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ʩʝʨʝʜʦʚʠʱʘ Electronics Workbench. 
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ɺʉʊʋʇ 

ʈʦʟʨʦʙʢʘ ʙʫʜʴ-ʷʢʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʩʪʨʦʶ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʬʽʟʠʯʥʠʤ 

ʘʙʦ ʤʘʪʝʤʘʪʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. ʌʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚ'ʷʟʘʥʝ ʟ ʚʝʣʠʢʠʤʠ 

ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʚʠʤʘʛʘʻ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʢʝʪʽʚ ʽ ʾʭ 

ʪʨʫʜʦʤʽʩʪʢʝ ʜʦʩʣʽʜʞʝʥʥʷ. ʏʘʩʪʦ ʬʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʦ ʥʝʤʦʞʣʠʚʦ ʯʝʨʝʟ 

ʥʘʜʟʚʠʯʘʡʥʫ ʩʢʣʘʜʥʽʩʪʴ ʧʨʠʩʪʨʦʶ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʜʘʶʪʴʩʷ ʜʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʦʙʽʚ ʽ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʦʛʨʘʤʠ: 

Micro-Cap V, DesignLab, Aplac 7.0, System       View 1.9, Electronics Worcbench, 

CircuitMarker 6.0.  

ʇʨʦʛʨʘʤʘ Electronics Worcbench (EWB) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʡʯʘʩʪʽʰʝ 

ʟʘʚʜʷʢʠ ʧʨʦʩʪʦʤʫ ʽ ʣʝʛʢʦʤʫ ʥʘ ʩʧʨʠʡʥʷʪʪʷ ʧʨʠʟʥʘʯʝʥʦʤʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ 

ʽʥʪʝʨʬʝʡʩʫ. ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ ʽ ʥʘʜʘʻ ʥʘʩʪʫʧʥʽ ʤʦʞʣʠʚʦʩʪʽ:  

- ʩʪʚʦʨʠʪʠ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʧʨʠʩʪʨʦʶ;  

- ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʪʠʯʥʦʛʦ ʨʝʞʠʤʫ;  

- ʦʪʨʠʤʘʪʠ ʚʦʣʴʪʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʣʘʜʽʚ ʽ ʪ.ʜ.  

EWB ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʽ ʘʥʘʣʽʟʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʝʣʝʢʪʨʦʥʥʽ ʩʭʝʤʠ, ʚʽʜ 

ʥʘʡʧʨʦʩʪʽʰʠʭ ʜʦ ʩʢʣʘʜʥʠʭ, ʘ ʪʘʢ ʩʘʤʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʩʪʘʪʠʯʥʽ ʽ ʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ ʪʘʢʠʭ ʷʢ ʜʽʦʜʠ, ʪʨʘʥʟʠʩʪʦʨʠ, 

ʪʠʨʠʩʪʦʨʠ ʽ ʪ.ʜ.  

ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʦʛʨʘʤʠ ʻ ʥʘʷʚʥʽʩʪʴ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ, ʟʘ ʟʦʚʥʽʰʥʽʤ ʚʠʛʣʷʜʦʤ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʾʭ ʧʨʦʤʠʩʣʦʚʠʭ ʘʥʘʣʦʛʽʚ, ʱʦ ʩʧʨʠʷʻ ʥʘʙʫʪʪʶ ʧʨʘʢʪʠʯʥʠʭ 

ʥʘʚʠʯʦʢ ʨʦʙʦʪʠ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʧʨʠʣʘʜʘʤʠ: ʤʫʣʴʪʠʤʝʪʨʦʤ, 

ʦʩʮʠʣʦʛʨʘʬʦʤ ʽ ʪ.ʜ.  

ɺʠʚʯʝʥʥʷ ʝʣʝʢʪʨʦʥʽʢʠ ʩʪʫʜʝʥʪʘʤʠ ʚ ʟʘʢʣʘʜʽ ʦʩʚʽʪʠ ʩʣʽʜ ʨʦʟʧʦʯʠʥʘʪʠ ʟ 

ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʝʣʝʤʝʥʪʥʦʶ ʙʘʟʦʶ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ. ɿʥʘʥʥʷ 

ʧʨʠʥʮʠʧʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʪʠʧʦʚʠʭ ʩʭʝʤ 

ʚʚʽʤʢʥʝʥʥʷ ʙʘʟʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʚʠʥʥʽ ʩʪʘʪʠ ʪʠʤ ʬʫʥʜʘʤʝʥʪʦʤ, ʷʢʠʡ 

ʜʦʟʚʦʣʠʪʴ ʤʘʡʙʫʪʥʴʦʤʫ ʬʘʭʽʚʮʝʚʽ ʥʝ ʪʽʣʴʢʠ ʨʦʟʫʤʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʩʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʚʽʥ ʚʠʚʯʘʚ ʫ ʚʫʟʽ, ʘʣʝ ʽ 

ʰʚʠʜʢʦ ʟʨʦʟʫʤʽʪʠ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʽ ʤʦʞʣʠʚʦʩʪʽ ʥʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ, 

ʘ ʧʨʠ ʧʦʪʨʝʙʽ ʩʘʤʦʩʪʽʡʥʦ ʩʧʨʦʝʢʪʫʚʘʪʠ ʝʣʝʢʪʨʦʥʥʫ ʩʠʩʪʝʤʫ ʟ ʧʦʪʨʽʙʥʠʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. 

ʋ ʢʣʘʩʠʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʡ ʧʨʘʢʪʠʢʫʤ ʟ ʝʣʝʢʪʨʦʥʽʢʠ 

ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʣʘʙʦʨʘʪʦʨʥʦʾ ʙʘʟʠ ʦʩʥʘʱʝʥʦʾ 

ʥʘʡʩʫʯʘʩʥʽʰʠʤʠ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʧʨʠʣʘʜʘʤʠ, ʷʢʽ ʧʦʚʠʥʥʽ 

ʧʝʨʽʦʜʠʯʥʦ ʧʝʨʝʚʽʨʷʪʠʩʷ ʽ ʦʥʦʚʣʶʚʘʪʠʩʷ, ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʝʥʜʽʚ ʽ ʥʦʚʽʪʥʽʭ 



    5 

 

ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʇʨʠʯʦʤʫ ʦʩʪʘʥʥʷ ʚʠʤʦʛʘ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʘ, 

ʦʩʢʽʣʴʢʠ ʩʧʨʘʚʞʥʽʡ ʬʘʭʽʚʝʮʴ ʧʦʚʠʥʝʥ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ ʦʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ ʫ 

ʮʽʡ ʛʘʣʫʟʽ. 

ʅʘ ʞʘʣʴ, ʚ ʩʠʣʫ ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʠʯʠʥ ʩʬʦʨʤʦʚʘʥʽ ʚʠʱʝ ʚʠʤʦʛʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʷʞʥʠʤʠ ʤʨʽʷʤʠ. ʇʨʦʪʝ ʩʘʤʘ ʞ ʝʣʝʢʪʨʦʥʽʢʘ ʧʨʦʧʦʥʫʻ ʧʝʚʥʝ 

ʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. ʁʦʛʦ ʩʫʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʩʭʝʤ ʥʘ ʾʭ ʦʩʥʦʚʽ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʘʭ. ɽlʝʩtrʦnʽʩs 

Workbench ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʘʥʘʣʦʛʦʚʽ, ʮʠʬʨʦʚʽ ʽ ʮʠʬʨʦʘʥʘʣʦʛʦʚʽ ʩʭʝʤʠ 

ʚʝʣʠʢʦʛʦ ʩʪʫʧʝʥʷ ʩʢʣʘʜʥʦʩʪʽ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ EWB ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʫʜʝʥʪʘʤ 

ʤʦʜʝʣʶʚʘʪʠ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʝʪʘʧʫ (ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʽ) ʜʦ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʨʝʞʠʤʽʚ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʚʠʢʦʥʘʥʦʾ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʻ ʧʦʚʥʽʩʪʶ ʟʽʙʨʘʥʘ ʽ ʥʘʣʘʛʦʜʞʝʥʘ ʚʽʨʪʫʘʣʴʥʘ 

ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʨʦʟʨʦʙʢʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʟ 

ʢʫʨʩʫ ʪʝʭʥʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʛʦʪʦʚʥʽʩʪʴ ʩʪʫʜʝʥʪʽʚ 

ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʘʢʪʠʢʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘʚʜʘʥʴ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ, 

ʩʧʨʠʷʻ ʟʘʣʫʯʝʥʥʶ ʩʪʫʜʝʥʪʽʚ ʜʦ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʃʘʙʦʨʘʪʦʨʥʠʡ ʧʨʘʢʪʠʢʫʤ ʧʽʜʛʦʪʦʚʣʝʥʦ ʟʛʽʜʥʦ ʟ ʨʦʙʦʯʦʶ ʥʘʚʯʘʣʴʥʦʶ 

ʧʨʦʛʨʘʤʦʶ ʜʠʩʮʠʧʣʽʥ ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ, ɽʣʝʢʪʨʦʥʽʢʘ 

ʤʽʢʨʦ ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʘ, ɽʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ ʝʣʝʢʪʨʦʥʽʢʘ.  

 ʄʝʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ï ʟʘʢʨʽʧʣʝʥʥʷ ʟʜʦʙʫʪʠʭ ʥʘ ʣʝʢʮʽʡʥʠʭ ʟʘʥʷʪʪʷʭ 

ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ ʪʘ ʥʘʙʫʪʪʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ.  

ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʻ ʚʠʭʦʚʘʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʪʘ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʢʨʫʛʦʟʦʨʫ, ʫʤʽʥʥʷ ʟʘʩʪʦʩʫʚʘʪʠ ʟʥʘʥʥʷ ʧʨʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʧʨʠʣʘʜʠ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤ ʪʘ ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʬʘʭʽʚʮʝʚʽ 

ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʪʘ ʧʨʦʚʦʜʠʪʠ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ, 

ʨʦʟʨʦʙʣʷʪʠ ʪʘ ʧʨʦʝʢʪʫʚʘʪʠ ʪʘʢʽ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʨʦʙʦʪʫ 

ʪʝʭʥʽʯʥʦʛʦ ʩʢʣʘʜʫ ʟ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.   

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʷʛʥʝʥʥʷ ʥʘʩʪʫʧʥʠʭ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ:  

ɿʘʛʘʣʴʥʽ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ 

 (ɿʂ1) ʟʘʩʚʦʻʥʥʷ ʙʘʟʦʚʠʭ ʟʥʘʥʥ ɹ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʦʩʚʦʻʥʥʷ ʧʨʦʬʝʩʽʡʥʦʦʨʽʻʥʪʦʚʘʥʠʭ ʜʠʩʮʠʧʣʽʥ; 

 (ɿʂ2) ʟʜʘʪʥʽʩʪʴ ʜʦ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ; 

 (ɿʂ3) ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʥʴ ʥʘ ʧʨʘʢʪʠʮʽ;  
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(ɿʂ4) ʟʜʘʪʥʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʰʫʢ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟ ʨʽʟʥʠʭ 

ʜʞʝʨʝʣ;  

(ɿʂ5) ʤʘʪʠ ʜʦʩʣʽʜʥʠʮʴʢʽ ʥʘʚʠʯʢʠ; 

(ɿʂ6) ʫʤʽʥʥʷ ʨʦʟʚôʷʟʫʚʘʪʠ ʧʦʩʪʘʚʣʝʥʽ ʟʘʜʘʯʽ ʪʘ ʧʨʠʡʤʘʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʨʽʰʝʥʥʷ;  

(ɿʂ7) ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʠʩʴʤʦʚʦʾ ʪʘ ʫʩʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ; 

(ɿʂ8) ʫʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʪʘʢ ʽ ʚ ʢʦʤʘʥʜʽ;  

(ɿʂ9) ʫʤʽʥʥʷ ʝʬʝʢʪʠʚʥʦ ʩʧʽʣʢʫʚʘʪʠʩʷ ʥʘ ʧʨʦʬʝʩʽʡʥʦʤʫ ʪʘ ʩʦʮʽʘʣʴʥʦʤʫ 

ʨʽʚʥʷʭ;  

(ɿʂ10) ʢʨʝʘʪʠʚʥʽʩʪʴ, ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʠʩʪʝʤʥʦʛʦ ʤʠʩʣʝʥʥʷ;  

(ɿʂ11) ʧʦʪʝʥʮʽʘʣ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʥʘʚʯʘʥʥʷ;  

(ɿʂ12) ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʷʢʽʩʪʴ ʚʠʢʦʥʫʚʘʥʦʾ ʨʦʙʦʪʠ. 

ʌʘʭʦʚʽ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ: 

 (ʌʂ1) ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʥʘʫʢʦʚʠʭ ʧʦʥʷʪʴ, ʪʝʦʨʽʡ ʽ ʤʝʪʦʜʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ;  

(ʌʂ2) ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʥʦʨʤʘʪʠʚʥʦʧʨʘʚʦʚʠʭ ʘʢʪʽʚ ʪʘ ʜʦʚʽʜʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʯʠʥʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ, ʽʥʩʪʨʫʢʮʽʡ ʪʘ ʽʥʰʠʭ 

ʥʦʨʤʘʪʠʚʥʦ-ʨʦʟʧʦʨʷʜʯʠʭ ʜʦʢʫʤʝʥʪʽʚ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ; 

(ʌʂ3) ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ;  

(ʌʂ4) ʟʥʘʥʥʷ ʟ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʚʦʣʦʜʽʥʥʷ 

ʥʘʚʠʯʢʘʤʠ ʨʦʙʦʪʠ ʟ ʢʦʤʧ'ʶʪʝʨʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ; 

 (ʌʂ5) ʟʥʘʥʥʷ ʦʩʥʦʚ ʦʭʦʨʦʥʠ ʧʨʘʮʽ, ʚʠʨʦʙʥʠʯʦʾ ʩʘʥʽʪʘʨʽʾ ʽ ʧʦʞʝʞʥʦʾ 

ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ ʫʩʪʘʪʢʫʚʘʥʥʷʤ ʪʘ ʦʙʣʘʜʥʘʥʥʷʤ;   

 (ʌʂ7) ʟʜʘʪʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʙʨʘʪʠ 

ʫʯʘʩʪʴ ʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʠʩʪʨʦʾʚ, ʩʠʩʪʝʤ ʪʘ 

ʢʦʤʧʣʝʢʩʽʚ, ʟʦʢʨʝʤʘ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ; 

 (ʌʂ8) ʟʜʘʪʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʬʝʩʽʡʥʦ-ʧʨʦʬʽʣʴʦʚʘʥʽ ʟʥʘʥʥʷ ʡ 

ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʦʞ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ;  

(ʌʂ9) ʟʜʘʪʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʡ ʫʤʽʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ, 

ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʙʦʨʫ, ʚʧʨʦʚʘʜʞʝʥʥʷ, ʨʝʤʦʥʪʫ, ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʾʭ ʩʢʣʘʜʦʚʠʭ;  

(ʌʂ10) ʫʤʽʥʥʷ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ, ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʘ ʦʧʠʩʫʚʘʪʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤ 

ʽ ʩʢʣʘʜʦʚʠʭ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ; 

(ʌʂ11) ʫʤʽʥʥʷ ʘʨʛʫʤʝʥʪʫʚʘʪʠ ʚʠʙʽʨ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʟʘʜʘʯ, ʢʨʠʪʠʯʥʦ ʦʮʽʥʶʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʟʘʭʠʱʘʪʠ ʧʨʠʡʥʷʪʽ ʨʽʰʝʥʥʷ.  
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ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʦʪʨʠʤʘʪʠ  ʪʘʢʽ ʫʤʽʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʽ 

ʨʝʟʫʣʴʪʘʪʠ 

 (ʇʂ1) ʚʤʽʥʥʷ ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʟʥʘʥʥʷ ʽ ʨʦʟʫʤʽʥʥʷ ʥʘʫʢʦʚʠʭ ʽ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʧʨʠʥʮʠʧʽʚ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʥʽʢʠ;  

(ʇʂ2) ʚʤʽʥʥʷ ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʟʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ ʧʦʩʪʽʡʥʦʛʦ 

ʪʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʦʩʥʦʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʝʦʨʽʾ ʘʥʘʣʦʛʦʚʠʭ ʽ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ, 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʤʝʪʨʦʣʦʛʽʾ, ʝʣʝʢʪʨʦʥʽʢʠ, ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ; 

 (ʇʂ3) ʟʜʘʪʥʽʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʟʥʘʥʥʷ ʪʘ ʥʘʚʠʢʠ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʟʙʦʨʫ ʜʘʥʠʭ ʫ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ;  

 (ʇʂ4) ʟʜʘʪʥʽʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʟʥʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʩʧʨʘʚ ʪʘ 

ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ;  

(ʇʂ5) ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʽ ʨʦʟʫʤʽʥʥʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʽ 

ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʦʤʽ ʤʝʪʦʜʠ;  

(ʇʂ6) ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ;  

(ʇʂ7) ʨʦʟʨʘʭʦʚʫʚʘʪʠ, ʢʦʥʩʪʨʫʶʚʘʪʠ, ʧʨʦʝʢʪʫʚʘʪʠ, ʜʦʩʣʽʜʞʫʚʘʪʠ, 

ʝʢʩʧʣʫʘʪʫʚʘʪʠ, ʨʝʤʦʥʪʫʚʘʪʠ, ʥʘʣʘʛʦʜʞʫʚʘʪʠ ʪʠʧʦʚʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʙʨʘʥʦʾ 

ʩʧʝʮʽʘʣʽʟʘʮʽʾ  ʝʣʝʢʪʨʦʥʽʢʠ;  

(ʇʂ8) ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʰʫʢ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʽʟʥʠʭ ʜʞʝʨʝʣʘʭ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯ ʩʧʝʮʽʘʣʴʥʦʩʪʽ;  

(ʇʂ9) ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʪʘʢ ʽ ʫ ʩʢʣʘʜʽ ʢʦʤʘʥʜʠ;  

(ʇʂ10) ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ, ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʘ ʦʧʠʩʫʚʘʪʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʾʭ ʩʢʣʘʜʦʚʠʭ;  

(ʇʂ11) ʚʠʢʦʥʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦʩʣʽʜʥʠʮʴʢʽ ʥʘʚʠʯʢʠ ʟʘ ʧʨʦʬʝʩʽʡʥʦʶ ʪʝʤʘʪʠʢʦʶ;  

(ʇʂ12) ʦʮʽʥʶʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʘʨʛʫʤʝʥʪʦʚʘʥʦ ʟʘʭʠʱʘʪʠ 

ʧʨʠʡʥʷʪʽ ʨʽʰʝʥʥʷ 

ʃʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʤʝʪʦʜʦʤ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʭʝʤ ʥʘ ɽʆʄ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ 

Electronics Workbench. ʊʝʤʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʶ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʽʦʜʽʚ, ʙʽʧʦʣʷʨʥʠʭ ʽ 

ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʪʠʨʠʩʪʦʨʽʚ. ʈʦʙʦʪʠ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʪʨʠ ʝʪʘʧʠ.  ʅʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ, ʷʢʠʡ ʧʝʨʝʜʫʻ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚ ʣʘʙʦʨʘʪʦʨʽʾ, ʩʪʫʜʝʥʪ ʧʦʚʠʥʝʥ 

ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʤʝʪʦʶ, ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʧʠʪʘʥʥʷ ʪʘ ʧʽʜʛʦʪʫʚʘʪʠ ʧʨʦʪʦʢʦʣ 

ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʩʣʽʜ 

ʧʨʦʚʝʩʪʠ ʥʝʦʙʭʽʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʥʦʪʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʪʘ 
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ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʾʭ. ʅʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ʨʦʙʦʪʠ ʪʨʝʙʘ ʥʘʢʨʝʩʣʠʪʠ 

ʦʪʨʠʤʘʥʽ ʛʨʘʬʽʢʠ, ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʩʪʦʩʦʚʥʦ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʟʘʥʦʪʫʚʘʪʠ ʾʭ ʫ ʟʚʽʪ ʨʦʙʦʪʠ. ɺʽʜʧʦʚʽʩʪʠ ʥʘ ʢʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ ʽ ʟʘʭʠʩʪʠʪʠ 

ʨʦʙʦʪʫ.  

ʈʦʙʦʪʠ ʦʬʦʨʤʣʝʥʽ ʜʦʩʪʫʧʥʦ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ ʽ ʚʽʜʪʚʦʨʝʥʥʷ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʝʪʘʣʴʥʠʤʠ ʽʥʩʪʨʫʢʮʽʷʤʠ ʪʘ ʽʣʶʩʪʨʘʮʽʷʤʠ, ʪʦʤʫ ʩʪʫʜʝʥʪʠ 

ʟʤʦʞʫʪʴ ʾʭ ʚʠʢʦʥʘʪʠ ʙʝʟ ʦʩʦʙʣʠʚʠʭ ʫʩʢʣʘʜʥʝʥʴ ʪʘ ʦʪʨʠʤʘʪʠ ʟʘʜʦʚʦʣʝʥʥʷ ʚʽʜ 

ʟʜʦʙʫʪʠʭ ʟʥʘʥʴ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ. 

ɼʦ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʜʦʧʫʩʢʘʶʪʴ ʩʪʫʜʝʥʪʽʚ, ʷʢʽ ʚʠʢʦʥʘʣʠ ʧʝʨʰʠʡ 

ʝʪʘʧ ʟʘʧʣʘʥʦʚʘʥʦʾ ʨʦʙʦʪʠ ʽ ʤʘʶʪʴ ʧʦʚʥʽʩʪʶ ʦʬʦʨʤʣʝʥʫ ʧʦʧʝʨʝʜʥʶ ʨʦʙʦʪʫ.   
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ʈʆɿɼɯʃ 1 ʇʨʘʚʠʣʘ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ 

 

ʂʦʞʥʘ ʣʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʢʨʝʤʦʤʫ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. 

ɺʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʧʝʨʝʜʙʘʯʘʻ ʩʢʣʘʜʘʥʥʷ ʩʭʝʤ, ʚʠʤʽʨʶʚʘʥʥʷ, ʦʙʨʦʙʢʫ 

ʦʪʨʠʤʘʥʦʛʦ ʜʦʩʣʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʩʢʣʘʜʘʥʥʷ ʟʚʽʪʫ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ʇʝʨʝʜ ʩʢʣʘʜʘʥʥʷʤ ʩʭʝʤʠ ʥʝʦʙʭʽʜʥʦ ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʤʘʪʝʨʽʘʣʴʥʦʶ 

ʯʘʩʪʠʥʦʶ: ʧʨʠʣʘʜʘʤʠ, ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ, ʤʫʣʴʪʠʤʝʪʨʘʤʠ ʪʘ ʽʥ., ʟʘʧʠʩʘʪʠ ʾʭ 

ʧʘʩʧʦʨʪʥʽ ʜʘʥʽ. 

ɼʫʞʝ ʚʘʞʣʠʚʦ ʟ'ʷʩʫʚʘʪʠ, ʷʢʽ ʟʘʪʠʩʢʘʯʽ ʧʨʠʣʘʜʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʠʤ ʯʠ ʽʥʰʠʤ 

ʜʞʝʨʝʣʘʤ ʩʭʝʤʠ. ʅʘ ʧʝʨʰʦʤʫ ʟʘʥʷʪʪʽ ʩʪʫʜʝʥʪʠ ʦʟʥʘʡʦʤʣʶʶʪʴʩʷ ʟ ʦʩʥʦʚʥʠʤʠ 

ʧʨʘʚʠʣʘʤʠ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ. ʇʨʦ ʟʥʘʥʥʷ ʮʠʭ ʧʨʘʚʠʣ ʪʘ ʧʨʦ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ 

ʾʭ ʚʠʢʦʥʘʥʥʷ ʢʦʞʝʥ ʩʪʫʜʝʥʪ ʨʦʟʧʠʩʫʻʪʴʩʷ ʚ ʞʫʨʥʘʣʽ ʨʝʻʩʪʨʘʮʽʾ ʽʥʩʪʨʫʢʪʘʞʫ ʟ 

ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ. 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʩʢʣʘʜʘʥʥʷ ʢʦʣʘ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʢʦʥʘʪʠʩʴ ʫ ʪʦʤʫ, ʱʦ 

ʥʘʧʨʫʛʘ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʚʽʜʩʫʪʥʷ. 

ʉʢʣʘʜʘʶʯʠ ʩʭʝʤʫ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʪʨʝʙʘ ʟʚʝʨʥʫʪʠ ʥʘ ʥʘʜʽʡʥʽʩʪʴ 

ʢʦʥʪʘʢʪʽʚ. 

