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ɽʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʪʝʭʥʽʢʘ: ʂʫʨʩʦʚʠʡ ʧʨʦʻʢʪ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ʥʘʚʯ. ʧʦʩʽʙ. ʜʣʷ 

ʩʪʫʜ. ʦʩʚʽʪʥʴʦʾ ʧʨʦʛʨʘʤʠ çɯʥʪʝʛʨʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè ʩʧʝʮʽʘʣʴʥʦʩʪʽ 126 çɯʥʬʦʨʤʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè / ɸ.ʆ. ʅʦʚʘʮʴʢʠʡ,  ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ï ɽʣʝʢʪʨʦʥʥʽ ʪʝʢʩʪʦʚʽ ʜʘʥʽ 

(1 ʬʘʡʣ: 6,4 ʄʙʘʡʪ). ï ʂʠʾʚ : ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2026. ï 105ʩ. 

ɻʨʠʬ ʥʘʜʘʥʦ ʄʝʪʦʜʠʯʥʦʶ ʨʘʜʦʶ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ (ʧʨʦʪʦʢʦʣ ˉ4  ʚʽʜ 05.02.2026ʨ.) ʟʘ 

ʧʦʜʘʥʥʷʤ ɺʯʝʥʦʾ ʨʘʜʠ ʬʘʢʫʣʴʪʝʪʫ ɯʥʬʦʨʤʘʪʠʢʠ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ                             

 (ʧʨʦʪʦʢʦʣ  ̄6  ʚʽʜ 26.01.2026ʨ.) 

ɽʣʝʢʪʨʦʥʥʝ ʤʝʨʝʞʥʝ ʥʘʚʯʘʣʴʥʝ ʚʠʜʘʥʥʷ 

ʋʢʣʘʜʘʯ:  ʅʦʚʘʮʴʢʠʡ ɸʥʘʪʦʣʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɽʃɽʂʊʈʆʅɯʂɸ ʊɸ ʄɯʂʈʆʇʈʆʎɽʉʆʈʅɸ  ʊɽʍʅɯʂɸ 

ʂʫʨʩʦʚʠʡ ʧʨʦʻʢʪ 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ  

ʨʝʜʘʢʪʦʨ:  ʇʦʣʪʦʨʘʢ ɺ. ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʬʘʢʫʣʴʪʝʪ 

ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʢʘʬʝʜʨʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

 

ʈʝʮʝʥʟʝʥʪ:  ʉʝʣʽʚʘʥʦʚ ɺʽʢʪʦʨ ʃʴʚʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʂʇɯ                                           

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʬʘʢʫʣʴʪʝʪ ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ, ʢʘʬʝʜʨʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ  

 

ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ  ʦʭʦʧʣʶʻ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʧʨʘʢʪʠʯʥʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ ʟ ʜʠʩʮʠʧʣʽʥʠ çɽʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʪʝʭʥʽʢʘè.  

ɺ ʧʦʩʽʙʥʠʢʫ ʥʘʚʦʜʷʪʴʩʷ ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʨʦʟʨʦʙʮʽ ʪʠʧʦʚʠʭ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ 

ʧʨʠʩʪʨʦʾʚ: ʧʨʠʩʪʨʦʶ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ.  

ɺ ʨʦʙʦʪʽ ʥʘʚʦʜʷʪʴʩʷ ʧʨʠʢʣʘʜʠ ʨʦʟʨʘʭʫʥʢʫ, ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ  ʮʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʅʘʚʝʜʝʥʦ ʨʦʙʦʯʽ ʤʦʜʝʣʽ ʚ ʧʘʢʝʪʽ PROTEUS, ʩʭʝʤʠ ʘʣʛʦʨʠʪʤʽʚ ʨʦʙʦʪʠ ʪʘ ʢʝʨʫʶʯʽ ʧʨʦʛʨʘʤʠ. 

ɺ ʨʦʙʦʪʽ ʪʘʢʦʞ ʥʘʚʦʜʷʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʦʬʦʨʤʣʝʥʥʶ ʪʝʢʩʪʦʚʦʾ ʪʘ ʛʨʘʬʽʯʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ . ʊʝʤʘʪʠʢʘ ʧʦʩʽʙʥʠʢʘ ʚʽʜʧʦʚʽʜʘʻ çʩʽʣʘʙʫʩʫè ʜʠʩʮʠʧʣʽʥʠ, ʷʢʘ ʻ ʦʙʦʚôʷʟʢʦʚʦʶ ʫ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʣʘʥʽ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ  126 çɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾè. ʈʦʙʦʪʘ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʩʪʫʜʝʥʪʘʤ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʧʨʠ ʚʠʚʯʝʥʥʽ 

ʜʠʩʮʠʧʣʽʥ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʢʨʝʤʠʭ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʤʦʜʫʣʽʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʘ 

ʪʘʢʦʞ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʙʘʢʘʣʘʚʨʩʴʢʠʭ, ʢʫʨʩʦʚʠʭ ʪʘ ʤʘʛʽʩʪʝʨʩʴʢʠʭ ʨʦʙʽʪ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʽ ʧʨʠʩʪʨʦʾ.  

ʆʩʪʘʥʥʻ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʧʨʠ ʦʬʦʨʤʣʝʥʥʽ ʨʦʙʦʪʠ, ʷʢʝ ʚʠʢʦʥʘʥʦ ʟʛʽʜʥʦ ʚʠʤʦʛ ʜʦ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

 

É ɸ.ʆ. ʅʦʚʘʮʴʢʠʡ, 2026 

É ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2026 
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1  ɿɸɻɸʃʔʅɯ ɺʀʄʆɻʀ ɼʆ ʂʋʈʉʆɺʀʍ ʇʈʆɭʂʊɯɺ  

1.1  ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ 

 

ʄʝʪʘ ʢʫʨʩʦʚʦʛʦ ʧʨʦ̒ʢʪʫ ï ʟʘʢʨʽʧʠʪʠ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʢʫʨʩʫ 

çɽʃɽʂʊʈʆʅɯʂɸ ʊɸ ʄɯʂʈʆʇʈʆʎɽʉʆʈʅɸ ʊɽʍʅɯʂɸè, ʥʘʚʯʠʪʠʩʷ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʟʥʘʥʥʷ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʠʜʙʘʪʠ ʥʘʚʠʯʢʠ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʚʫʟʣʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɺʠʢʦʥʘʥʥʷ 

ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ ̒  ʧʽʜʛʦʪʦʚʢʦʶ ʜʦ ʜʠʧʣʦʤʥʦ ʾʙʘʢʘʣʘʚʨʩʴʢʦʾ ʨʦʙʦʪʠ. ʇʨʠ ʮʴʦʤʫ 

ʩʪʫʜʝʥʪ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʚʯʝʥʥʷ ʢʫʨʩʫ ʪʘ 

ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ, ʧʦʚʠʥʝʥ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʜʠʥ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʨʦʟʨʘʭʫʚʘʪʠ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʠʪʠ ʝʣʝʢʪʨʠʯʥʫ 

ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ, ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ, ʨʦʙʦʯʫ ʧʨʦʛʨʘʤʫ ʪʘ ʩʭʝʤʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʧʨʦʻʢʪʫʻʪʴʩʷ. 

ʈʦʙʦʪʘ ʥʘʜ ʢʫʨʩʦʚʠʤ ʧʨʦʻʢʪʦʤ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʚʝʨʰʝʥʘ ʧʨʦʪʷʛʦʤ 

ʰʽʩʪʥʘʜʮʷʪʠ ʪʠʞʥʽʚ ʚʽʜ ʜʥʷ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ. 

ʉʪʫʜʝʥʪ ʟʘʭʠʱʘʻ ʧʨʦʻʢʪ ʫ ʚʩʪʘʥʦʚʣʝʥʽ ʢʘʬʝʜʨʦʶ ʪʝʨʤʽʥʠ ʧʝʨʝʜ ʢʦʤʽʩʽʻʶ, 

ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʷʪʴ ʚʠʢʣʘʜʘʯʽ ʢʘʬʝʜʨʠ. ʇʨʠ ʟʘʭʠʩʪʽ ʩʪʫʜʝʥʪ ʧʦʚʠʥʝʥ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʟʥʘʥʥʷ, ʟʜʘʪʥʽʩʪʴ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ ʪʝʦʨʝʪʠʯʥʦʤʫ 

ʢʫʨʩʽ çɽʃɽʂʊʈʆʅɯʂɸ ʊɸ ʄɯʂʈʆʇʈʆʎɽʉʆʈʅɸ ʊɽʍʅɯʂɸè ʽ ʩʫʤʽʞʥʠʭ 

ʜʠʩʮʠʧʣʽʥʘʭ, ʚʤʽʥʥʷ ʣʦʛʽʯʥʦ ʤʠʩʣʠʪʠ, ʧʦʚʠʥʝʥ ʧʝʨʝʢʦʥʣʠʚʦ ʦʙʛʨʫʥʪʦʚʫʚʘʪʠ 

ʩʚʦʶ ʪʦʯʢʫ ʟʦʨʫ. 

ɿʘʭʠʱʝʥʠʡ ʧʨʦʻʢʪ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʢʘʬʝʜʨʽ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʨʦʢʽʚ ʟ ʤʦʤʝʥʪʫ 

ʟʘʭʠʩʪʫ. 

 

1.2  ʆʩʥʦʚʥʘ ʪʝʤʘʪʠʢʘ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ  

 

ʊʝʤʦʶ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ ʤʦʞʝ ʙʫʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʚʜʘʥʥʷ, 

ʦʪʨʠʤʘʥʦʛʦ ʚʽʜ ʢʝʨʽʚʥʠʢʘ ʥʘ ʧʦʯʘʪʢʫ ʩʝʤʝʩʪʨʫ, ʨʦʟʨʦʙʢʘ ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʪʠʧʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ: 
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ʘ) ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʤʦʜʫʣʝʤ ʋʉɸʇʇ 

ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ; 

ʙ) ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

ʂʨʽʤ ʪʦʛʦ, ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʠʩʣʦ ʨʝʘʣʴʥʠʭ ʢʫʨʩʦʚʠʭ ʧʨʦʻʢʪʽʚ, 

ʚʠʢʦʥʫʚʘʥʠʭ ʩʪʫʜʝʥʪʘʤʠ ʚʩʽʭ ʬʦʨʤ ʥʘʚʯʘʥʥʷ ʟʘ ʾʭ ʙʘʞʘʥʥʷʤ. ʊʝʤʦʶ ʮʠʭ 

ʧʨʦʻʢʪʽʚ ʤʘʶʪʴ ʙʫʪʠ ʨʦʟʨʦʙʢʠ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʟʨʦʙʢʘʭ 

ʢʘʬʝʜʨʠ ʽ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ (ʜʦʜʘʪʦʢ ɸ). ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʪʘʢʠʭ 

ʧʨʦʻʢʪʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʦ ʤʘʢʝʪ ʧʨʠʩʪʨʦʶ ʪʘ ʧʨʦʚʝʜʝʥʦ ʡʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʨʦʟʨʦʙʦʢ, ʙʘʞʘʥʦ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʨʦʻʢʪʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʥʘ ʧʘʪʝʥʪʥʫ ʯʠʩʪʦʪʫ ʽ ʟʥʘʡʪʠ ʦʨʠʛʽʥʘʣʴʥʽ 

ʨʽʰʝʥʥʷ, ʟʜʘʪʥʽ ʩʣʫʞʠʪʠ ʧʨʝʜʤʝʪʦʤ ʟʘʷʚʢʠ ʥʘ ʚʠʥʘʭʽʜ. ɺʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʨʦʙʽʪ 

ʙʫʜʝ ʚʨʘʭʦʚʘʥʦ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʦʮʽʥʢʠ.  

 

1.3 ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʦʙʩʷʛʫ ʢʫʨʩʦʚʠʭ ʧʨʦʻʢʪʽʚ  

 

ʂʫʨʩʦʚʠʡ ʧʨʦʻʢʪ ʤʽʩʪʠʪʴ ʪʝʢʩʪʦʚʫ ʪʘ ʛʨʘʬʽʯʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ, ʷʢʘ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʤʦʛ ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ (ɭʉʂɼ). 

ʊʝʢʩʪʦʚʘ ʜʦʢʫʤʝʥʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʠʪʫʣʴʥʦʛʦ ʣʠʩʪʘ, ʟʘʚʜʘʥʥʷ ʥʘ 

ʢʫʨʩʦʚʠʡ ʧʨʦ̒ʢʪ ʪʘ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ (ʇɿ). 

ʆʙʩʷʛ ʪʝʢʩʪʦʚʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ 25-30 ʩʪʦʨʽʥʦʢ ʪʝʢʩʪʫ 

ʬʦʨʤʘʪʫ ɸ4, ʷʢʱʦ ʚʦʥʘ ʥʘʙʨʘʥʘ ʥʘ ʢʦʤʧôʶʪʝʨʽ 14-ʤ ʰʨʠʬʪʦʤ ʟ ʧʦʣʫʪʦʨʥʠʤ 

ʤʽʞʨʷʜʢʦʚʠʤ ʽʥʪʝʨʚʘʣʦʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ: 

ʘ) ʪʠʪʫʣʴʥʠʡ ʘʨʢʫʰ ï 1 ʘʨʢʫʰ (ʜʦʜʘʪʦʢ ɹ); 

ʙ) ʟʘʚʜʘʥʥʷ ʥʘ ʢʫʨʩʦʚʠʡ ʧʨʦʻʢʪ ï 1-2 ʘʨʢʫʰʽ (ʜʦʜʘʪʦʢ ɺ); 

ʚ) ʧʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ ï 20-25 ʘʨʢʫʰʽʚ.  

ɻʨʘʬʽʯʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʚʜʘʥʥʷʤ ʥʘ ʂʇ ʽ ʤʦʞʝ ʤʽʩʪʠʪʠ 

ʩʪʨʫʢʪʫʨʥʫ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʝʣʝʢʪʨʠʯʥʽ ʩʭʝʤʠ (ʷʢʱʦ ʚʦʥʠ ʥʝ ʥʘʚʝʜʝʥʽ ʚ 
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ʧʦʷʩʥʶʚʘʣʴʥʽʡ ʟʘʧʠʩʮʽ); ʩʭʝʤʫ ʝʣʝʢʪʨʠʯʥʫ ʧʨʠʥʮʠʧʦʚʫ ʦʙôʻʢʪʘ ʧʨʦʻʢʪʫʚʘʥʥʷ; 

ʧʝʨʝʣʽʢ ʝʣʝʤʝʥʪʽʚ, ʷʢʱʦ ʚʽʥ ʥʝ ʧʦʤʽʱʝʥʠʡ ʥʘ ʣʠʩʪʽ ʟ ʧʨʠʥʮʠʧʦʚʦʶ ʩʭʝʤʦʶ (ʜʣʷ 

ʨʝʘʣʴʥʠʭ ʧʨʦ̒ʢʪʽʚ); ʽʣʶʩʪʨʘʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ (ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ, ʛʨʘʬʽʢʠ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ). 

 

1.4 ɺʠʤʦʛʠ ʜʦ ʟʤʽʩʪʫ ʪʘ ʤʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʜʦ ʥʘʧʠʩʘʥʥʷ ʦʢʨʝʤʠʭ ʪʝʢʩʪʦʚʠʭ 

ʜʦʢʫʤʝʥʪʽʚ  

 

ʊʠʪʫʣʴʥʠʡ ʘʨʢʫʰ 

ʊʠʪʫʣʴʥʠʡ ʘʨʢʫʰ ʦʬʦʨʤʣʶʻʪʴʩʷ ʟʛʽʜʥʦ ʧʨʠʢʣʘʜʫ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʚ 

 ʜʦʜʘʪʢʫ ɹ. 

ɿʘʚʜʘʥʥʷ ʥʘ ʢʫʨʩʦʚʠʡ ʧʨʦʻʢʪ 

ɿʘʚʜʘʥʥʷ ʥʘ ʢʫʨʩʦʚʠʡ ʧʨʦʻʢʪ ʤʽʩʪʠʪʴ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʧʨʦʻʢʪʫ. ʁʦʛʦ 

ʧʽʜʧʠʩʫʶʪʴ ʢʝʨʽʚʥʠʢ ʧʨʦʻʢʪʫ ʽ ʩʪʫʜʝʥʪ. ɿʘʚʜʘʥʥʷ ʦʬʦʨʤʣʷʶʪʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʚʠʤʦʛʘʤʠ, ʟʘʛʘʣʴʥʠʤʠ ʜʣʷ ʅʊʋʋ çʂʇɯè. ʇʨʠʢʣʘʜ ʦʬʦʨʤʣʝʥʥʷ ʟʘʚʜʘʥʥʷ ʥʘ 

ʢʫʨʩʦʚʠʡ ʧʨʦ̒ʢʪ ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʫ ɺ. 

ʇʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ 

ʇʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ (ʇɿ) ʜʦ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ ʧʦʚʠʥʥʘ ʧʦʯʠʥʘʪʠʩʷ 

ʟʤʽʩʪʦʤ, ʚ ʷʢʦʤʫ ʥʘʚʦʜʷʪʴʩʷ ʥʘʡʤʝʥʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʽʚ ʽ ʧʽʜʨʦʟʜʽʣʽʚ ʟ 

ʟʘʟʥʘʯʝʥʥʷʤ ʥʦʤʝʨʘ ʘʨʢʫʰʘ (ʥʝ ʥʫʤʝʨʫʻʪʴʩʷ). ʇʨʠʢʣʘʜ ʟʤʽʩʪʫ ʥʘʚʝʜʝʥʦ ʚ 

ʜʦʜʘʪʢʫ ɻ.  

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʇɿ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʨʦʟʜʽʣʠ: 

ʘ) ʚʩʪʫʧ (ʥʝ ʥʫʤʝʨʫʻʪʴʩʷ). ʂʦʨʦʪʢʦ ʦʙʛʨʫʥʪʫʚʘʪʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ʧʨʦʻʢʪʫ, ʧʦʩʪʘʚʠʪʠ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ ʪʘ ʚʢʘʟʘʪʠ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʠʭ 

ʜʦʢʫʤʝʥʪʽʚ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʻʢʪ; 
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ʙ) ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ, ʱʦ ʧʨʦʻʢʪʫʻʪʴʩʷ. 

ʉʬʦʨʤʫʣʶʚʘʪʠ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʠʩʪʨʦʶ ʽ ʩʪʠʩʣʦ ʦʧʠʩʘʪʠ ʦʙʣʘʩʪʴ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ; 

ʚ) ʪʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʇʝʨʝʣʽʯʠʪʠ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʨʦʙʫ; 

ʛ) ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʽ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʦʙʨʘʥʦʛʦ ʧʨʠʥʮʠʧʫ 

ʧʦʙʫʜʦʚʠ ʧʨʠʩʪʨʦʶ. ʇʨʠʚʝʩʪʠ ʢʦʨʦʪʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʮʽ ʤʝʪʦʜʠ ʽ ʟʨʦʙʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʚʠʩʥʦʚʢʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʚʠʨʦʙʫ; ʢʦʨʦʪʢʦ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʘʥʘʣʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ, ʨʦʟʨʦʙʣʝʥʽ ʚ ʋʢʨʘʾʥʽ ʽ ʟʘ ʢʦʨʜʦʥʦʤ; ʧʨʦʚʝʩʪʠ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʽʯʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʝʨʝʚʘʛʠ ʽ 

ʥʝʜʦʣʽʢʠ). ʅʘ ʧʽʜʩʪʘʚʽ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʪʠ, ʷʢʽ ʝʣʝʤʝʥʪʠ ʚʽʜʦʤʠʭ 

ʘʥʘʣʦʛʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ 

ʟʘʜʘʥʦʛʦ ʚʠʨʦʙʫ ʽ ʟ ʷʢʠʭ ʝʣʝʤʝʥʪʽʚ ʩʣʽʜ ʟʥʘʡʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ. 

ʏʽʪʢʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʧʨʠʡʥʷʪʽ ʚ ʨʦʙʦʪʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʧʨʠʩʪʨʦʶ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠ ʮʴʦʤʫ ʟʚʝʨʥʫʪʠ ʥʘ ʧʦʢʘʟʥʠʢʠ ʝʢʦʥʦʤʽʯʥʦʩʪʽ, 

ʥʘʜʽʡʥʦʩʪʽ, ʾʭ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʽʚʥʶ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ ʪ. ʽʥ.; 

ʜ) ʨʦʟʨʦʙʢʘ ʪʘ ʦʧʠʩ ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ (ʥʝ ʦʙʦʚô̫ ʟʢʦʚʦ) 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤ ʚʠʨʦʙʫ. ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʽʚ 

ʩʢʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʫ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʝʣʝʢʪʨʠʯʥʽ ʩʭʝʤʠ, ʘ ʪʘʢʦʞ ʢʦʨʦʪʢʦ 

ʦʧʠʩʘʪʠ ʨʦʙʦʪʫ ʧʨʠʩʪʨʦʶ ʟʘ ʩʪʨʫʢʪʫʨʥʦʶ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʩʭʝʤʘʤʠ; 

ʝ) ʚʠʙʽʨ ʽ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ. ɿʜʽʡʩʥʶʻʪʴʩʷ ʚʠʙʽʨ 

ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʧʨʠʩʪʨʦʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʝʣʝʢʪʨʠʯʥʠʭ, 

ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʚʠʨʽʰʫʶʯʠ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʟ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʥʽʬʽʢʦʚʘʥʠʭ ʽ ʩʪʘʥʜʘʨʪʥʠʭ ʝʣʝʤʝʥʪʽʚ; 

ʞ) ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʚʠʨʦʙʫ. ʆʙʩʷʛ ʽ ʭʘʨʘʢʪʝʨ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʯʘʩʪʠʥʠ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʩʪʦʩʦʚʥʦ 

ʜʦ ʪʝʤʠ ʧʨʦʻʢʪʫ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʘʪʠʢʠ ʧʨʦʻʢʪʫ ʨʦʟʨʘʭʫʥʢʦʚʘ 
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ʯʘʩʪʠʥʘ ʤʦʞʝ ʤʽʩʪʠʪʠ ʦʮʽʥʢʫ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙôʻʢʪʫ 

ʧʨʦʻʢʪʫʚʘʥʥʷ; ʩʠʥʪʝʟ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠʩʪʨʦʶ; 

ʚʘʨʽʘʥʪʥʝ ʦʧʨʘʮʶʚʘʥʥʷ ʦʙôʻʢʪʫ ʧʨʦʻʢʪʫʚʘʥʥʷ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ (ʧʦʰʫʢʦʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʘ) ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ 

ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ; ʝʣʝʢʪʨʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʽ ʝʣʝʤʝʥʪʽʚ 

ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ ʚʠʨʦʙʫ,ʠ  ʪʘ ʽʥʰʽ ʨʦʟʨʘʭʫʥʢʠ; 

ʠ) ʨʦʟʨʦʙʢʘ ʪʘ ʦʧʠʩ ʧʨʠʥʮʠʧʦʚʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ ʦʙôʻʢʪʘ ʧʨʦʻʢʪʫʚʘʥʥʷ. 

ʇʨʠʥʮʠʧʦʚʫ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ ʨʦʟʨʦʙʣʷʶʪʴ ʥʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʧʦʧʝʨʝʜʥʽʭ 

ʨʦʟʜʽʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʘʛʥʫʪʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʩʝʨʽʡʥʦ ʚʠʧʫʩʢʘʶʪʴʩʷ. ʆʧʠʩ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʟʘ ʧʨʠʥʮʠʧʦʚʦʶ ʩʭʝʤʦʶ 

ʙʘʞʘʥʦ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠ ʯʘʩʦʚʠʤʠ ʜʽʘʛʨʘʤʘʤʠ; 

ʽ) ʨʦʟʨʦʙʢʘ ʪʘ ʦʧʠʩ ʩʭʝʤʠ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʪʘ ʢʝʨʫʶʯʦʾ 

ʧʨʦʛʨʘʤʠ; 

ʢ) ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚ ʦʜʥʦʤʫ ʟ ʩʫʯʘʩʥʠʭ ʧʘʢʝʪʽʚ, 

ʥʘʧʨʠʢʣʘʜ, PROTEUS; 

ʣ) ʚʠʩʥʦʚʦʢ (ʥʝ ʥʫʤʝʨʫʻʪʴʩʷ). ʂʦʨʦʪʢʦ ʚʠʢʣʘʩʪʠ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʢʦʥʘʥʦʛʦ ʧʨʦʻʢʪʫ; ʚʢʘʟʘʪʠ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʦʜʘʣʴʰʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙʫ (ʷʢʱʦ ʮʝ ʤʦʞʣʠʚʦ), ʡʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ; ʜʘʪʠ ʦʮʽʥʢʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʘʥʦʾ ʨʦʙʦʪʠ; ʚʽʜʟʥʘʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʚʠʨʦʙʫ ʪʝʭʥʽʯʥʦʤʫ 

ʟʘʚʜʘʥʥʶ ʥʘ ʧʨʦʻʢʪʫʚʘʥʥʷ (ʧʨʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʦʙʛʨʫʥʪʫʚʘʪʠ ʽ ʧʦʷʩʥʠʪʠ 

ʧʨʠʯʠʥʫ ʡʦʛʦ ʚʠʥʠʢʥʝʥʥʷ); 

ʤ) ʩʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ, ʩʢʣʘʜʝʥʠʡ ʚ ʧʦʨʷʜʢʫ ʧʦʷʚʠ ʧʦʩʠʣʘʥʴ ʥʘ ʥʝʾ ʚ ʪʝʢʩʪʽ 

ʇɿ, ʷʢʠʡ ʤʘʻ ʤʽʩʪʠʪʠ ʧʦʚʥʠʡ ʧʝʨʝʣʽʢ ʣʽʪʝʨʘʪʫʨʠ, ʚʠʢʦʨʠʩʪʘʥʦʾ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʦʙôʻʢʪʫ ʧʨʦʻʢʪʫʚʘʥʥʷ. ʉʧʠʩʦʢ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʬʦʨʤʣʝʥʠʡ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɻʆʉʊ 7.1-84. 

ʂʨʽʤ ʟʘʟʥʘʯʝʥʠʭ ʨʦʟʜʽʣʽʚ ʇɿ ʤʽʩʪʠʪʴ ʜʦʜʘʪʢʠ, ʚ ʷʢʽ ʚʢʣʶʯʘʶʪʴ: 

ï ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ; 
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ï ʧʨʦʛʨʘʤʠ ʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ɽʆʄ; 

ï ʽʣʶʩʪʨʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ. 

 

1.5 ɺʠʤʦʛʠ ʜʦ ʦʬʦʨʤʣʝʥʥʷ ʪʝʢʩʪʦʚʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ 

1.5.1 ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ 

 

ʊʝʢʩʪʦʚʫ ʜʦʢʫʤʝʥʪʘʮʽʶ ʦʬʦʨʤʣʶʶʪʴ ʥʘ ʣʠʩʪʘʭ ʬʦʨʤʘʪʫ ɸ4, ʟ ʨʦʟʨʘʭʫʥʢʫ 

ʥʝ ʙʽʣʴʰʝ 30 ʨʷʜʢʽʚ ʥʘ ʩʪʦʨʽʥʮʽ ʟ ʬʦʨʤʘʪʫʚʘʥʥʷʤ ʪʝʢʩʪʫ ʟʘ ʰʠʨʠʥʦʶ (ʰʨʠʬʪ 

ʊIMES NEW ROMAN - 14; ̔ ʥʪʝʨʚʘʣ ð ʧʦʣʫʪʦʨʥʠʡ). ʇʦʨʷʜʦʢ ʧʦʙʫʜʦʚʠ ʨʦʟʜʽʣʽʚ 

ʽ ʧʽʜʨʦʟʜʽʣʽʚ, ʧʨʘʚʠʣʘ ʦʬʦʨʤʣʝʥʥʷ ʪʝʢʩʪʫ, ʨʦʟʨʘʭʫʥʢʽʚ, ʘ ʪʘʢʦʞ ʦʬʦʨʤʣʝʥʥʷ 

ʨʠʩʫʥʢʽʚ, ʥʘʧʠʩʘʥʥʷ ʬʦʨʤʫʣ, ʮʠʬʨ, ʪʘ ʧʦʙʫʜʦʚʠ ʪʘʙʣʠʮʴ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 

ʚʠʤʦʛʘʤ ɼʉʊʋ 3008:2015.  

ɺʽʜʩʪʘʥʴ ʚʽʜ ʚʝʨʭʥʴʦʛʦ ʘʙʦ ʥʠʞʥʴʦʛʦ ʨʷʜʢʘ ʪʝʢʩʪʫ ʜʦ ʚʝʨʭʥʴʦʾ ʘʙʦ ʥʠʞʥʴʦʾ 

ʤʝʞʽ ʬʦʨʤʘʪʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 20 ʤʤ. 

ɸʙʟʘʮʠ ʚ ʪʝʢʩʪʽ ʧʦʯʠʥʘʶʪʴ ʟ ʚʽʜʩʪʫʧʦʤ, ʨʽʚʥʠʤ 12,5 ʤʤ. 

ʊʝʢʩʪ ʜʦʢʫʤʝʥʪʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʨʦʟʜʽʣʠ ʪʘ ʧʽʜʨʦʟʜʽʣʠ. 

ʈʦʟʜʽʣʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʦʨʷʜʢʦʚʽ ʥʦʤʝʨʠ ʚ ʤʝʞʘʭ ʚʩʴʦʛʦ ʜʦʢʫʤʝʥʪʘ (ʯʘʩʪʠʥʠ), 

ʧʦʟʥʘʯʝʥʽ ʘʨʘʙʩʴʢʠʤʠ ʮʠʬʨʘʤʠ ʙʝʟ ʢʨʘʧʢʠ ʽ ʟʘʧʠʩʘʥʽ ʟ ʘʙʟʘʮʫ. ʇʽʜʨʦʟʜʽʣʠ 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʥʫʤʝʨʘʮʽʶ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʨʦʟʜʽʣʫ. ʅʦʤʝʨʠ ʧʽʜʨʦʟʜʽʣʽʚ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʦʤʝʨʽʚ ʨʦʟʜʽʣʫ ʽ ʧʽʜʨʦʟʜʽʣʫ, ʨʦʟʜʽʣʝʥʠʭ ʢʨʘʧʢʦʶ. ɺ ʢʽʥʮʽ ʥʦʤʝʨʘ 

ʧʽʜʨʦʟʜʽʣʫ ʢʨʘʧʢʘ ʥʝ ʩʪʘʚʠʪʴʩʷ. 

ʈʦʟʜʽʣʠ, ʷʢ ʽ ʧʽʜʨʦʟʜʽʣʠ, ʤʦʞʫʪʴ ʩʢʣʘʜʘʪʠʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʧʫʥʢʪʽʚ. ʗʢʱʦ 

ʜʦʢʫʤʝʥʪ ʥʝ ʤʘʻ ʧʽʜʨʦʟʜʽʣʽʚ, ʪʦ ʥʫʤʝʨʘʮʽʷ ʧʫʥʢʪʽʚ ʚ ʥʴʦʤʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚ ʤʝʞʘʭ 

ʢʦʞʥʦʛʦ ʨʦʟʜʽʣʫ, ʪʘ ʥʦʤʝʨ ʧʫʥʢʪʫ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠʩʷ ʟ ʥʦʤʝʨʽʚ ʨʦʟʜʽʣʫ ʽ ʧʫʥʢʪʫ, 

ʨʦʟʜʽʣʝʥʠʭ ʢʨʘʧʢʦʶ. ʅʘʧʨʠʢʽʥʮʽ ʥʦʤʝʨʘ ʧʫʥʢʪʫ ʢʨʘʧʢʘ ʥʝ ʩʪʘʚʠʪʴʩʷ. ʗʢʱʦ 

ʜʦʢʫʤʝʥʪ ʤʘʻ ʧʽʜʨʦʟʜʽʣʠ, ʪʦ ʥʫʤʝʨʘʮʽʷ ʧʫʥʢʪʽʚ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠʩʷ ʟ ʥʦʤʝʨʽʚ 

ʨʦʟʜʽʣʫ, ʧʽʜʨʦʟʜʽʣʫ ʽ ʧʫʥʢʪʫ, ʨʦʟʜʽʣʝʥʠʭ ʢʨʘʧʢʘʤʠ. ʗʢʱʦ ʨʦʟʜʽʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʦʜʥʦʛʦ ʧʫʥʢʪʫ, ʚʽʥ ʪʘʢʦʞ ʥʫʤʝʨʫʻʪʴʩʷ. ʗʢʱʦ ʪʝʢʩʪ ʜʦʢʫʤʝʥʪʘ ʧʦʜʽʣʷʻʪʴʩʷ ʪʽʣʴʢʠ 

ʥʘ ʧʫʥʢʪʠ, ʪʦ ʚʦʥʠ ʥʫʤʝʨʫʶʪʴʩʷ ʧʦʨʷʜʢʦʚʠʤʠ ʥʦʤʝʨʘʤʠ ʫ ʤʝʞʘʭ ʜʦʢʫʤʝʥʪʘ. 
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ʇʫʥʢʪʠ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʙʠʪʽ ʥʘ ʧʽʜʧʫʥʢʪʠ, ʷʢʽ ʧʦʚʠʥʥʽ 

ʤʘʪʠ ʧʦʨʷʜʢʦʚʫ ʥʫʤʝʨʘʮʽʶ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʧʫʥʢʪʫ, ʥʘʧʨʠʢʣʘʜ: 4.2.1.1, 4.2.1.2, 

4.2.1.3  ̔  ʪ. ʽʥ.  

ɺ ʩʝʨʝʜʠʥʽ ʧʫʥʢʪʽʚ ʘʙʦ ʧʽʜʧʫʥʢʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʚʝʜʝʥʽ ʧʝʨʝʨʘʭʫʚʘʥʥʷ. 

ʇʝʨʝʜ ʢʦʞʥʦʶ ʧʦʟʠʮʽʻʶ ʧʝʨʝʨʘʭʫʚʘʥʥʷ ʚʘʨʪʦ ʩʪʘʚʠʪʠ ʜʝʬʽʩ ʘʙʦ, ʧʨʠ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʩʠʣʘʥʥʷ ʚ ʪʝʢʩʪʽ ʜʦʢʫʤʝʥʪʘ ʥʘ ʦʜʥʝ ʟ ʧʝʨʝʨʘʭʫʚʘʥʴ, ʤʘʣʝʥʴʢʫ 

ʣʽʪʝʨʫ, ʧʽʩʣʷ ʷʢʦʾ ʩʪʘʚʠʪʴʩʷ ʜʫʞʢʘ. ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʜʝʪʘʣʽʟʘʮʽʾ ʧʝʨʝʨʘʭʫʚʘʥʴ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʨʘʙʩʴʢʽ ʮʠʬʨʠ, ʧʽʩʣʷ ʷʢʠʭ ʩʪʘʚʠʪʴʩʷ ʜʫʞʢʘ. 

ʂʦʞʝʥ ʧʫʥʢʪ, ʧʽʜʧʫʥʢʪ ʪʘ ʧʝʨʝʨʘʭʫʚʘʥʥʷ ʟʘʧʠʩʫʶʪʴ ʟ ʘʙʟʘʮʫ. 

ʈʦʟʜʽʣʠ ʪʘ ʧʽʜʨʦʟʜʽʣʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʟʘʛʦʣʦʚʢʠ. ʇʫʥʢʪʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʟʘʛʦʣʦʚʢʽʚ ʥʝ ʤʘʶʪʴ. ɿʘʛʦʣʦʚʢʠ ʧʦʚʠʥʥʽ ʯʽʪʢʦ ʽ ʢʦʨʦʪʢʦ ʚʽʜʦʙʨʘʞʘʪʠ ʟʤʽʩʪ 

ʨʦʟʜʽʣʽʚ, ʧʽʜʨʦʟʜʽʣʽʚ. ɿʘʛʦʣʦʚʢʠ ʩʣʽʜ ʜʨʫʢʫʚʘʪʠ ʟ ʧʨʦʧʠʩʥʦʾ ʣʽʪʝʨʠ, ʙʝʟ ʢʨʘʧʢʠ ʚ 

ʢʽʥʮʽ, ʥʝ ʧʽʜʢʨʝʩʣʶʶʯʠ. ʇʝʨʝʥʝʩʝʥʥʷ ʩʣʽʚ ʫ ʟʘʛʦʣʦʚʢʘʭ ʥʝ ʜʦʧʫʩʢʘʶʪʴʩʷ. ʗʢʱʦ 

ʟʘʛʦʣʦʚʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʨʝʯʝʥʴ, ʾʭ ʨʦʟʜʽʣʷʶʪʴ ʢʨʘʧʢʦʶ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʟʘʛʦʣʦʚʢʦʤ ʽ ʪʝʢʩʪʦʤ ʧʦʚʠʥʥʘ ʙʫʪʠ ï ʦʜʠʥ ʨʷʜʦʢ. ɺ̔ʜʩʪʘʥʴ 

ʤʽʞ ʟʘʛʦʣʦʚʢʘʤʠ ʨʦʟʜʽʣʫ ʽ ʧʽʜʨʦʟʜʽʣʫ ï 12 ʽʥʪʝʨʚʘʣʽʚ. 

ʂʦʞʝʥ ʨʦʟʜʽʣ ʪʝʢʩʪʦʚʦʛʦ ʜʦʢʫʤʝʥʪʘ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʦʯʠʥʘʪʠ ʟ ʥʦʚʦʛʦ 

ʣʠʩʪʘ. 

ʇʨʠʢʣʘʜ ʦʬʦʨʤʣʝʥʥʷ ʪʝʢʩʪʦʚʦʛʦ ʜʦʢʫʤʝʥʪʘ ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ ɼ. 

