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ɺʚʝʜʝʥʠʝ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʠʣʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʪʷʛʦʚʳʭ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʧʦʜʚʝʨʞʝʥʳ ʮʠʢʣʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʥʘʛʨʫʟʢʠ ʩʠʣʦʚʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʦʜʫʣʝʡ, ʢʘʢ ʟʘ ʩʯʝʪ ʨʝʛʫʣʷʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʥʦʛʦ 

ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ ʬʘʟ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʥʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʧʨʠ ʩʪʘʨʪʝ ʠʣʠ ʦʩʪʘʥʦʚʢʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ɼʘʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʧʨʠʚʦʜʷʪ ʢ ʪʝʧʣʦʚʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʵʣʝʤʝʥʪʦʚ 

ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʰʠʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʛʨʝʚʘʪʴʩʷ ʩ ʨʘʟʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʠ ʜʦ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʨʘʩʩʣʦʝʥʠʝ ʤʝʩʪ ʧʘʡʢʠ ʢʦʥʪʘʢʪʦʚ 

ʚʥʫʪʨʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʦʜʫʣʝʡ, ʪʨʝʱʠʥʘʤ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʭʦʜʫ ʠʟ 

ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʦʙʣʝʤʘ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʯʘʩʪʠʯʥʦ ʨʝʰʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʣʦʚʳʭ ʧʨʠʙʦʨʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ, ʛʜʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʞʠʤʥʳʝ ʢʦʥʪʘʢʪʳ ʠ ʧʦʜʦʙʨʘʥʳ ʤʘʪʝʨʠʘʣʳ ʩ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʨʘʚʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʥʦ ʚʩʸ ʨʘʚʥʦ ʪʨʝʙʫʝʪʩʷ 

ʠʩʢʣʶʯʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʩʨʝʜʠ ʩʠʣʦʚʳʭ ʤʦʜʫʣʝʡ, 

ʚʳʧʫʩʢʘʝʤʳʭ ʚ ʈʦʩʩʠʠ ʧʦ ʧʦʣʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤʫ ʮʠʢʣʫ, ʥʝʪ ʤʦʜʫʣʝʡ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. 

ʊʘʢ, ʚʦʜʠʪʝʣʷʤ ʛʨʫʟʦʚʠʢʦʚ ɹʝʣɸɿ ʩ ʪʷʛʦʚʳʤ ʘʩʠʥʭʨʦʥʥʳʤ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʟʘʧʨʝʱʘʝʪʩʷ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʫʢʣʦʥʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʨʤʦʟʘ, ʪʘʢ ʢʘʢ ʤʝʜʣʝʥʥʦ ʚʨʘʱʘʶʱʠʡʩʷ ʚʝʢʪʦʨ ʪʦʢʘ, 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʤʝʥʪʘ, ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʤʘʰʠʥʫ ʥʘ ʫʢʣʦʥʝ, ʚʳʟʳʚʘʝʪ 

ʮʠʢʣʠʯʝʩʢʠʡ ʥʘʛʨʝʚ ʠ ʦʩʪʳʚʘʥʠʝ ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʧʨʠʚʦʜʠʪ ʢ ʚʳʭʦʜʫ 

ʠʟ ʩʪʨʦʷ ʪʷʛʦʚʦʛʦ ʠʥʚʝʨʪʦʨʘ. ɸʥʘʣʦʛʠʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʥʚʝʨʪʦʨ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʨʦʮʝʩʩʝ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʤʝʪʦʜʳ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʣʦʚʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʦʜʫʣʝʡ ʚʦ ʚʩʝʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʠ ʥʘ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ 
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ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʅʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʥʘ 

ʪ̫ ʛʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ, ʧʠʪʘʝʤʳʭ ʦʪ ʠʥʚʝʨʪʦʨʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʙʘʟʝ ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʰʠʨʦʢʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʦʡ, 

ʪʘʢʠʭ ʢʘʢ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʪʷʛʦʚʳʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ ʦʩʥʦʚʝ 

ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʠ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ, 

ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʫʶ ʯʘʩʪʴ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʉɼʇʄ ʩ 

ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ, ʧʠʪʘʝʤʦʛʦ ʦʪ ʜʚʦʡʥʦʛʦ ʠʥʚʝʨʪʦʨʘ, ʚʢʣʶʯʘʷ ʵʣʝʤʝʥʪʳ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʣʦʚʦʛʦ 

ʤʦʜʫʣʷ ʪʷʛʦʚʦʛʦ ʠʥʚʝʨʪʦʨʘ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ʩʠʣʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʪʷʛʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʟʘ ʩʯʸʪ 

ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɿʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʜʦʩʪʠʛʘʝʪʩʷ 

ʨʝʰʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ ʜʣʷ ʪʦʧʦʣʦʛʠʠ ʩ 

ʨʘʩʱʝʧʣʸʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʚʨʘʱʝʥʠʷ. 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʜʣʷ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ.  

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʷʛʦʚʦʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ. 

4. ɺ ʧrʦʣʥʠʪʴ ʦʮʝʥʢʫ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʪʷʛʦʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʤʘʢʝʪ ʪʷʛʦʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʨʦʚʝʨʢʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ. 

6. ʈʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʦ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʥʘ 

ʤʘʢʝʪʝ ʪʷʛʦʚʦʛʦ ʠʥʚʝʨʪʦʨʘ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ: 

1. ɺʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʝʢʪʦʨʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʜʥʷʪʴ ʚʳʭʦʜʥʦʡ ʤʦʤʝʥʪ ʥʘ 15 % ʧʨʠ ʪʦʤ ʞʝ ʤʘʢʩʠʤʘʣʴʥʦʤ ʪʦʢʝ 

ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʦʜʫʣʝʡ ʠ ʥʘ 30 % ʩʥʠʟʠʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʣʶʯʝʡ ʥʘ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ. 

2. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ ʩ ʧʨʠʤʝʨʥʦ 

ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʪʝʨʷʤʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʦʙʘʚʣʝʥʠʠ ʪʦʢʘ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʘ 60 % ʤʝʥʴʰʫʶ ʜʝʚʠʘʮʠʶ ʧʦʪʝʨʴ ʚ ʩʠʣʦʚʳʭ ʤʦʜʫʣʷʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʦʢʦʚ. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʯʘʩʪʦʪʳ ʰʠʨʦʪʥʦ-

ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʳʤʠ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʚ ʪʷʛʦʚʦʤ 

ʠʥʚʝʨʪʦʨʝ. 

4. ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʦʜʫʣʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʦʢʘ ʩ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʪʝʨʷʤʠ ʠ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ 

ʤʦʜʫʣʷʮʠʠ. 

5. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʮʝʥʢʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʪʷʛʦʚʳʭ 

ʠʥʚʝʨʪʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʣʦʚʳʭ 

ʤʦʜʫʣʝʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ: 

1. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʣʦʚʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʦʜʫʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʠʥʠʤʠʟʘʮʠʶ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʤʧʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʜʝʚʠʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʥʘ 60%, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ʤʠʥʠʤʫʤ ʚ 10 ʨʘʟ. 

2. ʈʘʟʨʘʙʦʪʘʥ ʠ ʠʩʧʳʪʘʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʪʷʛʦʚʳʡ ʠʥʚʝʨʪʦʨ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʘʢʪʠʚʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʳ, 
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ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʧʨʦʚʝʨʢʫ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ. 

3. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʘʢʪʠʚʥʦʡ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʙʳʣʠ 

ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʦʛʨʘʤʤʥʦ ʥʘ ʙʘʟʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʂ1921ɺʂ01 ʠ 

ʧʦʢʘʟʘʣʠ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʠʥʚʝʨʪʦʨʦʚ ʥʘ ʙʘʟʝ ʪʨʘʥʟʠʩʪʦʨʦʚ ʪʠʧʘ MOSFET. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʠʤʳ ʠ ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ IGBT, ʦʜʥʘʢʦ ʠʤʝʶʪ 

ʤʝʥʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʦʙʨʘʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʨʘʥʟʠʩʪʦʨʦʚ. 

ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʚʳʩʰʝʡ 

ʤʘʪʝʤʘʪʠʢʠ, ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʪʝʦʨʠʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ 

ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠʤʝʥʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʚʠʟʫʘʣʴʥʳʭ ʩʨʝʜʘʭ. ɸʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʚʝʨʷʣʠʩʴ ʥʘ ʙʘʟʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʪʷʛʦʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʚʝʨʠʬʠʮʠʨʦʚʘʣʠʩ ɹ ʧʫʪʸʤ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʳ. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʚʳʚʦʜʦʚ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʆʆʆ çʅʇʌ ɺɽʂʊʆʈè, ʆʆʆ 

çʅʇʇ çʎʀʂʃ ʇʃʖʉè ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʂ1921ɺʂ01 ʧʨʦʠʟʚʦʜʩʪʚʘ ʅʀʀʕʊ 

(ʛʦʨ. ɺʦʨʦʥʝʞ). 

ɺʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʸʪʩʷ ʚʥʝʜʨʝʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʪʷʛʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ 

ʩ ʨʘʩʱʝʧʣʸʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ, ʢʘʢ ʢʦʣʸʩʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʪʘʢ ʠ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ʟʘʩʝʜʘʥʠʠ ʢʘʬʝʜʨʳ çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘè çʅʀʋ çʄʕʀè, ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ IEEE: International Workshop on Electric Drives 

IWED  ʚ 2018, 2021 ʠ 2022 ʛʦʜʘʭ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; XI International Conference on 

Electrical Power Drive Systems ICEPDS2020, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ; IEEE 58th 

Annual International Scientific Conference on Power and Electrical Engineering of Riga 

Technical University, RTUCON 2017, ʈʠʛʘ, ʃʘʪʚʠʷ. 
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ʇʫʙʣʠʢʘʮʠʠ: 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 6 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ [44, 52-56], ʚʩʝ 6 ʨʘʙʦʪ 

ʚʢʣʶʯʝʥʳ ʚ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʝ ʙʘʟʳ Scopus, ɺɸʂ ʠ/ʠʣʠ Web of Science. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʚʝʢʪʦʨʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ ʩ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʪʝʨʷʤʠ ʚ 

ʪʷʛʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʩ ʨʘʩʱʝʧʣʸʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ, ʨʘʟʨʘʙʦʪʢʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʣʦʚʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʦʜʫʣʝʡ, ʚʢʣʶʯʘʶʱʝʛʦ ʤʝʪʦʜ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ ʩ 

ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʪʝʨʷʤʠ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ʠ ʩʦʟʜʘʥʠʷ ʨʝʘʢʪʠʚʥʦʛʦ ʪʦʢʘ, ʚ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ 

ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʫʧʨʘʚʣʝʥʠʷ, ʚ ʩʦʟʜʘʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʪʷʛʦʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʚ ʧʨʦʚʝʨʢʝ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʠʥʚʝʨʪʦʨʝ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

5 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 56 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥʦ ʥʘ 129 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʷ 10 ʪʘʙʣʠʮ ʠ 83 

ʠʣʣʶʩʪʨʘʮʠʡ. 

ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʮʝʣʴ ʠ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʨʘʩʢʨʳʪʘ 

ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ, ʧʝʨʝʯʠʩʣʝʥʳ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʘʥʟʠʩʪʦʨʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʤʝʭʘʥʠʟʤ ʦʪʢʘʟʦʚ ʚ ʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ. ʇʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʦʧʦʣʦʛʠʡ ʠʥʚʝʨʪʦʨʦʚ ʚ 

ʪʷʛʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʠʣʠ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʪʷʛʦʚʳʭ ʠʥʚʝʨʪʦʨʦʚ, 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ 

ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ. 
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ɺʪʦʨʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʪʷʛʦʚʦʛʦ 

ʠʥʚʝʨʪʦʨʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʜʚʠʛʘʪʝʣʝʤ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʜʣʷ ʥʠʟʢʠʭ 

ʯʘʩʪʦʪ ʪʦʢʘ, ʢʦʛʜʘ ʧʝʨʠʦʜ ʪʦʢʘ ʩʦʧʦʩʪʘʚʠʤ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ ʩʠʣʦʚʦʛʦ 

ʤʦʜʫʣʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʪʦʢʦʤ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʦʧʠʩʘʥ ʤʝʪʦʜ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ 

ʠʥʚʝʨʪʦʨʘ ʜʣʷ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʪʦʢʘ. ʄʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʚʝʜʝʥʠʠ ʚ ʉʋ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʐʀʄ ʦʪ ʪʦʢʘ 

ʜʚʠʛʘʪʝʣʷ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʧʦʣʥʳʭ ʧʦʪʝʨʴ ʚ ʪʨʘʥʟʠʩʪʦʨʝ. ɼʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʪʨʘʥʟʠʩʪʦʨʘ 

ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʇʆ, ʚ ʢʦʪʦʨʦʤ ʤʦʜʝʣʠʨʫʝʪʩʷ ʨʘʙʦʪʘ ʧʨʠʚʦʜʘ.  

ɺ ʯʝʪʚʸʨʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʪʨʘʥʩʤʠʩʩʠʠ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʦʧʠʩʳʚʘʶʱʫʶ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ 

ʪʷʛʦʚʦʤ ʠʥʚʝʨʪʦʨʝ ʠ ʪʷʛʦʚʦʤ ʜʚʠʛʘʪʝʣʝ ʘʚʪʦʤʦʙʠʣʷ, ʪʝʨʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ 

ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʘʚʪʦʤʦʙʠʣʷ, ʢʦʪʦʨʘʷ 

ʦʪʚʝʯʘʝʪ ʟʘ ʠʤʠʪʘʮʠʶ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʧʦ ʜʦʨʦʛʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʥʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʫʶ ʧʦʜʩʠʩʪʝʤʫ. ʇʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠʥʚʝʨʪʦʨʘ ʚʥʦʚʴ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʪʨʘʥʩʤʠʩʩʠʡ ʩ 

ʠʥʚʝʨʪʦʨʦʤ ʜʣʷ ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʪʠʧʦʚʳʭ ʮʠʢʣʘʭ ʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ. 

ʇʷʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʘʢʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʤʘʢʝʪʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ ʩ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʳʤʠ 

ʧʦʪʝʨʷʤʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʙʦʙʱʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ. 
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ɻʣʘʚʘ 1. ʊʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʚ ʩʠʣʦʚʳʭ ʤʦʜʫʣʷʭ ʠʥʚʝʨʪʦʨʘ 

ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʦʪʚʝʪʩʪʚʝʥʥʦʡ ʩʬʝʨʦʡ, ʛʜʝ ʣʶʙʦʡ ʦʪʢʘʟ ʠʣʠ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʯʝʣʦʚʝʯʝʩʢʠʤ ʪʨʘʚʤʘʤ ʠ ʙʦʣʴʰʠʤ ʬʠʥʘʥʩʦʚʳʤ ʠʟʜʝʨʞʢʘʤ. 

ʇʦʵʪʦʤʫ ʢ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤ ʜʣʷ ʪʷʛʦʚʳʭ ʧʨʠʤʝʥʝʥʠʡ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʨʦʢʫ ʩʣʫʞʙʳ. ʅʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʜʝʞʥʦʩʪʴʶ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ [1], ʩʠʣʦʚʳʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ 

ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ (31 %), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1. ɸʥʘʣʠʟ ʧʨʠʯʠʥ ʦʪʢʘʟʦʚ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ [1]  

ʉʫʨʦʚʳʝ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʪʝʧʣʦʚʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ 

ʜʝʛʨʘʜʘʮʠʶ ʢʘʢ ʢʨʠʩʪʘʣʣʘ, ʪʘʢ ʠ ʢʦʨʧʫʩʘ ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ 

[2]. ɹʦʣʴʰʠʥʩʪʚʦ ʦʪʢʘʟʦʚ ʩʠʣʦʚʳʭ ʤʦʜʫʣʝʡ ʚʳʟʚʘʥʳ ʪʝʨʤʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ 
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ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʠ ʪʝʨʤʠʯʝʩʢʠʤ ʩʪʘʨʝʥʠʝʤ [3]. ɼʘʥʥʳʝ ʥʘʨʫʰʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʫʟʣʦʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ. ʊʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ð ʧʨʦʮʝʩʩ ʨʝʟʢʦʛʦ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʤʥʦʛʦ ʨʘʟ. ʅʘ ʢʘʞʜʳʝ 10 ÁC ʧʦʚʳʰʝʥʠʷ ʜʝʚʠʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʨʘʙʦʯʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩʨʦʢ ʩʣʫʞʙʳ ʧʨʠʙʦʨʘ ʚ ʜʚʘ ʨʘʟʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʨʠʩʪʘʣʣ ʠ 

ʢʦʨʧʫʩ ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʩʦʩʪʦʷʪ ʠʟ ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ ʨʘʟʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʨʘʟʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ. ʅʘʢʦʧʣʝʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʩʠʣʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʚʥʝʟʘʧʥʦʤʫ ʦʪʢʘʟʫ, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ 

ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʧʨʦʩʪʦʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʧʦʚʨʝʞʜʝʥʠʝ ʜʨʫʛʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʇʦʵʪʦʤʫ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ 

ʩʪʘʨʘʶʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʶ ʩʚʦʠʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ [4, 5].  

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʶ ʟʘ ʩʯʝʪ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʊʨʝʙʫʝʤʳʡ ʨʝʩʫʨʩ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʦʙʝʩʧʝʯʝʥ ʠʟ-ʟʘ ʩʣʠʰʢʦʤ 

ʪʷʞʝʣʳʭ ʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʀʣʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʠ 

ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʥʝ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʣʦʚʳʝ 

ʤʦʜʫʣʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʠʤʝʥʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʩʘʥʢʮʠʠ), ʢʦʪʦʨʳʝ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳ ʢ ʪʝʨʤʦʮʠʢʣʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʘʪʴ 

ʧʨʦʙʣʝʤʫ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ, ʥʦ ʠ ʧʨʠʤʝʥʷʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ 

ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʩʦʜʝʨʞʠʪʩʷ: 

ï ʆʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʧʨʠʙʦʨʦʚ ʠ ʤʝʭʘʥʠʟʤʘ ʦʪʢʘʟʦʚ ʚ ʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ; 
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ï ʇʨʠʚʦʜʷʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠ ʨʝʰʝʥʠʷ ʜʣʷ ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʙʣʝʤʳ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ; 

ï ʇʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʪʦʧʦʣʦʛʠʡ ʠʥʚʝʨʪʦʨʦʚ ʚ ʪʷʛʦʚʳʭ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠ ʁ ʚ ʜʘʥʥʦʤ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ; 

ï ʇʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʠʣʠ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʪʷʛʦʚʳʭ 

ʠʥʚʝʨʪʦʨʦʚ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ 

ʘʣʛʦʨʠʪʤʦʚ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ. 

 

1.1. ʂʦʥʩʪʨʫʢʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʥʳʭ 

ʧʨʠʙʦʨʦʚ ʠ ʤʝʭʘʥʠʟʤʳ ʠʭ ʦʪʢʘʟʦʚ  

ʅʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʤ ʠʩʧʦʣʥʝʥʠʝʤ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʷʚʣʷʝʪʩʷ ʩʠʣʦʚʦʡ ʤʦʜʫʣʴ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤ 

ʪʝʧʣʦʦʪʚʦʜʷʱʠʤ ʦʩʥʦʚʘʥʠʝʤ [6]. ʇʨʠʤʝʨ ʪʘʢʠʭ ʤʦʜʫʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

ʈʠʩʫʥʦʢ 2. ʉʠʣʦʚʳʝ ʪʨʘʥʟʠʩʪʦʨʥʳʝ ʤʦʜʫʣʠ 

 

ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʦʪʦʚʦʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʢ ʧʨʠʤʝʨʫ ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʧʦʣʫʤʦʩʪ, ʧʦʣʥʳʡ ʤʦʩʪ ʠʣʠ ʜʚʫʭʫʨʦʚʥʝʚʳʡ 

ʠʥʚʝʨʪʦʨ, ʩʦʙʨʘʥʥʳʡ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ 
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ʫʩʪʨʦʡʩʪʚʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʥʘ ʜʠʩʢʨʝʪʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ, ʢ ʧʨʠʤʝʨʫ ʚ 

ʢʦʨʧʫʩʝ TO-220, ʛʦʪʦʚʳʝ ʩʠʣʦʚʳʝ ʤʦʜʫʣʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: 

ï ɺʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ. ɻʦʪʦʚʳʡ ʤʦʜʫʣʴ ʟʘʥʠʤʘʝʪ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ 

ʤʝʩʪʘ ʚ ʩʠʣʦʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʦʡ, ʩʦʙʨʘʥʥʦʡ 

ʥʘ ʜʠʩʢʨʝʪʥʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʠ ʜʠʦʜʘʭ; 

ï ʀʟʦʣʠʨʦʚʘʥʥʦʝ ʪʝʧʣʦʦʪʚʦʜʷʱʝʝ ʦʩʥʦʚʘʥʠʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʣʦʚʦʛʦ 

ʤʦʜʫʣʷ ʨʘʟʨʘʙʦʪʯʠʢʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʝ ʥʫʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠʟʦʣʷʮʠʶ ʦʪ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ð ʵʪʦ ʫʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʢʦʥʩʪʨʫʢʮʠʝʡ. ʊʘʢʞʝ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤʠ ʪʝʧʣʦʦʪʚʦʜʷʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

ï ɺʥʫʪʨʝʥʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ɺ ʩʠʣʦʚʦʤ ʤʦʜʫʣʝ ʫʞʝ ʩʦʙʨʘʥʘ 

ʥʝʦʙʭʦʜʠʤʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ, ʧʦʵʪʦʤʫ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʱʝ.  

ï ʉʠʣʦʚʦʡ ʤʦʜʫʣʴ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʧʘʨʘʟʠʪʥʳʭ ʸʤʢʦʩʪʝʡ ʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ.  

ï ʉʠʣʦʚʦʡ ʤʦʜʫʣʴ ʦʙʣʘʜʘʝʪ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʳʚʦʜʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʫʜʦʙʥʳʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ.  

ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʚʳʰʘʝʪ ʝʛʦ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʇʝʨʚʳʡ IGBT ʩʠʣʦʚʦʡ ʤʦʜʫʣʴ ʙʳʣ ʚʳʧʫʱʝʥ ʚ 1990 ʛ [7]. ʂʦʥʩʪʨʫʢʮʠʷ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʧʦʭʦʞʝʡ ʠ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ DBC 

(Direct Bonded Copper) [8]. DCB ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʣʩʪʳʭ ʤʝʜʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ, ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ (ʨʠʩʫʥʦʢ 3). ʗʚʣʷʝʪʩʷ 

ʘʥʘʣʦʛʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ. 
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ʈʠʩʫʥʦʢ 3. ʌʦʪʦ ʢʦʥʩʪʨʫʢʮʠʠ DCB  

ɺ ʩʠʣʦʚʦʤ ʤʦʜʫʣʝ ʥʝʩʢʦʣʴʢʦ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ DCB ʧʨʠʧʘʷʥʳ ʢ 

ʤʝʜʥʦʡ ʙʘʟʦʚʦʡ ʧʣʘʩʪʠʥʝ, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʤʦʥʪʘʞʘ ʩʠʣʦʚʦʛʦ 

ʤʦʜʫʣʷ, ʘ ʪʘʢʞʝ ʪʝʧʣʦʦʪʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʂ ʚʝʨʭʥʝʡ ʯʘʩʪʠ DCB ʧʨʠʧʘʷʥʳ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʚʦʜʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʧʨʠʙʦʨʘ, ʢ ʧʨʠʤʝʨʫ ʢʦʣʣʝʢʪʦʨ 

ʪʨʘʥʟʠʩʪʦʨʘ. ʆʩʪʘʣʴʥʳʝ ʚʳʚʦʜʳ ʪʨʘʥʟʠʩʪʦʨʘ, ʵʤʠʪʪʝʨ ʠʣʠ ʟʘʪʚʦʨ, ʩʦʝʜʠʥʝʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʘʣʶʤʠʥʠʝʚʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʥʪʘʢʪʥʳʤʠ 

ʧʣʦʱʘʜʢʘʤʠ ʥʘ ʧʣʘʩʪʠʥʝ DCB. ʊʘʢʞʝ ʥʘ ʵʪʠ ʧʣʦʱʘʜʢʠ ʧʨʠʧʘʠʚʘʶʪʩʷ ʚʳʚʦʜʥʳʝ 

ʢʣʝʤʤʳ ʤʦʜʫʣʷ ʣʠʙʦ ʜʨʫʛʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʌʦʪʦʛʨʘʬʠʷ ʩʠʣʦʚʦʛʦ 

ʤʦʜʫʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩʫʥʦʢ 4. ʌʦʪʦʛʨʘʬʠʷ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ [9]  

ʇʦʜʦʙʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʘʝʪ ʥʘʠʣʫʯʰʠʡ ʦʪʚʦʜ ʪʝʧʣʘ ʦʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, 

ʧʦʵʪʦʤʫ ʩʠʣʦʚʳʝ ʤʦʜʫʣʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʜʫʣʷ ʠʤʝʝʪ ʩʚʦʠ ʤʠʥʫʩʳ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʘʷʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʥʩʪʨʫʢʮʠʷ ʦʩʦʙʦ ʧʦʜʚʝʨʞʝʥʘ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʶ ʠ 

ʪʝʨʤʠʯʝʩʢʦʤʫ ʩʪʘʨʝʥʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʜʫʣʷ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʨʷʜ 

ʧʦʚʨʝʞʜʝʥʠʡ: 

ï ʈʘʟʨʫʰʝʥʠʝ ʤʝʪʘʣʣʠʟʘʮʠʠ ʧʦʜʣʦʞʢʠ (ʨʠʩʫʥʦʢ 5). ʊʝʨʤʠʯʝʩʢʠʝ ʮʠʢʣʳ 

ʚʳʟʳʚʘʶʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʞʠʤʘʶʱʠʝ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʝʨʭʥʝʡ 

ʤʝʪʘʣʣʠʟʘʮʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʩʠʣʦʚʳʝ ʚʳʚʦʜʳ) ʠʟ-ʟʘ ʝʝ 

ʙʦʣʴʰʦʛʦ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʩ ʢʨʝʤʥʠʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʚʳʭʦʜʠʪʴ ʟʘ ʧʨʝʜʝʣʳ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁ ʧʫʩʪʦʪ ʥʘ ʤʝʩʪʘʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʣʠ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʘʣʶʤʠʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʪʘʢʪʘ ʩʦ ʚʨʝʤʝʥʝʤ.  
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ʈʠʩʫʥʦʢ 5. ʄʝʪʘʣʣʠʟʘʮʠʷ ʪʨʘʥʟʠʩʪʦʨʘ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ. ʀʟʦʙʨʘʞʝʥʠʝ 

ʤʝʪʘʣʣʠʟʘʮʠʠ ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩʣʝʚʘ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ï 

ʩʧʨʘʚʘ [9] 

ï ʊʝʨʤʠʯʝʩʢʘʷ ʫʩʪʘʣʦʩʪʴ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ. ɺ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʚʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʷʤ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʥʠ ʧʨʦʠʩʭʦʜʷʪ ʢʘʢ ʠʟ-ʟʘ ʨʘʩʩʝʠʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʚ ʢʨʝʤʥʠʠ, ʪʘʢ 

ʠ ʚ ʩʘʤʦʤ ʧʨʦʚʦʜʥʠʢʝ. ɹʦʣʝʝ ʪʦʛʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʦ ʝʛʦ ʩʝʯʝʥʠʶ 

ʩʠʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʦ ʠʟ-ʟʘ ʩʢʠʥ-ʵʬʬʝʢʪʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʚʦʣʦʯʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʣʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ 

ʥʘʧʨʷʞʝʥʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʤʝʞʜʫ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʦʡ ʠ ʧʨʦʚʦʣʦʯʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ. ʅʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʷʚʣʝʥʠʷ: ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʨʝʱʠʥʳ ʚ ʧʷʪʢʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʣʦʢʦʡ ʠʣʠ ʦʪʨʳʚ ʧʨʦʚʦʜʥʠʢʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʵʪʘ ʧʨʦʙʣʝʤʘ 

ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʜʦʚ, ʢʦʪʦʨʳʡ 

ʤʝʭʘʥʠʯʝʩʢʠ ʧʦʚʨʝʞʜʘʝʪ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʜʥʠʢʦʚ (ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ). ɺʦ 

ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʦʚʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʝʛʨʘʜʠʨʫʝʪ, ʚ ʠʪʦʛʝ ʚʳʟʳʚʘʷ ʝʛʦ ʦʪʨʳʚ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ. ʌʦʪʦʛʨʘʬʠʷ 

ʦʪʦʨʚʘʚʰʝʛʦʩʷ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩʫʥʦʢ 6. ʆʪʨʳʚ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʚ ʩʠʣʦʚʦʤ ʤʦʜʫʣʝ 

ï ʋʩʪʘʣʦʩʪʴ ʧʘʷʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʘʷʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ 

ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʠ ʦʩʦʙʝʥʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʘʛʨʫʟʢʘʤ ʧʨʠ ʤʝʜʣʝʥʥʳʭ 

ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʘʭ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʥʘʛʨʝʚʝ. ʉʥʘʯʘʣʘ ʧʘʷʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʘʯʠʥʘʝʪ 

ʜʘʚʘʪʴ ʪʨʝʱʠʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦʜʫʣʷ ʫʚʝʣʠʯʠʪʩʷ. ʕʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʛʨʝʚʫ ʠ ʫʩʢʦʨʝʥʠʶ ʜʨʫʛʠʭ ʤʝʭʘʥʠʟʤʦʚ ʦʪʢʘʟʘ. ʌʦʪʦʛʨʘʬʠʷ 

ʤʦʜʫʣʷ ʧʦʩʣʝ ʦʪʢʘʟʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

ʈʠʩʫʥʦʢ 7. ɼʝʛʨʘʜʘʮʠʷ ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [9]  
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1.2. ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ 

ɺʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʦʜʫʣʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ: ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʷ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʨʪʦʨʦʤ (ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ), ʠʣʠ 

ʢʦʛʜʘ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʘʧʧʘʨʘʪʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ, ʢ ʧʨʠʤʝʨʫ ʩʧʝʮʠʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʥʦʡ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ, 

ʠʣʠ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ. 

ɺ ʩʪʘʪʴʝ [10] ʩʨʘʚʥʠʚʘʶʪʩʷ ʘʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʳʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʚ 

ʩʠʣʦʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʧʨʠʣʠʚʥʳʭ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʥʘ IGBT ʤʦʜʫʣʠ. ʉʨʘʚʥʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʣʦ, ʯʪʦ 

ʦʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ ʦʪʢʘʟʘ IGBT ʤʦʜʫʣʷ ʙʫʜʝʪ ʚʳʟʚʘʥ ʚʣʠʷʥʠʝʤ ʪʝʨʤʠʯʝʩʢʠʭ 

ʮʠʢʣʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʠʩʪʝʤʘ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʞʠʜʢʦʩʪʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʤʦʜʫʣʝʡ IGBT ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʘʩʩʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʆʜʥʘʢʦ, ʵʪʦ ʫʣʫʯʰʝʥʠʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʦ ʩʦ 

ʩʥʠʞʝʥʠʝʤ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʤʦʜʫʣʝʡ IGBT, ʘ ʥʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʚʣʠʷʥʠʷ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʘʤʧʣʠʪʫʜʘ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʧʣʦʚʦʡ ʝʤʢʦʩʪʴʶ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ (ʢʨʠʩʪʘʣʣ-ʦʩʥʦʚʘʥʠʝ), ʘ ʥʝ 

ʪʝʧʣʦʚʦʡ ʝʤʢʦʩʪʴʶ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ 

ʦʭʣʘʞʜʝʥʠʷ ʧʘʩʩʠʚʥʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʙʦʣʝʝ ʥʘʜʝʞʥʘ, ʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʥʠʟʢʦʤʫ ʨʘʩʯʝʪʥʦʤʫ ʩʨʦʢʫ ʩʣʫʞʙʳ ʤʦʜʫʣʝʡ IGBT. ʆʜʥʘʢʦ ʚ ʵʪʦʡ 

ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʘʩʩʠʚʥʳʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʠʝʤʣʝʤʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʉʪʘʪʴʷ [11] ʧʦʢʘʟʳʚʘʝʪ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʘʢʪʠʚʥʦʛʦ ʪʝʨʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ 

ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʩʣʫʯʘʝ ʧʝʨʝʤʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ 

ʠʥʚʝʨʪʦʨʘ. ɸʢʪʠʚʥʦʝ ʪʝʨʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʐʀʄ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʭʦʜʥʳʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʩʪʘʪʁʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ʅʦʚʠʟʥʘ ʧʦʜʭʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʐʀʄ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʯʨʝʟʤʝʨʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʚʦ ʚʨʝʤʷ ʩʥʠʞʝʥʠʷ 

ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ. ɼʣʷ ʦʮʝʥʢʠ ʧʦʪʝʨʴ ʘʚʪʦʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʨʦʪʦʪʠʧʦʤ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʉʋ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʤʦʜʝʣʴ 

ʪʨʘʥʟʠʩʪʦʨʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ð ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ, ʪʝʢʫʱʝʡ ʯʘʩʪʦʪʳ ʐʀʄ, ʥʘʧʨʷʞʝʥʠʷ ɿʇʊ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ 

ʥʘʛʨʫʟʢʠ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʫʝʪ, ʢʘʢ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʘ. ɼʣʷ 

ʵʪʦʛʦ ʚ ʉʋ ʟʘʣʦʞʝʥʘ ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʌʦʩʪʝʨʘ. ɽʩʣʠ 

ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʪʨʘʥʟʠʩʪʦʨ ʥʘʯʠʥʘʝʪ ʛʨʝʪʴʩʷ ʠʣʠ ʦʩʪʳʚʘʪʴ 

ʩʣʠʰʢʦʤ ʙʳʩʪʨʦ, ʨʝʣʝʡʥʳʡ ʨʝʛʫʣʷʪʦʨ ʥʘʯʠʥʘʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʯʘʩʪʦʪʫ ʐʀʄ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʜʦʙʨʘʪʴ ʧʦʪʝʨʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʪʨʘʥʟʠʩʪʦʨ ʙʫʜʝʪ ʥʘʛʨʝʚʘʪʴʩʷ ʠʣʠ 

ʦʩʪʳʚʘʪʴ ʩ ʟʘʜʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʯʨʝʟʤʝʨʥʘʷ ʩʣʦʞʥʦʩʪʴ ʉʋ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʤʦʜʝʣʴ ʪʨʘʥʟʠʩʪʦʨʘ ʜʣʷ ʦʮʝʥʢʠ ʚ ʥʝʤ ʧʦʪʝʨʴ ʠ ʪʝʧʣʦʚʫʶ ʤʦʜʝʣʴ ʢʦʨʧʫʩʘ 

ʪʨʘʥʟʠʩʪʦʨʘ. ʅʘ ʥʝʧʨʝʨʳʚʥʳʡ ʧʝʨʝʩʯʝʪ ʵʪʠʭ ʤʦʜʝʣʝʡ ʧʦʪʨʝʙʫʶʪʩʷ ʙʦʣʴʰʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ. 

