇ ʩʣʠʰʢʦʤ ʚʝʣʠʢʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʜʘʧʪʠʚʥʳʤ ʨʘʙʦʯʠʤ ʮʠʢʣʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʀʇ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.24 ʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʠʝ ʧʨʝʜʣʘʛʘʝʪ ʙʦʣʴʰʝʝ ʚʨʝʤʷ 

ʦʪʢʣʠʢʘ ʠ ʤʝʥʴʰʝ ʧʫʣʴʩʘʮʠʡ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʝʙʘʥʠʷ ʚʦʢʨʫʛ ʊʄʄ. ʅʘ ʨʠʩʫʥʢʝ 2.24 ʙ. ʧʨʝʜʣʦʞʝʥʠʝ 

ʜʦʧʫʩʢʘʝʪ ʤʝʥʴʰʠʝ ʧʫʣʴʩʘʮʠʠ ʪʦʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʀʇ. 
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ʕʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʚʦʩʭʦʜʩʪʚʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʧʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʤʫ ʜʦʩʪʠʞʝʥʠʶ ʊʄʄ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 

ʘʥʘʣʠʟʦʤ ʨʠʩʫʥʢʘ 2.25.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʙʳʩʪʨʫʶ ʩʭʦʜʠʤʦʩʪʴ ʢ ʮʝʣʝʚʦʤʫ ʊʄʄ ʩ 

ʤʝʥʴʰʝʡ ʦʰʠʙʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 2.24 a. ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʧʦʚʳʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ:  

(1) ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʀʇ, (2) ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʀʇ. 

 

ʈʠʩʫʥʢʠ 2.24 ʙ. ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʠ ʪʦʢ ʧʦʚʳʰʘʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ: 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʀʇ, (2) ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʀʇ. 
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ʈʠʩʫʥʢʠ 2.25. ʄʦʱʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʠ ʤʦʱʥʦʩʪʴ ʧʦʚʳʰʘʶʱʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ: (1) ʪʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʀʇ, (2) ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʀʇ. 

 

2.1.4 ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʣʫʯʰʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʥʢʨʝʤʝʥʪʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ 

ʯʘʩʪʠʯʥʦʛʦ ʟʘʪʝʥʝʥʠʷ 

ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʯʘʩʪʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʯʘʩʪʠʯʥʦʤʫ ʟʘʪʝʥʝʥʠʶ ʠ ʟʘʛʨʷʟʥʝʥʠʶ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ. 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʢʨʠʚʳʝ PV ʤʘʩʩʠʚʘ ʦʪʣʠʯʘʶʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʣʦʢʘʣʴʥʳʭ ʧʠʢʦʚ, ʢʦʪʦʨʳʝ ʚʳʟʚʘʥʳ ʘʢʪʠʚʘʮʠʝʡ ʦʙʭʦʜʥʳʭ ʜʠʦʜʦʚ, ʵʢʨʘʥʠʨʫʶʱʠʭ 

ʟʘʪʝʥʝʥʥʳʝ ʷʯʝʡʢʠ. ʉʪʘʥʜʘʨʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʊʄʄ ʤʦʛʫʪ ʧʦʪʝʨʧʝʪʴ ʥʝʫʜʘʯʫ ʚ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʯʘʩʪʠʯʥʦʛʦ ʟʘʪʝʥʝʥʠʷ ʠʟ-ʟʘ ʩʭʦʜʠʤʦʩʪʠ ʢ ʣʦʢʘʣʴʥʦʤʫ ʤʘʢʩʠʤʫʤʫ, ʘ ʥʝ ʢ 

ʛʣʦʙʘʣʴʥʦʤʫ ʤʘʢʩʠʤʫʤʫ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤʫ ʠʣʠ ʥʠʟʢʦʤʫ ʦʙʱʝʤʫ ʚʳʭʦʜʫ ʩʠʩʪʝʤʳ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʊʄʄ ʩ ʠʥʢʨʝʤʝʥʪʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʯʘʩʪʠʯʥʦʛʦ ʟʘʪʝʥʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʯʘʩʪʠʯʥʦʛʦ ʟʘʪʝʥʝʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʧʨʝʜʣʘʛʘʝʤʳʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʊʄʄ ʩ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʀʇ ʊʄʄ ʙʳʣʘ ʠʩʧʳʪʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ʯʘʩʪʠʯʥʦʛʦ 

ʟʘʪʝʥʝʥʠʷ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʩʦʝʜʠʥʝʥʳ ʩ ʦʙʭʦʜʥʳʤ ʜʠʦʜʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʢʘʞʜʳʤ ʤʦʜʫʣʝʤ, ʩʦʝʜʠʥʝʥʥʳʤ ʰʫʥʪʦʤ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʙʘ 

ʤʦʜʫʣʷ ʨʘʙʦʪʘʶʪ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʧʨʠ 1000 ɺʪ/ʤ2, 25Áʉ), ʟʘʪʝʤ ʧʨʠ t=0,25 

ʩ ʯʘʩʪʠʯʥʦ ʟʘʪʝʥʷʝʪʩʷ ʦʜʠʥ ʤʦʜʫʣʴ, ʨʘʙʦʪʘʶʱʠʡ ʧʨʠ 700 ɺʪ/ʤ2. 

ɺ ʠʜʝʘʣʝ ʦʙʱʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ 

ʩʦʩʪʘʚʣʷʝʪ 260 ɺʪ, ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʟʘʪʝʥʝʥʠʠ; ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʩʥʠʞʝʥʘ ʜʦ 185 ɺʪ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ 
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ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʊʄʄ ʚ ʧʨʝʜʳʜʫʱʠʭ ʫʩʣʦʚʠʷʭ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩʫʥʢʘʭ 2.26, 2.27. 

 

ʈʠʩʫʥʦʢ 2.26 ʂʨʠʚʘʷ PïV ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʩʣʫʯʘʝ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʡ. 

 

ʈʠʩʫʥʦʢ 2.27 ʂʨʠʚʘʷ P ï V ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʯʘʩʪʠʯʥʦʛʦ 

ʟʘʪʝʥʝʥʠʷ. 

 

ʉʦʛʣʘʩʥʦ ʨʠʩ.2.28, ʚ ʫʩʣʦʚʠʷʭ ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʯʘʩʪʠʯʥʦʛʦ ʟʘʪʝʥʝʥʠʷ, 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʊʄʄ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʠʝ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʢʦʣʝʙʘʥʠʷ 

ʤʦʱʥʦʩʪʠ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʪʩʣʝʞʠʚʘʥʠʷ 94 % ʠ 91,5 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 0,02 ʩʝʢʫʥʜʳ ʚʦ ʚʨʝʤʷ ʠʟʤʝʥʝʥʠʷ. 



81 
 

 

ʈʠʩʫʥʦʢ 2.28. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ ʊʄʄ ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʛʦ 

ʟʘʪʝʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʦʙʳʯʥʦʛʦ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ ʀʇ 

 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 2.29 ʧʦʢʘʟʘʥ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʦʪʢʣʠʢ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʊʄʄ ʩ ʚʨʝʤʝʥʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ 0,01 ʩ ʠ 

ʫʤʝʥʴʰʝʥʥʳʤʠ ʧʦʪʝʨʷʤʠ ʤʦʱʥʦʩʪʠ PV. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʫʩʪʨʘʥʷʝʪ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʤʦʱʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʪʦʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʦʪʩʣʝʞʠʚʘʝʤʫʶ ʤʦʱʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ 98,5% 

ʠ 93,6% ʚ ʫʩʣʦʚʠʷʭ ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʯʘʩʪʠʯʥʦʛʦ ʟʘʪʝʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 ʈʠʩʫʥʦʢ 2.29. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ ʊʄʄ ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʛʦ 

ʟʘʪʝʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʀʇ 
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ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʪʦʯʥʦ 

ʦʪʩʣʝʞʠʚʘʪʴ ʊʄʄ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʯʘʩʪʠʯʥʦʛʦ ʟʘʪʝʥʝʥʠʷ ʠ ʨʝʘʛʠʨʦʚʘʪʴ 

ʙʳʩʪʨʝʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʚ ʫʩʣʦʚʠʷʭ ʯʘʩʪʠʯʥʦʛʦ ʟʘʪʝʥʝʥʠʷ, ʚʳʩʦʢʘ. 

 

2.2 ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʠ 

ʂʘʢ ʙʳʣʦ ʧʦʷʩʥʝʥʦ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ ʨʘʟʜʝʣʘ 1.2, ʵʥʝʨʛʠʷ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʤʘʷ 

ʚʝʪʨʦʚʳʤʠ ʪʫʨʙʠʥʘʤʠ, ʟʘʚʠʩʠʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʜʠʘʤʝʪʨ ʨʦʪʦʨʘ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʠ ʚʳʩʦʪʘ ʪʫʨʙʠʥʳ [90,91,92]. 

