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ʀʟʣʦʞʝʥʳ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʠ-
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ʇʈɽɼʀʉʃʆɺʀɽ 

ɺ ʤʦʥʦʛʨʘʬʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʦʧ-

ʨʝʜʝʣʷʶʪ ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ.  

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʡʤʘʥʦʚʩʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘ-

ʰʠʥʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤ ʢʦʤʘʥʜ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʦʧʠʨʘʶʱʠʡʩʷ ʥʘ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʜʘʥʘ ʦʙʱʘʷ 

ʩʭʝʤʘ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʚʪʦʨʘʤʠ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʥʳʭ 

ʠ ʠʥʪʝʨʬʝʡʩʥʳʭ ʰʠʥ ʚ ʢʦʤʧʴʶʪʝʨʘʭ. 

ʏʝʪʚʝʨʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʚʚʦʜʘ-

ʚʳʚʦʜʘ ʠ ʤʦʜʝʣʷʤ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʙʣʦ-

ʢʘʤʠ ʢʦʤʧʴʶʪʝʨʘ. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʧʘʤʷʪʠ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩ-

ʪʝʤʘʭ, ʨʘʩʩʤʦʪʨʝʥʳ ʪʠʧʳ ʢʵʰ-ʧʘʤʷʪʠ ʠ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʛʣʘʩʦ-

ʚʘʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʘʤʷʪʠ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ. 

ɺ hʝʩʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʩʠʩʪʝʤ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʦʚ, ʧʨʠʚʝʜʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʠʤʠʪʘʮʠ-

ʦʥʥʳʝ ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʚʪʦʨʘʤʠ. 

ʉʝʜʴʤʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʢʦʥʚʝʡʝʨʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʠ ʤʝʪʦʜʘʤ ʫʩʪʨʘʥʝʥʠʷ ʢʦʥʬʣʠʢʪʦʚ ʚ ʢʦʥʚʝʡʝʨʘʭ.  

ɺʦʩʴʤʘʷ ʛʣʘʚʘ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʢʦʥ-

ʚʝʡʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʪʫʘʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʢʦʥʬʣʠʢʪʘʤ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʢʦʤʘʥʜ. 

ɺ ʜʝʚʷʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝ-

ʥʠʷ ʩʫʧʝʨʩʢʘʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨ. 

ɺ ʜʝʩ̫ʪʦʡ ʛʣʘʚʝ ʦʧʠʩʳʚʘʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ IA-64 ʠ ʫʩʪʨʦʡʩʪʚʦ 

ʧʨʦʮʝʩʩʦʨʦʚ Itanium. 
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ʆʜʠʥʥʘʜʮʘʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜ-

ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʘ. 

ɺ ʜʚʝʥʘʜʮʘʪʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʘʨʭʠ-

ʪʝʢʪʫʨ ʤʥʦʛʦʷʜʝʨʥʳʭ ʠ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ. 

ʊʨʠʥʘʜʮʘʪʘʷ ʛʣʘʚʘ ʩʦʜʝʨʞʠʪ ʩʚʝʜʝʥʠʷ ʦ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ 

ʧʨʦʮʝʩʩʦʨʦʚ ʦʪ Sandy Bridge ʜʦ ʧʨʦʮʝʩʩʦʨʦʚ Skylake ʬʠʨʤʳ Intel. 

ɺ ʯʝʪʳʨʥʘʜʮʘʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʥʦʡ ʣʦ-

ʛʠʢʠ ʠ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʥʘ ʙʘʟʝ ʯʠʧʩʝʪʦʚ ʩʪʨʦʠʪʩʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʠʩʪʝʤʘ. 

ɺ ʧʷʪʥʘʜʮʘʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʣʘʩʪʝʨʳ 

ʠ ʢʣʘʩʪʝʨʳ ʚʳʩʦʢʦʡ ʛʦʪʦʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʩʨʝʜʩʪ-

ʚʘʭ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ. 

ɺ hʝʩʪʥʘʜʮʘʪʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʳ, ʨʘʩʩʤʦʪʨʝʥʳ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʦʩʚʝʱʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʩ ʫʯʝʪʦʤ ʜʦʩʪʠʞʝ-

ʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʫʢʠ. 

ʇʨʠʚʝʜʝʥ ʩʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ. 

ʄʘʪʝʨʠʘʣ ʤʦʥʦʛʨʘʬʠʠ ʦʩʥʦʚʘʥ ʥʘ ʢʫʨʩʝ ʣʝʢʮʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ 

çʆʨʛʘʥʠʟʘʮʠʷ ʕɺʄ ʠ ʩʠʩʪʝʤè, ʯʠʪʘʝʤʦʤ ʘʚʪʦʨʘʤʠ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜ-

ʥʠʭ 25 ʣʝʪ ʥʘ ʢʘʬʝʜʨʝ çɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè ʉʘʤʘʨʩʢʦʛʦ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɺ ʨʘʟʨʘʙʦʪʢʘʭ ʠʤʠʪʘʮʠʦʥ-

ʥʳʭ ʤʦʜʝʣʝʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʦʚ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʩʪʫʜʝʥʪ r

ʵʪʦʡ ʢʘʬʝʜʨʳ. 
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ɺɺɽɼɽʅʀɽ 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʯʝʥʴ ʩʣʦʞʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ. ɽʱʝ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʠʤʝʶʪ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʩʠʩʪʝʤʳ ʠ ʩʝʪʠ.  

ɸʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʢʦʤʧʣʝʢʩ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʟ-

ʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʦʜʩʠʩʪʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ. ʊʘ-

ʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʠʟʫʯʘʪʴ ʦʩʥʦʚʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʠ ʚʘʞʥʝʡʰʠʝ ʘʩʧʝʢʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʄʘʪʝʨʠʘʣ ʠʟʣʘʛʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʨʦʚ ʬʠʨʤ Intel 

ʠ AMD, ʪʘʢ ʢʘʢ ʦʥʠ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ (ʜʦ 90 %) ʥʘ-

ʩʪʦʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʥʦʫʪʙʫʢʦʚ, ʧʨʦʜʘʚʘʝʤʳʭ ʚ ʈʦʩʩʠʠ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʚ ʧʨʦʮʝʩʩʦʨʘʭ ʵʪʠʭ ʬʠʨʤ ʧʨʠʤʝʥʝʥʳ ʤʥʦʛʠʝ ʥʘʠʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ. 

ʊʝʨʤʠʥʳ çʢʦʤʧʴʶʪʝʨè ʠ çʢʦʤʧʴʶʪʝʨʥʘʷ ʩʠʩʪʝʤʘè, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʚ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ, ʵʢʚʠʚʘʣʝʥʪʥʳ ʪʝʨʤʠʥʘʤ çʵʣʝʢʪʨʦʥʥʦ-

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘè (ʕɺʄ) ʠ çʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘè (ɺʉ). 

ʕʪʠ ʪʝʨʤʠʥʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʚ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʪʘʢ ʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʦʩʦ-

ʙʝʥʥʦ ʚ ʀʥʪʝʨʥʝʪʝ. 
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1. ʂʃɸʉʉʀʌʀʂɸʎʀʗ ɸʈʍʀʊɽʂʊʋʈ  

ʉʆɺʈɽʄɽʅʅʓʍ ɺʓʏʀʉʃʀʊɽʃʔʅʓʍ ʉʀʉʊɽʄ 

ɸʨʭʠʪʝʢʪʫʨʘ ï ʧʦʥʷʪʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʘ, ʚʢʣʶʯʘʶʱʝʝ 

ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ, ʘʧʧʘʨʘʪʥʦʝ ʧʦʩʪʨʦʝʥʠʝ, ʪʦʧʦʣʦʛʠʶ ʩʚʷʟʝʡ, ʥʘʙʦʨ 

ʰʠʥ ʠ ʠʥʪʝʨʬʝʡʩʦʚ, ʩʧʦʩʦʙʳ ʠ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʫʧʨʘʚʣʝʥʠʝ ʚ ʪʘʢʠʭ ʦʙʲʝʢʪʘʭ, ʢʘʢ ʧʨʦʮʝʩʩʦʨʳ, ʩʠʩʪʝʤʘ ʧʘʤʷʪʠ, ʛʨʘ-

ʬʠʯʝʩʢʘʷ ʠ ʟʚʫʢʦʚʘʷ ʧʦʜʩʠʩʪʝʤʳ, ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ/ʚʳʚʦʜʘ.  

1.1. ʉʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʢʦʤʧʴʶʪʝʨʘ.  

ʅʝʡʤʘʥʦʚʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʉʪʨʫʢʪʫʨʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʪʨʘʞʘʝʪ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʘʧʧʘ-

ʨʘʪʥʦʡ ʯʘʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʪ. ʝ. ʩʦʩʪʘʚ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ (ʨʠʩ. 1.1 [1, 2]). 
 

 
 

ʈʠʩ. 1.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦ ʩʪʨʫʢʪʫʨʝ 
 

ʇʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʧʨʠʟʥʘʢʫ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʜʝʣʷʪʩʷ 

ʥʘ ʜʚʘ ʢʣʘʩʩʘ: ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ. ʋ ʩʦʩʨʝʜʦʪʦʯʝʥ-

ʥʳʭ ʩʠʩʪʝʤ ʚʩʝ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ, ʥʘ ʦʜʥʦʤ 

ʩʪʦʣʝ ʠʣʠ ʚ ʦʜʥʦʤ ʧʦʤʝʱʝʥʠʠ. ɼʣʠʥʘ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪ-

ʚʘʤʠ ʤʘʣʘ, ʘ ʚʨʝʤʷ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʯʝʤ ʚʨʝʤʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ. ʉʨʝʜʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʘʤʳʝ 
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ʧʨʦʩʪʳʝ ï ʦʜʥʦʤʘʰʠʥʥʳʝ (ʥʘʧʨʠʤʝʨ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʥʦ-

ʫʪʙʫʢʠ, ʧʣʘʥʰʝʪʳ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ). 

ɼʨʫʛʦʡ ʪʠʧ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʩʠʩʪʝʤ ï ʢʦʤʧʣʝʢʩʳ. ʆʥʠ ʙʳʚʘʶʪ 

ʜʚʫʭ ʚʠʜʦʚ: ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʥʳʝ ʠ ʤʥʦʛʦʤʘʰʠʥʥʳʝ. 

ʄʇɺʂ ï ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ (mul-

tiprocessor system, MPS), ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʜʠʥʘʢʦʚʳʭ 

ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʦʙʱʠʭ ʜʣʷ ʚʩʝʭ ʧʨʦʮʝʩʩʦʨʦʚ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ, ʫʩʪ-

ʨʦʡʩʪʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʠ ʧʘʤʷʪʠ. 

ʄʄɺʂ ï ʤʥʦʛʦʤʘʰʠʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ (Massively 

Parallel Processing, MPP), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ. 

ʋ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʢʘʥʘʣʳ, ʩʚʷʟʳʚʘʶʱʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʜʣʠʥʫ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ ʜʦ 

ʜʝʩʷʪʢʦʚ ʠ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ). ɺʨʝʤʷ ʦʙʤʝʥʘ ʧʦ ʵʪʠʤ ʢʘʥʘʣʘʤ ʩʨʘʚ-

ʥʠʤʦ ʩʦ ʚʨʝʤʝʥʝʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʣʠ ʧʨʝʚʳʰʘʝʪ ʝʛʦ. 

ɺʉʊɼ ï ʵʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ 

ʜʦʩʪʫʧʦʤ (computer system with basic telecommunication access method, 

BTAM). ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ 

ʚ ʩʠʩʪʝʤʫ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ. ʉʨʝʜʩʪʚʘ ʦʙʨʘʙʦʪʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʢʦʥ-

ʮʝʥʪʨʠʨʦʚʘʥʳ ʚ ʦʜʥʦʤ ʢʦʤʧʴʶʪʝʨʝ. ʇʦʵʪʦʤʫ ɺʉʊɼ ʤʦʞʝʪ ʙʳʪʴ ʦʪ-

ʥʝʩʝʥʘ ʢ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝ-

ʧʝʥʠ ʫʩʣʦʚʥʦ. 

ʉʝʪʠ ʢʦʤʧʴʶʪʝʨʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ɺʉʊɼ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ. ʇʦ ʜʣʠʥʝ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʠ ʪʠʧʘʤ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ, ʨʘʟʣʠʯʘʶʪ ʩʝʪʠ: 

ï ʣʦʢʘʣʴʥʳʝ (ʃɺʉ) ʩ ʜʣʠʥʦʡ ʢʘʥʘʣʦʚ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦ-

ʤʝʪʨʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠʣʠ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʠ ʩʦʜʝʨʞʘʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʠ ʨʘʙʦ-

ʯʠʝ ʩʪʘʥʮʠʠ; 

ï ʢʦʨʧʦʨʘʪʠʚʥʳʝ, ʠʤʝʶʱʠʝ ʢʘʥʘʣʳ ʜʣʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʠʣʠ 

ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʙʘʟʝ ʤʦʱʥʳʭ ʩʝʨʚʝʨʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʲʝʜʠʥʝʥʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʝʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʠ ʬʫʥʢʮʠʦʥʠ-

ʨʫʶʱʠʝ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʢʨʫʧʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ ʠʭ ʦʙʲʝʜʠʥʝʥʠʷ; 
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ï ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʠʣʠ ʛʣʦʙʘʣʴʥʳʝ ʩʝʪʠ ʩ ʜʣʠʥʦʡ ʢʘ-

ʥʘʣʦʚ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʠ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ. ɺ ʥʠʭ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʪʝʣʝʬʦʥʥʳʝ, ʨʘʜʠʦ- ʠʣʠ ʩʧʫʪʥʠʢʦʚʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ. ʇʨʠʤʝ-

ʨʦʤ ʪʘʢʠʭ ʩʝʪʝʡ ʩʣʫʞʠʪ ʚʩʝʤʠʨʥʘʷ ʩʝʪʴ Internet. 

ʇʝʨʚʳʝ ʢʦʤʧʴʶʪʝʨʳ ʧʦʩʪʨʦʝʥʳ ʥʘ ʙʘʟʝ ʥʝʡʤʘʥʦʚʩʢʦʡ ʘʨʭʠʪʝʢʪʫ-

ʨ ,r ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʢʦʤ ɼʞʦʥʦʤ ʬʦʥ ʅʝʡʤʘʥʦʤ 

ʚ 1944 ʛʦʜʫ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʝʨʚʦʡ ʚ ʤʠʨʝ ʕɺʄ ʕʅʀɸʂ. ɺ ʵʪʦʡ ʘʨʭʠ-

ʪʝʢʪʫʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʠʥʮʠʧ :r 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʦʠʯʥʦʡ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʯʠʩʝʣ ʠ ʜʨʫʛʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

ï ʨʘʟʜʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; 

ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʤʘʰʠʥʥʳʭ ʢʦʤʘʥʜ, ʦʙʲʝʜʠʥʝʥ-

ʥʳʭ ʚ ʧʨʦʛʨʘʤʤʫ; 

ï ʦʨʛʘʥʠʟʘʮʠʷ ʭʨʘʥʝʥʠ ̫ ʢʦʤʘʥʜ ʧʨʦʛʨʘʤʤʳ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

ʠʤʠ ʜʘʥʥʳʭ ʚ ʧʘʤʷʪʠ ʥʘ ʦʜʠʥʘʢʦʚʳʭ ʧʨʠʥʮʠʧʘʭ; 

ï ʘʜʨʝʩʥʘʷ ʣʠʥʝʡʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʘʤʷʪʠ. 

ʉʪʨʫʢʪʫʨʘ ʥʝʡʤʘʥʦʚʩʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1.2. 
 

ʎʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ 

 

ʋʋ     ɸʃʋ 

        ʇʋ 

     ʚʳʚʦʜʘ 

ʆʩʥʦʚʥʘʷ  

ʧʘʤʷʪʴ 

ʇʋ 

ʚʚʦʜʘ 

ɺʪʦʨʠʯʥʘʷ 

ʧʘʤʷʪʴ 
ʇʨʦʛʨʘʤʤʘ/ɼʘʥʥʳʝ ɼʘʥʥʳʝ  

 

ʈʠʩ. 1.2. ʅʝʡʤʘʥʦʚʩʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ: 

ɸʃʋ ï ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ;  

ʋʋ ï ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ; ʇʋ ï ʧʝʨʠʬʝʨʠʡʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 
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ʅʝʡʤʘʥʦʚʩʢʘʷ ʤʦʜʝʣʴ ï ʵʪʦ ʨʘʟʚʠʪʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʊɹ ʶʨʠʥʛʘ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʥʝʡ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʙʠʪʦʚʳʝ ʩʣʦʚʘ, ʠ ɸʃʋ ʚʳʧʦʣʥʷʝʪ ʥʘʙʦʨ ʢʦʤʘʥʜ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʚʩʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʠ ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ. ɺ ʥʘʰʝ 

ʚʨʝʤʷ ʵʪʘ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʷʜʨʦʤ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʴʶʪʝʨʦʚ. ʇʨʠ 

ʵʪʦʤ ʤʥʦʛʠʝ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʘʨʘʣʣʝʣʠʟʤʝ ʠ ʢʦʥʚʝʡʝʨʥʦʤ 

ʧʨʠʥʮʠʧʝ ʦʙʨʘʙʦʪʢʠ, ʜʦʧʦʣʥʷʶʪ ʥʝʡʤʘʥʦʚʩʢʫʶ ʘʨʭʠʪʝʢʪʫʨʫ.  

1.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʕɺʄ ʌʣʠʥʥʘ 

ɺ 1966 ʛʦʜʫ ʄ. ʌʣʠʥʥ ʧʨʝʜʣʦʞʠʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʳʩʦʢʦʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʚ ʦʪʥʦʰʝʥʠʠ ʧʘʨʘʣʣʝʣʠʟʤʘ ʢʦʤʘʥʜ ʠ ʤʥʦʞʝʩʪ-

ʚʝʥʥʦʩʪʠ ʜʘʥʥʳʭ [3]. ʇʦ ʌʣʠʥʥʫ, ʚʩʝ ɺʉ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ 

ʢʣʘʩʩʘ (ʨʠʩ. 1.3). 

SISD ï Single Instruction  ï Single Data / ʆʜʠʥʦʯʥʳʡ ʧʦʪʦʢ ʢʦ-

ʤʘʥʜ ï ʆʜʠʥʦʯʥʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ (ʆʂʆɼ).  

SIMD ï Single Instruction  ï Multiple  Data / ʆʜʠʥʦʯʥʳʡ ʧʦʪʦʢ 

ʢʦʤʘʥʜ ï ʄʥʦʞʝʩʪʚʝʥʥʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ (ʆʂʄɼ).  

MISD ï Multiple  Instruction  ï Single Data/ ʄʥʦʞʝʩʪʚʝʥʥʳʡ ʧʦ-

ʪʦʢ ʢʦʤʘʥʜ ï ʆʜʠʥʦʯʥʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ (ʄʂʆɼ).  

MI MD ï Multiple  Instruction  ï Multiple  Data / ʄʥʦʞʝʩʪʚʝʥʥʳʡ 

ʧʦʪʦʢ ʢʦʤʘʥʜ ï ʄʥʦʞʝʩʪʚʝʥʥʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ (ʄʂʄɼ).  

 

 

SISD 

(ʆʂʆɼ) 

SIMD 

(ʆʂʄɼ) 

MIMD  

(ʄʂʄɼ) 

MISD 

(ʄʂʆɼ) 

SD MD 

SI 

MI 

ʂʦʤʘʥʜʳ 

ɼʘʥʥʳʝ 

 
 

ʈʠʩ. 1.3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʌʣʠʥʥʘ 
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ɺ ʢʣʘʩʩ SISD ʬʘʢʪʠʯʝʩʢʠ ʩʣʝʜʫʝʪ ʚʢʣʶʯʘʪʴ ʪʦʣʴʢʦ ʕɺʄ ʧʝʨʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʣʠ ʦʜʠʥ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ. ʆʜʥʘʢʦ 

ʵʪʦʪ ʧʝʨʠʦʜ ʙʳʣ ʦʯʝʥʴ ʥʝʜʦʣʛʠʤ, ʠ ʫʞʝ ʚ 50-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝ-

ʪʠʷ ʥʘʯʘʣʠ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʚʝʢʪʦʨʥʳʝ ʠ ʤʘʪʨʠʯʥʳʝ ʤʘʰʠʥʳ. ʆʥʠ ʦʪ-

ʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ SIMD.  

ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʷʚʠʣʠʩʴ ʕɺʄ ʩ ʢʦʥʚʝʡʝʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ, 

ʚ ʢʦʪʦʨʳʭ ʧʦʪʦʢ ʢʦʤʘʥʜ ʚ ʢʦʥʚʝʡʝʨʝ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʦʜʥʠ ʠ ʪʝ ʞʝ ʜʘʥʥʳʝ. ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʦʪʥʦʩʷʪ ʪʘʢʠʝ ʤʘʰʠʥʳ ʢ ʢʣʘʩʩʫ 

MISD. 

ʅʘʠʙʦʣʝʝ ʦʙʱʠʡ ʢʣʘʩʩ ï MI MD, ʚ ʢʦʪʦʨʳʡ ʧʦʧʘʜʘʶʪ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʦʪ ʤʥʦʛʦʷʜʝʨʥʳʭ 

ʧʨʦʮʝʩʩʦʨʦʚ ʜʦ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ ʠ ʢʣʘʩʪʝʨʦʚ. 

ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʠʩʪʝʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʩʰʠʨʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʌʣʠʥʥʘ. ɺ ʥʝʤ ʫʯʠʪʳʚʘʝʪʩʷ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʧʘʤʷʪʠ ʚ ʤʥʦʛʦʧʨʦ-

ʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ (SM ï ʦʙʱʘʷ ʧʘʤʷʪʴ (shared memory) ʠ DM ï 

ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʘʤʷʪʴ (distributed memory)): 

¶ SM-SIMD  ï ʩʠʩʪʝʤʳ SIMD ʩ ʦʙʱʝʡ ʧʘʤʷʪʴʶ; 

¶ DM-SIMD  ï ʩʠʩʪʝʤʳ SIMD ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʘʤʷʪʴʶ; 

¶ SM-MIMD  ï ʩʠʩʪʝʤʳ MIMD  ʩ ʦʙʱʝʡ ʧʘʤʷʪʴʶ; 

¶ DM-MIMD  ï ʩʠʩʪʝʤʳ MIMD  ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʘʤʷʪʴʶ. 

1.3. ʉʠʩʪʝʤʘ ʨʝʛʠʩʪʨʦʚ ʧʨʦʮʝʩʩʦʨʦʚ  

ʆʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʘʰʠʥʳ ï ʨʝʛʠʩʪʨ. ʕʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʠʪʦʚʳʭ ʟʘʧʦʤʠʥʘʶʱʠʭ ʷʯʝʝʢ, 

ʭʨʘʥʷʱʘʷ ʜʚʦʠʯʥʳʡ ʢʦʜ ʭ1ʭ2ʭ3éʭm ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʨʘʟʨʷʜʥʦʩʪʠ m. 

ɿʘʧʠʩʴ ʚ ʨʝʛʠʩʪʨ ʠ ʯʪʝʥʠʝ ʠʟ ʥʝʛʦ ʧʨʦʠʩʭʦʜʪ̫ ʧʦ ʫʧʨʘʚʣʷʶʱʠʤ ʩʠʛ-

ʥʘʣʘʤ. ʇʦ ʩʫʱʝʩʪʚʫ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʝʛʠʩʪʨʦʚ ʧʨʦʮʝʩʩʦʨʘ ʦʙʨʘʟʫʝʪ 

ʩʚʝʨʭʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ, ʢʦʪʦʨʘʷ ʨʘʟʤʝʱʝʥʘ ʚ ʢʨʠʩʪʘʣʣʝ ʠ ʨʘʙʦʪʘʝʪ 

ʥʘ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʝ ʧʨʦʮʝʩʩʦʨʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʨʝʛʠʩʪʨʳ ʧʨʦʮʝʩʩʦʨʘ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʢʦʤʘʥʜ ʠ ʧʨʦʛʨʘʤʤʳ (ʨʠʩ. 1.4). 
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ʈʠʩ. 1.4. ʈʝʛʠʩʪʨʳ ʧʨʦʮʝʩʩʦʨʘ 

 

ʇʝʨʚʳʡ ʠʟ ʥʠʭ ï ʩʯʝʪʯʠʢ ʢʦʤʘʥʜ ʉʂ, ʢʦʪʦʨʳʡ ʝʱʝ ʥʘʟʳʚʘʶʪ 

çʋʢʘʟʘʪʝʣʴ ʢʦʤʘʥʜʳè. ʆʥ ʩʦʜʝʨʞʠʪ ʘʜʨʝʩ, ʧʦ ʢʦʪʦʨʦʤʫ ʚ ʧʘʤʷʪʠ ʨʘʩ-

ʧʦʣʘʛʘʝʪʩʷ ʦʯʝʨʝʜʥʘʷ ʚʳʧʦʣʥʷʝʤʘʷ ʢʦʤʘʥʜʘ. ɽʛʦ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ ʘʜʨʝʩʘ ʪʝʢʫʱʝʡ ʢʦʤʘʥʜʳ ʩ ʜʣʠʥʦʡ ʢʦʤʘʥʜʳ 

ʚ ʧʘʤʷʪʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʘʜʨʝʩ ʪʝʢʫʱʝʡ ʢʦʤʘʥʜʳ 00001400, ʘ ʝʝ 

ʜʣʠʥʘ ʨʘʚʥʘ ʪʨʝʤ ʙʘʡʪʘʤ, ʪʦ ʘʜʨʝʩ ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʳ ï 00001403. 

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʉʂ ʩʦʜʝʨʞʠʪ ʘʜʨʝʩ ʧʝʨʚʦʡ ʢʦʤʘʥʜʳ ʧʨʦʛʨʘʤʤʳ. 

ɺ ʩʣʫʯʘʝ ʧʝʨʝʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʫʩʣʦʚʠʶ ʠʣʠ ʚ ʮʠʢʣʝ ʚ ʉʂ ʟʘʧʠʩʳ-

ʚʘʝʪʩʷ ʘʜʨʝʩ ʧʝʨʚʦʡ ʢʦʤʘʥʜʳ ʪʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʛʨʘʤʤʳ, ʢʫʜʘ ʧʝʨʝʜʘ-

ʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ. 

ʈʝʛʠʩʪʨ ʢʦʤʘʥʜʳ ʈʂ ʩʦʜʝʨʞʠʪ ʜʚʦʠʯʥʦʝ ʢʦʤʘʥʜʥʦʝ ʩʣʦʚʦ, ʢʦʪʦ-

ʨʦʝ ʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʧʘʤʷʪʠ ʧʦ ʘʜʨʝʩʫ ʚ ʉʂ. ʇʦʩʣʝ ʵʪʦʛʦ ʟʥʘʯʝʥʠʝ ʉʂ 

ʤʝʥʷʝʪʩʷ, ʘ ʩʦʜʝʨʞʠʤʦʝ ʈʂ ʜʝʰʠʬʨʠʨʫʝʪʩʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦ-

ʜʘ ʦʧʝʨʘʮʠʠ ʠ ʘʜʨʝʩʦʚ ʝʝ ʦʧʝʨʘʥʜʦʚ. 

ʈʝʛʠʩʪʨ ʩʦʩʪʦʷʥʠʷ ʈʉ ʩʦʜʝʨʞʠʪ ʤʥʦʞʝʩʪʚʦ ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʣʠ ʬʣʘʛʦʚ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʮʝʩʩʦʨʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʝʢʦ-

ʚʘʷ ʧʘʤʷʪʴ, ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʧʦ ʧʨʠʥʮʠʧʫ LIFO ï çʇʦʩʣʝʜʥʠʡ ʚʦʰʝʣ ï 

ʇʝʨʚʳʡ ʚʳʰʝʣè. ʕʪʘ ʧʘʤʷʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʨʝʨʳʚʘʥʠʡ 

ʠ ʚʳʟʦʚʝ ʚʣʦʞʝʥʥʳʭ ʧʨʦʮʝʜʫʨ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʪʝʢʦʚʦʡ ʧʘʤʷʪʴʶ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʢʘʟʘʪʝʣʴ ʩʪʝʢʘ ʋʢʉ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʜʨʝʩ ʝʛʦ 



 12 

ʚʝʨʰʠʥʳ. ɺʝʨʰʠʥʘ ʩʪʝʢʘ ʷʚʣʷʝʪʩʷ ʪʦʡ ʷʯʝʡʢʦʡ ʧʘʤʷʪʠ, ʢʫʜʘ ʙʳʣʘ 

ʧʨʦʠʟʚʝʜʝʥʘ ʧʦʩʣʝʜʥʷʷ ʟʘʧʠʩʴ ʠ ʦʪʢʫʜʘ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ ʩʣʝʜʫʶʱʝʝ 

ʯʪʝʥʠʝ ʜʘʥʥʳʭ. 

ɼʣʷ ʭʨʘʥʝʥʠʷ ʦʧʝʨʘʥʜʦʚ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʭ ʚ ʢʦʤʘʥʜʘʭ 

ʩʣʫʞʠʪ ʨʝʛʠʩʪʨʦʚʳʡ ʬʘʡʣ ï ʥʘʙʦʨ ʨʝʛʠʩʪʨʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʈʆʅ. ʂʘʞʜʳʡ ʨʝʛʠʩʪʨ ʵʪʦʛʦ ʬʘʡʣʘ ʠʤʝʝʪ ʩʚʦʡ ʚʥʫʪʨʝʥʥʠʡ ʘʜʨʝʩ 

ʚ ʧʨʦʮʝʩʩʦʨʝ ʦʪ R0 ʜʦ RN, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʱʝʥʠʝ ʜʣʷ 

ʯʪʝʥʠʷ ʦʧʝʨʘʥʜʦʚ ʠʣʠ ʟʘʧʠʩʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ.  

1.4. ʉʠʩʪʝʤʘ ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʘ.  

ɸʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤ ʢʦʤʘʥʜ CISC, RISC ʠ VLIW  

ʉʠʩʪʝʤʘ ʢʦʤʘʥʜ ï ʥʘʙʦʨ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘ-

ʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʘʣʛʦʨʠʪʤʦʚ 

ʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʘʧʧʘʨʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʢʦʤʧʴʶʪʝʨʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʯʘʩʪʦ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʪʝʨʤʠʥ çʠʥʩʪʨʫʢʮʠʷè, ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʪʝʨʤʠ-

ʥʫ çʢʦʤʘʥʜʘè. 

ʉʠʩʪʝʤʳ ʢʦʤʘʥʜ ʙʳʚʘʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʤrʠ. ʂʦʤʘʥʜʳ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʘʜʨʝʩʦʚ ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ: 

ï ʙʝʟʘʜʨʝʩʥʳʝ (ʂʆʧ ï ʂʦʜ ʆʧʝʨʘʮʠʠ);  

ï ʦʜʥʦʘʜʨʝʩʥʳʝ (ʂʆʧ ɸ ï ʂʦʜ ʆʧʝʨʘʮʠʠ, ɸʜʨʝʩ ʦʧʝʨʘʥʜʘ); 

ï ʜʚʫʭʘʜʨʝʩʥʳʝ (ʂʆʧ ɸ1ɸ2 ï ʂʦʜ ʆʧʝʨʘʮʠʠ, ɸʜʨʝʩ ʧʝʨʚʦʛʦ ʦʧʝ-

ʨʘʥʜʘ, ɸʜʨʝʩ ʚʪʦʨʦʛʦ ʦʧʝʨʘʥʜʘ ʠʣʠ ʘʢʢʫʤʫʣʷʪʦʨʘ); 

ï ʪʨʝʭʘʜʨʝʩʥʳʝ (ʂʆʧ ɸ1ɸ2ɸ3 ï ʂʦʜ ʆʧʝʨʘʮʠʠ, ɸʜʨʝʩ ʧʝʨʚʦʛʦ 

ʦʧʝʨʘʥʜʘ, ɸʜʨʝʩ ʚʪʦʨʦʛʦ ʦʧʝʨʘʥʜʘ, ɸʜʨʝʩ ʨʝʟʫʣʴʪʘʪʘ). 