ɺ ʜʦʢʫʤʝʥʪʽ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ (ʧʦʷʩʥʶʚʘʣʴʥʽʡ ʟʘʧʠʩʮʽ) ʥʘ ʧʝʨʰʦʤʫ ʣʠʩʪʽ 

ʧʦʤʽʱʘʶʪʴ ʟʤʽʩʪ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʦʤʝʨʠ ʪʘ ʥʘʟʚʠ ʨʦʟʜʽʣʽʚ ʽ ʧʽʜʨʦʟʜʽʣʽʚ ʟ 

ʟʘʟʥʘʯʝʥʥʷʤ ʥʦʤʝʨʽʚ ʘʨʢʫʰʽʚ. ʉʣʦʚʦ çɿʄɯʉʊè ʟʘʧʠʩʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʟʘʛʦʣʦʚʢʘ 

(ʩʠʤʝʪʨʠʯʥʦ ʪʝʢʩʪʫ) ʧʨʦʧʠʩʥʠʤʠ ʣʽʪʝʨʘʤʠ (ʜʦʜʘʪʦʢ ɻ). ʇʨʠ ʮʴʦʤʫ ʧʦʨʷʜʢʦʚʠʡ 

ʥʦʤʝʨ ʟʤʽʩʪʫ ʥʝ ʧʨʠʧʠʩʫʶʪʴ ʽ ʢʨʘʧʢʫ ʚ ʢʽʥʮʽ ʥʝ ʩʪʘʚʣʷʪʴ. ʅʘʡʤʝʥʫʚʘʥʥʷ, 

ʚʢʣʶʯʝʥʽ ʫ ʟʤʽʩʪ, ʟʘʧʠʩʫʶʪʴ ʤʘʣʠʤʠ ʙʫʢʚʘʤʠ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʨʦʧʠʩʥʦʾ ʣʽʪʝʨʠ. 

ʊʝʢʩʪ ʜʦʢʫʤʝʥʪʘ ʧʦʚʠʥʝʥ ʙʫʪʠ ʢʦʨʦʪʢʠʤ, ʯʽʪʢʠʤ, ʽ ʥʝ ʜʦʧʫʩʢʘʪʠ ʨʽʟʥʠʭ 

ʪʣʫʤʘʯʝʥʴ. 

ʇʨʠ ʚʠʢʣʘʜʝʥʥʽ ʦʙʦʚôʷʟʢʦʚʠʭ ʚʠʤʦʛ ʚ ʪʝʢʩʪʽ ʧʦʚʠʥʥʽ ʚʞʠʚʘʪʠʩʷ ʩʣʦʚʘ 

çʧʦʚʠʥʝʥè, çʩʣʽʜè, çʥʝʦʙʭʽʜʥʦè ʽ ʧʦʭʽʜʥʽ ʚʽʜ ʥʠʭ. 
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ɺ ʜʦʢʫʤʝʥʪʘʭ ʧʦʚʠʥʥʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʪʝʨʤʽʥʠ, 

ʧʦʟʥʘʯʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʽ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʘ ʧʨʠ ʾʭ 

ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ. ʇʨʠ ʮʴʦʤʫ ʚ ʪʝʢʩʪʽ 

ʜʦʢʫʤʝʥʪʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʠʚʝʜʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʧʦʩʠʣʘʥʥʷ. 

ʗʢʱʦ ʚ ʜʦʢʫʤʝʥʪʽ ʧʨʠʡʥʷʪʘ ʩʧʝʮʠʬʽʯʥʘ ʪʝʨʤʽʥʦʣʦʛʽʷ, ʪʦ ʚ ʢʽʥʮʽ ʡʦʛʦ 

(ʧʝʨʝʜ ʩʧʠʩʢʦʤ ʣʽʪʝʨʘʪʫʨʠ) ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʘʚʝʜʝʥʠʡ ʧʝʨʝʣʽʢ ʧʨʠʡʥʷʪʠʭ ʪʝʨʤʽʥʽʚ 

ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʦʟôʷʩʥʝʥʥʷʤʠ. ʇʨʠ ʮʴʦʤʫ ʚ ʪʝʢʩʪʽ ʜʦʢʫʤʝʥʪʘ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʧʨʠʚʝʜʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʧʦʩʠʣʘʥʥʷ. 

ɺ ʪʝʢʩʪʽ ʜʦʢʫʤʝʥʪʘ ʥʝ ʜʦʧʫʩʢʘʶʪʴʩʷ: ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ 

ʧʦʥʷʪʪʷ ʨʽʟʥʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʪʝʨʤʽʥʠ, ʙʣʠʟʴʢʽ ʟʘ ʟʤʽʩʪʦʤ (ʩʠʥʦʥʽʤʠ), ʘ ʪʘʢʦʞ 

ʽʥʦʟʝʤʥʽ ʩʣʦʚʘ ʽ ʪʝʨʤʽʥʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʨʽʚʥʦʟʥʘʯʥʠʭ ʩʣʽʚ ʽ ʪʝʨʤʽʥʽʚ ʚ ʫʢʨʘʾʥʩʴʢʽʡ 

ʤʦʚʽ; ʩʢʦʨʦʯʫʚʘʪʠ ʧʦʟʥʘʯʝʥʥʷ ʦʜʠʥʠʮʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʷʢʱʦ ʚʦʥʠ 

ʚʞʠʚʘʶʪʴʩʷ ʙʝʟ ʮʠʬʨ ʟʘ ʚʠʥʷʪʢʦʤ ʦʜʠʥʠʮʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʫ ʟʘʛʦʣʦʚʢʘʭ 

ʪʘʙʣʠʮʴ ʽ ʚ ʨʦʟʰʠʬʨʫʚʘʥʥʷʭ ʣʽʪʝʨʥʠʭ ʧʦʟʥʘʯʝʥʴ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʬʦʨʤʫʣʠ; 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʢʦʨʦʯʝʥʥʷ ʩʣʽʚ, ʢʨʽʤ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʨʘʚʠʣʘʤʠ ʫʢʨʘʾʥʩʴʢʦʾ 

ʦʨʬʦʛʨʘʬʽʾ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʝʨʞʘʚʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. 

 

1.5.2  ʅʫʤʝʨʘʮʽʷ ʬʦʨʤʫʣ ʽ ʦʬʦʨʤʣʝʥʥʷ ʧʦʩʠʣʘʥʴ ʥʘ ʥʠʭ 

 

ɺ ʬʦʨʤʫʣʘʭ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʠʤʚʦʣʠ ʪʘ ʧʦʟʥʘʯʝʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʽ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʝʨʞʘʚʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʇʦʷʩʥʝʥʥʷ ʩʠʤʚʦʣʽʚ ʽ ʯʠʩʣʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʬʦʨʤʫʣʫ, ʷʢʱʦ ʚʦʥʠ ʥʝ ʧʦʷʩʥʝʥʽ ʨʘʥʽʰʝ ʚ ʪʝʢʩʪʽ, 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʚʝʜʝʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʬʦʨʤʫʣʦʶ. ʇʦʷʩʥʝʥʥʷ ʢʦʞʥʦʛʦ 

ʩʠʤʚʦʣʫ ʩʣʽʜ ʜʘʚʘʪʠ ʟ ʥʦʚʦʛʦ ʨʷʜʢʘ ʚ ʪʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʚ ʷʢʽʡ ʩʠʤʚʦʣʠ ʥʘʚʝʜʝʥʽ 

ʫ ʬʦʨʤʫʣʽ. ʇʝʨʰʠʡ ʨʷʜʦʢ ʧʦʷʩʥʝʥʥʷ ʤʘʻ ʧʦʯʠʥʘʪʠʩʷ ʟʽ ʩʣʦʚʘ çʜʝè ʙʝʟ ʜʚʦʢʨʘʧʢʠ 

ʧʽʩʣʷ ʥʴʦʛʦ. ɺʩʽ ʬʦʨʤʫʣʠ, ʷʢʱʦ ʾʭ ʚ ʜʦʢʫʤʝʥʪʽ ʙʽʣʴʰʝ ʦʜʥʽʻʾ, ʥʫʤʝʨʫʶʪʴ 

ʘʨʘʙʩʴʢʠʤʠ ʮʠʬʨʘʤʠ ʚ ʤʝʞʘʭ ʨʦʟʜʽʣʫ. ʅʦʤʝʨ ʬʦʨʤʫʣʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʦʤʝʨʘ 

ʨʦʟʜʽʣʫ ʽ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʬʦʨʤʫʣʠ, ʨʦʟʜʽʣʝʥʠʭ ʢʨʘʧʢʦʶ. ʅʦʤʝʨ ʚʢʘʟʫʶʪʴ ʟ 

ʧʨʘʚʦʛʦ ʙʦʢʫ ʘʨʢʫʰʘ ʥʘ ʨʽʚʥʽ ʬʦʨʤʫʣʠ ʚ ʢʨʫʛʣʠʭ ʜʫʞʢʘʭ. 
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ʇʨʠʢʣʘʜ ï ʑʽʣʴʥʽʩʪʴ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ r, ʢʛ/ʤ3 ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ  

                                                  

ʜʝ m ï ʤʘʩʘ ʟʨʘʟʢʘ ʢʛ; V ï ʦʙ'ʻʤ ʟʨʘʟʢʘ, ʤ3.  

ʌʦʨʤʫʣʠ, ʱʦ ʡʜʫʪʴ ʦʜʥʘ ʟʘ ʦʜʥʦʶ ʽ ʥʝ ʨʦʟʜʽʣʝʥʽ ʪʝʢʩʪʦʤ, ʨʦʟʜʽʣʷʶʪʴ ʢʦʤʦʶ. 

ʇʦʩʠʣʘʥʥʷ ʚ ʪʝʢʩʪʽ ʥʘ ʥʦʤʝʨ ʬʦʨʤʫʣʠ ʜʘʶʪʴ ʫ ʜʫʞʢʘʭ, ʥʘʧʨʠʢʣʘʜ: ç... ʫ 

ʬʦʨʤʫʣʽ (4.1) ...è. ɼʦʧʫʩʢʘʻʪʴʩʷ ʥʫʤʝʨʘʮʽʷ ʬʦʨʤʫʣ ʚ ʤʝʞʘʭ ʚʩʴʦʛʦ ʜʦʢʫʤʝʥʪʘ. 

 

1.5.3  ʆʬʦʨʤʣʝʥʥʷ ʽʣʶʩʪʨʘʮʽʡ (ʨʠʩʫʥʢʽʚ) 

 

ʂʽʣʴʢʽʩʪʴ ʽʣʶʩʪʨʘʮʽʡ ʤʘʻ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʪʝʢʩʪʫ, ʱʦ 

ʚʠʢʣʘʜʘʻʪʴʩʷ. ɯʣʶʩʪʨʘʮʽʾ ʧʦʚʠʥʥʽ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʷʢ ʧʦ ʪʝʢʩʪʫ ʜʦʢʫʤʝʥʪʘ (ʷʢ 

ʤʦʞʥʘ ʙʣʠʞʯʝ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʜʽʣʽʚ ʪʝʢʩʪʫ), ʪʘʢ ʽ ʚ ʢʽʥʮʽ ʡʦʛʦ ʘʙʦ ʧʦʜʘʥʽ ʚ 

ʜʦʜʘʪʢʫ. ɯʣʶʩʪʨʘʮʽʾ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʤʦʛʘʤʠ ʩʪʘʥʜʘʨʪʽʚ. 

ɯʣʶʩʪʨʘʮʽʾ, ʟʘ ʚʠʥʷʪʢʦʤ ʽʣʶʩʪʨʘʮʽʡ, ʧʦʤʽʱʝʥʠʭ ʚ ʜʦʜʘʪʢʠ, ʩʣʽʜ ʥʫʤʝʨʫʚʘʪʠ 

ʘʨʘʙʩʴʢʠʤʠ ʮʠʬʨʘʤʠ ʥʘʩʢʨʽʟʥʦʶ ʥʫʤʝʨʘʮʽʻʶ. ʗʢʱʦ ʨʠʩʫʥʦʢ ʦʜʠʥ, ʪʦ ʚʽʥ 

ʧʦʟʥʘʯʘʻʪʴʩʷ çʈʠʩʫʥʦʢ 1è. 

ɯʣʶʩʪʨʘʮʽʾ ʢʦʞʥʦʛʦ ʜʦʜʘʪʢʘ ʧʦʟʥʘʯʘʶʪʴ ʦʢʨʝʤʦʶ ʥʫʤʝʨʘʮʽʻʶ ʘʨʘʙʩʴʢʠʤʠ 

ʮʠʬʨʘʤʠ ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʝʨʝʜ ʮʠʬʨʦʶ ʧʦʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʘ. ʅʘʧʨʠʢʣʘʜ,                                  

ï ʈʠʩʫʥʦʢ ɸ.3. 

ɼʦʧʫʩʢʘʻʪʴʩʷ ʥʫʤʝʨʫʚʘʪʠ ʽʣʶʩʪʨʘʮʽʾ ʚ ʤʝʞʘʭ ʨʦʟʜʽʣʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʥʦʤʝʨ ʽʣʶʩʪʨʘʮʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʦʤʝʨʘ ʨʦʟʜʽʣʫ ʽ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʽʣʶʩʪʨʘʮʽʾ, 

ʨʦʟʜʽʣʝʥʠʭ ʢʨʘʧʢʦʶ. ʅʘʧʨʠʢʣʘʜ ï ʈʠʩʫʥʦʢ 1.1. 

ʇʨʠ ʧʦʩʠʣʘʥʥʷʭ ʥʘ ʽʣʶʩʪʨʘʮʽʾ ʧʨʠ ʥʘʩʢʨʽʟʥʽʡ ʥʫʤʝʨʘʮʽʾ ʩʣʽʜ ʧʠʩʘʪʠ ç ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ  ʨʠʩʫʥʢʦʤ  2 ... è ʽ ʧʨʠ ʥʫʤʝʨʘʮʽʾ ʚ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʩʣʽʜ ʧʠʩʘʪʠ ï ç.. ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ  ʨʠʩʫʥʢʦʤ 1.2 ... è. 

ɯʣʶʩʪʨʘʮʽʾ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʤʦʞʫʪʴ ʤʘʪʠ ʥʘʡʤʝʥʫʚʘʥʥʷ ʪʘ ʧʦʷʩʥʶʚʘʣʴʥʽ 

ʜʘʥʽ (ʧʽʜʨʠʩʫʥʦʯʥʠʡ ʪʝʢʩʪ). ʉʣʦʚʦ çʈʠʩʫʥʦʢè ʪʘ ʥʘʟʚʫ ʨʦʟʤʽʱʫʶʪʴ ʧʽʩʣʷ 

ʧʦʷʩʥʶʚʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʧʦʤʽʱʘʶʪʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʈʠʩʫʥʦʢ 1 ï ɼʝʪʘʣʽ ʧʨʠʣʘʜʫ. 
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1.5.4  ʆʬʦʨʤʣʝʥʥʷ ʪʘʙʣʠʮʴ  

 

ʎʠʬʨʦʚʠʡ ʤʘʪʝʨʽʘʣ, ʷʢ ʧʨʘʚʠʣʦ, ʦʬʦʨʤʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ, ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʢʨʘʱʦʾ ʥʘʦʯʥʦʩʪʽ ʪʘ ʟʨʫʯʥʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ. ʊʘʙʣʠʮʷ 

ʤʦʞʝ ʤʘʪʠ ʟʘʛʦʣʦʚʦʢ, ʷʢʠʡ ʩʣʽʜ ʚʠʢʦʥʫʚʘʪʠ ʤʘʣʠʤʠ ʣʽʪʝʨʘʤʠ (ʢʨʽʤ ʧʝʨʰʦʾ 

ʧʨʦʧʠʩʥʦʾ) ʽ ʨʦʟʤʽʱʫʚʘʪʠ ʥʘʜ ʪʘʙʣʠʮʝʶ. ɿʘʛʦʣʦʚʦʢ ʧʦʚʠʥʝʥ ʙʫʪʠ ʢʦʨʦʪʢʠʤ ʽ 

ʧʦʚʥʽʩʪʶ ʚʽʜʦʙʨʘʞʘʪʠ ʟʤʽʩʪ ʪʘʙʣʠʮʽ. ɿʘʛʦʣʦʚʢʠ ʛʨʘʬ ʪʘʙʣʠʮʽ ʧʦʯʠʥʘʶʪʴ ʟ 

ʧʨʦʧʠʩʥʠʭ ʣʽʪʝʨ. 

ɺʩʽ ʪʘʙʣʠʮʽ, ʷʢʱʦ ʾʭ ʙʽʣʴʰʝ ʦʜʥʽʻʾ, ʥʫʤʝʨʫʶʪʴ ʚ ʤʝʞʘʭ ʚʩʴʦʛʦ ʜʦʢʫʤʝʥʪʘ 

ʘʨʘʙʩʴʢʠʤʠ ʮʠʬʨʘʤʠ. ɼʦʧʫʩʢʘʻʪʴʩʷ ʥʫʤʝʨʘʮʽʷ ʪʘʙʣʠʮʴ ʫ ʤʝʞʘʭ ʦʜʥʦʛʦ ʨʦʟʜʽʣʫ.                    

ʋ ʮʴʦʤʫ ʨʘʟʽ ʥʦʤʝʨ ʪʘʙʣʠʮʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʦʤʝʨʘ ʨʦʟʜʽʣʫ ʽ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ 

ʪʘʙʣʠʮʽ, ʨʦʟʜʽʣʝʥʠʭ ʢʨʘʧʢʦʶ. 

ʅʘʜ ʣʽʚʠʤ ʚʝʨʭʥʽʤ ʢʫʪʦʤ ʪʘʙʣʠʮʽ ʨʦʟʤʽʱʫʶʪʴ ʥʘʧʠʩ çʊʘʙʣʠʮʷè ʟ 

ʟʘʟʥʘʯʝʥʥʷʤ ʥʦʤʝʨʘ ʪʘʙʣʠʮʽ, ʥʘʧʨʠʢʣʘʜ çʊʘʙʣʠʮʷ 2.1è. 

ʗʢʱʦ ʪʘʙʣʠʮʷ ʤʘʻ ʥʘʟʚʫ (ʟʘʛʦʣʦʚʦʢ), ʪʦ ʚʦʥʘ ʥʘʚʦʜʠʪʴʩʷ ʥʘʜ ʪʘʙʣʠʮʝʶ ʽ 

ʚʽʜʦʢʨʝʤʣʶʻʪʴʩʷ ʚʽʜ ʥʘʧʠʩʫ çʊʘʙʣʠʮʷè ʜʝʬʽʩʦʤ, ʥʘʧʨʠʢʣʘʜ: ʊʘʙʣʠʮʷ 2.3 ï ɼʘʥʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘʜʽʡʥʦʩʪʽ. 

ʊʘʙʣʠʮʶ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʾ ʨʦʟʤʽʨʫ, ʧʦʤʽʱʘʶʪʴ ʧʽʜ ʪʝʢʩʪʦʤ, ʚ ʷʢʦʤʫ ʚʧʝʨʰʝ 

ʜʘʥʦ ʧʦʩʠʣʘʥʥʷ ʥʘ ʥʝʾ, ʘʙʦ ʥʘ ʥʘʩʪʫʧʥʽʡ ʩʪʦʨʽʥʮʽ, ʘ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʫ ʜʦʜʘʪʢʫ ʜʦ 

ʜʦʢʫʤʝʥʪʘ. ɼʦʧʫʩʢʘʻʪʴʩʷ ʨʦʟʤʽʱʫʚʘʪʠ ʪʘʙʣʠʮʶ ʫʟʜʦʚʞ ʜʦʚʛʦʾ ʩʪʦʨʦʥʠ ʜʦʢʫʤʝʥʪʘ. 

ʉʣʦʚʦ çʊʘʙʣʠʮʷè ʚʢʘʟʫʶʪʴ ʦʜʠʥ ʨʘʟ ʣʽʚʦʨʫʯ ʥʘʜ ʧʝʨʰʦʶ ʯʘʩʪʠʥʦʶ ʪʘʙʣʠʮʽ. 

ʗʢʱʦ ʫ ʜʦʢʫʤʝʥʪʽ ʦʜʥʘ ʪʘʙʣʠʮʷ, ʪʦ ʚʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʦʟʥʘʯʝʥʘ, ʥʘʧʨʠʢʣʘʜ: 

çʊʘʙʣʠʮʷ 1è ʘʙʦ çʊʘʙʣʠʮʷ ɺ.1è, ʷʢʱʦ ʚʦʥʘ ʥʘʚʝʜʝʥʘ ʫ ʜʦʜʘʪʢʫ ɺ. 

ʅʘ ʚʩʽ ʪʘʙʣʠʮʽ ʜʦʢʫʤʝʥʪʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʚʝʜʝʥʽ ʧʦʩʠʣʘʥʥʷ ʚ ʪʝʢʩʪʽ 

ʜʦʢʫʤʝʥʪʘ. ʇʨʠ ʧʦʩʠʣʘʥʥʽ ʩʣʽʜ ʧʠʩʘʪʠ ʩʣʦʚʦ çʊʘʙʣʠʮʷè ʽʟ ʚʢʘʟʽʚʢʦʶ ʥʦʤʝʨʘ. 

 

1.5.5 ʆʬʦʨʤʣʝʥʥʷ ʜʦʜʘʪʢʽʚ ʜʦ ʇɿ 
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ɯʣʶʩʪʨʘʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ, ʪʘʙʣʠʮʽ ʘʙʦ ʪʝʢʩʪ ʜʦʧʦʤʽʞʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʜʘʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʜʦʜʘʪʢʽʚ. ɼʦʜʘʪʦʢ ʦʬʦʨʤʣʷʻʪʴʩʷ ʷʢ ʧʨʦʜʦʚʞʝʥʥʷ 

ʜʘʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʥʘ ʥʘʩʪʫʧʥʠʭ ʡʦʛʦ ʣʠʩʪʘʭ ʘʙʦ ʚʠʧʫʩʢʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʩʘʤʦʩʪʽʡʥʦʛʦ 

ʜʦʢʫʤʝʥʪʘ. 

ɼʦʜʘʪʢʠ ʧʦʤʽʱʘʶʪʴ ʚ ʢʽʥʮʽ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ ʧʽʩʣʷ çɺʀʉʅʆɺʂʋè. 

ɼʦʜʘʪʢʠ ʧʦʟʥʘʯʘʶʪʴ ʚʝʣʠʢʠʤʠ ʣʽʪʝʨʘʤʠ ʫʢʨʘʾʥʩʴʢʦʛʦ ʘʣʬʘʚʽʪʫ, ʧʦʯʠʥʘʶʯʠ ʟ 

ɸ, ʟʘ ʚʠʥʷʪʢʦʤ ʣʽʪʝʨ ɯ, ʆ, ɰ, ʁ. ʑ. ʇʽʩʣʷ ʩʣʦʚʘ çɼʦʜʘʪʦʢè ʩʣʽʜʫʻ ʣʽʪʝʨʘ, ʱʦ ʧʦʟʥʘʯʘʻ 

ʡʦʛʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. 

ɼʦʧʫʩʢʘʻʪʴʩʷ ʧʦʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʽʚ ʣʽʪʝʨʘʤʠ ʣʘʪʠʥʩʴʢʦʛʦ ʘʣʬʘʚʽʪʫ, ʟʘ 

ʚʠʥʷʪʢʦʤ ʙʫʢʚ I ʽ O. 

ɺ ʨʘʟʽ ʧʦʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʪʝʨ ʫʢʨʘʾʥʩʴʢʦʛʦ ʽ ʣʘʪʠʥʩʴʢʦʛʦ ʘʣʬʘʚʽʪʽʚ 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʦʟʥʘʯʘʪʠ ʜʦʜʘʪʢʠ ʘʨʘʙʩʴʢʠʤʠ ʮʠʬʨʘʤʠ. 

ʗʢʱʦ ʚ ʜʦʢʫʤʝʥʪʽ ʦʜʠʥ ʜʦʜʘʪʦʢ, ʪʦ ʚʽʥ ʧʦʟʥʘʯʘʻʪʴʩʷ çɼʦʜʘʪʦʢ ɸè. 

ɼʦʜʘʪʦʢ ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʘʛʦʣʦʚʦʢ, ʷʢʠʡ ʟʘʧʠʩʫʻʪʴʩʷ ʩʠʤʝʪʨʠʯʥʦ ʪʝʢʩʪʫ ʟ 

ʧʨʦʧʠʩʥʦʾ ʣʽʪʝʨʠ ʦʢʨʝʤʠʤ ʨʷʜʢʦʤ. 

ʅʫʤʝʨʘʮʽʷ ʘʨʢʫʰʽʚ ʜʦʢʫʤʝʥʪʘ ʽ ʜʦʜʘʪʢʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʜʦʢʫʤʝʥʪʘ, 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʘʩʢʨʽʟʥʘ. 

ɯʣʶʩʪʨʘʮʽʾ ʽ ʪʘʙʣʠʮʽ ʚ ʜʦʜʘʪʢʘʭ ʥʫʤʝʨʫʶʪʴ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʜʦʜʘʪʢʘ. 

ʗʢʱʦ ʚ ʜʦʢʫʤʝʥʪʽ ʻ ʜʦʜʘʪʢʠ, ʪʦ ʥʘ ʥʠʭ ʨʦʙʣʷʪʴ ʧʦʩʠʣʘʥʥʷ ʚ ʦʩʥʦʚʥʦʤʫ ʪʝʢʩʪʽ 

ʜʦʢʫʤʝʥʪʘ, ʘ ʫ ʟʤʽʩʪʽ ʧʝʨʝʨʘʭʦʚʫʶʪʴ ʚʩʽ ʜʦʜʘʪʢʠ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʥʦʤʝʨʽʚ ʽ 

ʟʘʛʦʣʦʚʢʽʚ. 

 

1.6 ɺʠʤʦʛʠ ʜʦ ʟʤʽʩʪʫ ʪʘ ʦʬʦʨʤʣʝʥʥʷ ʛʨʘʬʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ  

1.6.1 ɿʤʽʩʪ ʛʨʘʬʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ 

 

ɿʤʽʩʪ ʽ ʦʙʩʷʛ ʛʨʘʬʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʜʦ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʭʘʨʘʢʪʝʨʫ ʪʘ ʪʝʤʘʪʠʢʠ ʚʠʢʦʥʫʚʘʥʦʾ ʨʦʙʦʪʠ. 

ɻʨʘʬʽʯʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʚʢʣʶʯʘʻ: ʢʨʝʩʣʝʥʥʷ, 

ʝʣʝʢʪʨʠʯʥʽ ʩʭʝʤʠ ʪʘ ʽʣʶʩʪʨʘʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ. ʂʨʝʩʣʝʥʥʷ ʧʦʚʠʥʥʽ ʚʽʜʦʙʨʘʞʘʪʠ 
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ʢʦʥʩʪʨʫʢʮʽʶ ʧʨʦʻʢʪʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ. ɺ ʷʢʦʩʪʽ ʢʨʝʩʣʝʥʴ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ 

ʩʢʣʘʜʘʣʴʥʝ ʽ ʛʘʙʘʨʠʪʥʝ ʢʨʝʩʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʢʨʝʩʣʝʥʥʷ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ. ɺ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʩʪʨʫʢʪʫʨʥʘ, ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʽ ʧʨʠʥʮʠʧʦʚʘ 

ʩʭʝʤʠ. ʉʪʨʫʢʪʫʨʥʫ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʭʝʤʠ ʜʦʧʫʩʢʘʻʪʴʩʷ ʟʦʙʨʘʞʫʚʘʪʠ ʚ ʇɿ ʫ 

ʚʠʛʣʷʜʽ ʨʠʩʫʥʢʽʚ. ɺ ʷʢʦʩʪʽ ʽʣʶʩʪʨʘʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʫʪʴ ʧʨʠʚʦʜʠʪʴʩʷ ʩʭʝʤʠ 

ʘʣʛʦʨʠʪʤʽʚ, ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ, ʛʨʘʬʽʢʠ, ʦʩʮʠʣʦʛʨʘʤʠ ʽ ʪ. ʽʥ. 

ʗʢʱʦ ʩʪʫʜʝʥʪ ʧʨʝʜʩʪʘʚʣʷʻ ʥʘ ʟʘʭʠʩʪ ʚʠʛʦʪʦʚʣʝʥʠʡ ʥʠʤ ʘʙʦ ʟʘ ʡʦʛʦ ʫʯʘʩʪʶ 

ʤʘʢʝʪ ʧʨʦʻʢʪʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʟʘ ʫʟʛʦʜʞʝʥʥʷʤ ʟ ʢʝʨʽʚʥʠʢʦʤ ʦʙʩʷʛ ʜʦʢʫʤʝʥʪʘʮʽʾ 

ʧʨʦʻʢʪʫ ʤʦʞʝ ʙʫʪʠ ʩʢʦʨʦʯʝʥʠʡ. 

 

1.6.2 ɺʠʤʦʛʠ ʜʦ ʦʬʦʨʤʣʝʥʥʷ ʛʨʘʬʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ 

 

ɺʩʽ ʩʭʝʤʠ ʽ ʢʨʝʩʣʝʥʥʷ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ ʚʠʢʦʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ 

ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ ɭʉʂɼ. ʉʭʝʤʠ ʽ ʢʨʝʩʣʝʥʥʷ ʚʠʢʦʥʫʶʪʴ ʥʘ ʇʂ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʩʦʙʽʚ ʨʦʟʨʦʙʢʠ ʟ ʥʘʩʪʫʧʥʦʶ ʨʦʟʜʨʫʢʽʚʢʦʶ ʥʘ 

ʧʨʠʥʪʝʨʽ. ʇʽʜʧʠʩʠ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘʧʠʩʽ ʚʠʢʦʥʫʶʪʴ ʣʠʰʝ ʯʦʨʥʠʤʠ ʯʦʨʥʠʣʘʤʠ. 

ʗʢʱʦ ʤʦʞʣʠʚʦ, ʢʨʝʩʣʝʥʥʷ ʚʠʢʦʥʫʶʪʴ ʚ ʤʘʩʰʪʘʙʽ 1:1 ʥʘ ʙʽʣʦʤʫ ʧʘʧʝʨʽ 

ʬʦʨʤʘʪʫ A3 ʘʙʦ ɸ2. ʗʢʱʦ ʥʘ ʮʴʦʤʫ ʬʦʨʤʘʪʽ ʧʘʧʝʨʫ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʢʽʣʴʢʘ 

ʢʨʝʩʣʝʥʴ ʘʙʦ ʩʭʝʤ ʤʝʥʰʦʛʦ ʬʦʨʤʘʪʫ, ʪʦ ʨʦʟʨʽʟʘʪʠ ʧʘʧʽʨ ʥʘ ʦʢʨʝʤʽ ʬʦʨʤʘʪʠ ʥʝ ʩʣʽʜ. 

ʂʨʽʤ ʦʩʥʦʚʥʠʭ ʬʦʨʤʘʪʽʚ (ɸ4, A3, ɸ2, ɸ1 ʽ ɸ0), ʜʦʧʫʩʢʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʬʦʨʤʘʪʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʦʨʽʥ ʦʩʥʦʚʥʠʭ ʬʦʨʤʘʪʽʚ ʥʘ 

ʚʝʣʠʯʠʥʫ, ʢʨʘʪʥʫ ʨʦʟʤʽʨʘʤ ʬʦʨʤʘʪʫ ɸ4. ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʢʨʘʪʥʦʩʪʽ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʮʽʣʠʤ ʯʠʩʣʦʤ. ɺʠʜ ʬʦʨʤʘʪʫ ʚʠʙʠʨʘʻʪʴʩʷ ʘʚʪʦʨʦʤ ʨʦʙʦʪʠ, ʷʢʠʡ ʧʦʚʠʥʝʥ 

ʧʨʘʛʥʫʪʠ ʚʠʙʨʘʪʠ ʤʽʥʽʤʘʣʴʥʽ ʨʦʟʤʽʨʠ ʣʠʩʪʘ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʥʘʦʯʥʦʩʪʽ ʽ ʟʨʫʯʥʦʩʪʽ 

ʧʨʠ ʯʠʪʘʥʥʽ ʜʦʢʫʤʝʥʪʽʚ. 

ʂʨʝʩʣʝʥʥʷ ʪʘ ʩʭʝʤʠ ʩʣʽʜ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʤʠ ʧʦʷʩʥʝʥʥʷʤʠ, ʱʦ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʯʠʪʘʪʠ ʾʭ ʙʝʟ ʟʚʝʨʥʝʥʥʷ ʜʦ ʪʝʢʩʪʫ ʇɿ. 
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ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʭʝʤʠ ʧʽʜʨʦʟʜʽʣʷʶʪʴ ʥʘ ʥʘʩʪʫʧʥʽ 

ʪʠʧʠ: ʝʣʝʢʪʨʠʯʥʽ ʩʪʨʫʢʪʫʨʥʽ, ʝʣʝʢʪʨʠʯʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ, ʝʣʝʢʪʨʠʯʥʽ ʧʨʠʥʮʠʧʦʚʽ, 

ʟô̒ʜʥʘʥʴ (ʤʦʥʪʘʞʥʽ), ʧʽʜʢʣʶʯʝʥʥʷ, ʨʦʟʪʘʰʫʚʘʥʥʷ, ʟʘʛʘʣʴʥʽ. 

 

1.7 ʇʦʨʷʜʦʢ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʜʦʢʫʤʝʥʪʽʚ 

 

ʇʝʨʝʜ ʢʦʤʧʣʝʢʪʘʮʽʻʶ ʚʩʽ ʪʝʢʩʪʦʚʽ ʪʘ ʛʨʘʬʽʯʥʽ ʜʦʢʫʤʝʥʪʠ ʧʦʚʠʥʥʽ ʧʽʜʧʠʩʘʪʠ 

ʚʠʢʦʥʘʚʝʮʴ, ʩʫʤʽʞʥʽ ʚʠʢʦʥʘʚʮʽ ʪʘ ʢʝʨʽʚʥʠʢ ʧʨʦʻʢʪʫ. 

ʇʽʜʧʠʩ ʢʝʨʽʚʥʠʢʘ ʧʨʦ ʜʦʧʫʩʢ ʜʦ ʟʘʭʠʩʪʫ ʩʪʘʚʠʪʴʩʷ ʧʽʩʣʷ ʦʩʪʘʪʦʯʥʦʛʦ 

ʦʬʦʨʤʣʝʥʥʷ ʘʣʴʙʦʤʫ, ʱʦ ʤʽʩʪʠʪʴ ʜʦʢʫʤʝʥʪʘʮʽʶ ʧʦ ʢʫʨʩʦʚʦʤʫ ʧʨʦʻʢʪʫ. 

ɼʦʢʫʤʝʥʪʘʮʽʷ ʧʨʦʻʢʪʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʤʧʣʝʢʪʫʻʪʴʩʷ ʚ ʪʘʢʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

ï ʪʠʪʫʣʴʥʠʡ ʘʨʢʫʰ; 

ï ʟʘʚʜʘʥʥʷ ʥʘ ʢʫʨʩʦʚʠʡ ʧʨʦʻʢʪ; 

ï ʧʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ (ʦʬʦʨʤʠʪʠ ʫ ʬʦʨʤʘʪʽ PDF); 

ï ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ (ʷʢʱʦ ʚʦʥʘ ʚʠʢʦʥʫʻʪʴʩʷ ʷʢ ʛʨʘʬʽʯʥʠʡ ʜʦʢʫʤʝʥʪ), 

ʦʬʦʨʤʠʪʠ ʫ Visio 2010; 

ï ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ (ʷʢʱʦ ʚʦʥʘ ʚʠʢʦʥʫʻʪʴʩʷ ʷʢ ʛʨʘʬʽʯʥʠʡ ʜʦʢʫʤʝʥʪ), 

ʦʬʦʨʤʠʪʠ ʫ Visio 2010; 

ï ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ (ʤʦʞʝ ʙʫʪʠ ʚ ʨʝʘʣʴʥʠʭ ʨʦʙʦʪʘʭ), ʦʬʦʨʤʠʪʠ ʫ                          

Visio 2010; 

ï ʧʝʨʝʣʽʢ ʝʣʝʤʝʥʪʽʚ ʜʦ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ (ʷʢʱʦ ʚʽʥ ʥʝ ʟʦʙʨʘʞʝʥʠʡ                           

ʥʘ ʩʭʝʤʽ); 

ï ʽʣʶʩʪʨʘʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ (ʷʢʱʦ ʚʽʥ ʚʠʢʦʥʫʻʪʴʩʷ ʷʢ ʛʨʘʬʽʯʥʠʡ ʜʦʢʫʤʝʥʪ). 

ɺʩʽ ʜʦʢʫʤʝʥʪʠ, ʷʢʽ ʙʫʜʫʪʴ ʜʨʫʢʫʚʘʪʠʩʴ, ʧʨʠʚʦʜʷʪʴ ʜʦ ʬʦʨʤʘʪʫ ɸ4 ʟʛʽʜʥʦ ʟ 

ɻʆʉʊ 2.501-88 çʇʨʘʚʠʣʘ ʦʙʣʽʢʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷè ʪʘ ʙʨʦʰʫʨʫʶʪʴ ʚ ʦʜʥʫ ʧʘʧʢʫ ʘʙʦ 

ʘʣʴʙʦʤ. 

