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ʃʝʢʮʽʷ ˉ1. ʌʦʨʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʄʦʜʝʣʽ ʩʠʛʥʘʣʽʚ ʪʘ 

ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ. ʃʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ. ʆʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʎɯʉ 
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ʃʝʢʮʽʷ ˉ2. ɹʫʣʝʚʘ ʘʣʛʝʙʨʘ. ɿʘʢʦʥʠ ʽ ʪʦʪʦʞʥʦʩʪʽ ʘʣʛʝʙʨʠ ʣʦʛʽʢʠ. 

ʉʧʦʩʦʙʠ ʟʘʜʘʥʥʷ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ. ɻʝʦʤʝʪʨʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ 

ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ. ʄʝʪʦʜʠ ʤʽʥʽʤʽʟʘʮʽʾ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ: ʢʘʨʪʠ ʂʘʨʥʦ 

(ɺʝʡʯʘ), ʤʝʪʦʜ ʂʚʘʡʥʘ, ʂʚʘʡʥʘ-ʄʘʢ-ʂʣʘʩʢʽ 
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ʃʝʢʮʽʷ ˉ3. ʄʦʚʘ VHDL. ɯʜʝʥʪʠʬʽʢʘʪʦʨʠ ʚ ʤʦʚʽ VHDL. ʆʙôʻʢʪʠ, 

ʦʧʝʨʘʮʽʾ ʪʘ ʦʧʝʨʘʪʦʨʠ ʤʦʚʠ VHDL. ʆʧʠʩ ʽʥʪʝʨʬʝʡʩʫ ʧʨʠʩʪʨʦʶ 
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ʃʝʢʮʽʷ ˉ4. ʂʦʤʫʪʘʪʦʨʠ. ʄʫʣʴʪʠʧʣʝʢʩʦʨʠ. ʇʨʠʩʪʨʦʾ ʟʩʫʚʫ. ʉʝʣʝʢʪʦʨʠ-

ʤʫʣʴʪʠʧʣʝʢʩʦʨʠ. ʂʦʜʫʶʯʽ ʪʘ ʜʝʢʦʜʫʶʯʽ ʧʨʠʩʪʨʦʾ 
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ʃʝʢʮʽʷ ˉ5. ʉʫʤʘʪʦʨʠ. ʂʦʤʧʘʨʘʪʦʨʠ. ɸʨʠʬʤʝʪʠʯʥʦ-ʣʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ. 

ɹʫʬʝʨʥʽ ʝʣʝʤʝʥʪʠ. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚ ʣʦʛʽʯʥʠʭ ʩʭʝʤʘʭ 
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ʃʝʢʮʽʷ ˉ 6. ʊʨʠʛʝʨʠ. ʊʨʠʛʝʨʥʽ ʩʭʝʤʠ. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʪʨʠʛʝʨʥʠʭ ʩʭʝʤ. RS-, D-, JK-, ʊ- ʪʘ ʊV-ʪʨʠʛʝʨʠ 
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ʃʝʢʮʽʷ ˉ7. ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʚ ʮʠʬʨʦʚʠʭ ʩʭʝʤʘʭ. ʋʟʛʦʜʞʝʥʥʷ ʚʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ. ʉʠʥʭʨʦʥʽʟʘʪʦʨʠ. ʇʨʘʢʪʠʯʥʽ ʧʨʦʙʣʝʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʩʠʥʭʨʦʥʥʠʭ ʮʠʬʨʦʚʠʭ ʩʭʝʤ 
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ʃʝʢʮʽʷ ˉ8. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʢʽʥʯʝʥʥʠʭ ʘʚʪʦʤʘʪʽʚ. ɸʚʪʦʤʘʪʠ 

ʄʽʣʽ ʽ ʄʫʨʘ. ɿʘʢʦʥʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʘʪʽʚ. ʉʧʦʩʦʙʠ ʦʧʠʩʫ ʨʦʙʦʪʠ 

ʘʚʪʦʤʘʪʽʚ. ɽʢʚʽʚʘʣʝʥʪʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʽʚ 
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ʃʝʢʮʽʷ ˉ9. ʆʩʥʦʚʠ ʘʥʘʣʽʟʫ ʮʠʬʨʦʚʠʭ ʘʚʪʦʤʘʪʽʚ. ɸʥʘʣʽʟ ʘʚʪʦʤʘʪʽʚ ʟ D-

ʪʨʠʛʝʨʘʤʠ. ʆʩʦʙʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫ ʩʢʽʥʯʝʥʥʠʭ ʘʚʪʦʤʘʪʽʚ ʟ JK-ʪʨʠʛʝʨʘʤʠ 
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ʃʝʢʮʽʷ ˉ10. ʉʠʥʪʝʟ ʩʢʽʥʯʝʥʥʠʭ ʘʚʪʦʤʘʪʽʚ 196 

ʃʝʢʮʽʷ ˉ11. ʉʠʥʪʝʟ ʘʩʠʥʭʨʦʥʥʠʭ ʽʤʧʫʣʴʩʥʠʭ ʘʚʪʦʤʘʪʽʚ. ʆʩʦʙʣʠʚʦʩʪʽ 

ʩʠʥʪʝʟʫ ʩʠʥʭʨʦʥʥʠʭ ʘʚʪʦʤʘʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʝʤʠ ʐʝʥʦʥʘ ʧʨʠ 

ʩʠʥʪʝʟʽ ʩʢʽʥʯʝʥʥʠʭ ʘʚʪʦʤʘʪʽʚ ʥʘ ʦʩʥʦʚʽ JK-ʪʨʠʛʝʨʽʚ 
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ʃʝʢʮʽʷ ˉ12. ʊʠʧʠ ʣʽʯʠʣʴʥʠʢʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʨʦʙʦʪʠ. ɸʩʠʥʭʨʦʥʥʽ 

ʣʽʯʠʣʴʥʠʢʠ. ʃʽʯʠʣʴʥʠʢʠ ʟ ʜʦʚʽʣʴʥʠʤ ʤʦʜʫʣʝʤ ʨʘʭʫʥʢʫ. ʉʠʥʭʨʦʥʥʽ 

ʣʽʯʠʣʴʥʠʢʠ. ʉʢʽʥʯʝʥʥʽ ʘʚʪʦʤʘʪʠ ʥʘ ʦʩʥʦʚʽ ʣʽʯʠʣʴʥʠʢʽʚ 
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ʃʝʢʮʽʷ ˉ13. ɿʘʛʘʣʴʥʝ ʧʦʥʷʪʪʷ ʧʨʦ ʨʝʛʽʩʪʨʠ. ʈʝʛʽʩʪʨʠ ʧʘʤôʷʪʽ. ʈʝʛʽʩʪʨʠ 

ʟʩʫʚʫ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʫ ʧʦʩʣʽʜʦʚʥʦʤʫ ʬʦʨʤʘʪʽ. 

ʈʝʛʽʩʪʨʦʚʽ ʣʽʯʠʣʴʥʠʢʠ ʽʤʧʫʣʴʩʽʚ (ʨʦʟʧʦʜʽʣʶʚʘʯʽ). ʃʽʯʠʣʴʥʠʢʠ 

ɼʞʦʥʩʦʥʘ. ʉʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʮʠʬʨʦʚʦʾ ʘʧʘʨʘʪʫʨʠ 
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ʃʝʢʮʽʷ ˉ14. ʇʦʩʪʽʡʥʽ ʟʘʧʘʤôʷʪʦʚʫʶʯʽ ʧʨʠʩʪʨʦʾ. ʈʝʧʨʦʛʨʘʤʦʚʘʥʽ ʇɿʇ 

ʆʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʬʣʝʰ ʧʘʤôʷʪʽ. ʆʧʝʨʘʪʠʚʥʽ ʟʘʧʘʤôʷʪʦʚʫʶʯʽ ʧʨʠʩʪʨʦʾ 
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ʃʝʢʮʽʷ ˉ15. ʆʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨ ʧʨʦʩʪʠʭ ʧʨʦʛʨʘʤʦʚʘʥʠʭ 

ʣʦʛʽʯʥʠʭ ʤʘʪʨʠʮʴ. ʉʫʯʘʩʥʽ ʇʃɯʉ. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʇʃɯʉ 
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ʃʝʢʮʽʷ ˉ16. ʆʩʥʦʚʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʇʃɯʉ ʚ 
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ɺʉʊʋʇ 

 ʄʝʪʦʶ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ çʎʠʬʨʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè ʻ 

ʦʪʨʠʤʘʥʥʷ ʩʪʫʜʝʥʪʘʤʠ ˇʨʫʥʪʦʚʥʠʭ ʟʥʘʥʴ ʟ ʧʠʪʘʥʴ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʧʦʙʫʜʦʚʠ 

ʮʠʬʨʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ʎɯʉ). ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʘʞʣʠʚʠʡ ʢʣʘʩ ʎɯʉ ï 

ʘʚʪʦʤʘʪʠ ʄʽʣʽ ʪʘ ʄʫʨʘ ʩʠʥʭʨʦʥʥʦʛʦ ʪʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʪʠʧʽʚ, ʩʠʥʪʝʟ ʪʘ ʘʥʘʣʽʟ ʾʭ 

ʩʪʨʫʢʪʫʨ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʪʽʡʥʠʭ ʟʘʧʘʤôʷʪʦʚʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ (ʇɿʇ), ʘ ʪʘʢʦʞ 

ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ (ʇʃɯʉ) ʪʘ ʧʦʙʫʜʦʚʘ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʢʦʥʪʨʦʣʶ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

 ɿʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʧʨʦʛʨʘʤʠ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ ʩʪʫʜʝʥʪʠ ʧʽʩʣʷ 

ʟʘʩʚʦʻʥʥʷ ʜʠʩʮʠʧʣʽʥʠ ʤʘʶʪʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ: 

 - ʟʥʘʥʥʷ ʟ ʪʝʦʨʽʾ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʩʠʥʪʝʟʫ ʪʘ ʘʥʘʣʽʟʫ ʮʠʬʨʦʚʠʭ ʘʚʪʦʤʘʪʽʚ ʟʘ ʤʝʪʦʜʠʢʦʶ ʄʽʣʽ ʪʘ ʄʫʨʘ ʩʠʥʭʨʦʥʥʦʛʦ 

ʪʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʪʠʧʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ; 

 - ʚʤʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʩʪʨʫʢʪʫʨ ʎɯʉ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʪʠʧʫ, ʧʨʦʚʦʜʠʪʠ ʪʝʩʪʦʚʠʡ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʢʦʥʪʨʦʣʴ; 

 - ʥʘʚʠʯʢʠ ʟʘʩʪʦʩʫʚʘʪʠ ʥʘʙʫʪʽ ʟʥʘʥʥʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʫʨʩʦʚʠʭ ʪʘ ʚʠʧʫʩʢʥʦʾ 

ʨʦʙʦʪʠ, ʫ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘ ʬʘʭʦʤ. 

 ʇʦʩʪʘʚʣʝʥʽ ʮʽʣʽ ʜʦʩʷʛʘʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʩʫʯʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʧʽʟʥʘʚʘʣʴʥʦʾ ʪʘ ʪʚʦʨʯʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʪʫʜʝʥʪʽʚ. 

ʂʦʥʩʧʝʢʪ ʣʝʢʮʽʡ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʦ 16 ʣʝʢʮʽʷʤ. ʇʦ ʢʦʞʥʽʡ ʟ ʣʝʢʮʽʡ 

ʥʘʚʝʜʝʥʦ ʩʧʠʩʦʢ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ. 
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ʃʝʢʮʽʷ ˉ1 

ʌʦʨʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʇʦʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʩʥʦʚʥʠʭ ʧʦʥʷʪʴ ʥʘʫʢʠ ʧʨʦ ʢʝʨʫʚʘʥʥʷ 

ʽ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʪʘʢʠʤʠ ʧʦʥʷʪʪʷʤʠ, ʷʢ çʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠè, çʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾè, çʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷè, çʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè, 

çʽʥʬʦʨʤʘʮʽʡʥʽ ʩʪʨʫʢʪʫʨʠè ʪʦʱʦ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʜʘʪʠ ʥʘʡʙʽʣʴʰ ʧʦʚʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚ ʾʾ ʦʩʥʦʚʽ ʣʝʞʠʪʴ 

ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʧʘʨʠ ʦʙôʻʢʪʽʚ ï ʜʞʝʨʝʣʘ ʽ ʩʧʦʞʠʚʘʯʘ ʽʥʬʦʨʤʘʮʽʾ. ɼʞʝʨʝʣʘʤʠ 

ʽʥʬʦʨʤʘʮʽʾ, ʥʘʩʘʤʧʝʨʝʜ, ʻ ʧʨʠʨʦʜʥʽ ʦʙô̒ ʢʪʠ: ʣʶʜʠ, ʪʚʘʨʠʥʠ, ʨʦʩʣʠʥʠ, ʧʣʘʥʝʪʠ 

ʪʘ ʽʥ. ʈʘʟʦʤ ʽʟ ʮʠʤ ʫ ʤʽʨʫ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʜʞʝʨʝʣʘʤʠ ʽʥʬʦʨʤʘʮʽʾ 

ʩʪʘʶʪʴ ʥʘʫʢʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʤʘʰʠʥʠ, ʘʧʘʨʘʪʠ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ. ɿʥʘʯʥʠʡ 

ʪʘʢʦʞ ʧʝʨʝʣʽʢ ʦʙô̒ ʢʪʽʚ, ʱʦ ʻ ʩʧʦʞʠʚʘʯʘʤʠ ʽʥʬʦʨʤʘʮʽʾ: ʣʶʜʠ, ʪʚʘʨʠʥʠ, ʨʦʩʣʠʥʠ, 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʽʯʥʽ ʧʨʠʩʪʨʦʾ ʪʦʱʦ [1]. 

ɺʠʭʦʜʷʯʠ ʟʽ ʩʢʘʟʘʥʦʛʦ, ʜʘʶʪʴ ʪʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ: ʽʥʬʦʨʤʘʮʽʷ ï 

ʩʫʢʫʧʥʽʩʪʴ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʚʩʽʣʷʢʽ ʦʙ'ʻʢʪʠ, ʷʚʠʱʘ, ʧʨʦʮʝʩʠ. ɹʽʣʴʰ ʟʤʽʩʪʦʚʥʠʤ ʻ 

ʪʚʝʨʜʞʝʥʥʷ: ʽʥʬʦʨʤʘʮʽʷ ʻ ʚʠʙʽʨ ʦʜʥʦʛʦ ʚʘʨʽʘʥʪʘ (ʘʙʦ ʜʝʢʽʣʴʢʦʭ) ʽʟ ʙʘʛʘʪʴʦʭ 

ʤʦʞʣʠʚʠʭ ʽ ʨʽʚʥʦʧʨʘʚʥʠʭ. ʉʣʦʚʦ çʨʽʚʥʦʧʨʘʚʥʠʭè ʦʟʥʘʯʘʻ, ʱʦ ʫʩʽ ʚʘʨʽʘʥʪʠ, ʽʟ 

ʷʢʠʭ ʨʦʙʠʪʴʩʷ ʚʠʙʽʨ, ʤʘʶʪʴ ʱʦʩʴ ʩʧʽʣʴʥʝ, ʪʦʙʪʦ ʥʘʣʝʞʘʪʴ ʦʜʥʽʡ ʤʥʦʞʠʥʽ. ʋ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʨʦʟʛʣʷʥʫʪʦ ʪʨʠ ʦʩʥʦʚʥʠʭ ʚʘʨʽʘʥʪʠ ʚʢʘʟʘʥʦʛʦ ʚʠʙʦʨʫ: ʷʢʱʦ 

ʚʠʙʽʨ ʧʽʜʢʘʟʘʥʠʡ (ʘʙʦ ʚʢʘʟʘʥʠʡ), ʪʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʦʜʝʨʞʘʥʥʷ (ʨʝʮʝʧʮʽʶ) 

ʽʥʬʦʨʤʘʮʽʾ; ʷʢʱʦ ʚʠʙʽʨ ʟʨʦʙʣʝʥʠʡ ʩʘʤʦʩʪʽʡʥʦ ʽ ʚʠʧʘʜʢʦʚʦ, ʪʦ ʛʦʚʦʨʷʪʴ ʧʨʦ 

ʚʠʥʠʢʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; ʽ, ʥʘʨʝʰʪʽ, ʷʢʱʦ ʚʠʙʽʨ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʝʥʠʡ 

ʩʠʪʫʘʮʽʻʶ ʘʙʦ ʧʦʧʝʨʝʜʥʽʤʠ ʧʦʜʽʷʤʠ (ʪʦʙʪʦ ʚʠʙʦʨʫ, ʧʦ ʩʫʪʽ, ʥʝʤʘʻ), ʪʦ ʧʨʦ 

ʽʥʬʦʨʤʘʮʽʶ ʚʟʘʛʘʣʽ ʛʦʚʦʨʠʪʠ ʥʝ ʜʦʚʦʜʠʪʴʩʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʬʦʨʤʠ ʧʦʜʘʥʥʷ, ʚʠʜʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʮʴʦʛʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ, ʷʢʘ ʜʘʻʪʴʩʷ ʥʘ ʨʠʩ. 1.1. 

ʆʩʥʦʚʥʠʤʠ ʬʦʨʤʘʤʠ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʻ ʩʠʤʚʦʣʴʥʘ, ʪʝʢʩʪʦʚʘ ʽ 

ʛʨʘʬʽʯʥʘ. ʉʠʤʚʦʣʴʥʘ ʬʦʨʤʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʤʚʦʣʽʚ ï ʣʽʪʝʨ, 
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ʮʠʬʨ, ʟʥʘʢʽʚ ʽ ʪ. ʜ., ʻ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦʶ ʽ ʧʨʘʢʪʠʯʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʧʨʦ ʨʽʟʥʽ ʧʦʜʽʾ. 

 

ʈʠʩ.1.1. ʌʦʨʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʚʠʜʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ 

 

ɹʽʣʴʰ ʩʢʣʘʜʥʦʶ ʻ ʪʝʢʩʪʦʚʘ ʬʦʨʤʘ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʊʫʪ, ʷʢ ʽ ʚ 

ʧʦʧʝʨʝʜʥʽʡ ʬʦʨʤʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʠʤʚʦʣʠ ï ʣʽʪʝʨʠ, ʮʠʬʨʠ, ʤʘʪʝʤʘʪʠʯʥʽ 

ʟʥʘʢʠ. ʆʜʥʘʢ ʽʥʬʦʨʤʘʮʽʷ ʟʘʢʣʘʜʝʥʘ ʥʝ ʪʽʣʴʢʠ ʚ ʮʠʭ ʩʠʤʚʦʣʘʭ, ʘʣʝ ʡ ʫ ʾʭ 

ʩʧʦʣʫʯʝʥʥʽ, ʧʦʨʷʜʢʫ ʧʨʦʭʦʜʞʝʥʥʷ. ɿʘʚʜʷʢʠ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʩʠʤʚʦʣʽʚ ʽ 

ʚʽʜʦʙʨʘʞʝʥʥʶ ʤʦʚʠ ʣʶʜʠʥʠ ʪʝʢʩʪʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʥʘʜʟʚʠʯʘʡʥʦ ʟʨʫʯʥʘ ʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ. 

 ʅʘʡʙʽʣʴʰ ʤʽʩʪʢʦʶ, ʘʣʝ ʽ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ʻ ʛʨʘʬʽʯʥʘ ʬʦʨʤʘ ʧʦʜʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ʆʙʨʘʟʠ ʧʨʠʨʦʜʠ, ʬʦʪʦʛʨʘʬʽʾ, ʢʨʝʩʣʝʥʥʷ, ʩʭʝʤʠ, ʤʘʣʶʥʢʠ ʤʘʶʪʴ 

ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʚ ʥʘʰʦʤʫ ʞʠʪʪʽ ʽ ʤʽʩʪʷʪʴ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ. ɯ 

ʭʦʯʘ ʽʥʬʦʨʤʘʮʽʷ ʥʝ ʤʘʻ ʥʽ ʤʘʩʠ, ʥʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ, ʞʦʜʥʠʭ ʬʽʟʠʯʥʠʭ ʘʙʦ 

ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʨʦʪʝ ʜʣʷ ʾʾ ʽʩʥʫʚʘʥʥʷ ʦʙʦʚôʷʟʢʦʚʘ ʥʘʷʚʥʽʩʪʴ ʷʢʦʛʦʩʴ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ, ʱʦ ʧʝʨʝʜʘʻ ʘʙʦ ʟʙʝʨʽʛʘʻ ʽʥʬʦʨʤʘʮʽʶ. ʊʘʢʠʭ ʦʙôʻʢʪʽʚ 

ʜʦʩʠʪʴ ʙʘʛʘʪʦ, ʽ ʾʭʥʷ ʢʽʣʴʢʽʩʪʴ ʫʚʝʩʴ ʯʘʩ ʟʨʦʩʪʘʻ. 

ʄʦʜʝʣʽ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ 

ʉʝʨʝʜ ʫʩʽʻʾ ʤʥʦʞʠʥʠ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʦʩʦʙʣʠʚʠʡ ʥʘʧʨʷʤʦʢ ï ʣʦʛʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʦʙʪʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʮʠʬʨʦʚʠʭ ʦʙô̒ ʢʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤôʧʶʪʝʨʽʚ. ʆʩʦʙʣʠʚʽʩʪʶ ʣʦʛʽʯʥʦʛʦ 
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ʤʦʜʝʣʶʚʘʥʥʷ (simulation) ʻ ʪʝ, ʱʦ ʚ ʷʢʦʩʪʽ ʤʦʜʝʣʝʡ ʦʙô̒ ʢʪʽʚ (ʢʦʤʧʦʥʝʥʪʽʚ) 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʾʭ ʟʘʢʦʥʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʬʦʨʤʘʭ 

ʧʦʜʘʥʥʷ [2]. 

ɺʩʽ ʤʦʜʝʣʽ ʮʠʬʨʦʚʠʭ ʦʙô̒ ʢʪʽʚ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʩʧʦʩʦʙʦʤ ʪʘ ʟʘ ʬʦʨʤʦʶ 

ʧʦʜʘʥʥʷ. ʉʧʦʩʽʙ ʧʦʜʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʟʥʘʯʘʻ ʘʙʦ ʤʦʜʝʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨ ʘʙʦ 

ʪʠʧ ʧʨʦʮʝʜʫʨʠ ʤʦʜʝʣʶʚʘʥʥʷ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʦʜʝʣʝʡ ʮʠʬʨʦʚʠʭ ʦʙôʻʢʪʽʚ ʟʘ 

ʩʧʦʩʦʙʦʤ ʧʦʜʘʥʥʷ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.2. 

ɿʘ ʩʧʦʩʦʙʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥ̫

ʉʪʨʫʢʪʫʨʥʘ

ʉʠʥʭʨʦʥʥʘ

ɸʚʪʦʤʘʪʥʘ

ɼʚ̔ʡʢʦʚʘ

ʉʧʨʘʚʥʘ

ɯʪʝʨʘʮ̔ʡʥʘ

ʌʫʥʢʮ̔ʦʥʘʣɹʥʘ

ɸʩʠʥʭʨʦʥʥʘ

ɯʪʝʨʘʪʠʚʥʘ

ɹʘʛʘʪʦʟʥʘʯʥʘ

ʅʝʩʧʨʘʚʥʘ

ȹ-ʤʦʜʝʣʁʚʘʥʥ̫

ʉʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮ̔ʦʥʘʣɹʥʘ
ʈ̔ʚʝʥɹ ʜʝʪʘʣ̔ʟʘʮ̔ʾ

ɺʨʘʭʫʚʘʥʥ̫ ʧʘʨʘʤʝʪʨʫ ʯʘʩʫ

ɺʨʘʭʫʚʘʥʥ̫ ʩʪʘʥ̔ʚ

ɿʥʘʯʥ̔ʩʪɹ ʘʣʬʘʚ̔ʪʫ

ɺʨʘʭʫʚʘʥʥ̫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ

ʇʨʦʮʝʜʫʨʠ ʨʝʘʣ̔ʟʘʮ̔ʾ ʤʦʜʝʣ̔
 

ʈʠʩ. 1.2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʦʜʝʣʝʡ ʮʠʬʨʦʚʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʩʧʦʩʦʙʦʤ ʧʦʜʘʥʥʷ 

 

ʌʦʨʤʘ ʧʦʜʘʥʥʷ ʤʦʜʝʣʽ ʚʠʟʥʘʯʘʻ ʷʢ ʬʦʨʤʫ ʚʽʟʫʘʣʴʥʦʛʦ ʧʦʜʘʥʥʷ ʤʦʜʝʣʽ, 

ʪʘʢ ʽ ʬʦʨʤʘʪ ʧʦʜʘʥʥʷ ʤʦʜʝʣʽ ʚ ʩʪʨʫʢʪʫʨʘʭ ʜʘʥʠʭ ʩʠʩʪʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

(ʨʠʩ. 1.3). 

ɿʘ ʬʦʨʤʦʁ

ɻʨʘʬ̔ʯʥ̔ ʊʘʙʣʠʯʥ̔ ɸʥʘʣ̔ʪʠʯʥ̔ ɸʣʛʦʨʠʪʤ̔ʯʥ̔

ʉʭʝʤʘ

ʉʪʨʫʢʪʫʨʥʠʡ ʛʨʘʬ

ʄʝʨʝʞʘ ʇʝʪʨ̔

ɻʨʘʬ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ

ʊʘʙʣʠʮ̫ ̔ʩʪʠʥʥʦʩʪ̔

ʊʘʙʣʠʮ̫ ʧʝʨʝʭʦʜ̔ʚ

ʂʫʙ̔ʯʥʝ ʧʦʢʨʠʪʪ̫

ɹʫʣʝʚ̔ ʨ̔ʚʥ̫ʥʥ̫

ɹʘʛʘʪʦʟʥʘʯʥ̔ ʨ̔ʚʥ̫ʥʥ̫

ɸʣʛʦʨʠʪʤ

 

ʈʠʩ. 1.3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʦʜʝʣʝʡ ʮʠʬʨʦʚʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʬʦʨʤʦʶ ʧʦʜʘʥʥʷ 
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ɸʥʘʣʽʪʠʯʥʝ, ʛʨʘʬʽʯʥʝ, ʧʨʦʛʨʘʤʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ 

ʇʨʠʢʣʘʜ ʘʥʘʣʽʪʠʯʥʦʛʦ, ʛʨʘʬʽʯʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʩʠʥʭʨʦʥʥʦʛʦ RS-ʪʨʠʛʝʨʘ ʥʘʚʝʜʝʥʠʡ ʫ ʪʘʙʣ. 1.1. 

ʊʘʙʣʠʮ ̫1.1. ʇʨʠʢʣʘʜ ʘʥʘʣʽʪʠʯʥʦʛʦ, ʛʨʘʬʽʯʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʩʠʥʭʨʦʥʥʦʛʦ RS-ʪʨʠʛʝʨʘ 

ɻʨʘʬʽʯʥʝ ʧʦʜʘʥʥʷ 

ʉʭʝʤʘ 

 

ɺʥʫʪʨʽʰʥʷ ʩʪʨʫʢʪʫʨʘ 

 

ʉʪʨʫʢʪʫʨʥʠʡ ʛʨʘʬ 

 

ɻʨʘʬ ʧʝʨʝʭʦʜʚ̔ 
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ʊʘʙʣʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʇʦʚʥʘ ʪʘʙʣʠʮ ̫ʧʝʨʝʭʦʜʚ̔ ʉʢʦʨʦʯʝʥʘ ʪʘʙʣʠʮʷ ʧʝʨʝʭʦʜʽʚ 

 

 

ʄʘʪʨʠʮ ̫ʧʝʨʝʭʦʜʚ̔ ʂʘʨʪʘ ʂʘʨʥʦ 

 

 

ɸʥʘʣʽʪʠʯʥʝ ʧʦʜʘʥʥʷ 

ʈʽʚʥʷʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʠʛʝʨʘ, ʦʪʨʠʤʘʥʝ ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ʢʘʨʪʠ 

ʂʘʨʥʦ 

 



 11 

 

ɸʣʛʦʨʠʪʤʽʯʥʝ ʧʦʜʘʥʥʷ 

ʗʆɸ(VHDL) 

architecture JK_tr_arc of JK_tr is 

begin 

process(clk, reset, set) is 

variable q1 :std_logic; 

variable p :std_logic_vector(0 to 1); 

begin 

     p :=set & reset; 

case p is 

     when "00"=>q1 :='X'; 

     when "10"=>q1 :='0'; 

     when "01"=>q1 :='1'; 

     when "11"=>q1 := Q; 

     when others => q1 :='X'; 

end case; 

     Q<=q1; Not_Q<=not q1; 

end process; 

end JK_tr_arch; 

 

ʄʦʜʝʣ ̔ʩʠʛʥʘʣʚ̔ 

ʋ ʨʝʘʣʴʥʠʭ ʮʠʬʨʦʚʠʭ ʩʭʝʤʘʭ ʮʠʨʢʫʣʶʶʪʴ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ, ʘʣʝ ʜʣʷ 

ʘʥʘʣʽʟʫ ʮʠʬʨʦʚʠʭ ʩʭʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʾʭ ʣʦʛʽʯʥʽ ʝʢʚʽʚʘʣʝʥʪʠ. ʄʽʞʥʘʨʦʜʥʠʡ 

ʩʪʘʥʜʘʨʪ IEEE_1164 ʚʠʟʥʘʯʠʚ 9 ʣʦʛʽʯʥʠʭ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʦʧʠʩʽ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚ ʦʧʠʩʫ 

ʘʧʘʨʘʪʫʨʠ (ʟʦʢʨʝʤʘ VHDL) ʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʧʨʦʤʠʩʣʦʚʠʭ ʉɸʇʈ. 
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ʋ ʤʦʚʽ VHDL ʚʠʟʥʘʯʝʥʦ ʪʠʧ std_logic, ʩʠʛʥʘʣʠ ʪʘ ʟʤʽʥʥʽ ʷʢʦʛʦ ʤʦʞʫʪʴ 

ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʚ ʟʘʟʥʘʯʝʥʦʤʫ ʩʪʘʥʜʘʨʪʽ. ʇʨʠ ʦʧʠʩ ̔ ʤʦʜʝʣʝʡ 

ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʣʦʛʽʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʰ̔ ʩʪʴ ʟʥʘʯʝʥʴ: 

 çUè ï (Uninitialized) ʥʝʚʠʟʥʘʯʝʥʝ ʟʥʘʯʝʥʥʷ. ɿʥʘʯʝʥʥʷ, ʷʢʠʤ 

ʽʥʽʮʽʘʣʽʟʫʶʪʴʩʷ ʩʠʛʥʘʣʠ ʪʘ ʟʤʽʥʥʽ ʪʠʧʫ std_logic ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ʇʨʠ 

ʥʦʨʤʘʣʴʥʽʡ ʨʦʙʦʪʽ ʧʨʦʝʢʪʫ, ʚʦʥʦ ʟʘʟʚʠʯʘʡ ʥʝ ʟô̫ ʚʣʷʻʪʴʩʷ ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ ʧʽʩʣʷ 

ʧʝʨʰʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ; 

 çXè ï (Forcing Unknown) ʩʪʘʥ, ʱʦ ʚʽʜʧʦʚʽʜʘ ̒ʥʝʚʠʟʥʘʯʝʥʦʤʫ ʟʥʘʯʝʥʥʶ 

(0,4 - 2,4 ɺ); 

 ç0è ï (Forcing 0) ʩʪʘʥ, ʱʦ ʚʽʜʧʦʚʽʜʘ ̒ʟʥʘʯʝʥʥʶ ʣʦʛʽʯʥʦʛʦ ʥʫʣʷ (<0,4 ɺ); 

 ç1è ï (Forcing 1) ʩʪʘʥ, ʱʦ ʚʽʜʧʦʚʽʜʘ ̒ʟʥʘʯʝʥʥʶ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ (>2,4 ɺ); 

 çZè ï (High Impedance) ʩʪʘʥ ʚʠʩʦʢʦʛʦ ʽʤʧʝʜʘʥʩʫ. 

 ç-è ï (Donôt care) ʙʘʡʜʫʞʝ ʩʪʘʥ (ʟʥʘʯʝʥʥʷ). ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʟʘʚʜʘʥʥʷ ʤʘʩʢʠ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʫʜʴ-ʷʢʠʤ ʟʥʘʯʝʥʥʷʤ ʟʘʚʞʜʠ 

ʧʦʚʝʨʪʘʻ true. 

ʋ ʩʠʩʪʝʤʘʭ ʢʦʤʧʽʣʷʪʠʚʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, Active-

HDL ʬʽʨʤʠ ALDEC) ʦʜʥʠʤ ʟ ʚʠʜʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʻ 

ʪ.ʟʚ. çʚʝʢʪʦʨʥʽ ʜʽʘʛʨʘʤʠè (waveform), ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʥʠ ʩʠʛʥʘʣʽʚ ʫ ʯʘʩʽ. 

ʇʦʟʥʘʯʝʥʥʷ ʥʘ ʚʝʢʪʦʨʥʠʭ ʜʽʘʛʨʘʤʘʭ ʨʦʟʛʣʷʥʫʪʠʭ ʨʘʥʽʰʝ ʩʪʘʥʽʚ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 1.4. 

 

ʈʠʩ. 1.4. ʇʦʟʥʘʯʝʥʥʷ ʥʘ ʚʝʢʪʦʨʥʠʭ ʜʽʘʛʨʘʤʘʭ ʨʦʟʛʣʷʥʫʪʠʭ ʩʪʘʥʽʚ 

 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʧʨʦʩʪʠʭ (ʦʙʣʽʢʦʚʠʭ) ʩʠʩʪʝʤʘʭ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʘʡʜʫʞʠʡ ʩʪʘʥ ʤʦʞʝ ʦʙô̒ ʜʥʫʚʘʪʠʩʷ ʟ ʥʝʚʠʟʥʘʯʝʥʠʤ, ʘ çʚʠʩʦʢʠʡ ʽʤʧʝʜʘʥʩè ʚ 
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ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ çʜʨʦʪʦʚʠʡ ʣʦʛʽʢʠè ʤʦʞʝ ʘʩʦʮʽʶʚʘʪʠʩʷ ʟ çʣʦʛʽʯʥʦ ʁ 1è. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʤʽʥʽʤʘʣʴʥʠʡ ʘʣʬʘʚʽʪ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʫ ʩʠʩʪʝʤʘʭ ʣʦʛʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʻ ʚʠʛʣʷʜ {0, 1, X, U}. 

ʃʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ 

ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʠʩʫ ʧʦʜʽʡ ʘʣʛʝʙʨʠ ʣʦʛʽʢʠ 

ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʣʦʛʽʯʥʠʭ ʩʭʝʤ, ʱʦ ʙʫʜʫʶʪʴʩʷ ʟ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʷʢ 

ʣʦʛʽʯʥʽ (ʮʠʬʨʦʚʽ) ʘʚʪʦʤʘʪʠ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʮʽʢʘʚʠʪʴ ʚʥʫʪʨʽʰʥʷ ʙʫʜʦʚʘ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʦʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʫʟʣʠ ʦʙʨʦʙʢʠ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

 

ʈʀʉʋʅʆʂ 1.5. ɽʃɽʄɽʅʊ ʅɯ 

 

ʆʪʞʝ, ʦʜʥʽʻʶ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʻ ʬʫʥʢʮʽʷ ʟʘʧʝʨʝʯʝʥʥʷ 

ʅɯ, ʷʢʫ ʱʝ ʥʘʟʠʚʘʶʪʴ ʦʧʝʨʘʮʽʻʶ ʽʥʚʝʨʩʽʾ. ɻʨʘʬʽʯʥʝ ʧʦʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʘ, ʱʦ 

ʨʝʘʣʽʟʫʻ ʪʘʢʫ ʬʫʥʢʮʽʶ, ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩ. 1.5. 

ʌʫʥʢʮʽʶ, ʱʦ ʾʾ ʚʠʢʦʥʫʻ ʣʦʛʽʯʥʠʡ ʧʨʠʩʪʨʽʡ, ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʩʧʨʠʡʥʷʪʪʷ 

ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʪʘʙʣʠʮʝʶ ʽʩʪʠʥʥʦʩʪʽ. 

ʂʽʣʴʢʽʩʪʴ ʩʪʦʚʧʮʽʚ ʮʽʻʾ ʪʘʙʣʠʮʽ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʟʤʽʥʥʠʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʬʫʥʢʮʽʾ, 

ʽ ʻ ʱʝ ʦʜʠʥ ʩʪʦʚʧʝʮʴ, ʫ ʷʢʦʤʫ ʚʢʘʟʫʶʪʴ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʜʣʷ ʢʦʞʥʦʾ ʟ 

ʤʦʞʣʠʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ, ʘ ʾʭʥʴʦʤʫ ʯʠʩʣʫ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʽʩʪʴ 

ʨʷʜʢʽʚ ʪʘʙʣʠʮʽ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʜʦʨʽʚʥʶʻ 2n, ʜʝ n ï ʯʠʩʣʦ 

ʟʤʽʥʥʠʭ. 

ʆʙôʻʜʥʘʥʘ ʪʘʙʣʠʮʷ ʽʩʪʠʥʥʦʩʪʽ ʜʝʷʢʠʭ ʦʩʥʦʚʥʠʭ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʚʦʭ ʟʤʽʥʥʠʭ (ʫʩʴʦʛʦ ʪʘʢʠʭ ʬʫʥʢʮʽʡ ʰʽʩʪʥʘʜʮʷʪʴ), ʥʘʚʝʜʝʥʘ ʚ 

ʪʘʙʣ. 1.2. ʅʘ ʨʠʩʫʥʢʫ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʟʘʧʠʩ 

ʬʫʥʢʮʽʡ, ʾʭʥʽ ʥʘʟʚʠ, ʛʨʘʬʽʯʥʝ ʧʦʟʥʘʯʝʥʥʷ. ɿ ʪʘʙʣʠʮʽ ʚʠʜʥʦ, ʱʦ, ʥʘʧʨʠʢʣʘʜ, 

ʬʫʥʢʮʽʷ ɸɹʆ ʽʩʪʠʥʥʘ (ʜʦʨʽʚʥʶʻ 1), ʷʢʱʦ ʽʩʪʠʥʥʦʶ ʻ ʭʦʯʘ ʙ ʦʜʥʘ ʽʟ ʟʤʽʥʥʠʭ, ʱʦ 
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ʜʦ ʥʝʾ ʚʭʦʜʷʪʴ, ʘ ʬʫʥʢʮʽʷ ɯ ï ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ ʽʩʪʠʥʥʦʩʪʽ ʦʙʦʭ ʟʤʽʥʥʠʭ. 

 

ʊʘʙʣʠʮʷ 1.2. ɼʝʷʢʽ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ 

ɺʭʽʜʥʽ ʟʤʽʥʥʽ ʌʫʥʢʮʽʷ ʫ 

1x  2x  ɸɹʆ ɸɹʆ-ʅɯ ɯ ɯ-ʅɯ 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

ʄʘʪʝʤʘʪʠʯ-

ʥʠʡ 

ʟʘʧʠʩ 

(ʬʦʨʤʫʣʘ) 

1 2

1 2

y x x

x x

= + =

= Ù
 1 2y x x= +  1 2

1 2

y x x

x x

= Ö =

= Ø
 1 2y x x= Ö 

ʅʘʟʚʘ 

ʬʫʥʢʮʽʾ 

ʃʦʛʽʯʥʝ 

ʜʦʜʘʚʘʥʥʷ 

(ʜʠʟ`ʶʥʢʮʽʷ) 

ï ʬʫʥʢʮʽʷ 

ɸɹʆ 

ɿʘʧʝʨʝʯʝʥʥʷ 

ʣʦʛʽʯʥʦʛʦ 

ʜʦʜʘʚʘʥʥʷ 

(ʩʪʨʽʣʢʘ ʇʽʨʩʘ) ï 

ʬʫʥʢʮʽʷ ɸɹʆ-ʅɯ 

ʃʦʛʽʯʥʝ 

ʤʥʦʞʝʥʥʷ 

(ʢʦʥ`ʶʥʢʮʽʷ) 

ï ʬʫʥʢʮʽʷ ɯ 

ɿʘʧʝʨʝʯʝʥʥʷ 

ʣʦʛʽʯʥʦʛʦ 

ʤʥʦʞʝʥʥʷ 

(ʰʪʨʠʭ 

ʐʝʬʬʝʨʘ) ï 

ʬʫʥʢʮʽʷ ɯ-ʅɯ 

ɻʨʘʬʽʯʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 

ʝʣʝʤʝʥʪʘ, ʱʦ 

ʨʝʘʣʽʟʫʻ 

ʬʫʥʢʮʽʶ 

    

 

ʗʢʱʦ ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ ʟʤʽʥʶʚʘʪʠ ʟ ʯʘʩʦʤ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.6, ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ (ʢʽʣʴʢʽʩʪʴ ʚʭʦʜʽʚ) 
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ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʤʦʞʝ 

ʙʫʪʠ ʙʫʜʴ-ʷʢʦʶ. ʈʝʘʣʴʥʦ ʫ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ɯʄʉ, ʚʦʥʘ, ʷʢ 

ʧʨʘʚʠʣʦ, ʩʪʘʥʦʚʠʪʴ 2 (ʯʦʪʠʨʠ ʝʣʝʤʝʥʪʠ ʚ ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ ɯʄʉ, ʱʦ ʤʘʶʪʴ 

ʩʧʽʣʴʥʽ ʢʦʣʘ ʞʠʚʣʝʥʥʷ), 3 (ʪʨʠ ʝʣʝʤʝʥʪʠ), 4 (ʜʚʘ ʝʣʝʤʝʥʪʠ), 8 (ʦʜʠʥ ʝʣʝʤʝʥʪ). 

ʏʘʩʪʽʰʝ ʮʝ ʝʣʝʤʝʥʪʠ ɯ-ʅɯ, ɸɹʆ-ʅɯ. 

 

ʈʠʩʫʥʦʢ 1.6. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʜʝʷʢʠʭ ʜʚʦʚʭʦʜʦʚʠʭ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 

 

ʆʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʎɯʉ 

ʇʃɯʉ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʽʟʥʠʭ ʟʘ ʩʢʣʘʜʥʽʩʪʶ ʽ ʟʘ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ. ʎʝ ʜʦʜʘʪʢʠ, ʜʝ ʥʝʦʙʭʽʜʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʧʦʨʪʽʚ ʚʚʦʜʫ-ʚʠʚʦʜʫ (ʙʫʚʘʶʪʴ ʇʃɯʉ ʟ ʙʽʣʴʰ ʥʽʞ 1000 ʚʠʚʦʜʽʚ (çʧ̔ʥ̔ʚè)), 

ʮʠʬʨʦʚʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʫ (ʎʆʉ), ʮʠʬʨʦʚʘ ʚʽʜʝʦʘʫʜʽʦʘʧʧʘʨʘʪʫʨʘ, 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʘ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ, ʢʨʠʧʪʦʛʨʘʬʽʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ 

ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ ASIC, ʷʢ ʤʦʩʪʽʚ (ʢʦʤʫʪʘʪʦʨʽʚ) ʤʽʞ ʩʠʩʪʝʤʘʤʠ ʟ ʨʽʟʥʦʶ ʣʦʛʽʢʦʶ 

ʽ ʥʘʧʨʫʛʦʶ ʞʠʚʣʝʥʥʷ, ʨʝʘʣʽʟʘʮʽʷ ʥʝʡʨʦʯʽʧʽʚ, ʤʦʜʝʣʶʚʘʥʥʷ ʢʚʘʥʪʦʚʠʭ 

ʦʙʯʠʩʣʝʥʴ. 
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ʎʠʬʨʦʚʽ ʩʭʝʤʠ: 

Å ʃʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ  

Å ʊʨʠʛʝʨʠ  

Å ʃʽʯʠʣʴʥʠʢʠ  

Å ʈʝʛʽʩʪʨʠ  

Å ɹʫʬʝʨʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ  

Å ʐʠʬʨʘʪʦʨʠ  

Å ɼʝʰʠʬʨʘʪʦʨʠ  

Å ʎʠʬʨʦʚʠʡ ʢʦʤʧʘʨʘʪʦʨ  

Å ʄʫʣʴʪʠʧʣʝʢʩʦʨʠ  

Å ɼʝʤʫʣʴʪʠʧʣʝʢʩʦʨʠ  

Å ʉʫʤʘʪʦʨʠ  

Å ʧʦʣʫʩʫʤʤʘʪʦʨʘ  

Å ʂʣʶʯʽ  

Å ɸʨʠʬʤʝʪʠʯʥʽ ʣʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ  

Å ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ  

Å (ʄʽʢʨʦ) ʧʨʦʮʝʩʦʨʠ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʎʇ ʜʣʷ ʢʦʤʧ'ʶʪʝʨʽʚ)  

Å ʆʜʥʦʢʨʠʩʪʘʣʴʥʽ ʤʽʢʨʦʢʦʤʧ'ʶʪʝʨʠ  

Å ʄʽʢʨʦʩʭʝʤʠ ʪʘ ʤʦʜʫʣʽ ʧʘʤ'ʷʪʽ  

Å ʇʃɯʉ (ʧʨʦʛʨʘʤʦʚʘʥʽ ʣʦʛʽʯʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ) 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

 1. ʋʠʣʢʠʥʩʦʥ ɹ. ʆʩʥʦʚʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʩʭʝʤ: ʇʝʨ. ʩ ʘʥʛʣ. ï 

ʄ.: ʀʟʜ. ʜʦʤ çɺʠʣʴʷʤʩè, 2004. ï 320 ʩ. 

 2. ʈʷʙʝʥʴʢʠʡ ɺ.ʄ., ɾʫʡʢʦʚ ɺ.ʗ., ɻʫʣʠʡ ɺ.ɼ. ʎʠʬʨʦʚʘ ʩʭʝʤʦʪʝʭʥʽʢʘ: 

ʅʘʚʯ. ʧʦʩʽʙʥʠʢ. ï ʃɹ ʚʽʚ: ʅʦʚʠʡ ʩʚʽʪ ï 2000, 2009, ï 736 ʩ. 
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ʃʝʢʮʽʷ ˉ2 

ɹʫʣʝʚʘ ʘʣʛʝʙʨʘ 

ʋ ʧʨʘʢʪʠʮʽ ʽʥʞʝʥʝʨʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʯʘʩʪʦ ʤʘʶʪʴ ʤʽʩʮʝ ʩʠʪʫʘʮʽʾ, ʧʨʠ ʷʢʠʭ 

ʤʘʻ ʟʥʘʯʝʥʥʷ ʥʝ ʨʽʚʝʥʴ ʩʠʛʥʘʣʽʚ, ʱʦ ʧʦʩʪʫʧʘʶʪʴ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʪʯʠʢʽʚ, ʘ ʣʠʰʝ 

ʥʘʷʚʥʽʩʪʴ ʯʠ ʚʽʜʩʫʪʥʽʩʪʴ ʪʘʢʠʭ ʩʠʛʥʘʣʽʚ. ʅʘʧʨʠʢʣʘʜ, ʫ ʩʠʩʪʝʤʘʭ ʦʭʦʨʦʥʥʦʾ 

ʩʠʛʥʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ, ʟʘʤʢʥʝʥʽ ʯʠ ʥʝ ʟʘʤʢʥʝʥʽ ʜʚʝʨʽ ʘʙʦ ʚʽʢʥʘ ʚ 

ʧʨʠʤʽʱʝʥʥʽ, ʱʦ ʦʭʦʨʦʥʷʻʪʴʩʷ. ʋ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʢʠ ʯʘʩʪʦ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ, 

ʯʠ ʥʝ ʧʝʨʝʚʝʨʰʫʻ ʢʽʣʴʢʽʩʪʴ ʨʽʜʠʥʠ ʚ ʮʠʩʪʝʨʥʽ ʟʘʜʘʥʠʡ ʨʽʚʝʥʴ, ʯʠ ʥʝ ʻ ʪʠʩʢ ʫ 

ʢʦʪʣʽ ʥʠʞʯʠʤ ʚʠʟʥʘʯʝʥʦʾ ʤʝʞʽ, ʯʠ ʥʝ ʧʝʨʝʚʝʨʰʫʻ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʠʤʽʱʝʥʥʽ 

ʟʘʜʘʥʫ ʚʝʣʠʯʠʥʫ ʽ ʪ. ʧ. ʉʭʝʤʠ, ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚôʷʟʫʚʘʪʠ ʧʦʩʪʘʚʣʝʥʽ 

ʟʘʜʘʯʽ, ʤʦʞʫʪʴ ʦʧʠʩʫʚʘʪʠʩʴ ʚʠʨʘʟʘʤʠ ʪʠʧʫ: ñʣʘʤʧʦʯʢʘ ʥʘ ʧʫʣʴʪʽ ʦʭʦʨʦʥʥʦʾ 

ʩʠʛʥʘʣʽʟʘʮʽʾ ʛʦʨʠʪʴ, ʷʢʱʦ ʚʩʽ ʚʽʢʥʘ ʟʘʤʢʥʝʥʽ (ʪʦʯʥʽʰʝ, ʟʘʤʢʥʝʥʦ ʧʝʨʰʝ  ̔ʜʨʫʛʝ  ̔

ʪʨʝʪʻ é̔ ʚʽʢʥʦ)ò. ɸʙʦ ñʣʘʤʧʦʯʢʘ ʥʝ ʛʦʨʠʪʴ, ʷʢʱʦ ʭʦʯʘ ʙ ʦʜʥʝ ʚʽʢʥʦ ʚʽʜʢʨʠʪʝ 

(ʪʦʙʪʦ ʤʦʞʝ ʙʫʪʠ ʚʽʜʢʨʠʪʠʤ ʧʝʨʰʝ ʘʙʦ ʜʨʫʛʝ ʘʙʦ ʪʨʝʪʻ ʘʙʦ ʧʝʨʰʝ  ̔ʜʨʫʛʝ 

ʘʙʦ...)ò. ʊʘʢʽ ʚʠʨʘʟʠ ʥʘʟʠʚʘʶʪʴʩʷ ʣʦʛʽʯʥʠʤʠ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʟʘʜʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʨʽʚʥʝʤ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ, ʽ ʥʘʷʚʥʽʩʪʴ ʯʠ ʚʽʜʩʫʪʥʽʩʪʴ ʾʾ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʫʚʘʪʠ 

ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʦʩʪʘʚʣʝʥʽ ʧʠʪʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʠʤ ʽ 

ʟʘʜʘʚʘʪʠʩʴ ʧʨʠʡʥʷʪʦʶ ʝʣʝʤʝʥʪʥʦʶ ʙʘʟʦʶ, ʪʦ ʟ ʤʝʪʦʶ ʬʦʨʤʘʣʽʟʘʮʽʾ ʦʧʠʩʫ 

ʧʦʜʽʙʥʠʭ ʩʭʝʤ ʧʨʠʡʤʘʶʪʴʩʷ ʜʝʷʢʽ ʫʤʦʚʠ. ʗʢ ʧʨʠʢʣʘʜ, ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ 

ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ñ1ò, ʥʠʟʴʢʠʡ ï ʚʽʜʧʦʚʽʜʥʦ, ʟʘ ñ0ò. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʧʨʠʚʝʜʝʥʽ ʚʠʱʝ 

ʚʠʨʘʟʠ ʤʦʞʫʪʴ ʙʫʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʽ: ʷʢʱʦ ʢʦʥʪʘʢʪʠ, ʱʦ ʬʽʢʩʫʶʪʴ ʧʦʣʦʞʝʥʥʷ 

ʚʽʢʦʥ, ʧʦʟʥʘʯʠʪʠ ʷʢ ʘʨʛʫʤʝʥʪʠ ʭ1 , ʭ2 , é, ʭn , ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʣʠʰʝ 

ʟʥʘʯʝʥʥʷ ñ1ò ʘʙʦ ñ0ò, ʪʦ ʥʘʧʨʫʛʫ ʥʘ ʣʘʤʧʦʯʮʽ ʤʦʞʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʬʫʥʢʮʽʶ ʫ, 

ʷʢʘ ʪʝʞ ʧʨʠʡʤʘʻ ʦʜʥʝ ʟ ʜʚʦʭ ʘʥʘʣʦʛʽʯʥʠʭ ʟʥʘʯʝʥʴ [1]. 

ʄʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʱʦ ʦʧʝʨʫʻ ʟ ʘʨʛʫʤʝʥʪʘʤʠ ʪʘ ʬʫʥʢʮʽʷʤʠ, ʷʢʽ 

ʥʘʙʫʚʘʶʪʴ ʪʽʣʴʢʠ ʜʚʦʭ ʟʥʘʯʝʥʴ ï ñ0ò ʪʘ ñ1ò ï ʥʘʟʠʚʘʻʪʴʩʷ ʜʚʽʡʢʦʚʦʶ (ʙʫʣʝʚʦʶ) 

ʘʣʛʝʙʨʦʶ ʘʙʦ ʘʣʛʝʙʨʦʶ ʣʦʛʽʢʠ. ʊʘʢʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯ ʬʦʨʤʘʣʴʥʦʾ ʣʦʛʽʢʠ ʨʦʟʨʦʙʠʚ ʽʨʣʘʥʜʩʴʢʠʡ ʤʘʪʝʤʘʪʠʢ ɼʞ. ɹʫʣʴ. 
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ʃʦʛʽʯʥʽ ʟʤʽʥʥʽ (ʘʨʛʫʤʝʥʪʠ), ʷʢ ʽ ʟʤʽʥʥʽ ʟʚʠʯʘʡʥʦʾ ʘʣʛʝʙʨʠ, ʧʦʟʥʘʯʘʶʪʴʩʷ 

ʣʽʪʝʨʘʤʠ ʣʘʪʠʥʩʴʢʦʛʦ ʘʣʬʘʚʽʪʫ ʟ ʨʽʟʥʠʤʠ ʽʥʜʝʢʩʘʤʠ ï ʥʘʧʨʠʢʣʘʜ, ʭ0 , ʭ1 , ʭ2 , ʭ3. 

ɯʥʜʝʢʩ ʧʨʠ ʟʤʽʥʥʽʡ ʤʦʞʝ ʦʜʥʦʯʘʩʥʦ ʦʟʥʘʯʘʪʠ ʨʦʟʨʷʜ ʜʚʽʡʢʦʚʦʛʦ ʯʠʩʣʘ. 

ʗʢʱʦ ʟʤʽʥʥʘ ʭ̔ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ ʭ̔ = 1, ʪʦ ʪʘʢʝ ʾʾ ʟʥʘʯʝʥʥʷ ʥʘʟʠʚʘʶʪʴ 

ʽʩʪʠʥʥʠʤ. ʇʨʦʪʠʣʝʞʥʝ ʭ̔ = 0 ʥʘʟʠʚʘʶʪʴ ʭʠʙʥʠʤ ʽ ʫʤʦʚʥʦ ʧʦʟʥʘʯʘʶʪʴ ix , ʱʦ 

ʦʟʥʘʯʘʻ ʟʘʧʝʨʝʯʝʥʥʷ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʘʨʛʫʤʝʥʪʫ (ʚ ʟʘʨʫʙʽʞʥʽʡ ʧʨʘʢʪʠʮʽ 

ʦʧʝʨʘʮʽʷ ʟʘʧʝʨʝʯʝʥʥʷ ʧʦʟʥʘʯʘʻʪʴʩʷ ʘʧʦʩʪʨʦʬʦʤ ʭ' ). ɼʚʘ ʝʣʝʤʝʥʪʠ ʙʫʣʝʚʦʾ 

ʘʣʛʝʙʨʠ ï ʧʦʜʽʷ ʽʩʪʠʥʥʘ ʽ ʧʦʜʽʷ ʭʠʙʥʘ ï ʥʘʟʠʚʘʶʪʴ ʾʾ ʢʦʥʩʪʘʥʪʘʤʠ. 

ɹʫʣʝʚʘ ʬʫʥʢʮʽʷ ʧʦʟʥʘʯʘʻʪʴʩʷ ʣʽʪʝʨʦʶ ʫ ʽ ʻ ʜʚʽʡʢʦʚʦʶ ʬʫʥʢʮʽʻʶ ʜʚʽʡʢʦʚʠʭ 

ʘʨʛʫʤʝʥʪʽʚ. ʋʤʦʚʥʝ ʾʾ ʧʦʟʥʘʯʝʥʥʷ 

ʫ = f (x1 , x2 , ..., xn). 

ɹʫʣʝʚʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ n ʘʨʛʫʤʝʥʪʽʚ, ʥʘʟʠʚʘʻʪʴʩʷ n-ʚʠʤʽʨʥʦʶ ʽ ʻ 

ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʝʥʦʶ, ʷʢʱʦ ʚʢʘʟʘʥʽ ʟʥʘʯʝʥʥʷ ʾʾ ʜʣʷ ʚʩʽʭ ʜʚʽʡʢʦʚʠʭ ʥʘʙʦʨʽʚ 

ʟʥʘʯʝʥʴ ʾʾ ʘʨʛʫʤʝʥʪʽʚ. ʂʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʥʘʙʦʨʽʚ ʜʦʨʽʚʥʶʻ 2
n
. ʊʦʙʪʦ, ʦʙʣʘʩʪʶ 

ʚʠʟʥʘʯʝʥʦʩʪʽ ʬʫʥʢʮʽʾ n ʟʤʽʥʥʠʭ ʻ ʩʫʢʫʧʥʽʩʪʴ ʜʠʩʢʨʝʪʥʠʭ ʪʦʯʦʢ n-ʚʠʤʽʨʥʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʧʨʠʯʦʤʫ ʢʦʞʥʘ ʟ ʪʦʯʦʢ ʻ ʢʦʤʙʽʥʘʮʽʻʶ ʟʥʘʯʝʥʴ ʮʠʭ ʟʤʽʥʥʠʭ (ʢʦʜʦʚʦʶ 

ʢʦʤʙʽʥʘʮʽʻʶ). ʆʩʢʽʣʴʢʠ ʤʦʞʣʠʚʽ 2
n 
ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ, ʪʦ 

ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʢʽʥʯʝʥʦʾ ʚʝʣʠʯʠʥʠ ï 2
n 
ʪʦʯʦʢ. ʎʝ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʦʟʥʘʯʘʻ, ʱʦ ʢʦʞʥʘ ʬʫʥʢʮʽʷ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʘ ʪʘʙʣʠʮʝʶ ʟʥʘʯʝʥʴ, ʷʢʽ 

ʚʦʥʘ ʧʨʠʡʤʘʻ ʚ ʪʦʯʢʘʭ ʾʾ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʦʩʪʽ. 

ʌʫʥʢʮʽʷ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʝʥʘ, ʷʢʱʦ ʟʘʜʘʥʽ ʾʾ ʟʥʘʯʝʥʥʷ ʚ ʫʩʽʭ ʪʦʯʢʘʭ 

ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʦʩʪʽ. ɿʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚʠʙʠʨʘʶʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ñ0ò ʽ ñ1ò. 