ɿʜʝʩʴ ʧʦʜ ʘʜʨʝʩʦʤ ʦʧʝʨʘʥʜʦʚ ʧʦʥʠʤʘʝʪʩʷ ʜʚʦʠʯʥʳʡ ʢʦʜ ʚ ʘʜʨʝʩ-

ʥʦʤ ʧʦʣʝ ʢʦʤʘʥʜʳ. ʆʥ ʝʱʝ ʥʝ ʨʘʚʝʥ ʬʠʟʠʯʝʩʢʦʤʫ ʘʜʨʝʩʫ ʷʯʝʡʢʠ 

ʠ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʘʜʨʝʩʘʮʠʠ. 

ʂ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʘʤ ʘʜʨʝʩʘʮʠʠ ʦʪʥʦʩʷʪʩʷ: 

ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ; 

ï ʧʨʷʤʘʷ; 

ï ʢʦʩʚʝʥʥʘʷ; 

ï ʨʝʛʠʩʪʨʦʚʘʷ; 
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ï ʢʦʩʚʝʥʥʘʷ ʨʝʛʠʩʪʨʦʚʘʷ; 

ï ʙʘʟʦʚʘʷ ʨʝʛʠʩʪʨʦʚʘʷ; 

ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ; 

ï ʠʥʜʝʢʩʥʘʷ; 

ï ʩʪʨʘʥʠʯʥʘʷ. 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʘʜʨʝʩʥʦʛʦ ʢʦʜʘ ʧʦʣʫʯʘʝʪʩʷ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʳʡ ʘʜʨʝʩ ɸʠʩʧ. ʆʜʥʘʢʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪ ʝʱʝ ʨʷʜʫ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʡ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʘʜʨʝʩ, ʧʦʜʘʚʘʝʤʳʡ ʥʘ ʘʜ-

ʨʝʩʥʫʶ ʰʠʥʫ ʬʠʟʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʢ ʢʦʥʢʨʝʪʥʦʡ ʟʘʧʦ-

ʤʠʥʘʶʱʝʡ ʷʯʝʡʢʝ ʵʪʦʡ ʧʘʤʷʪʠ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʢʦʤʘʥʜʳ ʚʳʧʦʣʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

ï ʂʆʧ ï ʢʦʤʘʥʜʳ ʦʩʪʘʥʦʚʢʠ, ʦʞʠʜʘʥʠʷ, ʩʙʨʦʩʘ ʠ ʜʨʫʛʠʝ ʩʣʫʞʝʙ-

ʥʳʝ ʢʦʤʘʥʜʳ; 

ï ʂʆʧ ɸ ï ʨʝʟʫʣʴʪʘʪ ʚʩʝʛʜʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʨʝʛʠʩʪʨ-

ʘʢʢʫʤʫʣʷʪʦʨ; ʘʜʨʝʩ ʦʧʝʨʘʥʜʘ ɸ ʧʦʢʘʟʳʚʘʝʪ ʷʯʝʡʢʫ ʧʘʤʷʪʠ, ʠʟ ʢʦʪʦ-

ʨʦʡ ʩʯʠʪʳʚʘʶʪʩʷ ʜʘʥʥʳʝ; 

ï ʂʆʧ ɸ1ɸ2 ï ʚʳʙʠʨʘʶʪʩʷ ʜʚʘ ʦʧʝʨʘʥʜʘ, ʨʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʠʠ ʟʘ-

ʧʦʤʠʥʘʝʪʩʷ ʧʦ ʦʜʥʦʤʫ ʠʟ ʘʜʨʝʩʦʚ ʦʧʝʨʘʥʜʦʚ. ʇʨʠ ʵʪʦʤ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʡ ʦʧʝʨʘʥʜ ʪʝʨʷʝʪʩʷ. ʊʘʢʠʝ ʢʦʤʘʥʜʳ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʩʠʩʪʝ-

ʤʳ ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʦʚ Intel; 

ï ʂʆʧ ɸ1ɸ2ɸ3 ï ʧʦ ʘʜʨʝʩʘʤ ɸ2 ʠ ɸ3 ʚʳʙʠʨʘʶʪʩʷ ʜʚʘ ʦʧʝʨʘʥʜʘ, 

ʠ ʟʘʜʘʝʪʩʷ ʘʜʨʝʩ ɸ1, ʢʫʜʘ ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʨʝʟʫʣʴʪʘʪ. 

ʆʧʠʩʳʚʘʷ ʢʦʤʘʥʜ rʧʨʦʮʝʩʩʦʨʘ, ʧʨʠʥʷʪʦ ʛʦʚʦʨʠʪʴ ʦʙ ʘʨʭʠʪʝʢʪʫʨʝ 

ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ. ɺ ʵʪʦ ʧʦʥʷʪʠʝ ʚʢʣʶʯʘʶʪʩʷ ʢʘʢ ʪʠʧʳ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʢʦʤʘʥʜ, ʩʧʦʩʦʙʳ ʘʜʨʝʩʘʮʠʠ, ʬʦʨʤʘʪʳ ʢʦʤʘʥʜ, ʪʘʢ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʘʨʭʠʪʝʢʪʫʨ r ʩʠʩʪʝʤʳ 

ʢʦʤʘʥʜ: 

ï CISC (Complex Instruction Set Computer) ï ʧʦʣʥʘʷ (ʫʥʠʚʝʨʩʘʣʴ-

ʥʘʷ) ʩʠʩʪʝʤʘ ʢʦʤʘʥʜ; 

ï RISC (Reduced Instruction Set Computer) ï ʩʦʢʨʘʱʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʤʘʥʜ; 
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ï VLIW  (Very Long Instruction Word) ï ʩʠʩʪʝʤʘ ʩ ʢʦʤʘʥʜʥʳʤʠ 

ʩʣʦʚʘʤʠ ʩʚʝʨʭʙʦʣʴʰʦʡ ʜʣʠʥʳ. 

ɼʣʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʕɺʄ ʭʘʨʘʢʪʝʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ ʪʠʧʦʚ 

ʢʦʤʘʥʜ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ ʥʘʟʳʚʘʶʪʩʷ CISC. ɼʨʫʛʘʷ ʨʘʟʥʦʚʠʜ-

ʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ ï RISC.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ CISC-ʧʨʦʮʝʩʩʦʨʦʚ: 

ï ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʝʛʠʩʪʨʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ; 

ï ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʠʧʦʚ ʢʦʤʘʥʜ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʘʥʘʣʦʛʠʯʥʳ 

ʦʧʝʨʘʪʦʨʘʤ ʷʟʳʢʦʚ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ; 

ï ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ ʘʜʨʝʩʘʮʠʠ; 

ï ʤʥʦʛʦ ʬʦʨʤʘʪʦʚ ʢʦʤʘʥʜ ʨʘʟʥʦʡ ʜʣʠʥʳ: ʦʪ ʙʝʟʘʜʨʝʩʥʳʭ ʜʦ ʪʨʝʭ-

ʘʜʨʝʩʥʳʭ; 

ï ʥʘʣʠʯʠʝ ʢʦʤʘʥʜ ʨʝʛʠʩʪʨ-ʧʘʤʷʪʴ (ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʢʦʤʘʥʜʳ ʦʙ-

ʨʘʱʘʶʪʩʷ ʢ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ). 

ʉʠʩʪʝʤʘ ʢʦʤʘʥʜ RISC ï ʦʩʥʦʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ 

ʠ ʤʦʱʥʳʭ ʩʝʨʚʝʨʦʚ. ʇʨʠʯʠʥʦʡ ʠʭ ʩʦʟʜʘʥʠʷ ʩʪʘʣʦ ʩʪʨʝʤʣʝʥʠʝ ʦʪʦʡʪʠ 

ʦʪ ʥʝʡʤʘʥʦʚʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʕɺʄ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʝʢʦʪʦʨʳʭ 

ʝʝ ʥʝʜʦʩʪʘʪʢʦʚ.  

ʇʨʠʤʝʨʘʤʠ RISC ʤʘʰʠʥ ʷʚʣʷʶʪʩʷ:  

ï ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʳ Cray; 

ï ʢʦʤʧʴʶʪʝʨʳ Sun Microsystems, ʨʝʘʣʠʟʫʶʱʠʝ ʘʨʭʠʪʝʢʪʫʨʫ 

SPARC. 

SPARC ï ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʨʦʮʝʩʩʦʨʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʘʱʠʚʘʥʠ ̫ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʮʝʩʩʦʨʦʚ). ɼʣʷ ʥʠʭ 

ʭʘʨʘʢʪʝʨʥʘ 64-ʨʘʟʨʷʜʥʘʷ ʘʨʠʬʤʝʪʠʢʘ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʜʣʷ ʮʝʣʦʯʠʩʣʝʥ-

ʥʳʭ ʦʧʝʨʘʮʠʡ ʦʧʪʠʤʘʣʴʥʘ 32-ʙʠʪʦʚʘʷ ʨʘʟʨʷʜʥʦʩʪʴ, ʘ ʜʣʷ ʦʧʝʨʘʮʠʡ 

ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ï 64-ʙʠʪʦʚʘʷ. 

ʆʩʦʙʝʥʥʦʩʪʠ RISC-ʧʨʦʮʝʩʩʦʨʦʚ: 

ï ʦʪʜʝʣʝʥʠʝ ʤʝʜʣʝʥʥʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʦʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪ-

ʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʨʝʛʠʩʪʨʦʚ. ɺʩʝ ʦʧʝʨʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʙʨʘʱʘ-

ʶʪʩʷ ʪʦʣʴʢʦ ʢ ʨʝʛʠʩʪʨʘʤ ʚʥʫʪʨʠ ʧʨʦʮʝʩʩʦʨʘ; 

ï ʵʬʬʝʢʪʠʚʥʦʝ ʢʦʥʚʝʡʝʨʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʢʦʤʘʥʜ; 
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ï ʨʝʘʣʠʟʘʮʠʷ ʣʶʙʦʡ ʢʦʤʘʥʜʳ ʠʟ ʩʠʩʪʝʤʳ ʟʘ ʦʜʠʥ ʤʘʰʠʥʥʳʡ ʪʘʢʪ, 

ʧʨʠ ʵʪʦʤ ʚʩʝ ʢʦʤʘʥʜʳ ʠʤʝʶʪ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʜʣʠʥʫ; 

ï ʨʝʘʣʠʟʘʮʠʷ ʣʦʛʠʢʠ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ ʘʧʧʘʨʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘ-

ʤʠ, ʘ ʥʝ ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ; 

ï ʥʘʣʠʯʠʝ ʨʝʛʠʩʪʨʦʚʦʛʦ ʬʘʡʣʘ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ (ʜʦ ʜʚʫʭʩʦʪ ʧʷ-

ʪʠʜʝʩʷʪʠ ʰʝʩʪʠ) ʨʝʛʠʩʪʨʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ RISC-ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʦʙʦʡʪʠʩʴ ʤʝʥʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ ʢʨʠʩʪʘʣʣʝ, ʯʝʤ CISC, ʧʦʵʪʦʤʫ RISC- 

ʧʨʦʮʝʩʩʦʨʳ ʜʘʚʥʦ ʠʤʝʶʪ 64-ʙʠʪʦʚʫʶ ʦʨʛʘʥʠʟʘʮʠʶ. ʅʝʜʦʩʪʘʪʦʢ 

RISC ï ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʪʨʘʥʩʣʠʨʫʝʤʦʛʦ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ. ɺ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ Intel ʠʩʧʦʣʴʟʦʚʘʥʦ ʤʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʧʨʠʝʤʦʚ ʠʟ RISC-ʘʨʭʠʪʝʢʪʫʨʳ. 

ʂʦʥʮʝʧʮʠʷ VLIW  ʙʘʟʠʨʫʝʪʩʷ ʥʘ RISC-ʘʨʭʠʪʝʢʪʫʨʝ. ʇʨʠ ʵʪʦʤ ʥʝ-

ʩʢʦʣʴʢʦ ʧʨʦʩʪʳʭ RISC-ʢʦʤʘʥʜ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʦ ʩʚʝʨʭʜʣʠʥʥʦʝ 

ʩʣʦʚʦ ʠ ʚʳʧʦʣʥʷʁʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʤʝʥʝʥʘ 

ʚ ʧʨʦʮʝʩʩʦʨʘʭ Itanium ʬʠʨʤʳ Intel. 

1.5. ʉʪʘʥʜʘʨʪʥʳʡ ʮʠʢʣ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ  

ʚ ʧʨʦʮʝʩʩʦʨʝ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʥʘ ʧʨʠ-

ʤʝʨʝ ʧʨʦʩʪʝʡʰʝʡ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʦʜʥʦʷʜʝʨʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. 

ɺ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ ʥʝʡʤʘʥʦʚʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʦʜʥʘʢʦ ʠʤʝʶʪʩʷ 

ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ. ʆʥʠ ʩʚʷʟʘʥʳ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʠ ʢʦʥʚʝʡʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʨʠʥʮʠʧʳ ʢʦʥʚʝʡʝʨʦʚ ʠ ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. 

ɺ ʩʦʩʪʘʚ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʙʣʦʢʠ 

(ʨʠʩ. 1.5): 

ï ʢʵʰ ʢʦʤʘʥʜ ʠ ʢʵʰ ʜʘʥʥʳʭ; 

ï ʧʨʝʜʧʨʦʮʝʩʩʦʨ; 

ï ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʙʣʦʢʠ; 

ï ʧʦʩʪʧʨʦʮʝʩʩʦʨ; 

ï ʙʣʦʢ ʟʘʧʠʩʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʘʤʷʪʴ. 
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ʂʵʰ ʢʦʤʘʥʜ ʂʵʰ ʜʘʥʥʳʭ 

ʇʨʝʜʧʨʦʮʝʩʩʦʨ 

ʀʩʧʦʣʥʠʪʝʣʴʥʳʝ ʙʣʦʢʠ 

ʂʦʥʚʝʡʝʨ ʂʦʥʚʝʡʝʨ ʂʦʥʚʝʡʝʨ 

ʇʦʩʪʧʨʦʮʝʩʩʦʨ 

ɿʘʧʠʩʴ ʨʝʟʫʣʴʪʘʪʦʚ 

 
ʈʠʩ. 1.5. ʉʭʝʤʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ 

 

ʂʦʤʘʥʜʳ ʧʨʦʛʨʘʤʤʳ ʭʨʘʥʷʪʩʷ ʚ ʢʵʰ-ʧʘʤʷʪʠ ʢʦʤʘʥʜ ʠ ʠʟʚʣʝʢʘ-

ʶʪʩʷ ʦʪʪʫʜʘ ʧʨʝʜʧʨʦʮʝʩʩʦʨʦʤ. ʕʪʘ ʦʧʝʨʘʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʜʫʨʦʡ 

ʚʳʙʦʨʢʠ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʢʦʤʘʥʜ ʥʘ ʧʨʠʤʠʪʠʚʥʳʝ 

ʤʠʢʨʦʢʦʤʘʥʜʳ, ʢʦʪʦʨʳʝ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʫʩʪʨʦʡ-

ʩʪʚʘʤʠ ʧʨʦʮʝʩʩʦʨʘ. ʂʦʛʜʘ ʤʠʢʨʦʢʦʤʘʥʜʘ ʧʦʣʫʯʘʝʪ ʠʟ ʢʵʰʘ ʜʘʥʥʳʭ 

ʩʚʦʠ ʦʧʝʨʘʥʜʳ, ʦʥʘ ʛʦʪʦʚʘ ʢ ʠʩʧʦʣʥʝʥʠʶ. ɼʝʢʦʜʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʢʦ-

ʤʘʥʜʳ ʦʙʨʘʟʫʶʪ ʚ ʧʨʝʜʧʨʦʮʝʩʩʦʨʝ ʦʯʝʨʝʜʴ ʢ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʙʣʦ-

ʢʘʤ. ʕʪʠ ʙʣʦʢʠ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʚʠʜʝ ʢʦʥʚʝʡʝʨʦʚ, ʦʙʨʘʟʫʷ ʧʘʨʘʣʣʝʣʴ-

ʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʨʝʜʫ. ʇʨʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʢʦ-

ʤʘʥʜʳ ʧʦʜʘʶʪʩʷ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʥʝ ʚ ʧʦʨʷʜʢʝ ʩʣʝʜʦʚʘʥʠʷ 

ʚ ʧʨʦʛʨʘʤʤʝ, ʘ ʧʦ ʤʝʨʝ ʛʦʪʦʚʥʦʩʪʠ ʠʭ ʦʧʝʨʘʥʜʦʚ. 

ɺ ʩʠʣʫ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʚ ʢʦʥʚʝʡʝʨʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʫʧʦʨʷʜʦʯʝʥʠʝ ʢʦʤʘʥʜ ʠ ʚʳʜʘʯʠ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʩʪ-

ʧʨʦʮʝʩʩʦʨ ʩʣʝʜʠʪ ʟʘ ʛʦʪʦʚʥʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʚʳʭʦʜʝ ʠʩʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʙʣʦʢʦʚ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʦʟʚʨʘʪ ʢ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʢʦʤʘʥʜ, ʪʦ ʝʩʪʴ ʢ ʠʭ ʠʩʭʦʜʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʚ ʧʨʦʛʨʘʤʤʝ. 

ʈʝʟʫʣʴʪʘʪ ʜʘʥʥʦʡ ʢʦʤʘʥʜʳ ʩʯʠʪʘʝʪʩʷ ʛʦʪʦʚʳʤ, ʝʩʣʠ ʟʘʚʝʨʰʠʣʠʩʴ 

ʚʩʝ ʧʨʝʜʳʜʫʱʠʝ ʢʦʤʘʥʜʳ ʠ ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʟʥʘʥʳ ʛʦʪʦʚʳʤʠ. 
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2. ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʓʏʀʉʃʀʊɽʃʔʅʓʍ ʉʀʉʊɽʄ  

ʀ ʋʉʊʈʆʁʉʊɺ 

2.1. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʪʝʦʨʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʪʁʩʷ ʪʨʠ ʢʣʘʩʩʘ ʤʝʪʦ-

ʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ [4]:  

ï ʘʥʘʣʠʪʠʯʝʩʢʠʝ; 

ï ʠʤʠʪʘʮʠʦʥʥʳʝ; 

ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʚʦʜʷʪʩʷ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʠ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʵʪʠʭ ʤʝʪʦʜʦʚ ʟʘʚʠʩʠʤʦʩʪʴ Y = F(X) ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ Y ʠ 

ʧʘʨʘʤʝʪʨʘʤʠ X ʦʙʲʝʢʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʳʭ ʬʦʨʤʫʣ. 

ʄʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʟʳʚʘʶʪʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ ʫʜʘʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʴ 

ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʝʩʣʠ ʧʨʠʥʠʤʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʦʧʫʱʝʥʠʷ 

ʦ ʩʚʦʡʩʪʚʘʭ ʠ ʧʦʚʝʜʝʥʠʠ ʦʧʠʩʳʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ: ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʜ-

ʥʠʭ ʬʘʢʪʦʨʦʚ ʦʪ ʜʨʫʛʠʭ, ʣʠʥʝʡʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʬʫʥʢʮʠʡ, ʤʛʥʦʚʝʥ-

ʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʠ ʪ. ʜ. ɽʩʣʠ ʜʦʧʫʱʝʥʠʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʨʝʘʣʴʥʦʩʪʠ, ʤʦʜʝʣʴ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʩʚʷʟʴ ʤʝʞʜʫ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʆʜʥʘʢʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʜʦʧʫʝɦ-

ʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʷʤ ʤʦʜʝʣʠ ʦʪ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢ-

ʪʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩ ʙʦʣʴʰʦʡ ʧʦ-

ʛʨʝʰʥʦʩʪʴʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʪʦʣʴʢʦ ʪʝʭ ʩʠʩʪʝʤ, ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʪʦʨʳʭ ʩʧʨʘʚʝʜʣʠʚʳ ʧʨʠʥʷ-

ʪʳʝ ʜʦʧʫʱʝʥʠʷ. ʄʥʦʛʠʝ ʩʠʩʪʝʤʳ ʠʟ-ʟʘ ʩʧʝʮʠʬʠʢʠ ʩʚʦʝʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɺʘʞʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʦʙ-

ʩʪʦʷʪʝʣʴʩʪʚʘʤʠ.  
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1. ɿʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʵʪʠʤʠ ʤʝʪʦʜʘʤʠ, ʷʚʣʷʶʪʩʷ ʩʪʨʦʛʦ 

ʜʦʢʘʟʘʥʥʳʤʠ, ʠ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ ï ʢʦʥʝʯʥʦ, 

ʩ ʫʯʝʪʦʤ ʧʨʠʥʷʪʳʭ ʧʨʠ ʚʳʚʦʜʝ ʜʦʧʫʱʝʥʠʡ. ɿʘʯʘʩʪʫʶ ʪʘʢʠʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʝʦʙʨʘʟʥʳʭ ʵʪʘʣʦʥʦʚ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʝʢʦʪʦ-

ʨʳʝ ʠʭ ʥʠʭ ʥʦʩʷʪ ʘʙʩʦʣʶʪʥʦ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝ-

ʩʪʚʝ ʟʘʢʦʥʦʚ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʩʠʩʪʝʤ.  

2. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ ʮʝʥ-

ʥʦʩʪʴ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʚʩʝʡ ʦʙʣʘʩʪʠ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩ-

ʪʝʤ ʧʨʠ ʣʶʙʳʭ ʩʦʯʝʪʘʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʤʦʜʝʣʝʡ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʠ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʮʝʥʠʚʘʶʪʩʷ ʵʬʬʝʢʪʳ ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ.  

3. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʠʤʝʥʴʰʝʡ ʩʣʦʞʥʦ-

ʩʪʴʶ ʚʳʯʠʩʣʝʥʠʡ. ʊʘʢʦʝ ʩʚʦʡʩʪʚʦ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʧʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯ ʩʠʥʪʝʟʘ, ʧʦʩʢʦʣʴʢʫ ʚʳʧʦʣʥʷʝʤʘʷ ʧʨʠ ʵʪʦʤ ʦʧʪʠʤʠʟʘʮʠʷ ʩʚʷʟʘʥʘ 

ʩ ʤʥʦʛʦʢʨʘʪʥʳʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘ-

ʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʀʤʠʪʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʨʦʮʝʩʩʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ [5]. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʩʦʜʝʨʞʠʪ 

ʧʨʦʮʝʜʫʨʳ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ ʩʦʩʪʦʷʥʠʷ ʤʦʜʝʣʠ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʦʚ 

ʠ ʩʠʩʪʝʤʳ. 

ʀʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʨʘʙʦʪʫ ʠ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝ-

ʜʫʝʤʳʭ ʩʠʩʪʝʤ ʠʩʭʦʜʷ ʠʟ ʘʧʨʠʦʨʥʦ ʠʟʚʝʩʪʥʳʭ ʩʚʦʡʩʪʚ ʠʭ ɻʣʝʤʝʥʪʦʚ ï 

ʟʘ ʩʯʝʪ ʦʙʲʝʜʠʥʝʥʠʷ ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʫ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʫʶ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ, ʠ ʠʤʠʪʘʮʠʠ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʤʠʪʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ. 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ. ʎʝʣʴ ʵʪʦʛʦ ʵʪʘ-

ʧʘ ï ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʱʠʡ ʟʘʤʳʩʝʣ ʤʦʜʝʣʠ (ʩʦʩʪʘʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʠ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʦʪʦʙʨʘʞʝʥʠʶ, ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʠʧ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʦʛʨʘʤʤʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʝʝ ʦʧʠʩʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ). ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʚʳʜʚʠʛʘʶʪʩʷ ʛʠʧʦʪʝʟʳ 

ʦ ʩʚʦʡʩʪʚʘʭ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʧʨʠʥʠʤʘʶʪʩʷ ʜʦʧʫʱʝʥʠʷ ʦ ʧʦ-

ʚʝʜʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥʢʨʝʪʠʟʠʨʫʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʦʜʠʤʳʝ 

ʥʘ ʤʦʜʝʣʠ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ. ʎʝʣʴ ʵʪʘʧʘ ï ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʜʣʷ ʢʦʤʧʴʶʪʝʨʘ. ʇʨʠ ʵʪʦʤ ʦʙʱʠʡ ʟʘʤʳʩʝʣ ʤʦʜʝʣʠ ʧʨʝʦʙʨʘ-

ʟʫʝʪʩʷ ʚ ʢʦʥʢʨʝʪʥʦʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ. ʕʪʘʧ ʟʘʚʝʨʰʘʝʪʩʷ 

ʧʨʦʚʝʨʢʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ. 

3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. ʎʝʣʴ ʵʪʦʛʦ ʵʪʘʧʘ ï ʧʦʣʫʯʝʥʠʝ 

ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʦ ʧʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʦʙʨʘ-

ʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʘ ʧʨʠ ʩʠʥʪʝʟʝ ï ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʪʠ-

ʤʠʟʠʨʫʶʱʠʭ ʟʘʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʟʘʜʘʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ. 

ɺʘʞʥʝʡʰʝʝ ʩʚʦʡʩʪʚʦ ʤʝʪʦʜʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʩʣʝʜʫʶʱʝʤ [5]. 

1. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʩʠʩʪʝʤʳ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. ʋʩ-

ʣʦʞʥʝʥʠʝ ʦʙʲʝʢʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʜʘʥʥʳʭ ʠ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʝʡ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. 

2. ʄʝʪʦʜ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʫʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ. ʉ ʧʦʤʦʱʴʶ ʘʣ-

ʛʦʨʠʪʤʦʚ ʤʦʞʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʣʶʙʳʝ, ʩʢʦʣʴ ʫʛʦʜʥʦ ʩʚʦʝʦʙʨʘʟʥʳʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʠ ʧʨʦʮʝʩʩʳ ʠʭ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʢʘʟʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʦʙʲʝʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʨʦʛʨʘʤʤʳ ʠ ʟʘʪʨʘʪʘʭ ʚʨʝʤʝʥʠ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʆʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʥʘ-

ʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʣʝʛʢʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʧʨʠ ʠʤʠʪʘʮʠʠ.  

3. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʜʘʥʥʳʭ ʦ ʧʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ï ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʥʘ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʥʝʡ. ɿʘ ʩʯʝʪ 
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ʵʪʦʛʦ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʜʝʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʷ ʢʘʢ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʂʘʢ ʧʨʘʚʠʣʦ, ʫʚʝ-

ʣʠʯʠʚʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʤʦʜʝʣʷʭ ʠʣʠ ʯʠʩʣʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ, ʪ. ʝ. ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦ-

ʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʧʦʣʫʯʝʥʠʠ ʜʘʥʥʳʭ 

ʦ ʨʘʙʦʪʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʨʝʘʣʴʥʳʭ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʳʷʚʣʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤ ʠ ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʊʠʧʠʯʥʳʝ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ, ï ʦʮʝʥʢʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ɺʉ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʯʝʡ ʥʘʛʨʫʟʢʠ, ʘʥʘʣʠʟ ʦʪʢʘʟʦʚ ʠ ʪ. ʜ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ 

ʧʦʨʷʜʢʝ: 

1)  ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʮʝʣʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

2)  ʚʳʙʠʨʘʝʪʩʷ ʠʣʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦ-

ʪʦʨʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ, ʩʧʦʩʦʙ ʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ, 

ʩʧʦʩʦʙ ʠ ʩʨʝʜʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ; 

3)  ʧʨʦʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ 

ʚ ʨʝʘʣʴʥʳʭ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ; 

4)  ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʦʙʨʘʟʦʤ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʜʦʩ-

ʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ɺ ʵʪʦʤ ʠʭ ʧʨʝʠʤʫʱʝ-

ʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠ ʠʤʠʪʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, 

ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʝʡ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʆʩʦʙʝʥʥʦ ʚʝʣʠʢʦ 

ʟʥʘʯʝʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢ ʢʘʢ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʨʝʞʠʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʥʝʤʳʩʣʠʤʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʠʭ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 



 21 

ʅʝʜʦʩʪʘʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ï ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʪʨʫ-

ʜʘ ʠ ʚʨʝʤʝʥʠ ʥʘ ʠʭ ʧʨʦʚʝʜʝʥʠʝ, ʘ ʪʘʢʞʝ ʯʘʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʣʫʯʘʝ-

ʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘ ʩʠʩʪʝʤʳ ʩ ʜʨʫʛʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠ ʨʝʞʠʤʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʦʡ ʨʘʙʦʪʳ. 

2.2. ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ʀʤʠʪʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ 

ʠʟ ʚʘʞʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʳʚʘʪʴ ʩʠʩʪʝʤʳ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ ʩ ʣʶ-

ʙʳʤ ʫʨʦʚʥʝʤ ʜʝʪʘʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɸʚʪʦʨʳ ʠʩ-

ʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʜʩʠʩʪʝʤ ʢʦʤ-

ʧʴʶʪʝʨʦʚ. ʂʦʥʢʨʝʪʥʳʝ ʤʦʜʝʣʠ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʘʟʜʝʣʘʭ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʨʝʰʘʣʩʷ ʮʝʣʳʡ ʨʷʜ ʧʨʦ-

ʙʣʝʤ [6ï10]: 

ï ʚr ʙʦʨ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʦʙʨʘʞʝʥʳ ʚ ʤʦʜʝʣʠ; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʜʝʪʘʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ; 

ï ʦʮʝʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʝʨʚʳʭ ʜʚʫʭ ʧʨʦʙʣʝʤ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʧʦʜʩʠʩʪʝʤ 

ʚʳʙʠʨʘʣʩʷ ʩʚʦʡ ʩʦʩʪʘʚ ʵʣʝʤʝʥʪʦʚ ʠ ʫʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. ʆʩʥʦʚʥʦʡ ʟʘʜʘ-

ʯʝʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨʫ 

ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʙʲʝʢʪʦʚ. ʆʥʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʷʩʥʝʥʠʝ ʦʩ-

ʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ 

ʠ ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʫʩʣʦʞʥʷʶʱʠʝ ʚʦʩʧʨʠ-

ʷʪʠʝ, ʦʪʙʨʘʩr ʚʘʶʪʩʷ. ʆʧʠʩʳʚʘʝʤʳʡ ʧʦʜʭʦʜ ʧʨʠʚʝʣ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʠʭ ʫʩʪʨʦʡʩʪʚ. 

ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʠʤʘʮʠʠ. ʆʥʘ ʫʣʫʯʰʘʝʪ ʚʦʩʧʨʠʷʪʠʝ ʧʨʦʪʝʢʘʶʱʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʣʝʛʯʘʝʪ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʠʟʫʯʝʥʠʝ. 
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ʆʮʝʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʚʳʧʦʣʥʷʣʘʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʘʥʘʣʦ-

ʛʠʯʥʳʭ ʦʙʲʝʢʪʘʭ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʡ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʦʙʦʜʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʤʠ ʧʘʢʝʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ Sysinfo ʠ ʜʨ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ ʧʨʠʝʤʣʝʤʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʜʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝ-

ʥʷʪʴ ʠʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʠʭ ʧʦʜʩʠʩʪʝʤ. 

ʂʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦʩʪʨʦʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʩʯʠ-

ʪʘʝʪʩʷ ʘʛʨʝʛʘʪʥʳʡ [4, 5]. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʠʩʪʝʤ 

ʩʦʟʜʘʝʪʩʷ ʥʘʙʦʨ ʘʛʨʝʛʘʪʦʚ ū1, é, ūQ ï ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ. ʆʥʠ ʤʦʛʫʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʵʣʝʤʝʥʪʘʤ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ ʧʨʦʮʝʩʩʦʨʘʤ, ʦʧʝʨʘʪʠʚ-

ʥʳʤ ʟʘʧʦʤʠʥʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʢʘʥʘʣʘʤ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʠ ʜʨ., ʚʦʩ-

ʧʨʦʠʟʚʦʜʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʘʩʧʝʢʪʳ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʛʨʝʛʘʪ ï ʦʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʢʪʘ 

ʚ ʘʩʧʝʢʪʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʝʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʌʫʥʢʮʠʠ ū1, é, 

ūQ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʪ. ʝ. ʚ ʠʭ ʟʘʧʠʩʠ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʦʥʢʨʝʪʥʳʡ ʦʙʲʝʢʪ. ʌʫʥʢ-

ʮʠʷ ūq ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʬʦʨʤʝ ï ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʦʡ 

ʧʨʦʮʝʜʫʨʳ  

ūq = (a1, é, ak, ,b1, é, bl, c1, é cm), 

 

ʛʜʝ ʧʘʨʘʤʝʪʨʳ  a1, é, ak ʦʧʨʝʜʝʣʷʶʪ ʩʦʩʪʦʷʥʠʝ ʚʭʦʜʦʚ ʵʣʝʤʝʥʪʘ,  

 b1, é, bl ï ʨʝʞʠʤ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ,  

   c1, é cm ï ʩʦʩʪʦʷʥʠʝ ʚʳʭʦʜʦʚ ʵʣʝʤʝʥʪʘ. 

ɸʛʨʝʛʘʪ ʚ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ çʯʝʨʥʦʛʦ ʷʱʠʢʘè (ʨʠʩ. 

2.1), ʥʘʩʪʨʘʠʚʘʝʤʦʛʦ ʥʘ ʟʘʜʘʥʥʳʡ ʨʝʞʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʞʝ-

ʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ B = {b1, é, bl}  ʠ ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʚʭʦʜʥʳʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ A = {a1, é, ak}  ʚ ʚʳʭʦʜʥʳʝ ʩʦʩʪʦʷʥʠʷ C = {c1, é cm}  ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʬʫʥʢʮʠʝʡ ūq. ʄʥʦʞʝʩʪʚʦ ʘʛʨʝʛʘʪʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ {ū1, é, ūQ}  

ʩʦʩʪʘʚʣʷʝʪ ʙʘʟʠʩ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʘʩʩʘ ʩʠʩʪʝʤ. 

ʄʦʜʝʣʴ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʩʦʙʠʨʘʝʪʩʷ ʠʟ ʘʛʨʝʛʘʪʦʚ ʧʫʪʝʤ ʩʦʝʜʠʥʝʥʠʷ 

ʚʳʭʦʜʦʚ ʦʜʥʠʭ ʩ ʚʭʦʜʘʤʠ ʜʨʫʛʠʭ. 
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ʈʠʩ. 2.1. ɸʛʨʝʛʘʪ ʢʘʢ ʵʣʝʤʝʥʪ ʤʦʜʝʣʠ 

 

ʊʝʭʥʦʣʦʛʠʷ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦ-

ʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʨʝʘʣʠʟʦʚʘʪʴ ʘʛʨʝʛʘʪʥʳʡ ʧʦʜʭʦʜ. ʇʨʠ ʵʪʦʤ 

ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʘʤʠʤ ʘʛʨʝʛʘʪʘʤ, ʠʭ ʧʘʨʘʤʝʪʨʳ ï 

ʚʭʦʜʘʤ ʠ ʚʳʭʦʜʘʤ, ʘ ʩʚʦʡʩʪʚʘ (ʤʝʪʦʜʳ, ʧʨʦʮʝʜʫʨʳ) ï ʬʫʥʢʮʠʷʤ. ʇʨʦ-

ʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʢʣʘʩʩʳ, ʠʤʠʪʠʨʫʶʱʠʝ ʦʪ-

ʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʚʪʦʨʘʤʠ ʧʨʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʠ ʠʭ ʧʦʜʩʠʩʪʝʤ. ɺʩʝ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʳ ʧʦ ʦʙʱʝʤʫ ʧʨʠʥʮʠʧʫ, ʠʭ 

ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.2.  
 

 
ʈʠʩ. 2.2. ʉʪʨʫʢʪʫʨʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

 

ʂʦʥʢʨʝʪʥʳʝ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʩʠʩ-

ʪʝʤ ʠ ʠʭ ʫʩʪʨʦʡʩʪʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʨʘʟʜʝʣʘʭ ʤʦʥʦʛʨʘʬʠʠ.  

qʌ..
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..
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3. ʆʈɻɸʅʀɿɸʎʀʗ ʉʀʉʊɽʄʅʓʍ ʐʀʅ  

ɺ ʂʆʄʇʔʖʊɽʈɽ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʧʨʦʮʝʩʩʦʨʦʚ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ʬʠʨʤʳ Intel.  

3.1. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚ ʢʦʤʧʴʶʪʝʨʝ 

ʂʦʤʧʴʶʪʝʨ ï ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ 

ʠ ʙʣʦʢʘʤʠ ʧʝʨʝʜʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʪʦʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʧʦʩʪʨʦʝʥʠʝ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ. ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʢʦʤʧʴʶʪʝʨʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ 

ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʜʘʥʥʳʝ, ʘʜʨʝʩʘ ʠ ʫʧʨʘʚʣʷʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ.  

ʐʠʥʘ ï ʵʪʦ ʤʘʛʠʩʪʨʘʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʠ-

ʟʠʯʝʩʢʠʭ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʣʠʥʠʡ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ ʠ ʧʨʦʪʦʢʦʣʘʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʥʠʤ. 

ʆʧʝʨʘʮʠʠ ʥʘ ʰʠʥʝ ʥʘʟʳʚʘʶʪʩʷ ʪʨʘʥʟʘʢʮʠʷʤʠ. ʆʩʥʦʚʥʳʝ ʪʨʘʥ-

ʟʘʢʮʠʠ ï ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ. ʅʘ ʨʠʩ. 3.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢ-

ʪʫʨʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʩ hʠʥʘʤʠ.  

ʐʠʥʳ ʙʳʚʘʶʪ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ. 

1. ʉʠʩʪʝʤʥʳʝ ʰʠʥʳ çʇʨʦʮʝʩʩʦʨ  ï ʧʘʤʷʪʴè, ʩʚʷʟʳʚʘʶʱʠʝ ʧʨʦ-

ʮʝʩʩʦʨʳ ʩ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʴʶ ʠ ʢʵʰ-ʧʘʤʷʪʴʶ ʚʪʦʨʦʛʦ ʠʣʠ ʪʨʝʪʴʝʛʦ 

ʫʨʦʚʥʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʥʝ ʧʨʦʮʝʩʩʦʨʘ. 

2. ʉʠʩʪʝʤʥʘʷ ʰʠʥʘ PCI, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʙʲʝʜʠʥʷʪʴ ʩʨʘʟʫ ʧʨʦʮʝʩ-

ʩʦʨ, ʧʘʤʷʪʴ ʠ ʜʨʫʛʠʝ ʚʥʝʰʥʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʚʠʥʯʝʩʪʝʨʳ, ʩʝʪʝʚʳʝ ʢʘʨʪʳ). 

3. ʐʠʥʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʜʢʣʶʯʘʶʱʠʝʩʷ ʢ ʩʠʩʪʝʤ-

ʥʦʡ ʠ ʩʣʫʞʘʱʠʝ ʜʣʷ ʩʚʷʟʠ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ (ʧʨʠʥʪʝ-

ʨʘʤʠ, ʩʢʘʥʝʨʘʤʠ ʠ ʜʨ.). ʍʘʨʘʢʪʝʨʥʘʷ ʠʭ ʦʩʦʙʝʥʥʦʩʪʴ ï ʙʦʣʴʰʘʷ ʜʣʠʥʘ 

ʣʠʥʠʡ. 

4. ɻʨʘʬʠʯʝʩʢʘʷ ʰʠʥʘ AGP ʠʣʠ ʰʠʥʘ PCI Express, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ 

ʜʣʷ ʩʚʷʟʠ ʚʠʜʝʦʢʘʨʪ (ʚʠʜʝʦʘʜʘʧʪʝʨʦʚ) ʩ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʴʶ ʠ ʧʨʦʮʝʩ-

ʩʦʨʦʤ. 
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ʐʠʥʘ PCI 

ʄʦʥʠʪʦʨ 

ʇʨʦʮʝʩʩʦʨ 

ʂʵʰ  L2(L3) ʆʇ 

FSB BSB 

ɺʠʜʝʦʢʘʨʪʳ 

ʇʋ ʇʋ 

BIOS 

ɸʜʘʧʪʝʨ 

            ʐʠʥʘ 

    ʨʘʩʰʠʨʝʥʠʷ      ʇʋ 

    ʇʋ 

     . 

    . 
      

. 

. 

AGP, PCI-E 

VGA, DVI, HDMI, 

DisplayPort 

ʏʠʧʩʝʪ 

LPC,  

SPI 

 
 

ʈʠʩ. 3.1. ʆʨʛʘʥʠʟʘʮʠʷ ʰʠʥ ʚ ʢʦʤʧʴʶʪʝʨʝ: 
FSB ï ʩʠʩʪʝʤʥʘʷ ʰʠʥʘ front-side bus, BSB ï ʩʠʩʪʝʤʥʘʷ ʰʠʥʘ back-side bus,  

AGP ï ʧʘʨʘʣʣʝʣʴʥʘʷ ʰʠʥʘ ʚʠʜʝʦʘʜʘʧʪʝʨʘ, PCI-E ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʰʠʥʘ  

ʚʠʜʝʦʘʜʘʧʪʝʨʘ, VGA ï ʘʥʘʣʦʛʦʚʳʡ ʠʥʪʝʨʬʝʡʩ ʤʦʥʠʪʦʨʘ, DVI, HDMI, 

 DisplayPort ï ʮʠʬʨʦʚʳʝ ʠʥʪʝʨʬʝʡʩʳ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʥʠʪʦʨʦʚ ʠʣʠ TV,  

 ʂʵʰ L2 (L3) ï ʢʵʰ-ʧʘʤʷʪʴ ʚʪʦʨʦʛʦ ʠʣʠ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ, PCI ï ʧʘʨʘʣʣʝʣʴʥʘʷ ʰʠʥʘ 

ʧʦʜʢʣʶʯʝʥʠʷ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʇʋ), BIOS ï ʙʘʟʦʚʘʷ ʩʠʩʪʝʤʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ, 

LPC, SPI ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʩʚʷʟʠ ʩ ʤʠʢʨʦʩʭʝʤʦʡ BIOS,  

ʆʇ ï ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʰʠʥ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʦʤʧʴʶʪʝʨʝ, 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.1 ʠ 3.2. 
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ʊʘʙʣʠʮʘ 3.1 

ʇʘʨʘʣʣʝʣʴʥʳʝ ʰʠʥʳ 

ʐʠʥʘ ʈʘʟʨʷʜʥʦʩʪʴ ʊʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ (Mɻʮ) 
ʇʨʦʧʫʩʢʥʘʷ  

ʩʧʦʩʦʙʥʦʩʪʴ (ʄʙʘʡʪ/ʩ) 

ISA-8 8 8.33 8.33 

ISA-16 16 8.33 16.66 

EISA 32 8.33 33.3 

PCI 1.0 32 33 132 

PCI 2.0 64 33 264 

PCI 2.1 64 66 528 

AGP(1x) 32 66 264 

AGP(4x) 264 66 1066 

SCSI 8/16 5/10/20/40/80/160 5/10/20/80/320/640 

FSB (GTL+) 64 66ï1066 528ï8500 

 

ʊʘʙʣʠʮʘ 3.2 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʰʠʥʳ 

ʐʠʥʘ ʈʘʟʨʷʜʥʦʩʪʴ 
ʊʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ,  

ɻɻʮ 

ʇʨʦʧʫʩʢʥʘʷ  

ʩʧʦʩʦʙʥʦʩʪʴ  

USB 1.0 ï ï 12 ʄʙʠʪ/ʩ 

USB 2.0 ï ï 12/480 ʄʙʠʪ/ʩ 

USB 3.1 ï ï 10 ɻʙʠʪ/ʩ 

PCI Express 1.0x1 ï 2,5 500 ʄɹʘʡʪ/ʩ 

PCI Express 2.0x1 ï 5,0 1 ɻɹʘʡʪ/ʩ 

PCI Express 3.0 ï ï 8 ɻʠʛʘʪʨʘʥʟʘʢʮʠʡ/ʩ 

HDMI ï ï 15 ɻʙʠʪ/ʩ 

Serial ATA ï 1,5  150 ʄɹʘʡʪ/ʩ 

Serial ATA 3 ï 6  600 ʄɹʘʡʪ/ʩ 

Serial SCSI (SaS) ï ï 12 ɻʙʠʪ/ʩ 

HyperTransport 3.1 ï 3,2 51,6 ɻɹʘʡʪ/ʩ 

QPI ï 1,333 25,6 ɻɹʘʡʪ/ʩ 

Infiniband 
ï 

ï 
50 ɻʙʠʪ/ʩ (ʥʘ ʦʜʥʫ  

ʣʠʥʠʶ) 

 

ʈʘʟʨʷʜʥʦʩʪʴ (ʰʠʨʠʥʘ ʰʠʥʳ) ï ʯʠʩʣʦ ʧʘʨʘʣʣʝʣʴʥʦ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʙʠʪ.  

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʰʠʥʳ ʈh (ʙʘʡʪʳ ʚ ʩʝʢʫʥʜʫ) ʨʘʚʥʘ: 

ʈh = (ʪʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ Ĭ ʨʘʟʨʷʜʥʦʩʪʴ) / 8. 

http://ru.wikipedia.org/wiki/HyperTransport
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3.2. ʆʙʱʘʷ ʰʠʥʘ 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʩ ʦʙʱʝʡ ʰʠʥʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʜʢʣʶʯʝʥʠʝ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʫʩʪʨʦʡʩʪʚ ʢ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʰʠʥʝ. ʇʨʠ ʵʪʦʤ ʜʦʩʪʫʧ ʢ ʥʝʡ ʤʦ-

ʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʤʝʪʴ ʪʦʣʴʢʦ ʜʚʘ ʫʩʪʨʦʡʩʪʚʘ: ʧʝʨʝʜʘʪʯʠʢ ʠ ʧʨʠʝʤ-

ʥʠʢ ʜʘʥʥʳʭ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʰʠʥ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʭ 

ʩʚʷʟʠ ʩ ʧʨʦʮʝʩʩʦʨʦʤ ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʪʠʧʘ ʢʦʥʬʠʛʫʨʘʮʠʠ [1]: 

1) ʩ ʦʜʥʦʡ ʰʠʥʦʡ (ʨʠʩ. 3.2); 

2) ʩ ʜʚʫʤʷ ʰʠʥʘʤʠ (ʨʠʩ. 3.3); 

3) ʩ ʪʨʝʤʷ ʰʠʥʘʤʠ (ʨʠʩ. 3.4). 

 
 

ʈʠʩ. 3.2. ʉʠʩʪʝʤʘ ʩ ʦʜʥʦʡ ʰʠʥʦʡ: 

ʋɺɺ ï ʫʩʪʨʦʡʩʪʚʦ ʚʚʦʜʘ-ʚʳʚʦʜʘ;  

ɺɿʋ ï ʚʥʝʰʥʝʝ ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 

 

ʂʦʥʬʠʛʫʨʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 3.2, ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʘʨʭʠʪʝʢ-

ʪʫʨ SMP. ʆʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʦʨʘʭ Intel, AMD, ʚ ʩʫʧʝʨʢʦʤʧʴʶ-

ʪʝʨʘʭ CRAY, ʢʦʤʧʴʶʪʝʨʘʭ ʬʠʨʤ Unisys, IBM, HP ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. ɿʘ-

ʛʨʫʞʝʥʥʦʩʪʴ ʩʠʩʪʝʤʥʦʡ ʰʠʥʳ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʤʝʞʜʫ ʤʥʦʛʠʤʠ ʫʩʪ-

ʨʦʡʩʪʚʘʤʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ.  

ʅʘ ʨʠʩ. 3.3 ʜʣʷ ʨʘʟʛʨʫʟʢʠ ʩʠʩʪʝʤʥʦʡ ʰʠʥʳ ʢʦʥʪʨʦʣʣʝʨʳ ʚʚʦʜʘ-

ʚʳʚʦʜʘ ʧʦʜʢʣʶʯʘʶʪʩʷ ʥʝ ʢ ʥʝʡ, ʘ ʢ ʩʧʝʮʠʘʣʴʥʳʤ ʰʠʥʘʤ ʨʘʩʰʠʨʝʥʠʷ 

ʚʚʦʜʘ-ʚʳʚʦʜʘ. ʇʦʩʣʝʜʥʠʝ ʩʚʷʟʘʥʳ ʩ ʩʠʩʪʝʤʥʦʡ ʰʠʥʦʡ ʯʝʨʝʟ ʘʜʘʧʪʝʨʳ. 

 

 

 ʇʨʦʮʝʩʩʦʨ 

ʉʠʩʪʝʤʥʘʷ ʰʠʥʘ 

    ɺɿʋ     ɺɿʋ   ʋɺɺ   ʋɺɺ 

 

    ʇʘʤʷʪʴ  ʇʨʦʮʝʩʩʦʨ 
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ʈʠʩ. 3.3. ʉʠʩʪʝʤʘ ʩ ʜʚʫʤʷ ʚʠʜʘʤʠ ʰʠʥ 

 

 
ʈʠʩ. 3.4. ʉʠʩʪʝʤʘ ʩ ʪʨʝʤʷ ʚʠʜʘʤʠ ʰʠʥ 

 

ɺ ʧʦʩʣʝʜʥʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠhʥʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʤʦʛʫʪ ʧʦʜʢʣʶ-

ʯʘʪɹʩʷ ʯʝʨʝʟ ʘʜʘʧʪʝʨʳ ʢ ʰʠʥʝ ʨʘʩʰʠʨʝʥʠʷ, ʘ ʦʪ ʥʝʝ ʯʝʨʝʟ ʘʜʘʧʪʝʨ 

ʢ ʧʨʦʮʝʩʩʦʨʫ (ʨʠʩ. 3.4). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʛʨʫʟʠʪʴ ʩʠʩʪʝʤʥʫʶ ʰʠʥʫ 

ʠ ʰʠʥʫ ʨʘʩʰʠʨʝʥʠʷ. 

ʂʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʨʠʩ. 3.3 ʠ 3.4 ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʯʠʧʩʝʪʘʭ ʧʨʦʮʝʩ-

ʩʦʨʦʚ Intel ʠ AMD. 

 

 

 

 

 

 

 
          ɸʜʘʧʪʝʨ 

ʇʨʦʮʝʩʩʦʨ 
ʇʘʤʷʪʴ 

    ɸʜʘʧʪʝʨ 

    ɺɿʋ 

    ɺɿʋ 

   ʋɺɺ 

   ʋɺɺ 

 ʐʠʥʘ çʧʨʦʮʝʩʩʦʨ ï ʧʘʤʷʪʴè 

      ʉʠʩʪʝʤʥʘʷ ʰʠʥʘ 

    ʐʠʥʘ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʐʠʥʘ ʚʚʦʜʘ/ʚʳʚʦʜʘ 

ʇʨʦʮʝʩʩʦʨ 

 

 

 

 

 

 

       ʇʨʦʮʝʩʩʦʨ          ʇʘʤʷʪʴ 

       ɸʜʘʧʪʝʨ 

    ɸʜʘʧʪʝʨ 

    ɸʜʘʧʪʝʨ 

ʋɺɺ ʋɺɺ 

ɺɿʋ ɺɿʋ 

    ʐʠʥʘ ʨʘʩʰʠʨʝʥʠʷ 

ʉʠʩʪʝʤʥʘʷ ʰʠʥʘ 

ʐʠʥʘ ʚʚʦʜʘ/ʚʳʚʦʜʘ 

ʐʠʥʘ ʚʚʦʜʘ/ʚʳʚʦʜʘ 

    ʐʠʥʘ çʧʨʦʮʝʩʩʦʨ-ʧʘʤʷʪʴè 
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3.3. ʐʠʥʘ PCI Express 

PCI (Peripheral Components Interconnected) ï ʧʘʨʘʣʣʝʣʴʥʘʷ ʰʠʥʘ 

ʩ 32 ʠʣʠ 64 ʨʘʟʨʷʜʘʤʠ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʚʷʟʠ ʧʨʦʮʝʩʩʦʨʘ 

ʩ ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʜʨʫʛʠʤʠ ʰʠʥʘʤʠ. 

ʇʝʨʝʜʘʶʱʝʝ ʠ ʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʰʠʥʝ, ʦʙ-

ʱʘʶʪʩʷ ʧʦ ʤʝʪʦʜʫ BUS-MASTER. ʇʝʨʝʜʘʪʯʠʢ ʟʘʭʚʘʪʳʚʘʝʪ ʰʠʥʫ 

ʠ ʚʳʩʪʘʚʣʷʝʪ ʜʘʥʥʳʝ ʥʘ ʣʠʥʠʠ, ʩʦʧʨʦʚʦʞʜʘʷ ʠʭ ʩʠʛʥʘʣʦʤ INICIATOR 

READY. ʇʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʟʘʧʠʩʳʚʘʝʪ ʜʘʥʥʳʝ ʚ ʩʚʦʠ ʨʝʛʠʩʪʨʳ 

ʠ ʚʳʜʘʝʪ ʩʠʛʥʘʣ TARGET READY, ʢʦʪʦʨʳʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʘʧʠʩʴ 

ʠ ʛʦʪʦʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʫʧʨʘʚʣʝ-

ʥʠʝʤ ʢʦʥʪʨʦʣʣʝʨʘ ʰʠʥʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʮʝʩʩʦʨʘ. ʂʦʛʜʘ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʫʩʪʨʦʡʩʪʚ ʟʘʧʨʘʰʠʚʘʶʪ ʜʦʩʪʫʧ ʢ ʥʝʡ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʭʝʤʘ ʘʨʙʠʪʨʘʞʘ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʦʨʠʪʝʪʳ ʠ ʦʙʨʘʟʫʝʪ ʦʯʝʨʝʜʴ ʟʘ-

ʧʨʦʩʦʚ ʢ ʰʠʥʝ PCI. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʰʠʥʘ ʠʩʧʦʣʴʟʫʝʪ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, 

ʪʦ ʝʩʪʴ ʜʘʥʥʳʝ ʠ ʘʜʨʝʩ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʬʠʟʠʯʝʩʢʠʤ 

ʣʠʥʠʷʤ. ʐʠʥʘ PCI ʨʘʩʧʦʟʥʘʝʪ ʧʦʜʢʣʶʯʘʝʤʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʜʢʣʶ-

ʯʘʝʪ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ PLUG&PLAY. 

ʆʜʥʘʢʦ ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʵʪʦʡ ʰʠʥʳ ʥʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʟ-ʟʘ ʧʨʦʙʣʝʤ ʩ ʩʠʥ-

ʭʨʦʥʠʟʘʮʠʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʦʪʜʝʣʴʥʳʤ ʣʠʥʠʷʤ ʰʠʥʳ (ʵʬʬʝʢʪ 

ʛʦʥʦʢ). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʰʠʥʘ 

PCI Express (PCI ï E ʠʣʠ PCIe). 

PCI Express ï ʢʦʤʧʴʶʪʝʨʥʘʷ ʰʠʥʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʧʨʦʛʨʘʤʤʥʫʶ 

ʤʦʜʝʣʴ ʰʠʥʳ PCI ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʪʦʢʦʣ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ [11]. ʆʥʘ ʦʪʥʦʩʠʪ-

ʩʷ ʢ 3GIO (Third Generation In-Out ï ʚʚʦʜ/ʚʳʚʦʜ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ). 

ʕʪʘ ʰʠʥʘ ʧʨʠʰʣʘ ʥʘ ʩʤʝʥʫ ʛʨʘʬʠʯʝʩʢʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʰʠʥʝ AGP. 

ʅʘ ʙʘʟʝ PCI Express ʧʦʩʪʨʦʝʥʘ ʪʝʭʥʦʣʦʛʠʷ CrossFire ʬʠʨʤʳ AMD, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʱʥʦʩʪʠ ʜʚʫʭ ʠ ʙʦʣʝʝ ʚʠ-

ʜʝʦʢʘʨʪ Radeon ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʂʘʞʜʘʷ 

ʚʠʜʝʦʢʘʨʪʘ, ʠʩʧʦʣʴʟʫʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʬʦʨʤʠʨʫʝʪ ʩʚʦʶ 

http://ru.wikipedia.org/wiki/Компьютерная_шина
http://ru.wikipedia.org/wiki/PCI
http://ru.wikipedia.org/wiki/Видеокарта
http://ru.wikipedia.org/wiki/Видеокарта
http://ru.wikipedia.org/wiki/ATI
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ʯʘʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʝʨʝʜʘʝʪʩʷ ʚ ʤʘʩʪʝʨ-ʢʘʨʪʫ, ʠʤʝʶʱʫʶ 

ʩʦʙʩʪʚʝʥʥʫʶ ʙʫʬʝʨʥʫʶ ʧʘʤʷʪʴ. ʄʘʩʪʝʨ-ʢʘʨʪʘ ʦʙʲʝʜʠʥʷʝʪ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʠ ʚʳʚʦʜʠʪ ʬʠʥʘʣʴʥʳʡ ʢʘʜʨ. ʅʘ ʨʠʩ. 3.5 ʧʦʢʘʟʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʘʣ-

ʛʦʨʠʪʤʘ Scissor. ɿʜʝʩʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʩʪʝʨ-ʢʘʨʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ 

RADEON CrossFire Editon, ʘ ʚʪʦʨʘʷ ʚʠʜʝʦʢʘʨʪʘ ï ʤʦʜʝʣʴ Standart 

RADEON. 
 

 

Standart 
RADEON 
 

RADEON 
CrossFire 
Edition 
 

ʂʘʜʨ 

ʂʘʜʨ 

ʂʘʜʨ 

DVI 

PCI Express x8 

PCI Express x8 

 
 

ʈʠʩ. 3.5. ʊʝʭʥʦʣʦʛʠʷ CrossFire ʥʘ ʜʚʫʭ ʚʠʜʝʦʢʘʨʪʘʭ: 

DVI ï ʠʥʪʝʨʬʝʡʩ ʩʚʷʟʠ ʚʠʜʝʦʢʘʨʪ;  

PCI Express ï ʠʥʪʝʨʬʝʡʩ ʩʚʷʟʠ ʚʠʜʝʦʢʘʨʪ ʩ ʧʨʦʮʝʩʩʦʨʦʤ 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʰʠʥʳ PCI, ʠʩʧʦʣʴʟʦʚʘʚʰʝʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʦʙʱʫʶ ʰʠʥʫ, PCI Express ʷʚʣʷʝʪʩʷ ʧʘʢʝʪʥʦʡ ʩʝʪʴʶ ʩ ʪʦʧʦʣʦʛʠʝʡ ʪʠʧʘ 

ʟʚʝʟʜʘ. 

 ʋʩʪʨʦʡʩʪʚʘ PCI Express ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ 

ʩʨʝʜʫ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʢʦʤʤʫʪʘʪʦʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʢʦʤʤʫʪʘʪʦʨʦʤ ʩʦʝʜʠʥʝʥʠʝʤ ʪʠʧʘ çʪʦʯʢʘ ï ʪʦʯ-

ʢʘè. 

ʂʨʦʤʝ ʪʦʛʦ, ʰʠʥʦʡ PCI Express ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ: 

ï ʛʦʨʷʯʘʷ ʟʘʤʝʥʘ ʢʘʨʪ;  

ï ʫʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ; 

ï ʢʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. 
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʘʨʘʣʣʝʣʴʥʦʡ PCI ʰʠʥʘ PCI Express ï ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʠʥʪʝʨʬʝʡʩ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤʳ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʛʦʥʦʢ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. 

ʆʜʥʦ ʩʦʝʜʠʥʝʥʠʝ ʚ PCI Express ʥʘʟʳʚʘʝʪʩʷ lane (ʨʠʩ. 3.6). 

 
ʈʠʩ. 3.6. ʉʦʝʜʠʥʝʥʠʝ ʪʠʧʘ PCI Express x1: 

T ï ʧʝʨʝʜʘʪʯʠʢ; R ï ʧʨʠʝʤʥʠʢ;  

D0
+
, D

-
 ï ʧʘʨʘ ʧʨʦʚʦʜʥʠʢʦʚ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

 

ʉʦʝʜʠʥʝʥʠʝ lane ʠʟ ʜʚʫʭ ʧʘʨ ʧʨʦʚʦʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ 

ʣʠʥʠʶ PCI Express, ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢ-

ʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʣʠʥʠʠ ʧʨʠʚʳʯʥʦ ʚʳʩʪʨʘʠʚʘʶʪ ʚ ʨʷʜ. ʀʭ 

ʤʦʞʝʪ ʙʳʪʴ 32, 16, 12, 8, 4, 2 ʠ 1. ʇʨʝʬʠʢʩ x ʧʦʢʘʟʳʚʘʝʪ ʯʠʩʣʦ ʣʠʥʠʡ 

ʚ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ PCI Express. ʇʝʨʝʜʘʚʘʝʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʜʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʣʠʥʠʠ çʚʝʝʨʦʤè. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʫʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʘʷ, ʥʦ ʥʝ ʩʠʥʭʨʦʥʥʘʷ ʧʝʨʝʜʘʯʘ. 

ɽʩʣʠ ʠʤʝʝʪʩʷ 4 ʣʠʥʠʠ, ʪʦ ʥʫʣʝʚʦʡ ʙʘʡʪ ʙʣʦʢʘ ʜʘʥʥʳʭ ʧʝʨʝʜʘʝʪʩʷ 

ʧʦ ʧʝʨʚʦʡ ʣʠʥʠʠ, ʧʝʨʚʳʡ ï ʧʦ ʚʪʦʨʦʡ ʠ ʪ. ʜ., ʘ ʯʝʪʚʝʨʪʳʡ ʙʘʡʪ ï ʩʥʦʚʘ 

ʧʦ ʧʝʨʚʦʡ ʣʠʥʠʠ (ʨʠʩ. 3.7). ʊʝʦʨʝʪʠʯʝʩʢʠ ʰʠʥʘ ʩ 32 ʣʠʥʠʷʤʠ ʩʧʦʩʦʙ-

ʥʘ ʚʳʜʘʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 20 GB/s, ʘ ʩ ʫʯʝʪʦʤ ʫʧʨʘʚʣʷʶʱʠʭ 

ʜʘʥʥʳʭ ï 16 GB/s ʚ ʦʙʝ ʩʪʦʨʦʥʳ.  
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R 
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ʈʠʩ. 3.7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʧʦ ʣʠʥʠʷʤ PCI Express: 

b0,b1, é, b7 ï ʙʠʪʳ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʙʘʡʪʘ 
 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ lane ʩʦʩʪʘʚʣʷʝʪ 2,5 Gb/s. 