ʗʢʱʦ ʪʝʢʩʪʦʚʽ ʜʦʢʫʤʝʥʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʚʠʜʽ, ʪʦ ʾʭ ʪʨʝʙʘ 

ʦʙô̒ ʜʥʘʪʠ ʫ ʦʜʥʫ ʧʘʧʢʫ ʪʘ ʚ ʫʧʘʢʦʚʘʥʦʤʫ ʚʠʜʽ ʧʝʨʝʩʣʘʪʠ ʚʠʢʣʘʜʘʯʫ ʜʣʷ ʧʝʨʝʚʽʨʢʠ.  
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2  ʇʈʆɭʂʊʋɺɸʅʅʗ ʇʈʀʉʊʈʆʖ ʆɹʄɯʅʋ ɯʅʌʆʈʄɸʎɯɭʖ ʄɯɾ 

ʄʆɼʋʃɽʄ ʋʉɸʇʇ ʊɸ ʄɯʂʈʆʂʆʅʊʈʆʃɽʈʆʄ 

2.1 ɿʘʚʜʘʥʥʷ  

 

ɺʠʢʦʥʘʪʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʤʦʜʫʣʝʤ ʋʉɸʇʇ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ɸʊ mega 8515 ʪʘ ʚʽʨʪʫʘʣʴʥʠʤ ʪʝʨʤʽʥʘʣʦʤ: 

ʘ) ʨʦʟʨʦʙʠʪʠ, ʥʘʚʝʩʪʠ ʪʘ ʦʧʠʩʘʪʠ ʨʦʙʦʯʫ ʤʦʜʝʣʴ ʚ ʧʘʢʝʪʽ PROTEUS; 

ʙ) ʟʨʦʙʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʤʦʜʫʣʷ ʋʉɸʇʇ; 

ʚ) ʨʦʟʨʦʙʠʪʠ ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ; 

ʛ) ʨʦʟʨʦʙʠʪʠ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʤʦʚʦʶ ɸʩʝʤʙʣʝʨ; 

ʜ) ʚʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʚ ʧʘʢʝʪʽ PROTEUS: 

ï ʥʘʚʝʩʪʠ çʩʢʨʽʥʰʦʪʠè, ʷʢʽ ʧʦʷʩʥʶʶʪʴ ʨʦʙʦʪʫ ʤʦʜʝʣʽ ʪʘ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʩʭʝʤʠ 

ʘʣʛʦʨʠʪʤʫ ʪʘ ʨʦʙʦʯʦʾ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ;  

ï ʦʙʛʨʫʥʪʫʚʘʪʠ, ʱʦ ʦʪʨʠʤʘʥʘ ʰʚʠʜʢʽʩʪʴ ʦʙʤʽʥʫ ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʜʘʥʥʶ; 

ï ʥʘʚʝʩʪʠ ASCII-ʢʦʜ ʩʠʤʚʦʣʘ, ʷʢʠʡ ʦʪʨʠʤʘʥʦ ʚʽʜ ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʪʝʨʤʽʥʘʣʫ ï Virtual Terminal; 

ʝ) ʨʦʟʨʦʙʠʪʠ ʪʘ ʦʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʧʨʠʩʪʨʦʶ; 

ʞ) ʨʦʟʨʦʙʠʪʠ ʧʦʷʩʥʶʚʘʣʴʥʫ ʟʘʧʠʩʢʫ ʪʘ ʽʥʰʽ ʪʝʢʩʪʦʚʽ ʜʦʢʫʤʝʥʪʠ ʜʦ 

ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ ʫ Word ʟʛʽʜʥʦ ʧʝʨʝʣʽʢʫ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 

1.3 ʤʝʪʦʜʠʯʢʠ ʜʦ ʚʠʢʦʥʘʥʥʷ ʂʇ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ: 

ï ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ: ὠ̐ =̅ 9600 ʙʦʜ;  

ï ʪʘʢʪʦʚʘ ʯʘʩʪʦʪʘ ʢʚʘʨʮʦʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ: Ὢ  = 8ʄɻʮ;  

ï ʜʣʷ ʦʙʤʽʥʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʫʣʴ USART; 

ï ʨʝʞʠʤ ʧʝʨʝʜʘʯʽ ï ʘʩʠʥʭʨʦʥʥʠʡ;  

ï ʨʦʟʤʽʨ ʩʣʦʚʘ ʜʘʥʠʭ ï 8 ʨʦʟʨʷʜʽʚ;  

ï ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʚʽʨʢʫ ʥʘ ʥʝʧʘʨʥʽʩʪʴ;  
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ï ʢʽʣʴʢʽʩʪʴ ʩʪʦʧïʙʽʪʽʚ ï 1;  

ï ʙʘʡʪ ʜʣʷ ʧʝʨʝʜʘʯʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʝʛʽʩʪʨʽ R22 ʪʘ ʜʦʨʽʚʥʶʻ: 10110101b; 

ï ʩʠʤʚʦʣ ʜʣʷ ʧʨʠʡʦʤʫ ʚʽʜ ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʨʤʽʥʘʣʫ ï 3. 

 

2.2 ʈʦʟʨʦʙʢʘ ʪʘ ʦʧʠʩ ʨʦʙʦʯʦʾ ʤʦʜʝʣʽ ʚ ʧʘʢʝʪʽ PROTEUS 

2.2.1 ʈʦʙʦʯʘ ʤʦʜʝʣʴ ʧʨʠʩʪʨʦʶ 

 

ʈʦʙʦʯʫ ʤʦʜʝʣʴ ʜʦʩʣʽʜʞʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʩʠʥʭʨʦʥʥʦ/ʘʩʠʥʭʨʦʥʥʦʛʦ                            

ʧʨʠʡʤʘʯʘ-ʧʝʨʝʜʘʚʘʯʘ (ʋʉɸʇʇ) ʚ ʧʘʢʝʪʽ Proteus ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.1. 

 

ʈʠʩʫʥʦʢ 2.1 τ ʉʭʝʤʘ ʨʦʙʦʯʦʾ ʤʦʜʝʣʽ 

 

2.2.2 ʆʧʠʩ ʨʦʙʦʯʦʾ ʤʦʜʝʣʽ 

 

ɿʣʽʚʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚʽʩʽʤ ʢʥʦʧʦʢ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʘʜʘʻʪʴʩʷ ʙʘʡʪ (8 ʙʽʪ) 

ʜʘʥʠʭ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʤʦʜʫʣʴ ʋʉ ɸʇʇ. 
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ʂʥʦʧʢʠ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʚʦʩʴʤʠ ʣʽʥʽʡ ʧʦʨʪʫ ɸ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ: Pɸ.0, Pɸ.1, é 

, Pɸ.7. ʗʢʱʦ ʷʢʘʩʴ ʽʟ ʢʥʦʧʦʢ ʚʽʜʧʫʱʝʥʘ, ʪʦ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʠ R1...R8 ʥʘ ʚʽʜʧʦʚʽʜʥʫ 

ʣʽʥʽʶ ʧʦʨʪʫ ɸ ʧʦʜʘʻʪʴʩʷ ʣʦʛʽʯʥʘ 1. ʗʢʱʦ ʢʥʦʧʢʘ ʥʘʞʘʪʘ, ʪʦ ʚʚʦʜʠʪʴʩʷ ʣʦʛʽʯʥʠʡ 

ʥʫʣʴ. ʇʨʘʚʦʨʫʯ ʟʦʙʨʘʞʝʥʦ ʚʽʩʽʤ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʷʢʽ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʣʽʥʽʡ ʧʦʨʪʫ ʉ: 

Pʉ.0, Pʉ.1, é , Pʉ.7. ʂʘʪʦʜʠ ʩʚʽʪʣʦʜʽʦʜʽʚ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʩʧʽʣʴʥʦʛʦ ʜʨʦʪʫ (ʟʝʤʣʽ), ʘ 

ʥʘ ʘʥʦʜʠ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʠ R9éR16, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʩʪʨʫʤ, ʽʟ ʚʠʭʦʜʽʚ ʧʦʨʪʫ ʉ 

ʧʦʜʘʶʪʴʩʷ ʣʦʛʽʯʥʽ ʦʜʠʥʠʮʽ, ʢʦʣʠ ʪʨʝʙʘ ʟʘʩʚʽʪʠʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʩʚʽʪʣʦʜʽʦʜ. 

ɼʦ ʣʽʥʽʡ TxD ï ʚʠʭʽʜ ʧʝʨʝʜʘʚʘʯʘ ʋʉɸʇʇ ʪʘ RxD ï ʚʭʽʜ ʧʨʠʡʤʘʯʘ ʧʽʜʢʣʶʯʝʥʦ 

ʦʩʮʠʣʦʛʨʘʬ, ʪʘ ʚʽʨʪʫʘʣʴʥʠʡ ʪʝʨʤʽʥʘʣ çVirtual Terminalè, ʷʢʠʡ ʚʠʙʨʘʥʦ ʟ 

ʚʽʨʪʫʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʦʛʨʘʤʠ Proteus. ʅʘ ʥʠʭ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ, 

ʷʢʽ ʚʚʦʜʪ̫ʴʩʷ/ʚʠʚʦʜʷʪʴʩʷ ʯʝʨʝʟ ʤʦʜʫʣʴ ʋʉɸʇʇ ʚ/ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

ɼʦ ʚʠʚʦʜʽʚ XTAL1 ʪʘ XTAL2 ʚ ʨʝʘʣʴʥʠʭ ʩʭʝʤʘʭ ʧʽʜʢʣʶʯʘʶʪʴ ʢʚʘʨʮʦʚʠʡ 

ʨʝʟʦʥʘʪʦʨ  ʯʘʩʪʦʪʦʶ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʪʘʢʪʦʚʫ ʯʘʩʪʦʪʫ ʛʝʥʝʨʘʪʦʨʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ: 

fBQ. ɺ ʥʘʰʽʡ ʨʦʙʦʪʽ ʚʦʥʘ ʜʦʨʽʚʥʶʻ 8ʄɻʮ. ʊʘʢʦʞ ʧʽʜʢʣʶʯʘʶʪʴ  ʢʦʥʜʝʥʩʘʪʦʨʠ C1 ʪʘ 

C2, ʻʤʥʽʩʪʶ 30ʧʌ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ. 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 ʚ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʦ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ     

ATmega 8515.  

 

2.3 ʈʦʟʨʘʭʫʥʦʢ ʤʦʜʫʣʷ ʋʉɸʇʇ  

2.3.1 ʈʦʟʨʘʭʫʥʦʢ ʰʚʠʜʢʦʩʪʽ ʦʙʤʽʥʫ 

 

ʇʨʠ ʨʦʙʦʪʽ ʤʦʜʫʣʷ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʰʚʠʜʢʽʩʪʴ ʦʙʤʽʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʤʽʩʪʦʤ ʨʝʛʽʩʪʨʘ UBRR ʪʘ ʩʪʘʥʦʤ ʨʦʟʨʷʜʫ  U2X (U2Xn) ʨʝʛʽʩʪʨʘ  UCSRA [2]. ʗʢʱʦ 

ʮʝʡ ʨʦʟʨʷʜ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ç1è, ʢʦʝʬʽʮʽʻʥʪ ʜʽʣʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʽʣʴʥʠʢʘ 

ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʜʚʘ ʨʘʟʠ, ʘ ʰʚʠʜʢʽʩʪʴ ʦʙʤʽʥʫ ʚʽʜʧʦʚʽʜʥʦ ʧʦʜʚʦʶʻʪʴʩʷ. ʇʨʠ ʨʦʙʦʪʽ ʫ 

ʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʮʝʡ ʨʦʟʨʷʜ ʤʘʻ ʙʫʪʠ ʩʢʠʥʫʪʦ. 
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ʐʚʠʜʢʽʩʪʴ ʦʙʤʽʥʫ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʬʦʨʤʫʣʘʤʠ:  

- ʘʩʠʥʭʨʦʥʥʠʡ ʨʝʞʠʤ (ʟʚʠʯʘʡʥʠʡ, U2Xn = 0): 

BAUD = Ὢ /(16(UBRR+1)); 

- ʘʩʠʥʭʨʦʥʥʠʡ ʨʝʞʠʤ (ʧʨʠʰʚʠʜʰʝʥʠʡ, U2Xn = 1): 

BAUD = Ὢ /(8(UBRR+1)), 

ʜʝ BAUD ï ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʚ ʙʦʜʘʭ, Ὢ   ɀ ʪʘʢʪʦʚʘ ʯʘʩʪʦʪʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, UBRR ï ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ ʢʦʥʪʨʦʣʝʨʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ (0é4095). 

ɺ ʪʘʙʣʠʮʽ 2.1 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʨʝʛʽʩʪʨʘ UBRR.  

ʊʘʙʣʠʮʷ 2.1 ï ɿʥʘʯʝʥʥʷ ʨʝʛʽʩʪʨʘ UBRR ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʦʙʤʽʥʫ 
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 1.0000 ʄɻʮ 1.8432 ʄɻʮ 2.0000 ʄɻʮ 3.6864 ʄɻʮ 4.0000 ʄɻʮ 7.3728 ʄɻʮ 

U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1 
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2400 25 0.2 51 0.2 47 0.0 95 0.0 51 0.2 103 0.2 95 0.0 191 0.0 103 0.2 207 0.2 191 0.0 383 0.0 

4800 12 0.2 25 0.2 23 0.0 47 0.0 25 0.2 51 0.2 47 0.0 95 0.0 51 0.2 103 0.2 95 0.0 191 0.0 

9600 6 7.5 12 0.2 11 0.0 23 0.0 12 0.2 25 0.2 23 0.0 47 0.0 25 0.2 51 0.2 47 0.0 95 0.0 

14400 3 7.8 8 -3.5 7 0.0 15 0.0 8 -3.5 16 2.1 15 0.0 31 0.0 16 2.1 34 -0.8 31 0.0 63 0.0 

19200 2 7.8 6 -7.0 5 0.0 11 0.0 6 -7.0 12 0.2 11 0.0 23 0.0 12 2.2 25 0.2 23 0.0 47 0.0 

28800 1 7.8 3 8.5 3 0.0 7 0.0 3 8.5 8 -3.5 7 0.0 15 0.0 8 -3.5 16 3.1 15 0.0 31 0.0 

38400 1 22.9 2 8.5 2 0.0 5 0.0 2 8.5 6 -7.0 5 0.0 11 0.0 6 -7.0 12 0.2 11 0.0 23 0.0 

57600 0 7.8 1 8.5 1 0.0 3 0.0 1 8.5 3 8.5 3 0.0 7 0.0 3 8.5 8 -3.5 7 0.0 15 0.0 

76800 ˈ ˈ 1 -18.6 1 -25.0 2 0.0 1 -18.6 2 8.5 2 0.0 5 0.0 2 8.5 6 -7.0 5 0.0 11 0.0 

115200 ˈ ˈ 0 8.5 0 0.0 1 0.0 0 8.5 1 8.5 1 0.0 3 0.0 1 8.5 3 8.5 3 0.0 7 0.0 

230400 ˈ ˈ ˈ ˈ ˈ ˈ 0 0.0 ˈ ˈ ˈ ˈ 0 0.0 1 0.0 0 8.5 1 8.5 1 0.0 3 0.0 

250000 ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ 0 0.0 0 -7.8 1 -7.8 0 0.0 1 0.0 1 -7.8 3 -7.8 

0.5M ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ 0 -7.8 ˈ ˈ 0 0.0 0 -7.8 1 -7.8 

1.0M ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ 0 -7.8 

Max 1) 62.5K 125K 115.2K 230.4K 125K 250K 230.4K 460.8K 250K 0.5M 460.8K 921.6K 

1) ʇʨʠ UBRR = 0 ʽ ʧʦʭʠʙʮʽ 0.0% 
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 8.0000 ʄɻʮ 11.0592 ʄɻʮ 14.7456 ʄɻʮ 16.0000 ʄɻʮ 18.4320 ʄɻʮ 20.0000 ʄɻʮ 

U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1 
U

B
R

R
 

ʇ
ʦ
ʭ
ʠ
ʙ
ʢ
ʘ
 
[
%
]

 

U
B

R
R

 

ʇ
ʦ
ʭ
ʠ
ʙ
ʢ
ʘ
 
[
%
]

 

U
B

R
R

 

ʇ
ʦ
ʭ
ʠ
ʙ
ʢ
ʘ
 
[
%
]

 

U
B

R
R

 

ʇ
ʦ
ʭ
ʠ
ʙ
ʢ
ʘ
 
[
%
]

 

U
B

R
R

 

ʇ
ʦ
ʭ
ʠ
ʙ
ʢ
ʘ
 
[
%
]

 

U
B

R
R

 

ʇ
ʦ
ʭ
ʠ
ʙ
ʢ
ʘ
 
[
%
]

 

U
B

R
R

 

ʇ
ʦ
ʭ
ʠ
ʙ
ʢ
ʘ
 
[
%
]

 

U
B

R
R

 

ʇ
ʦ
ʭ
ʠ
ʙ
ʢ
ʘ
 
[
%
]

 

U
B

R
R

 

ʇ
ʦ
ʭ
ʠ
ʙ
ʢ
ʘ
 
[
%
]

 

U
B

R
R

 

ʇ
ʦ
ʭ
ʠ
ʙ
ʢ
ʘ
 
[
%
]

 

U
B

R
R

 

ʇ
ʦ
ʭ
ʠ
ʙ
ʢ
ʘ
 
[
%
]

 

U
B

R
R

 

ʇ
ʦ
ʭ
ʠ
ʙ
ʢ
ʘ
 
[
%
]

 

2400 207 0.2 416 -0.1 287 0.0 575 0.0 383 0.0 767 0.0 416 -0.1 832 0.0 479 0.0 959 0.0 520 0.0 1041 0.0 

4800 103 0.2 207 0.2 143 0.0 287 0.0 191 0.0 383 0.0 207 0.2 416 -0.1 239 0.0 479 0.0 259 0.2 520 0.0 

9600 51 0.2 103 0.2 71 0.0 143 0.0 95 0.0 191 0.0 103 0.2 207 0.2 119 0.0 239 0.0 129 0.2 259 0.2 

14400 34 -0.8 68 0.6 47 0.0 95 0.0 63 0.0 127 0.0 68 0.6 138 -0.1 79 0.0 159 0.0 86 -0.2 173 -0.2 

19200 25 0.2 51 0.2 35 0.0 71 0.0 47 0.0 95 0.0 51 0.2 103 0.2 59 0.0 119 0.0 64 0.2 129 0.2 

28800 16 2.1 34 -0.8 23 0.0 47 0.0 31 0.0 63 0.0 34 -0.8 68 0.6 39 0.0 79 0.0 42 0.9 86 -0.2 

38400 12 0.2 25 0.2 17 0.0 35 0.0 23 0.0 47 0.0 25 0.2 51 0.2 29 0.0 59 0.0 32 -1.4 64 0.2 

57600 8 -3.5 16 2.1 11 0.0 23 0.0 15 0.0 31 0.0 16 2.1 34 0.8 19 0.0 39 0.0 21 -1.4 42 0.9 

76800 6 -7.0 12 0.2 8 0.0 17 0.0 11 0.0 23 0.0 12 0.2 25 0.2 14 0.0 29 0.0 15 1.7 32 -1.4 

115200 3 8.5 8 -3.5 5 0.0 11 0.0 7 0.0 15 0.0 8 -3.5 16 2.1 9 0.0 19 0.0 10 -1.4 21 -1.4 

230400 1 8.5 3 8.5 2 0.0 5 0.0 3 0.0 7 0.0 3 8.5 8 -3.5 4 0.0 9 0.0 4 8.5 10 -1.4 

250000 1 0.0 3 0.0 2 -7.8 5 -7.8 3 -7.8 6 5.3 3 0.0 7 0.0 4 -7.8 8 2.4 4 0.0 9 0.0 

0.5M 0 0.0 1 0.0 ˈ ˈ 2 -7.8 1 -7.8 3 -7.8 1 0.0 3 0.0 ˈ ˈ 4 -7.8 ˈ ˈ 4 0.0 

1.0M ˈ ˈ 0 0.0 ˈ ˈ ˈ ˈ 0 -7.8 1 -7.8 0 0.0 1 0.0 ˈ ˈ ˈ ˈ ˈ ˈ ˈ ˈ 

Max 1) 0.5M 1.0M 691.2K 1.3824M 921.6K 1.8432M 1.0M 2.0M 1.152M 2.304M 1.25M 2.5M 

1) ʇʨʠ UBRR = 0 ʽ ʧʦʭʠʙʮʽ 0.0% 

 

ɿʥʘʯʝʥʥʷ ʨʝʛʽʩʪʨʘ UBRR ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʩʪʘʥʜʘʨʪʥʽ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʨʝʞʠʤʫ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʨʝʟʦʥʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʚʝʣʠʯʠʥʠ 

ʟʥʘʯʝʥʴ ʧʦʭʠʙʦʢ ʚʽʜʥʦʩʥʦ ʩʪʘʥʜʘʨʪʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ (ʩʪʘʥʜʘʨʪʥʽ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʫ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʧʦʟʥʘʯʝʥʦ ʞʦʚʪʠʤ ʢʦʣʴʦʨʦʤ).  

ɿʛʽʜʥʦ ʟ ʪʘʙʣʠʮʝʶ 2.1 ʫʤʦʚʘʤ ʟʘʚʜʘʥʥʷ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʟʥʘʯʝʥʥʷ UBRR = 51 

ʧʨʠ U2X = 0, ʘʙʦ UBRR = 103 ʧʨʠ U2X = 1. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʧʦʭʠʙʢʘ ʜʦʨʽʚʥʶʻ 

0,2%. ʆʙʠʨʘʻʤʦ UBRR = 51 = $33 ʪʘ U2X = 0. 

 

2.3.2 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʨʝʛʽʩʪʨʘ ʢʦʥʪʨʦʣʝʨʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ UBRR 
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ɼʣʷ ʥʘʰʦʛʦ ʄʂ-ʨʘ ʨʝʛʽʩʪʨ UBRR ʻ 12-ʨʦʟʨʷʜʥʠʤ ʪʘ ʬʽʟʠʯʥʦ ʨʦʟʤʽʱʝʥʠʡ ʫ 

ʜʚʦʭ ʨʝʛʽʩʪʨʘʭ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ (ʪʘʙʣʠʮʷ 2.2). 

ʊʘʙʣʠʮʷ 2.2 τ ʈʦʟʤʽʱʝʥʥʷ ʨʝʛʽʩʪʨʽʚ ʢʦʥʪʨʦʣʝʨʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʄʦʜʝʣʴ ʈʝʛʽʩʪʨʠ ɸʜʨʝʩʘ 

ATmega8515x/8535x 1) UBRRH:UBRRL $20 ($40):$09 ($29) 

ATmega8x/16x/32x 1) UBRRH:UBRRL $20 ($40):$09 ($29) 

ATmega64x/128x 
UBRR0H:UBRR0L ($90):$09 ($29) 

UBRR1H:UBRR1L ($98):($99) 

ATmega48x/88x/168x UBRR0H:UBRR0L ($C5):($C4) 

ATmega162x 1) 
UBRR0H:UBRR0L $20 ($40):$09 ($29) 

UBRR1H:UBRR1L $3C ($5C):$00 ($20) 

ATmega164x/324x/644x 
UBRR0H:UBRR0L ($C5):($C4) 

UBRR1H:UBRR1L ($CD):($CC) 

ATmega165x/325x/3250x/645x/6450x UBRR0H:UBRR0L ($C5):($C4) 

1) ʋ ʮʠʭ ʤʦʜʝʣʷʭ ʨʝʛʽʩʪʨ UBRRH (UBRRnH) ʨʦʟʤʽʱʫʻʪʴʩʷ ʟʘ ʪʽʻʶ ʞ ʘʜʨʝʩʦʶ, ʱʦ ʡ 

ʨʝʛʽʩʪʨ UCSRC (UCSRnC) 

ATmega640x/1280x/2560x 

UBRR0H:UBRR0L ($C5):($C4) 

UBRR1H:UBRR1L ($CD):($CC) 

UBRR2H:UBRR2L ($D5):($D4) 

UBRR3H:UBRR3L ($135):($134) 

ATmega1281x/2561x 
UBRR0H:UBRR0L ($C5):($C4) 

UBRR1H:UBRR1L ($CD):($CC) 
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ʎʽ ʨʝʛʽʩʪʨʠ ʤʘʶʪʴ ʘʜʨʝʩʠ: UBRRʅ = $0040; UBRRL = $0029. ɹʽʪ URSEL 

ʨʝʛʽʩʪʨʘ UCSR0C ʧʽʩʣʷ ʩʢʠʜʘʥʥʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ɿʛʽʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʦʤ, ʥʘʚʝʜʝʥʠʤ ʚʠʱʝ, UBRR = 51 = $0033. 

ʊʦʜʽ ʨʦʙʦʯʘ ʧʨʦʛʨʘʤʘ ʤʘʻ ʚʠʛʣʷʜ: 

LDI R18, $00; R18N $00; 

LDI R31, $00; R31N $00; 

LDI R30, $40; R30N $40; R31, R30 (Z)N $0040 (ʘʜʨʝʩʘ UBRRʅ); 

ST Z, R18;  UBRRH N 00 (ʩʪʘʨʰʠʡ ʙʘʡʪ UBRR). 

LDI R19, $33; R19N $33; 

LDI R27, $00; R27N $00; 

LDI R26, $29; R26N $29; R27, R26 (X)N $0029 (ʘʜʨʝʩʘ UBRR0L); 

ST X, R19; UBRR0L = $33 (ʤʦʣʦʜʰʠʡ ʙʘʡʪ UBRR). 

 

2.3.3 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʨʝʛʽʩʪʨʘ UCSRA 

 

ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ UCSRA ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.2, ʘ ʦʧʠʩ ʡʦʛʦ ʦʢʨʝʤʠʭ 

ʨʦʟʨʷʜʽʚ ï ʫ ʪʘʙʣʠʮʽ 2.3. 

 

ʈʠʩʫʥʦʢ 2.2 τ ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʽʚ UCSRA (UCSRnA) 
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ʊʘʙʣʠʮʷ 2.3 τ ʆʧʠʩ ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʽʚ UCSRA, UCSR0A ʪʘ UCSR1A  

ʈʦʟʨʷʜ ʅʘʟʚʘ ʆʧʠʩ 

7 
RXC 

(RXCn) 

ʇʨʘʧʦʨʝʮʴ ʟʘʚʝʨʰʝʥʥʷ ʧʨʠʡʦʤʫ 

ʇʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ç1è ʧʨʠ ʧʝʨʝʩʠʣʘʥʥʽ 

ʧʨʠʡʥʷʪʦʛʦ ʩʣʦʚʘ ʟ ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ ʧʨʠʡʤʘʯʘ ʚ ʨʝʛʽʩʪʨ ʜʘʥʠʭ 

UDR ʽ ʫʪʨʠʤʫʻʪʴʩʷ ʚ ʦʜʠʥʠʮʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʝʧʨʦʯʠʪʘʥʠʭ 

ʜʘʥʠʭ ʫ ʙʫʬʝʨʽ ʧʨʠʡʤʘʯʘ (ʨʝʛʽʩʪʨ ʜʘʥʠʭ UDR). ʉʢʠʜʘʻʪʴʩʷ 

ʧʨʘʧʦʨʝʮʴ ʘʧʘʨʘʪʥʦ ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ ʙʫʬʝʨʘ (ʫ UART ï ʧʽʩʣʷ 

ʯʠʪʘʥʥʷ ʨʝʛʽʩʪʨʘ ʜʘʥʠʭ). ʗʢʱʦ ʨʦʟʨʷʜ RXCIE (RXCIɽn) 

ʨʝʛʽʩʪʨʘ UCSRB (UCSRnB) ʚʩʪʘʥʦʚʣʝʥʦ, ʪʦ ʧʨʠ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʧʨʘʧʦʨʮʷ ʛʝʥʝʨʫʻʪʴʩʷ ʟʘʧʠʪ ʥʘ ʧʝʨʝʨʠʚʘʥʥʷ 

çʧʨʠʡʦʤ ʟʘʚʝʨʰʝʥʦè. 

6 
TXC 

(TXCn) 

ʇʨʘʧʦʨʝʮʴ ʟʘʚʝʨʰʝʥʥʷ ʧʝʨʝʜʘʯʽ 

ʇʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ç1è ʧʽʩʣʷ ʧʝʨʝʜʘʯʽ ʫʩʽʭ ʨʦʟʨʷʜʽʚ 

ʧʘʢʝʪʫ ʽʟ ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ ʧʝʨʝʜʘʚʘʯʘ, ʟʘ ʫʤʦʚʠ, ʱʦ ʫ ʨʝʛʽʩʪʨ 

ʜʘʥʠʭ UDR ʥʝ ʙʫʣʦ ʟʘʚʘʥʪʘʞʝʥʦ ʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. ʗʢʱʦ 

ʨʦʟʨʷʜ TXCIE (ʊXCIɽn) ʨʝʛʽʩʪʨʘ UCSRB (UCSRnB) 

ʚʩʪʘʥʦʚʣʝʥʦ, ʪʦ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʧʨʘʧʦʨʮʷ ʛʝʥʝʨʫʻʪʴʩʷ 

ʧʝʨʝʨʠʚʘʥʥʷ çʧʝʨʝʜʘʯʫ ʟʘʚʝʨʰʝʥʦè. ʇʨʘʧʦʨʝʮʴ ʩʢʠʜʘʻʪʴʩʷ 

ʘʧʘʨʘʪʥʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʽʜʧʨʦʛʨʘʤʠ ʦʙʨʦʙʢʠ ʧʝʨʝʨʠʚʘʥʥʷ ʯʠ 

ʧʨʦʛʨʘʤʥʦ, ʟʘʧʠʩʫʶʯʠ ʫ ʥʴʦʛʦ ʣʦʛʽʯʥʫ 1. 

5 
UDRE 

(UDREn) 

ʇʨʘʧʦʨʝʮʴ ʦʯʠʱʝʥʥʷ ʨʝʛʽʩʪʨʘ ʜʘʥʠʭ 

ɼʘʥʠʡ ʧʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ç1è ʧʨʠ ʧʫʩʪʦʤʫ ʙʫʬʝʨʽ 

ʧʝʨʝʜʘʚʘʯʘ (ʧʽʩʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʙʘʡʪʘ ʽʟ ʨʝʛʽʩʪʨʘ ʜʘʥʠʭ UDR ʫ 

ʨʝʛʽʩʪʨ ʟʩʫʚʫ ʧʝʨʝʜʘʚʘʯʘ). ɺʩʪʘʥʦʚʣʝʥʠʡ ʧʨʘʧʦʨʝʮʴ ʦʟʥʘʯʘʻ, 

ʱʦ ʫ ʨʝʛʽʩʪʨ ʜʘʥʠʭ ʤʦʞʥʘ ʟʘʚʘʥʪʘʞʠʪʠ ʥʦʚʝ ʟʥʘʯʝʥʥʷ. ʗʢʱʦ 

ʨʦʟʨʷʜ UDRIE ʨʝʛʽʩʪʨʘ UCR (UCSRB) ʚʩʪʘʥʦʚʣʝʥʦ, 

ʛʝʥʝʨʫʻʪʴʩʷ ʟʘʧʠʪ ʥʘ ʧʝʨʝʨʠʚʘʥʥʷ çʨʝʛʽʩʪʨ ʜʘʥʠʭ ʧʫʩʪʠʡè. 

ʇʨʘʧʦʨʝʮʴ ʩʢʠʜʘʻʪʴʩʷ ʘʧʘʨʘʪʥʦ, ʧʨʠ ʟʘʧʠʩʽ ʫ ʨʝʛʽʩʪʨ ʜʘʥʠʭ. 
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4 

 

FE   

(FEn) 

ʇʨʘʧʦʨʝʮʴ ʧʦʤʠʣʢʠ ʢʘʜʨʫʚʘʥʥʷ 

ʇʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ç1è ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʧʦʤʠʣʢʠ 

ʢʘʜʨʫʚʘʥʥʷ, ʪʦʙʪʦ ʷʢʱʦ ʧʝʨʰʠʡ ʩʪʦʧ-ʙʽʪ ʧʨʠʡʥʷʪʦʾ ʧʦʩʠʣʢʠ 

ʜʦʨʽʚʥʶʻ ç0è. ʇʨʘʧʦʨʝʮʴ ʩʢʠʜʘʻʪʴʩʷ ʧʨʠ ʧʨʠʡʦʤʽ ʩʪʦʧ-ʙʽʪʘ, 

ʷʢʠʡ ʜʦʨʽʚʥʶʻ ç1è 

3 

OR 

(ORn) 

ʇʨʘʧʦʨʝʮʴ ʧʝʨʝʧʦʚʥʝʥʥʷ 

ɺ USART ʧʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ç1è, ʷʢʱʦ ʫ ʤʦʤʝʥʪ 

ʚʠʷʚʣʝʥʥʷ ʥʦʚʦʛʦ ʩʪʘʨʪ-ʙʽʪʘ ʚ ʨʝʛʽʩʪʨʽ ʟʩʫʚʫ ʧʨʠʡʤʘʯʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʦʩʪʘʥʥʻ ʧʨʠʡʥʷʪʝ ʩʣʦʚʦ, ʘ ʙʫʬʝʨ ʧʨʠʡʤʘʯʘ 

ʟʘʧʦʚʥʝʥʠʡ (ʜʚʘ ʟʥʘʯʝʥʥʷ). ʇʨʘʧʦʨʝʮʴ ʩʢʠʜʘʻʪʴʩʷ ʧʨʠ 

ʧʝʨʝʩʠʣʘʥʥʽ ʧʨʠʡʥʷʪʠʭ ʜʘʥʠʭ ʽʟ ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ ʧʨʠʡʤʘʯʘ ʫ 

ʙʫʬʝʨ. 

DOR 

(DORn) 

2 
UPE 

(UPEn) 

ʇʨʘʧʦʨʝʮʴ ʧʦʤʠʣʢʠ ʢʦʥʪʨʦʣʶ ʙʽʪʘ ʧʘʨʥʦʩʪʽ 

ʇʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ç1è, ʷʢʱʦ ʚ ʜʘʥʠʭ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʙʫʬʝʨʽ ʧʨʠʡʤʘʯʘ, ʚʠʷʚʣʝʥʘ ʧʦʤʠʣʢʘ ʢʦʥʪʨʦʣʶ 

ʧʘʨʥʦʩʪʽ. ʇʨʠ ʚʠʤʢʥʝʥʦʤʫ ʢʦʥʪʨʦʣʽ ʧʘʨʥʦʩʪʽ ʮʝʡ ʨʦʟʨʷʜ 

ʧʦʩʪʽʡʥʦ ʩʢʠʥʫʪʦ ʚ ç0è 

1 
U2X 

(U2Xn) 

ʇʦʜʚʦʻʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʤʽʥʫ 

ʗʢʱʦ ʮʝʡ ʨʦʟʨʷʜ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ç1è, ʢʦʝʬʽʮʽʻʥʪ ʜʽʣʝʥʥʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʽʣʴʥʠʢʘ ʢʦʥʪʨʦʣʝʨʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟ 16 ʜʦ 8, ʧʦʜʚʦʶʶʯʠ ʪʠʤ ʩʘʤʠʤ ʰʚʠʜʢʽʩʪʴ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʦʙʤʽʥʫ ʟʘ ʧʦʩʣʽʜʦʚʥʠʤ ʢʘʥʘʣʦʤ. ɺ USART 

ʨʦʟʨʷʜ U2X (U2Xn) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ 

ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. ʋ ʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʚʽʥ ʤʘʻ 

ʙʫʪʠ ʩʢʠʥʫʪʠʡ 

0 
ʄʈCʄ 

(ʄʈʉʄn) 

ʈʝʞʠʤ ʤʫʣʴʪʠʧʨʦʮʝʩʦʨʥʦʛʦ ʦʙʤʽʥʫ 

ʈʦʟʨʷʜ ʄʈʉʄ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʨʝʞʠʤʽ 

ʤʫʣʴʪʠʧʨʦʮʝʩʦʨʥʦʛʦ ʦʙʤʽʥʫ. ʗʢʱʦ ʚʽʥ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ç1è, 

ʚʝʜʝʥʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʦʯʽʢʫʻ ʧʨʠʡʦʤʫ ʢʘʜʨʫ, ʱʦ ʤʽʩʪʠʪʴ 
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ʘʜʨʝʩʫ. ʂʘʜʨʠ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʘʜʨʝʩʠ ʧʨʠʩʪʨʦʶ,                       

ʽʛʥʦʨʫʶʪʴʩʷ [2].  

ɼʣʷ ʧʨʠʢʣʘʜʫ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʧʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʨʝʛʽʩʪʨʘ ʧʦʪʨʽʙʥʦ 

ʩʢʠʥʫʪʠ ʙʽʪ U2X ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʙʽʪ UDRE ʚ ʦʜʠʥʠʮʶ. ʇʽʩʣʷ ʩʢʠʜʘʥʥʷ ʙʽʪ UDRE 

ʘʚʪʦʤʘʪʠʯʥʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʫ ʦʜʠʥʠʮʶ, ʘ ʙʽʪ U2X ʩʢʠʜʘʻʪʴʩʷ ʚ ʥʫʣʴ. ɯʥʰʽ ʙʽʪʠ 

ʨʝʛʽʩʪʨʘ ʤʘʶʪʴ ʧʦʯʘʪʢʦʚʽ ʥʫʣʴʦʚʽ ʟʥʘʯʝʥʥʷ. ʊʦʜʽ ʢʝʨʫʁ ʯʝ ʩʣʦʚʦ ʂʉ1 ʤʘʻ ʚʠʛʣʷʜ: 

7ʨ       6ʨ        5ʨ        4ʨ         3ʨ        2ʨ        1ʨ       0ʨ 

UCSRA     ʂʉ1=$20 

ɿʛʽʜʥʦ ʟ ʪʘʙʣʠʮʝʶ 2.4 ʨʝʛʽʩʪʨ UCSRA ʚ ʧʨʦʩʪʦʨʽ ʨʝʟʠʜʝʥʪʥʦʾ ʧʘʤôʷʪʽ ʜʘʥʠʭ 

ʄʂ-ʨʘ ɸʊ mega8515 ʤʘʻ ʘʜʨʝʩʫ: $002ɺ. 

ʊʘʙʣʠʮʷ 2.4 τ ʈʝʛʽʩʪʨʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʩʪʘʥʫ ʤʦʜʫʣʽʚ USART 

ʈʝʛʽʩʪʨ ɸʜʨʝʩʘ 
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ʆʧʠʩ 

UCSRA $0ɺ ($2ɺ) Å Å        ʈʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ɸ 

UCSRB $0ɸ($2ɸ) Å Å        ʈʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ɺ 

UCSRC $20($40) Å Å        ʈʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ʉ 

UCSR0A 
$0ɺ ($2ɺ)   Å  Å     

ʈʝʛʽʩʪʨ A ʢʝʨʫʚʘʥʥʷ USART0 
($C0)    Å  Å Å Å Å 

UCSR0B 
$0ɸ($2ɸ)   Å  Å     

ʈʝʛʽʩʪʨ B ʢʝʨʫʚʘʥʥʷ USART0 
($C1)    Å  Å Å Å Å 

UCSR0C 

$20 ($40)     Å     

ʈʝʛʽʩʪʨ C ʢʝʨʫʚʘʥʥʷ USART0 ($95)   Å       

($C2)    Å  Å Å Å Å 

UCSR1A 
$02($22)     Å     

ʈʝʛʽʩʪʨ A ʢʝʨʫʚʘʥʥʷ USART1 
($9ɺ)   Å       

0 0 1 0 0 0 0 0 
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($C8)      Å  Å Å 

UCSR1B 

$01($21)     Å     
 

ʈʝʛʽʩʪʨ B ʢʝʨʫʚʘʥʥʷ USART1 

 

($9ɸ)   Å       

($C9)      Å  Å Å 

UCSR1C 

$ɿʉ ($5ʉ)     Å     

ʈʝʛʽʩʪʨ C ʢʝʨʫʚʘʥʥʷ USART1 ($9D)   Å       

($CA)      Å  Å Å 

UCSR2A ($D0)        Å  ʈʝʛʽʩʪʨ A ʢʝʨʫʚʘʥʥʷ USART2 

UCSR2B ($D1)        Å  ʈʝʛʽʩʪʨ B ʢʝʨʫʚʘʥʥʷ USART2 

UCSR2C ($D2)        Å  ʈʝʛʽʩʪʨ C ʢʝʨʫʚʘʥʥʷ USART2 

UCSR3A ($130)        Å  ʈʝʛʽʩʪʨ A ʢʝʨʫʚʘʥʥʷ USART3 

UCSR3B ($131)        Å  ʈʝʛʽʩʪʨ B ʢʝʨʫʚʘʥʥʷ USART3 

UCSR3C ($132)        Å  ʈʝʛʽʩʪʨ C ʢʝʨʫʚʘʥʥʷ USART3 

 

ʊʦʜʽ ʧʨʦʛʨʘʤʘ ʤʘʻ ʚʠʛʣʷʜ: 

LDI R16, $20; R16N KC1 = $20, 

LDI  R27, $00; R27N $00,  

LDI  R26, $2ɺ; R26N $2ɺ; R27, R26 (X) $N002ɺ, 

ST X, R16;  UCSR0A RN16 = ʂʉ1 = $20. 