ʗʢʱʦ ʞ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʝ ʟʘʜʘʥʦ ʚ ʦʜʥʽʡ ʘʙʦ ʢʽʣʴʢʦʭ ʪʦʯʢʘʭ, ʪʦ ʚʦʥʘ ʻ 

ʥʝʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʝʥʦʶ. ʂʦʜʦʚʽ ʢʦʤʙʽʥʘʮʽʾ, ʧʨʠ ʷʢʠʭ ʬʫʥʢʮʽʷ ʥʝʚʠʟʥʘʯʝʥʘ, 

ʥʘʟʠʚʘʶʪʴʩʷ ʬʘʢʫʣʴʪʘʪʠʚʥʠʤʠ. ʋ ʧʨʘʢʪʠʮʽ ʮʠʬʨʦʚʦʾ ʩʭʝʤʦʪʝʭʥʽʢʠ ʽʩʥʫʻ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʝʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʝʥʠʭ ʬʫʥʢʮʽʡ. ɼʦʚʠʟʥʘʯʝʥʥʷ ʾʭ, ʷʢʱʦ ʮʝ 

ʥʝʦʙʭʽʜʥʦ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʾʭ ʟʥʘʯʝʥʴ ï ñ0ò ʘʙʦ ñ1ò ïʜʦʚʽʣʴʥʠʤ 

ʰʣʷʭʦʤ. 
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ʋʩʽ ʤʦʞʣʠʚʽ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ n ʟʤʽʥʥʠʭ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʦʧʝʨʘʮʽʡ: 

 ʘ) ʣʦʛʽʯʥʝ ʟʘʧʝʨʝʯʝʥʥʷ (ʽʥʚʝʨʩʽʷ, ʦʧʝʨʘʮʽʷ ʅɯ); ʧʦʟʥʘʯʘʻʪʴʩʷ ʨʠʩʢʦʶ ʥʘʜ 

ʚʽʜʧʦʚʽʜʥʦʶ ʬʫʥʢʮʽʻʶ ʘʙʦ ʘʨʛʫʤʝʥʪʦʤ ï ʪʘʢʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʘʨʛʫʤʝʥʪʦʤ ʭ ʪʘ 

ʬʫʥʢʮʽʻʶ y, ʧʨʠ ʷʢʦʤʫ ʫ ʽʩʪʠʥʥʘ ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʭ ʭʠʙʥʝ, ʽ 

ʥʘʚʧʘʢʠ; 

 ʙ) ʣʦʛʽʯʥʝ ʜʦʜʘʚʘʥʥʷ (ʜʠʟôʶʥʢʮʽʷ, ʦʧʝʨʘʮʽʷ ɸɹʆ), ʷʢʝ ʧʦʟʥʘʯʘʻʪʴʩʷ 

ʩʠʤʚʦʣʘʤʠ (V), (+) ï ʪʘʢʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʽʩʪʠʥʥʘ ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ 

ʦʜʥʦʯʘʩʥʦ ʽʩʪʠʥʥʽ ʚʩʽ ʣʦʛʽʯʥʽ ʟʤʽʥʥʽ; 

 ʚ) ʣʦʛʽʯʥʝ ʤʥʦʞʝʥʥʷ (ʢʦʥôʶʥʢʮʽʷ, ʦʧʝʨʘʮʽʷ ɯ), ʷʢʝ ʧʦʟʥʘʯʘʻʪʴʩʷ 

ʩʠʤʚʦʣʘʤʠ (Ø), (Ā), (&) ï ʪʘʢʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʭʠʙʥʘ ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ 

ʦʜʥʦʯʘʩʥʦ ʭʠʙʥʽ ʚʩʽ ʜʦʜʘʚʘʥʽ ʟʤʽʥʥʽ. ɼʣʷ ʧʦʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʣʦʛʽʯʥʠʭ 

ʚʠʨʘʟʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʥʘʢ (=). 

ʉʣʽʜ ʧʘʤôʷʪʘʪʠ, ʱʦ ʦʧʝʨʘʮʽʷ ʢʦʥ'ʶʥʢʮʽʾ ʻ ʩʪʘʨʰʦʶ ʦʧʝʨʘʮʽʻʶ ʽ 

ʚʠʢʦʥʫʻʪʴʩʷ ʨʘʥʽʰʝ ʜʠʟôʶʥʢʮʽʾ. 

ʇʨʠʢʣʘʜ 2.1. ɿʘʧʠʩʘʪʠ ʚʠʨʘʟ ʬʫʥʢʮʽʾ ʪʨʴʦʭ ʟʤʽʥʥʠʭ, ʷʢʘ ʧʨʠʡʤʘʻ ʽʩʪʠʥʥʽ 

ʟʥʘʯʝʥʥʷ ʧʨʠ ʫʤʦʚʽ, ʱʦ ʙʫʜʴ-ʷʢʘ ʧʘʨʘ ʟʤʽʥʥʠʭ ʦʜʥʦʯʘʩʥʦ ʤʘʻ ʽʩʪʠʥʥʽ ʟʥʘʯʝʥʥʷ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɺʚʝʜʝʤʦ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʭ0 , ʭ1 , ʭ2 . 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʧʣʘʥʽ ʬʫʥʢʮʽʷ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

ʫ = f ( ʭ2 , ʭ1 , ʭ0 ). 

ʆʩʢʽʣʴʢʠ ʽʩʪʠʥʥʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʙʫʜʴ-ʷʢʦʶ ʧʘʨʦʶ 

ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ, ʪʦʙʪʦ ʘʙʦ ʭ0 ʽ ʭ1 , ʘʙʦ ʭ0 ʽ ʭ2 , ʘʙʦ ʭ1 ʽ ʭ2 , ʪʦ ʘʥʘʣʽʪʠʯʥʘ ʬʦʨʤʘ 

ʟʘʧʠʩʫ ʬʫʥʢʮʽʾ ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 

ʫ1 = ʭ0 Ā ʭ1 + ʭ0 Ā ʭ2 + ʭ1 Ā ʭ2 . 

ʌʫʥʢʮʽʷ ʤʦʞʝ ʤʘʪʠ ʽ ʜʝʱʦ ʽʥʰʫ ʬʦʨʤʫ ʟʘʧʠʩʫ, ʷʢʱʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʙʫʜʴ-ʷʢʦʾ ʟ ʫʤʦʚ, ʱʦ ʟʘʢʣʘʜʝʥʽ ʚ ʬʫʥʢʮʽʶ, ʦʙʤʝʞʝʥʴ ʥʘ ʟʥʘʯʝʥʥʷ 

ʪʨʝʪʴʦʾ ʟʤʽʥʥʦʾ ʥʝ ʥʘʢʣʘʜʘʻʪʴʩʷ. 
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ʇʨʠʢʣʘʜ 2.2. ʌʦʨʤʘʣʽʟʫʚʘʪʠ ʪʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʙʫʣʝʚʠʭ ʬʫʥʢʮʽʡ 

ʚʠʩʣʦʚʣʝʥʥʷ: ʣʘʤʧʦʯʢʘ ʦʭʦʨʦʥʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ ʩʚʽʪʠʪʴʩʷ, ʢʦʣʠ ʚʩʽ ʪʨʠ ʜʚʝʨʽ 

ʧʨʠʤʽʱʝʥʥʷ ʟʘʯʠʥʝʥʽ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʇʦʟʥʘʯʠʤʦ ʣʦʛʽʯʥʽ ʟʤʽʥʥʽ ʭ1 , ʭ2 , ʭ3 ʽʩʪʠʥʥʠʤʠ, ʷʢʱʦ 

ʚʽʜʧʦʚʽʜʥʽ ʜʚʝʨʽ ʟʘʯʠʥʝʥʽ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʽʩʪʠʥʥʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ 

(ñʣʘʤʧʦʯʢʘ ʩʠʛʥʘʣʽʟʘʮʽʾ ʩʚʽʪʠʪʴʩʷò) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʫ2 = ʭ1 Ā ʭ2 Ā ʭ3 . 

ʇʨʠʢʣʘʜ 2.3. ʌʦʨʤʘʣʽʟʫʚʘʪʠ ʪʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʙʫʣʝʚʠʭ ʬʫʥʢʮʽʡ 

ʚʠʩʣʦʚʣʝʥʥʷ: ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʠʛʥʘʣʽʟʘʮʽʷ ʚʤʠʢʘʻʪʴʩʷ, ʢʦʣʠ ʭʦʯʘ ʙ ʦʜʠʥ ʟ ʜʚʦʭ 

ʜʘʪʯʠʢʽʚ ʟʘʬʽʢʩʫʻ ʪʝʤʧʝʨʘʪʫʨʫ 70.̄ 

ʈʦʟʚôʷʟʘʥʥʷ. ʇʨʠʡʤʝʤʦ ʟʘ ʽʩʪʠʥʥʝ ʟʥʘʯʝʥʥʷ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ ʭ1 , ʭ2  ʧʦʢʘʟ 

ʜʘʪʯʠʢʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ 70.̄ 

ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʣʦʛʽʯʥʘ ʬʫʥʢʮʽʷ ʤʘʻ ʚʠʛʣʷʜ: 

ʫ3 = ʭ1 + ʭ2 + ʭ1 Ā ʭ2 . 

ʇʨʠʢʣʘʜ 2.4. ɿʤʘʛʘʥʥʷ ʟʽ ʰʪʘʥʛʠ ʩʫʜʷʪʴ ʪʨʠ ʩʫʜʜʽ: ʛʦʣʦʚʥʠʡ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʦʪʠ ʧʦʤʦʩʪʫ, ʽ ʜʚʘ ʙʦʢʦʚʽ. ʗʢʱʦ ʩʫʜʜʷ ʚʚʘʞʘʻ, ʱʦ ʚʘʛʘ ʚʟʷʪʘ, ʚʽʥ 

ʥʘʪʠʩʢʘʻ ʢʥʦʧʢʫ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʡʦʛʦ ʩʪʦʣʽ. ɼʣʷ ʩʧʦʨʪʩʤʝʥʘ ʚʘʛʘ 

ʚʚʘʞʘʻʪʴʩʷ ʚʟʷʪʦʶ, ʷʢʱʦ ʟʘʛʦʨʘʻʪʴʩʷ ʣʘʤʧʦʯʢʘ ʙʽʣʷ ʧʦʤʦʩʪʫ. ʋʤʦʚʘ ʟʘʛʦʨʘʥʥʷ 

ʣʘʤʧʦʯʢʠ ʥʘʩʪʫʧʥʘ: ʚʦʥʘ ʟʘʛʦʨʘʻʪʴʩʷ, ʷʢʱʦ ʛʦʣʦʚʥʠʡ ʽ, ʷʢ ʤʽʥʽʤʫʤ, ʦʜʠʥ ʟ 

ʙʦʢʦʚʠʭ ʩʫʜʜʽʚ ʥʘʪʠʩʥʫʣʠ ʢʥʦʧʢʠ ʥʘ ʩʚʦʾʭ ʩʪʦʣʘʭ. ʌʦʨʤʘʣʽʟʫʚʘʪʠ ʫʤʦʚʫ 

ʟʘʛʦʨʘʥʥʷ ʣʘʤʧʦʯʢʠ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʇʨʠʡʤʝʤʦ ʟʘ ʣʦʛʽʯʥʽ ʟʤʽʥʥʽ ʢʥʦʧʢʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʩʪʦʣʘʭ ʩʫʜʜʽʚ: ʭ1 ï ʢʥʦʧʢʘ ʛʦʣʦʚʥʦʛʦ ʩʫʜʜʽ; ʭ2 ʪʘ x3 ï ʙʦʢʦʚʠʭ. ʇʨʠʡʤʝʤʦ ʟʘ 

ʽʩʪʠʥʥʝ ʟʥʘʯʝʥʥʷ ʥʘʪʠʩʥʫʪʫ ʢʥʦʧʢʫ ʭ̔ = 1. ʊʦʜʽ ʫʤʦʚʘ ʟʘʛʦʨʘʥʥʷ ʣʘʤʧʦʯʢʠ 

ʬʦʨʤʘʣʴʥʦ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʚ ʚʠʛʣʷʜʽ: 

321321321 xxxxxxxxxy ++= . 

ʊʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʙʫʣʝʚʠʭ ʬʫʥʢʮʽʡ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʾʭ ʬʽʟʠʯʥʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʦʙʨʝ ʽʣʶʩʪʨʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʘʢʪʥʠʭ ʩʭʝʤ, ʚ ʷʢʠʭ 

ʣʦʛʽʯʥʘ ʟʤʽʥʥʘ ʭ̔ ʚʽʜʧʦʚʽʜʘʻ ʟʘʤʢʥʝʥʦʤʫ ʢʦʥʪʘʢʪʫ. ʉʭʝʤʠ, ʱʦ ʽʣʶʩʪʨʫʶʪʴ 
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ʨʝʘʣʽʟʘʮʽʶ ʦʧʝʨʘʮʽʡ ʢʦʥôʶʥʢʮʽʾ ʪʘ ʜʠʟôʶʥʢʮʽʾ, ʥʘʚʝʜʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʨʠʩ. 2.1, 

ʘ, ʙ. 

 

ʈʠʩ. 2.1. ʉʭʝʤʠ, ʱʦ ʽʣʶʩʪʨʫʶʪʴ ʨʝʘʣʽʟʘʮʽʶ ʦʧʝʨʘʮʽʡ ʢʦʥôʶʥʢʮʽʾ ʪʘ ʜʠʟôʶʥʢʮʽʾ 

ɿʘʢʦʥʠ ʽ ʪʦʪʦʞʥʦʩʪʽ ʘʣʛʝʙʨʠ ʣʦʛʽʢʠ 

ɺ ʘʣʛʝʙʨʽ ʣʦʛʽʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʷʜ ʘʢʩʽʦʤ (ʪʦʪʦʞʥʦʩʪʝʡ) ʪʘ ʟʘʢʦʥʽʚ. 

ʆʩʥʦʚʥʠʤʠ ʟ ʥʠʭ ʻ ʥʘʩʪʫʧʥʽ: ʧʝʨʝʤʽʱʫʚʘʣʴʥʠʡ (ʚʣʘʩʪʠʚʽʩʪʴ ʢʦʤʫʪʘʪʠʚʥʦʩʪʽ); 

ʩʧʦʣʫʯʥʠʡ (ʚʣʘʩʪʠʚʽʩʪʴ ʘʩʦʮʽʘʪʠʚʥʦʩʪʽ); ʨʦʟʧʦʜʽʣʴʥʠʡ (ʚʣʘʩʪʠʚʽʩʪʴ 

ʜʠʩʪʨʠʙʫʪʠʚʥʦʩʪʽ); ʽʥʚʝʨʩʽʾ (ʪʝʦʨʝʤʘ ʜʝ ʄʦʨʛʘʥʘ). ɻʦʣʦʚʥʽ ʘʢʩʽʦʤʠ ʪʘ ʟʘʢʦʥʠ 

ʙʫʣʝʚʦʾ ʘʣʛʝʙʨʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 2.1. 

ʊʘʙʣʠʮʷ 2.1. ɻʦʣʦʚʥʽ ʘʢʩʽʦʤʠ ʪʘ ʟʘʢʦʥʠ ʙʫʣʝʚʦʾ ʘʣʛʝʙʨʠ 

ʅʘʟʚʘ ʘʢʩʽʦʤʠ 

ʯʠ ʟʘʢʦʥʫ 
ɺʠʨʘʟʠ 

ɸʢʩʽʦʤʠ (ʪʦʪʦʞʥʦʩʪʽ) 

0 Ā ʭ = 0 

1 + ʭ = 1 

0 + ʭ = ʭ 

x Ā ʭ = ʭ 

ʭ + ʭ = ʭ 

0=Öxx  

1=+xx  

xx=  

ɿʘʢʦʥʠ ʢʦʤʫʪʘʪʠʚʥʦʩʪʽ 
ʭ1 + ʭ2 = ʭ2 + ʭ1 

ʭ1 Ā ʭ2 = ʭ2 Ā ʭ1 
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ɿʘʢʦʥʠ ʘʩʦʮʽʘʪʠʚʥʦʩʪʽ 

ʭ1 + ʭ2 + ʭ3 = ʭ1 + (ʭ2 + ʭ3) = (ʭ1 + ʭ2) + 

ʭ3 = 

= (ʭ1 + ʭ3) + ʭ2 

ʭ1 Ā ʭ2 Ā ʭ3 = ʭ1 Ā (ʭ2 Ā ʭ3) =  

= ʭ2 Ö (ʭ1 Ā ʭ3) = ʭ3 Ö (ʭ1 Ā ʭ2) 

ɿʘʢʦʥʠ 

ʜʠʩʪʨʠʙʫʪʠʚʥʦʩʪʽ 

ʭ1 Ā (ʭ2 + ʭ3) = ʭ1 Ā ʭ2 + ʭ1 Ā ʭ3 

ʭ1 + ʭ2 Ā ʭ3 = (ʭ1 + ʭ2) Ā (ʭ1 + ʭ3) 

ɿʘʢʦʥʠ ʽʥʚʝʨʩʽʾ 

(ʪʝʦʨʝʤʘ ʜʝ ʄʦʨʛʘʥʘ, 

ʧʨʠʥʮʠʧ ʧʦʜʚʽʡʥʦʩʪʽ) 

2121 xxxx +=Ö  

2121 ʭʭʭʭ Ö=+  

ɿʘʢʦʥʠ ʧʦʛʣʠʥʘʥʥʷ 
ʭ1 + ʭ1 Ā ʭ2 = ʭ1 

ʭ1 Ā (ʭ1 + ʭ2) = ʭ1 

 

ɿʘʢʦʥʠ ʽʥʚʝʨʩʽʾ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʚʟʘʻʤʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʦʧʝʨʘʮʽʡ ʣʦʛʽʯʥʦʛʦ ʤʥʦʞʝʥʥʷ ʽ ʜʦʜʘʚʘʥʥʷ ʚ ʘʣʛʝʙʨʽ ʣʦʛʽʢʠ, ʥʘʟʠʚʘʶʪʴ 

ʧʨʠʥʮʠʧʦʤ ʧʦʜʚʽʡʥʦʩʪʽ. 

ʉʧʦʩʦʙʠ ʟʘʜʘʥʥʷ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ 

ɯʩʥʫʶʪʴ ʪʘʢʽ ʩʧʦʩʦʙʠ ʟʘʜʘʥʥʷ ʘʙʦ ʟʘʧʠʩʫ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ï ʘʥʘʣʽʪʠʯʥʠʡ, 

ʪʘʙʣʠʯʥʠʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʨʪ ʂʘʨʥʦ, ʛʨʘʬʽʯʥʠʡ ʪʘ ʢʫʙʽʯʥʠʡ [1]. 

ɸʥʘʣʽʪʠʯʥʦ ʣʦʛʽʯʥʘ ʬʫʥʢʮʽʷ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʨʽʟʥʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ 

ʢʦʥôʶʥʢʮʽʡ ʪʘ ʜʠʟôʶʥʢʮʽʡ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ. ɿʘʟʚʠʯʘʡ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ 

ʟʘʧʠʩʫʶʪʴʩʷ ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʜʦʙʫʪʢʽʚ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ (ʜʠʟôʶʥʢʮʽʷ 

ʢʦʥôʶʥʢʮʽʡ) ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʣʦʛʽʯʥʦʛʦ ʜʦʙʫʪʢʫ ʾʭ ʩʫʤ (ʢʦʥôʶʥʢʮʽʷ ʜʠʟôʶʥʢʮʽʡ). 

ʅʘʚʝʜʝʥʥʷ ʬʫʥʢʮʽʾ ʫ ʚʠʛʣʷʜʽ ʜʠʟôʶʥʢʮʽʾ ʢʦʥôʶʥʢʮʽʡ ʥʘʟʠʚʘʶʪʴ ʜʠʟôʶʥʢʪʠʚʥʦʶ 

ʥʦʨʤʘʣʴʥʦʶ ʬʦʨʤʦʶ (ɼʅʌ): 

3213121 xxxxxxxy ++=  , 

ʘ ʟʘʧʠʩ ʫ ʚʠʛʣʷʜʽ ʢʦʥôʶʥʢʮʽʾ ʜʠʟôʶʥʢʮʽʡ ï ʚʽʜʧʦʚʽʜʥʦ, ʢʦʥôʶʥʢʪʠʚʥʦʶ 

ʥʦʨʤʘʣʴʥʦʶ ʬʦʨʤʦ ʁ(ʂʅʌ): 

))()(( 3213221 xxxxxxxy ++++= . 
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ɯʥʚʝʨʩʽʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʪʝʦʨʝʤʦʶ ʜʝ ʄʦʨʛʘʥʘ ʙʫʜʴ-ʷʢʦʾ ʬʫʥʢʮʽʾ, 

ʧʨʠʚʝʜʝʥʽʡ ʚ ʦʜʥʽʡ ʬʦʨʤʽ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʤʽʥʠ ʟʘʧʠʩʫ ʥʘ ʽʥʰʫ ʬʦʨʤʫ. 

ɹʫʜʴ-ʷʢʘ ʣʦʛʽʯʥʘ ʬʫʥʢʮʽʷ, ʟʘʜʘʥʘ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʬʦʨʤʽ, ʤʦʞʝ ʙʫʪʠ 

ʧʝʨʝʪʚʦʨʝʥʘ ʥʘ ɼʅʌ ʘʙʦ ʂʅʌ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʪʦʞʥʦʩʪʝʡ ʪʘ ʟʘʢʦʥʽʚ ʘʣʛʝʙʨʠ 

ʣʦʛʽʢʠ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʬʫʥʢʮʽʾ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʜʝʢʽʣʴʢʘ 

ʨʽʚʥʦʟʥʘʯʥʠʭ ʜʠʟôʶʥʢʪʠʚʥʠʭ ʪʘ ʢʦʥôʶʥʢʪʠʚʥʠʭ ʥʦʨʤʘʣʴʥʠʭ ʬʦʨʤ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʽʩʥʫʻ ʣʠʰʝ ʦʜʠʥ ʚʠʜ ɼʅʌ ʪʘ ʂʅʌ, ʚ ʷʢʠʭ ʬʫʥʢʮʽʷ ʤʦʞʝ 

ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʻʜʠʥʠʤ ʯʠʥʦʤ. ʊʘʢʽ ʬʦʨʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʜʦʩʢʦʥʘʣʠʤʠ 

ʜʠʟôʶʥʢʪʠʚʥʠʤʠ (ʢʦʥôʶʥʢʪʠʚʥʠʤʠ) ʥʦʨʤʘʣʴʥʠʤʠ ʬʦʨʤʘʤʠ (ɼɼʅʌ, ɼʂʅʌ). 

ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʤ, ʱʦ ʚ ɼɼʅʌ ʢʦʞʥʘ ʢʦʥôʶʥʢʮʽʷ, ʘ ʚ ɼʂʅʌ ʢʦʞʥʘ 

ʜʠʟôʶʥʢʮʽʷ ʤʽʩʪʷʪʴ ʫʩʽ ʣʦʛʽʯʥʽ ʟʤʽʥʥʽ ʜʘʥʦʾ ʬʫʥʢʮʽʾ, ʟ ʽʥʚʝʨʩʽʷʤʠ ʘʙʦ ʙʝʟ ʥʠʭ. 

ʆʩʢʽʣʴʢʠ ʢʦʞʥʘ ʢʦʥôʶʥʢʮʽʷ ʬʫʥʢʮʽʾ, ʱʦ ʥʘʚʝʜʝʥʘ ʫ ɼɼʅʌ, ʚʠʟʥʘʯʘʻ ʾʾ 

ʽʩʪʠʥʥʝ ʟʥʘʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʘʶʯʝ ñ1ò, ʪʦ ʪʘʢʽ ʢʦʥôʶʥʢʮʽʾ ʥʘʟʠʚʘʶʪʴʩʷ 

ʢʦʥʩʪʠʪʫʻʥʪʘʤʠ ʦʜʠʥʠʮʽ (ʤʽʥʪʝʨʤʘʤʠ). ɸʥʘʣʦʛʽʯʥʦ, ʜʠʟôʶʥʢʮʽʾ ʬʫʥʢʮʽʾ, ʱʦ 

ʥʘʚʝʜʝʥʽ ʫ ɼʂʅʌ, ʥʘʟʠʚʘʶʪʴʩʷ ʢʦʥʩʪʠʪʫʻʥʪʘʤʠ ʥʫʣʷ (ʤʘʢʩʪʝʨʤʘʤʠ). 

ʗʢʱʦ ʟʘʤʽʥʠʪʠ ʣʦʛʽʯʥʽ ʟʤʽʥʥʽ ʪʘ ʾʭ ʟʘʧʝʨʝʯʝʥʥʷ ʦʜʠʥʠʮʷʤʠ ʪʘ ʥʫʣʷʤʠ, ʪʦ 

ʢʦʞʥʘ ʢʦʥôʶʥʢʮʽʷ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʩʦʙʦʶ ʜʚʽʡʢʦʚʝ ʯʠʩʣʦ. 

ʇʨʠʢʣʘʜ 2.5. ʌʫʥʢʮʽʶ ʟ ʧʨʠʢʣʘʜʫ 2.4 ʟʦʙʨʘʟʠʪʠ ʚ ʩʢʦʨʦʯʝʥʽʡ 

ʜʠʟôʶʥʢʪʠʚʥʽʡ ʢʘʥʦʥʽʯʥʽʡ ʬʦʨʤʽ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʇʝʨʝʧʠʰʝʤʦ ʬʫʥʢʮʽʶ, ʜʝʱʦ ʟʤʽʥʠʚʰʠ ʥʫʤʝʨʘʮʽʶ ʽ ʧʦʨʷʜʦʢ 

ʨʦʟʤʽʱʝʥʥʷ ʟʤʽʥʥʠʭ: 

012012012 xxxxxxxxxy ÖÖ+ÖÖ+ÖÖ= . 

ʉʢʦʨʦʯʝʥʘ ʜʠʟôʶʥʢʪʠʚʥʘ ʢʘʥʦʥʽʯʥʘ ʬʦʨʤʘ ʧʨʠʚʝʜʝʥʦʾ ʬʫʥʢʮʽʾ ʤʘʪʠʤʝ 

ʚʠʛʣʷʜ (y ʧʦʨʷʜʢʫ ʨʦʟʤʽʱʝʥʥʷ ʢʦʥôʶʥʢʮʽʡ): 

7,6,5
7

0
Ù=y . 

ɸʥʘʣʦʛʽʯʥʦ, ʬʫʥʢʮʽʶ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʽ ʫ ʚʠʛʣʷʜʽ ʜʦʙʫʪʢʫ ʤʘʢʩʪʝʨʤʽʚ. 

ʊʘʢʘ ʬʦʨʤʘ ʟʘʧʠʩʫ ʥʘʟʠʚʘʻʪʴʩʷ ʢʘʥʦʥʽʯʥʠʤ ʜʦʙʫʪʢʦʤ. ʅʘʧʨʠʢʣʘʜ: 

))((4,2 012012

7

0
xxxxxxy ++++==Ø . 
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ʃʝʛʢʦ ʙʘʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʚʝʨʪʘʮʽʾ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʬʫʥʢʮʽʾ ʫ ʚʠʛʣʷʜʽ 

ʤʘʢʩʪʝʨʤʽʚ ʪʘ ʤʽʥʪʝʨʤʽʚ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ ʟ ʥʠʭ ʜʦʧʦʚʥʶʻ ʬʫʥʢʮʽʶ ʜʦ ʧʦʚʥʦʛʦ 

ʧʝʨʝʙʦʨʫ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ. ʗʢ ʧʨʠʢʣʘʜʠ, ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ: 

.14,12,10,8,7,6,3,2,115,13,11,9,5,4,0

;7,6,4,25,3,1,0

;5,4,3,1,07,6,2

15

0

15

0

7

0

7

0

7

0

7

0

ØÙ

ØÙ

ØÙ

==

==

==

y

y

y

 

ɯʥʜʝʢʩʠ ʙʽʣʷ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ ʦʧʝʨʘʮʽʡ ʜʠʟôʶʥʢʮʽʾ ʪʘ ʢʦʥôʶʥʢʮʽʾ 

ʚʢʘʟʫʶʪʴ ʥʘ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʤʽʥʪʝʨʤʽʚ ʪʘ ʤʘʢʩʪʝʨʤʽʚ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ. 

ʅʠʞʥʽʡ ʽʥʜʝʢʩ ʽʥʦʜʽ ʥʝ ʚʢʘʟʫʻʪʴʩʷ. 

ɼʦʩʢʦʥʘʣʘ ʜʠʟôʶʥʢʪʠʚʥʘ ʥʦʨʤʘʣʴʥʘ ʬʦʨʤʘ ʟʘʧʠʩʫ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ 

ʧʝʨʝʡʪʠ ʜʦ ʽʥʰʠʭ ʬʦʨʤ ʟʘʧʠʩʫ ï ʪʘʙʣʠʯʥʦʾ ʪʘ ʢʘʨʪ ʂʘʨʥʦ. 

ʋ ʪʘʙʣ. 2.2 ʥʘʚʝʜʝʥʽ ʬʫʥʢʮʽʾ ʫ1 é ʫ5 ʜʚʦʭ 

ʟʤʽʥʥʠʭ ʭ0 ʪʘ ʭ1. ʊʘʙʣʠʯʥʠʡ ʩʧʦʩʽʙ ʧʦʣʷʛʘʻ ʫ 

ʪʦʤʫ, ʱʦ ʬʫʥʢʮʽʷ ʟʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ (ʪʘʙʣʠʮʽ ʽʩʪʠʥʥʦʩʪʽ ʩʪʘʥʽʚ). ʋ 

ʪʘʙʣʠʮʶ ʚʧʠʩʫʶʪʴ ʫʩʽ ʤʦʞʣʠʚʽ ʢʦʤʙʽʥʘʮʽʾ 

ʘʨʛʫʤʝʥʪʽʚ ʫ ʧʦʨʷʜʢʫ ʟʨʦʩʪʘʥʥʷ ʾʭ ʽʥʜʝʢʩʽʚ ʽ 

ʧʨʠ ʢʦʞʥʽʡ ʢʦʤʙʽʥʘʮʽʾ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ. ʂʽʣʴʢʽʩʪʴ ʚʩʽʭ ʤʦʞʣʠʚʠʭ 

ʩʧʦʣʫʢ ʘʨʛʫʤʝʥʪʽʚ, ʘ, ʦʪʞʝ, ʽ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ 

ʬʫʥʢʮʽʾ ʜʦʨʽʚʥʶʻ 2
n
, ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ. ɿ ʪʘʙʣʠʯʥʦʾ ʬʦʨʤʠ 

ʟʘʧʠʩʫ ʣʝʛʢʦ ʧʝʨʝʡʪʠ ʜʦ ʘʥʘʣʽʪʠʯʥʦʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʦʩʢʦʥʘʣʫ ʜʠʟôʶʥʢʪʠʚʥʫ 

ʬʦʨʤʫ ʟʘʧʠʩʫ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ. ɼʣʷ ʮʴʦʛʦ ʬʫʥʢʮʽʷ ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ ʜʠʟôʶʥʢʮʽʷ 

ʢʦʥʩʪʠʪʫʻʥʪ ʦʜʠʥʠʮʽ. 

ʇʨʠʢʣʘʜ 2.6. ɿʦʙʨʘʟʠʪʠ ʬʫʥʢʮʽʶ ʟ ʧʨʠʢʣʘʜʫ 2.4 ʫ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ 

ʟʘʧʠʩʫ. 

ʊʘʙʣʠʮʷ 2.2. ʌʫʥʢʮʽʾ ʜʚʦʭ 

ʟʤʽʥʥʠʭ 

ʭ1 ʭ0 ʫ1 ʫ2 ʫ3 ʫ4 ʫ5 

0 0 0 0 0 0 1 

0 1 1 1 1 0 0 

1 0 1 1 1 0 0 

1 1 x 1 0 1 1 
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ʈʦʟʚôʷʟʘʥʥʷ. ʌʫʥʢʮʽʷ ʪʨʴʦʭ ʟʤʽʥʥʠʭ ʫ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ (ʪʘʙʣ. 2.3) 

ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʩʪʦʚʙʮʽʚ, ʫ ʪʨʴʦʭ ʟ ʷʢʠʭ ʙʫʜʝ ʨʦʟʤʽʱʝʥʠʡ ʧʦʚʥʠʡ 

ʧʝʨʝʙʽʨ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ. 

ʊʘʙʣʠʮʷ 2.3. ʌʫʥʢʮʽʷ ʪʨʴʦʭ ʟʤʽʥʥʠʭ 

N ʭ2 ʭ1 ʭ0 ʫ 

0 0 0 0 0 

1 0 0 1 0 

2 0 1 0 0 

3 0 1 1 0 

4 1 0 0 0 

5 1 0 1 1 

6 1 1 0 1 

7 1 1 1 1 

 

ʃʦʛʽʯʥʘ ʬʫʥʢʮʽʷ ʽʥʦʜʽ ʤʦʞʝ ʙʫʪʠ ʥʝʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʝʥʦʶ. ʋ ʪʘʙʣ. 2.2 

ʧʨʠʚʦʜʠʪʴʩʷ ʬʦʨʤʘ ʟʘʧʠʩʫ ʬʫʥʢʮʽʾ ʫ1 , ʷʢʘ ʻ ʥʝʚʠʟʥʘʯʝʥʦʶ ʧʨʠ ʭ1 = ʭ0 = 1. ʇʨʠ 

ʧʝʨʝʭʦʜʽ ʜʦ ʘʥʘʣʽʪʠʯʥʦʾ ʬʦʨʤʠ ʟʘʧʠʩʫ ʚʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʚʠʟʥʘʯʝʥʘ. 

ʌʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ ʟʘʡʤʘʶʪʴ ʫ ʙʫʣʝʚʽʡ ʘʣʛʝʙʨʽ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ. ɼʣʷ 

ʜʚʦʭ ʟʤʽʥʥʠʭ ʢʽʣʴʢʽʩʪʴ ʙʫʣʝʚʠʭ ʬʫʥʢʮʽʡ ʜʦʨʽʚʥʶʻ 16. ʎʽ ʬʫʥʢʮʽʾ ʥʘʟʠʚʘʶʪʴʩʷ 

ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʽ ʩʢʣʘʜʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʥʘʙʽʨ ʬʫʥʢʮʽʡ ʜʚʦʭ ʟʤʽʥʥʠʭ. ʋ 

ʪʘʙʣ. 2.4 ʥʘʚʝʜʝʥʽ ʚʩʽ ʝʣʝʤʝʥʪʘʨʥʽ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ. 

ɿʘ ʩʚʦʻʶ ʟʘʩʪʦʩʦʚʘʥʽʩʪʶ ʚʦʥʠ ʨʽʟʥʽ. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʥʘʭʦʜʷʪʴ ʬʫʥʢʮʽʾ ɯ, ɸɹʆ, ɯ-ʅɯ, ɸɹʆ-ʅɯ, ɺʀʂʃ. ɸɹʆ. ɺʦʥʠ ʫʥʽʚʝʨʩʘʣʴʥʽ 

ʪʦʤʫ, ʱʦ ʟʘ ʾʭ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʙʫʜʴ-ʷʢʫ ʽʥʰʫ ʬʫʥʢʮʽʶ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ ʙʫʣʝʚʠʭ ʬʫʥʢʮʽʡ 

ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʻ ʮʠʤ ʬʫʥʢʮʽʷʤ. ʅʘʙʽʨ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ɯ, ɸɹʆ, ʅɯ 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʙʫʜʴ-ʷʢʫ ʽʥʰʫ ʬʫʥʢʮʽʶ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʧʦʚʥʠʤ. 
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ʊʘʙʣʠʮʷ 2.4. ɽʣʝʤʝʥʪʘʨʥʽ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ 

N 
x0 0 1 0 1 

ʅʘʟʚʘ ʬʫʥʢʮʽʾ ʇʦʟʥʘʯʝʥʥʷ 
ʭ1 0 0 1 1 

0  0 0 0 0 ʂʦʥʩʪʘʥʪʘ ʥʫʣʴ 0 

1  0 0 0 1 ʂʦʥôʶʥʢʮʽʷ, ɯ 01 xx Ö  

2  0 0 1 0 ɿʘʙʦʨʦʥʘ ʧʦ ʭ0 01 xx Ö  

3  0 0 1 1 ɿʤʽʥʥʘ ʭ1 x1 

4  0 1 0 0 ɿʘʙʦʨʦʥʘ ʧʦ ʭ1 01 xx Ö  

5  0 1 0 1 ɿʤʽʥʥʘ ʭ0 ʭ0 

6  0 1 1 0 ɺʠʢʣ. ɸɹʆ, ʩʫʤʘ ʟʘ mod 2 ʭ1 Ä ʭ0 

7  0 1 1 1 ɼʠʟôʶʥʢʮʽʷ, ɸɹʆ ʭ1 + ʭ0 

8  1 0 0 0 ɸɹʆ-ʅɯ, ʬʫʥʢʮʽʷ ʇʽʨʩʘ 01 xx +  

9  1 0 0 1 
ʈʽʚʥʦʟʥʘʯʥʽʩʪʴ, 

ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ 
ʭ1 ¹ ʭ0 

10  1 0 1 0 ɿʘʧʝʨʝʯʝʥʥʷ ʭ0 0x  

11  1 0 1 1 ɯʤʧʣʽʢʘʮʽʷ ʧʦ ʭ0 01 xx +  ʭ0 ­ ʭ1 

12  1 1 0 0 ɿʘʧʝʨʝʯʝʥʥʷ ʭ1 1x  

13  1 1 0 1 ɯʤʧʣʽʢʘʮʽʷ ʧʦ ʭ1 ʭ1­ʭ0 01 ʭʭ+  

14  1 1 1 0 ʌʫʥʢʮʽʷ ʐʝʬʬʝʨʘ ɯ-ʅɯ 01 xx  

15  1 1 1 1 ʂʦʥʩʪʘʥʪʘ 1 1 

 

ʋ ʧʨʘʢʪʠʯʥʽʡ ʩʭʝʤʦʪʝʭʥʽʮʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʨʝʘʣʽʟʫʶʪʴ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ɯ-ʅɯ, ɸɹʆ-ʅɯ, ɺʀʂʃ. ɸɹʆ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ 

ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʨʽʟʥʽ ʬʫʥʢʮʽʾ, ʤʘʪʠ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʚʭʦʜʽʚ, 

ʧʨʦʩʪʽ ʚ ʪʝʭʥʽʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ. 

͔͔́ͦͪͣ͊ ͔̊ͤͦͤ͊ 
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ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʟʥʘʭʦʜʷʪʴ 

ʪʝʦʨʝʤʘ ʐʝʥʦʥʘ ʪʘ ʨʷʜ ʪʦʪʦʞʥʦʩʪʝʡ, ʷʢʽ ʚʠʪʽʢʘʶʪʴ ʟ ʥʝʾ. 

ʊʝʦʨʝʤʘ ʐʝʥʦʥʘ ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢ: ʙʫʜʴ-ʷʢʫ ʬʫʥʢʮʽʶ n ʟʤʽʥʠʭ ʤʦʞʥʘ 

ʟʦʙʨʘʟʠʪʠ ʚ ʬʦʨʤʽ: 

),,1,,(),,0,,(),,,,( 010101 xxfxxxfxxxxf niniin 222222 --- Ö+Ö= .(2.1) 

ʊʝʦʨʝʤʘ ʐʝʥʦʥʘ ʚʠʷʚʣʷʻʪʴʩʷ ʜʫʞʝ ʢʦʨʠʩʥʦʶ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʝʨʝʪʚʦʨʝʥʴ 

ʣʦʛʽʯʥʠʭ ʚʠʨʘʟʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʦʧʝʨʘʮʽʶ ɺʀʂʃ. ɸɹʆ. 

ʇʨʠʢʣʘʜ 2.7. ɺʠʢʦʥʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ: 

131312 )( xxxxxxy Ä+Ä= . 

ʈʦʟʚôʷʟʘʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʦʨʝʤʫ ʐʝʥʦʥʘ, ʚʠʢʦʥʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʨʷʜ 

ʧʝʨʝʪʚʦʨʝʥʴ: 

.][]010[]1)1(1[

]0)0(0[)(

21211332113321

3321131312

xxxxxxxxxxxxxx

xxxxxxxxxx

+=Ö+=ÄÄ+ÄÄ=ÖÄ+ÄÖ+

+ÖÄ+ÄÖ=Ä+Ä
 

ɿ ʪʝʦʨʝʤʦʶ ʐʝʥʦʥʘ (1.17) ʧʦʚôʷʟʘʥʽ ʪʦʪʦʞʥʦʩʪʽ: 

.)...,,1...,,()...,,...,,(

;)...,,0...,,()...,,...,,(

0101

0101

xxfxxxxfx

xxfxxxxfx

niini

niini

--

--

Ö=Ö

Ö=Ö
  (2.2) 

ɺʠʭʦʜʷʯʠ ʟ ʪʝʦʨʝʤʠ ʜʝ ʄʦʨʛʘʥʘ, ʪʦʪʦʞʥʦʩʪʷʤ (2.2) ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʩʪʫʧʥʽ 

ʪʦʪʦʞʥʦʩʪʽ: 

.)...,,0...,,()...,,...,,(

;)...,,1...,,()...,,...,,(

0101

0101

xxfxxxxfx

xxfxxxxfx

niini

niini

--

--

+=+

+=+
  (2.3) 

ʊʦʪʦʞʥʦʩʪʽ (2.2) ʽ (2.3) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʧʨʦʱʝʥʥʷ 

ʣʦʛʽʯʥʠʭ ʚʠʨʘʟʽʚ. ɿ ʥʠʭ ʚʠʪʽʢʘʶʪʴ ʬʦʨʤʫʣʠ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ: 

.0

;0

yxyxyxx

xyxyxx

+=Ö+=Ö+

=Ö+=Ö+
 

ʇʨʠʚʝʜʝʥʽ ʪʦʪʦʞʥʦʩʪʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʫʪʪʻʚʦ ʩʧʨʦʱʫʚʘʪʠ ʩʢʣʘʜʥʽ 

ʬʫʥʢʮʽʾ ʙʘʛʘʪʴʦʭ ʟʤʽʥʥʠʭ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʟʘʧʝʨʝʯʝʥʴ. 

ʇʨʠʢʣʘʜ 2.8. ʉʧʨʦʩʪʠʪʠ ʣʦʛʽʯʥʫ ʬʫʥʢʮʽʶ: 

12312312321 ),,( xxxxxxxxxxxf ÖÖ+ÄÖÄÖ= . 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʦʪʦʞʥʽʩʪʴ (2.2) ʚʽʜʥʦʩʥʦ 2x , ʤʘʻʤʦ: 

.000 231313131 xxxxxxxxx Ö+Ä=ÖÖ+ÄÖÄÖ  

ɿ ʪʦʪʦʞʥʦʩʪʽ (2.3) ʟʥʘʭʦʜʠʤʦ: 

1313313 0 xxxxxxx +=Ä+=+Ä . 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʥʘʭʦʜʠʤʦ: 

123213 xxxxxx ÖÖ=Ö+ . 

ʇʨʠʚʝʜʝʥʽ ʚʠʱʝ ʪʦʪʦʞʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʨʦʟʢʣʘʜʘʪʠ 

ʩʢʣʘʜʥʽ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʥʘ ʙʽʣʴʰ ʧʨʦʩʪʽ. 

˾ͦ͊͒͊ͤͤ͘͟͡Ύ ˾͒͊͜ 

ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʭʦʜʠʪʴ ʪʘʢʦʞ ʽʥʰʠʡ ʪʠʧ ʨʦʟʢʣʘʜʘʥʥʷ ʬʫʥʢʮʽʡ ï 

ʨʦʟʢʣʘʜʘʥʥʷ ʈʽʜʘ. ɺʦʥʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʩʪʫʧʥʦʾ ʫʤʦʚʠ: ʷʢʱʦ 

0=Öyx , ʪʦ yxyx Ä=+ . 

ɼʽʡʩʥʦ, 

yxxxyyyxyxyxyxyxyx +=+++=Ö+Ö+Ö+Ö=Ä )()( . 

ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʐʝʥʦʥʘ 

1001 ),,,,( fxfxxxxf iiin Ö+Ö=- 22 , 

ʜʝ ),,0,,( 010 xxff n 22-= ; ),,1,,( 011 xxff n 22-= , 

ʟʦʙʨʘʟʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

.)()1(

),,,,(

10010010

101001

iiiii

iiiiin

xffffxxfffxfx

fxfxfxfxxxxf

ÄÄ=ÖÄÖÄ=ÖÄÄ

=ÖÄÖ=Ö+Ö=- 22
 

ʆʪʨʠʤʘʥʠʡ ʚʠʨʘʟ ʥʘʟʠʚʘʻʪʴʩʷ ʨʦʟʢʣʘʜʘʥʥʷʤ ʈʽʜʘ. ɺʦʥʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʙʫʜʴ-ʷʢʫ ʬʫʥʢʮʽʶ n ʟʤʽʥʥʠʭ ʟʦʙʨʘʟʠʪʠ ʫ ʚʠʛʣʷʜʽ ʧʦʣʽʥʦʤʘ n-ʛʦ ʩʪʫʧʝʥʷ ʚʠʜʫ: 

222 ÄÄÄ= ää
-

=

-

=
- ki

n

i

n

i
iin xxbxbaxxxf

1

0
2

1

0
1001 ),,,,(  

ʜʝ ʘ0 , b1 , b2 , é ï ʢʦʝʬʽʮʽʻʥʪʠ ʨʷʜʫ ʈʽʜʘ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʬʫʥʢʮʽʷ ʜʚʦʭ ʟʤʽʥʥʠʭ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ: 

0121100001 ),( xxbxbxbaxxf ÄÄÄ= . 
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ʗʢʱʦ ʬʫʥʢʮʽʷ ʦʧʠʩʫʻʪʴʩʷ ʧʦʣʽʥʦʤʘʤʠ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ, ʚʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʣʽʥʽʡʥʦʶ. ɼʣʷ ʪʘʢʠʭ ʬʫʥʢʮʽʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ ʣʦʛʽʯʥʠʭ ʜʦʙʫʪʢʘʭ ʟʤʽʥʥʠʭ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ: 

1100001 ),( xbxbaxxf ÄÄ= , 

ʘ ʜʣʷ ʬʫʥʢʮʽʾ ʟ ʢʽʣʴʢʽʩʪʶ ʟʤʽʥʥʠʭ n 

11221100001 ....),( --ÄÄÄÄ= nn xbxbxbxbaxxf . 

ʇʨʠʢʣʘʜ 2.9. ɿʦʙʨʘʟʠʪʠ ʬʫʥʢʮʽʶ 

010101 ),( xxxxxxf +=  

ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʛʦ ʧʦʣʽʥʦʤʘ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɺʠʢʦʥʫʶʯʠ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʟʥʘʭʦʜʠʤʦ: 

.][),(

;),1(

;),0(

01011101

11

11

xxxxxxxxf

xxf

xxf

Ä=ÖÄÄ=

=

=

 

ʋ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʷʭ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʪʽ ʯʠ ʽʥʰʽ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ, ʩʠʛʥʘʣʠ 

ʟʜʝʙʽʣʴʰʦʛʦ ʨʦʟʜʽʣʷʶʪʴʩʷ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ï ʥʘʧʨʠʢʣʘʜ, 

ʽʥʬʦʨʤʘʮʽʡʥʽ, ʘʜʨʝʩʥʽ, ʢʝʨʫʶʯʽ ï ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʤʘʶʪʴ ʩʚʦʾ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ. 

ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘ ʚʠʛʣʷʜʦʤ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʯʽʪʢʦ ʙʘʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʠʛʥʘʣʘʤʠ, ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʥʠʤʠ. ɼʝʷʢʽ ʧʨʠʢʣʘʜʠ ʪʘʢʠʭ 

ʬʫʥʢʮʽʡ: 

.),,,,,(

;),,(

103102101100012301

2010210

aaxaaxaaxaaxxxxxaaf

xaxaxxaf

+++=

+=
 

ʇʨʠʚʝʜʝʥʽ ʬʫʥʢʮʽʾ ʦʧʠʩʫʶʪʴ ʨʦʙʦʪʫ ʧʨʦʩʪʠʭ ʤʫʣʴʪʠʧʣʝʢʩʦʨʽʚ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʘ0  ʽ ʘ1 ʻ ʪʘʢʦʞ ʣʦʛʽʯʥʠʤʠ ʟʤʽʥʥʠʤʠ, ʷʢʽ ʤʘʶʪʴ ʽʥʰʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʦʩʪʘʥʥʷ ʬʫʥʢʮʽʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ: 

342312010123 ),,,( xbxbxbxbxxxxf +++= , 

ʜʝ b1éb4 ï ʢʦʝʬʽʮʽʻʥʪʠ, ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʘʣʝʞʥʽ ʚʽʜ a0 ʽ a1 . 

ʋ ʷʢʦʩʪʽ ʣʦʛʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʬʫʥʢʮʽʾ. ʋ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʦʧʠʩʘʥʘ ʣʦʛʽʯʥʘ ʬʫʥʢʮʽʷ ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʢʦʤʫʪʘʪʦʨ. 
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ɻʝʦʤʝʪʨʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ 

ʆʜʥʽʻʶ ʟ ʬʦʨʤ ʛʝʦʤʝʪʨʠʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʪ ʂʘʨʥʦ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ɼɼʅʌ (ɼʂʅʌ). 

ʂʘʨʪʘ ʂʘʨʥʦ ï ʮʝ ʢʦʤʧʘʢʪʥʘ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʘʙʣʠʮʽ ʽʩʪʠʥʥʦʩʪʽ 

ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ (ʢʦʜʫʚʘʥʥʷ) ʢʦʤʙʽʥʘʮʽʡ 

ʟʤʽʥʥʠʭ ʮʠʢʣʽʯʥʦʛʦ ʢʦʜʫ ɻʨʝʷ. 
 

ʈʠʩ. 1.16 

 

ʈʠʩ. 2.2. ʂʘʨʪʘ ʜʣʷ ʜʚʦʭ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ 

 

ʂʘʨʪʘ ʜʣʷ ʜʚʦʭ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.2. ʆʩʦʙʣʠʚʽʩʪʴ ʢʘʨʪʠ 

ʂʘʨʥʦ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʪʘ ʧʦ ʚʝʨʪʠʢʘʣʽ ʟʘʜʘʶʪʴʩʷ ʢʦʦʨʜʠʥʘʪʠ 

ʢʣʽʪʠʥʦʢ, ʷʢʠʤʠ ʚʠʩʪʫʧʘʶʪʴ ʘʨʛʫʤʝʥʪʠ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ. ʊʦʤʫ ʢʦʞʥʘ ʢʣʽʪʠʥʘ 

ʤʘʻ ʩʚʦʶ ʢʦʦʨʜʠʥʘʪʫ ï 00, 01, 10, 11 ï ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʽʜʧʦʚʽʜʥʦʶ 

ʜʚʽʡʢʦʚʦʶ ʘʙʦ ʜʝʩʷʪʢʦʚʦʶ ʮʠʬʨʦʶ. ɿʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʟʘʧʠʩʫʶʪʴʩʷ ʚ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʣʽʪʠʥʘʭ ʥʫʣʷʤʠ ʪʘ ʦʜʠʥʠʮʷʤʠ. ʅʘʧʨʠʢʣʘʜ, ʣʦʛʽʯʥʘ ʬʫʥʢʮʽʷ 

2,1
3

0
Ù=y  ʟʦʙʨʘʞʝʥʘ ʜʚʦʤʘ ʦʜʠʥʠʮʷʤʠ ʽ ʜʚʦʤʘ ʥʫʣʷʤʠ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʣʽʪʠʥʘʭ 

ʢʘʨʪʠ ʂʘʨʥʦ (ʨʠʩ. 2.2). 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʨʪ ʂʘʨʥʦ ʜʣʷ ʬʫʥʢʮʽʡ ʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʣʦʛʽʯʥʠʭ 

ʟʤʽʥʥʠʭ ʢʽʣʴʢʽʩʪʴ ʢʣʽʪʠʥ ʫ ʢʘʨʪʽ ʟʨʦʩʪʘʻ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ 

N = 2
n
. 

ʇʨʠʢʣʘʜ 2.10. ʌʫʥʢʮʽʶ, ʱʦ ʧʨʠʚʝʜʝʥʘ ʚ ʩʢʦʨʦʯʝʥʽʡ ʢʘʥʦʥʽʯʥʽʡ ʬʦʨʤʽ:  

13,12,11,10,5,4,3,2
15

0
Ù=y , 

ʟʦʙʨʘʟʠʪʠ ʫ ʚʠʛʣʷʜʽ ʢʘʨʪʠ ʂʘʨʥʦ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʯʠʩʣʦʚʽ ʚʝʣʠʯʠʥʠ ʤʽʥʪʝʨʤʽʚ ʧʝʨʝʚʠʱʫʶʪʴ ʯʠʩʣʦ 7 ʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 15, ʪʦ ʧʨʠʚʝʜʝʥʘ ʣʦʛʽʯʥʘ ʬʫʥʢʮʽʷ ʤʘʻ ʯʦʪʠʨʠ ʟʤʽʥʥʽ, ʷʢʽ 
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ʧʨʝʜʩʪʘʚʠʤʦ ʷʢ ʭ3 , ʭ2 , ʭ1 , ʭ0 . ʂʘʨʪʘ ʂʘʨʥʦ ʜʣʷ ʯʦʪʠʨʴʦʭ ʟʤʽʥʥʠʭ ʤʘʻ ʚʠʛʣʷʜ, 

ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 2.3. 

 

 

ʈʠʩ. 2.3. ʂʘʨʪʘ ʂʘʨʥʦ ʜʣʷ ʯʦʪʠʨʴʦʭ 

ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ 

ʈʠʩ. 2.4. ʂʘʨʪʘ ʂʘʨʥʦ ʜʣʷ ʪʨʴʦʭ 

ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ 

 

ɿ ʢʘʨʪʠ ʂʘʨʥʦ ʪʘʢʦʞ ʣʝʛʢʦ ʧʝʨʝʡʪʠ ʜʦ ʪʘʙʣʠʯʥʦʾ ʬʦʨʤʠ ʟʘʧʠʩʫ ʽ ʥʘʚʧʘʢʠ. 

ʗʢʱʦ ʟʘʜʘʥʘ ʬʫʥʢʮʽʷ ʥʝʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʝʥʘ, ʪʦ, ʧʦʜʽʙʥʦ ʜʦ ʪʘʙʣʠʮʽ, ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʣʽʪʠʥʘʭ ʟʘʧʠʩʫʻʪʴʩʷ ʟʥʘʢ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʚʥʽʩʪʶ ʚʽʜʦʙʨʘʟʠʪʠ ʚʩʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʫʥʢʮʽʾ. 

ʑʝ ʦʜʥʽʻʶ ʬʦʨʤʦʶ ʛʝʦʤʝʪʨʠʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʷʢʘ 

ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʻ n-ʚʠʤʽʨʥʽ ʢʫʙʠ, ʘʙʦ ʢʫʙʽʯʥʽ 

ʢʦʤʧʣʝʢʩʠ. 
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 ʈʠʩ. 2.5 

 

ʈʠʩ. 2.5. ɻʝʦʤʝʪʨʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ n-ʚʠʤʽʨʥʦʛʦ ʢʫʙʘ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ n 
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ʅʘ ʨʠʩ. 2.5 ʧʨʠʚʝʜʝʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ n-ʚʠʤʽʨʥʦʛʦ ʢʫʙʘ ʜʣʷ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ n, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʣʦʚʘʤ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ. ʂʦʞʥʘ ʚʝʨʰʠʥʘ 

ʚʽʜʦʙʨʘʞʘʻ ʦʜʥʝ ʢʦʜʦʚʝ ʩʣʦʚʦ. ʅʘʧʨʠʢʣʘʜ, ʬʫʥʢʮʽʷ ʫ = ʭ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ 

ʨʠʩ. 2.5, ʘ ʚʝʨʰʠʥʦʶ ʟ ʧʦʟʥʘʯʝʥʥʷʤ 1. 

ʌʫʥʢʮʽʷ 2121 xxxxy +=  ʥʘ ʨʠʩ. 2.5, ʙ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʜʚʦʤʘ ʚʝʨʰʠʥʘʤʠ, 

ʟô̒ʜʥʘʥʠʤʠ ʧʨʷʤʦʶ ʣʽʥʽʻʶ (ʨʝʙʨʦʤ ʢʫʙʫ). 

ʂʦʞʥʘ ʚʝʨʰʠʥʘ ʢʫʙʘ, ʚ ʷʢʽʡ ʬʫʥʢʮʽʷ ʤʘʻ ʤʽʥʪʝʨʤ, ʥʘʟʠʚʘʻʪʴʩʷ ʥʫʣʴʦʚʠʤ 

ʢʫʙʦʤ (0-ʢʫʙʦʤ). ʌʫʥʢʮʽʷ, ʷʢʘ ʤʽʩʪʠʪʴ ʜʝʢʽʣʴʢʘ ʤʽʥʪʝʨʤʽʚ. ʟʦʙʨʘʞʘʻʪʴʩʷ ʚ 

ʧʨʦʩʪʦʨʽ ʥʫʣʴʦʚʠʤ ʢʫʙʽʯʥʠʤ ʢʦʤʧʣʝʢʩʦʤ K0 . 

ʗʢʱʦ ʜʚʘ ʥʫʣʴʦʚʠʭ ʢʫʙʠ ʢʦʤʧʣʝʢʩʫ K0 ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʧʦ ʦʜʥʽʡ 

ʟʤʽʥʥʽʡ, ʪʦ ʜʚʘ ʩʫʩʽʜʥʽʭ ʤʽʥʪʝʨʤʠ ʩʪʚʦʨʶʶʪʴ ʦʜʠʥʠʯʥʠʡ ʢʫʙ (1-ʢʫʙ), ʷʢʠʡ 

ʟʦʙʨʘʞʘʻʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʦ ʷʢ ʨʝʙʨʦ n-ʚʠʤʽʨʥʦʛʦ ʢʫʙʘ. ʄʥʦʞʠʥʘ ʦʜʠʥʠʯʥʠʭ 

ʢʫʙʽʚ ʩʪʚʦʨʶʶʪʴ ʦʜʠʥʠʯʥʠʡ ʢʫʙʽʯʥʠʡ ʢʦʤʧʣʝʢʩ K1 . 

ɸʥʘʣʦʛʽʯʥʦ, ʷʢʱʦ ʜʚʘ ʦʜʠʥʦʯʥʠʭ ʢʫʙʘ ʢʦʤʧʣʝʢʩʫ K1 ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ 

ʧʦ ʦʜʥʽʡ ʢʦʦʨʜʠʥʘʪʽ, ʪʦ ʚʦʥʠ ʩʪʚʦʨʶʶʪʴ ʜʚʽʡʢʦʚʠʡ ʢʫʙ (2-ʢʫʙ). ɻʝʦʤʝʪʨʠʯʥʦ 

ʪʘʢʝ ʟʦʙʨʘʞʝʥʥʷ ʻ ʛʨʘʥʥʶ n-ʚʠʤʽʨʥʦʛʦ ʢʫʙʘ. ʄʥʦʞʠʥʘ ʜʚʽʡʢʦʚʠʭ ʢʫʙʽʚ 

ʩʪʚʦʨʶʶʪʴ ʢʫʙʽʯʥʠʡ ʢʦʤʧʣʝʢʩ K2 . 

ʆʙôʻʜʥʘʥʥʷ ʢʫʙʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ K0 , K1 , K2 , é, Km ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ 

ʫ (ʭ0 é ʭn) ʩʪʚʦʨʶʶʪʴ ʾʾ ʢʫʙʽʯʥʠʡ ʢʦʤʧʣʝʢʩ: 

),,,()( 10 mKKKʫK 2Ù= . 