ʋʯʪʝʤ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʩʦʝʜʠʥʝʥʠʠ ʧʝʨʝʜʘʯʘ ʜʫʧʣʝʢʩʥʘʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʜʠʨʦʚʘʥʠʝ ç8 ʙʠʪ ʚ 10è. 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ P1x ʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ x1 ʩʦʩʪʘʚʣʷʝʪ 

P1x= 2,5 Ĭ 2 Ĭ 0,8/8= 0,5 GB/s,    (3.1) 

ʛʜʝ 2,5 ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʜʥʦʛʦ lane, Gb/s; 

 2 ï ʫʯʝʪ ʪʦʛʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘʚʘʪʴ 

ʜʘʥʥʳʝ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ; 

 0,8 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʜʘ 8B/10B; 

 1/8 ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʧʝʨʝʚʦʜʘ Gb/s ʚ GB/s.  

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩ ʫʯʝʪʦʤ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʜʣʷ 

ʰʠʥ PCI Express ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʚʷʟʝʡ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 3.3. 
 

ʊʘʙʣʠʮʘ 3.3 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʰʠʥ PCI Express 
 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʩʚʷʟʝʡ ʭ1  ʭ1 ʭ4 ʭ8 ʭ12 ʭ16 ʭ32 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ PCI Express 1.0, (GB/s) 0,5 1 2 4 6 8 16 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ PCI Express 2.0, (GB/s) 1 2 4 8 12 16 32 

 

       b7 

       b6 

       b5 

       b4 

       b1 

       b0 

       b3 

       b2 

          

PCI ï E ʭ1 

      b4 

      b0 

       b5 

       b1 

          

        b6 

        b2 

PCI ï E x4 
 

ʇʦʪʦʢ 

ʙʘʡʪʦʚ 

        b7 

        b3 

PCI ï E ʭ1 PCI ï E ʭ1 PCI ï E ʭ1 

http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BF%D1%83%D1%81%D0%BA%D0%BD%D0%B0%D1%8F_%D1%81%D0%BF%D0%BE%D1%81%D0%BE%D0%B1%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%BD%D1%8B%D0%B9_%D0%B4%D1%83%D0%BF%D0%BB%D0%B5%D0%BA%D1%81
http://ru.wikipedia.org/wiki/Полный_дуплекс
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3.4. ʉʠʩʪʝʤʥʳʝ ʰʠʥʳ FSB, QPI ʠ HyperTransport 

ʐʠʥʘ FSB (Front ï Side Bus) ʩʦʝʜʠʥʷʝʪ ʧʨʦʮʝʩʩʦʨ ʩ ʦʩʥʦʚʥʦʡ ʧʘ-

ʤʷʪʴʶ. ʊʦʯʥʝʝ, FSB ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʩʝʚʝʨʥʦʤʫ ʤʦʩʪʫ ʯʠʧʩʝʪʘ, ʢʦʪʦ-

ʨʳʡ ʩʦʜʝʨʞʠʪ ʢʦʥʪʨʦʣʣʝʨ ʆʇ. ɺ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʜʣʷ ʩʦʝʜʠ-

ʥʝʥʠʷ ʧʨʦʮʝʩʩʦʨʘ ʩ ʚʥʝʰʥʝʡ ʢʵʰ-ʧʘʤʷʪʴʶ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʦʪʜʝʣʴʥʘʷ ʰʠʥʘ BSB (Back- Side Bus). 

ɺ ʧʨʦʮʝʩʩʦʨʘʭ Intel ʧʨʠʤʝʥʷʝʪʩʷ ʰʠʥʘ Quad Pumped FSB [12]. 

ʕʪʦ 64-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ, ʧʝʨʝʜʘʶʱʘʷ ʟʘ ʦʜʠʥ ʪʘʢʪ ʯʝʪʳʨʝ ʧʘʢʝʪʘ ʜʘʥ-

ʥʳʭ. ɺ ʥʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʜʚʦʝʥʠʝ ʯʘʩʪʦʪʳ ʠ ʧʝʨʝʜʘʯʘ ʧʘʢʝʪʘ ʜʘʥ-

ʥʳʭ ʧʦ ʧʝʨʝʜʥʝʤʫ ʠ ʟʘʜʥʝʤʫ ʬʨʦʥʪʫ ʪʘʢʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ  

(ʨʠʩ. 3.8). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ FSB ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.4. 

ʊʘʙʣʠʮʘ 3.4 

ʇʘʨʘʤʝʪʨʳ ʰʠʥʳ FSB 
 

ʊʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ, ʄɻʮ ʕʬʬʝʢʪʠʚʥʘʷ ʯʘʩʪʦʪʘ 

ʰʠʥʳ FSB, ʄɻʮ 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʰʠʥʳ, GB/s 

100 400 3,2 

133 533 4,2 

166 667 5,3 

200 800 6,4 

266 1066 8,5 
  

        ʊʀ 1 

 ʇʘʢʝʪʳ 

 ʜʘʥʥʳʭ 

   ʊʀ 2 

t                

 

t 

               

f 

f1 = 2f 

f2 = 4f 

 
ʈʠʩ. 3.8. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʰʠʥʳ FSB: 

ʊʀ 1 ʠ ʊʀ 2 ï ʪʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ; f ï ʯʘʩʪʦʪʘ ʊʀ 1; f1 ï ʯʘʩʪʦʪʘ ʊʀ 2; 

f2 ï ʯʘʩʪʦʪʘ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ ʧʦ ʰʠʥʝ FSB 
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ʇʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʩʠʩʪʝʤʥʘʷ ʰʠʥʘ ʩʪʘʥʦʚʠʪʩʷ ʫʟʢʠʤ ʤʝʩʪʦʤ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʧʨʦʮʝʩʩʦʨʘ ʠ ʦʩʪʘʣʴʥʳʭ ʙʣʦʢʦʚ ʢʦʤʧʴʶʪʝʨʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʦʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ Nehalem ʧʨʦʮʝʩʩʦʨʦʚ Intel ʥʘ ʩʤʝʥʫ ʰʠʥʘʤ FSB ʧʨʠʰʣʘ 

ʰʠʥʘ QuickPath Architecture (QPI) [13]. 

ʆʨʛʘʥʠʟʘʮʠʷ QuickPath Architecture ʩʪʨʦʠʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ çʪʦʯ-

ʢʘ ï ʪʦʯʢʘè ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʤʝʥ ʜʘʥʥʳ-

ʤʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʦʤ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦ-

ʨʦʤ ʠ ʢʦʥʪʨʦʣʣʝʨʦʤ ʚʚʦʜʘ/ʚʳʚʦʜʘ. ʐʠʥʘ QPI ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ 

20-ʙʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʚ ʧʨʷ-

ʤʦʤ ʠ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʦʥʘ ʘʥʘʣʦʛʠʯʥʘ ʰʠʥʝ 

PSI Express. ɺ ʰʠʥʝ 16 ʙʠʪ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

ʘ ʦʩʪʘʚʰʠʝʩʷ 4 ʥʦʩʷʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʦʪʦʢʦʣʦʤ ʠ ʢʦʨʨʝʢʮʠʝʡ ʦʰʠʙʦʢ. 

ʕʪʘ ʰʠʥʘ ʨʘʙʦʪʘʝʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 6,4 ʤʠʣʣʠʦʥʘ ʧʝ-

ʨʝʜʘʯ ʜʘʥʥʳʭ ʚ ʩʝʢʫʥʜʫ (GT/s) ʠ ʠʤʝʝʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ 6,4Ĭ16/8= 12,8 GB/s ʚ ʢʘʞʜʫʶ ʩʪʦʨʦʥʫ, ʠʣʠ ʩʫʤʤʘʨʥʦ 

25,6 GB/s. ɺ ʧʨʦʮʝʩʩʦʨʘʭ ʧʦʩʣʝʜʥʠʭ ʤʦʜʝʣʝʡ ʩ ʰʠʥʦʡ QuickPath In-

terconnect ʢʦʥʪʨʦʣʣʝʨ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ ʨʘʟʤʝʱʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚ ʧʨʦʮʝʩʩʦʨʝ. 

ʂʨʦʤʝ QPI ʬʠʨʤʘ Intel ʠʩʧʦʣʴʟʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʰʠʥʫ DMI 

(Direct Media Interface) ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʤʠʢʨʦʩʭʝʤʳ ʶʞʥʦʛʦ ʤʦʩʪʘ ʤʘ-

ʪʝʨʠʥʩʢʦʡ ʧʣʘʪʳ (ICH) ʩ ʩʝʚʝʨʥʳʤ ʤʦʩʪʦʤ (MCH ʠʣʠ GMCH). ɺ ʥʦʚʳʭ 

ʤʦʜʝʣʷʭ ʧʨʦʮʝʩʩʦʨʦʚ Intel Core ʰʠʥʘ DMI ʩʚʷʟʳʚʘʝʪ ʩʘʤ ʧʨʦʮʝʩʩʦʨ ʩ 

ʩʝʚʝʨʥʳʤ ʤʦʩʪʦʤ ʯʠʧʩʝʪʘ. ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ DMI ï 2 ɻʙʘʡʪ/c. 

ɺ ʧʨʦʮʝʩʩʦʨʘʭ ʬʠʨʤʳ AMD ʘʥʘʣʦʛʠʯʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʰʠʥʘ 

HyperTransport. 

HyperTransport (HT) ï ʵʪʦ ʜʚʫʥʘʧʨʘʚʣʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ/ʧʘʨʘʣʣʝʣʴʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʰʠʥʘ ʩ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙ-

ʥʦʩʪʴʶ ʠ ʤʘʣʳʤʠ ʟʘʜʝʨʞʢʘʤʠ [14]. ʊʝʭʥʦʣʦʛʠʷ ʰʠʥʳ HT ʠʩʧʦʣʴʟʫʝʪ-

ʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ: 

ï ʢʦʤʧʘʥʠʷʤʠ AMD ʠ Transmeta ʚ x86-ʧʨʦʮʝʩʩʦʨʘʭ;  

http://ru.wikipedia.org/wiki/%D0%AE%D0%B6%D0%BD%D1%8B%D0%B9_%D0%BC%D0%BE%D1%81%D1%82
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D0%BB%D0%B0%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D0%BB%D0%B0%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%B2%D0%B5%D1%80%D0%BD%D1%8B%D0%B9_%D0%BC%D0%BE%D1%81%D1%82
http://ru.wikipedia.org/wiki/AMD
http://ru.wikipedia.org/wiki/Transmeta
http://ru.wikipedia.org/wiki/X86
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ï ʬʠʨʤʘʤʠ NVIDIA , VIA , AMD, SiS, Uli/A li ʠ HP ï ʚ ʥʘʙʦʨʘʭ 

ʩʠʩʪʝʤʥʦʡ ʣʦʛʠʢʠ ʜʣʷ ʇʂ; 

ï IBM, HP, Sun Microsystems ï ʚ ʩʝʨʚʝʨʘʭ;  

ï Cray ï ʚ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ; 

ï Cisco Systems ï ʚ ʩʝʪʝʚʳʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ. 

ʐʠʥʘ HyperTransport ʨʘʙʦʪʘʝʪ ʥʘ ʯʘʩʪʦʪʘʭ ʦʪ 200 ʄɻʮ ʜʦ 3,2 ɻɻʮ 

(ʫ PCI ï 33 ʠ 66 ʄɻʮ). ʆʥʘ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʥʮʠʧ DDR, ʧʨʠ ʵʪʦʤ ʜʘʥ-

ʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʢʘʢ ʧʦ ʧʝʨʝʜʥʝʤʫ, ʪʘʢ ʠ ʧʦ ʟʘʜʥʝʤʫ ʬʨʦʥʪʫ ʪʘʢʪʦʚʦʛʦ 

ʠʤʧʫʣʴʩʘ. ʂʘʞʜʳʡ ʧʘʢʝʪ ʩʦʩʪʦʠʪ ʠʟ 32-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ. ʋʧʨʘʚʣʷʶ-

ʱʝʝ ʩʣʦʚʦ ʩʪʦʠʪ ʧʝʨʚʳʤ ʚ ʧʘʢʝʪʝ ʜʘʥʥʳʭ. ʐʠʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ 

64-ʨʘʟʨʷʜʥʫʶ ʘʜʨʝʩʘʮʠʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʘʢʝʪ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʧʝʮʠ-

ʘʣʴʥʦʛʦ 32-ʨʘʟʨʷʜʥʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʣʦʚʘ, ʫʢʘʟʳʚʘʶʱʝʛʦ ʥʘ 

64-ʨʘʟʨʷʜʥʫʶ ʘʜʨʝʩʘʮʠʶ ʠ ʩʦʜʝʨʞʘʱʝʛʦ ʨʘʟʨʷʜʳ ʘʜʨʝʩʘ ʩ 40 ʧʦ 63. 

ɼʘʥʥʳʝ ʚʩʝʛʜʘ ʧʝʨʝʜʘʶʪʩʷ ʚ ʚʠʜʝ 32-ʙʠʪʥʳʭ ʩʣʦʚ. ʐʠʥʘ 

HyperTransport ʨʝʘʣʠʟʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʨʠʥʮʠʧ ʧʝʨʝʜʘʯʠ. ʍʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ HyperTransport ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.5. 
 

ʊʘʙʣʠʮʘ 3.5  

ɺʝʨʩʠʠ HyperTransport 
 

ɺʝʨʩʠʷ ɻʦʜ 
ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʰʠʨʠʥʘ 

ʇʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ 

(ʚ ʦʙʘ ʥʘʧʨʘʚʣʝʥʠʷ) 

1.0 2001 800 ʄɻʮ 32 ʙʠʪ 12,8 GB/s  

1.1 2002 800 ʄɻʮ 32 ʙʠʪ 12,8 GB/s  

2.0 2004 1,4 ɻɻʮ 32 ʙʠʪ 22,4 GB/s  

3.0 2006 2,6 ɻɻʮ 32 ʙʠʪ 41,6 GB/s  

3.1 2008 3,2 ɻɻʮ 32 ʙʠʪ 51,6 GB/s  

3.5. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʰʠʥʳ Serial ATA  ʠ USB 

ʀʥʪʝʨʬʝʡʩ Serial ATA (SATA) ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʪʠʧʘ, ʩʣʫʞʠʪ 

ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩ ʜʠʩʢʦʚʳʤʠ ʥʘʢʦʧʠʪʝʣʷʤʠ. SATA ʷʚʣʷʝʪʩʷ ʨʘʟ-

ʚʠʪʠʝʤ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ATA [15]. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ Parallel 

ATA ʠʥʪʝʨʬʝʡʩ SATA ï ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʠ ʥʘʜʝʞʥʳʡ, ʠʤʝʝʪ ʙʦʣʝʝ 

ʥʠʟʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʚʳʚʦʜʦʚ.  

http://ru.wikipedia.org/wiki/VIA
http://ru.wikipedia.org/wiki/AMD
http://ru.wikipedia.org/w/index.php?title=SiS&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=ULi/ALi&action=edit&redlink=1
http://ru.wikipedia.org/wiki/HP
http://ru.wikipedia.org/wiki/%D0%9F%D0%9A
http://ru.wikipedia.org/wiki/IBM
http://ru.wikipedia.org/wiki/HP
http://ru.wikipedia.org/wiki/Sun_Microsystems
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%B2%D0%B5%D1%80_(%D0%B0%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5)
http://ru.wikipedia.org/w/index.php?title=Cray&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%BF%D0%B5%D1%80%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
http://ru.wikipedia.org/wiki/Cisco_Systems
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D1%88%D1%80%D1%83%D1%82%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80
http://ru.wikipedia.org/wiki/PCI
http://ru.wikipedia.org/wiki/2001
http://ru.wikipedia.org/wiki/2002
http://ru.wikipedia.org/wiki/2004
http://ru.wikipedia.org/wiki/2006
http://ru.wikipedia.org/wiki/2008
http://ru.wikipedia.org/wiki/ATA
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Serial ATA ʟʘʤʝʥʷʝʪ ʰʠʨʦʢʠʡ ʠ ʧʣʦʩʢʠʡ ʣʝʥʪʦʯʥʳʡ ʢʘʙʝʣʴ ʠʥ-

ʪʝʨʬʝʡʩʘ Parallel ATA ʪʦʥʢʠʤ ʠ ʛʠʙʢʠʤ ʢʘʙʝʣʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʩʚʷʟʠ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 1 ʤ. ʋʚʝʣʠʯʝʥʥʘʷ ʜʣʠʥʘ ʧʦ-

ʟʚʦʣʷʝʪ ʙʦʣʝʝ ʫʜʦʙʥʦ ʨʘʟʤʝʱʘʪʴ ʫʩʪʨʦʡʩʪʚʘ ʭʨʘʥʝʥʠʷ ʚ ʢʦʨʧʫʩʝ. 

Serial ATA ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʚʝʨʢʫ ʦʰʠʙʦʢ ʠ ʠʭ ʠʩʧʨʘʚʣʝʥʠʝ. 

eSATA (External SATA) ï ʠʥʪʝʨʬʝʡʩ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʠʭ ʫʩʪ-

ʨʦʡʩʪʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʨʝʞʠʤ çʛʦʨʷʯʝʡ ʟʘʤʝʥʳè (Hot-plug). ʆʥ 

ʙr ʣ ʩʦʟʜʘʥ ʧʦʩʣʝ SATA ʚ ʩʝʨʝʜʠʥʝ 2004 ʛʦʜʘ.  

ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ eSATA: 

ï ʨʘʟʲʝʤʳ ʤʝʥʝʝ ʭʨʫʧʢʠʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʙʦʣʴ-

ʰʝʝ ʯʠʩʣʦ ʧʦʜʢʣʶʯʝʥʠʡ;  

ï ʪʨʝʙʫʝʪ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʜʚʘ ʧʨʦʚʦʜʘ: ʰʠʥʫ ʜʘʥʥʳʭ ʠ ʢʘʙʝʣʴ 

ʧʠʪʘʥʠʷ. ɺ ʥʦʚʳʭ ʩʧʝʮʠʬʠʢʘʮʠʷʭ ʧʣʘʥʠʨʫʝʪʩʷ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʦʪʜʝʣʴ-

ʥʦʛʦ ʢʘʙʝʣʷ ʧʠʪʘʥʠʷ ʜʣʷ ʚʳʥʦʩʥʳʭ eSATA ʫʩʪʨʦʡʩʪʚ; 

ï ʜʣʠʥʘ ʢʘʙʝʣʷ ʫʚʝʣʠʯʝʥʘ ʜʦ 2 ʤ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʨʦʚʳʤ ʢʘʙʝ-

ʣʝʤ ʫ SATA);  

ï ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ; 

ï ʫʤʝʥʴʰʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʛʥʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ SATA.  

ʐʠʥʘ USB ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤ-

ʧʴʶʪʝʨʫ ʚʥʝʰʥʠʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

PLUG&PLAY: 

ï ʧʦʜʢʣʶʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʢ ʨʘʙʦʪʘʶʱʝʤʫ ʢʦʤʧʴʶʪʝʨʫ; 

ï ʘʚʪʦʥʦʤʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩʨʘʟʫ ʧʦʩʣʝ ʧʦʜʢʣʶʯʝʥʠʷ; 

ï ʘʚʪʦʥʦʤʥʘʷ ʟʘʛʨʫʟʢʘ ʜʨʘʡʚʝʨʦʚ. 

ʇʦ ʰʠʥʝ ʤʦʞʝʪ ʧʦʜʘʚʘʪʴʩʷ ʧʠʪʘʥʠʝ ʜʣʷ ʤʘʣʦʤʦʱʥʳʭ ʧʝʨʠʬʝ-

ʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɽʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʪʨʝʙʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ 

ʧʨʝʨʳʚʘʥʠʷ ʚ ʢʦʤʧʴʶʪʝʨʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʠʩʣʘ ʧʦʜʢʣʶʯʝʥʥʳʭ ʫʩʪ-

ʨʦʡʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ï 

480 ʄɺ/s ʧʨʠ ʜʣʠʥʝ ʢʘʙʝʣʷ ʜʦ 5 ʤ. 

ʐʠʥʘ USB ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʣʶʙʳʭ ʫʩʪ-

ʨʦʡʩʪʚ, ʢʨʦʤʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʥʘ ʞʝʩʪʢʠʭ ʜʠʩʢʘʭ. 

ʉʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʰʠʥʘʭ USB, ʠʤʝʶʪ ʪʦʧʦʣʦʛʠʶ ʜʝʨʝʚʘ. 

http://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80
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3.6. ʐʠʥʘ InfiniBand   

ʉ ʨʘʟʚʠʪʠʝʤ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ ʘʢʪʫ-

ʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʣʦ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʫʟʣʘʤʠ ʠ ʛʨʫʧʧʘʤʠ ʧʨʦʮʝʩʩʦʨʦʚ. 

ʐʠʥʳ QPI ʠ HyperTransport ʫʞʝ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʧʦ ʩʚʦʠʤ ʧʘʨʘʤʝʪ-

ʨʘʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʅʦʚʘʷ ʨʘʟʨʘʙʦʪʢʘ ʙʘʟʠʨʦʚʘʣʘʩʴ ʥʘ ʪʝʭ ʞʝ 

ʧʨʠʥʮʠʧʘʭ ʦʨʛʘʥʠʟʘʮʠʠ, ʯʪʦ ʠ ʰʠʥʳ PCI Express ʠ SATA [16]. ʐʠʥʘ 

InfiniBand ʪʘʢʞʝ ʠʤʝʝʪ ʜʚʝ ʧʘʨʳ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʙʠʪʦʚ 

ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʦʜʥʫ lane. ʇʦʨʪ InfiniBand ʧʦʜ-

ʜʝʨʞʠʚʘʝʪ ʦʜʥʫ ʰʠʥʫ 1ʭ ʣʠʙʦ ʛʨʫʧʧʳ 4ʭ ʠ 12ʭ lane. 

ɺ ʪʘʙʣ. 3.6 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ 

InfiniBand. ʇʦʢʦʣʝʥʠʷ DDR ʠ QDR ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʝʨʚʦʡ ʰʠʥʳ SDR 

ʫʜʚʦʝʥʥʦʡ ʠ ʫʯʝʪʚʝʨʝʥʥʦʡ ʙʘʟʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɺ ʥʠʭ ʪʘʢ ʞʝ ʢʘʢ ʚ PCI Express ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʝʜʘʯʘ 8 ʙʠʪʦʚ ʩ ʧʦ-

ʤʦʱʴʶ 10 ʙʠʪʦʚ. ɺ ʧʦʢʦʣʝʥʠʠ FDR-10 (Fourteen Data Rate 10) ʧʨʠʤʝ-

ʥʝʥʘ ʢʦʜʠʨʦʚʢʘ 64/66, ʯʪʦ ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ ʠʟ-ʟʘ ʠʟʙʳʪʦʯʥʦʩʪʠ. ʕʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦ ʵʬʬʝʢʪʠʚʥʫʶ ʩʢʦʨʦʩʪʴ ʰʠʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

InfiniBand ʩʪʘʣʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʘʤʳʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ: ʩʨʝʜʠ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ ʠ ʢʣʘʩʪʝʨʦʚ, ʚʭʦʜʷʱʠʭ 

ʚ ʊʆʈ 500, ʧʦʯʪʠ ʧʦʣʦʚʠʥʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʵʪʦʡ ʰʠʥʝ. 

ʊʘʙʣʠʮʘ 3.6 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʰʠʥʳ InfiniBand  
 

ʇʦʢʦʣʝʥʠʝ SDR DDR QDR FDR-10 FDR EDR HDR 

ʕʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫ-

ʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, 

ɻʙʠʪ/c ʥʘ 1 ʰʠʥʫ 

2 4 8 10 14 25 50 

ʕʬʬʝʢʪʠʚʥʘʷ ʩʢʦ-

ʨʦʩʪʴ ʜʣʷ 4ʭ ʰʠʥ 

(12ʭ ʰʠʥ), ɻʙʠʪ/ʩ 

8 

(4) 

16 

(48) 

32 

(96) 

41,25 

(123,75

) 

54,54 

(163,6

4) 

100 

(300) 

200 

(600) 

ʂʦʜʠʨʦʚʘʥʠʝ, ʙʠʪ 8/10 8/10 8/10 64/66 64/66 64/66  

ɿʘʜʝʨʞʢʘ, ʤʢʩ 5 2,5 1,3 0,7 0,7 0,5  

ɻʦʜ 2001 2005 2007  2011 2014 2017 
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ɽʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ InfiniBand ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʨʝʞʠ-

ʤʘ RDMA (Remote Direct Memory Access) ï ʫʜʘʣʝʥʥʳʡ ʧʨʷʤʦʡ ʜʦʩ-

ʪʫʧ ʢ ʧʘʤʷʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʘʤʷʪʠ ʦʜʥʦ-

ʛʦ ʢʦʤʧʴʶʪʝʨʘ ʧʝʨʝʜʘʶʪʩʷ ʚ ʣʦʢʘʣʴʥʫʶ ʧʘʤʷʪʴ ʜʨʫʛʦʛʦ ʙʝʟ ʫʯʘʩʪʠʷ 

ʧʨʦʮʝʩʩʦʨʦʚ. 

 4. ʉʀʉʊɽʄɸ ɺɺʆɼɸ-ɺʓɺʆɼɸ ɼɸʅʅʓʍ  

ɺ ɺʓʏʀʉʃʀʊɽʃʔʅʆʁ ʄɸʐʀʅɽ 

4.1. ʆʙʱʠʝ ʧʨʠʥʮʠʧʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʜʘʥʥʳʭ  

ɺ ʣʶʙʦʡ ʕɺʄ ʚʳʧʦʣʥʷʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʘ: ʧʨʦʮʝʩʩʦʨ-

ʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʚʚʦʜ-ʚʳʚʦʜ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʩʣʝʜʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʚʷʟʴ ʢʦʤʧʴʶʪʝʨʘ ʩ ʚʥʝʰʥʠʤ ʤʠʨʦʤ ï ʙʝʟ ʥʝʝ ʕɺʄ ʩʪʘʥʦʚʠʪʩʷ ʥʠʢʦ-

ʤʫ ʥʝ ʥʫʞʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝ-

ʨʦʚ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʭ ʧʦʜʩʠʩ-

ʪʝʤʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ. ɿʘ ʚʨʝʤʷ ʵʚʦʣʶʮʠʠ ʢʦʤʧʴʶʪʝʨʦʚ ʵʪʘ ʧʦʜʩʠʩʪʝʤʘ 

ʧʨʝʪʝʨʧʝʣʘ ʥʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʨʘʩʰʠʨʝʥʠʶ ʩʬʝʨʳ 

ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʚʥʝʰʥʠʭ (ɺʋ) ʠʣʠ ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʫʩʪʨʦʡʩʪʚ (ʇʋ). ʆʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʩʢʦʨʦʩʪʴʶ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ, 

ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ, ʦʙʲʝʤʦʤ ʠ ʬʦʨʤʦʡ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʧʨ. ʇʋ 

ʧʨʠʥʷʪʦ ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ: 

ï ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ (ʤʳʰʴ, ʢʣʘʚʠʘʪʫʨʘ, ʩʝʥʩʦʨʥʳʡ ʵʢʨʘʥ, ʤʠʢʨʦ-

ʬʦʥ, ʩʢʘʥʝʨ, ʚʝʙ-ʢʘʤʝʨʘ); 

ï ʫʩʪʨʦʡʩʪʚʘ ʚʳʚʦʜʘ (ʚʠʜʝʦʢʘʨʪʘ, ʤʦʥʠʪʦʨ, ʧʨʠʥʪʝʨ, ʘʢʫʩʪʠʯʝ-

ʩʢʘʷ ʩʠʩʪʝʤʘ); 

ï ʫʩʪʨʦʡʩʪʚʘ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ (ʥʘʢʦʧʠʪʝʣʠ ʥʘ ʞʝʩʪʢʠʭ 

ʠ ʦʧʪʠʯʝʩʢʠʭ ʜʠʩʢʘʭ, ʬʣʝ -hʥʘʢʦʧʠʪʝʣʠ ʠ ʧʨ.). 

ɺʚʦʜ ï ʵʪʦ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʩ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʧʝʨʘʪʠʚ-

ʥʫʶ ʧʘʤʷʪʴ (ʆʇ) ʢʦʤʧʴʶʪʝʨʘ. ɺʳʚʦʜ ï ʧʝʨʝʧʠʩʴ ʜʘʥʥʳʭ ʠʟ ʆʇ 

ʥʘ ʚʥʝʰʥʠʝ ʥʦʩʠʪʝʣʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʋʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʧʦʤʦʱʴʶ 

ʠʥʪʝʨʬʝʡʩʦʚ. ʀʥʪʝʨʬʝʡʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʪʦʢʦʣʘ 

https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%BC%D1%8B%D1%88%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BB%D0%B0%D0%B2%D0%B8%D0%B0%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BD%D1%81%D0%BE%D1%80%D0%BD%D1%8B%D0%B9_%D1%8D%D0%BA%D1%80%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D1%84%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D1%84%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%B0%D0%BD%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D0%B1-%D0%BA%D0%B0%D0%BC%D0%B5%D1%80%D0%B0
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ʦʙʤʝʥʘ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ ʠ ʰʠʥ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʝʨʝʜʘʯʫ ʠʥ-

ʬʦʨʤʘʮʠʠ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [17]: 

ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥʘ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ; 

ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

ï ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʰʠʨʠʥʘ ï ʯʠʩʣʦ ʙʠʪ ʠʣʠ ʙʘʡʪ ʜʘʥʥʳʭ, ʧʝʨʝʜʘ-

ʚʘʝʤʳʭ ʧʘʨʘʣʣʝʣʴʥʦ; 

ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʝʜʠʥʷʝʤʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ; 

ï ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ï ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʦʪʜʝʣʴʥʦʛʦ ʩʣʦʚʘ 

ʠʣʠ ʙʣʦʢʘ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʜʫʨ ʧʦʜʛʦʪʦʚʢʠ 

ʠ ʟʘʚʝʨʰʝʥʠʷ ʧʝʨʝʜʘʯʠ; 

ï ʦʙʱʝʝ ʯʠʩʣʦ ʧʨʦʚʦʜʦʚ (ʣʠʥʠʡ). 

ʈʘʟʣʠʯʘʶʪ ʠʥʪʝʨʬʝʡʩʳ: 

ï ʩʠʤʚʦʣʴʥʳʝ; 

ï ʙʣʦʯʥʳʝ; 

ï ʩʝʪʝʚʳʝ; 

ï ʛʨʘʬʠʯʝʩʢʠʝ. 

ʇʨʠ ʵʪʦʤ ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʥʷʪʦ ʨʘʟʜʝʣʷʪʴ ʧʦ ʧʨʝʦʙ-

ʣʘʜʘʶʱʝʤʫ ʪʠʧʫ ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ: 

ï ʩʠʤʚʦʣʴʥʳʝ (ʢʣʘʚʠʘʪʫʨʘ, ʤʳʰʴ, ʤʦʜʝʤ, ʧʨʠʥʪʝʨ ʠ ʪ. ʧ.); 

ï ʙʣʦʯʥʳʝ (ʤʘʛʥʠʪʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʜʠʩʢʠ ʠ ʪ. ʜ.). 

ʇʝʨʚʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʧʝʨʝʜʘʯʫ ʙʘʡʪʘ ʜʘʥʥʳʭ. 

ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʚʚʦʜʘ ʠʣʠ ʚʳʚʦʜʘ ʦʪʜʝʣʴ-

ʥʦʛʦ ʩʠʤʚʦʣʘ (ʙʘʡʪʘ), ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʤʘʥʜʝ ʧʨʦʛʨʘʤʤʳ. 

ɹʣʦʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʜʘʯʫ ʙʦʣʴʰʠʭ ʙʣʦʢʦʚ 

ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʛʨʘʤʤʝ ʚʳʧʦʣʥʷʶʪʩʷ ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ ʠ ʟʘʧʠ-

ʩʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʩʝ ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʩʠʩʪʝʤʥʦʡ ʰʠʥʝ 

ʯʝʨʝʟ ʧʦʨʪʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ. ʂʘʞʜʳʡ ʧʦʨʪ ʠʤʝʝʪ ʩʚʦʡ ʥʦʤʝʨ ʠʣʠ ʘʜʨʝʩ, 

ʢʦʪʦʨʳʡ ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ ʵʪʠʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʩʧʦ-

ʩʦʙʘ ʘʜʨʝʩʘʮʠʠ ʫʩʪʨʦʡʩʪʚ (ʧʦʨʪʦʚ) ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʢʦʪʦʨʳʝ ʩʭʝʤʘʪʠʯ-

ʥʦ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4.1 [17]: 
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ï ʧʨʷʤʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʧʘʤʷʪʴ, ʧʨʠ ʢʦʪʦʨʦʤ ʘʜʨʝʩʘ ʫʩʪʨʦʡʩʪʚ 

ʚʚʦʜʘ-ʚʳʚʦʜʘ ʠʩʧʦʣʴʟʫʶʪ ʯʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ; 

ï ʦʪʜʝʣʴʥʦʝ ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ. 
 

 

ʘ      ʙ 

ʈʠʩ. 4.1. ɸʜʨʝʩʘʮʠʷ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ: 

ʘ ï ʜʚʘ ʨʘʟʜʝʣʴʥʳʭ ʘʜʨʝʩʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘ;  

ʙ ï ʦʪʦʙʨʘʞʘʝʤʳʡ ʥʘ ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʘʤʷʪʠ ʚʚʦʜ-ʚʳʚʦʜ 

 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʫʧʨʦʱʘʝʪ ʦʧʝʨʘʮʠʠ ʦʙʤʝʥʘ ʩ ʚʥʝʰʥʠʤʠ ʫʩʪʨʦʡ-

ʩʪʚʘʤʠ. ʆʥʠ ʚʳʧʦʣʥʷʶʪʩʷ ʢʘʢ ʦʙʳʯʥʳʝ ʢʦʤʘʥʜʳ ʧʨʦʮʝʩʩʦʨʘ ʩ ʦʧʝʨʘ-

ʪʠʚʥʦʡ ʧʘʤʷʪʴʶ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ 

ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʦʛʨʘʤʤʘʤʠ. ʆʜʥʘʢʦ ʩʦ-

ʢʨʘʱʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ, ʧʦʵʪʦʤʫ ʧʨʷʤʦʝ ʦʪʦʙʨʘʞʝʥʠʝ 

ʚ ʧʘʤʷʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʫʧʨʘʚʣʷʶʱʫʶ ʰʠʥʫ ʠ ʟʘʜʘʶʪ ʦʧʝʨʘʮʠʶ ʠ ʥʘ-

ʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʯʪʝʥʠʝ ʠʣʠ ʟʘʧʠʩʴ). ʇʨʠ ʵʪʦʤ ʚʩʝ ʘʜʨʝʩ-

ʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʆʇ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʘʤʠ. 

ɺʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʦʙʨʘʱʝʥʠʡ ʢ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʫʩʪʨʦʡʩʪ-

ʚʘʤ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʟʘʥʝʩʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʘʤʷʪʴ 

ʷʚʣʷʝʪʩʷ ʦʢʦʥʯʘʥʠʝʤ ʦʧʝʨʘʮʠʠ ʟʘʧʠʩʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʥʝʩʝʥʠʝ ʠʥ-

ʬʦʨʤʘʮʠʠ ʚ ʧʦʨʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʦʣʴʢʦ ʠʥʠʮʠʠʨʫʝʪ ʦʧʝʨʘʮʠʶ ʚʳʚʦʜʘ. 
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ʋʧʨʘʚʣʝʥʠʝ ʦʧʝʨʘʮʠʷʤʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʢʦʥʪʨʦʣʣʝ-

ʨʘʤʠ. ʆʥʠ ʩʦʛʣʘʩʫʶʪ ʫʨʦʚʥʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʦʙ-

ʨʘʟʫʶʪ ʤʘʰʠʥʥʳʝ ʜʘʥʥʳʝ ʚ ʬʦʨʤʘʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʫʩʪʨʦʡʩʪʚʦʤ, 

ʠ ʥʘʦʙʦʨʦʪ. 

ʆʙʳʯʥʦ ʢʦʥʪʨʦʣʣʝʨʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʬʦʨʤʣʷʶʪʩʷ 

ʚʤʝʩʪʝ ʩ ʧʨʦʮʝʩʩʦʨʦʤ ʚ ʚʠʜʝ ʠʥʪʝʨʬʝʡʩʥʳʭ ʧʣʘʪ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʤʝʥʘ 

ʧʝʨʝʜʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʜʚʫʭ ʚʠʜʦʚ: ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ (ʩʣʦʚʘ) 

ʠ ʩʦʙʩʪʚʝʥʥʦ ʜʘʥʥʳʝ, ʠʣʠ ʜʘʥʥʳʝ-ʩʦʦʙʱʝʥʠʷ. ʋʧʨʘʚʣʷʶʱʠʝ ʩʣʦʚʘ, 

ʥʘʟʳʚʘʝʤʳʝ ʪʘʢʞʝ ʢʦʤʘʥʜʥʳʤʠ, ʠʣʠ ʧʨʠʢʘʟʘʤʠ, ʠʥʠʮʠʠʨʫʶʪ ʜʝʡʩʪ-

ʚʠʷ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ ʟʘ-

ʧʫʩʢ ʫʩʪʨʦʡʩʪʚʘ, ʟʘʧʨʝʱʝʥʠʝ ʧʨʝʨʳʚʘʥʠʡ ʠ ʪ. ʧ. ʊʝ ʞʝ ʜʘʥʥʳʝ 

ʦʪ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘʟʳʚʘʶʪʩʷ ʩʣʦʚʘʤʠ ʩʦʩʪʦʷʥʠʷ. ʆʥʠ ʩʦʜʝʨʞʘʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʝʢʦʪʦʨʳʭ ʧʨʠʟʥʘʢʘʭ, ʥʘʧʨʠʤʝʨ ʛʦʪʦʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪ-

ʚʘ ʢ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ, ʥʘʣʠʯʠʠ ʦʰʠʙʦʢ ʧʨʠ ʦʙʤʝʥʝ ʠ ʪ. ʧ. ʉʦʩʪʦʷʥʠʝ 

ʦʙʳʯʥʦ ʢʦʜʠʨʫʝʪʩʷ ʥʘʙʦʨʦʤ ʧʨʠʟʥʘʢʦʚ (ʬʣʘʛʦʚ) ï ʧʦ ʦʜʥʦʤʫ ʙʠʪʫ ʜʣʷ 

ʢʘʞʜʦʛʦ. 

ʇʝʨʠʬʝʨʠʡʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʣʶʙʦʛʦ ʪʠʧʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʩʚʦʡ 

ʢʦʥʪʨʦʣʣʝʨ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ. ʆʙ-

ʱʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.2. 

ɺʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʦʩʥʦʚʥʳʝ ʜʝʡʩʪʚʠʷ, ʚʳʧʦʣʥʷʝ-

ʤʳʝ ʥʘ ʩʠʩʪʝʤʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʕɺʄ, ʧʦʜʯʠʥʷʶʪʩʷ ʜʚʫʤ ʦʩʥʦʚʥʳʤ 

ʧʨʠʥʮʠʧʘʤ. 

1. ɺ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʶʙʳʭ ʜʚʫʭ ʫʩʪʨʦʡʩʪʚ ʦʜʥʦ ʠʟ ʥʠʭ 

ʦʙʷʟʘʪʝʣʴʥʦ ʠʛʨʘʝʪ ʘʢʪʠʚʥʫʶ, ʫʧʨʘʚʣʷʶʱʫʶ ʨʦʣʴ ʠ ʷʚʣʷʝʪʩʷ ʟʘʜʘʪ-

ʯʠʢʦʤ, ʘ ʚʪʦʨʦʝ ʦʢʘʟʳʚʘʝʪʩʷ ʫʧʨʘʚʣʷʝʤʳʤ, ʠʩʧʦʣʥʠʪʝʣʝʤ. ʏʘʱʝ ʚʩʝʛʦ 

ʟʘʜʘʪʯʠʢʦʤ ʩʣʫʞʠʪ ʧʨʦʮʝʩʩʦʨ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʚʠʪʠʨʦʚʘʥʠʷ ï ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʠʩ-

ʧʦʣʥʠʪʝʣʝʤ ʢʘʞʜʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʧʦʩʣʘʥʥʦʛʦ ʟʘʜʘʪʯʠʢʦʤ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʘʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝ-

ʥʠ ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʪʘʡʤ-ʘʫʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʪʯʠʢ 

ʬʠʢʩʠʨʫʝʪ ʦʰʠʙʢʫ ʦʙʤʝʥʘ ʠ ʧʨʝʢʨʘʱʘʝʪ ʦʧʝʨʘʮʠʶ. 
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ʈʠʩ. 4.2. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʥʪʨʦʣʣʝʨʘ ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʧʨʦʛʨʘʤʤʥʦ ʫʧʨʘʚʣʷʝʤʳʡ ʚʚʦʜ-ʚʳʚʦʜ [17]. 

ʕʪʦʪ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʩʝ ʜʝʡʩʪʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʚʦʜʦʤ 

ʠʣʠ ʚʳʚʦʜʦʤ, ʨʝʘʣʠʟʫʶʪʩʷ ʢʦʤʘʥʜʘʤʠ ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʳ.  

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʭ ʦʧʝʨʘʮʠʡ ʥʘʜʦ ʫʙʝʜʠʪʴʩʷ ʚ ʠʭ ʛʦʪʦʚʥʦʩʪʠ ʢ ʦʙʤʝʥʫ, ʪʘʢ ʢʘʢ 

ʦʥʠ ʨʘʙʦʪʘʶʪ ʘʩʠʥʭʨʦʥʥʦ. ʆʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʬʣʘʛʦʤ ʛʦʪʦʚʥʦʩʪʠ READY, ʥʘʟʳʚʘʝʤʳʤ ʪʘʢʞʝ ʬʣʘʛʦʤ ʛʦʪʦʚʥʦ-

ʩʪʠ/ʟʘʥʷʪʦʩʪʠ (READY/BUSY). ʀʥʦʛʜʘ ʩʦʩʪʦʷʥʠʷ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ 

ʦʪʜʝʣʴʥʳʤʠ ʬʣʘʛʘʤʠ READY ʠ BUSY, ʚʭʦʜʷʱʠʤʠ ʚ ʩʣʦʚʦ ʩʦʩʪʦʷʥʠʷ 

ʫʩʪʨʦʡʩʪʚʘ. ʇʨʦʮʝʩʩʦʨ ʧʨʦʚʝʨʷʝʪ ʬʣʘʛ ʛʦʪʦʚʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʡ 

ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʘʥʜ. ɽʩʣʠ ʦʥ ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʠʥʠʮʠʠʨʫʶʪʩʷ ʩʦʙʩʪ-

ʚʝʥʥʦ ʚʚʦʜ ʠʣʠ ʚʳʚʦʜ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʚ ʜʘʥʥʳʭ. ʂʦʛʜʘ 

ʬʣʘʛ ʩʙʨʦʰʝʥ, ʧʨʦʮʝʩʩʦʨ ʚʳʧʦʣʥʷʝʪ ʮʠʢʣ ʠʟ 2ï3 ʢʦʤʘʥʜ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʦʥ ʧʦʚʪʦʨʥʦ ʧʨʦʚʝʨʷʝʪ ʬʣʘʛ READY ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʫʩʪʨʦʡʩʪʚʦ ʥʝ 

ʙʫʜʝʪ ʛʦʪʦʚʦ ʢ ʦʧʝʨʘʮʠʷʤ ʚʚʦʜʘ-ʚʳʚʦʜʘ. ʆʧʠʩʳʚʘʝʤʳʡ ʮʠʢʣ ʥʘʟʳʚʘ-
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ʝʪʩʷ ʮʠʢʣʦʤ ʦʞʠʜʘʥʠʷ ʛʦʪʦʚʥʦʩʪʠ ɺʋ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʮʝʩʩʦʨʘʭ ʧʦ-ʨʘʟʥʦʤʫ. 

ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʢʦʤʧʴʶʪʝʨʦʚ ʥʘ ʙʘʟʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ Intel 80486 

ʧʨʠʤʝʥʷʣʘʩʴ IBM-PC ʩʦʚʤʝʩʪʠʤʘʷ ʰʠʥʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ ISA, ʨʘʩʩʤʦʪ-

ʨʝʥʥʘʷ ʨʘʥʝʝ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʳʡ ʤʝʪʦʜ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ï PIO (Programmed Input/Output). ʇʨʠ ʧʝʨʝʩʳʣʢʝ ʜʘʥ-

ʥʳʭ ʠʟ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ ʧʨʦʮʝʩʩʦʨ ʜʦʣ-

ʞʝʥ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ: 

1) ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʯʘʣʴʥʳʡ ʘʜʨʝʩ ʦʙʣʘʩʪʠ ʦʙʤʝʥʘ ʆʇ; 

2) ʟʘʥʝʩʪʠ ʜʣʠʥʫ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʚ ʦʜʠʥ ʠʟ ʩʚʦʠʭ ʚʥʫʪ-

ʨʝʥʥʠʭ ʨʝʛʠʩʪʨʦʚ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʩʯʝʪʯʠʢʘ; 

3) ʚʳʜʘʪʴ ʢʦʤʘʥʜʫ ʯʪʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ɺʋ; ʧʨʠ ʵʪʦʤ ʥʘ ʰʠʥʫ 

ʘʜʨʝʩʘ ʠʟ ʧʨʦʮʝʩʩʦʨʘ ʚʳʜʘʝʪʩʷ ʘʜʨʝʩ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʘ ʰʠʥʫ 

ʫʧʨʘʚʣʝʥʠʷ ï ʩʠʛʥʘʣ ʯʪʝʥʠʷ ʠʟ ɺʋ, ʘ ʩʯʠʪʘʥʥʳʝ ʜʘʥʥʳʝ ʟʘʥʦʩʷʪʩʷ ʚʦ 

ʚʥʫʪʨʝʥʥʠʡ ʨʝʛʠʩʪʨ ʧʨʦʮʝʩʩʦʨʘ; 

4) ʚʳʜʘʪʴ ʢʦʤʘʥʜʫ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʆʇ; ʧʨʠ ʵʪʦʤ ʥʘ ʰʠʥʫ 

ʘʜʨʝʩʘ ʠʟ ʧʨʦʮʝʩʩʦʨʘ ʧʦʜʘʝʪʩʷ ʘʜʨʝʩ ʷʯʝʡʢʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʥʘ 

ʰʠʥʫ ʫʧʨʘʚʣʝʥʠʷ ï ʩʠʛʥʘʣ ʟʘʧʠʩʠ ʚ ʆʇ, ʘ ʥʘ ʰʠʥʫ ʜʘʥʥʳʭ ʚʳʩʪʘʚʣʷ-

ʶʪʩʷ ʜʘʥʥʳʝ ʠʟ ʨʝʛʠʩʪʨʘ ʧʨʦʮʝʩʩʦʨʘ, ʚ ʢʦʪʦʨʳʡ ʦʥʠ ʙʳʣʠ ʧʦʤʝʱʝʥʳ 

ʧʨʠ ʯʪʝʥʠʠ ʠʟ ɺʋ; 

5) ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʨʝʛʠʩʪʨ, ʩʦʜʝʨʞʘʱʠʡ ʘʜʨʝʩ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ; 

6) ʫʤʝʥʴʰʠʪʴ ʩʯʝʪʯʠʢ ʜʣʠʥʳ ʤʘʩʩʠʚʘ ʥʘ ʨʘʟʤʝʨ ʧʝʨʝʜʘʥʥʳʭ 

ʜʘʥʥʳʭ; 

7) ʝʩʣʠ ʧʝʨʝʜʘʥʳ ʥʝ ʚʩʝ ʜʘʥʥʳʝ, ʪʦ ʧʦʚʪʦʨʠʪʴ ʰʘʛʠ 3ï6, ʚ ʧʨʦ-

ʪʠʚʥʦʤ ʩʣʫʯʘʝ ʟʘʢʦʥʯʠʪʴ ʦʙʤʝʥ. 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʩʚʷʟʘʥ ʩ ʥʝ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʦʨʘ ʚ ʮʠʢʣʘʭ ʦʞʠʜʘ-

ʥʠʷ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʪʘʢʦʛʦ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʧʨʦʩʪʦʪʫ 

ʨʝʘʣʠʟʘʮʠʠ, ʥʝ ʪʨʝʙʫʶʱʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʨʘʤʤʥʦ-ʫʧʨʘʚʣʷʝʤʳʡ ʦʙʤʝʥ ʚʝʜʝʪ ʢ ʥʝʨʘ-

ʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʦʱʥʦʩʪʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ, ʢʦʪʦʨʳʡ 

ʚʳʥʫʞʜʝʥ ʚʳʧʦʣʥʷʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ 
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ʦʧʝʨʘʮʠʡ, ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʷ ʨʘʙʦʪʫ ʥʘʜ ʦʩʥʦʚʥʦʡ ʧʨʦʛʨʘʤʤʦʡ. ʇʨʠ 

ʵʪʦʤ ʜʝʡʩʪʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʱʝʥʠʝʤ ʢ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʠ ʚʥʝʰʥʝʤʫ ʫʩʪʨʦʡʩʪʚʫ, ʦʙʳʯʥʦ ʪʨʝʙʫʶʪ ʫʜʣʠʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʘʙʦʪʳ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʱʝ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʪʝʨʷʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

4.2. ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʝʨʳʚʘʥʠʡ  

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʫʩʪʨʦʡʩʪʚʦ ʩʘʤʦ ʦʧʦʚʝʱʘʝʪ ʧʨʦʮʝʩʩʦʨ ʦ ʩʚʦʝʡ ʛʦʪʦʚʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʨʳʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʥʠʮʠʠʨʫʪʁʩʷ ʚʥʝʰ-

ʥʠʤ ʫʩʪʨʦʡʩʪʚʦʤ.  

ʇʨʝʨʳʚʘʥʠʝ (interrupt) ï ʩʠʛʥʘʣ, ʩʦʦʙʱʘʶʱʠʡ ʧʨʦʮʝʩʩʦʨʫ ʦ ʥʘ-

ʩʪʫʧʣʝʥʠʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʩʦʙʳʪʠʷ. ɺr ʧʦʣʥʝʥʠʝ ʪʝʢʫʱʝʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʢʦʤʘʥʜ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʦʙ-

ʨʘʙʦʪʯʠʢʫ ʧʨʝʨʳʚʘʥʠʷ. ʆʙʨʘʙʦʪʯʠʢ ʨʝʘʛʠʨʫʝʪ ʥʘ ʩʦʙʳʪʠʝ ʠ ʦʙʩʣʫ-

ʞʠʚʘʝʪ ʝʛʦ, ʧʦʩʣʝ ʯʝʛʦ ʚʦʟʚʨʘʱʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʨʚʘʥʥʦʡ ʧʨʦʛʨʘʤ-

ʤʝ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʙʦʣʴʰʫʶ ʧʦʜʧʨʦʛʨʘʤʤʫ, ʨʝʘʣʠʟʫʶʱʫʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʬʫʥʢʮʠʶ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʛʥʘʣʘ ʧʨʝʨʳʚʘʥʠʷ 

ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ: 

ï ʘʩʠʥʭʨʦʥʥʳʝ, ʠʣʠ ʚʥʝʰʥʠʝ (ʘʧʧʘʨʘʪʥʳʝ), ï ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ 

ʚʳʟʳʚʘʶʪʩʷ ʚʥʝʰʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ (ʥʘʧʨʠʤʝʨ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʩʪ-

ʨʦʡʩʪʚʘʤʠ) ʠ ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ ʚ ʣʶʙʦʡ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʩʠʛʥʘʣ rʦʪ ʪʘʡʤʝʨʘ, ʩʝʪʝʚʦʡ ʢʘʨʪʳ ʠʣʠ ʜʠʩʢʦ-

ʚʦʛʦ ʥʘʢʦʧʠʪʝʣʷ, ʥʘʞʘʪʠʝ ʢʣʘʚʠʰ ʢʣʘʚʠʘʪʫʨʳ, ʜʚʠʞʝʥʠʝ ʤʳʰʠ ʠ ʪ. ʜ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʢʦʤʧʴʶʪʝʨʝ ʪʘʢʦʛʦ ʩʠʛʥʘʣʘ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʟʘʧʨʦʩ 

ʥʘ ʧʨʝʨʳʚʘʥʠʝ (Interrupt request, IRQ); 

ï ʩʠʥʭʨʦʥʥʳʝ, ʠʣʠ ʚʥʫʪʨʝʥʥʠʝ, ï ʩʦʙʳʪʠʷ ʚ ʩʘʤʦʤ ʧʨʦʮʝʩʩʦʨʝ, 

ʷʚʣʷʶʱʠʝʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʨʫʰʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʠʩʧʦʣ-

ʥʝʥʠʠ ʧʨʦʛʨʘʤʤʳ: ʜʝʣʝʥʠʝ ʥʘ ʥʦʣʴ, ʧʝʨʝʧʦʣʥʝʥʠʝ ʩʪʝʢʘ, ʦʙʨʘʱʝʥʠʝ 

ʢ ʥʝʜʦʧʫʩʪʠʤʳʤ ʘʜʨʝʩʘʤ ʧʘʤʷʪʠ ʠ ʧʨ.; 

https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D1%87%D0%B8%D0%BA_%D0%BF%D1%80%D0%B5%D1%80%D1%8B%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D1%87%D0%B8%D0%BA_%D0%BF%D1%80%D0%B5%D1%80%D1%8B%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/Callback_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%88%D0%B8%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%BF%D0%BE%D0%BB%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D1%81%D1%82%D0%B5%D0%BA%D0%B0
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ï ʧʨʦʛʨʘʤʤʥʳʝ (ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʨʳʚʘʥʠʷ) ï ʠʥʠ-

ʮʠʠʨʫʶʪʩʷ ʠʩʧʦʣʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʤʘʥʜʳ ʧʨʦʛʨʘʤʤʳ. ʂʘʢ ʧʨʘʚʠ-

ʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʢ ʬʫʥʢʮʠʷʤ ʚʩʪʨʦʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-

ʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (firmware), ʜʨʘʡʚʝʨʦʚ ʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɺʥʝʰʥʠʝ ʧʨʝʨʳʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʨʝʱʝʥʳ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʦʛʦ ʟʘʧʨʝʪʘ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: 

1) ʤʘʩʢʠʨʫʝʤʳʝ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʟʘʧʨʝʱʘʪʴ ʫʩʪʘʥʦʚʢʦʡ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʙʠʪʦʚ ʚ ʨʝʛʠʩʪʨʝ ʤʘʩʢʠʨʦʚʘʥʠʷ (ʚ x86-ʧʨʦʮʝʩʩʦʨʘʭ ʤʘʩʢʠ-

ʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʙʨʦʩʦʤ ʬʣʘʛʘ IF ʚ ʨʝʛʠʩʪʨʝ ʬʣʘʛʦʚ); 

2) ʥʝʤʘʩʢʠʨʫʝʤʳʝ (Non-maskable interrupt, NMI) ï ʦʙʨʘʙʘʪʳʚʘʶʪ-

ʩʷ ʚʩʝʛʜʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʘʧʨʝʪʦʚ ʥʘ ʜʨʫʛʠʝ ʧʨʝʨʳʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ 

ʧʨʝʨʳʚʘʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʩʙʦʝʤ ʚ ʤʠʢʨʦʩʭʝʤʝ ʧʘʤʷʪʠ. 

ʆʙʨʘʙʦʪʯʠʢʠ ʧʨʝʨʳʚʘʥʠʡ ʦʙʳʯʥʦ ʧʠʰʫʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʚʨʝʤʷ ʠʭ 

ʚʳʧʦʣʥʝʥʠʷ ʙʳʣʦ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʠʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʟʘ-

ʜʝʨʞʠʚʘʪʴʩʷ ʠʣʠ ʪʝʨʷʪʴʩʷ ʜʨʫʛʠʝ ʧʨʝʨʳʚʘʥʠʷ. ɺ ʆʉ Windows ʚ ʪʘʢʠʭ 

ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʦʪʣʦʞʝʥʥʦʛʦ ʚʳʟʦʚʘ ʧʨʦʮʝʜʫʨ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʨʳʚʘʥʠʡ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 

ʣʠʥʠʠ ʫʧʨʘʚʣʷʶʱʝʡ ʰʠʥʳ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʣʠʥʠʷʤʠ (ʢʘʥʘʣʘʤʠ) 

ʟʘʧʨʦʩʘ ʧʨʝʨʳʚʘʥʠʷ. ʇʦ ʥʠʤ ʧʝʨʝʜʘʶʪʩʷ ʩʠʛʥʘʣʳ IRQ, ʢʦʪʦʨʳʝ ʧʨʠ-

ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʨʘʙʦʪʫ ʧʨʦʮʝʩʩʦʨʘ. ʇʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ɺʋ ʫʩʪ-

ʨʦʡʩʪʚʦ, ʧʨʠʩʣʘʚʰʝʝ ʟʘʧʨʦʩ, ʜʦʣʞʥʦ ʙʳʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ. ʕʪʘ 

ʦʧʝʨʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʦʨʘ, ʢʦʪʦʨʳʡ 

ʦʧʨʘʰʠʚʘʝʪ ʚʩʝ ɺʋ, ʧʦʢʘ ʥʝ ʥʘʡʜʝʪ ʪʦ, ʫ ʢʦʪʦʨʦʛʦ ʨʘʟʨʷʜ ʫʧʨʘʚʣʷʶ-

ʱʝʛʦ ʨʝʛʠʩʪʨʘ IRQ ʫʩʪʘʥʦʚʣʝʥ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ 

ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʦʧʨʦʩ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʩʣʫʞʠʪ ʧʨʠʤʝʥʝ-

ʥʠʝ ʚʝʢʪʦʨʦʚ ʧʨʝʨʳʚʘʥʠʡ. ʊʘʢʠʤ ʚʝʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʳʡ ʘʜʨʝʩ 

ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʡ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ IRQ ʧʨʦʮʝʩʩʦʨ ʧʨʠʩʪʫʧʘʝʪ ʢ ʚʳʧʦʣʥʝʥʠʶ ʧʨʦʮʝ-

ʜʫʨʳ ʝʛʦ ʦʙʨʘʙʦʪʢʠ, ʧʝʨʚʳʤ ʰʘʛʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ 

ʚ ʩʪʝʢʝ ʩʦʜʝʨʞʠʤʦʛʦ ʨʝʛʠʩʪʨʦʚ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʱʝʥʠʝ ʢ ʪʘʙʣʠ-

ʮʝ ʚʝʢʪʦʨʦʚ ʧʨʝʨʳʚʘʥʠʡ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʠʪʩʷ ʩʧʠʩʦʢ ʘʜʨʝʩʦʚ ʧʘʤʷʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʦʤʝʨʘʤ (ʢʘʥʘʣʘʤ) ʧʨʝʨʳʚʘʥʠʡ. 

https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B4_%D0%BE%D0%BF%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/Firmware
https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B0%D0%B9%D0%B2%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/X86
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B3%D0%B8%D1%81%D1%82%D1%80_%D1%84%D0%BB%D0%B0%D0%B3%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/DPC
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ʋʢʘʟʘʪʝʣʠ ʚ ʪʘʙʣʠʮʝ ʚʝʢʪʦʨʦʚ ʦʧʨʝʜʝʣʷʶʪ ʘʜʨʝʩʘ ʧʘʤʷʪʠ, ʧʦ ʢʦʪʦ-

ʨʳʤ ʟʘʧʠʩʘʥʳ ʧʨʦʛʨʘʤʤʳ-ʜʨʘʡʚʝʨʳ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ, ʧʦ-

ʩʣʘʚʰʝʛʦ ʟʘʧʨʦʩ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʝʪʝʚʦʡ ʢʘʨʪʳ ʚʝʢʪʦʨ ʧʨʝʨʳʚʘʥʠʷ ʩʦ-

ʜʝʨʞʠʪ ʘʜʨʝʩ ʩʝʪʝʚʳʭ ʜʨʘʡʚʝʨʦʚ, ʘ ʜʣʷ ʢʦʥʪʨʦʣʣʝʨʘ ʞʝʩʪʢʦʛʦ ʜʠʩʢʘ ʦʥ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ BIOS, ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʢʦʥʪʨʦʣʣʝʨ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʚʨʘʪʘ ʚ ʠʩʭʦʜʥʫʶ ʧʨʦʛʨʘʤʤʫ ʝʝ ʧʘʨʘʤʝʪʨʳ 

(ʩʣʦʚʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʦʚ) ʧʝʨʝʜ ʦʙʨʘʙʦʪʢʦʡ ʧʨʝʨʳ-

ʚʘʥʠʷ ʧʦʤʝʱʘʶʪʩʷ ʚ ʩʠʩʪʝʤʥʳʡ ʩʪʝʢ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʝʨʳʚʘʥʠʷ 

ʦʥʠ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʩʪʝʢʘ ʠ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʧʨʦʜʦʣʞʘʝʪʩʷ. 

ʇʨʠ ʤʫʣʴʪʠʧʨʦʛʨʘʤʤʥʦʤ ʨʝʞʠʤʝ ʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪ-

ʚʘ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʧʨʘʚʠʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʝʨʳʚʘʥʠʡ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʭ ʥʘʣʦʞʝʥʠʝʤ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʠ ʧʝʨʝʧʦʣʥʝ-

ʥʠʝʤ ʩʪʝʢʘ. ʆʥʘ ʨʝʰʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

ï ʟʘʧʨʝʪʦʤ ʩʣʝʜʫʶʱʝʛʦ ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʦ 

ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʪʝʢʫʱʝʛʦ; 

ï ʥʘʟʥʘʯʝʥʠʝʤ ʧʨʠʦʨʠʪʝʪʦʚ ʫʩʪʨʦʡʩʪʚʘʤ; 

ï ʟʘʧʨʝʪʦʤ ʥʝʢʦʪʦʨʳʭ ʧʨʝʨʳʚʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʤʘʩʢʠʨʦʚʘʥʠʷ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʦʧʝʨʘʮʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʦʡ ʘʨʙʠʪʨʘʞ-

ʥʦʡ ʩʭʝʤʦʡ ʧʨʦʮʝʩʩʦʨʘ. ʇʨʦʮʝʩʩʦʨʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʧʨʠʦʨʠʪʝʪ ʚʳʧʦʣ-

ʥʷʝʤʦʡ ʧʨʦʛʨʘʤʤʳ. ɽʩʣʠ ʦʥ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʨʝʨʳʚʘʥʠʝ ʦʪ ʥʝʢʦʪʦʨʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʪʦ ʧʦʣʫʯʘʝʪ ʧʨʠʦʨʠʪʝʪ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʦʧʝʨʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʨʚʘʥʘ ʪʦʣʴʢʦ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʟʘʧʨʦʩʘ ʙʦ-

ʣʝʝ ʚʳʩʦʢʦʛʦ ʧʨʠʦʨʠʪʝʪʘ. ʆʙʳʯʥʦ ʧʨʠʦʨʠʪʝʪʳ ʥʘʟʥʘʯʘʶʪʩʷ ʧʦ ʥʦʤʝ-

ʨʘʤ (ʘʜʨʝʩʘʤ) ʫʩʪʨʦʡʩʪʚ. ʏʝʤ ʤʝʥʴʰʝ ʘʜʨʝʩ, ʪʝʤ ʚʳʰʝ ʧʨʠʦʨʠʪʝʪ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʧʨʝʨʳʚʘʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ: 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʝʨʳʚʘʥʠʡ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʙʱʝʥʠʡ, ʧʝʨʝʩʳʣʘʝʤʳʭ ʚ ʩʠʩʪʝʤʥʫʶ ʦʙʣʘʩʪʴ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

 ʂʦʥʪʨʦʣʣʝʨ ʧʨʝʨʳʚʘʥʠʡ (Programmable Interrupt Controller, 

PIC) ï ʵʪʦ ʤʠʢʨʦʩʭʝʤʘ ʠʣʠ ʚʩʪʨʦʝʥʥʳʡ ʙʣʦʢ ʧʨʦʮʝʩʩʦʨʘ, ʦʪʚʝʯʘʶʱʠʡ 

ʟʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʥʘ ʧʨʝʨʳʚʘʥʠʝ 

ʦʪ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʝʛʦ ʚʭʦʜʳ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʩʦʦʪ-

https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D1%81%D1%85%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%91%D0%BB%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80
https://ru.wikipedia.org/w/index.php?title=%D0%97%D0%B0%D0%BF%D1%80%D0%BE%D1%81&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D1%80%D1%8B%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
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ʚʝʪʩʪʚʫʶʱʠʤ ʚʳʭʦʜʘʤ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʅʦʤʝʨ ʚʭʦʜʘ ʢʦʥʪʨʦʣ-

ʣʝʨʘ ʧʨʝʨʳʚʘʥʠʡ ʦʙʦʟʥʘʯʘʝʪʩʷ IRQ. ʕʪʦʪ ʥʦʤʝʨ ʦʪʣʠʯʘʝʪʩ ̫ʦʪ ʧʨʠ-

ʦʨʠʪʝʪʘ ʧʨʝʨʳʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʪ ʥʦʤʝʨʘ ʚʭʦʜʘ ʚ ʪʘʙʣʠʮʫ ʚʝʢʪʦʨʦʚ 

ʧʨʝʨʳʚʘʥʠʡ. ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʝʨʳʚʘʥʠʡ ʠʣʣʶʩʪ-

ʨʠʨʫʝʪʩʷ ʨʠʩ. 4.3.  