 

2.3.4 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʨʝʛʽʩʪʨʘ UCSRC 

 

ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ UCSRC ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.3, ʘ ʦʧʠʩ ʡʦʛʦ ʦʢʨʝʤʠʭ 

ʨʦʟʨʷʜʽʚ ï ʫ ʪʘʙʣʠʮʽ 2.5. 

 

ʈʠʩʫʥʦʢ 2.3 τ ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʽʚ UCSRʉ (UCSRnʉ) 



31 
 

 
 

ʊʘʙʣʠʮʷ 2.5 τ ʆʧʠʩ ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʽʚ UCSRC (UCSRnC) 

ʈʦʟʨʷʜ ʅʘʟʚʘ ʆʧʠʩ 

7 

UʄSELn1 

ʈʝʞʠʤ ʨʦʙʦʪʠ USART (ʤʦʜʝʣʽ 48x/88x/168x, 

164x/324x/644x ʽ 640x/1280x/1281x/2560x/2561x) 

ʈʘʟʦʤ ʟ ʨʦʟʨʷʜʦʤ UMSELn0 ʚʠʟʥʘʯʘʻ ʨʝʞʠʤ ʨʦʙʦʪʠ ʤʦʜʫʣʷ 

USART 

URSEL* 

(URSELn) 

ɺʠʙʽʨ ʨʝʛʽʩʪʨʘ 

ʎʝʡ ʨʦʟʨʷʜ ʚʠʟʥʘʯʘʻ, ʫ ʷʢʠʡ ʟ ʨʝʛʽʩʪʨʽʚ ʤʦʜʫʣʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʟʘʧʠʩ. ʗʢʱʦ ʨʦʟʨʷʜ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ç1è, ʟʚʝʨʥʝʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʦ ʨʝʛʽʩʪʨʘ UCSRC (UCSRnC). ʗʢʱʦ ʞ ʨʦʟʨʷʜ 

ʩʢʠʥʫʪʦ ʚ ç0è, ʟʚʝʨʥʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʦ ʨʝʛʽʩʪʨʘ UBRRH 

(UBRRnH) 

6 

UMSEL 

(UMSELn) 

ʈʝʞʠʤ ʨʦʙʦʪʠ USART 

ʗʢʱʦ ʨʦʟʨʷʜ ʩʢʠʥʫʪʦ ʚ ç0è, ʤʦʜʫʣʴ USART ʧʨʘʮʶʻ ʚ 

ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ. ʗʢʱʦ ʨʦʟʨʷʜ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ç1è, ʪʦ 

ʤʦʜʫʣʴ USART ʧʨʘʮʶʻ ʫ ʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ 

UMSELn0 

ʈʝʞʠʤ ʨʦʙʦʪʠ USART (ʤʦʜʝʣʽ 48x/88x/168x, 164x/324x/644x 

ʽ 640x/1280x/1281x/2560x/2561x) 

ʈʘʟʦʤ ʟ ʨʦʟʨʷʜʦʤ UMSELn1 ʚʠʟʥʘʯʘʻ ʨʝʞʠʤ ʨʦʙʦʪʠ ʤʦʜʫʣʷ 

USART 

5 
UPM1 

(UPMnl) 

ʈʝʞʠʤ ʨʦʙʦʪʠ ʩʭʝʤʠ ʢʦʥʪʨʦʣʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʘʨʥʦʩʪʽ 

5-ʡ ʪʘ 4-ʡ ʨʦʟʨʷʜʠ ʚʠʟʥʘʯʘʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʭʝʤ 

ʢʦʥʪʨʦʣʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʘʨʥʦʩʪʽ (ʪʘʙʣʠʮʷ 2.6) 
4 

UPM0 

(UPMn0) 

3 
USBS 

(USBSn) 

ʂʽʣʴʢʽʩʪʴ ʩʪʦʧ-ʙʽʪʽʚ 

ʎʝʡ ʨʦʟʨʷʜ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʩʪʦʧ-ʙʽʪʽʚ, ʱʦ ʧʝʨʝʩʠʣʘʶʪʴʩʷ 

ʧʝʨʝʜʘʚʘʯʝʤ. ʗʢʱʦ ʨʦʟʨʷʜ ʩʢʠʥʫʪʦ ʚ ç0è, ʧʝʨʝʜʘʚʘʯ ʧʦʩʠʣʘʻ 

1 ʩʪʦʧ-ʙʽʪ, ʷʢʱʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ç1è, ʪʦ 2 ʩʪʦʧ-ʙʽʪʠ. ɼʣʷ 

ʧʨʠʡʤʘʯʘ ʚʤʽʩʪ ʮʴʦʛʦ ʨʦʟʨʷʜʫ ʥʝ ʤʘʻ ʟʥʘʯʝʥʥʷ 

2 
UCSZ1 

(UCSZnl) 

ʌʦʨʤʘʪ ʢʘʜʨʫ 

ʈʘʟʦʤ ʟ ʨʦʟʨʷʜʦʤ UCSZ2 (UCSZn2) ʮʽ ʨʦʟʨʷʜʠ ʚʠʟʥʘʯʘʶʪʴ 

ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʷʜʽʚ ʜʘʥʠʭ ʪʘ ʧʦʩʠʣʦʢ (ʨʦʟʤʽʨ ʩʣʦʚʘ) 

(ʪʘʙʣʠʮʷ 2.7) 

 

 

1 
UCSZ0 

(UCSZn0) 
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0 
UCPOL 

(UCPOLn) 

ʇʦʣʷʨʥʽʩʪʴ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ɿʥʘʯʝʥʥʷ ʮʴʦʛʦ ʨʦʟʨʷʜʫ ʚʠʟʥʘʯʘʻ ʤʦʤʝʥʪ ʚʠʜʘʯʽ ʪʘ 

ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʥʘ ʚʠʚʦʜʘʭ ʤʦʜʫʣʷ. ʈʦʟʨʷʜ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ ʨʦʙʦʪʽ ʫ ʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ. 

ʇʨʠ ʨʦʙʦʪʽ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʚʽʥ ʤʘʻ ʙʫʪʠ ʩʢʠʥʫʪʠʡ                     

ʫ ç0è 

UCPOL 

(UCPOLn) 

ɺʠʜʘʯʘ ʜʘʥʠʭ ʥʘ 

ʚʠʚʽʜ TXD (TXDn) 

ɿʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʟ 

ʚʠʚʦʜʫ RXD (RXDn) 

0 
ʅʘʨʦʩʪʘʶʯʠʡ ʬʨʦʥʪ 

ʍʉK (ʍʉKn) 

ʉʧʘʜʘʶʯʠʡ ʬʨʦʥʪ 

ʍʉK (ʍʉKn) 

1 
ʉʧʘʜʘʶʯʠʡ ʬʨʦʥʪ 

ʍʉK (ʍʉKn) 

ʅʘʨʦʩʪʘʶʯʠʡ ʬʨʦʥʪ 

ʍʉK (ʍʉKn) 

      * ï ʟʘʨʝʟʝʨʚʦʚʘʥʠʡ ʫ ʤʦʜʝʣʷʭ ATmega 64x/128x 

ʇʨʠʤʽʪʢʘ: n = 0, 1, 2 ʯʠ 3. 

ɼʣʷ ʄʂ-ʨʘ ɸʊ mega 8515 ʟʛʽʜʥʦ ʟ ʪʘʙʣʠʮʝʶ 2.5 ʨʦʟʨʷʜ UʄSEL ʧʨʦʛʨʘʤʫʻ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʤʦʜʫʣʷ USɸRʊ. ʆʩʢʽʣʴʢʠ ʫ ʟʘʚʜʘʥʥʽ ʟʘʜʘʥʦ ʘʩʠʥʭʨʦʥʥʠʡ ʨʝʞʠʤ, ʪʦ 

ʮʝʡ ʙʽʪ ʧʦʚʠʥʝʥ ʤʘʪʠ ʥʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ.  

ɹʽʪʠ  UPM1 ʪʘ UPM0 ʟʛʽʜʥʦ ʟ ʪʘʙʣʠʮʝʶ 2.6 ʢʝʨʫʶʪʴ ʢʦʥʪʨʦʣʝʤ ʧʘʨʥʦʩʪʽ.  

ʊʘʙʣʠʮʷ 2.6 τ ʂʝʨʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʤ ʧʘʨʥʦʩʪʽ 

UPM1 

(UPMnl) 

UPM0 

(UPMn0) 
ʈʝʞʠʤ ʨʦʙʦʪʠ 

0 0 ɺʠʢʣʶʯʝʥʠʡ 

0 1 ɿʘʨʝʟʝʨʚʦʚʘʥʦ 

1 0 ɺʢʣʶʯʝʥʠʡ, ʧʝʨʝʚʽʨʢʘ ʥʘ ʧʘʨʥʽʩʪʴ (even parity) 

1 1 ɺʢʣʶʯʝʥʠʡ, ʧʝʨʝʚʽʨʢʘ ʥʘ ʥʝʧʘʨʥʽʩʪʴ (odd parity) 

ʇʨʠʤʽʪʢʘ: n = 0, 1, 2 ʯʠ 3. 

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ: UPM1 = 1; UPM0 = 1 

(ʧʝʨʝʚʽʨʢʘ ʥʘ ʥʝʧʘʨʥʽʩʪʴ).  
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ɿʥʘʯʝʥʥʷ ʙʽʪʘ ʧʘʨʥʦʩʪʽ ʦʪʨʠʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ çʚʠʢʣʶʯʥʝ 

ɸɹʆè ʥʘʜ ʫʩʽʤʘ ʨʦʟʨʷʜʘʤʠ ʩʣʦʚʘ ʜʘʥʠʭ, ʷʢʝ ʧʝʨʝʜʘʻʪʴʩʷ. ʗʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʝʨʝʚʽʨʢʘ ʥʘ ʧʘʨʥʽʩʪʴ (even parity), ʪʦ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʽʥʚʝʨʪʫʻʪʴʩʷ: 

.1

,0

01231

01231

ÄÄÄÄÄÄ=

ÄÄÄÄÄÄ=

-

-

dddddP

dddddP

nODD

nEVEN

2

2
 0

1,

   (2.1) 

ɹʽʪ USBS ʩʢʠʜʘʻʪʴʩʷ ʚ ʥʫʣʴ, ʪʦʤʫ ʱʦ ʤʠ ʧʦʚʠʥʥʽ ʧʝʨʝʜʘʚʘʪʠ 1 ʩʪʦʧ-ʙʽʪ.  

ɹʽʪʠ UCSZ1, UCSZ0 ʨʘʟʦʤ ʟ ʙʽʪʦʤ UCSZ2 ʨʝʛʽʩʪʨʘ UCSRɺ ʧʨʦʛʨʘʤʫʶʪʴ 

ʨʦʟʤʽʨ ʩʣʦʚʘ ʜʘʥʠʭ (ʪʘʙʣʠʮʷ 2.7).  

ʊʘʙʣʠʮʷ 2.7 τ ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʩʣʦʚʘ ʜʘʥʠʭ ʫ ʤʦʜʫʣʷʭ USART 

UCSZ2 (UCSZn2) UCSZ1 (UCSZnl) UCZ0 (UCSZn0) ʈʦʟʤʽʨ ʩʣʦʚʘ ʜʘʥʠʭ 

0 0 0 5 ʨʦʟʨʷʜʽʚ 

0 0 1 6 ʨʦʟʨʷʜʽʚ 

0 1 0 7 ʨʦʟʨʷʜʽʚ 

0 1 1 8 ʨʦʟʨʷʜʽʚ 

1 0 0 ɿʘʨʝʟʝʨʚʦʚʘʥʦ 

1 0 1 ɿʘʨʝʟʝʨʚʦʚʘʥʦ 

1 1 0 ɿʘʨʝʟʝʨʚʦʚʘʥʦ 

1 1 1 9 ʨʦʟʨʷʜʽʚ 

ʇʨʠʤʽʪʢʘ: n = 0, 1, 2 ʯʠ 3. 

ɼʣʷ ʥʘʰʦʛʦ ʧʨʠʢʣʘʜʫ ʪʨʝʙʘ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ: UCSZ1=1; UCSZ0=1, ʘ 

UCSZ2=0 (ʧʝʨʝʜʘʶʪʴʩʷ 8 ʨʦʟʨʷʜʽʚ). 

ʈʦʟʨʷʜ UCPOL ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʪʦʤʫ 

ʟʘʧʠʩʫʻʤʦ ʚ ʥʴʦʛʦ ʥʫʣʴ.  

ɹʽʪ URSEL= 1, ʪʦʤʫ, ʱʦ ʟʘʧʠʩ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʨʝʛʽʩʪʨ UCSRC. 

ʊʦʜʽ ʢʝʨʫʶʯʝ ʩʣʦʚʦ ʂʉ2 ʤʘʻ ʚʠʛʣʷʜ: 
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7ʨ       6ʨ        5ʨ        4ʨ         3ʨ         2ʨ       1ʨ       0ʨ 

UCSRC ʂʉ2=$B6 

ɿʛʽʜʥʦ ʟ ʪʘʙʣʠʮʝʶ 2.4 ʨʝʛʽʩʪʨ UCSRC ʜʣʷ ʟʘʜʘʥʦʛʦ ʄʂ-ʨʘ ʤʘʻ ʘʜʨʝʩʫ: $0040. 

ʊʦʜʽ ʧʨʦʛʨʘʤʘ ʤʘʻ ʚʠʛʣʷʜ: 

LDI R17, $B6; R17N  $B6, 

LDI R29, $00; R29 $N00,  

LDI  R28, $40; R28 $NC2, R29, R28 (Y) $N0040, 

ST Y , R17;  UCSR0ʉ RN17 = ʂʉ2 = $B6. 

 

2.3.4 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʨʝʛʽʩʪʨʘ UCSRB 

 

ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ UCSRB ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.4, ʘ ʦʧʠʩ ʡʦʛʦ ʨʦʟʨʷʜʽʚ ï ʫ 

ʪʘʙʣʠʮʽ 2.8. 

 

ʈʠʩʫʥʦʢ 2.4 τ ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʽʚ UCSRB (UCSRnB) 

ʊʘʙʣʠʮʷ 2.8 τ ʆʧʠʩ ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʽʚ UCSRB (UCSRnB) 

ʈʦʟʨʷʜ ʅʘʟʚʘ ʆʧʠʩ 

7 
RXCIE 

(RXCIEn) 

ɼʦʟʚʽʣ ʧʝʨʝʨʠʚʘʥʥʷ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʠʡʦʤʫ 

ʗʢʱʦ ʜʘʥʠʡ ʨʦʟʨʷʜ ʚ ç1è, ʪʦ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʧʨʘʧʦʨʮʷ 

RXC (RXCn) ʨʝʛʽʩʪʨʘ UCSRA (UCSRnA) ʛʝʥʝʨʫʻʪʴʩʷ 

ʧʝʨʝʨʠʚʘʥʥʷ çʧʨʠʡʦʤ ʟʘʚʝʨʰʝʥʦè, ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ I 

ʨʝʛʽʩʪʨʘ SREG ʚʩʪʘʥʦʚʣʝʥʦ ʚ ç1è 

6 
TXCIE 

(TXCIEn) 

ɼʦʟʚʽʣ ʧʝʨʝʨʠʚʘʥʥʷ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʝʨʝʜʘʯʽ 

ʗʢʱʦ ʜʘʥʠʡ ʨʦʟʨʷʜ ʚ ç1è, ʪʦ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʧʨʘʧʦʨʮʷ 

ʊʍʉ (ʊʍʉn) ʨʝʛʽʩʪʨʘ UCSRA (UCSRnA) ʛʝʥʝʨʫʻʪʴʩʷ 

1 0 1 1 0 1 1 0 
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ʧʝʨʝʨʠʚʘʥʥʷ çʧʝʨʝʜʘʯʫ ʟʘʚʝʨʰʝʥʦ, ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ I 

ʨʝʛʽʩʪʨʘ SREG ʚʩʪʘʥʦʚʣʝʥʦ ʚ ç1è 

5 
UDRIE 

(UDRIEn) 

ɼʦʟʚʽʣ ʧʝʨʝʨʠʚʘʥʥʷ ʧʨʠ ʦʯʠʱʝʥʥʽ ʨʝʛʽʩʪʨʘ ʜʘʥʠʭ UART 

ʗʢʱʦ ʜʘʥʠʡ ʨʦʟʨʷʜ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ç1è, ʪʦ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʧʨʘʧʦʨʮʷ UDRE ʫ ʨʝʛʽʩʪʨʽ UCSRA (UCSRnA) ʛʝʥʝʨʫʻʪʴʩʷ 

ʧʝʨʝʨʠʚʘʥʥʷ çʨʝʛʽʩʪʨ ʜʘʥʠʭ ʧʫʩʪʠʡè, ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ I 

ʨʝʛʽʩʪʨʘ SREG ʚʩʪʘʥʦʚʣʝʥʦ ʚ ç1è 

4 
RXEN 

(RXENn) 

ɼʦʟʚʽʣ ʧʨʠʡʦʤʫ 

ʗʢʱʦ ʜʘʥʠʡ ʨʦʟʨʷʜ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ, ʪʦ 

ʜʦʟʚʦʣʷʻʪʴʩʷ ʨʦʙʦʪʘ ʧʨʠʡʤʘʯʘ ʪʘ ʧʝʨʝʚʠʟʥʘʯʘʻʪʴʩʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʚʦʜʫ RXD (RXDn). ʇʨʠ ʩʢʠʜʘʥʽ ʨʦʟʨʷʜʫ 

RXEN (RXENn) ʨʦʙʦʪʘ ʧʨʠʡʤʘʯʘ ʟʘʙʦʨʦʥʷʻʪʴʩʷ, ʘ ʡʦʛʦ 

ʙʫʬʝʨ ʦʯʠʱʫʻʪʴʩʷ. ɿʥʘʯʝʥʥʷ ʧʨʘʧʦʨʮʽʚ RXC (RXCn), 

DOR/OR, FE (FEN) ʧʨʠ ʮʴʦʤʫ ʩʪʘʶʪʴ ʥʝʜʽʡʩʥʠʤʠ 

3 
TXEN 

(TXENn) 

ɼʦʟʚʽʣ ʧʝʨʝʜʘʯʽ 

ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʮʴʦʛʦ ʨʦʟʨʷʜʫ ʚ ç1è ʜʦʟʚʦʣʷʻʪʴʩʷ ʨʦʙʦʪʘ 

ʧʝʨʝʜʘʚʘʯʘ UART/USART ʪʘ ʧʝʨʝʚʠʟʥʘʯʘʻʪʴʩʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʚʦʜʫ TXD (TXDn). ʗʢʱʦ ʨʦʟʨʷʜ 

ʩʢʠʜʘʻʪʴʩʷ ʚ ç0è ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ, ʚʽʜʢʣʶʯʝʥʥʷ ʧʝʨʝʜʘʚʘʯʘ 

ʚʽʜʙʫʜʝʪʴʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʨʝʛʽʩʪʨʽ ʟʩʫʚʫ ʪʘ ʙʫʬʝʨʽ ʧʝʨʝʜʘʚʘʯʘ 

2 

CHR9 

(CHR9n) 

ʌʦʨʤʘʪ ʧʘʢʝʪʽʚ 

ʎʝʡ ʨʦʟʨʷʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʜʘʥʥʷ ʨʦʟʤʽʨʫ ʩʣʽʚ ʜʘʥʠʭ, 

ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʟʘ ʧʦʩʣʽʜʦʚʥʠʤ ʢʘʥʘʣʦʤ. ɺ ʤʦʜʫʣʷʭ USART 

ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʘʟʦʤ ʟ ʨʦʟʨʷʜʘʤʠ UCSZ1:0 (UCSZn1:0) 

ʨʝʛʽʩʪʨʘ UCSRC (UCSRnC). ʋ ʤʦʜʫʣʷʭ UART, ʷʢʱʦ ʨʦʟʨʷʜ 

CHR9 (CHR9n) ʚʩʪʘʥʦʚʣʝʥʦ ʚ ç1è, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʜʘʯʘ ʪʘ 

ʧʨʠʡʦʤ 9-ʨʦʟʨʷʜʥʠʭ ʜʘʥʠʭ, ʷʢʱʦ ʩʢʠʥʫʪʠʡ ï 8-ʨʦʟʨʷʜʥʠʭ 

UCSZ2 

(UCSZn2) 

1 
RXB8 

(RXB8n) 

8-ʡ ʨʦʟʨʷʜ ʜʘʥʠʭ, ʱʦ ʧʨʠʡʤʘʶʪʴʩʷ 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 9-ʨʦʟʨʷʜʥʠʭ ʩʣʽʚ ʜʘʥʠʭ ʮʝʡ ʨʦʟʨʷʜ ʤʽʩʪʠʪʴ 

ʟʥʘʯʝʥʥʷ ʩʪʘʨʰʦʛʦ ʨʦʟʨʷʜʫ ʧʨʠʡʥʷʪʦʛʦ ʩʣʦʚʘ. ʋ ʚʠʧʘʜʢʫ 

USART ʚʤʽʩʪ ʮʴʦʛʦ ʨʦʟʨʷʜʫ ʤʘʻ ʙʫʪʠ ʟʯʠʪʘʥʦ ʜʦ ʯʠʪʘʥʥʷ 

ʨʝʛʽʩʪʨʘ ʜʘʥʠʭ UDR 

0 
TXB8 

(ʊʍɺ8n) 

8-ʡ ʨʦʟʨʷʜ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 9-ʨʦʟʨʷʜʥʠʭ ʩʣʽʚ ʜʘʥʠʭ, ʚʤʽʩʪ ʮʴʦʛʦ 

ʨʦʟʨʷʜʫ ʻ ʩʪʘʨʰʠʤ ʨʦʟʨʷʜʦʤ ʩʣʦʚʘ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ. 
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ʅʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʙʫʪʠ ʟʘʥʝʩʝʥʝ ʫ ʮʝʡ ʨʦʟʨʷʜ ʜʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʘʡʪʘ ʜʘʥʠʭ ʫ ʨʝʛʽʩʪʨ UDR 

ʇʨʠʤʽʪʢʘ: n = 0, 1, 2 ʘʙʦ 3. 

ɼʣʷ ʥʘʰʦʛʦ ʧʨʠʢʣʘʜʫ ʥʝʦʙʭʽʜʥʦ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ:                                                       

RXCIE = TXCIE = UDRIE = 0; UCSZ02 = 0 (ʪʘʙʣʠʮʷ 2.7); ʪʘ TXEN = RXEN = 1. 

ɯʥʰʽ ʙʽʪʠ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʪʦʤʫ ʧʠʰʝʤʦ ʚ ʥʠʭ ʥʫʣʽ.  

ʊʦʜʽ ʢʝʨʫʶʯʝ ʩʣʦʚʦ ʂʉ3 ʤʘʻ ʚʠʛʣʷʜ: 

7ʨ         6ʨ        5ʨ        4ʨ        3ʨ        2ʨ        1ʨ         0ʨ 

UCSRɺ  ʂʉ3=$18 

ɿʛʽʜʥʦ ʟ ʪʘʙʣʠʮʝʶ 2.4 ʨʝʛʽʩʪʨ UCSRB ʤʘʻ ʘʜʨʝʩʫ: $002ɸ. 

ʊʦʜʽ ʧʨʦʛʨʘʤʘ ʤʘʻ ʚʠʛʣʷʜ: 

LDI R19, $18; R19N  ʂʉ3=$18, 

LDI R29, $00; R29N $00,  

LDI R28, $2ɸ; R28 $N2ɸ; R29, R28 (Y)N $002ɸ, 

ST Y, R19;  UCSRɺ  RN19 = ʂʉ3= $18. 

 

2.3.5 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʨʝʛʽʩʪʨʘ ʜʘʥʠʭ UDR 

 

ɿʛʽʜʥʦ ʟ ʪʘʙʣʠʮʝʶ 2.9 ʨʝʛʽʩʪʨ ʜʘʥʠʭ UDR ʥʘʰʦʶ ʄʂ-ʨʘ ʤʘʻ ʘʜʨʝʩʫ $000C. 

ʊʦʜʽ ʧʨʦʛʨʘʤʘ ʤʘʻ ʚʠʛʣʷʜ: 

LDI R31, $00; R31N  $00; 

LDI R30, $0ʉ; R30$N0ʉ; R31, R30 (Z)  N$000C; 

ST Z, R22;  UDR N  R22 (ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʘʡʪʘ ʜʣʷ ʧʝʨʝʜʘʯʽ). 

ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʘʡʪʘ ʟ ʨʝʛʽʩʪʨʘ R22 ʚ ʨʝʛʽʩʪʨ UDR (ʙʫʬʝʨ ʧʝʨʝʜʘʚʘʯʘ) 

ʽʥʬʦʨʤʘʮʽʷ ʫ ʧʦʩʣʽʜʦʚʥʦʤʫ ʜʚʽʡʢʦʚʦʤʫ ʢʦʜʽ ʫ ʩʪʘʨʪ-ʩʪʦʧʥʦʤʫ ʬʦʨʤʘʪʽ ʧʝʨʝʜʘʻʪʴʩʷ 

ʥʘ ʣʽʥʽʶ TXD  (ʜʣʷ ʄʂ-ʨʘ  ɸʊ mega 8515 ï PD1). 

0 0 0 1 1 0 0 0 
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ʊʘʙʣʠʮʷ 2.9 τ ʈʦʟʤʽʱʝʥʥʷ ʨʝʛʽʩʪʨʽʚ ʜʘʥʠʭ ʤʦʜʫʣʽʚ USART/UART ʜʝʷʢʠʭ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ AVR 

ʈʝʛʽʩʪʨ ɸʜʨʝʩʘ 
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ʆʧʠʩ 

UDR $0C 

($2C) 

Å Å        ʈʝʛʽʩʪʨ ʜʘʥʠʭ USART 

($C6)       Å   

UDR0 $0C 

($2C) 

  Å  Å     ʈʝʛʽʩʪʨ ʜʘʥʠʭ 

USART0 ($C6)    Å  Å  Å Å 

UDR1 

$03 

($23) 

    Å     ʈʝʛʽʩʪʨ ʜʘʥʠʭ 

USART1 
($9C)   Å       

($CE)        Å Å 

UDR2 ($D6)        Å  ʈʝʛʽʩʪʨ ʜʘʥʠʭ 

USART2 UDR3 ($136)        Å  ʈʝʛʽʩʪʨ ʜʘʥʠʭ 

USART3  

2.4 ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ  

 

ʉʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.5. 
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ʈʠʩʫʥʦʢ 2.5 τ ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ 

 

2.5 ʂʝʨʫʁʯʘ ʧʨʦʛʨʘʤʘ ʤʦʚʦʶ ɸʩʝʤʙʣʝʨ  

2.5.1 ʃʽʩʪʠʥʛ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʤʦʚʦʶ ɸʩʝʤʙʣʝʨ 

 

.nolist  ; ʜʠʨʝʢʪʠʚʘ ʚʽʜʢʣʶʯʘʻ ʛʝʥʝʨʘʮʽʶ ʢʦʜʫ ʚ ʣʽʩʪʠʥʛ,  

; ʪʦʙʪʦ ʜʘʣʽ ʫ ʬʘʡʣʽ *.lss ʥʝ ʙʫʜʝ ʬʽʢʩʫʚʘʪʠʩʷ ʘʩʝʤʙʣʝʨʥʠʡ ʢʦʜ 

.include "m8515def.inc" ; ʧʽʜʢʣʶʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʘʛʦʣʦʚʦʯʥʦʛʦ  

; ʬʘʡʣʫ ʜʣʷ ATmega8515 
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.list ; ʜʠʨʝʢʪʠʚʘ ʚʢʣʶʯʘʻ ʛʝʥʝʨʘʮʽʶ ʢʦʜʫ ʚ ʣʽʩʪʠʥʛ,  

; ʪʦʙʪʦ ʜʘʣʽ ʫ ʬʘʡʣʽ *.lss ʙʫʜʝ ʬʽʢʩʫʚʘʪʠʩʷ ʘʩʝʤʙʣʝʨʥʠʡ ʢʦʜ 

.equ fCK = 8000000 ; ʯʘʩʪʦʪʘ ʚ ʛʝʨʮʘʭ 

.equ BAUD = 9600 ; ʰʚʠʜʢʽʩʪʴ ʜʣʷ ʋʉɸʇʇ ʫ ʙʦʜʘʭ 

.equ UBRR_value = (fCK/(BAUD*16))-1; ʨʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʥʷ ʜʣʷ        

;ʨʝʛʽʩʪʨʘ  UBRR 

.cseg    ;ʜʠʨʝʢʪʠʚʘ ʚʠʟʥʘʯʝʥʥʷ, ʱʦ ʜʘʣʽ ʽʜʝ ʢʦʜ ʧʨʦʛʨʘʤʠ 

.org 0    ;ʜʠʨʝʢʪʠʚʘ ʚʠʟʥʘʯʝʥʥʷ, ʱʦ  ʢʦʜ ʧʨʦʛʨʘʤʠ  

 ; ʟʘʧʠʩʘʥʦ ʫ FLASH-ʧʘʤô̫ ʪ̔ ʪʘ  ʙʫʜʝ ʨʦʟʤʽʱʝʥʦ ʟ ʥʫʣʴʦʚʦʾ ʘʜʨʝʩʠ  

; ʂʆɼ ʆʉʅʆɺʅʆɰ ʇʈʆɻʈɸʄʀ 

Start: ; (ʙʣʦʢ 0) 

; ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʟ ʤʽʪʢʠ init_USART 

rcall init_USART ; (ʙʣʦʢ 1) ʚʽʜʥʦʩʥʠʡ ʚʠʢʣʠʢ ʧʽʜʧʨʦʛʨʘʤʠ ʽʥʽʮʽʘʣʽʟʘʮʽʾ 

; ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʨʪʫ ʉ ʥʘ ʧʝʨʝʜʘʯʫ  

LDI R16, 0xFF  ; (ʙʣʦʢ 2) R16ă 0xFF  

OUT DDRC, R16  ; (ʙʣʦʢ 2) DDRCă R16  

; ʦʪʨʠʤʘʥʥʷ ʪʦʛʦ, ʱʦ ʚʽʜʧʨʘʚʠʚ ʚʽʨʪʫʘʣʴʥʠʡ ʪʝʨʤʽʥʘʣ (ʙʣʦʢ 3) 

rcall USART_recieve ; (ʙʣʦʢ 3) ʚʽʜʥʦʩʥʠʡ ʚʠʢʣʠʢ ʧʽʜʧʨʦʛʨʘʤʠ ʟ ʤʽʪʢʠ  

   ; USART_recieve  

; (ʙʣʦʢ 4) ʚʠʚʝʜʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʚʽʜ ʪʝʨʤʽʥʘʣʫ ʩʠʤʚʦʣʫ ʥʘ ʩʚʽʪʣʦʜʽʦʜʠ  

OUT PORTC, R16 ; (ʙʣʦʢ 4) PORTCăR16  

;(ʙʣʦʢ 5) ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʨʪʫ ɸ ʥʘ ʧʨʠʡʦʤ ʚʽʜ ʢʥʦʧʦʢ 
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LDI R16, 0x00  ; (ʙʣʦʢ 5) R16ă0x00  

OUT DDRA, R16  ; (ʙʣʦʢ 5) DDRɸă R16  

;(ʙʣʦʢ 6) ʯʠʪʘʥʥʷ ʩʪʘʥʫ ʢʥʦʧʦʢ ʚ ʨʝʛʽʩʪʨ R16 

in R16, PINA  ; (ʙʣʦʢ 6) R16ă PINA  

;(ʙʣʦʢ 7) ʚʠʚʝʜʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʚʽʜ ʢʥʦʧʦʢ ʥʘ ʩʚʽʪʣʦʜʽʦʜʠ  

OUT PORTC, R16 ; (ʙʣʦʢ 7) PORTCăR16  

;(ʙʣʦʢ 8)  ʚʠʚʝʜʝʥʥʷ ʩʪʘʥʫ ʢʥʦʧʦʢ ʥʘ ʦʩʮʠʣʦʛʨʘʬ ʪʘ ʪʝʨʤʽʥʘʣ 

;(ʧʽʜʧʨʦʛʨʘʤʘ ʟ ʤʽʪʢʦʶ USART_send)  

rcall USART_send ; (ʙʣʦʢ 8) ʚʽʜʥʦʩʥʠʡ ʚʠʢʣʠʢ ʧʽʜʧʨʦʛʨʘʤʠ ʟ ʤʽʪʢʠ  

             ; USART_ send 

; (ʙʣʦʢ 1) ʇɯɼʇʈʆɻʈɸʄɸ ɯʅɯʎɯɸʃɯɿɸʎɯɰ ʄʆɼʋʃʗ USART init_USART: 

; ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʤʽʥʫ 9600ʙʦʜ 

ldi   R16, high(UBRR_value) ; (ʙʣʦʢ 1) R16ăʩʪʘʨʰʠʡ ʙʘʡʪ UBRR_value  

out   UBRRH, R16           ; (ʙʣʦʢ 1) UBRRHăR16  

ldi   R16, low(UBRR_value)       ; (ʙʣʦʢ 1) R16ăʤʦʣʦʜʰʠʡ ʙʘʡʪ UBRR_value  

out   UBRRL, R16               ; (ʙʣʦʢ 1) UBRRLăR16  

; ʜʦʟʚʽʣ ʨʦʙʦʪʠ ʧʨʠʡʤʘʯʘ-ʧʝʨʝʜʘʚʘʯʘ ʤʦʜʫʣʷ USART  

ldi   R16, (1<<RXEN)|(1<<TXEN)|(0<<RXCIE)|(0<<TXCIE)|(0<<UDRIE) 

out   UCSRB, R16            ; (ʙʣʦʢ 1) UCSRBăR16  

; ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʝʨʝʜʘʯʽ ʚʦʩʴʤʠ ʙʽʪ, ʟ ʧʝʨʝʚʽʨʢʦʶ ʥʘ ʥʝʧʘʨʥʽʩʪʴ, 

; ʚ ʘʩʠʥʭʨʦʥʦʤʫ ʨʝʞʠʤʽ, ʟ ʦʜʥʠʤ ʩʪʦʧ-ʙʽʪʦʤ 

ldi   R16, (1<< URSEL)|(1<<UPM1)|(1<<UPM0)|(1<< UCSZ1)|(1<< UCSZ0) 
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out   UCSRC, R16   ; (ʙʣʦʢ 1) UCSRCă R16  

ret          ; (ʙʣʦʢ 1) ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤʠ ʽʥʽʮʽʘʣʽʟʘʮʽʾ  

; ʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʤʦʜʫʣʴ USART 

USART_send: 

out   UDR, R16        ; (ʙʣʦʢ 8) ʨʝʛʽʩʪʨ ʜʘʥʠʭ UDRă R16  

sending:           

; ʯʝʢʘʥʥʷ ʟʘʚʝʨʰʝʥʥʷ ʧʝʨʝʜʘʯʽ 

sbis  UCSRA, TXC        ; (ʙʣʦʢ 8) ʷʢʱʦ ʙʽʪ TXC = 1, ʪʦ ʥʘʩʪʫʧʥʘ ;ʢʦʤʘʥʜʘ      

; ʧʨʦʧʫʩʢʘʻʪʴʩʷ, ʽʥʘʢʰʝ  ï  ʥʘʩʪʫʧʥʘ ʢʦʤʘʥʜʘ  

rjmp  sending  ; (ʙʣʦʢ 8) ʙʝʟʫʤʦʚʥʠʡ ʧʝʨʝʭʽʜ ʥʘ ʤʽʪʢʫ sending 

ret             ; (ʙʣʦʢ 8) ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤʠ  

USART_recieve: 

sbis  UCSRA, RXC          ; (ʙʣʦʢ 3) ʷʢʱʦ ʙʽʪ RXC = 1 (ʚ ʙʫʬʝʨʽ ʇʈʄ ʻ  

; ʦʪʨʠʤʘʥʠʡ ʙʘʡʪ) , ʪʦ ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʢʦʤʘʥʜʘ,  

; ʽʥʘʢʰʝ ʥʘʩʪʫʧʥʘ ʢʦʤʘʥʜʘ  

rjmp  USART_recieve ; (ʙʣʦʢ 3) ʙʝʟʫʤʦʚʥʠʡ ʧʝʨʝʭʽʜ ʥʘ ʤʽʪʢʫ  

; USART_recieve  

in  R16, UDR  ; (ʙʣʦʢ 3) R16ăUDR (ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ 

; ʨʝʛʽʩʪʨ  R16 ʦʪʨʠʤʘʥʦʛʦ ʙʘʡʪʘ ʚʽʜ ʪʝʨʤʽʥʘʣʘ  

ret             ; (ʙʣʦʢ 3) ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤʠ  

END Start             ; (ʙʣʦʢ 9) 
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2.5.2 ʂʦʤʧʽʣʷʮʽʷ ʨʦʙʦʯʦʾ ʧʨʦʛʨʘʤʠ ʪʘ ʦʪʨʠʤʘʥʥʷ hex-ʬʘʡʣʫ 

 

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ AVR ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ, 

ʥʘʧʨʠʢʣʘʜ, Microchip Studio 7; 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 AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʤʠ, ʪʘʢ ʽ ʟ ʩʠʩʪʝʤʘʤʠ ʟ ARM-ʘʨʭʽʪʝʢʪʫʨʦʶ. ʋ [3] 

ʦʧʠʩʘʥʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʻʢʪʫ ʚ ʮʴʦʤʫ ʩʝʨʝʜʦʚʠʱ,̔ 

ʢʦʤʧʽʣʷʮʽʶ ʧʨʦʛʨʘʤʠ, ʩʪʚʦʨʝʥʥʷ hex-ʬʘʡʣʫ ʪʘ ʡʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʧʘʤôʷʪʴ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

 

2.6 ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʚ ʧʘʢʝʪʽ PROTEUS  

2.6.1 ʅʘʣʘʰʪʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʨʤʽʥʘʣʫ 

 

ɼʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʨʤʽʥʘʣʫ (Terminal) ʪʨʝʙʘ ʜʚʽʯʽ ʥʘʪʠʩʥʫʪʠ 

ʥʘ ʥʴʦʛʦ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ, ʪʘ ʟʨʦʙʠʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʛʽʜʥʦ ʟʘʚʜʘʥʥʷ. ʅʠʞʯʝ ʥʘ 

ʨʠʩʫʥʢʫ 2.6 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʽ ʰʚʠʜʢʽʩʪʶ 9600 ʙʽʪ/ʩʝʢ 

ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʘʚʘʪʠ ʥʘʩʪʫʧʥʫ ʽʥʬʦʨʤʘʮʽʶ: 8 ʙʽʪ ʜʘʥʠʭ ʪʘ ʦʜʠʥ ʩʪʦʧ-ʙʽʪ ʟ 

ʧʝʨʝʚʽʨʢʦʶ ʥʘ ʥʝʧʘʨʥʽʩʪʴ.  