ɺʩʷʢʠʡ ʨʘʟ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʵʥʝʨʛʠʷ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ 

ʪʫʨʙʠʥʘʤʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʪʘʢʞʝ, ʢʦʛʜʘ ʜʠʘʤʝʪʨ ʨʦʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʵʥʝʨʛʠʷ, 

ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʦʡ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʳ Matlab, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 2.30, ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʢʘʟʘʥʥʳʭ ʚ ʨʘʟʜʝʣʝ 

1.2, ʠ ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ. 

 

 
ʈʠʩʫʥʦʢ 2.30. ʇʦʜʩʠʩʪʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ 
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2.2.1 ʄʦʜʝʣʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʥʦʡ 

ʩʠʩʪʝʤ rʉɻʇʄ 

ʉʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʪʫʨʙʠʥʳ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ, 

ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʉɻʇʄ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʠʣʦʚʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʦʤ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ ʠ ʩʝʪʴʶ, ʯʪʦʙʳ ʫʣʘʚʣʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʵʥʝʨʛʠʶ ʚʝʪʨʘ, ʛʜʝ ʯʘʩʪʦʪʘ ʧʦʩʪʦʷʥʥʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.31 [93]. 

ʄʦʱʥʦʩʪʴ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʦʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὖ̃ πȟυz ”̱ὺˏ                                                                       ςȢτς 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, ʟʘʭʚʘʯʝʥʥʘʷ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʦʡ 

ὖ˟ πȟυz  ”“Ὑὅ ɾȟ— ὺ                                       ςȢτσ 

Wrotor = (ɔ).(veq. /R) ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ [17]. 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

Ὕ  
ὖ

ὡ
 

ρ
ς
”“Ὑ ὺ ὅ ‗ȟ—

ɾ
ὺ
Ὑ

                   ςȢττ 

ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ɟ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ. 

ɹʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʉʈ (ɚ,ɗpitch) ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʦʪʦʨʘ ʪʫʨʙʠʥʳ [94]. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʚʦʛʦ 

ʧʦʪʦʢʘ ʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʥʮʘ ʣʦʧʘʩʪʠ (ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ). ɺʳʨʘʞʘʝʪʩʷ ʢʘʢ ɔ = Wrotor R. / veq , ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʩʪʠ ɗpitch, 

Wrotor  ʦʙʦʟʥʘʯʘʝʪ ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʘ. ɼʣʷ ʪʫʨʙʠʥʳ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ veq ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

(ɚ ʤʘʣʘ). ʕʪʦʪ ʬʘʢʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʘʩʩʠʚʥʦʡ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʝ [95,96]. 
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ʈʠʩʫʥʦʢ 2.31. ʇʦʜʩʠʩʪʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ 

 

2.2.2 ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʦʪʙʦʨʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (ʊʄʄ) 

2.2.2.1 ʂʦʥʪʨʦʣʴ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʢʦʥʮʘ ʣʦʧʘʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ 

ʀʟ ʨʠʩʫʥʢʘ 1.14 ʚʠʜʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʥʮʘ 

ʣʦʧʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ɔ = 8,1 ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ 

Cp ʤʘʭ. = 0,48. 

7̏ ̐̓̉̍Ȣ  
ɾ̏ ̐̓̉̍Ȣ ȢὙ

Ö̃
 (2.45) 

ɾ  
7̑ ̏̓̏̑ ȢὙ

Ö̃
 (2.46) 

˞̋ ‎ȟ‍  πȟυρχφ 
ρρφ

‎
 πȟτ‍ υὩ πȟππφψ‎ (2.47) 

ρ

  ‎
 

ρ

‎ πȟπψ‍
 
πȟπσυ

‍ ρ
 (2.48) 

ʇʦʣʫʯʘʝʤʳʡ ʦʪ ʚʝʪʨʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ (ʫʨʘʚʥʝʥʠʝ (2.47) ʜʦʣʞʝʥ 

ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ [96]. 
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Ὠ

Ὠ‎
˞̑ ‎ȟ‍ ȿ  

˛˜ȟ˟
 π                                                      ςȢτω 

ʛʜʝ 

                         ˞̋ ˙́Ȣ̖‎̨˜ȟ˟ȟ‍  ̇́ ̖ ˞˝˙́Ȣ̖‎ȟ‍                                      ςȢυπ 

ʛʜʝ ʉʈ ð ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʪʫʨʙʠʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʂʇɼ ʚʝʪʨʦʚʦʡ 

ʪʫʨʙʠʥʳ ʦʙʦʟʥʘʯʝʥʳ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 2.32, ɓ ð ʫʛʦʣ ʥʘʢʣʦʥʘ, ʘ ɔ ð ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʢʦʨʦʩʪʠ ʥʘʢʦʥʝʯʥʠʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʩʪʦʷʥʠʝ ʪʫʨʙʠʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ [97,98]. 

 

ʈʠʩʫʥʦʢ 2.32. ʂʨʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ. 

 

2.2.2.2 ʄʝʪʦʜ ʚʦʟʤʫʱʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ (P&O) ʜʣʷ ʚʝʪʨʦʚrʭ ʪʫʨʙʠʥ 

ʄʝʪʦʜ ʚʦʟʤʫʱʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ (P&O) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʦʠʩʢʘ ʪʦʯʢʠ ʣʦʢʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʫʥʢʮʠʠ. ʄʝʪʦʜ P&O ʥʝ ʪʨʝʙʫʝʪ ʢʘʢʠʭ-ʣʠʙʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʟʥʘʥʠʡ ʦ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʝ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʛʝʥʝʨʘʪʦʨ ʚ ʵʪʦʤ 

ʤʝʪʦʜʝ ʨʘʙʦʪʘʝʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʠʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ P&O 

ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʧʨʠʤʝʥʝʥʠʷ, 

ʠ ʝʛʦ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʠʩʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʝʪʨʘ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʨʝʜʥʠʝ ʠ ʤʘʣʳʝ ʨʘʟʤʝʨʳ [99,100]. 

ʕʪʦʪ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʥʝʧʨʝʨʳʚʥʦ ʠʱʝʪ ʪʦʯʢʫ 

ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʘʢ 
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ʩʢʦʨʦʩʪʠ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʤʛʥʦʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʩʨʘʚʥʝʥʠʷ ʩ 

ʧʨʝʜʳʜʫʱʠʤ ʟʥʘʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ dP/dɤm. dP/dɤm = 0 ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʜʦʩʪʠʛʥʫʪʘ ʪʦʯʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ 

ʩʭʦʜʠʤʦʩʪʠ ʤʦʛʫʪ ʫʭʫʜʰʘʪʴʩʷ ʚ ʤʝʪʦʜʘʭ P&O, ʧʦʪʦʤʫ ʯʪʦ ʨʘʟʤʝʨ ʰʘʛʘ ʦʙʳʯʥʦ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʧʨʘʚʠʣʴʥʦ ʠ ʪʦʯʥʦ. ɸʣʛʦʨʠʪʤ P&O ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.33. 

 

ʈʠʩʫʥʦʢ 2.33. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʤʝʪʦʜʘ "ɺʦʟʤʫʱʝʥʠʝ ʠ 

ʥʘʙʣʶʜʝʥʠʝ" ʜʣʷ ʚʝʪʨʦʪʫʨʙʠʥʳ 

 

2.2.2.3  ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʤ ʪʘʥʛʘʞʘ 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʣʦʧʘʩʪʝʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ, ʚʠʜʥʦ, ʯʪʦ ʵʪʦ ʧʦʣʝʟʥʳʡ ʠ 

ʭʦʨʦʰʠʡ ʤʝʪʦʜ ʟʘʱʠʪʳ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ ʦʪ ʩʚʝʨʭʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʦ 

ʥʦʤʠʥʘʣʴʥʦʡ (ʩʤ. ʟʦʥʫ c) ʥʘ ʨʠʩʫʥʢʝ 2.34 [101]. ʂʦʛʜʘ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʧʨʝʚʳʰʘʝʪ 
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ʥʦʤʠʥʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ, ʤʦʱʥʦʩʪʴ ʧʨʝʚʳʰʘʝʪ ʝʝ ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʏʪʦʙʳ 

ʦʛʨʘʥʠʯʠʪʴ ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ, ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ Cp ʜʦʣʞʥʦ ʙʳʪʴ 

ʫʤʝʥʴʰʝʥʦ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ɓ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʦʛʨʘʥʠʯʠʪʴ ʤʦʱʥʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʦʤʠʥʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʤʦʱʥʦʩʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʵʥʝʨʛʠʷ ʚʩʝ ʝʱʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ [102-103]. 

