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ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʫ ʟ ʜʠʩʮʠʧʣʽʥʠ çʄʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʪʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʽ ʩʠʩʪʝʤʠè. ʇʨʘʢʪʠʢʫʤ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʢʦʤʧôʁ ʪʝʨʥʦʤʫ ʢʣʘʩʽ ʢʘʬʝʜʨʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʶʶʯʦʛʦ ʧʘʢʝʪʫ PROTEUS 8.5/8.6. ɺ ʧʦʩʽʙʥʠʢʫ ʥʘʚʦʜʷʪʴʩʷ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ʮʴʦʛʦ ʧʘʢʝʪʫ ʪʘ ʚʠʢʦʥʘʥʥʶ ʨʦʙʽʪ ʟ ʥʘʩʪʫʧʥʦʾ ʪʝʤʘʪʠʢʠ: 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʜʫʣʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʠʡʤʘʯʘïʧʝʨʝʜʘʚʘʯʘ, ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʦʜʫʣʷ ʘʥʘʣʦʛʦïʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʫʥʽʧʦʣʷʨʥʠʤ ʪʘ ʙʽʧʦʣʷʨʥʠʤ ʢʨʦʢʦʚʠʤ ʜʚʠʛʫʥʦʤ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʮʠʬʨʦʚʦʛʦ ʚʦʣʴʪʤʝʪʨʫ. ɺ ʨʦʙʦʪʽ ʥʘʚʦʜʷʪʴʩʷ ʧʨʠʢʣʘʜʠ ʩʭʝʤ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʣʛʦʨʠʪʤʠ ʪʘ 

ʢʝʨʫʶʯʽ ʧʨʦʛʨʘʤʠ ʤʦʚʦʶ ʉ ʪʘ ɸʩʝʤʙʣʝʨ ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤ`ʾ ʄʂ51 ʪʘ AVR. 

ʊʝʤʘʪʠʢʘ ʧʦʩʽʙʥʠʢʘ ʚʽʜʧʦʚʽʜʘʻ ʨʦʙʦʯʽʡ ʧʨʦʛʨʘʤʽ ʜʠʩʮʠʧʣʽʥʠ  çʄʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʪʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʽ ʩʠʩʪʝʤʠè, ʷʢʘ ʻ ʚʘʞʣʠʚʦʶ ʜʠʩʮʠʧʣʽʥʦʶ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʣʘʥʽ ʧʽʜʛʦʪʦʚʢʠ 

ʙʘʢʘʣʘʚʨʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ  126 çɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè. ʈʦʙʦʪʘ ʤʦʞʝ ʙʫʪʠ 

ʢʦʨʠʩʥʦʶ ʩʪʫʜʝʥʪʘʤ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʧʨʠ ʚʠʚʯʝʥʥ̔  ʜʠʩʮʠʧʣʽʥ, ʧʦʚô̫ ʟʘʥʠʭ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʙʘʢʘʣʘʚʨʩʴʢʠʭ ʨʦʙʽʪ, ʢʫʨʩʦʚʠʭ ʧʨʦʝʢʪʽʚ, ʤʘʛʽʩʪʝʨʩʴʢʠʭ ʨʦʙʽʪ, ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʧʨʠʩʪʨʦʾ. ʆʩʪʘʥʥʻ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʧʨʠ ʦʬʦʨʤʣʝʥʥʽ ʨʦʙʦʪʠ, 

ʷʢʝ ʚʠʢʦʥʘʥʦ ʟʛʽʜʥʦ ʚʠʤʦʛ ʜʦ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. 
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ɺʉʊʋʇ 

ʅʘʧʝʚʥʦ ʙʘʛʘʪʦ ʨʘʜʽʦʘʤʘʪʦʨʽʚïʧʦʯʘʪʢʽʚʮʽʚ  ʩʪʠʢʘʣʠʩʷ ʟ ʩʠʪʫʘʮʽʻʶ ʢʦʣʠ, 

ʚʠʨʽʰʠʚʰʠ ʟʽʙʨʘʪʠ ʚʧʦʜʦʙʘʥʠʡ ,̔ ʙʝʟʩʫʤʥʽʚʥʦ, ʧʦʪʨʽʙʥʠʡ ʧʨʠʩʪʨʽʡ, ʯʝʨʝʟ 

ʥʝʜʦʩʚʽʜʯʝʥʽʩʪʴ, ʘ ʤʦʞʝ ʯʝʨʝʟ ʧʦʤʠʣʢʠ ʚ ʩʭʝʤʽ ʘʙʦ ʞ ʟʘ ʽʥʰʠʤʠ ʦʙʩʪʘʚʠʥʘʤʠ, 

ʧʨʦʩʪʦïʥʘʧʨʦʩʪʦ ʩʧʘʣʶʚʘʣʠ ʥʘʩʠʣʫ ʧʨʠʜʙʘʥʽ ʜʦʨʦʛʽ ʨʘʜʽʦʜʝʪʘʣʽ. ɯ ʩʢʦʨʽʰʝ ʟʘ 

ʚʩʝ ʙʽʣʴʰʽʩʪʴ, ʦʙʧʽʢʰʠʩʴ ʥʘ ʧʝʨʰʠʭ ʥʝʚʜʘʯʘʭ, ʟʘʢʠʜʘʣʠ ʟʘʥʷʪʪʷ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʦʶ ʥʘʟʘʚʞʜʠ. 

ʋ ʥʘʰʝ ʩʪʦʣʽʪʪʷ ʧʦʚʘʣʴʥʦʾ ʢʦʤʧôʁ ʪʝʨʠʟʘʮʽʾ, ʟʥʘʡʰʦʚʩʷ ʚʠʭʽʜ ʟ ʮʴʦʛʦ 

ʛʣʫʭʦʛʦ ʢʫʪʘ. ɿô̫ ʚʠʣʘʩʷ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʛʨʘʤ ʩʠʤʫʣʷʪʦʨʽʚ, ʷʢʽ 

ʟʘʤʽʥʷʶʪʴ ʨʝʘʣʴʥʽ ʨʘʜʽʦʜʝʪʘʣʽ ʽ ʧʨʠʣʘʜʠ ʚʽʨʪʫʘʣʴʥʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʉʠʤʫʣʷʪʦʨʠ ʜʦʟʚʦʣʷʶʪʴ, ʙʝʟ ʩʢʣʘʜʘʥʥʷ ʨʝʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʥʘʣʘʛʦʜʠʪʠ 

ʨʦʙʦʪʫ ʩʭʝʤʠ, ʟʥʘʡʪʠ ʧʦʤʠʣʢʠ, ʦʪʨʠʤʘʥʽ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʟʥʷʪʠ 

ʥʝʦʙʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. 

ʆʜʥʘ ʟ ʪʘʢʠʭ ʧʨʦʛʨʘʤ PROTEUS VSM. ɸʣʝ ʩʠʤʫʣʷʮʽʷ ʨʘʜʽʦʝʣʝʤʝʥʪʽʚ 

ʮʝ ʥʝ ʻʜʠʥʘ ʟʜʘʪʥʽʩʪʴ ʧʨʦʛʨʘʤʠ. Proteus VSM, ʷʢʫ ʩʪʚʦʨʝʥʦ ʬʽʨʤʦʶ Labcenter 

Electronics ʥʘ ʦʩʥʦʚʽ ʷʜʨʘ SPICE3F5 ʫʥʽʚʝʨʩʠʪʝʪʫ Berkeley, ʻ ʪʘʢ ʟʚʘʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʥʘʩʢʨʽʟʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʎʝ ʦʟʥʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʪʨʦʶ, 

ʧʦʯʠʥʘʶʯʠ ʟ ʡʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ) ʽ ʟʘʢʽʥʯʫʶʯʠ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʧʨʠʩʪʨʦʶ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʢʦʥʪʨʦʣʶ ʥʘ 

ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɸʣʝ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʫʷʚʥʫ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʛʨʘʤʠ, ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʥʝʶ 

ʟʤʦʞʫʪʴ ʥʝ ʪʽʣʴʢʠ ʧʨʦʬʝʩʽʦʥʘʣʠ ʚ ʩʚʽʪʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʘ ʡ ʥʦʚʘʯʢʠ, ʷʢʽ 

ʥʘʚʯʠʣʠʩʷ, ʘ ʤʦʞʝ ʧʦʢʠ ʱʦ ʽ ʥ,̔ ʚʽʜʨʽʟʥʷʪʠ ʨʝʟʠʩʪʦʨ ʚʽʜ ʪʨʘʥʟʠʩʪʦʨʘ.  

PROTEUS VSM ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʘʤʦʩʪʽʡʥʠʭ ʧʨʦʛʨʘʤ ISIS ʽ ARES. 

ARES ʮʝ ʧʨʦʛʨʘʤʘ ʜʣʷ ʪʨʘʩʫʚʘʥʥʷ ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪ ʟ ʤʦʞʣʠʚʽʩʪʶ ʩʪʚʦʨʝʥʥʷ 

ʩʚʦʾʭ ʙʽʙʣʽʦʪʝʢ ʢʦʨʧʫʩʽʚ ʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʪʠʩʷ ʥʝ ʙʫʜʝ. ʆʩʥʦʚʥʦʶ 

ʧʨʦʛʨʘʤʦʶ ʻ ISIS, ʚ ʷʢʽʡ ʧʝʨʝʜʙʘʯʝʥʦ ʛʘʨʷʯʠʡ ʟʚô̫ ʟʦʢ ʟ ARES ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʧʨʦʝʢʪʫ ʜʣʷ ʨʦʟʚʝʜʝʥʥʷ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ. 
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ʋ çʩʬʝʨʫïʚʧʣʠʚʽʚè PROTEUS VSM ʚʭʦʜʷʪʴ ʷʢ ʥʘʡʧʨʦʩʪʽʰʽ ʘʥʘʣʦʛʦʚʽ 

ʧʨʠʩʪʨʦʾ, ʪʘʢ ʽ ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʩʪʚʦʨʝʥʦ ʥʘ ʧʦʧʫʣʷʨʥʠʭ ʥʠʥʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ. ɼʦʩʪʫʧʥʘ ʚʝʣʠʯʝʟʥʘ ʙʽʙʣʽʦʪʝʢʘ ʤʦʜʝʣʝʡ ʝʣʝʤʝʥʪʽʚ, 

ʧʦʧʦʚʥʶʚʘʪʠ ʷʢʫ ʤʦʞʝ ʩʘʤ ʢʦʨʠʩʪʫʚʘʯ. ʇʨʠʨʦʜʥʦ ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ 

ʜʦʩʢʦʥʘʣʴʥʦ ʟʥʘʪʠ ʨʦʙʦʪʫ ʝʣʝʤʝʥʪʘ ʽ ʚʤʽʪʠ ʧʨʦʛʨʘʤʫʚʘʪʠ. ʄʦʞʣʠʚʽʩʪʴ 

ʘʥʽʤʘʮʽʾ ʩʭʝʤ ʜʦʟʚʦʣʷʻ ʧʨʦʛʨʘʤʽ ʩʪʘʪʠ ʧʨʝʢʨʘʩʥʠʤ ʥʘʚʯʘʣʴʥʠʤ ʧʦʩʽʙʥʠʢʦʤ ʥʘ 

ʫʨʦʢʘʭ ʚ ʰʢʦʣʽ ʽ ɺʅɿ. ɼʦʩʪʘʪʥʽʡ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʬʫʥʢʮʽʡ, ʩʝʨʝʜ ʷʢʠʭ 

ʚʦʣʴʪʤʝʪʨ, ʘʤʧʝʨʤʝʪʨ, ʦʩʮʠʣʦʛʨʘʬ, ʚʩʽʣʷʢʽ ʛʝʥʝʨʘʪʦʨʠ, ʟʜʘʪʥʽʩʪʴ 

ʥʘʣʘʛʦʜʞʫʚʘʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʨʦʙʣʷʪʴ 

PROTEUS VSM ʭʦʨʦʰʠʤ ʧʦʤʽʯʥʠʢʦʤ ʨʦʟʨʦʙʥʠʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. 
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1 ʆʇʀʉ ʅɸʃɸɻʆɼɾʋɺɸʏɸ PROTEUS 8.6 

1.1 ɯʥʩʪʘʣʷʮʽ ̫

ɿʘʚʘʥʪʘʞʠʪʠ Proteus ʦʩʪʘʥʥʴʦʾ ʚʝʨʩʽʾ ʤʦʞʥʘ ʟ ʬʘʡʣʦʦʙʤʽʥʥʠʭ ʤʝʨʝʞ 

ʘʙʦ ʧʨʠʜʙʘʪʠ ʥʘ ʩʘʡʪʽ ʚʠʨʦʙʥʠʢʘ. ɺ ʜʘʥʠʭ ʤʝʪʦʜʠʯʥʠʭ ʚʢʘʟʽʚʢʘʭ ʙʫʣʘ 

ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʦʛʨʘʤʘ Proteus ʚʝʨʩʽʾ 8.6. ʇʽʩʣʷ ʟʘʧʫʩʢʫ ʬʘʡʣʫ ʽʥʩʪʘʣʷʪʦʨʘ 

ʟô̫ ʚʠʪʴʩʷ ʚʽʢʥʦ ʧʨʠʚʽʪʘʥʥʷ (ʨʠʩʫʥʦʢ 1.1). ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʧʨʠʚʝʜʝʥʫ 

ʥʘ ʨʠʩʫʥʢʘʭ ʥʠʞʯʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ. ʇʝʨʝʭʽʜ ʤʽʞ ʝʢʨʘʥʘʤʠ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʧʨʦʛʨʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʥʘʪʠʩʥʝʥʥʶ ʢʥʦʧʢʠ ñɼʘʣʝʝò. 

 

ʈʠʩʫʥʦʢ 1.1 ï ɺʽʢʥʦ ʧʨʠʚʽʪʘʥʥʷ ʪʘ ʚʠʙʽʨ ʧʘʧʢʠ ʜʣʷ ʧʨʦʛʨʘʤʠ 

ʉʣʽʜʫʡʪʝ ʨʝʢʦʤʝʥʜʘʮʽʷʤ, ʷʢʽ ʜʘʻ ʧʦʩʪʘʯʘʣʴʥʠʢ ʚʘʰʦʾ ʚʝʨʩʽʾ ʩʠʩʪʝʤʠ 

Proteus (ʨʠʩʫʥʦʢ 1.2).  

ɽʢʨʘʥ ʧʨʦʧʦʥʫʻ ʧʦʯʘʪʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʠ. ʗʢʱʦ ʚʩʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʨʘʥʽ ʧʨʘʚʠʣʴʥʦ, ʪʦ ʚʩʪʘʥʦʚʣʝʥʥʷ Proteus 8.6 ʧʦʯʥʝʪʴʩʷ ʙʝʟ 

ʧʦʤʠʣʦʢ. ɿʘʟʚʠʯʘʡ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʨʠʚʘʻ ʙʣʠʟʴʢʦ 5 ʭʚʠʣʠʥ (ʨʠʩʫʥʦʢ 1.3). 
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ʈʠʩʫʥʦʢ 1.2 ï ɺʠʙʽʨ ʣʦʢʘʮʽʾ ʫ ʤʝʥʶ çʇʫʩʢè 

 

ʈʠʩʫʥʦʢ 1.3 ï ɽʢʨʘʥ ʧʨʦʮʝʩʫ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ɺ ʢʽʥʮʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟô̫ ʚʠʪʴʩʷ ʚʽʢʥʦ (ʨʠʩʫʥʦʢ 1.4) ʟ ʢʥʦʧʢʦʶ 

ñɿʘʚʝʨʰʠʪʴò. ɿʘʧʫʩʪʠʪʠ ʧʨʦʛʨʘʤʫ ʤʦʞʥʘ ʟ ʨʦʙʦʯʦʛʦ ʩʪʦʣʘ ʘʙʦ ʧʦ ʢʥʦʧʮʽ 

ñʇʋʉʂò (ʨʠʩʫʥʦʢ 1.5) ʽ ʚʠʚʽʜ ʥʘ ʛʦʣʦʚʥʠʡ ʝʢʨʘʥ ʧʨʦʛʨʘʤʠ PROTEUS 8.6 

(ʨʠʩʫʥʦʢ 1.6). 
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ʈʠʩʫʥʦʢ 1.4 ï ʂʽʥʝʮʴ ʽʥʩʪʘʣʷʮʽʾ ʧʨʦʛʨʘʤʠ 

 

ʈʠʩʫʥʦʢ 1.5 ï ɿʘʧʫʩʢ ʧʨʦʛʨʘʤʠ ʧʦ ʢʥʦʧʮʽ ñʇʋʉʂò 
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ʈʠʩʫʥʦʢ 1.6 ï ɻʦʣʦʚʥʠʡ ʝʢʨʘʥ ʧʨʦʛʨʘʤʠ 

1.2 ʉʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʨʦʝʢʪʫ 

ʑʦʙ ʩʪʚʦʨʠʪʠ ʥʦʚʠʡ ʧʨʦʝʢʪ ʫ Proteus 8.6 ʧʦʪʨʽʙʥʦ ʫ ʩʪʘʨʪʦʚʦʤʫ ʚʽʢʥʽ 

ʧʨʦʛʨʘʤʠ (ʨʠʩʫʥʦʢ 1.7) ʫ ʣʽʚʦʤʫ ʚʝʨʭʥʴʦʤʫ ʢʫʪʢʫ ʚʠʙʨʘʪʠ ʧʫʥʢʪ ʤʝʥʶ    

File ï > New Project ʘʙʦ ʟʘʩʪʦʩʫʚʘʪʠ ʩʢʦʨʦʯʝʥʥʷ ʢʣʘʚʽʰ (ctrl+N). ʇʽʩʣʷ ʯʦʛʦ 

ʟô̫ ʚʠʪʴʩʷ ʚʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʴ ʥʦʚʦʛʦ ʧʨʦʝʢʪʫ, ʜʝ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʥʘʟʚʫ ʥʦʚʛʦ 

ʧʨʦʝʢʪʫ ʪʘ ʣʦʢʘʮʽʶ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʥʘ ʢʦʤʧôʁ ʪʝʨʽ.  

 
 

ʈʠʩʫʥʦʢ 1.7 ï ʉʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʨʦʝʢʪʫ ʫ Proteus 
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ʄʦʞʥʘ ʪʘʢʦʞ ʦʙʨʘʪʠ ʟ ʫʞʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʨʦʝʢʪʽʚ, ʜʣʷ ʮʴʦʛʦ ʪʨʝʙʘ 

ʦʙʨʘʪʠ ʧʫʥʢʪ From Development Board (ʨʠʩʫʥʦʢ 1.8).  

 
 

ʈʠʩʫʥʦʢ1.8 ï ɿʘʟʜʘʣʝʛʽʜʴ ʥʘʣʘʰʪʦʚʘʥʽ ʧʨʦʝʢʪʠ 

ʆʙʨʘʚʰʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʨʫʯʥʫ ʽʜʝʤʦ ʥʘ ʥʘʩʪʫʧʥʠʡ ʢʨʦʢ ï ʚʠʙʽʨ 

ʨʦʟʤʽʨʫ ʧʦʣʦʪʥʘ ʜʣʷ ʩʭʝʤʠ (ʨʠʩʫʥʦʢ 1.9). ɹʫʜʝʤʦ ʦʙʠʨʘʪʠ ʪʠʧ DEFAULT ï ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

 
 

ʈʠʩʫʥʦʢ 1.9 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʧʦʣʦʪʥʘ ʩʭʝʤʠ 

ɺ ʥʘʩʪʫʧʥʦʤʫ ʚʽʢʥʽ (ʨʠʩʫʥʦʢ 1.10) ʪʘʢʦʞ ʦʙʝʨʝʤʦ ʪʠʧ DEFAULT. 
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ʈʠʩʫʥʦʢ 1.10ï ɺʠʙʽʨ ʩʭʝʤʠ 

ʋ ʥʘʩʪʫʧʥʦʤʫ ʚʽʢʥʽ (ʨʠʩʫʥʦʢ 1.11) ʤʦʞʥʘ ʦʙʨʘʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʝʢʪʫ ʧʨʦʰʠʚʢʠ. ɸ ʜʘʣʽ ʟʘʢʽʥʯʫʻʤʦ ʧʨʦʮʝʩ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʝʢʪʫ. 

 
 

ʈʠʩʫʥʦʢ 1.11 ï ɺʠʙʽʨ ʥʘʣʘʰʪʫʚʘʥʴ ʧʨʦʝʢʪʫ ʧʨʦʰʠʚʢʠ 

ʆʙʝʨʝʤʦ ʧʝʨʰʠʡ ʧʫʥʢʪ (ʙʝʟ ʧʨʦʰʠʚʢʠ) ʪʘ ʥʘʪʠʩʥʝʤʦ ʢʥʦʧʢʫ NEXT 

(ʜʘʣʽ), ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʢʨʠʻʪʴʩʷ ʧʽʜʩʫʤʢʦʚʝ ʚʽʢʥʦ ʩʪʚʦʨʝʥʥʷ ʧʨʦʝʢʪʫ  

(ʨʠʩʫʥʦʢ 1.12). 
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ʈʠʩʫʥʦʢ 1.12 ï ɺʽʢʥʦ ʟ ʧʽʜʩʫʤʢʘʤʠ ʧʨʦʮʝʩʫ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ɺʨʝʰʪʽ ʚʽʜʢʨʠʻʪʴʩʷ ʛʦʣʦʚʥʠʡ ʝʢʨʘʥ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ ISIS  

(ʨʠʩʫʥʦʢ 1.13) 

 
 

ʈʠʩʫʥʦʢ 1.13 ï ɺʠʛʣʷʜ ʩʝʨʝʜʦʚʠʱʘ ISIS ʧʽʩʣʷ ʥʘʣʘʰʪʫʚʘʥʴ 

1.3 ɺʽʜʢʨʠʪʪʷ ʽʩʥʫʶʯʦʛʦ ʧʨʦʝʢʪʫ 

ʑʦʙ ʚʽʜʢʨʠʪʠ ʚʞʝ ʽʩʥʫʶʯʠʡ ISIS ʧʨʦʝʢʪ ʜʣʷ Proteus ʪʨʝʙʘ ʦʙʨʘʪʠ ʧʫʥʢʪ 

ʫ ʤʝʥʶ ʟʣʽʚʘ ʟʚʝʨʭʫ File ï > Open project ʘʙʦ ʩʧʦʣʫʯʝʥʥʷ ʢʣʘʚʽʰ (ctrl+o). 
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ɺʽʜʦʙʨʘʟʠʪʴʩʷ ʚʽʢʥʦ ʚʠʙʦʨʫ ʬʘʡʣʫ ʧʨʦʝʢʪʫ ʟ ʜʠʩʢʘ (ʨʠʩʫʥʦʢ 1.14). ʌʘʡʣ ʤʘʻ 

ʙʫʪʠ ʧʦʧʝʨʝʜʥʴʦ ʟʙʝʨʝʞʝʥʠʡ ʫ ʬʦʨʤʘʪʽ .pdsprj. 

 

ʈʠʩʫʥʦʢ 1.14 ï ɺʽʢʥʦ ʚʠʙʦʨʫ ʬʘʡʣʫ 

ʇʨʠʢʣʘʜ ʚʽʜʢʨʠʪʦʛʦ ʧʨʦʝʢʪʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.15. 

 

 

ʈʠʩʫʥʦʢ 1.15 ï ʇʨʠʢʣʘʜ ʚʽʜʢʨʠʪʦʛʦ ʧʨʦʝʢʪʫ 
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1.4 ɿʥʘʡʦʤʩʪʚʦ ʟ ʽʥʪʝʨʬʝʡʩʦʤ ʩʝʨʝʜʦʚʠʱʘ ISIS 

ʎʝ ʧʠʪʘʥʥʷ ʨʦʟʛʣʷʥʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ ʟʘʚʘʥʪʘʞʝʥʦʾ ʤʦʜʝʣʽ ʛʦʪʦʚʦʾ 

ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ (ʨʠʩʫʥʦʢ 1.16). 

ʄʦʞʥʘ ʦʜʨʘʟʫ ʧʦʙʘʯʠʪʠ ʩʧʠʩʦʢ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʜʘʥʦʾ ʩʭʝʤʠ, ʩʪʨʽʣʢʠ ʧʦʚʦʨʦʪʫ ʪʘ ʩʪʨʽʣʢʠ ʥʘʧʨʷʤʽʚ ʫ ʤʝʥʶ 

ʧʦʩʝʨʝʜʠʥʽ (ʨʠʩʫʥʦʢ 1.17) ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʪʦʯʥʦ ʨʫʭʘʪʠ ʝʣʝʤʝʥʪ ʥʘ ʩʭʝʤʽ. 

 

ʈʠʩʫʥʦʢ 1.16 ï ɺʠʜ ʽʥʪʝʨʬʝʡʩʫ ʙʦʢʦʚʦʛʦ ʤʝʥʶ 

ɼʣʷ ʟʘʧʫʩʢʫ ʩʭʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʥʶ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚʥʠʟʫ ʚʽʢʥʘ 

ISIS (ʨʠʩʫʥʦʢ 1.17). ʑʦʙ ʨʦʟʧʦʯʘʪʠ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʪʨʝʙʘ ʥʘʪʠʩʥʫʪʠ ʥʘ 

ʩʠʥʽʡ ʪʨʠʢʫʪʥʠʢ, ʘ ʱʦʙ ʟʘʚʝʨʰʠʪʠ ï ʥʘ ʢʚʘʜʨʘʪ. 

 

ʈʠʩʫʥʦʢ 1.17 ï ʄʝʥʶ ʟʘʧʫʩʢʫ ʤʦʜʝʣʶʚʘʥʥʷ 

ʄʝʥʶ ʥʘ ʚʝʨʭʥʽʡ ʧʘʥʝʣʽ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʘʪʠ ʚʠʛʣʷʜ ʤʘʢʝʪʫ. 

ʅʘʧʨʠʢʣʘʜ, ʦʙʨʘʚʰʠ ʧʝʨʰʠʡ ʟʣʽʚʘ ʥʘ ʨʠʩʫʥʢʫ 1.18 ʧʫʥʢʪ ʤʝʥʶ Schematic 

capture (ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ) ʤʠ ʧʝʨʝʡʜʝʤʦ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʠʛʣʷʜʫ 

ʩʭʝʤʠ, ʷʢʠʡ ʤʠ ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ. 
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ʈʠʩʫʥʦʢ 1.18 ï ʄʝʥʶ ʚʠʙʦʨʫ ʚʠʛʣʷʜʫ 

ʅʘʩʪʫʧʥʠʡ ʧʫʥʢʪ PCB Layout ï ʧʦʢʘʟʫʻ ʚʠʛʣʷʜ ʩʭʝʤʠ ʟ ʜʦʪʨʠʤʘʥʥʷʤ 

ʤʘʩʰʪʘʙʫ, ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ ʪʘ ʾʭ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʫʻ 

ʨʦʟʪʘʰʫʚʘʥʷ ʢʨʽʧʣʝʥʴ ʜʦ ʤʽʢʨʦʩʭʝʤʠ. 

1.5 ɼʦʜʘʚʘʥʥʷ ʤʦʜʝʣʝʡ 

ʑʦʙ ʜʦʜʘʪʠ ʙʫʜʴï̫ ʢʫ ʤʦʜʝʣʴ ʥʘ ʩʭʝʤʫ ʧʦʪʨʽʙʥʦ ʩʣʽʜʫʚʘʪʠ ʢʨʦʢʘʤ, ʱʦ 

ʙʫʜʫʪʴ ʦʧʠʩʘʥʽ ʜʘʣʽ (ʨʠʩʫʥʦʢ 1.19). 

1. ʋ ʛʦʣʦʚʥʦʤʫ ʚʽʢʥʽ ʩʭʝʤʘʪʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʽʢʨʦʩʭʝʤʠ ʪʨʝʙʘ 

ʥʘʪʠʩʥʫʪʠ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʽʣʴʥʽʡ ʜʽʣʷʥʮʽ ʧʦʣʦʪʥʘ. 

ɺʽʜʢʨʠʻʪʴʩʷ ʥʝʚʝʣʠʢʝ ʤʝʥʶ, ʟ ʷʢʦʛʦ ʪʨʝʙʘ ʙʫʜʝ ʦʙʨʘʪʠ ʧʝʨʰʠʡ 

ʧʫʥʢʪ ï Place (ʧʦʤʽʩʪʠʪʠ). 

2. ʋ ʥʘʩʪʫʧʥʦʤʫ ʤʝʥʶ ʧʦʪʨʽʙʥʦ ʦʙʨʘʪʠ, ʷʢʠʡ ʩʘʤʝ ʝʣʝʤʝʥʪ ʤʠ ʭʦʯʝʤʦ 

ʧʦʤʽʩʪʠʪʠ ʥʘ ʩʭʝʤʫ. ʆʙʠʨʘʻʤʦ ʚʘʨʽʘʥʪ Component (ʢʦʤʧʦʥʝʥʪ). 

3. ʊʨʝʪʻ ʤʝʥʶ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʥʝʜʘʚʥʦ ʚʠʢʦʨʠʩʪʘʥʽ ʝʣʝʤʝʥʪʠ. ʄʠ ʞ 

ʦʙʝʨʝʤʦ ʦʩʪʘʥʥʽʡ ʧʫʥʢʪ ʤʝʥʶ ï From libraries (ʟ ʙʽʙʣʽʦʪʝʢ), ʱʦʙ 

ʩʘʤʦʩʪʽʡʥʦ ʦʙʨʘʪʠ ʧʦʪʨʽʙʥʠʡ ʝʣʝʤʝʥʪ ʟ ʙʽʙʣʽʦʪʝʢʠ. 

 

ʈʠʩʫʥʦʢ 1.19 ï ɼʦʜʘʚʘʥʥʷ ʤʦʜʝʣʽ  
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4. ʋ ʚʽʢʥʽ, ʱʦ ʟô̫ ʚʠʣʦʩʷ,  ʚʧʠʰʝʤʦ ʫ ʩʪʨʦʢʫ ʧʦʰʫʢʫ ʚ ʣʽʚʦʤʫ 

ʚʝʨʭʥʴʦʤʫ ʢʫʪʢʫ ʚʽʢʥʘ ʢʣʶʯʦʚʽ ʩʣʦʚʘ: motor. ʇʽʩʣʷ ʯʦʛʦ ʙʫʜʝ 

ʟʥʘʡʜʝʥʦ ʫʩʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʝ ʩʣʦʚʦ ʫ ʩʚʦʾʡ ʥʘʟʚʽ. 

 

ʈʠʩʫʥʦʢ 1.20 ï ɺʽʢʥʦ ʚʠʙʦʨʫ ʧʦʪʨʽʙʥʦʛʦ ʝʣʝʤʝʥʪʘ 

5. ʆʙʨʘʚʰʠ ʧʦʪʨʽʙʥʠʡ ʝʣʝʤʝʥʪ (MotorïDC ʟ ʙʽʙʣʽʦʪʝʢʠ Motors), 

(ʨʠʩʫʥʦʢ 1.20) ʥʘʪʠʩʥʝʤʦ ʢʥʦʧʢʫ ʆʂ ʪʘ ʨʦʟʤʽʩʪʠʤʦ ʝʣʝʤʝʥʪ ʥʘ ʩʭʝʤʽ 

ʢʣʘʮʥʫʚʰʠ ʧʦ ʥʽʡ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʜʦʜʘʚʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜʘ, ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ, ʦʩʮʠʣʦʛʨʘʬʘ, ʚʦʣʴʪʤʝʪʨʘ ʪʘ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ.  

 

ʈʠʩʫʥʦʢ 1.21 ï ɺʠʙʽʨ ʧʦʪʨʽʙʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟʽ ʩʧʠʩʢʫ 
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ʈʠʩʫʥʦʢ 1.22 ï ʈʦʟʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʘ ʥʘ ʧʦʣʦʪʥʽ 

 

ʈʠʩʫʥʦʢ 1.23 ï ʈʦʟʤʽʱʝʥʥʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʑʦʙ ʜʦʜʘʪʠ ʦʩʮʠʣʦʛʨʘʬ ʪʘ ʚʦʣʴʪʤʝʪʨ ʧʦʪʨʽʙʥʦ ʧʝʨʝʢʣʶʯʠʪʠʩʷ ʫ 

ʨʝʞʠʤ Instruments ʚ ʤʝʥʶ ʥʘ ʨʠʩʫʥʦʢ 1.24. ɺʽʜʢʨʠʻʪʴʩʷ ʧʘʥʝʣʴ ʽʥʩʪʨʫʤʝʥʪʽʚ, 

ʟ ʷʢʦʾ ʤʦʞʥʘ ʦʙʨʘʪʠ ʧʦʪʨʽʙʥʠʡ ʥʘʤ. 

 

ʈʠʩʫʥʦʢ 1.24 ï ʄʝʥʶ ʚʠʙʦʨʫ ʽʥʩʪʨʫʤʝʥʪʽʚ 
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ɼʦʜʘʤʦ ʦʩʮʠʣʦʛʨʘʬ ʟ ʤʝʥʶ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʩʭʝʤʫ ʮʠʬʨʦʚʦʛʦ 

ʚʦʣʴʪʤʝʪʨʘ,  ʷʢʫ ʚʠʢʦʥʘʥʦ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ ATMEGA32 (ʨʠʩʫʥʢʠ 1.25, 

1.38). ɼʣʷ ʮʴʦʛʦ ʧʽʩʣʷ ʚʠʙʦʨʫ ʦʩʮʠʣʦʛʨʘʬʘ ʚ ʤʝʥʶ ʥʘʪʠʩʥʝʤʦ ʜʚʽʯʽ ʧʦ 

ʧʦʨʦʞʥʽʡ ʜʽʣʷʥʮʽ ʥʘ ʩʭʝʤʽ, ʚ ʮʴʦʤʫ ʤʽʩʮʽ ʦʜʨʘʟʫ ʟô̫ ʚʠʪʴʩʷ ʦʩʮʠʣʦʛʨʘʬ 

(ʨʠʩʫʥʦʢ 1.38).  

 

ʈʠʩʫʥʦʢ 1.25 ï ʆʩʮʠʣʦʛʨʘʬ ʥʘ ʩʭʝʤʽ 

ʇʽʜô̒ ʜʥʘʻʤʦ ʦʩʮʠʣʦʛʨʘʬ ʜʦ ʩʭʝʤʠ. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʢʣʽʢʥʫʪʠ ʣʽʚʦʶ 

ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʦʜʥʦʤʫ ʟ ʚʠʭʦʜʽʚ ʦʩʮʠʣʦʛʨʘʬʘ, ʤʘʻ ʟô̫ ʚʠʪʠʩʷ ʣʽʥʽʷ, ʱʦ 

ʩʣʽʜʫʻ ʟʘ ʢʫʨʩʦʨʦʤ ʤʠʰʽ (ʨʠʩʫʥʦʢ 1.26). ʇʽʜô̒ ʜʥʘʻʤʦ ʽʥʰʠʡ ʢʽʥʝʮʴ ʮʴʦʛʦ 

ʜʨʦʪʫ ʜʦ ʜʽʣʷʥʢʠ ʢʦʣʘ, ʷʢʫ ʥʘʤ ʪʨʝʙʘ ʧʨʦʩʣʫʭʘʪʠ. ɼʣʷ ʮʴʦʛʦ ʢʣʘʮʥʝʤʦ ʱʝ ʨʘʟ 

ʧʦ ʜʽʣʷʥʮʽ,  ʜʦ ʷʢʦʾ ʧʦʪʨʽʙʥʦ ʧʽʜô̒ ʜʥʘʪʠʩʷ. ɿô̫ ʚʠʪʴʩʷ ʣʽʥʽʷ ʤʽʞ ʦʩʮʠʣʦʛʨʘʬʦʤ 

ʪʘ ʜʽʣʷʥʢʦʶ ʢʦʣʘ. 

 

ʈʠʩʫʥʦʢ 1.26 ï ʇʨʠʢʣʘʜ ʧʨʠʻʜʥʘʥʥʷ ʦʩʮʠʣʦʛʨʘʬʘ 



23 
 

ʑʦʙ ʚʽʜʢʨʠʪʠ ʚʽʢʥʦ ʦʩʮʠʣʦʛʨʘʬʘ, ʪʨʝʙʘ ʟʘʧʫʩʪʠʪʠ ʩʭʝʤʫ. ɼʣʷ ʮʴʦʛʦ 

ʪʨʝʙʘ ʥʘʪʠʩʥʫʪʠ ʥʘ ʩʠʥʽʡ ʪʨʠʢʫʪʥʠʢ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʝʢʨʘʥʫ (ʨʠʩʫʥʦʢ 1.27). 

ʉʭʝʤʘ ʟʘʧʫʩʪʠʪʴʩʷ, ʽ ʪʨʠʢʫʪʥʠʢ ʟʤʽʥʠʪʴ ʢʦʣʽʨ ʥʘ ʟʝʣʝʥʠʡ.  

 

ʈʠʩʫʥʦʢ 1.27 ï ʋʚʽʤʢʥʝʥʥʷ ʩʠʩʪʝʤʠ 

ɼʘʣʽ ʪʨʝʙʘ ʫ ʧʫʥʢʪʽ ʤʝʥʷ Debug ʥʘ ʚʝʨʭʥʽʡ ʧʘʥʝʣʽ ʫ ʛʦʣʦʚʥʦʤʫ ʚʽʢʥʽ 

ʧʨʦʛʨʘʤʠ ʦʙʨʘʪʠ ʟʽ ʩʧʠʩʢʫ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʦʩʮʠʣʦʛʨʘʬ ʽ ʥʘʪʠʩʥʫʪʠ ʥʘ 

ʡʦʛʦ ʥʘʟʚʫ (ʨʠʩʫʥʦʢ 1.28). ʆʜʨʘʟʫ ʞ ʚʽʜʢʨʠʻʪʴʩʷ ʚʽʢʥʦ ʦʩʮʠʣʦʛʨʘʬʘ ʟ ʜʘʥʠʤʠ 

(ʨʠʩʫʥʦʢ 1.29). 

 

 

ʈʠʩʫʥʦʢ 1.28 ï ʉʧʠʩʦʢ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʠʩʪʝʤʽ 
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ʈʠʩʫʥʦʢ1.29 ï ɺʽʢʥʦ ʦʩʮʠʣʦʛʨʘʬʘ 

ɸʥʘʣʦʛʽʯʥʦ ʜʦʜʘʤʦ ʥʘ ʩʭʝʤʫ ʚʦʣʴʪʤʝʪʨ. ʆʙʝʨʝʤʦ ʫ ʤʝʥʶ ʟʣʽʚʘ 

ʢʦʤʧʦʥʝʥʪ AC VOLTMETER ʽ ʨʦʟʤʽʩʪʠʤʦ ʡʦʛʦ ʥʘ ʩʭʝʤʽ (ʨʠʩʫʥʦʢ 1.30). 