ʇʨʠʢʣʘʜ 2.11. ɼʣʷ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ  

7,6,5,4,3
7

0
Ù=y  

ʟʘʧʠʩʘʪʠ ʢʫʙʽʯʥʽ ʢʦʤʧʣʝʢʩʠ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʅʫʣʴʦʚʠʡ ʢʫʙʽʯʥʠʡ ʢʦʤʧʣʝʢʩ ʤʘʻ ʧôʷʪʴ ʯʣʝʥʽʚ ʟʘ ʢʽʣʴʢʽʩʪʶ 

ʤʽʥʪʝʨʤʽʚ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ: 

K0 = (011, 100, 101, 110, 111). 

ʇʦʨʽʚʥʶʶʯʠ ʟʘʧʠʩʘʥʽ 0-ʢʫʙʠ, ʟʥʘʭʦʜʠʤʦ, ʱʦ ʩʫʩʽʜʥʽʤʠ ʻ ʤʽʥʪʝʨʤʠ 3 ʽ 7, 

ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʣʠʰʝ ʩʪʘʨʰʠʤ ʨʦʟʨʷʜʦʤ. ʊʦʤʫ ʚʦʥʠ ʩʪʚʦʨʶʶʪʴ 1-ʢʫʙ ʚʠʜʫ -
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11. ɸʥʘʣʦʛʽʯʥʦ, ʤʽʥʪʝʨʤʠ 4 ʽ 5 ʩʪʚʦʨʶʶʪʴ 1-ʢʫʙ ʚʠʜʫ 10, ʘ ʤʽʥʪʝʨʤʠ 4 ʽ 6 

ʩʪʚʦʨʶʶʪʴ 1-ʢʫʙ ʚʠʜʫ 1-0. 

ʇʦʚʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʦʜʠʥʠʯʥʠʡ ʢʫʙʽʯʥʠʡ ʢʦʤʧʣʝʢʩ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

K1 = (-11, 10-, 1-0, 11-, 1-1). 

ɼʚʽʡʢʦʚʠʡ ʢʫʙʽʯʥʠʡ ʢʦʤʧʣʝʢʩ ʤʽʩʪʠʪʴ ʦʜʠʥ 2-ʢʫʙ: 

K2 = (1- -). 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ 

ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʻ ʩʪʘʥʜʘʨʪʥʠʤʠ. 

ʑʝ ʦʜʥʽʻʶ ʬʦʨʤʦʶ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʻ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ, 

ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʯʘʩʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʭʽʜʥʠʤʠ ʣʦʛʽʯʥʠʤʠ ʟʤʽʥʥʠʤʠ ʽ 

ʚʠʭʽʜʥʦʶ ʬʫʥʢʮʽʻʶ (ʨʠʩ. 2.6). ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʟʦʙʨʘʞʘʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʬʨʦʥʪʽʚ ʽʤʧʫʣʴʩʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʤʦʤʝʥʪʽʚ ʧʦʯʘʪʢʫ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʯʘʩʪʦ ʤʘʶʪʴ ʜʦʧʦʤʽʞʥʽ ʚʢʘʟʽʚʥʽ ʩʪʨʽʣʢʠ, ʷʢʽ ʫʪʦʯʥʶʶʪʴ 

ʭ̔ ʜ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʭʝʤʽ. 

 

ʈʠʩ. 2.6. ʇʨʠʢʣʘʜ ʯʘʩʦʚʠʭ ʜʽʘʛʨʘʤ ʜʣʷ ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ, ɦ ʦ ʨʝʘʣʽʟʫʻ ʦʧʝʨʘʮʽʶ 

ʮʠʬʨʦʚʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ 

 

ʅʘ ʨʠʩ. 2.6 ʧʨʠʚʦʜʠʪʴʩʷ ʧʨʠʢʣʘʜ ʯʘʩʦʚʠʭ ʜʽʘʛʨʘʤ ʜʣʷ ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ, ʱʦ 

ʨʝʘʣʽʟʫʻ ʦʧʝʨʘʮʽʶ ʮʠʬʨʦʚʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ. ʋ ʚʠʧʘʜʢʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, 

ʧʨʠʚʦʜʷʪʴʩʷ ʣʠʰʝ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʦʚʠʭ 

ʟʘʪʨʠʤʦʢ, ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʚʦʜʠʪʴʩʷ ʙʽʣʴʰʘ ʜʝʪʘʣʽʟʘʮʽʷ 

ʯʘʩʦʚʠʭ ʜʽʘʛʨʘʤ. 
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ʄʝʪʦʜʠ ʤʽʥʽʤʽʟʘʮʽʾ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ: ʢʘʨʪʠ ʂʘʨʥʦ (ɺʝʡʯʘ), ʤʝʪʦʜ ʂʚʘʡʥʘ, 

ʂʚʘʡʥʘ-ʄʘʢ-ʂʣʘʩʢʽ 

ʄʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʻ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʣʦʛʽʯʥʠʭ 

ʬʫʥʢʮʽʡ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ [1]. 

ʃʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʘʧʘʨʘʪʥʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʭʝʤ, 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʚʠʢʦʥʘʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʦʧʝʨʘʮʽʡ. ʄʽʢʨʦʩʭʝʤʠ ʟʘʛʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʜʝʙʽʣʴʰʦʛʦ ʤʦʞʫʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʧʨʦʩʪʠʭ ʦʜʠʥʦʯʥʠʭ 

ʦʧʝʨʘʮʽʡ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʩʧʨʘʚʝʜʣʠʚʦ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʯʠʤ ʧʨʦʩʪʽʰʦʶ ʻ 

ʘʥʘʣʽʪʠʯʥʘ ʬʦʨʤʘ ʟʘʧʠʩʫ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ, ʪʠʤ ʤʝʥʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʪʠʤ ʤʝʥʰʝ ʤʽʢʨʦʩʭʝʤ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʾʾ 

ʨʝʘʣʽʟʘʮʽʾ. ʉʢʣʘʜʥʽʩʪʴ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʣʦʛʽʯʥʠʭ 

ʟʤʽʥʥʠʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʾʭ ʩʢʣʘʜʫ ʚ ʧʨʷʤʦʤʫ ʽ ʽʥʚʝʨʩʥʦʤʫ ʚʠʜʽ, ʪʘ ʢʽʣʴʢʽʩʪʶ 

ʧʨʦʩʪʠʭ ʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘʜ ʥʠʤʠ. ɹʫʜʴ-ʷʢʘ ʣʦʛʽʯʥʘ ʬʫʥʢʮʽʷ ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʠʩʘʥʘ ʨʽʟʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʚʠʨʘʟʘʤʠ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ. ʉʝʨʝʜ ʥʠʭ 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʪʘʢʽ, ʷʢʽ ʤʽʩʪʷʪʴ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ ʽ ʦʧʝʨʘʮʽʡ 

ʥʘʜ ʥʠʤʠ. ɿʘʜʘʯʘ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘʢʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʚʠʨʘʟʽʚ ʥʘʟʠʚʘʻʪʴʩʷ 

ʤʽʥʽʤʽʟʘʮʽʻʶ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ. ɿʚʽʜʩʠ ʚʠʪʽʢʘʻ, ʱʦ ʤʽʥʽʤʽʟʘʮʽʷ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ ï 

ʮʝ ʟʘʤʽʥʘ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʣʦʛʽʯʥʦʾ ʩʫʤʠ ʤʽʥʪʝʨʤʽʚ 

ʘʙʦ ʣʦʛʽʯʥʦʛʦ ʜʦʙʫʪʢʫ ʤʘʢʩʪʝʨʤʽʚ, ʽʥʰʦʶ ʣʦʛʽʯʥʦʶ ʬʫʥʢʮʽʻʶ ʟ ʤʽʥʽʤʘʣʴʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ ʪʘ ʦʧʝʨʘʮʽʡ ʥʘʜ ʥʠʤʠ.  

ɿʘʜʘʯʘ ʤʽʥʽʤʽʟʘʮʽʾ ï ʮʝ ʟʘʜʘʯʘ ʥʝʦʜʥʦʟʥʘʯʥʘ, ʽ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʨʽʟʥʽ ʚʠʨʘʟʠ ʤʽʥʽʤʽʟʦʚʘʥʦʾ ʬʫʥʢʮʽʾ, ʷʢʽ ʚʽʜʨʽʟʥʷʪʠʤʫʪʴʩʷ ʤʽʞ ʩʦʙʦʶ 

ʢʽʣʴʢʽʩʪʶ ʟʤʽʥʥʠʭ ʽ ʦʧʝʨʘʮʽʡ ʥʘʜ ʥʠʤʠ. 

ɸʥʘʣʽʪʠʯʥʠʡ ʩʧʦʩʽʙ ʤʽʥʽʤʽʟʘʮʽʾ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʣʦʛʽʯʥʠʭ 

ʬʫʥʢʮʽʡ ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʧʝʨʘʮʽʾ ʩʢʣʝʶʚʘʥʥʷ: 
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ʪʘ ʧʦʛʣʠʥʘʥʥʷ: 
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ʄʽʥʽʤʽʟʘʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʨʪ ʂʘʨʥʦ (ʜʽʘʛʨʘʤ ɺʝʡʯʘ). ʄʝʪʦʜ, 

ʦʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʨʪ ʂʘʨʥʦ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʻʶ ʧʨʦʩʪʦʪʦʶ ʽ 

ʥʘʦʯʥʽʩʪʶ. ɿʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʾ ʚ ʧʣʦʱʠʥʽ ʢʦʦʨʜʠʥʘʪ ʾʾ ʧʘʨʘʤʝʪʨʽʚ, ʧʦʜʽʙʥʦ ʜʦ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʬʫʥʢʮʽʡ, ʜʦʟʚʦʣʷʻ ʥʘʛʣʷʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʾʾ 

ʟʤʽʥʥʠʤʠ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʚʠʜʽʣʠʪʠ ʪʽ ʟʤʽʥʥʽ, ʷʢʽ ʻ ʜʦʤʽʥʫʶʯʠʤʠ ʚ ʾʾ ʚʠʟʥʘʯʝʥʥʽ. 

ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʤʝʪʦʜʫ ʧʝʨʰ ʟʘ ʚʩʝ ʩʬʦʨʤʫʣʶʻʤʦ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʘʨʪ ʂʘʨʥʦ: 

¶ ʢʣʽʪʠʥʠ ʢʘʨʪʠ, ʢʦʦʨʜʠʥʘʪʠ ʷʢʠʭ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʣʠʰʝ ʧʘʨʘʤʝʪʨʘʤʠ ʦʜʥʽʻʾ 

ʟʤʽʥʥʦʾ, ʥʘʟʠʚʘʶʪʴʩʷ ʩʫʩʽʜʥʽʤʠ; 

¶ ʩʫʩʽʜʥʽ ʢʣʽʪʠʥʠ, ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʚ ʷʢʠʭ ʘʙʦ ʪʽʣʴʢʠ ʽʩʪʠʥʥʽ, ʘʙʦ ʪʽʣʴʢʠ 

ʭʠʙʥʽ, ʤʦʞʫʪʴ ʦʙôʻʜʥʫʚʘʪʠʩʷ ʚ ʛʨʫʧʠ ʧʦ 2
m
 ʢʣʽʪʠʥ, ʜʝ m ï ʮʽʣʝ ʯʠʩʣʦ 

(m = 0, 1, 2, 3, é); 

¶ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʘʥʘʣʽʪʠʯʥʦʾ ʬʦʨʤʠ ʟʘʧʠʩʫ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ ʟ ʢʘʨʪʠ 

ʂʘʨʥʦ ʚʦʥʘ ʤʦʞʝ ʟʘʧʠʩʫʚʘʪʠʩʴ ʥʝʟʤʽʥʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʙôʻʜʥʘʥʠʭ ʛʨʫʧ 

ʢʣʽʪʠʥ; 

¶ ʫ ʚʠʧʘʜʢʫ ʥʝʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʝʥʦʾ ʬʫʥʢʮʽʾ ʥʝʚʠʟʥʘʯʝʥʽ ʢʣʽʪʠʥʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʜʦʚʠʟʥʘʯʝʥʠʤʠ, ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ ʦʜʝʨʞʘʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʦʙôʻʜʥʘʥʠʭ ʢʣʽʪʠʥ; 

¶ ʦʜʥʘ ʢʣʽʪʠʥʘ ʤʦʞʝ ʦʙôʻʜʥʫʚʘʪʠʩʴ ʫ ʜʝʢʽʣʴʢʘ ʛʨʫʧ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʪ ʂʘʨʥʦ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʥʘʛʣʷʜʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʧʝʨʘʮʽʾ ʩʢʣʝʶʚʘʥʥʷ. ɼʽʡʩʥʦ, ʜʚʽ ʩʫʩʽʜʥʽ ʢʣʽʪʢʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʣʠʰʝ ʦʜʥʽʻʶ ʟʤʽʥʥʦʶ. ʊʦʤʫ, ʦʙôʻʜʥʫʶʯʠ ʾʭ, ʤʠ ʟʘʧʠʩʫʻʤʦ ʣʠʰʝ 

ʥʝʟʤʽʥʥʽ ʢʦʦʨʜʠʥʘʪʠ, ʪʦʙʪʦ ʚʠʥʦʩʠʤʦ ʾʭ ʟʘ ʜʫʞʢʠ. ʋ ʜʫʞʢʘʭ ʟʘʣʠʰʘʶʪʴʩʷ 

ʟʤʽʥʥʽ ʢʦʦʨʜʠʥʘʪʠ, ʷʢʽ ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʦʜʥʫ ʦʧʝʨʘʮʽʻʶ ʩʢʣʝʶʚʘʥʥʷ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʢʘʨʪʦʶ ʂʘʨʥʦ, 

ʦʢʨʽʤ ʧʨʘʚʠʣ, ʚʠʢʣʘʜʝʥʠʭ ʚʠʱʝ, ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʟʘʛʘʣʴʥʠʤ ʧʨʘʚʠʣʦʤ: 
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ʦʜʠʥʠʮʽ ʘʙʦ ʥʫʣʽ ʧʦʚʠʥʥʽ ʦʙôʻʜʥʫʚʘʪʠʩʴ ʤʽʥʽʤʘʣʴʥʠʤ ʯʠʩʣʦʤ ʥʘʡʙʽʣʴʰʠʭ 

ʢʦʥʪʫʨʽʚ. 

ʇʨʠʢʣʘʜ 2.13. ʄʽʥʽʤʽʟʫʚʘʪʠ ʣʦʛʽʯʥʫ ʬʫʥʢʮʽʶ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ 

ʢʘʨʪʠ ʂʘʨʥʦ (ʨʠʩ. 2.7). 

 ʈʠʩ. 2.8 

 

ʈʠʩ. 2.7. ʂʘʨʪʘ ʂʘʨʥʦ 

 

ʈʦʟʚôʷʟʘʥʥʷ. ʆʙôʻʜʥʫʶʯʠ ʩʫʩʽʜʥʽ ʢʣʽʪʠʥʠ ʟ ʽʩʪʠʥʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʬʫʥʢʮʽʾ 

(ʪʦʙʪʦ ʢʣʽʪʠʥʠ 0, 2, 8, 10 ʪʘ ʢʣʽʪʠʥʠ 5, 7, 13, 15), ʟʘʧʠʩʫʻʤʦ ʾʭ ʥʝʟʤʽʥʥʽ 

ʢʦʦʨʜʠʥʘʪʠ: 

¶ ʜʣʷ ʮʝʥʪʨʘʣʴʥʠʭ ʢʣʽʪʠʥ:  201 xxy = ; 

¶  ʜʣʷ ʢʨʘʡʥʽʭ ʢʣʽʪʠʥ:  202 xxy = . 

ʄʽʥʽʤʽʟʦʚʘʥʘ ʣʦʛʽʯʥʘ ʬʫʥʢʮʽʷ ʤʘʻ ʚʠʛʣʷʜ: 

202021 xxxxyyy +=+= . 

ɸʥʘʣʦʛʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝ ʦʜʝʨʞʘʥʠʡ ʽ ʧʨʠ ʦʙôʻʜʥʘʥʥʽ ʢʣʽʪʠʥ ʟ ʥʫʣʷʤʠ. 

ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʮʝ. 

ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʛʨʫʧʠ ʢʣʽʪʠʥ (ʢʣʽʪʠʥʠ 1, 3, 9, 11) ʟʥʘʭʦʜʠʤʦ: 023 xxy = . 

ɼʣʷ ʛʨʫʧʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʢʣʽʪʠʥ (ʢʣʽʪʠʥʠ 4, 6, 12, 14): 

 024 xxy = ʄʽʥʽʤʽʟʦʚʘʥʘ ʬʫʥʢʮʽʷ 

0202 xxxxy +=  

ʦʧʝʨʘʮʽʻʶ ʽʥʚʝʨʩʽʾ ʪʘ ʪʝʦʨʝʤʦʶ ʜʝ ʄʦʨʛʘʥʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʪʨʠʤʘʥʦʾ ʨʘʥʽʰʝ. 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʘʨʪ ʂʘʨʥʦ ʣʝʛʢʦ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘʜʘʯʽ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʡ ʟ 

ʢʽʣʴʢʽʩʪʶ ʟʤʽʥʥʠʭ ʜʦ ʰʝʩʪʠ ʚʢʣʶʯʥʦ. ʇʨʠ ʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʟʤʽʥʥʠʭ ʧʦʰʫʢ 

ʤʽʥʽʤʘʣʴʥʠʭ ʬʦʨʤ ʟʘʧʠʩʫ ʬʫʥʢʮʽʡ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʽ ʥʘʦʯʥʽʩʪʴ ʢʘʨʪ 

ʂʘʨʥʦ ʚʪʨʘʯʘʻʪʴʩʷ. 

ʄʽʥʽʤʽʟʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʫʙʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʂʫʙʽʯʥʘ 

ʬʦʨʤʘ ʟʦʙʨʘʞʝʥʥʷ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʩʪʦ ʽ ʥʘʛʣʷʜʥʦ, ʟʘ 

ʘʥʘʣʦʛʽʻʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʨʪ ʂʘʨʥʦ, ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʤʽʥʽʤʽʟʘʮʽʾ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟ ʢʫʙʽʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ K(ʫ) ʟʘʚʞʜʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʤʥʦʞʠʥʫ ʢʫʙʽʚ ʇ(ʫ) ʪʘʢʠʭ, ʱʦ ʢʦʞʥʠʡ 

ʯʣʝʥ ʢʦʤʧʣʝʢʩʫ K0 , ʪʦʙʪʦ ʚʝʨʰʠʥʠ ʢʫʙʘ (ʤʽʥʪʝʨʤʠ), ʙʫʜʝ ʚʢʣʶʯʝʥʠʤ ʧʦ 

ʢʨʘʡʥʽʡ ʤʽʨʽ ʚ ʦʜʠʥ ʢʫʙ ʤʥʦʞʠʥʠ ʇ(ʫ). ʄʥʦʞʠʥʘ ʢʫʙʽʚ ʇ(ʫ) ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʦʢʨʠʪʪʷʤ ʢʦʤʧʣʝʢʩʫ K(ʫ), ʘʙʦ ʧʦʢʨʠʪʪʷʤ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ 

ʙʫʜʴ-ʷʢʦʾ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʾʾ ʧʦʢʨʠʪʪʽʚ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʢʦʞʥʦʤʫ 

ʧʦʢʨʠʪʪʶ ʇ(ʫ) ʚʽʜʧʦʚʽʜʘʻ ʩʚʦʷ ʜʠʟôʶʥʢʪʠʚʥʘ ʥʦʨʤʘʣʴʥʘ ʬʦʨʤʘ, ʦʪʨʠʤʘʥʘ ʷʢ 

ʩʫʤʘ ʣʦʛʽʯʥʠʭ ʜʦʙʫʪʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʚʠʜʽʣʝʥʠʤ ʢʫʙʘʤ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ. 

ʇʨʠʢʣʘʜ 2.14. ɼʣʷ ʢʫʙʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʧʨʠʢʣʘʜʫ 1.31 ʟʥʘʡʪʠ ʧʦʢʨʠʪʪʷ 

ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʂʫʙʽʯʥʠʡ ʢʦʤʧʣʝʢʩ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ ʤʘʻ ʚʠʛʣʷʜ: 

K(ʫ) = (011; 100; 101; 110; 111; -11; 11-; 1-1; 10-; 1-0; 1--). 

ʅʫʣʴʦʚʠʡ ʢʫʙʽʯʥʠʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʻ ʚʩʽ ʚʝʨʰʠʥʠ ʢʫʙʘ, ʪʦʤʫ ʩʪʚʦʨʶʻ 

ʧʦʢʨʠʪʪʷ ʬʫʥʢʮʽʾ: 

ʇ1(ʫ) = K0 = (011; 100; 101; 110; 111). 

ʋʩʽ ʚʝʨʰʠʥʠ ʢʫʙʘ ʚʢʣʶʯʘʶʪʴʩʷ ʪʘʢʦʞ ʚ ʦʜʠʥʠʯʥʠʡ ʢʫʙʽʯʥʠʡ ʢʦʤʧʣʝʢʩ 

K1 , ʪʦʤʫ ʚʽʥ ʪʘʢʦʞ ʩʪʚʦʨʶʻ ʧʦʢʨʠʪʪʷ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ: 

ʇ2(ʫ) = K1 = (-11; 11-; 1-1; 10-; 1-0). 

ʇʝʨʝʙʠʨʘʶʯʠ ʢʦʤʙʽʥʘʮʽʾ ʢʫʙʽʚ ʨʽʟʥʠʭ ʨʘʥʛʽʚ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʦʢʨʠʪʪʷ 

ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ: 

ʇ3(ʫ) = K2 = (011; 11-; 10-); 

ʇ4(ʫ) = K3 = (-11; 1-1; 1-0); 

ʇ5(ʫ) = K4 = (011; 1--); 

ʇ6(ʫ) = K5 = (-11; 1--) 

ʽ ʪ.ʧ. 
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ɺʽʜʧʦʚʽʜʥʽ ʚʢʘʟʘʥʠʤ ʧʦʢʨʠʪʪʷʤ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

.

;

;

;

;

;

2016

20125

0202014

12120123

02120212012

0120120120120121

xxxy

xxxxy

xxxxxxy

xxxxxxxy

xxxxxxxxxxy

xxxxxxxxxxxxxxxy

+Ö=

+ÖÖ=

Ö+Ö+Ö=

Ö+Ö+ÖÖ=

Ö+Ö+Ö+Ö+Ö=

ÖÖ+ÖÖ+ÖÖ+ÖÖ+ÖÖ=

 

ʉʢʣʘʜʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʪʘʢʠʤ ʰʣʷʭʦʤ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ ʧʨʠʡʥʷʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʦʥʷʪʪʷʤ ñʮʽʥʘ ʧʦʢʨʠʪʪʷò (ʎʇ). ʎʽʥʘ ʧʦʢʨʠʪʪʷ ʜʦʨʽʚʥʶʻ ʩʫʤʽ 

ʮʽʥ ʚʩʽʭ ʢʫʙʽʚ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʜʘʥʝ ʧʦʢʨʠʪʪʷ ʇ(ʫ): 

ʎʇ = äʎʂ. 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʮʽʥʘ ʦʜʥʦʛʦ r-ʢʫʙʘ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ n ʟʤʽʥʥʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʷʢ ʨʽʟʥʠʮʷ ʧʦʚʥʦʛʦ ʯʠʩʣʘ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʽ ʨʘʥʛʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʫʙʘ, ʪʦʙʪʦ 

ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʟʤʽʥʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʜʠʟôʶʥʢʮʽʾ: 

ʎʂ = n ï r . 

ʊʘʢ, ʜʣʷ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ ʪʨʴʦʭ ʟʤʽʥʥʠʭ ʮʽʥʘ 0-ʢʫʙʘ ʜʦʨʽʚʥʶʻ ʪʨʴʦʤ, ʘ 2-

ʢʫʙʘ ï ʦʜʠʥʠʮʽ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʢʘʟʘʥʦʛʦ, ʟʘʜʘʯʘ ʤʽʥʽʤʽʟʘʮʽʾ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʰʫʢʫ ʧʦʢʨʠʪʪʷ ʇ(ʫ) ʢʫʙʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ K(ʫ), ʱʦ ʤʘʻ 

ʤʽʥʽʤʘʣʴʥʫ ʮʽʥʫ. 

ʇʦʢʨʠʪʪʷ ʇ(ʫ) ʢʦʤʧʣʝʢʩʫ K(ʫ), ʱʦ ʤʘʻ ʤʽʥʽʤʘʣʴʥʫ ʮʽʥʫ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʦʢʨʠʪʪʷʤ ʂʚʘʡʥʘ, ʘ ʚʽʜʧʦʚʽʜʥʘ ʮʴʦʤʫ ʧʦʢʨʠʪʪʶ ʣʦʛʽʯʥʘ ʬʫʥʢʮʽʷ ï 

ʤʽʥʽʤʘʣʴʥʦʶ ʜʠʟôʶʥʢʪʠʚʥʦʶ ʥʦʨʤʘʣʴʥʦʶ ʬʦʨʤʦʶ. 

ʄʽʥʽʤʽʟʘʮʽʷ ʥʝʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʝʥʠʭ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ. ʉʝʨʝʜ ʣʦʛʽʯʥʠʭ 

ʬʫʥʢʮʽʡ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʪʘʢʽ, ʜʦʩʢʦʥʘʣʽ ʬʦʨʤʠ ʷʢʠʭ ʤʽʩʪʷʪʴ ʥʝʚʠʟʥʘʯʝʥʽ 

ʤʽʥʪʝʨʤʠ (ʤʘʢʩʪʝʨʤʠ). ɿ ʪʦʯʢʠ ʟʦʨʫ ʽʥʞʝʥʝʨʥʦʾ ʧʨʘʢʪʠʢʠ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʝʣʝʢʪʨʦʥʥʘ ʘʧʘʨʘʪʫʨʘ, ʷʢʘ ʨʦʟʨʦʙʣʷʻʪʴʩʷ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʘʡʜʫʞʦʶ ʜʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ. ɿʫʩʪʨʽʯʘʶʪʴʩʷ ʡ ʽʥʰʽ ʩʠʪʫʘʮʽʾ, ʧʨʠ 

ʷʢʠʭ ʚ ʜʝʷʢʠʭ ʢʦʤʙʽʥʘʮʽʷʭ ʟʤʽʥʥʠʭ ʤʘʻ ʤʽʩʮʝ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ. 
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ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʥʘʷʚʥʽʩʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʬʦʨʤʠ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ, ʱʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.8. 
 

ʈʠʩ. 2.9 

 

ʈʠʩ. 2.8. ʇʨʠʢʣʘʜ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ 

 

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʾʾ ʟʥʘʯʝʥʴ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʘ ʫ ʢʣʽʪʠʥʘʭ 5 ʪʘ 6, ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ. ʇʽʜʩʪʘʥʦʚʢʘ ʚ ʫʢʘʟʘʥʽ ʢʣʽʪʠʥʠ ʟʥʘʯʝʥʴ ñ1ò ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʙôʻʜʥʘʪʠ ʛʨʫʧʠ ʢʣʽʪʠʥ 1, 3, 5, 7 ʽ 4, 5, 6, 7 ʪʘ ʦʜʝʨʞʘʪʠ ʤʽʥʽʤʽʟʦʚʘʥʫ 

ʬʫʥʢʮʽʶ: 

20 xxy += . 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʬʫʥʢʮʽʡ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʝʢʽʣʴʢʘ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʜʦʚʠʟʥʘʯʝʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʥʘ 

ʦʪʨʠʤʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʽ ʬʫʥʢʮʽʾ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. 

ʅʝʜʦʚʠʟʥʘʯʝʥʽ ʬʫʥʢʮʽʾ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʢʦʜʽʚ. 

ʉʫʤʽʩʥʘ ʤʽʥʽʤʽʟʘʮʽʷ ʜʝʢʽʣʴʢʦʭ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ. ʋ ʧʨʘʢʪʠʯʥʠʭ 

ʟʘʜʘʯʘʭ ʮʠʬʨʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʜʫʞʝ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ ʟ ʦʜʥʘʢʦʚʠʤʠ ʟʤʽʥʥʠʤʠ. ʗʢ ʧʨʠʢʣʘʜ, 

ʨʦʟʛʣʷʥʝʤʦ ʜʚʽ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʾ: 

.3,1,0

;7,6,3

012012012

15

2

012012012

15

1

xxxxxxxxxY

xxxxxxxxxY

++==

++==

Ù

Ù
 

ʂʦʞʥʫ ʟ ʥʠʭ ʤʦʞʥʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʦʢʨʝʤʦʶ. ʇʨʠ ʪʘʢʽʡ ʤʽʥʽʤʽʟʘʮʽʾ ʤʘʻʤʦ: 

.

;

02122

12011

xxxxY

xxxxY

+=

+=
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ʆʙʠʜʚʽ ʬʫʥʢʮʽʡ ʤʦʞʫʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʴ ʦʢʨʝʤʦ. ɸʣʝ, ʧʦʨʽʚʥʶʶʯʠ 

ʧʨʠʚʝʜʝʥʽ ʬʫʥʢʮʽʾ, ʙʘʯʠʤʦ, ʱʦ ʚ ʦʙʦʭ ʟ ʥʠʭ ʻ ʟʘʛʘʣʴʥʠʡ ʤʽʥʪʝʨʤ. ʎʝ ʜʘʻ 

ʧʽʜʩʪʘʚʫ ʦʢʨʝʤʦ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʛʘʣʴʥʠʡ ʤʽʥʪʝʨʤ, ʘ ʨʝʰʪʫ ʤʽʥʽʤʽʟʦʚʫʚʘʪʠ 

ʥʝʟʘʣʝʞʥʦ ʜʣʷ ʢʦʞʥʦʾ ʟ ʬʫʥʢʮʽʡ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ: 

.

;

012122

120121

xxxxxY

xxxxxY

+=

+=
 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʭʝʤʠ ʦʢʨʝʤʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚʩʽ ʪʝʨʤʠ, ʘ ʧʦʪʽʤ ʚʠʢʦʥʫʻʪʴʩʷ 

ʾʭ ʦʙôʻʜʥʘʥʥʷ ʯʝʨʝʟ ʬʫʥʢʮʽʶ ɸɹʆ. 

ʄʽʥʽʤʽʟʘʮʽʷ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʟʤʽʥʥʠʭ. 

ʇʨʘʢʪʠʯʥʽ ʢʦʤʙʽʥʘʮʽʡʥʽ ʩʭʝʤʠ ʤʦʞʫʪʴ ʤʘʪʠ ʜʝʩʷʪʢʠ-ʩʦʪʥʽ ʚʭʦʜʽʚ ʽ ʚʠʭʦʜʽʚ ʽ 

ʦʧʠʩʫʚʘʪʠʩʴ ʩʦʪʥʷʤʠ-ʪʠʩʷʯʘʤʠ ʪʝʨʤʽʚ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʽʾ. ɺʽʥ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ. 

ʃʦʛʽʯʥʘ ʬʫʥʢʮʽʷ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʟʤʽʥʥʠʭ ï ʥʘʧʨʠʢʣʘʜ, 

),,,,( 10210 xxxxfy 2= , 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʧʽʜʣʝʛʣʠʭ ʬʫʥʢʮʽʡ ʚʠʜʫ: 

).,..(),,(),,,(),,( 1072651432010 xxfxxfxxxfxxfy=  

ʇʨʠ ʚʠʙʦʨʽ ʬʫʥʢʮʽʡ f0 , f1 , f2 ʩʭʝʤʦʪʝʭʥʽʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʣʘʩʥʠʡ 

ʜʦʩʚʽʜ, ʘʣʝ ʧʨʠ ʾʭ ʚʜʘʣʦʤʫ ʚʠʙʦʨʽ ʘʧʘʨʘʪʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʽʥʽʤʽʟʦʚʘʥʦʾ ʬʫʥʢʮʽʾ 

ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʝʢʦʥʦʤʥʽʰʦʶ, ʥʽʞ ʙʫʜʴ-ʷʢʽ ʩʧʦʩʦʙʠ ʧʨʷʤʦʾ ʨʝʘʣʽʟʘʮʽʾ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʢʠ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ (ʇʃɯʉ), ʧʦʩʪʽʡʥʠʭ 

ʟʘʧʘʤôʷʪʦʚʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ (ʇɿʇ), ʘ ʪʘʢʦʞ ʨʷʜʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʽʢʨʦʩʭʝʤ 

ʟʤʽʥʠʚ ʘʢʮʝʥʪʠ ʚ ʟʘʜʘʯʘʭ ʤʽʥʽʤʽʟʘʮʽʾ. ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʃɯʉ ʧʨʠʚʝʣʦ ʜʦ 

ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʾʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽ 

ʘʣʛʦʨʠʪʤʽʯʥʽ ʟʘʩʦʙʠ ʤʽʥʽʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʻ ʤʝʪʦʜ ʂʚʘʡʥʘ ï

 ʄʘʢ-ʂʣʘʩʢʽ. 

ʄʽʥʽʤʽʟʘʮʽʷ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʘ ʂʚʘʡʥʘïʄʘʢ-

ʂʣʘʩʢʽ. ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʽʥʽʤʽʟʘʮʽʾ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ 
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ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʟʤʽʥʥʠʭ. ɺʽʥ, ʷʢ ʽ ʽʥʰʽ ʧʦʜʽʙʥʽ ʤʝʪʦʜʠ, ʱʦ ʤʘʶʪʴ 

ʚʣʘʩʪʠʚʽʩʪʴ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽ ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʨʦʟʨʦʙʥʠʢʘʤʠ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʇʃɯʉ. ɿʜʝʙʽʣʴʰʦʛʦ ʮʝ ʬʽʨʤʠ-ʚʠʨʦʙʥʠʢʠ 

ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʤʘʪʨʠʮʴ (ʥʘʧʨʠʢʣʘʜ, ALTERA, XILLINʍ ʪʘ ʽʥʰʽ). 

ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʤʽʥʽʤʘʣʴʥʠʭ ʜʠʟôʶʥʢʪʠʚʥʠʭ ʬʦʨʤ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʥʘʩʪʫʧʥʦʛʦ: 

1. ɿʥʘʭʦʜʠʪʴʩʷ ʧʦʢʨʠʪʪʷ ʇ(ʫ) ʟʘʜʘʥʦʾ ʬʫʥʢʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʬʦʨʤʫʻʪʴʩʷ 

ʢʫʙʽʯʥʠʡ ʢʦʤʧʣʝʢʩ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ ʽ ʚ ʢʦʞʥʦʤʫ -̔ʤʫ ʢʫʙʽʯʥʦʤʫ ʢʦʤʧʣʝʢʩʽ 

ʚʽʜʤʽʯʘʶʪʴ ʢʫʙʠ (ʽʤʧʣʽʢʘʥʪʠ), ʷʢʽ ʥʝ ʫʪʚʦʨʠʣʠ ( ̔+ 1)-ʡ ʢʫʙʽʯʥʠʡ ʢʦʤʧʣʝʢʩ. 

ɺʽʜʤʽʯʝʥʽ ʽʤʧʣʽʢʘʥʪʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʧʨʦʩʪʠʤʠ, ʩʪʚʦʨʶʶʪʴ ʧʦʢʨʠʪʪʷ ʟʘʜʘʥʦʾ 

ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ; 

2. ɹʫʜʫʶʪʴ ʪʘʙʣʠʮʶ ʧʦʢʨʠʪʪʽʚ ʤʘʪʨʠʮʽ ʂʚʘʡʥʘ. ʈʷʜʢʠ ʚʢʘʟʘʥʦʾ ʪʘʙʣʠʮʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʩʪʠʤ ʽʤʧʣʽʢʘʥʪʘʤ, ʘ ʩʪʦʚʙʮʽ ï 0-ʢʫʙʘʤ (ʢʦʥʩʪʠʪʫʻʥʪʘʤ 

ʦʜʠʥʠʮʽ) ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ. ʅʘ ʧʝʨʝʪʠʥʽ -̔ʛʦ ʨʷʜʢʫ ʪʘ j-ʛʦ ʩʪʦʚʙʮʷ ʩʪʘʚʠʪʴʩʷ 

ʤʽʪʢʘ, ʷʢʱʦ ʽʤʧʣʽʢʘʥʪʘ ʽ ʧʦʢʨʠʚʘʻ ʢʦʥʩʪʠʪʫʻʥʪʫ j (ʽʤʧʣʽʢʘʥʪʘ  ̔ ʧʦʢʨʠʚʘʻ 

ʢʦʥʩʪʠʪʫʻʥʪʫ j ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʦʥʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʥʝʾ ʥʝʟʘʣʝʞʥʠʤʠ 

ʘʨʛʫʤʝʥʪʘʤʠ); 

3. ɺʠʟʥʘʯʘʶʪʴ ʧʦʢʨʠʪʪʷ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ: 

¶ ʚʠʜʽʣʷʶʪʴ ʷʜʨʦ ʂʚʘʡʥʘ. ʗʢʱʦ 0-ʢʫʙ ʟʘʜʘʥʦʾ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ 

ʧʦʢʨʠʚʘʻʪʴʩʷ ʣʠʰʝ ʦʜʥʽʻʶ ʧʨʦʩʪʦʶ ʽʤʧʣʽʢʘʥʪʦʶ, ʪʦ ʦʩʪʘʥʥʷ ʻ ʩʫʪʪʻʚʦʶ ʪʘ 

ʚʭʦʜʠʪʴ ʚ ʷʜʨʦ ʂʚʘʡʥʘ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʫ ʧʦʢʨʠʪʪʷ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ; 

¶ ʟ ʪʘʙʣʠʮʽ ʚʠʢʨʝʩʣʶʶʪʴʩʷ ʩʪʦʚʙʮʽ ʽ ʨʷʜʢʠ, ʷʢʽ ʧʦʢʨʠʪʽ 

ʽʤʧʣʽʢʘʥʪʘʤʠ ʷʜʨʘ ʂʚʘʡʥʘ. ʗʢʱʦ ʚ ʦʪʨʠʤʘʥʽʡ ʧʽʩʣʷ ʚʠʢʨʝʩʣʶʚʘʥʥʷ ʪʘʙʣʠʮʽ 

ʤʽʩʪʷʪʴʩʷ ʧʨʦʩʪʽ ʽʤʧʣʽʢʘʥʪʠ, ʚʦʥʠ ʪʘʢʦʞ ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʷʜʨʦ ʂʚʘʡʥʘ ʟ 

ʧʦʩʣʽʜʫʶʯʠʤ ʚʠʢʨʝʩʣʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʨʷʜʢʽʚ ʽ ʩʪʦʚʙʮʽʚ; 

¶ ʩʪʠʩʢʘʻʪʴʩʷ ʪʘʙʣʠʮʷ ʧʦ ʩʪʦʚʙʮʷʭ, ʜʣʷ ʯʦʛʦ ʟ ʥʝʾ ʚʠʢʨʝʩʣʶʶʪʴʩʷ 

ʩʪʦʚʙʮʽ, ʷʢʽ ʧʦʚʥʽʩʪʶ ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʙʫʜʴ-ʷʢʠʡ ʟ ʨʝʰʪʠ ʩʪʦʚʙʮʽʚ; 

¶ ʩʪʠʩʢʘʻʪʴʩʷ ʪʘʙʣʠʮʷ ʧʦ ʨʷʜʢʘʭ, ʜʣʷ ʯʦʛʦ ʟ ʥʝʾ ʚʠʢʨʝʩʣʶʶʪʴʩʷ 

ʨʷʜʢʠ, ʷʢʽ ʧʦʚʥʽʩʪʶ ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʙʫʜʴ-ʷʢʫ ʟ ʨʝʰʪʠ ʨʷʜʢʽʚ. 
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ʇʦʩʣʽʜʦʚʥʦ ʩʪʠʩʢʘʶʯʠ ʪʘʙʣʠʮʶ ʧʦ ʨʷʜʢʘʭ ʽ ʩʪʦʚʙʮʷʭ, ʦʪʨʠʤʫʶʪʴ 

ʮʠʢʣʽʯʥʫ ʪʘʙʣʠʮʶ, ʽʤʧʣʽʢʘʥʪʠ ʷʢʦʾ ʧʦʚʠʥʥʽ ʚʭʦʜʠʪʠ ʚ ʧʦʢʨʠʪʪʷ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ 

ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ʈʷʙʝʥʴʢʠʡ ɺ.ʄ., ɾʫʡʢʦʚ ɺ.ʗ., ɻʫʣʠʡ ɺ.ɼ. ʎʠʬʨʦʚʘ ʩʭʝʤʦʪʝʭʥʽʢʘ: 

ʅʘʚʯ. ʧʦʩʽʙʥʠʢ. ï ʃʴʚʽʚ: ʅʦʚʠʡ ʩʚʽʪ ï 2000, 2009, ï 736 ʩ. 
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ʃʝʢʮʽʷ ˉ3 

ʄʦʚʘ VHDL 

ʈʦʟʨʦʙʢʘ ʩʫʯʘʩʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʤʽʢʨʦʩʭʝʤ ʻ ʩʢʣʘʜʥʦʶ ʽʥʞʝʥʝʨʥʦ-

ʪʝʭʥʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʉʪʚʦʨʝʥʥʷ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ, ʷʢ ʚʽʜʦʤʦ, 

ʧʦʪʨʝʙʫʻ ʟʘʩʦʙʽʚ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ ʩʪʨʫʢʪʫʨ ʽ ʬʫʥʢʮʽʡ ʦʙôʻʢʪʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʄʦʚʘ VHDL (Very high speed integrated circuits Hardware Description Language) 

ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʫ 1980 ʨʦʮʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʣʽʟʘʮʽʾ ʚ ʉʐɸ ʧʨʦʝʢʪʫ ʧʦ 

ʩʪʚʦʨʝʥʥʶ ʥʘʜʰʚʠʜʢʽʩʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ. ʋ 1987 ʨʦʮʽ ɯʥʩʪʠʪʫʪʦʤ 

ɯʥʞʝʥʝʨʽʚ ʟ ɽʣʝʢʪʨʠʢʠ ʪʘ ɽʣʝʢʪʨʦʥʽʢʠ (IEEE) ʮʷ ʤʦʚʘ ʙʫʣʘ ʚʠʟʥʘʥʘ ʚ ʷʢʦʩʪʽ 

ʩʪʘʥʜʘʨʪʫ ʉʐɸ [1]. ɿʘʨʘʟ VHDL ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʫ ʩʚʽʪʽ ʤʦʚʦʶ ʪʘʢʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ɺʦʥʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʷʢʠʭ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ. 

ʄʦʚʘ VHDL ʩʣʫʞʠʪʴ ʜʣʷ ʦʧʠʩʫ ʤʦʜʝʣʽ ʮʠʬʨʦʚʦʛʦ ʧʨʠʩʪʨʦʶ (ʧʨʠʣʘʜʫ, 

ʩʠʩʪʝʤʠ). ʆʧʠʩ ʥʘ ʤʦʚʽ VHDL ʚʠʟʥʘʯʘʻ ʟʦʚʥʽʰʥʽ ʟʚôʷʟʢʠ ʧʨʠʩʪʨʦʾ (çʚʠʜ ʟʟʦʚʥʽè 

ʘʙʦ ʽʥʪʝʨʬʝʡʩ) ʽ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ çʚʠʜʽʚ ʟʩʝʨʝʜʠʥʠè (ʜʠʚ. ʨʠʩ. 3.1). ɺʠʜ ʟʦʚʥʽ 

ʟʘʜʘʻ ʽʥʪʝʨʬʝʡʩ ʧʨʠʩʪʨʦʶ, ʥʘʙʽʨ ʩʠʛʥʘʣʽʚ, ʷʢʠʤʠ ʦʙʤʽʥʶʻʪʴʩʷ ʟ ʟʦʚʥʽʰʥʽʤ 

ʩʚʽʪʦʤ. ʎʝʡ ʚʠʜ ʦʧʠʩʫʻ ʘʙʩʪʨʘʢʪʥʝ ʫʷʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾ çʚ ʮʽʣʦʤʫè ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ 

ʘʥʛʣʽʡʩʴʢʠʤ ʪʝʨʤʽʥʦʤ entity, ʱʦ ʚ ʜʦʩʣʽʚʥʦʤʫ ʧʝʨʝʢʣʘʜʽ ʦʟʥʘʯʘʻ çʩʫʪʥʽʩʪʴè ʽ 

ʥʘʡʙʽʣʴʰ ʪʦʯʥʦ ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʩʪ ʚʠʩʪʘʚʠ. ʆʜʥʘʢ ʫ ʣʽʪʝʨʘʪʫʨʽ ʪʝʨʤʽʥ çʩʫʪʥʽʩʪʴè 

ʥʝ ʟʥʘʡʰʦʚ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʠʩʫ 

ʦʙôʻʢʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʨʤʽʥʠ çʽʥʪʝʨʬʝʡʩ ʦʙôʻʢʪʘè, çʜʝʢʣʘʨʘʪʠʚʥʘ 

ʯʘʩʪʠʥʘè ʪʘ ʽʥʰʽ. ʋ ʮʴʦʤʫ ʧʦʩʽʙʥʠʢʫ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʝʨʤʽʥ 

çʽʥʪʝʨʬʝʡʩ ʦʙ'ʻʢʪʘè ʘʙʦ ʧʨʦʩʪʦ çʽʥʪʝʨʬʝʡʩè. 

http://ua-referat.com/%D0%9C%D0%BE%D0%B2%D0%B0
http://ua-referat.com/%D0%9E%D0%BF%D0%B8%D1%81
http://ua-referat.com/%D0%A1%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
http://ua-referat.com/%D0%A2%D0%B5%D1%80%D0%BC%D1%96%D0%BD%D0%B8
http://ua-referat.com/%D0%9F%D0%B5%D1%80%D0%B5%D0%BA%D0%BB%D0%B0%D0%B4
http://ua-referat.com/%D0%A2%D0%B5%D1%80%D0%BC%D1%96%D0%BD%D0%B8
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ʈʠʩ. 3.1. ʎʠʬʨʦʚʠʡ ʧʨʠʩʪʨʽʡ ʽ ʡʦʛʦ ʤʦʜʝʣʴ 

 

ɺʠʜ ʟʩʝʨʝʜʠʥʠ ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʩʪʨʦʶ ʘʙʦ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨʫ. ɺʥʫʪʨʽʰʥʷ ʙʫʜʦʚʘ ʦʙôʻʢʪʘ ʚʠʟʥʘʯʘʻ ʘʨʭʽʪʝʢʪʫʨʘ . 

ʗʢ ʽ ʚ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʤʦʚʘ VHDL ʤʘʻ ʩʚʦʾ ʧʨʘʚʠʣʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʧʨʘʚʠʣʘ ʦʧʠʩʫ ʽʤʝʥ ʟʤʽʥʥʠʭ, ʦʙôʻʢʪʽʚ, ʪʠʧʽʚ ʜʘʥʠʭ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ [2, 3]. 

ɯʜʝʥʪʠʬʽʢʘʪʦʨʠ ʚ ʤʦʚʽ VHDL 

ɯʜʝʥʪʠʬʽʢʘʪʦʨʠ ï ʮʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʣʽʪʝʨ ʽ ʮʠʬʨ ʜʦʚʽʣʴʥʦʾ ʜʦʚʞʠʥʠ. 

ɼʦʟʚʦʣʝʥʠʤʠ ʩʠʤʚʦʣʘʤʠ ʻ ʧʨʦʧʠʩʥʽ (A ... Z), ʤʘʣʽ (a ... z), ʮʠʬʨʠ (0 ... 9), ʟʥʘʢ 

ʧʽʜʢʨʝʩʣʝʥʥʷ. ʇʝʨʰʠʡ ʩʠʤʚʦʣ ʤʘʻ ʙʫʪʠ ʙʫʢʚʦʶ, ʘ ʦʩʪʘʥʥʽʡ ʩʠʤʚʦʣ ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʟʥʘʢʦʤ ʧʽʜʢʨʝʩʣʝʥʥʷ. ʄʘʣʽ ʪʘ ʚʝʣʠʢʽ ʣʽʪʝʨʠ ʚʚʘʞʘʶʪʴʩʷ ʽʜʝʥʪʠʯʥʠʤʠ, 

ʥʘʧʨʠʢʣʘʜ, Count, COUNT ʽ CouNT ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʜʥʝ ʩʣʦʚʦ. ɿʥʘʢʠ 

ʧʽʜʢʨʝʩʣʝʥʥʷ ʥʝ ʧʦʚʠʥʥʽ ʩʣʽʜʫʚʘʪʠ ʦʜʠʥ ʟʘ ʦʜʥʠʤ. ʂʦʤʝʥʪʘʨʽ ʧʦʯʠʥʘʶʪʴʩʷ ʟ 

ʧʦʜʚʽʡʥʦʛʦ ʜʝʬʽʩʫ ʪʘ ʩʣʽʜʫʶʪʴ ʜʦ ʢʽʥʮʷ ʨʷʜʢʘ, ʥʘʧʨʠʢʣʘʜ. ʅʘʩʪʫʧʥʽ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ ʟʘʨʝʟʝʨʚʦʚʘʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʽ ʥʝ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʽʥʘʢʰʝ: 

Abs  Access  after  alias  All   

And  architecture  array  begin  Block  

Body  Buffer  case  component  Configu-

ration  

http://ua-referat.com/%D0%90%D1%80%D1%85%D1%96%D1%82%D0%B5%D0%BA%D1%82%D1%83%D1%80%D0%B0
http://ua-referat.com/%D0%9F%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
http://ua-referat.com/%D0%9C%D0%BE%D0%B2%D0%B0
http://ua-referat.com/%D0%9C%D0%B0%D0%BB%D1%96
http://ua-referat.com/%D0%A6%D0%B8%D1%84%D1%80%D0%B8
http://ua-referat.com/%D0%97%D0%BD%D0%B0%D0%BA
http://ua-referat.com/%D0%A1%D0%B8%D0%BC%D0%B2%D0%BE%D0%BB
http://ua-referat.com/%D0%9C%D0%B0%D0%BB%D1%96
http://ua-referat.com/Access
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Constant  disconnect  downto  else  Elsif  

End  Entity  file  for  function  

generate  Generic  guarded  if   In  

inout  Is  label  library  linkage  

loop  Map  mod  nand  New  

next  Nor  not  null  Of  

on  Open  or  others  Out  

package  Port  procedure  process  Range  

record  Register  rem  select  severity  

signal  Subtyupe  then  to  Transport  

type  Units  until  use  vriable  

wait  When  while  with  Xor  

ʆʙôʻʢʪʠ ʤʦʚʠ VHDL 

ʆʙôʻʢʪʠ ï ʮʝ ʦʙʣʘʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʧʝʚʥʦʛʦ ʪʠʧʫ. ʉʪʚʦʨʶʶʪʴʩʷ 

ʦʙôʻʢʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʢʣʘʨʘʮʽʾ ʦʙôʻʢʪʘ, ʥʘʧʨʠʢʣʘʜ: 

 variable COUNT: INTEGER; 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʦʜʞʫʻʪʴʩʷ ʦʙôʻʢʪ ʟ ʽʤôʷʤ COUNT, ʷʢʠʡ ʟʙʝʨʽʛʘʻ ʮʽʣʦʯʠʩʝʣʴʥʫ 

ʚʝʣʠʯʠʥʫ. ʂʨʽʤ ʪʦʛʦ, COUNT ʜʝʢʣʘʨʫʻʪʴʩʷ ʷʢ ʢʣʘʩ variable. 

ʆʙô̒ʢʪʠ-ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʪʨʴʦʭ ʢʣʘʩʽʚ: 

 - ʉonstant (ʢʦʥʩʪʘʥʪʘ) ï ʤʦʞʝ ʟʙʝʨʽʛʘʪʠ ʦʢʨʝʤʝ ʟʥʘʯʝʥʥʷ ʧʝʚʥʦʛʦ ʪʠʧʫ. ʎʝ 

ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙôʻʢʪʫ ʥʘ ʧʦʯʘʪʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʥʝ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ 

ʚ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ. 

 - Variable (ʟʤʽʥʥʘ) ï ʦʙôʻʢʪ ʮʴʦʛʦ ʢʣʘʩʫ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠ ʦʢʨʝʤʝ ʟʥʘʯʝʥʥʷ 

ʧʝʚʥʦʛʦ ʪʠʧʫ, ʧʨʦʪʝ, ʚ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʡʦʤʫ ʤʦʞʫʪʴ ʧʨʠʩʚʦʶʚʘʪʠʩʷ ʨʽʟʥʽ 

ʟʥʘʯʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʨʘʟʠ ʧʨʠʚʣʘʩʥʝʥʥʷ (variable 

assignment statement). 

 - Signal (ʩʠʛʥʘʣ) ï ʦʙôʻʢʪ ʜʘʥʦʛʦ ʢʣʘʩʫ ʤʘʻ ʧʦʧʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʤʘʻ 

ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʽ ʥʘʙʽʨ ʥʘʩʪʫʧʥʠʭ ʟʥʘʯʝʥʴ. 

http://ua-referat.com/%D0%A2%D0%BE%D0%B3%D0%BE
http://ua-referat.com/%D0%9C%D0%BE%D0%B4%D0%B5%D0%BB%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
http://ua-referat.com/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81
http://ua-referat.com/%D0%A1%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
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ʆʙôʻʢʪʠ ʢʣʘʩʫ signal ʤʦʜʝʣʶʶʪʴ ʜʨʦʪʦʚʽ ʟôʻʜʥʘʥʥʷ ʚ ʩʭʝʤʘʭ, ʫ ʪʦʡ ʯʘʩ ʷʢ 

ʟʤʽʥʥʽ (variable) ʽ ʢʦʥʩʪʘʥʪʠ (constant) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʩʭʝʤʠ, ʚʦʥʠ ʘʥʘʣʦʛʽʯʥʽ ʦʙôʻʢʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʦʚʘʭ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ C ʪʘ Pascal. 

ɼʝʢʣʘʨʘʮʽʷ ʢʦʥʩʪʘʥʪ 

ɼʝʢʣʘʨʘʮʽʾ ʦʙôʻʢʪʽʚ (object declaration) ʤʘʻ ʥʘ ʤʝʪʽ ʜʘʪʠ ʽʤôʷ ʦʙ'ʻʢʪʫ, 

ʦʛʦʣʦʩʠʪʠ ʡʦʛʦ ʪʠʧ, ʢʣʘʩ ʽ ʥʘʚʽʪʴ ʧʨʠʩʚʦʾʪʠ ʟʥʘʯʝʥʥʷ. ʇʨʠʢʣʘʜʠ ʜʝʢʣʘʨʘʮʽʡ 

ʢʦʥʩʪʘʥʪ ʦʧʠʩʘʥʽ ʥʠʞʯʝ: 

constant RISE_TIME: TIME: = 10ns; 

constant BUS_WIDTH: INTEGER: = 8: 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʦʛʦʣʦʰʫʻʪʴʩʷ ʦʙôʻʢʪ RISE_TIME, ʷʢʠʡ ʟʙʝʨʽʛʘʻ 

ʟʥʘʯʝʥʥʷ ʪʠʧʫ TIME, ʦʙôʻʢʪʫ ʥʘ ʧʦʯʘʪʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʩʚʦʶʻʪʴʩʷ ʚʝʣʠʯʠʥʘ 

10 ʥʘʥʦʩʝʢʫʥʜ. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʦʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ BUS_WIDTH (ʰʠʨʠʥʘ 

ʰʠʥʠ) ʪʠʧʫ INTEGER (ʮʽʣʝ) ʽ ʾʡ ʧʨʠʩʚʦʻʥʦ ʟʥʘʯʝʥʥʷ 8.  

ɼʝʢʣʘʨʘʮʽʷ ʟʤʽʥʥʠʭ 

ʇʨʠʢʣʘʜʠ ʜʝʢʣʘʨʘʮʽʡ ʦʙôʻʢʪʽʚ ʢʣʘʩʫ variable ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ: 

 variable CTRL_STATUS: BIT_VECTOR (10 downto 0); 

 variable SUM: INTEGER range 0 to 100: = 10; 

 variable FOUND, DONE: BOOLEAN; 

 ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʜʝʢʣʘʨʫʻʪʴʩʷ ʟʤʽʥʥʘ CTRL_STATUS ̫ ʢ ʤʘʩʠʚ ʟ 11 

ʝʣʝʤʝʥʪʽʚ, ʧʨʠʯʦʤʫ, ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʪʠʧʫ BIT. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʟʤʽʥʥʘ SUM 

ʜʝʢʣʘʨʫʻʪʴʩʷ ʷʢ ʮʽʣʦʯʠʩʝʣʴʥʘ, ʱʦ ʣʝʞʠʪʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 100, ʥʘ ʧʦʯʘʪʢʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʥʽʡ ʧʨʠʩʚʦʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 10. ʗʢʱʦ ʟʤʽʥʥʽʡ ʥʘ ʧʦʯʘʪʢʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ ʟʘʜʘʥʦ ʟʥʘʯʝʥʥʷ, ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ɰʤ ʩʣʫʞʠʪʴ çʢʨʘʡʥʻ ʣʽʚʝè ʟʥʘʯʝʥʥʷ ʚ ʥʘʙʦʨʽ ʟʥʘʯʝʥʴ ʜʘʥʦʛʦ 

ʪʠʧʫ. ʅʘʧʨʠʢʣʘʜ, ʟʤʽʥʥʘ ʪʠʧʫ BOOLEAN ʤʘʻ ʥʘʙʽʨ ʟʥʘʯʝʥʴ (FALSE, TRUE) ʽ ʚ 

ʪʨʝʪʴʦʤʫ ʧʨʠʢʣʘʜʽ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ FOUND ʽ DONE ʙʫʜʝ ʚʟʷʪʦ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʪʦʙʪʦ FALSE.  

 

http://ua-referat.com/%D0%97%D0%BC%D1%96%D0%BD%D0%BD%D1%96
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ɼʝʢʣʘʨʘʮʽʷ ʩʠʛʥʘʣʽʚ 

ɼʝʢʣʘʨʘʮʽʾ ʦʙôʻʢʪʽʚ ʢʣʘʩʫ signal ʩʭʦʞʽ ʥʘ ʜʝʢʣʘʨʘʮʽʾ ʟʤʽʥʥʠʭ: 

 signal CLOCK: BIT; 

 signal DATA_BUS: BIT_VECTOR (0 to 7); 

 signal GATE_DELAY: TIME: = 10 ns; 

 ʋ ʧʝʨʰʦʤʫ ʧʨʠʢʣʘʜʽ ʜʝʢʣʘʨʫʻʪʴʩʷ ʦʙô̒ ʢʪ CLOCK ʪʠʧʫ BIT, ʧʦʯʘʪʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʙʫʜʝ ʚʟʷʪʦ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʪʦʙʪʦ 0 (ʥʘʙʽʨ ʟʥʘʯʝʥʴ 

ʪʠʧʫ BIT: 0,1 ̔  ʢʨʘʡʥʻ ʣʽʚʝ ʟʥʘʯʝʥʥʷ 0). 

 ʅʝ ʚʩʽ ʦʙô̒ ʢʪʠ ʚ ʤʦʚʽ VHDL ʩʪʚʦʨʶʶʪʴʩʷ ʰʣʷʭʦʤ ʜʝʢʣʘʨʫʚʘʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʚʭʽʜʥʽ/ʚʠʭ̔ʜʥʽ ʧʦʨʪʠ ʟʘʚʞʜʠ ʚʚʘʞʘʶʪʴʩʷ ʦʙô̒ ʢʪʘʤʠ ʢʣʘʩʫ signal. 