 

ʈʠʩʫʥʦʢ 2.6 τ ʅʘʣʘʰʪʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʨʤʽʥʘʣʘ 
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ɼʣʷ ʥʘʣʘʰʪʦʚʫʚʘʥʥʷ ʧʝʨʝʚʽʨʢʠ ʥʘ ʧʘʨʥʽʩʪʴ ʘʙʦ ʥʝʧʘʨʥʽʩʪʴ ʪʨʝʙʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʦʧʮʽʶ Parity.  

 

2.6.2 ʅʘʣʘʰʪʫʚʘʥʥʷ ʩʚʽʣʦʜʽʦʜʽʚ ʥʘ ʮʠʬʨʦʚʠʡ ʨʝʞʠʤ 

 

ɼʣʷ ʥʘʣʘʰʪʫʚʘʪʠ ʩʚʽʣʦʜʽʦʜʽʚ ʥʘ ʮʠʬʨʦʚʠʡ ʨʝʞʠʤ ʪʨʝʙʘ ʜʚʽʯʽ ʢʣʽʢʥʫʪʠ ʥʘ ʥʠʭ 

ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʪʘ ʦʙʨʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʮʠʬʨʦʚʠʡ ʨʝʞʠʤ (ʨʠʩʫʥʦʢ 2.7). 

 

ʈʠʩʫʥʦʢ 2.7 τ ʅʘʣʘʰʪʫʚʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜʽʚ ʥʘ ʮʠʬʨʦʚʠʡ ʨʝʞʠʤ 

 

2.6.3 ɿʘʧʫʩʢ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ɼʣʷ ʟʘʧʫʩʢʫ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʝʙʘ ʥʘʪʠʩʥʫʪʠ çStart VSM Debuggingè 

(ʨʠʩʫʥʦʢ 2.8). 

 

ʈʠʩʫʥʦʢ 2.8 τ ɿʘʧʫʩʢ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ 
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2.6.4 ɺʩʪʘʥʦʚʣʝʥʥʷ ʜʚʦʭ ʪʦʯʦʢ ʟʫʧʠʥʢʠ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ 

 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʚʦʭ ʪʦʯʦʢ ʟʫʧʠʥʢʠ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ 

ʥʘʪʠʩʢʘʻʪʴʩʷ ʢʥʦʧʢʘ çPause VSM Debuggingè. ʋ ʚʢʣʘʜʮʽ çSource Codeè 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʚʽ ʪʦʯʢʠ ʟʫʧʠʥʢʠ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʜʚʽʯʽ 

ʢʣʘʮʥʫʪʠ ʟ ʣʽʚʦʾ ʩʪʦʨʦʥʠ ʜʚʦʭ ʢʦʤʘʥʜ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.9. 

 

 ʈʠʩʫʥʦʢ 2.9 τ ɺʩʪʘʥʦʚʣʝʥʥʷ ʜʚʦʭ ʪʦʯʦʢ ʟʫʧʠʥʢʠ  

 

2.6.5  ɺʚʝʜʝʥʥʷ ʩʠʤʚʦʣʫ, ʷʢʠʡ ʥʘʜʩʠʣʘʻʪʴʩʷ ʚʽʜ ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʨʤʽʥʘʣʫ 

 

ʋ ʨʘʟʽ ʚʚʝʜʝʥʥʷ ʩʠʤʚʦʣʫ ʚʽʜ ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʨʤʽʥʘʣʫ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ 

ʥʘʩʪʫʧʥʝ:  

1) ʫ ʚʽʢʥʽ çVirtual Terminalè ʥʘʪʠʩʢʘʥʥʷʤ ʧʨʘʚʦʾ ʢʥʦʧʢʠ ʤʠʰʽ ʦʙʠʨʘʶʪʴʩʷ: 

çHex Display Modè ʪʘ çEcho Typed Charactersè (ʨʠʩʫʥʦʢ 2.10). ʗʢʱʦ ʚʽʢʥʦ 

Virtual Terminal ʟʘʢʨʠʪʦ, ʪʦ ʡʦʛʦ ʤʦʞʥʘ ʚʽʜʢʨʠʪʠ  ʽʟ ʚʢʣʘʜʢʠ Debug.  
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ʈʠʩʫʥʦʢ 2.10 τ ɺʩʪʘʥʦʚʣʝʥʥʷ ʦʧʮʽʡ ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʨʤʽʥʘʣʘ 

2) ʚʠʢʦʥʘʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʩʮʠʣʦʛʨʘʬʘ ʟʛʽʜʥʦ ʨʠʩʫʥʢʦʤ 2.11. 

 

ʈʠʩʫʥʦʢ 2.11 τ ʅʘʣʘʰʪʫʚʘʥʥʷ ʦʩʮʠʣʦʛʨʘʬʘ 

3) ʥʘʪʠʩʥʫʪʠ çRun Simulationè (F12). 

4) ʧʝʨʝʜ ʚʚʝʜʝʥʥʷʤ ʩʠʤʚʦʣʫ ʫ ʚʽʢʥʽ ʪʝʨʤʽʥʘʣʫ ʧʦʚʠʥʝʥ ʩʪʦʷʪʠ ʢʫʨʩʦʨ. 

5) ʚʚʝʩʪʠ ʩʠʤʚʦʣ, ʷʢʠʡ ʥʘʜʩʠʣʘʻʪʴʩʷ ʚʽʜ ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʨʤʽʥʘʣʫ ʜʦ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʯʝʨʝʟ ʋɸʇʇ. ʉʠʤʚʦʣ, ʷʢʠʡ ʚʚʦʜʠʪʴʩʷ ʟ ʢʣʘʚʽʘʪʫʨʠ, ʚʽʨʪʫʘʣʴʥʠʡ 

ʪʝʨʤʽʥʘʣ ʧʝʨʝʪʚʦʨʶʻ ʚ ASCII-ʢʦʜ ʟʛʽʜʥʦ ʪʘʙʣʠʮʽ 2.10.  

ʅʘʧʨʠʢʣʘʜ, ʚʚʦʜʠʪʴʩʷ ʮʠʬʨʘ 7, ASCII-ʢʦʜ ʷʢʦʾ 37 (hex) = 0011 0111 (bin), ʚ ʫ 

ʪʘʙʣʠʮʽ  2.10 ʚʠʜʽʣʝʥʦ ʞʦʚʪʠʤ ʢʦʣʴʦʨʦʤ.  

ʊʘʙʣʠʮʷ 2.10 τ ʂʦʜ ASCII 

DEC HEX  CHAR DEC HEX CHAR DEC HEX CHAR DEC HEX CHAR 

0 0   53 35 5 106 6A j 159 9F  ̒

1 1   54 36 6 107 6B k 160 A0  ͊

2 2   55 37 7 108 6C l 161 A1  ͋

˽͍͔ͪͦ͒ͦ͗ͤͤΎ ͙ͭ͊͋͡ͼ͜ о 



46 
 

 
 

3 3   56 38 8 109 6D m 162 A2  ͍

4 4   57 39 9 110 6E n 163 A3  ͎

5 5   58 3A : 111 6F o 164 A4  ͒

6 6   59 3B ; 112 70 p 165 A5  ͔

7 7   60 3C < 113 71 q 166 A6  ͗

8 8   61 3D = 114 72 r 167 A7  ͘

9 9   62 3E > 115 73 s 168 A8  ͙

10 A   63 3F ? 116 74 t 169 A9  ͚

DEC HEX  CHAR DEC HEX CHAR DEC HEX CHAR DEC HEX CHAR 

11 B   64 40 @ 117 75 u 170 AA  ͟

12 C   65 41 A 118 76 v 171 AB  ͡

13 D   66 42 B 119 77 w 172 AC  ˸

14 E   67 43 C 120 78 x 173 AD  ͤ

15 F   68 44 D 121 79 y 174 AE  ͦ

16 10   69 45 E 122 7A z 175 AF  ͨ

17 11   70 46 F 123 7B { 176 B0 Ʊ 

18 12   71 47 G 124 7C |  177 B1 Ʋ 

19 13   72 48 H 125 7D } 178 B2 Ƴ 

20 14   73 49 I 126 7E ~ 179 B3  

21 15   74 4A J 127 7F  180 B4 Ƌ 

22 16   75 4B K 128 80  s 181 B5 Ơ 

23 17   76 4C L 129 81  x 182 B6 ơ 

24 18   77 4D M 130 82  ʕ 183 B7 ƕ 

25 19   78 4E N 131 83  ˥ 184 B8 Ɣ 

26 1A   79 4F O 132 84  ˨ 185 B9 Ƣ 

27 1B   80 50 P 133 85  ˩ 186 BA Ɛ 

28 1C  81 51 Q 134 86  ˬ 187 BB Ɩ  

29 1D  82 52 R 135 87  ˭ 188 BC Ɯ  

30 1E  83 53 S 136 88  ˮ 189 BD ƛ  

31 1F  84 54 T 137 89  ˯ 190 BE ƚ  
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32 20  85 55 U 138 8A  ˴ 191 BF   

33 21 ! 86 56 V 139 8B  ˶ 192 C0   

34 22 ά 87 57 W 140 8C  ˸ 193 C1 ƍ  

35 23 # 88 58 X 141 8D  ˹ 194 C2 ƌ  

36 24 $ 89 59 Y 142 8E  ˻ 195 C3 Ɗ  

37 25 % 90 5A Z 143 8F  ˽ 196 C4   

38 26 & 91 5B [ 144 90  ˾ 197 C5 Ǝ  

39 27 ¡ 92 5C \  145 91  ˿ 198 C6 Ɲ  

DEC HEX  CHAR DEC HEX CHAR DEC HEX CHAR DEC HEX CHAR 

40 28 ( 93 5D ] 146 92  ́ 199 C7 ƞ  

41 29 ) 94 5E ^ 147 93  ̂ 200 C8 ƙ  

42 2A *  95 5F ς 148 94  ̅ 201 C9 Ɠ  

43 2B + 96 60 Ψ 149 95  ̆ 202 CA ƨ  

44 2C ¡ 97 61 a 150 96  ̇ 203 CB ƥ  

45 2D D 98 62 b 151 97  ̉ 204 CC Ɵ  

46 2E . 99 63 c 152 98  ̊ 205 CD Ə  

47 2F /  100 64 d 153 99  ̋ 206 CE ƫ  

48 30 0 101 65 e 154 9A  ̌ 207 CF Ʀ  

49 31 1 102 66 f 155 9B  ̍ 208 D0 Ƨ  

50 32 2 103 67 g 156 9C  ̎ 209 D1 ƣ  

51 33 3 104 68 h 157 9D  ̏ 210 D2 Ƥ  

212 D4 Ƙ 224 E0  ͪ 236 EC Έ 248 F8  ˲  

213 D5 Ƒ 225 E1  ͫ 237 ED Ή 249 F9  ͝  

214 D6 ƒ 226 E2  ͭ 238 EE Ό 250 FA  ̃  

215 D7 ƪ 227 E3  ͯ 239 EF Ύ 251 FB  ʹ  

216 D8 Ʃ 228 E4  ͅ 240 F0 > 252 FC Ȟ  

217 D9  229 E5 ͻ 241 F1  ͖ 253 FD ч  

218 DA  230 E6 ͼ 242 F2  ˧ 254 FE ƴ  

219 DB Ʈ 231 E7 ; 243 F3  ͐ 255 FF   

220 DC ƭ 232 E8  ̊ 244 F4  ̐     

˽͍͔ͪͦ͒ͦ͗ͤͤΎ ͙ͭ͊͋͡ͼ͜ о 
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ʇʨʦʛʨʘʤʘ ʧʝʨʝʡʜʝ ʥʘ ʨʷʜʦʢ, ʜʝ ʚʩʪʘʥʦʚʣʝʥʦ ʧʝʨʰʫ ʪʦʯʢʫ ʟʫʧʠʥʫ.  

ʋ ʚʢʣʘʜʮʽ ʟʽ ʩʭʝʤʦʶ Schematic Capture ʥʘ ʩʚʽʪʣʦʜʽʦʜʘʭ ʪʘ ʦʩʮʠʣʦʛʨʘʬʽ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʩʠʤʚʦʣ, ʷʢʠʡ ʧʨʠʡʥʷʪʦ ʚʽʜ ʪʝʨʤʽʥʘʣʫ ʯʝʨʝʟ ʚʠʭʦʜʠ ʧʦʨʪʫ ʉ                       

(ʨʠʩʫʥʦʢ 2. 12). 

 

ʈʠʩʫʥʦʢ 2.12 τ ɺʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʩʚʽʪʣʦʜʽʦʜʘʭ ʪʘ ʦʩʮʠʣʦʛʨʘʬʽ ʩʠʤʚʦʣʫ 7, 

ʷʢʠʡ ʧʨʠʡʥʷʪʦ ʚʽʜ ʪʝʨʤʽʥʘʣʫ 

ʉʚʽʪʣʦʜʽʦʜʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʙʽʥʘʨʥʠʡ ʢʦʜ ʩʠʤʚʦʣʫ, ʷʢʠʡ ʤʠ ʧʨʠʡʥʷʣʠ ʚʽʜ 

ʪʝʨʤʽʥʘʣʫ (ʷʢʱʦ ʜʠʚʠʪʠʩʷ ʟʥʠʟʫ ʫʚʝʨʭ, ʘ ʙʽʥʘʨʥʝ ʯʠʩʣʦ ʯʠʪʘʪʠ ʟʣʽʚʘ ʥʘ ʧʨʘʚʦ), ʥʫʣʴ 

ï ʩʚʽʪʣʦʜʽʦʜ ʚʠʤʢʥʝʥʦ, ʦʜʠʥʠʮʷ ï ʩʚʽʪʣʦʜʽʦʜ ʫʚʽʤʢʥʝʥʦ (ʧʨʠʡʥʷʪʦ ʩʠʤʚʦʣ                           

00110111ʚ = 37h). ʅʠʞʥʽʡ (ʯʝʨʚʦʥʠʡ) ʣʫʯ ʦʩʮʠʣʦʛʨʘʬʘ ʪʘʢʦʞ ʚʽʨʥʦ ʚʽʜʦʙʨʘʞʘʻ 

ʧʨʠʡʥʷʪʠʡ ʩʠʤʚʦʣ, ʷʢʠʡ ʙʫʣʦ ʧʝʨʝʜʘʥʦ ʚʽʜ ʪʝʨʤʽʥʘʣʫ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ                             

ʩʪʘʨʪ-ʩʪʦʧʥʦʤʫ ʨʝʞʠʤʽ. ʇʽʩʣʷ ʦʩʪʘʥʥʴʦʛʦ ʜʨʫʛʦʛʦ ʥʫʣʴʦʚʦʛʦ ʙʽʪʘ ʧʝʨʝʜ ʦʜʠʥʠʯʥʠʤ 

ʩʪʦʧ-ʙʽʪʦʤ ʽʜʝ ʦʜʠʥʠʯʥʠʡ ʙʽʪ, ʪʦʤʫ ʱʦ ʩʫʤʘ ʦʜʠʥʠʮʴ ʫ ʩʠʤʚʦʣʽ ʥʝʧʘʨʥʘ ʪʘ ʟʛʽʜʥʦ 

(2.1) ï P0DD = 1. ʗʢʱʦ ʤʠ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʪʝʨʤʽʥʘʣʫ ʧʝʨʝʜʘʻʤʦ ʮʠʬʨʫ 9, ASCII-ʢʦʜ 

ʷʢʦʾ  39 (hex) = 00111001 (bin), ʪʦ ʧʽʩʣʷ ʜʨʫʛʦʛʦ ʥʫʣʴʦʚʦʛʦ ʙʽʪʘ ʧʝʨʝʜ ʦʜʠʥʠʯʥʠʤ  

221 DD Ư 233 E9  ̋ 245 F5 Ί     

222 DE ư 234 EA  ̌ 246 F6  ˱     

223 DF Ƭ 235 EB  ̍ 247 F7 i     
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ʩʪʦʧ-ʙʽʪʦʤ ʽʜʝ ʪʨʝʪʽʡ ʥʫʣʴʦʚʠʡ ʙʽʪ, ʪʦʤʫ ʱʦ ʩʫʤʘ ʦʜʠʥʠʮʴ ʫ ʩʠʤʚʦʣʽ ʧʘʨʥʘ ʪʘ ʟʛʽʜʥʦ  

(2.1) ï P0DD = 0 (ʨʠʩʫʥʦʢ 2.13). 

 

ʈʠʩʫʥʦʢ 2.13 τ ɺʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʩʚʽʪʣʦʜʽʦʜʘʭ ʪʘ ʦʩʮʠʣʦʛʨʘʬʽ ʩʠʤʚʦʣʫ 9,  

ʷʢʠʡ ʧʨʠʡʥʷʪʦ ʚʽʜ ʪʝʨʤʽʥʘʣʫ 

 

2.6.6 ɺʚʝʜʝʥʥʷ ʩʠʤʚʦʣʫ, ʷʢʠʡ ʥʘʜʩʠʣʘʻʪʴʩʷ ʚʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʯʝʨʝʟ ʋɸʇʇ 

 

1) ʏʠʩʣʦ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʯʝʨʝʟ ʋɸʇʇ ʢʦʜʫʻʪʴʩʷ ʢʥʦʧʢʘʤʠ: 

ʟʘʤʢʥʝʥʘ ʢʥʦʧʢʘ ï ʥʫʣʴ, ʘ ʨʦʟʽʤʢʥʝʥʘ ï ʦʜʠʥʠʮʷ  (ʨʠʩʫʥʦʢ 2.14). 

 

ʈʠʩʫʥʦʢ 2.14 ï ʂʦʜʫʚʘʥʥʷ ʢʥʦʧʢʘʤʠ ʩʠʤʚʦʣʫ ʜʣʷ ʧʝʨʝʜʘʯʽ 

2) ʑʦʙ ʧʦʙʘʯʠʪʠ ʧʝʨʝʜʘʥʠʡ ʩʠʛʥʘʣ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ,  ʧʦʪʨʽʙʥʦ ʥʘʪʠʩʥʫʪʠ 

ʢʥʦʧʢʫ ʥʘ ʦʧʮʽʾ One-Shot (ʦʜʠʥ ʢʘʜʨ) (ʨʠʩʫʥʦʢ 2.11). 

3) ɼʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʟʥʦʚʫ ʥʘʪʠʩʢʘʻʪʴʩʷ çRun 

Simulationè. ʇʨʦʛʨʘʤʘ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʜʨʫʛʦʾ ʪʦʯʢʠ ʟʫʧʠʥʫ.  
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4) ʅʠʞʯʝ ʧʦʷʩʥʶʶʪʴʩʷ ʩʠʛʥʘʣʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ:                     

ʦʩʮʠʣʦʛʨʘʬ ʚʽʜʦʙʨʘʞʘʻ ʩʠʛʥʘʣʠ ʟʘ ʜʚʦʤʘ ʧʨʦʤʝʥʷʤʠ: ʚʝʨʭʥʽʡ (ʟʝʣʝʥʠʡ) ï ʩʠʛʥʘʣ, 

ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʢʥʦʧʦʢ, ʥʠʞʥʽʡ (ʯʝʨʚʦʥʠʡ) ï ʩʠʛʥʘʣ, ʷʢʠʡ ʧʨʠʡʤʘʻʪʴʩʷ ʚʽʜ 

ʪʝʨʤʽʥʘʣʫ: 37(hex) (ʨʠʩʫʥʦʢ 2.15).  

 

ʈʠʩʫʥʦʢ 2.15 ï ɺʽʜʦʙʨʘʞʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ: ʚʽʜ ʪʝʨʤʽʥʘʣʫ ï 

ʯʝʨʚʦʥʠʡ; ʚʽʜ ʄʂ (ʢʥʦʧʦʢ) ï ʟʝʣʝʥʠʡ 

ʇʝʨʰʠʡ ʧʝʨʝʧʘʜ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʢʥʦʧʦʢ, ʽʟ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʫ 

ʥʠʟʴʢʠʡ ï ʩʪʘʨʪ-ʙʽʪ. ʇʦʪʽʤ ʟʥʘʭʦʜʷʪʴʩʷ ʚʽʩʽʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʤʦʣʦʜʰʦʛʦ ʨʦʟʨʷʜʫ, ʷʢʽ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ, ʷʢ 01100101 (bin) = 65 (hex).  

5) ɼʘʣʽ ʨʦʟʛʣʷʥʫʪʦ ʱʝ ʦʜʠʥ ʧʨʠʢʣʘʜ, ʢʦʣʠ ʥʘ ʢʥʦʧʢʘʭ ʙʫʣʦ ʟʘʢʦʜʦʚʘʥʦ 

ʯʠʩʣʦ 67(hex) = 01100111(bin) (ʨʠʩʫʥʦʢ 2.16).  

 

ʈʠʩʫʥʦʢ 2.16 ï  ɺʽʜʦʙʨʘʞʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ:  ʚʽʜ ʪʝʨʤʽʥʘʣʫ ï ʯʝʨʚʦʥʠʡ,                                                     

ʚʽʜ ʄʂ (ʢʥʦʧʦʢ) ï ʟʝʣʝʥʠʡ 
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ʅʘ ʚʝʨʭʥʴʦʤʫ ʧʨʦʤʝʥʽ ʦʩʮʠʣʦʛʨʘʬʘ ʚʽʜʦʙʨʘʞʝʥʦ: ʧʝʨʰʠʡ ʥʫʣʴ ï ʩʪʘʨʪ-ʙʽʪ, 

ʧʦʪʽʤ ʪʨʠ ʦʜʠʥʠʮʽ ʪʘ ʦʜʠʥ ʥʫʣʴ ï ʮʝ ʯʠʩʣʦ 7 ʥʘ ʯʦʪʠʨʴʦʭ ʚʝʨʭʥʽʭ ʢʥʦʧʢʘʭ, ʜʘʣʽ ʡʜʝ 

ʥʫʣʴ, ʜʚʽ ʦʜʠʥʠʮʽ ʪʘ ʥʫʣʴ ï ʮʝ ʯʠʩʣʦ 6 ʥʘ ʯʦʪʠʨʴʦʭ ʥʠʞʥʽʭ ʢʥʦʧʢʘʭ, ʧʦʪʽʤ ʙʽʪ 

ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʧʘʨʥʦʩʪʽ ï ʦʜʠʥʠʮʷ, ʪʘ ʩʪʦʧ-ʙʽʪ ï ʦʜʠʥʠʮʷ (ʨʠʩʫʥʦʢ 2.17). 

 

ʈʠʩʫʥʦʢ 2.17 ï ʇʝʨʝʜʘʯʘ ʯʠʩʣʘ: 67 (hex) = 01100111 (bin) 

 

2.6.7 ɺʠʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ, ʷʢʫ ʚ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʙʫʣʦ 

ʟʘʜʘʥʦ ï 9600 ʙʽʪ/ʩʝʢ = 9600 ʧʦʩ/ʩʝʢ = 9600 ʙʦʜ, ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʪʘʢʘ ʨʦʟʛʦʨʪʢʘ 

ʩʠʛʥʘʣʫ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ, ʱʦʙ ʩʫʤʽʩʪʠʪʠ ʙʽʯʥʽ ʩʪʦʨʦʥʠ ʽʤʧʫʣʴʩʫ ʽʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ 

ʣʽʥʽʷʤʠ ʩʽʪʢʠ ʦʩʮʠʣʦʛʨʘʬʘ (ʨʠʩʫʥʦʢ 2.18). 

 

 

ʈʠʩʫʥʦʢ 2.18 ï ɺʠʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 2.18, ʪʨʠʚʘʣʽʩʪʴ ʦʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 

0,104 ʤʩ. ʗʢʱʦ ʨʦʟʜʽʣʠʪʠ ʦʜʠʥ ʙʽʪ ʥʘ ʮʝʡ ʯʘʩ, ʪʘ ʧʦʤʥʦʞʠʪʠ ʥʘ 1000, ʦʪʨʠʤʫʻʪʴʩʷ 

ʟʘʜʘʥʘ ʰʚʠʜʢʽʩʪʴ 

V = 
 Ȣ

 Ȣρπππωφππ 
̨̂̓

̒̆̋
. 

 

2.7 ʈʦʟʨʦʙʢʘ ʪʘ ʦʧʠʩ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʧʨʠʩʪʨʦʶ 

 

ʅʠʞʯʝ ʥʘ ʨʠʩʫʥʢʫ 2.19 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʝʣʝʢʪʨʠʯʥʫ ʩʪʨʫʢʪʫʨʥʫ ʧʨʠʩʪʨʦʶ 

ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʤʦʜʫʣʝʤ ʋɸʇʇ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ɸʊmega 8515 ʪʘ 

ʚʽʨʪʫʘʣʴʥʠʤ ʪʝʨʤʽʥʘʣʦʤ. ʆʩʥʦʚʥʠʤ ʚʫʟʣʦʤ ʩʪʨʫʢʪʫʨʠ ʻ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʷʢʠʡ 

ʢʝʨʫʻ ʦʙʤʽʥʦʤ ʽʥʬʦʨʤʘʮʽʻʶ. 

ʏʝʨʝʟ ʧʘʨʘʣʝʣʴʥʠʡ ʧʦʨʪ ʚʚʝʜʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʦʪʨʠʤʫʻ ʩʠʛʥʘʣʠ ʚʽʜ 

ʚʦʩʴʤʠ ʢʥʦʧʦʢ, ʷʢʠʤʠ ʢʦʜʫʻʪʴʩʷ ʙʘʡʪ ʜʣʷ ʧʝʨʝʜʘʯʽ. ʎʝʡ ʙʘʡʪ ʯʝʨʝʟ ʧʦʨʪ ʚʠʚʝʜʝʥʥʷ 

ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʩʚʽʪʣʦʜʽʦʜʽʚ. ʏʝʨʝʟ ʤʦʜʫʣʴ ʋɸʇʇ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʙʘʡʪ, ʷʢʠʡ 

ʟʘʢʦʜʦʚʘʥʦ ʢʥʦʧʢʘʤʠ, ʟ ʚʠʭʦʜʫ TxD1 ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ RxD1 ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʪʝʨʤʽʥʘʣʘ ʫ ʧʦʩʣʽʜʦʚʥʦʤʫ ʘʩʠʥʭʨʦʥʥʦʤʫ ʩʪʘʨʪ-ʩʪʦʧʥʦʤʫ ʨʝʞʠʤʽ. ʎʝʡ ʙʘʡʪ ʪʘʢʦʞ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʝʢʨʘʥʽ ʦʩʮʠʣʦʛʨʘʬʘ.  

ɿ ʚʠʭʦʜʫ TxD2 ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʨʤʽʥʘʣʫ ʫ ʧʦʩʣʽʜʦʚʥʦʤʫ ʘʩʠʥʭʨʦʥʥʦʤʫ                      

ʩʪʘʨʪ-ʩʪʦʧʥʦʤʫ ʨʝʞʠʤʽ ʥʘ ʚʭʽʜ RxD2 ʤʦʜʫʣʷ ʋɸʇʇ ʧʦʜʘʻʪʴʩʷ ASCII-ʢʦʜ ʩʠʤʚʦʣʫ, 

ʷʢʠʡ ʚʚʦʜʠʪʴʩʷ ʟ ʢʣʘʚʽʘʪʫʨʠ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧ`ʶʪʝʨʘ. ʎʝʡ ʢʦʜ ʪʘʢʦʞ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʝʢʨʘʥʽ ʦʩʮʠʣʦʛʨʘʬʘ. 

ʂʚʘʨʮʦʚʠʡ ʨʝʟʦʥʘʪʦʨ (ʂʈ) ʚʠʟʥʘʯʘʻ ʯʘʩʪʦʪʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, 

ʩʭʝʤʫ ʷʢʦʛʦ ʚʙʫʜʦʚʘʥʦ ʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ. 

ʉʭʝʤʘ ʩʢʠʜʘʥʥʷ (ʉʉʂʀɼ) ʬʦʨʤʫʻ ʩʠʛʥʘʣ çRESETè (ʉʂʀɼɸʅʅʗ), ʷʢʠʡ 

ʟʘʧʫʩʢʘʻ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʦʾ ʧʨʦʛʨʘʤʠ ʩʧʦʯʘʪʢʫ. ʎʝʡ ʩʠʛʥʘʣ ʬʦʨʤʫʻʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʞʠʚʣʝʥʥʷ, ʘʙʦ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʢʥʦʧʢʠ ʂʉʂʀɼ. 
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ʀʟʤ. ʃʠʩʪ ˉ ɼʦʢʫʤ. ʇ̔ʜʧʠʩ ɼʘʪʘ

ʈʦʟʨʦʙʠʚ

ʇʝʨʝʚ̔ʨʠʚ

ʊ. ʢʦʥʪʨ.

ʅ. ʢʦʥʪʨ.

ɿʘʪʚʝʨʜʠʚ

ʃʠʪʝʨʘ

ʃʠʩʪ  ʃʠʩʪ̔ʚ 1

ʄʘʩʩʘ ʄʘʩhʪʘʙ 

˹́̂̂ ζ˴˽˱η ̅˱˻  ́
˥ͪͯͨ  ͊s˱-ͻͻ

́

ʇʨʠʩʪʨ̔ʡ ʦʙʤ̔ʥʫ ̔ʥʬʦʨʤʘʮ̔̒  ʁʤ̔ʞ 

ʤʦʜʫʣʝʤ ʋɸʇʇ ʪʘ ʚ̔ʨʪʫʘʣɹʥʠʤ 

ʪʝʨʤ̔ʥʘʣʦʤ 

ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʥʘ 

˽ʕˤ ˽ʕ ˮʕ

̂s˽˽

1

2

8

.

.

.

1˴

2˴

8˴

.

.

.

1
2
3
4
5
6
7
8

1

2

8

˸˴

˴˾ ˿˿˴ˮ˨

RxD2   10

TxD1   9

˿˨ 11

˿˨ 12

˿˨ 18

.

.

.

˻˿̇
9 TxD1   
10 TxD2   

ˤ́
10 TxD2   

9 RxD1   

˨ˬ

...

1˴. ˴ 2,Χ, 8˴  ɐ  ͟ ͙ͤͦͨ͟
˴˾  ɐ  ͟ ͍͊ ͼ͍͙ͪͦ  ͚͔ͪ ͦͤ͊ͭͦͪ͘
˿˿˴ˮ  ˨ ɐ  ͫ ͻ͔ͣ͊  ͙ͫ͒͊ͤ͟ Ύͤ
˴˹ ˿˴ˮ˨   ɐ ͟ ͤͦͨ͟  ͙͊ͫ͒͊ͤ͟ Ύͤ
˸  ˴ ɐ  ͣ ͪ͜͟ ͔ͦͦͤͭͪͦͪ͟͡
˽ʕ  ʕ ɐ  ͨ ͦͪ  ͍͍ͭ ͔͔͒ͤ Ύͤ
˽ʕ ˮʕ  ɐ  ͨ ͦͪ  ͙͍ͭ ͍͔͔͒ͤͤΎ
̂s˽˽   ɐ  ͯ ͍ͤ͜ ͔ͪͫ͊ Έͤ͡  ͦͫ͊ ͙ͤͻ͙ͪͦͤͤ  ͚ͪͨ ͙͚ͣ͊;-͔͔͍ͨͪ͒͊͊;
 ˿ 1˨,˿˨ 2,Χ,˿˨ 8  ɐ  ͫ ͍ͭͦ͒ͦ͜͜͡ ͙͒
˻˿  ̇ ɐ  ͦ ͼ͙͎ͫͦͪ͊͡ͅ
ˤ́  ɐ  ͍ ͪͭ͜ ͯ͊ Έ͙͚ͤ͡ ͔ͭͪͣ ͤ͊͜ ͡
˨ˬ   ɐ  ͒ ͔͗ ͔ͪͦ͡ ͙͍͔͗ͤͤ͡Ύ
˴˶   ɐ  ͟ ͍͊͊͜͡ ͭͯͪ ͊

˴˶

˴˹ ˿˴ˮ˨

 

ʈʠʩʫʥʦʢ 2.19 ï ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʥʘ ʧʨʠʩʪʨʦʶ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʤʦʜʫʣʝʤ ʋɸʇʇ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ɸʊmega 8515 ʪʘ ʚʽʨʪʫʘʣʴʥʠʤ ʪʝʨʤʽʥʘʣʦʤ 
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2.8 ʈʦʟʨʦʙʢʘ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʦ ʨʦʙʦʪʠ 

 

ʇʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ ʪʘ ʽʥʰʽ ʪʝʢʩʪʦʚʽ ʜʦʢʫʤʝʥʪʠ ʜʦ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʫ  Word ʟʛʽʜʥʦ ʧʝʨʝʣʽʢʫ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 1.3 ʤʝʪʦʜʠʯʢʠ 

ʜʦ ʚʠʢʦʥʘʥʥʷ ʂʇ. 
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3  ʇʈʆɭʂʊʋɺɸʅʅʗ ʇʈʀʉʊʈʆʖ ʂɽʈʋɺɸʅʅʗ ɼɺʀɻʋʅʆʄ 

ʇʆʉʊɯʁʅʆɻʆ ʉʊʈʋʄʋ 

3.1 ɿʘʚʜʘʥʥʷ  

 

ɺʠʢʦʥʘʪʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ: 

1) ʨʦʟʨʦʙʠʪʠ, ʥʘʚʝʩʪʠ ʪʘ ʦʧʠʩʘʪʠ ʨʦʙʦʯʫ ʤʦʜʝʣʴ ʚ ʧʘʢʝʪʽ PROTEUS; 

2) ʟʨʦʙʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʐɯʄ-ʤʦʜʫʣʷ; 

3) ʨʦʟʨʦʙʠʪʠ ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ; 

4) ʨʦʟʨʦʙʠʪʠ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʤʦʚʦʶ ɸʩʝʤʙʣʝʨ; 

5) ʨʦʟʨʦʙʠʪʠ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʤʦʚʦʶ ʉ; 

6) ʚʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʚ ʧʘʢʝʪʽ PROTEUS: 

ï  ʥʘʚʝʩʪʠ çʩʢʨʽʥʰʦʪʠè, ʷʢʽ ʧʦʷʩʥʶʶʪʴ ʨʦʙʦʪʫ ʤʦʜʝʣʽ ʪʘ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʩʭʝʤʠ 

ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʪʘ ʨʦʙʦʯʦʾ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ; 

7) ʨʦʟʨʦʙʠʪʠ ʪʘ ʦʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʧʨʠʩʪʨʦʶ; 

8) ʨʦʟʨʦʙʠʪʠ ʧʦʷʩʥʶʚʘʣʴʥʫ ʟʘʧʠʩʢʫ ʪʘ ʽʥʰʽ ʪʝʢʩʪʦʚʽ ʜʦʢʫʤʝʥʪʠ ʜʦ 

ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ ʫ Word ʟʛʽʜʥʦ ʧʝʨʝʣʽʢʫ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 

1.3 ʮʽʻʾ ʤʝʪʦʜʠʯʢʠ.  

ɺʠʭʽʜʥʽ ʜʘʥʽ: 

ï ʪʠʧ ʄʂ-ʨʘ: ɸʊ mega 128; 

ï ʥʦʤʝʨ ʪʘʡʤʝʨʘ: T/C1; 

ï ʯʘʩʪʦʪʘ ʚʠʭʽʜʥʦʛʦ ʐɯʄ-ʩʠʛʥʘʣʫ: fʰʽʤ = 25 ʢɻʮ; 

ï ʯʘʩʪʦʪʘ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʽʜʩʠʩʪʝʤʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ:                                           

fCLK  I/0 = 16 Mɻʮ; 

ï ʰʧʘʨʫʚʘʪʽʩʪʴ ʐɯʄ-ʩʠʛʥʘʣʫ: Qʰʽʤ = 2; 

ï ʨʝʞʠʤ ʨʦʙʦʪʠ ʤʦʜʫʣʷ ʐɯʄ: Phase and Frequency Correct PWM; 

ï ʣʽʥʽʷ ʧʦʨʪʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʥʘ ʷʢʽʡ ʬʦʨʤʫʻʪʴʩʷ ʐɯʄ-ʩʠʛʥʘʣ, ï PB5; 

ï ʚʠʜ ʚʠʭʽʜʥʦʛʦ ʐɯʄ-ʩʠʛʥʘʣʫ ï ʽʥʚʝʨʪʦʚʘʥʠʡ. 
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ʈʦʟʨʘʭʫʚʘʪʠ: 

ï ʢʦʝʬʽʮʽʻʥʪ ʜʽʣʝʥʥʷ ʧʝʨʝʜʜʽʣʴʥʠʢʘ: ʂʜʽʣ. = N; 

ï ʤʦʜʫʣʴ ʣʽʯʙʠ: ʊʆʈ; 

ï ʧʝʨʽʦʜ ʐɯʄ-ʩʠʛʥʘʣʫ: TPɺ5; 

ï ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʐɯʄ-ʩʠʛʥʘʣʫ: tʽʤʧPɺ5; 

ï ʰʧʘʨʫʚʘʪʽʩʪʴ: Q. 

 

3.2 ʈʦʟʨʦʙʢʘ ʪʘ ʦʧʠʩ ʨʦʙʦʯʦʾ ʤʦʜʝʣʽ  

3.2.1 ʈʦʙʦʯʘ ʤʦʜʝʣʴ ʧʨʠʩʪʨʦʶ 

 

ʈʦʙʦʯʫ ʤʦʜʝʣʴ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩʫʥʢʫ 3.1. 