 

ʈʠʩʫʥʦʢ 1.30ï ɺʦʣʴʪʤʝʪʨ, ʷʢʠʡ ʨʦʟʤʽʱʝʥʦ ʥʘ ʩʭʝʤʽ 

ɼʦʜʘʤʦ ʥʘ ʩʭʝʤʫ ʩʝʤʠʩʝʛʤʝʥʪʥʠʡ ʢʘʪʦʜʥʠʡ ʜʠʩʧʣʝʡ ʟ ʤʘʨʢʫʚʘʥʥʷʤ 

7SEGïMPX1ïCA. ɼʣʷ ʮʴʦʛʦ ʧʦʚʪʦʨʠʤʦ ʧʨʦʮʝʩ, ʷʢʠʡ ʦʧʠʩʘʥʦ ʚ ʧʫʥʢʪʽ 1.5, 

ʘʣʝ ʥʘ ʮʝʡ ʨʘʟ ʟʘʧʠʩʘʚʰʠ ʫ ʩʪʨʦʢʫ ʧʦʰʫʢʫ ʥʘʟʚʫ ʜʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʦ 

ʤʘʨʢʫʚʘʥʥʶ.  
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ɼʣʷ ʜʦʜʘʚʘʥʥʘʷ ʩʝʤʠʩʝʛʤʝʥʪʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ ʥʘ ʩʭʝʤʫ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʥʘʪʠ ʘʥʘʣʦʛʽʯʥʽ ʢʨʦʢʠ, ʷʢ ʽ ʧʨʠ ʜʦʜʘʥʥʽ ʧʦʧʝʨʝʜʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ɿʥʘʡʜʝʤʦ ʫ ʙʽʙʣʽʦʪʝʮʽ ʢʦʤʧʦʥʝʥʪʽʚ ʯʝʨʚʦʥʠʡ ʯʦʪʠʨʴʦʭʮʠʬʨʦʚʠʡ ʽʥʜʠʢʘʪʦʨ ʟʘ 

ʢʣʶʯʦʚʠʤ ʩʣʦʚʦʤ 7SEGïMPX4ïCA (ʨʠʩʫʥʦʢ 1.31). 

 

ʈʠʩʫʥʦʢ 1.31 ï ɺʽʢʥʦ ʜʦʜʘʚʘʥʥʷ ʩʝʤʠʩʝʛʤʝʥʪʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ 

ɺʠʙʝʨʝʤʦ ʤʽʩʮʝ ʥʘ ʩʭʝʤʽ ʪʘ ʨʦʟʤʽʩʪʠʤʦ ʽʥʜʠʢʘʪʦʨ, ʥʘʪʠʩʥʫʚʰʠ ʣʽʚʫ 

ʢʥʦʧʢʫ ʤʠʰʽ (ʨʠʩʫʥʦʢ 1.32). 

 

ʈʠʩʫʥʦʢ 1.32 ï ʈʦʟʤʽʱʝʥʥʷ ʽʥʜʠʢʘʪʦʨʘ ʥʘ ʩʭʝʤʽ 

ʇʽʩʣʷ ʪʘʢʦʾ ʦʧʝʨʘʮʽʾ ʥʘ ʧʦʣʦʪʥʽ ʩʭʝʤʠ ʟô̫ ʚʠʪʴʩʷ ʥʦʚʠʡ ʝʣʝʤʝʥʪ, ʷʢʠʡ 

ʟʛʦʜʦʤ ʤʦʞʥʘ ʙʫʜʝ ʧʽʜô̒ ʜʥʘʪʠ ʜʦ ʩʭʝʤʠ. 
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ɼʦʜʘʚʘʥʥʷ ʨʝʟʠʩʪʦʨʽʚ ʥʘ ʩʭʝʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʘʥʘʣʦʛʽʯʥʽ ʢʨʦʢʠ: 

ʩʧʦʯʘʪʢʫ ʤʠ ʰʫʢʘʻʤʦ ʧʦʪʨʽʙʥʠʡ ʝʣʝʤʝʥʪ ʫ ʙʽʙʣʽʦʪʝʮʽ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 

ʙʽʙʣʽʦʪʝʮʽ RESISTORS. ɺ ʜʘʥʽʡ ʙʽʙʣʽʦʪʝʮʽ ʟʘ ʢʣʶʯʦʚʠʤ ʩʣʦʚʦʤ MINRES 

ʧʨʠʩʫʪʥʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʨʝʟʠʩʪʦʨʠ ʟ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʨʠʩʫʥʦʢ 1.33). 

 

ʈʠʩʫʥʦʢ 1.33 ï ɺʽʢʥʦ ʚʠʙʦʨʫ ʧʦʪʨʽʙʥʦʛʦ ʨʝʟʠʩʪʦʨʘ 

ɸ ʜʘʣʽ ʧʦʪʨʽʙʥʠʡ ʨʝʟʠʩʪʦʨ ʨʦʟʤʽʱʘʻʪʴʩʷ ʥʘ ʩʭʝʤʫ. ɿʘ ʙʘʞʘʥʥʷʤ ʤʦʞʥʘ 

ʟʤʽʥʠʪʠ ʦʧʽʨ ʨʝʟʠʩʪʦʨʘ. ɼʣʷ ʮʴʦʛʦ ʧʦ ʝʣʝʤʝʥʪʫ ʧʦʪʨʽʙʥʦ ʜʚʽʯʽ ʥʘʪʠʩʥʫʪʠ 

ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ, ʚʽʜʢʨʠʻʪʴʩʷ ʚʽʢʥʦ ʷʢ ʥʘ ʨʠʩʫʥʦʢ 1.34. ʇʽʩʣʷ ʟʤʽʥʠ 

ʦʧʦʨʫ ʫ ʧʦʣʽ Resistance ʪʠʩʥʠʤʦ ʢʣʘʚʽʰʫ Enter, ʧʽʩʣʷ ʯʦʛʦ ʫ ʨʝʟʠʩʪʦʨʘ 

ʟʤʽʥʠʪʴʩʷ ʦʧʽʨ. 

 

ʈʠʩʫʥʦʢ 1.34 ï ɺʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʴ ʨʝʟʠʩʪʦʨʘ 
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ɼʦʜʘʤʦ ʜʦ ʩʭʝʤʠ ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ. ɺʠʙʠʨʘʻʤʦ ñElectromechanicalò 

ʢʘʪʝʛʦʨʽʶ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʫʥʽʧʦʣʷʨʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʦʙʠʨʘʻʤʦ 

MOTORïSTEPPER (ʨʠʩʫʥʦʢ 1.35), ʜʣʷ ʙʽʧʦʣʷʨʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ï 

MOTORïBISTEPPER (ʨʠʩʫʥʦʢ 1.36). 

 

ʈʠʩʫʥʦʢ 1.35 ï  ʋʥʽʧʦʣʷʨʥʠʡ ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ (STEPPER) 

 

ʈʠʩʫʥʦʢ 1.36 ï ɹʽʧʦʣʷʨʥʠʡ ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ (BISTEPPER) 



28 
 

1.6 ɼʦʜʘʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ʑʦʙ ʜʦʜʘʪʠ ʫ ʧʨʦʝʢʪ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʟ ʘʨʭʽʪʝʢʪʫʨʦʶ AVR, ʷʢʠʡ 

ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʛʨʘʤʫʚʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ATMEGA32, ʦʙʝʨʽʪʴ ʨʝʞʠʤ ʨʦʙʦʪʠ  

ñComponent modeò (ʨʠʩʫʥʦʢ 1.37)  ʫ ʤʝʥʶ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟʣʽʚʘ ʥʘ 

ʛʦʣʦʚʥʦʤʫ ʝʢʨʘʥʽ ʩʝʨʝʜʦʚʠʱʘ ISIS, ʪʘ ʥʘʪʠʩʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʥʘ 

ʚʽʣʴʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʧʨʦʝʢʪʫ. ʋ ʤʝʥʶ, ʱʦ ʟô̫ ʚʠʣʦʩʷ ʧʽʩʣʷ 

ʥʘʪʠʩʢʘʥʥʷ ʥʘ ʢʥʦʧʢʫ ʤʠʰʽ, ʦʙʝʨʽʪʴ Place ï> Component ï> From Libraries 

(ʨʠʩʫʥʦʢ 1.38). 

 

 

ʈʠʩʫʥʦʢ 1.37 ï ʇʝʨʝʭʽʜ ʫ ʨʝʞʠʤ Component Mode 

 

 
ʈʠʩʫʥʦʢ 1.38 ï ʄʝʥʶ ʜʦʜʘʚʘʥʥʷ ʥʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʫ 

 

ʋ ʤʝʥʶ, ʱʦ ʚʽʜʢʨʠʣʦʩʷ, ʚʚʝʜʽʪʴ ʢʣʶʯʦʚʝ ʩʣʦʚʦ ʧʦʰʫʢʫ ñAVRò ʫ 

ʚʝʨʭʥʴʦʤʫ ʣʽʚʦʤʫ ʢʫʪʢʫ ʚʽʢʥʘ, ʦʙʝʨʽʪʴ ʙʘʞʘʥʠʡ AVRïʩʫʤʽʩʥʠʡ ʄʂ ʪʘ 

ʥʘʪʠʩʥʽʪʴ ñOKò (ʨʠʩʫʥʦʢ1.39). ɼʘʣʽ ʪʨʝʙʘ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʨʦʟʪʘʰʫʚʘʪʠ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʥʘ ʧʦʣʦʪʥʽ, ʜʚʽʯʽ ʥʘʪʠʩʥʫʚʰʠ ʥʘ ʣʽʚʫ ʢʥʦʧʢʫ. 
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ʈʠʩʫʥʦʢ 1.39 ï ɺʠʙʽʨ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

1.7 ʇʨʠʢʣʘʜ ʩʭʝʤʠ ʮʠʬʨʦʚʦʛʦ ʚʦʣʴʪʤʝʪʨʘ ʪʘ ʡʦʛʦ ʧʦʙʫʜʦʚʘ 

ɿ ʫʞʝ ʥʘʚʝʜʝʥʠʭ ʨʘʥʽʰʝ ʫ ʧʨʠʢʣʘʜʘʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʧʦʙʫʜʫʚʘʪʠ ʩʭʝʤʫ ʤʦʜʝʣʽ ʮʠʬʨʦʚʦʛʦ ʚʦʣʴʪʤʝʪʨʘ, ʷʢʫ ʟʦʙʨʘʞʝʥʦ ʥʘ      

ʨʠʩʫʥʦʢ 1.40. 

 

 

ʈʠʩʫʥʦʢ 1.40 ï ʇʨʠʢʣʘʜ ʩʭʝʤʠ ʮʠʬʨʦʚʦʛʦ ʚʦʣʴʪʤʝʪʨʘ 
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ʈʦʙʦʪʫ ʮʽʻʾ ʩʭʝʤʠ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʥʠʞʯʝ ʫ ʨʦʟʜʽʣʘʭ 3 ʪʘ 7. ʅʠʞʯʝ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʮʽʻʾ ʩʭʝʤʠ ʜʣʷ ʾʾ ʤʦʜʝʣʶʚʘʥʥʷ ʫ PROTEUS. 

ʇʦʯʥʝʤʦ ʧʦʙʫʜʦʚʫ ʩʭʝʤʠ ʟ ʜʦʜʘʚʘʥʷ ʜʦ ʥʝʾ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ɼʣʷ ʮʴʦʛʦ 

ʦʙʝʨʝʤʦ ʚ ʙʽʙʣʽʦʪʝʮʽ ʢʦʤʧʦʥʝʥʪʽʚ ʄʂ ATMEGA32. ʇʝʨʰʠʡ ʫ ʩʧʠʩʢʫ 

ʟʥʘʡʜʝʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʥʘʤ ʧʽʜʭʦʜʠʪʴ ï ʮʝ AVRïʢʦʥʪʨʦʣʝʨ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ 

ʫ ʙʽʙʣʽʦʪʝʮʽ AVR2 (ʨʠʩʫʥʦʢ 1.41). 

 

ʈʠʩʫʥʦʢ 1.41 ï ʇʦʰʫʢ ʄʂ ʫ ʙʽʙʣʽʦʪʝʮʽ ʢʦʤʧʦʥʝʥʪʽʚ 

ʑʦʡʥʦ ʜʦʜʘʥʠʡ ʝʣʝʤʝʥʪ ʩʭʝʤʠ ʤʘʪʠʤʝ ʚʠʛʣʷʜ ʷʢ ʥʘ ʨʠʩʫʥʢʫ 1.42. 

 

ʈʠʩʫʥʦʢ 1.42 ï ʑʦʡʥʦ ʜʦʜʘʥʠʡ ʄʂ ʥʘ ʩʭʝʤʫ 

ʆʙʝʨʝʤʦ ʟʽ ʩʧʠʩʢʫ ʩʝʤʠʩʝʛʤʝʥʪʥʠʡ ʽʥʜʠʢʘʪʦʨ. ɼʝʪʘʣʴʥʽʰʝ ʮʝʡ ʧʨʦʮʝʩ 

ʙʫʚ ʨʦʟʛʣʷʥʫʪʠʡ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ. ɼʦʜʘʚʰʠ ʽʥʜʠʘʪʦʨ ʥʘ ʩʭʝʤʫ, 
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ʟô̒ ʜʥʘʻʤʦ ʡʦʛʦ ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ, ʱʦ ʚʞʝ ʤʽʩʪʠʪʴʩʷ ʥʘ ʩʭʝʤʽ            

(ʨʠʩʫʥʦʢ 1.43). 

 

ʈʠʩʫʥʦʢ 1.43 ï ɿô̒ ʜʥʘʥʥʷ ʄʂ ʟ ʽʥʜʠʢʘʪʦʨʦʤ 

ɼʘʣʽ ʥʘ ʩʭʝʤʫ ʧʦʪʨʽʙʥʦ ʜʦʜʘʪʠ ʯʦʪʠʨʠ ʨʝʟʠʩʪʦʨʠ, ʷʢ ʮʝ ʚʢʘʟʘʥʦ ʚ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ. ʆʙʝʨʝʤʦ ʟ ʙʽʙʣʽʦʪʝʢʠ ʨʝʟʠʩʪʦʨʠ MINRES10K ʪʘ 

ʟʤʽʥʠʤʦ ʾʭ ʦʧʽʨ ʥʘ 400 ʆʤ ʢʦʞʝʥ. ɼʘʣʽ ʟô̒ ʜʥʘʻʤʦ ʾʭ ʟ ʩʝʤʠʩʝʛʤʝʥʪʥʠʤ 

ʽʥʜʠʢʘʪʦʨʦʤ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʦʢ 1.44. 

 

ʈʠʩʫʥʦʢ 1.44 ï ʇʽʜô̒ ʜʥʘʥʥʷ ʨʝʟʠʩʪʦʨʽʚ 

ɼʦʜʘʤʦ ʥʘ ʩʭʝʤʫ ʧʦʪʝʥʮʽʦʤʝʪʨ, ʟʥʘʡʰʦʚʰʠ ʡʦʛʦ ʫ ʙʽʙʣʽʦʪʝʮʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʢʣʶʯʦʚʠʤ ʩʣʦʚʦʤ POTïHG (ʨʠʩʫʥʦʢ 1.45). 
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ʈʠʩʫʥʦʢ 1.45 ï ɼʦʜʘʚʘʥʥʷ ʧʦʪʝʥʮʽʦʤʝʪʨʘ 

ɿʘ ʢʣʶʯʦʚʠʤ ʩʣʦʚʦʤ BATTERY ʟʥʘʡʜʝʤʦ ʙʣʦʢ ʙʘʪʘʨʝʡ ʽ ʜʦʜʘʤʦ ʾʭ ʥʘ 

ʩʭʝʤʫ. ʅʘʪʠʩʥʝʤʦ ʜʚʽʯʽ ʧʦ ʜʘʥʦʤʫ ʙʣʦʢʫ ʪʘ ʫ ʧʦʣʽ Voltage ʟʤʽʥʠʤʦ ʥʘʧʨʫʛʫ 

ʝʣʝʤʝʥʪʘ ʞʠʚʣʝʥʥʷ ʜʦ 5V. ʈʦʟʤʽʩʪʠʤʦ ʝʣʝʤʝʥʪʠ ʥʘ ʩʭʝʤʽ, ʷʢ ʧʦʢʘʟʘʥʦ          

ʥʘ ʨʠʩʫʥʦʢ 1.46. 

 

ʈʠʩʫʥʦʢ 1.46 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʙʘʪʘʨʝʡ ʪʘ ʧʦʪʝʥʮʽʦʤʝʪʨʘ 

ʅʘʨʝʰʪʽ ʜʦʜʘʤʦ ʥʘ ʩʭʝʤʫ ʟʚʠʯʘʡʥʠʡ ʚʦʣʴʪʤʝʪʨ, ʚʠʢʦʥʘʚʰʠ ʢʨʦʢʠ, ʷʢ ʚ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ. ɿô̒ ʜʥʘʻʤʦ ʝʣʝʤʝʥʪʠ ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ         

(ʨʠʩʫʥʦʢ 1.47). 
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ʈʠʩʫʥʦʢ 1.47 ï ʉʭʝʤʘ ʟô̒ ʜʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ɺʘʞʣʠʚʦ ʪʝʧʝʨ ʧʽʜʢʣʶʯʠʪʠ ʟʘʟʝʤʣʝʥʥʷ ʜʦ ʩʭʝʤʠ. ɼʣʷ ʮʴʦʛʦ ʫ ʙʦʢʦʚʦʤʫ 

ʤʝʥʶ ʚʽʢʥʘ ʨʦʟʨʦʙʢʠ ʧʦʪʨʽʙʥʦ ʦʙʨʘʪʠ ʧʽʜʧʫʥʢʪ Terminals mode. ʋ ʮʴʦʤʫ 

ʤʝʥʶ ʦʙʠʨʘʻʤʦ ʢʦʤʧʦʥʝʥʪ GROUND, ʥʘʪʠʩʢʘʻʤʦ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʜʚʽʯʽ 

ʧʦ ʤʽʩʮʶ ʩʭʝʤʠ, ʷʢʝ ʧʦʪʨʽʙʥʦ ʟʘʟʝʤʣʠʪʠ. ɺ ʪʦʤʫ ʤʽʩʮʽ ʟô̫ ʚʠʪʴʩʷ ʟʥʘʯʦʢ 

ʟʘʟʝʤʣʝʥʥʷ (ʨʠʩʫʥʦʢ 1.48). 

 

 

 

ʈʠʩʫʥʦʢ 1.48 ï ɿʥʘʯʦʢ ʟʘʟʝʤʣʝʥʥʷ ʥʘ ʩʭʝʤʽ 

ɿ ʪʦʛʦ ʞ ʤʝʥʶ ʧʦʪʨʽʙʥʦ ʦʙʨʘʪʠ ʫ ʤʝʥʶ ʟʣʽʚʘ ʧʫʥʢʪ POWER ʪʘ ʜʦʜʘʪʠ 

ʜʘʥʠʡ ʝʣʝʤʝʥʪ ʫ ʤʽʩʮʝ, ʧʦʢʘʟʘʥʝ ʥʘ ʨʠʩʫʥʦʢ 1.49. 

ɿʘʢʣʶʯʥʠʤ ʢʨʦʢʦʤ ʙʫʜʝ ʧʨʦʮʝʩ ʟʘʚʘʥʪʘʞʝʥʥʷ .hex ʬʘʡʣʘ ʫ ʧʘʤô̫ ʪʴ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʜʣʷ ʡʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʥʘʥʥʷ. ɼʘʥʠʡ ʧʨʦʮʝʩ ʦʧʠʩʘʥʦ ʫ 

ʥʘʩʪʫʧʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ. 
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ʈʠʩʫʥʦʢ 1.49 ï ʄʽʩʮʝ ʧʽʜô̒ ʜʥʘʥʥʷ ʞʠʚʣʝʥʥʷ 

1.8 ɿʘʚʘʥʪʘʞʝʥʥʷ ʢʦʜʫ ʚ ʧʘʤô̫ ʪʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ʅʘʩʪʫʧʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʪʘ ʽʣʶʩʪʨʘʮʽʾ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʨʦʮʝʩ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ ʚ ʧʘʤô̫ ʪʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

1. ʉʪʚʦʨʠʪʠ ʥʦʚʠʡ ʧʨʦʝʢʪ ʫ ʩʝʨʝʜʦʚʠʱʽ ISIS ʪʘ ʟʙʝʨʝʛʪʠ ʡʦʛʦ. 

2. ɼʦʜʘʪʠ ʫ ʧʨʦʝʢʪ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʟ ʘʨʭʽʪʝʢʪʫʨʦʶ AVR, ʷʢʠʡ 

ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʛʨʘʤʫʚʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ATMEGA32.  

3. ʑʦʙ ʟʘʚʘʥʪʘʞʠʪʠ ʚʞʝ ʩʢʦʤʧʽʣʴʦʚʘʥʠʡ ʬʘʡʣ ʟ ʧʨʦʛʨʘʤʦʶ ʚ ʧʘʤô̫ ʪʴ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʧʦʪʨʽʙʥʦ ʜʚʽʯʽ ʥʘʪʠʩʥʫʪʠ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ 

ʄʂ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʢʨʠʻʪʴʩʷ ʚʽʢʥʦ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʨʠʩʫʥʦʢ 1.50).  

4. ɼʘʣʽ ʧʦʪʨʽʙʥʦ ʥʘʪʠʩʥʫʪʠ ʥʘ ʟʦʙʨʘʞʝʥʥʷ ʬʘʡʣʽʚ (ʚʠʜʽʣʝʥʦ ʯʝʨʚʦʥʠʤ 

ʥʘ ʨʠʩʫʥʢʫ 1.50), ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʢʨʠʻʪʴʩʷ ʚʽʢʥʦ ʚʠʙʦʨʫ ʬʘʡʣʫ ʟ 

ʢʦʤʧôʁ ʪʝʨʘ (ʨʠʩʫʥʦʢ1.51). ɺ ʜʘʥʦʤʫ ʚʽʢʥʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʪʘ ʦʙʨʘʪʠ 

ʬʘʡʣ  ʫ ʬʦʨʤʘʪʽ HEX, OBJ ʘʙʦ ELF.  

5. ʇʽʩʣʷ ʚʠʙʦʨʫ ʬʘʡʣʫ ʪʨʝʙʘ ʟʙʝʨʝʛʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʙʫʜʝ ʚ ʟʤʦʟʽ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʘʥʪʘʞʝʥʫ ʧʨʦʛʨʘʤʫ. 
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ʈʠʩʫʥʦʢ 1.50 ï ɺʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

 

ʈʠʩʫʥʦʢ 1.51ï ɺʠʙʽʨ ʬʘʡʣʫ ʧʨʦʛʨʘʤʠ 

1.9 ʉʪʚʦʨʝʥʥʷ ʧʨʦʝʢʪʫ ʪʘ ʦʪʨʠʤʘʥʥʷ hexïʬʘʡʣʘ ʫ Atmel Studio 

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ AVR ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

Atmel Studio 7 ï ʽʥʪʝʛʨʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ 

ʚʽʜʣʘʛʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤ ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ AVR ʪʘ AVR32 ʚ ʦʧʝʨʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ Windows. ʇʽʩʣʷ ʰʦʩʪʦʾ ʚʝʨʩʽʾ ʩʝʨʝʜʦʚʠʱʝ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʷʢ ʽ ʟ 

AVRï ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʤʠ, ʪʘʢ ʽ ʟ ʩʠʩʪʝʤʘʤʠ ʟ ARMï ʘʨʭʽʪʝʢʪʫʨʦʶ. 
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ʇʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ AVR Studio ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʢʦʤʧʘʥʽʻʶ Atmel ʟ 2004 

ʨʦʢʫ. ʇʦʯʠʥʘʶʯʠ ʟ ʚʝʨʩʽʾ 6.0, ʢʦʤʧʘʥʽʷ ʟʤʽʥʠʣʘ ʥʘʟʚʫ ʧʨʦʛʨʘʤʠ ʥʘ Atmel 

Studio ʪʘ ʜʦʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʨʘʤʫʚʘʪʠ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ARMï 

ʘʨʭʽʪʝʢʪʫʨʠ. ʈʘʥʽʰʝ ʽʩʥʫʚʘʚ ʽ ʬʽʨʤʦʚʠʡ ʘʩʝʤʙʣʝʨ ʧʽʜ ʆʉ Windows 

(wavrasm.exe) ʚʽʜ Atmel, ʷʢʠʡ ʧʦʻʜʥʫʚʘʚ ʘʩʝʤʙʣʝʨ ʽ ʨʝʜʘʢʪʦʨ, ʧʨʦʪʝ, ʥʝʚʜʦʚʟʽ 

ʧʽʩʣʷ ʧʦʷʚʠ AVR Studio ʚʽʜʤʦʚʠʣʠʩʴ ʚʽʜ ʡʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. 

Atmel Studio ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʠ, ʷʢ ʚʙʫʜʦʚʘʥʠʡ C/C++ï 

ʢʦʤʧʽʣʷʪʦʨ, ʩʠʤʫʣʷʪʦʨ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʚʽʜʣʘʛʦʜʞʝʥʥʷ 

ʧʨʦʛʨʘʤ, ʤʝʥʝʜʞʝʨ ʧʨʦʝʢʪʽʚ, ʨʝʜʘʢʪʦʨ ʢʦʜʫ, ʤʦʜʫʣʴ ʚʥʫʪʨʽʰʥʴʦʩʭʝʤʥʦʛʦ 

ʚʽʜʣʘʛʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʽʥʪʝʨʬʝʡʩ ʢʦʤʘʥʜʥʦʛʦ ʨʷʜʢʘ. ʂʨʽʤ ʩʪʘʥʜʘʨʪʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʩʝʨʝʜʦʚʠʱʝ ʧʽʜʪʨʠʤʫʻ ʨʷʜ ʽʥʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ 

ʢʦʤʧʽʣʷʪʦʨ GCC ʪʘ ʧʣʘʛʽʥ AVR RTOS (ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ). 

ʂʨʽʤ C/C++, ʩʝʨʝʜʦʚʠʱʝ ʜʦʟʚʦʣʷʻ ʧʨʦʛʨʘʤʫʚʘʪʠ ʪʘʢʦʞ ʥʘ ʘʩʝʤʙʣʝʨʽ. ɿʘʚʜʷʢʠ 

ʟʚô̫ ʟʮʽ ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʽʚ Atmel Studio ʠ Proteus ʦʪ ʬʠʨʤʳ Labcenter 

Electronics ʫ ʥʘʩ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʙʝʟ ʥʘʷʚʥʦʩʪʽ 

ʙʫʜʴï̫ ʢʦʾ ʤʘʪʝʨʽʘʣʴʥʦʾ ʙʘʟʠ.  

ʆʩʪʘʥʥʷ ʚʝʨʩʽʷ Atmel Studio ʧʽʜʪʨʠʤʫʻ ʚʩʽ ʽʩʥʫʶʯʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʤʦʤʝʥʪ 8ïʙʽʪʦʚʽ, 32ïʙʽʪʦʚʽ AVR, SAM3 ʽ SAM4 ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʽ ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ ʧʦʥʘʜ 1100 ʧʨʦʝʢʪʽʚ ʟ ʧʨʠʢʣʘʜʘʤʠ. ʊʘʢʦʞ ʜʦʩʪʫʧʥʽ ʩʪʘʨʽ ʚʝʨʩʽʾ 

ʧʨʦʛʨʘʤʠ. 

ʇʨʦʛʨʘʤʘ ʦʩʪʘʥʥʴʦʾ ʚʝʨʩʽʾ ʨʦʟʨʦʙʣʷʣʘʩʴ ʟʘ ʧʽʜʪʨʠʤʢʠ Microsoft Visual 

Studio ʪʦʤʫ ʽ ʜʠʟʘʡʥ Atmel Studio ʩʭʦʞʠʡ ʥʘ ʾʭ ʧʨʦʜʫʢʪ. 

ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʷʚʣʷʻʪʴʩʷ ʙʝʟʢʦʰʪʦʚʥʦʶ ʪʘ ʜʦʩʪʫʧʥʘ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʟ ʦʬʽʮʽʡʥʦʛʦ ʩʘʡʪʫ ʚʠʨʦʙʥʠʢʘ (ʨʠʩʫʥʦʢ 1.52).  

ɺ ʜʘʥʠʭ ʤʝʪʦʜʠʯʥʠʭ ʚʢʘʟʽʚʢʘʭ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʦʛʨʘʤʘ               

Atmel Studio 7. ʇʽʩʣʷ ʟʘʧʫʩʢʫ ʬʘʡʣʫ ʽʥʩʪʘʣʷʪʦʨʘ ʟô̫ ʚʠʪʴʩʷ ʚʽʢʥʦ ʧʨʠʚʽʪʘʥʥʷ. 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʽʥʩʪʘʣʷʮʽʾ ʟô̫ ʚʠʪʴʩʷ ʚʽʢʥʦ ʣʽʮʝʥʟʽʡʥʦʛʦ ʧʦʛʦʜʞʝʥʥʷ          

(ʨʠʩʫʥʦʢ 1.53). ʇʽʩʣʷ  ʮʴʦʛʦ ʧʦʛʦʜʞʝʥʥʷ ʟ ʧʨʘʚʠʣʘʤʠ ʪʨʝʙʘ ʧʝʨʝʭʦʜʠʪʠ ʤʽʞ 

ʝʢʨʘʥʘʤʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʠ ʧʦ ʥʘʪʠʩʥʝʥʥʶ ʢʥʦʧʢʠ ñNextò.  
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ʈʠʩʫʥʦʢ1.52 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʦʛʨʘʤʠ 

 

ʈʠʩʫʥʦʢ 1.53 ï ɺʽʢʥʦ ʧʦʛʦʜʞʝʥʥʷ ʟ ʧʨʘʚʠʣʘʤʠ 

ʇʽʩʣʷ ʟʘʧʫʩʢʫ ʩʪʫʜʽʾ ʢʦʨʠʩʪʫʚʘʯ ʧʦʪʨʘʧʣʷʻ ʥʘ ʩʪʘʨʪʦʚʫ ʬʦʨʤʫ. ʅʘ ʥʽʡ 

ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʧʦʯʘʪʠ ʨʦʙʦʪʫ ʽʟ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʨʦʝʢʪʫ ʘʙʦ ʚʽʜʢʨʠʪʠ 

ʽʩʥʫʶʯʠʡ (ʨʠʩʫʥʦʢ 1.54). 
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ʈʠʩʫʥʦʢ 1.54 ï ʇʦʯʘʪʢʦʚʝ ʚʽʢʥʦ Atmel studio 

ʉʪʚʦʨʠʤʦ ʥʦʚʠʡ ʧʨʦʝʢʪ. ɼʣʷ ʮʴʦʛʦ ʚʠʙʝʨʝʤʦ New Project, ʧʽʩʣʷ ʯʦʛʦ 

ʧʦʪʨʘʧʠʤʦ ʥʘ ʬʦʨʤʫ ʧʘʨʘʤʝʪʨʽʚ (ʨʠʩʫʥʦʢ 1.55). 

 

ʈʠʩʫʥʦʢ 1.55 ï ʄʝʥʶ ʚʠʙʦʨʫ ʤʦʚʠ, ʪʠʧʫ ʧʨʦʝʢʪʫ ʪʘ ʥʘʟʚʠ 

ɿ ʦʙʣʘʩʪʽ ʰʘʙʣʦʥʽʚ (ʚʢʣʘʜʢʠ ʚʩʪʘʥʦʚʣʝʥʽ) ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ C/C ++ ʚ 

ʷʢʦʩʪʽ ʥʘʰʦʛʦ ʰʘʙʣʦʥʫ. ɺ ʦʙʣʘʩʪʽ ʟ ʪʠʧʘʤʠ ʧʨʦʝʢʪʽʚ ʚʠʙʠʨʘʻʤʦ 

çɺʠʢʦʥʫʚʘʥʠʡ ʧʨʦʝʢʪè. ʇʽʩʣʷ ʮʴʦʛʦ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʚʽʢʥʘ ʜʘʻʤʦ ʥʘʟʚʫ ʜʣʷ 

ʥʘʰʦʛʦ ʨʽʰʝʥʥʷ ʪʘ ʚʠʙʠʨʘʻʤʦ ʡʦʛʦ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ. ʊʠʩʥʝʤʦ çʆʂè ʪʘ 

ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʚʠʙʦʨʫ ʚʽʨʪʫʘʣʴʥʦʛʦ ʚʠʢʦʥʘʚʯʦʛʦ ʧʨʠʩʪʨʦʶ (ʨʠʩʫʥʦʢ 1.56). 
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ʈʠʩʫʥʦʢ1.56 ï ʄʝʥʶ ʚʠʙʦʨʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʙʠʨʘʻʤʦ ATmega16 ʪʘ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʘʥʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʷʢ ʮʽʣʴʦʚʠʡ ʧʨʠʩʪʨʽʡ, ʜʣʷ ʷʢʦʛʦ ʙʫʜʝ ʩʪʚʦʨʶʚʘʪʠʩʴ 

ʚʠʢʦʥʫʚʘʥʘ ʧʨʦʛʨʘʤʘ. ʇʽʩʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʥʘʪʠʩʥʫʪʠ çʆʂè. Atmel Studio 

ʩʪʚʦʨʠʪʴ ʧʨʦʝʢʪ ʪʘ ʧʦʢʘʞʝ ʚʽʢʥʦ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ (ʨʠʩʫʥʦʢ 1.57).   

 

ʈʠʩʫʥʦʢ 1.57 ï ɻʦʣʦʚʥʝ ʚʽʢʥʦ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ 
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ʗʢ ʙʘʯʠʤʦ, ʩʝʨʝʜʦʚʠʱʝ ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ ʥʘ ʟʦʥʠ. ɿʚʝʨʭʫ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʘʥʝʣʴ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʧʦʩʝʨʝʜʠʥʽ ʛʦʣʦʚʥʘ ʦʙʣʘʩʪʴ ʢʦʜʫ, ʟʥʠʟʫ 

ï ʦʙʣʘʩʪʴ ʚʠʚʦʜʫ ʨʝʟʫʣʴʪʘʪʫ, ʩʧʨʘʚʘ ï ʚʽʢʥʦ ʧʝʨʝʛʣʷʜʫ ʩʪʨʫʢʪʫʨʠ ʧʨʦʝʢʪʫ. 

ɿʚʽʩʥʦ, ʩʝʨʝʜʦʚʠʱʝ ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ ʧʦï̔ ʥʰʦʤʫ, ʚʠʙʨʘʚʰʠ ʥʝʦʙʭʽʜʥʽ 

ʚʽʢʥʘ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ.  

ʑʦʙ ʩʪʚʦʨʠʪʠ hex ʬʘʡʣ ʫ Atmel studio 7 (ʨʠʩʫʥʦʢ 1.58) ʟ ʧʨʦʝʢʪʫ ʥʘ 

ʤʦʚʽ ʉ ʧʦïʧʝʨʰʝ ʧʦʪʨʽʙʥʦ ʫʧʝʚʥʠʪʠʩʷ, ʱʦ ʚ ʧʨʦʝʢʪʽ ʽʩʥʫʻ ʬʘʡʣ ʟ ʬʫʥʢʮʽʻʶ 

main(), ʘ ʪʘʢʦʞ, ʱʦ ʚʩʽ ʙʽʙʣʽʦʪʝʢʠ ʧʽʜʢʣʶʯʝʥʽ.  

 

ʈʠʩʫʥʦʢ 1.58 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ 

ʇʽʩʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʥʘʪʠʩʥʫʪʠ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʥʘ ʜʘʥʠʡ 

ʧʨʦʝʢʪ ʫ ʤʝʥʶ Solution explorer, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʢʥʽ ʩʧʨʘʚʘ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ (ʨʠʩʫʥʦʢ 1.59). ɺ ʤʝʥʶ ʧʦʪʨʽʙʥʦ ʦʙʨʘʪʠ ʧʫʥʢʪ Build 

(ʟʙʫʜʫʚʘʪʠ) ʪʘ ʟʘʯʝʢʘʪʠ ʜʝʢʽʣʴʢʘ ʩʝʢʫʥʜ. 



41 
 

 

ʈʠʩʫʥʦʢ 1.59 ï ʄʝʥʶ ʥʘʣʘʰʪʫʚʘʥʴ ʧʨʦʝʢʪʫ 

ʂʦʤʧʽʣʷʪʦʨ ʤʦʞʝ ʚʠʚʝʩʪʠ ʜʝʢʽʣʴʢʘ ʟʘʫʚʘʞʝʥʴ (ʨʠʩʫʥʦʢ 1.60), ʷʢʽ, 

ʧʨʦʪʝ, ʥʝ ʟʘʚʘʞʘʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʫ ʪʘ ʾʾ ʬʘʡʣʠ. 

 

ʈʠʩʫʥʦʢ 1.60 ï ʇʦʧʝʨʝʜʞʝʥʥʷ ʚʽʜ ʢʦʤʧʽʣʷʪʦʨʘ 

ʊʘʢʦʞ ʙʫʜʝ ʘʚʪʦʤʘʪʠʯʥʦ ʟʛʝʥʝʨʦʚʘʥʦ hexïʬʘʡʣ ʜʣʷ ʧʨʦʝʢʪʫ, ʷʢʠʡ 

ʟʙʝʨʝʞʝʪʴʩʷ ʫ ʧʘʧʢʫ ʟ ʧʨʦʝʢʪʦʤ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʦʢ 1.61. 

 

ʈʠʩʫʥʦʢ 1.61 ï ʅʦʚʠʡ ʬʘʡʣ 
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ɼʘʥʽ ʟ ʬʘʡʣʘ ʦʜʨʘʟʫ ʤʦʞʥʘ ʧʨʦʜʠʚʠʪʠʩʷ, ʷʢʱʦ ʜʚʽʯʽ ʥʘʪʠʩʥʫʪʠ ʣʽʚʦʶ 

ʢʥʦʧʢʦʶ ʧʦ ʬʘʡʣʫ ʫ ʩʧʠʩʢʫ (ʨʠʩʫʥʦʢ 1.62). 