ʊʠʧʠ ʜʘʥʠʭ 

ʂʦʞʝʥ ʦʙôʻʢʪ ʚ ʤʦʚʽ VHDL ʤʦʞʝ ʟʙʝʨʽʛʘʪʠ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʧʝʚʥʦʛʦ ʥʘʙʦʨʫ ʟʥʘʯʝʥʴ. ʎ̫ ʤʥʦʞʠʛʘ ʟʥʘʯʝʥʴ ʜʝʢʣʘʨʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʛʦʣʦʰʝʥʥʷ ʪʠʧʫ (type declaration). ʊʠʧ ï ʮʝ ʽʤô̫, ʷʢʝ ʧʦʚôʷʟʘʥʝ ʟ ʧʝʚʥʠʤ 

ʥʘʙʦʨʦʤ ʟʥʘʯʝʥʴ ʽ ʥʘʙʦʨʦʤ ʦʧʝʨʘʮʽʡ. ʅʘʧʨʠʢʣʘʜ, BOOLEAN ʤʘʻ ʥʘʙʽʨ ʟʥʘʯʝʥʴ 

FALSE, TRUE ʽ ʥʘʙʽʨ ʦʧʝʨʘʪʦʨʽʚ: and, or, nor, nand, not. ʋ ʤʦʚʽ VHDL ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʪʠʧʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʢʣʘʨʘʮʽʡ ʽ ʟʘʚʜʘʥʥʷ 

ʥʘʙʦʨʫ ʦʧʝʨʘʮʽʡ. 

ɺʩʽ ʤʦʞʣʠʚʽ ʪʠʧʠ ʚ VHDL ʨʦʟʧʘʜʘʶʪʴʩʷ ʥʘ ʯʦʪʠʨʠ ʚʝʣʠʢʽ ʢʘʪʝʛʦʨʽʾ: 

 - Scalar (ʩʢʘʣʷʨʥʽ), ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʯʦʪʠʨʠ ʪʠʧʠ: 

  -Enumeration (ʧʝʨʝʨʘʭʦʚʫʚʘʥʠʡ ʪʠʧ), 

  -Integer (ʮʽʣʦʯʠʩʝʣʴʥʠʡ ʪʠʧ), 

  -Physical (ʬʽʟʠʯʥʠʡ ʪʠʧ), 

  -Floating point (ʪʠʧ çʟ ʧʣʘʚʘʶʯʦʶ ʢʦʤʦʶè).  

 - Composite (ʢʦʤʧʦʟʠʪʥʽ) ï ʚʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ ʦʜʥʦʛʦ ʪʠʧʫ 

(ʤʘʩʠʚʠ) ʘʙʦ ʨʽʟʥʦʛʦ ʪʠʧʫ (ʟʘʧʠʩʠ), 

 - Access type (ʪʠʧʠ ʜʦʩʪʫʧʫ) ï ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʜʘʥʦʛʦ ʪʠʧʫ ʯʝʨʝʟ 

ʧʦʢʘʞʯʠʢʠ, 



 48 

 - File types (ʬʘʡʣ) ï ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʫʧ ʜʦ ʦʙôʻʢʪʽʚ, ʱʦ ʤʽʩʪʪ̫ ɹ

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʥʘʯʝʥʴ ʜʘʥʦʛʦ ʪʠʧʫ. 

ʇʝʨʝʨʘʭʦʚʫʚʘʥʠʡ ʪʠʧ 

ʇʨʠ ʜʝʢʣʘʨʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʝʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʙʽʨ ʧʝʚʥʠʭ ʟʥʘʯʝʥʴ, 

ʥʘʧʨʠʢʣʘʜ: 

 type MVL is ('U', '0 ', '1', 'Z); 

 type MICRO_OP is (LOAD, STORE, ADD, SUB, MUL, DIV); 

 MVL ï ʧʝʨʝʨʘʭʦʚʫʚʘʥʠʡ ʪʠʧ ʟ ʫʧʦʨʷʜʢʦʚʘʥʠʤ ʥʘʙʦʨʦʤ ʟʥʘʯʝʥʴ: 'U', '0 ', 

'1', ʽ 'Z'. MICRO_OP ʤʘʻ ʥʘʙʽʨ ʟʥʘʯʝʥʴ: LOAD, STORE, ADD, SUB, MUL, DIV. 

ʇʦʨʷʜʦʢ ʟʘʧʠʩʫ ʟʥʘʯʝʥʴ ʚ ʜʝʢʣʘʨʘʮʽʾ ʚʠʟʥʘʯʘʻ ʣʝʢʩʠʢʫ, ʪʦʙʪʦ ʟʥʘʯʝʥʥʷ 

ʧʨʘʚʦʨʫʯ ʟʘʚʞʜʠ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʣʽʚʦʨʫʯ: STORE <DIV is true, SUB> MUL is 

false. ɿʥʘʯʝʥʥʷ ʚ ʧʝʨʝʣʽʯʫʚʘʥʦʤʫ ʪʠʧ̔ ʤʘʶʪʴ ʧʦʟʠʮʽʡʥʠʡ ʥʦʤʝʨ. ʇʦʟʠʮʽʡʥʠʡ 

ʥʦʤʝʨ ʢʨʘʡʥʴʦʛʦ ʣʽʚʦʛʦ ʝʣʝʤʝʥʪʘ ï 0. ɿʥʘʯʝʥʥʷ ʚ ʧʝʨʝʣʽʯʫʚʘʥʦʤʫ ʪʠʧ̔ 

ʥʘʟʠʚʘʶʪʴ enumeration literals (ʣʽʪʝʨʘʣʠ ʧʝʨʝʨʘʭʦʚʫʚʘʥʦʛʦ ʪʠʧʫ). ʅʘʧʨʠʢʣʘʜ, ʫ 

ʜʝʢʣʘʨʘʮʽʾ: 

 type CAR_STATE is (STOP, SLOW, MEDIUM, FAST); 

ʣʽʪʝʨʘʣʘʤʠ  ̒ STOP, SLOW, MEDIUM, FAST  ̔ ʪʽʣʴʢʠ ʚʦʥʠ ʤʦʞʫʪʴ 

ʧʨʠʩʚʦʶʚʘʪʠʩʷ ʟʤʽʥʥʽʡ CAR_STATE. 

ʎʽʣʦʯʠʩʝʣʴʥʠʡ ʪʠʧ 

Integer ï ʟʘʜʘʻ ʪʠʧ, ʥʘʙʽʨ ʟʥʘʯʝʥʴ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʜʘʥʦʤʫ 

ʮʽʣʦʯʠʩʝʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʥʘʧʨʠʢʣʘʜ: 

 type INDEX is range 0 to 15; 

 type WORD_LENGTH is range 31 downto 0; 

 subtype DATA_WORD is WORD_LENGTH range 15 downto 0; 

 type MY_WORD is range 4 to 6; 

 INDEX ï ʮʝ ʟʤʽʥʥʘ ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ ʪʠʧʫ, ʥʘʙʽʨ ʟʥʘʯʝʥʴ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 15. DATA_WORD ï ʧʽʜʪʠʧ WORLD_LENGTH, ʥʘʙʽʨ ʟʥʘʯʝʥʴ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 15 ʜʦ 0. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʝʣʽʯʫʚʘʥʦʛʦ ʪʠʧʫ ʚ 
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ʮʽʣʦʯʠʩʝʣʴʥʦʤʫ ʪʠʧ̔ ʧʦʟʠʮʽʡʥʠʡ ʥʦʤʝʨ ʜʦʨʽʚʥʶʻ ʚʝʣʠʯʠʥʽ ʟʥʘʯʝʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʥʘʯʝʥʥʷ 31 ʟʤʽʥʥʦʾ WORD_LENGTH ʧʦʟʠʮʽʷ ʜʦʨʽʚʥʶʻ 31.  

ʊʠʧ çʟ ʧʣʘʚʘʶʯʦʶ ʢʦʤʦʶè 

ʊʠʧ floating point ʤʘʻ ʥʘʙʽʨ ʟʥʘʯʝʥʴ ʫ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʽʡʩʥʠʭ ʯʠʩʝʣ, 

ʥʘʧʨʠʢʣʘʜ: 

 type TTL_VOLTAGE is range 1.4 to 5.5 

 type REAL_DATA is range 0.0 to 31.9; 

 ʃʽʪʝʨʘʣʠ ʪʠʧʫ floating point ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʮʽʣʦʯʠʩʝʣʴʥʠʭ ʧʨʠʩʫʪʥʽʩʪʶ 

ʢʨʘʧʢʠ (.). ʋ ʨʝʟʫʣʴʪʘʪʽ 0 ï ʮʝ ʮʽʣʦʯʠʩʝʣʴʥʠʡ ʣʽʪʝʨʘʣ, ʘ 0.0 ï ʮʝ ʣʽʪʝʨʘʣ ʪʠʧʫ ʟ 

ʧʣʘʚʘʶʯʦʶ ʢʦʤʦʶ. 

ʌʽʟʠʯʥʠʡ ʪʠʧ 

Physical type ʟʙʝʨʽʛʘʻ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ: ʯʘʩʫ, ʜʦʚʞʠʥʠ, ʥʘʧʨʫʛʠ, ʩʪʨʫʤʫ ʪʦʱʦ ɿʥʘʯʝʥʥʷ 

ʮʴʦʛʦ ʪʠʧʫ ʚʠʨʘʞʘʶʪʴʩʷ ʮʽʣʠʤʠ, ʧʦʤʥʦʞʝʥʠʤʠ ʥʘ ʙʘʟʦʚʫ ʦʜʠʥʠʮʶ, ʥʘʧʨʠʢʣʘʜ: 

 type CURRENT is range 0 to 1 E9 

 units 

 nA; - (base unit) nano-ampere 

 uA = 1000 nA; micro-ampere 

 mA = 1000 uA; milli-ampere 

 Amp = 1000 mA; ampere 

 end units; 

 subtype FILTER_CURRENT is CURRENT range 10 mA to 5 mA; 

 ʊʫʪ CURRENT ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʬʽʟʠʯʥʠʡ ʪʠʧ, ʷʢʠʡ ʤʘʻ ʟʥʘʯʝʥʥ ̫ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 nA ʜʦ 10
9
 nA. ɹʘʟʦʚʦʶ ʦʜʠʥʠʮʝʶ ʻ ʥʘʥʦʘʤʧʝʨ, ʘ ʚʩʽ ʽʥʰʽ ʻ 

ʧʦʭʽʜʥʠʤʠ. ʇʦʟʠʮʽʡʥʠʡ ʥʦʤʝʨ ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʙʘʟʦʚʠʭ ʦʜʠʥʠʮʴ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤ, ʥʘʧʨʠʢʣʘʜ, 2 mA ʤʘʶʪʴ ʧʦʟʠʮʽʡʥʠʡ ʥʦʤʝʨ 

2000, ʚ ʪʦʡ ʯʘʩ ʷʢ 100 nA ʟʘʡʤʘʶʪʴ ʧʦʟʠʮʽʶ 100. ʌʽʟʠʯʥʠʡ ʣʽʪʝʨʘʣ ʟʘʧʠʩʫʻʪʴʩʷ 

ʷʢ ʮʽʣʝ, ʟʘ ʷʢʠʤ ʩʣʽʜʫʻ ʥʘʟʚʘ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ (ʧʨʦʙʽʣ ʦʙʦʚôʷʟʢʦʚʠʡ). 

 



 50 

ʊʠʧ çʤʘʩʠʚè 

 ʆʙô̒ʢʪ ʪʠʧʫ array ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ ʦʜʥʦʛʦ ʪʠʧʫ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ 

ʧʨʠʢʣʘʜʠ ʤʘʩʠʚʽʚ: 

 type ADDRESS_WORD is array (0 to 63) of BIT; 

 type DATA_WORD is array (7 downto 0) of MVL; 

 type ROM is array (0 to 125) of DATA_WORD; 

 ADDRESS_WORD ï ʦʜʥʦʨʦʟʤʽʨʥʠʡ ʤʘʩʠʚ ʟ 64 ʝʣʝʤʝʥʪʽʚ ʪʠʧʫ BIT. 

DATA_WORD ï ʦʜʥʦʨʦʟʤʽʨʥʠʡ ʤʘʩʠʚ ʟ 8 ʝʣʝʤʝʥʪʽʚ ʪʠʧʫ MVL. ROM ï ʤʘʩʠʚ ʟ 

126 ʝʣʝʤʝʥʪʽʚ ʪʠʧʫ DATA_WORD, ʪʦʙʪʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ ʩʧʨʘʚʫ ʟ 

ʤʘʩʠʚʦʤ ʤʘʩʠʚʽʚ. 

ɼʦʩʪʫʧ ʜʦ ʝʣʝʤʝʥʪʽʚ ʤʘʩʠʚʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʝʢʩʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ADDRESS_WORD (26) ʧʦʩʠʣʘʻʪʴʩʷ ʥʘ 27-ʦʡ ʝʣʝʤʝʥʪ ʤʘʩʠʚʫ 

ADDRESS_WORD. 

ʆʧʝʨʘʮʽʾ ʤʦʚʠ VHDL  

ʋ ʤʦʚʽ VHDL ʽʩʥʫʶʪʴ ʦʧʝʨʘʮʽʾ ʥʘʩʪʫʧʥʠʭ ʢʘʪʝʛʦʨʽʡ: 

 1. ʃʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ 

 2. ʆʧʝʨʘʮʽʾ ʚʽʜʥʦʰʝʥʥʷ 

 3. ʆʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ/ʚʽʜʥʽʤʘʥʥʷ 

 4. ʆʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ/ʜʽʣʝʥʥʷ 

 5. ɯʥʰʽ 

 ʇʨʽʦʨʠʪʝʪ ʦʧʝʨʘʮʽʡ ʟʨʦʩʪʘʻ ʚʽʜ ʢʘʪʝʛʦʨʽʾ 1 ʜʦ ʢʘʪʝʛʦʨʽʾ 5. ʆʧʝʨʘʮʽʾ ʦʜʥʽʻʾ 

ʢʘʪʝʛʦʨʽʾ ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʧʨʽʦʨʠʪʝʪ ʽ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʣʽʚʘ 

ʥʘʧʨʘʚʦ. ɼʫʞʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʤʽʥʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ. 

ʃʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ  

ɯʩʥʫʻ ʰʽʩʪʴ ʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ: and, or, nand, nor, xor, not. ʆʧʝʨʘʮʽʾ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʪʠʧʽʚ BIT, BOOLEAN, ʜʦ ʦʜʥʦʨʦʟʤʽʨʥʠʭ ʤʘʩʠʚʽʚ BIT ʽ 

BOOLEAN. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʡ ʙʽʪʦʚʽ ʟʥʘʯʝʥʥʷ ç0è ʽ ç1è ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ 

ʷʢ ʙʫʣʝʚ ̔FALSE ʽ TRUE. ʈʝʟʫʣʴʪʘʪ ʤʘʻ ʪʦʡ ʩʘʤʠʡ ʪʠʧ, ʱʦ ʽ ʦʧʝʨʘʥʜʠ. ʆʧʝʨʘʮʽʷ 

not ï ʫʥʘʨʥʘ ʦʧʝʨʘʮʽʷ, ʚʦʥʘ ʤʘʻ ʧʨʽʦʨʠʪʝʪ ʢʘʪʝʛʦʨʽʾ 5. 
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ʆʧʝʨʘʮʽʾ ʚʽʜʥʦʰʝʥʥ̫ 

ʋ ʤʦʚʽ VHDL ʻ ʥʘʩʪʫʧʥʽ ʦʧʝʨʘʮʽʾ ʚʽʜʥʦʰʝʥʥʷ: =, / =, <, <=,>,> =. 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʢʦʥʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʦʧʝʨʘʮʽʾ ʚʽʜʥʦʰʝʥʥʷ ʻ ʙʫʣʝʚʠʡ ʚʠʨʘʟ 

BOOLEAN. ʆʧʝʨʘʮʽʾ ʨʽʚʥʦʩʪʽ (=) ʽ ʥʝʨʽʚʥʦʩʪʽ (/ =) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʫʩʭ̔ ʪʠʧ̔ʚ, 

ʟʘ ʚʠʥʷʪʢʦʤ ʪʠʧʫ çʬʘʡʣè. ʈʝʰʪʘ ʦʧʝʨʘʮʽʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʩʢʘʣʷʨʥʠʭ ʪʠʧ̔ʚ 

(ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ, ʧʝʨʝʨʘʭʦʚʫʚʘʥʦʛʦ) ʘʙʦ ʥʘʜ ʤʘʩʠʚʘʤʠ ʜʠʩʢʨʝʪʥʦʛʦ ʪʠʧʫ. ʂʦʣʠ 

ʦʧʝʨʘʥʜʘʤʠ ʻ ʤʘʩʠʚʠ, ʪʦ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʣʽʚʘ ʥʘʧʨʘʚʦ ʧʦ ʦʜʥʦʤʫ 

ʝʣʝʤʝʥʪʫ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʥʘʩʪʫʧʥʦʤʫ ʧʦʨʽʚʥʷʥʥʽ: 

 BIT_VECTOR '(0 "," 1 "," 1 ") <BIT_VECTOR' ('1 ', '0', '1 ') 

ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ TRUE, ʪʦʤʫ ʱʦ ʧʝʨʰʠʡ ʝʣʝʤʝʥʪ ʚʝʢʪʦʨʘ ʟʣʽʚʘ ʤʝʥʰʝ 

ʧʝʨʰʦʛʦ ʝʣʝʤʝʥʪʘ ʚʝʢʪʦʨʘ ʩʧʨʘʚʘ. ɯʥʰʠʡ ʧʨʠʢʣʘʜ, ʷʢʱʦ ʜʝʢʣʘʨʫʻʪʴʩʷ ʪʠʧ: 

 type MVL is ('U', '0 ', '1', 'Z'); 

ʪʦ ʨʝʟʫʣʴʪʘʪ ʧʦʨʽʚʥʷʥʥʷ: 

 MVL '(' U ') <MVL' ('Z ') 

ʙʫʜʝ TRUE, ʪʦʤʫ ʱʦ 'U' ʟʥʘʭʦʜʠʪʴʩʷ ʣʽʚʽʰʝ 'Z'. 

ʆʧʝʨʘʮʽʾ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ, ʚʽʜʥʽʤʘʥʥʷ, ʢʦʥʢʘʪʝʥʘʮʽʾ 

 ʆʧʝʨʘʮʽʾ ʤʘʶʪʴ ʧʦʟʥʘʯʝʥʥʷ: +, -, &. 

ʆʧʝʨʘʥʜʠ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʦʧʝʨʘʮʽʷʭ ʜʦʜʘʚʘʥʥʷ (+) ʽ ʚʽʜʥʽʤʘʥʥʷ (-) 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʜʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʪʠʧʫ, ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʤʫʻʪʴʩʷ ʪʦʛʦ ʞ ʪʠʧʫ. 

ʆʧʝʨʘʥʜʘʤʠ ʚ ʢʦʥʢʘʪʝʥʘʮʽʾ (&) ʤʦʞʫʪʴ ʙʫʪʠ ʘʙʦ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʘʙʦ ʦʜʥʦʤʽʨʥʽ 

ʤʘʩʠʚʠ. ʈʝʟʫʣʴʪʘʪ ʚʠʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʢʦʥʢʘʪʝʥʘʮʽʾ: 

 ç0è & ç1è 

ʫʪʚʦʨʶʻʪʴʩʷ ʤʘʩʠʚ ʩʠʤʚʦʣʽʚ ç01è, ʘʙʦ: 

 'C' & 'A' & 'T' 

ʜʘʻ "CAT". 

ʆʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ, ʜʽʣʝʥʥʷ 

ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʦʧʝʨʘʮʽʡ ʚʽʜʥʦʩʷʪʴʩʷ: *, /, mod, rem. ʆʧʝʨʘʥʜʠ ʤʥʦʞʝʥʥʷ (*) 

ʽ ʜʽʣʝʥʥʷ (/) ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʜʥʦʯʘʩʥʦ ʘʙʦ ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ ʪʠʧʫ (integer) ʘʙʦ ʪʠʧʫ 
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ʟ ʧʣʘʚʘʶʯʦʶ ʢʦʤʦʶ (floating point). ʈʝʟʫʣʴʪʘʪ ʟʘʚʞʜʠ ʪʦʛʦ ʪʠʧʫ, ʱʦ ʽ ʦʧʝʨʘʥʜʠ. 

ʆʧʝʨʘʮʽʷ ʤʥʦʞʝʥʥʷ ʤʦʞʝ ʤʘʪʠ ʦʜʠʥ ʦʧʝʨʘʥʜ ʬʽʟʠʯʥʦʛʦ ʪʠʧʫ, ʘ ʽʥʰʠʡ ï ʘʙʦ 

ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ, ʘʙʦ ʥʘʪʫʨʘʣʴʥʦʛʦ ʪʠʧʫ. ʈʝʟʫʣʴʪʘʪ ʚʠʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʬʽʟʠʯʥʦʛʦ ʪʠʧʫ. ɺ ʦʧʝʨʘʮʽʾ ʜʽʣʝʥʥʷ ʜʦʧʫʩʪʠʤʦ ʜʽʣʠʪʠ ʦʙôʻʢʪ ʬʽʟʠʯʥʦʛʦ ʪʠʧʫ ʥʘ 

ʮʽʣʦʯʠʩʝʣʴʥʠʡ ʘʙʦ ʥʘʪʫʨʘʣʴʥʠʡ. ʈʝʟʫʣʴʪʘʪ ʟʘʚʞʜʠ ʬʽʟʠʯʥʦʛʦ ʪʠʧʫ. ɼʽʣʝʥʥʷ 

ʬʽʟʠʯʥʦʛʦ ʪʠʧʫ ʥʘ ʬʽʟʠʯʥʠʡ ʜʘʻ ʮʽʣʦʯʠʩʝʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʆʧʝʨʘʮʽʾ ʟʥʘʭʦʜʞʝʥʥʷ ʟʘʣʠʰʢʫ ʚʽʜ ʜʽʣʝʥʥʷ (rem) ʪʘ çʜʽʣʝʥʥʷ ʟʘ ʤʦʜʫʣʝʤè 

(mod) ʚ ʷʢʦʩʪʽ ʦʧʝʨʘʥʜʽʚ ʤʦʞʫʪʴ ʤʘʪʠ ʮʽʣʦʯʠʩʝʣʴʥʠʡ ʪʠʧ ʽ ʨʝʟʫʣʴʪʘʪ 

ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ ʪʠʧʫ. 

ʈʝʟʫʣʴʪʘʪ rem ʤʘʻ ʟʥʘʢ ʧʝʨʰʦʛʦ ʦʧʝʨʘʥʜʘ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

 A rem B = A - (A / B) * B 

 ʈʝʟʫʣʴʪʘʪ mod ʤʘʻ ʟʥʘʢ ʜʨʫʛʦʛʦ ʦʧʝʨʘʥʜʘ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

 A mod B = A - B * N, 

ʜʝ N ï ʜʝʷʢʝ ʮʽʣʝ. 

ɯʥʰʽ ʦʧʝʨʘʮʽʾ 

 ɼʦ ʾʭ ʯʠʩʣʘ ʩʣʽʜ ʚʽʜʥʝʩʪʠ: Abs, ** ʪʘ ʽʥʰʽ. ʆʧʝʨʘʮʽʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʥʷ (abs) ʩʫʤʽʩʥʘ ʟ ʙʫʜʴ-ʷʢʠʤ ʯʠʩʣʦʚʠʤ ʪʠʧʦʤ ʦʧʝʨʘʥʜʘ. 

ʆʧʝʨʘʮʽʷ ʧʽʜʥʝʩʝʥʥʷ ʜʦ ʩʪʝʧʝʥʷ (**) ʦʧʝʨʘʥʜʦʤ ʟʣʽʚʘ ʤʘʻ ʮʽʣʦʯʠʩʝʣʴʥʠʡ ʘʙʦ 

ʪʠʧ ʟ ʧʣʘʚʘʶʯʦʶ ʢʦʤʦʶ, ʘ ʚ ʷʢʦʩʪʽ ʧʨʘʚʦʛʦ ʦʧʝʨʘʥʜʘ (ʩʪʝʧʽʥʴ) ï ʪʽʣʴʢʠ 

ʮʽʣʦʯʠʩʝʣʴʥʠʡ ʪʠʧ. 

ʇʦʩʣʽʜʦʚʥʽ ʦʧʝʨʘʪʦʨʠ 

 ɼʦ ʧʦʩʣʽʜʦʚʥʠʭ ʦʧʝʨʘʪʦʨʽʚ (Sequential statements) ʚʽʜʥʦʩʷʪʴʩʷ ʦʧʝʨʘʪʦʨʠ 

ʧʨʠʩʚʦʶʚʘʥʥʷ (Assignment statements), ʫʤʦʚʥʽ ʦʧʝʨʘʪʦʨʠ if (if statements) ʪʘ case 

(case statements), ʦʧʝʨʘʪʦʨʠ ʮʠʢʣʫ (loop - next statements) ʪʘ ʽʥʰʽ. 

ʆʧʝʨʘʪʦʨ ʧʨʠʩʚʦʶʚʘʥʥʷ 

ʎʽ ʦʧʝʨʘʪʦʨʠ ʧʦʜʽʣʷʪʁʴʩʷ ʥʘ ʦʧʝʨʘʪʦʨʠ ʧʨʠʩʚʦʶʚʘʥʥʷ ʟʤʽʥʥʦʾ 

(ʧʦʟʥʘʯʘʻʪʴʩʷ ʟʥʘʢʦʤ: =) ʽ ʦʧʝʨʘʪʦʨʠ ʧʨʠʩʚʦʶʚʘʥʥʷ ʩʠʛʥʘʣʫ (<=). ɺ ʦʙʦʭ 
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ʚʠʧʘʜʢʘʭ ʩʧʦʯʘʪʢʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʫ, ʱʦ ʩʪʦʾʪʴ ʧʨʘʚʦʨʫʯ ʚʽʜ ʟʥʘʢʫ 

ʨʽʚʥʦʩʪʽ, ʘ ʧʦʪʽʤ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠʩʚʦʶʻʪʴʩʷ ʟʤʽʥʥʽʡ ʘʙʦ ʩʠʛʥʘʣʫ, ʱʦ 

ʩʪʦʾʪʴ ʣʽʚʦʨʫʯ ʚʽʜ ʟʥʘʢʘ. ʅʘʧʨʠʢʣʘʜ, ʦʧʝʨʘʪʦʨ 

 abar: = not a; 

ʟʘʜʘʻ ʥʦʚʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ abar, ʘ ʩʘʤʝ ï ʽʥʚʝʨʩʥʝ ʟʥʘʯʝʥʥʷ a. 

 ʆʧʝʨʘʪʦʨ 

 z <= not (a and b); 

ʟʘʜʘʻ ʥʦʚʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ z, ʷʢʝ ʚʠʭʦʜʠʪʴ ʧʨʘʚʦʨʫʯ ʚʽʜ ʟʥʘʢʘ <=. 

ʆʧʝʨʘʪʦʨ if 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ if ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʨʘʟʽʚ, ʷʢʽ 

ʦʙʫʤʦʚʣʶʶʪʴ ʫʤʦʚʠ. ɺ ʷʢʦʩʪʽ ʫʤʦʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʙʫʜʴ-ʷʢʽ ʚʠʨʘʟʠ, ʧʨʠ 

ʦʙʯʠʩʣʝʥʥʷ ʷʢʠʭ ʨʝʟʫʣʴʪʘʪʦʤ ʻ ʙʫʣʝʚʘ ʚʝʣʠʯʠʥʘ (FALSE ʽ TRUE). 

 if ʙʫʣʝʚʠʡ_ʚʠʨʘʟ then 

 ʧʦʩʣ̔ʜʦʚʥ_̔ʚʠʨʘʟʠ 

 [elsif ʙʫʣʝʚʠʡ_ʚʠʨʘʟ then 

 ʧʦʩʣʜ̔ʦʚʥ_̔ʚʠʨʘʟʠ] 

 [else 

 ʧʦʩʣʜ̔ʦʚʥ_̔ʚʠʨʘʟʠ] 

 end if; 

ɺʠʨʘʟ if ʦʙʯʠʩʣʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʛʣʷʜʫ ʫʤʦʚ ʦʜʥʽʻʾ ʟʘ ʽʥʰʦ ,ʁ ʧʦʢʠ ʥʝ 

ʙʫʜʝ ʟʥʘʡʜʝʥʦ ʽʩʪʠʥʥʘ. ʇʦʪʽʤ ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘʙʽʨ ʧʦʩʣʽʜʦʚʥʠʭ ʚʠʨʘʟʽʚ, 

ʧʦʚô̫ ʟʘʥʠʭ ʟ ʮʽʻʶ ʫʤʦʚʦʶ. ʋʤʦʚ ʚʠʜʫ elsif ʫ ʚʠʨʘʟ̔  if ʤʦʞʝ ʙʫʪʠ ʚʽʜ 0 ʽ ʙʽʣʴʰʝ. 

ʄʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʽ ʫʤʦʚʘ else. ɺʠʨʘʟʠ if ʤʦʞʫʪʴ ʚʢʣʘʜʘʪʠʩʷ ʦʜʠʥ ʚ ʦʜʠʥ 

ʙʝʟ ʦʙʤʝʞʝʥʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʩʪʠʡ ʧʨʠʢʣʘʜ 

 if CTRL = '1 'then 

 MUX_OUT <= "10"; 

 else 

 MUX_OUT <= "01"; 
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 end if; 

ʗʢʱʦ ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ CTRL ʜʦʨʽʚʥʶʻ ç1è, ʪʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

MUX_OUT ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ç10è, ʽʥʘʢʰʝ MUX_OUT ʧʨʠʡʤʝ ʟʥʘʯʝʥʥʷ ç01è. 

ʅʘ ʮʴʦʤʫ ʦʧʝʨʘʪʦʨ if ʟʘʚʝʨʰʫʻʪʴʩʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʢʣʘʜʥʽʰʠʡ ʧʨʠʢʣʘʜ 

 if CTRLI = '1 'then 

 if CTRL2 = 0 "then 

 MUX_OUT <= "0010"; 

 else 

 MUX_OUT <= "0001"; 

 end if; 

 else 

 if CTRL2 = "0" then 

 MUX_OUT <= "1000"; 

 else 

 MUX_OUT <= "0100"; 

 end if; 

 end if; 

 ʗʢʱʦ ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ CTRL1 ʜʦʨʽʚʥʶʻ ç1è, ʪʦʜʽ ʟʘ ʫʤʦʚʠ 

(ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚʢʣʘʜʝʥʝ if) CTRL2 = 0 ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ MUX_OUT <=ç0010è, 

ʽʥʘʢʰʝ (ʪʦʙʪʦ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʟʥʘʯʝʥʥʷʭ ʩʠʛʥʘʣʫ CTRL2) MUX_OUT 

<=ç0001è . ʊʫʪ ʟʘʚʝʨʰʫʻʪʴʩʷ ʚʥʫʪʨʽʰʥʽʡ (ʚʢʣʘʜʝʥʠʡ) ʦʧʝʨʘʪʦʨ if. ɯʥʘʢʰʝ (ʪʦʙʪʦ 

ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʟʥʘʯʝʥʥʷʭ ʩʠʛʥʘʣʫ CTRL1), ʷʢʱʦ (ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʥʦʚʠʡ 

ʚʢʣʘʜʝʥʠʡ ʦʧʝʨʘʪʦʨ if) CTRL2 = ç0è, ʪʦʜʽ MUX_OUT <= ç1000è, ʽʥʘʢʰʝ (ʪʦʙʪʦ 

ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʟʥʘʯʝʥʥʷʭ ʩʠʛʥʘʣʫ CTRL2) MUX_OUT <= ç1000è. ʊʫʪ 

ʟʘʚʝʨʰʫʻʪʴʩʷ ʚʥʫʪʨʽʰʥʽʡ (ʚʢʣʘʜʝʥʠʡ) ʦʧʝʨʘʪʦʨ if, ʘ ʪʘʢʦʞ ʟʘʚʝʨʰʫʻʪʴʩʷ ʽ 

ʟʦʚʥʽʰʥʽʡ ʦʧʝʨʘʪʦʨ if. 
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ʆʧʝʨʘʪʦʨ case 

ʆʧʝʨʘʪʦʨ case ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʬʦʨʤʘʪ: 

 case ʚʠʨʘʟ is 

 when ʚʘʨʽʘʥʪ ʚʠʙʦʨʫ => ʧʦʩʣʜ̔ʦʚʥ_̔ʚʠʨʘʟʠ 

 when ʚʘʨʽʘʥʪ ʚʠʙʦʨʫ => ʧʦʩʣʜ̔ʦʚʥ_̔ʚʠʨʘʟʠ 

 - ʜʦʚʽʣʴʥʝ ʯʠʩʣʦ ʚʘʨʽʘʥʪʽʚ ʚʠʙʦʨʫ. 

 when others => ʧʦʩʣʜ̔ʦʚʥ_̔ʚʠʨʘʟʠ] 

 end case; 

 ʇʨʠ ʦʙʯʠʩʣʝʥʥʽ ʚʠʨʘʟʫ case ʚʠʙʠʨʘʻʪʴʩʷ ʦʜʥʘ ʟ ʛʽʣʦʢ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ 

ʟʥʘʯʝʥʥʷʤ ʚʠʨʘʟʫ. ɺʠʨʘʟ ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʝʥʥʷ ʧʝʨʝʨʘʭʦʚʫʚʘʥʦʛʦ ʪʠʧʫ ʘʙʦ ʪʠʧʫ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʤʘʩʠʚʫ. ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ: 

 type WEEK_DAY is (MON, TUE, WED, THU, FRI, SAT, SUN); 

 type DOLLARS is range 0 to 10; 

 variable DAY: WEEK_DAY; 

 variable POCKET_MONEY: DOLLARS; 

 case DAY is 

 when TUE => POCKET_MONEY: = 6; - ʛʽʣʢʘ 1 

 when MON I WED => POCKET_MONEY: = 2; - ʛʽʣʢʘ 2 

 when FRI to SUN => POCKET_MONEY: = 7; - ʛʽʣʢʘ 3 

 when others => POCKET_MONEY: = 0; - ʛʽʣʢʘ 4 

 end case; 

 ɿʤʽʥʥʘ WEEK_DAY ʤʘʻ ʟʥʘʯʝʥʥʷ ʧʝʨʝʨʘʭʦʚʫʚʘʥʦʛʦ ʪʠʧʫ (ʜʥʽ ʪʠʞʥʷ). 

ɿʤʽʥʥʘ DOLLARS ʤʘʻ ʮʽʣʦʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 10. ɻʽʣʢʘ 1 

ʚʠʙʠʨʘʻʪʴʩʷ, ʢʦʣʠ ʜʝʥʴ ʪʠʞʥʷ TUE. ɻʽʣʢʘ 2 ʚʠʙʠʨʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʢʦʣʠ ʜʥʽ 

ʪʠʞʥʷ MON ʘʙʦ WED (ʚʝʨʪʠʢʘʣʴʥʘ ʨʠʩʘ ʦʟʥʘʯʘʻ ɸɹʆ). ɻʽʣʢʘ 3 ʧʦʢʨʠʚʘʻ 

ʟʥʘʯʝʥʥʷ ʚʽʜ FRI ʜʦ SUN, ʪʦʙʪʦ FRI, SAT ʽ SUN. ɻʽʣʢʘ 4 ʧʦʢʨʠʚʘʻ ʚʩʽ ʟʥʘʯʝʥʥʷ, 

ʱʦ ʟʘʣʠʰʠʣʠʩʷ, ʪʦʙʪʦ THU.  
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ʆʧʝʨʘʪʦʨ loop 

 ʆʧʝʨʘʪʦʨ loop ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʜʘʥʥʷ ʽʪʝʨʘʮʽʾ ʥʘʙʦʨʫ ʧʦʩʣʽʜʦʚʥʠʭ 

ʚʠʨʘʟʽʚ. 

 [ʗʨʣʠʢ ʜʣʷ loop:] ʽʪʝʨʘʮʽʡʥʘ ʩʭʝʤʘ loop 

 ʧʦʩʣʜ̔ʦʚʥ_̔ʚʠʨʘʟʠ 

 end loop [ʷʨʣʠʢ ʜʣʷ loop]; 

 ɯʩʥʫʻ ʪʨʠ ʽʪʝʨʘʮʽʡʥʠʭ ʩʭʝʤʠ. ʇʝʨʰʘ ʤʘʻ ʬʦʨʤʫ: 

 for ʽʜʝʥʪʠʬʽʢʘʪʦʨ in ʜʽʘʧʘʟʦʥ 

 ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʭʝʤʠ: 

 FACTORIAL: = 1; 

 for NUMBER in 2 to N loop 

 FACTORIAL: = FACTORIAL * NUMBER; 

 end loop; 

ʊʽʣʦ loop ʚʠʧʦʚʥʶʻʪʴʩʷ N-1 ʨʘʟ, ʧʨʠ ʮʴʦʤʫ ʽʜʝʥʪʠʬʽʢʘʪʦʨ NUMBER ʚ 

ʢ̔ ʥʮʽ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 1. ʄʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨ 

ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ ʪʠʧʫ ʽ ʟʥʘʯʝʥʥʷ ʡʦʛʦ ʣʝʞʘʪʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 2 ʜʦ N. 

ɼʨʫʛʦʶ ʽʪʝʨʘʮʽʡʥʦʶ ʩʭʝʤʦʶ ʻ ʥʘʩʪʫʧʥʘ: 

 while ʙʫʣʝʚʠʡ_ʚʠʨʘʟ 

ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʭʝʤʠ: 

 J: = 0; SUM: = 10; 

 WH-LOOP: while J <20 loop - loop ʤʘʻ ʷʨʣʠʢ WH_LOOP 

 SUM: = SUM * 2; 

 J: = J +3; 

 end loop; 

 ɺʠʨʘʟʠ ʚ ʪʽʣʽ loop ʚʠʢʦʥʫʶʪʴʩʷ ʦʜʠʥ ʟʘ ʽʥʰʠʤ ʽ ʮʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʧʦʚʪʦʨʶʻʪʴʩʷ, ʧʦʢʠ ʫʤʦʚʘ J <20 ʻ ̔ʩʪʠʥʥʦ.ʁ 

ʊʨʝʪʴʦʶ ʻ ʢʦʥʩʪʨʫʢʮʽʷ, ʚ ʷʢʽʡ ʽʪʝʨʘʮʽʡʥʘ ʩʭʝʤʘ ʥʝ ʟʘʜʘʻʪʴʩʷ ʽ ʚʠʭʽʜ ʟ loop 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʨʘʟʽʚ: exit, next ʘʙʦ return, ʥʘʧʨʠʢʣʘʜ: 

 SUM: = 1; J: = 0; 
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 L2: loop - loop ʤʘʻ ʷʨʣʠʢ 

 J: = J +21; 

 SUM: = SUM * 10; 

 exit when SUM> 100; 

 end loop L2; 

 ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʚʠʨʘʟ exit ʟʤʫʰʫʻ ʚʠʭʦʜʠʪʠ ʟ ʧʝʪʣʽ L2 ʢʦʣʠ SUM ʩʪʘʻ 

ʙʽʣʴʰʝ 100. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʷʚʠ exit loop ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʝʩʢʽʥʯʝʥʥʦ. 

ʇʘʨʘʣʝʣʴʥʽ ʦʧʝʨʘʪʦʨʠ 

ɼʦ ʧʘʨʘʣʝʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ (Concurrent statements) ʚʽʜʥʦʩʷʪʴʩʷ: ʦʧʝʨʘʪʦʨ 

process, ʦʧʝʨʘʪʦʨ ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʠʢʣʠʢʫ ʧʨʦʮʝʜʫʨʠ, ʦʧʝʨʘʪʦʨ ʢʦʥʢʨʝʪʠʟʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪʘ, ʦʧʝʨʘʪʦʨ ʛʝʥʝʨʘʮʽʾ (generate) ʪʘ ʽʥʰʽ. ʇʘʨʘʣʝʣʴʥʽ ʦʧʝʨʘʪʦʨʠ 

ʚʠʟʥʘʯʘʶʪʴ ʧʘʨʘʣʝʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʩʭʝʤ, ʧʦʨʷʜʦʢ ʾʭ ʚʠʢʦʥʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʾʭʥʴʦʾ ʧʦʷʚʠ ʚʩʝʨʝʜʠʥʽ ʙʣʦʢʫ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʦʧʝʨʘʪʦʨ process ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ ʪʘʢʠʤ 

ʯʠʥʦʤ: 

 [ʽʤô̫ ʧʨʦʮʝʩʫ:] [postponed] process [(ʩʧʠʩʦʢ)] 

 ʨʦʟʜʽʣ ʜʝʢʣʘʨʘʮʽʡ 

 begin 

 ʦʧʝʨʘʪʦʨʠ 

 end process [̔ ʤô̫ ʧʨʦʮʝʩʫ]; 

 ɯʤô̫ ʧʨʦʮʝʩʫ  ̔ ʢʣʶʯʦʚʝ ʩʣʦʚʦ [postponed] ̒  ʥʝʦʙʦʚô̫ ʟʢʦʚʠʤʠ  ̔ ʯʘʩʪʦ 

ʚʽʜʩʫʪʥʽ. ʉʧʠʩʦʢ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʩʣʷ ʢʣʶʯʦʚʦʛʦ ʩʣʦʚʘ process, ʭʦʯʘ ʽ ʻ 

ʥʝʦʙʦʚôʷʟʢʦʚʠʤ, ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦʩʠʪʴ ʯʘʩʪʦ ʜʣʷ ʚʢʘʟʽʚʢʠ 

ʩʠʛʥʘʣʽʚ ʟʘʧʫʩʢʫ. ʇʝʨʝʜ ʢʣʶʯʦʚʠʤ ʩʣʦʚʦʤ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʜʝʢʣʘʨʘʮʽʾ ʪʠʧʽʚ, ʢʦʥʩʪʘʥʪ ʘʪʨʠʙʫʪʽʚ ʽ ʪ. ʜ. 

ʍʦʯʘ process ʻ ʧʘʨʘʣʝʣʴʥʠʤ ʦʧʝʨʘʪʦʨʦʤ, ʚʽʥ ʤʦʞʝ ʤʽʩʪʠʪʠ ʧʦʩʣʽʜʦʚʥʽ 

ʦʧʝʨʘʪʦʨʠ. ʋʩʝʨʝʜʠʥʽ process ʥʝ ʤʦʞʫʪʴ ʜʝʢʣʘʨʫʚʘʪʠʩʷ ʩʠʛʥʘʣʠ. 
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ʆʧʠʩ ʽʥʪʝʨʬʝʡʩʫ ʧʨʠʩʪʨʦʶ 

ɼʣʷ ʦʧʠʩʫ ʽʥʪʝʨʬʝʡʩʫ ʧʨʠʩʪʨʦʶ ʤʦʚʦʶ VHDL ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʝʢʣʘʨʘʮʽ ̫ ʥ̔ʪʝʨʬʝʡʩʫ entity. ɺʦʥʘ ʟʘʜʘʻ ʽʤôʷ ʦʧʠʩʫ, ʽʤʝʥʘ ʽʥʪʝʨʬʝʡʩʥʠʭ ʧʦʨʪʽʚ, 

ʥʘʧʨʷʤʦʢ ʧʝʨʝʜʘʯʽ, ʪʠʧ ʧʦʨʪʽʚ. ʇʦʨʪ ï ʮʝ ʩʠʛʥʘʣʴʥʘ ʣʽʥʽʷ (ʰʠʥʘ), ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʦʾ ʧʨʠʩʪʨʽʡ (ʤʦʜʝʣʴ) ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

 ʂʦʞʝʥ ʽʥʪʝʨʬʝʡʩʥʠʡ ʧʦʨʪ ʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʫ ʥʘʩʪʫʧʥʠʭ ʨʝʞʠʤʘʭ: 

 in ï ʟʥʘʯʝʥʥʷ ʧʦʨʪʫ ʪʽʣʴʢʠ ʟʯʠʪʫʻʪʴʩʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʝʨʝʜʠʥʽ ʤʦʜʝʣʽ; 

 out ï ʟʥʘʯʝʥʥʷ ʧʦʨʪʫ ʤʦʞʝ ʪʽʣʴʢʠ ʦʥʦʚʣʶʚʘʪʠʩʷ ʤʦʜʝʣʣʶ, ʘʣʝ ʥʝ 

ʟʯʠʪʫʻʪʴʩʷ; 

 inout ï ʜʚʦʥʘʧʨʘʚʣʝʥʠʭ ʧʦʨʪ, ʟʥʘʯʝʥʥʷ ʧʨʦʯʠʪʫʻʪʴʩʷ ʽ ʦʥʦʚʣʶʻʪʴʩʷ 

ʤʦʜʝʣʣʶ; 

 buffer ï ʙʫʬʝʨʥʠʡ ʧʦʨʪ, ʟʥʘʯʝʥʥʷ ʧʨʦʯʠʪʫʻʪʴʩʷ ʽ ʦʥʦʚʣʶʻʪʴʩʷ ʤʦʜʝʣʣʶ, 

ʘʣʝ ʜʞʝʨʝʣʦʤ ʩʠʛʥʘʣʫ ʤʦʞʝ ʙʫʪʠ ʘʙʦ ʙʫʬʝʨ, ʘʙʦ ʦʜʠʥʦʯʥʠʡ ʜʞʝʨʝʣʦ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʥʘʧʽʚʩʫʤʘʪʦʨʘ (ʨʠʩ. 3.2) ʜʝʢʣʘʨʘʮʽʷ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

ʈʠʩ. 3.2. ʅʘʧʽʚʩʫʤʘʪʦʨ 

 entity half_adder is 

 port (a, b: in BIT; sum, cur: out BIT); 

 end half_adder; 

ʊʫʪ ʦʧʠʩ ʟ ʽʤô̫ ʤ half_adder ʤʘʻ ʜʚʘ ʚʭʽʜʥʠʭ ʧʦʨʪʠ: a  ̔ b (in ï ʦʟʥʘʯʘʻ 

ʚʭʽʜʥʠʡ ʧʦʨʪ),  ̔ʜʚʘ ʚʠʭʽʜʥʠʭ ʧʦʨʪʠ: sum ̔ carry (out ï ʦʟʥʘʯʘʻ ʚʠʭʽʜʥʠʡ ʧʦʨʪ). 

ʊʠʧ ʧʦʨʪʽʚ ʚʠʟʥʘʯʝʥʠʡ ʷʢ BIT ï ʦʟʥʘʯʘʻ, ʱʦ ʩʠʛʥʘʣʠ ʥʘ ʣʽʥʽʷʭ ʧʦʨʪʽʚ ʤʦʞʫʪʴ 

ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ: ç0è ʘʙʦ ç1è. 



 59 

ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ ʤʦʞʝ ʧʦʩʣʫʞʠʪʠ ʜʝʰʠʬʨʘʪʦʨ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.3. 

 entity dec2x4 is 

 port (a, b, enable: in BIT; z: out BIT_VECTOR (0 to 3)); 

 end dec2x4; 

 ʊʫʪ ʦʧʠʩ ʟ ʽʤô̫ ʤ dec2x4 ʤʘʻ ʪʨʠ ʚʭʽʜʥʠʭ ʧʦʨʪʠ  ̔ʯʦʪʠʨʠ ʚʠʭʽʜʥʠʭ. ɺʠʭʽʜʥʽ 

ʧʦʨʪʠ ʦʧʠʩʘʥʽ ʷʢ ʤʘʩʠʚ. BIT_VECTOR ï ʮʝ ʦʜʥʦʚʠʤʽʨʥʠʡ ʤʘʩʠʚ, ʜʽʘʧʘʟʦʥ 

ʟʘʜʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ Z (0 to 3). 

 

ʈʠʩ. 3.3. ɼʝʰʠʬʨʘʪʦʨ 2ʭ4 

 

 

ʆʧʠʩ ʘʨʭʽʪʝʢʪʫʨʠ ʧʨʠʩʪʨʦʶ 

ɸʨʭʽʪʝʢʪʫʨʘ (architecture body) ʤʦʜʝʣʶʻ ʧʦʛʣʷʜ ʥʘ ʧʨʠʩʪʨʽʡ çʟʩʝʨʝʜʠʥʠè. 

ʇʨʠʩʪʨʽʡ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʽ ʦʧʠʩʫʚʘʪʠʩʷ ʧʦ-ʨʽʟʥʦʤʫ. ɺʥ̔ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʘʙʦ ʷʢ ʢʦʤʧʦʟʠʮʽʷ ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʤʦʜʫʣʽʚ (ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʠʣʴ 

ʤʦʜʝʣʶʚʘʥʥʷ), ʘʙʦ ʷʢ ʥʘʙʽʨ ʧʘʨʘʣʝʣʴʥʦ ʚʠʢʦʥʫʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ (ʧʦʪʦʢʦʚʠʡ 

ʩʪʠʣʴ ï dataflow), ʘʙʦ ʦʧʠʩʫʚʘʪʠʩʴ ʢ̫ ʧʨʦʮʝʩ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ 

http://ua-referat.com/%D0%90%D1%80%D1%85%D1%96%D1%82%D0%B5%D0%BA%D1%82%D1%83%D1%80%D0%B0
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(ʧʦʚʝʜʽʥʢʦʚʠʡ ʩʪʠʣʴ ï behavioral), ʘʙʦ ʤʦʞʝ ʦʧʠʩʫʚʘʪʠʩʴ ʧʦʻʜʥʘʥʥʷʤ 

ʟʘʟʥʘʯʝʥʠʭ ʩʪʠʣʽʚ. 

ɿ ʦʜʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʪʠʧʫ entity ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʦ ʢʽʣʴʢʘ ʘʨʭʽʪʝʢʪʫʨ.  

ʇʦʚʝʜʽʥʢʦʚʠʡ ʦʧʠʩ 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʨʦʮʝʩ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʦʙʯʠʩʣʝʥʥʷ ʚʠʨʘʟʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ process. ʇʦʰʪʦʚʭʦʤ ʜʦ ʟʘʧʫʩʢʫ ʧʨʦʮʝʩʫ ʻ 

ʟʤʽʥʘ (event-ʧʦʜʽʷ) ʙʫʜʴ-ʷʢʦʛʦ ʩʠʛʥʘʣʫ, ʟ ʚʭʽʜʥʠʭ ʚ ʩʧʠʩʦʢ çʩʧʨʠʡʥʷʪʠʭè 

ʩʠʛʥʘʣʽʚ (sensitivity list). ʎʝʡ ʩʧʠʩʦʢ ʟʦʚʥʽ ʜʫʞʝ ʩʭʦʞʠʡ ʥʘ ʩʧʠʩʦʢ ʧʘʨʘʤʝʪʨʽʚ ʚ 

ʽʥʰʠʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʧʦʚʝʜʽʥʢʦʚʫ ʤʦʜʝʣʴ 

ʜʝhʠʬʨʘʪʦʨʘ dec2ʭ4 (ʨʠʩ. 3.2). ɼʝʢʣʘʨʘʮʽʷ ʽʥʪʝʨʬʝʡʩʫ ʡʦʛʦ ʚʞʝ ʥʘʚʦʜʠʣʘʩʷ, ʘ 

ʪʝʧʝʨ ʚʦʥʘ ʙʫʜʝ ʜʦʧʦʚʥʝʥʘ ʦʧʠʩʦʤ ʘʨʭʽʪʝʢʪʫʨʠ ʧʦʚʝʜʽʥʢʦʚʦʛʦ ʩʪʠʣʶ. 

 entity dec2x4 is 

 port (a, b, enable: in BIT; z: out BIT_VECTOR (0 to 3)); 

 end dec2x4; 

 architecture dec_seq of dec2x4 is 

 begin 

 process (a, b, enable) 

 variable abar, bbar: BIT; 

 begin 

 abar: = not a; - ʚʠʨʘʟ 1 

 bbar: = not b; - ʚʠʨʘʟ 2 

 if enable = '1 'then - ʚʠʨʘʟ 3 

 z (3) <= not (a and b); - ʚʠʨʘʟ 4 

 z (2) <= not (a and bbar); - ʚʠʨʘʟ 5 

 z (1) <= not (abar and b); - ʚʠʨʘʟ 6 

 z (0) <= not (abar and bbar); - ʚʠʨʘʟ 7 

 else z <= "1111"; 

 end if; 

 end process; 
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 end dec_seq; 

ɸʨʭʽʪʝʢʪʫʨʘ ʤʘʻ ʩʚʦʻ ʽʤô̫ dec_seq. ʇʨʦ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦ 

ʦʧʠʩʫ ʽʥʪʝʨʬʝʡʩʫ dec2ʭ4 ʛʦʚʦʨʠʪʴ ʚʠʨʘʟ: dec_seq of dec2x4. ʉʧʠʩʦʢ ʩʠʛʥʘʣʽʚ, 

ʷʢʠʤʠ ʟʘʧʫʩʢʘʻʪʴʩʷ ʧʨʦʮʝʩ, ʧʦʜʘʥʦ ʚ ʜʫʞʢʘʭ: process (a, b, enable). ɼʦ ʧʦʯʘʪʢʫ 

ʧʨʦʮʝʩʫ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ, ʜʝʢʣʘʨʫʶʪʴʩʷ ʟʤʽʥʥʽ variable abar, bbar: BIT. ɿʦʥʘ ʜʽʾ 

ʾʭ ʦʙʤʝʞʝʥʘ ʜʘʥʠʤ ʧʨʦʮʝʩʦʤ (ʚʽʜ begin ʜʦ end process). ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚ 

ʤʦʤʝʥʪ T ʚʽʜʙʫʣʘʩʷ ʟʤʽʥʘ ʩʠʛʥʘʣʫ ʘ. ʅʦʚʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ abar (ʚʠʨʘʟ 1) 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʽ ʧʨʠʩʚʦʶʻʪʴʩʷ ʙʝʟ ʟʘʪʨʠʤʢʠ ï ʤʠʪʪʻʚʦ (ʚ ʷʢʦʩʪʽ ʟʥʘʢʘ 

ʧʨʠʩʚʦʶʚʘʥʥʷ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ =). ɹʝʟ ʟʘʪʨʠʤʢʠ ʙʫʜʫʪʴ 

ʦʙʯʠʩʣʝʥʽ ʚʠʨʘʟʠ 2 ʽ 3. 

ɼʘʣʽ ʚ ʭʦʜʽ ʧʨʦʮʝʩʫ ʦʜʠʥ ʟʘ ʽʥʰʠʤ ʦʙʯʠʩʣʶʶʪʴʩʷ ʚʠʨʘʟʠ ʚʽʜ 4 ʜʦ 7, ʘ ʥʦʚʽ 

ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʘʤ z(0), z(1), z(2), z(3) ʙʫʜʫʪʴ ʧʨʠʩʚʦʻʥʽ (ʚ ʷʢʦʩʪʽ ʩʠʤʚʦʣʫ 

ʦʧʝʨʘʪʦʨʘ ʧʨʠʩʚʦʻʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ <=) ʣʠʰʝ ʯʝʨʝʟ ʜʝʷʢʫ, ʥʝʭʘʡ ʥʘʚʽʪʴ 

ʬʽʢʪʠʚʥʫ (ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʫ), ʟʘʪʨʠʤʢʫ D. ʎʝ ʩʫʪʪʻʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʨʦʮʝʜʫʨ 

ʧʨʠʩʚʦʻʥʥʷ ʜʣʷ ʟʤʽʥʥʠʭ ʽ ʜʣʷ ʩʠʛʥʘʣʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 4ʭ1 (ʨʠʩ. 3.3). ʏʦʪʠʨʠ ʚʭʽʜʥʠʭ 

ʩʠʛʥʘʣb A, B, C ʽ D ʚʠʚʦʜʷʪʴʩʷ ʯʝʨʝʟ ʦʜʠʥ ʧʦʨʪ Z. ʂʦʤʫʪʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʩʠʛʥʘʣʦʤ CTRL. 

 

ʈʠʩ. 3.3. ʄʫʣʴʪʠʧʣʝʢʩʦʨ 4ʭ1 

 

 entity MUX is 

 port (A, B, C, D: in BIT; CTRL: in BIT_VECTOR (0 to 1); 
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 Z: out BIT); 

 end MUX; 

 architecture MUX_BEHAVIOR of MUX is 

 begin 

 PMUX: process (A, B, C, D, CTRL) 

 variable TEMP: BIT; 

 begin  

 case CTRL is 

 when "00" => TEMP: = A: 

 when "01" => TEMP: = B; 

 when "10" => TEMP: = C; 

 when "11" => TEMP: = D; 

 end case; 

 Z <= TEMP; 

 end process PMUX; 

 end MUX_BEHAVIOR; 

 ɸʨʭʽʪʝʢʪʫʨʘ ʤʘʻ ʥʘʟʚʫ MUX_BEHAVIOR, ʧʨʦʮʝʩ ʤʘʻ ʷʨʣʠʢ PMUX. 

ɿʤʽʥʥʽʡ TEMP ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ CTRL ʧʨʠʩʚʦʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʦʜʥʦʛʦ ʟ ʚʭʽʜʥʠʭ ʧʦʨʪʽʚ: A, ʢʦʣʠ CTRL ʤʘʻ ʟʥʘʯʝʥʥʷ "00"; B, ʢʦʣʠ CTRL ʤʘʻ 

ʟʥʘʯʝʥʥʷ "01"; A, ʢʦʣʠ CTRL ʤʘʻ ʟʥʘʯʝʥʥʷ "10"; D, ʢʦʣʠ CTRL ʤʘʻ ʟʥʘʯʝʥʥʷ 

"11". 

ɼʣʷ ʦʧʠʩʫ ʩʠʥʭʨʦʩʠʛʥʘʣʽʚ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʪʨʠʙʫʪ EVENT. 

ɺʽʥ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ TRUE ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ çʧʦʜʽʷè - ʟʤʽʥʘ ʩʠʛʥʘʣʫ. 

ʅʘʧʨʠʢʣʘʜ, ʧʦʚʝʜʽʥʢʘ D-ʪʨʠʛʝʨʘ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 3.4, ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʘʢ: 

 

ʈʠʩ. 3.4. D-ʪʨʠʛʝʨ 
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 entity dff is 

 port (data, clk: in BIT 

 q, notq: out BIT); 

 end dff; 

 architecture behav of dff is 

 begin 

 process (clk) 

 begin  

 if (clk'event and clk = '1 ') then 

 q <= data; 

 notq <= not data; 

 end if; 

 end process; 

 end behav; 

 ɺʠʨʘʟ (clk'event and clk = '1 ') ʟʘʜʘʻ ʫʤʦʚʫ: ʷʢʱʦ ʩʠʛʥʘʣ clk ʟʤʽʥʶʻʪʴʩʷ ʟ 

"0" ʥʘ "1". 

ʇʦʪʦʢʦʚʠʡ ʦʧʠʩ 

 ʆʧʠʩ ʚ ʩʪʠʣʽ dataflow ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ʘʨʭʽʪʝʢʪʫʨʽ ʧʘʨʘʣʝʣʴʥʦ ʦʙʯʠʩʣʶʚʘʥʽ 

ʚʠʨʘʟʠ. ʂʽʣʴʢʽʩʪʴ ʧʘʨʘʣʝʣʴʥʦ ʦʙʯʠʩʣʶʚʘʥʠʭ ʚʠʨʘʟʽʚ ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-ʷʢʦ .ʁ ʊʘʢ 

ʷʢ ʦʙʯʠʩʣʝʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ, ʪʦ ʧʦʨʷʜʦʢ ʟʘʧʠʩʫ ʚʠʨʘʟʽʚ ʥʝ ʤʘʻ 

ʟʥʘʯʝʥʥʷ. ʇʦʰʪʦʚʭʦʤ ʜʦ ʧʦʯʘʪʢʫ ʦʙʯʠʩʣʝʥʴ ʻ ʟʤʽʥʘ ʙʫʜʴ-ʷʢʦʛʦ ʽʟ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʚʭʦʜʷʪʴ ʫ ʚʠʨʘʟʠ. ʈʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ ʦʜʥʦʨʦʟʨʷʜʥʦʛʦ ʩʫʤʘʪʦʨʘ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ 

ʨʠʩ. 3.5. 