 
ʈʠʩ. 4.3. ʈʘʙʦʪʘ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʝʨʳʚʘʥʠʡ 

 

ʂʦʥʪʨʦʣʣʝʨ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

ï ʧʦʣʫʯʝʥʠʝ ʦʪ ʫʩʪʨʦʡʩʪʚʘ ʩʦʦʙʱʝʥʠʷ ʦʙ ʦʢʦʥʯʘʥʠʠ ʝʛʦ ʨʘʙʦʪʳ; 

ï ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʧʨʝʨʳʚʘʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʩ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤ ʥʦʤʝʨʦʤ; 

ï ʧʦʣʫʯʝʥʠʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʝʨʳʚʘʥʠʷ ʧʨʦʮʝʩʩʦʨʘ; 

ï ʟʘʧʫʩʢ ʩʣʝʜʫʶʱʝʛʦ ʮʠʢʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚʦʤ. 

ʂʦʥʪʨʦʣʣʝʨ ʧʨʝʨʳʚʘʥʠʡ, ʩʦʚʤʝʩʪʠʤʳʡ ʩ IBM PC, ʨʝʘʣʠʟʦʚʳʚʘʣʩʷ 

ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ ʰʠʥʳ ISA ʩ ʜʦʩʪʫʧʦʤ ʢ ʝʛʦ ʨʝʛʠʩʪʨʘʤ. ɺ ʧʝʨʚʳʭ ʤʦ-

ʜʝʣʷʭ IBM PC ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʯʝʥʴ ʧʨʦʩʪʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʝ-
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ʨʳʚʘʥʠʡ. ʆʥ ʙʳʣ ʦʙʳʯʥʳʤ ʩʯʝʪʯʠʢʦʤ, ʢʦʪʦʨʳʡ ʣʠʙʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ ʧʝʨʝʙʠʨʘʣ ʩʠʛʥʘʣʳ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʣʠʙʦ ʩʙʨʘʩʳʚʘʣʩʷ ʧʨʠ ʥʘ-

ʭʦʞʜʝʥʠʠ ʥʦʚʦʛʦ ʧʨʝʨʳʚʘʥʠʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʣʠ 

ʨʘʚʥʳʡ ʧʨʠʦʨʠʪʝʪ, ʚʦ ʚʪʦʨʦʤ ʫʩʪʨʦʡʩʪʚʘ ʩ ʤʝʥʴʰʠʤ ʥʦʤʝʨʦʤ ʦʙʣʘ-

ʜʘʣʠ ʙʦʣʴʰʠʤ ʧʨʠʦʨʠʪʝʪʦʤ. 

ɺ ʧʨʦʮʝʩʩʦʨ Pentium ʙʳʣ ʜʦʙʘʚʣʝʥ ʫʣʫʯʰʝʥʥʳʡ ʧʨʦʛʨʘʤʤʠʨʫʝ-

ʤʳʡ ʢʦʥʪʨʦʣʣʝʨ ʧʨʝʨʳʚʘʥʠʡ ï APIC (Advanced Programmable 

Interrupt Controller). ʅʘʯʠʥʘʷ ʩ ʵʪʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʢʘʞʜʘ ̫ʩʣʝʜʫʶʱʘʷ 

ʤʦʜʝʣʴ ʩʥʘʙʞʘʣʘʩɹ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ Local APIC. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʤʥʦʛʦʷʜʝʨʥʳʭ ʠ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʦʚʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʩʧʦʩʦʙʥʦʤ ʟʘʤʝʥʠʪʴ ʧʨʦ-

ʛʨʘʤʤʠʨʫʝʤʳʡ ʢʦʥʪʨʦʣʣʝʨ PIC, ʚʦʟʥʠʢʣʘ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ 

ʧʨʦʙʣʝʤ: 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʷʜʝʨʥʳʭ ʩʠʩʪʝʤ, ʪʨʝʙʫʶʱʠʭ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʧʨʝʨʳʚʘʥʠʡ ʧʦ ʷʜʨʘʤ; 

ï ʨʦʩʪ ʯʠʩʣʘ ʧʦʜʢʣʶʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʚʳʰʘʶʱʠʭ ʢʦʣʠʯʝʩʪ-

ʚʦ ʩʚʦʙʦʜʥʳʭ IRQ ʧʨʦʮʝʩʩʦʨʘ; 

ï ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʂʦʥʪʨʦʣʣʝʨ APIC ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʤʦʜʫʣʝʡ: 

ï ʣʦʢʘʣʴʥʦʛʦ, local APIC; 

ï ʚʚʦʜʘ-ʚʳʚʦʜʘ, IO APIC. 

LOCAL APIC ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʷʜʨʝ ʧʨʦʮʝʩʩʦʨʘ, ʘ ʝʩʣʠ ʩʠʩʪʝʤʘ 

ʤʥʦʛʦʷʜʝʨʥʘ ̫ï ʪʦ ʚ ʢʘʞʜʦʤ ʷʜʨʝ. 

IO APIC ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʠʩʪʝʤʥʦʡ ʧʣʘʪʝ ʦʙʳʯʥʦ ʢʘʢ ʯʘʩʪʴ 

ʤʠʢʨʦʩʭʝʤ ʦʙʨʘʤʣʝʥʠʷ ʧʨʦʮʝʩʩʦʨʘ (ʥʘʧʨʠʤʝʨ ʤʠʢʨʦʩʭʝʤʘ Intel 

82489DX). 

ʇʨʦʚʦʜʥʠʢʠ IRQ ʦʪ ʫʩʪʨʦʡʩʪʚ ʧʦʜʩʦʝʜʠʥʝʥʳ ʢ IO APIC. ɼʣʷ ʩʚʷʟʠ 

local APIʉ ʠ IO APIC, ʘ ʪʘʢʞʝ local APIC ʨʘʟʣʠʯʥʳʭ ʷʜʝʨ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʝʨʝʜʥʷʷ (frontside) ʰʠʥʘ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʨʠʤʝ-

ʥʝ̫ʪʩʷ ʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʢʦʥʪʨʦʣʣʝʨʘ ʧʘʤʷʪʠ.  

ʉʦʚʨʝʤʝʥʥʳʝ IO APIC ʧʦʜʜʝʨʞʠʚʘʶʪ 24 ʧʨʝʨʳʚʘʥʠʷ, ʭʦʪʷ ʩʪʘʥ-

ʜʘʨʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʜʜʝʨʞʢʫ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʫʩʪʨʦʡʩʪʚ. ʈʘʩʠh-

ʨʝʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʧʨʝʨʳʚʘʥʠʡ ʚʧʝʨʚʳʝ ʥʘʯʘʣ ʧʨʠʤʝʥʷʪʴʩʷ ʥʘ ʜʚʫʭ-

https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D0%BE%D1%80%D0%B8%D1%82%D0%B5%D1%82
https://ru.wikipedia.org/wiki/Pentium
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D0%BB%D0%B5%D1%80_%D0%BF%D1%80%D0%B5%D1%80%D1%8B%D0%B2%D0%B0%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D0%BB%D0%B5%D1%80_%D0%BF%D1%80%D0%B5%D1%80%D1%8B%D0%B2%D0%B0%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/IRQ
https://ru.wikipedia.org/wiki/%D0%AF%D0%B4%D1%80%D0%BE_%D0%BC%D0%B8%D0%BA%D1%80%D0%BE%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D0%BB%D0%B0%D1%82%D0%B0
https://ru.wikipedia.org/wiki/FSB
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ʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤʥʳʭ ʧʣʘʪʘʭ. ɿʘʪʝʤ ʝʛʦ ʩʪʘʣʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʠ ʥʘ ʦʜʥʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣɹ-

ʰʝʝ ʯʠʩʣʦ ʧʨʝʨʳʚʘʥʠʡ (24 ʚʤʝʩʪʦ 16). 

ʂʦʥʪʨʦʣʣʝʨ APIC ʧʦʜʜʝʨʞʠʚʘʣʩʷ ʚ ʆʉ Windows ʥʘʯʠʥʘʷ 

ʩ Windows NT 4.0. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʦʪʢʘ-

ʟʫ ʦʪ IO APIC ʠ ʧʨʦʚʦʜʥʠʢʦʚ IRQ ʠ ʧʝʨʝʭʦʜʫ ʥʘ ʧʨʝʨʳʚʘʥʠʷ, ʠʥʠ-

ʮʠʠʨʫʝʤʳʝ ʩʦʦʙʱʝʥʠʷʤʠ. 

ʇʨʝʨʳʚʘʥʠʷ, ʠʥʠʮʠʠʨʫʝʤʳʝ ʩʦʦʙʱʝʥʠʷʤʠ (Message Signaled 

Interrupts ï MSI) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʴʪʝʨʥʘʪʠʚʥʫ  ʁʬʦʨʤʫ ʧʨʝʨʳ-

ʚʘʥʠʡ. ɺʤʝʩʪʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʥʦʤʝʨʘ ʟʘʧʨʦʩʘ ʥʘ ʧʨʝʨʳʚʘʥʠʝ ʫʩʪ-

ʨʦʡʩʪʚʫ ʨʘʟʨʝʰʘʝʪʩʷ ʟʘʧʠʩʳʚʘʪʴ ʩʦʦʙʱʝʥʠʝ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʘʜʨʝ-

ʩʫ ʩʠʩʪʝʤʥʦʡ ʧʘʤʷʪʠ. ʕʪʦʪ ʘʜʨʝʩ ʤʦʞʝʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʥʘ ʘʧʧʘʨʘʪʫʨʫ 

ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʝʨʳʚʘʥʠʡ ʧʨʦʮʝʩʩʦʨʘ. ɼʣʷ ʟʘʧʠʩʠ ʩʦʦʙ-

ʱʝʥʠʡ ʢʘʞʜʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʠʩʧʦʣʴʟʫʶʱʝʝ MSI, ʤʦʞʝʪ ʠʤʝʪʴ ʦʪ ʦʜʥʦʡ 

ʜʦ ʪʨʠʜʮʘʪʠ ʜʚʫʭ ʫʥʠʢʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʧʘʤʷʪʠ. ʅʘʧʨʠʤʝʨ, ʚʩʝ ʧʨʝ-

ʨʳʚʘʥʠʷ ʰʠʥʳ PCI Express ʚʩʝʛʜʘ ʜʦʩʪʘʚʣʷʶʪʩʷ ʢʘʢ MSI. 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʧʨʝʨʳʚʘʥʠʡ, ʠʥʠʮʠʠʨʫʝʤʳʭ ʩʦʦʙʱʝʥʠʷʤʠ, ʷʚʣ̫-

ʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

ï ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʦʪʢʘʟʘ ʦʪ ʧʨʦʚʦʜʥʠʢʦʚ INT# ï ʦʪ 

ʫʩʪʨʦʡʩʪʚ ʠ ʨʘʟʲʝʤʦʚ PCI ʜʦ ʢʦʥʪʨʦʣʣʝʨʘ IO APIC, ʘ ʪʘʢʞʝ ʦʪ ʩʘʤʦʛʦ 

ʛʣʘʚʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʝʨʳʚʘʥʠʡ; 

ï ʚ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʠ ʤʥʦʛʦʷʜʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʫʩʪʨʦʡʩʪʚʘ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʦʙʣʘʩʪʝʡ MSI, ʧʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘ-

ʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʙʠʨʘʪʴ ʧʨʦʮʝʩʩʦʨ ʠʣʠ ʷʜʨʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʦʥʢʨʝʪ-

ʥʦʛʦ ʧʨʝʨʳʚʘʥʠʷ, ʧʨʠʯʝʤ ʵʪʘ ʦʧʝʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʘʧ-

ʧʘʨʘʪʫʨʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʫʪʝʤ 

ʨʘʟʤʝʱʝʥʠʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨ ʜʨʘʡʚʝʨʘ ʫʩʪʨʦʡʩʪʚʘ ʚ ʢʵʰʝ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʠʣʠ ʚ ʝʛʦ NUMA-ʧʘʤʷʪʠ. 

MSI ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ Microsoft 

Windows Vista ʠ ʙʦʣʝʝ ʧʦʟʜʥʠʭ, ʚ ʆʉ FreeBSD ʥʘʯʠʥʘʷ ʦʪ ʚʝʨʩʠʠ 6.3, 

ʘ ʪʘʢʞʝ ʚ ʷʜʨʝ Linux ʦʪ ʚʝʨʩʠʠ 2.6.8. 

ʇʨʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʡ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ. ʆʥʘ ʧʦʩʪʨʦʝʥʘ ʧʦ ʠʝʨʘʨʭʠʯʝʩʢʦʤʫ ʧʨʠʥʮʠʧʫ, ʢʘʢ ʧʦʢʘʟʘʥʦ 

https://ru.wikipedia.org/wiki/Windows_NT_4.0
https://ru.wikipedia.org/wiki/IRQ
https://ru.wikipedia.org/w/index.php?title=IO_APIC&action=edit&redlink=1
https://ru.wikipedia.org/wiki/Microsoft
https://ru.wikipedia.org/wiki/Windows_Vista
https://ru.wikipedia.org/wiki/FreeBSD
https://ru.wikipedia.org/wiki/Linux
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ʥʘ ʨʠʩ. 4.4. ʅʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʥʘʭʦʜʠʪʩʷ ʘʧʧʘʨʘʪʫʨʘ (hardware): ʩʘʤʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʶʱʠʝ ʦʧʝʨʘʮʠʠ, ʠ ʠʭ ʢʦʥʪʨʦʣ-

ʣʝʨʳ. ʉʣʝʜʫʶʱʠʡ ʫʨʦʚʝʥʴ ʩʦʩʪʘʚʣʷʶʪ ʜʨʘʡʚʝʨ r ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ-

ʚʳʚʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ 

hardware ʠ ʚʝʨʭʥʠʤ ʫʨʦʚʥʝʤ ï ʙʘʟʦʚʦʡ ʧʦʜʩʠʩʪʝʤʦʡ ʚʚʦʜʘ-ʚʳʚʦʜʘ, 

ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʜʨʘʡʚʝʨʘʤʠ ʠ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʴʶ ʆʉ. 

ɼʨʘʡʚʝʨ ʫʩʪʨʦʡʩʪʚʘ ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʤʦʜʫʣʷ. ʆʥ ʨʝʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʠʝ 

ʦʧʝʨʘʮʠʠ: 

ï ʨʘʟʨʝʰʝʥʠʝ ʠʣʠ ʟʘʧʨʝʪ ʧʨʝʨʳʚʘʥʠʡ; 

ï ʧʨʦʚʝʨʢʘ ʩʦʩʪʦʷʥʠʷ ʫʩʪʨʦʡʩʪʚʘ; 

ï ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚʘ; 

ï ʧʝʨʝʩʳʣʢʘ ʜʘʥʥʳʭ; 

ï ʚʦʟʚʨʘʪ ʠʟ ʧʨʝʨʳʚʘʥʠʷ. 

ɼʨʘʡʚʝʨ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʫʩʪʨʦʡʩʪʚ ʠ ʫʯʠʪʳʚʘ-

ʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʝ ʧʦʜ-

ʢʣʶʯʝʥʠʝ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢ ʩʠʩʪʝʤʝ. 
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4.3. ɸʣʛʦʨʠʪʤʳ ʚʚʦʜʘ ʜʘʥʥʳʭ  

ʊʠʧʦʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʚʚʦʜʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʢʣʘʚʠʘʪʫʨʘ. ɼʠʘʣʦ-

ʛʦʚʳʝ ʠ ʜʨʫʛʠʝ ʧʨʦʛʨʘʤʤʳ, ʪʨʝʙʫʶʱʠʝ ʚʚʦʜʘ ʜʘʥʥʳʭ ʩ ʥʝʝ, ʨʝʘʣʠʟʫ-

ʶʪ ʮʠʢʣʠʯʝʩʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʧʨʦʮʝʩʩʦʨʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʠ ʨʘʙʦʪʘʶʪ ʚ ʧʨʦʛʨʘʤʤʥʦ-ʫʧʨʘʚʣʷʝʤʦʤ ʨʝʞʠʤʝ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʤʘʥʜ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʨʳʚʘ-

ʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʚʦʜʘ ʜʘʥʥʳʭ ʩ ʢʣʘʚʠʘʪʫʨʳ. ʊʘʢʘʷ 

ʦʧʝʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʧʨʠʯʝʤ ʧʨʠ ʦʜʥʦʧʨʦʛʨʘʤʤ-

ʥʦʤ ʨʝʞʠʤʝ ʧʨʦʮʝʩʩʦʨ ʚ ʵʪʦ ʚʨʝʤʷ ʧʨʦʩʪʘʠʚʘʝʪ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʚʚʦʜʘ 

ʧʨʦʮʝʩʩʦʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʩʣʝʜʫʶʱʝʛʦ ʧʨʝʨʳʚʘʥʠʷ, 

ʠ ʪʘʢ ʜʘʣʝʝ. ʇʦʩʣʝʜʥʠʡ ʵʪʘʧ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʮʝʩʩʦʨʦʤ, ʠ ʟʘʪʝʤ ʧʨʦ-

ʛʨʘʤʤʘ ʟʘʚʝʨʰʘʝʪʩʷ. 

ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʤʫʣʴʪʠʧʨʦʛʨʘʤʤʥʳʡ ʨʝʞʠʤ, ʪʦ 

ʚʦ ʚʨʝʤʷ ʚʚʦʜʘ ʜʘʥʥʳʭ ʜʣʷ ʦʜʥʦʡ ʠʟ ʧʨʦʛʨʘʤʤ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʩɹʷ 

ʧʨʦʮʝʩʩʦʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʨʫʛʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʢʨʘʱʘʶʪʩʷ ʧʨʦ-

ʩʪʦʠ ʧʨʦʮʝʩʩʦʨʘ. 

ɺʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʚ ʕɺʄ ʩ ʧʦʤʦʱʴʶ ʢʣʘʚʠʘʪʫʨʳ ʤʦʞʝʪ ʦʩʫʱʝ-

ʩʪʚʣʷʪʴʩʷ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: 

ï ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʳʚʦʜʦʤ ʥʘ ʵʢʨʘʥ (ʨʝʞʠʤ çʵʭʦè); 

ï ʙʝʟ ʚʳʚʦʜʘ ʥʘ ʵʢʨʘʥ. 

ʇʨʦʮʝʩʩ ʚʚʦʜʘ ʩ ʢʣʘʚʠʘʪʫʨʳ ʠ ʚʳʚʦʜʘ ʥʘ ʵʢʨʘʥ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 4.5. 

ʂʣʘʚʠʘʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ, ʦʙʲʝʜʠʥʝʥʥʳʭ 

ʚ ʤʘʪʨʠʮʫ. ʇʨʠ ʥʘʞʘʪʠʠ ʢʣʘʚʠʰʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʚʩʪʨʦʝʥʥʳʡ 

ʚ ʢʣʘʚʠʘʪʫʨʫ, ʦʧʨʝʜʝʣʷʝʪ ʢʦʦʨʜʠʥʘʪʳ ʪɻʦʡ ʢʣʘʚʠʰʠ ʚ ʤʘʪʨʠʮʝ ʢʣʘ-

ʚʠʘʪʫʨʳ. ʂʦʦʨʜʠʥʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʢʵʥ-ʢʦʜʫ ʢʣʘʚʠʰʠ. ʕʪʦʪ ʢʦʜ 

ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʤʘʪʝʨʠʥʩʢʫʶ ʧʣʘʪʫ. ʅʘ ʧʣʘʪʝ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢʣʘʚʠʘ-

ʪʫʨʳ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʢʦʥʪʨʦʣʣʝʨ. ʂʦʜ ʥʘʞʘʪʦʛʦ 

ʩʠʤʚʦʣʘ ʧʦʤʝʱʘʝʪʩʷ ʚ ʙʫʬʝʨ ʢʣʘʚʠʘʪʫʨʳ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙ-

ʣʘʩʪʴ ʧʘʤʷʪʠ, ʩʧʦʩʦʙʥʫʶ ʭʨʘʥʠʪʴ ʜʦ 15 ʩʠʤʚʦʣʦʚ. ɹʫʬʝʨ ʦʨʛʘʥʠʟʦʚʘʥ 

ʧʦ ʧʨʠʥʮʠʧʫ FIFO. 
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ʈʠʩ. 4.5. ɺʚʦʜ ʩ ʢʣʘʚʠʘʪʫʨʳ ʚ ʨʝʞʠʤʝ çʵʭʦè 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʩ ʢʣʘʚʠʘʪʫʨʳ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ: 

1)  ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʣʘʚʠʰʫ (ʠʣʠ ʢʦʤʙʠʥʘʮʠʶ ʢʣʘʚʠʰ) ʩʧʝʮʠʘʣʴ-

ʥʘʷ ʤʠʢʨʦʩʭʝʤʘ, ʚʩʪʨʦʝʥʥʘʷ ʚ ʢʣʘʚʠʘʪʫʨʫ, ʛʝʥʝʨʠʨʫʝʪ ʠ ʚʳʜʘʝʪ ʩʢʵʥ-

ʢʦʜ; 

2)  ʩʢɻʥ-ʢʦʜ ʧʦʩʪʫʧʘʝʪ ʚ ʤʠʢʨʦʩʭʝʤʫ, ʚʳʧʦʣʥʷʶʱʫʶ ʬʫʥʢʮʠʠ 

ʧʦʨʪʘ ʢʣʘʚʠʘʪʫʨʳ; 

3)  ʧʦʨʪ ʢʣʘʚʠʘʪʫʨʳ ʯʝʨʝʟ ʧʦʨʪ 0 ʶʞʥʦʛʦ ʤʦʩʪʘ, ʩʝʚʝʨʥʳʡ ʤʦʩʪ 

ʠ ʩʠʩʪʝʤʥʫʶ ʰʠʥʫ ʚʳʜʘʝʪ ʧʨʦʮʝʩʩʦʨʫ ʧʨʝʨʳʚʘʥʠʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʥʦʤʝʨʦʤ (ʜʣʷ ʢʣʘʚʠʘʪʫʨʳ ʥʦʤʝʨ ʧʨʝʨʳʚʘʥʠʷ ï 9); 

4)  ʧʦʣʫʯʠʚ ʧʨʝʨʳʚʘʥʠʝ, ʧʨʦʮʝʩʩʦʨ ʦʪʢʣʘʜʳʚʘʝʪ ʪʝʢʫʱʫʶ ʨʘʙʦʪʫ 

ʠ ʧʦ ʥʦʤʝʨʫ ʧʨʝʨʳʚʘʥʠʷ ʯʝʨʝʟ ʩʝʚʝʨʥʳʡ ʤʦʩʪ ʦʙʨʘʱʘʝʪʩʷ ʚ ʩʧʝʮʠ-

ʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶɦʠʡ ʚʝʢʪʦʨ ʧʨʝʨʳʚʘʥʠʡ; 
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5)  ʦʧʨʝʜʝʣʠʚ ʘʜʨʝʩ ʥʘʯʘʣʘ ʧʨʦʛʨʘʤʤʳ, ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʝʨʳ-

ʚʘʥʠʝ, ʧʨʦʮʝʩʩʦʨ ʧʝʨʝʭʦʜʠʪ ʢ ʝʝ ʠʩʧʦʣʥʝʥʠʶ. ʇʨʦʩʪʝʡʰʘʷ ʧʨʦʛʨʘʤʤʘ 

ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʢʣʘʚʠʘʪʫʨ rçʟʘʰʠʪʘè ʚ ʤʠʢʨʦʩʭʝʤʫ ʇɿʋ; 

6)  ʧʨʦʛʨʘʤʤʘ ï ʦʙʨʘʙʦʪʯʠʢ ʧʨʝʨʳʚʘʥʠʷ ʥʘʧʨʘʚʣʷʝʪ ʧʨʦʮʝʩʩʦʨ 

ʢ ʧʦʨʪʫ ʢʣʘʚʠʘʪʫʨʳ, ʛʜʝ ʦʥ ʥʘʭʦʜʠʪ ʩʢʥɻ-ʢʦʜ, ʟʘʛʨʫʞʘʝʪ ʝʛʦ ʚ ʩʚʦʠ 

ʨʝʛʠʩʪʨʳ, ʧʦʪʦʤ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʙʨʘʙʦʪʯʠʢʘ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʦʡ ʢʦʜ 

ʩʠʤʚʦʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʦʤʫ ʩʢʥɻ-ʢʦʜʫ; 

7)  ʜʘʣʝʝ ʦʙʨʘʙʦʪʯʠʢ ʧʨʝʨʳʚʘʥʠʡ ʦʪʧʨʘʚʣʷʝʪ ʢʦʜ ʩʠʤʚʦʣʘ ʯʝʨʝʟ 

ʩʠʩʪʝʤʥʫʶ ʰʠʥʫ ʠ ʰʠʥʫ ʧʘʤʷʪʠ ʚ ʥʝʙʦʣʴʰʫʶ ʦʙʣʘʩʪʴ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ ï ʙʫʬʝʨ ʢʣʘʚʠʘʪʫʨʳ ʠ ʧʨʝʢʨʘʱʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ, ʠʟʚʝʩʪʠʚ ʦʙ 

ʵʪʦʤ ʧʨʦʮʝʩʩʦʨ; 

8)  ʧʨʦʮʝʩʩʦʨ ʟʘʚʝʨʰʘʝʪ ʦʙʨʘʙʦʪʢʫ ʧʨʝʨʳʚʘʥʠʷ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʢ ʦʪʣʦʞʝʥʥʦʡ ʟʘʜʘʯʝ. 

ɺʚʝʜʝʥʥʳʡ ʩʠʤʚʦʣ ʭʨʘʥʠʪʩʷ ʚ ʙʫʬʝʨʝ ʢʣʘʚʠʘʪʫʨʳ ʜʦ ʪʝʭ ʧʦʨ, ʧʦ-

ʢʘ ʝʛʦ ʥʝ ʟʘʙʝʨʝʪ ʦʪʪʫʜʘ ʪʘ ʧʨʦʛʨʘʤʤʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʥ ʧʨʝʜʥʘʟʥʘʯʘʣ-

ʩʷ, ʥʘʧʨʠʤʝʨ ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ. ɽʩʣʠ ʩʠʤʚʦʣʳ ʧʦʩʪʫʧʘʶʪ ʚ ʙʫʬʝʨ 

ʯʘʱʝ, ʯʝʤ ʟʘʙʠʨʘʶʪʩʷ, ʚʦʟʤʦʞʝʥ ʵʬʬʝʢʪ ʧʝʨʝʧʦʣʥʝʥʠʷ ʙʫʬʝʨʘ. ɺ ʪʘ-

ʢʦʤ ʩʣʫʯʘʝ ʚʚʦʜ ʥʦʚʳʭ ʩʠʤʚʦʣʦʚ ʥʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʨʝʢʨʘʱʘʝʪʩʷ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʣʘʚʠʰʫ ʩʣʳʰʠʪʩʷ ʧʨʝ-

ʜʫʧʨʝʞʜʘʶʱʠʡ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʠ ʚʚʦʜ ʜʘʥʥʳʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʇʨʠ ʚʚʦʜʝ ʠʥʬʦʨʤʘʮʠʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʳʚʦʜʦʤ ʥʘ ʵʢʨʘʥ 

ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʫʥʢʪʦʚ 6 ʠ 7 ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʘʝʪ ʧʦʜʩʠʩʪʝʤʘ 

ʚʳʚʦʜʘ ʥʘ ʤʦʥʠʪʦʨ. ʂʦʜ ʚʚʝʜʝʥʥʦʛʦ ʩʠʤʚʦʣʘ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʰʠʥʘʤ 

ʧʘʤʷʪʠ, ʩʠʩʪʝʤʥʦʛʦ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʚ ʚʠʜʝʦʢʘʨʪʫ, ʘ ʦʪʪʫ-

ʜʘ ï ʥʘ ʤʦʥʠʪʦʨ. 

4.4. ɸʣʛʦʨʠʪʤʳ ʚʳʚʦʜʘ ʜʘʥʥʳʭ  

ʊʠʧʦʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʳʚʦʜʘ ʷʚʣʷʶʪʩʷ ʚʠʜʝʦʢʘʨʪʘ ʩ ʤʦʥʠʪʦ-

ʨʦʤ ʠ ʧʨʠʥʪʝʨ. ɺʠʜʝʦʢʘʨʪʘ (ʚʠʜʝʦʘʜʘʧʪʝʨ) ï ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʦʙʨʘ-

ʟʫʶʱʝʝ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ, ʭʨʘʥʷʱʠʡʩʷ ʢʘʢ ʩʦʜʝʨʞʠʤʦʝ ʧʘʤʷʪʠ 

ʢʦʤʧʴʶʪʝʨʘ (ʠʣʠ ʩʘʤʦʛʦ ʘʜʘʧʪʝʨʘ), ʚ ʬʦʨʤʫ, ʧʨʠʛʦʜʥʫʶ ʜʣʷ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʚʳʚʦʜʘ ʥʘ ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ. 
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ʆʩʥʦʚʥʳʝ ʫʟʣʳ ʩʦʚʨʝʤʝʥʥʦʡ ʚʠʜʝʦʢʘʨʪʳ: 

 1. ɻʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ (Graphics processing unit, GPU), ʢʦʪʦ-

ʨʳʡ ʟʘʥʠʤʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝʤ ʚʳʚʦʜʠʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʦʩʚʦʙʦʞʜʘʷ 

ʦʪ ʵʪʦʡ ʦʙʷʟʘʥʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ. ʆʥ ʧʨʦʠʟʚʦʜʠʪ ʨʘʩʯʝʪʳ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʦʤʘʥʜ ʪʨʝʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʛʨʘ-

ʬʠʯʝʩʢʦʡ ʧʣʘʪʳ. ʀʤʝʥʥʦ ʦʪ ʥʝʛʦ ʟʘʚʠʩʷʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʚʠʜʝʦʘʜʘʧʪʝʨʘ. 