 

ʈʠʩʫʥʦʢ 1.62 ï ɼʘʥʽ ʟ ʬʘʡʣʫ 

1.10 ʉʪʚʦʨʝʥʥʷ ʧʨʦʝʢʪʫ ʪʘ ʦʪʨʠʤʘʥʥʷ hexïʬʘʡʣʘ ʫ Keil  uVision 

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʄʂï51 ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

Keil ï ʽʥʪʝʛʨʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʚʽʜʣʘʛʦʜʞʝʥʥʷ 

ʧʨʦʛʨʘʤ ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʚ ʦʧʝʨʘʮʽʡʥʽʡ ʩʠʩʪʝʤ ̔Windows. Cʝʨʝʜʦʚʠʱʝ  

ʪʘʢʦʞ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʪʘʢʦʞ ʷʢ ʟ AVRï ʢʦʥʪʨʦʣʝʨʘʤʠ, ʪʘʢ ʽ ʟ ʩʠʩʪʝʤʘʤʠ ʟ 

ARMï ʘʨʭʽʪʝʢʪʫʨʦʶ. 

Keil uVision ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʠ, ʷʢ ʚʙʫʜʦʚʘʥʠʡ C/C++ï 

ʢʦʤʧʽʣʷʪʦʨ, ʩʠʤʫʣʷʪʦʨ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʚʽʜʣʘʛʦʜʞʝʥʥʷ 

ʧʨʦʛʨʘʤ, ʤʝʥʝʜʞʝʨ ʧʨʦʝʢʪʽʚ, ʨʝʜʘʢʪʦʨ ʢʦʜʫ, ʤʦʜʫʣʴ ʚʥʫʪʨʽʰʥʴʦʩʭʝʤʥʦʛʦ 

ʚʽʜʣʘʛʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʽʥʪʝʨʬʝʡʩ ʢʦʤʘʥʜʥʦʛʦ ʨʷʜʢʘ. ʂʨʽʤ C/C++, 

ʩʝʨʝʜʦʚʠʱʝ ʜʦʟʚʦʣʷʻ ʧʨʦʛʨʘʤʫʚʘʪʠ ʪʘʢʦʞ ʥʘ ʘʩʝʤʙʣʝʨʽ. ɿʘʚʜʷʢʠ ʟʚô̫ ʟʮʽ 

ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʽʚ Keil ʪʘ Proteus ʦʪ ʬʠʨʤʳ Labcenter Electronics  ʫ ʥʘʩ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʙʫʜʴï ʷʢʦʾ 

ʤʘʪʝʨʽʘʣʴʥʦʾ ʙʘʟʠ.  

ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʷʚʣʷʻʪʴʩʷ ʙʝʟʢʦʰʪʦʚʥʦʶ ʪʘ ʜʦʩʪʫʧʥʘ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʟ ʦʬʽʮʽʡʥʦʛʦ ʩʘʡʪʫ ʚʠʨʦʙʥʠʢʘ (ʨʠʩʫʥʦʢ 1.63).  
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ʈʠʩʫʥʦʢ 1.63 ï ɯʥʩʪʘʣʷʮʽʷ ʧʨʦʜʫʢʪʫ Keil 

ɼʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʧʦʪʨʽʙʥʦ ʚʢʘʟʘʪʠ ʽʤô̫ , ʥʘʟʚʫ ʟʘʢʣʘʜʫ ʪʘ ʝʣʝʢʪʨʦʥʥʫ 

ʘʜʨʝʩʫ (ʨʠʩʫʥʦʢ 1.64). 

 

ʈʠʩʫʥʦʢ 1.64 ï ʇʨʦʜʦʚʞʝʥʥʷ ʽʥʩʪʘʣʷʮʽ ʾʧʨʦʜʫʢʪʫ Keil 

ɼʘʣʽ ʟ`ʷʚʠʪʴʩʷ ʚʽʢʥʦ Keil uVision (ʨʠʩʫʥʦʢ 1.65). 
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ʈʠʩʫʥʦʢ1.65 ï ʇʦʯʘʪʢʦʚʝ ʚʽʢʥʦ Keil uVision 

ʉʪʚʦʨʠʤʦ ʥʦʚʠʡ ʧʨʦʝʢʪ. ɼʣʷ ʮʴʦʛʦ ʚʠʙʝʨʝʤʦ New Project, ʧʽʩʣʷ ʯʦʛʦ 

ʧʦʪʨʘʧʠʤʦ ʥʘ ʬʦʨʤʫ ʧʘʨʘʤʝʪʨʽʚ (ʨʠʩʫʥʦʢ 1.66). 

ʇʽʩʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʙʨʘʪʠ ʜʠʨʝʢʪʦʨʽʶ, ʫ ʷʢʫ ʧʦʪʨʽʙʥʦ ʟʙʝʨʝʛʪʠ ʮʝʡ 

ʧʨʦʝʢʪ ʪʘ ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʫ ʘʨʭʽʪʝʢʪʫʨʫ (ʥʘʧʨʠʢʣʘʜ, AT89C51)          

(ʨʠʩʫʥʦʢ 1.67) 

 

ʈʠʩʫʥʦʢ 1.66 ï ʉʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʨʦʝʢʪʫ 
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ʈʠʩʫʥʦʢ 1.67 ï ɺʠʙʽʨ ʧʦʪʨʽʙʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʑʦʙ ʜʦʜʘʪʠ ʥʦʚʠʡ *.ʩ ʬʘʡʣ ʜʦ ʧʨʦʝʢʪʫ, ʧʦʪʨʽʙʥʦ ʥʘʪʠʩʥʫʪʠ ʥʘ        

çAdd new item to groupè (ʨʠʩʫʥʦʢ 1.68, 1.69) 

 

ʈʠʩʫʥʦʢ 1.68 ï ʉʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʬʘʡʣʫ ʚ ʧʨʦʝʢʪʽ 
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ʈʠʩʫʥʦʢ1.69 ï ɺʠʙʽʨ ʪʠʧʫ ʬʘʡʣʫ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ 

ʇʽʩʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʢʘʟʘʪʠ ʰʣʷʭ ʛʝʥʝʨʘʮʽʾ hexïʬʘʡʣʫ             

(ʨʠʩʫʥʢʠ 1.70, 1.71) 

 

ʈʠʩʫʥʦʢ 1.70 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʝʢʪʫ 

 

ʈʠʩʫʥʦʢ 1.71 ï ɻʝʥʝʨʘʮʽʷ hex ï ʬʘʡʣʫ 
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ɼʣʷ ʛʝʥʝʨʘʮʽʾ hexïʬʘʡʣʫ ʧʦʪʨʽʙʥʦ ʚʚʽʤʢʥʫʪʠ ʧʨʘʧʦʨʝʮʴ çCreate HEX 

fileè ʪʘ ʚʠʙʨʘʪʠ ʬʦʨʤʘʪ çHexï80è. ʇ̔ ʩʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʧʦʙʫʜʦʚʫ 

ʧʨʦʝʢʪʫ ʪʘ ʦʪʨʠʤʘʪʠ hex ʬʘʡʣ ʟʘ ʰʣʷʭʦʤ ʫ ʧʘʧʮʽ Objects, ʷʢʠʡ ʙʫʚ ʚʢʘʟʘʥʠʡ 

ʷʢ ʛʦʣʦʚʥʠʡ ʜʣʷ ʮʴʦʛʦ ʧʨʦʝʢʪʫ (ʨʠʩʫʥʢʠ 1.72, 1.73). 

 

ʈʠʩʫʥʦʢ1.72 ï ʇʦʙʫʜʦʚʘ ʧʨʦʝʢʪʫ 

 

ʈʠʩʫʥʦʢ 1.73 ï hex ï ʬʘʡʣ 
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2 ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʀʉʊʈʆʖ ʂɽʈʋɺɸʅʅʗ ɼɺʀɻʋʅʆʄ 

ʇʆʉʊɯʁʅʆɻʆ ʉʊʈʋʄʋ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ʄɯʂʈʆʂʆʅʊʈʆʃɽʈɸ ʉɯʄ`ɰ AVR 

2.1 ʆʧʠʩ ʤʦʜʝʣʽ 

ʈʦʙʦʯʫ ʤʦʜʝʣʴ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.1. 

ʈʦʟʙʝʨʝʤʦ ʮʶ ʤʦʜʝʣʴ ʜʦʢʣʘʜʥʽʰʝ. ɿ ʣʽʚʦʛʦ ʙʦʢʫ ʨʠʩʫʥʢʫ 2.1 ʤʠ ʙʘʯʠʤʦ 

ʢʥʦʧʢʠ ʢʝʨʫʚʘʥʥʷ: K1, K2, K3, K4 ʥʘ ʷʢʽ, ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʠ R1, R2, R3, R4 

ʚʽʜʧʦʚʽʜʥʦ, ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ. ʋ ʧʨʘʚʦʤʫ ʥʠʞʥʴʦʤʫ ʢʫʪʽ ʤʠ ʙʘʯʠʤʦ ʜʚʠʛʫʥ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ DC Motor, ʘ ʪʨʦʭʠ ʣʽʚʽʰʝ ʤʽʢʨʦʩʭʝʤʫ L293D, ʯʝʨʝʟ ʷʢʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʽ ʢʝʨʫʻ ʜʚʠʛʫʥʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯʄ ï ʩʠʛʥʘʣʫ. ʉʘʤ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ATmega128 ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʝʨʭʥʴʦʤʫ ʧʨʘʚʦʤʫ ʢʫʪʽ. ɿʦʚʥʽʰʥʽ 

ʨʝʟʠʩʪʦʨʠ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʯʝʨʝʟ ʪʝ, ʱʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʚʥʫʪʨʽʰʥʽ 

ʧʽʜʪʷʛʫʶʯʠ ʨʝʟʠʩʪʦʨʠ ʥʘ ʚʭʽʜʥʠʭ ʣʽʥʽʷʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʅʘ ʨʠʩʫʥʢʫ 2.2 

ʥʘʚʝʜʝʥʦ ʧʦʟʥʘʯʝʥʥʷ ʚʠʚʦʜʽʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʅʠʞʯʝ ʙʽʣʴʰ ʜʦʢʣʘʜʥʽʰʝ 

ʧʦʷʩʥʠʤʦ, ʱʦ ʽ ʢʫʜʠ ʧʽʜʢʣʶʯʘʻʤʦ ʚ ʤʦʜʝʣʽ. 

 
 

ʈʠʩʫʥʦʢ 2.1ï ʉʭʝʤʘ ʤʦʜʝʣʽ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 
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ʈʠʩʫʥʦʢ 2.2 ï  ɺʠʚʦʜʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ATmega128  

ʇʦʯʥʝʤʦ ʟ ʢʥʦʧʦʢ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʠ ʙʫʜʝʤʦ ʟʜʽʡʩʥʶʚʘʪʠ 

ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ DC Motor ʥʘ ʤʦʜʝʣʽ. ɿʙʽʣʴʰʝʥʠʡ ʾʭ 

ʚʠʛʣʷʜ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.3. ʂʥʦʧʢʠ ʻ ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʠʤʠ ʪʘ ʥʝ 

ʬʽʢʩʦʚʘʥʠʤʠ, ʪʦʙʪʦ ʧʽʩʣʷ ʟʥʷʪʪʷ ʧʨʠʢʣʘʜʝʥʦʛʦ ʟʫʩʠʣʣʷ ʚʦʥʠ ʧʦʚʝʨʪʘʶʪʴʩʷ ʫ 

ʚʠʭʽʜʥʠʡ ʩʪʘʥ.  ʎʝ ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʦʟʥʘʯʘʻ ʥʘʩʪʫʧʥʝ: ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʥʘ 

ʚʭʦʜʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ATmega128 ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʠ R1éR4 ʧʦʜʘʻʪʴʩʷ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ, ʪʦʙʪʦ ʣʦʛʽʯʥʘ 1. ɸ ʢʦʣʠ ʢʥʦʧʢʠ ʥʘʪʠʩʢʘʶʪʴʩʷ, ʥʘ 

ʚʭʦʜʘʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ, ʪʦʙʪʦ 

ʣʦʛʽʯʥʠʡ 0. 

 

ʈʠʩʫʥʦʢ 2.3 ï  ʇʦʨʷʜʦʢ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷ 
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ʂʥʦʧʢʘ K1 (StartStop Line) ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʤʠʢʘʥʥʷ ʪʘ ʚʠʤʠʢʘʥʥʷ 

ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ DC Motor. ʊʦʙʪʦ ʢʦʣʠ ʜʚʠʛʫʥ ʚʠʤʢʥʝʥʦ, ʪʦ ʚʦʥʘ 

ʡʦʛʦ ʚʚʽʤʢʥʝ. ʂʦʣʠ ʜʚʠʛʫʥ ʚʚʽʤʢʥʝʥʠʡ ʪʘ ʦʙʝʨʪʘʻʪʴʩʷ, ʪʦ ʚʦʥʘ ʡʦʛʦ ʚʠʤʢʥʝ. 

ʂʥʦʧʢʫ K1 ʧ̔ ʜʢʣʶʯʝʥʦ ʜʦ 12ïʛʦ ʚʠʚʦʜʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ï PB2, ʷʢʠʡ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ  ʷʢ ʚʭʽʜ. 

ʂʥʦʧʢʘ K2 (ReverseOrder Line) ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʤʽʥʫ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ 

ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ DC Motor. ʆʜʥʝ ʥʘʪʠʩʢʘʥʥʷ ï ʦʜʥʘ ʟʤʽʥʘ 

ʥʘʧʨʷʤʢʫ. ʇʨʦʪʝ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʜʚʠʛʫʥ DC Motor ʽʥʝʨʮʽʡʥʠʡ, ʽ 

ʚʽʥ ʥʝ ʟʫʧʠʥʷʻʪʴʩʷ ʤʠʪʪʻʚʦ ʽ ʦʜʨʘʟʫ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʷ ʚ ʽʥʰʠʡ ʙʽʢ. ʇʽʩʣʷ 

ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʧʨʦʛʨʘʤʥʦ, ʫ ʥʴʦʛʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ, ʱʦʙ 

ʬʽʟʠʯʥʦ ʟʫʧʠʥʠʪʠʩʴ, ʪʘ ʧʦʯʘʪʠ ʦʙʝʨʪʘʪʠʩʴ ʫ ʽʥʰʫ ʩʪʦʨʦʥʫ. ʂʥʦʧʢʫ  K2 

ʧ̔ ʜʢʣʶʯʝʥʦ ʜʦ 13ïʛʦ ʚʠʚʦʜʫ ATmega128, ʘ ʩʘʤʝ ʜʦ PB3, ʷʢʠʡ ʧʦʧʝʨʝʜʥʴʦ 

ʟʘʧʨʦʛʨʘʤʦʚʘʥʦ ʷʢ ʚʭʽʜ. 

ʂʥʦʧʢʘ K3 (SpeedUp Line) ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʬʽʟʠʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʥʘʰʦʛʦ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ  DC Motor ʰʣʷʭʦʤ 

ʧʦʩʪʫʧʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʥʘʧʨʫʛʠ ʽʤʧʫʣʴʩʥʦʛʦ ʐɯʄ ï 

ʩʠʛʥʘʣʘ ʜʦ ʤʘʢʩʠʤʫʤʫ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʧʦʚʥʦʤʫ ʟʥʘʯʝʥʥʶ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ 

ʥʘ ʚʠʚʦʜ ̔VS ʤʽʢʨʦʩʭʝʤʠ L293D (ʨʠʩʫʥʦʢ 2.4). ɿʥʦʚʫ ʞ, ʜʚʠʛʫʥ ʽʥʝʨʮʽʡʥʠʡ, 

ʪʦʤʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʝ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ, ʘ ʧʦʩʪʫʧʦʚʦ, ʽ 

ʧʦʪʨʝʙʫʻ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, ʱʦʙ ʚʠʡʪʠ ʥʘ ʥʦʚʠʡ ʧʨʦʛʨʘʤʥʦ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʽʚʝʥʴ.  

ʂʥʦʧʢʫ K3 ʧʽʜʢʣʶʯʘʻʤʦ ʜʦ 14ïʛʦ ʚʠʚʦʜʫ (PB4) ʥʘʰʦʛʦ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʇʝʨʝʜ ʮʠʤ ʮʝʡ ʚʠʚʽʜ ʪʘʢʦʞ ʧʦʪʨʽʙʥʦ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ         

ʷʢ ʚʭʽʜ. 

ʂʥʦʧʢʘ K4 (SpeedDown Line) ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ DC Motor, ʜʣʷ ʯʦʛʦ ʚʦʥʘ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʻ ʟʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʥʘʧʨʫʛʠ ʽʤʧʫʣʴʩʥʦʛʦ                

ʐɯʄ ï ʩʠʛʥʘʣʘ.  
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ʈʠʩʫʥʦʢ 2.4 ï  ɽʢʚʽʚʘʣʝʥʪʥʘ ʧʦʩʪʽʡʥʘ ʥʘʧʨʫʛʘ ʧʨʠ ʐɯʄï ʩʠʛʥʘʣʽ 

ʏʝʨʝʟ ʽʥʝʨʮʽʡʥʽʩʪʴ ʜʚʠʛʫʥʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʥʝ 

ʩʪʨʠʙʢʘʤʠ, ʘ ʧʦʩʪʫʧʦʚʦ ʽ ʚʠʤʘʛʘʻ ʜʣʷ ʩʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ 

ʯʘʩʫ. ʂʥʦʧʢʫ K4 ʧʽʜʢʣʶʯʘʻʤʦ ʜʦ 16ïʛʦ  ʚʠʚʦʜʫ ATmega128 (PB6), ʧʝʨʝʜ ʮʠʤ 

ʟʘʧʨʦʛʨʘʤʫʚʘʚʰʠ ʡʦʛʦ ʥʘ ʚʭʽʜ. 

ʊʝʧʝʨ ʨʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʧʽʜʢʣʶʯʝʥʥʷ ʤʽʢʨʦʩʭʝʤʠ L293D ʜʦ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ (ʨʠʩʫʥʦʢ 2.5). 

ɺʠʚʦʜʠ 10 ʪʘ 11 ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʪʦʙʪʦ PB0 ʪʘ PB1 ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʷʢ 

ʚʠʭʦʜʠ ʽ ʧʽʜʢʣʶʯʝʥʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʚʭʦʜʽʚ IN1 ʪʘ IN2 ʤʽʢʨʦʩʭʝʤʠ           

L293D (U2).  

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʝʨʫʚʘʥʥʷ, ʥʘ ʚʠʭʦʜʘʭ PB0 ʪʘ PB1 ʙʫʜʝ ʘʙʦ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ, ʘʙʦ ʥʠʟʴʢʠʡ, ʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʮʴʦʛʦ ʚʽʜʧʦʚʽʜʥʠʡ ʢʣʶʯ ʫ 
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ʤʦʩʪʫ ʤʽʢʨʦʩʭʝʤʠ ʙʫʜʝ ʘʙʦ ʟʘʤʢʥʝʥʠʡ, ʘʙʦ ʨʦʟʽʤʢʥʝʥʠʡ. ʎʝ ʜʦʟʚʦʣʠʪʴ 

ʟʤʽʥʶʚʘʪʠ ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ɼʇʉ. 

 
ʈʠʩʫʥʦʢ 2.5 ï  ʇʽʜʢʣʶʯʝʥʥʷ ʤʽʢʨʦʩʭʝʤʠ L293D ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ATmega128 

15ïʡ ʚʠʚʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, PB5, ʟʘʧʨʦʛʨʘʤʦʚʘʥʦ ʷʢ ʚʠʭʽʜ ʽ 

ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʚʭʦʜʫ EN1 ʤʽʢʨʦʩʭʝʤʠ L293D. ɿ ʮʴʦʛʦ ʚʠʭʦʜʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʟʥʽʤʘʻʪʴʩʷ ʐɯʄ ï ʩʠʛʥʘʣ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʚʭʽʜ  EN1 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʙʦʪʫ ʧʝʨʰʦʾ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʩʭʝʤʠ (ʜʠʚ. 2.4). 

ʂʦʣʠ ʥʘ ʥʴʦʤʫ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ,  ʥʘ ʧʝʨʰʠʡ ʤʽʩʪ ʧʦʜʘʻʪʴʩʷ ʞʠʚʣʝʥʥʷ, ʷʢʝ 

ʧʽʜʚʝʜʝʥʦ ʜʦ ʚʠʚʦʜʫ VS ʤʽʢʨʦʩʭʝʤʠ L293D. ʂʦʣʠ ʥʘ ʚʭʦʜʽ EN1 ʥʠʟʴʢʠʡ 

ʨʽʚʝʥʴ, ʥʘ ʧʝʨʰʠʡ ʤʽʩʪ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʥʝ ʧʦʜʘʻʪʴʩʷ.  

ʉʘʤʝ ʟʘʚʜʷʢʠ ʮʴʦʤʫ ʚʭʦʜʫ, ʥʘ ̫ʢʠʡ ʧʦʜʘʻʪʴʩʷ ʐɯʄ ï ʩʠʛʥʘʣ, ʤʠ 

ʤʦʞʝʤʦ ʢʝʨʫʚʘʪʠ ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ.  

ʈʦʟʛʣʷʥʝʤʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʠhʭ ʚʠʚʦʜʽʚ ʤʽʢʨʦʩʭʝʤʠ L293D, ʷʢʽ 

ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.1. ɼʚʘ ʚʠʭʦʜʠ GND ʟʘʟʝʤʣʝʥʽ. ʚʭʽʜ VSS ʧʦʜʘʻʪʴʩʷ 

ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʩʘʤʦʾ ʤʽʢʨʦʩʭʝʤʠ L293D. ʅʘ ʚʭʽʜ VS ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ 

ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ DC Motor. 
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ʇʽʩʣʷ ʮʴʦʛʦ ʥʘʤ ʟʘʣʠʰʠʣʦʩʴ ʦʟʥʘʡʦʤʠʪʠʩʴ ʟ ʧʽʜʢʣʶʯʝʥʥʷʤ ʜʚʠʛʫʥʘ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ DC Motor ʪʘ ʤʽʢʨʦʩʭʝʤʠ L293D. ʎʝ ʧʽʜʢʣʶʯʝʥʥʷ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.6. 

 
ʈʠʩʫʥʦʢ 2.6 ï  ʇʽʜʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʜʦ ʤʽʢʨʦʩʭʝʤʠ 

L293D 

ʗʢ ʤʠ ʙʘʯʠʤʦ ʟ ʨʠʩʫʥʢʫ 2.6,  ʥʘʰ ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ DC Motor 

ʧʽʜʢʣʶʯʝʥʦ ʜʦ 3 ʪʘ 6 ʚʠʭʦʜʽʚ ʤʽʢʨʦʩʭʝʤʠ L293D, ʘ ʩʘʤʝ OUT1 ʪʘ OUT2.  

ʅʘ ʮʽ ʚʠʭʦʜʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʯʠ ʚʚʽʤʢʥʝʥʝ ʞʠʚʣʝʥʥʷ ʧʝʨʰʦʾ 

ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ, ʱʦ ʢʝʨʫʻʪʴʩʷ ʚʭʦʜʦʤ EN1, ʪʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʥʫ ʢʣʶʯʽʚ ʫ 

ʧʝʨʰʽʡ ʤʦʩʪʦʚʽʡ ʩʭʝʤʽ, ʷʢʽ ʢʝʨʫʶʪʴʩʷ ʚʭʦʜʘʤʠ IN1 ʪʘ IN2, ʘʙʦ ʧʦʜʘʻʪʴʩʷ 

ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ, ʷʢʫ ʤʠ ʧʦʜʘʣʠ ʥʘ ʚʭʽʜ VS, ʘʙʦ ʥʘʧʨʫʛʘ ʥʝ ʧʦʜʘʻʪʴʩʷ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘ ʦʜʠʥ ʟ ʚʠʚʦʜʽʚ, OUT1 ʯʠ OUT2, ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ 

ʞʠʚʣʝʥʥʷ, ʘ ʥʘ ʽʥʰʠʡ ʥʝ ʧʦʜʘʻʪʴʩʷ, ʚʠʥʠʢʥʝ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ ʟʤʫʩʠʪʴ 

ʧʦʪʝʢʪʠ ʩʪʨʫʤ ʧʦ ʦʙʤʦʪʮʽ ʥʘʰʦʛʦ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ DC Motor, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʽʥ ʧʦʯʥʝ ʦʙʝʨʪʘʪʠʩʷ. 

ɼʝʷʢʽ ʬʨʘʛʤʝʥʪʠ, ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ, ʥʘʚʝʜʝʥʦ              

ʥʘ ʨʠʩʫʥʢʘʭ 2.7é2.11. 

  



54 
 

 

 

 

ʈʠʩʫʥʦʢ 2.7 ï ʉʪʘʥ ʤʦʜʝʣʽ ʧʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ çʩʪʘʨʪ/ʩʪʦʧè 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.8 ï ʉʪʘʥ ʤʦʜʝʣʽ ʧʽʩʣʷ ʘʢʪʠʚʘʮʽʾ ʨʝʞʠʤʫ ʨʝʚʝʨʩʫ 

 

 

 

ʈʠʩʫʥʦʢ 2.9  ï  ʅʘʣʘʰʪʫʚʘʥʥʷ ʦʩʮʠʣʦʛʨʘʬʘ 
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 q=2 

 q>2 

 q<2 

ʈʠʩʫʥʦʢ 2.10 ïʐɯʄï ʩʠʛʥʘʣ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʜʚʠʛʫʥ                           

(ʰʧʘʨʫʚʘʪʽʩʪʴ q=2, q > 2, q <2) 

 

 

 
 

ʈʠʩʫʥʦʢ 2.11 ï ʉʪʘʥ ʫʩʽʻʾ ʩʠʩʪʝʤʠ ʧʽʩʣʷ ʟʘʧʫʩʢʫ ʩʮʝʥʘʨʽʶ 
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2.2 ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ 

ɼʣʷ  ʢʦʥʪʨʦʣʶ ʪʘ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʙʫʣʠ ʧʦʢʣʘʜʝʥʽ ʥʘ 

ʩʠʩʪʝʤʫ ʧʦʪʨʽʙʝʥ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ.   ɼʣʷ ʮʽʻʾ ʮʽʣʽ ʙʫʚ ʚʠʙʨʘʥʠʡ AVR ï 

ATmega 128. 

ATmega128 ï ʤʘʣʦʧʦʪʫʞʥʠʡ 8 ï ʨʦʟʨʷʜʥʠʡ ʂʄʆH ï ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, 

ʷʢʠʡ ʦʩʥʦʚʘʥʠʡ ʥʘ ʨʦʟʰʠʨʝʥʽʡ AVR RISC ʘʨʭʽʪʝʢʪʫʨʽ. ATmega128 ʜʦʩʷʛʘʻ 1 

ʤʣʥ. ʦʧʝʨʘʮʽʡ ʚ ʩʝʢʫʥʜʫ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʢʦʤʘʥʜ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʦʜʠʥ 

ʤʘʰʠʥʥʠʡ ʪʘʢʪ. 

AVR ATmega 128 ʤʘʻ 64 ʚʠʚʦʜʠ ʪʠʧʫ ʚʭʽʜ ï ʚʠʭʽʜ. ɺ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 

ʚʤʦʥʪʦʚʘʥʦ FLASH ï ʧʘʤô̫ ʪʴ, ʷʢʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʨʘʤʫʚʘʪʠ ʪʘ 

ʧʝʨʝʧʨʦʛʨʘʤʫʚʘʪʠ. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʪʨʦʣʝʨʘ:  

1)  ɺʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʡ, ʩʧʦʞʠʚʘʻ ʤʘʣʦ ʝʥʝʨʛʽʾ; 

2)  ʈʦʟʚʠʥʝʥʘ RISC ʘʨʭʽʪʝʢʪʫʨʘ: 

ʘ) 131 ʢʦʤʘʥʜʘ, ʙʽʣʴʰʽʩʪʴ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʦʜʠʥ ʤʘʰʠʥʥʠʡ ʪʘʢʪ; 

 ʙ) 32 ʨʦʙʦʯʠʭ ʨʝʛʽʩʪʨʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ; 

 ʚ) ʧʦʚʥʽʩʪʶ ʩʪʘʪʠʯʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ; 

3) ɽʥʝʨʛʦʥʝʟʘʣʝʞʥʘ ʧʘʤô̫ ʪʴ ʧʨʦʛʨʘʤ ʠ ʜʘʥʠʭ; 

4) 128 ʂɹ ʚʥʫʪʨʽʰʥʴʦ ʩʠʩʪʝʤʥʦʾ ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʦʾ FLASH ʧʘʤô̫ ʪʽ ʟ 

ʢʽʣʴʢʽʩʪʶ ʮʠʢʣʽʚ ʧʝʨʝʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦ 10 000; 

5) 4096 ʙʘʡʪ EEPROM ʽʟ ʧʨʠʧʫʩʪʠʤʦʶ ʢʽʣʴʢʽʩʪʶ ʮʠʢʣʽʚ ʩʪʠʨʘʥʥʷ ʪʘ 

ʟʘʧʠʩʫ ʜʦ 100 000; 

6) 64 ʚʠʚʦʜʠ ʪʠʧʫ ʚʭʽʜ ï ʚʠʭʽʜ;    

7) JTAG (IEEE1149.1 ʩʫʤʽʩʥʠʡ) ʽʥʪʝʨʬʝʡʩ; 

8) ʉʢʘʥʫʚʘʥʥʷ ʧʘʤô̫ ʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ JTAG ʩʪʘʥʜʘʨʪʫ; 
 

9) ʇʝʨʠʬʝʨʽʡʥʽ ʬʫʥʢʮʽʾ: 

ʘ) ʜʚʘ 8ï ʙʽʪʥʠʭ ʪʘʡʤʝʨʠ/ʣʽʯʠʣʴʥʠʢʠ ʽʟ ʧʨʦʛʨʘʤʦʚʘʥʠʤ ʨʝʞʠʤʦʤ 

ʧʦʨʽʚʥʷʥʥʷ; 
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ʙ) ʦʜʠʥ 16ï ʙʽʪʥʠʡ ʪʘʡʤʝʨ/ʣʽʯʠʣʴʥʠʢ ʽʟ ʧʨʦʛʨʘʤʦʚʘʥʠʤ ʨʝʞʠʤʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʡ ʟʘʭʦʧʣʝʥʥʷ; 

ʚ) ʣʽʯʠʣʴʥʠʢ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʽʟ ʧʨʦʛʨʘʤʦʚʘʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ; 

ʛ) ʯʦʪʠʨʠ ʐɯʄï ʛʝʥʝʨʘʪʦʨʠ; 

ʜ) 8 ʚʭʽʜʥʠʭ ʢʘʥʘʣʽʚ 10 ï  ʙʽʪʥʦʛʦ ɸʎʇ; 

10) SPI ʪʘ I
2
C ʩʠʥʭʨʦʥʥʽ ʧʦʩʣʽʜʦʚʥ ̔ʽʥʪʝʨʬʝʡʩʠ; 

11) ɺʙʫʜʦʚʘʥʠʡ ʘʥʘʣʦʛʦʚʠʡ ʢʦʤʧʘʨʘʪʦʨ; 

12) ʉʧʝʮʽʘʣʴʥʽ ʬʫʥʢʮʽʾ: 

ʘ) ʬʫʥʢʮʽʷ Reset ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʞʠʚʣʝʥʥʷ ʽ ʬʫʥʢʮʽʷ ʚʠʤʠʢʘʥʥʷ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ; 

ʙ) ʚʥʫʪʨʽʰʥʽʡ ʢʘʣʽʙʨʦʚʘʥʠʡ RC ï ʛʝʥʝʨʘʪʦʨ;  

ʚ) ʟʦʚʥʽʰʥʽ ʡ ʚʥʫʪʨʽʰʥʽ ʜʞʝʨʝʣʘ ʧʝʨʝʨʠʚʘʥʥʷ; 

13) 40 ʚʠʚʽʜʥʠʡ ʢʦʨʧʫʩ PDIP, 44 ʚʠʚʽʜʥʠʡ ʢʦʨʧʫʩ TQFP, ʽ 44 

ʢʦʥʪʘʢʪʥʠʡ MLF;  

14) ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ï ʚʽʜ 4.5 ɺ ʜʦ 5.5 ɺ; 

15) ʊʘʢʪʦʚʘ ʯʘʩʪʦʪʘ ï ʚʽʜ 0 ʜʦ 16 ʄɻʎ. 

ʆʧʠʩ ʚʠʚʦʜʽʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ: 

ï VCC ï ʥʘʧʨʫʛʘ  ʞʠʚʣʝʥʥʷ; 

ï GND ï ʩʧʽʣʴʥʘ ʟʝʤʣʷ; 

ï ʧʦʨʪ A (PA7..PA0) ï 8 ï ʨʦʟʨʷʜʥʠʡ  ʧʦʨʪ ʜʚʦʥʘʧʨʘʚʣʝʥʦʛʦ 

ʚʚʝʜʝʥʥʷ ï ʚʠʚʝʜʝʥʥʷ  ʽʟ ʚʥʫʪʨʽʰʥʽʤʠ ʧʽʜʪʷʛʫʶʯʠʤʠ 

ʨʝʟʠʩʪʦʨʘʤʠ, ʷʢʽ ʚʠʙʠʨʘʶʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʨʦʟʨʷʜʫ. ʇʨʠ 

ʚʚʝʜʝʥʥʽ ʣʽʥʽʾ ʧʦʨʪʫ ɸ ʙʫʜʫʪʴ ʜʽʷʪʠ ʷʢ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ, ʷʢʱʦ 

ʟʦʚʥʽ ʜʽʻ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʽ ʚʢʣʶʯʝʥʽ ʨʝʟʠʩʪʦʨʠ, ʱʦ ʧʽʜʪʷʛʫʶʪʴ; 

ï ʧʦʨʪ ɺ (Pɺ7..Pɺ0) ï 8 ï ʨʦʟʨʷʜʥʠʡ  ʧʦʨʪ ʜʚʦʥʘʧʨʘʚʣʝʥʦʛʦ 

ʚʚʝʜʝʥʥʷ ï ʚʠʚʝʜʝʥʥʷ  ʽʟ ʚʥʫʪʨʽʰʥʽʤʠ ʧʽʜʪʷʛʫʶʯʠʤʠ 

ʨʝʟʠʩʪʦʨʘʤʠ, ʷʢʽ ʚʠʙʠʨʘʶʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʨʦʟʨʷʜʫ; 

ï ʧʦʨʪ C (PC7..PC0) ï 8 ï ʨʦʟʨʷʜʥʠʡ  ʧʦʨʪ ʜʚʦʥʘʧʨʘʚʣʝʥʦʛʦ 

ʚʚʝʜʝʥʥʷ ï ʚʠʚʝʜʝʥʥʷ  ʽʟ ʚʥʫʪʨʽʰʥʽʤʠ ʧʽʜʪʷʛʫʶʯʠʤʠ 

ʨʝʟʠʩʪʦʨʘʤʠ, ʷʢʽ ʚʠʙʠʨʘʶʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʨʦʟʨʷʜʫ; 
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ï ʧʦʨʪ D (PD7..PD0) ï 8 ï ʨʦʟʨʷʜʥʠʡ  ʧʦʨʪ ʜʚʦʥʘʧʨʘʚʣʝʥʦʛʦ 

ʚʚʝʜʝʥʥʷ ï ʚʠʚʝʜʝʥʥʷ  ʽʟ ʚʥʫʪʨʽʰʥʽʤʠ ʧʽʜʪʷʛʫʶʯʠʤʠ 

ʨʝʟʠʩʪʦʨʘʤʠ, ʷʢʽ ʚʠʙʠʨʘʶʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʨʦʟʨʷʜʫ; 

ï ʧʦʨʪ E (PE7..PE0) ï 8 ï ʨʦʟʨʷʜʥʠʡ  ʧʦʨʪ ʜʚʦʥʘʧʨʘʚʣʝʥʦʛʦ 

ʚʚʝʜʝʥʥʷ ï ʚʠʚʝʜʝʥʥʷ  ʽʟ ʚʥʫʪʨʽʰʥʽʤʠ ʧʽʜʪʷʛʫʶʯʠʤʠ 

ʨʝʟʠʩʪʦʨʘʤʠ, ʷʢʽ ʚʠʙʠʨʘʶʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʨʦʟʨʷʜʫ; 

ï ʧʦʨʪ F (PF7..PF0) ï 8 ï ʨʦʟʨʷʜʥʠʡ  ʧʦʨʪ ʜʚʦʥʘʧʨʘʚʣʝʥʦʛʦ 

ʚʚʝʜʝʥʥʷ ï ʚʠʚʝʜʝʥʥʷ  ʽʟ ʚʥʫʪʨʽʰʥʽʤʠ ʧʽʜʪʷʛʫʶʯʠʤʠ 

ʨʝʟʠʩʪʦʨʘʤʠ, ʷʢʽ ʚʠʙʠʨʘʶʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʨʦʟʨʷʜʫ.  

ʗʢʱʦ ʘʢʪʠʚʽʟʦʚʘʥʠʡ ʽʥʪʝʨʬʝʡʩ JTAG, ʪʦ ʨʝʟʠʩʪʦʨʠ ʥʘ ʣʽʥʽʷʭ 

PF7(TDI), PF5(TMS) ʽ PF4(TCK) ʙʫʜʫʪʴ ʧʽʜʢʣʶʯʝʥʽ, ʥʘʚʽʪʴ ʷʢʱʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʩʢʠʜʘʥʥʷ. ʇʦʨʪ F ʪʘʢʦʞ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʽʥʪʝʨʬʝʡʩʫ 

JTAG; 

ï ʧʦʨʪ G (PG4..PG0) ï 5 ï ʨʦʟʨʷʜʥʠʡ ʧʦʨʪ ʜʚʦʥʘʧʨʘʚʣʝʥʦʛʦ 

ʚʚʝʜʝʥʥʷ ï ʚʠʚʝʜʝʥʥʷ  ʽʟ ʚʥʫʪʨʽʰʥʽʤʠ ʧʽʜʪʷʛʫʶʯʠʤʠ 

ʨʝʟʠʩʪʦʨʘʤʠ, ʷʢʽ ʚʠʙʠʨʘʶʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʨʦʟʨʷʜʫ.  

ï ʧʦʨʪ G ʪʘʢʦʞ ʚʠʢʦʥʫʻ ʜʝʷʢʽ ʩʧʝʮʽʘʣʴʥʽ ʬʫʥʢʮʽʾ Atmega128; 

ï RESETïʚʭʽʜ ʩʢʠʜʘʥʥʷ. ʗʢʱʦ ʥʘ ʮʝʡ ʚʭʽʜ ʧʨʠʢʣʘʩʪʠ ʥʠʟʴʢʠʡ 

ʨʽʚʝʥʴ ʪʨʠʚʘʣʽʩʪʶ ʙʽʣʴʰ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʾ, ʪʦ ʙʫʜʝ 

ʟʛʝʥʝʨʦʚʘʥʦ ʩʢʠʜʘʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʙʦʪʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ɼʽʷ 

ʽʤʧʫʣʴʩʫ ʤʝʥʰʦʾ ʪʨʠʚʘʣʦʩʪʽ ʥʝ ʛʘʨʘʥʪʫʻ ʛʝʥʝʨʘʮʽʶ ʩʢʠʜʘʥʥʷ; 

ï XTAL1ïʚʭʽʜ ʽʥʚʝʨʪʫʶʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʚʭʽʜ 

ʟʦʚʥʽʰʥʴʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ; 

ï XTAL2ï ʚʠʭʽʜ ʽʥʚʝʨʪʫʶʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʛʝʥʝʨʘʪʦʨʘ; 

ï AVCCï ʚʠʚʽʜ ʜʣʷ ʧʦʜʘʯʽ ʞʠʚʣʝʥʥʷ ʧʦʨʪʫ F ʽ ʘʥʘʣʦʛʦʚʦï

ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ɺʽʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʦʚʥʽ ʧʦʚô̫ ʟʘʥʠʡ ʟ 

VCC, ʥʘʚʽʪʴ ʷʢʱʦ ɸʎʇ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ɸʎʇ ʮʝʡ ʚʠʚʽʜ ʧʦʚô̫ ʟʘʥʠʡ ʟ VCC ʯʝʨʝʟ ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ; 

ï AREFï ʚʭʽʜ ʧʽʜʢʣʶʯʝʥʥʷ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ ɸʎʇ; 
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ï PENïʚʭʽʜ ʜʦʟʚʦʣʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ ʨʝʞʠʤʫ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ SPI. ʗʢʱʦ ʧʽʜ ʯʘʩ ʜʽʾ ʩʢʠʜʘʥʥʷ 

ʧʨʠ ʧʦʜʘʯʽ ʞʠʚʣʝʥʥʷ ʥʘ ʮʝʡ ʚʭʽʜ ʧʦʜʘʪʠ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ, ʪʦ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʯʝʨʝʟ SPI. 

  2.3 ɼʚʠʛʫʥ 

ɺ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

ɼʚʠʛʫʥʦʤ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʠʨʦʪʥʦï̔ ʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ. 

ʈʝʘʣʽʟʫʚʘʪʠ ʰʠʨʦʪʥʫï̔ ʤʧʫʣʴʩʥʫ ʤʦʜʫʣʷʮʽʶ ʤʦʞʥʘ ʟ ʜʦʧʦʤʦʛʦʶ 

ʚʙʫʜʦʚʘʥʦʛʦ ʚ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨ ʪʘʡʤʝʨʘ. ɺʠʙʽʨ ʜʚʠʛʫʥʘ ʻ ʚʘʞʣʠʚʠʤ, 

ʦʩʢʽʣʴʢʠ ʚʽʜ ʮʴʦʛʦ ʚʠʙʦʨʫ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. 

ʈʝʚʝʨʩʠʚʥʠʡ ʨʝʞʠʤ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʤʽʥʦʶ 

ʧʦʣʷʨʥʦʩʪʽ.  

ɼʚʠʛʫʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʣʝ ʘʙʦ 

ʪʨʘʥʟʠʩʪʦʨʽʚ. ʆʜʠʥʦʯʥʝ ʧʝʨʝʤʠʢʘʪʠ ʨʝʣʝ ʚʤʠʢʘʻ ʽ ʚʠʤʠʢʘʻ ʜʚʠʛʫʥ, ʘ ʧʘʨʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ. 

ʈʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʟʘʟʚʠʯʘʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʫ 

ʚʠʛʣʷʜʽ ʩʠʛʥʘʣʽʚ ʟ ʰʠʨʦʪʥʦï̔ ʤʧʫʣʴʩʥʦʶ ʤʦʜʫʣʷʮʽʻʶ. ʇʦʜʽʙʥʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʩʝʨʝʜʥʶ ʚʝʣʠʯʠʥʫ ʧʦʪʫʞʥʦʩʪʽ,  ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ 

ʜʚʠʛʫʥ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʯʠʤ ʙʽʣʴʰʝ ʚʝʣʠʯʠʥʘ ʚʽʜʥʦʰʝʥʥʷ çʪʨʠʚʘʣʽʩʪʴ 

ʽʤʧʫʣʴʩʫ / ʧʝʨʽʦʜè, ʪʠʤ ʙʽʣʴʰʝ ʧʦʪʫʞʥʽʩʪʴ ʥʘʜʭʦʜʠʪʴ ʥʘ ʜʚʠʛʫʥ. 

ʏʘʩʪʦʪʘ ʩʠʛʥʘʣʫ ʟ ʰʠʨʦʪʥʦï̔ ʤʧʫʣʴʩʥʦʶ ʤʦʜʫʣʷʮʽʻʶ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 20 ʢɻʮ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʟʚʫʢʦʚʽ ʝʬʝʢʪʠ, ʧʦʚô̫ ʟʘʥʽ ʟ 

ʬʦʨʤʫʚʘʥʥʷʤ ʟʚʫʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʩʘʤʠʤ ʜʚʠʛʫʥʦʤ ʧʨʠ ʟʤʽʥ ̔ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, 

ʷʢʝ ʚ ʥʴʦʤʫ ʫʪʚʦʨʶʻʪʴʩʷ. 
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2.4 ɼʨʘʡʚʝʨ ʐɯʄ 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘʤ ʧʦʪʨʽʙʥʦ ʧʽʜʢʣʶʯʘʪʠ 

ʡʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʾ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ, ʷʢʫ ʟʦʙʨʘʞʝʥʦ ʥʘ       

ʨʠʩʫʥʢʫ 2.12.  

 
ʈʠʩʫʥʦʢ 2.12ï  ʄʦʩʪʦʚʘ ʩʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʊʘʢʦʞ, ʥʘʤ ʙʘʞʘʥʦ ʟʥʘʡʪʠ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʙʠ ʧʝʨʝʪʚʦʨʶʚʘʚ ʢʝʨʫʶʯʽ 

ʩʠʛʥʘʣʠ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫ ʩʪʨʫʤʠ, ʜʦʩʪʘʪʥʽ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ. ʊʘʢʽ 

ʧʨʠʩʪʨʦʾ ʥʘʟʠʚʘʶʪʴʩʷ ʜʨʘʡʚʝʨʘʤʠ ʜʚʠʛʫʥʽʚ. 

ɯʩʥʫʻ ʜʦʩʪʘʪʥʴʦ ʙʘʛʘʪʦ ʩʘʤʠʭ ʨʽʟʥʠʭ ʩʭʝʤ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʷʢ ʧʦʪʫʞʥʽʩʪʶ, ʪʘʢ ʽ ʝʣʝʤʝʥʪʥʦʶ 

ʙʘʟʦʶ, ʥʘ ʷʢʽʡ ʚʦʥʠ ʚʠʢʦʥʘʥʽ. ʅʠʞʯʝ ʟʫʧʠʥʠʤʦʩʴ ʥʘ ʧʨʦʩʪʦʤʫ ʜʨʘʡʚʝʨʽ 

ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ, ʷʢʠʡ ʚʠʢʦʥʘʥʦ ʫ ʚʠʛʣʷʜʽ ʧʦʚʥʽʩʪʶ ʛʦʪʦʚʦʾ ʜʦ ʨʦʙʦʪʠ 

ʤʽʢʨʦʩʭʝʤʠ. ʅʘʟʚʘ ʮʽʻʾ ʤʽʢʨʦʩʭʝʤʠ L293D ʽ ʚʦʥʘ ʻ ʦʜʥʦʶ ʟ ʩʘʤʠʭ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʤʽʢʨʦʩʭʝʤ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʮʠʭ ʮʽʣʝʡ. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʤ̔ ʢʨʦʩʭʝʤʠ L293D ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.13. 

 
ʈʠʩʫʥʦʢ 2.13 ï  ʄʽʢʨʦʩʭʝʤʘ L293D 
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L293D ʚʢʣʶʯʘʻ ʦʜʨʘʟʫ ʜʚʘ ʜʨʘʡʚʝʨʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʜʚʦʤʘ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ 

ʯʦʪʠʨʠ ʥʝʟʘʣʝʞʥʠʭ ʢʘʥʘʣʠ, ʷʢʽ ʦʙô̒ ʜʥʘʥʦ ʫ ʜʚʽ ʧʘʨʠ. ʄʽʢʨʦʩʭʝʤʘ ʪʘʢʦʞ ʤʘʻ 

ʜʚʽ ʧʘʨʠ ʚʭʦʜʽʚ ʜʣʷ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʽ ʜʚʽ ʧʘʨʠ ʚʠʭʦʜʽʚ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. ʂʨʽʤ ʪʦʛʦ, ʫ L293D ʻ ʜʚʘ ʚʭʦʜʠ ʜʣʷ ʚʤʠʢʘʥʥʷ ʢʦʞʥʦʛʦ ʟ 

ʜʨʘʡʚʝʨʽʚ. 

ʎʽ ʚʭʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʠʨʦʪʥʦï̔ ʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʽʚ. 

ʉʘʤʝ ʯʝʨʝʟ ʮʝ ʮʷ ʤʽʢʨʦʩʭʝʤʘ ʥʘʤ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ. 

ʊʘʢʦʞ, L293D ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʜʽʣʝʥʝ ʞʠʚʣʝʥʥʷ ʜʣʷ ʤʽʢʨʦʩʭʝʤʠ ʽ ʜʣʷ 

ʢʝʨʦʚʘʥʠʭ ʥʝʶ ʜʚʠʛʫʥʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʢʣʶʯʘʪʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ ʟ 

ʙʽʣʴʰʦʶ ʥʘʧʨʫʛʦʶ ʞʠʚʣʝʥʥʷ, ʯʠʤ ʫ ʤʽʢʨʦʩʭʝʤʠ. ʈʦʟʜʽʣʝʥʥʷ ʞʠʚʣʝʥʥʷ 

ʤʽʢʨʦʩʭʝʤʠ ʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʥʘʤ ʪʘʢʦʞ ʙʫʜʝ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʟʘʚʘʜ, ʷʢʽ ʚʠʢʣʠʢʘʥʦ ʩʪʨʠʙʢʘʤʠ ʥʘʧʨʫʛʠ, ʱʦ ʧʦʚô̫ ʟʘʥʽ ʟ ʨʦʙʦʪʦʶ ʜʚʠʛʫʥʽʚ. 

ʆʙʠʜʚʘ ʜʨʘʡʚʝʨʠ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʩʢʣʘʜ ʤʽʢʨʦʩʭʝʤʠ ʤʘʶʪʴ ʽʜʝʥʪʠʯʥʽ 

ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ, ʪʦʤʫ ʨʦʟʛʣʷʥʝʤʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʣʠʰʝ ʦʜʥʦʛʦ ʟ ʥʠʭ. 

ʉʧʨʦʱʝʥʠʡ ʚʠʜ ʜʨʘʡʚʝʨʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ  2.14. 

 
ʈʠʩʫʥʦʢ 2.14 ï  ʉʧʨʦʱʝʥʠʡ ʚʠʜ ʜʨʘʡʚʝʨʘ ʤʽʢʨʦʩʭʝʤʠ L293D 

ɼʦ ʚʠʭʦʜʽʚ OUTPUT1 ʪʘ OUTPUT2 ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ MOTOR1. ʅʘ ʚʭʽʜ ENABLE1, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʚʽʤʢʥʝʥʥʷ 

ʜʨʘʡʚʝʨʘ, ʧʦʜʘʤ̒ʦ ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜô̒ ʜʥʘ̒ ʤʦ ʡʦʛʦ ʜʦ 

ʜʦʜʘʪʥʦʛʦ ʧʦʣʶʩʫ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ +5V. ʗʢʱʦ ʧʨʠ ʮʴʦʤʫ ʥʘ ʚʭʦʜʠ 
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INPUT1 ʪʘ INPUT2 ʥʝ ʧʦʜʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʢʝʨʫʶʯʽ ʩʠʛʥʘʣʠ, ʪʦ ʜʚʠʛʫʥ 

ʦʙʝʨʪʘʪʠʩʷ ʥʝ ʙʫʜʝ. 

ʗʢʱʦ ʚʭʽʜ INPUT1 ʟô̒ ʜʥʘʪʠ ʟ ʜʦʜʘʪʥʠʤ ʧʦʣʶʩʦʤ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʘ 

ʚʭʽʜ INPUT2 ï  ʟ ʚʽʜ`ʻʤʥʠʤ, ʪʦ ʜʚʠʛʫʥ ʧʦʯʥʝ ʦʙʝʨʪʘʪʠʩʷ. 

ʊʝʧʝʨ ʟô̒ ʜʥʘʻʤʦ ʚʭʽʜ INPUT1 ʟ ʚʽʜ`ʻʤʥʠʤ ʧʦʣʶʩʦʤ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ, ʘ 

ʚʭʽʜ INPUT2  ï  ʟ ʜʦʜʘʪʥʠʤ. ɼʚʠʛʫʥ ʧʦʯʥʝ ʦʙʝʨʪʘʪʠʩʷ ʚ ʽʥʰʫ ʩʪʦʨʦʥʫ. 

ʉʧʨʦʙʫʻʤʦ ʧʦʜʘʪʠ ʩʠʛʥʘʣʠ ʦʜʥʦʛʦ ʨʽʚʥʷ ʦʜʨʘʟʫ ʥʘ ʜʚʘ ʢʝʨʫʶʯʠʭ 

ʚʭʦʜʠ INPUT1 ʪʘ INPUT2, ʪʦʙʪʦ ʧʽʜô̒ ʜʥʘʪʠ ʦʙʠʜʚʘ ʚʭʦʜʠ ʜʦ ʜʦʜʘʪʥʦʛʦ 

ʧʦʣʶʩʫ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʘʙʦ ʜʦ ʚʽʜ`ʻʤʥʦʛʦ. ʗʢ ʨʝʟʫʣʴʪʘʪ ï ʜʚʠʛʫʥ 

ʦʙʝʨʪʘʪʠʩʷ ʥʝ ʙʫʜʝ. 

ʗʢʱʦ ʤʠ ʧʨʠʙʝʨʝʤʦ ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ ʟ ʚʭʦʜʫ ENABLE1, ʪʦ ʧʨʠ ʙʫʜʴ 

ʷʢʠʭ ʚʘʨʽʘʥʪʘʭ ʥʘʷʚʥʦʩʪʽ ʩʠʛʥʘʣʽʚ ʥʘ ʜʚʦʭ ʚʭʦʜʘʭ INPUT1 ʪʘ INPUT2 ʜʚʠʛʫʥ 

ʦʙʝʨʪʘʪʠʩʷ ʥʝ ʙʫʜʝ. ʅʘ ʚʭʽʜ ENABLE1 ʧʦʜʘʻʪʴʩʷ ʐɯʄ ï ʩʠʛʥʘʣ, ʷʢʠʡ 

ʬʦʨʤʫʻʪʴʩʷ ʐɯʄïʤʦʜʫʣʝʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ɿʤʽʥʶʯʁʠ ʰʧʘʨʫʚʘʪʽʩʪʴ ʮʴʦʛʦ 

ʩʠʛʥʘʣʫ ʤʠ ʟʤʽʥʶʻʤʦ ʧʦʩʪʽʡʥʫ ʩʢʣʘʜʦʚʫ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʟʤʽʥʶʻ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ. 

ʅʘ ʨʠʩʫʥʢʫ  2.15 ʧʦʢʘʟʘʥʦ ʥʫʤʝʨʘʮʽʶ ʪʘ ʧʦʟʥʘʯʝʥʥʷ ʚʠʚʦʜʽʚ 

ʤʽʢʨʦʩʭʝʤʠ. 

 
ʈʠʩʫʥʦʢ 2.15 ï  ʅʫʤʝʨʘʮʽʷ ʪʘ ʧʦʟʥʘʯʝʥʥʷ ʚʠʚʦʜʽʚ ʤʽʢʨʦʩʭʝʤʠ L293D 

ʇʨʠʟʥʘʯʝʥʥʷ ʚʠʚʦʜʽʚ: 

ï ʚʭʦʜʠ ENABLE1 ʪʘ ENABLE2 ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʚʤʠʢʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʨʘʡʚʝʨʘ, ʱʦ ʚʭʦʜʠʪʴ ʫ ʩʢʣʘʜ ʤʽʢʨʦʩʭʝʤʠ. ʎʝ ʪʽ 

ʩʘʤʽ ʚʭʦʜʠ ʜʣʷ ʐɯʄ ï ʩʠʛʥʘʣʫ, ʷʢʽ ʤʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ; 
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ï ʚʭʦʜʠ INPUT1 ʪʘ INPUT2 ʢʝʨʫʶʪʴ ʜʚʠʛʫʥʦʤ, ʷʢʠʡ ʧʽʜʢʣʶʯʝʥʦ 

ʜʦ ʚʠʭʦʜʽʚ OUTPUT1 ʪʘ OUTPUT2; 

ï ʚʭʦʜʠ INPUT3 ʪʘ INPUT4 ʢʝʨʫʶʪʴ ʜʨʫʛʠʤ ʜʚʠʛʫʥʦʤ, ʷʢʠʡ 

ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʚʠʭʦʜʽʚ OUTPUT3 ʪʘ OUTPUT4; 

ï ʢʦʥʪʘʢʪ Vs ʟô̒ ʜʥʫʶʪʴ ʟ ʜʦʜʘʪʥʠʤ ʧʦʣʶʩʦʤ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ 

ʜʚʠʛʫʥʽʚ ʘʙʦ ʧʨʦʩʪʦ ʟ ʜʦʜʘʪʥʠʤ ʧʦʣʶʩʦʤ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, 

ʷʢʱʦ ʩʭʝʤʘ ʽ ʜʚʠʛʫʥʠ ʞʠʚʣʷʪʴʩʷ ʚʽʜ ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ. ʇʨʦʩʪʽʰʝ 

ʢʘʞʫʯʠ, ʮʝʡ ʢʦʥʪʘʢʪ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ; 

ï ʢʦʥʪʘʢʪ Vss ʟô̒ ʜʥʫʶʪʴ ʟ ʜʦʜʘʪʥʠʤ ʧʦʣʶʩʦʤ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

ʎʝʡ ʢʦʥʪʘʢʪ ʟʘʙʝʟʧʝʯʫʻ ʞʠʚʣʝʥʥʷ ʩʘʤʦʾ ʤʽʢʨʦʩʭʝʤʠ; 

ï ʯʦʪʠʨʠ ʢʦʥʪʘʢʪʠ GND ʟô̒ ʜʥʫʶʪʴ ʟ ñʟʝʤʣʝʶò, ʩʧʽʣʴʥʠʤ ʜʨʦʪʦʤ 

ʘʙʦ ʚʽʜ`ʻʤʥʠʤ ʧʦʣʶʩʦʤ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʢʦʥʪʘʢʪʽʚ ʟʘʟʚʠʯʘʡ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʧʣʦʚʽʜʚʽʜ ʚʽʜ 

ʤʽʢʨʦʩʭʝʤʠ, ʪʦʤʫ ʾʭ ʢʨʘʱʝ ʚʩʴʦʛʦ ʧʘʷʪʠ ʥʘ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʫ 

ʢʦʥʪʘʢʪʥʫ ʧʦʚʝʨʭʥʶ. 

ɼʘʥʘ ʤʽʢʨʦʩʭʝʤʘ ʤʘʻ ʥʘʩʪʫʧʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ï ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʽʚ (Vs) ï  4,5...36 ɺ; 

ï ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʤʽʢʨʦʩʭʝʤʠ (Vss) ï  5 ɺ; 

ï ʜʦʧʫʩʪʠʤʠʡ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ï  600 ʤɸ (ʥʘ ʢʦʞʝʥ ʢʘʥʘʣ); 

ï ʧʽʢʦʚʠʡ (ʤʘʢʩʠʤʘʣʴʥʠʡ) ʩʪʨʫʤ ʥʘ ʚʠʭʦʜʽ ï  1,2 ɸ (ʥʘ ʢʦʞʝʥ 

ʢʘʥʘʣ); 

ï ʣʦʛʽʯʥʠʡ ñ0ò ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ï  ʜʦ 1,5 ɺ; 

ï ʣʦʛʽʯʥʘ ñ1ò ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ï  2,3...7 ɺ; 

ï ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʠʢʘʥʴ ʜʦ 5 ʢɻʮ; 

ï ʟʘʭʠʩʪ ʚʽʜ ʧʝʨʝʛʨʽʚʫ. 

ɯʥʰʠʡ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʩʪʦʚʠʭ ʩʭʝʤ ʪʠʧʫ L298N (SGSï Thomson, RS636ï 384). ʎʝ 

ʜʚʦʢʘʥʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʧʨʘʮʶʻ ʚʽʜ ʨʽʚʥʽʚ ʊʊʃ, ʟ ʧʦʪʫʞʥʦ  ʁʥʘʧʨʫʛʦʶ 

ʜʦ 46 ɺ ʪʘ ʩʪʨʫʤʦʤ ʜʦ 2 ɸ ʥʘ ʢʦʞʝʥ ʢʘʥʘʣ. ʉʧʨʦʱʝʥʫ ʩʪʨʫʢʪʫʨʫ ʤʽʢʨʦʩʭʝʤʠ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ  2.16. 
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ʈʠʩʫʥʦʢ 2.16 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʚʠʜʽʚ ʽ ʚʥʫʪʨʽʰʥʷ ʩʪʨʫʢʪʫʨʘ ʤʦʩʪʦʚʦʛʦ 

ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ L298N  

ʏʝʨʝʟ ʚʠʚʽʜ Vs (ʢʦʥʪʘʢʪ 4) ʥʘʜʭʦʜʠʪʴ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʜʣʷ ʜʚʠʛʫʥʘ. 

ʅʘ ʚʠʚ̔ ʜ Vss (ʢʦʥʪʘʢʪ 9) ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʤʽʢʨʦʩʭʝʤʠ ʩʭʝʤʠ   

(+5 ɺ). ʅʘ ʚʭʦʜʠ ENA ʽ ENB (ʢʦʥʪʘʢʪʠ 6 ʽ 11) ʧʦʜʘʶʪʴʩʷ ʢʝʨʫʶʯʽ ʐɯʄ ï 

ʩʠʛʥʘʣʠ. ɺʭʦʜʠ IN1 ʽ IN2 (ʢʦʥʪʘʢʪʠ 5 ʽ 7) ʢʝʨʫʶʪʴ ʥʘʧʨʷʤʢʦʤ ʦʙʝʨʪʘʥʥʷ 

ʜʚʠʛʫʥʘ ʜʣʷ ʧʝʨʦhʛʦ ʢʘʥʘʣʫ, a IN3 ʽ IN4 ï  ʜʨʫʛʦʛʦ. ɽʤʽʪʝʨʠ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʟô̒ ʜʥʘʥʦ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʢʦʥʪʨʦʣʶʶʯʠʭ ʜʘʪʯʠʢʽʚ. 

ʂʦʣʠ ʥʘ ʚʭʦʜʽ ENA ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ, ʚʭʦʜʠ ʟʘʙʣʦʢʦʚʘʥʽ ʽ ʜʚʠʛʫʥ ʥʝ 

ʦʙʝʨʪʘʻʪʴʩʷ. ʗʢʱʦ ʥʘ ʮʝʡ ʚʭʽʜ ʧʦʜʘʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ, ʚʭʦʜʠ ʚʽʜʢʨʠʚʘʶʪʴʩʷ. 

ɺʭʦʜʠ IN1 ʽ IN2 ʢʝʨʫʶʪʴ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ï IN1 ï  l, IN2 ï  0 ï  ʜʚʠʛʫʥ ʦʙʝʨʪʘʻʪʴʩʷ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ; 

ï IN1 ï  0, IN2 ï  1 ï  ʜʚʠʛʫʥ ʦʙʝʨʪʘʻʪʴʩʷ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ; 

ï INI = IN2= 0 ʜʚʠʛʫʥ ʥʝ ʦʙʝʨʪʘʻʪʴʩʷ. 

ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʦʙʤʦʪʢʫ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʜʦʩʷʛʘʻ ʚʝʣʠʯʠʥʠ ʜʦ 5 ɸ, ʪʦ ʥʘ ʚʠʭʽʜ 

ʩʭʝʤʠ ʤʠ ʩʪʘʚʠʤʦ ʜʦʜʘʪʢʦʚʽ ʧʘʨʠ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʰʫʥʪʫʶʯʠ ʾʭ ʪʘʢʦʞ 

ʟʘʭʠʩʥʠʤʠ ʜʽʦʜʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʦʩʪʘʪʦʯʥʘ ʩʭʝʤʘ ʙʫʜʝ ʚʠʛʣʷʜ, ʧʦʢʘʟʘʥʠʡ 

ʥʘ ʨʠʩʫʥʢʫ  2.17. 
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ʈʠʩʫʥʦʢ 2.17 ï ʆʩʪʘʪʦʯʥʘ ʩʭʝʤʘ ʜʨʘʡʚʝʨʘ ʐɯʄ 

  2.5 ɿʘʭʠʩʥʽ ʜʽʦʜʠ 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 2.17 ʩʭʝʤʘ ʤʽʩʪʠʪʴ 8 ʟʘʭʠʩʥʠʭ ʜʽʦʜʽʚ VD1é VD8. 

ʎʽ ʜʽʦʜʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʭʠʩʪʫ ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʢʣʶʯʽʚ (VT1...VT8) ʚʽʜ 

ʜʦʜʘʪʥʠʭ (VT1, VT3, VT5, VT7) ʽ ʚʽʜ`ʻʤʥʠʭ (VT2, VT4, VT6, VT8) 

ʧʘʨʘʟʠʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʜʦʩʠʪʴ ʚʠʩʦʢʦʾ ʘʤʧʣʽʪʫʜʠ, ʷʢʽ ʟô̫ ʚʣʷʶʪʴʩʷ ʥʘ 

ʦʙʤʦʪʢʘʭ ʜʚʠʛʫʥʘ ʧʨʠ ʢʦʤʫʪʘʮʽʾ ʦʙʤʦʪʦʢ. ɼʦʜʘʪʥʽ ʽʤʧʫʣʴʩʠ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʟʘʧʠʨʘʥʥʽ (ʚʠʤʠʢʘʥʥʽ) ʢʣʶʯʽʚ, ʘ ʚʽʜ`ʻʤʥʽ ï ʧʨʠ ʚʢʣʶʯʝʥʥʽ. ʄʝʭʘʥʽʟʤ 

ʚʠʥʠʢʥʝʥʥʷ ʮʠʭ ʽʤʧʫʣʴʩʽʚ ʦʧʠʩʘʥʠʡ ʥʠʞʯʝ.  

ʂʦʣʠ ʩʠʣʘ ʩʪʨʫʤʫ ʚ ʢʦʪʫʰʮʽ ʟʤʽʥʶʻʪʴʩʷ, ʟʤʽʥʶʻʪʴʩʷ ʽ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ 

ʚʩʝʨʝʜʠʥʽ ʢʦʪʫʰʢʠ, ʷʢʠʡ ʟʙʫʜʞʫʻ ʫ ʥʽʡ ʝʣʝʢʪʨʦʨʫʰʽʡʥʫ ʩʠʣʫ (ɽʈʉ) ʽʥʜʫʢʮʽʾ 

(ɽɯ). ʎʷ ɽʈʉ ʧʨʦʪʠʜʽʻ ʟʤʽʥʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ (ʧʨʘʚʠʣʦ ʃʝʥʮʘ). ʗʢʱʦ, 

ʥʘʧʨʠʢʣʘʜ, ʩʪʨʫʤ ʫ ʢʦʪʫʰʮʽ ʨʽʟʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʚʢʣʶʯʝʥʥʷ ʢʣʶʯʘ), ʪʦ 

ʥʘʨʦʩʪʘʶʯʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʽʥʜʫʢʫʻ ʚ ʢʦʪʫʰʮʽ ɽʈʉ: ɽɯ, ʧʽʜ ʜʽʻʶ ʷʢʦʾ 

ʚʠʥʠʢʘʻ ʩʪʨʫʤ, ʧʨʦʪʠʣʝʞʥʠʡ ʧʝʨʚʽʩʥʦʤʫ ʩʪʨʫʤʫ ʽ ʧʨʘʛʥʝ ʟʘʛʘʣʴʤʫʚʘʪʠ ʡʦʛʦ. 

ʇʨʠ ʮʴʦʤʫ ʥʘ ʢʣʶʯʽ ʚʠʥʠʢʘʻ ʚʽʜ`ʻʤʥʠʡ ʽʤʧʫʣʴʩ (ʨʠʩʫʥʦʢ 2.18, ʘ) ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʦʾ ʘʤʧʣʽʪʫʜʠ, ʷʢʠʡ ʤʦʞʝ ʚʠʚʝʩʪʠ ʢʣʶʯ ʟ ʣʘʜʫ. 
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ʗʢʱʦ ʞ ʩʪʨʫʤ ʚ ʢʦʪʫʰʮʽ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ (ʧʨʠ ʚʠʢʣʶʯʝʥʥʽ ʢʣʶʯʘ), 

ʪʦ ʫʙʠʚʘʶʯʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʟʙʫʜʞʫʻ ɽʈʉ ʽʥʜʫʢʮʽʾ: ɽɯ, ʷʢʘ ʩʪʚʦʨʶʻ ʩʪʨʫʤ, 

ʩʧʨʷʤʦʚʘʥʠʡ ʘʥʘʣʦʛʽʯʥʦ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʚ ʢʦʪʫʰʮʽ 

ʧʦʯʘʪʢʦʚʠʡ ʩʪʨʫʤ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʢʣʶʯʽ ʚʠʥʠʢʘʻ ʜʦʜʘʪʥʠʡ ʽʤʧʫʣʴʩ          

(ʨʠʩʫʥʦʢ 2.18, ʙ) ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʾ ʘʤʧʣʽʪʫʜʠ, ʷʢʠʡ ʤʦʞʝ ʚʠʚʝʩʪʠ          

ʢʣʶʯ ʟ ʣʘʜʫ. 
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ʈʠʩʫʥʦʢ 2.18 ï ɺʠʥʠʢʥʝʥʥʷ ʧʘʨʘʟʠʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʧʨʠ ʢʦʤʫʪʘʮʽʾ ʢʣʶʯʽʚ:           

ʘ ï ʚʽʜ`ʻʤʥʠʡ ʽʤʧʫʣʴʩ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʢʣʶʯʘ; ʙ ï ʜʦʜʘʪʥʠʡ ʽʤʧʫʣʴʩ ʧʨʠ 

ʚ̔ ʜʢʣʶʯʝʥʥʽ ʢʣʶʯʘ 

2.6 ʇʨʠʢʣʘʜ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʐɯʄïʤʦʜʫʣʷ 

2.6.1 ɺʭʽʜʥʽ ʜʘʥʽ 

ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʐɯʄïʤʦʜʫʣʷ ʪʨʝʙʘ ʚʠʢʦʥʘʪʠ ʪʘ ʦʩʥʦʚʽ ʪʘʢʠʭ         

ʚʭʽʜʥʠʭ ʜʘʥʠʭ: 

ï ʪʠʧ ʄʂï ʨʘ: ɸʊ ʤʝgʘ 128; 

ï ʥʦʤʝʨ ʪʘʡʤʝʨʘ: ʊ/ʉ 1; 

ï ʥ̔ʚʝʨʪʦʚʘʥʠʡ ʐɯʄï ʩʠʛʥʘʣ ʩʬʦʨʤʫʚʘʪʠ ʥʘ ʚʠʭʦʜʽ PB5; 

ï ʯʘʩʪʦʪʘ ʐɯʄï ʩʠʛʥʘʣʫ: fPB5 =25 ʢɻʮ; 

ï ʯʘʩʪʦʪʘ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʽʜʩʠʩʪʝʤʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ:        

fCLKɯ/0= 16 ʄɻʮ ;  
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ï ʨʝʞʠʤ ʨʦʙʦʪʠ ʤʦʜʫʣʷ ʐɯʄ: Phase  and Frequency Correct PWM 

(PFCPWM);    

ï ʧhʘʨʫʚʘʪʽʩʪʴ ʐɯʄï ʩʠʛʥʘʣʫ: QPB5=2. 

2.6.2 ɿʘʚʜʘʥʥʷ 

ʈʦʟʨʘʭʫʚʘʪʠ: 

ï ʢʦʝʬʽʮʽʻʥʪ ʜʽʣʝʥʥʷ ʧʝʨʝʜʜʽʣʴʥʠʢʘ: ʂʜʽʣ = N; 

ï ʤʦʜʫʣʴ ʣʽʯʙʠ: ʊʆʈ; 

ï ʧʝʨʽʦʜ ʐɯʄï ʩʠʛʥʘʣʫ: TPB5; 

ï ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʐɯʄï ʩʠʛʥʘʣʫ: tʽʤʧPB5. 

ʅʘʧʠʩʘʪʠ ʤʦʚʦʶ ɸʩʝʤʙʣʝʨ ʬʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʠ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʬʦʨʤʫʚʘʥʥʷ ʐɯʄï ʩʠʛʥʘʣʫ ʟʛʽʜʥʦ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. 

ʅʘ ʨʠʩʫʥʢʫ  2.19 ʥʘʚʝʜʝʥʦ ʬʦʨʤʫʚʘʥʥʷ ʐɯʄï ʩʠʛʥʘʣʫ ʚ ʨʝʞʠʤʽ Phase 

and Frequency Correct PWM. 

ȹt ȹt

T

 

 

ʈʠʩʫʥʦʢ 2.19 ï ʌʦʨʤʫʚʘʥʥʷ ʐɯʄï ʩʠʛʥʘʣʫ ʚ ʨʝʞʠʤʽ Phase and Frequency 

Correct PWM 

2.6.3 ʈʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ 

ɺʝʣʠʯʠʥʘ ʯʘʩʪʦʪʠ ʐɯʄï ʩʠʛʥʘʣʫ fPL3 ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ [2]: 

fPB5 =
 Ⱦ

 .     (2.1) 



68 
 

ɿʛʽʜʥʦ ʪʘʙʣʠʮʽ 2.1 ʦʙʠʨʘʻʤʦ ʨʝʞʠʤ ʨʦʙʦʪʠ ʥʦʤʝʨ 8, ʪʦʜʽ ʟʥʘʯʝʥʥʷ 

ʤʦʜʫʣʷ ʣʽʯʙʠ ʊʆʈ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪʦʤ ʨʝʛʽʩʪʨʘ ICR1. ɿʥʘʯʝʥʥʷ fPB5 ʟʘʜʘʥʦ 

ʚ ʫʤʦʚʽ ʽ ʜʦʨʽʚʥʶ  ̒ 25ʢɻʮ. ɿʚʽʜʩʠ ʰʫʢʘʻʤʦ ʟʥʘʯʝʥʥʷ ICR1=ʊʆʈ, ʟʛʽʜʥʦ 

ʬʦʨʤʫʣʠ (1) ʧʨʠ N=8: 

ICR1 =
 Ⱦ

ᶻᶻ
 =

 z

ᶻ z ᶻ
 =40 . 

ʆʙʠʨʘʻʤʦ ʟʥʘʯʝʥʥʷ ICR1=40=00101000ɺ=$0028. 

ʇʝʨʽʦʜ  ʐɯʄï ʩʠʛʥʘʣʫ: 

ʊPB5 =  =  = 40 ʤʢʩ. 

ʇʦʪʨʽʙʥʘ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʧʨʠ ʰʧʘʨʫʚʘʪʦʩʪʽ ʐɯʄ ï              

ʩʠʛʥʘʣʫ QPB5=2: 

tʽʤʧPB5 =   = 
 ̍ ̋̒

 = 20 ʤʢʩ. 

ɿʛʽʜʥʦ ʟ ʨʠʩʫʥʢʦʤ 2.18 

                         Ǫ̂̍̐ 4 ς Ў ÔȢ                             (2.2) 

Ў Ô  
4 Ǫ̂̍̐

ς

τπςπ

ς
ρπ ̍̋Ȣ̒ 

Ў Ô 4 Ⱦ .z /z#2ρ!ȟ                                           ςȢσ 

ʜʝ OCR1A ï ʨʝʛʽʩʪʨ ʧʦʨʽʚʥʷʥʥʷ ʪʘʡʤʝʨʘ 1. 

OCR1A = 
Ў 

 ˴Ⱦᶻ

ᶻ

ᶻ ᶻ
ςπ= 00010100ɺ = $0014. 

ʐʧʘʨʫʚʘʪʽʩʪʴ: 

1
4  

4 ς Ў Ô

4  

4 ς 4 Ⱦ̨ .z /z#2ρ!

ρ

ρ
ς 4 Ⱦ̨ .z /z#2ρ!

4  

 

 

 z
Ⱦ
ᶻᶻ ᶻ

.                 (2.4) 
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ʊʘʙʣʠʮʷ 2.1 ï ʈʝʞʠʤʠ ʨʦʙʦʪʠ 16ï ʨʦʟʨʷʜʥʠʭ ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ 

ʇʨʠʤʽʪʢʘ. n = 1, 3, 4 ʘʙʦ 5. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʚʠʢʦʨʠʩʪʘʻʤʦ OCR1A=20, Q ʧʦʚʠʥʥʝ ʙʫʪʠ ʨʽʚʥʠʤ 2: 

1
 z

Ⱦ
ᶻᶻ ᶻ

 
ᶻ
ᶻ
ᶻᶻ ᶻ ᶻ

ς. 

ʊʝʧʝʨ ʜʦʩʣʽʜʠʤʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ Q ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ OCR1A ʥʘ 5 ʽ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʥʘ 5. 

1  
ᶻ
ᶻ
ᶻᶻ ᶻ ᶻ

ςȟφφχ. 

