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ʉʠʩʪʝʤʳ ʜʦʢʫʤʝʥʪʘʣʴʥʦʡ ʵʣʝʢʪʨʦʩʚʷʟʠ (ʢʫʨʩ ʣʝʢʮʠʡ) / 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. - ʉʘʤʘʨʘ, ʇɻʋʊʀ, 2013. ï 356 ʩ.: ʠʣ. 

ɺ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʩʪʘʚ ʠ ʥʘʟʥʘʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ 

ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʠʩʢʨʝʪʥʳʭ 

ʩʦʦʙʱʝʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʪʦʯʥʠʢʦʚ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ. ʆʩʚʝʱʝʥʳ 

ʚʦʧʨʦʩʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʠ 

ʧʨʦʙʣʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʢʦʜʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʢʦʜʦʚʳʝ 

ʪʘʙʣʠʮʳ ʨʷʜʘ ʧʝʨʚʠʯʥʳʭ ʢʦʜʦʚ. ʇʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʠʩʢʘʞʝʥʠʡ ʝʜʠʥʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʪʦʢʦʚ ʦʰʠʙʦʢ ʚ 

ʜʠʩʢʨʝʪʥʳʭ ʢʘʥʘʣʘʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʚʝʨʥʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʢʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʢʦʜʦʚ, ʪʘʢ ʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤ ʩ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ɺ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʷʜʘ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ X.25, Frame Relay, ATM, ʘ ʪʘʢʞʝ 

ʪʝʭʥʦʣʦʛʠʠ ʘʙʦʥʝʥʪʩʢʦʛʦ ʜʦʩʪʫʧʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʦʡ ʢʫʨʩʘ 

ʚ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʚʢʣʶʯʝʥ ʤʘʪʝʨʠʘʣ ʧʦ ʪʝʣʝʤʘʪʠʯʝʩʢʠʤ ʩʣʫʞʙʘʤ.  
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ʇʨʝʜʠʩʣʦʚʠʝ 

ʅʘʯʥʝʤ ʩ ʪʦʛʦ, ʯʪʦ ʩʘʤʦ ʥʘʟʚʘʥʠʝ ʜʠʩʮʠʧʣʠʥʳ 

çʉʠʩʪʝʤʳ ʜʦʢʫʤʝʥʪʘʣʴʥʦʡ ʵʣʝʢʪʨʦʩʚʷʟʠè, ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ, ʫʩʪʘʨʝʣʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʷʭ ʧʨʦʠʩʭʦʜʠʪ ʰʠʨʦʢʘʷ 

ʠʥʪʝʛʨʘʮʠʷ. ʈʘʟʚʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʧʝʨʝʜʘʯʫ ʧʦ ʦʜʥʦʡ ʩʝʪʠ ʩʘʤʦʡ ʨʘʟʥʦʨʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʝʪʠ ʩʪʘʥʦʚʷʪʩʷ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʤʠ ʠ ʧʝʨʝʜʘʶʪ 

ʩʦʚʤʝʩʪʥʦ ʩ ʜʦʢʫʤʝʥʪʘʣʴʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ, ʝʱʝ 

ʛʦʣʦʩʦʚʳʝ ʠ ʚʠʜʝʦ ï ʩʦʦʙʱʝʥʠʷ.  

ʅʝʤʥʦʛʦ ʠʩʪʦʨʠʠ. ɺ ʧʝʨʚʳʭ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʚʷʟʠ 

ʩʦʦʙʱʝʥʠʷ ʧʝʨʝʜʘʚʘʣʠʩʴ ʚ ʚʠʜʝ ʩʠʤʚʦʣʦʚ, ʢʦʪʦʨʳʝ 

ʟʘʧʠʩʳʚʘʣʠʩʴ ʥʘ ʙʫʤʘʞʥʫʶ ʣʝʥʪʫ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʝʨʝʜʘʯʠ 

ʥʘʟʳʚʘʶʪ çʪʝʣʝʛʨʘʬʠʝʡè. ʀ, ʣʠʰʴ ʧʦʩʣʝ ʠʟʦʙʨʝʪʝʥʠʷ 

ʪʝʣʝʬʦʥʘ ʚ 1876 ʛʦʜʫ ɸʣʝʢʩʘʥʜʨʦʤ ɹʝʣʣʦʤ ʧʦʷʚʠʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʟʚʫʢʦʚ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʨʝʯʠ - ʧʦʷʚʠʣʘʩʴ çʪʝʣʝʬʦʥʠʷè. ʆʙʝ ʫʢʘʟʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʟʚʠʚʘʣʠʩʴ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ. ʆʜʥʘʢʦ ʢʘʞʜʘʷ 

ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʦʙʷʟʘʪʝʣʴʥʦ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʠʩʪʦʯʥʠʢ ʠ 

ʧʦʣʫʯʘʪʝʣʴ ʩʦʦʙʱʝʥʠʡ, ʩʦʝʜʠʥʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʶ ʣʠʥʠʝʡ 

ʩʚʷʟʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʚʟʘʠʤʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʯʠʩʣʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠʚʝʣʘ ʢ ʩʦʟʜʘʥʠʶ 

ʢʦʤʤʫʪʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʣʦ 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʣʠʥʠʡ ʤʝʞʜʫ  

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʪʦ ʝʩʪʴ ʦʩʫʱʝʩʪʚʣʷʣʦ ʢʦʤʤʫʪʘʮʠʶ 

ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ. ʊʝʣʝʬʦʥʥʳʝ ʘʧʧʘʨʘʪʳ ʩʦʝʜʠʥʷʣʠʩʴ 

ʚʨʫʯʥʫʶ ʩʣʫʞʘʱʠʤʠ ʪʝʣʝʬʦʥʥʳʭ ʩʪʘʥʮʠʡ (ʚ ʦʩʥʦʚʥʦʤ, ʵʪʦ 

ʙʳʣʠ ʧʨʝʢʨʘʩʥʳʝ ʜʘʤʳ, ʢ ʢʦʪʦʨʳʤ ʧʨʝʜʲʷʚʣʷʣʠʩʴ ʚʝʩʴʤʘ 

ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʠ ʚʳʭʦʜʝ ʟʘʤʫʞ ʦʥʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʪʝʨʷʣʠ ʨʘʙʦʪʫ). ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʚ 
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ʩʠʩʪʝʤʘʭ çʪʝʣʝʛʨʘʬʠʠè. ʆʜʥʘʢʦ, çʪʝʣʝʬʦʥʠʷè ʨʘʟʚʠʚʘʣʘʩʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʳʩʪʨʝʝ çʪʝʣʝʛʨʘʬʠʠè, ʦʭʚʘʪʳʚʘʷ ʰʠʨʦʢʠʝ 

ʤʘʩʩʳ ʥʘʩʝʣʝʥʠʷ. 

ʋʞʝ ʚ 1902 ʛʦʜʫ ʝʤʢʦʩʪʴ ʪʝʣʝʬʦʥʥʦʡ ʩʝʪʠ ʛ. ʉʘʥʢʪ ï 

ʇʝʪʝʨʙʫʨʛʘ ʧʨʝʚʳʰʘʣʘ 5 ʪʳʩʷʯ ʣʠʥʠʡ, ʘ ʚ 1912 ʛʦʜʫ ʝʝ 

ʝʤʢʦʩʪʴ ʫʞʝ ʩʦʩʪʘʚʠʣʘ 58 ʪʳʩʷʯ ʥʦʤʝʨʦʚ. ʇʦʥʷʪʥʦ, ʯʪʦ 

ʢʦʤʤʫʪʠʨʦʚʘʪʴ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʠʡ ʚʨʫʯʥʫʶ 

ʩʪʘʥʦʚʠʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʠ ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʪʝʣʝʬʦʥʥʳʝ ʩʪʘʥʮʠʠ (ɸʊʉ), ʚ ʟʘʜʘʯʠ 

ʢʦʪʦʨʳʭ ʚʭʦʜʠʣʘ ʢʦʤʤʫʪʘʮʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʣʠʥʠʡ 

ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ. ʂʦʤʤʫʪʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ, ʯʪʦ ʙʳʣʦ 

ʚʝʩʴʤʘ ʥʝʥʘʜʝʞʥʦ. 

ɺʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʢʨʳʪʠʷ ʪʝʣʝʬʦʥʥʦʡ ʩʝʪʴʶ 

ʙʦʣʴʰʠʭ ʛʦʨʦʜʦʚ ʚ ʧʝʨʚʳʝ ʜʝʩʷʪʠʣʝʪʠʷ 20 ʚʝʢʘ ʦʢʘʟʘʣʦʩʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘ ʦʜʥʦʡ ʛʦʨʦʜʩʢʦʡ ʪʝʣʝʬʦʥʥʦʡ ʩʝʪʠ ʥʝ 

ʦʜʥʦʡ, ʘ ʤʥʦʛʠʭ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʳʤʠ ʣʠʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʩʪʘʣʠ ʫʧʣʦʪʥʷʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ.  

ʐʣʠ ʛʦʜʳé ʇʨʠʤʝʥʷʚʰʠʝʩʷ ʨʘʥʝʝ çʰʘʛʦʚʳʝ 

ʠʩʢʘʪʝʣʠè ʟʘʤʝʥʷʣʠʩʴ ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʢʦʤʤʫʪʘʪʦʨʘʤʠ. 

ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ ʟʘʤʝʥʷʣʠʩʴ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʢʣʶʯʘʤʠ, ʦʜʥʘʢʦ, ʙʦʣʝʝ 100 ʣʝʪ 

ʧʨʠʥʮʠʧ ʢʦʤʤʫʪʘʮʠʠ ʦʩʪʘʚʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ: 

ʢʦʤʤʫʪʠʨʦʚʘʣʠʩʴ ʢʘʥʘʣʳ, ʪʦ ʝʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ. ʇʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʩʝʘʥʩʘ ʩʚʷʟʠ ʫʢʘʟʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʣʠʢʚʠʜʠʨʦʚʘʣʠʩʴ.  

ɸ ʯʪʦ ʞʝ çʪʝʣʝʛʨʘʬʠʷè? ʪʝʣʝʛʨʘʬʥʳʝ ʘʧʧʘʨʘʪʳ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʙʳʣʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ, ʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʪʝʣʝʬʦʥʥʳʭ 
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ʘʧʧʘʨʘʪʦʚ, ʠʭ ʙʳʣʦ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ. ʇʦʵʪʦʤʫ, ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʢʦʤʤʫʪʘʮʠʠ ʢʘʥʘʣʦʚ, ʩʫʱʝʩʪʚʦʚʘʚʰʘʷ ʦʪʜʝʣʴʥʦ 

ʪʝʣʝʛʨʘʬʥʘʷ ʩʝʪʴ, ʩʣʝʜʦʚʘʣʘ ʟʘ çʪʝʣʝʬʦʥʠʝʡè ʣʠʰʴ ʩʣʝʛʢʘ 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʷ ʠ ʤʦʜʝʨʥʠʟʠʨʫʷ ʜʣʷ ʩʚʦʠʭ ʮʝʣʝʡ 

ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ɸʊʉ. 

ʆʜʥʘʢʦ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʣʝʛʨʘʬʥʦʡ ʩʝʪʠ ʩʪʘʣʦ ʦʯʝʚʠʜʥʳʤ, 

ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʩʴʤʘ ʥʝʵʬʬʝʢʪʠʚʥʦ. ʉʢʦʨʦʩʪʴ 

ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʦʧʝʨʘʪʦʨʦʤ ʩʠʤʚʦʣʦʚ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʩʦʦʙʱʝʥʠʷ ʙʳʣʘ ʚʝʩʴʤʘ ʥʠʟʢʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʝʘʥʩʦʚ ʩʚʷʟʠ ʠ 

ʧʦʩʪʦʷʥʥʦʡ çʟʘʥʷʪʦʩʪʠè ʘʙʦʥʝʥʪʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. 

ɺʦʪ ʟʜʝʩʴ-ʪʦ ʠ ʧʨʦʷʚʠʣʠʩʴ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʚ 

ʧʝʨʝʜʘʯʝ ʜʠʩʢʨʝʪʥʳʭ ʩʠʤʚʦʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ ʦʪ ʧʝʨʝʜʘʯʠ 

ʛʦʣʦʩʦʚʳʭ ʘʥʘʣʦʛʦʚʳʭ ʩʦʦʙʱʝʥʠʡ. 

ʇʨʠ ʘʥʘʣʦʛʦʚʦʤ ʤʝʪʦʜʝ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦ, ʚ ʩʣʝʜ ʟʘ ʠʟʤʝʥʝʥʠʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʟʚʫʢʘ.  

ʇʨʠ ʜʠʩʢʨʝʪʥʦʤ ʤʝʪʦʜʝ ʩʠʤʚʦʣʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʬʦʨʤʝ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʜʝʨʞʘʥʳ, ʟʘʧʦʤʥʝʥʳ, ʧʨʝʦʙʨʘʟʦʚʘʥʳ, ʠ ʣʠʰʴ ʟʘʪʝʤ 

ʧʝʨʝʜʘʥʳ ʧʦʪʨʝʙʠʪʝʣʶ. ʊʘʢ, ʚ ʩʠʩʪʝʤʘʭ çʪʝʣʝʛʨʘʬʠʠè 

ʧʦʷʚʠʣʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʵʣʝʤʝʥʪ ï ʟʘʧʦʤʠʥʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ. ɼʠʩʢʨʝʪʥʳʝ ʩʦʦʙʱʝʥʠʷ, ʧʦʜʣʝʞʘʱʠʝ ʧʝʨʝʜʘʯʝ, 

ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʟʘʨʘʥʝʝ, ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʘ ʧʝʨʬʦʣʝʥʪʫ, 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʝʨʝʜʘʯʠ ʠ ʣʠʰʴ ʟʘʪʝʤ, ʚ 

ʫʩʢʦʨʝʥʥʦʤ ʪʝʤʧʝ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ.  

ʈʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʨʠʚʝʣʦ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʦʙʲʝʤʦʚ 
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ʧʘʤʷʪʠ ʕɺʄ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʠʭ 

ʛʘʙʘʨʠʪʦʚ ʠ ʮʝʥʳ. ɺʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʕɺʄ 

ʧʦʟʚʦʣʠʣʦ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʜʢʣʶʯʘʪʴ ʢ ʥʝʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʙʩʣʫʞʠʚʘʪʴ ʩʦʪʥʠ ʪʝʣʝʛʨʘʬʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʘ ʨʘʥʝʝ 

ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʘʤʷʪʴ ʥʘ ʧʝʨʬʦʣʝʥʪʘʭ ʪʝʧʝʨʴ 

ʦʙʲʝʜʠʥʷʣʘʩʴ ʚ ʦʙʱʫʶ ʧʘʤʷʪʴ. ʊʘʢ ʚʦʟʥʠʢʣʠ çʎʝʥʪʨʳ 

ʢʦʤʤʫʪʘʮʠʠ ʩʦʦʙʱʝʥʠʡè (ʎʂʇ). ɺ ʥʠʭ ʚʩʝ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʢʣʶʯʘʣʠʩʴ ʢ ʝʜʠʥʦʡ ʦʙʱʝʡ ʰʠʥʝ ʕɺʄ, 

ʧʦʩʪʫʧʘʶʱʠʝ ʩʦʦʙʱʝʥʠʷ ʟʘʧʠʩʳʚʘʣʠʩʴ ʚ ʦʙʱʫʶ ʧʘʤʷʪʴ, ʘ 

ʧʝʨʝʜʘʚʘʝʤʳʝ ʩʦʦʙʱʝʥʠʷ ʠʟʚʣʝʢʘʣʠʩʴ ʠʟ ʦʙʱʝʡ ʧʘʤʷʪʠ ʠ 

ʥʘʧʨʘʚʣʷʣʠʩʴ ʧʦ ʘʜʨʝʩʘʤ, ʫʢʘʟʘʥʥʳʤ ʚ ʩʦʦʙʱʝʥʠʷʭ. ʕʪʦ 

ʙʳʣ ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʡ ʧʨʠʥʮʠʧ ʢʦʤʤʫʪʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʤʤʫʪʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʎʝʥʪʨʳ ʢʦʤʤʫʪʘʮʠʠ ʩʦʦʙʱʝʥʠʡ ʦʙʲʝʜʠʥʷʣʠʩʴ ʤʝʞʜʫ 

ʩʦʙʦʶ ʠ ʦʙʨʘʟʦʚʳʚʘʣʠ ʪʝʣʝʛʨʘʬʥʳʝ ʩʝʪʠ. ʆʜʥʘʢʦ 

ʦʯʝʥʴ ʩʢʦʨʦ ʩʪʘʣʦ ʧʦʥʷʪʥʦ, ʫʩʪʨʦʡʩʪʚʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʢʦʤʤʫʪʘʮʠʠ ʩʦʦʙʱʝʥʠʡ, ʠʤʝʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ.  

ʉʦʦʙʱʝʥʠʝ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʢʘʢ ʝʜʠʥʳʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʵʣʝʤʝʥʪ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦʣʥʦʩʪʴʶ 

ʧʨʠʥʷʪʴ ʠ ʟʘʧʠʩʘʪʴ ʚ ʧʘʤʷʪʴ ʕɺʄ, ʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ï 

ʠʟʚʣʝʯʴ ʠ ʮʝʣʠʢʦʤ ʧʝʨʝʜʘʪʴ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʣʝʜʦʚʘʣʦ ʫʤʝʥʴʰʘʪʴ ʜʣʠʥʫ ʩʦʦʙʱʝʥʠʡ. 

ʆʥʠ ʩʪʘʣʠ ʜʝʣʠʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʙʣʦʢʠ, ʥʘʟʳʚʘʝʤʳʝ 

çʧʘʢʝʪʘʤʠè. ʂʘʞʜʳʡ ʙʣʦʢ ʩʥʘʙʞʘʣʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʘʜʨʝʩʥʦʡ ʠ ʜʨʫʛʦʡ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʠ, ʚ ʢʘʯʝʩʪʚʝ 

ʦʪʜʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʜʠʥʠʮʳ, ʧʝʨʝʜʘʚʘʣʩʷ ʠ 

ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʚ ʕɺʄ. ʊʘʢ ʚʦʟʥʠʢʣʠ çʎʝʥʪʨʳ 

ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚè (ʎʂʇ), ʬʫʥʢʮʠʠ ʢʦʪʦʨʳʭ ʤʦʛ 

ʚʳʧʦʣʥʷʪʴ ʦʙʳʯʥʳʡ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ. 

ʂʦʤʧʴʶʪʝʨʳ ʦʙʲʝʜʠʥʷʣʠʩʴ ʚ ʩʝʪʠ. ʊʘʢ ʚʦʟʥʠʢ çʀʥʪʝʨʥʝʪè. 
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ɸ ʯʪʦ ʞʝ çʪʝʣʝʬʦʥʠʷè? çʊʝʣʝʬʦʥʠʩʪʳè ʙʳʩʪʨʦ 

ʧʦʥʷʣʠ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʩʠʤʚʦʣʴʥʳʭ ʢʦʜʦʚʳʭ ʩʠʛʥʘʣʦʚ ʙʦʣʝʝ 

ʥʘʜʝʞʥʘ, ʯʝʤ ʧʝʨʝʜʘʯʘ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ. ɻʦʣʦʩʦʚʳʝ 

ʩʠʛʥʘʣʳ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʩʪʘʣʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʚ ʢʦʜʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ. ʇʦʷʚʠʣʠʩʴ 

ʮʠʬʨʦʚʳʝ ɸʊʉ, ʚ ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʚʘʣʠʩʴ ʮʠʬʨʦʚʳʝ ʧʘʢʝʪʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʢʘʢ ʚ ʪʝʣʝʬʦʥʥʳʭ ʩʝʪʷʭ, ʪʘʢ ʠ ʚ ʩʝʪʷʭ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʧʝʨʝʜʘʯʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʳʭ ʧʘʢʝʪʦʚ. ɺʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ: çʇʦʯʝʤʫ ʙʳ ʪʘʢʠʝ ʩʝʪʠ ʥʝ ʦʙʲʝʜʠʥʠʪʴè? ʊʘʢ 

ʚʦʟʥʠʢʣʘ çʀʥʪʝʨʥʝʪ ï ʪʝʣʝʬʦʥʠʷè, ʢʦʛʜʘ ʧʦ ʩʝʪʠ 

çʀʥʪʝʨʥʝʪè ʩʪʘʣʠ ʧʝʨʝʜʘʚʘʪʴ ʪʝʣʝʬʦʥʥʳʝ ʩʦʦʙʱʝʥʠʷ. 

ʆʜʥʘʢʦ ʩʨʘʟʫ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʩʝʪʴ çʀʥʪʝʨʥʝʪè ʚʝʩʴʤʘ 

ʩʣʘʙʦ ʧʨʠʩʧʦʩʦʙʣʝʥʘ ʜʣʷ ʧʝʨʝʜʘʯʠ çʛʦʣʦʩʦʚʳʭè 

ʩʦʦʙʱʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʡ ʥʝ ʛʘʨʘʥʪʠʨʦʚʘʥʳ ʥʠ ʚʝʣʠʯʠʥʘ 

ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʦʚ, ʥʠ ʝʝ ʚʘʨʠʘʮʠʷ. ɺʦʟʥʠʢʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʙʲʝʜʠʥʝʥʥʳʭ ʩʝʪʝʡ, ʚ ʢʦʪʦʨʳʭ 

ʧʘʢʝʪʳ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦïʨʘʟʥʦʤʫ. 

ʊʘʢʠʝ ʩʝʪʠ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ çʤʫʣʴʪʠʩʝʨʚʠʩʥʳʝè. ʕʪʦ 

ʩʝʪʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʢʦʪʦʨʳʤ 

ʧʨʠʥʘʜʣʝʞʠʪ ʙʫʜʫʱʝʝ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʦʙʨʘʟʠʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʩʝʪʝʡ, ʧʨʠʥʮʠʧʳ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʜʠʩʢʨʝʪʥʳʭ 

ʩʦʦʙʱʝʥʠʡ ʦʩʪʘʶʪʩʷ ʜʣʷ ʥʠʭ ʦʙʱʠʤʠ ʠ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʥʘʰʝʡ ʜʠʩʮʠʧʣʠʥʳ. 

 

ʧʨʦʬʝʩʩʦʨ                                ʃʠʭʪʮʠʥʜʝʨ ɹ.ʗ. 
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ʈʘʟʜʝʣ 1. ʃʝʢʮʠʠ 

˘̗̠̆̋̉ ρȢ ̃ ̗̜̑̉̎̉̐ ̠̐̏̒̓̑̏̆̎̉ ̒̉̒̓̆̍ 

̘̐̆̑̆̅́̉ ̜̖̅̉̒̋̑̆̓̎ ̒̏̏̂̆̎̉̊̚ 

1.1 ˛̜̒̎̏̃̎̆ ̠̠̐̏̎̓̉ ̉ ̠̏̐̑̆̅̆̌̆̎̉ 

ʃʶʙʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʠ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ 

ʢʦʪʦʨʦʤ ʚʩʝʛʜʘ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʮʝʧʦʯʢʫ, ʩʦʩʪʦʷʱʫʶ: 

- ʠʟ ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʡ, 

- ʩʠʩʪʝʤʳ ʩʚʷʟʠ 

- ʠ ʧʦʣʫʯʘʪʝʣʷ ʩʦʦʙʱʝʥʠʡ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʆʨʛʘʥʠʟʘʮʠʷ (ʨʘʟʚʸʨʪʳʚʘʥʠʝ) ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ 

ʩʦʦʙʱʝʥʠʡ ʚʩʝʛʜʘ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʤʝʥʘ 

ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ ʧʦʣʫʯʘʪʝʣʝʤ. 

ʉʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ ï 

ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʝʨʝʜʘʯʫ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ   ʧʦʣʫʯʘʪʝʣʶ ʩ ʟʘʜʘʥʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʯʠ, ʘ 

ʪʘʢʞʝ ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ. 

ʆʙʲʝʢʪʦʤ ʧʝʨʝʜʘʯʠ ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ 

ʩʦʦʙʱʝʥʠʝ, ʪʦʯʥʝʝ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʥʝʤ ʠʥʬʦʨʤʘʮʠʷ.  

ʀʥʬʦʨʤʘʮʠʷ ï ʵʪʦ ʩʚʝʜʝʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ ʦʙʲʝʢʪʦʤ 

ʧʝʨʝʜʘʯʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʭʨʘʥʝʥʠʷ ʠʣʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘʩ 

ʙʫʜʫʪ ʠʥʪʝʨʝʩʦʚʘʪʴ ʣʠʰʴ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʥʬʦʨʤʘʮʠʝʡ, ʢʘʢ ʦʙʲʝʢʪʦʤ ʧʝʨʝʜʘʯʠ. 
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ɼʣʷ ʧʝʨʝʜʘʯʠ ʠʣʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʟʥʘʢʠ (ʩʠʤʚʦʣʳ) ; ʵʪʠʤʠ 

ʟʥʘʢʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʩʣʦʚʘ ʠ ʬʨʘʟʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʨʝʯʠ, 

ʞʝʩʪʳ ʠ ʨʠʩʫʥʢʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʥʘʢʠ, ʙʫʢʚʳ ʠ ʜʨ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  

ʉʦʦʙʱʝʥʠʝ ʷʚʣʷʝʪʩʷ ʬʦʨʤʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʆʜʥʦ ʠ ʪʦ ʞʝ ʩʚʝʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʝ.  

ʅʘʧʨʠʤʝʨ, ʩʚʝʜʝʥʠʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʚʳʙʦʨʦʚ ʚ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ɼʫʤʫ ʤʦʛʫʪ  ʙʳʪʴ ʧʝʨʝʜʘʥʳ: 

- ʧʦ ʪʝʣʝʬʦʥʫ; 

- ʪʝʣʝʛʨʘʬʦʤ,  

- ʠʣʠ ʧʦ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʚʠʜʝ (ʥʝʧʨʝʨʳʚʥʦʝ 

ʩʦʦʙʱʝʥʠʝ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʩʦʦʙʱʝʥʠʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʥʝʧʨʝʨʳʚʥʳʭ ʩʦʦʙʱʝʥʠʡ. 

ɺʦ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ 

ʠʥʬʦʨʤʘʮʠʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʠʜʝ 

(ʜʠʩʢʨʝʪʥʦʝ ʩʦʦʙʱʝʥʠʝ). ʊʘʢʦʛʦ ʨʦʜʘ ʩʦʦʙʱʝʥʠʷ 

ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʜʠʩʢʨʝʪʥʳʭ 

ʩʦʦʙʱʝʥʠʡ. 

ʉʦʦʙʱʝʥʠʝ, ʧʦʩʪʫʧʘʶʱʝʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʘ ʚʭʦʜ 

ʩʠʩʪʝʤʳ ʩʚʷʟʠ, ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʦʛʦ 

ʩʣʫʯʘʡʥʦʛʦ ʩʦʙʳʪʠʷ ʠʣʠ ʧʨʦʮʝʩʩʘ A. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʧʨʠʥʠʤʘʝʤʦʝ ʩʦʦʙʱʝʥʠʝ Ą 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʫʯʘʡʥʦʝ ʩʦʙʳʪʠʝ ʠʣʠ 

ʧʨʦʮʝʩʩ, ʦʪʦʙʨʘʞʘʶʱʠʡ ʚʭʦʜʥʦʝ ʩʦʦʙʱʝʥʠʝ ʠ ʠʤʝʶʱʠʡ 

ʜʣʷ ʧʦʣʫʯʘʪʝʣʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʤʳʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ.  
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ɼʣʷ ʥʘʩ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʘʷ ʬʦʨʤʘ 

ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʠ 

ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʦʦʙʱʝʥʠʡ ʢʘʢ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʦʙʱʝʥʠʝ ʤʦʛʣʦ ʙʳʪʴ ʧʝʨʝʜʘʥʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢʠʤ-ʣʠʙʦ ʧʝʨʝʥʦʩʯʠʢʦʤ 

(ʪʨʘʥʩʧʦʨʪʠʨʦʚʱʠʢʦʤ). 

ʊʘʢʠʤ ʧʝʨʝʥʦʩʯʠʢʦʤ ʤʦʞʝʪ ʙʳʪʴ: 

-ʣʠʙʦ ʤʘʪʝʨʠʘʣʴʥʳʡ ʥʦʩʠʪʝʣʴ (ʙʫʤʘʛʘ, ʤʘʛʥʠʪʥʘʷ 

ʣʝʥʪʘ, ʧʝʨʬʦʢʘʨʪʘ ʠ ʪ. ʜ.), 

-ʣʠʙʦ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ (ʠʟʤʝʥʷʶʱʠʝʩʷ ʪʦʢ, 

ʥʘʧʨʷʞʝʥʠʝ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʠ ʪ. ʜ.).  

ʌʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʦʪʦʙʨʘʞʘʶʱʠʡ 

ʧʝʨʝʜʘʚʘʝʤʦʝ ʩʦʦʙʱʝʥʠʝ, ʥʘʟʳʚʘʝʪʩʷ ʩʠʛʥʘʣʦʤ. 

ɺ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʚʷʟʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʦʦʙʱʝʥʠʡ ʥʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ ʦʥʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. 

ʕʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ 

ʧʝʨʚʠʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ. 

ʉʠʛʥʘʣ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ, 

ʜʘʞʝ ʝʩʣʠ ʦʪʦʙʨʘʞʘʝʤʦʝ ʠʤ ʩʦʦʙʱʝʥʠʝ ʪʘʢʪʦʚʳʤ ʥʝ 

ʷʚʣʷʝʪʩʷ. 

ɺ ʩʠʩʪʝʤʘʭ ʇɼʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʚʠʯʥʳʝ ʩʠʛʥʘʣʳ 

ʜʠʩʢʨʝʪʥʳʝ ʧʦ ʫʨʦʚʥʶ ʠ ʚʨʝʤʝʥʠ.  

ʊʘʢʠʝ ʩʠʛʥʘʣʳ, ʥʘʟʳʚʘʝʤʳʝ ʜʠʩʢʨʝʪʥʳʤʠ, ʟʘʜʘʶʪʩʷ 

ʚ ʦʧʨʝʜʝʣʸʥʥʳʝ ʜʠʩʢʨʝʪʥʳʝ ʤʦʤʝʥʪʳ ʠ ʧʨʠʥʠʤʘʶʪ 

ʦʧʨʝʜʝʣʸʥʥʳʝ ʜʠʩʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ.  

ʀʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʥʘʧʨʠʤʝʨ ʠʟ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦ 

ʫʨʦʚʥʶ ʠ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ, ʦʩʫʱʝʩʪʚʣʷʷ ʦʧʝʨʘʮʠʠ 
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ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ ʠ ʢʚʘʥʪʦʚʘʥʠʷ ʧʦ ʫʨʦʚʥʶ 

(ʨʠʩʫʥʦʢ. 1.1). 

 

ʈʠʩ. 1.1 ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʮʠʬʨʦʚʦʡ  

ʊʘʢʠʝ ʩʠʛʥʘʣʳ ʣʝʛʢʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʮʠʬʨʦʚʦʡ 

ʬʦʨʤʝ, ʪ.ʝ. ʚ ʚʠʜʝ ʯʠʩʝʣ ʩ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʨʘʟʨʷʜʦʚ, 

ʧʦʵʪʦʤʫ ʠʭ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʮʠʬʨʦʚʳʤʠ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʤ ʠ ʢ ʦʧʠʩʘʥʠʶ 

ʩʦʦʙʱʝʥʠʡ.  

ʉʦʦʙʱʝʥʠʷ, ʧʦʜʣʝʞʘʱʠʝ ʧʝʨʝʜʘʯʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ: 

- ʣʠʙʦ ʩʣʫʯʘʡʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

- ʣʠʙʦ ʩʣʫʯʘʡʥʳʝ ʬʫʥʢʮʠʠ.  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʠʛʥʘʣ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ. 

æt 

æb 

t 

b(t) 
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˘̗̠̆̋̉ ςȢ˞̓̑̔̋̓̔̑́ ̜̒̉̒̓̆̍ ̘̐̆̑̆̅́̉ 

̜̖̅̉̒̋̑̆̓̎ ̒̏̏̂̆̎̉̊̚ 

ςȢρ ˞̠̓̑̔̋̓̔̑̎́ ̖̒̆̍́ ˞˜ˑ˞ 

ʢʘʥʘʣ 

ʩʚ̫ʟʠ
ʋʇʉ ʋɿʆ

ɸʇɼ

ʋʉ ʀʇʉʋʇʉ

ɸʇɼ

ʋɿʆʋʉʀʇʉ

ʜʠʩʢʨʝʪʥr ʡ ʢʘʥʘʣ

ʢʘʥʘʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥr ʭ

ʈʠʩ.2.1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʇɼʉ 

ʈʘʩʩʤʦʪʨʠʤ ʢʨʘʪʢʦ ʥʘʟʥʘʯʝʥʠʝ ʙʣʦʢʦʚ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ 

ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ. 