ʇʝʨʝʜ ʚʤʠʢʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʚʩʽ ʘʧʘʨʘʪʠ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʩʪʨʫʤ ʽ 

ʥʘʧʨʫʛʫ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʫʤʫ 

ʚʝʣʠʯʠʥʠ, ʱʦ ʨʝʛʫʣʶʻʪʴʩʷ. ʋʩʽ ʙʘʛʘʪʦʤʝʞʝʚʽ ʧʨʠʣʘʜʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʫʚʽʤʢʥʝʥʽ 

ʥʘ ʤʘʢʩʠʤʘʣʴʥʽ ʤʝʞʽ ʚʠʤʽʨʽʚ. ʇʝʨʝʭʽʜ ʥʘ ʤʝʥʰʽ ʤʝʞʽ ʚʠʤʽʨʽʚ ʜʦʧʫʩʢʘʻʪʴʩʷ 

ʪʽʣʴʢʠ ʧʽʩʣʷ ʜʦʩʣʽʜʥʦʾ ʧʝʨʝʚʽʨʢʠ ʨʦʙʦʪʠ ʢʦʣʘ. ʉʢʣʘʜʝʥʘ ʩʭʝʤʘ ʦʙʦʚ'ʷʟʢʦʚʦ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʫʩʽʤʘ ʯʣʝʥʘʤʠ ʙʨʠʛʘʜʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʜʘʥʫ ʨʦʙʦʪʫ, ʘ ʧʦʪʽʤ ʚʞʝ 

ʚʠʢʣʘʜʘʯʝʤ ʘʙʦ ʣʘʙʦʨʘʥʪʦʤ. ɹʝʟ ʜʦʟʚʦʣʫ ʚʠʢʣʘʜʘʯʘ ʧʽʜʢʣʶʯʘʪʠ ʢʦʣʦ ʜʦ ʤʝʨʝʞʽ 

ɿʘʙʦʨʦʥʷʻʪʴʩʷ! ʅʘ ʫʚʽʤʢʥʫʪʦʤʫ ʧʽʜ ʥʘʧʨʫʛʫ ʢʦʣʽ ʩʣʽʜ ʟʨʦʙʠʪʠ ʚʩʽ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʧʦʯʝʨʛʦʚʦ ʚʩʽ ʧʦʪʨʽʙʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ. ʅʝʦʙʭʽʜʥʦ 

ʧʦʩʪʽʡʥʦ ʩʪʝʞʠʪʠ ʟʘ ʧʦʢʘʟʘʤʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. ʗʢʱʦ ʧʨʠʣʘʜʠ 

ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʰʢʘʣʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʥʝʛʘʡʥʦ ʚʠʤʢʥʫʪʠ ʚʠʤʠʢʘʯ 

ʞʠʚʣʝʥʥʷ, ʘʙʦ ʟʤʝʥʰʠʪʠ ʥʘʧʨʫʛʫ ʞʠʚʣʝʥʥʷ ʜʦ ʤʽʥʽʤʫʤʫ. 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʚʽʜʭʦʜʠʪʠ ʚʽʜ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ 

ʧʽʜ ʥʘʧʨʫʛʦʶ. 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʫ ʧʦʢʘʟʠ ʧʨʠʣʘʜʽʚ ʟʘʧʠʩʫʶʪʴ ʫ ʟʘʟʜʘʣʝʛʽʜʴ 

ʩʢʣʘʜʝʥʽ ʪʘʙʣʠʮʽ ʟ ʚʢʘʟʘʥʥʷʤ ʧʦʩʪʽʡʥʦʾ ʮʽʥʠ ʧʦʜʽʣʢʠ ʧʨʠʣʘʜʫ. 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʩʽʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽ ʚʠʤʽʨʶʚʘʥʴ ʢʦʣʦ ʚʠʤʠʢʘʻʪʴʩʷ ʟ 

ʤʝʨʝʞʽ, ʘʣʝ ʥʝ ʨʦʟʙʠʨʘʻʪʴʩʷ ʜʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʚʠʢʣʘʜʘʯʝʤ ʧʦʧʝʨʝʜʥʽʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ɽʢʩʧʝʨʠʤʝʥʪ ʽʟ ʧʦʤʠʣʢʦʚʠʤʠ  ʜʘʥʠʤʠ ʩʣʽʜ ʧʦʚʪʦʨʠʪʠ. 

ʇʨʦ ʚʠʢʦʥʘʥʫ ʣʘʙʦʨʘʪʦʨʥʫ ʨʦʙʦʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟʚʽʪ. ɹʨʠʛʘʜʘ, ʷʢʘ ʥʝ ʧʦʜʘʣʘ 

ʟʚʽʪ ʧʨʦ ʧʦʧʝʨʝʜʥʶ ʨʦʙʦʪʫ, ʜʦ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ. 
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ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʩʪʫʜʝʥʪʠ ʧʦʚʠʥʥʽ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʧʨʘʚʠʣ 

ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʡ ʧʨʘʚʠʣ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʦʟʧʦʨʷʜʢʫ ʚʠʱʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ 

ʟʘʢʣʘʜʫ. 

 

1.1 ʆʩʥʦʚʥʽ ʧʨʘʚʠʣʘ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ  ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ 

 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʥʷʪʴ ʩʪʫʜʝʥʪʠ ʧʦʚʠʥʥʽ ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ 

ʧʨʘʚʠʣʘʤʠ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʽ ʩʫʚʦʨʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʾʭ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʚʜʘʥʴ. ʅʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʥʘʩʪʫʧʥʠʭ ʧʨʘʚʠʣ ʙʝʟʧʝʢʠ: 

1. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʦʙʦʪʠ ʩʣʽʜ ʧʝʨʝʚʽʨʠʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʧʨʫʛʠ ʥʘ 

ʟʘʪʠʩʢʘʯʘʭ ʜʞʝʨʝʣʘ. 

2. ʋʚʽʤʢʥʫʪʠ ʩʭʝʤʫ ʧʽʜ ʥʘʧʨʫʛʫ, ʧʝʨʝʢʦʥʘʚʰʠʩʴ, ʱʦ ʥʽʭʪʦ ʥʝ ʜʦʪʠʢʘʻʪʴʩʷ ʜʦ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʯʘʩʪʠʥ ʩʭʝʤʠ. 

3. ʇʝʨʝʜ ʚʤʠʢʘʥʥʷʤ ʢʦʣʘ ʧʽʜ ʥʘʧʨʫʛʫ ʧʦʧʝʨʝʜʠʪʠ ʧʨʦ ʮʝ ʚʩʽʭ ʯʣʝʥʽʚ 

ʙʨʠʛʘʜʠ. 

4. ɺʤʠʢʘʪʠ ʩʭʝʤʫ ʚ ʤʝʨʝʞʫ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʧʝʨʝʚʽʨʢʠ ʾʾ ʚʠʢʣʘʜʘʯʝʤ ʘʙʦ 

ʣʘʙʦʨʘʥʪʦʤ ʢʘʪʝʛʦʨʠʯʥʦ ʟʘʙʦʨʦʥʷʻʪʴʩʷ. 

5. ʇʽʩʣʷ ʚʤʠʢʘʥʥʷ ʩʭʝʤʠ ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʪʦʨʢʘʪʠʩʷ ʨʫʢʘʤʠ ʧʨʦʚʦʜʽʚ ʽ ʯʘʩʪʠʥ 

ʧʨʠʣʘʜʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʥʘʧʨʫʛʦʶ. 

6. ɹʫʜʴ-ʷʢʽ ʟʤʽʥʠ ʚ ʩʭʝʤʽ ʢʦʣʘ ʚʠʢʦʥʫʚʘʪʠ ʪʽʣʴʢʠ ʧʽʩʣʷ ʚʠʤʢʥʝʥʥʷ ʾʾ ʟ 

ʤʝʨʝʞʽ. ɺʤʠʢʘʥʥʷ ʚ ʤʝʨʝʞʫ ʧʽʩʣʷ ʚʥʝʩʝʥʠʭ ʟʤʽʥ ʧʨʦʚʦʜʠʪʠ ʟ ʜʦʟʚʦʣʫ 

ʚʠʢʣʘʜʘʯʘ. 

7. ʇʨʠ ʚʠʷʚʣʝʥʥʽ ʚʽʜʭʠʣʝʥʴ ʫ ʨʦʙʦʪʽ ʝʣʝʤʝʥʪʽʚ ʢʦʣʘ ʥʝʛʘʡʥʦ ʚʽʜʢʣʶʯʠʪʠ 

ʡʦʛʦ ʚʽʜ ʤʝʨʝʞʽ ʽ ʧʦʚʽʜʦʤʠʪʠ ʧʨʦ ʮʝ ʚʠʢʣʘʜʘʯʘ ʘʙʦ ʣʘʙʦʨʘʥʪʘ. 

8. ʂʘʪʝʛʦʨʠʯʥʦ ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʟʘʣʠʰʘʪʠ ʙʝʟ ʥʘʛʣʷʜʫ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʫ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʥʘʧʨʫʛʦʶ. 

9. ʈʦʟʙʠʨʘʪʠ ʢʦʣʦ ʪʽʣʴʢʠ ʧʽʩʣʷ ʚʽʜʢʣʶʯʝʥʥʷ ʡʦʛʦ ʚʽʜ ʜʞʝʨʝʣ ʥʘʧʨʫʛʠ ʥʘ 

ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. 

10. ɻʦʣʦʚʥʽ ʚʠʤʠʢʘʯʽ ʚʤʠʢʘʶʪʴʩʷ ʡ ʚʠʤʠʢʘʶʪʴʩʷ ʪʽʣʴʢʠ ʚʠʢʣʘʜʘʯʝʤ 

ʘʙʦ ʣʘʙʦʨʘʥʪʦʤ. 

11. ʇʨʠ ʥʝʱʘʩʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʛʘʡʥʦ ʚʠʤʢʥʫʪʠ ʥʘʧʨʫʛʫ ʽ ʥʘʜʘʪʠ 

ʧʝʨʰʫ ʜʦʧʦʤʦʛʫ ʪʦʤʫ, ʭʪʦ ʧʦʩʪʨʘʞʜʘʚ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. 

 

1.2 ʆʬʦʨʤʣʝʥʥʷ ʟʚʽʪʽʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ 

 

ʇʦ ʢʦʞʥʽʡ ʚʠʢʦʥʘʥʽʡ ʨʦʙʦʪʽ ʩʪʫʜʝʥʪʠ ʩʢʣʘʜʘʶʪʴ ʟʚʽʪ. ɿʘʛʦʣʦʚʥʠʡ ʣʠʩʪ ʟʚʽʪʫ 

ʩʣʽʜ ʚʠʢʦʥʘʪʠ ʟʘ ʚʩʪʘʥʦʚʣʝʥʦʶ ʬʦʨʤʦʶ. ʋ ʟʚʽʪʽ ʥʘʚʦʜʷʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʽʜʦʤʦʩʪʽ: 

1. ʅʘʟʚʘ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ. 

2. ʄʝʪʘ ʨʦʙʦʪʠ. 
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3. ʅʝʦʙʭʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ: ʧʝʨʝʣʽʢ ʘʧʘʨʘʪʫʨʠ ʪʘ ʧʨʠʣʘʜʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʙʦʪʽ, ʟ ʾʭ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʥʘʡʤʝʥʫʚʘʥʥʷ, 

ʪʠʧ, ʩʠʩʪʝʤʘ, ʥʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ, ʢʣʘʩ ʪʦʯʥʦʩʪʽ ʪʘ ʽʥ.). 

4. ʇʨʠʥʮʠʧʦʚʘ ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʢʦʣʘ. ʋʩʽ ʩʭʝʤʠ 

ʢʨʝʩʣʷʪʴʩʷ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʫʤʦʚʥʠʭ ʛʨʘʬʽʯʥʠʭ ʧʦʟʥʘʯʝʥʴ, ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʩʪʘʥʜʘʨʪʘʤʠ. 

5. ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʟ ʪʘʙʣʠʮʷʤʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʪʘ 

ʦʙʯʠʩʣʝʥʴ. 

6. ɻʨʘʬʽʯʥʽ ʧʦʙʫʜʦʚʠ. ɻʨʘʬʽʢʠ ʪʘ ʚʝʢʪʦʨʥʽ ʜʽʘʛʨʘʤʠ ʙʫʜʫʶʪʴʩʷ ʟʘ ʜʘʥʠʤʠ 

ʚʠʤʽʨʶʚʘʥʴ ʽ ʦʙʯʠʩʣʝʥʴ ʫ ʤʘʩʰʪʘʙʽ ʚ ʧʨʷʤʦʢʫʪʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ʅʘ ʚʽʩʷʭ 

ʢʦʦʨʜʠʥʘʪ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʢʘʟʘʥʽ ʧʦʟʥʘʯʢʠ, ʨʦʟʤʽʨʥʽʩʪʴ ʪʘ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ. 

7. ʗʢʱʦ ʜʝʢʽʣʴʢʘ ʟʤʽʥʥʠʭ ʻ ʬʫʥʢʮʽʻʶ ʙʫʜʴ-ʷʢʦʾ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ ʽ ʮʽ ʟʤʽʥʥʽ 

ʥʝʦʙʭʽʜʥʦ ʟʦʙʨʘʟʠʪʠ ʛʨʘʬʽʯʥʦ, ʪʦ ʫʩʽ ʢʨʠʚʽ ʩʣʽʜ ʢʨʝʩʣʠʪʠ ʥʘ ʦʜʥʽʡ ʜʽʘʛʨʘʤʽ. 

8. ʇʨʠ ʧʦʙʫʜʦʚʽ ʢʨʠʚʦʾ ʟʘ ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ ʩʧʦʯʘʪʢʫ ʥʘʥʦʩʷʪʴ ʪʦʯʢʠ, ʘ 

ʧʦʪʽʤ ʧʨʦʚʦʜʷʪʴ ʧʨʷʤʫ ʘʙʦ ʧʣʘʚʥʫ ʢʨʠʚʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʛʘʣʴʥʫ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. 

9. ʋ ʟʚʽʪʽ ʥʝʦʙʭʽʜʥʦ ʥʘʚʝʩʪʠ ʦʩʥʦʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ, ʧʽʜʩʪʘʚʠʪʠ ʚ 

ʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʽ ʜʘʪʠ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ 

ʦʙʯʠʩʣʝʥʴ. 

10. ʋ ʢʽʥʮʽ ʟʚʽʪʫ ʥʝʦʙʭʽʜʥʦ ʥʘʚʝʩʪʠ ʦʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ, ʱʦ ʚʠʧʣʠʚʘʶʪʴ ʽʟ 

ʚʠʢʦʥʘʥʦʾ ʨʦʙʦʪʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʧʨʝʜʩʪʘʚʣʷʪʠ ʩʦʙʦʶ ʩʘʤʦʩʪʽʡʥʠʡ ʘʥʘʣʽʟ 

ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

 

1.3 ɿʘʛʘʣʴʥʽ ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ  ʜʦ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ɽlectronics Workbench 

 

ʉʣʽʜ ʟʘʧʫʩʪʠʪʠ ʧʘʢʝʪ Electronics Workbench. ʇʽʩʣʷ ʮʴʦʛʦ ʥʘ ʝʢʨʘʥʽ 

ʟôʷʚʣʷʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʤʦʥʪʘʞʥʦʛʦ ʩʪʦʣʘ (ʨʠʩ.1), ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ:  ï 

ʨʦʙʦʯʦʛʦ ʧʦʣʷ ï ʚʝʣʠʢʘ ʮʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʝʢʨʘʥʫ, ʥʘ ʷʢʽʡ ʨʦʟʤʽʱʫʶʪʴʩʷ 

ʢʦʤʧʦʥʝʥʪʠ ʩʭʝʤʠ ʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ;  ï ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʘ ʚʢʣʶʯʘʻ 

ʪʘʢʽ ʨʦʟʜʽʣʠ: Sources, Basic, Diodes, Transistors, Analog Ics, Mixed Ics, Digital Ics, 

Logic Gates, Digital, Indicators, Controls, Miscellaneous, Instruments, ʘ ʪʘʢʦʞ 

ʥʘʣʘʰʪʦʚʘʥʘ ʧʘʥʝʣʴ ʽʥʩʪʨʫʤʝʥʪʽʚ Favorites;  ï ʢʣʘʚʽʰ ʚʚʽʤʢʥʝʥʥʷ ʽ ʧʘʫʟʠ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʧʨʘʚʦʤʫ ʚʝʨʭʥʴʦʤʫ ʢʫʪʢʫ ʝʢʨʘʥʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʟʘʧʫʩʢʘʻʪʴʩʷ ʘʙʦ ʪʠʤʯʘʩʦʚʦ ʧʨʠʟʫʧʠʥʷʻʪʴʩʷ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʟʫʧʠʥʢʠ 

ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʘʙʦ ʧʨʠʧʠʥʝʥʥʷ ʧʘʫʟʠ ʥʝʦʙʭʽʜʥʦ ʧʦʚʪʦʨʥʦ ʥʘʪʠʩʥʫʪʠ 

ʚʽʜʧʦʚʽʜʥʫ ʢʣʘʚʽʰʫ.    
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ʈʠʩ.1. ɿʦʙʨʘʞʝʥʥʷ ʤʦʥʪʘʞʥʦʛʦ ʩʪʦʣʫ Electronics Workbench 

 

ʆʧʮʽʾ ʨʦʟʜʽʣʽʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʝʥʶ. File ï ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʙʦʪʠ ʟ ʬʘʡʣʘʤʠ 

(ʚʽʜʢʨʠʪʪʷ, ʩʪʚʦʨʝʥʥʷ, ʨʦʟʜʨʫʢʫʚʘʥʥʷ ʬʘʡʣʽʚ ʽ ʪ.ʧ.). Edit ï ʦʧʮʽʾ ʨʦʟʜʽʣʫ ʜʘʶʪʴ 

ʟʤʦʛʫ ʚʠʨʽʟʘʪʠ ʪʘ ʢʦʧʽʶʚʘʪʠ ʚʠʜʽʣʝʥʠʡ ʬʨʘʛʤʝʥʪ ʩʭʝʤʠ, ʧʝʨʝʤʽʱʘʪʠ ʝʣʝʤʝʥʪʠ 

ʘʙʦ ʙʣʦʢʠ ʩʭʝʤʠ. ʆʧʮʽʷ Copy as Bitmap ʜʦʟʚʦʣʷʻ ʢʦʧʽʶʚʘʪʠ ʚʠʜʽʣʝʥʠʡ ʬʨʘʛʤʝʥʪ 

ʩʭʝʤʠ ʚ ʙʫʬʝʨ ʦʙʤʽʥʫ, ʟʚʽʜʢʠ ʡʦʛʦ ʤʦʞʥʘ ʚʩʪʘʚʠʪʠ ʚ ʽʥʰʫ ʧʨʦʛʨʘʤʫ, ʥʘʧʨʠʢʣʘʜ 

ʫ Word, ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʟʚʽʪʫ ʧʨʦ ʣʘʙʦʨʘʪʦʨʥʫ ʨʦʙʦʪʫ.  Circuit ï ʨʦʟʜʽʣ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʙʝʨʪʘʪʠ, ʟʤʽʥʶʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʙʣʠʞʘʪʠ ʪʘ ʚʽʜʜʘʣʷʪʠ ʝʣʝʤʝʥʪʠ 

ʩʭʝʤʠ. ɿʦʢʨʝʤʘ ʤʦʞʣʠʚʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ 

(ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ ʦʨʽʻʥʪʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʩʭʝʤʠ, ʥʘʩʪʨʦʡʢʘ ʢʦʣʴʦʨʽʚ ʽ ʰʨʠʬʪʫ, 

ʧʦʰʫʢ ʪʘ ʽʥʰʽ ʩʪʘʥʜʘʨʪʥʽ ʬʫʥʢʮʽʾ). Analysis ï ʨʦʟʜʽʣ ʜʦʟʚʦʣʷʻ ʟʘʧʫʩʢʘʪʠ, 

ʧʨʠʧʠʥʷʪʠ ʽ ʟʘʚʝʨʰʫʚʘʪʠ ʘʥʘʣʽʟ ʩʭʝʤʠ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʨʽʟʥʽ ʦʧʮʽʾ 

ʘʥʘʣʽʟʫ. Window ï ʨʦʟʜʽʣ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʝʢʨʘʥʥʠʭ ʥʘʩʪʨʦʡʦʢ ʧʽʜ ʯʘʩ ʨʦʙʦʪʽ ʟ 

ʜʦʢʫʤʝʥʪʘʤʠ. Help ï ʨʦʟʜʽʣ ʜʘʻ ʜʦʩʪʫʧ ʜʦ ʜʦʚʽʜʢʦʚʦʾ ʩʠʩʪʝʤʠ Electronics 

Workbench.  ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʜʦʢʫʤʝʥʪʫ (ʬʦʨʤʘʪ *.ewb) ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʪʘʢʽ ʦʧʝʨʘʮʽʾ ʟ ʤʝʥʶ: File/New, ʘ ʧʦʪʽʤ ʟʙʝʨʝʛʪʠ ʡʦʛʦ ʥʘ ʜʠʩʢʫ 

File/Save asé, ʚʢʘʟʘʚʰʠ ʽʤôʷ ʬʘʡʣʫ ʽ ʧʘʧʢʫ, ʚ ʷʢʽʡ ʟʙʝʨʽʛʘʪʠʤʝʪʴʩʷ ʩʭʝʤʘ.  

ʉʢʣʘʜʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ. ʇʦʩʣʽʜʦʚʥʦ ʚʠʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʨʦʟʜʽʣ ʥʘ 

ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʧʝʨʝʥʝʩʪʠ ʥʝʦʙʭʽʜʥʽ ʝʣʝʤʝʥʪʠ ʥʘ ʨʦʙʦʯʝ ʧʦʣʝ, ʢʣʘʮʥʫʚʰʠ 

ʤʠʰʝʶ ʥʘ ʧʦʪʨʽʙʥʦʤʫ ʝʣʝʤʝʥʪʽ ʽ, ʥʝ ʚʽʜʧʫʩʢʘʶʯʠ ʢʥʦʧʢʠ, ʧʝʨʝʥʝʩʪʠ ʡʦʛʦ ʚ 

ʧʦʪʨʽʙʥʝ ʤʽʩʮʝ ʩʭʝʤʠ. ʇʦʚʝʨʥʫʪʠ ʝʣʝʤʝʥʪʠ ʩʭʝʤʠ, ʷʢʱʦ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘ 

ʫʤʦʚʯʘʥʥʷʤ ʚʘʩ ʥʝ ʚʣʘʰʪʦʚʫʻ. ɿôʻʜʥʘʪʠ ʢʦʥʪʘʢʪʠ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʩʭʝʤʠ, ʢʣʘʮʥʫʚʰʠ ʧʦ ʦʜʥʦʤʫ ʟ ʢʦʥʪʘʢʪʽʚ ʧʝʨʰʦʛʦ ʝʣʝʤʝʥʪʫ ʣʽʚʦʶ 

ʢʥʦʧʢʦʶ ʤʠʰʽ ʪʘʢ, ʱʦʙ ʟôʷʚʠʣʘʩʷ ʯʦʨʥʘ ʪʦʯʢʘ ʢʦʥʪʘʢʪʫ ʽ, ʥʝ ʚʽʜʧʫʩʢʘʶʯʠ 
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ʢʣʘʚʽʰʫ, ʜʦʚʝʩʪʠ ʢʫʨʩʦʨ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʢʦʥʪʘʢʪʫ ʜʨʫʛʦʛʦ ʝʣʝʤʝʥʪʫ. ʋ ʨʘʟʽ 

ʧʦʷʚʠ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʙʽʣʷ ʚʠʚʝʜʝʥʥʷ ʽʥʰʦʛʦ ʝʣʝʤʝʥʪʫ ʚʽʜʧʫʩʪʠʪʠ ʢʥʦʧʢʫ ʤʠʰʽ. 

ʇʝʨʝʢʦʥʘʡʪʝʩʷ, ʱʦ ʧʨʦʚʽʜʥʠʢ ʟôʷʚʠʚʩʷ.  ʋ ʨʘʟʽ ʧʦʪʨʝʙʠ ʤʦʞʥʘ ʜʦʜʘʪʠ ʜʦʜʘʪʢʦʚʽ 

ʚʫʟʣʠ  (ʨʦʟʛʘʣʫʞʝʥʥʷ). ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʧʝʨʝʪʷʛʥʫʪʠ ʝʣʝʤʝʥʪ ʟ ʧʘʥʝʣʽ ʥʘ ʤʽʩʮʝ 

ʧʨʦʚʽʜʥʠʢʘ, ʜʝ ʪʨʝʙʘ ʦʪʨʠʤʘʪʠ ʨʦʟʛʘʣʫʞʝʥʥʷ. ɿôʻʜʥʫʚʘʯʽ ʤʦʞʫʪʴ ʟôʷʚʣʷʪʠʩʷ ʽ 

ʘʚʪʦʤʘʪʠʯʥʦ ʫ ʚʠʧʘʜʢʫ ʥʘʚʝʜʝʥʥʷ ʜʨʫʛʦʛʦ ʢʽʥʮʷ ʧʨʦʚʽʜʥʠʢʘ ʥʘ ʚʞʝ ʽʩʥʫʶʯʠʡ 

ʧʨʦʚʽʜʥʠʢ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʘʤôʷʪʘʪʠ, ʱʦ ʢʦʞʝʥ ʟôʻʜʥʫʚʘʯ ʤʘʻ ʣʠʰʝ 

ʯʦʪʠʨʠ ʪʦʯʢʠ ʧʽʜʢʣʶʯʝʥʥʷ ï ʧʨʘʚʦʨʫʯ, ʟʚʝʨʭʫ, ʟʣʽʚʘ ʽ ʟʥʠʟʫ. ʗʢʱʦ ʧʨʠʻʜʥʘʪʠ 

ʧʨʦʚʽʜʥʠʢ ʜʦ ʚʞʝ ʟʘʡʥʷʪʦʾ ʪʦʯʢʠ ʟôʻʜʥʫʚʘʯʘ ʪʘ ʚʽʜʧʫʩʪʠʪʠ ʧʨʘʚʫ ʢʣʘʚʽʰʫ ʤʠʰʽ, 

ʪʦ ʮʝʡ ʧʨʦʚʽʜʥʠʢ ʟʥʠʢʥʝ. ʇʨʦʚʽʜʥʠʢʠ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʣʽʥʽʷʤʠ ʨʽʟʥʦʛʦ ʢʦʣʴʦʨʫ. 