ʅʦʤʝʨ 

ʨʝʞʠʤʫ 

W
G

M
n

3 

W
G

M
n

2 

W
G

M
n

1 

 W
G

M
n
0 ʈʝʞʠʤ ʨʦʙʦʪʠ 

ʪʘʡʤʝʨʘ/ʣʽʯʠʣʴʥʠʢʘ 

ʊn 

ʄʦʜʫʣʴ 

ʣʽʯʙʠ 

(TOP) 

ʆʥʦʚʣʝʥʥʷ 

ʨʝʛʽʩʪʨʽʚ 

TOVn 

ʄʦʤʝʥʪ 

ʫʩʪʘʥʦʚʢʠ 

ʧʨʘʧʦʨʮʷ 

ʊʆVn 

0 0 0 0 0 Normal $FFFF ʅʝʛʘʡʥʦ $FFFF 

1 0 0 0 1 Phase correct PWM, 

8ï ʨʦʟʨʷʜʥʠʡ 

$00FF ʇʨʠ TOP $0000 

2 0 0 1 0 Phase correct PWM, 

9ï ʨʦʟʨʷʜʥʠʡ 

$01FF ʇʨʠ TOP $0000 

3 0 0 1 1 Phase correct PWM, 

10ï ʨʦʟʨʷʜʥʠʡ 

$03FF ʇʨʠ TOP $0000 

4 0 1 0 0 CTC (ʩʢʠʜʘʥʥʷ ʧʨʠ 

ʟʙʽʛʫ) 

OCRnA ʅʝʛʘʡʥʦ $FFFF 

5 0 1 0 1 Fast PWM, 8ï 

ʨʦʟʨʷʜʥʠʡ 

$00FF ʇʨʠ TOP ʇʨʠ TOP 

6 0 1 1 0 Fast PWM, 9ï 

ʨʦʟʨʷʜʥʠʡ 

$01FF ʇʨʠ TOP ʇʨʠ ʊʆʈ 

7 0 1 1 1 Fast PWM, 10ï 

ʨʦʟʨʷʜʥʠʡ 

$03FF ʇʨʠ TOP ʇʨʠ ʊʆʈ 

8 1 0 0 0 Phase and Frequency 

Correct PWM 

ICRn $0000 $0000 

9 1 0 0 1 Phase and Frequency 

Correct PWM 

OCRnA $0000 $0000 

10 1 0 1 0 Phase correct PWM ICRn ʇʨʠ TOP $0000 

11 1 0 1 1 Phase correct PWM OCRnA ʇʨʠ TOP $0000 

12 1 1 0 0 CTC (ʩʢʠʜʘʥʥʷ ʧʨʠ  

ʟʙʽʛʫ) 

ICRn ʅʝʛʘʡʥʦ $FFFF 

13 1 1 0 1 ɿʘʨʝʟʝʨʚʦʚʘʥʦ ð  ð  ð  
14 1 1 1 0 Fast PWM ICRn ʇʨʠ TOP ʇʨʠ ʊʆʈ 

15 1 1 1 1 Fast PWM OCRnA ʇʨʠ TOP ʇʨʠ ʊʆʈ 
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1  
ᶻ
ᶻ
ᶻᶻ ᶻ ᶻ

ρȟφ. 

2.6.4 ʈʦʟʨʦʙʢʘ ʬʨʘʛʤʝʥʪʫ ʧʨʦʛʨʘʤʠ  

2.6.4.1 ɿʫʧʠʥʢʘ ʪʘʡʤʝʨʘ 

ɼʣʷ ʟʫʧʠʥʢʠ ʪʘʡʤʝʨʘ ʪʨʝʙʘ ʚ ʨʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ TCCR1B (ʨʠʩʫʥʦʢ 2.20), 

ʘʜʨʝʩʘ ʷʢʦʛʦ ʟʛʽʜʥʦ ʪʘʙʣʠʮʽ 2.2 ʜʦʨʽʚʥʶʻ $004E, ʟʘʧʠʩʘʪʠ ʢʝʨʫʶʯʝ ʩʣʦʚʦ 

ʂʉ1: 

ʊʦʜʽ ʧʨʦʛʨʘʤʘ ʤʘʻ ʚʠʜ: 

LDI R18, $00; R18 «KC1=$00 

,$) 2ςχȟ   ΑππȠ  2ςχ « Απρ 

,$) 2ςφȟ   Ατ%Ƞ 2ςφ « Αςρ  
 s2ςχȟ2ςφ « Αππτ%Ƞ 

ST X, R18; TCCR1B « R18 = $00, ʟʫʧʠʥʢʘ ʪʘʡʤʝʨʘ. 

 

 

ʈʠʩʫʥʦʢ 2.20 ï ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʽʚ TCCR1B (a), TCCR3B (ʙ), TCCR4B (ʚ), 

TCCR5B (ʛ) 

 

7 ʨ. 6ʨ. 5ʨ. 4ʨ. 3ʨ. 2ʨ. 1ʨ. 0ʨ. 

ICNC1 ICES1 ï WGM13 WGM12 CS12 CS11 CS10 

0 0 0 0 0 0 0 0B=$00=˴ ˿м 
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ʊʘʙʣʠʮʷ 2.2ï ʈʝʛʽʩʪʨʠ 16ï ʨʦʟʨʷʜʥʠʭ ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ 

ʈʝʛʽʩʪʨ ɸʜʨʝʩʘ 

A
T

m
e
g

a8
5
1

5x
 

A
T

m
e
g

a8
5
3

5x
 

A
T

m
e
g

a8
x
 

A
T

m
e
g

a1
6x

/3
2x

 

A
T

m
e
g

a6
4x

/1
2

8x
 

A
T

m
e
g

a4
8x

/8
8x

/1
6
8x

 

A
T

m
e
g

a1
6
2x

 

A
T

m
e
g

a1
6
4x

/3
2
4x

/6
4

4x
 

A
T

m
e
g

a
1
6
5

x 

A
T

m
e
g

a
3
2
5

x
/3

2
5
0

x
, 

A
T

m
e
g

a
6
4
5

x
/6

4
5
0

x 

A
T

m
e
g

a
6
4
0

x
, 

A
T

m
e
g

a
1
2
8

0
x
/1

2
8

1
x
,

 

A
T

m
e
g

a
2
5
6

0
x
/2

5
6

1
x 

TCCR1A $2F($4F) Å Å Å Å Å  Å     

($80)      Å  Å Å Å Å 

TCCR1B $2ɽ ($4ɽ) Å Å Å Å Å  Å     

($81)      Å  Å Å Å Å 

TCCR1C ($7ɸ)     Å       

($82)      Å  Å Å Å Å 

TCNT1 $2D:$2C ($4D:$4C) Å Å Å Å Å  Å     

($85:$84)      Å  Å Å Å Å 

OCR1A $2ɺ:$2ɸ ($4ɺ:$4ɸ) Å Å Å Å Å  Å     

($89:$88)      Å  Å Å Å Å 

OCR1B $29:$28 ($49:$48) Å Å Å Å Å  Å     

($8ɺ:$8ɸ)      Å  Å Å Å Å 

OCR1C ($79:$78)     Å       

($8D:$8C)           Å 

ICR1 $27:$26 ($47:$46)  Å Å Å Å       

$25:$24 ($45:$44) Å      Å     

($87:$86)      Å  Å Å Å Å 

TCCR3A ($8ɺ)     Å  Å     

($90)           Å 

TCCR3B ($8ɸ)     Å  Å     

($91)           Å 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 2.2 

ʈʝʛ̔ʩʪʨ ɸʜʨʝʩʘ 

A
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m
e
g
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5
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5
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A
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e
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e
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e
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e
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e
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e
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e
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x
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2
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e
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a
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x
/6
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e
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a
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2
8

0
x
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2
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1
x
,

 

A
T

m
e
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a
2
5
6

0
x
/2

5
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1
x 

TCCR3C ($8ʉ)     Å       

($92)           Å 

TCNT3 ($89:$88)     Å  Å     

($95:$94)           Å 

OCR3A ($87:$86)     Å  Å     

 ($99:$98)           Å 

OCR3B ($85:$84)     Å  Å     

 ($9ɺ:$9ɸ)           Å 

OCR3C ($83:$82)     Å       

 ($9D:$9C)           Å 

ICR3 ($81:$80)     Å  Å     

 ($97:$96)           Å 

TCCR4A ($ɸ0)           Å 

TCCR4B ($ɸ1)           Å 

TCCR4C ($ɸ2)           Å 

TCNT4 ($ɸ5:$ɸ4)           Å 

OCR4A ($ɸ9:$ɸ8)           Å 

OCR4B ($ɸɺ:$ɸɸ)           Å 

OCR4C ($AD:$AC)           Å 

ICR4 ($ɸ7:$ɸ6)           Å 

TCCR5A ($120)           Å 

TCCR5B ($121)           Å 

TCCR5C ($122)           Å 

TCNT5 ($125:$124)           Å 

OCR5A ($129:$128)           Å 

OCR5B ($12ɺ:$12ɸ)           Å 

OCR5C ($12D:$12C)           Å 

ICR5 ($127:$126)           Å 
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2.6.4.2 ɿʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ TCCR1A 

ɿʛʽʜʥʦ ʨʠʩʫʥʢʫ 2.21 ʬʦʨʤʘʪ ʨʝʛʽʩʪʨʘ TCCR1A ʄʂï ʨʘ ɸʊ ʄʝgʘ 128 ʤʘʻ ʚʠʜ: 

 

7 ʨ. 6ʨ. 5ʨ. 4ʨ. 3ʨ. 2ʨ. 1ʨ. 0ʨ. 

K
C

2
 COM1A1 COM1A0 COB1B1 COM1BO COM1C1 COM1C0 WGM11 WGM10 

1 1 0 0 0 0 0 0 

B=$C0 

 

ɼʣʷ ʥʘʰʦʾ ʟʘʜʘʯʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽʥʚʝʨʪʦʚʘʥʦʛʦ ʐɯʄï ʩʠʛʥʘʣʫ ʟʛʽʜʥʦ 

ʪʘʙʣʠʮʽ 2.3 ʥʝʦʙʭʽʜʥʦ  ʚʩʪʘʥʦʚʠʪʠ ʙʽʪʠ COM1A1=COM1A0=1. 

ʊʘʙʣʠʮʷ 2.3 ï ʇʦʚʝʜʽʥʢʘ ʚʠʚʦʜʫ ʆʉnɸ/ʆʉnɺ/ʆʉnʉ ʚ ʨʝʞʠʤʽ Phase and 

Frequency Correct PWM 

ʉʆʄnx1 ʉʆʄnx0 ʆʧʠʩ 

0 0 
ʊʘʡʤʝʨ/ʣʽʯʠʣʴʥʠʢ ʊn ʚʽʜʢʣʶʯʝʥʦ ʚʽʜ ʚʠʚʦʜʫ ʆʉnɸ/ʆʉnɺ/ʆʉnʉ 

0 1 

WGMn3 = ç0è: ʪʘʡʤʝʨ/ʣʽʯʠʣʴʥʠʢ ʊn ʚʽʜʢʣʶʯʝʥʦ ʚʽʜ ʚʠʚʦʜʫ 

ʆʉnɸ/ʆʉnɺ/ʆʉnʉ; WGMn3 = ç1è: ʩʪʘʥ ʚʠʚʦʜʫ ʆʉnɸ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ 

1 0 
ʉʢʠʜʘʻʪʴʩʷ ʚ "0" ʧʨʠ ʧʨʷʤʽʡ ʣʽʯʙʽ ʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ "1" ʧʨʠ 

ʟʚʦʨʦʪʥʽʡ ʣʽʯʙʽ (ʥʝʽʥʚʝʨʪʦʚʘʥʠʡ ʐɯʄ ï ʩʠʛʥʘʣ) 

1 1 
ɺʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ "1" ʧʨʠ ʧʨʷʤʽʡ ʣʽʯʙʽ ʽ ʩʢʠʜʘʻʪʴʩʷ ʚ "0" ʧʨʠ 

ʟʚʦʨʦʪʥʽʡ ʣʽʯʙʽ (ʽʥʚʝʨʪʦʚʘʥʠʡ ʐɯʄ ï ʩʠʛʥʘʣ) 

ʇʨʠʤʽʪʢʘ. n = 1, 3, 4 ʘʙʦ 5; x= A, B ʘʙʦ ʉ. 

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 8 ʟʛʽʜʥʦ ʪʘʙʣʠʮʽ 2.1 ʥʝʦʙʭʽʜʥʦ 

ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʙʽʪʠ: WGM11=0; WGM10=0. 

ɯʥʰʽ ʙʽʪʠ ʨʝʛʽʩʪʨʘ TCCR1A ʫ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

ʊʦʤʫ ʟʘʧʠʰʝʤʦ ʚ ʥʠʭ ʥʫʣʽ. 

ʊʦʜʽ ʢʝʨʫʶʯʝ ʩʣʦʚʦ ʂʉ2=11000000ɺ=$ʉ0.  

ɿʛʽʜʥʦ ʪʘʙʣʠʮʽ 2.2 ʘʜʨʝʩʘ ʨʝʛʽʩʪʨʘ TCCR1A=$004F.  

ʊʦʜʽ ʧʨʦʛʨʘʤʘ ʤʘʻ ʚʠʜ: 

LDI R17, $ʉ0; R17«ʂʉ2=$C0 

,$) 2ςωȟΑππȠ 2ςχ « Αππ 

,$) 2ςψȟΑτ&Ƞ Αςφ « Ατ& 
 92ςωȟ2ςψ  « Αππτ&Ƞ 
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ST Y, R17; TCCR5A «R17=$C0.  

 

ʈʠʩʫʥʦʢ 2.21 ï ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʽʚ TCCR1A (ʘ), TCCR3A (ʙ), TCCR4A (ʚ), 

TCCR5A (ʛ) 

 

  



75 
 

2.6.4.3 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʣʽʥʽʾ PB5 ʥʘ ʚʠʚʝʜʝʥʥʷ 

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʣʽʥʽʾ  PB5 ʥʘ ʚʠʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ 5ï ʡ 

ʨʦʟʨʷʜ ʨʝʛʽʩʪʨʘ DDRB ʚ ʦʜʠʥʠʮʶ. ɿʛʽʜʥʦ ʪʘʙʣʠʮʽ 2.4 ʘʜʨʝʩʘ ʨʝʛʽʩʪʨʘ: $0037. 

ʊʘʙʣʠʮʷ 2.4 ï  ʈʝʛʽʩʪʨʠ ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʇʦʨʪ ʈʝʛʽʩʪʨ 
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e
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5
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ɸ 

PORTA $1B ($ɿɺ) ï  $1ɺ ($ɿɺ) ï  $02 ($22) 

DDRA $1A ($ɿɸ) ï  $1ɸ ($ɿɸ) ï  $01 ($21) 

PINA $19 ($39) ï  $19 ($39) ï  $00 ($20) 

ɺ 

PORTB $18 ($38) $05 ($25) 

DDRB $17 ($37) $04 ($24) 

PINB $16 ($36) $03 ($23) 

ʉ 

PORTC $15 ($35) $08 ($28) 

DDRC $14 ($34) $07 ($27) 

PINC $13 ($33) $06 ($26) 

D 

PORTD $12 ($32) $0ɺ ($2B) 

DDRD $11 ($31) $0ɸ ($2ɸ) 

PIND $10 ($30) $09 ($29) 

ɽ 

PORTE $07 ($27) ï  ï  
$07 

($27) 

$03 

($23) 
ï  ï  $0E ($2E) 

DDRE $06 ($26) ï  ï  
$06 

($26) 

$02 

($22) 
ï  ï  $0D ($2D) 

PINE $05 ($25) ï  ï  
$05 

($25) 

$01 

($21) 
ï  ï  $0C ($2C) 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 2.4 

ʇʦʨʪ ʈʝʛʽʩʪʨ 
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PORTF 
$03 

($23) 
ï  ï  ï  ï  ($62) ï  ï  $11 ($31) 

DDRF 
$02 

($22) 
ï  ï  ï  ï  ($61) ï  ï  $10 ($30) 

PINF 
$01 

($21) 
ï  ï  ï  ï  

$00 

($20) 
ï  ï  $0F ($2F) 

G 

PORTG ï  ï  ï  ï  ï  ($65) ï  ï  $14 ($34) 

DDRG ï  ï  ï  ï  ï  ($64) ï  ï  $13 ($33) 

PING ï  ï  ï  ï  ï  ($63) ï  ï  $12 ($32) 

H 

PORTH ï  ï  ï  ï  ï  ï  ï  ï  ï  ($DA) ï  ($102) 

DDRH ï  ï  ï  ï  ï  ï  ï  ï  ï  ($D9) ï  ($101) 

PINH ï  ï  ï  ï  ï  ï  ï  ï  ï  ($D8) ï  ($100) 

J 

PORTJ ï  ï  ï  ï  ï  ï  ï  ï  ï  ($DD) ï  ($105) 

DDRJ ï  ï  ï  ï  ï  ï  ï  ï  ï  ($DC) ï  ($104) 

PINJ ï  ï  ï  ï  ï  ï  ï  ï  ï  ($DB) ï  ($103) 

ʂ 

PORTK ï  ï  ï  ï  ï  ï  ï  ï  ï  ï  ï  ($108) 

DDRK ï  ï  ï  ï  ï  ï  ï  ï  ï  ï  ï  ($107) 

PINK ï  ï  ï  ï  ï  ï  ï  ï  ï  ï  ï  ($106) 

L 

PORTL ï  ï  ï  ï  ï  ï  ï  ï  ï  ï  ï  ($10B) 

DDRL ï  ï  ï  ï  ï  ï  ï  ï  ï  ï  ï  ($10A) 

PINL ï  ï  ï  ï  ï  ï  ï  ï  ï  ï  ï  ($109) 

ʊʦʜʽ ʧʨʦʛʨʘʤʘ ʤʘʻ ʚʠʜ: 

LDI  R31, $00; R31« $00; R31, R30 ( Z) ï ʘʜʨʝʩʘ ʩʪʘʪʠʯʥʦʾ ʧʘʤ`ʷʪʽ 

ʜʘʥʠʭï ʨʝʛʽʩʪʨʘ DDRB: $ 0037;  

,$) 2σπȟΑσχȠ 2σπ « Ασχ Ƞ 

,$ 2ρωȟ:Ƞ 2ρω« $$2"       
 

ORI R19, $08; R19 «$08=00100000B+R19, R19.5 «1 
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ST Z, R19;  $$2"«R19ȟ$$2"Ȣυ «1.  

2.6.4.4 ɿʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ ICR1 

ɿʛʽʜʥʦ ʪʘʙʣʠʮʽ 2.2 16ï ʨʦʟʨʷʜʥʠʡ ʨʝʛʽʩʪʨ ICR1 ʤʘʻ ʘʜʨʝʩʫ: 

$0047(ʉɹ) : $0046(ʄɹ). ɺ ICR1 ʪʨʝʙʘ ʟʘʚʘʥʪʘʞʠʪʠ:  40 = 00101000ɺ = 

$0028 (ʜʠʚ. ʚʠʱʝ). 

ʊʦʜʽ ʧʨʦʛʨʘʤʘ ʤʘʻ ʚʠʜ: 

LDI R23, $00; R23 « $00;  

,$) 2ςχȟΑππȠ2ςχ « ΑππȠ 

,$) 2ςφȟΑτχȠ2ςφ « Αςχ  
 s2ςχȟ2ςφ   « ΑππτχȠ 

ST X, R23; ʉɹ ɯʉR1«R23 = $00.  

LDIR24, $28; R24 « $28  

,$) 2ςωȟΑππȠ 2ςω « Αππ 

,$) 2ςψȟΑτφȠ 2ςψ « Ατφ 
 92ςωȟ2ςψ   « ΑππτφȠ 

ST Y, R24; ʄɹ ɯʉR1«R24 = $28.  

2.6.4.5 ɿʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ OCR1A 

ɿʛʽʜʥʦ ʪʘʙʣʠʮʽ 2.2, 16ï ʨʦʟʨʷʜʥʠʡ ʨʝʛʽʩʪʨ OCR1A ʤʘʻ ʘʜʨʝʩʫ: 

$004B(ʉɹ): $004A(ʄɹ). ɺ OCR1A ʪʨʝʙʘ ʟʘʚʘʥʪʘʞʠʪʠ:  20 = 00010100ɺ = 

$0014 (ʜʠʚ. ʚʠʱʝ). 

ʊʦʜʽ ʧʨʦʛʨʘʤʘ ʤʘʻ ʚʠʜ: 

LDI R24, $00; R24 « $00;  

,$) 2σρȟΑππȠ 2σρ « ΑππȠ 

,$) 2σπȟΑτ"Ƞ 2σπ « Ατ"
 :2σρȟ2σπ « Αππτ"Ƞ 

ST Z, R24; ʉɹ OʉR1A«R24 = $00.  

LDI R25, $14; R25 « $14;  

,$) 2σρȟ   ΑππȠ  2σρ « ΑππȠ 

,$) 2σπȟ   Ατ!Ƞ 2σπ « Ατ!  
 :2σρȟ2σπ « Αππτ!Ƞ 

ST Z, R25; Mɹ OʉR1A « R25 = $14.  
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2.6.4.6 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʂʜʽʣ=N=8, ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʦʤʝʨ 8 ʪʘ ʟʘʧʫʩʢ 

ʪʘʡʤʝʨʘ 

ɺʠʱʝ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʨʝʛʽʩʪʨʘ TCCR1A ʙʫʣʦ ʟʘʧʠʩʘʥʦ WGM11=0 ʪʘ 

WGN10=0, ʱʦ ʨʘʟʦʤ ʟ ʜʚʦʤʘ ʙʽʪʘʤʠ WGM12=0 ʪʘ WGM13=1 ʨʝʛʽʩʪʨʘ  

TCCRB ʧʨʦʛʨʘʤʫʶʪʴ ʨʝʞʠʤ ʨʦʙʦʪʠ ˉ8 (ʪʘʙʣʠʮʷ 2.1). 

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʂʜʽʣ=8 (ʪʘʙʣ. 2.5) ʪʘ ʟʘʧʫʩʢʫ ʪʘʡʤʝʨʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʛʽʩʪʨ TCCR1ɺ (ʨʠʩʫʥʦʢ 2.20). 

7 ʨ. 6ʨ. 5ʨ. 4ʨ. 3ʨ. 2ʨ. 1ʨ. 0ʨ. 

ICNC1 ICES1 ï  WGM13 WGM12 CS12 CS11 
CS10 

0 0 0 1 0 0 1 0B = $12 

(  ʨʝʞʠʤ 8  )                   ( ʂʜʽʣ = 8) 

ʊʘʙʣʠʮʷ 2.5 ï ɺʠʙʽʨ ʜʞʝʨʝʣʘ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ ʊn 

CSn2 CSn1 CSn0 

ɼʞʝʨʝʣʦ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ʊ3 ʚ ʤʦʜʝʣʷʭ ATmega162x ɯʥʰʽ 

0 0 0 
ʊʘʡʤʝʨ/ʣʽʯʠʣʴʥʠʢ 

ʟʫʧʠʥʝʥʠʡ 

ʊʘʡʤʝʨ/ʣʽʯʠʣʴʥʠʢ ʟʫʧʠʥʝʥʠʡ 

 

0 0 1 fclkI/0 fclkI/0 

0 1 0 fclkI/0/8 fclkI/0/8 

0 1 1 fclkI/0/64 fclkI/0/64 

1 0 0 fclkI/0/256 fclkI/0/256 

1 0 1 fclkI/0/1024 fclkI/0/1024 

1 1 0 fclkI/0/16 
ɺʠʚʽʜ ʊn, ʣʽʯʙʘ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʩʧʘʜʘʶʯʠʤ ʬʨʦʥʪʦʤ 

1 1 1 fclkI/0/32 
ɺʠʚʽʜ ʊn, ʣʽʯʙʘ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʘ ʥʘʨʦʩʪʘʶʯʠʤ ʬʨʦʥʪʦʤ  

ʇʨʠʤʽʪʢʘ. n = 1, 3, 4 ʘʙʦ 5. 

 



79 
 

 

2.7 ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ  ʪʘ ʢʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ 

2.7.1 ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ  

 

 

ʈʠʩʫʥʦʢ 2.22 ï  ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ  
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2.7.2 ʂʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʤʦʚʦʶ ʉ 

1 #include  <inttypes.h>  

2 #include  <avr/io.h>  

3 #include  <avr/interrupt.h>  

4 #include  <avr/sleep.h>  

5 #include  <util/delay.h>  

6 #include  F_CPU 16000000L  

7 int  main(void) // 0  

8 {  

9 // 1: Init port B  

10  DDRB = 0b00100011;  

11  PORTB= 0b00000000;  

12  // 2: Init 16 ï bit timer 1 values  

13  OCR1A = 20;  

14  ICR1 = 40;     

15  int  delay = 1;  

16  // Init Phase and frequency correct PWM  

17  TCCR1B = _BV(WGM13);  // 3  

18  TCCR1A = 0;  

19  TCCR1A |= _BV(COM1A0);// 4  

20  TCCR1A |= _BV(COM1A1);  

21  TCCR1B |= _BV(CS11);  // 5  

22  char  

flag_start_stop=0,flag_reverse=0,flag_speedup=0,flag_speeddown=0;  

 

23  while (1) // 6  

24  {  

25  // 7: Start ï Stop button action  

26  if (!(PINB&4))  

27  { flag_start_stop=1; _delay_ms(10); }  

28  if (( flag_start_stop==1 )&&(PINB&4))  

29  {PORTB^=1; flag_start_stop=0; }  // 8  

30  // 9: Reverse button action  

31  if (!(PINB&8))   

32  { flag_reverse=1; _delay_ms(10); }  

33  if (( flag_reverse==1 )&&(PINB&8) )  

34  {PORTB^=3; flag_reverse=0; }  // 10  

35  // 11: Speed ï  button action  

36  if (!(PINB&16))   

37  { flag_speeddown=1; _delay_ms(10); }  

38  if (( flag_speeddown==1 )&&(PINB&16))  

39  { if  (OCR1A!=40) OCR1A+=delay; flag_speeddown=0; } // 12  

40  // 13: Speed + button action  

41  if (!(PINB& 64))  

42  { flag_speedup=1; _delay_ms(10); }  

43  if (( flag_speedup==1 )&&(PINB&64))  

44  {  

45  if  (OCR1A!=0)OCR1Aï =delay; // 14  

46  flag_speedup=0;  

47  }  

48  } // 6: End of loop  

49  } // 15: End of proram  
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Hʠʞʯʝ ʥʘʚʝʜʝʥʦ ʜʝʷʢʽ ʧʦʷʩʥʝʥʥʷ ʦʢʨʝʤʠʭ ʬʨʘʛʤʝʥʪʽʚ ʧʨʦʛʨʘʤʠ, ʷʢʫ 

ʥʘʚʝʜʝʥʦ ʚʠʱʝ. 

2.7.2.1 ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʧʦʨʪʫ PB 

ɹʽʪ DDxn ʨʝʛʽʩʪʨʘ DDRB ʚʠʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʯʝʨʝʟ 

ʢʦʥʪʘʢʪ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ. ʗʢʱʦ ʮʝʡ ʙʽʪ ʚʩʪʘʥʦʚʣʝʥʦ ʚ 1, ʪʦ nï ʡ ʚʠʚʽʜ 

ʧʦʨʪʫ ʷʚʣʷʻ ʩʦʙʦʶ ʚʠʭʽʜ, ʷʢʱʦ ʞ ʮʝʡ ʙʽʪ ʩʢʠʥʫʪʠʡ ʫ 0, ʪʦ ʮʝʡ ʚʠʚʽʜ 

ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʚʭʽʜ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʝʛʽʩʪʨʘ DDRx ʧʦʢʘʟʘʥʦ ʥʘ       

ʨʠʩʫʥʢʫ  2.23. 

 
ʈʠʩʫʥʦʢ 2.23ï  ɺʠʛʣʷʜ ʨʝʛʽʩʪʨʘ DDRx 

ɯʥʽʮʽʘʣʽʟʫʻʤʦ ʚʠʚʦʜʠ 0,1  ʥʘ ʚʠʚʝʜʝʥʥʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʦʜʠ 

ʜʨʘʡʚʝʨʘ ʐɯʄ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʙʫʜʝʤʦ ʢʝʨʫʚʘʪʠ ʥʘʧʨʷʤʦʤ ʦʙʝʨʪʘʥʥʷ 

ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ɺʠʚʽʜ 5 ʽʥʽʮʽʘʣʽʟʫʻʤʦ ʪʘʢʦʞ ʥʘ ʚʠʭʽʜ. ɿ ʥʴʦʛʦ 

ʙʫʜʝʤʦ ʟʥʽʤʘʪʠ ʐɯʄï ʩʠʛʥʘʣ, ʷʢʠʡ ʙʫʜʝ ʢʝʨʫʚʘʪʠ ʜʨʘʡʚʝʨʦʤ. 

ʊʦʜʽ DDRB = 0b00100011. 

ʏʝʨʝʟ ʤʦʞʣʠʚʝ ʙʣʠʟʴʢʝ ʟʥʘʭʦʜʞʝʥʥʷ ɼʇʉ ʜʦ ʢʦʥʪʨʦʣʝʨʘ ʽ ʤʦʞʣʠʚʽʩʪʴ 

ʥʘʚʦʜʦʢ ʚʙʫʜʦʚʘʥʽ ʧʽʜʪʷʛʫʶʯʽ ʨʝʟʠʩʪʦʨʠ ʻʤʥʽʩʪʶ 100ʢʆʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʝ ʙʫʜʝʤʦ, ʘ ʚʠʢʦʨʠʩʪʘʻʤʦ ʟʦʚʥʽʰʥʽ, ʻʤʥʽʩʪʶ ʧʦ 10ʢʆʤ. 

ɹʽʪ PORTBn ʨʝʛʽʩʪʨʘ PORTB ʚʠʢʦʥʫʻ ʧʦʜʚʽʡʥʫ ʬʫʥʢʮʽʶ. ʗʢʱʦ ʚʠʚʽʜ 

ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʚʠʭʽʜ, ʪʦ ʮʝʡ ʙʽʪ ʚʠʟʥʘʯʘʻ ʩʪʘʥ ʚʠʭʦʜʫ ʧʦʨʪʫ. ʂʦʣʠ ʚʽʥ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ 1, ʥʘ ʚʠʭʦʜʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘʧʨʫʛʘ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʢʦʣʠ ʞ 

ʚʽʥ ʩʢʠʥʫʪʠʡ ʚ 0, ʥʘ ʚʠʭʦʜʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘʧʨʫʛʘ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ. 

ʗʢʱʦ ʞ ʚʠʚʽʜ ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʚʭʽʜ, ʪʦ ʙʽʪ PORTBn ʚʠʟʥʘʯʘʻ ʩʪʘʥ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʽʜʪʷʛʫʶʯʦʛʦ ʨʝʟʠʩʪʦʨʘ ʜʣʷ ʜʘʥʦʛʦ ʚʠʚʦʜʫ. ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ 
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ʙʽʪʘ PORTBn ʚ 1 ʧʽʜʪʷʛʫʶʯʠʡ ʨʝʟʠʩʪʦʨ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʤʽʞ ʚʠʚʦʜʦʤ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʪʘ ʣʽʥʽʻʶ ʞʠʚʣʝʥʥʷ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʝʛʽʩʪʨʘ PORTx 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ  2.24 

ʇʨʦʽʥʽʮʽʘʣʽʟʫʻʤʦ ʨʝʛʽʩʪʨ PORTB ʥʫʣʷʤʠ: 

PORTB=0b00000000. 

 
ʈʠʩʫʥʦʢ 2.24 ï  ɺʠʛʣʷʜ ʨʝʛʽʩʪʨʘ PORTx 

2.7.2.2 ɿʘʧʫʩʢ ʪʘ ʟʫʧʠʥʢʘ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʟʘʧʫʩʢʦʤ/ʟʫʧʠʥʢʦʶ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ 

ʜʦʧʦʤʦʛʦʶ ʜʨʘʡʚʝʨʘ ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʥʘʤ ʧʦʪʨʽʙʥʦ ʯʠʪʘʪʠ ʚʭʽʜ ʟ 

ʟʘʱʽʧʢʠ ʧʦʨʪʫ, ʜʦ ʷʢʦʛʦ ʧʽʜʢʣʶʯʝʥʘ ʚʽʜʧʦʚʽʜʥʘ ʢʥʦʧʢʘ. ɼʣʷ ʮʴʦʛʦ ʙʫʜʝʤʦ 

ʧʝʨʝʚʽʨʷʪʠ ʙʽʪ PX2 ʨʝʛʽʩʪʨʘ PINB. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʝʛʽʩʪʨʘ PINx ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʫ  2.25 

 
ʈʠʩʫʥʦʢ 2.25 ï  ɺʠʛʣʷʜ ʨʝʛʽʩʪʨʘ PINx 

ʗʢʱʦ ʥʘ ʚʭʽʜ PB2 ʧʦʨʪʫ ʙʫʜʝ ʧʦʜʘʚʘʪʠʩʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ, ʪʦ 

ʙʽʪ PX2 ʧʨʠʡʤʘʪʠʤʝ ʟʥʘʯʝʥʥʷ 1, ʷʢʱʦ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ ʪʦ ʙʽʪ PX3 

ʧʨʠʡʤʘʪʠʤʝ ʟʥʘʯʝʥʥʷ 0. 

 ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʟʘʡʚʠʤ ʩʧʨʘʮʶʚʘʥʥʷʤ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ 

ʢʝʨʫʚʘʥʥʷ, ʚʚʝʜʝʤʦ ʽʥʜʠʢʘʪʦʨ ʥʘʪʠʩʢʘʥʥʷ ʪʘ ʟʘʪʨʠʤʢʫ, ʽ ʙʫʜʝʤʦ ʤʽʥʷʪʠ 
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ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʚʞʝ ʧʽʩʣʷ ʚʽʜʧʫʩʢʘʥʥʷ ʢʥʦʧʢʠ. ʆʜʨʘʟʫ ʧʽʩʣʷ ʽʥʽʮʽʘʣʽʟʘʮʽʾ 

ʪʘʡʤʝʨʘ, ʐɯʄï ʩʠʛʥʘʣ ʚʞʝ ʧʦʩʪʫʧʘʻ ʥʘ ʩʭʝʤʫ ʜʨʘʡʚʝʨʘ, ʧʨʦʪʝ ʥʘ ʧʦʨʪʘʭ, 

ʯʝʨʝʟ ʷʢʽ ʞʠʚʠʪʴʩʷ ʜʚʠʛʫʥ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ. ʇʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʥʘ 

ʢʥʦʧʢʫ ʤʠ ʚʩʪʘʥʦʚʣʶʻʤʦ ʽʥʜʠʢʘʪʦʨ ʽ ʨʦʙʠʤʦ ʧʘʫʟʫ ʥʘ 10 ʤʩ. ʅʘʩʪʫʧʥʘ 

ʫʤʦʚʘ ʩʧʨʘʮʶʻ ʪʦʜʽ, ʢʦʣʠ ʧʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʝʥʠʡ, ʘ ʢʥʦʧʢʫ ʤʠ ʚʞʝ 

ʚʽʜʧʫʩʪʠʣʠ. ʇʽʩʣʷ ʩʧʨʘʮʶʚʘʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʤʠ ʩʢʠʜʘʪʠʤʝʤʦ ʧʨʘʧʦʨʝʮʴ, ʪʘ 

ʙʫʜʝʤʦ ʽʥʚʝʨʪʫʚʘʪʠ ʧʝʨʰʠʡ ʙʽʪ ʨʝʛʽʩʪʨʘ PORTB, ʱʦ ʜʘʩʪʴ ʥʘʤ ʟʤʦʛʫ 

ʧʦʯʝʨʛʦʚʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʚʠʩʦʢʠʡ ʪʘ ʥʠʟʴʢʠʡ ʨʽʚʥʽ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ PB0 

ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʫ ʥʘʩ ʦʜʥʠʤ ʟ ʚʠʭʦʜʽʚ, ʷʢʽ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʜʣʷ 

ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʅʠʞʯʝ ʧʨʠʚʝʜʝʥʦ ʬʨʘʛʤʝʥʪ ʢʦʜʫ ʥʘ 

ʉ, ʷʢʠʡ ʚʩʝ ʮʝ ʨʝʘʣʽʟʦʚʫʻ. 

  //Start ï Stop button action  

   if(!(PINB&4))  

   { flag_start_stop=1; _delay_ms(10); }  

   if(( flag_start_stop==1 )&&(PINB&4))  

   {PORTB^=1; flag_start_stop=0; }  

2.7.2.3 ɿʤʽʥʘ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ɼʣʷ ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʘʙʦ 

ʚʚʽʤʢʥʝʥʥʷ ʨʝʚʝʨʩʫ, ʧʦʪʨʽʙʥʦ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʩʪʘʥʦʤ ʢʥʦʧʢʠ ʢʝʨʫʚʘʥʥʷ, ʪʘ ʟʘ 

ʾʾ ʥʘʪʠʩʢʘʥʥʷʤ, ʚʽʜʧʦʚʽʜʥʦ, ʟʤʽʥʶʚʘʪʠ ʥʘʧʨʷʤ ʨʫʭʫ. ʉʣʽʜʢʫʚʘʪʠ ʟʘ 

ʥʘʪʠʩʢʘʥʥʷʤ ʢʥʦʧʢʠ ʙʫʜʝʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʯʠʪʫʚʘʥʥʷ ʨʽʚʥʷ ʥʘʧʨʫʛʠ ʟ 

ʟʘʱʽʧʢʠ ʧʦʨʪʫ, ʜʦ ʷʢʦʛʦ ʧʽʜʢʣʶʯʝʥʘ ʮʷ ʢʥʦʧʢʘ. ɺʣʘʩʥʝ, ʜʘʥʫ ʢʥʦʧʢʫ ʙʫʣʦ 

ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʚʠʚʦʜʫ PB3 ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ATmega128, ʷʢʠʡ ʥʘʣʘʰʪʦʚʘʥʦ 

ʷʢ ʚʭʽʜ. ɹʫʜʝʤʦ ʯʠʪʘʪʠ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ ʥʘ ʟʘʱʽʧʮʽ ʧʦʨʪʫ ʟ ʙʽʪʘ PX3 ʨʝʛʽʩʪʨʘ 

PINB. ʇʨʠ ʥʘʪʠʩʥʝʥʥʽ ʥʘ ʢʥʦʧʢʫ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ ʙʫʜʝ ʥʠʟʴʢʠʡ, ʪʦʙʪʦ 

ʟʥʽʤʘʪʠʤʝʤʦ 0, ʘ ʢʦʣʠ ʢʥʦʧʢʘ ʥʝ ʥʘʪʠʩʥʝʥʘ ʪʦ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ ʚʠʩʦʢʠʡ ʽ 

ʟʥʽʤʘʪʠʤʝʤʦ 1. 