ʀʇʉ - ʠʩʪʦʯʥʠʢ/ʧʦʣʫʯʘʪʝʣʴ ʩʦʦʙʱʝʥʠʡ ï ʵʪʦ 

ʥʝʢʦʪʦʨʦʝ ʦʢʦʥʝʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʜʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʚʠʜʫ ʫʜʦʙʥʦʤʫ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʩʠʩʪʝʤʝ ʇɼʉ. ʅʘ ʧʨʠʝʤʝ ʀʇʉ ʚʳʧʦʣʥʷʝʪ 

ʦʙʨʘʪʥʫʶ ʦʧʝʨʘʮʠʶ, ʧʨʝʦʙʨʘʟʫʝʪ ʜʦʩʪʘʚʣʝʥʥʳʝ ʩʦʦʙʱʝʥʠʷ 

ʢ ʚʠʜʫ, ʧʦʥʷʪʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʋʉ ï ʫʩʪʨʦʡʩʪʚʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ï ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʞʘʪʠʝ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʮʠʢʣʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʢʦʜʦʚ ʠ ʬʦʨʤʘʪʦʚ). 

ʋɿʆ ï ʫʩʪʨʦʡʩʪʚʦ ʟʘʱʠʪʳ ʦʪ ʦʰʠʙʦʢ ï 

ʨʝʘʣʠʟʫʝʪ ʘʣʛʦʨʠʪʤ ʧʦʚʳʰʝʥʠʷ ʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʯʠ. ɿʘʱʠʪʘ 

ʦʪ ʦʰʠʙʦʢ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʥʘʨʫʞʝʥʠʝʤ ʠ ʠʩʧʨʘʚʣʝʥʠʝʤ ʦʰʠʙʦʢ. 

ʋɿʆ ʤʦʞʝʪ ʠʤʝʪʴ ʘʧʧʘʨʘʪʥʫʶ ʠʣʠ ʧʨʦʛʨʘʤʤʥʫʶ 

ʨʝʘʣʠʟʘʮʠʶ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʋɿʆ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 
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ʦʰʠʙʦʢ ʠʩʧʦʣʴʟʫʶʪ ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʢʦʜ ʚ ʨʝʞʠʤʝ 

ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ (ʥʘʧʨʠʤʝʨ, ʮʠʢʣʠʯʝʩʢʠʡ) ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʨʘʟʣʠʯʥʤrʠ ʚʘʨʠʘʥʪʘʤʠ ʩʠʩʪʝʤ ʩ ʨʝʰʘʶʱʝʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ (ʈʆʉ). 

ʋʇʉ ï ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ 

ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ, ʥʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪʩʷ ʜʠʩʢʨʝʪʥʳʝ ʩʠʛʥʘʣʳ. ʋʇʉ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʠ ʝʛʦ ʧʦ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʝ (ʢʘʥʘʣʫ 

ʩʚʷʟʠ). ɺʠʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʟʘʚʠʩʠʪ ʦʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦ ʢʘʥʘʣʫ ʪʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʫʣʷʪʦʨïʜʝʤʦʜʫʣʷʪʦʨ. ʅʘ ʧʨʠʝʤʝ ʋʇʉ 

ʚʳʜʝʣʷʝʪ ʧʨʠʥʷʪʳʝ ʩʠʛʥʘʣʳ ʠʟ ʩʤʝʩʠ ʩʠʛʥʘʣʦʚ ʩ ʧʦʤʝʭʘʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʋʇʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʢʪʦʚʫʶ (ʧʦʵʣʝʤʝʥʪʥʫʶ) 

ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ. 

ɸʇɼ ï ʘʧʧʘʨʘʪʫʨʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ -ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʋɿʆ ʠ ʋʇʉ. 

ɼʠʩʢʨʝʪʥʳʡ ʢʘʥʘʣ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʧʨʝʨʳʚʥʳʡ 

ʢʘʥʘʣ ʠ ʋʇʉ. ɼʠʩʢʨʝʪʥʳʡ ʢʘʥʘʣ ʦʙʝʩʧʝʯʠʚʘʝʪ:  

1. ʵʬʬʝʢʪʠʚʥʫʶ ʧʝʨʝʜʘʯʫ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ, 

2. ʪʘʢʪʦʚʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ 

ʨʘʙʦʪʳ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ. 

ʂʘʥʘʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʜʠʩʢʨʝʪʥʳʡ 

ʢʘʥʘʣ ʠ ʋɿʆ. 

ʂʘʥʘʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

1. ʪʨʝʙʫʝʤʦʝ ʧʦʚʳʰʝʥʠʝ ʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʩʦʦʙʱʝʥʠʡ, 

2. ʮʠʢʣʦʚʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ. 
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ςȢς ˙̏̅̆̌̉ ̜̖̅̉̒̋̑̆̓̎ ̒̏̏̂̆̎̉̊̚ 

ʄʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʩʦʦʙʱʝʥʠʡ (ʩʠʛʥʘʣʦʚ) ʩ 

ʟʘʜʘʥʥʳʤ ʥʘ ʥʸʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʟʳʚʘʝʪʩʷ 

ʘʥʩʘʤʙʣʝʤ ʩʦʦʙʱʝʥʠʡ (ʩʠʛʥʘʣʦʚ). 

ɺʩʝ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʩʦʦʙʱʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʪ ʘʣʬʘʚʠʪ ʩʦʦʙʱʝʥʠʷ.  

ʆʙʦʟʥʘʯʠʤ ʘʣʬʘʚʠʪʳ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʠ ʧʨʠʥʠʤʘʝʤʦʛʦ 

ʩʦʦʙʱʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

{ } { }
KiKi

aaaaAʠaaaaA Ĕ,Ĕ,,Ĕ,ĔĔ,,,,
2121

2222 == ,  

ʛʜʝ {}
i

a  ʠ{}
i

aĔ; Ki ,1Í  ʠ Ki Ĕ,1ĔÍ  ï ʥʘʙʦʨʳ ʚʦʟʤʦʞʥʳʭ 

ʩʠʤʚʦʣʦʚ, ʘ K  ʠ KĔ  ï ʦʙʲʸʤʳ ʘʣʬʘʚʠʪʦʚ ʥʘ ʧʝʨʝʜʘʯʝ ʠ 

ʧʨʠʸʤʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʘ ʧʨʘʢʪʠʢʝ ʦʙʲʝʤʳ K  ʠ KĔ ʘʣʬʘʚʠʪʦʚ ʚʩʝʛʜʘ ʢʦʥʝʯʥʳ, 

ʘ ʩʘʤʠ ʘʣʬʘʚʠʪʳ ʥʘ ʧʝʨʝʜʘʯʝ ʠ ʧʨʠʸʤʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʩʦʚʧʘʜʘʶʪ, ʪ.ʝ. 
ii

aaAA Ĕ,Ĕ == .  

ʉʦʚʧʘʜʝʥʠʝ ʧʦʥʠʤʘʝʪʩʷ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʤʚʦʣʘ 
i

aĔ
 
ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʝʨʝʜʘʚʘʣʩʷ 

ʩʠʤʚʦʣ
i

a . 

ɼʠʩʢʨʝʪʥʳʝ ʩʦʦʙʱʝʥʠʷ (ʩʠʛʥʘʣʳ) ʷʚʣʷʶʪʩʷ 

ʩʣʫʯʘʡʥʳʤʠ ʜʠʩʢʨʝʪʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠ 

ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʦʟʤʦʞʥʳʭ 

ʨʝʘʣʠʟʘʮʠʡ.  

ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʜʥʦʟʥʘʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠʟ n ʩʠʤʚʦʣʦʚ: 

{ }{ } Aaniaaaa ini k

i

k

n

kkk

i
ÍÍ= ,,1,,,, 21

21
2  
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ʆʪʨʝʟʦʢ ʪʘʢʦʡ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʠʥʦʡ n 

(ʩʦʩʪʦʷʱʝʡ ʠʟ n ʵʣʝʤʝʥʪʦʚ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʷʚʣʝʥʠʷ P . 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ: 

( )
( ) ( ) ( )121121
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121121

21

,,,

,,,

-

-
Ö=

=

nn

n

k

n

kkk

n

kkk

k

n

kk

aaaapaapap

aaap

22

2

,

 (2.1) 

ʛʜʝ ( )121

121
,,, -

-

nn k

n

kkk

n
aaaap 2  ï ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʘ ʩʦʦʙʱʝʥʠʷ (ʩʠʛʥʘʣʘ) nk

n
a

 
ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

n
t , 

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʝʤʫ ʧʨʝʜʰʝʩʪʚʦʚʘʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ:  
121

121
,,, -

-

nk

n

kk
aaa 2 . 

ʇʨʦʩʪʝʡʰʠʤ ʚʠʜʦʤ ʩʣʫʯʘʡʥʦʡ ʜʠʩʢʨʝʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 

{ } Aania ii k

i

k

i
ÍÍ ,,1,  (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ɹʝʨʥʫʣʣʠ). 

ɺʝʨʦʷʪʥʦʩʪʴ ʪʘʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ: 

( ) ( )

( ) ( ) ( )n

mn

k

n

kk

n

m

k

m

k

n

kk

apapap

apaaap

2

2

21

21

21

1
21

,,,

Ö=

==Ô
= ,   (2.2) 

ɻʜʝ ( )mk

m
ap

 
ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘ mk

m
a

 
ʚ ʤʦʤʝʥʪ 

m
t . 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʚʠʜʦʤ ʩʣʫʯʘʡʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʧʨʦʩʪʘʷ ʮʝʧʴ ʄʘʨʢʦʚʘ. 
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ʇʨʦʩʪʦʡ ʮʝʧʴʶ ʄʘʨʢʦʚʘ ʥʘʟʳʚʘʝʪʩʷ ʩʣʫʯʘʡʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʷʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘ mk

m
a

 
ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʘ, ʝʩʣʠ 

ʠʟʚʝʩʪʝʥ ʧʨʝʜʳʜʫʱʠʡ ʵʣʝʤʝʥʪ 1

1

-

-

mk

m
a . ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ: 

( ) ( )1121

1121
,,, --

--
= mmmm k

m

k

m

k

m

kkk

m
aapaaaap 2 .  (2.3) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʡʥʦʡ ʜʠʩʢʨʝʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʧʨʦʩʪʦʡ ʮʝʧʴʶ 

ʄʘʨʢʦʚʘ, ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ 

ʦʪʨʝʟʢʘ ʮʝʧʠ ʄʘʨʢʦʚʘ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʧʝʨʝʭʦʜʥʳʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ( )1
1

-

-

mm k

m

k

m
aap , ʪ.ʝ. ʫʩʣʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʦʷʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘ mk

m
a , ʝʩʣʠ ʝʤʫ ʧʨʝʜʰʝʩʪʚʦʚʘʣ 

ʵʣʝʤʝʥʪ 1

1

-

-

mk

m
a . 

ɼʠʩʢʨʝʪʥʳʝ ʩʦʦʙʱʝʥʠʷ ʧʦʨʦʞʜʘʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʧʦʜ ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʶʪ 

ʣʶʙʦʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʦʙʲʝʢʪ, ʧʦʨʦʞʜʘʶʱʠʡ ʥʘ ʩʚʦʸʤ 

ʚʳʭʦʜʝ ʩʣʫʯʘʡʥʫʶ ʜʠʩʢʨʝʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʩʠʤʚʦʣʦʚ ʠʟ ʘʥʩʘʤʙʣʷ { }
Ki

aaaaA 22 ,,,,
21

= , ʛʜʝ K  - 

ʦʙʲʝʤ ʘʣʬʘʚʠʪʘ ʠʩʪʦʯʥʠʢʘ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ.  

ɼʠʩʢʨʝʪʥʳʡ ʠʩʪʦʯʥʠʢ ʥʘʟʳʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ, 

ʝʩʣʠ ʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ (2.1), (2.2) ʠ (2.3) ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʘ ʦʪʩʯʸʪʘ ʚʨʝʤʝʥʠ. 
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˘̗̠̆̋̉ σ. ̞ ̗̜̎̏̑̍́̉̏̎̎̆̕ 

̖́̑́̋̓̆̑̉̒̓̉̋̉ ̘̉̒̓̏̎̉̋́ 

̜̖̅̉̒̋̑̆̓̎ ̒̏̏̂̆̎̉̊̚Ȣ 

σȢρȢ ˗̘̏̌̉̆̒̓̃̏ ̗̉̎̏̑̍́̉̉̕ 

ʀʩʪʦʯʥʠʢ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʢʦʥʝʯʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ 

{} KiaA
i

,1, Í=  ʩ ʟʘʜʘʥʥʳʤ ʥʘ ʵʪʦʤ ʤʥʦʞʝʩʪʚʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʝʡ (){ }
i

ap . 

ˡ̗̔̎̋̉̏̎̉̑̏̃́̎̉̆ ˕ˑ˞ ̟̘̠̈́̋̌́̆̓̒ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʳʙʦʨʝ ʵʣʝʤʝʥʪʦʚ ʩʦʦʙʱʝʥʠʷ 
i

a
 
ʠʟ 

ʘʣʬʘʚʠʪʘ A  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ()
i

ap . 

ʇʫʩʪʴ {} KiaA
i

,1, Í=
 
ï ʘʣʬʘʚʠʪ ʠʩʪʦʯʥʠʢʘ ɼʉ, ʛʜʝ: 

i
aï ʩʠʤʚʦʣʳ ʘʣʬʘʚʠʪʘ (ʚʦʟʤʦʞʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʠʩʪʦʯʥʠʢʘ); 

Kï ʦʙʲʸʤ ʘʣʬʘʚʠʪʘ (ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʠʩʪʦʯʥʠʢʘ ɼʉ); 

()
i

ap ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʠʤʚʦʣʘ 
iaʥʘ ʚʳʭʦʜʝ 

ʠʩʪʦʯʥʠʢʘ (ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʝʙʳʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ 

ʚ -i ʤ ʩʦʩʪʦʷʥʠʠ). 

ʇʨʠʯʸʤ () () Kiapap
K

i
ii

,1;1;0
1

Í=² ä
=

 

· ɽʩʣʠ ʠʩʪʦʯʥʠʢ ʚʳʙʠʨʘʝʪ ʩʠʤʚʦʣʳ ʠʟ ʘʣʬʘʚʠʪʘ 

ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʷʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʩʪʦʯʥʠʢʘ 

ʩʠʤʚʦʣʦʚ 
i

a
 
ʠ 

j
a  ʨʘʚʥʘ: 
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( ) () ( ) () ()
jiijiji

apapaapapaap Ö=Ö=, .  (3.1) 

ʂʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʝʩʷ ʚ 

ʢʦʥʢʨʝʪʥʦʤ ʩʠʤʚʦʣʝ ʩʦʦʙʱʝʥʠʷ 
i

a , ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ: 

() ()
ii

apaI
2

log-= .    (3.2) 

ɺʳʨʘʞʝʥʠʝ (3.2) ʦʪʚʝʯʘʝʪ ʨʷʜʫ ʨʘʟʫʤʥʳʭ ʫʩʣʦʚʠʡ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʯʘʩʪʥʦʩʪʠ: 

§ ʋʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʦ ʤʝʨʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 

ʩʦʩʪʦʷʥʠʷ ʠʩʪʦʯʥʠʢʘ (ʯʝʤ ʚʳʰʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ, 

ʪʝʤ ʙʦʣʴʰʝ ʧʦʣʫʯʘʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʨʝʰʘʷ ʵʪʫ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ). 

§ ʋʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʘʜʜʠʪʠʚʥʦʩʪʠ ï 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʝʩʷ ʚ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʩʠʤʚʦʣʘʭ ʩʦʦʙʱʝʥʠʷ 
i

a
 
ʠ 

j
a , ʨʘʚʥʦ ʩʫʤʤʝ ʢʦʣʠʯʝʩʪʚ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʢʘʞʜʦʤ ʩʠʤʚʦʣʝ 

ʩʦʦʙʱʝʥʠʷ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ: 

( ) ( ) () ()[ ]
() () () ()

jiji

jijiji

aIaIapap

apapaapaaI

+=--=

=Ö-=-=

22

22

loglog

log,log,
 (3.3) 

§ ʀʟ (3.2) ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʝʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ: ʝʩʣʠ 

ʠʩʪʦʯʥʠʢ ɼʉ ʠʤʝʝʪ ʘʣʬʘʚʠʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ 

ʨʘʚʥʦʚʝʨʦʷʪʥʳʭ ʩʠʤʚʦʣʦʚ  

{ } () () 5,0;,
2121
=== apapaaA , 

ʪʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 

ʦʜʥʦʤ ʩʠʤʚʦʣʝ ʘʣʬʘʚʠʪʘ ʠʩʪʦʯʥʠʢʘ ʨʘʚʥʦ: 
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() () () ()

ʙʠʪʝʜʜʚ

apapaIaI

1/15,0log

loglog

2

221221

==-=

=-=-==
 (3.4) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ:  

ʦʜʠʥ ɹʠʪ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 

ʦʜʥʦʤ ʩʠʤʚʦʣʝ ʠʩʪʦʯʥʠʢʘ, ʘʣʬʘʚʠʪ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʨʘʚʥʦʚʝʨʦʷʪʥʳʭ ʩʠʤʚʦʣʦʚ. 

· ɽʩʣʠ ʠʩʪʦʯʥʠʢ ɼʉ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʳʙʦʨ ʦʯʝʨʝʜʥʦʛʦ 

ʩʠʤʚʦʣʘ ʠʟ ʘʥʩʘʤʙʣʷ ʩ ʫʯʸʪʦʤ ʚʠʜʘ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʩʠʤʚʦʣʦʚ, ʪʦ ʢʦʣʠʯʝʩʪʚʦ, 

ʩʦʜʝʨʞʘʱʝʝʩʷ ʚ ʚʳʙʠʨʘʝʤʦʤ ʩʠʤʚʦʣʝ, ʜʦʣʞʥʦ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʷʚʣʝʥʠʷ 

ʩʠʤʚʦʣʘ 
n

a  ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʭ 2,,
21 -- nn

aa : 

( ) ( )22 ,log,
2,122,1 ----

-=
nnnnnn

aaapaaaI   (3.5) 

σȢςȢ ˪̠̎̓̑̏̐̉Ȣ 

ɺʳʨʘʞʝʥʠʝ (3.2), ʥʘʟʳʚʘʝʤʦʝ ʪʘʢʞʝ ʯʘʩʪʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 

ʩʦʦʙʱʝʥʠʠ 
i

a, ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ 

ʠʩʪʦʯʥʠʢʘ ɼʉ ʚ ʮʝʣʦʤ ʧʨʠʤʝʥʷʪʴ ʥʝʫʜʦʙʥʦ, ʪʘʢ ʢʘʢ ʦʥʦ 

(ʯʘʩʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ) ʷʚʣʷʝʪʩ  ̫

ʚʝʣʠʯʠʥʦʡ ʩʣʫʯʘʡʥʦʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʳʙʦʨʘ 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʠʤʚʦʣʘ
i

a . 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʛʦ ʘʥʩʘʤʙʣʷ 

ʩʦʦʙʱʝʥʠʡ (ʠʩʪʦʯʥʠʢʘ ɼʉ) ʠʩʧʦʣʴʟʫʶʪ 

ʥʝʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ ʯʘʩʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ: 

() (){ } () ()ä
=

Ö-==
K

i
iii

apapaIMAH
1

2
log ,  (3.6) 
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ʛʜʝ ʫʩʨʝʜʥʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ 

ʩʦʩʪʦʷʥʠʷʤ ʠʩʪʦʯʥʠʢʘ (ʧʦ ʚʩʝʤʫ ʘʥʩʘʤʙʣʶ ʩʦʦʙʱʝʥʠʡ).  

ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʚʩʝ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ (3.6) ʥʘʟʳʚʘʶʪ 

ʵʥʪʨʦʧʠʝʡ. 

ʕʥʪʨʦʧʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʩʪʦʯʥʠʢʘ.  

ʏʝʤ ʙʦʣʴʰʝ ʵʥʪʨʦʧʠʷ ʠʩʪʦʯʥʠʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʩʪʝʧʝʥʴ 

ʥʝʦʞʠʜʘʥʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʠʤ ʩʦʦʙʱʝʥʠʡ, ʪ.ʝ. ʪʝʤ 

ʙʦʣʝʝ ʥʝʦʧʨʝʜʝʣʸʥʥʳʤ ʷʚʣʷʝʪʩʷ ʦʞʠʜʘʝʤʦʝ ʩʦʦʙʱʝʥʠʝ. 

ʇʦʵʪʦʤʫ ʵʥʪʨʦʧʠʶ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʤʝʨʦʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʵʥʪʨʦʧʠʠ 

1. ʕʥʪʨʦʧʠʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʘ. ʅʫʣʶ ʦʥʘ 

ʨʘʚʥʘ ʪʦʣʴʢʦ ʜʣʷ ñʚʳʨʦʞʜʝʥʥʦʛʦò ʘʥʩʘʤʙʣʷ, ʢʦʛʜʘ ʦʜʥʦ 

ʩʦʦʙʱʝʥʠʝ ʧʝʨʝʜʘʸʪʩʷ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1, ʘ ʦʩʪʘʣʴʥʳʝ 

ʩʦʦʙʱʝʥʠʷ ʠʤʝʶʪ ʥʫʣʝʚʫʶ ʚʝʨʦʷʪʥʦʩʪʴ. 

2. ʕʥʪʨʦʧʠʷ ʘʜʜʠʪʠʚʥʘ. ʕʪʦ ʟʥʘʯʠʪ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ 

n  ʩʦʦʙʱʝʥʠʡ ʢʘʢ ʦʜʥʦ ñʫʢʨʫʧʥʸʥʥʦʝò ʩʦʦʙʱʝʥʠʝ, ʪʦ 

ʵʥʪʨʦʧʠʷ ʪʘʢʦʛʦ ʩʦʦʙʱʝʥʠʷ ʙʫʜʝʪ ʚ n  ʨʘʟ ʙʦʣʴʰʝ 

ʵʥʪʨʦʧʠʠ ʠʩʭʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

3. ɽʩʣʠ ʘʥʩʘʤʙʣʴ ʠʩʪʦʯʥʠʢʘ ʩʦʜʝʨʞʠʪ K  

ʨʘʟʣʠʯʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʪʦ ʩʧʨʘʚʝʜʣʠʚʦ 

ʥʝʨʘʚʝʥʩʪʚʦ: 

() KAH
2

log¢ , 

ʧʨʠʯʸʤ ʨʘʚʝʥʩʪʚʦ ʠʤʝʝʪ ʤʝʩʪʦ ʣʠʰʴ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʩʦʦʙʱʝʥʠʷ ʘʥʩʘʤʙʣʷ ʧʝʨʝʜʘʶʪʩʷ 

ʨʘʚʥʦʚʝʨʦʷʪʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ: 
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() () ()( ) ( ) KKKapapAH
K

i
i

K

i
i 2

1
2

1
2

log1log1log =Ö=Ö-= ää
==  

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʜʚʦʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, 

ʢʦʛʜʘ 2=K , ʵʥʪʨʦʧʠʷ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʠ 

() () 5,0
21
== apap  ʠ ʨʘʚʥʘ: ./12log

2
ʩʠʤʚʙʠʪ=  

ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʪʨʦʧʠʠ ʜʚʦʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʙʝʟ 

ʧʘʤʷʪʠ ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʩʦʙʳʪʠʡ 

() () ;1;
21

pappap -==  ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ.3.1. 

 

ʈʠʩ 3.1 ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʪʨʦʧʠʠ ʜʚʦʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʙʝʟ 

ʧʘʤʷʪʠ ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʙʦʨʘ ʦʜʥʦʛʦ ʠʟ ʩʦʦʙʱʝʥʠʡ p 

ɼʣʷ ʠʩʪʦʯʥʠʢʘ, ʩʦʦʙʱʝʥʠʷ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʶʪ 

ʧʨʦʩʪʫʶ ʮʝʧʴ ʄʘʨʢʦʚʘ, ʚʝʨʦʷʪʥʦʩʪʴ ʢʘʞʜʦʛʦ 

ʩʦʦʙʱʝʥʠʷ 
ka
 
ʮʝʣʠʢʦʤ ʦʧʨʝʜʝʣʝʥʘ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ 

ʧʝʨʝʜʘʥʥʦʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʥʠʤ ʩʦʦʙʱʝʥʠʝ 
ia . 

ʇʨʠ ʵʪʦʤ ʵʥʪʨʦʧʠʷ ʄʘʨʢʦʚʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

() ()( ) ( )
ijij

K

i

K

j
i

aapaapapAH
2

1 1

logÖÖ-=ää
= =

  (3.7) 

H(A) 

p 

0 0,2 0,4 0,6 0,8 1,0 

1,0 

0,8 

0,6 

0,4 

0,2 
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ʛʜʝ ( )
ij

aap  ï ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʜʘʯʠ ʠʩʪʦʯʥʠʢʦʤ 

ʩʦʦʙʱʝʥʠʷ 
j

a , ʝʩʣʠ ʝʤʫ ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʩʦʦʙʱʝʥʠʝ 
i

a , ʘ 

()
i

ap  ï ʙʝʟʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʩʦʦʙʱʝʥʠʷ 
i

a . 

ʀʟ ʛʨʘʬʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʈʠʩ.3.1 ʚʠʜʥʦ, ʯʪʦ 

ʥʘʨʫʰʝʥʠʝ ʨʘʚʥʦʚʝʨʦʷʪʥʦʩʪʠ ʚʳʜʘʯʠ ʩʦʦʙʱʝʥʠʡ 

ʠʩʪʦʯʥʠʢʦʤ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʥʪʨʦʧʠʠ 

ʠʩʪʦʯʥʠʢʘ ʙʝʟ ʧʘʤʷʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 

ʵʥʪʨʦʧʠʷ ʠʩʪʦʯʥʠʢʘ ʟʘʚʠʩʠʤʳʭ ʩʦʦʙʱʝʥʠʡ 

ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʵʥʪʨʦʧʠʠ ʠʩʪʦʯʥʠʢʘ 

ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʦʙʱʝʥʠʡ ʧʨʠ ʪʦʤ ʞʝ ʦʙʲʸʤʝ ʘʣʬʘʚʠʪʘ 

ʠ ʧʨʠ ʪʝʭ ʞʝ ʙʝʟʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʷʭ ʩʦʦʙʱʝʥʠʡ. 

3.3Ȣ ˕̜̘̝̈̂̓̏̎̏̒̓ ̘̉̒̓̏̎̉̋́ ˑ˞ 

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʳʤ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢ ʙʝʟ ʧʘʤʷʪʠ, ʚʳʙʠʨʘʶʱʠʡ ʠʟ ʘʥʩʘʤʙʣʷ 

ʩʠʤʚʦʣʳ ʩʦʦʙʱʝʥʠʡ ʨʘʚʥʦʚʝʨʦʷʪʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ. 

ʃʶʙʦʡ ʜʨʫʛʦʡ ʘʥʩʘʤʙʣʴ (ʧʨʠ ʪʦʤ ʞʝ ʦʙʲʸʤʝ 

ʘʣʬʘʚʠʪʘ) ʧʦʪʨʝʙʫʝʪ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʩʠʤʚʦʣʦʚ 

ʩʦʦʙʱʝʥʠʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʪʦʛʦ ʞʝ ʦʙʲʸʤʘ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʫʩʪʴ ʩʦʦʙʱʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ n  ʩʠʤʚʦʣʦʚ ʘʥʩʘʤʙʣʷ ʩ 

ʵʥʪʨʦʧʠʝʡ ()AH .  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʝʩʷ ʚ 

ʵʪʦʤ ʩʦʦʙʱʝʥʠʠ ʨʘʚʥʦ ()AHnI Ö= . 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʪʘʢʦʛʦ ʞʝ ʦʙʲʸʤʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʤʚʦʣʦʚ ʘʥʩʘʤʙʣʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʥʪʨʦʧʠʝʡ ()AH
max

 (ʧʨʠ ʪʦʤ ʞʝ ʦʙʲʸʤʝ ʘʣʬʘʚʠʪʘ K ) 
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ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʙʳ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ 
min

n , ʢʦʪʦʨʦʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʘʚʝʥʩʪʚʘ: 

() ()AHnAHn Ö=
maxmin ,

 

ʦʪʢʫʜʘ: 

()
()

n
AH

AHn
n Ö=

Ö
= m

max

min
,     (3.8) 

ʛʜʝ () ()[ ]AHAH
max

=m      (3.9) 

mï ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʜʦʧʫʩʪʠʤʫʶ 

ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʩʦʦʙʱʝʥʠʷ. 

ʊʦʛʜʘ ʚʝʣʠʯʠʥʘ: 

() ()[ ]AHAH
ʠ max

11 -=-= mc    (3.10) 

ʥʘʟʳʚʘʝʪʩʷ ʠʟʙʳʪʦʯʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʘ. 

ʌʦʨʤʫʣʫ ʜʣʷ ʠʟʙʳʪʦʯʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ɼʉ (3.10) ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʬʦʨʤʝ: 

()
K

AH

n

n

n

nn
ʠ

2

minmin

log
11 -=-=

-
=c   (3.11) 

ʛʜʝ 
min

nn-  ï ʠʟʙʳʪʦʯʥʦʝ ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʸʤʘ 

ʠʥʬʦʨʤʘʮʠʠ ʩʠʤʚʦʣʘʤʠ ʘʥʩʘʤʙʣʷ ʩ ʵʥʪʨʦʧʠʝʡ ()AH  ʚ 

ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʣʫʯʘʝʤ, ʢʦʛʜʘ ʵʪʘ ʞʝ ʠʥʬʦʨʤʘʮʠʷ 

ʧʨʝʜʘʚʘʣʘʩʴ ʙʳ ʩʠʤʚʦʣʘʤʠ ʘʥʩʘʤʙʣʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʥʪʨʦʧʠʝʡ ()AH
max

. ʆʯʝʚʠʜʥʦ, ʯʪʦ 
ʠ
c ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʥʝʨʘʚʝʥʩʪʚʫ 10 ¢¢
ʠ
c . 
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3.4Ȣ ˜̝̝̑̏̉̈̃̏̅̉̓̆̌̎̏̒̓ ̘̉̒̓̏̎̉̋́ ˑ˞ 

· ɽʩʣʠ ʠʩʪʦʯʥʠʢ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ ʚʳʜʘʸʪ 

(ʚʳʙʠʨʘʝʪ) ʩʦʦʙʱʝʥʠʷ ʠʟ ʘʥʩʘʤʙʣʷ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʟʘʪʨʘʯʠʚʘʷ 
0
t

 
ʩʝʢʫʥʜ ʥʘ ʢʘʞʜʦʝ ʩʦʦʙʱʝʥʠʝ, 

ʪʦʛʜʘ ʩʫʤʤʘʨʥʘʷ ʵʥʪʨʦʧʠʷ ʩʦʦʙʱʝʥʠʡ, 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ:  

() ()AHAH Ö=¡
0

1

t
    (3.12) 

ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ (ʙʠʪ/ʩ) ʠʩʪʦʯʥʠʢʘ 

ɼʉ. 

· ʋ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʘʤʦʡ ʩʠʩʪʝʤʦʡ ʩʚʷʟʠ.  

ɼʣʷ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʫʧʨʘʚʣʷʝʤʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ 
0
t ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

() ()AHAH
ʩʨ

Ö=¡
t

1
    (3.13) 

ʛʜʝ 
ʩʨ
t  - ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʳʙʦʨʘ ʩʠʤʚʦʣʘ ʩʦʦʙʱʝʥʠʷ ʠʟ 

ʘʣʬʘʚʠʪʘ. 

ʇʨʠʤʝʨʦʤ ʠʩʪʦʯʥʠʢʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʜʘʪʯʠʢ ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʢʦʨʘʙʣʝ, 

ʧʝʨʝʜʘʶʱʠʡ ʢʘʞʜʳʝ 10 ʩʝʢʫʥʜ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʪ.ʜ. 

ʀʩʪʦʯʥʠʢʦʤ ʩ ʫʧʨʘʚʣʷʝʤʦʡ ʩʢʦʨʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʥʘʧʠʩʘʥʥʳʡ ʥʘ ʙʫʤʘʛʝ ʪʝʢʩʪ, ʧʦʜʣʝʞʘʱʠʡ 

ʧʝʨʝʜʘʯʝ ʧʦ ʪʝʣʝʛʨʘʬʫ. 
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˘̗̠̆̋̉ 4. ̃ ̘̆̑̃̉̎̏̆ ̋̏̅̉̑̏̃́̎̉̆ 

̜̖̅̉̒̋̑̆̓̎ ̒̏̏̂̆̎̉̊̚ 

τȢρȢ ˜̗̜̑̉̎̉̐ ̠̐̏̒̓̑̏̆̎̉ ̘̜̖̐̆̑̃̉̎ ̋̏̅̏̃Ȣ 

ɸʣʬʘʚʠʪ {} KiaA
i

,1, Í=  ʠʩʪʦʯʥʠʢʘ ʜʠʩʢʨʝʪʥʳʭ 

ʩʦʦʙʱʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʯʸʪʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʩʚʦʠʭ 

ʩʠʤʚʦʣʦʚ 
i

a .  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʶʙʦʤʫ ʩʠʤʚʦʣʫ 
i

a  ʘʣʬʘʚʠʪʘ 

{} KiaA
i

,1, Í=
 
ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ï ʧʨʦʥʫʤʝʨʦʚʘʪʴ. 