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʜʚʽʯʽ ʢʣʘʮʥʫʪʠ ʣʽʚʦʶ ʢʣʘʚʽʰʝʶ ʤʠʰʽ ʥʘ ʟʦʙʨʘʞʝʥʥʽ 

ʧʨʦʚʽʜʥʠʢʘ ʪʘ ʚʠʙʨʘʪʠ ʧʦʪʨʽʙʥʠʡ ʢʦʣʽʨ ʟ ʧʘʣʽʪʨʠ. ʗʢʱʦ ʮʠʤ ʧʨʦʚʽʜʥʠʢʦʤ ʜʦ 

ʢʦʥʪʨʦʣʴʥʦʾ ʪʦʯʢʠ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʚʭʽʜ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʩʮʠʣʦʛʨʘʬʘ, ʪʦ ʮʠʤ ʞʝ 

ʢʦʣʴʦʨʦʤ ʙʫʜʝ ʟʘʙʘʨʚʣʝʥʘ ʚʽʜʧʦʚʽʜʥʘ ʦʩʮʠʣʦʛʨʘʤʘ ʥʘ ʝʢʨʘʥʽ ʧʨʠʣʘʜʫ.  ɿʘ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʜʘʣʝʥʥʷ ʧʨʦʚʽʜʥʠʢʘ, ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʚʠʚʝʜʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘ, ʢʫʜʠ 

ʧʽʜʢʣʶʯʝʥʠʡ ʮʝʡ ʧʨʦʚʽʜʥʠʢ, ʽ, ʥʘʪʠʩʥʫʚʰʠ ʣʽʚʫ ʢʣʘʚʽʰʫ ʤʠʰʽ, ʧʝʨʝʥʝʩʪʠ 

ʧʨʦʚʽʜʥʠʢ ʚʽʜ ʚʠʚʦʜʫ, ʘ ʧʦʪʽʤ ʚʽʜʧʫʩʪʠʪʠ ʢʣʘʚʽʰʫ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʧʨʠʙʠʨʘʥʥʷ 

ʧʨʦʚʽʜʥʠʢʘ, ʝʣʝʤʝʥʪʘ ʘʙʦ ʧʨʠʣʘʜʫ ʟ ʨʦʙʦʯʦʛʦ ʧʦʣʷ ʪʨʝʙʘ ʚʠʜʽʣʠʪʠ ʡʦʛʦ ʽ 

ʥʘʪʠʩʥʫʪʠ ʥʘ ʢʣʘʚʽʰʫ Del ʥʘ ʢʣʘʚʽʘʪʫʨʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʘʟʦʤ ʟ ʚʠʙʨʘʥʠʤ 

ʦʙôʻʢʪʦʤ ʟʥʠʢʥʫʪʴ ʡ ʚʩʽ ʣʽʥʽʾ ʟʚôʷʟʢʫ, ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʮʴʦʛʦ ʦʙôʻʢʪʫ. ʃʽʥʽʷ ʟʚôʷʟʢʫ 

ʤʦʞʝ ʙʫʪʠ ʥʝʨʽʚʥʦʶ ʯʝʨʝʟ ʥʝʪʦʯʥʝ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʽ ʧʨʠʣʘʜʽʚ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʪʘ ʚʝʨʪʠʢʘʣʽ. ɼʣʷ ʾʾ ʚʠʨʽʚʥʶʚʘʥʥʷ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʦʙôʻʢʪ ʽ 

ʧʝʨʝʤʽʩʪʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʠʰʽ ʤʝʪʦʜʦʤ ʧʝʨʝʪʷʛʘʥʥʷ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʚʽʰ 

ʫʧʨʘʚʣʽʥʥʷ ʢʫʨʩʦʨʦʤ.  ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʥʦʤʽʥʘʣʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʣʝʤʝʥʪʫ ʥʝʦʙʭʽʜʥʦ ʜʚʽʯʽ ʢʣʘʮʥʫʪʠ ʧʦ ʡʦʛʦ ʟʘʙʨʘʞʝʥʥʶ ʤʠʰʝʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʷʚʠʪʴʩʷ ʚʽʢʥʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʫ (ʨʠʩ. 2), ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʝʟʠʩʪʦʨʘ, ʚ 

ʨʦʟʜʽʣʽ Value ʷʢʦʛʦ ʪʨʝʙʘ ʚʩʪʘʥʦʚʠʪʠ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ, ʘ ʚ ʨʦʟʜʽʣʽ 

Label ʩʣʽʜ ʟʘʜʘʪʠ ʡʦʛʦ ʧʦʟʠʮʽʡʥʽ ʧʦʟʥʘʯʝʥʥʷ.   

ɿʘʧʫʩʢ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʥʘʪʠʩʥʝʥʥʷ ʥʘ ʢʥʦʧʢʫ 

ʚʚʽʤʢʥʝʥʥʷ ʞʠʚʣʝʥʥʷ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʏʝʨʝʟ  ʜʝʢʽʣʴʢʘ ʩʝʢʫʥʜ ʧʨʦʮʝʩ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʟʫʧʠʥʠʪʠ. ʗʢʱʦ ʚ ʩʭʝʤʽ ʜʦʧʫʱʝʥʘ ʽʩʪʦʪʥʘ ʧʦʤʠʣʢʘ 

(ʟʘʤʠʢʘʥʥʷ ʝʣʝʤʝʥʪʫ ʞʠʚʣʝʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʥʫʣʴʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʩʭʝʤʽ), ʪʦ 

ʙʫʜʝ ʚʠʜʘʥʝ ʚʽʜʧʦʚʽʜʥʝ ʧʦʧʝʨʝʜʞʝʥʥʷ. ʈʦʟʚʝʨʥʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʝʣʝʤʝʥʪʫ 

ʦʩʮʠʣʦʛʨʘʬʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʜʚʽʡʥʠʤ ʥʘʪʠʩʥʝʥʥʷʤ ʧʦ ʥʴʦʤʫ ʢʣʘʚʽʰʽ ʤʠʰʽ. 

ʇʦʜʠʚʠʪʠʩʷ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʝʢʨʘʥʽ ʦʩʮʠʣʦʛʨʘʬʘ ʤʦʞʥʘ ʚʠʢʦʥʘʚʰʠ 

ʟʘʟʜʘʣʝʛʽʜʴ ʡʦʛʦ ʥʘʩʪʨʦʡʢʫ.  ʂʣʘʮʘʥʥʷʤ ʣʽʚʦʾ ʢʣʘʚʽʰʽ ʤʠʰʽ ʤʦʞʥʘ ʚʠʙʨʘʪʠ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʦʩʮʠʣʦʛʨʘʬʘ: Y/T, ʧʽʩʣʷ ʯʦʛʦ ʧʦ ʦʩʽ ʍ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʯʘʩ, ʘ ʧʦ ʦʩʽ 

Y ï ʥʘʧʨʫʛʠ ʩʠʛʥʘʣʽʚ ɸ ʽ ɺ. ʋ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ B/A ʽ A/B ʧʦ ʦʩʽ X ʨʦʟʤʽʱʫʶʪʴʩʷ 

ʥʘʧʨʫʛʠ ʩʠʛʥʘʣʽʚ ɸ ʽ ɺ ʚʽʜʧʦʚʽʜʥʦ, ʘ ʧʦ ʦʩʽ Y ï ʥʘʧʨʫʛʠ ʩʠʛʥʘʣʽʚ ɺ ʽ ɸ. ʇʽʜʙʽʨ 
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ʚʽʜʧʦʚʽʜʥʦʾ ʨʦʟʛʦʨʪʢʠ ʦʩʮʠʣʦʛʨʘʬʘ (ʤʘʩʰʪʘʙ ʧʦ ʦʩʽ ʍ) ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʽʯʠʣʴʥʠʢʘ ʧʦʣʷ ʧʦʪʦʯʥʦʛʦ ʤʘʩʰʪʘʙʫ Time base. ʐʚʠʜʢʽʩʪʴ 

ʨʦʟʛʦʨʪʢʠ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʚʽʜ 0,1 ʥʩ ʜʦ 1 ʩ ʥʘ ʦʜʥʫ ʧʦʜʽʣʢʫ ʰʢʘʣʠ. ʄʘʩʰʪʘʙ 

ʧʦ ʦʩʽ Y ʧʽʜʙʠʨʘʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ ʦʢʨʝʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʯʠʣʴʥʠʢʘ. 
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ʈʆɿɼɯʃ 2 ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ  
 

2.1 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ1 ʆʟʥʘʡʦʤʣʝʥʥʷ ʟ ʽʥʪʝʨʬʝʡʩʦʤ ʪʘ ʦʩʥʦʚʥʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Electronics Workbench 

 

ʊʝʤʘ. ʆʟʥʘʡʦʤʣʝʥʥʷ ʟ ʽʥʪʝʨʬʝʡʩʦʤ ʪʘ ʦʩʥʦʚʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Electronics Workbench. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʩʚʦʾʪʠ ʽʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ Electronics Workbench ʽ 

ʥʘʚʯʠʪʠʩʷ ʟʘ ʾʾ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʶʚʘʪʠ ʽ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʽʨʪʫʘʣʴʥʽ ʧʨʠʥʮʠʧʦʚʽ ʽ 

ʝʣʝʢʪʨʦʥʥʽ ʩʭʝʤʠ.  

ʂʦʤʧʝʪʝʥʪʥʦʩʪʽ: 

ï ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʰʫʢ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʽʟʥʠʭ ʜʞʝʨʝʣʘʭ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯ 

ï ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʠʩʴʤʦʚʦʾ ʪʘ ʫʩʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ; 

ï ʫʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʪʘʢ ʽ ʚ ʢʦʤʘʥʜʽ;  

ï ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʷʢʽʩʪʴ ʚʠʢʦʥʫʚʘʥʦʾ ʨʦʙʦʪʠ. 

ï ʚʦʣʦʜʽʥʥʷ ʥʘʚʠʯʢʘʤʠ ʨʦʙʦʪʠ ʟ ʢʦʤʧ'ʶʪʝʨʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ; 

ʃʽʪʝʨʘʪʫʨʘ: 5, 13  

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʇʨʦʛʨʘʤʘ Electronics Workbench ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʩʽʙ ʧʨʦʛʨʘʤʥʦʾ ʨʦʟʨʦʙʢʠ ʪʘ 

ʽʤʽʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥʮʶʛʽʚ. ɯʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʤʝʥʶ, 

ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʨʦʙʦʯʦʾ ʦʙʣʘʩʪʽ. ʅʘ ʨʠʩʫʥʢʫ 1.1. ʟʦʙʨʘʞʝʥʦ ʟʦʚʥʽʰʥʽʡ 

ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ Electronics Workbench. 

ʈʠʩʫʥʦʢ 1.1 - ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʝʢʨʘʥʘ ʢʦʤʧ'ʶʪʝʨʘ ʧʨʠ ʨʦʙʦʪʽ ʟ 

ʧʨʦʛʨʘʤʦʶ EWB. 
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ʉʤʫʛʘ ʤʝʥʶ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʤʝʥʶ ʨʦʙʦʪʠ ʟ ʬʘʡʣʘʤʠ 

(File), ʤʝʥʶ ʨʝʜʘʛʫʚʘʥʥʷ (Edit), ʤʝʥʶ ʨʦʙʦʪʠ ʟ ʣʘʥʮʶʛʘʤʠ (Circut), ʤʝʥʶ 

ʘʥʘʣʽʟʫ ʩʭʝʤ (Analysis), ʤʝʥʶ ʨʦʙʦʪʠ ʟ ʚʽʢʥʘʤʠ (Window), ʤʝʥʶ ʨʦʙʦʪʠ ʟ 

ʬʘʡʣʘʤʠ ʜʦʚʽʜʦʢ (Help). 

ʇʘʥʝʣʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ñʰʚʠʜʢʠʭ ʢʥʦʧʦʢò, ʱʦ ʤʘʶʪʴ ʘʥʘʣʦʛʠ ʚ 

ʤʝʥʶ, ʢʥʦʧʦʢ ʟʘʧʫʩʢʫ ʽ ʟʫʧʠʥʢʠ ʘʥʘʣʽʟʫ, ʥʘʙʦʨʫ ʟʦʙʨʘʞʝʥʴ ʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʦʜʝʣʝʡ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʘʥʘʣʦʛʦʚʠʭ ʽ ʮʠʬʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʽʥʜʠʢʘʪʦʨʽʚ, 

ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷ ʡ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʝʥʶ File, Edit, Circut, Analysis, Window ʽ Help 

ʧʦʩʣʽʜʦʚʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʘʭ 2.2 - 2.7. ʇʝʨʝʣʽʢ ʦʧʝʨʘʮʽʡ ʟ ʚʢʘʟʘʥʠʭ 

ʤʝʥʶ, ʧʦʨʷʜʦʢ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʫ 

ʨʦʟʜʽʣʽ 2 ʜʘʥʦʛʦ ʧʦʩʽʙʥʠʢʘ. 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ɿʘʧʫʩʪʽʪʴ Electronics Workbench. 

2. ʇʽʜʛʦʪʫʡʪʝ ʥʦʚʠʡ ʬʘʡʣ ʜʣʷ ʨʦʙʦʪʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ 

ʥʘʩʪʫʧʥʽ ʦʧʝʨʘʮʽʾ ʟ ʤʝʥʶ: File/New ʽ File/Save as. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ Save 

as ʙʫʜʝ ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ ʽʤ'ʷ ʬʘʡʣʫ ʽ ʢʘʪʘʣʦʛ, ʫ ʷʢʦʤʫ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʷ ʩʭʝʤʘ. 

3. ɿʙʝʨʽʪʴ ʩʭʝʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʚʠʢʣʘʜʘʯʝʤ. 

4. ʇʝʨʝʥʝʩʽʪʴ ʥʝʦʙʭʽʜʥʽ ʝʣʝʤʝʥʪʠ ʟ ʟʘʜʘʥʦʾ ʩʭʝʤʠ ʥʘ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ 

Electronics Workbench. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʨʦʟʜʽʣ ʥʘ ʧʘʥʝʣʽ 

ʽʥʩʪʨʫʤʝʥʪʽʚ (Sources, Basic, Diodes, Transistors, Analog Ics, Mixed Ics, Digital 

Ics, Logic Gates, Digital, Indicators, Controls, Miscellaneous, Instruments), ʫ ʷʢʦʤʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʪʨʽʙʥʠʡ ʚʘʤ ʝʣʝʤʝʥʪ, ʧʦʪʽʤ ʧʝʨʝʥʝʩʪʠ ʡʦʛʦ ʥʘ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ. 

5. ɿ'ʻʜʥʘʡʪʝ ʢʦʥʪʘʢʪʠ ʝʣʝʤʝʥʪʽʚ ʽ ʨʦʟʪʘʰʫʡʪʝ ʝʣʝʤʝʥʪʠ ʚ ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʘʤ ʩʭʝʤʠ. ɼʣʷ ʟ'ʻʜʥʘʥʥʷ ʜʚʦʭ ʢʦʥʪʘʢʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʢʣʘʮʥʫʪʠ ʥʘ ʦʜʠʥ ʟ ʢʦʥʪʘʢʪʽʚ ʦʩʥʦʚʥʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʽ, ʥʝ ʚʽʜʧʫʩʢʘʶʯʠ 

ʢʣʘʚʽʰʫ, ʜʦʚʝʩʪʠ ʢʫʨʩʦʨ ʜʦ ʜʨʫʛʦʛʦ ʢʦʥʪʘʢʪʫ. ʋ ʨʘʟʽ ʧʦʪʨʝʙʠ ʤʦʞʥʘ ʜʦʜʘʪʠ 

ʜʦʜʘʪʢʦʚʽ ʚʫʟʣʠ (ʨʦʟʛʘʣʫʞʝʥʥʷ). ʅʘʪʠʩʢʘʥʥʷʤ ʥʘ ʝʣʝʤʝʥʪʽ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ 

ʤʠʰʽ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʥʘʡʧʨʦʩʪʽʰʠʭ ʦʧʝʨʘʮʽʡ ʥʘʜ 

ʧʦʣʦʞʝʥʥʷʤ ʝʣʝʤʝʥʪʫ, ʪʘʢʠʤ ʷʢ ʦʙʝʨʪʘʥʥʷ (rotate), ʨʦʟʚʦʨʦʪ (flip), 

ʢʦʧʽʶʚʘʥʥʷ/ʚʠʨʽʟʘʥʥʷ (copy/cut), ʚʩʪʘʚʢʘ (paste). 

6. ʇʨʦʩʪʘʚʪʝ ʥʝʦʙʭʽʜʥʽ ʥʦʤʽʥʘʣʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ. ɼʣʷ 

ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʜʚʽʯʽ ʢʣʘʮʥʫʪʠ ʤʠʰʝʶ ʥʘ ʝʣʝʤʝʥʪʽ. 

7. ʂʦʣʠ ʩʭʝʤʘ ʟʽʙʨʘʥʘ ʽ ʛʦʪʦʚʘ ʜʦ ʟʘʧʫʩʢʫ, ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ ʚʚʽʤʢʥʝʥʥʷ 

ʞʠʚʣʝʥʥʷ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʋ ʚʠʧʘʜʢʫ ʩʝʨʡʦʟʥʦʾ ʧʦʤʠʣʢʠ ʚ ʩʭʝʤʽ 

(ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʝʣʝʤʝʥʪʫ ʞʠʚʣʝʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʥʫʣʴʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ 

ʩʭʝʤʽ) ʙʫʜʝ ʚʠʜʘʥʝ ʧʦʧʝʨʝʜʞʝʥʥʷ. 
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8. ɿʨʦʙʽʪʴ ʘʥʘʣʽʟ ʩʭʝʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʩʪʨʫʤʝʥʪʠ ʽʥʜʠʢʘʮʽʾ. ɺʠʢʣʠʢ 

ʪʝʨʤʽʥʘʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʜʚʽʡʥʠʤ ʥʘʪʠʩʢʘʥʥʷʤ ʢʣʘʚʽʰʽ ʤʠʰʽ ʥʘ ʝʣʝʤʝʥʪʽ. ʋ 

ʚʠʧʘʜʢʫ ʧʦʪʨʝʙʠ ʤʦʞʥʘ ʢʦʨʠʩʪʘʪʠʩʷ ʢʥʦʧʢʦʶ Pause. 

9. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʨʦʙʽʪʴ ʜʦʩʪʫʧʥʽ ʘʥʘʣʽʟʠ ʚ ʨʦʟʜʽʣʽ ʤʝʥʶ Analysis.  

10. ɿʘʥʝʩʽʪʴ ʧʦʷʩʥʝʥʥʷ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʩʭʝʤ ʫ ʟʚʽʪ. 

11. ɿʨʦʙʽʪʴ ʚʠʩʥʦʚʢʠ 

ɿʽʙʨʘʪʠ ʩʭʝʤʫ ʨʠʩʫʥʦʢ 1.2. 

ʈʠʩʫʥʦʢ 1.2 - ʉʭʝʤʘ ʜʦʩʣʽʜʞʝʥʴ 

ɿʘʜʘʻʤʦ ʥʘ ʛʝʥʝʨʘʪʦʨʽ ʨʠʩʫʥʦʢ 1.3 (Functionn Generator) ʧʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʫ: 

 

ʈʠʩʫʥʦʢ 1.3 - ɿʦʙʨʘʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ 

 

ʆʪʨʠʤʘʻʤʦ ʪʘʢʠʡ ʩʠʛʥʘʣ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ (ʨʠʩʫʥʦʢ 1.4) 
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ʈʠʩʫʥʦʢ 1.4 - ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʝʢʨʘʥʽ ʦʩʮʠʣʦʛʨʘʬʘ 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

 

1. ʑʦ ʪʘʢʝ ʧʽʜʩʭʝʤʘ ʽ ʷʢ ʾʾ ʩʪʚʦʨʠʪʠ? 

2. ʗʢʠʤʠ ʢʦʤʘʥʜʘʤʠ ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘ 

ʥʘʧʨʠʢʣʘʜ (ʢʦʥʜʝʥʩʘʪʦʨʘ ʟʤʽʥʥʦʾ ʻʤʥʦʩʪʽ)? 

3. ʗʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʙʽʙʣʽʦʪʝʢʫ ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʪʯʠʟʥʷʥʠʭ ʢʦʤʧʣʝʢʪʫʶʯʠʭ? 

4. ʗʢʦʶ ʢʦʤʘʥʜʦʶ ʟʘʜʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ? 
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2.2 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ2 ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʽʦʜʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Electronics Workbench 
 

ʊʝʤʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʽʦʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ Electronics Workbench. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʜʽʾ ʪʘ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʽʦʜʽʚ, ʩʪʘʙʽʣʽʪʨʦʥʽʚ; ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʚʦʣʴʪʘʤʧʝʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ. 

ʂʦʤʧʝʪʝʥʪʥʦʩʪʽ: 

ï ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʰʫʢ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʽʟʥʠʭ ʜʞʝʨʝʣʘʭ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ï ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʠʩʴʤʦʚʦʾ ʪʘ ʫʩʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ; 

ï ʫʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʪʘʢ ʽ ʚ ʢʦʤʘʥʜʽ;  

ï ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʷʢʽʩʪʴ ʚʠʢʦʥʫʚʘʥʦʾ ʨʦʙʦʪʠ. 

ï ʚʦʣʦʜʽʥʥʷ ʥʘʚʠʯʢʘʤʠ ʨʦʙʦʪʠ ʟ ʢʦʤʧ'ʶʪʝʨʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ; 

ï ʟʘʩʚʦʻʥʥʷ ʙʘʟʦʚʠʭ ʟʥʘʥʥʴ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʩʚʦʻʥʥʷ 

ʧʨʦʬʝʩʽʡʥʦʦʨʽʻʥʪʦʚʘʥʠʭ ʜʠʩʮʠʧʣʽʥ; 

ï ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʥʘʫʢʦʚʠʭ ʧʦʥʷʪʴ, ʪʝʦʨʽʡ ʽ ʤʝʪʦʜʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ; 

ï ʟʜʘʪʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʬʝʩʽʡʥʦ-ʧʨʦʬʽʣʴʦʚʘʥʽ ʟʥʘʥʥʷ ʡ ʧʨʘʢʪʠʯʥʽ 

ʥʘʚʠʯʢʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʦʞ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤ; 

ï ʟʜʘʪʥʽʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʟʥʘʥʥʷ ʪʘ ʥʘʚʠʢʠ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʟʙʦʨʫ ʜʘʥʠʭ ʫ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ 

ï ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ; 

ʃʽʪʝʨʘʪʫʨʘ: 4, 6,7,16,17  

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

 

ʈʦʟʜʽʣ ñDiodesò (ʨʠʩ. 6.1) ʤʽʩʪʠʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʜʽʦʜʠ, ʩʪʘʙʽʣʽʪʨʦʥʠ, 

ʩʚʽʪʣʦʜʽʦʜʠ, ʪʠʨʠʩʪʦʨʠ ʘʙʦ ʜʠʥʽʩʪʦʨʠ, ʩʠʤʝʪʨʠʯʥʠʡ ʜʠʥʽʩʪʦʨ ʘʙʦ ʜʽʘʢ, 

ʩʠʤʝʪʨʠʯʥʠʡ ʪʨʠʥʽʩʪʦʨ ʘʙʦ ʪʨʽʘʢ, ʚʠʧʨʷʤʥʠʡ ʤʽʩʪ.  

 

ʈʠʩʫʥʦʢ 2.1 ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʝʥʶ Diodes 
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ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʜʽʦʜʠ; 

 

ï ʩʪʘʙʽʣʽʪʨʦʥʠ; 

 

ï ʩʚʽʪʣʦʜʽʦʜʠ; 

 

ï ʚʠʧʨʷʤʥʠʡ ʤʽʩʪ; 

 

ï ʜʽʦʜ ʐʦʢʣʽ; 

 

ï ʪʠʨʠʩʪʦʨʠ ʘʙʦ ʜʠʥʽʩʪʦʨʠ; 

 

ï ʩʠʤʝʪʨʠʯʥʠʡ ʜʠʥʽʩʪʦʨ ʘʙʦ ʜʽʘʢ; 

 

ï  ʩʠʤʝʪʨʠʯʥʠʡ ʪʨʠʥʽʩʪʦʨ ʘʙʦ ʪʨʽʘʢ. 