 

ʈʠʩʫʥʦʢ 2.34. ʄʦʱʥʦʩʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ 

 

2.2.2.4  ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʊʄʄ  

ʇʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʤʝʪʦʜ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʤʝʪʦʜ P&O ʩ ʤʝʪʦʜʦʤ 

ʦʪʥʦʰʝʥʠ ̫ ʩʢʦʨʦʩʪʠ ʥʘʢʦʥʝʯʥʠʢʘ (TSR ʢʦʵʬʬʠʮʠʝʥʪ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʥʦʚʳʡ ʣʦʛʘʨʠʬʤ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.35. ʥʦʚʳʡ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʪʫʨʙʠʥʦʡ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʊʄʄ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʳ Matlab ʜʣʷ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ 

ʤʦʱʥʦʩʪʴʶ 1,6 ʢɺʪ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ 

ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠ, ʦʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʝ 2.3. 

 

ʊʘʙʣʠʮʘ 2.3:  ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʇʘʨʘʤʝʪʨ ɺʕɺʊ 1,6 ʢɺʪ 

ɼʠʘʤʝʪʨ ʚʝʪʨʦʪʫʨʙʠʥʳ, ʤ 3 

ʂʦʣʠʯʝʩʪʚʦ ʣʦʧʘʩʪʝʡ 9 
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ɺʳʩʦʪʘ ʣʦʧʘʩʪʠ, ʤ 0,5 

ʅʦʤʠʥʘʣʴʥʦʝ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʨʦʪʦʨʘ 100 -120 

ʉʪʘʨʪʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩʝʢ 1,7 - 2 

ʈʘʩʯʝʪʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʠ, ʤ/ʩʝʢ 

7,5 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ 24 

ʄʘʩʩʘ ɺʕʉ, ʢʛ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ 800 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʣʳ ʚʝʪʨʘ ɹʦʣʝʝ 0,42 

ʊʠʧ ʛʝʥʝʨʘʪʦʨʘ 3ʬʘʟʳ, ʥʘ ʧʦʩʪ. ʄʘʛʥʠʪʘʭ 

ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ, ɺ 100 

ʏʘʩʪʦʪʘ ʛʝʥʝʨʘʪʦʨʘ, ɻʮ 50 

 

ʈʠʩʫʥʦʢ 2.35. ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ 
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ɼʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.36. 

ʉp ʨʝʟʢʦ ʧʘʜʘʶʪ, ʧʦʪʦʤʫ ʯʪʦ ʤʝʪʦʜ P&O ʥʝ ʤʦʞʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ, ʢʘʢ ʵʪʦ ʧʨʦʠʟʦʰʣʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʩ 0,6 ʩ ʜʦ 1,4 ʩ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʝʨʚʳʡ ʤʝʪʦʜ ʊʄʄ (ʫʧʨʘʚʣʝʥʠʝ ʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʥʘʢʦʥʝʯʥʠʢʘ) 

ʤʦʞʝʪ ʫʣʘʚʣʠʚʘʪʴ ʉp, ʥʝʧʨʝʨʳʚʥʦ ʩʣʝʜʫʷ ʢʨʠʚʦʡ ʉp. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʣʘʛʘʝʤʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʘʝʪ ʧʦ ʤʝʪʦʜʠʢʝ ʤʦʜʝʣʠ 1, ʯʪʦ ʜʘʝʪ ʩʠʩʪʝʤʝ ʙʳʩʪʨʫʶ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. 

ʈʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʩ 

ʥʝʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʤʠ ʢʨʠʚʳʤʠ ʉp ʙʳʣʠ ʦʧʠʩʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.37. ɺʳʭʦʜʥʘʷ 

ʤʦʱʥʦʩʪʴ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʧʨʘʚʠʣʴʥʦʡ ʢʨʠʚʦʡ ʉp ʚ ʩʣʫʯʘʝ 

ʤʝʪʦʜʘ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʤʝʪʦʜ P&O ʩʨʘʚʥʠʚʘʝʪ ʧʨʝʜʳʜʫʱʫʶ ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʯʪʦʙʳ ʦʪʩʣʝʜʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʪʦʯʢʫ ʤʦʱʥʦʩʪʠ. ʊʝʧʝʨʴ 

ʷʩʥʦ, ʯʪʦ ʪʝʭʥʠʢʘ P&O ʠʤʝʝʪ ʩʣʘʙʦʩʪʴ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ, ʢʦʪʦʨʘʷ ʢʘʯʘʝʪʩʷ ʚʚʝʨʭ ʠ 

ʚʥʠʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʞʠʤʳ 2 ʠ 3 ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʛʠʙʨʠʜʥʦʤ ʩʧʦʩʦʙʝ ʫʧʨʘʚʣʝʥʠʷ 

ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ. 
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ʈʠʩʫʥʦʢ 2.36. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʦʤ ʊʄʄ. 
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ʈʠʩʫʥʦʢ 2.37. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʩ ʢʘʞʜʳʤ ʤʝʪʦʜʦʤ 

ʊʄʄ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʩʨʘʚʥʝʥʠʷ 

 

2.3  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ 

ʅʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʦʙʲʷʩʥʝʥʥʳʭ ʚ ʨʘʟʜʝʣʝ 1.3, ʠ 

ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʫʨʘʚʥʝʥʠʡ, ʣʠʪʠʡ-ʠʦʥʥʘʷ ʙʘʪʘʨʝʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʳ Matlab ʚ ʵʪʦʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.38, 

ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʭʘʨʘʢʪʝʨ ʨʘʙʦʪʳ ʙʘʪʘʨʝʠ ʚ Matlab. 
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ʈʠʩʫʥʦʢ 2.38. ʄʦʜʝʣʴ Simulink ʘʢʢʫʤʫʣʷʪʦʨ ʚ Matlab. 

 

ʆʯʝʥʴ ʣʝʛʢʦ ʧʨʠʤʝʥʠʪʴ ʣʠʪʠʡ-ʠʦʥʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ ʚ ʩʨʝʜʝ Matlab, ʠʩʧʦʣʴʟʫʷ 

ʧʘʨʘʤʝʪʨʳ ʘʢʢʫʤʫʣʷʪʦʨʘ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠʣʠ ʠʩʧʦʣʴʟʫʷ ʢʨʠʚʫʶ ʘʢʢʫʤʫʣʷʪʦʨʘ 

(ʟʘʨʷʜʢʘ ʠʣʠ ʨʘʟʨʷʜʢʘ), ʪʘʢʞʝ ʦʪ ʢʦʤʧʘʥʠʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʘʢʢʫʤʫʣʷʪʦʨʘ ʢʘʢ ʥʘ 

ʨʠʩʫʥʢʝ 2.38. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ, ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʝʟʝʨʚʥʳʝ ʜʥʠ ʈɼ, 

ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʜʝʥʴ EL,max (ɺʪ,ʯ/ʜʝʥʴ), ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʥʠʞʝ. 

˒ %ȟ̍́ Ȣ̋̋  ˑ                                                                                    ςȢυρ 

˟˛ ˞   
˒

ὈὕὈ
 
%ȟ̍́ Ȣ̋̋  ˑ

ὈὕὈ
                                                            ςȢυς 

ʛʜʝ DOD - ʛʣʫʙʠʥʘ ʨʘʟʛʨʫʟʢʠ, ˟ ˛ ˞- ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʀʟ ʫʨʘʚʥʝʥʠʷ 2.52 ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʝʤʢʦʩʪʴ ʘʢʢʫʤʫʣʷʪʦʨʘ, 

ʠʩʧʦʣʴʟʫʷ ʢʦʵʬʬʠʮʠʝʥʪ (ʊʂ): 

ὗ ̂́Ȣ̓ȟ̍̉Ȣ̎    
˟˛ ˞˟˗

ὔ̍ ̂ ́Ȣ̓
               ˏ ̓ ̘                                           ςȢυσ 

ʛʜʝ: 

Qʙʘʪ.,ʤʠʥ.- ʄʠʥʠʤʘʣʴʥʘʷ ʝʤʢʦʩʪʴ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ʊʂ - ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

Ẽʙʘʪ. - ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʘʢʢʫʤʫʣʷʪʦʨʘ (ʂʇɼ ʙʘʪʘʨʝʠ) 
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ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ Qʙʘʪ.,ʤʠʥ. ʤʠʥʠʤʘʣʴʥʫʶ ʝʤʢʦʩʪʴ (ɸʯ) ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ 

ʙʘʪʘʨʝʠ, ʨʘʟʜʝʣʠʚ ʤʠʥʠʤʘʣʴʥʫʶ ʝʤʢʦʩʪʴ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʥʘ Vʙʘʪ. 

(ʥʘʧʨʷʞʝʥʠʝ ʙʘʪʘʨʝʠ). 

