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ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʫʨʩʦʚʠʭ ʧʨʦʝʢʪʽʚ, 
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ɺʉʊʋʇ 

ʋ ʮʴʦʤʫ ʧʽʜʨʫʯʥʠʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ 

ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ.  

ʇʽʜʨʫʯʥʠʢ ʦʨʽʻʥʪʦʚʘʥʦ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʬʘʭʽʚʮʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 

çɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè, ʷʢʘ ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʽʥʪʝʛʨʘʮʽʡʥʘ ʦʩʥʦʚʘ ʧʽʜ ʯʘʩ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʟ ʨʦʟʨʦʙʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ. ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʦʧʘʥʦʚʫʚʘʥʥʷ 

ʤʘʡʙʫʪʥʽʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʮʽʻʶ ʩʧʝʮʽʘʣʴʥʽʩʪʶ ʥʝʦʙʭʽʜʥʦ ʟʘʩʚʦʾʪʠ ʧʨʠʥʮʠʧʠ 

ʧʦʙʫʜʦʚʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʪʘ ʬʫʥʢʮʽʦʥʫʶʪʴ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ. 

ʇʽʜʨʫʯʥʠʢ ʦʭʦʧʣʶʻ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʧʨʘʢʪʠʯʥʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʚʠʚʯʝʥʥʷ ʜʨʫʛʦʾ ʯʘʩʪʠʥʠ ʜʠʩʮʠʧʣʽʥʠ çʄʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʽ 

ʩʠʩʪʝʤʠè ï çʇʨʦʝʢʪʫʚʘʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤè. ʇʽʜʨʫʯʥʠʢ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʯʦʪʠʨʥʘʜʮʷʪʠ ʨʦʟʜʽʣʽʚ, ʚ ʷʢʠʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷʤ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤ (ʄʇʉ) ʥʘ ʦʩʥʦʚʽ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. ʆʩʪʘʥʥʽ ʻ 

ʦʜʥʠʤ ʟ ʮʽʢʘʚʠʭ ʥʘʧʨʷʤʽʚ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʢʦʨʧʦʨʘʮʽʷʤʠ Atmel ʪʘ Microchip. 

ʆʙ̀̒ ʤʠ ʧʨʦʜʘʞʽʚ AVR ʫ ʩʚʽʪʽ ʱʦʨʽʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʥʝʫʭʠʣʴʥʦ ʨʦʩʪʝ ʯʠʩʣʦ 

ʩʪʦʨʦʥʥʽʭ ʬʽʨʤ, ʱʦ ʚʠʧʫʩʢʘʶʪʴ ʧʨʦʛʨʘʤʥʽ ʡ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ ʧʽʜʪʨʠʤʢʠ ʨʦʟʨʦʙʦʢ 

ʜʣʷ ʮʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. ʄʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ AVR ʧʦʩʪʫʧʦʚʦ ʩʪʘʚ ʦʜʥʠʤ ʽʟ 

ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʩʝʨʝʜ 8-ʨʦʟʨʷʜʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʟʘʛʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʟʥʘʭʦʜʷʪʴʩʷ ʪʨʠ ʩʽʤʝʡʩʪʚʘ AVR ï "tiny", 

"mega", "XMega", ʱʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʦʙó̒ ʤʘʤʠ  Flash-, EEPROM- ̔ SRAM-ʧʘʤ'ʷʪʽ, 

ʥʘʙʦʨʦʤ ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʧʦʙʫʜʦʚʦʶ ʩʭʝʤʠ ʪʘʢʪʫʚʘʥʥʷ.  

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʪʘʢʽ ʧʠʪʘʥʥʷ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʨʛʘʥʽʟʘʮʽʷ ʧʘʤ`ʷʪʽ, 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ; ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʧʝʨʠʬʝʨʽʡʥʠʭ ʤʦʜʫʣʽʚ ʄʂ: ʧʘʨʘʣʝʣʴʥʠʭ ʧʦʨʪʽʚ; ʪʘʡʤʝʨʽʚ; ʋɸʇʇ/ʋʉɸʇʇ; 

I2C; SPI; CAN; ɸʎʇ; ʎɸʇ; ʘʥʘʣʦʛʦʚʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʨʝʞʠʤʠ 

ʨʦʙʦʪʠ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ.  

ʋ ʢʽʥʮʽ ʢʦʞʥʦʛʦ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʢʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ʜʣʷ 

ʩʘʤʦʢʦʥʪʨʦʣʶ. 

ʊʝʤʘʪʠʢʘ ʧʽʜʨʫʯʥʠʢʘ ʚʽʜʧʦʚʽʜʘʻ ʨʦʙʦʯʽʡ ʧʨʦʛʨʘʤʽ ʜʠʩʮʠʧʣʽʥʠ 

çʇʨʦʝʢʪʫʚʘʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤè, ʷʢʘ ʻ ʚʘʞʣʠʚʦʶ ʜʠʩʮʠʧʣʽʥʦʶ ʫ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʣʘʥʽ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ ʽ ʤʘʛʽʩʪʨʽʚ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ 

ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè ʟʘ ʦʩʚʽʪʥʴʦʶ ʧʨʦʛʨʘʤʦʶ çɯʥʪʝʛʨʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè ʟʽ 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ 126 çɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè. 

ʉʪʫʜʝʥʪ ʤʘʻ ʟʥʘʪʠ: ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ, ʧʨʠʥʮʠʧʠ 

https://ru.wikipedia.org/wiki/Microchip
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ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʽ ʨʦʟʨʘʭʫʥʢʫ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ  ʽʟ ʟʘʜʘʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʦʞ ʫʤʽʪʠ: ʨʦʟʨʘʭʦʚʫʚʘʪʠ, ʧʨʦʛʨʘʤʫʚʘʪʠ ʪʘ 

ʤʦʜʝʣʶʚʘʪʠ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʩʠʩʪʝʤʠ; 

ʨʦʟʨʦʙʣʷʪʠ ʩʪʨʫʢʪʫʨʥʽ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʧʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʪʘ ʩʭʝʤʠ 

ʘʣʛʦʨʠʪʤʽʚ ʨʦʙʦʪʠ. 

ʇʽʜʨʫʯʥʠʢ ʥʘʧʠʩʘʥʦ ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ ʚʠʢʣʘʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʜʠʩʮʠʧʣʽʥ ʟʛʽʜʥʦ ʟ ʧʨʦʛʨʘʤʘʤʠ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ ʽ ʤʘʛʽʩʪʨʽʚ 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ 126 çɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè ʥʘ ʢʘʬʝʜʨʽ 

ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè. 

ʂʫʨʩ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʜʠʩʮʠʧʣʽʥʘʤʠ: ʤʘʪʝʤʘʪʠʢʘ, ʬʽʟʠʢʘ, 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʦʩʥʦʚʠ ʩʠʩʪʝʤʥʦʾ ʽʥʞʝʥʝʨʽʾ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ, ʢʦʤʧôʁ ʪʝʨʥʘ 

ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʩʠʩʪʝʤʠ.  

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʢʫʨʩ ʟʘʙʝʟʧʝʯʫʻ ʟʘʩʚʦʻʥʥʷ ʩʪʫʜʝʥʪʘʤʠ ʙʽʣʴʰʦʩʪʽ ʥʘʩʪʫʧʥʠʭ 

ʜʠʩʮʠʧʣʽʥ ʩʧʝʮʽʘʣʴʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚ ʥʴʦʤʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ, ʷʢʽ 

ʻ ʦʩʥʦʚʦʶ ʩʫʯʘʩʥʠʭ ʽʥʪʝʛʨʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ.  

ʈʦʙʦʪʘ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʩʪʫʜʝʥʪʘʤ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʧʽʜ 

ʯʘʩ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥ, ʷʢʽ ʧʦʚôʷʟʘʥ ̔ ʽʟ ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʢʫʨʩʦʚʠʭ ʧʨʦʝʢʪʽʚ, 

ʙʘʢʘʣʘʚʨʩʴʢʠʭ ʪʘ ʤʘʛʽʩʪʝʨʩʴʢʠʭ ʨʦʙʽʪ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʧʨʠʩʪʨʦʾ. 
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ʉʇʀʉʆʂ ʉʂʆʈʆʏɽʅʔ 

ɸʂ  ï ʘʥʘʣʦʛʦʚʠʡ ʢʦʤʧʘʨʘʪʦʨ 

ɸʃʇ ï ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʽʯʥʠʡ ʧʨʠʩʪʨʽʡ 

ɸʎʇ ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ɼʂ ï ʜʚʽʡʢʦʚʠʡ ʢʦʜ 

ɼʅʃ ï ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ 

ɼʆʅ ï ʜʞʝʨʝʣʦ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ 

ɼʈɺɺ ï ʜʦʜʘʪʢʦʚʽ ʨʝʛʽʩʪʨʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ɽʉʇʇɿʇ ï ʝʣʝʢʪʨʠʯʥʦ ʩʪʠʨʘʻʤʠʡ ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʧʦʩʪʽʡʥʠʡ 

ʟʘʧʘʤô̫ ʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

ɿɺʇʈ ï ʟʦʚʥʽʰʥʽʡ ʧʨʠʩʪʨʽʡ 

ɿʇ ï ʟʘʧʘʤ'̫ʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

ɿʇʇ ï ʟʦʚʥʽʰʥʷ ʧʘʤ'ʷʪʴ ʧʨʦʛʨʘʤ 

ɯʄʉ ʆʇ ï ̔ʥʪʝʛʨʘʣʴʥʘ ʤʽʢʨʦʩʭʝʤʘ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

ɯʅʃ ï ̔ʥʪʝʛʨʘʣʴʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ 

ʂɿ ï ʢʘʥʘʣ ʟʚô̫ ʟʢʫ 

ʂʄʆʅ ï ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʡ  ʤʝʪʘʣ-ʦʢʩʠʜ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ 

ʂʆʇ ï ʢʦʜ ʦʧʝʨʘʮʽʾ ʢʦʤʘʥʜʠ 

ʄɸ ï ʤʦʚʘ ʘʩʝʤʙʣʝʨʘ 

ʄɿʈ ï ʤʦʣʦʜʰʠʡ ʟʥʘʯʫʱʠʡ ʨʦʟʨʷʜ 

ʄʂ ï ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 

ʄʇʃ ï ʤʫʣʴʪʠʧʣʝʢʩʦʨ 

ʄʇʉ ï ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʩʠʩʪʝʤʘ 

ʆɿʇ ï ʦʧʝʨʘʪʠʚʥʠʡ ʟʘʧʘʤô̫ ʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

ʆʇ ï ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ 

ʇɺɺ ï ʧʦʨʪʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʇɺɿ ï ʧʨʠʩʪʨʽʡ ʚʠʙʽʨʢʠ-ʟʙʝʨʽʛʘʥʥʷ 

ʇɼʇ ï ʧʨʷʤʠʡ ʜʦʩʪʫʧ ʜʦ ʧʘʤ'ʷʪʽ 

ʇɿʇ ï ʧʦʩʪʽʡʥʠʡ ʟʘʧʘʤô̫ ʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

ʇʇ ï ʧʘʤô̫ ʪʴ ʧʨʦʛʨʘʤ 

ʇʇɿʇ ï ʧʝʨʝʧʨʦʛʨʘʤʦʚʫʚʘʥʠʡ ʧʦʩʪʽʡʥʠʡ ʟʘʧʘʤ'ʷʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

ʇʇʈ ï ʧʝʨʠʬʝʨʽʡʥʠʡ ʧʨʠʩʪʨʽʡ 

ʈɺɺ ï ʨʝʛʽʩʪʨ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʈɿʇ ï ʨʝʛʽʩʪʨ ʟʘʛʘʣʴʥʦʛʦ  ʧʨʠʟʥʘʯʝʥʥʷ 

ʈʇʇ ï ʨʝʟʠʜʝʥʪʥʘ ʧʘʤ'ʷʪʴ ʧʨʦʛʨʘʤ 

ʉɿʈ ï ʩʪʘʨʰʠʡ ʟʥʘʯʫʱʠʡ ʨʦʟʨʷʜ  

ʉʆɿʇ ï ʩʪʘʪʠʯʥʠʡ ʦʧʝʨʘʪʠʚʥʠʡ ʟʘʧʘʤô̫ ʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 
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ʉʇɼ ï ʩʪʘʪʠʯʥʘ ʧʘʤô̫ ʪʴ ʜʘʥʠʭ  

ʊʊʃʐ ï ʪʨʘʥʟʠʩʪʦʨʥʦ-ʪʨʘʥʟʠʩʪʦʨʥʘ ʣʦʛʽʢʘ ʟ ʜʽʦʜʘʤʠ ʐʦʪʪʢʠ 

ʋʉɸʇʇ ï ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʩʠʥʭʨʦʥʥʦ/ʘʩʠʥʭʨʦʥʥʠʡ ʧʨʠʡʤʘʯ-ʧʝʨʝʜʘʚʘʯ 

ʎɸʇ ï ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʎʇʇ ï ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨʥʠʡ ʧʨʠʩʪʨʽʡ 

ʐɸ ï h ʠʥʘ ʘʜʨʝʩʠ 

ʐɼ ï h ʠʥʘ ʜʘʥʠʭ 

ʐɯʄ ï hʠʨʦʪʥʦ-̔ ʤʧʫʣʴʩʥʘ ʤʦʜʫʣʷʮʽʷ 

ACK ï ʧʽʜʪʚʝʨʜʞʝʥʥʷ (acknowledge) 

ACME ï ʧʽʜʢʣʶʯʝʥʥʷ ʚʠʭʦʜʫ ɸʎʇ ʜʦ ʚʭʦʜʫ ʘʥʘʣʦʛʦʚʦ ʢʦʤʧʘʨʘʪʦʨʘ 

(Analog Comparator Multiplexer Enable) 

BT ï ʯʘʩ ʧʝʨʝʜʘʯʽ ʦʜʥʦʛʦ ʙʽʪʘ (bit time) 

CAN ï ʤʝʨʝʞʘ ʢʦʥʪʨʦʣʝʨʽʚ (Controller Area Network)  

CPHA ï ʬʘʟʘ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ (Clock Phase)   

CPOL ï ʧʦʣʷʨʥʽʩʪʴ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ (Clock Polarity)  

 DMA ï ʧʨʷʤʠʡ ʜʦʩʪʫʧ ʜʦ ʧʘʤôʷʪʽ (direct memory access) 

EEPROM-

ʧʘʤô̫ ʪʴ 

ï ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʘ ʧʘʤ'ʷʪʴ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʝʣʝʢʪʨʠʯʥʦ ʩʪʝʨʪʘ 

ʪʘ ʧʝʨʝʧʨʦʛʨʘʤʦʚʘʥʘ (Electrically Erasable Programmable 

Read-Only Memory)  

ETIMSK ï ʨʦʟʰʠʨʝʥʠʡ ʨʝʛʽʩʪʨ ʤʘʩʢʠ ʧʝʨʝʨʠʚʘʥʴ ʚʽʜ 

ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ (Extended Timer/Counter Interrupt 

MaSK Register) 

FIFO ï ʧʝʨʰʠʤ ʟʘʡʰʦʚ, ʧʝʨʰʠʤ ʚʠʡʰʦʚ (First In, First Out)  

 GTCCR ï ʟʘʛʘʣʴʥʠʡ ʨʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ʪʘʡʤʝʨʦʤ/ʣʽʯʠʣʴʥʠʢʦʤ 

(General Timer/Counter Control Register)  

ɯɽɽɽ  ï ɯʥʩʪʠʪʫʪ ʽʥʞʝʥʝʨʽʚ ʟ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ ʝʣʝʢʪʨʦʥʽʢʠ 

(Institute of Electrical and Electronics Engineers)  

I2C ï ʜʚʦʥʘʧʨʘʚʣʝʥʘ ʜʚʦʧʨʦʚʽʜʥʘ ʰʠʥʘ ʜʣʷ ʪʘʢ ʟʚʘʥʦʛʦ 

ʤʽʞʤʽʢʨʦʩʭʝʤʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ (InterIC, ʘʙʦ IIC)  

JTAG ï ʽʥʪʝʨʬʝʡʩ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʩʢʣʘʜʥʠʭ 

ʮʠʬʨʦʚʠʭ ʤʽʢʨʦʩʭʝʤ ʘʙʦ ʧʨʠʩʪʨʦʾʚ ʨʽʚʥʷ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ 

ʜʦ ʩʪʘʥʜʘʨʪʥʦʾ ʘʧʘʨʘʪʫʨʠ ʪʝʩʪʫʚʘʥʥʷ ʽ ʥʘʣʘʛʦʜʞʝʥʥʷ (Joint 

Test Action Group)  

LSB ï ʤʦʣʦʜʰʠʡ ʟʥʘʯʫʱʠʡ ʨʦʟʨʷʜ (Least Significant Bit)  

MIPS ï ʤʽʣʴʡʦʥ ʽʥʩʪʨʫʢʮʽʡ ʥʘ ʩʝʢʫʥʜʫ (Million Instructions Per 

Second) 

MISO ï ʩʠʛʥʘʣ ʚʭʦʜʫ ʜʣʷ ʚʝʜʫʯʦʛʦ, ʚʠʭʦʜʫ ʜʣʷ ʚʝʜʝʥʦʛʦ (Master In 

Slave Out)  
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MOb ï ʦʙ'ʻʢʪ ʧʦʚʽʜʦʤʣʝʥʥʷ (Message Objects) 

MOSI ï ʩʠʛʥʘʣ ʚʠʭʦʜʫ ʜʣʷ ʚʝʜʫʯʦʛʦ, ʚʭʦʜʫ ʜʣʷ ʚʝʜʝʥʦʛʦ  (Master 

Out Slave In) 

MSB ï ʩʪʘʨʰʠʡ ʟʥʘʯʫʱʠʡ ʨʦʟʨʷʜ (Most Significant Bit) 

MSPɯ ï ʨʝʞʠʤ ʚʝʜʫʯʦʛʦ SPI (Master SPI Mode) 

NACK ï ʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ (no acknowledge) 

NRZ ï ʢʦʜ ʙʝʟ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʥʫʣʷ (Non Return to Zero) 

NRWW ï ʥʝʤʘʻ ʯʠʪʘʥʥʷ ʧʽʜ ʯʘʩ ʟʘʧʠʩʫ (No Read-While-Write) 

OCI ï ʚʽʜʢʨʠʪʘ ʩʠʩʪʝʤʘ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ (Open System 

Interconnection)  

OCR ï ʚʠʭʽʜ ʨʝʛʽʩʪʨʘ ʧʦʨʽʚʥʷʥʥʷ (Output Compare Register)  

PC ï ʣʽʯʠʣʴʥʠʢ ʢʦʤʘʥʜ (Program counter) 

RWW ï ʯʠʪʘʥʥʷ ʧʽʜ ʯʘʩ ʟʘʧʠʩʫ (Read-While-Write) 

SCK ï ʣʽʥʽʷ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ (Serial Clock)  

SCL ï ʧʦʩʣʽʜʦʚʥʘ ʣʽʥʽʷ ʪʘʢʪʫʚʘʥʥʷ (Serial CLock)  

SDA ï ʧʦʩʣʽʜʦʚʥʘ ʣʽʥʽʷ ʜʘʥʠʭ (Serial Data)  

SFIOR ï ʨʝʛʽʩʪʨ ʩʧʝʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ (Special 

Function Input Output Register)  

SP ï ʧʦʢʘʞʯʠʢ ʩʪʝʢʘ (Stack pointer) 

SPI ï ʧʦʩʣʽʜʦʚʥʠʡ ʧʝʨʠʬʝʨʽʡʥʠʡ ʽʥʪʝʨʬʝʡʩ (Serial Peripheral 

Interface)  

SPM ï ʟʙʝʨʽʛʘʥʥʷ ʧʘʤ'ʷʪʽ ʧʨʦʛʨʘʤ (Store Program Memory) 

SPMCR ï ʢʝʨʫʶʯʠʡ ʨʝʛʽʩʪʨ ʟʙʝʨʽʛʘʥʥʷ ʧʘʤ'ʷʪʽ ʧʨʦʛʨʘʤ (Store Program 

Memory Control Register) 

TAP ï ʧʦʨʪ ʪʝʩʪʦʚʦʛʦ ʜʦʩʪʫʧʫ (Test Access Port)  

TCCR ï ʨʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ʪʘʡʤʝʨʦʤ/ʣʽʯʠʣʴʥʠʢʦʤ  (Timer/Counter 

Clock Control Register)  

TIFR ï ʨʝʛʽʩʪʨ ʧʨʘʧʦʨʮʽʚ ʧʝʨʝʨʠʚʘʥʴ ʚʽʜ ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ 

(Timer/Counter Interrupt Flag Register) 

TIMSK ï ʨʝʛʽʩʪʨ ʤʘʩʢʠ ʧʝʨʝʨʠʚʘʥʴ ʚʽʜ ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ 

(Timer/Counter Interrupt MaSK Register)  

TTCAN ï CAN-ʤʝʨʝʞʘ, ʢʝʨʦʚʘʥʘ ʯʘʩʦʤ (Time-Triggered CAN) 

TWI ï ʜʚʦʧʨʦʚʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ (Two Wire Interface)  

UDR ï ʙʫʬʝʨʥʽ ʨʝʛʽʩʪʨʠ ʧʨʠʡʤʘʯʘ ʽ ʧʝʨʝʜʘʚʘʯʘ (Universal Data 

Register) 

USART ï ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʩʠʥʭʨʦʥʥʠʡ/ʘʩʠʥʭʨʦʥʥʠʡ                           

ʧʨʠʡʤʘʯ-ʧʝʨʝʜʘʚʘʯ (Universal Synchronous and Asynchronous 

Receiver and Transmitter) 

http://www.acronymgeek.com/TCCR/TimerCounter_Clock_Control_Register
http://www.acronymgeek.com/TCCR/TimerCounter_Clock_Control_Register
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USI ï ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʦʩʣʽʜʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ (Universal Serial 

Interface 

WDTCR ï ʨʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ʚʘʨʪʦʚʠʤ ʪʘʡʤʝʨʦʤ (Watch Dog Tm̔er 

Control Regs̔ter)  
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1. ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ AVR -ʄɯʂʈʆʂʆʅʊʈʆʃɽʈɯɺ 

1.1. ʈʦʟʚʠʪʦʢ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ AVR 

çʊʨʘʜʠʮʽʡʥʽè AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʧʦʯʠʥʘʣʠ ʩʚʽʡ ʨʦʟʚʠʪʦʢ ʟ ʩʝʨʽʾ 

Classic (ʧʦʟʥʘʯʝʥʥʷ AT90S). ɿʘʨʘʟ ʚʦʥʠ ʟʥʷʪʽ ʟ ʚʠʨʦʙʥʠʮʪʚʘ, ʘʣʝ ʾʭ ʘʨʭʽʪʝʢʪʫʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʩʫʯʘʩʥʠʭ ʪʨʴʦʭ ʩʽʤʝʡʩʪʚʘʭ: Tiny (ʧʦʟʥʘʯʝʥʥʷ ATtiny), 

Mega (ʧʦʟʥʘʯʝʥʥʷ ATmega) ʽ XMega (ʧʦʟʥʘʯʝʥʥʷ ATXMega) (ʨʠʩ. 1.1). 

 

ʈʠʩ. 1.1. ʉʪʘʥʜʘʨʪʥʽ ʩʽʤʝʡʩʪʚʘ AVR 

ʇʨʠ ʧʨʠʧʠʥʝʥʥʽ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʢ̫ʦʛʦ-ʥʝʙʫʜʴ                                  

AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʢʦʤʧʘʥʽʷ Atmel ʧʨʦʧʦʥʫʚʘʣʘ ʡʦʛʦ ʟʘʤʽʥʫ, ʷʢʘ ʧʦʚʥʽʩʪʶ 

ʩʫʤʽʩʥʘ ʧʦʚʠʚʦʜʥʦ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ, ʽ ʻ 

"ʛʥʫʯʢʽʰʠʤ", ʥʘʜʽʡʥʽʰʠʤ ʽ ʧʨʦʜʫʢʪʠʚʥʽʰʠʤ ʝʢʟʝʤʧʣʷʨʦʤ ʟ ʜʦʜʘʪʢʦʚʠʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. ʇʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʥʦʚʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 

ʨʦʟʨʦʙʥʠʢʠ ʟʘʟʚʠʯʘʡ ʥʝ ʤʘʶʪʴ ʩʝʨʡʦʟʥʠʭ ʫʩʢʣʘʜʥʝʥʴ. ʗʢ ʧʨʘʚʠʣʦ, ʧʦʪʨʽʙʥʝ 

ʣʠʰʝ ʥʝʟʥʘʯʥʝ ʦʥʦʚʣʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʪʝʢʩʪʫ ʧʨʦʛʨʘʤʠ, ʦʩʚʦʻʥʥʷ ʜʦʜʘʪʢʦʚʦʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʚʠʚʯʝʥʥʷ ʥʦʚʠʭ ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʪʨʠʤʢʠ. 

ʈʦʟʨʦʙʥʠʢʠ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʧʦʢʣʦʧʦʪʘʣʠʩʷ ʧʨʦ ʽʥʞʝʥʝʨʽʚ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʘʥʫ ʧʣʘʪʬʦʨʤʫ, ʟʨʦʙʠʚʰʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʨʽʟʥʠʭ ʩʝʨʽʡ 

ʧʦʚʠʚʦʜʥʦ ʩʫʤʽʩʥʠʤʠ (ʨʠʩ. 1.2). ʊʘʢʝ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʩʚʦʙʦʜʫ ʚʠʙʦʨʫ 

ʢʨʠʩʪʘʣʘ ʽ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʭʦʜʫ ʤʽʞ ʨʽʟʥʠʤʠ ʩʝʨʽʷʤʠ.  

ɼʣʷ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʥʘ ʧʨʦʛʨʘʤʥʘ ʩʫʤʽʩʥʽʩʪʴ 

çʟʥʠʟʫ ʚʚʝʨʭè, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʙʝʨʝʞʝʥʥʷʤ ʥʘʡʤʝʥʫʚʘʥʴ ʨʝʛʽʩʪʨʽʚ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʨʽʟʥʠʭ ʩʝʨʽʷʭ ʽ ʧʨʘʢʪʠʯʥʦ ʻʜʠʥʠʤ ʥʘʙʦʨʦʤ ʢʦʤʘʥʜ. 
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ʈʠʩ. 1.2. ʇʦʚʠʚʦʜʥʘ ʩʫʤʽʩʥʽʩʪʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ AVR 

ʄʦʞʥʘ ʧʽʜʢʨʝʩʣʠʪʠ ʥʘʩʪʫʧʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ                                              

AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ: ʥʘʨʦʱʫʚʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ; ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʝʨʠʬʝʨʽʡʥʠʭ ʙʣʦʢʽʚ; ʘʧʘʨʘʪʥʫ ʧʽʜʪʨʠʤʢʫ ʨʽʟʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʪʘ ʨʦʟʰʠʨʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʚ ʩʽʤʝʡʩʪʚʘʭ. ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʚ ʦʢʨʝʤʽ ʩʽʤʝʡʩʪʚʘ. ʗʢ ʧʨʠʢʣʘʜ ʤʦʞʥʘ 

ʧʨʠʚʝʩʪʠ ʩʽʤʝʡʩʪʚʦ AVR ʟ ʘʧʘʨʘʪʥʠʤ ʜʨʘʡʚʝʨʦʤ (LCD AVR), ʷʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʣʽʥʽʡʢʦʶ 64-ʚʠʚʽʜʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʽʜʙʫʣʦʩʷ ʧʦʧʦʚʥʝʥʥʷ 

ʜʘʥʦʛʦ ʩʽʤʝʡʩʪʚʘ ʥʦʚʦʶ ʣʽʥʽʡʢʦʶ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʚ 100-ʚʠʚʽʜʥʠʭ ʢʦʨʧʫʩʘʭ. 

ʑʝ ʦʜʥʽʻʶ ʪʝʥʜʝʥʮʽʻʶ ʨʦʟʚʠʪʢʫ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʤʦʞʥʘ ʥʘʟʚʘʪʠ 

ʧʦʷʚʫ ʥʦʚʠʭ ʩʽʤʝʡʩʪʚ ʜʣʷ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʜʘʪʢʽʚ. ɼʘʥʠʡ ʥʘʧʨʷʤ ʨʦʟʚʠʪʢʫ 

ʩʬʦʨʤʫʚʘʣʦ ʩʽʤʝʡʩʪʚʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ASIC AVR), 

ʩʝʨʝʜ ʷʢʠʭ ʚʘʞʣʠʚʘ ʧʦʷʚʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʝʨʽʾ AT90PWM ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʣʘʤʧʘʤʠ ʜʝʥʥʦʛʦ ʩʚʽʪʣʘ ʽ ʙʝʟʢʦʣʝʢʪʦʨʥʠʤʠ ʜʚʠʛʫʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʊʘʢʦʞ 

ʜʦ ʜʘʥʦʛʦ ʩʽʤʝʡʩʪʚʘ ʧʨʠʻʜʥʘʶʪʴʩʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʝʨʽʾ ATmega406, ʚ ʷʢʽ 

ʚʧʝʨʰʝ ʚ AVR ʚʢʣʶʯʝʥʦ ʜʚʘ    ʩʠʛʤʘ-ʜʝʣʴʪʘ ɸʎʇ ʟ ʨʦʟʨʷʜʥʽʩʪʶ 12 ʽ 18 ʙʽʪ. 

ATmega406 ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʟʘʨʷʜʫ Li-Ion 

ʙʘʪʘʨʝʡ ʞʠʚʣʝʥʥʷ ʚ ʨʽʟʥʠʭ ʧʦʨʪʘʪʠʚʥʠʭ ʧʨʠʩʪʨʦʷʭ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʧʦʩʪʽʡʥʝ ʧʦʣʽʧʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʚʽʜ ʧʦʢʦʣʽʥʥʷ ʜʦ ʧʦʢʦʣʽʥʥʷ.  

ʉʧʦʞʠʚʘʥʠʡ ʩʪʨʫʤ ʫ ʩʫʯʘʩʥʠʭ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʚ ʘʢʪʠʚʥʦʤʫ 

ʨʝʞʠʤʽ ʩʢʣʘʜʘʻ 350ʤʢɸ ʥʘ ʯʘʩʪʦʪʽ 1ʄɻʮ ʽ ʥʘʧʨʫʟʽ ʞʠʚʣʝʥʥʷ 1,8ɺ. 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʘʜʥʠʟʴʢʽ ʧʦʢʘʟʥʠʢʠ ʟʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʚ 

ʨʝʞʠʤʘʭ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ: 100ʥɸ ʚ ʨʝʞʠʤʽ Power-Down ʧʨʠ ʥʘʧʨʫʟʽ ʞʠʚʣʝʥʥʷ 

1,8ɺ. ɺ ʥʦʚʠʭ ʚʝʨʩʽʷʭ ʢʨʠʩʪʘʣʽʚ ʚ̔ ʜʙʫʚʘʻʪʴʩʷ ʧʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʜʣʷ ʟʥʠʞʝʥʥʷ 
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ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʫ ʚʩʽ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʚʚʦʜʷʪʴʩʷ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʯʘʩʪʦʪʠ 

ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ "ʥʘ ʣʴʦʪʫ". ɼʣʷ ʮʽʻʾ ʤʝʪʠ ʨʦʟʨʦʙʥʠʢʠ ʧʣʘʪʬʦʨʤʠ AVR 

ʚʚʦʜʷʪʴ ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʧʦʧʝʨʝʜʥʽʡ ʜʽʣʴʥʠʢ ʯʘʩʪʦʪʠ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʥʘ: 1, 2, 

4, 8, 16, 32, 64, 128 ʽ 256. ɺʽʜʧʦʚʽʜʥʠʡ ʨʝʛʽʩʪʨ ʤʘʻ 7 ʟʘʨʝʟʝʨʚʦʚʘʥʠʭ ʧʦʟʠʮʽʡ, ʱʦ 

ʧʨʠʧʫʩʢʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʷʚʠ ʜʦʜʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʽʣʴʥʠʢʘ. 

ʇʣʘʪʬʦʨʤʘ AVR, ʷʢ ʽ ʨʘʥʽʰʝ, ʧʨʦʜʦʚʞʫʻ ʧʨʠʚʝʨʪʘʪʠ ʫʚʘʛʫ ʨʦʟʨʦʙʥʠʢʽʚ 

ʟʙʘʣʘʥʩʦʚʘʥʠʤ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʽ ʚʘʨʪʽʩʪʶ ʥʘʙʦʨʦʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʜʦʩʪʫʧʥʽʩʪʶ ʧʨʦʛʨʘʤʥʠʭ ʽ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʪʨʠʤʢʠ ʨʦʟʨʦʙʦʢ ʜʣʷ 

ʥʠʭ.  

ʌʽʨʤʘ Atmel ʧʨʝʜʩʪʘʚʠʣʘ ʚ 1993 ʨʦʮʽ ʧʝʨʰʠʡ 8-ʨʦʟʨʷʜʥʠʡ                                  

FLASH-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʽ ʟ ʪʠʭ ʧʽʨ ʙʝʟʧʝʨʝʨʚʥʦ ʚʽʜʙʫʚʘʣʦʩʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽ.ʾ ʇʨʦʛʨʝʩ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚ ʟʥʠʞʝʥʥʽ ʧʠʪʦʤʦʛʦ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (ʤɸ/ʄɻʮ), ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʥʘʧʨʫʛ ʞʠʚʣʝʥʥʷ (ʜʦ 1,8ɺ) 

ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʨʝʩʫʨʩʫ ʙʘʪʘʨʝʡʥʠʭ ʩʠʩʪʝʤ, ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʜʦ 16 ʤʣʥ. 

ʦʧʝʨʘʮʽʡ ʚ ʩʝʢʫʥʜʫ, ʚʙʫʜʦʚʫʚʘʥʥʷʤ ʝʤʫʣʷʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ, 

ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʨʦʟʰʠʨʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʝʨʠʬʝʨʽʡʥʠʭ ʤʦʜʫʣʽʚ, ʚʙʫʜʦʚʫʚʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ: ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ 

ʧʝʨʝʜʘʚʘʯ, USB-ʢʦʥʪʨʦʣʝʨ, ʜʨʘʡʚʝʨ ɾʂɯ, ʧʨʦʛʨʘʤʦʚʘʥʘ ʣʦʛʽʢʘ, ʢʦʥʪʨʦʣʝʨ DVD, 

ʧʨʠʩʪʨʦʾ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʽ ʪ. ʽʥ. 

ʋʩʧʽʭ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʧʦʷʩʥʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʩʪʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʫ ʟ ʜʦʩʷʛʥʝʥʥʷʤ ʥʝʦʙʭʽʜʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚ ʥʘʡʢʦʨʦʪʰʽ ʪʝʨʤʽʥʠ, 

ʯʦʤʫ ʩʧʨʠʷʻ ʜʦʩʪʫʧʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʱʦ ʧʦʩʪʘʚʣʷʶʪʴʩʷ, ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʨʧʦʨʘʮʽʻʶ Atmel, ʪʘʢ ʽ 

ʩʪʦʨʦʥʥʽʤʠ ʚʠʨʦʙʥʠʢʘʤʠ. ʇʨʦʚʽʜʥʽ ʩʪʦʨʦʥʥʽ ʚʠʨʦʙʥʠʢʠ ʚʠʧʫʩʢʘʶʪʴ ʧʦʚʥʠʡ 

ʩʧʝʢʪʨ ʢʦʤʧʽʣʷʪʦʨʽʚ, ʧʨʦʛʨʘʤʘʪʦʨʽʚ, ʘʩʝʤʙʣʝʨʽʚ, ʚʽʜʣʘʜʯʽʢʽʚ, ʨʦʟ'ʻʤʽʚ ʽ ʘʜʘʧʪʝʨʽʚ. 

ɺʽʜʤʽʥʥʦʶ ʨʠʩʦʶ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜ Atmel ʻ ʾʭ ʥʝʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ. 

ɯʥʰʦʶ ʦʩʦʙʣʠʚʽʩʪʶ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʱʦ ʩʧʨʠʷʣʦ ʾ ʭ ʧʦʧʫʣʷʨʠʟʘʮʽʾ, 

ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ RISC-ʘʨʭʽʪʝʢʪʫʨʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʪʫʞʥʠʤ ʥʘʙʦʨʦʤ 

ʽʥʩʪʨʫʢʮʽʡ, ʙʽʣʴʰʽʩʪʴ ʷʢʠʭ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʦʜʠʥ ʤʘʰʠʥʥʠʡ ʮʠʢʣ (1 ʪʘʢʪ). ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʨʽʚʥʽʡ ʯʘʩʪʦʪʽ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚ 12 ʨʘʟʽʚ ʙʽʣʴʰʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʧʝʨʝʜʥʽʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

ʥʘ ʦʩʥʦʚʽ CISC-ʘʨʭʽʪʝʢʪʫʨʠ (ʥʘʧʨʠʢʣʘʜ, MCS-51). AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʙʽʣʴʰ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ/ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʜʦʜʘʪʢʽʚ 

ʟ ʙʘʪʘʨʝʡʥʠʤ ʞʠʚʣʝʥʥʷʤ. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʦ      

16 ʤʣʥ. ʦʧʝʨʘʮʽʡ ʚ ʩʝʢʫʥʜʫ ʽ ʧʽʜʪʨʠʤʫʶʪʴ FLASH-ʧʘʤ'ʷʪʴ ʧʨʦʛʨʘʤ ʜʦʩʠʪʴ 

ʚʝʣʠʢʦʾ ʻʤʥʦʩʪʽ.  AVR-ʘʨʭʽʪʝʢʪʫʨʫ ʦʧʪʠʤʽʟʦʚʘʥʦ ʧʽʜ ʤʦʚʫ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʉ, ʘ 

ʙʽʣʴʰʽʩʪʴ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʩʽʤʝʡʩʪʚ AVR Mega ʪʘ XMega ʤ̔ ʩʪʷʪʴ 8-ʢʘʥʘʣʴʥʠʡ       

10-ʨʦʟʨʷʜʥʠʡ ɸʎʇ, ʘ ʪʘʢʦʞ ʩʫʤʽʩʥʠʡ ʟ IEEE 1149.1 ʽʥʪʝʨʬʝʡʩ JTAG ʘʙʦ 
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debugWIRE ʜʣʷ ʚʙʫʜʦʚʘʥʦʛʦ ʚʽʜʣʘʛʦʜʞʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʚʩʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ 

AVR Mega ʪʘ XMega ʟ FLASH-ʧʘʤ'ʷʪʪʶ ʤʦʞʫʪʴ ʧʨʦʛʨʘʤʫʚʘʪʠʩʷ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ 

JTAG. 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʽʤôʾ AVR ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ. ʈʦʟʨʦʙʣʝʥʦ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʜʣʷ: USB-ʟʚôʷʟʢʫ; 32-ʨʦʟʨʷʜʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʽʤʝʡʩʪʚʘ 

AVR32; ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʝʨʽʾ çautomativeè; ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʽʤʝʡʩʪʚʘ 

picoPower; ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʽʤʝʡʩʪʚʘ XMEGA ʽ ʪ. ʽʥ. 

ʋ ʧʽʜʨʫʯʥʠʢʫ ʚ ʷʢʦʩʪʽ ʙʽʣʴʰʦʩʪʽ ʧʨʠʢʣʘʜʽʚ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʽʤʝʡʩʪʚʘ MEGA, ʷʢʽ ʤʘʶʪʴ ʙʘʟʦʚʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʽʥʰʠʤ ʩʽʤʝʡʩʪʚʘʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. 

1.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ AVR-ʤ̔ ʢʨʦʢʦʥʪʨʦʣʝʨʽʚ  

AVR-ʤ̔ ʢʨʦʢʦʥʪʨʦʣʝʨʠ ʻ 8-ʙʽʪʥʠʤʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʤʠ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʦ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ [1; 2; 7]. ɺʦʥʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟʘ 

ʤʘʣʦʩʧʦʞʠʚʘʶʯʦʶ ʂʄʆʅ-ʪʝʭʥʦʣʦʛʽʻʶ, ʷʢʘ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʫʜʦʩʢʦʥʘʣʝʥʦʶ    

RISC-ʘʨʭʽʪʝʢʪʫʨʦʶ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʥʘʡʢʨʘʱʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʚʘʨʪʽʩʪʴ/ʰʚʠʜʢʦʜʽʷ/ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ.  

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʤʘʻ ʰʚʠʜʢʝ ʧʨʦʮʝʩʦʨʥʝ ʷʜʨʦ, Flash-ʧʘʤ'ʷʪʴ ʧʨʦʛʨʘʤ ï 

ROM, ʧʘʤô̫ ʪʴ ʜʘʥʠʭ ï SRAM ʪʘ EEPROM, ʧʦʨʪʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʽ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʧʝʨʠʬʝʨʽʡʥʠʭ ʤʦʜʫʣʽʚ. ɻʘʨʚʘʨʜʩʴʢʘ ʘʨʭʽʪʝʢʪʫʨʘ AVR 

ʨʝʘʣʽʟʫʻ ʧʦʚʥʠʡ ʣʦʛʽʯʥʠʡ ʽ ʬʽʟʠʯʥʠʡ ʧʦʜʽʣ ʥʝ ʪʽʣʴʢʠ ʘʜʨʝʩʥʠʭ ʧʨʦʩʪʦʨʽʚ, ʘʣʝ ʡ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʰʠʥ ʜʣʷ ʟʚʝʨʥʝʥʥʷ ʜʦ ROM ̔ SRAM. ʊʘʢʘ ʧʦʙʫʜʦʚʘ ʚʞʝ ʙʣʠʞʯʝ 

ʜʦ ʩʪʨʫʢʪʫʨʠ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʴʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʽ ʟʘʙʝʟʧʝʯʫʻ ʽʩʪʦʪʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʨʽʚʥʝʚʦʛʦ ʢʦʥʚʝʻʨʘ ʪʘʢʦʞ ʧʦʤʽʪʥʦ ʩʢʦʨʦʪʠʣʦ 

ʮʠʢʣ "ʚʠʙʽʨʢʘ ï ʚʠʢʦʥʘʥʥʷ" ʢʦʤʘʥʜʠ. ɺ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʢʦʨʦʪʢʘ ʢʦʤʘʥʜʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʦʜʠʥ ʤʘʰʠʥʥʠʡ ʮʠʢʣ, ʷʢʠʡ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ ʦʜʠʥ ʧʝʨʽʦʜ ʪʘʢʪʦʚʦʾ 

ʯʘʩʪʦʪʠ. ɺʽʜʤʽʥʥʦʶ ʨʠʩʦʶ ʘʨʭʽʪʝʢʪʫʨʠ AVR ̒ ʨʝʛʽʩʪʨʦʚʠʡ ʬʘʡʣ ʰʚʠʜʢʦʛʦ 

ʜʦʩʪʫʧʫ, ʱʦ ʤʽʩʪʠʪʴ 32 ʙʘʡʪʦʚʠʭ ʨʝʛʽʩʪʨʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʐʽʩʪʴ 

ʨʝʛʽʩʪʨʽʚ ʮʴʦʛʦ ʬʘʡʣʫ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʪʨʠ 16-ʨʦʟʨʷʜʥʠʭ ʧʦʢʘʞʯʠʢʠ 

ʘʜʨʝʩʠ ʧʨʠ ʥʝʧʨʷʤʽʡ ʘʜʨʝʩʘʮʽʾ ʜʘʥʠʭ (X, Y ʽ Z Pointers), ʱʦ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʻ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʩʠʣʘʥʥʷ ʜʘʥʠʭ ʧʨʠ ʨʦʙʦʪʽ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ.  

Flash-ʧʘʤô̫ ʪʴ ʧʨʦʛʨʘʤ ʤʦʞʝ ʙʫʪʠ ʟʘʚʘʥʪʘʞʝʥʘ ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʚʠʯʘʡʥʦʛʦ ʧʨʦʛʨʘʤʘʪʦʨʘ, ʪʘʢ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ SPI-̔ ʥʪʝʨʬʝʡʩʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʨʦʙʦʯʽʡ ʧʣʘʪʽ (ʬʫʥʢʮʽʷ ISP). ʆʩʪʘʥʥʽ ʚʝʨʩʽʾ ʢʨʠʩʪʘʣʽʚ "Mega" 

ʪʘ "XMega" ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʬʫʥʢʮʽʷ SPM). ɺʩʽ AVR 

ʤʘʶʪʴ ʪʘʢʦʞ ʙʣʦʢ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʾ ʧʘʤ'ʷʪʽ ʜʘʥʠʭ EEPROM, ʷʢʠʡ ʜʦʩʪʫʧʥʠʡ 

ʧʨʦʛʨʘʤʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʭʦʜʽ ʾʾ ʚʠʢʦʥʘʥʥʷ. EEPROM ʟʚʠʯʘʡʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʜʘʥʠʭ, ʢʦʥʩʪʘʥʪ, ʪʘʙʣʠʮʴ 
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ʧʝʨʝʢʦʜʫʚʘʥʴ, ʢʘʣʽʙʨʦʚʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʪ. ʽʥ. ʎʷ ʧʘʤô̫ ʪʴ ʤʦʞʝ ʙʫʪʠ 

ʟʘʚʘʥʪʘʞʝʥʘ ʟʟʦʚʥʽ ʷʢ ʯʝʨʝʟ SPI-̔ ʥʪʝʨʬʝʡʩ, ʪʘʢ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʦʛʦ 

ʧʨʦʛʨʘʤʘʪʦʨʘ. ɼʚʘ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʙʽʪʠ ʜʦʟʚʦʣʷʶʪʴ ʟʘʭʠʩʪʠʪʠ ROM ̔ 

ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʫ ʧʘʤô̫ ʪʴ ʜʘʥʠʭ EEPROM ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʟʯʠʪʫʚʘʥʥʷ. ʋ 

ʙʽʣʴʰʽʩʪʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʚʭʦʜʠʪʴ ʚʥʫʪʨʽʰʥʷ ʩʪʘʪʠʯʥʘ ʦʧʝʨʘʪʠʚʥʘ ʧʘʤô̫ ʪʴ 

SRAM. ɼʣʷ ʜʝʷʢʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʤʦʞʣʠʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʧʘʤ'ʷʪʽ 

ʜʘʥʠʭ ʦʙô̒ ʤʦʤ ʜʦ 64ʂ.  

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʤʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʧʦʩʦʙʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ: ʚʙʫʜʦʚʘʥʠʡ  

RC-ʛʝʥʝʨʘʪʦʨ ʟ ʚʥʫʪʨʽʰʥʴʦʶ ʯʠ ʟʦʚʥʽʰʥʴʦʶ ʯʘʩʦʟʘʜʘʶʯʦʶ RC-ʣʘʥʢʦʶ, 

ʚʙʫʜʦʚʘʥʠʡ ʛʝʥʝʨʘʪʦʨ ʽʟ ʟʦʚʥʽʰʥʽʤ ʢʚʘʨʮʦʚʠʤ ʘʙʦ ʧô̒ ʟʦʢʝʨʘʤʽʯʥʠʤ 

ʨʝʟʦʥʘʪʦʨʦʤ. ɺʥʫʪʨʽʰʥʽʡ ʪʘʢʪʦʚʠʡ ʛʝʥʝʨʘʪʦʨ ʤʦʞʝ ʟʘʧʫʩʢʘʪʠʩʷ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʘʙʦ ʢʚʘʨʮʦʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʛʦ ʘʙʦ ʟʦʚʥʽʰʥʴʦʛʦ                         

RC-ʣʘʥʮʶʛʘ.  

ʋʩʽ AVR ʮʽʣʢʦʤ ʩʪʘʪʠʯʥʽ. ɰʭ ʤʽʥʽʤʘʣʴʥʘ ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ ʥʽʯʠʤ ʥʝ 

ʦʙʤʝʞʝʥʘ. ɼʝʷʢʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʤʘʶʪʴ ʜʦʜʘʪʢʦʚʠʡ PLL-ʙʣʦʢ ʜʣʷ ʘʧʘʨʘʪʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʦʩʥʦʚʥʦʾ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ ʚ 16 ʨʘʟʽʚ. ʎʷ ʯʘʩʪʦʪʘ ʤʦʞʝ ʩʣʫʞʠʪʠ 

ʜʞʝʨʝʣʦʤ ʜʣʷ ʦʜʥʦʛʦ ʟ ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʱʦ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʡʦʛʦ ʨʦʙʦʪʠ.  

ɺ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʚʙʫʜʦʚʘʥʦ ʜʝʪʝʢʪʦʨ ʧʦʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ (Brown-Out-Detector ï BOD). 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ AVR ʤʘʶʪʴ ʜʝʢʽʣʴʥʘ ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ ʟʘʛʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʨʦʟʨʷʜʥʽʩʪʶ 8 ʘʙʦ 16 ʙʽʪ. ɿʘʛʘʣʴʥʽ ʨʠʩʠ ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ 

ʥʘʩʪʫʧʥʽ:  

- ʥʘʷʚʥʽʩʪʴ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʽʣʴʥʠʢʘ ʚʭʽʜʥʦʾ ʯʘʩʪʦʪʠ ʟ 

ʨʽʟʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʜʽʣʝʥʥʷ. ɺʽʜʤʽʥʦʶ ʨʠʩʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ 

ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ ʥʘ ʦʩʥʦʚʥʽʡ ʪʘʢʪʦʚʽʡ ʯʘʩʪʦʪʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʙʝʟ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʾʾ ʟʥʠʞʝʥʥʷ, ʱʦ ʧʦʤʽʪʥʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʛʝʥʝʨʘʮʽʾ ʯʘʩʦʚʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʩʠʩʪʝʤʠ;  

- ʥʝʟʘʣʝʞʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʨʦʮʝʩʦʨʥʦʛʦ ʷʜʨʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ (ʪʦʙʪʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʟʯʠʪʘʥʽ, ʪʘʢ ʽ ʟʘʚʘʥʪʘʞʝʥʽ ʥʦʚʠʤ 

ʟʥʘʯʝʥʥʷʤ ʫ ʙʫʜʴ-̫ ʢʠʡ ʯʘʩ);  

- ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʘʙʦ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʾ ʯʘʩʪʦʪʠ, ʘʙʦ ʷʢ 

ʣʽʯʠʣʴʥʠʢ ʟʦʚʥʽʰʥʽʭ ʧʦʜʽʡ. ɺʝʨʭʥʽʡ ʯʘʩʪʦʪʥʠʡ ʧʦʨʽʛ ʚʠʟʥʘʯʝʥʠʡ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʷʢ ʧʦʣʦʚʠʥʘ ʦʩʥʦʚʥʦʾ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ɺʠʙʽʨ ʧʝʨʝʧʘʜʫ 

ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ (ʬʨʦʥʪ ʘʙʦ ʟʨʽʟ) ʧʨʦʛʨʘʤʫʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ;  

- ʥʘʷʚʥʽʩʪʴ ʨʽʟʥʠʭ ʚʝʢʪʦʨʽʚ ʧʝʨʝʨʠʚʘʥʴ ʜʣʷ ʧʦʜʽʡ "ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʤʽʩʪʫ", 

"ʟʘʭʦʧʣʝʥʥʷ", "ʧʦʨʽʚʥʷʥʥʷ"; 
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- ʚʘʨʪʦʚʠʡ ʪʘʡʤʝʨ ʚ AVR ʤʘʻ ʩʚʽʡ ʚʣʘʩʥʠʡ RC-ʛʝʥʝʨʘʪʦʨ ʪʘ ʤʽʩʪʠʪʴ 

ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʧʦʧʝʨʝʜʥʽʡ ʜʽʣʴʥʠʢ ʚʭʽʜʥʦʾ ʯʘʩʪʦʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʣʘʰʪʦʚʫʚʘʪʠ 

ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʧʝʨʝʧʦʚʥʝʥʥʷ ʪʘʡʤʝʨʘ ʽ ʩʢʠʜʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ɼʘʥʠʡ 

ʪʘʡʤʝʨ ʤʦʞʥʘ ʧʨʦʛʨʘʤʥʦ ʚʽʜʢʣʶʯʘʪʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʤʽʢʨʦʩʭʝʤʠ, ʷʢ ʚ ʘʢʪʠʚʥʦʤʫ 

ʨʝʞʠʤʽ, ʪʘʢ ʽ ʚ ʢʦʞʥʦʤʫ ʟ ʨʝʞʠʤʽʚ ʟʥʠʞʝʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɺ ʦʩʪʘʥʥʴʦʤʫ 

ʚʠʧʘʜʢʫ ʮʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʦʛʦ ʩʪʨʫʤʫ; 

- AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (RTC). ʊʘʡʤʝʨ/ʣʽʯʠʣʴʥʠʢ RTC ʤʘʻ ʦʢʨʝʤʠʡ ʧʦʧʝʨʝʜʥʽʡ ʜʽʣʴʥʠʢ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʨʦʛʨʘʤʥʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʢʣʶʯʝʥʠʡ ʘʙʦ ʜʦ ʜʞʝʨʝʣʘ ʦʩʥʦʚʥʦʾ 

ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ, ʘʙʦ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʾ ʯʘʩʪʦʪʠ 

32,768 ʢɻʮ (ʢʚʘʨʮʦʚʠʡ ʨʝʟʦʥʘʪʦʨ ʘʙʦ ʟʦʚʥʽʰʥʽʡ ʩʠʥʭʨʦʩʠʛʥʘʣ). ɼʣʷ ʮʽʻʾ ʤʝʪʠ 

ʟʘʨʝʟʝʨʚʦʚʘʥʦ ʜʚʘ ʚʠʚʦʜʠ ʤʽʢʨʦʩʭʝʤʠ.  

ʇʦʨʪʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ AVR ʤʘʶʪʴ ʟʥʘʯʥʝ ʯʠʩʣʦ ʥʝʟʘʣʝʞʥʠʭ ʣʽʥʽʡ 

"ɺʭʽʜ/ʚʠʭʽʜ". ɺʠʭʽʜʥʽ ʜʨʘʡʚʝʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʨʫʤʝʥʝʚʫ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ 20 ʤɸ ʥʘ ʣʽʥʽʶ ʧʦʨʪʫ (ʚʪʽʢʘʶʯʠʡ ʩʪʨʫʤ) ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ 

40 ʤɸ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʘʪʠ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʩʚʽʪʣʦʜʽʦʜʠ ʽ 

ʙʽʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ.  

ʇʽʜʩʠʩʪʝʤʘ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʤʘʻ ʪʘʢʽ 

ʦʩʦʙʣʠʚʦʩʪʽ:  

ï ʧʨʦʛʨʘʤʥʝ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʽ ʚʠʙʽʨ ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ;  

ï ʚʠʚʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʷʢ ʚʭʽʜʥʽ ʘʙʦ ʷʢ ʚʠʭʽʜʥʽ ʥʝʟʘʣʝʞʥʦ 

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ;  

ï ʚʭʽʜʥʽ ʙʫʬʝʨʠ ʟ ʪʨʠʛʝʨʦʤ ʐʤʽʪʪʘ ʥʘ ʚʩʽʭ ʚʠʚʦʜʘʭ;  

ï  ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʧʦʨʪʫ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʚʽʜ ʬʽʟʠʯʥʦʛʦ ʚʠʚʦʜʫ ʤʽʢʨʦʩʭʝʤʠ;  

ï ʥʘ ʚʩʽʭ ʚʭʦʜʘʭ ʻ ʚʥʫʪʨʽʰʥʽ ʧʽʜʪʷʛʫʶʯʽ ʨʝʟʠʩʪʦʨʠ ʟ ʦʧʦʨʦʤ 20...50 ʢʆʤ, ʱʦ  

ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʚʽʜʢʣʶʯʘʶʪʴʩʷ. 

AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʤʘʶʪ ɹʧʦʩʣʽʜʦʚʥʽ ʽʥʪʝʨʬʝʡʩʠ: USART/UART; SPI; 

I2C (TWI) ʪʘ CAN, ʱʦ ʪʘʢʦʞ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʦʙʤʽʥʫ ʽʟ 

ʩʫʯʘʩʥʦʶ ʧʝʨʠʬʝʨʽʻʶ, ʽʥʰʠʤʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʤʠ ʪʘ ʧʝʨʩʦʥʘʣʴʥʠʤʠ 

ʢʦʤʧôʁ ʪʝʨʘʤʠ. 

ɼʦ ʩʢʣʘʜʫ ʙʽʣʴʰʦʩʪʽ ʄʂ ʚʭʦʜʠʪʴ ʘʥʘʣʦʛʦʚʠʡ ʢʦʤʧʘʨʘʪʦʨ. ɺʽʥ ʤʘʻ 

ʦʢʨʝʤʠʡ ʚʝʢʪʦʨ ʧʝʨʝʨʠʚʘʥʥʷ ʫ ʟʘʛʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʧʝʨʝʨʠʚʘʥʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

ʊʠʧ ʧʝʨʝʧʘʜʫ, ʱʦ ʚʠʢʣʠʢʘʻ ʟʘʧʠʪ ʥʘ ʧʝʨʝʨʠʚʘʥʥʷ ʧʨʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ 

ʢʦʤʧʘʨʘʪʦʨʘ, ʤʦʞʝ ʙʫʪʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ ʷʢ ʬʨʦʥʪ, ʟʨʽʟ ʘʙʦ ʧʝʨʝʤʠʢʘʥʥʷ. 

ɺʘʞʣʠʚʦʶ ʘʧʘʨʘʪʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʪʝ, ʱʦ ʚʠʭʽʜ ʢʦʤʧʘʨʘʪʦʨʘ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʛʨʘʤʥʠʤ ʯʠʥʦʤ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʚʭʦʜʫ ʦʜʥʦʛʦ ʟ 16-ʨʦʟʨʷʜʥʠʭ 

ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ, ʱʦ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʟʘʭʦʧʣʝʥʥʷ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 
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ʚʠʤʽʨʶʚʘʪʠ ʪʨʠʚʘʣʦʩʪʽ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ɸʎʇ 

ʜʚʦʪʘʢʪʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʤʘʶʪ ɹʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʷʢʠʡ 

ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʩʭʝʤʦʶ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʟ ʧʨʠʩʪʨʦʻʤ 

ʚʠʙʽʨʢʠ/ʟʙʝʨʝʞʝʥʥʷ. ʏʠʩʣʦ ʥʝʟʘʣʝʞʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʠʧʦʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʈʦʟʨʷʜʥʽʩʪʴ ɸʎʇ ʩʢʣʘʜʘʻ 10 ʙʽʪ. ʏʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚʠʙʠʨʘʻʪʴʩʷ ʧʨʦʛʨʘʤʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʽʣʴʥʠʢʘ 

ʯʘʩʪʦʪʠ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʙʣʦʢʫ ɸʎʇ. ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ                         

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʻ ʬʫʥʢʮʽʷ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʧʨʠ 

ʧʝʨʝʪʚʦʨʝʥʥʽ, ʢʦʣʠ ʥʘ ʪʦʯʥʽʩʪʴ ʥʝ ʚʧʣʠʚʘʶʪʴ ʟʘʚʘʜʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʦʙʦʪʽ 

ʧʨʦʮʝʩʦʨʥʦʛʦ ʷʜʨʘ. 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ Xmega ʤʘʪʁʴ ʜʝʢʽʣʴʢʘ ʢʘʥʘʣʽʚ                                                

ʮʠʬʨʦʚʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʛʨʘʤʥʠʤ ʰʣʷʭʦʤ ʧʝʨʝʚʝʜʝʥʽ ʚ 

ʦʜʠʥ ʽʟ ʰʝʩʪʠ ʨʝʞʠʤʽʚ ʟʥʠʞʝʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɼʣʷ ʨʽʟʥʠʭ ʩʽʤʝʡʩʪʚ AVR ̔ 

ʨʽʟʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʫ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʩʽʤʝʡʩʪʚʘ ʟʤʽʥʶʶʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʮʠʭ ʨʝʞʠʤʽʚ.  

ʄʂ ʤʘʶʪʴ ʜʦʩʠʪʴ ʨʦʟʚʠʥʫʪʫ ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ, ʷʢʘ ʥʘʨʘʭʦʚʫʻ ʜʦ 118 (ʘ ʚ 

ʦʩʪʘʥʥʽʭ ʨʦʟʨʦʙʢʘʭ ʽ ʜʦ 141) ʨʽʟʥʠʭ ʽʥʩʪʨʫʢʮʽʡ. ʄʘʡʞʝ ʚʩʽ ʢʦʤʘʥʜʠ ʤʘʶʪʴ 

ʬʽʢʩʦʚʘʥʫ ʜʦʚʞʠʥʫ ʚ ʦʜʥʝ ʩʣʦʚʦ (16 ʙʽʪ), ʱʦ ʜʦʟʚʦʣʷʻ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʧʦʻʜʥʫʚʘʪʠ ʚ ʦʜʥʽʡ ʢʦʤʘʥʜʽ ʢʦʜ ʦʧʝʨʘʮʽʾ ʪʘ ʦʧʝʨʘʥʜ/ʦʧʝʨʘʥʜʠ. ɺ ʦʩʪʘʥʥʽʭ ʚʝʨʩʽʷʭ 

ʢʨʠʩʪʘʣʽʚ Mega ʪʘ XMega ʨʝʘʣʽʟʦʚʘʥʦ ʬʫʥʢʮʽ ʁʤʥʦʞʝʥʥʷ. ɿʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʽ 

ʢʽʣʴʢʽʩʪʶ ʽʥʩʪʨʫʢʮʽʡ AVR ʙʽʣʴʰʝ ʩʭʦʞʽ ʥʘ CISC-, ʯʠʤ ʥʘ RISC-ʧʨʦʮʝʩʦʨʠ. 

ʅʘʧʨʠʢʣʘʜ, ʫ PIC-ʢʦʥʪʨʦʣʝʨʽʚ ʩʠʩʪʝʤʘ ʢʦʤʘʥʜ ʥʘʨʘʭʦʚʫʻ ʜʦ 75 ʨʽʟʥʠʭ ʽʥʩʪʨʫʢʮʽʡ, 

ʘ ʚ MCS-51 ʚʦʥʘ ʩʢʣʘʜʘʻ 111.  

ʄʂ ʬʫʥʢʮʽʦʥʫʶʪʴ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʘʧʨʫʛ ʞʠʚʣʝʥʥʷ: ʚʽʜ 1,8 ʜʦ            

6,0 ɺʦʣʴʪ ʪʘ ʤʘʶʪʴ ʢʦʤʝʨʮʽʡʥʠʡ ʽ ʽʥʜʫʩʪʨʽʘʣʴʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʽʘʧʘʟʦʥʠ ʨʦʙʦʪʠ. 

ʇʨʦʛʨʘʤʥʽ ʡ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ ʧʽʜʪʨʠʤʢʠ ʜʣʷ ʄʂ ʨʦʟʨʦʙʣʷʶʪʴʩʷ 

ʧʘʨʘʣʝʣʴʥʦ ʽʟ ʩʘʤʠʤʠ ʢʨʠʩʪʘʣʘʤʠ ʽ ʤʽʩʪʷʪʴ ʫ ʩʦʙʽ ʢʦʤʧʽʣʷʪʦʨʠ, ʚʥʫʪʨʽʰʥʴʦʩʭʝʤʥʽ 

ʝʤʫʣʷʪʦʨʠ, ʥʘʣʘʛʦʜʞʫʚʘʯʽ, ʧʨʦʛʨʘʤʘʪʦʨʠ ʽ ʥʘʡʧʨʦʩʪʽʰʽ ʥʘʣʘʛʦʜʞʫʚʘʥʽ ʧʣʘʪʠ ï 

ʢʦʥʩʪʨʫʢʪʦʨʠ ʧʨʘʢʪʠʯʥʦ ʥʘ ʙʫʜʴ-̫ ʢʠʡ ʩʤʘʢ. ɸʢʪʠʚʥʦ ʡʜʝ ʧʨʦʮʝʩ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ 

ʟʽ ʩʪʦʨʦʥʥʽʤʠ ʬʽʨʤʘʤʠ, ʱʦ ʚʠʧʫʩʢʘʶʪʴ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ̔  

ʥʘʣʘʛʦʜʞʝʥʥʷ, ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʥʘʣʘʛʦʜʞʫʚʘʥʽ ʢʦʤʧʣʝʢʩʠ ʽ 

ʚʥʫʪʨʽʰʥʴʦʩʭʝʤʥʽ ʝʤʫʣʷʪʦʨʠ ʜʣʷ AVR.  

ʅʘ ʙʘʟʽ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʚ ʥʘʰ ʯʘʩ ʰʠʨʦʢʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʧʣʘʪʠ 

Arduino, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʮʽʣʝʡ: ʚʽʜ ʥʘʚʯʘʥʥʷ ʜʦ 

ʜʦʤʘʰʥʴʦʾ ʘʚʪʦʤʘʪʠʢʠ, ʚʽʜ ʥʘʫʢʦʚʠʭ ʮʽʣʝʡ ʜʦ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʠʭ ʧʨʠʩʪʨʦʾʚ, 
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ʘ ʪʘʢʦʞ ʙʘʛʘʪʦ ʽʥʰʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʷʢʽ ʣʶʜʠ ʚʠʛʘʜʫʶʪʴ ʪʘ ʨʝʘʣʽʟʦʚʫʶʪʴ ʜʣʷ 

Arduino. 

ɺʩʝ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʩʫʯʘʩʥʽʩʪʴ                                                         

AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʽ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʠʭ ʩʠʩʪʝʤ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʅʘ ʨʠʩ. 1.3 ʥʘʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʫ ʜ̫ʨʘ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. 

 

 

˽ͦͫ͒ͦ͜͡ ͍͙͚ͤ 
͙ͫ ͻ͙ͤͪͦͤͤ  ͚
ͤͭ͜ ͔ͪͺ͔͚ͫ SPI

˽˭˽
(FLASH)

˶͜;͙ Έ͙ͤ͟͡ 
ͦͣ͊ͤ͒͟

˽͊ ΩͣΎͭΈ ͒͊ ͙ͤͻ
(EEPROM)

˾͔͎ͫͭͪ͜ ͦ͟ ͣ͊ ͤ͒

˽ͦ ͪͭ  ͙
͍͍͔͔͒ͤ Ύͤ/͍͙͍͔͔͒ͤͤΎ

ˢ̇˽

32 ͪ ͔͎ͫͭͪ͜  ͙
͎͊͊͘͡ Έ͎ͤͦ  ͦ
͙ͨͪͤ͊͘;͔ͤͤΎ

˨͔΄͙ ͺͪ͊ͭͦͪ 
ͦͣ͊ͤ͒͟

ˤ͍͙͚͊ͪͭͦ 
͚ͭ͊ͣ ͔ͪ (WDT)

ˢ͎͍͙͚ͤ͊ͦͦ͡ 
ͦͣͨ͟ ͊ͪ͊ͭͦͪ

͚́͊ͣ ͔͙ͪ

˾͔͎ͫͭͪ͜  ͙
͔͍ͪͯ͊ͤͤ͟Ύ

˸ͦ͒ͯ͡Έ 
͔͔͙͍ͨͪͪ͊ Έͤ

ˢ˶˽

˿˻ ˭˽

 

ʈʠʩ. 1.3. ʉʪʨʫʢʪʫʨʘ ʷʜʨʘ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ  

ɸʨʠʬʤʝʪʠʢʦ-ʣʦʛʽʯʥʠʡ ʧʨʠʩʪʨʽʡ (ɸʃʇ), ʱʦ ʚʠʢʦʥʫʻ ʫʩʽ ʦʙʯʠʩʣʝʥʥʷ, 

ʧʽʜʢʣʶʯʝʥʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ 32 ʨʦʙʦʯʠʭ ʨʝʛʽʩʪʨʽʚ, ʷʢʽ ʦʙ'ʻʜʥʘʥʦ ʚ ʻʜʠʥʠʡ  

ʨʝʛʽʩʪʨʦʚʠʡ ʬʘʡʣ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ɸʃʇ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʦʜʥʫ ʦʧʝʨʘʮʽʶ 

(ʯʠʪʘʥʥʷ ʚʤʽʩʪʫ ʨʝʛʽʩʪʨʽʚ, ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʽ ʟʘʧʠʩ ʨʝʟʫʣʴʪʘʪʫ ʥʘʟʘʜ ʫ 

ʨʝʛʽʩʪʨʦʚʠʡ ʬʘʡʣ) ʟʘ ʦʜʠʥ ʪʘʢʪ. ʂʨʽʤ ʪʦʛʦ, ʧʨʘʢʪʠʯʥʦ ʢʦʞʥʘ ʟ ʢʦʤʘʥʜ (ʟʘ 

ʚʠʥʷʪʢʦʤ ʢʦʤʘʥʜ, ʚ ʷʢʠʭ ʦʜʥʠʤ ʟ ʦʧʝʨʘʥʜʽʚ ʻ 16-ʙʽʪʥʘ ʘʜʨʝʩʘ) ʟʘʡʤʘʻ ʦʜʥʫ 

ʢʦʤʽʨʢʫ ʧʘʤ'ʷʪʽ ʧʨʦʛʨʘʤ. 

ʋ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʨʝʘʣʽʟʦʚʘʥʦ ɻʘʨʚʘʨʜʩʴʢʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʜʽʣʝʥʥʷʤ ʧʘʤ'ʷʪʽ ʧʨʦʛʨʘʤ ʽ ʜʘʥʠʭ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʚʣʘʩʥʽ 

ʰʠʥʠ ʜʦʩʪʫʧʫ. ʊʘʢʘ ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʧʨʘʮʶʚʘʪʠ ʷʢ ʟ ʧʘʤô̫ ʪʪʶ 

ʧʨʦʛʨʘʤ, ʪʘʢ ʽ ʟ ʧʘʤô̫ ʪʪʶ ʜʘʥʠʭ. ʇʦʜʽʣ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʰʠʥ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʧʘʤ'ʷʪʽ ʰʠʥʠ ʨʽʟʥʦʾ ʨʦʟʨʷʜʥʦʩʪʽ, ʧʨʠʯʦʤʫ 

ʩʧʦʩʦʙʠ ʘʜʨʝʩʘʮʽʾ ʽ ʜʦʩʪʫʧʫ ʜʦ ʢʦʞʥʦʛʦ ʪʠʧʫ ʧʘʤô̫ ʪʽ ʪʘʢʦʞ ʨʽʟʥʷʪʴʩʷ. ʋ 

ʧʦʻʜʥʘʥʥʽ ʟ ʜʚʦʨʽʚʥʝʚʠʤ ʢʦʥʚʝʻʨʦʤ ʢʦʤʘʥʜ ʪʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ 1 MIPS ʥʘ ʢʦʞʝʥ ʤʝʛʘʛʝʨʮ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ. 
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1.3. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ AVR-ʤʢ̔ʨʦʢʦʥʪʨʦʣʝʨʽʚ 

ʋ ʩʽʤʝʡʩʪʚʦ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʭʦʜʪ̫ʴ 

ʜʝʩʷʪʢʠ ʤʦʜʝʣʝʡ, ʷʢʽ ʜʽʣʷʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ  ʛʨʫʧ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʚʦʜʽʚ, 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʣʽʥʽʡ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ, ʦʙ̀̒ ʤʫ FLASH-ʧʘʤô̫ ʪʽ ʧʨʦʛʨʘʤ; 

EEPROM- ʪʘ SRAM- ʧʘʤô̫ ʪʽ ʜʘʥʠʭ ʽ ʪ. ʽʥ. [1; 7]. 

ʅʠʞʯʝ, ʚ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ, ʥʘʚʝʜʝʥʦ ʧʘʨʘʤʝʪʨʠ ʜʝʷʢʠʭ ʩʽʤʝʡ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ.  

Tiny: 0,5 ï 32 ʢɹ FLASH-ʧʘʤô̫ ʪʽ ʧʨʦʛʨʘʤ; 32 ï 2048 ʙʘʡʪʠ ʩʪʘʪʠʯʥʦʾ 

ʧʘʤ'ʷʪʽ ʜʘʥʠʭ; 0 ï 512 ʙʘʡʪʽʚ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʾ EEPROM-ʧʘʤ'ʷʪʽ ʜʘʥʠʭ;                     

6 ï 32-ʚʠʚʽʜʥʠʡ ʢʦʨʧʫʩ; ʦʙʤʝʞʝʥʠʡ ʥʘʙʽʨ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ; 

ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ 1,8 ï 5,5 ɺ. 

Mega: 4 ï 256 ʢɹ FLASH-ʧʘʤô̫ ʪʽ ʧʨʦʛʨʘʤ; 0,25 ï 32 ʢɹ ʩʪʘʪʠʯʥʦʾ ʧʘʤô̫ ʪʽ 

ʜʘʥʠʭ; 0,25 ï 8 ʢɹ ʥʝʨʛʦʥʝʟʘʣʝʞʥʦʾ EEPROM-ʧʘʤ'ʷʪʽ ʜʘʥʠʭ; 28 ï 100-ʚʠʚʽʜʥʠʡ 

ʢʦʨʧʫʩ; ʨʦʟʰʠʨʝʥʠʡ ʥʘʙʽʨ ʢʦʤʘʥʜ (ʢʦʤʘʥʜʠ ʤʥʦʞʝʥʥʷ, ʨʦʟʰʠʨʝʥʽ ʤʝʪʦʜʠ 

ʘʜʨʝʩʘʮʽʾ ʚ ʢʦʤʘʥʜʘʭ LPM, SPM); ʨʦʟʰʠʨʝʥʠʡ ʥʘʙʽʨ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʠʬʝʨʽʡʥʠʭ 

ʧʨʠʩʪʨʦʾʚ; ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ 1,8 ï 5,5 ɺ. 

XMega: 16 ï 384 ʢɹ FLASH-ʧʘʤ'ʷʪʽ ʧʨʦʛʨʘʤ; 2 ï 32 ʢɹ ʩʪʘʪʠʯʥʦʾ ʧʘʤô̫ ʪʽ 

ʜʘʥʠʭ; 1 ï 4 ʢɹ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʾ EEPROM-ʧʘʤ'ʷʪʽ ʜʘʥʠʭ; 44/64/100-ʚʠʚʽʜʥʠʡ 

ʢʦʨʧʫʩ; ʧʽʜʚʠʱʝʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʪʘʢʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʷʢ: ʇɼʇ; 

ʧʽʜʪʨʠʤʢʘ ʢʨʠʧʪʦʛʨʘʬʽʾ; çʉʠʩʪʝʤʘ ʧʦʜʽʡè; ʨʦʟʰʠʨʝʥʠʡ ʥʘʙʽʨ ʚʥʫʪʨʽʰʥʽʭ 

ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʥʘʷʚʥʽʩʪʴ ʎɸʇ); ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ 1,6 ï 3,6 ɺ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʦʟʥʘʯʝʥʥʷ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʟʥʠʭ ʚʝʨʩʽʡ                                        

AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ: AT (Mega/Tiny)xxx ï ʙʘʟʦʚʘ ʚʝʨʩʽʷ; ATxxxL ï ʚʝʨʩʽʾ 

ʢʦʥʪʨʦʣʝʨʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʧʦʥʠʞʝʥʽʡ (Low) ʥʘʧʨʫʟʽ ʞʠʚʣʝʥʥʷ (2,7 ɺ); 

ATxxxV ï ʚʝʨʩʽʾ ʢʦʥʪʨʦʣʝʨʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʥʠʟʴʢʽʡ ʥʘʧʨʫʟʽ ʞʠʚʣʝʥʥʷ                  

(1,8 ɺ); ATxxxP ï ʚʝʨʩʽʾ ʟ ʤʘʣʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ (ʜʦ 100 ʥɸ ʚ ʨʝʞʠʤʽ          

Power-down); ʟʘʩʪʦʩʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽ ʁpicoPower, ʧʦʚʠʚʦʜʥʦ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʩʫʤʽʩʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʚʝʨʩʽʷʤʠ; ATxxxA ï ʟʤʝʥʰʝʥʠʡ ʩʪʨʫʤ ʩʧʦʞʠʚʘʥʥʷ, 

ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ ʫʚʝʩʴ ʜʽʘʧʘʟʦʥ ʪʘʢʪʦʚʠʭ ʯʘʩʪʦʪ ʽ ʥʘʧʨʫʛ ʞʠʚʣʝʥʥʷ ʜʚʦʭ 

ʧʦʧʝʨʝʜʥʽʭ ʚʝʨʩʽʡ (ʪʘʢʦʞ, ʫ ʜʝʷʢʠʭ ʤʦʜʝʣʷʭ, ʜʦʜʘʥʽ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʥʦʚʽ 

ʨʝʛʽʩʪʨʠ, ʘʣʝ ʟʙʝʨʝʞʝʥʘ ʧʦʚʥʘ ʩʫʤʽʩʥʽʩʪʴ ʽʟ ʧʦʧʝʨʝʜʥʽʤʠ ʚʝʨʩʽʷʤʠ).  

ʅʦʤʝʨ ʤʦʜʝʣʽ ʜʦʧʦʚʥʶʻʪʴʩʷ ʽʥʜʝʢʩʦʤ, ʱʦ ʚʢʘʟʫʻ ʚʘʨʽʘʥʪ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ʎʠʬʨʠ (8, 10, 16, 20) ʧʝʨʝʜ ʽʥʜʝʢʩʦʤ ʦʟʥʘʯʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʯʘʩʪʦʪʫ, ʥʘ ʷʢʽʡ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʤʦʞʝ ʩʪʘʙʽʣʴʥʦ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʥʦʨʤʘʣʴʥʽʡ ʜʣʷ ʥʴʦʛʦ ʥʘʧʨʫʟʽ 

ʞʠʚʣʝʥʥʷ. ʇʝʨʰʘ ʣʽʪʝʨʘ ʽʥʜʝʢʩʫ ʦʟʥʘʯʘʻ ʚʘʨʽʘʥʪ ʢʦʨʧʫʩʘ. ʅʘʩʪʫʧʥʘ ʣʽʪʝʨʘ 

ʽʥʜʝʢʩʫ ʦʟʥʘʯʘʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʽʘʧʘʟʦʥ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʆʩʪʘʥʥʷ 

ʣʽʪʝʨʘ R ʦʟʥʘʯʘʻ ʫʧʘʢʦʚʢʫ ʫ ʩʪʨʽʯʢʠ ʪʘ ʢʦʪʫʰʢʠ (Tape & Reel) ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʟʙʽʨʢʠ.  

https://uk.wikipedia.org/wiki/%D0%9A%D1%96%D0%BB%D0%BE%D0%B1%D0%B0%D0%B9%D1%82
https://uk.wikipedia.org/wiki/EEPROM
https://uk.wikipedia.org/wiki/%D0%9A%D1%96%D0%BB%D0%BE%D0%B1%D0%B0%D0%B9%D1%82
https://uk.wikipedia.org/wiki/%D0%9A%D1%96%D0%BB%D0%BE%D0%B1%D0%B0%D0%B9%D1%82
https://uk.wikipedia.org/wiki/%D0%9A%D1%96%D0%BB%D0%BE%D0%B1%D0%B0%D0%B9%D1%82
https://uk.wikipedia.org/wiki/EEPROM
https://uk.wikipedia.org/wiki/%D0%9A%D1%96%D0%BB%D0%BE%D0%B1%D0%B0%D0%B9%D1%82
https://uk.wikipedia.org/wiki/%D0%9A%D1%96%D0%BB%D0%BE%D0%B1%D0%B0%D0%B9%D1%82
https://uk.wikipedia.org/wiki/%D0%9A%D1%96%D0%BB%D0%BE%D0%B1%D0%B0%D0%B9%D1%82
https://uk.wikipedia.org/wiki/EEPROM
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D1%8F%D0%BC%D0%B8%D0%B9_%D0%B4%D0%BE%D1%81%D1%82%D1%83%D0%BF_%D0%B4%D0%BE_%D0%BF%D0%B0%D0%BC%27%D1%8F%D1%82%D1%96
https://uk.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%A6%D0%90%D0%9F
https://uk.wikipedia.org/wiki/%D0%A2%D0%B0%D0%BA%D1%82%D0%BE%D0%B2%D0%B0_%D1%87%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0
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ʗʢ ʧʨʠʢʣʘʜ, ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʜʝʷʢʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ, ʪʘʢʽ 

ʷʢ ʦʙ̀̒ ʤ ʧʘʤ'ʷʪʽ (ʧʨʦʛʨʘʤ ʽ ʜʘʥʠʭ), ʯʠʩʣʦ ʢʦʥʪʘʢʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ, 

ʥʘʷʚʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʾ ʧʝʨʠʬʝʨʽʾ, ʪʠʧ ʢʦʨʧʫʩʫ, ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʽ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ, ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1.1. ɼʦʜʘʪʢʦʚʦ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʜʥʽ ʤʦʜʝʣʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ ʚʠʧʫʩʢʘʶʪʴʩʷ ʷʢ ʚ ʢʦʤʝʨʮʽʡʥʦʤʫ (ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ: 0...+70 Áʉ), ʪʘʢ ʽ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ (ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ:            

-40 ... +85 Áʉ) ʚʠʢʦʥʘʥʥʷʭ, ʘ ʽʥʰʽ ï ʪʽʣʴʢʠ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ. 

ʋ ʪʘʙʣ. 1.1 ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: I ï ʚʭʽʜ; ʆ ï ʚʠʭʽʜ;                         

I/ʆ ï ʚʭʽʜ/ʚʠʭʽʜ; ʈ ï ʚʠʚʽʜ ʞʠʚʣʝʥʥʷ; ʐɸ ï ʰʠʥʘ ʘʜʨʝʩʠ; ʐɼ ï ʰʠʥʘ ʜʘʥʠʭ. 

ʇʨʠʢʣʘʜʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʚʦʜʽʚ ʜʝʷʢʠʭ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʘ ʪʘʢʦʞ 

ʦʧʠʩ  ʾʭ ʚʠʚʦʜʽʚ ʥʘʚʝʜʝʥʦ ʫ [7]. 

1.4 ʉʪʨʫʢʪʫʨʘ ʪʠʧʦʚʦʛʦ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ʉʪʨʫʢʪʫʨʠ ʜʝʷʢʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ Mega ʥʘʚʝʜʝʥʦ ʫ [7], ʘ 

ʩʪʨʫʢʪʫʨʫ ʦʜʥʦʛʦ ʽʟ ʨʦʟʚʠʥʝʥʠʭ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʤʦʜʝʣʝʡ 

ATmega1281x/2561x ï ʚ [1]. ɼʦ ʮʴʦʛʦ ʤ̔ ʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚʭʦʜʷʪʴ: 

ï 7 ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ (ʧʦʨʪʠ A...F ï 8-ʙʽʪʥʽ, ʧʦʨʪ G ï                 

6-ʙʽʪʥʠʡ); 

ï ʜʚʘ 8-ʙʽʪʥʠʭ (T0, T2) ʪʘ ʯʦʪʠʨʠ 16-ʙʽʪʥʠʭ (T1, T3, T4, T5) 

ʪʘʡʤʝʨʠ/ʣʽʯʠʣʴʥʠʢʠ; 

ï 6 ʢʘʥʘʣʽʚ ʐɯʄ; 

ï 8-ʢʘʥʘʣʴʥʠʡ 10-ʙʽʪʥʠʡ ɸʎʇ; 

ï ʜʚʘ ʽʥʪʝʨʬʝʡʩʥʽ ʤʦʜʫʣʽ USART, ʷʢʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ SPI; 

ï ʧʦ ʦʜʥʦʤʫ ʽʥʪʝʨʬʝʡʩʥʦʤʫ ʤʦʜʫʣʶ SPI ʪʘ TWI; 

ï ʽʥʪʝʨʬʝʡʩ JTAG; 

ï  ̔ʪ. ʽʥ. 
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ʊʘʙʣʠʮʷ 1.1. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 
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ATtiny4 12 0é12 0.5 0.032 - 4 - 1 - 2 ʅ ̔            1   1.8-5.5  -40é85 

ATtiny5 12 0é12 0.5 0.032 - 4 - 1 - 2 ʅ ̔            1   1.8-5.5  -40é85 

ATtiny9 12 0é12 1 0.032 - 4 - 1 - 2 ʅ ̔            1   1.8-5.5  -40é85 

ATtiny10 12 0é12 1 0,032 - 4 - 1 - 2 ʅ ̔         8 4  1   1,8é5,5 5 -40é85 

ATtiny102 12 0é12 1 0.032 - 6 - 1 - 2 ʅ ̔ 1        10 8  1   1,8é5,5  -40é85 

ATtiny104 12 0é12 1 0.032 - 12 - 1 - 2 ʅ ̔ 1        10 8  1   1,8é5,5  -40é85 

ATtiny20 12 0é12 2 0.128 - 12 1 1 - 4 ʅ ̔  1 1      10 8  1   1,8é5,5  -40é85 

ATtiny40 12 0é12 4 0.256 - 18 1 1 - 4 ʅ ̔  1 1      10 12  1   1,8é5,5  -40é85 

ATtiny24A 20 0é20 2 0.128 0.128 12 1 1 - 2 ʅ ̔  1 1      10 8  1   1,8é5,5  -40é85 

ATtiny44A 20 0é20 4 0.256 0.256 12 1 1 - 2 ʅ ̔  1 1      10 8  1   1,8é5,5  -40é85 

ATtiny84A 20 0é20 8 0.512 0.512 12 1 1 - 2 ʅ ̔  1 1      10 8  1   1,8é5,5  -40é85 

ATtiny25(V) 20 0é20 2 0.128 0.128 6 2 - - 5 ʅ ̔  1 1      10 4  1   1,8é5,5  -40é85 

ATtiny45(V) 20 0é20 4 0.256 0.256 6 2 - - 5 ʅ ̔  1 1      10 4  1   1,8é5,5  -40é85 

ATtiny85(V) 20 0..20 8 0.512 0.512 6 2 - - 5 ʅ ̔  1 1      10 4  1   1,8é5,5  -40é85 

ATtiny48 12 0é12 4 0.256 0.064 24 1 1 - 4 ʅ ̔  1 1      10 6.8  1   1,8é5,5  -40é85 

ATtiny88 12 0é12 8 0.512 0.064 28 1 1 - 4 ʅ ̔  1 1      10 6.8  1   1,8é5,5  -40é85 

ATtiny87 16 0é16 8 0.512 0.512 16 1 1 - 3 ʅ ̔ 1 2 1      10 11  1   1,8é5,5  -40é85 

ATtiny167 16 0é16 16 0.512 0.512 16 1 1 - 3 ʅ ̔ 1 2 1      10 11  1   1,8é5,5  -40é85 

ATtiny261A 20 0..20 2 0.128 0.128 16 1 1 - 6 ʅ ̔ 1 1       10 11  1   1,8é5,5  -40é105 

ATtiny461A 20 0..20 4 0.256 0.256 16 1 1 - 3 ʅ ̔ 1 1       10 11  1   1,8é5,5  -40é105 

ATtiny861A 20 0..20 8 0.512 0.512 16 1 1 - 3 ʅ ̔ 1 1       10 11  1   1,8é5,5  -40é105 

ATtiny202 20 0..20 2 0.128 0.064 6 - 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny204 20 0..20 2 0.128 0.064 12 - 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny402 20 0..20 4 0.256 0.128 6 - 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny404 20 0..20 4 0.256 0.128 12 - 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny406 20 0..20 4 0.256 0.128 12 - 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny804 20 0..20 8 0.512 0.128 12 - 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny806 20 0..20 8 0.512 0.128 18 - 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny807 20 0..20 8 0.512 0.128 22 - 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1.1. 
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ʂʘʥʘʣʽʚ 

ʎɸʇ 

ATtiny1604 20 0..20 16 1 0.256 12 - 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny1606 20 0..20 16 1 0.256 18 - 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny1607 20 0..20 16 1 0.256 22 - 2 1 +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny212 20 0..20 2 0.128 0.064 6 1 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny214 20 0..20 2 0.128 0.064 12 1 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny412 20 0..20 4 0.256 0.128 6 - 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny414 20 0..20 4 0.256 0.128 12 1 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny416 20 0..20 4 0.256 0.128 18 1 2 - +  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny417 20 0..20 4 0.256 0.128 22 - 2 - 6  1 1 1      10 12  1   1,8é5,5  -40é125 

ATtiny814 20 0..20 8 0.256 0.128 12 1 2 - 6  1 1 1      10 12  1 8  1,8é5,5  -40é125 

ATtiny816 20 0..20 8 0.512 0.128 18 1 2 - 6  1 1 1      10 12  1 8  1,8é5,5  -40é125 

ATtiny817 20 0..20 8 0.512 0.128 22 1 2 - 6  1 1 1      10 12  1 8  1,8é5,5  -40é125 

ATtiny1614 20 0..20 16 2 0.256 12 1 3 - 6  1 1 1      10 12  1 8  1,8é5,5  -40é125 

ATtiny1616 20 0..20 16 2 0.128 18 1 3 - 6  1 1 1      10 16  1 8  1,8é5,5  -40é125 

ATtiny1617 20 0..20 16 2 0.256 22 1 3 - 6  1 1 1      10 20  3 8  1,8é5,5  -40é125 

ATtiny3216 20 0..20 32 2 0.256 18 1 3 - 6  1 1 1      10 16  3 8  1,8é5,5  -40é125 

ATtiny3217 20 0..20 32 2 0.256 22 1 3 - 6  1 1 1      10 20  3 8  1,8é5,5  -40é125 

ATtiny441 16 0é16 4 0.256 0.256  1 2  6  2 1 1      10 12  2   1,7é5,5  -40é85 

ATtiny841 16 0é16 8 0.512 0.512  1 2  6  2 1 1      10 12  2   1,7é5,5  -40é85 

ATtiny1634 16 0é16 16 1 0.256  1 1  2  2  1      10 12  1   1,8é5,5  -40é85 

ATtiny2313A 20 0..20 2 0.128 0.128  1 1  4  1 2 1      10 12  1   1,8é5,5  -40é85 

ATmega8A 16 0é16 8 1 0.512 30 2 1 - 3  1 1 1      10 6-8  1   2.7é5.5  -40é85 

ATmega16A 16 0é16 16 1 0.512 32 2 1 - 4  1 1 1      10 8  1   2.7é5.5  -40é85 

ATmega32A 16 0é16 32 2 1 32 2 1 - 4  1 1 1      10 8  1   2.7é5.5  -40é85 

ATmega8U2 16 0é16 8 0.512 0.512 22 1 1 - 5  1 2          1   2.7é5.5  -40é85 

ATmega16U2 16 0é16 16 0.512 0.512 22 1 1 - 5  1 2          1   2.7é5.5  -40é85 

ATmega32U2 16 0é16 32 1 1 22 1 1 - 5  1 2          1   2.7é5.5  -40é85 

ATmega16U4 16 0é16 16 1.25 0.512 26 2 2 - 12  1 2 1      10 12  1   2.7é5.5  -40é85 

ATmega32U4 16 0é16 32 2.5 0.512 26 2 2 - 12  1 2 1      10 12  1   2.7é5.5  -40é85 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1.1 
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ʎɸʇ 

ATmega48PB 20 0é20 4 0.512 0.256 27 2 - - 6  1 2 1      10 8  1   1.8é5.5  -40é85 

ATmega88PB 20 0é20 8 1 0.512 27 2 - - 6  1 2 1      10 8  1   1.8é5.5  -40é85 

ATmega168PB 20 0é20 16 1 0.512 27 2 - - 6  1 2 1      10 8  1   1.8é5.5  -40é85 

ATmega328PB 20 0é20 32 2 1 27 2 3 - 10  2 2 2      10 8  1   1.8é5.5  -40é85 

ATmega3208 20 0é20 32 4 0.256 27 - 4 - 9  3 1 1      10 12  1   1.8é5.5  -40é85 

ATmega3209 20 0é20 32 4 0.256 41 - 5 - 11  4 1 1      10 16  1   1.8é5.5  -40é85 

ATmega4808 20 0é20 48 6 0.256 27 - 4 - 9  3 1 1      10 12  1   1.8é5.5  -40é85 

ATmega4809 20 0é20 48 6 0.256 41 - 5 - 11  4 1 1      10 16  1   1.8é5.5  -40é85 

ATmega64A 16 0é16 64 4 2 53 2 2 - 8  2 1 1      10 8  1   1.8é5.5  -40é85 

ATmega128A 16 0é16 128 4 4 53 2 2 - 8  2 1       10 8  1   1.8é5.5  -40é85 

ATmega164PA 20 0é20 16 1 0.512 32 2 1 - 6  2 3 1      10 8  1   1.8é5.5  -40é85 

ATmega324PA 20 0é20 32 2 1 32 2 1 - 6  2 3 1      10 8  1   1.8é5.5  -40é85 

ATmega644PA 20 0é20 64 4 2 32 2 1 - 6  2 3 1      10 8  1   1.8é5.5  -40é85 

ATmega1284P 20 0é20 128 16 4 32 2 1 - 6  2 3 1      10 8  1   1.8é5.5  -40é85 

ATmega165PA 16 0é16 16 1 0.512 54 2 1 - 4  1 2 1      10 8  1   1.8é5.5  -40é85 

ATmega325PA 20 0é20 32 2 1 54 2 1 - 4  1 2 1      10 8  1   1.8é5.5  -40é85 

ATmega645P 16 0é16 64 4 2 54 2 1 - 4  1 2 1      10 8  1   1.8é5.5  -40é85 

ATmega169PA 16 0é16 16 1 0.512 54 2 1 - 4  1 2 1      10 8  1   1.8é5.5  -40é85 

ATmega329PA 20 0é20 32 2 1 54 2 1 - 4  1 2 1      10 8  1   1.8é5.5  -40é85 

ATmega649P 16 0é16 64 4 2 54 2 1 - 4  1 2 1      10 8  1   1.8é5.5  -40é85 

ATmega324PB 20 0é20 32 2 1 27 2 3 - 10  3 2 2      10 8  1   1.8é5.5  -40é85 

ATmega640 16 0é16 64 8 4 86 2 4 - 16  4 5 1      10 16  1   1.8é5.5  -40é85 

ATmega1280 16 0é16 64 8 4 86 2 4 - 16  4 5 1      10 16  1   1.8é5.5  -40é85 

ATmega2560 16 0é16 256 8 4 86 2 4 - 16  4 5 1      10 16  1   1.8é5.5  -40é85 

ATmega1281 16 0é16 128 8 4 54 2 4 - 16  2 3 1      10 16  1   1.8é5.5  -40é85 

ATmega2561 16 0é16 256 16 8 54 2 4 - 16  2 3 1      10 16  1   1.8é5.5  -40é85 

ATmega3290PA 20 0é20 32 2 1 69 2 1 - 4  2 3 1      10 8  1   1.8é5.5  -40é85 

ATmega6490P 20 0é20 64 4 2 69 2 1 - 4  1 2 1      10 8  1   1.8é5.5  -40é85 

ATmega3250PA 20 0é20 32 2 1 69 2 1 - 4  1 2 1      10 8  1   1.8é5.5  -40é85 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 1.1 
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ATXMega1281U 32  0é32  128 8 2   78   8   24   8  12 4 1      12 16  2  4  12 2 1,6é3,6   -40é85  

ATXMega64A1U 32  0é32  64 4 2 78  8  24   8  12 4 1      12 16  2  4  12 2 1,6é3,6   -40é85  

ATXMega256A3

U 
32  0é32  256 8 4 50  7  22  7 10 2 1      12 16  2  4 12 2 1,6é3,6   -40é85  

ATXMega192A3

U 
32  0é32  192 8 2 50  7  22  7 10 2 1      12 16  2  4 12 2 1,6é3,6   -40é85  

ATXMega128A3

U 
32  0é32  128 8 2 50  7  22  7 10 2 1      12 16  2  4 12 2 1,6é3,6   -40é85  

ATXMega64A3U 32  0é32  64 4 2 50  7  22  7 10 2 1      12 16  2  4 12 2 1,6é3,6   -40é85  

ATXMega128A4

U 
32  0é32  128 8 2 34  5  16  5 7 2 1     12 12 2 2 12 2 1,6é3,6   -40é85  

ATXMega64A4U 32  0é32  64 4 2 34  5  16  5 7 2 1     12 12 2 2 12 2 1,6é3,6   -40é85  

ATXMega32A4U 32  0é32  32 4 1 34  5  16  5 7 2 1     12 12 2 2 12 2 1,6é3,6   -40é85  

ATXMega16A4U 32  0é32  16 2 1 34  5  16  5 7 2 1     12 12 2 2 12 2 1,6é3,6   -40é85  

ATXMega B3 32  0é32  128 4 2 36  2  6  1 2 1 1     12 8  2   1,6é3,6   -40é85  

ATXMega32D3 32  0é32  32 4 1 50  5  18  3 5 2      12 16  2   1,6é3,6   -40é85  

ATXMega64D3 32  0é32  64 4 2 50  5  18  3 5 2      12 16  2   1,6é3,6   -40é85  

ATXMega128D3 32  0é32  128 8 2 50  5  18  3 5 2      12 16  2   1,6é3,6   -40é85  

ATXMega192D3 32  0é32  192 16 2 50  5  18  3 5 2      12 16  2   1,6é3,6   -40é85  

ATXMega256D3 32  0é32  256 16 4 50  5  18  3 5 2      12 16  2   1,6é3,6   -40é85  

ATXMega384D3 32  0é32  384 32 4 50  5  18  3 5 2      12 16  2   1,6é3,6   -40é85  

ATXMega16C4 32  0é32  16 2 1 34  4  14  2 4 2 1     12 16  2   1,6é3,6   -40é85  

ATXMega32C4 32  0é32  32 4 1 34  4  14  2 4 2 1     12 16  2   1,6é3,6   -40é85  

ATXMega128D4 32  0é32  128 8 2 34     1 2 4 2      12 12  2   1,6é3,6   -40é85  

ATXMega64D4 32  0é32  64 4 2 34     1 2 4 2      12 12  2   1,6é3,6   -40é85  

ATXMega32D4 32  0é32  32 4 1 34     1 2 4 2      12 12  2   1,6é3,6   -40é85  

ATXMega16D4 32  0é32  16 2 1 34     1 2 4 2      12 12  2   1,6é3,6   -40é85  

ATXMega32E5 32  0é32  32 1 0.5 26 2 1  8  2 1 1      12 16  2 12 2    

ATXMega16E5 32  0é32  16 2 0.5 26 2 1  8  2 1 1      12 16  2 12 2    

ATXMega8E5 32  0é32  8 4 1 26 2 1  8  2 1 1      12 16  2 12 2    
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ɿ ʷʢʦʾ ʩʝʨʽʾ ʧʦʯʘʚʩʷ ʚʠʧʫʩʢ çʊʨʘʜʠʮʽʡʥʠʭè AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ? 

2. ʅʘ ʷʢʽ ʪʨʠ ʩʽʤʝʡʩʪʚʘ ʩʴʦʛʦʜʥʽ ʨʦʟʜʽʣʠʚʩʷ ʚʠʧʫʩʢ çʊʨʘʜʠʮʽʡʥʠʭè                 

AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ? 

3. ʆʧʠʰʽʪʴ ʨʽʚʝʥʴ ʩʫʤʽʩʥʦʩʪʽ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʨʽʟʥʠʭ ʩʝʨʽʡ. 

4. ʗʢ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʘ ʩʫʤʽʩʥʦʩʪʽ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ? 

5. ʆʧʠʰʽʪʴ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. 

6. ʗʢʫ ʨʦʟʨʷʜʥʽʩʪʴ ʤʘʶʪʴ ʦʧʝʨʘʥʜʠ ʙʽʣʴʰʦʩʪʽ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ? 

7. ʆʧʠʰʽʪʴ ʦʩʦʙʣʠʚʦʩʪʽ çɻʘʨʜʚʘʨʩʴʢʦʾ ʘʨʭʽʪʝʢʪʫʨʠè ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

8. ɿʘ ʩʢʽʣʴʢʠ ʪʘʢʪʽʚ ʚʠʢʦʥʫʶʪʴʩʷ ʙʽʣʴʰʽʩʪʴ ʢʦʤʘʥʜ ʄʂ? 

9. ʗʢʫ ʨʦʟʨʷʜʥʽʩʪʴ ʤʘʻ ʦʜʥʘ ʢʦʤʽʨʢʘ ʧʘʤ`ʷʪʽ ʧʨʦʛʨʘʤ? 

10.  ʆʧʠʰʽʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʽʜʩʠʩʪʝʤʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʄʂ. 

11.  ʆʧʠʰʽʪʴ ʩʪʨʫʢʪʫʨʫ ʷʜʨʘ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. 

12.  ʑʦ ʷʚʣʷʻ ʩʦʙʦʶ ʨʝʛʽʩʪʨʦʚʠʡ ʬʘʡʣ ʄʂ? 

13.  ʆʧʠʰʽʪʴ ʩʪʨʫʢʪʫʨʫ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʤʦʜʝʣʝʡ ATmega1281x/2561x. 

14.  ʗʢʫ ʢʽʣʴʢʽʩʪʴ ʪʘʡʤʝʨʽʚ ʤʦʞʝ ʤʘʪʠ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ? 

15.  ɺ ʷʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʘʧʨʫʛ ʞʠʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʫʶʪʴ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ? 

16.  ʗʢʫ ʨʦʟʨʷʜʥʽʩʪʴ ʤʘʻ ɸʎʇ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ?  

17.  ʅʘʟʚʽʪʴ ʢʽʣʴʢʽʩʪʴ ʢʦʤʘʥʜ, ʷʢʫ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ. 

18.  ʅʘʟʚʽʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙ`ʻʤ FLASH-ʧʘʤ'ʷʪʽ ʧʨʦʛʨʘʤ                                        

AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ Mega. 

19.  ʅʘʟʚʽʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙ`ʻʤ EEPROM-ʧʘʤ'ʷʪʽ ʜʘʥʠʭ                                              

AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ Mega. 

20.  ʗʢʽ ʧʦʩʣʽʜʦʚʥʽ ʽʥʪʝʨʬʝʡʩʠ ʤʘʶʪʴ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ? 

21.  ʗʢʫ ʩʪʨʫʤʝʥʝʚʫ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʭʽʜʥʽ ʜʨʘʡʚʝʨʠ 

ʧʦʨʪʽʚ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ? 

22.  ʆʧʠʰʽʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʟʥʘʯʝʥʴ ʨʽʟʥʠʭ ʚʝʨʩʽʡ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. 

23.  ʆʧʠʰʽʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘʡʤʝʨʘ/ʣʽʯʠʣʴʥʠʢʘ RTC. 

24.  ʆʧʠʰʽʪʴ ʟʘʛʘʣʴʥʽ ʨʠʩʠ ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. 

25.  ʗʢʽ ʩʧʦʩʦʙʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʤʘʶʪʴ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ? 

26.  ɼʣʷ ʯʦʛʦ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʣʘʪʠ Arduino? ʅʘ ʙʘʟʽ ʷʢʠʭ ʄʂ ʚʦʥʠ 

ʚʠʢʦʥʫʶʪʴʩʷ? 

27.  ʗʢʫ ʨʦʟʨʷʜʥʽʩʴ ʤʘʶʪʴ ʧʘʨʘʣʝʣʴʥʽ ʧʦʨʪʠ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ? 

28.  ʄʂ ʷʢʦʛʦ ʩʽʤʝʡʩʪʚʘ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʤʘʶʪʴ ʤʦʜʫʣʽ ʎɸʇ? 

  

https://uk.wikipedia.org/wiki/EEPROM
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2. ʆʈɻɸʅɯɿɸʎɯʗ ʇɸʄôʗʊɯ 

2.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɺ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʨʝʘʣʽʟʦʚʘʥʦ ɻʘʨʚʘʨʜʩʴʢʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʷʢʦʶ ʨʦʟʜʽʣʝʥʦ ʥʝ ʣʠʰʝ ʘʜʨʝʩʥʽ ʧʨʦʩʪʦʨʠ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʪʘ 

ʧʘʤôʷʪʽ ʜʘʥʠʭ, ʘʣʝ ʪʘʢʦʞ ʽ ʰʠʥʠ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ [1; 7]. ʉʧʦʩʦʙʠ ʘʜʨʝʩʘʮʽʾ ʪʘ 

ʜʦʩʪʫʧʫ ʜʦ ʮʠʭ ʦʙʣʘʩʪʝʡ ʧʘʤôʷʪʽ ʪʘʢʦʞ ʻ ʨʽʟʥʠʤʠ. ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ ʜʘʻ ʟʤʦʛʫ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʨʦʮʝʩʦʨʫ ʦʜʥʦʯʘʩʥʦ ʧʨʘʮʶʚʘʪʠ ʷʢ ʟ ʧʘʤôʷʪʪʶ ʧʨʦʛʨʘʤ ʪʘʢ ʽ ʟ 

ʧʘʤôʷʪʪʶ ʜʘʥʠʭ, ʱʦ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʂʦʞʥʘ ʟ ʦʙʣʘʩʪʝʡ ʧʘʤôʷʪʽ 

ʜʘʥʠʭ ï ʩʪʘʪʠʯʥʘ ʧʘʤ`ʷʪʴ ʜʘʥʠʭ (ʉʇɼ) ʪʘ EEPROM-ʧʘʤ`ʷʪʴ ʪʘʢʦʞ ʨʦʟʪʘʰʦʚʘʥ ̔ʫ 

ʩʚʦʻʤʫ ʘʜʨʝʩʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʅʘ ʨʠʩ. 2.1 ʥʘʚʝʜʝʥʦ ʢʘʨʪʫ ʧʘʤôʷʪʽ ʜʝʷʢʠʭ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

ʩʽʤʝʡʩʪʚʘ Mega.  

 

ʈʠʩ. 2.1. ʂʘʨʪʘ ʧʘʤôʷʪʽ ʜʝʷʢʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ Mega 

ʇʨʠʤʽʪʢʘ: ʧʦʟʥʘʯʢʦʶ çÅè ʚʽʜʤʽʯʝʥʽ ʤʦʜʝʣʽ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ ʧʽʜʢʣʶʯʠʪʠ 

ʟʦʚʥʽʰʥʽʡ ʉʆɿʇ. 
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ʆʩʢʽʣʴʢʠ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʤʘʶʪʴ 16-ʙʽʪʥʫ ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ, ʦʙôʻʤ 

ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʥʘ ʨʠʩʫʥʢʫ ʚʢʘʟʘʥʦ ʥʝ ʫ ʙʘʡʪʘʭ, ʘ ʚ 16-ʙʽʪʦʚʠʭ ʩʣʦʚʘʭ. ʉʠʤʚʦʣ 

ç$è ʻ ʦʟʥʘʢʦʶ ʰʽʩʪʥʘʜʮʷʪʢʦʚʦ ʾʩʠʩʪʝʤʠ ʯʠʩʣʝʥʥʷ. 