ɺ ʩʪʘʪʴʝ [12] ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʘʢʪʠʚʥʦʡ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʫʧʨʘʚʣʝʥʠʠ ʩ ʧʨʦʛʥʦʟʠʨʫʶʱʠʤʠ ʤʦʜʝʣʷʤʠ ʩ ʢʦʥʝʯʥʳʤ ʥʘʙʦʨʦʤ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʳʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ. ʆʧʪʠʤʘʣʴʥʳʡ ʚʝʢʪʦʨ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʚʳʙʠʨʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ 

ʪʝʢʫʱʫʶ ʦʰʠʙʢʫ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʪʦʢʦʚ, ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ, ʢʦʪʦʨʳʝ ʢʦʥʢʨʝʪʥʳʡ 

ʚʝʢʪʦʨ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʦʟʜʘʩʪ ʚ ʢʘʞʜʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʘʟʙʘʣʘʥʩ 

ʤʝʞʜʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʚ ʤʦʜʫʣʝ, ʦʙʱʠʡ ʂʇɼ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʘʤʧʣʠʪʫʜʫ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʠ ʫʤʝʥʴʰʠʪʴ ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ 

ʥʘʛʨʝʚ ʪʨʘʥʟʠʩʪʦʨʦʚ ʚ ʤʦʜʫʣʝ, ʠʟʙʝʛʘʷ ʧʨʠ ʵʪʦʤ ʠʟʙʳʪʦʯʥʳʭ ʧʦʪʝʨʴ. ʇʦʜʭʦʜ 

ʧʦʣʫʯʝʥ ʚ ʪʝʦʨʠʠ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 
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ʋʧʨʘʚʣʝʥʠʝ ʩ ʧʨʦʛʥʦʟʠʨʫʶʱʠʤʠ ʤʦʜʝʣʷʤʠ ʧʨʝʜʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʚ ʫʧʨʘʚʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ʊʘʢ ʞʝ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʪʦʯʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ 

IGBT-ʪʨʘʥʟʠʩʪʦʨʦʚ. ʆʙʘ ʵʪʠʭ ʩʚʦʡʩʪʚʘ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʘʢʪʠʚʥʦʛʦ 

ʪʝʨʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʘʥʟʠʩʪʦʨʘ ʘʚʪʦʨʘʤʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʂʘʫʵʨʘ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʠʟ ʧʘʩʧʦʨʪʘ ʪʨʘʥʟʠʩʪʦʨʘ ʜʣʷ 

ʨʘʩʯʝʪʘ ʪʝʢʫʱʠʭ ʧʦʪʝʨʴ. ʂʦʥʪʨʦʣʴ ʧʦʪʝʨʴ ʚ ʪʨʘʥʟʠʩʪʦʨʝ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʨʘʥʟʠʩʪʦʨʘ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ ʙʦʣʝʝ 

ʯʝʤ ʥʘ 40 %, ʘ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʢʨʠʩʪʘʣʣʘ IGBT ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ ʩ 7 ʜʦ 3 Áʉ. ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʵʣʝʤʝʥʪʘ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ 

ʩʥʠʞʝʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ ʪʦʢʘ ʠʣʠ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ.  

ɺ ʩʪʘʪʴʝ [13] ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ 

ʪʨʝʭʬʘʟʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʪʦʢʘ. ɸʚʪʦʨʘʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ MOSFET ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ, ʠʟ ʢʦʪʦʨʳʡ 

ʧʦʩʪʨʦʝʥʳ ʟʘʢʦʥʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ ʟʘʪʚʦʨʘ ʪʨʘʥʟʠʩʪʦʨʘ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʪʝʨʷʤʠ ʚ ʪʨʘʥʟʠʩʪʦʨʝ. ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʟʘʪʚʦʨʘ ʘʚʪʦʨʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʨʘʡʚʝʨ. ʅʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʝʤ ʟʘʪʚʦʨʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʧʦʪʝʨʴ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ 

MOSFET. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 

ʪʦʢʘʭ. ɼʣʷ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʪʦʢʘ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʦ 

ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʢʦʛʜʘ ʦʜʥʘ ʬʘʟʘ ʜʚʠʛʘʪʝʣʷ, ʩ ʦʙʤʦʪʢʘʤʠ, 

ʩʦʝʜʠʥʝʥʥʳʤʠ ʚ çʪʨʝʫʛʦʣʴʥʠʢè ʠʣʠ çʟʚʝʟʜʫè, ʧʠʪʘʝʪʩʷ ʦʪ ʧʦʣʥʦʛʦ ʤʦʩʪʘ 



21 

 

ʠʥʚʝʨʪʦʨʘ. ʇʦʣʫʤʦʩʪʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʫʤʷ ʠʥʜʫʢʪʠʚʥʦʩʪʷʤʠ, ʢ ʩʨʝʜʥʝʡ 

ʪʦʯʢʝ ʢʦʪʦʨʳʭ ʧʦʜʢʣʶʯʘʝʪʩʷ ʬʘʟʘ ʜʚʠʛʘʪʝʣʷ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʥʘ 

ʠʥʞʝʢʪʠʨʦʚʘʥʠʷ ʪʦʢʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʳʡ ʮʠʨʢʫʣʠʨʫʝʪ ʤʝʞʜʫ ʧʦʣʫʤʦʩʪʘʤʠ, 

ʥʝ ʧʨʦʪʝʢʘʷ ʚ ʬʘʟʫ ʜʚʠʛʘʪʝʣʷ, ʠ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʚ ʪʨʘʥʟʠʩʪʦʨʘʭ ʜʣʷ 

ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʪʦʢʘ.  ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʚʝʨʝʥʳ ʥʘ 

ʧʨʦʪʦʪʠʧʝ ʪʨʝʭʬʘʟʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʥʘʛʨʫʟʢʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʩʥʠʞʝʥʠʝ ʜʝʚʠʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 34,3 % ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʘʣʛʦʨʠʪʤʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʭʦʨʦʰʦ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʚ ʨʘʙʦʪʝ, ʦʜʥʘʢʦ ʠʤʝʶʪ 

ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʜʨʘʡʚʝʨʳ ʟʘʪʚʦʨʘ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ 

ʠʟʜʝʣʠʝʤ ʠ ʦʯʝʥʴ ʜʦʨʦʛʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʨʝʛʫʣʠʨʫʝʤʳʤʠ ʜʨʘʡʚʝʨʘʤʠ ʟʘʪʚʦʨʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʜʨʘʡʚʝʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ɺ ʤʝʪʦʜʝ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʜʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʪʦʢʘ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ɼʘʥʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ 

ʥʘ ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ ʥʘʛʨʫʟʢʠ, ʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ, ʧʨʠ 

ʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʷʭ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤʠ ʛʘʙʘʨʠʪʘʤʠ, ʯʪʦ ʥʝʜʦʧʫʩʪʠʤʦ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʛʜʝ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʠʥʚʝʨʪʦʨʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʫʚʝʣʠʯʠʚʘʶʪ ʩʪʦʠʤʦʩʪʴ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʟʘ ʩʯʝʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʚ ʩʠʣʦʚʦʤ 

ʤʦʜʫʣʝ. ʍʦʨʦʰʦ ʧʦʢʘʟʳʚʘʶʪ ʩʝʙʷ ʘʣʛʦʨʠʪʤʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʐʀʄ, ʦʜʥʘʢʦ 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳ ʠ ʟʘʥʠʤʘʶʪ ʤʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʊʘʢʞʝ, ʥʝ ʥʘʡʜʝʥʦ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʙʳ ʪʝʨʤʦʩʪʘʙʠʣʠʟʠʨʦʚʘʣʠ 

ʪʨʘʥʟʠʩʪʦʨʳ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʪʦʢʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʫʘʣʴʥʦ ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜ 

ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʩʥʠʞʝʥʠʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʥʘ ʥʠʟʢʠʭ 

ʯʘʩʪʦʪʘʭ ʪʦʢʘ, ʢʦʛʜʘ ʪʝʧʣʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʥʘʛʨʝʚʘ ʤʦʜʫʣʷ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʧʝʨʠʦʜʦʤ 

ʪʦʢʘ. 
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1.3. ɺʳʙʦʨ ʪʦʧʦʣʦʛʠʠ ʠʥʚʝʨʪʦʨʘ 

ɼʣʷ ʚʳʙʦʨʘ ʪʦʧʦʣʦʛʠʠ ʠʥʚʝʨʪʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʷʛʦʚʳʭ 

ʠʥʚʝʨʪʦʨʦʚ. ɺ ʦʙʟʦʨʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʪʷʛʦʚʳʭ ʠʥʚʝʨʪʦʨʦʚ [14] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʩʥʦʚʥʳʤʠ ʪʦʧʦʣʦʛʠʷʤʠ ʠʥʚʝʨʪʦʨʘ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ ʣʝʛʢʦʚʦʤ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʝ 

ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʪʨʝʭʬʘʟʥʳʡ ʜʚʫʭʫʨʦʚʥʝʚʳʡ ʠʥʚʝʨʪʦʨ (ʨʠʩʫʥʦʢ 8) ʠ 

ʜʚʦʡʥʦʡ ʠʥʚʝʨʪʦʨ ʜʣʷ ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ 

ʦʙʤʦʪʢʘʤʠ (ʨʠʩʫʥʦʢ 9), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ ʜʚʫʭʫʨʦʚʥʝʚʳʭ 

ʠʥʚʝʨʪʦʨʘ, ʛʜʝ ʦʙʤʦʪʢʘ ʜʚʠʛʘʪʝʣʷ ʧʠʪʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʣʥʦʛʦ ʤʦʩʪʘ. ɺ ʦʙʟʦʨʝ 

ʪʷʛʦʚʳʭ ʠʥʚʝʨʪʦʨʦʚ ʜʣʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ [15] [16] ʦʩʥʦʚʥʳʤʠ 

ʧʨʠʤʝʥʷʝʤʳʤʠ ʪʦʧʦʣʦʛʠʷʤʠ ʷʚʣʷʶʪʩʷ ʪʨʝʭʬʘʟʥʳʡ ʜʚʫʭʫʨʦʚʥʝʚʳʡ ʠʥʚʝʨʪʦʨ ʠʣʠ 

ʜʚʦʡʥʦʡ ʠʥʚʝʨʪʦʨ, ʘ ʪʘʢʞʝ ʤʘʪʨʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ.   
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ʈʠʩʫʥʦʢ 9. ɼʚʦʡʥʦʡ ʠʥʚʝʨʪʦʨ ʜʣʷ ʧʠʪʘʥʠʷ ʪʨʝʭʬʘʟʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ 

ʨʘʩʱʝʧʣʝʥʥʦʡ ʦʙʤʦʪʢʦʡ 
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ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʜʘʥʥʘʷ ʪʦʧʦʣʦʛʠʷ ʜʘʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ, ʜʣʷ ʥʝʸ ʨʘʟʨʘʙʦʪʘʥʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ. ʆʜʥʘʢʦ ʩ ʨʦʩʪʦʤ 

ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʤʦʱʥʦʩʪʝʡ, ʩʪʘʣʠ ʚʦʟʥʠʢʘʪʴ ʪʨʫʜʥʦʩʪʠ ʩ ʝʸ 

ʧʨʠʤʝʥʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʚ ʜʘʥʥʦʡ ʪʦʧʦʣʦʛʠʠ ʪʨʘʥʟʠʩʪʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʥʘ 

ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ ʠʥʚʝʨʪʦʨʘ. ʂ ʧʨʠʤʝʨʫ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʪʦʢʘ ʪʨʘʥʟʠʩʪʦʨʘ 

ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʝʛʦ ʢʦʤʤʫʪʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʥʠʞʝʥʠʝ 

ʯʘʩʪʦʪʳ ʐʀʄ ʧʨʠʚʝʜʝʪ ʢ ʥʝʞʝʣʘʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʫʣʴʩʘʮʠʡ ʪʦʢʘ ʚ 

ʜʚʠʛʘʪʝʣʝ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʤʦʤʝʥʪʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʠʟ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʧʦʣʥʦʩʪʴʶ ʧʨʝʢʨʘʱʘʝʪʩʷ 

ʥʦʨʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚʝʢʪʦʨʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɺʦʟʤʦʞʥʦ ʩʦʭʨʘʥʝʥʠʝ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ ʩʦ ʩʢʘʣʷʨʥʦʡ 

ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ, ʥʦ ʩ ʧʫʣʴʩʘʮʠʷʤʠ ʤʦʤʝʥʪʘ, ʯʪʦ ʪʦʞʝ ʥʝ ʧʨʠʤʝʥʠʤʦ ʚ 

ʪʨʘʥʩʧʦʨʪʝ. 

ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʩ ʜʚʠʛʘʪʝʣʝʤ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ, ʧʠʪʘʝʤʳʡ ʦʪ 

ʜʚʦʡʥʦʛʦ ʠʥʚʝʨʪʦʨʘ, ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʛʜʝ 

ʦʙʤʦʪʢʠ ʤʘʰʠʥʳ ʩʦʝʜʠʥʝʥʳ ʚ çʟʚʝʟʜʫè ʠʣʠ çʪʨʝʫʛʦʣʴʥʠʢè: 

ï  ʇʨʠ ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʚʳʭʦʜʥʘʷ 

ʤʦʱʥʦʩʪʴ ʙʫʜʝʪ ʧʦʨʦʚʥʫ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʠʥʚʝʨʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʷ, 

ʧʦʵʪʦʤʫ ʦʜʠʥ ʠʥʚʝʨʪʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʪʦʣʴʢʦ ʥʘ ʧʦʣʦʚʠʥʫ ʚʳʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ.  

ï ɼʘʥʥʘʷ ʪʦʧʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ çʪʨʝʭʫʨʦʚʥʝʚʦʡè, ʪʘʢ ʢʘʢ ʢ ʦʙʤʦʪʢʝ ʜʚʠʛʘʪʝʣʷ 

ʤʦʞʥʦ ʧʨʠʣʦʞʠʪʴ ʥʫʣʝʚʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʛʜʘ ʦʙʤʦʪʢʘ ʙʫʜʝʪ ʟʘʢʦʨʦʯʝʥʘ ʥʘ ʩʝʙʷ. 

ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʚʜʚʦʝ ʫʤʝʥʴʰʠʪʴ ʧʫʣʴʩʘʮʠʠ ʪʦʢʘ ʚ ʜʚʠʛʘʪʝʣʝ ʧʨʠ ʪʦʡ ʞʝ 

ʯʘʩʪʦʪʝ ʐʀʄ ʠʣʠ ʫʤʝʥʴʰʠʪʴ ʚʜʚʦʝ ʯʘʩʪʦʪʫ ʐʀʄ ʧʨʠ ʪʝʭ ʞʝ ʧʫʣʴʩʘʮʠʷʭ ʪʦʢʘ. 

ï ʊʦʢ ʢʘʞʜʦʡ ʬʘʟʳ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʝʟʘʚʠʩʠʤʦ. ʕʪʦʪ ʬʘʢʪʦʨ 

ʧʦʚʳʰʘʝʪ ʩʪʝʧʝʥʴ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ. ʂ ʧʨʠʤʝʨʫ, ʧʨʠ ʦʙʨʳʚʝ ʬʘʟʳ 

ʜʚʠʛʘʪʝʣʷ, ʥʝʟʘʚʠʩʠʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʦʢʘʤʠ ʚ ʜʨʫʛʠʭ ʬʘʟʘʭ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 
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ʩʠʤʤʝʪʨʠʯʥʦʝ ʧʦʣʝ ʚ ʜʚʠʛʘʪʝʣʝ, ʙʣʘʛʦʜʘʨʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ 

ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʢ ʜʚʠʛʘʪʝʣʶ. 

ï ʊʦʧʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʤʥʦʛʦʬʘʟʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʤʦʩʪʦʚ.   

ï ɺ ʜʚʫʭʫʨʦʚʥʝʚʦʤ ʠʥʚʝʨʪʦʨʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦ ʧʨʠʢʣʘʜʳʚʘʝʤʦʝ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʜʝʡʩʪʚʫʶʱʝʝ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 0,408UDC. 

ɺ ʧʨʠʚʦʜʝ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʦʜʥʘ ʬʘʟʘ ʜʚʠʛʘʪʝʣʷ ʧʦʜʢʣʶʯʝʥʘ ʢ 

ʧʦʣʥʦʤʫ ʤʦʩʪʫ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʢʣʘʜʳʚʘʝʤʦʝ ʜʝʡʩʪʚʫʶʱʝʝ ʬʘʟʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 0,707UDC.  

ʅʝʜʦʩʪʘʪʢʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʦʧʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʢ ʧʨʠʤʝʨʫ ʜʨʘʡʚʝʨʦʚ ʟʘʪʚʦʨʘ ʪʨʘʥʟʠʩʪʦʨʘ, ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʦʚ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ, ʧʨʦʙʣʝʤʘ ʩ ʪʦʢʦʤ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʨʝʰʘʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʚ ʉʋ ʨʝʛʫʣʷʪʦʨʘ ʪʦʢʘ 

ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [17]. ɹʦʣʝʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ 

ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩ ʧʦʟʠʮʠʠ 

ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʠʥʚʝʨʪʦʨʘ ð ʪʦʢ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʩʦʟʜʘʥʠʝ ʤʦʤʝʥʪʘ ʚ ʜʚʠʛʘʪʝʣʝ, ʦʜʥʘʢʦ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʦʪʝʨʠ ʚ ʪʨʘʥʟʠʩʪʦʨʘʭ ʠʥʚʝʨʪʦʨʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʧʦʣʦʛʠʷ ʜʚʦʡʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʦʧʪʠʤʘʣʴʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʪʘʢ ʢʘʢ ʧʦʚʩʝʤʝʩʪʥʦ ʚʥʝʜʨʷʝʪʩʷ ʚ ʪʷʛʦʚʳʝ 

ʧʨʠʚʦʜʘ. ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʩ ʜʘʥʥʦʡ ʪʦʧʦʣʦʛʠʝʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʚʦʜʦʤ ʩ ʜʚʫʭʫʨʦʚʥʝʚʳʤ ʠʥʚʝʨʪʦʨʦʤ [18, 19, 20]. ʀ ʛʣʘʚʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʪʦʧʦʣʦʛʠʠ ð ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤʳ 

ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʪʦʢʦʤ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʚʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ. 
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1.4. ɺʳʙʦʨ ʪʠʧʘ ʪʨʘʥʟʠʩʪʦʨʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʦʩʥʦʚʥʳʤ ʪʠʧʦʤ ʪʨʘʥʟʠʩʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʪʷʛʦʚʳʭ ʠʥʚʝʨʪʦʨʘʭ, ʷʚʣʷʝʪʩʷ IGBT [21] (ʨʠʩʫʥʦʢ 10). IGBT (ɹʠʧʦʣʷʨʥʳʡ 

ʪʨʘʥʟʠʩʪʦʨ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʟʘʪʚʦʨʦʤ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ 

ʧʨʠʙʦʨ ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʛʠʙʨʠʜ ʠʟ ʤʘʣʦʤʦʱʥʦʛʦ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, 

ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪ ʩʠʣʦʚʳʤ ʙʠʧʦʣʷʨʥʳʤ ʪʨʘʥʟʠʩʪʦʨʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, IGBT 

ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʦʢʦʧʨʦʚʦʜʷʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʙʠʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʫʧʨʘʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝʤ ʢʘʢ ʧʦʣʝʚʦʡ. ʉʦʚʨʝʤʝʥʥʳʝ IGBT ʨʘʙʦʪʘʶʪ ʩ ʦʯʝʥʴ 

ʚʳʩʦʢʠʤʠ ʪʦʢʘʤʠ ʥʘʛʨʫʟʢʠ, ʙʦʣʝʝ 1 ʢɸ, ʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʜʦ 6 ʢɺ, ʦʭʚʘʪʳʚʘʷ ʚʝʩʴ 

ʜʠʘʧʘʟʦʥ ʤʦʱʥʦʩʪʠ, ʪʨʝʙʫʝʤʳʡ ʚ ʪʷʛʦʚʳʭ ʧʨʠʤʝʥʝʥʠʷʭ. ʅʝʜʦʩʪʘʪʢʦʤ IGBT 

ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʘʷ ʯʘʩʪʦʪʘ ʢʦʤʤʫʪʘʮʠʠ (ʜʦ 20 ʢɻʮ) ʠ ʙʦʣʴʰʠʝ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ, ʚʳʟʚʘʥʥʳʝ ʥʘʣʠʯʠʝʤ ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʢʘʩʢʘʜʘ ʥʘ ʟʘʪʚʦʨʝ 

ʪʨʘʥʟʠʩʪʦʨʘ. ʋʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ IGBT ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 10. 
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ʈʠʩʫʥʦʢ 10. ʋɻʆ IGBT c ʫʢʘʟʘʥʠʝʤ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠʷ ʦʙʨʘʪʥʦʛʦ ʪʦʢʘ 

ɼʨʫʛʠʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʪʠʧʦʤ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ 

ʷʚʣʷʝʪʩʷ MOSFET (ʨʠʩʫʥʦʢ 11) (ʧʦʣʝʚʦʡ ʪʨʘʥʟʠʩʪʦʨ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʟʘʪʚʦʨʦʤ). 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʪʨʘʥʟʠʩʪʦʨʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʠ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ ʧʝʨʝʢʣʶʯʝʥʠʷ (ʜʦ 200 ʢɻʮ). ɺ ʦʪʣʠʯʠʝ ʦʪ IGBT, ʛʜʝ 

ʚ ʧʨʦʚʦʜʷʱʝʤ ʩʦʩʪʦʷʥʠʠ ʪʦʢ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ p-n ʧʝʨʝʭʦʜ ʠ ʧʦʪʝʨʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʪʦʢʫ, ʚ MOSFET ʚ ʧʨʦʚʦʜʷʱʝʤ ʩʦʩʪʦʷʥʠʠ ʪʦʢ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʢʘʥʘʣ ʩʪʦʢ-ʠʩʪʦʢ, ʪʨʘʥʟʠʩʪʦʨ ʵʢʚʠʚʘʣʝʥʪʝʥ çʨʝʟʠʩʪʦʨʫè ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʚʘʜʨʘʪʫ ʪʦʢʘ. ʊʘʢʞʝ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 1200 ɺ 

ʜʣʷ ʢʨʝʤʥʠʝʚʳʭ ʧʨʠʙʦʨʦʚ. ɼʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠʚʦʜʷʪ ʢ ʥʠʟʢʦʡ ʚʳʭʦʜʥʦʡ 
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ʤʦʱʥʦʩʪʠ ʪʨʘʥʟʠʩʪʦʨʘ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʠʤʧʫʣʴʩʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʢʦʤʤʫʪʘʮʠʡ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩ ʥʝʙʦʣʴʰʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ.  
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ʈʠʩʫʥʦʢ 11. ʋɻʆ MOSFET c ʫʢʘʟʘʥʠʝʤ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠʷ ʦʙʨʘʪʥʦʛʦ ʪʦʢʘ 

ʆʩʦʙʝʥʥʦʩʪʴʶ MOSFET ʷʚʣʷʝʪʩʷ ʩʚʦʡʩʪʚʦ ʦʙʨʘʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ [22], 

ʢʦʛʜʘ ʧʨʠʣʦʞʝʥʦ ʫʧʨʘʚʣʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʪʚʦʨ, ʘ ʪʨʘʥʟʠʩʪʦʨ ʤʦʞʝʪ 

ʧʨʦʚʦʜʠʪʴ ʢʘʢ ʧʨʷʤʦʡ, ʪʘʢ ʠ ʦʙʨʘʪʥʳʡ ʪʦʢ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ, ʢ ʧʨʠʤʝʨʫ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʥʭʨʦʥʥʳʭ ʚʳʧʨʷʤʠʪʝʣʷʭ [23], ʢʦʛʜʘ ʪʨʘʥʟʠʩʪʦʨʦʤ ʰʫʥʪʠʨʫʝʪʩʷ 

ʝʛʦ ʧʘʨʘʣʣʝʣʴʥʳʡ ʜʠʦʜ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʂʇɼ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ.  

ʉʚʦʡʩʪʚʦ ʦʙʨʘʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʨʘʥʟʠʩʪʦʨʘ ʫʜʦʙʥʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʘʣʛʦʨʠʪʤʦʚ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʪʨʘʥʟʠʩʪʦʨʘ. ʇʦʪʝʨʠ ʚ IGBT ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʠʣʠ cosű ʥʘʛʨʫʟʢʠ ð ʧʨʠ ʧʨʷʤʦʤ 

ʧʨʦʪʝʢʘʥʠʠ ʧʦʪʝʨʠ ʚʳʜʝʣʷʶʪʩʷ ʚ ʪʨʘʥʟʠʩʪʦʨʝ, ʧʨʠ ʦʙʨʘʪʥʦʤ ʪʦʢʝ ð ʚʳʜʝʣʷʶʪʩʷ ʚ 

ʦʙʨʘʪʥʦʤ ʜʠʦʜʝ. ɺ MOSFET ʧʦʪʝʨʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʠ 

ʧʦʩʪʦʷʥʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʤʧʝʨʘʪʫʨʫ MOSFET ʧʨʦʱʝ ʨʝʛʫʣʠʨʦʚʘʪʴ, ʪʘʢ ʢʘʢ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʛʜʝ ʧʨʦʪʝʢʘʝʪ ʪʦʢ ð ʚ ʦʙʨʘʪʥʦʤ ʜʠʦʜʝ ʠʣʠ 

ʪʨʘʥʟʠʩʪʦʨʝ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʨʳʥʦʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩʪʘʣʠ ʟʘʥʠʤʘʪʴ ʧʨʠʙʦʨʳ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʢʘʨʙʠʜʝ ʢʨʝʤʥʠʷ (SiC) ð ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʩ ʰʠʨʦʢʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʦʡ [24]. ʅʘʧʨʷʞʝʥʠʝ ʧʨʦʙʦʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʰʠʨʠʥʝ ʝʛʦ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ʂ ʧʨʠʤʝʨʫ, ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʧʦʣʷ ʧʨʦʙʦʷ Si 

ʩʦʩʪʘʚʣʷʝʪ 0,3 ʄɺ/ʩʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʧʦʣʷ ʧʨʦʙʦʷ Siʉ ʩʦʩʪʘʚʣʷʝʪ 

3,3 ʄɺ/ʩʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, SiC ʪʨʘʥʟʠʩʪʦʨ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʦʜʥʦʤ ʢʦʥʩʪʨʫʢʪʠʚʝ ʩ 
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Si, ʚ ʧʨʝʜʝʣʝ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʨʘʙʦʯʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʚ 11 ʨʘʟ ʚʳʰʝ! ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʘʪʴ ʛʘʙʘʨʠʪʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʘʨʘʟʠʪʥʳʭ ʝʤʢʦʩʪʝʡ.  

MOSFET ʪʨʘʥʟʠʩʪʦʨʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ SiC ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʥʘ Si [25]: 

ï ʄʝʥʴʰʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʤʦʜʫʣʷ; 

ï ʋʣʫʯʰʝʥʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ 3.3 

ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʨʝʤʥʠʷ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ 

ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʴʶ ʠ ʤʝʥʴʰʫʶ ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʥʘʛʨʫʟʢʘʤ; 

ï ʄʝʥʴʰʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʠ ʫʚʝʣʠʯʝʥʥʘʷ ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 

ʢʦʤʤʫʪʘʮʠʡ; 

ï ʄʝʥʴʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʧʨʦʚʦʜʷʱʝʤ ʩʦʩʪʦʷʥʠʠ ʠ ʫʚʝʣʠʯʝʥʥʦʝ ʨʘʙʦʯʝʝ 

ʥʘʧʨʷʞʝʥʠʝ; 

ʉʦʚʨʝʤʝʥʥʳʝ SiC MOSFET ʦʙʣʘʜʘʶʪ ʨʘʙʦʯʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʜʦ 1,7 ʢɺ ʩ 

ʨʘʙʦʯʠʤ ʪʦʢʦʤ ʜʦ 800 ɸ ʠ ʧʦʢʨʳʚʘʶʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ IGBT, ʚ ʯʘʩʪʥʦʩʪʠ 

ʪʷʛʦʚʳʝ ʠʥʚʝʨʪʦʨʳ, ʦʪ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ.  

ʊʨʘʥʟʠʩʪʦʨʳ ʚʳʧʫʩʢʘʶʪ ʪʘʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʢʘʢ Wolfspeed, 

Infineon, Semikron, Mitsubishi, BYD, CRRC, SmartPower. ɽʜʠʥʩʪʚʝʥʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʘʷ ʩʪʦʠʤʦʩʪʴ, ʚʳʟʚʘʥʥʘʷ ʩʣʦʞʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ SiC ʧʣʘʩʪʠʥ. ɺ ʩʪʘʪʴʝ [26] ʧʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʧʦʩʣʝʜʥʠʭ ʪʝʥʜʝʥʮʠʡ ʚ 

ʦʙʣʘʩʪʠ ʪʷʛʦʚʳʭ ʠʥʚʝʨʪʦʨʦʚ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʘʚʪʦʤʦʙʠʣʝʡ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʧʦʣʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʛʠʙʨʠʜʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʪʘʢʠʝ ʢʘʢ Nissan 

Leaf, Toyota Prius, Tesla S, BMW i3 ʠ ʜʨʫʛʠʝ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʘʚʪʦʤʦʙʠʣʝʤ ʩ SiC 

MOSFET ʠʥʚʝʨʪʦʨʦʤ ʷʚʣʷʝʪʩʷ Tesla M3 2018 ʛʦʜʘ ʚʳʧʫʩʢʘ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ 

ʜʘʥʥʳʡ ʠʥʚʝʨʪʦʨ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʢʫʨʝʥʪʘʤʠ ʥʘ Si ʠʥʚʝʨʪʦʨʘʭ (ʪʘʙʣʠʮʘ 1).  
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ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʠʥʚʝʨʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ 

ɸʚʪʦʤʦʙʠʣʴ 

ʄʦʱʥʦʩʪʴ 

ʠʥʚʝʨʪʦʨʘ, ʢɺʪ 

ʊʠʧ 

ʪʨʘʥʟʠʩʪʦʨʘ 

ʋʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

ʠʥʚʝʨʪʦʨʘ, ʢɺʪ/ʢʛ 

Jaguar I-Pace 2019 300 Si IGBT 36 

Nissan Leaf 2019 140 Si IGBT 12 

Tesla M3 2018 344 SiC MOSFET 71 

Chevy Bolt 2017 153 Si IGBT 16 

Toyota Prius 2016 163 Si IGBT 17 

Audi e-Tron 2016 75 Si IGBT 7,5 

BMW i3 2016 125 Si IGBT 14 

Tesla S 2015 320 Si IGBT 55 

 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [27] ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʷʛʦʚʳʭ ʠʥʚʝʨʪʦʨʦʚ 

ʣʝʛʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ ʠʟ Si ʠ SiC. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʧʦʪʝʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʚ ʠʥʚʝʨʪʦʨʘʭ ʥʘ ʦʩʥʦʚʝ SiC, ʯʝʤ ʚ ʠʥʚʝʨʪʦʨʘʭ ʥʘ ʦʩʥʦʚʝ 

Si ʜʣʷ ʚʩʝʭ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʛʦ ʮʠʢʣʘ ʜʚʠʞʝʥʠʷ. ʊʘʢ, 

ʠʥʚʝʨʪʦʨ ʧʦʣʥʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʤʝʝʪ ʥʘ 2% ʚʳʰʝ ʂʇɼ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Si-ʠʥʚʝʨʪʦʨʦʤ ʜʣʷ ʯʘʩʪʦʪʳ ʐʀʄ 10 ʢɻʮ ʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨ r

ʪʨʘʥʟʠʩʪʦʨʘ 70 ÁC ʠ ʥʘ 4.9 % ʜʣʷ ʯʘʩʪʦʪʳ ʐʀʄ 20 ʢɻʮ ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʪʨʘʥʟʠʩʪʦʨʘ 105 ÁC. ɺ ʩʪʘʪʴʝ [28] ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʠʥʚʝʨʪʦʨʦʚ ʠʟ Si ʠ 

SiC, ʢʦʪʦʨʦʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʚʝʨʪʦʨʳ ʥʘ ʦʩʥʦʚʝ SiC MOSFET ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʦʣʴʰʠʡ ʂʇɼ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʠʥʚʝʨʪʦʨʘ (ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ, 

ʯʘʩʪʦʪʘ ʐʀʄ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, SiC MOSFET ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʧʨʠʙʦʨ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʷʛʦʚʳʭ ʠʥʚʝʨʪʦʨʦʚ, ʪʘʢ ʢʘʢ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʜʝʣʴʥʫʶ 

ʤʦʱʥʦʩʪʴ ʠʥʚʝʨʪʦʨʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʡ. 