2. ɺʠʜʝʦʢʦʥʪʨʦʣʣʝʨ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 

ʚʠʜʝʦʧʘʤʷʪʠ. ʆʥ ʜʘʝʪ ʢʦʤʘʥʜʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʨʘʟʚʝʨʪʢʠ 

ʜʣʷ ʤʦʥʠʪʦʨʘ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʙʨʘʙʦʪʢʫ ʟʘʧʨʦʩʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦ-

ʮʝʩʩʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʪ ʢʦʥʪʨʦʣʣʝʨ ʦʙʳʯʥʦ ʚʭʦʜʷʪ ʢʦʥʪʨʦʣʣʝʨʳ 

ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʰʠʥ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʣʝʨ ʚʠʜʝʦʧʘʤʷʪʠ. 

3. ɺʠʜʝʦ-ʇɿʋ (Video ROM), ʚ ʢʦʪʦʨʦʝ ʟʘʧʠʩʘʥʳ BIOS ʚʠʜʝʦʢʘʨ-

ʪʳ, ʵʢʨʘʥʥʳʝ ʰʨʠʬʪʳ, ʩʣʫʞʝʙʥʳʝ ʪʘʙʣʠʮʳ ʠ ʪ. ʧ. 

4. ɺʠʜʝʦʧʘʤʷʪʴ, ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ ʨʦʣʴ ʢʘʜʨʦʚʦʛʦ ʙʫʬʝʨʘ ʠʟʦʙʨʘʞʝ-

ʥʠʷ, ʚʳʚʦʜʠʤʦʛʦ ʥʘ ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ. ʆʥʦ ʛʝʥʝʨʠʨʫʝʪʩʷ ʠ ʧʦʩʪʦʷʥʥʦ 

ʠʟʤʝʥʷʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʨʦʤ. ɺ ʚʠʜʝʦʧʘʤʷʪʠ ʭʨʘʥʷʪʩʷ ʪʘʢʞʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʥʝʚʠʜʠʤʳʝ ʥʘ ʵʢʨʘʥʝ ʵʣʝʤʝʥʪʳ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʜʨʫ-

ʛʠʝ ʜʘʥʥʳʝ. 

5. ʎʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʎɸʇ) RAMDAC (Random 

Access Memory Digital-to-Analog Converter), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʚʠʜʝʦʢʦʥʪʨʦʣʣʝʨʦʤ, 

ʚ ʫʨʦʚʥʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʚʝʪʘ, ʧʦʜʘʚʘʝʤʳʝ ʥʘ ʘʥʘʣʦʛʦʚʳʡ ʤʦʥʠʪʦʨ. 

ɺʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʚʠʜʝʦʧʦʜʩʠʩʪʝʤʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʦʜʥʦʤ 

ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʚʠʜʝʦʨʝʞʠʤʦʚ: 

ï ʪʝʢʩʪʦʚʦʤ; 

ï ʛʨʘʬʠʯʝʩʢʦʤ. 

ɺ ʧʝʨʚʦʤ ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʠʤʚʦʣʴʥʳʝ 

ʧʦʟʠʮʠʠ, ʚ ʢʘʞʜʫ  ʁ ʠʟ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ ʚʳʚʦʜʠʪʴʩʷ 

ʪʦʣʴʢʦ ʦʜʠʥ ʩʠʤʚʦʣ. ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʜʦʚ ʩʠʤʚʦʣʦʚ, ʭʨʘʥʠʤʳʭ 

ʚ ʚʠʜʝʦʧʘʤʷʪʠ ʘʜʘʧʪʝʨʘ, ʚ ʪʦʯʝʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʵʢʨʘʥʝ ʩʣʫʞʠʪ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʟʥʘʢʦʛʝʥʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʇɿʋ, ʛʜʝ ʭʨʘʥʷʪʩʷ ʵʪʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʢʦʜʘ ʩʠʤʚʦʣʘ 
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ʟʥʘʢʦʛʝʥʝʨʘʪʦʨ ʬʦʨʤʠʨʫʝʪ ʥʘ ʩʚʦʝʤ ʚʳʭʦʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʚʦʠʯ-

ʥʳʡ ʢʦʜ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʜʝʦʩʠʛʥʘʣ. ʊʝʢʩʪʦʚʳʡ ʨʝ-

ʞʠʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ 

ʥʘ ʵʪʘʧʝ ʥʘʯʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ. ʆʩʥʦʚʥʘʷ ʦʙʣʘʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ï 

ʨʘʟʣʠʯʥʳʝ ʪʝʢʩʪʦʚʳʝ ʨʝʜʘʢʪʦʨʳ ʠ ʧʨʦʮʝʩʩʦʨʳ. 

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʘʟʳʚʘʝ-

ʤʦʡ ʧʠʢʩʝʣʦʤ, ʦʪʚʦʜʠʪʩʷ ʦʪ ʦʜʥʦʛʦ (ʤʦʥʦʭʨʦʤʥʳʡ) ʜʦ 32 ʙʠʪ (ʮʚʝʪ-

ʥʦʡ ʨʝʞʠʤ). ʄʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʦʩʧʨʦʠʟʚʦʜʠ-

ʤʳʭ ʮʚʝʪʦʚ ʢʦʥʢʨʝʪʥʦʡ ʚʠʜʝʦʧʦʜʩʠʩʪʝʤʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʷʪ 

ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʠʜʝʦʧʘʤʷʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʙʠʪ, ʧʨʠʭʦʜʷʱʠʭʩʷ 

ʥʘ ʦʜʠʥ ʵʣʝʤʝʥʪ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʉʥʘʯʘʣʘ ʠʥʬʦʨʤʘʮʠʷ ʠʟ ʰʠʥʳ ʜʘʥʥʳʭ ʧʦʧʘʜʘʝʪ ʚ ʛʨʘʬʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩʦʨ, ʛʜʝ ʦʥʘ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʜʘʥʥʳʝ ʯʝʨʝʟ ʚʠʜʝʦ-

ʢʦʥʪʨʦʣʣʝʨ ʧʦʩʪʫʧʘʶʪ ʚ ʚʠʜʝʦʧʘʤʷʪʴ, ʛʜʝ ʩʦʟʜʘʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ, ʢʦ-

ʪʦʨʦʝ ʜʦʣʞʥʦ ʚʳʚʦʜʠʪʴʩʷ ʥʘ ʤʦʥʠʪʦʨ. ɿʘʪʝʤ ʦʥʦ ʧʝʨʝʜʘʝʪʩʷ ʚ ʎɸʇ 

RAMDAC, ʛʜʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʘʥʘʣʦʛʦʚʳʡ ʚʠʜ ʠ ʫʞʝ ʚ ʪʘʢʦʤ ʚʠʜʝ 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʤʦʥʠʪʦʨ. 

ʉʦʚʨʝʤʝʥʥʳʝ ɾʂ-ʜʠʩʧʣʝʠ ʠʤʝʶʪ ʮʠʬʨʦʚʳʝ ʚʠʜʝʦʚʭʦʜʳ DVI 

ʠ HDMI ʠ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʩ ʚʠʜʝʦʩʠʛʥʘʣʦʤ ʙʝʟ ʫʯʘʩʪʠʷ RAMDAC. 

ʅʦ ʧʦʢʘ ʦʩʪʘʶʪʩʷ ʤʦʜʝʣʠ ʩ ʘʥʘʣʦʛʦʚʳʤʠ ʚʭʦʜʘʤʠ, ʚ ʮʝʣʷʭ ʩʦʚʤʝʩʪʠ-

ʤʦʩʪʠ ʜʘʞʝ ʥʦʚʳʝ ʚʠʜʝʦʢʘʨʪʳ ʦʩʥʘʱʘʶʪʩʷ ʎɸʇ ʠ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʧʦʜʢʣʶʯʝʥʠʝ ʘʥʘʣʦʛʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʥʘ ʧʨʠʥʪʝʨ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦ-ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʚʳʚʦʜ 

ʥʘ ʧʝʯʘʪʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠʥʪʝʨ ʧʝʯʘʪʘʝʪ ʩʪʨʘ-

ʥʠʮʫ, ʢʦʛʜʘ ʦʥʘ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʜʘʥʘ ʚ ʝʛʦ ʙʫʬʝʨ. ɺʦ ʚʨʝʤʷ ʧʝʯʘʪʠ ʧʨʦ-

ʮʝʩʩʦʨ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʩʪʨʘʥʠʮʫ. ʇʦʩʢʦʣʴʢʫ ʝʛʦ ʙʳʩʪ-

ʨʦʜʝʡʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʥʪʝʨʘ, ʧʦ-

ʩʣʝʜʥʠʡ ʢ ʤʦʤʝʥʪʫ, ʢʦʛʜʘ ʦʯʝʨʝʜʥʘʷ ʩʪʨʘʥʠʮʘ ʧʦʜʛʦʪʦʚʣʝʥʘ, ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʥʷʪ ʧʝʯʘʪʴʶ ʧʨʝʜʳʜʫʱʝʡ, ʠ ʧʨʦʮʝʩʩʦʨ ʙʫʜʝʪ ʚʳʥʫʞʜʝʥ ʞʜʘʪʴ. 

ʇʝʯʘʪʴ ʩʪʨʦʢʠ ʪʝʢʩʪʘ ʚ ʦʧʠʩʘʥʥʦʤ ʨʝʞʠʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

1. ʉʪʨʦʢʘ ʜʣʷ ʧʝʯʘʪʠ ʩʦʙʠʨʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
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2. ʆʙʨʘʱʘʷʩʴ ʢ ʩʠʩʪʝʤʥʦʤʫ ʚʳʟʦʚʫ, ʧʨʦʛʨʘʤʤʘ: 

ï ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʧʨʠʥʪʝʨʫ; 

ï ʧʨʦʩʠʪ ʨʘʩʧʝʯʘʪʘʪʴ ʩʪʨʦʢʫ. 

3. ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʧʠʨʫʝʪ ʩʪʨʦʢʫ ʚ ʤʘʩʩʠʚ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʡ ʚ ʷʜʨʝ. 

4. ʆʉ ʢʦʧʠʨʫʝʪ ʧʝʨʚʳʡ ʩʠʤʚʦʣ ʚ ʨʝʛʠʩʪʨ ʜʘʥʥʳʭ ʧʨʠʥʪʝʨʘ, ʢʦ-

ʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

5. ʉʠʤʚʦʣ ʧʝʯʘʪʘʝʪʩʷ ʥʘ ʙʫʤʘʛʝ. 

6. ʋʢʘʟʘʪʝʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʡ ʩʠʤʚʦʣ. 

7. ʇʨʦʮʝʩʩʦʨ ʞʜʝʪ, ʢʦʛʜʘ ʙʠʪ ʛʦʪʦʚʥʦʩʪʠ ʧʨʠʥʪʝʨʘ ʙʫʜʝʪ ʫʩʪʘ-

ʥʦʚʣʝʥ. 

8. ʇʫʥʢʪʳ 1ï8 ʧʦʚʪʦʨʷʪʁʩ,̫ ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʥʘʧʝʯʘʪʘʥʘ ʩʪʨʦʢʘ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʪʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 4.6. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʫʬʝʨʘ 

ʧʨʠʥʪʝʨʘ ʩʥʘʯʘʣʘ ʚʩʷ ʩʪʨʦʢʘ ʢʦʧʠʨʫʝʪʩʷ ʚ ʙʫʬʝʨ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʠʥʘ-

ʝʪʩʷ ʧʝʯʘʪʴ. ʇʨʠ ʧʝʯʘʪʠ, ʫʧʨʘʚʣʷʝʤʦʡ ʧʨʝʨʳʚʘʥʠʷʤʠ, ʧʫʥʢʪʳ 1ï7 

ʧʨʝʜʳʜʫʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʘʣʠʟʫʶʪʩʷ ʪʘʢ ʞʝ. ɿʘʪʝʤ ʚʳʧʦʣʥʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ. 
 

 
 

ʈʠʩ. 4.6. ʇʝʯʘʪʴ ʩʪʨʦʢʠ çʇʨʠʚʝʪ!è ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʚʳʚʦʜʘ 
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9. ʇʨʦʮʝʩʩʦʨ ʚʳʟʳʚʘʝʪ ʧʣʘʥʠʨʦʚʱʠʢ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʠ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʥʘ ʜʨʫʛʫʶ ʟʘʜʘʯʫ. ʇʨʦʮʝʩʩ ʧʝʯʘʪʠ ʙʣʦʢʠʨʫʝʪʩʷ. 

10. ʂʦʛʜʘ ʧʨʠʥʪʝʨ ʛʦʪʦʚ, ʦʥ ʧʦʩʳʣʘʝʪ ʧʨʝʨʳʚʘʥʠʝ ʧʨʦʮʝʩʩʦʨʫ. 

11. ʇʨʦʮʝʩʩʦʨ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʥʘ ʧʝʯʘʪʴ. 

ʇʫʥʢʪʳ 8ï10 ʧʦʚʪʦʨʷʶʪʩʷ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʥʘʧʝʯʘʪʘʥʘ ʩʪʨʦʢʘ (ʚʝʩʴ 

ʪʝʢʩʪ). 

4.5. ʈʝʞʠʤ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ  

ʕʪʦ ʘʣʴʪʝʨʥʘʪʠʚʘ ʧʨʦʛʨʘʤʤʥʦ-ʫʧʨʘʚʣʷʝʤʦʤʫ ʦʙʤʝʥʫ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʘʷ ʩʦʙʦʡ ʩʧʦʩʦʙ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠ ʢʦʪʦ-

ʨʦʤ ʦʥʦ ʦʙʨʘʱʘʝʪʩʷ ʢ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʥʝ ʧʨʝʨʳʚʘʷ ʨʘʙʦʪʳ ʧʨʦ-

ʮʝʩʩʦʨʘ. ʊʘʢʦʡ ʦʙʤʝʥ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʷ-

ʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ (ʂʇɼʇ). 

ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ (ʇɼʇ) ï ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ 

ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʧʨʠʚʣʝʯʝʥʠʝʤ ʧʨʦʮʝʩʩʦ-

ʨʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʠʤ ʠʟ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ, 

ʭʦʪʷ ʠʥʦʛʜʘ ʚʦʟʤʦʞʥʳ ʢʘʢ ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʜʚʫʤʷ ʚʥʝʰʥʠʤʠ ʫʩʪʨʦʡʩʪ-

ʚʘʤʠ, ʪʘʢ ʠ ʠʟ ʧʘʤʷʪʠ ʚ ʧʘʤʷʪʴ. ʇʨʷʤʦʡ ʜʦʩʪʫʧ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʚʥʝʰʥʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ 

ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʧʨʦʮʝʩʩʦʨʦʤ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ ʇɼʇ ï ʤʥʦʛʦʢʘʥʘʣʴʥʳʝ, ʯʪʦ ʧʦʟʚʦʣʷ-

ʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʢʘʥʘʣʦʚ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ ʦʪ ʨʘʟʥʳʭ ʧʝ-

ʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʉʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʂʇɼʇ ʚ ʩʦʩʪʘʚ ʤʠʢʨʦʧʨʦ-

ʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.7. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ 

ʢʦʥʪʨʦʣʣʝʨ ʥʝʦʙʭʦʜʠʤʦ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʪʴ: ʟʘʥʝʩʪʠ ʥʘʯʘʣʴʥʳʡ ʘʜʨʝʩ 

ʦʙʣʘʩʪʠ ʆʇ, ʩ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʤʝʥ, ʠ ʜʣʠʥʫ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦ ʩʠʛʥʘʣʫ ʟʘʧʨʦʩʘ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢʦʥʪʨʦʣʣʝʨ 

ʬʘʢʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝʪ ʚʩʝ ʪʝ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣ ʤʠʢʨʦ-

ʧʨʦʮʝʩʩʦʨ ʧʨʠ ʧʨʦʛʨʘʤʤʥʦ-ʫʧʨʘʚʣʷʝʤʦʡ ʧʝʨʝʜʘʯʝ. 
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ʈʠʩ. 4.7. ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ 

 

ʂʇɼʇ ʧʨʠ ʟʘʧʨʦʩʝ ʥʘ ʧʨʷʤʦʡ ʜʦʩʪʫʧ ʩʦ ʩʪʦʨʦʥʳ ʚʥʝʰʥʝʛʦ ʫʩʪ-

ʨʦʡʩʪʚʘ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

1) ʧʨʠʝʤ ʟʘʧʨʦʩʘ ʥʘ ʇɼʇ (ʩʠʛʥʘʣ DRQ) ʦʪ ɺʋ; 

2) ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʧʨʦʩʘ ʢ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʫ (ʄʇ) ʥʘ ʟʘʭʚʘʪ ʰʠʥ 

(ʩʠʛʥʘʣ HRQ); 

3) ʧʨʠʝʤ ʩʠʛʥʘʣʘ ʦʪ ʄʇ (HLDA), ʧʦʜʪʚʝʨʞʜʘʶʱʝʛʦ ʬʘʢʪ ʧʝʨʝ-

ʚʦʜʘ ʰʠʥ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʚ ʪʨʝʪʴʝ ʩʦʩʪʦʷʥʠʝ; 

4) ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ, ʩʦʦʙʱʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʫ ʚʚʦʜʘ-

ʚʳʚʦʜʘ ʦ ʥʘʯʘʣʝ ʚʳʧʦʣʥʝʥʠʷ ʮʠʢʣʦʚ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ 

(DACK); 

5) ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʰʠʥʝ ʘʜʨʝʩʘ ʢʦʤʧʴʶʪʝʨʘ ʘʜʨʝʩʘ ʷʯʝʡʢʠ ʧʘ-

ʤʷʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʦʙʤʝʥʘ; 

6) ʚʳʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʧʨʘʚʣʝʥʠʝ ʦʙʤʝʥʦʤ 

(IOR, MW ï ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʟ ɺʋ ʚ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ 

ʠ IOW, MR ï ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʟ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚ ɺʋ); 

7) ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ʚ ʩʯʝʪʯʠʢʝ ʜʘʥʥʳʭ ʥʘ ʨʘʟʤʝʨ ʧʝʨʝʜʘʥ-

ʥʳʭ ʜʘʥʥʳʭ; 
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8) ʧʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ʦʢʦʥʯʘʥʠʷ ʩʝʘʥʩʘ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ (ʦʙʥʫʣʝʥʠʝ 

ʩʯʝʪʯʠʢʘ ʜʘʥʥʳʭ ʠʣʠ ʩʥʷʪʠʝ ʩʠʛʥʘʣʘ ʟʘʧʨʦʩʘ ʥʘ ʇɼʇ). ɽʩʣʠ ʫʩʣʦʚʠʝ 

ʦʢʦʥʯʘʥʠʷ ʥʝ ʚʳʧʦʣʥʝʥʦ, ʪʦ ʠʟʤʝʥʷʝʪʩʷ ʘʜʨʝʩ ʚ ʨʝʛʠʩʪʨʝ ʪʝʢʫʱʝʛʦ ʘʜ-

ʨʝʩʘ ʥʘ ʨʘʟʤʝʨ ʧʝʨʝʜʘʥʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʚʪʦʨʷʶʪʩʷ ʰʘʛʠ 5ï8. 

ʉʪʨʫʢʪʫʨʘ ʂʇɼʇ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.8.  
 

 
 

ʈʠʩ. 4.8. ʆʙʱʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ 
 

ʂʦʥʪʨʦʣʣʝʨ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʦʜʠʥʘʢʦʚʳʭ ʢʘʥʘʣʦʚ, ʧʦʟʚʦʣʷʶ-

ʱʠʭ ʧʦʜʢʣʶʯʠʪʴ ʢ ʩʠʩʪʝʤʝ ʜʦ ʯʝʪʳʨʝʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝ-

ʞʠʤʝ ʇɼʇ. ɺ ʩʦʩʪʘʚ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʨʝʛʠʩʪʨʳ: 

1) MR (Mode Register) ï ʨʝʛʠʩʪʨ ʨʝʞʠʤʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ: 

ʘ) ʧʦʨʷʜʦʢ ʠʟʤʝʥʝʥʠʷ (ʫʚʝʣʠʯʝʥʠʷ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ) ʘʜʨʝʩʘ ʆʇ; 

b) ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʠʥʠʮʠʘʣʠʟʘʮʠʠ; 

ʩ) ʨʝʞʠʤ ʦʙʩʣʫʞʠʚʘʥʠʷ: 

ï ʦʜʠʥʦʯʥʘʷ ʧʝʨʝʜʘʯʘ (ʢʦʥʪʨʦʣʣʝʨ ʚʦʟʚʨʘʱʘʝʪ ʤʘʛʠʩʪʨʘʣʴ 

ʧʨʦʮʝʩʩʦʨʫ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʇɼʇ); 
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ï ʙʣʦʯʥʘʷ ʧʝʨʝʜʘʯʘ (ʢʦʥʪʨʦʣʣʝʨ ʚʣʘʜʝʝʪ ʤʘʛʠʩʪʨʘʣʴʶ ʚ ʪʝʯʝ-

ʥʠʝ ʧʝʨʝʜʘʯʠ ʚʩʝʛʦ ʤʘʩʩʠʚʘ); 

ï ʧʦ ʪʨʝʙʦʚʘʥʠʶ (ʦʢʦʥʯʘʥʠʝ ʧʝʨʝʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʥʷʪʠʝʤ 

ʩʠʛʥʘʣʘ DRQ ʠʣʠ ʧʦʜʘʯʝʡ ʩʠʛʥʘʣʘ IEOP ʥʘ ʚʥʝʰʥʠʡ ʚʭʦʜ ʂʇɼʇ); 

d) ʢʘʩʢʘʜʠʨʦʚʘʥʠʝ; 

2) CAR (Current Address Register) ï ʨʝʛʠʩʪʨ ʪʝʢʫʱʝʛʦ ʘʜʨʝʩʘ; 

3) BAR (Base Address Register) ï ʙʘʟʦʚʳʡ ʨʝʛʠʩʪʨ ʘʜʨʝʩʘ; 

4) CWR (Current Word Register) ï ʪʝʢʫʱʠʡ ʩʯʝʪʯʠʢ ʜʘʥʥʳʭ; 

5) WCR (Word Control Register) ï ʙʘʟʦʚʳʡ ʩʯʝʪʯʠʢ ʜʘʥʥʳʭ. 

ɼʘʥʥʳʝ ʚ ʨʝʛʠʩʪʨʘʭ BAR ʠ WCR ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʠ ʠʥʠʮʠʘʣʠ-

ʟʘʮʠʠ ʠ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʇɼʇ ʥʝ ʤʝʥʷʶʪʩʷ. ɺ ʨʝʛʠʩʪʨʳ CAR 

ʠ CWR ʚ ʥʘʯʘʣʝ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ ʟʘʥʦʩʷʪʩʷ ʟʥʘʯʝʥʠʷ ʠʟ ʨʝ-

ʛʠʩʪʨʦʚ BAR ʠ WCR ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʇɼʇ ʩʦʜʝʨ-

ʞʠʤʦʝ ʵʪʠʭ ʨʝʛʠʩʪʨʦʚ ʠʟʤʝʥʷʝʪʩʷ. 

ʋʧʨʘʚʣʷʶʱʠʤʠ ʨʝʛʠʩʪʨʘʤʠ, ʦʙʱʠʤʠ ʜʣʷ ʚʩʝʛʦ ʢʦʥʪʨʦʣʣʝʨʘ, ʷʚ-

ʣʷʶʪʩʷ: 

1) CR (Command Register) ï ʨʝʛʠʩʪʨ ʢʦʤʘʥʜ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ: 

ʘ) ʨʝʞʠʤ ʧʘʤʷʪʴ-ʧʘʤʷʪʴ ʠʣʠ ʦʙʳʯʥʳʡ. ɺ ʧʝʨʚʦʤ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʦʙʤʝʥ ʧʦ ʩʭʝʤʝ ʇɼʇ ʤʝʞʜʫ ʜʚʫʤʷ ʦʙʣʘʩʪʷʤʠ ʆʇ (ʪʦʣʴʢʦ ʜʣʷ 

ʢʘʥʘʣʦʚ 0 ʠ 1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʬʝʨʥʦʛʦ ʨʝʛʠʩʪʨʘ TR (Temporary 

Register ); 

b) ʟʘʧʨʝʪ/ʨʘʟʨʝʰʝʥʠʝ ʇɼʇ; 

c) ʧʦʨʷʜʦʢ ʠʟʤʝʥʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ ʢʘʥʘʣʦʚ: 

ï ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʧʨʠʦʨʠʪʝʪ; 

ï ʮʠʢʣʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʠʦʨʠʪʝʪʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʘ 

ʥʘ ʇɼʇ ʧʦ ʦʜʥʦʤʫ ʠʟ ʢʘʥʘʣʦʚ; 

ï ʷʚʥʦʝ ʫʢʘʟʘʥʠʝ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʢʘʥʘʣʘ; 

ï ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʦʚ DRQ ʠ DACK (ʥʘʩʪʨʦʡʢʘ ʥʘ ʘʢʪʠʚʥʳʡ 

ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʦʚ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ); 

2) SR (Status Register) ï ʨʝʛʠʩʪʨ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʬʠʢʩʘʮʠʠ ʧʨʠʟʥʘʢʦʚ ʦʙʤʝʥʘ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʢʘʥʘʣʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʟʘ-

ʧʨʦʩʦʚ ʥʘ ʇɼʇ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʚʥʝʰʥʠʭ ʫʩʪ-

ʨʦʡʩʪʚ, ʥʝ ʠʩʧʦʣʴʟʫʶʱʠʭ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʝʞʠʤ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ, 

ʢʦʥʪʨʦʣʣʝʨ ʇɼʇ ʚʦ ʚʨʝʤʷ ʨʝʞʠʤʘ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʚʳʨʘʙʘʪʳʚʘʝʪ ʩʠʛ-

ʥʘʣ AEN, ʢʦʪʦʨʳʡ ʙʣʦʢʠʨʫʝʪ ʨʘʙʦʪʫ ʦʩʪʘʣʴʥʳʭ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ: 
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ï AEN = 1 ï ʰʠʥʦʡ ʫʧʨʘʚʣʷʝʪ ʢʦʥʪʨʦʣʣʝʨ ʇɼʇ; 

ï AEN = 0 ï ʰʠʥʦʡ ʫʧʨʘʚʣʷʝʪ ʧʨʦʮʝʩʩʦʨ ʠʣʠ ʜʨʫʛʦʡ ʟʘʜʘʪʯʠʢ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʢ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʫ ʚ ʨʝʞʠʤʝ ʇɼʇ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʘʩʢʘʜʥʦʝ ʚʢʣʶʯʝʥʠʝ ʢʦʥʪʨʦʣʣʝʨʦʚ (ʨʠʩ. 4.9). ʇʨʠ ʵʪʦʤ ʚʝʜʦʤʳʡ 

ʢʦʥʪʨʦʣʣʝʨ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʢʘʥʘʣʦʚ ʚʝʜʫʱʝʛʦ ʧʦ ʩʭʝʤʝ 

ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʤʠʢʨʦʧʨʦ-

ʮʝʩʩʦʨʦʤ ʩʚʷʟʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚʝʜʫʱʠʡ ʢʦʥʪʨʦʣʣʝʨ. ɺ ʩʪʘʥʜʘʨʪʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʕɺʄ ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʘ ʂʇɼʇ (ʚʝʜʫʱʠʡ ʠ ʚʝʜʦʤʳʡ), 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʜʢʣʶʯʠʪʴ ʜʦ 7 ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʠʯʝʤ ʜʚʘ 

ʢʘʥʘʣʘ ʟʘʢʨʝʧʣʝʥʳ ʟʘ ʥʘʢʦʧʠʪʝʣʷʤʠ ʥʘ ʞʝʩʪʢʦʤ ʠ ʛʠʙʢʦʤ ʜʠʩʢʘʭ. 

ʂʘʥʘʣʳ ʧʝʨʚʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ 

8-ʨʘʟʨʷʜʥʳʝ, ʘ ʚʪʦʨʦʛʦ ï ʜʣʷ ʧʝʨʝʜʘʯʠ 16-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ ʚ ʦʜʥʦʤ 

ʮʠʢʣʝ ʦʙʤʝʥʘ. 

 
 

ʈʠʩ. 4.9. ʂʘʩʢʘʜʥʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʦʚ 

ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ 

4.5. ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ  

ʚʚʦʜʘ-ʚʳʚʦʜʘ ʜʘʥʥʳʭ  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʤʦʜʝʣʠ ʧʦʜʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʜʥʦ- ʠʣʠ ʤʫʣʴʪʠʧʨʦ-

ʛʨʘʤʤʥʦʤ ʨʝʞʠʤʝ: 

1)  ʤʦʜʝʣʴ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʣʘʚʠʘʪʫʨʳ ʠ ʤʦʥʠ-

ʪʦʨʘ; 

2)  ʤʦʜʝʣʴ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ. 
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4.5.1. ʄʦʜʝʣʴ ʧʦʜʩʠʩʪʝʤʳ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʚʦʜʘ-ʚr ʚʦʜʘ 

ʄʦʜʝʣʴ ʧʦʜʩʠʩʪʝʤʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʪʠʧʦʚʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ. ʇʨʠ ʚʳʙʦʨʝ ʩʪʨʫʢʪʫʨʳ ʧʦʜʩʠʩʪʝʤʳ ʙʳʣʦ ʨʝʰʝʥʦ ʦʪʦ-

ʙʨʘʞʘʪʴ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʧʝʨʘʮʠʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ. 

ʊʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ: ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʦʧʝʨʘʪʠʚʥʘ ̫

ʧʘʤʷʪʴ, ʩʝʚʝʨʥʳʡ ʠ ʶʞʥʳʡ ʤʦʩʪ,r ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ ï 

ʢʣʘʚʠʘʪʫʨʘ ʠ ʤʦʥʠʪʦʨ. ɹʳʣʦ ʨʝʰʝʥʦ ʥʝ ʦʪʦʙʨʘʞʘʪʴ ʚ ʤʦʜʝʣʠ ʢʦʥ-

ʪʨʦʣʣʝʨʳ ʫʩʪʨʦʡʩʪʚ ʠ ʚʥʝʰʥʠʝ ʟʘʧʦʤʠʥʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʏʪʦ ʢʘʩʘ-

ʝʪʩʷ ʫʨʦʚʥʷ ʜʝʪʘʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʪʦ ʧʨʦʮʝʩʩʳ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ 

ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʢʦʤʘʥʜ ʠʤʠʪʠʨʫʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʠ ʦʪʜʝʣʴʥʳʭ ʩʠʤʚʦ-

ʣʦʚ, ʚʚʦʜʠʤʳʭ ʩ ʢʣʘʚʠʘʪʫʨʳ ʠ ʚʳʚʦʜʠʤʳʭ ʥʘ ʵʢʨʘʥ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘ-

ʮʠʡ ʚʚʦʜʘ ʜʘʥʥʳʭ ʩ ʢʣʘʚʠʘʪʫʨʳ, ʙʫʬʝʨʠʟʘʮʠʠ ʠ ʟʘʧʠʩʠ ʠʭ ʚ ʧʘʤʷʪʴ, 

ʘ ʪʘʢʞʝ ʚʳʚʦʜʘ ʥʘ ʵʢʨʘʥ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

1) ʜʣʷ ʫʩʪʨʦʡʩʪʚ: 

a) ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʦʮʝʩʩʦʨʘ (ʤʣʥ ʦʧ/ʩ); 

b) ʝʤʢʦʩʪʴ ʆʇ (ɻɹ); 

c) ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʤʚʦʣʦʚ, ʚʚʦʜʠʤʳʭ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ; 

d) ʦʙʲʝʤ ʙʫʬʝʨʘ ʢʣʘʚʠʘʪʫʨʳ (ʂɹ); 

e) ʝʤʢʦʩʪʴ ʚʠʜʝʦʢʘʨʪʳ (ɻɹ); 

f) ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʰʠʥ ʠ ʤʦʩʪʦʚ; 

2) ʜʣʷ ʟʘʜʘʯ: 

a) ʢʦʣʠʯʝʩʪʚʦ (ʦʪ 1 ʜʦ 5); 

b) ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ: 

- ʯʠʩʣʦ ʧʨʦʮʝʩʩʦʨʥʳʭ ʢʦʤʘʥʜ; 

- ʦʙʲʝʤ ʆʇ; 

- ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʚʚʦʜʘ; 

- ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʚʚʦʜʠʤʳʭ ʩʠʤʚʦʣʦʚ ʟʘ ʦʜʥʫ ʦʧʝʨʘʮʠʶ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

1) ʦʙʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ (ʚ ʪʘʢʪʘʭ ʠʣʠ ʩʝʢʫʥʜʘʭ); 

2) ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʛʨʫʟʢʠ ʫʩʪʨʦʡʩʪʚ; 
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3) ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ. 