 

ʈʠʩ. 3.5. ʆʜʥʦʨʦʟʨʷʜʥʠʡ ʩʫʤʤʘʪʦʨ 

http://ua-referat.com/%D0%9E%D0%BF%D0%B8%D1%81
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 entity full_adder is 

 port (a, b, cin: in BIT; sum, cout: out BIT); 

 end full_adder; 

 architecture full_ad_conc of full_adder is 

 begin  

 sum <= (a xor b) xor cin after 15 ns; 

 cout <= (a and b) or (b and cin) or (cin and a) after 10ns; 

 end full_ad_conc; 

ɼʣʷ ʦʧʠʩʫ ʧʦʪʦʢʫ ʜʘʥʠʭ ʪʫʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʚʠʨʘʟʠ. ɿʘʚʞʜʠ, ʢʦʣʠ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʩʠʛʥʘʣʽʚ a, b ʘʙʦ cin, ʦʙʠʜʚʘ ʚʠʨʘʟʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʽ 

ʩʠʛʥʘʣʘʤ sum ʽ cout ʧʨʠʩʚʦʶʶʪʴʩʷ ʥʦʚʽ ʟʥʘʯʝʥʥʷ ʯʝʨʝʟ 15ns ʽ 10ns, ʚʽʜʧʦʚʽʜʥʦ. 

ɿʥʘʢ <= ï ʦʧʝʨʘʪʦʨ ʧʨʠʩʚʦʶʚʘʥʥʷ. ɺʠʨʘʟ after 15ns ʦʟʥʘʯʘʻ ʟʘʪʨʠʤʢʫ, ʚʥʝʩʝʥʫ 

ʣʦʛʽʢʦʶ, ʱʦ ʨʝʘʣʽʟʫʻ ʦʙʯʠʩʣʝʥʥʷ ʚʠʨʘʟʫ ʜʣʷ sum. ʗʢʱʦ ʟʘʪʨʠʤʢʘ ʥʝ ʚʚʝʜʝʥʘ 

ʷʚʥʦ, ʪʦ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦ ʾʟʘʪʨʠʤʢʠ D. ʊʘʢʠʡ ʧʨʠʡʦʤ 

ʜʦʟʚʦʣʷʻ ʚʧʦʨʷʜʢʫʚʘʪʠ ʧʦʜʽʾ ʦʧʠʩʫ dataflow. ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ ʨʠʩ. 3.6 ʽ ʾʾ 

ʤʦʜʝʣʴ. 

 

ʈʠʩ. 3.6. ʃʘʥʮʶʞʦʢ ʽʥʚʝʨʪʦʨʽʚ 

 

 entity fast_inverter is 

 port (a: in BIT; z: out BIT); 

 end fast_inverter; 

 architecture delta_delay of fast_inverter is 

 signal b, c: BIT; 
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 begin  

 z <= not c; - ʚʠʨʘʟ 1 

 c <= not b; - ʚʠʨʘʟ 2 

 b <= not a; - ʚʠʨʘʟ 3 

 end delta_delay; 

ʋ ʚʠʨʘʟʘʭ 1, 2 ̔  3, ʷʢʽ ʧʨʠʩʚʦʶʶʪʴ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʤ z, c, b, ʤʘʻʪʴʩʷ ʥʘ 

ʫʚʘʟʽ ʟʘʪʨʠʤʢʘ D. ʅʘʧʨʠʢʣʘʜ, ʚ ʤʦʤʝʥʪ T ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʩʠʛʥʘʣʫ a. 

ɿʘʧʫʩʢʘʻʪʴʩʷ ʧʨʦʮʝʩ ʦʙʯʠʩʣʝʥʥʷ ʚʠʨʘʟʫ 3  ̔ʯʝʨʝʟ ʟʘʪʨʠʤʢʫ D ʟʤʽʥʥʽʡ b ʙʫʜʝ 

ʧʨʠʩʚʦʻʥʦ ʥʦʚʝ ʟʥʘʯʝʥʥʷ (ʚ ʤʦʤʝʥʪ T + D). ʋ ʩʚʦʶ ʯʝʨʛʫ ʟʤʽʥʘ ʩʠʛʥʘʣʫ b 

ʟʘʧʫʩʪʠʪʴ ʧʨʦʮʝʩ ʦʙʯʠʩʣʝʥʥʷ ʚʠʨʘʟʫ 2  ̔ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʩ ʙʫʜʝ ʦʥʦʚʣʝʥʦ ʚ 

ʤʦʤʝʥʪ T +2 D. ɿʤʽʥʘ ʩʠʛʥʘʣʫ ʩ ʧʨʠʟʚʝʜʝ ʜʦ ʟʘʧʫʩʢʫ ʧʨʦʮʝʩʫ ʦʙʯʠʩʣʝʥʥʷ 

ʚʠʨʘʟʫ 1  ̔ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ z ʙʫʜʝ ʟʤʽʥʝʥʝ ʚ ʤʦʤʝʥʪ T +3 D. ʏʘʩʦʚʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʫ ʩʭʝʤʽ ʽʣʶʩʪʨʫʻ ʨʠʩ. 3.7. 

 

ʈʠʩ. 3.7. ʏʘʩʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ ʣʘʥʮʶʞʢʫ ʽʥʚʝʨʪʦʨʽʚ 

 

ʉʪʨʫʢʪʫʨʥʠʡ ʦʧʠʩ 

ʉʪʨʫʢʪʫʨʥʠʡ ʦʧʠʩ ʽʥʪʝʨʧʨʝʪʫʻ ʧʨʠʩʪʨʽʡ ʷʢ ʥʘʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʦʚô̫ ʟʘʥʠʭ 

ʤʽʞ ʩʦʙʦʶ ʩʠʛʥʘʣʘʤʠ. ɻʨʫʙʦ ʢʘʞʫʯʠ ï ʮʝ ʪʘʙʣʠʮʷ ʟôʻʜʥʘʥʴ (netlist). ʈʦʟʛʣʷʥʝʤʦ 

ʧʨʦʩʪʫ ʩʭʝʤʫ ʢʝʨʫʚʘʥʥʷ (ʨʠʩ. 3.8) ʽ ʾʾ ʩʪʨʫʢʪʫʨʥʫ ʤʦʜʝʣʴ. 
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ʈʠʩ. 3.8. ʇʨʠʩʪʨʽʡ ʤʽʩʮʝʚʦʛʦ ʢʝʨʫʚʘʥʥʷ 

 

 entity ctr_lck is 

 port (data, mr, clk, din: in BIT; rdy, ctrla: out Bit); 

 end ctr_lck; 

 architecture str_view of ctr_lck is 

 component AND2 - ʜʝʢʣʘʨʫʻʪʴʩʷ ʢʦʤʧʦʥʝʥʪ AND2 

 port (x, y in BIT; z: out BIT); 

 end component; 

 component DFF - ʜʝʢʣʘʨʫʻʪʴʩʷ ʢʦʤʧʦʥʝʥʪ DFF 

 port (d, clock: in BIT; Q, NOTQ: out BIT); 

 end component; 

 component NOR2 - ʜʝʢʣʘʨʫʻʪʴʩʷ ʢʦʤʧʦʥʝʥʪ NOR2 

 port (a, b: in BIT; z: out BIT); 

 end component; 

 signal s1, s2: BIT; 

 begin  

 D1: DFF port map (data, clk, s1, s2); - ʚʠʨʘʟ 1 

 A1: AND2 port map (s2, din, ctrla); - ʚʠʨʘʟ 2 

 N1: NOR2 port map (s1, mr, rdy); - ʚʠʨʘʟ 3 

 end str_view; 

 ʊʫʪ ʜʝʢʣʘʨʫʶʪʴʩʷ ʪʨʠ ʢʦʤʧʦʥʝʥʪʠ: AND2, DFF ʽ NOR2. ʋ ʪʽʣʦ 

ʘʨʭʽʪʝʢʪʫʨʠ ʝʢʟʝʤʧʣʷʨʠ ʢʦʤʧʦʥʝʥʪʽʚ ʚʚʦʜʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʽʚ 1, 2 ʽ 3. 
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ʂʦʤʧʦʥʝʥʪʠ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʩʠʛʥʘʣʘʤʠ s1 ʽ s2. ʋ ʜʝʢʣʘʨʘʮʽʾ ʟʘʜʘʻʪʴʩʷ ʽʤôʷ 

ʢʦʤʧʦʥʝʥʪʘ ʽ ʡʦʛʦ ʽʥʪʝʨʬʝʡʩ, ʱʦ ʜʫʞʝ ʩʭʦʞʝ ʥʘ ʜʝʢʣʘʨʘʮʽʶ ʽʥʪʝʨʬʝʡʩʫ 

ʧʨʠʩʪʨʦʶ. ɺʠʨʘʟ ʜʣʷ ʧʨʠʤʽʨʥʠʢʘ ʢʦʤʧʦʥʝʥʪʘ ʧʦʚʠʥʝʥ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʜʘʪʠ 

ʽʤô̫  ʧʨʠʤʽʨʥʠʢʘ ʘʙʦ ʷʨʣʠʢ. ʅʘʧʨʠʢʣʘʜ, D1 ï ʮʝ ʷʨʣʠʢ ʜʣʷ ʧʨʠʤʽʨʥʠʢʘ ʪʨʠʛʝʨʘ 

DFF. ɼʘʣʽ ʩʣʽʜʫʻ ʩʧʠʩʦʢ ʟʚôʷʟʢʽʚ (association list). ɺʽʥ ʚʩʪʘʥʦʚʣʶʻ ʟʚô̫ʟʦʢ ʤʽʞ 

ʧʦʨʪʘʤʠ ʢʦʤʧʦʥʝʥʪʘ ʽ ʧʦʨʪʘʤʠ ʽ ʩʠʛʥʘʣʘʤʠ ʧʨʠʩʪʨʦʶ. ɯʩʥʫʻ ʜʚʘ ʚʘʨʽʘʥʪʠ 

ʟʚô̫ʟʢʫ: ʧʦʟʠʮʽʡʥʠʡ ʪʘ ʧʦʽʤʝʥʥʠʡ. ʋ ʧʦʟʠʮʽʡʥʦʤʫ ʩʧʠʩʢʫ ʧʝʨʰʠʡ ʧʦʨʪ 

ʜʝʢʣʘʨʘʮʽʾ (ʟʣʽʚʘ ʥʘʧʨʘʚʦ) ʢʦʤʧʦʥʝʥʪʘ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʰʦʤʫ ʧʦʨʪʫ ʧʨʠʤʽʨʥʠʢʘ 

ʢʦʤʧʦʥʝʥʪʘ (ʟʣʽʚʘ ʥʘʧʨʘʚʦ), ʜʨʫʛʠʡ ï ʜʨʫʛʦʤʫ ʽ ʪʘʢ ʜʘʣʽ. ʉʘʤʝ ʪʘʢʠʡ ʚʘʨ̔ʘʥʪ 

ʩʧʠʩʢʫ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʥʘʚʝʜʝʥʦʤʫ ʚʠʱʝ ʧʨʠʢʣʘʜʽ. ɿʘʤʽʩʪʴ ʮʴʦʛʦ ʤʦʞʥʘ 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʽʤʝʥʥʠʡ ʚʘʨʽʘʥʪ ʩʧʠʩʢʫ ʟʚôʷʟʢʽʚ, ʥʘʧʨʠʢʣʘʜ, ʚʠʨʘʟ 3 

ʤʦʞʥʘ ʙʫʣʦ ʙ ʟʘʧʠʩʘʪʠ ʪʘʢ: 

 N1: NOR2 port map (a => s1, b => mr, z => rdy); 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʥʦʛʦ ʦʧʠʩʫ ʤʦʜʝʣʽ ʥʘʧʽʚʩʫʤʘʪʦʨʘ (ʨʠʩ. 3.2). 

 entity half_adder is 

 port (a, b: in BIT; sum, cur: out BIT); 

 end half_adder; 

 architecture h_a_str of half_adder is 

 component a_7486 

 port (a_2: in BIT; 

 a_3: in BIT; 

 a_1: out BIT); 

 end component; 

 component a_7408 

 port (a_2: in BIT; 

 a_3: in BIT; 

 a_1: out BIT); 

 end component; 

 begin 

http://ua-referat.com/Association
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 X1: a_7486 port map (a, b, sum); 

 A1: a_7408 port map (a, b, cur) 

 end h_a_str; 

 ʅʘʟʚʠ ʢʦʤʧʦʥʝʥʪʽʚ  ̔ ʾʭ ʧʦʨʪʽʚ ʥʘʚʝʜʝʥʽ ʪʘʢʠʤʠ, ʷʢʠʤʠ ʚʦʥʠ ʜʘʥʽ ʚ 

ʙʽʙʣʽʦʪʝʮʽ ʬʽʨʤʠ ALTERA ï ʚʜ̔ʦʤʦʛʦ ʚʠʨʦʙʥʠʢʘ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʩʭʝʤ. 

ɼʝʢʣʘʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʘʨʭʽʪʝʢʪʫʨʽ h_a_str ʧʽʚʩʫʤʘʪʦʨʘ 

half_adder, ʤʦʞʥʘ ʫʧʘʢʫʚʘʪʠ ʚ ʦʢʨʝʤʠʡ ʬʘʡʣ, ʥʘʧʨʠʢʣʘʜ, maxplus2.vhd: 

 package maxplus2 is 

 component a_7486 

 port (a_2: in BIT; 

 a_3: in BIT; 

 a_1: out BIT); 

 end component; 

 component a_7408 

 port (a_2: in BIT; 

 a_3: in BIT; 

 a_1: out BIT); 

 end maxplus2; 

 ʌʘʡʣ maxplus2 ʧʨʠ ʢʦʤʧʽʣʷʮʽʾ ʤʦʞʝ ʙʫʪʠ ʧʦʤʽʱʝʥʠʡ ʚ ʙʽʙʣʽʦʪʝʢʫ, 

ʥʘʧʨʠʢʣʘʜ, ʟ ʥʘʟʚʦʶ altera. ʇʦʩʠʣʘʥʥʷ ʥʘ ʙʽʙʣʽʦʪʝʢʫ ʜʦʟʚʦʣʠʪʴ ʥʝ ʜʝʢʣʘʨʫʚʘʪʠ 

ʢʦʤʧʦʥʝʥʪʠ ʚ ʘʨʭʽʪʝʢʪʫʨʽ: 

 library altera; 

 use altera.maxplus2.all; 

 entity half_adder is 

 port (a, b: in BIT; sum, cur: out BIT); 

 end half_adder; 

 architecture h_a_str of half_adder is  

 begin 

 X1: a_7486 port map (a, b, sum); 
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 A1: a_7408 port map (a, b, cur); 

 end h_a_str; 

ʂʦʤʙʽʥʦʚʘʥʠʡ ʦʧʠʩ ʘʨʭʽʪʝʢʪʫʨʠ 

ɺ ʻʜʠʥʦʤʫ ʪʽʣʽ ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʞʥʘ ʢʦʤʙʽʥʫʚʘʪʠ ʚʩʽ ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʩʪʠʣʽ 

ʦʧʠʩʫ. ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʦʜʥʦʨʦʟʨʷʜʥʠʡ ʧʦʚʥʠʡ ʩʫʤʘʪʦʨ (ʨʠʩ. 3.9). 

ʉʫʤʘʪʦʨ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʠʨʘʟʦʤ 1, ʱʦ ʩʪʚʦʨʶʻ ʝʢʟʝʤʧʣʷʨ X1 ʢʦʤʧʦʥʝʥʪʘ 

ʘ_7486 (ʟ ʙʽʙʣʽʦʪʝʢʠ altera.maxplus2), ʽ ʟʘʜʘʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʨʪʽʚ ʽ ʩʠʛʥʘʣʫ 

ʩʫʪʥʦʩʪʽ (ʩʫʤʘʪʦʨʘ) ʥʘ ʧʦʨʪʠ ʢʦʤʧʦʥʝʥʪʘ. ʎʝ ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʠʣʴ. ɺʠʨʘʟ 2 ï ʮʝ 

process, ʧʦʚʝʜʽʥʢʦʚʠʡ ʩʪʠʣʴ, ʽ ʚʠʨʘʟ 3 ï ʮʝ ʩʪʠʣʴ dataflow. 

 

ʈʠʩ. 3.9. ʆʜʥʦʨʦʟʨʷʜʥʠʡ ʩʫʤʘʪʦʨ 

 

 library altera; 

 use altera.maxplus2.all; 

 entity full_adder is 

 port (a, b, cin: in BIT; sum, cout: out BIT); 

 end full_adder; 

 architecture fa_mix of full_adder is 
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 signal s1: BIT; 

 begin 

 X1: a_7486 port map (a, b, s1); - ʚʠʨʘʟ 1 

 process (a, b, cin) - ʚʠʨʘʟ 2 

 variable t1, t2, t3: BIT; 

 begin 

 t1: = a and b; 

 t2: = b and cin; 

 t3: = a and cin; 

 cout <= t1 or t2 or t3; 

 end process; 

 sum <= s1 xor cin; - ʚʠʨʘʟ 3 

 end fa_mix;  

ʆʩʦʙʣʠʚʦʩʪʽ ʩʠʥʪʝʟʫ ʩʭʝʤ ʟʘ ʦʧʠʩʘʤʠ ʤʦʚʦʶ VHDL 

ʄʽʞ ʧʨʦʮʝʩʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ (ʽʤʽʪʘʮʽʾ ʧʦʚʝʜʽʥʢʠ ʩʭʝʤʠ) ʪʘ ʩʠʥʪʝʟʫ ʩʭʝʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ VHDL ʻ ʽʩʪʦʪʥʽ ʚʽʜʤʽʥʥʦʩʪʽ [4]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʠʩʪʝʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʻ ʧʨʦʝʢʪʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚ 

ʟʘʜʘʥʠʡ ʬʦʨʤʘʪ. ʉʝʨʝʜ ʥʠʭ ʚʠʜʽʣʷʶʪʴʩʷ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʠʡ ʬʦʨʤʘʪ EDIF, 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʬʦʨʤʘʪʠ ʨʽʟʥʠʭ ʬʽʨʤ-ʚʠʨʦʙʥʠʢʽʚ ʤʽʢʨʦʩʭʝʤ, ʘ ʪʘʢʦʞ ʤʦʚʠ 

Verilog, VHDL ʪʘ ʽʥʰʽ. ʌʦʨʤʘʪ EDIF ʻ ʩʚʦʻʨʽʜʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ʜʝ-ʬʘʢʪʦ, ʚʽʥ ʻ ʚ 

ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʙʤʽʥʫ 

ʽʥʬʦʨʤʘʮʽʻʶ. ʉʝʨʝʜ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʬʦʨʤʘʪʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʬʦʨʤʘʪ XNF 

ʬʽʨʤʠ Xilinx, ʷʢʠʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʧʦʧʝʨʝʜʥʽʭ ʚʝʨʩʽʷʭ ʉɸʇʈ ʮʽʻʾ 

ʬʽʨʤʠ. ʇʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʚʠʭʽʜʥʦʛʦ ʤʦʜʫʣʷ ʚ ʧʨʦʤʽʞʥʠʡ ʪʝʢʩʪ ʤʦʚʦʶ VHDL 

ʟʘʟʚʠʯʘʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʪʨʫʢʪʫʨʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʮʽʻʾ ʤʦʚʠ, ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʭʝʤʦʪʝʭʥʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʝʣʝʤʝʥʪʥʦʾ 

ʙʘʟʠ. 

ʉʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʩʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʚʠ 

VHDL, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʩʠʩʪʝʤʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʝ ʚʩʽ ʡʦʛʦ 
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ʤʦʞʣʠʚʦʩʪʽ. ɿʘʟʚʠʯʘʡ ʧʨʠ ʩʠʥʪʝʟʽ ʥʝ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʦʧʝʨʘʮʽʾ ʥʘʜ ʪʠʧʦʤ real (ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʩʠʥʪʝʟʽ ʚʠʜʘʻʪʴʩʷ ʧʦʤʠʣʢʘ), ʽʛʥʦʨʫʶʪʴʩʷ ʢʣʶʯʦʚʝ ʩʣʦʚʦ 

after, ʥʝ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʪʘʢʦʞ ʨʷʜ ʽʥʰʠʭ ʜʨʫʛʦʨʷʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʚʠ. ʋ 

ʩʠʩʪʝʤʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʪʨʠʙʫʪ event ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʜʣʷ 

ʚʢʘʟʽʚʢʠ ʬʨʦʥʪʽʚ ʩʠʥʭʨʦʩʠʛʥʘʣʚ̔ ʚ ʫʤʦʚʥʠʭ ʦʧʝʨʘʪʦʨʘʭ, ʧʝʨʝʚʘʞʥʦ ʚ 

ʦʧʝʨʘʪʦʨʘʭ if. 

ʋ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʣʷ ʦʧʠʩʫ ʩʭʝʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʠʧ 

std_logic, ʷʢʠʡ ʟʘʤʽʥʶʻ ʪʠʧ bit. ʊʠʧ std_logic ʤʘʻ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ: 

0 ï ʣʦʛʽʯʥʠʡ ʥʫʣʴ; 

1 ï ʣʦʛʽʯʥʘ ʦʜʠʥʠʮʷ; 

U ï ʟʥʘʯʝʥʥʷ ʥʝ ʽʥʽʮʽʘʣʽʟʦʚʘʥʝ; 

X ï ʥʝʚʽʜʦʤʝ ʟʥʘʯʝʥʥʷ; 

Z ï ʚʠʩʦʢʠʡ ʚʠʭʽʜʥʠʡ ʦʧʽʨ; 

W ï ʥʝʚʽʜʦʤʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʩʣʘʙʢʦʤʫ ʜʞʝʨʝʣʽ ʩʠʛʥʘʣʫ; 

L ï ʣʦʛʽʯʥʠʡ ʥʫʣʴ ʧʨʠ ʩʣʘʙʢʦʤʫ ʜʞʝʨʝʣʽ ʩʠʛʥʘʣʫ; 

H ï ʣʦʛʽʯʥʘ ʦʜʠʥʠʮʷ ʧʨʠ ʩʣʘʙʢʦʤʫ ʜʞʝʨʝʣʽ ʩʠʛʥʘʣʫ; 

'-' ï ʥʝʚʠʟʥʘʯʝʥʝ ʟʥʘʯʝʥʥʷ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ɹʠʙʠʣʦ ʇ.ʅ. ʆʩʥʦʚʳ ʷʟʳʢʘ VHDL: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ʀʟʜ. 5-ʝ. ï ʄ.: 

ʂʥʠʞʥʳʡ ʜʦʤ çʃʀɹʈʆʂʆʄè, 2012. ï 328 ʩ. 

 2. ʉʫʚʦʨʦʚʘ ɽ., ʐʝʡʥʠʥ ʖ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʥʘ VHDL. 

ï ʉʇʙ.: BHV, 2003. ï ʉ. 576. 

 3. ɻʨʫʰʚʠʮʢʠʡ ʈ. ʀ., ʄʫʨʩʘʝʚ ɸ. ʍ., ʋʛʨʶʤʦʚ ɽ. ʇ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʩʠʩʪʝʤ ʥʘ ʤʠʢʨʦʩʭʝʤʘʭ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʦʡ. ï ʉ-ʇʙ.: ɹʍɺ-

ʇʝʪʝʨʙʫʨʛ, 2006. ï ʉ. 736. 

 4. ɹʘʙʘʢ ɺ. ʇ., ʂʦʨʯʝʥʢʦ ɸ. ɻ., ʊʠʤʦʰʝʥʢʦ ʅ. ʇ., ʌʠʣʦʥʝʥʢʦ ʉ. ʌ. VHDL. 

ʉʧʨʘʚʦʯʥʦʝ ʧʦʩʦʙʠʝ ʧʦ ʦʩʥʦʚʘʤ ʷʟʳʢʘ. ï ʄ.: ɼʦʜʵʢʘ - XXI, 2008. ï ʉ. 224 
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ʃʝʢʮʽʷ ˉ4 

ʂʦʤʫʪʘʪʦʨʠ 

ʂʦʤʫʪʘʪʦʨʦʤ (ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘ n ʚʭʦʜʽʚ ʪʘ m ʚʠʭʦʜʽʚ ï 

ʩʢʦʨʦʯʝʥʦ n Ĭ m) ʥʘʟʠʚʘʶʪʴ ʮʠʬʨʦʚʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ 

ʩʠʛʥʘʣʽʚ ʟ i-ʛʦ ʚʭʽʜʥʦʛʦ ʥʘ j-ʠʡ ʚʠʭʽʜʥʠʡ ʚʠʚʦʜʠ. 

ʋ ʮʠʬʨʦʚʽʡ ʩʭʝʤʦʪʝʭʥʽʮʽ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʪʘʢʽ ʢʦʤʫʪʫʶʯʽ 

ʧʨʠʩʪʨʦʾ, ʷʢ ʤʫʣʴʪʠʧʣʝʢʩʦʨʠ, ʩʝʣʝʢʪʦʨʠ-ʤʫʣʴʪʠʧʣʝʢʩʦʨʠ (ʟ ʦʨʛʘʥʽʟʘʮʽʻʶ n Ĭ 1) 

ʪʘ ʧʨʠʩʪʨʦʾ ʟʩʫʚʫ (n Ĭ n). 

ʄʫʣʴʪʠʧʣʝʢʩʦʨʠ 

ʇʨʠ ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʠʥʠʢʘʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʠʪʫʘʮʽʡ, 

ʢʦʣʠ ʮʠʬʨʦʚʠʡ ʜʚʽʡʢʦʚʠʡ ʢʦʜ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʟ ʧʘʨʘʣʝʣʴʥʦʛʦ ʬʦʨʤʘʪʫ ʚ 

ʧʦʩʣʽʜʦʚʥʠʡ ʟ ʤʝʪʦʶ ʡʦʛʦ ʟʘʧʠʩʫ ʘʙʦ ʧʝʨʝʜʘʯʽ ʧʦ ʜʚʦʧʨʦʚʦʜʥʽʡ ʣʽʥʽʾ. ʗʢ 

ʧʨʠʢʣʘʜ, ʧʨʠʩʪʨʦʾ ʟʘʧʠʩʫ ʽʥʬʦʨʤʘʮʽʾ ï ʥʘʢʦʧʠʯʫʚʘʯʽ ʥʘ ʢʦʤʧʘʢʪ-ʜʠʩʢʘʭ, ʛʥʫʯʢʽ 

ʪʘ ʞʦʨʩʪʢʽ ʜʠʩʢʠ ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʩʣʽʜʦʚʥʠʡ ʬʦʨʤʘʪ. ɿ ʧʦʩʣʽʜʦʚʥʠʤ 

ʬʦʨʤʘʪʦʤ ʧʨʘʮʶʶʪʴ COM-ʧʦʨʪʠ ʇɽʆʄ, ʤʦʜʝʤʠ, USB-ʰʠʥʠ [1]. 

ʈʦʟʛʣʷʥʝʤʦ ʫʤʦʚʠ ʽ ʧʨʠʥʮʠʧ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʟ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʬʦʨʤʘʪʫ ʫ ʧʦʩʣʽʜʦʚʥʠʡ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʦ ʦʜʥʦʙʘʡʪʦʚʽʡ ʰʠʥʽ ʜʘʥʠʭ ʜʦ ʧʨʠʩʪʨʦʶ ʧʽʜʚʦʜʠʪʴʩʷ 

ʜʚʽʡʢʦʚʝ ʩʣʦʚʦ d7 d6 d5 d4 d3 d2 d1 d0 = A316 (ʨʠʩ. 4.1), ʷʢʝ ʧʨʠʩʪʨʽʡ ʧʦʚʠʥʝʥ 

ʟʯʠʪʘʪʠ ʽ ʧʝʨʝʜʘʪʠ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ ʬʦʨʤʘʪʽ ʥʘ ʚʠʭʽʜ Y. 

ʑʦʙ ʚʠʢʦʥʘʪʠ ʪʘʢʫ ʦʧʝʨʘʮʽʶ, ʥʝʦʙʭʽʜʥʦ ʧʦʩʣʽʜʦʚʥʦ ʟʚʝʨʪʘʪʠʩʴ 

(ʘʜʨʝʩʫʚʘʪʠʩʴ) ʜʦ ʢʦʞʥʦʛʦ ʙʽʪʘ ʜʘʥʠʭ ʽ ʧʦ ʯʝʨʟʽ ʧʨʠʻʜʥʫʚʘʪʠ ʡʦʛʦ ʜʦ ʚʠʭʦʜʫ Y. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʦʾ ʘʜʨʝʩʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʪʨʠ ʨʦʟʨʷʜʠ 

ʘʜʨʝʩʥʦʾ ʰʠʥʠ. ʋ ʤʝʭʘʥʽʯʥʦʤʫ ʝʢʚʽʚʘʣʝʥʪʽ ʘʜʨʝʩʥʘ ʰʠʥʘ ʚʠʟʥʘʯʘʻ ʢʦʨʦʪʢʦʯʘʩʥʝ 

ʧʦʣʦʞʝʥʥʷ ʙʽʛʫʥʢʘ ʧʝʨʝʤʠʢʘʯʘ, ʷʢʠʡ ʧʦ ʯʝʨʟʽ ʟôʻʜʥʫʻ ʚʭʽʜ ʰʠʥʠ ʜʘʥʠʭ ʟ 

ʚʠʭʦʜʦʤ Y  ʧʨʠʩʪʨʦʶ. 
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ʊʘʙʣʠʮʷ 4.1. ʊʘʙʣʠʮʷ ʩʪʘʥʽʚ 

ʧʨʠʩʪʨʦʶ 

 
ʈʠʩ. 4.1. ʇʨʠʩʪʨʽʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʬʦʨʤʘʪʫ ʫ 

ʧʦʩʣʽʜʦʚʥʠʡ 

 

ʈʦʙʦʪʽ ʧʨʠʩʪʨʦʶ, ʱʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 4.1, ʚʽʜʧʦʚʽʜʘʻ ʪʘʙʣʠʮʷ ʩʪʘʥʽʚ 

(ʪʘʙʣ. 4.1). 

ʗʢʱʦ ʚʠʭʽʜʥʠʡ ʢʦʜ Y ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʬʫʥʢʮʽʶ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʧʨʠʩʪʨʦʶ, 

ʪʦ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ: 

2 1 0 0 2 1 0 1 2 1 0 2 2 1 0 3

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

Y a a a d a a a d a a a d a a a d

a a a d a a a d a a a d a a a d

= + + + +

+ + + +

 

ʗʢʱʦ ʟʤʽʥʫ ʩʠʛʥʘʣʽʚ a2 , a1 , a0 ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʣʽʜʦʚʥʦ ʚ ʯʘʩʽ ʟ ʪʘʢʪʦʚʠʤ 

ʽʥʪʝʨʚʘʣʦʤ ʊ, ʪʦ ʤʦʞʝʤʦ ʧʦʙʫʜʫʚʘʪʠ ʯʘʩʦʚʫ ʜʽʘʛʨʘʤʫ (ʨʠʩ. 4.2), ʷʢʘ ʚʩʪʘʥʦʚʣʶʻ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʦʜʘʭ d7éd0 ʥʘ ʚʠʭʽʜ Y. 

ɿʚʽʜʩʠ ʚʠʪʽʢʘʻ, ʱʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨ ï ʮʝ ʮʠʬʨʦʚʠʡ ʢʦʤʙʽʥʘʮʽʡʥʠʡ 

ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʘʜʘʥʘ ʥʘ ʚʭʦʜʘʭ d7éd0 

ʫ ʧʘʨʘʣʝʣʴʥʦʤʫ ʬʦʨʤʘʪʽ, ʚ ʧʦʩʣʽʜʦʚʥʠʡ ʬʦʨʤʘʪ ʥʘ ʚʠʭʦʜʽ Y. 
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ʈʠʩ. 4.2. ʏʘʩʦʚʘ ʜʽʘʛʨʘʤʘ, ʷʢʘ 

ʚʩʪʘʥʦʚʣʶʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʦʜʘʭ d7éd0 ʥʘ ʚʠʭʽʜ Y 

ʈʠʩ. 4.3. ʋʤʦʚʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 

 

ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤʘʭ ʧʨʠʚʦʜʠʪʴʩʷ 

ʥʘ ʨʠʩ. 4.3. ɺʭʦʜʠ ɸ ʥʘʟʠʚʘʶʪʴ ʘʜʨʝʩʥʠʤʠ (ʘʜʨʝʩʥʘ ʰʠʥʘ), ʘ ʚʭʦʜʠ D ï ʚʭʦʜʘʤʠ 

ʜʘʥʠʭ (ʰʠʥʘ ʜʘʥʠʭ). ɼʦʧʦʤʽʞʥʠʡ ʚʭʽʜ V ʥʘʟʠʚʘʶʪʴ ʢʝʨʫʶʯʠʤ ʘʙʦ ʜʦʟʚʦʣʷʶʯʠʤ. 

ɿ ʡʦʛʦ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʙʦʪʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ, ʧʨʠʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩ. 4.3, 

ʦʧʠʩʫʚʘʪʠʤʝʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʣʦʛʽʯʥʦʶ ʬʫʥʢʮʽʻʶ: 

 1 0 0 1 0 1 1 0 2 1 0 3( ) .Y v a a d a a d a a d a a d= Ö + + +  (4.1) 

ɼʦʟʚʦʣʷʶʯʠʡ ʚʭʽʜ V ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʩʪʨʦʶ. ɺʽʥ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʠʥʭʨʦʥʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʟ ʽʥʰʠʤʠ ʩʭʝʤʘʤʠ, ʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʨʦʱʫʚʘʥʥʷ ʨʦʟʨʷʜʥʦʩʪʽ ʘʜʨʝʩʥʠʭ ʩʠʛʥʘʣʽʚ. ʃʦʛʽʯʥʘ 

ʩʭʝʤʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ, ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʙʘʟʠʩʽ ʝʣʝʤʝʥʪʽʚ ɯ-ɸɹʆ-ʅɯ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʬʦʨʤʫʣʠ (4.1), ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.4. 

ʂʽʣʴʢʽʩʪʴ ʚʭʦʜʽʚ ʰʠʥʠ ʜʘʥʠʭ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʡʦʛʦ 

ʥʘʟʚʽ. ʅʘʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʫʪʘ ʩʭʝʤʘ ʚʽʜʧʦʚʽʜʘʻ ʥʘʟʚʽ ñʟ ʯʦʪʠʨʴʦʭ ʚ ʦʜʠʥò, ʘʙʦ 

ʧʨʦʩʪʦ ñ4:1ò. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʭʦʜʽʚ, ʚʦʥʠ ʙʫʚʘʶʪʴ 

ñ8:1ò, ñ16:1ò ʽ ʪ. ʜ. 
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ʈʠʩ. 4.4. ʃʦʛʽʯʥʘ ʩʭʝʤʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ, ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʙʘʟʠʩʽ ʝʣʝʤʝʥʪʽʚ ɯ-

ɸɹʆ-ʅɯ 

 

ʆʩʢʽʣʴʢʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʻ ʧʨʠʩʪʨʦʻʤ ʣʦʛʽʢʠ, ʪʦ ʥʘ ʡʦʛʦ ʙʘʟʽ ʤʦʞʫʪʴ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʴ ʨʽʟʥʽ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ. ʗʢ ʧʨʠʢʣʘʜ, ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʬʦʨʤʫʣʦʶ 

(4.1). ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʣʦʛʽʯʥʫ ʬʫʥʢʮʽʶ: 

 .1010 xxxxy Ö+Ö=  (4.2) 

ʇʦʨʽʚʥʶʶʯʠ ʬʦʨʤʫʣʠ (4.1) ʽ (4.2), ʙʘʯʠʤʦ, ʱʦ, ʧʨʠʩʚʦʾʚʰʠ ʘʜʨʝʩʥʠʤ 

ʩʠʛʥʘʣʘʤ a0 , a1 ʟʥʘʯʝʥʥʷ x0 , x1 ʚʽʜʧʦʚʽʜʥʦ ʽ ʟʘʙʝʟʧʝʯʠʚʰʠ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ 

d1 = d2 = 0, d0 = d3 = 1, v = 0, ʦʜʝʨʞʠʤʦ ʩʭʝʤʫ ʧʨʠʩʪʨʦʶ (ʨʠʩ. 4.5), ʷʢʠʡ ʨʝʘʣʽʟʫʻ 

ʬʫʥʢʮʽʶ (4.2). 

 

ʈʠʩ. 4.5. ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʶ (4.2) 
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ʅʝʩʢʣʘʜʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʥʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʭ ʬʫʥʢʮʽʾ ʟ ʢʽʣʴʢʽʩʪʶ ʟʤʽʥʥʠʭ, ʱʦ ʧʝʨʝʚʝʨʰʫʻ 

ʢʽʣʴʢʽʩʪʴ ʘʜʨʝʩʥʠʭ ʚʭʦʜʽʚ. ɺʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʴ: 

¶ ʫ ʤʽʥʽʤʽʟʦʚʘʥʽʡ ʜʠʟôʶʥʢʪʠʚʥʽʡ ʥʦʨʤʘʣʴʥʽʡ ʬʦʨʤʽ ʬʫʥʢʮʽʾ ʚʠʜʽʣʷʶʪʴʩʷ 

ʟʤʽʥʥʽ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʚʠʱʠʡ ʨʘʥʛ, ʪʦʙʪʦ ʧʦʚʪʦʨʶʶʪʴʩʷ ʚ ʥʘʡʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ 

ʜʠʟôʶʥʢʮʽʡ. ʅʘʧʨʠʢʣʘʜ, ʚʠʙʠʨʘʻʪʴʩʷ m ʟʤʽʥʥʠʭ; 

¶ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʾ ʪʘʢ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠʩʫʪʥʽʩʪʴ 

ʚʠʜʽʣʝʥʠʭ ʟʤʽʥʥʠʭ ʚ ʫʩʽʭ ʜʠʟôʶʥʢʮʽʷʭ. ɼʣʷ ʮʴʦʛʦ ʢʦʞʥʘ ʜʠʟôʶʥʢʮʽʷ 

ʜʦʤʥʦʞʘʻʪʴʩʷ ʥʘ xx+=1 ; 

¶ ʧʨʦʚʦʜʠʪʴʩʷ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʟʤʽʥʥʠʭ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʚʠʜʽʣʝʥʽ ʟʤʽʥʥʽ ʙʫʣʠ ʚʠʥʝʩʝʥʽ ʟʘ ʜʫʞʢʠ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʫʧʘʭ ʜʠʟôʶʥʢʮʽʡ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʜʝʨʞʫʻʪʴʩʷ ʬʦʨʤʫʣʘ ʚʠʭʽʜʥʦʾ 

ʬʫʥʢʮʽʾ, ʷʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʽ ñʟ M = 2
m
 ʚ 1ò, ʷʢʱʦ ʥʘ ʡʦʛʦ 

ʘʜʨʝʩʥʽ ʚʭʦʜʠ ʧʦʜʘʪʠ ʚʠʜʽʣʝʥʽ ʟʤʽʥʥʽ, ʘ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʭʦʜʘʭ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ ʪʠʭ ʣʦʛʽʯʥʠʭ ʚʠʨʘʟʽʚ, ʷʢʽ ʟʘʣʠʰʠʣʠʩʴ ʚ ʜʫʞʢʘʭ. ʗʢʱʦ 

ʚʠʨʘʟʠ ʚ ʜʫʞʢʘʭ ʻ ʬʫʥʢʮʽʷʤʠ ʜʝʢʽʣʴʢʦʭ ʟʤʽʥʥʠʭ, ʪʦ ʾʭ ʨʝʘʣʽʟʘʮʽʷ ʤʦʞʝ ʙʫʪʠ 

ʟʘʙʝʟʧʝʯʝʥʘ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ, ʘʙʦ ʥʘ ʦʩʥʦʚʽ ʪʠʧʦʚʠʭ 

ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʠʢʣʘʜ 4.1. ʌʫʥʢʮʽʶ ʧôʷʪʠ ʟʤʽʥʥʠʭ: 

21323204304310 xxxxxxxxxxxxxxy Ö+Ö+ÖÖ+ÖÖ+ÖÖÖ=  ʨʝʘʣʽʟʫʚʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ñʟ 4-ʭ ʚ 1ò. 

ʈʦʟʚôʷʟʘʥʥʷ. ʋ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʤʫ ʤʫʣʴʪʠʧʣʝʢʩʦʨʽ ʥʘʷʚʥʽ ʜʚʘ ʘʜʨʝʩʥʽ 

ʚʭʦʜʠ ï ʦʪʞʝ, ʚʠʙʠʨʘʻʤʦ ʜʚʽ ʟʤʽʥʥʽ ʟ ʥʘʡʙʽʣʴʰʠʤʠ ʨʘʥʛʘʤʠ. ʈʘʥʛʠ ʟʤʽʥʥʠʭ 

ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.2. 

ʊʘʙʣʠʮʷ 4.2. ʈʘʥʛʠ ʟʤʽʥʥʠʭ 

 

ɺʠʙʠʨʘʻʤʦ ʟʤʽʥʥʽ x2 ʪʘ x3. ɺʠʢʦʥʫʻʤʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʾ: 
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321320324041032

140410321320324041032

33213232022430224310

ÖÖ+ÖÖ+ÖÖ+Ö+ÖÖÖÖ=

=++Ö+ÖÖÖÖ+ÖÖ+ÖÖ+Ö+ÖÖÖÖ=

=+ÖÖ+Ö+ÖÖ++ÖÖÖ++ÖÖÖÖ=

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxy

ʃʦʛʽʯʥʘ ʩʫʤʘ ʚ ʧʝʨʰʠʭ ʜʫʞʢʘʭ ʪʘʢʦʞ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 4:1, ʷʢʱʦ ʥʘ ʘʜʨʝʩʥʽ ʚʭʦʜʠ ʡʦʛʦ ʧʦʜʘʪʠ ʟʤʽʥʥʽ x0 ʪʘ x4 . 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ, ʱʦ ʨʝʘʣʽʟʫʻ ʧʦʪʨʽʙʥʫ ʣʦʛʽʯʥʫ ʬʫʥʢʮʽʶ, 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.6. 

 

ʈʠʩ. 4.6. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ, ʱʦ ʨʝʘʣʽʟʫʻ ʧʦʪʨʽʙʥʫ ʣʦʛʽʯʥʫ 

ʬʫʥʢʮʽʶ 

 

ʇʨʘʢʪʠʯʥʦ ʟʘʜʘʯʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʚôʷʟʘʥʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 8:1. 

ɺʠʙʨʘʚʰʠ ʣʦʛʽʯʥʽ ʟʤʽʥʥʽ x0 , x2 , x3 ʷʢ ʟʤʽʥʥʽ ʟ ʥʘʡʚʠʱʠʤʠ ʨʘʥʛʘʤʠ (ʜʠʚ. 

ʪʘʙʣ. 4.2), ʬʫʥʢʮʽʶ ʧʝʨʝʪʚʦʨʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ: 

).()()1()0()1(

)1()()(

13201320320320320

320413204320

xxxxxxxxxxxxxxxxx

xxxxxxxxxxxxy

ÖÖÖ+ÖÖÖ+ÖÖÖ+ÖÖÖ+ÖÖÖ+

+ÖÖÖ+ÖÖÖ+ÖÖÖ=
 

ʋ ʪʘʙʣ. 4.3 ʟʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʭʦʜʠ. 

ʅʘ ʨʠʩ. 4.7 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ, ʱʦ ʨʝʘʣʽʟʫʻ ʥʝʦʙʭʽʜʥʫ ʬʫʥʢʮʽʶ ʥʘ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʽ ʂ1533ʂʇ7 (ʡʦʛʦ ʟʘʨʫʙʽʞʥʽ ʘʥʘʣʦʛʠ ï ʤʽʢʨʦʩʭʝʤʠ MC54151W, 
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SN74151N). ʅʝʦʙʭʽʜʥʽ ʜʦʧʦʤʽʞʥʽ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʜʥʦʛʦ ʢʦʨʧʫʩʫ ʤʽʢʨʦʩʭʝʤʠ ʂ1533ʃɸ3 (ʟʘʨʫʙʽʞʥʽ ʘʥʘʣʦʛʠ ï 7400PC, MH7400, 

SN7400N). 

ʊʘʙʣ. 4.3. ɿʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʭʦʜʠ 

N x3 x2 x0 Di 

0 0 0 0 x4 

1 0 0 1 
41 xx Ö  

2 0 1 0 1 

3 0 1 1 1 

4 1 0 0 0 

5 1 0 1 1 

6 1 1 0 
1x  

7 1 1 1 
1x  

 

 

ʈʠʩ. 4.7. ʉʭʝʤʘ, ʱʦ ʨʝʘʣʽʟʫʻ 

ʥʝʦʙʭʽʜʥʫ ʬʫʥʢʮʽʶ ʥʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʽ 

ʂ1533ʂʇ7 

 

ʋ ʙʽʣʴʰʦʩʪʽ ʩʝʨʽʡ ʤʽʢʨʦʩʭʝʤ ʤʫʣʴʪʠʧʣʝʢʩʦʨʠ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʩʘʤʦʩʪʽʡʥʠʭ ʚʠʨʦʙʽʚ, ʤʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʭʦʜʽʚ, ʥʝ 

ʧʝʨʝʚʠʱʫʶʯʫ ʰʽʩʪʥʘʜʮʷʪʠ. ɿʙʽʣʴʰʝʥʥʷ ʾʭ ʢʽʣʴʢʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʟʥʠʤʠ 

ʧʨʠʡʦʤʘʤʠ ʟôʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʤʫʣʴʪʠʧʣʝʢʩʦʨʽʚ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 4.8 

ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʘʨʘʣʝʣʴʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ. 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʭʦʜʽʚ ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʠʱʫʚʘʪʠ 

ʢʽʣʴʢʽʩʪʴ ʘʜʨʝʩʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ (ʻʤʥʽʩʪʴ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʘʜʨʝʩʥʦʾ ʰʠʥʠ). ʋ 

ʩʭʝʤʽ, ʧʨʠʚʝʜʝʥʽʡ ʥʘ ʨʠʩ. 4.8, ʨʦʟʰʠʨʝʥʥʷ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʦʩʷʛʘʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʭʦʜʫ V, ʷʢʠʡ, ʦʙôʻʜʥʘʥʠʡ ʚ ʦʙʦʭ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʭ ʯʝʨʝʟ 

ʽʥʚʝʨʪʦʨ DD3, ʚʠʩʪʫʧʘʻ ʩʪʘʨʰʠʤ ʨʦʟʨʷʜʦʤ ʘʜʨʝʩʥʦʾ ʰʠʥʠ. ʇʨʠ a2 = 0 ʟʤʽʥʘ 

ʩʠʛʥʘʣʽʚ ʥʘ a0 , a1 ʜʦʟʚʦʣʠʪʴ ʚʠʙʠʨʘʪʠ ʚʭʦʜʠ d0 éd3 ʰʠʥʠ ʜʘʥʠʭ ʽ ʯʝʨʝʟ ʝʣʝʤʝʥʪ 
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ɸɹʆ (DD4) ʧʝʨʝʜʘʚʘʪʠ ʥʘ ʚʠʭʽʜ Y. ʄʫʣʴʪʠʧʣʝʢʩʦʨ DD2 ʧʨʠ ʮʴʦʤʫ 

ʚʽʜʢʣʶʯʝʥʠʡ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ DD3. ʇʨʠ a2 = 1 ʟʤʽʥʦʶ a0 , a1 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʤʫʪʘʮʽʷ ʚʭʦʜʽʚ d4 éd7 ʥʘ ʚʠʭʽʜ Y. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʚ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʭ ʽʥʚʝʨʩʥʠʭ ʚʠʭʦʜʽʚ ʾʭ ʦʙôʻʜʥʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʝʣʝʤʝʥʪʦʤ ɯ-

ʅɯ (DD5). 

 

ʈʠʩ. 4.8. ʉʭʝʤʘ ʧʘʨʘʣʝʣʴʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ 

 

ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʫʪʪʻʚʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʤʫʪʦʚʘʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʭʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʨʘʤʽʜʘʣʴʥʠʡ ʩʧʦʩʽʙ ʥʘʨʦʱʫʚʘʥʥʷ. 

ʇʨʠʢʣʘʜ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 4.9. ʎʷ ʩʭʝʤʘ ʚ ʨʝʘʣʽʟʘʮʽʾ ʻ ʙʽʣʴʰ 

ʛʥʫʯʢʦʶ. ɸʜʨʝʩʥʽ ʚʭʦʜʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʽʚ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ DD1éDD4 

ʟôʻʜʥʫʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʽ ʢʝʨʫʶʪʴʩʷ ʤʦʣʦʜʰʠʤʠ ʨʦʟʨʷʜʘʤʠ ʘʜʨʝʩʥʦʛʦ 

ʧʨʦʩʪʦʨʫ. ɰʭ ʢʽʣʴʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʢʽʣʴʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʭʦʜʽʚ 

ʢʦʞʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ. ʄʫʣʴʪʠʧʣʝʢʩʦʨ ʚʝʨʭʥʴʦʛʦ ʩʪʫʧʝʥʷ ʟʘʜʘʻ ʩʪʘʨʰʽ 

ʨʦʟʨʷʜʠ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʫʪʘʮʽʶ ʚʠʭʦʜʫ 

ʢʦʞʥʦʛʦ ʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨʽʚ Y0 éY3 ʥʘ ʟʘʛʘʣʴʥʠʡ ʚʠʭʽʜ Y. 
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ʈʠʩ. 4.9. ʉʭʝʤʘ ʧʽʨʘʤʽʜʘʣʴʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ 

 

ʇʨʠʩʪʨʦʾ ʟʩʫʚʫ 

ʇʨʠʩʪʨʦʾ ʟʩʫʚʫ ï ʮʝ ʢʦʤʙʽʥʘʮʽʡʥʽ ʧʨʠʩʪʨʦʾ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʝʨʝʜʘʯʽ ʚʭʽʜʥʦʛʦ ʢʦʜʫ ʥʘ ʚʠʭʽʜ ʟʽ ʟʩʫʚʦʤ ʥʘ ʜʝʢʽʣʴʢʘ ʨʦʟʨʷʜʽʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʝʨʫʶʯʦʛʦ ʢʦʜʫ [1]. ɿʘʙʝʟʧʝʯʝʥʥʷ ʟʩʫʚʫ ʜʚʽʡʢʦʚʠʭ ʩʣʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʠ ʧʦʙʫʜʦʚʽ 

ʘʨʠʬʤʝʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʫ ʟʘʜʘʯʘʭ ʫʟʛʦʜʞʝʥʥʷ ʰʠʥ ʜʘʥʠʭ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʟʘʜʘʥʠʭ ʯʘʩʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʩʠʛʥʘʣʽʚ ʪʘ ʽʥ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʩʧʨʦʝʢʪʫʚʘʪʠ ʧʨʠʩʪʨʽʡ, ʥʘ ʚʭʽʜ ʷʢʦʛʦ 

ʧʦʜʘʶʪʴʩʷ ʜʘʥʽ ʧʦ ʣʽʥʽʷʭ d3 d2 d1 d0 , ʢʦʪʨʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʘʚʘʪʠ ʥʘ ʚʠʭʽʜʥʽ ʣʽʥʽʾ 

y3 y2 y1 y0 ʟʽ ʟʩʫʚʦʤ ʚʽʜ 0 ʜʦ 3 ʨʦʟʨʷʜʽʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ ʘʜʨʝʩʥʦʛʦ 

ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ɸ (ʨʠʩ. 4.10). ʆʩʢʽʣʴʢʠ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʟʩʫʚʫ 

ʤʦʞʣʠʚʽ ʣʠʰʝ ʯʦʪʠʨʠ ʢʦʤʙʽʥʘʮʽʾ, ʪʦ ʜʣʷ ʾʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦ ʤʘʪʠ ʣʠʰʝ 

ʜʚʽ ʥʠʪʢʠ ʘʜʨʝʩʥʦʛʦ ʩʣʦʚʘ ɸ = a1 a0 . 
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ʈʠʩ. 4.10. ʉʭʝʤʘ ʧʨʠʩʪʨʦ ,ʁ ʥʘ ʚʭʽʜ ʷʢʦʛʦ ʧʦʜʘʶʪʴʩʷ ʜʘʥʽ, ʢʦʪʨʽ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʜʘʚʘʪʠ ʥʘ ʚʠʭʽʜʥʽ ʣʽʥʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ ʘʜʨʝʩʥʦʛʦ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ 

 

ʊʦʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʚʠʭʦʜʽʚ yi ʤʘʪʠʤʫʪʴ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

.

;

;

;

2120110100133

2110100130122

0100130120111

0130120110100

aadaadaadaady

aadaadaadaady

aadaadaadaady

aadaadaadaady

+++=

+++=

+++=

+++=

 (4.3) 

ɿ ʬʦʨʤʫʣ (4.3) ʚʠʪʽʢʘʻ, ʱʦ ʩʭʝʤʘ ʟʩʫʚʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʽʚ, ʘʜʨʝʩʥʽ ʚʭʦʜʠ ʷʢʠʭ ʟôʻʜʥʘʥʽ ʧʘʨʘʣʝʣʴʥʦ, ʘ ʨʦʟʨʷʜʠ ʰʠʥʠ 

ʜʘʥʠʭ ʧʨʠʻʜʥʘʥʽ ʜʦ ʟʘʛʘʣʴʥʦʾ ʰʠʥʠ ʜʘʥʠʭ ʟʽ ʟʩʫʚʦʤ ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ ʥʘ 

ʦʜʠʥ ʨʦʟʨʷʜ (ʨʠʩ. 4.11). 
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ʈʠʩ. 4.11. ʉʭʝʤʘ ʟʩʫʚʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʤʫʣʴʪʠʧʣʝʢʩʦʨʽʚ 

 

ʉʝʣʝʢʪʦʨʠ-ʤʫʣʴʪʠʧʣʝʢʩʦʨʠ 

ʉʝʣʝʢʪʦʨʠ-ʤʫʣʴʪʠʧʣʝʢʩʦʨʠ ï ʧʨʠʣʘʜʠ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʧʦʙʽʪʥʫ ʮʠʬʨʦʚʫ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʡ ʚʠʙʠʨʘʪʠ 

ʮʠʬʨʦʚʽ ʧʦʪʦʢʠ ʽʥʬʦʨʤʘʮʽʾ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʚʭʦʜʫ ʥʘ ʚʠʭʽʜ. ʑʝ ʦʜʠʥ ʧʨʠʢʣʘʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʧʨʠʣʘʜʽʚ ï ʮʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʫ ʷʢʦʩʪʽ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʽʚ. 

ʈʦʙʦʪʘ ʫ ʪʘʢʦʤʫ ʨʝʞʠʤʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʚʽʡʢʦʚʠʡ ʮʠʬʨʦʚʠʡ ʢʦʜ ʤʦʞʝ 
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ʧʦʜʘʚʘʪʠʩʴ ʥʘ ʚʭʽʜ Y, ʘ ʟʥʽʤʘʪʠʩʴ ʧʦʙʽʪʦʚʦ ʟ ʚʠʭʦʜʽʚ 0 3d d· , ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʠʤ 

ʩʘʤʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʬʦʨʤʘʪʫ ʚ ʧʘʨʘʣʝʣʴʥʠʡ. 

ʂʦʜʫʶʯʽ ʪʘ ʜʝʢʦʜʫʶʯʽ ʧʨʠʩʪʨʦʾ 

ʅʘʡʧʨʦʩʪʽʰʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʢʦʜʽʚ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʢʦʜʝʨ, ʷʢʠʡ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʜʫ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʡʦʛʦ ʚʭʽʜ (ʧʨʷʤʠʡ ʯʠ ʟʚʦʨʦʪʥʠʡ), ʥʘ 

ʚʠʭʦʜʽ ʟʘʚʞʜʠ ʚʠʜʘʻ ʧʨʷʤʠʡ ʢʦʜ (ʨʠʩ. 4.12) [1]. 

 

ʈʠʩ. 4.12. ʅʘʡʧʨʦʩʪʽʰʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʢʦʜʽʚ 

 

ʉʭʝʤʘ ʚ ʢʦʞʥʦʤʫ ʙʽʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʨʝʘʣʽʟʫʻ ʦʧʝʨʘʮʽʶ: 

44 xxxxy iii Ö+Ö= , 

ʫ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʫ ʟʥʘʢʦʚʦʤʫ ʨʦʟʨʷʜʽ 4x  ʦʜʠʥʠʮʽ (ʚʽʜôʻʤʥʝ ʯʠʩʣʦ) 

ʢʦʜ ʧʦʨʦʟʨʷʜʥʦ ʽʥʚʝʨʪʫʻʪʴʩʷ, ʘ ʧʨʠ 4 0x =  ʧʝʨʝʜʘʻʪʴʩʷ ʙʝʟ ʟʤʽʥ. 

ʋ ʙʘʛʘʪʴʦʭ ʩʝʨʽʷʭ ʪʘʢʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ 

ʤʽʢʨʦʩʭʝʤʽ ʃʇ5. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ ʨʦʟʨʦʙʢʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʢʦʜʽʚ. 

ʇʨʠʢʣʘʜ 4.2. ʉʪʚʦʨʠʪʠ ʧʝʨʝʪʚʦʨʶʚʘʯ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʚ ʧʨʷʤʠʡ ʢʦʜ 

ʩʝʤʠʩʝʛʤʝʥʪʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʮʠʬʨ ʜʝʩʷʪʢʦʚʦʾ ʩʠʩʪʝʤʠ 

ʯʠʩʣʝʥʥʷ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʋʤʦʚʥʝ ʨʦʟʤʽʱʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʽʚ ʤʘʪʨʠʮʽ ʩʝʤʠʩʝʛʤʝʥʪʥʦʛʦ 

ʽʥʜʠʢʘʪʦʨʘ ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩ. 4.13. 
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ʈʠʩ. 4.13. ʋʤʦʚʥʝ ʨʦʟʤʽʱʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʽʚ ʤʘʪʨʠʮʽ ʩʝʤʠʩʝʛʤʝʥʪʥʦʛʦ 

ʽʥʜʠʢʘʪʦʨʘ 

 

ʊʘʙʣʠʮʷ 4.4. ʊʘʙʣʠʮ ̫ʽʩʪʠʥʥʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʴʦʛʦ, ʩʪʚʦʨʶʻʪʴʩʷ ʪʘʙʣʠʮ ̫ ʽʩʪʠʥʥʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

(ʪʘʙʣ. 4.4), ʧʨʠʧʠʩʫʶʯʠ ʟʥʘʯʝʥʥʷ ʣʦʛʽʯʥʦʾ ñ1ò ʪʦʤʫ ʩʚʽʪʣʦʜʽʦʜʦʚʽ, ʱʦ 

ʟʘʩʚʽʯʫʻʪʴʩʷ ʧʨʠ ʚʽʜʦʙʨʘʞʝʥʥʽ ʮʠʬʨʠ, ʪʘ ʣʦʛʽʯʥʦʛʦ ñ0ò ï ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʚʠʧʘʜʢʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʙʣ. 4.4, ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʨʦʙʦʪʠ 

ʢʦʞʥʦʛʦ ʩʚʽʪʣʦʜʽʦʜʘ ʫ ɼɼʅʌ: 

0 2 3 5 6 7 8 9 1, 4 ;

0,1, 2, 3, 4, 7, 8, 9 5,6 ;

0 1 3 4 5 6 7 8 9 2 ;

0,2,3,5,6,8,9 1,4,7 ;

0,2,6,8 1,3,4,5,7,9 ;

0, 4, 5, 6, 8, 9 1, 2, 3, 7 ;

2 3 4 5 6 8 9 0,1, 7

a
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= =
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ɼʘʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʢʦʜʽʚ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʙʘʟʠʩʽ ʃɽ ɯ-ɸɹʆ-

ʅɯ. 