 

1.5. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

ï ɺ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʥʩʪʨʫʢʮʠʷ ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʦʜʫʣʝʡ 

ʠ ʦʧʠʩʘʥʳ ʤʝʭʘʥʠʟʤʳ ʠʭ ʦʪʢʘʟʦʚ ʚʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ; 
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ï ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʶ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʧʨʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʪʦʢʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʢʦʛʜʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʜʚʠʞʝʪʩʷ ʩ ʥʠʟʢʦʡ 

ʩʢʦʨʦʩʪʴʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ; 

ï ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʧʦʣʦʛʠʠ ʠʥʚʝʨʪʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ 

ʜʚʦʡʥʦʡ ʠʥʚʝʨʪʦʨ ʜʣʷ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʨʘʩʱʝʧʣʝʥʥʦʡ ʦʙʤʦʪʢʦʡ. 

ɼʘʥʥʘʷ ʪʦʧʦʣʦʛʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʨʘʥʩʧʦʨʪʝ, ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʪʦʢʦʤ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ 

ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ; 

ï ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʚʳʙʨʘʥ 

SiC MOSFET, ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʝ. 

ʀʥʚʝʨʪʦʨʘ ʥʘ SiC ʠʤʝʶʪ ʙʦʣʴʰʠʡ ʂʇɼ ʠ ʙʦʣʴʰʫʶ ʫʜʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʚʝʨʪʦʨʘʤʠ ʥʘ Si. ʊʘʢʞʝ, MOSFET ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʦʙʨʘʪʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʫʜʦʙʥʳʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ 

ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ. 
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ɻʣʘʚʘ 2. ʊʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠʥʚʝʨʪʦʨʘ 

ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʥʘ ʤʘʣʳʭ 

ʯʘʩʪʦʪʘʭ ʪʦʢʘ 

2.1. ʄʝʪʦʜ ʚʝʢʪʦʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ ʠʥʚʝʨʪʦʨʘ 

ɺʝʢʪʦʨʥʘʷ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩ ʮʝʣʴʶ 

ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʪʨʝʭʬʘʟʥʳʭ 

ʠʥʚʝʨʪʦʨʘʭ ʥʘʧʨʷʞʝʥʠʷ. ɺʝʢʪʦʨʥʘʷ ʐʀʄ ʨʝʘʣʠʟʫʝʪ ʩʤʝʱʝʥʠʝ ʩʨʝʜʥʝʡ ʪʦʯʢʠ 

ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʩʠʥʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦʙʳ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʟʘʜʘʥʠʝ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʘʤʠ ɿʇʊ. ɸʥʘʣʦʛʠʯʥʦ, ʤʦʞʥʦ ʚʚʝʩʪʠ ʩʠʥʬʘʟʥʳʡ ʪʦʢ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʟʘʜʘʥʠʷ ʬʘʟʥʦʛʦ ʪʦʢʘ [53]. ɼʣʷ 

ʣʶʙʳʭ ʟʘʜʘʥʠʡ ʪʦʢʦʚ ʚ ʦʩʷʭ d,q, ʪʦʢʠ ʚ ʦʩʷʭ a,b,c ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʘ ʟʘʪʝʤ ʦʙʨʘʪʥʳʭ ʬʘʟʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 12. ɿʘʜʘʥʠʝ ʪʦʢʘ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʢʘʢ ʧʦʣʦʚʠʥʘ ʩʫʤʤʳ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʜʘʥʠʡ ʬʘʟʥʦʛʦ ʪʦʢʘ. 

ʀʥʚʝʨʪʦʨ
id ʟʘʜ  

iq ʟʘʜ 

ʈʊ_d

ʈʊ_q

ʈʊ_y

vd ʟʘʜ  

vq ʟʘʜ  

vy ʟʘʜ  

vŬ ʟʘʜ  

vɓ ʟʘʜ  

va ʟʘʜ  

vc ʟʘʜ  

vb ʟʘʜ  

iy ʟʘʜ  ia ʟʘʜ  

ic ʟʘʜ  

ib ʟʘʜ  

0.5max

min ia   

ib   

ic   

id   

iq   

iy   

Ŭ,ɓ,ɔ   

a,b,c  

Ŭ,ɓ,ɔ   

a,b,c  

iŬ   

iɓ    
Ŭ,ɓ   

d,qa,b,c  

d,q

Ŭ,ɓ   

d,q

 

ʈʠʩʫʥʦʢ 12. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʚʝʢʪʦʨʥʳʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʦʢʦʚ 

ʋʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʨʝʤʷ ʨʝʛʫʣʷʪʦʨʘʤʠ: ʜʣʷ ʪʦʢʘ ʧʦ 

ʦʩʠ d, ʪʦʢʘ ʧʦ ʦʩʠ q ʠ ʪʦʢʘ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʈʊ_d, ʈʊ_q ʠ ʈʊ_ɔ ʥʘ  

ʨʠʩʫʥʢʝ 12). ɿʘʜʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʦʩʷʤ d ʠ q ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʥʝʧʦʜʚʠʞʥʫʶ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ Ŭɓ, ʘ ʟʘʪʝʤ ʚ ʟʘʜʘʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ. ʂʘʞʜʦʝ 

ʟʘʜʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʩʚʦʝʡ ʨʘʩʱʝʧʣʝʥʥʦʡ ʦʙʤʦʪʢʝ. ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ ʜʣʷ 

ʨʝʛʫʣʷʪʦʨʦʚ ʪʦʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʢʘʞʜʦʡ 

ʬʘʟʳ ʜʚʠʛʘʪʝʣʷ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʫʤʤʘ ʪʦʢʦʚ ʬʘʟ ʥʝ ʨʘʚʥʘ ʥʫʣʶ, ʪʘʢ ʢʘʢ ʠʤʝʝʪʩʷ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʢʘ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʊʦʢʠ ʬʘʟ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʥʝʧʦʜʚʠʞʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ Ŭɓɔ, ʘ ʟʘʪʝʤ ʚ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ dq, ʜʣʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʨʝʛʫʣʷʪʦʨʦʚ ʪʦʢʘ. 

ʇʨʠʤʝʨ ʚʳʯʠʩʣʝʥʥʳʭ ʟʘʜʘʥʠʡ ʪʦʢʦʚ ʪʨʝʭ ʬʘʟ ʜʚʠʛʘʪʝʣʷ ʥʘ ʦʜʠʥ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʙʦʨʦʪ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 13. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʨʘʙʦʪʦʡ ʚʝʢʪʦʨʥʦʡ 

ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ, ʧʝʨʚʘʷ ʛʘʨʤʦʥʠʢʘ ʬʘʟʥʦʛʦ ʪʦʢʘ ʠʤʝʝʪ ʥʘ 15% 

ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ. ʉʠʥʬʘʟʥʳʡ ʪʦʢ ʠʟʤʝʥʷʝʪʩʷ, ʩʜʚʠʛʘʷ ʤʛʥʦʚʝʥʥʳʝ ʟʘʜʘʥʠʷ 

ʬʘʟʥʦʛʦ ʪʦʢʘ ʚʚʝʨʭ ʠ ʚʥʠʟ, ʫʤʝʥʴʰʘʷ ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʟʘʜʘʥʠʡ ʬʘʟʥʦʛʦ ʪʦʢʘ. 

ʉʠʥʬʘʟʥʳʡ ʪʦʢ ʠʣʠ ʪʦʢ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜʥʦʡ 

ʤʦʤʝʥʪ ʤʘʰʠʥʳ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʳ ʥʝʞʝʣʘʪʝʣʴʥʳʝ 

ʧʫʣʴʩʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʩʠʣʝʥʠʝʤ ʟʫʙʮʦʚʦʛʦ ʤʦʤʝʥʪʘ. 

i

q0 p 2p

1ai
ai bi ci

 

ʈʠʩʫʥʦʢ 13. ɿʘʜʘʥʠʷ ʪʦʢʦʚ ʬʘʟ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʘʣʛʦʨʠʪʤʘ ʚʝʢʪʦʨʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʪʦʢʘʤʠ 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʝʢʪʦʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʦʢʘ ʤʦʞʥʦ ʨʝʟʶʤʠʨʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Å ʘʤʧʣʠʪʫʜʘ ʬʘʟʥʦʛʦ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʧʨʠʙʦʨʳ, ʥʘ 15 % ʤʝʥʴʰʝ ʧʨʠ ʪʦʤ ʞʝ ʚʳʭʦʜʥʦʤ ʤʦʤʝʥʪʝ; 

Å ʤʝʥʴʰʠʝ ʜʝʚʠʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʘʥʟʠʩʪʦʨʘ; 

Å ʥʠʞʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ ʪʦʤ ʞʝ ʚʳʭʦʜʥʦʤ 

ʤʦʤʝʥʪʝ. 
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2.2. ʄʝʪʦʜ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ ʩ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʪʝʨʷʤʠ ʥʘ 

ʤʘʣʳʭ ʯʘʩʪʦʪʘʭ ʪʦʢʘ  

ʉʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʥʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ 

(IPMSM), ʦʙʳʯʥʦ ʫʧʨʘʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ 

ʤʦʤʝʥʪʘ ʥʘ ʘʤʧʝʨ ʪʦʢʘ (MTPA) [29] ʥʘ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ 

ʘʢʪʠʚʥʘʷ, ʪʘʢ ʠ ʨʝʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. ʃʶʙʘʷ ʪʦʯʢʘ 

ʪʨʘʝʢʪʦʨʠʠ MTPA ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʧʦ ʦʩʠ d ʠ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ 

ʧʦ ʦʩʠ q.  ɺʳʭʦʜʥʦʡ ʤʦʤʝʥʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

 ( )ʇʄ ,q d q d qT i L L i i=Y + -     (2.1) 

ʛʜʝ Ɋʇʄ ï ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʦʪ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, Ld  ʠ Lq ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʦ ʦʩ̫ʤ 

d ʠ q, id  ʠ iq ʪʦʢʠ ʧʦ ʦʩ̫ʤ d ʠ q.  

ɿʥʘʷ ʵʪʠ ʪʦʢʠ ʠ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʨʦʪʦʨʘ ɗ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʪʦʢʠ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Ŭɓ, ʘ ʟʘʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʠʭ ʚ ʢʦʤʧʦʥʝʥʪʳ a, b ʠ 

c ʪʦʢʦʚ ʩʪʘʪʦʨʘ: 

cos sin ;

sin cos ,

d q

d q

i i i

i i i

a

b

= q- qûî
ü

= q+ qîý

     (2.2) 

;

1 3
;

2 2

1 3
,

2 2

a

b

c

i i i

i i i i

i i i i

a g

a b g

a b g

û
= + î

î
î

=- + +ü
î
î

=- - +î
ý

     (2.3) 

 

ʛʜʝ iɔ  ð ʪʦʢ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʪʦʢʠ ʠʤʝʶʪ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ. ʊʦʢ ʩ ʥʘʠʤʝʥʴʰʠʤ ʘʙʩʦʣʶʪʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʦʢʘʟʳʚʘʝʪ ʥʘʠʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜʥʦʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʪʘʢ ʢʘʢ 

ʦʥ ʧʦʯʪʠ ʩʦʥʘʧʨʘʚʣʝʥ ʧʦʪʦʢʫ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʠ ʵʪʦʪ ʪʦʢ ʤʦʞʥʦ 

ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʜʦ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʦʛʦ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʤʝʞʜʫ ʘʙʩʦʣʶʪʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʜʚʫʭ ʜʨʫʛʠʭ ʬʘʟʥʳʭ ʪʦʢʦʚ: 
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( )

( )

( )ʩʨʝʜʥ

min , , ;

max , , ;

1
,

2

min a b c

max a b c

max min

i i i i

i i i i

i i i

û
î=
î

= ü
î
î= +
ý

 (2.4) 

( )( ) ()

( )( ) ()

( )( ) ()

ʩʨʝʜʥ

ʩʨʝʜʥ

ʩʨʝʜʥ

ʝʩʣʠ ʪʦʛʜʘ sign

ʠʥʘʯʝ ;

ʝʩʣʠ ʪʦʛʜʘ sign

ʠʥʘʯʝ ;

ʝʩʣʠ ʪʦʛʜʘ sign

ʠʥʘʯʝ .

a max a min a a

a a

b max b min b b

b b

c max c min c c

c c

i i i i i i i

i i

i i i i i i i

i i

i i i i i i i

i i

¡ û¸ ³ ¸ = Ö
î
î¡=
î

¸ ³ ¸ = Öî
ü

¡= î
î

¸ ³ ¸ = Öî
î

¡= ý

  (2.5) 

ʀʟʤʝʥʝʥʥʦʝ ʟʘʜʘʥʠʝ ʜʣʷ ʬʘʟʥʦʛʦ ʪʦʢʘ ʠʤʝʝʪ ʪʦʪ ʞʝ ʟʥʘʢ, ʥʦ ʝʛʦ ʘʙʩʦʣʶʪʥʦʝ 

ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʠʟʤʝʥʝʥʦ. ɼʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʣʠʷʝʪ ʥʘ ʩʦʟʜʘʚʘʝʤʳʡ ʤʦʤʝʥʪ; 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʜʘʥʠʷ ʜʚʫʭ ʜʨʫʛʠʭ ʪʦʢʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʪʘʢʞʝ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ. 

ʅʦʚʳʝ ʧʨʦʜʦʣʴʥʦʝ ʠ ʧʦʧʝʨʝʯʥʦʝ ʟʘʜʘʥʠʷ ʪʦʢʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʦʙʨʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ: 

2 1 1
;

3 3 3

1 1
,

3 3

a b c

b c

i i i i

i i i

a

b

û
¡ ¡ ¡ ¡= - - îî

ü
î¡ ¡ ¡= -
îý

 (2.6) 

cos sin ;

sin cos .

d

q

i i i

i i i

a b

a b

¡ ¡ ¡= q+ qûî
ü

¡ ¡ ¡=- q+ qîý

 (2.7) 

ʕʪʠ ʟʘʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʫʨʘʚʥʝʥʠʝʤ ʤʦʤʝʥʪʘ. ʇʦʩʢʦʣʴʢʫ ʟʘʜʘʥʠʷ ʬʘʟʥʳʭ ʪʦʢʦʚ ʙʳʣʠ ʠʟʤʝʥʝʥʳ, 

ʥʝʚʦʟʤʦʞʥʦ ʩʦʭʨʘʥʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʪʦʢʘʤʠ ʚ ʦʩʷʭ dq ʥʘ ʪʨʘʝʢʪʦʨʠʠ MTPA. ʆʜʥʘʢʦ 

ʤʦʞʥʦ ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʦʜʦʣʴʥʦʝ ʠ ʧʦʧʝʨʝʯʥʦʝ ʟʘʜʘʥʠʷ ʪʦʢʘ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʟʘʜʘʥʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ. 

ʅʘ ʨʠʩʫʥʢʝ 14 ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʝ MTPA ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʦʜʥʫ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ. ʅʘ ʩʦʟʜʘʚʘʝʤʳʡ ʤʦʤʝʥʪ ʙʦʣʴʰʝ ʚʩʝʛʦ ʚʣʠʷʝʪ 
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ʧʦʧʝʨʝʯʥʳʡ ʪʦʢ, ʘ ʧʨʦʜʦʣʴʥʳʡ ʪʦʢ ʦʢʘʟʳʚʘʝʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʦʚʦʝ ʟʘʜʘʥʠʝ ʜʣʷ ʧʨʦʜʦʣʴʥʦʛʦ ʪʦʢʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʦʤ ʚʠʜʝ, ʚ 

ʢʘʢʦʤ ʦʥʦ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ, ʘ ʟʘʜʘʥʠʝ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʪʦʢʘ ʜʦʣʞʥʦ ʙʳʪʴ 

ʧʝʨʝʩʯʠʪʘʥʦ ʢʘʢ: 

( )ʇʄ

.q

d q d

T
i

L L i
¡¡=

¡Y + -
 (2.8) 

 

 

ʄʊʇɸ ʢʨʠʚʘʷ

ʂʨʠʚʘʷ 

ʧʦʩʪʦʷʥʥʦʛʦ 

ʤʦʤʝʥʪʘ

 

ʈʠʩʫʥʦʢ 14. ʂʨʠʚʳʝ MTPA ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʤʝʥʪʘ 

 

ʇʦʩʣʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦʧʝʨʝʯʥʦʛʦ ʪʦʢʘ ʫʨʘʚʥʝʥʠʷ (2.2) ʠ (2.3) ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʝʨʝʩʯʠʪʘʥʳ ʩ ʥʦʚʳʤʠ ʟʘʜʘʥʠʷʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʜʘʥʠʷ ʬʘʟʥʳʭ ʪʦʢʦʚ ʩʣʝʜʫʝʪ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʤ ʪʦʢʦʤ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʨʘʟʤʝʩʪʠʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʘʜʘʥʠʷ ʪʦʢʦʚ ʥʘ ʨʘʚʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʥʫʣʷ: 
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 (2.9) 

ʈʘʩʩʯʠʪʘʥʥʳʡ ʪʦʢ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʦʣʞʝʥ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ 

ʨʝʛʫʣʷʪʦʨʦʤ ʪʦʢʘ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʧʘʨʘʣʣʝʣʴʥʦ ʩ 

ʨʝʛʫʣʷʪʦʨʘʤʠ ʪʦʢʘ ʦʩʝʡ d ʠ q. ɿʘʜʘʥʠʷ ʬʘʟʥʳʭ ʪʦʢʦʚ ʜʚʠʛʘʪʝʣʷ ʧʦʢʘʟʘʥʳ ʥʘ  

ʨʠʩʫʥʢʝ 15. 

 

ʈʠʩʫʥʦʢ 15. ɿʘʜʘʥʠʝ ʥʘ ʬʘʟʥʳʝ ʪʦʢʠ ʜʚʠʛʘʪʝʣʷ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʪʦʢʘʤʠ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʪʝʨʷʤʠ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ ʧʨʠʤʝʥʠʤ ʪʦʣʴʢʦ ʥʘ ʤʘʣʳʭ 

ʩʢʦʨʦʩʪʷʭ, ʢʦʛʜʘ ʕɼʉ ʜʚʠʛʘʪʝʣʷ ʥʝʚʝʣʠʢʘ ʠ ʧʝʨʝʭʦʜ ʪʦʢʦʚ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʢ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤ 

ʦʙʦʨʦʪʦʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʦʢʘʤʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʢʪʦʨʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʦʢʦʚ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʳʯʥʦʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʪʦʢʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʝ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʉɼʇʄ ʩ 

ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ [54] 

ʧʦʢʘʟʘʥʘ ʥʘ  ʨʠʩʫʥʢʝ 16.  
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ʈʠʩʫʥʦʢ 16. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʉɼʇʄ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ 

ʦʙʤʦʪʢʘʤʠ ʩ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʦʢʦʚ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʪʝʨʷʤʠ 

ɺʚʦʜʦʤ ʜʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʠʝ ʤʦʤʝʥʪʘ Tʟʘʜ, ʢʦʪʦʨʦʝ 

ʦʧʨʝʜʝʣʷʝʪ ʥʘʯʘʣʴʥʳʝ ʟʘʜʘʥʠʷ ʪʦʢʦʚ ʧʦ ʦʩʷʤ d ʠ q. ʕʪʠ ʟʘʜʘʥʠʷ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ 

ʟʘʜʘʥʠʷ ʪʦʢʦʚ a, b ʠ c, ʢʦʪʦʨʳʝ ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (2.6). ʇʦʣʫʯʝʥʥʳʝ 

ʪʦʢʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʦʙʨʘʪʥʦ ʚ ʢʦʤʧʦʥʝʥʪʳ d ʠ q. ʂʦʤʧʦʥʝʥʪ ʦʩʠ d ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʦʮʝʥʢʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʛʦ ʟʘʜʘʥʠʷ ʪʦʢʘ ʧʦ ʦʩʠ q, ʟʘʪʝʤ ʪʦʢ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʮʝʥʠʚʘʝʪʩʷ ʜʣʷ ʨʝʛʫʣʷʪʦʨʘ ʪʦʢʘ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʨʝʘʣʠʟʫʝʪʩʷ ʪʨʝʤʷ ʨʝʛʫʣʷʪʦʨʘʤʠ 

ʪʦʢʘ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ d-, q- ʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʈʊ_d, ʈʊ_q ʠ ʈʊ_ɔ ʥʘ 

ʈʠʩʫʥʦʢ 16). ɿʘʜʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʦʩʷʤ d ʠ q ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʫʶ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ Ŭɓ, ʘ ʟʘʪʝʤ ʚ ʟʘʜʘʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ.  

 

2.3. ʄʦʜʝʣʴ ʪʨʝʭʤʦʩʪʦʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʭʨʦʥʥʳʤ 

ʜʚʠʛʘʪʝʣʝʤ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʚ ʧʨʦʛʨʘʤʤʝ PSIM 

2.3.1. ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʚ MOSFET ʪʨʘʥʟʠʩʪʦʨʘʭ 

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʚ ʧʨʦʛʨʘʤʤʝ PSIM ʚʝʜʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʧʘʩʧʦʨʪʘ ʥʘ ʪʨʘʥʟʠʩʪʦʨ [30]. ʇʨʠʤʝʨʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪʩʷ ʜʣʷ 
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ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʚ MOSFET, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 17. ɺ ʜʘʥʥʳʝ ʚʭʦʜʷʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʧʨʦʚʦʜʷʱʝʤ ʩʦʩʪʦʷʥʠʠ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʪʚʦʨʝ, 

ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʝʤʢʦʩʪʠ ʪʨʘʥʟʠʩʪʦʨʘ. ɼʣʷ ʜʠʦʜʘ ʟʘʜʘʝʪʩʷ ʚʦʣʴʪʘʤʧʝʨʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʵʥʝʨʛʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 17. ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ MOSFET ʪʨʘʥʟʠʩʪʦʨʘ ʚ 

ʧʨʦʛʨʘʤʤʝ PSIM 

ʉʪʘʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ MOSFET ʪʨʘʥʟʠʩʪʦʨʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʘʢ:  

2

ʩʪʘʪ ʀ,onP I R=       (2.10) 

ʛʜʝ Iʠ ð ʪʦʢ ʪʨʘʥʟʠʩʪʦʨʘ, Ron ð ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʧʨʦʚʦʜʷʱʝʤ 

ʩʦʩʪʦʷʥʠʠ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ MOSFET ʪʨʘʥʟʠʩʪʦʨʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʘʢ:  

ʜʠʥ ʚʢʣ ʐʀʄ,onP E f=      (2.11) 

ʜʠʥ ʚʳʢʣ ʐʀʄ,offP E f=      (2.12) 
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ʛʜʝ Eon ï ʵʥʝʨʛʠʷ ʥʘ ʚʢʣʶʯʝʥʠʝ ʪʨʘʥʟʠʩʪʦʨʘ, Eoff ï ʵʥʝʨʛʠʷ ʥʘ ʚʳʢʣʶʯʝʥʠʝ 

ʪʨʘʥʟʠʩʪʦʨʘ, fʐʀʄ  ï ʯʘʩʪʦʪʘ ʐʀʄ. ʕʥʝʨʛʠʠ Eon ʠ Eoff ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʫʯʝʪʦʤ 

ʚʨʝʤʝʥʠ ʥʘʨʘʩʪʘʥʠʷ ʠ ʚʨʝʤʝʥʠ ʩʧʘʜʘ ʢʨʠʚʳʭ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʦʢʝ ʟʘʪʚʦʨʘ MOSFET, ʚʭʦʜʥʳʭ/ʚʳʭʦʜʥʳʭ/ʧʝʨʝʭʦʜʥʳʭ 

ʝʤʢʦʩʪʷʭ ʠ ʟʘʨʷʜʘʭ ʟʘʪʚʦʨʘ ʪʨʘʥʟʠʩʪʦʨʘ. 

ʉʪʘʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʜʠʦʜʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʘʢ: 

ʩʪʘʪ_ʜʠʦʜ ʜ ʜ,P V I=      (2.13) 

ʛʜʝ Vʜ ï ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʠʦʜʝ, Iʜ ï ʪʦʢ ʜʠʦʜʘ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʜʠʦʜʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʘʢ:  

1
ʜʠʥ_ʜʠʦʜ ʙʣʦʢ ʐʀʄ4

,rrP Q V f=     (2.14) 

ʛʜʝ Qrr ï ʟʘʨʷʜ ʦʙʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʦʜʘ, Vʙʣʦʢ ï ʦʙʨʘʪʥʦʝ ʙʣʦʢʠʨʫʝʤʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʜʠʦʜʘ.  

 

2.3.2. ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʚ IGBT  

ɸʥʘʣʦʛʠʯʥʦ ʩ ʨʘʩʯʝʪʦʤ ʧʦʪʝʨʴ ʚ MOSFET, ʨʘʩʯʝʪ ʧʦʪʝʨʴ ʚ ʧʨʦʛʨʘʤʤʝ 

ʧʨʦʠʩʭʦʜʠʪ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʧʘʩʧʦʨʪʘ ʥʘ ʪʨʘʥʟʠʩʪʦʨ. ʇʨʠʤʝʨ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʚʥʦʩʷʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʚ IGBT, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 18. ɺ ʧʨʦʛʨʘʤʤʫ ʟʘʥʦʩʷʪʩʷ 

ʚʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʘʥʟʠʩʪʦʨʘ, ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ 

ʥʘ ʚʢʣʶʯʝʥʠʝ ʠ ʚʳʢʣʶʯʝʥʠʝ ʪʨʘʥʟʠʩʪʦʨʘ ʦʪ ʪʦʢʘ ʪʨʘʥʟʠʩʪʦʨʘ. ɼʣʷ ʜʠʦʜʘ ʚʥʦʩʷʪʩʷ 

ʚʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʪʦʢʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʪ ʪʦʢʘ ʜʠʦʜʘ.  
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ʈʠʩʫʥʦʢ 18. ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ IGBT ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʧʨʦʛʨʘʤʤʝ 

PSIM 

ʉʪʘʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ IGBT ʪʨʘʥʟʠʩʪʦʨʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʘʢ:  

ʩʪʘʪ ʂʕ ʂ,P V I=       (2.15) 

ʛʜʝ Vʂʕ ï ʥʘʧʨʷʞʝʥʠʝ ʥʘʩʳʱʝʥʠʷ ʢʦʣʣʝʢʪʦʨ ʵʤʠʪʪʝʨ, Iʂ ï ʪʦʢ ʢʦʣʣʝʢʪʦʨʘ 

ʪʨʘʥʟʠʩʪʦʨʘ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ IGBT ʪʨʘʥʟʠʩʪʦʨʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʘʢ:  

ʜʠʥ ʚʢʣ ʐʀʄ ʟʘʧ ʟʘʧ_ʧʘʩʧ( / ),onP E f V V=    (2.16) 

ʜʠʥ ʚʳʢʣ ʐʀʄ ʟʘʧ ʟʘʧ_ʧʘʩʧ( / ),offP E f V V=    (2.17) 

ʛʜʝ Eon ï ʵʥʝʨʛʠʷ ʥʘ ʚʢʣʶʯʝʥʠʝ ʪʨʘʥʟʠʩʪʦʨʘ, Eoff ï ʵʥʝʨʛʠʷ ʥʘ ʚʳʢʣʶʯʝʥʠʝ 

ʪʨʘʥʟʠʩʪʦʨʘ, fʐʀʄ  ï ʯʘʩʪʦʪʘ ʐʀʄ, Vɿɸʇ ï ʟʘʧʠʨʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʥʘʧʨʷʞʝʥʠʝ 
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ɿʇʊ), Vɿɸʇ_ʇɸʉʇ ï ʟʘʧʠʨʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʧʘʩʧʦʨʪʫ ʪʨʘʥʟʠʩʪʦʨʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʧʨʦʚʦʜʠʣʠʩʴ ʦʧʳʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ.  

ʇʦʪʝʨʠ ʚ ʜʠʦʜʝ ʩʯʠʪʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʦʪʝʨʷʤ ʜʠʦʜʘ MOSFET. 

 

2.3.3. ʊʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʪʨʘʥʟʠʩʪʦʨʘ 

ʉʪʨʫʢʪʫʨʘ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʩʣʦʝʚ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʪʝʧʣʦʝʤʢʦʩʪʴʶ. ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʳ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʧʦʢʘʟʘʥ 

ʥʘ ʨʠʩʫʥʢʝ 19. 

Tj

Tʦʢʨ

ɺʥʝʰʥʷʷ ʩʨʝʜʘ

ʄʝʜʥʦʝ ʦʩʥʦʚʘʥʠʝ

ʂʨʠʩʪʘʣʣ ʪʨʘʥʟʠʩʪʦʨʘ 

ʂʝʨʘʤʠʯʝʩʢʘʷ ʠʟʦʣʷʮʠʷR1

R2

R3

C1

C2

C3

 

ʈʠʩʫʥʦʢ 19. ʂʦʥʩʪʨʫʢʮʠʷ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʤʦʜʫʣʷ 

ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʦʜʥʦʤʝʨʥʳʤ, ʪʘʢ ʢʘʢ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ 

ʪʝʧʣʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʊʝʧʣʦʚʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ 

ʚʠʜʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ RC ʵʣʝʤʝʥʪʦʚ, ʛʜʝ R ʦʧʨʝʜʝʣʷʝʪ ʪʝʧʣʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ C ʪʝʧʣʦʝʤʢʦʩʪʴ. ʄʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʝʤʘʷ ʚ ʪʨʘʥʟʠʩʪʦʨʝ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʛʜʝ ʟʝʤʣʷʥʦʡ ʧʦʪʝʥʮʠʘʣ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ 

ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʠʤʠʪʠʨʫʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʥʘʧʨʷʞʝʥʠʷ.  

ɺ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʂʘʫʵʨʘ [31], ʪʝʧʣʦʝʤʢʦʩʪʴ ʢʘʞʜʦʛʦ ʫʟʣʘ ʤʦʜʝʣʠ ʩʚʷʟʘʥʳ ʩ 

ʧʦʪʝʥʮʠʘʣʦʤ ʟʝʤʣʠ. ɽʩʣʠ ʚ ʪʨʘʥʟʠʩʪʦʨʝ ʚʦʟʥʠʢʘʶʪ ʧʦʪʝʨʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʫʟʣʘʭ 

ʙʫʜʝʪ ʧʦʚʳʰʘʪʴʩʷ, ʘ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʟʘʧʘʩʘʝʪʩʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨʘʭ. ʉʦʭʨʘʥʝʥʥʘʷ 

ʵʥʝʨʛʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʟʥʠʮʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ, ʜʦ ʠ ʧʦʩʣʝ 
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ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʪʝʨʴ ʚ ʪʨʘʥʟʠʩʪʦʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ 

ʢʦʨʨʝʢʪʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʝʧʣʦʚʘʷ ʤʦʜʝʣʴ 

ʂʘʫʵʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 20. 

TʦʢʨR1 R2

Pʧʦʪ (t)

Tj

 
ʉ1 ʉ2

 

ʈʠʩʫʥʦʢ 20. ʊʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʂʘʫʵʨʘ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʜʝʣʠ ʂʘʫʵʨʘ, ʚ ʤʦʜʝʣʠ ʌʦʩʪʝʨʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ  

ʨʠʩʫʥʢʝ 21, ʢʦʥʜʝʥʩʘʪʦʨʳ ʧʦʜʢʣʶʯʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʨʝʟʠʩʪʦʨʘʤ [31]. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʨʝʟʠʩʪʦʨʦʚ ʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚ ʦʙʝʠʭ ʤʦʜʝʣʷʭ ʨʘʟʥʳʝ. 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʤʦʜʝʣʴ ʌʦʩʪʝʨʘ ʠʤʝʝʪ ʚ ʮʝʣʦʤ ʪʦ ʞʝ ʧʦʚʝʜʝʥʠʝ, ʯʪʦ ʠ ʤʦʜʝʣʴ 

ʂʘʫʵʨʘ, ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʚʦʛʦ ʫʟʣʘ ʨʷʜʦʤ ʩ ʠʩʪʦʯʥʠʢʦʤ ʤʦʱʥʦʩʪʠ. 