2.2. ʆʨʛʘʥʽʟʘʮʽʷ ʧʘʤôʷʪ ̔ʧʨʦʛʨʘʤ 

ɺ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤʘʭ ʚ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʟʙʝʨʽʛʘʶʪʴʩʷ ʢʦʤʘʥʜʠ, ʱʦ 

ʢʝʨʫʶʪʴ ʨʦʙʦʪʦʶ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʪʘ ʢʦʥʩʪʘʥʪʠ, ʱʦ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ. 

ʇʘʤôʷʪʴ ʧʨʦʛʨʘʤ ʤʘʻ ʰʽʩʪʥʘʜʮʷʪʠʙʽʪʥʫ ʦʨʛʘʥʽʟʘʮʽʶ, ʜʣʷ ʷʢʦʾ ʜʦʚʞʠʥʘ 

ʢʦʞʥʦʾ ʢʦʤʘʥʜʠ ʢʨʘʪʥʘ ʦʜʥʦʤʫ ʩʣʦʚʫ ï 16 ʙʽʪ. ʅʘʧʨʠʢʣʘʜ, ʦʙôʻʤ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ Mega ʩʢʣʘʜʘʻ ʚʽʜ 2ʂ (2*1024) ʜʦ ʙʽʣʴʰ ʥʽʞ 128ʂ 

(128*1024) ʰʽʩʪʥʘʜʮʷʪʠʙʽʪʥʠʭ ʩʣʽʚ. ʋ ʯʘʩʪʠʥʠ ʤʦʜʝʣʝʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

ʩʽʤʝʡʩʪʚʘ Mega ʧʘʤôʷʪʴ ʧʨʦʛʨʘʤ ʣʦʛʽʯʥʦ ʧʦʜʽʣʝʥʦ ʥʘ 2 ʨʽʚʥʽ ʯʘʩʪʠʥʠ: ʦʙʣʘʩʪʴ 

ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʽ ʦʙʣʘʩʪʴ ʟʘʚʘʥʪʘʞʫʚʘʯʘ [1; 7].  

ɺ ʦʩʪʘʥʥʽʡ ʤʦʞʝ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʩʧʝʮʽʘʣʴʥʘ ʧʨʦʛʨʘʤʘ ï ʟʘʚʘʥʪʘʞʫʚʘʯ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʫ ʩʘʤʦʩʪʽʡʥʦ ʢʝʨʫʚʘʪʠ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʚʠʚʘʥʪʘʞʝʥʥʷʤ 

ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʦʙʣʘʩʪʽ ʪʘ ʨʝʘʣʽʟʘʮʽʷ                               

ʧʨʦʛʨʘʤʠ-ʟʘʚʘʥʪʘʞʫʚʘʯʘ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪ ̔ ʥʠʞʯʝ ʦʢʨʝʤʦ. ʗʢʱʦ 

ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʧʨʠʢʣʘʜʥʘ ʧʨʦʛʨʘʤʘ 

ʤʦʞʝ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʽ ʚ ʦʙʣʘʩʪʽ ʟʘʚʘʥʪʘʞʫʚʘʯʘ. 

ɼʣʷ ʘʜʨʝʩʘʮʽʾ ʧʘʤ'ʷʪʽ ʧʨʦʛʨʘʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʽʯʠʣʴʥʠʢ ʢʦʤʘʥʜ 

(Program Counter ï ʈʉ). ʈʦʟʤʽʨ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ ʟʘʣʝʞʠʪɹ ʚʽʜ ʦʙ'ʻʤʫ ʧʘʤ'ʷʪʽ, ʱʦ 

ʘʜʨʝʩʫʻʪʴʩʷ. 

ɿʘ ʘʜʨʝʩʦʶ $0000 ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʟʥʘʭʦʜʠʪʴʩʷ ʚʝʢʪʦʨ ʩʢʠʜʘʥʥʷ. ʇʽʩʣʷ 

ʽʥʽʮʽʘʣʽʟʘʮʽʾ (ʩʢʠʜʘʥʥʷ) ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ  ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʮʽʻʾ 

ʘʜʨʝʩʠ. ɿʘ ʮʽʻʶ ʘʜʨʝʩʦʶ ʧʦʚʠʥʥʘ ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʢʦʤʘʥʜʘ  ʧʝʨʝʭʦʜʫ ʜʦ ʦʩʥʦʚʥʦʾ 

ʯʘʩʪʠʥʠ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʠ. ʇʦʯʠʥʘʶʯʠ ʟ ʘʜʨʝʩʠ $0001 ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ  

(ʤʦʜʝʣʽ ʟ ʧʘʤôʷʪʪʶ ʧʨʦʛʨʘʤ 8 ʂʙʘʡʪ ʽ ʤʝʥʰʝ) ʘʙʦ $0002 (ʦʩʪʘʥʥʽ  ʤʦʜʝʣʽ) 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʪʘʙʣʠʮʷ ʚʝʢʪʦʨʽʚ ʧʝʨʝʨʠʚʘʥʴ. ʈʦʟʤʽʨ ʮʽʻʾ ʦʙʣʘʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʦʜʝʣʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ (ʨʦʟʧʦʜʽʣ ʦʙʣʘʩʪʽ ʚʝʢʪʦʨʽʚ ʧʝʨʝʨʠʚʘʥʥʷ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ 

ʦʢʨʝʤʦ). 

ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʝʨʝʨʠʚʘʥʥʷ ʧʽʩʣʷ ʟʙʝʨʝʞʝʥʥʷ ʫ ʩʪʝʢʫ ʧʦʪʦʯʥʦʛʦ  

ʟʥʘʯʝʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʟʘ 

ʘʜʨʝʩʦʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʝʢʪʦʨʘ. ɿʘ ʮʠʤʠ  ʘʜʨʝʩʘʤʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʢʦʤʘʥʜʠ 

ʧʝʨʝʭʦʜʫ ʜʦ ʧʽʜʧʨʦʛʨʘʤ ʦʙʨʦʙʢʠ ʧʝʨʝʨʠʚʘʥʴ. ɺ  ʤʦʜʝʣʷʭ ʟ ʧʘʤôʷʪʪʶ ʧʨʦʛʨʘʤ 

ʥʝʚʝʣʠʢʦʛʦ ʦʙ'ʻʤʫ (8 ʂʙʘʡʪ ʽ ʤʝʥʰʝ) ʚ ʪʘʙʣʠʮʷʭ ʚʝʢʪʦʨʽʚ ʧʝʨʝʨʠʚʘʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʘʥʜʠ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʭʦʜʫ ï RJMP, ʘ ʚ ʦʩʪʘʥʥʽʭ ʤʦʜʝʣʷʭ ï 

ʢʦʤʘʥʜʠ ʘʙʩʦʣʶʪʥʦʛʦ ʧʝʨʝʭʦʜʫ ï JMP. 
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ʋ ʙʽʣʴʰʦʩʪʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ Mega ʧʦʣʦʞʝʥʥʷ  ʚʝʢʪʦʨʘ 

ʩʢʠʜʘʥʥʷ ʽ ʪʘʙʣʠʮʽ ʚʝʢʪʦʨʽʚ ʧʝʨʝʨʠʚʘʥʴ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʦ. ɺʦʥʠ ʤʦʞʫʪʴ 

ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʥʝ ʣʠʰʝ ʥʘ ʧʦʯʘʪʢʫ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʷʢ ʦʧʠʩʘʥʦ  ʚʠʱʝ, ʘʣʝ ʽ ʥʘ 

ʧʦʯʘʪʢʫ ʦʙʣʘʩʪʽ ʟʘʚʘʥʪʘʞʫʚʘʯʘ.  

ɺ ʷʢʦʩʪʽ ʧʘʤôʷʪ̔ ʧʨʦʛʨʘʤ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ         

FLASH-ʇɿʇ, ʷʢʠʡ ʨʦʟʨʘʭʦʚʘʥʠʡ, ʷʢ ʤʽʥʽʤʫʤ, ʥʘ 10000 ʮʠʢʣʽʚ ʦʯʠʱʝʥʥʷ/ʟʘʧʠʩʫ. 

2.3. ʆʨʛʘʥʽʟʘʮʽʷ ʧʘʤôʷʪ ̔ʜʘʥʠʭ 

2.3.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 ʇʘʤôʷʪʴ ʜʘʥʠʭ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʨʦʟʜʽʣʝʥʦ ʥʘ ʪʨʠ ʯʘʩʪʠʥʠ: 

ʨʝʛʽʩʪʨʦʚʘ ʧʘʤôʷʪʴ, ʩʪʘʪʠʯʥʠʡ ʦʧʝʨʘʪʠʚʥʠʡ ʟʘʧʘʤ`ʷʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ (ʉʆɿʇ) ʽ  

ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʘ EEPROM-ʧʘʤôʷʪ.ɹ 

 ʈʝʛʽʩʪʨʦʚʘ ʧʘʤôʷʪʴ ʚʢʣʶʯʘʻ 32 ʨʝʛʽʩʪʨʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʈɿʇ), 

ʦʙ'ʻʜʥʘʥʠʭ ʫ ʬʘʡʣ, ʽ 64 ʩʣʫʞʙʦʚʽ ʨʝʛʽʩʪʨʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ (ʈɺɺ). ɺ  ʤʦʜʝʣʷʭ 

ʟ ʨʦʟʚʠʥʝʥʦʶ ʧʝʨʠʬʝʨʽʻʶ ʻ ʪʘʢʦʞ ʦʙʣʘʩʪʴ  ʜʦʜʘʪʢʦʚʠʭ (extended) ʨʝʛʽʩʪʨʽʚ 

ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ (ɼʈɺɺ). ʇʽʜ ʈɺɺ ʚ ʧʘʤôʷʪʽ  ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚʽʜʚʦʜʠʪʴʩʷ                 

64 ʙʘʡʪʠ, ʘ ʧʽʜ ɼʈɺɺ ï 160 ʘʙʦ 416 ʙʘʡʪ (ʟʘʣʝʞʥʦ ʚʽʜ ʤʦʜʝʣʽ). 

ɺ ʦʙʦʭ ʦʙʣʘʩʪʷʭ ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʨʽʟʥʽ 

ʩʣʫʞʙʦʚʽ ʨʝʛʽʩʪʨʠ: ʨʝʛʽʩʪʨʠ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ, ʨʝʛʽʩʪʨʠ  ʩʪʘʥʫ ʽ ʪ. ʽʥ., 

ʘ ʪʘʢʦʞ ʨʝʛʽʩʪʨʠ ʢʝʨʫʚʘʥʥʷ ʧʝʨʠʬʝʨʽʡʥʠʤʠ  ʧʨʠʩʪʨʦʷʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʈɺɺ ʽ ɼʈɺɺ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʤʦʜʝʣʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ.  

ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʟʤʽʥʥʠʭ ʦʢʨʽʤ ʨʝʛʽʩʪʨʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ  

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʉʆɿʇ. ʈʷʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ, ʢʨʽʤ ʪʦʛʦ, ʤʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ  ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʆɿʇ ʦʙô̒ ʤʦʤ ʜʦ 64 ʂʙʘʡʪ.  

ʈʝʛʽʩʪʨʦʚʫ ʧʘʤ`ʷʪʴ ʨʘʟʦʤ ʽʟ ʉʆɿʇ ʥʘʟʠʚʘʶʪʴ ʩʪʘʪʠʯʥʦʶ ʧʘʤ`ʷʪʶ ʜʘʥʠʭ 

(ʉʇɼ). ʌʽʟʠʯʥʦ ʪʘʢʫ ʧʘʤô̫ ʪʴ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʪʨʠʛʝʨʽʚ, ʪʦʤʫ ʚʦʥʘ ʻ 

ʝʥʝʨʛʦʟʘʣʝʞʥʦʶ ï ʟʙʝʨʽʛʘʻ ʽʥʬʦʨʤʘʮʽʶ, ʜʦʢʠ ʻ ʞʠʚʣʝʥʥʷ. 

ɼʣʷ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʨʽʟʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ  ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ 

ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʦʪʦʚʦʾ ʩʠʩʪʝʤʠ (ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʢʦʥʩʪʘʥʪʠ, ʩʝʨʽʡʥʽ 

ʥʦʤʝʨʠ, ʢʣʶʯʽ ʽ ʪ. ʽʥ.), ʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʩʽʤʝʡʩʪʚʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʚʙʫʜʦʚʘʥʘ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʘ EEPROM-ʧʘʤôʷʪʴ. ɰʾ ʦʙô̒ ʤ ʩʢʣʘʜʘʻ ʜʣʷ ʨʽʟʥʠʭ 

ʤʦʜʝʣʝʡ ʚʽʜ 256 ʜʦ ʙʽʣʴʰ ʥʽʞ 4 ʂʙʘʡʪ. EEPROM-ʧʘʤôʷʪʴ ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʦʢʨʝʤʦʤʫ 

ʘʜʨʝʩʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʘ ʜʦʩʪʫʧ ʜʦ ʥʝʾ  ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʈɺɺ. 

2.3.2. ʉʪʘʪʠʯʥʘ ʧʘʤôʷʪʴ ʜʘʥʠʭ 

ɺ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʽʥʽʡʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʩʪʘʪʠʯʥʦʾ 

ʧʘʤôʷʪʽ ʜʘʥʠʭ (ʨʠʩ. 2.2).  
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ɼʦ ʩʢʣʘʜʫ ʩʪʘʪʠʯʥʦʾ ʧʘʤôʷʪʽ ʜʘʥʠʭ ʚʭʦʜʷʪʴ ʨʝʛʽʩʪʨʠ ʟʘʛʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ (ʈɿʇ), ʨʝʛʽʩʪʨʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ (ʈɺɺ), ʘ ʪʘʢʦʞ ʩʪʘʪʠʯʥʠʡ ʆɿʇ 

(ʉʆɿʇ). ʄʘʢʩʠʤʘʣʴʥʠʡ ʦʙ'ʻʤ ʉʇɼ ʩʢʣʘʜʘʻ 65536 ʙʘʡʪ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ 

ʤʦʜʝʣ ̔ʩʽʤʝʡʩʪʚʘ.  

 

 

ʈʠʩ. 2.2. ʆʨʛʘʥʽʟʘʮʽʷ ʩʪʘʪʠʯʥʦʾ ʧʘʤôʷʪʽ ʜʘʥʠʭ 

ʈʝʛʽʩʪʨʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

32 ʨʝʛʽʩʪʨʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʦʙô̒ ʜʥʘʥʦ ʚ ʨʝʛʽʩʪʨʦʚʠʡ ʬʘʡʣ 

ʰʚʠʜʢʦʛʦ ʜʦʩʪʫʧʫ, ʩʪʨʫʢʪʫʨʫ ʷʢʦʛʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.3.  

ɺ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʫʩʽ ʈɿʇ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦʩʪʫʧʥʽ         

ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʽʯʥʦʤʫ ʧʨʠʩʪʨʦʶ (ɸʃʇ), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 8-ʙʽʪʦʚʠʭ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʜʝʷʢʠʭ ʽʥʰʠʭ ʬʽʨʤ, ʚ  ʷʢʠʭ ʻ ʣʠʰʝ ʦʜʠʥ ʪʘʢʠʡ ʨʝʛʽʩʪʨ ï ʨʦʙʦʯʠʡ 

ʨʝʛʽʩʪʨ A/W (ʘʢʫʤʫʣʷʪʦʨ). ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʙʫʜʴ-ʷʢʠʡ ʈɿʇ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʢʦʤʘʥʜʘʭ ʽ ʷʢ ʦʧʝʨʘʥʜ-ʜʞʝʨʝʣʦ, ʽ ʷʢ ʦʧʝʨʘʥʜ-ʧʨʠʡʤʘʯ. ʊʘʢʝ  

ʨʽʰʝʥʥʷ (ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʢʦʥʚʝʻʨʥʦʶ ʦʙʨʦʙʢʦʶ) ʜʦʟʚʦʣʷʻ ɸʃʇ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʦʜʠʥ 

ʪʘʢʪ ʦʜʥʫ ʦʧʝʨʘʮʽʶ: ʯʠʪʘʥʥʷ ʦʧʝʨʘʥʜʽʚ ʟ ʨʝʛʽʩʪʨʦʚʦʛʦ ʬʘʡʣʫ, ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ 

ʽ ʟʘʧʠʩ ʨʝʟʫʣʴʪʘʪʫ ʥʘʟʘʜ ʫ ʨʝʛʽʩʪʨʦʚʠʡ ʬʘʡʣ. 
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ʈʠʩ. 2.3. ʉʪʨʫʢʪʫʨʘ ʨʝʛʽʩʪʨʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʆʩʪʘʥʥʽ 6 ʨʝʛʽʩʪʨʽʚ ʬʘʡʣʫ (R26...R31) ʤʦʞʫʪʴ ʦʙôʻʜʥʫʚʘʪʠʩʷ ʫ ʪʨʠ                 

16-ʙʽʪʥʠʭ ʨʝʛʽʩʪʨʠ: X, Y ʪʘ Z (ʨʠʩ. 2.4), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʧʦʢʘʞʯʠʢʠ ʧʨʠ 

ʥʝʧʨʷʤʽʡ ʘʜʨʝʩʘʮʽʾ ʩʪʘʪʠʯʥʦʾ ʧʘʤôʷʪʽ ʜʘʥʠʭ.  

ʈʝʛ̔ʩʪʨ X 7 0

15

R27 ($1B)

7 0

0

R26 ($1A)

ʈʝʛ̔ʩʪʨ Y 7 0

15

R29 ($1D)

7 0

0

R28 ($1C)

ʈʝʛ̔ʩʪʨ Z 7 0

15

R31 ($1F)

7 0

0

R30 ($1E)
 

 

ʈʠʩ. 2.4. ʈʝʛʽʩʪʨʠ-ʧʦʢʘʞʯʠʢʠ X,Y ʪʘ Z 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.4, ʢʦʞʝʥ ʨʝʛʽʩʪʨ ʬʘʡʣʫ ʤʘʻ ʩʚʦʶ  ʚʣʘʩʥʫ ʘʜʨʝʩʫ ʚ 

ʧʨʦʩʪʦʨʽ ʩʪʘʪʠʯʥʦʾ ʧʘʤôʷʪʽ ʜʘʥʠʭ. ʊʦʤʫ ʜʦ ʥʠʭ ʤʦʞʥʘ  ʟʚʝʨʪʘʪʠʩʷ ʜʚʦʤʘ 

ʩʧʦʩʦʙʘʤʠ ï ʷʢ ʜʦ ʨʝʛʽʩʪʨʽʚ ʪʘ ʷʢ ʜʦ ʩʪʘʪʠʯʥʦʾ ʧʘʤôʷʪʽ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ 

ʬʽʟʠʯʥʦ ʮʽ ʨʝʛʽʩʪʨʠ ʥʝ ʻ ʢʦʤʽʨʢʘʤʠ ʉʆɿʇ. ʊʘʢʝ  ʨʽʰʝʥʥʷ ʻ ʱʝ ʦʜʥʽʻʶ ʚʽʜʤʽʥʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʘʨʭʽʪʝʢʪʫʨʠ AVR, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʽ ʡʦʛʦ  ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 
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ʉʪʝʢ 

ɺ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤʘʭ ʽʩʥʫʁʪʴ ʜʚʘ ʨʽʟʥʦʚʠʜʠ ʩʪʝʢʘ: ʧʝʨʰʠʡ, ʷʢʠʡ 

ʫʤʦʚʥʦ ʤʦʞʥʘ ʥʘʟʚʘʪʠ çʘʧʘʨʘʪʥʠʤè ʪʘ ʜʨʫʛʠʡ, ʷʢʠʡ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ï 

çʧʨʦʛʨʘʤʥʠʤè. ɺ çʘʧʘʨʘʪʥʦʤʫè ʩʪʝʢʫ ʟʙʝʨʽʛʘʶʪʴʩʷ ʘʜʨʝʩʠ ʧʦʚʝʨʥʝʥʥʷ ʽʟ 

ʧʽʜʧʨʦʛʨʘʤ, ʘ çʧʨʦʛʨʘʤʥʠʡè ʩʪʝʢ ʪʘʢʦʞ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʪʠʤʯʘʩʦʚʦʛʦ ʟʙʝʨʽʛʽʛʘʥʥʷ 

ʯʘʩʪʠʥ ʉʇɼ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜʧʨʦʛʨʘʤʘʤʠ. ɼʣʷ ʨʦʙʦʪʠ ʟ çʧʨʦʛʨʘʤʥʠʤè 

ʩʪʝʢʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʘʥʜʠ: PUSH ʪʘ POP. AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʤʘʁʪʴ 

ʦʙʠʜʚʘ ʨʽʟʥʦʚʠʜʠ ʩʪʝʢʘ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʦʜʝʣʽ). ʋ  ʮʴʦʤʫ  ʨʘʟʽ  ʩʪʝʢ  

ʨʦʟʤʽʱʫʻʪʴʩʷ  ʫ ʩʪʘʪʠʯʥʦʤʫ ʆɿʇ, ʽ ʡʦʛʦ ʛʣʠʙʠʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʨʦʟʤʽʨʦʤ 

ʚʽʣʴʥʦʾ ʦʙʣʘʩʪʽ ʧʘʤô̫ ʪʽ.  

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʻʤʥʦʩʪʽ ʉʆɿʇ, ʷʢ ʧʦʢʘʞʯʠʢ ʩʪʝʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʙʦ 

ʦʜʠʥ ʨʝʛʽʩʪʨ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ SPL (SP), ʨʦʟʪʘʰʦʚʘʥʠʡ ʟʘ ʘʜʨʝʩʦʶ $3D ($5D), 

ʘʙʦ ʧʘʨʘ ʨʝʛʽʩʪʨʽʚ SPH:SPL, ʨʦʟʪʘʰʦʚʘʥʠʭ ʟʘ ʘʜʨʝʩʘʤʠ $ɿɽ ($5ɽ) ʽ $3D ($5D) 

ʚʽʜʧʦʚʽʜʥʦ. 

ʈʝʛʽʩʪʨʠ-ʧʦʢʘʞʯʠʢʠ ʩʪʝʢʘ ʻ ʟʚʠʯʘʡʥʠʤʠ ʨʝʛʽʩʪʨʘʤʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦʛʨʘʤʥʦ ʜʦʩʪʫʧʥʽ. ɺ ʥʘʙʦʨʽ ʢʦʤʘʥʜ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʻ 

ʢʦʤʘʥʜʠ ʟʘʥʝʩʝʥʥʷ ʚ ʩʪʝʢ ï PUSH ʽ ʟʯʠʪʫʚʘʥʥʷ ʟʽ ʩʪʝʢʘ ï POP, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʛʨʘʤʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʝʢ ʜʣʷ ʩʚʦʾʭ ʧʦʪʨʝʙ. ʆʩʢʽʣʴʢʠ  ʧʽʩʣʷ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ ʘʙʦ ʧʽʩʣʷ ʩʢʠʜʘʥʥʷ, ʧʦʢʘʞʯʠʢ ʩʪʝʢʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʥʘ ʧʦʯʘʪʢʫ 

ʧʨʦʛʨʘʤʠ ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʽʥʽʮʽʘʣʽʟʫʚʘʪʠ, ʟʘʧʠʩʘʚʰʠ ʚ ʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʝʨʭʥʴʦʾ 

ʚʽʣʴʥʦʾ ʘʜʨʝʩʠ ʩʪʝʢʦʚʦʾ ʧʘʤôʷʪʽ ʜʘʥʠʭ (ʟʘʟʚʠʯʘʡ, ʤʘʢʩʠʤʘʣʴʥʘ ʘʜʨʝʩʘ ʉʇɼ). ʉʪʝʢ 

ʟʘʧʦʚʥʶʻʪʴʩʷ ʫ ʥʘʧʨʷʤʫ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʨʝʛʽʩʪʨʘ SP. ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ SP 

ʘʜʨʝʩʫʻ ʚʝʨʰʠʥʫ ʩʪʝʢʘ ï ʧʝʨʰʫ ʚʽʣʴʥʫ ʢʦʤʽʨʢʫ ʩʪʝʢʦʚʦʾ ʧʘʤôʷʪʽ. 

ʇʨʠ ʚʠʢʣʠʢʫ ʧʽʜʧʨʦʛʨʘʤ ʘʜʨʝʩʘ ʢʦʤʘʥʜʠ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʟʘ ʢʦʤʘʥʜʦʶ 

ʚʠʢʣʠʢʫ, ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʩʪʝʢʫ. ɿʥʘʯʝʥʥʷ ʧʦʢʘʞʯʠʢʘ ʩʪʝʢʘ ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ 

ʥʘ 2, ʪʦʤʫ ʱʦ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ ʧʦʪʨʽʙʥʦ 2 ʙʘʡʪʠ. ʇʨʠ 

ʧʦʚʝʨʥʝʥʥʽ ʟ ʧʽʜʧʨʦʛʨʘʤʠ ʮʷ ʘʜʨʝʩʘ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʟʽ ʩʪʝʢʘ ʽ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚ 

ʣʽʯʠʣʴʥʠʢ ʢʦʤʘʥʜ. ɿʥʘʯʝʥʥʷ ʧʦʢʘʞʯʠʢʘ ʩʪʝʢʘ ʚʽʜʧʦʚʽʜʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 2. ʊʝ ʞ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʧʽʜ ʯʘʩ ʧʝʨʝʨʠʚʘʥʥʷ. ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʝʨʝʨʠʚʘʥʥʷ ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʾ 

ʢʦʤʘʥʜʠ ʪʘʢʦʞ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʩʪʝʢʫ, ʘ ʧʨʠ ʧʦʚʝʨʥʝʥʥʽ ʟ ʧʽʜʧʨʦʛʨʘʤʠ ʦʙʨʦʙʢʠ 

ʧʝʨʝʨʠʚʘʥʥʷ, ʚʦʥʘ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʟʽ ʩʪʝʢʘ. 

ʈʝʛʽʩʪʨʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

 ɺʩʽ ʨʝʛʽʩʪʨʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʫʤʦʚʥʦ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: 

ʩʣʫʞʙʦʚʽ ʨʝʛʽʩʪʨʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʽ ʨʝʛʽʩʪʨʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ  ʢʦʥʢʨʝʪʥʠʭ 

ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʨʝʛʽʩʪʨʠ ʧʦʨʪʽʚ  ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ). 

ɺ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʯʘʩʪʠʥʘ ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʪʘʢ ʟʚʘʥʦʤʫ ʦʩʥʦʚʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ, ʨʦʟʤʽʨʦʤ 
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64 ʙʘʡʪʠ. ʋ  ʙʽʣʴʰʦʩʪʽ ʤʦʜʝʣʝʡ ʩʽʤʝʡʩʪʚʘ ʻ ʪʘʢʦʞ ʧʨʦʩʪʽʨ ʜʦʜʘʪʢʦʚʠʭ ʨʝʛʽʩʪʨʽʚ 

ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʨʦʟʤʽʨʦʤ 160 ʘʙʦ 416 ʙʘʡʪ. ɺʚʝʜʝʥʥʷ  ʜʦʜʘʪʢʦʚʠʭ ʈɺɺ 

ʧʦʚ'ʷʟʘʥʝ ʟ ʪʠʤ, ʱʦ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʚʩʽʭ ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʥʘʷʚʥʠʭ ʚ ʮʠʭ 

ʤʦʜʝʣʷʭ, ʘʜʨʝʩ ʧʝʨʰʠʭ 64-ʭ ʈɺɺ ʥʝʜʦʩʪʘʪʥʴʦ. 

ʂʽʣʴʢʽʩʪʴ ʪʘ ʨʦʟʧʦʜʽʣ ʘʜʨʝʩ ʧʨʦʩʪʦʨʫ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ (ʷʢ ʦʩʥʦʚʥʦʛʦ, 

ʪʘʢ ʽ ʜʦʜʘʪʢʦʚʦʛʦ)  ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʘʙʦ, ʷʢʱʦ 

ʪʦʯʥʽʰʝ, ʚʽʜ ʩʢʣʘʜʫ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʘʥʦʾ ʤʦʜʝʣʽ [1; 7]. 

ʇʨʠ ʚʢʘʟʽʚʮʽ ʘʜʨʝʩ ʜʝʷʢʠʭ ʈɺɺ, ʚ ʜʫʞʢʘʭ  ʚʢʘʟʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʘʜʨʝʩʠ 

ʜʦʜʘʪʢʦʚʠʭ ʈɺɺ ï ʢʦʤʽʨʦʢ ʉʇɼ. ɺʽʜʧʦʚʽʜʥʦ, ʷʢʱʦ ʘʜʨʝʩʘ ʨʝʛʽʩʪʨʘ ʚʢʘʟʫʻʪʴʩʷ 

ʣʠʰʝ ʚ ʜʫʞʢʘʭ, ʮʝʡ ʨʝʛʽʩʪʨ ʨʦʟʪʘʰʦʚʘʥʦ ʚ  ʧʨʦʩʪʦʨʽ ʜʦʜʘʪʢʦʚʠʭ ʈɺɺ. ʗʢʱʦ ʘʜʨʝʩʘ 

ʚ ʪʘʙʣʠʮʽ ʈɺɺ ʥʝ ʚʢʘʟʘʥʘ, ʮʝ ʟʥʘʯʠʪʴ, ʱʦ ʜʣʷ ʜʘʥʦʾ ʤʦʜʝʣʽ ʚʽʥ ʟʘʨʝʟʝʨʚʦʚʘʥʠʡ, ʽ 

ʟʘʧʠʩ ʟʘ ʮʽʻʶ ʘʜʨʝʩʦʶ ʟʘʙʦʨʦʥʝʥʦ (ʜʣʷ ʩʫʤʽʩʥʦʩʪʽ ʟ ʤʘʡʙʫʪʥʽʤʠ ʤʦʜʝʣʷʤʠ). ʗʢʱʦ 

ʘʜʨʝʩʘ, ʥʘʧʨʠʢʣʘʜ ʨʝʛʽʩʪʨʘ SREG ʚʢʘʟʘʥʘ ʷʢ $3F ($5F), ʪʦ ʮʝ ʦʟʥʘʯʘʻ ʱʦ ʟʘ 

ʘʜʨʝʩʦʶ $3F ʤʦʞʥʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʦʤʘʥʜʘʤʠ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʈɺɺ ʦʩʥʦʚʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ, ʨʦʟʤʽʨʦʤ 64 ʙʘʡʪʠ, ʘ ʟʘ ʘʜʨʝʩʦʶ $5F 

ʤʦʞʥʘ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʈɺɺ, ʷʢ ʯʘʩʪʠʥ ̔ʧʨʦʩʪʦʨʫ ʉʇɼ. ʈʽʟʥʠʮʷ ʤʽʞ ʮʽʤʠ ʘʜʨʝʩʘʤʠ 

ʩʢʣʘʜʘʻ $20, ʪʦʤʫ ʱʦ ʫ ʧʨʦʩʪʦʨʽ ʉʇɼ ʧʝʨʝʜ ʈɺɺ ʟʥʘʭʦʜʷʪʴʩʷ 32 ʈɿʇ. 

ʇʨʠʢʣʘʜʠ ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʜʝʷʢʠʭ ʤʦʜʝʣʝʡ                             

Mega-AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʥʘʚʝʜʝʥʦ ʫ [1; 7]. 

ɼʦ ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ, ʤʦʞʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʚʝʨʥʫʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜ IN ʽ 

OUT, ʱʦ ʚʠʢʦʥʫʶʪʴ ʧʝʨʝʩʠʣʘʥʥʷ ʜʘʥʠʭ ʤʽʞ ʦʜʥʠʤ ʟ 32-ʭ ʈɿʇ ʽ ʨʝʛʽʩʪʨʦʤ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ. ɺ ʩʠʩʪʝʤʽ ʢʦʤʘʥʜ ʻ ʪʘʢʦʞ ʯʦʪʠʨʠ 

ʢʦʤʘʥʜʠ  ʧʦʙʽʪʦʚʦʛʦ ʜʦʩʪʫʧʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʦʧʝʨʘʥʜʠ ʨʝʛʽʩʪʨʠ  

ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ: ʢʦʤʘʥʜʠ ʚʩʪʘʥʦʚʣʝʥʥʷ/ʩʢʠʜʘʥʥʷ ʦʢʨʝʤʦʛʦ ʙʽʪʘ ï SBI ʽ CBI) ʽ  

ʢʦʤʘʥʜʠ ʧʝʨʝʚʽʨʢʠ ʩʪʘʥʫ ʦʢʨʝʤʦʛʦ ʙʽʪʘ ï SBIS ʽ SBIC. ʎ̔  ʢʦʤʘʥʜʠ ʤʦʞʫʪʴ 

ʟʚʝʨʪʘʪʠʩʷ ʣʠʰʝ ʜʦ ʧʝʨʦhʾ ʧʦʣʦʚʠʥʠ ʦʩʥʦʚʥʦʛʦ  ʧʨʦʩʪʦʨʫ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ï 

ʘʜʨʝʩʠ $00...$1F. 

ʆʢʨʽʤ ʘʜʨʝʩʘʮʽʾ ʜʦ ʨʝʛʽʩʪʨʽʚ ʦʩʥʦʚʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜ IN ʽ OUT, ʜʦ ʈɺɺ ʤʦʞʥʘ ʟʚʝʨʪʘʪʠʩʷ  ʷʢ ʜʦ ʢʦʤʽʨʦʢ ʉʇɼ ʟʘ 

ʜʦʧʦʤʦʛʦʶ  ʢʦʤʘʥʜ ST/SD/SDD ʽ LD/LDS/LDD (ʜʣʷ ʜʦʜʘʪʢʦʚʠʭ ʈɺɺ ʪʽʣʴʢʠ ʮʝʡ 

ʩʧʦʩʽʙ ʻ ʤʦʞʣʠʚʠʤ).  

ʉʝʨʝʜ ʈɺɺ ʻ ʦʜʠʥ ʨʝʛʽʩʪʨ, ʱʦ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤ ï ʨʝʛʽʩʪʨ ʩʪʘʥʫ SREG. ɺʽʥ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʨʝʛʽʩʪʨʽʚ ʦʩʥʦʚʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʪʘ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʟʘ ʘʜʨʝʩʦʶ $3F ($5F) ʽ ʤʽʩʪʠʪʴ 

ʥʘʙʽʨ ʧʨʘʧʦʨʮʽʚ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ɹʽʣʴʰʽʩʪʴ 

ʧʨʘʧʦʨʮʽʚ ʧʨʠ ʥʘʩʪʘʥʥʽ ʧʝʚʥʠʭ  ʧʦʜʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʫ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʦʜʠʥʠʮʶ ʘʙʦ ʩʢʠʜʘʶʪʴʩʷ ʚ ʥʫʣʴ. ɺʩʽ ʙʽʪʠ ʮʴʦʛʦ  
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ʨʝʛʽʩʪʨʘ ʜʦʩʪʫʧʥʽ ʷʢ ʜʣʷ ʯʠʪʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʟʘʧʠʩʫ. ʇ̔ ʩʣʷ ʩʢʠʜʘʥʥʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚʦʥʠ ʩʢʠʜʘʶʪʴʩʷ ʚ ʥʫʣʴ. ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ SREG ʧʦʢʘʟʘʥʦ ʥʘ    

ʨʠʩ. 2.5, ʘ ʦʧʠʩ ʡʦʛʦ ʡʦʛʦ ʦʢʨʝʤʠʭ ʨʦʟʨʷʜʽʚ ï ʚ ʪʘʙʣ. 2.1. 

01234567

I T H S V N Z C

000000 0 0

R/W R/W R/W R/W R/W R/W R/W R/Wʏʠʪʘʥʥ̫ (R)\ɿʘʧʠʩ(W)

ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥ̫
  

ʈʠʩ. 2.5. ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ ʩʪʘʥʫ SREG 

ɺ ʦʩʪʘʥʥʽʭ ʤʦʜʝʣʷʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ, ʟ'ʷʚʠʣʠʩʷ 3 ʨʝʛʽʩʪʨʠ 

ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ï GPIOR0, GPIOR1 ʽ GPIOR2. ʋ ʮʠʭ 

ʨʝʛʽʩʪʨʘʭ ʤʦʞʥʘ ʟʙʝʨʽʛʘʪʠ ʙʫʜʴ-ʷʢʫ ʽʥʬʦʨʤʘʮʽʶ, ʧʨʦʪʝ  ʦʩʥʦʚʥʝ ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ ï 

ʟʙʝʨʝʞʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥʥʠʭ. ʈʝʛʽʩʪʨʠ GPIOR0, GPIOR1 ʽ GPIOR2 ʨʦʟʪʘʰʦʚʘʥʽ 

ʚ ʤʦʣʦʜʰʽʡ ʧʦʣʦʚʠʥʽ  ʦʩʥʦʚʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʢʦʤʘʥʜʘʭ ʧʦʙʽʪʦʚʦʛʦ ʜʦʩʪʫʧʫ SBI/CBI ʽ SBIS/SBIC. 

ɯʥʰʽ ʈɺɺ ʙʫʜʝ ʦʧʠʩʘʥʦ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʜʽʣʘʭ ʧʽʜʨʫʯʥʠʢʘ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ 

 ʏʘʩʪʠʥʘ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ATmega8515x, ATmegal62x, 

ATmega64x/128x ʽ ATmega640x/1280x/1281x/2560x/2561x ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʆɿʇ ʦʙ'ʻʤʦʤ ʜʦ 64 ʂʙʘʡʪ. 

ɺʠʚʦʜʠ ʜʝʷʢʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ, ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 2.2.  

ʋ ʚʩʽʭ ʤʦʜʝʣʷʭ ʮʽ ʚʠʚʦʜʠ ʻ ʣʽʥʽʷʤʠ ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʇʨʠ ʜʦʟʚʦʣʽ ʨʦʙʦʪʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʆɿʇ ʨʝʞʠʤ ʨʦʙʦʪʠ ʮʠʭ ʚʠʚʦʜʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʚʤʽʩʪʦʤ ʨʝʛʽʩʪʨʘ ʥʘʧʨʷʤʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʘ ʩʘʤʠʤ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ. 

ʗʢʱʦ ʨʦʙʦʪʫ ʽʟ ʟʦʚʥʽʰʥʽʤ ʆɿʇ ʜʦʟʚʦʣʝʥʦ, ʪʦ ʧʨʠ ʟʚʝʨʥʝʥʥʽ ʟʘ ʘʜʨʝʩʦʶ, ʱʦ 

ʧʝʨʝʙʫʚʘʻ ʧʦʟʘ ʛʨʘʥʠʮʝʶ ʚʥʫʪʨʽʰʥʴʦʛʦ ʆɿʇ, ʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʚʝʨʥʝʥʥʷ 

ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ. ʇʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʚʠʚʦʜʘʭ ʧʦʨʪʫ ɸ ʤʦʣʦʜʰʦʛʦ ʙʘʡʪʘ 

ʘʜʨʝʩʠ, ʚʠʚʽʜ ALE ʤʽʥʷʻ ʩʚʽʡ ʩʪʘʥ ʟ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ  ʥʘ ʣʦʛʽʯʥʠʡ ʥʫʣʴ ʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʮʴʦʤʫ ʩʪʘʥʽ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʮʠʢʣʫ ʟʯʠʪʫʚʘʥʥʷ/ʟʘʧʠʩʫ. ʇʨʠ 

ʜʦʟʚʦʣʝʥʽʡ ʨʦʙʦʪʽ ʽʟ ʟʦʚʥʽʰʥʽʤ ʆɿʇ ʟʚʝʨʥʝʥʥʷ ʜʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʆɿʇ ʥʝ ʚʧʣʠʚʘʻ 

ʥʘ ʨʦʙʦʪʫ ʩʭʝʤʠ, ʦʩʢʽʣʴʢʠ ʩʠʛʥʘʣʠ ʩʪʨʦʙʽʚ ʟʯʠʪʫʚʘʥʥʷ ï RD  ʽ ʟʘʧʠʩʫ ï WR ʧʨʠ 

ʮʴʦʤʫ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʥʝʘʢʪʠʚʥʦʤʫ ʦʜʠʥʠʯʥʦʤʫ ʩʪʘʥʽ. 
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ʊʘʙʣʠʮʷ 2.1. ʈʝʛʽʩʪʨ ʩʪʘʥʫ SREG 

ʈʦʟ 

ʨʷʜ  

ʅʘʟʚʘ  ʆʧʠʩ 

7 I 

ɿʘʛʘʣʴʥʠʡ ʜʦʟʚʽʣ ʧʝʨʝʨʠʚʘʥʴ. ʑʦʙ ʜʦʟʚʦʣʠʪʠ ʧʝʨʝʨʠʚʘʥʥʷ ʮʝʡ ʧʨʘʧʦʨʝʮʴ 

ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʚ ʦʜʠʥʠʮʶ. ɼʦʟʚʦʣʠʪʠ/ʟʘʙʦʨʦʥʠʪʠ ʦʢʨʝʤʽ ʧʝʨʝʨʠʚʘʥʥʷ 

ʤʦʞʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʘʙʦ ʩʢʠʜʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʽʚ ʤʘʩʦʢ 

ʧʝʨʝʨʠʚʘʥʴ. ʗʢʱʦ ʧʨʘʧʦʨʝʮʴ ʩʢʠʥʫʪʦ ʚ ʥʫʣʴ, ʪʦ ʧʝʨʝʨʠʚʘʥʥʷ ʟʘʙʦʨʦʥʝʥʦ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ ʮʠʭ ʨʦʟʨʷʜʽʚ. ʇʨʘʧʦʨʝʮʴ ʩʢʠʜʘʻʪʴʩʷ ʘʧʘʨʘʪʥʦ ʧʽʩʣʷ ʚʭʦʜʫ 

ʫ ʧʽʜʧʨʦʛʨʘʤʫ ʦʙʨʦʙʢʠ ʧʝʨʝʨʠʚʘʥʥʷ ʽ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʢʦʤʘʥʜʦʶ RETI, 

ʜʦʟʚʦʣʷʶʯʠ ʦʙʨʦʙʢʫ ʥʘʩʪʫʧʥʠʭ ʧʝʨʝʨʠʚʘʥʴ 

6 ʊ 

ɿʙʝʨʽʛʘʥʥʷ ʢʦʧʽʡʦʚʘʥʦʛʦ ʙʽʪʘ. ʎʝʡ ʨʦʟʨʷʜ ʨʝʛʽʩʪʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʷʢ ʜʞʝʨʝʣʦ ʘʙʦ ʧʨʠʡʤʘʯ ʢʦʤʘʥʜʘʤʠ ʢʦʧʽʶʚʘʥʥʷ ʙʽʪʘ BLD (Bit Load) ʪʘ BST 

(Bit STore). ɺʢʘʟʘʥʠʡ ʨʦʟʨʷʜ ʙʫʜʴ-ʷʢʦʛʦ ʈɿʇ ʤʦʞʥʘ ʩʢʦʧʽʶʚʘʪʠ ʫ ʮʝʡ 

ʨʦʟʨʷʜ ʢʦʤʘʥʜʦʶ BST ʘʙʦ ʟʤʽʥʠʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʤʽʩʪʫ ʜʘʥʦʛʦ 

ʨʦʟʨʷʜʫ ʢʦʤʘʥʜʦʶ BLD 

5 ʅ 

ʇʨʘʧʦʨʝʮʴ ʧʦʣʦʚʠʥʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ. ʎʝʡ ʧʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ 

ʦʜʠʥʠʮʶ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʝʷʢʠʭ ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʱʦ ʙʫʣʦ ʘʙʦ 

ʧʝʨʝʥʝʩʝʥʥʷ ʟ ʤʦʣʦʜʰʦʾ ʪʝʪʨʘʜʠ ʙʘʡʪʘ (ʟ 3-ʛʦ ʨʦʟʨʷʜʫ ʚ 4-ʡ), ʘʙʦ ʧʦʟʠʢʘ ʟʽ 

ʩʪʘʨʰʦʾ ʪʝʪʨʘʜʠ 

4 S 

ʇʨʘʧʦʨʝʮʴ ʟʥʘʢʘ. ʎʝʡ ʧʨʘʧʦʨʝʮʴ ʜʦʨʽʚʥʶʻ ʨʝʟʫʣʴʪʘʪʫ ʦʧʝʨʘʮʽʾ            

çʚʠʢʣʶʯʥʝ ɸɹʆè ï XOR ʤʽʞ ʧʨʘʧʦʨʮʷʤʠ N (ʚʽʜôʻʤʥʠʡ ʨʝʟʫʣʴʪʘʪ) ʽ V 

(ʧʝʨʝʧʦʚʥʝʥʥʷ ʯʠʩʣʘ ʫ ʜʦʜʘʪʢʦʚʦʤʫ ʢʦʜʽ). ɺʽʜʧʦʚʽʜʥʦ ʮʝʡ ʧʨʘʧʦʨʝʮʴ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ, ʷʢʱʦ ʨʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʘʨʠʬʤʝʪʠʯʥʦʾ ʦʧʝʨʘʮʽʾ 

ʤʝʥʰʠʡ ʚʽʜ ʥʫʣʷ. ʇʨʘʧʦʨʝʮʴ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʨʦʟʨʷʜʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ 

ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʜʦʜʘʪʢʦʚʦʤʫ ʢʦʜʽ ʟ ʩʝʤʠ ʟʥʘʯʫʱʠʭ ʙʽʪ ʜʦ ʚʦʩʴʤʠ  ʽʟ 

ʧʨʘʧʦʨʮʝʤ S ʫ ʷʢʦʩʪʽ ʜʝʚôʷʪʦʛʦ ʟʥʘʢʦʚʦʛʦ ʙʽʪʘ 

3  V  

ʇʨʘʧʦʨʝʮʴ ʧʝʨʝʧʦʚʥʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʜʫ. ʎʝʡ ʧʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʚ ʦʜʠʥʠʮʶ ʧʨʠ ʧʝʨʝʧʦʚʥʝʥʥʽ ʨʦʟʨʷʜʥʦʾ ʩʽʪʢʠ ʟʥʘʢʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʙʦʪʽ ʟʽ ʟʥʘʢʦʚʠʤʠ ʯʠʩʣʘʤʠ, ʷʢʽ  ʧʦʜʘʥʦ ʫ 

ʜʦʜʘʪʢʦʚʦʤʫ ʢʦʜʽ 

2 N 

ʇʨʘʧʦʨʝʮʴ ʚʽʜôʻʤʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʎʝʡ ʧʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ, 

ʷʢʱʦ ʩʪʘʨʰʠʡ ï 7-ʡ ʨʦʟʨʷʜ ʨʝʟʫʣʴʪʘʪʫ ʦʧʝʨʘʮʽʾ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ɯʥʘʢʰʝ  

ʧʨʘʧʦʨʝʮʴ ʜʦʨʽʚʥʶʻ ʥʫʣʶ  

1 Z 
ʇʨʘʧʦʨʝʮʴ ʥʫʣʷ. ʎʝʡ ʧʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ, ʷʢʱʦ ʨʝʟʫʣʴʪʘʪ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʜʦʨʽʚʥʶʻ ʥʫʣ ʁ 

0 ʉ 
ʇʨʘʧʦʨʝʮʴ ʧʝʨʝʥʝʩʝʥʥʷ. ʎʝʡ ʧʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ, ʷʢʱʦ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʚʽʜʙʫʚʩʷ ʚʠʭʽʜ ʟʘ ʤʝʞʽ ʙʘʡʪʘ  

ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʟʚʝʨʥʝʥʥʷ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʧʘʤôʷʪʽ ʚʠʚʦʜʠ ʧʦʨʪʫ ɸ 

ʧʝʨʝʚʦʜʷʪʴʩʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ ʫ ʪʨʝʪʽʡ ʩʪʘʥ. ʎʴʦʛʦ ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ, ʷʢʱʦ 

ʧʽʜʢʣʶʯʠʪʠ ʜʦ ʚʠʭʦʜʽʚ ʧʦʨʪʫ ʚʥʫʪʨʽʰʥʽ ʨʝʟʠʩʪʦʨʠ, ʱʦ ʧʽʜʪʷʛʫʶʪʴ, ʘʙʦ ʚʩʪʘʥʦʚʠʪʠ 

ʚ ʣʦʛʽʯʥʫ ʦʜʠʥʠʮʶ  ʨʦʟʨʷʜ ʍʄɺʂ ʨʝʛʽʩʪʨʘ SFIOR (ʤʦʜʝʣʽ ATmega8515x ʪʘ 

ATmega162x) ʘʙʦ ʨʝʛʽʩʪʨʘ XMCRB (ʽʥʰʽ ʤʦʜʝʣʽ). ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʨʦʟʨʷʜʽ ʥʘ 

ʚʠʚʦʜʘʭ ʧʦʨʪʫ ɸ ʟʘʚʞʜʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʦʩʪʘʥʥʻ ʚʠʚʝʜʝʥʝ ʟʥʘʯʝʥʥʷ.  
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ʊʘʙʣʠʮʷ 2.2. ɺʠʚʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ 
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ʆʧʠʩ 

AD0éAD7 PA0éPA7 (PORTA) ʄʫʣʴʪʠʧʣʝʢʩʦʚʘʥʘ ʐɸ/ʐɼ 

A8éA15 PC0éPC7 (PORTC) ʉʪʘʨʰʠʡ ʙʘʡʪ ʐɸ 

ALE PE1 PG2 ʉʪʨʦʙ ʘʜʨʝʩʠ 

RD PD7 PG1 ʉʪʨʦʙ ʟʯʠʪʫʚʘʥʥʷ 

WR PD6 PG0 ʉʪʨʦʙ ʟʘʧʠʩʫ 

 

ʇʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.6.  

AD7:0

ALE

A15:A8

RD

WR

ʄʂ

DI RG DO

C

D[7:0]

A[7:0]

A[15:8]

RD

WR  

ɿʦʚʥ̔ ʥh̔ʡ ʆɿʇ

  

ʈʠʩ. 2.6. ʇʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, ʜʣʷ ʮʴʦʛʦ ʜʦʜʘʪʢʦʚʦ ʙʫʜʝ ʧʦʪʨʽʙʝʥ ʨʝʛʽʩʪʨ-ʟʘʱʽʧʢʘ ï

RG.  

ɺ ʷʢʦʩʪʽ ʪʘʢʦʾ ʟʘʱʽʧʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʽʢʨʦʩʭʝʤʫ ʪʠʧʫ 

74x573,  ʥʘʧʨʠʢʣʘʜ, SN74AHC573 ʘʙʦ ʘʥʘʣʦʛʽʯʥʫ, ʟʘʧʠʩ ʜʘʥʠʭ ʫ ʷʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ. 

ʄʢ̔ʨʦʢʦʥʪʨʦʣʝʨʠ ʩʽʤʝʡʩʪʚʘ, ʷʢʽ ʜʦʧʫʩʢʘʶʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ 

ʆɿʇ, ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦ ʨʦʙʦʪʽ ʽʟ ʥʝʶ: 

ï ʢʝʨʫʚʘʥʥʷ ʪʨʠʚʘʣʽʩʪʶ ʮʠʢʣʫ ʟʚʝʨʥʝʥʥʷ ʜʦ ʧʘʤôʷʪʽ; 

ï ʧʦʜʽʣ ʧʘʤôʷʪʽ ʥʘ ʜʚʘ ʩʝʢʪʦʨʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʘʜʘʥʥʷ ʨʽʟʥʦʾ ʪʨʠʚʘʣʦʩʪʽ 

ʮʠʢʣʫ ʟʚʝʨʥʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʩʝʢʪʦʨʘ; 

ï ʢʝʨʫʚʘʥʥʷ ʨʦʟʨʷʜʥʽʩʪʶ ʰʠʥʠ ʘʜʨʝʩʠ; 

ï ʫʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʴ ʥʘ ʰʠʥʽ ʜʘʥʠʭ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 
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ʩʪʨʫʤʫ. 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʤ ʆɿʇ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʝʨʫʶʯ ̔ʨʝʛʽʩʪʨʠ, ʦʧʠʩ 

ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʫ [1; 7]. 

ʂʦʥʬʽʛʫʨʘʮʽ ʁ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ, ʱʦ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.7. 
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ʈʠʩ. 2.7. ʂʦʥʬʽʛʫʨʘʮʽʷ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʽʤʝʡʩʪʚʘ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʢʨʦʩʭʝʤʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ ʟ ʨʽʟʥʠʤ ʯʘʩʦʤ ʜʦʩʪʫʧʫ. ʇʽʜʩʪʨʦʶʚʘʥʥʷ ʧʽʜ ʨʽʟʥʽ 

ʤʽʢʨʦʩʭʝʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʤʽʥʦʶ ʪʨʠʚʘʣʦʩʪʽ ʮʠʢʣʫ ʟʚʝʨʥʝʥʥʷ ʜʦ ʟʦʚʥʽʰʥʴʦʾ 

ʧʘʤôʷʪʽ. ʂʨʽʤ ʪʦʛʦ,  ̒ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʙʠʪʠ ʚʝʩʴ ʘʜʨʝʩʥʠʡ ʧʨʦʩʪʽʨ ʟʦʚʥʽʰʥʴʦʛʦ 

ʆɿʇ ʥʘ ʜʚʘ ʩʝʢʪʦʨʠ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʘ ʩʚʦʷ ʪʨʠʚʘʣʽʩʪʴ 

ʮʠʢʣʫ ʟʚʝʨʥʝʥʥʷ.  

ʇʦʣʦʞʝʥʥʷ ʛʨʘʥʠʮʽ ʤʽʞ ʩʝʢʪʦʨʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪʦʤ ʨʦʟʨʷʜʽʚ 

SRL2...SRL0 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʙʣʠʮʽ, ʷʢʫ ʥʘʚʝʜʝʥʦ ʫ [1; 7]. ʋ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʮʽ 

ʨʦʟʨʷʜʠ ʩʢʠʥʫʪʦ ʚ ʥʫʣʴ, ʪʦʙʪʦ ʚʩʷ ʦʙʣʘʩʪʴ ʧʘʤôʷʪʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʩʝʢʪʦʨʘ. 

ɿʤʽʥʘ ʪʨʠʚʘʣʦʩʪʽ ʮʠʢʣʫ ʟʚʝʨʥʝʥʥʷ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʧʘʤôʷʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʟʘʜʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʪʘʢʪʽʚ ʦʯʽʢʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʷʜʽʚ SRW01:SRW00 ʜʣʷ 

ʧʝʨʰʦʛʦ ʩʝʢʪʦʨʘ ʪʘ SRW11:SRW10 ï ʜʣʷ ʜʨʫʛʦʛʦ [1; 7].    
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ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʟʚʝʨʥʝʥʥʷ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʨʦʟʨʷʜʽʚ SRWn1: SRWn0, ʜʝ n = 0(ʥʠʞʥʽʡ) ʘʙʦ 1(ʚʝʨʭʥʽʡ) ʩʝʢʪʦʨ,  ʥʘʚʝʜʝʥʦ ʫ 

[1; 7]. 

ʇʨʠ ʨʦʙʦʪʽ ʽʟ ʟʦʚʥʽʰʥʽʤ ʆɿʇ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 16-ʨʦʟʨʷʜʥʘ ʰʠʥʘ ʘʜʨʝʩʠ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʘʜʨʝʩʫʚʘʪʠ 64ʂ ʘʜʨʝʩ. ɼʣʷ ʙʘʛʘʪʴʦʭ ʧʨʦʛʨʘʤ ʥʝ ʧʦʪʨʽʙʥʦ ʪʘʢʦʛʦ 

ʚʝʣʠʢʦʛʦ ʦʙôʻʤʫ ʟʦʚʥʽʰʥʴʦʾ ʧʘʤôʷʪʽ. ɼʣʷ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ ʤʘʡʞʝ ʚʩʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʨʦʟʨʷʜʥʽʩʪʴ ʰʠʥʠ ʘʜʨʝʩʠ.  

ʏʠʩʣʦ ʚʠʚʦʜʽʚ ʧʦʨʪʫ ʉ, ʷʢʽ ʟʘʜʽʷʥʦ ʧʽʜ ʰʠʥʫ ʘʜʨʝʩʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪʦʤ 

ʨʦʟʨʷʜʽʚ ʍʄʄ2...ʍʄʄ0 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʙʣ. 2.3. ʅʝʟʘʜʽʷʥʽ ʚʠʚʦʜʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʣʽʥʽʾ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʊʘʙʣʠʮʷ 2.3. ɿʘʜʘʥʥʷ ʨʦʟʨʷʜʥʦʩʪʽ ʩʪʘʨʰʦʛʦ ʙʘʡʪʘ ʰʠʥʠ ʘʜʨʝʩʠ 

ʍʄʄ2 ʍʄʄ1 ʍʄʄ0 

ʂʽʣʴʢʽʩʪʴ ʨʦʟʨʷʜʽʚ, 

ʟʘʜʽʷʥʠʭ ʧʽʜ ʰʠʥʫ 

ʘʜʨʝʩʠ 

ɺʠʚʽʣʴʥʝʥʽ ʢʦʥʪʘʢʪʠ 

ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

0 0 0 8 ʅʝʤʘʻ 

0 0 1 7 ʈʉ7 

0 1 0 6 ʈʉ7éʈʉ6 

0 1 1 5 ʈʉ7...ʈʉ5 

1 0 0 4 ʈʉ7...ʈʉ4 

1 0 1 3 ʈʉ7...ʈʉ3 

1 1 0 2 ʈʉ7...ʈʉ2 

1 1 1 
ʉʪʘʨʰʠʡ ʙʘʡʪ ʘʜʨʝʩʠ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  
ʇʦʨʪ ʉ 

ʄʦʣʦʜʰʽ ʘʜʨʝʩʠ ʟʦʚʥʽʰʥʴʦʾ ʧʘʤôʷʪʽ (ʨʠʩ. 2.8), ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙôʻʤ ʷʢʦʾ 

ʤʦʞʝ ʙʫʪʠ 64ʂʙʘʡʪ, ʚʽʜʦʙʨʘʞʫʶʪʴʩʷ ʥʘ ʘʜʨʝʩʥʠʡ ʧʨʦʩʪʽʨ ʚʥʫʪʨʽʰʥʴʦʾ ʧʘʤôʷʪʽ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʯʘʩʪʠʥʘ ʤʦʞʣʠʚʦʾ ʻʤʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʟʘʜʽʷʥʦʶ. 

ɭ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʤʥʦʩʪʽ ʤʽʢʨʦʩʭʝʤ  ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ. 

ʗʢʱʦ ʦʙ'ʻʤ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ ʤʝʥʰʝ 64 ʂʙʘʡʪ, ʪʦ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʤʦʣʦʜʰʠʭ ʘʜʨʝʩ 

ʤʽʢʨʦʩʭʝʤ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ ʜʦʩʠʪʴ ʧʨʦʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʜʨʝʩʠ, ʷʢʽ ʣʝʞʘʪʴ ʟʘ 

ʤʝʞʘʤʠ ʦʙʣʘʩʪʽ ʬʽʟʠʯʥʠʭ ʘʜʨʝʩ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ. ʆʩʢʽʣʴʢʠ ʩʪʘʨʰʽ ʙʽʪʠ ʰʠʥʠ 

ʘʜʨʝʩʠ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʪʦ ʧʨʠ ʟʚʝʨʥʝʥʥʽ ʟʘ ʮʠʤʠ ʘʜʨʝʩʘʤʠ  

ʘʜʨʝʩʫʚʘʪʠʤʫʪʴʩʷ ʢʦʤʽʨʢʠ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ ʟ ʤʦʣʦʜʰʠʤʠ ʘʜʨʝʩʘʤʠ, ʧʦʯʠʥʘʶʯʠ 

ʟ 0x0000. ɺʽʟʴʤʝʤʦ, ʥʘʧʨʠʢʣʘʜ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ATmega128x ʽʟ ʟʦʚʥʽʰʥʽʤ ʆɿʇ 

ʦʙ'ʻʤʦʤ 32 ʂʙʘʡʪ (ʨʠʩ. 2.8).  
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ɺʥʫʪʨ̔ ʥh̫ ʧʘʤô̫ʪɹ

ɿʦʚʥ̔ ʥh̫ 

ʧʘʤ' ʪ̫ɹ

ʅʝ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪɹʩ̫

ʂʘʨʪʘ ʧʘʤô̫ʪ̔ AVR 
ɿʦʚʥ̔ ʥh̔ʡ ʉʆɿʇ

32ʂ

0x0000

0x10FF

0x1100

0x7FFF

0x8000

0x0000

0x0000

0x10FF

0x1100

0x7FFF

0 xFFFF

FF0x90

0x9100

  

ʈʠʩ. 2.8. ʇʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʤʥʦʩʪʽ ʤʽʢʨʦʩʭʝʤʠ ʆɿʇ (32 ʂʙʘʡʪ) ʥʘ ʧʨʠʢʣʘʜʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ATmega128x 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʟʚʝʨʥʝʥʥʽ ʟʘ ʘʜʨʝʩʘʤʠ 0x8000...0x90FF ʤʠ ʥʘʩʧʨʘʚʜʽ 

ʙʫʜʝʤʦ ʟʚʝʨʪʘʪʠʩʷ ʜʦ ʢʦʤʽʨʦʢ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ ʟ ʘʜʨʝʩʘʤʠ 0x0000...0x10FF. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʚʠʷʚʠʪʴʩʷ ʣʽʥʽʡʥʘ ʦʙʣʘʩʪʴ 

ʧʘʤôʷʪʽ ʨʦʟʤʽʨʦʤ 32 ʂʙʘʡʪ ʟ ʘʜʨʝʩʘʤʠ 0x1100...0x90FF.  

ʇʦʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʩʪʢʽʩʪʴ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ ʤʦʞʥʘ ʪʘʢʦʞ 

ʢʝʨʫʶʯʠ ʧʨʦʛʨʘʤʥʦ ʩʪʘʨʰʠʤʠ ʨʦʟʨʷʜʘʤʠ ʘʜʨʝʩʠ. ɼʣʷ ʮʴʦʛʦ, ʧʦʨʪ ʉ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʚʠʚʝʜʝʥʥʷ, ʘ ʚ ʟʘʱʽʧʮʽ ʧʦʨʪʫ ʧʦʚʠʥʥʝ ʙʫʪʠ ʟʘʧʠʩʘʥʝ ç$00è. ʇʨʠ 

ʤʘʩʢʫʚʘʥʥʽ ʩʪʘʨʰʠʭ ʨʦʟʨʷʜʽʚ ʘʜʨʝʩʠ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʚʠʚʦʜʠ ʧʦʨʪʫ ʉ ʙʫʜʫʪʴ 

ʚʠʩʪʘʚʣʝʥʽ ʥʫʣʽ ʽ ʚʽʜʙʫʜʝʪʴʩʷ ʟʚʝʨʥʝʥʥʷ ʜʦ ʤʦʣʦʜʰʠʭ ʘʜʨʝʩ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ.  

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʜʚʘ ʧʨʠʢʣʘʜʠ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʦʧʠʩʘʥʠʭ ʜʽʡ ʜʣʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ATmega128. 

ʇʨʠʢʣʘʜ ʥʘ ʘʩʝʤʙʣʝʨʽ 

; ʂʦʥʩʪʘʥʪʫ OFFSET ʚʠʟʥʘʯʝʥʦ ʷʢ $2000 ʜʣʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʚʝʨʥʝʥʥʷ  

; ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʧʘʤôʷʪʽ  

ldi rl6, $FF 

out DDRC, rl6   ;ʅʘʣʘʰʪʫʚʘʥʥʷ ʣʽʥʽ ʾʧʦʨʪʫ ʉ ʥʘ ʚʠʚʝʜʝʥʥʷ  

ldi r16, $00 

out PORTC, rl6   ;ɿʘʧʠʩ ʚ ʟʘʱʽʧʢʫ ʧʦʨʪʫ ʉ $00 

ldi rl6, (1<<ʍʄʄ1)|(1<<ʍʄʄ0) 

out XMCRB, rl6   ;ɿʚʽʣʴʥʝʥʥ̫ ʨʦʟʨʷʜʽʚ ʈʉ7...ʈʉ5 

ldi rl6, $AA 

sts $0001+OFFSET, r16 ;ɿʘʧʠʩ $ɸɸ ʟʘ ʘʜʨʝʩʦʶ (OFFSET+1) ʟʦʚʥ. ʧʘʤôʷʪʽ 
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ldi rl6, (0<<ʍʄʄ1)|(0<<ʍʄʄ0) 

out XMCRB, r16  ;ʇʝʨʝʧʨʠʟʥʘʯʝʥʥʷ ʨʦʟʨʷʜʽʚ ʈʉ7...ʈʉ5 

ldi rl6, $55 

sts $0001+OFFSET, rl6 ;ɿʘʧʠʩ $55 ʟʘ ʘʜʨʝʩʦʶ (OFFSET+1)  

;ʟʦʚʥʽʰʥʴʦʾ ʧʘʤôʷʪʽ  

ʇʨʠʢʣʘʜ ʥʘ ʉ 

#define OFFSET 0x2000 

void XRAM_example(void) 

{  unsigned char *p=(unsigned char *)(OFFSET+1); 

DDRC = 0xFF; PORTC = 0x00; 

XMCRB = (1<<ʍʄʄ1)|(1<<ʍʄʄ0); 

*p = 0xAA; 

XMCRB = 0x00; 

*p = 0x55;  

}  

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʝʨʥʝʥʥʷʤ ʜʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʆɿʇ ʟʚʝʨʥʝʥʥʷ ʜʦ 

ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ ʚʠʤʘʛʘʻ ʥʘ 1, 2, 3 ʘʙʦ 4 ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʫ 

ʟʚʝʨʥʝʥʥʷ) ʙʽʣʴʰʝ ʜʣʷ ʢʦʞʥʦʛʦ ʙʘʡʪʘ, ʷʢʠʡ ʦʙʨʦʙʣʷʻʪʴʩʷ ʢʦʤʘʥʜʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ ï LD, ST, LDS, STS, PUSH ʪʘ POP ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ                     

1/2/3/4 ʮʠʢʣʠ.  

ʗʢʱʦ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʆɿʇ ʨʦʟʪʘʰʦʚʘʥʦ ʩʪʝʢ, ʪʦ ʯʘʩ ʧʝʨʝʭʦʜʫ ʜʦ ʦʙʨʦʙʢʠ 

ʧʝʨʝʨʠʚʘʥʴ, ʚʠʢʣʠʢʫ ʪʘ ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 2/4/6/8, ʘʙʦ ï ʥʘ      

3/5/7/9 ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʜʝʣʽ ʄʂ). ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʦʧʝʨʘʮʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʝʨʝʞʝʥʥʷ ʘʙʦ ʚʽʜʥʦʚʣʝʥʥʷ            

ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ ʨʽʟʥʦʾ ʨʦʟʨʷʜʥʦʩʪʽ ʽ, ʢʨʽʤ ʪʦʛʦ, ʧʨʠ ʟʚʝʨʥʝʥʥʽ ʜʦ ʟʦʚʥʽʰʥʴʦʾ 

ʧʘʤôʷʪʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʥʚʝʻʨʠʟʘʮʽʷ. 

ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʟʚʝʨʥʝʥʥʷ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ ʟ ʟʘʟʥʘʯʝʥʥʷʤ ʫʩʽʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʥʘʚʝʜʝʥʦ ʫ [1; 7]. 

2.3.3. ɽʥʝʨʛʦʥʝʟʘʣʝʞʥʘ ʧʘʤôʷʪʴ ʜʘʥʠʭ EEPROM 

ʏʘʩʪʠʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ Tiny ʪʘ ʚʩʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʽʤʝʡʩʪʚ 

Mega ʪʘ XMega ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʫ ʧʘʤôʷʪʴ ʜʘʥʠʭ                   

(EEPROM-ʧʘʤôʷʪʴ). ʎʶ ʧʘʤôʷʪʴ ʨʦʟʪʘʰʦʚʘʥʦ ʫ ʚʣʘʩʥʦʤʫ ʘʜʨʝʩʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʘ ʾʾ 

ʦʙ'ʻʤ ʩʪʘʥʦʚʠʪʴ ʚʽʜ ʰʝʩʪʠʜʝʩʷʪʠ ʙʘʡʪ (ʜʣʷ ʩʽʤʝʡʩʪʚʘ Tiny) ʪʘ ʚʽʜ 256 ʙʘʡʪ ʜʦ ʙʽʣʴʰ 

ʥʽʞ 4 ʂʙʘʡʪ ʜʣʷ ʩʽʤʝʡʩʪʚ Mega ʪʘ XMega.  

ɼʣʷ ʟʘʧʠʩʫ ʪʘ ʯʠʪʘʥʥʷ EEPROM-ʧʘʤôʷʪʽ ʚ ʛʦʪʦʚʦʤʫ ʧʨʠʩʪʨʦʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʨʝʛʽʩʪʨʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ: ʨʝʛʽʩʪʨ ʘʜʨʝʩʠ ï EEAR, ʨʝʛʽʩʪʨ 

ʜʘʥʠʭ ï EEDR ʪʘ ʨʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ï EECR. ʈʝʛʽʩʪʨ ʘʜʨʝʩʠ EEAR ʬʽʟʠʯʥʦ 
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ʨʦʟʤʽʱʫʻʪʴʩʷ ʫ ʜʚʦʭ ʈɺɺ: EEARH:EEARL. ɸʜʨʝʩʠ, ʬʦʨʤʘʪʠ ʪʘ ʦʧʠʩ ʦʢʨʝʤʠʭ 

ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʽʚ ʢʝʨʫʚʘʥʥʷ EEPROM-ʧʘʤôʷʪʽ ʥʘʚʝʜʝʥʦ ʫ [1; 7].  

ʇʨʦʮʝʜʫʨʘ ʟʘʧʠʩʫ ʦʜʥʦʛʦ ʙʘʡʪʘ ʚ EEPROM-ʧʘʤôʷʪʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

1. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʦʪʦʚʥʦʩʪʽ ʧʘʤôʷʪʽ ʜʦ ʟʘʧʠʩʫ ʜʘʥʠʭ ʜʦʯʝʢʘʪʠʩʷ ʢʦʣʠ 

ʩʢʠʥʝʪʴʩʷ ʧʨʘʧʦʨʝʮʴ EEPE (EEWE) ʨʝʛʽʩʪʨʘ EECR. 

2. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʚʝʨʰʝʥʥʷ ʟʘʧʠʩʫ ʫ FLASH-ʧʘʤôʷʪʴ ʧʨʦʛʨʘʤ ʜʦʯʝʢʘʪʠʩʷ 

ʢʦʣʠ ʩʢʠʥʝʪʴʩʷ ʧʨʘʧʦʨʝʮʴ SPMEN ʨʝʛʽʩʪʨʘ SPMCR. 

3. ɿʘʚʘʥʪʘʞʠʪʠ ʙʘʡʪ ʜʘʥʠʭ ʫ ʨʝʛʽʩʪʨ EEDR, ʘ ʥʝʦʙʭʽʜʥʫ ʘʜʨʝʩʫ ï ʫ ʨʝʛʽʩʪʨ 

EEAR. 

4. ɺʩʪʘʥʦʚʠʪʠ ʚ ʦʜʠʥʠʮʶ ʧʨʘʧʦʨʝʮʴ EEMPE (EEMWE) ʨʝʛʽʩʪʨʘ EECR. 

5. ʇʨʦʪʷʛʦʤ 4-ʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ  ʟʘʧʠʩʘʪʠ ʚ ʨʦʟʨʷʜ EEPE (EEWE) ʨʝʛʽʩʪʨʘ 

EECR ʦʜʠʥʠʮʶ. ʇʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʮʴʦʛʦ ʨʦʟʨʷʜʫ ʧʨʦʮʝʩʦʨ ʧʨʦʧʫʩʢʘʻ 2 ʪʘʢʪʠ 

ʧʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ ʥʘʩʪʫʧʥʦʾ ʽʥʩʪʨʫʢʮʽʾ. 

ɼʨʫʛʠʡ ʧʫʥʢʪ ʚʚʝʜʝʥʦ ʯʝʨʝʟ ʪʝ, ʱʦ ʟʘʧʠʩ ʚ EEPROM-ʧʘʤôʷʪʴ ʥʝ ʤʦʞʝ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʦʜʥʦʯʘʩʥʦ ʽʟ ʟʘʧʠʩʦʤ ʫ FLASH-ʧʘʤôʷʪʴ. ʊʦʤʫ ʧʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ 

ʟʘʧʠʩʫ ʚ EEPROM-ʧʘʤôʷʪʴ ʚʘʨʪʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ FLASH-ʧʘʤôʷʪʽ 

ʟʘʚʝʨʰʝʥʦ. ʗʢʱʦ ʚ ʧʨʦʛʨʘʤʽ ʚʽʜʩʫʪʥʽʡ ʟʘʚʘʥʪʘʞʫʚʘʯ, ʪʦʙʪʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʥʽʢʦʣʠ 

ʥʝ ʟʤʽʥʶʻ ʚʤʽʩʪ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʜʨʫʛʠʡ ʢʨʦʢ ʤʦʞʝ ʙʫʪʠ ʧʨʦʧʫʱʝʥʠʡ. 

ʅʘ ʧʨʦʮʝʩ ʟʚʝʨʥʝʥʥʷ ʜʦ EEPROM-ʧʘʤôʷʪʽ ʚʧʣʠʚʘʻ ʚʥʫʪʨʽʰʥʽʡ                          

RC-ʛʝʥʝʨʘʪʦʨ, ʱʦ ʢʘʣʽʙʨʫʻʪʴʩʷ. ɺʽʜʧʦʚʽʜʥʦ, ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ ʟʘʧʠʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʯʘʩʪʦʪʠ ʮʴʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ [1; 7]. ɿʘ ʟʘʢʽʥʯʝʥʥʷʤ 

ʮʠʢʣʫ ʟʘʧʠʩʫ ʨʦʟʨʷʜ EEPE (EEWE) ʘʧʘʨʘʪʥʦ ʩʢʠʜʘʻʪʴʩʷ, ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʛʨʘʤʘ ʤʦʞʝ 

ʧʦʯʘʪʠ ʟʘʧʠʩ ʥʘʩʪʫʧʥʦʛʦ ʙʘʡʪʘ. 

ʇʨʠ ʟʘʧʠʩʫ ʚ EEPROM ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʜʝʷʢʽ ʧʨʦʙʣʝʤʠ, ʚʠʢʣʠʢʘʥʽ 

ʧʝʨʝʨʠʚʘʥʥʷʤʠ: 

1. ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʝʨʝʨʠʚʘʥʥʷ ʤʽʞ 4-ʤ ʪʘ 5-ʤ ʝʪʘʧʘʤʠ ʦʧʠʩʘʥʦʾ ʚʠʱʝ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʟʘʧʠʩ ʚ EEPROM ʙʫʜʝ ʧʝʨʝʨʚʘʥʦ, ʪʦʤʫ ʱʦ ʟʘ ʯʘʩ ʦʙʨʦʙʢʠ 

ʧʝʨʝʨʠʚʘʥʥʷ ʧʨʘʧʦʨʝʮʴ EEMPE (EEMWE) ʩʢʠʥʝʪʴʩʷ ʚ ʥʫʣʴ. 

2. ʗʢʱʦ ʚ ʧʽʜʧʨʦʛʨʘʤʽ ʦʙʨʦʙʢʠ ʧʝʨʝʨʠʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʣʦ ʧʽʜ ʯʘʩ ʟʘʧʠʩʫ 

ʚ EEPROM-ʧʘʤôʷʪʴ, ʪʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʚʝʨʥʝʥʥʷ ʜʦ ʥʝʾ, ʪʦ ʙʫʜʝ ʟʤʽʥʝʥʦ ʚʤʽʩʪ 

ʨʝʛ̔ʩʪʨʽʚ ʘʜʨʝʩʠ ʪʘ ʜʘʥʠʭ EEPROM. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʰʠʡ ʧʝʨʝʨʚʘʥʠʡ ʟʘʧʠʩ ʙʫʜʝ 

ʟʽʨʚʘʥʦ. 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʦʧʠʩʘʥʠʭ ʧʨʦʙʣʝʤ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʙʦʨʦʥʷʪʠ ʚʩʽ 

ʧʝʨʝʨʠʚʘʥʥʷ (ʩʢʠʜʘʪʠ ʙʽʪ I ʨʝʛʽʩʪʨʘ SREG) ʥʘ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʫʥʢʪʽʚ 2...5 ʦʧʠʩʘʥʦʾ 

ʚʠʱʝ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

 ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʜʚʘ ʧʨʠʢʣʘʜʠ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʟʘʧʠʩʫ ʚ                  

EEPROM-ʧʘʤôʷʪʴ (ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʨʠʚʘʥʥʷʤʠ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ). 
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EEPROM_write: 

1. sbic      sbic EECR, EEWE; ʦʯ̔ʢʫʚʘʥʥʷ, ʢʦʣʠ ʩʢʠʥʝʪʴʩʷ ʧʨʘʧʦʨʝʮʴ EEWE  

rjmp EEPROM_write; ʚ̔ ʜʥʦʩʥʠʡ ʙʝʟʫʤʦʚʥʠʡ ʧʝʨʝʭʽʜ ʥʘ ʤʽʪʢʫ  

; EEPROM_write 

out EEARH, r18; ʟʘʧʠʩ ʩʪʘʨʰʦʛʦ ʙʘʡʪʘ ʘʜʨʝʩʠ ʟ ʨʝʛʽʩʪʨʘ r18 ʚ EEARH  

out EEARL, r17 ; ʟʘʧʠʩ ʤʦʣʦʜʰʦʛʦ ʙʘʡʪʘ ʘʜʨʝʩʠ ʟ ʨʝʛʽʩʪʨʘ r17 ʚ EEARL

 out EEDR, r16; ʟʘʧʠʩ ʜʘʥʠʭ ʟ ʨʝʛʽʩʪʨʘ r16 ʫ ʨʝʛʽʩʪʨ ʜʘʥʠʭ EEDR 

sbi EECR, EEMWE; ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʘʧʦʨʮ ̫EEMWE ʨʝʛʽʩʪʨʘ EECR 

sbi EECR, EEWE; ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʘʧʦʨʮ ̫EEWE ʨʝʛʽʩʪʨʘ EECR  

ret; ʚʠʭʽʜ ʟ ʧʽʜʧʨʦʛʨʘʤʠ 

 

ʇʨʠʢʣʘʜ ʥʘ ʉ 

void EEPROM_write (unsigned int uiAddress, unsigned char ucData) 

{  

While (EECR & (1<<EEWE)); /*  ʆʯʽʢʫʚʘʥʥʷ ʟʘʚʝʨʰʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʟʘʧʠʩʫ*/ 

 EEAR = uiAddress;  /*ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʨʝʛʽʩʪʨʽʚ*/ 

 EEDR = ucData; 

 ɽECR | = (1<<EEMWE); /*ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʨʘʧʦʨʮ ̫EEMWE*/ 

 ɽECR | = (1<<EEWE); /*ʇʦʯʘʪʦʢ ʟʘʧʠʩʫ ʚ ɽEPROM*/ 

}  

 

ʇʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ ʦʧʝʨʘʮʽʾ ʟʯʠʪʫʚʘʥʥʷ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʧʨʦʢʦʥʪʨʦʣʶʚʘʪʠ 

ʩʪʘʥ ʧʨʘʧʦʨʮʷ EEPE (EEWE), ʪʦʤʫ ʱʦ ʧʦʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʦʧʝʨʘʮʽʷ ʟʘʧʠʩʫ ʚ 

EEPROM-ʧʘʤôʷʪʴ (ʧʨʘʧʦʨʝʮʴ EEWE ʚʩʪʘʥʦʚʣʝʥʦ), ʥʝ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʥʽ 

ʟʯʠʪʫʚʘʥʥʷ EEPROM-ʧʘʤôʷʪʽ, ʥʽ ʟʤʽʥʠ ʨʝʛʽʩʪʨʘ ʘʜʨʝʩʠ. 

ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʘʜʨʝʩʠ ʚ ʨʝʛʽʩʪʨ EEAR ʥʝʦʙʭʽʜʥʦ 

ʚʩʪʘʥʦʚʠʪʠ ʚ ʦʜʠʥʠʮʶ ʨʦʟʨʷʜ EERE ʨʝʛʽʩʪʨʘ EECR. ʂʦʣʠ ʟʯʠʪʘʥʽ ʜʘʥʽ ʙʫʜʝ 

ʧʦʤʽʱʝʥʦ ʚ ʨʝʛʽʩʪʨ ʜʘʥʠʭ EEDR, ʚʽʜʙʫʜʝʪʴʩʷ ʘʧʘʨʘʪʥʝ ʩʢʠʜʘʥʥʷ ʮʴʦʛʦ ʨʦʟʨʷʜʫ. 

ʆʜʥʘʢ ʩʪʝʞʠʪʠ ʟʘ ʩʪʘʥʦʤ ʨʦʟʨʷʜʫ EERE ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʟʘʚʝʨʰʝʥʥʷ 

ʦʧʝʨʘʮʽʾ ʟʯʠʪʫʚʘʥʥʷ ʥʝ ʧʦʪʨʽʙʥʦ, ʪʦʤʫ ʱʦ ʦʧʝʨʘʮʽʷ ʟʯʠʪʫʚʘʥʥʷ ʟ EEPROM ʟʘʚʞʜʠ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʦʜʠʥ ʪʘʢʪ. ʂʨʽʤ ʪʦʛʦ, ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʟʨʷʜʫ EERE ʚ ʦʜʠʥʠʮʶ 

ʧʨʦʮʝʩʦʨ ʧʨʦʧʫʩʢʘʻ 4 ʪʘʢʪʠ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʽʥʩʪʨʫʢʮʽʾ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʜʚʘ ʧʨʠʢʣʘʜʠ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʟʯʠʪʫʚʘʥʥʷ ʟ          

EEPROM-ʧʘʤôʷʪ̔ (ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʨʠʚʘʥʥʷʤʠ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ). 
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EEPROM_read: 

sbic EECR, EEWE; ʦʯʽʢʫʚʘʥʥʷ, ʢʦʣʠ ʩʢʠʥʝʪʴʩʷ ʧʨʘʧʦʨʝʮʴ EEWE  

rjmp EEPROM_read; ʚ̔ ʜʥʦʩʥʠʡ ʙʝʟʫʤʦʚʥʠʡ ʧʝʨʝʭʽʜ ʥʘ ʤʽʪʢʫ 

;EEPROM_read 

out EEARH, r18; ʟʘʧʠʩ ʩʪʘʨʰʦʛʦ ʙʘʡʪʘ ʘʜʨʝʩʠ ʟ ʨʝʛʽʩʪʨʘ r18 ʚ EEARH 

out EEARL, r17 ; ʟʘʧʠʩ ʤʦʣʦʜʰʦʛʦ ʙʘʡʪʘ ʘʜʨʝʩʠ ʟ ʨʝʛʽʩʪʨʘ r17 ʚ EEARL

 sbi EECR, EERE; ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʘʧʦʨʮ ̫EERE ʨʝʛʽʩʪʨʘ EECR 

in r16, EEDR; ʧʝʨʝʩʠʣʘʥʥʷ ʜʘʥʠʭ ʟ ʨʝʛʽʩʪʨʘ EEDR ʚ ʨʝʛʽʩʪʨ r16 

ret; ʚʠʭʽʜ ʟ ʧʽʜʧʨʦʛʨʘʤʠ 

 

ʇʨʠʢʣʘʜ ʥʘ ʉ 

void EEPROM_write (unsigned int uiAddress) 

{  

while(EECR & (1<<EEWE)); /*  ʆʯʽʢʫʚʘʥʥʷ ʟʘʚʝʨʰʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ*/                                     

/*ʟʘʧʠʩʫ */ 

 EEAR = uiAddress;  /*  ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʨʝʛʽʩʪʨʽʚ ʘʜʨʝʩʠ */ 

 ɽECR | = (1<<EERE); /*ɺʠʢʦʥʘʥʥʷ ʟʯʠʪʫʚʘʥʥʷ */ 

Return EEDR; 

}  

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ EEPROM-ʧʘʤôʷʪʽ ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʜʝʷʢʠʭ 

ʟʘʧʦʙʽʞʥʠʭ ʟʘʭʦʜʽʚ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʫʰʢʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʱʦ ʚ ʥʽʡ ʟʙʝʨʽʛʘʶʪʴʩʷ. ʇʨʠ 

ʟʥʠʞʝʥʥʽ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʥʠʞʯʝ ʜʝʷʢʦʾ ʚʝʣʠʯʠʥʠ ʜʘʥʽ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ 

ʧʘʤôʷʪ,̔ ʤʦʞʫʪʴ ʙʫʪʠ ʫʰʢʦʜʞʝʥʽ. ʗʢʱʦ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʙʫʜʝ ʥʠʞʯʝ ʥʦʨʤʠ, ʪʦ 

ʩʘʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʢʦʤʘʥʜʠ ʥʝʢʦʨʝʢʪʥʦ,  

ʑʦʙ ʫʥʠʢʥʫʪʠ ʫʰʢʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ EEPROM, ʪʨʝʙʘ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʦʜʥʽʻʾ ʽʟ ʪʨʴʦʭ ʥʘʩʪʫʧʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ: 

1. ʋʪʨʠʤʫʚʘʪʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʫ ʩʪʘʥʽ ʩʢʠʜʘʥʥʷ ʫʚʝʩʴ ʯʘʩ, ʧʦʢʠ ʥʘʧʨʫʛʘ 

ʞʠʚʣʝʥʥʷ ʧʝʨʝʙʫʚʘʻ ʥʠʞʯʝ ʥʦʨʤʠ. ɼʣʷ ʮʴʦʛʦ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚʙʫʜʦʚʘʥʠʡ ʜʝʪʝʢʪʦʨ ʟʥʠʞʝʥʦʾ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ï Brown-out Detector 

(BOD).  

2. ʋʪʨʠʤʫʚʘʪʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʫ çʩʧʣʷʯʦʤʫè ʨʝʞʠʤʽ ï Power Down ʧʦʢʠ 

ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʧʝʨʝʙʫʚʘʻ ʥʠʞʯʝ ʥʦʨʤʠ. ʆʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʨʝʞʠʤʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʥʝ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʥʽʷʢʠʭ ʢʦʤʘʥʜ, ʪʘʢʝ ʨʽʰʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦ ʟʘʭʠʱʘʻ ʩʣʫʞʙʦʚʽ ʨʝʛʽʩʪʨʠ EEPROM ʚʽʜ ʥʝʥʘʚʤʠʩʥʦʛʦ ʟʘʧʠʩʫ. 

3. ɿʙʝʨʽʛʘʪʠ ʢʦʥʩʪʘʥʪʠ ʫ FLASH-ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʷʢʱʦ ʚʦʥʠ ʥʝ 

ʧʦʚʠʥʥʽ ʤʽʥʷʪʠʩʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʥʝ ʤʦʞʝ 
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ʩʘʤʦʩʪʽʡʥʦ ʨʦʙʠʪʠ ʟʘʧʠʩ ʫ FLASH-ʧʘʤôʷʪʴ, ʪʦʤʫ ʧʨʠ ʟʥʠʞʝʥʥʽ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ ʾʾ ʚʤʽʩʪ ʥʝ ʙʫʜʝ ʫʰʢʦʜʞʝʥʦ. 

2.4. ʇʨʦʛʨʘʤʫʚʘʥʥʷ FLASH- ʪʘ EEPROM-ʧʘʤôʷʪ ̔

ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ 

ʆʜʥʠʤ ʟ ʧʠʪʘʥʴ, ʷʢʝ ʪʨʝʙʘ ʚʠʨʽʰʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʦʾ 

ʩʠʩʪʝʤʠ, ʻ ʧʨʦʛʨʘʤʫʚʘʥʥʷ FLASH- ʪʘ EEPROM-ʧʘʤôʷʪʽ. ɸVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ 

ʧʽʜʪʨʠʤʫʶʪʴ ʥʘʩʪʫʧʥʽ ʨʝʞʠʤʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʪʘʙʣ. 2.4) [1; 7]: 

- ʨʝʞʠʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʟʘ SPI-ʽʥʪʝʨʬʝʡʩʦʤ); 

- ʨʝʞʠʤ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʨʠ ʚʠʩʦʢʽʡ ʥʘʧʨʫʟʽ; 

- ʨʝʞʠʤ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʘ JTAG-ʽʥʪʝʨʬʝʡʩʦʤ. 

ʊʘʙʣʠʮʷ 2.4. ʈʝʞʠʤʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ  

ʈʝʞʠʤ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

A
T

m
e
g

a
8

5
1

5
x
/8

5
3

5
x 

A
T

m
e
g

a
8

x 

A
T

m
e
g

a
6

4
x
/3

2
x 

A
T

m
e
g

a
6

4
x
/1

2
8

x 

A
T

m
e
g

a
4

8
x
/8

8
x
/1

6
8

x 

A
T

m
e
g

a
1

6
2

x 

A
T

m
e
g

a
1

6
4

x
/3

2
4

x
/6

4
4

x 

A
T

m
e
g

a
1

6
5

x 

A
T

m
e
g

a
3

2
5

x
/3

2
5

0
x
, 

A
T

m
e
g

a
6

4
5

x
/6

4
5

0
x 

A
T

m
e
g

a
6

4
0

x
, 

A
T

m
e
g

a
1

2
8

0
x
/1

2
8

1
x
, 

A
T

m
e
g

a
2

5
6

0
x
/2

5
6

1
x 

1. ʇʦʩʣʽʜʦʚʥʝ, ʟʘ                   

SPI-ʽʥʪʝʨʬʝʡʩʦʤ 
¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶ 

2. ʇʘʨʘʣʝʣʴʥʝ ʧʨʠ ʚʠʩʦʢʽʡ 

ʥʘʧʨʫʟʽ 
¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶ 

3. ɿʘ JTAG-ʽʥʪʝʨʬʝʡʩʦʤ   ¶ ¶  ¶ ¶ ¶ ¶ ¶ 

 

ʇʽʜ çʚʠʩʦʢʦʶè ʥʘʧʨʫʛʦʶ ʨʦʟʫʤʽʻʪʴʩʷ ʢʝʨʫʶʯʘ ʥʘʧʨʫʛʘ ï 12 ɺ, ʷʢʘ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʠʚʽʜ RESET ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʜʣʷ ʧʝʨʝʚʦʜʫ ʦʩʪʘʥʥʴʦʛʦ ʚ ʨʝʞʠʤ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʩʽʤʝʡʩʪʚ Mega ʪʘ XMega ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ ï ʟʤʽʥʘ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚʤʽʩʪʫ ʧʘʤôʷʪʽ 

ʧʨʦʛʨʘʤ ʚ ʛʦʪʦʚʦʤʫ ʧʨʠʩʪʨʦʾ. ʎʝʡ ʨʝʞʠʤ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʫ ʨʦʟʜʽʣʽ 4. 

ɺ ʧʨʦʮʝʩʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʽ ʦʧʝʨʘʮʽʾ: 

- ʦʯʠʱʝʥʥʷ ʢʨʠʩʪʘʣʫ (chip erase); 

- ʯʠʪʘʥʥʷ/ʟʘʧʠʩ FLASH-ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ; 

- ʯʠʪʘʥʥʷ/ʟʘʧʠʩ EEPROM-ʧʘʤôʷʪʽ ʜʘʥʠʭ; 

- ʯʠʪʘʥʥʷ/ʟʘʧʠʩ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʢʦʤʽʨʦʢ; 

- ʯʠʪʘʥʥʷ/ʟʘʧʠʩ ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ; 
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- ʯʠʪʘʥʥʷ ʢʦʤʽʨʦʢ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ; 

- ʯʠʪʘʥʥʷ ʢʘʣʽʙʨʫʚʘʣʴʥʦʛʦ ʙʘʡʪʘ. 

ɺʩʽ ʤʦʜʝʣʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʧʦʩʪʘʯʘʶʪʴʩʷ ʟʽ ʩʪʝʨʪʦʶ ʧʘʤôʷʪʪʶ ʧʨʦʛʨʘʤ  ʪʘ 

ʧʘʤôʷʪʪʶ ʜʘʥʠʭ (ʫ ʚʩʽʭ ʢʦʤʽʨʢʘʭ ʟʥʘʭʦʜʠʪʴʩʷ ʯʠʩʣʘ $FF) ʽ ʧʨʠʜʘʪʥʽ ʜʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɿʘʭʠʩʪ ʢʦʜʫ ʽ ʜʘʥʠʭ 

ɺʤʽʩʪ FLASH-ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʪʘ EEPROM-ʧʘʤôʷʪʽ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ 

ʟʘʭʠʱʝʥʦ ʚʽʜ ʟʘʧʠʩʫ ʽ/ʘʙʦ ʯʠʪʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ 

(Lock Bits) LB1 i LB2. ʄʦʞʣʠʚʽ ʨʝʞʠʤʠ ʟʘʭʠʩʪʫ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ  ʨʽʟʥʠʤ ʩʪʘʥʘʤ 

ʮʠʭ ʢʦʤʽʨʦʢ ʥʘʚʝʜʝʥʦ ʫ [1; 7]. 

ʋ ʚʠʭʽʜʥʦʤʫ (ʥʝʟʘʧʨʦʛʨʘʤʦʚʘʥʦʤʫ) ʩʪʘʥʽ ʫ ʚʩʽʭ ʢʦʤʽʨʢʘʭ ʟʘʭʠʩʪʫ ʤʽʩʪʠʪʴʩʷ 

ʦʜʠʥʠʮ,̫ ʧʽʩʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï ʥʫʣʴ. ʆʯʠʱʝʥʥʷ ʢʦʤʽʨʦʢ (ʟʘʧʠʩ ʚ ʥʠʭ ʣʦʛʽʯʥʦʾ 

ʦʜʠʥʠʮʽ) ʤʦʞʝ ʙʫʪʠ ʪʽʣʴʢʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʤʘʥʜʠ çʆʯʠʱʝʥʥʷ ʢʨʠʩʪʘʣʫè, ʷʢʘ 

ʪʘʢʦʞ ʟʥʠʱʫʻ ʚʤʽʩʪ FLASH- i EEPROM-ʧʘʤôʷʪʽ. 

ʂʦʥʬʽʛʫʨʘʮʽʡʥʽ ʢʦʤʽʨʢʠ 

ʇʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʡʦʛʦ ʢʦʥʬʽʛʫʨʘʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʧʨʠʟʥʘʯʝʥʦ ʢʦʥʬʽʛʫʨʘʮʽʡʥʽ ʢʦʤʽʨʢʠ (Fuse Bits), ʷʢʽ 

ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʦʢʨʝʤʦʤʫ ʘʜʨʝʩʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʷʢʠʡ ʜʦʩʪʫʧʥʠʡ ʪʽʣʴʢʠ ʧʨʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʽ. ɺʩʽ ʢʦʥʬʽʛʫʨʘʮʽʡʥʽ ʢʦʤʽʨʢʠ ʟʛʨʫʧʦʚʘʥʦ ʚ ʢʽʣʴʢʘ ʙʘʡʪʽʚ, ʘ ʾʭ ʩʢʣʘʜ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ.  

ɼʣʷ ʟʤʽʥʠ ʚʤʽʩʪʫ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʢʦʤʽʨʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ 

ʢʦʤʘʥʜʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [1; 7]. ʂʦʥʬʽʛʫʨʘʮʽʶ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʚʘʪʠ 

ʜʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ. 

ɯʜʝʥʪʠʬʽʢʘʪʦʨ 

ɺʩʽ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʤʘʶʪʴ ʪʨʠ 8-ʙʽʪʥʽ ʢʦʤʽʨʢʠ, ʚʤʽʩʪ ʷʢʠʭ ʜʦʟʚʦʣʷʻ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʨʠʩʪʨʽʡ. ɺ ʧʝʨʰʽʡ ʢʦʤʽʨʮʽ ʤʽʩʪʠʪʴʩʷ ʢʦʜ ʚʠʨʦʙʥʠʢʘ, ʫ ʜʨʫʛʽʡ ï 

ʢʦʜ ʦʙôʻʤʫ FLASH-ʧʘʤôʷʪʽ, ʘ ʚ ʪʨʝʪʽʡ ï ʢʦʜ ʧʨʠʩʪʨʦʶ. ʂʦʤʽʨʢʠ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ 

ʪʘʢʦʞ ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʦʢʨʝʤʦʤʫ ʘʜʨʝʩʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʜʦʩʪʫʧ ʜʦ ʷʢʦʛʦ ʤʦʞʣʠʚʠʡ 

ʪʽʣʴʢʠ ʚ ʨʝʞʠʤʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʢʦʤʽʨʦʢ, ʢʦʤʽʨʢʠ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʜʦʩʪʫʧʥʽ ʪʽʣʴʢʠ ʜʣʷ ʯʠʪʘʥʥʷ. ɺʤʽʩʪ ʢʦʤʽʨʦʢ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʜʣʷ 

ʦʢʨʝʤʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ ʥʘʚʝʜʝʥʦ ʚ [1; 7]. 

ʂʘʣʽʙʨʫʚʘʣʴʥʽ ʢʦʤʽʨʢʠ 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚ ʩʧʝʮʽʘʣʴʥʽ ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʢʦʤʽʨʢʠ 

ʟʘʥʦʩʷʪʴʩʷ ʢʦʥʩʪʘʥʪʠ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʥʦʤʽʥʘʣʴʥʫ ʯʘʩʪʦʪʫ 

ʚʥʫʪʨʽʰʥʴʦʛʦ RC-ʛʝʥʝʨʘʪʦʨʘ [1; 7].  
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ʉʪʦʨʽʥʢʦʚʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʽ ʜʘʥʠʭ 

ɺ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʦʨʽʥʢʦʚʘ ʦʨʛʘʥʽʟʘʮʽʷ        

FLASH-ʧʘʤôʷʪʽ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʪʘ EEPROM-ʧʘʤôʷʪ̔  ʜʘʥʠʭ [1; 7].  

ʇʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ FLASH-ʧʘʤôʷʪʽ ʚʝʩʴ ʾʾ ʦʙôʻʤ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʩʪʦʨʽʥʢʠ, 

ʨʦʟʤʽʨ ʽ ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙôʻʤʫ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

(ʪʘʙʣ. 2.5). ɼʘʥʽ ʩʧʦʯʘʪʢʫ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʚ ʙʫʬʝʨ ʩʪʦʨʽʥʢʠ ʽ ʪʽʣʴʢʠ ʧʦʪʽʤ 

ʟʘʥʦʩʷʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʘʤôʷʪʴ ʧʨʦʛʨʘʤ. ʇʨʦʰʠʚʢʘ ʚʩʽʭ ʢʦʤʽʨʦʢ ʩʪʦʨʽʥʢʠ ʧʨʠ 

ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ. 

ʊʘʙʣʠʮʷ 2.5. ʇʘʨʘʤʝʪʨʠ ʩʪʦʨʽʥʢʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʘʤôʷʪ ̔ʧʨʦʛʨʘʤ 

ʇʘʨʘʤʝʪʨ 
ʆʙôʻʤ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ (ʙʘʡʪ) 

4ʂ 8ʂ 16ʂ 32ʂ 64ʂ 128ʂ 256ʂ 

ʈʦʟʤʽʨ ʩʪʦʨʽʥʢʠ, ʩʣʽʚ 32 64 64 128 128 128 256 

ʂʽʣʴʢʽʩʪʴ ʩʪʦʨʽʥʦʢ 64 128 256 256 512 1024 1024 

 

ɸʥʘʣʦʛʽʯʥʦ ʦʨʛʘʥʽʟʦʚʘʥʦ EEPROM-ʧʘʤôʷʪʴ. ʈʦʟʤʽʨ ʩʪʦʨʽʥʦʢ, ʘ ʪʘʢʦʞ ʾʭ 

ʢʽʣʴʢʽʩʪʴ ʜʣʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.6. 

ʊʘʙʣʠʮʷ 2.6. ʇʘʨʘʤʝʪʨʠ ʩʪʦʨʽʥʢʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ EEPROM-ʧʘʤôʷʪʽ 

ʇʘʨʘʤʝʪʨ 
ʆʙôʻʤ EEPROM-ʧʘʤôʷʪʽ (ʙʘʡʪ) 

256 512 1ʂ 2ʂ 4ʂ 

ʈʦʟʤʽʨ ʩʪʦʨʽʥʢʠ, ʙʘʡʪ 4 4 4 8 8 

ʂʽʣʴʢʽʩʪʴ ʩʪʦʨʽʥʦʢ 64 128 256 256 512 

ɺ ʙʘʛʘʪʴʦʭ ʤʦʜʝʣʷʭ ʩʪʦʨʽʥʢʦʚʘ ʦʨʛʘʥʽʟʘʮʽʷ EEPROM-ʧʘʤôʷʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʚ ʧʘʨʘʣʝʣʴʥʦʤʫ ʨʝʞʠʤʽ, ʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʘ ʧʦʩʣʽʜʦʚʥʠʤ ʢʘʥʘʣʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʙʘʡʪʥʦ. 

ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʧʘʤôʷʪʽ ʟʘ ʧʦʩʣʽʜʦʚʥʠʤ ʢʘʥʘʣʦʤ 

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʘʙʦ ʧʝʨʝʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʽ ʜʘʥʠʭ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʧʨʠʩʪʨʦʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʩʣʽʜʦʚʥʠʡ SPI-ʽʥʪʝʨʬʝʡʩ (ʨʠʩ. 2.9).  

ʅʘ ʨʠʩ. 2.9a ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʚʢʣʶʯʝʥʥʷ ʤʽʢʨʦʢʦʥʪʦʨʦʣʝʨʘ ʚ ʮʴʦʤʫ ʨʝʞʠʤʽ. 

ʅʘ ʨʠʩ. 2.9ʙ, ʚ ʧʦʢʘʟʘʥʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʨʦʟʚʦʜʢʠ ʢʦʣʦʜʢʠ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʧʨʦʛʨʘʤʘʪʦʨʘ, ʷʢʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʢʦʤʧʘʥʽʻʶ Atmel. ɿʦʢʨʝʤʘ, ʧʝʨʰʠʡ ʚʘʨʽʘʥʪ 

ʨʦʟʚʦʜʢʠ (ʨʠʩ. 2.9ʙ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʘʪʦʨʽ AVRISP ʽ 

ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʧʣʘʪʘʭ STK200/300 ʢʦʤʧʘʥʽʾ Atmel. 
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ʇʨʠʤʽʪʢʘ. ʗʢɦʦ ʚ ʷʢʦʩʪʽ ʪʘʢʪʦʚʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʥʫʪʨʽʰʥʽʡ RC-ʛʝʥʝʨʘʪʦʨ, ʚʠʚʽʜ XTAL1 

ʟʘʣʠʰʘʶʪʴ ʥʝʧʽʜʢʣʶʯʝʥʠʤ 

ʈʠʩ. 2.9. ɺʢʣʶʯʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚ ʨʝʞʠʤʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʘ ʧʦʩʣʽʜʦʚʥʠʤ ʢʘʥʘʣʦʤ 

ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ ʨʦʟʚʦʜʢʠ (ʨʠʩ. 2.9ʚ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʽʣʴʰ ʥʦʚʠʭ 

ʧʨʠʩʪʨʦʷʭ ʢʦʤʧʘʥʽʾ ï ʧʨʦʛʨʘʤʘʪʦʨʽ AVRISP mkll ʽ ʧʣʘʪʽ STK500.  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.9a, ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʧʨʦʛʨʘʤʘʪʦʨʦʤ ʽ ʧʨʠʩʪʨʦʻʤ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʠ ʣʽʥʽʾ SPI-ʽʥʪʝʨʬʝʡʩʫ: SCK ï ʪʘʢʪʦʚʠʡ ʩʠʛʥʘʣ, MOSI ï ʚʭʽʜ 

ʜʘʥʠʭ ʽ MISO ï ʚʠʭʽʜ ʜʘʥʠʭ. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʮʽʤʘ ʣʽʥʽʷʤʠ ʽʥʪʝʨʬʝʡʩʫ ʽ 

ʢʦʥʪʘʢʪʘʤʠ ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʜʝʷʢʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 2.7. 

ʊʘʙʣʠʮʷ 2.7. ɺʠʚʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʟʘ ʧʦʩʣʽʜʦʚʥʠʤ ʢʘʥʘʣʦʤ 
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ʇʨʠʟʥʘʯʝʥʥʷ 

ʚʠʚʦʜʽʚ 

SCK PB7 PB5 PB7 PB1 PB5 PB7 PB7 PB1 PB1 PB1 ɺʭʽʜ ʪʘʢʪʦʚʦʛʦ 

ʩʠʛʥʘʣʫ 

MISO  PB6 PB4 PB6 PE1 PB4 PB6 PB6 PB3 PE1 PB3 ɺʠʭʽʜ ʜʘʥʠʭ 

MOSI  PB5 PB3 PB5 PE0 PB3 PB5 PB5 PB2 PE0 PB2 ɺʭʽʜ ʜʘʥʠʭ 

 

ɺ ʜʝʷʢʠʭ ʤʦʜʝʣʷʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʚʠʚʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʚʠʚʦʜʘʤʠ ʤʦʜʫʣʷ SPI. 

ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ, ʧʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʽʚ, ʢʦʤʘʥʜʠ ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʚ [1; 7]. 
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ʇʘʨʘʣʝʣʴʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ɺ ʨʝʞʠʤʽ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʢʨʝʤʠʡ 

ʧʨʠʩʪʨʽʡ ï ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʧʨʦʛʨʘʤʘʪʦʨ,  ʚʽʜ ʷʢʦʛʦ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ʧʝʨʝʜʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʚʩʽ ʙʽʪʠ ʢʦʜʫ ʢʦʤʘʥʜʠ ʘʙʦ ʙʘʡʪʘ ʜʘʥʠʭ. ʎʝʡ ʨʝʞʠʤ ʟʘʣʫʯʘʻ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʚʦʜʽʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʪʘ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʜʞʝʨʝʣʘ ʧʽʜʚʠʱʝʥʦʾ ʥʘʧʨʫʛʠ ï 12ɺ. ʆʩʥʦʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʨʝʞʠʤʫ ï 

çʧʨʦʰʠʚʢʘè ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʚ ʫʤʦʚʘʭ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʨʝʜ ʾʭ 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʥʘ ʧʣʘʪʫ [1; 7]. 

ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʟʘ JTAG-ʽʥʪʝʨʬʝʡʩʦʤ  

JTAG-ʽʥʪʝʨʬʝʡʩ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʛʨʫʧʦʶ ʧʨʦʚʽʜʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ 

ʧʨʦʙʣʝʤ ʪʝʩʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (Join Test Action Group) [1; 7]. ɺ 

ʧʦʜʘʣʴʰʦʤʫ ʚʽʥ ʙʫʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ɯʥʩʪʠʪʫʪʦʤ ʽʥʞʝʥʝʨʽʚ ʟ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ 

ʝʣʝʢʪʨʦʥʽʢʠ (ɯɽɽɽ) ʚ ʷʢʦʩʪʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʩʪʘʥʜʘʨʪʫ ɯɽɽɽ Std 1149.1-1990                

(IEEE Standard Test Access Port and Boundary-Scan Architecture). 

JTAG-ʽʥʪʝʨʬʝʡʩ, ʷʢʽʡ ʚʙʫʜʦʚʘʥʦ ʫ ʙʽʣʴʰʽʩʪʴ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʮʽʣʝʡ: 

- ʪʝʩʪʫʚʘʥʥʷ ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪ; 

- ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ (ʧʨʦʛʨʘʤʫʚʘʥʥʷ) ʢʨʠʩʪʘʣʘ; 

- ʚʥʫʪʨʽʰʥʴʦʩʭʝʤʥʦʛʦ ʥʘʣʘʛʦʜʞʫʚʘʥʥʷ. 

ɼʦʩʪʫʧ ʜʦ ʤʦʜʫʣʷ JTAG ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʯʦʪʠʨʠ ʚʠʚʦʜʠ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʪʘʢ ʟʚʘʥʠʡ çʧʦʨʪ ʪʝʩʪʦʚʦʛʦ ʜʦʩʪʫʧʫè ï Test 

Access Port (TAP): TMS, TCK, TDI i TDO. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʮʠʭ ʚʠʚʦʜʽʚ ʢʦʥʪʘʢʪʘʤ 

ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʦʧʠʩ ʾʭ ʬʫʥʢʮʽʡ, ʩʪʘʥʜʘʨʪʥʫ 

ʨʦʟʚʦʜʢʫ 10-ʢʦʥʪʘʢʪʥʦʛʦ ʨʦʟôʻʤʫ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ JTAG-ʧʨʠʩʪʨʦʶ ʪʘ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ JTAG-ʽʥʪʝʨʬʝʡʩʫ ʧʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʥʘʚʝʜʝʥʦ ʫ 

[1; 7].  
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʅʘʟʚʽʪʴ  ʨʦʟʨʷʜʥʽʩʪʴ ʦʜʥʽʻʾ ʢʦʤʽʨʢʠ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ AVR. 

2. ʆʧʠʰʽʪʴ ʦʨʛʘʥʽʟʘʮʽʶ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ. 

3. ʅʘ ʷʢʽ ʪʨʠ ʯʘʩʪʠʥʠ ʨʦʟʜʽʣʝʥʦ ʧʘʤôʷʪʴ ʜʘʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ? 

ʆʧʠʰʽʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʫ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. 

4. ʗʢʽ ʚʠʜʠ ʩʪʝʢʘ ʚʠ ʟʥʘʻʪʝ? ʗʢʠʡ ʚʠʜ ʩʪʝʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ  ʽ ʜʝ ʚʽʥ ʨʦʟʤʽʱʫʻʪʴʩʷ? 

5. ɿʘ ʷʢʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʚʠʢʦʥʘʥʦ ʦʨʛʘʥʽʟʘʮʽ ʁʧʘʤôʷʪʽ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

ʩʽʤʝʡʩʪʚʘ Mega? 

6. ʅʘʚʝʜʽʪʴ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʢʘʨʪʠ ʧʘʤôʷʪʽ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ 

Mega. ʆʧʠʰʽʪʴ ʩʪʨʫʢʪʫʨʫ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʧʘʤôʪ̫ʽ. 

7. ʆʧʠʰʽʪʴ ʩʪʨʫʢʪʫʨʫ ʨʝʛʽʩʪʨʦʚʦʛʦ ʬʘʡʣʫ. 

8. ɼʝ ʚ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʨʝʛʽʩʪʨʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ? 

ʗʢʠʡ ʟ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʡʯʘʩʪʽʰʝ? 

9. ʅʘʚʝʜʽʪʴ ʩʭʝʤʫ ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʗʢʠʡ 

ʤʦʞʣʠʚʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʆɿʇ? 

10.  ɼʣʷ ʯʦʛʦ ʚ ʩʭʝʤʽ ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʝʛʽʩʪʨ RG? 

11.  ʗʢʽ ʚʠʚʦʜʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʆɿʇ? 

12.  ʗʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʙʦʪʠ ʟ ʟʦʚʥʽʰʥʴʦʶ ʧʘʤôʷʪʪʶ ʜʘʥʠʭ ʻ ʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ? ʇʝʨʝʨʘʭʫʡʪʝ ʦʩʥʦʚʥʽ ʨʝʛʽʩʪʨʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. 

13.  ʗʢʠʤ ʯʠʥʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʤʽʥʘ ʪʨʠʚʘʣʦʩʪʽ ʮʠʢʣʫ ʟʚʝʨʥʝʥʥʷ ʜʦ ʟʦʚʥʽʰʥʴʦʾ 

ʧʘʤôʷʪʽ ʜʘʥʠʭ? 

14.  ʑʦ ʪʘʢʝ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʘ ʧʘʤôʷʪʴ ʜʘʥʠʭ (EEPROM)? ʗʢʽ ʨʝʛʽʩʪʨʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ EEPROM? 

15.   ʆʧʠʰʽʪʴ ʧʨʦʮʝʜʫʨʫ ʟʘʧʠʩʫ ʦʜʥʦʛʦ ʙʘʡʪʘ ʚ EEPROM-ʧʘʤôʷʪ ɹʜʘʥʠʭ. 

16.  ʆʧʠʰʽʪʴ ʧʨʦʮʝʜʫʨʫ ʟʯʠʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ EEPROM-ʧʘʤôʷʪʽ ʜʘʥʠʭ. 

17.   ʗʢʽ ʨʝʞʠʤʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʽʜʪʨʠʤʫʶʪʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʽʤʝʡʩʪʚʘ 

Mega? 

18.  ʗʢʽ ʦʧʝʨʘʮʽʾ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʚ ʧʨʦʮʝʩʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

19.  ɼʣʷ ʯʦʛʦ ʽʩʥʫʶʪʴ ʢʦʤʽʨʢʠ ʟʘʭʠʩʪʫ? 

20.  ʆʧʠʰʽʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ ʪʘ ʢʦʤʽʨʦʢ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ. 

21.  ʑʦ ʤʽʩʪʠʪʴʩʷ ʫ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʢʦʤʽʨʢʘʭ? 

22.  ʗʢʽ ʣʽʥʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʧʨʦʛʨʘʤʘʪʦʨʦʤ ʽ 

ʧʨʠʩʪʨʦʻʤ ʧʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʟʘ ʧʦʩʣʽʜʦʚʥʠʤ ʢʘʥʘʣʦʤ? 
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23.  ʗʢʽ ʜʽʾ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚ ʨʝʞʠʤ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʘ ʧʦʩʣʽʜʦʚʥʠʤ ʢʘʥʘʣʦʤ? 

24.  ʗʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Flash-ʧʘʤôʷʪʽ ʪʘ         

EEPROM-ʧʘʤôʷʪʽ  ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ Mega? 

25.  ʗʢʽ ʜʽʾ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚ ʨʝʞʠʤ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

26.  ʂʦʣʠ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʷ ʢʦʤʘʥʜʘ çʆʯʠʱʝʥʥʷ ʢʨʠʩʪʘʣʘè? 

27.  ʆʧʠʰʽʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʧʨʠ ʟʘʧʠʩʽ/ʯʠʪʘʥʥʽ FLASH/EEPROM-ʧʘʤôʷʪʽ. 

28.  ʗʢʠʤ ʯʠʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʧʠʩ/ʯʠʪʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʢʦʤʽʨʦʢ ʪʘ 

ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ? 

29.  ɺ ̫ ʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʠʪʘʥʥʷ ʢʦʤʽʨʦʢ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʪʘ 

ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʢʦʤʽʨʦʢ? 

30.  ɺ ̫ʢʠʭ ʮʽʣʷʭ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʪʝʨʬʝʡʩ JTAG? 

31.  ʗʢʠʡ ʮʠʬʨʦʚʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʝʣʝʤʝʥʪ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʦʜʥʦʛʦ ʙʽʪʘ ʽʥʬʦʨʤʘʮʽʾ? 

32.  ʗʢʫ ʬʫʥʢʮʽʶ ʚʠʢʦʥʫʶʪʴ ʚʠʚʦʜʠ AD0éAD7 ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ? 

33.  ʇʦʷʩʥʽʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʦʨʽʥʢʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ. 

34.  ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʠʪʴ ʨʦʟʤʽʨ ʽ ʢʽʣʴʢʽʩʪʴ ʩʪʦʨʽʥʦʢ ʧʨʠ ʩʪʦʨʽʥʢʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ 

ʧʘʤôʷʪ?̔ 

35.  ʅʘʟʚʽʪʴ ʢʦʤʘʥʜʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʟʚʝʨʥʝʥʥʷ ʜʦ ʨʝʛʽʩʪʨʽʚ 

ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʉʇɼ. 

36.  ʅʘʟʚʽʪʴ ʢʦʤʘʥʜʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʟʚʝʨʥʝʥʥʷ ʜʦ 

ʪʨʠʜʮʷʪʠʜʚʦʭ ʨʝʛʽʩʪʨʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʉʇɼ. 

37.  ʆʧʠʰʽʪʴ ʬʦʨʤʘʪ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʦʢʨʝʤʠʭ ʨʦʟʨʷʜʽʚ ʨʦʛʽʩʪʨʘ SREG. 

38.  ʑʦ ʦʟʥʘʯʘʻ ʩʠʤʚʦʣ ç$è ʧʨʠ ʥʘʚʝʜʝʥʥʽ ʘʜʨʝʩ ʧʘʤôʷʪ?̔ 

39.  ɼʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʽʯʠʣʴʥʠʢ ʢʦʤʘʥʜ (Program Counter ï ʈʉ) ʪʘ  ʚʽʜ 

ʯʦʛʦ ʟʘʣʝʞʠʪʴ ʡʦʛʦ ʨʦʟʤʽʨ? 

40.  ʑʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʘʜʨʝʩʦʶ $0000 ʚ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ? 

41.  ʗʢʽ ʨʝʛʽʩʪʨʠ ʨʦʟʪʘʰʦʚʫʶɹ ʩʷ ʚ ʦʙʣʘʩʪʷʭ ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ? 

42.  ʉʢʽʣʴʢʠ ʙʘʡʪ ʚʠʜʽʣʷʻʪʴʩʷ ʜʣʷ ʜʦʜʘʪʢʦʚʠʭ ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ-ʚʠʚʝʜʝʥʥʷ ʚ 

ʧʨʦʩʪʦʨʽ ʩʪʘʪʠʯʥʦʾ ʧʘʤôʷʪʽ ʜʘʥʠʭ? 

43.  ʇʦʷʩʥʽʪʴ ʧʨʠʟʥʘʯʝʥʥʷ 16-ʙʽʪʥʠʭ ʨʝʛʽʩʪʨʽʚ: X, Y ʪʘ Z. 

44.  ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʠʪʴ ʨʦʟʤʽʨ ʨʝʛʽʩʪʨʘ-ʧʦʢʘʞʯʠʢ ʩʪʝʢʘ? 

45.  ʏʦʤʫ ʧʨʠ ʚʢʘʟʽʚʮʽ ʘʜʨʝʩ ʈɺɺ ʜʝʷʢʽ ʟ ʥʠʭ ʚʢʘʟʫʶʪʴʩʷ ʚ ʜʫʞʢʘʭ?  

46.  ʅʘʟʚʽʪʴ ʧʨʠʙʣʠʟʥʫ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʧʝʨʝʧʨʦʛʨʘʤʫʚʘʥʥʷ         

FLASH/EEPROM- ʧʘʤôʷʪʽ. 
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3. ʇʈʆɻʈɸʄʋɺɸʅʅʗ AVR-ʄɯʂʈʆʂʆʅʊʈʆʃɽʈɯɺ  

3.1. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ 

ʗʢʱʦ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʫ ʩʠʩʪʝʤʫ (ʄʇʉ) ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ (ʄʂ), ʪʦ ʢʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ (ʇʇ). 

ɹʝʟ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʞʦʜʥʘ ʄʇʉ ʧʨʘʮʶʚʘʪʠ ʥʝ ʙʫʜʝ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʩʪʚʦʨʝʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ: 

ï ʨʦʟʨʦʙʢʘ ʩʭʝʤʠ ʘʣʛʦʨʠʪʤʫ, ʷʢʫ ʧʦʚʠʥʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʢʦʥʢʨʝʪʥʘ ʢʝʨʫʶʯʘ 

ʧʨʦʛʨʘʤʘ; 

ï ʷʢʱʦ ʟʘʜʘʯʘ ʩʢʣʘʜʥʘ, ʪʦ ʧʨʦʛʨʘʤʘ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʽ ʚʽʜʣʘʛʦʜʞʝʥʘ 

ʘʙʦ ʤʦʚʦʶ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʘʙʦ ʤʦʚʦʶ ʘʩʝʤʙʣʝʨʘ; 

ï ʢʦʤʧʽʣʷʮʽʷ ï ʧʝʨʝʚʝʜʝʥʥʷ ʧʨʦʛʨʘʤʠ ʟ ʤʦʚʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʘʙʦ ʘʩʝʤʙʣʝʨʘ 

ʫ ʤʘʰʠʥʥʽ ʢʦʜʠ ʢʦʥʢʨʝʪʥʦʛʦ ʄʂ (ʩʪʚʦʨʝʥʥʷ ʦʙ'ʻʢʪʥʦʛʦ ʤʦʜʫʣʷ); 

ï ʚʚʝʜʝʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʚ ʇʇ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʘʪʦʨʘ. 

ɺ ʧʨʦʮʝʩʽ ʧʦʯʘʪʢʦʚʦʾ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʫ ʧʨʦʛʨʘʤʥʠʡ ʣʽʯʠʣʴʥʠʢ 

ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʧʦʯʘʪʢʦʚʘ ʘʜʨʝʩʘ ʧʨʦʛʨʘʤʠ. 

ʂʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʧʽʜʧʨʦʛʨʘʤʠ ï ʯʘʩʪʠʥʫ ʦʩʥʦʚʥʦʾ 

ʧʨʦʛʨʘʤʠ, ʷʢʫ ʤʦʞʥʘ ʚʠʢʣʠʢʘʪʠ ʟ ʦʩʥʦʚʥʦʾ ʧʨʦʛʨʘʤʠ ʘʙʦ ʟʘ ʧʝʨʝʨʠʚʘʥʥʷʤ. 

ʋ ʄʇʉ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʨʦʙʦʯʠʭ ʧʨʦʛʨʘʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʩʠʩʪʝʤʥʽ 

ʢʝʨʫʶʯʽ ʧʨʦʛʨʘʤʠ: 

ï ʪʨʘʥʩʣʷʪʦʨʠ ï ʧʝʨʝʪʚʦʨʶʶʪʴ ʧʨʦʛʨʘʤʫ, ʷʢʫ ʥʘʧʠʩʘʥʦ ʦʜʥʽʻʶ ʤʦʚʦʶ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʚ ʧʨʦʛʨʘʤʫ, ʷʢʫ ʥʘʧʠʩʘʥʦ ʽʥʰʦʶ ʤʦʚʦʶ; 

ï ʢʦʤʧʽʣʷʪʦʨʠ ï ̒  ʨʽʟʥʦʚʠʜʦʤ ʪʨʘʥʩʣʷʪʦʨʽʚ ʪʘ ʧʝʨʝʚʦʜʷʪʴ ʧʨʦʛʨʘʤʫ ʟ ʤʦʚʠ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʚ ʤʘʰʠʥʥʽ ʢʦʜʠ; 

ï ʘʩʝʤʙʣʝʨʠ ï ʮʝ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʢʦʤʧʽʣʷʪʦʨʽʚ, ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴ 

ʧʨʦʛʨʘʤʫ ʟ ʤʦʚʠ ʘʩʝʤʙʣʝʨʘ ʫ ʜʚʽʡʢʦʚʽ (ʤʘʰʠʥʥʽ) ʢʦʜʠ; 

ï ʚʽʜʣʘʛʦʜʞʫʚʘʯʽ ï ʢʝʨʫʶʯʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʚʽʜʣʘʛʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʠ ʫ 

ʚʽʜʧʦʚʽʜʥʽʡ ʩʠʩʪʝʤʽ. 

3.2. ʄʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʋ ʄʇʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʥʘʧʨʠʢʣʘʜ 

ʉ,̔ ̔  ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ï ʘʩʝʤʙʣʝʨ. ʆʩʪʘʥʥʽʡ ʥʘʟʠʚʘʶʪʴ ʤʘʰʠʥʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤ, ʪʦʤʫ 

ʱʦ ʧʨʠ ʥʘʧʠʩʘʥʥʽ ʧʨʦʛʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʘʥʜʠ ʢʦʥʢʨʝʪʥʦʛʦ ʄʂ, ʷʢʽ ʥʝ 

ʤʦʞʥʘ ʟʤʽʥʠʪʠ, ʘ ʤʦʞʥʘ ʚʠʚʯʠʪʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɯʥʰʽ 

ʄʂ  ʥʝ ʟʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʪʘʢʫ ʧʨʦʛʨʘʤʫ, ʪʦʤʫ ʱʦ, ʤʘʶʪʴ ʩʚʦʶ ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ.  

ʆʢʨʽʤ ʢʦʤʘʥʜ, ʷʢʽ ʧʨʠ ʢʦʤʧʽʣʷʮʽʾ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ ʤʘʰʠʥʥʠʡ ʢʦʜ, 

ʧʨʦʛʨʘʤʘ ʥʘ ʤʦʚʽ ʘʩʝʤʙʣʝʨʘ (ʄɸ) ʚʢʣʶʯʘʻ ʧʩʝʚʜʦʢʦʤʘʥʜʠ ʪʘ ʜʠʨʝʢʪʠʚʠ, ʷʢʽ 

ʚʢʘʟʫʶʪʴ ʧʨʦʛʨʘʤʽ ʢʦʤʧʽʣʷʪʦʨʘ, ʷʢʘ ʪʘʢʦʞ ʟʚʝʪʴʩʷ ʘʩʝʤʙʣʝʨʦʤ, ʷʢ ʚʠʢʦʥʘʪʠ 

ʚʽʜʧʦʚʽʜʥʽ ʜʽʾ ʧʦ ʩʪʚʦʨʝʥʥʶ ʚʠʢʦʥʫʚʘʥʦʛʦ ʬʘʡʣʘ ʜʣʷ ʄʂ. 
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ɼʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʚʠ ʘʩʝʤʙʣʝʨʘ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʥʘʚʝʜʝʥʦ ʫ [1]. 

3.3. ʇʨʦʛʨʘʤʥʘ ʤʦʜʝʣʴ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ  

ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ  

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʨʭʽʪʝʢʪʫʨʠ ʙʫʜʴ-ʷʢʦʛʦ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʻ ʧʨʦʛʨʘʤʥʘ ʤʦʜʝʣʴ (ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʽʩʪʘ), ʷʢʘ  ʚʢʣʶʯʘʻ ʯʘʩʪʠʥʫ 

ʩʪʨʫʢʪʫʨʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʱʦ ʜʦʩʪʫʧʥʘ ʧʨʦʛʨʘʤʽʩʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

ʢʦʤʘʥʜ. ʅʘ ʨʠʩ. 3.1 ʚ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʘ ʥʘʚʝʜʝʥʦ ʧʨʦʛʨʘʤʥʫ ʤʦʜʝʣʴ ʦʜʥʦʛʦ ʟ                             

AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. ʎʷ ʤʦʜʝʣʴ ʤʘʻ ʨʝʛʽʩʪʨʠ ʟʘʛʘʣʴʥʦʛʦ  ʧʨʠʟʥʘʯʝʥʥʷ (ʈɿʇ), 

ʨʝʛʽʩʪʨʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ (ʈɺɺ), ʩʪʘʪʠʯʥʠʡ ʦʧʝʨʘʪʠʚʥʠʡ ʟʘʧʘʤôʷʪʦʚʫʶʯʠʡ 

ʧʨʠʩʪʨʽʡ (ʉʆɿʇ), ʷʢʠʡ ʚ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ ʥʘʟʠʚʘʶʪʴ 

SRAM, ʻʤʥʽʩʪʶ  128 ʙʘʡʪ, EEPROM-ʧʘʤôʷʪʴ ʜʘʥʠʭ, ʻʤʥʽʩʪʶ 512 ʂʙʘʡʪ ʪʘ 

ʧʦʩʪʽʡʥʠʡ ʟʘʧʘʤôʷʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ FLASH-ʪʠʧʫ, ʻʤʥʽʩʪʶ 2ʂ ʩʣʽʚ (4 ʂʙʘʡʪ). 

ʈɿʇ, ʈɺɺ ʪʘ Cʆɿʇ ʥʘʟʠʚʘʶʪʴ ʩʪʘʪʠʯʥʦʶ ʧʘʤôʷʪʪʶ ʜʘʥʠʭ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʻ 

ʝʥʝʨʛʦʟʘʣʝʞʥʠʤʠ. ɺʽʜʧʦʚʽʜʥʦ EEPROM-ʧʘʤôʷʪʴ ʜʘʥʠʭ ʻ ʝʥʝʨʛʦʟʘʣʝʞʥʦʶ. 

ʈʝʛʽʩʪʨʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

32 ʨʝʛʽʩʪʨʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʦʙôʻʜʥʘʥʦ ʫ ʬʘʡʣ, ʩʪʨʫʢʪʫʨʫ ʷʢʦʛʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.2. ɺ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʫʩʽ  ʈɿʇ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦʩʪʫʧʥʽ 

ɸʃʇ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʬʽʨʤ, ʫ ʷʢʠʭ ʻ ʪʽʣʴʢʠ ʦʜʠʥ ʪʘʢʠʡ ʨʝʛʽʩʪʨ, 

ʥʘʧʨʠʢʣʘʜ, ʨʦʙʦʯʠʡ ʨʝʛʽʩʪʨ ɸ/W ï ʘʢʫʤʫʣʷʪʦʨ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʙʫʜʴ-ʷʢʠʡ ʈɿʇ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʢʦʤʘʥʜʘʤʠ ʷʢ ʦʧʝʨʘʥʜ-ʜʞʝʨʝʣʦ, ʘʙʦ ̫ʢ                         

ʦʧʝʨʘʥʜ-ʧʨʠʡʤʘʯ. ɺʠʥʷʪʢʦʤ ʻ ʣʠʰʝ ʧôʷʪʴ ʘʨʠʬʤʝʪʠʯʥʠʭ ʽ ʣʦʛʽʯʥʠʭ ʢʦʤʘʥʜ, ʱʦ 

ʚʠʢʦʥʫʶʪʴ ʜʽʾ ʤʽʞ ʢʦʥʩʪʘʥʪʦʶ ʽ ʨʝʛʽʩʪʨʦʤ ï SBCI, SUBI, CPI, ANDI, ORI, ʘ ʪʘʢʦʞ 

ʢʦʤʘʥʜʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʥʩʪʘʥʪʠ ʚ ʨʝʛʽʩʪʨ ï LDI. ʎʽ ʢʦʤʘʥʜʠ ʤʦʞʫʪʴ ʟʚʝʨʪʘʪʠʩʷ 

ʪʽʣʴʢʠ ʜʦ ʜʨʫʛʦʾ ʧʦʣʦʚʠʥʠ ʈɿʇ ï R16...R31. ɼʝʢʽʣʴʢʘ ʨʝʛʽʩʪʨʽʚ ʟʘʛʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʧʦʢʘʞʯʠʢʠ ʧʨʠ ʥʝʧʨʷʤʽʡ ʘʜʨʝʩʘʮʽʾ ʩʪʘʪʠʯʥʦʾ 

ʧʘʤôʷʪʽ ʜʘʥʠʭ.   

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.2, ʢʦʞʝʥ ʨʝʛʽʩʪʨ ʬʘʡʣʫ,  ʤʘʻ ʩʚʦʶ ʚʣʘʩʥʫ ʘʜʨʝʩʫ ʫ 

ʧʨʦʩʪʦʨʽ ʩʪʘʪʠʯʥʦʾ ʧʘʤôʷʪʽ ʜʘʥʠʭ (ʉʇɼ). ʊʦʤʫ ʜʦ ʥʠʭ ʤʦʞʥʘ ʟʚʝʨʪʘʪʠʩʷ ʪʘʢʦʞ ʷʢ 

ʜʦ ʢʦʤʽʨʦʢ ʉʇɼ. 

ʅʘ ʨʠʩ. 3.3 ʥʘʚʝʜʝʥʦ ʨʝʛʽʩʪʨʠ-ʧʦʢʘʞʯʠʢʠ X,Y ʽ Z, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʨʠ ʥʝʧʨʷʤʽʡ ʘʜʨʝʩʘʮʽʾ ʦʧʝʨʘʥʜʽʚ. 

ʈʝʛʽʩʪʨʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʈʝʛʽʩʪʨʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ (ʈɺɺ) ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʪʘʢ ʟʚʘʥʦʤʫ 

ʦʩʥʦʚʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʨʦʟʤʽʨʦʤ 64 ʙʘʡʪʠ. ʋʩʽ ʈɺɺ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʩʣʫʞʙʦʚʽ ʨʝʛʽʩʪʨʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʽ ʨʝʛʽʩʪʨʠ, ʱʦ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʦʨʪʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ. 

ʈʦʟʤʽʨ ʢʦʞʥʦʛʦ ʨʝʛʽʩʪʨʘ ï 8 ʨʦʟʨʷʜʽʚ. 
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ʈʠʩ. 3.1. ʇʨʦʛʨʘʤʥʘ ʤʦʜʝʣʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ
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ʈʠʩ. 3.2. ʉʪʨʫʢʪʫʨʘ ʬʘʡʣʫ ʨʝʛʽʩʪʨʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

15 0

ʈʝʛʽʩʪʨ ʍ7                   0 7                   0

R27 ($1B) R26 ($1A)

15 0

ʈʝʛʽʩʪʨ Y7                   0 7                   0

R29 ($1D) R28 ($1C)

15 0

ʈʝʛʽʩʪʨ Z7                   0 7                   0

R31 ($1F) R30 ($1E)  

ʈʠʩ. 3.3. ʈʝʛʽʩʪʨʠ-ʧʦʢʘʞʯʠʢʠ X,Y ʽ Z 

ʈʦʟʧʦʜʽʣ ʘʜʨʝʩ ʦʩʥʦʚʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʥʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʪʦʤʫ ʱʦ ʨʽʟʥʽ ʤʦʜʝʣʽ ʤʘʶʪʴ ʨʽʟʥʠʡ ʩʢʣʘʜ 

ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʨʝʛʽʩʪʨʽʚ [1; 7]. ʋ ʪʘʙʣ. 3.1, 

ʢ̫ ʧʨʠʢʣʘʜ, ʥʘʚʝʜʝʥʦ ʨʦʟʤʽʱʝʥʥʷ ʚ ʘʜʨʝʩʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʜʝʷʢʠʭ ʈɺɺ, ʩʧʽʣʴʥʠʭ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ. ɯʥʰʽ ʨʝʛʽʩʪʨʠ 

ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʦ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ. 

ʗʢʱʦ ʘʜʨʝʩʫ ʚ ʪʘʙʣʠʮʽ ʥʝ ʟʘʟʥʘʯʝʥʦ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʾʾ ʟʘʨʝʟʝʨʚʦʚʘʥʦ, ʽ ʟʘʧʠʩ 

ʟʘ ʮʽʻʶ ʘʜʨʝʩʦʶ ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ. 
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ʊʘʙʣʠʮʷ 3.1. ʇʨʠʢʣʘʜ ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʅʘʟʚʘ ʌʫʥʢʮʽʷ ɸʜʨʝʩʘ 

 

ACSR ʈʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ʽ ʩʪʘʥʫ ʘʥʘʣʦʛʦʚʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ $08 ($28)* 

ADCH ʈʝʛʽʩʪʨ ʜʘʥʠʭ ɸʎʇ (ʩʪʘʨʰʠʡ ʙʘʡʪ) $05 ($25) 

ADCL ʈʝʛʽʩʪʨ ʜʘʥʠʭ ɸʎʇ (ʤʦʣʦʜʰʠʡ ʙʘʡʪ) $04 ($24) 

ADCSR ʈʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ʽ ʩʪʘʥʫ ɸʎʇ $06 ($26) 

ADMUX  ʈʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ ɸʎʇ $07 ($27) 

DDRB ʈʝʛʽʩʪʨ ʥʘʧʨʷʤʫ ʜʘʥʠʭ ʧʦʨʪʫ ɺ $17 ($37) 

DDRC ʈʝʛʽʩʪʨ ʥʘʧʨʷʤʫ ʜʘʥʠʭ ʧʦʨʪʫ ʉ $14 ($34) 

DDRD ʈʝʛʽʩʪʨ ʥʘʧʨʷʤʫ ʜʘʥʠʭ ʧʦʨʪʫ D $11 ($31) 

EEAR ʈʝʛʽʩʪʨ ʘʜʨʝʩʠ EEPROM $1ɽ($ɿɽ) 

EECR ʈʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ EEPROM $1ʉ($ɿʉ) 

EEDR ʈʝʛʽʩʪʨ ʜʘʥʠʭ EEPROM $10 ($30) 

GIFR ɿʘʛʘʣʴʥʠʡ ʨʝʛʽʩʪʨ ʧʨʘʧʦʨʮʽʚ ʧʝʨʝʨʠʚʘʥʴ $ɿɸ ($5ɸ) 

GIMSK ɿʘʛʘʣʴʥʠʡ ʨʝʛʽʩʪʨ ʤʘʩʢʠ ʧʝʨʝʨʠʚʘʥʴ $ɿɺ ($5ɺ) 

ICR1H ʈʝʛʽʩʪʨ ʟʘʭʦʧʣʝʥʥʷ ʪʘʡʤʝʨʘ/ʣʽʯʠʣʴʥʠʢʘ 1 (ʩʪʘʨʰʠʡ 

ʙʘʡʪ) 

$27 ($47) 

ICR1L ʈʝʛʽʩʪʨ ʟʘʭʦʧʣʝʥʥʷ ʪʘʡʤʝʨʘ/ʣʽʯʠʣʴʥʠʢʘ 1 

(ʤʦʣʦʜʰʠʡ ʙʘʡʪ) 

$26 ($46) 

MCUCR ɿʘʛʘʣʴʥʠʡ ʨʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ $35 ($55) 

OCR1H ʈʝʛʽʩʪʨ ʟʙʽʛʫ ʪʘʡʤʝʨʘ/ʣʽʯʠʣʴʥʠʢʘ 1 (ʩʪʘʨʰʠʡ ʙʘʡʪ) $2ɺ ($4ɺ) 

OCR1L ʈʝʛʽʩʪʨ ʟʙʽʛʫ ʪʘʡʤʝʨʘ/ʣʽʯʠʣʴʥʠʢʘ 1 (ʤʦʣʦʜʰʠʡ 

ʙʘʡʪ) 

$2ɸ ($4ɸ) 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 3.1 

ʅʘʟʚʘ ʌʫʥʢʮʽʷ ɸʜʨʝʩʘ 

 

PINB ɺʠʚʦʜʠ ʧʦʨʪʫ ɺ $16 ($36) 

PINC ɺʠʚʦʜʠ ʧʦʨʪʫ ʉ $13 ($33) 

FIND ɺʠʚʦʜʠ ʧʦʨʪʫ D $10 ($30) 

PORTC ʈʝʛʽʩʪʨ ʜʘʥʠʭ ʧʦʨʪʫ ʉ $15 ($35) 

PORTD ʈʝʛʽʩʪʨ ʜʘʥʠʭ ʧʦʨʪʫ D $12 ($32) 

SP ʇʦʢʘʞʯʠʢ ʩʪʝʢʘ $3D ($5D) 

SPCR ʈʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ SPI $00 ($20) 

SPDR ʈʝʛʽʩʪʨ ʜʘʥʠʭ SPI $0F ($2F) 

SPSR ʈʝʛʽʩʪʨ ʩʪʘʥʫ SPI $0ɽ ($2ɽ) 

SREG ʈʝʛʽʩʪʨ ʩʪʘʥʫ $3F ($5F) 

TCCR0 ʈʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ʪʘʡʤʝʨʦʤ/ʣʽʯʠʣʴʥʠʢʦʤ 0 $33 ($53) 

TCCR1A ʈʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ɸ ʪʘʡʤʝʨʦʤ/ʣʽʯʠʣʴʥʠʢʦʤ 1 $2F ($4F) 

TCCR1B ʈʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ɺ ʪʘʡʤʝʨʦʤ/ʣʽʯʠʣʴʥʠʢʦʤ 1 $2ɽ($4ɽ) 

TCNT0 ʃʽʯʠʣʴʥʠʡ ʨʝʛʽʩʪʨ ʪʘʡʤʝʨʘ/ʣʽʯʠʣʴʥʠʢʘ 0               

(8-ʨʦʟʨʷʜʥʠʡ) 

$32($52) 

TCNT1H ʃʽʯʠʣʴʥʠʡ ʨʝʛʽʩʪʨ ʪʘʡʤʝʨʘ/ʣʽʯʠʣʴʥʠʢʘ 1 (ʩʪʘʨʰʠʡ 

ʙʘʡʪ) 

$2D ($4D) 

TCNT1L ʃʽʯʠʣʴʥʠʡ ʨʝʛʽʩʪʨ ʪʘʡʤʝʨʘ/ʣʽʯʠʣʴʥʠʢʘ 1 

(ʤʦʣʦʜʰʠʡ ʙʘʡʪ) 

$2ʉ ($4ʉ) 

TIFR ʈʝʛʽʩʪʨ ʧʨʘʧʦʨʮʽʚ ʧʝʨʝʨʠʚʘʥʴ ʚʽʜ 

ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ 

$38 ($58) 

TIMSK ʈʝʛʽʩʪʨ ʤʘʩʢʠ ʧʝʨʝʨʠʚʘʥʴ ʚʽʜ ʪʘʡʤʝʨʽʚ/ʣʽʯʠʣʴʥʠʢʽʚ $39($59) 

UBRR ʈʝʛʽʩʪʨ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ UART (ʤʦʣʦʜʰʠʡ ʙʘʡʪ) $09 ($29) 

UBRRHI ʈʝʛʽʩʪʨ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ UART (ʩʪʘʨʰʠʡ ʙʘʡʪ) $03 ($23) 

UCR ʈʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ UART $0ɸ ($2ɸ) 

UDR ʈʝʛʽʩʪʨ ʜʘʥʠʭ UART $0C ($2C) 

USR ʈʝʛʽʩʪʨ ʩʪʘʥʫ UART $0B ($2B) 

WDTCR ʈʝʛʽʩʪʨ ʢʝʨʫʚʘʥʥʷ ʚʘʨʪʦʚʠʤ ʪʘʡʤʝʨʦʤ $21 ($41) 

* ʋ ʜʫʞʢʘʭ ʫʢʘʟʘʥʦ ʘʜʨʝʩʠ ʈɺɺ, ʷʢʱʦ ʚʦʥʠ ʘʜʨʝʩʫʶʪʴʩʷ ʷʢ ʢʦʤʽʨʢʠ 

ʩʪʘʪʠʯʥʦʾ ʧʘʤôʷʪʽ ʜʘʥʠʭ.  

ɼʦ ʙʫʜʴ-ʷʢʦʛʦ ʨʝʛʽʩʪʨʘ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʤʦʞʥʘ ʟʚʝʨʥʫʪʠʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜ IN ʽ OUT, ʱʦ ʚʠʢʦʥʫʶʪʴ ʧʝʨʝʩʠʣʘʥʥʷ ʜʘʥʠʭ ʤʽʞ ʦʜʥʠʤ ʟ              

ʪʨʠʜʮʷʪʠʜʚʦʭ ʈɿʇ ʪʘ ʈɺɺ. ɺ ʯʦʪʠʨʴʦʭ ʢʦʤʘʥʜʘʭ ʧʦʨʦʟʨʷʜʥʦʛʦ ʜʦʩʪʫʧʫ, 
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ʦʧʝʨʘʥʜʘʤʠ ʻ ʨʝʛʽʩʪʨʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ: ʢʦʤʘʥʜʠ ʚʩʪʘʥʦʚʣʝʥʥʷ/ʩʢʠʜʘʥʥʷ 

ʦʢʨʝʤʦʛʦ ʨʦʟʨʷʜʫ ʈɺɺ ï SBI ʪʘ CBI ʽ ʢʦʤʘʥʜʠ ʧʝʨʝʚʽʨʢʠ ʩʪʘʥʫ ʦʢʨʝʤʦʛʦ ʨʦʟʨʷʜʫ 

ï SBIS ʽ SBIC. ʆʩʪʘʥʥʽ ʯʦʪʠʨʠ ʢʦʤʘʥʜʠ ʤʦʞʫʪʴ ʟʚʝʨʪʘʪʠʩʷ ʪʽʣʴʢʠ ʜʦ ʧʝʨʰʦʾ 

ʧʦʣʦʚʠʥʠ ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ï ʘʜʨʝʩʠ $00...$1F. 

ɼʦ ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʤʦʞʥʘ ʟʚʝʨʪʘʪʠʩʷ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ:  

- ʢʦʤʘʥʜʘʤʠ IN ʽ OUT; 

- ʢʦʤʘʥʜʘʤʠ ʨʦʙʦʪʠ ʟ ʉʇɼ. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʜʨʝʩʠ ʈɺɺ, ʱʦ ʥʘʣʝʞʘʪʴ 

ʦʩʥʦʚʥʦʤʫ ʧʨʦʩʪʦʨʫ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ï $00...$3F. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʘʜʨʝʩʫ 

ʧʨʦʩʪʦʨʫ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʈɺɺ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʥʘ $20. ɼʘʣʽ ʧʨʠ 

ʥʘʚʝʜʝʥʥʽ ʘʜʨʝʩ ʈɺɺ ʧʩ̔ʣʷ ʘʜʨʝʩʠ ʧʨʦʩʪʦʨʫ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʚ ʜʫʞʢʘʭ 

ʚʢʘʟʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʘʜʨʝʩʠ ʢʦʤʽʨʦʢ ʉʇɼ, ʷʢʘ ʚʢʣʶʯʘʻ: ʈɿʇ, ʈɺɺ ʪʘ ʉʆɿʇ. 

ʅʠʞʯʝ ʨʦʟʛʣʷʥʫʪʦ ʜʝʷʢʽ ʩʣʫʞʙʦʚʽ ʨʝʛʽʩʪʨʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʘʜʨʝʩʠ ʷʢʠʭ, 

ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʤʦʜʝʣʽ ʜʦ ʤʦʜʝʣʽ. ʅʘʧʨʠʢʣʘʜ, ʨʝʛʽʩʪʨ SREG ʟʘʚʞʜʠ 

ʨʦʟʪʘʰʦʚʘʥʦ ʟʘ ʘʜʨʝʩʦʶ $3F ($5F), ʨʝʛʽʩʪʨ GIMSK ï ʟʘ ʘʜʨʝʩʦʶ $ɿɺ ($5ɺ) ʽ ʪ. ʽʥ.  

ʈʝʛʽʩʪʨ ʩʪʘʥʫ SREG 

ʈʝʛʽʩʪʨ ʩʪʘʥʫ SREG ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʧʨʘʧʦʨʮʽʚ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʧʦʪʦʯʥʠʡ 

ʩʪʘʥ ʧʨʦʛʨʘʤʠ, ʷʢʫ ʚʠʢʦʥʫʻ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ. ʎʽ ʧʨʘʧʦʨʮʽ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʦʜʠʥʠʮʶ, ʘʙʦ ʩʢʠʜʘʶʪʴʩʷ ʚ ʥʫʣʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʫ 

ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ʧʨʘʧʦʨʮʽʚ. ʋʩʽ ʨʦʟʨʷʜʠ ʮʴʦʛʦ ʨʝʛʽʩʪʨʘ 

ʜʦʩʪʫʧʥʽ ʷʢ ʜʣʷ ʯʠʪʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʟʘʧʠʩʫ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʇʽʩʣʷ ʩʢʠʜʘʥʥʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚʩʽ ʨʦʟʨʷʜʠ ʨʝʛʽʩʪʨʘ ʩʢʠʜʘʶʪʴʩʷ ʚ ʥʫʣʴ. ɺʤʽʩʪ ʮʴʦʛʦ ʨʝʛʽʩʪʨʘ ʪʘ 

ʡʦʛʦ ʦʧʠʩ ʥʘʚʝʜʝʥʦ ʚʠʱʝ ʫ 2.3. 

ʈʝʛʽʩʪʨ-ʧʦʢʘʞʯʠʢ ʩʪʝʢʘ SP  

ʋ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ, ʷʢʽ ʤʘʶʪʴ ʻʤʥʽʩʪʴ ʉʆɿʇ ʜʦ 256 ʙʘʡʪ, ʧʦʢʘʞʯʠʢ ʩʪʝʢʘ 

ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʦʜʥʦʤʫ ʨʝʛʽʩʪʨʽ SPL (SP), ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʦ ʟʘ ʘʜʨʝʩʦʶ $3D ($5D). 

ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʧʦʢʘʞʯʠʢ ʩʪʝʢʘ ʚʠʢʦʥʘʥʦ ʥʘ ʧʘʨʽ ʨʝʛʽʩʪʨʽʚ SPH:SPL, ʷʢʽ 

ʚʽʜʧʦʚʽʜʥʦ ʤʘʶʪʴ ʘʜʨʝʩʠ: $ɿɽ ($5ɽ) ʽ $3D ($5D). ʋʩʽ ʨʦʟʨʷʜʠ ʮʠʭ ʨʝʛʽʩʪʨʽʚ 

ʜʦʩʪʫʧʥʽ ʷʢ ʜʣʷ ʯʠʪʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʟʘʧʠʩʫ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʇʽʩʣʷ ʩʢʠʜʘʥʥʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚʤʽʩʪ ʨʝʛʽʩʪʨʽʚ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʊʦʤʫ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʛʨʘʤʠ 

ʧʦʢʘʞʯʠʢ ʩʪʝʢʘ ʪʨʝʙʘ ʟʘʚʘʥʪʘʞʠʪʠ ʚʽʜʧʦʚʽʜʥʠʤ ʟʥʘʯʝʥʥʷʤ ï ʷʢ ʧʨʘʚʠʣʦ, ʮʝ 

ʥʘʡʙʽʣʴʰʘ ʘʜʨʝʩʘ ʉʇɼ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

ʈʝʛʽʩʪʨ ʩʪʘʥʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ MCUSR  

ʈʝʛʽʩʪʨ ʩʪʘʥʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʤʽʩʪʠʪʴ ʧʨʘʧʦʨʮʽ, ʩʪʘʥ ʷʢʠʭ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʧʨʠʯʠʥʫ, ʯʝʨʝʟ ʷʢʫ ʚʽʜʙʫʣʦʩʷ ʩʢʠʜʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ [1; 7]. ʈʝʛʽʩʪʨ 

ʨʦʟʪʘʰʦʚʘʥʦ ʟʘ ʘʜʨʝʩʦʶ $34 ($54). 
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3.4. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʚʝʻʨʘ 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽ ʾ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʧʨʦʛʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʦʨʽʚʥʝʚʠʡ ʢʦʥʚʝʻʨ (ʨʠʩ. 3.4).  

  

ʈʠʩ. 3.4. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ ʫ ʢʦʥʚʝʻʨʽ 

ʇʽʜ ʯʘʩ ʧʝʨʰʦʛʦ ʤʘʰʠʥʥʦʛʦ ʮʠʢʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʙʽʨʢʘ ʢʦʤʘʥʜʠ ʟ ʧʘʤôʷʪʽ 

ʧʨʦʛʨʘʤ ʪʘ ʾʾ ʜʝʢʦʜʫʚʘʥʥʷ.  

ʋ ʥʘʩʪʫʧʥʦʤʫ ʮʠʢʣ ̔ʮʷ ʢʦʤʘʥʜʘ ʚʠʢʦʥʫʻʪʴʩʷ ʽ ʧʘʨʘʣʝʣʴʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʠʙʽʨʢʘ ʽ ʜʝʢʦʜʫʚʘʥʥʷ ʜʨʫʛʦʾ ʢʦʤʘʥʜʠ ʽ ʪʘʢ ʜʘʣʽ. ʌʘʢʪʠʯʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʙʽʣʴʰʦʩʪʽ ʢʦʤʘʥʜ ʜʦʨʽʚʥʶʻ ʦʜʥʦʤʫ ʤʘʰʠʥʥʦʤʫ ʮʠʢʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʦ 1 MIPS (Million Instructions Per Second) ʥʘ ʦʜʠʥ ʤʝʛʘʛʝʨʮ 

ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ. 

ɿʘʚʜʷʢʠ ʧʽʜʢʣʶʯʝʥʥʶ ɸʃʇ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʨʝʛʽʩʪʨʦʚʦʛʦ ʬʘʡʣʫ (ʈɿʇ) ʚʽʥ 

ʚʠʢʦʥʫʻ ʦʜʥʫ ʢʦʤʘʥʜʫ ï ʯʠʪʘʥʥʷ ʚʤʽʩʪʫ ʜʚʦʭ ʨʝʛʽʩʪʨʽʚ, ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʽ ʟʘʧʠʩ 

ʨʝʟʫʣʴʪʘʪʫ ʚ ʨʝʛʽʩʪʨ-ʧʨʠʡʤʘʯ ʟʘ ʦʜʠʥ ʪʘʢʪ (ʨʠʩ. 3.5).  

 

ʈʠʩ. 3.5. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ɸʃʇ 

ɿʚʝʨʥʝʥʥʷ ʜʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʉʆɿʇ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʚʘ ʪʘʢʪʠ [1; 7]. 

ɺʠʱʝ ʙʫʣʦ ʦʧʠʩʘʥʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ ʧʨʦʛʨʘʤʠ ʚ 

ʽʜʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ. ʆʜʥʘʢ ʚ ʜʽʡʩʥʦʩʪʽ ʜʫʞʝ ʯʘʩʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʫʰʝʥʥʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʨʷʜʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʚʝʻʨʘ. ʇʨʠʢʣʘʜʦʤ ʢʦʤʘʥʜ, ʱʦ 

ʚʠʢʣʠʢʘʶʪʴ ʪʘʢʝ ʧʦʨʫʰʝʥʥʷ, ʻ ʢʦʤʘʥʜʠ ʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʘ ʪʘʢʦʞ ʢʦʤʘʥʜʠ ʪʠʧʫ 

çʧʝʨʝʚʽʨʢʘ/ʧʨʦʧʫʩʢè ï ʧʨʦʧʫʩʢʘʶʪʴ ʥʘʩʪʫʧʥʫ ʢʦʤʘʥʜʫ, ʷʢʱʦ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʚʽʨʢʠ 
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ʧʦʟʠʪʠʚʥʠʡ. ʗʢʱʦ ʫʤʦʚʘ, ʱʦ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʢʦʤʘʥʜʦʶ ʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ, 

ʽʩʪʠʥʥʘ, ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʧʦʚʠʥʥʦ ʧʨʦʜʦʚʞʫʚʘʪʠʩʴ ʟ ʜʝʷʢʦʾ ʽʥʰʦʾ ʘʜʨʝʩʠ. 

ʆʩʢʽʣʴʢʠ ʚ ʢʦʥʚʝʻʨʽ ʫʞʝ ʚʽʜʙʫʣʘʩʷ ʚʠʙʽʨʢʘ ʢʦʤʘʥʜʠ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʧʽʩʣʷ ʢʦʤʘʥʜʠ 

ʧʝʨʝʭʦʜʫ, ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ ʧʝʨʝʭʦʜʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʦʜʠʥ ʤʘʰʠʥʥʠʡ ʮʠʢʣ, 

ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʙʽʨʢʘ ʢʦʤʘʥʜʠ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʟʘ ʘʜʨʝʩʦʶ ʧʝʨʝʭʦʜʫ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʤʘʥʜ ʪʠʧʫ çʧʝʨʝʚʽʨʢʘ/ʧʨʦʧʫʩʢè, ʥʘʩʪʫʧʥʘ ʢʦʤʘʥʜʘ ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʨʘʟʽ ʽʩʪʠʥʥʦʩʪʽ ʫʤʦʚʠ, ʷʢʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ. ʆʜʥʘʢ ʚʠʙʽʨʢʘ ʢʦʤʘʥʜʠ, 

ʱʦ ʧʨʦʧʫʩʢʘʻʪʴʩʷ, ʫʞʝ ʚʽʜʙʫʣʘʩʷ. ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʢʦʤʘʥʜʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʫ 

ʢʦʥʚʝʻʨʽ ʫʪʚʦʨʠʪʴʩʷ çʜʽʨʢʘè, ʱʦ ʧʦʣʷʛʘʻ ʚ ʧʨʦʧʫʩʢʫ ʦʜʥʦʛʦ ʘʙʦ ʜʚʦʭ (ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʢʦʤʘʥʜʠ, ʱʦ ʧʨʦʧʫʩʢʘʻʪʴʩʷ) ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ. ɺʽʜʧʦʚʽʜʥʦ, ʢʦʤʘʥʜʠ ʪʠʧʫ 

çʧʝʨʝʚʽʨʢʘ/ʧʨʦʧʫʩʢè ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʦʜʠʥ ʤʘʰʠʥʥʠʡ ʮʠʢʣ, ʷʢʱʦ ʨʝʟʫʣʴʪʘʪ 

ʧʝʨʝʚʽʨʢʠ ʫʤʦʚʠ ʥʝʛʘʪʠʚʥʠʡ, ʽ ʟʘ ʜʚʘ ʘʙʦ ʪʨʠ ʮʠʢʣʠ, ʷʢʱʦ ʚʽʥ ʧʦʟʠʪʠʚʥʠʡ. 

ʂʦʤʘʥʜʠ ʙʝʟʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ ï JMP, RJMP ʽ IJMP, ʢʦʤʘʥʜʠ ʚʠʢʣʠʢʫ 

ʧʽʜʧʨʦʛʨʘʤ ï CALL, RCALL ʽ ICALL ʽ ʢʦʤʘʥʜʠ ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤ ï RET ʽ 

RETI ʪʘʢʦʞ ʟʤʽʥʶʶʪʴ ʚʤʽʩʪ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ ï PC, ʱʦ ʚʠʢʣʠʢʘ ̒ʧʝʨʝʭʽʜ ʫ 

ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʢʦʤʘʥʜ ʚʽʜʙʫʚʘʻʪʴʩʷ çʨʦʟʨʠʚè ʫ 

ʨʦʙʦʪʽ ʢʦʥʚʝʻʨʘ, ʫ ʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʠʥʠʢʘʻ ʟʘʪʨʠʤʢʘ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʥʘ 

ʜʝʢʽʣʴʢʘ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʤʘʥʜʠ ʪʨʠʚʘʣʽʩʪʴ ʟʘʪʨʠʤʢʠ 

ʩʪʘʥʦʚʠʪʴ ʚʽʜ ʜʚʦʭ ʜʦ ʯʦʪʠʨʴʦʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ. 

ɿ ʪʽʻʾ ʞ ʧʨʠʯʠʥʠ ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʚʝʻʨʘ 

ʚʜ̔ʙʫʚʘʻʪʴʩʷ ʽ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʝʨʝʨʠʚʘʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʘ ʟʘʪʨʠʤʢʘ ʧʨʠ ʮʴʦʤʫ 

ʩʪʘʥʦʚʠʪʴ 4 ʤʘʰʠʥʥʠʭ ʮʠʢʣʠ. 

3.5. ʃʽʯʠʣʴʥʠʢ ʢʦʤʘʥʜ 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʨʝʛʽʩʪʨʽʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʻ ʣʽʯʠʣʴʥʠʢ ʢʦʤʘʥʜ (Program 

Counter) ï PC. ʎʝʡ ʨʝʛʽʩʪʨ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʨʦʛʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫ̒ ʪʴʩʷ ʜʣʷ 

ʘʜʨʝʩʘʮʽʾ ʢʦʤʽʨʦʢ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ.  

ʇʽʩʣʷ ʫʚʽʤʢʥʝʥʥʷ ʞʠʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʽʩʣʷ ʩʢʠʜʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚ 

ʣʽʯʠʣʴʥʠʢ ʧʨʦʛʨʘʤ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ $000. ɿʘ ʮʽʻʶ ʘʜʨʝʩʦʶ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʢʦʤʘʥʜʘ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʭʦʜʫ ʜʦ ʯʘʩʪʠʥʠ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʚʠʢʦʥʫʻ 

ʽʥʽʮʽʘʣʽʟʘʮʽʶ, ï RJMP. 

ʈʦʟʤʽʨ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ ʟʘʣʝʞʠʪʴ ʚʽʜ ʻʤʥʦʩʪʽ ʘʜʨʝʩʦʚʘʥʦʾ ʧʘʤôʷʪʽ. ʇʨʠ 

ʥʦʨʤʘʣʴʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʧʨʦʛʨʘʤʠ ʚʤʽʩʪ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ ʘʚʪʦʤʘʪʠʯʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 1, ʘʙʦ ʥʘ 2 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ʚʠʢʦʥʫʚʘʥʦʾ ʢʦʤʘʥʜʠ. ʎʝʡ 

ʧʦʨʷʜʦʢ ʧʦʨʫʰʫʻʪʴʩʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʤʘʥʜ ʧʝʨʝʭʦʜʫ, ʚʠʢʣʠʢʫ ʽ ʧʦʚʝʨʥʝʥʥʷ ʟ 

ʧʽʜʧʨʦʛʨʘʤ, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʝʨʝʨʠʚʘʥʴ. ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʝʨʝʨʠʚʘʥʥʷ ʚ 

ʣʽʯʠʣʴʥʠʢ ʢʦʤʘʥʜ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʘʜʨʝʩʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʝʢʪʦʨʘ ʧʝʨʝʨʠʚʘʥʥʷ ï 

$001...$010. ʗʢʱʦ ʧʝʨʝʨʠʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʛʨʘʤʽ, ʟʘ ʮʠʤʠ ʘʜʨʝʩʘʤʠ 
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ʧʦʚʠʥʥʽ ʨʦʟʤʽʱʘʪʠʩʷ ʢʦʤʘʥʜʠ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʭʦʜʫ ʜʦ ʧʽʜʧʨʦʛʨʘʤ ʦʙʨʦʙʢʠ 

ʧʝʨʝʨʠʚʘʥʴ.  

 ɼʦʩʪʫʧ ʽʟ ʧʨʦʛʨʘʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ ʥʝ ʤʦʞʣʠʚʠʡ. 

3.6. ʉʧʦʩʦʙʠ ʘʜʨʝʩʘʮʽʾ ʦʧʝʨʘʥʜʽʚ 

ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ 

AVR-ʤ̔ ʢʨʦʢʦʥʪʨʦʣʝʨʠ ʧʽʜʪʨʠʤʫʶʪʴ ʥʘʚʝʜʝʥ ̔ ʥʠʞʯʝ ʩʧʦʩʦʙʠ ʘʜʨʝʩʘʮʽʾ 

ʦʧʝʨʘʥʜʽʚ ï ʜʘʥʠʭ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʦʧʝʨʘʮʽʷʭ:  

- ʥʝʷʚʥʘ;  

- ʙʝʟʧʦʩʝʨʝʜʥʷ;  

- ʧʨʷʤʘ;  

- ʥʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʾ.  

ɼʝʷʢʽ ʩʧʦʩʦʙʠ ʘʜʨʝʩʘʮʽʾ ʤʘʶʪʴ ʢʽʣʴʢʘ ʨʽʟʥʦʚʠʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʜʦ 

ʷʢʦʾ ʦʙʣʘʩʪʽ ʧʘʤôʷʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʚʝʨʥʝʥʥʷ ï ʧʨʠ ʧʨʷʤʽʡ ʘʜʨʝʩʘʮʽʾ,  ʘʙʦ ʷʢʽ 

ʜʦʜʘʪʢʦʚʽ ʜʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʜ ʽʥʜʝʢʩʥʠʤ ʨʝʛʽʩʪʨʦʤ ï ʧʨʠ ʥʝʧʨʷʤʽʡ ʘʜʨʝʩʘʮʽʾ. 

ʅʝʷʚʥʘ ʘʜʨʝʩʘʮʽʷ 

ʇʨʠ ʥʝʷʚʥʽʡ ʘʜʨʝʩʘʮʽʾ ʚ ʢʦʤʘʥʜʽ ʚʽʜʩʫʪʥʷ ʘʜʨʝʩʘ ʦʧʝʨʘʥʜʘ ʚ ʷʚʥʦʤʫ 

ʚʠʛʣʷʜʽ. ɯʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʪʨʽʙʥʫ ʘʜʨʝʩʫ ʦʧʝʨʘʥʜʘ ʢʦʥʪʨʦʣʝʨ ʦʪʨʠʤʫʻ ʟ ʢʦʜʫ 

ʦʧʝʨʘʮʽʾ ʢʦʤʘʥʜʠ, ʪʦʙʪʦ ʢʘʞʫʪʴ, ʱʦ ʦʧʝʨʘʥʜ ʘʜʨʝʩʫʻʪʴʩʷ ʥʝʷʚʥʦ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, 

ʤʦʞʫʪʴ ʘʜʨʝʩʫʚʘʪʠʩʷ ʦʢʨʝʤʽ ʧʨʘʧʦʨʮʽ ʨʝʛʽʩʪʨʘ ʩʪʘʥʫ ʚ ʢʦʤʘʥʜʘʭ ʪʠʧʫ BRTS k; 

BRVS k; BRPL k ʽ ʪ. ʽʥ. 

ɹʝʟʧʦʩʝʨʝʜʥʷ ʘʜʨʝʩʘʮʽʷ 

ʇʨʠ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʘʜʨʝʩʘʮʽʾ ʦʧʝʨʘʥʜ ʚʭʦʜʠʪʴ ʚ ʩʘʤʫ ʢʦʤʘʥʜʫ ʪʘ ʯʠʪʘʻʪʴʩʷ 

ʽʟ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʫ ʩʢʣʘʜʽ ʤʘʰʠʥʥʦʛʦ ʢʦʜʫ ʢʦʤʘʥʜʠ. ʎʝ, ʥʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʠ     

ADIW Rd, K6 (K6 = 6 ʙʽʪ); SBCI Rd*, K (K = 8ʙʽʪ) ʽ ʪ. ʽʥ.  

ʇʨʷʤʘ ʘʜʨʝʩʘʮʽʷ 

ʇʨʠ ʧʨʷʤʽʡ ʘʜʨʝʩʘʮʽʾ ʘʜʨʝʩʠ ʦʧʝʨʘʥʜʽʚ ʤʽʩʪʷʪʴʩʷ ʫ ʤʘʰʠʥʥʦʤʫ ʢʦʜ̔ 

ʢʦʤʘʥʜʠ. ʎʷ ʘʜʨʝʩʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʚʝʨʥʝʥʥʷ ʜʦ ʢʦʤʽʨʦʢ ʉʇɼ. ʋ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʾʾ ʩʪʨʫʢʪʫʨʠ ʽʩʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʨʽʟʥʦʚʠʜʠ ʧʨʷʤʦʾ ʘʜʨʝʩʘʮʽʾ: ʧʨʷʤʘ 

ʘʜʨʝʩʘʮʽʷ ʦʜʥʦʛʦ ʈɿʇ, ʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʜʚʦʭ ʈɿʇ, ʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʈɺɺ, ʧʨʷʤʘ 

ʘʜʨʝʩʘʮʽʷ ʚʩʽʻʾ ʉʇɼ ï ʈɿʇ, ʈɺɺ ʪʘ ʉʆɿʇ. 

ʇʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʦʜʥʦʛʦ ʨʝʛʽʩʪʨʘ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʎʝʡ ʩʧʦʩʽʙ ʘʜʨʝʩʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʤʘʥʜʘʭ, ʱʦ ʦʧʝʨʫʶʪʴ ʟ ʦʜʥʠʤ ʟ 

ʨʝʛʽʩʪʨʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʘʜʨʝʩʘ ʨʝʛʽʩʪʨʘ-ʦʧʝʨʘʥʜʘ (ʡʦʛʦ 

ʥʦʤʝʨ) ʤʽʩʪʠʪʴʩʷ ʚ ʨʦʟʨʷʜʘʭ 8...4 (5 ʙʽʪ) ʤʘʰʠʥʥʦʛʦ ʢʦʜʫ ʢʦʤʘʥʜʠ (ʨʠʩ. 3.7). 
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d/r- ʘʜʨʝʩʘ ʈɿʇ (ʧʨʠʡʤʘʯ (d)/ʜʞʝʨʝʣʦ(r))

 

ʈʠʩ. 3.7. ʇʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʦʜʥʦʛʦ ʨʝʛʽʩʪʨʘ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʇʨʠʢʣʘʜʦʤ ʢʦʤʘʥʜ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʝʡ ʩʧʦʩʽʙ ʘʜʨʝʩʘʮʽʾ, ʻ ʢʦʤʘʥʜʠ 

ʨʦʙʦʪʠ ʟʽ ʩʪʝʢʦʤ ï PUSH, POP, ʢʦʤʘʥʜʠ ʽʥʢʨʝʤʝʥʪʫ ï INC, ʜʝʢʨʝʤʝʥʪʫ ï DEC, ʘ 

ʪʘʢʦʞ ʜʝʷʢʽ ʢʦʤʘʥʜʠ ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʇʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʜʚʦʭ ʨʝʛʽʩʪʨʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʎʝʡ ʩʧʦʩʽʙ ʘʜʨʝʩʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʤʘʥʜʘʭ, ʱʦ ʦʧʝʨʫʶʪʴ 

ʦʜʥʦʯʘʩʥʦ ʜʚʦʤʘ ʨʝʛʽʩʪʨʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʘʜʨʝʩʘ            

ʨʝʛʽʩʪʨʘ-ʜʞʝʨʝʣʘ ʤʽʩʪʠʪʴʩʷ ʚ ʨʦʟʨʷʜʘʭ 9, 3...0 (5 ʙʽʪ), ʘ ʘʜʨʝʩʘ ʨʝʛʽʩʪʨʘ-ʧʨʠʡʤʘʯʘ 

ʚ ʨʦʟʨʷʜʘʭ 8...4 (5 ʙʽʪ) ʤʘʰʠʥʥʦʛʦ ʢʦʜʫ ʢʦʤʘʥʜʠ (ʨʠʩ. 3.8). 

ɼʦ ʢʦʤʘʥʜ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʝʡ ʩʧʦʩʽʙ ʘʜʨʝʩʘʮʽʾ, ʥʘʣʝʞʠʪʴ ʢʦʤʘʥʜʘ 

ʧʝʨʝʩʠʣʘʥʥʷ ʜʘʥʠʭ ʟ ʦʜʥʦʛʦ ʈɿʇ ʫ ʜʨʫʛʠʡ ï MOV, ʘ ʪʘʢʦʞ ʙʽʣʴʰʽʩʪʴ ʢʦʤʘʥʜ 

ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ɼʝʷʢʽ ʢʦʤʘʥʜʠ ʤʘʶʪʴ ʪʽʣʴʢʠ ʦʜʠʥ ʨʝʛʽʩʪʨ-ʦʧʝʨʘʥʜ, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʮʝʡ ʩʧʦʩʽʙ ʘʜʨʝʩʘʮʽʾ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʦʡ ʩʘʤʠʡ ʨʝʛʽʩʪʨ ʻ ʜʞʝʨʝʣʦʤ ʽ ʧʨʠʡʤʘʯʝʤ. 

ʗʢ ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʢʦʤʘʥʜʫ ʦʯʠʱʝʥʥʷ ʨʝʛʽʩʪʨʘ ï CLR Rd, ʷʢʘ ʚʠʢʦʥʫʻ 

ʦʧʝʨʘʮʽʶ çʚʠʢʣʶʯʥʝ ɸɹʆè ʨʝʛʽʩʪʨʘ ʽʟ ʩʘʤʠʤ ʩʦʙʦʶ ï EOR Rd, Rd.  
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d/r- ʘʜʨʝʩʘ ʈɿʇ (ʧʨʠʡʤʘʯ (d)/ʜʞʝʨʝʣʦ(r))

 

ʈʠʩ. 3.8. ʇʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʜʚʦʭ ʨʝʛʽʩʪʨʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 
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ʇʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʨʝʛʽʩʪʨʘ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʎʝʡ ʩʧʦʩʽʙ ʘʜʨʝʩʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʘʥʜʘʤʠ ʧʝʨʝʩʠʣʘʥʥʷ ʜʘʥʠʭ ʤʽʞ 

ʨʝʛʽʩʪʨʦʤ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʽ ʈɿʇ (ʨʝʛʽʩʪʨʦʚʠʤ ʬʘʡʣʦʤ) ï IN ʽ OUT. ʋ ʮʴʦʤʫ 

ʨʘʟʽ ʘʜʨʝʩʘ ʨʝʛʽʩʪʨʘ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʤʽʩʪʠʪʴʩʷ ʚ ʨʦʟʨʷʜʘʭ 10, 9, 3...0 ï 6 ʙʽʪ, ʘ 

ʘʜʨʝʩʘ ʈɿʇ ï ʫ ʨʦʟʨʷʜʘʭ 8...4 ï 5 ʙʽʪ ʤʘʰʠʥʥʦʛʦ ʢʦʜʫ ʢʦʤʘʥʜʠ (ʨʠʩ. 3.9). 

 

ʈʠʩ. 3.9. ʇʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʇʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʩʪʘʪʠʯʥʦʾ ʧʘʤôʷʪʽ ʜʘʥʠʭ  

ʎʝʡ ʩʧʦʩʽʙ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʟʚʝʨʥʝʥʥʽ ʜʦ ʚʩʴʦʛʦ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʩʪʘʪʠʯʥʦʾ ʧʘʤôʷʪʽ ʜʘʥʠʭ, ʷʢʘ ʚʢʣʶʯʘʻ: ʈɿʇ, ʈɺɺ ʪʘ ʉʆɿʇ.  

ɭ ʪʽʣʴʢʠ ʜʚʽ ʢʦʤʘʥʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʝʡ ʩʧʦʩʽʙ ʘʜʨʝʩʘʮʽʾ. ʎʝ ʢʦʤʘʥʜʠ 

ʧʝʨʝʩʠʣʘʥʥʷ ʙʘʡʪʘ ʤʽʞ ʦʜʥʠʤ ʟ ʈɿʇ ʽ ʢʦʤʽʨʢʦʶ ʉʇɼ ï LDS ʽ STS. ʂʦʞʥʘ ʟ ʮʠʭ 

ʢʦʤʘʥʜ ʟʘʡʤʘʻ ʚ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʜʚʘ ʩʣʦʚʘ (32 ʙʽʪʠ). ʋ ʧʝʨʰʦʤʫ ʩʣʦʚʽ ʤʽʩʪʠʪʴʩʷ 

ʢʦʜ ʦʧʝʨʘʮʽʾ ʪʘ ʘʜʨʝʩʘ ʨʝʛʽʩʪʨʘ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʫ ʨʦʟʨʷʜʘʭ ʟ 8-ʛʦ ʧʦ 4-ʡ). 

ʋ ʜʨʫʛʦʤʫ ʩʣʦʚʽ ʤʽʩʪʠʪʴʩʷ ʘʜʨʝʩʘ ʢʦʤʽʨʢʠ ʧʘʤôʷʪʽ, ʜʦ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʚʝʨʥʝʥʥʷ 

(ʨʠʩ. 3.10). 

d/r- ʘʜʨʝʩʘ ʈɿʇ (ʧʨʠʡʤʘʯ (d)/ʜʞʝʨʝʣʦ(r))

 

ʈʠʩ. 3.10. ʇʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʩʪʘʪʠʯʥʦʾ ʧʘʤ`ʷʪʽ ʜʘʥʠʭ 

ʋ ʉʇɼ ʟʘ ʘʜʨʝʩʘʤʠ $00...$1F ʨʦʟʪʘʰʦʚʘʥʦ ʨʝʛʽʩʪʨʠ ʟʘʛʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʟʘ ʘʜʨʝʩʘʤʠ $20...$5F ï ʨʝʛʽʩʪʨʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ, ʘ ʟʘ ʘʜʨʝʩʘʤʠ 

$60...$ FF ï ʉʆɿʇ. 
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ʅʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ 

ʇʨʠ ʥʝʧʨʷʤʽʡ ʘʜʨʝʩʘʮʽʾ ʘʜʨʝʩʘ ʢʦʤʽʨʢʠ ʩʪʘʪʠʯʥʦʾ ʧʘʤôʷʪʽ ʜʘʥʠʭ ʤʽʩʪʠʪʴʩʷ 

ʚ ʦʜʥʦʤʫ ʟ ʽʥʜʝʢʩʥʠʭ ʨʝʛʽʩʪʨʽʚ X, Y ʽ Z. 

ɭ ʥʘʩʪʫʧʥʽ ʨʽʟʥʦʚʠʜʠ ʥʝʧʨʷʤʦʾ ʘʜʨʝʩʘʮʽʾ:  

- ʧʨʦʩʪʘ ʥʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ;  

- ʚʽʜʥʦʩʥʘ ʥʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ;  

- ʥʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʟ ʧʝʨʝʜʜʝʢʨʝʤʝʥʪʦʤ; 

- ʥʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʟ ʧʦʩʪʽʥʢʨʝʤʝʥʪʦʤ. 

ʇʨʦʩʪʘ ʥʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʩʪʦʾ ʥʝʧʨʷʤʦʾ ʘʜʨʝʩʘʮʽʾ ʟʚʝʨʥʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʜʦ 

ʉʇɼ ʟʘ ʘʜʨʝʩʦʶ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʦʜʥʦʤʫ ʟ ʽʥʜʝʢʩʥʠʭ ʨʝʛʽʩʪʨʽʚ: X, Y ʘʙʦ Z            

(ʨʠʩ. 3.11). ɾʦʜʥʠʭ ʜʽʡ ʽʟ ʚʤʽʩʪʦʤ ʽʥʜʝʢʩʥʦʛʦ ʨʝʛʽʩʪʨʘ ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ. 

 

ʈʠʩ. 3.11. ʇʨʦʩʪʘ ʥʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʧʽʜʪʨʠʤʫʶʪʴ 6 ʢʦʤʘʥʜ (ʧʦ 2 ʜʣʷ ʢʦʞʥʦʛʦ ʽʥʜʝʢʩʥʦʛʦ 

ʨʝʛʽʩʪʨʘ) ʧʨʦʩʪʦʾ ʥʝʧʨʷʤʦʾ ʘʜʨʝʩʘʮʽʾ: LD Rd, X/Y/Z (ʧʝʨʝʩʠʣʘʥʥʷ ʙʘʡʪʘ ʟ ʉʇɼ ʚ 

ʈɿʇ) ʽ ST X/Y/Z, Rr (ʧʝʨʝʩʠʣʘʥʥʷ ʙʘʡʪʘ ʟ ʈɿʇ ʚ ʉʇɼ). ɸʜʨʝʩʘ ʨʝʛʽʩʪʨʘ ʟʘʛʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʤʽʩʪʠʪʴʩʷ ʚ ʨʦʟʨʷʜʘʭ 8...4 ʤʘʰʠʥʥʦʛʦ ʢʦʜʫ ʢʦʤʘʥʜʠ. 

ɺʽʜʥʦʩʥʘ ʥʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ 

ʋ ʢʦʤʘʥʜʘʭ ʚʽʜʥʦʩʥʦʾ ʥʝʧʨʷʤʦʾ ʘʜʨʝʩʘʮʽʾ ʘʜʨʝʩʘ ʢʦʤʽʨʢʠ ʩʪʘʪʠʯʥʦʾ ʧʘʤôʷʪʽ 

ʜʘʥʠʭ, ʜʦ ʷʢʦʾ ʚʠʢʦʥʫʻʪʴʩʷ ʟʚʝʨʥʝʥʥʷ, ʦʙʯʠʩʣʶʻʪʴʩʷ ʜʦʜʘʚʘʥʥʷʤ ʚʤʽʩʪʫ 

ʽʥʜʝʢʩʥʦʛʦ ʨʝʛʽʩʪʨʘ ï Y ʘʙʦ Z ʽ ʢʦʥʩʪʘʥʪʠ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʤʘʰʠʥʥʦʤʫ ʢʦʜ̔ ʢʦʤʘʥʜʽ 

(ʨʠʩ. 3.12). 
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d/r- ʘʜʨʝʩʘ ʈɿʇ (ʧʨʠʡʤʘʯ (d)/ʜʞʝʨʝʣʦ(r))  

ʈʠʩ. 3.12. ɺʽʜʥʦʩʥʘ ʥʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʧʽʜʪʨʠʤʫʶʪʴ 4 ʢʦʤʘʥʜʠ ʚʽʜʥʦʩʥʦʾ ʥʝʧʨʷʤʦʾ ʘʜʨʝʩʘʮʽʾ 

(ʜʚʽ ʜʣʷ ʨʝʛʽʩʪʨʘ Y ʽ ʜʚʽ ʜʣʷ ʨʝʛʽʩʪʨʘ Z): LDD Rd, Y+q/Z+q (ʧʝʨʝʩʠʣʘʥʥʷ ʙʘʡʪʘ ʽʟ 

ʉʇɼ ʫ ʈɿʇ) ʽ STD Y+q/Z+q, Rr (ʧʝʨʝʩʠʣʘʥʥʷ ʙʘʡʪʘ ʽʟ ʈɿʇ ʫ ʉʇɼ). ɸʜʨʝʩʘ ʨʝʛʽʩʪʨʘ 

ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʽʩʪʠʪʴʩʷ ʚ ʨʦʟʨʷʜʘʭ 8...4 ʤʘʰʠʥʥʦʛʦ ʢʦʜʫ ʢʦʤʘʥʜʠ, ʘ 

ʚʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ (q) ï ʫ ʨʦʟʨʷʜʘʭ 13, 11, 10, 2...0. ʆʩʢʽʣʴʢʠ ʧʽʜ ʟʥʘʯʝʥʥʷ 

ʟʤʽʱʝʥʥʷ ʚʠʜʽʣʷʻʪʴʩʷ ʪʽʣʴʢʠ 6 ʙʽʪ, ʚʦʥʦ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 63 (0 Ò q Ò 63). 

ʅʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʟ ʧʦʧʝʨʝʜʥʽʤ ʜʝʢʨʝʤʝʥʪʦʤ (ʧʝʨʝʜʜʝʢʨʝʤʝʥʪʦʤ)  

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʤʘʥʜ ʥʝʧʨʷʤʦʾ ʘʜʨʝʩʘʮʽʾ ʟ ʧʝʨʝʜʜʝʢʨʝʤʝʥʪʦʤ ʚʤʽʩʪ 

ʽʥʜʝʢʩʥʦʛʦ ʨʝʛʽʩʪʨʘ ʩʧʦʯʘʪʢʫ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ, ʘ ʧʦʪʽʤ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʚʝʨʥʝʥʥʷ ʟʘ ʦʪʨʠʤʘʥʦʶ ʘʜʨʝʩʦʶ (ʨʠʩ. 3.13). 

 

ʈʠʩ. 3.13. ʅʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʟ ʧʝʨʝʜʜʝʢʨʝʤʝʥʪʦʤ 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʽʤʝʡʩʪʚʘ ʧʽʜʪʨʠʤʫʶʪʴ 6 ʢʦʤʘʥʜ (ʧʦ 2 ʜʣʷ ʢʦʞʥʦʛʦ 

ʽʥʜʝʢʩʥʦʛʦ ʨʝʛʽʩʪʨʘ) ʥʝʧʨʷʤʦʾ ʘʜʨʝʩʘʮʽʾ ʟ ʧʝʨʝʜʜʝʢʨʝʤʝʥʪʦʤ: LD Rd, -X/-Y/-Z 

(ʧʝʨʝʩʠʣʘʥʥʷ ʙʘʡʪʘ ʟ ʉʇɼ ʚ ʈɿʇ) ʽ ST -X/-Y/-Z, Rr (ʧʝʨʝʩʠʣʘʥʥʷ ʙʘʡʪʘ ʟ ʈɿʇ ʚ 

ʉʇɼ). ɸʜʨʝʩʘ ʨʝʛʽʩʪʨʘ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʽʩʪʠʪʴʩʷ ʚ ʨʦʟʨʷʜʘʭ 8...4 

ʤʘʰʠʥʥʦʛʦ ʢʦʜʫ ʢʦʤʘʥʜʠ, ʘ ʨʝʛʽʩʪʨʠ X/Y/Z ʘʜʨʝʩʫʶʪʴʩʷ ʥʝʷʚʥʦ. 

 

 

 

d/r- ʘʜʨʝʩʘ ʈɿʇ (ʧʨʠʡʤʘʯ (d)/ʜʞʝʨʝʣʦ(r))
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ʅʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʟ ʧʦʩʪʽʥʢʨʝʤʝʥʪʦʤ 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʤʘʥʜ ʥʝʧʨʷʤʦʾ ʘʜʨʝʩʘʮʽʾ ʟ ʧʦʩʪʽʥʢʨʝʤʝʥʪʦʤ (ʥʘʩʪʫʧʥʠʤ 

ʽʥʢʨʝʤʝʥʪʦʤ) ʧʽʩʣʷ ʟʚʝʨʥʝʥʥʷ ʟʘ ʘʜʨʝʩʦʶ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʽʥʜʝʢʩʥʦʤʫ ʨʝʛʽʩʪʨʽ, 

ʚʤʽʩʪ ʽʥʜʝʢʩʥʦʛʦ ʨʝʛʽʩʪʨʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ (ʨʠʩ. 3.14). 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʽʤʝʡʩʪʚʘ ʧʽʜʪʨʠʤʫʶʪʴ 6 ʢʦʤʘʥʜ (ʧʦ 2 ʜʣʷ ʢʦʞʥʦʛʦ 

ʽʥʜʝʢʩʥʦʛʦ ʨʝʛʽʩʪʨʘ) ʥʝʧʨʷʤʦʾ ʘʜʨʝʩʘʮʽʾ ʟ ʧʦʩʪʽʥʢʨʝʤʝʥʪʦʤ: LD Rd, X+/Y+/Z+ 

(ʧʝʨʝʩʠʣʘʥʥʷ ʙʘʡʪʘ ʟ ʉʇɼ ʚ ʈɿʇ) ʽ ST X+/Y+/Z+, Rr (ʧʝʨʝʩʠʣʘʥʥʷ ʙʘʡʪʘ ʟ ʈɿʇ ʚ 

ʉʇɼ). ɸʜʨʝʩʘ ʨʝʛʽʩʪʨʘ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʽʩʪʠʪʴʩʷ ʚ ʨʦʟʨʷʜʘʭ 8...4 

ʤʘʰʠʥʥʦʛʦ ʢʦʜʫ ʢʦʤʘʥʜʠ, ʘ ʨʝʛʽʩʪʨʠ X/Y/Z ʘʜʨʝʩʫʶʪʴʩʷ ʥʝʷʚʥʦ. 

 

d/r- ʘʜʨʝʩʘ ʈɿʇ (ʧʨʠʡʤʘʯ (d)/ʜʞʝʨʝʣʦ(r))  

ʈʠʩ. 3.14. ʅʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʟ ʧʦʩʪʽʥʢʨʝʤʝʥʪʦʤ 

ʅʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

ʊʘʢʠʡ ʩʧʦʩʽʙ ʘʜʨʝʩʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʤʘʥʜʘʭ IJMP, ICALL           

(ʨʠʩ. 3.15). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʾ ʢʦʤʘʥʜʠ ʧʨʦʛʨʘʤʘ ʧʨʦʜʦʚʞʫʻ ʚʠʢʦʥʫʚʘʪʠʩʷ 

ʟ ʘʜʨʝʩʠ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʽʥʜʝʢʩʥʦʤʫ ʨʝʛʽʩʪʨʽ Z. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʽʷ ʢʦʤʘʥʜʠ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʤʽʩʪʫ ʽʥʜʝʢʩʥʦʛʦ ʨʝʛʽʩʪʨʘ ʚ ʣʽʯʠʣʴʥʠʢ ʢʦʤʘʥʜ. 

 

ʈʠʩ. 3.15. ʅʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 
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ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʤʘʥʜ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʭʦʜʫ ʮʷ ʢʦʤʘʥʜʘ ʥʝ ʤʘʻ ʦʙʤʝʞʝʥʴ ʟʘ 

ʦʙʣʘʩʪʶ ʜʽʾ. ʆʩʢʽʣʴʢʠ ʽʥʜʝʢʩʥʠʡ ʨʝʛʽʩʪʨ ï 16-ʨʦʟʨʷʜʥʠʡ, ʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ 

ʚʝʣʠʯʠʥʘ ʧʝʨʝʭʦʜʫ ʩʪʘʥʦʚʠʪʴ 64 ʂʩʣʽʚ (128 ʂʙʘʡʪ).  

ʗʢ ʽ ʢʦʤʘʥʜʘ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʢʦʤʘʥʜʘ ʥʝʧʨʷʤʦʛʦ ʧʝʨʝʭʦʜʫ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 2 ʤʘʰʠʥʥʠʭ ʮʠʢʣʠ.  

ʅʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʢʦʥʩʪʘʥʪ ʚ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

ʎʝʡ ʩʧʦʩʽʙ ʘʜʨʝʩʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʤʘʥʜʽ LPM, ʷʢʘ ʟʘʚʘʥʪʘʞʫʻ 

ʦʜʠʥ ʙʘʡʪ ʽʟ ʧʘʤôʪ̫ʽ ʧʨʦʛʨʘʤ ʫ ʨʝʛʽʩʪʨ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ R0 (ʨʠʩ. 3.16). 

ɸʜʨʝʩʘ ʢʦʤʽʨʢʠ ʧʘʤôʷʪʽ, ʜʦ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʚʝʨʥʝʥʥʷ, ʤʽʩʪʠʪʴʩʷ ʚ 

ʽʥʜʝʢʩʥʦʤʫ ʨʝʛʽʩʪʨʽ Z. ʇʨʠ ʮʴʦʤʫ ʩʪʘʨʰʽ ʧôʷʪʥʘʜʮʷʪʴ ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʘ ï Z1éZ15 

ʘʜʨʝʩʫʶʪʴ ʩʣʦʚʦ ʚ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʘ ʤʦʣʦʜʰʠʡ ʙʽʪ ï Z0 ʘʜʨʝʩʫʻ ʙʘʡʪ ʚ ʦʙʨʘʥʦʤʫ 

ʩʣʦʚʽ. ʗʢʱʦ Z0 = 0, ʪʦ ʘʜʨʝʩʫʻʪʴʩʷ ʤʦʣʦʜʰʠʡ ʙʘʡʪ (ʄɹ) ʩʣʦʚʘ, ʘ ʷʢʱʦ Z0 = 1 ï 

ʩʪʘʨʰʠʡ ʙʘʡʪ (ʉɹ).  

Z ʨʝʛ̔ʩʪʨ

ʇʘʤô̫ʪɹ ʧʨʦʛʨʘʤ

0
1

0ʨ=0

«

ʄɹ ʇʇ

0ʨ=1
«

ʉɹ ʇʇ

15ʈ 1ʈ 0ʈ

15 8 7 0

ʉɹ ʄɹ

LPM; R0 « ʇʇ(Z)

 

ʈʠʩ. 3.16. ʅʝʧʨʷʤʘ ʘʜʨʝʩʘʮʽʷ ʢʦʥʩʪʘʥʪ ʚ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

ɼʦʩʪʫʧʥʠʡ ʦʙôʻʤ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʜʣʷ ʮʽʻʾ ʢʦʤʘʥʜʠ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ  

215 = 32768 ʩʣʽʚ. ɼʣʷ ʟʚʝʨʥʝʥʥʷ ʜʦ ʨʦʟʰʠʨʝʥʦʾ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʢʦʤʘʥʜʘ ELPM.   

ɺʽʜʥʦʩʥʘ ʘʜʨʝʩʘʮʽʷ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

ʎʝʡ ʩʧʦʩʽʙ ʘʜʨʝʩʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʤʘʥʜʘʭ RJMP, RCALL            

(ʨʠʩ. 3.17). 

 



 

71 

 

ʈʠʩ. 3.17. ɺʽʜʥʦʩʥʘ ʘʜʨʝʩʘʮʽʷ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʤʘʥʜʠ ʜʦ ʧʦʪʦʯʥʦʛʦ ʚʤʽʩʪʫ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ (ʘʜʨʝʩʠ 

ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ) ʜʦʜʘʻʪʴʩʷ ʜʚʘʥʘʜʮʷʪʠʨʦʟʨʷʜʥʝ ʯʠʩʣʦ ʟʽ ʟʥʘʢʦʤ ï k, ʷʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʜʦʜʘʪʢʦʚʦʤʫ ʜʚʽʡʢʦʚʦʤʫ ʢʦʜʽ.  

ʎ̫  ʢʦʤʘʥʜʘ ʤʘʻ ʦʙʤʝʞʝʥʥʷ ʟʘ ʦʙʣʘʩʪʶ ʜʽʾ. ʏʝʨʝʟ ʪʝ, ʱʦ ʦʧʝʨʘʥʜ ʷʚʣʷʻ 

ʩʦʙʦʶ 12-ʨʦʟʨʷʜʥʝ ʯʠʩʣʦ ʟʽ ʟʥʘʢʦʤ, ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʧʝʨʝʭʦʜʫ ʚʽʜʥʦʩʥʦ 

ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ ʩʪʘʥʦʚʠʪʴ ʚʽʜ -2048 ʜʦ +2047 ʩʣʽʚ (ʧʨʠʙʣʠʟʥʦ,                            

Ñ4 ʂʙʘʡʪ). 

ʋ ʧʨʦʛʨʘʤʘʭ ʚ ʷʢʦʩʪʽ ʦʧʝʨʘʥʜʽʚ ʮʽʻʾ ʢʦʤʘʥʜʠ ʟʘʤʽʩʪʴ ʘʜʨʝʩ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʽʪʢʠ. ʂʦʤʧʽʣʷʪʦʨ ʦʙʯʠʩʣʶʻ ʚʝʣʠʯʠʥʫ ʟʤʽʱʝʥʥʷ ʚʽʜʥʦʩʥʦ 

ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ ï k. ɼʣʷ ʮʴʦʛʦ ʚʽʥ ʚʽʜʥʽʤʘʻ ʚʽʜ ʘʜʨʝʩʠ ʤʽʪʢʠ ʘʜʨʝʩʫ 

ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ ʽ ʧʽʜʩʪʘʚʣʷʻ ʮʝ ʟʥʘʯʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʽ ʨʦʟʨʷʜʠ ʤʘʰʠʥʥʦʛʦ ʢʦʜʫ 

ʢʦʤʘʥʜʠ. 

3.7. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʘʥʜ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

ʄʥʝʤʦʥʽʢʘ ʢʦʤʘʥʜʠ ʪʘ ʤʥʝʤʦʢʦʜ 

ɼʣʷ ʥʘʧʠʩʘʥʥʷ ʧʨʦʛʨʘʤ ʤʦʚʦʶ çɸʩʝʤʙʣʝʨè ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʥʝʤʦʥʽʢʠ 

ʢʦʤʘʥʜ ʪʘ ʤʥʝʤʦʢʦʜʠ. ʄʥʝʤʦʥʽʢʠ ʚʚʝʜʝʥʽ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʥʘʧʠʩʘʥʥʷ ʧʨʦʛʨʘʤ, ʽ 

ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ ʤʦʚʠ ʘʩʝʤʙʣʝʨʘ. 

ʄʥʝʤʦʥʽʢʘ ʢʦʤʘʥʜʠ ï ʮʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʜʫ ʦʧʝʨʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʩʧʦʣʫʯʝʥʥʷ 

ʣʘʪʠʥʩʴʢʠʭ ʣʽʪʝʨ, ʱʦ ʤʘʶʪʴ ʚʠʟʥʘʯʝʥʠʡ ʟʤʽʩʪ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʥʛʣʽʡʩʴʢʽ ʩʣʦʚʘ 

ʘʙʦ ʩʢʦʨʦʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, MOV, PUSH, POP, JMP, CLR, NOP ʽ ʪ. ʽʥ.).  

ʄʥʝʤʦʢʦʜ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʤʥʝʤʦʥʽʢʫ ʢʦʤʘʥʜʠ ʪʘ ʩʠʤʚʦʣʽʯʥʠʡ ʦʧʠʩ 

ʦʧʝʨʘʥʜʽʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʦʧʝʨʘʮʽʾ. 

ʂʦʜ ʦʧʝʨʘʮʽʾ ʢʦʤʘʥʜʠ 

ʂʦʜ ʦʧʝʨʘʮʽʾ ʢʦʤʘʥʜʠ (ʂʆʇ) ï ʮʝ ʢʦʤʙʽʥʘʮʽʷ ʙʽʪʽʚ (ʥʝ ʙʽʣʴʰʝ ʚʦʩʴʤʠ ʜʣʷ  

8-ʨʦʟʨʷʜʥʠʭ ʄʂ), ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʦʯʘʪʢʫ ʤʘʰʠʥʥʦʛʦ ʢʦʜʫ ʢʦʤʘʥʜʠ ʽ 

ʚʠʟʥʘʯʘʶʪʴ ʪʠʧ ʦʧʝʨʘʮʽʾ, ʱʦ ʧʽʜʣʷʛʘʻ ʚʠʢʦʥʘʥʥʶ ʫ ʢʦʥʢʨʝʪʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʂʆʇ 

ʯʠʪʘʻʪʴʩʷ ʟ ʧʘʤôʷʪʽ ʽ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʦ ʥʝʜʦʩʪʫʧʥʠʡ ʨʝʛʽʩʪʨ ʢʦʤʘʥʜ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʇʦʪʽʤ ʚʽʥ ʜʝʢʦʜʫʻʪʴʩʷ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʧ ʢʦʤʘʥʜʠ, ʷʢʘ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʚʠʢʦʥʘʥʘ. ʂʨʽʤ ʂʆʇ ʚ ʤʘʰʠʥʥʠʡ ʢʦʜ ʢʦʤʘʥʜʠ ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʘʜʨʝʩʠ ʪʘ 

ʦʧʝʨʘʥʜʠ. 

ʄʘʰʠʥʥʠʡ ʢʦʜ ʢʦʤʘʥʜʠ 

ʄʘʰʠʥʥʠʡ ʢʦʜ ʢʦʤʘʥʜʠ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʚʽʡʢʦʚʠʡ ʢʦʜ ʢʦʤʘʥʜʠ, ʷʢʠʡ 

ʬʦʨʤʫʻʪʴʩʷ ʢʦʤʧʽʣʷʪʦʨʦʤ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʙʘʡʪʽʚ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʢʦʤʘʥʜ ʢʦʥʢʨʝʪʥʦʛʦ ʄʂ. 
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ʆʧʝʨʘʥʜʠ 

ʆʧʝʨʘʥʜʘʤʠ ʫ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽʡ ʪʝʭʥʽʮʽ ʥʘʟʠʚʘʶʪʴ ʜʘʥʽ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ 

ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʢʦʤʘʥʜʠ (ʦʧʝʨʘʮʽʾ). ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ 

ʘʜʨʝʩʘʮʽʾ ʦʧʝʨʘʥʜʽʚ, ʜʘʥʽ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʨʝʛʽʩʪʨʘʭ, ʧʘʤôʷʪʽ, ʫ ʤʘʰʠʥʥʦʤʫ 

ʢʦʜʽ ʢʦʤʘʥʜʠ ʽ ʪ. ʽʥ. 

3.8. ʌʦʨʤʘʪʠ ʢʦʤʘʥʜ 

ɹʽʣʴʰʽʩʪʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ AVR ʤʘʶʪʴ 14 ʬʦʨʤʘʪʽʚ (ʪʠʧʽʚ) 

ʙʘʟʦʚʦʛʦ ʥʘʙʦʨʫ ʢʦʤʘʥʜ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 3.18. ʅʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʚʠʢʦʨʠʩʪʘʥʦ 

ʥʘʩʪʫʧʥʽ ʩʢʦʨʦʯʝʥʥʷ: ʂʆʇ ï ʢʦʜ ʦʧʝʨʘʮʽʾ; K ï ʢʦʥʩʪʘʥʪʘ ʜʘʥʠʭ; k ï ʘʜʨʝʩʥʘ 

ʢʦʥʩʪʘʥʪʘ; b ïʥʦʤʝʨ ʙʽʪʘ ʚ ʨʝʛʽʩʪʨʽ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʘʙʦ ʨʝʛʽʩʪʨʦʚʦʛʦ ʬʘʡʣʫ 

(ʈɿʇ) ï 3 ʙʽʪʠ; s ï ʥʦʤʝʨ ʙʽʪʘ ʚ ʨʝʛʽʩʪʨʽ ʩʪʘʥʫ ï 3 ʙʽʪʠ; A ï ʘʜʨʝʩʘ ʨʝʛʽʩʪʨʘ ʚ 

ʧʨʦʩʪʦʨʽ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ; q ï ʟʤʽʱʝʥʥʷ ʜʣʷ ʥʝʧʨʷʤʦʾ ʘʜʨʝʩʘʮʽʾ ï 6 ʙʽʪ; d(r) ï                       

ʨʝʛʽʩʪʨ-ʧʨʠʡʤʘʯ (ʜʞʝʨʝʣʦ) ʟ ʦʙʣʘʩʪʽ ʨʝʛʽʩʪʨʦʚʦʛʦ ʬʘʡʣʫ. 

ɼʦ ʧʝʨʰʦʛʦ ʪʠʧʫ ʥʘʣʝʞʘʪʴ ʢʦʤʘʥʜʠ, ʢʦʜ ʦʧʝʨʘʮʽʾ ʷʢʠʭ ʟʘʡʤʘʻ ʚʩʶ ʜʦʚʞʠʥʫ 

ʢʦʤʘʥʜʠ ï 16 ʙʽʪ. ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʥʘʣʝʞʠʪʴ, ʥʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʘ LPʄ ï 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ R0 ʟ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʟʘ ʘʜʨʝʩʦʶ, 

ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʫ ʨʝʛʽʩʪʨʦʚʽʡ ʧʘʨʽ Z = R31:R30. ʊʘʢʠʡ ʬʦʨʤʘʪ ʤʘʶʪʴ ʪʘʢʦʞ ʢʦʤʘʥʜʠ 

IJMP, ICALL, RET, RETI, NOP, SLEEP ʪʘ WDT. 

ɼʦ ʜʨʫʛʦʛʦ ʪʠʧʫ ʥʘʣʝʞʘʪʴ ʢʦʤʘʥʜʠ, ʷʢʽ ʦʢʨʽʤ ʢʦʜʫ ʦʧʝʨʘʮʽʾ ʤʽʩʪʷʪʴ 

ʧôʷʪʠʨʦʟʨʷʜʥʫ ʘʜʨʝʩʫ ʦʜʥʦʛʦ ʟ ʨʝʛʽʩʪʨʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʮʝ 

ʢʦʤʘʥʜʠ DEC Rd; LD Rd, -X; ST Y, Rr ʽ ʪ. ʽʥ. 

ʊʨʝʪʽʡ ʪʠʧ ʤʘʶʪʴ ʢʦʤʘʥʜʠ, ʚ ʷʢʠʭ ʘʜʨʝʩʫʶʪʴʩʷ ʜʚʘ ʦʧʝʨʘʥʜʠ ï ʨʝʛʽʩʪʨʠ 

ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ: Rd ï ʧʨʠʡʤʘʯ, Rr ï ʜʞʝʨʝʣʦ. ʎʝ, ʥʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʠ 

ADD Rd, Rr; CPSE Rd, Rr; AND Rd, Rr ʽ ʪ. ʽʥ 

ɼʦ ʯʝʪʚʝʨʪʦʛʦ ʪʠʧʫ ʥʘʣʝʞʘʪʴ ʜʚʦʦʧʝʨʘʥʜʥʽ ʢʦʤʘʥʜʠ, ʚ ʷʢʠʭ ʦʜʠʥ 

ʦʧʝʨʘʥʜ: ʂ6 = 6 ʙʽʪ (ʂ = 0...63) ʚʭʦʜʠʪʴ ʚ ʩʘʤʫ ʢʦʤʘʥʜʫ ï ʙʝʟʧʦʩʝʨʝʜʥʷ ʘʜʨʝʩʘʮʽʷ, 

ʘ ʜʨʫʛʠʤ ʻ ʧʘʨʘ ʨʝʛʽʩʪʨʽʚ: R24, R25; R26, R27; R28, R29; R30, R31, ʷʢʽ ʢʦʜʫʶʪʴʩʷ 

ʜʚʦʤʘ ʙʽʪʘʤʠ ʢʦʤʘʥʜʠ ï dd: 00 ï R24, R25; 01 ï R26, R27; 10 ï R28, R29; 11 ï R30, 

R31. ʅʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʠ ADIW Rdl, K6; SBIW Rdl, K6, ʜʝ                                                       

Rdl = R24/R26/R28/R30. 

ʇôʷʪʠʡ ʪʠʧ ʤʘʶʪʴ ʜʚʦʦʧʝʨʘʥʜʥʽ ʢʦʤʘʥʜʠ, ʥʘʧʨʠʢʣʘʜ, SBCI Rd*, K;    

ORI Rd*, K, ʚ ʷʢʠʭ Rd* ï ʦʜʠʥ ʽʟ ʰʽʩʪʥʘʜʮʷʪʠ ʈɿʇ (R16...R31), ʘ ʜʨʫʛʠʡ ʂ ï 

ʚʦʩʴʤʠʙʽʪʥʘ ʢʦʥʩʪʘʥʪʘ (ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʦʧʝʨʘʥʜ):  0 Ò ʂ Ò 255. 
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ʈʠʩ. 3.18. ʌʦʨʤʘʪʠ ʙʘʟʦʚʦʛʦ ʥʘʙʦʨʫ ʢʦʤʘʥʜ  
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ɼʦ ʰʦʩʪʦʛʦ ʪʠʧʫ ʥʘʣʝʞʘʪʴ ʢʦʤʘʥʜʠ, ʚ ʷʢʠʭ ʦʜʠʥ ʟ ʜʚʦʭ ʦʧʝʨʘʥʜʽʚ ʤʦʞʝ 

ʙʫʪʠ ʈɿʇ (Rd ï ʧʨʠʡʤʘʯ,  Rr ï ʜʞʝʨʝʣʦ), ʘ ʜʨʫʛʠʡ ʤʽʩʪʠʪʴʩʷ ʫ ʉʇɼ ʽ ʘʜʨʝʩʫʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʧʨʷʤʦʾ ʚʽʜʥʦʩʥʦʾ ʘʜʨʝʩʘʮʽʾ, ʢʦʣʠ ʚʤʽʩʪ ʽʥʜʝʢʩʥʦʛʦ ʨʝʛʽʩʪʨʘ Y ʘʙʦ 

Z ʜʦʜʘʻʪʴʩʷ ʜʦ ʟʤʽʱʝʥʥʷ q (0 Ò q Ò 63). ʎʝ, ʥʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʠ LDD Rd, z+q; 

STD Y+q, Rr ̔  ʪ. ʽʥ. 

ʉʴʦʤʠʡ ʪʠʧ ʤʘʶʪʴ ʢʦʤʘʥʜʠ, ʚ ̫ʢʠʭ ʘʜʨʝʩʫʻʪʴʩʷ ʦʜʠʥ ʽʟ ʚʦʩʴʤʠ ʙʽʪʽʚ ʈɿʇ. 

ʅʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʠ BLD Rd, b; BST Rr, b; SBRC Rr, b ʽ ʪ. ʽʥ., ʜʝ Rd ï ʧʨʠʡʤʘʯ,    

Rr ï ʜʞʝʨʝʣʦ (ʦʜʠʥ ʟ 32-ʭ ʈɿʇ), ʘ b = 0...7 ï ʥʦʤʝʨ ʙʽʪʘ ʈɿʇ. 

ɼʦ ʚʦʩʴʤʦʛʦ ʪʠʧʫ ʥʘʣʝʞʘʪʴ ʢʦʤʘʥʜʠ, ʚ ʷʢʠʭ ʦʜʥʠʤ ʦʧʝʨʘʥʜʦʤ ʻ ʈɿʇ         

(Rd ï ʧʨʠʡʤʘʯ/Rr ï ʜʞʝʨʝʣʦ), ʘ ʜʨʫʛʠʡ ʤʽʩʪʠʪʴʩʷ ʚ ʦʜʥʦʤʫ ʟ 64-ʭ ʈɺɺ. ʅʘʧʨʠʢʣʘʜ, 

ʢʦʤʘʥʜʠ IN Rd, P; OUT P, Rr, ʜʝ ʈ ï ʘʜʨʝʩʘ ʈɺɺ (ʈ = 0é63). 

ɼʝʚôʷʪʠʡ ʪʠʧ ʤʘʶʪʴ ʢʦʤʘʥʜʠ, ʚ ʷʢʠʭ ʘʜʨʝʩʫʶʪʴʩʷ ʦʢʨʝʤʽ ʙʽʪʠ ʤʦʣʦʜʰʦʾ 

ʧʦʣʦʚʠʥʠ ʈɺɺ (ʈ* = 0...31). ʅʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʠ SBI  P*, b, ʜʝ b = 0...7 ï ʥʦʤʝʨ 

ʙʽʪʘ ʈɺɺ.  

ɼʦ ʜʝʩʷʪʦʛʦ ʪʠʧʫ ʥʘʣʝʞʘʪʴ ʢʦʤʘʥʜʠ, ʚ ̫ʢʠʭ ʘʜʨʝʩʫʻʪʴʩʷ ʦʜʠʥ ʽʟ 8-ʤʠ ʙʽʪʽʚ 

ʨʝʛʽʩʪʨʘ ʧʨʘʧʦʨʮʽʚ SREG. ʅʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʠ BSET s; BCLR s, ʜʝ s = 0...7 ï 

ʥʦʤʝʨ ʙʽʪʘ ʫ ʨʝʛʽʩʪʨʽ ʩʪʘʥʫ. 

ʆʜʠʥʘʜʮʷʪʠʡ ʪʠʧ ʤʘʶʪʴ ʢʦʤʘʥʜʠ ʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʚʢʘʟʘʥʠʭ ʙʽʪʽʚ ʨʝʛʽʩʪʨʘ ʩʪʘʥʫ. ʅʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʠ BRBS s, k;                 

BRBC s, k, ʜʝ s = 0...7 ï ʥʦʤʝʨ ʙʽʪʘ ʨʝʛʽʩʪʨʘ ʩʪʘʥʫ SREG, ʘ k = 7 ʙʽʪ (-64 Ò k Ò 63) 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦʜʘʻʪʴʩʷ ʜʦ ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ. 

ɼʚʘʥʘʜʮʷʪʠʡ ʪʠʧ ʤʘʶʪʴ ʢʦʤʘʥʜʠ ʫʤʦʚʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʭʦʜʫ ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ ʦʢʨʝʤʠʭ ʧʨʘʧʦʨʮʽʚ ʨʝʛʽʩʪʨʘ ʩʪʘʥʫ (ʧʨʘʧʦʨʮʽ ʘʜʨʝʩʫʶʪʴʩʷ 

ʥʝʷʚʥʦ). ʅʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʠ BREQ k; BRCC k ʽ ʪ. ʽʥ., ʜʝ k = 7 ʙʽʪ (-64 Ò k Ò 63) 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦʜʘʻʪʴʩʷ ʜʦ ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ. 

ɼʦ ʪʨʠʥʘʜʮʷʪʦʛʦ ʪʠʧʫ ʥʘʣʝʞʘʪʴ ʢʦʤʘʥʜʠ ʚʽʜʥʦʩʥʦʛʦ ʙʝʟʫʤʦʚʥʦʛʦ 

ʧʝʨʝʭʦʜʫ: RJMP k ʪʘ ʚʽʜʥʦʩʥʦʛʦ ʙʝʟʫʤʦʚʥʦʛʦ ʚʠʢʣʠʢʫ ʧʽʜʧʨʦʛʨʘʤ: RCALL k, ʜʝ   

k = 12 ʙʽʪ. ɼʽʘʧʘʟʦʥ ʧʝʨʝʭʦʜʽʚ ʪʘ ʚʠʢʣʠʢʫ ʧʽʜʧʨʦʛʨʘʤ: -2048 + 2047). 

ʏʦʪʠʨʥʘʜʮʷʪʠʡ ʪʠʧ ʤʘʶʪʴ ʢʦʤʘʥʜʠ: LDS Rd, k ï ʧʨʷʤʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

STS k, Rr ï ʧʨʷʤʝ ʟʙʝʨʝʞʝʥʥʷ, ʚ ʷʢʠʭ ʦʜʥʠʤ ʦʧʝʨʘʥʜʦʤ ʻ ʈɿʇ (Rd ï ʧʨʠʡʤʘʯ/Rr ï

ʜʞʝʨʝʣʦ), ʘ ʜʨʫʛʠʡ ʤʽʩʪʠʪʴʩʷ ʫ ʉʇɼ (ʈɿʇ, ʈɺɺ ʪʘ ʉʆɿʇ). ʆʩʢʽʣʴʢʠ k = 16 ʙʽʪ, ʪʦ  

ʢʽʣʴʢʽʩʪʴ ʢʦʤʽʨʦʢ ʉʇɼ = 216 = 65536. 