ʇʝʨʝʜʘʯʘ, ʦʙʨʘʙʦʪʢʘ ʠ ʭʨʘʥʝʥʠʝ ʩʦʦʙʱʝʥʠʡ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʩʚʦʜʠʪʩʷ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʝʡʩʪʚʠʷʤ ʥʘʜ 

ʯʠʩʣʘʤʠ. 

ʆʧʝʨʘʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʳʭ 

ʩʦʦʙʱʝʥʠʡ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʜʦʚʳʭ 

ʩʠʤʚʦʣʦʚ (ʥʘʧʨʠʤʝʨ, ʯʠʩʝʣ)  ʥʘʟʳʚʘʝʪʩʷ 

ʢʦʜʠʨʦʚʘʥʠʝʤ. 

ʏʠʩʣʘ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʩʠʩʪʝʤʝ 

ʩʯʠʩʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʦʜʠʥ ʠʟ 

ʢʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ.  

ʆʙʱʝʧʨʠʟʥʘʥʥʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʧʦʟʠʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʩʯʠʩʣʝʥʠʷ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʩʠʤʚʦʣʘ (ʮʠʬʨʳ) 

ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʧʦʣʦʞʝʥʠʷ ï ʧʦʟʠʮʠʠ ʚ ʨʷʜʫ ʩʠʤʚʦʣʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʯʠʩʣʦ. 

ʃʶʙʦʝ ʯʠʩʣʦ Q  
ʚ ʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ 

ʩʯʠʩʣʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
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1
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l

l
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Ö+Ö++Ö=Ö= -

=
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ä 2  (4.1) 

ɿʜʝʩʴ ʟʥʘʯʝʥʠʝ ʝʜʠʥʠʮʳ ʢʘʞʜʦʛʦ ʩʣʝʜʫʶʱʝʛʦ ʨʘʟʨʷʜʘ 

ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʟʨʷʜʘ ʚ m ʨʘʟ,  

ʛʜʝ m ï ʦʩʥʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ. 

ʇʦʣʥʦʝ ʯʠʩʣʦ Q
 
ʧʦʣʫʯʘʝʤ, ʩʫʤʤʠʨʫʷ ʟʥʘʯʝʥʠʷ ʯʠʩʝʣ 

ʧʦ ʨʘʟʨʷʜʘʤ.  

ɺ ʚʳʨʘʞʝʥʠʠ (4.1): 

i ï ʥʦʤʝʨ ʨʘʟʨʷʜʘ (ʧʦʟʠʮʠʠ) ʜʘʥʥʦʛʦ ʯʠʩʣʘ; 

l ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ; 

i
bï ʤʥʦʞʠʪʝʣʴ, ʧʨʠʥʠʤʘʶʱʠʡ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 1-m  ʠ ʧʦʢʘʟʳʚʘʶʱʠʡ, ʩʢʦʣʴʢʦ ʝʜʠʥʠʮ 

ʜʘʥʥʦʛʦ ʨʘʟʨʷʜʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʯʠʩʣʘ Q . 

ʏʝʤ ʙʦʣʴʰʝ ʦʩʥʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ m, ʪʝʤ 
ʤʝʥʴʰʝ ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʜʘʥʥʦʛʦ ʯʠʩʣʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʤʝʥʴʰʝʝ ʚʨʝʤʷ ʜʣʷ ʝʛʦ 

ʧʝʨʝʜʘʯʠ. 

ʆʜʥʘʢʦ ʩ ʨʦʩʪʦʤ ʦʩʥʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪʩʷ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʣʠʥʠʠ ʩʚʷʟʠ ʠ ʢ ʫʩʪʨʦʡʩʪʚʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʨʘʟʣʠʯʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʘʟʣʠʯʥʳʤ ʩʠʤʚʦʣʘʤ. 

ʋʯʠʪʳʚʘʷ ʦʙʘ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʨʘʪʴ 

ʩʠʩʪʝʤʫ ʩʯʠʩʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʤʠʥʠʤʫʤ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʩʠʤʚʦʣʦʚ m ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ l  ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʣʶʙʦʛʦ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ. 

ʃʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʚ ʫʢʘʟʘʥʥʦʤ 

ʩʤʳʩʣʝ ʷʚʣʷʝʪʩʷ ʪʨʦʠʯʥʘʷ ʩʠʩʪʝʤʘ. ʅʝʟʥʘʯʠʪʝʣʴʥʦ ʝʡ 

ʫʩʪʫʧʘʶʪ ʜʚʦʠʯʥʘʷ ʠ ʯʝʪʚʝʨʠʯʥʘʷ.  
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ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʫʜʦʙʩʪʚʦ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ, 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʶʪ ʜʚʦʠʯʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ.  

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʯʠʩʣʘ (ʥʦʤʝʨʘ), ʧʦʩʪʘʚʣʝʥʥʦʛʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʝʢʦʪʦʨʦʤʫ ʩʦʦʙʱʝʥʠʶ ʠʩʪʦʯʥʠʢʘ ʚ 

ʜʚʦʠʯʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 
0

1

1

2

2

1

1 2222 Ö+Ö++Ö+Ö= -

-

- bbbbQ l

l

l

l
2 , 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 1,0Í
i

b
 
ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ 

ʪʘʢʞʝ ʙʠʪʘʤʠ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ {} lib
i

,1, Í  ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʯʠʩʣʘ Q  
ʥʘʟʳʚʘʶʪ ʢʦʜʦʚʳʤ ʩʣʦʚʦʤ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʦʠʯʥʦʡ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ 

ʢʦʜʦʚʦʝ ʩʣʦʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ ʥʫʣʝʡ ʠ ʝʜʠʥʠʮ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ l , ʥʝʦʙʭʦʜʠʤʦʝ 
ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʩʝʭ ʙʫʢʚ ʘʣʬʘʚʠʪʘ ʠʩʪʦʯʥʠʢʘ ʚ ʚʠʜʝ 

ʢʦʜʦʚʳʭ ʩʣʦʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ: 
max

2 Ql ² , ʛʜʝ 

KQ =
max

 ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʥʦʤʝʨ ʢʦʜʠʨʫʝʤʦʛʦ ʩʦʦʙʱʝʥʠʷ 

(ʨʘʚʝʥ ʟʥʘʯʝʥʠʶ ʦʙʲʝʤʘ ʢʦʜʠʨʫʝʤʦʛʦ ʘʣʬʘʚʠʪʘ). 

ʊʘʙʣʠʮʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʠʤʚʦʣʦʚ ʘʣʬʘʚʠʪʘ 

ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʡ ʠ ʩʦʧʦʩʪʘʚʣʝʥʥʳʭ ʠʤ ʢʦʜʦʚʳʭ ʩʣʦʚ, 

ʥʘʟʳʚʘʝʪʩʷ ʢʦʜʦʚʦʡ ʪʘʙʣʠʮʝʡ. 

ʇʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʢʦʜʦʚʳʭ ʩʣʦʚ ʚ ʧʝʨʚʠʯʥʳʡ 

ʩʠʛʥʘʣ ()tb  ʢʘʞʜʦʤʫ ʨʘʟʨʷʜʫ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ ʩʪʘʚʠʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʧʨʝʜʝʣʸʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ, ʥʘʧʨʠʤʝʨ, ʘʤʧʣʠʪʫʜʳ. 

ʅʘ ʈʠʩ.4.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʠʯʥʳʝ ʩʠʛʥʘʣʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʜʦʚʳʭ ʩʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤ ʩʯʠʩʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʯʠʩʣʦ 19, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʙʫʢʚʝ ɹ ʢʦʜʘ ʄʊʂ-2.  
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ʉʠʛʥʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʤʧʫʣʴʩʳ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ: 

( )1;1,0;
max

-=D-ÍDÖ= mbbmibib
i

, 

ʛʜʝ 
max

b  ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʧʝʨʚʠʯʥʳʝ ʩʠʛʥʘʣʳ ʥʘ ʈʠʩ.4.1, ʧʨʠʥʷʪʘ ʦʜʠʥʘʢʦʚʦʡ ʠ 

ʨʘʚʥʦʡ 
0
t. 

ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʝʩʣʠ 

ʩʦʦʙʱʝʥʠʷ ʢʦʜʠʨʫʶʪʩʷ (ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʧʝʨʚʠʯʥʳʡ 

ʩʠʛʥʘʣ) ʧʦ ʤʝʨʝ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ ʙʝʟ ʟʘʜʝʨʞʢʠ, ʘ ʚʨʝʤʷ, 

ʦʪʚʦʜʠʤʦʝ ʥʘ ʚʳʜʘʯʫ ʩʠʤʚʦʣʘ ʩʦʦʙʱʝʥʠʷ, ʨʘʚʥʦ T[ʩ], 

ʪʦʛʜʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʝʜʠʥʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʝʨʚʠʯʥʦʛʦ 

t t t t t 

Ű0 Ű0 Ű0 Ű0 Ű0 

b
m

a
x
 

 

ʇʝʨʝʜʘʚʘʝʤʦʝ 

ʩʦʦʙʱʝʥʠʝ  

ʆʩʥʦʚʘʥʠʝ m 

ʂʦʜʦʚʦʝ ʩʣʦʚʦ  

ɼʝʚʷʪʥʘʜʮʘʪʴ  

10 8 4 3 2 

19 23 103 201 10011 

 
 
 
 
 

ʇʝʨʚʠʯʥʳʡ 

ʩʠʛʥʘʣ 

ʈʠʩ. 4.1 ʇʝʨʚʠʯʥʳʝ ʩʠʛʥʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʜʦʚʳʭ ʩʣʦʚ ʯʠʩʣʘ 19, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʚ ʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʦʩʥʦʚʘʥʠʷʤʠ. 

æ
b 
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ʩʠʛʥʘʣʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʩʯʠʩʣʝʥʠʷ ʙʫʜʝʪ ʨʘʟʣʠʯʥʦʡ: 

ii
lT=

0
t , 

ʛʜʝ 
i

l  ï ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʩʠʤʚʦʣʦʚ ʩʦʦʙʱʝʥʠʷ ʚ i - ʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ. 

ʇʨʦʮʝʜʫʨʘ ʦʪʦʙʨʘʞʝʥʠʷ ʩʠʤʚʦʣʦʚ ʘʣʬʘʚʠʪʘ 

ʠʩʪʦʯʥʠʢʘ ɼʉ ʢʦʜʦʚʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ 

ʩʦʩʪʘʚʣʷʝʪ ʟʘʜʘʯʫ ʧʝʨʚʠʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʢʦʜʝʨʝ ʠʩʪʦʯʥʠʢʘ. 

ʈʘʟʣʠʯʘʶʪ ʨʘʚʥʦʤʝʨʥʳʝ ʠ ʥʝʨʘʚʥʦʤʝʨʥʳʝ 

ʧʝʨʚʠʯʥʳʝ ʢʦʜʳ. 

ʅʝʨʘʚʥʦʤʝʨʥʳʝ ʢʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʢʦʜʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ ʩʦʩʪʦʷʪ ʠʟ ʨʘʟʣʠʯʥʦʛʦ ʯʠʩʣʘ 

ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ 

ʢʦʜʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ.  

ʇʨʠʤʝʥʝʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʢʦʜʦʚ ʧʦʨʦʞʜʘʝʪ ʧʨʦʙʣʝʤʫ 

ʨʘʟʜʝʣʝʥʠʷ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ ʥʘ ʧʨʠʸʤʝ. 

ʉʚʦʡʩʪʚʦʤ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ 

ʦʙʣʘʜʘʶʪ ʧʨʝʬʠʢʩʥʳʝ ʢʦʜʳ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʪʘʢʠʭ ʢʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʠ 

ʦʜʥʘ ʢʦʜʦʚʘʷ ʢʦʤʙʠʥʘʮʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʦʤ ʜʨʫʛʦʡ, 

ʙʦʣʝʝ ʜʣʠʥʥʦʡ ʢʦʤʙʠʥʘʮʠʠ. 

ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʢʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ñʢʦʜʦʚʳʤ ʜʝʨʝʚʦʤò 

(ʈʠʩ.4.2) ʠ ʪʘʙʣʠʮʝʡ (ʊʘʙʣ.4.1). 

ɽʩʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʜʦʚʳʭ ʩʠʤʚʦʣʦʚ ʪʘʢʦʛʦ ʢʦʜʘ 

ʧʨʠʥʷʪʘ ʩ ʥʘʯʘʣʘ, ʪʦ, ʥʘʯʘʚ ʧʨʦʮʝʜʫʨʫ ʜʝʢʦʜʠʨʦʚʘʥʠʷ 

ʜʚʠʞʝʥʠʝʤ ʦʪ ʢʦʨʥʷ ʜʝʨʝʚʘ, ʤʳ ʩʫʤʝʝʤ ʦʙʨʘʟʦʚʘʪʴ 

ʟʘʢʦʥʯʝʥʥʫʶ ʢʦʜʦʚʫʶ ʢʦʤʙʠʥʘʮʠʶ, ʪʦʣʴʢʦ ʜʦʩʪʠʛʥʫʚ 

ʢʘʢʦʡ-ʣʠʙʦ ʚʝʨʰʠʥʳ.  
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ɿʘʪʝʤ ʤʳ ʚʦʟʚʨʘʱʘʝʤʩʷ ʢ ʢʦʨʥʶ ʜʝʨʝʚʘ ʠ ʦʩʫʱʝʩʪʚʣʷʝʤ 

ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʩʣʝʜʫʶʱʝʡ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʠ ʪ.ʜ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚʩʷʢʠʡ ʨʘʚʥʦʤʝʨʥʳʡ ʢʦʜ ʷʚʣʷʝʪʩʷ 

ʧʨʝʬʠʢʩʥʳʤ. 

ʇʨʠʤʝʨʦʤ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʢʦʜʘ,  ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘ 

ʧʨʘʢʪʠʢʝ, ʷʚʣʷʝʪʩʷ ʢʦʜ ʄʦʨʟʝ.  

ɺ ʢʦʜʝ ʄʦʨʟʝ ʵʣʝʤʝʥʪʳ 1 ʠ 0 ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ 

ʩʦʯʝʪʘʥʠʷʭ: 

 
0 ï ʨʘʟʜʝʣʷʝʪ ʪʦʯʢʫ ʠ ʪʠʨʝ; 

000 ï ʨʘʟʜʝʣʷʝʪ ʢʦʜʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ. 

 

 

1 ï ʪʦʯʢʘ 

111 ïʪʠʨʝ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʵʣʝʤʝʥʪʳ 

ɹʫʢʚʘ ʂʦʜ 

ɸ 0 

ɹ 100 

ɺ 101 

ɻ 110 

ɼ 11100 

ɽ 11101 

ɾ 11110 

ɿ 1111100 

ʀ 1111101 

ʂ 1111110 

 

ɸ 

ɹ ɺ 

ɻ 

ɼ ɽ 

ɾ 

ɿ ʀ 

ʂ 

0 0 0 0 0 0 0 

1 1 1 1 1 1 

0 0 0 1 1 1 

ʊʘʙʣʠʮʘ 4.1 

ʈʠʩ. 4.2. ʂʦʜʦʚʦʝ ʜʝʨʝʚʦ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ 

ʢʦʜʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʩʚʦʡʩʪʚʦʤ 

ʧʨʝʬʠʢʩʥʦʩʪʠ  

ʂʦʨʝʥʴ 
ʜʝʨʝʚʘ 
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ɺ ʢʦʜʝ ʄʦʨʟʝ:  

¶ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʩʠʤʚʦʣʘʤ ʩʪʘʚʷʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʢʦʜʦʚʳʝ 

ʢʦʤʙʠʥʘʮʠʠ,  

¶ ʘ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʠʤʩʷ ï ʙʦʣʝʝ ʜʣʠʥʥʳʝ. 

ɺ ʯʘʩʪʥʦʩʪʠ: 

- ʢʦʜʦʚʘʷ ʢʦʤʙʠʥʘʮʠʷ ʙʫʢʚʳ E  ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ 

0
4t; 

- ʙʫʢʚʝ T  ʧʦʩʪʘʚʣʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʤʙʠʥʘʮʠʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 
0

6t; 

- ʘ ʮʠʬʨʝ 0 ï ʢʦʜʦʚʘʷ ʢʦʤʙʠʥʘʮʠʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 
0

22t 

(ʩ ʫʯʸʪʦʤ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʟʥʘʢʦʚ). 

- ʉʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʢʦʜʘ 

ʄʦʨʟʝ ʩʦʩʪʘʚʣʷʝʪ ( )
0

5,95,8 tÖ2 . 

ʈʘʚʥʦʤʝʨʥʳʝ ʢʦʜʳ ʠʤʝʶʪ ʢʦʜʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʯʠʩʣʦʤ ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʦʥʠ ʪʨʝʙʫʶʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʦʜʠʥʘʢʦʚʦʛʦ ʚʨʝʤʝʥʠ, 

ʯʪʦ, ʚ ʠʪʦʛʝ, ʫʧʨʦʱʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʙʫʢʚʦʧʝʯʘʪʘʶʱʝʛʦ 

ʧʨʠʸʤʘ. 

ʆʙʱʝʝ ʯʠʩʣʦ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʢʦʜʘ 
nmK= ,  

ʛʜʝ n  ï ʯʠʩʣʦ ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʢʦʜʦʚʳʭ ʩʠʤʚʦʣʦʚ), 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʜʦʚʫʶ ʢʦʤʙʠʥʘʮʠʶ, ʘ m ï ʦʙʲʸʤ 

ʢʦʜʦʚʦʛʦ ʘʣʬʘʚʠʪʘ (ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʢʦʜʦʚʳʭ ʩʠʤʚʦʣʦʚ).  

ʇʨʠʤʝʨʦʤ ʨʘʚʥʦʤʝʨʥʦʛʦ ʢʦʜʘ ʷʚʣʷʝʪʩʷ 

ʧʷʪʠʨʘʟʨʷʜʥʳʡ ʜʚʦʠʯʥʳʡ ʢʦʜ ɹʦʜʦ, ʢʘʞʜʘʷ ʢʦʜʦʚʘʷ 

ʢʦʤʙʠʥʘʮʠʷ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ, ʧʷʪʴ ʜʚʦʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ( )5,2 == nm . 
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ʏʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ K  ʢʦʜʘ ɹʦʜʦ ʨʘʚʥʦ 

3225= , ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʙʫʢʚ ʘʣʬʘʚʠʪʘ. 

- ɽʩʣʠ ʢʘʞʜʘʷ ʠʟ 
nm  ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʢʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ 

ʩʦʦʙʱʝʥʠʡ (ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ 
nmK= ), ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʢʦʜ ʥʘʟʳʚʘʝʪʩʷ ʙʝʟʳʟʙʳʪʦʯʥʳʤ ʠʣʠ ʧʨʠʤʠʪʠʚʥʳʤ. 

- ɽʩʣʠ ʞʝ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʯʠʩʣʘ ʢʦʜʠʨʫʝʤʳʭ ʩʠʤʚʦʣʦʚ ʘʣʬʘʚʠʪʘ 

ʠʩʪʦʯʥʠʢʘ Kmn>>, ʪʦ ʢʦʜ ʥʘʟʳʚʘʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ 

ʠʣʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʤ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʣʴʢʦ ʯʘʩʪʴ ʠʟ ʚʦʟʤʦʞʥʦʛʦ ʯʠʩʣʘ 

ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ 

ʩʦʦʙʱʝʥʠʡ.  

ʕʪʠ, ʦʧʨʝʜʝʣʸʥʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʨʘʥʥʳʝ, ʢʦʤʙʠʥʘʮʠʠ 

ʥʘʟʳʚʘʶʪʩʷ ʨʘʟʨʝʰʝʥʥʳʤʠ. ʂʦʣʠʯʝʩʪʚʦ ʠʭ ʨN
 
ʨʘʚʥʦ 

ʦʙʲʸʤʫ ʘʣʬʘʚʠʪʘ K  ʢʦʜʠʨʫʝʤʳʭ ʩʠʤʚʦʣʦʚ ʠʩʪʦʯʥʠʢʘ. 

ʆʩʪʘʣʴʥʳʝ 
ʨʦʟ

NNN -=  ʢʦʤʙʠʥʘʮʠʡ ʥʘʟʳʚʘʶʪʩʷ 

ʟʘʧʨʝʱʸʥʥʳʤʠ ʠ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʩʦʦʙʱʝʥʠʡ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ. ɿʜʝʩʴ: 

ʦ
N ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 

ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʜʘ: 
n

ʦ
mN = ; 

- KN
ʨ
=

 
ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʝʰʝʥʥʳʭ ʢʦʜʦʚʳʭ 

ʢʦʤʙʠʥʘʮʠʡ (ʨʘʚʥʦ ʦʙʲʝʤʫ ʢʦʜʠʨʫʝʤʦʛʦ ʘʣʬʘʚʠʪʘ); 

-
ʟ

N
 
ï ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʝʱʸʥʥʳʭ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ. 

ʇʝʨʚʠʯʥʳʤ ʢʦʜʦʤ ʥʘʟʳʚʘʝʪʩʷ ʪʘʙʣʠʮʘ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʩʠʤʚʦʣʘʤʠ ʘʣʬʘʚʠʪʘ 

ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʡ ʠ ʢʦʜʦʚʳʤʠ 

ʢʦʤʙʠʥʘʮʠʷʤʠ, ʩʦʧʦʩʪʘʚʣʝʥʥʳʤʠ ʵʪʠʤ 

ʩʠʤʚʦʣʘʤ. 
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ʄʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ 

ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʦʠʯʥʦʛʦ 

ʧʝʨʚʠʯʥʦʛʦ ʢʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ:  

Kn
2

log= . 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʢʨʘʱʝʥʠʷ ʜʣʠʥʳ ʢʦʜʦʚʦʡ 

ʢʦʤʙʠʥʘʮʠʠ n  (ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʦʜʠʨʫʝʤʳʭ 

ʩʠʤʚʦʣʦʚ K) ʧʨʠʤʝʥʷʝʪʩʷ ʨʝʛʠʩʪʨʦʚʳʡ ʧʨʠʥʮʠʧ 

ʧʦʩʪʨʦʝʥʠʷ ʢʦʜʘ. 

ɺʩʝ ʩʠʤʚʦʣʳ ʚ ʢʦʜʦʚʦʡ ʪʘʙʣʠʮʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʜʚʝ-ʪʨʠ ʛʨʫʧʧʳ ï ʨʝʛʠʩʪʨʳ.   

ʇʨʠ ʵʪʦʤ ʩʠʤʚʦʣʳ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʥʦʤʝʨʦʤ ʢʦʜʠʨʫʶʪʩʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʦʤʙʠʥʘʮʠʝʡ. 

ʇʝʨʝʢʣʶʯʝʥʠʝ ʧʨʠʸʤʥʠʢʘ ʚ ʨʝʞʠʤ ʧʝʯʘʪʠ ʩʠʤʚʦʣʦʚ 

ʥʫʞʥʦʛʦ ʨʝʛʠʩʪʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʜʘʪʯʠʢʦʤ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʛʠʩʪʨʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ. 

ʈʝʛʠʩʪʨʦʚʳʡ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʢʦʜʘ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʜʣʠʥʫ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ, ʦʜʥʘʢʦ ʠʤʝʝʪ 

ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

1. ʇʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʜʨʫʛʦʡ ʨʝʛʠʩʪʨ ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʝʜʘʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʨʝʛʠʩʪʨʦʚʫʶ 

ʢʦʤʙʠʥʘʮʠʶ, ʢʦʪʦʨʘʷ ʥʝ ʥʝʩʝʪ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʘʥʘʣʘ. 

2. ʇʨʠ ʠʩʢʘʞʝʥʠʠ ʨʝʛʠʩʪʨʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʝʝ ʧʝʨʝʜʘʯʠ, ʩʣʝʜʫʶʱʠʝ ʟʘ ʥʝʡ ʢʦʤʙʠʥʘʮʠʠ, 

ʙʫʜʫʪ ʜʝʢʦʜʠʨʦʚʘʪʴʩʷ ʥʝʧʨʘʚʠʣʴʥʦ ʜʦ ʧʨʠʸʤʘ 

ʦʯʝʨʝʜʥʦʡ ʨʝʛʠʩʪʨʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ (ʠʤʝʝʪ ʤʝʩʪʦ 

ʪʨʝʢ ʦʰʠʙʦʢ). 
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˘̗̠̆̋̉ υȢ ̃ ̜̑̉̍̆̑ ̘̜̖̐̆̑̃̉̎ ̋̏̅̏̃ 

υȢρȢ ˗̏̅ ˙˟˗ - 2 

ʊʘʙʣʠʮʘ 5.1 

 
ʈʝʛʠʩʪʨʳ 

ʕʣʝʤʝʥʪʳ 

ʢʦʤʙʠʥʘʮʠʠ 

ʈʫʩʩʢʠʡ ʃʘʪʠʥʩʢʠʡ ʮʠʬʨʦʚʦʡ 1 2 3 4 5 

0 ʈʫʩʩʢʠʡ ʨʝʛʠʩʪʨ 0 0 0 0 0 

1.  ʊ ʊ 5 0 0 0 0 1 

2.  ɺʦʟʚʨʘʪ ʢʘʨʝʪʢʠ 0 0 0 1 0 

3.  ʆ ʆ 9 0 0 0 1 1 

4.  ʇʨʦʙʝʣ 0 0 1 0 0 

5.  ʍ H ʑ 0 0 1 0 1 

6.  ʅ N , 0 0 1 1 0 

7.  ʄ ʄ . 0 0 1 1 1 

8.  ʇʝʨʝʚʦʜ ʩʪʨʦʢʠ 0 1 0 0 0 

9.  ʃ L ) 0 1 0 0 1 

10.  ʈ R ʏ 0 1 0 1 0 

11.  ɻ G ʐ 0 1 0 1 1 

12.  ʀ I  8 0 1 1 0 0 

13.  ʇ P 0 0 1 1 0 1 

14.  ʎ C : 0 1 1 1 0 

15.  ɾ V = 0 1 1 1 1 

16.  ɽ E 3 1 0 0 0 0 

17.  ɿ Z + 1 0 0 0 1 

18.  ɼ D ʂʪʦ ʪʘʤ? 1 0 0 1 0 

19.  ɹ B ? 1 0 0 1 1 

20.  ʉ S ô 1 0 1 0 0 

21.  ʓ Y 6 1 0 1 0 1 

22.  ʌ F ʕ 1 0 1 1 0 

23.  ʔ X / 1 0 1 1 1 

24.  ɸ A ï 1 1 0 0 0 

25.  ɺ W 2 1 1 0 0 1 

26.  ʁ J ʖ 1 1 0 1 0 

27.  ʎʠʬʨʦʚʦʡ ʨʝʛʠʩʪʨ 1 1 0 1 1 

28.  ʋ U 7 1 1 1 0 0 

29.  ʗ Q 1 1 1 1 0 1 

30.  ʂ K ( 1 1 1 1 0 

31.  ʃʘʪʠʥʩʢʠʡ ʨʝʛʠʩʪʨ 1 1 1 1 1 
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ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʪʝʣʝʛʨʘʬʥʦʡ ʘʧʧʘʨʘʪʫʨʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʝʭ ʨʝʛʠʩʪʨʦʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʢʦʜʘ 

ʄʊʂ-2. 

ʊʨʝʪʠʡ ʨʝʛʠʩʪʨ ï ʜʣʷ ʙʫʢʚ ʨʫʩʩʢʦʛʦ ʘʣʬʘʚʠʪʘ 

(ɻʆʉʊ 15607-83).  

ʂʦʜʦʚʘʷ ʪʘʙʣʠʮʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʦʜʘ ˉ2 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ.5.1. 

υȢςȢ ˞̜̓́̎̅́̑̓̎̊ ̋̏̅ ̘̐̆̑̆̅́̉ ̜̖̅́̎̎ ɉ˞˗˜ˑɊ 

ʀʟ ʪʘʙʣʠʮʳ 5.1 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʪʝʣʝʛʨʘʬʥʳʭ ʩʦʦʙʱʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 78 

ʩʠʤʚʦʣʦʚ. 

ʆʜʥʘʢʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʠʤʚʦʣʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ, 

ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʂʦʜ ʇʝʨʝʜʘʯʠ ɼʘʥʥʳʭ 

(ʉʂʇɼ) ï ɻʆʉʊ 13052 ï74, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʜʘ ˉ5, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ 

ʄʂʂʊʊ. 

ʉʪʘʥʜʘʨʪʥʳʡ ʂʦʜ ʇʝʨʝʜʘʯʠ ɼʘʥʥʳʭ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

§ ʏʠʩʣʦ ʨʝʛʠʩʪʨʦʚ ï 2 (ʨʫʩʩʢʠʡ ʠ ʣʘʪʠʥʩʢʠʡ); 

§ ʆʙʱʝʝ ʯʠʩʣʦ ʢʦʜʠʨʫʝʤʳʭ ʩʠʤʚʦʣʦʚ ï 183; 

ɺ ʪʦʤ ʯʠʩʣʝ: 

- ʈʫʩʩʢʠʝ ʙʫʢʚʳ, ʟʘʛʣʘʚʥʳʝ ʠ ʩʪʨʦʯʥʳʝ ï 62; 

- ʃʘʪʠʥʩʢʠʝ ʙʫʢʚʳ, ʟʘʛʣʘʚʥʳʝ ʠ ʩʪʨʦʯʥʳʝ ï 52; 

- ʎʠʬʨʳ ï 10; 

- ʉʣʫʞʝʙʥʳʝ ʩʠʤʚʦʣʳ ï 34; 

- ɿʥʘʢʠ ʧʨʝʧʠʥʘʥʠʷ, ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ 

ʟʥʘʢʠ ï 25; 
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˗̏̅ ˞˗˜ˑ ʧʨʝʜʩʪʘʚʣʝʥ  ʊʘʙʣʠʮʝʡ 5.2.  

ʊʘʙʣʠʮʘ 5.2 
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§ ʆʙʱʝʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʤʙʠʥʘʮʠʠ ï 8; 

ɺ ʪʦʤ ʯʠʩʣʝ: 

- ʀʥʬʦʨʤʘʮʠʦʥʥʳʭ ï 7; 

- ʇʨʦʚʝʨʦʯʥʳʭ ï 1. 

- ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʦʟʥʘʯʝʥʳ ʙʫʢʚʘʤʠ 

71
bb2 .  

- ʧʨʦʚʝʨʦʯʥʳʡ ʵʣʝʤʝʥʪ 
8

b  ʜʦʧʦʣʥʷʝʪ ʢʦʤʙʠʥʘʮʠʶ ʜʦ 

ʯʸʪʥʦʛʦ ʯʠʩʣʘ ʝʜʠʥʠʮ.  

- ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʣʫʞʝʙʥʳʭ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ) 

ʩʠʤʚʦʣʦʚ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

ʇʋʉ ï ʧʫʩʪʦ ï ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʣʝʞʘʱʝʡ ʧʝʨʝʜʘʯʝ 

ʠʥʬʦʨʤʘʮʠʠ; 

ʅɿ ï ʥʘʯʘʣʦ ʟʘʛʦʣʦʚʢʘ; 

ʅʊ ï ʥʘʯʘʣʦ ʪʝʢʩʪʘ ʩʦʦʙʱʝʥʠʷ; 

ʂʊ ï ʢʦʥʝʮ ʪʝʢʩʪʘ ʩʦʦʙʱʝʥʠʷ; 

ʂʇ ï ʢʦʥʝʮ ʧʝʨʝʜʘʯʠ; 

ʂʊʄ ï ñʂʪʦ ʪʘʤ?ò ï ʟʘʧʨʦʩ ʘʚʪʦʦʪʚʝʪʘ; 

ɼɸ ï ʧʦʜʪʚʝʨʞʜʝʥʠʝ, ʧʦʩʳʣʘʝʤʦʝ ʚ ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʘ ʥʘ 

ʟʘʧʨʦʩ; 

ɿɺ ï ʟʚʦʥʦʢ, ʚʢʣʶʯʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ; 

ɺʐ ï ʚʦʟʚʨʘʪ ʪʦʯʢʠ ʧʝʯʘʪʠ ʥʘ ʦʜʠʥ ʰʘʛ; 

ɻʊ ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʪʘʙʫʣʷʮʠʷ; 

ʇʉ ï ʧʝʨʝʚʦʜ ʩʪʨʦʢʠ ʚ ʫʩʪʨʦʡʩʪʚʝ ʧʝʯʘʪʠ ʥʘ ʨʫʣʦʥ ʠʣʠ 

ʙʣʘʥʢ; 

ɺʊ ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʪʘʙʫʣʷʮʠʷ; 

ʇʌ ï ʧʝʨʝʚʦʜ ʬʦʨʤʘʪʘ, ʪ.ʝ. ʠʟʤʝʥʝʥʠʝ ʙʣʘʥʢʘ ʜʣʷ 

ʧʝʯʘʪʠ; 

ʃɸʊ, ʈʋʉ ï ʨʝʛʠʩʪʨʦʚʳʝ ʩʠʤʚʦʣʳ; 
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ɸʈ1, ɸʈ2 ï ʧʝʨʚʳʡ, ʚʪʦʨʦʡ ʘʚʪʦʨʝʛʠʩʪʨʳ ʫʩʪʨʦʡʩʪʚ 

ʦʙʨʘʙʦʪʢʠ; 

ʉʋ1-ʉʋ3 ï ʩʠʤʚʦʣʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ; 

ʈʀ1-ʈʀ4 ï ʩʠʤʚʦʣʳ ï ʨʘʟʜʝʣʠʪʝʣʠ ʠʥʬʦʨʤʘʮʠʠ; 

ʉʊʇ ï ʩʪʦʧ, ʚʳʢʣʶʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

ʅɽʊ ï ʦʪʨʠʮʘʥʠʝ, ʧʦʩʳʣʘʝʤʦʝ ʚ ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʘ ʥʘ 

ʟʘʧʨʦʩ; 

ʉʀʅ ï ʩʠʥʭʨʦʥʠʟʘʮʠʷ (ʧʝʨʝʜʘʸʪʩʷ ʧʨʠ ʧʝʨʝʨʳʚʘʭ ʚ 

ʧʝʨʝʜʘʯʝ); 

ʂɹ ï ʢʦʥʝʮ ʙʣʦʢʘ ʠʥʬʦʨʤʘʮʠʠ; 

ɸʅ ï ʘʥʥʫʣʠʨʦʚʘʥʠʝ (ʧʝʨʝʜʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦʰʠʙʦʯʥʘ); 

ʂʅ ï ʢʦʥʝʮ ʥʦʩʠʪʝʣʷ, ʪ.ʝ. ʦʢʦʥʯʘʥʠʝ ʟʘʧʘʩʘ ʙʫʤʘʛʠ ʠʣʠ 

ʥʦʩʠʪʝʣʷ; 

ɿʄ ï ʟʘʤʝʥʘ ʩʠʤʚʦʣʘ, ʧʨʠʟʥʘʥʥʦʛʦ ʥʝʜʝʡʩʪʚʠʪʝʣʴʥʳʤ; 

ɿɹ ï ʟʘʙʦʡ, ʫʥʠʯʪʦʞʝʥʠʝ ʦʰʠʙʦʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʥʘ 

ʧʝʨʬʦʣʝʥʪʝ. 
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5.3. ˑ ̘̜̃̏̉̎̊ ̋̏̅ ̏̂̑́̂̏̓̋̉ ̗̉̎̏̑̍́̉̉̕ 

ɉˑ˗˛˕Ɋ 

ɼʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʚ ʕɺʄ ʚ 

ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʜʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ɼʚʦʠʯʥʳʡ ʂʦʜ ʆʙʨʘʙʦʪʢʠ 

ʀʥʬʦʨʤʘʮʠʠ (ɼʂʆʀ), ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʜʘ EBCDIC .  

ʕʪʦʪ ʢʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʜʠʨʦʚʘʪʴ 256 ʩʠʤʚʦʣʦʚ, ʧʨʠ ʵʪʦʤ 

ʢʦʜʠʨʦʚʘʥʠʝ ʜʝʩʷʪʠʯʥʳʭ ʮʠʬʨ ʠ ʙʫʢʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʚʝʩʦʚʦʤʫ ʧʨʠʥʮʠʧʫ, ʢʦʛʜʘ ʜʚʦʠʯʥʳʡ ʢʦʜ ʩʠʤʚʦʣʘ (ʠʣʠ 

ʝʛʦ çʚʝʩè) ʚʦʟʨʘʩʪʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʝʜʠʥʠʮʫ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʮʠʬʨʳ ʢ ʮʠʬʨʝ (ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʮʠʬʨ 

ʦʪ 0 ʜʦ 9) ʠ ʦʪ ʙʫʢʚʳ ʢ ʙʫʢʚʝ (ʚ ʘʣʬʘʚʠʪʥʦʤ ʧʦʨʷʜʢʝ). 

ʊʘʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʢʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʳʝ ʦʧʝʨʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚ ï ʩʦʨʪʠʨʦʚʢʫ ʠ ʧʦʠʩʢ.  

ʂʦʜʠʨʦʚʘʥʠʝ ʩʠʤʚʦʣʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ɼʂʆʀ  

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʳ 5.3. 

ʂʦʜʠʨʫʝʤʳʝ ʩʠʤʚʦʣʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʫʟʣʘʭ 

ʪʘʙʣʠʮʳ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ; ʩʪʨʦʢʠ ʠ 

ʩʪʦʣʙʮʳ ʧʨʦʥʫʤʝʨʦʚʘʥʳ.  

ʂʦʜ ʩʠʤʚʦʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʧʨʠʧʠʩʳʚʘʥʠʷ ʢ 

ʢʦʜʫ ʥʦʤʝʨʘ ʩʪʦʣʙʮʘ ʢʦʜʘ ʥʦʤʝʨʘ ʩʪʨʦʢʠ, ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ 

ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʠʤʚʦʣ. 

ʅʘʧʨʠʤʝʨ, ʩʠʤʚʦʣʫ Wʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʜ 11100110.  

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʟʘʧʠʩʠ ʢʦʜʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʘʷ ʩʠʩʪʝʤʘ ʩʯʠʩʣʝʥʠʷ.  

ʇʨʠ ʵʪʦʤ ʩʠʤʚʦʣʫWʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʦʟʥʘʯʝʥʠʝ 6E . 
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˗̏̅ ˗˛˕ ɀ χɉː˛˞˟ ρσπυς-74)  
ɼʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʘʣʬʘʚʠʪʥʦ-ʮʠʬʨʦʚʳʭ 

ʩʠʤʚʦʣʦʚ ʇʝʨʠʬʝʨʠʡʥʳʭ ʋʩʪʨʦʡʩʪʚ (ʇʋ) , ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʫʩʪʨʦʡʩʪʚʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ: 

-  ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ ʧʦ 

ʢʘʥʘʣʘʤ ʩʚʷʟʠ; 

- ʧʨʠ ʭʨʘʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ; 

- ʧʨʠ ʦʙʤʝʥʝ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʜʨʫʛʠʤʠ 

ʤʘʰʠʥʘʤʠ; 

- ʚ ʢʣʘʚʠʘʪʫʨʘʭ; 

- ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʧʝʯʘʪʠ ʠ ʜʨ. 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ 7-ʨʘʟʨʷʜʥʳʡ ʢʦʜ ʂʆʀ-7 (ɻʆʉʊ 

ï 13052-74). 

ʇʨʠ ʚʳʙʦʨʝ ʩʠʩʪʝʤʳ ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ʨʘʟʣʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʢʦʜʝ ʂʆʀ-7 ʚʝʩʴ ʥʘʙʦʨ ʛʨʘʬʠʯʝʩʢʠʭ ʠ ʩʣʫʞʝʙʥʳʭ 

ʩʠʤʚʦʣʦʚ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʪʨʝʤ ʢʦʜʦʚʳʤ ʪʘʙʣʠʮʘʤ: 

ʂʆʀ-7ʅ0, ʂʆʀ-7ʅ1, ʠ ʂʆʀ-7ʉ1(ʪʘʙʣ. 5.4). 

ʂʘʞʜʘʷ ʠʟ ʪʘʙʣʠʮ ʂʆʀ-7ʅ0 ʠ ʂʆʀ-7ʅ1 ʩʦʜʝʨʞʠʪ ʧʦ 

128 ʛʨʘʬʠʯʝʩʢʠʭ ʠ ʩʣʫʞʝʙʥʳʭ ʩʠʤʚʦʣʦʚ.  

ʇʨʠ ʵʪʦʤ: 

- ʪʘʙʣʠʮʘ ʂʆʀ-7ʅ0 ʩʦʜʝʨʞʠʪ ʙʫʢʚʳ ʣʘʪʠʥʩʢʦʛʦ 

ʘʣʬʘʚʠʪʘ,  

- ʘ ʪʘʙʣʠʮʘ ʂʆʀ-7ʅ1 ʩʦʜʝʨʞʠʪ ʙʫʢʚʳ ʨʫʩʩʢʦʛʦ 

ʘʣʬʘʚʠʪʘ.  

ʇʨʠ ʵʪʦʤ ʮʠʬʨʳ, ʛʨʘʬʠʯʝʩʢʠʝ ʟʥʘʢʠ ʠ ʩʣʫʞʝʙʥʳʝ 

ʩʠʤʚʦʣʳ ʚ ʦʙʝʠʭ ʪʘʙʣʠʮʘʭ ʧʦʚʪʦʨʷʶʪʩʷ. 
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ʉʝʤʠʨʘʟʨʷʜʥʳʡ ʢʦʜ ʩʠʤʚʦʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʠʧʠʩʳʚʘʥʠʝʤ ʢʦʜʘ ʥʦʤʝʨʘ ʩʪʨʦʢʠ ʢ ʢʦʜʫ 

ʥʦʤʝʨʘ ʩʪʦʣʙʮʘ, ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʢʦʪʦʨʳʭ ʦʥ (ʩʠʤʚʦʣ) 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʙʫʢʚʝ V ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʜ 1010110 

ʪʘʙʣʠʮʳ ʂʆʀ-7ʅ0. ʪʘʢʦʡ ʞʝ ʢʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʫʢʚʝ ɾ  

ʪʘʙʣʠʮʳ ʂʆʀ-7ʅ1.  

ʊʘʙʣʠʮʘ ʂʆʀ-7ʉ1 ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ 

ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʤʚʦʣʳ (32 ʩʠʤʚʦʣʘ), ʢʦʪʦʨʳʝ 

ʢʦʜʠʨʫʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ.  

ʊʘʢ, ʫʢʘʟʘʥʥʦʤʫ ʢʦʜʫ 1010110ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʤʚʦʣ 

çɺʇè ʪʘʙʣʠʮʳ ʂʆʀ-7ʉ1 (ʧʨʠ ʧʨʠʝʤʝ ʜʘʥʥʦʛʦ ʢʦʜʘ ʚ 

ʇʋ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʧʝʨʝʚʦʜʘ ʧʝʯʘʪʘʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʚʝʨʭʥʝʝ 

ʧʦʣʦʞʝʥʠʝ).  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʢʦʜʠʨʦʚʘʥʠʷ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ 

(ʨʝʛʠʩʪʨʦʚʳʝ) ʩʠʤʚʦʣʳ ɺʍ, ɺʓʍ, ɸʈ2, ʥʘʟʳʚʘʝʤʳʝ 

ʩʠʤʚʦʣʘʤʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʝʛʠʩʪʨʦʚ ʠ ʩʣʫʞʘʱʠʝ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ (ʦʙʲʝʤʘ) ʘʣʬʘʚʠʪʘ. 

- ɽʩʣʠ ʚ ʧʨʠʥʠʤʘʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʩʪʨʝʯʘʝʪʩʷ 

ʩʠʤʚʦʣ çɺʍè (ʢʦʜ 0001111), ʪʦ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ 

ʢʦʜʳ ʨʘʩʰʠʬʨʦʚʳʚʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʘʙʣʠʮʝʡ ʂʆʀ-7ʅ0.  

- ɽʩʣʠ ʚ ʧʨʠʥʠʤʘʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʩʪʨʝʯʘʝʪʩʷ 

ʩʠʤʚʦʣ çɺʓʍè, ʪʦ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʢʦʜʳ 

ʨʘʩʰʠʬʨʦʚʳʚʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 

ʂʆʀ-7ʅ1.  

-  ɼʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ 

(ʜʝʢʦʜʠʨʦʚʘʥʠʠ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 
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ʂʆʀ-7ʉ1  ʢʘʞʜʦʡ  ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʜʦʣʞʝʥ 

ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʢʦʜ 0001011 ʩʠʤʚʦʣʘ çɸʈ2è. 

- ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚ ʧʨʠʥʠʤʘʝʤʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʤʚʦʣʦʚ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʝʛʠʩʪʨʦʚ ʢʦʜʠʨʦʚʘʥʠʝ ʠ 

ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʩʠʤʚʦʣʦʚ ʩʦʦʙʱʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ ʂʆʀ-7ʅ0. 

- ʏʪʦʙʳ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʨʝʛʠʩʪʨʦʚ ʚ ʩʦʦʙʱʝʥʠʠ, ʘʣʬʘʚʠʪ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʛʨʫʧʧʳ 

ʩʠʤʚʦʣʦʚ, ʚʢʣʶʯʘʝʤʳʭ ʚ ʦʜʥʫ ʪʘʙʣʠʮʫ, ʩ ʫʯʝʪʦʤ 

ʚʝʨʦʷʪʥʦʩʪʠ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ,  

- ɺʩʝ ʣʘʪʠʥʩʢʠʝ ʙʫʢʚʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 

ʂʆʀ-7ʅ0, 

- ʘ ʚʩʝ ʨʫʩʩʢʠʝ ʙʫʢʚʳ ï ʚ ʪʘʙʣʠʮʝ ʂʆʀ-7ʅ1.  

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ 

ʩʠʤʚʦʣʳ ʧʦʚʪʦʨʷʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧʘʭ.  

ʅʘʧʨʠʤʝʨ, ʮʠʬʨʳ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʟʥʘʢʠ 

ʧʦʚʪʦʨʷʶʪʩʷ ʚ ʪʘʙʣ. ʂʆʀ-7ʅ0 ʠ ʂʆʀ-7ʅ1. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʤʚʦʣʳ, 

ʠʟʤʝʥʷʶʱʠʝ ʟʥʘʯʝʥʠʝ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʢʦʜʘ. 
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˘̗̠̆̋̉ φȢ ̇ ̜̆̓̏̅ ̞̆̋̓̉̃̎̏̄̏̕̕ 

̠̋̏̅̉̑̏̃́̎̉ 

φȢρ ˙̜̆̓̏̅ ̞̆̋̓̉̃̎̏̄̏̕̕ ̠̋̏̅̉̑̏̃́̎̉ ̐̑̉ 

̉̈̃̆̒̓̎̏̊ ̒̓́̓̉̒̓̉̋̆ ̘̉̒̓̏̎̉̋́ ̜̖̅̉̒̋̑̆̓̎ 

̒̏̏̂̆̎̉̊̚ 

6.1.1 ̠ ̏̅̉̑̏̃́̎̉̆ ̘̉̒̓̏̎̉̋́ ̂̆̈ ̠̐́̍̓̉ 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʠʩʪʦʯʥʠʢ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ, 

ʘʣʬʘʚʠʪ ʢʦʪʦʨʦʛʦ K. ʇʨʠ ʢʦʜʠʨʦʚʘʥʠʠ ʩʦʦʙʱʝʥʠʡ ʜʘʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʜʚʦʠʯʥʳʤ, ʨʘʚʥʦʤʝʨʥʳʤ ʢʦʜʦʤ, 

ʧʦʪʨʝʙʫʝʪʩʷ 
ʨʢ

LK=
2

log
 
ʜʚʦʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʢʦʜʠʨʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʩʦʦʙʱʝʥʠʷ. 

1) ɽʩʣʠ ʚʝʨʦʷʪʥʦʩʪʠ ()
i

ap
 
ʧʦʷʚʣʝʥʠʷ ʚʩʝʭ 

ʩʦʦʙʱʝʥʠʡ ʠʩʪʦʯʥʠʢʘ ʨʘʚʥʳ, ʪʦ ɻ ʥʪʨʦʧʠʷ 

ʠʩʪʦʯʥʠʢʘ (ʠʣʠ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʦʜʥʦʤ ʩʦʦʙʱʝʥʠʠ) ʤʘʢʩʠʤʘʣʴʥʘ ʠ ʨʘʚʥʘ 

() KAH
2max

log=  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʘʞʜʦʝ ʩʦʦʙʱʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠʤʝʝʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ 
ʨʢ

LK=
2

log ʙʠʪ, ʠ ʦʯʝʚʠʜʥʦ, 

ʯʪʦ ʜʣʷ ʝʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʜʚʦʠʯʥʘʷ ʢʦʤʙʠʥʘʮʠʷ 

ʜʣʠʥʦʡ ʥʝ ʤʝʥʝʝ 
ʨʢ

L
 
ʵʣʝʤʝʥʪʦʚ.  

ʂʘʞʜʳʡ ʜʚʦʠʯʥʳʡ ʵʣʝʤʝʥʪ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʙʫʜʝʪ 

ʧʝʨʝʥʦʩʠʪʴ 1 ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ. 

2) ɽʩʣʠ ʞʝ ʩʦʦʙʱʝʥʠʷ ʥʝ ʨʘʚʥʦʚʝʨʦʷʪʥʳ (ʧʨʠ ʪʦʤ ʞʝ 

ʦʙʲʝʤʝ ʘʣʬʘʚʠʪʘ), ʪʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʵʥʪʨʦʧʠʷ ʠʩʪʦʯʥʠʢʘ 

ʙʫʜʝʪ ʤʝʥʴʰʝ 



51 

() () () ()AHapapAH
K

i
iiʨʝʘʣ max

1
2

log <-=ä
=

. 

ɽʩʣʠ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʩʦʦʙʱʝʥʠʷ 
ʨʢ

L - ʨʘʟʨʷʜʥʳʝ ʢʦʜʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ, ʪʦ ʥʘ 

ʢʘʞʜʳʡ ʜʚʦʠʯʥʳʡ ʵʣʝʤʝʥʪ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʙʫʜʝʪ 

ʧʨʠʭʦʜʠʪʴʩʷ ʤʝʥʴʰʝ ʦʜʥʦʛʦ ʙʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

() ()

()

()

()AH

AH

AH

AHAH
ʨʝʘʣʨʝʘʣ

ʠ

maxmax

max
1-=

-
=c . 

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠʭʦʜʷʱʝʝʩʷ 

ʥʘ ʦʜʠʥ ʜʚʦʠʯʥʳʡ ʵʣʝʤʝʥʪ ʢʦʤʙʠʥʘʮʠʠ ʧʨʠ 

ʢʦʜʠʨʦʚʘʥʠʠ ʨʘʚʥʦʤʝʨʥʳʤ ʢʦʜʦʤ  

() ()

()AH

AH

L

AH
ʨʝʘʣ

ʨʢ

ʨʝʘʣ

max

= .     (6.1) 

ʇʨʠʤʝʨ: 

ɼʣʷ ʢʦʜʠʨʦʚʘʥʠʷ 32 ʙʫʢʚ ʨʫʩʩʢʦʛʦ ʘʣʬʘʚʠʪʘ, ʧʨʠ 

ʫʩʣʦʚʠʠ ʨʘʚʥʦʚʝʨʦʷʪʥʦʩʪʠ, ʥʫʞʥʘ 5 ʨʘʟʨʷʜʥʘʷ ʢʦʜʦʚʘʷ 

ʢʦʤʙʠʥʘʮʠʷ.  

ʇʨʠ ʫʯʝʪʝ ʚʩʝʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ 

ʨʝʘʣʴʥʘʷ ʵʥʪʨʦʧʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1,5 ʙʠʪ 

ʥʘ ʙʫʢʚʫ. ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʠʟʙʳʪʦʯʥʦʩʪʴ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʩʦʩʪʘʚʠʪ   

ʩʠʤʚʦʣʥʘ

ʙʠʪ
7,0

5

5,1
1 =- . 

ɽʩʣʠ ʩʨʝʜʥʷʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʟʘʛʨʫʟʢʘ 

ʝʜʠʥʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʘʣʘ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, 

ʥʝʣʴʟʷ ʣʠ ʫʤʝʥʴʰʠʪʴ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʜʦʚʳʭ 
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ʩʠʤʚʦʣʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ 

ʘʣʬʘʚʠʪʘ, ʠ ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʵʪʦ ʩʜʝʣʘʪʴ? 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʢʦʜʳ. 

ʇʨʠ ʵʪʦʤ: 

- ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʙʠʨʘʶʪ ʙʦʣʝʝ ʜʣʠʥʥʫʶ 

ʢʦʜʦʚʫʶ ʢʦʤʙʠʥʘʮʠʶ,  

- ʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ ʩ ʤʘʣʳʤ ʦʙʲʝʤʦʤ 

ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʢʦʨʦʪʢʠʝ ʢʦʜʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 

ʢʦʥʢʨʝʪʥʦʤ  ʩʦʦʙʱʝʥʠʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴʶ ʝʛʦ 

ʧʦʷʚʣʝʥʠʷ 

()
()

i

i
ap

apI
1

loglog
22

=-= , 

ʤʦʞʥʦ ʧʝʨʝʬʨʘʟʠʨʦʚʘʪʴ ʜʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ: 

ʩʠʤʚʦʣʳ, ʠʤʝʶʱʠʝ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʳʙʦʨʘ, ʢʦʜʠʨʫʶʪʩʷ ʢʦʨʦʪʢʠʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʠ 

ʥʘʦʙʦʨʦʪ, ʩʠʤʚʦʣʳ ʩ ʤʘʣʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʢʦʜʠʨʫʪʁʩʷ 

ʜʣʠʥʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʢʦʜʠʨʦʚʘʥʠʠ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʢʦʜʦʤ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ 

ʩʦʦʙʱʝʥʠʷ ʙʫʜʝʪ ʟʘʪʨʘʯʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʢʦʜʦʚʳʭ 

ʩʠʤʚʦʣʦʚ ʚ ʩʨʝʜʥʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ 

ʨʘʚʥʦʤʝʨʥʦʤ ʢʦʜʠʨʦʚʘʥʠʠ. 

()
ʨʢ

K

i
ii

Llapl <Ö=ä
=1

, 

ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʤʦʜʫʣʷʮʠʠ ʥʝʠʟʤʝʥʥʘ, ʪʦ ʥʘ 

ʧʝʨʝʜʘʯʫ ʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ 

ʟʘʪʨʘʯʝʥʦ ʚ ʩʨʝʜʥʝʤ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ: 
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()ä
=

Ö=
K

i
iiʩʨ

ap
1

tt . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʠ ʤʦʜʫʣʷʮʠʠ ʙʫʜʝʪ 

ʧʝʨʝʜʘʚʘʪʴʩʷ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʩʦʦʙʱʝʥʠʡ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ, ʯʝʤ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʢʦʜʠʨʦʚʘʥʠʠ, ʪ.ʝ. 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʘʢʦʝ ʞʝ ʚ ʩʨʝʜʥʝʤ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ 

ʜʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ? 

ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʜʘʣ ʂ. ʐʝʥʥʦʥ. 

ʐʝʥʥʦʥ ʧʦʢʘʟʘʣ, ʯʪʦ: 

1. ʅʝʣʴʟʷ ʟʘʢʦʜʠʨʦʚʘʪʴ ʩʦʦʙʱʝʥʠʝ ʜʚʦʠʯʥʳʤ ʢʦʜʦʤ ʪʘʢ, 

ʯʪʦ ʙʳ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ l  ʙʳʣʘ ʯʠʩʣʝʥʥʦ 

ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʳ ʵʥʪʨʦʧʠʠ ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʡ  

()AHʨʝʘʣ .  

ʇʨʠ ʵʪʦʤ () lAH
ʨʝʘʣ

¢ ,     (6.2) 

ʛʜʝ ()ä
=

Ö=
K

i
ii
lapl

1

.     (6.3) 

2. ʉʫʱʝʩʪʚʫʝʪ ʩʧʦʩʦʙ ʢʦʜʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ ʥʝʤʥʦʛʠʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʵʥʪʨʦʧʠʠ ʠʩʪʦʯʥʠʢʘ  

() ()e+<¢ AHlAH
ʨʝʘʣʨʝʘʣ

.   (6.4) 

ʆʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ 

ʩʧʦʩʦʙ ʢʦʜʠʨʦʚʘʥʠʷ.  

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪ 

ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʢʦʜʳ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʢʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ: 
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1. ʂʦʵʬʬʠʮʠʝʥʪʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʩʞʘʪʠʷ 

l

l
K

ʨʢ

ʩʩ
= ,      (6.5), 

ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ 

ʜʚʦʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʦʦʙʱʝʥʠʝ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʤʝʪʦʜʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʨʘʚʥʦʤʝʨʥʳʤ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ()AHKl
ʨʢ max2

log == , ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

()
l

AH
K
ʩʩ

max= .      (6.6) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ 
ʩʩ

K  ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ  ʚ ʧʨʝʜʝʣʘʭ: 

- ʦʪ 1 - ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʢʦʜʝ 

- ʜʦ 
()
()

1max ²²
ʩʩ

ʨʝʘʣ

K
AH

AH
, ʧʨʠ ʥʘʠʣʫʯʰʝʤ ʩʧʦʩʦʙʝ 

ʢʦʜʠʨʦʚʘʥʠʷ. 

2. ʂʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

()

l

AH
K

ʨʝʘʣ

ʦ
=ɻ ,     (6.7) 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ.  

ɺ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʢʦʜʘʭ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʨʘʟʜʝʣʝʥʠʷ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ. ʇʨʦʙʣʝʤʘ 

ʨʝʰʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʬʠʢʩʥʳʭ ʢʦʜʦʚ. 

ʇʨʝʬʠʢʩʥʳʤ ʥʘʟʳʚʘʶʪ ʢʦʜ, ʚ ʢʦʪʦʨʦʤ ʥʠʢʘʢʦʝ 

ʙʦʣʝʝ ʢʦʨʦʪʢʦʝ ʩʣʦʚʦ ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʦʤ ʜʨʫʛʦʛʦ ʙʦʣʝʝ 
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ʜʣʠʥʥʦʛʦ ʩʣʦʚʘ ʢʦʜʘ. ʇʨʝʬʠʢʩʥʳʝ ʢʦʜʳ ʚʩʝʛʜʘ ʦʜʥʦʟʥʘʯʥʦ 

ʜʝʢʦʜʠʨʫʝʤʳ. 

ɺʚʝʜʝʤ ʧʦʥʷʪʠʝ ʢʦʜʦʚʦʛʦ ʜʝʨʝʚʘ ʜʣʷ ʤʥʦʞʝʩʪʚʘ 

ʢʦʜʦʚʳʭ ʩʣʦʚ. 

 

ʈʠʩ.6.1. ʧʨʠʤʝʨ ʢʦʜʦʚʦʛʦ ʜʚʦʠʯʥʦʛʦ ʜʝʨʝʚʘ 

ʅʘʛʣʷʜʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʥʦʞʝʩʪʚʘ 

ʢʦʜʦʚʳʭ ʩʣʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʫʩʪʘʥʦʚʠʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʝʞʜʫ ʩʦʦʙʱʝʥʠʷʤʠ ʠ ʢʦʥʮʝʚʳʤʠ ʫʟʣʘʤʠ ʢʦʜʦʚʦʛʦ 

ʜʚʦʠʯʥʦʛʦ ʜʝʨʝʚʘ. ʇʨʠʤʝʨ ʜʚʦʠʯʥʦʛʦ ʢʦʜʦʚʦʛʦ ʜʝʨʝʚʘ 

ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ. 6.1.  

ɼʚʝ ʚʝʪʚʠ, ʠʜʫʱʠʝ ʦʪ ʢʦʨʥʷ ʜʝʨʝʚʘ ʢ ʫʟʣʘʤ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʙʦʨʫ ʤʝʞʜʫ ñ0ò ʠ ñ1òʚ 

ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʩʠʤʚʦʣʘ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ: ʣʝʚʘʷ ʚʝʪʚʴ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ñ0ò, ʘ ʧʨʘʚʘʷ ï ñ1ò.  

ɼʚʝ ʚʝʪʚʠ, ʠʜʫʱʠʝ ʠʟ ʫʟʣʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʪʦʨʦʤʫ ʩʠʤʚʦʣʫ ʢʦʜʦʚʳʭ ʩʣʦʚ: ʣʝʚʘʷ 

ʦʟʥʘʯʘʝʪ ñ0ò, ʘ ʧʨʘʚʘʷ ï ñ1ò ʠ ʪ. ʜ.  

110 
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ʂʦʨʝʥʴ ʜʝʨʝʚʘ 

ʋʟʣʳ 1-ʛʦʧʦʨʷʜʢʘ 

ʋʟʣʳ 2-ʛʦʧʦʨʷʜʢʘ 

ʋʟʣʳ 3-ʛʦʧʦʨʷʜʢʘ 
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ʗʩʥʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ ʢʘʞʜʦʛʦ 

ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʘʚʠʣʘ 

ʧʨʦʜʚʠʞʝʥʠʷ ʦʪ ʢʦʨʥʷ ʜʝʨʝʚʘ ʜʦ ʢʦʥʮʝʚʦʛʦ ʫʟʣʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʜʠʨʫʝʤʦʤʫ ʩʦʦʙʱʝʥʠʶ.  

ʌʦʨʤʘʣʴʥʦ ʢʦʜʦʚʳʝ ʩʣʦʚʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʧʠʩʘʥʳ 

ʪʘʢʞʝ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʫʟʣʘʤ.  

ʅʘʧʨʠʤʝʨ, ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ ʫʟʣʫ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʥʘ ʨʠʩʫʥʢʝ 6.1 ʤʦʞʥʦ ʧʨʠʧʠʩʘʪʴ ʢʦʜʦʚʦʝ ʩʣʦʚʦ ç11è, 

ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʳʤ ʜʚʫʤ ʩʠʤʚʦʣʘʤ ʢʦʜʦʚʳʭ 

ʩʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʮʝʚʳʤ ʫʟʣʘʤ, ʧʦʨʦʞʜʘʝʤʳʭ 

ʵʪʠʤ ʫʟʣʦʤ.  

ʆʜʥʘʢʦ ʢʦʜʦʚʳʝ ʩʣʦʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʫʟʣʘʤ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʦʙʱʝʥʠʡ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʘʨʫʰʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʧʨʝʬʠʢʩʥʦʩʪʠ ʢʦʜʘ.  

ʊʨʝʙʦʚʘʥʠʝ, ʯʪʦʙʳ ʪʦʣʴʢʦ ʢʦʥʮʝʚʳʝ ʫʟʣʳ 

ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʩʦʦʙʱʝʥʠʷʤ, ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʩʣʦʚʠʶ, 

ʯʪʦʙʳ ʥʠ ʦʜʥʦ ʠʟ ʢʦʜʦʚʳʭ ʩʣʦʚ ʥʝ ʩʦʚʧʘʣʦ ʩ ʥʘʯʘʣʦʤ 

(ʧʨʝʬʠʢʩʦʤ) ʙʦʣʝʝ ʜʣʠʥʥʦʛʦ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ. 

ʃʶʙʦʡ ʢʦʜ, ʢʦʜʦʚʳʝ ʩʣʦʚʘ ʢʦʪʦʨʦʛʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʢʦʥʮʝʚʳʤ 

ʚʝʨʰʠʥʘʤ ʥʝʢʦʪʦʨʦʛʦ ʜʚʦʠʯʥʦʛʦ ʢʦʜʦʚʦʛʦ 

ʜʝʨʝʚʘ, ʷʚʣʷʝʪʩʷ ʧʨʝʬʠʢʩʥʳʤ, ʪ.ʝ. ʦʜʥʦʟʥʘʯʥʦ 

ʜʝʢʦʜʠʨʫʝʤʳʤ.  

6.1.2 ̇ ̆̓̏̅ ˢ́̍́̎́̕̕ 

ʆʜʥʠʤ ʠʟ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʢʦʜ ʍʘʬʬʤʘʥʘ.  

ʇʫʩʪʴ ʩʦʦʙʱʝʥʠʷ ʚʭʦʜʥʦʛʦ ʘʣʬʘʚʠʪʘ { }
K

aaaA ,,,
21
2=

 
ʠʤʝʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʨʦʷʪʥʦʩʪʠ ʠʭ ʧʦʷʚʣʝʥʠʷ 

()() ( )
K

apapap ,,,
21
2 , 
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ʪʦʛʜʘ ʘʣʛʦʨʠʪʤ ʢʦʜʠʨʦʚʘʥʠʷ ʍʘʬʬʤʘʥʘ ʩʦʩʪʦʠʪ ʚ 

ʩʣʝʜʫʶʱʝʤ:  

1. ʉʠʤʚʦʣʳ ʢʦʜʠʨʫʝʤʦʛʦ ʘʣʬʘʚʠʪʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʩʪʦʣʙʝʮ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʠʭ ʧʦʷʚʣʝʥʠʷ. 

2. ɼʚʘ ʩʘʤʳʭ ʤʘʣʦʚʝʨʦʷʪʥʳʭ ʩʦʦʙʱʝʥʠʷ ʦʙʲʝʜʠʥʷʝʤ ʚ 

ʦʜʥʦ (ʧʨʦʤʝʞʫʪʦʯʥʦʝ) ʩʦʦʙʱʝʥʠʝ b , ʢʦʪʦʨʦʝ ʠʤʝʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ, ʨʘʚʥʫʶ ʩʫʤʤʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʦʙʱʝʥʠʡ 
K

a
 
ʠ 

1-K
a , ʪ. ʝ. ( ) ( ) ()bpapap

KK
=+

-1
.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʘʣʬʘʚʠʪ { }baaaA
K

,,,,
221 -

=¡ 2 , ʩ 

ʟʘʜʘʥʥʳʤ ʥʘ ʥʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʝʡ 

() ( ) ( ) ()1 2 2, , ,Kp a p a p a p b-2 .  