ɽʩʣʠ ʚʥʫʪʨʝʥʥʠʝ ʫʟʣʳ ʚ ʤʦʜʝʣʠ ʂʘʫʵʨʘ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ, ʪʦ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ 

ʫʟʣʦʚ ʤʦʜʝʣʠ ʌʦʩʪʝʨʘ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ. ʆʩʦʙʝʥʥʦʩʪʴ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʧʘʨʳ R ʠ C ʚ ʤʦʜʝʣʠ ʌʦʩʪʝʨʘ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʭʦʜʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʆʙʤʝʥ RC ʧʘʨʘʤʠ ʚ ʤʦʜʝʣʠ ʂʘʫʵʨʘ, ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʠʟʤʝʥʠʪ ʧʝʨʝʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʠ ʵʪʦ ʙʫʜʝʪ ʨʘʚʥʦʩʠʣʴʥʦ ʪʦʤʫ, ʝʩʣʠ 

ʧʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ ʩʣʦʠ ʚ ʩʠʣʦʚʦʤ ʤʦʜʫʣʝ. ʕʪʘ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʚʷʟʴ ʩ ʛʝʦʤʝʪʨʠʝʡ 

ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʨʝʟʠʩʪʦʨʦʚ ʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚ ʤʦʜʝʣʠ 

ʌʦʩʪʝʨʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʠʟ ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʤʦʜʝʣʠ ʂʘʫʵʨʘ. ʊʘʢʞʝ, ʤʦʜʝʣʴ ʌʦʩʪʝʨʘ ʥʝʣʴʟʷ 

ʨʘʟʜʝʣʠʪʴ, ʠʣʠ ʩʦʝʜʠʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʌʦʩʪʝʨʘ ʚʤʝʩʪʝ, ʘ ʜʣʷ ʤʦʜʝʣʝʡ ʂʘʫʵʨʘ 

ʚʦʟʤʦʞʥʳ ʦʙʝ ʦʧʝʨʘʮʠʠ. 
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Tʦʢʨ

R1 R2

Pʧʦʪ (t)
ʉ1 ʉ2

Tj

 

ʈʠʩʫʥʦʢ 21. ʊʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʌʦʩʪʝʨʘ 

ɺʩʝ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ ʌʦʩʪʝʨʘ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʪʝʤ, ʯʪʦ 

ʟʘʚʠʩʷʱʝʝ ʦʪ ʚʨʝʤʝʥʠ ʧʦʣʥʦʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʯʘʩʪʦ ʥʘʟʳʚʘʝʤʦʝ 

çʪʝʧʣʦʚʳʤ ʠʤʧʝʜʘʥʩʦʤè Zth ʤʦʜʝʣʠ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʧʨʦʩʪʳʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

1

(1 ),i

t
n

th i

i

Z R e
-
t

=

= -ä      (2.18) 

ʛʜʝ 
i i iRCt = . 

 ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ Ri ʠ Ci ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ ʥʘ 

ʩʪʫʧʝʥʯʘʪʫʶ ʬʫʥʢʮʠʶ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ. ʀʣʠ, ʧʨʠʤʝʥʷʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ, ʢ ʧʨʠʤʝʨʫ, ʧʘʨʘʤʝʪʨʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʳʨʘʞʝʥʠʠ ʤʦʞʥʦ ʧʦʜʙʠʨʘʪʴ ʜʦ 

ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ, 

ʥʝ ʩʦʚʧʘʜʝʪ ʩ ʧʝʨʝʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ, ʥʘʧʨʠʤʝʨ, 

ʠʟʤʝʨʝʥʥʦʡ ʧʦ ʢʨʠʚʳʤ ʥʘʛʨʝʚʘ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ. ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ 

ʪʝʧʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʦʧʠʩʳʚʘʝʪʩʷ ʜʦʢʫʤʝʥʪʦʤ [33].  

ɿʥʘʯʝʥʠʷ Ri ʠ Űi ʦʙʳʯʥʦ ʫʢʘʟʘʥʳ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʧʘʩʧʦʨʪʝ ʥʘ ʩʠʣʦʚʦʡ ʤʦʜʫʣʴ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʘʤ ʙʳʩʪʨʦ ʨʘʩʩʯʠʪʘʪʴ ʪʝʧʣʦʚʫʶ ʧʝʨʝʭʦʜʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʠʙʦʨʘ. ʉʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʪʦʨʳ ʚ ʤʦʜʝʣʠ ʂʘʫʵʨʘ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʧʨʷʤʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ ʠ ʛʝʦʤʝʪʨʠʠ: 

1
,th

d
R

A
=
l

      (2.19) 

,thC ʩ dA= r      (2.20) 
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ʛʜʝ dï ʪʦʣʱʠʥʘ ʩʣʦʷ, Aï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ  ʩʝʯʝʥʠʷ, lï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ,  

ʩ ï ʪʝʧʣʦʝʤʢʦʩʪʴ,  rï ʧʣʦʪʥʦʩʪʴ.  

ʇʦʩʯʠʪʘʚ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ, RC ʮʝʧʦʯʢʠ ʤʦʞʥʦ ʩʣʦʞʠʪʴ ʠ 

ʧʦʣʫʯʠʪʴ ʤʦʜʝʣʴ ʂʘʫʵʨʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʜʦʧʫʩʢʘʪʴ ʧʦʣʥʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʪʨʫʜʥʦ ʧʨʠʤʝʥʠʤ ʥʘ ʧʨʘʢʪʠʢʝ 

ʠʥʞʝʥʝʨʘʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ, ʪʘʢ ʢʘʢ ʫ ʥʠʭ ʥʝʪ ʜʘʥʥʳʭ ʦ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʣʦʚʦʛʦ 

ʤʦʜʫʣʷ. ʊʘʢʠʤʠ ʜʘʥʥʳʤʠ ʦʙʣʘʜʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʥʦ ʜʘʥʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʦʡ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʧʳʪʘʝʪʩʷ ʫʣʫʯʰʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʩʚʦʠʭ ʢʦʨʧʫʩʦʚ ʜʣʷ ʩʠʣʦʚʳʭ ʤʦʜʫʣʝʡ ʜʣʷ 

ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʨʳʥʢʝ.  

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʧʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʜʝʣʠʨʫʝʤʳʭ ʩʠʣʦʚʳʭ ʤʦʜʫʣʝʡ, ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʝʣʴ ʌʦʩʪʝʨʘ, ʪʘʢ ʢʘʢ ʟʥʘʯʝʥʠʷ R 

ʠ ʉ ʫʢʘʟʳʚʘʶʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʤʦʜʫʣʴ. ʀʥʦʛʜʘ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʝ ʫʢʘʟʳʚʘʶʪ ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ R ʠ ʉ, ʘ ʧʨʠʣʘʛʘʶʪ ʚ ʧʘʩʧʦʨʪʝ 

ʥʘ ʤʦʜʫʣʴ ʧʝʨʝʭʦʜʥʫʶ ʪʝʧʣʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ Zth(t). ʇʨʠʤʝʨ ʪʘʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 22. 

 

ʈʠʩʫʥʦʢ 22. ʊʝʧʣʦʚʘʷ ʧʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʤʦʜʫʣʷ  
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ʇʘʢʝʪ çCurve fittingè MATLAB  ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʦʜʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

Ri ʠ Ci ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʤʦʜʝʣʠ ʌʦʩʪʝʨʘ [34]. ɼʣʷ ʵʪʦʛʦ ʚ ʧʨʦʛʨʘʤʤʫ 

ʧʦ ʪʦʯʢʘʤ ʟʘʜʘʚʘʣʘʩʴ ʧʝʨʝʭʦʜʥʘʷ ʪʝʧʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʧʦʣʠʥʦʤ, ʢʦʪʦʨʳʤ 

ʜʦʣʞʥʘ ʦʧʠʩʳʚʘʪʴʩʷ ʟʘʜʘʥʥʘʷ ʢʨʠʚʘʷ. ʇʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʙʠʨʘʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ, ʯʪʦʙʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʢʨʠʚʘʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʦʯʥʦʩʪʴʶ ʩʦʚʧʘʜʘʣʘ ʩ ʠʩʭʦʜʥʦʡ.  ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʝʨʝʭʦʜʥʘʷ ʪʝʧʣʦʚʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʠʩʳʚʘʣʘʩʴ ʜʚʫʤʷ Ri Ci ɻ ʣʝʤʝʥʪʘʤʠ ʤʦʜʝʣʠ ʌʦʩʪʝʨʘ. ʈʘʙʦʯʝʝ ʦʢʥʦ 

ʧʨʦʛʨʘʤʤʳ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 23. 

ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ Ri ʠ Ci

ɺʦʩʪʘʥʦʚʣʝʥʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ Zth 

 

ʈʠʩʫʥʦʢ 23. ʈʘʙʦʯʝʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ çCurve fittingè MATLAB 

ʊʝʨʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʤʦʜʝʣʴ ʌʦʩʪʝʨʘ ʚ ʧʨʦʛʨʘʤʤʝ PSIM 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 24. ɺʳʭʦʜʦʤ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢ ʪʦʢʘ, 

ʢʦʪʦʨʳʡ ʚʳʜʘʝʪ ʧʦʪʝʨʠ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʤʘʩʰʪʘʙʝ 1:1 (1 ɸ ʨʘʚʝʥ 1 ɺʪ). ʊʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʟʘʜʘʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ ʯʝʨʝʟ ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 
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ʊʝʤʧʝʨʘʪʫʨʘ 

ʦʩʥʦʚʘʥʠʷ 

ʤʦʜʫʣʷ

ʊʝʧʣʦʚʦʡ 

ʠʤʧʝʜʘʥʩ
ʉʫʤʤʘʨʥʳʝ 

ʧʦʪʝʨʠ

 

ʈʠʩʫʥʦʢ 24. ʊʝʨʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʧʨʦʛʨʘʤʤʝ PSIM 

 

2.3.4. ʄʦʜʝʣʴ ʉɼʇʄ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ PSIM ʥʝ ʩʦʜʝʨʞʠʪ ʚʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʉɼʇʄ 

ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʙʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʜʚʠʛʘʪʝʣʷ.  

ʋʨʘʚʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʉɼʇʄ ʩ ʨʘʩʱʝʧʣʝʥʥʦʡ ʦʙʤʦʪʢʦʡ ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ 

ʩʠʩʪʝʤʝ dq ʚʳʨʘʞʘʶʪʩʷ ʢʘʢ: 

ʵ ʵ ʇʄ

ʵ

0
0 0 0

,

q

q s q q d d

d
d s d d q q

s

di
V r i L i L

dt

di
V r i L i L

dt

di
V r i L

dt

ë
= + +w +wyî

î
î
= + +wì

î
î
= +î

í

   (2.21) 

ʛʜʝ Vq ï  ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʣʦʞʝʥʥʦʝ ʢ ʜʚʠʛʘʪʝʣʶ ʧʦ ʦʩʠ q, rs ï ʘʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʪʦʨʘ, iq ï ʢʚʘʜʨʘʪʫʨʥʳʡ ʪʦʢ, Lq ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʧʦ ʦʩʠ q, ɤʵ ï 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ, id ï ʧʨʷʤʦʡ ʪʦʢ, Ld ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʧʦ ʦʩʠ d, ɣʇʄ ï 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʦʪ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, V0 ï  ʥʘʧʨʷʞʝʥʠʝ ʥʫʣʝʚʦʡ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, i0 ï ʪʦʢ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, L0 ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ 

ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʄʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʜʚʠʛʘʪʝʣʝʤ, ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ dq 

ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

0 0

3
( 2 ).

2
ʕ q q d dP V i V i V i= + +     (2.22) 

ʇʦʜʩʪʘʚʣʷʷ (2.21) ʚ (2.22) ʠ ʠʩʢʣʶʯʠʚ ʧʦʪʝʨʠ ʚ ʩʪʘʪʦʨʝ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ 

ʤʦʱʥʦʩʪʴ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ: 

ʵ ʇʄ

3
( ( )).

2
ʕʄ q d q d qP i i i L L= w Y + -    (2.23) 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʦʪ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

ʵ ʤ,ʕʄ

p

T
P

p

w
=       (2.24) 

ʛʜʝ Tʤ ï ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ, pp ï ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʇʦʜʩʪʘʚʠʚ (2.23) ʚ (2.24) ʤʦʤʝʥʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʢʘʢ: 

ʤ ʇʄ

3
( ( )).

2
p q d q d qT p i i i L L= Y + -    (2.25) 

ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʤʘʰʠʥʳ, ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʫʩʠʣʝʥʠʷ 1/J, ʛʜʝ J ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʧʦʣʫʯʘʝʤ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʩʢʦʨʦʩʪʴ ʜʚʠʛʘʪʝʣʷ.  

ʄʦʜʝʣʴ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʚ ʧʨʦʛʨʘʤʤʝ 

PSIM ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 25. 
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ʈʠʩʫʥʦʢ 25. ʄʦʜʝʣʴ ʉɼʇʄ ʚ PSIM 

ʋʩʣʦʚʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʙʣʦʢʘ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 26. 

 

ʈʠʩʫʥʦʢ 26. ʋʩʣʦʚʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʤʦʜʝʣʴ ʉɼʇʄ ʚ PSIM 

 

2.3.5. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʘʣʛʦʨʠʪʤʦʤ ʚʝʢʪʦʨʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ 

ʄʦʜʝʣʴ ʠʥʚʝʨʪʦʨʘ ʚ ʧʨʦʛʨʘʤʤʝ PSIM ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 27. ʇʦʩʢʦʣʴʢʫ 

ʧʦʪʝʨʠ ʚ ʢʘʞʜʦʤ ʪʨʘʥʟʠʩʪʦʨʝ ʠʜʝʥʪʠʯʥʳ ʠ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʦʪʩʫʪʩʪʚʫʝʪ, ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ 

ʟʘʢʣʘʜʳʚʘʣʘʩʴ ʜʣʷ ʦʜʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 27. ʄʦʜʝʣʴ ʜʚʦʡʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʚ ʧʨʦʛʨʘʤʤʝ PSIM 

ʉʋ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʫʶ ʩʠʩʪʝʤʫ ʩ ʚʝʢʪʦʨʥʳʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʦʢʘ ʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 28.  

 

ʈʠʩʫʥʦʢ 28. ʏʘʩʪʦʪʥʦ ʪʦʢʦʚʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʚʝʢʪʦʨʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

ʪʦʢʘ 
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ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʉʋ ʩ ʚʝʢʪʦʨʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʦʢʦʚ ʠ ʩ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ. ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ʇʘʨʘʤʝʪʨʳ 

ʜʚʠʛʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 2 ï ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʡ ʩʠʩʪʝʤʳ ʩ 

ʚʝʢʪʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʪʦʢʘʤʠ 

ʏʘʩʪʦʪʘ ʐʀʄ, ʢɻʮ 10 

ʅʘʧʨʷʞʝʥʠʝ ɿʇʊ, ɺ 400 

ʄʝʨʪʚʦʝ ʚʨʝʤʷ, ʤʢʩ 1 

ʏʘʩʪʦʪʘ ʨʘʩʯʝʪʘ ʉʋ, ʢɻʮ 10 

ʏʘʩʪʦʪʘ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ, ʢɻʮ 500 

 

ʊʘʙʣʠʮʘ 3 ï ʇʘʨʘʤʝʪʨʳ ʉɼʇʄ ʚ ʤʦʜʝʣʠ PSIM 

Rs, ʤʆʤ 3,1 

Ls, ʤɻʥ 1,05 

Rr, ʤʆʤ 3,1 

Lr, ʤɻʥ 1,05 

Lm, ʤɻʥ 40 

pp 1 

J, ʢʛĀʤ2 10 

 

ʇʨʠʤʝʥʷʣʘʩʴ ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʩʠʣʦʚʦʛʦ SiC MOSFET ʤʦʜʫʣʷ Mitsubishi 

FMF-400BX-24A [35]. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʨʘʩʩʯʠʪʘʥ ʥʘ ʨʘʙʦʪʫ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 1200 ɺ 

ʠ ʪʦʢʦʤ 400 ɸ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʠʥʚʝʨʪʦʨʘ ʥʘ MOSFET ʪʨʘʥʟʠʩʪʦʨʘʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʝʢʪʦʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 29. ʊʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ ʚʝʢʪʦʨʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʪʦʢʦʚ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʘʤʧʣʠʪʫʜʫ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
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ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʪʦʢʘʤʠ. ʊʘʢʞʝ, ʥʘʛʨʝʚ ʠ ʦʩʪʳʚʘʥʠʝ ʢʣʶʯʝʡ 

ʧʨʦʠʩʭʦʜʷʪ ʟʘ ʙʦʣʴʰʝʝ ʚʨʝʤʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ c ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʨʘʥʟʠʩʪʦʨʘ ʩʥʠʟʠʣʘʩʴ ʥʘ 8 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʘʥʟʠʩʪʦʨʘ ʩ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʦʢʦʚ (7 ), ʘ ʘʤʧʣʠʪʫʜʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʥʘ 

30 % (11 ). 

50

60

70

80

90

100

Tj Tj_(vect)

0 0.2 0.4 0.6 0.8 1
Time (s)

0

-200

-400

200

400

IA IA_(vect)

Tʚʝʢʪ , ÁC Tsin , ÁC  

Isin , ɸ Iʚʝʢʪ , ɸ 

ʚʨʝʤʷ, ʩ  

ʈʠʩʫʥʦʢ 29. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʡ ʉʋ ʩ ʚʝʢʪʦʨʥʳʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʦʢʦʚ ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʪʦʢʘʤʠ. ʀʥʚʝʨʪʦʨ ʥʘ 

MOSFET ʪʨʘʥʟʠʩʪʦʨʘʭ 

ɺ ʢʘʯʝʩʪʚʝ IGBT ʪʨʘʥʟʠʩʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ Powerex 

CM1000HA-24H [36]. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʠʥʚʝʨʪʦʨʘ ʥʘ IGBT 

ʪʨʘʥʟʠʩʪʦʨʘʭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 30. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʥʠʟʠʣʘʩʴ ʥʘ 

5.6 % (7 ), ʘ ʘʤʧʣʠʪʫʜʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʥʘ 8.3 % (5 ). 
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ʈʠʩʫʥʦʢ 30. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʡ ʉʋ ʩ ʚʝʢʪʦʨʥʳʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʦʢʦʚ ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʪʦʢʘʤʠ. ʀʥʚʝʨʪʦʨ ʥʘ IGBT 

ʪʨʘʥʟʠʩʪʦʨʘʭ 

ʄʝʥʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠ ʨʘʙʦʪʝ ʩ IGBT 

ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʦʪʝʨʠ ʚ ʪʨʘʥʟʠʩʪʦʨʝ (ʨʠʩʫʥʦʢ 

31). ɺ IGBT ʪʨʘʥʟʠʩʪʦʨʘʭ, ʧʨʠ ʯʘʩʪʦʪʘʭ ʐʀʄ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʪʷʛʦʚʦʛʦ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʦʪ 10 ʜʦ 20 ʢɻʮ, ʧʨʝʦʙʣʘʜʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʪʨʘʥʟʠʩʪʦʨʘ. 

ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʦʙʨʘʪʥʦʛʦ ʪʦʢʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʪʨʘʥʟʠʩʪʦʨʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʡ ʪʦʢ ʧʨʦʪʝʢʘʝʪ ʪʦʣʴʢʦ ʯʝʨʝʟ ʦʙʨʘʪʥʳʡ ʜʠʦʜ. ʇʦʪʝʨʠ ʥʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚ ʜʠʦʜʝ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʠʦʜʝ ʪʦʢʘ ʧʦʪʝʨʠ 

ʚ IGBT ʪʨʘʥʟʠʩʪʦʨʝ ʥʝ ʨʘʚʥʦʤʝʨʥʳ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʷʚʣʷʝʪʩʷ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. 
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ʈʠʩʫʥʦʢ 31. ʇʦʪʝʨʠ ʚ IGBT ʧʨʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ 

ʘʤʧʣʠʪʫʜʘ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʜʣʷ ʜʚʫʭ ʘʣʛʦʨʠʪʤʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘʤʠ ʠ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʣʶʯʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʡ ʩʠʩʪʝʤʳ ʩ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʠ ʚʝʢʪʦʨʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʦʢʘ. 

 ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʨʘʥʟʠʩʪʦʨʘ,  

ɸʤʧʣʠʪʫʜʘ 

ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʮʠʢʣʘ,  

ʉʠʥʫʩʦʠʜʘʣʴʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʦʢʦʚ,  

MOSFET ʪʨʘʥʟʠʩʪʦʨ 

97 36 

ɺʝʢʪʦʨʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʪʦʢʦʚ,  MOSFET ʪʨʘʥʟʠʩʪʦʨ 

90 25 

ʉʠʥʫʩʦʠʜʘʣʴʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʦʢʦʚ,  IGBT 

ʪʨʘʥʟʠʩʪʦʨ 

125 60 

ɺʝʢʪʦʨʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʪʦʢʦʚ,  IGBT ʪʨʘʥʟʠʩʪʦʨ 

118 55 
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2.3.6. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʘʣʛʦʨʠʪʤʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ ʩ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʪʝʨʷʤʠ 

ʄʦʜʝʣʴ ʠʥʚʝʨʪʦʨʘ ʠ ʜʚʠʛʘʪʝʣʷ ʚ PSIM ʘʥʘʣʦʛʠʯʥʘ ʤʦʜʝʣʠ ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ, ʉʋ ʧʦʩʪʨʦʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 16 ï ʚʝʢʪʦʨʥʘʷ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ MTPA. ɿʘʜʘʥʠʝʤ ʉʋ ʷʚʣʷʝʪʩʷ 

ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ. ʄʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʜʦʙʨʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʘʟʛʦʥ 

ʜʚʠʛʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʣ ʤʝʜʣʝʥʥʦ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʪʝʨʤʦʮʠʢʣʳ 

ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ. ʇʘʨʘʣʣʝʣʴʥʦ 

ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʪʘʢʞʝ ʚʝʢʪʦʨʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ ʠ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. 

ɿʘʜʘʥʠʝ ʥʘ ʤʦʤʝʥʪ ʨʘʚʥʷʝʪʩʷ 150 ʅʤ. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʘ ʜʚʠʛʘʪʝʣʷ, ʚʳʭʦʜʥʦʛʦ 

ʤʦʤʝʥʪʘ, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʘʥʟʠʩʪʦʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʦʢʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 32. 

ʉʠʥʫʩʦʠʜʘʣʴʥʳʡ ʤʝʪʦʜ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ ʧʦʢʘʟʘʣ ʥʘʠʙʦʣʴʰʝʝ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ð ʜʝʚʠʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʠʛʘʣʠ 30  

ʚ ʤʦʤʝʥʪ ʨʘʟʛʦʥʘ. ʊʝʨʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʩ ʚʝʢʪʦʨʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʦʢʦʚ ʜʦʩʪʠʛʘʣʠ 20 . ʅʘʠʣʫʯʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣ ʘʣʛʦʨʠʪʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʪʝʨʷʤʠ ð ʜʝʚʠʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʪʘʢʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʪʦʢʦʚ ʥʝ ʧʨʝʚʳʰʘʣʠ 10 . ʆʜʥʘʢʦ, ʧʨʠ 

ʪʘʢʦʤ ʫʧʨʘʚʣʝʥʠʠ ʥʘ 8  ʫʚʝʣʠʯʠʣʘʩʴ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʘ 

ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʷ ʦʩʪʘʣʴʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ʋʩʪʘʥʦʚʠʚʰʘʷʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤ ʠ ʚʝʢʪʦʨʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʪʦʢʦʚ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 65 , ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʳʭ 

ʧʦʪʝʨʴ ð 73 . ʊʘʢʞʝ ʧʨʦʠʩʭʦʜʷʪ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʫʣʴʩʘʮʠʠ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ. 
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 ʈʠʩʫʥʦʢ 32.  ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʘʣʛʦʨʠʪʤʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ ʩ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʪʝʨʷʤʠ 

ʆʩʮʠʣʣʦʛʨʘʤʤʘ, ʟʘ ʙʦʣʝʝ ʢʦʨʦʪʢʠʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ  

ʨʠʩʫʥʢʝ 33. 
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ʈʠʩʫʥʦʢ 33. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʘʣʛʦʨʠʪʤʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ ʩ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʪʝʨʷʤʠ (ʫʚʝʣʠʯʝʥʥʳʡ ʤʘʩʰʪʘʙ) 
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ʊʝʨʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʨʘʥʟʠʩʪʦʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʦʢʦʚ ʧʨʠ ʨʘʟʛʦʥʝ ʜʚʠʛʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 5 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤ rʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʛʘʪʝʣʝʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ 

ʇʦʢʘʟʘʪʝʣʴ ʉʠʥʫʩʦʠʜʘʣʴʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʪʦʢʦʚ 

ɺʝʢʪʦʨʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʦʢʦʚ 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ 

ʪʦʢʦʚ ʩ 

ʧʦʜʜʝʨʞʘʥʠʝʤ 

ʧʨʠʤʝʨʥʦ 

ʧʦʩʪʦʷʥʥʳʭ ʧʦʪʝʨʴ 

Tj ʫʩʪ  65 65 73 

Tj max  80 73 77 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʘʤʧʣʠʪʫʜʘ 

ʪʝʨʤʦʮʠʢʣʘ 

 

30 20 10 

 

2.4.  ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

ï ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ 

ʜʚʠʛʘʪʝʣʷ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʣʦʚʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʜʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʪʦʢʘ.  ʇʝʨʚʳʡ ʘʣʛʦʨʠʪʤ ð 

ʘʣʛʦʨʠʪʤ ʚʝʢʪʦʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ ʦʩʥʦʚʘʥ ʥʘ ʚʚʝʜʝʥʠʠ ʪʦʢʘ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠ ʨʘʙʦʪʘʝʪ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʚʝʢʪʦʨʥʦʡ ʐʀʄ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʶʪʩʷ: ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʬʘʟʥʦʛʦ ʪʦʢʘ 

ʜʚʠʛʘʪʝʣʷ ʥʘ 15 % ʧʨʠ ʪʦʤ ʞʝ ʚʳʭʦʜʥʦʤ ʤʦʤʝʥʪʝ, ʤʝʥʴʰʘʷ ʜʝʚʠʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʨʠʩʪʘʣʣʘ ʪʨʘʥʟʠʩʪʦʨʘ, ʙʦʣʝʝ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ ʪʦʤ ʞʝ 

ʚʳʭʦʜʥʦʤ ʤʦʤʝʥʪʝ ʜʚʠʛʘʪʝʣʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

ʪʦʢʦʚ. ɺʪʦʨʦʡ ʘʣʛʦʨʠʪʤ ð ʘʣʛʦʨʠʪʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ ʩ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʳʤʠ 

ʧʦʪʝʨʷʤʠ ʠʥʚʝʨʪʦʨʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʪʝʨʠ ʚ ʪʨʘʥʟʠʩʪʦʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ ʟʘ ʩʯʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʦʢʦʤ ʥʫʣʝʚʦʡ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʬʘʟʥʳʭ ʪʦʢʦʚ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʩʧʦʩʦʙʳ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʠ ʩʪʦʷʥʢʝ ʘʚʪʦʤʦʙʠʣʷ. 

ʅʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʳʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʦʢʘ ʠʟ-

ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʜʝʚʠʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʄʝʪʦʜʳ ʧʨʠʤʝʥʠʤʳ ʜʣʷ 

ʠʥʚʝʨʪʦʨʦʚ ʥʘ ʙʘʟʝ SiC MOSFET, ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʙʨʘʪʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʣʶʯʝʡ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʩʥʠʞʘʶʪ ʂʇɼ ʠʥʚʝʨʪʦʨʘ, ʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʨʘʙʦʪʢʫ ʥʘ 

ʦʪʢʘʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ.  

ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʦʢʘʟʘʣʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʊʘʢ, ʘʣʛʦʨʠʪʤ ʚʝʢʪʦʨʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʦʚ ʩʥʠʞʘʝʪ ʜʝʚʠʘʮʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ 

33 %, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʦʢʦʚ, ʘ ʘʣʛʦʨʠʪʤ ʩ 

ʧʦʜʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʳʭ ʧʦʪʝʨʴ ʠʥʚʝʨʪʦʨʘ ʩʥʠʞʘʝʪ ʜʝʚʠʘʮʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 70 %. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʪʦʢʘ 

ʜʚʠʛʘʪʝʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʝʩʫʨʩ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʠʥʚʝʨʪʦʨʘ.  
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ɻʣʘʚʘ 3. ʊʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʟʘʜʘʥʠʷ ʤʦʤʝʥʪʘ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʐʀʄ 

ʇʦʤʠʤʦ ʧʨʦʙʣʝʤʳ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʪʦʢʘ, ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ, ʢʦʛʜʘ ʧʝʨʠʦʜ ʪʦʢʘ ʤʥʦʛʦ ʤʝʥʴʰʝ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ ʩʠʣʦʚʦʛʦ 

ʤʦʜʫʣʷ. ɼʘʥʥʳʝ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʟʚʘʥʳ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʟʘʜʘʥʠʷ 

ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʢʘ ʠʥʚʝʨʪʦʨʘ. ʂ ʧʨʠʤʝʨʫ, ʣʝʛʢʦʚʦʡ 

ʘʚʪʦʤʦʙʠʣʴ ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʩʢʦʨʦʩʪʴʶ ʝʜʝʪ ʧʦ ʜʦʨʦʛʝ. ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʥʝʙʦʣʴʰʦʡ ʤʦʤʝʥʪ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʠ. ɺʦʜʠʪʝʣʴ, ʞʝʣʘʷ ʙʳʩʪʨʦ ʨʘʟʦʛʥʘʪʴʩʷ, ʧʝʜʘʣʴʶ ʛʘʟʘ ʟʘʜʘʝʪ 

ʙʦʣʴʰʝʝ ʟʘʜʘʥʠʝ ʥʘ ʤʦʤʝʥʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʦʢʘ ʚ ʜʚʠʛʘʪʝʣʝ. ɼʘʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʚ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʟʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦ ʨʘʟʛʦʥʘ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʝʚ ʪʨʘʥʟʠʩʪʦʨʦʚ ʜʦ ʥʝʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʣʝʝ, ʨʘʟʦʛʥʘʚʰʠʩʴ, ʚʦʜʠʪʝʣʴ ʦʪʧʫʩʢʘʝʪ ʧʝʜʘʣʴ ʛʘʟʘ, ʯʪʦ ʪʝʧʝʨʴ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʦʢʘ ʜʚʠʛʘʪʝʣʷ, ʧʦʪʝʨʴ ʚ ʠʥʚʝʨʪʦʨʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ 

ʦʩʪʳʚʘʥʠʶ ʪʨʘʥʟʠʩʪʦʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʧʠʩʘʥʥʳʭ ʜʝʡʩʪʚʠʷʭ ʚʦʜʠʪʝʣʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʝʪʝʨʧʝʣʘ ʧʦʣʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʮʠʢʣ. ʇʦʩʪʦʷʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʟʘʜʘʥʠʷ ʥʘ ʤʦʤʝʥʪ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʠʤʝʥʝʥʠʡ, ʦʩʦʙʝʥʥʦ 

ʜʣʷ ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʛʜʝ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʛʦ ʪʨʘʬʠʢʘ ʧʦʩʪʦʷʥʥʦ 

ʧʨʦʠʩʭʦʜʷʪ ʮʠʢʣʳ çʩʪʘʨʪ ï ʩʪʦʧè.  

ʂʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʠʟʤʝʥʷʶʱʝʡʩʷ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʥʘ ʥʘʛʨʝʚ ʤʦʞʥʦ 

ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʯʘʩʪʦʪʳ 

ʐʀʄ ʚ ʬʫʥʢʮʠʠ ʟʘʜʘʥʠʷ ʪʦʢʘ iq. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʢʦʤʧʝʥʩʘʮʠʠ 

ʤʦʤʝʥʪʦʦʙʨʘʟʫʶʱʝʛʦ ʪʦʢʘ iq, ʪʦʢʦʤ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ id, ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʦʜʜʝʨʞʠʚʘʷ ʧʦʩʪʦʷʥʥʳʤ ʧʦʣʥʳʡ ʪʦʢ ʩʪʘʪʦʨʘ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥ 

ʘʣʛʦʨʠʪʤ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʧʝʨʚʦʤ ʩʧʦʩʦʙʝ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʧʨʠʤʝʥʠʤ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ, ʥʦ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʠʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʚ ʜʚʠʛʘʪʝʣʝ. ɽʩʣʠ ʟʘʜʘʥʠʝ ʤʦʤʝʥʪʘ ʩʪʘʥʦʚʠʪʩʷ ʤʘʣʳʤ 

ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʯʘʩʪʦʪʫ ʐʀʄ ʙʦʣʝʝ ʥʝʣʴʟʷ ʧʦʚʳʰʘʪʴ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʯʘʩʪʦʪʳ 
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ʢʦʤʤʫʪʘʮʠʠ ʜʨʘʡʚʝʨʘ ʢʣʶʯʘ, ʪʦ ʪʨʝʙʫʝʪʩʷ ʚʚʝʜʝʥʠʝ ʨʝʘʢʪʠʚʥʦʛʦ ʪʦʢʘ, ʯʪʦʙʳ 

ʩʦʭʨʘʥʠʪʴ ʧʦʪʝʨʠ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ. 

ɺ ʪʷʛʦʚʦʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʐʀʄ 

ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ. ɼʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʢʦʨʨʝʢʪʠʨʫʶʪ ʘʢʫʩʪʠʯʝʩʢʠʡ ʰʫʤ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʫʪʝʤ ʨʘʩʰʠʨʝʥʠʷ ʝʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ [37]. ʉʫʱʝʩʪʚʫʶʪ 

ʘʣʛʦʨʠʪʤʳ ʤʠʥʠʤʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʠʥʚʝʨʪʦʨʝ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʫʣʴʩʘʮʠʠ ʪʦʢʘ ʠ ʠʭ ʦʛʨʘʥʠʯʝʥʠʠ 

ʯʘʩʪʦʪʦʡ ʐʀʄ [38, 39]. ɺ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʢʘʨʴʝʨʥʦʛʦ 

ʩʘʤʦʩʚʘʣʝ ɹɽʃɸɿ 7558C, ʢ ʧʨʠʤʝʨʫ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʯʘʩʪʦʪʳ ʐʀʄ ʦʪ ʪʦʢʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʛʨʝʚʘ ʢʣʶʯʝʡ ʧʨʠ ʧʝʨʝʛʨʫʟʢʘʭ. 

ʉʫʱʝʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʙʦʪʝ ʠʥʚʝʨʪʦʨʘ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʪʝʢʫʱʝʛʦ ʪʦʢʘ ʪʨʘʥʟʠʩʪʦʨʘ, ʨʘʩʩʯʠʪʳʚʘʶʪ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ 

ʪʨʘʥʟʠʩʪʦʨʝ ʠ ʘʥʘʣʠʟʠʨʫʶʪ, ʢʘʢʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʪʨʘʥʟʠʩʪʦʨʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ 

ʨʝʘʣʠʟʫʝʤ, ʪʘʢ ʢʘʢ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʣʘʜʳʚʘʪʴ ʚ ʇʆ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʠʟ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʘʩʧʦʨʪʘ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʩʯʝʪ ʟʘʥʠʤʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʤʦʱʥʦʩʪʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʚʝʜʝʥʠʠ ʚ ʉʋ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ 

ʯʘʩʪʦʪʦʡ ʐʀʄ ʦʪ ʪʦʢʘ ʜʚʠʛʘʪʝʣʷ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʧʦʣʥʳʭ ʧʦʪʝʨʴ ʚ 

ʪʨʘʥʟʠʩʪʦʨʝ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʧʣʦʚʘʷ 

ʤʦʜʝʣʴ ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʇʆ, ʚ ʢʦʪʦʨʦʤ ʤʦʜʝʣʠʨʫʝʪʩʷ ʨʘʙʦʪʘ 

ʧʨʠʚʦʜʘ. ʇʦʣʫʯʝʥʥʘʷ ʬʫʥʢʮʠʷ ʟʘʥʦʩʠʪʩʷ ʚ ʉʋ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ.  
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3.1. ɸʣʛʦʨʠʪʤ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʣʦʚʳʭ ʤʦʜʫʣʝʡ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʐʀʄ 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʨʴ ʚ ʥʝʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʦʧʪʠʤʘʣʴʥʦ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʨʴ ʠʣʠ ʩʦʭʨʘʥʷʪʴ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ 

ʧʦʩʪʦʷʥʥʦʡ. ʇʨʝʜʣʘʛʘʝʪʩʷ, ʚʥʝʩʪʠ ʚ ʉʋ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʩʧʝʮʠʘʣʴʥʳʡ ʟʘʢʦʥ 

ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʐʀʄ, ʢʦʪʦʨʳʡ ʚʦ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʙʫʜʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʪʨʘʥʟʠʩʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪʩʷ ʚʤʝʩʪʝ ʩ ʟʘʜʘʥʠʝʤ ʥʘ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ, ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʧʦʪʝʨʷʤʠ ʪʨʘʥʟʠʩʪʦʨʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʯʘʩʪʦʪʝ ʢʦʤʤʫʪʘʮʠʠ. ɿʘʢʦʥ 

ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʥʳʝ ʧʦʪʝʨʠ ʚ 

ʪʨʘʥʟʠʩʪʦʨʝ ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʧʦʩʪʦʷʥʥʳʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʝʡʩʪʚʫʶʱʝʛʦ ʪʦʢʘ 

ʜʚʠʛʘʪʝʣʷ. 

 ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʉɼʇʄ ʩ 

ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 34.  
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ʈʠʩʫʥʦʢ 34. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʉɼʇʄ ʩ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʝʤʦʡ 

ʯʘʩʪʦʪʦʡ ʐʀʄ 

ɺ ʧʦʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʝ iq ʟʘʜ ï ʟʘʜʘʥʠʝ ʥʘ ʤʦʤʝʥʪʦʦʙʨʘʟʫʶʱʠʡ ʪʦʢ ʜʚʠʛʘʪʝʣʷ, 

id ʟʘʜ ï ʟʘʜʘʥʠʝ ʥʘ ʧʦʪʦʢʦʦʙʨʘʟʫʶʱʠʡ ʪʦʢ, iɔ ʟʘʜ ï ʟʘʜʘʥʠʝ ʥʘ ʪʦʢ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, is ï ʪʦʢ ʩʪʘʪʦʨʘ ʜʚʠʛʘʪʝʣʷ. ɿʘʜʘʥʠʷ ʧʦʩʪʫʧʘʶʪ ʥʘ ʇʀ 

ʨʝʛʫʣʷʪʦʨʳ ʪʦʢʘ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ɼʘʣʝʝ, ʚʳʭʦʜʳ ʨʝʛʫʣʷʪʦʨʦʚ 

ʬʦʨʤʠʨʫʶʪ ʟʘʜʘʥʠʷ ʥʘ ʥʘʧʨʷʞʝʥʠʷ vq ʟʘʜ, vd ʟʘʜ, vɔ ʟʘʜ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʥʘ ʙʣʦʢʠ 
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ʬʘʟʥʳʭ ʠ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʬʦʨʤʠʨʫʷ ʟʘʜʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠʥʚʝʨʪʦʨʘ 

va ʟʘʜ, vb ʟʘʜ, vc ʟʘʜ. ɿʥʘʯʝʥʠʝ ʪʦʢʘ is ʧʦʩʪʫʧʘʝʪ ʥʘ ʪʘʙʣʠʯʥʫʶ ʬʫʥʢʮʠʶ f ʐʀʄ = f(is), 

ʚʳʭʦʜ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪ ʯʘʩʪʦʪʫ ʐʀʄ ʠʥʚʝʨʪʦʨʘ.  

ʊʝʧʝʨʴ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʢʘʢ ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʐʀʄ ʦʪ ʪʦʢʘ 

ʠʥʚʝʨʪʦʨʘ, ʯʪʦ ʙʳ ʧʦʪʝʨʠ ʚ ʪʨʘʥʟʠʩʪʦʨʝ ʙʳʣʠ ʧʦʩʪʦʷʥʥʳʤʠ? ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ 

ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʨʝʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʢʦʛʜʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʪʦʢʦʚ ʠʥʚʝʨʪʦʨʘ ʙʫʜʝʪ ʧʦʜʙʠʨʘʪʴʩʷ ʩʚʦʷ ʯʘʩʪʦʪʘ ʐʀʄ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʦʚ ʩʦʭʨʘʥʷʣʘʩʴ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʦʡ ʚ ʨʘʙʦʯʝʤ 

ʜʠʘʧʘʟʦʥʝ ʪʦʢʦʚ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʝʥ ʚ ʨʝʘʣʠʟʘʮʠʠ: ʥʝʦʙʭʦʜʠʤʳ 

ʥʘʛʨʫʟʦʯʥʳʝ ʩʪʝʥʜʳ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʦʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦ ʚʨʝʤʝʥʠ 

ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʪʘʢ ʢʘʢ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʳʝ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦʪʝʨʠ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʵʣʝʤʝʥʪʘʭ. ʕʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ 

ʧʨʝʜʣʘʛʘʝʤʫʶ ʢʦʥʮʝʧʮʠʶ: ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ 

ʩʦʙʠʨʘʝʪʩʷ ʤʦʜʝʣʴ ʠʥʚʝʨʪʦʨʘ ʩ ʥʘʛʨʫʟʢʦʡ ʠ ʉʋ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʵʪʦ 3-

ʤʦʩʪʦʚʦʡ ʠʥʚʝʨʪʦʨ ʩ ʚʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʉɼʇʄ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ 

ʦʙʤʦʪʢʘʤʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ fʐʀʄ = f(is) ʚʚʦʜʠʪʩʷ ʇʀ ʨʝʛʫʣʷʪʦʨ ʧʦʪʝʨʴ, ʢʦʪʦʨʳʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ ʪʦʢʘ ʠʥʚʝʨʪʦʨʘ ʙʫʜʝʪ ʧʦʜʙʠʨʘʪʴ ʯʘʩʪʦʪʫ ʐʀʄ, ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʫ ʧʦʪʝʨʴ. ɿʘʜʘʥʠʝʤ ʜʣʷ ʨʝʛʫʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʙʘʟʦʚʳʭ ʧʦʪʝʨʴ Pʧʦʪʝʨʠ ʙʘʟ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ ʪʨʘʥʟʠʩʪʦʨʝ. ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʦʩʪʫʧʘʝʪ ʩ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ 

ʪʨʘʥʟʠʩʪʦʨʘ. ɺʳʭʦʜʦʤ ʨʝʛʫʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʠʝ ʥʘ ʯʘʩʪʦʪʫ ʐʀʄ ʠʥʚʝʨʪʦʨʘ. 

ʏʘʩʪʦʪʘ ʐʀʄ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʷʤʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ 

ʯʘʩʪʦʪʦʡ ʐʀʄ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ï 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʪʦʣʴʢʦ ʨʘʙʦʯʠʡ ʪʦʢ ʚ ʠʥʚʝʨʪʦʨʝ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʩʭʝʤʘ ʤʦʜʝʣʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʐʀʄ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 35. 
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ʈʠʩʫʥʦʢ 35. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʉɼʇʄ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪʳ ʐʀʄ ʦʪ ʪʦʢʘ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʩʪʦʷʥʥʳʭ 

ʧʦʪʝʨʴ ʚ ʠʥʚʝʨʪʦʨʝ 

 ɿʘʜʘʥʠʝ id ʟʘʜ  ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʩʪʫʧʝʥʯʘʪʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʦʭʚʘʪʳʚʘʝʪ 

ʚʝʩʴ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʪʦʢʦʚ. ɿʘʜʘʥʠʝ ʪʦʢʘ ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʘʢʠʤ ʧʝʨʠʦʜʦʤ, ʯʪʦʙʳ 

ʧʨʠ ʦʜʥʦʤ ʟʘʜʘʥʠʠ ʪʦʢʘ id ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʧʝʨʠʦʜʦʚ ʪʦʢʘ ʠʥʚʝʨʪʦʨʘ. 

ʏʘʩʪʦʪʘ ʪʦʢʘ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʥʦʤʠʥʘʣʴʥʦʡ ʜʣʷ ʥʘʛʨʫʟʢʠ, ʩ ʪʝʤ ʜʦʧʫʱʝʥʠʝʤ, ʯʪʦ 

ʧʝʨʠʦʜ ʪʦʢʘ ʜʦʣʞʝʥ ʙʳʪʴ ʤʥʦʛʦ ʙʦʣʴʰʝ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʝʚʘ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ 

ʤʦʜʫʣʷ ʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʪʘʢ ʢʘʢ ʧʦʪʝʨʠ ʚ ʪʨʘʥʟʠʩʪʦʨʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʯʘʩʪʦʪʳ ʪʦʢʘ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʚʦʡʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʩ MOSFET ʪʨʘʥʟʠʩʪʦʨʘʤʠ 

ʩʫʱʝʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʦʤ, ʯʪʦ ʧʦʪʝʨʠ ʚ ʠʥʚʝʨʪʦʨʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ cos(f) ʥʘʛʨʫʟʢʠ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʚʳʧʨʷʤʠʪʝʣʴʥʳʡ ʠʣʠ 

ʛʝʥʝʨʘʪʦʨʥʳʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʥʷʪʴ ʟʘʚʠʩʠʤʦʩʪʴ fʐʀʄ = f(id) ʧʨʠ ʥʫʣʝʚʳʭ 

ʟʘʜʘʥʠʷʭ ʪʦʢʦʚ iɔ ʟʘʜ ʠ iq ʟʘʜ  ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ ʢʘʢ  fʐʀʄ = f(is). 

ʇʝʨʝʜ ʧʦʩʪʨʦʝʥʠʝʤ fʐʀʄ = f(is) ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʠʤʝʥʥʦ 

ʧʦʪʝʨʠ ʪʨʝʙʫʝʪʩʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ ʪʨʘʥʟʠʩʪʦʨʝ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʚʦʟʤʦʞʥʦʤ ʨʘʙʦʯʝʤ ʪʦʢʝ ʠ ʤʠʥʠʤʘʣʴʥʦʡ 

ʯʘʩʪʦʪʦʡ ʐʀʄ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʪʦʢʝ 

ʙʫʜʫʪ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʚ ʪʨʘʥʟʠʩʪʦʨʝ. 
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ɼʣʷ ʧʨʦʚʝʨʢʠ ʘʣʛʦʨʠʪʤʘ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʨʝʜʝ PSIM ʜʣʷ 

ʩʠʩʪʝʤʳ ʘʥʘʣʦʛʠʯʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 35. ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʪʝʧʣʦʚʫʶ ʤʦʜʝʣʴ 

ʪʨʘʥʟʠʩʪʦʨʘ SiC Mitsubishi FMF400BX-24A. ʊʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ 

ʤʦʜʫʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 36. ʊʝʤʧʝʨʘʪʫʨʘ ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ ʧʦʩʪʦʷʥʥʘ ʠ 

ʨʘʚʥʘ 50 .  

Tʦʢʨ

R1_ʪʨʘʥʟR2_ʪʨʘʥʟ

Pʧʦʪ (t)
ʉ1_ʪʨʘʥʟʉ2_ʪʨʘʥʟ

ʉʠʣʦʚʦʡ 

ʤʦʜʫʣʴ

Tj

 

ʈʠʩʫʥʦʢ 36. ʊʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʪʨʘʥʟʠʩʪʦʨʘ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʘ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʜʨʘʡʚʝʨʘ ʪʨʘʥʟʠʩʪʦʨʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ï ʜʦʧʫʩʪʠʤʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ ʚ ʪʦʢʝ ʥʘʛʨʫʟʢʠ. 

ɺ ʤʦʜʝʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʐʀʄ ʧʨʠʥʷʪʘ 20ʢɻʮ, ʘ ʤʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ 

ʐʀʄ 2ʢɻʮ.  

ʇʝʨʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʟʦʚʳʭ ʧʦʪʝʨʴ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʢʦʛʜʘ ʤʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʐʀʄ ʧʨʠʚʷʟʘʥʘ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʦʢʫ 

ʠʥʚʝʨʪʦʨʘ 400 ɸ. ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ id ʟʘʜ  ʨʘʚʥʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʦʢʫ ʠʥʚʝʨʪʦʨʘ, 

ʯʘʩʪʦʪʘ ʐʀʄ ʬʠʢʩʠʨʦʚʘʥʘ, ʨʝʛʫʣʷʪʦʨ ʧʦʪʝʨʴ ʥʝ ʚʢʣʶʯʝʥ ʚ ʨʘʙʦʪʫ. ʅʘ ʨʠʩʫʥʢʝ 37 

ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʝʨʭʥʠʡ ʛʨʘʬʠʢ ï ʪʦʢʠ ʬʘʟ ɸ, B ʠ ʉ. ɺʪʦʨʦʡ 

ʛʨʘʬʠʢ ï ʟʘʜʘʥʠʝ id ʟʘʜ , ʪʨʝʪʠʡ ʛʨʘʬʠʢ ï ʯʘʩʪʦʪʘ ʐʀʄ ʠʥʚʝʨʪʦʨʘ, ʯʝʪʚʝʨʪʳʡ ʛʨʘʬʠʢ 

ï ʧʦʪʝʨʠ ʚ ʪʨʘʥʟʠʩʪʦʨʝ, ʧʷʪʳʡ ʛʨʘʬʠʢ ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʘ ʪʨʘʥʟʠʩʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 37. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʚ ʪʨʘʥʟʠʩʪʦʨʝ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʪʦʢʦʤ ʟʘʜʘʥʠʷ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʐʀʄ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʪʝʨʠ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ, ʥʘ ʦʜʠʥ ʪʨʘʥʟʠʩʪʦʨ, 

ʩʦʩʪʘʚʣʷʶʪ 100 ɺʪ. ʂʦʣʝʙʘʥʠʷ ʤʦʱʥʦʩʪʠ ʧʦʪʝʨʴ ʥʘ ʛʨʘʬʠʢʝ ʩʚʷʟʘʥʳ ʩ 

ʥʝʢʨʘʪʥʦʩʪʴʶ ʯʘʩʪʦʪʳ ʪʦʢʘ ʠ ʧʝʨʠʦʜʘ ʫʩʨʝʜʥʝʥʠʷ ʧʦʪʝʨʴ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʘ 

ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʪʝʧʣʦʚʦʤ ʨʝʞʠʤʝ ʣʝʞʠʪ ʤʝʞʜʫ 58 ʠ 60 .  

 ɺʪʦʨʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʨʘʙʦʪʦʡ ʨʝʛʫʣʷʪʦʨʘ ʧʦʪʝʨʴ ʚ 

ʪʨʘʥʟʠʩʪʦʨʝ, ʢʦʪʦʨʳʡ ʧʦʜʙʠʨʘʝʪ ʯʘʩʪʦʪʫ ʐʀʄ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʪʦʢʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʩ ʨʘʟʣʠʯʥʳʤ ʟʘʜʘʥʠʝʤ id ʟʘʜ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 38. ɿʘʜʘʥʠʝ ʥʘ 

ʧʦʪʝʨʠ ʚ ʪʨʘʥʟʠʩʪʦʨʝ ʨʘʚʥʦ 100 ɺʪ. 
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ʈʠʩʫʥʦʢ 38. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʳʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪʳ ʐʀʄ ʦʪ ʪʦʢʘ ʥʘʛʨʫʟʢʠ 

ʀʟʤʝʥʝʥʠʝ ʪʦʢʘ ʠʥʚʝʨʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʩ 50 ɸ ʜʦ 400 ɸ ʩ ʰʘʛʦʤ ʚ 50 ɸ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʰʘʛʘ ʩʦʩʪʘʚʣʷʝʪ 0,1 ʩ. ɺʠʜʥʦ, ʯʪʦ ʚ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʝ ʜʠʘʧʘʟʦʥʘ 

ʪʦʢʦʚ, ʜʦ 200 ɸ, ʨʝʛʫʣʷʪʦʨ ʧʦʪʝʨʴ ʚ ʥʘʩʳʱʝʥʠʠ ʠ ʚʳʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ 

ʐʀʄ, ʪ.ʝ. ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʝ ʭʚʘʪʘʝʪ ʯʪʦ ʙʳ ʪʨʘʥʟʠʩʪʦʨ ʚʳʰʝʣ ʥʘ ʟʘʜʘʥʥʳʝ 

ʧʦʪʝʨʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʢʘ ʚʳʰʝ 200 ɸ ʠ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʦʢʘ ʚ 400 ɸ, 

ʨʝʛʫʣʷʪʦʨ ʧʦʜʙʠʨʘʝʪ ʯʘʩʪʦʪʫ ʐʀʄ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʪʝʨʠ ʨʘʚʥʳ ʟʘʜʘʥʥʳʤ ʚ 100 ɺʪ. 

ʅʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʯʘʩʪʦʪʝ ʐʀʄ ʨʝʛʫʣʷʪʦʨ ʟʘʜʘʝʪ ʪʦʯʥʦ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʪʦʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʠʚʷʟʢʝ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʐʀʄ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʪʦʢʫ, ʧʦʣʫʯʠʣʦʩʴ ʨʝʛʫʣʠʨʦʚʘʪʴ ʯʘʩʪʦʪʫ ʚ ʧʦʣʦʚʠʥʝ ʜʠʘʧʘʟʦʥʘ ʪʦʢʘ ʠʥʚʝʨʪʦʨʘ.  

ʇʦʣʫʯʝʥʥʘʷ ʬʫʥʢʮʠʷ  f ʐʀʄ = f(is) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 39. 
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ʈʠʩʫʥʦʢ 39. ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʐʀʄ ʦʪ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʧʨʠ ʫʩʣʦʚʠʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʐʀʄ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʪʦʢʦʤ ʥʘʛʨʫʟʢʠ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʉɼʇʄ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʧʨʠ ʧʠʪʘʥʠʠ ʦʪ ʜʚʦʡʥʦʛʦ 

ʠʥʚʝʨʪʦʨʘ ʩ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. ʇʝʨʚʘʷ ʤʦʜʝʣʴ ʚʢʣʶʯʘʣʘ 

ʧʦʣʫʯʝʥʥʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʐʀʄ, ʚʪʦʨʘʷ ʤʦʜʝʣʴ ʨʘʙʦʪʘʝʪ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʦʡ ʐʀʄ 10 ʢɻʮ. ʊʦʢ id ʟʘʜ ʟʘʜʘʝʪʩʷ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʝ, ʩ 

ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʥʝʥʠʷ ʦʪ 100 ɸ ʜʦ 400 ɸ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʫʶ ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʪʨʘʥʟʠʩʪʦʨʝ ʥʘ ʮʠʢʣʝ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʟʘʢʦʥʦʤ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʐʀʄ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 40.  
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ʈʠʩʫʥʦʢ 40. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ 

ʟʘʜʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʐʀʄ 

ʇʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʤ ʮʠʢʣʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʝ ʧʦʪʝʨʠ 

ʪʨʘʥʟʠʩʪʦʨʘ ʨʘʚʥʳʝ 100 ɺʪ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʦʤʝʥʪʦʚ, ʢʦʛʜʘ ʯʘʩʪʦʪʫ ʐʀʄ, ʥʘ 

ʥʠʟʢʠʭ ʪʦʢʘʭ ʥʝʚʦʟʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ. ʊʝʨʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʠʤʝʶʪ ʘʤʧʣʠʪʫʜʫ ʚ 

2 . ʅʘʛʨʝʚ ʚ ʧʝʨʚʳʡ ʤʦʤʝʥʪ ʚʳʟʚʘʥ ʪʝʤ, ʯʪʦ ʢʨʠʩʪʘʣʣ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʥʘʛʨʝʚ ʥʝ ʩʪʦʠʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʨʘʤʢʘʭ ʮʠʢʣʘ, ʪʘʢ ʢʘʢ ʥʘ 

ʩʣʝʜʫʶʱʝʤ ʮʠʢʣʝ ʢʨʠʩʪʘʣʣ ʪʨʘʥʟʠʩʪʦʨʘ ʫʞʝ ʙʫʜʝʪ ʥʘʛʨʝʪ ʠ ʥʝ ʙʫʜʝʪ ʧʦʜʦʙʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʈʘʟʤʘʭ ʪʝʤʧʝʨʘʪʫʨ ʩʦʩʪʘʚʣʷʝʪ 2 . 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʦʡ 

ʐʀʄ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 41.  
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ʈʠʩʫʥʦʢ 41. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ 

ʟʘʜʘʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʦʡ ʐʀʄ 

ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʝ ʐʀʄ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʘ ʪʨʘʥʟʠʩʪʦʨʘ ʤʝʥʝʝ 

ʩʪʘʙʠʣʴʥʘ. ʈʘʟʤʘʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʮʠʢʣʝ ʩʦʩʪʘʚʣʷʝʪ 8 . ʊʘʢ ʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʪʝʨʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʚ 6  ʠ 4 . 

 ʇʨʠʥʠʤʘʪʴ ʙʘʟʦʚʳʝ ʧʦʪʝʨʠ ʚ ʪʨʘʥʟʠʩʪʦʨʝ, ʢʦʛʜʘ ʤʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ 

ʐʀʄ ʩʦʧʦʩʪʘʚʣʝʥʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʪʦʢʦʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ, ʛʜʝ 

ʠʥʚʝʨʪʦʨ ʧʦʩʪʦʷʥʥʦ ʨʘʙʦʪʘʝʪ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʪʦʢʘʤʠ. ɺ ʪʷʛʦʚʳʭ ʧʨʠʤʝʥʝʥʠʷʭ 

ʟʘʜʘʥʠʝ ʥʘ ʪʦʢ ʤʝʥʷʝʪʩʷ ʚʦ ʚʩʝʤ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʪʦʢʘ ʪʨʘʥʟʠʩʪʦʨʘ. ɹʘʟʦʚʳʝ 

ʧʦʪʝʨʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʪʦʢʝ ʠʥʚʝʨʪʦʨʘ, ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʴʰʝ ʯʝʤ 

ʩʨʝʜʥʠʝ ʧʦʪʝʨʠ ʚ ʨʘʙʦʪʝ ʠʥʚʝʨʪʦʨʘ, ʝʩʣʠ ʙʳ ʦʥ ʨʘʙʦʪʘʣ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʦʡ 

ʐʀʄ. ʂ ʧʨʠʤʝʨʫ, ʚ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʨʘʟʚʠʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʥʘ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚʦ ʚʨʝʤʷ ʨʘʟʛʦʥʘ ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʩ 

ʨʝʢʫʧʝʨʘʮʠʝʡ. ɺ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ ʨʝʘʣʠʟʫʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʪʦʢ, 

ʪʨʝʙʫʝʤʳʡ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʂʇɼ 

ʠʥʚʝʨʪʦʨʘ. ʇʨʦʚʝʩʪʠ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʠʤʝʥʝʥʠʡ, ʛʜʝ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʮʠʢʣʠʯʥʳʤ. ʍʦʨʦʰʠʤ 
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ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʚʘʛʦʥ ʤʝʪʨʦ. ɼʚʠʞʝʥʠʝ ʩʦʩʪʘʚʘ ʯʝʪʢʦ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ ʠ ʤʠʥʠʤʘʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʅʘʛʨʫʟʢʫ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢ, ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʦ ʣʝʛʢʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ. ʀʩʧʦʣʴʟʫʷ 

ʥʘʛʨʫʟʦʯʥʫʶ ʜʠʘʛʨʘʤʤʫ ʜʚʠʞʝʥʠʷ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ 

ʦʪ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʦʟʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʪʘʢʠʝ ʧʦʪʝʨʠ ʚ ʠʥʚʝʨʪʦʨʝ, 

ʯʪʦʙʳ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʐʀʄ ʧʦʢʨʳʚʘʣ ʜʠʘʧʘʟʦʥ ʪʦʢʦʚ, ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʥʘʛʨʫʟʦʯʥʦʤ ʮʠʢʣʝ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʜʦʙʠʚʘʪʴʩʷ 

ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʦʡ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʠ ʂʇɼ ʠʥʚʝʨʪʦʨʘ. 

 

3.2. ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ ʧʨʠʤʝʨʝ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʘʛʨʫʟʦʯʥʦʛʦ ʮʠʢʣʘ 

ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʨʠʤʝʨʝ 

ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʉɼʇʄ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʩ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʡ 

ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʧʝʨʚʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʦʜʝʣʴ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ ʯʘʩʪʦʪʫ 

ʐʀʄ ʨʘʚʥʫʶ 10 ʢɻʮ, ʚʦ ʚʪʦʨʦʤ ʯʘʩʪʦʪʘ ʐʀʄ ʤʝʥʷʝʪʩʷ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʟʘʢʦʥʫ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʛʜʘ ʤʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʐʀʄ ʧʨʠʚʷʟʘʥʘ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʦʢʫ 

ʮʠʢʣʘ, ʪʨʝʪʴʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʟʘʢʦʥʦʤ ʫʧʨʘʚʣʝʥʠʷ ʐʀʄ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʧʦʜ ʥʘʛʨʫʟʦʯʥʳʡ ʮʠʢʣ. ɼʚʘ ʥʘʛʨʫʟʦʯʥʳʭ ʮʠʢʣʘ ʪʦʢʘ ʠʥʚʝʨʪʦʨʘ 

ʧʦʢʘʟʘʥ rʥʘ ʨʠʩʫʥʢʝ 42.  ɺʨʝʤʷ ʮʠʢʣʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. 

ʚʨʝʤʷ, ʦʝ

Id ʟʘʜ , ɸ 

 

ʈʠʩʫʥʦʢ 42. ʇʨʦʠʟʚʦʣʴʥʳʡ ʥʘʛʨʫʟʦʯʥʳʡ ʮʠʢʣ 

ʊʘʢʞʝ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʚʦʩʩʦʟʜʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ 

ʜʦʙʘʚʣʝʥʘ ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʨʘʜʠʘʪʦʨʘ, ʚ ʢʦʪʦʨʦʡ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 
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ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʜʠʘʪʦʨʘ ʧʦʜʦʙʨʘʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʥʘ 100 ɺʪ ʧʦʪʝʨʴ ʧʝʨʝʛʨʝʚ ʨʘʜʠʘʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʦʩʪʘʚʣʷʣ 50 . ʊʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʜʠʘʪʦʨʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ: 
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ʊʝʧʣʦʚʘʷ ʝʤʢʦʩʪʴ ʨʘʜʠʘʪʦʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ 

ʪʝʧʣʦʚʘʷ ʝʤʢʦʩʪʴ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ. ʊʝʧʣʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʨʘʜʠʘʪʦʨʘ ʩ ʚʦʟʜʫʰʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʘ ʤʠʥʫʪ, ʜʣʷ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʜʦʭʦʜʠʪ ʜʦ ʤʠʥʫʪʳ. ʄʦʜʝʣʠʨʫʝʪʩʷ ʜʚʘ ʮʠʢʣʘ ʧʦʜʨʷʜ, ʜʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʟʘ ʧʝʨʚʳʡ ʮʠʢʣ ʨʘʜʠʘʪʦʨ ʚʳʰʝʣ ʥʘ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ, ʠ ʟʘ 

ʚʪʦʨʦʡ ʮʠʢʣ ʤʦʞʥʦ ʙʳʣʦ ʦʮʝʥʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʪʨʘʥʟʠʩʪʦʨʘ, ʙʝʟ ʫʯʝʪʘ ʥʘʯʘʣʴʥʦʛʦ 

ʥʘʛʨʝʚʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʇʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ ʨʘʜʠʘʪʦʨʘ Űʨʘʜ ʟʘʜʘʝʪʩʷ ʨʘʚʥʦʡ 25 ʩ (ʠʤʠʪʘʮʠʷ 

ʚʦʜʷʥʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ). ʊʝʧʣʦʚʘʷ ʝʤʢʦʩʪʴ ʩʯʠʪʘʝʪʩʷ ʢʘʢ: 
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    (3.2) 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʋ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʯʘʩʪʦʪʘ ʨʘʩʯʝʪʘ 

ʤʦʜʝʣʠ ʙʳʣʘ ʤʠʥʠʤʫʤ ʚ 10 ʨʘʟ ʚʳʰʝ ʯʘʩʪʦʪʳ ʐʀʄ, ʘ ʧʨʠ ʫʯʝʪʝ ʤʝʨʪʚʦʛʦ ʚʨʝʤʝʥʠ, 

ʯʪʦʙʳ ʧʝʨʠʦʜ ʨʘʩʯʝʪʘ ʙʳʣ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ ʤʝʨʪʚʦʛʦ ʚʨʝʤʝʥʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʘʩʪʦʪʘ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʚʳʙʨʘʥʘ ʨʘʚʥʦʡ 1 ʄɻʮ. ʇʨʦʤʦʜʝʣʠʨʦʚʘʪʴ, 

ʢ ʧʨʠʤʝʨʫ, 10 ʤʠʥ ʚʨʝʤʝʥʠ ʩ ʪʘʢʦʡ ʯʘʩʪʦʪʦʡ ʨʘʩʯʝʪʘ ʢʨʘʡʥʝ ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʪʘʢ 

ʢʘʢ ʦʙʲʝʤ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ 0,5 ɻʙ ʜʣʷ ʦʜʥʦʛʦ ʦʧʳʪʘ, ʠ ʚʨʝʤʷ 

ʨʘʩʯʝʪʘ ʙʫʜʝʪ ʢʨʘʡʥʝ ʜʦʣʛʠʤ. ʇʦʵʪʦʤʫ, ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ 

ʥʘʛʨʝʚʘ ʤʦʜʫʣʷ, ʫʤʝʥʴʰʠʚ ʠʭ ʚ 100 ʨʘʟ, ʠ ʧʨʠʥʷʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʮʠʢʣʘ 

ʨʘʚʥʦʝ 1 ʩʝʢʫʥʜʝ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ, ʝʩʣʠ ʙʳ 

ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ 100 ʩʝʢʫʥʜ ʙʝʟ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ.  ʉʭʝʤʘ 

ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 43. ʊʘʢʞʝ ʜʦʙʘʚʣʝʥʦ ʪʝʧʣʦʚʦʝ 
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ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ ʩʠʣʦʚʳʤ ʤʦʜʫʣʝʤ ʠ ʨʘʜʠʘʪʦʨʦʤ, ʢʦʪʦʨʦʝ ʠʤʠʪʠʨʫʝʪ 

ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʨʤʦʧʘʩʪʳ. ʊʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ ʪʝʨʤʦʧʘʩʪʳ 

ʨʘʚʥʦ ʨʘʜ

K
0,1
ɺʪ

R = . ʄʝʨʪʚʦʝ ʚʨʝʤʷ ʨʘʚʥʦ 3 ʤʢʩ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʨʪʚʦʝ 

ʚʨʝʤʷ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʪʝʧʣʦʚʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʪʘʢ ʢʘʢ ʚʦ ʚʨʝʤʷ ʤʝʨʪʚʦʛʦ 

ʚʨʝʤʝʥʠ ʪʦʢ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʪʥʳʝ ʜʠʦʜʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʯʝʤ ʪʨʘʥʟʠʩʪʦʨʳ, ʘ, ʟʥʘʯʠʪ, ʧʦʪʝʨʠ ʚ ʤʦʜʫʣʝ 

ʚʳʨʘʩʪʘʶʪ, ʯʝʤ ʙʦʣʴʰʝ ʤʝʨʪʚʦʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ. 