ʃʦʛʽʢʘ ʢʝʨʫʚʘʥʥʷ ʙʫʜʝ ʥʘʩʪʫʧʥʦʶ. ʉʪʦʨʦʥʘ, ʫ ʷʢʫ ʦʙʝʨʪʘʻʪʴʩʷ ʜʚʠʛʫʥ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʚʭʦʜʘʭ IN1 ʪʘ IN2 ʥʘ ʜʨʘʡʚʝʨʽ, ʷʢʠʤ ʚʠʩʪʫʧʘʻ 

ʩʭʝʤʘ ʟ ʜʚʦʤʘ ʤʦʩʪʘʤʠ L293D. ɿʤʽʥʶʚʘʪʠ ʧʦʪʝʥʮʽʘʣʠ ʤʠ ʙʫʜʝʤʦ ʜʚʘ ʦʜʨʘʟʫ, 
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ʣʽʥʽʶ ʟ ʥʠʟʴʢʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʙʫʜʝʤʦ ʨʦʙʠʪʠ ʣʽʥʽʻʶ ʟ ʚʠʩʦʢʠʤ, ʘ ʣʽʥʽʶ ʟ 

ʚʠʩʦʢʠʤ ï ʣʽʥʽʻʶ ʟ ʥʠʟʴʢʠʤ. ʊʫʪ ʤʠ ʛʦʚʦʨʠʤʦ ʧʨʦ ʣʽʥʽʾ PB0 ʪʘ PB1 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʷʢʽ ʥʘʣʘʰʪʦʚʘʥʽ ʷʢ ʚʠʭʦʜʠ. ʗʢ ʤʠ ʙʘʯʠʤʦ ʚʠʱʝ, ʧʨʠ 

ʚʤʠʢʘʥʥʽ ʙʫʣʦ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦ ʣʽʥʽʶ ʧʦʨʪʫ PB0 ʷʢ ʚʠʭʽʜ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʥʘʧʨʫʛʠ. ʇʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʾ ʧʦʙʽʪʦʚʦʛʦ XOR 

ʤʠ ʙʫʜʝʤʦ ʽʥʚʝʨʪʫʚʘʪʠ ʧʝʨʰʽ ʜʚʘ ʨʦʟʨʷʜʠ ʨʝʛʽʩʪʨʘ PORTB, ʷʢʠʡ ʫ ʚʠʧʘʜʢʫ 

ʣʽʥʽʡ ʚʠʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ. ʅʠʞʯʝ ʥʘʚʦʜʠʤʦ 

ʬʨʘʛʤʝʥʪ ʢʦʜʫ ʥʘ ʉ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʚʢʘʟʘʥʽ ʦʧʝʨʘʮʽʾ. 

//Reverse button action  

   if(!(PINB&8))   

   { flag_reverse=1; _delay_ms(10); }  

   if(( flag_reve rse==1 )&&(PINB&8))  

   {PORTB^=3; flag_reverse=0; }  

 

2.7.2.4 ɿʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ɼʣʷ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʫ ʥʘʩ ʙʫʜʝ 

ʜʚʽ ʢʥʦʧʢʠ, ʧʝʨʰʘ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ, ʘ ʜʨʫʛʘ ï ʟʤʝʥʰʫʚʘʪʠ. 

ʇʨʠʥʮʠʧ, ʟʘ ʷʢʠʤ ʤʠ ʙʫʜʝʤʦ ʟʤʽʥʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ, ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʐɯʄï ʩʠʛʥʘʣʫ. ɼʚʠʛʫʥ ʜʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʧʽʜʢʣʶʯʘʻʤʦ 

ʯʝʨʝʟ ʢʣʶʯʽ, ʤʦʩʪʦʚʦʶ ʩʭʝʤʦʶ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ  2.12. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʥʘʩ ʚʘʞʣʠʚʽ ʢʦʤʙʽʥʘʮʽʾ, ʢʦʣʠ ʻ ʨʽʟʥʠʮʷ 

ʧʦʪʝʥʮʽʘʣʽʚ. ʎʝ ʥʘʩʪʫʧʥʽ ʢʦʤʙʽʥʘʮʽʾ ʢʣʶʯʽʚ: 1 ʚʽʜʢʨʠʪʠʡ, 2 ʟʘʢʨʠʪʠʡ, 3 

ʟʘʢʨʠʪʠʡ, 4 ʚʽʜʢʨʠʪʠʡ; 1 ʟʘʢʨʠʪʠʡ, 2 ʚʽʜʢʨʠʪʠʡ, 3 ʚʽʜʢʨʠʪʠʡ, 4 ʟʘʢʨʠʪʠʡ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʠʤʠ ʻ ʢʦʤʙʽʥʘʮʽʾ, ʢʦʣʠ ʥʝʤʘʻ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ, ʽ 

ʨʦʪʦʨ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʥʝ ʦʙʝʨʪʘʻʪʴʩʷ. ʚʦʥʠ ʥʘʩʪʫʧʥʽ: 1 ʚʽʜʢʨʠʪʠʡ, 2 

ʚʽʜʢʨʠʪʠʡ, 3 ʟʘʢʨʠʪʠʡ, 4 ʟʘʢʨʠʪʠʡ; 1 ʟʘʢʨʠʪʠʡ, 2 ʟʘʢʨʠʪʠʡ, 3 ʚʽʜʢʨʠʪʠʡ, 4 

ʚʽʜʢʨʠʪʠʡ.  

ʊʦʙʪʦ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʤʠ ʚʽʜʢʨʠʚʘʻʤʦ ʢʣʶʯʽ ʟʘ 

ʜʽʘʛʦʥʘʣʣ  ʁï ʥʘʰ ʜʚʠʛʫʥ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʴ.  
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ɼʣʷ ʪʦʛʦ, ʱʦʙ ʨʝʛʫʣʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʤʠ ʙʫʜʝʤʦ ʚʤʠʢʘʪʠ ʮʽ 

ʢʣʶʯʽ ʥʘ ʯʘʩ X ʪʘ ʚʠʤʠʢʘʪʠ ʥʘ ʯʘʩ Y ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ. ʗʢ ʮʝ ʙʫʜʝ 

ʚʠʛʣʷʜʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ  2.4 

ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʛʠ, ʷʢʘ ʥʘ ʥʴʦʛʦ 

ʧʦʜʘʻʪʴʩʷ. ʅʘ ʨʠʩʫʥʢʫ  2.4 ʮʷ ʥʘʧʨʫʛʘ ʧʦʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʝʢʚʽʚʘʣʝʥʪʥʘ 

ʧʦʩʪʽʡʥʘ ʥʘʧʨʫʛʘ. ɿ ʮʴʦʛʦ ʨʠʩʫʥʢʘ ʤʠ ʪʘʢʦʞ ʙʘʯʠʤʦ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʮʠʬʨʦʚʽ ʩʠʛʥʘʣʠ ʣʦʛʽʯʥʦʛʦ ñ0ò ʪʘ ʣʦʛʽʯʥʦʾ ñ1ò ʤʠ ʤʦʞʝʤʦ ʦʪʨʠʤʫʚʘʪʠ 

ʩʚʦʻʨʽʜʥʫ ʝʢʚʽʚʘʣʝʥʪʥʫ ʥʘʧʨʫʛʫ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ  ʥʘʧʨʫʛʠ ʣʦʛʽʯʥʠʭ 

ʨʽʚʥʽʚ. 

ʈʝʛʫʣʶʶʯʠ ʰʧʘʨʫʚʘʪʽʩʪʴ ï  ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʽʦʜʫ ʩʣʽʜʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ 

ʜʦ ʾʭ ʜʦʚʞʠʥʠ, ʤʠ ʟʤʽʥʶʻʤʦ ʝʢʚʽʚʘʣʝʥʪʥʫ ʧʦʩʪʽʡʥʫ ʥʘʧʨʫʛʫ ʪʘ ʨʝʛʫʣʶʻʤʦ 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʥʘʰʦʛʦ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

ʊʝʧʝʨ ʚʣʘʩʥʝ ʧʝʨʝʡʜʝʤʦ ʜʦ ʢʥʦʧʦʢ. ʉʧʦʯʘʪʢʫ ʨʦʟʙʝʨʝʤʦ ʩʭʝʤʫ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ. ʂʥʦʧʢʘ ʧʽʜʢʣʶʯʝʥʘ ʜʦ ʚʠʚʦʜʫ PB4 ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, 

ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦ ʷʢ ʚʭʽʜ. ɿʥʽʤʘʪʠ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʚʭʦʜʫ ʤʠ 

ʙʫʜʝʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 8 ʙʽʪʥʦʛʦ ʨʝʛʽʩʪʨʘ PINB, ʘ ʪʦʯʥʽʰʝ ï  ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʽʪʘ PB4. ʂʦʣʠ ʢʥʦʧʢʘ ʥʝ ʥʘʪʠʩʥʫʪʘ ʮʝʡ ʙʽʪ ʤʘʻ ʟʥʘʯʝʥʥʷ ʣʦʛʽʯʥʦʾ 1. ʂʦʣʠ 

ʢʥʦʧʢʘ ʥʘʪʠʩʢʘʻʪʴʩʷ, ʮʝʡ ʙʽʪ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʣʦʛʽʯʥʦʛʦ 0. ʉʘʤʝ ʮʝ ʤʠ 

ʙʫʜʝʤʦ ʧʝʨʝʚʽʨʷʪʠ ʫ ʧʨʦʛʨʘʤʽ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ ATmega128. 

ʇʨʠ ʚʠʷʚʣʝʥʥʽ ʣʦʛʽʯʥʦʛʦ ʥʫʣʷ ʤʠ ʙʫʜʝʤʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʽʥʜʠʢʘʪʦʨ 

ʥʘʪʠʩʢʘʥʥʷ ʪʘ ʦʯʽʢʫʚʘʪʠ 10 ʤʩ. ʅʘʩʪʫʧʥʘ ʫʤʦʚʘ ʫ ʥʘʩ ʚʠʢʦʥʘʻʪʴʩʷ, ʷʢʱʦ 

ʽʥʜʠʢʘʪʦʨ ʥʘʪʠʩʢʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ 1, ʽ ʥʘ ʟʘʱʽʧʮʽ PB4 ʧʦʨʪʫ ʣʦʛʽʯʥʘ 

ʦʜʠʥʠʮʷ, ʪʦʙʪʦ ʢʥʦʧʢʘ ʚʞʝ ʚʽʜʧʫʱʝʥʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʠ 

ʟʙʽʣʴʰʫʚʘʪʠʤʝʤʦ ʟʥʘʯʝʥʥʷ 8 ʙʽʪʥʦʛʦ ʨʝʛʽʩʪʨʘ OCR1A ʥʘ ʚʝʣʠʯʝʥʫ, ʷʢʫ 

ʟʘʧʠʩʘʥʦ ʫ ʟʤʽʥʥʫ delay, ʘʣʝ ʥʝ ʙʽʣʴʰʝ, ʥʽʞ 20.  

ʇʨʠ ʮʽʡ ʧʦʩʪʽʡʥʽʡ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʥʘʧʨʫʟʽ ʥʘʰ ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʷʢʫ ʤʠ ʤʦʞʝʤʦ ʜʦʩʷʛʪʠ ʫ 

ʥʘʰʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. ʅʠʞʯʝ ʥʘʚʝʜʝʤʦ ʢʦʜ ʥʘ ʉ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ 

ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʢʥʦʧʢʫ. 
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  //Speed + button action  

   if(!(PINB&16))   

   { flag_speedup=1; _delay_ms(10); }  

   if(( flag_speedup==1 )&&(PINB&16))  

   { if (OCR1A!= 40) OCR1A+= delay ; flag_speedup=0; }  

ɿʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʩʭʦʞʠʤ ʧʨʠʥʮʠʧʦʤ. ʄʠ ʧʝʨʝʚʽʨʷʻʤʦ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ ʥʘ 

ʚʠʚʦʜʽ PB6 ʷʢʠʡ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦ ʥʘ ʚʭʽʜ. ʇʨʦʛʨʘʤʥʦ ʯʠʪʘʻʤʦ ʮʝʡ ʨʽʚʝʥʴ 

ʥʘʧʨʫʛʠ ʟ ʙʽʪʘ PX6 ʨʝʛʽʩʪʨʘ PINB. ʂʦʣʠ ʢʥʦʧʢʘ ʥʝ ʥʘʪʠʩʥʝʥʘ, ʙʽʪ ʜʦʨʽʚʥʶʻ 

1. ʂʦʣʠ ʢʥʦʧʢʘ ʥʘʪʠʩʢʘʻʪʴʩʷ, ʟʥʘʯʝʥʥʷ ʙʽʪʘ ʟʤʽʥʶʻʪʴʩʷ ʟ 1 ʥʘ 0, ʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʠʤ ʜʦ ʪʦʛʦ ʯʘʩʫ,  ʜʦʢʠ ʢʥʦʧʢʘ ʥʘʪʠʩʥʝʥʘ. ʉʘʤʝ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʥʝ ʚʽʜʙʫʚʘʣʠʩʴ ʙʘʛʘʪʦʨʘʟʦʚʽ ʟʤʽʥʠ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʥʦʧʢʫ, ʫ 

ʧʨʦʛʨʘʤʽ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʢʣʶʯʽ, ʷʢʽ ʩʢʠʜʘʶʪʴʩʷ ʣʠʰʝ ʢʦʣʠ ʢʥʦʧʢʠ 

ʚʽʜʧʫʩʢʘʶʪʴʩʷ. 

ʇʨʦʛʨʘʤʥʦ ʯʠʪʘʶʯʠ ʟʥʘʯʝʥʥʷ ʙʽʪʘ PX6 ʨʝʛʽʩʪʨʘ PINB, ʤʠ ʟʤʽʥʶʻʤʦ 

ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ OCR1A, ʟʤʝʥʰʫʶʯʠ ʡʦʛʦ ʥʘ ʚʝʣʠʯʝʥʫ, ʷʢʫ ʟʘʧʠʩʘʥʦ ʫ ʟʤʽʥʥʫ 

delay, ʘʣʝ ʥʝ ʤʝʥʰʝ 0. ʂʦʜ, ʷʢʠʡ ʮʝ ʨʝʘʣʽʟʦʚʫʻ ʧʨʠʚʝʜʝʥʦ ʥʠʞʯʝ. 

// Speed ï  button  action  

   if (!( PINB&64))  

   { flag_speeddown=1; _delay_ms(10); }  

   if(( flag_speeddown==1 )&&(PINB&64))  

   {  

      if (OCR1A!=0)OCR1A ï =delay ;  

  flag_speeddown=0;  

   }  
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3 ʄʆɼɽʃʖɺɸʅʅʗ ʄʆɼʋʃʗ ɸʎʇ ʄɯʂʈʆʂʆʅʊʈʆʃɽʈɯɺ ʉɯʄ`ɰ AVR 

3.1 ʆʩʦʙʣʠʚʦʩʪʽ ʤʦʜʫʣʷ ɸʎʇ ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Aʊmega32 

ʆʧʠʩ ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʜʫʣʷ ɸʎʇ ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ AVR 

ʥʘʚʝʜʝʥʦ ʫ [1é3]. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʩʢʦʨʦʯʝʥʠʡ ʦʧʠʩ ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʜʫʣʷ 

ɸʎʇ ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Aʊmega32, ʷʢʠʡ ʚʠʢʦʨʠʩʪʘʥʦ ʫ ʤʦʜʝʣʽ. 

ʄʦʜʫʣʴ 10ïʨʦʟʨʷʜʥʦʛʦ ɸʎʇ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʚʭʦʜʠʪʴ ʜʦ 

ʩʢʣʘʜʫ ʤʦʜʝʣʝʡ ʩʽʤʝʡʩʪʚʘ Mega, ʟʘ ʚʠʥʷʪʢʦʤ ATmega8515x/162x. ʆʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʤʦʜʫʣʷ ɸʎʇ ʥʘʩʪʫʧʥʽ: 

ï ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ: Ñ2 ʄɿʈ (ʤʦʣʦʜʰʦʛʦ ʟʥʘʯʫʱʦʛʦ ʨʦʟʨʷʜʫ);  

ï ʽʥʪʝʛʨʘʣʴʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ: Ñ0.5 ʄɿʈ1
; 

ï ʰʚʠʜʢʦʜʽʷ: ʜʦ 15 ʪʠʩ. ʚʠʙʽʨʦʢ/ʩ [1]. 

ʅʘ ʚʭʦʜʽ ʤʦʜʫʣʷ ɸʎʇ ʤʦʜʝʣʝʡ ʻ 8ïʢʘʥʘʣʴʥʠʡ ʘʥʘʣʦʛʦʚʠʡ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨ, ʱʦ ʥʘʜʘʻ ʚ ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ 8 ʢʘʥʘʣʽʚ ʟ 

ʦʜʥʦʧʦʣʷʨʥʠʤʠ (ʥʝʩʠʤʝʪʨʠʯʥʠʤʠ) ʚʭʦʜʘʤʠ.  

ʋ ʙʽʣʴʰʦʩʪʽ ʤʦʜʝʣʝʡ ʚʭʦʜʠ ɸʎʇ ʤʦʞʫʪʴ ʪʘʢʦʞ ʧʦʻʜʥʫʚʘʪʠʩʷ ʧʦʧʘʨʥʦ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʽʟʥʦʛʦ ʯʠʩʣʘ ʢʘʥʘʣʽʚ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʚʭʦʜʦʤ. 

ʇʨʠ ʮʴʦʤʫ ʚ ʜʝʷʢʠʭ ʢʘʥʘʣʘʭ ʻ ʤʦʞʣʠʚʽʩʪʴ 10ï ʽ 200ïʢʨʘʪʥʦʛʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ʇʨʠ ʢʦʝʬʽʮʽʻʥʪʘʭ ʧʽʜʩʠʣʝʥʥʷ 1ʭ 

ʪʘ 10ʭ ʜʽʶʯʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ɸʎʇ ʩʢʣʘʜʘʻ 8 ʨʦʟʨʷʜʽʚ, ʘ  ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ 

ʧʽʜʩʠʣʝʥʥʷ 200ʭ ï 7 ʨʦʟʨʷʜʽʚ. 

ʗʢ  ʜʞʝʨʝʣʦ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ ʜʣʷ ɸʎʇ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ 

ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʻ ʘʙʦ ʟʦʚʥʽʰʥʻ ʜʞʝʨʝʣʦ 

ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ. 

ʄʦʜʫʣʴ ɸʎʇ ʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ: 

- ʨʝʞʠʤ ʦʜʠʥʦʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʢʦʣʠ ʟʘʧʫʩʢ ʢʦʞʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʽʮʽʶʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ; 

                                                 
1
 ʄɿʈ ʚ ʟʘʨʫʙʽʞʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʦʟʥʘʯʘʻʪʴʩʷ LSB (Least Significant Bit ï ʤʦʣʦʜʰʠʡ ʟʥʘʯʫʱʠʡ ʨʦʟʨʷʜ),  

ʘʥʘʣʦʛʽʯʥʦ, MSB (Most Significant Bit ï ʩʪʘʨʰʠʡ ʟʥʘʯʫʱʠʡ ʨʦʟʨʷʜ) ʚʽʜʧʦʚʽʜʘʻ ʧʦʟʥʘʯʝʥʥʶ ʉɿʈ. 
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- ʨʝʞʠʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʢʦʣʠ ʟʘʧʫʩʢ ʧʝʨʝʪʚʦʨʝʥʴ 

ʚʠʢʦʥʫʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ ʯʝʨʝʟ ʧʝʚʥʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ. 

ʄʦʜʫʣʴ ɸʎʇ ʤʽʩʪʠʪʴ ʧʨʠʩʪʨʽʡ ʚʠʙʽʨʢʠïʟʙʝʨʽʛʘʥʥʷ (ʇɺɿ), ʱʦ 

ʧʽʜʪʨʠʤʫʻ ʧʽʜ ʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʧʨʫʛʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʭʦʜʽ ɸʎʇ ʥʘ 

ʧʦʩʪʽʡʥʦʤʫ ʨʽʚʥʽ. 

3.2 ʆʧʠʩ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ ʤʦʜʫʣʷ ɸʎʇ 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʤʦʜʫʣʷ ɸʎʇ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.1. ʋ 

ʤʦʜʝʣʷʭ ATmega8x ʽ ATmega48x/88x/168x ʝʣʝʤʝʥʪʠ ʽ ʧʦʚô̫ ʟʘʥʽ ʟ ʥʠʤʠ 

ʩʠʛʥʘʣʠ, ʷʢʽ ʚʠʜʽʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ ʩʽʨʠʤ ʢʦʣʴʦʨʦʤ, ʚʽʜʩʫʪʥʽ, ʘ ʥʝʽʥʚʝʨʪʫʶʯʠʡ 

ʚʭʽʜ ʢʦʤʧʘʨʘʪʦʨʘ ʟ ʧʨʠʩʪʨʦʻʤ ʚʠʙʽʨʢʠïʟʙʝʨʝʞʝʥʥʷ ʧʽʜʢʣʶʯʝʥʠʡ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʚʠʭʦʜʫ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ (ʧʦʢʘʟʘʥʦ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ). 

ɺʭʽʜʥʠʡ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʇɺɿ. ɿʘ ʢʦʤʘʥʜʦʶ çʉʪʘʨʪè 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʛʽʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ) ʧʦʩʣʽʜʦʚʥʦ ʫ ʯʘʩʽ ʢʦʞʝʥ 

ʨʦʟʨʷʜ ʎɸʇ, ʧʦʯʠʥʘʶʯʠ ʟʽ ʩʪʘʨʰʦʛʦ ʨʦʟʨʷʜʫ, ʧʝʨʝʚʦʜʠʪʴʩʷ ʫ ʧʦʣʦʞʝʥʥʷ 1. 

ʂʦʤʧʘʨʘʪʦʨ ʟʨʽʚʥʶʻ ʥʘʧʨʫʛʫ ʥʘ ʚʠʭʦʜʽ ʎɸʇ ʟ ʚʭʽʜʥʦʶ ʥʘʧʨʫʛʦʶ: ʷʢʱʦ 

ʥʘʧʨʫʛʘ ʥʘ ʚʭʦʜʽ ʙʽʣʴʰʘ, ʥʽʞ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʎɸʇ, ʪʦ ʥʘ ʚʠʭʦʜʽ 

ʢʦʤʧʘʨʘʪʦʨʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ, ʘ ʚ ʪʨʠʛʝʨ ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ ʟʘʧʠʩʫʻʪʴʩʷ 1, ʷʢʱʦ 

ʥʘʧʨʫʛʘ ʥʘ ʚʭʦʜʽ ʤʝʥʰʘ, ʥʽʞ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʎɸʇ, ʪʦ ʪʨʠʛʝʨ 

ʧʝʨʝʚʦʜʠʪʴʩʷ ʫ ʧʦʣʦʞʝʥʥʷ 0. ɺ ʢʽʥʮʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʨʝʛʽʩʪʨʽ ʜʘʥʠʭ ɸʎʇ 

(ADCH/ADCL) ʙʫʜʝ ʜʚʽʡʢʦʚʠʡ ʢʦʜ, ʷʢʠʡ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʚʭʽʜʥʽʡ ʥʘʧʨʫʟʽ.  

ɸʎʇ ʧʨʘʮʶʻ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ: ʦʜʥʦʧʦʣʷʨʥʦʤʫ ʪʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ. 

ʇʨʠ ʦʜʥʦʧʦʣʷʨʥʦʤʫ ʨʝʞʠʤʽ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʻ ʥʘ ʦʜʠʥ ʽʟ ʚʭʦʜʽʚ 

ADC0ïADC17. ʇʨʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʰʽʩʪʴ 

ʚʭʦʜʽʚ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ (ADC0, ADC1, ADC2, ADC3). ʈʽʟʥʠʮʷ ʩʠʛʥʘʣʫ ʤʽʞ 

ʮʠʤʠ ʚʭʦʜʘʤʠ ʧʽʜʩʠʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʽ 

ʧʦʩʪʫʧʘʻ ʥʘ ʚʭʽʜ ʢʦʤʧʘʨʘʪʦʨʘ. 

 



89 
 

 
ʈʠʩʫʥʦʢ 3.1 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʘʥʘʣʦʛʦïʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

3.3 ʇʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ ʤʦʜʫʣʝʤ ɸʎʇ 

ʗʢ ʧʨʠʢʣʘʜ ʜʣʷ ʜʝʷʢʠʭ ʤʦʜʝʣʝʡ ʩʽʤʝʡʩʪʚʘ AVR ʫ ʪʘʙʣʠʮʽ 3.1 ʥʘʚʝʜʝʥʦ 

ʨʝʛʽʩʪʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʤʦʜʫʣʝʤ ɸʎʇ. ʌʦʨʤʘʪ 

ʨʝʛʽʩʪʨʽʚ ADCSRA (ADCSR) ʽ ADMUX ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.2 ʽ 3.3, ʘ 

ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʬʫʥʢʮʽʡ ʾʭ ʨʦʟʨʷʜʽʚ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʷʭ 3.2 ʽ 3.3 ʚʽʜʧʦʚʽʜʥʦ. 
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ʊʘʙʣʠʮʷ 3.1ï ʈʝʛʽʩʪʨʠ ʢʝʨʫʚʘʥʥʷ ʤʦʜʫʣʝʤ ɸʎʇ 
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ʆʧʠʩ 

ADCSR $06($26) 
 
ǅ  ǅ ǅ   

    
 
ʈʝʛʽʩʪʨ 

ʢʝʨʫʚʘʥʥʷ ʽ 

ʩʪʘʥʫ 

ADCSRA 

$06 
($26) 

ǅ  ǅ    ǅ 
    

ǅ ʈʝʛʽʩʪʨ 
ʢʝʨʫʚʘʥʥʷ ʽ 

ʩʪʘʥʫ ɸ  ($7ɸ)      ǅ  ǅ ǅ ǅ ǅ  

ADCSRB 
($8E)       ǅ      ʈʝʛʽʩʪʨ 

ʢʝʨʫʚʘʥʥʷ ʽ 

ʩʪʘʥʫ ɺ ($7ɺ)      ǅ  ǅ ǅ ǅ ǅ  

ADMUX  

$07 
($27) 

ǅ ǅ ǅ ǅ ǅ  ǅ     
ǅ ʈʝʛʽʩʪʨ 

ʢʝʨʫʚʘʥʥʷ 

ʤʫʣʴʪʠʧʣʝ

ʢʩʦʨʦʤ 
(7ʉ) 

 
    ǅ  ǅ ǅ ǅ ǅ  

SFIOR 

$30 
($50) 

ǅ ǅ ǅ     
    

 ʈʝʛʽʩʪʨ 

ʩʧʝʮʽʘʣʴʥʠʭ 

ʬʫʥʢʮʽʡ 
$20 

($40) 
 

      
    

ǅ 

 

ʊʘʙʣʠʮʷ 3.2 ï ʈʦʟʨʷʜʠ ʨʝʛʽʩʪʨʘ ADCSRA (ADCSR*) 

ʈʦʟʨʷʜ ʅʘʟʚʘ ʆʧʠʩ 

7 ADEN ɼʦʟʚʽʣ ɸʎʇ (1 ï ʫʚʽʤʢʥʝʥʦ, 0 ï ʚʠʤʢʥʝʥʦ) 

6 ADSC ɿʘʧʫʩʢ ʧʝʨʝʪʚʦʨʝʥʥʷ (1 ï ʧʦʯʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ) 

5 ADATE (ADFR **)  
ɺʠʙʽʨ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɸʎʇ 

(0 ï ʦʜʠʥʦʯʥʝ, 1 ï ʙʝʟʧʝʨʝʨʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ) 

4 ADIF ʇʨʘʧʦʨʝʮʴ ʧʝʨʝʨʠʚʘʥʥʷ ʟʘʚʝʨʰʝʥʥʷ ɸʎʇ 

3 ADIE ɼʦʟʚʽʣ ʧʝʨʝʨʠʚʘʥʥʷ ʚʽʜ ʟʘʚʝʨʰʝʥʥʷ ɸʎʇ 

2..0 ADPS2:ADPS0 ɺʠʙʽʨ ʯʘʩʪʦʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʜʠʚ. ʪʘʙʣʠʮʶ 6) 

* ɺ ʤʦʜʝʣʽ ɸʊmega8x 

** ɺ ʤʦʜʝʣʷʭ ɸʊmega8x, ATmega128x 
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ʊʘʙʣʠʮʷ 3.3ï ʈʦʟʨʷʜʠ ʨʝʛʽʩʪʨʘ ADMUX 

ʈʦʟʨʷʜ ʅʘʟʚʘ ʆʧʠʩ ʄʦʜʝʣʴ 

7..6 REFS1:REFS0 
ɺʠʙʽʨ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ 

(ʜʠʚ. ʪʘʙʣʠʮʶ 5) 
ɺʩʽ ʤʦʜʝʣʽ 

5 ADLAR 
ʃʽʚʝ ʚʠʨʽʚʥʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 

(ʜʠʚ. ʪʘʙʣʠʮʶ 11) 
ɺʩʽ ʤʦʜʝʣʽ 

4 

ï ɿʘʨʝʟʝʨʚʦʚʘʥʦ ATmega8x 

MUX4 ɺʠʙʽʨ ʚʭʽʜʥʠʭ ʢʘʥʘʣʽʚ (ʜʠʚ. ʪʘʙʣʠʮʶ 9) 

ɺʩʽ ʤʦʜʝʣʽ 

ʢʨʽʤ 

ATmega8x 

3..0 MUX3..MUX0 
ɺʠʙʽʨ ʚʭʽʜʥʠʭ ʢʘʥʘʣʽʚ ʽ ʯʘʩʪʦʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 

(ʜʠʚ. ʪʘʙʣʠʮʽ 8,  9) 
ɺʩʽ ʤʦʜʝʣʽ 

 

 
 7 6 5 4 3 2 1 0  

 
ADEN ADSC ADFR ADIF ADI£ ADPS2 ADPS1 ADPSO 

ATmega8x 

ATmega128x 

ɿʯʠʪʫʚʘʥʥʷ(R)/ɿʘʧʠʩ(W) 

ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ 
R/W 

0 
R/W 

0 
R/W 

0 
R/W 

0 
R/W 

0 
R/W 

0 
R/W 

0 
R/W 

0 

 

 7 6 5 4 3 2 1 0  

 
ADEN ADSC ADATE ADIF ADI£ ADPS2 ADPS1 ADPSO 

ɯʥʰʽ ʤʦʜʝʣʽ 

ɿʯʠʪʫʚʘʥʥʷ(R)/ɿʘʧʠʩ(W) 

ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ 

R/W 

0 

R/W 

0 

R/W 

0 

R/W 

0 

R/W 

0 

R/W 

0 

R/W 

0 

R/W 

0 

 

ATmega 8x 

ɯʥʰʽ ʤʦʜʝʣʽ 

ï ADCSR 

ï ADCSRA 

        

ʈʠʩʫʥʦʢ 3.2 ï ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ ADCSRA (ADCSR) 

 

 7 6 5 4 3 2 1 0  

 
REFS1 REFS0 ADLAR ï MUX3 MUX2 MUX1 MUX0 

ATmega8x 
ATmega48x/88x/168x 

ɿʯʠʪʫʚʘʥʥʷ(R)/ɿʘʧʠʩ(W) 

ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ 
R/W 

0 
R/W 

0 
R/W 

0 
R/W 

0 
R/W 

0 
R/W 

0 
R/W 

0 
R/W 

0 

 

 7 6 5 4 3 2 1 0  

 
REFS1 REFS0 ADLAR MUX4 MUX3 MUX2 MUX1 MUX0 

ɯʥʰʽ ʤʦʜʝʣʽ 

ɿʯʠʪʫʚʘʥʥʷ(R)/ɿʘʧʠʩ(W) 

ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ 

R/W 

0 

R/W 

0 

R/W 

0 

R/W 

0 

R/W 

0 

R/W 

0 

R/W 

0 

R/W 

0 

 

ʈʠʩʫʥʦʢ 3.3 ï ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ ADMUX 

ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʽʚ  ADCSRB ʽ SFIOR ʥʘʚʝʜʝʥʦ ʨʠʩʫʥʢʘʭ 3.4 ʽ 3.5 

ʚʽʜʧʦʚʽʜʥʦ (ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʨʦʟʨʷʜʠ ʨʝʛʽʩʪʨʘ SFIOR ʧʦʟʥʘʯʝʥʽ ʷʢ çïè). 

ɼʣʷ ʜʦʟʚʦʣʫ ʨʦʙʠʪʠ ɸʎʇ ʥʝʦʙʭʽʜʥʦ ʟʘʧʠʩʘʪʠ ʣʦʛ. 1 ʚ ʨʦʟʨʷʜ ADEN 

ʨʝʛʽʩʪʨʘ ADCSRA (ADCSR), ʘ ʜʣʷ ʟʘʙʦʨʦʥʠï ʚʽʜʧʦʚʽʜʥʦ ʣʦʛ. 0. ʗʢʱʦ ɸʎʇ 

ʙʫʜʝ ʚʠʤʢʥʝʥʦ ʧʽʜ ʯʘʩ ʮʠʢʣʫ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ ʙʫʜʝ 

ʟʘʚʝʨʰʝʥʦ (ʚ ʨʝʛʽʩʪʨʽ ʜʘʥʠʭ ɸʎʇ ʟʘʣʠʰʠʪʴʩʷ ʨʝʟʫʣʴʪʘʪ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ). 
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7 6 5 4 3 2 1 0 

 

 
ï ï ï ï ï ADTS2 ADTS1 ADTSO 

ATmega64x 

ɿʯʠʪʫʚʘʥʥʷ(R)/ɿʘʧʠʩ(W) R R R R R R/W R/W R/W  
ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ 

0 0 0 0 0 0 0 0  

 7 6 5 4 3 2 1 0 ATmega48x/88x/168x 

ATmega164x/324x/644x 

ATmega165x/325x/3250x 

ATmega645x/6450x 

ATmega1281x/2561x 

 
ï ACME ï ï ï ADTS2 ADTS1 ADTSO 

ɿʯʠʪʫʚʘʥʥʷ(R)/ɿʘʧʠʩ(W) R R/W R R R R/W R/W R/W 
ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ 

0 0 0 0 0 0 0 0 

 7 6 5 4 3 2 1 0  

 
ï ACME ï ï MUX5 ADTS2 ADTS1 ADTSO ATmega640x/1280x/2560x 

ɿʯʠʪʫʚʘʥʥʷ(R)/ɿʘʧʠʩ(W) R R/W R R R/W R/W R/W R/W  
ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ 0 0 0 0 0 0 0 0  

ʈʠʩʫʥʦʢ 3.4 ï ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ ADCSRB 

 
7 6 5 4 3 2 1 0 

 

 
ADTS2 ADTS1 ADTSO ï X X X X 

ATmega8535x 

ATmega16x/32x 
ɿʯʠʪʫʚʘʥʥʷ(R)/ɿʘʧʠʩ(W) R R R R R R/W R/W R/W  
ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ 

0 0 0 0 0 0 0 0  

ʈʠʩʫʥʦʢ 3.5 ï ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ SFIOR 

ʋ ʚʩʽʭ ʤʦʜʝʣʷʭ, ʦʢʨʽʤ ATmega8x ʪʘ ATmega128x, ʟʘʧʫʩʢ ɸʎʇ 

ʤʦʞʣʠʚʠʡ ʥʝ ʪʽʣʴʢʠ ʢʦʤʘʥʜʦʶ ʢʦʨʠʩʪʫʚʘʯʘ, ʘʣʝ ʡ ʧʝʨʝʨʠʚʘʥʥʷʤ ʚʽʜ ʜʝʷʢʠʭ 

ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʥʘʷʚʥʠʭ ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ɼʣʷ ʚʠʙʦʨʫ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʚ ʮʠʭ ʤʦʜʝʣʷʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʟʨʷʜ ADATE ʨʝʛʽʩʪʨʘ 

ADCSRA ʽ ʨʦʟʨʷʜʠ ADTS2...0 ʨʝʛʽʩʪʨʘ SFɯOR ʘʙʦ ADCSRB. 

ʗʢʱʦ ʨʦʟʨʷʜ ADATE ʩʢʠʥʫʪʦ ʚ "0", ɸʎʇ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ 

ʦʜʠʥʦʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʗʢʱʦ ʞ ʨʦʟʨʷʜ ADATE ʚʩʪʘʥʦʚʣʝʥʦ ʚ "1", 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɸʎʇ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪʦʤ ʨʦʟʨʷʜʽʚ ADTS2...0 ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʪʘʙʣʠʮʽ 3.4. 

ɿʘʧʫʩʢ ʢʦʞʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʨʝʞʠʤʽ ʦʜʠʥʦʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʟʘʧʫʩʢ ʧʝʨʰʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʚ "1" ʨʦʟʨʷʜʫ ADSC ʨʝʛʽʩʪʨʘ ADCSRA 

(ADCSR). 

ɿʘʧʫʩʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʧʝʨʝʨʠʚʘʥʥʷʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʽ ʚ 

"1" ʧʨʘʧʦʨʮʷ ʦʙʨʘʥʦʛʦ ʧʝʨʝʨʠʚʘʥʥʷ. ʈʦʟʨʷʜ ADSC ʨʝʛʽʩʪʨʘ ADCSRA ʧʨʠ 

ʮʴʦʤʫ ʘʧʘʨʘʪʥʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ "1". ɿʘʧʫʩʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʮʠʭ ʨʝʞʠʤʘʭ 
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ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʡ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʚ "1" ʨʦʟʨʷʜʫ ADSC ʨʝʛʽʩʪʨʘ 

ADCSRA. 

ʊʘʙʣʠʮʷ 3.4 ï ɼʞʝʨʝʣʦ ʩʠʛʥʘʣʫ ʜʣʷ ʟʘʧʫʩʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ  

ADTS2 ADTS1 ADTS0 ɼʞʝʨʝʣʦ ʩʪʘʨʪʦʚʦʛʦ ʩʠʛʥʘʣʫ 

0 0 0 ʈʝʞʠʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

0 0 1 ʇʝʨʝʨʠʚʘʥʥʷ ʚʽʜ ʘʥʘʣʦʛʦʚʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ 

0 1 0 ɿʦʚʥʽʰʥʻ ʧʝʨʝʨʠʚʘʥʥʷ ɯNT0 

0 1 1 
ʇʝʨʝʨʠʚʘʥʥʷ ʟʘ ʧʦʜʽʻʶ "ɿʙʽʛ ɸ" 

ʪʘʡʤʝʨʘ/ʣʽʯʠʣʴʥʠʢʘ ʊ0 

1 0 0 
ʇʝʨʝʨʠʚʘʥʥʷ ʟʘ ʧʝʨʝʧʦʚʥʝʥʥʷʤ 

ʪʘʡʤʝʨʘ/ʣʽʯʠʣʴʥʠʢʘ ʊ0 

1 0 1 
ʇʝʨʝʨʠʚʘʥʥʷ ʟʘ ʧʦʜʽʻʶ "ɿʙʽʛ B" 

ʪʘʡʤʝʨʘ/ʣʽʯʠʣʴʥʠʢʘ ʊ1 

1 1 0 
ʇʝʨʝʨʠʚʘʥʥʷ ʟʘ ʧʝʨʝʧʦʚʥʝʥʥʷʤ 

ʪʘʡʤʝʨʘ/ʣʽʯʠʣʴʥʠʢʘ ʊ1 

1 1 1 
ʇʝʨʝʨʠʚʘʥʥʷ ʟʘ ʧʦʜʽʻʶ "ɿʘʭʦʧʣʝʥʥʷ" 

ʪʘʡʤʝʨʘ/ʣʽʯʠʣʴʥʠʢʘ ʊ1 

ʄʦʜʫʣʴ ɸʎʇ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ 

(ɼʆʅ). ɺʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʷʜʽʚ REFS1:REFS0 ʨʝʛʽʩʪʨʘ ADMUX (ʪʘʙʣʠʮʷ 3.5). 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.5, ʚʥʫʪʨʽʰʥʻ ɼʆʅ ʤʦʞʝ ʙʫʪʠ ʧʽʜʢʣʶʯʝʥʝ ʜʦ 

ʚʠʚʦʜʫ AREF ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʊʦʤʫ ʧʨʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ʜʦ ʚʠʚʦʜʫ AREF ʤʦʞʥʘ ʧʽʜʢʣʶʯʠʪʠ 

ʟʦʚʥʽʰʥʽʡ ʬʽʣʴʪʨʫʶʯʠʡ ʢʦʥʜʝʥʩʘʪʦʨ.  

