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ɸʅʆʊɸʎɯʗ 

 

ʃʫʢʘʰʝʚ ʆ.ʖ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʟʘʚʘʜ ʩʪʚʦʨʶʚʘʥʠʭ ʽʤʧʫʣʴʩʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

171 çɽʣʝʢʪʨʦʥʽʢʘè. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʄʆʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2021. 

ʅʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʜʠʩʝʨʪʘʮʽʾ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʦʧʦʣʦʛʽʾ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ ʨʽʚʝʥʴ 

ɽʄɿ (ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ) ʟʘ ʩʪʘʣʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

2. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʯʘʩʪʦʪʠ ʢʦʨʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʯʘʩʪʦʪʠ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʜʦʜʘʥʦʛʦ ʧʦʩʣʽʜʦʚʥʦ, ʥʘ ʨʽʚʝʥʴ ʩʪʚʦʨʶʚʘʥʠʭ 

ʟʘʚʘʜ. 

3. ɺʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ ʚ ʦʙʦʭ         

DC/Dʉ-ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʽʤʧʫʣʴʩʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

4. ʆʪʨʠʤʘʣʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʩʠʛʥʘʣʫ ʤʝʨʝʞʽ 

ʞʠʚʣʝʥʥʷ ʥʘ ʚʭʦʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʢʦʨʝʢʪʦʨʦʤ ʽʟ ʛʨʘʥʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ɽʄʉ. 

5. ʉʪʚʦʨʝʥʦ ʥʦʚʫ ʤʦʜʝʣʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʩʝʨʜʷ  

DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʥʝʣʽʥʽʡʥʦʶ ʽʥʜʫʢʪʠʚʥʽʩʪʶ ʥʘ ʨʽʚʝʥʴ ʝʤʽʪʦʚʘʥʠʭ 

ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ, ʪʘ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʛʥʽʪʥʦʛʦ 

ʦʩʝʨʜʷ ʥʘ ʨʽʚʝʥʴ, ʩʪʚʦʨʶʚʘʥʠʭ ʽʤʧʫʣʴʩʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʝʥʝʨʛʽʾ, ɽʄɿ, 

ʱʦ ʥʝ ʤʘʻ ʘʥʘʣʦʛʽʚ ʫ ʧʫʙʣʽʢʘʮʽʷʭ ʟʘ ʜʘʥʦʶ ʪʝʤʘʪʠʢʦʶ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʠʪʠ ʚʭʽʜʥʠʡ ʬʽʣʴʪʨ ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʭʽʜʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʣʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʩʪʘʥʜʘʨʪʫ. 

7. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʽʤʧʝʜʘʥʩʫ ʫ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ DC/DC-

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʰʣʷʭʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 



 

 

8. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʩʪʚʦʨʝʥʥʷ  ʝʬʝʢʪʠʚʥʦʾ ʩʪʨʫʢʪʫʨʠ AC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʘ ʩʘʤʝ ʫ ʷʢʦʤʫ ʽʟ 

ʚʫʟʣʽʚ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ, ʪʘ ʥʘʡʢʨʘʱʝ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ɽʄɿ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. 

9. ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʙʦʨʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʝʪʘʧʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʫ ʩʢʣʘʜʽ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ, 

ʱʦ ʜʦʟʚʦʣʷʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ.  

10.  ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʙʦʨʫ ʪʦʧʦʣʦʛʽʾ DC/DC-

ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ 

ʩʪʚʦʨʶʚʘʥʠʭ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ. 

 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʽʤʧʫʣʴʩʥʠʭ ʜʞʝʨʝʣʘʭ ʞʠʚʣʝʥʥʷ, ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʢʦʥʜʫʢʪʠʚʥʠʭ 

ʟʘʚʘʜ, ʪʘ ʩʪʚʦʨʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʝʤʽʪʦʚʘʥʦʛʦ 

ʩʧʝʢʪʨʫ ʢʦʥʜʫʢʪʠʚʥʦʾ ʟʘʚʘʜʠ, ʟʦʢʨʝʤʘ, ʱʦʜʦ ʚʠʙʦʨʫ ʪʦʧʦʣʦʛʽʾ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʥʘʧʨʫʛʠ ʫ ʩʢʣʘʜʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ 

ʟʘʚʘʜʠ ʚ AC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʽʟ ʢʦʨʝʢʪʦʨʦʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ ʪʘ ʢʦʨʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʪʫʞʥʦʩʪʽ, ʚʠʙʦʨʫ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʣʽʥʽʡʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʫ ʩʢʣʘʜʽ 

DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʟʘʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ, 

ɿʤʽʩʪ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʣʘʜʝʥʠʡ ʫ ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʘʭ, ʫ ʷʢʠʭ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ.  

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʤʝʪʫ ʪʘ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʧʠʩʘʥʦ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʜʘʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʚʠʢʦʥʘʥʦ ʦʛʣʷʜ ʦʩʪʘʥʥʽʭ ʧʫʙʣʽʢʘʮʽʡ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ ʫ ʽʤʧʫʣʴʩʥʠʭ ʜʞʝʨʝʣʘʭ ʞʠʚʣʝʥʥʷ. 

ɿʦʢʨʝʤʘ ʨʦʟʛʣʷʥʫʪʦ ʨʦʙʦʪʠ, ʱʦ ʤʽʩʪʷʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 



 

 

ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʫ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʛʦ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʯʘʩʪʦʪʠ. ʆʙʛʦʚʦʨʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ ʟʘʚʘʜʠ ʚ 

AC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʽʟ ʢʦʨʝʢʮʽʻʶ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ, ʱʦ 

ʩʪʘʥʫʪʴ ʜʦʩʪʫʧʥʠʤʠ ʫ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʫ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ ʫ 

ʽʤʧʫʣʴʩʥʦʤʫ ʜʞʝʨʝʣʽ ʞʠʚʣʝʥʥʷ ʽʟ ʢʦʨʝʢʪʦʨʦʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʰʣʷʭʦʤ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʆʪʨʠʤʘʥʦ ʤʦʜʝʣʴ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʽʟ ʧʦʢʨʘʱʝʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ. ɺʠʟʥʘʯʝʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʙʦʯʠʭ 

ʯʘʩʪʦʪ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʘ ʢʦʨʝʢʪʦʨʘ, ʧʨʠ ʷʢʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ 

ʩʪʚʦʨʶʚʘʥʠʭ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ. ɺʠʟʥʘʯʝʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʤʠʪʪʷ 

ʩʧʝʢʪʨʫ ʫ ʚʫʟʣʘʭ ʫʧʨʘʚʣʽʥʥʷ ʢʦʨʝʢʪʦʨʦʤ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʥʘʧʨʫʛʠ. ʉʧʝʢʪʨʠ 

ʩʠʛʥʘʣʫ ʟʘʚʘʜ ʩʪʚʦʨʶʚʘʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʛʨʘʥʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ 

ʩʪʘʥʜʘʨʪʫ ɽʄʉ, ʪʘ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʭʽʜʥʦʛʦ 

ʧʨʦʪʠʟʘʚʘʜʥʦʛʦ ʬʽʣʴʪʨʘ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʘʧʨʫʛʠ 

ʚʽʜʥʦʩʥʦ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʦʧʦʣʦʛʽʡ ʨʽʟʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʛʨʫʧ ʪʘ ʥʝʣʽʥʽʡʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʫ ʩʢʣʘʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʝʣʽ ʏʘʥʘ. ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʦʧʦʣʦʛʽʾ ʥʘ ʨʽʚʝʥʴ ʟʘʚʘʜ, 

ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʧʦʣʦʛʽʡ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ              DC/DC-

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. ʋ ʢʦʞʥʽʡ ʛʨʫʧʽ ʚʠʟʥʘʯʝʥʦ ʥʘʡʢʨʘʱʽ, ʽʟ ʪʦʯʢʠ ʟʦʨʫ ʩʪʚʦʨʶʚʘʥʠʭ 

ʟʘʚʘʜ, ʪʦʧʦʣʦʛʽʾ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʪʘʢ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʫ ʪʦʧʦʣʦʛʽʾ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ ʝʪʘʧʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ. ʈʦʟʨʘʭʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʫ, ʽʟ ʪʦʯʢʠ ʟʦʨʫ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ,  ʰʠʨʠʥʫ 

ʟʘʟʦʨʫ ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʩʝʨʜʷ. ʇʨʦʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʦʜʝʣʝʡ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʟ ʥʝʣʽʥʽʡʥʦʶ ʽʥʜʫʢʪʠʚʥʽʩʪʶ ʽʟ 

ʨʽʟʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʦʩʝʨʜʷ. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʠʡ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʽʚʥʷ 

ʩʪʚʦʨʶʚʘʥʠʭ ɽʄɿ, ʤʘʪʝʨʽʘʣ ʪʘ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʢʦʪʫʰʢʠ. ʆʪʨʠʤʘʥʽ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʝʢʪʨʠ ʩʠʛʥʘʣʽʚ ʢʦʥʜʫʢʪʠʚʥʦʾ ʟʘʚʘʜʠ 



 

 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʠʤ ʟʥʘʯʝʥʥʷʤ ʨʽʚʥʷ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʩʪʘʥʜʘʨʪʘʤʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʫ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʘʭʫʥʦʢ ʪʘ ʘʥʘʣʽʟ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʧʨʦʪʠʟʘʚʘʜʥʦʛʦ ʚʭʽʜʥʦʛʦ ʬʽʣʴʪʨʘ. ɼʦʚʝʜʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʨʘʭʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ 

ʚʭʽʜʥʦʛʦ ʬʽʣʴʪʨʘ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ 

ʧʨʦʪʠʟʘʚʘʜʥʠʡ ʬʽʣʴʪʨ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫ ̒ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʽʚʥʷ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ 

ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʛʨʘʥʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ɽʄɿ ʜʣʷ ʥʝʦʙʭʽʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ. ʅʘ 

ʧʨʠʢʣʘʜʽ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʜʣʷ ʨʽʟʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʤʝʪʦʜʠʢʠ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ 

ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ, ʪʘ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʞʝʨʝʣ 

ʞʠʚʣʝʥʥʷ ʽʟ ʧʦʢʨʘʱʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ.  

ɯʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ ʫ 

ʜʞʝʨʝʣʘʭ ʞʠʚʣʝʥʥʷ ʽʟ ʢʦʨʝʢʮʽʻʶ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʾʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟ 

ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ. ɺʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʪʦʧʦʣʦʛʽʾ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʫ ʩʢʣʘʜʽ ʽʤʧʫʣʴʩʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʥʘ ʨʽʚʝʥʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʧʽʜʙʽʨ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʫʟʣʽʚ ʜʞʝʨʝʣʘ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʜʦʣʫʯʝʥʦ ʜʦ ʟʚʽʪʫ ʽʥʽʮʽʘʪʠʚʥʦʾ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ 

ʨʦʙʦʪʠ ʬʘʢʫʣʴʪʝʪʫ ʝʣʝʢʪʨʦʥʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʊʝʭʥʽʯʥʦʛʦ ʋʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ 

"ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" ʟʘ ʥʘʟʚʦʶ: 

"ʆʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʦʙʣʘʜʥʘʥʠʭ 

ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʟ ʙʝʟʧʨʦʚʦʜʦʚʠʤ ʽʥʪʝʨʬʝʡʩʦʤ" (  ̄ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 
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SUMMARY  

 

Lukashev O. Research and development of methods for reducing electromagnetic 

interference created by switching power supplies. - Qualifying scientific work on the 

rights of the manuscript. 

The dissertation on competition of a scientific degree of the doctor of philosophy on 

a specialty 171 "Electronics". - National Technical University of Ukraine "Kyiv 

Polytechnic Institute named after Igor Sikorsky", Ministry of Education and Science of 

Ukraine, Kyiv, 2021. 

For the first time the following scientific results were obtained in the dissertation: 

1.  For the first time a study of the influence of DC/DC-converter topology on the 

EMF level at constant converter parameters was performed. 

2. For the first time, a study of the influence of the frequency of the power factor 

corrector and the frequency of the DC/DC-converter, added sequentially, on the 

level of noise created. 

3. The study of the influence of spectrum blur technology in both converters of a 

switching power supply is performed. 

4. For the first time a study of the influence of the parameters of the magnetic core on 

the level created by pulsed energy converters, EMI. 

5. For the first time, a simulation of a DC / DC converter with nonlinear inductance 

was performed using different core materials. 

6. A technique has been developed that allows to develop an input filter taking into 

account the input impedance of LISN for the required standard. 

7. For the first time, the need to use real components for the construction of LISN in 

the study of DC / DC-converters by simulation. 

8. The analysis allowed to formulate recommendations for optimizing the structure and 

parameters of AC/DC-converters, namely in which of the nodes it is advisable to 

use spectral blur, and the best in terms of EMI ratio of operating frequencies of 

converters. 



 

 

9. Recommendations for the selection of structural parameters at the stage of modeling 

the inductor in the DC/DC-voltage converter, which will ensure the lowest level of 

interference 

10. A number of recommendations for the selection of the optimal topology of the 

DC/DC-converter in terms of the conductive interference. 

The dissertation is devoted to the study of electromagnetic processes in switching 

power supplies, development of methods to reduce the level of conductive interference, 

and creating recommendations for designing a switching power supply that meets the 

standards of electromagnetic compatibility, in particular, in AC/DC-converters with power 

factor corrector and determination of optimal, from the point of view of conductive noise, 

ratio of operating frequencies of voltage converter and power factor corrector, choice of 

structural parameters of nonlinear inductance, as part of DC/DC-converter, to reduce noise 

level.  

The content of the dissertation research is presented in four sections, in which the 

main results of the work are presented and substantiated. 

The introduction substantiates the relevance of the dissertation, formulates the 

purpose and lists the objectives of the study, describes the research methods, provides 

information about the scientific novelty and practical significance of the results. 

The first section is devoted to a review of recent publications with research on 

methods to reduce the level of conductive interference in switching power supplies. In 

particular, the works devoted to the study of the use of spectrum expansion technology in 

DC/DC-converters, the use of the method of frequency hopping are considered. The need 

for more detailed studies of the influence of spectrum blur technology in AC/DC 

converters with correction of the power factor and the possibilities that will become 

available as a result of such studies is discussed. 

In the second section, a study of the method of spectrum blur in a switching power 

supply with a power factor corrector, by simulation. A model of a power supply with 

improved electromagnetic compatibility is obtained. The optimal ratio of operating 

frequencies of the converter and the corrector is determined, from the point of view of the 



 

 

created conductive interferences. The expediency of using spectrum blur in the control 

unit of the corrector and voltage converter is determined. 

In the third section, a study of the structure of voltage converters in terms of 

interference. The influence of topologies of different functional groups and nonlinear 

inductance in the composition of the voltage converter using the Chan model is 

investigated. The influence of each component of the topology on the noise level is 

determined by studying the topologies of different structural groups of DC / DC 

converters. In each group the best, from the point of view of created disturbances, 

topologies are defined. Recommendations for the choice of both functional and structural 

type of topology of the converter at the stage of power supply design are created. The 

optimal, from the point of view of the created noise, width of a backlash of the inductor 

for various materials of a core is calculated. A comparative analysis of models of DC / DC 

converters with nonlinear inductance with different core materials is performed. The 

optimal, from the point of view of EMI, material is determined and recommendations on 

the design of the coil are formulated. Satisfaction of the obtained signal spectra on LISN 

with respect to EMI standards was checked in accordance with the maximum allowable 

values of the level of conductive interference regulated by the standards. 

The fourth section is devoted to the calculation and analysis of the efficiency of the 

anti-interference input filter. The necessity of taking into account the output impedance of 

LISN when designing the input filter of the power supply is proved. A technique has been 

developed to calculate the anti-noise filter, which ensures that the level of conductive 

interference of the power supply corresponds to the limit value of the EMI for the required 

standard. On the example of different LISN devices, for different standards of 

electromagnetic compatibility, the effectiveness of the proposed technique is 

demonstrated. Conclusions on the obtained results are formulated.The practical 

significance of the results obtained in the dissertation is that the research results can be 

used to address the reduction of electromagnetic interference, and to design a power 

supply with improved electromagnetic compatibility. 

Possession of information on the feasibility of using the technology of spectrum blur 

in power supplies with correction can be used to improve them in order to reduce the level 



 

 

of conductive interference. Taking into account the influence of the topology of the 

converters in the composition of switching power supplies on the level of electromagnetic 

interference will allow the selection of functional units of the power supply more 

efficiently. 

The results are included in the report of the initiative research work of the Faculty of 

Electronics of the National Technical University of Ukraine "Kyiv Polytechnic Institute 

named after Igor Sikorsky" entitled: "Features of the electromagnetic environment in 

rooms equipped with technical means with wireless interface" (̄ 0119U102796). 

Keywords: switching power supplies, conductive noise, converter operating 

frequency, DC/DC-converter, noise spectrum, spectrum blur technology, inductor cores, 

Chan model, converter topology, power factor corrector, noise level, automated control 

system. 
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ɺʉʊʋʇ 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʩʫʯʘʩʥʠʭ  ʫʤʦʚʘʭ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ 

ʘʧʘʨʘʪʫʨʠ (ʈɽɸ), ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʾʾ ʯʫʪʣʠʚʦʩʪʽ, ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʠʣʝʥʥʷ ʫʚʘʛʠ ʱʦʜʦ ʧʠʪʘʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʩʫʤʽʩʥʦʩʪʽ (ɽʄʉ) ʈɽɸ ʟ ʽʥʰʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʝʣʝʢʪʨʠʯʥʦʶ ʤʝʨʝʞʝʶ. ɹʫʜʴ-ʷʢʝ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʝ ʦʙʣʘʜʥʘʥʥʷ ʚʠʤʘʛʘʻ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʦʪʞʝ, ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ 

ʬʫʥʢʮʽʦʥʫʻ, ʢʨʽʤ ʦʩʥʦʚʥʦʾ ʬʫʥʢʮʽʾ, ʽ ʷʢ ʛʝʥʝʨʘʪʦʨ ʘʙʦ ʧʨʠʡʤʘʯ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʟʘʚʘʜ. ʉʘʤʝ ʪʦʤʫ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʩʧʦʩʦʙʽʚ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ (ɽʄɿ), ʥʘ ʈɽɸ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʨʦʙʦʪʠ ʫ 

ʩʬʝʨʽ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʦʥʽʢʠ. ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ 

ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ ʟʨʦʙʠʣʠ ʪʘʢʽ ʽʥʦʟʝʤʥʽ ʚʯʝʥʽ, ʷʢ ɹʨʘʫʥ 

ʄ., ɻʝʥʨʽ ɺ. ʆʪʪ, ɺʘʥʛ ʉ., ʃʦʧʝʟ ɼʞ., ʗʥʛ ʃ., ʅʘʜʣʝʨ ɸ.. ʉʝʨʝʜ ʚʽʪʯʠʟʥʷʥʠʭ 

ʥʘʫʢʦʚʮʽʚ ï ʇʽʣʽʥʩʴʢʠʡ ɺ., ʄʘʢʘʨʝʥʢʦ ɺ., ʐʚʘʡʯʝʥʢʦ ɺ., ʈʫʩʫ ɸ., ʂʥʷʟʻʚ ɺ., 

ʂʨʘʚʯʝʥʢʦ ɺ.. ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʩʫʤʽʩʥʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʫ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ, ʪʘ ʤʘʻ ʟʥʘʯʥʽ 

ʧʝʨʩʧʝʢʪʠʚʠ, ʚʠʭʦʜʷʯʠ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʫʙʣʽʢʘʮʽʡ, ʷʢ ʽʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʱʦʜʦ 

ʧʦʢʨʘʱʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʧʨʠʩʪʨʦʾʚ, ʰʣʷʭʦʤ ʩʪʨʫʢʪʫʨʥʠʭ 

ʤʦʜʠʬʽʢʘʮʽʡ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʘʢ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʽʪʥʽʭ ʧʨʦʛʨʘʤʥʠʭ 

ʤʝʪʦʜʽʚ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʮʝʩʫ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ, ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʤʦʞʣʠʚʦʩʪʝʡ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʜʦʩʷʛʥʝʥʥʷ ʢʨʘʱʦʛʦ ʨʽʚʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʪʘ ʾʭ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʪʘʥʜʘʨʪʘʤ ɽʄʉ.  

ɸʥʘʣʽʟ ʨʦʙʽʪ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ 

ʽʤʧʫʣʴʩʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ ɽʄɿ ʚʠʷʚʠʚ, ʱʦ ʥʝ ʚʩʽ ʧʠʪʘʥʥʷ ʽʟ ʜʘʥʦʾ ʦʙʣʘʩʪʽ 

ʻ ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʠʤʠ. ɿʦʢʨʝʤʘ ʚʧʣʠʚ ʪʦʧʦʣʦʛʽʾ ʯʠ ʥʝʣʽʥʽʡʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʫ 

ʩʢʣʘʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʥʘ ʨʽʚʝʥʴ ʩʪʚʦʨʶʚʘʥʠʭ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ ʧʦʪʨʝʙʫʶʪʴ 
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ʧʦʛʣʠʙʣʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥ ̔ ʫ ʨʦʙʦʪʽ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʽʤʧʫʣʴʩʥʠʭ 

ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʽʟ ʢʦʨʝʢʮʽʻʶ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʦʢʨʝʤʠʭ DC/DC-

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. ɺʦʣʦʜʽʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ ʫ ʨʽʟʥʠʭ ʚʫʟʣʘʭ ʫʧʨʘʚʣʽʥʥʷ ʢʣʶʯʘʤʠ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ɽʄɿ ʟʘ 

ʨʘʭʫʥʦʢ ʚʽʨʥʦʛʦ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʫʣʷʮʽʾ. ɺʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʾ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʫ ʩʢʣʘʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ ʜʦʟʚʦʣʠʪʴ ʟʘʟʜʘʣʝʛʽʜʴ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʝʨʜʷ ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʨʽʚʝʥʴ 

ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ.  

 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ ʪʘ ʽʤʽʪʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʘʧʨʫʛʠ ʪʘ ʽʤʧʫʣʴʩʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥ ̫ ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ ʚ ʽʤʧʫʣʴʩʥʠʭ ʜʞʝʨʝʣʘʭ ʞʠʚʣʝʥʥʷ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʽʤʧʫʣʴʩʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʪʘ ʩʪʚʦʨʶʚʘʥʽ ʥʠʤʠ 

ʢʦʥʜʫʢʪʠʚʥʽ ʟʘʚʘʜʠ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʇʨʦʚʝʩʪʠ ʦʛʣʷʜ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʽ ʧʫʙʣʽʢʘʮʽʾ ʚ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʤʝʥʰʝʥʥʷ ʢʦʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ ʚ ʜʞʝʨʝʣʘʭ ʞʠʚʣʝʥʥʷ. 

2. ɼʦʩʣʽʜʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ 

ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ ʽʤʧʫʣʴʩʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ. 

3. ɼʦʩʣʽʜʠʪʠ ʤʦʜʝʣʴ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʟ ʢʦʨʝʢʪʦʨʦʤ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʪʫʞʥʦʩʪʽ. 

4. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʦʣʦʛʽʶ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʙʦʯʠʭ 

ʯʘʩʪʦʪ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʘ ʢʦʨʝʢʪʦʨʘ ʫ ʩʢʣʘʜʽ ɯɼɾ. 

5. ɺʠʟʥʘʯʠʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ ʫ 

ʢʦʞʥʦʤʫ ʽʟ ʚʫʟʣʽʚ ʫʧʨʘʚʣʽʥʥʷ ʢʣʶʯʘʤʠ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 
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6. ɼʦʩʣʽʜʠʪʠ ʤʦʜʝʣʽ ʪʦʧʦʣʦʛʽʡ ʪʠʧʦʚʠʭ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʨʽʟʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ. 

7. ɺʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʽʚʥʷ ʟʘʚʘʜ ʩʪʚʦʨʶʚʘʥʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ 

DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ. 

8. ɼʦʩʣʽʜʠʪʠ ʤʦʜʝʣʴ ʥʝʣʽʥʽʡʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʫ ʩʢʣʘʜʽ DC/DC-

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʽʜʚʠʱʫʶʯʦʛʦ ʪʠʧʫ. 

9. ʈʦʟʨʘʭʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʦʩʝʨʜʷ. 

10. ɺʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʰʠʨʠʥʠ ʟʘʟʦʨʫ ʪʘ ʤʘʪʝʨʽʘʣʫ ʦʩʝʨʜʷ ʥʘ ʨʽʚʝʥʴ 

ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ ʪʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ. 

11. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʪʠʟʘʚʘʜʥʠʭ ʬʽʣʴʪʨʽʚ ʟ ʧʨʠʚʷʟʢʦʶ ʜʦ 

ʩʪʘʥʜʘʨʪʽʚ ʧʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽʡ ʩʫʤʽʩʥʦʩʪʽ. 

12. ʇʝʨʝʚʽʨʠʪʠ ʦʙʛʨʫʥʪʦʚʘʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʰʣʷʭʦʤ 

ʽʤʽʪʘʮʽʡʥʦʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

13. ʆʙˇʨʫʥʪʫʚʘʪʠ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʟʘʣʫʯʝʥʦ 

ʤʝʪʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʟʫ ʫ ʯʘʩʦʚʽʡ ʪʘ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʷʭ, ʟʦʢʨʝʤʘ: 

ʪʝʭʥʦʣʦʛʽʶ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʚʘʜʠ ʥʘ ʚʣʘʩʥʽʡ ʨʦʙʦʯʽʡ 

ʯʘʩʪʦʪʽ ʷʢ ʢʦʨʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʪʘʢ ʽ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʤʝʪʦʜʠ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ (ʧʦʰʫʢʦʚʠʡ ʤʝʪʦʜ ʉʘʙʘʥʠʥʘ ɺ.ʈ.  ̔ʉʤʠʨʥʦʚʘ ʅ.ʀ.) ʜʣʷ 

ʧʽʜʙʦʨʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʨʝʢʪʦʨʦʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʪʘ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʤʝʪʦʜʠ ʪʝʦʨʽʾ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʢʦʨʝʢʪʦʨʦʤ, ʤʝʪʦʜʦʣʦʛʽʷ ʪʘ 

ʤʦʜʝʣʴ ʏʘʥʘ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʪʫʰʢʠ ʟ ʛʽʩʪʝʨʝʟʠʩʦʤ 

ʜʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʩʝʨʜʷ ʫ ʩʢʣʘʜʽ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʤʝʪʦʜ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ (ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ) ʩʧʝʢʪʨʽʚ ʩʠʛʥʘʣʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ, ʪʘ ʜʣʷ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʦʣʦʛʽʾ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʚʭʽʜʥʠʭ ʧʨʦʪʠʟʘʚʘʜʥʠʭ ʬʽʣʴʪʨʽʚ. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʢʦʪʫʰʢʠ 

ʽʟ ʥʝʣʽʥʽʡʥʦʶ ʽʥʜʫʢʪʠʚʥʽʩʪʶ ʜʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʩʝʨʜʷ, ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʽʚʥʷ 
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ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ ʜʣʷ ʢʦʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ 

ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ, ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ, ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʢʦʤʧôʶʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥ ̫ ʫ ʩʝʨʝʜʦʚʠʱʽ LTspice XVII , ʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʧʦʥʝʥʪʽʚ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʩʝʨʝʜʦʚʠʱʝ ʧʨʦʛʨʘʤʠ Power Stage Designer Tool 4.0.  

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ ʦʪʨʠʤʘʚ ʤʝʪʦʜ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ, ʘ ʩʘʤʝ, ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʫʟʣʽ 

ʢʦʨʝʢʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʽʤʧʫʣʴʩʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ.  

1. ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʦʧʦʣʦʛʽʾ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʥʘ ʨʽʚʝʥʴ ɽʄɿ ʧʨʠ ʩʪʘʣʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

2. ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʯʘʩʪʦʪʠ ʢʦʨʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʯʘʩʪʦʪʠ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʜʦʜʘʥʦʛʦ ʧʦʩʣʽʜʦʚʥʦ, ʥʘ 

ʨʽʚʝʥʴ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ. 

3. ɺʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ ʚ ʦʙʦʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʽʤʧʫʣʴʩʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ.  

4. ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʛʥʽʪʥʦʛʦ ʦʩʝʨʜʷ ʥʘ 

ʨʽʚʝʥʴ, ʩʪʚʦʨʶʚʘʥʠʭ ʽʤʧʫʣʴʩʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʝʥʝʨʛʽʾ, ɽʄɿ 

5. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʠʚ ʩʬʦʨʤʫʣʶʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʦʧʪʠʤʽʟʘʮʽʾ 

ʩʪʨʫʢʪʫʨʠ ʽ ʧʘʨʘʤʝʪʨʽʚ AC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʘ ʩʘʤʝ ʫ ʷʢʦʤʫ ʽʟ ʚʫʟʣʽʚ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ, ʪʘ ʥʘʡʢʨʘʱʝ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ɽʄɿ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʫ ʩʢʣʘʜʽ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʥʘʧʨʫʛʠ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ.  

7. ʈʦʟʨʦʙʣʝʥʦ ʨʷʜ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ DC/DC-

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʪʚʦʨʶʚʘʥʠʭ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ. 

8. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʧʨʦʪʠʟʘʚʘʜʥʠʭ 

ʬʽʣʴʪʨʽʚ, ʫ ʷʢʽʡ ʚʨʘʭʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ LISN, ʷʢʘ ʤʘʻ ʨʽʟʥʝ 
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ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʝʦʙʭʽʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ 

CISPR.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋʩʽ ʨʝʟʫʣʴʪʘʪʠ, ʥʘʚʝʜʝʥʽ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ 

ʨʦʙʦʪʽ ʽ ʚʠʥʝʩʝʥʽ ʥʘ ʟʘʭʠʩʪ, ʦʪʨʠʤʘʥʽ ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʦʤ ʘʙʦ ʞ ʟʘ ʡʦʛʦ ʘʢʪʠʚʥʦʾ 

ʫʯʘʩʪʽ ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ. 

ʋ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ [1], ʦʧʫʙʣʽʢʦʚʘʥʽʡ ʚ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ 

ʚʠʢʦʥʘʥʦ ʥʘʩʪʫʧʥʝ: ʤʦʜʝʣʶʚʘʥʥʷ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʥʝʣʽʥʽʡʥʦʶ 

ʽʥʜʫʢʪʠʚʥʽʩʪʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʏʘʥʘ, ʘʥʘʣʽʟ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʩʝʨʜʷ ʢʦʪʫʰʢʠ ʪʘ ʜʦʚʞʠʥʠ ʟʘʟʦʨʫ. ʋ ʥʘʫʢʦʚʽʡ 

ʨʦʙʦʪʽ [2], ʦʧʫʙʣʽʢʦʚʘʥʽʡ ʚ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ ʚʠʢʦʥʘʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʟ ʢʦʨʝʢʪʦʨʦʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʩʪʚʦʨʝʥʥʷ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ ʫ ʚʫʟʣʽ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʨʝʢʪʦʨʦʤ. ʋ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ [3], ʦʧʫʙʣʽʢʦʚʘʥʽʡ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʤ 

ʦʩʦʙʠʩʪʦ ʚʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ ʜʣʷ ʢʦʞʥʦʾ 

ʪʦʧʦʣʦʛʽʾ ʽʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʘʧʨʫʛʠ. 

 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʠ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣ̔  ʪʘ ʧʽʜʭʦʜʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʟʘʚʘʜ ʩʪʚʦʨʶʚʘʥʠʭ ʽʤʧʫʣʴʩʥʠʤ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ ʽʟ 

ʥʝʣʽʥʽʡʥʦʶ ʽʥʜʫʢʪʠʚʥʽʩʪʶ ʜʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʩʝʨʜʷ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʪʫʰʢʠ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʘ ʢʦʨʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʪʫʞʥʦʩʪʽ ʫ ʩʢʣʘʜʽ ʽʤʧʫʣʴʩʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʤʝʪʦʜʠʢʫ ʧʦʨʽʚʥʷʥʥʷ 

ʪʦʧʦʣʦʛʽʡ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʨʽʟʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ. ʈʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜʠʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ ʫ ʜʞʝʨʝʣʘʭ ʞʠʚʣʝʥʥʷ ʟ 

ʢʦʨʝʢʮʽʻʶ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ. ɺʜʘʣʦʩʴ ʩʪʚʦʨʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʫ ʤʝʪʦʜʠʢʫ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʧʨʦʪʠʟʘʚʘʜʥʠʭ ʬʽʣʴʪʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʻ ʤʦʞʣʠʚʠʤ 

ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʚʘʜ ʜʦ ʟʥʘʯʝʥʴ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʽʜʧʦʚʽʜʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ɽʄʉ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ.  
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ʈʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʥʘ ʢʘʬʝʜʨʽ ɸʢʫʩʪʠʯʥʠʭ ʪʘ ʄʫʣʴʪʠʤʝʜʽʡʥʠʭ 

ɽʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʊʝʭʥʽʯʥʦʛʦ ʋʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʫ ʨʘʤʢʘʭ ʅɼʈ "ʆʩʦʙʣʠʚʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʦʙʣʘʜʥʘʥʠʭ ʪʝʭʥʽʯʥʠʤʠ 

ʟʘʩʦʙʘʤʠ ʟ ʙʝʟʧʨʦʚʦʜʦʚʠʤ ʽʥʪʝʨʬʝʡʩʦʤ" (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0119U102796). 

 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

- Vɯɯ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ 

çɽʣʝʢʪʨʦʥʽʢʘ-2018è ʤ. ʂʠʾʚ, 15-17 ʢʚʽʪʥʷ 2018ʨ. 

- ʍXVɯɯɯ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  MicroCAD-2020 ʤ. 

ʍʘʨʢʽʚ, 21-23 ʞʦʚʪʥʷ 2020ʨ. 

 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 7 

ʧʫʙʣʽʢʘʮʽʷʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ 3 ʩʪʘʪʪʷʭ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʥʷʭ, ʟ ʷʢʠʭ 2 ʫ ʥʘʫʢʦʚʠʭ  ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ; 1 ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʬʘʭʦʚʦʤʫ ʥʘʫʢʦʚʦʤʫ ʚʠʜʘʥʥʽ, ʱʦ 

ʚʢʣʶʯʝʥʝ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ; 3 ʪʝʟʠ ʜʦʧʦʚʽʜ ̔ ʫ ʟʙʽʨʥʠʢʘʭ 

ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʡ. 

 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ʈʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ ? ʥʘʡʤʝʥʫʚʘʥʴ. ʈʦʙʦʪʘ ʤʽʩʪʠʪʴ 

? ʨʠʩʫʥʢʽʚ ʪʘ ? ʪʘʙʣʠʮʴ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ ? 

ʩʪʦʨʽʥʢʦʢ. 
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1 ʆɻʃʗɼ ʈɽɿʋʃʔʊɸʊɯɺ ʅɸʋʂʆɺʀʍ ɼʆʉʃɯɼɾɽʅʔ ʇʆ ɿʄɽʅʐɽʅʅʖ 

ʈɯɺʅʗ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ ɿɸɺɸɼ 

1.1 ʂʣʘʩʠʬʽʢʘʮʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ  

 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʫʤʽʩʥʽʩʪʴ (electromagnetic compatibility ï EMC) ï ʮʝ 

ʟʜʘʪʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʩʧʨʘʚʥʦ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʚ ʫʤʦʚʘʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʧʣʠʚʫ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʥʝ ʩʪʚʦʨʶʚʘʪʠ ʥʝʜʦʧʫʩʪʠʤʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʘʥʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʽʥʰʝ ʦʙʣʘʜʥʘʥʥʷ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʥʘʯʥʘ 

ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʠʪʘʥʥʷʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʤʦʜʫʣʽʚ ʽʟ ʾʭ ʦʢʨʝʤʠʤʠ ʚʫʟʣʘʤʠ ʪʘ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

 ɺʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʚ ʢʦʥʜʫʢʪʠʚʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ: ʫ ʧʨʦʚʦʜʘʭ ʽ ʯʝʨʝʟ ʧʘʨʘʟʠʪʥʽ ʟʚ'ʷʟʢʠ, ʘ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʫʢʮʽʾ (ʫ 

ʙʣʠʞʥ̔ʡ ʟʦʥʽ) ʽ ʰʣʷʭʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʫ ʜʘʣʴʥʽʡ ʟʦʥʽ). 

ʂʦʥʜʫʢʪʠʚʥʠʡ ʟʚôʷʟʦʢ ʚʠʥʠʢʘʻ, ʢʦʣʠ ʢʘʥʘʣ ʤʽʞ ʜʞʝʨʝʣʦʤ ʟʘʚʘʜ ʽ 

ʧʨʠʡʤʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ ʩʬʦʨʤʦʚʘʥʠʡ ʚʥʘʩʣʽʜʦʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ. 

ʇʨʷʤʠʡ ʢʦʥʪʘʢʪ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʯʝʨʝʟ ʣʽʥʽʶ ʧʝʨʝʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ, 

ʢʘʙʝʣʴ, ʧʨʦʚʽʜʥʠʢ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʘʙʦ ʤʝʪʘʣʝʚʠʡ ʢʦʨʧʫʩ. 

ʂʦʥʜʫʢʪʠʚʥʽ ʟʘʚʘʜʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʩʠʥʬʘʟʥʽ (common mode ï 

ʥʝʩʠʤʝʪʨʠʯʥʽ) ʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ (differential mode ï ʩʠʤʝʪʨʠʯʥʽ) ʫ ʜʚʦʭ 

ʧʨʦʚʽʜʥʠʢʘʭ (ʨʠʩ. 1.1).  

 

I1

I2

I3

Iʟ

Iʟ

Iʟ

Iʟ

Iʟ

N1

N2

N1

N2

 

ʘ)                                           ʙ) 

ʈʠʩʫʥʦʢ 1.1 ï ʄʦʜʝʣʽ ʚʠʥʠʢʥʝʥʥʷ ʩʠʥʬʘʟʥʠʭ (ʘ) ʪʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ (ʙ) ʟʘʚʘʜ 
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ʉʠʥʬʘʟʥʽ ʟʘʚʘʜʠ ʦʙʫʤʦʚʣʝʥʽ ʨʽʟʥʠʮʝʶ ʧʦʪʝʥʮʽʘʣʽʚ ʫ ʢʦʣʘʭ ʟʘʟʝʤʣʝʥʥʷ 

ʧʨʠʩʪʨʦʾʚ. ʄʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʚʽʜ ʩʪʨʫʤʽʚ ʚ ʟʝʤʣʽ (ʘʚʘʨʽʡʥʠʡ ʯʠ ʩʪʨʫʤ ʙʣʠʩʢʘʚʢʠ) 

ʘʙʦ ʚʽʜ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʇʨʠ ʧʦʷʚʽ ʩʠʥʬʘʟʥʠʭ ʟʘʚʘʜ ʥʝ ʚʠʥʠʢʘʶʪʴ ʩʧʦʪʚʦʨʝʥʥʷ 

ʥʘʧʨʫʛʠ ʥʘ ʧʨʠʡʤʘʯʽ, ʘʣʝ ʚʦʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʽʟʦʣʷʮʽʶ ʧʨʦʚʽʜʥʠʢʽʚ ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ, 

ʘ ʟʥʘʯʠʪʴ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʦʙʦʶ ʽʟʦʣʷʮʽʾ.  

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʟʘʚʘʜʠ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʛʘʣʴʚʘʥʽʯʥʽ ʟʚ'ʷʟʢʠ, ʰʣʷʭʦʤ 

ʧʝʨʝʜʘʯʽ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʘʙʦ ʞ ʯʝʨʝʟ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʥʬʘʟʥʦʾ ʟʘʚʘʜʠ ʚ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʫ [5]. 

ʅʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤʠ ʻ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʟʘʚʘʜʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʪʠʤʠ ʞ ʢʦʣʘʤʠ, ʱʦ ʽ ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ. ʈʝʘʣʴʥʽ ʢʦʥʜʫʢʪʠʚʥʽ 

ʟʘʚʘʜʠ, ʟʘʟʚʠʯʘʡ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʦʤʙʽʥʘʮʽʻʶ ʩʠʥʬʘʟʥʠʭ ʪʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʟʘʚʘʜ. 

ʂʨʽʤ ʪʦʛʦ, ʯʝʨʝʟ ʥʝʩʠʤʝʪʨʠʯʥʽʩʪʴ ʟʦʚʥʽʰʥʽʭ ʢʽʣ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʪʘ ʚʭʽʜʥʠʭ ʢʽʣ 

ʘʧʘʨʘʪʫʨʠ, ʤʦʞʣʠʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʜʥʦʛʦ ʚʠʜʫ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ ʚ ʽʥʰʠʡ.  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʨʝʞʝʚʽ 

ʧʨʦʪʠʟʘʚʘʜʥʽ ʬʽʣʴʪʨʠ (ʄʇɿʌ) [4]. ʆʜʥʘʢ, ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʚʠʤʘʛʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ ʩʢʣʘʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ, ʦʪʞʝ, ʷʢ ʜʦʜʘʪʦʢ ʜʦ ʬʽʣʴʪʨʘʮʽʾ, 

ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʜʞʝʨʝʣʘ ʚʠʥʠʢʥʝʥʥʷ, ʩʧʦʩʦʙʠ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ 

ʩʪʚʦʨʶʚʘʥʠʭ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

ʇʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢ ʽ ʚʠʥʠʢʥʝʥʥʷ ʟʘʚʘʜ, 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ ʚʠʥʠʢʥʝʥʥʷ 

ʟʘʚʘʜ, ʪʘʢ ʽ ʩʪʘʪʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ʫ ʙʽʣʴʰʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ [5]. ɼʦ ʧʨʠʯʠʥ ʧʦʷʚʠ ʢʦʥʜʫʢʪʠʚʥʠʭ ɽʄɿ ʚ ʢʦʣʘʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ, 

ʪʦʙʪʦ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʧʨʠʩʪʨʦʾʚ ʯʠ ʢʦʥʜʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʣʝʞʘʪʴ: 

¶ ʟʤʽʥʥʘ ʥʘʧʨʫʛʘ ʟ ʯʘʩʪʦʪʦʶ 50 ɻʮ; 

¶ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʪʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʪʘʢʪʦʚʽ ʩʠʛʥʘʣʠ; 

¶ ʩʠʛʥʘʣʠ ʚ ʧʨʦʚʦʜʘʭ ʫʧʨʘʚʣʽʥʥʷ ʯʠ ʣʽʥʽʷʭ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ; 

¶ ʩʪʨʠʙʢʠ ʩʪʨʫʤʫ ʚ ʢʦʪʫʰʢʘʭ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ; 

¶ ʩ̔ʢʨʦʚʽ ʨʦʟʨʷʜʠ ʫ ʤʦʤʝʥʪ ʨʦʟʤʠʢʘʥʥʷ ʪʘ ʟʘʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ. 
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ɹʫʜʴ-ʷʢʠʡ ʪʝʭʥʽʯʥʠʡ ʟʘʩʽʙ (ʊɿ), ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙ'ʻʢʪʽ 

ʚʥʦʩʠʪʴ ʧʦʛʽʨʰʝʥʥʷ ʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʦʙʩʪʘʥʦʚʢʫ (ɽʄʆ) ʥʘ ʦʙ'ʻʢʪʽ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ ʊɿ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʝʣʝʢʪʨʠʯʥʽ, ʤʘʛʥʽʪʥʽ ʯʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʟʘʚʘʜʠ, ʥʘʚʦʜʢʠ. ʇʨʠ ʮʴʦʤʫ ʊɿ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʨʦʙʦʪʠ 

ʽʥʰʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʨʘʮʶʻ ʟ ʥʠʤʠ ʚ ʦʜʥʽʡ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʽ ʢʦʥʪʨʦʣʶ, ʘ 

ʩʘʤʝ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʟʙʦʾ ʪʘ ʧʦʨʫʰʝʥʥʷ ʫ ʨʦʙʦʪʽ ʜʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ɯʩʥʫʻ ʨʷʜ ʩʪʘʥʜʘʨʪʽʚ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʘʤʧʣʽʪʫʜʥʽ ʪʘ ʯʘʩʪʦʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʘʜ (ʞʦʨʩʪʢʽʩʪʴ ɽʄʆ) ʪʘ ʨʝʘʢʮʽʶ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʜʽʶ ʮʠʭ ʟʘʚʘʜ 

(ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ) [6]. 

ɾʦʨʩʪʢʽʩʪʴ ɽʄʆ ʫ ʤʽʩʮʷʭ ʨʦʟʤʽʱʝʥʥʷ ʊɿ ï ʮʝ ʫʟʘʛʘʣʴʥʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɽʄʆ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽʥʜʫʢʪʠʚʥʠʭ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʠʭ ʟʘʚʘʜ, ʱʦ 

ʜʽʶʪʴ ʫ ʟʦʥʽ ʨʦʟʤʽʱʝʥʥʷ ʊɿ. ɾʦʨʩʪʢʽʩʪʴ ɽʄʆ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʘʤʠ ʨʦʟʤʽʱʝʥʥʷ 

ʫʩʪʘʥʦʚʢʠ ʪʘ ʤʦʥʪʘʞʫ ʊɿ. 

ʂʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊɿ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʘ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʙʦʪʫ ʊɿ ʧʽʜ ʚʧʣʠʚʦʤ ʟʘʚʘʜ. 

ɼʞʝʨʝʣʘʤʠ ɽʄɿ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ɽʄʆ ʤʦʞʫʪʴ ʙʫʪʠ [6]: 

¶ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʢʦʥʜʫʢʪʠʚʥʽ ɽʄɿ, ʜʞʝʨʝʣʦʤ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʛʘʨʤʦʥʽʢʠ 

ʦʩʥʦʚʥʦʾ ʯʘʩʪʦʪʠ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ;  

¶ ʩʠʛʥʘʣʠ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʤʝʨʝʞʘʭ ʝʥʝʨʛʦʞʠʚʣʝʥʥʷ;  

¶ ʧʝʨʝʧʘʜʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ;  

¶ ʧʨʦʚʘʣʠ, ʢʦʨʦʪʢʦʯʘʩʥʽ ʧʝʨʝʨʠʚʘʥʥʷ, ʪʘ ʩʧʣʝʩʢʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ;  

¶ ʩʪʨʠʙʢʦʧʦʜʽʙʥʽ ʟʤʽʥʠ ʬʘʟʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ;  

¶ ʘʩʠʤʝʪʨʽʷ ʥʘʧʨʫʛʠ ʫ ʪʨʴʦʭʬʘʟʥʠʭ ʩʠʩʪʝʤʘʭ ʞʠʚʣʝʥʥʷ;  

¶ ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ ʟʤʽʥʘ ʯʘʩʪʦʪʠ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ;  

¶ ʥʘʚʝʜʝʥʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ ʥʘʧʨʫʛʘ;  

¶ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʽ ʤʘʛʥʽʪʥʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ; 

¶ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʥʜʫʢʪʠʚʥʽ ɽʄɿ, ʱʦ ʚʠʢʣʠʢʘʥʽ ʥʘʚʝʜʝʥʠʤʠ ʩʠʛʥʘʣʘʤʠ 

ʥʘʧʨʫʛʠ ʯʠ ʩʪʨʫʤʫ ʟ ʥʝʧʝʨʝʨʚʥʦʶ ʯʘʩʪʦʪʦʶ;  

¶ ʘʧʝʨʽʦʜʠʯʥʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʫ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ;  
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¶ ʢʦʣʠʚʘʣʴʥʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʫ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ; 

¶ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ;  

¶ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽ ʨʦʟʨʷʜʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʡ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʧʨʠʡʥʷʪʽ ʤʽʞʥʘʨʦʜʥʽ ʟʘʢʦʥʦʜʘʚʯʽ ʘʢʪʠ ʡ ʩʪʘʥʜʘʨʪʠ, ʷʢʽ 

ʦʙʤʝʞʫʶʪʴ ʨʽʚʥʽ ʝʤʽʩʽʾ ʨʽʟʥʠʭ ʚʠʜʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ. ʂʨʽʤ ʪʦʛʦ, ʚʞʠʚʘʶʪʴ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʩʪʽʡʢʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʚʧʣʠʚʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ. ʇʨʠʧʫʩʪʠʤʽ ʨʽʚʥʽ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ ʨʝʛʣʘʤʝʥʪʫʶʪʴ 

ʙʘʛʘʪʦ ʩʪʘʥʜʘʨʪʽʚ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ, ʨʝʛʽʦʥʘʣʴʥʦʤʫ, ʥʘʮʽʦʥʘʣʴʥʠʭ ʨʽʚʥʷʭ. 

ʈʝʛʽʦʥʘʣʴʥʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʚ ʦʙʣʘʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ 

ʧʨʝʜʩʪʘʚʣʷʻ ʢʦʤʧʣʝʢʪ ʩʪʘʥʜʘʨʪʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ɽʄʉ ɼʠʨʝʢʪʠʚʦʶ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʇʘʨʣʘʤʝʥʪʫ [4]. ɯʩʥʫʶʪʴ ʽ ʽʥʰʽ ʩʪʘʥʜʘʨʪʠ, ʥʘʧʨʠʢʣʘʜ, ʌʝʜʝʨʘʣʴʥʦʾ 

ʢʦʤʽʩʽʾ ʟʚ'ʷʟʢʫ ʉʐɸ (Federal Communications Commission ï FCC), ʛʣʘʚʘ 15 ʽ ʽʥ. 

 

1.2 ɿʘʚʘʜʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʩʠʣʦʚʠʭ ʢʣʶʯʘʭ 

ɺ ʽʤʧʫʣʴʩʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʩʝʨʝʜʥʴʦʾ ʪʘ ʚʠʩʦʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʷʢʦʩʪʽ 

ʩʠʣʦʚʠʭ ʢʣʶʯʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ IGBT- ʪʘ ʄʆʅ-ʪʨʘʥʟʠʩʪʦʨʠ (MOSFET). ʇʦʪʫʞʥʽ 

MOSFET ʷʢ ʽ IGBT ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʧʦʪʫʞʥʦʩʪʽ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʟʚʠʯʘʡ ʫ ʫʚʽʤʢʥʝʥʦʤʫ ʯʠ ʚʠʤʢʥʝʥʦʤʫ ʩʪʘʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ 

ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʫ ʥʠʟʴʢʦʚʦʣʴʪʥʠʭ ʩʭʝʤʘʭ. MOSFET-ʪʨʘʥʟʠʩʪʦʨʠ, ʫ ʩʚʦʶ ʯʝʨʛʫ, 

ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ ï ʙʽʣʴʰ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʢʦʤʫʪʘʮʽʾ ʪʘ ʙʽʣʴʰ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠ ʥʠʟʴʢʠʭ ʥʘʧʨʫʛʘʭ [7]. ɹʽʣʴʰ ʪʦʛʦ, ʩʭʝʤʘ ʟ MOSFET-

ʪʨʘʥʟʠʩʪʦʨʦʤ ʤʦʞʝ ʚʠʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʫ ʥʘʧʨʫʛʫ ʙʣʦʢʫʚʘʥʥʷ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʩʪʨʫʤʫ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʧʦʪʫʞʥʠʭ MOʅ-

ʪʨʘʥʟʠʩʪʦʨʽʚ ʻ ʚʝʨʪʠʢʘʣʴʥʠʤʠ, ʘ ʥʝ ʧʣʦʩʢʠʤʠ.  

ʊʨʘʥʟʠʩʪʦʨʠ IGBT ʨʦʟʨʦʙʣʝʥ ̔ ʜʣʷ ʰʚʠʜʢʦʛʦ ʚʤʠʢʘʥʥʷ ʪʘ  ʚʠʤʠʢʘʥʥʷ. 

ʌʘʢʪʠʯʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʯʘʩʪʦʪʘ ʩʣʽʜʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ ʜʦʩʷʛʘʻ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ (ʋɿ). ʎʷ ʫʥʽʢʘʣʴʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ IGBT ʫ ʧʽʜʩʠʣʶʚʘʯʘʭ ʛʨʫʧʠ D ʜʣʷ ʩʠʥʪʝʟʫ ʩʢʣʘʜʥʠʭ ʩʠʛʥʘʣʽʚ ʽʟ 

ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʶ ʤʦʜʫʣʷʮʽʻʶ ʪʘ ʬʽʣʴʪʨʘʤʠ ʥʠʞʥʽʭ ʯʘʩʪʦʪ. 

 ɺʠʩʦʢʘ ʙʣʦʢʫʶʯʘ ʟʜʘʪʥʽʩʪʴ, ʚʝʣʠʢʘ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ, ʭʦʨʦʰʝ ʩʧʽʚʚ̔ ʜʥʦʰʝʥʥʷ 

ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ï ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ IGBT- ʪʘ MOʅ-

ʪʨʘʥʟʠʩʪʦʨʽʚ [8]. ʅʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʪʨʘʪ ʚʠʤʘʛʘʻ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʤʠʢʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ. ɯʤʧʫʣʴʩʥʽ ʧʨʦʮʝʩʠ ʫ ʧʦʪʫʞʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ, 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʟʘʚʘʜ. ɰʭ ʜʽʘʧʘʟʦʥ ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜ 

5é20 ʢɻʮ (ʜʣʷ ʩʠʛʥʘʣʽʚ ʰʠʨʦʪʥʦ ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ ï ʐɯʄ) ʜʦ ʨʘʜʽʦʯʘʩʪʦʪ (30 

ʄɻʮ) [8]. ʅʠʟʴʢʦʯʘʩʪʦʪʥʽ ʟʘʚʘʜʠ ʥʘʜʭʦʜʷʪʴ ʫ ʤʝʨʝʞʫ ʞʠʚʣʝʥʥʷ, ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ 

ʩʢʣʘʜʦʚʽ ʫʪʚʦʨʶʁ ʪʴ ʧʦʪʫʞʥʽ ʨʘʜʽʦʟʘʚʘʜʠ. ʄʝʨʝʞʝʚʽ ʟʘʚʘʜʠ ʟʘʟʚʠʯʘʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʛʘʨʤʦʥʽʢʘʤʠ ʥʘ ʯʘʩʪʦʪʘʭ ʜʦ 2 ʢɻʮ. ɻʘʨʤʦʥʽʯʥʽ ʩʢʣʘʜʦʚʽ ʟ 

ʯʘʩʪʦʪʘʤʠ ʚʠʱʝ 10 ʢɻʮ, ʨʽʚʝʥʴ ʷʢʠʭ ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʜɹ/ʤʢɺ, ʥʘʟʠʚʘʶʪʴʩʷ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʤʠ ʟʘʚʘʜʘʤʠ.  

ʗʢ ʚʞʝ ʙʫʣʦ ʚʢʘʟʘʥʦ ʨʘʥʽʰʝ, ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʠʢʘʥʥʷ ʩʠʣʦʚʦʛʦ 

ʢʣʶʯʘ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʢʦʤʫʪʘʮʽʾ, ʘʣʝ ʪʘʢʦʞ 

ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʦʪʚʦʨʝʥʴ ʬʦʨʤʠ ʥʘʧʨʫʛʠ ʚ 

ʤʦʤʝʥʪ ʢʦʤʫʪʘʮʽʾ ʢʣʶʯʘ [8].  

ʉʧʝʢʪʨʠ ʩʠʛʥʘʣʽʚ ʩʪʨʫʤʫ ʥʘ ʚʭʦʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʰʚʠʜʢʦʩʪʽ ʥʘʨʦʩʪʘʥʥʷ ʬʨʦʥʪʫ/ʩʧʘʜʫ ʩʠʛʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ 1.2 ʪʘ 1.3.  
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ʈʠʩʫʥʦʢ 1.2 ï ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ ʩʪʨʫʤʫ ʥʘ ʚʭʦʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 

ʥʘʨʦʩʪʘʥʥʷ ʬʨʦʥʪʫ/ʩʧʘʜʫ ʩʠʛʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ 2 ʥʩ 

 

  

ʈʠʩʫʥʦʢ 1.3 ï ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ ʩʪʨʫʤʫ ʥʘ ʚʭʦʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 

ʥʘʨʦʩʪʘʥʥʷ ʬʨʦʥʪʫ/ʩʧʘʜʫ ʩʠʛʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ 50 ʥʩ 

 

ʉʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʠʥʠʢʘʶʪʴ ʢʦʣʠ ʩʪʨʫʤ, ʱʦ ʧʨʦʪʽʢʘʻ 

ʯʝʨʝʟ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ. ʅʘʚʽʪʴ ʷʢʱʦ ʧʦʩʣʽʜʦʚʥʦ 

ʟ'ʻʜʥʘʥʠʡ ʢʦʤʧʦʥʝʥʪ ʥʝ ʽʥʜʫʢʪʠʚʥʠʡ ʯʠ ʟʘʰʫʥʪʦʚʘʥʠʡ, ʧʘʨʘʟʠʪʥʽ ʽʥʜʫʢʪʠʚʥʦʩʪʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʘʢʦʛʦ ʞ ʝʬʝʢʪʫ.  

ʊʠʧʦʚʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʚʽ ʛʨʫʧʠ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʟʫ ʫ ʯʘʩʦʚʽʡ ʪʘ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʷʭ. ɸʥʘʣʽʟ ʫ ʢʦʞʥʽʡ ʽʟ 

ʚʠʱʝʚʢʘʟʘʥʠʭ ʦʙʣʘʩʪʝʡ ʤʘʻ ʚʣʘʩʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤ [9]. 
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ʄʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʻ ʧʨʘʢʪʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʨʦʮʝʩʘʭ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʢʦʣʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʟ  ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʯʘʩʦʚʽʡ 

ʦʙʣʘʩʪʽ ʽʟ ʧʦʜʘʣʴʰʠʤ ʧʝʨʝʭʦʜʦʤ ʜʦ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ 

(FFT). ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ ʧʨʦʮʝʩʠ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʢʣʘʜʦʚʠʭ ʢʦʣʘ ʚʢʣʶʯʥʦ ʽʟ ʩʠʣʦʚʠʤʠ ʢʣʶʯʘʤʠ ʪʘ ʧʘʩʠʚʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. ʊʘʢʦʞ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʧʘʨʘʟʠʪʥʽ ʻʤʥʦʩʪʽ ʪʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, 

ʪʦʧʦʣʦʛʽʷ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʪʘ ʽʥʰʝ. ʍʦʯ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʽ ʻ 

ʚʩʝʦʭʦʧʣʶʶʯʠʤ, ʘʣʝ ʩʘʤʝ ʯʝʨʝʟ ʮʝ ʜʦʩʠʪʴ ʚʘʞʢʦ ʩʪʚʦʨʠʪʠ ʜʦʩʪʫʧʥʫ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʤʦʜʝʣʴ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ.  

ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʦʩʣʽʜʞʝʥʥʽ ʜʞʝʨʝʣʘ ʪʘ 

ʰʣʷʭʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʚʘʜ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʫʪʚʦʨʝʥʥʷ ʪʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʚʘʜ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʷʢ ʬʫʥʢʮʽʷ ʚʽʜ ʯʘʩʪʦʪʠ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, 

ʩʧʝʢʪʨ ʟʘʚʘʜ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʙʽʣʴʰ ʧʨʦʩʪʠʤ ʪʘ 

ʰʚʠʜʢʠʤ ʩʧʦʩʦʙʦʤ ʥʽʞ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʜʘʥʦʛʦ 

ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʝ, ʱʦ ʚʽʥ ʻ ʥʝʪʦʯʥʠʤ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʚʘʜ ʫ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ʐʣʷʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʚʘʜ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʫ ʧʝʨʝʤʠʢʘʥʥʷ 

ʩʠʣʦʚʦʛʦ ʢʣʶʯʘ. ʐʣʷʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʢʦʥʜʫʢʪʠʚʥʦʾ ʟʘʚʘʜʠ ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʝ 

ʢʦʣʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʧʨʠ ʥʝʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ (ʉM) 

ʢʣʶʯʘ [9] ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.4.  
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ʈʠʩʫʥʦʢ 1.4 ï ʈʦʟʧʦʩʶʜʞʝʥʥʷ ʢʦʥʜʫʢʪʠʚʥʦʾ ʟʘʚʘʜʠ ʧʨʠ ʥʝʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ 

ʨʦʙʦʪʠ ʜʣʷ ʧʽʜʚʠʱʫʶʯʦʛʦ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʘ) ʝʢʚʽʚʘʣʝʥʪʥʝ ʢʦʣʦ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʚʘʜʠ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ (ʙ) 

 

ʅʘʧʨʫʛʘ Vds ʥʘ ʢʣʶʯʽ S ʥʘ ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ ʢʦʣʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʥʘʧʨʫʛʘ Vn, 

ʱʦ ʧʦʟʥʘʯʘʻ ʜʞʝʨʝʣʦ ʟʘʚʘʜ. ʇʘʨʘʟʠʪʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ Cp, ʯʝʨʝʟ ʷʢʠʡ ʩʠʛʥʘʣ ʟʘʚʘʜʠ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘʟʘʜ ʜʦ ʢʣʶʯʘ S, ʻ ʪʠʧʦʚʦʶ ʧʘʨʘʟʠʪʥʦʶ ʻʤʥʽʩʪʶ ʤʽʞ ʩʪʦʢʦʤ 

ʪʨʘʥʟʠʩʪʦʨʘ ʪʘ ʟʘʟʝʤʣʝʥʥʷʤ. ʄʝʨʝʞʘ LISN (Line Impedance Stabilization Network) 

ï ʩʠʩʪʝʤʘ ʥʘ ʷʢʽʡ ʬʽʢʩʫʻʪʴʩʷ ʨʽʚʝʥʴ ʟʘʚʘʜʠ. 

ɼʣʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʨʝʞʠʤʫ ʨʽʚʝʥʴ ʟʘʚʘʜʠ, ʱʦ ʙʫʜʝ ʚʠʥʠʢʘʪʠ ʥʘ LISN ʤʦʞʥʘ 

ʦʧʠʩʘʪʠ ʚʠʨʘʟʦʤ [9]: 
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ʐʣʷʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʚʘʜʠ ʧʨʠ ʨʝʞʠʤʽ ʟ ʧʝʨʝʨʠʚʘʥʥʷʤʠ (DM) 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.5 [9]. 
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ʈʠʩʫʥʦʢ 1.5 ï ʐʣʷʭ ʨʦʟʧʦʩʶʜʞʝʥʥʷ ʢʦʥʜʫʢʪʠʚʥʦʾ ʟʘʚʘʜʠ ʧʨʠ ʨʝʞʠʤʽ ʟ 

ʧʝʨʝʨʠʚʘʥʥʷʤʠ ʜʣʷ ʧʽʜʚʠʱʫʶʯʦʛʦ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʧʽʜʚʠʱʫʶʯʦʛʦ DC/DC-

ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ɹʫʣʦ ʦʙʨʘʥʦ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ [9]: ʨʦʙʦʯʘ 

ʯʘʩʪʦʪʘ 103 ʢɻʮ, ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ 12 ɺ, ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ 48 ɺ, ʧʘʨʘʟʠʪʥʘ ʻʤʥʽʩʪʴ    

Cp = 1 ʥʌ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʨʘʤʥʦʛʦ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [9] 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.6 ʪʘ 1.7.  
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ʈʠʩʫʥʦʢ 1.6 ï ʌʦʨʤʘ ʩʠʛʥʘʣʫ ʥʘʧʨʫʛʠ ʥʘ ʢʣʶʯʽ S ʪʘ ʩʪʨʫʤʫ ʯʝʨʝʟ ʢʦʪʫʰʢʫ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ L ʧʽʜʚʠʱʫʶʯʦʛʦ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʦʪʨʠʤʘʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʌʦʨʤʘ ʩʠʛʥʘʣʫ ʥʘʧʨʫʛʠ ʥʘ ʢʣʶʯʽ S ʧʽʜʚʠʱʫʶʯʦʛʦ DC/DC-

ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʽ 

 

ʉʧʝʢʪʨʠ ʢʦʥʜʫʢʪʠʚʥʦʾ ʟʘʚʘʜʠ, ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ [9], ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ 1.8.  
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ʈʠʩʫʥʦʢ 1.8 ï ʉʧʝʢʪʨʠ ʢʦʥʜʫʢʪʠʚʥʦʾ ʟʘʚʘʜʠ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʧʨʠ 

ʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʦʪʨʠʤʘʪʠ ʩʧʝʢʪʨ ʢʦʥʜʫʢʪʠʚʥʦʾ ʟʘʚʘʜʠ, ʱʦ ʨʦʙʠʪʴ ʮʝʡ ʤʝʪʦʜ ʜʦʮʽʣʴʥʠʤ 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʚʘʜ ʩʪʚʦʨʶʚʘʥʠʭ ʽʤʧʫʣʴʩʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ [9]. 

ɼʣʷ ʦʩʣʘʙʣʝʥʥʷ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ, ʷʢ ʜʦʜʘʪʦʢ ʜʦ ʬʽʣʴʪʨʘʮʽʾ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʠʡ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ, ʷʢ ʨʦʟʰʠʨʝʥʥʷ ʛʝʥʝʨʦʚʘʥʦʛʦ ʩʧʝʢʪʨʫ 

[4]. ʎʶ ʪʝʭʥʦʣʦʛʽʶ, ʱʦ ʦʜʝʨʞʘʣʘ ʥʘʟʚʫ Spread Spectrum, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ 

ʩʠʩʪʝʤʘʭ ʟʚ'ʷʟʢʫ, ʜʝ ʚʦʥʘ ʧʦʢʘʟʘʣʘ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɺʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʽʤʧʫʣʴʩʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ. ɿʦʢʨʝʤʘ, ʢʦʤʧʘʥʽʷ Analog Devices 

ʫ ʣʠʩʪʦʧʘʜʽ 2016 ʛ ʘʥʦʥʩʫʚʘʣʘ ʚʠʧʫʩʢ ʢʦʥʪʨʦʣʝʨʘ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʫ ʷʢʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ Spread Spectrum, ʨʝʘʣʽʟʦʚʘʥʫ ʟʘ  ʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ 

ʩʠʛʥʘʣʫ ʛʝʥʝʨʘʪʦʨʘ ʫʧʨʘʚʣʽʥʥʷ ʩʠʣʦʚʠʤʠ ʢʣʶʯʘʤʠ [4].  

ʊʝʭʥʦʣʦʛʽʶ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ (Spread Spectrum) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʫ ʩʠʩʪʝʤʘʭ ʟʚ'ʷʟʢʫ ʡ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʪʝʭʥʽʮʽ, ʘʣʝ ʟʥʘʯʥʦ ʨʽʜʰʝ ʚ ʜʞʝʨʝʣʘʭ ʞʠʚʣʝʥʥʷ.  

ʋ ʩʠʩʪʝʤʘʭ ʟʚ'ʷʟʢʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʨʦʟʰʠʨʝʥʠʤ ʩʧʝʢʪʨʦʤ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʤʦʜʫʣʴʦʚʘʥʠʭ, ʫ ʷʢʠʭ 

ʝʥʝʨʛʽʶ ʢʦʥʮʝʥʪʨʦʚʘʥʦ ʚ ʤʝʞʘʭ ʥʦʩʽʡʥʦʾ ʯʘʩʪʦʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ  ʧʨʦʪʠʣʝʞʥʠʡ 

ʧʽʜʭʽʜ ï ʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ ʚ ʜʫʞʝ ʰʠʨʦʢʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ [4]. ɺʽʜʦʤʦ, ʱʦ ʯʠʤ 

ʩʠʣʴʥʽʰʝ ʩʢʦʥʮʝʥʪʨʦʚʘʥʦ ʝʥʝʨʛʽʶ ʩʠʛʥʘʣʫ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʦʢʨʝʤʦʾ ʦʜʠʥʠʮʽ 
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ʽʥʬʦʨʤʘʮʽʾ, ʪʠʤ ʚʠʱʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʫʣʷʮʽʾ. ʅʘ ʨʠʩ. 1.9 ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ 

ʧʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʽʚ ʩʠʛʥʘʣʽʚ ʫʧʨʘʚʣʽʥʥʷ ʢʣʶʯʝʤ: ʧʝʨʰʠʡ ʩʪʘʥʦʚʠʪʴ ʩʦʙʦʶ 

ʟʚʠʯʘʡʥʠʡ ʐɯʄ-ʩʠʛʥʘʣ, ʘ ʽʥʰʠʡ ï ʩʠʛʥʘʣ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ. 

 

 

ʈʠʩʫʥʦʢ 1.9 ï ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʐɯʄ ʙʝʟ ʨʦʟʤʠʪʪʷ 

ʩʧʝʢʪʨʫ (ʘ), ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ spread spectrum (ʙ) 

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ ʨʽʚʝʥʴ ʧʝʨʰʦʾ ʛʘʨʤʦʥʽʢʠ ʥʘ 

ʨʠʩ. 1.9 (ʙ) ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʡʞʝ ʚ ʜʚʘ ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʧʝʢʪʨʦʤ ʥʘ ʨʠʩ. 1.9 (ʘ). 

ɿʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʚʘʜʠ ʚ ʦʙʣʘʩʪʽ ʧʝʨʰʦʾ ʛʘʨʤʦʥʽʢʠ ʩʪʘʥʦʚʠʪʴ 6 ʜɹ. ɿʥʘʯʥʦʶ 

ʤʽʨʦʶ ʩʪʫʧʽʥʴ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʜʝʢʩʫ ʤʦʜʫʣʷʮʽʾ ʥʦʩʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ.  

ʉʤʫʛʘ ʯʘʩʪʦʪ, ʷʢʫ ʟʘʡʤʘʻ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ, ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʝʥʘ (ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ʚ ʤʝʞʘʭ ʚʽʜ 10 ʜʦ 10000) ʟʘ ʾʭʥʴʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʚʽʡʢʦʚʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ ʨʽʟʥʠʭ 

ʤʝʪʦʜʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʻ ʜʚʘ ʢʦʨʠʩʥʽ ʝʬʝʢʪʠ. 

ɽʬʝʢʪ ʧʝʨʰʠʡ ï ʨʦʟʦʩʝʨʝʜʞʝʥʥʷ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ ʚ ʤʝʞʘʭ ʜʫʞʝ ʰʠʨʦʢʦʾ 

ʩʤʫʛʠ ʯʘʩʪʦʪ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʟʥʠʞʫʻ ʩʧʝʢʪʨʘʣʴʥʫ ʛʫʩʪʠʥʫ ʧʦʪʫʞʥʦʩʪʽ ʚ ʙʫʜʴ-ʷʢʽʡ 

ʪʦʯʮʽ ʩʧʝʢʪʨʘ. 
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ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʘʚʘʜ ʦʙʫʤʦʚʠʣʘ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ Spread Spectrum ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ. 

ʅʘʡʧʨʦʩʪʽʰʠʤ ʩʧʦʩʦʙʦʤ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ ʻ ʯʘʩʪʦʪʥʘ ʤʦʜʫʣʷʮʽʷ ʩʠʛʥʘʣʫ 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʤʠʢʘʥʥʷʤ ʩʠʣʦʚʠʭ ʢʣʶʯʽʚ ʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʥʘʧʨʫʛʠ. ʅʘ ʨʠʩ. 

1.10 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʝʢʪʨ ʩʠʛʥʘʣʫ ʟʘʚʘʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʤʠʪʪʷ 

ʩʧʝʢʪʨʫ ʧʨʠ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ ʤʦʜʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ DC/DC-ʧʝʨʝʪʦʚʨʶʚʘʯʘ. 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ʉʧʝʢʪʨ ʢʦʥʜʫʢʪʠʚʥʦʾ ʟʘʚʘʜʠ ʥʘ ʚʭʦʜʽ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʨʠ 

ʯʘʩʪʦʪʽ ʤʦʜʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ 1 ʢɻʮ (ʘ) ʪʘ 100 ʢɻʮ (ʙ) ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ Spread 

Spectrum 

 

ʇʨʠ ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ʩʠʛʥʘʣʦʤ ʟ ʯʘʩʪʦʪʦʶ 1 ʢɻʮ, ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʛʘʨʤʦʥʽʢʠ ʟʘʚʘʜʠ ʩʪʘʥʦʚʠʪʴ -14 ʜɹ, ʘ ʧʨʠ 100 ʢɻʮ -4 ʜɹ. ɼʘʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʚʽʜ ʚʠʙʦʨʫ ʯʘʩʪʦʪʠ ʤʦʜʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʡʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʟ ʯʘʩʪʦʪʦʶ ʩʠʛʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ, ʟʥʘʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʨʽʚʝʥʴ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʩʢʘʜʦʚʦʾ ʢʦʥʜʫʢʪʠʚʥʦʾ ʟʘʚʘʜʠ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʛʥʘʣʫ ʪʨʠʢʫʪʥʦʾ ʬʦʨʤʠ ʫ ʷʢʦʩʪʽ 

ʤʦʜʫʣʶʶʯʦʛʦ [4]. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ 
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ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʽʥʜʝʢʩʫ ʤʦʜʫʣʷʮʽʾ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʽʥʜʝʢʩʫ 

ʤʦʜʫʣʷʮʽʾ ʚʠʱʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʯʝʨʝʟ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʫ 

ʩʧʝʢʪʨʽ ʫʧʨʘʚʣʷʶʯʦʛʦ ʩʠʛʥʘʣʫ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʘʜʘʧʪʠʚʥʦʛʦ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʛʦ 

ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʯʘʩʪʦʪʠ (AFM) ʥʦʩʽʡʥʘ ʯʘʩʪʦʪʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʤʽʥʶʻʪʴʩʷ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʫ ʧʝʚʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʘ ʟ ʥʦʩʽʡʥʠʭ ʯʘʩʪʦʪ ʽ 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʝʶ ʙʽʯʥʠʭ ʩʤʫʛ ʤʘʶʪʴ ʟʘʣʠʰʘʪʠʩʷ ʚ ʤʝʞʘʭ ʰʠʨʠʥʠ ʩʤʫʛʠ, 

ʚʽʜʚʝʜʝʥʦʾ ʜʣʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ. ʊʝʭʥʦʣʦʛʽʷ ʘʜʘʧʪʠʚʥʦʛʦ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ 

ʯʘʩʪʦʪʠ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʪʨʠʤʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ [10]: 

1. ʏʘʩʪʦʪʘ ʫʧʨʘʚʣʽʥʥʷ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʫ ʚʠʧʘʜʢʦʚʦʤʫ ʨʝʞʠʤʽ 

ʧʝʨʝʤʠʢʘʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʙʤʝʞʝʥʘ ʫ ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ʏʘʩʪʦʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʤʦʜʫʣʶʻʪʴʩʷ ʩʠʛʥʘʣʦʤ ʟ ʚʠʧʘʜʢʦʚʦʶ ʯʘʩʪʦʪʦʶ ʽʟ ʜʽʘʧʘʟʦʥʫ 

ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ (hop-set) (ʨʠʩ. 1.11).  

2. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ ʧʦʚʠʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚʫʟʦʣ ʣʽʥʽʡʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʽʤʧʝʜʘʥʩʫ (LISN). 

3. ʇʦʚʠʥʝʥ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʦʪ ʫ ʜʽʘʧʘʟʦʥʽ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ 

(hop-set). ʏʘʩʪʦʪʠ, ʥʘ ʷʢʠʭ ʚʠʥʠʢʘʶʪʴ ʟʘʚʘʜʠ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʯʽʪʢʦ ʫʟʛʦʜʞʝʥʥʽ ʷʢ 

"ʥʝʙʘʞʘʥʽ". 

4. ʅʝʙʘʞʘʥʽ ʯʘʩʪʦʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʜʘʣʝʥʽ ʽʟ ʥʘʙʦʨʫ ʯʘʩʪʦʪ 

ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ, ʱʦ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ 

ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʩʠʛʥʘʣʫ. 
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ʈʠʩʫʥʦʢ 1.11 ï ʄʦʜʠʬʽʢʘʮʽʷ ʚʠʙʽʨʢʠ ʯʘʩʪʦʪ ʽʟ ʜʽʘʧʘʟʦʥʫ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʦʨʫ ʚʠʧʘʜʢʦʚʠʭ ʯʘʩʪʦʪ ʫ ʚʠʟʥʘʯʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ 

hop-set (ʘ), ʥʘʙʦʨʫ "ʥʝʙʘʞʘʥʠʭ ʯʘʩʪʦʪ" (ʙ), ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʥʘʙʦʨʫ ʯʘʩʪʦʪ AFH (ʩ) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʭʥʦʣʦʛʽʷ ʘʜʘʧʪʠʚʥʦʛʦ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʯʘʩʪʦʪʠ 

ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʘ ʟʘʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ ʫ DC/DC-

ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ [10]. ɺʧʣʠʚ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ɽʄɿ ʙʫʚ 

ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʨʠʩ.1.12). 

 

 

ʈʠʩʫʥʦʢ 1.12 ï ʇʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʧʽʜʚʠʱʫʶʯʦʛʦ DC/DC-

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʐɯʄ (PWM) ʪʘ ʩʠʛʥʘʣʫ ʟ AFM 
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ʊʝʭʥʦʣʦʛʽʷ AFM ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ ʷʢ ʫ 

ʜʽʘʧʘʟʦʥʽ ʥʠʟʴʢʠʭ ʪʘʢ ʽ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ [10].  

ɿʘʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʛʝʥʝʨʘʪʦʨʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʥʘ ʙʘʟʽ FPGA (field-programmable 

gate array) [11].  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ ʫ ʩʠʣʦʚʠʭ ʢʣʶʯʘʭ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʤ'ʷʢʦʛʦ ʧʝʨʝʤʠʢʘʥʥʷ SS (soft switching). ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʞʦʨʩʪʢʦʛʦ ʧʝʨʝʤʠʢʘʥʥʷ HS (hard switching), ʧʨʠ SS ʩʪʨʫʤ ʯʠ 

ʥʘʧʨʫʛʘ ʩʧʘʜʘʶʪʴ ʜʦ ʥʫʣʷ ʘʙʦ ʜʦ ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʦʛʦ ʜʦ ʥʫʣʷ. ʇʨʠ ʮʴʦʤʫ 

ʧʝʨʝʤʠʢʘʥʥʷ ʥʘʧʨʫʛʠ ʘʙʦ ʩʪʨʫʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʜʦʩʷʛʪʠ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʥʘʢʣʘʜʘʥʥʷ ʾʭ ʩʠʛʥʘʣʽʚ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʚʜʘʻʪʴʩʷ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ 

ʚʪʨʘʪ ʧʨʠ ʧʝʨʝʤʠʢʘʥʥʽ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʘʥʦʛʦ ʪʠʧʫ ʧʝʨʝʤʠʢʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʜʝʤʧʬʝʨʥʽ LC- ʘʙʦ RLC-ʢʦʥʪʫʨʠ. ʅʘ ʨʠʩ. 1.13-1.14 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʝʢʪʨʠ 

ʢʦʥʜʫʢʪʠʚʥʦʾ ʟʘʚʘʜʠ ʜʣʷ ʞʦʨʩʪʢʦʛʦ ʪʘ ʤ'ʷʢʦʛʦ ʨʝʞʠʤʽʚ ʧʝʨʝʤʠʢʘʥʥʷ ʢʣʶʯʘ ʥʘ 

ʧʨʠʢʣʘʜʽ ʩʭʝʤʠ ʧʨʷʤʦʭʦʜʦʚʦʛʦ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ ʙʝʟ ʪʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ RDC-ʜʝʤʧʬʝʨʘ [12]. 

 

 

ʈʠʩʫʥʦʢ 1.13 ï ʇʨʷʤʦʭʦʜʦʚʠʡ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯ ʽʟ ʘʢʪʠʚʥʠʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʙʝʟ ʜʝʤʧʬʝʨʘ (hard switching) 
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ʈʠʩʫʥʦʢ 1.14 ï ʇʨʷʤʦʭʦʜʦʚʠʡ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯ ʽʟ ʘʢʪʠʚʥʠʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʟ ʜʦʜʘʪʢʦʚʠʤ ʜʝʤʧʬʝʨʦʤ (soft switching) 

 

1.3 ɺʧʣʠʚ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ ʥʘ ʨʽʚʝʥʴ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ 

  

ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʶ ʤʦʜʫʣʷʮʽʻʶ (ʐɯʄ) ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʦʥʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʪʘ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ [9]. ʇʨʦʪʝ, ʯʝʨʝʟ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ dv/dt ʪʘ di/dt, ʧʽʜ ʯʘʩ ʢʦʤʫʪʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʚʠʥʠʢʘʶʪʴ ʥʝʙʘʞʘʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʩʧʦʪʚʦʨʝʥʥʷ. 

ʏʘʩʪʢʦʚʦ, ʫ ʐɯʄ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʠʡ ʪʨʠʢʫʪʥʠʡ ʯʠ 

ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʥʦʩʽʡʥʠʡ  ʩʠʛʥʘʣ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʫʧʨʘʚʣʷʶʯʦʛʦ ʩʠʛʥʘʣʫ ʐɯʄ. ʎʝʡ ʥʦʩʽʡʥʠʡ ʩʠʛʥʘʣ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʛʘʨʤʦʥʽʢʠ ʫ 

ʩʧʝʢʪʨʽ ʦʩʥʦʚʥʦʾ ʥʦʩʽʡʥʦʾ ʯʘʩʪʦʪʠ. ɿʘʚʘʜʠ ʩʧʨʠʯʠʥʝʥʽ ʧʦʷʚʦʶ ʮʠʭ ʛʘʨʤʦʥʽʢ, 

ʟʘʟʚʠʯʘʡ, ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ, ʱʦ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ 

ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʘʥʜʘʨʪʘʤ ɽʄʉ.  

ʑʦʙ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʩʪʚʦʨʶʚʘʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʟ ʐɯʄ ʢʦʥʜʫʢʪʠʚʥʠʭ 

ʟʘʚʘʜ, ʧʨʦʝʢʪʫʶʪʴʩʷ ʧʦʢʨʘʱʝʥʽ, ʟ ʪʦʯʢʠ ʟʦʨʫ ɽʄʉ, ʩʭʝʤʠ. ʌʽʣʴʪʨʠ ɽʄɿ ʻ 

ʥʘʡʢʨʘʱʠʤ ʩʧʦʩʦʙʦʤ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ, ʘ ʝʢʨʘʥʫʚʘʥʥʷ 

ʟʤʝʥʰʫʻ ʨʽʚʝʥʴ ʽʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ, ʜʦʟʚʦʣʷʶʯʠ ʙʣʦʢʫʚʘʪʠ ʰʣʷʭ ʾʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  
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ʋ ʐɯʄ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʥʘʧʨʫʛʠ ʩʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ʩʠʣʦʚʠʤ ʢʣʶʯʝʤ 

ʫʪʚʦʨʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʢʦʤʧʘʨʘʪʦʨʫ ʟ ʜʚʦʤʘ ʩʠʛʥʘʣʘʤʠ ʥʘ ʚʭʦʜʽ [12]. ʈʽʟʥʠʮʝʚʠʡ 

ʘʙʦ ʤʦʜʫʣʶʶʯʠʡ ʩʠʛʥʘʣ, ʟʘʟʚʠʯʘʡ, ʻ ʩʠʛʥʘʣʦʤ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʬʦʨʤʠ ʽʟ ʟʤʽʥʥʦʶ 

ʯʘʩʪʦʪʦʶ. ɼʨʫʛʠʡ ʩʠʛʥʘʣ ʻ ʥʦʩʽʡʥʠʤ ʽ ʤʘʻ ʪʨʠʢʫʪʥʫ ʘʙʦ ʩʠʥʫʩʦʾʜʘʣʴʥʫ ʬʦʨʤʫ. 

ʁʦʛʦ ʯʘʩʪʦʪʘ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʯʘʩʪʦʪʫ ʨʽʟʥʠʮʝʚʦʛʦ ʩʠʛʥʘʣʫ. ʋ ʧʨʦʮʝʩʽ 

ʧʦʨʽʚʥʷʥʥʷ ʢʦʤʧʘʨʘʪʦʨʦʤ ʨʽʟʥʠʮʝʚʦʛʦ ʪʘ ʥʦʩʽʡʥʦʛʦ ʩʠʛʥʘʣʽʚ ʥʘ ʚʠʭʦʜʽ ʐɯʄ 

ʤʦʜʫʣʷʪʦʨʘ ʬʦʨʤʫʻʪʴʩʷ ʩʠʛʥʘʣ ʽʟ ʽʤʧʫʣʴʩʽʚ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʽʟ ʨʽʟʥʦʶ 

ʪʨʠʚʘʣʽʩʪʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʪʨʦʣʴ ʨʦʙʦʪʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ.  