3.9. ʌʦʨʤʘʪʠ ʜʘʥʠʭ 

ʇʨʠ ʨʦʙʦʪʽ ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʥʝ ʪʽʣʴʢʠ ʬʦʨʤʘʪʠ (ʪʠʧʠ) 

ʢʦʤʘʥʜ (ʨʠʩ. 3.18), ʷʢʽ ʢʝʨʫʶʪʴ ʨʦʙʦʪʦʶ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʘʣʝ ʡ ʬʦʨʤʘʪʠ (ʪʠʧʠ) 

ʜʘʥʠʭ (ʦʧʝʨʘʥʜʽʚ), ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ ʪʽʻʾ ʘʙʦ ʽʥʰʦʾ ʢʦʤʘʥʜʠ (ʦʧʝʨʘʮʽʾ)  

(ʨʠʩ. 3.19). 
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ʈʠʩ. 3.19. ʊʠʧʠ (ʬʦʨʤʘʪʠ) ʜʘʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ  

3.10. ɼʦʚʞʠʥʘ ʢʦʤʘʥʜ ʫ ʙʘʡʪʘʭ ʪʘ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʫ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 3.18 ʢʦʤʘʥʜʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ AVR ʤʘʶʪʴ 

ʜʦʚʞʠʥʫ ï ʦʜʥʝ ʩʣʦʚʦ (2 ʙʘʡʪʠ), ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʢʦʤʘʥʜʠ ʯʦʪʠʨʥʘʜʮʷʪʦʛʦ ʪʠʧʫ, 

ʷʢʘ ʤʘʻ ʜʦʚʞʠʥʫ 2 ʩʣʦʚʘ (4 ʙʘʡʪʠ). 

ʇʨʦʛʨʘʤʘ, ʷʢʘ ʢʝʨʫʻ ʨʦʙʦʪʦʶ ʄʂ, ʧʦʩʣʽʜʦʚʥʦ, ʢʦʤʘʥʜʘ ʟʘ ʢʦʤʘʥʜʦʶ, 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʩʫʩʽʜʥʽʭ ʢʦʤʽʨʢʘʭ ʧʘʤôʷʪʽ ʚ ʧʦʨʷʜʢʫ ʟʨʦʩʪʘʥʥʷ ʾʭ ʘʜʨʝʩ. ɸʜʨʝʩʘ 

ʢʦʤʘʥʜʠ, ʷʢʘ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʴ, ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʣʽʯʠʣʴʥʠʢʫ ʈʉ. 

ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʥʘ ʦʩʥʦʚʽ ʧʨʦʯʠʪʘʥʦʛʦ ʢʦʜʫ ʦʧʝʨʘʮʽʾ, ʱʦ 

ʤʽʩʪʠʪʴʩʷ ʚ ʧʝʨʰʦʤʫ ʙʘʡʪʽ ʢʦʤʘʥʜʠ, ʚʠʟʥʘʯʘʻ, ʩʢʽʣʴʢʠ ʱʝ ʙʘʡʪʽʚ ʤʽʩʪʠʪʴʩʷ ʚ 

ʢʦʤʘʥʜʽ, ʪʘ ʢʝʨʫʻ ʾʭ ʯʠʪʘʥʥʷʤ ʟ ʧʘʤôʷʪʽ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʥʘ ʦʜʠʥʠʮʶ ʘʜʨʝʩʠ, 

ʷʢʘ ʚʠʜʘʻʪʴʩʷ ʧʨʠ ʢʦʞʥʦʤʫ ʟʚʝʨʥʝʥʥʽ ʜʦ ɿʇ. ʇʽʩʣʷ ʯʠʪʘʥʥʷ ʟ ʧʘʤôʷʪʽ ʯʝʨʛʦʚʦʾ 

ʢʦʤʘʥʜʠ ʄʂ ʬʦʨʤʫʻ ʘʜʨʝʩʫ ʂʆʇ ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ. 

3.11. ɺʧʣʠʚ ʢʦʤʘʥʜ ʥʘ ʧʨʘʧʦʨʮʽ 

ʗʢ ʚʽʜʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʨʝʛʽʩʪʨʽʚ ʄʂ ʻ ʨʝʛʽʩʪʨ 

ʧʨʘʧʦʨʮʽʚ (ʦʟʥʘʢ), ʷʢʠʡ ʙʫʣʦ ʦʧʠʩʘʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ. 2.3. ʇʨʘʧʦʨʮʽ ʨʝʛʽʩʪʨʘ ʦʟʥʘʢ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʷʜʫ ʢʦʤʘʥʜ ʄʂ. ʇʽʜ ʯʘʩ ʦʧʠʩʫ ʩʠʩʪʝʤʠ 

ʢʦʤʘʥʜ, ʷʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʦʬʦʨʤʣʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ, ʚ ʦʜʥʽʡ ʟ ʢʦʣʦʥʦʢ 

ʧʦʢʘʟʫʻʪʴʩʷ ʚʧʣʠʚ ʦʢʨʝʤʠʭ ʢʦʤʘʥʜ ʥʘ ʪʽ ʘʙʦ ʽʥʰʽ ʧʨʘʧʦʨʮʽ (ʪʘʙʣ. 3.2, 3.4). 

ʗʢ ʧʨʘʚʠʣʦ, ʢʦʤʘʥʜʠ ʧʝʨʝʩʠʣʘʥʥʷ ʥʝ ʟʤʽʥʶʶʪʴ ʧʨʘʧʦʨʮʽ, ʦʢʨʽʤ ʢʦʤʘʥʜ, ʷʢʽ 

ʧʝʨʝʩʠʣʘʶʪʴ ʜʘʥʽ ʫ ʨʝʛʽʩʪʨ ʧʨʘʧʦʨʮʽʚ. ʏʘʩʪʽʰʝ ʧʨʘʧʦʨʮʽ ʟʤʽʥʶʶʪʴ ʘʨʠʬʤʝʪʠʯʥʽ, 

ʣʦʛʽʯʥʽ ʢʦʤʘʥʜʠ ʽ ʢʦʤʘʥʜʠ ʧʦʨʽʚʥʷʥʥʷ. 

ʆʢʨʝʤʽ ʧʨʘʧʦʨʮʽ (ʦʟʥʘʢʠ) ʘʥʘʣʽʟʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ ʫʤʦʚʥʠʭ 

ʧʝʨʝʭʦʜʽʚ, ʚʠʢʣʠʢʫ ʽ ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʚʘʪʠ ʢʝʨʫʚʘʥʥʷ 

ʚ ʧʨʦʛʨʘʤʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʘʧʦʨʮʽʚ. 

7ʨ 1ʨ0ʨ

ɼʚ̔ʡʢʦʚ̔ ʯʠʩʣʘ ʙʝʟ ʟʥʘʢʫ 

ɹʘʡʪ 0...255d
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3.12. ʏʘʩ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ 

ɺ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʦʢʨʝʤʽ ʢʦʤʘʥʜʠ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ 1, 2, 3 ʘʙʦ 4 

ʪʘʢʪʠ. ʊʨʠʚʘʣʽʩʪʴ ʦʜʥʦʛʦ ʪʘʢʪʫ ʜʦʨʽʚʥʶʻ ʦʜʥʦʤʫ ʧʝʨʽʦʜʫ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ fBQ. 

3.13. ɹʘʟʦʚʠʡ ʥʘʙʽʨ ʢʦʤʘʥʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ 

AVR-ʤ̔ ʢʨʦʢʦʥʪʨʦʣʝʨʠ ʤʘʶʪʴ RISC-ʘʨʭʽʪʝʢʪʫʨʫ, ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʷʢʦʾ 

ʻ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡ ʦʙʤʽʥʫ ʟ 

ʧʘʤôʷʪʪʶ ʧʨʦʛʨʘʤ. ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʢʦʤʘʥʜʠ ʟʘʡʤʘʶʪʴ ʦʜʥʫ ʢʦʤʽʨʢʫ ʧʘʤôʷʪʽ. 

ɺʠʥʷʪʦʢ ʩʪʘʥʦʚʣʷʪʴ ʢʦʤʘʥʜʠ, ʚ ʷʢʠʭ ʦʜʥʠʤ ʟ ʦʧʝʨʘʥʜʽʚ ʻ 16-ʨʦʟʨʷʜʥʘ ʘʜʨʝʩʘ ʉʇɼ 

(ʈɿʇ, ʈɺɺ ʪʘ ʉʆɿʇ). ʇʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʜʦʩʷʛʥʫʪʦ ʥʝ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʢʦʤʘʥʜ ʧʨʦʮʝʩʦʨʘ, ʘ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʨʷʜʥʦʩʪʽ ʢʦʤʽʨʢʠ ʧʘʤôʷʪʽ 

ʧʨʦʛʨʘʤ ʜʦ 16. ɹʽʣʴʰʽʩʪʴ ʢʦʤʘʥʜ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʦʜʠʥ ʤʘʰʠʥʥʠʡ ʮʠʢʣ (1 ʪʘʢʪ). 

 ɺʩ̔ ʢʦʤʘʥʜʠ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʝʢʽʣʴʢʘ ʛʨʫʧ: 

ï ʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ; 

ï ʘʨʠʬʤʝʪʠʯʥ ̔ʦʧʝʨʘʮʽʡ ʪʘ ʢʦʤʘʥʜʠ ʟʩʫʚʫ; 

ï ʦʧʝʨʘʮʽ ʾʟ ʙʽʪʘʤʠ; 

ï ʢʦʤʘʥʜʠ ʧʝʨʝʩʠʣʘʥʥʷ ʜʘʥʠʭ; 

ï ʢʦʤʘʥʜʠ ʧʝʨʝʜʘʯʽ ʢʝʨʫʚʘʥʥʷ; 

ï ʢʦʤʘʥʜʠ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ. 

ʅʠʞʯʝ ʩʢʦʨʦʯʝʥʦ ʦʧʠʩʘʥʦ ʮ̔ ʢʦʤʘʥʜʠ. ɼʝʪʘʣʴʥʽʰʫ ʽʥʬʦʨʤʘʮʽʶ ʥʘʚʝʜʝʥʦ ʚ  

[1; 7]. 

ʋ ʪʘʙʣ. 3.2 ʥʘʚʝʜʝʥʦ ʙʘʟʦʚʠʡ ʥʘʙʽʨ ʢʦʤʘʥʜ, ʷʢʠʤʠ ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʚ 

ʪʠʧʦʚʦʤʫ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ, ʘ ʪʘʢʦʞ ʦʩʥʦʚʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʢʦʤʘʥʜʠ, ʪʘʢʽ ʷʢ 

ʤʥʝʤʦʥʽʯʥʝ ʧʦʟʥʘʯʝʥʥʷ ʢʦʤʘʥʜʠ, ʾʾ ʦʧʠʩ, ʪʠʧ, ʢʽʣʴʢʽʩʪʴ ʪʘʢʪʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʾʾ 

ʚʠʢʦʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʘʧʦʨʮʽ ʨʝʛʽʩʪʨʘ SREG, ʥʘ ʷʢʽ ʚʧʣʠʚʘʻ ʮʷ ʢʦʤʘʥʜʘ.  

ɺ ʮʽʡ ʪʘʙʣʠʮʽ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

Rd ï ʨʝʛʽʩʪʨ-ʧʨʠʡʤʘʯ ʨʝʟʫʣʴʪʘʪʫ, 0 ¢ d ¢  31; 

Rd* ï ʨʝʛʽʩʪʨ-ʧʨʠʡʤʘʯ ʨʝʟʫʣʴʪʘʪʫ, 16 ¢  d ¢ 31; 

Rdl ï R24, R26, R28, R30 ʜʣʷ ʢʦʤʘʥʜ ADIW ʽ SBIW ; 

Rr ï ʨʝʛʽʩʪʨ-ʜʞʝʨʝʣʦ; 

P ï ʘʜʨʝʩʘ ʨʝʛʽʩʪʨʘ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ; 

P* ï ʘʜʨʝʩʘ ʨʝʛʽʩʪʨʘ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ, ʷʢʠʡ ʘʜʨʝʩʫʻʪʴʩʷ  ʧʦʙʽʪʦʚʦ  

(ʘʜʨʝʩʠ $00é$1F); 

K ï ʩʠʤʚʦʣʴʥʘ ʘʙʦ ʯʠʩʣʦʚʘ ʢʦʥʩʪʘʥʪʘ (8 ʙʽʪ); 

K6 ï ʩʠʤʚʦʣʴʥʘ ʘʙʦ ʯʠʩʣʦʚʘ ʢʦʥʩʪʘʥʪʘ (6 ʙʽʪ); 

k ï ʘʜʨʝʩʥʘ ʢʦʥʩʪʘʥʪʘ ; 
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b ï ʥʦʤʝʨ ʙʽʪʘ ʚ ʨʝʛʽʩʪʨʽ (3 ʙʽʪʠ); 

q ï ʢʦʥʩʪʘʥʪʘ (6 ʙʽʪ), ʤʦʞʝ ʙʫʪʠ ʢʦʥʩʪʘʥʪʥʠʡ ʚʠʨʘʟ; 

s ï ʥʦʤʝʨ ʙʽʪʘ ʚ ʨʝʛʽʩʪʨʽ ʩʪʘʥʫ (3 ʙʽʪʠ); 

X, Y, Z ï ʽʥʜʝʢʩʥʽ ʨʝʛʽʩʪʨʠ ʥʝʧʨʷʤʦʾ ʘʜʨʝʩʘʮʽʾ (X = R27:R26,                  

Y = R29:R28, Z = R31:R30). 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʦʢʨʝʤʠʭ ʢʦʤʘʥʜ ʙʘʟʦʚʦʛʦ ʥʘʙʦʨʫ. 

ɸʨʠʬʤʝʪʠʯʥ ̔ʦʧʝʨʘʮʽ ʾʽ ʢʦʤʘʥʜʠ ʟʩʫʚʫ 

ɼʦ ʜʘʥʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʢʦʤʘʥʜʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʪʘʢʽ ʦʧʝʨʘʮʽʾ, ʷʢ 

ʜʦʜʘʚʘʥʥʷ, ʚʽʜʥʽʤʘʥʥʷ, ʟʩʫʚ ï ʚʧʨʘʚʦ/ʚʣʽʚʦ ʪʘ ʽʥʢʨʝʤʝʥʪ/ʜʝʢʨʝʤʝʥʪ. ʋʩʽ ʦʧʝʨʘʮʽʾ 

ʚʠʢʦʥʫʶʪʴʩʷ ʪʽʣʴʢʠ ʥʘʜ ʨʝʛʽʩʪʨʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʆʧʝʨʘʥʜʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʥʘʢʦʚʠʤʠ/ʙʝʟʟʥʘʢʦʚʠʤʠ ʯʠʩʣʘʤʠ, ʘ ʪʘʢʦʞ ʧʦʜʘʥʽ ʫ ʜʦʜʘʪʢʦʚʦʤʫ ʢʦʜʽ. 

ʋʩʽ ʢʦʤʘʥʜʠ ʮʽʻʾ ʛʨʫʧʠ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʦʜʠʥ ʤʘʰʠʥʥʠʡ ʮʠʢʣ, ʟʘ ʚʠʥʷʪʢʦʤ 

ʢʦʤʘʥʜ, ʱʦ ʦʧʝʨʫʶʪʴ ʜʚʦʙʘʡʪʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʜʚʘ ʮʠʢʣʠ. 

ʃʦʛʽʯʥ ̔ʦʧʝʨʘʮʽ ʾ

ʎʽ ʢʦʤʘʥʜʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʽ ʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ 

ʙʘʡʪʘʤʠ: çʣʦʛʽʯʥʝ ʤʥʦʞʝʥʥʷè ï ɯ, çʣʦʛʽʯʥʝ ʜʦʜʘʚʘʥʥʷè ï ɸɹʆ, ʦʧʝʨʘʮʽʶ      

çʚʠʢʣʶʯʥʝ ɸɹʆè, ʘ ʪʘʢʦʞ ʦʙʯʠʩʣʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʽ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʜʽʚ ʯʠʩʣʘ. ɼʦ 

ʮʽʻʾ ʛʨʫʧʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʘʢʦʞ ʢʦʤʘʥʜʠ ʦʯʠʱʝʥʥʷ/ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʝʛʽʩʪʨʽʚ ʽ 

ʢʦʤʘʥʜʫ ʧʝʨʝʩʪʘʥʦʚʢʠ ʪʝʪʨʘʜ. ɺʩʽ ʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʦʜʠʥ 

ʤʘʰʠʥʥʠʡ ʮʠʢʣ ʥʘʜ ʨʝʛʽʩʪʨʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʨʝʟʫʣʴʪʘʪ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʚ ʦʜʥʦʤʫ ʟ ʈɿʇ.  

ʂʦʤʘʥʜʠ ʦʧʝʨʘʮʽʡ ʟ ʙʽʪʘʤʠ 

ɼʦ ʜʘʥʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʢʦʤʘʥʜʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʙʦ 

ʩʢʠʜʘʥʥʷ ʟʘʜʘʥʦʛʦ ʨʦʟʨʷʜʫ ʈɿʇ ʘʙʦ ʈɺɺ. ɭ ʪʘʢʦʞ ʢʦʤʘʥʜʠ ʜʣʷ ʟʤʽʥʠ ʨʦʟʨʷʜʽʚ 

ʨʝʛʽʩʪʨʘ ʩʪʘʥʫ SREG, ʪʦʤʫ ʱʦ ʧʝʨʝʚʽʨʢʘ ʩʪʘʥʫ ʨʦʟʨʷʜʽʚ ʩʘʤʝ ʮʴʦʛʦ ʨʝʛʽʩʪʨʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʡʯʘʩʪʽʰʝ. ʋʤʦʚʥʦ ʜʦ ʮʽʻʾ ʛʨʫʧʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʘʢʦʞ ʜʚʽ ʢʦʤʘʥʜʠ 

ʧʝʨʝʜʘʯʽ ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ çʧʝʨʝʚʽʨʢʘ/ʧʨʦʧʫʩʢè, ʱʦ ʧʨʦʧʫʩʢʘʶʪʴ ʥʘʩʪʫʧʥʫ ʢʦʤʘʥʜʫ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʥʫ ʨʦʟʨʷʜʫ ʈɿʇ ʘʙʦ ʈɺɺ. 

ʋʩʽ ʟʘʜʽʷʥʽ ʨʦʟʨʷʜʠ ʈɺɺ ʤʘʶʪʴ ʩʚʦʾ ʩʠʤʚʦʣʽʯʥʽ ʽʤʝʥʘ. ɺʠʟʥʘʯʝʥʥʷ ʮʠʭ ʽʤʝʥ 

ʦʧʠʩʘʥʦ ʫ ʪʦʤʫ ʞ ʬʘʡʣʽ, ʱʦ ʡ ʚʠʟʥʘʯʝʥʥʷ ʩʠʤʚʦʣʽʯʥʠʭ ʽʤʝʥ ʜʣʷ ʘʜʨʝʩ ʨʝʛʽʩʪʨʽʚ  

[1; 7]. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʚʢʣʶʯʝʥʥʷ ʫ ʧʨʦʛʨʘʤʫ ʟʘʟʥʘʯʝʥʦʛʦ ʬʘʡʣʫ ʚ ʢʦʤʘʥʜʘʭ 

ʟʘʤʽʩʪʴ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʥʦʤʝʨʽʚ ʨʦʟʨʷʜʽʚ ʤʦʞʥʘ ʙʫʜʝ ʚʢʘʟʫʚʘʪʠ ʾʭʥʽ ʩʠʤʚʦʣʽʯʥʽ 

ʽʤʝʥʘ. 
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ʊʘʙʣʠʮʷ 3.2. ɹʘʟʦʚʠʡ ʥʘʙʽʨ ʢʦʤʘʥʜ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ˉ 
ʄʥʝʤʦʥʽʯʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 
ʆʧʝʨʘʥʜʠ ʆʧʠʩ ʆʧʝʨʘʮʽʷ 

ʇʨʘʧʦʨʮ

 ̔
ʊʠʧ 

ʂʽʣɹʢ. 

ʪʘʢʪʽʚ 

ɸʈʀʌʄɽʊʀʏʅɯ, ʃʆɻɯʏʅɯ ʂʆʄɸʅɼʀ ʊɸ ʂʆʄɸʅɼʀ ɿʉʋɺʋ 

1 ADD Rd, Rr  ɼʦʜʘʚʘʥʥʷ ʙʝʟ ʧʝʨʝʥʝʩʝʥʥʷ Rd « Rd + Rr 
Z,C,N, 

V,H,S 
3 1 

2 ADC Rd, Rr ɼʦʜʘʚʘʥʥʷ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ Rd « Rd + Rr + C 
Z,C,N, 

V,H,S 
3 1 

3 ADIW Rdl, K6 ɼʦʜʘʚʘʥʥʷ ʜʚʦʭ ʙʘʡʪ ʽʟ ʢʦʥʩʪʘʥʪʦʶ Rdh:Rdl  « Rdh:Rdl+K6 Z,C,N,V,S 4 2 

4 SUB Rd, Rr ɺʽʜʥʽʤʘʥʥʷ ʙʝʟ ʧʝʨʝʥʝʩʝʥʥʷ Rd « Rd ï Rr 
Z,C,N, 

V,H,S 
3 1 

5 SUBI Rd*, K ɺʽʜʥʽʤʘʥʥʷ ʢʦʥʩʪʘʥʪʠ Rd* « Rd* ï K 
Z,C,N, 

V,H,S 
5 1 

6 SBC Rd, Rr ɺʽʜʥʽʤʘʥʥʷ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ Rd « Rd ï Rr ï C 
Z,C,N, 

V,H,S 
3 1 

7 SBCI Rd*, K 
ɺʽʜʥʽʤʘʥʥʷ ʢʦʥʩʪʘʥʪʠ ʟ 

ʧʝʨʝʥʝʩʝʥʥʷʤ 
Rd* « Rd* ï K ï C 

Z,C,N, 

V,H,S 5 1 

8 SBIW Rdl, K6 ɺʽʜʥʽʤʘʥʥʷ ʟ ʜʚʦʭ ʙʘʡʪ ʢʦʥʩʪʘʥʪʠ Rdh:Rdl « Rdh:Rdl ï K6 Z,C,N,V,S 4 2 

9 AND Rd, Rr ʃʦʛʽʯʥʝ ɯ Rd « Rd ¶ Rr Z,N,V,S 3 1 

10 ANDI  Rd*, K ʃʦʛʽʯʥʝ ɯ ʟ ʢʦʥʩʪʘʥʪʦʶ Rd* « Rd* ¶ K Z,N,V,S 5 1 

11 OR Rd, Rr ʃʦʛʽʯʥʝ ɸɹʆ Rd « Rd v Rr Z,N,V,S 3 1 

12 ORI Rd*, K ʃʦʛʽʯʥʝ ɸɹʆ ʟ ʢʦʥʩʪʘʥʪʦʶ Rd* « Rd* v K Z,N,V,S 5 1 

13 EOR Rd, Rr ʃʦʛʽʯʥʝ ʚʠʢʣʶʯʥʝ ɸɹʆ Rd « Rd Ä Rr Z,N,V,S 3 1 

14 COM Rd ʇʦʙʽʪʦʚʘ ʽʥʚʝʨʩʽʷ Rd « $FF - Rd Z,C,N,V,S 2 1 

15 NEG Rd ɿʤʽʥʘ ʟʥʘʢʘ (ʜʦʜʘʪʢʦʚʠʡ ʢʦʜ) Rd « $00  - Rd 
Z,C,N, 

V,H,S 
2 1 

16 INC Rd ɯʥʢʨʝʤʝʥʪ ʟʥʘʯʝʥʥʷ ʨʝʛʽʩʪʨʘ Rd « Rd + 1 Z,N,V,S 2 1 

17 DEC Rd ɼʝʢʨʝʤʝʥʪ ʟʥʘʯʝʥʥʷ ʨʝʛʽʩʪʨʘ Rd « Rd - 1 Z,N,V,S 2 1 

18 ASR Rd ɸʨʠʬʤʝʪʠʯʥʠʡ ʟʩʫʚ ʚʧʨʘʚʦ 
Rd(n) « Rd(n+1), n=0..6, C«Rd(0), 

Rd(7)«Rd(7) 
Z,C,N,V 2 1 

19 LSL Rd ʃʦʛʽʯʥʠʡ/ʘʨʠʬʤʝʪʠʯʥʠʡ ʟʩʫʚ  ʚʣʽʚʦ 
Rd(n+1) « Rd(n), Rd(0) « 0, 

C«Rd(7) 
Z,C,N,V 2 1 

20 LSR Rd ʃʦʛʽʯʥʠʡ ʟʩʫʚ ʚʧʨʘʚʦ 
Rd(n) « Rd(n+1), Rd(7) « 0, 

C«Rd(0) 
Z,C,N,V,S 2 1 

21 ROL Rd ʎʠʢʣʽʯʥʠʡ ʟʩʫʚ  ʚʣʽʚʦ ʯʝʨʝʟ C Rd(0)«C,Rd(n+1)« Rd(n), C«Rd(7) 
Z,C,N, 

V,H,S 
2 1 

22 ROR Rd ʎʠʢʣʽʯʥʠʡ ʟʩʫʚ ʚʧʨʘʚʦ ʯʝʨʝʟ C Rd(7)«C,Rd(n)« Rd(n+1),C«Rd(0) Z,C,N,V,S 2 1 

23 TST Rd 
ʇʝʨʝʚʽʨʢʘ ʥʘ ʥʫʣʴ ʯʠ ʚʽʜôʻʤʥʝ 

ʟʥʘʯʝʥʥʷ 
Rd « Rd ¶ Rd Z,N,V,S 2 1 

24 CLR Rd ʆʯʠʱʝʥʥʷ ʨʝʛʽʩʪʨʘ Rd « Rd Ä Rd Z,N,V,S 2 1 

25 SWAP Rd ʆʙʤʽʥ ʪʝʪʨʘʜʘʤʠ Rd(3..0)«Rd(7..4),Rd(7..4)«Rd(3..0) - 2 1 

26 SER Rd ɺʩʪʘʥʦʚʣʝʥʥʷ ʨʝʛʽʩʪʨʘ Rd « $FF - 2 1 

ʂʆʄɸʅɼʀ  ʇɽʈɽɼɸʏɯ ʂɽʈʋɺɸʅʅʗ 

1 RJMP k ɺʽʜʥʦʩʥʠʡ ʙʝʟʫʤʦʚʥʠʡ ʧʝʨʝʭʽʜ PC « PC + k + 1 - 13 2 

2 IJMP  ʅʝʧʨʷʤʠʡ ʙʝʟʫʤʦʚʥʠʡ ʧʝʨʝʭʽʜ PC « Z - 1 2 

3 RCALL k 
ɺʽʜʥʦʩʥʠʡ ʙʝʟʫʤʦʚʥʠʡ ʚʠʢʣʠʢ 

ʧʽʜʧʨʦʛʨʘʤʠ 

STACK «PC+1, 

PC « PC + k + 1, SP«SP-2 

- 13 3 

4 ICALL   
ʅʝʧʨʷʤʠʡ ʙʝʟʫʤʦʚʥʠʡ ʚʠʢʣʠʢ 

ʧʽʜʧʨʦʛʨʘʤʠ 

STACK «PC+1, 

PC « Z, SP«SP-2 

- 1 3 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.2. 

ˉ 

ʄʥʝʤʦ-

ʥʽʯʥʝ 

ʧʦʟʥʘʯʝ

ʥʥʷ 

ʆʧʝʨʘʥʜʠ ʆʧʠʩ 

 

 

ʆʧʝʨʘʮʽʷ 

 

 

ʇʨʘʧʦʨʮʽ 

 

 
ʊʠʧ 

 

ʂʽʣɹʢ. 

ʪʘʢʪʽʚ 

5 RET  ʇʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤʠ PC « STACK, SP«SP+2 - 1 4 

6 RETI  
ʇʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤʠ ʦʙʨʦʙʢʠ 

ʧʝʨʝʨʠʚʘʥʥʷ 
PC « STACK, SP«SP+2,  I«1 I 1 4 

7 CPSE Rd, Rr ʇʦʨʽʚʥʷʪʠ, ʧʨʦʧʫʩʪʠʪʠ, ̫ ʢʱʦ ʨʽʚʥʽ if (Rd = Rr). ʪʦ PC « PC + 2/3      - 3 1/2/3 

8 CP Rd, Rr ʇʦʨʽʚʥʷʪʠ Rd - Rr 
Z,N,V, 

C,H,S 
3 1 

9 CPC Rd, Rr ʇʦʨʽʚʥʷʪʠ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ Rd - Rr - C 
Z,N,V, 

C,H,S 
3 1 

10 CPI Rd*, K ʇʦʨʽʚʥʷʪʠ ʟ ʢʦʥʩʪʘʥʪʦʶ Rd* - K 
Z,N,V, 

C,H,S 
5 1 

11 SBRC Rr, b ʇʨʦʧʫʩʪʠʪʠ, ʷʢʱʦ ʙʽʪ ʫ ʨʝʛʽʩʪʨʽ 

ʩʢʠʥʫʪʠʡ 

if (Rr(b)=0), ʪʦ PC « PC + 2/3 - 7 1/2/3 

12 SBRS Rr, b 
ʇʨʦʧʫʩʪʠʪʠ, ʷʢʱʦ ʙʽʪ ʫ ʨʝʛʽʩʪʨʽ 

ʚʩʪʘʥʦʚʣʝʥʠʡ 
if (Rr(b)=1), ʪʦ PC « PC + 2/3  - 7 1/2/3 

13 SBIC P*, b ʇʨʦʧʫʩʪʠʪʠ, ʷʢʱʦ ʙʽʪ ʫ ʧʦʨʪʫ ʩʢʠʥʫʪʠʡ if (P*(b)=0), ʪʦ  PC « PC + 2/3  - 9 1/2/3 

14 SBIS P*, b ʇʨʦʧʫʩʪʠʪʠ, ʷʢʱʦ ʙʽʪ ʫ ʧʦʨʪʫ ʚʩʪʘʥʦʚʣʝʥʠʡ if (P*(b)=1), ʪʦ PC « PC + 2/3  - 9 1/2/3 

15 BRBS s, k 
ʇʝʨʝʡʪʠ, ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ ʫ SREG 

ʚʩʪʘʥʦʚʣʝʥʠʡ 
if (SREG(s) = 1) then C«PC+k+1 - 11 1/2 

16 BRBC s, k ʇʝʨʝʡʪʠ, ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ ʫ SREG ʩʢʠʥʫʪʠʡ if(SREG(s) = 0) then PC«PC+k+1 - 11 1/2 

17 BREQ k ʇʝʨʝʡʪʠ, ʷʢʱʦ ʜʦʨʽʚʥʶʻ if (Z = 1) then PC « PC + k + 1 - 12 1/2 

18 BRCS k 
ʇʝʨʝʡʪʠ, ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʥʝʩʝʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʠʡ 
if (C = 1) then PC « PC + k + 1 - 12 1/2 

19 BRNE k ʇʝʨʝʡʪʠ, ʷʢʱʦ ʥʝ ʜʦʨʽʚʥʶʻ if (Z = 0) then PC « PC + k + 1 - 12 1/2 

20 BRCC k 
ʇʝʨʝʡʪʠ, ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʥʝʩʝʥʥʷ 

ʩʢʠʥʫʪʠʡ 
if (C = 0) then PC « PC + k + 1 - 12 1/2 

21 BRSH k ʇʝʨʝʡʪʠ, ʷʢʱʦ ʜʦʨʽʚʥʶʻ ʘʙʦ ʙʽʣʴʰʝ if (C = 0) then PC « PC + k + 1 - 12 1/2 

22 BRLO k ʇʝʨʝʡʪʠ, ʷʢʱʦ ʤʝʥʰʝ if (C = 1) then PC « PC + k + 1 - 12 1/2 

23 BRMI k ʇʝʨʝʡʪʠ, ʷʢʱʦ ʤʽʥʫʩ if (N = 1) then PC « PC + k + 1 - 12 1/2 

24 BRPL k ʇʝʨʝʡʪʠ, ʷʢʱʦ ʧʣʶʩ if (N = 0) then PC « PC + k + 1 - 12 1/2 

25 BRGE k 
ʇʝʨʝʡʪʠ, ʷʢʱʦ ʙʽʣʴʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ      

(ʟʽ ʟʥʘʢʦʤ) 
if (N Ä V= 0) then PC « PC +k+1 - 12 1/2 

26 BRLT k ʇʝʨʝʡʪʠ, ʷʢʱʦ ʤʝʥʰʝ (ʟʽ ʟʥʘʢʦʤ) if (N Ä V= 1) then PC« PC+k+1 - 12 1/2 

27 BRHS k 
ʇʝʨʝʡʪʠ, ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ ʧʦʣʦʚʠʥʥʦʛʦ 

ʧʝʨʝʥʝʩʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʡ 
if (H = 1) then PC « PC + k + 1 - 12 1/2 

28 BRHC k 
ʇʝʨʝʡʪʠ, ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ ʧʦʣʦʚʠʥʥʦʛʦ 

ʧʝʨʝʥʝʩʝʥʥʷ ʩʢʠʥʫʪʠʡ 
if (H = 0) then PC « PC + k + 1 - 12 1/2 

29 BRTS k 
ʇʝʨʝʡʪʠ, ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ T 

ʚʩʪʘʥʦʚʣʝʥʠʡ 
if (T = 1) then PC « PC + k + 1 - 12 1/2 

30 BRTC k ʇʝʨʝʡʪʠ, ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ T ʩʢʠʥʫʪʠʡ if (T = 0) then PC « PC + k + 1 - 12 1/2 

31 BRVS k 
ʇʝʨʝʡʪʠ, ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʧʦʚʥʝʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʠʡ 
if (V = 1) then PC « PC + k + 1 - 12 1/2 

32 BRVC k 
ʇʝʨʝʡʪʠ, ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʧʦʚʥʝʥʥʷ 

ʩʢʠʥʫʪʠʡ 
if (V = 0) then PC « PC + k + 1 - 12 1/2 

33 BRIE k ʇʝʨʝʡʪʠ, ʷʢʱʦ ʧʝʨʝʨʠʚʘʥʥʷ ʜʦʟʚʦʣʝʥʽ if ( I = 1) then PC « PC + k + 1 - 12 1/2 

34 BRID k ʇʝʨʝʡʪʠ, ʷʢʱʦ ʧʝʨʝʨʠʚʘʥʥʷ ʟʘʙʦʨʦʥʝʥʽ if ( I = 0) then PC « PC + k + 1 - 12 1/2 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.2. 

ˉ 

ʄʥʝʤʦ- 

   ʥ̔ ʯʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 

ʆʧʝʨʘʥʜʠ ʆʧʠʩ ʆʧʝʨʘʮʽʷ 
ʇʨʘʧʦ

ʨʮʽ 
ʊʠʧ 

ʂʽʣ. 

ʪʘʢʪʽʚ 

ʂʆʄɸʅɼʀ ʇɽʈɽʉʀʃɸʅʅʗ ɼɸʅʀʍ 

1 MOV Rd, Rr ʂʦʧʽʶʚʘʥʥʷ ʨʝʛʽʩʪʨʘ Rd « Rr - 3 1 

2 LDI  Rd*, K ɿʘʚʘʥʪʘʞʝʥʥʷ ʢʦʥʩʪʘʥʪʠ Rd* « K - 5 1 

3 LD Rd, X ʅʝʧʨʷʤʝ ʟʘʚʘʥʪʘʞʝʥʥʷ Rd « (X) - 2 2 

4 LD Rd, X+ ʅʝʧʨʷʤʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʦʩʪʽʥʢʨʝʤʝʥʪʦʤ Rd « (X), X « X + 1 - 2 2 

5 LD Rd, -ʍ  ʅʝʧʨʷʤʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʝʨʝʜʜʝʢʨʝʤʝʥʪʦʤ X « X - 1, Rd « (X) - 2 2 

6 LD Rd, Y ʅʝʧʨʷʤʝ ʟʘʚʘʥʪʘʞʝʥʥʷ Rd « (Y) - 2 2 

7 LD Rd, Y+ ʅʝʧʨʷʤʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʦʩʪʽʥʢʨʝʤʝʥʪʦʤ Rd « (Y), Y « Y + 1 - 2 2 

8 LD Rd, -Y ʅʝʧʨʷʤʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʝʨʝʜʜʝʢʨʝʤʝʥʪʦʤ Y « Y - 1, Rd « (Y) - 2 2 

9 LDD Rd, Y+q ʅʝʧʨʷʤʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʽ ʟʤʽʱʝʥʥʷʤ Rd « (Y + q) - 6 2 

10 LD Rd, Z ʅʝʧʨʷʤʝ ʟʘʚʘʥʪʘʞʝʥʥʷ Rd « (Z) - 2 2 

11 LD Rd, Z+ ʅʝʧʨʷʤʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʦʩʪʽʥʢʨʝʤʝʥʪʦʤ Rd « (Z), Z « Z+1 - 2 2 

12 LD Rd, -Z ʅʝʧʨʷʤʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʝʨʝʜʜʝʢʨʝʤʝʥʪʦʤ Z « Z - 1, Rd « (Z) - 2 2 

13 LDD   Rd, Z+q ʅʝʧʨʷʤʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʽ ʟʤʽʱʝʥʥʷʤ Rd « (Z + q) - 6 2 

14 LDS Rd, k ʇʨʷʤʝ ʟʘʚʘʥʪʘʞʝʥʥʷ Rd « (k) - 14 2 

15 ST X, Rr ʅʝʧʨʷʤʝ ʟʙʝʨʝʞʝʥʥʷ (X) « Rr - 2 2 

16 ST X+, Rr ʅʝʧʨʷʤʝ ʟʙʝʨʝʞʝʥʥʷ ʟ ʧʦʩʪʽʥʢʨʝʤʝʥʪʦʤ (X) « Rr, X « X + 1 - 2 2 

17 ST - X, Rr ʅʝʧʨʷʤʝ ʟʙʝʨʝʞʝʥʥʷ ʟ ʧʝʨʝʜʜʝʢʨʝʤʝʥʪʦʤ X « X - 1, (X) « Rr - 2 2 

18 ST Y, Rr ʅʝʧʨʷʤʝ ʟʙʝʨʝʞʝʥʥʷ (Y) « Rr - 2 2 

19 ST Y+, Rr ʅʝʧʨʷʤʝ ʟʙʝʨʝʞʝʥʥʷ ʟ ʧʦʩʪʽʥʢʨʝʤʝʥʪʦʤ (Y) « Rr, Y « Y + 1 - 2 2 

20 ST - Y, Rr ʅʝʧʨʷʤʝ ʟʙʝʨʝʞʝʥʥʷ ʟ ʧʝʨʝʜʜʝʢʨʝʤʝʥʪʦʤ Y « Y - 1, (Y) « Rr - 2 2 

21 STD Y+q, Rr ʅʝʧʨʷʤʝ ʟʙʝʨʝʞʝʥʥʷ ʟʽ ʟʤʽʱʝʥʥʷʤ (Y + q) « Rr - 6 2 

22 ST Z, Rr ʅʝʧʨʷʤʝ ʟʙʝʨʝʞʝʥʥʷ (Z) « Rr - 2 2 

23 ST Z+, Rr ʅʝʧʨʷʤʝ ʟʙʝʨʝʞʝʥʥʷ ʟ ʧʦʩʪ/ʽʥʢʨʝʤʝʥʪʦʤ (Z) « Rr, Z « Z + 1 - 2 2 

24 ST -Z, Rr ʅʝʧʨʷʤʝ ʟʙʝʨʝʞʝʥʥʷ ʟ ʧʝʨʝʜ/ʜʝʢʨʝʤʝʥʪʦʤ Z « Z - 1, (Z) « Rr - 2 2 

25 STD Z+q, Rr ʅʝʧʨʷʤʝ ʟʙʝʨʝʞʝʥʥʷ ʟʽ ʟʤʽʱʝʥʥʷʤ (Z + q) « Rr - 6 2 

26 STS k, Rr ʇʨʷʤʝ ʟʙʝʨʝʞʝʥʥʷ (k) « Rr - 14 2 

27 LPM*  ɿʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʨʦʛʨʘʤʥʦʾ ʧʘʤôʷʪʽ R0 « (Z) - 1 3 

28 IN Rd, P ʏʠʪʘʥʥʷ ʧʦʨʪʫ Rd « P - 8 1 

29 OUT P, Rr  ɿʘʧʠʩ ʫ ʧʦʨʪ P « Rr - 8 1 

30 PUSH Rr ɿʘʥʝʩʝʥʥʷ ʨʝʛʽʩʪʨʘ ʚ ʩʪʝʢ STACK « Rr; SP« SP - 1 - 2 2 

31 POP Rd ɺʠʪʷʛʥʝʥʥʷ ʨʝʛʽʩʪʨʘ ʟʽ ʩʪʝʢʘ SP« SP + 1, Rd « STACK - 2 2 

ʂʆʄɸʅɼʀ ʈʆɹʆʊʀ ɿ ɹɯʊɸʄʀ 

1 SBR      Rd*, K  ɺʩʪʘʥʦʚʠʪʠ ʙʽʪ (ʙʽʪʠ) ʫ ʨʝʛʽʩʪʨʽ Rd* « Rd* v K Z,N,V,S 5 1 

2 CBR Rd* ,K  ʉʢʠʥʫʪʠ ʙʽʪ (ʙʽʪʠ) ʫ ʨʝʛʽʩʪʨʽ Rd* « Rd* ¶ ($FF - K) Z,N,V,S 5 1 

3 SBI P*,b ɺʩʪʘʥʦʚʠʪʠ ʙʽʪ ʫ ʈɺɺ I/O(P*,b) « 1 - 9 2 

4 CBI P*,b ʉʢʠʥʫʪʠ ʙʽʪ ʫ ʈɺɺ I/O(P*,b) « 0 - 9 2 

  5 BSET S ɺʩʪʘʥʦʚʠʪʠ ʚʢʘʟʘʥʠʡ ʨʦʟʨʷʜ ʨʝʛʽʩʪʨʘ SREG SREG(s) « 1 SREG(s) 10 1 

6 BCLR S ʉʢʠʥʫʪʠ ʟʘʜʘʥʠʡ ʨʦʟʨʷʜ ʨʝʛʽʩʪʨʘ SREG SREG(s) « 0 SREG(s) 10 1 

7 BLD Rd, b ɿʘʚʘʥʪʘʞʠʪʠ ʙʽʪ ʟ T ʫ ʨʝʛʽʩʪʨ Rd(b) « T - 7 1 

8 BST Rr, b ɿʙʝʨʝʛʪʠ ʙʽʪ ʟ ʨʝʛʽʩʪʨʘ ʚ T T « Rr(b) T 7 1 

9 SEC  ɺʩʪʘʥʦʚʠʪʠ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʥʝʩʝʥʥʷ C « 1 C 1 1 

10 CLC  ʉʢʠʥʫʪʠ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʥʝʩʝʥʥʷ C « 0 C 1 1 

11 SEN  ɺʩʪʘʥʦʚʠʪʠ ʧʨʘʧʦʨʝʮʴ ʚʽʜô̒ʤʥʦʛʦ ʯʠʩʣʘ N « 1 N 1 1 

12 CLN  ʉʢʠʥʫʪʠ ʧʨʘʧʦʨʝʮʴ ʚʽʜóʻʤʥʦʛʦ ʯʠʩʣʘ N « 0 N 1 1 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 3.2 

ˉ 
ʄʥʝʤʦʥʽʯʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 
ʆʧʝʨʘʥʜʠ ʆʧʠʩ ʆʧʝʨʘʮʽʷ 

ʇʨʘʧʦ

ʨʮʽ 
ʊʠʧ 

ʂʽʣɹʢ. 

ʪʘʢʪʽʚ 

13 SEZ  ɺʩʪʘʥʦʚʠʪʠ ʧʨʘʧʦʨʝʮʴ ʥʫʣʷ Z « 1 Z 1 1 

14 CLZ  ʉʢʠʥʫʪʠ ʧʨʘʧʦʨʝʮʴ ʥʫʣʷ Z « 0 Z 1 1 

15 SEI  ɺʩʪʘʥʦʚʠʪʠ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʨʠʚʘʥʴ I « 1 I 1 1 

16 CLI  ʉʢʠʥʫʪʠ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʨʠʚʘʥʴ I « 0 I 1 1 

17 SES  ɺʩʪʘʥʦʚʠʪʠ ʧʨʘʧʦʨʝʮʴ ʟʥʘʢʘ S « 1 S 1 1 

18 CLS  ʉʢʠʥʫʪʠ ʧʨʘʧʦʨʝʮʴ ʟʥʘʢʘ S « 0 S 1 1 

19 SEV  ɺʩʪʘʥʦʚʠʪʠ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʧʦʚʥʝʥʥʷ V « 1 V 1 1 

20 CLV  ʉʢʠʥʫʪʠ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʧʦʚʥʝʥʥʷ V « 0 V 1 1 

21 SET  ɺʩʪʘʥʦʚʠʪʠ ʧʨʘʧʦʨʝʮʴ T T « 1 T 1 1 

22 CLT  ʉʢʠʥʫʪʠ ʧʨʘʧʦʨʝʮʴ T T « 0 T 1 1 

23 SEH  
ɺʩʪʘʥʦʚʠʪʠ ʧʨʘʧʦʨʝʮʴ ʧʦʣʦʚʠʥʥʦʛʦ 

ʧʝʨʝʥʝʩʝʥʥʷ 
H « 1 H 1 1 

24 CLH  
ʆʯʠʩʪʠʪʠ ʧʨʘʧʦʨʝʮʴ ʧʦʣʦʚʠʥʥʦʛʦ 

ʧʝʨʝʥʝʩʝʥʥʷ 
H « 0 H 1 1 

ʂʆʄɸʅɼʀ ʂɽʈʋɺɸʅʅʗ ʄɯʂʈʆʂʆʅʊʈʆʃɽʈʆʄ 

1 NOP  ʇʫʩʪʘ ʦʧʝʨʘʮʽʷ __  - 1 1 

2 SLEEP  ʇʝʨʝʚʝʜʝʥʥʷ ʫ ʨʝʞʠʤ ʩʥʫ __ - 1 3 

3 WDR  ʉʢʠʜʘʥʥʷ ʚʘʨʪʦʚʦʛʦ ʪʘʡʤʝʨʘ __ - 1 1 

 

ʋʩʽ ʢʦʤʘʥʜʠ ʮʽʻʾ ʛʨʫʧʠ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʦʜʠʥ ʤʘʰʠʥʥʠʡ ʮʠʢʣ, ʟʘ ʚʠʥʷʪʢʦʤ 

ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʚʽʨʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʧʫʩʢ ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ. ʋ 

ʮʴʦʤʫ ʨʘʟʽ ʢʦʤʘʥʜʘ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʚʘ ʘʙʦ ʪʨʠ ʤʘʰʠʥʥʠʭ ʮʠʢʣʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʜʦʚʞʠʥʠ ʢʦʤʘʥʜʠ, ʱʦ ʧʨʦʧʫʩʢʘʻʪʴʩʷ. 

ʂʦʤʘʥʜʠ ʧʝʨʝʩʠʣʘʥʥʷ ʜʘʥʠʭ 

ʂʦʤʘʥʜʠ ʮʽʻʾ ʛʨʫʧʠ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʚʤʽʩʪʫ ʢʦʤʽʨʦʢ, ʱʦ 

ʣʝʞʘʪʴ ʚ ʧʨʦʩʪʦʨʽ ʘʜʨʝʩ ʩʪʘʪʠʯʥʦʾ ʧʘʤôʷʪʽ ʜʘʥʠʭ ï ʈɿʇ, ʈɺɺ ʪʘ ʉʆɿʇ. ʇʦʜʽʣ 

ʧʨʦʩʪʦʨʫ ʘʜʨʝʩ ʥʘ ʪʨʠ ʯʘʩʪʠʥʠ ʦʙʫʤʦʚʣʶʻ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʦʤʘʥʜ ʜʘʥʦʾ ʛʨʫʧʠ. 

ʇʝʨʝʩʠʣʘʥʥʷ ʜʘʥʠʭ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʚ ʥʘʩʪʫʧʥʠʭ ʥʘʧʨʷʤʢʘʭ: 

ï ʈɿʇ <=> ʈɿʇ; 

ï ʈɿʇ <=> ʈɺɺ; 

ï ʈɿʇ <=> ʩʪʘʪʠʯʥʘ ʧʘʤôʷʪʴ ʜʘʥʠʭ.  

ɼʦ ʜʘʥʦʾ ʛʨʫʧʠ ʪʘʢʦʞ ʚʽʜʥʝʩʷʪʴʩʷ ʢʦʤʘʥʜʠ PUSH ʽ POP, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʟʙʝʨʽʛʘʪʠ ʫ ʩʪʝʢʫ ʽ ʚʽʜʥʦʚʣʶʚʘʪʠ ʟʽ ʩʪʝʢʘ ʚʤʽʩʪ ʈɿʇ. 

ʅʘ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ ʧʝʨʝʩʠʣʘʥʥʷ ʧʦʪʨʽʙʥʦ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʪʨʴʦʭ ʤʘʰʠʥʥʠʭ 

ʮʠʢʣʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʢʦʤʘʥʜʠ. 
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ʂʦʤʘʥʜʠ ʧʝʨʝʜʘʯʽ ʢʝʨʫʚʘʥʥʷ 

ʋ ʮʶ ʛʨʫʧʫ ʚʭʦʜʷʪʴ ʢʦʤʘʥʜʠ ʧʝʨʝʭʦʜʫ, ʚʠʢʣʠʢʫ ʧʽʜʧʨʦʛʨʘʤ, ʧʦʚʝʨʥʝʥʥʷ ʟ 

ʥʠʭ ʽ ʢʦʤʘʥʜʠ ʪʠʧʫ çʧʝʨʝʚʽʨʢʘ/ʧʨʦʧʫʩʢè, ʱʦ ʧʨʦʧʫʩʢʘʶʪʴ ʥʘʩʪʫʧʥʫ ʟʘ ʥʠʤʠ 

ʢʦʤʘʥʜʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʝʷʢʦʾ ʫʤʦʚʠ. ʊʘʢʦʞ ʜʦ ʮʽʻʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʢʦʤʘʥʜʠ 

ʧʦʨʽʚʥʷʥʥʷ, ʱʦ ʬʦʨʤʫʶʪʴ ʧʨʘʧʦʨʮʽ ʨʝʛʽʩʪʨʘ SREG, ʷʢʽ ʧʨʠʟʥʘʯʝʥʦ ʧʝʨʝʚʘʞʥʦ ʜʣʷ 

ʨʦʙʦʪʠ ʨʘʟʦʤ ʟ ʢʦʤʘʥʜʘʤʠ ʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ. ʋ ʢʦʤʘʥʜʘʭ ʮʴʦʛʦ ʪʠʧʫ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʫʤʦʚʠ, ʨʝʟʫʣʴʪʘʪ ʷʢʦʾ ʚʧʣʠʚʘʻ ʥʘ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʾ 

ʢʦʤʘʥʜʠ. ʗʢʱʦ ʫʤʦʚʘ ʽʩʪʠʥʥʘ, ʥʘʩʪʫʧʥʘ ʢʦʤʘʥʜʘ ʽʛʥʦʨʫʻʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʘ 

SBRS Rd, b ʧʝʨʝʚʽʨʷʻ ʨʦʟʨʷʜ b ʨʝʛʽʩʪʨʘ Rd ʽ ʽʛʥʦʨʫʻ (ʧʨʦʧʫʩʢʘʻ) ʥʘʩʪʫʧʥʫ ʢʦʤʘʥʜʫ, 

ʷʢʱʦ ʮʝʡ ʨʦʟʨʷʜ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ʇʝʨʝʭʽʜ ʜʦ ʥʘʩʪʫʧʥʦʾ ʽʥʩʪʨʫʢʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷʤ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ ʥʘ ʦʜʠʥʠʮʶ, ʘ ʧʨʦʧʫʩʢ ʢʦʤʘʥʜʠ ʚʠʢʣʠʢʘʻ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʣʽʯʠʣʴʥʠʢ ʢʦʤʘʥʜ. ʆʪʞʝ, ʢʦʣʠ ʫʤʦʚʘ, ʱʦ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʽʩʪʠʥʥʘ, ʫ ʢʦʥʚʝʻʨʽ ʚʠʥʠʢʘʻ ʟʘʪʨʠʤʢʘ. ʊʨʠʚʘʣʽʩʪʴ ʟʘʪʨʠʤʢʠ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʢʦʤʘʥʜʠ, ʱʦ ʧʨʦʧʫʩʢʘʻʪʴʩʷ, ʽ ʩʪʘʥʦʚʠʪʴ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʜʚʦʭ 

ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ. 

ʂʦʤʘʥʜʠ ʧʝʨʝʜʘʯʽ ʢʝʨʫʚʘʥʥʷ ʧʦʨʫʰʫʶʪʴ ʥʦʨʤʘʣʴʥʝ (ʣʽʥʽʡʥʝ) ʚʠʢʦʥʘʥʥʷ 

ʦʩʥʦʚʥʦʾ ʧʨʦʛʨʘʤʠ. ʑʦʨʘʟʫ, ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʤʘʥʜʘ ʟ ʮʽʻʾ ʛʨʫʧʠ (ʦʢʨʽʤ ʢʦʤʘʥʜ 

ʧʦʨʽʚʥʷʥʥʷ), ʥʦʨʤʘʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʚʝʻʨʘ ʧʦʨʫʰʫʻʪʴʩʷ. ʇʝʨʝʜ 

ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʫ ʢʦʥʚʝʻʨ ʥʦʚʦʾ ʘʜʨʝʩʠ ʚʽʥ ʟʫʧʠʥʷʻʪʴʩʷ ʡ ʦʯʠʱʫʻʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʫʚʘʥʠʭ ʢʦʤʘʥʜ. ʈʝʽʥʽʮʽʘʣʽʟʘʮʽʷ ʢʦʥʚʝʻʨʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, 

ʱʦ ʪʘʢʽ ʢʦʤʘʥʜʠ ʚʠʢʦʥʫʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ [1; 7].  

ʋ ʩʠʩʪʝʤʽ ʢʦʤʘʥʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ, ʻ ʢʦʤʘʥʜʠ ʷʢ ʙʝʟʫʤʦʚʥʦʛʦ, 

ʪʘʢ ʽ ʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʽʚ. ʂʦʤʘʥʜʠ ʥʝʧʨʷʤʦʛʦ ï JMP ʽ ʚʽʜʥʦʩʥʦʛʦ ï RJMP 

ʙʝʟʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ ʻ ʥʘʡʧʨʦʩʪʽʰʠʤʠ ʚ ʮʽʡ ʛʨʫʧʽ. ɰʭ ʬʫʥʢʮʽʷ ʧʦʣʷʛʘʻ ʪʽʣʴʢʠ ʫ 

ʟʘʧʠʩʽ ʥʦʚʦʾ ʘʜʨʝʩʠ ʚ ʣʽʯʠʣʴʥʠʢ ʢʦʤʘʥʜ.  

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʤʘʥʜʠ RJMP ʟʤʽʥʶʻʪʴʩʴ ʚʤʽʩʪ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ 

ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʜʦ ʥʴʦʛʦ ʘʙʦ ʚʽʜʥʽʤʘʥʥʷ ʟ ʥʴʦʛʦ ʜʝʷʢʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ ʻ 

ʦʧʝʨʘʥʜʦʤ ʢʦʤʘʥʜʠ. ʎ̫  ʢʦʤʘʥʜʘ ʤʘʻ ʦʙʤʝʞʝʥʥʷ ʟʘ ʦʙʣʘʩʪʶ ʜʽʾ. ʏʝʨʝʟ ʪʝ, ʱʦ 

ʦʧʝʨʘʥʜ ʻ 12-ʨʦʟʨʷʜʥʠʤ ʯʠʩʣʦʤ ʟʽ ʟʥʘʢʦʤ, ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʧʝʨʝʭʦʜʫ 

ʚʽʜʥʦʩʥʦ ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ ʩʪʘʥʦʚʠʪʴ ʚʽʜ -2048 ʜʦ +2047 ʩʣʽʚ (ʧʨʠʙʣʠʟʥʦ 

Ñ4 ʂʙʘʡʪ). 

ʋ ʧʨʦʛʨʘʤʘʭ ʚ ʷʢʦʩʪʽ ʦʧʝʨʘʥʜʽʚ ʮʽʻʾ ʢʦʤʘʥʜʠ ʟʘʤʽʩʪʴ ʢʦʥʩʪʘʥʪ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʽʪʢʠ. ʂʦʤʧʽʣʷʪʦʨ (ʘʩʝʤʙʣʝʨ) ʚʽʜʥʽʤʘʻ ʚʽʜ ʘʜʨʝʩʠ ʤʽʪʢʠ ʘʜʨʝʩʫ 

ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ ʽ ʧʽʜʩʪʘʚʣʷʻ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʝ ʤʽʩʮʝ ʤʘʰʠʥʥʦʛʦ 

ʢʦʜʫ ʢʦʤʘʥʜʠ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ, ʷʢʠʡ ʽʣʶʩʪʨʫʻ ʩʢʘʟʘʥʝ: 

    cpi r16, $42; ʧʦʨʽʚʥʥ ̫ʨʝʛʽʩʪʨʘ r16 ʟ ʯʠʩʣʦʤ $42; 

     brne error; ʧʝʨʝʭʽʜ ʥʘ ʤʽʪʢʫ error, ʷʢʱʦ r16 Í $42; 
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          rjmp ok ; ʙʝʟʫʤʦʚʥʠʡ ʧʝʨʝʭʽʜ ʥʘ ʤʽʪʢʫ ok, ̫ ʢʱʦ r16 = $42; 

error: 

     . . .  

ok:  nʦʨ; ʤ̔ ʩʮʝ ʧʝʨʝʭʦʜʫ ʟʘ ʢʦʤʘʥʜʦʶ RJMP. 

ʆʩʢʽʣʴʢʠ ʢʦʤʘʥʜʘ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʭʦʜʫ ʟʤʽʥʶʻ ʚʤʽʩʪ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ, 

ʚʦʥʘ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 2 ʤʘʰʠʥʥʠʭ ʮʠʢʣʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ ʥʝʧʨʷʤʦʛʦ ʧʝʨʝʭʦʜʫ IJMP ʧʨʦʛʨʘʤʘ 

ʧʨʦʜʦʚʞʫʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟ ʘʜʨʝʩʠ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʽʥʜʝʢʩʥʦʤʫ ʨʝʛʽʩʪʨʽ Z.               

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʽʷ ʢʦʤʘʥʜʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʤʽʩʪʫ ʽʥʜʝʢʩʥʦʛʦ ʨʝʛʽʩʪʨʘ 

ʚ ʣʽʯʠʣʴʥʠʢ ʢʦʤʘʥʜ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʤʘʥʜʠ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʭʦʜʫ ʮʷ ʢʦʤʘʥʜʘ ʤʘʻ ʤʝʥʰʝ 

ʦʙʤʝʞʝʥʴ ʟʘ ʦʙʣʘʩʪʶ ʜʽʾ. ʅʘʩʧʨʘʚʜʽ, ʦʩʢʽʣʴʢʠ ʽʥʜʝʢʩʥʠʡ ʨʝʛʽʩʪʨ Z ï 16-ʨʦʟʨʷʜʥʠʡ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʚʝʣʠʯʠʥʘ ʧʝʨʝʭʦʜʫ ʩʪʘʥʦʚʠʪʴ: 64 ʂʩʣʽʚ (128 ʂʙʘʡʪ). ʗʢ ʽ 

ʢʦʤʘʥʜʘ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʢʦʤʘʥʜʘ ʥʝʧʨʷʤʦʛʦ ʧʝʨʝʭʦʜʫ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ                        

2 ʤʘʰʠʥʥʠʭ ʮʠʢʣʠ. 

ʂʦʤʘʥʜʠ ʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ 

ʋ ʮʠʭ ʢʦʤʘʥʜʘʭ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʫʤʦʚʠ, ʨʝʟʫʣʴʪʘʪ ʷʢʦʾ ʚʧʣʠʚʘʻ ʥʘ 

ʩʪʘʥ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ. ʗʢʱʦ ʫʤʦʚʘ ʽʩʪʠʥʥʘ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʟʘ ʚʢʘʟʘʥʦʶ 

ʘʜʨʝʩʦʶ, ʷʢʱʦ ʞ ʫʤʦʚʘ ʭʠʙʥʘ, ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʢʦʤʘʥʜʘ. 

ʂʦʤʘʥʜʠ ʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʟʘ ʦʙʣʘʩʪʶ ʜʽʾ. ʅʦʚʝ 

ʟʥʘʯʝʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ ʦʙʯʠʩʣʶʻʪʴʩʷ ʜʦʜʘʚʘʥʥʷʤ ʜʦ ʥʴʦʛʦ ʘʙʦ ʚʽʜʥʽʤʘʥʥʷʤ 

ʟ ʥʴʦʛʦ ʜʝʷʢʦʛʦ ʟʤʽʱʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʧʽʜ ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʥʷ ʚ ʩʣʦʚʽ ʢʦʤʘʥʜʠ 

ʚʠʜʽʣʷʻʪʴʩʷ ʣʠʰʝ 7 ʙʽʪ, ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʧʝʨʝʭʦʜʫ ʚʽʜʥʦʩʥʦ ʘʜʨʝʩʠ 

ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ ʩʪʘʥʦʚʠʪʴ ʚʽʜ -64 ʜʦ +63 ʩʣʽʚ. 

ʆʩʢʽʣʴʢʠ ʧʝʨʝʭʽʜ ʟʘ ʚʢʘʟʘʥʦʶ ʘʜʨʝʩʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʘʥʪʘʞʝʥʥʷʤ 

ʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʣʽʯʠʣʴʥʠʢ ʢʦʤʘʥʜ, ʪʦ ʫ ʚʠʧʘʜʢʫ ʽʩʪʠʥʥʦʩʪʽ ʫʤʦʚʠ, ʱʦ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʫ ʢʦʥʚʝʻʨʽ ʚʠʥʠʢʘʻ ʟʘʪʨʠʤʢʘ ʪʨʠʚʘʣʽʩʪʶ ʚ ʦʜʠʥ ʤʘʰʠʥʥʠʡ ʮʠʢʣ. 

ʋʩʽ ʢʦʤʘʥʜʠ ʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʧʽʜʛʨʫʧʠ. ʇʝʨʰʘ 

ʧʽʜʛʨʫʧʘ ï ʢʦʤʘʥʜʠ ʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʮʶ ʧʽʜʛʨʫʧʫ 

ʚʭʦʜʷʪʴ ʜʚʽ ʢʦʤʘʥʜʠ BRBS s, k ʽ BRBC s, k, ʚ ̫ ʢʠʭ ʷʚʥʦ ʚʢʘʟʫʻʪʴʩʷ ʥʦʤʝʨ ʧʨʘʧʦʨʮʷ 

ʨʝʛʽʩʪʨʘ SREG, ʷʢʠʡ ʧʝʨʝʚʽʨʷʻʪʴʩʷ. ɺʽʜʧʦʚʽʜʥʦ, ʧʝʨʝʭʽʜ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ              

SREG.s = 0 (BRBC) ʘʙʦ SREG.s = 1 (BRBS). ɯʥʰʫ ʧʽʜʛʨʫʧʫ ʩʢʣʘʜʘʶʪʴ 18 ʢʦʤʘʥʜ, 

ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʠʢʦʥʫʻ ʧʝʨʝʭʽʜ ʟʘ ʷʢʦʶ-ʥʝʙʫʜʴ ʢʦʥʢʨʝʪʥʦʶ ʫʤʦʚʦʶ: çʜʦʨʽʚʥʶʻè, 

çʙʽʣʴʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻè, çʙʫʣʦ ʧʝʨʝʥʝʩʝʥʥʷè ʽ ʪ. ʽʥ. ʆʜʥʽ ʟ ʮʠʭ ʢʦʤʘʥʜ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʩʣʷ ʧʦʨʽʚʥʷʥʥʷ ʙʝʟʟʥʘʢʦʚʠʭ ʯʠʩʝʣ, ʽʥʰʽ ï ʧʽʩʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʯʠʩʝʣ ʟʽ ʟʥʘʢʦʤ. ʄʦʞʣʠʚʽ ʫʤʦʚʠ, ʱʦ ʧʝʨʝʚʽʨʷʶʪʴʩʷ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʢʦʤʘʥʜʠ 

ʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.3. 
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ʊʘʙʣʠʮʷ 3.3. ɿʚʝʜʝʥʘ ʪʘʙʣʠʮʷ ʢʦʤʘʥʜ ʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ 

ʇʝʨʝʚʽʨʢʘ 
ʃʦʛʽʯ. 

ʫʤʦʚʘ 
ʂʦʤʘʥʜʘ ɿʚʦʨʦʪʥʘ ʧʝʨʝʚʽʨʢʘ 

ʃʦʛʽʯ. 

ʫʤʦʚʘ 
ʂʦʤʘʥʜʘ 

ʊʠʧ 

ʜʘʥʠʭ 

Rd>Rr (NÄV)=0 BRLT* RdÒRr (NÄV)=1 BRGE* ɿʽ ʟʥʘʢʦʤ 

Rd²Rr (NÄV)=0 BRGE Rd<Rr (NÄV)=1 BRLT ɿʽ ʟʥʘʢʦʤ 

Rd=Rr Z=1 BREQ Rḑ Rr Z=0 BRNE ɿʽ ʟʥʘʢʦʤ 

RdÒRr (NÄV)=1 BRGE* Rd>Rr (NÄV)=0 BRLT* ɿʽ ʟʥʘʢʦʤ 

Rd<Rr (NÄV)=1 BRLT Rd²Rr (NÄV)=0 BRGE ɿʽ ʟʥʘʢʦʤ 

Rd>Rr C=0 BRLO* RdÒRr C=1 BRSH* ɹʝʟ ʟʥʘʢʘ 

Rd²Rr ʉ=0 BRSH/BRCC Rd<Rr C=1 BRLO/BRCS ɹʝʟ ʟʥʘʢʘ 

Rd=Rr Z=1 BREQ Rḑ Rr Z=0 BRNE ɹʝʟ ʟʥʘʢʘ 

RdÒRr C=1 BRSH* Rd>Rr C=0 BRLO* ɹʝʟ ʟʥʘʢʘ 

Rd<Rr C=1 BRLO/BRCS Rd²Rr C=0 BRSH/BRCC ɹʝʟ ʟʥʘʢʘ 

çʇʝʨʝʥʝʩʝʥʥʷè C=1 BRCS çʅʝʤʘʻ ʧʝʨʝʥʝʩʝʥʥʷè C=0 BRCC ð 

çʄʝʥʰʝ ʟʘ ʥʫʣʴè N=1 BRMI çɹʽʣʴʰʝ ʟʘ ʥʫʣʴè N=0 BRPL ð 

çʇʝʨʝʧʦʚʥʝʥʥʷè V=1 BRVS çʅʝʤʘʻ ʧʝʨʝʧʦʚʥʝʥʥʷè V=0 BRVC ð 

çʅʫʣʴè Z=1 BREQ çʅʝ ʥʫʣʴè Z=0 BRNE ð 

çʇʦʣʦʚʠʥʥʝ 

ʧʝʨʝʥʝʩʝʥʥʷè 
ʅ=1 BRʅS 

çʅʝʤʘʻ ʧʦʣʦʚʠʥʥʦʛʦ 

ʧʝʨʝʥʝʩʝʥʥʷè 
ʅ=0 BRʅʉ ð 

*  ʆʩʢʽʣʴʢʠ ʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ ʚʽʜʩʫʪʥʽ ʢʦʤʘʥʜʠ ʧʝʨʝʭʦʜʽʚ ʟʘ ʫʤʦʚʘʤʠ: ʙʽʣʴʰʝ ʪʘ ʤʝʥʰʝ, 
ʘʙʦ ʜʦʨʽʚʥʶʻ, ʪʦ ʜʣʷ ʧʝʨʝʭʦʜʫ ʟʘ ʮʠʤʠ ʫʤʦʚʘʤʠ ʦʧʝʨʘʥʜʠ ʧʦʧʝʨʝʜʥʴʦʾ ʢʦʤʘʥʜʠ ʧʦʨʽʚʥʷʥʥʷ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʧʠʩʘʥʽ ʚ ʟʚʦʨʦʪʥʦʤʫ ʧʦʨʷʜʢʫ, ʪʦʙʪʦ ʟʘʤʽʩʪʴ ʉʈ Rd, Rr ï> ʉʈ Rr, Rd. 

ʂʦʤʘʥʜʠ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.3, ʻ ʪʽʣʴʢʠ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʤʥʝʤʦʥʽʯʥʠʤʠ 

ʧʦʟʥʘʯʝʥʥʷʤʠ ʢʦʤʘʥʜ BRBS s, k ʪʘ BRBC s, k ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʦʧʝʨʘʥʜʘ 

ï s. ʅʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʘ BREQ k ʤʘʻ, ʪʘʢʠʡ ʞʝ ʢʦʜ ʦʧʝʨʘʮʽʾ, ʱʦ ʽ ʢʦʤʘʥʜʘ            

BRBS 1, k, ʘ ʢʦʤʘʥʜʘ BRGE k ï ʪʘʢʠʡ ʞʝ, ʱʦ ʽ BRBC 4 , k. ɿʘ ʦʩʪʘʥʥʴʦʶ ʢʦʤʘʥʜʦʶ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʟʘ ʟʥʘʯʝʥʥʷʤ k, ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ S = 1.  ɿʥʘʯʝʥʥʷ S = (N+V), 

ʜʝ N ï ʟʥʘʯʝʥʥʷ ʧʨʘʧʦʨʮʷ ʚʽʜ'ʻʤʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʘ V ï ʧʨʘʧʦʨʮʷ ʧʝʨʝʧʦʚʥʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʜʫ. 

ʂʦʤʘʥʜʠ ʚʠʢʣʠʢʫ ʧʽʜʧʨʦʛʨʘʤ 

ɼʣʷ ʚʠʢʣʠʢʫ ʧʽʜʧʨʦʛʨʘʤ ʻ ʜʚʽ ʢʦʤʘʥʜʠ: ʢʦʤʘʥʜʘ ʚʽʜʥʦʩʥʦʛʦ ʚʠʢʣʠʢʫ ï 

RCALL ʽ ʢʦʤʘʥʜʘ ʥʝʧʨʷʤʦʛʦ ʚʠʢʣʠʢʫ ï ICALL.  

ɺʨʘʭʦʚʫʶʯʽ ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʷʢʽ ʦʧʠʩʘʥʦ ʥʠʞʯʝ, ʢʦʤʘʥʜʘ RCALL ʧʨʘʮʶʻ 

ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʢʦʤʘʥʜʘ ʚʽʜʥʦʩʥʦʛʦ ʙʝʟʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ RJMP. 

ʂʦʤʘʥʜʘ RCALL ʟʙʝʨʽʛʘʻ ʫ ʩʪʝʢʫ ʟʥʘʯʝʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ (ʘʜʨʝʩʫ 

ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ). ʇʦʪʽʤ ʚʤʽʩʪ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ ʟʙʽʣʴʰʫʻʪʴʩʷ ʘʙʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʜʝʷʢʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʻ ʦʧʝʨʘʥʜʦʤ ʢʦʤʘʥʜʠ. ʆʩʢʽʣʴʢʠ ʦʩʪʘʥʥʽʡ  ʻ 
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12-ʨʦʟʨʷʜʥʠʤ ʯʠʩʣʦʤ ʟʽ ʟʥʘʢʦʤ, ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʧʝʨʝʭʦʜʫ ʚʽʜʥʦʩʥʦ ʘʜʨʝʩʠ 

ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ ʩʪʘʥʦʚʠʪʴ ʚʽʜ -2048 ʜʦ +2047 ʩʣʽʚ (ʧʨʠʙʣʠʟʥʦ                                          

Ñ4 ʂʙʘʡʪ). 

ʋ ʧʨʦʛʨʘʤʘʭ ʚ ʷʢʦʩʪʽ ʦʧʝʨʘʥʜʽʚ ʢʦʤʘʥʜʠ RCALL, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʢʦʤʘʥʜʠ 

RJMP, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʽʪʢʠ. ɸʩʝʤʙʣʝʨ ʩʘʤ ʦʙʯʠʩʣʶʻ ʚʝʣʠʯʠʥʫ ʟʤʽʱʝʥʥʷ 

ʚʽʜʥʦʩʥʦ ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ ʰʣʷʭʦʤ ʚʽʜʥʽʤʘʥʥʷ ʚʽʜ ʘʜʨʝʩʠ ʤʽʪʢʠ ʘʜʨʝʩʠ 

ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ ʽ ʧʽʜʩʪʘʚʣʷʻ ʮʝ ʟʥʘʯʝʥʥʷ ʚ ʤʘʰʠʥʥʠʡ ʢʦʜ ʢʦʤʘʥʜʠ. 

ʂʦʤʘʥʜʘ ʚʽʜʥʦʩʥʦʛʦ ʚʠʢʣʠʢʫ ʧʽʜʧʨʦʛʨʘʤ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 3 ʤʘʰʠʥʥʠʭ 

ʮʠʢʣʠ, ʜʚʘ ʟ ʷʢʠʭ ʚʠʪʨʘʯʘʶʪʴʩʷ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʫ ʩʪʝʢʫ ʜʚʦʭ ʙʘʡʪ ʣʽʯʠʣʴʥʠʢʘ 

ʢʦʤʘʥʜ (ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ). 

ɺʨʘʭʦʚʫʶʯʽ ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʷʢʽ ʦʧʠʩʘʥʦ ʥʠʞʯʝ, ʢʦʤʘʥʜʘ ICALL ʧʨʘʮʶʻ 

ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʢʦʤʘʥʜʘ ʥʝʧʨ̫ʤʦʛʦ ʙʝʟʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ IJMP.   

ʂʦʤʘʥʜʘ ICALL ʟʙʝʨʽʛʘʻ ʫ ʩʪʝʢʫ ʟʥʘʯʝʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ (ʘʜʨʝʩʫ 

ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ). ʇʦʪʽʤ ʫ ʣʽʯʠʣʴʥʠʢ ʢʦʤʘʥʜ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚʤʽʩʪ ʽʥʜʝʢʩʥʦʛʦ 

ʨʝʛʽʩʪʨʘ. ʆʩʢʽʣʴʢʠ ʽʥʜʝʢʩʥʠʡ ʨʝʛʽʩʪʨ ï 16-ʨʦʟʨʷʜʥʠʡ, ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ 

ʚʝʣʠʯʠʥʘ ʧʝʨʝʭʦʜʫ ʩʪʘʥʦʚʠʪʴ 64 ʂʩʣʽʚ (128 ʂʙʘʡʪ). ʗʢ ʽ ʢʦʤʘʥʜʘ RCALL, ʢʦʤʘʥʜʘ 

ʥʝʧʨʷʤʦʛʦ ʚʠʢʣʠʢʫ ʧʽʜʧʨʦʛʨʘʤ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 3 ʤʘʰʠʥʥʠʭ ʮʠʢʣʠ. 

ʇ̔ ʜʧʨʦʛʨʘʤʘ ʧʦʚʠʥʥʘ ʟʘʢʽʥʯʫʚʘʪʠʩʷ ʢʦʤʘʥʜʦʶ ʧʦʚʝʨʥʝʥʥʷ RET, ʷʢ 

ʧʦʢʘʟʘʥʦ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʨʠʢʣʘʜʽ: 

rcall   sp_test     ;   ʚʠʢʣʠʢ ʧʽʜʧʨʦʛʨʘʤʠ  sp_test 

...     ;   ʪʝʢʩʪ ʦʩʥʦʚʥʦʾ ʧʨʦʛʨʘʤʠ 

sp_test     ;   ʤʽʪʢʘ ʧʽʜʧʨʦʛʨʘʤʠ 

push    r2         ;   ʟʙʝʨʝʞʝʥʥʷ r2 ʫ ʩʪʝʢʫ 

...     ;   ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʛʨʘʤʠ 

pop     r2     ;   ʚʽʜʥʦʚʠʪʠ r2 ʟʽ ʩʪʝʢʘ 

ret     ;   ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤʠ 

ʋ ʥʘʚʝʜʝʥʦʤʫ ʚʠʱʝ ʧʨʠʢʣʘʜʽ ʢʦʤʘʥʜʘ ret ʟʘʤʽʥʶʻ ʘʜʨʝʩʫ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ 

ʣʽʯʠʣʴʥʠʢʫ ʢʦʤʘʥʜ, ʘʜʨʝʩʦʶ ʢʦʤʘʥʜʠ, ʥʘʩʪʫʧʥʦʾ ʟʘ ʢʦʤʘʥʜʦʶ rcall. 

ʂʦʤʘʥʜʠ ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤ 

ɺ ʢʽʥʮʽ ʢʦʞʥʦʾ ʧʽʜʧʨʦʛʨʘʤʠ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠʩʷ ʢʦʤʘʥʜʘ 

ʧʦʚʝʨʥʝʥʥʷ ʟ ʥʝʾ. ʋ ʩʠʩʪʝʤʽ ʢʦʤʘʥʜ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʻ ʜʚʽ ʪʘʢʠʭ ʢʦʤʘʥʜʠ. 

ɼʣʷ ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤʠ, ʱʦ ʚʠʢʣʠʢʘʻʪʴʩʷ ʢʦʤʘʥʜʘʤʠ RCALL ʽ ICALL, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʘʥʜʘ RET. ɼʣʷ ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤʠ ʦʙʨʦʙʢʠ 

ʧʝʨʝʨʠʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʘʥʜʘ RETI. 

ʆʙʠʜʚʽ ʢʦʤʘʥʜʠ ʚʽʜʥʦʚʣʶʶʪʴ ʟʽ ʩʪʝʢʘ ʚʤʽʩʪ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ, ʷʢʠʡ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʘʤ ʧʝʨʝʜ ʧʝʨʝʭʦʜʦʤ ʜʦ ʧʽʜʧʨʦʛʨʘʤʠ. ʂʦʤʘʥʜʘ ʧʦʚʝʨʥʝʥʥʷ ʟ 

ʧʽʜʧʨʦʛʨʘʤʠ RETI ʜʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʣʶʻ ʚ ʦʜʠʥʠʮʶ ʧʨʘʧʦʨʝʮʴ ʛʣʦʙʘʣʴʥʦʛʦ 
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ʜʦʟʚʦʣʫ ʧʝʨʝʨʠʚʘʥʴ I ʨʝʛʽʩʪʨʘ SREG, ʱʦ ʩʢʠʜʘʻʪʴʩʷ ʘʧʘʨʘʪʥʦ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ 

ʧʝʨʝʨʠʚʘʥʥʷ. 

ʅʘ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ ʟ ʢʦʤʘʥʜ ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤʠ ʧʦʪʨʽʙʥʦ                   

4 ʤʘʰʠʥʥʠʭ ʮʠʢʣʠ. 

ʂʦʤʘʥʜʠ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ 

ʋ ʮʶ ʛʨʫʧʫ ʚʭʦʜʷʪʴ 3 ʢʦʤʘʥʜʠ:  

ï NOP ï ʧʫʩʪʘ ʦʧʝʨʘʮʽʷ; 

ï SLEEP ï ʧʝʨʝʚʝʜʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚ ʨʝʞʠʤ ʟʥʠʞʝʥʦʛʦ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; 

ï WDR ï ʩʢʠʜʘʥʥʷ ʚʘʨʪʦʚʦʛʦ ʪʘʡʤʝʨʘ. 

ʂʦʤʘʥʜʠ NOP ʽ WDR ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʦʜʠʥ ʤʘʰʠʥʥʠʡ ʮʠʢʣ, ʘ ʢʦʤʘʥʜʘ 

SLEEP ï ʟʘ ʪʨʠ ʤʘʰʠʥʥʠʭ ʮʠʢʣʠ. 

ɺʠʱʝ ʩʢʦʨʦʯʝʥʦ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ 118 ʙʘʟʦʚʠʭ ʢʦʤʘʥʜ. ʈʝʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʢʦʤʘʥʜ ʙʽʣʴʰʘ, ʪʦʤʫ ʱʦ ʟʘ ʜʝʷʢʠʤʠ ʥʦʤʝʨʘʤʠ ʥʘʚʝʜʝʥʦ ʦʧʠʩ ʢʦʤʘʥʜ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʩʭʦʞʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʘʣʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʧʦʩʦʙʘʤʠ ʘʜʨʝʩʘʮʽʾ 

ʦʧʝʨʘʥʜʽʚ. ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʙʘʟʦʚʠʭ ʢʦʤʘʥʜ ʥʘʚʝʜʝʥʦ ʫ [1; 7]. 

3.14 ʅʦʚʽ ʢʦʤʘʥʜʠ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

ɸʨʭʽʪʝʢʪʫʨʘ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʧʦʩʪʽʡʥʦ ʦʥʦʚʣʶʻʪʴʩʷ. ʎʝ ʦʥʦʚʣʝʥʥʷ 

ʩʪʦʩʫʻʪʴʩʷ ʷʢ ʩʪʨʫʢʪʫʨʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʪʘʢ ʽ ʡʦʛʦ ʩʠʩʪʝʤʠ ʢʦʤʘʥʜ. ʂʦʞʥʝ 

ʩ̔ʤʝʡʩʪʚʦ, ʧʦʩʣʽʜʦʚʥʦ ʫʩʧʘʜʢʦʚʫʻ ʥʘʙʽʨ ʢʦʤʘʥʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩ̔ʤʝʡʩʪʚʘ. ɸʣʝ ʻ 

ʜʝʷʢʽ ʚʠʢʣʶʯʝʥʥʷ. ʅʠʞʯʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʦʚʽ ʢʦʤʘʥʜʠ, ʷʢʽ ʥʘ ʜʘʥʠʡ ʯʘʩ ʟôʷʚʠʣʠʩʷ 

ʫ ʥʦʚʠʭ     AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ: Mega ʪʘ XMega (ʪʘʙʣ. 3.4) [1; 18].  

 

JMP 

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15              1 0 

1 0 0 1 0 1 0 k k k k k 1 1 0 k 

31              17 16 

k k k k k k k k k k k k k k k k 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

ʈʉ ă k. 

ʆʧʠʩ: ʜʣʷ ʢʦʥʪʨʦʣʝʨʽʚ ʟ 22-ʨʦʟʨʷʜʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʣʽʯʠʣʴʥʠʢʦʤ (ʈʉ), 

ʤʘʢʩʠʤʘʣʴʥʘ ʻʤʥʽʩʪʴ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʜʦʨʽʚʥʶʻ 222 = 4 ʄʩʣʽʚ (8 ʄʙʘʡʪ), 

ʥʘʧʨʠʢʣʘʜ ʫ ʢʦʥʪʨʦʣʝʨʽ AT90SC6464C-USB, ʘ ʜʣʷ ʢʦʥʪʨʦʣʝʨʽʚ ʟ 16-ʨʦʟʨʷʜʥʠʤ 

ʈʉ,  ʚʽʜʧʦʚʽʜʥʦ 216 = 64 ʂʩʣʽʚ (128 ʂʙʘʡʪ). 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 2 ʩʣʦʚʘ (4 ʙʘʡʪʠ). 
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ʊʘʙʣʠʮʷ 3.4. ʅʦʚʽ ʢʦʤʘʥʜʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ AVR 

ʂʦʤʘʥʜʘ ʆʧʝʨʘʮʽʷ ʆʧʠʩ ɼʽʷ ʇʨʘʧʦʨʮʽ ʊʘʢʪʠ 

Classic Core AVR (ʜʦ 128ʂ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʩʪʦʨʫ) 

JMP k 

ɹʝʟʫʤʦʚʥʠʡ ʧʨʷʤʠʡ 

ʧʝʨʝʭʽʜ ʫ ʧʘʤôʷʪʽ 

ʧʨʦʛʨʘʤ ʻʤʥʽʩʪʶ 64 

ʂ/4 ʄʩʣʽʚ 

PC ă k (16/22 ʙʽʪʠ) - 3/4 

CALL k 

ɹʝʟʫʤʦʚʥʠʡ ʧʨʷʤʠʡ 

ʚʠʢʣʠʢ ʧʽʜʧʨʦʛʨʘʤʠ 

ʽʟ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

ʻʤʥʽʩʪʶ 

64 ʂ/4 ʄʩʣʽʚ 

STACK ă PC + 2 

SP ă SP - 2/SP - 3 

PC ă k (16/22 ʙʽʪʠ) 

- 4/5 

Enhanced Core AVR (ʜʦ 8ʂ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʩʪʦʨʫ) 

MUL Rd, Rr 
ʄʥʦʞʝʥʥʷ 

ʙʝʟʟʥʘʢʦʚʠʭ ʯʠʩʝʣ 
R1:R0 ă RdxRr Z,C 2 

MULS Rd,  Rr 
ʄʥʦʞʝʥʥʷ 

ʟʥʘʢʦʚʠʭ ʯʠʩʝʣ 
R1:R0 ă RdxRr Z,C 2 

MULSU Rd, Rr 

ʄʥʦʞʝʥʥʷ 

ʟʥʘʢʦʚʦʛʦ ʯʠʩʣʘ ʥʘ 

ʙʝʟʟʥʘʢʦʚʝ 

R1:R0 ă RdxRr Z,C 2 

FMUL Rd, Rr 

ʄʥʦʞʝʥʥʷ 

ʜʨʦʙʦʚʠʭ 

ʙʝʟʟʥʘʢʦʚʠʭ ʯʠʩʝʣ 

R1:R0ăRdxRr Z,C 2 

FMULS Rd, Rr 

ʄʥʦʞʝʥʥʷ 

ʜʨʦʙʦʚʠʭ ʟʥʘʢʦʚʠʭ 

ʯʠʩʝʣ 

R1:R0 ă RdxRr Z,C 2 

FMULSU Rd, Rr 

ʄʥʦʞʝʥʥʷ 

ʜʨʦʙʦʚʦʛʦ 

ʟʥʘʢʦʚʦʛʦ ʯʠʩʣʘ ʥʘ 

ʙʝʟʟʥʘʢʦʚʝ 

R1:R0 ă RdxRr Z,C 2 

MOVW Rd, Rr ʂʦʧʽʶʚʘʥʥʷ ʩʣʦʚʘ Rd+1:Rd ă Rr+1:Rr - 1 

LPM Rd, Z Rd 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ 

Rd ʽʟ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

ʟ ʘʜʨʝʩʦʶ ʫ 

ʽʥʜʝʢʩʥʦʤʫ ʨʝʛʽʩʪʨʽ Z 

Rd ă(Z) - 3 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.4 

ʂʦʤʘʥʜʘ ʆʧʝʨʘʮʽʷ ʆʧʠʩ ɼʽʷ ʇʨʘʧʦʨʮʽ ʊʘʢʪʠ 

LPM Rd, Z+ Rd 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ 

Rd ʽʟ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʟ 

ʘʜʨʝʩʦʶ ʫ ʽʥʜʝʢʩʥʦʤʫ 

ʨʝʛʽʩʪʨʽ Z ʪʘ 

ʥʘʩʪʫʧʥʠʤ 

ʽʥʢʨʝʤʝʥʪʦʤ ʚʤʽʩʪʫ Z 

Rd ă (Z) 

Z ă Z + 1 
- 3 

SPM  

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʷʢʠʡ 

ʤʘʻ ʚʽʜʧʦʚʽʜʥʠʡ ʙʣʦʢ 

ɼʠʚʠʩʴ ʦʧʠʩ 

ʢʦʤʘʥʜʠ, 

ʥʘʚʝʜʝʥʠʡ ʥʠʞʯʝ 

- 

ɺʠʢʦʥʫ- 

ʻʪʴʩʷ ʽʟ 

ʧʘʤôʷʪʽ 

ʟʘʚʘʥʪʘ-

ʞʫʚʘʯʘ 

Enhanced Core AVR (ʜʦ 128ʂ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʩʪʦʨʫ) 

BREAK  

ɿʫʧʠʥʢʘ ʧʨʦʮʝʩʦʨʘ 

ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ 

ʢʦʤʘʥʜʠ 

PC ă PC + 1 

ʟʫʧʠʥʢʘ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

- 1 

Enhanced Core AVR (ʜʦ 4M ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʩʪʦʨʫ) 

EIJMP  

ɹʝʟʫʤʦʚʥʠʡ ʥʝʧʨʷʤʠʡ 

ʧʝʨʝʭʽʜ ʫ ʧʘʤôʷʪʽ 

ʧʨʦʛʨʘʤ ʻʤʥʽʩʪʶ         

4 ʄʩʣʽʚ 

PCă (EIND:Z) - 2 

EICALL  

ɹʝʟʫʤʦʚʥʠʡ ʥʝʧʨʷʤʠʡ 

ʚʠʢʣʠʢ ʧʽʜʧʨʦʛʨʘʤʠ ʽʟ 

ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

ʻʤʥʽʩʪʶ 4 ʄʩʣʽʚ 

STACKă PC + 1 

SP ă SP - 3 

PC ă (EIND:Z) 

- 4 

ELPM  

ɿʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ 

R0 ʽʟ ʨʦʟʰʠʨʝʥʦʾ 

ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʟ 

ʘʜʨʝʩʦʶ ʫ ʨʝʛʽʩʪʨʘʭ 

RAMPZ ʪʘ Z 

R0 ă (RAMPZ: Z) 

 
- 3 

ELPM Rd, Z Rd 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ 

Rd ʽʟ ʨʦʟʰʠʨʝʥʦʾ 

ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʟ 

ʘʜʨʝʩʦʶ ʫ ʨʝʛʽʩʪʨʘʭ 

RAMPZ ʪʘ Z 

Rd ă (RAMPZ:Z) 

 
- 3 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 3.4. 

ʂʦʤʘʥʜʘ ʆʧʝʨʘʮʽʷ ʆʧʠʩ ɼʽʷ ʇʨʘʧʦʨʮʽ ʊʘʢʪʠ 

ELPM Rd, Z+ Rd 

ɿʘʚʘʥʪʘʞʝʥʥʷ 

ʨʝʛʽʩʪʨʘ Rd ʽʟ 

ʨʦʟʰʠʨʝʥʦʾ 

ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʟ 

ʘʜʨʝʩʦʶ ʫ 

ʨʝʛʽʩʪʨʘʭ RAMPZ 

ʪʘ Z, ʪʘ 

ʥʘʩʪʫʧʥʠʤ 

ʽʥʢʨʝʤʝʥʪʦʤ 

ʚʤʽʩʪʫ RAMPZ:Z 

Rd ă (RAMPZ:Z) 

RAMPZ:Z ă 

RAMPZ:Z+1 

- 3 

XMEGA CoreAVR 

DES K 
ʐʠʬʨʫʚʘʥʥʷ 

ʜʘʥʠʭ 

ʷʢʱʦ H=0: 

R15:R0ăENCRYPT 

(R15:R0, K) 

ʷʢʱʦ H=1: 

R15:R0ăDECRYPT 

(R15:R0, K) 

- 1/2 

LAC Z, Rd Rd 

ɿʘʧʠʩ Rd ʫ Temp, 

ʟʘʧʠʩ  (Z) ʫ Rd, 

ʦʯʠʱʝʥʥʷ ʙʽʪʽʚ 

(Z) ʟʘ ʤʘʩʢʦʶ, ʷʢʫ 

ʚʢʘʟʘʥʦ ʚ Temp 

 

Temp ă Rd; 

Rd ă (Z);  

(Z) ă ($FF ï Temp)*(Z); 

 PC ă PC + 1 

 

- 1 

LAS Z, Rd Rd 

ɿʘʧʠʩ Rd ʫ Temp, 

ʟʘʧʠʩ  (Z) ʫ Rd, 

ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʙʽʪʽʚ (Z) ʟʘ 

ʤʘʩʢʦʶ, ʷʢʫ 

ʚʢʘʟʘʥʦ ʚ Temp 

Temp ă Rd; 

Rd ă (Z); 

(Z) ă Temp v (Z); 

PC ă PC + 1 

- 1 

LAT Z, Rd Rd 

ɿʘʧʠʩ  Rd ʫ Temp, 

ʟʘʧʠʩ  (Z) ʫ Rd, 

ʧ̔ ʜʩʫʤʦʚʫʚʘʥʥʷ ʟʘ 

ʤʦʜʫʣʝʤ 2 ʙʽʪʽʚ 

(Z) ʟ ʤʘʩʢʦʶ, ʷʢʫ 

ʚʢʘʟʘʥʦ ʚ Temp 

Temp ă Rd; 

Rd ă (Z); 

(Z) ă Temp xor (Z); 

PC ă PC + 1 

- 1 

XCH Z, Rd Rd 
ʆʙʤʽʥ ʜʘʥʠʤʠ 

ʤʽʞ Rd ʪʘ (Z) 

Temp ă Rd; 

Rd ă (Z); 

 (Z) ă Temp; 

 PC ăPC+1 

- 1 
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CALL  

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15              1 0 

1 0 0 1 0 1 0 k k k k k 1 1 1 k 

31               16 

k k k k k k k k k k k k k k k k 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

STACK ă PC + 2 

SP ă SP - 2 

PC ă k, ʷʢʱʦ k = 16 ʙʽʪ 

 

 ɹʝʟʫʤʦʚʥʠʡ ʧʨʷʤʠʡ ʚʠʢʣʠʢ 

ʧʽʜʧʨʦʛʨʘʤʠ ʽʟ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

ʻʤʥʽʩʪʶ 216 = 64ʂ ʩʣʽʚ (128 ʂʙʘʡʪ) 

STACK ă PC + 2 

SP ă SP - 3 

PC ă k, ʷʢʱʦ k = 22 ʙʽʪ 

 ɹʝʟʫʤʦʚʥʠʡ ʧʨʷʤʠʡ ʚʠʢʣʠʢ 

ʧʽʜʧʨʦʛʨʘʤʠ ʽʟ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

ʻʤʥʽʩʪʶ 222 = 4ʄ ʩʣʽʚ (8 ʄʙʘʡʪ) 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 2 ʩʣʦʚʘ (4 ʙʘʡʪʠ). 

 

MUL  

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

1 0 0 1 1 1 r d d d d d r r r r 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

R1:R0 ă RdʭRr 

ʈʉ ă ʈʉ + 1. 

ʆʧʝʨʘʥʜʠ: 0ÒdÒ31; 0ÒrÒ31 ï ʙʝʟʟʥʘʢʦʚʽ ʚʝʣʠʯʠʥʠ. 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

 

MULS 

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

0 0 0 0 0 0 1 0 d d d d r r r r 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

R1:R0 ă RdʭRr 

ʈʉ ă ʈʉ + 1. 

ʆʧʝʨʘʥʜʠ: 16ÒdÒ31; 16ÒrÒ31 ï ʟʥʘʢʦʚʽ ʚʝʣʠʯʠʥʠ. 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 
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 MULSU 

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

1 0 0 1 0 0 1 1 0 d d d 0 r r r 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

R1:R0 ă RdʭRr 

ʈʉ ă ʈʉ + 1. 

ʆʧʝʨʘʥʜʠ: 16ÒdÒ23; 16ÒrÒ23 (ʫ Rr ï ʙʝʟʟʥʘʢʦʚʝ ʯʠʩʣʦ,  Rd ï ʟʥʘʢʦʚʝ ʯʠʩʣʦ) 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

 

FMUL  

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

0 0 0 0 0 0 1 1 0 d d d 0 r r r 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

R1:R0 ă RdʭRr 

ʈʉ ă ʈʉ + 1. 

ʆʧʠʩ: ʯʠʩʣʘ ʧʦʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ N.Q, ʜʝ N ï ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʜʦ ʢʦʤʠ ʫ 

ʜʚʽʡʢʦʚʦʤʫ ʚʠʛʣʷʜʽ, Q ï ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʧʽʩʣʷ ʢʦʤʠ ʫ ʜʚʽʡʢʦʚʦʤʫ ʚʠʛʣʷʜʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʦʧʝʨʘʥʜʠ ʧʦʜʘʶʪʴʩʷ ʚ ʚʠʛʣʷʜʽ (N1.Q1) ʽ (N2.Q2). ɹʝʟʟʥʘʢʦʚʽ 8-ʨʦʟʨʷʜʥʽ 

ʜʨʦʙʦʚʽ ʯʠʩʣʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʦʨʤʘʪ, ʚ ʷʢʦʤʫ ʯʠʩʣʘ ʤʦʞʫʪʴ ʣʝʞʘʪʠ ʫ ʜʽʘʧʘʟʦʥʽ: 

[0, 2]. ɹʽʪʠ 6é0 ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʜʨʦʙʦʚʫ ʯʘʩʪʠʥʫ, ʘ 7-ʡ ʙʽʪ ï ʮʽʣʫ ʯʘʩʪʠʥʫ (0 ʘʙʦ 

1), ʪʦʙʪʦ 1.7 ʬʦʨʤʘʪ. ʈʝʟʫʣʴʪʘʪ ʤʥʦʞʝʥʥʷ (ʬʦʨʤʘʪ ʨʝʟʫʣʴʪʘʪʫ): 2.14 ʟʩʫʚʘʻʪʴʩʷ 

ʚʣʽʚʦ ʥʘ ʦʜʠʥ ʨʦʟʨʷʜ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʬʦʨʤʘʪʫ: 1.15 ʪʘ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʧʘʨʫ 

ʨʝʛʽʩʪʨʽʚ R1:R0. 

ʆʧʝʨʘʥʜʠ: 16ÒdÒ23; 16ÒrÒ23 ï ʙʝʟʟʥʘʢʦʚʽ ʜʨʦʙʦʚʽ ʚʝʣʠʯʠʥʠ. 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

 

FMULS 

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

0 0 0 0 0 0 1 1 1 d d d 0 r r r 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

R1:R0 ă RdʭRr 

ʈʉ ă ʈʉ + 1. 
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ʆʧʠʩ: ʯʠʩʣʘ ʧʦʜʘʶʪʴʩʷ ʚ ʚʠʛʣʷʜʽ N.Q, ʜʝ N ï ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʜʦ ʢʦʤʠ ʫ 

ʜʚʽʡʢʦʚʦʤʫ ʚʠʛʣʷʜʽ, Q ï ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʧʽʩʣʷ ʢʦʤʠ ʫ ʜʚʽʡʢʦʚʦʤʫ ʚʠʛʣʷʜʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʦʧʝʨʘʥʜʠ ʧʦʜʘʶʪʴʩʷ ʚ ʚʠʛʣʷʜʽ (N1.Q1) ʽ (N2.Q2). ɼʨʦʙʦʚʽ ʯʠʩʣʘ ʟʽ ʟʥʘʢʦʤ 

ʧʦʜʽʙʥʦ ʜʦ ʮʽʣʠʭ ʯʠʩʝʣ ʟʽ ʟʥʘʢʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʦʨʤʘʪ ʜʚʽʡʢʦʚʦʛʦ ʜʦʧʦʚʥʝʥʥʷ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʜʘʚʘʪʠ ʧʝʨʰʽ ʫ ʜʽʘʧʘʟʦʥʽ: [-1,1]. ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʮʽʣʝ ʯʠʩʣʦ ʙʝʟ 

ʟʥʘʢʘ ʤʘʻ ʜʚʽʡʢʦʚʠʡ ʢʦʜ: 10110010, ʪʦ ʡʦʛʦ ʜʝʩʷʪʢʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʜʦʨʽʚʥʶʻ: 

128+32+16+2 = 178. ɺʽʜʧʦʚʽʜʥʦ, ʜʝʩʷʪʢʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʮʴʦʛʦ ʯʠʩʣʘ ʷʢ ʟʥʘʢʦʚʦʛʦ 

ʮʽʣʦʛʦ ʜʦʨʽʚʥʶʻ: 178-256 = -78. ʗʢʱʦ ʥʘʚʝʜʝʥʝ ʚʠʱʝ ʜʚʽʡʢʦʚʝ ʯʠʩʣʦ ʧʦʜʘʪʠ ʫ 

ʬʦʨʤʘʪʽ ʙʝʟʟʥʘʢʦʚʦʛʦ ʜʨʦʙʦʚʦʛʦ, ʪʦ ʦʪʨʠʤʘʻʤʦ:  

1 + 0,25 + 0,125 + 0,015625 = 1,390625.  

ɸʥʘʣʦʛʽʯʥʦ ʥʘʚʝʜʝʥʦʤʫ ʚʠʱʝ ʧʨʘʚʠʣʫ ʦʙʯʠʩʣʝʥʥʷ ʮʽʣʠʭ ʯʠʩʝʣ ʟʽ ʟʥʘʢʦʤ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʝʩʷʪʢʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʜʚʽʡʢʦʚʦʛʦ ʯʠʩʣʘ 10110010, ʷʢʱʦ ʚʚʘʞʘʪʠ 

ʱʦ ʚʦʥʦ ʚʽʜʧʦʚʽʜʘʻ ʜʨʦʙʦʚʦʤʫ ʯʠʩʣʫ ʟʽ ʟʥʘʢʦʤ: 1,390625 - 2 = -0,609375. 

ʈʝʟʫʣʴʪʘʪ ʤʥʦʞʝʥʥʷ (ʬʦʨʤʘʪ ʨʝʟʫʣʴʪʘʪʫ): 2.14 ʟʩʫʚʘʻʪʴʩʷ ʚʣʽʚʦ ʥʘ ʦʜʠʥ 

ʨʦʟʨʷʜ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʬʦʨʤʘʪʫ: 1.15 ʪʘ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʧʘʨʫ ʨʝʛʽʩʪʨʽʚ R1:R0. 

ʆʧʝʨʘʥʜʠ: 16ÒdÒ23; 16ÒrÒ23 ï ʜʨʦʙʦʚʽ ʚʝʣʠʯʠʥʠ ʟʽ ʟʥʘʢʦʤ. 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

 

FMULSU 

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

0 0 0 0 0 0 1 1 1 d d d 1 r r r 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

R1:R0 ă RdʭRr 

ʈʉ ă ʈʉ + 1. 

ʆʧʠʩ: ʯʠʩʣʘ ʧʦʜʘʶʪʴʩʷ ʚ ʚʠʛʣʷʜʽ N.Q, ʜʝ N ï ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʜʦ ʢʦʤʠ ʫ 

ʜʚʽʡʢʦʚʦʤʫ ʚʠʛʣʷʜʽ, Q ï ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʧʽʩʣʷ ʢʦʤʠ ʫ ʜʚʽʡʢʦʚʦʤʫ ʚʠʛʣʷʜʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʦʧʝʨʘʥʜʠ ʧʦʜʘʶʪʴʩʷ ʚ ʚʠʛʣʷʜʽ: N1.Q1 ʽ N2.Q2 (ʜʠʚʠʩʴ ʦʧʠʩ ʢʦʤʘʥʜʠ 

FMULS). 

ʆʧʝʨʘʥʜʠ: 16ÒdÒ23; 16ÒrÒ23 (ʦʙʠʜʚʽ ʚʝʣʠʯʠʥʠ ʜʨʦʙʦʚʽ, ʦʜʥʘ ʟ ʷʢʠʭ, ʫ Rr ï 

ʙʝʟʟʥʘʢʦʚʘ,  ʜʨʫʛʘ ʚʝʣʠʯʠʥʘ, ʫ Rd ï ʟʥʘʢʦʚʘ). 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

 

MOVW  

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

0 0 0 0 0 0 0 1 d d d d r r r r 
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ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

Rd+1:Rd ă Rr+1:Rr 

PC ă PC + 1. 

ʆʧʠʩ: ʢʦʤʘʥʜʘ ʢʦʧʽʶʻ ʚʤʽʩʪ ʦʜʥʽʻʾ ʧʘʨʠ ʨʝʛʽʩʪʨʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʚ ʽʥʰʫ ʧʘʨʫ ʨʝʛʽʩʪʨʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʘʨʘ ʨʝʛʽʩʪʨʽʚ ʜʞʝʨʝʣʘ (Rr+1:Rr) 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ. ʇʘʨʘ ʨʝʛʽʩʪʨʽʚ ʧʨʠʡʤʘʯʘ (Rd+1:Rd) ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ 

ʢʦʧʽʻʶ ʨʝʛʽʩʪʨʽʚ Rr+1:Rr. ʅʦʤʝʨʠ ʨʝʛʽʩʪʨʽʚ Rr, Rd ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʘʨʥʠʤʠ. 

ʆʧʝʨʘʥʜʠ:  0ÒdÒ 30;  0Ò rÒ 30. 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

 

LPM Rd, Z  

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

1 0 0 1 0 0 0 d d d d d 0 1 0 0 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

Rd ă ʇʇ (Z) 

PC ă PC + 1. 

ʆʧʝʨʘʥʜʠ: 0ÒdÒ31, ʇʇ (Z) ï ʢʦʤʽʨʢʘ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʘʜʨʝʩʘ ʷʢʦʾ ʤʽʩʪʠʪʴʩʷ  

ʚ ʽʥʜʝʢʩʥʦʤʫ ʨʝʛʽʩʪʨʽ Z.   

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

 

LPM Rd, Z+  

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

1 0 0 1 0 0 0 d d d d d 0 1 0 1 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

Rd ă ʇʇ (Z), Z ă Z + 1 

PC ă PC + 1. 

ʆʧʝʨʘʥʜʠ: 0ÒdÒ31, ʇʇ (Z) ï ʢʦʤʽʨʢʘ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʘʜʨʝʩʘ ʷʢʦʾ ʤʽʩʪʠʪʴʩʷ 

ʚ ʽʥʜʝʢʩʥʦʤʫ ʨʝʛʽʩʪʨʽ Z.   

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

 

SPM 

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

1 0 0 1 0 1 0 1 1 1 1 0 1 0 0 0  



 

94 

 

ʆʧʠʩ: ʮ̫  ʢʦʤʘʥʜʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʷʢʠʡ ʤʘʻ ʚʽʜʧʦʚʽʜʥʠʡ ʙʣʦʢ.  ʂʦʤʘʥʜʘ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʚʠʢʦʥʫʻʪʴʩʷ, ʫ ʩʧʝʮʽʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʧʘʤôʷʪʽ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʚʘʥʪʘʞʫʚʘʯʝʤ. ɯʩʥʫʻ 

ʧôʷʪʴ ʨʝʞʠʤʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʘʥʜʠ, ʷʢʽ ʧʨʦʛʨʘʤʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʦʜʘʪʢʦʚʠʭ ʨʝʛʽʩʪʨʽʚ ʢʝʨʫʚʘʥʥʷ: 

(RAMPZ : Z) ă $FFFF, ʦʯʠʱʝʥʥʷ ʩʪʦʨʽʥʢʠ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ; 

(RAMPZ : Z)ă R1:R0, ʟʘʧʠʩ ʩʣʦʚʘ ʫ ʪʠʤʯʘʩʦʚʠʡ ʙʫʬʝʨ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ; 

(RAMPZ : Z) ă R1:R0, ʟʘʧʠʩ ʩʪʦʨʽʥʢʠ ʫ ʪʠʤʯʘʩʦʚʠʡ ʙʫʬʝʨ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ; 

(RAMPZ : Z)ă TEMP, ʟʘʧʠʩ ʪʠʤʯʘʩʦʚʦʛʦ ʙʫʬʝʨʘ ʫ ʧʘʤôʷʪʴ ʧʨʦʛʨʘʤ; 

BLBITS  ă R1:R0, ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʽʪʽʚ ʙʣʦʢʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʨʘʤ. 

ɹʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʮʽʻʾ ʢʦʤʘʥʜʠ ʥʘʚʝʜʝʥʦ ʫ [1]. 

BREAK  

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

1 0 0 1 0 1 0 1 1 0 0 1 1 0 0 0  

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

PC ă PC+1. 

ʆʧʠʩ: ʮ̫  ʽʥʩʪʨʫʢʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʣʘʛʦʜʞʫʚʘʯʝʤ, ʷʢʠʡ ʚʙʫʜʦʚʘʥʦ ʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʪʘ ʟʘʟʚʠʯʘʡ ʚ ʨʦʙʦʯʠʭ ʧʨʦʛʨʘʤʘʭ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʇʽʩʣʷ 

ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ BREAK ʧʨʦʮʝʩʦʨ ʟʫʧʠʥʷʻʪʴʩʷ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʥʘʣʘʛʦʜʞʫʚʘʯʝʚʽ ʧʨʘʮʶʚʘʪʠ ʽʟ ʚʥʫʪʨʽʰʥʽʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʆʧʝʨʘʥʜʠ: ʥʝʤʘʻ. 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

 

EIJMP  

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

1 0 0 1 0 1 0 0 0 0 0 1 1 0 0 1  

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

PC(15:0) ă Z(15:0) 

PC(21:16) ă EIND (6 ʙʽʪ),  

ʜʝ EIND ï ʽʤôʷ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʛʽʩʪʨʘ ʢʝʨʫʚʘʥʥʷ. 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

 

EICALL  

 

ʂʦʜ ʦʧʝʨʘʮʽʾ: 
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15 8 7 0 

1 0 0 1 0 1 0 1 0 0 0 1 1 0 0 1  

 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

STACK ă PC + 1 

SP ă SP - 3 

PC(15:0) ă Z(15:0) 

PC(21:16) ă EIND (6 ʙʽʪ),  

ʜʝ EIND ï ʽʤôʷ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʛʽʩʪʨʘ ʢʝʨʫʚʘʥʥʷ. 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

 

ɽLPM 

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

1 0 0 1 0 1 0 1 1 1 0 1 1 0 0 0  

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

R0ăʇʇ (RAMPZ:Z),  

ʜʝ RAMPZ ï ʽʤôʷ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʛʽʩʪʨʘ ʢʝʨʫʚʘʥʥʷ; 

PC ă PC + 1. 

ʆʧʝʨʘʥʜʠ: R0 ï ʨʝʛʽʩʪʨ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ; (RAMPZ:Z) ï ʢʦʤʽʨʢʘ 

ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʘʜʨʝʩʘ ʷʢʦʾ ʤʽʩʪʠʪʴʩʷ ʫ ʜʚʦʭ ʨʝʛʽʩʪʨʘʭ: RAMPZ (6 ʙʽʪ) ʪʘ Z ï        

16 ʙʽʪ. ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

 

ɽLPM Rd, Z 

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

1 0 0 1 0 0 0 d d d d d 0 1 1 0  

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

Rd ă ʇʇ (RAMPZ:Z),  

ʜʝ RAMPZ ï ʽʤôʷ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʛʽʩʪʨʘ ʢʝʨʫʚʘʥʥʷ; 

PC ă PC + 1. 

ʆʧʝʨʘʥʜʠ: Rd (0ÒdÒ31) ï ʨʝʛʽʩʪʨ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ; 

ʇʇ (RAMPZ:Z) ï ʢʦʤʽʨʢʘ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʘʜʨʝʩʘ ʷʢʦʾ ʤʽʩʪʠʪʴʩʷ ʫ ʜʚʦʭ ʨʝʛʽʩʪʨʘʭ: 

RAMPZ (6 ʙʽʪ) ʪʘ Z ï 16 ʙʽʪ. 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

ɽLPM Rd, Z+ 

ʂʦʜ ʦʧʝʨʘʮʽʾ: 
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15 8 7 0 

1 0 0 1 0 0 0 d d d d d 0 1 1 1  

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

Rd ă ʇʇ (RAMPZ:Z), RAMPZ:Z ă RAMPZ:Z+1,  

ʜʝ RAMPZ ï ʽʤôʷ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʛʽʩʪʨʘ ʢʝʨʫʚʘʥʥʷ; 

PC ă PC + 1. 

ʆʧʝʨʘʥʜʠ: Rd (0ÒdÒ31) ï ʨʝʛʽʩʪʨ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ;  

ʇʇ (RAMPZ:Z) ï ʢʦʤʽʨʢʘ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʘʜʨʝʩʘ ʷʢʦʾ ʤʽʩʪʠʪʴʩʷ ʫ ʜʚʦʭ ʨʝʛʽʩʪʨʘʭ: 

RAMPZ (6 ʙʽʪ) ʪʘ Z ï 16 ʙʽʪ. 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

 

DES 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

R15:R0 ă ENCRYPT(R15:R0, K), ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ H=0, 

R15:R0 ă DECRYPT(R15:R0, K), ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ H=1. 

ʆʧʠʩ: ʢʦʤʘʥʜʘ DES ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ 

ʩ̔ʤʝʡʩʪʚʘ XMega ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʢʦʤʘʥʜʫ ʪʘ ʤʝʪʦʜ ʢʦʜʫʚʘʥʥʷ, ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ [1; 18]. 

LAC  

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

1 0 0 1 0 0 1 d d d d d 0 1 1 0  

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

Temp ă Rd; 

Rd ă (Z); 

(Z) ă ($FF ï Temp)*(Z); 

PC ă PC + 1. 

ʆʧʠʩ: ʢʦʤʘʥʜʘ LAC ʟʘʧʠʩʫʻ Rd ʫ ʪʠʤʯʘʩʦʚʠʡ ʨʝʛʽʩʪʨ Temp, ʧʝʨʝʩʠʣʘʻ (Z) 

ʚ Rd, ʽʥʚʝʨʪʦʚʘʥʝ ʟʥʘʯʝʥʥʷ Temp ʤʥʦʞʠʪɹ  ʥʘ (Z) ʪʘ ʨʝʟʫʣʴʪʘʪ ʟʘʧʠʩʫʻ ʚ (Z). ʊʘʢʠʤ 

ʯʠʥʦʤ ʜʦ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ ʚ Rd ʟʥʘʭʦʜʠʪʴʩʷ ʤʘʩʢʘ, ʟʘ ʷʢʦʶ ʥʝʦʙʭʽʜʥʦ ʩʢʠʥʫʪʠ 

ʫ ʥʫʣʴ ʚʽʜʧʦʚʽʜʥʽ ʙʽʪʠ (Z), ʘ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ ʨʝʟʫʣʴʪʘʪ ʟʘʧʠʩʫʻʪʴʩʷ ʫ (Z) 

ʟ ʦʙʥʫʣʝʥʠʤʠ ʙʽʪʘʤʠ ʥʘ ʪʠʭ ʤʽʩʮʷʭ, ʜʝ ʫ ʤʘʩʮʽ ʟʥʘʭʦʜʠʣʘʩʴ ʦʜʠʥʠʮʷ. ʇʨʠ 

ʚʠʢʦʥʘʥʥ ̔ʢʦʤʘʥʜʠ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ (Z) ʟʘʧʠʩʫʻʪʴʩʷ ʫ Rd. 

ʆʧʝʨʘʥʜʠ: 0ÒdÒ 31. 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 
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LAS 

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

1 0 0 1 0 0 1 d d d d d 0 1 0 1  

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

Temp ă Rd; 

Rd ă (Z); 

(Z) ă Temp v (Z); 

PC ă PC + 1. 

ʆʧʠʩ: ʢʦʤʘʥʜʘ LAS ʟʘʧʠʩʫʻ Rd ʫ ʪʠʤʯʘʩʦʚʠʡ ʨʝʛʽʩʪʨ Temp, ʧʝʨʝʩʠʣʘʻ (Z) ʚ 

Rd, ʣʦʛʽʯʥʦ ʧʽʜʩʫʤʦʚʫʻ Temp ʽ (Z) ʪʘ ʨʝʟʫʣʴʪʘʪ ʟʘʧʠʩʫʻ ʚ (Z). ʊʘʢʠʤ ʯʠʥʦʤ ʜʦ 

ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ ʚ Rd ʟʥʘʭʦʜʠʪʴʩʷ ʤʘʩʢʘ, ʟʘ ʷʢʦʶ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʚ 

ʦʜʠʥʠʮʶ ʚʽʜʧʦʚʽʜʥʽ ʙʽʪʠ (Z), ʘ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ ʨʝʟʫʣʴʪʘʪ ʟʘʧʠʩʫʻʪʴʩʷ ʫ 

(Z) ʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʙʽʪʘʤʠ ʥʘ ʪʠʭ ʤʽʩʮʷʭ, ʜʝ ʫ ʤʘʩʮʽ ʟʥʘʭʦʜʠʣʘʩʴ ʦʜʠʥʠʮʷ. ʇʨʠ 

ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ (Z) ʟʘʧʠʩʫʻʪʴʩʷ ʫ Rd. 

ʆʧʝʨʘʥʜʠ: 0ÒdÒ 31. 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 

 

LAT  

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

15 8 7 0 

1 0 0 1 0 0 1 d d d d d 0 1 1 1  

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

Temp ă Rd; 

Rd ă (Z); 

(Z) ă Temp xor (Z); 

PC ă PC + 1. 

ʆʧʠʩ: ʢʦʤʘʥʜʘ LAT ʟʘʧʠʩʫʻ Rd ʫ ʪʠʤʯʘʩʦʚʠʡ ʨʝʛʽʩʪʨ Temp, ʧʝʨʝʩʠʣʘʻ (Z) 

ʚ Rd, ʚʠʢʦʥʫʻ ʣʦʛʽʯʥʝ çɺʠʢʣʶʯʥʝ ɸɹʆè (XOR) ʤʽʞ Temp ̔  (Z) ʪʘ ʨʝʟʫʣʴʪʘʪ ʟʘʧʠʩʫʻ 

ʚ (Z). ʊʘʢʠʤ ʯʠʥʦʤ ʜʦ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ ʚ Rd ʟʥʘʭʦʜʠʪʴʩʷ ʤʘʩʢʘ, ʟʘ ʷʢʦʶ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʽʥʚʝʨʪʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʙʽʪʠ (Z), ʘ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ 

ʨʝʟʫʣʴʪʘʪ ʟʘʧʠʩʫʻʪʴʩʷ ʫ (Z) ʟ ʧʨʦʽʥʚʝʨʪʦʚʘʥʠʤʠ ʙʽʪʘʤʠ ʥʘ ʪʠʭ ʤʽʩʮʷʭ, ʜʝ ʫ ʤʘʩʮʽ 

ʟʥʘʭʦʜʠʣʘʩʴ ʦʜʠʥʠʮʷ. ʇʨʠ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ (Z) 

ʟʘʧʠʩʫʻʪʴʩʷ ʫ Rd. 

ʆʧʝʨʘʥʜʠ: 0ÒdÒ 31. 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 
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XCH 

ʂʦʜ ʦʧʝʨʘʮʽʾ: 

 

15 8 7 0 

1 0 0 1 0 0 0 d d d d d 0 1 0 0 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ: 

Temp ă Rd; 

     Rd ă (Z); 

      (Z) ă Temp; 

      PC ăPC+1. 

ʆʧʠʩ: ʢʦʤʘʥʜʘ XCH ʤʽʥʷʻ ʤʽʩʮʷʤʠ ʟʥʘʯʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʘʜʨʝʩʦʶ, 

ʚʢʘʟʘʥʦʶ ʚ Z, ʟʽ ʟʥʘʯʝʥʥʷʤ Rd. 

ʆʧʝʨʘʥʜʠ: 0ÒdÒ 31. 

ɼʦʚʞʠʥʘ ʢʦʤʘʥʜʠ: 1 ʩʣʦʚʦ (2 ʙʘʡʪʠ). 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʅʘʟʚʽʪʴ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʩʪʚʦʨʝʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʜʣʷ ʄʂ. 

2. ʅʘʟʚʽʪʴ ʩʢʣʘʜʦʚʽ ʧʨʦʛʨʘʤʥʦʾ ʤʦʜʝʣʽ ʪʠʧʦʚʦʛʦ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

3. ʉʢʽʣʴʢʠ ʈɿʇ ʤʘʻ ʪʠʧʦʚʠʡ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ? 

4. ʗʢ ʨʝʘʣʽʟʦʚʘʥʦ ʧʦʢʘʞʯʠʢ ʩʪʝʢʘ? 

5. ʅʘʟʚʽʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʢʦʤʘʥʜ. 

6. ʅʘʜʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʤʘʥʜʘʤ ʪʠʧʫ çʧʝʨʝʚʽʨʢʘ/ʧʨʦʧʫʩʢè. 

7. ʅʘʟʚʽʪʴ ʪʘ ʥʘʜʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʤʘʥʜʘʤ ʚʠʢʣʠʢʫ ʪʘ ʧʦʚʝʨʥʝʥʥʷ ʟ 

ʧʽʜʧʨʦʛʨʘʤ. 

8. ʅʘʟʚʽʪʴ ʩʧʦʩʦʙʠ ʘʜʨʝʩʘʮʽʾ ʦʧʝʨʘʥʜʽʚ. 

9. ʗʢʽ ʈɿʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʝʧʨʷʤʦʾ ʘʜʨʝʩʘʮʽʾ? 

10.  ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʤʥʝʤʦʥʽʢʠ ʢʦʤʘʥʜʠ ʪʘ ʤʥʝʤʦʢʦʜʫ. 

11.  ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʜʫ ʦʧʝʨʘʮʽʾ ʢʦʤʘʥʜʠ ʪʘ ʤʘʰʠʥʥʦʛʦ ʢʦʜʫ ʢʦʤʘʥʜʠ. 

12.  ʉʢʽʣʴʢʠ ʪʠʧʽʚ ʢʦʤʘʥʜ ʤʘʻ ʙʽʣʴʰʽʩʪʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ AVR? 

ʅʘʚʝʜʽʪʴ ʢʦʨʦʪʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʮʠʭ ʪʠʧʽʚ. 

13.  ʅʘʚʝʜʽʪʴ ʪʠʧʠ (ʬʦʨʤʘʪʠ) ʜʘʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ AVR. 

14.  ʅʘʟʚʽʪʴ ʜʦʚʞʠʥʫ ʢʦʤʘʥʜ ʫ ʙʘʡʪʘʭ ʪʘ ʦʧʠʰʽʪʴ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʫ ʧʘʤôʷʪʽ 

ʧʨʦʛʨʘʤ. 

15.  ʆʧʠʰʽʪʴ ʦʩʦʙʣʠʚʦʩʪʽ RISC-ʘʨʭʽʪʝʢʪʫʨʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ AVR. 

16.  ʅʘʟʚʽʪʴ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʢʦʤʘʥʜ ʟ ʙʘʟʦʚʦʛʦ ʥʘʙʦʨʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ AVR. 

ɼʘʡʪʝ ʢʦʨʦʪʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʞʥʽʡ ʟ ʛʨʫʧ. 

17.  ʅʘʟʚʽʪʴ ʪʘ ʜʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʦʚʠʤ ʢʦʤʘʥʜʘʤ. 

18.  ʑʦ ʩʧʽʣʴʥʦʛʦ ʪʘ ʷʢʽ ʚʽʤʽʥʥʦʩʪʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʤʘʥʜ JMP ʪʘ CALL? 

19.  ʆʧʠʰʽʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʚʽʜʤʽʥʥʦʩʪʽ ʢʦʤʘʥʜ RET ʪʘ RETI. 

20.  ʇʦ̫ʩʥʽʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ RJMP. 

21.  ʗʢ ʢʦʤʧʽʣʷʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʽʪʢʠ ʚ ʢʦʤʘʥʜʘʭ ʫʤʦʚʥʠʭ ʧʝʨʝʭʦʜʽʚ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʷ ʤʘʰʠʥʥʠʭ ʢʦʜʽʚ ʢʦʤʘʥʜ? 

22.  ʅʘʟʚʽʪʴ ʢʦʤʘʥʜʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ çʙʫʣʝʚʠʭè 

ʦʧʝʨʘʮʽʡ. ʅʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

23.  ʏʠʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʘʣʛʦʨʠʪʤʠ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ ʘʨʠʬʤʝʪʠʯʥʠʭ ʪʘ ʣʦʛʽʯʥʠʭ 

ʟʩʫʚʽʚ? ʅʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

24.  ʗʢʠʡ ʜʽʘʧʘʟʦʥ ʜʝʩʷʪʢʦʚʠʭ ʯʠʩʝʣ ʚʽʜʦʙʨʘʞʘʻ ʚʦʩʴʤʠʨʦʟʨʷʜʥʝ ʯʠʩʣʦ ʟʽ ʟʥʘʢʦʤ? 

25.  ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʥʝʤʦʥʽʢʘ ʪʘ ʤʥʝʤʦʢʦʜ ʢʦʤʘʥʜ? 

26.  ɼʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʝʛʽʩʪʨ Pʉ? 

27.   ʆʧʠʰʽʪʴ ʨʦʙʦʪʫ ʢʦʥʚʝʻʨʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʨʦʛʨʘʤʠ. 

28.  ɼʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʛʽʩʪʨʠ-ʧʦʢʘʞʯʠʢʠ X,Y ʽ Z? 



 

100 

 

4. ʉɸʄʆʇʈʆɻʈɸʄʋɺɸʅʅʗ AVR-ʄɯʂʈʆʂʆʅʊʈʆʃɽʈɯɺ 

4.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ 

ʉʫʯʘʩʥʽ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ, ʥʘʧʨʠʢʣʘʜ, ʚʩʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʽʤʝʡʩʪʚʘ 

Mega ʪʘ XMega ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʦʙʪʦ ʩʘʤʦʩʪʽʡʥʦʾ ʟʤʽʥʠ 

ʚʤʽʩʪʫ ʩʚʦʻʾ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʜʫʞʝ ʛʥʫʯʢʽ ʩʠʩʪʝʤʠ, ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʷʢʠʭ 

ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʩʘʤʠʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʚʥʫʪʨʽʰʥʽʭ 

ʫʤʦʚ ʘʙʦ ʟʦʚʥʽʰʥʽʭ ʧʦʜʽʡ. 

ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʩʶ ʦʙʣʘʩʪʴ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʣʦʛʽʯʥʦ 

ʨʦʟʜʽʣʝʥʦ ʥʘ ʜʚʽ ʩʝʢʮʽʾ ï ʩʝʢʮʽʶ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ (Application Section) ʽ ʩʝʢʮʽʶ 

ʟʘʚʘʥʪʘʞʫʚʘʯʘ (Boot Loader Section) (ʨʠʩ. 4.1). ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʛʨʘʤʦʶ-ʟʘʚʘʥʪʘʞʫʚʘʯʝʤ, ʷʢʫ ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʦʜʥʦʡʤʝʥʥʽʡ ʩʝʢʮʽʾ.  

 

ʈʠʩ. 4.1. ʈʦʟʜʽʣʝʥʥʷ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʥʘ ʜʚʽ ʩʝʢʮʽʾ 

ʈʦʟʤʽʨ ʩʝʢʮʽʾ ʟʘʚʘʥʪʘʞʫʚʘʯʘ, ʾʾ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʧʘʤ`ʷʪʽ ʧʨʦʛʨʘʤ ʪʘ ʨʦʟʤʽʨ 

ʩʝʢʮʽʾ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʫ ʙʽʣʴʰʦʩʪʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʦʤʘ 

ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʤʠ ʢʦʤʽʨʢʘʤʠ BOOTSZ1:BOOTSZ0 [1; 7].  

ɼʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʦʚʦʛʦ ʚʤʽʩʪʫ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʚʠʚʘʥʪʘʞʝʥʥʷ ʩʪʘʨʦʛʦ ʚʤʽʩʪʫ ʧʨʦʛʨʘʤʘ-ʟʘʚʘʥʪʘʞʫʚʘʯ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʙʫʜʴ-ʷʢʠʡ ʽʥʪʝʨʬʝʡʩ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ï USART/UART, SPI, TWI, ʥʘʷʚʥʠʡ ʫ ʩʢʣʘʜʽ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ɿʘʚʘʥʪʘʞʫʚʘʯ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʚʤʽʩʪ ʦʙʦʭ ʩʝʢʮʽʡ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʤʦʜʠʬʽʢʫʚʘʪʠ ʚʣʘʩʥʠʡ ʢʦʜ ʪʘ ʚʠʜʘʣʷʪʠ ʩʝʙʝ ʟ ʧʘʤôʷʪʽ, ʷʢʱʦ ʧʦʪʨʝʙʘ 

ʚ ʥʴʦʤʫ ʚʽʜʧʘʜʝ. ʈʽʚʝʥʴ ʜʦʩʪʫʧʫ (ʯʠʪʘʥʥʷ/ʟʘʧʠʩ) ʜʦ ʢʦʞʥʦʾ ʽʟ ʩʝʢʮʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʨʠʩʪʫʚʘʯʝʤ ʚ ʢʦʤʽʨʢʘʭ ʟʘʭʠʩʪʫ (Lock Bits) ï BLB02:BLB01 ʪʘ BLB12:BLB11. 

ʂʦʤʽʨʢʠ BLB02:BLB01 ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʜʦʩʪʫʧʫ ʽʟ ʩʝʢʮʽʾ ʟʘʚʘʥʪʘʞʫʚʘʯʘ ʜʦ 

ʢʦʜʫ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʩʝʢʮʽʾ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ, ʘ ʢʦʤʽʨʢʠ BLB12:BLB11 

ʥʘʚʧʘʢʠ, ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʜʦʩʪʫʧʫ ʽʟ ʩʝʢʮʽʾ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʜʦ ʢʦʜʫ, 
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ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚ ʩʝʢʮʽʾ ʟʘʚʘʥʪʘʞʫʚʘʯʘ. ɺʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʢʦʤʽʨʢʠ ʟʘʭʠʩʪʫ 

ʟʛʨʫʧʦʚʘʥʦ ʚ ʦʜʥʦʤʫ ʙʘʡʪʽ.  

ʄʦʞʣʠʚʽ ʨʝʞʠʤʠ ʟʘʭʠʩʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʩʪʘʥʘʤ ʮʠʭ ʢʦʤʽʨʦʢ, ʪʘ 

ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʫ [1; 7].  

ʋ ʥʝʟʘʧʨʦʛʨʘʤʦʚʘʥʦʤʫ ʩʪʘʥʽ ʫ ʚʩʽʭ ʢʦʤʽʨʢʘʭ ʟʘʭʠʩʪʫ ʟʘʧʠʩʘʥʦ ʦʜʠʥʠʮʶ, 

ʧʽʩʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï ʥʫʣʴ. ʆʯʠʱʝʥʥʷ ʢʦʤʽʨʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʤʘʥʜʦ  ʁ

çʦʯʠʱʝʥʥʷ ʢʨʠʩʪʘʣʘè. ʇʨʠ ʮʴʦʤʫ ʟʥʠʱʫʻʪʴʩʷ ʪʘʢʦʞ ʚʤʽʩʪ FLASH- ʪʘ                   

EEPROM-ʧʘʤôʷʪʽ. 

ʇʨʦʛʨʘʤʫ-ʟʘʚʘʥʪʘʞʫʚʘʯʘ ʤʦʞʥʘ ʚʠʢʣʠʢʘʪʠ ʟ ʦʩʥʦʚʥʦʾ ʧʨʦʛʨʘʤʠ 

ʢʦʤʘʥʜʘʤʠ CALL/JMP, ʘʙʦ ʧʝʨʝʤʩ̔ʪʠʪʠ ʚʝʢʪʦʨ ʩʢʠʜʘʥʥʷ ʥʘ ʧʦʯʘʪʦʢ ʩʝʢʮʽʾ 

ʟʘʚʘʥʪʘʞʫʚʘʯʘ. 

ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʟʘʧʫʩʢ ʧʨʦʛʨʘʤʠ-ʟʘʚʘʥʪʘʞʫʚʘʯʘ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʩʢʠʜʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʇʦʣʦʞʝʥʥʷ ʚʝʢʪʦʨʘ 

ʩʢʠʜʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʥʦʤ ʢʦʥʬʽʛʫʨʘʮʽʡʥʦʾ ʢʦʤʽʨʢʠ BOOTRST. ʗʢʱʦ ʚ ʥʽʡ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʦʜʠʥʠʮʷ, ʚʝʢʪʦʨ ʩʢʠʜʘʥʥʷ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘ ʧʦʯʘʪʢʫ ʧʘʤôʷʪʽ 

ʧʨʦʛʨʘʤ ʟʘ ʘʜʨʝʩʦʶ $0000. ʇʨʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽʡ ʢʦʤʽʨʮʽ, ʢʦʣʠ ʚ ʥʽʡ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʥʫʣʴ, ʚʝʢʪʦʨ ʩʢʠʜʘʥʥʷ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘ ʧʦʯʘʪʢʫ ʩʝʢʮʽʾ ʟʘʚʘʥʪʘʞʫʚʘʯʘ.  

4.2. ʆʙʣʘʩʪʽ RWW ʪʘ NRWW  

ʇʘʤôʷʪʴ ʧʨʦʛʨʘʤ ʜʽʣ̫ʪʴ ʥʘ ʜʚʽ ʦʙʣʘʩʪʽ ʬʽʢʩʦʚʘʥʦʛʦ ʨʦʟʤʽʨʫ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ 

çʯʠʪʘʥʥʷ ʧʽʜ ʯʘʩ ʟʘʧʠʩʫè ï Read-While-Write, (RWW) ʪʘ çʥʝʤʘʻ ʯʠʪʘʥʥʷ ʧʽʜ ʯʘʩ 

ʟʘʧʠʩʫè ï No Read-While-Write (NRWW). ʋ ʪʘʙʣ. 4.1 ʥʘʚʝʜʝʥʦ ʨʦʟʤʽʨʠ ʮʠʭ 

ʦʙʣʘʩʪʝʡ ʜʣʷ ʜʝʷʢʠʭ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ Mega.  

ʊʘʙʣʠʮʷ 4.1. ʈʦʟʤʽʨʠ ʦʙʣʘʩʪʝʡ RWW ʪʘ NRWW  

ʄʦʜʝʣʴ 

ʆʙʣʘʩʪʴ RWW ʆʙʣʘʩʪʴ NRWW 

ʂʽʣʴʢʽʩʪʴ 

ʩʪʦʨʽʥʦʢ 

ɸʜʨʝʩʘ ʂʽʣʴʢʽʩʪʴ 

ʩʪʦʨʽʥʦʢ 

ɸʜʨʝʩʘ 

ATmega8515x/8535x, 

ATmega8x, 

ATmega88x 

96 $000... $BFF 32 $C00... $FFF 
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ɿʘʢʽʥʯʝʥʥʥʷ  ʪʘʙʣ. 4.1. 

ʄʦʜʝʣʴ 

ʆʙʣʘʩʪʴ RWW ʆʙʣʘʩʪʴ NRWW 

ʂʽʣʴʢʽʩʪʴ 

ʩʪʦʨʽʥʦʢ 

ɸʜʨʝʩʘ ʂʽʣʴʢʽʩʪʴ 

ʩʪʦʨʽʥʦʢ 

ɸʜʨʝʩʘ 

ATmega16x, 162x, 

ATmega164x, 

ATmega165x, 

ATmega168x 

112 $0000... 

$1BFF 

16 $1C00... 

$1FFF 

ATmega32x, 

ATmega324x, 

ATmega325x/3250x 

224 $0000... 

$37FF 

32 $3800... 

$3FFF 

ATmega64x, 

ATmega640x, 

ATmega645x/6450x 

224 $0000... 

$6FFF 

32 $7000... 

$7FFF 

ATmega128x, 

ATmega1280x/1281x 

480 $0000... 

$EFFF  

32 $F000... 

$FFFF 

ATmega2560x/2561x 992 $00000... 

$1EFFF 

32 $1F000... 

$1FFFF 

 

ɺʽʜʤʽʥʥʽʩʪ ʁ ʤʽʞ ʮʠʤʠ ʦʙʣʘʩʪʷʤʠ ʻ ʨʽʟʥʝ ʧʦʚʦʜʞʝʥʥ ̫ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʦʨʘ ʧʨʠ ʟʤʽʥʽ ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʥʠʭ ʜʘʥʠʭ: 

- ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʦʯʠʱʝʥʥʷ ʘʙʦ ʟʘʧʠʩʫ ʩʪʦʨʽʥʢʠ ʧʘʤôʷʪʽ 

ʧʨʦʛʨʘʤ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʚ ʦʙʣʘʩʪʽ RWW, ʧʨʦʮʝʩʦʨ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ 

ʯʠʪʘʥʥʷ ʪʽʣʴʢʠ ʟ ʦʙʣʘʩʪʽ NRWW. ʏʠʪʘʥʥʷ ʦʙʣʘʩʪʽ RWW ʟʘʙʦʨʦʥʝʥʦ; 

- ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʦʯʠʱʝʥʥʷ ʘʙʦ ʟʘʧʠʩʫ ʩʪʦʨʽʥʢʠ ʧʘʤôʷʪʽ 

ʧʨʦʛʨʘʤ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʚ ʦʙʣʘʩʪʽ NRWW, ʧʨʦʮʝʩʦʨ ʟʫʧʠʥʷʻʪʴʩʷ ʜʦ 

ʟʘʢʽʥʯʝʥʥʷ ʮʽʻʾ ʦʧʝʨʘʮʽʾ (ʨʠʩ. 4.2). 
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ʈʠʩ. 4.2. ɺʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʦʙʣʘʩʪʷʤʠ RWW ʡ NRWW 

ɿʚʝʨʥʝʥʥʷ ʧʨʠ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ CALL/JMP/LPM ʘʙʦ ʟʘ ʧʝʨʝʨʠʚʘʥʥʷʤ ʜʦ 

ʢʦʜʫ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ RWW, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʮʴʦʛʦ, ʪʨʝʙʘ ʘʙʦ ʟʘʙʦʨʦʥʠʪʠ ʧʝʨʝʨʠʚʘʥʥʷ, ʘʙʦ ʧʝʨʝʥʝʩʪʠ ʪʘʙʣʠʮʶ 

ʚʝʢʪʦʨʽʚ ʧʝʨʝʨʠʚʘʥʴ ʫ ʩʝʢʮʽʶ ʟʘʚʘʥʪʘʞʫʚʘʯʘ, ʱʦ ʟʘʚʞʜʠ ʤʽʩʪʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ 

NRWW. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʟʚʦʣʫ ʯʠʪʘʥʥʷ ʟ ʦʙʣʘʩʪʽ RWW ʧʨʠʟʥʘʯʝʥʦ ʧʨʘʧʦʨʝʮʴ 

RWWSB ʨʝʛʽʩʪʨʘ SPMCR. ʗʢʱʦ ʧʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ, ʪʦ ʦʙʣʘʩʪʴ 

RWW ʟʘʙʣʦʢʦʚʘʥʦ ʜʣʷ ʯʠʪʘʥʥʷ. ʇʽʩʣ̫  ʟʘʢʽʥʯʝʥʥʷ ʦʧʝʨʘʮʽ ʾ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʧʨʘʧʦʨʝʮʴ RWWSB ʥʝʦʙʭʽʜʥʦ ʧʨʦʛʨʘʤʥʦ ʩʢʠʥʫʪʠ.  

ʇ̔ ʜ ʯʘʩ ʟʤʽʥʠ ʩʪʦʨʽʥʢʠ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ, ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ RWW, 

ʤʦʞʥʘ ʟʯʠʪʫʚʘʪʠ ʢʦʜ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʦʙʣʘʩʪʽ NRWW. ɸ ʧʨʠ ʟʤʽʥʽ ʚʤʽʩʪʫ 

ʦʙʣʘʩʪʽ NRWW ʧʨʦʮʝʩʦʨ ʟʫʧʠʥʷʻʪʴʩʷ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʦʧʝʨʘʮʽʾ.  

ʋ ʜʝʷʢʠʭ ʤʦʜʝʣʷʭ (ʥʘʧʨʠʢʣʘʜ, ɸʊmega161x, ɸʊmega163x ʡ ɸʊmega323x) 

ʧʦʜʽʣʫ ʥʘ ʦʙʣʘʩʪʽ RWW ʪʘ NRWW ʥʝʤʘʻ. ʆʜʥʘʢ ʫʤʦʚʥʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʩʝʢʮʽʷ 

ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʻ ʦʙʣʘʩʪʶ RWW, ʩʝʢʮʽʷ ʟʘʚʘʥʪʘʞʫʚʘʯʘ ï ʦʙʣʘʩʪʶ NRWW. 

 

 

NRWW ʤʦʞʥʘ ʯʠʪʘʪʠ ʧ̔ʜ ʯʘʩ ʦʧʝʨʘʮ̔ ʾʟ RWW ʦʙʣʘʩʪʁ



 

104 

 

4.3. ʇʨʘʧʦʨʝʮʴ ʟʘʡʥʷʪʦʩʪʽ ʩʝʢʮʽʾ RWW ʪʘ ʡʦʛʦ ʩʢʠʜʘʥʥʷ  

ʇʽʜ ʯʘʩ ʟʘʧʠʩʫ ʪʘ ʦʯʠʱʝʥʥʷ ʩʪʦʨʽʥʦʢ RWW-ʩʝʢʮʽʾ ʘʧʘʨʘʪʥʦ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʘʧʦʨʝʮʴ RWWSB, ʚʢʘʟʫʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʝʢʮʽʷ ʥʝʜʦʩʪʫʧʥʘ. ʇʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʦʧʝʨʘʮʽʡ ʟ RWW-ʩʝʢʮʽʻ  ʁʧʨʘʧʦʨʝʮʴ RWWSB ʥʝʦʙʭʽʜʥʦ ʧʨʦʛʨʘʤʥʦ 

ʩʢʠʥʫʪʠ. ʎʝ ʚʠʢʦʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʙʽʪʽʚ RWWSRE ʪʘ SPMEN ʫ ʨʝʛʽʩʪʨʽ 

SPMCR ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʢʦʤʘʥʜʠ SPM. ɺʤʽʩʪ ʨʝʛʽʩʪʨʘ Z ʪʘ ʨʝʛʽʩʪʨʽʚ 

R1:R0 ʧʨʠ ʮʴʦʤʫ ʽʛʥʦʨʫʻʪʴʩʷ. ʇʨʘʧʦʨʝʮʴ RWWSB ʪʘʢʦʞ ʤʦʞʥʘ ʩʢʠʥʫʪʠ ʰʣʷʭʦʤ 

ʟʘʧʫʩʢʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʫʬʝʨʘ ʩʪʦʨʽʥʦʢ. ʆʢʨʝʤʽ ʯʘʩʪʠʥʠ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʘʧʦʨʝʮʴ RWWSB ʜʣʷ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʥʦʩʪʽ             

RWW-ʩʝʢʮʽʾ. 

ʗʢʱʦ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʟʘʧʠʩʫ ʘʙʦ ʟʯʠʪʫʚʘʥʥʷ ʩʝʢʮʽʷ RWW ʩʪʘʣʘ 

ʜʦʩʪʫʧʥʘ ʙʝʟ ʧʝʨʝʘʢʪʠʚʘʮʽʾ, ʪʦ ʚʩʽ ʘʜʨʝʩʠ ʚ ʥʽʡ ʟʯʠʪʫʶʪʴʩʷ ʷʢ 0xFFFF. ʎʝ 

ʚʽʜʙʫʜʝʪʴʩʷ ʧʽʩʣʷ ʟʯʠʪʫʚʘʥʥʷ FLASH-ʧʘʤôʷʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ LPM ʽ ʚʠʢʦʥʘʥʥʷ 

ʚʠʢʣʠʢʫ ʘʙʦ ʧʝʨʝʭʦʜʫ ʚ ʩʝʢʮʽʶ RWW. ʗʢʱʦ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʩʝʢʮʽ ʾRWW ʙʝʟ ʾʾ 

ʧʝʨʝʘʢʪʠʚʘʮʽʾ, ʪʦ ʚʠʢʦʥʫ̒ ʪʴʩʷ ʢʦʤʘʥʜʘ, ʷʢʘ ʣʝʞʠʪʴ ʟʘ ʘʜʨʝʩʦʶ 0xFFFF, ʘ ʚʩʽ 

ʧʦʧʝʨʝʜʥʽ ʢʦʤʘʥʜʠ, ʷʢʽ ʤʘʣʠ ʚʠʢʦʥʘʪʠʩʷ, ʙʫʜʝ ʧʨʦʧʫʱʝʥʦ. 

4.4. ʂʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʂʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʤʘʥʜʦ  ʁ SPM ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʛʽʩʪʨʘ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ SPMCR (Store Program Memory Control 

Register) ʘʙʦ SPMCSR. ʋ ʚʩʽʭ ʤʦʜʝʣʷʭ, ʟʘ ʚʠʥʷʪʢʦʤ ɸʊmega64x/128x, ʮʝʡ ʨʝʛʽʩʪʨ 

ʨʦʟʪʘʰʦʚʘʥʦ ʟʘ ʘʜʨʝʩʦʶ $37 ($57). ʋ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ɸʊmega64x/128x ʮʝʡ 

ʨʝʛʽʩʪʨ ʨʦʟʪʘʰʦʚʘʥʦ ʫ ʧʨʦʩʪʦʨʽ ʜʦʜʘʪʢʦʚʠʭ ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʟʘ 

ʘʜʨʝʩʦʶ $68. ʌʦʨʤʘʪ ʮʴʦʛʦ ʨʝʛʽʩʪʨʘ ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʩʽʤʝʡʩʪʚʘ ʧʦʢʘʟʘʥʦ ʥʘ  

ʨʠʩ. 4.3, ʘ ʦʧʠʩ ʡʦʛʦ ʨʦʟʨʷʜʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.2. 

ɿʘʧʠʩ ʟʥʘʯʝʥʴ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ ç10001è, ç01001è, ç00101è, ç00011è ʡ 

ç00001è, ʫ ʤʦʣʦʜʰʽ ʧôʷʪʴ ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʘ ʽʛʥʦʨʫʻʪʴʩʷ. 

ɼʣʷ ʟʤʽʥʠ ʚʤʽʩʪʫ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʪʘ ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ ʟʘʚʘʥʪʘʞʫʚʘʯʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʘʥʜʘ SPM (Store Program Memory). ɸʜʨʝʩʘ ʦʙʣʘʩʪʽ ʧʘʤôʷʪʽ  

ʧʦʧʝʨʝʜʥʴʦ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚ ʽʥʜʝʢʩʥʠʡ ʨʝʛʽʩʪʨ RAMPZ:Z, ʘ ʜʘʥʽ, ʧʨʠ 

ʥʝʦʙʭʽʜʥʦʩʪʽ, ï ʫ ʨʝʛʽʩʪʨʦʚʫ ʧʘʨʫ R1:R0. 

ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʧʽʜ ʯʘʩ ʟʘʧʠʩʫ ʚ EEPROM-ʧʘʤôʷʪʴ ʟʤʽʥʘ ʚʤʽʩʪʫ 

ʨʝʛʽʩʪʨʘ SPMCR ʥʝʤʦʞʣʠʚʘ. ʊʦʤʫ, ʧʝʨʝʜ ʪʠʤ ʷʢ ʟʘʧʠʩʘʪʠ ʙʫʜʴ-ʷʢʝ ʟʥʘʯʝʥʥʷ ʚ  

ʨʝʛʽʩʪʨ SPMCR, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʦʯʝʢʘʪʠʩʷ ʩʢʠʜʘʥʥʷ ʧʨʘʧʦʨʮʷ EEWE ʨʝʛʽʩʪʨʘ 

EECR. 
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ʟʘʧʠʩ(W) 
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 Aʊmega164x/ 

324x/ 644x/ 
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1261x/ 2560x/ 
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ʏʠʪʘʥʥʷ(R)/ 

ʟʘʧʠʩ(W) 

ʇʦʯʘʪʢʦʚʝ 

ʟʥʘʯʝʥʥʷ 

   

Aʊmega48x/ 

88x/ 168x 

SPMCSR 

 

ʏʠʪʘʥʥʷ(R)/ 

ʟʘʧʠʩ(W) 

ʇʦʯʘʪʢʦʚʝ 

ʟʥʘʯʝʥʥʷ 

ʈʠʩ. 4.3. ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ SPMCR/SPMCSR 

ɼʣʷ ʘʜʨʝʩʘʮʽʾ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʘʥʜʠ SPM  

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʜʝʢʩʥʠʡ ʨʝʛʽʩʪʨ Z, ʷʢʠʡ ʻ ʦʙôʻʜʥʘʥʥʷʤ ʜʚʦʭ ʩʪʘʨʰʠʭ ʨʝʛʽʩʪʨʽʚ 

ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ R30 (ʤʦʣʦʜʰʠʡ ʙʘʡʪ) ʽ R31 (ʩʪʘʨʰʠʡ ʙʘʡʪ), ʘ ʚ ʤʦʜʝʣʷʭ ʟ 

ʦʙôʻʤʦʤ ʧʘʤôʷʪʽ ʚʠʱʝ 64 ʂʙʘʡʪ ï ʱʝ ʨʝʛʽʩʪʨ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ RAMPZ. 

ʆʩʢʽʣʴʢʠ ʧʘʤôʷʪʴ ʧʨʦʛʨʘʤ ʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ  ʩʽʤʝʡʩʪʚʘ  Mega ʤʘʻ ʩʪʦʨʽʥʢʦʚʫ 

ʦʨʛʘʥʽʟʘʮʽʶ (ʪʘʙʣ. 4.3), ʣʽʯʠʣʴʥʠʢ ʢʦʤʘʥʜ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ.  

ʇʝʨʰʘ ʯʘʩʪʠʥʘ (ʤʦʣʦʜʰʽ ʨʦʟʨʷʜʠ) ʘʜʨʝʩʫʶʪʴ ʢʦʤʽʨʢʠ ʥʘ ʩʪʦʨʽʥʮʽ, ʘ ʜʨʫʛʘ 

ʯʘʩʪʠʥʘ ʚʠʟʥʘʯʘʻ ʩʪʦʨʽʥʢʫ (ʨʠʩ. 4.4, ʪʘʙʣ. 4.4).  

ʇʽʩʣʷ ʟʘʧʫʩʢʫ ʦʧʝʨʘʮʽʾ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ Z ʬʽʢʩʫʻʪʴʩʷ ʽ ʡʦʛʦ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʽʥʰʠʭ ʮʽʣʝʡ. ɺ ʢʦʤʘʥʜʘʭ LPM ʨʝʛʽʩʪʨ Z ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʘʜʨʝʩʘʮʽʾ ʦʢʨʝʤʠʭ ʙʘʡʪʽʚ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ (ʇʇ). ʇʨʠ ʮʴʦʤʫ 

ʩʪʘʨʰʽ ʨʦʟʨʷʜʠ ʨʝʛʽʩʪʨʘ Z, ʢʨʽʤ ʥʫʣʴʦʚʦʛʦ, ʤʽʩʪʷʪʴ ʘʜʨʝʩʫ ʧʦʪʨʽʙʥʦʛʦ ʩʣʦʚʘ ʇʇ, ʘ 

ʤʦʣʦʜʰʠʡ ʙʽʪ ï Z0 ʘʜʨʝʩʫʻ ʤʦʣʦʜʰʠʡ (Z0 = 0), ʘʙʦ ʩʪʘʨʰʠʡ (Z0 = 1) ʙʘʡʪ ʦʙʨʘʥʦʛʦ 

ʩʣʦʚʘ. ʇʨʠ ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʽ ʨʝʛʽʩʪʨ Z ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʘʜʨʝʩʘʮʽʾ 

ʦʢʨʝʤʠʭ ʩʣʽʚ ʚ ʇʇ, ʪʦʤʫ ʤʦʣʦʜʰʠʡ ʙʽʪ ʨʝʛʽʩʪʨʘ Z: Z0 = 0, ʘ ʽʥʰʽ ʙʽʪʠ ʘʜʨʝʩʫʶʪʴ 

ʩʣʦʚʘ. 
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ʊʘʙʣʠʮʷ 4.2. ʈʦʟʨʷʜʠ ʨʝʛʽʩʪʨʘ SPMCR 

ʈʦʟʨʷʜ ʅʘʟʚʘ ʆʧʠʩ 

7 SPMIE 

ɼʦʟʚʽʣ ʧʝʨʝʨʠʚʘʥʥʷ SPM. ʗʢʱʦ ʚ ʮʝʡ ʨʦʟʨʷʜ ʟʘʧʠʩʘʥʦ ʦʜʠʥʠʮʶ ʽ ʪʘʢʦʞ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ ʧʨʘʧʦʨʝʮʴ I ʨʝʛʽʩʪʨʘ SREG, ʪʦ ʜʦʟʚʦʣʷʻʪʴʩʷ 

ʧʝʨʝʨʠʚʘʥʥʷ SPM. ʇʝʨʝʨʠʚʘʥʥʷ ʛʝʥʝʨʫʻʪʴʩʷ ʚʝʩʴ ʯʘʩ, ʧʦʢʠ ʨʦʟʨʷʜ SPMEN 

ʨʝʛʽʩʪʨʘ ʩʢʠʥʫʪʦ ʚ ʥʫʣʴ 

6 RWWSB 

ɿʘʙʦʨʦʥʘ ʜʦʩʪʫʧʫ ʜʦ ʦʙʣʘʩʪʽ RWW . ʎʝʡ ʧʨʘʧʦʨʝʮʴ ʧʦʢʘʟʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʚʝʨʥʝʥʥʷ ʟʘ ʘʜʨʝʩʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚ ʦʙʣʘʩʪʽ RWW. ʗʢʱʦ ʧʨʘʧʦʨʝʮʴ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ, ʪʦ ʜʦʩʪʫʧ ʜʦ ʦʙʣʘʩʪʽ RWW ʟʘʙʦʨʦʥʝʥʦ. ʗʢʱʦ 

ʧʨʘʧʦʨʝʮʴ ʩʢʠʥʫʪʦ ʚ ʥʫʣʴ, ʪʦ ʜʦʩʪʫʧ ʜʦʟʚʦʣʝʥʦ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʮʴʦʛʦ 

ʧʨʘʧʦʨʮʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʧʘʨʘʪʥʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʡ ʟʘʧʠʩʫ ʘʙʦ 

ʦʯʠʱʝʥʥʷ ʩʪʦʨʽʥʢʠ ʧʘʤôʷʪʽ. ʇʨʘʧʦʨʝʮʴ ʤʦʞʥʘ ʩʢʠʥʫʪʠ ʘʙʦ ʧʨʦʛʨʘʤʥʦ ï

ʟʘʧʠʩʦʤ ʦʜʠʥʠʮʽ ʫ ʨʦʟʨʷʜ RWWSRE ʧʦ ʟʘʢʽʥʯʝʥʥʽ ʦʧʝʨʘʮʽʾ, ʘʙʦ ʘʧʘʨʘʪʥʦ ï

ʧʨʠ ʟʘʧʫʩʢʫ ʦʧʝʨʘʮʽʾ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʫʬʝʨʘ ʩʪʦʨʽʥʢʠ 

5 ï ɿʘʨʝʟʝʨʚʦʚʘʥʦ, ʯʠʪʘʻʪʴʩʷ ʷʢ ʥʫʣʴ 

4 RWWSRE 

ɼʦʟʚʽʣ ʯʠʪʘʥʥʷ ʦʙʣʘʩʪʽ RWW. ʆʜʥʦʯʘʩʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚ ʦʜʠʥʠʮʶ ʮʴʦʛʦ 

ʨʦʟʨʷʜʫ ʪʘ ʨʦʟʨʷʜʫ SPMEN ʜʦʟʚʦʣʷʻ ʜʦʩʪʫʧ ʜʦ ʦʙʣʘʩʪʽ RWW. ɼʦʩʪʫʧ ʜʦ 

ʮʽʻʾ ʦʙʣʘʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʤʘʥʜʦʶ SPM, ʟʘʧʫʱʝʥʦʶ ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ 

ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʨʦʟʨʷʜʽʚ. ɼʦʟʚʦʣʠʪʠ 

ʜʦʩʪʫʧ ʜʦ ʦʙʣʘʩʪʽ RWW ʤʦʞʥʘ ʪʽʣʴʢʠ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʦʧʝʨʘʮʽʾ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï ʧʽʩʣʷ ʩʢʠʜʘʥʥʷ ʧʨʘʧʦʨʮʷ SPMEN 

3 BLBSET 

ɿʤʽʥʘ ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ ʟʘʚʘʥʪʘʞʫʚʘʯʘ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ. ʇʨʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʮʴʦʛʦ ʨʦʟʨʷʜʫ ʪʘ ʨʦʟʨʷʜʫ SPMEN ʢʦʤʘʥʜʘ SPM, 

ʟʘʧʫʱʝʥʘ ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ, ʟʜʽʡʩʥʠʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʭʠʩʥʠʭ ʢʦʤʽʨʦʢ ʟʘʚʘʥʪʘʞʫʚʘʯʘ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʤʽʩʪʫ ʨʝʛʽʩʪʨʘ R0. ʉʢʠʜʘʥʥʷ ʨʦʟʨʷʜʫ BLBSET ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʧʘʨʘʪʥʦ ʧʽʩʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ ʘʙʦ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʯʘʩʫ. ɿʘ 

ʢʦʤʘʥʜʦʶ LPM, ʟʘʧʫʱʝʥʦʶ ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ ʧʽʩʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʨʦʟʨʷʜʽʚ, ʙʫʜʝ ʟʜʽʡʩʥʝʥʦ ʯʠʪʘʥʥʷ ʘʙʦ ʢʦʤʽʨʦʢ 

ʢʦʥʬʽʛʫʨʘʮʽʾ, ʘʙʦ ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʨʦʟʨʷʜʫ Z0 

ʨʝʛʽʩʪʨʘ Z) 

2 PGWRT 

ɿʘʧʠʩ ʩʪʦʨʽʥʢʠ. ʇʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʮʴʦʛʦ ʨʦʟʨʷʜʫ ʪʘ ʨʦʟʨʷʜʫ 

SPMEN ʢʦʤʘʥʜʘ SPM, ʟʘʧʫʱʝʥʘ ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ, 

ʟʘʧʠʰʝ ʩʪʦʨʽʥʢʫ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ. ɸʜʨʝʩʫ ʩʪʦʨʽʥʢʠ ʥʝʦʙʭʽʜʥʦ ʟʘʚʘʥʪʘʞʠʪʠ 

ʫ ʩʪʘʨʰʽ ʙʽʪʠ ʨʝʛʽʩʪʨʘ-ʧʦʢʘʞʯʠʢʘ Z. ʉʢʠʜʘʥʥʷ ʨʦʟʨʷʜʫ PGWRT 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʧʘʨʘʪʥʦ ʧʦ ʟʘʢʽʥʯʝʥʥʶ ʟʘʧʠʩʫ ʩʪʦʨʽʥʢʠ ʘʙʦ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʯʘʩʫ. ʇʽʜ ʯʘʩ ʟʘʧʠʩʫ ʚ ʩʝʢʮʽʶ NRWW ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ 

ʟʫʧʠʥʷʻʪʴʩʷ ʥʘ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ*. 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 4.2. 

ʈʦʟʨʷʜ ʅʘʟʚʘ ʆʧʠʩ 

1 PGERS 

ʆʯʠʱʝʥʥʷ ʩʪʦʨʽʥʢʠ. ʇʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʮʴʦʛʦ ʨʦʟʨʷʜʫ ʪʘ 

ʨʦʟʨʷʜʫ SPMEN ʢʦʤʘʥʜʘ SPM, ʟʘʧʫʱʝʥʘ ʧʨʦʪʷʛʦʤ 4-ʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ, 

ʟʜʽʡʩʥʠʪʴ ʦʯʠʱʝʥʥʷ ʩʪʦʨʽʥʢʠ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ. ɸʜʨʝʩʫ ʩʪʦʨʽʥʢʠ ʧʦʧʝʨʝʜʥʴʦ 

ʥʝʦʙʭʽʜʥʦ ʟʘʚʘʥʪʘʞʠʪʠ ʫ ʩʪʘʨʰʽ ʙʽʪʠ ʨʝʛʽʩʪʨʘ-ʧʦʢʘʞʯʠʢʘ Z. ʈʦʟʨʷʜ PGERS 

ʩʢʠʜʘʻʪʴʩʷ ʘʧʘʨʘʪʥʦ ʧʦ ʟʘʢʽʥʯʝʥʥʶ ʦʯʠʱʝʥʥʷ ʩʪʦʨʽʥʢʠ ʘʙʦ ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʯʘʩʫ. ʇʽʜ ʯʘʩ ʟʘʧʠʩʫ ʚ ʩʝʢʮʽʶ NRWW ʮʝʥʪʨʘʣʴʥʠʡ 

ʧʨʦʮʝʩʦʨ ʟʫʧʠʥʷʻʪʴʩʷ ʥʘ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ* 

0 

SPMEN 

(SELFPRG

EN)**  

ɼʦʟʚʽʣ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ SPM. ɺʩʪʘʥʦʚʣʝʥʥʷ ʮʴʦʛʦ ʨʦʟʨʷʜʫ ʜʦʟʚʦʣʷʻ 

ʧʨʦʪʷʛʦʤ 4-ʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ ʟʘʧʫʩʢ ʢʦʤʘʥʜʠ SPM. ʗʢʱʦ ʨʦʟʨʷʜ SPMEN 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟ ʦʜʥʠʤ ʟ ʨʦʟʨʷʜʽʚ RWWSRE, BLBSET, PGWRT 

ʘʙʦ PGERS, ʚʠʢʦʥʫʻʪʴʩʷ ʦʧʝʨʘʮʽʷ, ʚʠʟʥʘʯʝʥʘ ʮʠʤ ʨʦʟʨʷʜʦʤ (ʜʠʚ. ʦʧʠʩ 

ʨʦʟʨʷʜʽʚ). ʗʢʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʽʣʴʢʠ ʨʦʟʨʷʜ SPMEN, ʪʦ ʚʤʽʩʪ ʨʝʛʽʩʪʨʽʚ 

R1:R0 ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʪʠʤʯʘʩʦʚʦʤʫ ʙʫʬʝʨʽ ʟʘ ʘʜʨʝʩʦʶ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ 

ʨʝʛʽʩʪʨʽ Z (ʄɿʈ ʨʝʛʽʩʪʨʘ ʽʛʥʦʨʫʻʪʴʩʷ). ʈʦʟʨʷʜ SPMEN ʩʢʠʜʘʻʪʴʩʷ ʘʧʘʨʘʪʥʦ 

ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʦʧʝʨʘʮʽʾ ʘʙʦ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʯʘʩʫ 

* ʋ ʤʦʜʝʣʷʭ ɸʊmega48x, ʧʨʦʮʝʩʦʨ ʟʫʧʠʥʷʻʪʴʩʷ ʧʨʠ ʟʚʝʨʥʝʥʥʽ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʢʦʤʽʨʢʠ ʧʘʤôʷʪʽ 

ʧʨʦʛʨʘʤ 

** ʋ ʤʦʜʝʣʷʭ ɸʊmega48x/88ʭ/168ʭ 

ʊʘʙʣʠʮʷ 4.3. ʉʪʦʨʽʥʢʦʚʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

          ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʤôʷʪʽ  

 

 

ʊʠʧ ʄʂ 

ɿʘʛʘʣʴʥʘ 

ʻʤʥʽʩʪʴ 

 

ʂʽʣʴʢʽʩʪʴ 

ʩʪʦʨʽʥʦʢ 

 

ʂʽʣʴʢʽʩʪʴ ʩʣʽʚ 

ʥʘ ʩʪʦʨʽʥʮʽ 

ɸʊmega48x K222 56 =Ö  6426 =  3225 =  

ɸʊmega8x 

ɸʊmega8515x 

ɸʊmega8535x 

ɸʊmega88x 

K422 57 =Ö  12827 =  3225 =  

ɸʊmega16x 

ɸʊmega162x 

ɸʊmega164x 

ɸʊmega165x 

ɸʊmega168x 

K822 67 =Ö  12827 =  6426 =  
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 4.3. 

           ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʤôʷʪʽ 

 

 

ʊʠʧ ʄʂ 

ɿʘʛʘʣʴʥʘ 

ʻʤʥʽʩʪʴ 

 

ʂʽʣʴʢʽʩʪʴ 

ʩʪʦʨʽʥʦʢ 

 

ʂʽʣʴʢʽʩʪʴ ʩʣʽʚ 

ʥʘ ʩʪʦʨʽʥʮʽ 

ɸʊmega32x 

ɸʊmega324x 

ɸʊmega325x 

ɸʊmega3250x 

K1622 68 =Ö  25628 =  6426 =  

ɸʊmega64x 

ɸʊmega640 

ɸʊmega645x 

ɸʊmega6450x 

28 Ŀ 27 = 32ʂ 25628 =  12827 =  

ɸʊmega128x 

ɸʊmega1280x 

ɸʊmega1281x 

K6422 79 =Ö  51229 =  12827 =  

ATmega2560x 

ATmega2561x 
K12822 710 =Ö  1024210=  12827 =  

 

 

ʈʠʩ. 4.4. ɸʜʨʝʩʘʮʽʷ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʘʥʜʠ SPM 

ʗʢ ʧʨʠʢʣʘʜ, ʚ ʪʘʙʣ. 4.5 ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Mega8515, ʷʢʠʡ ʤʘʻ 32 ʩʣʦʚʘ 

ʥʘ ʩʪʦʨʽʥʮʽ, ʥʘʚʝʜʝʥʦ ʫ ʜʚʽʡʢʦʚʦʤʫ ʪʘ ʜʝʩʷʪʢʦʚʦʤʫ ʢʦʜʘʭ ʘʜʨʝʩʠ ʦʢʨʝʤʠʭ ʩʣʽʚ, ʪʘ 

ʘʜʨʝʩʠ ʤʦʣʦʜʰʠʭ ʙʘʡʪʽʚ.  

ʗʢ ʚʠʜʥʦ ʽʟ ʮʽʻʾ ʪʘʙʣʠʮʽ ʘʜʨʝʩʠ ʤʦʣʦʜʰʠʭ ʙʘʡʪʽʚ ʩʣʽʚ ï ʧʘʨʥʽ. 
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ʊʘʙʣʠʮʷ 4.4. ɸʜʨʝʩʘʮʽʷ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʘʥʜʠ SPM 
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ʈʦʟʤʽʨ 

ʧʘʤôʷʪʽ 

ʧʨʦʛʨʘʤ, ʩʣʽʚ 

2K 4K 8K 16K 32K 64K 128K 

PCMSB 10 11 12 13 14 15 16 

PCWORDMSB 4 4 5 5 6 6 6 

ZPCMSB 11 12 13 14 15 16 17 

ZWORDMSB 5 5 6 6 7 7 7 

PCWORD 

 
PC[4:0] PC[4:0] PC[5:0] PC[5:0] PC[6:0] PC[6:0] PC[6:0] 

Z5-Z1 Z5-Z1 Z6:Z1 Z6:Z1 Z7:Z1 Z7:Z1 Z7:Z1 

PCPAGE 

 
PC[10:5] PC[11:5] PC[12:6] PC[13:6] PC[14:7] PC[15:7] PC[16:7] 

Z11:Z6 Z12:Z6 Z13:Z7 Z14:Z7 Z15:Z8 Z16:Z8 Z17:Z8 

ʇʨʠʤʽʪʢʘ. ɹʽʪʠ Z17 ʪʘ Z16 ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʨʝʛʽʩʪʨʽ RAMPZ,                

MSB ï ʩʪʘʨʰʠʡ ʟʥʘʯʫʱʠʡ ʨʦʟʨʷʜ (ʉɿʈ) 

ʊʘʙʣʠʮʷ 4.5. ɸʜʨʝʩʠ ʩʣʽʚ ʥʘ ʩʪʦʨʽʥʮʽ ʪʘ ʘʜʨʝʩʠ ʤʦʣʦʜʰʠʭ ʙʘʡʪʽʚ 

ɸʜʨʝʩʘ ʩʣʦʚʘ ʥʘ ʩʪʦʨʽʥʮʽ ɸʜʨʝʩʘ ʤʦʣʦʜʰʦʛʦ ʙʘʡʪʘ ʩʣʦʚʘ 

ɼʚʽʡʢʦʚʠʡ ʢʦʜ ɼʝʩʷʪʢʦʚʠʡ ʢʦʜ ɼʚʽʡʢʦʚʠʡ ʢʦʜ ɼʝʩʷʪʢʦʚʠʡ ʢʦʜ 

00000 0 00000 0 0 

00001 1 00001 0 2 

00010 2 00010 0 4 

00011 3 00011 0 6 

00100 4 00100 0 8 

00101 5 00101 0 10 

00110 6 00110 0 12 

00111 7 00111 0 14 

01000 8 01000 0 16 

01001 9 01001 0 18 

01010 10 01010 0 20 

01011 11 01011 0 22 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 4.5. 

ɸʜʨʝʩʘ ʩʣʦʚʘ ʥʘ ʩʪʦʨʽʥʮʽ ɸʜʨʝʩʘ ʤʦʣʦʜʰʦʛʦ ʙʘʡʪʘ ʩʣʦʚʘ 

ɼʚʽʡʢʦʚʠʡ ʢʦʜ ɼʝʩʷʪʢʦʚʠʡ ʢʦʜ ɼʚʽʡʢʦʚʠʡ ʢʦʜ ɼʝʩʷʪʢʦʚʠʡ ʢʦʜ 

01100 12 01100 0 24 

01101 13 01101 0 26 

01110 14 01110 0 28 

01111 15 01111 0 30 

10000 16 10000 0 32 

10001 17 10001 0 34 

10010 18 10010 0 36 

10011 19 10011 0 38 

10100 20 10100 0 40 

10101 21 10101 0 42 

10110 22 10110 0 44 

10111 23 10111 0 46 

11000 24 11000 0 48 

11001 25 11001 0 50 

11010 26 11010 0 52 

11011 27 11011 0 54 

11100 28 11100 0 56 

11101 29 11101 0 58 

11110 30 11110 0 60 

11111 31 11111 0 62 

4.5. ɿʤʽʥʘ ʚʤʽʩʪʫ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ 

ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ 

ɿʤʽʥʘ ʚʤʽʩʪʫ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

1. ɿʘʧʦʚʥʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʙʫʬʝʨʘ ʩʪʦʨʽʥʢʠ ʥʦʚʠʤ ʚʤʽʩʪʦʤ. 

2. ʆʯʠʱʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʾ ʩʪʦʨʽʥʢʠ. 

3. ʇʝʨʝʥʝʩʝʥʥʷ ʚʤʽʩʪʫ ʙʫʬʝʨʘ ʫ ʧʘʤôʷʪʴ ʧʨʦʛʨʘʤ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʯʠʱʝʥʥʷ ʩʪʦʨʽʥʢʠ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʷʢ ʧʽʩʣʷ 

ʟʘʧʦʚʥʝʥʥʷ ʙʫʬʝʨʘ, ʪʘʢ ʽ ʧʝʨʝʜ ʡʦʛʦ ʟʘʧʦʚʥʝʥʥʷʤ. ʆʜʥʘʢ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʠʪʠ 

ʪʽʣʴʢʠ ʯʘʩʪʠʥʫ ʩʪʦʨʽʥʢʠ, ʥʘʚʝʜʝʥʠʡ ʧʦʨʷʜʦʢ ʜʽʡ ʻ ʻʜʠʥʦ ʤʦʞʣʠʚʠʤ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʚʤʽʩʪ ʢʦʤʽʨʦʢ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʤʽʥʠ, ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʙʫʬʝʨʽ ʧʝʨʝʜ 

ʦʯʠʱʝʥʥʷʤ ʩʪʦʨʽʥʢʠ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʟʘʢʽʥʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ SPM-ʦʧʝʨʘʮʽʡ ʤʦʞʥʘ ʘʙʦ 

ʦʧʠʪʫʚʘʪʠ ʩʪʘʥ ʧʨʘʧʦʨʮʷ SPMEN ʨʝʛʽʩʪʨʘ SPMCR, ʯʝʢʘʶʯʠ ʥʘ ʡʦʛʦ ʩʢʠʜʘʥʥʷ, ʘʙʦ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʝʨʝʨʠʚʘʥʥʷʤ çɻʦʪʦʚʥʽʩʪʴ SPMè. 

ʎʝ ʧʝʨʝʨʠʚʘʥʥʷ ʛʝʥʝʨʫʻʪʴʩʷ ʫʚʝʩʴ ʯʘʩ, ʧʦʢʠ ʧʨʘʧʦʨʝʮʴ SPMEN ʩʢʠʥʫʪʦ. ʋ 

ʮʴʦʤʫ ʨʘʟʽ ʪʘʙʣʠʮʷ ʚʝʢʪʦʨʽʚ ʧʝʨʝʨʠʚʘʥʴ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠʩʷ ʚ ʩʝʢʮʽʾ 

ʟʘʚʘʥʪʘʞʫʚʘʯʘ, ʘ ʧʝʨʝʨʠʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʜʦʟʚʦʣʠʪʠ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʧʨʘʧʦʨʮʷ 

SPMIE ʨʝʛʽʩʪʨʘ SPMCR. 

ɼʣʷ ʦʯʠʱʝʥʥʷ ʩʪʦʨʽʥʢʠ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʥʝʦʙʭʽʜʥʦ ʟʘʥʝʩʪʠ ʘʜʨʝʩʫ ʩʪʦʨʽʥʢʠ 

ʚ ʨʝʛʽʩʪʨ Z (ʩʝʢʮʽʷ ZPAGE) (ʨʠʩ. 4.4), ʟʘʧʠʩʘʪʠ ʟʥʘʯʝʥʥʷ  çʭ0000011è ʫ ʨʝʛʽʩʪʨ 

SPMCR ʽ ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ ʚʠʢʦʥʘʪʠ ʢʦʤʘʥʜʫ SPM. ɺʤʽʩʪ 

ʨʝʛʽʩʪʨʽʚ R1 ʪʘ R0 ʧʨʠ ʮʴʦʤʫ ʽʛʥʦʨʫʻʪʴʩʷ. ʋ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʟ ʯʠʩʣʦʤ ʩʪʦʨʽʥʦʢ 

512 ʘʙʦ 1024 ʜʣʷ ʘʜʨʝʩʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʤʦʣʦʜʰʽ ʙʽʪʠ ʨʝʛʽʩʪʨʘ 

RAMPZ: Z16 = RAMPZ0, Z17 = RAMPZ1 [1; 7]. 

ɼʣʷ ʟʘʥʝʩʝʥʥʷ ʩʣʦʚʘ ʢʦʤʘʥʜʠ ʚ ʙʫʬʝʨ ʩʣʽʜ ʟʘʚʘʥʪʘʞʠʪʠ ʘʜʨʝʩʫ ʢʦʤʽʨʢʠ ʚ 

ʨʝʛʽʩʪʨ Z (ʩʝʢʮʽʷ ZWORD) (ʨʠʩ. 4.4), ʘ ʩʣʦʚʦ ʢʦʤʘʥʜʠ ï ʫ ʨʝʛʽʩʪʨʠ R1:R0. ʇʽʩʣʷ 

ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʘʧʠʩʘʪʠ ʟʥʘʯʝʥʥʷ çʭ0000001è ʫ ʨʝʛʽʩʪʨ SPMCR ʽ ʧʨʦʪʷʛʦʤ 

ʯʦʪʠʨʴʦʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ, ʚʠʢʦʥʘʪʠ ʢʦʤʘʥʜʫ SPM.  

ʆʯʠʱʝʥʥʷ ʙʫʬʝʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘ ʟʘʢʽʥʯʝʥʥʷʤ ʟʘʧʠʩʫ 

ʩʪʦʨʽʥʢʠ ʚ ʧʘʤôʷʪʴ ʘʙʦ ʚʨʫʯʥʫ, ʟʘʧʠʩʦʤ ʦʜʠʥʠʮʽ ʫ ʨʦʟʨʷʜ RWWSRE ʨʝʛʽʩʪʨʘ 

SPMCR. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʟʘʧʠʩ ʟʘ ʪʽʻʶ ʩʘʤʦʶ ʘʜʨʝʩʦʶ ʚ ʙʫʬʝʨʽ ʥʝʤʦʞʣʠʚʠʡ ʙʝʟ 

ʡʦʛʦ ʦʯʠʱʝʥʥʷ. 

ɿʘʧʠʩ ʚʤʽʩʪʫ ʙʫʬʝʨʘ ʜʦ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ. ʋ ʨʝʛʽʩʪʨ 

Z (ʩʝʢʮʽʷ ZPAGE) ʟʘʥʦʩʠʪʴʩʷ ʘʜʨʝʩʘ ʩʪʦʨʽʥʢʠ, ʫ ʨʝʛʽʩʪʨ SPMCR ʟʘʧʠʩʫʻʪʴʩʷ 

ʟʥʘʯʝʥʥʷ çʭ0000101è  ʽ ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʤʘʥʜʘ 

SPM. ɺʤʽʩʪ ʨʝʛʽʩʪʨʽʚ R1 ʪʘ R0 ʧʨʠ ʮʴʦʤʫ ʽʛʥʦʨʫʻʪʴʩʷ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʜʽʡ.  

ɿʘʧʦʚʥʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʙʫʬʝʨʘ ʩʪʦʨʽʥʢʠ ʥʦʚʠʤ  ʚʤʽʩʪʦʤ 

ʇʝʨʝʜ ʟʘʧʠʩʦʤ ʥʦʚʠʭ ʜʘʥʠʭ ʫ ʩʪʦʨʽʥʢʫ ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ ʟʘʚʘʥʪʘʞʠʪʠ 

ʪʠʤʯʘʩʦʚʠʡ ʙʫʬʝʨ ʩʪʦʨʽʥʦʢ. ʊʠʤʯʘʩʦʚʠʡ ʙʫʬʝʨ ʩʪʦʨʽʥʦʢ ï ʮʝ ʜʦʩʪʫʧʥʠʡ ʪʽʣʴʢʠ 

ʜʣʷ ʟʘʧʠʩʫ ʦʢʨʝʤʠʡ ʙʫʬʝʨ, ʱʦ ʥʝ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʆɿʇ, ʽ ʷʢʠʡ ʤʽʩʪʠʪʴ ʦʜʥʫ 

ʪʠʤʯʘʩʦʚʫ ʩʪʦʨʽʥʢʫ. ʉʣʦʚʘ ʚ ʥʴʦʛʦ ʧʦʚʠʥʥʽ ʟʘʥʦʩʠʪʠʩʷ ʧʦʩʣʽʜʦʚʥʦ. ʇʝʨʝʟʘʧʠʩ 

ʙʫʬʝʨʘ ʩʪʦʨʽʥʦʢ ʫ Flash-ʧʘʤôʷʪʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʦʜʥʫ ʦʧʝʨʘʮʽʶ.  

ɼʣʷ ʚʠʙʦʨʫ ʘʜʨʝʩʠ ʩʣʦʚʘ, ʱʦ ʙʫʜʝ ʟʘʧʠʩʘʥʦ ʚ ʙʫʬʝʨ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʨʝʛʽʩʪʨ Z. ʄʦʣʦʜʰʠʡ ʟʥʘʯʫʱʠʡ ʨʦʟʨʷʜ ʨʝʛʽʩʪʨʘ Z ʽʛʥʦʨʫʻʪʴʩʷ (ʤʽʩʪʠʪʴ ʥʫʣʴ), ʪʦʤʫ 

ʱʦ ʟʘʧʠʩ ʜʚʦʭ ʙʘʡʪʽʚ ʩʣʦʚʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʦʜʥʫ ʦʧʝʨʘʮʽʶ. ʇʨʠ ʟʘʧʦʚʥʝʥʥʽ ʙʫʬʝʨʘ 

ʩʪʦʨʽʥʦʢ ʽʛʥʦʨʫʶʪʴʩʷ ʩʪʘʨʰʽ ʙʽʪʠ ʨʝʛʽʩʪʨʘ Z, ʷʢʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʗʢ 

ʧʨʠʢʣʘʜ, ʩʪʨʫʢʪʫʨʫ ʨʝʛʽʩʪʨʘ Z ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʟ 32-ʩʣʽʚʥʠʤʠ                                      

(64-ʙʘʡʪʦʚʠʤʠ) ʩʪʦʨʽʥʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.5. 
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ʈʠʩ. 4.5. ɿʘʧʠʩ ʩʣʦʚʘ ʫ ʙʫʬʝʨ ʩʪʦʨʽʥʦʢ 

 ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ, ʱʦ ʤʘʶʪʴ ʙʽʣʴʰʽ ʨʦʟʤʽʨʠ ʩʪʦʨʽʥʢʠ ʜʣʷ ʚʠʙʦʨʫ ʩʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʣʴʰʝ ʙʽʪ. ʅʘʧʨʠʢʣʘʜ, ATmega128 ʜʣʷ ʘʜʨʝʩʘʮʽʾ ʩʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʣʦʜʰʽ ʙʽʪʠ Z1...Z7, ʪʦʤʫ ʱʦ ʦʜʥʘ ʩʪʦʨʽʥʢʘ ʤʽʩʪʠʪʴ 27 = 128 ʩʣʽʚ                  

(28 = 256 ʙʘʡʪ). 

ʑʦʙ ʟʘʧʠʩʘʪʠ ʩʣʦʚʦ ʚ ʙʫʬʝʨ ʩʪʦʨʽʥʦʢ ʥʝʦʙʭʽʜʥʦ ʟʘʚʘʥʪʘʞʠʪʠ ʡʦʛʦ ʚ 

ʨʝʛʽʩʪʨʠ R1:R0 ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʙʽʪ SPMEN ʫ ʨʝʛʽʩʪʨʽ SPMCR. ʇʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ 

ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ ʧʽʩʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʢʦʤʘʥʜʫ SPM.  

ʆʥʦʚʣʝʥʥʷ Flash-ʧʘʤôʷʪ̔ 

Flash-ʧʘʤôʷʪʴ ʦʥʦʚʣʶʻʪʴʩʷ ʩʪʦʨʽʥʢʘʤʠ. ʇʝʨʝʜ ʟʘʧʠʩʦʤ ʥʦʚʠʭ ʜʘʥʠʭ 

ʩʪʦʨʽʥʢʫ ʥʝʦʙʭʽʜʥʦ ʩʪʝʨʪʠ.  

ɼʣʷ ʚʠʙʦʨʫ ʩʪʦʨʽʥʢʠ, ʱʦ ʧʽʜʣʷʛʘʻ ʩʪʠʨʘʥʥʶ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʝʛʽʩʪʨ Z 

(ʩʝʢʮʽʷ ZPAGE) (ʨʠʩ. 4.5). ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʢʘʟʘʥʥʷ ʥʦʤʝʨʘ ʩʪʦʨʽʥʢʠ, ʷʢʘ 

ʩʪʠʨʘʻʪʴʩʷ. ʄʦʣʦʜʰʽ ʙʽʪʠ, ʱʦ ʚʠʙʠʨʘʶʪʴ ʩʣʦʚʦ ʥʘ ʩʪʦʨʽʥʮʽ, ʽʛʥʦʨʫʶʪʴʩʷ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ, ʱʦ ʤʘʻ ʨʦʟʤʽʨ ʩʪʦʨʽʥʢʠ 32 ʩʣʦʚʘ (64 ʙʘʡʪʠ), 

ʽʛʥʦʨʫʶʪʴʩʷ ʰʽʩʪʴ ʤʦʣʦʜʰʠʭ ʙʽʪ ʨʝʛʽʩʪʨʘ Z.  

ɼʣʷ ʪʦʛʦ ʱʦʙ ʩʪʝʨʪʠ ʩʪʦʨʽʥʢʫ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʙʽʪʠ PGERS ʪʘ SPMEN 

ʫ ʨʝʛʽʩʪʨʽ SPMCR ʽ ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ ʚʠʢʦʥʘʪʠ ʢʦʤʘʥʜʫ SPM.  

ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʫ ʪʠʤʯʘʩʦʚʠʡ ʙʫʬʝʨ ʩʪʦʨʽʥʦʢ ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʟʘʧʠʩʘʪʠ ʫ Flash-ʧʘʤôʷʪʴ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʘʧʠʩʘʪʠ ʥʦʤʝʨ ʩʪʦʨʽʥʢʠ, ʷʢʘ 

ʧʝʨʝʥʦʩʠʪʴʩʷ, ʚ ʨʝʛʽʩʪʨ Z. ʇʦʪʽʤ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʙʽʪʠ PGWRT ʪʘ SPMEN ʫ 

ʨʝʛʽʩʪʨʽ SPMCR, ʽ ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ 

ʢʦʤʘʥʜʫ SPM. ɺʤʽʩʪ ʨʝʛʽʩʪʨʽʚ R1:R0 ʧʨʠ ʮʴʦʤʫ ʽʛʥʦʨʫʻʪʴʩʷ. ʗʢ ʧʨʠʢʣʘʜ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʛʽʩʪʨʘ Z ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʩʪʦʨʽʥʢʠ ʷʢʦʛʦ ʤʽʩʪʷʪʴ 32 ʩʣʦʚʘ (64 

ʙʘʡʪʠ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.6.  
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ʈʠʩ. 4.6. ɿʘʧʠʩ ʩʪʦʨʽʥʢʠ ʫ Flash-ʧʘʤôʷʪ ɹ

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʦʪʦʚʥʦʩʪʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʦʥʦʚʣʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʦʧʠʪʫʚʘʪʠ ʙʽʪ SPMEN.  

ɿʤʽʥʘ ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ ʟʘʚʘʥʪʘʞʫʚʘʯʘ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ 

ɯʩʥʫʶʪʴ ʢʦʤʽʨʢʠ ʟʘʭʠʩʪʫ ʟʘʚʘʥʪʘʞʫʚʘʯʘ BLB12:BLB11 ʽ ʧʨʠʢʣʘʜʥʦʾ 

ʧʨʦʛʨʘʤʠ BLB02:BLB01 (ʨʠʩ. 4.7), ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ ʷʢʠʭ ʤʦʞʥʘ ʟʘʙʦʨʦʥʠʪʠ 

ʜʦʩʪʫʧ ʽʟ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʜʦ ʧʨʦʛʨʘʤʠ ʟʘʚʘʥʪʘʞʫʚʘʯʘ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʘʚʘʥʪʘʞʫʚʘʯʫ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ ʩʝʢʮʽʾ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ. 

 

ʈʠʩ. 4.7. ʂʦʤʽʨʢʠ ʟʘʭʠʩʪʫ ʟʘʚʘʥʪʘʞʫʚʘʯʘ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ 

ʂʦʤʽʨʢʠ ʟʘʭʠʩʪʫ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʨʝʛʽʩʪʨʽ R0 [1; 7]. ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʢʦʤʽʨʢʠ ʪʨʝʙʘ ʩʢʠʥʫʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʨʦʟʨʷʜ ʨʝʛʽʩʪʨʘ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ 

ʟʘʚʘʥʪʘʞʫʻʴʩʷ ʚ ʨʝʛʽʩʪʨ R0, ʫ ʨʝʛʽʩʪʨ SPMCR ʟʘʧʠʩʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ çx0001001è ʽ 

ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʤʘʥʜʘ SPM. ɺʤʽʩʪ ʨʝʛʽʩʪʨʘ Z 

ʧʨʠ ʮʴʦʤʫ ʽʛʥʦʨʫʻʪʴʩʷ, ʦʜʥʘʢ ʜʣʷ ʩʫʤʽʩʥʦʩʪʽ ʟ ʤʘʡʙʫʪʥʽʤʠ ʧʨʠʩʪʨʦʷʤʠ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʧʠʩʫʚʘʪʠ ʚ ʥʴʦʛʦ ʟʥʘʯʝʥʥʷ $0001. ʇʽʜ ʯʘʩ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ ʤʦʞʥʘ ʟʚʝʨʪʘʪʠʩʷ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʦʙʣʘʩʪʽ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ. 

SPM-ʧʝʨʝʨʠʚʘʥʥʷ 

ʋ ʚʩʽʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʨʝʞʠʤ ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʨʠʚʘʥʴ ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ ʦʥʦʚʣʝʥʥʷ Flash-ʧʘʤôʷʪʽ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʙʽʪʘ SPMIE ʫ ʨʝʛʽʩʪʨʽ SPMCR ʜʦʟʚʦʣʠʪʴ ʬʦʨʤʫʚʘʪʠ                          

SPM-ʧʝʨʝʨʠʚʘʥʥʷ, ʷʢʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʟʘʢʽʥʯʝʥʥʷ 

ʨʝʞʠʤʫ SPM.  
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ʂʦʥʬʣʽʢʪʠ EEPROM-ʧʘʤôʷʪ ̔

ʇʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ SPM-ʢʦʤʘʥʜʠ ʥʝʦʙʭʽʜʥʦ ʟʘʢʽʥʯʠʪʠ ʚʩʽ ʦʧʝʨʘʮʽʾ ʟ 

EEPROM-ʧʘʤôʷʪʪʶ. ɿʘʧʠʩ/ʦʯʠʱʝʥʥʷ Flash- ʽ EEPROM-ʧʘʤôʷʪʽ ʥʝ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʦʜʥʦʯʘʩʥʦ. 

4.6. ʊʠʧʦʚʽ ʧʨʦʮʝʜʫʨʠ ʦʥʦʚʣʝʥʥʷ Flash-ʧʘʤôʷʪ ̔

ʅʘ ʨʠʩ. 4.8 ʧʦʢʘʟʘʥʦ ʜʚʽ ʩʪʘʥʜʘʨʪʥʽ ʩʭʝʤʠ ʘʣʛʦʨʠʪʤʽʚ ʦʥʦʚʣʝʥʥʷ               

Flash-ʧʘʤôʷʪʽ.  

 

ʈʠʩ. 4.8. ʉʭʝʤʠ ʘʣʛʦʨʠʪʤʽʚ ʦʥʦʚʣʝʥʥʷ Flash-ʧʘʤôʷʪʽ 

ʇʨʠʤʽʪʢʘ: ʅʝʦʙʭʽʜʥʽ ʜʽʾ ʜʣʷ ʧʝʨʝʘʢʪʠʚʘʮʽʾ ʩʝʢʮʽʾ RWW ʦʧʠʩʘʥʦ ʚʠʱʝ ʫ 

ʧʽʜʨʦʟʜʽʣʽ 4.3. 

ʉʭʝʤʘ ʣʽʚʦʨʫʯ (ʨʠʩ. 4.8ʘ) ʦʧʠʩʫʻ ʘʣʛʦʨʠʪʤ                                              

çʟʯʠʪʫʚʘʥʥʷ-ʤʦʜʠʬʽʢʘʮʽʾ-ʟʘʧʠʩʫè ʥʝʚʝʣʠʢʠʭ ʯʘʩʪʠʥ Flash-ʧʘʤôʷʪʽ, ʥʘʧʨʠʢʣʘʜ, 

ʢʦʥʩʪʘʥʪ. ʉʭʝʤʘ ʧʨʘʚʦʨʫʯ (ʨʠʩ. 4.8ʙ) ʦʧʠʩʫʻ ʘʣʛʦʨʠʪʤ ʟʘʧʠʩʫ ʩʪʦʨʽʥʢʠ ʙʝʟ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʯʠʪʫʚʘʥʥʷ ʾʾ ʚʤʽʩʪʫ, ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʧʠʩ ʜʘʥʠʭ, ʱʦ 

ʥʘʜʽʡʰʣʠ ʚʽʜ UART.  
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4.7. ʈʝʞʠʤʠ ʟʘʭʠʩʪʫ Flash- ʪʘ EEPROM-ʧʘʤôʷʪ ̔

ɺʤʽʩʪ Flash- ʪʘ EEPROM-ʧʘʤôʷʪʽ ʤʦʞʥʘ ʟʘʭʠʩʪʠʪʠ ʚʽʜ ʟʘʧʠʩʫ ʪʘ ʯʠʪʘʥʥʷ ʟʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ (Lock Bits) LB1 ʪʘ LB2 [1; 7]. ʄʦʞʣʠʚʽ ʨʝʞʠʤʠ 

ʟʘʭʠʩʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʩʪʘʥʘʤ ʮʠʭ ʢʦʤʽʨʦʢ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.6.  

ʊʘʙʣʠʮʷ 4.6. ʈʝʞʠʤʠ ʟʘʭʠʩʪʫ ʧʘʤôʷʪʽ 

ˉ 

ʨʝʞʠʤʫ 

ʂʦʤʽʨʢʠ 

ʟʘʭʠʩʪʫ ʆʧʠʩ 

LB1 LB2 

1 1 1 ɿʘʭʠʩʪ ʢʦʜʫ ʪʘ ʜʘʥʠʭ ʚʽʜʢʣʶʯʝʥʦ 

2 0 1 

 

ɿʘʙʦʨʦʥʝʥʦ ʟʘʧʠʩ FLASH- ʪʘ EEPROM-ʧʘʤôʷʪʽ 

 

3 0 0 
ɿʘʙʦʨʦʥʝʥʦ ʟʘʧʠʩ ʪʘ ʯʠʪʘʥʥʷ                                         

FLASH- ʪʘ EEPROM-ʧʘʤôʷʪʽ 

ʎ̔  ʙʽʪʠ ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʣʽʜʦʚʥʦʛʦ ʘʙʦ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ [1; 7].  

4.8. ʏʠʪʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʢʦʤʽʨʦʢ ʪʘ ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ 

ʂʨʽʤ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʟʘʚʘʥʪʘʞʫʚʘʯ ʤʦʞʝ ʪʘʢʦʞ 

ʟʯʠʪʫʚʘʪʠ ʚʤʽʩʪ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʢʦʤʽʨʦʢ ʪʘ ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ. ɼʣʷ ʯʠʪʘʥʥʷ ʙʘʡʪʘ 

ʟʘʭʠʩʪʫ ʩʣʽʜ ʟʘʚʘʥʪʘʞʠʪʠ ʚ ʨʝʛʽʩʪʨ Z ʯʠʩʣʦ $0001, ʟʘʧʠʩʘʪʠ ʚ ʨʝʛʽʩʪʨ SPMCR 

ʟʥʘʯʝʥʥʷ çʭ0001001 è ʽ ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ ʚʠʢʦʥʘʪʠ ʢʦʤʘʥʜʫ LPM. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʤʽʩʪ ʙʘʡʪʘ ʟʘʭʠʩʪʫ ʙʫʜʝ ʟʘʥʝʩʝʥʦ ʫ ʨʝʛʽʩʪʨ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

R0 (ʨʠʩ. 4.7). 

ʏʠʪʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʙʘʡʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ. ʋ ʨʝʛʽʩʪʨ Z 

ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʘʜʨʝʩʘ ʙʘʡʪʘ ($0000 ï ʤʦʣʦʜʰʠʡ ʙʘʡʪ, $0003 ï ʩʪʘʨʰʠʡ ʙʘʡʪ,   

$0002 ï ʜʦʜʘʪʢʦʚʠʡ ʙʘʡʪ), ʧʽʩʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʘʧʠʩʘʪʠ ʫ ʨʝʛʽʩʪʨ SPMCR 

ʟʥʘʯʝʥʥʷ çx0001001è ʽ ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʤʘʰʠʥʥʠʭ ʮʠʢʣʽʚ ʚʠʢʦʥʘʪʠ ʢʦʤʘʥʜʫ LPM. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ ʚʤʽʩʪ ʦʙʨʘʥʦʛʦ ʙʘʡʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʙʫʜʝ ʟʘʥʝʩʝʥʦ 

ʚ ʨʝʛʽʩʪʨ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ R0 [1; 7].  

ɺ [1] ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʠ-ʟʘʚʘʥʪʘʞʫʚʘʯʘ, ʷʢʘ 

ʚʠʢʦʥʫʻ ʢʦʧʽʶʚʘʥʥʷ ʩʪʦʨʽʥʢʠ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤʠ ʽʟ ʆɿʇ ʫ Flash- ʧʘʤôʷʪ.ɹ 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʇʦʷʩʥʽʪʴ, ʱʦ ʪʘʢʝ ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ ʄʂ ʪʘ ʜʣʷ ʯʦʛʦ ʚʦʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩʷ. 

2. ʗʢ ʣʦʛʽʯʥʦ ʨʦʟʜʽʣʝʥʦ ʚʩʶ ʦʙʣʘʩʪʴ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

3. ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʟʘʭʠʩʪʫ ʩʝʢʮʽ ʾʧʨʠʢʣʘʜʥʦ ʾʧʨʦʛʨʘʤʠ. 

4. ʇʦʷʩʥʽʪʴ, ʫ ʯʦʤʫ ʧʦʣʷʛʘ ̒ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ RWW- ʪʘ NRWW-ʦʙʣʘʩʪʷʤʠ 

ʧʘʤôʷʪ̔ ʧʨʦʛʨʘʤ. 

5. ɼʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩʷ ʧʨʘʧʦʨʝʮʴ RWWSB? ʗʢ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʡʦʛʦ 

ʩʢʠʜʘʥʥʷ? 

6. ʗʢʠʤ ʯʠʥʦʤ ʚʜ̔ʙʫʚʘʪ̒ʴʩʷ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʤʢ̔ʨʦʢʦʥʪʨʦʣʝʨʘ? 

7. ʅʘʚʝʜʽʪʴ ʘʣʛʦʨʠʪʤ ʟʤʽʥʠ ʚʤʽʩʪʫ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ. 

8. ʆʧʠʰʽʪʴ ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ ʩʪʦʨʥ̔ʢʠ ʧʘʤôʷʪ̔. 

9. ʇʦʷʩʥʪ̔ʴ, ʫ ʯʦʤʫ ʧʦʣʷʛʘ ̒ ʦʩʦʙʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʨʠʚʘʥʴ ʧʨʠ 

ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʽ. 

10. ʇʦʷʩʥʽʪʴ, ʷʢ ʚʠʢʦʥʘʪʠ ʧʝʨʝʘʢʪʠʚʘʮʽʶ RWW-ʩʝʢʮʽʾ. 

11.  ʗʢ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʦʚʦʛʦ ʚʤʽʩʪʫ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ?  

12.  ʗʢʠʤ ʯʠʥʦʤ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʝʨʝʭʽʜ ʜʦ ʧʨʦʛʨʘʤʠ-ʟʘʚʘʥʪʘʞʫʚʘʯʘ?   

13.  ʏʠʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨ ʩʝʢʮʽʾ ʟʘʚʘʥʪʘʞʫʚʘʯʘ ʪʘ ʨʦʟʤʽʨ ʩʝʢʮʽʾ ʧʨʠʢʣʘʜʥʦʾ 

ʧʨʦʛʨʘʤʠ?   

14.  ɿʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʢʦʤʘʥʜʠ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʤʽʥʘ ʚʤʽʩʪʫ ʧʘʤôʷʪʽ 

ʧʨʦʛʨʘʤ ʪʘ ʢʦʤʽʨʦʢ ʟʘʭʠʩʪʫ ʟʘʚʘʥʪʘʞʫʚʘʯʘ?   

15.  ʆʧʠʰʽʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʦʢʨʝʤʠʭ ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʘ SPMCR. 

16.  ʇʦʷʩʥʽʪʴ ʘʜʨʝʩʘʮʽʶ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʘʥʜʠ SPM. 

17.  ʗʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʧʦʚʥʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʙʫʬʝʨʘ ʩʪʦʨʽʥʢʠ ʥʦʚʠʤ ʚʤʽʩʪʦʤ? 

18.  ʗʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʥʝʩʝʥʥʷ ʚʤʽʩʪʫ ʙʫʬʝʨʘ ʫ ʧʘʤôʷʪʴ ʧʨʦʛʨʘʤ? 

19.  ɺ ʷʢʦʤʫ ʨʝʛʽʩʪʨʽ  ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ  ʙʽʪʠ Z17 ʪʘ Z16? 

20.  ʏʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʠʤʯʘʩʦʚʠʡ ʙʫʬʝʨ ʩʪʦʨʽʥʦʢ ʜʣʷ ʯʠʪʘʥʥʷ? 

21.  ɿʘ ʩʢʽʣʴʢʠ ʦʧʝʨʘʮʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʟʘʧʠʩ ʙʫʬʝʨʘ ʩʪʦʨʽʥʦʢ ʫ  

Flash-ʧʘʤôʷʪ?ɹ 

22.  ʗʢʠʤ ʯʠʥʦʤ ʥʦʚʠʡ ʚʤʽʩʪ ʧʘʤôʷʪʽ ʧʨʦʛʨʘʤ ʧʽʜ ʯʘʩ ʩʘʤʦʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʧʦʧʘʜʘʻ ʚ ʄʂ? 

23.  ʇʦʷʩʥʽʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ SPM-ʧʝʨʝʨʠʚʘʥʥʷ. 

24.  ʏʠ ʤʦʞʥʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ SPM-ʢʦʤʘʥʜʠ ʚʠʢʦʥʫʚʘʪʠ ʦʧʝʨʘʮʽʾ ʟ                    

EEPROM-ʧʘʤôʷʪʪ?ʁ 
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5. ʇʈʆɽʂʊʋɺɸʅʅʗ ʄʆɼʋʃʗ ɺɺɽɼɽʅʅʗ/ɺʀɺɽɼɽʅʅʗ 

5.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʫʣʷ  

ʇʨʠ ʨʦʟʛʣʷʜʽ ʟʚôʷʟʢʽʚ ʤʽʞ ʦʢʨʝʤʠʤʠ ʯʘʩʪʠʥʘʤʠ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʩʠʩʪʝʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʥʷʪʪʷ ʽʥʪʝʨʬʝʡʩ, ʱʦ ʻ ʛʨʘʥʠʮʝʶ ʤʽʞ ʢʽʣʴʢʦʤʘ ʧʨʠʩʪʨʦʷʤʠ, 

ʥʘʧʨʠʢʣʘʜ, ʤʽʞ ʤʽʢʨʦʧʨʦʮʝʩʦʨʦʤ/ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ (ʄʇ/ʄʂ) ʪʘ ʟʦʚʥʽʰʥʽʤ 

ʧʨʠʩʪʨʦʻʤ (ɿɺʇʈ) . 

ʇʽʜ ʽʥʪʝʨʬʝʡʩʦʤ ʨʦʟʫʤʽʶʪʴ ʩʫʢʫʧʥʽʩʪʴ ʫʥʽʬʽʢʦʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʽ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥ ̔ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʜʦ ʩʠʩʪʝʤʠ ʯʠ ʦʜʥʽʻʾ 

ʩʠʩʪʝʤʠ ʜʦ ʽʥʰʦʾ. ʉʝʨʝʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʪʝʨʬʝʡʩʫ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʚʠʙʦʨʫ ʥʘʧʨʷʤʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʘ ʽʥʢʦʣʠ 

ʧʨʠʚʝʜʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʽʚʥʽʚ ʯʠ ʬʦʨʤ ʩʠʛʥʘʣʽʚ. 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʽʥʪʝʨʬʝʡʩʠ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. 

ʆʩʥʦʚʥʦʶ ʯʘʩʪʠʥʦʶ ʽʥʪʝʨʬʝʡʩʫ ʻ ʪʝʭʥʽʯʥʽ (ʘʧʘʨʘʪʥʽ) ʟʘʩʦʙʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʚ'ʷʟʦʢ ʄʂ ʪʘ ɿɺʇʈ. ʎʽ ʟʘʩʦʙʠ ʫ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽʡ ʪʝʭʥʽʮʽ ʯʘʩʪʦ 

ʥʘʟʠʚʘʶʪʴ çʤʦʜʫʣʝʤ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷè. ɸʧʘʨʘʪʥʫ ʦʩʥʦʚʫ ʮʴʦʛʦ ʤʦʜʫʣʷ 

ʩʢʣʘʜʘʶʪʴ ʧʦʨʪʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢ̔ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʨʝʛʽʩʪʨʽʚ. 

ʂʨʽʤ ʥʘʷʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ ʤʦʜʫʣʴ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʨʦʛʨʘʤʦʚʘʥʠʤ, ʪʦʙʪʦ ʤʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʨʝʛʽʩʪʨʠ ʜʣʷ ʟʘʧʠʩʫ 

ʢʝʨʫʶʯʠʭ ʩʣʽʚ ʽ ʨʝʛʽʩʪʨʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʪʘʥ ʽʥʪʝʨʬʝʡʩʫ. 

ʉʫʯʘʩʥʽ ʄʇ ʪʘ ʄʂ-ʨʠ ʤʘʶʪʴ ʢʦʤʘʥʜʠ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʟ ʥʝʦʙʭʽʜʥʦʶ 

ʧʝʨʠʬʝʨʽʻʶ. ɺʚʝʜʝʥʥʷ (ʯʠʪʘʥʥʷ, ʧʨʠʡʦʤ) ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʦʢʫ ʜʘʥʠʭ ʚʽʜ ɿɺʇʈ ʚ    

ʄʇ (ʄʂ), ʘ ʚʠʚʝʜʝʥʥʷ (ʟʘʧʠʩ, ʧʝʨʝʜʘʯʘ) ï ʧʦʪʦʢʫ ʜʘʥʠʭ ʽʟ ʄʇ (ʄʂ) ʜʦ ɿɺʇʈ. 

5.2. ʉʧʦʩʦʙʠ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ɿɺʇʈ ʪʘ ʄʂ/ʄʇ ʫ ʄʇʉ 

ʋ ʄʇʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʩʧʦʩʦʙʠ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ɿɺʇʈ ʪʘ 

ʄʂ/ʄʇ: 

ï ʧʘʨʘʣʝʣʴʥʠʡ, ʢʦʣʠ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʜʘʶʪʴʩʷ ʚʩʽ ʙʽʪʠ ʘʙʦ ʜʝʢʽʣʴʢʘ ʙʽʪ 

ʩʣʦʚʘ ʜʘʥʠʭ; 

ï ʧʦʩʣʽʜʦʚʥʠʡ, ʢʦʣʠ ʙʽʪʠ ʩʣʦʚʘ ʜʘʥʠʭ ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʧʦ ʯʝʨʟʽ, 

ʧʦʯʠʥʘʶʯʠ, ʥʘʧʨʠʢʣʘʜ, ʟ ʡʦʛʦ ʤʦʣʦʜʰʦʛʦ ʨʦʟʨʷʜʫ. 

ɿɺʇʈ ʟʚ'ʷʟʫʻʪʴʩʷ ʟ ʄʂ/ʄʇ ʣʽʥʽʷʤʠ ʟʚ'ʷʟʢʫ, ʜʦʚʞʠʥʘ ʷʢʠʭ ʧʨʠ 

ʧʘʨʘʣʝʣʴʥʦʤʫ ʦʙʤʽʥʽ ʦʙʤʝʞʝʥʘ ʽ ʩʢʣʘʜʘʻ ʢʽʣʴʢʘ ʤʝʪʨʽʚ. 

ʇʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʦʙʤʽʥʽ ʜʘʥʠʤʠ ʜʦʚʞʠʥʘ ʣʽʥʽʡ ʟʚ'ʷʟʢʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ, 

ʥʘʧʨʠʢʣʘʜ, ʤʦʜʝʤʽʚ, ʤʦʞʝ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʚʘʪʠʩʷ. ʎʷ ʦʙʩʪʘʚʠʥʘ, ʘ ʪʘʢʦʞ ʙʘʞʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ɿɺʇʈ ʽ ʄʂ/ʄʇ  

ʽʩʥʫʶʯʽ ʢʘʥʘʣʠ ʟʚ'ʷʟʢʫ (ʂɿ), ʦʙʫʤʦʚʠʣʠ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ ʚ ʄʇʉ, ʘʙʦ ʤʽʞ ʜʝʢʽʣʴʢʠʤʘ ʄʇʉ. 
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ʆʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʚ ʩʝʨʝʜʝʥʽ ʄʇ ʘʙʦ ʄʂ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʧʘʨʘʣʝʣʴʥʽʡ 

ʬʦʨʤʽ. ʊʦʤʫ ʧʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʦʙʤʽʥʽ ʜʘʥʠʤʠ ʥʝʦʙʭʽʜʥʦ: ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜ 

ʄʂ/ʄʇ ʜʦ ɿɺʇʈ ʧʝʨʝʪʚʦʨʠʪʠ ʜʘʥʽ ʟ ʧʘʨʘʣʝʣʴʥʦʾ ʬʦʨʤʠ ʚ ʧʦʩʣʽʜʦʚʥʫ, ʘ ʧʨʠ 

ʧʨʠʡʦʤʽ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ɿɺʇʈ ʪʘ ʚʚʝʜʝʥʥʽ ʾʾ ʫ ʄʂ/ʄʇ ï ʧʝʨʝʪʚʦʨʠʪʠ ʟ ʧʦʩʣʽʜʦʚʥʦʾ 

ʬʦʨʤʠ ʚ ʧʘʨʘʣʝʣʴʥʫ. 

ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʟ ʧʘʨʘʣʝʣʴʥʦʾ ʬʦʨʤʠ ʚ ʧʦʩʣʽʜʦʚʥʫ, ʽʥʬʦʨʤʘʮʽʷ 

ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʫ ʨʝʛʽʩʪʨ ʟʩʫʚʫ (ʨʠʩ. 5.1).  

 

ʈʠʩ. 5.1. ʇʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʟ ʧʘʨʘʣʝʣʴʥʦʾ ʬʦʨʤʠ ʚ ʧʦʩʣʽʜʦʚʥʫ 

ʇʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʢʦʞʥʦʛʦ ʪʘʢʪʦʚʦʛʦ ʽʤʧʫʣʴʩʫ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʪʦʚʠʭ 

ʽʤʧʫʣʴʩʽʚ (ɻʊɯ) ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ ʧʦʩʣʽʜʦʚʥʦ ʟʩʫʚʘʻʪʴʩʷ ʥʘ ʦʜʠʥ ʨʦʟʨʷʜ 

ʧʨʘʚʦʨʫʯ. 

ɼʘʥʽ ʥʘ ʚʠʭʦʜʽ ʪʘʢʦʛʦ ʨʝʛʽʩʪʨʘ ʤʘʁʪʴ ʧʦʩʣʽʜʦʚʥʫ ʬʦʨʤʫ. ʏʘʩʪʦ ʧʨʠ 

ʧʦʩʣʽʜʦʚʥʽʡ ʧʝʨʝʜʘʯʽ ʚ ʢʘʥʘʣ ʟʚôʷʟʢʫ ʧʝʨʰʠʤ ʧʝʨʝʜʘʻʪʴʩʷ ʤʦʣʦʜʰʠʡ ʙʽʪ ʩʣʦʚʘ 

ʜʘʥʠʭ (ʄɿʈ), ʦʩʪʘʥʥʽʤ ï ʩʪʘʨʰʠʡ ʙʽʪ (ʉɿʈ).  

ɼʣʷ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʟ ʧʦʩʣʽʜʦʚʥʦʾ ʬʦʨʤʠ ʚ ʧʘʨʘʣʝʣʴʥʫ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʜʽʾ, ʧʨʦʪʠʣʝʞʥʽ ʚʽʜʥʦʩʥʦ ʦʧʠʩʘʥʦʛʦ. ɼʘʥʽ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʟ 

ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʚ ʧʦʩʣʽʜʦʚʥʽʡ ʬʦʨʤʽ, ʚʚʦʜʷʪʴʩʷ ʙʽʪ ʟʘ ʙʽʪʦʤ ʫ ʨʝʛʽʩʪʨ ʟʩʫʚʫ. ʇʽʩʣʷ 

ʟʘʧʦʚʥʝʥʥʷ ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ ʽʥʬʦʨʤʘʮʽʷ ʟ ʥʴʦʛʦ ʚ ʧʘʨʘʣʝʣʴʥʽʡ ʬʦʨʤʽ ʧʝʨʝʜʘʻʪʴʩʷ ʫ 

ʄʂ/ʄʂ. 

ʇʦʜʽʙʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʄʂ ʧʨʠ ʦʙʤʽʥʽ ʜʘʥʠʤʠ ʯʝʨʝʟ ʡʦʛʦ 

ʧʦʩʣʽʜʦʚʥʠʡ ʧʦʨʪ (ʨʠʩ. 5.2) [3]. 
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ʈʠʩ. 5.2. ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʦʨʪʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

5.3.  ʇʦʨʪʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

  5.3.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʽʤʝʡʩʪʚʘ AVR ʤʘʶʪʴ ʤʦʜʫʣʽ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ, 

ʘʧʘʨʘʪʥʫ ʯʘʩʪʠʥʫ ʷʢʠʭ ʚʠʢʦʥʘʥʦ ʥʘ ʙʘʟʽ ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ (ʨʝʛʽʩʪʨʽʚ). 

ʂʦʞʝʥ ʧʦʨʪ ʤʘʻ ʧʝʚʥʝ ʯʠʩʣʦ ʚʠʚʦʜʽʚ, ʯʝʨʝʟ ʷʢʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʤʦʞʝ ʧʨʠʡʤʘʪʠ 

ʘʙʦ ʧʝʨʝʜʘʚʘʪʠ ʮʠʬʨʦʚʽ ʩʠʛʥʘʣʠ [1; 7].  