 

 

ʈʦʟʛʣʷʥʝʤʦ ʚʣʘʩʪʠʚʦʩʪʽ ʜʽʦʜʘ, ʷʢʽ ʟʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʜʣʷ ʮʴʦʛʦ 

ʧʦʪʨʽʙʥʦ ʥʘʪʠʩʥʫʪʠ ʜʚʘ ʨʘʟʠ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʢʠ ʥʘ ʜʽʦʜʽ ʪʘ ʚ ʜʽʘʣʦʛʦʚʦʤʫ 

ʚʽʢʥʽ ñDiode Propertiesò ʚʠʙʨʘʪʠ ʧʦʪʨʽʙʥʠʡ ʜʽʦʜ ʥʘ ʟʘʢʣʘʜʮʽ ñModelsò. ʗʢʱʦ 

ʧʦʪʨʽʙʥʦ ʟʤʽʥʠʪʠ ʧʘʨʘʤʝʪʨʠ ʪʦ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ ñEditò. ʋ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ, 

ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ ʥʘ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʘʢʣʘʜʦʢ ( ʧʝʨʰʘ ʽʟ ʥʠʭ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.2, ʜʨʫʛʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.3), ʟʘʜʘʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʜʽʦʜʘ: 

 

ʈʠʩʫʥʦʢ 2.2 - ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʝʥʶ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʽʦʜʘ 
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ʈʠʩʫʥʦʢ 2.3 - ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʝʥʶ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʽʦʜʘ 

 

IS ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʜʽʦʜʘ, ɸ; 

RS ï ʦʙô̒ ʤʥʠʡ ʦʧʽʨ, ʆʤ; 

CJO - ʙʘʨôʻʨʥʘ ʻʤʥʩ̔ʪʴ p-n ʧʝʨʝʭʦʜʫ ʧʨʠ ʥʫʣʴʦʚʽʡ ʥʘʧʨʫʟʽ, ʌ; 

VJ ï ʢʦʥʪʘʢʪʥʘ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ, ɺ; 

TT ï ʯʘʩ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ, ʩ; 

M ï ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʧʘʨʘʤʝʪʨ p-n ʧʝʨʝʭʦʜʫ; 

BV ï ʥʘʧʨʫʛʘ ʧʨʦʙʦʶ, ɺ; ʜʣʷ ʩʪʘʙʽʣʽʪʨʦʥʽʚ ʟʘʤʽʩʪʴ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨ VZT ï ʥʘʧʨʫʛʘ ʩʪʘʙʽʣʽʟʘʮʽʾ; 

N ï ʢʦʝʬʽʮʽʻʥʪ ʽʥʞʝʢʮʽʾ; 

EG ï ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʝɺ; 

XTI ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʨʫʤʫ ʥʘʩʠʯʝʥʥʷ; 

KF ï ʢʦʝʬʽʮʽʻʥʪ ʬʣʽʢʝʨ-ʰʫʤʫ; 

AF ï ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥʷ ʚ ʬʦʨʤʫʣʽ ʜʣʷ ʬʣʽʢʝʨ-ʰʫʤʫ; 

FC ï ʢʦʝʬʽʮʽʻʥʪ ʥʝʣʽʥʽʡʥʦʩʪʽ ʙʘʨôʻʨʥʦʾ ʻʤʥʦʩʪʽ ʧʨʷʤʦʟʤʽʱʝʥʦʛʦ ʧʝʨʝʭʦʜʫ; 

ɯBV ï ʧʦʯʘʪʢʦʚʠʡ ʩʪʨʫʤ ʧʨʦʙʦʶ ʧʨʠ ʥʘʧʨʫʟʽ BV, ɸ; ʜʣʷ ʩʪʘʙʽʣʽʪʨʦʥʽʚ 

ʟʘʤʽʩʪʴ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨ ɯZT ï ʧʦʯʘʪʢʦʚʠʡ ʩʪʨʫʤ 

ʩʪʘʙʽʣʽʟʘʮʽʾ; 

TNOM ï ʪʝʤʧʝʨʘʪʫʨʘ ʜʽʦʜʘ, ʉ̄. 
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ɽʢʚʽʚʘʣʝʥʪʥʽ ʩʭʝʤʠ ʜʽʦʜʘ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.4, ʘ, ʙ, ʥʘ ʷʢʠʭ ʧʦʟʥʘʯʝʥʦ: ɸ ï ʘʥʦʜ, 

ʂ ï ʢʘʪʦʜ, ɯ ï ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ, Rs ï ʦʙôʻʤʥʠʡ ʦʧʽʨ, ʉ ï ʻʤʥʽʩʪʴ ʧʝʨʝʭʦʜʫ, Gmin ï 

ʧʨʦʚʽʜʥʽʩʪʴ, ʦʙʫʤʦʚʣʝʥʘ ʟʚʦʨʦʪʥʠʤ ʩʪʨʫʤʦʤ ʧʝʨʝʭʦʜʫ. 

 

ʈʠʩʫʥʦʢ 2.4 - ɽʢʚʽʚʘʣʝʥʪʥʽ ʩʭʝʤʠ ʜʽʦʜʘ 

 

ɺʦʣʴʪʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʽʦʜʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤʠ ʚʠʨʘʟʘʤʠ: 
 

ʜʣʷ ʧʨʷʤʦʾ ʛʽʣʢʠ  

;0  ʜʣʷ  ]1))/([exp( min0 ²Ö+-Ö= UGUUNUII t                    (2.1) 

ʜʣʷ ʟʚʦʨʦʪʥʦʾ ʛʽʣʢʠ  

;05  ʜʣʷ  ]1))/([exp( min0 ¢¢-Ö+-Ö= UNUGUUNUII tt             (2.2) 

;5   ʜʣʷ  min0 tUNUBVGUII Ö-<<-Ö+-=                    (2.3) 

 

;  ʜʣʷ  BVUIBVI -=-=                                                                        (2.4) 

 

.  ʜʣʷ  }/1)]/()({exp[0 BVUUBVUNBVUII tt -<+-Ö+-=           (2.5) 

 

ʜʝ ɯ0=ɯs ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʜʽʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ TNOM ;  

Nï ʢʦʝʬʽʮʽʻʥʪ ʽʥʞʝʢʮʽʾ;  

BV, IBV ï ʥʘʧʨʫʛʘ ʽ ʩʪʨʫʤ ʧʨʦʙʦʶ;  

Ut ïʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʝʨʝʭʦʜʫ; 

Uï ʥʘʧʨʫʛʘ ʥʘ ʜʽʦʜʽ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʢʚʽʚʘʣʝʥʪʥʘ 

ʩʭʝʤʘ ʜʽʦʜʘ (ʨʠʩ. 2.4,ʙ) ʜʣʷ ʷʢʦʾ ʻʤʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʨʘʟʽʚ: 
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; ʜʣʷ )/1()/( VJFʉUUUCJOdUdIC m
t Ö<-+= -t   (2.6) 

 

, ʜʣʷ  2/)/3()/( VJFʉUFUmUFCJOdUdIC t Ö²-+=t  (2.7) 

 

).1(13  ; )1(2  1 mFCFFCFʜʝ m --=-= +  

 

ɺ ʧʨʠʚʝʜʝʥʠʭ ʬʦʨʤʫʣʘʭ t ï ʯʘʩ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ; CJO ï ʙʘʨôʻʨʥʘ ʻʤʥʽʩʪʴ 

ʧʨʠ ʥʫʣʴʦʚʦʤʫ ʟʤʽʱʝʥʥʽ ʥʘ ʧʝʨʝʭʦʜʽ; VJ ï ʢʦʥʪʘʢʪʥʘ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ; m = 

0,33é0,5 ï ʧʘʨʘʤʝʪʨ ʧʝʨʝʭʦʜʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʷʤʦʾ ʛʽʣʢʠ ɺɸʍ ʜʽʦʜʘ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʭʝʤʠ ʨʠʩ. 2.5.  

ʈʠʩʫʥʦʢ 2.5 - ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʷʤʦʾ ʛʽʣʢʠ ɺɸʍ ʜʽʦʜʘ 
 

ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ɯ, ʘʤʧʝʨʤʝʪʨʘ ɸ (ʤʦʞʣʠʚʦ ʦʙʽʡʪʠʩʴ ʽ 

ʙʝʟ ʥʴʦʛʦ, ʦʩʢʽʣʴʢʠ ʩʪʨʫʤ ʚ ʘʤʧʝʨʤʝʪʨʽ ʪʦʯʥʦ ʨʽʚʥʠʡ ʟʘʜʘʥʦʤʫ), 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʜʽʦʜʘ VD ʽ ʚʦʣʴʪʤʝʪʨʘ V ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʜʽʦʜʽ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʛʽʣʢʠ ɺɸʍ ʜʽʦʜʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʭʝʤʘ ʥʘ 

ʨʠʩ. 2.6. 

 

 

       

ʈʠʩʫʥʦʢ 2.6 - ɼʦʩʣʽʜʞʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʛʽʣʢʠ ɺɸʍ ʜʽʦʜʘ 

 

ɺ ʥʽʡ ʟʘʤʽʩʪʴ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Ui ʽʟ ʟʘʧʦʙʽʞʥʠʤ 

ʨʝʟʠʩʪʦʨʦʤ Rz ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ ʜʽʦʜ ʚ ʨʘʟʽ ʡʦʛʦ ʧʨʦʙʦʶ. 
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ʂʨʽʤ ʦʢʨʝʤʠʭ ʜʽʦʜʽʚ, ʚ ʙʽʙʣʽʦʪʝʮʽ EWB ʻ ʪʘʢʦʞ ʜʽʦʜʥʠʡ ʤʽʩʪ, ʜʣʷ ʷʢʦʛʦ 

ʤʦʞʥʘ ʜʦʜʘʪʢʦʚʦ ʟʘʜʘʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ N (Emission Coefficient). ʉʚʽʪʣʦʜʽʦʜ 

- ʩʧʝʮʽʘʣʴʥʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʠʡ ʜʽʦʜ, ʚ ʷʢʦʤʫ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʦʜʫ 

ʩʚʽʪʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʟ ʦʙʣʘʩʪʽ ʧʝʨʝʭʦʜʫ ʩʢʨʽʟʴ ʧʨʦʟʦʨʝ ʚʽʢʥʦ ʚ ʢʦʨʧʫʩʽ.                                                          

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.7 ï ɺʠʙʽʨ ʪʠʧʫ ʜʽʦʜʘ 

 

ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʜʽʦʜ ʩʪʨʫʤʫ ʚ ʧʨʠʣʷʛʘʶʯʠʭ ʜʦ ʧʝʨʝʭʦʜʫ 

ʦʙʣʘʩʪʷʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʘ ʨʝʢʦʤʙʽʥʘʮʽʷ ʥʦʩʽʾʚ ʟʘʨʷʜʽʚ ï 

ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʜʽʨʦʢ. ʏʘʩʪʠʥʘ ʚʠʚʽʣʴʥʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʚʠʜʽʣʷʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʚʘʥʪʽʚ 

ʩʚʽʪʣʘ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʝ ʤʘʪʠ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʘʙʦ ʚ ʦʙʣʘʩʪʽ ʚʠʜʠʤʦʛʦ ʦʢʦʤ ʩʚʽʪʣʘ,, 

ʘʙʦ ʥʝʚʠʜʠʤʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʝʭʦʜʽʚ 

ʥʘ ʦʩʥʦʚʽ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ ʤʘʻ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʙʽʣʷ 0,8 ʤʢʤ. ʇʝʨʝʭʦʜʠ ʽʟ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ ʯʠ ʬʦʩʬʽʜʫ ʛʘʣʽʶ ʚʠʧʨʦʤʽʥʶʶʪʴ ʚʠʜʠʤʝ ʩʚʽʪʣʦ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

ʯʝʨʚʦʥʦʛʦ ʜʦ ʛʦʣʫʙʦʛʦ ʢʦʣʴʦʨʫ. ɺʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʚʽʪʣʦʜʽʦʜʫ 

ʷʚʣʷʶʪʴʩʷ: ʷʩʢʨʘʚʽʩʪʴ, (ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʥʽʪʘʭ ʧʨʠ ʚʠʟʥʘʯʝʥʦʤʫ ʟʥʘʯʝʥʽ ʧʨʷʤʦʛʦ 

ʩʪʨʫʤʫ), ʢʦʣʽʨ ʩʚʽʪʽʥʥʷ (ʯʠ ʩʧʝʢʪʨʘʣʴʥʠʡ ʩʢʣʘʜ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ). 

ɼʣʷ ʩʚʽʪʣʦʜʽʦʜʫ ʜʦʜʘʪʢʦʚʦ ʚʢʘʟʫʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʨʫʤ ʚ ʧʨʷʤʦʤʫ 

ʥʘʧʨʘʚʣʝʥʽ ñTurn-on current!ò (Ion), ʧʨʠ ʧʝʨʝʚʠʱʝʥʽ ʷʢʦʛʦ ʩʚʽʪʣʦʜʽʦʜ 

ʟʘʛʦʨʷʻʪʴʩʷ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ɺɸʍ ʩʚʽʪʣʦʜʽʦʜʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʠʚʝʜʝʥʽ ʚʠʱʝ ʩʭʝʤʠ. 
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ʈʠʩʫʥʦʢ 2.8 ï ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʽʦʜʘ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ɼʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʜʽʦʜʘ 

 

ʅʘ ʨʠʩ. 2.7-2.9 ʧʨʠʚʝʜʝʥʠʡ ʧʨʠʢʣʘʜ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʚʽʪʯʠʟʥʷʥʠʭ 

ʜʽʦʜʽʚ: D814AD (Is=3,92E-12 RS=1,25 Cjo=41,15 Vj=0,73 TT=49,11 M=0,41 

BV=8 N=1.19 EG=1.11 Xti=3 FC=0.5 IBV=0.5). 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ɿʘʧʫʩʪʽʪʴ Electronics Workbench. 
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2. ʇʽʜʛʦʪʫʡʪʝ ʥʦʚʠʡ ʬʘʡʣ ʜʣʷ ʨʦʙʦʪʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʪʘʢʽ 

ʦʧʝʨʘʮʽʾ ʟ ʤʝʥʶ: File/New ʽ File/Save as. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ Save as ʙʫʜʝ 

ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ ʽʤ'ʷ ʬʘʡʣʫ ʽ ʢʘʪʘʣʦʛ, ʫ ʷʢʦʤʫ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʷ ʩʭʝʤʘ. 

 
ʈʠʩʫʥʦʢ 2.10 ï ʉʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʷʤʦʾ ʛʽʣʢʠ ɺɸʍ 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.11ï ʉʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʛʽʣʢʠ ɺɸʍ 

 

3. ʈʦʟʛʣʷʥʴʪʝ ʩʭʝʤʠ ʥʘ ʨʠʩ. 2.10 ï 2.14, ʽ ʧʦʩʣʽʜʦʚʥʦ ʚʠʢʦʥʘʡʪʝ ʾʭ 

ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 2.12 ï ʇʨʷʤʝ ʚʚʽʤʢʥʝʥʥʷ ʜʽʦʜʘ 

 

 

ʈʠʩʫʥʦʢ 2.13 ï ɿʚʦʨʦʪʥʝ ʚʚʽʤʢʥʝʥʥʷ ʜʽʦʜʘ 

4. ʇʝʨʝʥʝʩʽʪʴ ʥʝʦʙʭʽʜʥʽ ʝʣʝʤʝʥʪʠ ʟ ʟʘʜʘʥʦʾ ʩʭʝʤʠ ʥʘ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ 

Electronics Workbench. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʨʦʟʜʽʣ ʥʘ ʧʘʥʝʣʽ 

ʽʥʩʪʨʫʤʝʥʪʽʚ (Sources, Basic, Diodes, Transistors, Analog Ics, Mixed Ics, Digital 

Ics, Logic Gates, Digital, Indicators, Controls, Miscellaneous, Instruments), ʫ ʷʢʦʤʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʪʨʽʙʥʠʡ ʚʘʤ ʝʣʝʤʝʥʪ, ʧʦʪʽʤ ʧʝʨʝʥʝʩʪʠ ʡʦʛʦ ʥʘ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ. 

5. ɿ'ʻʜʥʘʡʪʝ ʢʦʥʪʘʢʪʠ ʝʣʝʤʝʥʪʽʚ ʽ ʨʦʟʪʘʰʫʡʪʝ ʝʣʝʤʝʥʪʠ ʚ ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʘʤ ʩʭʝʤʠ. ɼʣʷ ʟ'ʻʜʥʘʥʥʷ ʜʚʦʭ ʢʦʥʪʘʢʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʢʣʘʮʥʫʪʠ ʥʘ ʦʜʠʥ ʟ ʢʦʥʪʘʢʪʽʚ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʽ, ʥʝ ʚʽʜʧʫʩʢʘʶʯʠ ʢʣʘʚʽʰʫ, 

ʜʦʚʝʩʪʠ ʢʫʨʩʦʨ ʜʦ ʜʨʫʛʦʛʦ ʢʦʥʪʘʢʪʫ. ʋ ʨʘʟʽ ʧʦʪʨʝʙʠ ʤʦʞʥʘ ʜʦʜʘʪʠ ʜʦʜʘʪʢʦʚʽ 

ʚʫʟʣʠ (ʨʦʟʛʘʣʫʞʝʥʥʷ). ʅʘʪʠʩʢʘʥʥʷʤ ʥʘ ʝʣʝʤʝʥʪʽ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʤʦʞʥʘ 

ʦʜʝʨʞʘʪʠ ʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʥʘʡʧʨʦʩʪʽʰʠʭ ʦʧʝʨʘʮʽʡ ʥʘʜ ʧʦʣʦʞʝʥʥʷʤ 

ʝʣʝʤʝʥʪʫ, ʪʘʢʠʤ ʷʢ ʦʙʝʨʪʘʥʥʷ (rotate), ʨʦʟʚʦʨʦʪ (flip), ʢʦʧʽʶʚʘʥʥʷ/ʚʠʨʽʟʘʥʥʷ 

(copy/cut), ʚʩʪʘʚʢʘ (paste). 
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ʈʠʩʫʥʦʢ 2.14 ï ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʘʙʽʣʽʪʨʦʥʘ 

 

6. ʇʨʦʩʪʘʚʪʝ ʥʝʦʙʭʽʜʥʽ ʥʦʤʽʥʘʣʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ. ɼʣʷ 

ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʜʚʽʯʽ ʚʠʢʦʥʘʪʠ ʧʦʜʚʽʡʥʝ ʥʘʪʠʩʢʫʚʘʥʥʷ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ ʝʣʝʤʝʥʪʫ. 

7. ʂʦʣʠ ʩʭʝʤʘ ʟʽʙʨʘʥʘ ʽ ʛʦʪʦʚʘ ʜʦ ʟʘʧʫʩʢʫ, ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ ʚʚʽʤʢʥʝʥʥʷ 

ʞʠʚʣʝʥʥʷ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʋ ʚʠʧʘʜʢʫ ʩʝʨʡʦʟʥʦʾ ʧʦʤʠʣʢʠ ʚ ʩʭʝʤʽ 

(ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʝʣʝʤʝʥʪʫ ʞʠʚʣʝʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʥʫʣʴʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ 

ʩʭʝʤʽ) ʙʫʜʝ ʚʠʜʘʥʦ ʧʦʧʝʨʝʜʞʝʥʥʷ. 

8. ɿʨʦʙʽʪʴ ʘʥʘʣʽʟ ʩʭʝʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʩʪʨʫʤʝʥʪʠ ʽʥʜʠʢʘʮʽʾ. ɺʠʢʣʠʢ 

ʪʝʨʤʽʥʘʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʜʚʽʡʥʠʤ ʥʘʪʠʩʢʘʥʥʷʤ ʢʣʘʚʽʰʽ ʤʠʰʽ ʥʘ ʝʣʝʤʝʥʪʽ. ʋ 

ʚʠʧʘʜʢʫ ʧʦʪʨʝʙʠ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʢʥʦʧʢʦʶ Pause. 

9. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʨʦʙʽʪʴ ʜʦʩʪʫʧʥʽ ʘʥʘʣʽʟʠ ʚ ʨʦʟʜʽʣʽ ʤʝʥʶ Analysis.  

10. ɿʘʥʝʩʽʪʴ ʧʦʷʩʥʝʥʥʷ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʩʭʝʤ ʫ ʟʚʽʪ. 

11. ɿʨʦʙʽʪʴ ʚʠʩʥʦʚʢʠ. 

ɿʤʽʩʪ ʟʚʽʪʫ 

ɺ ʟʚʽʪ ʥʝʦʙʭʽʜʥʦ ʚʢʣʶʯʠʪʠ:  

1. ʅʘʟʚʫ, ʤʝʪʫ ʪʘ ʟʘʚʜʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ.  

2. ɼʦʩʣʽʜʞʫʚʘʥʽ ʚ ʨʦʙʦʪʽ ʝʣʝʢʪʨʠʯʥʽ ʩʭʝʤʠ.  

3. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ (ʪʘʙʣʠʮʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʛʨʘʬʽʢʠ ɺɸʍ).  

4. ɺʠʩʥʦʚʢʠ.   

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʗʢ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʜʽʦʜ? 

2. ʗʢʽ ʪʠʧʠ p-n ʧʝʨʝʭʦʜʽʚ ɺʠ ʟʥʘʻʪʝ ? 
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3. ʇʝʨʝʨʘʭʫʡʪʝ ʩʢʣʘʜʦʚʽ ʻʤʥʦʩʪʽ p-n ʧʝʨʝʭʦʜʫ? 

4. ʅʘʟʚʽʪʴ ʽ ʢʦʨʦʪʢʦ ʦʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʪʠʧʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʽʦʜʽʚ? 

 

 

2.3 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ3 ɼʦʩʣʽʜʞʝʥʥʷ ȸȷɉ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʧʦ 

ʩʭʝʤʽ ʟ ʟʘʛʘʣʴʥʠʤ ʝʤʽʪʝʨʦʤ 

 

ʊʝʤʘ. ɼʦʩʣʽʜʞʝʥʥʷ ȸȷɉ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʧʦ ʩʭʝʤʽ ʟ ʟʘʛʘʣʴʥʠʤ 

ʝʤʽʪʝʨʦʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʅʘʚʯʠʪʠʩʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʟʥʽʤʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʠʟʥʘʯʘʪʠ ʦʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʙʽʧʦʣʷʨʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ. 

ʂʦʤʧʝʪʝʥʪʥʦʩʪʽ: 

ï ʫʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʪʘʢ ʽ ʚ ʢʦʤʘʥʜʽ;  

ï ʤʘʪʠ ʜʦʩʣʽʜʥʠʮʴʢʽ ʥʘʚʠʯʢʠ; 

ï ʚʦʣʦʜʽʥʥʷ ʥʘʚʠʯʢʘʤʠ ʨʦʙʦʪʠ ʟ ʢʦʤʧ'ʶʪʝʨʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ; 

ï ʟʘʩʚʦʻʥʥʷ ʙʘʟʦʚʠʭ ʟʥʘʥʥʴ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʩʚʦʻʥʥʷ 

ʧʨʦʬʝʩʽʡʥʦʦʨʽʻʥʪʦʚʘʥʠʭ ʜʠʩʮʠʧʣʽʥ; 

ï ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʥʘʫʢʦʚʠʭ ʧʦʥʷʪʴ, ʪʝʦʨʽʡ ʽ ʤʝʪʦʜʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ; 

ï ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, 

ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ; 

ï ʟʜʘʪʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʬʝʩʽʡʥʦ-ʧʨʦʬʽʣʴʦʚʘʥʽ ʟʥʘʥʥʷ ʡ ʧʨʘʢʪʠʯʥʽ 

ʥʘʚʠʯʢʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʦʞ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤ; 

ï ʟʜʘʪʥʽʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʟʥʘʥʥʷ ʪʘ ʥʘʚʠʢʠ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʟʙʦʨʫ ʜʘʥʠʭ ʫ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ 

ï ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ; 

ʃʽʪʝʨʘʪʫʨʘ: 4, 6,7,16,17 

ʇʽʜʛʦʪʦʚʢʘ ʜʦ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ 

1. ʇʨʦʧʨʘʮʶʚʘʪʠ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ. ɼʘʡʪʝ ʚʽʜʧʦʚʽʜʽ ʥʘ ʥʘʩʪʫʧʥʽ 

ʟʘʧʠʪʘʥʥʷ: 

1. ʗʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ? 

2. ʗʢ ʧʨʘʮʶʻ ʙʽʧʦʣʷʨʥʠʡ ʪʨʘʥʟʠʩʪʦʨ? 

3. ʗʢʽ ʻ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ? 

4. ʗʢʽ ʻ ʩʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ? 
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5. ʑʦ ʪʘʢʝ ʩʪʘʪʠʯʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ? 

6. ʑʦ ʪʘʢʝ ʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ? 

7. ʗʢʠʡ ʚʠʛʣʷʜ ʤʘʻ ʚʭʽʜʥʘ ʩʪʘʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚ ʩʭʝʤʽ ʽʟ ʟʘʛʘʣʴʥʦʶ 

ʙʘʟʦʶ (ʚ ʩʭʝʤʽ ʽʟ ʟʘʛʘʣʴʥʠʤ ʝʤʽʪʝʨʦʤ)? ʇʦʷʩʥʠʪʠ ʷʢ ʽ ʯʦʤʫ ʚʦʥʘ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ 

ʟʤʽʥʽ ʪʨʝʪʴʦʛʦ ʧʘʨʘʤʝʪʨʫ? 

8. ʗʢʠʡ ʚʠʛʣʷʜ ʤʘʻ ʚʠʭʽʜʥʘ ʩʪʘʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚ ʩʭʝʤʽ ʟ ʟʘʛʘʣʴʥʦʶ 

ʙʘʟʦʶ (ʟʘʛʘʣʴʥʠʤ ʝʤʽʪʝʨʦʤ)? ʇʦʷʩʥʠʪʠ ʾʾ ʟʤʽʥʫ ʧʨʠ ʟʤʽʥʽ ʪʨʝʪʴʦʛʦ ʧʘʨʘʤʝʪʨʫ. 

9. ʗʢʠʡ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʧʘʨʘʤʝʪʨʽʚ h11, h21, h12, h22? 

10. ʏʠ ʽʩʥʫʻ ʟʘʣʝʞʥʽʩʪʴ h-ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʩʭʝʤʠ ʚʢʣʶʯʝʥʥʷ? 

11. ʗʢ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ ʪʨʘʥʟʠʩʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʘ? 

12. ʗʢ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ ʪʨʘʥʟʠʩʪʦʨʘ ʯʘʩʪʦʪʘ ʟʤʽʥʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ? 

13.  ʗʢʽ ʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʪʘ ʾʭ ʟʤʽʩʪ? 

14. ʗʢʽ ʩʢʣʘʜʦʚʽ ʧʦʟʥʘʯʝʥʥʷ ʪʠʧʫ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ? 

15. ʈʦʟʰʠʬʨʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ ʪʨʘʥʟʠʩʪʦʨʽʚ? 

16. ʗʢʝ ʫʤʦʚʥʝ ʛʨʘʬʽʯʥʝ ʪʘ ʧʦʟʠʮʽʡʥʝ ʧʦʟʥʘʯʝʥʥʷ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 

17. ʗʢ ʚʠʟʥʘʯʠʪʠ h-ʧʘʨʘʤʝʪʨʠ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʡʦʛʦ 

ʚʭʽʜʥʠʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʩʪʘʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ? 

2. ʇʨʦʧʨʘʮʶʚʘʪʠ ʜʦʚʽʜʥʠʢ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ: ʫʷʩʥʠʪʠ, ʷʢʽ ʻ 

ʨʦʟʜʽʣʠ, ʷʢʠʡ ʧʨʠʥʮʠʧ ʨʦʟʤʽʱʝʥʥʷ ʧʨʠʣʘʜʽʚ ʚ ʜʦʚʽʜʥʠʢʫ. 

3. ɺʠʙʨʘʪʠ ʪʨʘʥʟʠʩʪʦʨ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʧʠʩʘʪʠ ʡʦʛʦ ʦʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʪʘ ʟʘʧʠʩʘʪʠ ʾʭ ʜʦ ʪʘʙʣʠʮʽ 1 ʟʚʽʪʫ. 