Tʦʢʨ

Rʨʘʜ

ʉʨʘʜ
Rʧʘʩʪ

R1_ʪʨʘʥʟR2_ʪʨʘʥʟ

Pʧʦʪ (t)
ʉ1_ʪʨʘʥʟʉ2_ʪʨʘʥʟ

ʊʝʨʤʦʧʘʩʪʘ

ʉʠʣʦʚʦʡ 

ʤʦʜʫʣʴ ʈʘʜʠʘʪʦʨ

Tj Tʨʘʜ

 

ʈʠʩʫʥʦʢ 43. ʊʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʩ ʨʘʜʠʘʪʦʨʦʤ 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʦʡ 

ʐʀʄ 10 ʢɻʮ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 44.  
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ʈʠʩʫʥʦʢ 44. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʦʡ ʐʀʄ 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʘ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘ 

ʮʠʢʣʝ ʥʘʛʨʫʟʢʠ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʳʩʪʨʳʝ ʠ ʜʦʣʛʠʝ ʪʝʨʤʦʮʠʢʣʳ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ 

ʜʦʩʪʠʛʘʝʪ 20 .  ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʚʝʜʝʪ ʢ ʨʝʟʢʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʧʦʪʝʨʴ ʚ ʪʨʘʥʟʠʩʪʦʨʝ. ʂ ʧʨʠʤʝʨʫ, ʠʟʤʝʥʝʥʠʝ ʟʘʜʘʥʠʷ ʪʦʢʘ ʩʦ 100 A ʜʦ 400 A 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʪʝʨʴ ʥʘ 110 ɺʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʜʝʪ ʢ ʨʝʟʢʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʘʥʟʠʩʪʦʨʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʜʠʘʪʦʨʘ ʪʘʢʞʝ ʢʦʣʝʙʣʝʪʩʷ ʩ 

ʘʤʧʣʠʪʫʜʦʡ ʚ 10 .  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʟʘʢʦʥʦʤ ʫʧʨʘʚʣʝʥʠʷ ʐʀʄ ʩ ʧʨʠʚʷʟʢʦʡ 

ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʐʀʄ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʦʢʫ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 45. 
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ʈʠʩʫʥʦʢ 45. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʟʤʝʥʷʝʤʦʡ ʯʘʩʪʦʪʦʡ ʐʀʄ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʦʢʫ ʠʥʚʝʨʪʦʨʘ 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʘ ʩʪʘʣʘ ʥʘʤʥʦʛʦ 

ʩʪʘʙʠʣʴʥʝʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʉʋ ʙʝʟ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʐʀʄ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʨʘʜʠʘʪʦʨʘ ʪʘʢ ʞʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʮʠʢʣʝ 

ʥʘʛʨʫʟʢʠ.  

ɺ ʥʘʛʨʫʟʦʯʥʦʤ ʮʠʢʣʝ ʤʦʤʝʥʪʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʪʦʢʦʤ ʜʦʩʪʘʪʦʯʥʦ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳ ʠ ʥʝ ʚʳʟʳʚʘʶʪ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʨʤʦʮʠʢʣʦʚ ʚ ʪʨʘʥʟʠʩʪʦʨʝ. ʇʦʵʪʦʤʫ 

ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʦ ʧʦʜʦʙʨʘʥʦ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʡ ʥʘʛʨʫʟʦʯʥʦʡ 

ʮʠʢʣʦʛʨʘʤʤʳ ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ʚ ʪʨʘʥʟʠʩʪʦʨʝ ʥʘ ʫʨʦʚʥʝ 

70 ɺʪ, ʚʤʝʩʪʦ 100 ɺʪ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʟʘʢʦʥʦʤ ʫʧʨʘʚʣʝʥʠʷ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʧʦʜ ʥʘʛʨʫʟʦʯʥʫʶ ʜʠʘʛʨʘʤʤʫ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 46.  
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ʈʠʩʫʥʦʢ 46. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʟʤʝʥʷʝʤʦʡ ʯʘʩʪʦʪʦʡ ʐʀʄ ʩ 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʧʦʜ ʥʘʛʨʫʟʦʯʥʳʡ ʮʠʢʣ ʟʘʢʦʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʇʨʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʤ ʟʘʢʦʥʝ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʐʀʄ, ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʨʤʦʮʠʢʣʳ ʘʤʧʣʠʪʫʜʦʡ 10 . ʆʥʠ ʚʦʟʥʠʢʘʶʪ, ʢʦʛʜʘ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʠʣʠ ʤʠʥʠʤʘʣʴʥʦʤ ʪʦʢʝ ʠʥʚʝʨʪʦʨʘ, ʯʘʩʪʦʪʘ ʐʀʄ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʩʚʦʠʤ ʤʠʥʠʤʘʣʴʥʳʤ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʠ 

ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠ ̫ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ. ɺ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤ,̫ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ 95 . ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʜʠʘʪʦʨʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʩʪʦʷʥʥʘ, ʪʘʢ ʢʘʢ ʨʘʜʠʘʪʦʨ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ, ʠ ʨʘʚʥʘ 

88 . 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

ï  ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʘ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘ ʮʠʢʣ Tj rms; 

ï  ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʘ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘ ʮʠʢʣ Tj max; 

ï  ʨʘʟʤʘʭ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘ ʮʠʢʣ R(Tj); 

ï  ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʧʦʪʝʨʴ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘ ʮʠʢʣ Pʧʦʪ rms; 
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ï  ʨʘʩʯʝʪʥʳʡ ʨʝʩʫʨʩ ʤʦʜʫʣʷ ʧʦ ʪʝʨʤʦʮʠʢʣʘʤ ʉ. 

ʈʝʩʫʨʩ ʤʦʜʫʣʝʡ ʦʮʝʥʠʚʘʣʩʷ ʧʦ ʛʨʘʬʠʢʫ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 47. ɻʨʘʬʠʢ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ 

ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ Mitsubishi) [40]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ 

ʪʝʨʤʦʮʠʢʣʘ ʜʘʝʪʩʷ ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ.  

 

ʈʠʩʫʥʦʢ 47. ʊʝʨʤʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʥʚʝʨʪʦʨ ʜʦʣʞʝʥ ʚʳʜʝʨʞʠʚʘʪʴ 100 ʪʳʩ. ʮʠʢʣʦʚ. ɼʣʷ 

ʤʦʜʝʣʠ ʠʥʚʝʨʪʦʨʘ ʙʝʟ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʐʀʄ, ʛʨʘʬʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʥʦʚʘʥʠʷ 

ʩʦʜʝʨʞʠʪ ʪʨʠ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʘ ʘʤʧʣʠʪʫʜʦʡ 20 . ʄʦʜʫʣʴ ʚʳʜʝʨʞʠʚʘʝʪ 

ʧʨʠʤʝʨʥʦ 1 ʤʣʥ ʮʠʢʣʦʚ. ʊʦʛʜʘ, ʨʝʩʫʨʩ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ: 

3 100000
0,33.

1000000
C

Ö
= =      (3.3) 

ʊʝʨʤʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ, ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ 

ʥʘ 33 %. 

ɼʣʷ ʤʦʜʝʣʠ ʠʥʚʝʨʪʦʨʘ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʯʘʩʪʦʪʦʡ ʐʀʄ, ʙʝʟ ʦʧʪʠʤʠʟʘʮʠʠ 

ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʐʀʄ, ʛʨʘʬʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʥʦʚʘʥʠʷ ʩʦʜʝʨʞʠʪ ʜʚʘ 
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ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʘ ʘʤʧʣʠʪʫʜʦʡ 10 . ʄʦʜʫʣʴ ʚʳʜʝʨʞʠʚʘʝʪ ʧʨʠʤʝʨʥʦ 10 ʤʣʥ 

ʮʠʢʣʦʚ. ʊʦʛʜʘ, ʨʝʩʫʨʩ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʢʘʢ: 

2 100000
0,02.

10000000
C

Ö
= =      (3.4) 

ʊʝʨʤʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ, ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ 

ʥʘ 2 %. 

ɺ ʛʨʘʬʠʢʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ ʤʦʜʝʣʠ ʠʥʚʝʨʪʦʨʘ ʩ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʯʘʩʪʦʪʦʡ ʐʀʄ, ʥʝ ʩʦʜʝʨʞʘʪʩʷ ʢʘʢʠʝ-ʣʠʙʦ 

ʪʝʨʤʦʮʠʢʣʳ, ʘʤʧʣʠʪʫʜʦʡ ʙʦʣʝʝ 5 . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʣʠʷʥʠʝ ʥʘ ʨʝʩʫʨʩ ʧʦ 

ʪʝʨʤʦʮʠʢʣʘʤ ʬʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʝʥʦ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ, ʪʠʧʫ 

ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʠ ʪʠʧʫ ʦʭʣʘʞʜʝʥʠʷ. ʇʦʢʘʟʘʪʝʣʠ ʜʣʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 6. 

ʊʘʙʣʠʮʘ 6 ï ʆʮʝʥʦʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʐʀʄ.  

ʇʦʢʘʟʘʪʝʣʴ  ʈʝʛʫʣʠʨʦʚʘʥʠʝ 

ʙʝʟ ʫʧʨʘʚʣʝʥʠʷ 

ʯʘʩʪʦʪʦʡ ʐʀʄ 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʩ 

ʫʧʨʘʚʣʝʥʠʝʤ ʯʘʩʪʦʪʦʡ 

ʐʀʄ. ʄʠʥʠʤʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ ʐʀʄ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʦʢʫ 

ʮʠʢʣʘ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʩ 

ʫʧʨʘʚʣʝʥʠʝʤ 

ʯʘʩʪʦʪʦʡ ʐʀʄ. 

ɿʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ 

ʘʜʘʧʪʠʨʦʚʘʥ ʧʦʜ 

ʮʠʢʣ ʥʘʛʨʫʟʢʠ. 

Tj rms ,  94 110 98 

Tj max,   110 115 103 

R(Tj),  25 15 8 

Pʧʦʪ rms , ɺʪ 75 97 77 

ʉ, ʦʝ 0,33 0,02 ʆʪʩʫʪʩʪʚʫʝʪ ʚʣʠʷʥʠʝ 

ʪʝʨʤʦʮʠʢʣʦʚ 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʦʡ ʐʀʄ ʧʦʢʘʟʘʣʘ ʭʫʜʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦ 

ʪʝʨʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ ʠ ʨʝʩʫʨʩʫ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ. ʈʘʟʤʘʭ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʮʠʢʣʝ 
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ʩʦʩʪʘʚʣʷʝʪ 25 . ʆʜʥʘʢʦ ʧʨʠ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʳʝ ʤʘʣʳʝ ʧʦʪʝʨʠ ʚ 

ʪʨʘʥʟʠʩʪʦʨʝ ʟʘ ʮʠʢʣ.  ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʯʘʩʪʦʪʦʡ ʐʀʄ, ʢʦʛʜʘ ʧʨʠʚʷʟʢʘ 

ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʐʀʄ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢ ʤʘʢʩʠʤʫʤʫ ʪʦʢʘ, ʧʦʢʘʟʘʣʘ ʥʘʤʥʦʛʦ 

ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʶ. ʈʝʩʫʨʩ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ 16 ʨʘʟ ʤʝʜʣʝʥʥʝʝ, ʘ ʧʦʪʝʨʠ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ ʵʪʦʤ ʚʦʟʨʦʩʣʠ ʥʘ 30%, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ. ʊʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʣʘʩʴ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʘ. ʄʦʜʝʣʴ ʩ ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʟʘʢʦʥʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ʐʀʄ ʧʦʢʘʟʘʣʘ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦ ʪʝʨʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ ï 

ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘʩʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʛʦ 

ʮʠʢʣʘ ʥʘʛʨʫʟʢʠ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʥʝ ʚʣʠʷʶʪ ʥʘ ʨʝʩʫʨʩ 

ʤʦʜʫʣʷ. ʇʦʪʝʨʠ ʚ ʪʨʘʥʟʠʩʪʦʨʝ ʠ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʘ ʦʩʪʘʣʠʩʴ ʥʘ 

ʫʨʦʚʥʝ ʧʝʨʚʦʡ ʤʦʜʝʣʠ, ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʘ ʩʥʠʟʠʣʘʩʴ 

ʥʘ 6 %.  

ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʧʦʜ 

ʥʘʛʨʫʟʦʯʥʳʡ ʮʠʢʣ, ʥʠʚʝʣʠʨʫʝʪ ʚʣʠʷʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʥʘ ʩʠʣʦʚʦʡ ʤʦʜʫʣʴ ʙʝʟ 

ʟʥʘʯʠʤʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ ʚ ʪʨʘʥʟʠʩʪʦʨʝ. ʇʨʠ ʵʪʦʤ ʥʘʩʪʨʦʡʢʘ ʘʣʛʦʨʠʪʤʘ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʪʨʝʙʫʝʤʦʛʦ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʧʦʪʝʨʷʤʠ ʚ ʪʨʘʥʟʠʩʪʦʨʝ ʠ ʝʛʦ 

ʨʝʩʫʨʩʦʤ ʧʦ ʪʝʨʤʠʯʝʩʢʠʤ ʮʠʢʣʘʤ.  

 

3.3. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

ï ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʘʢʪʠʚʥʦʡ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʣʶʯʝʡ ʠʥʚʝʨʪʦʨʘ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʪʦʢʘ ʠʥʚʝʨʪʦʨʘ. 

ɸʣʛʦʨʠʪʤ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʚʝʜʝʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ 

ʐʀʄ ʦʪ ʪʦʢʘ ʠʥʚʝʨʪʦʨʘ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʣʥʳʭ ʧʦʪʝʨʴ 

ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʉʋ ʠʥʚʝʨʪʦʨʦʤ 

ʧʦʟʚʦʣʷʝʪ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʴ ʨʘʩʯʝʪʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ.  

ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʞʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʩʪʦʪʝ ʧʨʠʤʝʥʝʥʠʷ ð ʥʝ ʪʨʝʙʫʶʪʩʷ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʘ ʩʘʤ ʘʣʛʦʨʠʪʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʚ ʉʋ ʥʝ 

ʪʨʝʙʫʝʪ ʟʥʘʯʠʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ.  

ï ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʠʥʚʝʨʪʦʨʘ, ʧʨʠ ʝʛʦ 

ʢʦʨʨʝʢʪʥʦʡ ʥʘʩʪʨʦʡʢʝ ʩ ʫʯʝʪʦʤ ʥʘʛʨʫʟʦʯʥʳʭ ʜʠʘʛʨʘʤʤ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ 

ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʫ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝʤ ʚ ʠʥʚʝʨʪʦʨʝ ʠ ʝʛʦ ʂʇɼ.  
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ɻʣʘʚʘ 4. ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʪʷʛʦʚʦʤ 

ʠʥʚʝʨʪʦʨʝ ʜʣʷ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ 

ʠ ʦʙʤʦʪʢʘʤʠ, ʩʦʝʜʠʥʝʥʥʳʤʠ ʟʚʝʟʜʦʡ ʠ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʠ ʘʚʪʦʤʦʙʠʣʷ 

ɺ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ ʙʳʣ ʨʘʟʦʙʨʘʥ ʤʝʪʦʜ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʣʦʚʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʜʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʪʦʢʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʜʥʘʢʦ ʚʘʞʥʦ ʪʘʢʞʝ ʟʥʘʪʴ, ʢʘʢʦʡ ʵʬʬʝʢʪ ʦʢʘʞʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʘ ʥʘ ʧʨʘʢʪʠʢʝ. ʀʩʧʳʪʘʥʠʷ ʥʘ ʨʝʘʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʷʚʣʷʶʪʩʷ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤʠ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ: ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʠʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʘʤʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʚʦʟʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʨʘʥʟʠʩʪʦʨʦʚ ʚ ʢʦʨʧʫʩʠʨʦʚʘʥʥʦʤ ʩʠʣʦʚʦʤ ʤʦʜʫʣʝ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ 

ʠʩʧʳʪʘʥʠʷʤ ʩ ʨʝʘʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʪʦʯʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʪʨʘʥʩʤʠʩʩʠʠ ʜʦʣʞʥʦ ʧʦʤʦʛʘʪʴ ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʠʝ ʮʠʢʣʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʠʣʦʚʦʤ ʤʦʜʫʣʝ 

ʠʥʚʝʨʪʦʨʘ ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʠ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ; 

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʚʥʦʚʴ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʪʨʘʥʩʤʠʩʩʠʡ ʩ ʠʥʚʝʨʪʦʨʦʤ ʜʣʷ ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʩ 

ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ; 

ï ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʩʠʣʦʚʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʪʨʘʥʩʤʠʩʩʠʠ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʦʧʠʩʳʚʘʶʱʫʶ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʪʷʛʦʚʦʤ ʠʥʚʝʨʪʦʨʝ ʠ 

ʪʷʛʦʚʦʤ ʜʚʠʛʘʪʝʣʝ ʘʚʪʦʤʦʙʠʣʷ, ʪʝʨʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʩʠʣʦʚʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʘʚʪʦʤʦʙʠʣʷ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ 
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ʠʤʠʪʘʮʠʶ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʫʶ ʧʦʜʩʠʩʪʝʤʫ. ʇʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʠʥʚʝʨʪʦʨʘ ʥʘ ʪʠʧʦʚʳʭ ʮʠʢʣʘʭ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ [55]. 

ɺ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʣʝʢʪʨʦʤʦʙʠʣʴ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ BMW i3. ʇʦʣʥʳʝ ʜʘʥʥʳʝ ʦ ʧʘʨʘʤʝʪʨʘʭ ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʠ, ʪʘʢʠʝ 

ʢʘʢ ʪʠʧ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ, ʥʘʧʨʷʞʝʥʠʝ ɿʇʊ ʠ ʪ.ʧ. ʧʦʣʫʯʝʥʳ ʠʟ ʜʦʢʣʘʜʘ [41]. ɺ 

ʢʘʯʝʩʪʚʝ ʮʠʢʣʘ ʜʚʠʞʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʝʚʨʦʧʝʡʩʢʠʡ ʮʠʢʣ ʛʦʨʦʜʩʢʦʛʦ ʜʚʠʞʝʥʠʷ 

NEDC. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ PLECS. 

 

4.1.  ʉʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʵʣʝʢʪʨʦʤʦʙʠʣʷ BMW  i3  

BMW i3 ʵʪʦ ʧʦʣʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʣʝʛʢʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ ʩ ʩʠʥʭʨʦʥʥʳʤ 

ʜʚʠʛʘʪʝʣʝʤ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʦʪ ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 

ʤʦʱʥʦʩʪʴʶ 125 ʢɺʪ ʠ ʥʦʤʠʥʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ 250 ʅĿʤ. ɸʚʪʦʤʦʙʠʣʴ ʦʩʥʘʱʝʥ 

ʣʠʪʠʡ-ʠʦʥʥʳʤ ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʥʘ ʥʘʧʨʷʞʝʥʠʝ 360 ɺ ʠ ʦʙʣʘʜʘʝʪ ʝʤʢʦʩʪʴʶ ʦʪ 22 

ʢɺʪĿʯ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʝ ʧʫʙʣʠʢʫʶʪ ʜʝʪʘʣʠ ʦ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʘʣʛʦʨʠʪʤʘʭ ʠ ʪʝʭʥʦʣʦʛʠʷʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʚʪʦʤʦʙʠʣʝ, ʪʘʢ ʢʘʢ ʜʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʷʚʣʷʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʦʡ. ʆʟʚʫʯʠʚʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʦʣʴʢʦ ʥʦʤʠʥʘʣʴʥʘʷ 

ʤʦʥɦʦʩʪʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʦʜʥʘʢʦ ʚ ʧʫʙʣʠʯʥʦʤ ʜʦʢʣʘʜʝ ʠʥʞʝʥʝʨʘ James 

Hendershot [41], ʩʦʜʝʨʞʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʥʚʝʨʪʦʨʘ ʠ ʧʘʨʘʤʝʪʨʘʭ ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʤ ʤʝʪʦʜʦʤ 

ʨʝʚʝʨʩ-ʠʥʞʠʥʠʨʠʥʛʘ.  

ʉʠʣʦʚʦʡ ʙʣʦʢ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 48. ɺ ʩʦʩʪʘʚ ʚʭʦʜʷʪ: ʠʥʚʝʨʪʦʨ ʜʚʠʛʘʪʝʣʷ, 

DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʟ ʥʘʧʨʷʞʝʥʠʷ ɿʇʊ 350 ï 400 ɺ ʚ 12 ɺ ʥʘʧʨʷʞʝʥʠʷ 

ʥʠʟʢʦʚʦʣʴʪʥʦʡ ʙʘʪʘʨʝʠ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʱʥʦʩʪʴʶ 

3,7 ʢɺʪ.  
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ʈʠʩʫʥʦʢ 48. ʉʠʣʦʚʦʡ ʙʣʦʢ BMW i3 

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠʥʚʝʨʪʦʨʘ, ʪʘʢʠʝ ʢʘʢ ʪʨʘʥʟʠʩʪʦʨʥʳʝ ʤʦʜʫʣʠ 

ʩʠʣʦʚʦʛʦ ʠʥʚʝʨʪʦʨʘ, ʢʦʥʜʝʥʩʘʪʦʨʳ ɿʇʊ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 49. ʀʥʚʝʨʪʦʨ 

ʜʚʠʛʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʘʩʩʠʯʝʩʢʠʡ 6-ʢʣʶʯʝʚʦʡ ʠʥʚʝʨʪʦʨ ʠ ʚʳʧʦʣʥʝʥ ʥʘ 

ʪʨʝʭ IGBT ʤʦʜʫʣʷʭ Infineon FS800R07A2E3. ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ 250ï400 ɺ. ɼʘʥʥʳʝ ʦ ʯʘʩʪʦʪʝ ʐʀʄ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ, ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʥʷʪʘ ʯʘʩʪʦʪʘ ʚ 10 ʢɻʮ, ʢʦʪʦʨʘʷ ʚʳʙʨʘʥʘ ʩ ʫʯʸʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʯʘʩʪʦʪʳ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ ʪʷʛʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ 1140 ɻʮ. 

450 ɺ 

ʂʦʥʜʝʥʩʘʪʦʨ ɿʇʊ

ʉʠʣʦʚʳʝ ʤʦʜʫʣʠ 

Infineon

 

ʈʠʩʫʥʦʢ 49. ʉʠʣʦʚʦʡ ʙʣʦʢ BMW i3 ʚ ʨʘʟʙʦʨʝ [41]  

ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ. ʌʦʪʦʛʨʘʬʠʠ ʜʚʠʛʘʪʝʣʷ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 50. ɼʚʠʛʘʪʝʣʴ ʠʤʝʝʪ ʨʘʟʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʦ ʧʨʦʜʦʣʴʥʦʡ ʠ 
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ʧʦʧʝʨʝʯʥʦʡ ʦʩʷʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʨʘʟʚʠʚʘʪʴ ʪʘʢʞʝ ʨʝʘʢʪʠʚʥʳʡ ʤʦʤʝʥʪ ʠ ʚ 

ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʷʪʴ MTPA ʘʣʛʦʨʠʪʤ. 

ʉʠʩʪʝʤʘ ʞʠʜʢʦʩʪʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ

 

ʈʠʩʫʥʦʢ 50. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ BMW i3 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 7. 

ʊʘʙʣʠʮʘ 7 ʇʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ BMW i3 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 
ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

Rs 
5 ʤʆʤ 

Ld  
0,0886 ʤɻʥ 

Lq  
0,285 ʤɻʥ 

ʏʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ 
6  

ɺʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʥʦʤʠʥʘʣʴʥʘʷ 
75 ʢɺʪ 

ɺʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘʷ 
125 ʢɺʪ 

ʉʢʦʨʦʩʪʴ ʥʦʤʠʥʘʣʴʥʘʷ 
4500 ʦʙ/ʤʠʥ 

ʉʢʦʨʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘʷ 
11400 ʦʙ/ʤʠʥ 

ʄʦʤʝʥʪ ʥʦʤʠʥʘʣʴʥʳʡ 
88 ʅʤ 

ʄʦʤʝʥʪ ʤʘʢʩʠʤʘʣʴʥʳʡ 
250 ʅʤ 

ʊʦʢ ʤʘʢʩʠʤʘʣʴʥʳʡ 
400 ɸ 
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4.2.  ɽʚʨʦʧʝʡʩʢʠʡ ʛʦʨʦʜʩʢʦʡ ʮʠʢʣ ʜʚʠʞʝʥʠʷ NEDC 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʪʝʩʪʠʨʫʶʪ ʩʚʦʠ ʘʚʪʦʤʦʙʠʣʠ ʥʘ ʪʦʧʣʠʚʥʫʶ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʚʳʙʨʦʩ CO2, ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʳʝ ʮʠʢʣʳ ʜʚʠʞʝʥʠʷ [42].  

ɼʘʥʥʳʝ ʮʠʢʣʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʦʪ 

ʚʨʝʤʝʥʠ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʠʧʦʚʦʡ ʭʘʨʘʢʪʝʨ ʝʟʜʳ ʥʘ ʜʦʨʦʛʘʭ. ɺ 

ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʩʚʦʠ ʪʠʧʳ ʮʠʢʣʦʚ, ʪʘʢʞʝ ʮʠʢʣʳ ʜʝʣʷʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢ ʧʨʠʤʝʨʫ ʝʟʜʘ ʧʦ ʛʦʨʦʜʫ ʠʣʠ ʧʦ ʘʚʪʦʩʪʨʘʜʝ. ʉʫʱʝʩʪʚʫʝʪ 

ʜʝʣʝʥʠʝ ʧʦ ʪʠʧʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ï ʣʝʛʢʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ ʠʣʠ ʛʨʫʟʦʚʦʡ. 

ʅʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʚ ʘʩʧʝʢʪʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʩʠʣʦʚʳʭ ʤʦʜʫʣʝʡ 

ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʠʷ ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʬʠʢʘ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʥʦʛʦʯʣʝʥʥʳʝ ʨʘʟʛʦʥʳ ʠ 

ʦʩʪʘʥʦʚʢʠ ʪʨʘʥʩʧʦʨʪʘ, ʤʝʜʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʧʨʦʙʢʘʭ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʙʫʜʫʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʥʘʠʙʦʣʴʰʠʝ ʜʝʚʠʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʧʨʠʥʷʪʦ 

ʧʨʠʤʝʥʷʪʴ ʥʦʚʳʡ ʝʚʨʦʧʝʡʩʢʠʡ ʮʠʢʣ ʜʚʠʞʝʥʠʷ ð NEDC (New European Driving 

Cycle) [43].  ɼʘʥʥʳʡ ʮʠʢʣ (ʨʠʩʫʥʦʢ 51) ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʭʘʨʘʢʪʝʨʥʫʶ ʤʘʥʝʨʫ 

ʜʚʠʞʝʥʠʷ ʧʦ ʜʦʨʦʛʘʤ ɽʚʨʦʧʳ ʠ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʛʦʨʦʜʩʢʠʭ ʮʠʢʣʦʚ ʜʚʠʞʝʥʠʷ 

(Urban Driving Cycle), ʠʤʠʪʠʨʫʶʱʠʭ ʜʚʠʞʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ, ʠ 

ʦʜʥʦʛʦ ʮʠʢʣʘ ʜʚʠʞʝʥʠʷ ʧʦ ʘʚʪʦʙʘʥʫ.  
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ʈʠʩʫʥʦʢ 51. ʎʠʢʣ ʜʚʠʞʝʥʠʷ NEDC 

ɼʘʥʥʳʡ ʮʠʢʣ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʟʘʜʘʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ, ʪʝʤ ʩʘʤʳʤ ʧʨʠʙʣʠʞʘʷ 

ʤʦʜʝʣʴ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢ ʢʘʢ ʛʦʨʦʜʩʢʠʝ ʮʠʢʣʳ ʜʚʠʞʝʥʠʷ 

ʠʜʝʥʪʠʯʥʳ ʚ NEDC, ʤʦʜʝʣʠʨʫʝʪʩʷ ʦʜʠʥ ʩ ʩʫʤʤʘʨʥʳʤ ʚʨʝʤʝʥʝʤ ʜʚʠʞʝʥʠʷ ʚ 200 ʩ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʳʝ ʮʠʢʣʳ ʜʚʠʞʝʥʠʷ ʥʝ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʩʦʜʝʨʞʘʪ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʜʚʠʞʝʥʠʠ. ʅʘʧʨʠʤʝʨ, NEDC ʢʨʠʪʠʢʫʶʪ ʟʘ 

ʥʝʝʩʪʝʩʪʚʝʥʥʳʝ ʫʩʢʦʨʝʥʠʷ ð ʦʪʩʫʪʩʪʚʠʝ ʫʯʘʩʪʢʦʚ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ, ʨʘʟʛʦʥ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʤʦʤʝʥʪʦʤ ʥʘ ʢʦʣʸʩʘʭ ʥʘ ʨʘʟʥʳʭ ʧʝʨʝʜʘʯʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʪʨʘʥʩʤʠʩʩʠʡ ʠʩʧʦʣʴʟʫʶʪ ʥʦʚʳʝ ʪʠʧʦʚʳʝ ʮʠʢʣʳ, ʩʥʠʤʘʶʪ ʨʝʘʣʴʥʳʝ 

ʮʠʢʣʳ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GPS [44, 52, 56], ʦʜʥʘʢʦ NEDC 

ʧʨʦʜʦʣʞʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʮʝʣʷʭ ʩʝʨʪʠʬʠʢʘʮʠʠ. 
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4.3. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ 

çʜʦʞʜʝʚʦʛʦ ʧʦʪʦʢʘè  

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʪʨʘʥʟʠʩʪʦʨʘ ʚʦ ʚʨʝʤʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ 

ʫʩʣʦʚʠʡ ï ʪʠʧʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ, 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʮʠʢʣʘ ʥʘʛʨʫʟʢʠ ʠ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʞʝ ʝʩʪʴ ʩʣʫʯʘʡʥʳʝ ʬʘʢʪʦʨʳ, ʢ ʧʨʠʤʝʨʫ ʠʟʤʝʥʷʶʱʘʷʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʤʦʞʝʪ 

ʠʤʝʪ ɹʯʝʪʢʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʇʨʠʥʷʪʦ ʠʟʤʝʨʷʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʚ ʪʝʨʤʠʯʝʩʢʠʭ 

ʮʠʢʣʘʭ, ʪʦ ʝʩʪʴ ʯʠʩʣʦ ʨʘʟ, ʟʘ ʢʦʪʦʨʳʝ ʧʨʠʙʦʨ ʤʦʞʝʪ ʥʘʛʨʝʪʴʩʷ ʠ ʦʩʪʳʪʴ ʥʝ 

ʨʘʟʨʫʰʠʚʰʠʩʴ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʮʠʢʣʦʚ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ 

ʘʤʧʣʠʪʫʜʳ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 52. ɺʩʝ ʪʝʨʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤʠ ʧʦ 

ʩʚʦʝʡ ʘʤʧʣʠʪʫʜʝ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʪʝʨʤʠʯʝʩʢʠʡ ʮʠʢʣ 

ʟʘʥʠʤʘʝʪ ʙʦʣʝʝ 5 ʤʠʥʫʪ ʧʦ ʚʨʝʤʝʥʠ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 52), ʪʦ ʦʥ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ. ʅʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʮʠʢʣʦʚ 

ʠʟ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʠʭ ʘʤʧʣʠʪʫʜʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʡ ʦʮʝʥʢʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʜʩʯʝʪʘ ʩʣʫʯʘʡʥʳʭ ʮʠʢʣʦʚ, ʪʘʢʠʝ ʢʘʢ 

ʤʝʪʦʜ ʧʦʜʩʯʝʪʘ ʧʠʢʦʚ, ʤʝʪʦʜ ʧʦʜʩʯʝʪʘ ʧʝʨʝʭʦʜʦʚ, ʤʝʪʦʜ ʩʨʝʜʥʝʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʠ 

ʤʝʪʦʜ çʜʦʞʜʝʚʦʛʦ ʧʦʪʦʢʘè.  ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ 

çʜʦʞʜʝʚʦʛʦ ʧʦʪʦʢʘè (Rainflow counting), ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʤʝʝʪ 

ʥʝʙʦʣʴʰʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʰʠʙʢʫ [45] ʠ ʨʝʢʦʤʝʥʜʦʚʘʥ ʤʥʦʛʠʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʦʢʘ ʩʣʫʞʙʳ. ɼʣʷ ʦʮʝʥʢʠ 

ʥʘʜʝʞʥʦʩʪʠ ʫʯʠʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦʣʥʳʝ ʮʠʢʣʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʘʣʛʦʨʠʪʤʦʤ 

çʜʦʞʜʝʚʳʭ ʧʦʪʦʢʦʚè. ʇʨʠ ʵʪʦʤ ʧʦʣʥʳʡ ʮʠʢʣ ʩʦʩʪʦʠʪ ʠʟ ʧʘʨʳ ʧʦʣʫʮʠʢʣʦʚ, ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪ ʥʘʛʨʝʚ ʠ ʦʩʪʳʚʘʥʠʝ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʠ ʠʭ ʘʤʧʣʠʪʫʜʳ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʠʢʦʚ ʠ ʩʧʘʜʦʚ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʨʠʚʳʤ. 