ɿʘʜʘʥʥʷ ʥʘʧʨʷʤʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʯʝʨʝʟ ʙʫʜʴ-ʷʢʠʡ ʢʦʥʪʘʢʪ 

ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʦ. ʅʘ ʚʭʦʜʘʭ ʧʦʨʪʽʚ ʟʥʘʭʦʜʷʪʴʩʷ  

ʪʨʠʛʝʨʠ ʐʤʽʪʪʘ. ʗʢʱʦ ʣʽʥʽʾ ʩʢʦʥʬʽʛʫʨʦʚʘʥʽ ʷʢ ʚʭʽʜʥʽ, ʪʦ ̒ ʤʦʞʣʠʚʽʩʪʴ 

ʧʽʜʢʣʶʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʽʜʪʷʛʫʶʯʦʛʦ ʨʝʟʠʩʪʦʨʘ ʟ ʦʧʦʨʦʤ 35...120 ʢʆʤ ʤʽʞ 

ʚʭʦʜʦʤ ʽ ʰʠʥʦʶ ʞʠʚʣʝʥʥʷ Vʉʉ. ʎʝʡ ʚʭʽʜ ʤʦʞʝ ʩʣʫʞʠʪʠ ʜʞʝʨʝʣʦʤ ʩʪʨʫʤʫ, ʷʢʱʦ 

ʤʽʞ ʚʭʦʜʦʤ ʽʟ ʟʘʜʽʷʥʠʤ ʚʥʫʪʨʽʰʥʽʤ ʧʽʜʪʷʛʫʶʯʠʤ ʨʝʟʠʩʪʦʨʦʤ ʽ ʩʧʽʣʴʥʦʶ ʰʠʥʦʶ 

ʧʽʜʢʣʶʯʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ,  

ʋ ʧʦʨʪʘʭ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʄʂ ʩʽʤʝʡʩʪʚʘ ʨʝʘʣʽʟʦʚʘʥʦ ʬʫʥʢʮʽ ̫

çʯʠʪʘʥʥʷ/ʤʦʜʠʬʽʢʘʮʽʷ/ʟʘʧʠʩè. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʤʘʥʜʠ SBI ʪʘ 

CBI, ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʦʧʝʨʘʮʽʾ ʥʘʜ ʙʫʜʴ-ʷʢʠʤ ʚʠʚʦʜʦʤ ʧʦʨʪʫ, ʥʝ ʚʧʣʠʚʘʶʯʠ ʥʘ 

ʽʥʰʽ ʚʠʚʦʜʠ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʟʤʽʥʠ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʢʦʥʪʘʢʪʫ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ, 

ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽ ʟʤʽʥʠ ʩʪʘʥʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʽʜʪʷʛʫʶʯʦʛʦ ʨʝʟʠʩʪʦʨʘ (ʜʣʷ 

ʚʭʦʜʽʚ). 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʟ ʢʦʞʥʦʾ ʛʨʫʧʠ ʤʦʜʝʣʝʡ ʩʽʤʝʡʩʪʚʘ ʤʘʶʪʴ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ 

ʧʦʨʪʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʢʦʥʪʘʢʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ (ʪʘʙʣ. 5.1). 
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ʊʘʙʣʠʮʷ 5.1. ʇʦʨʪʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ Mega 
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PORTA ǒ ǒ - ǒ ǒ - ǒ ǒ ǒ ǒ ǒ ǒ ǒ 

PORTB ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ 

PORTC ǒ ǒ 7 ǒ ǒ 7 ǒ ǒ ǒ ǒ ǒ ǒ ǒ 

PORTD ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ 

PORTE 3 - - - ǒ - 3 - ǒ ǒ ǒ ǒ ǒ 

PORTF - - - - ǒ - - - ǒ ǒ ǒ ǒ ǒ 

PORTG - - - - 5 - - - 5 61) 61) 6 6 

PORTH - - - - - - - - - - ǒ - ǒ 

PORTJ - - - - - - - - - - 7 - ǒ 

PORTK - - - - - - - - - - - - ǒ 

PORTL - - - - - - - - - - - - ǒ 

ʏʠʩʣʦ 

ʢʦʥʪʘʢʪʽʚ 

ʚʚʝʜʝʥʥʷ/ 

ʚʠʚʝʜʝʥʥʷ 

35 32 23 32 53 23 35 32 53 54 69 54 86 

1)  ɺʠʚʽʜ PG5 ï ʪʽʣʴʢʠ ʚʭʽʜ ʟ ʧʦʩʪʽʡʥʦ ʚʢʣʶʯʝʥʦʶ ʧʽʜʪʷʞʢʦʶ (ʩʫʤʽʱʝʥʠʡ ʟ 

ʚʭʦʜʦʤ RESET). 

ʇʨʠʤʽʪʢʘ. ʎʠʬʨʘ ʧʦʟʥʘʯʘʻ ʨʦʟʨʷʜʥʽʩʪʴ ʧʦʨʪʫ (ʚʽʜʤʽʥʥʫ ʚʽʜ ʚʦʩʴʤʠ). 

ɺ ʫʩʽʭ ʄʂ ʩʽʤʝʡʩʪʚʘ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʢʦʥʪʘʢʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʤʘʶʪʴ ʜʦʜʘʪʢʦʚʽ (ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʬʫʥʢʮʽʾ) ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʧʝʨʠʬʝʨʽʡʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʄʂ. 
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5.3.2. ɿʚʝʨʥʝʥʥʷ ʜʦ ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ɿʚʝʨʥʝʥʥʷ ʜʦ ʧʦʨʪʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʯʝʨʝʟ ʨʝʛʽʩʪʨʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ. ɿʘ 

ʜʝʷʢʠʤʠ ʚʠʥʷʪʢʘʤʠ, ʧ̔ ʜ ʢʦʞʝʥ ʧʦʨʪ ʚ ʘʜʨʝʩʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʟʘʨʝʟʝʨʚʦʚʘʥʦ ʧʦ 3 ʘʜʨʝʩʠ [1; 7]. ɿʘ ʮʠʤʠ ʘʜʨʝʩʘʤʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʪʨʠ ʨʝʛʽʩʪʨʠ: 

ʨʝʛʽʩʪʨ ʜʘʥʠʭ ʧʦʨʪʫ PORTx, ʨʝʛʽʩʪʨ ʥʘʧʨʷʤʫ ʜʘʥʠʭ DDRx ʽ  ʨʝʛʽʩʪʨ  ʚʠʚʦʜʽʚ  ʧʦʨʪʫ  

PINx. ɼʽʡʩʥʽ ʥʘʟʚʠ ʨʝʛʽʩʪʨʽʚ ʦʪʨʠʤʫʶʪʴʩʷ ʧʽʜʩʪʘʥʦʚʢʦʶ ʥʘʟʚʠ ʧʦʨʪʫ ʟʘʤʽʩʪʴ 

ʩʠʤʚʦʣʫ x. ɺʽʜʧʦʚʽʜʥʦ, ʨʝʛʽʩʪʨʠ ʧʦʨʪʫ ɸ ʥʘʟʠʚʘʶʪʴʩʷ PORTA, DDRA, PINA, 

ʧʦʨʪʫ ɺ ï PORTB, DDRB, PINB ʽ ʪ. ʽʥ.  

ʈʝʛʽʩʪʨʠ PINx, ʜʝ ʭ = A/B/D/ ʽ ʪ. ʽʥ., ʬʽʟʠʯʥʦ ʥʝ ʻ ʨʝʛʽʩʪʨʘʤʠ. ɿʘ ʮʠʤʠ 

ʘʜʨʝʩʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʦʩʪʫʧ ʜʦ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʽʚ ʥʘ ʚʠʚʦʜʘʭ ʧʦʨʪʫ.  

ʇʨʠ ʚʠʚʝʜʝʥʥʽ ʫ ʧʦʨʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʧʠʩ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʨʝʛʽʩʪʨ ʜʘʥʠʭ ʧʦʨʪʫ 

PORTx. ʇʨʠ ʚʚʝʜʝʥʥʽ ʚʠʢʦʥʫʻʪʴʩʷ ʯʠʪʘʥʥ ̫ʨʝʛʽʩʪʨʘ ʚʠʚʦʜʽʚ ʧʦʨʪʫ PINx (ʩʠʛʥʘʣʽʚ, 

ʢ̫ʽ ʧʨʠʩʫʪʥʽ ʥʘ ʚʠʚʦʜʘʭ ʧʦʨʪʫ). ʇʨʠ ʯʠʪʘʥʥʽ ʨʝʛʽʩʪʨʘ PORTx ʫ ʄʂ ʚʚʦʜʷʪʴʩʷ ʜʘʥʽ 

ʟ ʨʝʛʽʩʪʨʘ-ʟʘʱʽʧʢʠ ʧʦʨʪʫ. ʇʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʫ ʩʪʘʥʽ ʩʢʠʜʘʥʥʷ 

ʚʠʚʦʜʠ ʚʩʽʭ ʧʦʨʪʽʚ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʪʨʝʪʴʦʤʫ (ʚʠʩʦʢʦʽʤʧʝʜʘʥʩʥʦʤʫ) ʩʪʘʥʽ ï Hi-Z [9]. 

ɸʜʨʝʩʠ ʨʝʛʽʩʪʨʽʚ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ, ʥʘʚʝʜʝʥʦ 

ʚ ʪʘʙʣ. 5.2. 

5.3.3. ʉʪʨʫʢʪʫʨʘ ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʉʧʨʦʱʝʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʦʜʥʦʛʦ ʟ ʢʘʥʘʣʽʚ ʧʦʨʪʫ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʈxn ʧʨʠ ʨʦʙʦʪʽ ʡʦʛʦ ʚ ʷʢʦʩʪʽ ʮʠʬʨʦʚʦʛʦ ʚʭʦʜʫ/ʚʠʭʦʜʫ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.3 [1]. 

ʂʦʞʥʦʤʫ ʢʘʥʘʣʫ ʧʦʨʪʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʨʷʜʠ ʪʨʴʦʭ ʨʝʛʽʩʪʨʽʚ 

ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ: PORTxn (ʨʝʛʽʩʪʨ PORTx), DDRxn (ʨʝʛʽʩʪʨ DDRx) ʽ PINxn 

(ʨʝʛʽʩʪʨ PINx). ɼʽʡʩʥʽ ʥʘʟʚʠ ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʽʚ ʦʪʨʠʤʫʶʪʴʩʷ ʧʽʜʩʪʘʥʦʚʢʦʶ ʥʘʟʚʠ 

ʧʦʨʪʫ ʟʘʤʽʩʪʴ ʩʠʤʚʦʣʫ çʭè ʽ ʥʦʤʝʨʘ ʨʦʟʨʷʜʫ ʟʘʤʽʩʪʴ ʩʠʤʚʦʣʫ çnè. ʇʦʨʷʜʢʦʚʠʡ 

ʥʦʤʝʨ ʚʠʚʦʜʫ ʧʦʨʪʫ ʚʽʜʧʦʚʽʜʘʻ ʧʦʨʷʜʢʦʚʦʤʫ ʥʦʤʝʨʫ ʨʦʟʨʷʜʫ ʨʝʛʽʩʪʨʽʚ ʮʴʦʛʦ 

ʧʦʨʪʫ. ʗʢʱʦ ʨʦʟʨʷʜʥʽʩʪʴ ʧʦʨʪʫ ʤʝʥʰʝ ʚʦʩʴʤʠ, ʫ ʨʝʛʽʩʪʨʘʭ ʧʦʨʪʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʝ ʯʠʩʣʦ ʤʦʣʦʜʰʠʭ ʨʦʟʨʷʜʽʚ. ʅʝʟʘʜʽʷʥʽ ʩʪʘʨʰʽ ʨʦʟʨʷʜʠ 

ʨʝʛʽʩʪʨʽʚ ʜʦʩʪʫʧʥʽ ʪʽʣʴʢʠ ʜʣʷ ʯʠʪʘʥʥʷ ʽ ʟʘʚʞʜʠ ʤʽʩʪʷʪʴ ʥʫʣʴ.  

ʋ ʥʘʚʝʜʝʥʫ ʩʪʨʫʢʪʫʨʫ ʢʦʥʪʘʢʪʫ ʦʢʨʽʤ ʮʠʬʨʦʚʠʭ ʪʨʠʛʝʨʽʚ ʪʘ ʣʦʛʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚʭʦʜʷʪʴ ʙʫʬʝʨʠ ï ɺ, ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʷʢʠʭ ʤʘʶʪʴ ʪʨʠ ʩʪʘʥʠ: ʣʦʛʽʯʥʘ 

ʦʜʠʥʠʮʷ; ʣʦʛʽʯʥʠʡ ʥʫʣʴ ʪʘ ʪʨʝʪʽʡ (ʚʠʩʦʽʤʧʝʜʘʥʩʥʠʡ) ʩʪʘʥ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʩʪʘʥʥʽʭ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʠʭʦʜʠ ʮʠʭ ʙʫʬʝʨʽʚ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʩʧʽʣʴʥʠʭ ʰʠʥ. ʑʦʙ 

ʫʥʠʢʥʫʪʠ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʰʠʥʽ, ʪʽʣʴʢʠ ʦʜʠʥ ʟ ʙʫʬʝʨʽʚ ʚ ʢʦʥʢʨʝʪʥʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ ʧʽʜ ʚʧʣʠʚʦʤ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ï çɽè ʙʫʜʝ ʘʢʪʠʚʥʠʤ. ɺʠʭʦʜʠ ʽʥʰʠʭ 

(ʥʝ ʦʙʨʘʥʠʭ) ʙʫʬʝʨʽʚ ʥʘ ʯʘʩ ʧʝʨʝʜʘʯʽ ʧʝʨʝʚʦʜʷʪʴʩʷ ʚ ʪʨʝʪʽʡ ʩʪʘʥ. 
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ʊʘʙʣʠʮʷ 5.2. ɸʜʨʝʩʠ ʨʝʛʽʩʪʨʽʚ ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 
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PORTA $1B ($ɿɺ) - $1ɺ ($ɿɺ) - $02 ($22) 

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

PINA $19 ($39) - $19 ($39) - $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) - - 
$07 

($27) 

$03 

($23) 
- - $0E ($2E) 

DDRE $06 ($26) - - 
$06 

($26) 

$02 

($22) 
- - $0D ($2D) 

PINE $05 ($25) - - 
$05 

($25) 
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($21) 
- - $0C ($2C) 

F 

PORTF 
$03 

($23) 
- - - - ($62) - - $11 ($31) 

DDRF 
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($22) 
- - - - ($61) - - $10 ($30) 

PINF 
$01 

($21) 
- - - - 

$00 

($20) 
- - $0F ($2F) 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 5.2. 

 

ʈʦʟʨʷʜ DDRxn ʨʝʛʽʩʪʨʘ DDRx ʚʠʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʯʝʨʝʟ 

ʢʦʥʪʘʢʪ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ. ʗʢʱʦ ʮʝʡ ʨʦʟʨʷʜ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ, ʪʦ n-ʡ 

ʚʠʚʽʜ ʧʦʨʪʫ ʻ ʚʠʭʦʜʦʤ, ʷʢʱʦ ʞ ʩʢʠʥʫʪʦ ʚ ʥʫʣʴ ï ʚʭʦʜʦʤ. 

ʈʦʟʨʷʜ PORTxn ʨʝʛʽʩʪʨʘ PORTx ʚʠʢʦʥʫʻ ʧʦʜʚʽʡʥʫ ʬʫʥʢʮʽʶ. ʗʢʱʦ ʚʠʚʽʜ 

ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʚʠʭʽʜ (DDRxn = 1), ʮʝʡ ʨʦʟʨʷʜ ʚʠʟʥʘʯʘʻ ʩʪʘʥ ʚʠʚʦʜʫ ʧʦʨʪʫ. ʗʢʱʦ 

ʨʦʟʨʷʜ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ, ʥʘ ʚʠʚʦʜʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘʧʨʫʛʘ ɺʀʉʆʂʆɻʆ 

ʨʽʚʥʷ. ʗʢʱʦ ʨʦʟʨʷʜ ʩʢʠʥʫʪʦ ʚ ʥʫʣʴ, ʥʘ ʚʠʚʦʜʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘʧʨʫʛʘ ʅʀɿʔʂʆɻʆ 

ʨʽʚʥʷ. 

ʗʢʱʦ ʞ ʚʠʚʽʜ ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʚʭʽʜ (DDRxn = 0), ʨʦʟʨʷʜ PORTxn ʚʠʟʥʘʯʘʻ 

ʩʪʘʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʽʜʪʷʛʫʶʯʦʛʦ ʨʝʟʠʩʪʦʨʘ ʜʣʷ ʜʘʥʦʛʦ ʚʠʚʦʜʫ. ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʨʦʟʨʷʜʫ PORTxn ʚ ʦʜʠʥʠʮʶ ʧʽʜʪʷʛʫʶʯʠʡ ʨʝʟʠʩʪʦʨ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʤʽʞ ʚʠʚʦʜʦʤ 
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PORTG - - - - - ($65) - - $14 ($34) 

DDRG - - - - - ($64) - - $13 ($33) 

PING - - - - - ($63) - - $12 ($32) 

H 

PORTH - - - - - - - - - ($DA) - ($102) 

DDRH - - - - - - - - - ($D9) - ($101) 

PINH - - - - - - - - - ($D8) - ($100) 

J 

PORTJ - - - - - - - - - ($DD) - ($105) 

DDRJ - - - - - - - - - ($DC) - ($104) 

PINJ - - - - - - - - - ($DB) - ($103) 

ʂ 

PORTK - - - - - - - - - - - ($108) 

DDRK - - - - - - - - - - - ($107) 

PINK - - - - - - - - - - - ($106) 

L 

PORTL - - - - - - - - - - - ($10B) 

DDRL - - - - - - - - - - - ($10A) 

PINL - - - - - - - - - - - ($109) 
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ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʽ ʞʠʚʣʝʥʥʷʤ, ʟʘ ʫʤʦʚʠ, ʱʦ ʙʽʪ PUD = 0 (ʨʠʩ. 5.4). 
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PUD ï ʚʽʜʢʣʶʯʝʥʥʷ ʨʝʟʠʩʪʦʨʘ, ʷʢʠʡ ʧʽʜʪʷʛʫʻ; SLEEP ï ʢʝʨʫʚʘʥʥʷ ʩʧʣʷʯʠʤ 

ʨʝʞʠʤʦʤ; fclk I/O ï ʪʘʢʪʦʚʠʡ ʩʠʛʥʘʣ ʧʽʜʩʠʩʪʝʤʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ; WDx ï ʟʘʧʠʩ 

ʨʝʛʽʩʪʨʘ DDRx; RDx ï ʯʠʪʘʥʥʷ ʨʝʛʽʩʪʨʘ DDRx; WPx ï ʟʘʧʠʩ ʨʝʛʽʩʪʨʘ PORTx; RRx ï 

ʯʠʪʘʥʥʷ ʨʝʛʽʩʪʨʘ PORTx; RPx ï ʯʠʪʘʥʥʷ ʚʠʚʦʜʽʚ ʧʦʨʪʫ Px. 

 ʇʨʠʤʽʪʢʘ: ʩʠʛʥʘʣʠ WPx, WDx, RRx, RPx, RDx ï ʩʧʽʣʴʥʽ ʜʣʷ ʚʩʽʭ ʚʠʚʦʜʽʚ ʦʜʥʦʛʦ 

ʧʦʨʪʫ; ʩʠʛʥʘʣʠ fclk I/O, SLEEP ʪʘ PUD ï ʩʧʽʣʴʥʽ ʜʣʷ ʚʩʽʭ ʧʦʨʪʽʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

ʈʠʩ. 5.3. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʥʪʘʢʪʫ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

 

ʈʠʩ. 5.4. ʈʝʛʽʩʪʨʠ ʢʝʨʫʚʘʥʥʷ ʧʽʜʪʷʞʢʦʶ SFIOR (ʘ) ʪʘ MCUCR (ʙ) 

ʂʝʨʫʚʘʥʥʷ ʧʽʜʪʷʛʫʶʯʠʤʠ ʨʝʟʠʩʪʦʨʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʜʚʦʭ ʨʽʚʥʷʭ. 
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ɿʘʛʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʚʩʽʭ ʚʠʚʦʜʽʚ ʧʦʨʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʨʷʜʦʤ PUD ʨʝʛʽʩʪʨʘ 

ʩʧʝʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ SFIOR ʘʙʦ ʨʝʛʽʩʪʨʘ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ MCUCR       

[1; 7]. ʌʦʨʤʘʪʠ ʮʠʭ ʨʝʛʽʩʪʨʽʚ ʥʘʚʝʜʝʥʦ ʚʠʱʝ ʥʘ ʨʠʩ. 5.4. 

ʗʢʱʦ ʨʦʟʨʷʜ PUD ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʩʢʠʥʫʪʦ ʚ ʥʫʣʴ, ʩʪʘʥ ʧʽʜʪʷʛʫʶʯʠʭ 

ʨʝʟʠʩʪʦʨʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʚʭʦʜʫ ʧʦʨʪʫ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʩʪʘʥʦʤ ʨʦʟʨʷʜʽʚ PORTxn, 

ʟʘ ʫʤʦʚʠ, ʱʦ ʚʽʜʧʦʚʽʜʥʠʡ ʨʦʟʨʷʜ DDRxn ʩʢʠʥʫʪʦ ʚ ʥʫʣʴ. ʗʢʱʦ ʞ ʨʦʟʨʷʜ PUD 

ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ, ʧʽʜʪʷʛʫʶʯʽ ʨʝʟʠʩʪʦʨʠ ʚʽʜʢʣʶʯʘʶʪʴʩʷ ʚʽʜ ʫʩʽʭ ʚʠʚʦʜʽʚ 

ʧʦʨʪʽʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

5.3.4. ʂʦʥʬʽʛʫʨʫʚʘʥʥʷ ʚʠʚʦʜʽʚ ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʈ̔ ʟʥʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʚʠʚʦʜʽʚ ʧʦʨʪ̔ʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.3.  

ʊʘʙʣʠʮʷ 5.3. ʂʦʥʬʽʛʫʨʘʮʽʾ ʚʠʚʦʜʽʚ ʧʦʨʪʽʚ 

DDRxn PORTxn PUD* 
ʌʫʥʢʮʽʷ 

ʚʠʚʦʜʫ 
ʈʝʟʠʩʪʦʨ ʇʨʠʤʽʪʢʠ 

0 0 X ɺʭʽʜ ɺʽʜʢʣʶʯʝʥʠʡ ʊʨʝʪʽʡ ʩʪʘʥ (Hi-Z)**  

0 1 0 ɺʭʽʜ ʇʽʜʢʣʶʯʝʥʠʡ 
ʇʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʽʞ ʚʠʚʦʜʦʤ ʽ ʩʧʽʣʴʥʠʤ ʧʨʦʚʦʜʦʤ 

ʚʠʚʽʜ ʻ ʜʞʝʨʝʣʦʤ ʩʪʨʫʤʫ 

0 1 1 ɺʭʽʜ ɺʽʜʢʣʶʯʝʥʠʡ ʊʨʝʪʽʡ ʩʪʘʥ (Hi-Z) ʜʣʷ ʚʠʭʦʜʫ 

1 0 X ɺʠʭʽʜ ɺʽʜʢʣʶʯʝʥʠʡ ɺʠʭʽʜ ʩʢʠʥʫʪʦ ʚ ʥʫʣʴ 

1 1 X ɺʠʭʽʜ ɺʽʜʢʣʶʯʝʥʠʡ ɺʠʭʽʜ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ 

* ɺʽʜʩʫʪʥʽʡ ʫ ʤʦʜʝʣʷʭ ATmega161x. 

**  ʉʪʘʥ ʚʠʚʦʜʽʚ ʧʦʨʪʫ ʧʨʠ ʩʢʠʜʘʥʥʽ. 

 

ʉʪʘʥ ʚʠʚʦʜʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ (ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʨʷʜʫ DDRxn) ʤʦʞʝ ʙʫʪʠ 

ʦʪʨʠʤʘʥʦ hʣʷʭʦʤ ʯʠʪʘʥʥʷ ʨʦʟʨʷʜʫ PINxn ʨʝʛʽʩʪʨʘ PINx. ʇʨʠ ʮʴʦʤʫ ʚʘʨʪʦ 

ʧʘʤôʷʪʘʪʠ, ʱʦ ʤʽʞ ʜʽʡʩʥʦʶ ʟʤʽʥʦʶ ʩʠʛʥʘʣʫ ʥʘ ʚʠʚʦʜʽ ʪʘ ʟʤʽʥʦʶ ʨʦʟʨʷʜʫ PINxn 

ʽʩʥʫʻ ʟʘʪʨʠʤʢʘ. ʎʷ ʟʘʪʨʠʤʢʘ ʚʥʦʩʠʪʴʩʷ ʚʫʟʣʦʤ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.5, ʟ ʨʦʟʨʷʜʫ ʪʨʠʛʝʨʘ PINxn ʽ ʜʦʜʘʪʢʦʚʦʛʦ ʪʨʠʛʝʨʘ-ʟʘʱʽʧʢʠ. 

ɿʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʚʠʚʦʜʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʬʽʢʩʫʻʪʴʩʷ ʪʨʠʛʝʨʦʤ-ʟʘʱʽʧʢʦʶ ʟʘ 

ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʽ ʧʝʨʝʧʠʩʫʻʪʴʩʷ ʧʦʪʽʤ ʫ ʨʦʟʨʷʜ PINxn ʟʘ 

ʥʘʨʦʩʪʘʶʯʠʤ ʬʨʦʥʪʦʤ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ (fCLKI/O ). ɺʽʜʧʦʚʽʜʥʦ, ʚʝʣʠʯʠʥʘ ʟʘʪʨʠʤʢʠ 

ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʽʜ 0,5 ʜʦ 1,5 ʧʝʨʽʦʜʫ ʩʠʩʪʝʤʥʦʛʦ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʷʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 5.5ʘ. 
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ʈʠʩ. 5.5. ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʧʨʠ ʯʠʪʘʥʥʽ ʩʪʘʥʫ ʚʠʚʦʜʫ: 

ʘ ï ʧʨʠ ʟʯʠʪʫʚʘʥʥʽ ʩʪʘʥʫ ʨʦʟʨʷʜʫ PINxn; ʙ ï  ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʟʯʠʪʫʚʘʥʥʽ 

ɿ ʮʽʻʾ ʞ ʧʨʠʯʠʥʠ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ ʟʤʽʥʠ, ʚʠʚʝʜʝʥʥʷ ʽ ʧʦʚʪʦʨʥʦʛʦ ʟʯʠʪʫʚʘʥʥʷ 

ʩʪʘʥʽʚ ʚʠʚʦʜʫ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʚʣʷʪʠ ʢʦʤʘʥʜʫ NOP. ʆʩʢʽʣʴʢʠ ʢʦʤʘʥʜʘ OUT ʟʘʧʠʩʫʻ 

ʽʥʬʦʨʤʘʮʽʶ ʚ ʪʨʠʛʝʨ PORTxn ʟʘ ʜʦʜʘʪʥʠʤ ʬʨʦʥʪʦʤ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʟʘʪʨʠʤʢʘ 

ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʨʽʚʥʶʻ ʦʜʥʦʤʫ ʧʝʨʽʦʜʫ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ (ʨʠʩ. 5.5ʙ).  

5.3.5. ʇʨʠʢʣʘʜ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʦʜʥʦʛʦ ʟ ʧʦʨʪʽʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ  

ʋ ʥʘʚʝʜʝʥʦʤʫ ʥʠʞʯʝ ʧʨʠʢʣʘʜʽ ʚʠʭʦʜʠ 0 ʽ 1 ʧʦʨʪʫ ɺ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ 

ʦʜʠʥʠʮʶ, ʚʠʭʦʜʠ 2 ʽ 3 ï ʩʢʠʜʘʶʪʴʩʷ ʚ ʥʫʣʴ. ɺʠʚʦʜʠ 4...7 ʧʦʨʪʫ ʢʦʥʬʽʛʫʨʫʶʪʴʩʷ ʷʢ 

ʚʭʦʜʠ, ʧʨʠ ʮʴʦʤʫ ʜʦ ʚʠʚʦʜʽʚ 6 ʽ 7 ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʧʽʜʪʷʛʫʶʯʽ ʨʝʟʠʩʪʦʨʠ. 

ʇʨʠʢʣʘʜ ʥʘ ʘʩʝʤʙʣʝʨʽ 

é 

ldi r16, (1<<ʈɺ7) | (1<<ʈɺ6) | (1<<ʈɺ1) | (1<<ʈɺ0) 

ldi rl7, (1<<DDRB3) | (1<<DDRB2) | (1<<DDRB1) | (1<<DDRB0) 

out P0RTB, rl6   ; ɿʘʜʘʥʥʷ ʩʪʘʥʫ ʚʠʭʦʜʽʚ ʽ 

; ʧʽʜʪʷʛʫʶʯʠʭ ʨʝʟʠʩʪʦʨʽʚ 

out DDRB, rl7;   ; ɿʘʜʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚʠʚʦʜʽʚ 

nʦʨ     ; ʇʦʨʦʞʥʷ ʦʧʝʨʘʮʽʷ (ʟʘʪʨʠʤʢʘ ʥʘ ʦʜʠʥ ʪʘʢʪ) 

in r16, PINB   ; ʏʠʪʘʥʥʷ ʩʪʘʥʫ ʚʠʚʦʜʽʚ ʧʦʨʪʫ 
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ʇʨʠʢʣʘʜ ʥʘ ʉ 

unsigned char i; 

é 

/* ɿʘʜʘʥʥʷ ʩʪʘʥʫ ʚʠʭʦʜʽʚ ʽ ʧʽʜʪʷʛʫʶʯʠʭ ʨʝʟʠʩʪʦʨʽʚ */ 

/* ɿʘʜʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚʠʚʦʜʽʚ */ 

PORTB = (1<<ʈɺ7) | (1çʈɺ6) | (1çʈɺ1) | (1<<ʈɺ0); 

DDRB = (1<< DDRB3) | (1<< DDRB2) | (1<< DDRB1) | (1<<DDRB0); 

_NOP(); /* ʌʫʥʢʮʽʷ (ʧʦʨʦʞʥʷ ʦʧʝʨʘʮʽʷ ï ʟʘʪʨʠʤʢʘ ʥʘ  ʦʜʠʥ ʪʘʢʪ) */  

rl6 = PINB;    /* ʏʠʪʘʥʥʷ ʩʪʘʥʫ ʚʠʚʦʜʽʚ ʧʦʨʪʫ */ 

é 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʢʦʥʪʘʢʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

ʩʽʤʝʡʩʪʚʘ ʤʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʬʫʥʢʮʽʾ ʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʨʽʟʥʠʤʠ 

ʧʝʨʠʬʝʨʽʡʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʨʠʩʪʫʚʘʯ 

ʧʦʚʠʥʝʥ ʘʙʦ ʩʘʤʦʩʪʽʡʥʦ ʟʘʜʘʚʘʪʠ ʢʦʥʬʽʛʫʨʘʮʽʶ ʚʠʚʦʜʫ, ʘʙʦ ï ʚʠʚʽʜ 

ʢʦʥʬʽʛʫʨʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʝʨʠʬʝʨʽʡʥʦʛʦ 

ʧʨʠʩʪʨʦʶ [1; 7]. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ  

1. ʗʢʠʤ ʯʠʥʦʤ ʚʠʢʦʥʫʻʪʴʩʷ ʟʚʝʨʥʝʥʥʷ ʜʦ ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ? 

2. ʗʢʽ ʪʨʠ ʨʝʛʽʩʪʨʠ ʧʦʚôʷʟʘʥʽ ʟ ʢʦʞʥʠʤ ʧʦʨʪʦʤ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ? 

3. ʑʦ ʦʟʥʘʯʘʶʪʴ x ʪʘ n ʫ ʧʦʟʥʘʯʝʥʥʷʭ PORTxn, DDRxn ʽ PINxn? 

4. ʗʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʛʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʨʝʟʠʩʪʦʨʘʤʠ, ʱʦ ʧʽʜʪʷʛʫʶʪʴ? 

5. ʗʢʠʤ ʯʠʥʦʤ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʩʪʘʥ ʚʠʚʦʜʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ? 

6. ʏʠʤ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʟʘʪʨʠʤʢʠ ʤʽʞ ʜʽʡʩʥʦʶ ʟʤʽʥʦʶ ʩʠʛʥʘʣʫ ʥʘ ʚʠʚʦʜʽ 

ʧʦʨʪʫ ʪʘ ʟʤʽʥʦʶ ʨʦʟʨʷʜʫ PINxn? 

7. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʶ çʽʥʪʝʨʬʝʡʩè. 

8. ʑʦ ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ çʤʦʜʫʣʷ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷè? 

9. ʅʘʟʚʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʩʧʦʩʦʙʠ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ɿɺʇʈ ʪʘ ʄʂ/ʄʇ. 

10.  ʗʢʦʶ ʤʦʞʝ ʙʫʪʠ ʜʦʚʞʠʥʘ ʣʽʥʽʾ ʟʚ`ʷʟʢʫ ʧʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ ʦʙʤʽʥʽ? 

11.  ʆʧʠʰʽʪʴ ʦʩʦʙʣʠʚʩ̔ʪɹ ʧʦʩʣʽʜʦʚʥʦʛʦ ʦʙʤʽʥʫ. 

12.  ʗʢʠʡ ʮʠʬʨʦʚʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ 

ʜʘʥʠʭ ʟ ʧʘʨʘʣʝʣʴʥʦʾ ʬʦʨʤʠ ʚ ʧʦʩʣʽʜʦʚʥʫ? 

13.  ʇʦʷʩʥʽʪʴ, ʱʦ ʦʟʥʘʯʘʶʪʴ ʩʢʦʨʦʯʝʥʥʷ ʄɿʈ ʪʘ ʉɿʈ? 

14.  ʆʧʠʰʽʪʴ ʩʧʨʦʱʝʥʫ ʩʪʨʫʢʪʫʨʫ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʦʨʪʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

15.  ʑʦ ʦʟʥʘʯʘʻ ʬʫʥʢʮʽ ̫çʯʠʪʘʥʥʷ/ʤʦʜʠʬʽʢʘʮʽʷ/ʟʘʧʠʩ? 

16.  ʑʦ ʦʟʥʘʯʘʻ ʪʨʝʪʽʡ ʩʪʘʥ ʩʠʛʥʘʣʫ ʜʣʷ ʚʠʭʦʜʫ? 
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6. ʇʈʆɽʂʊʋɺɸʅʅʗ ʄʆɼʋʃʗ ʋɸʇʇ/ʋʉɸʇʇ    

 6.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ 

ɹʽʣʴʰʽʩʪʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ AVR ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʦʜʫʣ ɹ

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʠʡʤʘʯʘ/ʧʝʨʝʜʘʚʘʯʘ (ʋɸʇʇ), ʘʙʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʩʠʥʭʨʦʥʥʦ/ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʠʡʤʘʯʘ/ʧʝʨʝʜʘʚʘʯʘ (ʋʉɸʇʇ). ʋ ʜʝʷʢʠʭ ʤʦʜʝʣʷʭ 

ʤʽʩʪʠʪʴʩʷ ʧʦ ʜʝʢʽʣʴʢʘ ʪʘʢʠʭ ʤʦʜʫʣʽʚ (ʪʘʙʣ. 6.1) [1; 7]. 

ʊʘʙʣʠʮʷ 6.1. ʄʦʜʫʣʽ ʋʉɸʇʇ ʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʩʽʤʝʡʩʪʚʘ Mega 
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USART0 Å Å Å Å 1) Å Å 1) Å Å 1) Å 1) 

USART1   Å  Å Å 1)  Å 1) Å 1) 

USART2        Å 1)  

USART3        Å 1)  
1) ʄʦʞʝ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ SPI 

 

ɺ ʽʥʦʟʝʤʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʤʦʜʫʣʴ ʋɸʇʇ ʧʦʟʥʘʯʘʻʪʴʩʷ, ʷʢ UART                      

(Universal Asynchronous Receiver and Transmitter) ï ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʘʩʠʥʭʨʦʥʥʠʡ 

ʧʨʠʡʤʘʯ-ʧʝʨʝʜʘʚʘʯ, ʘ ʤʦʜʫʣʴ ʋʉɸʇʇ  ï ̫ ʢ USART (Universal Synchronous and 

Asynchronous Receiver and Transmitter) ï ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʩʠʥʭʨʦʥʥʠʡ/ʘʩʠʥʭʨʦʥʥʠʡ 

ʧʨʠʡʤʘʯ-ʧʝʨʝʜʘʚʘʯ. 

ʄʦʜʫʣʽ ʋʉɸʇʇ, ʷʢʽ ʤʘʶʪʴ ʚʩʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʩʽʤʝʡʩʪʚʘ Mega, ʧʨʠ 

ʨʦʙʦʪʽ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʩʫʤʽʩʥʽ ʟ ʤʦʜʫʣʷʤʠ ʋɸʇʇ ʷʢ ʟʘ ʨʦʟʤʽʱʝʥʥʷʤ 

ʨʦʟʨʷʜʽʚ ʢʝʨʫʶʯʠʭ ʨʝʛʽʩʪʨʽʚ, ʪʘʢ ʽ ʟʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ. ɺ ʜʝʷʢʠʭ ʤʦʜʝʣʷʭ ʤʦʜʫʣʽ 

ʋʉɸʇʇ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʷʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʰʠʥʠ SPI [7]. 

ɺʩʽ ʤʦʜʫʣʽ ʋɸʇʇ/ʋʉɸʇʇ ʧʽʜʪʨʠʤʫʶʪʴ ʜʫʧʣʝʢʩʥʠʡ ʦʙʤʽʥ ʟʘ ʧʦʩʣʽʜʦʚʥʠʤ 

ʢʘʥʘʣʦʤ. ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʫ ʜʦʚʦʣʽ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ʋ ʤʦʜʫʣʷʭ ʋɸʇʇ ʧʘʢʝʪ ʤʦʞʝ ʙʫʪʠ 8-ʤʠ ʯʠ 9-ʪʠ ʨʦʟʨʷʜʥʠʤ, ʘ ʚ 

ʤʦʜʫʣʷʭ ʋʉɸʇʇ ʡʦʛʦ ʜʦʚʞʠʥʘ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʚʽʜ 5-ʪʠ ʜʦ 9-ʪʠ ʨʦʟʨʷʜʽʚ. ʑʝ 

ʦʜʥʽʻʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʦʜʫʣʽʚ ʋʉɸʇʇ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʋɸʇʇ ʻ ʥʘʷʚʥʽʩʪʴ ʩʭʝʤ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʧʘʨʥʦʩʪʽ. 

ʄʦʜʫʣʽ ʋɸʇʇ/ʋʉɸʇʇ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʥʘʩʪʫʧʥʽ ʥʝ ʪʠʧʦʚʽ ʩʠʪʫʘʮʽʾ: 



 

129 

 

ï ʧʝʨʝʧʦʚʥʝʥʥʷ; 

ï ʧʦʤʠʣʢʫ ʢʘʜʨʫʚʘʥʥʷ; 

ï ʥʝʢʦʨʝʢʪʥʠʡ ʩʪʘʨʪ-ʙʽʪ. 

ɺ ʤʦʜʫʣʷʭ ʻ ʪʘʢʦʞ ʢʦʨʠʩʥʘ ʬʫʥʢʮʽʷ ï ʬʽʣʴʪʨʘʮʽʷ ʟʘʚʘʜ. 

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʜʫʣʽʚ ʧʝʨʝʜʙʘʯʝʥʦ 3 ʧʝʨʝʨʠʚʘʥʥʷ, ʟʘʧʠʪ ʥʘ 

ʛʝʥʝʨʘʮʽʶ ʷʢʠʭ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʥʘʩʪʫʧʥʠʭ ʧʦʜʽʡ:  

- ʧʝʨʝʜʘʯʫ ʟʘʚʝʨʰʝʥʦ;  

- ʨʝʛʽʩʪʨ ʜʘʥʠʭ ʧʝʨʝʜʘʚʘʯʘ ʧʫʩʪʠʡ; 

- ʧʨʠʡʦʤ ʟʘʚʝʨʰʝʥʦ. 

ɺʠʚʦʜʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʜʫʣʷʤʠ 

ʋɸʇʇ/ʋʉɸʇʇ, ʻ ʣʽʥʽʷʤʠ ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʗʢ 

ʧʨʠʢʣʘʜ, ʚʠʚʦʜʠ ʜʝʷʢʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʜʫʣʷʤʠ 

ʋʉɸʇʇ ʩʽʤʝʡʩʪʚʘ Mega, ʪʘ ʾʭ ʬʫʥʢʮʽʾ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 6.2.  

ʊʘʙʣʠʮʷ 6.2. ɺʠʚʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʜʫʣʷʤʠ ʋʉɸʇʇ 
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RXD PD0 PD0 PD0 PD0 - PD0 - - PE0 - - 
ɺʭʽʜ USART/ USART0 

RXD0 - - - - PE0 - PD0 PD0 - PE0 PE0 

TXD PD1 PD1 PD1 PD1 - PD1 - - PE1 - - 
ɺʠʭʽʜ USART/ USART0 

TXD0 - - - - PE1 - PD1 PD1 - PE1 PE1 

XCK PD4 PB0 ʈD4 PB0 - PD4 PD4 - PE2 - - ɺʭʽʜ/ʚʠʭʽʜ 

ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ 

USART/ USART0 
XCK0 - - - - PE2 - - PB0 - PE2 PE2 

RXD1 - - - - PD2 - PB2 PD2 - PD2 PD2 ɺʭʽʜ USART1 

TXD1 - - - - PD3 - PB3 PD3 - PD3 PD3 ɺʠʭʽʜ USART1 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 6.2. 
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ʆʧʠʩ 

XCK1 - - - - PD5 - PD2 PD4 - PD5 PD5 

ɺʭʽʜ/ʚʠʭʽʜ 

ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ 

USART1 

RXD2 - - - - - - - - - PH0 - ɺʭʽʜ USART2 

TXD2 - - - - - - - - - PH1 - ɺʠʭʽʜ USART2 

XCK2 - - - - - - - - - PH2 - 

ɺʭʽʜ/ʚʠʭʽʜ 

ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ 

USART2 

RXD3 - - - - - - - - - PJ0 - ɺʭʽʜ USART3 

TXD3 - - - - - - - - - PJ1 - ɺʠʭʽʜ USART3 

XCK3 - - - - - - - - - PJ2 - 

ɺʭʽʜ/ʚʠʭʽʜ 

ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ 

USART3 

6.2. ʆʧʠʩ ʩʪʨʫʢʪʫʨʠ ʤʦʜʫʣʽʚ ʋɸʇʇ/ʋʉɸʇʇ  

ʉʧʨʦʱʝʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʤʦʜʫʣʷ ʋɸʇʇ/ʋʉɸʇʇ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6.1. 

ɽʣʝʤʝʥʪʠ, ʷʢʽ ʚʠʜʽʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ ʩʽʨʠʤ ʢʦʣʴʦʨʦʤ, ʻ ʪʽʣʴʢʠ ʫ ʩʢʣʘʜʽ ʤʦʜʫʣʽʚ 

ʋʉɸʇʇ [1; 7]. 

ʄʦʜʫʣʴ ʤʘʻ ʪʨʠ ʯʘʩʪʠʥʠ: ʙʣʦʢ ʪʘʢʪʫʚʘʥʥʷ, ʙʣʦʢ ʧʝʨʝʜʘʚʘʯʘ ʪʘ ʙʣʦʢ 

ʧʨʠʡʤʘʯʘ.  

ɹʣʦʢ ʪʘʢʪʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʩʭʝʤʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ 

ʨʦʙʦʪʽ ʫ ʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ, ʽ ʢʦʥʪʨʦʣʝʨ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ. ʋ ʤʦʜʫʣʷʭ ʋɸʇʇ 

ʙʣʦʢ ʪʘʢʪʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟ ʢʦʥʪʨʦʣʝʨʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ. 

ɹʣʦʢ ʧʝʨʝʜʘʚʘʯʘ ʤʘʻ ʦʜʥʦʨʽʚʥʝʚʠʡ ʙʫʬʝʨ UDR, ʨʝʛʽʩʪʨ ʟʩʫʚʫ, ʩʭʝʤʫ 

ʬʦʨʤʫʚʘʥʥʷ ʙʽʪʘ ʧʘʨʥʦʩʪʽ (ʪʽʣʴʢʠ ʋʉɸʇʇ) ʽ ʩʭʝʤʫ ʢʝʨʫʚʘʥʥʷ.  

ɹʣʦʢ ʧʨʠʡʤʘʯʘ, ʚʢʣʶʯʘʻ ʩʭʝʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʽ ʜʘʥʠʭ; 

ʩʭʝʤʫ ʢʦʥʪʨʦʣʶ ʧʘʨʥʦʩʪʽ (ʪʽʣʴʢʠʋʉɸʇʇ); ʙʫʬʝʨ UDR: ʜʚʦʨʽʚʥʝʚʠʡ ʚ ʋʉɸʇʇ ʪʘ 

ʦʜʥʦʨʽʚʥʝʚʠʡ ʚ ʋɸʇʇ; ʨʝʛʽʩʪʨ ʟʩʫʚʫ, ʘ ʪʘʢʦʞ ʩʭʝʤʫ ʢʝʨʫʚʘʥʥʷ. 

 



 

131 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 6.1. ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʫʣʷ UART/ USARʊ 

ʈʠʩ. 6.1. ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʫʣʷ ʋɸʇʇ/ʋʉɸʇʇ 

ɹʫʬʝʨʥʽ ʨʝʛʽʩʪʨʠ ʧʨʠʡʤʘʯʘ ʽ ʧʝʨʝʜʘʚʘʯʘ ʨʦʟʤʽʱʫʶʪʴʩʷ ʟʘ ʦʜʥʘʢʦʚʦʶ 

ʘʜʨʝʩʦʶ ʧʨʦʩʪʦʨʫ ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʽ ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ ʨʝʛʽʩʪʨ ʜʘʥʠʭ 

UDR (Universal Data Register ï UDRn, ʜʝ n = 0/1). ʋ ʮʠʭ ʨʝʛʽʩʪʨʘʭ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʤʦʣʦʜʰʽ 8 ʨʦʟʨʷʜʽʚ ʜʘʥʠʭ, ʷʢʽ ʧʨʠʡʤʘʶʪʴʩʷ ʯʠ ʧʝʨʝʜʘʶʪʴʩʷ. ʇʽʜ ʯʘʩ ʯʠʪʘʥʥʷ UDR 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʚʝʨʥʝʥʥʷ ʜʦ ʙʫʬʝʨʥʦʛʦ ʨʝʛʽʩʪʨʘ ʧʨʠʡʤʘʯʘ, ʘ ʫ ʨʘʟʽ ʟʘʧʠʩʫ ï ʜʦ 

ʙʫʬʝʨʥʦʛʦ ʨʝʛʽʩʪʨʘ  ʧʝʨʝʜʘʚʘʯʘ. ʈʦʟʤʽʱʝʥʥʷ ʨʝʛʽʩʪʨʽʚ ʜʘʥʠʭ ʜʣʷ ʜʝʷʢʠʭ ʤʦʜʝʣʝʡ 

ʤʢ̔ʨʦʢʦʥʪʨʦʣʝʨʽʚ ʥʘʚʝʜʝʥʦ ʫ [1; 7].  

ɼʚʦʨʽʚʥʝʚʠʡ ʙʫʬʝʨ ʧʨʠʡʤʘʯʘ ʫ ʤʦʜʫʣʷʭ ʋʉɸʇʇ ʻ FIFO-ʙʫʬʝʨʦʤ (First In 

First Out, ʧʝʨʰʠʤ ʟʘʡʰʦʚ, ʧʝʨʰʠʤ ʚʠʡʰʦʚ). ɿʤʽʥʘ ʩʪʘʥʫ ʙʫʬʝʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʙʫʜʴ-ʷʢʦʤʫ ʟʚʝʨʥʝʥʥʽ ʜʦ ʨʝʛʽʩʪʨʘ UDR. ʊʦʤʫ, ʥʝ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʛʽʩʪʨ 

UDR ʚ ʷʢʦʩʪʽ ʦʧʝʨʘʥʜʽʚ ʢʦʤʘʥʜ ʪʠʧʫ çʯʠʪʘʥʥʷ/ʤʦʜʠʬʽʢʘʮʽʷ/ʟʘʧʠʩè (SBI ʪʘ CBI) ʪʘ 

ʢʦʤʘʥʜʠ ʧʝʨʝʚʽʨʢʠ SBIC ʪʘ SBIS, ʷʢʽ ʪʘʢʦʞ ʟʤʽʥʶʶʪʴ ʩʪʘʥ ʙʫʬʝʨʘ ʧʨʠʡʤʘʯʘ. 
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6.3 . ʆʧʠʩ ʢʝʨʫʶʯʠʭ ʨʝʛʽʩʪʨʽʚ ʤʦʜʫʣʷ ʋʉɸʇʇ 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʤʦʜʫʣʷʤʠ ʋʉɸʇʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʨʝʛʽʩʪʨʠ: UCSRA 

(UCSRnA), UCSRB (UCSRnB) ʪʘ UCSRC (UCSRnC), ʜʝ n = 0, 1, 2 ʘʙʦ 3. ɸʜʨʝʩʠ 

ʮʠʭ ʨʝʛʽʩʪʨʽʚ, ʾʭ ʬʦʨʤʘʪʠ ʪʘ ʦʧʠʩ ʦʢʨʝʤʠʭ ʨʦʟʨʷʜʽʚ ʥʘʚʝʜʝʥʦ ʫ [1; 7]. 

6.4 . ʐʚʠʜʢʽʩʪʴ ʧʨʠʡʦʤʫ/ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ɺ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ, ʘ ʪʘʢʦʞ ʫ ʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ ʨʦʙʦʪʽ ʫ 

ʷʢʦʩʪʽ ʚʝʜʫʯʦʛʦ, ʰʚʠʜʢʽʩʪʴ ʧʨʠʡʦʤʫ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘʜʘʻʪʴʩʷ ʢʦʥʪʨʦʣʝʨʦʤ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ, ʱʦ ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʜʽʣʴʥʠʢ ʩʠʩʪʝʤʥʦʛʦ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟ 

ʧʨʦʛʨʘʤʦʚʘʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʽʣʝʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪʦʤ ʨʝʛʽʩʪʨʘ 

ʢʦʥʪʨʦʣʝʨʘ UBRR (UBRRn). ʇʽʩʣʷ ʜʽʣʴʥʠʢʘ ʫ ʙʣʦʢ ʧʨʠʡʤʘʯʘ ʩʠʛʥʘʣ ʥʘʜʭʦʜʠʪʴ 

ʦʜʨʘʟʫ, ʘ ʫ ʙʣʦʢ ʧʝʨʝʜʘʚʘʯʘ ï ʯʝʨʝʟ ʜʦʜʘʪʢʦʚʠʡ ʜʽʣʴʥʠʢ, ʢʦʝʬʽʮʽʻʥʪ ʜʽʣʝʥʥʷ ʷʢʦʛʦ: 

2, 8 ʯʠ 16 ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʤʦʜʫʣʷ ʋɸʇʇ/ʋʉɸʇʇ. 

ʅʘ ʨʠʩ. 6.2 ʫ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʙʣʦʢʘ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʤʦʜʫʣʷ ʋʉɸʇʇ ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Mega 128 [1]. 
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ʈʠʩ. 6.2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʙʣʦʢʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʤʦʜʫʣʷ ʋʉɸʇʇ 

ʅʘ ʩʭʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʩʠʛʥʘʣʠ: 

- txclk ï ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʧʝʨʝʜʘʚʘʯʘ (ʚʥʫʪʨʽʰʥʽʡ ʩʠʛʥʘʣ); 

- rxclk ï ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʧʨʠʡʤʘʯʘ (ʚʥʫʪʨʽʰʥʽʡ ʩʠʛʥʘʣ); 

- xcki ï ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʚʽʜ ʚʠʚʦʜʫ XCK (ʚʥʫʪʨʽʰʥʽʡ ʩʠʛʥʘʣ), ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʠʥʭʨʦʥʥʦʾ ʧʽʜʣʝʛʣʦʾ (ʚʝʜʝʥʦʾ) ʨʦʙʦʪʠ; 

- xcko ï ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʦ ʚʠʚʦʜʫ XCK (ʚʥʫʪʨʽʰʥʽʡ 

ʩʠʛʥʘʣ), ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʝʜʫʯʦʤʫ ʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ; 

- fCLK ï ʯʘʩʪʦʪʘ ʩʠʩʪʝʤʥʦʛʦ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 
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ʋʉɸʇʇ ʧʽʜʪʨʠʤʫʻ ʯʦʪʠʨʠ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ:  

ï ʥʦʨʤʘʣʴʥʘ ʘʩʠʥʭʨʦʥʥʘ;  

ï ʘʩʠʥʭʨʦʥʥʘ ʟ ʧʦʜʚʦʻʥʥʷʤ ʰʚʠʜʢʦʩʪʽ; 

ï ʚʝʜʫʯʘ ʩʠʥʭʨʦʥʥʘ; 

ï ʪʘ ʧʽʜʣʝʛʣʘ (ʚʝʜʝʥʘ) ʩʠʥʭʨʦʥʥʘ.  

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʯʠ ʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʧʨʠʟʥʘʯʝʥʦ ʙʽʪ UMSEL ʫ ʨʝʛʽʩʪʨʽ ʢʝʨʫʚʘʥʥʷ ʪʘ ʩʪʘʪʫʩʫ UCSRC. ʗʢʱʦ                 

UMSEL = 0, ʪʦ ʤʦʜʫʣʴ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ, ʷʢʱʦ                 

UMSEL = 1, ʪʦ ʫ ʩʠʥʭʨʦʥʥʦʤʫ. 

ɺ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʤʦʞʣʠʚʝ  ʧʦʜʚʦʻʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ. ɼʣʷ 

ʮʴʦʛʦ ʧʨʠʟʥʘʯʝʥʦ ʙʽʪ U2X ʨʝʛʽʩʪʨʘ UCSRA [1].  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʫ ʙʽʪ DDR_XCK ʫ ʨʝʛʽʩʪʨʽ ʥʘʧʨʷʤʫ 

ʜʘʥʠʭ ʜʣʷ ʚʠʚʦʜʫ XCK ʟʘʜʘʻ, ʯʠ ʙʫʜʝ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʚʥʫʪʨʽʰʥʴʦʶ: DDR_XCK = 1 

(ʚʝʜʫʯʠʡ ʨʝʞʠʤ) ʯʠ ʟʦʚʥʽʰʥʴʦʶ: DDR_XCK = 0 (ʚʝʜʝʥʠʡ ʨʝʞʠʤ). ɺʠʚʽʜ XCK 

ʘʢʪʠʚʥʠʡ ʪʽʣʴʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʫ. 

ɺʥʫʪʨʽʰʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʪʘ ʚʝʜʫʯʦʛʦ 

ʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. ɿʦʚʥʽʰʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʩʠʥʭʨʦʥʥʦʤʫ ʧʽʜʣʝʛʣʦʤʫ (ʚʝʜʝʥʦʤʫ) ʨʝʞʠʤʽ ʨʦʙʦʪʠ. 

ʈʝʛʽʩʪʨ UBRR ʻ 12-ʨʦʟʨʷʜʥʠʤ ʪʘ ʬʽʟʠʯʥʦ ʨʦʟʤʽʱʝʥʠʡ ʫ ʜʚʦʭ ʨʝʛʽʩʪʨʘʭ 

ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ: UBRRH (UBRRnH) ʪʘ UBRRL (UBRRnL). ɸʜʨʝʩʠ ʽ ʥʘʟʚʠ ʮʠʭ 

ʨʝʛʽʩʪʨʽʚ ʜʣʷ ʜʝʷʢʠʭ ʤʦʜʝʣʝʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʥʘʚʝʜʝʥʦ ʫ [1; 7]. 

ʈʝʛʽʩʪʨ UBRRH (UBRRnH ʫ ʨʷʜʽ ʤʦʜʝʣʝʡ, ʥʘʧʨʠʢʣʘʜ, ATmega8x, 

ATmega8515ʭ, ATmega16ʭ, ATmega162x, ATmega32x ʪʘ ATmega323x) ʤʘʻ 

ʦʜʥʘʢʦʚʫ ʘʜʨʝʩʫ ʟ ʨʝʛʽʩʪʨʦʤ ʢʝʨʫʚʘʥʥʷ UCSRC (UCSRnC). ʊʦʤʫ, ʧʨʠ ʟʚʝʨʥʝʥʥʽ ʟʘ 

ʮʠʤʠ ʘʜʨʝʩʘʤʠ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʨʷʜ ʜʦʜʘʪʢʦʚʠʭ ʜʽʡ ʜʣʷ ʚʠʙʦʨʫ ʦʜʥʦʛʦ ʟ ʮʠʭ 

ʨʝʛʽʩʪʨʽʚ. 

ʇʨʠ ʟʘʧʠʩʫ ʦʜʠʥ ʟ ʜʚʦʭ ʮʠʭ ʨʝʛʽʩʪʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʥʦʤ ʩʪʘʨʰʦʛʦ 

ʨʦʟʨʷʜʫ ʯʠʩʣʘ, ʷʢʝ ʟʘʧʠʩʘʥʦ ʫ ʨʝʛʽʩʪʨ UCSRC (UCSRnC) ï URSEL (URSELn). 

ʗʢʱʦ ʮʝʡ ʨʦʟʨʷʜ ʩʢʠʥʫʪʦ ʫ ʥʫʣʴ, ʟʤʽʥʶʻʪʴʩʷ ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ UBRRH (UBRRnH). 

ʗʢʱʦ ʩʪʘʨʰʠʡ ʨʦʟʨʷʜ ʯʠʩʣʘ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ, ʟʤʽʥʶʻʪʴʩʷ ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ 

ʢʝʨʫʚʘʥʥʷ UCSRC (UCSRnC). ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʬʨʘʛʤʝʥʪʠ ʧʨʦʛʨʘʤ, ʷʢʽ 

ʽʣʶʩʪʨʫʶʪʴ ʩʢʘʟʘʥʝ.  

ʇʨʠʢʣʘʜ ʥʘ ʘʩʝʤʙʣʝʨʽ 

...  

; ɿʘʧʠʩ 2 ʫ UBRRH 

ldi rl6, 0x02  

out UBRRH, rl6 

; ɺʩʪʘʥʦʚʣʝʥʥʷ ʨʦʟʨʷʜʽʚ URSEL, USBS ʪʘ UCSZ1 ʨʝʛʽʩʪʨʘ UCSRC 
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ldi rl6, (l<<URSEL) | (1<<USBS) | (1<<UCSZ1)  

out UCSRC, rl6 

... 

ʇʨʠʢʣʘʜ ʥʘ ʉ 

... 

/*  ɿʘʧʠʩ 2 ʫ UBRRH */  

UBRRH = 0x02; 

/* ɺʩʪʘʥʦʚʣʝʥʥʷ ʨʦʟʨʷʜʽʚ URSEL, USBS ʪʘ UCSZ1 ʨʝʛʽʩʪʨʘ UCSRC */  

UCSRC = (1<<URSEL) | (1<<USBS) | (1<<UCSZ1); 

... 

ɼʣʷ ʚʠʙʦʨʫ ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʨʝʛʽʩʪʨʽʚ ʧʨʠ ʯʠʪʘʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ ʯʘʩʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. ʇʨʠ ʧʝʨʰʦʤʫ ʟʚʝʨʥʝʥʥʽ ʟʘ 

ʚʢʘʟʘʥʦ  ʁ ʘʜʨʝʩʦ  ʁ ʧʦʚʝʨʪʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʨʝʛʽʩʪʨʘ UBRRH (UBRRHn). ʇʨʠ 

ʧʦʚʪʦʨʥʦʤʫ ʟʚʝʨʥʝʥʥʽ ʟʘ ʮʽʻʶ ʘʜʨʝʩʦ  ʁ ʫ ʥʘʩʪʫʧʥʦʤʫ ʤʘʰʠʥʥʦʤʫ ʮʠʢʣʽ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʨʝʛʽʩʪʨʘ UCSRC (UCSRnC). 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʬʨʘʛʤʝʥʪʠ ʧʨʦʛʨʘʤ, ʷʢʽ ʽʣʶʩʪʨʫʶʪʴ ʩʢʘʟʘʥʝ. ʇʝʨʝʨʠʚʘʥʥʷ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʮʽʻʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʦʤʘʥʜ ʤʘʶʪʴ ʙʫʪʠ ʟʘʙʦʨʦʥʝʥ.̔ 

ʇʨʠʢʣʘʜ ʥʘ ʘʩʝʤʙʣʝʨʽ 

USART_ReadUCSRC: ; ʏʠʪʘʥʥʷ ʨʝʛʽʩʪʨʘ UCSRC 

in rl6, UBRRH  ; rl6 = UBRRH 

in rl6, UCSRC  ; ʇʦʚʝʨʥʝʥʥʷ ʟʥʘʯʝʥʥʷ ʨʝʛʽʩʪʨʘ UCSRC ʫ ʨʝʛʽʩʪʨ r16 

ret ; ʇʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤʠ. 

ʇʨʠʢʣʘʜ ʥʘ ʉ 

unsigned char USART_ReadUCSRC(void) 

{  

unsigned char ucsrc; 

ucsrc = UBRRH; 

ucsrc = UCSRC; 

return ucsrc; 

}  

ʇʨʠ ʨʦʙʦʪʽ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʰʚʠʜʢʽʩʪʴ ʦʙʤʽʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʚʤʽʩʪʦʤ ʨʝʛʽʩʪʨʘ UBRR, ʘʣʝ ʡ ʩʪʘʥʦʤ ʨʦʟʨʷʜʫ U2X (U2Xn) ʨʝʛʽʩʪʨʘ UCSRA 

(UCSRnA) [1]. ʗʢʱʦ ʮʝʡ ʨʦʟʨʷʜ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ, ʢʦʝʬʽʮʽʻʥʪ ʜʽʣʝʥʥʷ 
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ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʽʣʴʥʠʢʘ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʜʚʘ ʨʘʟʠ, ʘ ʰʚʠʜʢʽʩʪʴ ʦʙʤʽʥʫ ʚʽʜʧʦʚʽʜʥʦ 

ʧʦʜʚʦʶʻʪʴʩʷ. ʇʨʠ ʨʦʙʦʪʽ ʫ ʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʮʝʡ ʨʦʟʨʷʜ ʤʘʻ ʙʫʪʠ ʩʢʠʥʫʪʦ. 

ʐʚʠʜʢʽʩʪʴ ʦʙʤʽʥʫ ʚ ʤʦʜʫʣʷʭ ʋɸʇʇ/ʋʉɸʇʇ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʬʦʨʤʫʣʘʤʠ: 

- ʟʚʠʯʘʡʥʠʡ ʘʩʠʥʭʨʦʥʥʠʡ ʨʝʞʠʤ (U2Xn = 0): 

BAUD = fʩlʢ / (16(UBRR+1)); 

- ʧʨʠʰʚʠʜʰʝʥʠʡ ʘʩʠʥʭʨʦʥʥʠʡ ʨʝʞʠʤ (U2Xn = 1): 

BAUD = fʩlʢ / (8(UBRR+1)); 

- ʩʠʥʭʨʦʥʥʠʡ ʚʝʜʫʯʠʡ ʨʝʞʠʤ: 

BAUD = fʩlʢ / (2(UBRR+1)), 

ʜʝ BAUD ï ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʫ ʙʦʜʘʭ, fʩlʢ ï ʪʘʢʪʦʚʘ ʯʘʩʪʦʪʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, UBRR ï ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ ʢʦʥʪʨʦʣʝʨʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ: 0...4095. 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʚ ʪʘʙʣ. 6.3 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʨʝʛʽʩʪʨʘ UBRR, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʩʪʘʥʜʘʨʪʥʽ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʫ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʝʷʢʠʭ ʨʝʟʦʥʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥ ̫ ʧʦʭʠʙʦʢ, ʱʦ 

ʦʪʨʠʤʫʶʪʴʩʷ, ʚʽʜʥʦʩʥʦ ʩʪʘʥʜʘʨʪʥʠʭ ʰʚʠʜʢʦʩʪʝʡ [7]. 

ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ ʰʚʠʜʢʦʩʪʽ UBRR = 0, ʧʦʭʠʙʢʘ = 0,0%. 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʨʝʛʽʩʪʨʘ UBRR, ʧʨʠ ʷʢʠʭ ʦʪʨʠʤʫʚʘʥʘ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʥʝʦʙʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʝʥʰʝ ʥʽʞ ʥʘ 0,5%       

(ʫ ʪʘʙʣ. 6.3 ʚʠʜʽʣʝʥʦ ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ). 

ʐʚʠʜʢʽʩʪʴ ʧʨʠʡʦʤʫ ʪʘ ʧʝʨʝʜʘʯʽ ʧʨʠ ʨʦʙʦʪʽ ʚ ʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʚ ʷʢʦʩʪʽ 

ʚʝʜʝʥʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʪʦʪʦʶ ʩʠʛʥʘʣʫ, ʱʦ ʧʦʩʪʫʧʘʻ ʥʘ ʚʠʚʽʜ ʍʉK (ʍʉKn). 

ʏʘʩʪʦʪʘ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʤʘʻ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʨʘʟʫ fXCK < fCLK/4 [7]. ʎʝ ʦʙʤʝʞʝʥʥʷ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʩʠʛʥʘʣ ʟ ʚʠʚʦʜʫ ʍʉK (ʍʉKn) ʩʧʦʯʘʪʢʫ ʩʠʥʭʨʦʥʽʟʫʻʪʴʩʷ ʟ 

ʪʘʢʪʦʚʦʶ ʯʘʩʪʦʪʦʶ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʘ ʧʦʪʽʤ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʝʪʝʢʪʦʨ ʬʨʦʥʪʽʚ.  

6.5. ʌʦʨʤʘʪ ʢʘʜʨʫ 

Cʫʢʫʧʥʽʩʪʴ ʦʜʥʦʛʦ ʩʣʦʚʘ (ʙʘʡʪʘ) ʜʘʥʠʭ ʽ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧ̔ ʜ ʯʘʩ 

ʧʝʨʝʜʘʯʽ ʥʘʟʠʚʘʻʪʴʩʷ ʢʘʜʨʦʤ (ʨʠʩ. 6.3).  

 

 

ʈʠʩ. 6.3. ʌʦʨʤʘʪ ʢʘʜʨʫ 
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ʊʘʙʣʠʮʷ 6.3. ʇʨʠʢʣʘʜ ʟʥʘʯʝʥʴ ʨʝʛʽʩʪʨʘ UBRR 
ʐ
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[
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ʦ
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]

 1.0000 ʄɻʮ 1.8432 ʄɻʮ 2.0000 ʄɻʮ 3.6864 ʄɻʮ 4.0000 ʄɻʮ 7.3728 ʄɻʮ 
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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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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 6.3 
ʐ
ʚ
ʠ
ʜ
ʢ
ʽ
ʩ
ʪ
ʴ
 
[
ʙ
ʦ
ʜ
]

 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 
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R
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ʠ
ʙ
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ʇ
ʦ
ʭ
ʠ
ʙ
ʢ
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[
%
]

 

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% 

 

ʅʘ ʨʠʩ. 6.3 ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ ʩʢʦʨʦʯʝʥʥʷ: 

- St ï ʩʪʘʨʪ-ʙʽʪ, ʟʘʚʞʜʠ ʤʘʻ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ; 

- 0é8 ï ʥʦʤʝʨ ʙʽʪʘ ʜʘʥʠʭ; 

- P ï ʙʽʪ ʧʘʨʠʪʝʪʫ: ʧʘʨʥʽʩʪʴ ʘʙʦ ʥʝʧʘʨʥʽʩʪʴ; 

- Sp1, Sp2 ï ʩʪʦʧ-ʙʽʪʠ, ʟʘʚʞʜʠ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ; 

- IDLE ï ʩʪʘʥ ʦʯʽʢʫʚʘʥʥʷ, ʚ ʷʢʦʤʫ ʧʨʠʟʫʧʠʥʝʥʦ ʦʙʤʽʥ ʣʽʥʽʻ ʁRxD ʯʠ 

TxD. 

ʋ ʩʪʘʥʽ ʦʯʽʢʫʚʘʥʥʷ ʥʘ ʣʽʥʽʾ ʤʘʻ ʙʫʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ. 

ɼʦ ʧʦʯʘʪʢʫ ʧʝʨʝʜʘʯʽ ʚ ʣʽʥʽʶ ʧʝʨʝʜʘʻʪʴʩʷ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʮʠʬʨʦʚʦʛʦ 

ʩʠʛʥʘʣʫ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʠʡʤʘʯʫ ʧʨʦ ʩʧʨʘʚʥʽʩʪʴ ʣʽʥʽʾ ʟʚ`ʷʟʢʫ. ʂʘʜʨ ʧʦʯʠʥʘʻʪʴʩʷ ʽʟ 

ʥʫʣʴʦʚʦʛʦ ʩʪʘʨʪ-ʙʽʪʘ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʭʝʤʦʶ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠʡʤʘʯʘ ʜʣʷ 

ʧʽʜʣʘʰʪʫʚʘʥʥʷ ʬʘʟʠ ʩʠʥʭʨʦʯʘʩʪʦʪʠ ʧʨʠʡʤʘʯʘ ʧʽʜ ʦʪʨʠʤʫʚʘʥʽ ʧʦʩʠʣʢʠ (ʙʽʪʠ). ɼʘʣʽ 

ʧʝʨʝʜʘʶʪʴʩʷ ʙʽʪʠ ʩʣʦʚʘ ʜʘʥʠʭ, ʧʦʯʠʥʘʶʯʠ ʟ ʤʦʣʦʜʰʦʛʦ ʨʦʟʨʷʜʘ. ʇʽʩʣʷ ʦʩʪʘʥʥʴʦʛʦ 

ʩʪʘʨʰʦʛʦ ʨʦʟʨʷʜʘ ʩʣʦʚʘ ʜʘʥʠʭ ʧʝʨʝʜʘʶʪʴʩʷ ʦʜʠʥ ʘʙʦ ʜʚʘ ʩʪʦʧ-ʙʽʪʠ. ʗʢʱʦ 
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ʟʘʧʨʦʛʨʘʤʦʚʘʥʦ ʬʦʨʤʫʚʘʥʥʷ ʙʽʪʘ ʧʘʨʥʦʩʪʽ, ʪʦ ʚʽʥ ʨʦʟʤʽʱʫʻʪʴʩʷ ʤʽʞ ʩʪʘʨʰʠʤ 

ʨʦʟʨʷʜʦʤ ʩʣʦʚʘ ʜʘʥʠʭ ʽ ʧʝʨʰʠʤ ʩʪʦʧ-ʙʽʪʦʤ. 

ʌʦʨʤʘʪ ʢʘʜʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʦʤʘ ʨʦʟʨʷʜʘʤʠ ʨʝʛʽʩʪʨʽʚ UCSRB 

(UCSRnB) ʪʘ UCSRC (UCSRnC) [1; 7]. ʈʦʟʤʽʨ ʩʣʦʚʘ ʜʘʥʠʭ ʚ USART ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʙʣ. 6.4. 

ʊʘʙʣʠʮʷ 6.4. ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʩʣʦʚʘ ʜʘʥʠʭ ʫ ʤʦʜʫʣʷʭ ʋʉɸʇʇ 

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. 

ʋ ʤʦʜʫʣʷʭ ʋɸʇʇ ʩʣʦʚʦ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ ʪʽʣʴʢʠ 8- ʘʙʦ 9-ʨʦʟʨʷʜʥʠʤ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʥʦʤ ʧʨʘʧʦʨʮʷ CHR9 (CHR9n) ʨʝʛʽʩʪʨʘ UCSRB (UCSRnB). ʗʢʱʦ 

ʮʝʡ ʧʨʘʧʦʨʝʮʴ ʩʢʠʥʫʪʦ ʚ ʥʫʣʴ, ʨʦʟʤʽʨ ʩʣʦʚʘ ʜʦʨʽʚʥʶʻ 8 ʨʦʟʨʷʜʘʤ, ʷʢʱʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ ï 9 ʨʦʟʨʷʜʘʤ. 

ɺʠʙʽʨ ʢʽʣʴʢʦʩʪʽ ʩʪʦʧ-ʙʽʪʽʚ ʚ ʤʦʜʫʣʷʭ ʋʉɸʇʇ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʷʜʫ USBS (USBSn) ʨʝʛʽʩʪʨʘ UCSRC (UCSRnC). ʗʢʱʦ ʮʝʡ ʨʦʟʨʷʜ ʩʢʠʥʫʪʦ ʚ 

ʥʫʣʴ, ʙʣʦʢ ʧʝʨʝʜʘʚʘʯʘ ʫ ʢʽʥʮʽ ʧʦʩʠʣʢʠ ʬʦʨʤʫʻ ʦʜʠʥ ʩʪʦʧ-ʙʽʪ. ʗʢʱʦ ʨʦʟʨʷʜ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ, ʙʣʦʢ ʧʝʨʝʜʘʚʘʯʘ ʬʦʨʤʫʻ ʜʚʘ ʩʪʦʧ-ʙʽʪʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʧʨʠʡʤʘʯʝʤ ʜʨʫʛʠʡ ʩʪʦʧ-ʙʽʪ ʽʛʥʦʨʫʻʪʴʩʷ, ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦʤʠʣʢʠ ʢʘʜʨʫʚʘʥʥʷ 

ʚʠʷʚʣʷʶʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʧʝʨʰʦʛʦ ʩʪʦʧ-ʙʽʪʘ. 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʭʝʤʠ ʢʦʥʪʨʦʣʶ ʧʘʨʥʦʩʪʽ ʤʦʜʫʣʽʚ ʋʉɸʇʇ ʚʠʟʥʘʯʘʶʪʴ 

ʨʦʟʨʷʜʠ UPM1:UPM0 (UPMn1:UPMn0) ʨʝʛʽʩʪʨʘ UCSRC (UCSRnC) ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʘʙʣ. 6.5. 

ɿʥʘʯʝʥʥʷ ʙʽʪʘ ʧʘʨʥʦʩʪʽ ʦʪʨʠʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ 

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

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʥʘ ʥʝʧʘʨʥʽʩʪʴ (odd parity), ʪʦ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʽʥʚʝʨʪʫʻʪʴʩʷ: 
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ʊʘʙʣʠʮʷ 6.5. ʂʝʨʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʤ ʧʘʨʥʦʩʪʽ 

UPM1 

(UPMnl)  

UPM0 

(UPMn0) 
ʈʝʞʠʤ ʨʦʙʦʪʠ 

0 0 ʂʦʥʪʨʦʣʴ ʚʽʜʢʣʶʯʝʥʦ 

0 1 ɿʘʨʝʟʝʨʚʦʚʘʥʦ 

1 0 
ʂʦʥʪʨʦʣʴ ʚʢʣʶʯʝʥʦ, ʧʝʨʝʚʽʨʢʘ ʥʘ ʥʝʧʘʨʥʽʩʪʴ            

(odd parity) 

1 1 
ʂʦʥʪʨʦʣʴ ʚʢʣʶʯʝʥʦ, ʧʝʨʝʚʽʨʢʘ ʥʘ ʧʘʨʥʽʩʪʴ (even 

parity) 

ʇʨʠʤʽʪʢʘ: n = 0, 1, 2 ʯʠ 3. 

ʗʢʱʦ ʢʦʥʪʨʦʣʴ ʧʘʨʥʦʩʪʽ ʚʢʣʶʯʝʥʦ, ʙʽʪ ʧʘʨʥʦʩʪʽ ʚʩʪʘʚʣʷʻʪʴʩʷ ʧʝʨʝʜʘʚʘʯʝʤ 

ʤʽʞ ʩʪʘʨʰʠʤ ʨʦʟʨʷʜʦʤ ʜʘʥʠʭ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ, ʽ ʧʝʨʰʠʤ ʩʪʦʧ-ʙʽʪʦʤ. 

6.6. ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ 

ɼʣʷ ʜʦʟʚʦʣʫ ʨʦʙʦʪʠ ʧʝʨʝʜʘʚʘʯʘ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʚ ʦʜʠʥʠʮʶ ʨʦʟʨʷʜ 

TXEN (TXENn) ʨʝʛʽʩʪʨʘ UCSRB (UCSRnB). ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʚʽʜ TXD (TXDn) 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʧʝʨʝʜʘʚʘʯʘ ʤʦʜʫʣʷ ʋɸʇʇ/ʋʉɸʇʇ ̔  ʧʦʯʠʥʘʻ ʬʫʥʢʮʽʦʥʫʚʘʪʠ, ʷʢ 

ʚʠʭʽʜ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʴ ʫ ʨʝʛʽʩʪʨʘʭ ʢʝʨʫʚʘʥʥʷ ʥʘʧʨʷʤʦʤ ʦʙʤʽʥʫ ʧʦʨʪʦʤ. 

ʗʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʥʭʨʦʥʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ, ʪʨʝʙʘ ʧʨʦʛʨʘʤʥʦ 

ʧʝʨʝʚʠʟʥʘʯʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʚʦʜʫ ʍʉʂ (ʍʉʂn) ʥʘ ʚʚʝʜʝʥʥʷ ʘʙʦ ʚʠʚʝʜʝʥʥʷ. 

ɺ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʽʤʽ ʧʝʨʝʜʘʯʘ ʽʥʽʮʽʶʻʪʴʩʷ ʟʘʧʠʩʦʤ ʜʘʥʠʭ, ʷʢʽ 

ʧʝʨʝʜʘʶʪʴʩʷ, ʫ ʙʫʬʝʨʥʠʡ ʨʝʛʽʩʪʨ ʧʝʨʝʜʘʚʘʯʘ ï UDRn (ʨʠʩ. 6.4ʘ).  

ɿ ʨʝʛʽʩʪʨʘ UDRn ʜʘʥʽ ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʫ ʨʝʛʽʩʪʨ ʟʩʫʚʫ ʧʝʨʝʜʘʚʘʯʘ. ʗʢʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 9-ʨʦʟʨʷʜʥʠʡ ʬʦʨʤʘʪ ʜʘʥʠʭ, ʟʥʘʯʝʥʥʷ ʨʦʟʨʷʜʫ ʊʍɺ8 (ʊʍɺ8n) 

ʨʝʛʽʩʪʨʘ UCSRB (UCSRnB) ʢʦʧʽʶʻʪʴʩʷ ʫ 9-ʡ ʨʦʟʨʷʜ ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ. 9-ʡ ʨʦʟʨʷʜ 

ʜʘʥʠʭ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʚʘʥʪʘʞʝʥʠʡ ʫ ʨʦʟʨʷʜ ʊʍɺ8 (ʊʍɺ8n) ʜʦ ʟʘʧʠʩʫ ʙʘʡʪʘ ʜʘʥʠʭ 

ʫ ʨʝʛʽʩʪʨ ʜʘʥʠʭ. 

ʄʦʞʣʠʚʽ ʜʚʘ ʚʘʨʽʘʥʪʠ ʨʝʘʢʮʽʾ ʥʘ ʟʘʧʠʩ ʜʘʥʠʭ ʫ ʨʝʛʽʩʪʨ UDR: 

- ʷʢʱʦ ʟʘʧʠʩ ʫ ʨʝʛʽʩʪʨ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʪʦʡ ʤʦʤʝʥʪ, ʢʦʣʠ ʧʝʨʝʜʘʚʘʯ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʪʘʥʽ ʦʯʽʢʫʚʘʥʥʷ (ʧʦʧʝʨʝʜʥʽ ʜʘʥʽ ʚʞʝ ʧʝʨʝʜʘʥʦ), ʪʦ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʜʘʥʽ ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʫ ʨʝʛʽʩʪʨ ʟʩʫʚʫ ʦʜʨʘʟʫ ʞ ʧʽʩʣʷ ʟʘʧʠʩʫ ʚ ʨʝʛʽʩʪʨ UDR; 

- ʷʢʱʦ ʟʘʧʠʩ ʫ ʨʝʛʽʩʪʨ UDR ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ, ʪʦ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʜʘʥʽ ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʫ ʨʝʛʽʩʪʨ ʟʩʫʚʫ ʧʽʩʣʷ ʧʝʨʝʜʘʯʽ ʦʩʪʘʥʥʴʦʛʦ ʩʪʦʧ-ʙʽʪʘ 

ʧʦʪʦʯʥʦʛʦ ʢʘʜʨʫ. 
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ʈʠʩ. 6.4. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʽʥʪʝʨʬʝʡʩʫ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ: ʘ ï ʧʝʨʝʜʘʯʘ; ʙ ï ʧʨʠʡʦʤ 

ʜʘʥʠʭ  

ʇʽʩʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʩʣʦʚʘ ʜʘʥʠʭ ʫ ʨʝʛʽʩʪʨ ʟʩʫʚʫ, ʧʨʘʧʦʨʝʮʴ UDRE (UDREn) 

ʨʝʛʽʩʪʨʘ UCSRA (UCSRnA) ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ, ʱʦ ʦʟʥʘʯʘʻ ʛʦʪʦʚʥʽʩʪʴ 

ʧʝʨʝʜʘʚʘʯʘ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʦʚʦʛʦ ʙʘʡʪʘ ʜʘʥʠʭ. ʋ ʮʴʦʤʫ ʩʪʘʥʽ ʧʨʘʧʦʨʝʮʴ 

ʟʘʣʠʰʘʻʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʟʘʧʠʩʫ ʚ ʙʫʬʝʨ. ʆʜʥʦʯʘʩʥʦ ʟ ʧʝʨʝʩʠʣʘʥʥʷʤ ʫ ʨʝʛʽʩʪʨʽ 

ʟʩʫʚʫ ʬʦʨʤʫʻʪʴʩʷ ʩʣʫʞʙʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ï ʩʪʘʨʪ-ʙʽʪ, ʤʦʞʣʠʚʠʡ ʙʽʪ ʧʘʨʥʦʩʪʽ (ʪʽʣʴʢʠ 

ʚ USART), ʘ ʪʘʢʦʞ ʦʜʠʥ ʘʙʦ ʜʚʘ ʩʪʦʧ-ʙʽʪʠ. 
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ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ ʡʦʛʦ ʚʤʽʩʪ ʧʦʯʠʥʘʻ ʟʩʫʚʘʪʠʩʷ ʚʧʨʘʚʦ ʽ 

ʧʦʩʪʫʧʘʪʠ ʥʘ ʚʠʚʽʜ TXD (TXDn) ʫ ʧʦʨʷʜʢʫ, ʨʦʟʛʣʷʥʫʪʦʤʫ ʚ ʧʽʜʨʦʟʜʽʣʽ 6.5. 

ʐʚʠʜʢʽʩʪʴ ʟʩʫʚʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʢʦʥʪʨʦʣʝʨʘ ʪʘʢʪʦʚʠʭ ʩʠʛʥʘʣʽʚ. ʇʨʠ 

ʨʦʙʦʪʽ ʚ ʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʟʤʽʥʘ ʩʪʘʥʫ ʚʠʚʦʜʫ TXD (TXDn) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʦʜʥʠʤ ʟ ʬʨʦʥʪʽʚ ʩʠʛʥʘʣʫ ʍʉʂ (ʍʉʂn). ʗʢʱʦ ʨʦʟʨʷʜ UCPOL (UCPOLn) ʨʝʛʽʩʪʨʘ 

UCSRC (UCSRnC) ʩʢʠʥʫʪʦ ʚ ʥʫʣʴ, ʟʤʽʥʘ ʩʪʘʥʫ ʚʠʚʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʥʘʨʦʩʪʘʶʯʠʤ ʬʨʦʥʪʦʤ ʩʠʛʥʘʣʫ ʍʉʂ (ʍʉʂn), ʷʢʱʦ ʞ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʦʜʠʥʠʮʶ ï 

ʟʘ ʩʧʘʜʘʶʯʠʤ ʬʨʦʥʪʦʤ ʩʠʛʥʘʣʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.5. 

 

 

 

 

ʈʠʩ. 6.5. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʤʦʜʫʣʷ ʋʉɸʇʇ 

ʗʢʱʦ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʣʦʚʘ ʫ ʨʝʛʽʩʪʨ UDR ʙʫʣʦ ʟʘʧʠʩʘʥʦ 

ʥʦʚʝ ʩʣʦʚʦ ʜʘʥʠʭ, ʪʦ ʧʽʩʣʷ ʧʝʨʝʜʘʯʽ ʦʩʪʘʥʥʴʦʛʦ ʩʪʦʧ-ʙʽʪʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʣʦʚʘ ʚ 

ʨʝʛʽʩʪʨ ʟʩʫʚʫ ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʥʦʚʝ ʩʣʦʚʦ. ʗʢʱʦ ʞ ʜʦ ʤʦʤʝʥʪʫ ʟʘʢʽʥʯʝʥʥʷ ʧʝʨʝʜʘʯʽ 

ʢʘʜʨʫ ʥʦʚʦʛʦ ʟʘʧʠʩʫ ʚʠʢʦʥʘʥʦ ʥʝ ʙʫʣʦ, ʪʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʨʠʚʘʥʥʷ 

ʊʍʉ (ʊʍʉn) ʨʝʛʽʩʪʨʘ UCSRA (UCSRnA) ï çʇʝʨʝʜʘʯʫ ʟʘʚʝʨʰʝʥʦè. ʉʢʠʜʘʥʥʷ 

ʧʨʘʧʦʨʮʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʧʘʨʘʪʥʦ ʧʨʠ ʚʭʦʜʽ ʫ ʧʽʜʧʨʦʛʨʘʤʫ ʦʙʨʦʙʢʠ ʧʝʨʝʨʠʚʘʥʥʷ 

ʘʙʦ ʧʨʦʛʨʘʤʥʦ, ʟʘʧʠʩʦʤ ʚ ʮʝʡ ʨʦʟʨʷʜ ʦʜʠʥʠʮʽ. 

ɺʽʜʢʣʶʯʝʥʥʷ ʧʝʨʝʜʘʚʘʯʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʢʠʜʘʥʥʷʤ ʨʦʟʨʷʜʫ TXEN (TXENn) 

ʨʝʛʽʩʪʨʘ UCSRB (UCSRnB). ʗʢʱʦ ʫ ʤʦʤʝʥʪ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʢʦʤʘʥʜʠ 

ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʧʝʨʝʜʘʯʘ, ʩʢʠʜʘʥʥʷ ʨʦʟʨʷʜʫ ʚʽʜʙʫʜʝʪʴʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʧʦʪʦʯʥʦʾ ʪʘ ʚʽʜʢʣʘʜʝʥʦʾ ʧʝʨʝʜʘʯ, ʪʦʙʪʦ ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ ʙʫʬʝʨʥʦʛʦ ʨʝʛʽʩʪʨʘ ʪʘ 

ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ ʧʝʨʝʜʘʚʘʯʘ. ʇʨʠ ʚʠʤʢʥʝʥʦʤʫ ʧʝʨʝʜʘʚʘʯʝʚʽ ʚʠʚʽʜ TXD (TXDn) ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ, ʷʢ ʣʽʥʽʷ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʧʽʜʧʨʦʛʨʘʤ ʧʝʨʝʜʘʯʽ ʽʥʪʝʨʬʝʡʩʦʤ 

ʋɸʇʇ/ʋʉɸʇʇ. ʎʽ ʧʽʜʧʨʦʛʨʘʤʠ ʯʝʢʘʶʪʴ ʥʘ ʦʯʠʱʝʥʥʷ ʙʫʬʝʨʘ ʧʝʨʝʜʘʚʘʯʘ, ʘ ʧʦʪʽʤ 

ʟʘʚʘʥʪʘʞʫʶʪʴ ʚ ʥʴʦʛʦ ʥʦʚʝ ʟʥʘʯʝʥʥʷ. 
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ʇʨʠʢʣʘʜ ʥʘ ʘʩʝʤʙʣʝʨʽ 

USART_Transmit:  

;ʏʝʢʘʥʥ ̫ ʦʯʠʱʝʥʥʷ ʙʫʬʝʨʘ ʧʝʨʝʜʘʚʘʯʘ 

sbis UCSRA,UDRE;  ʇʨʦʧʫʩʢ ʥʘʩʪʫʧʥʦ  ʾ ʢʦʤʘʥʜʠ, ʷʢʱʦ ʙʽʪ UDRE 

; ʚʩʪʘʥʦʚʣʝʥʦ 
rjmp USART_Transmit ; ʇʝʨʝʭʽʜ ʥʘ ʤʽʪʢʫ USART_Transmit  

; ʂʦʧʽʶʚʘʥʥ ̫ 9- ʛʦ ʨʦʟʨʷʜʫ ʜʘʥʠʭ ʟ R17.0  ʚ ʊʍɺ8 

cbi UCSRB,TXB8 ;  ʉʢʠʜʘʥʥʷ ʙʽʪʘ TXB8 ʫ UCSRB  
sbrc Rl7,0 ;  ʇʨʦʧʫʩʢ ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ, ʷʢʱʦ ʥʫʣʴʦʚʠʡ ʙʽʪ ʫ 

; ʨʝʛʽʩʪʨʽ Rl7 ʩʢʠʥʫʪʦ 

sbi UCSRB,TXB8 ; ɺʩʪʘʥʦʚʣʝʥʥʷ ʙʽʪʘ TXB8 ʫ UCSRB 

;ɿʘʚʘʥʪʘʞʝʥʥʷ ʙʘʡʪʘ ʜʘʥʠʭ ʫ ʙʫʬʝʨ, ʧʦʯʘʪʦʢ ʧʝʨʝʜʘʯʠ 

out UDR,Rl6 ;ɿʘʧʠʩ Rl6  (ʙʘʡʪ ʜʣʷ ʧʝʨʝʜʘʯʽ) ʫ ʨʝʛʽʩʪʨ UDR  

ret  

ʇʨʠʢʣʘʜ ʥʘ ʉ 

void USART_Transmit(unsigned int data)  

{  

/* ʯʝʢʘʥʥ ̫ ʦʯʠʱʝʥʥʷ ʙʫʬʝʨʘ ʧʝʨʝʜʘʚʘʯʘ */ 

while ( !( UCSRA & (1çUDRE))) 

/* ʢʦʧʽʶʚʘʥʥ ̫ 9- ʛʦ ʨʦʟʨʷʜʫ ʜʘʥʠʭ ʟ R17.0  ʚ ʊʍɺ8 */ 

UCSRB &= ~(1<<ʊʍɺ8); 

if ( data & 0x 01)  

UCSRB |= (1<<ʊʍɺ8) ; 

/* ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʘʡʪʘ ʜʘʥʠʭ ʫ ʙʫʬʝʨ, ʧʦʯʘʪʦʢ ʧʝʨʝʜʘʯʠ */  

UDR = data ;  

}  

6.7. ʇʨʠʡʦʤ ʜʘʥʠʭ 

ɼʣʷ ʜʦʟʚʦʣʫ ʨʦʙʦʪʘ ʧʨʠʡʤʘʯʘ ʪʨʝʙʘ ʚʩʪʘʥʦʚʠʪʠ ʨʦʟʨʷʜ RXEN (RXENn) 

ʨʝʛʽʩʪʨʘ UCSRB (UCSRnB) [1; 7]. ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʚʽʜ RXD (RXDn) ʧʽʜʢʣʶʯʘʻʪʴʩʷ 

ʜʦ ʧʨʠʡʤʘʯʘ ʋɸʇʇ/ʋʉɸʇʇ ʽ ʧʦʯʠʥʘʻ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʷʢ ʚʭʽʜ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʟʥʘʯʝʥʴ ʨʝʛʽʩʪʨʘ ʢʝʨʫʚʘʥʥʷ ʧʦʨʪʦʤ. ʗʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʥʭʨʦʥʥʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ, ʪʨʝʙʘ ʧʨʦʛʨʘʤʥʦ ʧʝʨʝʚʠʟʥʘʯʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʚʦʜʫ ʍʉʂ (ʍʉʂn). 

ʇʨʠʡʦʤ ʜʘʥʠʭ ʧʦʯʠʥʘʻʪʴʩʷ ʧʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʧʨʠʡʤʘʯʝʤ ʢʦʨʝʢʪʥʦʛʦ       

ʩʪʘʨʪ-ʙʽʪʘ (ʜʠʚ. ʚʠʱʝ ʨʠʩ. 6.4ʙ). ʇʦʪʽʤ ʢʦʞʝʥ ʨʦʟʨʷʜ ʢʘʜʨʫ ʟʯʠʪʫʻʪʴʩʷ ʟ ʯʘʩʪʦʪʦʶ, 

ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʪʨʦʣʝʨʦʤ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʘʙʦ ʪʘʢʪʦʚʠʤ ʩʠʛʥʘʣʦʤ ʍʉʂ 

(ʍʉʂn). ʆʪʨʠʤʘʥʽ ʨʦʟʨʷʜʠ ʜʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʫ ʨʝʛʽʩʪʨ ʟʩʫʚʫ 

ʧʨʠʡʤʘʯʘ ʜʦ ʚʠʷʚʣʝʥʥʷ ʧʝʨʰʦʛʦ ʩʪʦʧ-ʙʽʪʘ ʢʘʜʨʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ 

ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʫ ʙʫʬʝʨ ʧʨʠʡʤʘʯʘ, ʟ ʷʢʦʛʦ ʧʨʠʡʥʷʪʝ ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʯʠʪʘʥʦ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 9-ʨʦʟʨʷʜʥʠʭ ʩʣʽʚ ʜʘʥʠʭ ʟʥʘʯʝʥʥʷ ʩʪʘʨʰʦʛʦ ʚʦʩʴʤʦʛʦ ʨʦʟʨʷʜʫ, 
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ʦʩʢʽʣʴʢʠ ʥʫʤʝʨʘʮʽʷ ʨʦʟʨʷʜʽʚ ʚʝʜʝʪʴʩʷ ʚʽʜ ʥʫʣʷ, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʝ ʟʘ ʩʪʘʥʦʤ 

ʧʨʘʧʦʨʮʷ RXɺ8 (RXɺ8n) ʨʝʛʽʩʪʨʘ UCSRB (UCSRnB). ʋ ʤʦʜʫʣʷʭ USART ʚʤʽʩʪ 

ʮʴʦʛʦ ʨʦʟʨʷʜʫ ʤʘʻ ʙʫʪʠ ʟʯʠʪʘʥʠʡ ʜʦ ʟʚʝʨʥʝʥʥʷ ʜʦ ʨʝʛʽʩʪʨʘ ʜʘʥʠʭ. ʎʝ ʧʦʚô̫ ʟʘʥʦ ʟ 

ʪʠʤ, ʱʦ ʧʨʘʧʦʨʝʮʴ RXɺ8 (RXɺ8n) ʚʽʜʦʙʨʘʞʘʻ ʟʥʘʯʝʥʥʷ ʩʪʘʨʰʦʛʦ ʨʦʟʨʷʜʫ ʩʣʦʚʘ 

ʜʘʥʠʭ ʢʘʜʨʫ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʝʨʭʥʴʦʤʫ ʨʽʚʥʽ ʙʫʬʝʨʘ ʧʨʠʡʤʘʯʘ, ʩʪʘʥ ʷʢʦʛʦ 

ʧʨʠ ʯʠʪʘʥʥʽ ʨʝʛʽʩʪʨʘ ʜʘʥʠʭ ʟʤʽʥʠʪʴʩʷ. 

ʗʢʱʦ ʙʫʣʦ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦ ʢʦʥʪʨʦʣ ɹʧʘʨʥʦʩʪʽ (ʪʽʣʴʢʠ ʋʉɸʇʇ), ʪʦ ʩʭʝʤʘ 

ʢʦʥʪʨʦʣʶ ʧʘʨʥʦʩʪʽ  ʦʙʯʠʩʣʶʻ ʙʽʪ ʧʘʨʥʦʩʪʽ ʜʣʷ ʚʩʽʭ ʨʦʟʨʷʜʽʚ ʧʨʠʡʥʷʪʦʛʦ ʩʣʦʚʘ 

ʜʘʥʠʭ ʽ ʧʦʨʽʚʥʶʻ ʡʦʛʦ ʟ ʧʨʠʡʥʷʪʠʤ ʙʽʪʦʤ ʧʘʨʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪ ʧʝʨʝʚʽʨʢʠ 

ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ ʫ ʙʫʬʝʨʽ ʧʨʠʡʤʘʯʘ ʨʘʟʦʤ ʟ ʧʨʠʡʥʷʪʠʤ ʩʣʦʚʦʤ ʜʘʥʠʭ ʽ                

ʩʪʦʧ-ʙʽʪʘʤʠ. ʅʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʤʠʣʢʠ ʢʦʥʪʨʦʣʶ ʧʘʨʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ 

ʧʦʪʽʤ ʚʠʟʥʘʯʝʥʦ ʟʘ ʩʪʘʥʦʤ ʧʨʘʧʦʨʮʷ UPE (UPEn) ʨʝʛʽʩʪʨʘ UCSRA (UCSRnA). ʎʝʡ 

ʧʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ ʷʢʱʦ ʥʘʩʪʫʧʥʝ ʩʣʦʚʦ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʯʠʪʘʥʝ ʟ ʙʫʬʝʨʘ, ʤʘʻ ʧʦʤʠʣʢʫ ʢʦʥʪʨʦʣʶ ʧʘʨʥʦʩʪʽ. ʇʨʠ ʚʠʤʢʥʝʥʦʤʫ ʢʦʥʪʨʦʣʽ 

ʧʘʨʥʦʩʪʽ ʧʨʘʧʦʨʝʮʴ UPE (UPEn) ʟʘʚʞʜʠ ʯʠʪʘʻʪʴʩʷ ʷʢ ʥʫʣʴ. 

ʋ ʨʝʛʽʩʪʨʽ UCSRA(UCSRnA) ʙʣʦʢʫ ʧʨʠʡʤʘʯʘ ʤʦʜʫʣʽʚ ʋɸʇʇ/ʋʉɸʇʇ ̒  ɦ ʝ 

ʜʚʘ ʧʨʘʧʦʨʮʽ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʩʪʘʥ ʦʙʤʽʥʫ: ʧʨʘʧʦʨʝʮʴ ʧʦʤʠʣʢʠ ʢʘʜʨʫʚʘʥʥʷ FE (FEn) 

ʽ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʧʦʚʥʝʥʥʷ DOR (DORn)/OR (Orn) [1; 7]. ʇʨʘʧʦʨʝʮʴ FE (Fen) 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʛʦ ʩʪʦʧ-ʙʽʪʘ ʧʨʠʡʥʷʪʦʛʦ ʢʘʜʨʫ 

ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʨʽʙʥʦʤʫ, ʪʦʙʪʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʇʨʘʧʦʨʮʽ DOR (DORn) ʚ ʋʉɸʇʇ ʪʘ OR (Orn) ʚ ʋɸʇʇ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʚʪʨʘʪʫ ʜʘʥʠʭ ʯʝʨʝʟ ʧʝʨʝʧʦʚʥʝʥʥʷ ʙʫʬʝʨʘ ʧʨʠʡʤʘʯʘ. ɺ ʋɸʇʇ ʧʨʘʧʦʨʝʮʴ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ, ʷʢʱʦ ʜʦ ʤʦʤʝʥʪʫ ʟʘʢʽʥʯʝʥʥʷ ʧʨʠʡʦʤʫ ʢʘʜʨʫ 

(ʟʘʧʦʚʥʝʥʥʷ ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ ʧʨʠʡʤʘʯʘ) ʜʘʥʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʘʜʨʫ ʥʝ ʙʫʣʠ ʟʯʠʪʘʥʽ ʟ 

ʨʝʛʽʩʪʨʘ ʜʘʥʠʭ. ɺ ʋʉɸʇʇ ʧʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ ʫ ʨʘʟʽ ʧʨʠʡʦʤʫ 

ʩʪʘʨʪ-ʙʽʪʘ ʥʦʚʦʛʦ ʢʘʜʨʫ ʧʨʠ ʟʘʧʦʚʥʝʥʠʭ ʙʫʬʝʨʽ ʪʘ ʨʝʛʽʩʪʨʽ ʟʩʫʚʫ ʧʨʠʡʤʘʯʘ. 

ɺʩʪʘʥʦʚʣʝʥʠʡ ʧʨʘʧʦʨʝʮʴ DOR (DORn)/OR (Orn) ʦʟʥʘʯʘʻ, ʱʦ ʤʽʞ ʤʠʥʫʣʠʤ 

ʙʘʡʪʦʤ, ʷʢʠʡ ʟʯʠʪʘʥʦ ʟ ʨʝʛʽʩʪʨʘ UDR, ʪʘ ʙʘʡʪʦʤ, ʟʯʠʪʘʥʠʤ ʫ ʜʘʥʠʡ ʤʦʤʝʥʪ, 

ʚʽʜʙʫʣʘʩʷ ʚʪʨʘʪʘ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʢʘʜʨʽʚ. 

ʆʙʨʦʙʢʘ ʧʨʘʧʦʨʮʽʚ ʚ ʤʦʜʫʣʷʭ ʋɸʇʇ/ʋʉɸʇʇ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ.  

ʋ ʤʦʜʫʣʷʭ ʋɸʇʇ ʧʨʘʧʦʨʝʮʴ ʧʦʤʠʣʢʠ ʢʘʜʨʫʚʘʥʥʷ FE (Fen) ʤʘʻ ʙʫʪʠ 

ʧʨʦʯʠʪʘʥʠʡ ʧʝʨʝʜ ʟʚʝʨʥʝʥʥʷʤ ʜʦ ʨʝʛʽʩʪʨʘ ʜʘʥʠʭ, ʘ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʧʦʚʥʝʥʥʷ OR 

(Orn) ï ʧʽʩʣʷ ʟʚʝʨʥʝʥʥʷ ʜʦ ʮʴʦʛʦ ʨʝʛʽʩʪʨʘ. 

ʋ ʤʦʜʫʣʷʭ ʋʉɸʇʇ ʚʩʽ ʧʨʘʧʦʨʮʽ ʧʦʤʠʣʦʢ ʙʫʬʝʨʠʟʫʶʪʴʩʷ ʨʘʟʦʤ ʽʟ ʩʣʦʚʦʤ 

ʜʘʥʠʭ, ʪʦʙʪʦ ʚʽʜʧʦʚʽʜʥʽ ʨʦʟʨʷʜʠ ʨʝʛʽʩʪʨʘ UCSRA (UCSRnA) ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʘʜʨʫ, 

ʩʣʦʚʦ ʜʘʥʠʭ ʷʢʦʛʦ ʙʫʜʝ ʧʨʦʯʠʪʘʥʦ ʧʨʠ ʥʘʩʪʫʧʥʦʤʫ ʟʚʝʨʥʝʥʥʽ ʜʦ ʨʝʛʽʩʪʨʘ ʜʘʥʠʭ 

UDR (UDRn). ʊʦʤʫ ʩʪʘʥ ʮʠʭ ʧʨʘʧʦʨʮʽʚ ʪʨʝʙʘ ʟʯʠʪʘʪʠ ʧʝʨʝʜ ʟʚʝʨʥʝʥʥʷʤ ʜʦ 

ʨʝʛʽʩʪʨʘ ʜʘʥʠʭ. 
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ɼʣʷ ʽʥʜʠʢʘʮʽʾ ʩʪʘʥʫ ʧʨʠʡʤʘʯʘ ʚ ʤʦʜʫʣʷʭ ʋɸʇʇ/ʋʉɸʇʇ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʨʠʚʘʥʥʷ çʇʨʠʡʦʤ ʟʘʚʝʨʰʝʥʦè RXC (RXCn) ʨʝʛʽʩʪʨʘ UCSRA 

(UCSRnA). ʎʝʡ ʧʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚ ʙʫʬʝʨʽ 

ʧʨʠʡʤʘʯʘ ʥʝ ʧʨʦʯʠʪʘʥʠʭ ʜʘʥʠʭ. ʋ ʤʦʜʫʣʷʭ ʋɸʇʇ ʮʝʡ ʧʨʘʧʦʨʝʮʴ ʩʢʠʜʘʻʪʴʩʷ ʧʽʩʣʷ 

ʯʠʪʘʥʥʷ ʨʝʛʽʩʪʨʘ ʜʘʥʠʭ, ʘ ʫ ʤʦʜʫʣʷʭ ʋʉɸʇʇ ï ʧʨʠ ʟʚʽʣʴʥʝʥʥʽ ʙʫʬʝʨʘ (ʧʽʩʣʷ 

ʟʯʠʪʫʚʘʥʥʷ ʚʩʽʭ ʜʘʥʠʭ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʥʴʦʤʫ). 

ɺʠʤʢʥʝʥʥʷ ʧʨʠʡʤʘʯʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʢʠʜʘʥʥʷʤ ʨʦʟʨʷʜʫ RXEN (RXENn) 

ʨʝʛʽʩʪʨʘ UCSRB (UCSRnB). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʝʜʘʚʘʯʘ, ʧʨʠʡʤʘʯ ʚʠʤʠʢʘʻʪʴʩʷ 

ʚʽʜʨʘʟʫ ʞ ʧʽʩʣʷ ʩʢʠʜʘʥʥʷ ʨʦʟʨʷʜʫ, ʪʦʙʪʦ ʢʘʜʨ, ʷʢʠʡ ʧʨʠʡʤʘʻʪʴʩʷ ʫ ʮʝʡ ʤʦʤʝʥʪ, 

ʚʪʨʘʯʘʻʪʴʩʷ. ʇʨʠ ʚʠʤʢʥʝʥʥʽ ʧʨʠʡʤʘʯʘ ʦʯʠʱʫʻʪʴʩʷ ʡʦʛʦ ʙʫʬʝʨ, ʪʦʙʪʦ ʚʪʨʘʯʘʶʪʴʩʷ 

ʪʘʢʦʞ ʚʩʽ ʥʝʧʨʦʯʠʪʘʥʽ ʜʘʥʽ. ʇʨʠ ʚʠʤʢʥʝʥʦʤʫ ʧʨʠʡʤʘʯʽ ʚʠʚʽʜ RXD (RXDn) ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʣʽʥʽʷ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʧʽʜʧʨʦʛʨʘʤʠ ʧʨʠʡʦʤʫ ʽʥʪʝʨʬʝʡʩʦʤ ʋʉɸʇʇ 

ʢʘʜʨʫ ʟ ʜʝʚô̫ ʪʴʤʘ ʙʽʪʘʤʠ ʜʘʥʠʭ. ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʨʠʢʣʘʜʽ, ʪʫʪ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʧʠʪʫʚʘʥʥʷ ʧʨʘʧʦʨʮʷ ʧʝʨʝʨʠʚʘʥʥʷ. 