4. ɺʠʟʥʘʯʠʪʠ ʤʝʞʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʩʧʦʨʪʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

5. ʇʽʜʛʦʪʫʚʘʪʠ ʣʠʩʪʠ ʜʣʷ ʟʚʽʪʫ ʪʘ ʦʬʦʨʤʠʪʠ ʾʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʤʦʛʘʤʠ. 

6. ʇʽʜʛʦʪʫʚʘʪʠ ʣʠʩʪʠ ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʧʘʧʝʨʫ ʜʣʷ ʢʨʝʩʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ 

ʦʬʦʨʤʠʪʠ ʾʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʤʦʛʘʤʠ. 

*ʇʨʠʤʽʪʢʘ 1. ʇʝʨʝʣʽʢ ʧʨʦʧʦʥʦʚʘʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʫʪʦʯʥʶʻʪʴʩʷ ʚ ʣʘʙʦʨʘʪʦʨʽʾ  

ʝʣʝʢʪʨʦʥʽʢʠ ʜʦ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ. 

  

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

 

1. ɿʘʥʝʩʪʠ ʦʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʙʨʘʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʜʦ ʪʘʙʣʠʮʽ 1: 
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 ʊʘʙʣʠʮʷ 1 ʇʘʨʘʤʝʪʨʠ ʚʠʙʨʘʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

*ʇʨʠʤʽʪʢʘ 2. ʌʦʨʤʘ ʪʘʙʣʠʮʽ ʪʘ ʧʝʨʝʣʽʢ ʧʘʨʘʤʝʪʨʽʚ ʚ ʥʽʡ ʫʪʦʯʥʶʻʪʴʩʷ 

ʩʪʫʜʝʥʪʦʤ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʜʦ ʨʦʙʦʪʠ. 

         ɿʘʥʝʩʪʠ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ 

ʜʦ ʪʘʙʣʠʮʽ 2: 

        ʊʘʙʣʠʮʷ 2 ʇʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ 

 

3. ʉʢʣʘʩʪʠ ʩʭʝʤʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʽʧʦʣʷʨʥʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʩʭʝʤʽ ʟ ʟʘʛʘʣʴʥʠʤ ʝʤʽʪʝʨʦʤ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʨʠʩʫʥʢʦʤ 3.1: 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠʤʽʪʢʘ 3. ʋɻʇ ʪʘ ʧʦʣʷʨʥʽʩʪʴ Uʙʝ, ɽ ʧʦʚʠʥʥʦ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʙʨʘʥʦʤʫ 

ʪʨʘʥʟʠʩʪʦʨʫ 

4. ɺʩʪʘʥʦʚʠʪʠ ʧʦʩʣʽʜʦʚʥʦ ʟʥʘʯʝʥʥʷ Uʢʝ= 0ɺ,3+N ɺ., 4+N ɺ., ʜʝ N - ˉ 

ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ. ʇʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʶʯʠ Uʙʝ ʚʽʜ 0 ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ, ʚʠʤʽʨʶʚʘʪʠ ʟʥʘʯʝʥʥʷ Uʙʝ, ɯʙ, ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʟʘʥʝʩʪʠ ʜʦ 

ʪʘʙʣʠʮʽ 3: 
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ʊʘʙʣʠʮʷ 3 ɺʭʽʜʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʩʭʝʤʽ ʟ 

ʟʘʛʘʣʴʥʠʤ ʝʤʽʪʝʨʦʤ 

 
 

5. ɺʩʪʘʥʦʚʠʪʠ ʧʦʩʣʽʜʦʚʥʦ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʙʘʟʠ (3 ʟʥʘʯʝʥʥʷ), ʪʘ 

ʟʤʽʥʶʶʯʠ ʚʝʣʠʯʠʥʫ Uʢʝ. ʚʽʜ 0 ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʪʠ 

ʚʝʣʠʯʠʥʫ ʩʪʨʫʤʫ ʢʦʣʝʢʪʦʨʘ ɯʢ. (10 ʟʥʘʯʝʥʴ), ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʟʘʥʝʩʪʠ ʜʦ ʪʘʙʣʠʮʽ 4: 

 

ʊʘʙʣʠʮʷ 4 ɺʝʣʠʯʠʥʘ ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ 

 
 

6. ʇʦ ʜʘʥʠʤ ʪʘʙʣʠʮʴ 3 ʪʘ 4 ʧʦʙʫʜʫʚʘʪʠ ʤʥʦʞʠʥʠ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ 

ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

7. ʇʦ ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʛʨʘʬʦʘʥʘʣʽʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʟʥʘʯʠʪʠ 

h11, h21, h12, h22 (ʧʦʨʘʜʠ ʜʠʚ.[1] ʩ132, ʨʠʩ7.16) 

8. ɿʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʦ ʨʦʙʦʪʽ 

 ɿʤʽʩʪ ʟʚʽʪʫ 

1. ɺ ʟʚʽʪʽ ʟ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ: 

- ʤʝʪʫ ʨʦʙʦʪʠ; 

- ʦʧʠʩ ʚʠʢʦʥʘʥʥʷ ʧ 3.5 ʪʘ ʧʫʥʢʪʽʚ 4.1..4.8 ʟ ʧʨʠʚʝʜʝʥʥʷʤ ʚʩʽʭ ʪʘʙʣʠʮʴ, ʨʠʩʫʥʢʽʚ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ; 
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2.4 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ44 ɼʦʩʣʽʜʞʝʥʥʷ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ  ʧʦ 

ʩʭʝʤʽ ʟ ʟʘʛʘʣʴʥʦʶ ʙʘʟʦʶ 

 

ʊʝʤʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ  ʧʦ ʩʭʝʤʽ ʟ ʟʘʛʘʣʴʥʦʶ ʙʘʟʦʶ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Electronics Workbench.  

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʝʥʥʷ ʧʨʠʥʮʠʧʫ ʜʽʾ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ.  

ʂʦʤʧʝʪʝʥʪʥʦʩʪʽ: 

ï ʫʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʪʘʢ ʽ ʚ ʢʦʤʘʥʜʽ;  

ï ʤʘʪʠ ʜʦʩʣʽʜʥʠʮʴʢʽ ʥʘʚʠʯʢʠ; 

ï ʚʦʣʦʜʽʥʥʷ ʥʘʚʠʯʢʘʤʠ ʨʦʙʦʪʠ ʟ ʢʦʤʧ'ʶʪʝʨʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ; 

ï ʟʘʩʚʦʻʥʥʷ ʙʘʟʦʚʠʭ ʟʥʘʥ ɹʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʩʚʦʻʥʥʷ 

ʧʨʦʬʝʩʽʡʥʦʦʨʽʻʥʪʦʚʘʥʠʭ ʜʠʩʮʠʧʣʽʥ; 

ï ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʥʘʫʢʦʚʠʭ ʧʦʥʷʪʴ, ʪʝʦʨʽʡ ʽ ʤʝʪʦʜʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ; 

ï ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, 

ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ; 

ï ʟʜʘʪʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʬʝʩʽʡʥʦ-ʧʨʦʬʽʣʴʦʚʘʥʽ ʟʥʘʥʥʷ ʡ ʧʨʘʢʪʠʯʥʽ 

ʥʘʚʠʯʢʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʦʞ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤ; 

ï ʟʜʘʪʥʽʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʟʥʘʥʥʷ ʪʘ ʥʘʚʠʢʠ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʟʙʦʨʫ ʜʘʥʠʭ ʫ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ 

ï ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ; 

ʃʽʪʝʨʘʪʫʨʘ: 4, 6,7,16,17. 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʈʦʟʨʽʟʥʷʶʪʴ ʪʨʠ ʩʭʝʤʠ ʫʚʽʤʢʥʝʥʥʷ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ: ʽʟ ʩʧʽʣʴʥʦʶ 

ʙʘʟʦʶ (ʉɹ), ʽʟ ʩʧʽʣʴʥʠʤ ʝʤʽʪʝʨʦʤ (ʉɽ), ʽʟ ʩʧʽʣʴʥʠʤ ʢʦʣʝʢʪʦʨʦʤ (ʉʂ), ʧʦʢʘʟʘʥʽ 

ʥʘ ʨʠʩ.4.1  

ʉɹ)     ʉɽ)     ʉʂ) 

ʈʠʩʫʥʦʢ 4.1 - ʆʩʥʦʚʥʽ ʩʭʝʤʠ ʫʚʽʤʢʥʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʽʚ 
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ʋ ʙʽʙʣʽʦʪʝʢʫ EWB ʚʢʣʶʯʝʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʽʤʧʦʨʪʥʠʭ ʙʽʧʦʣʷʨʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʙʽʣʴʰ ʟʨʫʯʥʠʤ ʩʘʤʦʩʪʽʡʥʦ 

ʩʪʚʦʨʠʪʠ ʦʢʨʝʤʫ ʙʽʙʣʽʦʪʝʢʫ ʚʽʪʯʠʟʥʷʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʢʦʤʘʥʜʫ Model ʟ ʤʝʥʶ Circuit. 

ɼʦ ʩʢʣʘʜʫ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʟʠʩʪʦʨʽʚ ʚʢʣʶʯʝʥʽ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ (ʜʠʚ. ʨʠʩ. 8.2): 

IS - ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ, A; 

BF - ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ ʚ ʩʭʝʤʽ ʟ ɿɽ H21; 

BR - ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ ʚ ʩʭʝʤʽ ʟ ɿɽ ʧʨʠ ʽʥʚʝʨʩʥʦʤʫ ʫʚʽʤʢʥʝʥʥʽ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʝʤʽʪʝʨ ʽ ʢʦʣʝʢʪʦʨ ʤʽʥʷʶʪʴʩʷ ʤʽʩʮʷʤʠ; 

RB - ʦʙ'ʻʤʥʠʡ ʦʧʽʨ ʙʘʟʠ, ʆʤ; 

RE - ʦʙ'ʻʤʥʠʡ ʦʧʽʨ ʝʤʽʪʝʨʘ, ʆʤ; 

RC - ʦʙ'ʻʤʥʠʡ ʦʧʽʨ ʢʦʣʝʢʪʦʨʘ, ʆʤ; 

CS - ʻʤʥʽʩʪʴ ʢʦʣʝʢʪʦʨ-ʧʽʜʢʣʘʜʢʘ, ʌ; 

ʉE - ʻʤʥʽʩʪʴ ʝʤʽʪʝʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ʧʨʠ ʥʫʣʴʦʚʽʡ ʥʘʧʨʫʟʽ, ʌ; 

CC - ʻʤʥʽʩʪʴ ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ʧʨʠ ʥʫʣʴʦʚʽʡ ʥʘʧʨʫʟʽ, ʌ; 

ʅʘʙʽʨ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʟʘʜʘʶʪʴʩʷ, ʜʣʷ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʫ EWB 5.0 

ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ, ʥʽʞ ʫ EWB 4.1 - ʚʦʥʠ ʟʽʙʨʘʥʽ ʚ ʧ'ʷʪʴʦʭ ʚʽʢʥʘʭ-ʟʘʢʣʘʜʢʘʭ. 

ɼʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʩʪʘʥʥʽʭ ʯʦʪʠʨʴʦʭ ʟʘʢʣʘʜʢʘʭ, ʦʜʥʘ ʟ ʷʢʠʭ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.3. ʎʽ ʧʘʨʘʤʝʪʨʠ ʤʘʶʪʴ ʪʘʢʝ ʧʨʠʟʥʘʯʝʥʥʷ: 
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ʈʠʩʫʥʦʢ 4.3 - ɼʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

 

NR - ʢʦʝʬʽʮʽʻʥʪ ʥʝʽʜʝʘʣʴʥʦʩʪʽ ʚ ʽʥʚʝʨʩʥʦʤʫ ʨʝʞʠʤʽ; 

VAR ï ʟʚʦʨʦʪʥʘ ʥʘʧʨʫʛʘ; 

IKR ï ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ, ʧʨʠ ʷʢʦʤʫ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʽʜʩʠʣʝʥʥʷ ʚ ʽʥʚʝʨʩʥʦʤʫ ʨʝʞʠʤʽ, ɸ; 

ISC ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ; 

NC - ʢʦʝʬʽʮʽʻʥʪ ʥʝʽʜʝʘʣʴʥʦʩʪʽ ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ; 

IRB - ʩʪʨʫʤ ʙʘʟʠ, ʧʨʠ ʷʢʦʤʫ ʦʧʽʨ ʙʘʟʠ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 50% ʚʽʜ ʨʽʟʥʠʮʽ RB-

RBM, A;  

RBM - ʤʽʥʽʤʘʣʴʥʠʡ ʦʧʽʨ ʙʘʟʠ ʧʨʠ ʚʝʣʠʢʠʭ ʩʪʨʫʤʘʭ, ʆʤ;  

XTF - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ TF ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʽʚ ʯʝʨʝʟ 

ʙʘʟʫ ʚʽʜ ʥʘʧʨʫʛʠ ʢʦʣʝʢʪʦʨ-ʙʘʟʘ;  

VTF - ʥʘʧʨʫʛʘ ʢʦʣʝʢʪʦʨ-ʙʘʟʘ, ʧʨʠ ʷʢʽʡ ʧʦʯʠʥʘʻ ʧʦʟʥʘʯʘʪʠʩʷ ʡʦʛʦ ʚʧʣʠʚ ʥʘ 

TF, ɺ;  

ITF - ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ, ʧʨʠ ʷʢʦʤʫ ʧʦʯʠʥʘʻʪʴʩʷ ʧʦʟʥʘʯʘʪʠʩʷ ʡʦʛʦ ʚʧʣʠʚ ʥʘ 

TF, ɸ; 

TF - ʯʘʩ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʯʝʨʝʟ ʙʘʟʫ, ʩ; 

TR - ʯʘʩ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʯʝʨʝʟ ʙʘʟʫ ʚ ʽʥʚʝʨʩʥʦʤʫ ʚʤʠʢʘʥʥʽ, ʩ; 

ME - ʢʦʝʬʽʮʽʻʥʪ ʧʣʘʚʥʦʩʪʽ ʝʤʽʪʝʨʥʦʛʦ ʧʝʨʝʭʦʜʫ; 

MC - ʢʦʝʬʽʮʽʻʥʪ ʧʣʘʚʥʦʩʪʽ ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ; 

VA - ʥʘʧʨʫʛʘ ɽʨʣʽ, ʙʣʠʟʴʢʘ ʜʦ ʧʘʨʘʤʝʪʨʘ Uʢ max, ɺ; 

ISE - ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʝʤʽʪʝʨʥʦʛʦ ʧʝʨʝʭʦʜʫ, ɸ; 
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IKF - ʩʪʨʫʤ ʩʧʘʜʫ ʧʦʩʠʣʝʥʥʷ ʟʘ ʩʪʨʫʤʦʤ, ʙʣʠʟʴʢʠʡ ʜʦ ʧʘʨʘʤʝʪʨʘ Iʢmax, ɸ; 

NE - ʢʦʝʬʽʮʽʻʥʪ ʥʝʽʜʝʘʣʴʥʦʩʪʽ ʝʤʽʪʝʨʥʦʛʦ ʧʝʨʝʭʦʜʫ; 

VJC - ʢʦʥʪʘʢʪʥʘ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʧʝʨʝʭʦʜʫ ʙʘʟʘ-ʢʦʣʝʢʪʦʨ, ɺ; 

VJE - ʢʦʥʪʘʢʪʥʘ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʧʝʨʝʭʦʜʫ ʙʘʟʘ-ʝʤʽʪʝʨ, ɺ; 

NF - ʢʦʝʬʽʮʽʻʥʪ ʥʝʽʜʝʘʣʴʥʦʩʪʽ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ;  

PTF - ʜʦʜʘʪʢʦʚʠʡ ʬʘʟʦʚʠʡ ʟʩʫʚ ʥʘ ʛʨʘʥʠʯʥʽʡ ʯʘʩʪʦʪʽ ʪʨʘʥʟʠʩʪʦʨʘ 

Fʛʨ=1/(2pʊF), ʛʨʘʜ.; 

VJS - ʢʦʥʪʘʢʪʥʘ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʧʝʨʝʭʦʜʫ ʢʦʣʝʢʪʦʨ-ʧʽʜʢʣʘʜʢʘ,ɺ; 

MJS - ʢʦʝʬʽʮʽʻʥʪ ʧʣʘʚʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʢʦʣʝʢʪʦʨ-ʧʽʜʢʣʘʜʢʘ; 

XCJC - ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʱʝʧʣʝʥʥʷ ʻʤʥʦʩʪʽ ʙʘʟʘ-ʢʦʣʝʢʪʦʨ; 

FC - ʢʦʝʬʽʮʽʻʥʪ ʥʝʣʽʥʽʡʥʦʩʪʽ ʙʘʨ'ʻʨʥʦʾ ʻʤʥʦʩʪʽ ʧʨʷʤʦʟʤʽʱʝʥʠʭ ʧʝʨʝʭʦʜʽʚ; 

EG - ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʝɺ; 

ʍʊɺ - ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʡ 

ʽʥʚʝʨʩʥʦʤʫ ʨʝʞʠʤʘʭ;  

XʊI - ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʨʫʤʫ ʥʘʩʠʯʝʥʥʷ; 

ʂF - ʢʦʝʬʽʮʽʻʥʪ ʬʣʽʢʝʨ-ʰʫʤʫ; 

AF - ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʷ ʫ ʬʦʨʤʫʣʽ ʜʣʷ ʬʣʽʢʝʨ-ʰʫʤʫ; 

TNOM - ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨʘ, ʉ0. 

ʋ ʧʨʦʛʨʘʤʽ EWB ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

ɻʫʤʤʝʣʷ-ʇʫʥʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʩʦʙʠ ʚʠʤʽʨʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʽʧʦʣʷʨʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ. 

ɺʦʣʴʪʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɹʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʽ ʧʨʦʩʪʽʰʦʶ 

ʤʦʜʝʣʣʶ (ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʜʝʣʣʶ ɻʫʤʤʝʣʷ-ʇʫʥʘ) ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʻ 

ʤʦʜʝʣʴ ɽʙʝʨʩʘ-ʄʦʣʣʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʤʦʜʝʣʽ ʩʪʘʪʠʯʥʽ ʚʭʽʜʥʽ ʽ ʚʠʭʽʜʥʽ ɺɸʍ 

ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʩʭʝʤʽ ʟ ʉɹ ʦʧʠʩʫʶʪʴʩʷ ʪʘʢʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 

 

koeoe CIAII a-= '      (4.1) 

'''
koeok CIIAI -= a      (4.2) 

 

ʜʝ A=exp(Ueb/Ut)-l;  

C=exp(Ukb/Ut)-l;  

I'eo=DIeo; I'ko=DIko; 

D=1-aa'; 

Ieo,Ikoð ʪʝʧʣʦʚʽ ʩʪʨʫʤʠ ʢʦʣʝʢʪʦʨʥʦʛʦ ʽ ʝʤʽʪʝʨʥʦʛʦ ʧʝʨʝʭʦʜʽʚ;  

a,a'ð ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ ʚ ʩʭʝʤʽ ʟ ʉɹ ʜʣʷ ʧʨʷʤʦʛʦ ʡ ʽʥʚʝʨʩʥʦʛʦ 

ʚʤʠʢʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ;  

Ukb, Ueb ð ʥʘʧʨʫʛʘ ʥʘ ʢʦʣʝʢʪʦʨʽ ʽ ʝʤʽʪʝʨʽ ʚʽʜʥʦʩʥʦ ʙʘʟʠ.  
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ʉʭʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʽʜʥʠʭ ɺɸʍ ʪʨʘʥʟʠʩʪʦʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.4.4. 

ʉʽʤʝʡʩʪʚʦ ʚʠʭʽʜʥʠʭ ɺɸʍ Ie, f (Ueb) ʟʥʽʤʘʻʪʴʩʷ ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ Ukb 

ʰʣʷʭʦʤ ʟʤʽʥʠ ʩʪʨʫʤʫ Ie ʽ ʚʠʤʽʨʶʚʘʥʥʷ Ueb. ʉʽʤʝʡʩʪʚʦ ʚʠʭʽʜʥʠʭ ɺɸʍ Ik= f(Ubk) 

ʟʥʽʤʘʻʪʴʩʷ ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ Ie ʰʣʷʭʦʤ ʟʤʽʥʠ ʥʘʧʨʫʛʠ Ubk, ʽ 

ʚʠʤʽʨʶʚʘʥʥʷ Ik. 

ʈʠʩʫʥʦʢ 4.4 - ʉʭʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʽʜʥʠʭ ɺɸʍ ʙʽʧʦʣʷʨʥʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ 

ʄʦʜʫʣʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ |H21|ɻ ʥʘ ʚʠʩʦʢʽʡ ʯʘʩʪʦʪʽ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʭʝʤʠ (ʨʠʩ. 4.5).  

ʈʝʞʠʤ ʟʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘʜʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʞʝʨʝʣʘ 

ʩʪʨʫʤʫ Ie (5mA), ʷʢ ʜʞʝʨʝʣʦ ʚʭʽʜʥʦʛʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ Ii (1mA, ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʷʭ ʯʘʩʪʦʪʘ 

ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ʦʜʠʥʠʮʴ ʜʦ ʜʝʩʷʪʢʽʚ ʄɻʮ), ʩʪʨʫʤ ʙʘʟʠ Ib  ̔ʢʦʣʝʢʪʦʨʘ Ik 

ʚʠʤʽʨʶʻʪʴʩʷ ʘʤʧʝʨʤʝʪʨʘʤʠ ʚ ʨʝʞʠʤʽ ɸʉ. ʂʦʥʜʝʥʩʘʪʦʨ ʉb - ʙʣʦʢʫʚʘʣʴʥʠʡ (ʪʘʢ 

ʟʚʘʥʘ ʨʦʟʚ'ʷʟʢʘ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ). ʄʦʜʫʣʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ 

|H21ʵ|=Ik/Ib ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʘʤʧʝʨʤʝʪʨʽʚ. ɿʦʢʨʝʤʘ, ʧʨʠ ʯʘʩʪʦʪʽ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 1 ʄɻʮ ʚʽʥ ʜʦʨʽʚʥʶʻ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʢʘʟʘʥʴ ʘʤʧʝʨʤʝʪʨʽʚ (ʜʠʚ. 

ʨʠʩ. 4.5), 4952/49,52º100. 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.5 - ʉʭʝʤʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ ʥʘ 

ʚʠʩʦʢʽʡ ʯʘʩʪʦʪʽ 
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ʅʘ ʨʠʩʫʥʢʫ 4.6 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʚʽʪʯʠʟʥʷʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.6 - ʉʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʪʨʘʥʟʠʩʪʦʨʘ 

 

Model IDEAL NPN : ɯʜʝʘʣʴʥʽʡ ʪʨʘʥʟʠʩʪʦʨ ʩ ʽʤʝʥʝʤ IDEAL ʩʪʨʫʢʪʫʨʠ n-ʨ-n. 

.model KT361A p-n-p (Is=23.68f ʍti=3 ɽg=1.11Vaf=60 Ne=1.206 Ise=23.68f 

Ikf=.1224 Xtb=1.5 Br=4.387 GNc=1.8 Isc=900p Ikr=20m Rc=5 Cjc=7p Mjc=.333 

Vjc=.7 Fc=.5 Cje=10p Mie=.333 Vje=.7 Tr=130.5n Tf=0.1n Itf=40m Vtt=80Xtf=l.l 

Rb=10) 

.model KT3102A P-N-P (Is=5.258f Xti=3 Eg=l.ll Vaf=86 Bf=185 Ne=7.428 

Ise=28.2ln Ikf=.4922 Xtb=1.5 Var=2 SBr=2.713 Nc=2 Isc=21.2p. Ikr=.2S Rb=52 

Rc=1.6S Cjc=9.921p Vjc=.65 Mjc=.33Fc=.5 Cje=11.3p Vje=.69 Mje=.ɿɿ Tr=57.71n 

Tf=611.5p Itf=.52 Vtf=80Xtf=2) 

.model KT3107A PNP (Is=5.2f Xti=3 Eg=l.ll Vaf=86Bf=140Ne=7.4 Ise=28n 

Ilcf=,49 Xtb=1.5 Var=2S Br=2.7 Nc=2 Isc=21p Ikr=.25 Rb=SO Rc=1.65 Cjc=10p 

Vjc=.6S Mjc=.33Fc=,5 Cje=11.3p Vje=.7 Mje=.33 Tr=58n Tf=62p 

Itf=.52Vtf=80Xtf=2) 

.model KT312A P-N-P (Is=21f Xti=3 Eg-1.11 Vat= 126.2 Bf=86.76 Ne=1.328 

Ise=189f Ikf=.164 Nk=.5 Xtb=1.5 Br=l Nc=l.385 Isc=66.74p Ikr=1.812 Rc=0.897 
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Rb=300 Cjc=8p Mjc=.29 Vjc=.692 Fc=.S Cje=26.53p Mje=.333+ Vje=,75 

Tr=10nTf=1.743n Itf=l) 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ʈʦʟʛʣʷʥʴʪʝ ʩʭʝʤʫ ʥʘ ʨʠʩ. 4.7 ʽ ʚʠʢʦʥʘʡʪʝ ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ  

2. ɿʘʧʫʩʪʽʪʴ Electronics Workbench. 