3. ʇʦʚʪʦʨʷʝʤ ʰʘʛʠ 1 ʠ 2 ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʯʝʨʝʜʥʦʡ 

ʘʣʬʘʚʠʪ ʥʝ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʦʦʙʱʝʥʠʝ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 1. 

4. ʇʨʦʚʦʜʷ ʣʠʥʠʠ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʦʜʥʦʠʤʝʥʥʳʝ 

ʩʦʦʙʱʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʧʦʜʤʥʦʞʝʩʪʚʘʭ, ʧʦʣʫʯʘʝʤ ʢʦʜʦʚʦʝ ʜʝʨʝʚʦ, ʚ ʢʦʪʦʨʦʤ 

ʢʦʜʠʨʫʝʤʳʝ ʩʦʦʙʱʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʚʳʤʠ ʫʟʣʘʤʠ.  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ ʩʦʦʙʱʝʥʠʷʤ  ʢʦʜʦʚʳʝ ʩʣʦʚʘ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠʧʠʩʳʚʘʷ, ʥʘʧʨʠʤʝʨ, ʚʝʨʭʥʠʤ 

ʚʝʪʚʷʤ ʦʙʲʝʜʠʥʝʥʠʷ ʩʠʤʚʦʣ ñ1ò, ʘ ʥʠʞʥʠʤ - ñ0ò.  
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ʈʠʩ.6.2. ʂʦʜʠʨʦʚʘʥʠʝ ʧʦ ʤʝʪʦʜʫ ʍʘʬʬʤʘʥʘ 

H 

G 

F 

E 

D 

C 

B 

A 0,25 

0,22 

0,13 

0,11 

0,1 

0,09 

0,07 

0,03 

0,09 

0,1 

0,1 

0,11 

0,13 

0,22 

0,25 0,25 

0,22 

0,19 

0,13 

0,11 

0,1 

0,25 

0,22 

0,21 

0,19 

0,13 

0,25 

0,32 

0,22 

0,21 

0,25 

0,32 

0,43 0,43 

0,57 

1 
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ʊʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʢʦʜʠʨʦʚʘʥʠʷ ʩʦʦʙʱʝʥʠʷʤ 

ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʢʦʥʮʝʚʳʝ ʫʟʣʳ, 

ʧʦʣʫʯʝʥʥʳʡ ʢʦʜ ʷʚʣʷʝʪʩʷ ʧʨʝʬʠʢʩʥʳʤ ʠ ʚʩʝʛʜʘ 

ʦʜʥʦʟʥʘʯʥʦ ʜʝʢʦʜʠʨʫʝʤʳʤ. 

 

6.1.3 ˙̆̓̏̅ ̞̆̋̓̉̃̎̏̄̏̕̕ ̠̋̏̅̉̑̏̃́̎̉ ˡ́̎̏-

˥̆̎̎̏̎́ 

ɼʨʫʛʦʡ ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʛʨʘʥʠʮʝ,  

() ()e+<¢ AHlAH
ʨʝʘʣʨʝʘʣ  

ʧʨʝʜʣʦʞʠʣʠ ʈ.ʄ. ʌʘʥʦ ʠ ʂ. ʐʝʥʥʦʥ.  

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

E [1111] 

F [1110] 

C [110] 

A [10] 

B [01] 

D [001] 

G [0001] 

H [0000] 

ʈʠʩ.6.3 ʂʦʜʦʚʦʝ ʜʝʨʝʚʦ ʢʦʜʘ ʍʘʬʬʤʘʥʘ 
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ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʉʠʤʚʦʣʳ 
i

a  ʘʣʬʘʚʠʪʘ {} KiaA
i

,1, Í=  

ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʡ, ʧʦʜʣʝʞʘʱʠʝ ʢʦʜʠʨʦʚʘʥʠʶ, 

ʨʘʩʧʦʣʘʛʘʶʪ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʠʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ()
i

ap . 

- ʇʦʣʫʯʝʥʥʫʶ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʩʦʦʙʱʝʥʠʡ ʨʘʟʙʠʚʘʶʪ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʪʘʢ, ʯʪʦʙʳ 

ʩʫʤʤʳ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʦʙʱʝʥʠʡ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʙʳʣʠ ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʠʥʘʢʦʚʳʤʠ. 

- ɺʩʝʤ ʩʦʦʙʱʝʥʠʷʤ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʧʨʠʧʠʩʳʚʘʶʪ 

ʩʠʤʚʦʣ 0, ʘ ʩʦʦʙʱʝʥʠʷ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ï ʩʠʤʚʦʣ 1.  

ʕʪʠ ʜʚʦʠʯʥʳʝ ʩʠʤʚʦʣʳ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʚʳʭ ʩʠʤʚʦʣʦʚ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ ʢʦʜʠʨʫʝʤʳʭ 

ʩʠʤʚʦʣʦʚ. 

- ɿʘʪʝʤ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʢʘʞʜʫʶ ʠʟ ʜʚʫʭ 

ʛʨʫʧʧ ʩʦʦʙʱʝʥʠʡ ʜʝʣʷʪ ʥʘ ʜʚʝ ʧʦʜʛʨʫʧʧʳ. ʇʨʠ ʵʪʦʤ 

ʩʦʦʙʱʝʥʠʷʤ ʧʝʨʚʦʡ ʧʦʜʛʨʫʧʧʳ ʢʘʞʜʦʡ ʛʨʫʧʧʳ 

ʧʨʠʧʠʩʳʚʘʶʪ ʩʠʤʚʦʣ ç0è, ʘ ʩʦʦʙʱʝʥʠʷʤ ʚʪʦʨʦʡ 

ʧʦʜʛʨʫʧʧʳ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ï ʩʠʤʚʦʣ ç1è. 

- ʇʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚ ʢʘʞʜʦʡ 

ʧʦʜʛʨʫʧʧʝ ʥʝ ʦʩʪʘʥʝʪʩʷ ʧʦ ʦʜʥʦʤʫ ʩʦʦʙʱʝʥʠʶ. 

ʇʨʠʤʝʨ ʵʢʦʥʦʤʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʧʦ ʤʝʪʦʜʫ ʌʘʥʦ-

ʐʝʥʥʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥ ʪʘʙʣʠʮʝʡ 6.1. ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʤ 

ʧʨʠʤʝʨʝ ʵʥʪʨʦʧʠʷ ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʡ: 

() () () 875,1log
1

2
=Ö=ä

=
i

K

i
i

apapAH [ʙʠʪ/ʩʠʤʚ],  

ʘ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʢʦʜʦʚʳʭ ʩʠʤʚʦʣʦʚ, 

ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʠʥ ʢʦʜʠʨʫʝʤʳʡ ʩʠʤʚʦʣ ʘʣʬʘʚʠʪʘ 

ʠʩʪʦʯʥʠʢʘ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ  
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() 875,1
5

1

=Ö=ä
=i

ii
lapl . 

ʊʘʙʣʠʮʘ 6.1 

ʉʦʦʙʱʝʥʠʷ 
ʉʠʤʚʦʣʳ ʢʦʜʦʚʳʭ 

ʢʦʤʙʠʥʘʮʠʡ 
ʏʠʩʣʦ ʩʠʤʚʦʣʦʚ 

ʚ ʢʦʜʦʚʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ai P(ai) 1-ʡ 2-ʡ 3-ʡ 4-ʡ 

a1 1/2 0 - - - 1 

a2 1/4 1 0 - - 2 

a3 1/8 1 1 0 - 3 

a4 1/16 1 1 1 0 4 

a5 1/16 1 1 1 1 4 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʜ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʌʘʥʦ-ʐʝʥʥʦʥʘ, ʜʣʷ ʵʪʦʛʦ ʘʣʬʘʚʠʪʘ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʥʳʤ, ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʶʱʠʤ ʠʟʙʳʪʦʯʥʦʩʪʴ. 

ʉʝʨʴʸʟʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʝʬʠʢʩʥʳʭ ʢʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠ ̫ʪʨʝʢʘ ʦʰʠʙʦʢ, 

ʢʦʛʜʘ ʦʜʠʥʦʯʥʘʷ ʦʰʠʙʢʘ ʚ ʧʝʨʝʜʘʚʘʝʤʦʡ ʢʦʜʦʚʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʩʧʦʩʦʙʥʘ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ, 

ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʜʝʢʦʜʠʨʦʚʘʥʠʶ ʥʝ ʪʦʣʴʢʦ 

ʜʘʥʥʦʡ, ʥʦ ʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʫʶʱʠʭ ʢʦʜʦʚʳʭ 

ʢʦʤʙʠʥʘʮʠʡ. 

ʈʘʚʥʦʤʝʨʥʳʝ ʢʦʜʳ ʩʚʦʙʦʜʥʳ ʦʪ ʫʢʘʟʘʥʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʥʠʭ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʩʦʦʙʱʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦ ʠ ʪʦ ʞʝ ʯʠʩʣʦ ʢʦʜʦʚʳʭ ʩʠʤʚʦʣʦʚ ó0ô ʠ ó1ô. 

ʇʦʵʪʦʤʫ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʰʠʙʢʠ ʚ 

ʧʨʠʥʠʤʘʝʤʦʡ ʢʦʜʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʦʥʘ ʙʫʜʝʪ 
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ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʠ ʥʝ 

ʦʢʘʞʝʪ ʚʣʠʷʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʴ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʩʦʩʝʜʥʠʭ 

(ʧʦʩʣʝʜʫʶʱʠʭ) ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʤʝʪʦʜʳ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʦʩʥʦʚʥʦʤ ʚ ʬʘʢʩʠʤʠʣʴʥʦʡ ʩʚʷʟʠ. 
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˘̗̠̆̋̉ χȢ ˗̜́̎́̌ ̠̒̃̈̉ ̉ ̖̉ ̖́̑́̋̓̆̑̉̒̓̉̋̉ 

χȢρ ˗̗̠̌́̒̒̉̉̋́̉̕ ̋́̎́̌̏̃ ̠̒̃̈̉ 

ʂʘʥʘʣʳ ʩʚʷʟʠ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʧʨʠʟʥʘʢʘʤ. 

ʇʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʩʠʛʥʘʣʦʚ ʥʘ 

ʚʭʦʜʝ ʨʘʟʣʠʯʘʶʪ: 

- ʅʝʧʨʝʨʳʚʥʳʝ; 

- ɼʠʩʢʨʝʪʥʳʝ; 

- ɼʠʩʢʨʝʪʥʦ-ʥʝʧʨʝʨʳʚʥʳʝ. 

- ɺ ʥʝʧʨʝʨʳʚʥʳʭ ʢʘʥʘʣʘʭ ʩʠʛʥʘʣʳ ʥʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ ʥʝʧʨʝʨʳʚʥʳ ʧʦ ʫʨʦʚʥ ʁʠ ʚʨʝʤʝʥʠ. 

- ɺ ʜʠʩʢʨʝʪʥʳʭ ï ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʠʩʢʨʝʪʥʳ.  

- ɺ ʜʠʩʢʨʝʪʥʦ-ʥʝʧʨʝʨʳʚʥʳʭ ï ʩʠʛʥʘʣʳ ʥʘ ʚʭʦʜʝ 

ʜʠʩʢʨʝʪʥʳ, ʘ ʥʘ ʚʳʭʦʜʝ ʥʝʧʨʝʨʳʚʥʳ, ʠ ʥʘʦʙʦʨʦʪ. 

7.1.1 ˚̜̜̆̐̑̆̑̃̎̆ ̜̋́̎́̌ 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʝʪʠ, 

ʦʨʛʘʥʠʟʫʶʪʩʷ ʥʘ ʙʘʟʝ ʢʘʥʘʣʦʚ ʨʘʟʣʠʯʥʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʥʘʣʳ ʩʚʷʟʠ, ʦʙʨʘʟʫʝʤʳʝ ʚ ʩʠʩʪʝʤʘʭ 

ʧʝʨʝʜʘʯʠ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ ʯʘʩʪʦʪʝ ʠ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ 

ʬʠʟʠʯʝʩʢʠʝ ʮʝʧʠ ʧʨʦʚʦʜʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʩʪʨʝʤʷʪʩʷ ʩʦʭʨʘʥʠʪʴ ʬʦʨʤʫ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʠʭ ʧʦ ʢʘʥʘʣʘʤ ʠ ʮʝʧʷʤ ʩʚʷʟʠ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ 

ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ ()w
ʚʳʭ

S  ʩʚʷʟʘʥ ʩʦ ʩʧʝʢʪʨʦʤ ʩʠʛʥʘʣʘ ʥʘ 
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ʚʭʦʜʝ ()w
ʚʭ

S  ʩʦʦʪʥʦʰʝʥʠʝʤ () () ()www KSS
ʚʳʭʚʳʭ

Ö= , ʛʜʝ 

()wK  - ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ.  

ʀʜʝʥʪʠʯʥʦʩʪʴ ʩʧʝʢʪʨʦʚ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ ʢʘʥʘʣʘ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ ʦʪʩʫʪʩʪʚʠʷ 

ʠʩʢʘʞʝʥʠʡ.  

ʀʩʢʘʞʝʥʠʷʤʠ ʥʘʟʳʚʘʶʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʦʪʢʣʦʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ ʦʪ 

ʠʜʝʘʣʴʥʳʭ, ʘ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʧʦʩʪʦʨʦʥʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʣʦʚʠʷ ʦʪʩʫʪʩʪʚʠʷ ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʦʚ 

ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ () () ()[ ]wjww iKK expÖ= , ʤʦʛʫʪ ʙr ʪʴ 

ʟʘʧʠʩʘʥʳ ʪʘʢ: () () tconstK Ö== wwjw , ,  

ʛʜʝ ()wK  - ʘʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɸʏʍ), ʘ ()wj  - 

ʬʘʟʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʌʏʍ) ʢʘʥʘʣʘ ʩʚʷʟʠ. 

ʌʏʍ ű(ɤ)

ɸʏʍ K(ɤ)
ɤ

ʨʝʘʣɹʥʘ̫

ʠʜʝʘʣɹʥʘ̫

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ

K(ɤ), ű(ɤ)

 
ʈʠʩ.7.1.ʊʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʘ ʥʠʞʥʠʭ 

ʯʘʩʪʦʪ ɸʏʍ- ()wʂ  ʠ ʌʏʍ- ()wj
 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʏʍ ʠ ʌʏʍ ʬʠʟʠʯʝʩʢʠʭ ʣʠʥʠʡ 

ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʬʠʣʴʪʨʘ ʥʠʞʥʠʭ 

ʯʘʩʪʦʪ. 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʏʍ ʠ ʌʏʍ ʢʘʥʘʣʦʚ ʩ ʯʘʩʪʦʪʥʳʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ

K(ɤ), ű(ɤ)

ű(ɤ)

K(ɤ)

ɤ

 
ʈʠʩ.7.2 ʊʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ. 

ʋʩʣʦʚʠʝʤ ʦʪʩʫʪʩʪʚʠʷ ʠʩʢʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʠ ʣʠʥʝʡʥʦʩʪʴ ʌʏʍ.   

ʀʟ ʨʠʩʫʥʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʵʪʦ ʫʩʣʦʚʠʝ ʜʣʷ ʨʝʘʣʴʥʳʭ 

ʢʘʥʘʣʦʚ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪ.ʢ. ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʣʴʥʳʭ 

ʢʘʥʘʣʦʚ ʥʝʣʠʥʝʡʥʳ ʠ ʥʝʨʘʚʥʦʤʝʨʥʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʠʩʢʘʞʝʥʠʷʤ ʩʠʛʥʘʣʦʚ ʧʨʠ ʧʝʨʝʜʘʯʝ  ʠʭ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ. 

ɽʩʪʴ ʪʘʢʞʝ ʠ ʜʨʫʛʠʝ ʧʨʠʯʠʥʳ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʦʚ:  

¶ ʷʚʣʝʥʠʝ çʵʭʦè,  

¶ ʩʜʚʠʛʠ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʠ  

¶ ʧʦʤʝʭʠ. 

7.1.2 ˑ ̜̉̒̋̑̆̓̎̊ ̋́̎́̌ ̜̎̆̐̑̆̑̃̎̏̄̏ ̃̑̆̍̆̎̉. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʚ ʩʠʩʪʝʤʝ ʇɼʉ ʠʥʦʛʜʘ 

ʚʳʜʝʣʷʶʪ ʜʠʩʢʨʝʪʥʳʡ ʢʘʥʘʣ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʚʨʝʤʝʥʠ (ʨʠʩ. 7.3).  

ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʥʘ ʚʭrʦʜʝ ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ 

ʥʘʙʣʶʜʘʝʤ ʩʠʛʥʘʣ, ʜʠʩʢʨʝʪʥʳʡ ʢʘʢ ʧʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʧʦ 

ʟʥʘʯʝʥʠʷʤ, ʪʦ ʥʘ ʚʳʭʦʜʝ ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ 



66 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣ, ʜʠʩʢʨʝʪʥʳʡ ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʠ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦ ʚʨʝʤʝʥʠ.  

ʏʘʩʪʦ ʜʠʩʢʨʝʪʥʳʡ ʢʘʥʘʣ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʨʝʤʝʥʠ 

ʥʘʟʳʚʘʶʪ ʢʘʥʘʣʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʂʇʊ), ʪʘʢ 

ʢʘʢ ʥʘ ʝʛʦ ʚʳʭʦʜʝ ʩʠʛʥʘʣʳ ʠʤʝʶʪ ʬʦʨʤʫ ʠʤʧʫʣʴʩʦʚ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʀʇʊ).  

 

7.2 ˑ̜̉̒̋̑̆̓̎̊ ̋́̎́̌Ȣ ˞̝̋̏̑̏̒̓ ̘̐̆̑̆̅́̉Ȣ 

ɼʠʩʢʨʝʪʥʳʤ ʥʘʟʳʚʘʝʪʩʷ ʢʘʥʘʣ, ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ 

ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʶʪʩʷ ʜʠʩʢʨʝʪʥʳʝ (ʮʠʬʨʦʚʳʝ) ʩʠʛʥʘʣʳ.  

ɺ ʩʠʩʪʝʤʝ ʧʝʨʝʜʘʯʠ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ ʜʠʩʢʨʝʪʥʳʡ 

ʢʘʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʘʥʘʣʘ ʠ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ. 

ʍʘʨʘʢʪʝʨʠʟʫʷ ʜʠʩʢʨʝʪʥʳʡ ʢʘʥʘʣ ʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʶʪ 

ʜʚʘ ʧʦʥʷʪʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ: 

- ʪʝʭʥʠʯʝʩʢʦʡ   

- ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ. 

ʇʦʜ ʪʝʭʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠB , 

ʥʘʟʳʚʘʝʤʦʡ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴʶ ʤʦʜʫʣʷʮʠʠ, 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʯʠʩʣʦ ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʋʇʉ 
ʅʝʧʨʝʨʳʚʥʳʡ 

ʢʘʥʘʣ ɼʝʤʦʜʫʣʷʪʦʨ  
ʈʝʛʠʩʪʨʠʨʫʶʱʝʝ

ʫʩʪʨʦʡʩʪʚʦ 

ʇʦʤʝʭʠ  ʀʩʢʘʞʝʥʠʷ  ʆʰʠʙʢʠ  

ʂʇʊ  

(ʜʠʩʢʨʝʪʥʳʡ ʢʘʥʘʣ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʨʝʤʝʥʠ)  

ɼʠʩʢʨʝʪʥʳʡ ʢʘʥʘʣ  

ʈʠʩ. 7.3. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʥʷʪʠʷ ʢʘʥʘʣ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ   
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(ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʛʥʘʣʦʚ), ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʢʘʥʘʣʫ ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʟʘʚʠʩʠʪ: 

- ʦʪ ʩʚʦʡʩʪʚ ʣʠʥʠʠ ʩʚʷʟʠ  

- ʠ ʦʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʢʘʥʘʣʦʦʙʨʘʟʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʉ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʳʭ ʨʘʟʣʠʯʠʡ ʚ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʛʥʘʣʦʚ 

ʪʝʭʥʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

ʩʨ

B
t

1
=  [ɹʦʜ]    (7.1.) 

ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 
0
t

 
ʚʩʝʭ 

ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʩʠʛʥʘʣʦʚ) ʪʝʭʥʠʯʝʩʢʘʷ 

ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

0

1

t
=B  [ɹʦʜ].     (7.2) 

ɽʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʷʚʣʷʝʪʩʷ [ɹʦʜ] - ʩʢʦʨʦʩʪʴ, ʧʨʠ ʢʦʪʦʨʦʡ ʟʘ ʦʜʥʫ 

ʩʝʢʫʥʜʫ ʧʝʨʝʜʘʝʪʩʷ ʦʜʠʥ ʝʜʠʥʠʯʥʳʡ ʵʣʝʤʝʥʪ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʢʦʨʦʩʪʴ ʠʣʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʝ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʢʘʥʘʣʫ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ.  

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʢʦʨʦʩʪʴ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʪʘʢʠʭ ʢʘʢ: 

 - ʦʙʲʝʤ ʘʣʬʘʚʠʪʘ ʚʭʦʜʥʳʭ ʩʠʤʚʦʣʦʚ; 

 - ʪʝʭʥʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʪʠʭ ʩʠʤʚʦʣʦʚ; 

 - ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʤʝʭ ʚ ʢʘʥʘʣʝ. 

ʊʘʢ ʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʘ 

ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ. 
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˞̝̋̏̑̏̒̓ ̘̐̆̑̆̅́̉ ̗̉̎̏̑̍́̉̉̕Ȣ 

ɽʩʣʠ 
ʩʨ
t - ʝʩʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʝʜʠʥʠʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʪʦʛʜʘ ʩʢʦʨʦʩʪ ɹ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

( ) ( )BAIBAI
ʩʨ

,
1

, Ö=¡
t

,    (7.3), 

ʛʜʝ ( )BAI ,  ʥʘʟʳʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʘʥʩʘʤʙʣʷ A ʢ ʘʥʩʘʤʙʣʶ B (ʠʣʠ 

ʥʘʦʙʦʨʦʪ) ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ.. 

χȢσ ˜̠̑̏̐̔̒̋̎́ ̝̒̐̏̒̏̂̎̏̒̓ ̘̒̉̍̍̆̓̑̉̎̏̄̏ 

̅̉̒̋̑̆̓̎̏̄̏ ̋́̎́̌́ ̠̒̃̈̉ 

ɺ ʣʶʙʦʡ ʩʠʩʪʝʤʝ ʩʚʷʟʠ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ 

ʢʘʥʘʣ ʚ ʬʦʨʤʝ ʩʠʛʥʘʣʦʚ.  

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʚʦʡʩʪʚ 

ʢʘʥʘʣʘ, ʥʦ ʠ ʦʪ ʩʚʦʡʩʪʚ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʦʚ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʚʭʦʜʦʤ ʢʘʥʘʣʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ, 

ʢʘʢ ʩʨʝʜʩʪʚʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ ʧʝʨʝʜʘʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʚʟʷʪʦʝ ʧʦ ʚʩʝʚʦʟʤʦʞʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʘʥʘʣ ʠ ʥʘʟʳʚʘʝʪʩʷ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʘʥʘʣʘ ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʦʜʠʥ ʩʠʤʚʦʣ. 

{ }
I( )BAIC

iAP

ʩʠʤʚ
,max= , ʙʠʪ/ʩʠʤʚʦʣ 
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ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʚ ʨʘʩʯʝʪʝ 

ʥʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

{ }
( )

ʩʠʤʚk
AP

CVBAIC
i

Ö=¡= ,max ʙʠʪ/ʩ, 

ʛʜʝ 
k

V  - ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʛʥʘʣʘ ʚ 

ʜʠʩʢʨʝʪʥʦʤ ʢʘʥʘʣʝ. 

7.3.1 ˜̠̑̏̐̔̒̋̎́ ̝̒̐̏̒̏̂̎̏̒̓ Í-̘̉̎̏̄̏ 

̘̒̉̍̍̆̓̑̉̎̏̄̏ ̋́̎́̌́ ̂̆̈ ̠̐́̍̓̉. 

ʕʪʘ ʤʦʜʝʣ ɹ ʢʘʥʘʣʘ ʟʘʜʘʝʪʩʷ ʧʝʨʝʭʦʜʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴ  ʁ(7.4) 

( )
îí

î
ì

ë

=-

¸
-=

;1

;
1

jiʧʨʠp

jiʧʨʠ
m

p

abp
ij

   (7.4) 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʚ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

( ) ( )ù
ú

ø
é
ê

è
-Ö-+

-
Ö+= pp

m

p
pmVC

k
1log1

1
loglog

222
 (7.5) 

7.3.2 ˜̠̑̏̐̔̒̋̎́ ̝̒̐̏̒̏̂̎̏̒̓ ̘̅̃̏̉̎̏̄̏ 

̘̒̉̍̍̆̓̑̉̎̏̄̏ ̋́̎́̌́ 

ʇʨʠ 2=m  (ʜʚʦʠʯʥʳʡ ʩʠʤʤʝʪʨʠʯʥʳʡ ʢʘʥʘʣ) 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

( ) ( )[ ]ppppVC
kʜʚ

-Ö-+Ö+= 1log1log1
22

  (7.6) 

ɿʘʚʠʩʠʤʦʩʪʴ ()pfVC
kʜʚ
=  ʠʤʝʝʪ ʚʠʜ:  
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ʈʠʩ.7.4 ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʚʦʠʯʥʦʛʦ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʘʥʘʣʘ ʙʝʟ ʧʘʤʷʪʠ ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ p ʦʰʠʙʦʯʥʦʛʦ 

ʧʨʠʝʤʘ ʩʠʤʚʦʣʘ 

ʂʦʤʤʝʥʪʘʨʠʡ 

1. ʇʨʠ 5,0=p  ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʚʦʠʯʥʦʛʦ 

ʢʘʥʘʣʘ 0=C , ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʪʘʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ 

ʚʭʦʜ ʠ ʚʳʭʦʜ ʢʘʥʘʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳ, ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʭʦʜʥʳʭ ʩʠʤʚʦʣʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, 

ʥʝ ʧʝʨʝʜʘʚʘʷ ʩʠʛʥʘʣʳ ʧʦ ʢʘʥʘʣʫ ʚʦʚʩʝ, ʘ ʚʳʙʠʨʘʷ ʠʭ ʥʘʫʛʘʜ 

(ʥʘʧʨʠʤʝʨ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʨʦʩʘʥʠʷ ʤʦʥʝʪʳ). 

ʉʠʪʫʘʮʠʷ, ʢʦʛʜʘ 0C= , ʥʘʟʳʚʘʶʪ ʦʙʨʳʚʦʤ 

ʢʘʥʘʣʘ. 

2. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʠʩʢʨʝʪʥʦʛʦ 

ʢʘʥʘʣʘ ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ 0,1=p  ʪʘʢʘʷ ʞʝ, ʢʘʢ ʠ 

ʧʨʠ 0=p
 
(ʢʘʥʘʣ ʙʝʟ ʰʫʤʦʚ), ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ 

0,1=p  ʜʦʩʪʘʪʦʯʥʦ ʚʩʝ ʚʳʭʦʜʥʳʝ ʩʠʤʚʦʣʳ 

ʠʥʚʝʨʪʠʨʦʚʘʪʴ (ʪ. ʝ. ʟʘʤʝʥʠʪʴ ʧʨʠʥʷʪʳʡ ʢʦʜʦʚʳʡ 

ʩʠʤʚʦʣ ç0è ʥʘ ç1è ʠ ʥʘʦʙʦʨʦʪ), ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ. 

0 0,2 0,4 0,6 0,8 1,0 

p 
0,2 

0,4 

0,6 

0,8 

1,0 

ʉ/Vʢ 
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χȢτ ˗̗̠̌́̒̒̉̉̋́̉̕ ̖̐̏̍̆ 

 
ʈʠʩ. 7.5. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʤʝʭ 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʢ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ ʷʚʣʷʶʪʩʷ ʠʤʧʫʣʴʩʥʳʝ ʧʦʤʝʭʠ ʠ 

ʧʝʨʝʨʳʚʳ. 

 

 

 

 

 

 

 

ʇʦʤʝʭʠ 

 

ɸʜʜʠʪʠʚʥʳʝ ʄʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʝ 

- ʛʘʨʤʦʥʠʯʝʩʢʠʝ 
(ʧʦʤʝʭʠ ʚ ʨʘʜʠʦʢʘʥʘʣʘʭ 

ʠ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ 

ʮʝʧʝʡ) 

- ʠʤʧʫʣʴʩʥʳʝ (ʚʣʠʷʥʠʝ 

ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʦʚ ʠ 

ʩʙʦʠ ʚ ʧʠʪʘʥʠʠ 

ʘʧʧʘʨʘʪʫʨʳ) 

- ʛʘʫʩʩʦʚʩʢʠʝ (ʪʝʧʣʦʚʦʡ 

ʰʫʤ) 

- ʧʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ 
ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ 

(ʟʘʪʫʭʘʥʠʝ) 

- ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ 
ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ 

(ʧʣʦʭʠʝ ʢʦʥʪʘʢʪʳ) 

- ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ 
ʧʝʨʝʨʳʚ 

- ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ 
ʧʝʨʝʨʳʚ (ʩʦʩʪʦʷʥʠʝ 

ʩʨʝʜʳ) 
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˘̗̠̆̋̉ ψȢ ̞ ̠̒̋́̇̆̎̉ ̒̉̄̎́̌̏̃Ȣ ˙̜̆̓̏̅ 

̗̑̆̄̉̒̓̑́̉̉Ȣ 

ψȢρ ˕̠̒̋́̇̆̎̉ ̒̉̄̎́̌̏̃ 

ʇʫʩʪʴ ʥʘ ʚʭʦʜ ʢʘʥʘʣʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʦʩʪʫʧʘʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 
0
t.  

ɽʩʣʠ ʥʘ ʚʳʭʦʜʝ ʢʘʥʘʣʘ ʚʩʝ ɿʄ ʩʤʝʱʝʥʳ (ʟʘʜʝʨʞʘʥʳ) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʳʭ ʥʘ ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ 
ʟʘʜ
t , 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʥʝʯʥʳʤ ʚʨʝʤʝʥʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʘ, ʪʦ ɿʄ ʩʦʚʧʘʜʘʶʪ ʩ ʠʜʝʘʣʴʥʳʤʠ, ʘ ɿʀ ï ʩ 

ʠʜʝʘʣʴʥʳʤʠ ɿʀ. ʇʨʠ ʵʪʦʤ ɿʀ ʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʝ ʢʘʥʘʣʘ 

ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ɿʀ ʩʠʛʥʘʣʦʚ, ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʚʭʦʜ 

ʢʘʥʘʣʘ.  

ʆʜʥʘʢʦ ʧʨʠʯʠʥʦʡ ʩʤʝʱʝʥʠʷ ɿʄ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʟʘʧʘʟʜʳʚʘʥʠʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʢʦʥʝʯʥʳʤ ʚʨʝʤʝʥʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʘ, ʥʦ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. ʇʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪʳ, 

ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʦ ʢʘʥʘʣʫ, ʠʩʢʘʞʘʶʪʩʷ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ.  

ʅʘ ʨʠʩ. 8.1 ʠʟʦʙʨʘʞʝʥʳ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ 

ʚʳʭʦʜʝ ʢʘʥʘʣʘ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ, 

ʢʦʛʜʘ ʚʩʝ ɿʄ ʩʤʝʱʝʥʳ ʥʘ ʚʨʝʤʷ tD  (ʨʠʩ. 8.1ʘ) ʠ 

ʵʣʝʤʝʥʪʳ ʥʝ ʠʩʢʘʞʘʶʪʩʷ, ʘ ʜʨʫʛʘʷ - (ʨʠʩ. 8.1ʙ), 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ, ʢʦʛʜʘ ʵʣʝʤʝʥʪʳ ʠʟʤʝʥʠʣʠ ʩʚʦʶ 

ʜʣʠʪʝʣʴʥʦʩʪʴ, ʧʦʷʚʠʣʠʩʴ ʠʩʢʘʞʝʥʠʷ, ʥʘʟʳʚʘʝʤʳʝ 

ʢʨʘʝʚʳʤʠ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʤʝʱʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ 

ɿʄ ʩʠʛʥʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʜʝʘʣʴʥʦʛʦ ɿʄ ʚʚʦʜʠʪʩʷ 

ʧʦʥʷʪʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʢʨʘʝʚʦʛʦ ʠʩʢʘʞʝʥʠʷ. 
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ɼʣʷ ʛʦ-i  ɿʄ ʵʪʦ ʩʤʝʱʝʥʠʝ ʨʘʚʥʦ i
tD  (ʨʠʩ. 8.1). 

ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʢʨʘʝʚʦʝ ʠʩʢʘʞʝʥʠʝ, 

ʦʪʥʝʩʝʥʥʦʝ ʢ ʜʣʠʪʝʣʴʥʦʩʪʠ ʝʜʠʥʠʯʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ, ʥʘʟʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʤ.  

ɼʣʷ ʛʦ-i  ɿʄ ʦʥʦ ʦʙʦʟʥʘʯʘʝʪʩʷ i
d ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 
0
td

ii
tD= . 