ʊʘʙʣʠʮʷ 3.5ï ɺʠʙʽʨ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ 

REFS1 REFS0 ɼʞʝʨʝʣʦ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ
1)
 ʄʦʜʝʣʴ 

0 0 
ɿʦʚʥʽʰʥʻ ɼʆʅ, ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʚʠʚʦʜʫ 

AREF; ʚʥʫʪʨʽʰʥʻ ɼʆʅ ʚʽʜʢʣʶʯʝʥʦ 
ɺʩʽ ʤʦʜʝʣʽ 

0 1 ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ AVcc
2)

 ɺʩʽ ʤʦʜʝʣʽ 

1 0 

ɺʥʫʪʨʽʰʥʻ ɼʆʅ ʥʘʧʨʫʛʦʶ 

 1.1 ɺ
2)

 

ATmega164x/324x/644x 

ATmega640x/1280x/1281x 

ATmega2560x/2561x 

ɿʘʨʝʟʝʨʚʦʚʘʥʦ ʈʝʰʪʘ ʤʦʜʝʣʝʡ 

1 1 
ɺʥʫʪʨʽʰʥʻ ɼʆʅ ʥʘʧʨʫʛʦʶ 2.56 ɺ

2
 

ATmega48x/88x/168x, 

mega32 

ATmega165/325x/3250x 

ATmega645x/6450x 

ɺʥʫʪʨʽʰʥʻ ɼʆʅ ʥʘʧʨʫʛʦʶ  1.1 ɺ
2)

 ʈʝʰʪʘ ʤʦʜʝʣʝʡ 
1)
 ʇʨʠ ʨʦʙʦʪʽ ʟ ʧʽʜʩʠʣʝʥʥʷʤ 10ʭ ʯʠ 200ʭ ʚ ʷʢʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ɼʆʅ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ɼʆʅ 

ʷʢʝ, ʧʽʜʢʣʶʯʝʥʦ ʧʨʠ REFS1:0=11. 
2)
 ʗʢʱʦ ʜʦ ʚʠʚʦʜʫ AREF ʧʽʜʢʣʶʯʝʥʦ ʟʦʚʥʽʰʥʻ ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ, ʜʘʥʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʥʝ 

ʤʦʞʫʪʴ. 
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ɸʎʇ ʧʝʨʝʪʚʦʨʶʻ ʚʭʽʜʥʫ ʘʥʘʣʦʛʦʚʫ ʥʘʧʨʫʛʫ ʚ 10ïʨʦʟʨʷʜʥʠʡ ʢʦʜ 

ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ. ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ 

GND, ʘ ʤʘʢʩʠʤʘʣʴʥʝ ʨʽʚʥʶ AREF ʤʽʥʫʩ 1 ʤʦʣʦʜʰʦʛʦ ʨʦʟʨʷʜʫ.  

ʂʘʥʘʣ ʦʜʥʦʧʦʣʷʨʥʦʛʦ ʘʙʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʚʚʝʜʝʥʥʷ ʪʘ 

ʢʘʩʢʘʜ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʦʙʠʨʘʶʪʴʩʷ ʰʣʷʭʦʤ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʨʦʟʨʷʜʽʚ MUXn (n=0,1é4) ʫ ʨʝʛʽʩʪʨʽ ADMUX. ʋ ʷʢʦʩʪʽ ʦʜʥʦʧʦʣʷʨʥʦʛʦ 

ʘʥʘʣʦʛʦʚʦʛʦ ʚʭʦʜʫ ɸʎʇ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʦʜʝʣʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʤʦʞʝ ʙʫʪʠ 

ʦʙʨʘʥʠʡ ʦʜʠʥ ʽʟ ʚʭʦʜʽʚ ADC0...ADC7.  ʋ ʨʝʞʠʤʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ 

ʚʚʝʜʝʥʥʷ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʚʭʦʜʽʚ, ʱʦ ʽʥʚʝʨʪʫʶʪʴ ʽ ʥʝ 

ʽʥʚʝʨʪʫʶʪʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. 

ʗʢʱʦ ʦʙʨʘʥʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʨʝʞʠʤ ʘʥʘʣʦʛʦʚʦʛʦ ʚʚʝʜʝʥʥʷ, ʪʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʙʫʜʝ ʧʦʤʥʦʞʫʚʘʪʠ ʨʽʟʥʠʮʶ ʥʘʧʨʫʛ ʤʽʞ 

ʦʙʨʘʥʦʶ ʧʘʨʦʶ ʚʭʦʜʽʚ ʥʘ ʟʘʜʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ. ʇʽʜʩʠʣʝʥʝ ʚ ʪʘʢʠʡ 

ʩʧʦʩʽʙ ʟʥʘʯʝʥʥʷ ʥʘʜʭʦʜʠʪʴ ʥʘ ʘʥʘʣʦʛʦʚʠʡ ʚʭʽʜ ɸʎʇ. ʗʢʱʦ ʦʙʠʨʘʻʪʴʩʷ 

ʦʜʥʦʧʦʣʷʨʥʠʡ ʨʝʞʠʤ ʘʥʘʣʦʛʦʚʦʛʦ ʚʚʝʜʝʥʥʷ, ʪʦ ʢʘʩʢʘʜ ʧʽʜʩʠʣʝʥʥʷ 

ʧʨʦʧʫʩʢʘʻʪʴʩʷ. 

ʈʦʙʦʪʘ ɸʎʇ ʜʦʟʚʦʣʷʻʪʴʩʷ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʟʨʷʜʫ ADEN ʫ 

ʨʝʛʽʩʪʨʽ ADCSRA. ɺʠʙʽʨ ʦʧʦʨʥʦʛʦ ʜʞʝʨʝʣʘ ʪʘ ʢʘʥʘʣʫ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʥʝʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ADEN. ʗʢʱʦ ADEN = 0, ʪʦ ɸʎʇ ʥʝ 

ʩʧʦʞʠʚʘʻ ʩʪʨʫʤ, ʪʦʤʫ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚ ʝʢʦʥʦʤʽʯʥʽ ʨʝʞʠʤʠ ʩʥʫ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʴʦ ʚʽʜʢʣʶʯʠʪʠ ɸʎʇ.  

ɸʎʇ ʛʝʥʝʨʫʻ 10ïʨʦʟʨʷʜʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʧʘʨʽ ʨʝʛʽʩʪʨʽʚ 

ʜʘʥʠʭ ɸʎʇ: ADCH ʽ ADCL. ʋ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʤʦʣʦʜʰʠʭ 10ïʪʠ ʨʦʟʨʷʜʘʭ 16ïʨʦʟʨʷʜʥʦʛʦ ʩʣʦʚʘ 

(ʚʠʨʽʚʥʶʚʘʥʥʷ ʚʧʨʘʚʦ), ʘʣʝ ʤʦʞʝ ʙʫʪʠ ʨʦʟʤʽʱʝʥʠʡ ʫ ʩʪʘʨʰʠʭ 10ïʪʠ 

ʨʦʟʨʷʜʘʭ (ʚʠʨʽʚʥʶʚʘʥʥʷ ʚʣʽʚʦ) ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʟʨʷʜʫ ADLAR ʫ 

ʨʝʛʽʩʪʨʽ ADMUX (ʪʘʙʣʠʮʽ 3.3, 3.9). 

ʇʨʘʢʪʠʯʥʘ ʢʦʨʠʩʥʽʩʪʴ ʧʦʜʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʟ ʚʠʨʽʚʥʶʚʘʥʥʷʤ ʚʣʽʚʦ 

ʽʩʥʫʻ, ʢʦʣʠ ʜʦʩʠʪʴ ʪʦʯʥʦʩʪʽ 8ïʨʦʟʨʷʜʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʥʝʦʙʭʽʜʥʦ ʯʠʪʘʪʠ ʪʽʣʴʢʠ ʨʝʛʽʩʪʨ ADCH. ɺ ʽʥʰʦʤʫ ʞ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ 
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ʧʝʨʰʠʤ ʯʠʪʘʪʠ ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ ADCL, ʘ ʧʦʪʽʤ ADCH, ʯʠʤ ʛʘʨʘʥʪʫʻʪʴʩʷ, ʱʦ 

ʦʙʠʜʚʘ ʙʘʡʪʠ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʪʦʛʦ ʩʘʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʗʢ ʪʽʣʴʢʠ ʚʠʢʦʥʘʥʦ 

ʯʠʪʘʥʥʷ ADCL ʙʣʦʢʫʻʪʴʩʷ ʜʦʩʪʫʧ ʜʦ ʨʝʛʽʩʪʨʽʚ ʜʘʥʠʭ ʟ ʙʦʢʫ ɸʎʇ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʷʢʱʦ ʟʯʠʪʘʥʠʡ ADCL ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʚʝʨʰʫʻʪʴʩʷ ʧʝʨʝʜ 

ʯʠʪʘʥʥʷʤ ʨʝʛʽʩʪʨʘ ADCH, ʪʦ ʞʦʜʝʥ  ʟ ʨʝʛʽʩʪʨʽʚ ʥʝ ʤʦʞʝ ʤʦʜʠʬʽʢʫʚʘʪʠʩʷ ʡ 

ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʫʙʠʪʴʩʷ. ʇʽʩʣʷ ʯʠʪʘʥʥʷ ADCH ʜʦʩʪʫʧ ʜʦ ʨʝʛʽʩʪʨʽʚ 

ADCH ʽ ADCL ʟ ʙʦʢʫ ɸʎʇ ʟʥʦʚʫ ʜʦʟʚʦʣʷʻʪʴʩʷ.  

ɸʎʇ ʛʝʥʝʨʫʻ ʚʣʘʩʥʠʡ ʟʘʧʠʪ ʥʘ ʧʝʨʝʨʠʚʘʥʥʷ ʟʘ ʟʘʚʝʨʰʝʥʥʷʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. ʗʢʱʦ ʤʽʞ ʯʠʪʘʥʥʷʤ ʨʝʛʽʩʪʨʽʚ ADCH ʽ ADCL ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ 

ʜʣʷ ɸʎʇ ʟʘʙʦʨʦʥʝʥʦ, ʪʦ ʧʝʨʝʨʠʚʘʥʥʷ ʚʠʥʠʢʥʝ, ʥʘʚʽʪʴ ʷʢʱʦ ʨʝʟʫʣʴʪʘʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʫʜʝ ʟʘʛʫʙʣʝʥʦ.  

ʆʜʠʥʦʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʧʫʩʢʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʧʠʩʫ ʣʦʛ. 1 ʫ ʨʦʟʨʷʜ 

ʟʘʧʫʩʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ɸʎʇ ADSC. ɼʘʥʠʡ ʨʦʟʨʷʜ ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʚʠʩʦʢʦʤʫ 

ʩʪʘʥʽ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʡ ʩʢʠʜʘʻʪʴʩʷ ʟʘ ʟʘʚʝʨʰʝʥʥʷʤ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʗʢʱʦ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʢʘʥʘʣ ʘʥʘʣʦʛʦʚʦʛʦ ʚʚʝʜʝʥʥʷ, ʪʦ 

ɸʎʇ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʚʝʨʰʠʪʴ ʧʦʪʦʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʝʨʰ ʥʽʞ ʧʝʨʝʤʢʥʝ 

ʢʘʥʘʣ. 

ʋ ʨʝʞʠʤʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʝʨʝʟʘʧʫʩʢʫ ɸʎʇ ʙʝʟʫʧʠʥʥʦ ʦʮʠʬʨʦʚʫʻ 

ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʽ ʦʥʦʚʣʶʻ ʨʝʛʽʩʪʨ ʜʘʥʠʭ ɸʎʇ. ɼʘʥʠʡ ʨʝʞʠʤ ʟʘʜʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʟʘʧʠʩʫ ʣʦʛ. 1 ʫ ʨʦʟʨʷʜ ADFR (ADATE) ʨʝʛʽʩʪʨʘ ADCSR (ADCSRA). 

ʇʝʨʰʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʽʮʽʶʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʧʠʩʫ ʣʦʛ. 1 ʫ ʨʦʟʨʷʜ ADSC 

ʨʝʛʽʩʪʨʘ ADCSR (ADCSRA). ʋ ʜʘʥʦʤʫ ʨʝʞʠʤʽ ɸʎʇ ʚʠʢʦʥʫʻ ʧʦʩʣʽʜʦʚʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ ʩʢʠʜʘʻʪʴʩʷ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʨʠʚʘʥʥʷ ɸʎʇ 

ADɯF ʯʠ ʥʽ. 

3.4 ʌʦʨʤʫʚʘʥʥʷ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ ɸʎʇ 

ʅʘ ʨʠʩʫʥʢʫ 3.6 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʽʣʴʥʠʢʘ, ʱʦ ʬʦʨʤʫʻ 

ʪʘʢʪʦʚʠʡ ʩʠʛʥʘʣ ʜʣʷ ɸʎʇ. ʇʦʧʝʨʝʜʥʽʡ ʜʽʣʴʥʠʢ ʬʦʨʤʫʻ ʧʦʭʽʜʥʽ ʯʘʩʪʦʪʠ 

ʚʽʜʥʦʩʥʦ ʯʘʩʪʦʪʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʂʦʝʬʽʮʽʻʥʪ ʜʽʣʝʥʥʷ 
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ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʷʜʽʚ ADPSn ʫ ʨʝʛʽʩʪʨʽ ADCSRA  

(ʪʘʙʣʠʮʷ 3.6). 

 

ʈʠʩʫʥʦʢ 3.6 ï ʉʭʝʤʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʽʣʴʥʠʢʘ ɸʎʇ 

ʇʦʧʝʨʝʜʥʽʡ ʜʽʣʴʥʠʢ ʧʦʯʠʥʘʻ ʣʽʯʙʫ ʟ ʤʦʤʝʥʪʫ ʚʢʣʶʯʝʥʥʷ ɸʎʇ 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʨʦʟʨʷʜʫ ADEN ʫ ʨʝʛʽʩʪʨʽ ADCSRA. ʇʦʧʝʨʝʜʥʽʡ ʜʽʣʴʥʠʢ 

ʧʨʘʮʶʻ ʜʦʢʠ ʨʦʟʨʷʜ ADEN = 1 ʽ ʩʢʠʥʫʪʠʡ, ʢʦʣʠ ADEN = 0. 

ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ (10 

ʨʦʟʨʷʜʽʚ), ʪʦ ʯʘʩʪʦʪʘ ʥʘ ʚʭʦʜʽ ʩʭʝʤʠ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʚ ʜʽʘʧʘʟʦʥʽ 50...200 ʢɻʮ [1]. ʗʢʱʦ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦʩʪʽ ʤʝʥʰʝ 10 ʨʦʟʨʷʜʽʚ, ʘʣʝ 

ʧʦʪʨʽʙʥʘ ʙʽʣʴʰ ʚʠʩʦʢʘ ʯʘʩʪʦʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʦ ʯʘʩʪʦʪʘ ʥʘ ʚʭʦʜʽ ɸʎʇ ʤʦʞʝ 

ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʥʘʜ 200 ʢɻʮ. 

ʊʘʙʣʠʮʷ 3.6 ï ɿʘʜʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʽʣʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʽʣʴʥʠʢʘ ɸʎʇ 

ADPS2 ADPS1 ADPS0 ʂʦʝʬʽʮʽʻʥʪ ʜʽʣʝʥʥʷ 
0 0 0 2 
0 0 1 2 
0 1 0 4 
0 1 1 8 
1 0 0 16 
1 0 1 32 
1 1 0 64 
1 1 1 128 
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3.5 ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ɸʎʇ 

ʅʘ ʨʠʩʫʥʢʘʭ 3.7é3.10 ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ɸʎʇ ʫ ʨʽʟʥʠʭ 

ʨʝʞʠʤʘʭ. 

 

ʈʠʩʫʥʦʢ 3.7 ï ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ɸʎʇ ʧʨʠ ʧʝʨʰʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʚ 

ʨʝʞʠʤʽ ʦʜʠʥʦʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

 

ʈʠʩʫʥʦʢ 3.8 ï ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ɸʎʇ ʫ ʨʝʞʠʤʽ ʦʜʠʥʦʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 
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ʈʠʩʫʥʦʢ 3.9 ï ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ɸʎʇ ʫ ʨʝʞʠʤʽ ʟʘʧʫʩʢʫ ʟʘ 

ʧʝʨʝʨʠʚʘʥʥʷʤ 

 

ʈʠʩʫʥʦʢ 3.10 ï ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ɸʎʇ ʫ ʨʝʞʠʤʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʧʝʨʝʟʘʧʫʩʢʫ ʜʣʷ ʦʜʥʦʧʦʣʷʨʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʗʢʱʦ ʽʥʽʮʽʶʻʪʴʩʷ ʦʜʠʥʦʯʥʝ ʦʜʥʦʧʦʣʷʨʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ 

ʨʦʟʨʷʜʫ ADSC ʫ ʨʝʛʽʩʪʨʽ ADCSRA, ʪʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʦʛʦ ʥʘʨʦʩʪʘʶʯʦʛʦ ʬʨʦʥʪʫ ʪʘʢʪʦʚʦʛʦ (ʩʠʥʭʨʦ) ʩʠʛʥʘʣʫ ɸʎʇ. 

ʋ ʨʝʞʠʤʽ ʦʜʠʥʦʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʫʱʝʥʦ ʚʽʜʨʘʟʫ ʞ ʧʽʩʣʷ ʩʢʠʜʘʥʥʷ ʨʦʟʨʷʜʫ ADSC (ʜʦ ʟʙʝʨʝʞʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʫ ʧʦʪʦʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ). ʆʜʥʘʢ ʨʝʘʣʴʥʦ ʮʠʢʣ ʧʝʨʝʪʚʦʨʝʥʥʷ 



99 
 

ʧʦʯʥʝʪʴʩʷ ʥʝ ʨʘʥʽʰʝ ʥʽʞ ʯʝʨʝʟ ʦʜʠʥ ʪʘʢʪ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʅʦʨʤʘʣʴʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʤʘʛʘʻ 13 ʪʘʢʪʽʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ɸʎʇ. ʇʝʨʰʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʽʩʣʷ ʚʢʣʶʯʝʥʥʷ ɸʎʇ (ʚʩʪʘʥʦʚʣʝʥʥʷ ADEN ʚ ʨʝʛʽʩʪʨʽ 

ADCSRA) ʚʠʤʘʛʘʻ 25 ʪʘʢʪʽʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ɸʎʇ ʟʘ ʨʘʭʫʥʦʢ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʤʦʜʫʣʷ.  

ʇʽʩʣʷ ʧʦʯʘʪʢʫ ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʚʠʙʽʨʢʫïʟʙʝʨʽʛʘʥʥʷ 

ʟʘʪʨʘʯʫʻʪʴʩʷ 1.5 ʪʘʢʪʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ɸʎʇ, ʘ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʧʝʨʰʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ï 13,5 ʪʘʢʪʽʚ. ʇʦ ʟʘʚʝʨʰʝʥʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʨʝʛʽʩʪʨʘʭ ʜʘʥʠʭ ɸʎʇ ʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʘʧʦʨʝʮʴ ADɯF. ʋ 

ʨʝʞʠʤʽ ʦʜʠʥʦʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʜʥʦʯʘʩʥʦ ʩʢʠʜʘʻʪʴʩʷ ʨʦʟʨʷʜ ADSC. 

ʇʨʦʛʨʘʤʥʦ ʨʦʟʨʷʜ ADSC ʤʦʞʝ ʙʫʪʠ ʟʥʦʚʫ ʚʩʪʘʥʦʚʣʝʥʦ ʽ ʥʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʙʫʜʝ ʽʥʽʮʽʡʦʚʘʥʦ ʧʝʨʰʠʤ ʥʘʨʦʩʪʘʶʯʠʤ ʬʨʦʥʪʦʤ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ɸʎʇ.  

ʋ ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʝʨʝʟʘʧʫʩʢʫ) 

ʥʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜʨʘʟʫ ʧʦ ʟʘʚʝʨʰʝʥʥʽ ʧʦʧʝʨʝʜʥʴʦʛʦ, ʧʨʠ 

ʮʴʦʤʫ ADSC ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʚʠʩʦʢʦʤʫ ʩʪʘʥʽ. ʏʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ 

ʨʝʞʠʤʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.7. 

ʊʘʙʣʠʮʷ 3.7 ïʏʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ɸʎʇ 

ʊʠʧ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʊʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠï

ʟʙʝʨʽʛʘʥʥʷ (ʫ ʪʘʢʪʘʭ ʟ 

ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ) 

ʏʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʫ ʪʘʢʪʘʭ) 

ʇʝʨʰʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 14.5 25 

ʅʦʨʤʘʣʴʥʝ ʦʜʥʦʧʦʣʷʨʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 
1.5 13 

ʅʦʨʤʘʣʴʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 
1.5/2.5 13/14 

 

3.6 ʂʝʨʫʚʘʥʥʷ ʚʭʽʜʥʠʤ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ 

ɺʠʚʦʜʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʷʢʽ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʚʭʦʜʫ ɸʎʇ, ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʩʪʘʥʦʤ ʨʦʟʨʷʜʽʚ MUX4...MUX0 ʨʝʛʽʩʪʨʘ ADMUX (ʨʠʩʫʥʦʢ 3.3), ʪʘ ʨʝʛʽʩʪʨʘ 

ADCSRB (ʨʠʩʫʥʦʢ 3.4). ɼʣʷ ʢʘʥʘʣʽʚ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʚʭʦʜʦʤ ʟʘʟʥʘʯʝʥʽ 
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ʨʦʟʨʷʜʠ ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ. ɼʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ATmega32 ʢʝʨʫʚʘʥʥ ̫ ʚʭʽʜʥʠʤ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ ʚʽʜʦʙʨʘʞʘʻ ʪʘʙʣʠʮʷ 3.8. 

ʊʘʙʣʠʮʷ 3.8 ï ʂʝʨʫʚʘʥʥʷ ʚʭʽʜʥʠʤ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ ʫ ʤʦʜʝʣʷʭ 

ATmega16x/164x/32x/8535x/64x/128x/164x/165x/325x/3250x/645x/6450x/ 

1281x/2561x 

ʄUʍ4éMUX0 ʆʜʥʦʧʦʣʷʨʥʠʡ ʚʭʽʜ 
ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʚʭʽʜ ʇʦʧʝʨʝʜʥʻ 

ʧʽʜʩʠʣʝʥʥʷ (ʜʦʜʘʪʥʠʡ) (ʚʽʜô̒ ʤʥʠʡ) 

00000 ADC0 

ʅʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

00001 ADC1 

00010 ADC2 

00011 ADC3 

00100 ADC4 

00101 ADC5 

00110 ADC6 

00111 ADC7 

01000
1
 

ʅʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ADC0 ADC0 10ʭ 

01001
1
 ADC1 ADC0 10ʭ 

01010
1
 ADC0 ADC0 200ʭ 

01011
1
 ADC1 ADC0 200ʭ 

01100
1
 ADC2 ADC2 10ʭ 

01101
1
 ADC3 ADC2 10ʭ 

01110
1
 ADC2 ADC2 200ʭ 

01111
1
 ADC3 ADC2 200ʭ 

10000
1
 ADC0 ADC1 1ʭ 

10001
1
 ADC1 ADC1 1ʭ 

10010
1
 ADC2 ADC1 1ʭ 

10011
1
 ADC3 ADC1 1ʭ 

10100
1
 ADC4 ADC1 1ʭ 

10101
1
 ADC5 ADC1 1ʭ 

10110
1
 ADC6 ADC1 1ʭ 

10111
1
 ADC7 ADC1 1ʭ 

11000
1
 ADC0 ADC2 1ʭ 

11001
1
 ADC1 ADC2 1ʭ 

11010
1
 ADC2 ADC2 1ʭ 

11011
1
 ADC3 ADC2 1ʭ 

11100
1
 

ʅʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 
ADC4 ADC2 1ʭ 

11101
1
 ADC5 ADC2 1ʭ 

11110 1.22 ɺ (1,1 ɺ
1
) 

ʅʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 
11111 0B (GND) 

1
 ʋ ʤʦʜʝʣʷʭ ATmega165x/325x/3250x/645x/6450x/1251x/2561x 
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ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʨʦʟʨʷʜʽʚ MUXn (n=0,1,é,4) ʽ REFS1:0 ʫ ʨʝʛʽʩʪʨʘʭ 

ADMUX ʪʘ ADCSRB ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʙʫʬʝʨʠʟʘʮʽʻʶ ʯʝʨʝʟ ʪʠʤʯʘʩʦʚʠʡ 

ʨʝʛʽʩʪʨ. ʎʠʤ ʛʘʨʘʥʪʫʻʪʴʩʷ, ʱʦ ʥʦʚʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʘʥʘʣʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʡ 

ʦʧʦʨʥʦʛʦ ʜʞʝʨʝʣʘ ʥʘʙʫʜʫʪʴ ʯʠʥʥʦʩʪʽ ʚ ʙʝʟʧʝʯʥʠʡ ʤʦʤʝʥʪ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ɼʦ ʧʦʯʘʪʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʫʜʴï̫ ʢʽ ʟʤʽʥʠ ʢʘʥʘʣʫ ʪʘ ʦʧʦʨʥʦʛʦ ʜʞʝʨʝʣʘ 

ʥʘʙʫʚʘʶʪʴ ʯʠʥʥʦʩʪʽ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʾʭʥʴʦʾ ʤʦʜʠʬʽʢʘʮʽʾ. ʗʢ ʪʽʣʴʢʠ ʧʦʯʠʥʘʻʪʴʩʷ 

ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʩʪʫʧ ʜʦ ʟʤʽʥʠ ʢʘʥʘʣʫ ʪʘ ʦʧʦʨʥʦʛʦ ʜʞʝʨʝʣʘ 

ʙʣʦʢʫʻʪʴʩʷ, ʯʠʤ ʛʘʨʘʥʪʫʻʪʴʩʷ ʜʦʩʪʘʪʥʽʩʪʴ ʯʘʩʫ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ɸʎʇ. 

ɹʝʟʧʝʨʝʨʚʥʽʩʪʴ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʪʘʢʪʽ ɸʎʇ ʧʝʨʝʜ 

ʟʘʚʝʨʰʝʥʥʷʤ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʧʝʨʝʜ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʧʨʘʧʦʨʮʷ ADɯF ʫ ʨʝʛʽʩʪʨʽ 

ADCSRA). ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʥʘʨʦʩʪʘʶʯʠʤ ʬʨʦʥʪʦʤ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ɸʎʇ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ADSC. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʟʘʧʠʩʫʚʘʪʠ ʥʦʚʝ ʟʥʘʯʝʥʥʷ 

ʢʘʥʘʣʫ ʘʙʦ ʦʧʦʨʥʦʛʦ ʜʞʝʨʝʣʘ ʚ ADMUX ʜʦ 1ïʛʦ ʪʘʢʪʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ɸʎʇ 

ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ADSC. 

3.7  ɿʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʚ "1" ʧʨʘʧʦʨʮʷ 

ADɯF ʨʝʛʽʩʪʨʘ ADCSR) ʡʦʛʦ ʨʝʟʫʣʴʪʘʪ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʨʝʛʽʩʪʨʽ ʜʘʥʠʭ ɸʎʇ. 

ʆʩʢʽʣʴʢʠ ɸʎʇ ʤʘʻ 10 ʨʦʟʨʷʜʽʚ, ʮʝʡ ʨʝʛʽʩʪʨ ʬʽʟʠʯʥʦ ʨʦʟʤʽʱʝʥʦ ʫ ʜʚʦʭ 

ʨʝʛʽʩʪʨʘʭ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ADCH:ADCL, ʜʦʩʪʫʧʥʠʭ ʪʽʣʴʢʠ ʜʣʷ ʯʠʪʘʥʥʷ. 

ʎʽ ʨʝʛʽʩʪʨʠ ʨʦʟʪʘʰʦʚʘʥʽ ʟʘ ʘʜʨʝʩʘʤʠ $05:$04 ʽ ʧʨʠ ʚʢʣʶʯʝʥʥʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʤʽʩʪʷʪʴ ʟʥʘʯʝʥʥʷ "$0000". 

ʋ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʨʽʚʥʶʻʪʴʩʷ ʚʧʨʘʚʦ 

(ʩʪʘʨʰʽ 6 ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʘ ADCH ï ʥʝ ʻ ʟʥʘʯʫʱʠʤʠ). 

ʆʜʥʘʢ ʚʽʥ ʤʦʞʝ ʚʠʨʽʚʥʶʚʘʪʠʩʷ ʪʘʢʦʞ ʚʣʽʚʦ (ʤʦʣʦʜʰʽ 6 ʨʦʟʨʷʜʽʚ 

ʨʝʛʽʩʪʨʘ ADCL ï ʥʝ ʻ ʟʥʘʯʫʱʠʤʠ). ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʚʠʨʽʚʥʶʚʘʥʥʷʤ 

ʨʝʟʫʣʴʪʘʪʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠʟʥʘʯʝʥʦ ʨʦʟʨʷʜ ADLAR ʨʝʛʽʩʪʨʘ ADMUX. 

ʗʢʱʦ ʮʝʡ ʨʦʟʨʷʜ ʚʩʪʘʥʦʚʣʝʥʦ ʚ "1", ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʨʽʚʥʶʻʪʴʩʷ 
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ʟʘ ʣʽʚʦʶ ʛʨʘʥʠʮʝʶ 16ïʨʦʟʨʷʜʥʦʛʦ ʩʣʦʚʘ, ʷʢʱʦ ʩʢʠʥʫʪʠʡ ʚ "0" ï ʟʘ ʧʨʘʚʦʶ 

ʛʨʘʥʠʮʝʶ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʚ ʢʦʜʽ ʜʚʽʡʢʦʚʦʛʦ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʜʚʦʭ (ʚ ʜʦʜʘʪʢʦʚʦʤʫ ʢʦʜʽ). 

ʋ ʪʘʙʣʠʮʽ 3.9 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʚʠʨʽʚʥʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʚʣʽʚʦ ʪʘ 

ʚʧʨʘʚʦ. 

ʊʘʙʣʠʮʷ 3.9 ï ɺʠʨʽʚʥʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ɸʎʇ 

ADLAR ʈʦʟʨʷʜ 15 14 13 12 11 10 9 8 
ADCH 

0 

 ï ï ï ï ï ï ADC9 ADC8 

 ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADC1 ADC0 
ADCL 

ʈʦʟʨʷʜ 7 6 5 4 3 2 1 0 

 

R/W 

R R R R R R R R ADCH 

R R R R R R R R ADCL 

ʇʦʯ. ʟʥ. 
0 0 0 0 0 0 0 0 ADCH 

0 0 0 0 0 0 0 0 ADCL 

1 

ʈʦʟʨʷʜ 15 14 13 12 11 10 9 8  

 ADC9 ADC8 ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADCH 

 ADC1 ADC0 ï ï ï ï ï ï ADCL 

ʈʦʟʨʷʜ 7 6 5 4 3 2 1 0  

 

R/W 

R R R R R R R R ADCH 

R R R R R R R R ADCL 

ʇʦʯ. ʟʥ. 
0 0 0 0 0 0 0 0 ADCH 

0 0 0 0 0 0 0 0 ADCL 

ɿʚʝʨʥʝʥʥʷ ʜʦ ʨʝʛʽʩʪʨʽʚ ADCH ʽ ADCL ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʚʠʥʥʦ ʚʠʢʦʥʫʚʘʪʠʩʷ ʚ ʧʝʚʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ʩʧʦʯʘʪʢʫ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʯʠʪʘʪʠ ʨʝʛʽʩʪʨ ADCL, ʘ ʧʦʪʽʤ ADCH. ʎʷ ʚʠʤʦʛʘ ʧʦʚô̫ ʟʘʥʘ ʟ 

ʪʠʤ, ʱʦ ʧʽʩʣʷ ʟʚʝʨʥʝʥʥʷ ʜʦ ʨʝʛʽʩʪʨʘ ADCL ʧʨʦʮʝʩʦʨ ʙʣʦʢʫʻ ʜʦʩʪʫʧ ʜʦ 

ʨʝʛʽʩʪʨʽʚ ʜʘʥʠʭ ʟ ʙʦʢʫ ɸʎʇ ʜʦʪʠ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʧʨʦʯʠʪʘʥʦ ʨʝʛʽʩʪʨ ADCH. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʦʞʥʘ ʙʫʪʠ ʚʧʝʚʥʝʥʠʤ, ʱʦ ʧʨʠ ʯʠʪʘʥʥʽ ʨʝʛʽʩʪʨʽʚ ADCH, 

ADCL ʫ ʥʠʭ ʙʫʜʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʩʢʣʘʜʦʚʽ ʪʦʛʦ ʩʘʤʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ɺʽʜʧʦʚʽʜʥʦ, ʷʢʱʦ ʯʝʨʛʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʚʝʨʰʠʪʴʩʷ ʜʦ ʟʚʝʨʥʝʥʥʷ ʜʦ 

ʨʝʛʽʩʪʨʘ ADCH, ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʫʜʝ ʟʘʛʫʙʣʝʥʦ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʷʢʱʦ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʨʽʚʥʶʻʪʴʩʷ ʚʣʽʚʦ ʡ ʜʦʩʠʪʴ ʪʦʯʥʦʩʪʽ 8ï

ʨʦʟʨʷʜʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʤʦʞʥʘ ʧʨʦʯʠʪʘʪʠ ʪʽʣʴʢʠ 

ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ ADCH. 
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3.8 ʆʩʦʙʣʠʚʦʩʪʽ ʧʽʜʢʣʶʯʝʥʥʷ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ 

ɼʞʝʨʝʣʦ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ (ɼʆʅ) ʜʣʷ ɸʎʇ (Uɼʆʅ) ʚʠʟʥʘʯʘʻ ʜʽʘʧʘʟʦʥ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ɸʎʇ. ʗʢʱʦ ʨʽʚʝʥʴ ʦʜʥʦʧʦʣʷʨʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʥʘʜ Uɼʆʅ, ʪʦ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʫʜʝ 0x3FF. ʋ ʷʢʦʩʪʽ Uɼʆʅ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ 

AVCC, ʚʥʫʪʨʽʰʥʻ ɼʆʅ 2,56 ɺ (1,1 ɺ) ʘʙʦ ʟʦʚʥʽʰʥʻ ɼʆʅ, ʱʦ ʧʽʜʢʣʶʯʝʥʦ ʜʦ 

ʚʠʚʦʜʫ AREF. AVCC ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ɸʎʇ ʯʝʨʝʟ ʧʘʩʠʚʥʠʡ ʢʣʶʯ. 

ɺʥʫʪʨʽʰʥʷ ʦʧʦʨʥʘ ʥʘʧʨʫʛʘ 2,56 ɺ (1,1 ɺ) ʛʝʥʝʨʫʻʪʴʩʷ ʚʥʫʪʨʽʰʥʽʤ ʝʪʘʣʦʥʥʠʤ 

ʜʞʝʨʝʣʦʤ VBG, ʱʦ ʙʫʬʝʨʠʟʦʚʘʥʦ ʚʥʫʪʨʽʰʥʽʤ ʧʽʜʩʠʣʶʚʘʯʝʤ. ʋ ʢʦʞʥʦʤʫ 

ʨʘʟʽ ʟʦʚʥʽʰʥʽʡ ʚʠʚʽʜ AREF ʟʚô̫ ʟʘʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ɸʎʇ ʽ, ʪʦʤʫ, ʤʦʞʥʘ 

ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʰʫʤʽʚ ʥʘ ʦʧʦʨʥʝ ʜʞʝʨʝʣʦ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʢʣʶʯʝʥʥʷ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʤʽʞ ʚʠʚʦʜʦʤ AREF ʽ ʩʧʽʣʴʥʠʤ ʚʠʚʦʜʦʤ. ʅʘʧʨʫʛʘ Uɼʆʅ ʪʘʢʦʞ 

ʤʦʞʝ ʙʫʪʠ ʚʠʤʽʨʷʥʘ ʥʘ ʚʠʚʦʜʽ AREF ʚʦʣʴʪʤʝʪʨʦʤ ʟ ʚʠʩʦʢʠʤ ʚʭʽʜʥʠʤ 

ʦʧʦʨʦʤ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ Uɼʆʅ ʻ ʚʠʩʦʢʦʦʤʥʠʤ ʜʞʝʨʝʣʦʤ ʽ, ʪʦʤʫ, ʟʦʚʥʽ ʜʦ 

ʥʴʦʛʦ ʤʦʞʝ ʙʫʪʠ ʧʽʜʢʣʶʯʝʥʝ ʪʽʣʴʢʠ ʻʤʥʽʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʗʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʦʚʥʽʰʥʻ ʦʧʦʨʥʝ ʜʞʝʨʝʣʦ, ʱʦ 

ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʚʠʚʦʜʫ AREF, ʪʦ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʦʾ ʦʧʮʽʾ 

ʦʧʦʨʥʦʛʦ ʜʞʝʨʝʣʘ, ʪʦʤʫ ʱʦ ʮʝ ʧʨʠʚʝʜʝ ʜʦ ʰʫʥʪʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʦʧʦʨʥʦʾ 

ʥʘʧʨʫʛʠ. ʗʢʱʦ ʜʦ ʚʠʚʦʜʫ AREF ʥʝ ʧʨʠʢʣʘʜʝʥʘ ʥʘʧʨʫʛʘ, ʪʦ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ 

ʦʙʨʘʪʠ AVCC ʽ 2,56 ɺ (1,1 ɺ) ʷʢ ʦʧʦʨʥʝ ʜʞʝʨʝʣʦ. ʈʝʟʫʣʴʪʘʪ ʧʝʨʰʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʽʩʣʷ ʧʝʨʝʤʠʢʘʥʥʷ ʦʧʦʨʥʦʛʦ ʜʞʝʨʝʣʘ ʤʦʞʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ 

ʥʠʟʴʢʦʶ ʪʦʯʥʽʩʪʶ, ʪʦʤʫ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʡʦʛʦ ʽʛʥʦʨʫʚʘʪʠ. 