ɺ ʤʦʜʝʣʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʘʥʠʤʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʢʣʘʚʠʘʪʫʨʳ ʠ ʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤʳ 

(ʚʠʜʝʦʘʜʘʧʪʝʨ ʠ ʤʦʥʠʪʦʨ). 

ʇʨʠʣʦʞʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʚ ʩʨʝʜʝ Delphi 2010 ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘ ʧʣʘʪʬʦʨʤʝ IBM PC ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ Microsoft Windows Vista/7/8 

ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʜʣʷ ʵʪʠʭ ʆʉ ʩʠʩʪʝʤʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ: 

- ʧʨʦʮʝʩʩʦʨ Intel ʩ ʯʘʩʪʦʪʦʡ 1,5 ɻɻʮ ʠ ʚʳʰʝ; 

- ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ 512 ʄɹ; 

- ʞʝʩʪʢʠʡ ʜʠʩʢ 20 ɻɹ; 

- ʚʠʜʝʦʘʜʘʧʪʝʨ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʨʘʟʨʝʰʝʥʠʝ ʥʝ ʤʝʥʝʝ XGA 

(1024Ĭ768). 

ʀʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ ʠʤʝʝʪ ʠʤʷ Model_InputOutput.exe. ɽʛʦ ʟʘʧʫʩʢ 

ʚʳʧʦʣʥʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʦʷʚʣʷʝʪʩʷ 

ʛʣʘʚʥʦʝ ʦʢʥʦ ʧʨʠʣʦʞʝʥʠʷ (ʨʠʩ. 4.10). ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʧʘʨʘʤʝʪ-

ʨʳ ʤʦʜʝʣʠ ʠ ʨʝʞʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

ʈʠʩ. 4.10. ɻʣʘʚʥʦʝ ʦʢʥʦ ʤʦʜʝʣʠ ʧʦʜʩʠʩʪʝʤʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ 
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ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʪʨʠ ʨʝʞʠʤʘ: 

ï ʥʝʧʨʝʨʳʚʥʳʡ; 

ï ʧʦʪʘʢʪʦʚʳʡ; 

ï ʧʦ ʪʘʡʤʝʨʫ. 

ʅʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʩʣʝʜʠʪʴ ʟʘ ʭʦʜʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʩʪʨʦ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʵʪʦʪ 

ʨʝʞʠʤ. 

ʇʦʪʘʢʪʦʚʳʡ ʨʝʞʠʤ ʧʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʶ ʪʨʝʙʫʝʪʩʷ 

ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ. 

ʈʝʞʠʤ çʧʦ ʪʘʡʤʝʨʫè ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʪʝʤʧ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʠʤʠʪʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʠʤʘʮʠʠ. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ 

ʩ ʧʦʤʦʱʴʶ ʧʦʣʦʩ ʧʨʦʢʨʫʪʢʠ ʩʦʜʝʨʞʠʤʦʝ ʢʵʰʘ ʧʨʦʮʝʩʩʦʨʘ. ʀʥʪʝʨʚʘʣ 

ʤʝʞʜʫ ʪʘʢʪʘʤʠ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,1 ʜʦ 5 ʩʝʢʫʥʜ. ʇʦ 

ʫʤʦʣʯʘʥʠʶ ʠʥʪʝʨʚʘʣ ʨʘʚʝʥ 100 ʤʠʣʣʠʩʝʢʫʥʜʘʤ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʟʘʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʢʣʘ-

ʜʦʢ. ʇʨʠ ʠʤʠʪʘʮʠʠ ʤʫʣʴʪʠʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ 

ʩʦʟʜʘʝʪʩʷ ʦʪʜʝʣʴʥʘʷ ʟʘʢʣʘʜʢʘ. ʇʘʨʘʤʝʪʨ çɺʳʚʦʜ ʩʠʤʚʦʣʦʚ ʥʘ ʵʢʨʘʥè 

ʟʘʜʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʣʘʞʢʘ, ʢʦʪʦʨʳʡ ʧʦ ʫʤʦʣʯʘʥʠʶ ʫʩʪʘʥʦʚʣʝʥ. 

ɽʩʣʠ ʝʛʦ ʫʙʨʘʪʴ, ʪʦ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʨʘʬʠʯʝʩʢʘʷ ʧʦʜʩʠʩ-

ʪʝʤʘ ʫʯʘʩʪʚʦʚʘʪʴ ʥʝ ʙʫʜʝʪ, ʪ. ʝ. ʙʫʜʝʪ ʠʤʠʪʠʨʦʚʘʪʴʩʷ ʨʝʞʠʤ ʙʝʟ ʚʳ-

ʚʦʜʘ ʩʠʤʚʦʣʦʚ ʥʘ ʵʢʨʘʥ. 

ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠ-

ʤʘʭ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.11. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʤʠʪʘʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʢʨʳʚʘʝʪʩʷ ʦʢʥʦ 

çʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷè. ɺ ʥʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʳʝ 

ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʨʘ, ʢʣʘʚʠʘʪʫʨʳ ʠ ʚʠʜʝʦʘʜʘʧʪʝʨʘ, ʘ ʪʘʢʞʝ 

ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. 

ʇʨʠʤʝʨʥʳʡ ʚʠʜ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʜʥʦ- 

ʠ ʤʫʣʴʪʠʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 4.12 ʠ 4.13. 
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ʈʠʩ. 4.11. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʨʝʞʠʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʜʩʠʩʪʝʤʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ çʧʦ ʪʘʡʤʝʨʫè 

 

 
 

ʈʠʩ. 4.12. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʩʠʩʪʝʤʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ 

ʧʨʠ ʦʜʥʦʧʨʦʛʨʘʤʤʥʦʤ ʨʝʞʠʤʝ 
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ʈʠʩ. 4.13. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʩʠʩʪʝʤʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ 

ʧʨʠ ʤʫʣʴʪʠʧʨʦʛʨʘʤʤʥʦʤ ʨʝʞʠʤʝ 

4.5.2. ʄʦʜʝʣʴ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ 

ʄʦʜʝʣʴ ʧʦʜʩʠʩʪʝʤʳ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ, ʪʘʢ ʞʝ ʢʘʢ ʧʨʝ-

ʜʳʜʫʱʘʷ, ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʪʠʧʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʇʨʠ ʚʳʙʦʨʝ ʩʪʨʫʢ-

ʪʫʨʳ ʧʦʜʩʠʩʪʝʤʳ ʙʳʣʦ ʨʝʰʝʥʦ ʦʪʦʙʨʘʞʘʪʴ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʫʯʘ-

ʩʪʚʫʶʱʠʝ ʚ ʦʧʝʨʘʮʠʠ ʇɼʇ. ʊʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ: ʮʝʥʪʨʘʣʴ-

ʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʦʧʝʨʘʪʠʚʥʘ ̫ ʧʘʤʷʪʴ, ʩʝʚʝʨʥʳʡ ʠ ʶʞʥʳʡ ʤʦʩʪ,r 

ʘ ʪʘʢʞʝ ʚʥʝʰʥʠʝ ʟʘʧʦʤʠʥʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. ɹʳʣʦ ʨʝʰʝʥʦ ʥʝ ʦʪʦ-

ʙʨʘʞʘʪʴ ʚ ʤʦʜʝʣʠ ʢʦʥʪʨʦʣʣʝʨʳ ʫʩʪʨʦʡʩʪʚ, ʢʣʘʚʠʘʪʫʨʫ ʠ ʤʦʥʠʪʦʨ. ʏʪʦ 

ʢʘʩʘʝʪʩʷ ʫʨʦʚʥʷ ʜʝʪʘʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʪʦ ʠ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩ-

ʩʳ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʢʦʤʘʥʜ ʠʤʠʪʠʨʫʝʤʦʡ ʧʨʦʛʨʘʤʤʳ 

ʠ ʧʝʨʝʜʘʯʠ ʙʣʦʢʦʚ ʟʘʧʠʩʝʡ ʬʘʡʣʦʚ. 

ɺ ʤʦʜʝʣʠ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʙʫʬʝʨʠʟʘʮʠʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ɺɿʋ ʠ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ ʚ ʦʜʥʦ- ʠ ʤʫʣʴʪʠʧʨʦʛʨʘʤʤʥʦʤ ʨʝʞʠʤʝ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

1) ʜʣʷ ʫʩʪʨʦʡʩʪʚ: 
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ï ʙr ʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʦʮʝʩʩʦʨʘ (ʚ ɻɻʮ); 

ï ʝʤʢʦʩʪʴ ʆʇ (ɻɹ); 

ï ʝʤʢʦʩʪʴ ɺɿʋ (ɻɹ); 

ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʰʠʥ ʠ ʤʦʩʪʦʚ; 

2) ʢʦʣʠʯʝʩʪʚʦ ʪʠʧʦʚ ʟʘʜʘʯ (ʦʪ 1 ʜʦ 3); 

3) ʜʣʷ ʟʘʜʘʯʠ ʢʘʞʜʦʛʦ ʪʠʧʘ ʫʢʘʟʳʚʘʝʪʩʷ: 

ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʨʥʳʭ ʢʦʤʘʥʜ; 

ï ʥʦʤʝʨ ɺɿʋ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʬʘʡʣ; 

ï ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʱʝʥʠʡ ʢ ʬʘʡʣʫ; 

ï ʜʣʠʥʘ ʬʘʡʣʘ; 

ï ʜʣʠʥʘ ʟʘʧʠʩʠ ʬʘʡʣʘ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʫʞʘʪ: 

1) ʦʙʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʚ ʩʝʢʫʥʜʘʭ); 

2) ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʛʨʫʟʢʠ ʫʩʪʨʦʡʩʪʚ; 

3) ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ. 

ʆʩʥʦʚʥʦʡ ʫʧʦʨ ʚ ʤʦʜʝʣʠ ʩʜʝʣʘʥ ʥʘ ʚʠʟʫʘʣʠʟʘʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʚʥʝʰʥʠʭ ʟʘʧʦʤʠ-

ʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʭ ʟʘʢʨʘʩʢʦʡ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʮʠʧʦʚ ʘʥʠʤʘʮʠʠ ʧʦ-

ʩʣʝ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʚʳʚʦʜ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ ȹT. 

ʇʨʦʛʨʘʤʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʷʟʳʢʝ Java 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ NetBeans. ʆʥʘ ʤʦʞʝʪ ʟʘ-

ʧʫʩʢʘʪʴʩʷ ʥʘ ʩʝʤʝʡʩʪʚʘʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ Windows, Linux 

ʠ Solaris, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʢʦʤʧʴʶʪʝʨʘʭ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʥʘʙʦʨ ʢʦ-

ʤʘʥʜ x86. ɼʣʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʚ ʩʠʩʪʝʤʝ Java 

Runtime Invironment (JRE) ʥʝ ʥʠʞʝ ʚʝʨʩʠʠ 1.6. 

ʇʨʠʣʦʞʝʥʠʝ ʦʪʦʙʨʘʞʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ, ʨʝʘʣʠ-

ʟʫʝʤʳʭ ʤʦʜʝʣʠʨʫʝʤʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʬʘʡʣʦʤ. ʇʦʩʣʝ ʝʛʦ ʟʘʧʫʩ-

ʢʘ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ ʥʘʩʪʨʦʝʢ (ʨʠʩ. 4.14). ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʧʘʨʘ-

ʤʝʪʨʳ ʤʦʜʝʣʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʟʘʜʘʯ. ɼʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʣʶʙʦʡ 

ʠʟ ʪʨʝʭ ʟʘʜʘʯ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʘʣʦʯʢʘ ʥʘ ʢʥʦʧʢʝ ʨʷʜʦʤ ʩ ʝʝ ʥʘʟʚʘʥʠ-

ʝʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʝʝ ʧʘʨʘʤʝʪʨʳ. 
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ʈʠʩ. 4.14. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʦʢʥʘ ʥʘʩʪʨʦʝʢ ʤʦʜʝʣʠ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ 

 

ɺʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʵʪʘʧʘ ʧʨʦʮʝʩʩʦʨʥʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʱʝʥʠʝ ʢ ʬʘʡʣʫ. ʄʦʜʝʣʠʨʫʝʤʘʷ ʧʨʦ-

ʛʨʘʤʤʘ ʧʨʝʨʳʚʘʝʪʩʷ, ʠ ʨʘʙʦʪʘʝʪ ʧʦʜʩʠʩʪʝʤʘ çʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ ï 

ɺɿʋè. ʇʨʠ ʤʫʣʴʪʠʧʨʦʛʨʘʤʤʥʦʤ ʨʝʞʠʤʝ ʚ ʵʪʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʦʨ ʤʦʞʝʪ 

ʦʙʩʣʫʞʠʚʘʪʴ ʜʨʫʛʫʶ ʟʘʜʘʯʫ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʤʝʥʘ ʩ ɺɿʋ ʧʨʝʨʚʘʥ-

ʥʘʷ ʧʨʦʛʨʘʤʤʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʦʨ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʦʯʝʨʝʜ-

ʥʦʡ ʵʪʘʧ ʦʙʨʘʙʦʪʢʠ. ɿʘʪʝʤ ï ʩʣʝʜʫʶʱʝʝ ʦʙʨʘʱʝʥʠʝ ʢ ʬʘʡʣʫ, ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ ʦʙʨʘʱʝʥʠʡ. ʇʦʩʣʝʜʥʠʤ ʵʪʘ-

ʧʦʤ ʚ ʣʶʙʦʡ ʧʨʦʛʨʘʤʤʝ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʨʥʘʷ ʦʙʨʘʙʦʪʢʘ. 

ɺ ʤʫʣʴʪʠʧʨʦʛʨʘʤʤʥʦʤ ʨʝʞʠʤʝ ʟʘʜʘʯʠ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʧʦ ʜʠʩʮʠ-

ʧʣʠʥʝ FIFO. ɺʦ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʨʦ-

ʮʝʩʩ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ɺɿʋ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ. ʇʨʠ ʵʪʦʤ 

ʙʣʦʢʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʥʘ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʧʦʜʢʨʘʰʠʚʘʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʮʚʝʪʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʪʨʦʷʪʩʷ ʚʨʝʤʝʥʥʳʝ 

ʜʠʘʛʨʘʤʤʳ ʟʘʥʷʪʦʩʪʠ ʫʩʪʨʦʡʩʪʚ. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.15. 
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ʈʠʩ. 4.15. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʚ ʧʘʤʷʪʴ ʧʨʠ ʦʜʥʦʧʨʦʛʨʘʤʤʥʦʤ ʨʝʞʠʤʝ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʝʩʣʠ ʟʘʚʝʨʰʝʥʳ ʚʩʝ ʵʪʘʧʳ ʧʨʦ-

ʮʝʩʩʦʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʦʙʨʘʱʝʥʠʷ ʢ ʬʘʡʣʘʤ ʜʣʷ ʚʩʝʭ ʟʘʜʘʯ. ʇʨʠ ʵʪʦʤ 

ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʵʢʨʘʥʘ ʚʳʚʦʜʷʪʩʷ ʦʙʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʤʦ-

ʜʝʣʠʨʫʝʤʳʭ ʧʨʦʛʨʘʤʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʪʠʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʠ ʧʨʷʤʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʨʝʜ 

(Delphi ʠ Java). ʆʥʠ ʷʚʣʷʶʪʩʷ ʫʧʨʦʱʝʥʥʳʤʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʦʩʥʦʚ-

ʥʳʝ ʵʣʝʤʝʥʪʳ ʩʪʨʫʢʪʫʨ ʠ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʪʫ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨ ʠ ʨʝʞʠʤʦʚ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʠʤʘʮʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʥʘʛʣʷʜʥʦʩʪʴ ʠ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʦʙʫʯʝʥʠʷ. 
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 5. ʆʈɻɸʅʀɿɸʎʀʗ ʇɸʄʗʊʀ ɺ ʕɺʄ 

5.1. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʘʤʷʪʠ  

ʠ ʧʨʠʥʮʠʧ ʣʦʢʘʣʴʥʦʩʪʠ ʩʩʳʣʦʢ  

ʇʘʤʷʪʴ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ, ʩʣʫʞʘʱʠʭ ʜʣʷ ʧʨʠʝʤʘ, ʭʨʘʥʝʥʠʷ 

ʠ ʚʳʜʘʯʠ ʜʘʥʥʳʭ ʚ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʠʣʠ ʚʥʝʰʥʶʶ ʩʨʝʜʫ ʢʦʤ-

ʧʴʶʪʝʨʘ. ʆʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʩ ʧʘʤʷʪʴʶ ï ʟʘʧʠʩʴ ʠ ʯʪʝʥʠʝ. 

ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʧʘʤʷʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʘʢ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʪʘʢ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʆʨʛʘʥʠʟʘʮʠʷ ʧʘʤʷʪʠ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢ-

ʪʝʨ ʠ ʩʪʨʦʠʪʩʷ ʧʦ ʠʝʨʘʨʭʠʯʝʩʢʦʤʫ ʧʨʠʥʮʠʧʫ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʠʝʨʘʨʭʠʠ 

ʧʘʤʷʪʠ ï ʩʦʛʣʘʩʦʚʘʥʠʝ ʩʢʦʨʦʩʪʝʡ ʨʘʙʦʪʳ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʮʝʩʩʦʨʘ, ʩ ʟʘʧʦʤʠʥʘʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ.  

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʘʤʷʪʠ ʠʤʝʝʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ 

ʨʠʩ. 5.1, ʛʜʝ ʧʦʢʘʟʘʥʳ ʜʠʘʧʘʟʦʥʳ ʟʥʘʯʝʥʠʡ ʝʤʢʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʠ ʫʩʪʨʦʡʩʪʚ ʧʘʤʷʪʠ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ [18]. ʀʟ ʨʠʩʫʥʢʘ 

ʚʠʜʥʦ, ʯʪʦ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʠʝʨʘʨʭʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʫʩʪʨʦʡʩʪ-

ʚʘ ʩ ʤʝʥʴʰʝʡ ʝʤʢʦʩʪʴʶ ʧʘʤʷʪʠ, ʥʦ ʩ ʙʦʣʴʰʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ. 

ʈʝʛʠʩʪʨʦʚʘʷ ʧʘʤʷʪʴ, ʠʣʠ ʨʝʛʠʩʪʨʦʚʳʡ ʬʘʡʣ, ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ 

ʚ ʢʨʠʩʪʘʣʣʝ ʧʨʦʮʝʩʩʦʨʘ ʧʦ ʪʘʢʦʡ ʞʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʤʝʝʪ ʪʘʢʦʝ ʞʝ ʙʳ-

ʩʪʨʦʜʝʡʩʪʚʠʝ, ʯʪʦ ʠ ʦʧʝʨʘʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʮʝʩʩʦʨʘ. ʂʵ-hʧʘʤʷʪʴ 

ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚʥʫʪʨʠ ʧʨʦʮʝʩʩʦʨʘ, ʯʪʦ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʦʙʨʘʱʝʥʠʷ ʢ ʢʦʤʘʥʜʘʤ ʠ ʜʘʥʥʳʤ ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ ʨʘʙʦ-

ʪʳ ʧʨʦʮʝʩʩʦʨʘ.  

ɺʦ ʤʥʦʛʠʭ ʤʦʜʝʣʷʭ ʧʨʦʮʝʩʩʦʨʦʚ ʢʵʰ-ʧʘʤʷʪʴ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ 

ʫʨʦʚʥʷ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʷʜʨʦ ʧʨʦʮʝʩʩʦʨʘ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦ-

ʨʘʭ ʧʦʷʚʠʣʘʩʴ ʧʘʤʷʪʴ ʥʦʚʦʛʦ ʚʠʜʘ ï ʚʩʪʨʘʠʚʘʝʤʘʷ eDRAM (embedded 

DRAM). ʆʥʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ ʧʘʤʷʪʠ, ʠʤʝʝʪ 

ʝʤʢʦʩʪʴ 128 ʄʙʘʡʪ ʠ ʠʛʨʘʝʪ ʨʦʣʴ ʢʵʰ-ʧʘʤʷʪʠ ʯʝʪʚʝʨʪʦʛʦ ʫʨʦʚʥʷ. 
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ʂʵ-h ʧʘʤʷʪʴ 3-ʛʦ ʫʨʦʚʥʷ 

ʆɿʋ (RAM) ʇɿʋ (ROM) 

ɺʩʪʨʘʠʚʘʝʤʘʷ embedded DRAM 128 ʄʙʘʡʪ 

ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ ɽʤʢʦʩʪʴ ʧʘʤʷʪʠ 

64 ɹʘʡʪ- 4 ʂʙʘʡʪ 

32 ï 128 ʂʙʘʡʪ 

256 ʂʙʘʡʪ ï 

 12 ʄʙʘʡʪʘ 

ʇʨʦʮʝʩʩʦʨ 

ʈʝʛʠʩʪʨʦʚʘʷ ʧʘʤʷʪʴ 

ʂʵ-h ʧʘʤʷʪʴ 1-ʛʦ ʫʨʦʚʥʷ 

ʂʵ-h ʧʘʤʷʪʴ 2-ʛʦ ʫʨʦʚʥʷ 

¢ 1 ʥʩ 

1-5 ʥʩ 

1-5 ʥʩ 

CD/DVD ʅDD 

ʄʘʩʩʦʚʘʷ ʧʘʤʷʪʴ. 

ɸʨʭʠʚʥʘʷ ʧʘʤʷʪʴ 

ɺʥʫʪʨʝʥʥʷʷ 

ʧʘʤʷʪʴ 

ɺʥʝʰʥʷʷ 

ʧʘʤʷʪʴ 

1 - 16 ɻʙʘʡʪ 

400  ɻʙʘʡʪ ï  

4 ʊʝʨʘʙʘʡʪʘ 

ʉʦʪʥʠ ʊʝʨʘʙʘʡʪ - 

ʇʝʪʘʙʘʡʪʳ 

5-40 ʥʩ 

2-20 ʤʩ 

ʉʝʢʫʥʜʳ -

ʤʠʥʫʪʳ 

SSD 

1 ï  24 ʄʙʘʡʪ 
2-10 ʥʩ 

ʈʠʩ. 5.1. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʘʤʷʪʠ: 

ʆɿʋ ï ʦʧʝʨʘʪʠʚʥʦʝ ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ;  

ʇɿʋ ï ʧʦʩʪʦʷʥʥʦʝ ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ;  

CD/DVD ï ʥʘʢʦʧʠʪʝʣʴ ʥʘ ʦʧʪʠʯʝʩʢʠʭ ʜʠʩʢʘʭ;  

HDD (Hard Disk Drive) ï ʥʘʢʦʧʠʪʝʣʴ ʥʘ ʞʝʩʪʢʦʤ ʤʘʛʥʠʪʥʦʤ ʜʠʩʢʝ;  

SSD (Solid State Drive) ï ʥʘʢʦʧʠʪʝʣʴ ʥʘ çʪʚʝʨʜʦʤè ʜʠʩʢʝ 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʘʥʘ ʩ ʚʘʞʥʝʡ-

ʰʠʤ ʧʨʠʥʮʠʧʦʤ ʣʦʢʘʣʴʥʦʩʪʠ ʩʩʳʣʦʢ, ʠʣʠ ʧʨʠʥʮʠʧʦʤ ʣʦʢʘʣʴʥʦʩʪʠ 

ʧʦ ʦʙʨʘʱʝʥʠʶ. 
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ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʛʨʘʤʤ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʘʜ-

ʨʝʩ ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʳ ʙʫʜʝʪ ʨʘʩʧʦʣʦʞʝʥ ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʟʘ ʘʜʨʝʩʦʤ ʚʳʧʦʣʥʷʝʤʦʡ, ʣʠʙʦ ʥʝʜʘʣʝʢʦ ʦʪ ʥʝʛʦ. ʇʨʠ ʵʪʦʤ ʩ ʦʯʝʥʴ 

ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʜʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʵʪʠʤʠ ʢʦʤʘʥʜʘʤʠ, 

ʦʙʳʯʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʷʯʝʡ-

ʢʘʭ ʧʘʤʷʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʛʨʘʤʤʳ ʩʦʜʝʨʞʘʪ ʤʥʦʞʝʩʪʚʦ ʥʝʙʦʣʴʰʠʭ 

ʮʠʢʣʦʚ ʠ ʧʦʜʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʪʩʷ ʚ ʪʝʯʝʥʠʝ 

ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ. ʅʘ ʨʠʩ. 5.2 ʧʦʢʘʟʘʥʳ ʨʘʟʤʝʱʝʥʥʳʝ ʚ ʧʘʤʷʪʠ ʜʚʘ 

ʫʯʘʩʪʢʘ ʧʨʦʛʨʘʤʤʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʦʙʣʘʩʪʠ ʜʘʥʥʳʭ.  

ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʣʦʢʘʣʴʥʦʩʪʴ ʩʩʳʣʦʢ, ʠʣʠ ʣʦʢʘʣʴʥʦʩʪʴ ʧʦ 

ʦʙʨʘʱʝʥʠʶ. ʀʟʚʝʩʪʥʦ ʧʨʘʚʠʣʦ ç90/10è ï ʪʦ ʝʩʪʴ 90 % ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʳ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʱʝʥʠʝʤ ʢ 10 % ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ.  

5.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʮʝʩʩʦʨʘ ʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʧʘʤʷʪʠ 

ʋʨʦʚʥʠ ʠʝʨʘʨʭʠʠ ʧʘʤʷʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʳ: ʚʩʝ ʜʘʥʥʳʝ ʥʘ ʦʜʥʦʤ 

ʫʨʦʚʥʝ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʥʘʡʜʝʥʳ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ. ɺʩʝ ʜʘʥ-

ʥʳʝ ʥʘ ʵʪʦʤ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʥʘ ʩʣʝʜʫʶʱʝʤ, 

ʥʠʞʝʣʝʞʘʱʝʤ ʫʨʦʚʥʝ, ʠ ʪʘʢ ʜʘʣʝʝ. ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʜʝʪ 

ʦʙʤʝʥ ʤʝʞʜʫ ʜʚʫʤʷ ʙʣʠʟʣʝʞʘʱʠʤʠ ʫʨʦʚʥʷʤʠ. ʄʠʥʠʤʘʣʴʥʘʷ ʝʜʠʥʠʮʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʣʠʙʦ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ, ʣʠʙʦ ʦʪʩʫʪʩʪʚʦʚʘʪʴ 

ʚ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʠʝʨʘʨʭʠʠ, ʥʘʟʳʚʘʝʪʩʷ ʙʣʦʢʦʤ. ʈʘʟʤʝʨ ʙʣʦʢʘ ʤʦʞʝʪ 

ʙʳʪʴ ʣʠʙʦ ʬʠʢʩʠʨʦʚʘʥʥʳʤ, ʣʠʙʦ ʧʝʨʝʤʝʥʥʳʤ. ɽʩʣʠ ʵʪʦʪ ʨʘʟʤʝʨ ʟʘ-

ʬʠʢʩʠʨʦʚʘʥ, ʪʦ ʦʙʲʝʤ ʧʘʤʷʪʠ ʷʚʣʷʝʪʩʷ ʢʨʘʪʥʳʤ ʨʘʟʤʝʨʫ ʙʣʦʢʘ.  

ʋʩʧʝʰʥʦʝ ʠʣʠ ʥʝʫʩʧʝʰʥʦʝ ʦʙʨʘʱʝʥʠʝ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ 

ʥʘʟʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʧʘʜʘʥʠʝʤ (hit) ʠʣʠ ʧʨʦʤʘʭʦʤ (miss). 

ʇʦʧʘʜʘʥʠʝ ï ʦʙʨʘʱʝʥʠʝ ʢ ʦʙʲʝʢʪʫ ʚ ʧʘʤʷʪʠ, ʢʦʪʦʨʳʡ ʥʘʡʜʝʥ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʤʘʭ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥ ʥʝ ʥʘʡʜʝʥ 

ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ. 
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ʈʠʩ. 5.2. ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʠ ʜʘʥʥʳʭ ʚ ʧʘʤʷʪʠ  

ʠ ʣʦʢʘʣʴʥʦʩʪʴ ʩʩʳʣʦʢ 
 

ɼʦʣʷ ʧʦʧʘʜʘʥʠʡ, ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʧʘʜʘʥʠʡ, ï ʝʩʪʴ ʜʦʣʷ ʦʙʨʘ-

ʱʝʥʠʡ, ʥʘʡʜʝʥʥʳʭ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ɼʦʣʷ ʧʨʦʤʘʭʦʚ ʝʩʪʴ ʜʦ-

ʣʷ ʦʙʨʘʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʥʘʡʜʝʥʳ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ.  

ʇʦʪʝʨʠ ʥʘ ʧʨʦʤʘʭ ï ʚʨʝʤʷ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʙʣʦʢʘ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ ʥʘ ʙʣʦʢ ʠʟ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʧʣʶʩ ʚʨʝʤʷ ʜʣʷ ʧʝʨʝʩʳʣʢʠ ʵʪʦʛʦ 

ʙʣʦʢʘ ʚ ʪʨʝʙʫʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʦʙʳʯʥʦ ʚ ʧʨʦʮʝʩʩʦʨ). ʇʦʪʝʨʠ ʥʘ ʧʨʦ-

ʤʘʭ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ: ʚʨʝʤʷ ʜʦʩʪʫʧʘ ï ʚʨʝʤʷ ʦʙʨʘ-

ʱʝʥʠʷ ʢ ʧʝʨʚʦʤʫ ʩʣʦʚʫ ʙʣʦʢʘ ʧʨʠ ʧʨʦʤʘʭʝ, ʠ ʚʨʝʤʷ ʧʝʨʝʩʳʣʢʠ ï ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʜʣʷ ʧʝʨʝʩʳʣʢʠ ʦʩʪʘʚʰʠʭʩʷ ʩʣʦʚ ʙʣʦʢʘ. ɺʨʝʤʷ 

ʜʦʩʪʫʧʘ ʩʚʷʟʘʥʦ ʩ ʟʘʜʝʨʞʢʦʡ ʧʘʤʷʪʠ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ, ʘ ʚʨʝʤʷ 

ʧʝʨʝʩʳʣʢʠ ʩʚʷʟʘʥʦ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʥʘʣʘ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘ-

ʤʠ ʧʘʤʷʪʠ ʜʚʫʭ ʩʤʝʞʥʳʭ ʫʨʦʚʥʝʡ.  

ʀʥʠʮʠʘʪʦʨʦʤ ʦʙʨʘʱʝʥʠʷ ʢ ʧʘʤʷʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ 

ʧʨʦʮʝʩʩʦʨ. ʀʩʢʣʶʯʝʥʠʝ ï ʨʝʞʠʤ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ, ʢʦʛʜʘ ʦʨ-

ʛʘʥʠʟʫʝʪʩʷ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʬʘʡʣʦʚ ʤʝʞʜʫ ʆʇ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ 

ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʰʠʥʫ, ʤʠʥʫʷ ʧʨʦʮʝʩʩʦʨ. 
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