 

ʈʠʩʫʥʦʢ 3.1 τ ʉʭʝʤʘ ʨʦʙʦʯʦʾ ʤʦʜʝʣʽ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 
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3.2.2 ʆʧʠʩ ʤʦʜʝʣʽ 

 

ɿ ʣʽʚʦʛʦ ʙʦʢʫ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʢʥʦʧʢʠ ʢʝʨʫʚʘʥʥʷ: K1, K2, K3, K4, ʥʘ ʷʢʽ ʯʝʨʝʟ 

ʨʝʟʠʩʪʦʨʠ R1, R2, R3, R4 ʚʽʜʧʦʚʽʜʥʦ, ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ. ʋ ʧʨʘʚʦʤʫ 

ʥʠʞʥʴʦʤʫ ʢʫʪʽ ʟʦʙʨʘʞʝʥʦ ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (DC Motor), ʘ ʪʨʦʭʠ ʣʽʚʽʰʝ ï 

ʤʽʢʨʦʩʭʝʤʫ L293D, ʯʝʨʝʟ ʷʢʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʢʝʨʫʻ ʜʚʠʛʫʥʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ                 

ʐɯʄ-ʩʠʛʥʘʣʫ. ɺ ʷʢʦʩʪʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʦʙʨʘʥʦ ʤʽʢʨʦʩʭʝʤʫ ATmega128, ʷʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʨʘʚʦʤʫ ʢʫʪʽ ʤʦʜʝʣʽ.  

ɿʦʚʥʽʰʥʽ ʨʝʟʠʩʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʚ ʩʝʨʝʜʝʥʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʚʭʽʜʥʠʭ ʣʽʥʽʷʭ ʥʝ ʧʽʜʢʣʶʯʝʥʽ ʚʥʫʪʨʽʰʥʽ 

ʧʽʜʪʷʛʫʶʯʽ ʨʝʟʠʩʪʦʨʠ.  

ʅʘ ʨʠʩʫʥʢʫ 3.2 ʥʘʚʝʜʝʥʦ ʟʙʽʣʴʰʝʥʠʡ ʚʠʛʣʷʜ ʢʥʦʧʦʢ ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʦʨʷʜʦʢ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ.  

 

ʈʠʩʫʥʦʢ 3.2 τ ʇʦʨʷʜʦʢ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʥʦʧʦʢ ʢʝʨʫʚʘʥʥʷ 

̂ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʢʥʦʧʢʠ ʻ ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʠʤʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽ ʣʽʥʽʾ ʧʦʨʪʫ B (ʈB) ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʧʦʜʘʶʪʴʩʷ ʚʠʩʦʢʽ ʨʽʚʥʽ ʥʘʧʨʫʛʠ, 

ʪʦʙʪʦ ʣʦʛʽʯʥʽ ʦʜʠʥʠʮʽ. ʂʦʣʠ ʢʥʦʧʢʠ ʟʘʤʠʢʘʶʪʴʩʷ, ʥʘ ʚʭʦʜʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ʧʦʜʘʶʪʴʩʷ ʥʠʟʴʢʽ ʨʽʚʥʽ ʥʘʧʨʫʛʠ, ʪʦʙʪʦ ʣʦʛʽʯʥʽ ʥʫʣʽ. ʇʝʨʝʤʠʢʘʥʥʷ ʩʠʛʥʘʣʫ ʟ 

ʣʦʛʽʯʥʦʛʦ ʥʫʣʷ ʫ ʣʦʛʽʯʥʫ ʦʜʠʥʠʮʶ ʚʽʜ ʦʙʨʘʥʦʾ ʢʥʦʧʢʠ ʩʧʨʠʡʤʘʻʪʴʩʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ ʷʢ ʚʽʜʧʦʚʽʜʥʠʡ ʩʠʛʥʘʣ ʢʝʨʫʚʘʥʥʷ. 

ʂʥʦʧʢʘ K1 (çStartStop Lineè) ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʤʠʢʘʥʥʷ ʪʘ ʚʠʤʠʢʘʥʥʷ ʜʚʠʛʫʥʘ. 

ʊʦʙʪʦ ʢʦʣʠ ʜʚʠʛʫʥ ʚʠʤʢʥʝʥʦ, ʪʦ ʚʦʥʘ ʡʦʛʦ ʚʚʽʤʢʥʝ. ʂʦʣʠ ʜʚʠʛʫʥ ʚʚʽʤʢʥʝʥʠʡ ʪʘ 

ʦʙʝʨʪʘʻʪʴʩʷ, ʪʦ ʚʦʥʘ ʡʦʛʦ ʚʠʤʢʥʝ. ʂʥʦʧʢʫ K1 ʧʽʜʢʣʶʯʝʥʦ ʜʦ 12-ʛʦ ʚʠʚʦʜʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ï PB2, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ  ʷʢ ʚʭʽʜ. 
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ʂʥʦʧʢʘ K2 (çReverseOrder Lineè) ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʤʽʥʫ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ 

ʜʚʠʛʫʥʘ. ʆʜʥʝ ʥʘʪʠʩʢʘʥʥʷ ï ʦʜʥʘ ʟʤʽʥʘ ʥʘʧʨʷʤʢʫ. ʇʦʪʨʽʙʥʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ 

ʜʚʠʛʫʥ ʧʨʠʩʪʨʽʡ ʽʥʝʨʮʽʡʥʠʡ. ɺʽʥ ʥʝ ʤʦʞʝ ʟʫʧʠʥʠʪʠʩʷ ʤʠʪʪʻʚʦ ʪʘ ʦʜʨʘʟʫ ʧʦʯʘʪʠ 

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 ʧʽʜʢʣʶʯʝʥʦ ʜʦ 13-ʛʦ ʚʠʚʦʜʫ ATmega128, ʘ ʩʘʤʝ ʜʦ PB3, ʷʢʠʡ 

ʧʦʧʝʨʝʜʥʴʦ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦ ʷʢ ʚʭʽʜ. 

ʂʥʦʧʢʘ K3 (çSpeedUp Lineè) ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

ʜʚʠʛʫʥʘ ʰʣʷʭʦʤ ʧʦʩʪʫʧʦʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʰʧʘʨʫʚʘʪʦʩʪʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʧʦʩʪʽʡʥʦʾ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʥʘʧʨʫʛʠ ʽʤʧʫʣʴʩʥʦʛʦ ʐɯʄ-ʩʠʛʥʘʣʘ ʜʦ ʤʘʢʩʠʤʫʤʫ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 

ʘʤʧʣʽʪʫʜʽ ʽʤʧʫʣʴʩʘ ï ʟʥʘʯʝʥʥʶ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʥʘ ʚʠʚʦʜʽ VS ʤʽʢʨʦʩʭʝʤʠ L293D 

(ʨʠʩʫʥʦʢ 3.3).   

 

ʈʠʩʫʥʦʢ 3.3 τ ʌʦʨʤʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʐɯʄ-ʩʠʛʥʘʣʫ 

ʆʩʢʽʣʴʢʠ ʜʚʠʛʫʥ ʽʥʝʨʮʽʡʥʠʡ, ʪʦ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʝ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ, ʘ ʧʦʩʪʫʧʦʚʦ, ʽ ʧʦʪʨʝʙʫʻ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, ʱʦʙ ʚʠʡʪʠ ʥʘ 

ʥʦʚʠʡ ʧʨʦʛʨʘʤʥʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʽʚʝʥʴ. ʂʥʦʧʢʫ K3 ʧʽʜʢʣʶʯʝʥʦ ʜʦ 14-ʛʦ ʚʠʚʦʜʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ï PB4, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ  ʷʢ ʚʭʽʜ.  
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ʂʥʦʧʢʘ K4 (çSpeedDown Lineè) ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ, ʜʣʷ ʯʦʛʦ ʚʦʥʘ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʻ ʰʧʘʨʫʚʘʪʽʩʪʴ ʪʘ ʟʤʝʥʰʫʻ 

ʟʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʥʘʧʨʫʛʠ ʽʤʧʫʣʴʩʥʦʛʦ  ʐɯʄ-ʩʠʛʥʘʣʘ                        

(ʨʠʩʫʥʦʢ 3.3).  

ʏʝʨʝʟ ʽʥʝʨʮʽʡʥʽʩʪʴ ʜʚʠʛʫʥʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʥʝ ʩʪʨʠʙʢʘʤʠ, 

ʘ ʧʦʩʪʫʧʦʚʦ ʽ ʚʠʤʘʛʘʻ ʜʣʷ ʩʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. ʂʥʦʧʢʫ K4 

ʧʽʜʢʣʶʯʝʥʦ ʜʦ 16-ʛʦ ʚʠʚʦʜʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ï PB6,  ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ ʷʢ ʚʭʽʜ.  

ʅʘ ʨʠʩʫʥʢʫ 3.4 ʥʘʚʝʜʝʥʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʤʽʢʨʦʩʭʝʤʠ L293D 

(ʜʨʘʡʚʝʨʘ ʐɯʄ ʩʠʛʥʘʣʫ).  

 

ʈʠʩʫʥʦʢ 3.4 τ ʇʽʜʢʣʶʯʝʥʥʷ ʤʽʢʨʦʩʭʝʤʠ L293D ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ATmega128 

ɼʦ ʚʭʦʜʽʚ IN1 ʪʘ IN2 ʮʽʻʾ ʤʽʢʨʦʩʭʝʤʠ  ʧʽʜʢʣʶʯʝʥʽ ʚʠʚʦʜʠ 10 ʪʘ 11 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ: PB0 ʪʘ PB1, ʷʢʽ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʷʢ ʚʠʭʦʜʠ.  

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʤʙʽʥʘʮʽʾ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʥʘ ʮʠʭ ʚʭʦʜʘʭ ï ʥʫʣʴ ʘʙʦ 

ʦʜʠʥʠʮʷ, ʜʚʠʛʫʥ ʙʫʜʝ ʘʙʦ ʩʪʦʷʪʠ, ʘʙʦ ʦʙʝʨʪʘʪʠʩʴ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ.  

15-ʡ ʚʠʚʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ï PB5 ʟʘʧʨʦʛʨʘʤʦʚʘʥʦ ʷʢ ʚʠʭʽʜ ʽ ʧʽʜʢʣʶʯʝʥʦ ʜʦ 

ʚʭʦʜʫ EN1 ʤʽʢʨʦʩʭʝʤʠ L293D. ɿ ʮʴʦʛʦ ʚʠʭʦʜʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʟʥʽʤʘʻʪʴʩʷ                      

ʐɯʄ-ʩʠʛʥʘʣ. ɺʭʽʜ  EN1 ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʙʦʪʫ ʧʝʨʰʦʾ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ ʫ ʩʢʣʘʜʽ 
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ʤʽʢʨʦʩʭʝʤʠ  (ʜʠʚ. ʧʧ. 3.2.3.4). ʂʦʣʠ ʥʘ ʥʴʦʤʫ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ,  ʥʘ ʧʝʨʰʠʡ ʤʽʩʪ 

ʧʦʜʘʻʪʴʩʷ ʞʠʚʣʝʥʥʷ, ʷʢʝ ʧʽʜʚʝʜʝʥʦ ʜʦ ʚʠʚʦʜʫ VS ʤʽʢʨʦʩʭʝʤʠ (ʨʠʩʫʥʦʢ 3.4).  

ʂʦʣʠ ʥʘ ʚʭʦʜʽ EN1 ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ, ʥʘ ʧʝʨʰʠʡ ʤʽʩʪ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʥʝ 

ʧʦʜʘʻʪʴʩʷ. ɿʘʚʜʷʢʠ ʐɯʄ-ʩʠʛʥʘʣʫ ʥʘ ʮʴʦʤʫ ʚʭʦʜʽ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ. 

ɼʚʘ ʚʭʦʜʠ GND ʤʽʢʨʦʩʭʝʤʠ L293D ʟʘʟʝʤʣʝʥʦ. ʅʘ ʚʭʽʜ VSS (ʨʠʩʫʥʦʢ 3.4) 

ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʩʘʤʦʾ ʤʽʢʨʦʩʭʝʤʠ, ʘ ʥʘ ʚʭʽʜ VS ï ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ 

ʜʚʠʛʫʥʘ.  

ʅʘ ʨʠʩʫʥʢʫ 3.5 ʟʦʙʨʘʞʝʥʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʘ ʜʦ ʤʽʢʨʦʩʭʝʤʠ L293D. 

 

ʈʠʩʫʥʦʢ 3.5 τ ʇʽʜʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʘ ʜʦ ʤʽʢʨʦʩʭʝʤʠ L293D  

ɼʚʠʛʫʥ ʧʽʜʢʣʶʯʝʥʦ ʜʦ 3 ʪʘ 6 ʚʠʚʦʜʽʚ 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 ï OUT1 ʯʠ OUT2 ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ 

ʞʠʚʣʝʥʥʷ, ʘ ʥʘ ʽʥʰʠʡ ʥʝ ʧʦʜʘʻʪʴʩʷ, ʚʠʥʠʢʥʝ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ. ʎʝ ʚʠʢʣʠʯʝ 

ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʦʙʤʦʪʢʦʶ ʟʙʫʜʞʝʥʥʷ ʜʚʠʛʫʥʘ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʽʥ ʧʦʯʥʝ 

ʦʙʝʨʪʘʪʠʩʷ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 3.5 ʚ ʤʦʜʝʣʽ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʽ IN1 ʧʦʟʥʘʯʝʥʦ ʯʝʨʚʦʥʠʤ 

ʢʦʣʴʦʨʦʤ, ʪʦʙʪʦ ʚʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʧʦʜʘʥʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ (ʣʦʛʽʯʥʫ ʦʜʠʥʠʮʶ). 

ʉʠʛʥʘʣ ʥʘ ʚʭʦʜʽ IN2 ʧʦʟʥʘʯʝʥʦ ʩʠʥʽʤ ʢʦʣʴʦʨʦʤ, ʪʦʙʪʦ ʧʦʜʘʻʪʴʩʷ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ï 

ʣʦʛʽʯʥʠʡ ʥʫʣʴ. ɿʘ ʪʘʢʦ  ʁ ʢʦʤʙʽʥʘʮʽʻʶ ʥʘ ʚʭʦʜʘʭ IN1 ʪʘ IN2 ʜʚʠʛʫʥ ʧʦʯʠʥʘʻ 
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ʦʙʝʨʪʘʪʠʩʷ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ. ʇ̔ ʜ ʯʘʩ ʧʨʦʪʠʣʝʞʥʦ ʾʢʦʤʙʽʥʘʮ̔ ʾ ʜʚʠʛʫʥ ʙʫʜʝ 

ʦʙʝʨʪʘʪʠʩʷ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ. ɿʘ ʦʜʥʘʢʦʚʠʭ ʩʠʛʥʘʣʘʭ ʥʘ ʚʭʦʜʘʭ IN1 ʪʘ 

IN2 ʜʚʠʛʫʥ ʦʙʝʨʪʘʪʠʩʷ ʥʝ ʙʫʜʝ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3.6é3.9 ʥʘʚʝʜʝʥʦ ʜʝʷʢʽ ʬʨʘʛʤʝʥʪʠ, ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʨʦʙʦʪʫ 

ʤʦʜʝʣʽ. 

 

ʈʠʩʫʥʦʢ 3.6 τ ʉʪʘʥ ʤʦʜʝʣʽ ʧʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ çʩʪʘʨʪ/ʩʪʦʧè 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.7 τ ʉʪʘʥ ʤʦʜʝʣʽ ʧʽʩʣʷ ʘʢʪʠʚʘʮʽʾ ʨʝʞʠʤʫ ʨʝʚʝʨʩʫ 

 

ʈʠʩʫʥʦʢ 3.8 τ ʅʘʣʘʰʪʫʚʘʥʥʷ ʦʩʮʠʣʦʛʨʘʬʘ 
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 q = 2 

 

 

 q < 2 

 

 q > 2 

ʈʠʩʫʥʦʢ 3.9 τ ʐɯʄ-ʩʠʛʥʘʣ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʜʚʠʛʫʥ                                    

(ʰʧʘʨʫʚʘʪʽʩʪʴ q = 2, q < 2, q > 2) 

ʅʘ ʨʠʩʫʥʢʫ 3.10 ʥʘʚʝʜʝʥʦ ʩʪʘʥ ʫʩʽʻʾ ʩʠʩʪʝʤʠ ʧʽʩʣʷ ʟʘʧʫʩʢʫ ʩʮʝʥʘʨʽʶ. 

ʐʧʘʨʫʚʘʪʽʩʪʴ ʐɯʄ-ʩʠʛʥʘʣʫ ʜʦʨʽʚʥʶʻ 2, ʘʣʝ ʜʚʠʛʫʥ ʥʝ ʦʙʝʨʪʘʻʪʴʩʷ, ʪʦʤʫ ʱʦ                       

IN1 =  IN2 = 0. 

 

ʈʠʩʫʥʦʢ 3.10 τ ʉʪʘʥ ʫʩʽʻʾ ʩʠʩʪʝʤʠ ʧʽʩʣʷ ʟʘʧʫʩʢʫ ʩʮʝʥʘʨʽʶ  
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3.2.3 ʆʧʠʩ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʽ 

3.2.3.1 ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ 

 

ɼʣʷ  ʢʦʥʪʨʦʣʶ ʪʘ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʧʦʢʣʘʜʝʥʦ ʥʘ ʤʦʜʝʣʴ,  ʙʫʣʦ 

ʦʙʨʘʥʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʩʽʤ`ʾ AVR ï ATmega 128.  

ʅʘ ʨʠʩʫʥʢʫ 3.11 ʥʘʚʝʜʝʥʦ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʪʘ ʧʦʟʥʘʯʝʥʥʷ ʚʠʚʦʜʽʚ ʮʴʦʛʦ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ.  

 

ʈʠʩʫʥʦʢ 3.11 τ ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʪʘ ʧʦʟʥʘʯʝʥʥʷ ʚʠʚʦʜʽʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ɺʽʥ ʻ ʤʘʣʦʧʦʪʫʞʥʠʤ 8-ʨʦʟʨʷʜʥʠʤ ʂʄʆH-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ, ʷʢʠʡ ʤʘʻ 

ʨʦʟʰʠʨʝʥʫ RISC-ʘʨʭʽʪʝʢʪʫʨʫ. ʁʦʛʦ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʦʧʠʩ ʚʠʚʦʜʽʚ 

ʨʦʟʛʣʷʥʫʪʦ ʫ [2]. 

 

3.2.3.2 ʄʦʜʫʣʴ ʪʘʡʤʝʨʘ  

 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʦʜʫʣʴ ʪʘʡʤʝʨʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʷʢʠʡ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ 

ʤʦʜʫʣʷʮʽʾ.  

ʈʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʤʽʥʦʶ 

ʰʧʘʨʫʚʘʪʦʩʪʽ ʢʝʨʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʧʦʩʪʽʡʥʦʾ 
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ʩʢʣʘʜʦʚʦʾ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ (ʨʠʩʫʥʦʢ 3.3). ʏʠʤ ʤʝʥʰʝ ʰʧʘʨʫʚʘʪʽʩʪʴ, ʘ 

ʚʽʜʧʦʚʽʜʥʦ ʙʽʣʴʰʝ ʚʝʣʠʯʠʥʘ ʚʽʜʥʦʰʝʥʥʷ çʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ/ʧʝʨʽʦʜè, ʪʠʤ ʙʽʣʴʰʘ 

ʥʘʧʨʫʛʘ ʥʘʜʭʦʜʠʪʴ ʥʘ ʜʚʠʛʫʥ, ʷʢʠʡ ʙʫʜʝ ʦʙʝʨʪʘʪʠʩʴ ʽʟ ʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ. 

 

3.2.3.3 ɼʚʠʛʫʥ 

 

ɺ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʈʝʛʫʣʶʚʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʟʘʟʚʠʯʘʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʚʘʥʥʷ 

ʢʝʨʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʫ ʚʠʛʣʷʜʽ ʩʠʛʥʘʣʽʚ ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʶ ʤʦʜʫʣʷʮʽʻʶ. 

ʇʦʜʽʙʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʩʝʨʝʜʥʶ ʚʝʣʠʯʠʥʫ ʧʦʪʫʞʥʦʩʪʽ,  ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʜʚʠʛʫʥ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʯʠʤ ʙʽʣʴʰʝ ʚʝʣʠʯʠʥʘ ʚʽʜʥʦʰʝʥʥʷ 

çʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ/ʧʝʨʽʦʜè (ʤʝʥʰʝ ʰʧʘʨʫʚʘʪʽʩʪʴ), ʪʠʤ ʙʽʣʴʰʘ ʧʦʪʫʞʥʽʩʪʴ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʜʚʠʛʫʥ. 

ʏʘʩʪʦʪʘ ʩʠʛʥʘʣʫ ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʶ ʤʦʜʫʣʷʮʽʻʶ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ    

20 ʢɻʮ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʟʚʫʢʦʚʽ ʝʬʝʢʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʬʦʨʤʫʚʘʥʥʷʤ 

ʟʚʫʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʩʘʤʠʤ ʜʚʠʛʫʥʦʤ ʧʨʠ ʟʤʽʥʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʷʢʝ ʚ ʥʴʦʤʫ 

ʫʪʚʦʨʶʻʪʴʩʷ [2]. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʐɯʄ-ʩʠʛʥʘʣʽʚ ʚ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʫʣʴ ʪʘʡʤʝʨʘ 

(T/C1) ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

 

3.2.3.4 ɼʨʘʡʚʝʨ ʐɯʄ 

 

ɼʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʜʧʦʚʽʜʥʦʾ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ ï ʜʨʘʡʚʝʨʘ, ʷʢʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.12.  

ʇʦʜʽʙʥʫ ʩʭʝʤʫ ʤʘʶʪʴ ʜʨʘʡʚʝʨʠ ʜʚʠʛʫʥʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʫ 

ʩʠʛʥʘʣʠ, ʧʦʪʫʞʥʽʩʪʴ ʷʢʠʭ ʜʦʩʪʘʪʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ. 
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ʈʠʩʫʥʦʢ 3.12 τ ʄʦʩʪʦʚʘ ʩʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʜʦ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ʆʢʨʽʤ ʧʽʜʩʠʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ʜʨʘʡʚʝʨʠ ʢʝʨʫʶʪʴ ʟʤʽʥʦʶ 

ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʽʚ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʩʭʝʤ ʜʨʘʡʚʝʨʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʷʢ 

ʧʦʪʫʞʥʽʩʪʶ, ʪʘʢ ʽ ʝʣʝʤʝʥʪʥʦʶ ʙʘʟʦʶ, ʥʘ ʷʢʽʡ ʚʦʥʠ ʚʠʢʦʥʘʥʽ. 

ɺ ʤʦʜʝʣʽ ʟʘʩʪʦʩʦʚʘʥʦ ʜʨʘʡʚʝʨ, ʷʢʠʡ ʚʠʢʦʥʘʥʦ ʫ ʚʠʛʣʷʜʽ ʛʦʪʦʚʦʾ ʜʦ ʨʦʙʦʪʠ 

ʤʽʢʨʦʩʭʝʤʠ ï L293D. ɰʾ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.13. 

 

ʈʠʩʫʥʦʢ 3.13 τ ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʽʢʨʦʩʭʝʤʠ L293D 

ʄʽʢʨʦʩʭʝʤʘ L293D ʚʢʣʶʯʘʻ ʜʚʘ ʜʨʘʡʚʝʨʠ ʪʘ ʤʦʞʝ ʢʝʨʫʚʘʪʠ ʜʚʦʤʘ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʊʘʢʦʞ ʤʽʢʨʦʩʭʝʤʘ  ʟʘʙʝʟʧʝʯʫʻ 

ʨʦʟʜʽʣʝʥʝ ʞʠʚʣʝʥʥʷ ʜʣʷ ʩʘʤʦʾ ʤʽʢʨʦʩʭʝʤʠ ʪʘ ʜʣʷ ʢʝʨʦʚʘʥʠʭ ʥʝʶ ʜʚʠʛʫʥʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʽʜʢʣʶʯʘʪʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ ʟ ʙʽʣʴʰʦʶ ʥʘʧʨʫʛʦʶ ʞʠʚʣʝʥʥʷ, ʯʠʤ ʫ 

ʤʽʢʨʦʩʭʝʤʠ. ʈʦʟʜʽʣʝʥʥʷ ʞʠʚʣʝʥʥʷ ʤʽʢʨʦʩʭʝʤʠ ʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʥʝʦʙʭʽʜʥʝ ʪʘʢʦʞ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʚʘʜ, ʷʢʽ ʚʠʢʣʠʢʘʥʦ ʩʪʨʠʙʢʘʤʠ ʥʘʧʨʫʛʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʙʦʪʦʶ 

ʜʚʠʛʫʥʽʚ. 

ʆʙʠʜʚʘ ʜʨʘʡʚʝʨʠ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʩʢʣʘʜ ʤʽʢʨʦʩʭʝʤʠ ʤʘʶʪʴ ʽʜʝʥʪʠʯʥʽ 

ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ, ʪʦʤʫ ʥʠʞʯʝ ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʣʠʰʝ ʦʜʥʦʛʦ ʟ ʥʠʭ, 

ʩʧʨʦʱʝʥʠʡ ʚʠʜ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ  3.14. 
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ʈʠʩʫʥʦʢ 3.14 τ ʉʧʨʦʱʝʥʠʡ ʚʠʜ ʜʨʘʡʚʝʨʘ ʤʽʢʨʦʩʭʝʤʠ L293D 

ɼʦ ʚʠʭʦʜʽʚ OUTPUT1 ʪʘ OUTPUT2 ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ MOTOR1. ɺʭʽʜ ENABLE1, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʚʽʤʢʥʝʥʥʷ ʜʨʘʡʚʝʨʘ, 

ʧʽʜʢʣʶʯʘʶʪʴ ʜʦ ʜʦʜʘʪʥʦʛʦ ʧʦʣʶʩʫ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ: +5V. ʗʢʱʦ ʧʨʠ ʮʴʦʤʫ 

ʚʽʜʧʦʚʽʜʥʽ ʢʝʨʫʶʯʽ ʩʠʛʥʘʣʠ ʥʘ ʚʭʦʜʠ INPUT1 ʪʘ INPUT2 ʥʝ ʧʦʜʘʶʪʴʩʷ, ʪʦ ʜʚʠʛʫʥ 

ʦʙʝʨʪʘʪʠʩʷ ʥʝ ʙʫʜʝ. 

ʗʢʱʦ ʚʭʽʜ INPUT1 ʟôʻʜʥʘʪʠ ʟ ʜʦʜʘʪʥʠʤ ʧʦʣʶʩʦʤ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʘ ʚʭʽʜ 

INPUT2 ï ʟ ʚʽʜôʻʤʥʠʤ, ʪʦ ʜʚʠʛʫʥ ʧʦʯʥʝ ʦʙʝʨʪʘʪʠʩʷ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ. 

ʗʢʱʦ ʟôʻʜʥʘʪʠ ʚʭʽʜ INPUT1 ʟ ʚʽʜ`ʻʤʥʠʤ ʧʦʣʶʩʦʤ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ, ʘ ʚʭʽʜ 

INPUT2  ï ʟ ʜʦʜʘʪʥʠʤ, ʪʦ ʜʚʠʛʫʥ ʧʦʯʥʝ ʦʙʝʨʪʘʪʠʩʷ ʚ ʽʥʰʫ ʩʪʦʨʦʥʫ. 

ʗʢʱʦ ʥʘ ʢʝʨʫʶʯʽ ʚʭʦʜʠ INPUT1 ʪʘ INPUT2 ʧʦʜʘʪʠ ʩʠʛʥʘʣʠ ʦʜʥʦʛʦ ʨʽʚʥʷ, 

ʪʦʙʪʦ ʧʽʜôʻʜʥʘʪʠ ʦʙʠʜʚʘ ʚʭʦʜʠ ʜʦ ʜʦʜʘʪʥʦʛʦ ʧʦʣʶʩʫ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʘʙʦ ʜʦ 

ʚʽʜ`ʻʤʥʦʛʦ, ʪʦ ʜʚʠʛʫʥ ʦʙʝʨʪʘʪʠʩʷ ʥʝ ʙʫʜʝ. 

ʗʢʱʦ ʧʨʠʙʨʘʪʠ ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ ʟʽ ʚʭʦʜʫ ENABLE1, ʪʦ ʟʘ ʙʫʜʴ-ʷʢʠʭ 

ʚʘʨʽʘʥʪʘʭ ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʦʜʘʭ INPUT1 ʪʘ INPUT2 ʜʚʠʛʫʥ ʪʘʢʦʞ ʦʙʝʨʪʘʪʠʩʷ ʥʝ ʙʫʜʝ. 

ʅʘ ʚʭʽʜ ENABLE1 ʧʦʜʘʻʪʴʩʷ ʽʤʧʫʣʴʩʥʠʡ ʐɯʄ-ʩʠʛʥʘʣ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ ʤʦʜʫʣʝʤ 

ʪʘʡʤʝʨʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ɿʤʽʥʶʶʯʠ ʰʧʘʨʫʚʘʪʽʩʪʴ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʤʠ ʟʤʽʥʶʻʤʦ 

ʧʦʩʪʽʡʥʫ ʩʢʣʘʜʦʚʫ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʤʽʥʶʻ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ. ʅʘ ʨʠʩʫʥʢʫ  3.15 ʧʦʢʘʟʘʥʦ ʥʫʤʝʨʘʮʽʶ ʪʘ ʧʦʟʥʘʯʝʥʥʷ ʚʠʚʦʜʽʚ                              

ʤʽʢʨʦʩʭʝʤʠ L293D. 

 

ʈʠʩʫʥʦʢ 3.15 τ ʅʫʤʝʨʘʮʽʷ ʪʘ ʧʦʟʥʘʯʝʥʥʷ ʚʠʚʦʜʽʚ ʤʽʢʨʦʩʭʝʤʠ L293D 
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ʅʠʞʯʝ ʦʧʠʩʘʥʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʚʦʜʽʚ ʤʽʢʨʦʩʭʝʤʠ: 

ï ʚʭʦʜʠ ENABLE1 ʪʘ ENABLE2 ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʚʤʠʢʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʜʨʘʡʚʝʨʘ, ʱʦ ʚʭʦʜʠʪʴ ʫ ʩʢʣʘʜ ʤʽʢʨʦʩʭʝʤʠ. ʅʘ ʮʽ ʚʭʦʜʠ ʧʦʜʘʻʪʴʩʷ        

ʐɯʄ-ʩʠʛʥʘʣ; 

ï ʚʭʦʜʠ INPUT1 ʪʘ INPUT2 ʢʝʨʫʶʪʴ ʥʘʧʨʷʤʦʤ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ, ʷʢʠʡ 

ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʚʠʭʦʜʽʚ OUTPUT1 ʪʘ OUTPUT2; 

ï ʚʭʦʜʠ INPUT3 ʪʘ INPUT4 ʢʝʨʫʶʪʴ ʥʘʧʨʷʤʦʤ ʦʙʝʨʪʘʥʥʷ ʜʨʫʛʦʛʦ 

ʜʚʠʛʫʥʘ, ʷʢʠʡ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʚʠʭʦʜʽʚ OUTPUT3 ʪʘ OUTPUT4; 

ï ʢʦʥʪʘʢʪ Vs ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. ʁʦʛʦ ʟôʻʜʥʫʶʪʴ ʟ 

ʜʦʜʘʪʥʠʤ ʧʦʣʶʩʦʤ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʽʚ ʘʙʦ ʧʨʦʩʪʦ ʟ ʜʦʜʘʪʥʠʤ 

ʧʦʣʶʩʦʤ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʤʽʢʨʦʩʭʝʤʠ, ʷʢʱʦ ʩʭʝʤʘ ʽ ʜʚʠʛʫʥʠ 

ʞʠʚʣʷʪʴʩʷ ʚʽʜ ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ; 

ï ʢʦʥʪʘʢʪ Vss ʟôʻʜʥʫʶʪʴ ʟ ʜʦʜʘʪʥʠʤ ʧʦʣʶʩʦʤ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. ʎʝʡ 

ʢʦʥʪʘʢʪ ʟʘʙʝʟʧʝʯʫʻ ʞʠʚʣʝʥʥʷ ʩʘʤʦʾ ʤʽʢʨʦʩʭʝʤʠ; 

ï ʯʦʪʠʨʠ ʢʦʥʪʘʢʪʠ GND ʟôʻʜʥʫʶʪʴ ʟ çʟʝʤʣʝʶè (ʩʧʽʣʴʥʠʤ ʜʨʦʪʦʤ ï

ʚʽʜô̒ ʤʥʠʤ 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:  4,5...36 ɺ; 

ï ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʤʽʢʨʦʩʭʝʤʠ Vss: +5 ɺ; 

ï ʜʦʧʫʩʪʠʤʠʡ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʞʝʥ ʢʘʥʘʣ: 600 ʤɸ; 

ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ ʥʘ ʚʠʭʦʜʽ ʥʘ ʢʦʞʝʥ ʢʘʥʘʣ: 1,2 ɸ; 

ï ʣʦʛʽʯʥʠʡ ʥʫʣʴ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ: ʜʦ 1,5 ɺ; 

ï ʣʦʛʽʯʥʘ ʦʜʠʥʠʮʷ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ: 2,3...7 ɺ; 

ï ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʠʢʘʥʴ: ʜʦ 5 ʢɻʮ; 

ï ʤʽʢʨʦʩʭʝʤʘ ʤʘʻ ʟʘʭʠʩʪ ʚʽʜ ʧʝʨʝʛʨʽʚʫ. 
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ɯʥʰʠʡ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʘʩʥʦʚʘʥʦ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʩʪʦʚʠʭ ʩʭʝʤ ʪʠʧʫ L298N [1; 2]. ʎʝ ʜʚʦʢʘʥʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ 

ʧʨʘʮʶʻ ʚʽʜ ʊʊʃʐ-ʨʽʚʥʽʚ ʟ ʥʘʧʨʫʛʦʶ ʜʦ 46 ɺ ʪʘ ʩʪʨʫʤʦʤ ʜʦ 2 ɸ ʥʘ ʢʦʞʝʥ ʢʘʥʘʣ.  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦ 5ɸ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʦʙʤʦʪʢʫ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʥʘ ʚʠʭʽʜ ʩʭʝʤʠ 

ʧʽʜʢʣʶʯʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʧʘʨʠ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʰʫʥʪʫʶʯʠ ʾʭ ʟʘʭʠʩʥʠʤʠ ʜʽʦʜʘʤʠ [1].  

ɿʘʭʠʩʥʽ ʜʽʦʜʠ 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 3.14 ʩʭʝʤʘ ʜʨʘʡʚʝʨʽʚ ʤʽʩʪʠʪʴ ʟʘʭʠʩʥ ̔ʜʽʦʜʠ. ʎʽ ʜʽʦʜʠ 

ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʟʘʭʠʩʪʫ ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʢʣʶʯʽʚ ʫ ʩʢʣʘʜʽ ʜʨʘʡʚʝʨʽʚ ʚʽʜ ʜʦʜʘʪʥʠʭ ʽ 

ʚʽʜôʻʤʥʠʭ ʧʘʨʘʟʠʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʜʦʩʠʪʴ ʚʠʩʦʢʦʾ ʘʤʧʣʽʪʫʜʠ, ʷʢʽ ʟôʷʚʣʷʶʪʴʩʷ ʥʘ 

ʦʙʤʦʪʢʘʭ ʜʚʠʛʫʥʘ ʧʨʠ ʢʦʤʫʪʘʮʽʾ ʦʙʤʦʪʦʢ. ɼʦʜʘʪʥʽ ʽʤʧʫʣʴʩʠ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʟʘʧʠʨʘʥʥʽ (ʚʠʤʠʢʘʥʥʽ) ʢʣʶʯʽʚ, ʘ ʚʽʜôʻʤʥʽ ï ʧʨʠ ʚʢʣʶʯʝʥʥʽ. ʄʝʭʘʥʽʟʤ ʚʠʥʠʢʥʝʥʥʷ 

ʮʠʭ ʽʤʧʫʣʴʩʽʚ ʦʧʠʩʘʥʦ ʫ [1].  

 

3.3 ʈʦʟʨʘʭʫʥʦʢ ʐɯʄ-ʤʦʜʫʣʷ ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʡʦʛʦ ʤʦʚʦʶ ɸʩʝʤʙʣʝʨ 

 

ʅʘ ʨʠʩʫʥʢʫ 3.16 ʥʘʚʝʜʝʥʦ ʬʦʨʤʫʚʘʥʥʷ ʪʘʡʤʝʨʦʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ                  

ʐɯʄ-ʩʠʛʥʘʣʫ ʚ ʨʝʞʠʤʽ Phase and Frequency Correct PWM [2]. 

 

ʈʠʩʫʥʦʢ 3.16 τ ʌʦʨʤʫʚʘʥʥʷ ʪʘʡʤʝʨʦʤ ʐɯʄ-ʩʠʛʥʘʣʫ ʚ ʨʝʞʠʤʽ                                           

Phase and Frequency Correct PWM 
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ɺʝʣʠʯʠʥʘ ʯʘʩʪʦʪʠ ʐɯʄ-ʩʠʛʥʘʣʫ fPɺ5 ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ [2]: 

fOCnx = fʩlkI /0/2ĿNĿTOP,     (3.1) 

ʜʝ N ï ʢʦʝʬʽʮʽʻʥʪ ʜʽʣʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʽʣʴʥʠʢʘ ʪʘʡʤʝʨʘ; TOP ï ʤʦʜʫʣʴ 

ʣʽʯʙʠ; fʩlkI/0 ï ʯʘʩʪʦʪʘ ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʧʽʜʩʠʩʪʝʤʠ 

ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

ɿʛʽʜʥʦ ʪʘʙʣʠʮʽ 3.1 ʦʙʠʨʘʻʤʦ ʥʦʤʝʨ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʪʘʡʤʝʨʘ ï 8. 