ʀʟʥʘʯʘʣʴʥʦ, ʘʣʛʦʨʠʪʤ çʜʦʞʜʝʚʦʛʦ ʧʦʪʦʢʘè ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʧʦʜʩʯʸʪʘ ʮʠʢʣʦʚ, 
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ʦʙʨʘʟʦʚʘʥʥʳʭ ʛʠʩʪʝʨʝʟʠʩʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʨʘʬʠʢʘ çʥʘʧʨʷʞʝʥʠʝ-

ʜʝʬʦʨʤʘʮʠʷè. ʄʝʪʦʜ ʜʦʞʜʝʚʦʛʦ ʧʦʪʦʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʬʠʣʴ ʥʘʛʨʫʟʢʠ, 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʨʠʚʘʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʝʨʝʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 90 Á ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, 

ʠʟ ʢʘʞʜʦʡ ʪʦʯʢʠ ʤʘʢʩʠʤʫʤʘ ʠ ʤʠʥʠʤʫʤʘ ʢʦʪʦʨʦʡ ʚʳʭʦʜʷʪ ʢʘʧʣʠ ʚʦʜʳ. ʂʘʧʣʷ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʘʢ ʪʦʣʴʢʦ ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʠʣʠ ʧʨʝʚʳʰʘʝʪ 

ʟʥʘʯʝʥʠʝ ʧʠʢʘ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʧʘʜʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʢʘʧʣʷ ʧʝʨʝʩʝʢʘʝʪ 

ʧʫʪʴ ʧʨʝʜʳʜʫʱʝʡ ʢʘʧʣʠ, ʦʥʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʇʨʠʤʝʨ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 53, ʘ ʧʦʜʩʯʝʪ ʮʠʢʣʦʚ ʤʝʪʦʜʦʤ çʜʦʞʜʝʚʦʛʦ ʧʦʪʦʢʘè ʜʣʷ 

ʜʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 54. 

 

ʈʠʩʫʥʦʢ 52. ɼʠʘʛʨʘʤʤʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʩʫʨʩʘ ʩʠʣʦʚʳʭ ʤʦʜʫʣʝʡ ʬʠʨʤʳ Infineon 
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ʈʠʩʫʥʦʢ 53.  ʇʨʠʤʝʨ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 
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ʈʠʩʫʥʦʢ 54. ʇʦʜʩʯʝʪ ʪʝʨʤʦʮʠʢʣʦʚ ʤʝʪʦʜʦʤ çʜʦʞʜʝʚʦʛʦ ʧʦʪʦʢʘè 

ʇʦʜʩʯʝʪ ʮʠʢʣʦʚ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʢʘʞʜʘʷ çʧʦʚʦʨʦʪʥʘʷè ʪʦʯʢʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʛʨʘʬʠʢʝ. ʄʝʪʦʜ ʧʦʜʩʯʝʪʘ ʚʩʝʛʜʘ 

ʛʝʥʝʨʠʨʫʝʪ ʧʘʨʳ ʠʜʝʥʪʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʧʘʜʦʚ, ʠ ʢʘʞʜʘʷ ʧʘʨʘ ʷʚʣʷʝʪʩʷ 

ʧʦʣʥʳʤ ʪʝʨʤʠʯʝʩʢʠʤ ʮʠʢʣʦʤ. 

ʊʘʢ ʢʘʢ ʥʘ ʦʜʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʨʦʬʠʣʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴʩʷ ʪʳʩʷʯʠ 

ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ 

ʧʦʜʩʯʝʪʘ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʦʜʫʣʴ çʜʦʞʜʝʚʦʛʦ 

ʧʦʪʦʢʘè, ʚʩʪʨʦʝʥʥʳʡ ʚ ʩʨʝʜʫ MATLAB. 
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ʇʦ ʧʨʘʚʠʣʫ, ʥʘʟʳʚʘʝʤʦʤʫ ʛʠʧʦʪʝʟʦʡ ʧʦʚʨʝʞʜʝʥʠʷ ʄʘʡʥʝʨʘ [46], 

ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʚ ʩʧʝʢʪʨʝ ʠʤʝʝʪʩʷ k ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ ʥʘʧʨʷʞʝʥʠʡ 

(ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ), ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ n ʮʠʢʣʦʚ, ʠ Ni ʷʚʣʷʝʪʩʷ 

ʯʠʩʣʦʤ ʮʠʢʣʦʚ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʨʘʟʨʫʰʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʩʦʙʣʶʜʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦ: 

1

,
k

i

i i

n
C

N=

=ä  (4.1) 

ʛʜʝ ʉ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ. 

ʅʘ ʧʨʘʢʪʠʢʝ, ʚ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʨʝʩʫʨʩ ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʤʦʜʫʣʝʡ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʜʠʘʛʨʘʤʤʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʩʫʨʩʘ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʘʤʧʣʠʪʫʜ 

ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ [47]. ɼʠʘʛʨʘʤʤʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʩʠʣʦʚʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʨʧʫʩʘ ʩʚʦʠʭ ʩʠʣʦʚʳʭ ʤʦʜʫʣʝʡ. ʇʨʠʤʝʨ 

ʪʘʢʦʡ ʜʠʘʛʨʘʤʤʳ ʦʪ ʬʠʨʤʳ Infineon ʜʣʷ ʢʦʨʧʫʩʦʚ IHM/IHV ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ  

ʨʠʩʫʥʢʝ 52. ʂ ʧʨʠʤʝʨʫ, ʤʦʜʫʣʴ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ 

250 ʪʳʩʷʯ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩ ʘʤʧʣʠʪʫʜʦʡ 50 Áʉ ʜʦ ʩʚʦʝʛʦ ʦʪʢʘʟʘ, ʠʣʠ 20 ʪʳʩʷʯ 

ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩ ʘʤʧʣʠʪʫʜʦʡ 90 Áʉ.  

 

4.4. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ  

ʇʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ NEDC ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʟʘʜʘʥʠʝ ʥʘ ʨʝʛʫʣʷʪʦʨ ʩʢʦʨʦʩʪʠ ʉʋ, ʯʪʦʙʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʦʪʨʘʙʘʪʳʚʘʣ ʟʘʜʘʥʥʳʡ 

ʧʨʦʬʠʣʴ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʫʥʢʮʠʶ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. ɼʘʥʥʘʷ 

ʬʫʥʢʮʠʷ ʜʦʣʞʥʘ ʠʤʠʪʠʨʦʚʘʪʴ ʨʝʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʚʦ ʚʨʝʤʷ 

ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʠʟ ʟʘʢʦʥʦʚ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ [48].  

ʊʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʩ ʚʦʟʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʥʝʛʦ ʩʠʣʘʤʠ ʚʦ ʚʨʝʤʷ 

ʜʚʠʞʝʥʠʷ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 55. ʅʝʧʦʜʚʠʞʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ZOX, ʚ 

ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ, ʩʚʷʟʘʥʘ ʩ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʪʘʢ, ʯʪʦ ʦʩʴ OX 

ʚʩʝʛʜʘ ʧʘʨʘʣʣʝʣʴʥʘ ʜʦʨʦʞʥʦʤʫ ʧʦʢʨʳʪʠʶ. 
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ʈʠʩʫʥʦʢ 55. ʉʠʣʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ 

 

ʇʨʦʝʢʮʠʷ ʩʠʣ ʥʘ ʦʩʴ ʆZ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

1 2 1,R R F+ =   (4.2) 

ʛʜʝ R1 ʠ R2 ï ʩʠʣʳ ʥʦʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʦʧʦʨʳ ʧʦʚʝʨʭʥʦʩʪʠ, F1 ï ʧʨʦʝʢʮʠʷ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʥʘ ʦʩʴ OZ. 

ʇʨʦʝʢʮʠʷ ʩʠʣ ʥʘ ʦʩʴ ʆX ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

ʪʷʛʠ 2 ʢ ʘʵʨ,
cosŬ

ma
F F F F= - - -  (4.3) 

ʛʜʝ m ï ʤʘʩʩʘ ʘʚʪʦʤʦʙʠʣʷ, a ï ʫʩʢʦʨʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ, cosŬ ï ʢʦʩʠʥʫʩ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʜʦʨʦʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, Fʪʷʛʠ ï ʩʠʣʘ, ʨʘʟʚʠʚʘʝʤʘʷ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ ʘʚʪʦʤʦʙʠʣʷ, 

F2 ï ʧʨʦʝʢʮʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʦʩʴ OX, Fʢ ï ʩʠʣʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʢʦʣʝʩ, Fʘʵʨ ï ʩʠʣʘ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʀʟ (4.3) ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ 

ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʜʚʠʞʝʥʠʷ: 

ʪʷʛʠ 2 ʢ ʘʵʨ .
cos

ma
F F F F

a
= + + +  (4.4) 

 ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠʥʮʠʧ ʚʦʟʜʝʡʩʪʚʠʷ ʢʘʞʜʦʡ ʩʠʣʳ:   
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ï ʉʠʣʘ ʪʷʞʝʩʪʠ 

ɺʝʢʪʦʨ ʩʠʣʳ ʪʷʞʝʩʪʠ P ʚʩʝʛʜʘ ʧʨʠʣʦʞʝʥ ʢ ʮʝʥʪʨʫ ʤʘʩʩ ʠ ʩʦʚʧʘʜʘʝʪ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʚʝʢʪʦʨʦʤ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g. ʉʠʣʫ ʪʷʞʝʩʪʠ ʤʦʞʥʦ 

ʨʘʟʣʦʞʠʪʴ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʩʦʥʘʧʨʘʚʣʝʥʘ ʩ ʚʝʢʪʦʨʦʤ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ, ʘ ʜʨʫʛʘʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ: 

1 2.P F F= +   (4.5) 

Cʠʣʘ F2 ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ ʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ. ʊʘʢ ʢʘʢ ʧʦ 

ʧʨʠʨʦʜʝ ʩʠʣʘ ʪʷʞʝʩʪʠ ʠʤʝʝʪ ʘʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʩʠʣʘ F2 ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʜʚʠʞʝʥʠʶ (ʜʚʠʞʝʥʠʝ ʚʥʠʟ ʩ ʛʦʨʳ) ʠʣʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʜʚʠʞʝʥʠʶ (ʜʚʠʞʝʥʠʝ ʚ 

ʛʦʨʫ). ʉʠʣʘ F2 ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

2 sin m sin .F P g= a= a (4.6) 

ʉʠʣʘ F1 ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʠ ʥʘʧʨʷʤʫʶ ʥʝ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʜʚʠʞʝʥʠʝ. ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʩʠʣʘ ʚʣʠʷʝʪ ʥʘ ʩʠʣʳ ʨʝʘʢʮʠʠ ʦʧʦʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪ ʢʦʪʦʨʳʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʩʠʣʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ. ʉʠʣʘ F1 

ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

1 cos m cos .F P g= a= a (4.7) 

 

ï ʉʠʣʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ 

ʉʠʣʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʜʝʬʦʨʤʘʮʠʠ ʰʠʥʳ ʚ ʩʣʝʜʩʪʚʠʝ 

ʢʦʥʪʘʢʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʦʨʦʛʠ. ʇʨʠʥʷʚ, ʯʪʦ ʤʘʩʩʘ ʘʚʪʦʤʦʙʠʣʷ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʘ ʤʝʞʜʫ ʚʩʝʤʠ ʢʦʣʝʩʘʤʠ, ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʫʤʤʘʨʥʫʶ ʩʠʣʫ ʪʨʝʥʠʷ 

ʢʘʯʝʥʠʷ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʧʦʣʥʦʡ ʤʘʩʩʳ ʘʚʪʦʤʦʙʠʣʷ:  

ʢm cos ,ʢF f g= a (4.8) 

ʛʜʝ fʢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʢʦʣʝʩʘ. 

ʉʠʣʳ ʨʝʘʢʮʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʶʪ ʩʚʦʡʩʪʚʦ ʠʟʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ 

ʘʚʪʦʤʦʙʠʣʷ. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʧʦʜʚʝʩʢʘ ʘʚʪʦʤʦʙʠʣʷ ʥʝ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʘʷ, ʠ ʚ 
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ʥʝʡ ʚʦʟʥʠʢʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʪʝʨʠ ʠ ʜʝʬʦʨʤʘʮʠʠ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠʥʷʪʦ 

ʫʯʠʪʳʚʘʪʴ ʧʫʪʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ fʢ ʧʦ ʬʦʨʤʫʣʝ: 

2

ʢ 01 (0,0216 ) ,f f vè ø= +ê ú (4.9) 

ʛʜʝ f0 ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʘ ʧʦ ʧʦʢʨʳʪʠʶ ʩ 

ʠʜʝʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʨʘʚʝʥ 0,015ï0,02; v ï ʩʢʦʨʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, 

ʠʟʤʝʨʷʶʱʘʷʩʷ ʚ ʤ/ʩ. 

ï ʉʠʣʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʠʣʦʡ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʟʜʫʰʥʳʭ 

ʤʘʩʩ ʥʘ ʢʦʨʧʫʩ ʘʚʪʦʤʦʙʠʣʷ. ʉʠʣʘ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʜʚʫʭ ʷʚʣʝʥʠʡ: ʚʷʟʢʦʝ ʪʨʝʥʠʝ 

ʤʝʞʜʫ ʚʦʟʜʫʭʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʚʪʦʤʦʙʠʣʷ ʠ ʨʘʟʥʠʮʝ ʜʘʚʣʝʥʠʡ ʧʝʨʝʜ ʥʦʩʦʚʦʡ 

ʯʘʩʪʴʶ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʦʟʘʜʠ ʪʨʘʥʩʧʦʨʪʘ. ɺʷʟʢʦʝ ʪʨʝʥʠʝ ʚʳʟʚʘʥʦ ʩʚʦʡʩʪʚʦʤ 

ʧʨʠʣʠʧʘʥʠʷ ʪʝʢʫʱʝʡ ʩʨʝʜʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʢʘʯʝʩʪʚ ʪʨʘʥʩʧʦʨʪʘ, ʧʦʟʘʜʠ ʢʦʨʧʫʩʘ ʪʨʘʥʩʧʦʨʪʘ, ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ, ʩʦʟʜʘʝʪʩʷ 

ʦʙʣʘʩʪʴ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʚʦʟʜʫʰʥʳʡ ʤʝʰʦʢè. ʈʘʟʥʠʮʘ 

ʜʘʚʣʝʥʠʡ ʩʦʟʜʘʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʣʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʜʚʠʞʝʥʠʶ. 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʪʨʘʥʩʧʦʨʪ, ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ [8]: 

2

ʘʵʨ ʚ

1
ɟ ,

2
ʭ ʣF c A v=  (4.10) 

ʛʜʝ ɸʣ ï ʣʦʙʦʚʘʷ ʧʣʦʱʘʜʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ɟʚ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʩx ï

ʢʦʵʬʬʠʮʠʝʥʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ. ɽʛʦ 

ʟʥʘʯʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ʦʪ 0,15 

ʜʦ 0,7. 

ï ʇʦʩʪʫʧʘʪʝʣʴʥʘʷ ʩʠʣʘ ʠʥʝʨʮʠʠ 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʘ ʩ ʫʩʢʦʨʝʥʠʝʤ ʥʘ ʥʝʛʦ ʥʘʯʠʥʘʝʪ ʚʣʠʷʪʴ 

ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ ʩʠʣʘ ʠʥʝʨʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ ʠ ʥʘʧʨʘʚʣʝʥʘ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ ʚʝʢʪʦʨʫ ʫʩʢʦʨʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ. ʉʠʣʘ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ:  
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ʨ .F ma=   (4.11) 

ʊʘʢ ʢʘʢ NEDC ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʩʠʣʘ ʠʥʝʨʮʠʠ 

ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʧʨʦʠʟʚʦʜʥʫʶ ʩʢʦʨʦʩʪʠ ʢʘʢ: 

ʨ .
v

F m
t

µ
=
µ

  (4.12) 

 

ʇʦʜʩʪʘʚʠʚ ʫʨʘʚʥʝʥʠʷ  (4.6.), (4.7.), (4.8), (4.10), (4.12) ʚ (4.4) ʧʦʣʫʯʘʝʤ 

ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʫ ʜʣʷ ʦʪʨʘʙʦʪʢʠ 

ʮʠʢʣʘ ʜʚʠʞʝʥʠʷ.  ʄʦʤʝʥʪ ʥʘ ʚʘʣʫ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʮʝʥʠʚʘʝʪʩʷ ʯʝʨʝʟ ʨʘʜʠʫʩ 

ʢʦʣʝʩ Rd ʠ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʨʝʜʫʢʪʦʨʘ i ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ʪʷʛʠ.ʜ
F

M R
i

=   (4.13) 

 

4.5.  ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʇʘʨʘʤʝʪʨʳ ʘʚʪʦʤʦʙʠʣʷ ʠ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 8. 

ʊʘʙʣʠʮʘ 8 ʇʘʨʘʤʝʪʨʳ ʘʚʪʦʤʦʙʠʣʷ BMW i3 ʠ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ 

ʄʘʩʩʘ ʘʚʪʦʤʦʙʠʣʷ 1600 ʢʛ 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʢʦʣʝʩʘ ʩ ʜʦʨʦʞʥʳʤ 

ʧʦʢʨʳʪʠʝʤ fʢ 

0.015   

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩx 
0,29  

ʌʨʦʥʪʘʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʘʚʪʦʤʦʙʠʣʷ  

2,38 

 
ʤ2 

ʋʢʣʦʥ ʜʦʨʦʛʠ 0,2 ʨʘʜ 

ʈʘʜʠʫʩ ʢʦʣʝʩʘ 0,35 ʤ 

ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ 1,225  ʢʛ/ʤ3 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ 

ʨʝʜʫʢʪʦʨʘ 
9,665:1  

 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʠ ʩ 6-ʢʣʶʯʝʚʳʤ ʠʥʚʝʨʪʦʨʦʤ ʚ 

ʧʨʦʛʨʘʤʤʝ PLECS ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 56. ɺ ʥʝʝ ʚʭʦʜʷʪ, ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ NEDC, 

ʙʣʦʢ MTPA, ʚʝʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʤʦʜʝʣʴ 
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ʠʥʚʝʨʪʦʨʘ ʩ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʴʶ ʪʨʘʥʟʠʩʪʦʨʘ, ʤʦʜʝʣʴ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʙʣʦʢ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ, ʟʘʜʘʶʱʠʡ ʤʦʤʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʜʚʠʛʘʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ. ʇʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ NEDC 

ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʇʀ-ʨʝʛʫʣʷʪʦʨʦʤ ʩʢʦʨʦʩʪʠ, ʚʳʭʦʜʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʠʝ ʥʘ 

ʤʦʤʝʥʪ ʚ ʙʣʦʢ MTPA. 

 

ʈʠʩʫʥʦʢ 56. ʄʦʜʝʣʴ ʵʣʝʢʪʨʦ-ʪʨʘʥʩʤʠʩʩʠʠ BMW i3 

ʄʦʜʝʣʴ ʰʝʩʪʠ-ʢʣʶʯʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 57. ʆʮʝʥʠʚʘʝʪʩʷ 

ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʪʘʢ ʢʘʢ ʧʦʪʝʨʠ ʚʦ ʚʩʝʭ ʢʣʶʯʘʭ ʠʥʚʝʨʪʦʨʘ 

ʦʜʠʥʘʢʦʚʳ. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʪʨʘʥʟʠʩʪʦʨʘ Infineon fs800r07a2e3. 

 

ʈʠʩʫʥʦʢ 57. ʄʦʜʝʣʴ 6-ʢʣʶʯʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ 
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ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʠ ʉɼʇʄ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ 

ʦʙʤʦʪʢʘʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 58. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʜʝʣʠ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʪʨʘʥʩʤʠʩʩʠʠ BMW, ʜʦʙʘʚʣʝʥ ʙʣʦʢ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʦʢʘʤʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʧʦʪʝʨʷʤʠ, ʠʥʚʝʨʪʦʨ ʟʘʤʝʥʝʥ ʥʘ ʪʨʠ ʧʦʣʥʳʭ ʤʦʩʪʘ, ʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ 

ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ. ʉʋ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ ʩ 

ʧʦʜʜʝʨʞʘʥʠʝʤ ʧʦʩʪʦʷʥʥʳʭ ʧʦʪʝʨʴ ʪʦʣʴʢʦ ʧʨʠ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ ʪʦʢʘ ʠ ʧʝʨʝʢʣʶʯʘʝʪʩʷ 

ʥʘ ʦʙʳʯʥʦʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʦʢʘ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ. 

 

ʈʠʩʫʥʦʢ 58. ʄʦʜʝʣʴ ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʠ ʩ ʉɼʇʄ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ 

ʄʦʜʝʣʴ ʠʥʚʝʨʪʦʨʘ ʩ ʪʨʝʤʷ ʧʦʣʥʳʤʠ ʤʦʩʪʘʤʠ (ʨʠʩʫʥʦʢ 59) ʠʩʧʦʣʴʟʫʝʪ 

MOSFET ʪʨʘʥʟʠʩʪʦʨʳ, ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʥʟʠʩʪʦʨ CREE 

CAB760M12HM3 ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʪʦʢʦʤ 760 ɸ, ʘʥʘʣʦʛʠʯʥʦ IGBT ʤʦʜʫʣʶ, ʠ ʩ 

ʥʦʤʠʥʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 1200 ɺ. ɼʣʷ ʨʘʙʦʯʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ɿʇʊ ʚ 400 ɺ 

ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʘʥʟʠʩʪʦʨʳ ʥʠʞʝ ʢʣʘʩʩʦʤ ʥʘʧʨʷʞʝʥʠʷ, ʦʜʥʘʢʦ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ ʢʘʨʙʠʜʝ ʢʨʝʤʥʠʷ ʥʘ ʥʘʧʨʷʞʝʥʠʝ ʥʠʞʝ 1200 ɺ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʥʝ ʩʯʠʪʘʷ ʜʠʩʢʨʝʪʥʳʭ ʠʩʧʦʣʥʝʥʠʡ.  
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ʈʠʩʫʥʦʢ 59. ʄʦʜʝʣʴ ʠʥʚʝʨʪʦʨʘ ʜʣʷ ʉɼʇʄ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʜʚʠʛʘʪʝʣʷ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʟʚʝʟʜʦʡ, ʩ IGBT 

ʠʥʚʝʨʪʦʨʦʤ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 60. ʇʦʜʨʦʙʥʳʝ ʢʨʠʚʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ, ʩʢʦʨʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʬʘʟʥʳʭ ʪʦʢʦʚ 

ʧʨʠ ʧʫʩʢʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 61. 
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ʈʠʩʫʥʦʢ 60.  ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦ-ʪʨʘʥʩʤʠʩʩʠʠ BMW i3 
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ʈʠʩʫʥʦʢ 61. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʠ BMW i3 

(ʫʚʝʣʠʯʝʥʥʳʡ ʤʘʩʰʪʘʙ) 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʴ ʨʘʟʚʠʚʘʝʪ ʚʦ ʚʨʝʤʷ ʨʘʟʛʦʥʘ ʠ ʜʦʩʪʠʛʘʝʪ 

200 ʅʤ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʤʦʤʝʥʪʝ ʪʦʢ ʚ ʜʚʠʛʘʪʝʣʝ ʩʦʩʪʘʚʣʷʝʪ 350 ɸ ʚ ʘʤʧʣʠʪʫʜʝ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʘ ʩʦʩʪʘʚʠʣʘ 80 . ʅʘ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʜʦ 10 ʢʤ/ʯ, ʪʨʘʥʟʠʩʪʦʨʳ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʶ, ʘʤʧʣʠʪʫʜʘ ʪʝʨʤʦʮʠʢʣʦʚ ʜʦʩʪʠʛʘʝʪ 20 . 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʜʚʠʛʘʪʝʣʷ ʩ ʨʘʩʱʝʧʣʝʥʥʦʡ ʦʙʤʦʪʢʦʡ ʠ 

ʜʚʦʡʥʳʤ ʠʥʚʝʨʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ SiC MOSFET ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 62. ʇʦʜʨʦʙʥʳʝ 

ʢʨʠʚʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ, ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ, ʩʢʦʨʦʩʪʠ 

ʘʚʪʦʤʦʙʠʣʷ ʠ ʬʘʟʥʳʭ ʪʦʢʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 63. 



96 

 

0 20 40 60 80 100 120 140 160 180 200
40

60

80

0 20 40 60 80 100 120 140 160 180 200
-500

0

500

0 20 40 60 80 100 120 140 160 180 200
0

50

100

0 20 40 60 80 100 120 140 160 180 200

ʚʨʝʤʷ, ʩ

-500

0

500

T
ʪ
ʨ
ʘ
ʥ
ʟ

, 
ÜC

M
ʜ
ʚ, 
ʅ
ʤ

V
ʪ
ʨ
ʘ
ʥ
ʩ
ʧ

, 
ʢ
ʤ/ʯ

I ʜ
ʚ, 
ɸ

 

ʈʠʩʫʥʦʢ 62. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʠ ʩ 

ʜʚʠʛʘʪʝʣʝʤ ʩ ʨʘʩʱʝʧʣʝʥʥʦʡ ʦʙʤʦʪʢʦʡ ʠ ʜʚʦʡʥʳʤ SiC ʠʥʚʝʨʪʦʨʦʤ 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʉɼʇʄ ʩ ʨʘʩʱʝʧʣʝʥʥʦʡ ʦʙʤʦʪʢʦʡ ʠ 

ʜʚʦʡʥʳʤ SiC ʠʥʚʝʨʪʦʨʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʝʤ ʪʦʢʘ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʪʝʨʷʤʠ ʚ ʠʥʚʝʨʪʦʨʝ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʪʦʢʘ, ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ 

ʚ ʪʨʘʥʟʠʩʪʦʨʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʨʘʥʟʠʩʪʦʨʘ ʜʦʩʪʠʛʣʘ 75 . ʆʜʥʘʢʦ ʧʨʠ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤʘ ʚʦʟʥʠʢʘʝʪ ʧʫʣʴʩʘʮʠʷ 

ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪ 30 % ʦʪ ʟʘʜʘʥʠʷ ʤʦʤʝʥʪʘ. ɺ ʜʘʥʥʦʤ 

ʧʨʠʤʝʥʝʥʠʠ ʵʪʠ ʧʫʣʴʩʘʮʠʠ ʥʝ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʠʟ-

ʟʘ ʙʦʣʴʰʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʊʘʢʞʝ, ʙʦʣʝʝ 

ʛʣʘʜʢʠʡ ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʷʟʘʥ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʢʘʨʙʠʜʘ-ʢʨʝʤʥʠʷ ï 

ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʦʙʣʘʜʘʝʪ ʣʫʯʰʝʡ ʪʝʧʣʦʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʠʟ ʢʨʝʤʥʠʷ. 
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ʚʨʝʤʷ, ʩ  

ʈʠʩʫʥʦʢ 63. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʠ ʩ 

ʜʚʠʛʘʪʝʣʝʤ ʩ ʨʘʩʱʝʧʣʝʥʥʦʡ ʦʙʤʦʪʢʦʡ ʠ ʜʚʦʡʥʳʤ SiC ʠʥʚʝʨʪʦʨʦʤ (ʫʚʝʣʠʯʝʥʥʳʡ 

ʤʘʩʰʪʘʙ) 

ʉʨʘʚʥʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʦʢʘ ʜʣʷ ʜʚʠʛʘʪʝʣʷ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʚ ʟʚʝʟʜʫ, ʠʤʝʝʪ ʙʦʣʴʰʫʶ 

ʜʝʚʠʘʮʠʶ ʪʝʤʧʝʨʘʪʫʨ rʧʝʨʝʭʦʜʘ ʚ ʩʠʣʦʚʳʭ ʤʦʜʫʣʷʭ (IGBT) ʚʦ ʚʨʝʤʷ ʨʘʟʛʦʥʘ ʠ 

ʪʦʨʤʦʞʝʥʠʷ. ʇʨʠʤʝʥʷʷ ʧʨʝʜʣʦʞʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʦʢʘ ʩ ʧʨʠʤʝʨʥʦ 

ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʪʝʨʷʤʠ ʥʘ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʦʢʘ 

ʥʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʩ ʜʚʠʛʘʪʝʣʝʤ ʩ ʨʘʩʱʝʧʣʝʥʥʦʡ ʦʙʤʦʪʢʦʡ, ʦʪʢʣʦʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ.  

ɸʥʘʣʠʟ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʪʨʘʥʟʠʩʪʦʨʘ ʤʝʪʦʜʦʤ çʜʦʞʜʝʚʦʛʦ ʧʦʪʦʢʘè, ʜʣʷ 

ʰʝʩʪʠ-ʢʣʶʯʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʚ ʧʘʢʝʪʝ MATLAB  ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 64. ʆʩʥʦʚʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʝʩʫʨʩ ʤʦʜʫʣʷ ʙʫʜʫʪ ʦʢʘʟʳʚʘʪʴ ʪʝʨʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʤʝʞʜʫ 10 ʠ 20 . ɸʤʧʣʠʪʫʜʳ ʚ ʦʙʣʘʩʪʠ 30  ʚʳʟʥʘʥʳ ʭʘʨʘʢʪʝʨʦʤ ʜʚʠʞʝʥʠʷ.  
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ʈʠʩʫʥʦʢ 64. ʊʝʨʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʪʨʘʥʟʠʩʪʦʨ ʧʨʠ ʨʘʙʦʪʝ 

ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʠ BMW i3 c IGBT ʠʥʚʝʨʪʦʨʦʤ 

ɸʥʘʣʠʟ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʪʨʘʥʟʠʩʪʦʨʘ ʜʣʷ ʜʚʦʡʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʧʦʪʝʨʴ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʪʦʢʘ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 65. ʇʦ ʩʨʘʚʥʝʥʠʶ ʠʩʭʦʜʥʳʤ ʠʥʚʝʨʪʦʨʦʤ, ʪʝʨʤʦʮʠʢʣʳ ʩ 

ʘʤʧʣʠʪʫʜʦʡ ʦʪ 10  ʜʦ 20  ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ. ɺʩʝ ʪʝʨʤʦʮʠʢʣʳ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʘʤʧʣʠʪʫʜʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʘʢ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʚʳʟʥʘʥʳ ʭʘʨʘʢʪʝʨʦʤ 

ʜʚʠʞʝʥʠʷ, ʠ ʥʠʚʝʣʠʨʦʚʘʪʴ ʠʭ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʦʤ ʥʝʚʦʟʤʦʞʥʦ.  
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ʈʠʩʫʥʦʢ 65.  ʊʝʨʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʪʨʘʥʟʠʩʪʦʨ ʧʨʠ ʨʘʙʦʪʝ 

ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʠ ʩ ʜʚʠʛʘʪʝʣʝʤ ʩ ʨʘʩʱʝʧʣʝʥʥʦʡ ʦʙʤʦʪʢʦʡ ʠ ʜʚʦʡʥʳʤ SiC 

ʠʥʚʝʨʪʦʨʦʤ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʪʨʘʥʩʤʠʩʩʠʠ ʩ ʜʚʠʛʘʪʝʣʝʤ ʩ 

ʨʘʩʱʝʧʣʝʥʥʦʡ ʦʙʤʦʪʢʦʡ ʠ ʜʚʦʡʥʳʤ SiC ʠʥʚʝʨʪʦʨʦʤ ʚ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʚ ʩʠʣʦʚʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʩʨʦʢ ʩʣʫʞʙʳ ʩʠʣʦʚʦʛʦ ʠʥʚʝʨʪʦʨʘ. 

 

4.6. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

ï ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʜʣʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤ 6-ʢʣʶʯʝʚʳʤ ʠʥʚʝʨʪʦʨʦʤ ʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʨʘʩʱʝʧʣʝʥʥʦʡ 

ʦʙʤʦʪʢʦʡ ʚ ʧʨʦʛʨʘʤʤʝ PLECS. ʄʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʜʚʠʛʘʪʝʣʝ ʠ ʠʥʚʝʨʪʦʨʝ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʮʠʢʣʘʤʠ ʜʚʠʞʝʥʠʷ, 
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ʚʦʟʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʪʷʛʦʚʦʤ ʠʥʚʝʨʪʦʨʝ ʙʝʟ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʨʝʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʤʦʙʠʣʷ BMW i3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʮʠʢʣʘ ʜʚʠʞʝʥʠʷ NEDC ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʣʦʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʠʩʧʳʪʳʚʘʶʪ 

ʢʨʠʪʠʯʝʩʢʦʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʜʦ 20  ʥʘ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʪʨʘʥʩʧʦʨʪʘ ʚʦ ʚʨʝʤʷ 

ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ. ɺʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʪʝʨʤʠʯʝʩʢʠʝ 

ʮʠʢʣʳ ʤʝʥʴʰʝ 10  ʠ ʥʝ ʚʣʠʷʶʪ ʥʝ ʨʝʩʫʨʩ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ. 