3.9 ʈʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ɸʎʇ 

ɼʣʷ ʢʘʥʘʣʽʚ ʟ ʦʜʥʦʧʦʣʷʨʥʠʤ (ʥʝʩʠʤʝʪʨʠʯʥʠʤ) ʚʭʦʜʦʤ ʨʝʟʫʣʴʪʘʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 
REF

IN

U

U
ADC

1023
= , ʜʝ UIN ï ʟʥʘʯʝʥʥʷ 

ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, UREF ï ʚʝʣʠʯʠʥʘ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ, ADC ï ʜʝʩʷʪʢʦʚʠʡ 

ʝʢʚʽʚʘʣʝʥʪ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʥʘ ʚʠʭʦʜʽ ɸʎʇ.  ʅʘ ʨʠʩʫʥʢʫ 3.13 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʬʫʥʢʮʽʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ɸʎʇ ʚ ʦʜʥʦʧʦʣʷʨʥʦʤʫ ʨʝʞʠʤʽ. ʂʦʜ 0x000 ʚʽʜʧʦʚʽʜʘʻ 
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ʨʽʚʥʶ ʘʥʘʣʦʛʦʚʦʾ ʟʝʤʣʽ, ʘ 0x3FF ï ʨʽʚʥʶ ʥʘʧʨʫʛʠ ɼʆʅ ʤʽʥʫʩ 1 ʢʨʦʢ 

ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʥʘʧʨʫʛʦʶ. 

ʊʘʙʣʠʮʷ 3.10 ʚʽʜʦʙʨʘʞʘʻ ʟʚô̫ ʟʦʢ ʤʽʞ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʡ ʚʠʭʽʜʥʠʤʠ 

ʢʦʜʘʤʠ ʜʣʷ ʦʜʥʦʧʦʣʷʨʥʦʛʦ ʨʝʞʠʤʫ. 

ʇʨʠʢʣʘʜ: ʅʝʭʘʡ ADMUX = 0ʭ00é0ʭ07 (ʙʫʜʴï̫ ʢʠʡ ʦʜʥʦʧʦʣʷʨʥʠʡ 

ʚʭʽʜ), ʥʘʧʨʫʛʘ ʥʘ ʦʜʥʦʤʫ ʟ ʚʭʦʜʽʚ 1000 ʤɺ, ʥʘʧʨʫʛʘ ɼʆʅ ʨʽʚʥʘ 2,56 ɺ, ʪʦʜʽ:  

ʂʦʜɸʎʇ = 1024 * 1000 / 2560 = 400 = 0x190. 

 

ʈʠʩʫʥʦʢ 3.13 ï ʌʫʥʢʮʽʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ɸʎʇ ʧʨʠ ʟʤʽʥʽ ʦʜʥʦʧʦʣʷʨʥʦʛʦ 

ʩʠʛʥʘʣʫ 

 

ʊʘʙʣʠʮʷ  3.10 ï ɿʚô̫ ʟʦʢ ʤʽʞ ʚʭʽʜʥʠʤ ʠ ʚʠʭʽʜʥʠʤ ʢʦʜʘʤʠ 

Uɸʎʇn
*
 ɿʯʠʪʘʥʠʡ ʢʦʜ ɺʽʜʧʦʚʽʜʥʝ ʜʝʩʷʪʢʦʚʝ 

ʟʥʘʯʝʥʥʷ 

Uɸʎʇm + Uɼʆʅ 0x3FF 1023 

Uɸʎʇm + 0.999 Uɼʆʅ  0x3FF 1023 

Uɸʎʇm + 0.998 Uɼʆʅ 0x3FE 1022 

é ... ... 

Uɸʎʇm + 0.001 Uɼʆʅ  0x001 1 

Uɸʎʇm 0x000 0 

 

Uɸʎʇm ï ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, Uɸʎʇn ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ 

ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. 

ɼʣʷ ʢʘʥʘʣʽʚ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʚʭʦʜʦʤ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʦʧʠʩʫʻʪʴʩʷ ʚ [2]. 
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3.10 ʈʦʟʨʦʙʢʘ ʩʭʝʤʠ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ  

ʉʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʤʦʜʫʣʷ ɸʎʇ ʥʘʚʝʜʝʥʦ ʥʘ                     

ʨʠʩʫʥʢʘʭ 3.14é3.17. 

10ïʨʦʟʨʷʜʥʠʡ ɸʎʇ ʧʨʘʮʶʻ ʫ ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʥʘʣʽʚ ʟ ʦʜʥʦʧʦʣʷʨʥʠʤ (ʥʝʩʠʤʝʪʨʠʯʥʠʤ) ʚʭʦʜʦʤ. 

ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʧʨʠʢʣʘʜʦʤ ʥʘʚʝʜʝʥʠʤ ʫ 3.9, ʧʨʠ ʚʭ̔ʜʥ̔ʡ ʥʘʧʨʫʟʽ  

5̃ ̖ υ  ˏ ʪʘ ʚʝʣʠʯʠʥ ̔ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ UREF=5ɺ ʚ ADC ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʷ 

ʟʥʘʯʝʥʥʷ: ς ρ ρπςσȢ 

ɿ ʯʠʩʣʘ ADC ʚʠʜʽʣʷʻʤʦ ʥʝʦʙʭʽʜʥʽ ʯʘʩʪʠʥʠ ʟʥʘʯʝʥʥʷ, ʰʣʷʭʦʤ ʜʽʣʝʥʥʷ ʥʘ 

10000, 1000, 100, 10 ʪʘ ʦʪʨʠʤʫʻʤʦ ʪʠʩʷʯʽ, ʩʦʪʥʽ, ʜʝʩʷʪʢʠ ʪʘ ʦʜʠʥʠʮʽ 

ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ɸʎʇ ʚʠʢʦʥʫʶʪʴʩʷ ʪʘʢʽ ʜʽʾ: ʚ ʨʝʛʽʩʪʨʽ 

ADCSRA ʚʩʪʘʥʦʚʣʶʻʤʦ ʚ ʣʦʛ.1 ʙʽʪʠ ADEN ï ʜʦʟʚʽʣ ɸʎʇ, ADSC ï ʟʘʧʫʩʢ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ADATE ï ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ɸʎʇ, ADPS2 ʽ ADPS1 ï 

ʧʝʨʝʜʜʽʣʴʥʠʢ ʥʘ 64, ADIE ï ʜʦʟʚʽʣ ʧʝʨʝʨʠʚʘʥʴ ʚʽʜ ɸʎʇ; ʚ ʨʝʛʽʩʪʨʽ ADMUX 

ʩʢʠʜʘʻʤʦ ʚ ʣʦʛ. ʥʫʣʴ ʙʽʪʠ REFS1 ʽ REFS0 ʱʦʙ ʦʙʨʘʪʠ ʟʦʚʥʽʰʥʻ ʜʞʝʨʝʣʦ 

ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ. 

ʊʘʡʤʝʨ/ʣʽʯʠʣʴʥʠʢ ʫ ʜʘʥʽʡ ʧʨʦʛʨʘʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʜʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʜʝʩʷʪʢʦʚʦʛʦ ʢʦʜʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ɸʎʇ ʥʘ 

ʩʝʤʠʩʝʛʤʝʥʪʥʠʭ ʽʥʜʠʢʘʪʦʨʘʭ. ʇʨʠ ʧʝʨʝʧʦʚʥʝʥʥʽ ʪʘʡʤʝʨʘ 2 ʧʨʦʛʨʘʤʘ 

ʚʽʜʦʙʨʘʞʘʻ ʦʜʥʫ ʽʟ ʮʠʬʨ ʥʘ ʯʦʪʠʨʴʦʭʧʦʟʠʮʽʡʥʦʤʫ ʩʝʤʠʩʝʛʤʝʥʪʥʦʤʫ 

ʽʥʜʠʢʘʪʦʨʽ. ɼʣʷ ʮʴʦʛʦ ʥʘ ʧʦʨʪ ʉ ʧʦʜʘʻʪʴʩʷ ʯʠʩʣʦ, ʚ ʷʢʦʤʫ ʚ ʣʦʛ. ʦʜʠʥʠʮʶ 

ʚʩʪʘʥʦʚʣʝʥʽ ʙʽʪʠ ʘʢʪʠʚʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ. ʇʦʪʽʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʦʧʝʨʘʮʽʾ ʦʪʨʠʤʘʥʥʷ ʦʩʪʘʯʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ ʮʠʬʨʘ, ʷʢʘ ʻ ʽʥʜʝʢʩʦʤ ʫ 

ʤʘʩʠʚʽ SEG ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʩʚʦʻʤʫ ʩʝʤʠʩʝʛʤʝʥʪʥʦʤʫ ʘʥʘʣʦʛʫ. 
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ʉʭʝʤʫ ʟʘʛʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʤʦʜʫʣʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.17. 

 
 

ʈʠʩʫʥʦʢ 3.14 ï ʉʭʝʤʘ ʟʘʛʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʤʦʜʫʣʷ 
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ʉʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.18. 

 
ʈʠʩʫʥʦʢ 3.15 ï ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʽʥʽʮʽʘʣʽʟʘʮʽʾ 
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˞̖ ̆̍̔ ́̌̄̏̑̉̓̍̔ ̏̂̑̏̂̋̉ ̠̐̆̑̆̑̉̃́̎̎ ̨̃̅ ̓́ ̊̍̆̑́ ς ̎́̃̆̅̆̎̏ ̎́ 

̑̉̒̔̎̋̔ 3.16. 

 
 

ʈʠʩʫʥʦʢ 3.16 ï ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʦʙʨʦʙʢʠ ʧʝʨʝʨʠʚʘʥʥʷ ʚʽʜ ʪʘʡʤʝʨʘ 2 
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ʉʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʦʙʨʦʙʢʠ ʧʝʨʝʨʠʚʘʥʥʷ ʟʘʚʝʨʰʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ɸʎʇ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.17. 

 

ʈʠʩʫʥʦʢ 3.17 ï ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʦʙʨʦʙʢʠ ʧʝʨʝʨʠʚʘʥʥʷ ʟʘʚʝʨʰʝʥʥʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ɸʎʇ 

3.11 ʈʦʙʦʯʘ  ʧʨʦʛʨʘʤʘ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʉ 

// ʇʽʜʢʣʶʯʝʥʥʷ ʟʘʛʦʣʦʚʥʠʭ ʬʘʡʣʽʚ ʙʽʙʣʽʦʪʝʢ 

#include  <avr / io . h> 

#include <avr/interrupt.h>  

#include  <util / delay . h> 

 

// ʄʘʩʠʚ ʟʥʘʯʝʥʴ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʮʠʬʨ ʥʘ ʩʝʤʠʩʝʛʤʝʥʪʥʠʭ 

ʽʥʜʠʢʘʪʦʨʘʭ 

// ïïïïïïïïïïïïï0ïïïïï1ïïïïï2ïïïïï3ïïïïï4ïïïïï5ïïïïï6ïïïïï7ïïïïï

8ïïïïïï9ïïïïdp 

char  SEG[]  = { 0x3F ,  0x06 ,  0x5B ,  0x4F ,  0x66 ,  0x6D,  0x7D,  0x07 ,  

0x7F ,  0x6F ,  0x80 };  

 

// ɯʥʽʮʽʘʣʽʟʘʮʽʾ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥʥʠʭ 

volatile  unsigned  char  current_indicator = 0;  

volatile  unsigned  int  display = 0;  

 

// ɹʣʦʢ 1 ï ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʧʨʦʛʨʘʤʠ 

int  main ( void )  

{  

    // ɹʣʦʢ 1.1 ï ʆʙʥʫʣʝʥʥʷ ʧʦʨʪʽʚ ʩʝʤʠʩʝʛʤʝʥʪʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ 

    DDRC = 0xFF ;  

    PORTC = 0x00 ;  
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    DDRD = 0xFF ;  

    PORTD = 0x00 ;  

 

    // ɹʣʦʢ 1.2 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʊʘʡʤʝʨʘ 2 

    TIMSK |=  ( 1 << TOIE2);  // ɼʦʟʚʽʣ ʧʝʨʝʨʠʚʘʥʥʷ ʧʦ ʪʘʡʤʝʨʫ 2 

    TCCR2 |=  ( 1 << CS21);   // ʇʝʨʝʜʜʽʣʴʥʠʢ ʥʘ 8 

 

    // ɹʣʦʢ 1.3 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ɸʎʇ 

    ADCSRA |=  ( 1 << ADEN)  // ɼʦʟʚʽʣ ɸʎʇ 

    |( 1 << ADSC)  // ɿʘʧʫʩʢ ʧʝʨʝʪʚʦʨʝʥʥʷ 

    |( 1 << ADATE)  // ɹʝʟʧʝʨʝʨʚʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ɸʎʇ 

    |( 1 << ADPS2)|( 1 << ADPS1)  // ʇʝʨʝʜʜʽʣʴʥʠʢ ʥʘ 64 

    |( 1 << ADIE);  // ɼʦʟʚʽʣ ʧʝʨʝʨʠʚʘʥʴ ʚʽʜ ɸʎʇ 

 

    ADMUX &= (~( 1 << REFS1))&(~( 1 << REFS0));  // ɿʦʚʥʽʰʥʻ ɼʆʅ 

     

    // ɹʣʦʢ 1.4 ï ɻʣʦʙʘʣʴʥʠʡ ʜʦʟʚʽʣ ʧʝʨʝʨʠʚʘʥʴ 

    sei ();  

 

    // ɹʣʦʢ 1.5 ï ʆʩʥʦʚʥʠʡ ʮʠʢʣ 

    while ( 1)  

    {  

        _delay _ms( 50);  // ɹʣʦʢ 1.6   ɿʘʪʨʠʤʢʘ 50 ʤʩ 

    }  

}  

 

// ɹʣʦʢ 2 ï ʋʤʦʚʘ ʧʝʨʝʨʠʚʘʥʥʷ ʚʽʜ ɸʎʇ 

ISR ( ADC_vect )  

{// ɹʣʦʢ 3 ï ʆʙʨʦʙʥʠʢ ʧʝʨʝʨʠʚʘʥʥʴ ʚʽʜ ɸʎʇ 

    Display  = ADC;  // ɹʣʦʢ 3.1 ï ʇʨʠʩʚʦʶʻʤʦ ʛʣʦʙʘʣʴʥʽʡ ʟʤʽʥʥʽʡ 

ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ɸʎʇ 

}  

 

// ɹʣʦʢ 4 ï ʋʤʦʚʘ ʧʝʨʝʨʠʚʘʥʥʷ ʚʽʜ ʪʘʡʤʝʨʘ ʊ2 

ISR ( TIMER2_OVF_vect )  

{// ɹʣʦʢ 5 ï ʆʙʨʦʙʥʠʢ ʧʝʨʝʨʠʚʘʥʴ ʚʽʜ ʪʘʡʤʝʨʘ ʊ2 

    PORTD = 0xFF;  // ɹʣʦʢ 5.1 ï ɺʠʤʠʢʘʻʤʦ ʚʩʽ ʩʝʛʤʝʥʪʠ 

    PORTC = ( 1 << current _indicator );  // ɹʣʦʢ 5.2 ï ʆʙʠʨʘʻʤʦ 

ʧʦʪʦʯʥʠʡ ʽʥʜʠʢʘʪʦʨ 

         

    //ɹʣʦʢ 5.3 

    switch  ( current_indicator )  

    {  

        case  0:  

        PORTD = ~( SEG[ display % 10000  /  1000 ]);  // ɺʤʠʢʘʻʤʦ 

ʮʠʬʨʫ ʦʜʠʥʠʮʴ 

        break ;  

        case  1:  

        PORTD = ~(( SEG[ display % 1000  /  100 ]));  // ɺʤʠʢʘʻʤʦ 

ʮʠʬʨʫ ʜʝʩʷʪʢʽʚ 

        break ;  

        case  2:  
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        PORTD = ~( SEG[ display % 100  /  10 ]);  // ɺʤʠʢʘʻʤʦ ʮʠʬʨʫ 

ʩʦʪʝʥʴ 

        break ;  

        case  3:  

        PORTD = ~( SEG[ display % 10 /  1]);  // ɺʤʠʢʘʻʤʦ ʮʠʬʨʫ 

ʪʠʩʷʯ 

        break ;  

    }  

    if  (( current _indicator ++)  > 2)  // ɹʣʦʢ 5.4 ï ʇʝʨʝʭʦʜʠʤʦ ʥʘ 

ʥʘʩʪʫʧʥʠʡ ʽʥʜʠʢʘʪʦʨ 

        current _indicator  = 0;  // ɹʣʦʢ 5.5 ï ʆʙʥʫʣʷʻʤʦ, ʷʢʱʦ ʚʽʥ 

ʟʘ ʤʝʞʘʤʠ 

}  

˚̘̉̇̆ ̎́̃̆̅̆̎̏ ̠̠̐̏̒̎̆̎̎ ̑́̄̍̆̎̓̔̕ ̐̑̏̄̑́̍̉ ̠̃̉̃̆̅̆̎̎ ̎́ 

̘̏̓̉̑̉ ̨̖̒̆̍̉̒̄̍̆̎̓̎̉ ̨̎̅̉̋́̓̏̑́ ̝̑̆̈̔̌̓́̓̔ ̠̐̆̑̆̓̃̏̑̆̎̎ ˍˣ˜ȡ ADC 

̠̋̉̊ ̖̝̎́̅̏̅̉̓ ̔ ̠̅̆̒̓̋̏̃̏̍̔ ̨̋̏̅ ̨̈̄̅̎̏ ̈ ̟̏̑̍̔̌̏̕ȟ ̠̋̔ ̎́̃̆̅̆̎̏ ̔ 

̨̨̨̐̅̑̏̈̅̌ σȢωȢ 

˚́̐̑̉̋̌́̅ȟ ̐̑̉ Ũ̖ˍˣ υ̃ˏ ̘̠̈̎́̆̎̎ ADC ̨̈̄̅̎̏ ̈ ̟̑̏̂̏̓̏ ̨̍̏̅̆̌ 

̃ Proteus 8Ȣφ ̨̟̤̅̏̑̃̎ ρπςσȢ ˣ̆ ̘̠̈̎́̆̎̎ ̐̑̏̄̑́̍́ ̠̤̏̂̑̏̂̌ ̎́̒̓̔̐̎̉̍ 

̘̉̎̏̍ȡ  

1023%10000/1000=1023 / 1000=1 ,πςσȢ ˣ̉̑́̕ 1 ̝̠̃̉̃̏̅̉̓̒ ̎́ 

̙̐̆̑̉̊ ̨̎̅̉̋́̓̏̑Ȣ 

ˑ̨́̌ ̨̟̝̠̃̅̂̔̃́̓̒ ̨̎́̒̓̔̐̎ ̨̩̅ȡ 

1023%1000/100= 23/ 100= 0,23Ȣ ˣ̉̑́̕ 0 ̝̠̃̉̃̏̅̉̓̒ ̎́ ̅̑̔̄̉̊ 

̨̎̅̉̋́̓̏̑Ƞ 

1023%100/10=23/10= 2,3Ȣ ˣ̉̑́̕ 2 ̃ ̝̠̉̃̏̅̉̓̒ ̎́ ̨̓̑̆̓̊ ̨̎̅̉̋́̓̏̑Ƞ 

1023%10/1=3/1= 3Ȣ ˣ̉̑́̕ 3 ̃ ̝̠̉̃̏̅̉̓̒ ̎́ ̘̆̓̃̆̑̓̉̊ ̨ ̎̅̉̋́̓̏̑. 

˚́̐̑̉̋̌́̅ȟ ADC= 686ȟ ̨̓̏̅ȡ 

686%10000/1000= 686/ 1000= 0,68φȢ ˣ̉̑́̕ 0 ̝̠̃̉̃̏̅̉̓̒ ̎́ 

̙̐̆̑̉̊ ̨̎̅̉̋́̓̏̑Ȣ 

686%1000/100= 686/ 100= 6,86Ȣ ˣ̉̑́̕ 6 ̝̠̃̉̃̏̅̉̓̒ ̎́ ̅̑̔̄̉̊ 

̨̎̅̉̋́̓̏̑Ƞ 

686%100/10=86/10= 8,6Ȣ ˣ̉̑́̕ 8 ̃ ̝̠̉̃̏̅̉̓̒ ̎́ ̨̓̑̆̓̊ ̨̎̅̉̋́̓̏̑Ƞ 

686%10/1=6/1=6Ȣ ˣ̉̑́̕ 6 ̃ ̝̠̉̃̏̅̉̓̒ ̎́ ̘̆̓̃̆̑̓̉̊ ̨ ̎̅̉̋́̓̏̑. 
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3.12 ʆʧʠʩ ʤʦʜʝʣʽ 

˞̖̆̍̔ ̟̠̍̏̅̆̌̃́̎̎ ̠̍̏̅̔̌ ˍˣ˜ ̃ PROTEUS  ̈̏̂̑́̇̆̎̏ ̎́    

̑̉̒̔̎̋̔ σȢρψ. 

 
ʈʠʩʫʥʦʢ 3.18 ï ˞̖̆̍́ ̟̠̍̏̅̆̌̃́̎̎ ̠̍̏̅̔̌ ˍˣ˜ ̃ PROTEUS 

 

 

ˑ́̎́ ̖̒̆̍́ ̤̝̠̒̋̌́̅́̓̒ ̈ ̖̎́̒̓̔̐̎̉ ̨̆̌̆̍̆̎̓̃ȡ 

ï U2 ɀ !62 ̨̗̍̋̑̏̐̑̏̆̒̏̑ !4-%'!σς; 

ï R1ȣR4 ɀ ̑ ̆̈̉̒̓̏̑̉ ̏̐̏̑̏̍ τππ˛̍; 

ï RV1 ɀ ̑ ̆̈̉̒̓̏̑ ̨̈̍̎̎̏̄̏ ̏̐̏̑̔ ̎́ ρπ̋˛̍; 

ï BAT1 ɀ ̅ ̇̆̑̆̌̏ ̎́̐̑̔̄̉ υˏ; 

ï VCC ɀ ̅ ̇̆̑̆̌̏ ̠̇̉̃̌̆̎̎ ̨̍̋̑̏̋̏̎̓̑̏̌̆̑́; 

ï U1 ɀ ̒ ̆̍̉̒̆̄̍̆̎̓̎̉̊ ̨̘̗̏̓̉̑̉̐̏̈̉̊̎̉̊ ̨̎̅̉̋́̓̏̑Ƞ 
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ï V1 ɀ ̃ ̝̏̌̓̍̆̓̑ ̠̅̌ ̨̟̠̃̉̍̑̃́̎̎ ̨̖̩̃̅̎̏ ̎ ́̐̑̔̄̉. 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ, ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ ʜʣʷ ɸʎʇ ʧʦʜʘʻʪʴʩʷ ʥʘ ʣʽʥʽʶ PA0 

ʧʦʨʪʫ ɸ ʟ ʚʠʭʦʜʫ ʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ +5ɺ (RV1). ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʾ 

ʟʥʘʯʝʥʥʷ ʫ ʮʠʬʨʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ, ʨʦʟʨʘʭʦʚʘʥʘ ʚʝʣʠʯʠʥʘ ʚʠʚʦʜʠʪʴʩʷ ʫ ʧʦʨʪʠ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʽʥʜʠʢʘʪʦʨʠ. ɯʥʜʠʢʘʪʦʨʠ ʧʽʜʢʣʶʯʝʥʽ ʜʦ 

ʧʦʨʪʫ ʉ (PC0éPC3) ʪʘ ʧʦʨʪʫ D (PD0éPD7). 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʝʟʠʩʪʦʨʘ RV1, ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʚʝʣʠʯʠʥʫ ʚʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɿʥʘʯʝʥʥʷ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ 0ɺ ʜʦ 5ɺ. 

ɼʣʷ ʢʘʥʘʣʽʚ ʟ ʦʜʥʦʧʦʣʷʨʥʠʤ (ʥʝʩʠʤʝʪʨʠʯʥʠʤ) ʚʭʦʜʦʤ ʨʝʟʫʣʴʪʘʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 
REF

IN

U

U
ADC

1023
= , ʜʝ UIN ï ʟʥʘʯʝʥʥʷ 

ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, UREF ï ʚʝʣʠʯʠʥʘ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ, ADC ï ʜʝʩʷʪʢʦʚʠʡ 

ʝʢʚʽʚʘʣʝʥʪ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʥʘ ʚʠʭʦʜʽ ɸʎʇ. ʅʘ ʨʠʩʫʥʢʫ 3.13 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʬʫʥʢʮʽʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ɸʎʇ ʚ ʦʜʥʦʧʦʣʷʨʥʦʤʫ ʨʝʞʠʤʽ. ʂʦʜ 0x000 ʚʽʜʧʦʚʽʜʘʻ 

ʨʽʚʥʶ ʘʥʘʣʦʛʦʚʦʾ ʟʝʤʣʽ, ʘ 0x3FF ï ʨʽʚʥʶ ʥʘʧʨʫʛʠ 5ɺ. 

ʊʘʙʣʠʮʷ 3.10 ʚʽʜʦʙʨʘʞʘʻ ʟʚô̫ ʟʦʢ ʤʽʞ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʡ ʚʠʭʽʜʥʠʤʠ 

ʢʦʜʘʤʠ ʜʣʷ ʦʜʥʦʧʦʣʷʨʥʦʛʦ ʨʝʞʠʤʫ. 

˗̨̨̗̤̏̆̎̓̕ ̨̘̐̆̑̆̅́ ˍˣ˜ ̘̤̝̠̃̉̈̎́́̓̒ ̟̏̑̍̔̌̏̕  

ʂʧʝʨ=
1023

UREF

ʄɿʈ

Íɺ
. 

ʇʨʠ UREF =5ɺ    ʂʧʝʨ=
1023

5000
πȟςπτφ. 

ʊʦʜʽ, ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ Uʚʭ =5ɺ=5000ʤɺ, ʪʦ ʜʝʩʷʪʢʦʚʠʡ ʢʦʜ ʥʘ ʚʠʭʦʜʽ 

ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ  

ADC=5000Å0,2046=1023  . 

ɺ ʮʴʦʤʫ ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʤʦʜʝʣʽ. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʽʣʴʥʠʢʘ RV1 ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʚʦʣʴʪʤʝʪʨʽ V1 ʥʘʧʨʫʛʫ 5ɺ. ʅʘ 

ʽʥʜʠʢʘʪʦʨʽ U1 ʧʦʙʘʯʠʤʦ ʯʠʩʣʦ 1023, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʚʝʜʝʥʦʤʫ ʚʠʱʝ 

ʨʦʟʨʘʭʫʥʢʫ.  
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4 ʄʆɼɽʃʖɺɸʅʅʗ ʄʆɼʋʃʗ ʋʅɯɺɽʈʉɸʃʔʅʆɻʆ 

ɸʉʀʅʍʈʆʅʅʆɻʆ ʇʈʀʁʄɸʏɸïʇɽʈɽɼɸɺɸʏɸ ʉɯʄ`ɰ ʄʂ51 

4.1 ʆʧʠʩ ʤʦʜʝʣʽ 

ʈʦʙʦʯʫ ʤʦʜʝʣʴ ʜʦʩʣʽʜʞʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʠʡʤʘʯʘï

ʧʝʨʝʜʘʚʘʯʘ (ʋɸʇʇ) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ  4.1. 

ʈʦʟʙʝʨʝʤʦ ʮʶ ʤʦʜʝʣʴ ʜʦʢʣʘʜʥʽʰʝ. ɿʣʽʚʘ ʤʠ ʙʘʯʠʤʦ ʚʽʩʽʤ ʢʥʦʧʦʢ 

(K1éK8), ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʙʘʡʪ (8 ʙʽʪ) ʜʘʥʠʭ, ʷʢʠʡ ʤʠ 

ʙʫʜʝʤʦ ʧʝʨʝʜʘʚʘʪʠ ʯʝʨʝʟ ʤʦʜʫʣʴ ʋɸʇʇ.  

 

ʈʠʩʫʥʦʢ 4.1 ï ʉʭʝʤʘ ʨʦʙʦʯʦʾ ʤʦʜʝʣʽ 

ʂʥʦʧʢʠ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʚʦʩʴʤʠ ʣʽʥʽʡ ʧʦʨʪʫ P1 ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ: P1.0, 

P1.1, é , P1.7. ʗʢʱʦ ʷʢʘʩʴ ʽʟ ʢʥʦʧʦʢ ʚʽʜʧʫʱʝʥʘ, ʪʦ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʠ R1...R8 ʥʘ 

ʚʽʜʧʦʚʽʜʥʫ ʣʽʥʽʶ ʧʦʨʪʫ P1 ʧʦʜʘʻʪʴʩʷ ʣʦʛʽʯʥʘ 1. ʗʢʱʦ ʢʥʦʧʢʘ ʥʘʞʘʪʘ, ʪʦ 

ʚʚʦʜʠʪʴʩʷ ʣʦʛʽʯʥʠʡ ʥʫʣʴ. ʇʨʘʚʦʨʫʯ ʟʦʙʨʘʞʝʥʦ ʚʽʩʽʤ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʷʢʽ 

ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʣʽʥʽʡ ʧʦʨʪʫ P2: P2.0, P2.1, é , P2.7. ʂʘʪʦʜʠ        ʩʚʽʪʣʦʜʽʦʜʽʚ 

(D1éD8) ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʩʧʽʣʴʥʦʛʦ ʧʨʦʚʦʜʘ (ʟʝʤʣʽ), ʘ ʥʘ ʘʥʦʜʠ ʯʝʨʝʟ 

ʨʝʟʠʩʪʦʨʠ R9éR16, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʩʪʨʫʤ, ʽʟ ʚʠʭʦʜʽʚ ʧʦʨʪʫ P2 ʧʦʜʘʶʪʴʩʷ 

ʣʦʛʽʯʥʽ ʦʜʠʥʠʮʽ, ʢʦʣʠ ʪʨʝʙʘ ʟʘʩʚʽʪʠʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʩʚʽʪʣʦʜʽʦʜ. 

ɼʦ ʣʽʥʽʡ TxDïʚʠʭʽʜ ʧʝʨʝʜʘʚʘʯʘ ʋɸʇʇ ʪʘ RxDïʚʭʽʜ ʧʨʠʡʤʘʯʘ 

ʧʽʜʢʣʶʯʝʥʦ ʦʩʮʠʣʦʛʨʘʬ, ʪʘ Virtual Terminal, ʷʢʠʡ ʚʠʙʨʘʥʦ ʟ ʚʽʨʪʫʘʣʴʥʠʭ 
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ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʦʛʨʘʤʠ Proteus. ʅʘ ʥʠʭ ʤʠ ʙʫʜʝʤʦ ʚʽʜʦʙʨʘʞʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ, 

ʷʢ̔ ʚʚʦʜʠʪʴʩʷ ʪʘ ʚʠʚʦʜʪ̫ʴʩʷ ʯʝʨʝʟ ʤʦʜʫʣʴ ʋɸʇʇ ʚ/ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

ɼʦʜʘʚʘʥʥʷ ʚ ʤʦʜʝʣʴ ʦʩʮʠʣʦʛʨʘʬʘ ʦʧʠʩʘʥʦ ʚʠʱʝ ʚ 1.5.  

ɼʦ ʚʠʚʦʜʽʚ XTAL1 ʪʘ XTAL2 ʧʽʜʢʣʶʯʘʶʪʴ ʢʚʘʨʮʦʚʠʡ ʨʝʟʦʥʘʪʦʨ  (ʥʘ 

ʨʠʩʫʥʢʫ 4.1 ʥʝ ʧʦʢʘʟʘʥʦ) ʯʘʩʪʦʪʦʶ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʪʘʢʪʦʚʫ ʯʘʩʪʦʪʫ ʛʝʥʝʨʘʪʦʨʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ɺ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʚʦʥʘ ʜʦʨʽʚʥʶʻ fBQ=6ʄɻʮ. ʊʘʢʦʞ 

ʧʽʜʢʣʶʯʘʶʪʴ  ʢʦʥʜʝʥʩʘʪʦʨʠ C1 ʪʘ C2, ʻʤʥʽʩʪʶ 30ʧʌ (ʥʘ ʨʠʩʫʥʢʫ 4.1 ʪʘʢʦʞ ʥʝ 

ʧʦʢʘʟʘʥʦ), ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ [2]. ʈʝʟʦʥʘʪʦʨ ʪʘ ʢʦʥʜʝʥʩʘʪʦʨʠ ʧʦʪʨʽʙʥʽ ʚ ʧʨʘʢʪʠʯʥʽʡ ʩʭʝʤʽ. ɺ 

ʤʦʜʝʣʴ Proteus ʾʭ ʤʦʞʥʘ ʥʝ ʚʚʦʜʠʪʠ. ɼʣʷ ʟʘʜʘʥʥʷ ʯʘʩʪʦʪʠ ʪʨʝʙʘ ʜʚʽʯʽ ʣʽʚʦʶ 

ʢʥʦʧʢʦʶ ʤʠʰʽ ʢʣʘʮʥʫʪʠ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ ʪʘ ʚ ʦʧʮʽʾ Clock Frequency 

ʚʢʘʟʘʪʠ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ. 

ɺ ʷʢʦʩʪʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚʠʢʦʨʠʩʪʘʥʦ ʤʽʢʨʦʩʭʝʤʫ AT89C51. 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʧʦʙʫʜʦʚʘʥʠʡ ʟʘ ʧʨʦʮʝʩʦʨʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʄʂ51 (MCSï

51), ʪʦʙʪʦ ʚʽʥ ʚʤʽʻ ʚʠʢʦʥʫʚʘʪʠ ʘʩʝʤʙʣʝʨʥʽ ʢʦʤʘʥʜʠ, ʷʢʽ ʦʧʠʩʘʥʦ ʮʠʤ 

ʩʪʘʥʜʘʨʪʦʤ. ʉʪʘʥʜʘʨʪ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʬʽʨʤʦʶ INTEL ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʩʪʘʚ 

ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ INTELïʧʦʜʽʙʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʘʣʝ 

ʧʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʤʘʣʝʥʴʢʠʭ ʧʨʠʩʪʨʦʾʚ (ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʠʭ ʩʠʩʪʝʤ) 

ʟʘʣʠʰʠʣʘʩʷ ʘʢʪʫʘʣʴʥʦʶ ʽ ʜʦ ʮʴʦʛʦ ʜʥʷ. ʇʝʨʰʽ ʤʽʥʽʘʪʶʨʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ, 

ʥʘʧʨʠʢʣʘʜ i8031, ʝʢʩʧʣʫʘʪʫʪʁʴʩʷ ʜʦ ʩʠʭ ʧʽʨ (ʥʘʧʨʠʢʣʘʜ ʚ ʪʝʣʝʬʦʥʘʭ ɸʆʅ). 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʚʠʧʫʩʢʘʶʪʴ ʫ ʪʨʴʦʭ ʢʦʨʧʫʩʘʭ: PDIP, PQFP/TFQP, PLCC 

(ʨʠʩʫʥʦʢ 4.2). 

4.2 ʉʢʦʨʦʯʝʥʠʡ ʦʧʠʩ ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʜʫʣ ̫ʋɸʇʇ 

4.2.1 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʜʫʣʷ ʋɸʇʇ 

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʜʫʣʷ ʋɸʇʇ (ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʦʨʪʫ) ʧʨʠʟʥʘʯʝʥʽ: 

ï nʨʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ʧʨʠʡʤʘʯʝʤïʧʝʨʝʜʘʚʘʯʝʤ (ʈʂʇʇ): SCON; 

ï ʩʪʘʨʰʠʡ ʙʽʪ ʨʝʛʽʩʪʨʘ ʢʝʨʫʚʘʥʥʷ ʧʦʪʫʞʥʽʩʪʶ (ʈʂʇ): PCON.7 

(SMOD). 
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ʈʠʩʫʥʦʢ 4.2ï ɺʠʚʦʜʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ AT89C51 ʢʦʨʧʫʩʫ ʪʠʧʫ PDIP 

ʈʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ (SCON) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʨʠʡʦʤʫ ʽ ʟʙʝʨʽʛʘʥʥʷ ʢʦʜʫ 

ʚʦʩʴʤʠʙʽʪʦʚʦʛʦ ʩʣʦʚʘ, ʷʢʝ ʢʝʨʫʻ ʧʦʩʣʽʜʦʚʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ. ʇʦʟʥʘʯʝʥʥʷ 

ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʘ SCON ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.1. ɺʩʽ ʨʦʟʨʷʜʠ ʨʝʛʽʩʪʨʘ SCON 

ʧʨʦʛʨʘʤʥʦ ʜʦʩʪʫʧʥʽ ʜʣʷ ʟʘʧʠʩʫ ʽ ʯʠʪʘʥʥʷ. 

ʊʘʙʣʠʮʷ 4.1 ï ʇʦʟʥʘʯʝʥʥʷ ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʘ SCON 

ɹʽʪʠ 7 6 5 4 3 2 1 0 

ʇʦʟʥʘʯʝʥʥʷ SM0 SM1 SM2 REN ʊɺ8 RB8 TI RI 

ʈʦʟʨʷʜʠ SM0, SM1 ʚʠʟʥʘʯʘʶʪʴ ʨʝʞʠʤ ʨʦʙʦʪʠ ʽʥʪʝʨʬʝʡʩʫ, ʷʢ ʟʘʟʥʘʯʝʥʦ 

ʚ ʪʘʙʣʠʮʽ 4.2. 

ɯʥʰʽ ʙʽʪʠ ʨʝʛʽʩʪʨʘ ʤʘʶʪʴ ʥʘʩʪʫʧʥʝ ʧʨʠʟʥʘʯʝʥʥʷ: 

ï SM2 ï ʜʦʟʚʽʣ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʦʾ ʨʦʙʦʪʠ. ʋ ʨʝʞʠʤʘʭ 2 ʽ 3 ʧʨʠ SM2 = 1 

ʧʨʘʧʦʨʝʮʴ RI ʥʝ ʘʢʪʠʚʽʟʫʻʪʴʩʷ, ʷʢʱʦ ʜʝʚô̫ ʪʠʡ ʧʨʠʡʥʷʪʠʡ ʙʽʪ ʜʘʥʠʭ 

ʜʦʨʽʚʥʶʻ "0". ʋ ʨʝʞʠʤʽ 1 ʧʨʠ SM2 = 1 ʧʨʘʧʦʨʝʮʴ RI ʥʝ ʘʢʪʠʚʽʟʫʻʪʴʩʷ, 

ʷʢʱʦ ʥʝ ʧʨʠʡʥʷʪʠʡ ʩʪʦʧïʙʽʪ, ʱʦ ʜʦʨʽʚʥʶʻ "1". ɺ ʨʝʞʠʤʽ 0 ʙʽʪ SM2 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ "0"; 




































































































































































































































