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ fc ï ʯʘʩʪʦʪʘ ʥʦʩʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʘ fr ï ʯʘʩʪʦʪʘ ʤʦʜʫʣʶʶʯʦʛʦ  

ʩʠʛʥʘʣʫ. ʉʠʥʫʩʦʾʜʘʣʴʥʠʡ ʥʦʩʽʡʥʠʡ ʩʠʛʥʘʣ ʦʧʠʩʘʥʦ ʚʠʨʘʟʦʤ: 

 

                                   ( ) sin[ ( )] sin(2 ( ) ),
0

c t A t A f t
s c c

f p f= = +                             (1.2) 

 

ʜʝ A ï ʘʤʧʣʽʪʫʜʘ ʥʦʩʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ὲʩ(t) ï ʬʘʟʘ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʥʦʩʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʘ ὲ0 ï ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ ʩʠʛʥʘʣʫ.  

ɸʥʘʣʽʟ ʌʫʨ'ʻ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʐɯʄ ʤʦʜʫʣʷʪʦʨʘ ʧʦʢʘʟʫʻ, ʱʦ ʜʘʥʠʡ ʩʠʛʥʘʣ 

ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʛʘʨʤʦʥʽʯʥʽ ʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʦʨʷʜʢʫ (nfc Ñ kfr), ʜʝ n ʽ k -         

ʥʝʚʽʜ'ʻʤʥʽ ʟʤʽʥʥʽ. ʇʨʠ ʫʤʦʚʽ, ʱʦ n=0 ʘ k=1, ʛʘʨʤʦʥʽʢʠ ʤʦʜʫʣʶʶʯʦʾ ʯʘʩʪʦʪʠ 

ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʚʠʭʽʜ ʐɯʄ ʤʦʜʫʣʷʪʦʨʘ (ʨʠʩ. 1.15). 

 

 

ʈʠʩʫʥʦʢ 1.15 ï ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ ʩʪʨʫʤʫ ʥʘ ʚʭʦʜʽ ʧʽʜʚʠʱʫʶʯʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ 

ʐɯʄ ʟ ʥʦʩʽʡʥʦʶ ʯʘʩʪʦʪʦʶ ʯʘʩʪʦʪʦʶ ʤʦʜʫʣʷʪʦʨʘ 50 ʢɻʮ 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʩʫ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʨʽʚʝʥʴ ʛʘʨʤʦʥʽʯʥʠʭ 

ʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʜʘʻʪʴʩʷ ʟʤʝʥʰʠʪʠ, ʘʣʝ ʧʦʚʥʦʶ ʤʽʨʦʶ ʬʽʣʴʪʨʫʚʘʪʠ ʾʭ 

ʥʝʤʦʞʣʠʚʦ. 

ɽʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ ʜʞʝʨʝʣʘʤʠ 

ʞʠʚʣʝʥʥʷ ʽʟ ʐɯʄ ʻ ʤʝʪʦʜ ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ʩʠʛʥʘʣʦʤ ʽʟ ʚʠʧʘʜʢʦʚʦʶ 

ʯʘʩʪʦʪʦʶ CFM (ʉhaotic Frequency Modulation) [13]. ʆʩʥʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʚʽʜ 

ʪʝʭʥʦʣʦʛʽʾ Spread Spectrum ʻ ʪʝ, ʱʦ ʫ ʦʩʪʘʥʥʽʡ ʯʘʩʪʦʪʥʘ ʤʦʜʫʣʷʮʽʷ ʩʠʛʥʘʣʫ 

ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ ʤʦʜʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ. 

ʊʠʧʦʚʠʡ ʏʄ ʩʠʛʥʘʣ ʤʘʻ ʯʘʩʪʦʪʫ ʥʦʩʽʡʥʦʛʦ ʩʠʛʥʘʣʫ fc, ʦʪʞʝ ʩʠʛʥʘʣ 

ʫʧʨʘʚʣʽʥʥʷ ʉs(t) ʟ ʯʘʩʪʦʪʦʶ ʤʦʜʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ fm, ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

 

                                           
( ) sin(2 ( ) ( )),C t A f t mx t

s c
p= +                                         (1.3) 

 

ʜʝ A ï ʘʤʧʣʽʪʫʜʘ ʏʄ ʩʠʛʥʘʣʫ, m ï ʩʪʫʧʽʥʴ ʤʦʜʫʣʷʮʽʾ, x(t) ï ʤʦʜʫʣʶʶʯʠʡ ʩʠʛʥʘʣ. 

ɿʘʟʚʠʯʘʡ ʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʥʘʧʨʫʛʠ ʩʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ʤʘʻ ʧʨʷʤʦʢʫʪʥʫ ʬʦʨʤʫ, 

ʦʪʞʝ ʏʄ ʩʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʚʠʨʘʟʫ: 

 

                                       
( ) sin(2 ( ) ( )),C t A SQ f t mx t

s c
p= Ö Ö +                               (1.4) 

 

ʜʝ SQ(t) ï ʬʫʥʢʮʽʷ ʩʠʛʥʘʣʫ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ. ʂʦʣʠ ʤʦʜʫʣʶʶʯʠʡ ʩʠʛʥʘʣ ʽʟ 

ʯʘʩʪʦʪʦʶ fm ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ʽʟ ʯʘʩʪʦʪʦʶ fc - 

ʛʘʨʤʦʥʽʢʠ ʟʘʚʘʜʠ ʙʫʜʫʪʴ ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠʩʴ ʥʘ ʯʘʩʪʦʪʘʭ ʢʨʘʪʥʠʭ fc ʪʘ fcÑfm . ʇʨʠ 

ʉFM ʧʦʪʫʞʥʽʩʪʴ ʟʘʚʘʜʠ ʙʫʜʝ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʚʩʴʦʤʫ ʩʧʝʢʪʨʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ ʚʠʧʘʜʢʦʚʦʾ ʯʘʩʪʦʪʠ ʤʦʜʫʣʷʮʽʾ ʉFM, ʱʦ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʴ ʨʽʚʝʥʴ 

ʛʘʨʤʦʥʽʢʠ ʟʘʚʘʜʠ ʥʘ ʯʘʩʪʦʪʽ fc.  

ɼʣʷ ʪʠʧʦʚʦʛʦ ʧʽʜʚʠʱʫʶʯʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʂʂʇ (ʢʦʨʝʢʮʽʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʪʫʞʥʦʩʪʽ), ʱʦ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʢʦʤʫʪʘʮʽʾ ʟ ʧʝʨʝʨʠʚʘʥʥʷʤʠ, ʰʚʠʜʢʽʩʪʴ ʩʧʘʜʘʥʥʷ 

ʩʢʣʘʜʦʚʠʭ ʩʧʝʢʪʨʫ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʩʪʘʥʦʚʠʪʴ 40 ʜɹ/ʜʝʢ. [14], ʘ ʜʣʷ ʥʝʧʝʨʝʨʚʥʦʛʦ 

ʨʝʞʠʤʫ 0 ʜɹ/ʜʝʢ. ʋ ʟʚ'ʷʟʢʫ ʟ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ 
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ʽʤʧʫʣʴʩʽʚ ʚʩʝʨʝʜʠʥʽ ʧʽʚʧʝʨʽʦʜʫ, ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʩʧʝʢʪʨ ʟʘʚʘʜʠ ʢʦʨʝʢʪʦʨʘ ʚʘʞʢʦ 

ʚʠʟʥʘʯʠʪʠ. ʊʘ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʧʝʢʪʨʫ ʟʘʚʘʜ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʩʝ 

ʟʤʽʥʶʻʪʴʩʷ. ʇʨʠ ʨʦʙʦʪʽ ʚ ʥʝʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʢʦʞʥʘ ʛʘʨʤʦʥʽʢʘ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʬʫʥʢʮʽʷ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʠʥʠʢʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʟʘʚʘʜʠ ʰʣʷʭʦʤ ʧʽʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʟ ʪʦʯʢʠ ʟʦʨʫ 

ɽʄɿ, ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʽʤʧʫʣʴʩʽʚ. 

ʉʪʘʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ ʽʤʧʫʣʴʩʽʚ ʜʣʷ ʟʚʦʨʦʪʥʴʦʭʦʜʦʚʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʱʦ ʧʨʘʮʶʻ ʫ ʥʝʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʧʝʨʝʤʠʢʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ 

(1.5): 

                                                         
,

in

o

n
D

V
n

V

=

+

                                                        (1.5) 

 

ʜʝ n ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, Vin ï ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ, Vo ï 

ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ.  

ʈ̔ ʚʝʥʴ ʟʘʚʘʜ ʧʨʠ ʥʝʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʢʣʶʯʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʛʠ 

ʥʘ ʪʨʘʥʟʠʩʪʦʨʽ Vds ʪʘ ʚʽʜ ʽʤʧʝʜʘʥʩʫ ʧʘʨʘʟʠʪʥʦʾ ʻʤʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, ʘʤʧʣʽʪʫʜʘ k-ʪʦʾ ʛʘʨʤʦʥʽʢʠ ʜʣʷ ʩʠʛʥʘʣʫ ʬʦʨʤʠ ʪʨʘʧʝʮʽʾ (ʥʝ 

ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʧʘʨʘʟʠʪʥʽ ʩʧʦʪʚʦʨʝʥʥʷ) ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ (1.6): 

 

                                    

sin sin( )
2 ,

r

km m
r

kp kp
T TA V

T
kp kp

T T

t t
t

t t
=                                         (1.6) 

 

ʜʝ Akm ï ʘʤʧʣʽʪʫʜʘ k-ʪʦʾ ʛʘʨʤʦʥʽʢʠ, Vm ï ʘʤʧʣʽʪʫʜʘ ʩʠʛʥʘʣʫ ʤʦʜʫʣʷʮʽʾ ʬʦʨʤʠ 

ʪʨʘʧʝʮʽʾ, T ï ʧʝʨ̔ʦʜ ʩʣʽʜʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ, Űr ï ʪʨʠʚʘʣʽʩʪʴ ʬʨʦʥʪʫ/ʩʧʘʜʫ ʽʤʧʫʣʴʩʽʚ. 

ʇʝʨʰʠʡ ʤʥʦʞʥʠʢ ʦʧʠʩʫʻ ʤʘʛʥʽʪʫʜʫ ʛʘʨʤʦʥʽʢʠ, ʜʨʫʛʠʡ ʪʘ ʪʨʝʪʽʡ ʻ ʧʦʚʪʦʨʶʚʘʥʦʶ 

ʧʦʭ̔ʜʥʦʶ ʬʫʥʢʮʽʻʶ ʚʽʜ sinx/x [14]. ʗʢʱʦ ʧʨʦʽʛʥʦʨʫʚʘʪʠ ʯʘʩ ʥʘʨʦʩʪʘʥʥʷ ʬʨʦʥʪʫ Űr, 

ʢʦʞʥʘ ʛʘʨʤʦʥʽʢʘ ʩʠʛʥʘʣʫ ʥʘʧʨʫʛʠ Vds ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʟʘ (1.7):  
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sin (1 )
2 ,

(1 )
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-
                                        (1.7) 

 

ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʘʤʧʣʽʪʫʜʠ ʧʝʨʰʠʭ ʯʦʪʠʨʴʦʭ ʛʘʨʤʦʥʽʢ ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.16. 

 

 

ʈʠʩʫʥʦʢ 1.16 ï ɿʘʣʝʞʥʦʩʪʽ ʘʤʧʣʽʪʫʜʠ ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʜʣʷ 

(k=1) ʧʝʨʰʦʾ ʛʘʨʤʦʥʽʢʠ (ʘ), (k=2) ʜʨʫʛʦʾ ʛʘʨʤʦʥʽʢʠ (ʙ), (k=3) ʪʨʝʪʴʦʾ ʛʘʨʤʦʥʽʢʠ (ʚ), 

(k=4) ʯʝʪʚʝʨʪʦʾ ʛʘʨʤʦʥʽʢʠ (ʛ) 

 

ɭ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜʙʦʨʫ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʥʘʧʨʷʤʫ 

ʧʦʚ'ʷʟʘʥʘ ʽʟ ʟʥʘʯʝʥʥʷʤ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʋ ʪʘʙʣʠʮʽ 1.1 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʜʣʷ ʪʠʧʦʚʠʭ 

ʜʽʘʧʘʟʦʥʽʚ ʯʘʩʪʦʪ [14]. 
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ʊʘʙʣʠʮʷ ï 1.1. ɿʘʣʝʞʥʽʩʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʧʘʟʦʥʽʚ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ 

fs, ʢɻʮ >150  75 ʢɻʮ ï 150  50 ʢɻʮ ï 75  37.5 ʢɻʮ ï 50  

ʂʦʝʬ. ʟʘʧʦʚʥʝʥʥʷ min min, 0.5 min, 0.33 min, 0.25, 0.5 

 

Cʧʝʢʪʨ ʩʠʛʥʘʣʫ ʽʟ ʦʧʪʠʤʘʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʧʦʚʥʝʥʥʷ ʜʣʷ 

ʧʨʷʤʦʭʦʜʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʟ ʜʚʦʤʘ ʢʣʶʯʘʤʠ [14] ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.17. 

 

 

ʈʠʩʫʥʦʢ 1.17 ï ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ ʧʨʷʤʦʭʦʜʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʟ ʨʦʙʦʯʦʶ 

ʯʘʩʪʦʪʦʶ 78 ʢɻʮ 

 

ʉʫʯʘʩʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʤʽʢʨʦʩʭʝʤʠ ʟʘʟʚʠʯʘʡ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʩʠʥʭʨʦʥʥʦʶ 

ʪʦʧʦʣʦʛʽʻʶ ʫʧʨʘʚʣʽʥʥʷ, ʜʝ ʩʠʛʥʘʣ ʛʣʦʙʘʣʴʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʛʦʜʠʥʥʠʢʘ ʢʦʥʪʨʦʣʶʻ 

ʚʩʶ ʤʽʢʨʦʩʭʝʤʫ [15]. ʆʩʢʽʣʴʢʠ ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʻ ʰʠʨʦʢʦʚʞʠʚʘʥʦʶ, ʩʣʽʜ ʟʚʘʞʘʪʠ 

ʥʘ ʾʾ ʥʝʜʦʣʽʢʠ, ʘ ʩʘʤʝ ï ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʘʚʘʜ, ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʪʚʦʨʶʚʘʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ.  

 

1.4 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʦʧʦʣʦʛʽʾ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʥʘ ʨʽʚʝʥʴ ʟʘʚʘʜ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʩʦʙʽʚ ʙʦʨʦʪʴʙʠ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʟʘʚʘʜʘʤʠ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʦʩʥʦʚʥʽ 

ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ɽʄɿ. ɿʘʚʘʜʠ ʫʪʚʦʨʶʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʧʨʠʩʪʨʦʶ ʪʘ 
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ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʤʦʞʣʠʚʠʤʠ ʩʧʦʩʦʙʘʤʠ ʪʘ ʟʘʚʞʜʠ ʚʠʥʠʢʘʶʪʴ ʥʘ ʚʩʽʭ 

ʚʠʭʦʜʘʭ, ʚʭʦʜʘʭ, ʙʣʦʮʽ ʞʠʚʣʝʥʥʷ ʪʘ ʟʘʟʝʤʣʝʥʥʽ. ʇʦʪʝʥʮʽʡʥʦ, ʢʦʞʝʥ ʚʠʚʽʜ ʥʘ ʧʣʘʪʽ 

ʤʦʞʝ ʙʫʪʠ ʜʞʝʨʝʣʦʤ ʚʠʥʠʢʥʝʥʥʷ ʟʘʚʘʜʠ. 

ʅʘʡʙʽʣʴʰʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʟʘʚʘʜʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʤʽʞ ʚʠʚʦʜʘʤʠ Input/Output 

(I/O) ʽʥʪʝʛʨʘʣʴʥʦʾ ʤʽʢʨʦʩʭʝʤʠ, ʦʩʢʽʣʴʢʠ ʧʣʦʱʠʥʘ ʧʣʘʪʠ, ʚʢʨʠʪʘ ʧʨʦʚʽʜʥʠʢʘʤʠ, ʱʦ 

ʟ'ʻʜʥʘʥʽ ʟ ʥʠʤʠ ʫʪʚʦʨʶʻ ʩʦʙʦʶ ʘʥʪʝʥʫ, ʷʢʘ ʚʠʧʨʦʤʽʥʶʻ ʟʘʚʘʜʠ [16]. ʎʽ ʚʠʚʦʜʠ 

ʪʘʢʦʞ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʷʢ ʜʦ ʚʥʫʪʨʽʰʥʽʭ, ʪʘʢ ʽ ʜʦ ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʩʪʚʦʨʶʻ 

ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʚʘʜ.  

ʉʧʦʪʚʦʨʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʽ ʧʦʚʥʠʤ ʽʤʧʝʜʘʥʩʦʤ ʚʠʭʽʜʥʦʛʦ ʚʠʚʦʜʫ ʪʘ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʪʦʚʦʶ ʯʘʩʪʦʪʦʶ, ʯʝʨʝʟ ʩʧʽʣʴʥʽ ʚʠʚʦʜʠ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʥʘ ʚʩʽ 

ʢʦʤʧʦʥʝʥʪʠ ʧʣʘʪʠ ʪʘ ʥʘ ʟʘʟʝʤʣʝʥʥʷ. ʉʠʥʭʨʦʥʥʘ ʨʦʙʦʪʘ ʙʽʣʴʰʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʣʘʪʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʩʽ ʧʨʦʮʝʩʠ ʧʝʨʝʤʠʢʘʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ, 

ʪʘ ʩʪʚʦʨʶʶʪʴ ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʩʪʨʫʤʫ. 

ɼʨʫʛʠʤ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʩʠʩʪʝʤʘ ʞʠʚʣʝʥʥ,̫ ʷʢʘ ʚʢʣʶʯʘʻ ʨʝʛʫʣʷʪʦʨ 

ʥʘʧʨʫʛʠ ʪʘ ʢʦʥʜʝʥʩʘʪʦʨʠ ʰʫʥʪʘ. ʎʽ ʩʭʝʤʠ ʻ ʜʞʝʨʝʣʦʤ ʚʩʽʻʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ, ʷʢʫ ʚʦʥʠ ʞʠʚʣʷʪʴ, ʟʦʢʨʝʤʘ ʽ ʚ ʽʤʧʫʣʴʩʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ 

ʥʘʧʨʫʛʠ.  

ʊʨʝʪʽʤ ʜʞʝʨʝʣʦʤ ʰʫʤʫ ʻ ʢʦʣʘ ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ ʩʠʩʪʝʤʠ. 

ɻʘʨʤʦʥʽʯʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʩʪʨʫʤʫ ʚʠʥʠʢʘʶʪʴ ʪʘʢʦʞ ʥʘ ʚʠʭʦʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, 

ʦʩʢʽʣʴʢʠ ʚʠʭʽʜʥʠʡ ʙʫʬʝʨ ʻ ʮʠʬʨʦʚʠʤ. ɺʟʘʛʘʣʽ, ʙʫʜʴ-ʷʢʽ ʩʧʦʪʚʦʨʝʥʥʷ ʩʧʨʠʯʠʥʝʥʽ 

ʚʥʫʪʨʽʰʥʽʤʠ ʧʨʦʮʝʩʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʢʦʤʫʪʘʮʽʷ ʢʣʶʯʽʚ ʥʘ ʪʘʢʪʦʚʽʡ ʯʘʩʪʦʪʽ 

ʫʧʨʘʚʣʽʥʥʷ, ʟ'ʷʚʣʷʶʪʴʩʷ ʽ ʥʘ ʚʠʭʦʜʽ. ʗʢʱʦ, ʧʨʠ ʢʦʤʧʦʥʫʚʘʥʥʽ ʧʣʘʪʠ, ʤʽʞ 

ʢʨʠʩʪʘʣʦʤ ʪʘ ʡʦʛʦ ʙʫʬʝʨʥʠʤʠ ʢʦʣʘʤʠ ʧʝʨʝʜʙʘʯʝʥʘ ʥʝʦʙʭʽʜʥʘ ʜʠʩʪʘʥʮʽʷ, ʘ 

ʧʣʦʱʠʥʠ ʧʝʪʝʣʴ ʩʪʨʫʤʫ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʝʣʠʢʠʤʠ, ʩʧʦʪʚʦʨʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʪʠʤʫʪʴ 

ʫ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʙʫʜʫʪʴ ʥʝʟʥʘʯʥʠʤʠ. ɸʣʝ ʜʦʩʠʪʴ ʯʘʩʪʦ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʤʽʢʨʦʩʭʝʤ ʘʙʦ ʧʘʩʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʙʣʠʟʴʢʦ ʜʦ ʢʨʠʩʪʘʣʫ 

ʛʝʥʝʨʘʪʦʨʘ ʯʘʩʪʦʪʠ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʛʘʨʤʦʥʽʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ.  
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1.4.1 ɼʞʝʨʝʣʘ ʟʘʚʘʜ ʫ ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪʘʭ  

 

ʊʦʧʦʣʦʛʽʷ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ ʚʧʣʠʚʘʻ ʥʘ ʩʪʚʦʨʶʚʘʥʽ ʟʘʚʘʜʠ ʪʘ 

ʥʘ ʯʫʪʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦ ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʱʦ ʤʦʞʫʪʴ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʙʦʾʚ ʫ ʾʾ ʨʦʙʦʪʽ [17]. ɺ̔ʜʩʪʘʥʴ ʤʽʞ ʧʨʦʚʽʜʥʠʢʘʤʠ 

ʧʣʘʪʠ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʠʩʪʨʦʶ ʩʪʘʥʜʘʨʪʘʤ ʫʜʘʨʦʩʪʽʡʢʦʩʪʽ, ʪʘ 

ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ.  

ʇʨʦʚʽʜʥʠʢʠ ʧʦ ʷʢʠʤ ʧʨʦʭʦʜʷʪʴ ʩʠʛʥʘʣʠ ʟ ʚʠʩʦʢʦʶ ʪʘʢʪʦʚʦʶ ʯʘʩʪʦʪʦʶ, ʜʘʥʽ 

ʪʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʩʠʛʥʘʣʠ ʫʧʨʘʚʣʽʥʥʷ ʜʠʩʧʣʝʾʚ, ʘ ʪʘʢʦʞ ʩʠʛʥʘʣʠ ʱʦ ʥʝ ʤʘʶʪʴ 

ʟʚʦʨʦʪʥʴʦʛʦ ʪʨʘʢʪʫ ʻ ʜʞʝʨʝʣʘʤʠ ʩʪʚʦʨʶʚʘʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ. 

ʅʝʟʘʭʠʱʝʥʠʤʠ ʧʨʦʚʽʜʥʠʢʘʤʠ ʻ ʟ'ʻʜʥʫʚʘʣʴʥʽ ʧʨʦʚʽʜʥʠʢʠ, ʧʨʦʚʽʜʥʠʢʠ ʤʽʞ 

ʤʽʢʨʦʩʭʝʤʘʤʠ ʥʘ ʧʣʘʪʽ, ʯʠ ʨʦʟ'ʻʤ ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʱʦ ʥʝ ʤʘʻ ʪʨʘʢʪʫ 

ʟʚʦʨʦʪʥʴʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ. ɿʚʦʨʦʪʥʽʡ ʪʨʘʢʪ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ 

ʤʘʻ ʟʥʘʯʥʫ ʜʦʚʞʠʥʫ, ʽ ʧʨʦʭʦʜʠʪʴ ʧʽʜ ʩʠʛʥʘʣʴʥʠʤ ʧʨʦʚʽʜʥʠʢʦʤ ʯʠ ʧʦʨʫʯ ʽʟ ʥʠʤ. 

ʇʨʦʤʽʞʦʢ ʤʽʞ ʩʠʛʥʘʣʴʥʦʶ ʣʽʥʽʶ ʪʘ ʟʚʦʨʦʪʥʽʤ ʪʨʘʢʪʦʤ ʜʫʞʝ ʤʘʣʠʡ, ʽ ʷʢʱʦ ʮʝ 

ʧʨʘʚʠʣʦ ʧʦʨʫʰʝʥʝ, ʚʝʣʠʢʘ ʧʣʦʱʘ ʫʪʚʦʨʝʥʦʛʦ ʢʦʥʪʫʨʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʜʞʝʨʝʣʦ 

ʟʘʚʘʜ ʫ ʚʠʛʣʷʜʽ ʨʘʤʦʯʥʦʾ ʘʥʪʝʥʠ.  

ɹʽʣʴʰʽʩʪʴ ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪ ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ ʪʨʘʢʪʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʮʠʬʨʦʚʠʭ ʪʘ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʨʠʩ. 1.18. 

 

 

ʈʠʩʫʥʦʢ 1.18 ï ʊʦʧʦʣʦʛʽʷ ʧʣʘʪʠ ʽʟ ʮʠʬʨʦʚʠʤʠ ʪʘ ʘʥʘʣʦʛʦʚʠʤʠ ʩʠʛʥʘʣʘʤʠ 
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ɿʘʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʧʨʦʚʽʜʥʠʢʠ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʪʘ ʘʥʘʣʦʛʦʚʠʭ 

ʩʠʛʥʘʣʽʚ ʧʦʚʠʥʥʽ ʤʘʪʠ ʙʽʣʴʰʫ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʥʽʞ ʩʠʛʥʘʣʴʥʽ. ʊʘʢʦʞ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʣʽʥʽʾ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʽʟ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ ʨʦʟʚ'ʷʟʢʠ 

ʷʢʦʤʦʛʘ ʙʣʠʞʯʝ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʇʨʦʚʽʜʥʠʢʠ ʜʞʝʨʝʣʘ ʞʠʣʝʥʥʷ ʩʣʽʜ 

ʨʦʟʤʽʱʫʚʘʪʠ ʜʦ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʩʠʛʥʘʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʚʢʣʶʯʥʦ ʽʟ 

ʧʨʦʚʽʜʥʠʢʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʨʦʟʚ'ʷʟʢʠ. ʂʦʥʜʝʥʩʘʪʦʨʠ ʧʝʨʝʭʦʜʷʪʴ ʚ ʨʝʞʠʤ 

ʩʘʤʦʨʝʟʦʥʘʥʩʫ (ʩʪʘʶʪʴ ʙʽʣʴʰ ʽʥʜʫʢʪʠʚʥʠʤʠ, ʥʽʞ ʻʤʥʽʩʥʠʤʠ) ʥʘ ʯʘʩʪʦʪʽ ʙʣʠʟʴʢʦ 80 

ʄɻʮ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ SMD-ʢʦʤʧʦʥʝʥʪʽʚ (surface mounted 

devices) ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʠʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʟʘʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ 

ʟʘʚʘʜ [16]. 

ʗʢ ʚʞʝ ʟʛʘʜʫʚʘʣʦʩʷ ʨʘʥʽʰʝ, ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʩʽʭ ʣʽʥʽʷʭ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ. ɿʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʘʚʘʜʠ ʥʘ ʚʠʚʦʜʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʬʫʥʢʮʽʾ ʚ ʩʠʩʪʝʤʽ ʪʘ ʚʽʜ ʨʽʚʥʷ ʟʘʚʘʜʠ ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʚʽʜ 

ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʜʦ ʜʘʥʦʛʦ ʚʠʚʦʜʫ. ʅʘʧʨʠʢʣʘʜ, ʨʽʚʝʥʴ ʟʘʚʘʜʠ ʥʘ ʚʠʭʽʜʥʦʤʫ 

ʚʠʚʦʜʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʽʚʥʝʤ ʩʧʦʪʚʦʨʝʥʴ ʥʘ ʩʠʣʦʚʠʭ ʣʽʥʽʷʭ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʪʘʢ 

ʽ ʨʽʚʥʝʤ ʟʘʚʘʜ ʥʘ ʩʫʩʽʜʥʽʭ ʚʠʚʦʜʘʭ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʭʽʜʥʠʤ. ʗʢʱʦ ʚʠʚʽʜ ʚʠʢʦʥʫʻ 

ʬʫʥʢʮʽʶ ʩʠʩʪʝʤʥʦʛʦ ʛʦʜʠʥʥʠʢʘ, ʮʝ ʪʝʞ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʟʘʚʘʜ ʥʘ ʥʴʦʤʫ. ʅʘʚʽʪʴ 

ʷʢʱʦ ʚʠʚʽʜ ʧʦʩʪʽʡʥʦ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʥʽ ʦʜʠʥʠʮʽ ʘʙʦ ʥʫʣʷ, ʚʩʝ ʦʜʥʦ ʜʦʚʝʜʝʪʴʩʷ 

ʙʦʨʦʪʠʩʷ ʟ ʟʘʚʘʜʘʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʩʝʨʝʜʠʥʽ ʤʽʢʨʦʩʭʝʤʠ. 