ὗ̂ ́Ȣ̓ȟ̍̉Ȣ̎    
 ̂˞́Ȣ̓ȟ̍̉Ȣ̎  ˏ̘̓

ὠ̂́Ȣ̓
              ̱  ̘                                           ςȢυτ 

ɪʤʢʦʩʪʴ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ 

ʫʨʘʚʥʝʥʠʷ: 

ὗ̂ ́Ȣ̓ȟ̍̉Ȣ̎    
%ȟ̍́ Ȣ̋ ὔ ̋ˑ  

  ὠ̂́Ȣ̓ὈὕὈ ὔ̍ ̂ ́Ȣ̓ 
              ̱  ̘                                    ςȢυυ 

ʛʜʝ: 

Vʙʘʪ. - ʥʘʧʨʷʞʝʥʠʝ ʙʘʪʘʨʝʠ 

Nʄ ð ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʚ ʤʝʩʷʮʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ. 

 

ʇʦ ʝʤʢʦʩʪʠ ʙʣʦʢʘ ʙʘʪʘʨʝʡ Qʙʘʪ.,u ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʙʘʪʘʨʝʡ: 

ὔ̂ ́Ȣ̓    ˒ὔ˟
ὗ̂ ́Ȣ̓ȟ̍̉Ȣ̎

ὗ̂ ́Ȣ̓ȟ̍̉Ȣ̎
                                                                         ςȢυφ 

ʛʜʝ ɽNʊ - ʮʝʣʦʝ ʟʥʘʯʝʥʠʝ. 

ʆʯʝʥʴ ʚʘʞʥʦ ʟʥʘʪʴ ʙʘʪʘʨʝʶ SOS ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʨʷʜʢʘ, ʚʨʝʤʷ 

ʟʘʨʷʜʢʠ, ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʦʯʢʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʫʨʘʚʥʝʥʠʠ [104,105]. 

ὛὕὛ   ὛὕὛ̨ρ
„

ςτ
 ὸ ὸ̏

Ὅ̂́Ȣ̓z ̂́Ȣ̓

ὗ̂ ́Ȣ̓
̏

Ὠ•                ςȢυχ 

ʛʜʝ t ʠ t0 - ʵʪʦ ʚʨʝʤʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʠʥʪʝʨʝʩ, ʠ ʚʨʝʤʷ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ (ʯʘʩ); 

SOC0 - ʩʦʩʪʦʷʥʠʝ ʟʘʨʷʜʘ ʙʘʪʘʨʝʠ ʚ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ; Ibat - ʪʦʢ ʙʘʪʘʨʝʠ A; ů - ʩʢʦʨʦʩʪʴ 

ʩʘʤʦʨʘʟʨʷʜʘ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʙʘʪʘʨʝʠ ʠ 

ʥʘʢʦʧʣʝʥʥʦʛʦ ʟʘʨʷʜʘ, ʠ 0,2% - ʨʝʢʦʤʝʥʜʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʚ ʜʝʥʴ, ʢʦʪʦʨʦʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ; Qʙʘʪ. - ʝʤʢʦʩʪʴ ʙʘʪʘʨʝʠ; Лʙʘʪ. - ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʷʜʢʠ ʠ ʟʘʨʷʜʢʠ 

ʙʘʪʘʨʝʠ(ʂʇɼ). ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʵʪʘʧʘ ʨʘʟʨʷʜʢʠ, 
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ʩʦʩʪʘʚʣʷʝʪ 100%, ʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ʟʘʨʷʜʢʠ ʠʩʧʦʣʴʟʫʝʤ ʩʨʝʜʥʝʝ ʧʨʠʙʣʠʞʝʥʠʝ 90%, 

ʯʪʦʙʳ ʦʪʨʘʟʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʘʢʦʧʣʝʥʥʘʷ ʵʥʝʨʛʠʷ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 

ʤʘʣʫʶ ʯʘʩʪʴ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʦʙʱʝʛʦ ʪʦʢʘ ʙʘʪʘʨʝʠ ʜʣʷ ʛʠʙʨʠʜʥʦʡ ʩʦʣʥʝʯʥʦ-ʚʝʪʨʦʚʦʡ ʩʠʩʪʝʤʳ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʠ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ, ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʙʘʪʘʨʝʝ, 

ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ ʥʘʛʨʫʟʢʠ, ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝʤ: 

Ὅ̂́Ȣ̓    
˝ ˟ ˝̋  ̋ˍ ˞̎́̄̑̔̈̋́Ⱦ̂́Ȣ̓ ˝  ˞̎ ́̄̑̔̈̋́

˒̂ ́Ȣ̓
              ςȢυψ 

ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʤʦʱʥʦʩʪʴ ʚʝʪʨʷʥʦʡ ʪʫʨʙʠʥʳ ʩ Pwt, ʤʘʩʩʠʚʘ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʩ Ppv ʠ ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʢʠ Pʥʘʛʨʫʟʢʘ, ʢʦʪʦʨʘʷ ʠʟʤʝʨʷʝʪʩʷ 

ʚ ʚʘʪʪʘʭ. 

ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ɖ - ʂʇɼ ʠʥʚʝʨʪʦʨʘ, ʨʘʚʥʳʡ 94% ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʧʝʮʠʬʠʢʘʮʠʷʤʠ ʠʥʚʝʨʪʦʨʘ. 

ʇʨʠ ʚʣʠʷʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʨʘʟʨʷʜʢʘ ʠʣʠ ʟʘʨʷʜʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʨʘʞʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʦʤʠʥʘʣʴʥʦʡ 

ʝʤʢʦʩʪʴʶ ʙʘʪʘʨʝʠ ʠ ʪʦʢʦʤ ʟʘʨʷʜʘ ʠʣʠ ʨʘʟʨʷʜʘ. ʅʘ ʨʠʩʫʥʢʘʭ 2.39 ʠ 2.40 ʧʦʢʘʟʘʥʦ 

ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʟʘʨʷʜʘ ʠ ʩʦʩʪʦʷʥʠʷ ʨʘʟʨʷʜʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʤʢʦʩʪʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [106,107]. 

 

ʈʠʩʫʥʦʢ 2.39. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʟʘʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʢʢʫʤʫʣʷʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 2.40. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʟʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʢʢʫʤʫʣʷʪʦʨʘ. 

 

ʄʦʞʥʦ ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʷʜʘ ʜʣʷ ʩʠʩʪʝʤʳ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.41. 

 

ʈʠʩʫʥʦʢ 2.41. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʨʘʟʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ 
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ʈʠʩʫʥʦʢ 2.42. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ 

 

ʈʠʩʫʥʦʢ 2.42 ʦʙʲʷʩʥʷʝʪ ʘʣʛʦʨʠʪʤ ʩʠʩʪʝʤʳ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ʠ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʟʘʨʷʜʢʠ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʝ. 
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2.4  ʊʝʦʨʠʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʳʭ 

ʩʠʩʪʝʤ 

ɻʠʙʨʠʜʥʘʷ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩʦʙʠʨʘʝʪ ʵʥʝʨʛʠʶ, 

ʚʳʨʘʙʘʪʳʚʘʝʤʫʶ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ ʠ ʚʝʪʨʷʥʳʤʠ ʪʫʨʙʠʥʘʤʠ. ʆʥ ʪʘʢʞʝ ʠʤʝʝʪ 

ʘʢʢʫʤʫʣʷʪʦʨ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʵʥʝʨʛʠʠ. 

ʉʨʦʢ ʩʣʫʞʙʳ ʠ ʝʤʢʦʩʪʴ ʙʘʪʘʨʝʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʩʠʩʪʝʤʝ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʠʙʨʠʜʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʚʝʪʨʷʥʳʭ ʙʘʪʘʨʝʡ. 

ʅʝʨʘʚʥʦʤʝʨʥʘʷ ʟʘʨʷʜʢʘ ʠ ʨʘʟʨʷʜʢʘ ʘʢʢʫʤʫʣʷʪʦʨʘ ʩʦʢʨʘʱʘʶʪ ʩʨʦʢ ʩʣʫʞʙʳ 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʠ ʝʛʦ ʝʤʢʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʥʠʟʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʣʠ ʥʝʦʙʭʦʜʠʤʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʳʭ 

ʩʠʩʪʝʤ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ, ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ. ʊʘʢ, 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ, ʘʚʪʦʥʦʤʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʠʣʠ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʥʝ ʚʳʨʘʙʘʪʳʚʘʶʪ 

ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʦ ʨʝʰʠʪʴ, ʩʢʦʣʴʢʦ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, 

ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʠ ʙʘʪʘʨʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʆʧʪʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʤʦʞʝʪ ʧʦʤʦʯʴ 

ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʤʝʥʴʰʠʝ ʠʥʚʝʩʪʠʮʠʠ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘʠʤʝʥʴʰʠʝ ʨʘʩʭʦʜʳ ʟʘ ʩʯʝʪ 

ʨʘʟʫʤʥʦʛʦ ʠ ʘʜʝʢʚʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦʡ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʳʝ ʩʠʩʪʝʤʳ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʞʠʣʦʛʦ ʩʝʢʪʦʨʘ ʠ 

ʫʜʘʣʝʥʥʦʡ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. 
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ʈʠʩʫʥʦʢ 2.43. ʉʭʝʤʘ ʛʠʙʨʠʜʥʦʡ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 

 

ʉʣʝʜʫʶʱʘʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʩʪʨʫʤʝʥʪ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʠʣʠ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʛʠʙʨʠʜʥʦʡ ʩʦʣʥʝʯʥʦ-ʚʝʪʨʦʚʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʥʪʨʦʣʣʝʨ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2.43. 

ʉʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʣʘ ʢʘʢ 

ʚ ʘʚʪʦʥʦʤʥʳʭ, ʪʘʢ ʠ ʚ ʩʝʪʝʚʳʭ ʨʝʛʠʦʥʘʭ, ʘ ʠʤʝʥʥʦ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʛʜʝ 

ʩʤʳʩʣʦʚʘʷ ʧʦʜʘʯʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ, ʠ ʝʩʪʴ ʤʥʦʛʦ ʧʝʨʝʙʦʝʚ 

ʠʣʠ ʜʦʩʪʫʧʥʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʯʝʥʴ ʥʠʟʢʘʷ, ʧʦʵʪʦʤʫ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʚ ʦʩʥʦʚʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʘ ʥʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʩʝʪʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʙʝʟ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʝʪʠ. ɽʩʣʠ ʚ ʢʘʢʦʡ-ʪʦ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʥʠ ʚʝʪʝʨ, ʥʠ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ 

ʥʝʜʦʩʪʫʧʥʳ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʘʪʘʨʝʠ ɸ ʠ ɹ, ʢʦʪʦʨʳʝ ʟʘʨʷʞʘʶʪʩʷ ʦʪ ʵʪʠʭ 

 ʅʘʛʨʫʟʢʘ 

(ʜʦʤ) ʠ ʪ.ʜ. 
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ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʘ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʩʝʪʴ, ʝʩʣʠ ʙʘʪʘʨʝʠ ʙʳʣʠ 

ʨʘʟʨʷʞʝʥʳ. 

ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʦʪʜʘʥʦ ʧʝʨʚʝʥʩʪʚʦ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʝ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʙʣʦʢ-ʩʭʝʤʳ 

ʨʠʩʫʥʢʘ 2.44. ɽʩʣʠ ʵʥʝʨʛʠʷ ʚʝʪʨʘ ʧʨʝʚʳʰʘʝʪ 3,5 ʤ/ʩ, ʙʫʜʝʪ ʟʘʨʷʞʘʪʴʩ ̫

ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ɸ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʜʘʚʘʪʴ ʧʝʨʝʤʝʥʥʳʡ ʠʣʠ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ. 

ʇʘʥʝʣʴ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʝʩʣʠ ʵʥʝʨʛʠʷ ʚʝʪʨʘ ʤʝʥʴʰʝ 3,5 ʤ/ʩ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʦʜʝʣʴʶ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʠ ʫʩʣʦʚʠʡ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪ,ɹ ʜʦʩʪʘʪʦʯʥʦ ʣʠ ʠʟʣʫʯʝʥʠʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʠʣʠ ʥʝʪ. ɽʩʣʠ ʥʝʪ, ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥɻʝʨʛʦʩʠʩʪʝʤʘ ʠ ʧʨʦʚʝʨʷʝʪʩʷ, ʜʦʩʪʫʧʥʘ ʣʠ ʵʣʝʢʪʨʦʩʝʪʴ ʠʣʠ ʥʝʪ. ɽʩʣʠ ʩʝʪʴ ʜʦʩʪʫʧʥʘ, 

ʵʥʝʨʛʠʷ ʙʝʨʸʪʩʷ ʠʟ ʩʝʪʠ, ʘ ʝʩʣʠ ʥʝʪ, ʪʦ ʩʥʦʚʘ ʧʨʦʚʝʨʷʝʪʩʷ, ʜʦʩʪʘʪʦʯʥʦ ʣʠ ʟʘʨʷʞʝʥʘ 

ʙʘʪʘʨʝʷ ɸ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɽʩʣʠ ʘʢʢʫʤʫʣʷʪʦʨ A ʜʦʩʪʘʪʦʯʥʦ 

ʟʘʨʷʞʝʥ, ʤʳ ʙʫʜʝʤ ʧʦʣʫʯʘʪʴ ʵʥʝʨʛʠʶ ʦʪ ʥʝʛʦ, ʘ ʝʩʣʠ ʥʝʪ, ʪʦ ʤʳ ʙʫʜʝʤ ʧʦʣʫʯʘʪʴ 

ʵʥʝʨʛʠʶ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʘ ɹ, ʢʦʪʦʨʳʡ ʙʳʣ ʟʘʨʷʞʝʥ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʴʶ. 

ɸʢʢʫʤʫʣʷʪʦʨʥʳʡ ʙʣʦʢ ʦʙʱʝʡ ʥʦʤʠʥʘʣʴʥʦʡ ʝʤʢʦʩʪʴʶ Cʙʘʪ. (ɸʯ) ʜʦʧʫʩʢʘʝʪʩʷ 

ʨʘʟʨʷʞʘʪʴ ʜʦ ʧʨʝʜʝʣʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʦʡ ʨʘʟʨʷʜʘ, ʢʦʪʦʨʘʷ 

ʫʢʘʟʳʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʩʠʩʪʝʤʳ ʚ ʥʘʯʘʣʝ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʙʣʦʢ ʙʘʪʘʨʝʡ ɹ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʵʢʩʪʨʝʥʥʳʭ ʩʣʫʯʘʝʚ. ɿʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʣʦʢ ʙʘʪʘʨʝʡ ɹ, ʝʩʣʠ ʙʘʪʘʨʝʷ ɸ ʥʝ ʤʦʞʝʪ 

ʧʦʜʘʚʘʪʴ ʪʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʙʝʟ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ. 

 



100 
 

 

ʈʠʩʫʥʦʢ 2.44. ɹʣʦʢ-ʩʭʝʤʘ ʛʠʙʨʠʜʥʦʡ ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʩʠʩʪʝʤʳ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʟʤʝʨʘ. 

 

ɻʠʙʨʠʜʥʘʷ ʩʦʣʥʝʯʥʦ-ʚʝʪʨʦʚʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʨʝʜʦʡ Matlab, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.45. ʇʨʘʢʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ 
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ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.46. 

 

ʈʠʩʫʥʦʢ 2.45. ʂʦʤʧʦʥʝʥʪʳ ʛʠʙʨʠʜʥʦʡ ʩʦʣʥʝʯʥʦ-ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜ rMatlab/Simulink 
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ʈʠʩʫʥʦʢ 2.46. ʇʨʘʢʪʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ ʠ ʣʠʪʠʡ-ʠʦʥʥʦʡ ʙʘʪʘʨʝʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʠʤʫʣʷʮʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ 

Matlab/Simulink ʠ HOMER Pro x64. ɺʘʞʥʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ, 

ʥʘʣʠʯʠʝ ʤʦʜʝʣʠ ʦʯʝʥʴ ʚʘʞʥʳ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ. 

ɼʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʚʝʨʝʥʘ ʤʦʜʝʣʴ ʜʣʷ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʇʝʨʚʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ 

ʢʦʥʪʨʦʣʷ ʪʦʯʝʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (ʊʄʄ) ʠ ʚʳʙʦʨʝ ʥʘʠʣʫʯʰʝʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦʩʣʝ ʩʨʘʚʥʝʥʠʷ ʪʨʝʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʥʝʣʝʡ Delta 

BST 260-24 P. ɺʪʦʨʦʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 
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ʚʳʚʦʜ, ʯʪʦ ʤʝʪʦʜ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʀʇ) ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʠ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ, ʯʝʤ 

ʤʝʪʦʜ P&O ʠ Hill Climbing (HC). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʘʢ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʝ, ʪʘʢ 

ʠ ʠʟʤʝʨʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʭʦʨʦʰʦ 

ʩʦʚʧʘʜʘʶʪ, ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 0,4 ɺʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʥʢʨʝʤʝʥʪʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʦʪʦʨʳʡ ʪʦʯʥʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʏʪʦʙʳ ʫʣʫʯʰʠʪʴ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʫʣʫʯʰʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ 

ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʊʄʄ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʠʨʫʝʪ ʩʠʩʪʝʤʫ, ʥʦ ʪʘʢʞʝ 

ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʦʪʢʣʠʢʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʤʦʱʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

ʇʨʦʛʨʘʤʤʘ Matlab /Simulink ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʭʩʷ 

ʫʨʦʚʥʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʠ ʩʨʘʚʥʠʚʘʪʁʩʷ ʨʝʟʫʣʴʪʘʪʳ ʫʣʫʯʰʝʥʥʦʛʦ ʠ ʦʙʳʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʠʥʢʨʝʤʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʦʰʠʙʢʠ ʚ 

ʨʘʙʦʪʝ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʠʭ ʧʦʷʚʣʝʥʠʝ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʠʨʫʝʪ ʩʠʩʪʝʤʫ, ʥʦ 

ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʦʪʢʣʠʢʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʤʦʱʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ ʢʦʥʝʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ 

ʜʦ ʝʛʦ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ, ʫʧʨʘʚʣʷʷ ʫʛʣʦʤ 

ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʩʪʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ P&O ʦʪʥʦʰʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʢʦʥʮʘ ʣʦʧʘʩʪʠ ʢ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ (TSR ʢʦʵʬʬʠʮʠʝʥʪ 

ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ). ʇʦʣʫʯʝʥ ʥʦʚʳʡ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ 

ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʦʡ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʫʨʙʠʥʦʡ ʚ ʣʶʙʳʭ 
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ʫʩʣʦʚʠʷʭ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʳ Matlab ʜʣʷ 

ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʊʄʄ. 