ʉʤʝʱʝʥʠʝ ɿʄ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʜʝʘʣʴʥʦʛʦ ʚʧʨʘʚʦ 

ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʘ ʚʣʝʚʦ ï 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʙʨʦʩ ʩʤʝʱʝʥʠʡ ɿʄ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ 

ʠʟʦʭʨʦʥʥʦʛʦ ʠʩʢʘʞʝʥʠʷ: 

0minmax
2td tt

ʠʟ
D-D= , 

ʛʜʝ 
minmax

, tt DD  -  ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʩʤʝʱʝʥʠʷ 

ɿʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

1 3 5 6 

ȹt1 

 

ȹt2 

ʘ ʙ 

 

ʚ 

ȹt4 

ʛ 

  

ʜ ʝ ʞ 

ȹt5 ȹt6 

ʘ ʙ ʚ ʛ ʜ ʝ ʞ 

2 4 

ʘ) 

ʙ) 

ʈʠʩ. 8.1 ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʢʘʥʘʣʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʘ) ï ʥʝʠʩʢʘʞʝʥʥʳʡ; ʙ) - ʠʩʢʘʞʝʥʥʳʡ 
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ʇʨʠʤʝʨ 8.1. ʇʫʩʪʴ ʥʘ ʠʥʪʝʨʚʘʣʝ ʘʥʘʣʠʟʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʟʥʘʯʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʨʘʝʚʳʭ 

ʠʩʢʘʞʝʥʠʡ %15,3,5,2,12,10 -+-+++ . ʆʯʝʚʠʜʥʦ, ʯʪʦ 

%15%,12 minmax -=+= dd  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, %5,13=
ʠʟ
d . 

ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʚʠʜʘ ʢʨʘʝʚʳʭ ʠʩʢʘʞʝʥʠʡ:  

¶ ʧʨʝʦʙʣʘʜʘʥʠʷ,  

¶ ʩʣʫʯʘʡʥʳʝ 

¶ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ.  

ʇʨʝʦʙʣʘʜʘʥʠʷ ʚʳʨʘʞʘʶʪʩʷ ʩ ʪʦʤ, ʯʪʦ ʵʣʝʤʝʥʪʳ 

ʦʜʥʦʛʦ ʟʥʘʢʘ ʫʜʣʠʥʷʶʪʩʷ, ʘ ʜʨʫʛʦʛʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʫʢʦʨʘʯʠʚʘʶʪʩʷ.  

ʉʣʫʯʘʡʥʳʝ ʢʨʘʝʚʳʝ ʠʩʢʘʞʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ 

ʜʝʡʩʪʚʠʝʤ ʚ ʢʘʥʘʣʝ ʧʦʤʝʭ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ 
i

tD
 
ʠʤʝʝʪ 

ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ï ʵʪʦ 

ʠʩʢʘʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʭʘʨʘʢʪʝʨʦʤ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʆʥʠ ʚʦʟʥʠʢʘʶʪ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʟʘ 

ʚʨʝʤʷ 
0
t

 
ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʥʝ ʫʩʧʝʚʘʝʪ ʫʩʪʘʥʦʚʠʪʴʩʷ. 

ʊʘʢ ʢʘʢ ʧʝʨʝʜʘʚʘʝʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʝʝʪ 

ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ 

ʙʫʜʫʪ ʩʣʫʯʘʡʥʳʤʠ ʧʦ ʚʨʝʤʝʥʠ.  

ʇʨʠ ʧʝʨʝʜʘʯʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʝʨʝʜʫʶʱʠʭʩʷ 

ʵʣʝʤʝʥʪʦʚ (ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 10101010 ʠ 

ʪ.ʜ.) ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʇʦʤʠʤʦ ʢʨʘʝʚʳʭ ʠʩʢʘʞʝʥʠʡ ʚʦʟʤʦʞʥʳ ʜʨʦʙʣʝʥʠʷ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ 

ʦʜʠʥ ʵʣʝʤʝʥʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 
0
t ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ (ʜʨʦʙʠʪʩʷ).  
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ɼʨʦʙʣʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 8.1,ʙ (ʠʥʪʝʨʚʘʣ ʚ-ʛ).  

ɼʨʦʙʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ: 

- ʯʘʩʪʦʩʪʴʶ ʠʭ ʧʦʷʚʣʝʥʠʷ 

- ʠ ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʨʦʙʣʝʥʠʡ.  

ɿʥʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʘʝʚʳʭ ʠʩʢʘʞʝʥʠʡ ʠ ʜʨʦʙʣʝʥʠʡ ʚ 

ʂʇʊ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʝʛʦ ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʠʩʢʨʝʪʥʳʭ 

ʩʦʦʙʱʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʥʝʤʘʣʦʚʘʞʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʮʝʥʢʘ 

ʚʝʣʠʯʠʥ ʢʨʘʝʚʳʭ ʠʩʢʘʞʝʥʠʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʨʦʙʣʝʥʠʡ 

ʚʦʟʤʦʞʥʘ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ 

ʩʚʷʟʠ.  

ψȢς ˙̜̆̓̏̅ ̗̑̆̄̉̒̓̑́̉̉ 

ʉʠʛʥʘʣ, ʧʦʩʪʫʧʘʶʱʠʡ ʩ ʚʳʭʦʜʘ ʂʇʊ, ʜʦʣʞʝʥ ʙʳʪʴ 

ʦʪʦʞʜʝʩʪʚʣʝʥ ʩ ç0è ʠʣʠ ç1è. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʪʘʢʞʝ 

ʟʘʧʦʤʠʥʘʥʠʝ ʟʥʘʯʘʱʝʡ ʧʦʟʠʮʠʠ ʩʠʛʥʘʣʘ ʜʘʥʥʳʭ.  

ʇʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʟʘʧʦʤʠʥʘʥʠʷ ʟʥʘʯʘʱʝʡ 

ʧʦʟʠʮʠʠ ʩʠʛʥʘʣʘ ʜʘʥʥʳʭ ʥʘʟʳʚʘʝʪʩʷ 

ʨʝʛʠʩʪʨʘʮʠʝʡ. 

ʋʩʪʨʦʡʩʪʚʦ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʤʠʥʠʤʘʣʴʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠʝʤʘ 
ʦʰ

p
 

ʥʘʟʳʚʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ. ʈʝʘʣʠʟʘʮʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʪʨʫʜʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪ ʫʧʨʦʱʝʥʥʳʝ 

ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʭʦʪ̫  ʠ ʧʨʦʠʛʨʳʚʘʶʪ ʚ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʦʧʪʠʤʘʣʴʥʦʤʫ, ʦʜʥʘʢʦ ʧʨʦʱʝ ʚ 

ʨʝʘʣʠʟʘʮʠʠ.  

ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʥʦʩʷʪʩʷ:  
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- ʤʝʪʦʜ ʩʪʨʦʙʠʨʦʚʘʥʠʷ 

- ʠ ʠʥʪʝʛʨʘʣʴʥʳʡ ʤʝʪʦʜ. 

ʇʨʠʚʝʜʝʤ ʩʭʝʤʫ ʠ ʚʨʝʤʝʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʜʣʷ ʢʘʞʜʦʛʦ 

ʤʝʪʦʜʘ. 

ʀ1

ʀ2

3

1

2

4 5

6 7

ɺr ʭʦʜʥʦʝ

ʫʩʪʨʦʡʩʪʚʦ

ɺʭʦʜʥʦʝ

ʫʩʪʨʦʡʩʪʚʦ

ʘ) ʋʩʪʨʦʡʩʪʚʦ 
 

 

1

2

3

4

5

6

7

1 0 1 0 0

ʦh ʠʙʢʘ

1 0 1 0 1

ʙ) ɺʨʝʤʝʥʥʘ̫ ʜʠʘʛʨʘʤʤʘ  
ʈʠʩ. 8.2 ʈʝʛʠʩʪʨʘʮʠʷ ʩʪʨʦʙʠʨʦʚʘʥʠʝʤ 

ʄʝʪʦʜ ʩʪʨʦʙʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʧʨʠʥʠʤʘʝʤʳʡ ʩʠʛʥʘʣ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚ ʦʜʥʦʡ ʪʦʯʢʝ 
0
t. 

ʈʝʟʫʣʴʪʘʪ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʥʝʢʦʪʦʨʳʤ ʧʦʨʦʛʦʤ ʠ 

ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʟʠʮʠʠ ʝʜʠʥʠʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ.  
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ɽʩʣʠ ʩʤʝʱʝʥʠʝ ʛʨʘʥʠʮ ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 
0

5,0 t, 

ʪʦ ʵʣʝʤʝʥʪ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʨʘʚʠʣʴʥʦ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʚʦʟʥʠʢʘʝʪ ʦʰʠʙʢʘ.  

ʇʨʠ ʥʘʣʠʯʠʠ ʜʨʦʙʣʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʪʨʦʙʠʨʦʚʘʥʠʝʤ ʚʝʣʠʢʘ, ʪ.ʢ. ʨʝʰʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʚ ʦʜʥʦʡ ʪʦʯʢʝ. 

2

1 3

4

ʂʣ ʉʯ
ɺr ʭʦʜʥʦʝ

ʫʩʪʨʦʡʩʪʚʦ

5

ɺʭʦʜʥʦʝ

ʫʩʪʨʦʡʩʪʚ

ʦ

ʘ) ʋʩʪʨʦʡʩʪʚʦ
 

1

2

3

4

5

1 0 1 1 1 0 1

ʙ) ɺʨʝʤʝʥʥʘ̫ ʜʠʘʛʨʘʤʤʘ  
ʈʠʩ. 8.3 ʈʝʛʠʩʪʨʘʮʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ 

ʇʨʠ ʠʥʪʝʛʨʘʣʴʥʦʤ ʤʝʪʦʜʝ ʨʝʛʠʩʪʨʘʮʠʠ 

ʨʝʰʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʠʛʥʘʣʘ ʥʘ ʠʥʪʝʨʚʘʣʝ 
0
t.  

ʅʘ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʚ ʪʦʯʢʫ 2 ʧʦʩʪʫʧʘʶʪ 

ʩʪʨʦʙʠʨʫʶʱʠʝ ʠʤʧʫʣʴʩʳ, ʘ ʚ ʪʦʯʢʫ 4 ʧʦʜʘʶʪʩʷ ʠʤʧʫʣʴʩʳ 
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ʯʝʨʝʟ ʠʥʪʝʨʚʘʣ 
0
t. ʉʯʝʪʯʠʢ ʧʦʜʩʯʠʪʳʚʘʝʪ ʯʠʩʣʦ ʠʤʧʫʣʴʩʦʚ 

ʥʘ ʠʥʪʝʨʚʘʣʝ 
0
t. 

ɺ ʢʦʥʮʝ ʠʥʪʝʨʚʘʣʘ 
0
t ʧʦʢʘʟʘʥʠʷ ʩʯʝʪʯʠʢʘ ʩʯʠʪʳʚʘʶʪʩʷ, 

ʠ ʦʥ ʦʙʥʫʣʷʝʪʩʷ.  

ɽʩʣʠ ʥʘ ʠʥʪʝʨʚʘʣʝ 
0
t ʧʨʠʰʣʦ ʙʦʣʴʰʝ ʯʝʤ 2N  

ʠʤʧʫʣʴʩʦʚ, ʪʦ ʩʯʠʪʘʝʪʩʷ ʧʨʠʥʷʪʦʡ 1, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï 

0 (ʟʜʝʩʴ N  - ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʠʤʧʫʣʴʩʦʚ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʦ ʥʘ ʠʥʪʝʨʚʘʣʝ 
0
t).  

ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʰʠʙʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʪʨʦʙʠʨʦʚʘʥʠʝʤ. 
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˘̗̠̆̋̉ ωȢ ̇ ̏̅̆̌̉ ̅̉̒̋̑̆̓̎̏̄̏ ̋́̎́̌́ 

ʂʘʥʘʣ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤ, ʝʩʣʠ ʥʘ ʝʛʦ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʜʠʩʢʨʝʪʥʳʝ (ʮʠʬʨʦʚʳʝ) ʩʠʛʥʘʣʳ.  

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʜʠʩʢʨʝʪʥʦʛʦ 

ʢʘʥʘʣʘ ʚʭʦʜʠʪ: 

- ʥʝʧʨʝʨʳʚʥʳʡ ʢʘʥʘʣ ʩʚʷʟʠ (ʅʂʉ);  

- ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ (ʋʇʉ). 

ʇʦʵʪʦʤʫ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ 

ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʤʦʞʥʦ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ 

ʚʘʨʴʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ (ɼʂʉ) 

ʚʳʙʦʨʦʤ ʨʘʟʣʠʯʥʳʭ ʋʇʉ ʠ ʅʂʉ. 

ωȢρ  ˙̘̠́̓̑̉̎́ ̝̍̏̅̆̌ ̅̉̒̋̑̆̓̎̏̄̏ ̋́̎́̌́ 

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʜʠʩʢʨʝʪʥʳʡ ʢʘʥʘʣ ʩʯʠʪʘʝʪʩʷ 

ʟʘʜʘʥʥʳʤ, ʝʩʣʠ: 

1.  ʟʘʜʘʥ ʘʣʬʘʚʠʪ ʚʭʦʜʥʳʭ ʩʠʤʚʦʣʦʚ 

{} ( )1,0, -Í= mibB
i

 

2.  ʟʘʜʘʥ ʘʣʬʘʚʠʪ ʚʳʭʦʜʥʳʭ ʩʠʤʚʦʣʦʚ 

{} ( )1,0,ĔĔ -¡Í= mibB i . 

3.  ʟʘʜʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘ ʤʥʦʞʝʩʪʚʝ 

ʚʭʦʜʥʳʭ ʩʠʤʚʦʣʦʚ 

(){ } ( )1,0, -Í mibp
i

. 

4.  ʟʘʜʘʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ (ʤʘʪʨʠʮʘ) ʧʝʨʝʭʦʜʥʳʭ 

ʚʝʨʦʷʪʥʦʩʪʝʡ 

( )bbpP |Ĕ=
, 

ʛʜʝ ( )
nj

bbbbb 22 ,,,
21

=  - ʧʨʦʠʟʚʦʣʴʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  ʩʠʤʚʦʣʦʚ ʠʟ ʚʭʦʜʥʦʛʦ ʘʣʬʘʚʠʪʘ,  

ʘ Bb
j
Í - ʩʠʤʚʦʣ ʥʘ ʚʭʦʜʝ ʢʘʥʘʣʘ ʚ j -ʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; 



80 

( )
nj

bbbbb Ĕ,Ĕ,Ĕ,ĔĔ
21

22=  - ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ ʠʟ 

ʚʳʭʦʜʥʦʛʦ ʘʣʬʘʚʠʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

b, ʚʭʦʜʥʦʛʦ ʘʣʬʘʚʠʪʘ, ʘ Bb
j
ĔĔÍ  - ʩʠʤʚʦʣ ʥʘ ʚʳʭʦʜʝ 

ʢʘʥʘʣʘ ʚ j -ʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ωȢς ˗̗̠̌́̒̒̉̉̋́̉̕ ̜̖̅̉̒̋̑̆̓̎ ̋́̎́̌̏̃ 

ʈʘʟʣʠʯʘʶʪ: 

1.  - ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ɼʂʉ. 

ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʢʘʥʘʣʦʚ ʧʝʨʝʭʦʜʥʳʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ. 

2. ʢʘʥʘʣʳ ʩ ʧʘʤʷʪʴʶ ʠ ʢʘʥʘʣʳ ʙʝʟ ʧʘʤʷʪʠ. 

ʇʨʠʯʠʥʳ ʧʘʤʷʪʠ: 

- ʤʝʞʩʠʤʚʦʣʴʥʳʝ ʧʦʤʝʭʠ; 

- ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʧʝʨʝʨʳʚʳ ʩʚʷʟʠ, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʝʜʠʥʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʧʝʨʝʨʳʚʦʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠʝʤʘ ʠ ʧʦʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʦʰʠʙʦʢ, ʥʘʟʳʚʘʝʤʘʷ ʧʘʢʝʪʦʤ ʠʣʠ ʧʘʯʢʦʡ. 

ʂʘʥʘʣʳ ʙʝʟ ʧʘʤʷʪʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ: 

- ʥʘ ʩʠʤʤʝʪʨʠʯʥʳʝ ʢʘʥʘʣʳ  

- ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʢʘʥʘʣʳ. 

ɽʩʣʠ ʘʣʬʘʚʠʪʳ BʠB Ĕ
 
ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʢʘʥʘʣʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʶʪ, ʠ ʜʣʷ ʣʶʙʦʡ ʧʘʨʳ ʩʠʤʚʦʣʦʚ 

jibʠb
ji
¸, ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ: 

( )constbbp
ij
=|Ĕ ,    (9.1) 

ʪʦ ʪʘʢʦʡ ʢʘʥʘʣ ʥʘʟʳʚʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ. 
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ɹʦʣʴʰʠʥʩʪʚʦ ʜʠʩʢʨʝʪʥʳʭ ʢʘʥʘʣʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʥʘ 

ʨʝʘʣʴʥʳʭ ʣʠʥʠʷʭ ʩʚʷʟʠ, ʷʚʣʷʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʠʣʠ 

ʧʦʯʪʠ ʩʠʤʤʝʪʨʠʯʥʳʤʠ. 

ɼʠʘʛʨʘʤʤʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʝʭʦʜʦʚ ʚ ʩʠʤʤʝʪʨʠʯʥʦʤ 

ʜʚʦʠʯʥʦʤ ʢʘʥʘʣʝ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 9.1. 

 
ʈʠʩ. 9.1. ʜʠʘʛʨʘʤʤʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʝʭʦʜʘ ʚ ʩʠʤʤʝʪʨʠʯʥʦʤ 

ʜʚʦʠʯʥʦʤ ʢʘʥʘʣʝ 

ɿʜʝʩʴ  

() ( ) ( ) ( ) pqʛʜʝpppqpp -===== 1,1001,0011 . 

ʆʩʦʙʝʥʥʦʩʪʴ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʘʥʘʣʦʚ ʙʝʟ 

ʧʘʤʷʪʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʰʠʙʢʠ ʚ ʥʠʭ ʚʦʟʥʠʢʘʶʪ 

ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʦʜʥʘʢʦ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʰʠʙʦʢ ʟʘʚʠʩʷʪ ʦʪ ʟʥʘʯʝʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʤʚʦʣʘ. 

ɺ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʜʚʦʠʯʥʦʛʦ (ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ) 

ʢʘʥʘʣʘ  

( ) ( )1001 pp ¸ . 

 ωȢσ ˙̝̏̅̆̌ ̅̉̒̋̑̆̓̎̏̄̏ ̋́̎́̌́ ̂̆̈ ̠̐́̍̓̉ 

ɽʩʣʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ 

ʩʠʤʚʦʣʘ ʥʘ ʚʳʭʦʜʝ ʢʘʥʘʣʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʟʥʘʯʝʥʠʷ 

ʩʠʤʚʦʣʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʥʘ ʜʘʥʥʦʤ ʪʘʢʪʦʚʦʤ ʠʥʪʝʨʚʘʣʝ 

(ʜʣʷ ʚʩʝʭ ʧʘʨ ʩʠʤʚʦʣʦʚ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ) ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

1 

0 

1 

0 
q 

q 

p 

p 



82 

ʨʘʥʝʝ ʧʝʨʝʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʳʭ ʩʠʤʚʦʣʦʚ, ʪʦ ʪʘʢʦʡ ʢʘʥʘʣ 

ʥʘʟʳʚʘʝʪʩʷ ʢʘʥʘʣʦʤ ʙʝʟ ʧʘʤʷʪʠ. 

ʇʨʠʤʝʨʦʤ ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ ʙʝʟ ʧʘʤʷʪʠ 

ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʡ ʢʘʥʘʣ ʙʝʟ ʧʘʤʷʪʠ. 

9.3.1 ˞̘̜̉̍̍̆̓̑̉̎̊ ̋́̎́̌ ̂̆̈ ̠̐́̍̓̉ 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʘʥʘʣ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʧʝʨʝʜʘʥʥʳʡ 

ʢʦʜʦʚʳʡ ʩʠʤʚʦʣ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ: 

-  ʩ ʦʰʠʙʢʦʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ p  ʠ  

- ʧʨʘʚʠʣʴʥʦ ï ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ pq -=1 , 

ʧʨʠʯʝʤ, ʚ ʩʣʫʯʘʝ ʦʰʠʙʢʠ ʚʤʝʩʪʦ ʧʝʨʝʜʘʥʥʦʛʦ ʩʠʤʚʦʣʘ 
i

b  

ʤʦʞʝʪ ʙʳʪʴ ʩ ʨʘʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʠʥʷʪ ʣʶʙʦʡ ʜʨʫʛʦʡ 

ʩʠʤʚʦʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʙʫʜʝʪ ʧʨʠʥʷʪ 

ʩʠʤʚʦʣ 
j

bĔ, ʝʩʣʠ ʙʳʣ ʧʝʨʝʜʘʥ ʩʠʤʚʦʣ 
i

b , ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ: 

î
í

î
ì

ë

=-

¸
-=ö

÷

õ
æ
ç

åØ

jiʧʨʠp

jiʧʨʠ
m

p

bbp ij

1

1     (9.2) 

1.  ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʣʶʙʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ n  - ʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ ʦʰʠʙʢʠ ʚʝʩʘ t  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʪʘʢʦʤ ʢʘʥʘʣʝ ʚʳʨʘʞʝʥʠʝʤ: 

() ( )tn

t

t
p

m

p
ep

-
-Öö

÷

õ
æ
ç

å

-
= 1

1
,   (9.3) 

ʛʜʝ t  ʯʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʨʘʟʨʷʜʦʚ ʚ ʚʝʢʪʦʨʝ ʦʰʠʙʦʢ. 

2.  ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʠʥʷʪʦʡ n -

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʠʟʦʰʣʦ t  ʦ ʠhʙʦʢ ʢʘʢʦʡ 

ʫʛʦʜʥʦ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

ɹʝʨʥʫʣʣʠ: 



83 

( ) ( )tn

t

t

n
p

m

p
Cntp

-
-Öö

÷

õ
æ
ç

å

-
= 1

1
, .   (9.4) 

ʄʦʜʝʣʴ ʢʘʥʘʣʘ, ʟʘʜʘʥʥʫʶ ʩʦʦʪʥʦʰʝʥʠʝʤ (9.2) , 

ʥʘʟʳʚʘʶʪ ɹʠʥʦʤʠʘʣʴʥʦʡ ʄʦʜʝʣʴʶ ʜʠʩʢʨʝʪʥʦʛʦ 

ʢʘʥʘʣʘ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪ 

ʢʘʥʘʣ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʦʧʨʝʜʝʣʝʥʥʳʤ ʤʦʜʝʤʦʤ, 

ʝʩʣʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʢʘʥʘʣʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʟʘʤʠʨʘʥʠʷ, ʘ ʘʜʜʠʪʠʚʥʳʡ ʰʫʤ ï ʙʝʣʳʡ. 

9.3.2 ˞̘̜̉̍̍̆̓̑̉̎̊ ̘̜̅̃̏̉̎̊ ̋́̎́̌. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʢʘʥʘʣʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʤʦʜʝʣʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʘʥʘʣʘ. ɻʨʘʬ 

ʧʝʨʝʭʦʜʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʢʘʥʘʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 9.1. 

ʆʩʥʦʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʤʦʜʝʣʠ ʜʚʦʠʯʥʦʛʦ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʘʥʘʣʘ.ï ʧʨʦʩʪʦʪʘ.  

ɺʩʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ ʦʰʠʙʦʢ ʚ 

ʜʠʩʢʨʝʪʥʦʤ ʢʘʥʘʣʝ ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʛʦ ʩ 

ʣʠʰʴ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʥʘ 

ʝʜʠʥʠʯʥʳʡ ʵʣʝʤʝʥʪ p : 

1. ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʠʩʢʘʞʝʥʥʦʡ 

ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʭʦʪʷ ʙʳ ʩ ʦʜʥʦʡ ʦʰʠʙʢʦʡ. 

( ) ( )

( )np

ppCnp
n

t

tntt

n

,01

1,1
1

-=

=-Ö=² ä
=

-

.  (9.5) 

2. ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʚ ʧʨʠʥʠʤʘʝʤʦʡ n-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʦʚʥʦ t ʦʰʠʙʦʢ ʢʘʢʦʡ 

ʫʛʦʜʥʦ ʢʦʥʬʠʛʫʨʘʮʠʠ  

( ) ( )tntt

n ppCntp
-

-ÖÖ= 1,
.   (9.6) 



84 

3. ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʚ ʧʨʠʥʠʤʘʝʤʦʡ n-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʝʢʪʦʨʘ ʦʰʠʙʦʢ 

ʢʨʘʪʥʦʩʪʠ t ʠ ʚʳʰʝ: 

( ) ( )ä
=

-
-ÖÖ=²

n

tk

knkk

n ppCntp 1, .   (9.7) 

ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʢʘʥʘʣʘ 

ʠʩʢʘʞʝʥʥʦʡ n -ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʭʦʪʷ ʙʳ ʩ ʦʜʥʦʡ 

ʦʰʠʙʢʦʡ), ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

( ) ( )

( )n

n

t

tntt

n

p

ppCnp

--=

=-Ö=² ä
=

-

11

1,1
1 .   (9.8) 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ʙʠʥʦʤʘ ʅʴʶʪʦʥʘ: 

( ) ( )

2-Ö+Ö-=

=ÖÖÖ-=-

--

-

=

ä

222111

1

0

1

n

n

n

n

n

ini

n

in

i

n

abCabCa

baCba
, 

ʠ ʧʦʣʘʛʘʷ, ʯʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ( ) ( )nn
pba -=- 1 .  

ʇʨʠ 1<<p
 
ʧʦʣʫʯʠʤ ( ) pnp

n
Ö-º- 11 . 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʚ (9.8), ʧʦʣʫʯʠʤ: 

( ) ( ) pnpnnp ÖºÖ--=² 11,1    (9.9) 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʦʩʪʨʦʠʤ ʟʘʚʠʩʠʤʦʩʪʠ ( )np ,1²  ʥʘ 

ʦʩʥʦʚʝ ʬʦʨʤʫʣ (9.8) ʠ (9.9) ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʥʘ ʝʜʠʥʠʯʥʳʡ ʵʣʝʤʝʥʪ ʨʘʚʥʘ 
210-=p . 

ɸʥʘʣʠʟ ʛʨʘʬʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 9.2, 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
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ʈʠʩ.9.2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ p(Ó1,n) = f(n,e) 

1. ʧʨʷʤʘʷ u ʥʘ (ʨʠʩ.9.2)ʧʦʩʪʨʦʝʥʘ ʧʦ ʬʦʨʤʫʣʝ 

( ) ( ) pnpnnp ÖºÖ--=² 11,1  

ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʦʰʠʙʦʢ. 

2. ɿʘʚʠʩʠʤʦʩʪʴ v ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ: 

( ) ( )

( )np

ppCnp
n

t

tntt

n

,01

1,1
1

-=

=-Ö=² ä
=

-

. 

ʪ.ʝ. ɹʠʥʦʤʠʘʣʴʥʦʡ ʄʦʜʝʣʠ ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ . 

ʀʟ ʵʪʠʭ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʠʙʣʠʞʝʥʠʝ  

( ) ( ) pnpnnp ÖºÖ--=² 11,1  (ʜʣʷ ʟʘʜʘʥʥʦʛʦ 
210-=p ) 

ʩʦʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʧʨʠ ( ) pnnp Öº²,1 , ʪ.ʝ. ʧʨʠʤʝʨʥʦ ʜʦ 

20=n . 
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3. ɻʨʘʬʠʢw ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʠ 

( )np ,1²  ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʨʘʜʠʦʪʝʣʝʛʨʘʬʥʦʛʦ 

ʢʘʥʘʣʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʰʠʙʢʠ ʥʘ ʝʜʠʥʠʯʥʳʡ ʵʣʝʤʝʥʪ 
210-=p .  

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʛʨʘʬʠʢʘ ( )np ,1²  ʜʣʷ 

ʨʝʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʨʘʬʠʢʘ ʜʣʷ ʙʠʥʦʤʠʘʣʴʥʦʡ 

ʤʦʜʝʣʠ, ʪ.ʝ. ʜʣʷ ʤʦʜʝʣʠ ʢʘʥʘʣʘ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʦʰʠʙʢʘʤʠ.  

ɿʘʚʠʩʠʤʦʩʪʴ ( )np ,1²
 
ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʢʘʥʘʣʘ 

ʪʷʛʦʪʝʝʪ ʢ ʧʨʷʤʦʡ x, ʦʪʨʘʞʘʶʱʝʡ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ 

ʦʰʠʙʢʠ ʚ ʧʨʠʥʠʤʘʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʦʜʥʦʡ ʛʨʫʧʧʝ. 

ʕʪʦʪ ʬʘʢʪ ʛʦʚʦʨʠʪ ʦ ʪʝʥʜʝʥʮʠʠ 

ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʦʰʠʙʦʢ ʚ ʨʝʘʣʴʥʳʭ ʢʘʥʘʣʘʭ. 

ʈʝʟʶʤʝ: 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʧʦʚʝʜʝʥʠʠ 

ʛʨʘʬʠʢʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ( )np ,1²
 
ʜʣʷ 

ʨʝʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʠ ʜʣʷ ʙʠʥʦʤʠʘʣʴʥʦʡ ʤʦʜʝʣʠ, 

ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʥʘʤʠ ʙʠʥʦʤʠʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʪ.ʝ. ʤʦʜʝʣʴ 

ʢʘʥʘʣʘ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ ʦʰʠʙʢʘʤʠ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ 

ʧʨʘʢʪʠʢʝ  ʧʨʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ.  

ʂʨʦʤʝ ʪʦʛʦ, ʦʥʘ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ, ʪʦʯʥʝʝ 

ʦʪʨʘʞʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʣʴʥʳʭ ʜʠʩʢʨʝʪʥʳʭ 

ʢʘʥʘʣʦʚ ʩʚʷʟʠ. 
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ωȢτ ˙̏̅̆̌̉ ̅̉̒̋̑̆̓̎̏̄̏ ̋́̎́̌́ ̒ 

̄̑̔̐̐̉̑̏̃́̎̉̆̍ ̙̏̉̂̏̋ 

9.4.1 ˑ̖̘̠̃̔̐́̑́̍̆̓̑̉̆̒̋́ ̝̍̏̅̆̌ ̅̉̒̋̑̆̓̎̏̄̏ 

̋́̎́̌́ ̠̒̃̈̉ (̝̍̏̅̆̌ ˜̔̑̓̏̃́) 

ɺ ʢʣʘʩʩʝ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʜʠʩʢʨʝʪʥʳʝ ʢʘʥʘʣʳ 

ʩʚʷʟʠ ʩ ʛʨʫʧʧʠʨʦʚʘʥʠʝʤ ʦʰʠʙʦʢ, ʤʦʜʝʣʴ ʇʫʨʪʦʚʘ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʦʚ ʦʰʠʙʦʢ ʚ ʢʘʥʘʣʝ ʩ 

ʛʨʫʧʧʠʨʦʚʘʥʠʝʤ ʦʰʠʙʦʢ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʤʦʜʝʣʠ 

ʜʦʩʪʘʪʦʯʥʦ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ: p  ʠ  a. 

˛̂̏̒̎̏̃́̎̉̆ ̍̏̅̆̌̉Ȣ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʣʦʚ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʨʷʜʘ ʢʘʥʘʣʦʚ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʦʷʚʣʝʥʠʷ ʠʩʢʘʞʝʥʥʦʡ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʦʪ ʝʝ ʜʣʠʥʳ 

n : ( ) ()nfnP =²,1 , ʧʨʠ 500,1Ín , ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ 

ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʤʘʩʰʪʘʙʘ ʧʦ ʦʙʝʠʤ ʦʩʷʤ 

ʢʦʦʨʜʠʥʘʪ. 

ʇʦʜʦʙʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʢʦʤʤʫʪʠʨʫʝʤʦʛʦ ʢʘʥʘʣʘ 

ʪʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʰʠʙʢʠ ʥʘ ʝʜʠʥʠʯʥʳʡ ʵʣʝʤʝʥʪ 3

0 102 -Ö=p  ʠʤʝʝʪ ʚʠʜ 

ʧʨʷʤʦʡ (ʥʘ ʨʠʩ.9 3- ʧʨʷʤʘʷ w) 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʠʩ.9.3 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʜʣʷ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʜʚʫʭ ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʝʚ: 

- ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ 

ʦʰʠʙʦʢ ï ʧʨʷʤʘʷ u  

- ʠ ʧʨʝʜʝʣʴʥʦʛʦ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʦʰʠʙʦʢ ʚ ʦʜʠʥ 

ʧʘʢʝʪ ï ʧʨʤ̫ʘʷ v.  
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- ʇʨʠ ʵʪʦʤ ʧʨʷʤʘʷ u ʦʪʨʘʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

( ) 0,1 pnnP Öº² .  