ʈʽʚʝʥʴ ʟʘʚʘʜʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʤʧʝʜʘʥʩʦʤ ʧʨʠʩʪʨʦʶ ʯʠ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ 

ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʚʠʚʦʜʫ. ʏʠʤ ʚʠʱʝ ʽʤʧʝʜʘʥʩ ʪʠʤ ʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʟʘʚʘʜ 

ʧʨʠʡʤʘʻʪʴʩʷ ʚʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʆʩʴ ʯʦʤʫ ʥʝʚʠʢʦʨʠʩʪʘʥʽ ʚʭʦʜʠ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʣʽʥʽʾ ʟ ʥʘʡʥʠʞʯʠʤ ʽʤʧʝʜʘʥʩʦʤ: ʟʘʟʝʤʣʝʥʥʷʤ ʯʠ ʧʨʷʤʦʶ 

ʟʘʢʦʨʦʪʢʦʶ, ʷʢʱʦ ʮʝ ʤʦʞʣʠʚʦ.  

ʂʦʞʥʘ ʟʤʽʥʘ ʩʪʘʥʫ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ʥʘ ʽʥʰʠʡ ʯʽʧ, ʩʪʚʦʨʶʻ ʽʤʧʫʣʴʩ ʩʪʨʫʤʫ. ʎʝʡ ʽʤʧʫʣʴʩ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʨʠʡʤʘʶʯʠʡ 

ʧʨʠʩʪʨʽʡ, ʚʠʭʦʜʠʪʴ ʯʝʨʝʟ ʚʠʚʽʜ ʟʘʟʝʤʣʝʥʥʷ, ʘ ʧʦʪʽʤ ʧʦʚʝʨʪʘʻʪʴʩʷ ʯʝʨʝʟ ʧʨʦʚʽʜʥʠʢʠ 

ʥʘ ʚʠʚʽʜ ʟʘʟʝʤʣʝʥʥʷ ʤʽʢʨʦʢʦʤʧôʶʪʝʨʘ (ʨʠʩ. 1.19). ɯʤʧʫʣʴʩ ʥʝ ʟʥʠʢʘʻ ʽʟ 

ʟʘʟʝʤʣʶʶʯʦʛʦ ʧʨʦʚʦʜʫ ʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʽ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ 
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ʞʠʚʣʝʥʥʷ, ʧʦʚʝʨʪʘʶʯʠʩʴ ʧʨʠ ʮʴʦʤʫ ʥʘ ʧʦʯʘʪʦʢ ʧʝʪʣʽ ʩʪʨʫʤʫ. ʇʝʪʣʽ ʽʩʥʫʶʪʴ 

ʧʦʚʩʶʜʠ. ɹʫʜʴ-ʷʢʽ ʩʧʦʪʚʦʨʝʥʥʷ ʥʘʧʨʫʛʠ ʪʘ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʠʤʠ ʩʪʨʫʤ ʧʨʦʭʦʜʷʪʴ 

ʰʣʷʭʦʤ ʥʘʡʥʠʞʯʦʛʦ ʦʧʦʨʫ ʥʘʟʘʜ ʜʦ ʛʝʥʝʨʘʪʦʨʘ. ɼʘʥʘ ʢʦʥʮʝʧʮʽʷ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʟʘʚʘʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʶ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʽʤʧʝʜʘʥʩʫ 

ʟʚʦʨʦʪʥʦʛʦ ʰʣʷʭʫ ʧʝʪʣʽ ʩʪʨʫʤʫ.  

 

ʄʢ̔ʨʦʢʦʤʧ' ʪʁʝʨ

ʈʝʟʦʥʘʪʦʨ

ɽʢʨʘʥ

R E D M J

C

L K

F

G H

P
Q

A

B

N

ʇʝʪʣ̫ hʫʥʪʘ: A-B-C-D-E 

ʉʠʛʥʘʣɹʥʘ ʧʝʪʣ̫: F-G-H-D-C 

ʇʨʠʡʤʘʯ ʚʠʧʨʦʤ̔ʥʁ ʚʘʥʥ̫ ʚʥʫʪʨ̔h ʥ̔ʭ 

ʩʧʦʪʚʦʨʝʥɹ: Q, Q-R-D-C 

 

ʈʠʩʫʥʦʢ 1.19 ï ʇʨʠʢʣʘʜʠ ʧʝʪʝʣʴ ʩʪʨʫʤʫ  

 

ʇʝʪʣʷ ʩʪʨʫʤʫ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʴ ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ ʭʦʜʫ ʩʠʛʥʘʣʫ ʪʘ 

ʟʚʦʨʦʪʥʽʤ ʰʣʷʭʦʤ ʡʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʨʦʟʚ'ʷʟʢʦʶ ʤʽʞ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ ʪʘ 

ʟʘʟʝʤʣʝʥʥʷʤ, ʘʢʪʠʚʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʚʩʝʨʝʜʠʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʢʨʠʩʪʘʣʦʤ 

ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʧʨʠʩʪʨʦʻʤ ʫʧʨʘʚʣʽʥʥʷ ʫ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʽ, ʪʘʢʦʞ ʤʦʞʝ 

ʫʪʚʦʨʶʚʘʪʠʩʴ ʧʝʪʣʷ ʚʽʜ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʘʙʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʜʦ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʨʦʟʚ'ʷʟʢʠ. ɯʥʰʽ ʩʢʣʘʜʥʽʰʽ ʧʝʪʣʽ ʩʪʘʥʦʚʣʷʪʴ ʩʦʙʦʶ ʧʦʻʜʥʘʥʥʷ 

ʢʽʣʴʢʦʭ ʽʥʰʠʭ. ʅʘʧʨʠʢʣʘʜ, ʩʘʤ ʢʨʠʩʪʘʣ ʚʠʧʨʦʤʽʥʶʻ ʝʥʝʨʛʽʶ ʟʘʚʘʜʠ, ʷʢʘ ʤʦʞʝ 

ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠʩʴ ʯʝʨʝʟ ʧʨʦʚʽʜʥʠʢ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʦʨʫʯ. ʎʷ ʩʢʣʘʜʥʘ ʧʝʪʣʷ 

ʩʣʫʛʫʚʘʪʠʤʝ ʘʥʪʝʥʦʶ ʜʣʷ ʟʘʚʘʜ ʩʪʚʦʨʶʚʘʥʠʭ ʢʨʠʩʪʘʣʦʤ. ʇʝʪʣʽ ʪʘ ʜʠʧʦʣʽ ʧʦ ʩʚʦʾʡ 



38 

 

ʧʨʠʨʦʜʽ ʻ ʘʥʪʝʥʘʤʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʝ ʟʨʦʩʪʘʪʠ ʜʦ 1/4 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ (ɚ) ʥʦʩʽʡʥʦʾ ʯʘʩʪʦʪʠ. ɻʝʦʤʝʪʨʠʯʥʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʫ ʚʠʧʘʜʢʫ 

ʚʠʥʠʢʥʝʥʥʷ ʧʝʪʣʽ, ʯʠʤ ʙʽʣʴʰʘ ʧʣʦʱʠʥʘ ʨʦʟʤʽʱʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʝʪʣʽ, ʪʠʤ 

ʩʠʣʴʥʽʰʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʥʘʧʨʘʚʣʝʥʝ ʜʦ ʦʜʥʦʛʦ ʘʙʦ ʦʙʦʭ ʚʠʚʦʜʽʚ ʘʥʪʝʥʠ. ʋ 

ʜʠʧʦʣʽ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʘʥʪʝʥʠ ʩʧʨʠʯʠʥʷʻ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʜʦʢʠ ʜʦʚʞʠʥʘ ʘʥʪʝʥʠ ʥʝ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 1/4 ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ʅʘ ʯʘʩʪʦʪʽ 1 ʄɻʮ - 

1/4ɚ = 75 ʤ., 300 ʄɻʮ - 1/4ɚ = 25 ʩʤ. ʘʙʦ ʧʨʠʙʣʠʟʥʦ 10 ʜʶʡʤʽʚ. 

ɿʘʚʘʜʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʮʝ ʟʘʚʘʜʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʤʽʞ 

ʧʨʦʚʽʜʥʠʢʘʤʠ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʜʦ ʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʪʘ ʧʦ 

ʡʦʛʦ ʧʨʦʚʽʜʥʠʢʫ ʟʘʟʝʤʣʝʥʥʷ (ʨʠʩ. 1.20).  

 

ɼʞʝʨʝʣʦ 

ʩʠʛʥʘʣʫ
ʅʘʚʘʥʪʘʞʝʥʥ̫

ʅʘʚʘʥʪʘʞʝʥʥ̫ɼʞʝʨʝʣʦ ʩʠʛʥʘʣʫɼʞʝʨʝʣʦ ʩʠʛʥʘʣʫ

ʉʠʛʥʘʣ

ʉʠʛʥʘʣ

ʈʫʭ ʩʠʛʥʘʣʫ ʫ ʟʚʦʨʦʪʥɹʦʤʫ ʥʘʧʨ̫ʤ̔

ʘ)

ʙ)

U

ʈʫʭ cʠʛʥʘʣ̔ʚ ʩʫʤ̔ʞʥʠʭ ʧʨʦʚ̔ʜʥʠʢ̔ʚ ʫ ʦʜʥʘʢʦʚʦʤʫ ʥʘʧʨ̫ʤ̔
 

ʈʠʩʫʥʦʢ 1.20 ï ʉʠʛʥʘʣʠ ʧʨʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ (ʘ) ʪʘ ʧʨʠ ʩʠʥʬʘʟʥʦʤʫ (ʙ) 

ʧʽʜʢʣʶʯʝʥʥʷʭ 

 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʪʠʧ ʟʘʚʘʜ ʚʠʥʠʢʘʻ ʟʘʚʞʜʠ ʫ ʙʫʜʴ-ʷʢʠʭ ʩʠʩʪʝʤʘʭ. ʋ 

ʩʠʥʬʘʟʥʦʤʫ ʨʝʞʠʤʽ ʥʘʧʨʫʛʘ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʷʢ ʧʦ ʦʩʥʦʚʥʦʤʫ, ʪʘʢ ʽ ʧʦ 

ʟʚʦʨʦʪʥʦʤʫ ʧʨʦʚʽʜʥʠʢʫ ʦʜʥʦʯʘʩʥʦ, ʧʨʠ ʮʴʦʤʫ ʨʽʟʥʠʮʷ ʥʘʧʨʫʛ ʤʽʞ ʧʨʦʚʽʜʥʠʢʘʤʠ 

ʥʝ ʚʠʥʠʢʘʻ. ɿʘʚʘʜʠ ʩʠʥʬʘʟʥʦʛʦ ʨʝʞʠʤʫ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʜʞʝʨʝʣʦʤ ʩʧʦʪʚʦʨʝʥʴ 

ʚ ʙʽʣʴʰʦʩʪʽ ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪ ʫ ʩʠʩʪʝʤʘʭ, ʷʢʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʦʚʥʽʰʥʶ 

ʧʘʤ'ʷʪʴ. 
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1.4.2 ʉʧʦʩʦʙʠ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʚʘʜ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ 

1.4.2.1 ɿʦʥʫʚʘʥʥʷ ʧʣʘʪʠ ʥʘ ʦʙʣʘʩʪʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

 

ɺʩʽ ʨʦʟ'ʻʤʠ ʪʘ ʧʦʨʪʠ ʚʚʦʜʫ/ʚʠʚʦʜʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʭʠʱʝʥʽ ʚʽʜ ʚʧʣʠʚʫ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ɽʄɿ, ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʛʨʫʧʦʚʘʥʽ 

ʥʘ ʦʜʥʦʤʫ ʢʨʘʶ ʧʣʘʪʠ (ʨʠʩ. 1.21). 

 

 

ʈʠʩʫʥʦʢ 1.21 ï ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʩʭʝʤʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʣʘʪʠ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʫʟʣʠ  

 

ʇʨʠ ʨʦʟʜʽʣʝʥʥʽ ʚʩʽʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʤʽʢʨʦʩʭʝʤʠ, ʥʘ ʦʢʨʝʤʽ ʚʫʟʣʠ, 

ʟʤʝʥʰʫʻʪʴʩʷ ʰʣʷʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʰʫʤʫ ʧʨʦʚʽʜʥʠʢʘʤʠ ʚʽʜ ʧʦʪʝʥʮʽʡʥʠʭ ʜʞʝʨʝʣ 

ʟʘʚʘʜ [18]. ʂʦʥʮʝʧʮʽʷ ʨʦʟʧʦʜʽʣʫ ʻ ʟʨʦʟʫʤʽʣʦʶ, ʧʨʦʪʝ ʥʘ ʧʨʘʢʪʠʮʽ ʨʝʘʣʽʟʫʚʘʪʠ ʾʾ 

ʚʘʞʢʦ. ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʥʠʢʘʶʪʴ ʪʘʢʽ ʧʨʦʙʣʝʤʠ ʷʢ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʰʠʥʠ ʪʘʢʪʦʚʦʾ 

ʯʘʩʪʦʪʠ, ʯʠ ʟʤʝʥʰʝʥʥʷ ʜʦʚʞʠʥʠ ʩʠʛʥʘʣʴʥʠʭ ʣʽʥʽʡ Ethernet ʯʠ USB, ʽ ʷʢ ʥʘʩʣʽʜʦʢ, 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʪʘʰʫʚʘʪʠ ʜʘʥʽ ʚʫʟʣʠ ʷʢʦʤʦʛʘ ʙʣʠʞʯʝ ʜʦ ʨʦ'ʻʤʽʚ, ʱʦ ʟ ʥʠʤʠ ʧʦʚ'ʷʟʘʥʽ 

(ʨʠʩ. 1.22). 
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ʈʠʩʫʥʦʢ 1.22 ï ʇʨʠʢʣʘʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʣʘʪʠ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʚʫʟʣʠ ʽʟ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ 

 

ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʻ ʨʦʟʤʽʱʝʥʥʷ ʩʭʝʤ ʽʤʧʫʣʴʩʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʷʢʦʤʦʛʘ 

ʙʣʠʞʯʝ ʜʦ ʧʨʠʩʪʨʦʾʚ ʷʢʽ ʚʦʥʠ ʞʠʚʣʷʪʴ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʱʦʙ ʫʩʽ ʩʭʝʤʠ DC/DC-

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʠ ʩʠʥʭʨʦʥʽʟʦʚʘʥʽ ʫ ʨʦʙʦʪʽ, ʙʫʣʠ ʧʽʜʢʣʶʯʝʥʽ ʤʽʞ 

ʩʦʙʦʶ ʥʘ ʦʜʥʦʤʫ ʰʘʨʽ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ, ʧʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʘ ʽ 

ʧʣʦʱʠʥʘ ʟʘʟʝʤʣʝʥʥʷ ʜʣʷ ʟʚʦʨʦʪʥʴʦʛʦ ʪʨʘʢʪʫ ʩʪʨʫʤʫ.  

ʈʦʟʤʽʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʙʣʠʟʴʢʦ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ ʨʽʰʝʥʥʷʤ, ʘʣʝ ʩʣʽʜ ʟʚʘʞʘʪʠ, ʱʦ ʩʣʽʜ 

ʫʥʠʢʘʪʠ ʨʦʟʤʽʱʝʥʥʷ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʦʙʣʠʟʫ ʙʝʟʧʨʦʚʽʜʥʠʭ ʤʦʜʫʣʽʚ, 

ʦʩʦʙʣʠʚʦ ʧʦʙʣʠʟʫ ʟ ʘʥʪʝʥʘʤʠ.  

ʅʘ ʨʠʩ. 1.23-1.24 ʰʠʥʘ ʞʠʚʣʝʥʥʷ ʧʦʟʥʘʯʝʥʘ ʩʠʥʴʦʶ ʣʽʥʽʻʶ. ʅʘ ʧʨʘʢʪʠʮʽ 

ʨʦʟʧʦʜʽʣ ʞʠʚʣʝʥʥʷ ʥʘ ʧʣʘʪʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʤʙʽʥʘʮʽʶ ʧʨʦʚʽʜʥʠʢʽʚ ʞʠʚʣʝʥʥʷ 

ʥʘ ʧʣʦʱʠʥʽ ʪʘ ʧʦʣʽʛʦʥʘʣʴʥʠʭ ʰʘʨʽʚ ʞʠʚʣʝʥʥʷ (ʟʘʣʠʪʠʭ ʤʽʜʜʶ ʚʝʣʠʢʠʭ ʦʙʣʘʩʪʝʡ), 

ʘʙʦ ʙʽʣʴʰ ʰʠʨʦʢʠʭ ʪʨʘʩʩ ʜʣʷ ʽʥʰʠʭ ʩʠʣʦʚʠʭ ʰʠʥ. ʈʦʟʧʦʜʽʣ ʞʠʚʣʝʥʥʷ ʧʦʚʠʥʝʥ 

ʤʘʪʠ ʧʦʙʣʠʟʫ ʧʣʦʱʠʥʫ ʜʣʷ ʟʚʦʨʦʪʥʴʦʛʦ ʪʨʘʢʪʫ ʩʪʨʫʤʫ, ʱʦ ʟʤʝʥʰʠʪʴ ʚʧʣʠʚ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʾ ʟʤʽʥʠ ʧʦʪʝʥʮʽʘʣʫ ʟʝʤʣʷʥʦʾ ʰʠʥʠ (ground bounce),  ʪʘ ʚʽʜ ʰʫʤʫ 

ʦʜʥʦʯʘʩʥʦʛʦ ʧʝʨʝʤʠʢʘʥʥʷ ʢʣʶʯʽʚ (simultaneous switching noise, SSN).  
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1.4.2.2 ɿʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʘʨʘʟʠʪʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ 

 

ɯʥʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʚʽʜʥʠʢʽʚ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ, ʘ ʟʤʝʥʰʫʻʪʴʩʷ 

(ʽʟ ʤʝʥʰʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ) ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʽʘʤʝʪʨʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. ʋ 

ʩʠʣʦʚʠʭ ʣʽʥʽʷʭ, ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʩʧʨʠʯʠʥʷʻ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ, ʷʢʽ ʧʦʰʠʨʶʶʪʴʩʷ ʧʦ 

ʚʩʽʡ ʩʠʩʪʝʤʽ, ʚʠʢʣʠʢʘʶʯʠ ʩʧʦʪʚʦʨʝʥʥʷ. ʊʦʤʫ ʥʝʙʘʞʘʥʦ, ʱʦʙ ʙʫʜʴ-ʷʢʠʡ ʧʨʦʚʽʜʥʠʢ 

ʚʠʧʨʦʤʽʥʶʚʘʚ ɺʏ-ʝʥʝʨʛʽʶ, ʪʦʙʪʦ ʢʦʞʝʥ ʽʟ ʧʨʦʚʽʜʥʠʢʽʚ ʧʦʚʠʥʝʥ ʤʘʪʠ ʷʢʦʤʦʛʘ 

ʤʝʥʰʫ ʽʥʜʫʢʪʠʚʥʽʩʪʴ [16]: 

¶  ʥʘ ʜʚʦʰʘʨʦʚʽʡ ʜʨʫʢʦʚʘʥʽʡ ʧʣʘʪʽ, ʷʢ ʜʣʷ ʞʠʚʣʝʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʟʘʟʝʤʣʝʥʥʷ, 

ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʜʦ ʜʽʘʤʝʪʨʫ ʧʦʚʠʥʥʦ ʚʽʜʧʦʚʽʜʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ 3:1 ʜʣʷ 

ʙʫʜʴ-ʷʢʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʱʦ ʧʨʦʣʷʛʘʶʪʴ ʤʽʞ ʽʥʪʝʛʨʘʣʴʥʦʶ ʤʽʢʨʦʩʭʝʤʦʶ ʪʘ 

ʜʞʝʨʝʣʦʤ ʥʘʧʨʫʛʠ; 

¶ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʪʘ ʟʘʟʝʤʣʝʥʥʷ ʧʦʚʠʥʥʽ ʟʥʘʭʦʜʠʪʠʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʦʜʠʥ ʥʘʜ ʦʜʥʠʤ, ʱʦ ʟʤʝʥʰʫʻ ʽʤʧʝʜʘʥʩ ʪʘ ʟʤʝʥʰʫʻ ʨʦʟʤʽʨʠ ʧʣʦʱʠʥʠ ʧʝʪʣʽ ʩʪʨʫʤʫ. 

ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʠʛʥʘʣʫ ʯʝʨʝʟ ʟʘʟʝʤʣʝʥʥʷ ʚʽʜ ʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʦ 

ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʫ ʫʪʚʦʨʶʻʪʴʩʷ ʧʝʪʣʷ, ʱʦ ʻ ʜʞʝʨʝʣʦʤ ʟʘʚʘʜ. ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʰʣʷʭʫ 

ʟʚʦʨʦʪʥʦʛʦ ʭʦʜʫ ʩʠʛʥʘʣʫ ʧʨʝʜʩʪʘʚʣʷʻ ʥʘʡʩʢʣʘʜʥʽʰʫ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʫ ʧʨʦʙʣʝʤʫ 

ʧʨʠ ʢʦʤʧʦʥʫʚʘʥʥʽ ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪ. 

 ɹʫʣʦ ʙ ʚʘʞʢʦ ʚʠʢʦʥʘʪʠ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚ'ʷʟʢʫ ʽʟ ʟʘʟʝʤʣʝʥʥʷʤ 

ʧʽʜ ʢʦʞʥʠʤ ʧʨʦʚʽʜʥʠʢʦʤ, ʧʽʜʢʣʶʯʝʥʠʤ ʜʦ ʩʠʛʥʘʣʴʥʦʛʦ ʚʠʚʦʜʫ ʥʘ 

ʤʽʢʨʦʢʦʤʧ'ʶʪʝʨʽ. ɺ ʯʦʪʠʨʴʦʭ-ʰʘʨʦʚʽʡ ʜʨʫʢʦʚʘʥʽʡ ʧʣʘʪʽ ʨʦʟʚ'ʷʟʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʣʦʱʠʥʠ ʟʘʟʝʤʣʝʥʥʷ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʜʝ ʧʨʦʣʷʛʘʶʪʴ ʧʨʦʚʽʜʥʠʢʠ, 

ʟʘʚʞʜʠ ʻ ʟʚʦʨʦʪʥʽʡ ʰʣʷʭ ʜʦ ʟʘʟʝʤʣʝʥʥʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʽʜ ʥʠʤ. ʇʦʜʽʙʥʠʤ 

ʤʝʪʦʜʦʤ ʜʣʷ ʜʚʦʰʘʨʦʚʦʾ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʻ ʧʦʙʫʜʦʚʘ ʩʽʪʢʠ ʟʘʟʝʤʣʝʥʥʷ. ʗʢ 

ʟʘʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʧʨʦʚʽʜʥʠʢʽʚ ʩʠʛʥʘʣʫ ʻ ʦʩʥʦʚʥʦʶ 

ʧʨʦʙʣʝʤʦʶ. ɿʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʧʝʪʣʽ ʰʣʷʭʦʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʚʦʨʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʻ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. ʆʪʞʝ, ʩʪʚʦʨʝʥʥʷ ʩʽʪʢʠ 

ʟʘʟʝʤʣʝʥʥʷ - ʮʝ ʥʘʡʚʘʞʣʠʚʽʰʝ, ʱʦ ʩʣʽʜ ʟʨʦʙʠʪʠ (ʧʽʩʣʷ ʧʣʘʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ) ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ. 
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ʉʠʛʥʘʣʴʥʽ ʧʨʦʚʽʜʥʠʢʠ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʯʘʩʪʦ ʨʦʟʤʽʱʝʥʽ ʧʦʨʫʯ [17]. ʇʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʩʠʛʥʘʣʽʚ ʧʦ ʣʽʥʽʾ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʝʨʝʭʨʝʩʥʽ ʟʘʚʘʜʠ. ʅʘʧʨʠʢʣʘʜ, 

ʟʚʘʜʠ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʽʟ ʨʽʟʥʦʶ ʘʤʧʣʽʪʫʜʦʶ. ʅʘ 

ʨʠʩ. 1.25 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʧʨʦʚʽʜʥʠʢʘʤʠ ʦʜʥʦʰʘʨʦʚʦʾ ʯʠ 

ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ, ʫ ʷʢʦʾ ʚʽʜʩʫʪʥʽʡ ʟʚʦʨʦʪʥʽʡ ʪʨʘʢʪ ʟʘʟʝʤʣʝʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ 1.25 ï ʉʠʛʥʘʣʴʥʽ ʧʨʦʚʽʜʥʠʢʠ ʙʝʟ ʟʘʟʝʤʣʝʥʥʷ 

 

ʑʦʙ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʧʝʨʝʭʨʝʩʥʦʾ ʟʘʚʘʜʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʤʽʞ ʩʠʛʥʘʣʴʥʠʤʠ 

ʧʨʦʚʽʜʥʠʢʘʤʠ ʨʦʟʤʽʩʪʠʪʠ ʧʨʦʚʽʜʥʠʢ ʟʘʟʝʤʣʝʥʥʷ (ʨʠʩ.1.26). 

 

 

ʈʠʩʫʥʦʢ 1.26 ï ʉʠʛʥʘʣʴʥʽ ʧʨʦʚʽʜʥʠʢʠ ʽʟ ʧʨʦʚʽʜʥʠʢʦʤ ʟʘʟʝʤʣʝʥʥʷ ʤʽʞ ʥʠʤʠ 

 

ʆʩʢʽʣʴʢʠ, ʧʦ ʩʠʛʥʘʣʴʥʠʤ ʧʨʦʚʽʜʥʠʢʘʤ ʧʨʦʭʦʜʷʪʴ ʩʪʨʫʤ ʪʘ ʥʘʧʨʫʛʘ ʽʟ 

ʤʘʣʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʚʽʜʥʠʢʽʚ ʤʦʞʝ ʙʫʪʠ 

ʥʝʚʝʣʠʢʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʤʧʘʢʪʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʾʭ ʥʘ ʧʣʘʪʽ. 
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ʅʘ ʨʠʩ. 1.27 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʨʽʚʥʷ ʟʘʚʘʜ ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʟʘʟʝʤʣʝʥʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʪʘ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʽʡ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʪʨʘʢʪʫ ʟʚʦʨʦʪʥʴʦʛʦ ʭʦʜʫ ʩʪʨʫʤʫ ʢʦʥʪʨʦʣʣʝʨʘ ʜʠʩʧʣʝʷ ʥʘ ʟʝʤʣʶ.  