ʇʨʠʢʣʘʜ ʥʘ ʘʩʝʤʙʣʝʨʽ 

USART_Receive:  

;ʏʝʢʘʥʥ ̫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʫ ʙʫʬʝʨ ʧʨʠʡʤʘʯʘ 

sbis UCSRA,RXC ;  ʇʨʦʧʫʩʢ ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ, ʷʢʱʦ ʙʽʪ RXC ʚ 

ʨʝʛʽʩʪʨʽ UCSRA ; ʚʩʪʘʥʦʚʣʝʥʦ 

rjmp USART_Receive ;  ʇʝʨʝʭʽʜ ʥʘ ʤʽʪʢʫ USART_Receive  

; ʏʠʪʘʥʥʷ ʧʨʘʧʦʨʮʽʚ ʩʪʘʥʫ ʪʘ 9- ʛʦ ʨʦʟʨʷʜʫ ʜʘʥʠʭ 

in rl8,UCSRA ; ʇʝʨʝʜʘʯʘ  ʨʝʛʽʩʪʨʘ UCSRA ʚ rl8  
in rl7,UCSRB ;  ʏʠʪʘʥʥʷ ʨʝʛʽʩʪʨʘ UCSRɺ ʚ rl 7  

; ʏʠʪʘʥʥʷ ʤʦʣʦʜʰʦʛʦ ʙʘʡʪʘ ʜʘʥʠʭ 

in rl6,UDR ;  ʏʠʪʘʥʥʷ UDR ʚ rl 6 

;ʋ ʚʠʧʘʜʢʫ ʧʦʤʠʣʢʠ ʧʦʚʝʨʥʫʪʠ - 1 

andi rl8, (1çFE) | (1çDOR) | (1çUPE) 

breq no_error ;ʇʝʨʝʭʽʜ ʥʘ ʤʽʪʢʫ: no_error , ʷʢʱʦ ʧʨʘʧʦʨʝʮʴ Z = 1 

ldi rl7,HIGH( - l)  

ldi rl8,L0W( - l)  

no_error:  

;ɺʠʜʽʣʝʥʥʷ 9- ʛʦ ʨʦʟʨʷʜʫ ʜʘʥʠʭ 

lsr rl7 ;  ʃʦʛʽʯʥʠʡ ʟʩʫʚ rl7  ʚʧʨʘʚʦ  
andi rl7,0x01 ;  ʃʦʛʽʯʥʝ ɯ rl7  ʟ ʢʦʥʩʪʘʥʪʦʶ 0x01  

ret  

ʇʨʠʢʣʘʜ ʥʘ ʉ 

unsigned int USART_Receive(void)  

{  
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unsigned char status, resh, resl  

/* ʏʝʢʘʥʥ ̫ ʟʘʧʦʚʥʝʥʥʷ ʙʫʬʝʨʘ ʧʨʠʡʤʘʯʘ */ 

while (! (UCSRA & (1çRXC) ) ) 

/* ʏʠʪʘʥʥ ̫ 9- ʛʦ ʨʦʟʨʷʜʫ ʜʘʥʠʭ ʪʘ ʧʨʘʧʦʨʮʽʚ ʩʪʘʥʫ */ 

status  = UCSRA; 

resh  = UCSRB; 

/* ʏʠʪʘʥʥ ̫ ʤʦʣʦʜʰʦʛʦ ʙʘʡʪʘ ʜʘʥʠʭ */ 

resl  = UDR; 

/* ʋ ʚʠʧʘʜʢʫ ʧʦʤʠʣʢʠ ʧʦʚʝʨʥʫʪʠ - 1*/  

if (stat us & (1çFE) | (1çDOR) | (1çUPE) )  

return - 1;  

/* ɺʠʜʽʣʝʥʥʷ 9- ʛʦ ʨʦʟʨʷʜʫ ʜʘʥʠʭ */ 

resh  = (reshèl) & 0x01; 

return ( (resh<<8) | resl);  

}  

ʇʨʠʡʦʤ ʚʩʽʭ ʨʦʟʨʷʜʽʚ ʢʘʜʨʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʤʦʜʫʣʷ.  

ʇʨʠ ʨʦʙʦʪʽ ʤʦʜʫʣʷ ʋʉɸʇʇ ʫ ʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʩʪʘʥ ʚʠʚʦʜʫ RXD 

(RXDn) ʯʠʪʘʻʪʴʩʷ ʟʘ ʦʜʥʠʤ ʟ ʬʨʦʥʪʽʚ ʩʠʛʥʘʣʫ ʍʉʂ (ʍʉʂn). ʗʢʱʦ ʨʦʟʨʷʜ UCPOL 

(UCPOLn) ʨʝʛʽʩʪʨʘ UCSRC (UCSRnC) ʩʢʠʥʫʪʦ ʚ ʥʫʣʴ, ʟʯʠʪʫʚʘʥʥʷ ʩʪʘʥʫ ʚʠʚʦʜʫ 

RXD ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʩʧʘʜʘʶʯʠʤ ʬʨʦʥʪʦʤ ʩʠʛʥʘʣʫ ʍʉʂ (ʍʉʂn), ʷʢʱʦ ʞ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮ ʁï ʟʘ ʥʘʨʦʩʪʘʶʯʠʤ ʬʨʦʥʪʦʤ ʩʠʛʥʘʣʫ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 

ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʟ ʚʠʚʦʜʫ RXD (RXDn) ʽ ʾʭ ʚʠʜʘʯʘ ʥʘ ʚʠʚʽʜ TXD (TXDn) 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʧʨʦʪʠʣʝʞʥʠʤʠ ʬʨʦʥʪʘʤʠ (ʜʠʚ. ʚʠʱʝ ʨʠʩ. 6.5). 

ʇʨʠ ʧʨʠʡʦʤ ̔ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʭʝʤʠ 

ʚʽʜʥʦʚʣʝʥʥʷ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʽ ʜʘʥʠʭ. ʉʭʝʤʘ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ 

ʢʦʥʪʨʦʣʝʨʦʤ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ, ʽ ʢʘʜʨʽʚ, ʷʢʽ ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʚʠʚʽʜ RXD (RXDn) 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʉʭʝʤʘ ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʟʜʽʡʩʥʶʻ ʯʠʪʘʥʥʷ ʪʘ ʬʽʣʴʪʨʘʮʽʶ 

ʢʦʞʥʦʛʦ ʨʦʟʨʷʜʫ ʢʘʜʨʫ, ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ. 

ʉʭʝʤʘ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʦʧʠʪʫʻ ʚʭ̔ʜ ʧʨʠʡʤʘʯʘ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʨʪ-ʙʽʪʘ ʢʘʜʨʫ (ʨʠʩ. 6.6).  
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ʈʠʩ. 6.6. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʨʦʟʨʷʜʽʚ ʢʘʜʨʫ: ʘ ï ʩʪʘʨʪ-ʙʽʪ; ʙ ï ʽʥʰʽ ʨʦʟʨʷʜʠ 

ʏʘʩʪʦʪʘ ʦʧʠʪʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ ʨʦʟʨʷʜʫ U2X (U2Xn) ʨʝʛʽʩʪʨʘ 

UCSRA (UCSRnA). ʋ ʟʚʠʯʘʡʥʦʤʫ ʨʝʞʠʤʽ (ʧʨʠ U2Xn = 0) ʯʘʩʪʦʪʘ ʦʧʠʪʫʚʘʥʥʷ ʫ    

16 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʘ ʫ ʧʨʠʩʢʦʨʝʥʦʤʫ ʨʝʞʠʤʽ (ʧʨʠ 

U2X = 1) ï ʫ 8 ʨʘʟʽʚ. ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʩʪʨʽʣʢʠ ʥʘ ʨʠʩ. 6.6 ʽʣʶʩʪʨʫʶʪʴ ʤʦʞʣʠʚʠʡ 

ʚʽʜʭʽʜ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʫ ʧʨʦʮʝʩʽ ʦʧʠʪʫʚʘʥʥʷ. ɹ̔ ʣʴʰ ʚʠʩʦʢʫ ʨʦʟʩʠʥʭʨʦʥʽʟʘʮʽʶ ʫ ʯʘʩʽ 

ʤʘʻ ʧʨʠʩʢʦʨʝʥʠʡ ʦʙʤʽʥ (ʙʽʪ U2X = 1). 

ɺʠʷʚʣʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʦʯʽʢʫʚʘʥʥʷ ʟʤʽʥʠ ʩʠʛʥʘʣʫ ʥʘ ʚʠʚʦʜʽ RXD (RXDn) ʟ 

ʦʜʠʥʠʮʽ ʥʘ ʥʫʣʴ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʤʦʞʣʠʚʘ ʧʦʷʚʘ ʧʝʨʝʜʥʴʦʛʦ ʬʨʦʥʪʫ ʩʪʘʨʪ-ʙʽʪʘ. 

ʂʦʣʠ ʚʠʷʚʣʝʥʦ ʮʶ ʟʤʽʥʫ, ʩʢʠʜʘʻʪʴʩʷ ʣʽʯʠʣʴʥʠʢ-ʜʽʣʴʥʠʢ ʥʘ 16 ʫ ʣʘʥʮʶʟʽ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ çʉʠʥʭʨ. RXDè. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʫʤʽʱʝʥʥʷ 

ʤʦʤʝʥʪʽʚ ʧʝʨʝʧʦʚʥʝʥʥʷ ʮʴʦʛʦ ʣʽʯʠʣʴʥʠʢʘ-ʜʽʣʴʥʠʢʘ ʟ ʤʝʞʘʤʠ ʟʤʽʥʠ ʥʘ ʚʭʦʜʽ RXD 

ʙʽʪʽʚ ʢʘʜʨʫ, ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ. ʐʽʩʪʥʘʜʮʷʪʴ ʩʪʘʥʽʚ ʣʽʯʠʣʴʥʠʢʘ-ʜʽʣʴʥʠʢʘ ʜʽʣʷʪʴ ʯʘʩ, 

ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʢʦʞʝʥ ʙʽʪ ʧʦʩʠʣʢʠ, ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ, ʧʨʠʩʫʪʥʽʡ ʥʘ ʚʭʦʜʽ RXD, ʥʘ 

16 ʬʘʟ (ʚʠʙʽʨʦʢ), ʟ 0-ʾ ʧʦ 15-ʫ ʜʣʷ ʢʦʞʥʦʛʦ ʙʽʪʘ. ʋ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 7-ʦʾ, 8-ʦʾ ʽ 9-ʦʾ ʚʠʙʽʨʦʢ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʚ ʧʨʠʩʢʦʨʝʥʦʤʫ 

ʨʝʞʠʤʽ ï 3-ʦʾ, 4-ʦʾ ʽ 5-ʦʾ ʚʠʙʽʨʦʢ (ʨʠʩ. 6.6ʘ). ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʭʦʯʘ ʙ ʜʚʦʭ ʚʠʙʽʨʦʢ ʽʟ 

ʚʢʘʟʘʥʠʭ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʩʪʘʨʪ-ʙʽʪ ʚʚʘʞʘʻʪʴʩʷ ʧʦʤʠʣʢʦʚʠʤ (ʟʘʚʘʜʘ), ʘ ʧʨʠʡʤʘʯ 

ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʦʯʽʢʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʟʤʽʥʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʦʜʠʥʠʮʽ ʥʘ ʥʫʣʴ. 
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ɯʥʘʢʰʝ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʠʷʚʣʝʥʦ ʩʪʘʨʪ-ʙʽʪ ʥʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʘʥʠʭ, ʟ ʷʢʠʤ 

ʩʠʥʭʨʦʥʽʟʫʻʪʴʩʷ ʚʥʫʪʨʽʰʥʽʡ ʪʘʢʪʦʚʠʡ ʩʠʛʥʘʣ ʧʨʠʡʤʘʯʘ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʦʯʠʥʘʻ 

ʧʨʘʮʶʚʘʪʠ ʩʭʝʤʘ ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ. 

ʈʽʰʝʥʥʷ ʧʨʦ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʧʨʠʡʥʷʪʦʛʦ ʨʦʟʨʷʜʫ ʪʘʢʦʞ ʫʭʚʘʣʶʻʪʴʩʷ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ 7-ʦʾ, 8-ʦʾ ʽ 9-ʦʾ (3-ʦ,ʾ 4-ʦ ʾ̔  5-ʦ)ʾ ʚʠʙʽʨʦʢ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ (ʨʠʩ. 6.6ʙ). 

ʉʪʘʥʦʤ ʨʦʟʨʷʜʫ ʚʚʘʞʘʻʪʴʩʷ ʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʱʦʥʘʡʤʝʥʰʝ ʫ 

ʜʚʦʭ ʟ ʪʨʴʦʭ ʚʠʙʽʨʦʢ. ʇʨʦʮʝʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʣʷ ʚʩʽʭ ʨʦʟʨʷʜʽʚ ʢʘʜʨʫ, 

ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ, ʚʢʣʶʯʘʶʯʠ ʧʝʨʰʠʡ ʩʪʦʧ-ʙʽʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʨʪ-ʙʽʪ ʥʦʚʦʛʦ ʢʘʜʨʫ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠʩʴ ʚʽʜʨʘʟʫ ʞ ʧʽʩʣʷ 

ʦʩʪʘʥʥʴʦʾ ʚʠʙʽʨʢʠ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʛʦ           

ʩʪʦʧ-ʙʽʪʘ. ʋ ʟʚʠʯʘʡʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʨʪ-ʙʽʪʘ ʤʦʞʝ ʧʦʯʘʪʠʩʷ ʚ 

ʤʦʤʝʥʪ ɸ, ʘ ʚ ʧʨʠʩʢʦʨʝʥʦʤʫ ʨʝʞʠʤʽ ï ʚ ʤʦʤʝʥʪ ɺ (ʨʠʩ. 6.7). ʄʦʤʝʥʪ ʉ ʥʘ ʨʠʩʫʥʢʫ 

ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʪʨʠʚʘʣʽʩʪʴ ʩʪʦʧ-ʙʽʪʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʨʘʥʥʴʦʛʦ 

ʚʠʷʚʣʝʥʥʷ ʩʪʘʨʪ-ʙʽʪʘ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʯʽʡ ʜʽʘʧʘʟʦʥ ʩʠʥʭʨʦʯʘʩʪʦʪ ʧʨʠʡʤʘʯʘ 

(ʜʦʧʫʩʪʠʤʝ ʨʦʟʭʦʜʞʝʥʥʷ ʩʠʥʭʨʦʯʘʩʪʦʪʠ ʧʝʨʝʜʘʚʘʯʘ ʪʘ ʧʨʠʡʤʘʯʘ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ 

ʜʦʚʞʠʥʽ ʧʦʩʠʣʢʠ) [1; 7]. 

 

ʈʠʩ. 6.7. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʦʧ-ʙʽʪʘ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʩʪʘʨʪ-ʙʽʪʘ 

6.8. ʆʙʤʽʥ ʜʘʥʠʤʠ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ ʋʉɸʇʇ ʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʽʡ 

ʤʝʨʝʞʽ 

ʋ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʠʭ ʤʝʨʝʞʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʤʽʥ ̔ ʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʦʜʥʠʤ 

ʚʝʜʫʯʠʤ ʪʘ ʦʜʥʠʤ ʟ ʜʝʢʽʣʴʢʦʭ ʚʝʜʝʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. ʂʦʞʝʥ ʚʝʜʝʥʠʡ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʤʝʨʝʞʽ ʤʘʻ ʩʚʦʶ ʫʥʽʢʘʣʴʥʫ ʘʜʨʝʩʫ. ʗʢʱʦ ʚʝʜʫʯʠʡ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʭʦʯʝ ʱʦ-ʥʝʙʫʜʴ ʧʝʨʝʜʘʪʠ, ʪʦ ʚʽʥ ʧʦʩʠʣʘʻ ʘʜʨʝʩʥʠʡ ʙʘʡʪ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ, ʜʦ ʷʢʦʛʦ ʟ ʚʝʜʝʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʚʽʥ ʟʙʠʨʘʻʪʴʩʷ ʟʚʝʨʥʫʪʠʩʷ. ʂʦʣʠ 

ʦʜʠʥ ʟ ʚʝʜʝʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʨʦʟʧʽʟʥʘʚ ʩʚʦʶ ʘʜʨʝʩʫ, ʚʽʥ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ 

ʧʨʠʡʦʤʫ ʜʘʥʠʭ ʽ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʡʤʘʻ ʧʦʜʘʣʴʰʽ ʙʘʡʪʠ ʷʢ ʜʘʥʽ. ʈʝʰʪʘ ʚʝʜʝʥʠʭ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʽʛʥʦʨʫʶʪʴ ʙʘʡʪʠ ʜʘʥʠʭ, ʱʦ ʧʨʠʡʤʘʶʪʴʩʷ, ʜʦ ʧʦʩʠʣʢʠ ʚʝʜʫʯʠʤ 

ʥʦʚʦʛʦ ʘʜʨʝʩʥʦʛʦ ʙʘʡʪʘ. ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʨʝʞʠʤʫ ʬʽʣʴʪʨʘʮʽʾ ʢʘʜʨʽʚ ʜʘʥʠʭ, ʱʦ 

ʧʨʠʡʤʘʶʪʴʩʷ ʽ ʥʝ ʤʽʩʪʷʪʴ ʘʜʨʝʩʠ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʚ ʦʜʠʥʠʮʶ ʨʦʟʨʷʜʫ 

ʄʈʉʄ (ʄʈʉʄn) ʨʝʛʽʩʪʨʘ UCSRA (UCSRnA) [1; 7]. 



 

148 

 

ʋ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʨʦʣʴ ʚʝʜʫʯʦʛʦ, ʪʨʝʙʘ ʚʩʪʘʥʦʚʠʪʠ ʨʝʞʠʤ 

ʧʝʨʝʜʘʯʽ 9-ʨʦʟʨʷʜʥʠʭ ʜʘʥʠʭ. ʇʨʠ ʧʝʨʝʜʘʯʽ ʘʜʨʝʩʥʦʛʦ ʙʘʡʪʘ ʩʪʘʨʰʠʡ ï 8-ʡ ʨʦʟʨʷʜ, 

ʟʘ ʫʤʦʚʠ, ʱʦ ʧʝʨʰʠʡ (ʤʦʣʦʜʰʠʡ) ʨʦʟʨʷʜ ʧʨʠ ʜʚʽʡʢʦʚʦʤʫ ʢʦʜʫʚʘʥʥʽ ʤʘʻ ʥʦʤʝʨ ï 

ʥʫʣʴ, ʧʦʚʠʥʝʥ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʚ ʦʜʠʥʠʮʶ, ʘ ʧʨʠ ʧʝʨʝʜʘʯʽ ʙʘʡʪʽʚ ʜʘʥʠʭ ʚʽʥ 

ʧʦʚʠʥʝʥ ʩʢʠʜʘʪʠʩʷ ʚ ʥʫʣʴ. 

ʋ ʚʝʜʝʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʤʝʭʘʥʽʟʤ ʧʨʠʡʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʧʨʠʡʤʘʯʘ. ʇʨʠ ʧʨʠʡʦʤʽ 9-ʨʦʟʨʷʜʥʠʭ ʜʘʥʠʭ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʚʤʽʩʪʫ ʢʘʜʨʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʩʪʘʨʰʠʤ ʜʝʚ`ʷʪʠʤ ʨʦʟʨʷʜʦʤ ʩʣʦʚʘ ʜʘʥʠʭ. ʗʢʱʦ ʚʢʘʟʘʥʠʡ ʨʦʟʨʷʜ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ, ʪʦ ʢʘʜʨ ʤʽʩʪʠʪʴ ʘʜʨʝʩʫ, ʷʢʱʦ ʩʢʠʥʫʪʦ ʚ ʥʫʣʴ ï ʢʘʜʨ 

ʤʽʩʪʠʪʴ ʜʘʥʽ. 

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʽʡ ʤʝʨʝʞʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

1) ʋ ʚʩʭ̔ ʚʝʜʝʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ ʨʦʟʨʷʜ 

ʄʈʉʄ (MPCMn) ʨʝʛʽʩʪʨʘ UCSRA (UCSRnA). 

2) ɺʩʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʧʨʦʛʨʘʤʫʶʪʴʩʷ ʚ ʨʝʞʠʤ ʧʝʨʝʜʘʯʽ ʜʝʚ`ʷʪʠʨʦʟʨʷʜʥʠʭ 

ʢʘʜʨʽʚ. 

3) ɺʝʜʫʯʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʧʦʩʠʣʘʻ ʘʜʨʝʩʥʠʡ ʢʘʜʨ ʟ ʊɺ8 = 1, ʘ ʚʩʽ ʚʝʜʝʥʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʡʦʛʦ ʧʨʠʡʤʘʶʪʴ. ʋ ʢʦʞʥʦʤʫ ʟ ʚʝʜʝʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʘʧʦʨʝʮʴ RXC (RXCn) ʨʝʛʽʩʪʨʘ UCSRA (UCSRnA).  

4) ʂʦʞʝʥ ʚʝʜʝʥʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʯʠʪʘʻ ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ ʜʘʥʠʭ                                       

(ʘʜʨʝʩʥʠʡ ʢʘʜʨ) ʪʘ ʧʦʨʽʚʥʶʻ ʡʦʛʦ ʽʟ ʩʚʦʻʶ ʤʝʨʝʞʝʚʦʶ ʘʜʨʝʩʦʶ. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ, 

ʘʜʨʝʩʘ ʷʢʦʛʦ ʩʧʽʚʧʘʣʘ ʟ ʘʜʨʝʩʦʶ, ʧʦʩʣʘʥʦʶ ʚʝʜʫʯʠʤ, ʩʢʠʜʘʻ ʚ ʥʫʣʴ ʨʦʟʨʷʜ ʄʈʉʄ 

(MPCMn). 

5) ɸʜʨʝʩʦʚʘʥʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʧʦʯʠʥʘʻ ʧʨʠʡʤʘʪʠ ʢʘʜʨʠ, ʱʦ ʤʽʩʪʷʪʴ ʜʘʥʽ, 

ʦʩʢʽʣʴʢʠ ʾʭ ʜʝʚ`ʷʪʠʡ ʨʦʟʨʷʜ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʋ ʨʝʰʪʽ ʥʝ ʘʜʨʝʩʦʚʘʥʠʭ ʚʝʜʝʥʠʭ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʨʦʟʨʷʜ ʄʈʉʄ (ʄʈʉʄn) ʟʘʣʠʰʘʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚ ʦʜʠʥʠʮʶ, 

ʯʝʨʝʟ ʮʝ ʢʘʜʨʠ ʜʘʥʠʭ ʟ ʙʽʪʦʤ ʊɺ8 = 0 ʙʫʜʫʪʴ ʥʠʤʠ ʽʛʥʦʨʫʚʘʪʠʩʷ. 

6) ʇʽʩʣʷ ʧʨʠʡʦʤʫ ʦʩʪʘʥʥʴʦʛʦ ʙʘʡʪʘ ʜʘʥʠʭ ʘʜʨʝʩʦʚʘʥʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 

ʚʩʪʘʥʦʚʣʶʻ ʚ ʦʜʠʥʠʮʶ ʨʦʟʨʷʜ ʄʈʉʄ (ʄʈʉʄn) ʽ ʟʥʦʚʫ ʯʝʢʘʻ ʧʨʠʭʽʜ ʢʘʜʨʫ ʟ 

ʘʜʨʝʩʦʶ. ʇʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʟ ʧʫʥʢʪʫ 3. 

6.9. ʈʦʙʦʪʘ ʤʦʜʫʣʷ ʋʉɸʇʇ ʚ ʨʝʞʠʤʽ MSPI 

B ʨʷʜʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʚ ɸʊmega48ʭ/88ʭ/168x, 

ɸʊmega164ʭ/324ʭ/644ʭ ʽ ATmega640x/1280ʭ/1231ʭ/ 2560ʭ/2561ʭ, ʤʦʜʫʣʽ USART 

ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʷʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʰʠʥʠ SPI (ʜʠʚ. ʨʦʟʜʽʣ 8). B ʮʴʦʤʫ ʨʝʞʠʤʽ, 

ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ MSPɯ (Master SPI Mode), ʤʦʜʫʣʽ ʋʉɸʇʇ ʧʽʜʪʨʠʤʫʶʪʴ ʫʩʽ 

ʯʦʪʠʨʠ ʨʝʞʠʤʠ SPI (0, 1, 2 ʽ 3) [7]. ʇʨʠ ʮʴʦʤʫ ʜʦʩʪʫʧʥʽ ʷʢ ʧʦʜʚʽʡʥʘ ʙʫʬʝʨʠʟʘʮʽʷ 
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ʜʘʥʠʭ ʧʨʠ ʧʨʠʡʦʤʽ ʽ ʧʝʨʝʜʘʯʽ, ʪʘʢ ʽ ʙʽʣʴʰʽʩʪʴ ʧʝʨʝʨʠʚʘʥʴ ʤʦʜʫʣʷ. ʌʫʥʢʮʽʾ ʚʠʚʦʜʽʚ 

ʤʦʜʫʣʷ ʋʉɸʇʇ ʚ ʨʝʞʠʤʽ MSPI ʚʢʘʟʘʥʦ ʫ ʪʘʙʣ. 6.6. 

ʊʘʙʣʠʮʷ 6.6. ɺʠʚʦʜʠ ʋʉɸʇʇ ʚ ʨʝʞʠʤʽ MSPI 

ʋʉɸʇʇ SPI ʆʧʠʩ 

TXDn MOSI ʊʽʣʴʢʠ ʚʠʭʽʜ ʚʝʜʫʯʦʛʦ 

RXDn MISO ʊʽʣʴʢʠ ʚʭʽʜ ʚʝʜʫʯʦʛʦ 

XCKn SCK ɺʠʭʽʜ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ï  ʅʝ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʅʘʧʨʷʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʣʷ ʚʠʚʦʜʫ ʍʉʂn ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʚʘʪʠ ʧʨʦʛʨʘʤʥʦ 

(ʚʽʜʧʦʚʽʜʥʠʡ ʨʦʟʨʷʜ ʨʝʛʽʩʪʨʘ DDRx ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʦʜʠʥʠʮʶ). 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʮʴʦʛʦ ʚʠʚʦʜʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʦʙʠʪʠ ʜʦ ʜʦʟʚʦʣʫ ʨʦʙʦʪʠ ʧʨʠʡʤʘʯʘ 

ʽ ʧʝʨʝʜʘʚʘʯʘ USART.  

6.10. ʈʦʟʨʘʭʫʥʦʢ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʪʨʠʚʘʣʦʩʪʽ  ʦʜʥʦʛʦ 

ʙʽʪʘ ʪʘ ʯʘʩʫ ʧʝʨʝʜʘʯʽ ʦʜʥʦʛʦ ʙʘʡʪʘ 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʪʨʠʚʘʣʦʩʪʽ  ʦʜʥʦʛʦ ʙʽʪʘ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ (ʙʽʪ U2Xn = 0). ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (ʦʙʤʽʥʫ): 
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ʧʨʦʛʨʘʤʥʦ (UBRR = 0...4095). 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ fCLK = 16 ʄɻʮ, ʘ UBRR = 24, ʪʦʜʽ: 
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ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʮʴʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʫ ʥʘʚʝʜʝʥʦ 

ʚʠʱʝ ʥʘ ʨʠʩ. 6.4. 

ʋ ʣʽʥʽʶ ʟʚôʷʟʢʫ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʙʽʪʠ: ʩʪʘʨʪ-ʙʽʪ, 8 ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪ, 

9-ʡ ʩʣʫʞʙʦʚʠʡ ʙʽʪ TB8, ʜʦʜʘʪʢʦʚʠʡ ʧʝʨʝʚʽʨʦʯʥʠʡ ʙʽʪ ʥʘ ʧʘʨʥʽʩʪʴ ʽ ʦʜʠʥ ʩʪʦʧ-ʙʽʪ. 

ʊʨʠʚʘʣʽʩʪʴ ʮʠʭ 12 ʧʦʩʠʣʦʢ ʦʜʥʘʢʦʚʘ ʽ ʧʨʠ Vʇɼ = 40 ʂʙʽʪ/ʩ ʜʦʨʽʚʥʶʻ 

tʇʆʉ = 25 ʤʢʩʝʢ. 

ʆʩʢʽʣʴʢʠ ʧʝʨʝʜʘʚʘʯ ʤʽʩʪʠʪʴ ʙʫʬʝʨʥʠʡ ʨʝʛʽʩʪʨ ʜʘʥʠʭ UDR, ʪʦ ʚ ʥʴʦʛʦ 

ʧʨʦʛʨʘʤʥʦ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʯʝʨʛʦʚʠʡ ʙʘʡʪ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʦʢʠ ʟ ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ 

ʚʠʜʘʶʪʴʩʷ ʧʦʩʠʣʢʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʙʘʡʪʘ. ʇ̔ ʩʣʷ ʧʝʨʝʜʘʯʽ ʩʪʦʧ-ʙʽʪʘ ʥʦʚʠʡ ʙʘʡʪ ʟ 

ʨʝʛʽʩʪʨʘ UDR ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʚ ʨʝʛʽʩʪʨ ʟʩʫʚʫ ʪʘ ʽʥʽʮʽʶʻʪʴʩʷ ʥʦʚʠʡ ʮʠʢʣ ʧʝʨʝʜʘʯʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʯʘʩ ʧʝʨʝʜʘʯʽ ʦʜʥʦʛʦ ʙʘʡʪʘ ʜʦʨʽʚʥʶʻ 12*tʧʦʩʠʣʦʢ, ʱʦ ʧʨʠ 

ʪʨʠʚʘʣʦʩʪʽ tʇʆʉ = 25 ʤʢʩʝʢ ʩʪʘʥʦʚʠʪʴ tɹ = 25*12 = 300 ʤʢʩʝʢ. 

6.11. ʄʦʜʝʣʶʚʘʥʥʷ ʤʦʜʫʣʷ ʋʉɸʇʇ ʫ ʧʘʢʝʪʽ PROTEUS 

6.11.1. ʆʧʠʩ ʤʦʜʝʣʽ 

ʈʦʙʦʯʫ ʤʦʜʝʣʴ ʜʦʩʣʽʜʞʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʩʠʥʭʨʦʥʥʦ/ʘʩʠʥʭʨʦʥʥʦʛʦ                              

ʧʨʠʡʤʘʯʘ-ʧʝʨʝʜʘʚʘʯʘ (ʋʉɸʇʇ) ʫ ʧʘʢʝʪʽ PROTEUS 8.6 ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6.8. 

 ɿʣʽʚʘ ʚ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʚʽʩʽʤ ʢʥʦʧʦʢ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ 

ʙʘʡʪ (8 ʙʽʪ) ʜʘʥʠʭ, ʱʦ ʙʫʜʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʯʝʨʝʟ ʤʦʜʫʣʴ ʋʉɸʇʇ.  

 

 
 

ʈʠʩ. 6.8. ʉʭʝʤʘ ʨʦʙʦʯʦʾ ʤʦʜʝʣʽ ʋʉɸʇʇ 
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ʂʥʦʧʢʠ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʚʦʩʴʤʠ ʣʽʥʽʡ ʧʦʨʪʫ ɸ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ATmega8515: Pɸ.0, Pɸ.1, é , Pɸ.7. ʗʢʱʦ ʷʢʘʩʴ ʽʟ ʢʥʦʧʦʢ ʚʽʜʧʫʱʝʥʘ, ʪʦ ʯʝʨʝʟ 

ʨʝʟʠʩʪʦʨʠ R9...R16 ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʣʽʥʽʶ ʧʦʨʪʫ Pɸ ʧʦʜʘʻʪʴʩʷ ʦʜʠʥʠʮʷ. ʗʢʱʦ ʢʥʦʧʢʘ 

ʥʘʞʘʪʘ, ʪʦ ʚʚʦʜʠʪʴʩʷ ʥʫʣʴ. ʇʨʘʚʦʨʫʯ ʟʦʙʨʘʞʝʥʦ ʚʽʩʽʤ ʩʚʽʪʣʦʜʽʦʜʽʚ D1éD8, ʷʢʽ 

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

ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʩʧʽʣʴʥʦʛʦ ʜʨʦʪʫ (ʟʝʤʣʽ), ʘ ʘʥʦʜʠ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʠ R1éR8, ʷʢʽ 

ʦʙʤʝʞʫʶʪʴ ʩʪʨʫʤ, ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʚʠʭʦʜʽʚ ʧʦʨʪʫ ʉ. ʂʦʣʠ ʪʨʝʙʘ ʟʘʩʚʽʪʠʪʠ 

ʩʚʽʪʣʦʜʽʦʜ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʚʠʭʽʜ ʧʦʨʪʫ ʉ ʚʠʚʦʜʠʪʴʩʷ ʣʦʛʽʯʥʘ ʦʜʠʥʠʮ.̫ 

ɼʦ ʣʽʥʽʡ TxD ï ʚʠʭʽʜ ʧʝʨʝʜʘʚʘʯʘ ʋɸʇʇ ʪʘ RxD ï ʚʭʽʜ ʧʨʠʡʤʘʯʘ 

ʧʽʜʢʣʶʯʝʥʦ ʦʩʮʠʣʦʛʨʘʬ, ʪʘ ʚʽʨʪʫʘʣʴʥʠʡ ʪʝʨʤʽʥʘʣ (Virtual Terminal), ʷʢ̔ ʚʠʙʨʘʥʦ ʟ 

ʚʽʨʪʫʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʦʛʨʘʤʠ Proteus 8.6. ʅʘ ʥʠʭ ʙʫʜʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠʩ ̫

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʷʢʽ ʚʚʦʜʪ̫ʴʩʷ ʪʘ ʚʠʚʦʜʷʪʴʩʷ ʯʝʨʝʟ ʤʦʜʫʣʴ ʋʉɸʇʇ ʚ/ʟ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ.  

ɼʦ ʚʠʚʦʜʽʚ XTAL1 ʪʘ XTAL2 ʚ ʨʝʘʣʴʥʠʭ ʩʭʝʤʘʭ ʧʽʜʢʣʶʯʘʶʪʴ ʢʚʘʨʮʦʚʠʡ 

ʨʝʟʦʥʘʪʦʨ ʟ ʯʘʩʪʦʪʦʶ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʪʘʢʪʦʚʫ ʯʘʩʪʦʪʫ ʛʝʥʝʨʘʪʦʨʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

ɺ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʚʦʥʘ ʜʦʨʽʚʥʶʻ fBQ = 8ʄɻʮ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʦʞ ʧʽʜʢʣʶʯʘʶʪʴ  ʢʦʥʜʝʥʩʘʪʦʨʠ C1 ʪʘ C2, 

ʻʤʥʽʩʪʶ 30ʧʌ (ʜʠʚ. ʥʠʞʯʝ ʨʠʩ. 13.2). ʈʝʟʦʥʘʪʦʨ ʪʘ ʢʦʥʜʝʥʩʘʪʦʨʠ ʧʦʪʨʽʙʥʽ ʚ 

ʧʨʘʢʪʠʯʥʽʡ ʩʭʝʤʽ. ɺ ʤʦʜʝʣʴ Proteus ʾʭ ʤʦʞʥʘ ʥʝ ʚʚʦʜʠʪʠ.  

ɺ ʷʢʦʩʪʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚʠʢʦʨʠʩʪʘʥʦ ʤʽʢʨʦʩʭʝʤʫ ATmega8515. 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʧʨʦʮʝʩʦʨʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ AVR, ʪʦʙʪʦ ʚʽʥ ʚʤʽʻ 

ʚʠʢʦʥʫʚʘʪʠ ʘʩʝʤʙʣʝʨʥʽ ʢʦʤʘʥʜʠ, ʷʢʽ ʦʧʠʩʘʥʦ ʮʠʤ ʩʪʘʥʜʘʨʪʦʤ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʨʝʙʘ ʜʚʽʯʽ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʢʣʘʮʥʫʪʠ ʥʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ ʪʘ ʚ ʦʧʮʽʾ Clock Frequency ʚʢʘʟʘʪʠ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʛʝʥʝʨʘʪʦʨʘ. 

6.11.2.  ʇʦʨʷʜʦʢ ʤʦʜʝʣʶʚʘʥʥʷ 

1. ʇʝʨʰ ʟʘ ʚʩʝ, ʧʦʪʨʽʙʥʦ ʥʘʣʘʰʪʫʚʘʪʠ Terminal. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʜʚʽʯʽ 

ʢʣʘʮʥʫʪʠ ʥʘ ʥʴʦʛʦ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ, ʪʘ ʚʠʩʪʘʚʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ʗʢʱʦ ʪʨʝʙʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʚʽʨʢʫ ʥʘ ʧʘʨʥʽʩʪʴ ʘʙʦ ʥʝʧʘʨʥʽʩʪʴ, ʪʦ ʮʝ ʪʨʝʙʘ 

ʚʢʘʟʘʪʠ ʚ ʦʧʮʽʾ Parity. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ 

ʧʝʨʝʜʘʚʘʪʠ ʟʽ ʰʚʠʜʢʽʩʪʶ 9600 ʙʽʪ/ʩʝʢ: 8 ʙʽʪ ʜʘʥʠʭ ʪʘ ʦʜʠʥ ʩʪʦʧ-ʙʽʪ ʟ ʧʝʨʝʚʽʨʢʦ  ʁ

ʥʘ ʥʝʧʘʨʥʽʩʪʴ (ʨʠʩ. 6.9). 

2. ɿʘʧʫʩʢʘʻʤʦ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʪʠʩʢʘʶʯʠ ʥʘ ʢʥʦʧʢʫ Start VSM 

Debugging (ʨʠʩ. 6.10). 

3. ʅʘʪʠʩʢʘʻʤʦ ʥʘ ʢʥʦʧʢʫ Pause VSM Debugging, ʧʝʨʝʭʦʜʠʤʦ ʥʘ ʚʢʣʘʜʢʫ               

AVR Source Code ʪʘ ʩʪʘʚʠʤʦ ʜʚʽ ʪʦʯʢʠ ʟʫʧʠʥʢʠ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʣʽʚʦʶ 

ʢʥʦʧʢʦʶ ʤʠʰʽ ʜʚʽʯʽ ʢʣʘʮʥʫʪʠ ʟ ʣʽʚʦʾ ʩʪʦʨʦʥʠ ʜʚʦʭ ʢʦʤʘʥʜ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ             

ʨʠʩ. 6.11. 
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ʈʠʩ. 6.9. ʅʘʣʘʰʪʫʚʘʥʥʷ ʪʝʨʤʽʥʘʣʘ 

 

 

ʈʠʩ. 6.10. ɿʘʧʫʩʢ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ 

 

4.  

ʈʠʩ. 6.11. ʅʘʣʘʰʪʫʚʘʥʥʷ ʜʚʦʭ ʪʦʯʦʢ ʟʫʧʠʥʢʠ 

4. ʊʠʩʥʝʤʦ ʥʘ ʢʥʦʧʢʫ Run Simulation (F12). 
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5. ʇʝʨʝʭʦʜʠʤʦ ʜʦ ʚʽʢʥʘ Virtual Terminal, ʪʠʩʥʝʤʦ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʥʘ 

ʚʽʢʥʽ, ʪʘ ʦʙʠʨʘʤ̒ʦ Hex Display Mode ʪʘ Echo Typed Characters (ʨʠʩ. 6.12). 

 

ʈʠʩ. 6.12. ʅʘʣʘʰʪʫʚʘʥʥʷ Virtual Terminal 

ʗʢʱʦ ʚʽʢʥʦ Virtual Terminal ʟʘʢʨʠʪʦ, ʪʦ ʡʦʛʦ ʤʦʞʥʘ ʚʽʜʢʨʠʪʠ  ʽʟ ʚʢʣʘʜʢʠ 

Debug.  

6. ɺʚʦʜʠʤʦ ʩʠʤʚʦʣ, ʷʢʠʡ ʭʦʯʝʤʦ ʥʘʜʽʩʣʘʪʠ ʚʽʜ ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʨʤʽʥʘʣʘ ʜʦ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʯʝʨʝʟ ʋʉɸʇʇ. ʇʨʠ ʚʚʝʜʝʥʥʽ ʩʠʤʚʦʣʫ ʫ ʚʽʢʥʽ ʪʝʨʤʽʥʘʣʫ ʧʦʚʠʥʝʥ 

ʩʪʦʷʪʠ ʢʫʨʩʦʨ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʙʘʯʠʪʠ ʩʠʛʥʘʣ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ,  ʧʦʪʨʽʙʥʦ 

ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ ʥʘ ʦʧʮʽʾ One-Shot (ʦʜʠʥ ʢʘʜʨ), ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.13. 

 
 

ʈʠʩ. 6.13. ʅʘʣʘʰʪʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʨʤʽʥʘʣʘ ʪʘ ʦʩʮʠʣʦʛʨʘʬʘ  
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ʉʠʤʚʦʣ, ʷʢʠʡ ʤʠ ʚʚʦʜʠʤʦ ʟ ʢʣʘʚʽʘʪʫʨʠ, ʚʽʨʪʫʘʣʴʥʠʡ ʪʝʨʤʽʥʘʣ ʧʝʨʝʪʚʦʨʶʻ 

ʚ ASCII-ʢʦʜ ʟʛʽʜʥʦ ʪʘʙʣʠʮ,̔ ʷʢʫ ʥʘʚʝʜʝʥʦ ʫ [3]. 

ɺʚʦʜʠʤʦ, ʥʘʧʨʠʢʣʘʜ, ʮʠʬʨʫ 7, ASCII-ʢʦʜ ʷʢʦʾ 37 (hex) = 00110111 (bin). 

ʇʨʦʛʨʘʤʘ ʧʝʨʝʡʜʝ ʥʘ ʨʷʜʦʢ, ʜʝ ʤʠ ʧʦʩʪʘʚʠʣʠ ʧʝʨʰʫ ʪʦʯʢʫ ʟʫʧʠʥʢʠ. ʇʝʨʝʭʦʜʠʤʦ 

ʥʘ ʚʢʣʘʜʢʫ ʟʽ ʩʭʝʤʦʶ Schematic Capture. ɿʚʝʨʪʘʤ̒ʦ ʫʚʘʛʫ ʥʘ ʩʚʽʪʣʦʜʽʦʜʠ, ʷʢʽ ʩʪʦʷʪʴ 

ʥʘ ʚʠʭʦʜʽ ʧʦʨʪʫ ʉ (ʨʠʩ. 6.14). 

 
 

ʈʠʩ. 6.14. ɺʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʩʚʽʪʣʦʜʽʦʜʘʭ ʪʘ ʦʩʮʠʣʦʛʨʘʬʽ ʩʠʤʚʦʣʫ, ʷʢʠʡ ʧʨʠʡʥʷʪʦ ʚʽʜ ʪʝʨʤʽʥʘʣʘ 

ʉʚʽʪʣʦʜʽʦʜʠ ʪʦʯʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʙʽʥʘʨʥʠʡ ʢʦʜ ʩʠʤʚʦʣʫ, ʷʢʠʡ ʤʠ ʧʨʠʡʥʷʣʠ 

ʚʽʜ ʪʝʨʤʽʥʘʣʘ (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 ʪʝʨʤʽʥʘʣʘ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ                

ʩʪʘʨʪ-ʩʪʦʧʥʦʤʫ ʨʝʞʠʤʽ. 

7. ʇʝʨʝʚʽʨʠʤʦ, ʷʢ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʯʝʨʝʟ ʋʉɸʇʇ ʚʽʜʧʨʘʚʠʪʴ ʩʠʤʚʦʣ, ʷʢʠʡ  

ʟʘʢʦʜʫʚʘʣʠ ʢʥʦʧʢʘʤʠ: ʟʘʤʢʥʫʪʘ ʢʥʦʧʢʘ ï ʥʫʣʴ, ʘ ʨʦʟʽʤʢʥʫʪʘ ï ʦʜʠʥʠʮʷ (ʨʠʩ. 6.15). 

ʗʢʱʦ ʜʠʚʠʪʠʩʷ ʥʘ ʢʥʦʧʢʠ ʟʥʠʟʫ ʫʚʝʨʭ, ʪʦ ʥʘ ʨʠʩ. 6.15 ʥʘʙʨʘʥʦ ʯʠʩʣʦ          

01100101 (bin) = 65 (hex). 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʙʘʯʠʪʠ ʧʝʨʝʜʘʥʠʡ ʩʠʛʥʘʣ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ, ʧʦʪʨʽʙʥʦ 

ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ ʥʘ ʦʧʮʽʾ One-Shot (ʦʜʠʥ ʢʘʜʨ), ʷʢ ʧʦʢʘʟʘʥʦ ʚʠʱʝ ʥʘ ʨʠʩ. 6.13. 

8. ʅʘʪʠʩʥʝʤʦ Run Simulation ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ. 

ʇʨʦʛʨʘʤʘ ʜʽʡʜʝ ʜʦ ʜʨʫʛʦʾ ʪʦʯʢʠ ʟʫʧʠʥʫ.  

9. ʈʦʟʙʝʨʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʩʠʛʥʘʣʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ 

(ʨʠʩ. 6.15). 
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ʈʠʩ. 6.15. ɺʽʜʦʙʨʘʞʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ: ʚʽʜ ʪʝʨʤʽʥʘʣʫ ï ʟʝʣʝʥʠʡ; ʚʽʜ ʄʂ (ʢʥʦʧʦʢ) ï 

ʯʝʨʚʦʥʠʡ 

ʆʩʮʠʣʦʛʨʘʬ ʚʽʜʦʙʨʘʞʘʻ ʩʠʛʥʘʣʠ ʟʘ ʜʚʦʤʘ ʧʨʦʤʝʥʷʤʠ: ʚʝʨʭʥʽʡ (ʟʝʣʝʥʠʡ) ï 

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

ʧʨʠʡʤʘʻʪʴʩʷ ʚʽʜ ʪʝʨʤʽʥʘʣʫ: 37(hex). 

ʈʦʟʛʣʷʥʝʤʦ ʩʠʛʥʘʣ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʄʂ (ʢʥʦʧʦʢ). 

ʇʝʨʰʠʡ ʧʝʨʝʧʘʜ ʽʟ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʫ ʥʠʟʴʢʠʡ ï ʩʪʘʨʪ-ʙʽʪ. 

ʇʦʪʽʤ ʽʜʫʪʴ ʚʽʩʽʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ ʤʦʣʦʜʰʦʛʦ ʨʦʟʨʷʜʫ, 

ʷʢʽ ʙʫʜʫʪʴ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ ʚʽʨʪʫʘʣʴʥʦʤʫ ʪʝʨʤʽʥʘʣʽ ʪʘ ʦʩʮʠʣʦʛʨʘʬʽ, ʷʢ              

01100101(bin) = 65 (hex). ɼʘʣʽ ʽʜʝ 9-ʡ ʙʽʪ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʥʫʣ,ʁ ʪʦʤʫ ʱʦ ʯʠʩʣʦ 

ʦʜʠʥʠʮʴ ʚ ʙʘʡʪʽ, ʷʢʠʡ ʙʫʣʦ ʧʝʨʝʜʘʥʦ ï ʧʘʨʥʝ (ʨʦʟʨʷʜ P ʚ ʨʝʛʽʩʪʨʽ ʧʨʘʧʦʨʮʽʚ 

ʤʽʢʨʦʢʦʥʪʦʨʦʣʝʨʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ). ʆʩʪʘʥʥʽʡ 10-ʡ ʙʽʪ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʮʝ  

ʩʪʦʧ-ʙʽʪ.  

10. ɺʠʟʥʘʯʠʤʦ ʦʪʨʠʤʘʥʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ, ʷʢʫ ʙʫʣʦ ʦʙʨʘʥʦ                                    

9600 ʙʽʪ/ʩʝʢ = 9600 ʧʦʩ/ʩʝʢ = 9600 ʙʦʜ. ɼʣʷ ʮʴʦʛʦ ʧʽʜʙʝʨʝʤʦ ʪʘʢʫ ʨʦʟʛʦʨʪʢʫ 

ʩʠʛʥʘʣʫ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ, ʱʦʙ ʩʫʤʽʩʪʠʪʠ ʙʽʯʥʽ ʩʪʦʨʦʥʠ ʽʤʧʫʣʴʩʫ ʽʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ 

ʣʽʥʽʷʤʠ ʩʽʪʢʠ ʦʩʮʠʣʦʛʨʘʬʘ. ɼʣʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 9600 ʙʽʪ/ʩʝʢ ʦʪʨʠʤʘʻʤʦ 

ʥʘʩʪʫʧʥʫ ʢʘʨʪʠʥʫ (ʨʠʩ. 6.16). 

ʗʢ ʤʠ ʙʘʯʠʤʦ, ʪʨʠʚʘʣʽʩʪʴ ʦʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʜʦʨʽʚʥʶʻ 0,104 ʤʩ. ʗʢʱʦ 

ʨʦʟʜʽʣʠʪʠ ʦʜʠʥ ʙʽʪ ʥʘ ʮʝʡ ʯʘʩ, ʪʘ ʧʦʤʥʦʞʠʪʠ ʥʘ 1000, ʦʪʨʠʤʘʻʤʦ ʟʘʜʘʥʫ 

ʰʚʠʜʢʽʩʪʴ: 

V = 
 Ȣ

ρzπππωφππ 
̨̂̓

̒̆̋
. 
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ʈʠʩ. 6.16. ɺʠʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ 

ʅʠʞʯʝ ʨʦʟʛʣʷʥʫʪʦ ʱʝ ʦʜʠʥ ʧʨʠʢʣʘʜ (ʨʠʩ. 6.17, 6.18), ʢʦʣʠ ʥʘ ʢʥʦʧʢʘʭ ʙʫʣʦ 

ʥʘʙʨʘʥʦ ʯʠʩʣʦ 67(hex) = 01100111(bin). ʅʘ ʚʝʨʭʥʴʦʤʫ ʟʝʣʝʥʦʤʫ ʧʨʦʤʝʥʽ 

ʦʩʮʠʣʦʛʨʘʬʘ ʧʦʙʘʯʠʤʦ: ʧʝʨʰʽʡ ʥʫʣʴ ï ʩʪʘʨʪ-ʙʽʪ, ʧʦʪʽʤ 3 ʦʜʠʥʠʮʽ ʪʘ ʦʜʠʥ 0 ï ʮʝ 

ʯʠʩʣʦ 7 ʥʘ ʢʥʦʧʢʘʭ (ʤʦʣʦʜʰʘ ʪʝʪʨʘʜʘ ʙʘʡʪʘ), ʜʘʣʽ ʡʜʝ ʥʫʣʴ, ʜʚʽ ʦʜʠʥʠʮʽ ʪʘ ʥʫʣʴ ï 

ʮʝ ʯʠʩʣʦ 6 ʥʘ ʢʥʦʧʢʘʭ (ʩʪʘʨʰʘ ʪʝʪʨʘʜʘ), ʘ ʧʦʪʽʤ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ ʙʘʯʠʤʦ 1 ï ʮʝ ʙʽʪ 

ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʧʘʨʥʦʩʪʽ, ʪʘ ʥʘʩʪʫʧʥʘ ʦʜʠʥʠʮʷ ï ʩʪʦʧ-ʙʽʪ. 

 
ʈʠʩ. 6.17. ʇʝʨʝʜʘʯʘ ʯʠʩʣʘ: 67(hex) = 01100111(bin) 

 

 
 

ʈʠʩ. 6.18. ɺʽʜʦʙʨʘʞʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ: ʚʽʜ ʪʝʨʤʽʥʘʣʫ ï ʯʝʨʚʦʥʠʡ,  

ʚʽʜ ʄʂ (ʢʥʦʧʦʢ) ï ʟʝʣʝʥʠʡ 
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6.11.3. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ  

ʉʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6.19. 

6.11.4. ʈʦʙʦʯʘ ʧʨʦʛʨʘʤʘ 

ʅʠʞʯʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʣ̔ʩʪʠʥʛ ʨʦʙʦʯʦʾ ʧʨʦʛʨʘʤʠ ʤʦʚʦʶ ɸʩʝʤʙʣʝʨ, ʷʢʫ 

ʨʦʟʨʦʙʣʝʥʦ ʟʛʽʜʥʦ ʟ ʘʣʛʦʨʠʪʤʦʤ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6.19. ɺ ʜʫʞʢʘʭ ʧʨʘʚʦʨʫʯ 

ʙʽʣʷ ʢʦʞʥʦʾ ʢʦʤʘʥʜʠ ʮʠʬʨʦʶ ʚʽʜʤʽʯʝʥʦ ʥʦʤʝʨ ʙʣʦʢʫ ʩʭʝʤʠ ʘʣʛʦʨʠʪʤʫ, ʷʢʠʡ 

ʨʝʘʣʽʟʫʻ ʮʷ ʢʦʤʘʥʜʘ. 

 

 

  



 

158 

 

 
 

ʈʠʩ. 6.19. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʤʦʜʝʣʽ 
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ʈʦʙʦʯʘ ʧʨʦʛʨʘʤʘ ʤʦʚʦʶ ɸʩʝʤʙʣʝʨ  

 

.nolist    ; ʜʠʨʝʢʪʠʚʘ ʚʽʜʢʣʶʯʘʻ ʛʝʥʝʨʘʮʽʶ ʢʦʜʫ ʫ ʣʽʩʪʠʥʛ,  

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

.include "m8515def.inc"  ; ʧʽʜʢʣʶʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʘʛʦʣʦʚʥʦʛʦ  

; ʬʘʡʣʫ ʜʣʷ ATmega8515 

.list    ; ʜʠʨʝʢʪʠʚʘ ʚʢʣʶʯʘʻ ʛʝʥʝʨʘʮʽʶ ʢʦʜʫ ʫ 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 ʦʟʥʘʯʘʻ, ʱʦ ʜʘʣʽ ʽʜʝ ʢʦʜ ʧʨʦʛʨʘʤʠ 

.org 0   ; ʜʠʨʝʢʪʠʚʘ ʦʟʥʘʯʘʻ, ʱʦ  ʢʦʜ ʧʨʦʛʨʘʤʠ ʫ FLASH ʙʫʜʝ  

; ʨʦʟʤʽʱʝʥʦ ʟ ʥʫʣʴʦʚʦʾ ʘʜʨʝʩʠ  

; ʂʆɼ ʆʉʅʆɺʅʆɰ ʇʈʆɻʈɸʄʀ 

 

main: 

; ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʟ ʤʽʪʢʠ init_USART 

rcall init_USART ; (ʙʣʦʢ 2) ʚʽʜʥʦʩʥʠʡ ʚʠʢʣʠʢ ʧʽʜʧʨʦʛʨʘʤʠ  

; ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʨʪʫ ʉ ʥʘ ʧʝʨʝʜʘʯʫ  

LDI R16, 0xFF  ; (ʙʣʦʢ 2) R16ă 0xFF  

OUT DDRC, R16  ; (ʙʣʦʢ 2) DDRCă R16  

; (ʙʣʦʢ 3) ʦʪʨʠʤʫʻʤʦ ʪʝ, ʱʦ ʚʽʜʧʨʘʚʠʚ ʚʽʨʪʫʘʣʴʥʠʡ ʪʝʨʤʽʥʘʣ  

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

              ; USART_recieve  

; (ʙʣʦʢ 4) ʚʠʚʦʜʠʤʦ ʦʪʨʠʤʘʥʝ ʚʽʜ ʪʝʨʤʽʥʘʣʫ ʥʘ ʩʚʽʪʣʦʜʽʦʜʠ  

OUT PORTC, R16 ; (ʙʣʦʢ 4) PORTCăR16  

; (ʙʣʦʢ 5) ʥʘʣʘʰʪʦʚʫʻʤʦ ʧʦʨʪ ɸ ʷʢ ʧʝʨʝʜʘʚʘʯ 

LDI R16, 0x00  ; (ʙʣʦʢ 5) R16ă0x00  

OUT DDRA, R16  ; (ʙʣʦʢ 5) DDRɸă R16  

                                        ; (ʙʣʦʢ 6) ʯʠʪʘʻʤʦ ʩʪʘʥ ʢʥʦʧʦʢ 

in R16, PINA  ; (ʙʣʦʢ 6) R16ă PINA  

; (ʙʣʦʢ 7) ʚʠʚʦʜʠʤʦ ʦʪʨʠʤʘʥʝ ʚʽʜ ʢʥʦʧʦʢ ʥʘ ʩʚʽʪʣʦʜʽʦʜʠ  

OUT PORTC, R16 ; (ʙʣʦʢ 7) PORTCăR16  

; (ʙʣʦʢ 8)  ʧʽʜʧʨʦʛʨʘʤʘ ʟ ʤʽʪʢʦʶ USART_send ʚʽʜʧʨʘʚʣʷʻ ʩʪʘʥ ʢʥʦʧʦʢ ʥʘ 

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

             ; USART_ send 

 

; (ʙʣʦʢ 1) ʇɯɼʇʈʆɻʈɸʄɸ ɯʅɯʎɯɸʃɯɿɸʎɯɰ ʋʉɸʇʇ-ʄʆɼʋʃʗ  

init_USART: 

; ʧʨʦʛʨʘʤʫʻʤʦ ʰʚʠʜʢʽʩʪʴ ʦʙʤʽʥʫ 9600 ʙʦʜ 

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  

; ʜʦʟʚʦʣʷʻʤʦ ʨʦʙʦʪʫ ʧʨʠʡʤʘʯʘ-ʧʝʨʝʜʘʚʘʯʘ ʤʦʜʫʣʷ USART  

ldi   R16, (1<<RXEN)|(1<<TXEN)  

out   UCSRB, R16                    ; (ʙʣʦʢ 1) UCSRBăR16  

; ʧʨʦʛʨʘʤʫʻʤʦ ʧʝʨʝʜʘʯʫ 8 ʙʽʪ ʟ ʧʝʨʝʚʽʨʢʦʶ ʥʘ ʧʘʨʥʽʩʪʴ ʪʘ ʦʜʥʠʤ ʩʪʦʧ-ʙʽʪʦʤ 

; ʚ ʘʩʠʥʭʨʦʥʦʤʫ ʨʝʞʠʤʽ  

ldi   R16, (1<< URSEL)|(1<<UPM1)|(1<<UPM0)|(1<< UCSZ1)|(1<< UCSZ0) 

out   UCSRC, R16   ; (ʙʣʦʢ 1) UCSRCă R16  

ret          ; (ʙʣʦʢ 1) ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤʠ ʽʥʽʮʽʘʣʽʟʘʮʽʾ  

 

; ʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʤʦʜʫʣʴ ʋʉɸʇʇ 

USART_send: 

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

sending:         

; ʯʝʢʘʻʤʦ 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 ʧʨʦʧʫʩʪʠʪʠ ʥʘʩʪʫʧʥʫ ʢʦʤʘʥʜʫ,  

; ʽʥʘʢʰʝ ʥʘʩʪʫʧʥʘ ʢʦʤʘʥʜʘ  

rjmp  USART_recieve ; (ʙʣʦʢ 3) ʙʝʟʫʤʦʚʥʠʡ ʧʝʨʝʭʽʜ ʥʘ ʤʽʪʢʫ  

; USART_recieve  

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

; ʨʝʛʽʩʪʨ  R16 ʦʪʨʠʤʘʥʠʡ ʙʘʡʪ ʚʽʜ ʪʝʨʤʽʥʘʣʘ  

ret             ; (ʙʣʦʢ 3) ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤʠ  
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ  

1. ʑʦ ʪʘʢʝ ʋʉɸʇʇ (USART) ʪʘ ʋɸʇʇ (UART)?  

2. ɿ ʷʢʠʭ ʪʨʴʦʭ ʯʘʩʪʠʥ ʩʢʣʘʜʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʫʣ ̫ʋʉɸʇʇ/ʋɸʇʇ? 

ʗʢʽ ʝʣʝʤʝʥʪʠ ʤʽʩʪʠʪʴ ʢʦʞʥʘ ʟ ʥʠʭ? 

3. ʗʢʽ ʨʝʛʽʩʪʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʤʦʜʫʣʷʤʠ ʋɸʇʇ ʪʘ 

ʋʉɸʇʇ?  

4. ʏʠʤ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʟʘʜʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʧʨʠʡʦʤʫ ʪʘ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ? 

5. ʇʦʷʩʥʽʪʴ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʙʣʦʢʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʤʦʜʫʣʷ ʋʉɸʇʇ ʜʣʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Mega 128. 

6. ʗʢʽ ʨʝʞʠʤʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʽʜʪʨʠʤʫʻ ʋʉɸʇʇ? 

7. ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʦʙʤʽʥʫ ʚ ʤʦʜʫʣʽ ʋʉɸʇʇ? 

8. ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨ ʩʣʦʚʘ ʜʘʥʠʭ ʫ ʤʦʜʫʣʷʭ ʋʉɸʇʇ? 

9. ʗʢ ʧʨʘʮʶʻ ʩʭʝʤʘ ʢʦʥʪʨʦʣʶ ʧʘʨʥʦʩʪʽ? 

10.  ʗʢ ʧʨʦʭʦʜʠʪʴ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʚ ʤʦʜʫʣʷʭ ʋʉɸʇʇ? 

11.  ʗʢ ʧʨʦʭʦʜʠʪʴ ʧʨʠʡʦʤ ʜʘʥʠʭ ʚ ʤʦʜʫʣʷʭ ʋʉɸʇʇ? 

12.  ʑʦ ʪʘʢʝ ʨʝʞʠʤ ʤʫʣʴʪʠʢʦʥʪʨʦʣʝʨʥʦʛʦ ʦʙʤʽʥʫ? 

13.  ʆʧʠʰʽʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʽʡ ʤʝʨʝʞʽ. 

14.  ʗʢ ʚʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʟʚʠʯʘʡʥʦʛʦ ʨʝʞʠʤʫ? 

15.  ʗʢ ʚʠʟʥʘʯʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʜʘʯʽ ʢʘʜʨʫ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʦʛʦ ʨʝʞʠʤʫ? 

16.  ʗʢ ʚ ʤʦʜʝʣʽ ʧʽʜʢʣʶʯʝʥʦ ʢʥʦʧʢʠ, ʷʢʽ ʟʘʜʘʶʪʴ ʙʘʡʪ ʜʣʷ ʧʝʨʝʜʘʯʽ? 

17.  ʗʢ ʚ ʤʦʜʝʣʽ ʧʽʜʢʣʶʯʝʥʦ ʩʚʽʪʣʦʜʽʦʜʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʝʨʝʜʘʥʫ ʚ 

ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʶ? 

18.  ʗʢ ʚ ʤʦʜʝʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʜʘʥʦʛʦ ʙʽʪʘ? 

19.  ʆʧʠʰʽʪʴ ʬʦʨʤʘʪ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʘ UCSRC. 

20.  ʗʢ ʚ ʧʨʦʛʨʘʤʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʨʪʫ ɸ ʥʘ ʧʝʨʝʜʘʯʫ? 

21.  ʗʢ ʚ ʧʨʦʛʨʘʤʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩ ʟʘʚʝʨʰʝʥʥʷ ʧʝʨʝʜʘʯʽ ʪʘ ʧʨʠʡʦʤʫ 

ʯʝʨʛʦʚʦʛʦ ʙʘʡʪʘ? 

22.  ɼʘʡʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ASCII-ʢʦʜʫ. 

23.  ʇʦʷʩʥʽʪʴ ʷʢ ʚ ʤʦʜʝʣʽ ʧʽʜʢʣʶʯʝʥʦ ʩʚʽʪʣʦʜʽʦʜʠ ʪʘ ʚ ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʠ 

ʙʫʜʫʪʴ ʩʚʽʪʠʪʠʩʷ. 

24.  ʗʢ ʧʨʘʮʶʶʪʴ ʩʭʝʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʽ ʜʘʥʠʭ ʧʨʠ 

ʘʩʠʥʭʨʦʥʥʦʤʫ ʧʨʠʡʦʤʽ? 
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7. ʇʈʆɽʂʊʋɺɸʅʅʗ ʇʆʉʃɯɼʆɺʅʆɻʆ ʉʀʅʍʈʆʅʅʆɻʆ ɯʅʊɽʈʌɽʁʉʋ 

TWI  

7.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥ̔ʪʝʨʬʝʡʩʫ I 2C (TWI ) 

ɯʥʪʝʨʬʝʡʩ I2C (InterIC, ʘʙʦ IIC) ʻ ʜʚʦʧʨʦʚʽʜʥʠʤ ʧʦʩʣʽʜʦʚʥʠʤ ʩʠʥʭʨʦʥʥʠʤ 

ʽʥʪʝʨʬʝʡʩʦʤ, ʷʢʠʡ ʨʦʟʨʦʙʣʝʥʦ ʬʽʨʤʦʶ ñPhilips Corporationò, ʽ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ 

ʟʚ'ʷʟʢʫ ʤʽʞ ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʤʽʢʨʦʩʭʝʤʘʤʠ ʘʙʦ ʤʦʜʫʣʷʤʠ. ɯʩʥʫʻ ʮʽʣʘ ʛʨʫʧʘ                

I2C-ʩʫʤʽʩʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʨʽʟʥʠʭ ʜʦʜʘʪʢʽʚ: ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʽ ʪʘ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʤʽʢʨʦʩʭʝʤʠ ʧʘʤôʷʪʽ, ʜʘʚʘʯʽ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ, ʱʦ ʤʽʩʪʷʪʴ ʤʦʜʫʣʴ 

I2C ʽ ʪ. ʽʥ [1é7]. ɯʥʪʝʨʬʝʡʩ I2C ʚ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʤʘʻ ʥʘʟʚʫ TWI. 

ʐʠʥʘ ʽʥʪʝʨʬʝʡʩʫ I2C ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʣʽʥʽʡ: 

- ʜʚʦʥʘʧʨʘʚʣʝʥʦʾ ʣʽʥʽʾ ʜʘʥʠʭ (SDA); 

- ʣʽʥʽʾ ʪʘʢʪʦʚʠʭ (ʩʠʥʭʨʦ) ʽʤʧʫʣʴʩʽʚ (SCL). 

ʅʘ ʨʠʩ. 7.1 ʥʘʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʪʠʧʦʚʦʾ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʦʾ ʤʝʨʝʞʽ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʽʥʪʝʨʬʝʡʩ (ʰʠʥʫ) I2C. 

 

ʈʠʩ. 7.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʝʨʝʞʽ ʟ ʽʥʪʝʨʬʝʡʩʦʤ I2C 

ʃʽʥʽʾ SDA ʽ SCL ʰʠʥʠ ʟ'ʻʜʥʘʥʽ ʟ ʜʦʜʘʪʥʠʤ ʧʦʣʶʩʦʤ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ 

(+Vcc) ʯʝʨʝʟ ʧʽʜʪʷʛʫʶʯʽ ʨʝʟʠʩʪʦʨʠ: R1 ʪʘ R2. 

ʇʝʨʝʜʘʚʘʯ ʛʝʥʝʨʫʻ ʽ ʧʝʨʝʜʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʘ ʧʨʠʡʤʘʯ ʡʦʛʦ ʧʨʠʡʤʘʻ. 

ʆʜʠʥ ʽʟ ʜʚʦʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʦʙʤʽʥʽ, ʻ ʚʝʜʫʯʠʤ (master), ʘ 

ʽʥʰʠʡ ï ʚʝʜʝʥʠʤ (slave). ɺʝʜʫʯʠʡ ʧʨʠʩʪʨʽʡ ʢʝʨʫʻ ʨʦʙʦʪʦʶ ʰʠʥʠ ʪʘ ʬʦʨʤʫʻ ʪʘʢʪʦʚʽ 

ʩʠʛʥʘʣʠ (ʩʠʥʭʨʦʩʠʛʥʘʣʠ) SCL. 

ʂʦʞʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʦʙʤʽʥʫ ʽʥʪʝʨʬʝʡʩ I2C, ʤʘʻ ʩʚʦʶ 

ʘʜʨʝʩʫ. ʂʦʣʠ ʚʝʜʫʯʠʡ ʧʨʠʩʪʨʽʡ ʙʘʞʘʻ ʽʥʽʮʽʶʚʘʪʠ ʦʙʤʽʥ ʜʘʥʠʤʠ, ʚʽʥ ʧʝʨʝʜʘʻ ʥʘ 

ʣʽʥʽʶ SDA ʘʜʨʝʩʫ ʧʨʠʩʪʨʦʶ, ʟ ʷʢʠʤ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʦʙʤʽʥ (ʧʝʨʝʜʘʯʘ/ʧʨʠʡʦʤ). 

ɺʩʽ ʚʝʜʝʥʽ ʧʨʠʩʪʨʦʾ ʩʣʽʜʢʫʶʪʴ ʟʘ ʘʜʨʝʩʦʶ, ʷʢʘ ʚʠʩʪʘʚʣʷʻʪʴʩʷ ʥʘ ʰʠʥʫ, ʽ 

ʧʦʨʽʚʥʶʶʪʴ ʾʾ ʽʟ ʚʣʘʩʥʦʶ ʤʝʨʝʞʝʚʦʶ ʘʜʨʝʩʦʶ. ʇʽʩʣʷ ʘʜʨʝʩʠ ʚʝʜʫʯʠʡ ʧʝʨʝʜʘʻ ʙʽʪ 
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ʥʘʧʨʷʤʫ , ʷʢʠʡ ʚʠʟʥʘʯʘʻ, ʯʠ ʙʫʜʝ ʚʝʜʫʯʠʡ ʯʠʪʘʪʠ ʜʘʥʽ ʚʽʜ ʚʝʜʝʥʦʛʦ                       

( ), ʯʠ ʙʫʜʝ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʚʝʜʝʥʦʤʫ (). ɺʝʜʝʥʠʡ ʧʨʠʡʤʘʯ ʧʽʩʣʷ 

ʦʜʝʨʞʘʥʥʷ ʘʜʨʝʩʠ ʘʙʦ ʜʘʥʠʭ ʚʠʜʘʻ ʥʘ ʰʠʥʫ SDA ʙʽʪ ʧʽʜʪʚʝʨʜʞʝʥʥʷ (ʣʦʛʽʯʥʠʡ 

ʥʫʣʴ). ɯʥʪʝʨʬʝʡʩ I2C ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʚʘ ʬʦʨʤʘʪʠ ʘʜʨʝʩʠ: 

- 7-ʤʠ ʙʽʪʥʫ ʘʜʨʝʩʫ; 

- 10-ʪʠ ʙʽʪʥʫ ʘʜʨʝʩʫ. 

ɺ AVR-ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʩʽʤʝʡʩʪʚʘ Mega ʚʠʢʦʨʠʩʪʦʚʫʻʪʴ ʩʴʦʤʠʙʽʪʥʘ 

ʘʜʨʝʩʘ. 

ʅʘ ʨʠʩ. 7.2 ʥʘʚʝʜʝʥʦ ʬʦʨʤʘʪ ʘʜʨʝʩʠ, ʥʘ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ 

ʧʦʟʥʘʯʝʥʥʷ: S ï ʫʤʦʚʘ çʉʊɸʈʊè, ï ʙʽʪ ç è,  ï ʙʽʪ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ. 

 

ʈʠʩ. 7.2. ʌʦʨʤʘʪ 7-ʙʽʪʥʦʾ ʘʜʨʝʩʠ 

ʅʘ ʨʠʩ. 7.3 ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʪʘʥʠ ʥʘ ʰʠʥʽ 

(ʨʠʩ. 7.3ʘ), ʘ ʪʘʢʦʞ ʧʦʷʩʥʶʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʧʽʜʪʚʝʨʜʞʝʥʥʷ (ʨʠʩ. 7.3ʙ). 

ʅʘʚʝʜʝʥʽ ʜʽʘʛʨʘʤʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʩʪʫʧʥʽ ʢʦʨʝʢʪʥʽ ʩʪʘʥʠ ʩʠʛʥʘʣʽʚ ʥʘ ʰʠʥʽ 

ʧʽʜ ʯʘʩ ʦʙʤʽʥʫ ʜʘʥʠʤʠ: 

- ʰʠʥʘ ʥʝ ʟʘʡʥʷʪʘ: ʥʘ ʦʙʦʭ ʣʽʥʽʷʭ ʦʜʠʥʠʮʽ (SDA = SCL = 1); 

- ʧʦʯʘʪʦʢ ʦʙʤʽʥʫ ʜʘʥʠʤʠ (ʫʤʦʚʘ çʉʊɸʈʊè ï S): ʟʤʽʥʘ ʩʠʛʥʘʣʫ ʥʘ ʣʽʥʽʾ ʜʘʥʠʭ 

SDA ʟ ʦʜʠʥʠʮʽ ʚ ʥʫʣʴ ʧʨʠ ʦʜʠʥʠʯʥʦʤʫ ʟʥʘʯʝʥʥʽ ʩʠʛʥʘʣʫ ʥʘ ʣʽʥʽʾ SCL; 

- ʧʨʠʧʠʥʝʥʥʷ ʧʝʨʝʜʘʯʽ (ʫʤʦʚʘ çʉʊʆʇè ï P): ʟʤʽʥʘ ʩʠʛʥʘʣʫ ʥʘ ʣʽʥʽʾ ʜʘʥʠʭ ʟ 

ʥʫʣʷ ʚ ʦʜʠʥʠʮʶ ʧʨʠ ʦʜʠʥʠʯʥʦʤʫ ʟʥʘʯʝʥʥʽ ʩʠʛʥʘʣʫ ʥʘ ʣʽʥʽʾ SCL;  

- ʢʦʨʝʢʪʥʽʩʪʴ ʜʘʥʠʭ: ʱʦʙ ʥʝ ʩʬʦʨʤʫʚʘʪʠ ʥʝʚʽʨʥʫ ʫʤʦʚʫ çʉʊɸʈʊè ʘʙʦ 

çʉʊʆʇè ʩʪʘʥ ʣʽʥʽʾ ʜʘʥʠʭ ʥʝ ʧʦʚʠʥʝʥ ʟʤʽʥʶʚʘʪʠʩʷ ʧʨʠ ʦʜʠʥʠʯʥʦʤʫ 

ʟʥʘʯʝʥʥʽ ʩʠʛʥʘʣʫ ʥʘ ʣʽʥʽʾ SCL. ɼʘʥʽ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ, ʷʢʱʦ ʥʘ ʣʽʥʽʾ SCL 

ʧʨʠʩʫʪʥʽʡ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ (ʣʦʛʽʯʥʠʡ ʥʫʣʴ). ʅʘ ʦʜʠʥ ʙʽʪ ʽʥʬʦʨʤʘʮʽʾ 

ʥʘ ʣʽʥʽʾ SDA ʤʽʩʪʠʪʴʩʷ ʦʜʠʥ ʪʘʢʪʦʚʠʡ ʽʤʧʫʣʴʩ ʥʘ ʣʽʥʽʾ SCL. ʂʦʞʥʠʡ ʮʠʢʣ 

ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʧʦʯʠʥʘʻʪʴʩʷ ʫʤʦʚʦʶ çʉʊɸʈʊè ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ ʫʤʦʚʦʶ 

çʉʊʆʇè. ʂʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪʽʚ ʜʘʥʠʭ, ʧʝʨʝʜʘʥʠʭ ʤʽʞ ʮʠʤʠ 

ʩʪʘʥʘʤʠ, ʥʝʦʙʤʝʞʝʥʘ. ɼʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦʙʘʡʪʦʚʦ. ʇʨʠʡʤʘʯ 

ʧʽʜʪʚʝʨʜʞʫʻ ʦʜʝʨʞʘʥʥʷ ʯʝʨʛʦʚʦʛʦ ʙʘʡʪʘ, ʧʦʩʠʣʘʶʯʠ ʙʽʪ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

(ʣʦʛʽʯʥʠʡ ʥʫʣʴ) ʧʽʩʣʷ ʧʨʠʡʦʤʫ ʢʦʞʥʦʛʦ ʙʘʡʪʘ; 

WR/

1/ =WR 0/ =WR

WR/ ʟʘʧʠʩʯʠʪʘʥʥʷ/ ACK
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- ʙʽʪ ʧʽʜʪʚʝʨʜʞʝʥʥʷ: ʧʝʨʝʜʘʻʪʴʩʷ ʧʽʩʣʷ ʧʨʠʡʦʤʫ ʢʦʞʥʦʛʦ ʙʘʡʪʘ ʜʘʥʠʭ 

ʘʙʦ ʘʜʨʝʩʠ. ɸʢʪʠʚʥʠʡ ʧʝʨʝʜʘʚʘʯ (ʚʝʜʝʥʠʡ ʘʙʦ ʚʝʜʫʯʠʡ) ʧʽʩʣʷ ʧʝʨʝʜʘʯʽ 

ʯʝʨʛʦʚʦʛʦ ʙʘʡʪʘ ʬʦʨʤʫʻ ʥʘ ʣʽʥʽʾ SDA ʩʠʛʥʘʣ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. ɺʝʜʫʯʠʡ 

ʧʨʠʩʪʨʽʡ (ʧʨʠʡʤʘʯ ʘʙʦ ʧʝʨʝʜʘʚʘʯ) ʬʦʨʤʫʻ ʥʘ ʣʽʥʽʾ SCL ʪʘʢʪʦʚʠʡ 

ʽʤʧʫʣʴʩ, ʘ ʧʨʠʡʤʘʯ (ʚʝʜʫʯʠʡ ʘʙʦ ʚʝʜʝʥʠʡ) ʚʠʜʘʻ ʥʘ ʣʽʥʽʶ ʜʘʥʠʭ SDA 

ʩʠʛʥʘʣ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ. ʇʨʠʡʤʘʯ, ʱʦ ʛʝʥʝʨʫʻ ʙʽʪ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʧʽʜʢʣʶʯʘʻ ʣʽʥʽʶ SDA ʜʦ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʽ ʫʪʨʠʤʫʻ ʾʾ ʚ 

ʮʴʦʤʫ ʩʪʘʥʽ ʜʦʪʠ, ʜʦʢʠ ʪʘʢʪʦʚʠʡ ʽʤʧʫʣʴʩ ʣʽʥʽʾ SCL ʥʝ ʧʝʨʝʢʣʶʯʠʪʴʩʷ 

ʫ ʩʪʘʥ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ. ɼʣʷ ʧʨʠʧʠʥʝʥʥʷ ʦʙʤʽʥʫ ʧʨʠʡʤʘʯ ʧʦʚʠʥʝʥ 

ʟʘʣʠʰʠʪʠ ʦʩʪʘʥʥʽʡ ʧʨʠʡʥʷʪʠʡ ʙʘʡʪ ʙʝʟ ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʱʦ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʢʣʠʢʘʻ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʤ ʧʝʨʝʜʘʚʘʯʝʤ ʫʤʦʚʠ 

çʉʊʆʇè. 
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ɼʣʷ ʽʥʪʝʨʬʝʡʩʫ I2C ʤʦʞʣʠʚʽ ʯʦʪʠʨʠ ʨʝʞʠʤʠ (ʪʠʧʠ) ʦʙʤʽʥʫ ʜʘʥʠʤʠ: 

1) ɺʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯ: ʥʘ ʚʠʭʽʜ SDA ʧʝʨʝʜʘʚʘʯʘ ʚʠʚʦʜʷʪʴʩʷ ʜʘʥʽ, ʘ ʥʘ ʣʽʥʽʶ 

SCL ï ʩʠʥʭʨʦʽʤʧʫʣʴʩʠ. ʇʝʨʰʠʡ ʧʝʨʝʜʘʥʠʡ ʙʘʡʪ ʤʽʩʪʠʪʴ ʘʜʨʝʩʫ ʚʝʜʝʥʦʛʦ 

ʧʨʠʡʤʘʯʘ (7 ʙʽʪ) ʽ ʙʽʪ ʥʘʧʨʷʤʫ ʦʙʤʽʥʫ ʜʘʥʠʤʠ , ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʷ ʟʘʧʠʩ (ʧʝʨʝʜʘʯʘ). ɼʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʧʦ 8 ʙʽʪ. ʇʽʩʣʷ 

ʧʝʨʝʜʘʯʽ ʯʝʨʛʦʚʦʛʦ ʙʘʡʪʘ (ʘʜʨʝʩʠ ʘʙʦ ʜʘʥʠʭ), ʚʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯ ʦʯʽʢʫʻ ʚʽʜ 

ʚʝʜʝʥʦʛʦ ʧʨʠʡʤʘʯʘ ʙʽʪ ʧʽʜʪʚʝʨʜʞʝʥʥʷ . ɼʣʷ ʟʘʜʘʥʥʷ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʷ ʩʝʘʥʩʫ 

ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʚʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯ ʬʦʨʤʫʻ ʫʤʦʚʠ çʉʊɸʈʊè ʽ çʉʊʆʇè. 

2) ɺʝʜʫʯʠʡ ʧʨʠʡʤʘʯ: ʥʘ ʧʦʯʘʪʢʫ ʩʝʘʥʩʫ ʦʙʤʽʥʫ ʚʝʜʫʯʠʡ ʧʨʠʡʤʘʯ ʧʝʨʝʜʘʻ ʥʘ 

ʣʽʥʽʶ SDA ʘʜʨʝʩʫ ʚʝʜʝʥʦʛʦ ʧʝʨʝʜʘʚʘʯʘ (7 ʙʽʪ) ʽ ʙʽʪ ʥʘʧʨʷʤʫ ʦʙʤʽʥʫ , ʱʦ 

ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʝʜʫʯʠʡ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʠʡʦʤ. ɺʝʜʫʯʠʡ ʧʨʠʡʤʘʯ ʬʦʨʤʫʻ 

ʽʤʧʫʣʴʩʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʣʽʥʽʻʶ SCL. ʇʽʩʣʷ ʧʨʠʡʦʤʫ ʘʜʨʝʩʠ 

ʚʝʜʝʥʠʡ ʧʝʨʝʜʘʚʘʯ ʚʠʩʪʘʚʣʷʻ ʥʘ ʣʽʥʽʶ SDA ʩʠʛʥʘʣ ʧʽʜʪʚʝʨʜʞʝʥʥʷ , ʘ ʧʦʪʽʤ 

ʧʝʨʝʜʘʻ ʜʘʥʽ. ɼʘʥʽ ʚʽʜ ʚʝʜʝʥʦʛʦ ʧʝʨʝʜʘʚʘʯʘ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʧʦ 8 ʙʽʪ ʣʽʥʽʻʶ 

SDA. ʇʽʩʣʷ ʧʨʠʡʦʤʫ ʯʝʨʛʦʚʦʛʦ ʙʘʡʪʘ ʚʝʜʫʯʠʡ ʧʨʠʡʤʘʯ ʚʠʩʪʘʚʣʷʻ ʥʘ ʣʽʥʽʶ SDA 

ʩʠʛʥʘʣ ʧʽʜʪʚʝʨʜʞʝʥʥʷ . ʋʤʦʚʠ çʉʊɸʈʊè ʽ çʉʊʆʇè ʬʦʨʤʫʶʪʴʩʷ ʚʝʜʫʯʠʤ 

ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʚʢʘʟʘʥʥʷ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʷ ʩʝʘʥʩʫ ʦʙʤʽʥʫ ʧʦʩʣʽʜʦʚʥʠʤʠ ʜʘʥʠʤʠ. 

3) ɺʝʜʝʥʠʡ ʧʨʠʡʤʘʯ: ʚʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯ ʚʠʜʘʻ ʥʘ ʣʽʥʽʶ SDA ʘʜʨʝʩʫ 

ʚʝʜʝʥʦʛʦ ʧʨʠʡʤʘʯʘ ʡ ʙʽʪ ʥʘʧʨʷʤʫ , ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʙʫʜʝ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʘʧʠʩ (ʧʝʨʝʜʘʯʘ). ʅʘ ʣʽʥʽʾ SCL ʚʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯ ʚʠʜʘʻ 

ʩʠʥʭʨʦʽʤʧʫʣʴʩʠ. ʇʽʩʣʷ ʦʜʝʨʞʘʥʥʷ ʘʜʨʝʩʠ ʚʝʜʝʥʠʡ ʧʨʠʡʤʘʯ ʧʝʨʝʜʘʻ ʩʠʛʥʘʣ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ , ʧʽʩʣʷ ʯʦʛʦ ʚʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯ ʧʦʩʣʽʜʦʚʥʦ ʧʝʨʝʜʘʻ ʥʘ ʣʽʥʽʶ 

SDA ʜʘʥʽ. ɺʝʜʝʥʠʡ ʧʨʠʡʤʘʯ ʧʽʩʣʷ ʧʨʠʡʦʤʫ ʯʝʨʛʦʚʦʛʦ ʙʘʡʪʘ ʜʘʥʠʭ ʧʝʨʝʜʘʻ ʩʠʛʥʘʣ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ , ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʚʝʜʫʯʦʛʦ ʧʝʨʝʜʘʚʘʯʘ ʣʽʥʽʻʶ SDA. ʋʤʦʚʠ 

çʉʊɸʈʊè ʽ çʉʊʆʇè ʬʦʨʤʫʶʪʴʩʷ ʚʝʜʫʯʠʤ ʧʝʨʝʜʘʚʘʯʝʤ. 

4) ɺʝʜʝʥʠʡ ʧʝʨʝʜʘʚʘʯ: ʧʝʨʰʠʡ ʙʘʡʪ (ʘʜʨʝʩʘ)  ʥʘ ʰʠʥʽ SDA ʧʨʠʡʤʘʻʪʴʩʷ ʽ 

ʦʙʨʦʙʣʷʻʪʴʩʷ ʚʝʜʝʥʠʤ ʧʝʨʝʜʘʚʘʯʝʤ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ ʨʝʞʠʤʽ ʚʝʜʝʥʦʛʦ ʧʨʠʡʤʘʯʘ. 

ʇʨʠ ʮʴʦʤʫ ʙʽʪ ʥʘʧʨʷʤʫ , ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʝʜʫʯʠʡ ʙʫʜʝ 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʠʡʦʤ. ɼʘʥʽ ʧʦʩʣʽʜʦʚʥʦ ʧʝʨʝʜʘʶʪʴʩʷ ʣʽʥʽʻʶ SDA ʚʽʜ ʚʝʜʝʥʦʛʦ 

ʧʝʨʝʜʘʚʘʯʘ ʫ ʪʦʡ ʯʘʩ, ʷʢ ʩʠʥʭʨʦʽʤʧʫʣʴʩʠ ʧʝʨʝʜʘʶʪʴʩʷ ʣʽʥʽʻʶ SCL ʚʽʜ ʚʝʜʫʯʦʛʦ 

ʧʨʠʡʤʘʯʘ. ʇʽʩʣʷ ʧʝʨʝʜʘʯʽ ʢʦʞʥʦʛʦ ʙʘʡʪʘ ʚʝʜʝʥʠʡ ʧʝʨʝʜʘʚʘʯ ʘʥʘʣʽʟʫʻ ʥʘʷʚʥʽʩʪʴ ʥʘ 

ʣʽʥʽʾ SDA ʙʽʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ , ʷʢʠʡ ʧʝʨʝʜʘʻ ʚʝʜʫʯʠʡ ʧʨʠʡʤʘʯ. ʋʤʦʚʠ 

çʉʊɸʈʊè ʽ çʉʊʆʇè ʬʦʨʤʫʻ ʚʝʜʫʯʠʡ ʧʨʠʡʤʘʯ. 

ʋ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʤʫ (ʚʝʜʝʥʦʤʫ) ʨʝʞʠʤʽ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ ʽʥʪʝʨʬʝʡʩʫ I2C 

ʟʜʽʡʩʥʶʶʪʴ ʧʦʰʫʢ ʩʚʦʻʾ ʚʣʘʩʥʦʾ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʾ ʘʜʨʝʩʠ ʘʙʦ ʘʜʨʝʩʠ ʟʘʛʘʣʴʥʦʛʦ 

ʚʠʢʣʠʢʫ. ʗʢʱʦ ʜʝʪʝʢʪʫʻʪʴʩʷ ʦʜʥʘ ʽʟ ʮʠʭ ʘʜʨʝʩ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʧʠʪ ʥʘ ʧʝʨʝʨʠʚʘʥʥʷ 
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ʽ ʚʠʢʦʥʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʜʽʾ. ʗʢʱʦ ʤʦʜʫʣʴ I2C ʭʦʯʝ ʟʘʭʦʧʠʪʠ ʰʠʥʫ ʡ ʩʪʘʪʠ 

ʚʝʜʫʯʠʤ, ʪʦ ʚʽʥ ʯʝʢʘʻ, ʧʦʢʠ ʰʠʥʘ ʟʚʽʣʴʥʠʪʴʩʷ (SDA = SCL = 1). ʄʦʞʣʠʚʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʧʨʠ ʮʴʦʤʫ ʥʝ ʧʝʨʝʨʠʚʘʻʪʴʩʷ. 

ɼʚʘ ʽ ʙʽʣʴʰʝ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʩʧʨʦʙʫʚʘʪʠ ʩʪʘʪʠ ʚʝʜʫʯʠʤʠ ʽ ʦʜʥʦʯʘʩʥʦ 

ʟʛʝʥʝʨʫʚʘʪʠ ʫʤʦʚʫ çʉʊɸʈʊè. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʨʙʽʪʨʘʞ ʰʠʥʠ ʚ 

ʤʦʤʝʥʪʠ, ʢʦʣʠ ʰʠʥʘ SCL ʧʝʨʝʙʫʚʘʻ ʫ ʚʠʩʦʢʦʤʫ ʩʪʘʥʽ. ʗʢʱʦ ʦʜʠʥ ʚʝʜʫʯʠʡ ʧʝʨʝʜʘʻ 

ʥʘ ʣʽʥʽʶ ʜʘʥʠʭ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ, ʘ ʽʥʰʠʡ ï ʚʠʩʦʢʠʡ, ʪʦ ʦʩʪʘʥʥʽʡ ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʚʽʜ 

ʣʽʥʽʾ, ʪʦʤʫ ʱʦ ʩʪʘʥ ʰʠʥʠ SDA (ʥʠʟʴʢʠʡ) ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʩʦʢʦʤʫ ʩʪʘʥʫ 

ʚʥʫʪʨʽʰʥʴʦʾ ʰʠʥʠ ʜʘʥʠʭ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʙʘʞʘʻ ʩʪʘʪʠ ʚʝʜʫʯʠʤ. 

ʗʢʱʦ ʘʨʙʽʪʨʘʞ ʰʠʥʠ ʟʘʛʫʙʣʝʥʦ ʫ ʛʦʣʦʚʥʦʤʫ (ʚʝʜʫʯʦʤʫ) ʨʝʞʠʤʽ, ʪʦ 

ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʠʩʪʨʽʡ I2C ʧʝʨʝʢʣʶʯʘʻʪʴʩʷ ʫ ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʡ ʨʝʞʠʤ ʽ ʤʦʞʝ 

ʨʦʟʧʽʟʥʘʚʘʪʠ ʩʚʦʶ ʚʣʘʩʥʫ ʧʽʜʧʦʨʷʜʢʦʚʘʥʫ ʘʜʨʝʩʫ. 

ʅʘ ʨʠʩ. 7.4 ʥʘʚʝʜʝʥʽ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʙʤʽʥ ʜʘʥʠʤʠ 

ʰʠʥʦʶ I2C. 

 

ʈʠʩ. 7.4. ʇʨʠʢʣʘʜ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʰʠʥʦʶ I2C 

7.2. ɸʨʭʽʪʝʢʪʫʨʘ ʽʥʪʝʨʬʝʡʩʫ TWI  ʥʘ ʘʧʘʨʘʪʥʦʤʫ ʨʽʚʥʽ 

7.2.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ   

ɼʦ ʩʢʣʘʜʫ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ AVR ʩʽʤʝʡʩʪʚʘ Mega ʚʭʦʜʠʪʴ 

ʤʦʜʫʣʴ ʜʚʦʧʨʦʚʽʜʥʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ (Two Wire (Serial) 

Interface). ɺ ʜʝʷʢʠʭ ʤʦʜʝʣʷʭ ʬʫʥʢʮʽʶ TWI ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʤʦʜʫʣʴ USI [1; 7]. 

ɯʥʪʝʨʬʝʡʩ TWI ʷʚʣʷʻʪʴʩʷ ʧʦʚʥʠʤ ʘʥʘʣʦʛʦʤ ʙʘʟʦʚʦʾ ʚʝʨʩʽʾ ʽʥʪʝʨʬʝʡʩʫ I2ʉ 

ʬʽʨʤʠ çPhilipsè. ɯʥʪʝʨʬʝʡʩ TWI ʜʦʟʚʦʣʷʻ ʦʙ'ʻʜʥʘʪʠ ʨʘʟʦʤ ʜʦ 128 ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʥʘʧʨʘʚʣʝʥʦʾ ʰʠʥʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʣʽʥʽʡ: ʣʽʥʽʾ ʪʘʢʪʦʚʦʛʦ 

ʩʠʛʥʘʣʫ (SCL) ʽ ʣʽʥʽʾ ʜʘʥʠʭ (SDA). ɼʦʜʘʪʢʦʚʦ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʰʠʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʧʽʜʪʷʛʫʶʯʽ ʨʝʟʠʩʪʦʨʠ: R1, R2, ʧʦ ʦʜʥʦʤʫ ʥʘ ʢʦʞʥʫ ʣʽʥʽʶ 

(ʨʠʩ. 7.5). 
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ʈʠʩʫʥʦʢ 7.5. ɿ'ʻʜʥʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʠʥʠ ʊWI 

 

ʈʠʩ. 7.5. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʪʷʛʫʶʯʠʭ ʨʝʟʠʩʪʦʨʽʚ ʚ ʤʝʨʝʞʽ TWI  

ʈʠʩʫʥʦʢ 7.5. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʪʷʛʫʶʯʠʭ ʨʝʟʠʩʪʦʨʽʚ ʚ ʤʝʨʝʞʽ TWI  

ʐʠʥʥʽ ʬʦʨʤʫʚʘʯʽ ʥʘ ʚʠʭʽʜʥʠʭ ʣʽʥʽʷʭ ʚʩʽʭ TWI-ʩʫʤʽʩʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʩʭʝʤʦʶ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʣʝʢʪʦʨʦʤ (ʩʪʦʢʦʤ), ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʬʫʥʢʮʽʶ çʤʦʥʪʘʞʥʝ ɸɹʆ/Iè. ɺʽʜʧʦʚʽʜʥʦ, ʅʀɿʔʂʀʁ ʨʽʚʝʥʴ ʥʘ ʣʽʥʽʾ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʦʜʠʥ ʘʙʦ ʙʽʣʴʰʝ ʧʨʠʩʪʨʦʾʚ ʚʠʩʪʘʚʣʷʶʪʴ ʥʘ ʣʽʥʽʶ ʩʠʛʥʘʣ 

ʣʦʛ̔ʯʥʦʛʦ ʥʫʣʷ (ʬʫʥʢʮʽʷ ɸɹʆ ʜʣʷ ʥʫʣʽʚ), ʘ ɺʀʉʆʂʀʁ ʨʽʚʝʥʴ ʥʘ ʣʽʥʽʾ 

ʚʩʪʘʥʦʚʣʶʪ̒ʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʚʩʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʥʝʾ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʩʚʦʾ 

ʚʠʭʦʜʠ ʚ ʦʜʠʥʠʯʥʠʡ ʘʙʦ ʪʨʝʪʽʡ ʩʪʘʥ (ʬʫʥʢʮʽʷ I ʜʣʷ ʦʜʠʥʠʮʴ). 

ʐʠʥʘ TWI ʧʦʚʥʽʩʪʶ ʩʪʘʪʠʯʥʘ ʽ ʰʚʠʜʢʽʩʪʴ ʦʙʤʽʥʫ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ 

ʥʠʟʴʢʦʶ. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʩʭʝʤ, ʷʢʽ ʤʦʞʥʘ ʧʽʜôʻʜʥʘʪʠ ʜʦ 

ʦʜʥʽʻʾ ʰʠʥʠ, ʦʙʤʝʞʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ ʻʤʥʽʩʪʶ ʰʠʥʠ: 400 ʧʌ. 

ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʦʨʽʚʥʶʻ: 

100 ʢʙʽʪ/ʩ., ʘ ʜʣʷ ʨʝʞʠʤʫ ʽʟ ʟʘʥʠʞʝʥʦʶ ʰʚʠʜʢʽʩʪʶ ï 10 ʢʙʽʪ/ʩ.  

ʊʝʨʤʽʥʠ, ʱʦ ʥʠʞʯʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʦʧʠʩ ̔ʤʦʜʫʣʷ TWI, ʥʘʚʝʜʝʥʦ ʫ 

ʪʘʙʣ. 7.1. 

7.2.2. ʆʩʦʙʣʠʚʦʩʪʽ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʰʠʥʦʶ TWI 

ɯʥʬʦʨʤʘʮʽʷ ʧʦʨʦʟʨʷʜʥʦ ʧʝʨʝʜʘʻʪʴʩʷ ʣʽʥʽʻʶ SDA. ʂʦʞʝʡ ʨʦʟʨʷʜ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʪʘʢʪʦʚʠʤ ʽʤʧʫʣʴʩʦʤ ʥʘ ʣʽʥʽʾ SCL. ʇʨʠʯʦʤʫ ʩʠʛʥʘʣ ʥʘ ʣʽʥʽʾ SDA 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʪʘʙʽʣʴʥʠʤ ʫʚʝʩʴ ʯʘʩ, ʧʦʢʠ ʥʘ ʰʠʥʽ SCL ʧʨʠʩʫʪʥʽʡ ʦʜʠʥʠʯʥʠʡ 

ʩʠʛʥʘʣ (ʨʠʩ. 7.6). ɭʜʠʥʠʤ ʚʠʥʷʪʢʦʤ ʽʟ ʮʴʦʛʦ ʧʨʘʚʠʣʘ ʻ ʜʚʘ ʦʩʦʙʣʠʚʠʭ ʩʪʘʥʠ ʰʠʥʠ 

TWI: çʉʊɸʈʊè ʽ çʉʊʆʇè, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʚʝʜʫʯʠʤ ʥʘ ʧʦʯʘʪʢʫ ʽ ʥʘʧʨʠʢʽʥʮʽ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ. ʄʽʞ ʮʠʤʠ ʩʪʘʥʘʤʠ ʰʠʥʘ ʚʚʘʞʘʻʪʴʩʷ ʟʘʡʥʷʪʦʶ, ʪʘ ̔ ʥʰʽ 

ʚʝʜʫʯʽ ʥʝ ʧʦʚʠʥʥʽ ʥʘʤʘʛʘʪʠʩʷ ʢʝʨʫʚʘʪʠ ʥʝʶ.  

ʗʢʱʦ ʚʝʜʫʯʠʡ ʭʦʯʝ ʧʦʯʘʪʠ ʧʝʨʝʜʘʯʫ ʥʦʚʦʛʦ ʙʣʦʢʫ ʜʘʥʠʭ ʙʝʟ ʚʪʨʘʪʠ 

ʢʦʥʪʨʦʣʶ ʥʘʜ ʰʠʥʦʶ, ʚʽʥ ʤʦʞʝ ʩʬʦʨʤʫʚʘʪʠ ʩʪʘʥ çʧʦʚʪʦʨʥʠʡ ʉʊɸʈʊè 

(çʇʆɺʉʊɸʈʊè) ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫçʉʊʆʇè. ʐʠʥʘ ʙʫʜʝ ʚʚʘʞʘʪʠʩʷ ʟʘʡʥʷʪʦʶ 

ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʩʪʘʥʫ çʉʊʆʇè. 
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ʊʘʙʣʠʮʷ 7.1. ʊʝʨʤʽʥʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʦʧʠʩ ̔ʤʦʜʫʣʷ TWI 

ʊʝʨʤʽʥ ʆʧʠʩ 

ɺʝʜʫʯʠʡ 

(Master) 

ʇʨʠʩʪʨʽʡ, ʷʢʠʡ ʽʥʽʮʽʶʻ ʽ ʟʘʚʝʨʰʫʻ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʰʠʥʦʶ, ʘ 

ʪʘʢʦʞ ʛʝʥʝʨʫʻ ʪʘʢʪʦʚʠʡ ʩʠʛʥʘʣ SCL 

ɺʝʜʝʥʠʡ 

(Slave) 

ʇʨʠʩʪʨʽʡ, ʷʢʠʡ ʘʜʨʝʩʫʻʪʴʩʷ ʚʝʜʫʯʠʤ 

ʇʝʨʝʜʘʚʘʯ 

(Transmitter) 

ʇʨʠʩʪʨʽʡ, ʷʢʠʡ ʚʠʜʘʻ ʜʘʥʽ ʥʘ ʰʠʥʫ 

ʇʨʠʡʤʘʯ 

(Reciever) 

ʇʨʠʩʪʨʽʡ, ʷʢʠʡ ʟʯʠʪʫʻ ʜʘʥʽ ʟ ʰʠʥʠ 

 

 

ʈʠʩ. 7.6. ʂʦʨʝʢʪʥʘ ʚʠʜʘʯʘ ʜʘʥʠʭ ʥʘ ʰʠʥʫ SDA 

ʉʪʘʥʠ çʉʊɸʈʊè ʽ çʉʊʆʇè ʬʦʨʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʥʘ 

ʣʽʥʽʾ SDA ʧʨʠ ɺʀʉʆʂʆʄʋ ʨʽʚʥʽ ʥʘ ʣʽʥʽʾ SCL. ʉʪʘʥʫ çʉʊɸʈʊè ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʥʘ 

ʨʽʚʥʷ ʟ ʦʜʠʥʠʮʽ ʚ ʥʫʣʴ, ʘ ʩʪʘʥʫ çʉʊʆʇè ï ʥʘʚʧʘʢʠ, ʟ ʥʫʣʷ ʚ ʦʜʠʥʠʮʶ (ʨʠʩ. 7.7). 

ʇʨʦʪʦʢʦʣ ʽʥʪʝʨʬʝʡʩʫ TWI ʜʦʟʚʦʣʷʻ ʧʽʜʢʣʶʯʘʪʠ ʜʦ ʰʠʥʠ ʢʽʣʴʢʘ ʚʝʜʫʯʠʭ 

ʧʨʠʩʪʨʦʾʚ (ʨʝʞʠʤ Multi-Master). ʇʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʨʽʟʥʽ ʧʨʦʙʣʝʤʠ, 

ʦʜʥʽʻʶ ʟ ʷʢʠʭ ʻ ʨʦʟʙʽʞʥʽʩʪʴ ʯʘʩʪʦʪ ʪʘʢʪʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʛʝʥʝʨʫʶʪʴʩʷ ʨʽʟʥʠʤʠ 

ʚʝʜʫʯʠʤʠ. 
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ʈʠʩ. 7.7.  ʉʪʘʥʠ çʉʊɸʈʊè, çʉʊʆʇè ʽ çʇʆɺʉʊɸʈʊè 

ɿʘʜʘʯʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʠʻʜʥʘʥʥʶ ʚʩʽʭ ʧʨʠʩʪʨʦʾʚ ʜʦ 

ʣʽʥʽʾ SCL ʟʘ ʩʭʝʤʦʶ çʤʦʥʪʘʞʥʝ ɸɹʆ/Iè. ɺʩʽ ʚʝʜʫʯʽ ʢʦʥʪʨʦʣʶʶʪʴ ʨʽʚʝʥʴ, ʱʦ 

ʧʨʠʩʫʪʥʽʡ ʥʘ ʣʽʥʽʾ SCL, ʽ ʚʠʟʥʘʯʘʶʪʴ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ ʽʤʧʫʣʴʩʫ ʘʙʦ ʧʘʫʟʠ 

ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʚʽʜʧʦʚʽʜʥʦʶ ʟʤʽʥʦʶ ʩʠʛʥʘʣʫ (ʨʠʩ. 7.8).  

 

ʈʠʩ. 7.8. ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʩʠʛʥʘʣʫ SCL ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʚʝʜʫʯʠʭ 

ɯʥʰʦʶ ʟʘʜʘʯʝʶ, ʷʢʫ ʜʦʚʦʜʠʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦ ʰʠʥʠ 

ʜʝʢʽʣʴʢʦʭ ʚʝʜʫʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʻ ʟʘʜʘʯʘ ʨʦʟʧʦʜʽʣʫ ʧʨʽʦʨʠʪʝʪʽʚ, ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʜʚʘ 

ʽ ʙʽʣʴʰʝ ʚʝʜʫʯʠʭ ʦʜʥʦʯʘʩʥʦ ʥʘʤʘʛʘʶʪʴʩʷ ʧʦʯʘʪʠ ʧʝʨʝʜʘʯʫ. ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʪʘʢʦʾ 

ʩʠʪʫʘʮʽʾ ʧʝʨʝʜʘʯʫ ʤʦʞʝ ʟʜʽʡʩʥʠʪʠ ʪʽʣʴʢʠ ʦʜʠʥ ʚʝʜʫʯʠʡ, ʽʥʰʽ ʞ ʧʦʚʠʥʥʽ 

ʧʝʨʝʢʣʶʯʠʪʠʩʷ ʚ ʨʝʞʠʤ ʚʝʜʝʥʦʛʦ. ʇʨʠʯʦʤʫ ʧʝʨʝʜʘʥʽ ʜʘʥʽ ʧʽʜ ʯʘʩ ʨʦʟʧʦʜʽʣʫ 

ʧʨʽʦʨʠʪʝʪʽʚ ʥʝ ʧʦʚʠʥʥʽ ʩʧʦʪʚʦʨʶʚʘʪʠʩʷ. 



 

170 

 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʦʧʠʩʘʥʦʾ ʟʘʜʘʯʽ ʚʩʽ ʚʝʜʫʯʽ ʧʨʠʩʪʨʦʾ ʧʽʩʣʷ ʚʠʜʘʯʽ ʜʘʥʠʭ ʥʘ 

ʣʽʥʽʶ SDA ʢʦʥʪʨʦʣʶʶʪʴ ʾʾ ʩʪʘʥ. ʗʢʱʦ ʩʪʘʥ ʣʽʥʽʾ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʦʛʦ, ʚ ʷʢʠʡ ʾʾ 

ʧʝʨʝʚʦʜʠʚ ʚʝʜʫʯʠʡ, ʚʽʥ ʚʪʨʘʯʘʻ ʧʨʽʦʨʠʪʝʪ (ʨʠʩ. 7.9). 

 

ʈʠʩ. 7.9. ʈʦʟʧʦʜʽʣ ʧʨʽʦʨʠʪʝʪʽʚ ʤʽʞ ʜʚʦʤʘ ʚʝʜʫʯʠʤʠ 

ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʚʠʜʘʯʽ ʦʜʥʠʤ ʟ ʚʝʜʫʯʠʭ ʩʠʛʥʘʣʫ ɺʀʉʆʂʆɻʆ 

ʨʽʚʥʷ ʧʽʜ ʯʘʩ ʚʠʜʘʯʽ ʽʥʰʠʤʠ ʚʝʜʫʯʠʤʠ (ʷʢʽ ʦʪʨʠʤʘʣʠ ʧʨʽʦʨʠʪʝʪ) ʩʠʛʥʘʣʫ 

ʅʀɿʔʂʆɻʆ ʨʽʚʥʷ. ɺʝʜʫʯʠʡ, ʷʢʠʡ ʚʪʨʘʪʠʚ ʧʨʽʦʨʠʪʝʪ, ʧʝʨʝʢʣʶʯʷʻʪʴʩʷ ʚ ʨʝʞʠʤ 

ʚʝʜʝʥʦʛʦ ʽ ʧʝʨʝʚʽʨʷ,̒ ʯʠ ʥʝ ʙʫʚ ʚʽʥ ʘʜʨʝʩʦʚʘʥʠʡ ʷʢʠʤ-ʥʝʙʫʜʴ ʽʟ ʚʝʜʫʯʠʭ, ʱʦ 

ʦʪʨʠʤʘʣʠ ʧʨʽʦʨʠʪʝʪ. ʇʨʠ ʮʴʦʤʫ ʚʽʥ ʧʦʚʠʥʝʥ ʧʨʦʜʦʚʞʫʚʘʪʠ ʫʪʨʠʤʫʚʘʪʠ ʥʘ ʣʽʥʽʾ 

SDA ʩʠʛʥʘʣ ɺʀʉʆʂʆɻʆ ʨʽʚʥʷ ʪʘ ʤʦʞʝ ʧʨʦʜʦʚʞʫʚʘʪʠ ʛʝʥʝʨʫʚʘʪʠ ʪʘʢʪʦʚʠʡ 

ʩʠʛʥʘʣ ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʧʝʨʝʜʘʯʽ ʧʦʪʦʯʥʦʛʦ ʧʘʢʝʪʘ. 