 
ʈʠʩ. 9.3 ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʠʩʢʘʞʝʥʥʦʡ 

ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ P(Ó1,n) ʦʪ ʜʣʠʥʳ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ  n  

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʢʘʥʘʣʦʚ 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ( )
0

lglg,1lg pnnP +=²  ʝʩʪʴ 

ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ (ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ), 

ʧʝʨʝʩʝʢʘʶʱʝʡ ʦʩʴ ʦʨʜʠʥʘʪ ʧʦʜ ʫʛʣʦʤ 45
ʦ 
ʚ ʪʦʯʢʝ lg op . 

ɽʱʝ ʨʘʟ ʥʘʧʦʤʥʠʤ, ʯʪʦ ʛʨʘʬʠʢ u ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʧʦʪʦʢ ʥʝʟʘʚʠʩʠʤʳʭ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʦʰʠʙʦʢ. 

- ʇʨʷʤʘʷ v ( )
0

lg,1lg pnP =²
 
ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʘʥʘʣ, ʚ 

ʢʦʪʦʨʦʤ ʦʰʠʙʢʠ ʧʦʷʚʣʷʶʪʩʷ ʧʘʢʝʪʘʤʠ.  

ʇʨʠ ʵʪʦʤ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʠʩʢʘʞʝʥʥʳʭ ʢʦʜʦʚʳʭ 

ʢʦʤʙʠʥʘʮʠʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ (ʚ 

ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʝʣʘʭ), ʧʦʩʢʦʣʴʢʫ ( )
0

lg,1lg pnP =²  - ʵʪʦ 

ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ ʘʙʩʮʠʩʩ, ʠ 

ʧʝʨʝʩʝʢʘʶʱʝʡ ʦʩʴ ʦʨʜʠʥʘʪ ʚ ʪʦʯʢʝ 
0

lg p . 

lg P(Ó1,n) 

lg (n) 

ɔ1=45
o
 

lg (po) 

lg (2¶10
-3
) 

-3 

-2,7 

-2 

2 1 3 

u 
w 

v ɔ1

1 

ɔ3

2 

po= (2¶10
-3
) 

ɔ2 =0 
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- ʇʨʷʤʘʷ w - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ʆʥʘ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʛʨʘʥʠʮʘʤʠ u ʠ v ʧʦʜ ʫʛʣʦʤ 
3
g

 
ʋʨʘʚʥʝʥʠʝ ʵʪʦʡ ʧʨʷʤʦʡ ʠʤʝʝʪ ʚʠʜ: 

( ) ( )
02

lglg,1lg pntgnP +=² g . 

ʆʙʦʟʥʘʯʘʷ ag -=1
3

tg
 
ʠ ʦʩʫʱʝʩʪʚʣʷʷ ʦʧʝʨʘʮʠʶ 

ʧʦʪʝʥʮʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʠʤ: 

( )
0

1,1 pnnP Ö=² -a
, 

ʛʜʝ a ï ʧʦʢʘʟʘʪʝʣʴ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʦʰʠʙʦʢ. 

ɽʩʣʠ 0=a  ï ʠʤʝʝʤ ʩʣʫʯʘʡ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʦʰʠʙʦʢ (ʧʨʷʤʘʷ u). 

ɽʩʣʠ 1=a  -  ʠʤʝʝʤ ʜʨʫʛʦʡ ʧʨʝʜʝʣʴʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ 

ʚʩʝ ʦʰʠʙʢʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʦʜʠʥ ʧʘʢʝʪ (ʧʨʷʤʘʷ v). 

ɺ ʨʝʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ʚʝʣʠʯʠʥʘ a ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ: 

10 ¢¢a . 

ʅʘʧʨʠʤʝʨ,  

1. ʜʣʷ ʢʦʤʤʫʪʠʨʫʝʤʳʭ ʢʘʥʘʣʦʚ ʪʦʥʘʣʴʥʦʡ  ʯʘʩʪʦʪʳ 

6,05,0 2ºa . 

2. ʜʣʷ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʢʘʥʘʣʦʚ  

4,03,0 2ºa . 

- ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ n  - 

ʵʣʝʤʝʥʪʥʦʡ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʩ ʢʨʘʪʥʦʩʪʴʶ 

ʦʰʠʙʦʢ t  ʠ ʙʦʣʝʝ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ: 
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( ) ntʜʣʷp
t

n
ntP 3,0,,

0

1

<Öö
÷

õ
æ
ç

å
=²

-a

  

(9.10) 

- ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ 

ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʩ ʯʠʩʣʦʤ ʦʰʠʙʦʢ ʢʨʘʪʥʦʩʪʠ t  

ʨʦʚʥʦ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʚʝʥʩʪʚʦʤ: 

( )
0

1

0

1

1
, p

t

n
p

t

n
ntP Öö

÷

õ
æ
ç

å

+
-Öö

÷

õ
æ
ç

å
=

-- aa

.  

(9.11) 

ʈʝʟʶʤʝ  

ʄʦʜʝʣʴ ʇʫʨʪʦʚʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʪʨʘʞʘʝʪ ʦʩʥʦʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʜʠʩʢʨʝʪʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʦʜʥʘʢʦ ʢʦʵʬʬʠʮʠʝʥʪ 

a ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʪʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʫʪʝʤ. 
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˘̗̠̆̋̉ ρπȢ ˞ ̠̏̐̑̇̆̎̉̆ ̘̉̒̓̏̎̉̋̏̃  

̜̖̅̉̒̋̑̆̓̎ ̒̏̏̂̆̎̉̊̚ ̒ 

̖̜̒̉̎̑̏̎̎̍ ̜̅̉̒̋̑̆̓̎̍ ̋́̎́̌̏̍ 

ρπȢρ˙̆̓̏̅ ̠̎́̌̏̇̆̎̉ 

ʉʠʥʭʨʦʥʥʳʡ ʜʠʩʢʨʝʪʥʳʡ ʢʘʥʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʢʦʨʦʩʪʴʶ ʤʦʜʫʣʷʮʠʠ ɺʩ. ʇʦ ʪʘʢʦʤʫ ʢʘʥʘʣʫ ʤʦʛʫʪ 

ʧʝʨʝʜʘʚʘʪʴʩʷ ʪʦʣʴʢʦ ʩʠʛʥʘʣʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ tʢ=1/ɺʩ. 

ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʜʠʩʢʨʝʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ: 

1) ʠʟʦʭʨʦʥʥʳʤ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʢʦʨʦʩʪʴʶ 

ʪʝʣʝʛʨʘʬʠʨʦʚʘʥʠʷ uB  ʠ ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ, ʢʨʘʪʥʫʶ 

t0=1/ɺʠ; 

2) ʘʥʠʟʦʭʨʦʥʥʳʤ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʣʶʙʫʶ 

ʜʣʠʪʝʣʴʥʦʩʪʴ, ʥʦ ʥʝ ʤʝʥʝʝ ʥʝʢʦʪʦʨʦʡ tmin; 

3) ʩʪʘʨʪ-ʩʪʦʧʥʳʤ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʤʝʩʪʦ ʤʝʞʜʫ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʪʠʧʘʤʠ 

ʩʠʛʥʘʣʦʚ. 

ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʘʥʠʟʦʭʨʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ 

ʩʠʥʭʨʦʥʥʳʤ ʜʠʩʢʨʝʪʥʳʤ ʢʘʥʘʣʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ:  

¶ ʤʝʪʦʜ ʥʘʣʦʞʝʥʠʷ  

¶ ʠ ʤʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ ʠʥʜʝʢʩʘ ʩ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ. 

ɺ ʤʝʪʦʜʝ ʥʘʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʧʫʣʴʩʥʘʷ 

ʥʝʩʫʱʘʷ, ʢʦʪʦʨʘʷ ʤʦʜʫʣʠʨʫʝʪʩʷ ʧʝʨʝʜʘʚʘʝʤʳʤ ʩʠʛʥʘʣʦʤ. 

ʂʘʞʜʘʷ ʧʦʩʳʣʢʘ ʢʘʢ ʙʳ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʠʤʧʫʣʴʩ r

ʥʝʩʫʱʝʡ ʠ ʚ ʢʘʥʘʣ ʧʦʩʪʫʧʘʝʪ ʧʘʯʢʘ ʠʤʧʫʣʴʩʦʚ. ʇʨʠ 

ʙʝʩʪʦʢʦʚʦʡ ʧʦʩʳʣʢʝ ʠʤʧʫʣʴʩʳ ʚ ʢʘʥʘʣ ʥʝ ʧʦʩʪʫʧʘʶʪ. 
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ʅʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʘ ʥʘʣʦʞʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʚʦʟʤʦʞʥʳ ʢʨʘʝʚʳʝ ʠʩʢʘʞʝʥʠʷ, ʘ ʧʨʠ ʩʙʦʷʭ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝʩʫʱʝʡ ʚʦʟʤʦʞʥʳ ʜʨʦʙʣʝʥʠʷ. 

Ű

ȹt2ȹt1

ʂʨʘʝʚrʝ ʠʩʢʘʞʝʥʠ̫

ʉ

ʂ
ɺ

1
=t

ʀʤʧʫʣɹʩr ʥʝʩʫɦ ʝʡ

ʉʠʛʥʘʣ ʥʘ ʚrʭʦʜʝ ʠʩʪʦʯʥʠʢʘ

ɸʤʧʣʠʪʫʜʥʦ-ʠʤʧʫʣɹʩʥʘ̫

ʤʦʜʫʣ̫ʮʠ̫

ʉʠʛʥʘʣ, ʚʦʩʩʪʘʥʦʚʣʝʥʥr ʡ 

ʥʘ ʧʨʠʝʤʝ

uB
k

1
Ö=t

ù
ú

ø
é
ê

è
=

K

n
t

t

 
ʈʠʩ.10.1. ʄʝʪʦʜ ʥʘʣʦʞʝʥʠʷ. 

ρπȢς ˙̆̓̏̅ ̝̠̒̋̏̌̈̆̄̏̚ ̉̎̅̆̋̒́ ̒ 

̐̏̅̓̃̆̑̇̅̆̎̉̆̍ 

ʄʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ ʠʥʜʝʢʩʘ ʩ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ (ʉʀʇ) ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʝʜʘʯʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʥʘʢʝ ʧʦʩʳʣʢʠ ʠ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ 

ʟʥʘʯʘʱʝʛʦ ʤʦʤʝʥʪʘ. 

ɽʩʣʠ ʥʝʢʦʪʦʨʳʡ ʠʥʪʝʨʚʘʣ Dt ʨʘʟʙʠʪʴ ʥʘ l ʟʦʥ, ʪʦ ʤʦʞʥʦ 

ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʦʤʝʨʝ ʟʦʥʳ, ʚ ʢʦʪʦʨʫʶ ʧʦʧʘʣ 

ʟʥʘʯʘʱʠʡ ʤʦʤʝʥʪ.  

ɼʣʷ ʧʝʨʝʜʘʯʠ ʥʦʤʝʨʘ ʟʦʥʳ ʧʦʪʨʝʙʫʝʪʩʷ k=log2l 

ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 10.2 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʸʤʘ 

ʧʦʩʳʣʦʢ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʉʀʇ. 
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ɿʄ1
ɿʄ2

1 2 3 4 1 2 3 4

1 0 0 1 0 1 1 ʥʦʤʝʨ ʟʦʥr

ʟʥʘʢ ʧʦʩrʣʢʠʥʦʤʝʨ ʟʦʥr
ʟʥʘʢ ʧʦʜʪʚʝʨʞʜʝʥʠ̫
ʟʥʘʢ ʙʝʩʪʦʢʦʚʦʡ ʧʦʩrʣʢʠ

1

2

3

4

 
ʈʠʩ.10.2 ʄʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ ʠʥʜʝʢʩʘ ʩ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ. 

ʎʠʬʨʳ ʦʙʦʟʥʘʯʘʶʪ ʩʣʝʜʫʶʱʝʝ: 

1 - ʩʠʛʥʘʣ ʦʪ ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʡ, 

2 - ʪʘʢʪʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 

ʠʤʧʫʣʴʩʘʤʠ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 4 ʟʦʥʳ, 

3 - ʟʘʢʦʜʠʨʦʚʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʥʘʣ,  

4 - ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ ʧʨʠʝʤʝ ʧʝʨʝʜʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. 

ɿʘʤʝʯʘʥʠʝ. ˑ̠̌ ̞̋̏̎̏̍̉̉ ̍̆̒̓́ ̗̐̑̏̆̒̒ ψ ̎́ ̑̉̒̔̎̋̆ υτȢφ 

̒̍̆̆̎̚ ̐̏ ̏̒̉ ̃̑̆̍̆̎̉ 

ʊʘʙʣʠʮʘ 10.1. ʂʦʜ ʟʦʥʳ. 

ʅʦʤʝʨ ʟʦʥʳ ʧʨʠ 

l=4 

ʂʦʜ ʟʦʥʳ 

ʉʪʘʨʪʦʚʳʡ ʩʠʛʥʘʣ 

ñ0ò 

ʉʪʘʨʪʦʚʳʡ ʩʠʛʥʘʣ 

ñ1ò 

1 00 11 

2 01 10 

3 10 01 

4 11 00 

ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʉʀʇ ʷʚʣʷʝʪʩʷ ʨʘʟʤʥʦʞʝʥʠʝ 

ʦʰʠʙʦʢ, ʪ.ʢ. ʦʜʠʥʦʯʥʘʷ ʦʰʠʙʢʘ ʚ ʢʘʥʘʣʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʩʢʦʣʴʢʠʤ ʦʰʠʙʢʘʤ ʥʘ ʧʨʠʝʤʝ. ʈʘʟʤʥʦʞʝʥʠʝ ʦʰʠʙʦʢ 

ʥʦʩʠʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ. 
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ʉʦʛʣʘʩʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʠʟʦʭʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩ ʩʠʥʭʨʦʥʥʳʤ ʢʘʥʘʣʦʤ. ʋ ʩʠʛʥʘʣʦʚ ʩʠʥʭʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʟʥʘʯʘʱʠʝ ʤʦʤʝʥʪʳ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʳ ʠ 

ʥʝʦʙʭʦʜʠʤʘ ʣʠʰʴ ʧʨʠʚʷʟʢʘ ɿʄ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ 

ʠʩʪʦʯʥʠʢʘ, ʠ  ɿʄ ʩʠʛʥʘʣʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʩʠʥʭʨʦʥʥʦʤ 

ʢʘʥʘʣʝ. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʪʘʬʬʠʥʛʘ (ʤʝʪʦʜ 

ʚʩʪʘʚʦʢ).  

ʇʨʠ ( )ʩʠ BB <  ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʬʘʟʦʚʦʝ 

ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ (ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʠ ʚ ʢʘʥʘʣʝ) ʜʦʩʪʠʛʥʝʪ ʚʝʣʠʯʠʥʳ ʦʜʥʦʛʦ 

ʪʘʢʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʢʘʥʘʣʝ. ʉʯʠʪʳʚʘʥʠʝ ʥʘ 

ʧʨʠʸʤʝ ʵʪʦʛʦ çʣʠʰʥʝʛʦè ʵʣʝʤʝʥʪʘ ʟʘʧʨʝʱʘʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʝʡ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʢʘʥʘʣʫ.  

ʇʨʠ 
ʩʠ

BB >  ñʣʠʰʥʠʡò ʵʣʝʤʝʥʪ ʦʙʨʘʟʫʝʪʩʷ ʫʞʝ ʚ 

ʧʝʨʝʜʘʚʘʝʤʦʤ ʩʦʦʙʱʝʥʠʠ, ʧʦʵʪʦʤʫ ʦʥ ʚ 

ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʘʥʜ ʧʝʨʝʜʘʸʪʩʷ ʧʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʢʘʥʘʣʫ. 

ʉʦʛʣʘʩʦʚʘʥʠʝ ʩʪʘʨʪʩʪʦʧʥʳʭ ʩʠʛʥʘʣʦʚ ʩ 

ʩʠʥʭʨʦʥʥʳʤ ʢʘʥʘʣʦʤ. ʉʪʘʨʪʩʪʦʧʥʳʝ ʩʠʛʥʘʣʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʠʛʥʘʣʘʤ ʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʄʦʤʝʥʪ ʧʦʷʚʣʝʥʠʷ 

ʩʪʘʨʪʩʪʦʧʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʧʨʠʝʤʝ ʥʝʠʟʚʝʩʪʝʥ, ʥʦ ʧʦʩʣʝ 

ʧʦʷʚʣʝʥʠʷ ʩʪʘʨʪʩʪʦʧʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʝʪʨʫʜʥʦ ʧʨʝʜʩʢʘʟʘʪʴ 

ʧʦʷʚʣʝʥʠʝ ɿʄ ʚʥʫʪʨʠ ʩʪʘʨʪʩʪʦʧʥʦʡ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ. 

ʂʘʞʜʘʷ ʩʪʘʨʪʦʚʘʷ ʧʦʩʳʣʢʘ ʦʪʤʝʯʘʝʪ ʥʘʯʘʣʦ 

ʩʪʘʨʪʩʪʦʧʥʦʛʦ ʮʠʢʣʘ ʠ ʧʦ ʩʪʘʨʪʦʚʦʤʫ ʧʝʨʝʭʦʜʫ 

ʬʦʨʤʠʨʫʶʪʩʷ ʠʤʧʫʣʴʩʳ ʩʪʨʦʙʠʨʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʝʨʝʜʠʥʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʩʳʣʦʢ ʧʨʠʥʠʤʘʝʤʦʛʦ ʟʥʘʢʘ. 
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˘̗̠̆̋̉ ρρȢ ˞ ̖̗̠̉̎̑̏̎̉̈́̉ ̐̏ ̓́̋̓́̍ ̉ 

̗̉̋̌́̍ 

ʉʠʥʭʨʦʥʠʟʘʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠ 

ʧʦʜʜʝʨʞʘʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʩʦʙʳʪʠʡ. 

ʉʠʩʪʝʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʨʝʤʝʥʥʦʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʚ ʧʝʨʝʜʘʪʯʠʢʝ ʠ 

ʧʨʠʝʤʥʠʢʝ. ʉʠʩʪʝʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʳʨʘʙʘʪʳʚʘʝʪ 

ʠʤʧʫʣʴʩʳ ʠʣʠ ʩʠʥʭʨʦʩʠʛʥʘʣʳ ʠ ʚʩʝ ʩʦʙʳʪʠʷ ʚ ʧʝʨʝʜʘʪʯʠʢʝ 

ʠ ʧʨʠʝʤʥʠʢʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʨʠʚʷʟʢʝ ʢ ʵʪʠʤ ʠʤʧʫʣʴʩʘʤ.  

ʈʘʟʣʠʯʘʶʪ ʩʠʥʭʨʦʥʠʟʘʮʠʶ:   

- ʧʦ ʪʘʢʪʘʤ  

- ʠ ʮʠʢʣʘʤ. 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʪʘʢʪʘʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʟʥʘʯʘʱʠʤʠ ʤʦʤʝʥʪʘʤʠ 

ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʝʨʝʜʘʯʝ ʠ ʧʨʠʝʤʝ. ʊʘʢʪʦʚʘʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘ ʧʨʠʝʤʝ ʧʨʘʚʠʣʴʥʦ ʦʪʜʝʣʠʪʴ 

ʦʜʠʥ ʝʜʠʥʠʯʥʳʡ ʵʣʝʤʝʥʪ ʦʪ ʜʨʫʛʦʛʦ. 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʮʠʢʣʘʤ (ʬʘʟʠʨʦʚʘʥʠʝ ʧʦ 

ʮʠʢʣʘʤ) ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʝʞʜʫ ʛʨʘʥʠʮʘʤʠ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ ʥʘ ʧʝʨʝʜʘʯʝ ʠ 

ʧʨʠʝʤʝ.  

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʮʠʢʣʘʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʚʠʣʴʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʧʨʠʥʠʤʘʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʢʦʜʦʚʳʝ 

ʢʦʤʙʠʥʘʮʠʠ. 
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11.1 ˗̗̠̌́̒̒̉̉̋́̉̕ ̔̒̓̑̏̊̒̓̃ ̓́̋̓̏̃̏̊ 

̖̗̒̉̎̑̏̎̉̈́̉̉ 

ʇʦ ʩʧʦʩʦʙʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʥʭʨʦʠʤʧʫʣʴʩʦʚ, 

ʫʩʪʨʦʡʩʪʚʘ ʪʘʢʪʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʘʟʜʝʣʷʶʪʩʷ:  

¶ ʥʘ ʟʘʤʢʥʫʪʳʝ (ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ)  

¶ ʠ ʨʘʟʦʤʢʥʫʪʳʝ (ʙʝʟ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ). 

ɺ ʨʘʟʦʤʢʥʫʪʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʪʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ 

ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʧʨʠʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ. 

 ɺ ʟʘʤʢʥʫʪʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʪʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ 

ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʩʠʥʭʨʦʠʤʧʫʣʴʩʦʚ, ʘ 

ʧʨʠʥʠʤʘʝʤʳʝ ʩʠʛʥʘʣʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʬʘʟ 

ʩʠʥʭʨʦʠʤʧʫʣʴʩʦʚ. 

ʈʘʟʣʠʯʘʶʪ ʟʘʤʢʥʫʪʳʝ ʫʩʪʨʦʡʩʪʚʘ: 

¶ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʯʘʩʪʦʪʫ ʛʝʥʝʨʘʪʦʨʘ  

¶ ʠ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʯʘʩʪʦʪʫ ʛʝʥʝʨʘʪʦʨʘ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʬʘʟ 

ʩʠʥʭʨʦʠʤʧʫʣʴʩʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʛʝʥʝʨʘʪʦʨʘ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʬʘʟ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʯʘʩʪʦʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʜʝʣʠʪʝʣʴ ʯʘʩʪʦʪʳ. 
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11.1.1 ˠ̒̓̑̏̊̒̓̃̏ ̓́̋̓̏̃̏̊ ̖̗̒̉̎̑̏̎̉̈́̉̉ ̂̆̈ 
̎̆̐̏̒̑̆̅̒̓̃̆̎̎̏̄̏ ̠̃̏̈̅̆̊̒̓̃̉ ̎ ́ ̄̆̎̆̑́̓̏̑ 
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ʈʠʩ.11.1 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʪʘʢʪʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʝʥʝʨʘʪʦʨ 

ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʬʨʦʥʪʘ (ʌʌ) ï ʬʦʨʤʠʨʫʝʪ 

ʢʦʨʦʪʢʠʡ ʠʤʧʫʣʴʩ ʥʘ ʛʨʘʥʠʮʝ ʢʦʜʦʚʳʭ ʧʦʩʳʣʦʢ. 

ʌʘʟʦʚʳʡ ʜʠʩʢʨʠʤʠʥʘʪʦʨ (ʌɼ) ï ʧʨʦʠʟʚʦʜʠʪ 

ʩʨʘʚʥʝʥʠʝ ʟʥʘʯʘʱʠʭ ʤʦʤʝʥʪʦʚ ʧʦʩʳʣʦʢ ʠ ʪʘʢʪʦʚʳʭ 

ʠʤʧʫʣʴʩʦʚ. ʅʘ ʚʳʭʦʜʝ ʌɼ ʧʦʷʚʣʷʶʪʩʷ ʜʚʘ ʩʠʛʥʘʣʘ: ʦʜʠʥ ʠʟ 

ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʝʨʝʞʝʥʠʶ ʛʝʥʝʨʘʪʦʨʘ (ʀ1), ʜʨʫʛʦʡ ï 

ʦʪʩʪʘʚʘʥʠʶ ʛʝʥʝʨʘʪʦʨʘ (ʀ2). 

ɻʝʥʝʨʘʪʦʨ (ɻ) ï ʚʳʨʘʙʘʪʳʚʘʝʪ ʠʤʧʫʣʴʩʳ ʩ ʯʘʩʪʦʪʦʡ 

2mf.  

ɼʝʣʠʪʝʣʴ ʥʘ 2 ʦʙʨʘʟʫʝʪ ʥʘ ʚʳʭʦʜʝ ʜʚʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʯʘʩʪʦʪʦʡ mf, ʩʜʚʠʥʫʪʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʘ ʧʦʣʪʘʢʪʘ.  

ʉʠʛʥʘʣʳ ʥʘ ʚʳʭʦʜʝ ʨʝʚʝʨʩʠʚʥʦʛʦ ʩʯʝʪʯʠʢʘ 

ʧʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ s ʧʦʩʳʣʦʢ 
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ʩʤʝʱʘʶʪʩʷ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʘʟʦʚʳʝ 

ʨʘʩʭʦʞʜʝʥʠʷ, ʘ ʥʝ ʥʘ ʩʣʫʯʘʡʥʳʝ ʢʨʘʝʚʳʝ ʠʩʢʘʞʝʥʠʷ. 

ʇʦʷʩʥʠʤ  ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ. 

 1  2  3  4  5  1  2  3  4  5   1  2  3  4  5    1  2  3  4  5 1
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ʈʠʩ.11.2 ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʪʘʢʪʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʝʥʝʨʘʪʦʨ. 

ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʣʫʯʘʠ: 

1. ʅʦʨʤʘʣʴʥʘʷ ʨʘʙʦʪʘ ʛʝʥʝʨʘʪʦʨʘ.  

2. ɽʩʣʠ ʛʝʥʝʨʘʪʦʨ ʦʧʝʨʝʞʘʝʪ, ʪʦ ʥʘ ʚʳʭʦʜʝ 

ʩʭʝʤʳ ʧʦʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʡ ʠʤʧʫʣʴʩ, ʢʦʪʦʨʳʡ 

ʟʘʧʨʝʪʠʪ ʠʤʧʫʣʴʩ ʦʪ ʜʝʣʠʪʝʣʷ ʥʘ 2 ʩ ʧʦʤʦʱʴʶ ʩʭʝʤʳ 

ñʅɽʊò, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʪʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʩʜʚʠʥʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʦʪʩʪʘʚʘʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ Dt. 

3. ɽʩʣʠ ʛʝʥʝʨʘʪʦʨ ʦʪʩʪʘʝʪ, ʪʦ ʥʘ ʚʳʭʦʜʝ ʩʭʝʤʳ 

ʧʦʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʡ ʠʤʧʫʣʴʩ, ʢʦʪʦʨʳʡ ʧʨʦʧʫʩʪʠʪ 

ʯʝʨʝʟ ʩʭʝʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʤʧʫʣʴʩ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʠʤʧʫʣʴʩ, ʩʜʚʠʥʫʪʳʡ ʥʘ ʧʦʣʪʘʢʪʘ, ʙʫʜʝʪ ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ 

ʦʩʥʦʚʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ, ʧʨʦʭʦʜʷʱʠʤʠ ʯʝʨʝʟ ʩʭʝʤʫ ñʅɽʊò. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʪʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʜʚʠʥʝʪʩʷ ʚ 

ʩʪʦʨʦʥʫ ʦʧʝʨʝʞʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ Dt. 
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ρρȢς ˠ̒̓̑̏̊̒̓̃́ ̗̉̋̌̏̃̏̊ ̖̗̒̉̎̑̏̎̉̈́̉̉ 

11.2.1 ˎ̜̆̈̍́̑̋̆̑̎̊ ̒̐̏̒̏̂ ̠́̈̉̑̏̃́̎̉̕ ̐̏ 

̗̉̋̌́̍ 

ʇʨʠ ʙʝʟʤʘʨʢʝʨʥʦʤ ʩʧʦʩʦʙʝ ʬʘʟʠʨʦʚʘʥʠʷ ʚ 

ʥʘʯʘʣʝ ʩʝʘʥʩʘ ʩʚʷʟʠ ʧʝʨʝʜʘʝʪʩʷ ʬʘʟʠʨʫʶʱʘʷ ʢʦʤʙʠʥʘʮʠʷ, 

ʢʦʪʦʨʘʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʯʘʣʦ ʩʝʘʥʩʘ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʧʦʜʩʪʨʦʡʢʫ ʬʘʟʳ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʨʘʩʭʦʞʜʝʥʠʡ ʧʦ ʬʘʟʝ 

ʬʘʟʠʨʫʶʱʘʷ ʢʦʤʙʠʥʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʧʦʚʪʦʨʥʦ.  

ɹʝʟʤʘʨʢʝʨʥʳʡ ʩʧʦʩʦʙ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʦʣʴʢʦ ʧʨʠ ʩʠʥʭʨʦʥʥʦʤ ʩʧʦʩʦʙʝ ʧʝʨʝʜʘʯʠ. 

ʅʧʨ ʇʉ

ʇʨʠʝʤʥʠʢ 

ʌʂ
ʋʋ

1

2

.

.

.

m

ʈʧʨ

ʢʘʥʘʣ

ʈʧʝʨ

1

2

.

.

.

m

ʅʧʝʨ

ɼʘʪʯʠʢ

ʌʂ
ʋʋ

ʀʉ

 

ʈʠʩ.11.3 ʉʭʝʤʘ ʙʝʟʤʘʨʢʝʨʥʨʛʦ ʬʘʟʠʨʦʚʘʥʠʷ ʧʦ ʮʠʢʣʘʤ. 

ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʚ ʢʘʥʘʣ ʧʝʨʝʜʘʪʁʩʷ ʬʘʟʠʨʫʶʱʠʝ 

ʢʦʤʙʠʥʘʮʠʠ (ʌʂ). ʈʘʩʧʨʝʜʝʣʠʪʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʯʠʪʳʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʝʨʝʜʘʯʝ ʠ ʟʘʧʠʩʴ ʵʣʝʤʝʥʪʦʚ 

ʩʦʦʙʱʝʥʠʷ ʥʘ ʧʨʠʝʤʝ. ʇʨʠʝʤʥʠʢ ʌʂ ʨʝʛʠʩʪʨʠʨʫʝʪ 

ʬʘʟʦʚʫʶ ʢʦʤʙʠʥʘʮʠʶ.  

ɽʩʣʠ ʧʨʠʝʤʥʠʢ ʌʂ ʠ ʧʝʨʝʜʘʪʯʠʢ ʌʂ ʥʝ ʩʬʘʟʠʨʦʚʘʥʳ, 

ʪʦ ʌʂ ʥʝ ʙʫʜʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʫʧʨʘʚʣʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʦʠʟʚʦʜʠʪ ʧʦʜʩʪʨʦʡʢʫ 

ʬʘʟʳ ʥʘ ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ 

(ʧʨʠ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ ʦʜʠʥ ʢʦʥʪʘʢʪ), 
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ʠ ʪʘʢ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʝʨʝʜʘʪʯʠʢ ʠ 

ʧʨʠʝʤʥʠʢ ʥʝ ʙʫʜʫʪ ʩʬʘʟʠʨʦʚʘʥʳ. ʅʘʢʦʧʠʪʝʣʠ (ʅ) ʥʘ 

ʧʝʨʝʜʘʯʝ ʠ ʧʨʠʝʤʝ ʠʛʨʘʶʪ ʨʦʣʴ ʙʫʬʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʅʝʜʦʩʪʘʪʢʠ ʩʭʝʤʳ:  

1. ʇʦʩʣʝ ʥʘʨʫʰʝʥʠʷ ʬʘʟʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʢʨʘʪʠʪʴ 

ʧʝʨʝʜʘʯʫ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʝʨʝʚʝʩʪʠ ʩʠʩʪʝʤʫ ʚ 

ʨʝʞʠʤ ʬʘʟʠʨʦʚʘʥʠʷ; 

2. ɺʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʥʪʨʦʣʴ ʟʘ ʬʘʟʦʡ. ʈʘʩʭʦʞʜʝʥʠʝ ʧʦ ʬʘʟʝ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʦ ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʦʰʠʙʦʢ; 

3. ʅʝʦʙʭʦʜʠʤ ʦʙʨʘʪʥʳʡ ʢʘʥʘʣ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʬʘʟʠʨʦʚʘʥʠʠ. 

11.2.2 ˙̜́̑̋̆̑̎̊ ̒̐̏̒̏̂ ̠́̈̉̑̏̃́̎̉̕ ̐̏ ̗̉̋̌́̍ 

ʇʨʠ ʤʘʨʢʝʨʥʦʤ ʩʧʦʩʦʙʝ ʬʘʟʠʨʦʚʘʥʠʷ ʧʦ 

ʮʠʢʣʘʤ ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʝʨʝʜʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʠʛʥʘʣʳ (ʤʘʨʢʝʨʳ), 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʪʜʝʣʠʪʴ ʦʜʥʫ ʢʦʤʙʠʥʘʮʠʶ ʦʪ ʜʨʫʛʦʡ. 

ʅʧʨ ʇʉ

ʇʨʠʝʤʥʠʢ 

ʤʘʨʢʝʨʘ
ʋʋ

1

2

m

ʈʧʨ

ʢʘʥʘʣ

ʈʧʝʨ

1

2

m

ʅʧʝʨ

ɼʘʪʯʠʢ

ʤʘʨʢʝʨʘ

ʀʉ

.

.

m+1 m+1

.

.