ʇʨʦʝʢʪʦʚʘʥʠʤ ʢʦʤʙʽʥʘʮʽʡʥʠʤ ʧʨʠʩʪʨʦʻʤ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʙʽʥʘʮʽʾ 

ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʚʽʜ 1010 ʜʦ 1111, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʝʩʷʪʢʦʚʽ ʯʠʩʣʘ ʚʽʜ 10 ʜʦ 

15, ʪʦʙʪʦ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʦʙʦʪʫ ʩʚʽʪʣʦʜʽʦʜʽʚ ʩʝʤʠʩʝʛʤʝʥʪʥʦʛʦ 

ʽʥʜʠʢʘʪʦʨʘ, ʻ ʥʝʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʝʥʠʤʠ. ɼʦʚʠʟʥʘʯʠʚʰʠ ʾʭ ʦʜʠʥʠʮʷʤʠ ʽ 

ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʜʘʥʠʤʠ ʪʘʙʣ. 4.4, ʧʨʝʜʩʪʘʚʣʷʻʤʦ ʢʦʞʥʫ ʣʦʛʽʯʥʫ ʬʫʥʢʮʽʶ ʫ 

ʚʠʛʣʷʜʽ ʢʘʨʪʠ ʂʘʨʥʦ (ʨʠʩ. 4.14) ʪʘ ʤʽʥʽʤʽʟʫʻʤʦ ʾʭ. 

 

ʈʠʩ. 4.14. ʂʘʨʪʠ ʂʘʨʥʦ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʩʝʤʠʩʝʛʤʝʥʪʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ 
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ʇʽʩʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʟʥʘʭʦʜʠʤʦ: 

12312013
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01212301023

0123
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xxxxxxxxg
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xxxxxxe

xxxxxxxxxxxd
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xxxxxxb
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ʊʘʙʣ. 4.4 ʚʽʜʧʦʚʽʜʘʻ ʣʦʛʽʮʽ ʨʦʙʦʪʠ ʜʝʰʠʬʨʘʪʦʨʘ ʂ564ʀɼ5 (CD4056BE, 

HCC4056BD, TC4056BF). ʋʤʦʚʥʝ ʛʨʘʬʽʯʥʝ ʧʦʟʥʘʯʝʥʥʷ ʜʝʰʠʬʨʘʪʦʨʘ ʂ564ʀɼ5 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.15. 

 

ʈʠʩ. 4.15. ʋʤʦʚʥʝ ʛʨʘʬʽʯʥʝ ʧʦʟʥʘʯʝʥʥʷ ʜʝʰʠʬʨʘʪʦʨʘ ʂ564ʀɼ5 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʢʦʜʽʚ ʧʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʪʘʙʣʠʮʶ 

ʽʩʪʠʥʥʦʩʪʽ ʡʦʛʦ ʨʦʙʦʪʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ. ʇʝʨʰʘ ʟ ʥʠʭ ï ʮʝ 

ʪʘʙʣʠʮʷ ʧʝʨʝʙʦʨʫ ʟʤʽʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʥʦʛʦ ʢʦʜʫ, ʘ ʜʨʫʛʘ ï ʮʝ ʪʘʙʣʠʮʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʤʽʥʥʠʭ ʦʪʨʠʤʫʚʘʥʦʛʦ ʢʦʜʫ.  

ʇʨʠʢʣʘʜ 4.3. ʈʦʟʨʦʙʠʪʠ ʣʦʛʽʯʥʫ ʩʭʝʤʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʨʷʤʦʛʦ 

ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʚ ʜʦʧʦʚʥʶʶʯʠʡ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɼʦʧʦʚʥʶʶʯʠʡ ʢʦʜ ʦʪʨʠʤʫʻʪʴʩʷ ʽʥʚʝʨʪʫʚʘʥʥʷʤ ʢʦʞʥʦʛʦ 

ʨʦʟʨʷʜʫ ʧʨʷʤʦʛʦ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʽ ʜʦʜʘʚʘʥʥʷʤ ʜʦ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ 

ʦʜʠʥʠʮʽ ʰʣʷʭʦʤ ʜʚʽʡʢʦʚʦʾ ʘʨʠʬʤʝʪʠʢʠ. 

ʂʘʨʪʠ ʂʘʨʥʦ ʜʣʷ ʚʠʭʽʜʥʠʭ ʬʫʥʢʮʽʡ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʨʷʤʦʛʦ ʜʚʽʡʢʦʚʦʛʦ 

ʢʦʜʫ ʚ ʜʦʧʦʚʥʶʶʯʠʡ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.16. 
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ʈʠʩ. 4.16. ʂʘʨʪʠ ʂʘʨʥʦ ʜʣʷ ʚʠʭʽʜʥʠʭ ʬʫʥʢʮʽʡ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʨʷʤʦʛʦ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʚ 

ʜʦʧʦʚʥʶʶʯʠʡ 

 

ʄʽʥʽʤʽʟʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ: 

0 0 0

1 0 1 0 1 0 1

2 0 2 1 2 0 1 2 0 1 2

3 2 3 0 3 1 3 0 1 2 3 0 1 2 3

0 ;

;

( ) ;

( ) .

d x x

d x x x x x x

d x x x x x x x x x x

d x x x x x x x x x x x x x x

= = Ä

= Ö + Ö = Ä

= Ö + Ö + Ö Ö = + Ä

= Ö + Ö + Ö + Ö Ö Ö = + + Ä

 

ɿ ʘʥʘʣʽʟʫ ʧʨʠʚʝʜʝʥʠʭ ʬʦʨʤʫʣ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʬʫʥʢʮʽʾ ʜʣʷ 

-̔ʛʦ ʨʦʟʨʷʜʫ ʚʠʭʽʜʥʦʾ ʬʫʥʢʮʽʾ: 

.)...( 110 iii xxxxd Ä+++= -  

ʗʢ ʚʠʪʽʢʘʻ ʟ ʦʜʝʨʞʘʥʠʭ ʬʦʨʤʫʣ, ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʨʦʟʨʷʜʥʦʩʪʽ ʬʦʨʤʫʣʘ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʚʠʭʽʜʥʦʾ ʬʫʥʢʮʽʾ id  ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʽ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʘʢʪʠʯʥʦ ʩʪʘʻ ʥʝʜʦʮʽʣʴʥʠʤ. ʊʦʤʫ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʨʷʜʽʚ ʜʦʧʦʚʥʶʶʯʦʛʦ 

ʢʦʜʫ ʙʽʣʴʰ ʝʢʦʥʦʤʥʠʤ ʜʣʷ ʙʘʛʘʪʦʨʦʟʨʷʜʥʠʭ ʯʠʩʝʣ ʚʠʷʚʣʷʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʭ 

ʫ ʟʚʦʨʦʪʥʠʡ ʢʦʜ ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʜʦʜʘʚʘʥʥʷʤ ʦʜʠʥʠʮʽ ʜʦ ʤʦʣʦʜʰʦʛʦ ʨʦʟʨʷʜʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʤʘʪʦʨʘ. 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʮʽ ʦʧʝʨʘʮʽʾ 

ʥʘʟʠʚʘʶʪʴ ʰʠʬʨʫʚʘʥʥʷʤ ʘʙʦ ʜʝʰʠʬʨʫʚʘʥʥʷʤ (ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ 
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ʪʝʨʤʽʥʦʣʦʛʽʷ ʢʦʜʫʚʘʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ). ʐʠʬʨʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʪʚʦʨʝʥʥʽ 

m-ʨʦʟʨʷʜʥʦʛʦ ʢʦʜʫ ʟ km ʙʘʡʜʫʞʠʭ ʥʘʙʦʨʽʚ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʚ ʦʜʥʦʟʥʘʯʥʦ 

ʚʽʜʧʦʚʽʜʥʠʡ ʡʦʤʫ n-ʨʦʟʨʷʜʥʠʡ ʢʦʜ ʟ ʤʝʥʰʠʤ ʯʠʩʣʦʤ ʨʦʟʨʷʜʽʚ (n < m) ʽ 

ʙʘʡʜʫʞʠʭ ʥʘʙʦʨʽʚ. ʇʽʜ ʙʘʡʜʫʞʠʤʠ ʥʘʙʦʨʘʤʠ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʢʦʜʽ ʤʘʶʪʴʩʷ ʥʘ 

ʫʚʘʟʽ ʪʽ ʥʘʙʦʨʠ, ʷʢʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ. ʇʨʠʩʪʨʦʾ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴ ʚʢʘʟʘʥʽ ʦʧʝʨʘʮʽʾ, ʥʘʟʠʚʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʰʠʬʨʘʪʦʨʘʤʠ ʪʘ 

ʜʝʰʠʬʨʘʪʦʨʘʤʠ (ʢʦʜʝʨʘʤʠ ʪʘ ʜʝʢʦʜʝʨʘʤʠ). 

ʇʨʠʢʣʘʜ 4.4. ʈʦʟʨʦʙʠʪʠ ʩʭʝʤʫ ʰʠʬʨʘʪʦʨʘ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʝʩʷʪʢʦʚʦʛʦ 

ʢʦʜʫ ʟ ʢʣʘʚʽʘʪʫʨʠ ʢʘʣʴʢʫʣʷʪʦʨʘ ʚ ʚʽʜʧʦʚʽʜʥʠʡ ʡʦʤʫ ʜʚʽʡʢʦʚʦ-ʜʝʩʷʪʢʦʚʠʡ ʢʦʜ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʇʨʠʡʤʝʤʦ, ʱʦ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʚʽʜʧʦʚʽʜʥʦʾ ʢʣʘʚʽʰʽ (0...9) 

ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ ʯʦʪʠʨʴʦʭʨʦʟʨʷʜʥʠʡ 

ʜʚʽʡʢʦʚʠʡ ʢʦʜ ʚʽʜ 0000 ʜʦ 1001. ʊʘʙʣʠʮʷ ʰʠʬʨʘʪʦʨʘ ñʟ 10 ʚ 4ò (ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʜʝʰʠʬʨʘʪʦʨʘ ñʟ 4 ʚ 10ò) ʧʨʠʚʦʜʠʪʴʩʷ ʥʠʞʯʝ (ʪʘʙʣ. 4.5). ɿ ʪʘʙʣ. 4.5 ʚʠʪʽʢʘʻ, ʱʦ 

ʜʣʷ ʢʦʞʥʦʾ ʢʣʘʚʽʰʽ ʚʭʽʜʥʦʛʦ ʢʦʜʫ ʭʘʨʘʢʪʝʨʥʦʶ ʻ ʣʠʰʝ ʦʜʥʘ ʟ ʤʦʞʣʠʚʠʭ 

ʢʦʤʙʽʥʘʮʽʡ 1 ʪʘ 0. ɼʦ ʨʝʰʪʠ ʢʦʤʙʽʥʘʮʽʡ ʧʨʦʝʢʪʦʚʘʥʠʡ ʢʦʜʝʨ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʙʘʡʜʫʞʠʤ. 

ɸʥʘʣʦʛʽʯʥʦ, ʫ ʚʠʭʽʜʥʠʭ ʢʦʤʙʽʥʘʮʽʷʭ ʟʥʘʯʝʥʴ 3 2 1 0y y y y  ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʙʦʨʠ ʚʽʜ 1010 ʜʦ 1111. 

ʊʘʙʣʠʮʷ 4.4. ʊʘʙʣʠʮ ̫ʽʩʪʠʥʥʦʩʪʽ ʰʠʬʨʘʪʦʨʘ 

 

ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʬʦʨʤʫʣ: 
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.

;

;

;

983

76542

76321

975310

xxy

xxxxy

xxxxy

xxxxxy
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++++=

 

ʊʘʙʣ. 4.5 ʙʣʠʟʴʢʘ ʜʦ ʪʘʙʣʠʮʽ ʩʪʘʥʽʚ ʰʠʬʨʘʪʦʨʘ ʂ555ʀɺ3 ʟ ʪʽʻʶ ʣʠʰʝ 

ʨʽʟʥʠʮʝʶ, ʱʦ ʚʠʭʦʜʠ ʦʩʪʘʥʥʴʦʛʦ y0éy3 ï ʽʥʚʝʨʪʦʚʘʥʽ. 

ɼʦ ʩʢʣʘʜʫ ʢʦʜʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʯʘʩʪʦ ʚʭʦʜʠʪʴ ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʜʽʣʝʥʥʷ 

ʩʪʘʨʰʦʾ ʦʜʠʥʠʮʽ. ʈʦʙʦʪʘ ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʜʠʥʠʮʷ ʥʘ ʚʠʭʦʜʽ 

-̔ʛʦ ʨʦʟʨʷʜʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʜʠʥʠʮʽ ʥʘ ʡʦʛʦ ʚʭʦʜʽ ʤʦʞʣʠʚʘ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʥʘ 

ʚʭʦʜʘʭ ʚʩʽʭ ʩʪʘʨʰʠʭ ʨʦʟʨʷʜʽʚ ʤʘʶʪʴ ʤʽʩʮʝ ʥʫʣʽ. ʊʦʙʪʦ ʜʣʷ ʯʦʪʠʨʴʦʭʨʦʟʨʷʜʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʣʦʚʘ x3 x2 x1 x0 ʚ y3 y2 y1 y0 ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʨʘʚʝʜʣʠʚʠʤʠ 

ʥʘʩʪʫʧʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

3 3

2 2 3

1 1 2 3

0 0 1 2 3

;

;

;

.

y x

y x x

y x x x

y x x x x

=

= Ö

= Ö Ö

= Ö Ö Ö

 

ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʷʢ ʤʦʜʫʣʷ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʥʘʨʦʱʫʚʘʥʥʷ ʨʦʟʨʷʜʥʦʩʪʽ ʡʦʛʦ ʜʦʧʦʚʥʶʶʪʴ ʚʭʽʜʥʠʤ ʜʦʟʚʦʣʷʶʯʠʤ ʩʠʛʥʘʣʦʤ e ʽ 

ʚʠʭʽʜʥʠʤ ʜʦʟʚʦʣʷʶʯʠʤ ʩʠʛʥʘʣʦʤ q. 

ʊʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʦʜʫʣʷ ʥʘ ʙʘʟʽ ʊʊʃ-ʝʣʝʤʝʥʪʽʚ ɯ-ʅɯ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 4.17. 
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ʈʠʩ. 4.17. ʊʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʩʪʘʨʰʦʾ ʦʜʠʥʠʮʽ 

 

ʃʦʛʽʢʘ ʨʦʙʦʪʠ ʩʭʝʤʠ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʘʤʠ: 

3210

321032100

3213211

32322

33

xxxxeq

xxxxeyyyexy

xxxeyyexy

xxeyexy

exy

ÖÖÖÖ=

ÖÖÖÖ=ÖÖÖÖ=

ÖÖÖ=ÖÖÖ=

ÖÖ=ÖÖ=

Ö=

 

ʗʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʣʦʚʘ, ʨʦʟʨʷʜʥʽʩʪʴ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ ʨʦʟʨʷʜʥʽʩʪʴ 

ʤʦʜʫʣʷ, ʪʦ ʚʦʥʠ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ ʛʨʫʧʠ, ʷʢʽ ʧʦʻʜʥʫʶʪʴʩʷ ʟʘʚʜʷʢʠ ʚʠʭʦʜʫ q 

ʩʪʘʨʰʦʾ ʛʨʫʧʠ ʽ ʚʭʦʜʫ ʝ ʤʦʣʦʜʰʦʾ. ʇʽʜʢʣʶʯʝʥʥʷ ʜʦ ʚʠʭʦʜʫ ʧʨʠʚʝʜʝʥʦʾ ʩʭʝʤʠ 

ʰʠʬʨʘʪʦʨʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ, ʥʘʧʨʠʢʣʘʜ, ʪʘʙʣ. 3.6, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ 

ʩʭʝʤʫ, ʷʢʘ ʧʝʨʝʪʚʦʨʶʻ ʙʽʪ ʩʪʘʨʰʦʾ ʦʜʠʥʠʮʽ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʜʚʽʡʢʦʚʠʡ ʢʦʜ. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʪʘʢʘ ʩʭʝʤʘ ʚʠʟʥʘʯʘʪʠʤʝ ʫ ʜʚʽʡʢʦʚʦʤʫ ʢʦʜʽ ʥʦʤʝʨ ʙʽʪʫ 

ʥʘʡʩʪʘʨʰʦʾ ʦʜʠʥʠʮʽ. 

ʇʨʽʦʨʠʪʝʪʥʽ ʰʠʬʨʘʪʦʨʠ ʟʥʘʭʦʜʷʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʤʝʨʫ 

ʧʨʠʩʪʨʦʶ, ʱʦ ʧʦʜʘʻ ʩʠʛʥʘʣ ʟʘʧʠʪʫ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʽʚ ʪʘ ʥʦʤʝʨʽʚ ʚʠʤʠʢʘʯʽʚ ʫ ʩʭʝʤʘʭ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʽʥʰʝ. 
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ɼʝʰʠʬʨʘʪʦʨʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚʝʨʥʝʥʥʷ ʜʦ ʪʠʭ 

ʯʠ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ ï ʥʘʧʨʠʢʣʘʜ, ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʘʤôʷʪʽ. 

ɼʝʰʠʬʨʘʪʦʨʠ-ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʠ 

ɼʝʤʫʣʴʪʠʧʣʝʢʩʦʨʠ ï ʮʝ ʮʠʬʨʦʚʽ ʢʦʤʙʽʥʘʮʽʡʥʽ ʧʨʠʩʪʨʦʾ, ʚ ʷʢʠʭ ʩʠʛʥʘʣʠ ʟ 

ʦʜʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʭʦʜʫ ʭ  ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 2
m
 ʚʠʭʦʜʽʚ yi , ʷʢʽ 

ʢʦʤʫʪʫʶʪʴʩʷ m ʘʜʨʝʩʥʠʤʠ ʚʭʦʜʘʤʠ, ʪʦʙʪʦ ʬʘʢʪʠʯʥʦ ʚʦʥʠ ʻ ʛʝʥʝʨʘʪʦʨʘʤʠ 

ʤʽʥʪʝʨʤʽʚ. ɿʘʚʜʷʢʠ ʮʽʡ ʚʣʘʩʪʠʚʦʩʪʽ ʣʝʛʢʦ ʩʪʚʦʨʶʚʘʪʠ ʢʘʥʦʥʽʯʥʽ ʩʫʤʠ, ʪʦʙʪʦ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ɸɹʆ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʚʭʽʜʥʠʭ 

ʟʤʽʥʥʠʭ. 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ ʢʽʣʴʢʽʩʪʴ ʘʜʨʝʩʥʠʭ ʚʭʦʜʽʚ m = 2 (ʨʠʩ. 4.18), ʪʦ ʨʦʙʦʪʫ 

ʧʨʠʩʪʨʦʶ ʦʧʠʩʫʚʘʪʠʤʫʪʴ ʙʫʣʝʚʽ ʨʽʚʥʷʥʥʷ (4.4): 

 

103

102

101

100

aaxvy

aaxvy

aaxvy

aaxvy

ÖÖÖ=

ÖÖÖ=

ÖÖÖ=

ÖÖÖ=

. (4.4) 

ʇʨʠʢʣʘʜʦʤ ʪʘʙʣʠʯʥʦʾ ʬʦʨʤʠ ʟʘʧʠʩʫ ʨʦʙʦʪʠ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʘ, ʟʛʽʜʥʦ ʟ 

ʨʽʚʥʷʥʥʷʤʠ (4.4), ʻ ʪʘʙʣ. 4.5. 

ʊʘʙʣʠʮʷ 4.5. ʊʘʙʣʠʯʥʘ ʬʦʨʤʘ ʟʘʧʠʩʫ ʨʦʙʦʪʠ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 

 

ʆʩʦʙʣʠʚʽʩʪʶ ʙʽʣʴʰʦʩʪʽ ʩʝʨʽʡʥʠʭ ʤʽʢʨʦʩʭʝʤ ʻ ʾʭ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. 

ʇʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.18 ʤʽʢʨʦʩʭʝʤʘ DD1 ʜʝʰʠʬʨʘʪʦʨʘ ʧʨʠ 3 0a =   ʚʠʢʦʥʫʚʘʪʠʤʝ 

ʬʫʥʢʮʽʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʨʴʦʭʨʦʟʨʷʜʥʦʛʦ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʫ ʚʽʩʽʤʢʦʚʠʡ. 

ɿʥʘʯʝʥʥʷ 3 1a =   ʧʨʠ ʮʴʦʤʫ ʙʫʜʝ ʟʘʙʦʨʦʥʝʥʦ. ʗʢʱʦ ʥʘ ʚʭʽʜ 3a   ʧʦʜʘʚʘʪʠ 
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ʧʦʩʣʽʜʦʚʥʠʡ ʜʚʽʡʢʦʚʠʡ ʢʦʜ, ʘ ʚʭʦʜʠ 0a , 1a , 2a   ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʘʜʨʝʩʥʽ, ʪʦ 

ʦʜʝʨʞʠʤʦ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨ ñʟ 1 ʥʘ 8ò. 

 

ʈʠʩ. 4.18. ʄʽʢʨʦʩʭʝʤʘ ʜʝʰʠʬʨʘʪʦʨʘ 

 

ʇʨʠʢʣʘʜ 4.5. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʝʰʠʬʨʘʪʦʨ ʂ564ʀɼ1, ʨʦʟʨʦʙʠʪʠ 

ʧʨʠʩʪʨʽʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʚʽʡʢʦʚʦʛʦ ʦʜʥʦʙʘʡʪʥʦʛʦ ʢʦʜʫ, ʟʘʜʘʥʦʛʦ ʚ 

ʧʦʩʣʽʜʦʚʥʦʤʫ ʬʦʨʤʘʪʽ, ʚ ʢʦʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʧʘʨʘʣʝʣʴʥʦʤʫ ʬʦʨʤʘʪʽ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɼʝʰʠʬʨʘʪʦʨ ʂ564ʀɼ1 ï ʮʝ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʯʦʪʠʨʴʦʭʨʦʟʨʷʜʥʦʛʦ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʚ ʧʨʷʤʠʡ ʜʝʩʷʪʢʦʚʠʡ. ɺʽʥ ʤʘʻ ʯʦʪʠʨʠ 

ʚʭʦʜʠ ʨʦʟʨʷʜʽʚ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ (1, 2, 4, 8) ʽ 10 ʚʠʭʦʜʽʚ ʨʦʟʨʷʜʽʚ ʜʝʩʷʪʢʦʚʦʛʦ 

ʢʦʜʫ (0 · 9) (ʨʠʩ. 4.19). ʊʘʙʣ. 4.6 ʻ ʪʘʙʣʠʮʝʶ ʽʩʪʠʥʥʦʩʪʽ ʤʽʢʨʦʩʭʝʤʠ ʽ ʧʦʷʩʥʶʻ ʾʾ 

ʨʦʙʦʪʫ. 

 

 

ʈʠʩ. 4.19. ɼʝʰʠʬʨʘʪʦʨ ʂ564ʀɼ1 
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ʊʘʙʣʠʮʷ 4.6. ʊʘʙʣʠʮ ̫ʽʩʪʠʥʥʦʩʪʽ ʤʽʢʨʦʩʭʝʤʠ 

 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʰʠʬʨʘʪʦʨʘ ʂ564ʀɼ1 ʫ ʷʢʦʩʪʽ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 

ʚʭʦʜʠ 1, 2, 4 ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʘʜʨʝʩʥʽ ʘ0, ʘ1, ʘ2, ʘ ʚʭʽʜ 8 ʷʢ ʚʭʽʜ 

ʜʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦʛʦ ʬʦʨʤʘʪʫ. ʅʘ ʚʠʭʽʜʥʠʭ ʰʠʥʘʭ 0 · 7 ʦʪʨʠʤʫʚʘʪʠʤʝʤʦ 

ʨʦʟʥʝʩʝʥʽ ʚ ʯʘʩʽ ʟʥʘʯʝʥʥʷ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ 8 ʚ 

ʽʥʚʝʨʪʦʚʘʥʦʤʫ ʚʠʜʽ. 

ʅʘ ʨʠʩ. 4.20 ʟʦʙʨʘʞʝʥʽ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʧʨʠ ʧʦʜʘʯʽ ʥʘ 

ʚʭʽʜ 8 ʧʦʩʣʽʜʦʚʥʦʛʦ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ dʽ . 
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ʈʠʩ. 4.20. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʧʨʠ ʧʦʜʘʯʽ ʥʘ ʚʭʽʜ 8 ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ d  ̔

 

ɼʝʰʠʬʨʘʪʦʨʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʾ: 

1,3,4,7y=Ù  

ʜʦʩʪʘʪʥʴʦ ʦʙôʻʜʥʘʪʠ ʚʠʭʦʜʠ 1y , 3y , 4y , 7y   ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʦʪʠʨʴʦʭʚʭʦʜʦʚʦʛʦ 

ʝʣʝʤʝʥʪʘ ɸɹʆ (DD2 ʥʘ ʨʠʩ. 4.18). ʗʢʱʦ ʚʠʭʦʜʠ 0 1ny y -·   ʜʝʰʠʬʨʘʪʦʨʘ 

ʽʥʚʝʨʪʦʚʘʥʽ, ʪʦ ʦʙôʻʜʥʘʥʥʷ ʚʠʭʦʜʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʜʠʟôʶʥʢʮʽʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʦʧʝʨʘʮʽʶ ɯ-ʅɯ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʝʰʠʬʨʘʪʦʨʽʚ ʷʢ ʛʝʥʝʨʘʪʦʨʽʚ ʤʽʥʪʝʨʤʽʚ ʢʦʨʠʩʥʦ ʚ ʪʠʭ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʝʰʠʬʨʘʪʦʨʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʚʽʜʧʘʜʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ ʤʽʥʽʤʽʟʘʮʽʾ. ɹʽʣʴʰ ʪʦʛʦ, ʾʭ ʥʝʦʙʭʽʜʥʦ ʧʨʠʚʦʜʠʪʠ ʜʦ ʜʦʩʢʦʥʘʣʦʾ 

ʜʠʟôʶʥʢʪʠʚʥʦʾ ʬʦʨʤʠ. 
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ʇʨʠʢʣʘʜ 4.6. ʂʦʤʙʽʥʘʮʽʡʥʘ ʩʭʝʤʘ ʚʠʟʥʘʯʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʠʭ 

ʨʽʚʥʷʥʴ: 

1 1 2 1 2 3

2 1 2 3

3 1 2 1 2 3

;

;

.

y x x x x x

y x x x

y x x x x x

= +

= + +

= +

 

ʈʦʟʨʦʙʠʪʠ ʩʭʝʤʫ, ʱʦ ʨʝʘʣʽʟʫʻ ʮʽ ʪʨʠ ʨʽʚʥʷʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʰʠʬʨʘʪʦʨʘ ʪʘ 

ʟʦʚʥʽʰʥʽʭ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʧʝʨʝʪʚʦʨʠʤʦ ʬʫʥʢʮʽʶ ʜʦ ʚʠʛʣʷʜʫ: 

1 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

2 1 2 3 1 2 3

3 1 2 3 1 2 3 1 2 3

;

;

.

y x x x x x x x x x x x x x x x x x x

y x x x x x x

y x x x x x x x x x

= + + = Ö Ö

= + + =

= Ö Ö

 

ɯʟ ʧʨʠʚʝʜʝʥʠʭ ʬʫʥʢʮʽʡ ʙʘʯʠʤʦ: 

1) ʬʫʥʢʮʽʷ ʫ2 ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʦʛʦ ʽʥʚʝʨʪʦʨʘ, 

ʧʽʜʢʣʶʯʝʥʦʛʦ ʜʦ ʚʠʭʦʜʫ, ʚʽʜʧʦʚʽʜʥʦʛʦ 3 2 1 2 10100 4x x x = =  ; 

2) ʬʫʥʢʮʽʷ ʫ1 ʦʪʨʠʤʫʻʪʴʩʷ ʦʙôʻʜʥʘʥʥʷʤ ʯʝʨʝʟ ʝʣʝʤʝʥʪ 3ɯ-ʅɯ ʚʠʭʦʜʽʚ, 

ʚʽʜʧʦʚʽʜʥʠʭ 3 2 1 2 10111 7x x x = = ; 3 2 1 2 10011 3x x x = = ; 3 2 1 2 10000 0x x x = = ; 

3) ʘʥʘʣʦʛʽʯʥʦ, ʬʫʥʢʮʽʷ ʫ3 ʦʪʨʠʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʦʙôʻʜʥʘʥʥʷ ʚʠʭʦʜʽʚ, ʥʦʤʝʨʠ 

ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ 3 2 1 2 10110 6x x x = = ; 3 2 1 2 10010 2x x x = = ; 3 2 1 2 10101 5x x x = = , ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʤʝʥʪʘ 3ɯ-ʅɯ. 

ɺʠʢʦʨʠʩʪʘʻʤʦ ʤʽʢʨʦʩʭʝʤʫ ʂ1533ʃɽ4 (ʘʙʦ ʾʾ ʟʘʨʫʙʽʞʥʽ ʘʥʘʣʦʛʠ ï 7427PC, 

DM7427N, ECG7427, FLH621, MC7427N, SN7427N, SN66N). ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ, 

ʷʢʘ ʨʝʘʣʽʟʫʻ ʚʢʘʟʘʥʽ ʬʫʥʢʮʽʾ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.21. 
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ʈʠʩ. 4.21. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʚʢʘʟʘʥʽ ʬʫʥʢʮʽʾ 

 

ʅʘʨʦʱʫʚʘʥʥʷ ʜʝʰʠʬʨʘʪʦʨʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘ ʪʠʭ ʩʘʤʠʭ ʧʨʠʥʮʠʧʘʭ, ʱʦ ʽ 

ʥʘʨʦʱʫʚʘʥʥʷ ʤʫʣʴʪʠʧʣʝʢʩʦʨʽʚ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 4.22 ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ñʟ 4 ʚ 16ò. ʅʘʚʝʜʝʥʘ ʩʭʝʤʘ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʥʽ 

ʚʠʜʠ ʢʦʜʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʝʦʙʭʽʜʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ, 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽ ʚʠʭʦʜʠ 0 15y y·  ʩʭʝʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʙʨʘʥʦʤʫ ʢʦʜʫ. ʇʨʠ ʧʽʨʘʤʽʜʘʣʴʥʦʤʫ ʥʘʨʦʱʫʚʘʥʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʢʦʜʽʚ 

ʦʨʛʘʥʽʟʘʮʽʷ ʩʭʝʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 

ʈʠʩ. 4.22. ʉʭʝʤʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ñʟ 4 ʚ 16ò 
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ʅʘ ʨʠʩ. 4.23 ʧʨʠʚʦʜʠʪʴʩʷ ʧʨʠʢʣʘʜ ʩʪʚʦʨʝʥʥʷ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʥʘ 

32 ʚʠʭʦʜʠ ʥʘ ʙʘʟʽ ʤʽʢʨʦʩʭʝʤʠ ʂ1533ʀɼ4 (ʟʘʨʫʙʽʞʥʽ ʘʥʘʣʦʛʠ ï 74155PC, 

UCY74155N). ʉʭʝʤʦʪʝʭʥʽʯʥʦ ʤʽʢʨʦʩʭʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʝʢʮʽʡ, Y ʪʘ E, 

ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʽʥʚʝʨʩʥʠʡ ʚʭʽʜ V, ʦʙôʻʜʥʘʥʠʡ ʟ ʧʨʷʤʠʤ ʪʘ ʽʥʚʝʨʩʥʠʤ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʚʭʦʜʘʤʠ  Y  ʪʘ  ɽ ʯʝʨʝʟ ʚʭʽʜʥʠʡ ʝʣʝʤʝʥʪ  ɯ. ʆʙʠʜʚʽ ʩʝʢʮʽʾ 

ʤʘʶʪʴ ʦʙôʻʜʥʘʥʽ ʘʜʨʝʩʥʽ ʚʭʦʜʠ 0A , 1A . 

ʇʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʘ ʚʭʦʜʘʭ 1V  i 2V  ʥʠʟʴʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʨʽʚʥʷ ʩʠʛʥʘʣʠ, ʱʦ 

ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʚʭʦʜʠ Y  ʪʘ  ɽ, ʧʝʨʝʜʘʚʘʪʠʤʫʪʴʩʷ ʥʘ ʩʚʦʾ ʚʠʭʦʜʠ 0 3Y Y·   ʪʘ 0 3E E·   

ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʤʽʥʠ ʘʜʨʝʩʽʚ. ʗʢʱʦ ʚʭʦʜʠ Y  ʪʘ ɽ  ʦʙôʻʜʥʘʪʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 3.33 ʚ ʤʽʢʨʦʩʭʝʤʘʭ DD2, DD5, ʪʦ ʟôʻʜʥʘʥʥʷ ʚʭʦʜʽʚ Y  ʥʘʜʘʩʪʴ ʥʘʤ 

ʤʦʞʣʠʚʽʩʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʩʭʝʤʫ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ñʟ 1 ʥʘ 8ò. ʇʨʠ  ʟʘʙʝʟʧʝʯʝʥʥʽ 

x = 0 ʩʭʝʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.23, ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʜʝʰʠʬʨʘʪʦʨ ñʟ 5 ʥʘ 

32ò. ʗʢʱʦ ʚ ʤʽʢʨʦʩʭʝʤʽ DD1 ʦʙôʻʜʥʘʪʠ ʚʭʦʜʠ Y ʪʘ ɽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʜʨʝʩʥʦʾ 

ʰʠʥʠ 5a  , ʪʦ ʧʨʠ ʥʫʣʴʦʚʠʭ ʩʠʛʥʘʣʘʭ ʥʘ ʚʭʦʜʘʭ 1V  ʪʘ 2V  i ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʥʘʨʦʱʝʥʥʽ ʚʠʭʽʜʥʠʭ ʤʽʢʨʦʩʭʝʤ ʦʜʝʨʞʠʤʦ ʜʝʰʠʬʨʘʪʦʨ ñʟ 6 ʥʘ 64ò. 



 98 

 

ʈʠʩ. 4.23. ʧʨʠʢʣʘʜ ʩʪʚʦʨʝʥʥʷ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʥʘ 32 ʚʠʭʦʜʠ ʥʘ ʙʘʟʽ ʤʽʢʨʦʩʭʝʤʠ 

ʂ1533ʀɼ4 

 

ʆʢʨʽʤ ʨʦʟʛʣʷʥʫʪʠʭ ʦʙʣʘʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʢʦʜʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ʚʠʩʪʫʧʘʶʪʴ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʢʝʨʫʶʯʠʭ ʘʚʪʦʤʘʪʽʚ. ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʦʥʠ ʟʥʘʭʦʜʷʪʴ ʫ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʷʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. 

ʅʘ ʨʠʩ. 4.24 ʧʨʠʚʝʜʝʥʽ ʜʚʘ ʚʘʨʽʘʥʪʠ ʟʘʩʝʢʨʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 
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ʈʠʩ. 4.24. ɺʘʨʽʘʥʪʠ ʟʘʩʝʢʨʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

 

ʉʧʦʩʽʙ ʧʝʨʝʩʪʘʥʦʚʢʠ ʟ ʜʦʧʦʤʦʛʦʶ ʚʥʫʪʨʽʰʥʽʭ ʢʦʤʫʪʘʪʦʨʽʚ (ʨʠʩ. 4.24, ʘ) 

ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ n-ʚʭʦʜʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʚʦʨʠʪʠ n!  ʤʦʞʣʠʚʠʭ 

ʚʘʨʽʘʥʪʽʚ. ʉʧʦʩʽʙ ʧʽʜʩʪʘʥʦʚʢʠ (ʨʠʩ. 4.24, ʙ) ʨʦʟʰʠʨʶʻ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ, ʘʜʞʝ 

ʧʝʨʝʩʪʘʥʦʚʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʦʛʦ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ. 

ʂʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʟôʻʜʥʘʥʴ ʟ ʜʦʧʦʤʦʛʦʶ ʢʦʤʫʪʘʪʦʨʘ ʉʆʄ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ 2
n
! . ɿʚʦʨʦʪʥʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʣʦʢʦʤ 

ʟʽ ʟʚʦʨʦʪʥʽʤ ʟʘʢʦʥʦʤ ʧʝʨʝʩʪʘʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʜʽʙʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʢʨʠʪʦ ʧʝʨʝʜʘʚʘʪʠ ʪʘ ʟʙʝʨʽʛʘʪʠ ʢʦʥʬʽʜʝʥʮʽʡʥʫ ʪʘ ʩʝʢʨʝʪʥʫ 

ʽʥʬʦʨʤʘʮʽʶ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ʈʷʙʝʥʴʢʠʡ ɺ.ʄ., ɾʫʡʢʦʚ ɺ.ʗ., ɻʫʣʠʡ ɺ.ɼ. ʎʠʬʨʦʚʘ ʩʭʝʤʦʪʝʭʥʽʢʘ: 

ʅʘʚʯ. ʧʦʩʽʙʥʠʢ. ï ʃɹ ʚʽʚ: ʅʦʚʠʡ ʩʚʽʪ ï 2000, 2009, ï 736 ʩ. 
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ʃʝʢʮʽʷ ˉ5 

ʉʫʤʘʪʦʨʠ 

ʅʘʡʧʨʦʩʪʽʰʦʶ ʩʭʝʤʦʶ ʻ ʥʘʧʽʚʩʫʤʘʪʦʨ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʦʧʝʨʘʮʽʶ 

ʟʥʘʭʦʜʞʝʥʥʷ ʩʫʤʠ ʜʚʦʭ ʦʜʥʦʨʦʟʨʷʜʥʠʭ ʩʣʽʚ [1]. 

ʈʦʙʦʪʫ ʥʘʧʽʚʩʫʤʘʪʦʨʘ ʦʧʠʩʫʻ ʪʘʙʣ. 5.1, ʟ ʷʢʦʾ ʟʥʘʭʦʜʠʤʦ ʣʦʛʽʯʥʽ ʨʽʚʥʷʥʥʷ 

ʜʣʷ ʩʫʤʠ ʽ ʜʣʷ ʧʝʨʝʥʦʩʫ: 

.

;

00

0000

baP

babaS

Ö=

Ö+Ö=
 

ʊʘʙʣʠʮʷ 5.1. ʆʧʠʩ ʣʦʛʽʢʠ ʨʦʙʦʪʠ ʥʘʧʽʚʩʫʤʘʪʦʨʘ 

 

ʇʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʩʫʤʠ ʙʘʛʘʪʦʨʦʟʨʷʜʥʠʭ ʩʣʽʚ ʥʘʧʽʚʩʫʤʘʪʦʨ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʣʠʰʝ ʚ ʤʦʣʦʜʰʦʤʫ ʨʦʟʨʷʜʽ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʩʫʤʠ ʩʪʘʨʰʠʭ 

ʨʦʟʨʷʜʽʚ ʩʭʝʤʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʪʨʠ ʚʭʦʜʠ ï ʜʚʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʽ ʪʨʝʪʽʡ ï ʚʭʽʜ 

ʧʝʨʝʥʦʩʫ ʟ ʤʦʣʦʜʰʠʭ ʨʦʟʨʷʜʽʚ. ʉʭʝʤʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʮʠʤ ʚʠʤʦʛʘʤ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʦʚʥʠʤ ʩʫʤʘʪʦʨʦʤ, ʘ ʣʦʛʽʢʫ ʾʾ ʨʦʙʦʪʠ ʦʧʠʩʫʻ ʪʘʙʣ. 5.2. 

ʊʘʙʣʠʮʷ 5.2. ʆʧʠʩ ʣʦʛʽʢʠ ʨʦʙʦʪʠ ʧʦʚʥʦʛʦ ʩʫʤʘʪʦʨʘ 

 

ɿ ʪʘʙʣ. 5.2 ʟʥʘʭʦʜʠʤʦ ʥʘʩʪʫʧʥʽ ʨʽʚʥʷʥʥʷ: 

1 1

1 11

1, 2, 4, 7 ( ) ( ) ;

3, 5, 6, 7 ( ) ( )

i i i i i i i i i ii

i i i i i i i i i i i i i i ii

S p a b a b p a b a b

P p a b a b a b p a b a b p a b

- -

- --

= = Ö + Ö + Ö + Ö

= = Ö + Ö + Ö + Ö = Ö + Ä

Ù

Ù
 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʦʜʥʦʨʦʟʨʷʜʥʦʛʦ ʧʦʚʥʦʛʦ ʩʫʤʘʪʦʨʘ. 
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ɿʥʘʭʦʜʞʝʥʥʷ ʩʫʤʠ ʙʘʛʘʪʦʨʦʟʨʷʜʥʠʭ ʩʣʽʚ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʷʢ 

ʧʦʩʣʽʜʦʚʥʦ, ʪʘʢ ʽ ʧʘʨʘʣʝʣʴʥʦ. ɼʣʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʧʦʚʥʠʡ ʩʫʤʘʪʦʨ, ʟʘʛʘʣʴʥʠʡ ʜʣʷ ʚʩʽʭ ʨʦʟʨʷʜʽʚ. ɼʣʷ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʩʫʤʠ ʩʣʦʚʘ ʧʦʜʘʶʪʴʩʷ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʦʟʨʷʜʠ ʧʦʩʣʽʜʦʚʥʦ, 

ʧʦʯʠʥʘʶʯʠ ʟ ʤʦʣʦʜʰʠʭ ʨʦʟʨʷʜʽʚ (ʨʠʩ. 5.1). 

 

ʈʠʩ. 5.1. ʉʭʝʤʘ ʜʣʷ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ 

 

ʈʠʩ. 5.2. ʩʭʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ 

ʯʦʪʠʨʴʦʭʨʦʟʨʷʜʥʦʛʦ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʩʫʤʘʪʦʨʘ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʧʝʨʝʥʦʩʦʤ 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʦʧʝʨʘʮʽʾ ʟ ʧʦʧʝʨʝʜʥʽʤ ʨʦʟʨʷʜʦʤ ʚʭʽʜ ʪʘ ʚʠʭʽʜ 

ʧʝʨʝʥʦʩʫ ʦʙôʻʜʥʫʻʪʴʩʷ ʯʝʨʝʟ ʝʣʝʤʝʥʪ ʟʘʪʨʠʤʢʠ DD2. ʎʝʡ ʝʣʝʤʝʥʪ ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʪʨʠʤʢʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʩʠʛʥʘʣʫ Pi +1 ʥʘ ʦʜʠʥ ʪʘʢʪ ʚʠʢʦʥʘʥʥʷ 

ʦʧʝʨʘʮʽʾ. ʉʠʥʭʨʦʥʥʦ ʟ ʽʥʪʝʨʚʘʣʦʤ ʚ ʦʜʠʥ ʪʘʢʪ ʧʦʚʠʥʥʽ ʧʦʜʘʚʘʪʠʩʴ ʽ ʚʭʽʜʥʽ ʜʘʥʽ 

ia , ib . 
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ʇʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʩʫʤʠ ʩʘʤʘ ʧʦ ʩʦʙʽ ʥʝʩʢʣʘʜʥʘ, ʘʣʝ 

ʚʠʤʘʛʘʻ ʩʢʣʘʜʥʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʦ ʪʦʛʦ ʞ, ʧʦʩʣʽʜʦʚʥʝ ʧʦʨʦʟʨʷʜʥʝ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʰʚʠʜʢʦʜʽʶ. 

ʅʘ ʨʠʩ. 5.2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ ʯʦʪʠʨʴʦʭʨʦʟʨʷʜʥʦʛʦ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʩʫʤʘʪʦʨʘ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʧʝʨʝʥʦʩʦʤ. ɼʣʷ ʢʦʞʥʦʛʦ ʨʦʟʨʷʜʫ ʚ ʥʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʢʨʝʤʽ ʦʜʥʦʨʦʟʨʷʜʥʽ ʧʦʚʥʽ ʩʫʤʘʪʦʨʠ, ʷʢʽ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʧʦʩʣʽʜʦʚʥʦ ʧʦ ʚʠʭʦʜʘʭ-ʚʭʦʜʘʭ ʧʝʨʝʥʦʩʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʘʨʘʣʝʣʴʥʫ ʦʜʥʦʯʘʩʥʫ 

ʧʦʜʘʯʫ ʚʩʽʭ ʨʦʟʨʷʜʽʚ ʩʣʽʚ, ʦʧʝʨʘʮʽʷ ʚ -̔ʤʫ ʨʦʟʨʷʜʽ ʧʦʯʠʥʘʻ ʚʠʢʦʥʫʚʘʪʠʩʴ ʪʽʣʴʢʠ 

ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʧʦʩʪʫʧʠʪʴ ʩʠʛʥʘʣ ʧʝʨʝʥʦʩʫ ʟ (-̔1)-ʛʦ ʨʦʟʨʷʜʫ. ʐʚʠʜʢʦʜʽʷ 

ʩʫʤʘʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʦʶ ʟʘʪʨʠʤʦʢ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʧʝʨʝʥʦʩʫ ʟ ʤʦʣʦʜʰʦʛʦ 

ʨʦʟʨʷʜʫ ʥʘ ʚʠʭʽʜ ʩʫʤʘʪʦʨʘ ʩʪʘʨʰʦʛʦ ʨʦʟʨʷʜʫ. 

ɿʘ ʩʭʝʤʦʶ, ʧʨʠʚʝʜʝʥʦʶ ʥʘ ʨʠʩ. 5.2, ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʤʽʢʨʦʩʭʝʤʠ 

ʂ1533ʀʄ3 (ʟʘʨʫʙʽʞʥʽ ʘʥʘʣʦʛʠ ï 7483PC, CDB483E, FLH241, MC7483N, 

N7483N, SN7482AN, UCY7483N), ʫʤʦʚʥʝ ʟʦʙʨʘʞʝʥʥʷ ʷʢʦʾ ʧʨʠʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 5.3 (ʤʽʢʨʦʩʭʝʤʘ DD2). ʄʽʢʨʦʩʭʝʤʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʦʧʝʨʘʮʽʡ 

ʷʢ ʟ ʜʦʜʘʪʥʠʤʠ, ʪʘʢ ʽ ʟ ʚʽʜôʻʤʥʠʤʠ ʯʠʩʣʘʤʠ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ 

ʥʘ ʚʭʽʜ ʨ0 ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʪʠ ʩʠʛʥʘʣ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ. 

 

ʈʠʩ. 5.3. ʋʤʦʚʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʽʢʨʦʩʭʝʤʠ ʂ1533ʀʄ3 

 

ʅʘʨʦʱʫʚʘʥʥʷ ʨʦʟʨʷʜʥʦʩʪʽ ʩʫʤʘʪʦʨʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʩʭʝʤʽ, ʧʨʠʚʝʜʝʥʽʡ ʥʘ 

ʨʠʩ. 5.2. ʊʘʙʣʠʮʷ ʩʪʘʥʽʚ ʜʣʷ ʩʫʤʘʪʦʨʽʚ ʟʘ ʩʚʦʻʶ ʩʫʪʥʽʩʪʶ ʻ ʪʘʙʣʠʮʝʶ ʩʫʤʠ ʜʚʦʭ 

ʯʠʩʝʣ (ʜʠʚ. ʪʘʙʣ. 5.1 ï ʪʘʙʣ. 5.2). ɺʦʥʘ ʤʘʻ ʧʨʦʩʪʠʡ ʚʠʛʣʷʜ ʽ ʟʨʫʯʥʘ ʚ 
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ʢʦʨʠʩʪʫʚʘʥʥʽ ʜʣʷ ʯʠʩʝʣ ʥʝʚʝʣʠʢʦʾ ʨʦʟʨʷʜʥʦʩʪʽ. ʉʫʤʘʪʦʨ ʂ1533ʀʄ3, ʷʢ ʽ ʚʩʽ 

ʢʦʤʙʽʥʘʮʽʡʥʽ ʩʭʝʤʠ, ʤʘʻ ʰʠʨʦʢʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ. ʇʝʨʰ ʟʘ ʚʩʝ, ʚʽʥ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʩʫʤʠ ʯʠʩʝʣ ʟ ʤʝʥʰʦʶ ʨʦʟʨʷʜʥʽʩʪʶ. 

ʉʭʝʤʘ ʚʭʦʜʽʚ-ʚʠʭʦʜʽʚ ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʤʘʥʽʪʥʦʶ. ʁʦʛʦ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ ʜʣʷ ʚʽʜʥʽʤʘʥʥʷ ʜʚʦʭ ʯʠʩʝʣ. ʎʷ ʦʧʝʨʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʜʦʜʘʚʘʥʥʷ ʟʤʝʥʰʫʚʘʥʦʛʦ ʽ ʟʤʝʥʰʫʶʯʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʫ ʜʦʧʦʚʥʶʶʯʦʤʫ 

ʢʦʜʽ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʦʧʝʨʘʮʽʾ ʟʤʝʥʰʫʶʯʝ 3 2 1 0b b b b  ʟ ʜʦʧʦʤʦʛʦʶ ʽʥʚʝʨʪʦʨʽʚ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʟʚʦʨʦʪʥʽʡ ʢʦʜ, ʘ ʧʦʪʽʤ ʜʦ ʥʴʦʛʦ ʧʦ ʚʭʦʜʫ ʨ0 ʜʦʜʘʻʪʴʩʷ 

ʦʜʠʥʠʮʷ. 

ʇʨʠʢʣʘʜ 5.1. ʈʦʟʛʣʷʥʫʪʠ ʤʽʢʨʦʩʭʝʤʫ ʂ1533ʀʄ3. ʇʦʷʩʥʠʪʠ, ʷʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʯʦʪʠʨʴʦʭʨʦʟʨʷʜʥʠʡ ʩʫʤʘʪʦʨ ʜʣʷ ʜʦʜʘʚʘʥʥʷ:  

ʘ) ʜʚʦʭ ʯʦʪʠʨʴʦʭʨʦʟʨʷʜʥʠʭ ʯʠʩʝʣ; 

ʙ) ʜʚʦʭ ʜʚʦʨʦʟʨʷʜʥʠʭ ʪʘ ʜʚʦʭ ʦʜʥʦʨʦʟʨʷʜʥʠʭ ʯʠʩʝʣ; 

ʚ) ʜʚʦʭ ʚʦʩʴʤʠʨʦʟʨʷʜʥʠʭ (ʙʘʡʪʦʚʠʭ) ʯʠʩʝʣ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʜʚʦʭ ʯʦʪʠʨʴʦʭʨʦʟʨʷʜʥʠʭ ʩʣʽʚ ʥʝʦʙʭʽʜʥʦ ʚʭʽʜ 

ʧʝʨʝʥʦʩʫ ʈ0 ʟʘʟʝʤʣʠʪʠ (ʨʠʩ. 5.4). ɺ ʜʚʦʨʦʟʨʷʜʥʦʤʫ ʩʫʤʘʪʦʨʽ ʚʭʦʜʘʤʠ ʻ ɸ1, ɸ2 ʪʘ 

ɺ1, ɺ2, ʘ ʚʠʭʦʜʘʤʠ S1, S2, S3. ʆʩʪʘʥʥʽʡ ʻ ʚʠʭʦʜʦʤ ʧʝʨʝʥʦʩʫ. ɺ ʦʜʥʦʨʦʟʨʷʜʥʦʤʫ 

ʩʫʤʘʪʦʨʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʭʦʜʠ ɸ4, ɺ4, ʘ ʚʠʭʦʜʘʤʠ ʻ  S4 ʪʘ ʈ4 . ʇʨʠ ʜʦʜʘʚʘʥʥʽ 

ʜʚʦʭ ʦʜʥʦʙʘʡʪʦʚʠʭ ʩʣʽʚ ʥʝʦʙʭʽʜʥʦ ʥʘʨʦʩʪʠʪʠ ʜʚʘ ʦʜʥʦʪʠʧʥʠʭ ʩʫʤʘʪʦʨʠ. ʇʨʠ 

ʮʴʦʤʫ ʚʠʭʽʜ ʈ4 ʩʫʤʘʪʦʨʘ ʥʘʧʽʚʙʘʡʪʽʚ ʤʦʣʦʜʰʠʭ ʨʦʟʨʷʜʽʚ ʟôʻʜʥʫʻʪʴʩʷ ʟ ʚʭʦʜʦʤ 

ʈ0 ʩʫʤʘʪʦʨʘ ʥʘʧʽʚʙʘʡʪʽʚ ʩʪʘʨʰʠʭ ʨʦʟʨʷʜʽʚ ʩʣʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ. 

 

ʈʠʩ. 5.4. ʋʤʦʚʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʭʝʤʠ ʩʫʤʘʪʦʨʘ ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʜʚʦʭ 

ʯʦʪʠʨʴʦʭʨʦʟʨʷʜʥʠʭ ʩʣʽʚ 
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ʆʧʝʨʘʮʽʾ ʟʥʘʭʦʜʞʝʥʥʷ ʩʫʤʠ ʪʘ ʨʽʟʥʠʮʽ ʤʦʞʥʘ ʧʦʻʜʥʘʪʠ ʚ ʦʜʥʦʤʫ 

ʧʨʠʩʪʨʦʾ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.3. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ ʥʘ ʚʭʽʜ Pi-1 

ʧʝʨʝʥʦʩʫ ʧʦʜʘʻʪʴʩʷ ʩʠʛʥʘʣ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʥʘ ʚʭʦʜʘʭ ʝʣʝʤʝʥʪʽʚ 

ɺʀʂʃ. ɸɹʆ ʯʠʩʣʦ 3 2 1 0b b b b  ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʝ ʚ ʧʨʷʤʦʤʫ ʢʦʜʽ. ʇʨʠ ʧʦʜʘʯʽ ʥʘ 

ʚʭʽʜ Pi-1 ʩʠʛʥʘʣʫ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʯʠʩʣʦ 3 2 1 0b b b b   ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʝ ʫ 

ʜʦʧʦʚʥʶʶʯʦʤʫ ʢʦʜʽ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ ʚʽʜʥʽʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪ ʥʘ ʚʠʭʦʜʽ ʩʫʤʘʪʦʨʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʯʠʩʣʘʤʠ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʦʧʝʨʘʮʽʾ. ʇʨʠ 

3 2 1 0 3 2 1 0a a a a b b b b>  

ʨʝʟʫʣʴʪʘʪ ʦʜʝʨʞʫʻʪʴʩʷ ʚ ʧʨʷʤʦʤʫ ʢʦʜʽ, ʘ ʚ ʨʦʟʨʷʜʽ ʧʝʨʝʥʦʩʫ Pi+1 ʟôʷʚʣʷʻʪʴʩʷ 1. 

ʂʦʣʠ ʞ 

3 2 1 0 3 2 1 0a a a a b b b b< , 

ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʤʫʻʪʴʩʷ ʚ ʟʚʦʨʦʪʥʴʦʤʫ ʢʦʜʽ, ʘ ʚ ʨʦʟʨʷʜʽ ʧʝʨʝʥʦʩʫ Pi+1 

ʦʜʝʨʞʫʻʪʴʩʷ 0. 

ʇʨʠʢʣʘʜ 5.2. ʈʦʟʨʦʙʠʪʠ ʧʨʠʩʪʨʽʡ ʜʚʽʡʢʦʚʦʛʦ ʤʥʦʞʝʥʥʷ ʥʘ ʩʫʤʘʪʦʨʘʭ ʪʘ 

ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʘʭ ɯ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʥʦʞʠʪʠ ʯʦʪʠʨʴʦʭʨʦʟʨʷʜʥʝ ʯʠʩʣʦ ɸ ʥʘ 

ʪʨʴʦʭʨʦʟʨʷʜʥʝ ʯʠʩʣʦ ɺ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʇʽʩʣʷ ʤʥʦʞʝʥʥʷ ʪʨʴʦʭʨʦʟʨʷʜʥʦʛʦ ʽ ʯʦʪʠʨʴʦʭʨʦʟʨʷʜʥʦʛʦ 

ʢʦʜʽʚ ʦʪʨʠʤʫʻʪʴʩʷ ʩʝʤʠʨʦʟʨʷʜʥʠʡ ʢʦʜ. ʈʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʽʾ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʧʘʨʘʣʝʣʴʥʦʛʦ ʤʥʦʞʝʥʥʷ ʤʥʦʞʝʥʦʛʦ ʥʘ ʢʦʞʝʥ ʨʦʟʨʷʜ ʤʥʦʞʥʠʢʘ ʽ 

ʩʢʣʘʜʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʜʦʙʫʪʢʽʚ ʟʽ  ʟʩʫʚʦʤ ʥʘ ʦʜʠʥ ʨʦʟʨʷʜ. ʇʨʠ ʧʽʜʨʘʭʫʚʘʥʥʽ 

ʜʦʙʫʪʢʫ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʜʽʾ 

    
³ 

A4  A3  A2  A1 

      B3  B2  B1 

     A4B1  A3B1  A2B1  A1B1 

   A4B2  A3B2  A2B2  A1B2   

 A4B3  A3B3  A2B3  A1B3     

M7 M6  M5  M4  M3  M2  M1 



 105 

ʊʫʪ M1 = A1B1; M 2 = A1B2 + A2B1; M 3 = A1B3 + A2B2 + A3B1; M 4 = A2B3 + 

A3B2 + A4B1; M5 = A3B3 + A4B2; M6 = A4B3; M 7 ï ʙʽʪ ʧʝʨʝʥʦʩʫ ʽʟ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʨʦʟʨʷʜʫ; ʟʥʘʢ ñ+ò ï ʟʥʘʢ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʜʦʜʘʚʘʥʥʷ. 

ʆʜʥʦʨʦʟʨʷʜʥʝ ʤʥʦʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʝʣʝʤʝʥʪʘʤʠ I. ʉʫʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʽ ʩʫʤʘʪʦʨʘʤʠ ʂ1533ʀʄ3. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʦʧʝʨʘʮʽʾ ʥʘ ʨʠʩ. 5.5 

ʧʨʠʚʝʜʝʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ. 