ʇʨʦʮʝʩ ʨʦʟʧʦʜʽʣʫ ʧʨʽʦʨʠʪʝʪʽʚ ʪʨʠʚʘʻ ʜʦʪʠ, ʜʦʢʠ ʥʘ ʰʠʥʽ ʥʝ ʟʘʣʠʰʠʪʴʩʷ 

ʪʽʣʴʢʠ ʦʜʠʥ ʚʝʜʫʯʠʡ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʜʝʢʽʣʴʢʘ ʚʝʜʫʯʠʭ ʥʘʤʘʛʘʶʪʴʩʷ ʘʜʨʝʩʫʚʘʪʠ 

ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʚʝʜʝʥʦʛʦ, ʧʨʦʮʝʩ ʨʦʟʧʦʜʽʣʫ ʧʨʽʦʨʠʪʝʪʽʚ ʪʨʠʚʘʻ ʽ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ 

ʧʘʢʝʪʘ ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʽ ʮʠʢʣʠ ʦʙʤʽʥʫ ʧʦʚʠʥʥʽ ʤʽʩʪʠʪʠ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ 

ʧʘʢʝʪʽʚ ʜʘʥʠʭ. ʋ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʫ ʨʦʟʧʦʜʽʣʫ ʧʨʽʦʨʠʪʝʪʽʚ ʙʫʜʝ 

ʥʝʚʠʟʥʘʯʝʥʠʤ. 

ʇʨʠ ʧʝʨʝʜʘʯʽ ʰʠʥʦʶ TWI ʜʘʥʠʭ, ʨʘʟʦʤ ʟ ʥʠʤʠ ʧʝʨʝʜʘʻʪʴʩʷ ʧʝʚʥʘ ʩʣʫʞʙʦʚʘ 

ʽʥʬʦʨʤʘʮʽʷ. ʉʫʢʫʧʥʽʩʪʴ ʜʘʥʠʭ ʽ ʚʽʜʧʦʚʽʜʥʦʾ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʘʢʝʪʦʤ. ʈʦʟʨʽʟʥʷʶʪʴ ʘʜʨʝʩʥʽ ʧʘʢʝʪʠ ʽ ʧʘʢʝʪʠ ʜʘʥʠʭ. 
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ʌʦʨʤʘʪ ʘʜʨʝʩʥʦʛʦ ʧʘʢʝʪʘ 

ɺʩʽ ʘʜʨʝʩʥʽ ʧʘʢʝʪʠ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʰʠʥʦʶ TWI, ʤʘʶʪʴ ʜʦʚʞʠʥʫ 9 ʙʽʪ. 

ʇʘʢʝʪ ʚʢʣʶʯʘʻ 7-ʨʦʟʨʷʜʥʫ ʘʜʨʝʩʫ (ʧʝʨʰʠʤ ʧʝʨʝʜʘʻʪʴʩʷ ʩʪʘʨʰʠʡ ʨʦʟʨʷʜ), 

ʢʝʨʫʶʯʠʡ ʙʽʪ  ʽ ʙʽʪ ʧʽʜʪʚʝʨʜʞʝʥʥʷ  (ʨʠʩ. 7.10). 

  

ʈʠʩ. 7.10. ʌʦʨʤʘʪ ʘʜʨʝʩʥʦʛʦ ʧʘʢʝʪʘ 

ɿʥʘʯʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʙʽʪʘ  ʚʠʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʰʠʥʦʶ. 

ʉʢʠʥʫʪʠʡ ʚ ʥʫʣʴ ʙʽʪ ʦʟʥʘʯʘʻ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ, ʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʦʜʠʥʠʮʶ ï ʟʘʧʠʪ 

ʜʘʥʠʭ (ʯʠʪʘʥʥʷ). ʇʘʢʝʪʠ ʟʽ ʩʢʠʥʫʪʠʤ ʽ ʚʩʪʘʥʦʚʣʝʥʠʤ ʢʝʨʫʶʯʠʤ ʙʽʪʦʤ 

ʧʦʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ:  ʽ . 

ʇʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʚʝʜʝʥʠʤ ʩʚʦʻʾ ʘʜʨʝʩʠ ʚʽʥ ʧʦʚʠʥʝʥ ʧʽʜ ʯʘʩ 9-ʛʦ ʪʘʢʪʦʚʦʛʦ 

ʽʤʧʫʣʴʩʫ ʩʬʦʨʤʫʚʘʪʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʰʣʷʭʦʤ ʚʠʜʘʯʽ ʥʘ ʣʽʥʽʶ SDA ʩʠʛʥʘʣʫ 

ʅʀɿʔʂʆɻʆ ʨʽʚʥʷ (). ʗʢʱʦ ʚʝʜʝʥʠʡ ʟ ʷʢʠʭʦʩʴ ʧʨʠʯʠʥ ʥʝ ʤʦʞʝ ʦʙʩʣʫʞʠʪʠ 

ʟʘʧʠʪ ʚʝʜʫʯʦʛʦ, ʚʽʥ ʧʦʚʠʥʝʥ ʧʽʜ ʯʘʩ 9-ʛʦ ʪʘʢʪʦʚʦʛʦ ʽʤʧʫʣʴʩʫ ʫʪʨʠʤʫʚʘʪʠ ʥʘ ʣʽʥʽʾ 

SDA ʩʠʛʥʘʣ ɺʀʉʆʂʆɻʆ ʨʽʚʥʷ (NACK). 

ɺʝʜʝʥʠʤ ʧʨʠʩʪʨʦʷʤ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʟʥʘʯʝʥʽ ʙʫʜʴ-ʷʢʽ ʘʜʨʝʩʠ, ʟʘ ʚʠʥʷʪʢʦʤ 

ʥʫʣʴʦʚʦʾ ʘʜʨʝʩʠ ʽ ʘʜʨʝʩʠ ʽʟ ʜʽʘʧʘʟʦʥʫ ç1111000...1111111è [7]. ɼʦʩʪʫʧʥʠʭ ʘʜʨʝʩ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʟʥʘʯʝʥʽ ʚʝʜʝʥʠʤ ʧʨʠʩʪʨʦʷʤ, ʚʩʴʦʛʦ 119. ʅʫʣʴʦʚʘ ʘʜʨʝʩʘ 

ʟʘʨʝʟʝʨʚʦʚʘʥʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢ ʟʚʘʥʠʭ ʟʘʛʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ, ʘ ʘʜʨʝʩʠ ʬʦʨʤʘʪʫ 

ç1111xxxè, ʜʝ ʭ = 0/1 ʟʘʨʝʟʝʨʚʦʚʘʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʦʜʘʣʴʰʦʤʫ. 

ɿʘʛʘʣʴʥʠʡ ʚʠʢʣʠʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʚʝʜʫʯʠʡ ʭʦʯʝ ʧʝʨʝʜʘʪʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʩʽʤ ʚʝʜʝʥʠʤ, ʷʢʽ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʰʠʥʠ. ʇʨʠ ʧʨʠʡʦʤʽ ʘʜʨʝʩʥʦʛʦ 

ʧʘʢʝʪʘ ʟ ʥʫʣʴʦʚʦʶ ʘʜʨʝʩʦʶ ʽ ʩʢʠʥʫʪʠʤ ʢʝʨʫʶʯʠʤ ʙʽʪʦʤ (ʟʘʧʠʪ ʥʘ ʧʝʨʝʜʘʯʫ) ʚʩʽ 

ʚʝʜʝʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʰʠʥʠ, ʧʦʚʠʥʥʽ ʩʬʦʨʤʫʚʘʪʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. 

ɺʠʥʷʪʢʠ ʩʪʘʥʦʚʣʷʪʴ ʣʠʰʝ ʪʽ ʧʨʠʩʪʨʦʾ, ʫ ʷʢʠʭ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʠʢʣʠʢʫ ʟ 

ʷʢʠʭʦʩʴ ʧʨʠʯʠʥ ʟʘʙʦʨʦʥʝʥʦ. ɺʽʜʧʦʚʽʜʥʦ, ʥʘʩʪʫʧʥʽ ʧʘʢʝʪʠ ʜʘʥʠʭ, ʱʦ ʧʦʩʠʣʘʶʪʴʩʷ 

ʚʝʜʫʯʠʤ, ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʚʩʽʤʘ ʚʝʜʝʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʷʢʽ ʨʦʟʧʽʟʥʘʣʠ ʘʜʨʝʩʫ 

ʟʘʛʘʣʴʥʦʛʦ ʚʠʢʣʠʢʫ. 
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ɿʘʛʘʣʴʥʠʡ ʚʠʢʣʠʢ ʽʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʢʝʨʫʶʯʠʤ ʨʦʟʨʷʜʦʤ (ʟʘʧʠʪ ʥʘ ʯʠʪʘʥʥʷ) 

ʥʝ ʤʘʻ ʩʝʥʩʫ, ʦʩʢʽʣʴʢʠ ʨʽʟʥʽ ʧʨʠʩʪʨʦʾ ʥʝ ʤʦʞʫʪʴ ʦʜʥʦʯʘʩʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʜʘʯʫ 

ʜʘʥʠʭ ʰʠʥʦʶ. 

ʌʦʨʤʘʪ ʧʘʢʝʪʘ ʜʘʥʠʭ 

ɺʩʽ ʧʘʢʝʪʠ ʜʘʥʠʭ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʰʠʥʦʶ TWI, ʪʝʞ ʤʘʶʪʴ ʜʦʚʞʠʥʫ 9 ʙʽʪ 

(ʨʠʩ. 7.11). ʇʘʢʝʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʡʪʘ ʜʘʥʠʭ (ʧʝʨʰʠʤ ʧʝʨʝʜʘʻʪʴʩʷ ʩʪʘʨʰʠʡ ʨʦʟʨʷʜ) 

ʽ ʙʽʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ . 

 

 

ʈʠʩ. 7.11. ʌʦʨʤʘʪ ʧʘʢʝʪʘ ʜʘʥʠʭ 

ɻʝʥʝʨʘʮʽʷ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʽʚ çʉʊɸʈʊè ʽ çʉʊʆʇè 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʝʜʫʯʠʤ. ʇʨʠʡʤʘʯ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʚʠʥʝʥ ʧʽʩʣʷ ʧʨʠʡʦʤʫ ʢʦʞʥʦʛʦ 

ʙʘʡʪʘ ʬʦʨʤʫʚʘʪʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ () ʰʣʷʭʦʤ ʚʠʜʘʯʽ ʥʘ ʣʽʥʽʶ SDA ʩʠʛʥʘʣʫ 

ʅʀɿʔʂʆɻʆ ʨʽʚʥʷ ʧʽʜ ʯʘʩ 9-ʛʦ ʪʘʢʪʦʚʦʛʦ ʽʤʧʫʣʴʩʫ. ʗʢʱʦ ʧʨʠʡʤʘʯ ʦʜʝʨʞʘʚ 

ʦʩʪʘʥʥʽʡ ʙʘʡʪ ʘʙʦ ʟ ʷʢʠʭ-ʥʝʙʫʜʴ ʽʥʰʠʭ ʧʨʠʯʠʥ ʥʝ ʤʦʞʝ ʧʨʦʜʦʚʞʫʚʘʪʠ ʧʨʠʡʦʤ 

ʜʘʥʠʭ, ʚʽʥ ʧʦʚʠʥʝʥ ʧʽʜ ʯʘʩ 9-ʛʦ ʪʘʢʪʦʚʦʛʦ ʽʤʧʫʣʴʩʫ ʫʪʨʠʤʫʚʘʪʠ ʥʘ ʣʽʥʽʾ ʩʠʛʥʘʣ 

ɺʀʉʆʂʆɻʆ ʨʽʚʥʷ (NACK). 

ʅʝ ʦʜʝʨʞʘʚʰʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜ ʧʨʠʡʤʘʯʘ, ʚʝʜʫʯʠʡ ʧʨʠʧʠʥʷʻ ʧʝʨʝʜʘʯʫ 

ʜʘʥʠʭ, ʩʬʦʨʤʫʚʘʚʰʠ ʩʪʘʥ çʉʊʆʇè. 

ʅʘ ʧʨʘʢʪʠʮʽ ʢʦʞʝʥ ʮʠʢʣ ʦʙʤʽʥʫ ʰʠʥʦʶ TWI ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ 

ʝʪʘʧʽʚ (ʨʠʩ. 7.12): 

- ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ çʉʊɸʈʊè; 

- ʧʝʨʝʜʘʯʘ ʘʜʨʝʩʥʦʛʦ ʧʘʢʝʪʘ ; 

- ʧʝʨʝʜʘʯʘ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʧʘʢʝʪʽʚ ʜʘʥʠʭ; 

- ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ çʉʊʆʇè. 
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ʈʠʩ. 7.12. ʊʠʧʦʚʠʡ ʮʠʢʣ ʦʙʤʽʥʫ 

ʐʚʠʜʢʽʩʪʴ ʦʙʤʽʥʫ ʰʠʥʦʶ TWI ʟʘʜʘʻʪʴʩʷ ʚʝʜʫʯʠʤ, ʪʦʤʫ ʱʦ ʩʘʤʝ ʚʽʥ 

ʛʝʥʝʨʫʻ ʪʘʢʪʦʚʽ ʽʤʧʫʣʴʩʠ. ʆʜʥʘʢ, ʷʢʱʦ ʚʝʜʝʥʠʡ ʥʝ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʜʘʥʽ ʟ ʪʘʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʘʙʦ ʡʦʤʫ ʧʨʦʩʪʦ ʧʦʪʨʽʙʝʥ ʯʘʩ ʥʘ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʤʽʞ ʧʨʠʡʦʤʦʤ ʧʘʢʝʪʽʚ, 

ʚʽʥ ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʧʘʫʟʫ ʤʽʞ ʪʘʢʪʦʚʠʤʠ ʽʤʧʫʣʴʩʘʤʠ, ʫʪʨʠʤʫʶʯʠ ʥʘ ʣʽʥʽʾ SCL 

ʩʠʛʥʘʣ ʅʀɿʔʂʆɻʆ ʨʽʚʥʷ. ʅʘ ʪʨʠʚʘʣʽʩʪʴ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʮʝ ʥʝ ʚʧʣʠʚʘʻ. 

7.2.3. ʆʧʠʩ ʩʪʨʫʢʪʫʨʠ ʤʦʜʫʣʷ TWI 

ʉʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʤʦʜʫʣʷ TWI ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 7.13.  

 

ʈʠʩ. 7.13. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʫʣʷ TWI 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʤʦʜʫʣʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧô̫ ʪɹ (ʫ ʥʦʚʠʭ ʤʦʜʝʣʷʭ ï h ʩ̔ʪɹ) 

ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ [7]. ʅʘʟʚʠ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʮʠʭ ʨʝʛʽʩʪʨʽʚ, ʘ ʪʘʢʦʞ ʾʭ 

ʧʦʣʦʞʝʥʥʷ ʚ ʘʜʨʝʩʥʦʤʫ ʧʨʦʩʪʦʨʽ ʨʝʛʽʩʪʨʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʜʝʷʢʠʭ ʤʦʜʝʣʝʡ 

ʩʽʤʝʡʩʪʚʘ Mega ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 7.2. 
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ʊʘʙʣʠʮʷ 7.2. ʈʝʛʽʩʪʨʠ ʢʝʨʫʚʘʥʥʷ ʤʦʜʫʣʝʤ TWI  

 

ɼʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʤʦʜʫʣʷ ʜʦ ʦʜʥʦʡʤʝʥʥʠʭ ʣʽʥʽʡ ʰʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʠʚʦʜʠ: SCL ʽ SDA. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʝʮʠʬʽʢʘʮʽʾ ʽʥʪʝʨʬʝʡʩʫ TWI, ʚʠʭʽʜʥʽ ʢʘʩʢʘʜʠ, 

ʷʢʽ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʚʠʚʦʜʽʚ, ʤʽʩʪʷʪʴ ʦʙʤʝʞʫʚʘʯʽ ʰʚʠʜʢʦʩʪʽ ʥʘʨʦʩʪʘʥʥʷ ʩʠʛʥʘʣʫ, ʘ 

ʚʭʽʜʥʽ ʢʘʩʢʘʜʠ ï ʬʽʣʴʪʨ, ʷʢʠʡ ʧʨʠʜʫʰʫʻ ʧʘʨʘʟʠʪʥʽ ʽʤʧʫʣʴʩʠ ʪʨʠʚʘʣʽʩʪʶ ʤʝʥʰʝ 

50 ʥʩ. 

ʆʙʠʜʚʘ ʚʠʚʦʜʠ ʻ ʣʽʥʽʷʤʠ ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

(ʪʘʙʣ. 7.3). ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʟʥʘʯʝʥʠʭ ʚʠʚʦʜʽʚ ʤʦʜʫʣʝʤ TWI, ʜʦ ʥʠʭ, ʷʢ ʽ ʧʨʠ 

ʟʚʠʯʘʡʥʦʤʫ ʾʭʥʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʤʦʞʥʘ ʧʽʜʢʣʶʯʠʪʠ ʚʥʫʪʨʽʰʥʽ ʧʽʜʪʷʛʫʶʯʽ 

ʨʝʟʠʩʪʦʨʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʦʙʽʡʪʠʩʷ ʙʝʟ ʟʦʚʥʽʰʥʽʭ ʧʽʜʪʷʛʫʶʯʠʭ 

ʨʝʟʠʩʪʦʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʟʛʽʜʥʦ ʩʧʝʮʠʬʽʢʘʮʽʾ ʽʥʪʝʨʬʝʡʩʫ TWI. 

ʂʦʥʪʨʦʣʝʨ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ  

ʉʠʥʭʨʦʽʤʧʫʣʴʩʠ, ʷʢʽ ʚʠʜʘʶʪʴʩʷ ʚʝʜʫʯʠʤ  ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ ʥʘ ʣʽʥʽʶ SCL, 

ʬʦʨʤʫʶʪʴʩʷ ʢʦʥʪʨʦʣʝʨʦʤ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ (Bit Rate Generator). 
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ʇʨʠʟʥʘʯʝʥʥʷ 

TWBR $00 ($20) $00 ($20) ($70) ($B8) ($B8) ($B8) 

ʈʝʛʽʩʪʨ 

ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʜʘʯʽ 

TWSR $01 ($21) $01 ($21) ($71) ($B9) ($B9) ($B9) ʈʝʛʽʩʪʨ ʩʪʘʥʫ 

TWAR $02 ($22) $02 ($22) ($72) ($BA) ($BA) ($BA) ʈʝʛʽʩʪʨ ʘʜʨʝʩʠ 

TWDR $03 ($23) $03 ($23) ($73) ($BB) ($BB) ($BB) ʈʝʛʽʩʪʨ ʜʘʥʠʭ 

TWCR $36 ($56) $36 ($56) ($74) ($BC) ($BC) ($BC) 
ʈʝʛʽʩʪʨ 

ʢʝʨʫʚʘʥʥʷ 

TWAMR ï ï ï ($BD) ($BD) ($BD) 
ʈʝʛʽʩʪʨ ʤʘʩʢʠ 

ʘʜʨʝʩʠ 
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ʊʘʙʣʠʮʷ 7.3. ɺʠʚʦʜʠ ʜʝʷʢʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʜʫʣʝʤ TWI 
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ʇʨʠʟʥʘʯʝʥʥʷ 

SDA PC4 PC1 PC1 PC4 PC1 PD1 ʃʽʥʽʷ ʜʘʥʠʭ 

SCL PC5 PC0 PC0 PC5 PC0 PD0 ʃʽʥʽʷ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ 

 

ʋ ʜʝʷʢʠʭ ʤʦʜʝʣʷʭ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʛʽʩʪʨʘ TWBR. ʏʘʩʪʦʪʘ ʩʬʦʨʤʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ SCL (ʧʨʠ ʨʦʙʦʪʽ ʧʨʠʩʪʨʦʶ ʚ 

ʨʝʞʠʤʽ ʚʝʜʫʯʦʛʦ) ʜʣʷ ʮʠʭ ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (7.1) [7]. 

 . (7.1) 

ɺ ʥʦʚʠʭ ʤʦʜʝʣʷʭ, ʥʘʧʨʠʢʣʘʜ ʩʽʤʝʡʩʪʚʘ Mega, ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ 

ʨʘʟʦʤ ʟ ʨʝʛʽʩʪʨʦʤ TWBR ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʤʦʣʦʜʰʠʭ ʨʦʟʨʷʜʠ 

(TWPS1:TWPS0) ʨʝʛʽʩʪʨʘ TWSR. ɼʣʷ ʮʠʭ ʤʦʜʝʣʝʡ ʯʘʩʪʦʪʘ ʩʬʦʨʤʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ 

SCL ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (7.2) [7]: 

 Ὢ Ὢ ȾρφςὝὡὄὙϽτ . (7.2) 

ʋ ʥʘʚʝʜʝʥʠʭ ʬʦʨʤʫʣʘʭ (7.1) ʽ (7.2) ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

fscl ï ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ SCL (ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯ)̔;  ï ʪʘʢʪʦʚʘ ʯʘʩʪʦʪʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ; TWBR ï ʟʥʘʯʝʥʥʷ, ʷʢʝ ʟʘʧʠʩʘʥʦ ʚ ʨʝʛʽʩʪʨʽ TWBR; TWPS ï 

ʜʝʩʷʪʢʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʨʦʟʨʷʜʽʚ TWPS1:TWPS0 ʨʝʛʽʩʪʨʘ TWSR. ɿʥʘʯʝʥʥʷ 4TWPS 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʛʽʜʥʦ ʪʘʙʣ. 7.4. 

ʈʝʛʽʩʪʨ TWBR ʽ ʨʦʟʨʷʜʠ TWPS1:TWPSO ʨʝʛʽʩʪʨʘ TWSR ʜʦʩʪʫʧʥʽ ʷʢ ʜʣʷ 

ʯʠʪʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʟʘʧʠʩʫ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʇʨʠ ʨʦʙʦʪʽ ʚ ʨʝʞʠʤʽ ʚʝʜʝʥʦʛʦ 

ʚʤʽʩʪ ʟʘʟʥʘʯʝʥʠʭ ʨʦʟʨʷʜʽʚ ʥʝ ʤʘʻ ʟʥʘʯʝʥʥʷ, ʦʜʥʘʢ ʪʘʢʪʦʚʘ ʯʘʩʪʦʪʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚʠʥʥʘ ʙʫʪʠ, ʷʢ ʤʽʥʽʤʫʤ, ʚ 16 ʨʘʟʽʚ ʚʠʱʝ 

ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ SCL [7]. 

  

)216/( TWBRff clksck +=

clkf
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ʊʘʙʣʠʮʷ 7.4 . ʆʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʥʷ 4TWPS  

TWPS1 TWPS0 ɿʥʘʯʝʥʥʷ 4TWPS 

0 0 1 

0 1 4 

1 0 16 

1 1 64 

ʆʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʰʠʥʠ TWI, ʤʦʞʝ 

ʟʙʽʣʴʰʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʧʘʫʟʠ ʤʽʞ ʪʘʢʪʦʚʠʤʠ ʽʤʧʫʣʴʩʘʤʠ, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʰʠʥʦʶ ʤʦʞʝ ʟʥʠʞʫʚʘʪʠʩʴ. 

ɹʣʦʢ ʰʠʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ  

ɼʦ ʩʢʣʘʜʫ ʙʣʦʢʫ ʰʠʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ (Bus Interface Unit) ʚʭʦʜʷʪʴ ʨʝʛʽʩʪʨ 

ʟʩʫʚʫ ʘʜʨʝʩʠ/ʜʘʥʠʭ TWDR, ʷʢʠʡ ʤʽʩʪʠʪʴ ʘʜʨʝʩʫ ʽ ʜʘʥʽ ʧʝʨʝʜʘʥʦʛʦ ʘʙʦ ʧʨʠʡʥʷʪʦʛʦ 

ʧʘʢʝʪʘ. ʆʜʥʦʯʘʩʥʦ ʟ ʧʝʨʝʜʘʯʝʶ ʚʤʽʩʪʫ ʨʝʛʽʩʪʨʘ ʥʘ ʰʠʥʫ ʜʘʥʽ ʟ ʥʝʾ ʟʘʧʠʩʫʶʪʴʩʷ ʫ 

ʮʝʡ ʨʝʛʽʩʪʨ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʡʞʝ ʟʘʚʞʜʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʤʦʤʝʥʪʫ ʚʠʭʦʜʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʟʽ çʩʧʣʷʯʦʛʦè ʨʝʞʠʤʫ, ʚ ʨʝʛʽʩʪʨʽ TWDR ʫʪʨʠʤʫʻʪʴʩʷ ʦʩʪʘʥʥʽʡ 

ʙʘʡʪ, ʱʦ ʙʫʚ ʥʘ ʰʠʥʽ. ʇʨʠ ʚʢʣʶʯʝʥʥʽ ʞʠʚʣʝʥʥʷ ʚʩʽ ʨʦʟʨʷʜʠ ʮʴʦʛʦ ʨʝʛʽʩʪʨʘ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʦʜʠʥʠʮʶ. ʇʨʠ ʮʴʦʤʫ ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʨʝʛʽʩʪʨʘ ʢʦʨʠʩʪʫʚʘʯʝʤ ʤʦʞʝ 

ʙʫʪʠ ʟʜʽʡʩʥʝʥʘ ʪʽʣʴʢʠ ʧʽʩʣʷ ʛʝʥʝʨʘʮʽʾ ʧʝʨʰʦʛʦ ʧʝʨʝʨʠʚʘʥʥʷ [7]. ʂʨʽʤ ʨʝʛʽʩʪʨʘ 

TWDR ʫ ʩʢʣʘʜʽ ʙʣʦʢʫ ʻ ʩʧʝʮʽʘʣʴʥʠʡ ʨʝʛʽʩʪʨ, ʦʜʠʥ ʟ ʨʦʟʨʷʜʽʚ ʷʢʦʛʦ ʤʽʩʪʠʪʴ 

ʟʥʘʯʝʥʥʷ ʧʝʨʝʜʘʥʦʛʦ ʘʙʦ ʧʨʠʡʥʷʪʦʛʦ ʙʽʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. ʇʨʠ ʧʨʠʡʦʤʽ ʩʪʘʥ ʮʴʦʛʦ 

ʙʽʪʘ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʧʝʨʝʜʘʚʘʯʫ, ʟʘʜʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʘ ʢʝʨʫʚʘʥʥʷ 

TWCR, ʘ ʧʨʠ ʧʝʨʝʜʘʯʽ ʩʪʘʥ ʦʪʨʠʤʘʥʦʛʦ ʙʽʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ 

ʢʦʜʦʤ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ ʨʝʛʽʩʪʨʽ ʩʪʘʥʫ TWSR. 

ʆʢʨʽʤ ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ ʙʣʦʢ ʰʠʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʤʽʩʪʠʪʴ ʜʚʘ ʜʦʜʘʪʢʦʚʠʭ 

ʚʫʟʣʠ: 

- ʢʦʥʪʨʦʣʝʨ ʩʪʘʥʽʚ çʉʊɸʈʊ/ʉʊʆʇè, ʷʢʠʡ ʬʦʨʤʫʻ ʽ ʚʠʷʚʣʷʻ ʩʪʘʥʠ çʉʊɸʈʊè, 

çʇʆɺʉʊɸʈʊè ʽ çʉʊʆʇè. ʄʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʰʠʥʠ ʚʝʜʝʪʴʩʷ ʥʘʚʽʪʴ ʧʨʠ 

ʟʥʘʭʦʜʞʝʥʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʫ çʩʧʣʷʯʦʤʫè ʨʝʞʠʤʽ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʭʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʟʽ çʩʧʣʷʯʦʛʦè ʨʝʞʠʤʫ ʧʨʠ ʘʜʨʝʩʘʮʽʾ ʡʦʛʦ 

ʷʢʠʤ-ʥʝʙʫʜʴ ʚʝʜʫʯʠʤ; 

- ʢʦʥʪʨʦʣʝʨ ʘʨʙʽʪʨʘʞʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʢʦʥʬʣʽʢʪʽʚ ʥʘ ʰʠʥʽ ʧʨʠ ʨʦʙʦʪʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚ ʨʝʞʠʤʽ ʚʝʜʫʯʦʛʦ. ʋ ʚʠʧʘʜʢʫ ʚʪʨʘʪʠ ʧʨʠʩʪʨʦʻʤ ʧʨʽʦʨʠʪʝʪʫ 

ʢʦʥʪʨʦʣʝʨ ʽʥʬʦʨʤʫʻ ʧʨʦ ʮʝ ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ, ʷʢʠʡ ʨʦʙʠʪʴ ʥʝʦʙʭʽʜʥʽ ʜʽʾ ʪʘ ʬʦʨʤʫʻ 

ʚʽʜʧʦʚʽʜʥʽ ʢʦʜʠ ʩʪʘʥʫ. 
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ɹʣʦʢ ʢʦʥʪʨʦʣʶ ʘʜʨʝʩʠ  

ɹʣʦʢ ʢʦʥʪʨʦʣʶ ʘʜʨʝʩʠ (Address Match Unit) ʧʝʨʝʚʽʨʷʻ ʧʨʠʡʥʷʪʫ ʘʜʨʝʩʫ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʥʘʯʝʥʥʶ, ʷʢʝ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʨʰʠʭ ʩʝʤʠ ʨʦʟʨʷʜʘʭ ʨʝʛʽʩʪʨʘ ʘʜʨʝʩʠ 

TWAR. ɺ̔ ʥ ʪʘʢʦʞ ʧʝʨʝʚʽʨʷʻ ʥʘʷʚʥʽʩʪʴ ʟʘʛʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ, ʷʢʱʦ ʜʦʟʚʦʣʝʥʦ ʾʭʥʻ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʇʨʠ ʚʠʷʚʣʝʥʥʽ ʢʦʨʝʢʪʥʦʾ ʘʜʨʝʩʠ ʽʥʬʦʨʤʘʮ̫̔  ʧʨʦ ʮʝ ʧʝʨʝʜʘʻʪʴʩ ̫

ʙʣʦʢʫ ʢʝʨʫʚʘʥʥʷ. ʂʦʥʪʨʦʣʴ ʘʜʨʝʩʥʠʭ ʧʘʢʝʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʣʦʢʦʤ ʥʘʚʽʪʴ ʧʨʠ 

ʟʥʘʭʦʜʞʝʥʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʫ çʩʧʣʷʯʦʤʫè ʨʝʞʠʤʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʝʩʪʠ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʫ ʨʦʙʦʯʠʡ ʨʝʞʠʤ ʫ ʚʠʧʘʜʢʫ ʘʜʨʝʩʘʮʽʾ ʡʦʛʦ ʚʝʜʫʯʠʤ ʧʨʠʩʪʨʦʻʤ. 

ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ TWAR ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.14, ʘ ʦʧʠʩ ʡʦʛʦ ʨʦʟʨʷʜʽʚ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 7.5. 

 

ʈʠʩ. 7.14. ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ TWAR 

ʊʘʙʣʠʮʷ 7.5. ʆʧʠʩ ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʘ ʘʜʨʝʩʠ TWAR 

 

ʋ ʜʝʷʢʠʭ ʤʦʜʝʣʷʭ, ʢʨʽʤ ʨʝʛʽʩʪʨʘ ʘʜʨʝʩʠ TWAR, ʻ ʜʦʜʘʪʢʦʚʠʡ ʨʝʛʽʩʪʨ ʤʘʩʢʠ 

ʘʜʨʝʩʠ (TWAMR) [7]. ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʙʫʜʴ-ʷʢʦʛʦ ʙʽʪʘ ʮʴʦʛʦ ʨʝʛʽʩʪʨʘ ʚ ʦʜʠʥʠʮʶ 

ʚʽʥ ʙʫʜʝ ʤʘʩʢʫʚʘʪʠ (ʘʥʫʣʶʚʘʪʠ) ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʙʽʪʘ ʨʝʛʽʩʪʨʘ ʘʜʨʝʩʠ 

TWAR. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʷʢʱʦ ʙʽʪ ʨʝʛʽʩʪʨʘ ʤʘʩʢʠ ʘʜʨʝʩʠ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ, 

ʪʦ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ ʚʽʜʧʦʚʽʜʥʠʤʠ ʙʽʪʘʤʠ ʚʤʽʩʪʫ ʨʝʛʽʩʪʨʘ TWAR ʽ ʧʨʠʡʥʷʪʦʾ ʘʜʨʝʩʠ 

ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ.  

ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ TWAMR ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 7.15, ʘ ʩʧʨʦʱʝʥʫ ʩʪʨʫʢʪʫʨʥʫ 

ʩʭʝʤʫ ʙʣʦʢʫ ʢʦʥʪʨʦʣʶ ʘʜʨʝʩʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 7.16.  

ʈʦʟʨʷʜ ʅʘʟʚʘ ʆʧʠʩ 

7...1 TWA6...TWA0 

ɸʜʨʝʩʘ ʧʨʠʩʪʨʦʶ 

ʋ ʮʠʭ ʨʦʟʨʷʜʘʭ ʫʪʨʠʤʫʻʪʴʩʷ ʘʜʨʝʩʘ, ʥʘ ʷʢʫ ʧʨʠʩʪʨʽʡ ʙʫʜʝ 

ʚʽʜʟʠʚʘʪʠʩʷ ʧʨʠ ʨʦʙʦʪʽ ʚ ʨʝʞʠʤʽ ʚʝʜʝʥʦʛʦ. ʇʨʠ ʨʦʙʦʪʽ ʧʨʠʩʪʨʦʶ ʚ 

ʨʝʞʠʤʽ ʚʝʜʫʯʦʛʦ ʚʤʽʩʪ ʮʠʭ ʨʦʟʨʷʜʽʚ ʥʝ ʤʘʻ ʟʥʘʯʝʥʥʷ 

0 TWGCE 

ɼʦʟʚʽʣ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ 

ʗʢʱʦ ʮʝʡ ʨʦʟʨʷʜ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ, ʧʨʠʩʪʨʽʡ ʙʫʜʝ ʦʟʠʚʘʪʠʩʷ 

ʥʘ ʟʘʛʘʣʴʥʽ ʚʠʢʣʠʢʠ (ʧʘʢʝʪʠ ʟ ʘʜʨʝʩʦʶ $00) ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʥʘ 

ʚʠʢʣʠʢʠ ʟ ʘʜʨʝʩʦʶ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ ʨʦʟʨʷʜʘʭ TWA6...0 ʨʝʛʽʩʪʨʘ. 

ʗʢʱʦ ʨʦʟʨʷʜ ʩʢʠʥʫʪʦ ʚ ʥʫʣʴ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ 

ʟʘʙʦʨʦʥʝʥʦ 
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ʈʠʩ. 7.15. ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ TWAMR 

 

 

 

 

ʈʠʩ. 7.16. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʙʣʦʢʫ ʢʦʥʪʨʦʣʶ ʘʜʨʝʩʠ 

ɹʣʦʢ ʢʝʨʫʚʘʥʥʷ  

ʂʝʨʫʚʘʥʥʷ ʤʦʜʫʣʝʤ TWI ʟʜʽʡʩʥʶʻ ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ (Control Unit) 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʥʘʯʝʥʴ ʨʝʛʽʩʪʨʘ ʢʝʨʫʚʘʥʥʷ TWCR ʪʘ ʽʥʬʦʨʤʘʮʽ,ʾ ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʥʴʦʛʦ ʚʽʜ ʽʥʰʠʭ ʙʣʦʢʽʚ ʤʦʜʫʣʷ. ʇʨʠ ʥʘʩʪʘʥʥʽ ʧʝʚʥʠʭ ʧʦʜʽʡ, ʟʘʟʥʘʯʝʥʠʭ ʥʠʞʯʝ, 

ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʫʻ ʚ ʨʝʛʽʩʪʨʽ ʩʪʘʥʫ TWSR ʢʦʜ ʩʪʘʪʫʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʜʽʾ, ʽ 

ʚʩʪʘʥʦʚʣʶʻ ʚ ʨʝʛʽʩʪʨʽ TWCR ʧʨʘʧʦʨʝʮʴ ʟʘʧʠʪʫ ʥʘ ʧʝʨʝʨʠʚʘʥʥʷ TWINT. ɼʦ 

ʤʦʤʝʥʪʫ ʩʢʠʜʘʥʥʷ ʮʴʦʛʦ ʧʨʘʧʦʨʮʷ ʥʘ ʣʽʥʽʾ SCL ʫʪʨʠʤʫʻʪʴʩʷ ʅʀɿʔʂʀʁ ʨʽʚʝʥʴ, 

ʧʨʠʧʠʥʷʶʯʠ ʪʠʤ ʩʘʤʠʤ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʰʠʥʦʶ. 

ʌʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʫ ʥʘ ʧʝʨʝʨʠʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ 

ʥʘʩʪʫʧʥʠʭ ʧʦʜʽʡ: 

- ʟʘʢʽʥʯʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ çʉʊɸʈʊ/ʇʆɺʉʊɸʈʊè; 

- ʟʘʢʽʥʯʝʥʥʷ ʧʝʨʝʜʘʯʽ ʘʜʨʝʩʥʦʛʦ ʧʘʢʝʪʘ ; 

- ʟʘʢʽʥʯʝʥʥʷ ʧʝʨʝʜʘʯʽ ʙʘʡʪʘ ʜʘʥʠʭ; 

- ʚʪʨʘʪʘ ʧʨʠʩʪʨʦʻʤ ʧʨʽʦʨʠʪʝʪʫ; 

- ʘʜʨʝʩʘʮʽʷ ʧʨʠʩʪʨʦʶ ʘʙʦ ʥʘʷʚʥʽʩʪʴ ʟʘʛʘʣʴʥʦʛʦ ʚʠʢʣʠʢʫ; 

- ʟʘʢʽʥʯʝʥʥʷ ʧʨʠʡʦʤʫ ʙʘʡʪʘ ʜʘʥʠʭ; 

- ʚʠʥʠʢʥʝʥʥʷ ʧʦʤʠʣʦʢ ʥʘ ʰʠʥʽ, ʦʙʫʤʦʚʣʝʥʠʭ ʥʝʧʨʠʧʫʩʪʠʤʠʤʠ ʫʤʦʚʘʤʠ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʽʚ çʉʊɸʈʊ/ʉʊʆʇè. 

)/( WRSLA+
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ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ TWCR ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.17, ʘ ʦʧʠʩ ʡʦʛʦ ʨʦʟʨʷʜʽʚ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 7.6. 

 

ʈʠʩ. 7.17. ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ TWCR 

ʊʘʙʣʠʮʷ 7.6. ʆʧʠʩ ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʘ ʢʝʨʫʚʘʥʥʷ TWCR 
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7 TWINT 

ʇʨʘʧʦʨʝʮʴ ʧʝʨʝʨʠʚʘʥʥʷ ʚʽʜ ʤʦʜʫʣʷ TWI 

ʎʝʡ ʧʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʘʧʘʨʘʪʥʦ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʯʝʨʛʦʚʦʾ 

ʦʧʝʨʘʮʽʾ, ʢʦʣʠ ʤʦʜʫʣʴ ʦʯʽʢʫʻ ʚʽʜʛʫʢ ʟ ʙʦʢʫ ʧʨʦʛʨʘʤʠ. ʗʢʱʦ ʚʩʪʘʥʦʚʣʝʥʦ 

ʧʨʘʧʦʨʮʽ: I ʨʝʛʽʩʪʨʘ SREG ʽ TWIE ʨʝʛʽʩʪʨʘ TWCR, ʛʝʥʝʨʫʻʪʴʩʷ 

ʧʝʨʝʨʠʚʘʥʥʷ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʢʣʠʢ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʨʦʙʣʶʚʘʯʘ. ɼʦʢʠ 

ʧʨʘʧʦʨʝʮʴ TWINT ʚʩʪʘʥʦʚʣʝʥʦ, ʥʘ ʣʽʥʽʾ SCL ʫʪʨʠʤʫʻʪʴʩʷ ʩʠʛʥʘʣ 

ʅʀɿʔʂʆɻʆ ʨʽʚʥʷ. ʉʢʠʜʘʥʥʷ ʧʨʘʧʦʨʮʷ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʪʽʣʴʢʠ 

ʟʘʧʠʩʦʤ ʫ ʥʴʦʛʦ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ  

6 TWEA 

ɼʦʟʚʽʣ ʙʽʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʈʦʟʨʷʜ TWEA ʢʝʨʫʻ ʬʦʨʤʫʚʘʥʥʷʤ ʙʽʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. ʗʢʱʦ ʮʝʡ ʨʦʟʨʷʜ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ, ʪʦ ʧʨʠʩʪʨʽʡ ʬʦʨʤʫʻ ʩʠʛʥʘʣ ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʢʦʣʠ 

ʮʝ ʥʝʦʙʭʽʜʥʦ. ʇʨʠ ʩʢʠʜʘʥʥʽ ʨʦʟʨʷʜʫ ʚ ʥʫʣʴ ʧʨʠʩʪʨʽʡ ʚʽʨʪʫʘʣʴʥʦ 

ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʚʽʜ ʰʠʥʠ TWI, ʪʦʙʪʦ ʙʽʪ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʝ ʬʦʨʤʫʻʪʴʩʷ 

5 TWSTA 

ʇʨʘʧʦʨʝʮʴ ʩʪʘʥʫ çʉʊɸʈʊè 

ʇʨʠ ʟʘʧʠʩʫʚʘʥʥʽ ʚ ʨʦʟʨʷʜ TWSTA ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ ʤʦʜʫʣʴ ʧʝʨʝʚʽʨʷʻ ʩʪʘʥ 

ʰʠʥʠ TWI ʪʘ, ʷʢʱʦ ʰʠʥʘ ʚʽʣʴʥʘ, ʬʦʨʤʫʻ ʩʪʘʥ çʉʊɸʈʊè. ʗʢʱʦ ʰʠʥʘ 

ʟʘʡʥʷʪʘ, ʤʦʜʫʣʴ TWI ʦʯʽʢʫʻ ʧʦʷʚʠ ʩʪʘʥʫ çʉʊʆʇè, ʽ ʪʽʣʴʢʠ ʧʽʩʣʷ ʮʴʦʛʦ 

ʬʦʨʤʫʻ ʩʪʘʥ çʉʊɸʈʊè. ʇʨʘʧʦʨʝʮʴ ʩʢʠʜʘʻʪʴʩʷ ʘʧʘʨʘʪʥʦ ʧʦ ʟʘʢʽʥʯʝʥʥʽ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ çʉʊɸʈʊè 

4 TWSTO 

ʇʨʘʧʦʨʝʮʴ ʩʪʘʥʫ çʉʊʆʇè 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʨʘʧʦʨʮʷ TWSTO ʚ ʦʜʠʥʠʮʶ ʚ ʨʝʞʠʤʽ ʚʝʜʫʯʦʛʦ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʰʠʥʽ ʩʪʘʥʫ çʉʊʆʇè. ʇʨʘʧʦʨʝʮʴ ʩʢʠʜʘʻʪʴʩʷ ʘʧʘʨʘʪʥʦ 

ʧʦ ʟʘʢʽʥʯʝʥʥʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ çʉʊʆʇè. ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʨʘʧʦʨʮʷ 

TWSTO ʚ ʨʝʞʠʤʽ ʚʝʜʝʥʦʛʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʭʦʜʫ ʟ 

ʧʦʤʠʣʢʦʚʠʭ ʩʠʪʫʘʮʽʡ. ʇʽʩʣʷ ʟʘʧʠʩʫ ʚ ʮʝʡ ʨʦʟʨʷʜ ʦʜʠʥʠʮʽ ʤʦʜʫʣʴ TWI 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʨʝʞʠʤ ʥʝ ʘʜʨʝʩʦʚʘʥʦʛʦ ʚʝʜʝʥʦʛʦ, ʘ ʚʠʚʦʜʠ SCL ʽ SDA ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʧʝʨʝʚʦʜʷʪʴʩʷ ʫ ʪʨʝʪʽʡ ʩʪʘʥ. ʉʪʘʥ çʉʊʆʇè ʥʝ ʬʦʨʤʫʻʪʴʩʷ 

3 TWWC 

ʇʨʘʧʦʨʝʮʴ ʢʦʥʬʣʽʢʪʫ ʟʘʧʠʩʫ 

ʇʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ ʧʨʠ ʩʧʨʦʙʽ ʟʘʧʠʩʫ ʚ ʨʝʛʽʩʪʨ TWDR, 

ʢʦʣʠ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʨʠʚʘʥʥʷ TWINT ʩʢʠʥʫʪʦ. ʇʨʘʧʦʨʝʮʴ ʩʢʠʜʘʻʪʴʩʷ ʧʨʠ 

ʟʘʧʠʩʫʚʘʥʥʽ ʚ ʨʝʛʽʩʪʨ TWDR, ʢʦʣʠ ʧʨʘʧʦʨʝʮʴ ʧʝʨʝʨʠʚʘʥʥʷ TWINT 

ʚʩʪʘʥʦʚʣʝʥʦ 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 7.6. 
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2 TWEN 

ɼʦʟʚʽʣ ʨʦʙʦʪʠ ʤʦʜʫʣʷ TWI 

ʈʦʟʨʷʜ TWEN ʢʝʨʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʤʦʜʫʣʷ ʊWI. ʇʨʠ ʟʘʧʠʩʫʚʘʥʥʽ ʚ 

ʮʝʡ ʨʦʟʨʷʜ ʦʜʠʥʠʮʽ ʤʦʜʫʣʴ TWI ʚʢʣʶʯʘʻʪʴʩʷ ʽ ʙʝʨʝ ʥʘ ʩʝʙʝ ʢʝʨʫʚʘʥʥʷ 

ʢʦʥʪʘʢʪʘʤʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʚʦʜʘʤ SCL ʽ SDA. ʇʨʠ ʩʢʠʜʘʥʥʽ ʨʦʟʨʷʜʫ TWEN ʚ ʥʫʣʴ ʤʦʜʫʣʴ TWI 

ʚʠʤʠʢʘʻʪʴʩʷ 

1 ï ɿʘʨʝʟʝʨʚʦʚʘʥʦ, ʯʠʪʘʻʪʴʩʷ ʷʢ ʥʫʣʴ 

0 TWIE 
ɼʦʟʚʽʣ ʧʝʨʝʨʠʚʘʥʥʷ ʚʽʜ ʤʦʜʫʣʷ TWI 

ʗʢʱʦ ʚ ʮʝʡ ʨʦʟʨʷʜ ʟʘʧʠʩʘʥʦ ʦʜʠʥʠʮʶ ʽ ʧʨʘʧʦʨʝʮʴ I ʨʝʛʽʩʪʨʘ SREG ʪʘʢʦʞ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ, ʪʦ ʧʝʨʝʨʠʚʘʥʥʷ ʚʽʜ ʤʦʜʫʣʷ TWI ʜʦʟʚʦʣʝʥʦ 

ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ TWSR ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.18, ʘ ʦʧʠʩ ʡʦʛʦ ʨʦʟʨʷʜʽʚ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 7.7. 

 

 

 

 

ʈʠʩ. 7.18. ʌʦʨʤʘʪ ʨʝʛʽʩʪʨʘ TWSR 

ʊʘʙʣʠʮʷ 7.7. ʆʧʠʩ ʨʦʟʨʷʜʽʚ ʨʝʛʽʩʪʨʘ ʩʪʘʥʫ TWSR 

ʈʦʟʨʷʜ ʅʘʟʚʘ ʆʧʠʩ 

7...3 TWS7...TWS3 

ʉʪʘʥ ʤʦʜʫʣʷ TWI 

ɿʥʘʯʝʥʥʷ, ʷʢʝ ʫʪʨʠʤʫʻʪʴʩʷ ʚ ʮʠʭ ʨʦʟʨʷʜʘʭ, ʚʽʜʦʙʨʘʞʘʻ ʩʪʘʥ 

ʚʫʟʣʽʚ ʤʦʜʫʣʷ ʽ ʰʠʥʠ TWI. ʄʦʞʣʠʚʽ ʢʦʜʠ ʩʪʘʪʫʩʫ ʙʫʜʫʪʴ 

ʦʧʠʩʘʥʦ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʛʣʷʜʽ ʤʦʜʫʣʷ TWI. ʈʦʟʨʷʜʠ 

TWS7...3 ʜʦʩʪʫʧʥʽ ʪʽʣʴʢʠ ʜʣʷ ʯʠʪʘʥʥʷ 

2 ï ɿʘʨʝʟʝʨʚʦʚʘʥʦ, ʯʠʪʘʻʪʴʩʷ ʷʢ ç0è 

1, 0 TWPS1, TWPS0 

ʂʦʝʬʽʮʽʻʥʪ ʜʽʣʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʽʣʴʥʠʢʘ ʢʦʥʪʨʦʣʝʨʘ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʉʪʘʥ ʮʠʭ ʨʦʟʨʷʜʽʚ ʚʠʟʥʘʯʘʻ ʢʦʝʬʽʮʽʻʥʪ ʜʽʣʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʜʽʣʴʥʠʢʘ ʢʦʥʪʨʦʣʝʨʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ, ʷʢʠʡ ʢʝʨʫ ̒ʯʘʩʪʦʪʦʶ 

ʩʠʛʥʘʣʫ SCL, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ (ʜʠʚ. ʚʠʱʝ ʦʧʠʩ  ʢʦʥʪʨʦʣʝʨʘ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ) 
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7.2.4. ɺʟʘʻʤʦʜʽʷ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʟ ʤʦʜʫʣʝʤ TWI 

ɺʟʘʻʤʦʜʽʷ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʟ ʤʦʜʫʣʝʤ TWI ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʝʨʝʨʠʚʘʥʥʷ ʚʽʜ ʤʦʜʫʣʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʽʩʣʷ ʢʦʞʥʦʾ ʧʦʜʽʾ, ʱʦ ʚʽʜʙʫʣʘʩʷ ʥʘ ʰʠʥʽ 

(ʧʨʠʡʦʤ ʙʘʡʪʘ, ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʽʚ çʉʊɸʈʊ/ʉʊʆʇè ʽ ʪ. ʽʥ.). ɺʽʜʧʦʚʽʜʥʦ, ʧʽʜ ʯʘʩ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʰʠʥʦʶ ʧʨʦʛʨʘʤʘ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʽʥʰʽ ʟʘʜʘʯʽ. ʗʢʱʦ ʧʝʨʝʨʠʚʘʥʥʷ 

ʚʽʜ ʤʦʜʫʣʷ TWI ʟ ʷʢʠʭʦʩʴ ʧʨʠʯʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʤʦʞʥʘ, ʡʦʛʦ ʤʦʞʥʘ 

ʟʘʙʦʨʦʥʠʪʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʛʨʘʤʘ ʧʦʚʠʥʥʘ ʙʫʜʝ ʧʦʩʪʽʡʥʦ ʩʣʽʜʢʫʚʘʪʠ ʟʘ 

ʩʪʘʥʦʤ ʧʨʘʧʦʨʮʷ TWINT ʜʣʷ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʜʽʾ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʰʠʥʽ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʨʘʧʦʨʮʷ TWINT ʨʝʛʽʩʪʨʘ TWCR ʦʟʥʘʯʘʻ, ʱʦ ʤʦʜʫʣʴ TWI 

ʟʘʢʽʥʯʠʚ ʚʠʢʦʥʘʥʥʷ ʯʝʨʛʦʚʦʾ ʦʧʝʨʘʮʽʾ ʽ ʦʯʽʢʫʻ ʨʝʘʢʮʽʾ ʧʨʦʛʨʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʫ 

ʩʪʘʨʰʠʭ ʧ'ʷʪʠ ʨʦʟʨʷʜʘʭ ʨʝʛʽʩʪʨʘ TWSR ʬʦʨʤʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʰʠʥʠ TWI. ɺʽʜʧʦʚʽʜʥʦ, ʧʨʦʛʨʘʤʘ ʧʦʚʠʥʥʘ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʮʝ ʟʥʘʯʝʥʥʷ ʽ ʟʘʜʘʪʠ ʧʦʜʘʣʴʰʝ ʧʦʚʦʜʞʝʥʥʷ ʤʦʜʫʣʷ TWI, 

ʟʤʽʥʶʶʯʠ ʚʤʽʩʪ ʨʝʛʽʩʪʨʽʚ TWCR ʪʘ TWDR. 

ʅʘ ʨʠʩ. 7.19 ʧʦʢʘʟʘʥʦ ʚʟʘʻʤʦʜʽ ʁʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʟ ʤʦʜʫʣʝʤ TWI ʥʘ 

ʧʨʠʢʣʘʜʽ ʧʝʨʝʜʘʯʽ ʦʜʥʦʛʦ ʙʘʡʪʘ ʜʘʥʠʭ ʚʽʜ ʚʝʜʫʯʦʛʦ ʜʦ ʚʝʜʝʥʦʛʦ. 

 

ʈʠʩ. 7.19. ʇʨʠʢʣʘʜ ʚʟʘʻʤʦʜʽʾ ʧʨʦʛʨʘʤʠ ʟ ʤʦʜʫʣʝʤ TWI 

ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

1) ʇʝʨʰʦʶ ʦʧʝʨʘʮʽʻʶ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʰʠʥʦʶ TWI ʻ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ 

çʉʊɸʈʊè. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʟʘʧʠʩʘʪʠ ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ ʚ ʨʝʛʽʩʪʨ TWCR. 

ʌʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ çʉʊɸʈʊè ʧʦʯʥʝʪʴʩʷ ʚʽʜʨʘʟʫ ʞ ʧʽʩʣʷ ʩʢʠʜʘʥʥʷ ʧʨʘʧʦʨʮʷ 

TWINT. ɼʣʷ ʩʢʠʜʘʥʥʷ ʧʨʘʧʦʨʮʷ TWINT ʨʦʟʨʷʜ TWCR, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʮʴʦʤʫ 

ʧʨʘʧʦʨʮʶ, ʪʨʝʙʘ ʚʩʪʘʥʦʚʠʪʠ ʚ ʦʜʠʥʠʮʶ. ʇʽʩʣʷ ʫʩʧʽʰʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ 
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çʉʊɸʈʊè ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʘʧʦʨʝʮʴ TWINT. ʏʠʩʣʦ, ʷʢʝ ʧʝʨʝʙʫʚʘʻ ʫ ʨʝʛʽʩʪʨʽ 

ʩʪʘʥʫ TWSR, ʚʽʜʦʙʨʘʞʘʻ ʨʝʟʫʣʴʪʘʪ ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʦʧʝʨʘʮʽʾ. 

2) ɺʧʝʚʥʠʪʠʩʷ ʚ ʫʩʧʽʰʥʦʤʫ ʬʦʨʤʫʚʘʥʥʽ ʩʪʘʥʫ çʉʊɸʈʊè, ʧʝʨʝʚʽʨʠʚʰʠ 

ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ TWSR. ʗʢʱʦ ʢʦʜ ʩʪʘʪʫʩʫ ʚʽʜʧʦʚʽʜʘʻ ʦʯʽʢʫʚʘʥʦʤʫ, ʟʘʚʘʥʪʘʞʠʪʠ ʚ 

ʨʝʛʽʩʪʨ TWDR ʚʤʽʩʪ ʧʘʢʝʪʘ  ʽ ʩʬʦʨʤʫʚʘʪʠ ʚ ʨʝʛʽʩʪʨʽ TWCR ʢʦʤʘʥʜʫ ʥʘ 

ʧʝʨʝʜʘʯʫ ʘʜʨʝʩʥʦʛʦ ʧʘʢʝʪʘ (ʥʝ ʟʘʙʫʚʘʶʯʠ ʩʢʠʥʫʪʠ ʧʨʠ ʮʴʦʤʫ ʧʨʘʧʦʨʝʮʴ TWINT). 

ʇʝʨʝʜʘʯʘ ʧʘʢʝʪʘ ʧʦʯʥʝʪʴʩʷ ʚʽʜʨʘʟʫ ʞ ʧʽʩʣʷ ʩʢʠʜʘʥʥʷ ʧʨʘʧʦʨʮʷ. 

3) ʇʦ ʟʘʢʽʥʯʝʥʥʽ ʧʝʨʝʜʘʯʽ ʘʜʨʝʩʥʦʛʦ ʧʘʢʝʪʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʘʧʦʨʝʮʴ 

TWINT. ʂʦʜ ʩʪʘʪʫʩʫ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ ʨʝʛʽʩʪʨʽ TWSR, ʛʦʚʦʨʠʪʴ ʧʨʦ ʫʩʧʽʰʥʫ 

ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʘ, ʘ ʪʘʢʦʞ ʧʨʦ ʦʜʝʨʞʘʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜ ʚʝʜʝʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

4) ɺʧʝʚʥʠʪʠʩʷ ʚ ʫʩʧʽʰʥʽʡ ʧʝʨʝʜʘʯʽ ʘʜʨʝʩʥʦʛʦ ʧʘʢʝʪʘ ʪʘ ʦʜʝʨʞʘʥʥʽ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʧʝʨʝʚʽʨʠʚʰʠ ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ TWSR. ʗʢʱʦ ʢʦʜ ʩʪʘʪʫʩʫ ʚʽʜʧʦʚʽʜʘʻ 

ʦʯʽʢʫʚʘʥʦʤʫ, ʟʘʚʘʥʪʘʞʠʪʠ ʜʘʥʽ ʚ ʨʝʛʽʩʪʨ TWDR, ʘ ʧʦʪʽʤ ʩʬʦʨʤʫʚʘʪʠ ʚ ʨʝʛʽʩʪʨʽ 

TWCR ʢʦʤʘʥʜʫ ʥʘ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʘ ʜʘʥʠʭ (ʥʝ ʟʘʙʫʚʘʶʯʠ ʩʢʠʥʫʪʠ ʧʨʠ ʮʴʦʤʫ 

ʧʨʘʧʦʨʝʮʴ TWINT). ʇʝʨʝʜʘʯʘ ʧʘʢʝʪʘ ʜʘʥʠʭ ʧʦʯʥʝʪʴʩʷ ʚʽʜʨʘʟʫ ʞ ʧʽʩʣʷ ʩʢʠʜʘʥʥʷ 

ʧʨʘʧʦʨʮʷ. 

5) ʇʦ ʟʘʢʽʥʯʝʥʥʽ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʘ ʜʘʥʠʭ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʘʧʦʨʝʮʴ TWINT. 

ʂʦʜ ʩʪʘʪʫʩʫ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ ʨʝʛʽʩʪʨʽ TWSR, ʛʦʚʦʨʠʪʴ ʧʨʦ ʫʩʧʽʰʥʫ ʧʝʨʝʜʘʯʫ 

ʧʘʢʝʪʘ, ʘ ʪʘʢʦʞ ʧʨʦ ʦʜʝʨʞʘʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜ ʚʝʜʝʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

6) ɺʧʝʚʥʠʪʠʩʷ ʚ ʫʩʧʽʰʥʽʡ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʘ ʜʘʥʠʭ ʪʘ ʦʜʝʨʞʘʥʥʽ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʧʝʨʝʚʽʨʠʚʰʠ ʚʤʽʩʪ ʨʝʛʽʩʪʨʘ TWSR. ʗʢʱʦ ʢʦʜ ʩʪʘʪʫʩʫ ʚʽʜʧʦʚʽʜʘʻ 

ʦʯʽʢʫʚʘʥʦʤʫ, ʩʣʽʜ ʟʘʧʠʩʘʪʠ ʚ ʨʝʛʽʩʪʨ TWCR ʟʥʘʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʤʦʜʫʣʴ 

TWI ʩʬʦʨʤʫʻ ʥʘ ʰʠʥʽ ʩʪʘʥ çʉʊʆʇè ʘʙʦ çʇʆɺʉʊɸʈʊè (ʥʝ ʟʘʙʫʚʘʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʩʢʠʥʫʪʠ ʧʨʘʧʦʨʝʮʴ TWINT). ʌʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ çʉʊʆʇè ʘʙʦ çʇʆɺʉʊɸʈʊè 

ʧʦʯʥʝʪʴʩʷ ʚʽʜʨʘʟʫ ʞ ʧʽʩʣʷ ʩʢʠʜʘʥʥʷ ʧʨʘʧʦʨʮʷ TWINT. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʟʘʻʤʦʜʽʾ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʟ ʤʦʜʫʣʝʤ TWI ʩʢʣʘʜʘʻʪʴʩʷ 

ʽʟ ʥʘʩʪʫʧʥʠʭ ʪʨʴʦʭ ʯʘʩʪʠʥ. 

1) ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʤʦʜʫʣʝʤ ʚʠʢʦʥʘʥʥʷ ʯʝʨʛʦʚʦʾ ʦʧʝʨʘʮʽʾ, ʚʽʥ ʚʩʪʘʥʦʚʣʶʻ 

ʫ ʨʝʛʽʩʪʨ ̔TWCR ʧʨʘʧʦʨʝʮʴ TWINT, ʟʘʧʠʩʫʻ ʫ ʨʝʛʽʩʪʨ TWSR ʢʦʜ ʩʪʘʪʫʩʫ ʽ ʦʯʽʢʫʻ 

ʨʝʘʢʮʽʾ ʧʨʦʛʨʘʤʠ. ɼʦʢʠ ʧʨʘʧʦʨʝʮʴ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʠʥʠʮʶ, ʥʘ ʣʽʥʽʾ SCL 

ʫʪʨʠʤʫʻʪʴʩʷ ʅʀɿʔʂʀʁ ʨʽʚʝʥʴ. 

2) ʇʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʘʧʦʨʮʷ TWINT, ʧʨʦʛʨʘʤʘ ʧʦʚʠʥʥʘ ʟʘʥʝʩʪʠ ʚ 

ʨʝʛʽʩʪʨ TWDR ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʽʜʧʦʚʽʜʘ ̒ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʫ ʦʙʤʽʥʫ. 

3) ʇʽʩʣʷ ʦʥʦʚʣʝʥʥʷ ʚʤʽʩʪʫ ʨʝʛʽʩʪʨʘ TWDR, ʧʨʦʛʨʘʤʘ ʧʦʚʠʥʥʘ ʩʬʦʨʤʫʚʘʪʠ ʚ 

ʨʝʛʽʩʪʨʽ TWCR ʢʦʤʘʥʜʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʝʪʘʧʫ ʦʙʤʽʥʫ. ʇʨʠ 

ʟʘʚʘʥʪʘʞʝʥʥʽ ʚ ʨʝʛʽʩʪʨ ʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʩʢʠʥʫʪʠ ʧʨʘʧʦʨʝʮʴ TWINT 

ʟʘʧʠʩʦʤ ʫ ʥʴʦʛʦ ʦʜʠʥʠʮʽ. ʇʽʩʣʷ ʩʢʠʜʘʥʥʷ ʧʨʘʧʦʨʮʷ ʤʦʜʫʣʴ ʧʦʯʥʝ ʚʠʢʦʥʘʥʥʷ 

ʦʧʝʨʘʮʽʾ, ʦʙʫʤʦʚʣʝʥʦʾ ʚʤʽʩʪʦʤ ʨʝʛʽʩʪʨʘ TWCR. 
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ʅʠʞʯʝ ʙʫʜʝ ʥʘʚʝʜʝʥʦ ʦʧʠʩ ʢʦʥʢʨʝʪʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʤʦʜʫʣʷ TWI ʟ 

ʥʘʚʝʜʝʥʥʷʤ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥ ɹʢʦʜʽʚ ʩʪʘʪʫʩʫ.  

ʇʨʠ ʦʧʠʩʘʥʥʽ ʜʽʡ ʧʨʦʛʨʘʤʠ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʜʫ 

ʩʪʘʪʫʩʫ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʽʣʴʢʠ ʯʦʪʠʨʠ ʧʨʘʧʦʨʮʽ ʨʝʛʽʩʪʨʘ TWCR ʽʟ ʩʝʤʠ: TWSTA 

(STA), TWSTO (STO), TWINT ʽ TWEA. ɯʥʰʽ ʪʨʠ ʧʨʘʧʦʨʮʽ ʤʘʶʪʴ ʪʘʢʽ ʟʥʘʯʝʥʥʷ: 

TWWC = x (0/1), ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʩʫʪʥʦʩʪʽ/ʥʘʷʚʥʦʩʪʽ ʧʦʤʠʣʢʠ ʟʘʧʠʩʫ ʧʨʠ 

ʧʝʨʝʜʘʯʽ; TWEN = 1 (ʤʦʜʫʣʴ TWI ï ʚʢʣʶʯʝʥʠʡ); TWIE = x (0/1) ï 

ʟʘʙʦʨʦʥʷʻ/ʜʦʟʚʦʣʷʻ ʧʝʨʝʨʠʚʘʥʥʷ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʧʨʘʧʦʨʮʷ TWINT. 

ɭ ʜʚʘ ʢʦʜʠ ʩʪʘʥʫ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ($F8 ʽ $00), ʷʢʽ ʥʝ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʧʝʚʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ (ʪʘʙʣ. 7.8). 

ʊʘʙʣʠʮʷ 7.8. ʂʦʜʠ ʩʪʘʪʫʩʫ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʂʦʜ 

ʩʪʘʪʫʩʫ 

ʉʪʘʥ ʰʠʥʠ 

ʽ ʤʦʜʫʣʷ TWI 

ɼʽʾ ʧʨʦʛʨʘʤʠ 

ʅʘʩʪʫʧʥʘ ʜʽʷ, ʷʢʫ 

ʚʠʢʦʥʫʻ ʤʦʜʫʣʴ TWI ʚ/ʽʟ 

TWDR 

ɿʘʧʠʩ ʫ ʨʝʛʽʩʪʨ 

TWCR 

T
W

S
T

A
 

T
W

S
T

O
 

T
W

IN
T

 

T
W

E
A

 

$F8 
ʅʝʤʘʻ ʽʥʬʦʨʤʘʮʽʾ; 

TWINT = 0 
ʅʝʤʘʻ ʜʽʡ ʅʝʤʘʻ ʜʽʡ 

ʏʝʢʘ ̒ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʧʨʘʧʦʨʮʷ TWINT 

$00 

ʇʦʤʠʣʢʘ ʥʘ ʰʠʥʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ 

ʥʝʢʦʨʝʢʪʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ 

çʉʊɸʈʊè ʘʙʦ 

çʉʊʆʇè 

ʅʝʤʘʻ ʜʽʡ 0 1 1 x 

ɺʩʽ ʜʽʾ ʚʠʢʦʥʫʶʪʴʩʷ 

ʘʧʘʨʘʪʥʦ. ʐʠʥʘ 

ʟʚʽʣʴʥʷʻʪʴʩʷ, ʘ 

ʧʨʘʧʦʨʝʮʴ TWSTO 

ʩʢʠʜʘʻʪʴʩʷ ʚ ʥʫʣʴ 

 

ʉʪʘʥ ʟ ʢʦʜʦʤ $F8 ʻ ʧʨʦʤʽʞʥʠʤ. ʅʘʷʚʥʽʩʪʴ ʮʴʦʛʦ ʢʦʜʫ ʦʟʥʘʯʘʻ ʚʽʜʩʫʪʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʨʘʧʦʨʝʮʴ TWINT ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ. 

ʂʦʜ ʩʪʘʪʫʩʫ $00 ʩʠʛʥʘʣʽʟʫʻ ʧʨʦ ʧʦʤʠʣʢʫ ʥʘ ʰʠʥʽ. ʊʘʢʘ ʧʦʤʠʣʢʘ ʚʠʥʠʢʘʻ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʚʝʜʫʯʠʤ ʩʪʘʥʽʚ çʉʊɸʈʊè ʘʙʦ çʉʊʆʇè ʫ ʥʝʥʘʣʝʞʥʦʤʫ ʤʽʩʮʽ, 

ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʙʘʡʪʘ ʘʜʨʝʩʠ, ʙʘʡʪʘ ʜʘʥʠʭ ʘʙʦ ʙʽʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. ɼʣʷ 

ʚʠʭʦʜʫ ʟ ʪʘʢʠʭ ʩʠʪʫʘʮʽʡ ʥʝʦʙʭʽʜʥʦ ʟʘʧʠʩʘʪʠ ʦʜʠʥʠʮʶ ʫ ʨʦʟʨʷʜʠ TWSTO ʽ TWINT. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʫʣʴ ʧʝʨʝʡʜʝ ʚ ʨʝʞʠʤ ʥʝ ʘʜʨʝʩʦʚʘʥʦʛʦ ʚʝʜʝʥʦʛʦ, ʟʚʽʣʴʥʠʪʴ ʣʽʥʽʾ 

SDA ʽ SCL ʽ ʩʢʠʥʝ ʧʨʘʧʦʨʝʮʴ TWSTO. ʉʪʘʥ çʉʊʆʇè ʫ ʮʽʡ ʩʠʪʫʘʮʽʾ ʩʬʦʨʤʦʚʘʥʦ 

ʥʝ ʙʫʜʝ. 
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7.2.5. ʇʝʨʝʣʽʢ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ AVR, ʷʢʽ ʤʘʶʪʴ ʽʥʪʝʨʬʝʡʩ TWI  

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʜʝʷʢʠʭ ʤ̔ ʢʨʦʢʦʥʪʨʦʣʝʨʽʚ AVR, ʷʢʽ ʤʘʶʪʴ ʤʦʜʫʣʴ 

TWI (ʪʘʙʣ. 7.9). 

ʊʘʙʣʠʮʷ 7.9. ʇʝʨʝʣʽʢ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ AVR, ʷʢʽ ʤʘʶʪʴ ʤʦʜʫʣʴ TWI  

ʉʽʤʝʡʩʪʚʦ ʄʦʜʝʣʴ ʤʽʢʨʦʩʭʝʤʠ 

XMega ʚʩʽ ʤʦʜʝʣʽ 

Mega 

ATmega48 

ATmega8 

ATmega88 

ATmega8535 

ATmega16 

ATmega168 

ATmega32 

ATmega644 

ATmega640 

ATmega128 

ATmega1281 

ATmega1280 

ATmega2561 

ATmega2560 

Tiny 
ATtiny48 

ATtiny88 

picoPower 

ATmega48P 

ATmega88P 

ATmega168P 

ATmega328P* 

ATmega324P 

ATmega644P 

ATmega1284P** 

SmartBattery AVR ATmega406 

Automotive 

ATmega164P Automotive 

ATmega324P Automotive 

ATmega644P Automotive 

ATmega48 Automotive 

ATmega88 Automotive 

ATmega168 Automotive 

AT90CAN32 Automotive 

AT90CAN64 Automotive 

AT90CAN128 Automotive 
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7.2.6. ʇʝʨʝʣʽʢ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʽʥʪʝʨʬʝʡʩ TWI  

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʜʝʷʢʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʽʥʪʝʨʬʝʡʩ 

TWI: EEPROM-ʧʘʤ`ʷʪʴ ʜʘʥʠʭ; Flash-ʧʘʤ`ʷʪʴ ʧʨʦʛʨʘʤ; ʜʘʚʘʯʽ ʽ ʪ. ʽʥ. [7]. 

7.3. ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʽʥʪʝʨʬʝʡʩʫ TWI  

7.3.1. ʈʝʞʠʤʠ ʨʦʙʦʪʠ ʤʦʜʫʣʷ TWI   

ʄʦʜʫʣʴ TWI ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʚ ʥʘʩʪʫʧʥʠʭ ʨʝʞʠʤʘʭ: 

- ʚʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯ (MasterTransmitter); 

- ʚʝʜʫʯʠʡ ʧʨʠʡʤʘʯ (MasterReceiver); 

- ʚʝʜʝʥʠʡ ʧʝʨʝʜʘʚʘʯ (SlaveTransmitter); 

- ʚʝʜʝʥʠʡ ʧʨʠʡʤʘʯ (SlaveReceiver). 

ɺʠʙ̔ʨ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʞʠʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʜʡ̔, ʷʢʽ ʚʦʥʘ ʚʠʢʦʥʫʻ. 

7.3.2. ʈʝʞʠʤ çɺʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯè 

ɺ ʨʝʞʠʤʽ çɺʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯè (MasterTransmitter) ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʜʘʯʘ 

ʜʘʥʠʭ ʚʽʜ ʚʝʜʫʯʦʛʦ ʧʨʠʩʪʨʦʶ ʜʦ ʚʝʜʝʥʦʛʦ. ɼʣʷ ʧʝʨʝʤʠʢʘʥʥʷ ʧʨʠʩʪʨʦʶ ʚ ʨʝʞʠʤ 

çɺʝʜʫʯʠʡè ʥʝʦʙʭʽʜʥʦ ʟʘʧʠʩʘʪʠ ʫ ʨʝʛʽʩʪʨ TWCR ʢʝʨʫʶʯʝ ʩʣʦʚʦ, ʷʢʝ ʧʝʨʝʚʦʜʠʪʴ 

ʤʦʜʫʣʴ TWI ʫ ʩʪʘʥ çʉʊɸʈʊè. ʌʦʨʤʘʪ ʘʜʨʝʩʥʦʛʦ ʧʘʢʝʪʘ, ʷʢʠʡ ʧʦʪʽʤ ʧʝʨʝʜʘʻʪʴʩʷ, 

ʚʠʟʥʘʯʘʻ, ʚ ʷʢʦʤʫ ʟ ʨʝʞʠʤʽʚ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʚʝʜʫʯʠʡ. ʇʨʠ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʘ 

 ʤʦʜʫʣʴ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ çɺʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯè, ʘ ʧʨʠ ʧʝʨʝʜʘʯʽ 

ʧʘʢʝʪʘ  ï ʫ ʨʝʞʠʤ çɺʝʜʫʯʠʡ ʧʨʠʡʤʘʯè. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ çʉʊɸʈʊè ʪʨʝʙʘ ʟʘʧʠʩʘʪʠ ʚ ʨʝʛʽʩʪʨ TWCR ʥʘʩʪʫʧʥʝ 

ʟʥʘʯʝʥʥʷ: 

 

ʇʽʩʣʷ ʮʴʦʛʦ ʤʦʜʫʣʴ TWI ʧʦʯʥʝ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʘʥ ʰʠʥʠ ʽ ʩʬʦʨʤʫʻ ʩʪʘʥ 

çʉʊɸʈʊè ʚʽʜʨʘʟʫ ʞ, ʷʢ ʪʽʣʴʢʠ ʚʦʥʘ ʩʪʘʥʝ ʚʽʣʴʥʦʶ. 

ʇʦ ʟʘʢʽʥʯʝʥʥʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ çʉʊɸʈʊè ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʘʧʦʨʝʮʴ 

TWINT, ʘ ʢʦʜ ʩʪʘʪʫʩʫ ʤʘ ̒ʟʥʘʯʝʥʥʷ $08. 
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ɼʣʷ ʧʝʨʝʤʠʢʘʥʥʷ ʤʦʜʫʣʷ ʚ ʨʝʞʠʤ çɺʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯè ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʜʘʪʠ ʰʠʥʦʶ ʧʘʢʝʪ . ɼʣʷ ʮʴʦʛʦ ʚʤʽʩʪ ʧʘʢʝʪʘ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚ ʨʝʛʽʩʪʨ 

TWDR, ʘ ʚ ʨʝʛʽʩʪʨ TWCR ʟʘʥʦʩʠʪʴʩʷ ʥʘʩʪʫʧʥʝ ʟʥʘʯʝʥʥʷ: 

 

ʇʽʩʣʷ ʧʝʨʝʜʘʯʽ ʘʜʨʝʩʥʦʛʦ ʧʘʢʝʪʘ ʽ ʧʨʠʡʦʤʫ ʙʽʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʘʧʦʨʝʮʴ 

TWINT ʟʥʦʚʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ. ʂʦʜ ʩʪʘʪʫʩʫ ʤʦʞʝ ʤʘʪʠ ʦʜʥʝ ʟ 

ʥʘʩʪʫʧʥʠʭ ʟʥʘʯʝʥʴ: $18, $20 ʘʙʦ $38. ɼ̔ ,ʾ ʷʢ ̔ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʧʨʠ ʚʠʷʚʣʝʥʥʽ 

ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʢʦʜʫ, ʦʧʠʩʘʥʦ ʥʠʞʯʝ ʚ ʪʘʙʣ. 7.10. 

ʇʽʩʣʷ ʧʝʨʝʜʘʯʽ ʘʜʨʝʩʥʦʛʦ ʧʘʢʝʪʘ ʧʝʨʝʜʘʶʪʴʩʷ ʧʘʢʝʪʠ ʜʘʥʠʭ. ɿʥʘʯʝʥʥʷ 

ʙʘʡʪʘ ʜʘʥʠʭ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚ ʨʝʛʽʩʪʨ TWDR. ʇʝʨʝʜʘʯʘ ʧʘʢʝʪʘ ʜʘʥʠʭ ʧʦʯʠʥʘʻʪʴʩʷ 

ʧʽʩʣʷ ʟʘʧʠʩʫ ʚ ʨʝʛʽʩʪʨ TWCR ʥʘʩʪʫʧʥʦʛʦ ʟʥʘʯʝʥʥʷ: 

 

ʆʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚʩʽʭ ʧʘʢʝʪʽʚ ʜʘʥʠʭ. 

ʇʽʩʣʷ ʧʝʨʝʜʘʯʽ ʦʩʪʘʥʥʴʦʛʦ ʙʘʡʪʘ ʜʘʥʠʭ, ʚʝʜʫʯʠʡ ʧʦʚʠʥʝʥ ʩʬʦʨʤʫʚʘʪʠ ʥʘ ʰʠʥʽ 

ʩʪʘʥ çʉʊʆʇè ʘʙʦ çʇʆɺʉʊɸʈʊè. ʌʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ çʉʊʆʇè ʧʦʯʥʝʪʴʩʷ ʧʽʩʣʷ 

ʟʘʧʠʩʫ ʚ ʨʝʛʽʩʪʨ TWCR ʥʘʩʪʫʧʥʦʛʦ ʟʥʘʯʝʥʥʷ: 

 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ çʇʆɺʉʊɸʈʊè ʫ ʨʝʛʽʩʪʨ TWCR ʥʝʦʙʭʽʜʥʦ ʟʘʥʝʩʪʠ 

ʥʘʩʪʫʧʥʝ ʟʥʘʯʝʥʥʷ: 

WSLA+



 

187 

 

 

ʇʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʰʠʥʽ ʩʪʘʥʫ çʇʆɺʉʊɸʈʊè (ʢʦʜ ʩʪʘʪʫʩʫ $10) ʚʝʜʫʯʠʡ 

ʤʦʞʝ ʘʜʨʝʩʫʚʘʪʠ ʪʦʡ ʞʝ ʘʙʦ ʽʥʰʠʡ ʚʝʜʝʥʠʡ, ʥʝ ʬʦʨʤʫʶʯʠ ʩʪʘʥ çʉʊʆʇè. ɯʥʘʢʰʝ 

ʢʘʞʫʯʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʫ çʇʆɺʉʊɸʈʊè ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʟʤʽʥʫ ʚʝʜʝʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ ʧʝʨʝʢʣʶʯʘʪʠʩʷ ʤʽʞ ʨʝʞʠʤʘʤʠ çɺʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯè ʽ 

çɺʝʜʫʯʠʡ ʧʨʠʡʤʘʯè ʙʝʟ ʚʪʨʘʪʠ ʢʦʥʪʨʦʣʶ ʥʘʜ ʰʠʥʦʶ. 

ʊʘʙʣʠʮʷ 7.10. ʂʦʜʠ ʩʪʘʪʫʩʫ ʜʣʷ ʨʝʞʠʤʫ çɺʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯè 

ʂ
ʦ
ʜ
 
ʩ
ʪ
ʘ
ʪ
ʫ
ʩ
ʫ

 

ʉʪʘʥ ʰʠʥʠ ʪʘ 

ʤʦʜʫʣʷ TWI 

ɼʽʾ ʧʨʦʛʨʘʤʠ 

ʅʘʩʪʫʧʥʘ ʜʽʷ, ʱʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʤʦʜʫʣʝʤ 

TWI  ɺ TWDR 

ʚ ʨʝʛʽʩʪʨ TWCR 

T
W
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W
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$08 
ɹʫʣʦ ʩʬʦʨʤʦʚʘʥʦ 

ʩʪʘʥ ʉʊɸʈʊ 
ɿʘʚʘʥʪʘʞʠʪʠ 

 
0 0 1 X 1 

ɹʫʜʝ ʧʝʨʝʜʘʥʦ  ʽ 

ʦʪʨʠʤʘʥʦ ʘʙʦ NACK 

$10 

ɹʫʣʦ ʩʬʦʨʤʦʚʘʥʦ 

ʩʪʘʥ ʇʆɺʉʊɸʈʊ 
ɿʘʚʘʥʪʘʞʠʪʠ 

 
0 0 1 X 1 

ɹʫʜʝ ʧʝʨʝʜʘʥʦ  ʽ 

ʦʪʨʠʤʘʥʦ  ʘʙʦ NACK 

ɿʘʚʘʥʪʘʞʠʪʠ 

 
0 0 1 X 1 

ɹʫʜʝ ʧʝʨʝʜʘʥʦ . 

ʄʦʜʫʣʴ ʧʝʨʝʢʣʶʯʠʪʴʩʷ ʚ 

ʨʝʞʠʤ çɺʝʜʫʯʠʡ ʧʨʠʡʤʘʯè 

$18 

ɹʫʣʦ ʧʝʨʝʜʘʥʦ 

ʧʘʢʝʪ  ʽ 

ʧʨʠʡʥʷʪʦ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

( ) 

ɿʘʚʘʥʪʘʞʠʪʠ 

ʜʘʥʽ 
0 0 1 X 1 

ɹʫʜʝ ʧʝʨʝʜʘʥʦ ʙʘʡʪ ʜʘʥʠʭ ʽ 

ʦʪʨʠʤʘʥʦ  ʘʙʦ NACK 

ʅʝʤʘʻ ʜʽʡ 1 0 1 X 1 
ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

ʇʆɺʉʊɸʈʊ 

ʅʝʤʘʻ ʜʽʡ 0 1 1 X 1 

ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

ʉʊʆʇ (ʧʨʘʧʦʨʝʮʴ TWSTO 

ʙʫʜʝ ʩʢʠʥʫʪʦ) 

ʅʝʤʘʻ ʜʽʡ 1 1 1 X 1 

ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

ʉʊʆʇ, ʘ ʧʦʪʽʤ ʩʪʘʥ ʉʊɸʈʊ 

(ʧʨʘʧʦʨʝʮʴ TWSTO ʙʫʜʝ 

ʩʢʠʥʫʪʦ) 
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188 

 

ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 7.10. 
ʂ
ʦ
ʜ
 
ʩ
ʪ
ʘ
ʪ
ʫ
ʩ
ʫ

 

ʉʪʘʥ ʰʠʥʠ ʪʘ 

ʤʦʜʫʣʷ TWI 

ɼʽʾ ʧʨʦʛʨʘʤʠ 

ʅʘʩʪʫʧʥʘ ʜʽʷ, ʱʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʤʦʜʫʣʝʤ 

TWI  ɺ TWDR 

ʚ ʨʝʛʽʩʪʨ TWCR 
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$20 

ɹʫʣʦ ʧʝʨʝʜʘʥʦ 

ʧʘʢʝʪ  ʽ 

ʧʨʠʡʥʷʪʦ 

ʥʝʧʽʜʪʚʝʨʜʞʝʥʥʷ 

(NACK) 

ɿʘʚʘʥʪʘʞʠʪʠ 

ʜʘʥʽ 
0 0 1 X 1 

ɹʫʜʝ ʧʝʨʝʜʘʥʦ ʙʘʡʪ ʜʘʥʠʭ ʽ 

ʦʪʨʠʤʘʥʦ  ʘʙʦ NACK 

ʅʝʤʘʻ ʜʽʡ 1 0 1 X 1 
ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

ʇʆɺʉʊɸʈʊ 

ʅʝʤʘʻ ʜʽʡ 0 1 1 X 1 

ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

ʉʊʆʇ (ʧʨʘʧʦʨʝʮʴ TWSTO 

ʙʫʜʝ ʩʢʠʥʫʪʦ) 

ʅʝʤʘʻ ʜʽʡ 1 1 1 X 1 

ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

ʉʊʆʇ, ʘ ʧʦʪʽʤ ʩʪʘʥ ʉʊɸʈʊ 

(ʧʨʘʧʦʨʝʮʴ TWSTO ʙʫʜʝ 

ʩʢʠʥʫʪʦ) 

$28 

ɹʫʣʦ ʧʝʨʝʜʘʥʦ 

ʧʘʢʝʪ ʜʘʥʠʭ ʽ 

ʧʨʠʡʥʷʪʦ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ  

( ) 

ɿʘʚʘʥʪʘʞʠʪʠ 

ʜʘʥʽ 
0 0 1 X 1 

ɹʫʜʝ ʧʝʨʝʜʘʥʦ ʙʘʡʪ ʜʘʥʠʭ ʽ 

ʦʪʨʠʤʘʥʦ  ʘʙʦ NACK 

ʅʝʤʘʻ ʜʽʡ 1 0 1 X 1 
ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

ʇʆɺʉʊɸʈʊ 

ʅʝʤʘʻ ʜʽʡ 0 1 1 X 1 

ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

ʉʊʆʇ (ʧʨʘʧʦʨʝʮʴ TWSTO 

ʙʫʜʝ ʩʢʠʥʫʪʦ) 

ʅʝʤʘʻ ʜʽʡ 1 1 1 X 1 

ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

ʉʊʆʇ, ʘ ʧʦʪʽʤ ʩʪʘʥ ʉʊɸʈʊ 

(ʧʨʘʧʦʨʝʮʴ TWSTO ʙʫʜʝ 

ʩʢʠʥʫʪʦ) 

$30 

ɹʫʣʦ ʧʝʨʝʜʘʥʦ 

ʧʘʢʝʪ ʜʘʥʠʭ ʽ 

ʧʨʠʡʥʷʪʦ 

ʥʝʧʽʜʪʚʝʨʜʞʝʥʥʷ 

(NACK) 

ɿʘʚʘʥʪʘʞʠʪʠ 

ʜʘʥʽ 
0 0 1 X 1 

ɹʫʜʝ ʧʝʨʝʜʘʥʦ ʙʘʡʪ ʜʘʥʠʭ ʽ 

ʦʪʨʠʤʘʥʦ  ʘʙʦ NACK 

ʅʝʤʘʻ ʜʽʡ 1 0 1 X 1 
ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

ʇʆɺʉʊɸʈʊ 

ʅʝʤʘʻ ʜʽʡ 0 1 1 X 1 

ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

ʉʊʆʇ (ʧʨʘʧʦʨʝʮʴ TWSTO 

ʙʫʜʝ ʩʢʠʥʫʪʦ) 

ʅʝʤʘʻ ʜʽʡ 1 1 1 X 1 

ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

ʉʊʆʇ, ʘ ʧʦʪʽʤ ʩʪʘʥ ʉʊɸʈʊ 

(ʧʨʘʧʦʨʝʮʴ TWSTO ʙʫʜʝ 

ʩʢʠʥʫʪʦ) 
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ACK
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 7.10. 
ʂ
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ʉʪʘʥ ʰʠʥʠ ʪʘ 

ʤʦʜʫʣʷ TWI 

ɼʽʾ ʧʨʦʛʨʘʤʠ 

ʅʘʩʪʫʧʥʘ ʜʽʷ, ʱʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʤʦʜʫʣʝʤ 

TWI  ɺ TWDR 

ʚ ʨʝʛʽʩʪʨ TWCR 
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$38 

ɺʪʨʘʪʘ ʧʨʽʦʨʠʪʝʪʫ 

ʧʨʠ ʧʝʨʝʜʘʯʽ 

ʧʘʢʝʪʘ ʘʜʨʝʩʠ ʘʙʦ 

ʜʘʥʠʭ 

ʅʝʤʘʻ ʜʽʡ 0 0 1 X 1 

ʇʨʠʩʪʨʽʡ ʟʚʽʣʴʥʠʪʴ ʰʠʥʫ ʽ 

ʧʝʨʝʡʜʝ ʚ ʨʝʞʠʤ ʥʝ 

ʘʜʨʝʩʦʚʘʥʦʛʦ ʚʝʜʝʥʦʛʦ 

ʅʝʤʘʻ ʜʽʡ 1 0 1 X 1 
ʇʽʩʣʷ ʟʚʽʣʴʥʝʥʥʷ ʰʠʥʠ ʙʫʜʝ 

ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ çʉʊɸʈʊè 

ʋ [1] ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʤʦʜʫʣʷ ʚ ʜʘʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʡʦʛʦ  

ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ.   

ʅʘ ʨʠʩ. 7.20 ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʪʘ ʨʽʟʥʽ ʩʪʘʥʠ ʤʦʜʫʣʷ TWI ʫ 

ʨʝʞʠʤʽ çɺʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯè. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 7.20. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʪʘ ʩʪʘʥʠ ʤʦʜʫʣʷ TWI ʚ ʨʝʞʠʤʽ ñɺʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯò 
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7.3.3. ʈʝʞʠʤ çɺʝʜʫʯʠʡ ʧʨʠʡʤʘʯè 

ɺ ʨʝʞʠʤʽ çɺʝʜʫʯʠʡ ʧʨʠʡʤʘʯè ʚʝʜʫʯʠʡ ʟʜʽʡʩʥʶʻ ʧʨʠʡʦʤ ʜʘʥʠʭ ʚʽʜ 

ʚʝʜʝʥʦʛʦ ʧʨʠʩʪʨʦʶ. ɼʣʷ ʧʝʨʝʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʶ ʚ ʨʝʞʠʤ çɺʝʜʫʯʠʡè ʥʝʦʙʭʽʜʥʦ 

ʟʘʧʠʩʘʪʠ ʚ ʨʝʛʽʩʪʨ ʢʦʤʘʥʜ ʢʦʤʘʥʜʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ çʉʊɸʈʊè. ʌʦʨʤʘʪ 

ʘʜʨʝʩʥʦʛʦ ʧʘʢʝʪʘ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦʪʽʤ, ʚʠʟʥʘʯʘʻ, ʚ ʷʢʦʤʫ ʟ ʨʝʞʠʤʽʚ ʙʫʜʝ 

ʧʨʘʮʶʚʘʪʠ ʚʝʜʫʯʠʡ. ʇʨʠ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʘ  ʤʦʜʫʣʴ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ 

çɺʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯè, ʘ ʧʨʠ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʘ  ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ 

çɺʝʜʫʯʠʡ ʧʨʠʡʤʘʯè. 

ʌʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ çʉʊɸʈʊè ʧʦʯʠʥʘʻʪʴʩʷ ʧʽʩʣʷ ʟʘʧʠʩʫ ʚ ʨʝʛʽʩʪʨ TWCR 

ʥʘʩʪʫʧʥʦʛʦ ʟʥʘʯʝʥʥʷ: 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʧʠʩʫ ʟʘʟʥʘʯʝʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʴ TWI ʧʦʯʥʝ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʘʥ ʰʠʥʠ ʽ ʩʬʦʨʤʫʻ ʩʪʘʥ çʉʊɸʈʊè ʦʜʨʘʟʫ ʞ, ʷʢ ʪʽʣʴʢʠ ʚʦʥʘ ʩʪʘʥʝ 

ʚʽʣʴʥʦʶ. 

ʇʦ ʟʘʢʽʥʯʝʥʥʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ çʉʊɸʈʊè ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʘʧʦʨʝʮʴ 

TWINT. ʂʦʜ ʩʪʘʪʫʩʫ ʧʦʚʠʥʝʥ ʧʨʠ ʮʴʦʤʫ ʤʘʪʠ ʟʥʘʯʝʥʥʷ, ʱʦ ʜʦʨʽʚʥʶʻ $08. ɼʣʷ 

ʧʝʨʝʢʣʶʯʝʥʥʷ ʤʦʜʫʣʷ ʚ ʨʝʞʠʤ çɺʝʜʫʯʠʡ ʧʨʠʡʤʘʯè ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʘʪʠ ʰʠʥʦʶ 

ʧʘʢʝʪ . ɼʣʷ ʮʴʦʛʦ ʚʤʽʩʪ ʧʘʢʝʪʘ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚ ʨʝʛʽʩʪʨ TWDR, ʘ ʚ 

ʨʝʛʽʩʪʨ TWCR ʟʘʥʦʩʠʪʴʩʷ ʥʘʩʪʫʧʥʝ ʟʥʘʯʝʥʥʷ: 

 

ʇʽʩʣʷ ʧʝʨʝʜʘʯʽ ʘʜʨʝʩʥʦʛʦ ʧʘʢʝʪʘ ʽ ʧʨʠʡʦʤʫ ʙʽʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʘʧʦʨʝʮʴ 

TWINT ʟʥʦʚʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ. ʂʦʜ ʩʪʘʪʫʩʫ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʤʦʞʝ ʤʘʪʠ 

ʦʜʥʝ ʟ ʥʘʩʪʫʧʥʠʭ ʟʥʘʯʝʥʴ: $38, $40 ʘʙʦ $48. ɼ̔ ,ʾ ʷʢ ̔ ʥʝʦʙʭʽʜʥʦ ʧʦʯʘʪʠ ʧʨʠ 

ʚʠʷʚʣʝʥʥʽ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʢʦʜʫ, ʨʦʟʛʣʷʥʫʪʦ ʥʠʞʯʝ ʚ ʪʘʙʣ. 7.11. 

WSLA+

RSLA+

RSLA+
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ɼʣʷ ʩʢʠʜʘʥʥʷ ʙʽʪʘ TWINT ʽ ʜʦʟʚʦʣʫ ʬʦʨʤʫʚʘʥʥʷ ʙʽʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ  

ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʨʠʡʥʷʪʠʡ ʙʘʡʪ ʚʽʜ ʚʝʜʝʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʝʦʙʭʽʜʥʦ ʟʘʥʝʩʪʠ ʚ ʨʝʛʽʩʪʨ 

TWCR ʥʘʩʪʫʧʥʝ ʟʥʘʯʝʥʥʷ: 

 

ʇʽʩʣʷ ʧʨʠʡʦʤʫ ʙʘʡʪʘ ʢʦʜ ʩʪʘʪʫʩʫ ʤʘʻ ʟʥʘʯʝʥʥʷ: $50 ʘʙʦ $58. ɼʽʾ ʤʦʜʫʣʷ 

TWI ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʮʝ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ ʚ ʪʘʙʣ. 7.11. 

ʆʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʠʡʦʤʫ ʚʩʽʭ ʧʘʢʝʪʽʚ ʜʘʥʠʭ. 

ʇʽʩʣʷ ʧʨʠʡʦʤʫ ʦʩʪʘʥʥʴʦʛʦ ʙʘʡʪʘ ʜʘʥʠʭ ʚʝʜʫʯʠʡ ʧʦʚʠʥʝʥ ʧʨʦʽʥʬʦʨʤʫʚʘʪʠ ʧʨʦ ʮʝ 

ʚʝʜʝʥʦʛʦ ʧʝʨʝʜʘʚʘʯʘ, ʧʦʩʣʘʚʰʠ ʩʠʛʥʘʣ ʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ (NACK). ʇʦʪʽʤ ʚʝʜʫʯʠʡ 

ʧʦʚʠʥʝʥ ʩʬʦʨʤʫʚʘʪʠ ʥʘ ʰʠʥʽ ʩʪʘʥ çʉʊʆʇè ʘʙʦ çʇʆɺʉʊɸʈʊè. ʌʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ 

çʉʊʆʇè ʧʦʯʥʝʪʴʩʷ ʧʽʩʣʷ ʟʘʧʠʩʫ ʚ ʨʝʛʽʩʪʨ TWCR ʥʘʩʪʫʧʥʦʛʦ ʟʥʘʯʝʥʥʷ: 

 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ çʇʆɺʉʊɸʈʊè ʫ ʨʝʛʽʩʪʨ TWCR ʥʝʦʙʭʽʜʥʦ ʟʘʥʝʩʪʠ 

ʥʘʩʪʫʧʥʝ ʟʥʘʯʝʥʥʷ: 

 

ʇ̔ ʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʰʠʥʽ ʩʪʘʥʫ çʇʆɺʉʊɸʈʊè (ʢʦʜ ʩʪʘʪʫʩʫ $10) ʚʝʜʫʯʠʡ 

ʤʦʞʝ ʘʜʨʝʩʫʚʘʪʠ ʪʦʡ ʞʝ ʘʙʦ ʽʥʰʠʡ ʚʝʜʝʥʠʡ, ʥʝ ʬʦʨʤʫʶʯʠ ʩʪʘʥʫ çʉʊʆʇè. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʫ çʇʆɺʉʊɸʈʊè ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʟʤʽʥʫ ʚʝʜʝʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ ʧʝʨʝʢʣʶʯʘʪʠʩʷ ʤʽʞ ʨʝʞʠʤʘʤʠ çɺʝʜʫʯʠʡ ʧʝʨʝʜʘʚʘʯè ʽ 

çɺʝʜʫʯʠʡ ʧʨʠʡʤʘʯè ʙʝʟ ʚʪʨʘʪʠ ʢʦʥʪʨʦʣʶ ʥʘʜ ʰʠʥʦʶ. 

ACK



 

192 

 

ʊʘʙʣʠʮʷ 7.11. ʂʦʜʠ ʩʪʘʪʫʩʫ ʜʣʷ ʨʝʞʠʤʫ çɺʝʜʫʯʠʡ ʧʨʠʡʤʘʯè 

ʂ
ʦ
ʜ
 
ʩ
ʪ
ʘ
ʪ
ʫ
ʩ
ʫ

 

ʉʪʘʥ ʰʠʥʠ 

ʤʦʜʫʣʷ TWI 

ɼʽʾ ʧʨʦʛʨʘʤʠ 

ʅʘʩʪʫʧʥʘ ʜʽʷ, ʱʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʤʦʜʫʣʝʤ 

TWI  
ʚ/ʽʟ TWDR 

ʚ ʨʝʛʽʩʪʨ TWCR 
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W
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T
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W
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W
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W
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$08 

ɹʫʣʦ 

ʩʬʦʨʤʦʚʘʥʦ 

ʩʪʘʥ çʉʊɸʈʊè 

ɿʘʚʘʥʪʘʞʠʪʠ 

 
0 0 1 X 1 

ɹʫʜʝ ʧʝʨʝʜʘʥʦ . 

ɹʫʜʝ ʦʪʨʠʤʘʥʦ  ʘʙʦ 

NACK 

$10 

ɹʫʣʦ 

ʩʬʦʨʤʦʚʘʥʦ 

ʩʪʘʥ 

çʇʆɺʉʊɸʈʊè 

ɿʘʚʘʥʪʘʞʠʪʠ 

 
0 0 1 X 1 

ɹʫʜʝ ʧʝʨʝʜʘʥʦ . 

ɹʫʜʝ ʦʪʨʠʤʘʥʦ  ʘʙʦ 

NACK 

ɿʘʚʘʥʪʘʞʠʪʠ 

 
0 0 1 X 1 

ɹʫʜʝ ʧʝʨʝʜʘʥʦ . 

ʄʦʜʫʣʴ ʧʝʨʝʢʣʶʯʠʪʴʩʷ ʚ 

ʨʝʞʠʤ çɺʝʜʫʯʠʡ 

ʧʝʨʝʜʘʚʘʯè 

$38 

ɺʪʨʘʪʘ 

ʧʨʽʦʨʠʪʝʪʫ ʧʨʠ 

ʧʝʨʝʜʘʯʽ 

ʧʘʢʝʪʘ ʘʜʨʝʩʠ 

ʘʙʦ ʜʘʥʠʭ 

ʅʝʤʘʻ ʜʽʡ 0 0 1 X 1 

ʇʨʠʩʪʨʽʡ ʟʚʽʣʴʥʠʪʴ ʰʠʥʫ 

ʡ ʧʝʨʝʡʜʝ ʚ ʨʝʞʠʤ ʥʝ 

ʘʜʨʝʩʦʚʘʥʦʛʦ ʚʝʜʝʥʦʛʦ 

$40 

ɹʫʣʦ ʧʝʨʝʜʘʥʦ 

ʧʘʢʝʪ  

ʽ ʧʨʠʡʥʷʪʦ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

 

ʅʝʤʘʻ ʜʽʡ 0 0 1 0 1 

ɹʫʜʝ ʧʨʠʡʥʷʪʦ ʙʘʡʪ ʜʘʥʠʭ 

ʽ ʧʝʨʝʜʘʥʦ ʥʝ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ (NACK) 

ʅʝʤʘʻ ʜʽʡ 0 0 1 1 1 

ɹʫʜʝ ʧʨʠʡʥʷʪʦ ʙʘʡʪ ʜʘʥʠʭ 

ʽ ʧʝʨʝʜʘʥʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

( ) 

$48 

ɹʫʣʦ ʧʝʨʝʜʘʥʦ 

ʧʘʢʝʪ  

ʽ ʧʨʠʡʥʷʪʦ ʥʝ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

Nɸʉʂ 

ʅʝʤʘʻ ʜʽʡ 1 0 1 X 1 
ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

çʇʆɺʉʊɸʈʊè 

ʅʝʤʘʻ ʜʽʡ 0 1 1 X 1 

ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

çʉʊʆʇè(ʧʨʘʧʦʨʝʮʴ 

TWSTO ʙʫʜʝ ʩʢʠʥʫʪʦ) 

ʅʝʤʘʻ ʜʽʡ 1 1 1 X 1 

ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

çʉʊʆʇè, ʘ ʧʦʪʽʤ ʩʪʘʥ 

çʉʊɸʈʊè (ʧʨʘʧʦʨʝʮʴ 

TWSTO ʙʫʜʝ ʩʢʠʥʫʪʦ) 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 7.11. 

ʂ
ʦ
ʜ
 
ʩ
ʪ
ʘ
ʪ
ʫ
ʩ
ʫ

 

ʉʪʘʥ ʰʠʥʠ 

ʤʦʜʫʣʷ TWI 

ɼʽʾ ʧʨʦʛʨʘʤʠ 

ʅʘʩʪʫʧʥʘ ʜʽʷ, ʱʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʤʦʜʫʣʝʤ 

TWI  
ʚ/ʽʟ TWDR 

ʚ ʨʝʛʽʩʪʨ TWCR 

T
W
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A
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T
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W
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T
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W
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A
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W

E
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$50 

 

ɹʫʣʦ ʧʨʠʡʥʷʪʦ 

ʙʘʡʪ ʜʘʥʠʭ ʽ 

ʧʝʨʝʜʘʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

 

ɿʯʠʪʘʪʠ ʜʘʥʽ 

0 0 1 0 1 

ɹʫʜʝ ʧʨʠʡʥʷʪʦ ʙʘʡʪ 

ʜʘʥʠʭ ʽ ʧʝʨʝʜʘʥʦ NACK 

0 0 1 1 1 

ɹʫʜʝ ʧʨʠʡʥʷʪʦ ʙʘʡʪ 

ʜʘʥʠʭ ʽ ʧʝʨʝʜʘʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ  

$58 

ɹʫʣʦ ʧʨʠʡʥʷʪʦ 

ʙʘʡʪ ʜʘʥʠʭ ʽ 

ʧʝʨʝʜʘʥʦ ʥʝ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

(NɸCʂ) 

ɿʯʠʪʘʪʠ ʜʘʥʽ 1 0 1 X 1 
ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

çʇʆɺʉʊɸʈʊè 

ɿʯʠʪʘʪʠ ʜʘʥʽ 0 1 1 X 1 

ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

çʉʊʆʇè (ʧʨʘʧʦʨʝʮʴ 

TWSTO ʙʫʜʝ ʩʢʠʥʫʪʦ) 

ɿʯʠʪʘʪʠ ʜʘʥʽ 1 1 1 X 1 

ɹʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʩʪʘʥ 

çʉʊʆʇè, ʘ ʧʦʪʽʤ ʩʪʘʥ 

çʉʊɸʈʊè (ʧʨʘʧʦʨʝʮʴ 

TWSTO ʙʫʜʝ ʩʢʠʥʫʪʦ) 

ʋ [1] ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʤʦʜʫʣʷ ʚ ʜʘʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʡʦʛʦ  

ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ.   

ʅʘ ʨʠʩ. 7.21 ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʪʘ ʨʽʟʥʽ ʩʪʘʥʠ ʤʦʜʫʣʷ TWI ʚ 

ʨʝʞʠʤʽ çɺʝʜʫʯʠʡ ʧʨʠʡʤʘʯè. 

7.3.4. ʈʝʞʠʤ çɺʝʜʝʥʠʡ ʧʨʠʡʤʘʯè 

ɺ ʨʝʞʠʤʽ çɺʝʜʝʥʠʡ ʧʨʠʡʤʘʯè ʚʝʜʝʥʠʡ ʧʨʠʩʪʨʽʡ ʟʜʽʡʩʥʶʻ ʧʨʠʡʦʤ ʜʘʥʠʭ 

ʚʽʜ ʚʝʜʫʯʦʛʦ. ʇʝʨʝʜ ʪʠʤ ʷʢ ʧʝʨʝʢʣʶʯʠʪʠ ʤʦʜʫʣʴ ʫ ʨʝʞʠʤ çɺʝʜʝʥʠʡ ʧʨʠʡʤʘʯè, 

ʩʣʽʜ ʟʘʥʝʩʪʠ ʫ ʩʪʘʨʰʽ ʨʦʟʨʷʜʠ ʨʝʛʽʩʪʨʘ TWAR ʘʜʨʝʩʫ ʧʨʠʩʪʨʦʶ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʣʦʛʽʢʠ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʚʩʪʘʥʦʚʠʪʠ ʘʙʦ ʩʢʠʥʫʪʠ ʤʦʣʦʜʰʠʡ ʨʦʟʨʷʜ ʮʴʦʛʦ ʨʝʛʽʩʪʨʘ 

(TWGCE). ʇʦʪʽʤ ʥʝʦʙʭʽʜʥʦ ʟʘʧʠʩʘʪʠ ʚ ʨʝʛʽʩʪʨ TWCR ʥʘʩʪʫʧʥʝ ʟʥʘʯʝʥʥʷ: 
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