ɼʣʷ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʫʯʸʪʦʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚʝʨʩʠʠ ʩ ʣʠʪʠʡ-ʠʦʥʥʦʡ ʙʘʪʘʨʝʝʡ, ʧʨʦʚʝʨʝʥʥʦʡ ʩ ʫʯʝʪʦʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʠ ʨʘʙʦʪʳ ʙʘʪʘʨʝʠ SOC. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʛʜʘ SOC 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20ï100 %, ʢʦʵʬʬʠʮʠʝʥʪ ʦʰʠʙʦʢ ʤʝʞʜʫ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʬʘʢʪʠʯʝʩʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ 6 %. ʊʘʢʞʝ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʦʨʠ ̫ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ ʠ 

ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʜʣʷ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʜʘʥʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʦʧʨʝʜʝʣʷʝʪ ʫʨʦʚʝʥʴ 

ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ. ʉʠʩʪʝʤʘ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ.  
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ɻʃɸɺɸ 3. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸɹʆʊʓ 

ɻʀɹʈʀɼʅʓʍ ʕʅɽʈɻʆʋʉʊɸʅʆɺʆʂ ʅɸ ʇʆʃʀɻʆʅɽ 

ʉɽɺɸʉʊʆʇʆʃʔʉʂʆɻʆ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ 

ʆʧʠʩʳʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʥʘ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʤ ʧʦʣʠʛʦʥʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʘ ʙʘʟʝ 

ʦʪʜʳʭʘ ʉʝʚɻʋ çɻʦʨʠʟʦʥʪ», ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.1. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.2. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʝʪʨʦʚʘʷ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ, ʤʦʱʥʦʩʪʴʶ 1,5 ʢɺʪ, ʨʘʙʦʪʘʶʱʘʷ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ 2 ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʤʦʜʫʣʷʤʠ, ʤʦʱʥʦʩʪʴʶ ʧʦ 250 ɺʪ ʢʘʞʜʳʡ ʠ 

ʩʠʩʪʝʤʦʡ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. 

 

ʈʠʩʫʥʦʢ 3.1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʘ ʙʘʟʝ ʦʪʜʳʭʘ ʉʝʚɻʋ ʜʣʷ ʛʠʙʨʠʜʥʦʡ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 
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ʈʠʩʫʥʦʢ 3.2. ʈʘʩʧʦʣʦʞʝʥʠʝ ʫʩʪʘʥʦʚʦʢ ʛʠʙʨʠʜʥʦʡ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʥʘ ʙʘʟʝ ʦʪʜʳʭʘ çɻʦʨʠʟʦʥʪè. 

 

ʉʝʚʘʩʪʦʧʦʣʴ ʦʙʣʘʜʘʝʪ ʩʦʯʝʪʘʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʯʪʠ ʚʩʝʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʛʦʨʦʜʘ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʩʥʦʚʘʥʳ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʪʨʘ, ʩʦʣʥʮʘ ʠ ʜʨʫʛʠʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 
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3.1 ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʙʘʟʳ ʦʪʜʳʭʘ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʉʝʚʘʩʪʦʧʦʣʴ ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ ʰʠʨʦʪʘʤʠ 44Á38'43", 033Á32'53" ʩʝʚʝʨʥʦʡ 

ʰʠʨʦʪʳ, ʘ ʪʘʢʞʝ 44.645208Á,033.548126Á ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ. ʅʘ ʨʠʩʫʥʢʝ 3.3 ʠ ʚ 

ʪʘʙʣʠʮʝ 3.1 ʧʦʢʘʟʘʥʘ ʩʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʉʝʚʘʩʪʦʧʦʣʷ.  

ʊʘʙʣʠʮʘ 3.1   ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʩ). 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 3.3. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʉʝʚʘʩʪʦʧʦʣʷ. 

ʤʝʩʷʮ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʉ 

ʗʥʚʘʨʴ 3.93 

ʌʝʚʨʘʣʴ 3.40 

ʄʘʨʪ 5.90 

ɸʧʨʝʣʷ 10.58 

ʄʘʡ 15.69 

ʀʁ ʥ ɹ 20.40 

ʀʁ ʣ ɹ 24.13 

ɸʚʛʫʩʪ 24.17 

ʉʝʥʪʷʙʨʴ 19.75 

ʆʢʪʷʙʨʴ 14.73 

ʅʦʷʙʨʴ 8.89 

ɼʝʢʘʙʨʴ 4.91 
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ɼʦʩʪʫʧʥʦʝ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʥʘ ʟʝʤʣʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ ʤʝʪʦʜ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʥʦʨʤʘʣʴʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʠʟʤʝʨʷʝʪʩʷ ʧʠʨʛʝʣʠʦʤʝʪʨʦʤ, ʘ ʚʪʦʨʦʡ ʤʝʪʦʜ ï ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʣʦʙʘʣʴʥʳʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʦʙʳʯʥʦ 

ʠʟʤʝʨʷʝʪʩʷ ʧʠʨʘʥʦʤʝʪʨʦʤ. 

ʅʘ ʨʠʩʫʥʢʝ 3.4 ʧʦʢʘʟʘʥ ʧʨʦʬʠʣʴ ʤʝʩʷʯʥʦʛʦ ʠʥʜʝʢʩʘ ʧʨʦʩʚʝʪʣʝʥʠʷ ʠ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ, ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʝʩʪʘ. ʉʘʤʦʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1,010 ʢɺʪ/ʤ2/ʜʝʥʴ ʚ ʜʝʢʘʙʨʝ, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʳʣʦ ʦʢʦʣʦ 7,260 ʢɺʪʯ/ʤ2/ʜʝʥʴ ʚ ʠʶʣʝ. 

 

ʊʘʙʣʠʮʘ 3.2 ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ 

(ʢɺʪʯ/ʤ2/ʜʝʥʴ) 

ʤʝʩʷʮ 
ʠʥʜʝʢʩ 

ʷʩʥʦʩʪʴ 
(ʢɺʪʯ/ʤ2/ʜʝʥʴ) 

ʗʥʚʘʨʴ 0.351 1,210 

ʌʝʚʨʘʣʴ 0.420 2,050 

ʄʘʨʪ 0.458 3,210 

ɸʧʨʝʣʷ 0.523 4,840 

ʄʘʡ 0.577 6,290 

ʀʶʥʴ 0.608 7,050 

ʀʶʣʴ 0.647 7,260 

ɸʚʛʫʩʪ 0.636 6,260 

ʉʝʥʪʷʙʨʴ 0.593 4,600 

ʆʢʪʷʙʨʴ 0.525 2,890 

ʅʦʷʙʨʴ 0.407 1,530 

ɼʝʢʘʙʨʴ 0.334 1,010 
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ʈʠʩʫʥʦʢ 3.4. ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ 

 

3.2 ʀʟʤʝʨʝʥʠʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʙʘʟʳ ʦʪʜʳʭʘ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʇʦʣʠʛʦʥ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʝʪ ʭʦʨʦʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ. ʈʘʡʦʥ 

ʧʦʜʚʝʨʞʝʥ ʩʠʣʴʥʳʤ ʚʝʪʨʘʤ ʠ ʠʤʝʝʪ ʭʦʨʦʰʠʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 3.3. ʅʘ ʨʠʩʫʥʢʝ 3.5 

ʧʦʢʘʟʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʜʘʥʥʳʝ ʦ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 4,93 ʤ/ʩ ʜʦ 7,53 ʤ/ʩ, ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 6,12 

ʤ/ʩ. 

 

ʊʘʙʣʠʮʘ 3.3 ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ (ʤ/ʩ). 

ʤʝʩʷʮ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ (ʤ/ʩ) 

ʷʥʚʘʨʴ 7.53 

ʬʝʚʨʘʣʴ 7.07 

ʤʘʨʪ 6.58 

ʘʧʨʝʣʷ 5.98 
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ʈʠʩʫʥʦʢ 3.5. ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ (ʤ/ʩ). 