 

ʈʠʩ. 5.5. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʦʜʥʦʨʦʟʨʷʜʥʦʛʦ ʤʥʦʞʝʥʥʷ 

 

ʋ ʟʚôʷʟʢʫ ʟ ʟʘʪʨʠʤʢʦʶ ʧʝʨʝʥʦʩʫ, ʰʚʠʜʢʦʜʽʷ ʩʫʤʘʪʦʨʘ ʂ1533ʀʄ3 

ʦʙʤʝʞʝʥʘ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʚ ʨʷʜʽ ʩʝʨʽʡ ʤʽʢʨʦʩʭʝʤ ʚʠʛʦʪʦʚʣʷʶʪʴ 

ʩʧʝʮʽʘʣʴʥʽ ʚʫʟʣʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʧʨʠʩʪʨʦʷʤʠ ʧʨʠʩʢʦʨʝʥʦʛʦ ʧʝʨʝʥʦʩʫ. ʇʨʠʥʮʠʧ 

ʧʨʠʩʢʦʨʝʥʦʛʦ ʧʝʨʝʥʦʩʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʜʚʽʡʢʦʚʦʛʦ ʨʦʟʨʷʜʫ 

ʟʥʘʭʦʜʷʪʴ ʜʚʘ ʜʦʧʦʤʽʞʥʠʭ ʣʦʛʽʯʥʠʭ ʩʠʛʥʘʣʠ: i i ig a b=  (ʩʠʛʥʘʣ ʛʝʥʝʨʘʮʽʾ 

ʧʝʨʝʥʦʩʫ) ʪʘ i i ih a b= + (ʩʠʛʥʘʣ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ). 

ʉʠʛʥʘʣ 1ig =, ʢʦʣʠ ʩʢʣʘʜʦʚʽ -̔ʛʦ ʨʦʟʨʷʜʫ ʪʘʢʽ, ʱʦ ʧʝʨʝʥʦʩ ʚ ʩʪʘʨʰʠʡ 

ʨʦʟʨʷʜ 1 1iP+=   ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʛʦ ʧʝʨʝʥʦʩʫ 1iP-  . 

ʉʠʛʥʘʣ hi ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ʩʠʛʥʘʣʦʤ ʧʨʦʟʦʨʦʩʪʽ, ʪʦʤʫ ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠ hi = 1 ʩʠʛʥʘʣ ʧʝʨʝʥʦʩʫ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʨʷʜʫ ʨ̔ ʚʽʣʴʥʦ 
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ʧʨʦʡʜʝ ʥʘʩʪʫʧʥʠʡ ʨʦʟʨʷʜ 1iP+. ɿʘ ʜʦʧʦʤʦʛʦʶ gi ʪʘ hi ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʨʦʙʦʪʫ 

ʚʫʟʣʘ ʧʝʨʝʥʦʩʫ ʦʜʥʦʛʦ ʨʦʟʨʷʜʫ ʩʫʤʘʪʦʨʘ 1i i i iP g p h+= + . 

ɹʫʜʫʶʯʠ ʩʪʨʫʢʪʫʨʫ ʟʚôʷʟʢʽʚ ʤʽʞ ʧʝʨʝʥʦʩʘʤʠ, ʧʦʯʠʥʘʶʯʠ ʟʽ ʩʪʘʨʰʦʛʦ 

ʨʦʟʨʷʜʫ ʜʦ ʥʫʣʴʦʚʦʛʦ, ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʣʦʛʽʯʥʫ ʩʭʝʤʫ, ʷʢʘ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʘʨʘʣʝʣʴʥʠʡ ʩʫʤʘʪʦʨ. ʉʝʨʝʜ ʤʽʢʨʦʩʭʝʤ ʊʊʃ ʧʘʨʘʣʝʣʴʥʠʡ ʧʝʨʝʥʦʩ 

ʤʘʻ ʩʫʤʘʪʦʨ K1533ʀM6, ʷʢʠʡ ʤʘʻ ʟʘʪʨʠʤʢʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ t3 ʚʽʜ 

ʚʭʦʜʽʚ ʜʦ ʚʠʭʦʜʫ 1iP+   ʧʨʠʙʣʠʟʥʦ ʫ 2 ʨʘʟʠ ʤʝʥʰʫ, ʥʽʞ ʂ1533ʀʄ3. ɺ 

ʤʽʢʨʦʩʭʝʤʘʭ ʂʄʆʅ ʩʫʤʘʪʦʨʠ ʪʘʢʦʞ ʚʠʢʦʥʫʶʪʴʩʷ ʟ ʚʫʟʣʦʤ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʧʝʨʝʥʦʩʫ. 

ɼʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʝʨʝʥʦʩʫ ʚ ʩʫʤʘʪʦʨʘʭ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʦʟʨʷʜʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʥʮʠʧ ʛʨʫʧʦʚʦʛʦ ʧʝʨʝʥʦʩʫ. ʉʫʤʘʪʦʨ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʛʨʫʧʠ, 

ʷʢʽ ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ ʨʦʟʨʷʜʥʽʩʪʴ ʽ ʚʭʦʜʠ-ʚʠʭʦʜʠ ʧʝʨʝʥʦʩʫ. ʉʫʪʥʽʩʪʴ ʛʨʫʧʦʚʦʛʦ 

ʧʝʨʝʥʦʩʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ, ʜʦʜʘʪʢʦʚʦ ʜʦ ʚʫʟʣʘ ʧʝʨʝʥʦʩʫ, ʚ ʛʨʫʧʽ ʙʫʜʫʶʪʴ 

ʚʫʟʦʣ ʧʝʨʝʥʦʩʫ ʤʽʞ ʛʨʫʧʘʤʠ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʷʢʠʡ ʬʦʨʤʫʻ ʩʠʛʥʘʣʠ 

ʛʨʫʧʦʚʠʭ ʧʝʨʝʥʦʩʽʚ, ʢʦʪʨʽ ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʭʦʜʠ ʤʽʥʽ-ʩʫʤʘʪʦʨʽʚ. ʇʘʨʘʣʝʣʴʥʠʡ 

ʧʝʨʝʥʦʩ ʤʽʞ ʛʨʫʧʘʤʠ ʩʫʪʪʻʚʦ ʧʨʠʩʢʦʨʶʻ ʨʦʙʦʪʫ ʙʘʛʘʪʦʨʦʟʨʷʜʥʠʭ ʩʫʤʘʪʦʨʽʚ. 

ʂʦʤʧʘʨʘʪʦʨʠ 

ʂʦʤʧʘʨʘʪʦʨʠ ï ʮʝ ʧʨʠʩʪʨʦʾ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʯʠʩʝʣ [1]. 

ʄʽʢʨʦʩʭʝʤʠ ʢʦʤʧʘʨʘʪʦʨʽʚ ʚʠʟʥʘʯʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʨʽʚʥʽʩʪʴ, ʘʣʝ ʡ ʥʝʨʽʚʥʽʩʪʴ 

ʜʚʦʭ ʯʠʩʝʣ. ɼʣʷ ʮʴʦʛʦ ʤʽʢʨʦʩʭʝʤʘ ʤʘʻ ʪʨʠ ʚʠʭʦʜʠ: àà ðð>A B , àà ðð<A B  i àà ðð=A B , 

ʥʘ ʷʢʠʭ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʝʣʠʯʠʥ 3 2 1 0A a a a a= ,  3 2 1 0B b b b b=   

ʟôʷʚʣʷʻʪʴʩʷ ʘʢʪʠʚʥʠʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ. 

ʃʦʛʽʯʥʘ ʬʫʥʢʮʽʷ, ʱʦ ʨʝʘʣʽʟʫʻ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʢʦʤʧʘʨʘʪʦʨʘ ʜʣʷ ʦʜʥʦʛʦ 

ʨʦʟʨʷʜʫ: 

 i i i i i i iy a b a b a b+= Ö Ö = Ä (5.1) 

ɼʣʷ ʙʘʛʘʪʦʨʦʟʨʷʜʥʠʭ ʯʠʩʝʣ ʬʫʥʢʮʽʷ (5.1) ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʴ ʜʣʷ 

ʢʦʞʥʦʛʦ ʨʦʟʨʷʜʫ. ʅʝʨʽʚʥʽʩʪʴ >A B   ʤʘʻ ʤʽʩʮʝ ʪʦʜʽ, ʢʦʣʠ ʚ ʯʠʩʣʽ ɸ ʦʜʠʥʠʮʽ 



 107 

ʜʦʨʽʚʥʶʻ ʙʽʣʴʰ ʩʪʘʨʰʠʡ ʨʦʟʨʷʜ, ʥʽʞ ʫ ʯʠʩʣʽ ɺ. ɼʣʷ ʯʦʪʠʨʴʦʭʨʦʟʨʷʜʥʦʛʦ 

ʢʦʤʧʘʨʘʪʦʨʘ ʪʘʢʘ ʥʝʨʽʚʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ: 

3 3 3 3 2 2 3 3 2 2 1 1

3 3 2 2 1 1 0 0

( ) ( ) ( ) ( )

( ) ( ) ( ) .

A B a b a b a b a b a b a b

a b a b a b a b

> = + Ä Ö + Ä Ö Ä Ö +

+ Ä Ö Ä Ö Ä Ö

 

ʇʦʙʫʜʦʚʘ ʙʘʛʘʪʦʨʦʟʨʷʜʥʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ ʤʦʞʣʠʚʘ ʥʘ ʙʘʟʽ ʩʫʤʘʪʦʨʘ. ʁʦʛʦ 

ʨʝʘʣʽʟʘʮʽʷ ʤʦʞʣʠʚʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ ʚʽʜʥʽʤʘʥʥʷ. 

ɼʽʡʩʥʦ, ʚ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʘʢʦʥʽʚ ʘʨʠʬʤʝʪʠʢʠ ʧʨʠ =A B  ʥʘ ʚʠʭʦʜʘʭ ʚʩʽʭ 

ʨʦʟʨʷʜʽʚ ʩʫʤʘʪʦʨʘ 0s , 1s , 2s , 3s  ʙʫʜʝ 0 ʧʨʠ 1 1iP+= . 

ʇʨʠ >A B  ʟʥʘʯʝʥʥʷ 1 ʙʫʜʝ ʷʢ ʥʘ ʚʠʭʦʜʽ ʧʝʨʝʥʦʩʫ 1 1iP+=, ʪʘʢ ʽ ʭʦʯʘ ʙ ʥʘ 

ʦʜʥʦʤʫ ʚʠʭʦʜʽ is. ʊʦʤʫ ʦʟʥʘʢʦʶ >A B  ʤʦʞʝ ʙʫʪʠ ʬʫʥʢʮʽʷ 

1 ( )i iy p s> += Öä . 

ʇʨʠ <A B  ʨʝʟʫʣʴʪʘʪ ʥʘʷʚʥʦʩʪʽ ʧʝʨʝʥʦʩʫ 1 0iP+= . 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʢʘʟʘʥʦʛʦ, ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʢʦʤʧʘʨʘʪʦʨʘ ʥʘ ʙʘʟʽ ʩʫʤʘʪʦʨʘ 

ʂ1533ʀʄ3 (ʟʘʨʫʙʽʞʥʽ ʘʥʘʣʦʛʠ ï 7483PC, CDB483E, MC7483N, N7483N, 

SN7483AN, UCY7483N) ʤʘʻ ʚʠʛʣʷʜ, ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 5.6, ʘ. ʇʨʠʢʣʘʜʦʤ 

ʩʝʨʽʡʥʠʭ ʤʽʢʨʦʩʭʝʤ ʻ ʢʦʤʧʘʨʘʪʦʨ ʂ564ʀʇ2 (ʟʘʨʫʙʽʞʥʽ ʘʥʘʣʦʛʠ ï CD4585BD, 

CD4585BH, CD4585BK, CD4585BKF3) (ʂʄʆʅ) (ʨʠʩ 5.6, ʙ); ʂ555ʉʇ1 

(ʟʘʨʫʙʽʞʥʽ ʘʥʘʣʦʛʠ ï 74LS85N, DL083D, SN74LS85N, UCY74LS85N) (ʊʊʃ). 

 

ʈʠʩ. 5.6. ʃʦʛʽʯʥʘ ʩʭʝʤʘ ʢʦʤʧʘʨʘʪʦʨʘ ʥʘ ʙʘʟʽ ʩʫʤʘʪʦʨʘ ʂ1533ʀʄ3 

ʄʽʢʨʦʩʭʝʤʠ ʤʘʶʪʴ ʨʦʟʰʠʨʝʥʥʷ ʧʦ ʚʭʦʜʫ (ʚʭʦʜʠ àà ðð>A B , àà ðð<A B  i 

àà ðð=A B ), ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʷʢ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ, ʪʘʢ ʽ ʧʘʨʘʣʝʣʴʥʦʛʦ. 
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ʅʘ ʨʠʩ. 5.7 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʜʚʦʭ 

ʢʦʤʧʘʨʘʪʦʨʽʚ ʂ561ʀʇ2. 

 

ʈʠʩ. 5.7. ʉʭʝʤʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʜʚʦʭ ʢʦʤʧʘʨʘʪʦʨʽʚ ʂ561ʀʇ2 

 

ɺʭʦʜʠ ʨʦʟʰʠʨʝʥʥʷ ʧʝʨʰʦʾ ʤʽʢʨʦʩʭʝʤʠ ʥʝʦʙʭʽʜʥʦ ʟôʻʜʥʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʠʩ. 5.7, ʘ ʚʠʭʦʜʠ ʟôʻʜʥʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʚʭʦʜʘʤʠ ʥʘʩʪʫʧʥʦʾ ʤʽʢʨʦʩʭʝʤʠ. 

ʇʨʠ ʪʘʢʦʤʫ ʩʧʦʩʦʙʽ ʥʘʨʦʱʫʚʘʥʥʷ ʢʦʤʧʘʨʘʪʦʨʽʚ ʟʘʪʨʠʤʢʠ ʜʦʜʘʶʪʴʩʷ, ʘ ʩʪʘʥ 

ʚʠʭʦʜʽʚ ʜʨʫʛʦʛʦ ʽ ʧʦʩʣʽʜʫʶʯʠʭ ʢʦʤʧʘʨʘʪʦʨʽʚ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʧʦʙʽʪʥʠʭ 

ʟʥʘʯʝʥʴ ʧʦʨʽʚʥʶʚʘʥʠʭ ʩʣʽʚ, ʘ ʡ ʚʽʜ ʨʝʟʫʣʴʪʘʪʫ ʧʦʨʽʚʥʷʥʥʷ ʤʦʣʦʜʰʠʭ ʨʦʟʨʷʜʽʚ 

ʮʠʭ ʩʣʽʚ. ʊʦʤʫ ʟʥʘʯʝʥʥʷ ʚʠʭʦʜʽʚ ʢʦʞʥʦʛʦ ʟ ʪʘʢʠʭ ʢʦʤʧʘʨʘʪʦʨʽʚ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʧʠʩʘʥʽ ʨʽʚʥʷʥʥʷʤʠ: 

ʚʠʭ ʚʭ

ʚʠʭ ʚʭ

ʚʠʭ ʚʭ

( ) ( ) ( ) ( ) ;

( ) ( ) ( ) ;

( ) ( ) ( ) ( ) ;

n m n m

n m

n m n m

A B A B A B A B

A B A B A B

A B A B A B A B

- -

-

- -

> = > + = Ö >

= = = Ö =

< = < + = Ö <

 

ʜʝ n, m ï  ʜʽʘʧʘʟʦʥ ʨʦʟʨʷʜʽʚ ʧʦʨʽʚʥʶʚʘʥʠʭ ʩʣʽʚ, ʷʢʽ ʧʨʠʻʜʥʘʥʽ ʜʦ ʢʦʤʧʘʨʘʪʦʨʘ. 

ʇʨʠ ʧʽʨʘʤʽʜʘʣʴʥʦʤʫ ʩʧʦʩʦʙʽ ʟôʻʜʥʘʥʥʷ ʪʨʠʚʘʣʽʩʪʴ ʟʘʪʨʠʤʦʢ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʇʨʠ ʥʘʨʦʱʫʚʘʥʥʽ ʤʽʢʨʦʩʭʝʤ ʢʦʤʧʘʨʘʪʦʨʽʚ ʥʝʦʙʭʽʜʥʦ ʫʚʘʞʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʙʣʠʮʽ ʩʪʘʥʽʚ ʤʽʢʨʦʩʭʝʤ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʭʘʨʘʢʪʝʨʦʤ 
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ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʦʜʘʭ ʥʘʨʦʱʫʚʘʥʥʷ ʥʘʚʽʪʴ ʜʣʷ ʙʣʠʟʴʢʠʭ ʤʽʢʨʦʩʭʝʤ ï ʥʘʧʨʠʢʣʘʜ, 

ʂ561ʀʇ2 (ʟʘʨʫʙʽʞʥʽ ʘʥʘʣʦʛʠ ï CD4585BD, CD4585BE, CD4585BK) ʽ ʂ564ʀʇ2. 

ʂʦʤʧʘʨʘʪʦʨʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ 

ʚʠʜʽʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʩʣʦʚʘ ʚ ʧʦʪʦʮʽ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʜʣʷ ʚʽʜʤʽʪʢʠ ʯʘʩʫ ʚ 

ʯʘʩʦʚʠʭ ʧʨʠʩʪʨʦʷʭ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʥʠʭ ʧʝʨʝʭʦʜʽʚ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʷʭ. ʋ ʧʨʠʩʪʨʦʷʭ ʘʚʪʦʤʘʪʠʢʠ ʢʦʤʧʘʨʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʚʠʭʦʜʫ ʚʝʣʠʯʠʥ ʟʘ ʤʝʞʽ ʜʦʧʫʩʢʽʚ ʽ ʪ.ʧ. 

ɸʨʠʬʤʝʪʠʯʥʦ-ʣʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ 

ɸʨʠʬʤʝʪʠʯʥʦ-ʣʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ (ɸʃʇ, ALU ï Arithmetic-Logic Unit) ï ʮʝ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʤʽʢʨʦʩʭʝʤʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʘʨʠʬʤʝʪʠʯʥʽ ʪʘ ʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʥʘ ʢʝʨʫʶʯʽ ʚʭʦʜʠ ʤʽʢʨʦʩʭʝʤʠ. 

ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ɸʃʇ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤʘʭ ʧʨʠʚʝʜʝʥʝ ʥʘ ʨʠʩ. 5.8. 

 

ʈʠʩ. 5.8. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ɸʃʇ 

 

ʄʽʢʨʦʩʭʝʤʠ ɸʃʇ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʨʽʟʥʠʭ ʩʝʨʽʡ, ï ʥʘʧʨʠʢʣʘʜ, ʊʊʃ 

(K1533ʀʇ3 (ʟʘʨʫʙʽʞʥʽ ʘʥʘʣʦʛʠ ï 74181PC, SN74181N)), ʂʄʆʅ (ʂ564ʀʇ3 

(ʟʘʨʫʙʽʞʥʽ ʘʥʘʣʦʛʠ ï 4581BDC, 4581BDM, 4581BFC, GD4581BC, GD4581BDC, 

HD14581B, MC14581BAL, MC14581BCL, MC14581BCPDS, SCL4581B)), ï ʟʘ 

ʩʚʦʾʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʜʽʙʥʽ. ɺʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʙʦʪʠ ʟ 

ʜʚʦʤʘ ʯʦʪʠʨʴʦʭʨʦʟʨʷʜʥʠʤʠ ʜʚʽʡʢʦʚʠʤʠ ʩʣʦʚʘʤʠ. ʂʦʥʢʨʝʪʥʠʡ ʚʠʜ ʦʧʝʨʘʮʽʾ 
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ʟʘʜʘʻʪʴʩʷ ʧôʷʪʠʨʦʟʨʷʜʥʠʤ ʢʝʨʫʶʯʠʤ ʢʦʜʦʤ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʦʜʠ M0 , M1 , M2 , 

M3 , M4 . ʗʢ ʨʝʟʫʣʴʪʘʪ, ʮʝʡ ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ 32 ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʦʤʘʥʜʠ. 

ɺʭʽʜ M4 ʟʘʜʘʻ ʨʝʞʠʤ ɸʃʇ ʥʘ ʚʠʢʦʥʘʥʥʷ 16 ʣʦʛʽʯʥʠʭ (M4 = 1) ʘʙʦ 16 

ʘʨʠʬʤʝʪʠʯʥʠʭ (M4 = 0) ʦʧʝʨʘʮʽʡ. ɼʦʧʦʤʽʞʥʽ ʚʭʦʜʠ G ʪʘ ʅ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʃʇ ʚ ʦʧʝʨʘʮʽʷʭ ʥʘʜ ʙʘʛʘʪʦʨʦʟʨʷʜʥʠʤʠ ʩʣʦʚʘʤʠ ʧʨʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʮʽʻʾ ʤʝʪʠ ʧʨʠʟʥʘʯʝʥʦʾ ʤʽʢʨʦʩʭʝʤʠ 

ʂ1533ʀʇ4 (ʟʘʨʫʙʽʞʥʽ ʘʥʘʣʦʛʠ ï DM74182N, FLH411, MC74182N, SN74182N, 

SN84182N, TL84182N, UCY74182N) ʽ ʂ564ʀʇ4 (4582BDC, 4582BDM, 

4582BFC, GD4582BC, GD4582BDC, HD14582B, MC14582BAL, MC14582BCL, 

MC14582BCP, SCL4582B, SCL4582BC). ɸʃʇ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʟ 

ʩʠʛʥʘʣʘʤʠ ʷʢ ʧʦʟʠʪʠʚʥʦʾ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʦʾ ʣʦʛʽʢʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʪʘʙʣʠʮʽ 

ʩʪʘʥʽʚ ʤʽʢʨʦʩʭʝʤʠ (ʪʘʙʣ. 5.3). ʋ ʪʘʙʣ. 5.3 L ʪʘ H ʧʦʟʥʘʯʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʥʠʟʴʢʠʡ ʽ 

ʚʠʩʦʢʠʡ ʨʽʚʥʽ ʩʠʛʥʘʣʽʚ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʣʦʛʽʢʠ. ɿʥʘʢʠ (+) ʪʘ (ï) ï ʟʥʘʢʠ 

ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ. ʈʝʟʫʣʴʪʘʪʠ ʘʨʠʬʤʝʪʠʯʥʠʭ ʜʽʡ ʚʠʨʘʞʝʥʽ ʚ 

ʜʦʧʦʚʥʶʶʯʦʤʫ ʢʦʜʽ. ʊʘʢ ʷʢ ʤʽʞ ʟʚʦʨʦʪʥʽʤ ʪʘ ʜʦʧʦʚʥʶʶʯʠʤʠ ʢʦʜʘʤʠ ʽʩʥʫʻ 

ʦʜʥʦʟʥʘʯʥʠʡ ʟʚôʷʟʦʢ, ʪʦ ʩʢʨʽʟʴ, ʜʝ ʚʢʘʟʘʥʘ ʘʨʠʬʤʝʪʠʯʥʘ ʜʽʷ ñï1ò, ʨʝʟʫʣʴʪʘʪ ʥʘ 

ʚʠʭʦʜʘʭ ʟʯʠʪʫʻʪʴʩʷ ʫ ʟʚʦʨʦʪʥʦʤʫ ʢʦʜʽ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʫʤʘʪʦʨʽʚ, ʩʠʛʥʘʣ ʧʝʨʝʥʦʩʫ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʻ ʽʥʚʝʨʩʥʠʤ 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʦʜʘʭ ɸ ʪʘ ɽ. ʉʠʛʥʘʣʠ ʧʝʨʝʥʦʩʫ ʜʽʶʪʴ ʣʠʰʝ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ɸʃʇ 

ʚʩʽ ʟʘʟʥʘʯʝʥʽ ʚ ʊʘʙʣ. 3.12 ʬʫʥʢʮʽʾ ʚʠʢʦʥʫʻ ʧʦʨʦʟʨʷʜʥʦ. ʌʫʥʢʮʽʷ ʧʝʨʝʥʦʩʫ ʜʽʻ 

ʪʽʣʴʢʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʘʨʠʬʤʝʪʠʯʥʠʭ ʜʽʡ, ʘʣʝ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʮʠʭ ʦʧʝʨʘʮʽʡ 

ʩʠʤʚʦʣʠ ɸɽ ʦʟʥʘʯʘʶʪʴ ʦʧʝʨʘʮʽʶ ɯ. 

ʗʢʱʦ ɸʃʇ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʢʦʤʧʘʨʘʪʦʨʘ (ʦʧʝʨʘʮʽʷ A EÙ ), ʪʦ 

ʧʨʠ A E=   ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʠʭʦʜʽ ʬʦʨʤʫʻʪʴʩʷ ʩʠʛʥʘʣ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. ʇʨʠ A Ȩ  

ʚʽʜʧʦʚʽʜʥʠʡ ʩʠʛʥʘʣ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʚʠʭʦʜʽ 1iP+  . 

ʋ ʟʚôʷʟʢʫ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʪʝʭʥʽʢʠ ʨʦʟʛʣʷʥʫʪʘ 

ʩʭʝʤʘ ɸʃʇ ʫ ʨʝʘʣʴʥʽʡ ʩʭʝʤʦʪʝʭʥʽʮʽ ʤʘʡʞʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ɰʾ ʚʠʚʯʝʥʥʷ 
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ʤʘʻ ʩʢʦʨʽʰ ʤʝʪʦʜʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʘʜʞʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʢʪʠʯʥʦ ʚʠʚʯʘʪʠ 

ʽʜʝʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ ʤʽʢʨʦʧʨʦʛʨʘʤʥʠʭ ʘʚʪʦʤʘʪʽʚ ʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ. 

ʊʘʙʣʠʮʷ 5.3. ʊʘʙʣʠʮʽ ʩʪʘʥʽʚ ʤʽʢʨʦʩʭʝʤʠ 

ɺʭʦʜʠ ʚʠʙʦʨʫ 

ʬʫʥʢʮʽʾ 

ɺʭʽʜ-ʚʠʭʽʜ 

(ʥʝʛʘʪʠʚʥʘ ʣʦʛʽʢʘ) 

ɺʭʽʜ-ʚʠʭʽʜ 

(ʧʦʟʠʪʠʚʥʘ ʣʦʛʽʢʘ) 

ʄ3 ʄ2 ʄ1 ʄ0 ʃʦʛʽʯʥʽ 

ʬʫʥʢʮʽʾ 

M4 = H 

ɸʨʠʬʤʝʪʠʯʥʽ 

ʜʽʾ 

 M4 = L; 

Pi = L 

ʃʦʛʽʯʥʽ 

ʬʫʥʢʮʽʾ 

 M4 = H 

ɸʨʠʬʤʝʪʠʯʥʽ ʜʽʾ 

M4 = L 

Pi = H 

L L L L A  A ï 1 A  A 

L L L H EAÙ  AE ï 1 EA  EAÙ  

L L H L EAÙ  1-EA  EA  EAÙ  

L L H H 1 -1 0 -1 

L H L L EA  )( EAA Ù+  EA  EAA+  

L H L H E  )( EAA Ù+  E  EAEA +Ù )(  

L H H L EA )(Ö  A-E-1 A(+)E A-E-1 

L H H H EAÙ  EAÙ  EA  1-EA  

H L L L EA  )( EAA Ù+  EAÙ  A+AE 

H L L H A(+)E A+E EA )(Ö  A+E 

H L H L E )( EAEA Ù+  E AEEA +Ù )(  

H L H H EAAÙ  AE AE AE-1 

H H L L 0 A+A 1 A+A 

H H L H EA  AE+A EAÙ  AEA +Ù )(  

H H H L AE AEA +  EAÙ  AEA +Ù )(  

H H H H A A A A-1 
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ɹʫʬʝʨʥʽ ʝʣʝʤʝʥʪʠ 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʢʣʘʜʥʠʭ ʮʠʬʨʦʚʠʭ ʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤ 

ʩʪʚʦʨʶʻʪʴʩʷ ʰʠʥʥʘ ʬʦʨʤʘ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʦʢʨʝʤʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. 

ʐʠʥʘ ï ʮʝ ʧʘʨʘʣʝʣʴʥʘ ʛʨʫʧʘ ʧʨʦʚʽʜʥʠʢʽʚ, ʧʦ ʷʢʽʡ ʧʝʨʝʜʘʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʩʠʛʥʘʣʠ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ ʽ ʜʦ ʷʢʦʾ ʤʦʞʝ ʙʫʪʠ ʧʨʠʻʜʥʘʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʛʨʫʧʘ 

ʧʨʠʩʪʨʦʾʚ, ʱʦ ʧʝʨʝʜʘʶʪʴ ʪʘ ʧʨʠʡʤʘʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʛʥʘʣʠ. ɺ ʟʘʛʘʣʴʥʦʤʫ 

ʧʣʘʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʩʠʛʥʘʣʽʚ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʽ ʧʨʠʡʤʘʶʪʴʩʷ, 

ʰʠʥʠ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʥʘ ʘʜʨʝʩʥʽ, ʢʦʤʘʥʜʥʽ ʪʘ ʰʠʥʠ ʜʘʥʠʭ.  

ʆʩʢʽʣʴʢʠ ʢʦʞʝʥ ʟ ʧʨʠʩʪʨʦʾʚ ʧʦʚʠʥʝʥ ʤʘʪʠ ʧʨʘʚʦ ʜʦʩʪʫʧʫ ʜʦ ʰʠʥ, ʪʦ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʧʦʨʷʜʢʫ ʧʨʠ ʨʦʙʦʪʽ ʟ ʰʠʥʘʤʠ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʤʽʢʨʦʩʭʝʤ, ʷʢʽ ʩʧʝʮʽʘʣʴʥʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʧʨʠ ʾʭ ʨʦʙʦʪʽ ʟ ʰʠʥʘʤʠ. ʊʘʢʽ ʤʽʢʨʦʩʭʝʤʠ ʟʜʝʙʽʣʴʰʦʛʦ ʥʝ ʚʠʢʦʥʫʶʪʴ 

ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ. ɺʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ: 

¶ ʬʦʨʤʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʩʪʨʫʤʫ, 

ʥʘʧʨʫʛʠ, ʧʦʪʫʞʥʦʩʪʽ; 

¶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʠʤʯʘʩʦʚʦʾ ʧʝʨʝʜʘʯʽ ʰʠʥ ʚʽʜ ʦʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦ ʽʥʰʠʭ; 

¶ ʨʦʟʜʽʣʝʥʥʷ ʚ ʯʘʩʽ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ; 

¶ ʧʽʜʢʣʶʯʝʥʥʷ (ʯʠ ʚʽʜʢʣʶʯʝʥʥʷ) ʜʦ ʰʠʥ ʥʝʦʙʭʽʜʥʠʭ ʧʨʠʩʪʨʦʾʚ; 

¶ ʚʠʢʦʥʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʬʫʥʢʮʽʡ ï ʪʘʢʠʭ, ʷʢ ʪʠʤʯʘʩʦʚʝ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʰʠʥʽ, ʾʾ ʽʥʚʝʨʩʽʷ ʽ ʪ. ʧ. 

ɺʩʽ ʚʢʘʟʘʥʽ ʬʫʥʢʮʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʙʫʬʝʨʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ. ʆʩʥʦʚʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʙʫʬʝʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʻ ʜʚʦʥʘʧʨʘʚʣʝʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʽʜʝʥʪʠʯʥʠʭ, ʟʫʩʪʨʽʯʥʦ-ʧʘʨʘʣʝʣʴʥʦ 

ʟôʻʜʥʘʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʪʫʞʥʦʩʪʽ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʤʠʢʘʻʪʴʩʷ ʣʠʰʝ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʡʦʛʦ ʚʭʦʜʫ ʜʦ ʚʠʭʦʜʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʦʾ ʢʦʤʫʪʘʮʽʾ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʘ ʣʦʛʽʢʘ. ʂʽʣʴʢʽʩʪʴ ʧʘʨ ʧʽʜʩʠʣʶʚʘʯʽʚ 

ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʧʨʦʚʽʜʥʠʢʽʚ ʰʠʥʠ. ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʰʠʥʘ ʜʘʥʠʭ ʤʘʻ 

ʨʦʟʨʷʜʥʽʩʪʴ 8 ʙʽʪ, ʪʦ ʤʽʢʨʦʩʭʝʤʘ ʰʠʥʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʚʠʥʥʘ ʤʘʪʠ 8 ʧʘʨ 
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ʟʫʩʪʨʽʯʥʦ-ʧʘʨʘʣʝʣʴʥʦ ʟôʻʜʥʘʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʢʝʨʦʚʘʥʠʭ ʻʜʠʥʠʤ ʣʦʛʽʯʥʠʤ 

ʚʫʟʣʦʤ [1]. 

ʋ ʤʽʢʨʦʩʭʝʤʘʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʦʛʽʯʥʽ 

ʝʣʝʤʝʥʪʠ ʟ Z-ʩʪʘʥʦʤ. ʇʝʨʝʚʝʜʝʥʥʷ ʤʽʢʨʦʩʭʝʤʠ ʫ Z-ʩʪʘʥ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʪʠʤʯʘʩʦʚʦ ʚʽʜʜʽʣʠʪʠ ʰʠʥʠ ʚʽʜ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʥʠʤʠ 

ʤʦʞʫʪʴ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʽʥʰʽ ʧʨʠʩʪʨʦʾ. 

ʋ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʙʫʬʝʨʥʽ ʝʣʝʤʝʥʪʠ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ñʰʠʥʥʠʤʠ 

ʜʨʘʡʚʝʨʘʤʠò. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʤʽʢʨʦʩʭʝʤʠ ʂ1533ɸʇ3 (SN74ALS240), 

ʂ1533ɸʇ4 (SN74ALS241), ʘ ʪʘʢʦʞ ʤʽʢʨʦʩʭʝʤʠ ʛʨʫʧ ʃʅ, ʃʇ, ʍʃ. 

ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚ ʣʦʛʽʯʥʠʭ ʩʭʝʤʘʭ 

ʃʦʛʽʯʥʽ ʢʣʶʯʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʯʘʩʦʤ ʟʘʪʨʠʤʢʠ tɿ, ʷʢʠʡ ʧʦʚôʷʟʘʥʠʡ ʟ 

ʧʝʨʝʭʽʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟʤʽʥʠ ʩʪʘʥʫ. ʊʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʥʝ ʻ 

ʩʪʘʙʽʣʴʥʦʶ ʚʝʣʠʯʠʥʦʶ i ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʽʢʨʦʩʭʝʤ, ʚ ʷʢʠʭ ʚʥʫʪʨʽʰʥʽ ʟʘʪʨʠʤʢʠ ʤʘʣʽ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʮʠʬʨʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʩʣʽʜ ʦʙʦʚôʷʟʢʦʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʣʽʥʽʷʭ 

ʟʚôʷʟʢʫ ʪʘ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʤʽʢʨʦʩʭʝʤʘʭ. ʎʽ ʟʘʜʘʯʽ ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ, i ʾʭ ʨʦʟʚôʷʟʘʥʥʷ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʽʢʨʦʩʭʝʤ ʟ ʪʨʠʚʘʣʽʩʪʶ ʟʤʽʥʠ ʩʪʘʥʽʚ, ʥʝ ʤʝʥʰʦʶ 20 ʥʩ 

(ʊʊʃ, ʂʄʆʅ), ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚ ʣʽʥʽʷʭ ʟʚôʷʟʢʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ, ʘ ʭʘʨʘʢʪʝʨ 

ʣʽʥʽʾ ʟʚôʷʟʢʫ, ʚʝʣʠʯʠʥʘ ʪʘ ʭʘʨʘʢʪʝʨ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʪʨʠʚʘʣʽʩʪʶ ʟʘʪʨʠʤʢʠ. ʎʝ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʘʜʞʝ ʟʘʪʨʠʤʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʚʽʜʨʘʟʫ ʥʘ ʩʪʘʥʽ ʣʦʛʽʯʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ɺ ʪʘʢʠʭ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʤʘʶʪʴ ʤʽʩʮʝ ʟʥʘʯʥʽ ʟʘʪʨʠʤʢʠ ʚ ʣʽʥʽʷʭ 

ʟʚôʷʟʢʫ, ʚʦʥʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠʩʴ ʷʢ ʜʠʩʢʨʝʪʥʽ ʟʘʪʨʠʤʢʠ. 

ʅʘ ʞʘʣʴ, ʫ ʧʘʩʧʦʨʪʥʠʭ ʜʘʥʠʭ ʥʘ ʤʽʢʨʦʩʭʝʤʠ ʧʦʜʘʻʪʴʩʷ ʪʽʣʴʢʠ 

ʤʘʢʩʠʤʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʟʘʪʨʠʤʢʠ. ʈʝʘʣʴʥʦ ʞ ʚʦʥʘ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʚ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ, ʘ ʤʽʥʽʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʟʘʪʨʠʤʢʠ ʧʘʩʧʦʨʪʥʦ ʥʝ ʚʠʟʥʘʯʝʥʘ. 

ɿʚʽʜʩʠ ʚʠʪʽʢʘʻ, ʱʦ ʨʽʚʝʥʴ ʚʠʭʦʜʫ ʝʣʝʤʝʥʪʘ ʚ ʮʠʬʨʦʚʽʡ ʩʭʝʤʽ ʚ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ ʚʽʜ 
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0 ʜʦ tɿ ʥʝ ʚʠʟʥʘʯʝʥʠʡ. ɺʽʥ ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʘʥʦʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ i ʧʦʟʥʘʯʘʻʪʴʩʷ 

ʩʠʤʚʦʣʦʤ ʥx . ʊʘʢʠʡ ʩʪʘʥ ʝʣʝʤʝʥʪʘ ʚ ʩʭʝʤʽ ʚʧʣʠʚʘʻ ʥʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ, ʥʘ 

ʚʠʭʦʜʘʭ ʷʢʠʭ ʤʦʞʫʪʴ ʤʘʪʠ ʤʽʩʮʝ ʷʢ ʚʠʟʥʘʯʝʥʽ ʩʪʘʥʠ ñ1ò, ñ0ò, ʪʘʢ i 

ʥʝʚʠʟʥʘʯʝʥʠʡ ʩʪʘʥ ʥx . ʗʢ ʨʝʟʫʣʴʪʘʪ, ʧʦʚʝʜʽʥʢʘ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʘʭ ʦʧʠʩʫʻʪʴʩʷ ʟʘʢʦʥʘʤʠ ʪʨiʡʢʦʚʦʾ ʣʦʛʽʢʠ ʟ ʪʘʢʠʤʠ ʣʦʛʽʯʥʠʤʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 
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ʇʨʠʚʝʜʝʥʽ ʬʦʨʤʫʣʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʘʥʘʣʽʟʽ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠ ʧʦʙʫʜʦʚʽ ʯʘʩʦʚʠʭ ʜʽʘʛʨʘʤ. ʆʩʪʘʥʥʽ ʟʦʙʨʘʞʘʶʪʴʩʷ 

ʦʜʥʠʤ ʟ ʜʚʦʭ ʩʧʦʩʦʙʽʚ, ʷʢʽ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 5.9, ʘ ʜʣʷ ʝʣʝʤʝʥʪʘ 2I 0 1( )y x x= Ö . 

 
ʘ 

 
ʚ 

 
ʙ  

ʛ 

ʈʠʩ. 5.9. ʉʧʦʩʦʙʠ ʟʦʙʨʘʞʝʥʥʷ ʯʘʩʦʚʠʭ ʜʽʘʛʨʘʤ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 
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ʋ ʧʨʘʢʪʠʮʽ ʘʥʘʣʽʟʫ ʩʭʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʦʪʠʨʠ ʪʠʧʠ ʟʦʙʨʘʞʝʥʥʷ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ 

ʜʝʪʘʣʽʟʘʮʽʾ. ʅʘʡʧʨʦʩʪʽʰʘ ʟ ʥʠʭ ï ʜʽʘʛʨʘʤʘ ʨʠʩ. 5.9, ʘ ï ʧʦʷʩʥʶʻ ʣʠʰʝ ʣʦʛʽʯʥʽ 

ʟʚôʷʟʢʠ ʤʽʞ ʚʭʽʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʩʪʘʥʘʤʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ 

ʟʘʪʨʠʤʦʢ. 

ʏʘʩʦʚʘ ʜʽʘʛʨʘʤʘ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.9, ʙ, ʚʨʘʭʦʚʫʻ ʯʘʩʦʚʽ ʟʘʪʨʠʤʢʠ, 

ʧʨʠʯʦʤʫ ʾʭ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. ɺʦʥʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʤʘʢʩʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. ʃʽʥʽʾ ʟʽ ʩʪʨʽʣʢʘʤʠ ʧʦʢʘʟʫʶʪʴ 

ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʚʭʽʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ i ʚʠʭʽʜʥʠʤʠ ʩʪʘʥʘʤʠ ʤʽʢʨʦʩʭʝʤʠ. 

ɼʽʘʛʨʘʤʠ ʨʠʩ. 5.9, ʚ, ʛ ʚʨʘʭʦʚʫʶʪʴ ʩʪʘʥʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ. ɺʦʥʠ 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʤʦʜʝʣʶʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʩʭʝʤʠ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʢʦʤʙʽʥʘʮʽʷʭ i 

ʯʘʩʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʚʥʫʪʨʽʰʥʽʭ ʟʘʪʨʠʤʦʢ. ɯʥʪʝʨʚʘʣ t ʥʝʚʠʟʥʘʯʝʥʦʛʦ ʩʪʘʥʫ 

ʥx  ʜʦʨʽʚʥʶʻ ʚʝʣʠʯʠʥʽ tɿ ʢʦʥʢʨʝʪʥʦʾ ʤʽʢʨʦʩʭʝʤʠ. 

ɺʨʘʭʫʚʘʥʥʷ ʩʪʘʥʽʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʠʪʠ ʚʘʞʣʠʚʠʡ 

ʝʬʝʢʪ, ʷʢʠʡ ʦʙʦʚôʷʟʢʦʚʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʘʥʘʣʽʟʽ ʮʠʬʨʦʚʠʭ ʩʭʝʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ, ʱʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.10, ʘ, ʥʘ ʚʭʽʜ ʷʢʦʾ ʧʦʜʘʻʪʴʩʷ 

ʩʠʛʥʘʣ 0x   ʫ ʚʠʛʣʷʜʽ ʦʜʠʥʦʯʥʦʛʦ ʽʤʧʫʣʴʩʫ ʪʨʠʚʘʣʽʩʪʶ ʊ. 
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ʈʠʩ. 5.10. ʉʭʝʤʘ ʪʘ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʧʨʠ ʧʦʜʘʯʽ ʦʜʠʥʦʯʥʦʛʦ ʽʤʧʫʣʴʩʫ 

 

ʗʢʱʦ ʪʨʠʚʘʣʦʩʪʽ ʽʥʪʝʨʚʘʣʽʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ t ʧʨʠ ʟʤʽʥʽ ʩʪʘʥʽʚ ʤʽʢʨʦʩʭʝʤ ʟ 

ñ0ò ʚ ñ1ò i ʟ ñ1ò ʚ ñ0ò ʦʜʥʘʢʦʚʽ, ʪʦ ʥʘ ʚʠʭʦʜʽ 1y   ʤʘʪʠʤʝʤʦ ʩʠʛʥʘʣ, ʪʨʠʚʘʣʽʩʪʴ i 

ʧʦʯʘʪʦʢ ʷʢʦʛʦ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʘʪʨʠʤʢʠ t ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʟʘʪʨʠʤʢʘʤʠ ʧʨʠ ʟʤʽʥʽ ʩʪʘʥʽʚ ʟ ñ0ò ʚ ñ1ò ʪʘ ʥʘʚʧʘʢʠ. ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, 

ʪʨʠʚʘʣʽʩʪʴ ʟʘʪʨʠʤʦʢ 0=t , ʪʦ ʚʠʭʽʜʥʠʡ ʽʤʧʫʣʴʩ 10y   ʧʦʚʪʦʨʶʚʘʪʠʤʝ ʚʭʽʜʥʠʡ. 

ʗʢʱʦ ʟʘʪʨʠʤʢʠ ʥʘ ʟʤʽʥʫ ʩʪʘʥʽʚ ʟ ñ1ò ʚ ñ0ò i ʥʘʚʧʘʢʠ ʦʜʥʘʢʦʚʽ i ʤʘʢʩʠʤʘʣʴʥʽ, ʪʦ 

ʩʠʛʥʘʣ 1ʤy   ʤʘʪʠʤʝ ʟʘʪʨʠʤʢʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʭʽʜʥʦʛʦ ʥʘ ʚʝʣʠʯʠʥʫ 2t. 

ʇʨʠ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʤʽʞ ʟʘʪʨʠʤʢʘʤʠ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʤʦʞʝ ʙʫʪʠ 

ʷʢ ʩʢʦʨʦʯʝʥʦʾ ʜʦʚʞʠʥʠ 1ʩy , ʪʘʢ i ʚʠʜʦʚʞʝʥʦʾ 1ʚy  (ʨʠʩ. 5.17, ʙ). 

ɿʚʠʯʘʡʥʦ, ʱʦ ʨʝʘʣʴʥʦ ʩʠʛʥʘʣ 1y   ʤʦʞʝ ʤʘʪʠ ʚʠʧʘʜʢʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʤʽʞ ʪʨʠʚʘʣʽʩʪʶ ʽʤʧʫʣʴʩʫ ʪʘ ʧʘʫʟʦʶ, ʚʠʧʘʜʢʦʚʫ ʟʘʪʨʠʤʢʫ ʧʦʯʘʪʢʫ i ʢʽʥʮʷ 
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ʽʤʧʫʣʴʩʫ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʽʤʧʫʣʴʩ, ʷʢʠʡ ʙʫʜʝ ʧʨʦʧʫʱʝʥʠʡ ʯʝʨʝʟ ʜʚʘ ʽʜʝʥʪʠʯʥʽ 

ʢʘʥʘʣʠ, ʥʘ ʾʭ ʚʠʭʦʜʘʭ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʴ. ʗʢʱʦ ʞ ʦʜʠʥ ʢʘʥʘʣ ʤʘʻ m 

ʝʣʝʤʝʥʪʽʚ, ʘ ʜʨʫʛʠʡ n, ʪʦ, ʚʽʜʧʦʚʽʜʥʦ, ʤʘʪʠʤʝʤʦ ʟʘʪʨʠʤʢʠ ʥʘ mt i nt, i ʚʠʭʽʜʥʽ 

ʽʤʧʫʣʴʩʠ ʤʦʞʫʪʴ ʥʘʚʽʪʴ ʥʝ ʩʧʽʚʧʘʜʘʪʠ ʚ ʯʘʩʽ. ʗʢʱʦ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʭʝʤʠ, ʱʦ 

ʤʘʻ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʽ k ʝʣʝʤʝʥʪʠ, ʥʝʦʙʭʽʜʥʦ ʦʜʝʨʞʘʪʠ ʽʤʧʫʣʴʩ ʪʨʠʚʘʣʽʩʪʶ it , 

ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʭʽʜʥʠʡ ʽʤʧʫʣʴʩ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʜʦʧʫʩʢʦʤ ʙʫʜʝ ʤʘʪʠ ʪʨʠʚʘʣʽʩʪʴ 

it k° t. 

ʅʘʡʙʽʣʴʰʽ ʧʨʦʙʣʝʤʠ ʥʘʷʚʥʽʩʪʴ ʟʘʪʨʠʤʦʢ ʩʪʚʦʨʶʻ ʧʨʠ ʧʝʨʝʜʘʯʽ ʽʤʧʫʣʴʩʽʚ 

ʯʝʨʝʟ ʧʘʨʘʣʝʣʴʥʽ ʢʘʥʘʣʠ. ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ, ʱʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.11, ʘ. 

ɺʭʽʜʥʠʡ ʽʤʧʫʣʴʩ ʧʦʜʘʻʪʴʩʷ ʥʘ ʜʚʘ ʧʘʨʘʣʝʣʴʥʠʭ ʢʘʥʘʣʠ ʟ ʝʣʝʤʝʥʪʘʤʠ I -ʅɯ, ʦʜʠʥ 

ʟ ʷʢʠʭ ʥʘʟʚʝʤʦ ɸ ï ʟ ʧʘʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ, ʘ ʜʨʫʛʠʡ ɺ ï ʟ ʥʝʧʘʨʥʦʶ. ʇʨʠ 

ʥʘʷʚʥʦʩʪʽ ʣʦʛʽʯʥʠʭ ʦʜʠʥʠʮʴ ʥʘ ʦʜʥʦʤʫ ʟ ʚʭʦʜʽʚ ʢʦʞʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʦʙʠʜʚʘ ʢʘʥʘʣʠ ʻ ʧʨʦʟʦʨʠʤʠ ʜʣʷ ʩʠʛʥʘʣʫ ʭ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʯʘʩʦʚʠʭ ʟʘʪʨʠʤʦʢ ʚ 

ʢʘʥʘʣʘʭ, ʾʭ ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ɸ i ɺ ʥʘ ʚʭʦʜʽ ʦʙôʻʜʥʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ I -ʅɯ ʙʫʜʫʪʴ 

ʩʪʨʦʛʦ ʧʨʦʪʠʬʘʟʥʽ i, ʷʢ ʨʝʟʫʣʴʪʘʪ, 0y=  (ʨʠʩ. 5.11, ʙ). 

ʅʘ ʨʠʩ. 5.11, ʚ, ʛ ʧʨʠʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʯʘʩʦʚʠʭ ʜʽʘʛʨʘʤ ʚ ʪʠʭ ʩʠʪʫʘʮʽʷʭ, 

ʢʦʣʠ, ʚʽʜʧʦʚʽʜʥʦ, ʟʘʪʨʠʤʢʠ A BT T>   i B AT T> . ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʥʘ ʚʠʭʦʜʽ ʫ  

ʟôʷʚʠʪʴʩʷ ʩʠʛʥʘʣ, ʷʢʠʡ ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʜʘʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʘʣʛʝʙʨʠ ɹʫʣʷ ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʟʘʪʨʠʤʦʢ. ʆʜʝʨʞʘʥʠʡ ʩʠʛʥʘʣ ʻ ʩʠʛʥʘʣʦʤ ʧʝʨʝʰʢʦʜʠ, ʱʦ 

ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚ ʧʦʩʣʽʜʫʶʯʠʭ ʩʭʝʤʘʭ. 

 

 

ʘ 

 

ʙ 
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ʈʠʩ. 5.11. ʉʭʝʤʘ ʪʘ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʧʨʠ ʧʝʨʝʜʘʯʽ ʽʤʧʫʣʴʩʽʚ ʯʝʨʝʟ ʧʘʨʘʣʝʣʴʥʽ 

ʢʘʥʘʣʠ 

 

ʈʦʟʛʣʷʥʫʪʝ ʷʚʠʱʝ ʥʘʟʠʚʘʻʪʴʩʷ Ăʛʦʥʢʘʤʠò ʘʙʦ Ăʟʤʘʛʘʥʥʷʤʠò. ɻʦʣʦʚʥʘ 

ʧʨʦʙʣʝʤʘ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʛʦʥʢʘʤʠ, ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʨʦʝʢʪʘʥʪ ʥʝ ʤʘʻ 

ʨʝʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ ʧʦʷʚʠ ʤʦʞʣʠʚʦʾ ʧʝʨʝʰʢʦʜʠ ʪʘ ʾʾ 

ʪʨʠʚʘʣʽʩʪʴ. ɻʦʥʢʠ ʥʘʟʠʚʘʶʪʴʩʷ ʢʨʠʪʠʯʥʠʤʠ ʘʙʦ ʥʝʜʦʧʫʩʪʠʤʠʤʠ, ʷʢʱʦ ʭʦʯʘ ʙ 

ʦʜʠʥ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʽʜ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʟʤʽʥʶʻʪʴʩʷ ʙʽʣʴʰ ʥʽʞ ʦʜʠʥ 

ʨʘʟ. ʂʨʠʪʠʯʥʽ ʟʤʘʛʘʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʙʦʪʫ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʾʭ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ, ʱʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.12. ʇʨʠ 1x=   ʥʘ ʦʙʦʭ ʚʠʭʦʜʘʭ 

1yt  ʽ 2yt   ʤʘʪʠʤʝʤʦ ʩʠʛʥʘʣʠ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ. ɿʤʽʥʘ  x  ʟ ñ1ò ʚ ñ0ò ʧʨʠʚʝʜʝ ʜʦ 

ʪʦʛʦ, ʱʦ ʥʘ ʚʠʭʦʜʽ ʟ ʤʝʥʰʠʤ ʟʥʘʯʝʥʥʷʤ Ű (ʥʘʧʨʠʢʣʘʜ, 2 1Ű Ű< ) ʟôʷʚʠʪʴʩʷ 

ʦʜʠʥʠʯʥʠʡ ʩʠʛʥʘʣ ʨʘʥʽʰʝ, ʥʽʞ ʥʘ ʽʥʰʦʤʫ. ɺʽʥ ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʪʨʠʤʢʫ 

ʦʜʠʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʚʭʦʜʽ DD1, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 1 0yt= . ʆʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ 

1Ű ʽ 2Ű  ʥʝʚʽʜʦʤʽ, ʪʦ ʪʘʢʠʡ ʧʝʨʝʭʽʜ ʧʨʠʚʝʜʝ ʜʦ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʪʘʥʽʚ 1yt  ̔  2yt . 
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ʈʠʩ. .5.12. ʉʭʝʤʘ ʧʨʠ çʛʦʥʢʘʭè 

 

ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʥʘʩʪʫʧʥʽ ʩʧʦʩʦʙʠ ʙʦʨʦʪʴʙʠ ʟ ʛʦʥʢʘʤʠ: 

¶ ʩʠʥʭʨʦʥʽʟʘʮʽʷ; 

¶ ʧʦʙʫʜʦʚʘ ʧʨʦʪʠʛʦʥʦʯʥʠʭ ʩʠʩʪʝʤ; 

¶ ʚʨʘʭʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʪʨʠʤʢʠ. 

ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʻ ʥʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʟʘʩʦʙʦʤ ʙʦʨʦʪʴʙʠ ʟ ʛʦʥʢʘʤʠ. ɰʾ 

ʩʫʪʴ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: ʧʦ ʚʩʴʦʤʫ ʮʠʬʨʦʚʦʤʫ ʧʨʠʩʪʨʦʶ ʩʪʚʦʨʶʻʪʴʩʷ ʻʜʠʥʘ 

ʩʠʩʪʝʤʘ ʩʠʥʭʨʦʥʽʟʫʶʯʠʭ ʩʠʛʥʘʣʽʚ. ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʜʥʦʬʘʟʥʘ ʘʙʦ ʜʚʦʬʘʟʥʘ ʩʠʩʪʝʤʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ɺ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʚʦʤʘ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ 

ʽʤʧʫʣʴʩʽʚ ʉ1 ʪʘ ʉ2, ʦʜʥʘ ʟ ʷʢʠʭ ʤʘʻ ʟʘʪʨʠʤʢʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʦʾ ʥʘ 

ʧʦʣʦʚʠʥʫ ʧʝʨʽʦʜʫ. 

ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʾ ʚʠʱʝ ʩʭʝʤʠ ʟ ʧʘʨʘʣʝʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ (ʜʠʚ. ʨʠʩ. 5.11, ʘ) 

ʩʠʥʭʨʦʥʥʘ ʩʭʝʤʘ ʟ ʜʚʦʬʘʟʥʦʶ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.13, ʘ. 
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ʈʠʩ. 5.13. ʉʠʥʭʨʦʥʥʘ ʩʭʝʤʘ ʟ ʜʚʦʬʘʟʥʦʶ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʪʘ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʾʾ 

ʨʦʙʦʪʠ 

ɿʘ ʩʠʥʭʨʦʩʠʛʥʘʣʦʤ ʉ1 ʩʠʛʥʘʣ ʭ ʦʜʥʦʯʘʩʥʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʜʚʘ ʢʘʥʘʣʠ. 

ʇʨʦʭʦʜʷʯʠ ʢʘʥʘʣʠ ʟ ʨʽʟʥʠʤʠ ʟʘʪʨʠʤʢʘʤʠ ʊɸ i ʊɺ, ʚ ʘʩʠʥʭʨʦʥʥʽʡ ʩʭʝʤʽ 

(ʨʠʩ. 5.11, ʘ) ʥʘ ʚʠʭʦʜʽ Y ʚ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ 2 3t t·   ʟôʷʚʣʷʻʪʴʩʷ ʧʝʨʝʰʢʦʜʘ. ɸʣʝ ʫ 

ʩʠʥʭʨʦʥʥʽʡ ʩʭʝʤʽ ʽʥʬʦʨʤʘʮʽʷ ʥʘ ʚʠʭʦʜʽ Y ʟôʷʚʠʪʴʩʷ ʣʠʰʝ ʧʽʩʣʷ ʧʦʜʘʯʽ 

ʩʠʥʭʨʦʽʤʧʫʣʴʩʫ ʉ2 ʚ ʤʦʤʝʥʪ t4, ʢʦʣʠ ʚʩʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚ ʢʘʥʘʣʘʭ 

ʟʘʚʝʨʰʘʪʴʩʷ. ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʽʥʪʝʨʚʘʣ 1 4t t·   ʤʽʞ ʜʚʦʤʘ 

ʩʠʥʭʨʦʽʤʧʫʣʴʩʘʤʠ, ʷʢʠʡ ʚʠʙʠʨʘʻʪʴʩʷ ʪʘʢʠʤ, ʱʦʙ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʥʘʡʙʽʣʴʰʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʤʦʛʣʠ ʟʘʚʝʨʰʠʪʠʩʴ ʜʦ ʧʦʜʘʯʽ ʉ2. 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʱʦ ʚʠʩʪʫʧʘʻ ʧʨʠʡʤʘʯʝʤ ʩʠʛʥʘʣʫ Y, ʟʘʣʝʞʠʪʴ ʥʘʟʚʘ 

ʩʠʛʥʘʣʫ ʉ2. ɺ ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʠʛʥʘʣ Y ʥʝ ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ, ʘ ʉ2 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚ Y ʥʝ ʟôʷʚʣʷʣʘʩʴ ʧʝʨʝʰʢʦʜʘ, ʚʽʥ 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʨʦʙʦʤ, ʘ ʧʨʦʮʝʩ ʚʽʜʩʽʢʘʥʥʷ ʧʝʨʝʰʢʦʜ ï ʩʪʨʦʙʫʚʘʥʥʷʤ. ʗʢʱʦ ʞ 

ʥʝʦʙʭʽʜʥʦ ʟʘʧʘʤôʷʪʘʪʠ ʚ ʩʭʝʤʽ ʧʘʤôʷʪʽ, ʪʦ ʩʠʛʥʘʣ ʉ2 ʧʦʜʘʻʪʴʩʷ ʥʘ ʮʶ ʩʭʝʤʫ, ʱʦ 

ʨʦʙʠʪʴ ʾʾ ʩʠʥʭʨʦʥʥʦʶ, ʘ ʉ2 ï ʚʽʜʧʦʚʽʜʥʦ ʩʠʥʭʨʦʩʠʛʥʘʣʦʤ. 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʫʪʪʻʚʦ ʩʧʨʦʩʪʠʪʠ 

ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʩʭʝʤ, ʘʜʞʝ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʛʦʥʦʢ. 