ʊʘʙʣʠʮʷ 3.1 τ ʈʝʞʠʤʠ ʨʦʙʦʪʠ 16-ʨʦʟʨʷʜʥʠʭ ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ 

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 

ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʧʨʘʧʦʨʮʷ 

ʊʆVn 

0 0 0 0 0 Normal $FFFF ʅʝʛʘʡʥʦ $FFFF 

1 0 0 0 1 Phase correct PWM, 

8-ʨʦʟʨʷʜʥʠʡ 

$00FF ʇʨʠ TOP $0000 

2 0 0 1 0 Phase correct PWM, 

9-ʨʦʟʨʷʜʥʠʡ 

$01FF ʇʨʠ TOP $0000 

3 0 0 1 1 Phase correct PWM, 

10-ʨʦʟʨʷʜʥʠʡ 

$03FF ʇʨʠ TOP $0000 

4 0 1 0 0 CTC (ʩʢʠʜʘʥʥʷ ʟʘ 

ʟʙʽʛʦʤ) 

OCRnA ʅʝʛʘʡʥʦ $FFFF 

5 0 1 0 1 Fast PWM, 

8-ʨʦʟʨʷʜʥʠʡ 

$00FF ʇʨʠ TOP ʇʨʠ TOP 

6 0 1 1 0 Fast PWM, 

9-ʨʦʟʨʷʜʥʠʡ 

$01FF ʇʨʠ TOP ʇʨʠ ʊʆʈ 

7 0 1 1 1 Fast PWM, 

10-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 ʟʘ  

ʟʙʽʛʦʤ) 

ICRn ʅʝʛʘʡʥʦ $FFFF 

13 1 1 0 1 ɿʘʨʝʟʝʨʚʦʚʘʥʦ ï ï ï 

14 1 1 1 0 Fast PWM ICRn ʇʨʠ TOP ʇʨʠ ʊʆʈ 

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



70 
 

 

ʇʨʠʤʽʪʢʘ. n = 1, 3, 4 ʘʙʦ 5. 

ɺ ʮʴʦʤʫ ʨʝʞʠʤʽ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʣʽʯʙʠ ʊʆʈ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪʦʤ ʨʝʛʽʩʪʨʘ 

ICR1. ɿʛʽʜʥʦ ʬʦʨʤʫʣʠ 3.1 ʟʘ N = 8 ʪʘ ʟʥʘʯʝʥʥʽ fPB5, ʷʢʝ ʟʘʜʘʥʦ ʚ ʟʘʚʜʘʥʥʽ ʪʘ 

ʜʦʨʽʚʥʶʻ 25ʢɻʮ, ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʥʘʯʝʥʥʷ  ICR1 = ʊʆʈ:  

ʊʆʈ = ICR1 = 
 Ⱦ

 = 
 

  
 = 40 = 00101000ɺ = $0028. 

ʇʝʨʽʦʜ ʐɯʄ-ʩʠʛʥʘʣʫ: ʊPB5 =  =  = 40 ʤʢʩ. 

ɿʘ ʰʧʘʨʫʚʘʪʦʩʪʽ ʐɯʄ-ʩʠʛʥʘʣʫ QPB5 = 2 ʧʦʪʨʽʙʥʘ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ 

tʽʤʧPB5 =   = 
 ̍̋̒

 = 20 ʤʢʩ. 

ɿʛʽʜʥʦ ʟ ʨʠʩʫʥʢʦʤ 3.16 

                         Ǫ̂̍̐ 4 ς Ў Ôȟ                                             (3.2) 

 Ў Ô  ̨̍̐ ρπ ̍̋Ȣ̒        (3.3) 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʙʦʪʠ ʪʘʡʤʝʨʘ ʚ ʨʝʞʠʤʽ Phase and Frequency Correct PWM 

(ʨʠʩʫʥʦʢ 3.16) 

Ў Ô TʩlkI /0 ĿNĿOCR1ɸ,         (3.4) 

ʜʝ OCR1A ï ʨʝʛʽʩʪʨ ʧʦʨʽʚʥʷʥʥʷ ʢʘʥʘʣʫ ɸ ʪʘʡʤʝʨʘ 1. 

ɯʟ ʚʠʨʘʟʫ (3.4) 

 OCR1A = 
Ў 

 ˴Ⱦᶻ
ςπ = 00010100ɺ = $0014. 

ʊʦʜʽ ʰʧʘʨʫʚʘʪʽʩʪʴ:         

    .          (3.5)  

ɿʘ ʦʩʪʘʥʥʴʦʶ ʬʦʨʤʫʣʦʶ ʧʨʠ OCR1A = 20 ʨʦʟʨʘʭʫʻʤʦ ʟʥʘʯʝʥʥʷ ʰʧʘʨʫʚʘʪʦʩʪʽ 

Q, ʷʢʝ ʧʦʚʠʥʥʦ ʜʦʨʽʚʥʶʚʘʪʠ 2: 
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1
 

Ⱦ

 
ᶻ

ς. 

ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʦʧʝʨʝʜʥʽ ʨʦʟʨʘʭʫʥʢʠ  ʟʨʦʙʣʝʥʦ 

ʚʽʨʥʦ. 

ʊʝʧʝʨ ʦʙʯʠʩʣʠʤʦ ʟʥʘʯʝʥʥʷ Q ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥ ̫OCR1A ʥʘ 5 ʪʘ ʫ ʨʘʟʽ 

ʟʤʝʥʰʝʥʥʷ ʥʘ 5: 

1  ςȟφφχ, 

    1  ρȟφ. 

 

3.4 ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ 

3.4.1 ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ, ɦ ʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʜʘʥʥʶ 

 

ʅʘ ʨʠʩʫʥʢʫ 3.17  ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʜʘʥʥʶ (ʧʽʜʨʦʟʜ. 3.1).  
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COM1A0

 
 

ʈʠʩʫʥʦʢ 3.17 τ ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʜʘʥʥʶ 

 

3.4.2 ʆʩʦʙʣʠʚʦʩʪʽ ʩʭʝʤ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʭʽʜʥʠʤ ʜʘʥʠʤ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʧʨʦʻʢʪʫ ʟʛʽʜʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʚʘʨʽʘʥʪʦʤ 

 

ɺ ʟʘʚʜʘʥʥʷʭ ʽʥʰʠʭ ʚʘʨʽʘʥʪʽʚ ʽʩʥʫʶʪʴ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ:  

ï ʟʘʤʽʩʪʴ ʪʘʡʤʝʨʘ T/C1 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʡʤʝʨ ï T/C3; 

ï ʐɯʄ-ʩʠʛʥʘʣ ʟʥʽʤʘʻʪʴʩʷ ʥʝ ʟ ʚʠʚʦʜʫ ʟ ʚʠʚʦʜʫ Pɺ5 ʧʦʨʪʫ ɺ, ʘ ʟ 

ʚʠʚʦʜʫ PE3 ʧʦʨʪʫ ɽ; 
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ï ʟʘʤʽʩʪʴ ʨʝʞʠʤʫ Phase and Frequency Correct PWM (çɿ ʢʦʨʝʢʮʽʻʶ 

ʬʘʟʠ ʪʘ ʯʘʩʪʦʪʠè) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʞʠʤʠ: Phase Correct PWM                                 

(çɿ ʢʦʨʝʢʮʽʻʶ ʬʘʟʠè), ʘʙʦ Fast PWM (çʐʚʠʜʢʦʜʽʶʯʠʡ ʐɯʄè). 

ʆʢʨʽʤ ʪʦʛʦ ʻ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʯʠʩʣʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ. ʎʽ ʚʽʜʤʽʥʥʦʩʪʽ 

ʪʨʝʙʘ ʚʽʜʦʙʨʘʟʠʪʠ ʫ ʩʭʝʤʽ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ. 

 

3.5 ʈʦʟʨʦʙʢʘ ʦʢʨʝʤʠʭ ʬʨʘʛʤʝʥʪʽʚ ʧʨʦʛʨʘʤʠ ʤʦʚʦʶ ɸʩʝʤʙʣʝʨ 

3.5.1 ɿʫʧʠʥʢʘ ʪʘʡʤʝʨʘ 

 

ɼʣʷ ʟʫʧʠʥʢʠ ʪʘʡʤʝʨʘ ʪʨʝʙʘ ʟʘʧʠʩʘʪʠ ʚ ʨʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ TCCR1B                  

(ʨʠʩʫʥʦʢ 3.18), ʘʜʨʝʩʘ ʷʢʦʛʦ ʟʛʽʜʥʦ ʽʟ ʪʘʙʣʠʮʝʶ 3.2 ʜʦʨʽʚʥʶʻ $004E, ʥʘʚʝʜʝʥʝ 

ʥʠʞʯʝ ʢʝʨʫʶʯʝ ʩʣʦʚʦ ʂʉ1 = 00000000B = $00: 

 

 

 

ʈʠʩʫʥʦʢ 3.18 τ 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 0   ($00 = ʂʉ1) 
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ʊʘʙʣʠʮʷ 3.2 τ ɸʜʨʝʩʠ ʨʝʛʽʩʪʨʽʚ ʢʝʨʫʚʘʥʥʷ 16 ï ʨʦʟʨʷʜʥʠʭ ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ 
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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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ʈʝʛʽʩʪʨ ɸʜʨʝʩʘ 
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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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ʊʦʜʽ ʧʨʦʛʨʘʤʘ ʟʫʧʠʥʢʠ ʪʘʡʤʝʨʘ ʤʘʻ ʚʠʛʣʷʜ: 

LDI R18, $00; R18« ʂʉ1 = $00; 

                    ,$) 2ςχȟ   ΑππȠ  2ςχ « Αππ 

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

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

 

3.5.2 ɿʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ TCCR1A 

 

ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ TCCR1A ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.19.  

 

ʈʠʩʫʥʦʢ 3.19 τ ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʽʚ TCCR1A (ʘ), TCCR3A (ʙ), TCCR4A (ʚ), 

 TCCR5A (ʛ) 

ɼʣʷ ʥʘʰʦʾ ʟʘʜʘʯʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽʥʚʝʨʪʦʚʘʥʦʛʦ ʐɯʄ-ʩʠʛʥʘʣʫ ʟʛʽʜʥʦ 

ʪʘʙʣʠʮʽ 3.3 ʥʝʦʙʭʽʜʥʦ  ʚʩʪʘʥʦʚʠʪʠ ʙʽʪʠ COM1A1 = COM1A0 = 1. 

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 8 ʟʛʽʜʥʦ ʪʘʙʣʠʮʽ 3.1 ʥʝʦʙʭʽʜʥʦ 

ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʙʽʪʠ: WGM11 = 0; WGM10 = 0. 

ɯʥʰʽ ʙʽʪʠ ʨʝʛʽʩʪʨʘ TCCR1A ʫ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ.                   

ʊʦʤʫ ʟʘʧʠʰʝʤʦ ʚ ʥʠʭ ʥʫʣʽ. 
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ʊʘʙʣʠʮʷ 3.3 τ 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-ʩʠʛʥʘʣ) 

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

ʧʨʠ ʟʚʦʨʦʪʥʽʡ ʣʽʯʙʽ (ʽʥʚʝʨʪʦʚʘʥʠʡ ʐɯʄ-ʩʠʛʥʘʣ) 

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

ɿʛʽʜʥʦ ʨʠʩʫʥʢʫ 3.19, ʘ ʬʦʨʤʘʪ ʨʝʛʽʩʪʨʘ ʢʝʨʫʶʯʦʛʦ ʩʣʦʚʘ (ʂʉ2), ʷʢʝ 

ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʫ ʨʝʛʽʩʪʨ TCCR1A ʄʂ-ʨʘ ɸʊ ʄʝgʘ 128 ʤʘʻ ʚʠʛʣʷʜ: 

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 

 

ɿʛʽʜʥʦ ʪʘʙʣʠʮʽ 3.2 ʘʜʨʝʩʘ ʨʝʛʽʩʪʨʘ TCCR1A = $004F.  

ʊʦʜʽ ʧʨʦʛʨʘʤʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ TCCR1A ʤʘʻ ʚʠʛʣʷʜ: 

LDI R17, $ʉ0; R17« ʂʉ2 = $ʉ0; 

                           ,$) 2ςωȟΑππȠ 2ςχ « Αππ 

                          ,$) 2ςψȟΑτ&Ƞ Αςφ « Ατ& 
 92ςωȟ2ςψ  « Αππτ&Ƞ 

ST Y, R17; TCCR1A«R17 = $C0. 

 

3.5.3 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʣʽʥʽʡ PB5, PB1, PB0 ʥʘ ʚʠʚʝʜʝʥʥʷ 
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ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʣʽʥʽʡ PB5, PB1, PB0 ʥʘ ʚʠʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ 

5-ʡ, 1-ʡ ʪʘ 0-ʡ ʨʦʟʨʷʜʠ ʨʝʛʽʩʪʨʘ DDRB ʚ ʦʜʠʥʠʮʶ. ɯʥʰʽ ʨʦʟʨʷʜʠ ʨʝʛʽʩʪʨʘ ʟʘʣʠʰʠʪʠ 

ʙʝʟ ʟʤʽʥ. ɿʛʽʜʥʦ ʪʘʙʣʠʮʽ 3.4 ʘʜʨʝʩʘ ʨʝʛʽʩʪʨʘ: $0037. 

ʊʘʙʣʠʮʷ 3.4 τ ɸʜʨʝʩʠ ʨʝʛʽʩʪʨʽʚ ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 
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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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ʇʦʨʪ ʈʝʛʽʩʪʨ 
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F 

PORTF $03 ($23) ï  ï  ï  ï  
($62

) 
ï  ï  

DDRF $02 ($22) ï  ï  ï  ï  
($61

) 
ï  ï  

PINF $01 ($21) ï  ï  ï  ï  
$00 

($20

) 

ï  ï  

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 ʥʘʣʘʰʪʫʚʘʥʥʷ ʣʽʥʽʡ PB5, PB1, PB0 ʥʘ ʚʠʚʝʜʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 

LDI R31, $00;    ὤ2σρȟ2σπ  « Αππσχ 

      ,$) 2σπȟΑσχȠ 2σπ « Ασχ Ƞ 

       ,$ 2ρωȟ:Ƞ 2ρω« $$2"       
 

ORI R19, $23; R19«00100011B Ù R19; R19.5«1, R19.1«1, R19.0«1, 

ʽʥʰʽ ʙʽʪʠ ʙʝʟ ʟʤʽʥ; 
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ST Z, R19; $$2"«R19Ƞ$$2"Ȣυ «1, $$2"Ȣρ «1, $$2"Ȣπ «1. 

 

3.5.4 ɿʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ ICR1 

 

ɿʛʽʜʥʦ ʪʘʙʣʠʮʽ 3.2 16-ʨʦʟʨʷʜʥʠʡ ʨʝʛʽʩʪʨ ICR1 ʤʘʻ ʘʜʨʝʩʫ:  

$0047 (ʉɹ) : $0046 (ʄɹ).  

ɺ ICR1 ʪʨʝʙʘ ʟʘʚʘʥʪʘʞʠʪʠ: ʊʆʈ = 40 = 00101000ɺ = $0028 (ʧ̔ʜʨʦʟʜ. 3.3). 

ʊʦʜʽ ʧʨʦʛʨʘʤʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ ICR1 ʤʘʻ ʚʠʛʣʷʜ: 

LDI R23, $00; R23« $00;  

             
,$) 2ςχȟΑππȠ2ςχ « ΑππȠ 

,$) 2ςφȟΑτχȠ2ςφ « Ατχ  
 s2ςχȟ2ςφ   « ΑππτχȠ 

ST X, R23; ʉɹ ɯʉR1«R23 = $00. 

LDI R24, $28; R24« $28 

                          
 ,$) 2ςωȟΑππȠ 2ςω « Αππ 

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

ST Y, R24; ʄɹ ɯʉR1«R24 = $28. 

 

3.5.5 ɿʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ OCR1A 

 

ɿʛʽʜʥʦ ʪʘʙʣʠʮʽ 3.2, 16-ʨʦʟʨʷʜʥʠʡ ʨʝʛʽʩʪʨ OCR1A ʤʘʻ ʘʜʨʝʩʫ:  

$004B (ʉɹ): $004A (ʄɹ). 

ɺ OCR1A ʪʨʝʙʘ ʟʘʚʘʥʪʘʞʠʪʠ:   

20 = 00010100ɺ = $0014 (ʜʠʚ. ʚʠʱʝ). 

ʊʦʜʽ ʧʨʦʛʨʘʤʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ OCR1A ʤʘʻ ʚʠʛʣʷʜ: 

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 « $14; 
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,$) 2σρȟ   ΑππȠ  2σρ « ΑππȠ 

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

ST Z, R25; Mɹ OʉR1A « R25 = $14.  

 

3.5.6 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʂʜʽʣ = N = 8, ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʦʤʝʨ 8 ʪʘ ʟʘʧʫʩʢ  ʪʘʡʤʝʨʘ 

ʊ/ʉ1 

 

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 ˉ 8 (ʪʘʙʣʠʮʷ 3.1). 

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʂʜʽʣ = 8 (ʪʘʙʣʠʮʷ 3.5) ʪʘ ʟʘʧʫʩʢʫ ʪʘʡʤʝʨʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʛʽʩʪʨ TCCR1ɺ (ʨʠʩʫʥʦʢ 3.2), ʚ ʷʢʽʡ ʪʨʝʙʘ ʟʘʚʘʥʪʘʞʠʪʠ  

ʢʝʨʫʶʯʝ ʩʣʦʚʦ: ʂʉ3 = $12: 

    (  ʨʝʞʠʤ 8  )                        ( ʂʜʽʣ = 8) 

 

   7 ʨ.     6ʨ.     5ʨ.      4ʨ.      3ʨ.     2ʨ.    1ʨ.     0ʨ. 

  ICNC1   ICES1       ï   WGM13  WGM12    CS12   CS11    CS10 

      0       0       0       1        0       0      1 
 

0 (ʂʉ3 =12) 

ʊʘʙʣʠʮʷ 3.5 τ 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 
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1 1 1 fclkI/0/32 
ɺʠʚʽʜ ʊn, ʣʽʯʙʘ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʘ ʥʘʨʦʩʪʘʶʯʠʤ ʬʨʦʥʪʦʤ  

ʇʨʠʤʽʪʢʘ. n = 1, 3, 4 ʘʙʦ 5. 

ɸʜʨʝʩʘ ʨʝʛʽʩʪʨʘ TCCR1ɺ  ʟʛʽʜʥʦ ʪʘʙʣʠʮʽ 3.2 ʜʦʨʽʚʥʶʻ $004E.  

ʊʦʜʽ ʧʨʦʛʨʘʤʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʂʜʽʣ = N = 8, ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʦʤʝʨ 8 ʪʘ ʟʘʧʫʩʢ 

ʪʘʡʤʝʨʘ ʊ/ʉ1 ʤʘʻ ʚʠʛʣʷʜ: 

LDI R17, $12; R17« $12; 

LDI R29, $00; R29« $00; 

LDI R28, $4ɽ; R28« $4ɽ; 

ST Y, R17; TCCR1B « R17 = $12. 

 

3.6 ʂʝʨʫʁʯʘ ʧʨʦʛʨʘʤʘ ʤʦʚʦʶ ʉ 

3.6.1 ʂʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʤʦʚʦʶ ʉ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʜʘʥʥʶ 

 

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. #define F_CPU 16000000L 

7. int  main(void) // 0 

8. {  

9. // 1: Init port B 

10. DDRB = 0b00100011; 

11. PORTB = 0b00000000; 

12. // 2: Init 16ïbit timer 1 values 

13. OCR1A = 20; 

14. ICR1 = 40;     
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15. int  delay = 1; //ʟʤʽʥʥʘ delay, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʟʤʽʥʽ 

//ʰʧʘʨʫʚʘʪʦʩʪʽ 

16. // Init Phase and frequency correct PWM 

17. TCCR1B = _BV(WGM13);  // 3 

18. TCCR1A = 0; // 4 

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

20. TCCR1A |= _BV(COM1A1); 

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

22. //ʦʙôʷʚʣʝʥʥʷ ʟʤʽʥʥʠʭ-ʧʨʘʧʦʨʮʽʚ 

23. char flag_start_stop=0,flag_reverse=0,flag_speedup=0,flag_speeddown=0; 

24. while(1) // 6 

25. {  

26. // 7: StartïStop button action 

27. if (!(PINB&4)) 

28. { flag_start_stop = 1; _delay_ms(10); } 

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

30. {PORTB^=1; flag_start_stop = 0; }  // 8 

31. // 9: Reverse button action 

32. if (!(PINB&8))  

33. { flag_reverse = 1; _delay_ms(10); } 

34. if (( flag_reverse==1 )&&(PINB&8)) 

35. {PORTB^=3; flag_reverse = 0; }  // 10 

36. // 11: Speed ï  button action 

37. if (!(PINB&64))  

38. { flag_speeddown=1; _delay_ms(10); } 

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

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

41. // 13: Speed + button action 

42. if (!(PINB&16)) 
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43. { flag_speedup = 1; _delay_ms(10); } 

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

45. {  

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

47. flag_speedup = 0;  

48. }  

49. } // 6: End while  

50. } // 15: End of proram 

 

3.6.2 ʂʦʤʧʽʣʷʮʽʷ ʨʦʙʦʯʦʾ ʧʨʦʛʨʘʤʠ, ʦʪʨʠʤʘʥʥʷ hex-ʬʘʡʣʫ ʪʘ ʡʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʫ ʧʘʤô̫ ʪʴ ʢʦʤʧôʁ ʪʝʨʘ 

 

ʋ [3] ʦʧʠʩʘʥʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʻʢʪʫ ʚ Atmel Studio, 

ʢʦʤʧʽʣʷʮʽʶ ʧʨʦʛʨʘʤʠ ʪʘ ʩʪʚʦʨʝʥʥʷ hex-ʬʘʡʣʫ. 

ʋ [3] ʪʘʢʦʞ ʦʧʠʩʘʥʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ hex-ʬʘʡʣʫ ʪʘ ʡʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʧʘʤôʷʪʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

 

3.6.3 ʆʩʦʙʣʠʚʦʩʪʽ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʭʽʜʥʠʤ ʜʘʥʠʤ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʟʛʽʜʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʚʘʨʽʘʥʪʦʤ 

 

ʅʘ ʨʠʩʫʥʢʫ 3.17  ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʜʘʥʥʶ (ʧʽʜʨʦʟʜ. 3.4).  

ɺ ʟʘʚʜʘʥʥʷʭ ʽʥʰʠʭ ʚʘʨʽʘʥʪʽʚ ʽʩʥʫʶʪʴ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ:  

ï  ʟʘʤʽʩʪʴ ʪʘʡʤʝʨʘ T/C1 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʡʤʝʨ ï T/C3; 

ï  ʐɯʄ-ʩʠʛʥʘʣ ʟʥʽʤʘʻʪʴʩʷ ʥʝ ʟ ʚʠʚʦʜʫ ʟ ʚʠʚʦʜʫ Pɺ5 ʧʦʨʪʫ ɺ, ʘ ʟ ʚʠʚʦʜʫ 

PE3 ʧʦʨʪʫ ɽ; 
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ï  ʟʘʤʽʩʪʴ ʨʝʞʠʤʫ Phase and Frequency Correct PWM (çɿ ʢʦʨʝʢʮʽʻʶ ʬʘʟʠ ʪʘ 

ʯʘʩʪʦʪʠè) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʞʠʤʠ: Phase Correct PWM (çɿ ʢʦʨʝʢʮʽʻʶ 

ʬʘʟʠè), ʘʙʦ Fast PWM (çʐʚʠʜʢʦʜʽʶʯʠʡ ʐɯʄè). 

ʆʢʨʽʤ ʪʦʛʦ ʻ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʯʠʩʣʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ. ʎʽ ʚʽʜʤʽʥʥʦʩʪʽ 

ʪʨʝʙʘ ʚʽʜʦʙʨʘʟʠʪʠ ʫ ʢʝʨʫʶʯʽʡ ʧʨʦʛʨʘʤʽ. 

ɼʣʷ ʮʴʦʛʦ ʥʠʞʯʝ ʥʘʚʝʜʝʥʦ ʜʝʷʢʽ ʜʦʜʘʪʢʦʚʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ.  

 

3.6.3.1 ʈʝʞʠʤ Fast PWM (çʐʚʠʜʢʦʜʽʶʯʠʡ ʐɯʄè)  

 

ʈʝʞʠʤ Fast PWM (çʐʚʠʜʢʦʜʽʶʯʠʡ ʐɯʄè) ʜʦʟʚʦʣʷʻ ʛʝʥʝʨʫʚʘʪʠ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ ʽʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʶ ʤʦʜʫʣʷʮʽʻʶ.  

ʃʽʯʠʣʴʥʠʡ ʨʝʛʽʩʪʨ ʫ ʮʴʦʤʫ ʨʝʞʠʤʽ ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʣʽʯʠʣʴʥʠʢ, ʱʦ ʧʽʜʩʫʤʦʚʫʻ, 

ʽʥʢʨʝʤʝʥʪ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʞʥʠʤ ʽʤʧʫʣʴʩʦʤ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ fʩlkTn.                                

ʉʪʘʥ ʣʽʯʠʣʴʥʠʢʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ $0000 ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ 

ʣʽʯʠʣʴʥʠʡ ʨʝʛʽʩʪʨ ʩʢʠʜʘʻʪʴʩʷ ʽ ʮʠʢʣ ʧʦʚʪʦʨʶʻʪʴʩʷ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʣʽʯʠʣʴʥʠʢʘ (ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʐɯʄ-ʩʠʛʥʘʣʫ) ʻ ʘʙʦ ʬʽʢʩʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ, ʘʙʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪʦʤ ʦʢʨʝʤʠʭ ʨʦʟʨʷʜʽʚ ʢʝʨʫʶʯʠʭ ʨʝʛʽʩʪʨʽʚ ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ 

(ʪʘʙʣʠʮʷ 3.1). 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʙʠʨʘʪʠ ʨʝʞʠʤ 14, ʪʦʜʽ  ʤʦʜʫʣʴ ʣʽʯʙʠ (TOP) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʝʛʽʩʪʨʦʤ ICR1, ʘʙʦ ICR3 (ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʦʤʝʨʫ ʪʘʡʤʝʨʘ ʚ ʟʘʚʜʘʥʥʽ). 

ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʤʦʜʫʣʴ ʣʽʯʙʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪʦʤ 

ʨʝʛʽʩʪʨʘ ICRn, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.20. 

 

ʈʠʩʫʥʦʢ 3.20 τ ʌʦʨʤʫʚʘʥʥʷ ʐɯʄ-ʩʠʛʥʘʣʫ ʚ ʨʝʞʠʤʽ Fast PWM 
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ʏʘʩʪʦʪʘ ʩʠʛʥʘʣʫ, ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʪʘ ʧʝʨʽʦʜ ʩʠʛʥʘʣʫ, ʷʢʽ  ʛʝʥʝʨʫʶʪʴʩʷ, 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ:  

fOCnx = fʩlkI /0/NĿ(1+TOP),    (3.6)  

tʽʤʧ= TʩlkI /0 ĿNĿ(OCRnx+1), ʥʝ̔ʥʚʝʨʪʦʚʘʥʠʡ ʐɯʄ-ʩʠʛʥʘʣ  (3.7)  

tʽʤʧ= TOCnx ï TʩlkI /0 ĿNĿ(OCRnx+1), ʽʥʚʝʨʪʦʚʘʥʠʡ ʐɯʄ-ʩʠʛʥʘʣ  (3.8) 

     TOCnx=TʩlkI /0ĿNĿ(1+TOP),    (3.9)  

ʜʝ N ï ʢʦʝʬʽʮʽʻʥʪ ʜʽʣʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʽʣʴʥʠʢʘ; TOP ï ʤʦʜʫʣʴ ʣʽʯʙʠ;                    

OCRnx ï ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ OCRnx; fʩlkI/0, TʩlkI/0 ï ʚʽʜʧʦʚʽʜʥʦ ʯʘʩʪʦʪʘ ʪʘ ʧʝʨʽʦʜ 

ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʧʽʜʩʠʩʪʝʤʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ; n = 1, 3, 4 ʘʙʦ 5;                      

x = A, B ʘʙʦ ʉ. 

ɿʥʘʯʝʥʥʷ: ICR1 = ʊʆʈ, ʧʝʨʽʦʜʫ ʐɯʄ-ʩʠʛʥʘʣʫ, ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ 

ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ N = 8 ʟʛʽʜʥʦ ʧʨʠʢʣʘʜʫ, ʥʘʚʝʜʝʥʦʤʫ ʚʠʱʝ ʫ ʧʽʜʨʦʟʜ. 3.3. 

ɿʛʽʜʥʦ ʟ ʨʠʩʫʥʢʦʤ 3.20 ʜʣʷ ʽʥʚʝʨʪʦʚʘʥʦʛʦ ʐɯʄ-ʩʠʛʥʘʣʫ tʽʤʧ = TOCnx ï æt.      

ɿʚʽʜʢʠ æt  = TOCnx ï tʽʤʧ. 

ɿʛʽʜʥʦ ʨʦʙʦʪʠ ʪʘʡʤʝʨʘ ʫ ʨʝʞʠʤʽ Fast PWM  

  æt  = TCLK ɯ/0 Ŀ N Ŀ (OCnx +1)     (3.10) 

ɺʽʜʧʦʚʽʜʥʦ   

OCnx +1= æt/(TCLK ɯ/0 Ŀ N).      (3.11) 

ʆʩʪʘʥʥʽʡ ʚʠʨʘʟ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ OCnx. 

ɼʣʷ ʥʝʽʥʚʝʨʪʦʚʘʥʦʛʦ ʐɯʄ-ʩʠʛʥʘʣʫ ʟʥʘʯʝʥʥʷ  tʽʤʧ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (3.7), 

ʟ ʷʢʦʛʦ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ OCnx. 

 

3.6.3.2 ʈʝʞʠʤ Phase Correct PWM (çʐɯʄ ʟ ʢʦʨʝʢʮʽʻʶ ʬʘʟʠè)  

 

ʈʝʞʠʤ Phase Corect PWM (çʐɯʄ ʟ ʢʦʨʝʢʮiʻʶ ʬʘʟʠè), ʷʢ ʽ ʨʝʞʠʤ Fast PWM 

ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ʽʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʶ ʤʦʜʫʣʷʮʽʻʶ. ʆʜʥʘʢ ʫ 

ʮʴʦʤʫ ʨʝʞʠʤʽ ʣʽʯʠʣʴʥʠʡ ʨʝʛʽʩʪʨ ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʨʝʚʝʨʩʠʚʥʠʡ ʣʽʯʠʣʴʥʠʢ, ʩʪʘʥ ʷʢʦʛʦ 

ʩʧʦʯʘʪʢʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ $0000 ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʘ ʧʦʪʽʤ ʥʘʟʘʜ ʜʦ $0000. 
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ɺʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ ʫ ʮʴʦʤʫ ʨʝʞʠʤʽ ʚ ʜʚʘ ʨʘʟʠ ʤʝʥʰʝ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ ʫ ʨʝʞʠʤʽ Fast PWM. 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʣʽʯʠʣʴʥʠʢʘ (ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʐɯʄ-ʩʠʛʥʘʣʫ) ʻ ʘʙʦ 

ʬʽʢʩʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ, ʘʙʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪʦʤ ʦʢʨʝʤʠʭ ʨʦʟʨʷʜʽʚ ʢʝʨʫʶʯʠʭ 

ʨʝʛʽʩʪʨʽʚ ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ (ʪʘʙʣʠʮʷ 3.1). 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʙʠʨʘʪʠ ʨʝʞʠʤ 10, ʪʦʜʽ  ʤʦʜʫʣʴ ʣʽʯʙʠ (TOP) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʝʛʽʩʪʨʦʤ ICR1, ʘʙʦ ICR3 (ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʦʤʝʨʫ ʪʘʡʤʝʨʘ ʚ ʟʘʚʜʘʥʥʽ). 

ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʚ ʨʝʞʠʤʽ Phase Correct PWM, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.21. 

 

 

 

 

ʈʠʩʫʥʦʢ 3.21 τ ʌʦʨʤʫʚʘʥʥʷ ʐɯʄ-ʩʠʛʥʘʣʫ ʚ ʨʝʞʠʤʽ Phase Correct PWM 

ʏʘʩʪʦʪʘ, ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʪʘ ʧʝʨʽʦʜ ʩʠʛʥʘʣʫ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ, 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ:  

fOCnx = fʩlkI /0/2ĿNĿTOP,      (3.12)  

t ʤ̔ʧ= TʩlkI /0 Ŀ2ĿNĿOCRnx, ʥʝ̔ʥʚʝʨʪʦʚʘʥʠʡ ʐɯʄ-ʩʠʛʥʘʣ  (3.13)  

t ʤ̔ʧ= TOCn ï (TʩlkI /0 Ŀ2ĿNĿOCRnx), ʽʥʚʝʨʪʦʚʘʥʠʡ ʐɯʄ-ʩʠʛʥʘʣ (3.14) 

TOCnx=TʩlkI /0Ŀ2ĿNĿTOP,       (3.15)  

ʜʝ  N ï ʢʦʝʬʽʮʽʻʥʪ ʜʽʣʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʽʣʴʥʠʢʘ; TOP ï ʤʦʜʫʣʴ ʣʽʯʙʠ; 

OCRnx ï ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ OCRnx; fʩlkI/0,TʩlkI/0  ï ʚʽʜʧʦʚʽʜʥʦ ʯʘʩʪʦʪʘ ʪʘ ʧʝʨʽʦʜ 

ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʧʽʜʩʠʩʪʝʤʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ; n = 1, 3, 4 ʘʙʦ 5;                    

x = A, B ʘʙʦ ʉ. 
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ɿʛʽʜʥʦ ʟ ʨʠʩʫʥʢʦʤ 3.21 ʜʣʷ ʽʥʚʝʨʪʦʚʘʥʦʛʦ ʐɯʄ-ʩʠʛʥʘʣʫ ï tʽʤʧ = TOCnx ï 2æt.  

ɿʚʜ̔ʢʠ  

æt  = (TOCnx ï tʽʤʧ)/2.        (3.16) 

ɿʛʽʜʥʦ ʨʦʙʦʪʠ ʪʘʡʤʝʨʘ ʫ ʨʝʞʠʤʽ Phase Correct PWM 

  æt  = TCLK ɯ/0 Ŀ N Ŀ OCnx.     (3.17) 

ɺʽʜʧʦʚʽʜʥʦ   

OCnx  = æt/(TCLK ɯ/0 Ŀ N).      (3.18) 

ʆʩʪʘʥʥʽʡ ʚʠʨʘʟ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ OCnx. 

ɼʣʷ ʥʝʽʥʚʝʨʪʦʚʘʥʦʛʦ ʐɯʄ-ʩʠʛʥʘʣʫ ʟʥʘʯʝʥʥʷ  tʽʤʧ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

(3.13), ʟ ʷʢʦʛʦ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ OCnx. 

 

3.6.3.3 ʈʝʞʠʤ Phase and Frequency Correct PWM (çʐɯʄ ʟ ʢʦʨʝʢʮʽʻʶ ʬʘʟʠ ʪʘ 

ʯʘʩʪʦʪʠè)  

 

ʈʦʟʨʘʭʫʥʦʢ ʐɯʄ-ʤʦʜʫʣʷ ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʡʦʛʦ ʤʦʚʦʶ ɸʩʝʤʙʣʝʨ 

ʨʦʟʛʣʷʥʫʪʦ ʚʠʱʝ ʫ ʧʽʜʨʦʟʜ. 3.3. 

 

3.7 ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʚ ʧʘʢʝʪʽ PROTEUS 

3.7.1 ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʨʦʟʨʦʙʣʝʥʦ ʟʛʽʜʥʦ ʟʘʚʜʘʥʥʶ ʥʘ ʂʇ 

 

ɼʣʷ ʧʦʯʘʪʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʧʫʩʪʠʪʠ ʤʦʜʝʣʴ ʥʘ ʚʠʢʦʥʘʥʥʷ             

(ʨʠʩʫʥʦʢ 3.22). 

ʅʘ ʝʢʨʘʥ ʦʩʮʠʣʦʛʨʘʬʘ ʚʠʚʦʜʠʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʟʽ 

ʰʧʘʨʫʚʘʪʽʩʪʶ 2, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʚʝʜʝʥʦʤʫ ʚʠʱʝ ʨʦʟʨʘʭʫʥʢʫ. ʎʝʡ ʩʠʛʥʘʣ 

ʬʦʨʤʫʻʪʴʩʷ ʧʝʨʰʠʤ ʪʘʡʤʝʨʦʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʪʘ ʟ ʣʽʥʽʾ PB5 ʧʦʩʪʫʧʘʻ ʥʘ ʚʭʽʜ EN1 

ʜʨʘʡʚʝʨʘ (U2). ɼʚʠʛʫʥ ʥʝ ʦʙʝʨʪʘʻʪʴʩʷ, ʪʦʤʫ ʱʦ ʣʽʥʽʾ IN1 ʪʘ  IN2 ʜʨʘʡʚʝʨʘ ʟ ʚʠʭʦʜʽʚ 

PB0 ʪʘ PB2 ʧʦʜʘʶʪʴʩʷ ʥʠʟʴʢʽ ʨʽʚʥʽ ʩʠʛʥʘʣʽʚ ï ʣʦʛʽʯʥʽ ʥʫʣ.̔ 
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ʈʠʩʫʥʦʢ 3.22 τ ʉʪʘʥ ʤʦʜʝʣʽ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʤʦʜʝʣʶʚʘʥʥʷ  

ɼʣʷ ʟʘʧʫʩʢʫ ʜʚʠʛʫʥʘ ʢʦʨʦʪʢʦʯʘʩʥʦ ʥʘʪʠʩʢʘʻʤʦ ʪʘ ʚʽʜʧʫʩʢʘʻʤʦ ʢʥʦʧʢʫ 

StartStopLine. ɼʚʠʛʫʥ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʷ ʟʘ ʛʦʜʠʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ (ʨʠʩʫʥʦʢ 3.23), 

ʪʦʤʫ ʱʦ ʥʘ ʣʽʥʽʶ IN1 ʚʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʧʦʜʘʻʪʴʩʷ ʣʦʛʽʯʥʘ ʦʜʠʥʠʮʷ, ʘ ʥʘ ʣʽʥʽʶ 

IN2 ï ʣʦʛʽʯʥʠʡ ʥʫʣʴ.  

 

ʈʠʩʫʥʦʢ 3.23 τ ʉʪʘʥ ʤʦʜʝʣʽ ʧʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢʘʥʥʷ ʢʥʦʧʢʠ 

StartStopLine 
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ɼʣʷ ʟʫʧʠʥʢʠ ʜʚʠʛʫʥʘ ʪʨʝʙʘ ʱʝ ʨʘʟ ʥʘʪʠʩʥʫʪʠ ʪʘ ʚʽʜʧʫʩʪʠʪʠ ʢʥʦʧʢʫ 

StartStopLine. ʏʝʨʝʟ ʽʥʝʨʮʽʡʥʽʩʪʴ ʜʚʠʛʫʥʘ ʚʽʥ ʟʫʧʠʥʷʻʪʴʩʷ ʥʝ ʤʠʪʪʻʚʦ. 