3. ʇʽʜʛʦʪʫʡʪʝ ʥʦʚʠʡ ʬʘʡʣ ʜʣʷ ʨʦʙʦʪʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʪʘʢʽ 

ʦʧʝʨʘʮʽʾ ʟ ʤʝʥʶ: File/New ʽ File/Save as. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ Save as ʙʫʜʝ 

ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ ʽʤ'ʷ ʬʘʡʣʫ ʽ ʢʘʪʘʣʦʛ, ʫ ʷʢʦʤʫ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʷ ʩʭʝʤʘ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.7 - ʉʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ɺɸʍ (ʉɹ) 

 

4. ʇʝʨʝʥʝʩʽʪʴ ʥʝʦʙʭʽʜʥʽ ʝʣʝʤʝʥʪʠ ʟ ʟʘʜʘʥʦʾ ʩʭʝʤʠ ʥʘ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ 

Electronics Workbench. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʨʦʟʜʽʣ ʥʘ ʧʘʥʝʣʽ 

ʽʥʩʪʨʫʤʝʥʪʽʚ (Sources, Basic, Diodes, Transistors, Analog Ics, Mixed Ics, Digital 

Ics, Logic Gates, Digital, Indicators, Controls, Miscellaneous, Instruments), ʫ ʷʢʦʤʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʪʨʽʙʥʠʡ ʚʘʤ ʝʣʝʤʝʥʪ, ʧʦʪʽʤ ʧʝʨʝʥʝʩʪʠ ʡʦʛʦ ʥʘ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ. 

5. ɿ'ʻʜʥʘʡʪʝ ʚʠʚʦʜʠ ʝʣʝʤʝʥʪʽʚ ʽ ʨʦʟʪʘʰʫʡʪʝ ʝʣʝʤʝʥʪʠ ʚ ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʘʤ ʩʭʝʤʠ. ɼʣʷ ʟ'ʻʜʥʘʥʥʷ ʜʚʦʭ ʢʦʥʪʘʢʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʢʣʘʮʥʫʪʠ ʥʘ ʦʜʠʥ ʟ ʢʦʥʪʘʢʪʽʚ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʽ, ʥʝ ʚʽʜʧʫʩʢʘʶʯʠ ʢʣʘʚʽʰʫ, 

ʜʦʚʝʩʪʠ ʢʫʨʩʦʨ ʜʦ ʜʨʫʛʦʛʦ ʢʦʥʪʘʢʪʫ. ʋ ʨʘʟʽ ʧʦʪʨʝʙʠ ʤʦʞʥʘ ʜʦʜʘʪʠ ʜʦʜʘʪʢʦʚʽ 

ʚʫʟʣʠ (ʨʦʟʛʘʣʫʞʝʥʥʷ). ʅʘʪʠʩʢʘʥʥʷʤ ʥʘ ʝʣʝʤʝʥʪʽ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʤʦʞʥʘ 

ʦʜʝʨʞʘʪʠ ʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʥʘʡʧʨʦʩʪʽʰʠʭ ʦʧʝʨʘʮʽʡ ʥʘʜ ʧʦʣʦʞʝʥʥʷʤ 

ʝʣʝʤʝʥʪʫ, ʪʘʢʠʤ ʷʢ ʦʙʝʨʪʘʥʥʷ (rotate), ʨʦʟʚʦʨʦʪ (flip), ʢʦʧʽʶʚʘʥʥʷ/ʚʠʨʽʟʘʥʥʷ 

(copy/cut), ʚʩʪʘʚʢʘ (paste). 

6. ʇʨʦʩʪʘʚʪʝ ʥʝʦʙʭʽʜʥʽ ʥʦʤʽʥʘʣʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ. ɼʣʷ 

ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʜʚʽʯʽ ʚʠʢʦʥʘʪʠ ʧʦʜʚʽʡʥʝ ʥʘʪʠʩʢʫʚʘʥʥʷ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ ʝʣʝʤʝʥʪʫ. 
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7. ʂʦʣʠ ʩʭʝʤʘ ʟʽʙʨʘʥʘ ʽ ʛʦʪʦʚʘ ʜʦ ʟʘʧʫʩʢʫ, ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ ʚʚʽʤʢʥʝʥʥʷ 

ʞʠʚʣʝʥʥʷ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʋ ʚʠʧʘʜʢʫ ʩʝʨʡʦʟʥʦʾ ʧʦʤʠʣʢʠ ʚ ʩʭʝʤʽ 

(ʟʘʤʠʢʘʥʥʷ ʝʣʝʤʝʥʪʫ ʞʠʚʣʝʥʥʷ ʥʘʢʦʨʦʪʢʦ, ʚʽʜʩʫʪʥʽʩʪʴ ʥʫʣʴʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ 

ʩʭʝʤʽ) ʙʫʜʝ ʚʠʜʘʥʦ ʧʦʧʝʨʝʜʞʝʥʥʷ. 

8. ɿʨʦʙʽʪʴ ʘʥʘʣʽʟ ʩʭʝʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʩʪʨʫʤʝʥʪʠ ʽʥʜʠʢʘʮʽʾ. ɺʠʢʣʠʢ 

ʪʝʨʤʽʥʘʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʜʚʽʡʥʠʤ ʥʘʪʠʩʢʘʥʥʷʤ ʢʣʘʚʽʰʽ ʤʠʰʽ ʥʘ ʝʣʝʤʝʥʪʽ. ʋ 

ʚʠʧʘʜʢʫ ʧʦʪʨʝʙʠ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʢʥʦʧʢʦʶ Pause. 

9. ɿʘʥʝʩʽʪʴ ʧʦʷʩʥʝʥʥʷ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʩʭʝʤ ʫ ʟʚʽʪ. 

10. ɿʨʦʙʽʪʴ ʚʠʩʥʦʚʢʠ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʆʧʠʰʽʪʴ ʧʨʠʥʮʠʧ ʜʽʾ ɹʊ, ʧʨʠʚʝʜʽʪʴ ʡʦʛʦ ʩʭʝʤʠ ʚʚʽʤʢʥʝʥʥʷ ʪʘ ʩʪʘʪʠʯʥʽ 

ɺɸʍ. 

2.ʗʢʽ ʪʨʠ ʦʙʣʘʩʪʽ (ʨʝʞʠʤʠ) ʨʦʙʦʪʠ ʤʘʻ ɹʊ? 

3.ʏʠʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʘʩʪʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɹʊ? 

  

 

2.5 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ  ̄ 5 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʟ 

ʢʝʨʫʶʯʠʤ ʨ-n ʧʝʨʝʭʦʜʦʤ (ʯʘʩʪʠʥʘ 1) 
 

ʊʝʤʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʟ ʢʝʨʫʶʯʠʤ ʨ-n ʧʝʨʝʭʦʜʦʤ 

ʄʝʪʘ ʨʦʙʦʪʠ. ʅʘʚʯʠʪʠʩʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʟʥʽʤʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʠʟʥʘʯʘʪʠ ʦʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʣʴʦʚʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʨ-n ʧʝʨʝʭʦʜʦʤ ʪʘ ʟ ʽʟʦʣʴʦʚʘʥʠʤ ʟʘʪʚʦʨʦʤ 

ʂʦʤʧʝʪʝʥʪʥʦʩʪʽ: 

ï ʫʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʪʘʢ ʽ ʚ ʢʦʤʘʥʜʽ;  

ï ʤʘʪʠ ʜʦʩʣʽʜʥʠʮʴʢʽ ʥʘʚʠʯʢʠ; 

ï ʚʦʣʦʜʽʥʥʷ ʥʘʚʠʯʢʘʤʠ ʨʦʙʦʪʠ ʟ ʢʦʤʧ'ʶʪʝʨʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ; 

ï ʟʘʩʚʦʻʥʥʷ ʙʘʟʦʚʠʭ ʟʥʘʥʥʴ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʩʚʦʻʥʥʷ 

ʧʨʦʬʝʩʽʡʥʦʦʨʽʻʥʪʦʚʘʥʠʭ ʜʠʩʮʠʧʣʽʥ; 

ï ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʥʘʫʢʦʚʠʭ ʧʦʥʷʪʴ, ʪʝʦʨʽʡ ʽ ʤʝʪʦʜʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ; 

ï ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, 

ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ; 

ï ʟʜʘʪʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʬʝʩʽʡʥʦ-ʧʨʦʬʽʣʴʦʚʘʥʽ ʟʥʘʥʥʷ ʡ ʧʨʘʢʪʠʯʥʽ 

ʥʘʚʠʯʢʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʦʞ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤ; 

ï ʟʜʘʪʥʽʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʟʥʘʥʥʷ ʪʘ ʥʘʚʠʢʠ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʟʙʦʨʫ ʜʘʥʠʭ ʫ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ 
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ï ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ; 

ʃʽʪʝʨʘʪʫʨʘ: 4, 6,7,16,17 

ʄʘʪʝʨʽʘʣʴʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

1. ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʣʘʙʦʨʘʪʦʨʥʠʡ ʩʪʝʥʜ  

2. ʄʦʜʫʣʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

3. ʂʦʤʧʣʝʢʪ ʝʣʝʢʪʨʦʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ 

ʇʽʜʛʦʪʦʚʢʘ ʜʦ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ 

         1. ʇʨʦʧʨʘʮʶʚʘʪʠ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ  

         2. ɼʘʡʪʝ ʚʽʜʧʦʚʽʜʽ ʥʘ ʥʘʩʪʫʧʥʽ ʟʘʧʠʪʘʥʥʷ: 

- ʗʢʽ ʽʩʥʫʶʪʴ ʨʽʟʥʦʚʠʜʥʦʩʪʽ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ? 

- ʗʢʘ ʩʪʨʫʢʪʫʨʘ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʟ ʨ-n ʧʝʨʝʭʦʜʦʤ? 

- ʗʢʘ ʩʪʨʫʢʪʫʨʘ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʦʣʴʦʚʦʛʦ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʘ? 

- ʑʦ ʪʘʢʝ ʢʘʥʘʣ? 

- ʗʢ ʧʽʜʢʣʶʯʠʪʠ ʧʦʣʴʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ: 

- ɿ ʨn-ʧʝʨʝʭʦʜʦʤ n-ʢʘʥʘʣʴʥʠʡ? 

- ɿ ʨn-ʧʝʨʝʭʦʜʦʤ ʨ-ʢʘʥʘʣʴʥʠʡ? 

- ʄɼʅ ʟ ʚʙʫʜʦʚʘʥʠʤ ʢʘʥʘʣʦʤ ʨ-ʪʠʧʫ?  

- ʄɼʅ ʟ ʽʥʜʫʢʦʚʘʥʠʤ ʢʘʥʘʣʦʤ n-ʪʠʧʫ? 

- ʄɼʅ ʟ ʽʥʜʫʢʦʚʘʥʠʤ ʢʘʥʘʣʦʤ ʨ-ʪʠʧʫ? 

- ʅʘʢʨʝʩʣʠʪʠ ʪʘ ʧʦʷʩʥʠʪʠ ʚʠʜ ʩʪʦʢʦʟʘʪʚʦʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʴʦʚʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʟʛʘʜʘʥʠʭ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʠʪʘʥʥʽ 

- ʅʘʢʨʝʩʣʠʪʠ ʪʘ ʧʦʷʩʥʠʪʠ ʚʠʜ ʩʪʦʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʟʛʘʜʘʥʠʭ ʚʠʱʝ 

- ʗʢʽ ʦʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟʛʘʜʘʥʠʭ ʚʠʱʝ? 

- ʗʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ? 

- ʗʢʽ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʽʧʦʣʷʨʥʠʤʠ? 

3. ɺʠʙʨʘʪʠ ʪʨʘʥʟʠʩʪʦʨ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ, ʚʠʧʠʩʘʪʠ ʟ 

ʜʦʚʽʜʥʠʢʘ [3] ʡʦʛʦ ʦʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʟʘʥʝʩʪʠ ʾʭ ʜʦ ʪʘʙʣʠʮʽ 1 

ʟʚʽʪʫ. ʆʟʥʘʡʦʤʠʪʠʩʴ ʟ ʽʥʰʠʤʠ ʨʽʟʥʦʚʠʜʥʦʩʪʷʤʠ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʧʨʠʚʝʜʝʥʠʭ ʚ ʜʦʚʽʜʥʠʢʫ. ɺʠʟʥʘʯʠʪʠ ʤʝʞʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʘʩʧʦʨʪʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

4. ʇʽʜʛʦʪʫʚʘʪʠ ʣʠʩʪʠ ʜʣʷ ʟʚʽʪʫ ʪʘ ʦʬʦʨʤʠʪʠ ʾʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʤʦʛʘʤʠ. 

5. ʇʽʜʛʦʪʫʚʘʪʠ ʣʠʩʪʠ ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʧʘʧʝʨʫ ʜʣʷ ʢʨʝʩʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ 

ʦʬʦʨʤʠʪʠ ʾʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʤʦʛʘʤʠ 
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ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

 

          1. ɿʘʥʝʩʪʠ ʦʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʙʨʘʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʜʦ 

ʪʘʙʣʠʮʽ 1 

 

ʊʘʙʣʠʮʷ 1 ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʙʨʘʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

 

2. ɿʘʥʝʩʪʠ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ ʜʦ ʪʘʙʣʠʮʽ 2 

 

        ʊʘʙʣʠʮʷ 2 ʊʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ 

 

 

 

 

 

3.  ʉʢʣʘʩʪʠ ʩʭʝʤʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʢʦʟʘʪʚʦʨʥʠʭ ʪʘ ʩʪʦʢʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʩʭʝʤʽ ʟ ʟʘʛʘʣʴʥʠʤ ʚʠʪʦʢʦʤ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʨʠʩʫʥʢʦʤ 1: 

 

  

 

 

 

ʇʨʠʤʽʪʢʘ: ʋɻʇ ʪʘ ʧʦʣʷʨʥʽʩʪʴ ʥʘʧʨʫʛ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʙʨʘʥʦʤʫ 

ʪʨʘʥʟʠʩʪʦʨʫ 

4. ɺʩʪʘʥʦʚʠʪʠ ʧʦʩʣʽʜʦʚʥʦ ʪʨʠ ʟʥʘʯʝʥʥʷ Uʟʚ ʽ ʟʤʽʥʶʶʯʠ ʚʝʣʠʯʠʥʫ Uʚʩ ʚʽʜ 0 

ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʪʠ ʚʝʣʠʯʠʥʫ ɯʩ, ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʟʘʥʝʩʪʠ ʜʦ 

ʪʘʙʣʠʮʽ 3 
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ʊʘʙʣʠʮʷ 3 ɿʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥ ɹʚʝʣʠʯʠʥʠ ɯʩ 

 

        5.  ʇʦ ʜʘʥʠʤ ʪʘʙʣʠʮ ̔3 ʧʦʙʫʜʫʚʘʪʠ  ʩʪʦʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʴʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ. 

6. ʇʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʛʨʘʬʦʘʥʘʣʽʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 

7. ɿʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʦ ʨʦʙʦʪʽ. 

 

 ɿʤʽʩʪ ʟʚʽʪʫ 

ɿʚʽʪ ʟ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʧʦʚʠʥʝʥ ʚʤʽʱʫʚʘʪʠ: 

       - ʤʝʪʫ ʨʦʙʦʪʠ; 

       - ʦʧʠʩ ʚʠʢʦʥʘʥʥʷ ʧʫʥʢʪʽʚ ʟ ʧʨʠʚʝʜʝʥʥʷʤ ʚʩʽʭ ʪʘʙʣʠʮʴ, ʨʠʩʫʥʢʽʚ, 

ʧʦʙʫʜʦʚʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ; 

       - ʦʬʦʨʤʣʝʥʥʷ ʨʦʙʦʪʠ ʧʦʚʠʥʥʦ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ 

 

 

2.6 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 5 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʟ 

ʢʝʨʫʶʯʠʤ ʨ-n ʧʝʨʝʭʦʜʦʤ (ʯʘʩʪʠʥʘ 2) 

 

ʊʝʤʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʢʝʨʫʶʯʠʤ ʨ-n ʧʝʨʝʭʦʜʦʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Electronics Workbench.  

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʝʥʥʷ ʧʨʠʥʮʠʧʫ ʜʽʾ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ.  

ʂʦʤʧʝʪʝʥʪʥʦʩʪʽ: 

ï ʫʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʪʘʢ ʽ ʚ ʢʦʤʘʥʜʽ;  

ï ʤʘʪʠ ʜʦʩʣʽʜʥʠʮʴʢʽ ʥʘʚʠʯʢʠ; 

ï ʚʦʣʦʜʽʥʥʷ ʥʘʚʠʯʢʘʤʠ ʨʦʙʦʪʠ ʟ ʢʦʤʧ'ʶʪʝʨʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ; 

ï ʟʘʩʚʦʻʥʥʷ ʙʘʟʦʚʠʭ ʟʥʘʥʥʴ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʩʚʦʻʥʥʷ 

ʧʨʦʬʝʩʽʡʥʦʦʨʽʻʥʪʦʚʘʥʠʭ ʜʠʩʮʠʧʣʽʥ; 
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ï ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʥʘʫʢʦʚʠʭ ʧʦʥʷʪʴ, ʪʝʦʨʽʡ ʽ ʤʝʪʦʜʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ; 

ï ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, 

ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ; 

ï ʟʜʘʪʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʬʝʩʽʡʥʦ-ʧʨʦʬʽʣʴʦʚʘʥʽ ʟʥʘʥʥʷ ʡ ʧʨʘʢʪʠʯʥʽ 

ʥʘʚʠʯʢʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʦʞ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤ; 

ï ʟʜʘʪʥʽʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʟʥʘʥʥʷ ʪʘ ʥʘʚʠʢʠ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʟʙʦʨʫ ʜʘʥʠʭ ʫ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ 

ï ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ; 

ʃʽʪʝʨʘʪʫʨʘ: 4, 6,7,16,17 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʇʝʨʚʽʩʥʘ ʥʘʟʚʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ð ʫʥʽʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ð ʙʫʣʦ 

ʟʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ ʪʘʢʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʥʦʩʽʾ ʪʽʣʴʢʠ 

ʦʜʥʦʛʦ ʪʠʧʫ ( ʝʣʝʢʪʨʦʥʽʚ ʯʠ ʜʽʨʦʢ). ʇʨʦʮʝʩʠ ʽʥʞʝʢʮʽʾ ʽ ʜʠʬʫʟʽʾ ʚ ʪʘʢʠʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ, ʫ ʚʩʷʢʦʤʫ ʨʘʟʽ, ʚʦʥʠ ʥʝ ʛʨʘʶʪʴ ʧʨʠʥʮʠʧʦʚʦʾ 

ʨʦʣʽ. ʆʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʨʫʭʫ ʥʦʩʽʾʚ ʻ ʜʨʝʡʬ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʢʝʨʫʚʘʪʠ ʩʪʨʫʤʦʤ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʧʦʪʨʽʙʥʦ ʟʤʽʥʶʚʘʪʠ ʧʠʪʦʤʫ ʧʨʦʚʽʜʥʽʩʪʴ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʰʘʨʫ ʯʠ ʡʦʛʦ ʧʣʦʱʫ. ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʦʙʠʜʚʘ ʩʧʦʩʦʙʠ ʽ ʟʘʩʥʦʚʘʥʽ ʚʦʥʠ ʥʘ ʝʬʝʢʪʽ ʧʦʣʷ (ʢʝʨʫʚʘʥʥʷ ʥʘʧʨʫʛʦʶ ʥʘ 

ʟʘʪʚʦʨʽ). ʊʦʤʫ ʫʥʽʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ʟʚʠʯʘʡʥʦ ʥʘʟʠʚʘʶʪʴ ʧʦʣʴʦʚʠʤʠ 

ʪʨʘʥʟʠʩʪʦʨʘʤʠ. ʇʨʦʚʽʜʥʠʡ ʰʘʨ, ʧʦ ʷʢʦʤʫ ʧʨʦʪʽʢʘʻ ʩʪʨʫʤ, ʥʘʟʠʚʘʶʪʴ ʢʘʥʘʣʦʤ. 

ɿʚʽʜʩʠ ʱʝ ʦʜʥʘ ʥʘʟʚʘ ʪʘʢʦʛʦ ʢʣʘʩʫ ʪʨʘʥʟʠʩʪʦʨʽʚ ï ʢʘʥʘʣʴʥʽ ʪʨʘʥʟʠʩʪʦʨʠ. 

ʂʘʥʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʧʦʚʝʨʭʥʝʚʠʤʠ ʡ ʦʙ'ʻʤʥʠʤʠ. ʇʨʠʧʦʚʝʨʭʥʝʚʽ 

ʢʘʥʘʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʘʙʦ ʟʙʘʛʘʯʝʥʽ ʰʘʨʠ, ʦʙʫʤʦʚʣʝʥʽ ʥʘʷʚʥʽʩʪʶ ʜʦʥʦʨʥʠʭ 

ʜʦʤʽʰʦʢ ʫ ʜʽʝʣʝʢʪʨʠʢʫ, ʘʙʦ ʽʥʚʝʨʩʽʡʥʽ ʰʘʨʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ. ʆʙ'ʻʤʥʽ ʞ ʢʘʥʘʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʜʽʣʷʥʢʠ ʦʜʥʦʨʽʜʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʚʽʜʜʽʣʝʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʙʽʜʥʝʥʠʤ ʰʘʨʦʤ. 
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ʈʠʩʫʥʦʢ 5.1 - ʇʦʣʴʦʚʽ n-ʢʘʥʘʣʴʥʽ (ʘ) ʽ ʨ-ʢʘʥʘʣʴʥʽ (ʙ) ʪʨʘʥʟʠʩʪʦʨʠ ʟ 

ʢʝʨʫʚʘʣʴʥʠʤ ʨ-ʧ ʧʝʨʝʭʦʜʦʤ 

 

ʊʨʘʥʟʠʩʪʦʨʠ ʟ ʦʙ'ʻʤʥʠʤ ʢʘʥʘʣʦʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʟʙʽʜʥʝʥʠʡ ʰʘʨ 

ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨ-n ʧʝʨʝʭʦʜʫ. ʊʦʤʫ ʾʭ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʧʦʣʴʦʚʠʤʠ 

ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʟ ʨ-n ʧʝʨʝʭʦʜʦʤ ʯʠ ʧʨʦʩʪʦ ʧʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ. ʊʨʘʥʟʠʩʪʦʨʠ 

ʪʘʢʦʛʦ ʪʠʧʫ ʚʧʝʨʰʝ ʦʧʠʩʘʥʽ ʐʦʢʣʽ ʚ 1952 ʨ. ʋ ʙʽʙʣʽʦʪʝʮʽ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʛʨʘʤʠ 

EWB 4.1 ʚʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʦʤʘ ʟʨʘʟʢʘʤʠ: n-ʢʘʥʘʣʴʥʠʤ ʽ ʨ-ʢʘʥʘʣʴʥʠʤ ʽ 

ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 5.1 ʘ ʽ ʙ ʚʽʜʧʦʚʽʜʥʦ, ʜʝ 1 ð ʟʘʪʚʦʨ (gate) - ʢʝʨʫʚʘʣʴʥʠʡ 

ʝʣʝʢʪʨʦʜ; 2 - ʚʠʪʽʢ (source) ð ʝʣʝʢʪʨʦʜ, ʚʽʜ ʷʢʦʛʦ ʧʦʯʠʥʘʶʪʴ ʨʫʭ ʦʩʥʦʚʥʽ ʥʦʩʽʾ 

(ʫ ʧʝʨʰʦʤʫ ʪʠʧʽ ð ʝʣʝʢʪʨʦʥʠ, ʫ ʜʨʫʛʦʤʫ ð ʜʽʨʢʠ); 3 ð ʩʪʽʢ (drain) - ʝʣʝʢʪʨʦʜ, 

ʱʦ ʧʨʠʡʤʘʻ ʮʽ ʥʦʩʽʾ.  

ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʝʡ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟʘʜʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʽʘʣʦʛʦʚʦʛʦ ʚʽʢʥʘ (ʨʠʩ. 5.2) ʧʝʨʝʨʘʭʦʚʘʥʽ ʥʠʞʯʝ. 

 

 

ʈʠʩʫʥʦʢ 5.2 - ɺʽʢʥʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ 

ʢʝʨʫʚʘʣʴʥʠʤ p-n ʧʝʨʝʭʦʜʦʤ 

 

VTO - ʥʘʧʨʫʛʘ ʚʽʜʩʽʯʝʥʥʷ, ɺ, ʮʝ ʥʘʧʨʫʛʘ ʤʽʞ ʟʘʪʚʦʨʦʤ ʽ ʚʠʪʦʢʦʤ ʧʦʣʴʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ ʟ ʨ-ʧ ʧʝʨʝʭʦʜʦʤ ʯʠ ʟ ʽʟʦʣʴʦʚʘʥʠʤ ʟʘʪʚʦʨʦʤ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʽ 

ʟʙʽʜʥʝʥʥʷ, ʧʨʠ ʷʢʽʡ ʩʪʨʫʤ ʩʪʦʢʫ ʜʦʩʷʛʘʻ ʟʘʜʘʥʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɼʣʷ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʽʟʦʣʴʦʚʘʥʠʤ ʟʘʪʚʦʨʦʤ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʽ ʟʙʘʛʘʯʝʥʥʷ, ʮʝʡ 

ʧʘʨʘʤʝʪʨ ʥʘʟʠʚʘʻʪʴʩʷ ʛʨʘʥʠʯʥʦʶ ʥʘʧʨʫʛʦʶ. 
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BETA - ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ɸ/ɺ2. 

LAMBDA - ʧʘʨʘʤʝʪʨ ʤʦʜʫʣʷʮʽʾ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ, 1/ɺ. 

RD - ʦʙôʻʤʥʠʡ ʦʧʽʨ ʦʙʣʘʩʪʽ ʩʪʦʢʫ, ʆʤ. 

RS - ʦʙ'ʻʤʥʠʡ ʦʧʽʨ ʦʙʣʘʩʪʽ ʚʠʪʦʢʫ, ʆʤ. 

IS - ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ p-n ʧʝʨʝʭʦʜʫ, ʪʽʣʴʢʠ ʜʣʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ p-n 

ʧʝʨʝʭʦʜʦʤ, ɸ. 

CGD - ʻʤʥʽʩʪʴ ʤʽʞ ʟʘʪʚʦʨʦʤ ʽ ʩʪʦʢʦʤ ʧʨʠ ʥʫʣʴʦʚʦʤʫ ʟʩʫʚʽ, ʌ. 