ʇʨʦʪʠʛʦʥʦʯʥi ʩʠʩʪʝʤʠ ï ʮʝ ʜʨʫʛʠʡ ʧʨʘʢʪʠʯʥʠʡ ʩʧʦʩʽʙ ʙʦʨʦʪʴʙʠ ʟ 

ʛʦʥʢʘʤʠ. ɺʦʥʠ ʙʫʜʫʶʪʴʩʷ ʪʘʢ, ʱʦ ʚ ʥʠʭ ʚʽʜʩʫʪʥʽʡ ʨʠʟʠʢ ʧʦʷʚʠ ʥʘ ʚʠʭʦʜʽ 

ʩʠʛʥʘʣʽʚ, ʥʝ ʧʝʨʝʜʙʘʯʝʥʠʭ ʣʦʛʽʢʦʶ ʨʦʙʦʪʠ ʩʭʝʤʠ. ʇʨʠʢʣʘʜʦʤ ʧʦʜʚʽʡʥʦʾ ʩʭʝʤʠ 

ʤʦʞʝ ʙʫʪʠ ʜʚʘ ʧʘʨʘʣʝʣʴʥʠʭ ʢʘʥʘʣʠ ʟ ʦʜʥʘʢʦʚʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ, 

ʦʙôʻʜʥʘʥʠʭ ʝʣʝʤʝʥʪʦʤ ɸɹʆ; ʷʢʠʡ ʙʠ ʢʘʥʘʣ ʥʝ ʚʠʛʨʘʚ ʛʦʥʢʫ, ʨʝʟʫʣʴʪʘʪ ʙʫʜʝ 

ʦʜʥʘʢʦʚʠʤ, ʟʤʽʥʠʪʴʩʷ ʣʠʰʝ ʤʦʤʝʥʪ ʡʦʛʦ ʧʦʷʚʠ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʛʦʥʦʢ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʶʚʘʪʠ ʧʘʨʘʣʝʣʴʥʽ ʢʘʥʘʣʠ ʧʝʨʝʜʘʯʽ 

ʩʠʛʥʘʣʽʚ. ɿʘʜʘʯʘ ʩʪʚʦʨʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʣʝʣʴʥʠʭ 

ʢʘʥʘʣʽʚ ʜʦʩʠʪʴ ʯʽʪʢʦ ʬʦʨʤʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʨʪ ʂʘʨʥʦ (ʜʽʘʛʨʘʤ 

ɺʝʡʯʘ). ʉʫʪʥʽʩʪʴ ʪʘʢʦʾ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʙʫʜʴ-ʷʢʽ ʩʫʩʽʜʥʽ 

ʢʣʽʪʠʥʠ ʢʘʨʪʠ ʂʘʨʥʦ ʙʫʣʠ ʦʭʦʧʣʝʥʽ ʱʦʥʘʡʤʝʥʰʝ ʦʜʥʠʤ ʙʘʛʘʪʦʚʠʤʽʨʥʠʤ ʢʫʙʦʤ. 

ʄʽʥʽʤʽʟʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʣʦʛʽʯʥʘ ʬʫʥʢʮʽʷ ʙʫʜʝ ʚʽʣʴʥʦʶ ʚʽʜ ʛʦʥʦʢ. 

ʇʨʘʢʪʠʯʥʦ ʘʩʠʥʭʨʦʥʥʽ ʩʭʝʤʠ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʽ ʚ ʧʨʦʝʢʪʫʚʘʥʥʽ i 

ʧʦʩʪʫʧʦʚʦ ʚʠʪʽʩʥʷʶʪʴʩʷ ʩʠʥʭʨʦʥʥʠʤʠ. 

ʇʨʠʢʣʘʜ 5.3. ʃʦʛʽʯʥʘ ʬʫʥʢʮʽʷ ʟʘʜʘʥʘ ʢʘʨʪʦʶ ʂʘʨʥʦ (ʨʠʩ. 5.14). 

ʄʽʥʽʤʽʟʫʚʘʪʠ ʬʫʥʢʮʽʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʠʟôʶʥʢʪʠʚʥʦʾ ʥʦʨʤʘʣʴʥʦʾ ʬʦʨʤʠ, 

ʚʽʣʴʥʦʾ ʚʽʜ ʛʦʥʦʢ. 

 

ʈʠʩ. 5.14. ʃʦʛʽʯʥʘ ʬʫʥʢʮʽʷ, ʱʦ ʟʘʜʘʥʘ ʢʘʨʪʦʶ ʂʘʨʥʦ 

 

ʈʦʟʚôʷʟʘʥʥʷ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʟôʶʥʢʪʠʚʥʦʾ ʬʦʨʤʠ ʤʦʞʥʘ ʦʙôʻʜʥʘʪʠ 

ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ ʢʣʽʪʠʥʦʢ: ʛʨʫʧʘ ˉ 1 ï 1, 3, 5, 7; ʛʨʫʧʘ ˉ 2 ï 8, 9, 12, 13 ʽ ʛʨʫʧʘ 

ˉ 3 ï 6, 14. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ ʬʫʥʢʮʽʶ: 
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3 0 3 1 2 1 0y x x x x x x x= + + . 

ʌʫʥʢʮʽʷ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʦʶ, ʘʣʝ ʥʝ ʚʽʣʴʥʦʶ ʚʽʜ ʛʦʥʦʢ, ʦʩʢʽʣʴʢʠ ʪʘʢʽ 

ʩʫʩʽʜʥʽ ʢʣʽʪʠʥʠ, ʷʢ 6, 7; 1, 9; 12, 14 ʥʝ ʦʭʦʧʣʶʶʪʴʩʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʤʠ ʢʫʙʘʤʠ. 

ɺʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʛʦʥʦʢ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʙôʻʜʥʘʥʥʷ 

ʚʢʘʟʘʥʠʭ ʢʣʽʪʠʥ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʦ ʜʚʦʤʘ 2-ʢʫʙʘʤʠ (7, 6) ʽ (12, 14) ʽ 

ʦʜʥʠʤ 4-ʢʫʙʦʤ (1, 5, 13, 9). ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ ʬʫʥʢʮʽʶ: 

3 0 3 1 2 1 0 3 2 1 3 2 0 1 0y x x x x x x x x x x x x x x x= + + + + +, 

ʷʢʘ ʙʫʜʝ ʚʽʣʴʥʦʶ ʚʽʜ ʛʦʥʦʢ. 

ʊʨʝʪʽʡ ʩʧʦʩʽʙ ï ʫʨʘʭʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʪʨʠʤʦʢ ï ʟʥʘʭʦʜʠʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘʢʠʭ ʮʠʬʨʦʚʠʭ ʩʭʝʤ, ʷʢʽ ʧʦʪʽʤ 

ʚʠʛʦʪʦʚʣʷʪʠʤʫʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʢʨʠʩʪʘʣʽ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʨʦʝʢʪʘʥʪ 

ʧʘʨʘʣʝʣʴʥʦ ʟʽ ʩʭʝʤʦʪʝʭʥʽʢʦʶ ʟʘʢʣʘʜʘʻ ʡ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʩʭʝʤʠ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫ ʧʨʦʝʢʪ ʤʦʞʥʘ ʟʘʢʣʘʩʪʠ 

ʥʝʦʙʭʽʜʥʽ ʯʘʩʦʚʽ ʟʘʪʨʠʤʢʠ ʚ ʦʢʨʝʤʠʭ ʢʘʥʘʣʘʭ ʘʙʦ ʩʭʝʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ 

ʧʨʠʡʦʤʽʚ ʫ ʜʠʩʢʨʝʪʥʽʡ ʮʠʬʨʦʚʽʡ ʩʭʝʤʦʪʝʭʥiʮi ʚʠʤʘʛʘʻ ʚʝʣʠʢʦʛʦ ʜʦʩʚʽʜʫ i ʫʚʘʛʠ. 

ʋ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ, ʧʽʩʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʩʭʝʤ ʾʭ ʘʥʘʣʽʟʫʶʪʴ 

ʥʘ ʧʨʝʜʤʝʪ ʤʦʞʣʠʚʦʾ ʧʦʷʚʠ ʧʝʨʝʰʢʦʜ ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʦʥʦʢ. ʅʘ ʧʨʘʢʪʠʮʽ ʟ ʮʽʻʶ 

ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ. 

ʑʝ ʦʜʥʠʤ ʧʨʠʢʣʘʜʦʤ ʧʦʷʚʠ ʧʝʨʝʰʢʦʜ ʟʘʚʜʷʢʠ ʛʦʥʢʘʤ ʻ ʧʨʠʡʦʤ ʩʠʛʥʘʣʽʚ 

ʟ ʥʝʜʦʩʪʘʪʥʴʦ ʢʨʫʪʠʤʠ ʬʨʦʥʪʘʤʠ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʤʘʻ ʤʽʩʮʝ ʪʦʜʽ, ʢʦʣʠ ʧʦʜʚʽʡʥʠʡ 

ʩʠʛʥʘʣ ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʘʨʘʣʝʣʴʥʽ ʢʘʥʘʣʠ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʤʽʢʨʦʩʭʝʤ. ʋ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʚ ʜʝʷʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʨʽʚʥʽʚ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ ʤʽʢʨʦʩʭʝʤʠ ʦʜʥʦʛʦ 

ʪʠʧʫ ʩʠʛʥʘʣ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʨʽʚʥʶ ʣʦʛʽʯʥʦʛʦ ʥʫʣʷ, ʘ ʜʣʷ ʽʥʰʦʛʦ ï ʷʢ ʣʦʛʽʯʥʦʾ 

ʦʜʠʥʠʮʽ. ʎʝ ʧʨʠʚʝʜʝ ʜʦ ʧʦʷʚʠ ʭʠʙʥʠʭ ʩʠʛʥʘʣʽʚ. ʎʝ ʷʚʠʱʝ ʥʘʟʠʚʘʻʪʴʩʷ Ăʛʦʥʢʘʤʠ 

ʧʦ ʚʠʭʦʜʫò. ɼʣʷ ʙʦʨʦʪʴʙʠ ʟ ʥʠʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʧʨʠʡʦʤʠ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ. 
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ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ʈʷʙʝʥʴʢʠʡ ɺ.ʄ., ɾʫʡʢʦʚ ɺ.ʗ., ɻʫʣʠʡ ɺ.ɼ. ʎʠʬʨʦʚʘ ʩʭʝʤʦʪʝʭʥʽʢʘ: 

ʅʘʚʯ. ʧʦʩʽʙʥʠʢ. ï ʃɹ ʚʽʚ: ʅʦʚʠʡ ʩʚʽʪ ï 2000, 2009, ï 736 ʩ. 
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ʃʝʢʮʽʷ ˉ 6 

ʊʨʠʛʝʨʠ. ʊʨʠʛʝʨʥʽ ʩʭʝʤʠ 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʪʨʠʛʝʨʥʘ ʩʭʝʤʘ ʤʘʻ ʚʠʛʣʷʜ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʠʩ. 6.1. 

 

ʉʂ ɽʇ 

S 

R 

Q 

Q 

ʈʠʩ. 4.2 

x 1 

x n 

c 1 

c n 

 

ʈʠʩ. 6.1. ʊʨʠʛʝʨʥʘ ʩʭʝʤʘ 

 

ʋ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʷʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʪʨʠʛʝʨʽʚ, ʘʣʝ ʚʩʽ ʚʦʥʠ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʝʣʝʤʝʥʪ ʧʘʤôʷʪʽ (ɽʇ) ʪʘ ʩʭʝʤʫ 

ʢʝʨʫʚʘʥʥʷ (ʉʂ), ʷʢʘ ʤʘʻ ʜʚʘ ʚʠʭʦʜʠ ï ʧʨʷʤʠʡ Q ʪʘ ʽʥʚʝʨʩʥʠʡ Q, ʢʦʪʨʽ ʤʦʞʫʪʴ 

ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ 1 ʘʙʦ 0. ʂʝʨʫʚʘʥʥʷ ʝʣʝʤʝʥʪʦʤ ʧʘʤôʷʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʭʦʜʽʚ S (Set ï ʫʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʥʫ Q = 1, 0=Q ) ʪʘ R (Reset ï 

ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ Q = 0, 1=Q ). ʃʦʛʽʯʥʽ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʥʘʯʝʥʴ ʚʭʽʜʥʠʭ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ ʭ1éʭn , ʩʠʛʥʘʣʽʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

c1écn , ʩʪʘʥʽʚ ʚʠʭʦʜʽʚ ʝʣʝʤʝʥʪʘ ʧʘʤôʷʪʽ Q ʪʘ Q  ʽ ʣʦʛʽʢʠ ʨʦʙʦʪʠ ʩʭʝʤʠ 

ʢʝʨʫʚʘʥʥʷ. ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʩʭʝʤʠ ʟʤʽʥʶʻʪʴʩʷ ʾʾ ʣʦʛʽʯʥʘ ʬʫʥʢʮʽʷ, 

ʢʽʣʴʢʽʩʪʴ ʚʭʦʜʽʚ xn , ʢʽʣʴʢʽʩʪʴ ʪʘ ʭʘʨʘʢʪʝʨ ʚʭʦʜʽʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. 

ʋ ʟʘʨʫʙʽʞʥʽʡ ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽ ʚʩʽ ʪʨʠʛʝʨʥʽ ʩʭʝʤʠ ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ 

ʛʨʫʧʠ. 

ʇʝʨʰʘ ʟ ʥʠʭ ï flip-flop ï ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʠʙʽʨʢʘ ʚʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ ʽ ʚʽʜʧʦʚʽʜʥʘ ʟʤʽʥʘ ʚʠʭʦʜʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʤʦʤʝʥʪʠ ʜʽʾ ʪʘʢʪʦʚʠʭ 

ʯʘʩʦʚʠʭ ʩʠʛʥʘʣʽʚ (ʩʠʥʭʨʦʥʥʽ ʪʨʠʛʝʨʠ). 

ʆʩʦʙʣʠʚʽʩʪʴ ʜʨʫʛʦʾ ʛʨʫʧʠ ʩʭʝʤ ï latch ï ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʟʤʽʥʶʁ ʪʴ 

ʩʚʽʡ ʩʪʘʥ ʧʨʠ ʟʤʽʥʽ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʯʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʯʘʩʦʚʠʭ ʪʘʢʪʦʚʠʭ ʩʠʛʥʘʣʽʚ. 
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ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʠʛʝʨʥʠʭ ʩʭʝʤ 

ʆʩʦʙʣʠʚʽʩʪʴ ʩʭʝʤʦʪʝʭʥʽʢʠ ʪʨʠʛʝʨʥʠʭ ʩʭʝʤ, ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʤʙʽʥʘʮʽʡʥʦʶ 

ʩʭʝʤʦʪʝʭʥʽʢʦʶ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʾʭ ʚʠʭʦʜʠ ʟôʻʜʥʘʥʽ ʟʽ ʚʭʦʜʘʤʠ. ʎʷ ʩʠʪʫʘʮʽʷ 

ʯʘʩʪʦ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʧʨʦʪʠʜʽʾ ʝʣʝʢʪʨʠʯʥʠʤ 

ʧʝʨʝʰʢʦʜʘʤ Uʇ , ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʚʠʭʦʜʘʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. ɺʠʥʠʢʥʫʚʰʠ ʥʘ ʣʽʥʽʷʭ ʟʚôʷʟʢʫ ʽ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʚʭʦʜʘʭ ʪʨʠʛʝʨʘ, 

ʧʝʨʝʰʢʦʜʘ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʟʤʽʥʫ ʡʦʛʦ ʩʪʘʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʨʠʛʝʨ ʤʦʞʝ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʚʠʧʘʜʢʦʚʽ ʧʝʨʝʰʢʦʜʠ ʫ ʧʦʩʪʽʡʥʦ ʜ̔ ʶʯʠʡ ʩʠʛʥʘʣ [1]. ɼʣʷ 

ʚʠʢʣʶʯʝʥʥʷ ʧʦʜʽʙʥʦʾ ʩʠʪʫʘʮʽʾ ʚʠʭʦʜʠ ʪʨʠʛʝʨʘ ʧʽʜʢʣʶʯʘʁ ʪʴʩʷ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʘʙʦ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʯʝʨʝʟ ʙʫʬʝʨʥʽ ʝʣʝʤʝʥʪʠ, ʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʮʠʭ 

ʝʣʝʤʝʥʪʽʚ ʾʭ ʟôʻʜʥʫʶʪʴ ʪʘʢʦʞ ʟʘ ʩʭʝʤʦʶ ʪʨʠʛʝʨʘ (ʨʠʩ. 6.2). 
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ʈʠʩ. 6.2. ɿôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʟʘ ʩʭʝʤʦʶ ʪʨʠʛʝʨʘ 

 

ʋ ʪʘʢʽʡ ʩʭʝʤʽ ʥʘ ʚʭʦʜʘʭ ʙʫʬʝʨʥʠʭ ʝʣʝʤʝʥʪʽʚ DD3, DD4 ʧʦʩʪʽʡʥʦ ʜʽʻ ʦʜʠʥ ʟ 

ʧʦʪʝʥʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʚʠʭʦʜʽʚ DD1, DD2. ʊʦʤʫ, ʷʢʱʦ ʥʘʚʽʪʴ ʽʤʧʫʣʴʩʥʘ 

ʧʝʨʝʰʢʦʜʘ Uʇ ʽ ʧʨʠʟʚʝʜʝ ʜʦ ʪʠʤʯʘʩʦʚʦʾ ʟʤʽʥʠ ʩʪʘʥʽʚ DD3, DD4, ʪʦ ʧʽʩʣʷ ʾʾ 

ʟʥʠʢʥʝʥʥʷ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʦʚʝʨʥʝ ʤʽʢʨʦʩʭʝʤʠ DD3, DD4 ʫ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʩʪʦʪʫ, RS-ʪʨʠʛʝʨʠ ʚ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʫ ʩʠʩʪʝʤʘʭ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʘʜʞʝ 

ʜʣʷ ʟʘʧʠʩʫ ʽʥʬʦʨʤʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʠʛʥʘʣʽʚ: ʩʧʦʯʘʪʢʫ 

ʧʦʜʘʚʘʪʠ R-ʩʠʛʥʘʣʠ ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʪʨʠʛʝʨʘ ʜʦ ʥʫʣʴʦʚʦʛʦ ʩʪʘʥʫ, ʘ ʧʦʪʽʤ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʪʘ ʩʠʥʭʨʦʥʽʟʫʶʯʠʡ ï ʜʣʷ ʟʘʧʠʩʫ ʜʘʥʠʭ. 



 126 

ɺʭʽʜʥʽ ʩʠʛʥʘʣʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʜʽʣʷʶʪʴ ʥʘ: ʽʥʬʦʨʤʘʮʽʡʥ,̔ 

ʜʦʟʚʦʣʷʶʯʽ, ʢʦʤʘʥʜʥʽ ʘʙʦ ʩʠʥʭʨʦʥʽʟʫʶʯʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʧʽʚ ʩʠʛʥʘʣʽʚ, ʧʦʜʽʣʷʶʪʴ ʽ ʚʭʦʜʠ ʩʢʣʘʜʥʠʭ ʩʭʝʤ ʪʨʠʛʝʨʽʚ, 

ʷʢʽ ʧʦʟʥʘʯʘʶʪʴ ʣʽʪʝʨʘʤʠ ʘʙʝʪʢʠ ʟʛʽʜʥʦ ʟ ʪʘʙʣ. 6.1. 

ʏʝʨʝʟ ʪʝ, ʱʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʠʛʝʨʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʭʽʜʥʦʾ 

ʣʦʛʽʢʠ, ʥʘʟʚʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʭʦʜʽʚ ʧʝʨʝʥʦʩʷʪʴʩʷ ʥʘ ʚʩʶ ʩʭʝʤʫ. ʊʦʤʫ, ʢʨʽʤ RS-

ʪʨʠʛʝʨʽʚ, ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʭʦʜʷʪʴ D-, DV-, JK-, T-, TV-ʪʨʠʛʝʨʠ, 

ʦʩʦʙʣʠʚʦʩʪʽ ʷʢʠʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʠʞʯʝ. 

ʊʘʙʣ. 6.1. ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʚʭʦʜʽʚ ʪʘ ʚʠʭʦʜʽʚ ʪʨʠʛʝʨʥʠʭ ʩʭʝʤ 

ʇʦʟʥʘʯʝʥʥʷ 

ʚʭʦʜʫ 
ʇʨʠʟʥʘʯʝʥʥʷ 

S ɺʭʽʜ ʫʩʪʘʥʦʚʢʠ ʪʨʠʛʝʨʽʚ ʫ ʩʪʘʥ Q = 1 

R ɺʭʽʜ ʫʩʪʘʥʦʚʢʠ ʪʨʠʛʝʨʽʚ ʫ ʩʪʘʥ Q = 0 

J ɺʭʽʜ ʫʩʪʘʥʦʚʢʠ JK-ʪʨʠʛʝʨʽʚ ʫ ʩʪʘʥ Q = 1 

K ɺʭʽʜ ʫʩʪʘʥʦʚʢʠ JK-ʪʨʠʛʝʨʽʚ ʫ ʩʪʘʥ Q = 0 

D ɺʭʽʜ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ D-ʪʨʠʛʝʨ 

T ʊʘʢʪʦʚʠʡ ʚʭʽʜ ʊ-ʪʨʠʛʝʨʽʚ 

V ʇʽʜʛʦʪʦʚʯʠʡ ʚʭʽʜ ʜʦʟʚʦʣʫ ʧʨʠʡʦʤʫ ʽʥʬʦʨʤʘʮʽʾ 

C ɺʭʽʜ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ɺʠʢʦʥʘʚʯʠʡ ʚʭʽʜ ʧʨʠʡʦʤʫ ʽʥʬʦʨʤʘʮʽʾ 

 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʩʽ ʪʨʠʛʝʨʠ ʟʘ ʩʧʦʩʦʙʦʤ 

ʚʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʚʽ ʛʨʫʧʠ ï ʘʩʠʥʭʨʦʥʥʽ ʪʘ ʩʠʥʭʨʦʥʥʽ. 

ɸʩʠʥʭʨʦʥʥʽ ʪʨʠʛʝʨʠ, ʧʦʜʽʙʥʦ ʜʦ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʱʝ RS-ʪʨʠʛʝʨʘ, ʟʤʽʥʶʶʪʴ 

ʩʚʽʡ ʩʪʘʥ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʟʤʽʥʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. 

ɼʣʷ ʩʧʨʘʮʶʚʘʥʥʷ ʩʠʥʭʨʦʥʥʠʭ ʪʨʠʛʝʨʽʚ ʥʘʷʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 

ʥʝʜʦʩʪʘʪʥʴʦ. ɼʦʧʦʤʽʞʥʦ ʥʝʦʙʭʽʜʥʘ ʱʝ ʥʘʷʚʥʽʩʪʴ ʩʠʥʭʨʦʽʤʧʫʣʴʩʫ (ʪʘʢʪʦʚʦʛʦ 

ʽʤʧʫʣʴʩʫ) ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʪʘʢʪʦʚʦʤʫ ʉ-ʚʭʦʜʽ (ʨʠʩ. 6.3, ʘ). ʊʘʢʪʦʚʽ ʽʤʧʫʣʴʩʠ 

ʩʪʚʦʨʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʪʦʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʩɹʷ ʚʩʽʤ 

ʮʠʬʨʦʚʠʤ ʧʨʠʩʪʨʦʻʤ. ʋ ʩʠʥʭʨʦʥʥʠʭ ʩʭʝʤʘʭ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʛʥʘʣʠ (ʪʦʙʪʦ ʜʘʥʽ, 

ʱʦ ʟʘʧʠʩʫʶʪʴʩʷ ʚ ʪʨʠʛʝʨ) ʛʦʪʫʶʪʴʩʷ ʽ ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʚʭʦʜʠ ʨʘʥʽh ʝ, 
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ʥʽʞ ʩʠʥʭʨʦʩʠʛʥʘʣʠ (ʨʠʩ. 6.3, ʙ). ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʟʘʧʠʩʫ ʽʥʬʦʨʤʘʮʽʾ 

ʥʝʦʙʭʽʜʥʠʤʠ ʻ ʚʽʜʧʦʚʽʜʥʽ ʯʘʩʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. 
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ʈʠʩ. 6.3. ʉʭʝʤʘ ʩʠʥʭʨʦʥʥʦʛʦ RS-ʪʨʠʛʝʨʘ 

 

ʋ ʜʦʚʽʜʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʘ ʙʫʜʴ-ʷʢʠʡ ʪʨʠʛʝʨ ʜʘʶʪʴʩʷ ʜʚʘ ʧʘʨʘʤʝʪʨʠ: 

¶ ʯʘʩ ʟʘʪʨʠʤʢʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʚʤʠʢʘʥʥʷ tɿ 01 ;  

¶ ʯʘʩ ʟʘʪʨʠʤʢʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʚʠʤʠʢʘʥʥʷ tɿ 10 . 

ɯʥʪʝʨʚʘʣʠ tɿ 01 ʽ tɿ 10 ï ʮʝ ʤʽʥʽʤʘʣʴʥʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʤʽʥ̔ʤʘʣʴʥʫ ʪʨʠʚʘʣʽʩʪʴ ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʧʦʜʘʚʘʪʠʩʷ ʥʘ ʪʨʠʛʝʨ. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʦʢʨʝʤʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʭʦʜʽʚ ʽ ʚʭʦʜʽʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʟʘʜʘʶʪʴʩʷ ʯʘʩʦʚʽ ʧʘʨʘʤʝʪʨʠ ʦʢʨʝʤʦ ʜʣʷ ʘʩʠʥʭʨʦʥʥʠʭ ʚʭʦʜʽʚ ʫʩʪʘʥʦʚʢʠ S ʽ 

ʩʢʠʜʘʥʥʷ R ʽ ʦʢʨʝʤʦ ʧʦ ʚʭʦʜʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʉ. ʏʘʩ ʟʘʪʨʠʤʢʠ ʧʦ ʚʭʦʜʘʭ J, K, D 

ʥʝ ʟʘʜʘʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ ʥʘ ʥʠʭ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʦʚʣʝʥʘ. 

ɼʣʷ ʩʠʥʭʨʦʥʥʠʭ ʪʨʠʛʝʨʽʚ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʱʝ ʜʚʦʤʘ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʪʨʠʛʝʨʥʠʭ ʩʭʝʤ. 

ʇʝʨʰʠʡ ʟ ʥʠʭ ï ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ tʇ (ʚ ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ï Setup time, 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ tSU). ʎʝ ʤʽʥʽʤʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʽ ʪʨʠʛʝʨʘ ʧʦʚʠʥʝʥ ʟʘʣʠʰʘʪʠʩʷ ʥʝʟʤʽʥʥʠʤ ʜʦ 

ʧʦʜʘʯʽ ʩʠʥʭʨʦʩʠʛʥʘʣʫ. ɿʘ ʮʝʡ ʯʘʩ ʚʩʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʫʩʪʘʥʦʚʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʚʠʥʥʽ ʟʘʚʝʨʰʠʪʠʩʷ. 
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ɼʨʫʛʠʡ ʯʘʩʦʚʠʡ ʧʘʨʘʤʝʪʨ ï ʯʘʩ ʟʘʪʨʠʤʢʠ (ʧʽʜʪʨʠʤʢʠ) tɿ (ʚ ʘʥʛʣʦʤʦʚʥʽʡ 

ʣʽʪʝʨʘʪʫʨʽ ï Hold time, tH). ʎʝ ʤʽʥʽʤʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʟ ʤʦʤʝʥʪʫ ʧʦʜʘʯʽ 

ʩʠʥʭʨʦʩʠʛʥʘʣʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʧʦʚʠʥʝʥ ʟʘʣʠʰʘʪʠʩʷ 

ʥʝʟʤʽʥʥʠʤ. ʎʝʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʠʡ ʟ ʚʠʱʝʟʛʘʜʘʥʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ 

ʯʘʩʫ tɿ 01 ʽ tɿ 10, ʦʩʢʣ̔ʴʢʠ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ ʥʝʨʽʚʥʦʩʪʽ: 

 tɿ > tɿ 01; tɿ > tɿ 10. (6.1) 

ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʚ ʩʠʥʭʨʦʥʥʠʭ ʮʠʬʨʦʚʠʭ ʩʭʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʽ 

ʟʤʽʱʝʥʽ ʚ ʯʘʩʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ. 

RS-ʪʨʠʛʝʨ ʻ ʟʜʝʙʽʣʴʰʦʛʦ ʣʠʰʝ ʝʣʝʤʝʥʪʦʤ ʧʘʤôʷʪʽ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʪʨʠʛʝʨʥʠʭ ʩʠʩʪʝʤ. ɻʦʣʦʚʥʘ ʞ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ 

ʥʘʣʝʞʠʪʴ ʩʭʝʤʽ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʧʝʨʝʪʚʦʨʶʻ ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ ʭ0éʭn , ʉ0éʉn ʫ 

ʩʠʛʥʘʣʠ ʢʝʨʫʚʘʥʥʷ ʝʣʝʤʝʥʪʦʤ ʧʘʤôʷʪʽ. 

ʅʝʜʦʣʽʢʦʤ ʘʩʠʥʭʨʦʥʥʠʭ ʪʨʠʛʝʨʽʚ, ʷʢʠʡ ʦʙʤʝʞʫʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʰʚʠʜʢʦʜʽʶʯʠʭ ʧʨʠʩʪʨʦʷʭ, ʻ ʥʝʟʘʭʠʱʝʥʽʩʪʴ ʧʝʨʝʜ ʥʝʙʝʟʧʝʯʥʠʤʠ ñʟʤʘʛʘʥʥʤ̫ʠò 

(ñʛʦʥʢʘʤʠò) ʩʠʛʥʘʣʽʚ, ʩʫʪʥʽʩʪʴ ʷʢʠʭ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʠʛʥʘʣʠ, ʷʢʽ ʧʦʜʘʶʪʴʩʷ 

ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʭʦʜʠ ʪʨʠʛʝʨʘ, ʧʨʦʭʦʜʷʪʴ ʧʦ ʨʽʟʥʠʭ ʢʦʣʘʭ, ʯʝʨʝʟ ʨʟ̔ʥʫ ʢʽʣʴʢʽʩʪʴ 

ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʤʦʞʣʠʚʽ ʯʘʩʦʚʽ ʟʤʽʱʝʥʥʷ ʩʠʛʥʘʣʽʚ, 

ʚʝʣʠʯʠʥʠ ʷʢʠʭ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʘʧʠʩʫ ʭʠʙʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʪʨʠʛʝʨʠ. ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʮʝʡ ʥʝʜʦʣʽʢ 

ʣʽʢʚʽʜʫʚʘʪʠ. ɼʦ ʪʦʛʦ ʞ, ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ 

ʧʝʨʝʰʢʦʜʦʩʪʽʡʢʽʩʪʴ ʪʨʠʛʝʨʘ, ʘʜʞʝ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʜʦʩʪʫʧʫ 

ʜʦ ʡʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʭʦʜʫ (ʚʭʦʜʽʚ). 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʪʦʚʠʡ ʩʠʛʥʘʣ ʻ ʢʝʨʫʶʯʠʤ ʽʤʧʫʣʴʩʦʤ, ʘʜʞʝ 

ʚʚʘʞʘ̒ ʪʴʩʷ, ʱʦ ʜʦ ʡʦʛʦ ʧʨʠʭʦʜʫ ʟʤʽʥʘ ʩʠʛʥʘʣʽʚ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʭʦʜʘʭ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʚʝʨʰʝʥʘ. 

ʉʠʥʭʨʦʥʥʽ ʪʨʠʛʝʨʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʩʭʝʤʠ ʟʽ ʩʪʘʪʠʯʥʠʤ ʪʘ ʟ ʜʠʥʘʤʽʯʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ. ʍʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʩʪʘʪʠʯʥʠʭ ʪʨʠʛʝʨʽʚ ʻ ʪʝ, ʱʦ ʧʨʠ ʘʢʪʠʚʥʦʤʫ ʩʪʘʥʽ 

ʪʘʢʪʦʚʦʛʦ ʚʭʦʜʫ (ʥʘʷʚʥʽʩʪʴ ʦʜʠʥʠʯʥʦʛʦ ʨʽʚʥʷ ʧʦʪʝʥʮʽʘʣʫ) ʚʦʥʠ ʧʦʚʦʜʷʪʴ ʩʝʙʝ ʷʢ 

ʘʩʠʥʭʨʦʥʥʽ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʻ ʩʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ 
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ʩʠʥʭʨʦʥʥʠʭ ʪʨʠʛʝʨʽʚ ʟʽ ʩʪʘʪʠʯʥʠʤ ʪʘʢʪʦʚʠʤ ʚʭʦʜʦʤ, ʘʜʞʝ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʧʦʨʫʰʝʥʴ ʫ ʨʦʙʦʪʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʝʨʝʰʢʦʜ. 

ʎʝʡ ʥʝʜʦʣʽʢ ʫʩʫʥʝʥʠʡ ʫ ʪʨʠʛʝʨʘʭ ʟ ʜʠʥʘʤʽʯʥʠʤ ʪʘʢʪʦʚʠʤ ʚʭʦʜʦʤ, ʘ ʪʘʢʦʞ 

ʫ ʪʨʠʛʝʨʘʭ ʟ ʜʚʦʩʪʫʧʽʥʯʘʪʠʤ ʢʝʨʫʚʘʥʥʷʤ. ʊʨʠʛʝʨʠ ʟ ʜʠʥʘʤʽʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ ʚʠʢʦʥʘʥʥʷ, ʨʝʘʛʫʶʪʴ ʥʘ ʧʝʨʝʧʘʜ ʥʘʧʨʫʛʠ ʚʽʜ ʥʫʣʷ ʜʦ 

ʦʜʠʥʠʮʽ (ʟʘ ʬʨʦʥʪʦʤ) ʘʙʦ ʚʽʜ ʦʜʠʥʠʮʽ ʜʦ ʥʫʣʷ (ʟʘ ʩʧʘʜʦʤ (ʟʨʽʟʦʤ) ʽʤʧʫʣʴʩʫ). 

ʆʩʪʘʥʥʽ, ʷʢʽ ʟʚʫʪʴʩʷ ʪʨʠʛʝʨʘʤʠ ʟ ʚʥʫʪʨʽh ʥʴʦʶ ʟʘʪʨʠʤʢʦʶ, ʜʫʞʝ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʘʜʞʝ ʜʦʟʚʦʣʷʶʪʴ ʟʘ ʬʨʦʥʪʦʤ 

ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʟʯʠʪʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʘ ʟʘ ʟʨʽʟʦʤ ï ʟʘʧʠʩʫʚʘʪʠ. 

RS-ʪʨʠʛʝʨʠ 

ʉʭʝʤʘ RS-ʪʨʠʛʝʨʘ, ʟʽʙʨʘʥʦʛʦ ʥʘ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʘʭ 2ɸɹʆ-ʅɯ, ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 6.4, ʘ. ɿʘʚʜʷʢʠ ʩʠʤʝʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʫ, ʚʦʥʘ ʯʘʩʪʦ ʥʘʟʠʚʘʻʪʴʩʷ 

ʩʠʤʝʪʨʠʯʥʠʤ RS-ʪʨʠʛʝʨʦʤ (ʘʣʝ ʟʦʚʥʽʰʥʷ ʩʠʤʝʪʨʽʷ ʥʝ ʦʟʥʘʯʘʻ ʩʠʤʝʪʨʽʶ 

ʝʣʝʢʪʨʠʯʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ  DD1, DD2). ʅʘ ʨʠʩ. 6.4, ʙ 

ʧʨʠʚʝʜʝʥʦ ʡʦʛʦ ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ. 
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ʈʠʩ. 6.4. ʉʭʝʤʘ RS-ʪʨʠʛʝʨʘ, ʟʽʙʨʘʥʦʛʦ ʥʘ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʘʭ 2ɸɹʆ-ʅɯ, ʪʘ ʡʦʛʦ 

ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ 

 

ʉʪʘʥ ʪʨʠʛʝʨʘ ʯʘʩʪʦ ʦʪʦʪʦʞʥʶʻʪʴʩʷ ʟ ʩʠʛʥʘʣʦʤ ʥʘ ʧʨʷʤʦʤʫ ʚʠʭʦʜʽ Q. 

ʆʩʦʙʣʠʚʽʩʪʴ ʪʨʠʛʝʨʥʠʭ ʩʭʝʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʤʙʽʥʘʮʽʡʥʠʭ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʙʫʜʴ-ʷʢʠʡ ʽʟ ʩʪʘʥʽʚ ʻ ʩʪʽʡʢʠʤ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ. 
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ʇʨʠʧʫʩʪʠʤʦ, ʱʦ R = S = 0, ʘ 1=Q . ʊʦʜʽ ʥʘ ʚʠʭʦʜʽ ʝʣʝʤʝʥʪʘ DD1 

ʟʙʝʨʽʛʘʪʠʤʝʪʴʩʷ ʟʥʘʯʝʥʥʷ Q = 0, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʝʥʥʷ ʚʠʭʦʜʫ 1=Q  ʝʣʝʤʝʥʪʘ 

DD2, ʪʦʙʪʦ ʧʽʜʪʚʝʨʜʞʫʻ ʥʫʣʴʦʚʠʡ ʩʪʘʥ ʪʨʠʛʝʨʘ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʫ ʮʴʦʤʫ ʩʪʘʥʽ ʥʘ ʚʭʦʜʠ ʪʨʠʛʝʨʘ ʧʦʜʘʥʦ ʢʦʤʙʽʥʘʮʽʶ 

ʧʦʪʝʥʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ R = 0, S = 1. ʊʦʜʽ ʚʠʭʽʜ ʝʣʝʤʝʥʪʘ DD2 ʧʨʠʡʤʝ ʟʥʘʯʝʥʥʷ 

0=Q , ʘ ʚʠʭʽʜ ʝʣʝʤʝʥʪʘ DD1 ʧʨʠʡʤʝ ʟʥʘʯʝʥʥʷ Q = 1. ʊʦʙʪʦ ʚʢʘʟʘʥʦʶ 

ʢʦʤʙʥ̔ʘʮʽʻʶ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʤʠ ʟʘʧʠʰʝʤʦ ʩʠʛʥʘʣ S = 1 ʫ ʪʨʠʛʝʨ ʷʢ ʦʜʠʥ ʙʽʪ 

ʽʥʬʦʨʤʘʮʽʾ. ɿʤʽʥʠʪʠ ʩʪʘʥ ʪʨʠʛʝʨʘ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʤʦʞʣʠʚʦ ʧʨʦʪʠʣʝʞʥʦʶ 

ʢʦʤʙʽʥʘʮʽʻʶ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ R = 1, S = 0. ʗʢʱʦ ʤʠ ʧʦʚʪʦʨʠʤʦ ʧʦʜʘʯʫ ʮʽʻʾ 

ʢʦʤʙʽʥʘʮʽʾ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʧʨʠ Q = 0,  1=Q , ʪʦ ʩʪʘʥ ʪʨʠʛʝʨʘ ʥʝ ʟʤʽʥʠʪʴʩʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʥ ʚʠʭʦʜʽʚ ʪʨʠʛʝʨʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ, ʥʘʩʪʫʧʥʠʡ ʟʘ ʤʦʤʝʥʪʦʤ 

ʧʦʜʘʯʽ ʚʭʜ̔ʥʠʭ ʩʠʛʥʘʣʽʚ, ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʢʦʤʙʽʥʘʮʽʾ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ, ʘʣʝ 

ʡ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ ʡʦʛʦ ʚʠʭʦʜʽʚ. ʊʦʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʩʭʝʤʠ ʥʝʦʙʭʽʜʥʝ 

ʨʦʟʧʦʜʣ̔ʝʥʥʷ ʩʪʘʥʽʚ ʚʭʦʜʽʚ ʪʘ ʚʠʭʦʜʽʚ ʪʨʠʛʝʨʘ ʫ ʯʘʩʽ. ɼʣʷ ʮʴʦʛʦ ʧʦʧʝʨʝʜʥʽ ʩʪʘʥʠ 

ʧʦʟʥʘʯʘʶʪʴʩʷ ʽʥʜʝʢʩʦʤ n : Sn , Rn , Qn . ʅʘʩʪʫʧʥʠʡ ʩʪʘʥ ʪʨʠʛʝʨʘ, ʚ ʷʢʠʡ ʪʦʡ 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʢʦʤʙʽʥʘʮʽʾ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʴ 

ʚʠʭʦʜʽʚ ʫ n-ʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ Qn+1, 1+n
Q . ɿʘʚʜʷʢʠ ʪʘʢʦʤʫ 

ʨʦʟʧʦʜʽʣʝʥʥʶ ʩʪʘʥʽʚ ʪʘ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʫ ʯʘʩʽ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʟʘʧʠʩʫ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʪʨʠʛʝʨʽʚ. 

ʇʦʚʥʘ ʪʘʙʣʠʮʷ ʩʪʘʥʽʚ RS-ʪʨʠʛʝʨʘ (ʊʘʙʣ. 4.1) ʦʧʠʩʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʡʦʛʦ 

ʨʦʙʦʪʠ. ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʧʨʠ Sn = Rn = 1, ʥʝʟʘʣʝʞʥʦ ʚʽʜ Qn , ʩʪʘʥ 

ʚʠʭʦʜʽʚ ʪʨʠʛʝʨʘ ʻ ʥʝʚʠʟʥʘʯʝʥʠʤ. ɼʽʡʩʥʦ, ʷʢʱʦ ʧʦʜʘʪʠ ʥʘ ʦʙʠʜʚʘ ʚʭʦʜʠ ʪʘʢʫ 

ʢʦʤʙʽʥʘʮʽʶ ʩʠʛʥʘʣʽʚ, ʪʦ ʥʘ ʦʙʦʭ ʚʠʭʦʜʘʭ ʟôʷʚʣʷʪʴʩʷ ʣʦʛʽʯʥʽ ʥʫʣʽ 

(Qn+1 = 1+n
Q  = 0). ɸʣʝ ʷʢʱʦ ʮʽ ʩʠʛʥʘʣʠ ʦʜʥʦʯʘʩʥʦ ʟʥʷʪʠ, ʟʘʜʘʚʰʠ Qn+1 = Rn+1 = 0, 

ʪʦ ʩʪʘʥ ʚʠʭʦʜʽʚ ʙʫʜʝ ʥʝʚʠʟʥʘʯʝʥʠʤ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʽʩʣʷ ʟʥʷʪʪʷ 

ʩʠʛʥʘʣʽʚ ʫ ʢʦʞʥʦʤʫ ʟ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʜʝ ʧʨʦʪʽʢʘʪʠ ʧʝʨʝʭʜ̔ʥʠʡ ʧʨʦʮʝʩ 

ʟʤʽʥʠ ʩʪʘʥʽʚ, ʽ ʨʝʟʫʣʴʪʘʪ ʡʦʛʦ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʰʚʠʜʢʦʜʽʾ ʝʣʝʤʝʥʪʽʚ. ʆʩʪʘʥʥʷ ʻ 

ʚʝʣʠʯʠʥʦʶ ʥʝʚʠʟʥʘʯʝʥʦʶ. ʊʦʤʫ ʨʦʟʛʣʷʥʫʪʘ ʢʦʤʙʽʥʘʮʽʷ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ 
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ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʚʠʟʥʘʯʝʥʦʶ ʢʦʤʙʽʥʘʮʽ̒ ,ʁ ʘ ʧʝʨʝʭʽʜ ʚʽʜ ʪʘʢʦʾ ʢʦʤʙʽʥʘʮʽʾ ʜʦ 

ʥʫʣʴʦʚʦʾ ï ʟʘʙʦʨʦʥʝʥʠʤ ʧʝʨʝʭʦʜʦʤ. ʌʘʢʪʠʯʥʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ ʤʽʨʠ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʧʦʜʽʙʥʠʭ 

ʩʠʪʫʘʮʽʡ. 

 

ʇʨʝʜʩʪʘʚʠʚʰʠ ʪʘʙʣ. 6.2 y ʬʦʨʤʽ ʢʘʨʪʠ ʂʘʨʥʦ (ʨʠʩ. 6.4), ʧʦʤʽʯʘʻʤʦ 

ʥʘʩʪʫʧʥʫ ʦʩʦʙʣʠʚʽʩʪʴ ʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ: ʧʨʠ ʟʥʘʯʝʥʥʷʭ Sn = Rn = 0 ʤʘʤ̒ʦ Qn+1 = 

Qn, ʘ ʜʣʷ ʨʝʰʪʠ ʢʦʤʙʽʥʘʮʽʡ ʚʭʦʜʽʚ ʟʥʘʯʝʥʥʷ ʚʠʭʦʜʫ Qn+1 ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʥʘʯʝʥʥʷ Qn . ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʪʘʙʣ. 6.2 (ʜʠʚ. ʪʘʙʣ. 6.3) ʪʘ 

ʦʜʝʨʞʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʪʨʠʛʝʨʘ: 

 
.

;

1

1

nnnn

nnnn

SQRQ

RQSQ

Ö+=

Ö+=

+

+
 (6.2) 

      

 

ʊʘʙʣ. 6.2. ʇʦʚʥʘ ʪʘʙʣʠʮʷ ʩʪʘʥʽʚ RS-ʪʨʠʛʝʨʘ 

Rn Sn Qn Qn+1 

0 0 0 0 

0 0 1 1 

0 1 0 1 

0 1 1 1 

1 0 0 0 

1 0 1 0 

1 1 0 x 

1 1 1 x 

 

0 

1 

1 

1 

x 

x 

0 

0 

Q n 

 

0 

1 

00 01 11 10 

RnSn 

ʈʠʩ. 6.4. ʂʘʨʪʘ ʂʘʨʥʦ 

444444444.4 

ʊʘʙʣ. 6.3. ʄʽʥʽʤʽʟʦʚʘʥʘ ʪʘʙʣʠʮʷ ʩʪʘʥʽʚ RS-ʪʨʠʛʝʨʘ 

Rn  Sn Qn+1 

0 0 Qn 

0 1 1 

1 0 0 

1 1 x 
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ʇʝʨʝʪʚʦʨʶʶʯʠ ʨʽʚʥʷʥʥʷ (6.2) ʚ ʙʘʟʠʩʠ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ɯ-ʅɯ, ʦʜʝʨʞʫʤ̒ʦ: 
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 (6.3) 

ʎʠʤ ʨʽʚʥʷʥʥʷʤ ʚʽʜʧʦʚʽʜʘʻ ʩʭʝʤʘ ʨʠʩ. 6.9. ʇʝʨʰʝ ʟ ʥʠʭ ʚʠʢʦʥʘʥʝ ʥʘ DD1, ʘ 

ʜʨʫʛʝ ʥʘ DD2. ʎʝʡ ʪʨʠʛʝʨ ʧʨʘʮʶʻ ʚ ʽʥʚʝʨʩʥʠʭ ʢʦʜʘʭ. 
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ʈʠʩ. 6.5. ʄʽʥʽʤʽʟʦʚʘʥʘ ʩʭʝʤʘ RS-ʪʨʠʛʝʨʘ 

 

ɿʤʽʥʘ ʩʪʘʥʽʚ ʪʨʠʛʝʨʥʠʭ ʩʭʝʤ ʧʨʠ ʧʦʜʘʯʽ ʨʽʟʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʚʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ ʟʦʙʨʘʞʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʘ ʧʝʨʝʭʦʜʽʚ (ʨʠʩ. 6.6). 
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ʈʠʩ. 6.6. ɻʨʘʬʠ ʧʝʨʝʭʦʜʽʚ 

 

ɺʠʭʦʜʷʯʠ ʟ ʪʘʙʣʠʮʽ ʩʪʘʥʽʚ, ʤʦʞʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʪʨʠʛʝʨ ʷʢ ʧʨʠʩʪʨʽʡ ʟ ʦʜʥʠʤ 

ʚʠʭʦʜʦʤ Q (Qn+1), ʦʩʢʽʣʴʢʠ ʜʨʫʛʠʡ ʚʠʭʽʜ Q  ( 1+n
Q ) ʻ ʣʠʰʝ ʽʥʚʝʨʩʽʻʶ ʧʝʨʰʦʛʦ. 

ɺʠʭʽʜ Q ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʜʚʘ ʟʥʘʯʝʥʥʷ. ʇʦʟʥʘʯʠʤʦ ʾʭ q0 = 0 ʽ q1 = 1 ʷʢ ʜʚʽ 

ʚʝʨʰʠʥʠ ʛʨʘʬʘ. ɺʝʢʪʦʨ ʚʧʣʠʚʘʶʯʠʭ ʩʠʛʥʘʣʽʚ ʧʦʟʥʘʯʠʤʦ ʙʫʢʚʦʶ ɟ. ɺʽʥ ʤʦʞʝ 

ʧʨʠʡʤʘʪʠ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʪʘʙʣ. 6.3, ʟʥʘʯʝʥʥʷ nn RSɟ=0 , nn RSɟ=1 , 

nn RSɟ=2 . ɺʝʢʪʦʨ ɟ0 ʥʝ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʩʪʘʥʠ ʪʨʠʛʝʨʘ. ʊʘʢʫ ʦʩʦʙʣʠʚʽʩʪʴ ʥʘ 



 133 

ʛʨʘʬ-ʩʭʝʤʽ (ʨʠʩ. 6.6, ʘ) ʟʦʙʨʘʟʠʤʦ ʫ ʚʠʛʣʷʜʽ ʜʫʛʠ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ ʚʝʨʰʠʥ ʽ 

ʟʘʤʠʢʘʻʪʴʩʷ ʥʘ ʥʠʭ. ɺʝʢʪʦʨ ɟ1 ʧʝʨʝʚʦʜʠʪʴ ʪʨʠʛʝʨ ʫ ʩʪʘʥ q1 = 1 ʽ ʥʘ ʛʨʘʬ-ʩʭʝʤʽ 

ʟʦʙʨʘʞʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʫʛʠ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ ʚʝʨʰʠʥʠ q0 ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ ʚ q1. 

ʗʢʱʦ ʪʨʠʛʝʨ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ q1, ʪʦ ʚʧʣʠʚʘʶʯʠʡ ʩʠʛʥʘʣ ɟ1 ʥʝ ʟʤʽʥʠʪʴ ʩʪʘʥʫ 

ʪʨʠʛʝʨʘ. ʅʘ ʛʨʘʬ-ʩʭʝʤʽ ʮʝ ʜʫʛʘ, ʱʦ ʟʘʤʠʢʘʻʪʴʩʷ ʥʘ ʩʪʘʥʽ q1. ɸʥʘʣʦʛʽʯʥʦ, 

ʚʧʣʠʚʘʶʯʠʡ ʩʠʛʥʘʣ ɟ2 ʧʝʨʝʚʦʜʠʪʴ ʪʨʠʛʝʨ ʟʽ ʩʪʘʥʫ q1 ʚ q0 , ʘ ʚ ʩʪʘʥʽ q0 ʥʝ ʚʧʣʠʚʘʻ 

ʥʘ ʥʴʦʛʦ. ʆʩʢʽʣʴʢʠ ʧʝʨʝʭʽʜ ʟ q1 ʚ q1 ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʚʦʤʘ ʩʠʛʥʘʣʘʤʠ ʟ 

ʦʜʥʘʢʦʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʪʦ ʧʦʻʜʥʘʻʤʦ ʡʦʛʦ ʷʢ: 

 nnnnn RRSRSɟɟɟ =+=+= 0101 . (6.4) 

ɸʥʘʣʦʛʽʯʥʦ ʤʘʻʤʦ: 

 nnnnn SRSRSɟɟɟ =+=+= 2002 . (6.5) 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʛʨʘʬ-ʩʭʝʤʘ ʧʝʨʝʭʦʜʽʚ RS-ʪʨʠʛʝʨʘ ʧʨʠʡʤʝ ʚʠʛʣʷʜ ʨʠʩ. 6.10, ʙ. 

ɻʨʘʬʠ ʧʝʨʝʭʦʜʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʘʩʦʚʠʤ ʜʽʘʛʨʘʤʘʤ, ʱʦ ʽʣʶʩʪʨʫʶʪʴ ʨʦʙʦʪʫ 

ʪʨʠʛʝʨʘ ʫ ʯʘʩʽ. ʂʨʽʤ ʪʦʛʦ, ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʜʘʶʪʴ ʙʽʣʴʰ ʜʝʪʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʧʝʨʝʭʽʜʥʠʤ ʧʨʦʮʝʩʘʤ ʫ ʩʭʝʤʽ. 

ʅʘ ʨʠʩ. 6.7 ʥʘʚʝʜʝʥʽ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʪʨʠʛʝʨʘ. ɽʣʝʤʝʥʪʠ ʪʨʠʛʝʨʘ 

ʧʝʨʝʤʠʢʘʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ. ɿʘʧʫʩʢ ʪʨʠʛʝʨʘ ʚʽʜʙʫʚʘ̒ ʪʴʩʷ ʟʘ ʬʨʦʥʪʦʤ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ S ʫ ʤʦʤʝʥʪ ʯʘʩʫ, ʢʦʣʠ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʩʷʛʥʝ ʧʦʨʦʛʦʚʦʛʦ ʨʽʚʥʷ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʣʦʛʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ DD2. ɺʠʭʽʜʥʠʡ ʩʪʘʥ 1=Q  ʣʦʛʽʯʥʦʛʦ 

ʝʣʝʤʝʥʪʘ DD2 ʟʤʽʥʶʻʪʴʩʷ, ʽ ʚ ʤʦʤʝʥʪ ʯʘʩʫ, ʢʦʣʠ ʧʦʪʝʥʮʽʡʥʠʡ ʨʽʚʝʥʴ ʩʧʘʜʫ 

ʩʠʛʥʘʣʫ Q  ʟʤʝʥʰʠʪʴʩʷ ʜʦ ʨʽʚʥʷ ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ ʝʣʝʤʝʥʪʘ DD1, ʦʩʪʘʥʥʽʡ 

ʧʦʯʠʥʘʻ ʧʝʨʝʤʠʢʘʪʠʩʴ. ʅʘ ʨʠʩ. 6.7 ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʝʨʝʤʠʢʘʥʥʷ ʧʦʢʘʟʘʥʘ 

ʩʪʨʽʣʢʘʤʠ. 
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ʈʠʩ. 6.7. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʪʨʠʛʝʨʘ 

 

ɯʥʪʝʨʚʘʣ ʯʘʩʫ ʧʝʨʝʤʠʢʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʤʦʤʝʥʪʫ t1 ʧʦʯʘʪʢʫ ʜʽʾ ʩʠʛʥʘʣʫ S 

ʜʦ ʤʦʤʝʥʪʫ t2 ï ʟʘʚʝʨʰʝʥʥʷ ʧʝʨʝʤʠʢʘʥʥʷ ʣʦʛʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ DD1. ʎʝʡ ʽʥʪʝʨʚʘʣ 

ʯʘʩʫ tɿ , ʱʦ ʟʚʝʪʴʩʷ ʯʘʩʦʤ ʟʘʪʨʠʤʢʠ ʥʘ ʧʝʨʝʤʠʢʘʥʥʷ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ 

ʤʽʥʽʤʘʣʴʥʫ ʪʨʠʚʘʣʽʩʪʴ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ, ʧʨʠ ʷʢʽʡ ʛʘʨʘʥʪʦʚʘʥʦ ʙʫʜʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʷ ʩʪʘʥʠ ʪʨʠʛʝʨʘ. 

ɿ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʧʝʨʝʤʠʢʘʥʥʷ ʚʠʪʽʢʘʻ, ʱʦ tɿ ʪʨʠʛʝʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʦʶ 

ʯʘʩʦʚʠʭ ʟʘʪʨʠʤʦʢ ʜʚʦʭ ʙʘʟʦʚʠʭ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘ ʷʢʠʭ ʚʽʥ ʚʠʛʦʪʦʚʣʝʥʠʡ. 

RS-ʪʨʠʛʝʨʠ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʩʘʤʦʩʪʽʡʥʽ ʧʨʠʩʪʨʦʾ 

ʚ ʪʠʭ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʦʜʥʠʤ ʩʠʛʥʘʣʦʤ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʷʢʫʩʴ ʫʤʦʚʫ, ʘ 

ʽʥʰʠʤ ï ʾʾ ʟʥʷʪʠ. ʊʘʢʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʫ ʢʦʥʪʨʦʣʝʨʘʭ ʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʫ ʩʢʣʘʜʽ ʨʝʛʽʩʪʨʘʭ ʦʟʥʘʢ. ɿʜʝʙʽʣʴʰʦʛʦ RS-ʪʨʠʛʝʨʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʢʣʘʜʽ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʩʭʝʤ ʪʨʠʛʝʨʽʚ, ʤʦʜʫʣʽʚ ʧʘʤôʷʪʽ. 

ɺʦʥʠ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʠʩʪʨʦʷʭ ʝʣʝʢʪʨʦʥʥʦʾ ʘʚʪʦʤʘʪʠʢʠ. 

D-ʪʨʠʛʝʨʠ 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʪʨʠʛʝʨʽʚ ʮʴʦʛʦ ʪʠʧʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʠʛʥʘʣ 

ʥʘ ʚʠʭʦʜʽ Q ʚ (n +1)-ʦʤʫ ʪʘʢʪʽ ʧʦʚʪʦʨʶʻ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ D ʚ n-ʤʫ 

ʪʘʢʪʽ. 
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ʈʦʙʦʪʫ D-ʪʨʠʛʝʨʘ ʧʦʷʩʥʶʻ ʪʘʙʣʠʮʷ ʡʦʛʦ ʩʪʘʥʽʚ (ʪʘʙʣ. 6.4), ʟ ʷʢʦʾ ʚʠʪʽʢʘʻ, 

ʱʦ ʧʨʠ ʉn = 0 ʟʥʘʯʝʥʥʷ Qn+1 = Qn , ʘ ʧʨʠ ʉn = 1  Qn+1 = Dn . ɿʦʙʨʘʟʠʚʰʠ ʣʦʛʽʯʥʫ 

ʬʫʥʢʮʽʶ Qn+1 = f (Qn , Cn , Dn ) ʫ ʚʠʛʣʷʜʽ ʢʘʨʪʠ ʂʘʨʥʦ (ʨʠʩ. 6.8), ʧʽʩʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʟʥʘʭʦʜʠʤʦ: 

 nnnnn QCDCQ +=+1 . (6.6) 

ʊʘʙʣʠʮʷ 6.4. ʊʘʙʣʠʮʷ ʩʪʘʥʽʚ D-ʪʨʠʛʝʨʘ 

Cn Dn Qn Qn+1 

0 0 0 0 

0 0 1 1 

0 1 0 0 

0 1 1 1 

1 0 0 0 

1 0 1 0 

1 1 0 1 

1 1 1 1 

 

ʈʠʩ. 6. 8. ʂʘʨʪʘ ʂʘʨʥʦ 

 

ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʜʨʫʛʘ ʩʢʣʘʜʦʚʘ ʨʽʚʥʷʥʥʷ (6.6) ʭʘʨʘʢʪʝʨʠʟʫʻ ʣʠʰʝ 

ʨʝʞʠʤ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʟʘʢʦʥ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ D-ʪʨʠʛʝʨʘ ʚʠʨʘʟʠʪʴʩʷ 

ʬʦʨʤʫʣʦʶ: 

 nnn DCQ =+1 . (6.7) 

ɿ (6.7) ʚʠʪʽʢʘʻ, ʱʦ ʧʨʠ 1nC =  ʩʠʛʥʘʣ 1n nQ D+=  ʽ ʙʫʜʴ-ʷʢʘ ʟʤʽʥʘ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ ʦʜʨʘʟʫ ʟôʷʚʠʪʴʩʷ ʥʘ ʚʠʭʦʜʽ. ʊʦʤʫ ʮʽ ʪʨʠʛʝʨʠ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ 

ñʧʨʦʟʦʨʠʤʠò. 

ɺʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ ʣʽʢʚʽʜʘʮʽʾ ʛʦʥʦʢ, ʟ ʢʘʨʪʠ ʂʘʨʥʦ ʦʪʨʠʤʫʻʤʦ: 

. 

ʗʢʱʦ ʮʶ ʬʦʨʤʫʣʫ ʧʝʨʝʪʚʦʨʠʪʠ ʧʽʜ ʙʘʟʠʩ ɯ-ʅɯ, ʤʘʪʠʤʝʤʦ: 