 

ʈʠʩʫʥʦʢ 3.6. ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ (ʤ/ʩ). 

 

ʤʘʡ 5.43 

ʠʶʥʴ 5.14 

ʠʶʣʴ 4.93 

ʘʚʛʫʩʪ 4.92 

ʩʝʥʪʷʙʨʴ 5.24 

ʦʢʪʷʙʨʴ 6.35 

ʥʦʷʙʨʴ 6.82 

ʜʝʢʘʙʨʴ 7.45 



111 
 

3.3 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦʡ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʧʦʣʠʛʦʥʝ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɻʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ (Pɻ), ʩʦʩʪʦʷʱʘʷ ʠʟ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʩʠʩʪʝʤ ʩʦʣʥʝʯʥʦʡ ʠ 

ʚʝʪʨʦʚʦʡ, ʧʦʢʘʟʳʚʘʝʪ ʯʘʩʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʝʪʨʦʚʦʡ 

ʪʫʨʙʠʥʦʡ (Pʚʝʪʨʦ) ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ (PPV) ʥʘ ʨʠʩʫʥʢʝ 3.7. ɻʜʝ ʚʠʜʥʦ, ʯʪʦ 

ʚʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ ʛʝʥʝʨʠʨʫʶʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʦʯʴʶ ʠ ʜʥʝʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʛʝʥʝʨʠʨʫʶʪ ʵʥʝʨʛʠʶ ʪʦʣʴʢʦ ʜʥʝʤ ʠ ʜʦʩʪʠʛʘʶʪ ʩʚʦʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʜʥʷ. ɼʣʷ ʣʫʯʰʝʡ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʘ ʩ 

ʚʳʨʘʙʦʪʢʦʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʫʩʧʝʰʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʚʝʪʨʦʪʫʨʙʠʥʦʡ ʚ ʨʘʟʥʳʝ ʤʝʩʷʮʳ ʛʦʜʘ. ɺ ʪʘʙʣʠʮʝ 3.4 ʧʨʠʚʝʜʝʥʳ 

ʛʦʜʦʚʦʡ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ HOMER ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʧʘʨʘʤʝʪʨʘʤ (ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ). 

ɺʠʜʥʦ, ʯʪʦ ʦʙʱʘʷ ʛʦʜʦʚʘʷ ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ 

ʩʦʩʪʘʚʣʷʝʪ 5633 ʢɺʪ ʯ/ ʛʦʜ, ʛʜʝ ʚʢʣʘʜ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ 2422 ʢɺʪ ʯ/ ʛʦʜ 

(43%), ʘ 3211 ʢɺʪ ʯ/ ʛʦʜ (57%) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʵʥʝʨʛʠʶ ʚʝʪʨʘ.  

 

ʈʠʩʫʥʦʢ 3.7. ʉʨʝʜʥʝʤʝʩʷʯʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʛʠʙʨʠʜʥʦʡ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʳ ʚ ʛ. ʉʝʚʘʩʪʦʧʦʣʝ  
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ʊʘʙʣʠʮʘ 3.4.  ɻʦʜʦʚʘʷ ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

 ʧʨʦʠʟʚʦʜʩʪʚʦ  % 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ 

12*180 ɺʪ 

2,422 ʢɺʪ ʯ/ ʛʦʜ 43% 

ɺʝʪʨʦʘʛʨʝʛʘʪ 1,800 ɺʪ 3,211 ʢɺʪ ʯ/ ʛʦʜ 57% 

ʉʫʤʤʘʨʥʳʡ 5,633 ʢɺʪ ʯ/ ʛʦʜ 100% 

 

3.4 ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

ʄʦʜʝʣʴ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ Matlab /Simulink ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʛʠʙʨʠʜʥʘʷ ʩʦʣʥʝʯʥʦ-ʚʝʪʨʦʚʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʚ Matlab, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.8. ʉʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʦʱʥʦʩʪʴʶ, ʢʦʛʜʘ ʠʟʣʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ (ʜʥʠ ʩ ʷʩʥʳʤ ʥʝʙʦʤ), 

ʪʦʛʜʘ ʢʘʢ ʚ ʤʦʨʦʟʥʳʝ ʜʥʠ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʙʳʚʘʶʪ ʦʙʣʘʯʥʳʤʠ, ʚʝʪʨʦʚʳʝ ʩʠʩʪʝʤʳ 

ʟʘʤʝʥʷʪ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʥʝʨʛʠʠ ʢʘʢ 

ʘʚʪʦʥʦʤʥʳʝ, ʪʘʢ ʠ ʩʝʪʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥ r

ʘʚʪʦʥʦʤʥʳʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʩʦʣʥʝʯʥʳʭ ʠ ʚʝʪʨʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʚ ʛʦʨʦʜʝ ʉʝʚʘʩʪʦʧʦʣʴ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳʙʦʨʘ ʫʯʘʩʪʢʘ ʉʝʚʘʩʪʦʧʦʣʴ 

ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʦʨʦʜʘ ʩ ʦʯʝʥʴ ʭʦʨʦʰʠʤ ʩʦʣʥʝʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠ 

ʜʦʩʪʘʪʦʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʘ. 

ʀʨʘʢ ʪʘʢʞʝ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʛʜʝ ʩʦʣʥʮʝ ʥʝʠʟʤʝʥʥʦ ʩʚʝʪʠʪ ʧʨʠ 

ʷʩʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʜʥʷ, ʘ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚ ʪʝʯʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʯʘʩʦʚ. ɼʣʷ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʱʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʚʝʪʨʦʚʳʭ ʪʫʨʙʠʥ 
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ʧʦʜʘʝʪʩʷ ʚ ʥʘʛʨʫʟʢʫ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʣʷ ʟʘʨʷʜʘ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʩʠʩʪʝʤʳ. ɻʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʨʷʜʢʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʦʪ ʜʚʫʭ ʜʦʩʪʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪ. ʝ. ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʙʘʪʘʨʝʠ ʠ 

ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ, ʘ ʪʘʢʞʝ ʟʘʱʠʱʘʝʪ ʘʢʢʫʤʫʣʷʪʦʨ ʦʪ ʧʝʨʝʟʘʨʷʜʘ ʠ ʯʨʝʟʤʝʨʥʦʛʦ 

ʨʘʟʨʷʜʘ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɺʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ 

ʪʘʢʞʝ ʥʦʩʠʪ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʚ ʜʥʝʚʥʦʝ ʠ ʥʦʯʥʦʝ ʚʨʝʤʷ. ʋʯʠʪʳʚʘʷ ʪʘʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʦʡ, ʝʝ ʵʥʝʨʛʠ ̫ʥʝ ʥʘʧʨʷʤʫʶ 

ʧʦʜʘʝʪʩʷ ʚ ʥʘʛʨʫʟʢʫ, ʘ ʯʝʨʝʟ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʳʡ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʦʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʚʝʪʨʦʚʳʭ ʪʫʨʙʠʥ ʥʝʜʦʩʪʘʪʦʯʥʦ, 

ʙʘʪʘʨʝʷ ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʟʨʳʚ ʤʝʞʜʫ 

ʩʧʨʦʩʦʤ ʠ ʧʨʝʜʣʦʞʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʩʠʩʪʝʤʫ ʙʦʣʝʝ ʥʘʜʝʞʥʦʡ. 

 

 

ʈʠʩʫʥʦʢ 3.8. ʉʪʨʫʢʪʫʨʘ ʛʠʙʨʠʜʥʦʡ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

 

ɺʘʞʥʝʡʰʠʤʠ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦʣʠʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʫʨʦʚʝʥʴ ʵʥʝʨʛʠʠ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʩʦʣʥʝʯʥʳʤʠ 
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ʙʘʪʘʨʝʷʤʠ ʠ ʚʝʪʨʦʚʳʤʠ ʪʫʨʙʠʥʘʤʠ, ʘ ʪʘʢʞʝ ʫʨʦʚʝʥʴ ʟʘʨʷʜʘ ʙʘʪʘʨʝʠ. ɸʚʪʦʥʦʤʥʳʡ 

ʜʠʩʧʝʪʯʝʨ (ʩʫʧʝʨʚʠʟʦʨ) ʜʦʣʞʝʥ ʫʧʨʘʚʣʷʪʴ ʧʦʪʦʢʦʤ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʧʨʦʮʝʩʩʘ. ʇʦʩʢʦʣʴʢʫ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ 

ʤʝʥʷʶʪʩʷ, ʩʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʦʡ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʥʦʤʥʫʶ ʨʘʙʦʪʫ ʛʠʙʨʠʜʥʦʡ 

ʩʠʩʪʝʤʳ. ɺʭʦʜʥʦʡ ʪʝʨʤʠʥʘʣ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʚʳʭʦʜ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʘʥʝʣʠ, ʚʳʭʦʜ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ, ʙʘʪʘʨʝʷ ʠ ʘʚʪʦʥʦʤʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ. ɺʳʭʦʜʥʳʤʠ ʢʣʝʤʤʘʤʠ ʷʚʣʷʶʪʩʷ ʢʦʥʪʨʦʣʣʝʨ ʤʝʞʜʫ 

ʠʥʚʝʨʪʦʨʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʧʝʨʝʤʝʥʥʳʡ, ʘʚʪʦʥʦʤʥʳʝ ʥʘʛʨʫʟʢʠ ʠ ʚʳʢʣʶʯʘʪʝʣʴ 

ʥʘ ʢʘʙʝʣʝ ʙʘʪʘʨʝʠ. 