 

ʈʠʩʫʥʦʢ 1.27 ï ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʟʘʚʘʜʠ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʽʡ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ 

 

1.4.2.3 ʉʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ 

 

ʋ ʪʠʧʦʚʽʡ ʦʜʥʦʪʦʯʢʦʚʽʡ ʩʠʩʪʝʤʽ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ ʢʦʞʝʥ ʘʢʪʠʚʥʠʡ 

ʢʦʤʧʦʥʝʥʪ ʤʘʻ ʚʣʘʩʥʝ ʦʢʨʝʤʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʽ ʟʘʟʝʤʣʝʥʥʷ, ʽ ʾʭ ʧʨʦʚʽʜʥʠʢʠ 

ʙʫʜʫʪʴ ʧʨʦʭʦʜʠʪʠ ʦʢʨʝʤʦ, ʧʦʢʠ ʥʝ ʧʝʨʝʪʥʫʪʴʩʷ ʚ ʦʜʥʽʡ ʦʧʦʨʥʽʡ ʪʦʯʮʽ. ʋ 

ʙʘʛʘʪʦʪʦʯʢʦʚʠʭ ʩʠʩʪʝʤʘʭ ʟ'ʻʜʥʘʥʥʷ ʟʜʽʡʩʥʶʶʪʴʩʷ ʫ ʬʦʨʤʽ ʣʘʥʮʶʞʢʘ, ʪʦʤʫ ʽʩʥʫʻ 

ʜʝʢʽʣʴʢʘ ʦʧʦʨʥʠʭ ʪʦʯʦʢ [16]. ʂʦʤʙʽʥʘʮʽʷ ʦʜʥʦʪʦʯʢʦʚʦʛʦ ʪʘ ʙʘʛʘʪʦʪʦʯʢʦʚʦʛʦ 

ʩʧʦʩʦʙʽʚ ʟ'ʻʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʟʘʚʘʜ. ʊʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʜʥʦʪʦʯʢʦʚʦʛʦ ʜʣʷ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʛʝʥʝʨʫʶʪʴ ɺʏ, ʽ ʙʘʛʘʪʦʪʦʯʢʦʚʦʛʦ ʜʣʷ ʨʝʰʪʠ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ɽʄɿ. ʅʘʡʢʨʘʱʘ ʟ ʤʦʞʣʠʚʠʭ ʩʭʝʤ ʤʘʻ 

ʦʧʦʨʥʠʡ ʧʫʥʢʪ, ʱʦ ʟ'ʻʜʥʫʻ ʤʽʞ ʩʦʙʦʶ ʟʘʟʝʤʣʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʟʘʟʝʤʣʝʥʥʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʚʠʚʽʜ ʟʚʦʨʦʪʥʴʦʛʦ ʪʨʘʢʪʫ ʘʢʫʤʫʣʷʪʦʨʘ ʪʘ ʢʦʨʧʫʩ ʘʙʦ ʝʢʨʘʥ 

(ʨʠʩ 1.28). 
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ʇʨʠʡʤʘʯ̔ ʇʨʠʡʤʘʯ̔ʇʨʠʡʤʘʯ̔

ɼʞʝʨʝʣʦ ɼʞʝʨʝʣʦ ɼʞʝʨʝʣʦ

ʘ) ʙ) ʚ)

 

ʈʠʩʫʥʦʢ 1.28 ï ʉʭʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʦʧʦʣʦʛʽʡ ʞʠʚʣʝʥʥʷ "ɿʽʨʢʘ" (ʘ), 

ʦʜʥʦʪʦʯʢʦʚʝ (ʙ) ʪʘ ʤʫʣʴʪʠʪʦʯʢʦʚʝ (ʚ) ʟ'ʻʜʥʘʥʥʷ 

 

ʈʦʟʧʦʜʽʣ ʟʽʨʢʠ ʜʫʞʝ ʩʭʦʞʠʡ ʥʘ ʦʜʥʦʪʦʯʢʦʚʠʡ: ʚʩʽ ʪʦʯʢʠ ʟ'ʻʜʥʘʥʦ ʽʟ ʦʜʥʽʻʶ ʽ 

ʪʽʻʶ ʞ ʬʽʢʩʦʚʘʥʦʶ ʪʦʯʢʦʶ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʮʝʥʪʨʽ, ʧʨʠʙʣʠʟʥʦ ʥʘ ʦʜʥʘʢʦʚʫ 

ʜʦʚʞʠʥʫ ʧʨʦʚʽʜʥʠʢʽʚ. ʂʨʽʤ ʪʦʛʦ, ʪʘ ʞ ʩʘʤʘ ʢʦʥʪʨʦʣʴʥʘ ʪʦʯʢʘ ʤʦʞʝ ʙʫʪʠ 

ʧʨʠʢʨʽʧʣʝʥʘ ʯʝʨʝʟ ʻʜʠʥʠʡ ʧʨʦʚʽʜʥʠʢ ʜʦ ʩʚʦʛʦ ʜʞʝʨʝʣʘ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʪʘʰʦʚʘʥʝ ʥʝ ʚ ʮʝʥʪʨʽ. ʆʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʟ ʦʜʥʦʪʦʯʢʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ: 

¶ ʦʧʦʨʥʘ ʪʦʯʢʘ ʧʨʠ ʨʦʟʧʦʜʽʣʽ ʟʽʨʢʠ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʽʜʥʠʢʦʤ, ʟʘʤʽʩʪʴ ʪʦʯʢʠ; 

¶ ʪʦʯʢʘ, ʜʝ ʧʦʯʠʥʘʶʪʴʩʷ ʦʢʨʝʤʽ ʧʨʦʚʽʜʥʠʢʠ, ʟʥʘʭʦʜʠʪʴʩʷ ʙʽʣʷ ʮʝʥʪʨʫ ʧʣʘʪʠ, 

ʽ ʢʦʞʝʥ ʧʨʦʚʽʜʥʠʢ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʫ ʥʝʦʙʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʟ ʜʦʚʞʠʥʦʶ, 

ʨʽʚʥʦʶ ʜʦʚʞʠʥʽ ʽʥʰʠʭ ʧʨʦʚʽʜʥʠʢʽʚ; 

¶ ʨʦʟʧʦʜʽʣ ʟʽʨʢʠ ʥʘʡʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʦʙʦʪʠ ʟ ʩʠʛʥʘʣʘʤʠ ʥʘ 

ʟʨʘʟʦʢ ʩʠʩʪʝʤʥʦʛʦ ʛʦʜʠʥʥʠʢʘ ʥʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽʡ ʧʣʘʪʽ ʢʦʤʧ'ʶʪʝʨʘ. ʉʠʛʥʘʣ ʙʝʨʝ 

ʧʦʯʘʪʦʢ ʟ ʢʨʘʡʥʴʦʛʦ ʧʨʦʚʽʜʥʠʢʘ ʽ ʨʫʭʘʻʪʴʩʷ ʜʦ ʮʝʥʪʨʫ ʧʣʘʪʠ, ʜʝ ʧʦʪʽʤ 

ʨʦʟʜʽʣʷʻʪʴʩʷ ʽ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʜʦ ʢʦʞʥʦʾ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʢʠ. ʆʩʢʽʣʴʢʠ ʚʽʥ 

ʬʘʢʪʠʯʥʦ ʙʝʨʝ ʧʦʯʘʪʦʢ ʫ ʮʝʥʪʨʽ ʧʣʘʪʠ, ʟʘʪʨʠʤʢʘ ʩʠʛʥʘʣʫ ʤʽʞ ʨʽʟʥʠʤʠ ʦʙʣʘʩʪʷʤʠ 

ʧʣʘʪʠ ʜʦ ʽʥʰʦʾ ʤʽʥʽʤʘʣʴʥʘ.   
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1.4.2.4 ʉʽʪʢʘ ʟʘʟʝʤʣʝʥʥʷ 

 

ʇʦʙʫʜʦʚʘ ʩʽʪʢʠ ʟʘʟʝʤʣʝʥʥʷ ʥʘʡʚʘʞʣʠʚʽʰʠʡ ʝʪʘʧ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʚʦʰʘʨʦʚʠʭ 

ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪ. ʇʦʜʽʙʥʦ ʜʦ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʩʽʪʢʘ ʻ ʤʝʨʝʞʝʶ ʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʟ'ʻʜʥʘʥʴ ʤʽʞ ʧʨʦʚʽʜʥʠʢʘʤʠ, ʱʦ ʩʧʦʣʫʯʝʥʽ ʽʟ ʟʘʟʝʤʣʝʥʥʷʤ. ɺʦʥʘ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʘʥʘʣʦʛʦʤ ʧʣʦʱʠʥʠ ʟʘʟʝʤʣʝʥʥʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʧʦʚʽʜʥʝ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʚʘʜ 

ʥʘ ʯʦʪʠʨʠʰʘʨʦʚʠʭ ʧʣʘʪʘʭ. ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʽʪʢʠ ʟʘʟʝʤʣʝʥʥʷ: 

¶ ʚ̔ ʜʪʚʦʨʶʻ ʘʥʘʣʦʛ ʧʣʦʱʠʥʠ ʟʘʟʝʤʣʝʥʥʷ ʯʦʪʠʨʠʰʘʨʦʚʦʾ ʧʣʘʪʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʚʦʨʦʪʥʽʡ ʰʣʷʭ ʯʝʨʝʟ ʟʝʤʣʶ ʧʽʜ ʢʦʞʥʠʤ ʽʟ ʧʨʦʚʽʜʥʠʢʽʚ ʩʠʛʥʘʣʫ; 

¶ ʟʥʠʞʫʻ ʽʤʧʝʜʘʥʩ ʤʽʞ ʤʽʢʨʦʢʦʤʧ'ʶʪʝʨʦʤ ʪʘ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘʧʨʫʛʠ.  

ʉʽʪʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʘʙʣʦʥʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʟʝʤʣʝʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞʽ ʟ'ʻʜʥʘʥʴ 

ʽʟ ʟʘʟʝʤʣʝʥʥʷʤ ʧʦ ʚʩʽʡ ʜʨʫʢʦʚʘʥʽʡ ʧʣʘʪʽ. ʐʘʙʣʦʥ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʟʝʤʣʝʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟ'ʻʜʥʘʥʥʷʤ ʦʜʥʽʻʾ ʪʦʯʢʠ ʽʟ ʟʘʟʝʤʣʝʥʥʷʤ, ʘʣʝ ʷʢʱʦ 

ʡʦʛʦ ʟôʻʜʥʘʪʠ ʚ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʪʦʯʢʘʭ, ʚʽʥ ʩʪʘʻ ʧʨʦʚʽʜʥʠʢʦʤ ʽ, ʦʪʞʝ, ʩʪʘʻ 

ʯʘʩʪʠʥʦʶ ʩʽʪʢʠ. 

¶ ʥʘ ʜʚʦʰʘʨʦʚʽʡ ʧʣʘʪʽ ʩʽʪʢʘ ʧʦʚʠʥʥʘ ʦʭʦʧʣʶʚʘʪʠ ʷʢʦʤʦʛʘ ʙʽʣʴʰʫ ʧʣʦʱʫ; 

¶ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʥʘʩʢʨʽʟʥʠʭ ʦʪʚʦʨʽʚ; 

¶ ʣ̔ ʥʽʾ ʩʽʪʢʠ ʥʝ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʘʙʦ ʦʜʥʘʢʦʚʦʾ ʰʠʨʠʥʠ. 

ʅʘʩʪʫʧʥʠʡ ʧʫʥʢʪ ʩʪʦʩʫʻʪʴʩʷ ʢʦʥʪʘʢʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʩʪʠʭ 

ʮʠʬʨʦʚʠʭ ʚʭʦʜʽʚ/ʚʠʭʦʜʽʚ, ʘʣʝ ʥʝ ʢʦʥʪʘʢʪʽʚ ʚ ʰʠʥʽ ʨʦʟʰʠʨʝʥʥʷ ʧʘʤ'ʷʪʽ. ʄʝʪʦʶ ʻ ʥʝ 

ʩʪʽʣʴʢʠ ʟʤʝʥʰʠʪʠ ʩʧʦʪʚʦʨʝʥʥʷ ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʭʦʜʽ ʧʝʨʝʤʠʢʘʥʥʷ ʢʣʶʯʽʚ, ʩʢʽʣʴʢʠ 

ʧʨʠʛʣʫʰʠʪʠ ʟʘʚʘʜʠ ʪʘʢʪʦʚʠʭ ʟʙʦʾʚ, ʢʦʣʠ ʚʠʚʽʜ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʪʠʯʥʦʤʫ ʩʪʘʥʽ. 

ʂʽʣʴʢʽʩʪʴ ʰʣʷʭʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʚʘʜ ʥʘ ʚʠʚʦʜʘʭ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʬʫʥʢʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʚʭʽʜʥʠʡ ʚʠʚʽʜ ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ ʢʣʘʚʽʘʪʫʨʠ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʟʘʚʘʜʘʤʠ ʷʢ ʟ ʦʩʥʦʚʥʦʛʦ ʢʘʥʘʣʫ, ʪʘʢ ʽ ʟ ʩʠʣʦʚʠʭ ʨʝʡʦʢ. ʊʘʢʦʞ ʪʦʤʫ, 

ʱʦ ʟ'ʻʜʥʘʥʥʷ ʤʘʻ ʚʠʩʦʢʠʡ ʽʤʧʝʜʘʥʩ, ʙʫʜʴ-ʷʢʽ ʥʘʚʢʦʣʠʰʥʽ ʧʦʣʷ ʝʬʝʢʪʠʚʥʦ 

ʟʙʽʣʴʰʫʶʪʴ ʨʽʚʝʥʴ ʟʘʚʘʜ. ʂʦʣʠ ʢʣʘʚʽʰʘ ʥʘʪʠʩʢʘʻʪʴʩʷ, ʚʠʚʽʜ ʤʘʻ ʥʦʚʠʡ ʥʘʙʽʨ 

ʜʞʝʨʝʣ ʰʫʤʫ, ʦʩʢʽʣʴʢʠ ʽʤʧʝʜʘʥʩ ʩʠʛʥʘʣʴʥʦʾ ʣʽʥʽʾ ʟʤʽʥʠʚʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʞʢʦ 
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ʝʬʝʢʪʠʚʥʦ ʨʦʟʨʦʙʠʪʠ ʤʘʪʨʠʮʶ ʚʩʽʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ, ʪʘ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʥʘʩʪʫʧʥʝ: 

¶ ʧʦʤʽʩʪʠʪʠ ʨʝʟʠʩʪʦʨ 50-100 ʆʤ ʧʦʩʣʽʜʦʚʥʦ ʟ ʢʦʞʥʠʤ ʚʠʭʽʜʥʠʤ ʚʠʚʦʜʦʤ ʽ 

35-50 ʆʤ ʥʘ ʢʦʞʝʥ ʚʭʽʜʥʠʡ ʚʠʚʽʜ; 

¶ ʨʦʟʚ'ʷʟʢʘ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʚʦʜʫ ʤʽʢʨʦʢʦʤʧ'ʶʪʝʨʘ ʥʘ ʟʝʤʣʶ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʥʜʝʥʩʘʪʦʨʘ 1000 ʧʌ, ʟʘ ʫʤʦʚʠ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʬʨʦʥʪʫ ʽʤʧʫʣʴʩʫ, 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʩʠʛʥʘʣʴʥʦʾ ʣʽʥʽ,ʾ ʥʝ ʧʝʨʝʚʠʱʫʻ 100 ʥʩ.; 

¶ ʥʘ ʚʠʚʦʜʘʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʜʣʷ ʚʚʝʜʝʥʥʷ, ʢʦʥʜʝʥʩʘʪʦʨ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʦʟʤʽʱʝʥʠʡ ʚʩʝʨʝʜʠʥʽ, ʟʙʦʢʫ ʤʽʢʨʦʢʦʤʧ'ʶʪʝʨʘ ʯʠ ʨʝʟʠʩʪʦʨʘ, ʱʦʙ 

ʟʤʝʥʰʠʪʠ ʧʣʦʱʫ ʧʝʪʣʽ; 

¶ ʩʢʠʜʘʥʥʷ ʪʘ ʧʝʨʝʨʠʚʘʥʥʷ ʻ ʩʧʝʮʽʘʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʪʦʤʫ ʩʣʽʜ ʧʦʜʙʘʪʠ 

ʧʨʦ ʪʝ, ʱʦʙ ʥʝ ʟʤʝʥʰʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ; 

¶ ʞʦʜʝʥ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʤʝʪʦʜʽʚ ʥʝ ʧʦʚʠʥʝʥ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʦ ʚʠʚʦʜʽʚ 

ʛʝʥʝʨʘʪʦʨʘ; 

¶ ʥʝʚʠʢʦʨʠʩʪʘʥʽ ʚʠʚʦʜʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʽ ʷʢ ʚʭʦʜʠ ʪʘ ʧʨʠʚ'ʷʟʘʥʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʟʘʟʝʤʣʝʥʥʷ ʤʽʢʨʦʢʦʤʧ'ʶʪʝʨʘ. 

ʈʦʟʜʽʣʝʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʪʘ ʮʠʬʨʦʚʠʭ ʧʣʦʱʠʥ ʜʦʟʚʦʣʷʻ ʽʟʦʣʶʚʘʪʠ ʟʘʚʘʜʠ 

ʩʪʚʦʨʶʚʘʥʽ ʮʠʬʨʦʚʠʤ ʰʫʤʦʚʠʤ ʩʪʨʫʤʦʤ ʚʽʜ ʯʫʪʣʠʚʠʭ ʘʥʘʣʦʛʦʚʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʪʘ 

ʩʠʛʥʘʣʽʚ (ʨʠʩ. 1.29).  

 

 

ʈʠʩʫʥʦʢ 1.29 ï ʂʦʥʮʝʧʮʽʷ ʨʦʟʜʽʣʝʥʥʷ ʮʠʬʨʦʚʦʾ ʪʘ ʘʥʘʣʦʛʦʚʦʾ ʧʣʦʱʠʥ ʟʘʟʝʤʣʝʥʥʷ 
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ʇʨʦʙʣʝʤʘ ʧʨʠ ʨʦʟʜʽʣʝʥʥʽ ʧʣʦʱʠʥ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʪʝ, ʱʦ ʤʽʞ ʧʣʦʱʠʥʘʤʠ 

ʽʩʥʫʻ ʟʥʘʯʥʠʡ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʧʝʨʝʧʘʜ ʥʘʧʨʫʛʠ ʽ ʷʢʱʦ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ 

ʧʣʦʱʠʥ ʨʘʟʦʤ ʽʟ ʟ'ʻʜʥʫʚʘʣʴʥʠʤʠ ʧʨʦʚʽʜʥʠʢʘʤʠ ʚʚʦʜʫ/ʚʠʚʦʜʫ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ 

ʜʦʚʞʠʥʠ ʥʘʧʽʚ-ʭʚʠʣʽ, ʾʭ ʤʦʞʥʘ ʩʧʨʠʡʤʘʪʠ ʷʢ ʩʧʝʮʠʬʽʯʥʫ ʜʠʧʦʣʴʥʫ ʘʥʪʝʥʫ      

(ʨʠʩ. 1.30), ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɽʄɿ [18].  

 

 

ʈʠʩʫʥʦʢ 1.30 ï ɼʚʽ ʦʢʨʝʤʽ ʧʣʦʱʠʥʠ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʘʥʘʣʦʛ ʜʠʧʦʣʴʥʦʾ ʘʥʪʝʥʠ 

ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʟʘʚʘʜʠ 

 

ɿʘʛʘʣʦʤ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʣʘʪʠ ʟʽ ʩʢʣʘʜʥʦʶ ʪʦʧʦʣʦʛʽʻʶ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʻ 

ʜʦʪʨʠʤʘʥʥʷ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ: 

¶ ʨʦʟʪʘʰʦʚʫʚʘʪʠ ʧʦʨʫʯ ʧʣʦʱʠʥʫ ʪʨʘʢʪʫ ʟʚʦʨʦʪʥʴʦʛʦ ʭʦʜʫ ʩʠʛʥʘʣʫ 

(ʟʘʟʝʤʣʝʥʥʷ) ʪʘ ʪʨʘʢʪʫ ʨʦʟʧʦʜʽʫ ʞʠʚʣʝʥʥʷ; 

¶ ʥʘʷʚʥʽʩʪʴ ʪʨʘʢʪʫ ʟʚʦʨʦʪʥʴʦʛʦ ʭʦʜʫ ʧʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʰʘʨʠ ʧʣʘʪʠ; 

¶ ʨʦʟʜʽʣʝʥʥʷ ʨʽʟʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ ʪʘ ʢʘʩʢʘʜʽʚ. 

 

1.5 ʇʨʦʪʠʟʘʚʘʜʥʽ ʤʝʨʝʞʝʚʽ ʬʽʣʴʪʨʠ 

 

ʗʢ ʙʫʣʦ ʚʢʘʟʘʥʦ ʨʘʥʽʰʝ, ʚʭʽʜʥʽ ʬʽʣʴʪʨʠ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʛʦʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʟʘ ʥʦʨʤʘʤʠ ɽʄʉ. ʉʝʨʪʠʬʽʢʘʮʽʷ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʩʪʦʩʫʻʪʴʩʷ 
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ʧʨʠʩʪʨʦʾʚ ʥʘ ʙʘʟʽ ʽʤʧʫʣʴʩʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ, ʧʨʠ ʯʦʤʫ ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ɯʤʧʫʣʴʩʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ʛʝʥʝʨʫʶʪʴ ʧʨʦʤʠʩʣʦʚʽ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʟʘʚʘʜʠ ʧʨʠ ʥʘʚʝʜʝʥʥʽ ʥʘʧʨʫʛʠ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʥʘ ʣʽʥʽʾ ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ 

ʪʦʧʦʣʦʛʽʾ ʪʘ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʢʦʥʜʫʢʪʠʚʥʦʾ ʟʘʚʘʜʠ ʥʘ ʚʭʦʜʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʥʘ ʡʦʛʦ ʚʭʦʜʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʭʦʯʘ ʙ ʦʜʠʥ ʥʘʡʧʨʦʩʪʽʰʠʡ LC-

ʬʽʣʴʪʨ, ʱʦ ʟʤʝʥʰʫʻ ʨʽʚʝʥʴ ʩʢʣʘʜʦʚʦʾ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʚ ʣʽʥʽʾ [19]. ʋ 

ʚʠʩʦʢʦʽʤʧʝʜʘʥʩʥʠʭ ʩʠʩʪʝʤʘʭ, ʪʦʙʪʦ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʭʽʜʥʠʡ ʽʤʧʝʜʘʥʩ ʢʘʩʢʘʜʫ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʚʠʭʽʜʥʠʡ ʽʤʧʝʜʘʥʩ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʘʩʢʘʜʫ, ʪʘʢʠʡ ʬʽʣʴʪʨ ʪʝʦʨʝʪʠʯʥʦ 

ʦʩʣʘʙʣʶʻ ʥʘʧʨʫʛʫ ʫ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ ʥʘ 40 ʜɹ/ʜʝʢʘʜʫ. ʊʘ ʥʘ ʧʨʘʢʪʠʮʽ 

ʜʦʩʷʛʘʶʪʴʩʷ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʧʦʩʣʘʙʣʝʥʥʷ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʫ ʤʘʻ ʤʘʣʠʡ ʽʤʧʝʜʘʥʩ ʪʘ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʜʘʪʦʯʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʬʽʣʴʪʨʘ. ʇʦ-ʜʨʫʛʝ, ʢʦʤʧʦʥʝʥʪʠ ʪʘʢʦʛʦ ʬʽʣʴʪʨʘ ʥʝ ʻ ʽʜʝʘʣʴʥʠʤʠ ʪʘ 

ʤʘʶʪʴ ʚʣʘʩʥʽ ʚʪʨʘʪʠ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ LC-ʬʽʣʴʪʨʘ ʯʘʩʪʦʪʘ  ʟʨʽʟʫ fc ʦʙʠʨʘʻʪʴʩʷ ʪʘʢ, ʱʦʙ 

ʚʦʥʘ ʙʫʣʘ ʥʠʞʯʝ ʯʘʩʪʦʪʠ ʢʦʤʫʪʘʮʽʾ fSW ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ. ʗʢʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʮʠʭ ʯʘʩʪʦʪ ʩʢʣʘʜʘʻ 1/10, ʪʦ, ʪʝʦʨʝʪʠʯʥʦ, ʥʘ ʯʘʩʪʦʪʽ ʧʝʨʝʤʠʢʘʥʥʷ, ʘʤʧʣʽʪʫʜʘ ʷʢʦʾ ʻ 

ʦʩʥʦʚʥʦʶ ʫ ʟʘʛʘʣʴʥʦʤʫ ʩʧʝʢʪʨʽ ʟʘʚʘʜ, ʨʽʚʝʥʴ ʚʪʨʘʪ ʩʪʘʥʦʚʠʪʴ 40 ʜɹ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʚʠʭʦʜʷʯʠ ʽʟ ʥʘʩʪʫʧʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [19]: 

 

                                                           .
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f =                                                    (1.8) 

 

ʏʘʩʪʦʪʘ ʟʨʽʟʫ LC-ʬʽʣʴʪʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ: 
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ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʦʟʤʽʱʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ LC-ʬʽʣʴʪʨʘ ʢʦʥʜʝʥʩʘʪʦʨ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʽ ʩʪʦʨʦʥʠ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ ʯʠ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ (ʨʠʩ. 1.31). ʇʨʠ 

ʮʴʦʤʫ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʽʣʴʢʘ ʧʽʜʢʣʶʯʝʥʠʭ ʧʘʨʘʣʝʣʴʥʦ ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʪʦ 

ʢʦʥʜʝʥʩʘʪʦʨ ʟ ʢʨʘʱʠʤʠ ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʣʽʜ ʚʩʪʘʥʦʚʠʪʠ ʙʣʠʞʯʝ ʜʦ 

ʜʞʝʨʝʣʘ ʟʘʚʘʜ. ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʦʩʣʘʙʣʝʥʥʷ ʩʪʨʫʤʫ ʽʤʧʫʣʴʩʥʦʛʦ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ ʻ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘ.  

 

ɼʞʝʨʝʣʦ 

ʞʠʚʣʝʥʥ̫

ʇʝʨʝʪʚʦʨʁʚʘʯ 

ʥʘʧʨʫʛʠʉf

L f

 

ʈʠʩʫʥʦʢ 1.31 ï ʈʦʟʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫ ʪʠʧʦʚʦʤʫ ʦʜʥʦʣʘʥʢʦʚʦʤʫ ʬʽʣʴʪʨʽ 

 

ʗʢʱʦ ʜʦʙʨʦʪʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʬʽʣʴʪʨʘ ʥʘʜʪʦ ʚʝʣʠʢʘ, ʧʨʠ ʨʽʟʢʦʤʫ ʟʤʝʥʰʝʥʥʽ 

ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʤʦʞʫʪʴ ʟ'ʷʚʠʪʠʩʴ ʧʘʨʘʟʠʪʥʽ ʛʘʨʤʦʥʽʢʠ, ʷʢʽ ʪʘʢʦʞ 

ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʬʽʣʴʪʨʫʚʘʪʠ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ 

ʚʠʭʽʜʥʠʡ ʽʤʧʝʜʘʥʩ ʚʭʽʜʥʦʛʦ ʬʽʣʴʪʨʘ ZOUT ʫ ʰʠʨʦʢʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʩʧʝʢʪʨʽ ʤʘʻ 

ʙʫʪʠ ʥʠʞʯʠʤ ʥʽʞ ʧʦʚʥʠʡ ʚʭʽʜʥʠʡ ʦʧʽʨ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ZIN: 

 

                                                        .OUT INZ Z<                                                      (1.11) 

 

ʂʨʽʤ ʪʦʛʦ ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʬʽʣʴʪʨʘ fc ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʘʙʘʛʘʪʦ ʥʠʞʯʦʶ ʥʽʞ 

ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ fco: 

 

                                                           .c cof f                                                        (1.12) 
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ɯʟ ʨʠʩ. 1.32 ʚʠʜʥʦ, ʱʦ ʚʠʱʝʚʢʘʟʘʥʽ ʫʤʦʚʠ ʜʦʩʷʛʘʶʪʴʩʷ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʰʫʥʪʘ ï ʢʝʨʘʤʽʯʥʦʛʦ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʧʘʨʘʣʝʣʴʥʦ ʚʭʦʜʫ ʩʠʣʦʚʦʛʦ 

ʤʦʜʫʣʷ.  