CGS - ʻʤʥʽʩʪʴ ʤʽʞ ʟʘʪʚʦʨʦʤ ʽ ʚʠʪʦʢʦʤ, ʧʨʠ ʥʫʣʴʦʚʦʤʫ ʟʩʫʚʽ, ʌ. 

PB - ʢʦʥʪʘʢʪʥʘ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ p-n ʧʝʨʝʭʦʜʫ, ʪʽʣʴʢʠ ʜʣʷ ʧʦʣʴʦʚʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ p-n ʧʝʨʝʭʦʜʦʤ, ɺ.  

ʋ ʧʨʦʛʨʘʤʽ EWB 5.0 ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʟʙʽʣʴʰʝʥʦ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚ EWB ʜʣʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʦʜʝʣʽ PSpise. 

ɿʘ ʘʥʘʣʦʛʽʻʶ ʟ ʙʽʧʦʣʷʨʥʠʤʠ ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʨʦʟʨʽʟʥʷʶʪʴ ʪʨʠ ʩʭʝʤʠ 

ʫʚʽʤʢʥʝʥʥʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽʟ ʟʘʛʘʣʴʥʠʤ ʟʘʪʚʦʨʦʤ (ɿ3), ʽʟ ʟʘʛʘʣʴʥʠʤ 

ʚʠʪʦʢʦʤ (ɿɺ), ʽ ʟ ʟʘʛʘʣʴʥʠʤ ʩʪʦʢʦʤ (ɿʉ). 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʽʤʝʡʩʪʚʘ ʚʠʭʽʜʥʠʭ ɺɸʍ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʩʭʝʤʽ 

ɿɺ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʩʭʝʤʘ ʥʘ ʨʠʩ. 5.3.  
 

 

 

ʈʠʩʫʥʦʢ 5.3 - ʉʭʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ɺɸʍ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʟ 

ʢʝʨʫʚʘʣʴʥʠʤ p-n ʧʝʨʝʭʦʜʦʤ 

 

ɺʦʥʘ ʤʽʩʪʠʪʴ ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ ʟʘʪʚʦʨ-ʚʠʪʽʢ Ug, ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʪʨʘʥʟʠʩʪʦʨ 

VT, ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ Ucc, ʚʦʣʴʪʤʝʪʨ Ud ʜʣʷ ʢʦʥʪʨʦʣʶ ʥʘʧʨʫʛʠ ʩʪʽʢ-ʜʞʝʨʝʣʦ 

ʡ ʘʤʧʝʨʤʝʪʨ Id ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʫ ʩʪʦʢʫ. ɺʠʭʽʜʥʘ ɺɸʍ ʟʥʽʤʘʻʪʴʩʷ ʧʨʠ 

ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ Ug ʰʣʷʭʦʤ ʟʤʽʥʠ ʥʘʧʨʫʛʠ Ud ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʫ 
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ʩʪʦʢʫ Id. ʅʘʧʨʫʛʘ Ug, ʧʨʠ ʷʢʽʡ ʩʪʨʫʤ Id ʤʘʻ ʙʣʠʟʴʢʝ ʜʦ ʥʫʣʷ ʟʥʘʯʝʥʥʷ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʥʘʧʨʫʛʦʶ ʚʽʜʩʽʯʝʥʥʷ. ʄʘʶʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Id=f(Ud), ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʢʨʫʪʠʟʥʫ S=dId/dUg, ʱʦ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʷʢ ʧʽʜʩʠʣʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ. 

ɯʥʰʠʡ ʪʠʧ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ï ʪʨʘʥʟʠʩʪʦʨʠ ʟ ʧʨʠʧʦʚʝʨʭʥʝʚʠʤ 

ʢʘʥʘʣʦʤ ʽ ʩʪʨʫʢʪʫʨʦʶ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ (ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʠ). ɺ 

ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʜʽʝʣʝʢʪʨʠʢʦʤ ʻ ʦʢʩʠʜ (ʜʚʦʦʢʠʩ ʢʨʝʤʥʽʶ), 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʟʚʘ ʄʆʅ-ʪʨʘʥʟʠʩʪʦʨʠ.  

ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʠ ʙʫʚʘʶʪʴ ʜʚʦʭ ʪʠʧʽʚ:  

- ʪʨʘʥʟʠʩʪʦʨʠ ʟ ʚʙʫʜʦʚʘʥʠʤ ʢʘʥʘʣʦʤ; 

- ʟ ʽʥʜʫʢʦʚʘʥʠʤ ʢʘʥʘʣʦʤ (ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʢʘʥʘʣ ʥʘʚʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʥʘʧʨʫʛʠ, ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʢʝʨʫʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʘ). 

 ʋ ʙʽʙʣʽʦʪʝʮʽ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʛʨʘʤʠ EWB ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʠ ʟ ʚʙʫʜʦʚʘʥʠʤ 

ʢʘʥʘʣʦʤ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʦʤʘ ʟʨʘʟʢʘʤʠ: n-ʢʘʥʘʣʴʥʠʤ ʪʘ ʨ-ʢʘʥʘʣʴʥʠʤ, ʧʦʧʘʨʥʦ 

ʧʦʢʘʟʘʥʠʤʠ ʥʘ ʨʠʩ.5.4.ʘ, ʥʘ ʷʢʦʤʫ ʮʠʬʨʦʶ 4 ʧʦʟʥʘʯʝʥʘ ʧʽʜʢʣʘʜʢʘ, ʽʥʰʽ 

ʧʦʟʥʘʯʝʥʥʷ ʘʥʘʣʦʛʽʯʥʽ ʧʦʟʥʘʯʝʥʥʷʤ ʥʘ ʨʠʩ.5.1. 

 ʂʦʞʝʥ ʪʠʧ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ: ʟ ʦʢʨʝʤʠʤ 

ʚʠʚʦʜʦʤ ʧʽʜʢʣʘʜʢʠ ʽ, ʟʘʛʘʣʴʥʠʤ ʚʠʚʦʜʦʤ ʧʽʜʢʣʘʜʢʠ ʽ ʚʠʪʦʢʫ. ɸʥʘʣʦʛʽʯʥʠʡ ʚʠʜ 

ʤʘʶʪʴ ʧʦʟʥʘʯʝʥʥʷ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʽʥʜʫʢʦʚʘʥʠʤ ʢʘʥʘʣʦʤ (ʨʠʩ.5.4). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 5.4 - ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʠ ʟ ʚʙʫʜʦʚʘʥʠʤ (ʘ) ʽ ʽʥʜʫʢʦʚʘʥʠʤ (ʙ) 

ʢʘʥʘʣʘʤʠ 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ɿʘʧʫʩʪʽʪʴ Electronics Workbench. 
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2. ʇʽʜʛʦʪʫʡʪʝ ʥʦʚʠʡ ʬʘʡʣ ʜʣʷ ʨʦʙʦʪʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʪʘʢʽ 

ʦʧʝʨʘʮʽʾ ʟ ʤʝʥʶ: File/New ʽ File/Save as. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ Save as ʙʫʜʝ 

ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ ʽʤ'ʷ ʬʘʡʣʫ ʽ ʢʘʪʘʣʦʛ, ʫ ʷʢʦʤʫ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʷ ʩʭʝʤʘ. 

3. ʈʦʟʛʣʷʥʴʪʝ ʩʭʝʤʫ ʥʘ ʨʠʩ. 5.7 ʽ ʚʠʢʦʥʘʡʪʝ ʾʾ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 5.7 - ʉʭʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

4. ʇʝʨʝʥʝʩʽʪʴ ʥʝʦʙʭʽʜʥʽ ʝʣʝʤʝʥʪʠ ʟ ʟʘʜʘʥʦʾ ʩʭʝʤʠ ʥʘ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ 

Electronics Workbench. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʨʦʟʜʽʣ ʥʘ ʧʘʥʝʣʽ 

ʽʥʩʪʨʫʤʝʥʪʽʚ (Sources, Basic, Diodes, Transistors, Analog Ics, Mixed Ics, Digital 

Ics, Logic Gates, Digital, Indicators, Controls, Miscellaneous, Instruments), ʫ ʷʢʦʤʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʪʨʽʙʥʠʡ ʚʘʤ ʝʣʝʤʝʥʪ, ʧʦʪʽʤ ʧʝʨʝʥʝʩʪʠ ʡʦʛʦ ʥʘ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ. 

5. ɿ'ʻʜʥʘʡʪʝ ʢʦʥʪʘʢʪʠ ʝʣʝʤʝʥʪʽʚ ʽ ʨʦʟʪʘʰʫʡʪʝ ʝʣʝʤʝʥʪʠ ʚ ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʘʤ ʩʭʝʤʠ. ɼʣʷ ʟ'ʻʜʥʘʥʥʷ ʜʚʦʭ ʢʦʥʪʘʢʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʢʣʘʮʥʫʪʠ ʥʘ ʦʜʠʥ ʟ ʢʦʥʪʘʢʪʽʚ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʽ, ʥʝ ʚʽʜʧʫʩʢʘʶʯʠ ʢʣʘʚʽʰʫ, 

ʜʦʚʝʩʪʠ ʢʫʨʩʦʨ ʜʦ ʜʨʫʛʦʛʦ ʢʦʥʪʘʢʪʫ. ʋ ʨʘʟʽ ʧʦʪʨʝʙʠ ʤʦʞʥʘ ʜʦʜʘʪʠ ʜʦʜʘʪʢʦʚʽ 

ʚʫʟʣʠ (ʨʦʟʛʘʣʫʞʝʥʥʷ). ʅʘʪʠʩʢʘʥʥʷʤ ʥʘ ʝʣʝʤʝʥʪʽ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʤʦʞʥʘ 

ʦʜʝʨʞʘʪʠ ʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʥʘʡʧʨʦʩʪʽʰʠʭ ʦʧʝʨʘʮʽʡ ʥʘʜ ʧʦʣʦʞʝʥʥʷʤ 

ʝʣʝʤʝʥʪʫ, ʪʘʢʠʤ ʷʢ ʦʙʝʨʪʘʥʥʷ (rotate), ʨʦʟʚʦʨʦʪ (flip), ʢʦʧʽʶʚʘʥʥʷ/ʚʠʨʽʟʘʥʥʷ 

(copy/cut), ʚʩʪʘʚʢʘ (paste). 

6. ʇʨʦʩʪʘʚʪʝ ʥʝʦʙʭʽʜʥʽ ʥʦʤʽʥʘʣʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ. ɼʣʷ 

ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʜʚʽʯʽ ʚʠʢʦʥʘʪʠ ʧʦʜʚʽʡʥʝ ʥʘʪʠʩʢʫʚʘʥʥʷ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ ʝʣʝʤʝʥʪʫ. 

7. ʂʦʣʠ ʩʭʝʤʘ ʟʽʙʨʘʥʘ ʽ ʛʦʪʦʚʘ ʜʦ ʟʘʧʫʩʢʫ, ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ ʚʚʽʤʢʥʝʥʥʷ 

ʞʠʚʣʝʥʥʷ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʋ ʚʠʧʘʜʢʫ ʩʝʨʡʦʟʥʦʾ ʧʦʤʠʣʢʠ ʚ ʩʭʝʤʽ 

(ʟʘʤʠʢʘʥʥʷ ʝʣʝʤʝʥʪʘ ʞʠʚʣʝʥʥʷ ʥʘʢʦʨʦʪʢʦ, ʚʽʜʩʫʪʥʽʩʪʴ ʥʫʣʴʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ 

ʩʭʝʤʽ) ʙʫʜʝ ʚʠʜʘʥʦ ʧʦʧʝʨʝʜʞʝʥʥʷ. 
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8. ɿʨʦʙʽʪʴ ʘʥʘʣʽʟ ʩʭʝʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʩʪʨʫʤʝʥʪʠ ʽʥʜʠʢʘʮʽʾ. ɺʠʢʣʠʢ 

ʪʝʨʤʽʥʘʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʜʚʽʡʥʠʤ ʥʘʪʠʩʢʘʥʥʷʤ ʢʣʘʚʽʰʽ ʤʠʰʽ ʥʘ ʝʣʝʤʝʥʪʽ. ʋ 

ʚʠʧʘʜʢʫ ʧʦʪʨʝʙʠ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʢʥʦʧʢʦʶ Pause. 

9. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʨʦʙʽʪʴ ʜʦʩʪʫʧʥʽ ʘʥʘʣʽʟʠ ʚ ʨʦʟʜʽʣʽ ʤʝʥʶ Analysis.  

10. ɿʘʥʝʩʽʪʴ ʧʦʷʩʥʝʥʥʷ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʩʭʝʤ ʫ ʟʚʽʪ. 

11. ɿʨʦʙʽʪʴ ʚʠʩʥʦʚʢʠ. 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʗʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ? 

2. ʗʢʽ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʙʽʧʦʣʷʨʥʠʤʠ? 

3. ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʫʥʽʧʦʣʷʨʥʽ, ʧʦʣʴʦʚʽ ʽ ʢʘʥʘʣʴʥʽ ʪʨʘʥʟʠʩʪʦʨʠ? 

4. ʗʢ ʧʦʙʫʜʦʚʘʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʽʟ p-n ʧʝʨʝʭʦʜʦʤ? 

5. ʑʦ ʪʘʢʝ ʧʦʨʦʛʦʚʘ ʥʘʧʨʫʛʘ ʽ ʥʘʧʨʫʛʘ ʚʽʜʩʽʯʢʠ?  

 
 

2.7 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ6 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʣʴʦʚʦʛʦ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Electronics Workbench. 
 

ʊʝʤʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʣʴʦʚʦʛʦ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Electronics Workbench.  

ʄʝʪʘ ʨʦʙʦʪʠ. ʅʘʚʯʠʪʠʩʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʟʥʽʤʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʠʟʥʘʯʘʪʠ ʦʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʣʷʨʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʽʟʦʣʴʦʚʘʥʠʤ ʟʘʪʚʦʨʦʤ. 

ʂʦʤʧʝʪʝʥʪʥʦʩʪʽ: 

ï ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʥʴ ʥʘ ʧʨʘʢʪʠʮʽ;  

ï ʟʜʘʪʥʽʩʪʴ ʜʦ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ; 

ï ʫʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʪʘʢ ʽ ʚ ʢʦʤʘʥʜʽ;  

ï ʤʘʪʠ ʜʦʩʣʽʜʥʠʮʴʢʽ ʥʘʚʠʯʢʠ; 

ï ʚʦʣʦʜʽʥʥʷ ʥʘʚʠʯʢʘʤʠ ʨʦʙʦʪʠ ʟ ʢʦʤʧ'ʶʪʝʨʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ; 

ï ʟʘʩʚʦʻʥʥʷ ʙʘʟʦʚʠʭ ʟʥʘʥʥʴ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʩʚʦʻʥʥʷ 

ʧʨʦʬʝʩʽʡʥʦʦʨʽʻʥʪʦʚʘʥʠʭ ʜʠʩʮʠʧʣʽʥ; 

ï ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʥʘʫʢʦʚʠʭ ʧʦʥʷʪʴ, ʪʝʦʨʽʡ ʽ ʤʝʪʦʜʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ; 

ï ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, 

ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ; 

ï ʟʜʘʪʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʬʝʩʽʡʥʦ-ʧʨʦʬʽʣʴʦʚʘʥʽ ʟʥʘʥʥʷ ʡ ʧʨʘʢʪʠʯʥʽ 

ʥʘʚʠʯʢʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʦʞ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤ; 



    50 

 

ï ʟʜʘʪʥʽʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʟʥʘʥʥʷ ʪʘ ʥʘʚʠʢʠ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʟʙʦʨʫ ʜʘʥʠʭ ʫ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ 

ï ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ; 

 

ʃʽʪʝʨʘʪʫʨʘ: 4, 6,7,16,17 

ʇʽʜʛʦʪʦʚʢʘ ʜʦ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ 

        1. ʇʨʦʧʨʘʮʶʚʘʪʠ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ.  

    ɼʘʡʪʝ ʚʽʜʧʦʚʽʜʽ ʥʘ ʥʘʩʪʫʧʥʽ ʟʘʧʠʪʘʥʥʷ: 

- ʗʢʽ ʽʩʥʫʶʪʴ ʨʽʟʥʦʚʠʜʥʦʩʪʽ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ? 

- ʗʢʘ ʩʪʨʫʢʪʫʨʘ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʦʣʴʦʚʦʛʦ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʘ? 

- ʑʦ ʪʘʢʝ ʢʘʥʘʣ? 

- ʗʢ ʧʽʜʢʣʶʯʠʪʠ ʧʦʣʴʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ: 

- ʄɼʅ ʟ ʚʙʫʜʦʚʘʥʠʤ ʢʘʥʘʣʦʤ ʨ-ʪʠʧʫ?  

- ʄɼʅ ʟ ʽʥʜʫʢʦʚʘʥʠʤ ʢʘʥʘʣʦʤ n-ʪʠʧʫ? 

- ʄɼʅ ʟ ʽʥʜʫʢʦʚʘʥʠʤ ʢʘʥʘʣʦʤ ʨ-ʪʠʧʫ? 

- ʅʘʢʨʝʩʣʠʪʠ ʪʘ ʧʦʷʩʥʠʪʠ ʚʠʜ ʩʪʦʢʦ-ʟʘʪʚʦʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʴʦʚʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʟʛʘʜʘʥʠʭ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʠʪʘʥʥʽ 

- ʅʘʢʨʝʩʣʠʪʠ ʪʘ ʧʦʷʩʥʠʪʠ ʚʠʜ ʩʪʦʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʟʛʘʜʘʥʠʭ ʚʠʱʝ 

- ʗʢʽ ʦʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟʛʘʜʘʥʠʭ ʚʠʱʝ? 

- ʗʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ? 

- ʗʢʽ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʽʧʦʣʷʨʥʠʤʠ? 

2. ɺʠʙʨʘʪʠ ʪʨʘʥʟʠʩʪʦʨ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʇʝʨʚʽʩʥʘ ʥʘʟʚʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ð ʫʥʽʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ð ʙʫʣʦ 

ʟʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ ʪʘʢʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʥʦʩʽʾ ʪʽʣʴʢʠ 

ʦʜʥʦʛʦ ʪʠʧʫ ( ʝʣʝʢʪʨʦʥʽʚ ʯʠ ʜʽʨʦʢ). ʇʨʦʮʝʩʠ ʽʥʞʝʢʮʽʾ ʽ ʜʠʬʫʟʽʾ ʚ ʪʘʢʠʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ, ʫ ʚʩʷʢʦʤʫ ʨʘʟʽ, ʚʦʥʠ ʥʝ ʛʨʘʶʪʴ ʧʨʠʥʮʠʧʦʚʦʾ 

ʨʦʣʽ. ʆʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʨʫʭʫ ʥʦʩʽʾʚ ʻ ʜʨʝʡʬ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʢʝʨʫʚʘʪʠ ʩʪʨʫʤʦʤ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʧʦʪʨʽʙʥʦ ʟʤʽʥʶʚʘʪʠ ʧʠʪʦʤʫ ʧʨʦʚʽʜʥʽʩʪʴ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʰʘʨʫ ʯʠ ʡʦʛʦ ʧʣʦʱʫ. ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʦʙʠʜʚʘ ʩʧʦʩʦʙʠ ʽ ʟʘʩʥʦʚʘʥʽ ʚʦʥʠ ʥʘ ʝʬʝʢʪʽ ʧʦʣʷ (ʢʝʨʫʚʘʥʥʷ ʥʘʧʨʫʛʦʶ ʥʘ 

ʟʘʪʚʦʨʽ). ʊʦʤʫ ʫʥʽʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ʟʚʠʯʘʡʥʦ ʥʘʟʠʚʘʶʪʴ ʧʦʣʴʦʚʠʤʠ 

ʪʨʘʥʟʠʩʪʦʨʘʤʠ. ʇʨʦʚʽʜʥʠʡ ʰʘʨ, ʧʦ ʷʢʦʤʫ ʧʨʦʪʽʢʘʻ ʩʪʨʫʤ, ʥʘʟʠʚʘʶʪʴ ʢʘʥʘʣʦʤ. 

ɿʚʽʜʩʠ ʱʝ ʦʜʥʘ ʥʘʟʚʘ ʪʘʢʦʛʦ ʢʣʘʩʫ ʪʨʘʥʟʠʩʪʦʨʽʚ ï ʢʘʥʘʣʴʥʽ ʪʨʘʥʟʠʩʪʦʨʠ. 
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ʂʘʥʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʧʦʚʝʨʭʥʝʚʠʤʠ ʡ ʦʙ'ʻʤʥʠʤʠ. ʇʨʠʧʦʚʝʨʭʥʝʚʽ 

ʢʘʥʘʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʘʙʦ ʟʙʘʛʘʯʝʥʽ ʰʘʨʠ, ʦʙʫʤʦʚʣʝʥʽ ʥʘʷʚʥʽʩʪʶ ʜʦʥʦʨʥʠʭ 

ʜʦʤʽʰʦʢ ʫ ʜʽʝʣʝʢʪʨʠʢʫ, ʘʙʦ ʽʥʚʝʨʩʽʡʥʽ ʰʘʨʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ. ʆʙ'ʻʤʥʽ ʞ ʢʘʥʘʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʜʽʣʷʥʢʠ ʦʜʥʦʨʽʜʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʚʽʜʜʽʣʝʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʙʽʜʥʝʥʠʤ ʰʘʨʦʤ. 

ʊʨʘʥʟʠʩʪʦʨʠ ʟ ʦʙ'ʻʤʥʠʤ ʢʘʥʘʣʦʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʟʙʽʜʥʝʥʠʡ ʰʘʨ 

ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨ-n ʧʝʨʝʭʦʜʫ. ʊʦʤʫ ʾʭ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʧʦʣʴʦʚʠʤʠ 

ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʟ ʨ-n ʧʝʨʝʭʦʜʦʤ ʯʠ ʧʨʦʩʪʦ ʧʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ. ʊʨʘʥʟʠʩʪʦʨʠ 

ʪʘʢʦʛʦ ʪʠʧʫ ʚʧʝʨʰʝ ʦʧʠʩʘʥʽ ʐʦʢʣʽ ʚ 1952 ʨ. ʋ ʙʽʙʣʽʦʪʝʮʽ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʛʨʘʤʠ 

EWB 4.1 ʚʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʦʤʘ ʟʨʘʟʢʘʤʠ: n-ʢʘʥʘʣʴʥʠʤ ʽ ʨ-ʢʘʥʘʣʴʥʠʤ. 

ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʫʩʪʘʥʦʚʢʠ ʧʘʨʘʤʝʪʨʽʚ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʽʚ ʧʦʢʘʟʘʥʝ ʥʘ ʨʠʩ. 

5.1 (ʘ-ʚ). 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 5.1(ʘ) - ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʫʩʪʘʥʦʚʢʠ ʧʘʨʘʤʝʪʨʽʚ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʽʚ 

 

VTO - ʥʘʧʨʫʛʘ ʚʽʜʩʽʯʝʥʥʷ, ɺ. 

KP - ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ɸ/ɺ2. 

LAMBDA - ʧʘʨʘʤʝʪʨ ʤʦʜʫʣʷʮʽʾ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ, 1/ɺ. 

PHI - ʧʦʚʝʨʭʥʝʚʠʡ ʧʦʪʝʥʮʽʘʣ, ɺ. 

GAMMA - ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ ʧʦʪʝʥʮʽʘʣʫ ʧʽʜʢʣʘʜʢʠ ʥʘ ʛʨʘʥʠʯʥʫ ʥʘʧʨʫʛʫ, 

V1/2. 

RD - ʦʙôʻʤʥʠʡ ʦʧʽʨ ʦʙʣʘʩʪʽ ʩʪʦʢʫ, ʆʤ. 

RS - ʦʙ'ʻʤʥʠʡ ʦʧʽʨ ʦʙʣʘʩʪʽ ʚʠʪʦʢʫ, ʆʤ. 

IS - ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ p-n ʧʝʨʝʭʦʜʫ, ʪʽʣʴʢʠ ʜʣʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ p-n 

ʧʝʨʝʭʦʜʦʤ, ɸ. 

CGBO - ʧʠʪʦʤʘ ʻʤʥʽʩʪʴ ʧʝʨʝʢʨʠʪʪʷ ʟʘʪʚʦʨ-ʧʽʜʢʣʘʜʢʘ, ʚʥʘʩʣʽʜʦʢ ʚʠʭʦʜʫ 

ʦʙʣʘʩʪʽ ʟʘʪʚʦʨʘ ʟʘ ʤʝʞʽ ʢʘʥʘʣʫ, ʌ. 

CGDO - ʧʠʪʦʤʘ ʻʤʥʽʩʪʴ ʧʝʨʝʢʨʠʪʪʷ ʟʘʪʚʦʨ-ʩʪʽʢ ʥʘ ʜʦʚʞʠʥʫ ʢʘʥʘʣʫ, ʟʘ 

ʨʘʭʫʥʦʢ ʙʽʯʥʦʾ ʜʠʬʫʟʽʾ, ʌ. 
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CGSO - ʛʨʘʥʠʯʥʘ ʻʤʥʽʩʪʴ ʧʝʨʝʢʨʠʪʪʷ ʟʘʪʚʦʨ, ʟʘ ʨʘʭʫʥʦʢ ʙʽʯʥʦʾ ʜʠʬʫʟʽʾ, ʌ. 

CBD - ʻʤʥʽʩʪʴ ʜʦʥʥʦʾ ʯʘʩʪʠʥʠ ʧʝʨʝʭʦʜʫ ʩʪʽʢ-ʧʽʜʢʣʘʜʢʘ ʧʨʠ ʥʫʣʴʦʚʦʤʫ 

ʟʩʫʚʽ, ʌ. 