ï ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʨʘʩʱʝʧʣʝʥʥʦʡ ʦʙʤʦʪʢʦʡ ʩ ʩʠʣʦʚʳʤʠ SiC 

MOSFET ʪʨʘʥʟʠʩʪʦʨʘʤʠ, c ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʦʢʘʤʠ ʜʚʠʛʘʪʝʣʷ 

ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʪʝʨʷʤʠ ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʚ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʚʳʟʚʘʥʥʦʝ ʥʠʟʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʪʦʢʘ, ʚʦ ʚʨʝʤʷ 

ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ. ɼʘʥʥʘʷ ʪʦʧʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʪʴ ʨʝʩʫʨʩ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʠ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ. 
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ɻʣʘʚʘ 5. ʈʘʟʨʘʙʦʪʢʘ ʤʘʢʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʜʣʷ 

ʧʠʪʘʥʠʷ ʪʨʝʭʬʘʟʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʢʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ 

ʩ ʜʚʦʡʥʳʤ ʠʥʚʝʨʪʦʨʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʧʨʝʜʣʘʛʘʝʤʳʤʠ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤʘʤʠ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ. ɺ 

ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʪʨʝʙʫʝʪʩʷ ʦʮʝʥʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʪʨʘʥʟʠʩʪʦʨʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʚʠʟʦʨʘ ʠʣʠ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʣʦʚʦʛʦ 

ʤʦʜʫʣʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʨʧʫʩʝ ʥʝ ʩʦʚʩʝʤ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʜʦʙʥʳʭ ʦʧʳʪʦʚ, ʪʘʢ 

ʢʘʢ ʧʦʪʨʝʙʫʝʪʩʷ ʨʘʟʦʙʨʘʪʴ ʩʠʣʦʚʦʡ ʤʦʜʫʣʴ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʨʦʙʣʝʤʳ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʢʝʪʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʠ ʝʛʦ ʩʙʦʨʢʦʡ.  ʇʦʵʪʦʤʫ, ʚ ʤʘʢʝʪʥʦʤ ʠʥʚʝʨʪʦʨʝ 

ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʜʠʩʢʨʝʪʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʚ ʢʦʨʧʫʩʝ TO-220 ʠʣʠ TO-247, ʜʣʷ 

ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʞʜʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʊʘʢʞʝ ʪʨʝʙʦʚʘʥʠʝʤ ʢ 

ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʴʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʢʘʞʜʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʜʣʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʚʠʟʦʨʘ ʠ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʪʨʘʥʟʠʩʪʦʨʫ ʪʝʨʤʦʧʘʨʳ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʶ: 

ï ʀʩʧʦʣʥʝʥʠʝ ʥʘ ʦʜʥʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ, ʥʘ ʢʦʪʦʨʫʶ ʙʫʜʫʪ ʤʦʥʪʠʨʦʚʘʪʴʩʷ 

ʪʨʘʥʟʠʩʪʦʨʳ, ʢʦʥʜʝʥʩʘʪʦʨʳ ɿʇʊ, ʜʘʪʯʠʢʠ ʪʦʢʘ ʠ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ɼʘʥʥʦʝ 

ʠʩʧʦʣʥʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʘʤʧʣʠʪʫʜʫ ʪʦʢʘ ʬʘʟʳ ʠʥʚʝʨʪʦʨʘ ʜʦ 15 ɸ. ʂ ʢʦʥʩʪʨʫʢʮʠʠ 

ʜʦʣʞʥʳ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʰʠʥʥʳʝ ʠ ʰʣʝʡʬʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ï ʉʠʣʦʚʦʝ ʧʠʪʘʥʠʝ 100 ï 400 ɺ DC ʧʦʜʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ɿʇʊ. 

ʆʪʜʝʣʴʥʦ ʟʘʧʠʪʳʚʘʶʪʩʷ ʮʠʬʨʦʚʳʝ ʩʭʝʤʳ ʥʘʧʨʷʞʝʥʠʝʤ +24 ɺ. 

ï ɺʩʝ ʪʨʘʥʟʠʩʪʦʨʳ ʜʦʣʞʥʳ ʢʨʝʧʠʪʴʩʷ ʥʘ ʦʜʠʥ ʨʘʜʠʘʪʦʨ. ʊʠʧ ʦʭʣʘʞʜʝʥʠʷ ï 

ʝʩʪʝʩʪʚʝʥʥʦʝ. 

ï ʂʦʥʪʨʦʣʣʝʨ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʡ ʛʦʪʦʚʦʡ ʧʣʘʪʳ, ʢ 

ʧʨʠʤʝʨʫ ʦʪʣʘʜʦʯʥʘʷ ʧʣʘʪʘ LAUNCHXL-F28377 ʬʠʨʤʳ Texas Instruments. 
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5.1. ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʠʥʚʝʨʪʦʨʘ ʠ ʚʳʙʦʨ ʦʭʣʘʞʜʝʥʠʷ 

ɺ ʤʘʢʝʪʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʩʢʨʝʪʥʳʝ 

MOSFET ʪʨʘʥʟʠʩʪʦʨʳ Infineon IPW60R017C7. ɼʘʥʥʳʡ ʪʨʘʥʟʠʩʪʦʨ ʚʳʧʦʣʥʝʥ ʠʟ 

ʢʨʝʤʥʠʷ, ʥʦ ʧʦ ʟʘʷʚʣʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʘʥʘʣʦʛʦʤ MOSFET ʥʘ ʢʘʨʙʠʜʝ-ʢʨʝʤʥʠʷ [49], ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʧʨʦʚʦʜʷʱʝʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʦʪʝʨʠ ʥʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʦʜʥʦʤ ʧʦʣʫʤʦʩʪʫ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʢʘʢ: 

2

ʩʪʘʪ ,rms onP I R=   (5.1) 

ʛʜʝ Irms ð ʪʦʢ ʬʘʟʳ ʜʚʠʛʘʪʝʣʷ, Ron ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʧʨʦʚʦʜʷʱʝʤ 

ʩʦʩʪʦʷʥʠʠ. ʇʦʩʢʦʣʴʢʫ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʘʷ ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʐʀʄ, 

ʜʘʥʥʳʝ ʧʦʪʝʨʠ ʙʫʜʫʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʞʜʫ ʥʠʞʥʠʤ ʠ ʚʝʨʭʥʠʤ 

ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʧʦʣʫʤʦʩʪʘ. ʇʨʠ ʩʦʧʨʦʪʠʚʣʝʥʠʠ Ron = 20 ʤʆʤ, ʧʨʠ ʟʘʜʘʥʥʦʡ ʨʘʙʦʯʝʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʪʨʘʥʟʠʩʪʦʨʘ ʚ 50 , ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʥʘ ʧʦʣʫʤʦʩʪ ʩʦʩʪʘʚʣʷʶʪ 

3,9 ɺʪ, ʠʣʠ ʜʣʷ ʦʜʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 1,95 ɺʪ.  

ʊʘʢ ʞʝ, ʪʨʘʥʟʠʩʪʦʨ ʠʤʝʝʪ ʚʥʫʪʨʝʥʥʠʡ ʧʘʨʘʣʣʝʣʴʥʳʡ ʜʠʦʜ, ʢʦʪʦʨʳʡ 

ʧʨʦʚʦʜʠʪ ʪʦʢ ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ çʤʝʨʪʚʦʛʦ ʚʨʝʤʝʥʠè ʜʣʷ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ. ɼʘʥʥʳʡ ʜʠʦʜ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪ ʪʦʢ, ʢʦʛʜʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʚ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʤ ʨʝʞʠʤʝ, ʢʦʛʜʘ ʪʦʢ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʪʨʘʥʟʠʩʪʦʨʦʤ ʠ ʜʠʦʜʦʤ. 

ʆʜʥʘʢʦ ʜʘʞʝ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʢʦʛʜʘ ʪʦʢ ʥʘʛʨʫʟʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʪʦʢʘ ʪʨʘʥʟʠʩʪʦʨʘ, ʪʦʢ ʜʠʦʜʘ ʥʝʙʦʣʴʰʦʡ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʦʡ ʪʦʢ 

ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʢʘʥʘʣ ʪʨʘʥʟʠʩʪʦʨʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ, ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʨʘʥʟʠʩʪʦʨʝ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ 

ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʠʦʜʝ, ʠ ʪʦʢ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʢʘʥʘʣ ʪʨʘʥʟʠʩʪʦʨʘ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦʪʝʨʴ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʧʦʪʝʨʠ ʚ ʜʠʦʜʝ ʦʪʩʫʪʩʪʚʫʶʪ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʯʠʪʘʪʴ, 

ʢʘʢ [50]: 

ʜʠʥ ,ossP E f=   (5.2) 
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ʛʜʝ Eoss ï ʵʥʝʨʛʠʷ, ʟʘʧʘʩʘʝʤʘʷ ʚ ʚʳʭʦʜʥʦʡ ʝʤʢʦʩʪʠ ʪʨʘʥʟʠʩʪʦʨʘ. ʇʨʠ ʥʘʧʨʷʞʝʥʠʠ 

ɿʇʊ ʚ 400 ɺ, Eoss = 30 ʤʢɼʞ. ʇʨʠ ʯʘʩʪʦʪʝ ʐʀʄ 20 ʢɻʮ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʥʘ 

ʦʜʠʥ ʪʨʘʥʟʠʩʪʦʨ ʩʦʩʪʘʚʣʷʶʪ 0,6 ɺʪ.  

ʉʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʪʨʘʥʟʠʩʪʦʨʘ ʩʯʠʪʘʶʪʩʷ ʢʘʢ: 

ʪʨ ʜʠʥ ʩʪʘʪ.P P P= +       (5.3) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʝʨʠ ʚ ʦʜʥʦʤ ʪʨʘʥʟʠʩʪʦʨʝ ʩʦʩʪʘʚʠʣʠ 2,55 ɺʪ. ʇʦʪʝʨʠ ʜʣʷ 

ʚʩʝʛʦ ʠʥʚʝʨʪʦʨʘ ʩʦʩʪʘʚʠʣʠ Pʠʥʚ = 30,6 ɺʪ. 

ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʧʝʨʝʛʨʝʚ ʨʘʜʠʘʪʦʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 40 . ʊʦʛʜʘ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʪʝʧʣʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʜʠʘʪʦʨʘ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʢʘʢ: 

 
ʨʘʜ

ʠʥʚ

,
T

R
P

D
=        (5.4) 

ʛʜʝ æT ï ʧʝʨʝʛʨʝʚ ʨʘʜʠʘʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʜʠʘʪʦʨʘ Rʨʘʜ = 1,3 K/ɺʪ.  

ɺʳʙʨʘʥ ʨʘʜʠʘʪʦʨ AB9012 ʬʠʨʤʳ ʃʝʛʨʘ. ʊʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʧʨʦʬʠʣʷ ʧʦʢʘʟʘʥ 

ʥʘ ʨʠʩʫʥʢʝ 66. ʄʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʧʨʦʬʠʣʷ, ʜʦʩʪʫʧʥʘʷ ʜʣʷ ʟʘʢʘʟʘ, ʩ ʟʘʧʘʩʦʤ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʡ ʧʝʨʝʛʨʝʚ ʪʨʘʥʟʠʩʪʦʨʦʚ.  

 

ʈʠʩʫʥʦʢ 66. ʊʝʧʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʜʠʘʪʦʨʘ 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʜʠʘʪʦʨ ʟʘʢʣʘʜʳʚʘʣʩʷ ʙʦʣʴʰʠʭ 

ʨʘʟʤʝʨʦʚ, ʪʘʢ ʢʘʢ ʧʦʤʠʤʦ ʬʫʥʢʮʠʠ ʦʭʣʘʞʜʝʥʠʷ ʨʘʜʠʘʪʦʨ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ 

ʦʩʥʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʠ ʪʨʘʥʟʠʩʪʦʨʳ ʟʘʥʠʤʘʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʣʦʱʘʜʴ 

ʨʘʜʠʘʪʦʨʘ. ʊʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʥʘʛʨʫʟʢʘ ʙʫʜʝʪ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʧʣʦʱʘʜʠ ʨʘʜʠʘʪʦʨʘ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ: 

ʨʘʜ ʪʧ ʪʨ( ) ,j jcT T R R P= + +      (5.5) 

ʛʜʝ Tj ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʘ ʪʨʘʥʟʠʩʪʦʨʘ, Tʨʘʜ ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʥʦʚʘʥʠʷ 

ʨʘʜʠʘʪʦʨʘ, Rjc ï ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʭʦʜʘ ʢʨʠʩʪʘʣʣ ʪʨʘʥʟʠʩʪʦʨʘ-ʦʩʥʦʚʘʥʠʝ 

ʪʨʘʥʟʠʩʪʦʨʘ, Rʪʧ ï ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʨʤʦʧʘʩʪʳ.  ʇʦʩʢʦʣʴʢʫ ʪʨʘʥʟʠʩʪʦʨʳ ʥʝ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ, ʚʤʝʩʪʦ ʪʝʨʤʦʩʪʘʪʳ ʧʨʠʤʝʥʷʝʪʩʷ ʠʟʦʣʷʮʠʦʥʥʘʷ ʧʦʜʣʦʞʢʘ.  ʇʨʠ Tʨʘʜ 

= 60 , Rjc = 0,28 K/ɺʪ, Rʪʧ = 3 K/ɺʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʘ ʪʨʘʥʟʠʩʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 

68 , ʯʪʦ ʜʦʧʫʩʪʠʤʦ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʨʘʥʟʠʩʪʦʨʘ ʚ 

150 . 

 

5.2. ɺʳʙʦʨ ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ɿʇʊ ʠ ʩʥʘʙʙʝʨʥʳʭ ʮʝʧʝʡ 

ɽʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ [51]: 
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 (5.6) 

ʛʜʝ L0 ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʝʪʠ, S ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʛʣʘʞʠʚʘʥʠʷ ʧʦ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʝ, 

m ï ʧʫʣʴʩʥʦʩʪʴ ʩʭʝʤʳ ʚʳʧʨʷʤʣʝʥʠʷ, fʩʝʪʴ ï ʯʘʩʪʦʪʘ ʧʠʪʘʶʱʝʡ ʩʝʪʠ.  ʇʨʠʥʠʤʘʷ, ʯʪʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʧʠʪʘʝʪʩʷ ʦʪ ʦʜʥʦʬʘʟʥʦʛʦ ʤʦʩʪʦʚʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ (m = 2), 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʛʣʘʞʠʚʘʥʠʷ S = 7, ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʝʪʠ L0 = 30 ʤɻʥ, ʤʠʥʠʤʘʣʴʥʘʷ 

ʝʤʢʦʩʪʴ ɿʇʊ ʨʘʚʥʘ 600 ʤʢʌ. ɺʳʙʨʘʥʳ ʢʦʥʜʝʥʩʘʪʦʨʳ Rubycon 

500MXK560MEFCSN30X60 500 ɺ, 560 ʤʢʌ. ʉʭʝʤʘ ʟʚʝʥʘ ɿʇʊ, ʚ ʧʨʦʛʨʘʤʤʝ Altium 

Designer, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 67.  ʉʫʤʤʘʨʥʘʷ ʝʤʢʦʩʪʴ ɿʇʊ ʩʦʩʪʘʚʠʣʘ 840 ʤʢʌ.  
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ʈʠʩʫʥʦʢ 67. ʉʭʝʤʘ ɿʇʊ 

ɼʣʷ ʠʥʚʝʨʪʦʨʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʪʨʘʥʟʠʩʪʦʨʦʚ Infineon 

ʨʝʢʦʤʝʥʜʫʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘ ɿʇʊ ʩʥʘʙʙʝʨ ʉ-ʪʠʧʘ ʚʝʣʠʯʠʥʦʡ 0,3 ʤʢʌ. ɺ ʤʘʢʝʪʥʦʤ 

ʠʥʚʝʨʪʦʨʝ ʚ ʢʘʯʝʩʪʚʝ ʩʥʘʙʙʝʨʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʣʝʥʦʯʥʳʡ 

ʢʦʥʜʝʥʩʘʪʦʨ Epcos B32023A3104M 1500 ɺ, 0,1 ʤʢʌ. ʅʘ ʢʘʞʜʳʡ ʤʦʩʪ ʠʥʚʝʨʪʦʨʘ 

ʫʩʪʘʥʦʚʣʝʥ ʩʚʦʡ ʩʥʘʙʙʝʨ.  

5.3. ɸʥʘʣʦʛʦʚʘʷ ʯʘʩʪʴ 

ʅʘʧʨʷʞʝʥʠʝ ɿʇʊ ʠ ʪʦʢ ʢʘʞʜʦʡ ʬʘʟʳ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʷʪʴ ʜʣʷ ʨʘʙʦʪʳ ʉʋ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʪʦʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʘʪʯʠʢ ʪʦʢʘ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʥʘ 

ʵʬʬʝʢʪʝ ʍʦʣʣʘ LEMM LA-55L 50ɸ. ɼʘʥʥʳʡ ʜʘʪʯʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ 

ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ, ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʠʤʝʝʪ ʛʘʣʴʚʘʥʠʯʝʩʢʫʶ ʠʟʦʣʷʮʠʶ 

ʤʝʞʜʫ ʩʠʣʦʚʦʡ ʮʝʧʴʶ ʠ ʮʝʧʴʶ ʠʟʤʝʨʝʥʠʷ, ʤʦʥʪʠʨʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ. ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʩ ʜʘʪʯʠʢʘ ʪʦʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʨʝʟʠʩʪʦʨ ʠ ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ, ʨʘʙʦʪʘʶʱʠʡ ʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʨʝʞʠʤʝ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʜʘʪʯʠʢʘ ʪʦʢʘ ʚ 

ʧʨʦʛʨʘʤʤʝ Altium Designer ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 68. 
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ʈʠʩʫʥʦʢ 68. ʉʭʝʤʘ ʜʘʪʯʠʢʘ ʪʦʢʘ 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ɿʇʊ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʟʠʩʪʠʚʥʳʡ ʜʝʣʠʪʝʣʴ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʠʢʨʦʩʭʝʤʘ ʣʠʥʝʡʥʦʡ ʘʥʘʣʦʛʦʚʦʡ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ HCPL-

7840. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ɿʇʊ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

69. 

 

ʈʠʩʫʥʦʢ 69. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ɿʇʊ 

ʊʘʢ ʞʝ ʥʘ ʤʘʢʝʪʥʦʤ ʠʥʚʝʨʪʦʨʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʥʘʣʦʛʦʚʳʝ 

ʚʭʦʜʳ ʜʣʷ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ. 

5.4. ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʘʷ ʩʠʩʪʝʤʘ 

ɺ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʷʪʩʷ ʦʪʣʘʜʦʯʥʘʷ ʧʣʘʪʘ 

VectorCARD ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ ʆʆʆ çʅʇʌ ɺɽʂʊʆʈè ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʤ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ K1921BK01T ʬʠʨʤʳ çʅʀʀʕʊè, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʩʧʝʮʠʘʣʴʥʦ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ. ʌʦʪʦʛʨʘʬʠʷ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ  

ʨʠʩʫʥʢʝ 70. 
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ʈʠʩʫʥʦʢ 70. ʆʪʣʘʜʦʯʥʘʷ ʧʣʘʪʘ VectorCard 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ: 

ï  ʧʨʦʮʝʩʩʦʨ ARM CORTEX M4 c ʯʘʩʪʦʪʦʡ ʪʘʢʪʠʨʦʚʘʥʠʷ 100 ʄɻʮ; 

ï ʟʘʛʨʫʟʦʯʥʘʷ ʬʣʝʰ-ʧʘʤʷʪʴ (Flash) ʝʤʢʦʩʪʴʶ 1 ʄʙʘʡʪ;  

ï  ʆɿʋ ʦʙʲʝʤʦʤ 192 ʂʙʘʡʪ;  

ï  ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʬʣʝʰ-ʧʘʤʷʪʴ ʦʙʲʝʤʦʤ 64 ʂʙʘʡʪ;  

ï  ʩʭʝʤʘ ʩʙʨʦʩʘ ʠ ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ; 

ï  PLL; 

ï  ʜʚʝʥʘʜʮʘʪʴ ʜʚʫʭʢʘʥʘʣʴʥʳʭ 12-ʨʘʟʨʷʜʥʳʭ ɸʎʇ ʩ ʨʝʞʠʤʘʤʠ ʮʠʬʨʦʚʦʛʦ 

ʢʦʤʧʘʨʘʪʦʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʘʥʘʣʦʚ; 

ï  ʜʝʚʷʪʴ ʤʦʜʫʣʝʡ ʐʀʄ;  

ï  ʜʚʘ ʠʤʧʫʣʴʩʥʳʭ ʢʚʘʜʨʘʪʫʨʥʳʭ ʜʝʢʦʜʝʨʘ (eQEP);  

ï  ʰʝʩʪʴ ʤʦʜʫʣʝʡ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ (CAP);  

ï  ʪʨʠ 32-ʨʘʟʨʷʜʥʳʭ ʪʘʡʤʝʨʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ;  

ï ʦʪʣʘʜʦʯʥʳʡ ʠʥʪʝʨʬʝʡʩ JTAG;  

ï  CAN (ʧʨʦʪʦʢʦʣ 2.0b) ʩ ʜʚʫʤʷ ʧʦʨʪʘʤʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ;  
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ï  I2C, SPI ʠʥʪʝʨʬʝʡʩʳ.  

ɼʘʥʥʳʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʚʝʨʪʦʨʦʤ ʩ ʪʨʝʤʷ ʧʦʣʥʳʤʠ ʤʦʩʪʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʤ 

ʠʥʚʝʨʪʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦ ʰʝʩʪʴ ʤʦʜʫʣʝʡ ʐʀʄ. ʇʦʤʠʤʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʘʥʘʣʦʚ ʐʀʄ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʥʘʣʦʚ ɸʎʇ, 

ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʠʟʤʝʨʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʘʙʩʦʣʶʪʥʦʛʦ, 

ʪʘʢ ʠ ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ. ʆʪʣʘʜʦʯʥʘʷ ʧʣʘʪʘ ʠʤʝʝʪ 

ʚʩʪʨʦʝʥʥʳʝ ʮʝʧʠ ʧʠʪʘʥʠʷ ʧʨʦʮʝʩʩʦʨʘ, ʮʝʧʴ ʪʘʢʪʠʨʦʚʘʥʠʷ ʠ ʟʘʱʠʪʳ ʢʘʥʘʣʦʚ ɸʎʇ. 

ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʠʥʪʝʨʬʝʡʩ UART.  

ɼʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʣʴʚʘʥʠʯʝʩʢʠ 

ʨʘʟʚʷʟʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ CAN, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʷʪʩʷ ʥʘ ʙʘʟʦʚʦʡ ʧʣʘʪʝ. 

 

5.5. ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ɼʇʈ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʠʥʪʝʨʬʝʡʩ 

ʄʘʢʝʪʥʳʡ ʠʥʚʝʨʪʦʨ ʩʦʜʝʨʞʠʪ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʩʭʝʤʫ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩ 

ʜʘʪʯʠʢʦʚ ɼʇʈ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʠʛʥʘʣʳ ʢʘʢ ʩ ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʛʦ, ʪʘʢ 

ʠ ʩ ʘʙʩʦʣʶʪʥʦʛʦ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ. ʉʭʝʤʘ ʠʤʝʝʪ ʛʘʣʴʚʘʥʠʯʝʩʢʫʶ 

ʠʟʦʣʷʮʠʶ ʜʣʷ ʟʘʱʠʪʳ ʩʠʛʥʘʣʴʥʳʭ ʮʝʧʝʡ. ʊʘʢ ʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʘʪʴ 

ɼʇʈ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʚʳʭʦʜʘʤʠ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ɼʇʈ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 71. 

 

ʈʠʩʫʥʦʢ 71. ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ɼʇʈ 
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ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʤʝʥʷʝʪʩʷ CAN ʠʥʪʝʨʬʝʡʩ ʩ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʦʪʦʢʦʣʦʤ CANopen. ɼʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʦʤʝʭʦʟʘʱʠʱʝʥ ʟʘ ʩʯʝʪ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʩʠʛʥʘʣʘʤʠ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ 

ʠʥʪʝʨʬʝʡʩʘ ʠ ʟʘʱʠʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪ ʧʦʨʘʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ 

ʫʩʪʘʥʦʚʣʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ.  

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʥʪʝʨʬʝʡʩʘ CAN ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 72. 

 

 

ʈʠʩʫʥʦʢ 72. ʉʭʝʤʘ ʠʥʪʝʨʬʝʡʩʘ CAN 

 

5.6. ɼʨʘʡʚʝʨ ʪʨʘʥʟʠʩʪʦʨʘ 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʥʟʠʩʪʦʨʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʛʘʣʴʚʘʥʠʯʝʩʢʠ ʨʘʟʚʷʟʘʥʥʳʡ 

ʜʨʘʡʚʝʨ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʜʨʘʡʚʝʨʘ 

ʟʘʪʚʦʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʤʠʢʨʦʩʭʝʤʘ Texas Instruments ISO5851. ɼʘʥʥʘʷ ʤʠʢʨʦʩʭʝʤʘ 

ʠʤʝʝʪ ʨʷʜ ʟʘʱʠʪʥʳʭ ʬʫʥʢʮʠʡ:  

ï ɿʘʱʠʪʘ ʪʨʘʥʟʠʩʪʦʨʘ ʦʪ ʪʦʢʘ ʂɿ; 

ï ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʥʘʣʠʯʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʪʦʨʠʯʥʦʡ ʮʝʧʠ ʜʨʘʡʚʝʨʘ; 

ï ʌʫʥʢʮʠʷ ActiveClamp, ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʄʠʣʣʝʨʘ ʧʨʠ ʚʳʢʣʶʯʝʥʠʠ 

ʪʨʘʥʟʠʩʪʦʨʘ. 
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ʋʧʨʘʚʣʷʝʪʩʷ ʪʨʘʥʟʠʩʪʦʨ ʦʜʥʦʧʦʣʷʨʥʳʤ ʧʠʪʘʥʠʝʤ 0/+15 ɺ. ɼʣʷ ʨʘʩʯʝʪʘ 

ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʜʨʘʡʚʝʨʘ, ʦʮʝʥʠʚʘʝʪʩʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʥʘ 

ʦʪʢʨʳʪʠʝ ʪʨʘʥʟʠʩʪʦʨʘ. ʄʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʧʦ ʟʘʪʚʦʨʫ, ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ: 

ʟʘʪʚ _ʚʢʣ _ʚʳʢʣ ʐʀʄ( ) ,G G GP Q V V f= -  (5.7) 

ʛʜʝ Pʟʘʪʚ ï ʤʦʱʥʦʩʪʴ, ʪʨʝʙʫʝʤʘʷ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʟʘʪʚʦʨʦʤ, QG ï ʧʦʣʥʳʡ ʟʘʨʷʜ ʟʘʪʚʦʨʘ, 

VG_ʚʢʣ ï ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠʢʣʘʜʳʚʘʝʤʦʝ ʢ ʟʘʪʚʦʨʫ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ, VG_ʚʳʢʣ 

ï ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠʢʣʘʜʳʚʘʝʤʦʝ ʢ ʟʘʪʚʦʨʫ ʜʣʷ ʚʳʢʣʶʯʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ. ʇʨʠ 

ʧʦʣʥʦʤ ʟʘʨʷʜʝ QG = 350 ʥʂʣ (ʜʘʥʥʳʝ ʠʟ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʘʩʧʦʨʪʘ ʪʨʘʥʟʠʩʪʦʨʘ), 

ʯʘʩʪʦʪʝ ʐʀʄ fʐʀʄ = 20 ʢɻʮ, ʥʘʧʨʷʞʝʥʠʷʭ ʫʧʨʘʚʣʝʥʠʷ VG_ʚʢʣ= 15 ɺ ʠ VG_ʚʳʢʣ= 0 ɺ, 

ʤʦʱʥʦʩʪʴ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʟʘʪʚʦʨʦʤ ʩʦʩʪʘʚʣʷʝʪ 0,105 ɺʪ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʠʢʨʦʩʭʝʤʦʡ 

ʜʨʘʡʚʝʨʘ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʪʦʢʝ ʧʦʪʨʝʙʣʝʥʠʷ ʤʠʢʨʦʩʭʝʤʳ 6 ʤɸ, ʧʦʪʨʝʙʣʝʥʠʝ 

ʤʠʢʨʦʩʭʝʤʳ ʜʨʘʡʚʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 0,09 ɺʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ ʜʨʘʡʚʝʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 0,195 ɺʪ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 

ʜʨʘʡʚʝʨʘ ʪʨʘʥʟʠʩʪʦʨʘ ʚʳʙʨʘʥ DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ Mornsun F2415 1 ɺʪ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʨʘʡʚʝʨʘ ʪʨʘʥʟʠʩʪʦʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 73. 

 

ʈʠʩʫʥʦʢ 73. ʉʭʝʤʘ ʜʨʘʡʚʝʨʘ ʪʨʘʥʟʠʩʪʦʨʘ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʪʨʘʥʟʠʩʪʦʨʦʚ ʨʝʢʦʤʝʥʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʪʚʦʨʥʳʡ 

ʨʝʟʠʩʪʦʨ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5 ʆʤ ʜʦ 30 ʆʤ, ʦʪʤʝʯʘʷ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ 

ʟʘʪʚʦʨʘ ʪʨʘʥʟʠʩʪʦʨ ʙʫʜʝʪ ʢʦʤʤʫʪʠʨʦʚʘʪʴʩʷ ʩ ʙʦʣʴʰʠʤ dUDS/dt, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʧʨʦʙʣʝʤʘʤ ʩ ʧʦʤʝʭʘʤʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ, ʟʘʢʣʘʜʳʚʘʣʦʩʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʪʚʦʨʘ ʚ 

20 ʆʤ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʧʨʠ ʧʫʩʢʦ-ʥʘʣʘʜʢʝ ʠʥʚʝʨʪʦʨʘ. 
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5.7. ʂʦʥʩʪʨʫʢʮʠʷ ʤʘʢʝʪʥʦʛʦ ʠʥʚʝʨʪʦʨʘ 

ʄʘʢʝʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ: ʙʘʟʦʚʘʷ 

ʧʣʘʪʘ, ʢʦʥʪʨʦʣʣʝʨ ʫʧʨʘʚʣʝʥʠʷ, ʜʨʘʡʚʝʨʳ ʪʨʘʥʟʠʩʪʦʨʦʚ. ʅʘ ʙʘʟʦʚʦʡ ʧʣʘʪʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʩʠʣʦʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ, ʟʚʝʥʦ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʩʥʘʙʙʝʨʥʳʝ 

ʢʦʥʜʝʥʩʘʪʦʨʳ, ʘʥʘʣʦʛʦʚʳʝ ʮʝʧʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʷ ɿʇʊ, ʨʘʟʲʝʤ 

ʧʠʪʘʥʠʷ +24 ɺ, ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʠʥʪʝʨʬʝʡʩ CAN, ʮʝʧʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 

ɼʇʈ. 3D ʤʦʜʝʣʴ ʙʘʟʦʚʦʡ ʧʣʘʪʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 74. ɺ ʧʣʘʪʝ ʩʜʝʣʘʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʳʨʝʟʳ ʥʘʜ ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʩ ʮʝʣʴʶ ʢʦʥʪʨʦʣʷ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʚʠʟʦʨʘ. 

 

ʈʠʩʫʥʦʢ 74. 3D ʠʟʦʙʨʘʞʝʥʠʝ ʙʘʟʦʚʦʡ ʧʣʘʪʳ 

ʊʨʘʩʩʠʨʦʚʢʘ ʙʘʟʦʚʦʡ ʧʣʘʪʳ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʝ Altium Designer, ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 75. 
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ʈʠʩʫʥʦʢ 75. ʊʨʘʩʩʠʨʦʚʢʘ ʙʘʟʦʚʦʡ ʧʣʘʪʳ 

ɼʨʘʡʚʝʨʳ ʪʨʘʥʟʠʩʪʦʨʘ ʚʳʧʦʣʥʝʥʳ ʦʪʜʝʣʴʥʳʤʠ ʧʝʯʘʪʥʳʤʠ ʧʣʘʪʘʤʠ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʤʝʞʜʫ ʩʠʣʦʚʳʤʠ ʠ ʩʠʛʥʘʣʴʥʳʤʠ ʮʝʧʷʤʠ. 

ʅʘ ʦʜʥʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʚʘ ʜʨʘʡʚʝʨʘ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ. 3d ʤʦʜʝʣʴ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʜʨʘʡʚʝʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

76. 

 

ʈʠʩʫʥʦʢ 76. 3D ʠʟʦʙʨʘʞʝʥʠʝ ʧʣʘʪʳ ʜʨʘʡʚʝʨʘ 




