 

ɼʞʝʨʝʣʦ 

ʞʠʚʣʝʥʥ̫ ʇʝʨʝʪʚʦʨʁʚʘʯ 

ʥʘʧʨʫʛʠ

ʉf

ʉceramic

ʉd

Rd

 

ʈʠʩʫʥʦʢ 1.32 ï ɿʙʽʣʴʰʝʥʥʷ ʟʘʪʫʭʘʥʥʷ ʚʭʽʜʥʦʛʦ ʬʽʣʴʪʨʘ 

 

ʐʫʥʪʫʶʯʠʡ ʝʣʝʤʝʥʪ ʟʤʝʥʰʫʻ ʜʦʙʨʦʪʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʬʽʣʴʪʨʘ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʡʦʛʦ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʥʘ ʨʝʟʦʥʘʥʩʥʽʡ ʯʘʩʪʦʪʽ. ʌʦʨʤʫʣʘ 1.13 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ Rd ʧʨʠ ʜʦʙʨʦʪʥʦʩʪʽ ʬʽʣʴʪʨʘ Qf = 1:  

 

                                                          .
f

d

f

L
R

C
=                                                         (1.13) 

 

ɺʝʣʠʯʠʥʘ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʰʫʥʪʫʶʯʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉd, ʱʦ ʟʥʠʞʫʻ 

ʜʦʙʨʦʪʥʽʩʪʴ ʬʽʣʴʪʨʘ ʜʦ ʧʨʠʡʥʷʪʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʤʽʞ ʧ'ʷʪʠ 

ʪʘ ʜʝʩʷʪʠ ʢʨʘʪʥʦʤʫ ʟʥʘʯʝʥʥʷʭ ʥʦʤʽʥʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʬʽʣʴʪʨʘ Cf :  

 

                                                       5 10 .f d fC C C< <                                               (1.14) 

 

ʋ ʷʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʽʘʥʪʘ ʦʩʣʘʙʣʝʥʥʷ ʬʽʣʴʪʨʘ  ʤʦʞʥʘ ʦʙʨʘʪʠ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ, ʚʩʪʘʥʦʚʠʚʰʠ ʡʦʛʦ ʧʘʨʘʣʝʣʴʥʦ ʚʠʭʦʜʫ ʬʽʣʴʪʨʘ 

ʟʘʤʽʩʪʴ ʰʫʥʪʫʶʯʦʾ ʣʘʥʢʠ. ʗʢ ʧʨʘʚʠʣʦ, ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʫ ESR ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʦʩʣʘʙʣʝʥʥʷ ʜʦʙʨʦʪʥʦʩʪʽ ʬʽʣʴʪʨʘ.  
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1.5.1 ɺʠʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ ʚʭʽʜʥʦʛʦ ʬʽʣʴʪʨʘ 

 

ʆʙʠʜʚʘ ʝʣʝʤʝʥʪʠ ï ʽ ʢʦʥʜʝʥʩʘʪʦʨ ʽ ʢʦʪʫʰʢʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʧʨʘʢʪʠʮʽ 

ʤʘʶʪʴ ʷʢ ʽʥʜʫʢʪʠʚʥʽ ʪʘʢ ʽ ʻʤʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [19]. ʗʢ ʚʽʜʦʤʦ, ʝʬʝʢʪ ʬʽʣʴʪʨʘʮʽʾ 

ʢʦʪʫʰʦʢ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʫ ʥʘʡʙʽʣʴʰʽʡ ʤʽʨʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʾʭ ʚʣʘʩʥʽʡ ʨʝʟʦʥʘʥʩʥʽʡ 

ʯʘʩʪʦʪʽ SRF (self-resonant frequency). ɿʥʘʯʝʥʥʷ SRF ʢʦʪʫʰʦʢ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʻʤʥʽʩʥʠʡ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʚʠʪʢʘʤʠ ʦʙʤʦʪʢʠ.  

ʂʦʥʜʝʥʩʘʪʦʨʠ ʪʘʢʦʞ ʤʘʶʪʴ ʚʣʘʩʥʫ SRF. ɺʦʥʘ ʫ ʩʚʦʶ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʾ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʘ, ʦʩʦʙʣʠʚʦ, ʚʽʜ 

ʜʦʚʞʠʥʠ ʚʠʚʦʜʽʚ ʢʦʥʜʝʥʩʘʪʦʨʘ. ɺʠʢʦʥʫʶʯʠ ʧʽʜʙʽʨ ʩʢʣʘʜʦʚʠʭ ʬʽʣʴʪʨʘ, ʥʝʦʙʭʽʜʥʦ 

ʚʧʝʚʥʠʪʠʩʴ, ʱʦ SRF ʦʙʦʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʯʘʩʪʦʪʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ, ʚ ʷʢʦʤʫ ʥʘʧʨʫʛʘ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʟʘʚʘʜ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ, ʯʠ, 

ʚʣʘʩʥʝ, ʫ ʪʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ ʩʧʝʢʪʨʫ, ʫ ʷʢʽʡ ʬʽʣʴʪʨ ʧʦʚʠʥʝʥ ʙʫʪʠ ʘʢʪʠʚʥʠʤ.  

ʆʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʟʘʚʘʜʠ ʻ 

ʢʦʪʫʰʢʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚʦʥʘ ʟʘʧʦʙʽʛʘʻ ʰʚʠʜʢʦʤʫ ʟʨʦʩʪʘʥʥʶ ʪʘ 

ʩʧʘʜʫ ʩʪʨʫʤʫ ʫ ʚʭʽʜʥʠʭ ʢʦʣʘʭ. ʆʩʢʽʣʴʢʠ ʯʠʤ ʚʠʱʝ ʽʥʜʫʢʪʠʚʥʽʩʪʴ, ʪʠʤ ʤʝʥʰʝ SRF, 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʙʠʨʘʪʠ ʢʦʪʫʰʢʫ, ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʷʢʦʾ ʤʝʥʰʝ ʻʤʥʦʩʪʽ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʬʽʣʴʪʨʘ. ʅʘ ʧʨʘʢʪʠʮʽ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘ 

ʦʙʠʨʘʻʪʴʩʷ ʨʽʚʥʠʤ 10 ʤʢɻʥ, ʪʘʢ ʷʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʾʾ ʚʣʘʩʥʘ 

ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʜʦʩʷʛʘʻ 30 ʄɻʮ. ɿʘ ʽʩʥʫʶʯʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʮʝ ʤʘʢʩʠʤʘʣʴʥʘ 

ʯʘʩʪʦʪʘ ʜʣʷ ʦʮʽʥʢʠ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ.  

ʆʢʨʽʤ ʪʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʛʦ ʩʪʨʫʤʫ ʷʢʝ 

ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘ, ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʽʟʦʣʷʮʽʾ ʧʨʦʚʦʜʽʚ ʾʾ ʦʙʤʦʪʢʠ. ʗʢʱʦ ʂʂɼ ʽʤʧʫʣʴʩʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʨʠʡʥʷʪʠ ʨʽʚʥʠʤ Л, ʝʬʝʢʪʠʚʥʠʡ ʚʭʽʜʥʠʡ ʩʪʨʫʤ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ 

ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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ɿ ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʢʠ, ʥʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘ 

ʧʦʚʠʥʝʥ ʤʘʪʠ ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ. ʋ ʷʢʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʬʽʣʴʪʨʘ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʟ ʨʽʜʢʠʤ ʝʣʝʢʪʨʦʣʽʪʦʤ, ʧʦʣʽʤʝʨʥʠʡ ʯʠ 

ʥʘʚʽʪʴ ʢʝʨʘʤʽʯʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʜʦʙʨʦʪʥʽʩʪʴ ʬʽʣʴʪʨʘ ʥʘ 

ʯʘʩʪʦʪʽ ʟʨʽʟʫ ʙʫʣʘ ʜʦʩʪʘʪʥʴʦ ʤʘʣʦʶ, ʷʢ ʫʞʝ ʙʫʣʦ ʚʢʘʟʘʥʦ ʨʘʥʽʰʝ.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ˊ-ʬʽʣʴʪʨʘ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ ʜʦʜʘʪʢʦʚʽ ʟʘʭʦʜʠ. ɺ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʚʭʽʜʥʠʡ ʬʽʣʴʪʨ ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʷʢʦʤʦʛʘ ʙʣʠʞʯʝ 

ʜʦ ʚʭʦʜʫ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ [19]. ʗʢʱʦ ʬʽʣʴʪʨ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʙʽʣʴʰʽʡ ʚʽʜʩʪʘʥʽ, 

ʚʠʭʦʜʷʯʠ ʽʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ, ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʣʽʥʽʾ 

ʧʽʜʢʣʶʯʝʥʥʷ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʘʥʪʝʥʘ ʤʽʞ ʚʭʽʜʥʠʤ ʬʽʣʴʪʨʦʤ ʪʘ ʩʠʣʦʚʠʤ 

ʤʦʜʫʣʝʤ. ʆʜʥʘʢ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʮʠʭ ʣʽʥʽʡ ʟʚ'ʷʟʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʨʘʟʦʤ ʽʟ 

ʢʝʨʘʤʽʯʥʠʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʷʢ ʜʦʜʘʪʢʦʚʠʡ LC-ʬʽʣʴʪʨ ʽʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ 

ʯʘʩʪʦʪʠ ʟʨʽʟʫ (ʨʠʩ. 1.33). 

ɼʞʝʨʝʣʦ 

ʞʠʚʣʝʥʥ̫
ʇʝʨʝʪʚʦʨʁʚʘʯ 

ʥʘʧʨʫʛʠʉf

ʉceramic

L f

 

ʈʠʩʫʥʦʢ 1.33 ï ɺʭʽʜʥʠʡ ʇ-ʬʽʣʴʪʨ 

 

 ʏʝʨʝʟ ʥʘʜʟʚʠʯʘʡʥʦ ʤʘʣʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ESR, ʢʝʨʘʤʽʯʥʠʡ 

ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʤʦʞʝ ʚʽʜʚʦʜʠʪʠ ʩʪʨʫʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʟʘʚʘʜʘʭ, ʥʘ ʟʘʟʝʤʣʝʥʥʷ. ɺʣʘʩʥʘ ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʧʦʚʠʥʥʘ ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ. 
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1.5.2 ɺʠʙʽʨ ʚʠʭʽʜʥʦʛʦ ʬʽʣʴʪʨʘ 

 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʣʠʰʢʦʚʠʭ ʧʫʣʴʩʘʮʽʡ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʪʘ ʷʢʱʦ 

ʢʦʤʧʦʥʝʥʪʠ ʟ ʞʠʚʣʝʥʥʷʤ ʚʽʜ ʽʤʧʫʣʴʩʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʦʤʫʪʦʚʘʥʽ ʽʥʪʝʨʬʝʡʩʠ (ʥʘʧʨʠʢʣʘʜ ʤʫʣʴʪʠʧʣʝʢʩʦʨʠ ʜʘʪʯʠʢʽʚ, ʘʥʘʣʦʛʦʚʽ 

ʢʦʤʫʪʘʮʽʡʥʽ ʩʭʝʤʠ ʽ ʪ.ʜ.), ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʭʽʜʥʽ ʬʽʣʴʪʨʠ. ʉʭʝʤʘ ʚʠʭʽʜʥʦʛʦ 

ʬ̔ ʣʴʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.34.  

 

ʇʝʨʝʪʚʦʨʁʚʘʯ 

ʥʘʧʨʫʛʠ

ʉf(out)

L f(out)

ʅʘʚʘʥʪʘʞʝʥʥ̫

 

ʈʠʩʫʥʦʢ 1.34 ï ɺʠʭʽʜʥʠʡ ʬʽʣʴʪʨ 

 

ʆʜʥʘʢ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʦʩʪʘʪʦʯʥʠʡ ʚʠʩʥʦʚʦʢ ʱʦʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʦʛʦ ʚʠʭʽʜʥʦʛʦ ʬʽʣʴʪʨʘ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʫ ʥʝʦʙʭʽʜʥʠʡ ʩʚʽʡ ʨʦʟʨʘʭʫʥʦʢ. ɺʠʭʽʜʥʠʡ ʬʽʣʴʪʨ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʟʘʣʠʰʢʦʚʽ ʧʫʣʴʩʘʮʽʾ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʜʦ ʤʽʥʽʤʫʤʫ ʯʠ 

ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʥʝʙʘʞʘʥʠʭ ʩʫʙʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ. ɺʠʭʽʜʥʠʡ ʬʽʣʴʪʨ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʚʭʽʜʥʠʡ, ʘʣʝ ʧʨʠʡʤʘʪʠ ʤʽʨʠ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ 

ʜʦʙʨʦʪʥʦʩʪʽ ʥʝ ʧʦʪʨʽʙʥʦ.  

 

1.5.3 ɺʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʥʘʧʨʫʛʠ ʟʘʚʘʜ ʫ ʢʦʣʘʭ ʞʠʚʣʝʥʥʷ ʪʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʠʭ ʟʘʚʘʜ 

 

ɺʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʰʫʤʽʚ ʪʘ ʟʘʚʘʜ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʦʩʥʦʚʥʠʤ ʩʪʘʥʜʘʨʪʦʤ IEC CISPR 16-2-1  [20]. ʋ ʜʘʥʦʤʫ ʩʪʘʥʜʘʨʪʽ ʦʧʠʩʘʥʦ ʪʠʧʠ 
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ʚʠʤʽʨʶʚʘʥʠʭ ʟʘʚʘʜ, ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʚʠʤʽʨʽʚ, ʪʘ 

ʚʠʤʽʨʶʚʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʥʘʩʪʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʨʠʩʪʨʦʾʚ, ʱʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʧʽʜʣʦʟʽ. ʈʽʚʝʥʴ ʟʘʚʘʜ ʫ ʧʨʦʚʦʜʘʭ ʞʠʚʣʝʥʥʷ ʦʮʽʥʶʻʪʴʩʷ ʫ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 9 ʢɻʮ - 30 ʄɻʮ. ɼʦ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʦʢʨʽʤ ʧʨʠʡʤʘʯʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ, ʚʽʜʥʦʩʷʪʴʩʷ ʩʭʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʚʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʣʽʥʽʾ 

LISN (Line Impedance Stabilizing Network), ʧʨʦʙʥʠʢʠ ʥʘʧʨʫʛʠ, ʢʣʽʱʽ ʩʪʨʫʤʫ, ʪʘ 

ʻʤʥʽʩʥʽ ʧʨʦʙʥʠʢʠ ʥʘʧʨʫʛʠ. ɼʦʚʞʠʥʘ ʢʘʙʝʣʶ ʤʽʞ ʪʝʩʪʦʚʘʥʠʤ ʧʨʠʣʘʜʦʤ ʪʘ LISN ʥʝ 

ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ  80 ʩʤ. ʇʨʠʡʤʘʯ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ ʦʮʽʥʶʻ 

ʘʩʠʤʝʪʨʠʯʥʫ ʰʫʤʦʚʫ ʥʘʧʨʫʛʫ ʷʢʘ ʨʦʟʜʽʣʷʻʪʴʩʷ ʚ LISN ʜʣʷ ʦʢʨʝʤʠʭ ʧʨʦʚʦʜʽʚ 

ʢʘʙʝʣʶ. ʄʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʟʘʚʘʜ ʚʠʱʝ 30 ʄɻʮ ʦʧʠʩʘʥʠʡ ʚ 

ʙʘʟʦʚʦʤʫ ʩʪʘʥʜʘʨʪʽ IEC CISPR 16-2-3 [21]. ɺʠʤʽʨʶʚʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʢʘʤʝʨʫ, ʱʦ ʧʦʚʥʽʩʪʶ ʧʦʛʣʠʥʘʻ ʨʘʜʽʦʭʚʠʣʽ ʪʘ ʧʽʜʣʦʛʫ, ʱʦ ʧʨʦʚʦʜʠʪʴ ʩʪʨʫʤ, 

ʘʙʦ ʞ ʣʠʰʝ ʢʘʤʝʨʫ.  

 

1.6 ʄʦʜʠʬʽʢʘʮʽʾ ʪʦʧʦʣʦʛʽʾ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ 

ʟʘʚʘʜ 

 

ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʝʨʽʡʥʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ (ESL) ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʫ ʨʦʣʴ ʧʨʠ ʨʦʙʦʪʽ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʫ ɺʏ ʜʽʘʧʘʟʦʥʽ. ʂʦʥʜʝʥʩʘʪʦʨ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʽʤʧʫʣʴʩʥʠʭ 

ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʽ ʧʨʠ ʨʦʙʦʪʽ ʫ ɺʏ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʽʢʦʚʽ ʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ, ʧʫʣʴʩʘʮʽʾ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʜʞʝʨʝʣʘ ʪʘ ʥʘ ʩʧʝʢʪʨ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ ʥʘ ʚʭʦʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ɼʦʙʨʝ ʚʽʜʦʤʦ ʱʦ 

ʥʘ ʚʣʘʩʥʽʡ ʨʝʟʦʥʘʥʩʥʽʡ ʯʘʩʪʦʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʘʨʘʤʝʪʨ ESL ʪʘ ʡʦʛʦ ʻʤʥʽʩʪʴ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʢʦʥʜʝʥʩʘʪʦʨ ʧʦʯʠʥʘʻ ʧʨʘʮʶʚʘʪʠ ʪʘʢʦʞ ʷʢ ʽ ʢʦʪʫʰʢʘ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ. ʉʘʤʝ ʪʦʤʫ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ESL ʻ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʦʙʦʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʫ ʩʢʣʘʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʥʘʧʨʫʛʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʫ ʩʢʣʘʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʟʘʟʚʠʯʘʡ, 

ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ ʜʦʜʘʥʦʾ ʥʘʧʨʫʛʠ. ɺʣʘʩʥʘ ʨʝʟʦʥʘʥʩʥʘ 

ʯʘʩʪʦʪʘ ʢʦʥʜʝʥʩʘʪʦʨʘ fs ʪʘ ʥʘʡʥʠʞʯʝ ʟʥʘʯʝʥʥʷ ʧʽʜʩʠʣʝʥʥʷ ʥʘʧʨʫʛʠ Tm 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ [22]: 
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ʂʦʣʠ ʧʘʨʘʤʝʪʨ ESL ʨʽʚʥʠʡ ʥʫʣʶ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʟʥʘʯʥʦ 

ʧʦʢʨʘʱʫʪ̒ʴʩʷ ʧʨʠ ʨʦʙʦʪʽ ʫ ɺʏ ʜʽʘʧʘʟʦʥʽ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʫ ɺʏ 

ʦʙʣʘʩʪʽ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʧʘʨʘʤʝʪʨʦʤ ESR, ʽ ʷʢʱʦ ʟʤʝʥʰʠʪʠ  ̔ ʡʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʴʩʷ. ʉʘʤʝ ʪʦʤʫ ʤʝʪʦʜ 

ʤʦʜʠʬʽʢʘʮʽʾ ʪʦʧʦʣʦʛʽʾ ʟʘʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ESL ʪʘ ESR 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ. 

ɼʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ, ʥʘ ʷʢʦʤʫ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʘʨʘʤʝʪʨʠ ESL 

ʪʘ ESR ʫ ʚʠʛʣʷʜʽ ʜʦʜʘʪʢʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʥʘ ʨʠʩ. 1.35 ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʩʪʨʫʤʫ ʪʘ 

ʥʘʧʨʫʛʠ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ Z [22]: 
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ɺʠʭʦʜʷʯʠ ʽʟ (1.19) Z-ʤʘʪʨʠʮʷ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʠʨʘʟʦʤ: 

 

                                              

2 1 2 1

2 1 2 1

2 2
.

2 2

Z Z Z Z

Z
Z Z Z Z

+ -å õ
æ ö
=æ ö

- +æ ö
æ ö
ç ÷

                                        (1.20) 



56 

 

Z1

Z1

Z2Z2

V1 V2

I1 I2

 

ʈʠʩʫʥʦʢ 1.35 ï ʉʭʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʘʪʨʠʮʽ Z   

 

ʗʢ ʚʠʜʥʦ ʽʟ (1.15), Z11 ʚʭ̔ʜʥʠʡ ʽʤʧʝʜʘʥʩ ʧʝʨʰʦʛʦ ʧʦʨʪʫ, ʢʦʣʠ ʜʨʫʛʠʡ ʧʦʨʪ 

ʚʽʜʢʨʠʪʠʡ. ʆʩʢʽʣʴʢʠ ʜʚʘ ʽʤʧʝʜʘʥʩʠ Z1+Z2 ʧʽʜʢʣʶʯʝʥʽ ʧʘʨʘʣʝʣʴʥʦ, ʨʝʟʫʣʴʪʫʶʯʠʡ 

ʽʤʧʝʜʘʥʩ ʨʽʚʥʠʡ (Z1+Z2)/2 ʷʢ ʧʦʢʘʟʘʥʦ ʚ (1.19). Z22 ʤʘʻ ʟʥʘʯʝʥʥʷ ʨʽʚʥʝ Z11 ʷʢʱʦ 

ʢʦʣʦ ʩʠʤʝʪʨʠʯʥʝ. Z12 ʮʝ ʧʝʨʝʜʘʪʦʯʥʠʡ ʽʤʧʝʜʘʥʩ ʤʽʞ ʜʚʦʤʘ ʧʦʨʪʘʤʠ ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʧʣʠʚ ʧʦʨʪʫ ʜʚʘ ʥʘ ʧʦʨʪ ʦʜʠʥ ʟ ʪʦʯʢʠ ʟʦʨʫ ʽʤʧʝʜʘʥʩʫ. Z12 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʧʝʨʰʦʤʫ ʧʦʨʪʽ ʜʦ ʩʪʨʫʤʫ ʥʘ ʜʨʫʛʦʤʫ, 

ʢʦʣʠ ʧʦʨʪ 1 ʚʽʜʢʨʠʪʠʡ, ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ (Z2-Z1)/2, ʷʢ ʧʦʢʘʟʘʥʦ ʚ (1.19). Z21 ʤʘʻ 

ʟʥʘʯʝʥʥʷ ʨʽʚʥʝ Z12 ʟʘ ʫʤʦʚʠ, ʱʦ ʢʦʣʦ ʻ ʣʽʥʽʡʥʦʶ ʧʘʩʠʚʥʦʶ ʩʠʩʪʝʤʦʶ [22].  

ʂʦʣʦ 2, (ʨʠʩ. 1.36), ʻ ʩʭʝʤʘʪʠʯʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʤʘʪʨʠʮʽ Z ʧ̔ ʩʣʷ ʚʥʝʩʝʥʥʷ 

ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ (1.20). 
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ʏʦʪʠʨʠ ʽʤʧʝʜʘʥʩʠ ʚ ʤʘʪʨʠʮʽ Z ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʚʠʟʥʘʯʝʥʥʷʤʠ 

ʚʠʱʝ. ʆʩʢʽʣʴʢʠ, ʩʭʝʤʘʪʠʯʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘ ʨʠʩ. 1.38 ʪʘ 1.39 ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ 

ʤʘʪʨʠʮʶ ʽʤʧʝʜʘʥʩʽʚ, ʚʦʥʠ ʝʢʚʽʚʘʣʝʥʪʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʚʽ ʤʝʨʝʞʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʜʚʦʭ ʧʦʨʪʘʭ. ʇʦʨʽʚʥʶʶʯʠ ʦʙʠʜʚʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʜʥʦ, ʱʦ 

ʽʤʧʝʜʘʥʩʠ Z1 ʽʟ ʧʝʨʰʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʘʢʪʠʯʥʦ ʚʽʜʥʽʤʘʶʪʴʩʷ ʚʽʜ Z2 ʪʘ 

ʜʦʜʘʶʪʴʩʷ ʧʦ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ (ʨʠʩ. 1.38). ɺʨʘʭʦʚʫʶʯʠ 

ʜʘʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʘʨʘʟʠʪʥʽ ʟʥʘʯʝʥʥʷ ESR ʪʘ ESL ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʝʥʰʝʥʥʽ 

ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʢʦʪʫʰʦʢ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʨʝʟʠʩʪʦʨʽʚ. ɼʘʥʘ 

ʤʝʪʦʜʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.37 ʪʘ 1.38.  
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ʈʠʩʫʥʦʢ 1.38 ï ʇʨʠʢʣʘʜ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ESL ʪʘ ESR ʜʣʷ 

ʢʦʥʜʝʥʩʘʪʦʨʘ 

 

ʅʘ ʨʠʩ. 1.37 ʜʚʘ ʢʦʥʜʝʥʩʘʪʦʨʠ ʧʽʜ'ʻʜʥʘʥʽ ʧʦ ʜʽʘʛʦʥʘʣʽ. ɯʥʜʫʢʪʠʚʥʦʩʪʽ, ʱʦ 

ʟʤʝʥʰʫʶʪʴ ʟʥʘʯʝʥʥʷ ESL ʪʘ ʨʝʟʠʩʪʦʨʠ, ʱʦ ʟʤʝʥʰʫʶʪʴ ʟʥʘʯʝʥʥʷ ESR, 

ʚʩʪʘʥʦʚʣʝʥʦ ʟʚʝʨʭʫ  ʪʘ ʧʦ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ ʩʠʛʥʘʣʴʥʦʛʦ ʪʨʘʢʪʫ. ʆʯʝʚʠʜʥʦ, ʱʦ ʷʢʱʦ 

ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʾ ʢʦʪʫʰʢʠ ʨʽʚʥʘ ʟʥʘʯʝʥʥʶ ESL, ʪʦ ʝʬʝʢʪ ʦʩʪʘʥʥʴʦʛʦ ʥʘ 

ʰʫʥʪʫʶʯʦʤʫ ʪʨʘʢʪʽ ʙʫʜʝ ʧʨʠʛʥʽʯʫʚʘʪʠʩʷ. ɸʥʘʣʦʛʽʯʥʦ ʽ ʜʣʷ ESR, ʪʘ ʟʥʘʯʝʥʴ ʦʧʦʨʫ 

ʜʦʜʘʪʢʦʚʠʭ ʨʝʟʠʩʪʦʨʽʚ. ʈʝʟʫʣʴʪʫʶʯʽ ʢʦʣʘ ʻ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʧʨʦʪʠʟʘʚʘʜʥʠʤ 

ʬʽʣʴʪʨʘʤ, ʦʩʢʽʣʴʢʠ ESL ʪʘ ESR ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ, ʘ ʻʤʥʽʩʪʴ 

ʻ ʯʘʩʪʠʥʦʶ ʢʦʣʘ ʰʫʥʪʘ.  

ɺʧʣʠʚ ESR ʪʘ ESL ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʧʨʠʛʥʽʯʝʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʪʘʢʦʞ ʻ ʬʫʥʢʮʽʷʤʠ ʪʝʧʣʦʚʠʭ ʪʘ ʯʘʩʪʦʪʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʩʪʨʫʤʫ. ʇʨʦʪʝ, 

ʜʦʩʷʛʪʠ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʾʭ ʚʧʣʠʚʫ ʤʦʞʣʠʚʦ, ʱʦ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʧʦʢʨʘʱʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ.  

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1  

 

ɿʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʽʤʧʫʣʴʩʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ ʟʘʚʘʜ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʽʶʯʠʭ ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʘʜʽʦ-ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ, ʦʪʞʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʘʥʽʡ ʛʘʣʫʟʽ ʻ 
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ʘʢʪʫʘʣʴʥʠʤʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʜʠʨʝʢʪʠʚʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʩʫʤʽʩʥʦʩʪʽ 2014/35/EU, ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʣʘʜʠ ʪʘ ʧʨʠʩʪʨʦʾ, ʱʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʯʠ 

ʚʚʦʟʷʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʶ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʨʦʝʢʪʦʚʘʥʽ ʪʘ 

ʚʠʛʦʪʦʚʣʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʨʠ ʾʭ ʨʦʙʦʪʽ ʥʝ ʚʠʥʠʢʘʣʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ, 

ʱʦ ʤʦʞʫʪʴ ʧʦʨʫʰʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʤʽʞʥʦʛʦ ʨʘʜʽʦ- , ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʪʘ 

ʽʥʰʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺ ʋʢʨʘʾʥʽ ʜʽʶʯʠʡ ʩʪʘʥʜʘʨʪ ɽʄʉ (ɼʉʊʋ EN 61000-2-4:2017) 

ʨʝʛʣʘʤʝʥʪʫʻ ʨʽʚʥʽ ʩʫʤʽʩʥʦʩʪʽ ʱʦʜʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɺʯʝʥʠʤʠ ʟʽ ʚʩʴʦʛʦ ʩʚʽʪʫ ʧʨʦʚʦʜʠʪʴʩʷ ʥʠʟʢʘ 

ʜʦʩʣʽʜʞʝʥʥʴ ʱʦʜʦ ʧʦʢʨʘʱʝʥʥʷ ʪʦʧʦʣʦʛʽʡ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ [22], ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ [10, 12], ʜʦʧʦʚʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʥʦʾ ʙʘʟʠ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟ ʐɯʄ [11], ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪ ʽʤʧʫʣʴʩʥʠʭ 

ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ [16], ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʜʞʝʨʝʣʦʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ ʟʘʜʣʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʪʘʥʜʘʨʪʘʤ ɽʄʉ. ʅʘ ʢʘʬʝʜʨʽ 

ɸʢʫʩʪʠʯʥʠʭ ʪʘ ʄʫʣʴʪʠʤʝʜʽʡʥʠʭ ɽʣʝʢʪʨʦʥʥʠʭ ʉʠʩʪʝʤ ʅʊʋʋ çʂʇɯ ʽʤ. ɯ. 