CBS - ʻʤʥʽʩʪʴ ʜʦʥʥʦʾ ʯʘʩʪʠʥʠ ʧʝʨʝʭʦʜʫ ʜʞʝʨʝʣʦ-ʧʽʜʢʣʘʜʢʘ ʧʨʠ ʥʫʣʴʦʚʦʤʫ 

ʟʩʫʚʽ, ʌ. 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 5.1(ʙ) - ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʫʩʪʘʥʦʚʢʠ ʧʘʨʘʤʝʪʨʽʚ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʽʚ 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 5.1(ʚ) - ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʫʩʪʘʥʦʚʢʠ ʧʘʨʘʤʝʪʨʽʚ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʽʚ 
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ʈɺ - ʥʘʧʨʫʛʘ ʽʥʚʝʨʩʽʾ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʽʜʢʣʘʜʢʠ, ɺ. 

RSʅ - ʧʠʪʦʤʠʡ ʦʧʽʨ ʜʠʬʫʟʽʡʥʠʭ ʦʙʣʘʩʪʝʡ ʜʞʝʨʝʣʘ ʽ ʩʪʦʢʫ, ʆʤ. 

CJ - ʧʠʪʦʤʘ ʻʤʥʽʩʪʴ ʜʦʥʥʦʾ ʯʘʩʪʠʥʠ ʨ-ʧ ʧʝʨʝʭʦʜʫ ʩʪʽʢ-ʧʽʜʢʣʘʜʢʘ ʧʨʠ 

ʥʫʣʴʦʚʦʤʫ ʟʩʫʚʽ, ʌ/ʤ2. 

ʄJ - ʢʦʝʬʽʮʽʻʥʪ ʧʣʘʚʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʧʽʜʢʣʘʜʢʘ-ʩʪʽʢ. 

CJSW - ʧʠʪʦʤʘ ʻʤʥʽʩʪʴ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʧʝʨʝʭʦʜʫ ʩʪʽʢ-ʧʽʜʢʣʘʜʢʘ, ʌ/ʤ. 

JS - ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ ʥʘʩʠʯʝʥʥʷ ʧʝʨʝʭʦʜʫ ʩʪʽʢ -ʧʽʜʢʣʘʜʢʘ, ɸ/ʤ2. 

TOX - ʪʦʚʱʠʥʘ ʦʢʩʠʜʫ, ʤ. 

NSUB - ʨʽʚʝʥʴ ʣʝʛʫʚʘʥʥʷ ʧʽʜʢʣʘʜʢʠ, 1/ʩʤ3. 

NSS - ʱʽʣʴʥʽʩʪʴ ʧʦʚʽʣʴʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʘʥʽʚ ʥʘ ʛʨʘʥʠʮʽ ʢʨʝʤʥʽʡ 

ʧʽʜʟʘʪʚʦʨʥʠʡ ʦʢʩʠʜ 1/ʩʤ2. 

TPG - ʣʝʛʫʚʘʥʥʷ ʟʘʪʚʦʨʘ; +1 ð ʜʦʤʽʰʢʦʶ ʪʦʛʦ ʞ ʪʠʧʫ, ʷʢ ʽ ʜʣʷ ʧʽʜʢʣʘʜʢʠ, -

1 ʜʦʤʽʰʢʦʶ ʧʨʦʪʠʣʝʞʥʦʛʦ ʪʠʧʫ, 0 ï ʤʝʪʘʣʦʤ. 

LD - ʜʦʚʞʠʥʘ ʦʙʣʘʩʪʽ ʙʽʯʥʦʾ ʜʠʬʫʟʽʾ, ʤ. 

UO - ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʚ ʽʥʚʝʨʩʥʦʤʫ ʰʘʨʽ ʢʘʥʘʣʫ, ʩʤ2/ɺ/c. 

ʂF - ʢʦʝʬʽʮʽʻʥʪ ʬʣʽʢʝʨ-ʰʫʤʫ; 

AF - ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʷ ʫ ʬʦʨʤʫʣʽ ʜʣʷ ʬʣʽʢʝʨ-ʰʫʤʫ; 

FC - ʢʦʝʬʽʮʽʻʥʪ ʥʝʣʽʥʽʡʥʦʩʪʽ ʙʘʨ'ʻʨʥʦʾ ʻʤʥʦʩʪʽ ʧʨʷʤʦʟʤʽʱʝʥʦʛʦ ʧʝʨʝʭʦʜʫ 

ʧʽʜʢʣʘʜʢʠ. 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ɿʘʧʫʩʪʽʪʴ Electronics Workbench. 

2. ʇʽʜʛʦʪʫʡʪʝ ʥʦʚʠʡ ʬʘʡʣ ʜʣʷ ʨʦʙʦʪʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʪʘʢʽ 

ʦʧʝʨʘʮʽʾ ʟ ʤʝʥʶ: File/New ʽ File/Save as. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ Save as ʙʫʜʝ 

ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ ʽʤ'ʷ ʬʘʡʣʫ ʽ ʢʘʪʘʣʦʛ, ʫ ʷʢʦʤʫ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʷ ʩʭʝʤʘ. 

3. ʈʦʟʛʣʷʥʴʪʝ ʩʭʝʤʫ ʥʘ ʨʠʩ. 5.6 ʽ ʚʠʢʦʥʘʡʪʝ ʾʾ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 6. 1 - ʉʭʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄɼʅ-ʪʨʘʟʠʩʪʦʨʽʚ 

4. ʇʝʨʝʥʝʩʽʪʴ ʥʝʦʙʭʽʜʥʽ ʝʣʝʤʝʥʪʠ ʟ ʟʘʜʘʥʦʾ ʩʭʝʤʠ ʥʘ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ 

Electronics Workbench. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʨʦʟʜʽʣ ʥʘ ʧʘʥʝʣʽ 

ʽʥʩʪʨʫʤʝʥʪʽʚ (Sources, Basic, Diodes, Transistors, Analog Ics, Mixed Ics, Digital 

Ics, Logic Gates, Digital, Indicators, Controls, Miscellaneous, Instruments), ʫ ʷʢʦʤʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʪʨʽʙʥʠʡ ʚʘʤ ʝʣʝʤʝʥʪ, ʧʦʪʽʤ ʧʝʨʝʥʝʩʪʠ ʡʦʛʦ ʥʘ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ. 
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5. ɿ'ʻʜʥʘʡʪʝ ʢʦʥʪʘʢʪʠ ʝʣʝʤʝʥʪʽʚ ʽ ʨʦʟʪʘʰʫʡʪʝ ʝʣʝʤʝʥʪʠ ʚ ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʘʤ ʩʭʝʤʠ. ɼʣʷ ʟ'ʻʜʥʘʥʥʷ ʜʚʦʭ ʢʦʥʪʘʢʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʢʣʘʮʥʫʪʠ ʥʘ ʦʜʠʥ ʟ ʢʦʥʪʘʢʪʽʚ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʽ, ʥʝ ʚʽʜʧʫʩʢʘʶʯʠ ʢʣʘʚʽʰʫ, 

ʜʦʚʝʩʪʠ ʢʫʨʩʦʨ ʜʦ ʜʨʫʛʦʛʦ ʢʦʥʪʘʢʪʫ. ʋ ʨʘʟʽ ʧʦʪʨʝʙʠ ʤʦʞʥʘ ʜʦʜʘʪʠ ʜʦʜʘʪʢʦʚʽ 

ʚʫʟʣʠ (ʨʦʟʛʘʣʫʞʝʥʥʷ). ʅʘʪʠʩʢʘʥʥʷʤ ʥʘ ʝʣʝʤʝʥʪʽ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʤʦʞʥʘ 

ʦʜʝʨʞʘʪʠ ʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʥʘʡʧʨʦʩʪʽʰʠʭ ʦʧʝʨʘʮʽʡ ʥʘʜ ʧʦʣʦʞʝʥʥʷʤ 

ʝʣʝʤʝʥʪʫ, ʪʘʢʠʤ ʷʢ ʦʙʝʨʪʘʥʥʷ (rotate), ʨʦʟʚʦʨʦʪ (flip), ʢʦʧʽʶʚʘʥʥʷ/ʚʠʨʽʟʘʥʥʷ 

(copy/cut), ʚʩʪʘʚʢʘ (paste). 

6. ʇʨʦʩʪʘʚʪʝ ʥʝʦʙʭʽʜʥʽ ʥʦʤʽʥʘʣʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ. ɼʣʷ 

ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʜʚʽʯʽ ʚʠʢʦʥʘʪʠ ʧʦʜʚʽʡʥʝ ʥʘʪʠʩʢʫʚʘʥʥʷ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ ʝʣʝʤʝʥʪʫ. 

7. ʂʦʣʠ ʩʭʝʤʘ ʟʽʙʨʘʥʘ ʽ ʛʦʪʦʚʘ ʜʦ ʟʘʧʫʩʢʫ, ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ ʚʚʽʤʢʥʝʥʥʷ 

ʞʠʚʣʝʥʥʷ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʋ ʚʠʧʘʜʢʫ ʩʝʨʡʦʟʥʦʾ ʧʦʤʠʣʢʠ ʚ ʩʭʝʤʽ 

(ʟʘʤʠʢʘʥʥʷ ʝʣʝʤʝʥʪʘ ʞʠʚʣʝʥʥʷ ʥʘʢʦʨʦʪʢʦ, ʚʽʜʩʫʪʥʽʩʪʴ ʥʫʣʴʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ 

ʩʭʝʤʽ) ʙʫʜʝ ʚʠʜʘʥʦ ʧʦʧʝʨʝʜʞʝʥʥʷ. 

8. ɿʨʦʙʽʪʴ ʘʥʘʣʽʟ ʩʭʝʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʩʪʨʫʤʝʥʪʠ ʽʥʜʠʢʘʮʽʾ. ɺʠʢʣʠʢ 

ʪʝʨʤʽʥʘʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʜʚʽʡʥʠʤ ʥʘʪʠʩʢʘʥʥʷʤ ʢʣʘʚʽʰʽ ʤʠʰʽ ʥʘ ʝʣʝʤʝʥʪʽ. ʋ 

ʚʠʧʘʜʢʫ ʧʦʪʨʝʙʠ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʢʥʦʧʢʦʶ Pause. 

9. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʨʦʙʽʪʴ ʜʦʩʪʫʧʥʽ ʘʥʘʣʽʟʠ ʚ ʨʦʟʜʽʣʽ ʤʝʥʶ Analysis.  

10. ɿʘʥʝʩʽʪʴ ʧʦʷʩʥʝʥʥʷ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʩʭʝʤ ʫ ʟʚʽʪ. 

11. ɿʨʦʙʽʪʴ ʚʠʩʥʦʚʢʠ. 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

 

1. ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʫʥʽʧʦʣʷʨʥʽ, ʧʦʣʴʦʚʽ ʽ ʢʘʥʘʣʴʥʽ ʪʨʘʥʟʠʩʪʦʨʠ? 

2. ʗʢ ʧʦʙʫʜʦʚʘʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʽʟ p-n ʧʝʨʝʭʦʜʦʤ? 

3. ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʄɼʅ- ʽ ʄʆʅ-ʪʨʘʥʟʠʩʪʦʨʠ? 

4. ʅʘʟʚʽʪʴ ʚʽʜʤʽʥʽ ʦʟʥʘʢʠ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʽʚ ʽʟ ʽʥʜʫʢʦʚʘʥʠʤ ʽ ʚʙʫʜʦʚʘʥʠʤ 

ʢʘʥʘʣʦʤ. 

5. ʗʢʫ ʨʦʣʴ ʛʨʘʻ ʧʽʜʣʦʞʢʘ ʚ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʘʭ? 

6. ʑʦ ʪʘʢʝ ʧʦʨʦʛʦʚʘ ʥʘʧʨʫʛʘ ʽ ʥʘʧʨʫʛʘ ʚʽʜʩʽʯʢʠ?  
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2.8 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ7 ɼʦʩʣʽʜʞʝʥʥʷ ʚʦʣʴʪʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʠʨʠʩʪʦʨʘ. 

 

ʊʝʤʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʦʣʴʪʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʠʨʠʩʪʦʨʘ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʧʦʟʥʘʡʦʤʠʪʠʩʴ ʟ ʜʽʻʶ ʪʠʨʠʩʪʦʨʘ ʤʘʣʦʾ  ʧʦʪʫʞʥʦʩʪʽ; 

ʦʜʝʨʞʘʪʠ ɺɸʍ ʪʠʨʠʩʪʦʨʘ. 

ʂʦʤʧʝʪʝʥʪʥʦʩʪʽ: 

ï ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʥʴ ʥʘ ʧʨʘʢʪʠʮʽ;  

ï ʟʜʘʪʥʽʩʪʴ ʜʦ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ; 

ï ʫʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʪʘʢ ʽ ʚ ʢʦʤʘʥʜʽ;  

ï ʤʘʪʠ ʜʦʩʣʽʜʥʠʮʴʢʽ ʥʘʚʠʯʢʠ; 

ï ʚʦʣʦʜʽʥʥʷ ʥʘʚʠʯʢʘʤʠ ʨʦʙʦʪʠ ʟ ʢʦʤʧ'ʶʪʝʨʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ; 

ï ʟʘʩʚʦʻʥʥʷ ʙʘʟʦʚʠʭ ʟʥʘʥʥʴ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʩʚʦʻʥʥʷ 

ʧʨʦʬʝʩʽʡʥʦʦʨʽʻʥʪʦʚʘʥʠʭ ʜʠʩʮʠʧʣʽʥ; 

ï ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʥʘʫʢʦʚʠʭ ʧʦʥʷʪʴ, ʪʝʦʨʽʡ ʽ ʤʝʪʦʜʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ; 

ï ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, 

ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ; 

ï ʟʜʘʪʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʬʝʩʽʡʥʦ-ʧʨʦʬʽʣʴʦʚʘʥʽ ʟʥʘʥʥʷ ʡ ʧʨʘʢʪʠʯʥʽ 

ʥʘʚʠʯʢʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʦʞ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤ; 

ï ʟʜʘʪʥʽʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʟʥʘʥʥʷ ʪʘ ʥʘʚʠʢʠ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʟʙʦʨʫ ʜʘʥʠʭ ʫ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ 

ï ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ; 

ï ʫʤʽʥʥʷ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ, ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʘ ʦʧʠʩʫʚʘʪʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤ ʽ 

ʩʢʣʘʜʦʚʠʭ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ; 

 

ʃʽʪʝʨʘʪʫʨʘ: 3, 11,14,15,17, 18 

 

ʇʽʜʛʦʪʦʚʢʘ ʜʦ ʨʦʙʦʪʠ 

 

1. ɺʠʚʯʠʪʠ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʧʨʦ ʪʠʨʠʩʪʦʨʠ. 

2. ʇʽʜʛʦʪʫʚʘʪʠʩʴ ʜʦ ʟʘʧʠʪʘʥʴ: 

 ɹʫʜʦʚʘ, ʧʨʠʥʮʠʧ ʜʽʾ ʪʘ ɺɸʍ ʜʠʥʽʩʪʦʨʘ. 

 ɹʫʜʦʚʘ, ʧʨʠʥʮʠʧ ʜʽʾ ʪʘ ʩʽʤʝʡʩʪʚʦ ɺɸʍ ʪʨʠʥʽʩʪʦʨʘ. 
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 ʇʦʷʩʥʠʪʠ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ ʫ ʪʨʠʥʽʩʪʦʨʥʽʡ ʩʪʨʫʢʪʫʨʽ. 

 ɺʢʣʶʯʝʥʥʷ ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʪʠʨʠʩʪʦʨʘ ʪʨʠʥʽʩʪʦʨʥʦʤʫ ʨʝʞʠʤʽ. 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ʇʨʦʯʠʪʘʚʰʠ ʟʘʚʜʘʥʥʷ, ʟôʷʩʫʚʘʪʠ  ʭʽʜ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ. 

2. ɺʠʟʥʘʯʠʪʠ ʫ ʜʦʚʽʜʥʠʢʫ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʪʠʨʠʩʪʦʨʽʚ ʂʋ 101 

(ʜʽʦʜʥʠʡ ʪʠʨʠʩʪʦʨ), ʦʜʝʨʞʘʥʠʭ ʚʽʜ ʚʠʢʣʘʜʘʯʘ, ʘ ʪʘʢʦʞ ʜʽʟʥʘʪʠʩʷ, ʫʧʨʘʚʣʽʥʥʷ ʧʦ 

ʘʥʦʜʫ ʯʠ ʧʦ ʢʘʪʦʜʫ ʫ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. 

3. ɿʽʙʨʘʪʠ ʩʭʝʤʫ  

mA
1

V
1

V
2

mA
2

ʤʢɸ

U
1 

= 0   5 B .. U
2 

= 0   50B
..

R
1

R2

 
ʈʠʩʫʥʦʢ 7. 1 ʉʭʝʤʘ ʚʚʽʤʢʥʝʥʥʷ ʪʠʠʩʪʦʨʘ 

ɺʠʢʦʥʘʪʠ ʚʢʣʶʯʝʥʥʷ ʪʠʨʠʩʪʦʨʘ 2 ʩʧʦʩʦʙʘʤʠ. 

1 ʩʧʦʩʽʙ.      ɺʢʣʶʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʤʫ ʫʧʨʘʚʣʽʥʥʷ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ  ʙʣʦʢʫ ʞʠʚʣʝʥʥʷ ʧʦʜʘʪʠ ʥʘ ʪʠʨʠʩʪʦʨ ʘʥʦʜʥʫ ʥʘʧʨʫʛʫ Uɸ  

(ʥʘʧʨʠʢʣʘʜ  10·15 ɺ), ʷʢʫ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʥʘʧʨʫʛʦʶ ʚʢʣʶʯʝʥʥʷ (Uʚʢʣ). ʇʨʠ 

ʮʴʦʤʫ ʯʝʨʝʟ ʧʨʠʣʘʜ ʙʫʜʝ ʧʨʦʭʦʜʠʪʠ ʘʥʦʜʥʠʡ ʩʪʨʫʤ ʟʘʢʨʠʪʦʛʦ ʩʪʘʥʫ, ʷʢʠʡ 

ʚʚʘʞʘʪʠʤʝʤʦ ʩʪʨʫʤʦʤ ʚʢʣʶʯʝʥʥʷ (ɯʚʢʣ). 

ɿʘ ʜʦʧʦʤʦʛʦʶ  ʙʣʦʢʫ  ʞʠʚʣʝʥʥʷ ʧʦʜʘʤʦ ʥʘ ʫʧʨʘʚʣʷʶʯʠʡ ʝʣʝʢʪʨʦʜ ʥʘʧʨʫʛʫ   

ʽ ʩʣʽʜʢʫʚʘʪʠʤʝʤʦ ʧʦ ʤʽʣʽʘʤʧʝʨʤʝʪʨʫ mA1 ʟʘ ʟʨʦʩʪʘʥʥʷʤ  ʩʪʨʫʤʫ ʫʧʨʘʚʣʽʥʥʷ (ɯʫ). 

ɺ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʥʷ ʪʠʨʠʩʪʦʨʘ  ʟʘʬʽʢʩʫʻʤʦ ʮʝʡ ʩʪʨʫʤ (ʥʘʧʨʠʢʣʘʜ ɯʚʢʣ = 3 ʤɸ) ʽ 

ʦʜʥʦʯʘʩʥʦ ʚʽʜʤʽʯʘʻʤʦ ʟʘ ʧʨʠʣʘʜʘʤʠ mA2 ʪʘ V2 ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʧʝʨʝʭʦʜʫ 

ʪʠʨʠʩʪʦʨʘ ʫ ʚʽʜʢʨʠʪʠʡ ʩʪʘʥ (ɯʫʪʨ, Uʫʪʨ). 

ʄʘʶʯʠ ʢʦʦʨʜʠʥʘʪʠ ʜʚʦʭ ʪʦʯʦʢ: (Uʚʢʣ, ɯʚʢʣ) ʪʘ (Uʫʪʨ, ɯʫʪʨ) ʙʫʜʫʻʤʦ ʷʢʽʩʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʠʣʘʜʫ. 

2 ʩʧʦʩʽʙ.      ɺʢʣʶʯʝʥʥʷ ʪʠʨʠʩʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʦʜʥʦʾ ʥʘʧʨʫʛʠ. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʠʩʪʘʚʠʪʠ ʥʘ ʤʽʣʽʘʤʧʝʨʤʝʪʨʽ mA1 ʣʽʚʦʛʦ ʙʣʦʢʫ ʞʠʚʣʝʥʥʷ 

ʟʘʬʽʢʩʦʚʘʥʠʡ ʨʘʥʽʰʝ ʩʪʨʫʤ ʫʧʨʘʚʣʽʥʥʷ (ʥʘʧʨʠʢʣʘʜ ɯʫ= 3 ʤɸ). ʇʦʪʽʤ, ʧʦʜʘʶʯʠ 

ʘʥʦʜʥʫ ʥʘʧʨʫʛʫ ʧʨʘʚʠʤ ʙʣʦʢʦʤ ʞʠʚʣʝʥʥʷ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʤʦʤʝʥʪʦʤ ʚʢʣʶʯʝʥʥʷ 

ʪʠʨʠʩʪʦʨʘ. ʇʦʨʽʚʥʷʪʠ ʪʨʘʻʢʪʦʨʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʦʙʦʭ ʩʧʦʩʦʙʽʚ ʚʢʣʶʯʝʥʥʷ ʽ 

ʟʘʤʘʣʶʚʘʪʠ ʚ ʩʧʽʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

5. ɿʥʷʪʠ ʩʽʤʝʡʩʪʚʘ ɺɸʍ ʦʜʝʨʞʘʥʦʛʦ ʪʠʨʠʩʪʦʨʘ ʫ ʪʨʠʥʽʩʪʦʨʥʦʤʫ ʨʝʞʠʤʽ. 

ɼʣʷ ʮʴʦʛʦ ʟʘʜʘʪʠʩʴ ʢʽʣʴʢʦʤʘ ʟʥʘʯʝʥʥʷʤʠ ʩʪʨʫʤʫ ʫʧʨʘʚʣʽʥʥʷ (ʩʘʤʦʩʪʽʡʥʦ 

ʘʙʦ ʟʘ ʧʨʦʧʦʟʠʮʽʻʶ ʚʠʢʣʘʜʘʯʘ) ʽ, ʧʽʜʪʨʠʤʫʶʯʠ ɯʫ ʧʦʩʪʽʡʥʠʤ ʟ ʜʦʧʦʤʦʛʦʶ 
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ʧʦʪʝʥʮʽʦʤʝʪʨʘ ʣʽʚʦʛʦ ʙʣʦʢʫ ʞʠʚʣʝʥʥʷ, ʟʥʷʪʠ ʯʝʨʛʦʚʫ ɺɸʍ ʪʠʨʠʩʪʦʨʘ. 

ɺʠʟʥʘʯʠʪʠ, ʧʨʠ ʷʢʦʤʫ ʟʥʘʯʝʥʥʽ ɯʫ ɺɸʍ ʪʠʨʠʩʪʦʨʫ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ ʟʚʠʯʘʡʥʦʾ 

ɺɸʍ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʜʽʦʜʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘʥʝʩʪʠ ʜʦ ʪʘʙʣʠʮʽ 7.1. 

ʊʘʙʣʠʮʷ 7.1. 

ɯʫ=0 Uɸ, ɺ  

ɯɸ, ʤɸ  

ɯʫ=2ʤɸ Uɸ, ɺ  

ɯɸ, ʤɸ  

ɯʫ=3·15ʤɸ Uɸ, ɺ  

ɯɸ, ʤɸ  

 

4. ʇʦʙʫʜʫʡʪʝ ɺɸʍ ʪʠʨʠʩʪʦʨʘ. 

5. ɿʨʦʙʽʪʴ ʚʠʩʥʦʚʢʠ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʊʠʨʠʩʪʦʨʠ, ʙʫʜʦʚʘ, ʧʨʠʥʮʠʧʠ ʜʽʾ. 

2. ɺɸʍ ʪʠʨʠʩʪʦʨʽʚ. 

3. ʊʠʧʠ ʪʠʨʠʩʪʦʨʽʚ, ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ. 

4. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ. 

 

 

2.9 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ  ̄ 8 ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʦʜʥʦʬʘʟʥʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

 

ʊʝʤʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʦʜʥʦʬʘʟʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʄʝʪʘ. ɼʦʩʣʽʜʠʪʠ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʦʜʥʦʬʘʟʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

 

ʇʽʜʛʦʪʦʚʢʘ ʜʦ ʨʦʙʦʪʠ 

1. ɺʠʚʯʠʪʠ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦ ʪʝʤʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ. 

2. ʇʽʜʛʦʪʫʚʘʪʠʩʴ ʜʦ ʟʘʧʠʪʘʥʴ: ʧʨʠʟʥʘʯʝʥʥʷ, ʙʫʜʦʚʘ, ʢʣʘʩʠʬʽʢʘʮʽʷ, 

ʧʦʟʥʘʯʝʥʥʷ, ʋɻʇ , ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ʇʨʦʯʠʪʘʚʰʠ ʟʘʚʜʘʥʥʷ, ʟôʷʩʫʚʘʪʠ  ʭʽʜ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ. 

2. ɿʽʙʨʘʪʠ  ʩʭʝʤʫ. 
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ʈʠʩʫʥʦʢ 8. 1 ʉʭʝʤʘ ʚʚʽʤʢʥʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

3. ɼʦʩʣʽʜʠʪʠ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

4. ɿʘʧʦʚʥʠʪʠ ʪʘʙʣʠʮʶ. 

ʅʦʤʽʥʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʡʥʷʪʠ 0,46 ɺɸ, cosűʢʟ = 0,9, ʜʣʷ ʜʦʩʣʽʜʽʚ ʧʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ cosű = 0,7; 0,75; 0,8. 

5. ɺʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʢʠ. 

6. ɿʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʑʦ ʪʘʢʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨ? 

2. ʗʢ ʚʠʟʥʘʯʠʪʠ ʂʂɼ ʪʨʘʥʬʦʨʤʘʪʦʨʘ? 

3. ʑʦ ʥʘʟʠʚʘʶʪʴ ʟʦʚʥʽʰʥʴʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ? 

 

 