ʅʘ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʳ ʚʳʭʦʜʥʳʝ ʛʨʘʬʠʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʛʠʙʨʠʜʥʘʷ 

ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʩ ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʠʙʨʠʜʘ ʩ ʚʝʪʨʦʚʦʡ 

ʪʫʨʙʠʥʦʡ ʤʦʱʥʦʩʪʴʶ 1800 ɺʪ ʠ (180 * 12) ɺʪ ʦʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʩ 

ʙʘʪʘʨʝʝʡ ʤʦʱʥʦʩʪʴʶ 2 ʢɺʪ ʤʦʜʝʣʠʨʫʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ (2-

3,5) ʢɺʪ. ɹʘʪʘʨʝʷ ʩ ʤʦʩʪʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ 

ʰʠʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.9. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʧʨʷʤʠʪʝʣʷ ʤʦʱʥʦʩʪʠ ʥʘ ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʝ ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʚʳʰʘʶʱʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʣʷ ʚʝʪʨʦʪʫʨʙʠʥ.r ʕʪʘʣʦʥʥʘʷ ʯʘʩʪʦʪʘ ʨʦʪʦʨʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 110 

ʨʘʜ/ʩ ʜʦ 204 ʨʘʜ/ʩ. ʆʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʢʦʥʮʘ ʣʦʧʘʩʪʠ (ɚ) ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʦʱʥʦʩʪʠ Cp ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʥʘ ʫʨʦʚʥʝ 8,1 ʠ 0,48 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʠʩʫʥʦʢ. 3.10 

ʦʧʠʩʳʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ 240 ɺ ʠ ʩʪʘʙʠʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʪʦʢʘ. 
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ʈʠʩʫʥʦʢ 3.9. ʄʦʱʥʦʩʪʴ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ ʚ ʦʪʨʘʞʘʪʝʣʝ ʠ ʚ ʧʦʚʳʰʘʶʱʝʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ 

 

ʈʠʩʫʥʦʢ.3.11. ʦʧʠʩʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʪʦʢʘ ʠ ʤʦʱʥʦʩʪʠ ʜʣʷ ʥʘʛʨʫʟʢʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ɺʠʜʥʦ, ʯʪʦ ʟʘ ʚʪʦʨʫʶ ʩʝʢʫʥʜʫ ʥʘʛʨʫʟʢʘ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 1 ʢɺʪ ʜʦ 

2,5 ʢɺʪ. ʄʦʱʥʦʩʪʴ, ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ PV ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.12, ʢʦʛʜʘ 

ʛʝʥʝʨʘʮʠʷ ʩʦʣʥʝʯʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʘʥʝʣʠ ʫʤʝʥʴʰʘʝʪʩʷ ʠʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʉʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʧʦʜʘʝʪ ʘʢʪʠʚʥʫʶ 

ʤʦʱʥʦʩʪʴ, ʢʦʛʜʘ ʚʝʪʨʦʪʫʨʙʠʥ rʨʘʙʦʪʘʶʪ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ. ʅʘʧʨʷʞʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (Vdc), ʪʦʢ (Idc) ʠ ʤʦʱʥʦʩʪʴ (Pdc) ʠʟʤʝʥʷʶʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʣʥʝʯʥʦʡ ʠʥʩʦʣʷʮʠʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.13. 
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ʈʠʩʫʥʦʢ 3.10. ʅʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

 
ʈʠʩʫʥʦʢ 3.11. ʅʘʧʨʷʞʝʥʠʝ, ʪʦʢ ʠ ʤʦʱʥʦʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ. 
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ʈʠʩʫʥʦʢ 3.12. ʅʘʧʨʷʞʝʥʠʝ, ʪʦʢ ʠ ʤʦʱʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʥʝʣʠ.

 

ʈʠʩʫʥʦʢ 3.13. ʅʘʧʨʷʞʝʥʠʝ, ʪʦʢ ʠ ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 
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ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʪʘʨʝʷʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.14. 

ʂʦʛʜʘ ʛʝʥʝʨʠʨʫʝʤʘʷ ʤʦʱʥʦʩʪʴ ʧʨʝʚʳʰʘʝʪ ʪʨʝʙʫʝʤʫʶ ʤʦʱʥʦʩʪʴ, ʩʠʩʪʝʤʘ ʥʘʯʠʥʘʝʪ 

ʟʘʨʷʞʘʪʴ ʘʢʢʫʤʫʣʷʪʦʨ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ, ʢʦʛʜʘ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ. 

 

ʈʠʩʫʥʦʢ 3.14. ʅʘʧʨʷʞʝʥʠʝ, ʪʦʢ ʠ ʤʦʱʥʦʩʪʴ ʟʘʨʷʜʢʠ ʠ ʨʘʟʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ. 

 

ʅʘ ʨʠʩʫʥʢʝ 3.15 ʧʦʢʘʟʘʥʘ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ PV-ʚʝʪʝʨ-

ʘʢʢʫʤʫʣʷʪʦʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʫʧʨʘʚʣʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʢʠ ʤʦʱʥʦʩʪʠ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.16, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʝʤ 

ʟʘʨʷʜʘ ʙʘʪʘʨʝʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʙʠʣʴʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʫʪʝʤ ʩʛʣʘʞʠʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʨʦʤ ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʛʠʙʨʠʜʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ 

ʵʪʦʤ ʢʦʥʪʨʦʣʴʥʘʷ ʪʦʯʢʘ ʜʣʷ ʩʪʘʙʠʣʴʥʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʛʠʙʨʠʜʥʦʡ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʚʝʪʨʦʚʦʡ ʪʘʢʞʝ ʙʫʜʝʪ ʩʦʭʨʘʥʝʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʣʘʛʘʝʤʘʷ 

ʩʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʜʣʷ ʩʠʩʪʝʤʳ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʘ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ 
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ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ 

ʤyʢʦʩʪʠ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠʣʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʦʪ ʚʝʪʨʘ ʠʣʠ ʩʦʣʥʮʘ. 

 

ʈʠʩʫʥʦʢ 3.15. ɺʳʭʦʜʥʘʷ ʛʠʙʨʠʜʥʘʷ ʤʦʱʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʊʄʄ ʘʣʛʦʨʠʪʤʘ. 

 

ʈʠʩʫʥʦʢ 3.16. ɺʳʭʦʜʥʘʷ ʛʠʙʨʠʜʥʘ ̫ʤʦʱʥʦʩʪ ɹʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʊʄʄ ʘʣʛʦʨʠʪʤʘ. 
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ʈʠʩʫʥʦʢ 3.17. ɺʳʭʦʜʥʘʷ ʛʠʙʨʠʜʥʘʷ ʤʦʱʥʦʩʪʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʄʄ ʘʣʛʦʨʠʪʤʘ. 

 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʢʘʢ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʩʠʩʪʝʤʘ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʢʘʢ ʝ y

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʙʣʘʛʦʜʘʨʷ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Matlab/Simulink ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ, 

ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʥʦʚʘʷ ʛʠʙʨʠʜʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ï ʚʝʪʨʦ-

ʩʦʣʥʝʯʥʘʷ ʫʩʪʘʥʦʚʢʘ. ʇʦʩʢʦʣʴʢʫ ʜʦʩʪʫʧʥʘʷ ʤʦʱʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʯʪʦʙʳ 

ʧʨʝʦʜʦʣʝʪʴ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʩ 

ʩʠʩʪʝʤʦʡ ʚʝʪʨʦʚʳʭ ʪʫʨʙʠʥ. ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʘʥʥʳʝ ʦ ʩʦʣʥʝʯʥʦʤ ʠʟʣʫʯʝʥʠʠ 

ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʙʳʣʠ ʩʦʙʨʘʥʳ ʜʣʷ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ 

ʉʝʚʘʩʪʦʧʦʣʝ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠ ʝʝ ʩʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʢʘʟʘʣʠ ʦʪʣʠʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʧʨʝʜʣʘʛʘʝʪ ʥʘʜʣʝʞʘʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 












































































































