ʉʽʢʦʨʩʴʢʦʛʦè ʪʘʢʦʞ ʧʨʦʚʦʜʷʪʴʩʷ ʪʝʦʨʝʪʠʯʥʽ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʶ 

ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ [4]. 

ɺ ʭʦʜʽ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʧʨʘʮʴ ʫ ʛʘʣʫʟʽ ɽʄʉ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʱʦ ʥʝ ʚʩʽ 

ʧʠʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʽ ʧʦʚʥʦʶ ʤʽʨʦʶ. ʊʘʢ ʙʽʣʴʰʦʩʪʴ ʨʦʙʽʪ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʪʝʤʘʪʠʢʫ 

ʧʦʢʨʘʱʝʥʥʷ ʪʦʧʦʣʦʛʽʡ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʘʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʧʦʢʨʘʱʝʥʥʷ 

ʪʦʧʦʣʦʛʽʾ ʚʭʽʜʥʦʛʦ ʬʽʣʴʪʨʘ. ʇʠʪʘʥʥʷ ʚʧʣʠʚʫ ʪʦʧʦʣʦʛʽʡ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʨʽʟʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ, ʪʘ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʦʧʦʣʦʛʽʾ ʥʘ ʨʽʚʝʥʴ ʩʪʚʦʨʶʚʘʥʠʭ 

ɽʄɿ ʥʝ ʨʦʟʢʨʠʪʦ. ɼʦʩʠʪʴ ʛʣʠʙʦʢʦ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʚʘʜ, 

ʜʦʩʣʽʜʞʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ (spread 

spectrum) ʪʘ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʛʦ ʧʝʨʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʯʘʩʪʦʪʠ (frequency hopping) ʫ 

ʢʦʤʙʽʥʘʮʽʾ ʽʟ ʪʝʭʥʦʣʦʛʽʻʶ FPGA. ʇʨʦʪʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ ʫ ʜʚʦʢʘʩʢʘʜʥʦʤʫ ʜʞʝʨʝʣʽ ʞʠʚʣʝʥʥʷ ʟ ʢʦʨʝʢʮʽʻʶ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʪʫʞʥʦʩʪʽ ʬʘʢʪʠʯʥʦ ʥʝ ʜʦʩʣʽʜʞʝʥʘ. ʇʨʦʚʝʜʝʥʘ ʥʠʟʢʘ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʠʩʚʷʯʝʥʽ 

ʢʦʪʫʰʮʽ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʫ ʩʢʣʘʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ, ʘʣʝ ʚʧʣʠʚ ʨʽʟʥʠʭ ʾʾ 

ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʨʽʚʝʥʴ ʩʪʚʦʨʶʚʘʥʠʭ ʟʘʚʘʜ ʥʝ ʜʦʩʣʽʜʞʝʥʦ, ʪʘ ʷʢ ʽ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʱʦ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝʭʪʫʻʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʷ 
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ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʊʦʤʫ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʨʦʟʢʨʠʪʠʭ 

ʧʠʪʘʥʴ, ʱʦ ʚʠʷʚʣʝʥʽ ʫ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. 
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2 ɿʄɽʅʐɽʅʅʗ ʈɯɺʅʗ ʉʊɺʆʈʖɺɸʅʀʍ ɿɸɺɸɼ ʋ AC/DC-

ʇɽʈɽʊɺʆʈʖɺɸʏɸʍ 

 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʫ ʧʦʩʪʽʡʥʠʡ (AC/DC-

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ) ʪʨʝʙʘ ʜʦʙʠʚʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ 

ʜʽʾ (ʂʂɼ), ʘʣʝ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠ ʮʴʦʤʫ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ 

(ɽʄɿ) ʪʘ ʤʘʣʽ ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʩʪʨʫʤʫ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʚʽʜ ʤʝʨʝʞʽ. 

ʇʨʦʙʣʝʤʘ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʫ ʩʢʣʘʜʽ AC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʦʢʨʽʤ 

ʢʦʨʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ (ʂʂʇ) ʚʭʦʜʠʪʴ ʽ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯ, ʱʦ ʷʢ 

ʧʨʘʚʠʣʦ ʧʨʘʮʶʻ ʟ ʚʽʜʤʽʥʥʦʶ ʚʽʜ ʂʂʇ ʯʘʩʪʦʪʦʶ ʢʦʤʫʪʘʮʽʾ ʩʠʣʦʚʦʛʦ ʢʣʶʯʘ. ʊʦʤʫ 

ʦʢʨʽʤ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ɽʄɿ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʂʂʇ, ʪʨʝʙʘ 

ʚʽʜʧʦʚʽʩʪʠ ʱʝ ʷʢ ʤʽʥʽʤʫʤ ʥʘ ʜʚʘ ʧʠʪʘʥʥʷ ï ʯʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʦʜʥʘʢʦʚʦʶ ʯʘʩʪʦʪʫ 

ʢʦʤʫʪʘʮʽʾ ʂʂʇ ʪʘ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʘ ʷʢʱʦ ʥʽ, ʪʦ ʷʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʯʘʩʪʦʪʘʤʠ ʢʦʤʫʪʘʮʽʾ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʜʘʩʪʴ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ɽʄɿ. ʂʂʇ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʷʢ ʧʘʩʠʚʥʠʤ, ʫ ʚʠʛʣʷʜʽ LC-ʬʽʣʴʪʨʘ, ʪʘʢ ʽ 

ʘʢʪʠʚʥʠʤ ï ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʪʘʢʪʥʦʛʦ ʧʽʜʚʠʱʫʶʯʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʆʩʢʽʣʴʢʠ ʽʤʧʫʣʴʩʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʝʥʝʨʛʽʾ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʥʝ ʪʽʣʴʢʠ 

ʢʦʨʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʽ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯ, ʪʦ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʪʘʢʦʛʦ ʧʨʠʩʪʨʦʶ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʦʪʨʠʤʘʪʠ ʥʝ ʪʽʣʴʢʠ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ, ʘ ʡ ʟʘʙʝʟʧʝʯʠʪʠ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ, 

ʩʪʚʦʨʶʚʘʥʠʭ ʮʠʤʠ ʜʚʦʤʘ ʧʨʠʩʪʨʦʷʤʠ (ʨʠʩ. 2.1). ɼʦʩʣʽʜʞʝʥʥʷ ʫ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ 

ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʨʽʚʝʥʴ ʩʪʚʦʨʶʚʘʥʠʭ ɽʄɿ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʯʘʩʪʦʪʠ ʢʦʤʫʪʘʮʽʾ ʩʠʣʦʚʠʭ ʢʣʶʯʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʘ ʤʝʪʦʜʽʚ ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʽʚ 

ʫʧʨʘʚʣʽʥʥʷ) ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʤʠʪʪʷ ʩʧʝʢʪʨʫ ʫ ʨʽʟʥʠʭ 

ʣʘʥʢʘʭ ʽʤʧʫʣʴʩʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʜʦʟʚʦʣʠʪʴ ʦʙˇʨʫʥʪʦʚʘʥʦ ʫʟʛʦʜʠʪʠ 

ʧʘʨʘʤʝʪʨʠ ʢʦʨʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʪʘ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ ʧʨʠ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʂʂɼ. 
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2.1 ɿʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʚʘʜ ʩʪʚʦʨʶʚʘʥʠʭ ʂʂʇ 

 

ʂʦʨʝʢʪʦʨʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʧʦʙʫʜʦʚʽ 

ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʽ ʜʦʟʚʦʣʷʶʪʴ  ʝʢʦʥʦʤʠʪʠ ʙʽʣʷ 30% ʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʛʦ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺ ʦʩʥʦʚʽ ʢʦʨʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʣʝʞʠʪʴ 

ʧʽʜʚʠʱʫʶʯʠʡ DC/DC-ʧʝʨʝʪʚʦʨʶʚʘʯ (ʨʠʩ. 2.1), ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻ 

ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ʂʂʇ.  

 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʟ ʢʦʨʝʢʪʦʨʦʤ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʪʫʞʥʦʩʪʽ ʙʝʟ ʛʘʣʴʚʘʥʽʯʥʦʾ ʨʦʟʚ'ʷʟʢʠ 

 

ʈʽʟʥʠʮʷ ʬʘʟ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʧʦʪʫʞʥʦʩʪʽ cos(ὲ). ɼʣʷ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʙʝʟ ʢʦʨʝʢʮʽʾ ʚʽʥ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 60%, 

ʧʨʠ ʧʘʩʠʚʥʽʡ ʢʦʨʝʢʮʽʾ ʩʷʛʘʻ 70-75%, ʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʢʪʠʚʥʦʛʦ ʢʦʨʝʢʪʦʨʘ ʟ 

ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʶ ʤʦʜʫʣʷʮʽʻʶ (ʐɯʄ) ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 93%.  

ɯʥʰʦʶ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʠʛʥʘʣʫ ʻ ʢʦʝʬʽʮʽʻʥʪ ʛʘʨʤʦʥʽʯʥʠʭ 

ʩʧʦʪʚʦʨʝʥʴ ʂʛ (ʚ ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ THD ï Total Harmonic Distortion), ʷʢʠʡ 

ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʫʤʠ ʛʘʨʤʦʥʽʢ (ʦʢʨʽʤ 

ʧʝʨʰʦʾ) ʜʦ ʧʝʨʰʦʾ ʛʘʨʤʦʥʽʢʠ. ɿʩʫʚ ʬʘʟʠ ʩʪʨʫʤʫ ʚʽʜʥʦʩʥʦ ʬʘʟʠ ʥʘʧʨʫʛʠ ʪʘ 

ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʩʠʛʥʘʣʫ ʩʪʨʫʤʫ ʚʠʢʣʠʢʘʥʽ ʥʘʷʚʥʽʩʪʶ ʥʝʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʩʢʣʘʜʽ ʽʤʧʫʣʴʩʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. ɺ ʦʩʥʦʚʥʦʤʫ ʮʝ ʻʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʥʘ 

ʚʠʭʦʜʽ ʚʠʧʨʷʤʣʷʯʘ. ʅʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʻʤʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʣʝʩʢʽʚ ʩʪʨʫʤʫ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʨʤʦʥʽʢ. ʆʪʞʝ ʢʦʨʝʢʮʽʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ 
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ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʩʧʣʝʩʢʽʚ ʩʧʦʞʠʚʘʥʦʛʦ ʚʽʜ ʤʝʨʝʞʽ ʩʪʨʫʤʫ ʥʘ ʧʽʢʘʭ 

ʩʠʥʫʩʦʾʜʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʫ. 

ɼʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʪʘ ʾʾ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʘ ʤʦʜʫʣʷʮʽʷ (ʐɯʄ) ʚ ʙʣʦʢʘʭ ʫʧʨʘʚʣʽʥʥʷ 

ʦʙʦʤʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ, ʟʤʽʥʶʶʯʠ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʽʚ 

ʫʧʨʘʚʣʽʥʥʷ, ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ. ɼʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʘʧʨʫʛʠ ʚʚʦʜʠʪʴʩʷ 

ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʟʘ ʥʘʧʨʫʛʦʶ ʚ ʢʦʞʥʦʤʫ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʘ ʚ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ʂʂʇ ʱʝ ʽ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʟʘ ʩʪʨʫʤʦʤ. ʇʫʣʴʩʘʮʽʾ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʟʛʣʘʜʞʫʶʪʴʩʷ 

ʚʠʭʽʜʥʠʤ ʬʽʣʴʪʨʦʤ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʂʂʇ ʫ ʩʝʨʝʜʦʚʠʱʽ LTspice XVII ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ 

ʧʽʜʚʠʱʫʶʯʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʨʠʩ. 2.2), ʷʢʠʡ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʢʦʨʝʢʮʽʾ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ. 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʄʦʜʝʣʴ ʢʦʨʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ 

 

ɼʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʘʥʘʣʽʟʫ ʫ ʤʦʜʝʣʽ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.2, 

ʚʠʢʦʨʠʩʪʘʥʽ ʽʜʝʘʣʽʟʦʚʘʥʽ ʝʣʝʤʝʥʪʠ, ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʧʨʠ ʟʤʽʥʽ 

ʩʪʨʫʤʫ ʘʙʦ ʥʘʧʨʫʛʠ, ʘ ʟʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ. ʇʦʯʘʪʦʢ ʽ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʯʘʩ ʧʦʯʘʪʢʫ ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʜʘʻ 

ʜʠʨʝʢʪʠʚʘ .tran. ɼʠʨʝʢʪʠʚʠ .model ʟʘʜʘʶʪʴ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʢʣʶʯʽʚ (SW) ʪʘ 

ʜʽʦʜʽʚ (D). ɺʩʽ ʤʦʜʝʣʽ ʢʣʶʯʽʚ ʪʘ ʜʽʦʜʽʚ ʻ ʽʜʝʘʣʴʥʠʤʠ, ʪʦʙʪʦ ʾʭ ʧʘʨʘʤʝʪʨʠ ʥʝ 
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ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʧʨʫʛʠ ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʥʠʭ ʪʘ ʚʽʜ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʥʠʭ. 

ʆʧʽʨ ʚʽʜʢʨʠʪʠʭ ʢʣʶʯʽʚ ʪʘ ʜʽʦʜʽʚ ʜʦʨʽʚʥʶʻ 0.1 ʆʤ, ʘ ʧʨʷʤʝ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ 0.4 ɺ 

ʥʘ ʜʽʦʜʽ. 

ɼʠʨʝʢʪʠʚʘ .four ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʌʫʨôʻ ʜʣʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ I(V1) 

ʟ ʯʘʩʪʦʪʦʶ 50 ɻʮ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʘʥʘʣʽʟʫ 10 ʧʝʨʰʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ. 

ɼʠʨʝʢʪʠʚʘ .meas ʚʠʟʥʘʯʘʻ ʂʂɼ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʧʨʠ 

ʩʠʤʫʣʷʮʽʾ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. ʈʝʟʫʣʴʪʘʪ ʧʨʠʩʚʦʶʻʪʴʩʷ ʟʤʽʥʥʽʡ eff, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʜʦ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʚʽʜ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ï eff 

= Pout/Pin. 

ʄʦʜʫʣʴ ʚʽʜʥʽʤʘʥʥʷ (ʥʘ ʨʠʩ. 2.2 ʧʦʟʥʘʯʝʥʠʡ ʷʢ SUB) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʬʦʨʤʠ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

ʂʦʨʝʢʪʦʨ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʪʨʫʤʫ (CCM ï common conductive 

mode), ʪʦʙʪʦ ʫ ʪʘʢʦʤʫ ʨʝʞʠʤʽ, ʧʨʠ ʷʢʦʤʫ ʚ ʭʦʜʽ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʩʪʨʫʤ ʯʝʨʝʟ 

ʢʦʪʫʰʢʫ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʥʝ ʚʩʪʠʛʘʻ ʚʧʘʩʪʠ ʜʦ ʥʫʣʷ. ɼʘʥʠʡ ʨʝʞʠʤ ʦʙʨʘʥʦ ʽʟ ʢʽʣʴʢʦʭ 

ʧʨʠʯʠʥ. ʇʝʨʝʨʚʥʠʡ ʨʝʞʠʤ ʘʙʦ ʤʝʪʦʜ ʛʨʘʥʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʤʘʣʦʧʦʪʫʞʥʠʭ ʜʞʝʨʝʣʘʭ ʞʠʚʣʝʥʥʷ ʽ ʡʦʛʦ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʟʤʽʥʥʘ ʯʘʩʪʦʪʘ ʢʦʤʫʪʘʮʽʾ 

ʢʣʶʯʘ ʥʘ ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʤʘʶʪʴ ʚʧʣʠʚ ʚʠʭʽʜʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʂʂʄ ʪʘ DC/DC-

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʝʨʰʠʡ ʧʦʚʠʥʝʥ ʤʘʪʠ ʧʦʩʪʽʡʥʫ ʯʘʩʪʦʪʫ ʢʦʤʫʪʘʮʽʾ ʢʣʶʯʘ, ʱʦ 

ʤʦʞʣʠʚʦ ʣʠʰʝ ʚ ʨʝʞʠʤʽ ʉʉM. 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ ʂʂʇ, ʱʦ ʪʘʢʦʞ ʟʜʽʡʩʥʶʻ ʬʫʥʢʮʽʶ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʢʦʨʝʢʪʦʨʘ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.3.  

ɹʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ʂʂʇ ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʉʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ʤʦʜʫʣʷʪʦʨʦʤ Uʄʉʊ ʬʦʨʤʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʧʨʦʧʦʨʮʽʡʥʦ-

ʽʥʪʝʛʨʫʶʯʦʛʦ ʪʠʧʫ (ʇɯ). ʉʠʛʥʘʣ UiL ʟ ʚʠʭʦʜʫ ʜʝʪʝʢʪʦʨʘ ʩʪʨʫʤʫ (ʥʘ ʨʠʩ. 2.2 ʥʝ 

ʧʦʢʘʟʘʥʠʡ), ʱʦ ʧʽʜʢʣʶʯʝʥʠʡ ʧʦʩʣʽʜʦʚʥʦ ʟ ʢʦʪʫʰʢʦʶ ʽʥʜʫʢʪʠʚʥʦʩʪʽ L1, ʯʝʨʝʟ 

ʌʅʏ, ʷʢʠʡ ʟʤʝʥʰʫʻ ʚʧʣʠʚ ʛʘʨʤʦʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʘ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ,   ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʚʽʜʥʽʤʘʥʥʷ ʩʫʤʘʪʦʨʘ S3.  



65 

 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ ʂʂʇ ʟʽ ʩʪʘʙʽʣʽʟʘʮʽʻʶ 

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 

 

ʅʘ ʚʭʽʜ ʜʦʜʘʚʘʥʥʷ ʪʨʝʪʴʦʛʦ ʩʫʤʘʪʦʨʘ ʥʘʜʭʦʜʠʪʴ ʩʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʥʘʧʨʫʟʽ ʧʦʭʠʙʢʠ Uʇ, ʧʦʤʥʦʞʝʥʽʡ ʥʘ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʚʠʧʨʷʤʣʝʥʦʾ 

ʥʘʧʨʫʛʠ Uɺʇʈ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʥʘ ʚʠʭʦʜʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʩʠʛʥʘʣʫ ʧʦʭʠʙʢʠ, ʘʣʝ ʽ ʚʽʜ ʤʠʪʪʻʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʂʂʇ ʚʽʜʙʠʨʘʻ ʚʽʜ ʤʝʨʝʞʽ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ, 

ʢʦʣʠ ʥʘʧʨʫʛʘ ʤʝʨʝʞʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʤʝʥʰʝ, ʢʦʣʠ ʥʘʧʨʫʛʘ ʤʝʨʝʞʽ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜ  ʛʘʨʤʦʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʧʦʞʠʚʘʥʦʛʦ ʩʪʨʫʤʫ.  

ɼʘʥʠʡ ʪʠʧ ʨʝʛʫʣʷʪʦʨʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʦʧʦʨʮʽʡʥʦ-ʽʥʪʝʛʨʘʣʴʥʠʭ (ʇɯ) 

ʨʝʛʫʣʷʪʦʨʽʚ ʽʟ ʟʚʦʨʦʪʥʽʤ ʟʚ'ʷʟʢʦʤ. ʇɯ-ʨʝʛʫʣʷʪʦʨ ʛʝʥʝʨʫʻ ʩʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʻ 

ʩʫʤʦʶ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ. ʇʨʦʧʦʨʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʩʪʘʥʦʚʠʪʴ ʩʦʙʦʶ ʨʽʟʥʠʮʶ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ ʪʘ ʩʠʛʥʘʣʫ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚ'ʷʟʢʫ (ʩʠʛʥʘʣ ʨʦʟʫʟʛʦʜʞʝʥʥʷ). ɯʥʪʝʛʨʘʣʴʥʘ 

ʩʢʣʘʜʦʚʘ ʻ ʽʥʪʝʛʨʘʣʦʤ ʩʠʛʥʘʣʫ ʨʦʫʟʛʦʜʞʝʥʥʷ. 

ʇʨʦʧʦʨʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʫʪʚʦʨʶʻ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʧʨʦʪʠʜʽʻ ʚʽʜʭʠʣʝʥʥʶ 

ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

ʗʢʱʦ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʨʽʚʥʠʡ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʶ, ʪʦ ʟʥʘʯʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʨʽʚʥʝ ʥʫʣʶ. 

ɯʥʪʝʛʨʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʧʨʦʧʦʨʮʽʡʥʘ ʽʥʪʝʛʨʘʣʫ ʩʠʛʥʘʣʫ ʚʽʜʭʠʣʝʥʥʷ 

ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. ɼʘʥʘ ʩʢʣʘʜʦʚʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʪʦʛʦ ʱʦʙ ʫʩʫʥʫʪʠ 

ʩʪʘʪʠʩʪʠʯʥʫ ʧʦʭʠʙʢʫ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʷʪʦʨʫ ʚ ʧʝʨʽʦʜ ʚʠʟʥʘʯʝʥʦʛʦ ʧʨʦʤʽʞʢʫ 

ʯʘʩʫ ʚʨʘʭʫʚʘʪʠ ʩʪʘʪʠʯʥʫ ʧʦʭʠʙʢʫ ʩʠʛʥʘʣʫ. 
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ɼʠʬʝʨʝʥʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʧʨʦʛʥʦʟʦʚʘʥʫ ʫ ʤʘʡʙʫʪʥʴʦʤʫ  

ʜʠʥʘʤʽʯʥʫ ʧʦʭʠʙʢʫ ʩʠʛʥʘʣʫ, ʘʣʝ ʫ ʨʘʤʢʘʭ ʜʠʩʝʨʪʘʮʽʾ ʜʘʥʝ ʧʠʪʘʥʥʷ ʥʝ ʙʫʣʦ 

ʨʦʟʛʣʷʥʫʪʦ, ʦʩʢʽʣʴʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʜʘʥʽʡ ʩʬʝʨʽ ʥʘʣʝʞʘʪʴ ʜʦ ʛʘʣʫʟʽ ʨʦʟʨʦʙʢʠ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʥʝ ɽʄʉ. 

ɼʣʷ ʇɯ-ʩʠʩʪʝʤʠ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʨʝʛʫʣʶʶʯʦʛʦ ʚʧʣʠʚʫ Õp(t) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 
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ʜʝ (t) ï ʨʝʛʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ, kp ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʨʝʛʫʣʷʪʦʨʘ, Tu ï ʩʪʘʣʘ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ. ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ Wp(s) ʪʘ ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

hp(t) ʨʝʛʫʣʷʪʦʨʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʦʨʤʫʣʘʤʠ: 
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ɿʘʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʦʙʦʪʠ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʧʘʨʘʤʝʪʨʠ kp ʜʣʷ ʧʨʦʧʦʨʮʽʡʥʦʾ ʪʘ 

ʽʥʪʝʛʨʫʶʯʦʾ ʩʢʣʘʜʦʚʦʾ ʧʽʜʙʠʨʘʶʪʴʩʷ ʷʢ ʦʢʨʝʤʽ ʧʘʨʘʤʝʪʨʠ kp ʪʘ ki [23]. ɺʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʯʽ ʨʝʛʫʣʷʪʦʨʘ ʪʘ ʩʪʘʣʦʾ ʽʥʪʝʛʨʫʚʘʥʥʷ Ti ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠʯʥʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʂʂʇ ʪʘ ʽʤʧʫʣʴʩʥʠʤ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ ʥʘʧʨʫʛʠ, 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ɺ. ʈ. ʉʘʙʘʥʠʥʘ ʪʘ ʅ. ɯ. ʉʤʠʨʥʦʚʘ, ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʪʦʯʥʠʭ ʤʝʪʦʜʽʚ ʟ ʧʦʰʫʢʦʤ [23]. ɼʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ 

ʥʘʩʪʨʦʡʢʠ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʦʜʫʣʷ. ʇʨʠ 

ʮʴʦʤʫ ʯʘʩ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʢʦʤʧʝʥʩʫʻ ʧʦʩʪʽʡʥʫ ʯʘʩʫ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ 

ʦʙ'̒ʢʪʘ ʽʥʪʝʛʨʫʚʘʥʥʷ. ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ W0 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʬʦʨʤʫʣʦʶ: 
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ʜʝ k0 ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʟʘʜʘʥʦʾ ʩʠʩʪʝʤʠ, Ű ï ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʣʽʥʽʾ ʟʘʪʨʠʤʢʠ, 

T0 ï ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʝʬʽʮʽʻʥʪʠ ʇɯ-

ʨʝʛʫʣʷʪʦʨʘ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʴ ʥʘʩʪʫʧʥʠʤʠ ʚʠʨʘʟʘʤʠ: 
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ʏʘʩʪʦʪʘ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʜʘʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʧʠʣʢʦʧʦʜʽʙʥʠʭ ʽʤʧʫʣʴʩʽʚ 

ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ Tperiod. ʄʦʜʝʣʴ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ ʂʂʇ ʫ ʩʝʨʝʜʦʚʠʱʽ LTspice 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.4. 

 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʄʦʜʝʣʴ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ ʂʂʇ ʟʽ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ  

 

ʌʦʨʤʠ ʩʠʛʥʘʣʽʚ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʥʘʚʝʜʝʥʽ ʥʘ   

ʨʠʩ. 2.5.  
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ʈʠʩʫʥʦʢ 2.5 ï ʌʦʨʤʠ ʩʠʛʥʘʣʽʚ ʥʘʧʨʫʛʠ (ʟʚʝʨʭʫ) ʪʘ ʩʪʨʫʤʫ ʥʘ ʚʭʦʜʽ ʂʂʇ 

 

ʋ ʪʘʙʣ. 2.1 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʂʂʇ ʧʨʠ ʟʤʽʥʽ 

ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

 

ʊʘʙʣʠʮʷ 2.1. ɿʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʥʘʧʨʫʛʠ 

ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ɺʭʽʜʥʘ ʥʘʧʨʫʛʘ, ɺ 

ʂʦʝʬʽʮʽʻʥʪ 

ʧʦʪʫʞʥʦʩʪʽ, 

% 

ʂʂɼ, 

% 

ʂʦʝʬʽʮʽʻʥʪ ʛʘʨʤʦʥʽʯʥʠʭ 

ʩʧʦʪʚʦʨʝʥʴ ʩʪʨʫʤʫ 

ʤʝʨʝʞʽ, % 

ʅʘʧʨ

ʫʛʘ ʥʘ ʚʠʭʦʜʽ 

ʂʂʇ, ɺ 

ɺʠʭʽʜʥʠʡ 

ʩʪʨʫʤ ʂʂʇ, ɸ 

400 99.5 98.6 6.2 400 4 

350 99.7 98.1 4.7 400 4 

312 99.8 97.4 3.76 400 4 

220 99.9 93.7 1.8 400 4 

170 99.9 87.5 1.0 400 4 

128 99.9 74.0 1.0 400 4 

 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽ 

ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʂʂʇ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ 

ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʶ ʦʙʩʪʘʚʠʥʫ ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʜʦ ʘʥʘʣʽʟʫ 

ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ, ʩʪʚʦʨʶʚʘʥʠʭ ʢʦʨʝʢʪʦʨʦʤ ʫ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ. 

ʅʘ ʨʠʩ. 2.6 ʪʘ 2.7 ʥʘʚʝʜʝʥʽ ʩʧʝʢʪʨʠ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ ʟʥʘʯʝʥʥʷʭ 

ʯʘʩʪʦʪʠ ʢʦʤʫʪʘʮʽʾ ʢʣʶʯʘ 200 ʪʘ 50 ʢɻʮ, ʧʨʠ ʦʧʦʨʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 100 ʆʤ. ɿʘʜʣʷ 

ʢʦʨʝʢʪʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʚʧʣʠʚʫ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʥʘ ʨʽʚʝʥʴ ɽʄɿ ʥʝʦʙʭʽʜʥʦ ʧʨʠ ʟʤʽʥʽ 






































































































































































