ɼʣʷ ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʥʘʪʠʩʢʘʻʤʦ ʪʘ ʚʽʜʧʫʩʢʘʻʤʦ ʢʥʦʧʢʫ                   

ReverseOrderLine. ɼʠʛʫʥ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʷ ʧʨʦʪʠ ʛʦʜʠʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ                       

(ʨʠʩʫʥʦʢ 3.24), ʪʦʤʫ ʱʦ ʥʘ ʣʽʥʽʶ IN1 ʚʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʧʦʜʘʻʪʴʩʷ ʣʦʛʽʯʥʠʡ ʥʫʣʴ, 

ʘ ʥʘ ʣʽʥʽʶ IN2 ï ʣʦʛʽʯʥʠʡ ʦʜʠʥʠʮʷ. 

 

ʈʠʩʫʥʦʢ 3.24 τ ʉʪʘʥ ʤʦʜʝʣʽ ʧʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʪʘ ʚʽʜʧʫʩʢʘʥʥʷ ʢʥʦʧʢʠ 

ReverseOrderLine 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʪʨʝʙʘ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ 

ʢʦʨʦʪʢʦʯʘʩʥʦ ʥʘʪʠʩʢʘʪʠ ʪʘ ʚʽʜʧʫʩʢʘʪʠ ʢʥʦʧʢʫ  SpeedUpLine. ʐʧʘʨʫʚʘʪʽʩʪʴ 

ʢʝʨʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʟʤʝʥʰʫʻʪʴʩʷ   (ʨʠʩʫʥʦʢ 3.25), ʪʦʤʫ ʜʚʠʛʫʥ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʷ 

ʰʚʠʜʰʝ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʪʨʝʙʘ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ 

ʢʦʨʦʪʢʦʯʘʩʥʦ ʥʘʪʠʩʢʘʪʠ ʪʘ ʚʽʜʧʫʩʢʘʪʠ ʢʥʦʧʢʫ  SpeedDownLine. ʐʧʘʨʫʚʘʪʽʩʪʴ 

ʢʝʨʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʨʠʩʫʥʦʢ 3.26), ʪʦʤʫ ʜʚʠʛʫʥ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʷ 

ʧʦʚʽʣʴʥʽʰʝ. 
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ʈʠʩʫʥʦʢ 3.25 τ ʉʪʘʥ ʤʦʜʝʣʽ ʧʽʩʣʷ ʜʝʢʽʣʴʢʦʭ ʥʘʪʠʩʢʘʥ ɹʪʘ ʚʽʜʧʫʩʢʘʥ ɹʢʥʦʧʢʠ  

SpeedUpLine 

 

ʈʠʩʫʥʦʢ 3.26 τ ʉʪʘʥ ʤʦʜʝʣʽ ʧʽʩʣʷ ʜʝʢʽʣʴʢʦʭ ʥʘʪʠʩʢʘʥ ɹʪʘ ʚʽʜʧʫʩʢʘʥ ɹ

SpeedDownLine 
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3.7.2 ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʚʠʭʽʜʥʠʤ ʜʘʥʠʤ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʟʛʽʜʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʚʘʨʽʘʥʪʦʤ ʟʘʚʜʘʥʥ ̫ʥʘ ʂʇ 

 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʤʦʜʝʣʽ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʚʠʭʽʜʥʠʤ ʜʘʥʠʤ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʟʛʽʜʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʚʘʨʽʘʥʪʦʤ ʟʘʚʜʘʥʥʷ ʥʘ ʂʇ                                

(ʨʠʩʫʥʦʢ 3.27). 

 

ʈʠʩʫʥʦʢ 3.27 τ ʉʭʝʤʘ ʨʦʙʦʯʦʾ ʤʦʜʝʣʽ ʧʨʠʩʪʨʦʶ, ̫ ʢʠʡ ʨʦʟʨʦʙʣʝʥʦ ʟʛʽʜʥʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʘʨʽʘʥʪʫ ʟʘʚʜʘʥʥʷ ʥʘ ʂʇ 

ʎʷ ʤʦʜʝʣʴ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʩʪʨʦʶ, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ: ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ  

ɸʊ mega 128, ʪʘʡʤʝʨ ï T/C3, ʣʽʥʽʷ ʧʦʨʪʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʥʘ ʷʢʽʡ ʬʦʨʤʫʻʪʴʩʷ   

ʐɯʄ-ʩʠʛʥʘʣ, ï PE3; ʰʧʘʨʫʚʘʪʽʩʪʴ ʐɯʄ-ʩʠʛʥʘʣʫ ï Qʰʽʤ = 4; ʨʝʞʠʤ ʨʦʙʦʪʠ ʤʦʜʫʣʷ 

ʐɯʄ ï Phase Correct PWM, ʯʘʩʪʦʪʘ ʚʠʭʽʜʥʦʛʦ ʐɯʄ-ʩʠʛʥʘʣʫ ï fʰʽʤ = 15 ʢɻʮ, ʯʘʩʪʦʪʘ 

ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʽʜʩʠʩʪʝʤʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ: fCLK I/0 = 16 Mɻʮ, ʚʠʜ ʚʠʭʽʜʥʦʛʦ 

ʐɯʄ-ʩʠʛʥʘʣʫ ï ʥʝʽʥʚʝʨʪʦʚʘʥʠʡ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʩʪʘʥ ʤʦʜʝʣʽ ʧʽʩʣʷ ʟʘʧʫʩʢʫ (ʨʠʩʫʥʦʢ 3.28). 

ɿ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ  ʧʨʠʩʪʨʽʡ ʬʦʨʤʫʻ ʐɯʄ-ʩʠʛʥʘʣ ʟʽ ʰʧʘʨʫʚʘʪʽʩʪʶ τ  

Qʰʽʤ = 4, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʜʘʥʥʶ. 
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ʈʠʩʫʥʦʢ 3.28 τ ʉʪʘʥ ʤʦʜʝʣʽ ʧʽʩʣʷ ʟʘʧʫʩʢʫ 

 

3.8 ʈʦʟʨʦʙʢʘ ʪʘ ʦʧʠʩ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʧʨʠʩʪʨʦʶ 

 

ʅʠʞʯʝ ʥʘ ʨʠʩʫʥʢʫ 3.29 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʝʣʝʢʪʨʠʯʥʫ ʩʪʨʫʢʪʫʨʥʫ ʧʨʠʩʪʨʦʶ 

ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ɼʇʉ). 

ʆʩʥʦʚʥʠʤ ʚʫʟʣʦʤ ʩʪʨʫʢʪʫʨʠ ʻ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʷʢʠʡ ʯʝʨʝʟ ʚʭʽʜʥʠʡ 

ʧʘʨʘʣʝʣʴʥʠʡ ʧʦʨʪ ʦʪʨʠʤʫʻ ʩʠʛʥʘʣʠ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʚʽʜ ʯʦʪʠʨʴʦʭ ʢʥʦʧʦʢ: 

ï ʟʘʧʫʩʢ/ʟʫʧʠʥʢʘ ʜʚʠʛʫʥʘ; 

ï ʟʤʽʥʘ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ; 

ï ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ; 

ï ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ. 

ʏʝʨʝʟ ʚʠʭʽʜʥʠʡ ʧʘʨʘʣʝʣʴʥʠʡ ʧʦʨʪ ʄʂ ʚʠʜʘʻ ʩʠʛʥʘʣʠ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ 

ʟʘʧʫʩʢʘʶʪʴ ʯʠ ʟʫʧʠʥʷʶʪʴ ʜʚʠʛʫʥ ʪʘ ʟʤʽʥʶʶʪʴ ʥʘʧʨʷʤʦʢ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ.  

ɼʣʷ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʫʣʴ ʪʘʡʤʝʨʘ, 

ʷʢʠʡ ʬʦʨʤʫʻ ʽʤʧʫʣʴʩʥʠʡ ʐɯʄ-ʩʠʛʥʘʣ ʟʽ ʟʤʽʥʥʦʶ ʰʧʘʨʫʚʘʪʽʩʪʶ. 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʚ ʦʙʤʦʪʢʫ ʟʙʫʜʞʝʥʥʷ 

ʜʚʠʛʫʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʨʘʡʚʝʨ ʐɯʄ (ɼʈʐɯʄ). 
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ʀʟʤ.ʃʠʩʪˉ ʜʦʢʫʤ.ʇʽʜʧ.ɼʘʪʘ

ʈʦʟʨʦʙ.

ʇʝʨʝʚ.

ʊ. ʂʦʥʪʨ.

ʅ. ʂʦʥʪʨ.

ɿʘʪʚ.

ʃʠʪ. ʄʘʩʩʘ ʄʘʩʰ.

ʊ

ʃʠʩʪ ʃʠʩʪʦʚ 1

ʅʊʋʋ çʂʇɯè

ʌɯʆʊ ʛʨʫʧʘ ɯɸ-ʍʍ

ʂ1...ʂ4 ï ʢʥʦʧʢʠ ʢʝʨʫʚʘʥʥʷ

ɼʈʐɯʄ - ʜʨʘʡʚʝʨ ʐɯʄ

ɼʇʉ ï ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ

ʄʂ - ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ

ɼɾ ï ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ

ʂʈ - ʢʚʘʨʮʝʚʠʡ ʨʝʟʦʥʘʪʦʨ

ʉʉʂʀɼ ï ʩʭʝʤʘ ʩʢʠʜʘʥʥʷ

ʄʂ

ɼɾ

ʂʈ

ʉʉʂʀɼ

ɼʇʉɼʈʐɯʄ

ʂ1

ʂ2

ʂ3

ʂ4

1

2

3

4

1

2

3

4

. . .

1 2 3

1 2 3

ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ

ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ 

ʩʪʨʫʢʪʫʨʥʘ

 

ʈʠʩʫʥʦʢ  3.29 τ ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʥʘ ʧʨʠʩʪʨʦʶ  



95 
 

 
 

ʂʚʘʨʮʦʚʠʡ ʨʝʟʦʥʘʪʦʨ (ʂʈ) ʚʠʟʥʘʯʘʻ ʯʘʩʪʦʪʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, 

ʩʭʝʤʘ ʷʢʦʛʦ ʚʙʫʜʦʚʘʥʘ ʫ ʄʂ. 

ʉʭʝʤʘ ʩʢʠʜʘʥʥʷ (ʉʉʂʀɼ) ʬʦʨʤʫʻ ʩʠʛʥʘʣ çRESETè (ʉʢʠʜʘʥʥʷ), ʷʢʠʡ 

ʟʘʧʫʩʢʘʻ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʦʾ ʧʨʦʛʨʘʤʠ ʩʧʦʯʘʪʢʫ. ʎʝʡ ʩʠʛʥʘʣ ʬʦʨʤʫʻʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʞʠʚʣʝʥʥʷ, ʘʙʦ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʢʥʦʧʢʠ. 

 

3.9 ʈʦʟʨʦʙʢʘ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʦ ʨʦʙʦʪʠ 

 

ʇʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ ʪʘ ʽʥʰʽ ʪʝʢʩʪʦʚʽ ʜʦʢʫʤʝʥʪʠ ʜʦ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ Word ʟʛʽʜʥʦ ʧʝʨʝʣʽʢʫ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 1.3 ʤʝʪʦʜʠʯʢʠ ʜʦ 

ʚʠʢʦʥʘʥʥʷ ʂʇ.    
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ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ 

ɹʘʟʦʚʘ 

1. ʄʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʽ ʩʠʩʪʝʤʠ : ʧʽʜʨʫʯʥʠʢ. ʋ 2 ʯ. ʏ. 1. 

ʄʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʩʠʩʪʝʤʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ɸ. ʆ. ʅʦʚʘʮʴʢʠʡ. ï 

ɽʣʝʢʪʨʦʥʥʽ ʪʝʢʩʪʦʚʽ ʜʘʥʽ (1 ʬʘʡʣ: 43,8 ʄʙʘʡʪ). ï ʂʠʾʚ : ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ, ɺʠʜ-ʚʦ çʇʦʣʽʪʝʭʥʽʢʘè, 2019.  

2. ɽʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʪʝʭʥʽʢʘ : ʧʽʜʨʫʯʥʠʢ. ʋ 2 ʯ. ʏ. 2. 

ʄʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʩʠʩʪʝʤʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]/ɸ. ʆ. ʅʦʚʘʮʴʢʠʡ. ï 

ɽʣʝʢʪʨʦʥʥʽ ʪʝʢʩʪʦʚʽ ʜʘʥʽ (1 ʬʘʡʣ: 20,2 ʄʙʘʡʪ). ï ʂʠʾʚ : ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ, ɺʠʜ-ʚʦ çʇʦʣʽʪʝʭʥʽʢʘè, 2023.  

3. ʄʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʽ ʩʠʩʪʝʤʠ: ʏʘʩʪʠʥʘ 2. 

ʇʨʦʻʢʪʫʚʘʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤ: ʃʘʙʦʨʘʪʦʨʥʠʡ ʧʨʘʢʪʠʢʫʤ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ʥʘʚʯ. ʧʦʩʽʙ. ʜʣʷ ʩʪʫʜ. ʦʩʚʽʪʥʴʦʾ ʧʨʦʛʨʘʤʠ 

çɯʥʪʝʛʨʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè ʩʧʝʮʽʘʣʴʥʦʩʪʽ 126 çɯʥʬʦʨʤʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè / ɸ.ʆ. ʅʦʚʘʮʴʢʠʡ ; ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ï 

ɽʣʝʢʪʨʦʥʥʽ ʪʝʢʩʪʦʚʽ ʜʘʥʽ (1 ʬʘʡʣ: 22,38 ʄʙʘʡʪ). ï ʂʠʾʚ : ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ, 2021.  

4. ʇʨʦʻʢʪʫʚʘʥʥʷ ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤ: ʃʘʙʦʨʘʪʦʨʥʠʡ ʧʨʘʢʪʠʢʫʤ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ʥʘʚʯ. ʧʦʩʽʙ. ʜʣʷ ʩʪʫʜ. ʦʩʚʽʪʥʴʦʾ ʧʨʦʛʨʘʤʠ 

çɯʥʪʝʛʨʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè ʩʧʝʮʽʘʣʴʥʦʩʪʽ 126 çɯʥʬʦʨʤʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè / ɸ.ʆ. ʅʦʚʘʮʴʢʠʡ, ɺ.ʄ. ʐʠʤʢʦʚʠʯ; ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ. ï ɽʣʝʢʪʨʦʥʥʽ ʪʝʢʩʪʦʚʽ ʜʘʥʽ (1 ʬʘʡʣ: 34,22 ʂʙʘʡʪ). ï ʂʠʾʚ : 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2022. 

5. ʂʦʤʧôʁ ʪʝʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ʧʽʜʨʫʯʥʠʢ ʜʣʷ ʩʪʫʜ. 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ 126 çɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè, ʩʧʝʮʽʘʣʽʟʘʮʽʾ 

çɯʥʪʝʛʨʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè /  ɸ.ʆ. ʅʦʚʘʮʴʢʠʡ ; ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ. ï ɽʣʝʢʪʨʦʥʥʽ ʪʝʢʩʪʦʚʽ ʜʘʥʽ (1 ʬʘʡʣ: 80.9 ʄʙʘʡʪ). ï ʂʠʾʚ : 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2018.   

ɼʦʧʦʤʽʞʥʘ 

6. ʇʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ: 

ʇʨʦʻʢʪʫʚʘʥʥʷ ʤʝʨʝʞʽ 1ïWIRE: ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ 7.05020101, 8.05020101 çʂʦʤʧôʁ ʪʝʨʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʢʘè ʢʘʬʝʜʨʠ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚ 

ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ / ɸʚʪʦʨ: ɸ.ʆ. ʅʦʚʘʮʴʢʠʡï ʂ: ʅʊʋʋ Ăʂʇɯò, 2014. 

7. ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʟ ʜʠʩʮʠʧʣʽʥʠ çʇʨʦʻʢʪʫʚʘʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞè, ʨʦʟʜʽʣ çʇʨʦʻʢʪʫʚʘʥʥʷ CAN-ʤʝʨʝʞʽè ʜʣʷ ʩʪʫʜʝʥʪʽʚ 
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ʩʧʝʮʽʘʣʴʥʦʩʪʽ 8.050201.01 çʂʦʤʧôʁ ʪʝʨʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʘʚʪʦʤʘʪʠʢʘè ʢʘʬʝʜʨʠ ɸʚʪʦʤʘʪʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʫ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ / 

ɸʚʪʦʨ: ɸ.ʆ. ʅʦʚʘʮʴʢʠʡ ï ʂ: ʅʊʋʋ Ăʂʇɯò, 2016. 

8. ʉʚʘʥ ʊ. ʆʩʚʦʝʥʠʝ Turbo Assembler/ʊ. ʉʚʘʥ. ï 2-e ʠʟʜ. ï ʂʠʝʚ : ʉʇʙ. : 

ɼʠʘʣʝʢʪʠʢʘ, 1996. 

9. ɻʠʣʤʦʨ ʏ. ɺʚʝʜʝʥʠʝ ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʫʶ ʪʝʭʥʠʢʫ / ʇʝʨ. ʩ  ʘʥʛʣ. ï

ʄ. : ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1984.  

10.   ʆʬʠʮʠʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ XMEGA 

http://www.gaw.ru/html.cgi/txt/ic/Atmel/micros/avr_xmega/start.htm 

   

http://www.gaw.ru/html.cgi/txt/ic/Atmel/micros/avr_xmega/start.htm
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ɼʦʜʘʪʦʢ ɸ  

ʇʝʨʝʣʽʢ ʪʝʤ ʢʫʨʩʦʚʠʭ ʧʨʦʻʢʪʽʚ ʜʣʷ ʨʝʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ 

1. ʇʨʠʩʪʨʽʡ ʫʧʨʘʚʣʽʥʥʷ ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

2. ʇʨʠʩʪʨʽʡ ʫʧʨʘʚʣʽʥʥʷ ʫʥʽʧʦʣʷʨʥʠʤ ʢʨʦʢʦʚʠʤ ʜʚʠʛʫʥʦʤ. 

3. ʇʨʠʩʪʨʽʡ ʫʧʨʘʚʣʽʥʥʷ ʙʽʧʦʣʷʨʥʠʤ ʢʨʦʢʦʚʠʤ ʜʚʠʛʫʥʦʤ. 

4. ʇʨʠʩʪʨʽʡ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 7 ï ʩʝʛʤʝʥʪʥʠʭ 

ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ. 

5. ʇʨʠʩʪʨʽʡ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 7 ï ʩʝʛʤʝʥʪʥʠʭ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ. 

6. ʇʨʠʩʪʨʽʡ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

7. ʇʨʠʩʪʨʽʡ ʢʦʥʪʨʦʣʶ: ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ; ʚʦʣʦʛʦʩʪʽ; ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ; 

ʦʩʚʽʪʣʝʥʦʩʪʽ; ʉʆ ʪʘ ʉʆ2 ʫ ʧʨʠʤʽʱʝʥʥʽ; ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʘʣʫ; ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ; ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʘʚʣʝʥʥʷ ʚʽʪʨʫ; ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ; ʧʫʣʴʩʫ ʣʶʜʠʥʠ; ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʣʶʜʠʥʠ; ʪʝʤʧʝʨʘʪʫʨʠ ʪʽʣʘ 

ʣʶʜʠʥʠ; ɽʂɻ ï ʣʶʜʠʥʠ. 

8.  ʇʨʠʩʪʨʽʡ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʘ ï ʘʥʘʣʦʛ. 

9.   ʂʦʜʦʚʠʡ ʟʘʤʦʢ. 

10.   ʎʠʬʨʦʚʠʡ ʯʘʩʪʦʪʦʤʽʨ. 

11.   ʎʠʬʨʦʚʠʡ ʚʦʣʴʪʤʝʪʨ. 

12.   ɻʦʜʠʥʥʠʢ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

13.   ʎʠʬʨʦʚʠʡ ʛʝʥʝʨʘʪʦʨ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʥʘʧʨʫʛʠ. 

14.   ʇʨʠʩʪʨʽʡ ʦʭʦʨʦʥʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ. 

15.   ʇʨʠʩʪʨʽʡ ʜʣʷ ʟʘʨʷʜʞʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʽʚ. 

16.   ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʧʨʘʣʴʥʦʶ ʤʘʰʠʥʦʶ. 

17.   ʇʨʠʩʪʨʽʡ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ. 

18.   ʇʨʠʩʪʨʽʡ ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʜʠʩʧʣʝʡ. 

19.   ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʚʦʜʦʟʘʙʽʨʥʠʤ ʚʫʟʣʦʤ. 

20.   ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʢʘʙʽʥʦʶ ʣʽʬʪʘ. 
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21.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʧʽʜʩʠʩʪʝʤʦʶ ʧʦʚʝʨʭʫ ʣʽʬʪʘ. 

22.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʧʽʜʩʠʩʪʝʤʦʶ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʣʽʬʪʘ. 

23.   ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʦʤ. 

24.   ʇʨʠʩʪʨʽʡ ʚʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʚʽʜ ʮʠʬʨʦʚʠʭ ʜʘʚʘʯʽʚ. 

25.   ʇʨʠʩʪʨʽʡ ʟʚôʷʟʢʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʟ ʤʦʜʝʤʦʤ. 

26.   ʂʦʜʝʨ ʢʦʜʫ ʍʝʤʽʥʛʘ. 

27.   ɼʝʢʦʜʝʨ ʢʦʜʫ ʍʝʤʽʥʛʘ. 

28.   ʂʦʜʝʨ ʮʠʢʣʽʯʥʦʛʦ ʢʦʜʫ. 

29.   ɼʝʢʦʜʝʨ ʮʠʢʣʽʯʥʦʛʦ ʢʦʜʫ. 

30.   ʇʨʠʩʪʨʽʡ ʟʚôʷʟʢʫ ʟʘ ʽʥʬʨʘʯʝʨʚʦʥʠʤ ʢʘʥʘʣʦʤ. 

31.   ʇʨʠʩʪʨʽʡ ʧʨʦʪʠʧʦʞʝʞʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ. 

32.  ʇʨʠʩʪʨʽʡ ʩʠʛʥʘʣʽʟʘʮʽʾ ʧʝʨʝʚʠʱʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ ʫ ʧʨʠʤʽʱʝʥʥʽ. 

33.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷʤ ʞʠʪʣʦʚʦʛʦ ʧʨʠʤʽʱʝʥʥʷ. 

34.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʫ ʪʝʧʣʠʮʽ. 

35.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʫ ʘʚʪʦʤʦʙʽʣʽ. 

36.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʟʘʤʢʘʤʠ ʪʘ ʩʢʣʦʧʽʜʡʦʤʥʠʢʘʤʠ ʚ ʘʚʪʦʤʦʙʽʣʽ. 

37.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʧʦʜʫʰʢʘʤʠ ʙʝʟʧʝʢʠ ʚ ʘʚʪʦʤʦʙʽʣʽ. 

38.  ʇʨʠʩʪʨʽʡ ʢʦʥʪʨʦʣʶ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

39.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʬʘʨʘʤʠ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. 

40.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʥʘ ʧʝʨʝʭʨʝʩʪʽ. 

41.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʟʘʧʨʘʚʥʦʶ ʩʪʘʥʮʽʻʶ. 

42.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʢʦʣʽʩʥʠʤ ʨʦʙʦʪʦʤ. 

43.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʽʥʢʫʙʘʪʦʨʦʤ. 

44.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʧʘʨʦʚʠʤ ʢʦʪʣʦʤ. 

45.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʫ ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʠʤʽʱʝʥʥʽ. 

46.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʅɺʏ-ʧʽʯʯʶ. 

47.  ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʚʠʧʽʯʢʦʶ ʧʝʯʠʚʘ. 
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ɼʦʜʘʪʦʢ ɹ 

ʇʨʠʢʣʘʜ ʦʬʦʨʤʣʝʥʥʷ ʪʠʪʫʣʴʥʦʛʦ ʘʨʢʫʰʘ 

ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

Ăʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉ̔ ʢʦʨʩʴʢʦʛʦò 

ʂʘʬʝʜʨʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

ʇʨʠʩʪʨʽʡ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ 

ʂʫʨʩʦʚʠʡ ʧʨʦ̒ʢʪ 

ɿ ʜʠʩʮʠʧʣʽʥʠ çɽʃɽʂʊʈʆʅɯʂɸ ʊɸ ʄɯʂʈʆʇʈʆʎɽʉʆʈʅɸ ʊɽʍʅɯʂɸè 

ʂʝʨʽʚʥʠʢ ʜʦʮ. ʅʦʚʘʮʴʢʠʡ ɸ.ʆ.              ɺʠʢʦʥʘʚʝʮʴ 

Ăɼʦʧʫʱʝʥʠʡ ʜʦ ʟʘʭʠʩʪʫò               ʩʪ. ʇʝʪʨʝʥʢʦ ʆ.ɽ. 

                    ʟʘʣ. ʢʥʠʞʢʘ ˉ  

_____________________    ________________________ 

(ʆʩʦʙʠʩʪʠʡ ʧʽʜʧʠʩ ʢʝʨʽʚʥʠʢʘ)  (ʆʩʦʙʠʩʪʠʡ ʧʽʜʧʠʩ ʚʠʢʦʥʘʚʮʷ)       

ç____è _____________ 2026 ʨ.   ç___è ____________ 2026 ʨ.  

ɿʘʭʠʱʝʥʠʡ ʟ ʦʮʽʥʢʦʶ    

__________________________ 

          (ʦʮʽʥʢʘ) 

ç____è _____________ 2026 ʨ. 

ʏʣʝʥʠ ʢʦʤʽʩʽʾ : 

_______________________                                     _________________________ 

       (ʆʩʦʙʠʩʪʠʡ ʧʽʜʧʠʩ)                                          (ʈʦʟʰʠʬʨʦʚʢʘ ʧʽʜʧʠʩʫ) 

_______________________                                      _________________________ 

      (ʆʩʦʙʠʩʪʠʡ ʧʽʜʧʠʩ)                                            (ʈʦʟʰʠʬʨʦʚʢʘ ʧʽʜʧʠʩʫ) 

ʂʠʾʚ 2026ʨ. 
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ɼʦʜʘʪʦʢ ɺ  

ʇʨʠʢʣʘʜ ʦʬʦʨʤʣʝʥʥʷ ʟʘʚʜʘʥʥʷ ʥʘ ʢʫʨʩʦʚʠʡ ʧʨʦʻʢʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

Ăʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò 

ʂʘʬʝʜʨʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

ɼʠʩʮʠʧʣʽʥʘ çɽʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʪʝʭʥʽʢʘè_ 

ʂʫʨʩ           2          ɻʨʫʧʘ         ɯɸ-21            ʉʝʤʝʩʪʨ         4                                                        

ɿɸɺɼɸʅʅʗ    

ʥʘ ʢʫʨʩʦʚʠʡ ʧʨʦʻʢʪ ʩʪʫʜʝʥʪʘ 

______ʇʝʪʨʝʥʢʦ ʆʣʝʛʘ ɽʜʫʘʨʜʦʚʠʯʘ 

 (ʧʨʽʟʚʠʱʝ, ʽʤ'ʷ, ʧʦ ʙʘʪʴʢʦʚʽ) 

1.ʊʝʤʘ ʧʨʦʻʢʪʫ  __ ʇʨʠʩʪʨʽʡ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ  

2.ʊʝʨʤʽʥ ʟʜʘʯʽ ʩʪʫʜʝʥʪʦʤ ʟʘʢʽʥʯʝʥʦʛʦ ʧʨʦʻʢʪʫ          31.05.2026ʨ.                  

3.ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʧʨʦʻʢʪʫ   ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ: ὠ̐ =̅2400 ʙʦʜ; ʪʘʢʪʦʚʘ ʯʘʩʪʦʪʘ 

ʢʚʘʨʮʦʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ: Ὢ  = 8ʄɻʮ; ʜʣʷ ʦʙʤʽʥʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʫʣʴ USART; 

ʨʝʞʠʤ ʧʝʨʝʜʘʯʽ ï ʘʩʠʥʭʨʦʥʥʠʡ; ʨʦʟʤʽʨ ʩʣʦʚʘ ʜʘʥʠʭ ï 8 ʨʦʟʨʷʜʽʚ; ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʝʨʝʚʽʨʢʫ ʥʘ ʧʘʨʥʽʩʪʴ; ʢʽʣʴʢʽʩʪʴ ʩʪʦʧïʙʽʪʽʚ ï 1; ʙʘʡʪ ʜʣʷ ʧʝʨʝʜʘʯʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʨʝʛʽʩʪʨʽ R22 = 10110101b; ʩʠʤʚʦʣ ʜʣʷ ʧʨʠʡʦʤʫ ʚʽʜ ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʨʤʽʥʘʣʫ ï ɸ  

4.ɿʤʽʩʪ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ (ʧʝʨʝʣʽʢ ʧʠʪʘʥʴ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ  

ʨʦʟʨʦʙʮʽ) ʇʨʠʟʥʘʯʝʥʥʷ ʪʘ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ, ʪʝʭʥʽʯʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ,  ʚʠʙʽʨ ʪʘ ʦʧʠʩ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ, ʨʦʟʨʘʭʫʥʢʠ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʨʠʩʪʨʦʶ, ʨʦʟʨʦʙʢʘ ʩʭʝʤʠ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ, ʢʝʨʫʶʯʦʾ  ʧʨʦʛʨʘʤʠ 

ʪʘ ʩʭʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ                                                          

  5.ʇʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʟ ʪʦʯʥʠʤ ʟʘʟʥʘʯʝʥʥʷʤ ʦʙʦʚ'ʷʟʢʦʚʠʭ ʢʨʝʩʣʝʥʴ) 

_ʩʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʥʘ___________________________________________ 

6.ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ           

14.02.2026ʨ._________________________________________ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜʘʪʢʫ ɺ 

 

ʂɸʃɽʅɼɸʈʅʀʁ ʇʃɸʅ 

 ̄

ʧ/ʧ 

 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ 

ʊʝʨʤʽʥ 

ʚʠʢʦʥʘʥʥʷ 

ʝʪʘʧʽʚ ʨʦʙʦʪʠ 

 

ʇʨʠʤʽʪʢʠ 

1 ʆʪʨʠʤʘʥʥʷ ʟʘʚʜʘʥʥʷ ʥʘ ʢʫʨʩʦʚʠʡ ʧʨʦʻʢʪ    

 ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 25.02.2026ʨ  

2 ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʪʘ ʨʦʟʨʦʙʢʘ   

 ʩʪʨʫʢʪʫʨʠ ʧʨʠʩʪʨʦʶ 15.03.2026ʨ.  

3 ɺʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 06.04.2026ʨ  

4 ʈʦʟʨʦʙʢʘ ʩʭʝʤʠ ʘʣʛʦʨʠʪʤʫ ʪʘ ʢʝʨʫʶʯʦʾ  

ʧʨʦʛʨʘʤʠ 

 

15.04.2026ʨ 

 

5 ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʠʩʪʨʦʶ 27.04.2026ʨ.  

6 ʆʬʦʨʤʣʝʥʥʷ ʪʝʢʩʪʦʚʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ 15.05.2026ʨ.  

7 ʇʨʝʜʩʪʘʚʣʝʥʥʷ  ʜʦ ʟʘʭʠʩʪʫ 31.05.2026ʨ.  

    

    

    

    

 

 

   

ʉʪʫʜʝʥʪ____________________________ 

                                   (ʧʽʜʧʠʩ) 

ʂʝʨʽʚʥʠʢ           _______________________                                   ɸʥʘʪʦʣʽʡ ʅʆɺɸʎʔʂʀʁ     

                                   (ʧʽʜʧʠʩ)                           (ʽʤ'ʷ ʪʘ ʧʨʽʟʚʠʱʝ) 

ûû    25   üü                   02                  2026  ʨ.                       
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ɼʦʜʘʪʦʢ ɻ 

ʇʨʠʢʣʘʜ ʦʬʦʨʤʣʝʥʥʷ ʟʤʽʩʪʫ ʜʦ ʇɿ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ 

 

ɿʄɯʉʊ 

 

ɺʉʊʋʇ 

1 ʇʨʠʟʥʘʯʝʥʥʷ ʪʘ ʦʙʣʘʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

2 ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʩʪʨʦʶ  

3 ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ  ʩʪʨʫʢʪʫʨʠ  ʪʘ 

ʦʧʠʩ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʟʘ ʩʪʨʫʢʪʫʨʥʦʶ ʩʭʝʤʦʶ 

3.1 ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʩʪʨʫʢʪʫʨʠ 

ʧʨʠʩʪʨʦʶ  

3.2 ʆʧʠʩ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʟʘ ʩʪʨʫʢʪʫʨʥʦʶ ʩʭʝʤʦʶ 

4 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʘ ʦʧʠʩ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʧʨʠʩʪʨʦʶ  

4.1 ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ 

4.2 ʇʨʠʩʪʨʽʡ ʚʠʙʽʨʢʠ-ʟʙʝʨʽʛʘʥʥʷ 

4.3 ɸʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

4.4 ʎʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

4.5 ʌʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ 

5 ʈʦʟʨʦʙʢʘ ʪʘ ʦʧʠʩ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ 

6 ʈʦʟʨʘʭʫʥʢʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʽʻʟʜʘʪʥʽʩʪʴ ʧʨʠʩʪʨʦʶ  

6.1 ʅʦʨʤʫʶʯʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

6.2 ʌʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ 

6.3 ʇʨʠʩʪʨʽʡ ʚʠʙʽʨʢʠ-ʟʙʝʨʽʛʘʥʥʷ 

6.4 ɸʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

6.5 ʎʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ  

7 ʈʦʟʨʦʙʢʘ ʩʭʝʤʠ ʘʣʛʦʨʠʪʤʫ ʪʘ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ 

8 ʈʦʟʨʦʙʢʘ ʪʘ ʦʧʠʩ ʨʦʙʦʪʠ ʤʦʜʝʣʽ ʧʨʠʩʪʨʦʶ  
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ɺʀʉʅʆɺʆʂ 

 ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ 

ɼʦʜʘʪʦʢ ɸ  ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʩʪʨʦʶ  

ɼʦʜʘʪʦʢ ɹ  ʃʽʩʪʠʥʛ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ 
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31 

34 
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ɼʦʜʘʪʦʢ ɼ 

 ʇʨʠʢʣʘʜ ʦʬʦʨʤʣʝʥʥʷ ʪʝʢʩʪʦʚʦʛʦ ʜʦʢʫʤʝʥʪʫ 

1 ɿɸɻɸʃʔʅɯ ɺʀʄʆɻʀ ɼʆ ʂʋʈʉʆɺʆɻʆ ʇʈʆɭʂʊʋ 

1.1  ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʢʫʨʩʦʚʦʛʦ ʧʨʦ̒ʢʪʫ 

 

ʄʝʪʘ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ ï ʟʘʢʨʽʧʠʪʠ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʢʫʨʩʫ 

çɽʃɽʂʊʈʆʅɯʂɸ ʊɸ ʄɯʂʈʆʇʈʆʎɽʉʆʈʅɸ ʊɽʍʅɯʂɸè, ʥʘʚʯʠʪʠʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʦʪʨʠʤʘʥʽ ʟʥʘʥʥʷ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʠʜʙʘʪʠ ʥʘʚʠʯʢʠ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤ. ɺʠʢʦʥʘʥʥʷ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫ ʻ 

ʧʽʜʛʦʪʦʚʢʦʶ ʜʦ ʙʘʢʘʣʘʚʨʩʴʢʠʭ ʧʨʦʻʢʪʽʚ.  

ʈʦʙʦʪʘ ʥʘʜ ʢʫʨʩʦʚʠʤ ʧʨʦ̒ʢʪʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʚʝʨʰʝʥʘ ʧʨʦʪʷʛʦʤ ʰʽʩʪʥʘʜʮʷʪʠ 

ʪʠʞʥʽʚ ʚʽʜ ʜʥʷ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ. 

ʉʪʫʜʝʥʪ ʟʘʭʠʱʘʻ ʧʨʦʻʢʪ ʫ ʚʩʪʘʥʦʚʣʝʥʽ ʢʘʬʝʜʨʦʶ ʪʝʨʤʽʥʠ ʧʝʨʝʜ ʢʦʤʽʩʽʻʶ, ʜʦ 

ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʷʪʴ ʚʠʢʣʘʜʘʯʽ ʢʘʬʝʜʨʠ. ʇʨʠ ʟʘʭʠʩʪʽ ʩʪʫʜʝʥʪ ʧʦʚʠʥʝʥ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʟʥʘʥʥʷ, ʟʜʘʪʥʽʩʪʴ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ ʪʝʦʨʝʪʠʯʥʦʤʫ ʢʫʨʩʽ 

çɽʃɽʂʊʈʆʅɯʂɸ ʊɸ ʄɯʂʈʆʇʈʆʎɽʉʆʈʅɸ ʊɽʍʅɯʂɸè ʽ ʩʫʤʽʞʥʠʭ ʜʠʩʮʠʧʣʽʥʘʭ, 

ʚʤʽʥʥʷ ʣʦʛʽʯʥʦ ʤʠʩʣʠʪʠ, ʧʦʚʠʥʝʥ ʧʝʨʝʢʦʥʣʠʚʦ ʦʙʛʨʫʥʪʦʚʫʚʘʪʠ ʩʚʦʶ ʪʦʯʢʫ ʟʦʨʫ. 

ɿʘʭʠʱʝʥʘ ʨʦʙʦʪʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʢʘʬʝʜʨʽ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʨʦʢʽʚ ʟ ʤʦʤʝʥʪʫ 

ʟʘʭʠʩʪʫ. 

 

1.2  ʆʩʥʦʚʥʘ ʪʝʤʘʪʠʢʘ ʢʫʨʩʦʚʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ  

 

ʊʝʤʦʶ ʢʫʨʩʦʚʦʾ ʧʨʦʻʢʪʫ ʤʦʞʝ ʙʫʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʚʜʘʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʚʽʜ 

ʢʝʨʽʚʥʠʢʘ ʥʘ ʧʦʯʘʪʢʫ ʩʝʤʝʩʪʨʫ, ʨʦʟʨʦʙʢʘ ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʪʠʧʦʚʠʭ ʧʨʠʩʪʨʦʾʚ: 

ï ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʤʦʜʫʣʝʤ ʋʉɸʇʇ ʪʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ; 

ï ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

 