 

ʈʠʩ.11.4 ʉʭʝʤʘ ʤʘʨʢʝʨʥʦʛʦ ʬʘʟʠʨʦʚʘʥʠʷ ʧʦ ʮʠʢʣʘʤ. 
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ʅʘ ʧʝʨʝʜʘʯʝ ʢ ʦʜʥʦʤʫ ʠʟ ʢʦʥʪʘʢʪʦʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ 

ʧʦʜʢʣʶʯʝʥ ʜʘʪʯʠʢ ʤʘʨʢʝʨʘ. ʀʟ ʥʘʢʦʧʠʪʝʣʷ ʯʝʨʝʟ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʧʦʦʯʝʨʝʜʥʦ ʩʯʠʪʳʚʘʶʪʩʷ ʵʣʝʤʝʥʪʳ 

ʩʦʦʙʱʝʥʠʷ ʚ ʢʘʥʘʣ ʩʚʷʟʠ ʠ ʥʘ (m+1) ʪʘʢʪʝ ʩʯʠʪʳʚʘʝʪʩʷ 

ʵʣʝʤʝʥʪ ʤʘʨʢʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʮʠʢʣ ʩʯʠʪʳʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʦʜʠʥ ʵʣʝʤʝʥʪ ʤʘʨʢʝʨʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʮʝ  

ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ. 

ʅʘ ʧʨʠʝʤʝ ʢʦʜʦʚʘʷ ʢʦʤʙʠʥʘʮʠʷ ʧʦʵʣʝʤʝʥʪʥʦ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʥʘʢʦʧʠʪʝʣʴ, ʘ (m+1)-ʳʡ ʵʣʝʤʝʥʪ ʧʦʩʪʫʧʘʝʪ 

ʚ ʧʨʠʝʤʥʠʢ ʤʘʨʢʝʨʘ. ɽʩʣʠ ʤʘʨʢʝʨ ʩʦʩʪʦʠʪ ʠʟ n ʵʣʝʤʝʥʪʦʚ, 

ʪʦ ʧʦʪʨʝʙʫʝʪʩʷ n ʮʠʢʣʦʚ ʨʘʙʦʪʳ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʧʝʨʝʜʘʪʴ ʤʘʨʢʝʨ. ʅʦ ʝʩʣʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʠ ʥʘ 

ʧʝʨʝʜʘʯʝ ʠ ʧʨʠʝʤʝ ʥʝ ʩʬʘʟʠʨʦʚʘʥʳ, ʪʦ ʯʝʨʝʟ n ʮʠʢʣʦʚ 

ʧʨʠʝʤʥʠʢ ʥʝ ʦʙʥʘʨʫʞʠʪ ʤʘʨʢʝʨ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʩʪʨʦʡʩʪʚʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩʤʝʱʘʝʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʥʘ ʦʜʠʥ ʢʦʥʪʘʢʪ, ʠ 

ʩʤʝʱʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʯʝʨʝʟ ʢʘʞʜʳʝ n ʮʠʢʣʦʚ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʧʨʠʝʤʥʠʢ ʥʝ ʦʙʥʘʨʫʞʠʪ ʤʘʨʢʝʨ. 

ɼʦʩʪʦʠʥʩʪʚʘ: 

ʅʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʧʨʘʚʠʣʴʥʦʩʪʴʶ ʬʘʟʳ; 

ʅʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʢʣʶʯʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʛʥʘʣʳ ʥʘ ʚʨʝʤʷ ʧʦʠʩʢʘ ʬʘʟʳ. 

ʅʝʜʦʩʪʘʪʢʠ:  

1. ʀʟ-ʟʘ ʨʝʛʫʣʷʨʥʦʡ ʧʝʨʝʜʘʯʠ ʤʘʨʢʝʨʘ ʩʥʠʞʘʝʪʩʷ 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ; 

2. ʄʝʜʣʝʥʥʦʝ ʚʭʦʞʜʝʥʠʝ ʚ ʩʠʥʭʨʦʥʠʟʤ, ʪ.ʢ. ʟʘ ʦʜʠʥ 

ʮʠʢʣ ʧʝʨʝʜʘʝʪʩʷ ʦʜʠʥ ʵʣʝʤʝʥʪ ʤʘʨʢʝʨʘ. 
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11.2.3 ˞̜̓́̑̓̒̓̏̐̎̊ ̒̐̏̒̏̂ ̠́̈̉̑̏̃́̎̉̕ ̐̏ 

̗̉̋̌́̍ 

ʇʨʠ ʩʪʘʨʪ-ʩʪʦʧʥʦʤ ʩʧʦʩʦʙʝ ʜʣʠʥʘ ʮʠʢʣʘ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʦʡ, ʠ ʥʘʯʠʥʘʪʴʩʷ ʮʠʢʣʳ ʤʦʛʫʪ ʚ ʣʶʙʦʝ 

ʚʨʝʤʷ. ʂʘʞʜʳʡ ʮʠʢʣ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʪʘʨʪʦʚʳʤ ʠ 

ʩʪʦʧʦʚʳʤ ʩʠʛʥʘʣʘʤʠ. 

ʅʧʨ ʇʉ

ʇʨʠʝʤʥʠʢ 

ʩʪʦʧʘ

1

2

m

ʢʘʥʘʣ

1

2

m

ʅʧʝʨ

ɼʘʪʯʠʢ

ʩʪʦʧʘ

ʀʉ

.

.

.

.
ʉ

ʆ

ɼʘʪʯʠʢ

ʩʪʘʨʪʘ

ʉ

ʈ

ʇʨʠʝʤʥʠʢ 

ʩʪʘʨʪʘ

3

1 2 4

5

 

ʈʠʩ.11.5 ʉʭʝʤʘ ʩʪʘʨʪʩʪʦʧʥʦʛʦ ʬʘʟʠʨʦʚʘʥʠʷ ʧʦ ʮʠʢʣʘʤ. 

ʉʭʝʤʘ ʦʙʲʝʜʠʥʝʥʠʷ (ʉʆ) ʠ ʩʭʝʤʘ ʨʘʟʲʝʜʠʥʝʥʠʷ 

(ʉʈ) ʦʙʲʝʜʠʥʷʶʪ ʠ ʨʘʟʲʝʜʠʥʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʠ ʩʪʘʨʪʦʚʳʝ ʠ ʩʪʦʧʦʚʳʝ 

ʵʣʝʤʝʥʪʳ.  

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʠ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʥʝ ʨʘʙʦʪʘʶʪ, ʦʥʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠʣʠ ʩʪʦʷʪ ʥʘ ʩʪʦʧʝ.  

ʈʘʩʧʨʝʜʝʣʠʪʝʣʴ ʧʝʨʝʜʘʪʯʠʢʘ ʟʘʧʫʩʢʘʝʪʩʷ ʚ 

ʤʦʤʝʥʪ ʚʚʦʜʘ ʦʪ ʠʩʪʦʯʥʠʢʘ ʦʯʝʨʝʜʥʦʛʦ ʩʠʤʚʦʣʘ ʠ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʩʣʝ ʮʠʢʣʘ ʨʘʙʦʪʳ.  

ʈʘʩʧʨʝʜʝʣʠʪʝʣʴ ʧʨʠʝʤʥʠʢʘ ʟʘʧʫʩʢʘʝʪʩʷ ʧʦ 

ʩʪʘʨʪʦʚʦʤʫ ʵʣʝʤʝʥʪʫ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ 
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ʧʦʣʦʞʝʥʠʝ ʣʠʙʦ ʧʦ ʩʪʦʧʦʚʦʤʫ ʵʣʝʤʝʥʪʫ, ʣʠʙʦ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʧʦʩʣʝ ʮʠʢʣʘ ʨʘʙʦʪʳ.  

ʅʘ ʩʭʝʤʝ ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʤʘʥʜʳ: 

1 ï ʢʦʤʘʥʜʘ ʥʘ ʟʘʧʫʩʢ ʜʘʪʯʠʢʘ ʩʪʘʨʪʘ; 

2 ï ʢʦʤʘʥʜʘ  ʥʘ ʟʘʧʫʩʢ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʥʘ ʧʝʨʝʜʘʯʝ; 

3 ï ʢʦʤʘʥʜʘ  ʥʘ ʟʘʧʫʩʢ ʜʘʪʯʠʢʘ ʩʪʦʧʘ ʠ ʦʩʪʘʥʦʚʢʫ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʥʘ ʧʝʨʝʜʘʯʝ; 

4 ï ʢʦʤʘʥʜʘ  ʥʘ ʟʘʧʫʩʢ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʥʘ ʧʨʠʝʤʝ; 

5 ï ʢʦʤʘʥʜʘ ʥʘ ʦʩʪʘʥʦʚʢʫ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʥʘ ʧʨʠʝʤʝ. 

ɼʦʩʪʦʠʥʩʪʚʦ ʩʧʦʩʦʙʘ: ʥʝʤʝʜʣʝʥʥʦʝ ʚʭʦʞʜʝʥʠʝ ʚ 

ʬʘʟʫ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʣʴʥʘʷ ʜʣʠʥʘ ʢʦʤʙʠʥʘʮʠʠ ʠ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʧʝʨʝʜʘʯʠ. 

ʅʝʜʦʩʪʘʪʦʢ ʩʧʦʩʦʙʘ: ʩʥʠʞʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠʟ-ʟʘ ʧʝʨʝʜʘʯʠ ʩʪʘʨʪʦʚʳʭ ʠ ʩʪʦʧʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʚ 

ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʭ ʩʠʩʪʝʤʘʭ ʇɼʉ. 
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˘̗̠̆̋̉ρςȢ ̃ ̖̘̏̍̆̏̔̒̓̏̊̉̃̏̆ ̋̏̅̉̑̏̃́̎̉̆ 

ρςȢρ ˗̗̠̌́̒̒̉̉̋́̉̕ ̖̘̜̖̐̏̍̆̏̔̒̓̏̊̉̃ ̋̏̅̏̃ 

ʉʫʱʥʦʩʪʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʢʨʦʤʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦ ʜʠʩʢʨʝʪʥʦʤʫ ʢʘʥʘʣʫ ʧʝʨʝʜʘʶʪʩʷ ʧʨʦʚʝʨʦʯʥʳʝ ʵʣʝʤʝʥʪʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʚʚʝʜʝʥʠʷ ʚ 

ʢʦʜ ʠʟʙʳʪʦʯʥʦʩʪʠ.  

ʂʦʜʳ ʩ ʠʟʙʳʪʦʯʥʦʩʪʴʶ ʜʝʣʷʪʩʷ:  

¶ ʥʘ ʙʣʦʯʥʳʝ  

¶ ʠ ʥʝʧʨʝʨʳʚʥʳʝ (ʨʠʩ.12.1). 

ɺ ʙʣʦʯʥʳʭ ʢʦʜʘʭ ʧʝʨʝʜʘʚʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʙʣʦʢʠ - 

ʢʦʜʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ, ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪʩʷ ʠ ʜʝʢʦʜʠʨʫʶʪʩʷ 

ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

ɽʩʣʠ ʯʠʩʣʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʚʠʯʥʦʛʦ 

ʢʦʜʘ ʨʘʚʥʦ k, ʘ ʚʚʦʜʠʤʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʚʝʨʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ r, ʪʦ ʦʙʱʝʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʜʦʚʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʙʣʦʯʥʦʛʦ, ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʜʘ n=k+r . 

ɺ ʥʝʧʨʝʨʳʚʥʳʭ ʢʦʜʘʭ ʧʝʨʝʜʘʚʘʝʤʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʙʣʦʢʠ, ʘ ʧʨʦʚʝʨʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʟʤʝʱʘʶʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʤʝʞʜʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ. 

ʇʨʦʮʝʩʩʳ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʚ ʪʘʢʠʭ ʢʦʜʘʭ 

ʪʘʢʞʝ ʠʤʝʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʭʘʨʘʢʪʝʨ.  

ɹʣʦʯʥʳʝ ʢʦʜʳ ʜʝʣʷʪʩʷ:  

¶ ʥʘ ʨʘʟʜʝʣʠʤʳʝ  

¶ ʠ ʥʝʨʘʟʜʝʣʠʤʳʝ. 
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ɺ ʨʘʟʜʝʣʠʤʳʭ ʢʦʜʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ 

ʧʨʦʚʝʨʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʚʦ ʚʩʝʭ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʷʭ 

ʟʘʥʠʤʘʶʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʧʦʟʠʮʠʠ (ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʤʝʩʪʘ).  

ɺ ʥʝʨʘʟʜʝʣʠʤʳʭ ʢʦʜʘʭ ʜʝʣʝʥʠʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʠ ʧʨʦʚʝʨʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʈʘʟʜʝʣʠʤʳʝ ʢʦʜʳ ʜʝʣʷʪʩʷ: 

¶ ʥʘ ʣʠʥʝʡʥʳʝ (ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ)  

¶ ʠ ʥʝʣʠʥʝʡʥʳʝ (ʥʝʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ).  

 
ʈʠʩ. 12.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʦʜʦʚ ʩ ʠʟʙʳʪʦʯʥʦʩʪʴʶ 

ɹʦʣʴʰʫʶ ʠ ʚʘʞʥʫʶ ʧʦʜʛʨʫʧʧʫ ʣʠʥʝʡʥʳʭ ʢʦʜʦʚ 

ʦʙʨʘʟʫʶʪ  ʮʠʢʣʠʯʝʩʢʠʝ ʢʦʜʳ.  

ʅʝʣʠʥʝʡʥʳʝ ʢʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʜʚʫʭ 

ʠʣʠ ʙʦʣʝʝ ʩʠʩʪʝʤ ʧʨʦʚʝʨʦʢ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʢʦʜʦʚʦʡ 

ʢʦʤʙʠʥʘʮʠʠ.  

ʇʨʠʤʝʨʦʤ ʥʝʣʠʥʝʡʥʦʛʦ ʢʦʜʘ ʷʚʣʷʝʪʩʷ  

ʠʪʝʨʘʪʠʚʥʳʡ ʢʦʜ. 

ʀʟʙʳʪʦʯʥʳʝ ʢʦʜʳ 

ɹʣʦʯʥʳʝ ʢʦʜʳ ʅʝʧʨʝʨʳʚʥʳʝ ʢʦʜʳ 

ʈʘʟʜʝʣʠʤʳʝ  ʢʦʜʳ ʅʝʨʘʟʜʝʣʠʤʳʝ ʢʦʜʳ 

ʃʠʥʝʡʥʳʝ ʅʝʣʠʥʝʡʥʳʝ ʉ ʧʦʩʪʦʷʥʥʳʤ 

ʚʝʩʦʤ 

ʎʠʢʣʠʯʝʩʢʠʝ ʀʪʝʨʘʪʠʚʥʳʝ 

ʍʝʤʤʠʥʛʘ 
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ρςȢς ˛̂̎́̑̔̇̆̎̉̆ ̉ ̉̒̐̑́̃̌̆̎̉̆ ̙̏̉̂̏̋Ȣ 

˗̏̅̏̃̏̆ ̠̑́̒̒̓̏̎̉̆ 

ʅʘʣʠʯʠʝ ʚ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ʟʘʚʝʜʦʤʦ ʙʦʣʴʰʝʛʦ 

ʯʠʩʣʘ ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʝʤ ʵʪʦ ʤʠʥʠʤʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʠʟ ʦʙʱʝʛʦ ʯʠʩʣʘ 
nN 2=  ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ ( )kn,  - 

ʢʦʜʘ ʪʦʣʴʢʦ 
k

ʨ
N 2=  ʨʘʟʨʝʰʝʥʳ, ʘ ʦʩʪʘʣʴʥʳʝ 

ʨ
NN-  

ʷʚʣʷʶʪʩʷ ʟʘʧʨʝʱʝʥʥʳʤʠ ʠ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʩʦʦʙʱʝʥʠʡ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ.  

ʀʟʙʳʪʦʯʥʦʩʪʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʭ ʢʦʜʦʚ, (ʢʘʢ 

ʠ ʠʟʙʳʪʦʯʥʦʩʪʴ ʩʦʦʙʱʝʥʠʡ), ʦʮʝʥʠʚʘʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ  ʠʟʙʳʪʦʯʥʦʩʪʠ 
ʢ
c: 

n

r

n

k
n

k

ʢ
=-=-= 1

2log

2log
1c     (12.1.) 

ʇʦ ʩʚʦʠʤ ʢʦʨʨʝʢʪʠʨʫʶʱʠʤ ʩʚʦʡʩʪʚʘʤ 

ʠʟʙʳʪʦʯʥʳʝ ʢʦʜʳ ʜʝʣʷʪʩʷ: 

- ʥʘ ʢʦʜʳ ʦʙʥʘʨʫʞʠʚʘʶʱʠʝ ʦʰʠʙʢʠ, 

- ʢʦʜʳ ʠʩʧʨʘʚʣʷʶʱʠʝ ʦʰʠʙʢʠ, 

- ʘ ʪʘʢʞʝ ʢʦʜʳ, ʯʘʩʪʠʯʥʦ ʦʙʥʘʨʫʞʠʚʘʶʱʠʝ ʠ 

ʯʘʩʪʠʯʥʦ ʠʩʧʨʘʚʣʷʶʱʠʝ ʦʰʠʙʢʠ.  

ʉʪʝʧʝʥʴ ʦʪʣʠʯʠʷ ʦʜʥʦʡ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʦʪ 

ʜʨʫʛʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʜʦʚʳʤ ʨʘʩʩʪʦʷʥʠʝʤ d, ʪ. 
ʝ. ʯʠʩʣʦʤ ʨʘʟʨʷʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʘ ʢʦʜʦʚʘʷ ʢʦʤʙʠʥʘʮʠʷ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʦʡ.  

ʉʣʦʞʠʤ ʧʦ ʤʦʜʫʣʶ 2 ʜʚʝ ʢʦʤʙʠʥʘʮʠʠ ʧʷʪʠʵʣʝʤʝʥʪʥʦʛʦ 

ʢʦʜʘ: 
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1 0 1 1 0

1 1 0 1 0

0 1 1 0 0

Ä . 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʤʝʨʘ, ʢʦʜʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʢʦʤʙʠʥʘʮʠʷʤʠ ʨʘʚʥʦ ʚʝʩʫ ʢʦʤʙʠʥʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʝʥʠʷ  

ʂʦʨʨʝʢʪʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʢʦʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʜʦʚʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 

(ʨʘʩʩʪʦʷʥʠʝʤ ʍʝʤʤʠʥʛʘ) 
0

d , ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʘʶʪʩʷ ʜʚʝ 

çʥʘʠʙʦʣʝʝ ʧʦʭʦʞʠʝè ʨʘʟʨʝʰʝʥʥʳʝ ʢʦʜʦʚʳʝ 

ʢʦʤʙʠʥʘʮʠʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʧʝʨʚʠʯʥʦʤ ʢʦʜʝ ʄʊʂ-2 ʚʩʝ ʢʦʜʦʚʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʷʚʣʷʶʪʩʷ ʨʘʟʨʝʰʝʥʥʳʤʠ ʠ ʨʘʩʩʪʦʷʥʠʝ 

ʍʝʤʤʠʥʛʘ 1
0
=d .  

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʩʢʘʞʝʥʠʝ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʥʝ ʦʜʥʦʡ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʥʘ ʜʨʫʛʫʶ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʰʠʙʢʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ. 

¶ ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ  

1
00
+²td       (12.2) 

ʛʜʝ 
0

t  - ʢʨʘʪʥʦʩʪʴ ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʢʦʜʦʤ ʦʰʠʙʦʢ. 

¶ ɼʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʨʠʥʠʤʘʝʤʦʡ ʩ ʦʰʠʙʢʘʤʠ 

(ʟʘʧʨʝʱʝʥʥʦʡ) ʢʦʤʙʠʥʘʮʠʠ ʜʦ ʧʝʨʝʜʘʥʥʦʡ 

(ʨʘʟʨʝʰʝʥʥʦʡ) ʙʳʣʦ ʤʝʥʴʰʝ, ʯʝʤ ʜʦ ʣʶʙʦʡ 

ʜʨʫʛʦʡ ʨʘʟʨʝʰʝʥʥʦʡ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʢʨʘʪʥʦʩʪʴ ʦʰʠʙʢʠ ʥʝ ʧʨʝʚʳʰʘʣʘ ʧʦʣʦʚʠʥʳ ʢʦʜʦʚʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ, ʪ.ʝ.  
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12
0

+Ö²
ʠ
td ,     (12.3) 

ʛʜʝ ʠt  - ʢʨʘʪʥʦʩʪʴ ʠʩʧʨʘʚʣʷʝʤʳʭ ʦʰʠʙʦʢ.  

¶ ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʢʦʜ:   

- ʦʙʥʘʨʫʞʠʚʘʣ ʦʰʠʙʢʠ ʢʨʘʪʥʦʩʪʴʶ 
ʦ

t   

- ʠ ʠʩʧʨʘʚʣʷʣ ʦʰʠʙʢʠ ʢʨʘʪʥʦʩʪʴʶ ʠt ,  

ʢʦʜʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʘʥʥʦʛʦ ʢʦʜʘ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʩʣʝʜʫʶʱʝʤʫ ʥʝʨʘʚʝʥʩʪʚʫ 

1ʠ00 ++² ttd  

ρςȢσȢ ˛̐̑̆̅̆̌̆̎̉̆ ̘̉̒̌́ ̘̜̖̐̑̏̃̆̑̏̎ 
̞̌̆̍̆̎̓̏̃ 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʜʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʣʦ ʧʨʦʚʝʨʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʠʩʭʦʜʷ ʠʟ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ 
0

d . 

ʋʢʘʞʝʤ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ 

ʧʨʦʚʝʨʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʠt  - ʢʨʘʪʥʳʭ 

ʦʰʠʙʦʢ.  

ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʚʳʷʩʥʠʪʴ, ʩʦʜʝʨʞʘʪʩʷ ʣʠ ʚ ʢʦʜʦʚʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʦʰʠʙʢʠ, ʠ ʝʩʣʠ ʩʦʜʝʨʞʘʪʩʷ, ʪʦ ʚ ʢʘʢʠʭ ʠʤʝʥʥʦ 

ʨʘʟʨʷʜʘʭ. ʊʦʛʜʘ ʵʪʠ ʨʘʟʨʷʜʳ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ (0 ʥʘ 1 ʠ 1 ʥʘ 0) ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʠʩʧʨʘʚʠʪʴ ʦʰʠʙʢʠ. 

1. ɼʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʚʩʝʭ ʦʜʠʥʦʯʥʳʭ 

ʦʰʠʙʦʢ ʚ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʜʣʠʥʳ n  ʯʠʩʣʦ 

ʧʨʦʚʝʨʦʯʥʳʭ ʨʘʟʨʷʜʦʚ r  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʥʝʨʘʚʝʥʩʪʚʘ 

)1(log2 nr +²      (12.4) 

2. ɼʣʷ ʠʩʧʨʘʚʣʝʥʠʠ ʚʩʝʭ ʦʜʠʥʦʯʥʳʭ ʠ 

ʜʚʦʡʥʳʭ ʦʰʠʙʦʢ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʟʠʮʠʡ 
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ʠʩʢʘʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢ 1+n  ʜʦʙʘʚʠʪʴ ʝʱʝ 
2

n
C  

ʚʦʟʤʦʞʥʳʭ ʠʩʭʦʜʦʚ, ʪʘʢ ʯʪʦ  

)1(log 2

2 nCnr ++² ,    (12.5) 

ʛʜʝ ʯʠʩʣʦ ʩʦʯʝʪʘʥʠʡ 
2

n
C - ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʜʚʦʡʥʳʭ 

ʦʰʠʙʦʢ.  

3. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʚʩʝʭ 

ʦʰʠʙʦʢ ʢʨʘʪʥʦʩʪʠ 
ʠ

t  ʠ ʤʝʥʴʰʝ ʯʠʩʣʦ ʧʨʦʚʝʨʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ 

)1(log
ʠ

1

2

2 ä++²
=

t

i
n

Cnr     (12.6) 

ρςȢτȢ ˛̜̒̎̏̃̎̆ ̐̑́̃̉̌́ ̖̘̐̏̍̆̏̔̒̓̏̊̉̃̏̄̏ 

̠̋̏̅̉̑̏̃́̎̉ 

ʆʙʥʘʨʫʞʠʚʘʪʴ ʠ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ ʤʦʞʥʦ ʩ 

ʧʦʤʦʱʴʶ ʩʨʘʚʥʝʥʠʷ ʧʨʠʥʠʤʘʝʤʳʭ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩ 

ʨʘʟʨʝʰʝʥʥʳʤʠ ʠʣʠ ʟʘʧʨʝʱʝʥʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ, 

ʭʨʘʥʷʱʠʤʠʩʷ ʚ ʧʘʤʷʪʠ ʧʨʠʝʤʥʠʢʘ.  

ɺʚʝʜʝʥʠʝ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚ ʢʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʦʙʳʯʥʦ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ. ʇʨʘʚʠʣʘ ʤʦʛʫʪ 

ʙʳʪʴ ʩʘʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ 

ʦʰʠʙʢʠ ʥʝʦʙʭʦʜʠʤʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ (ʦʜʠʥʦʯʥʳʝ, 

ʤʥʦʛʦʢʨʘʪʥʳʝ, ʧʘʢʝʪʳ). 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʘʚʠʣ 

ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʦ ʧʨʦʚʝʨʢʠ ʥʘ ʯʝʪʥʦʩʪʴ ʯʠʩʣʘ 

ʝʜʠʥʠʮ ʠ/ʠʣʠ ʥʫʣʝʡ ʚ ʨʘʟʨʝʰʝʥʥʳʭ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʷʭ 

ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧʘʭ ʢʦʜʦʚʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʊʘʢʠʤ ʧʨʦʩʪʝʡʰʠʤ ʢʦʜʦʤ ʷʚʣʷʝʪʩʷ ʢʦʜ ʩ 

ʯʝʪʥʳʤ ʯʠʩʣʦʤ ʝʜʠʥʠʮ. ʂʦʜʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ ʵʪʦʛʦ 

ʢʦʜʘ ʬʦʨʤʠʨʫʶʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ 
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ʵʣʝʤʝʥʪʘʤ ʦʜʥʦʛʦ ʧʨʦʚʝʨʦʯʥʦʛʦ ï 0 ʠʣʠ 1, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʯʝʪʥʦʛʦ ʠʣʠ ʥʝʯʝʪʥʦʛʦ ʯʠʩʣʘ ʝʜʠʥʠʮ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ. 

ɽʩʣʠ ( )
k

aaaaa ,,,,
321
2=  - ʢʦʜʦʚʘʷ ʢʦʤʙʠʥʘʮʠʷ 

ʧʝʨʚʠʯʥʦʛʦ ʢʦʜʘ, ʘ b  - ʧʨʦʚʝʨʦʯʥʳʡ ʵʣʝʤʝʥʪ, ʪʦ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʘʚʠʣʘ ʧʨʦʚʝʨʢʠ ʥʘ ʯʝʪʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʨʘʚʝʥʩʪʚʦ  

k
aaab ÄÄÄ= 2

21
 ʠʣʠ 0

21
=ÄÄÄÄ baaa

k
2  

ʥʘʧʨʠʤʝʨ: 

Jʠʥʬʦʨʤ.ʵʣ-ʪʳʧʨʦʚ.ʵʣ-ʪʳ

1 0 0 1 1 1

0 1 0 1 0 0

0 0 1 1 1 1

1 0 1 0 0 0

*))+)),

. 

ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʦʜ ʩ ʯʝʪʥʳʤ ʯʠʩʣʦʤ 

ʝʜʠʥʠʮ ʠʤʝʝʪ ʢʦʜʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ 2
0
=d  ʠ ʤʦʞʝʪ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʚʩʝ ʦʰʠʙʢʠ ʥʝʯʝʪʥʦʡ 

ʢʨʘʪʥʦʩʪʠ. 

ɺʪʦʨʳʤ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʘʚʠʣʦʤ 

ʧʦʩʪʨʦʝʥʠʷ ʠʟʙʳʪʦʯʥʳʭ ʢʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʦ 

ʧʦʩʪʦʷʥʩʪʚʘ ʚʝʩʘ. 

ʕʪʦ ʧʨʘʚʠʣʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʨʘʟʨʝʰʝʥʥʳʝ ʢʦʜʦʚʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʚʝʩ, ʪ. ʝ. ʩʦʜʝʨʞʘʪ 

ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʝʜʠʥʠʮ.  

ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʢʦʜʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʢʦʜʳ ç2 ʠʟ 

5è, ç2 ʠʟ 6è ʠʣʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ " ʠʟn"J . 

ɺ ʪʝʣʝʛʨʘʬʠʠ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʢʦʜ ç3 ʠʟ 7è ʠʣʠ ç4 

ʠʟ 7è. ʏʠʩʣʦ ʨʘʟʨʝʰʝʥʥʳʭ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ ʢʦʜʘ ç3 ʠʟ 

7è  
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( )
35

!37!3

!73

7
=

-
==CN

ʨ
,  

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʜʠʨʦʚʘʪʴ ʙʫʢʚʳ ʨʫʩʩʢʦʛʦ ʘʣʬʘʚʠʪʘ. 

ʂʦʜ ʩ ʧʦʩʪʦʷʥʥʳʤ ʚʝʩʦʤ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʚʩʝ ʦʰʠʙʢʠ ʚ ʧʨʝʜʝʣʘʭ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ, ʢʨʦʤʝ 

ʦʰʠʙʦʢ ʯʝʪʥʦʡ ʢʨʘʪʥʦʩʪʠ ʪʠʧʘ ʩʤʝʱʝʥʠʷ 10­  ʠ 01­ . 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʜ ʩ ʧʦʩʪʦʷʥʥʳʤ ʚʝʩʦʤ 

ʷʚʣʷʝʪʩʷ ʥʝʨʘʟʜʝʣʠʤʳʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʜʦʚ ʩ 

ʧʨʦʚʝʨʢʦʡ ʥʘ ʯʝʪʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʨʘʟʜʝʣʠʤʳʤʠ 

ʢʦʜʘʤʠ. 

ʊʨʝʪʴʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʘʚʠʣʦʤ 

ʧʦʩʪʨʦʝʥʠʷ ʠʟʙʳʪʦʯʥʳʭ ʢʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʦ 

ʜʝʣʠʤʦʩʪʠ ʙʝʟ ʦʩʪʘʪʢʘ ʯʠʩʝʣ (ʬʫʥʢʮʠʡ), 

ʦʪʦʙʨʘʞʘʶʱʠʭ ʩʦʦʙʱʝʥʠʷ, ʥʘ ʥʝʢʦʪʦʨʳʡ ʦʙʱʠʡ ʜʝʣʠʪʝʣʴ. 

ʇʨʘʚʠʣʦ ʜʝʣʠʤʦʩʪʠ ʙʝʟ ʦʩʪʘʪʢʘ ʯʠʩʝʣ, 

ʦʪʦʙʨʘʞʘʶʱʠʭ ʩʦʦʙʱʝʥʠʷ, ʥʘ ʦʙʱʠʡ ʜʝʣʠʪʝʣʴ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʮʠʢʣʠʯʝʩʢʠʭ ʢʦʜʦʚ. 

ʂʨʦʤʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʨʷʜ ʧʨʘʚʠʣ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʟʙʳʪʦʯʥʳʭ ʢʦʜʦʚ 

ρςȢυȢ ˘̜̉̎̆̊̎̆ ̜̋̏̅ 

ʃʠʥʝʡʥʳʤʠ ʠʣʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤʠ ( )kn,  - 

ʢʦʜʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʢʦʜʳ, ʫ ʢʦʪʦʨʳʭ ʧʨʦʚʝʨʦʯʥʳʝ 

ʵʣʝʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ.  

ʇʨʠ ʜʚʦʠʯʥʦʤ ʢʦʜʠʨʦʚʘʥʠʠ ʪʘʢʦʡ ʣʠʥʝʡʥʦʡ ʦʧʝʨʘʮʠʝʡ 

ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʩʣʦʞʝʥʠʷ ʧʦ ʤʦʜʫʣʶ 2, ʪ. ʝ. 
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1 11 1 12 2 1k k

2 21 1 22 2 2k k

r r1 1 r2 2 rk k

... ;

... ;

... ... ... ... ... ...

... .

b c a c a c a

b c a c a c a

b c a c a c a

= Ä Ä Ä

= Ä Ä Ä

= Ä Ä Ä

   (12.7) 

ʂʦʵʬʬʠʮʠʝʥʪʳ 
ji

c  ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 0 ʠʣʠ 1, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʳʭ ʛʨʫʧʧ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʚʝʨʦʯʥʳʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʥʝʡʥʳʡ ʢʦʜ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ 

krÖ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ kirjc
ji

,1,,1, ÍÍ . 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ ʢʦʜ ʩ ʧʨʦʚʝʨʢʦʡ ʥʘ ʯʝʪʥʦʩʪʴ 

ʯʠʩʣʘ ʝʜʠʥʠʮ ʚ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ 

ʩʣʫʯʘʝʤ ʣʠʥʝʡʥʦʛʦ ʢʦʜʘ ʧʨʠ 1=r . 

ɼʨʫʛʠʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʥʘ ʧʨʘʢʪʠʢʝ  

ʢʦʜʦʤ, ʷʚʣʷʝʪʩʷ ʢʦʜ ʍʝʤʤʠʥʛʘ. 

ʂʦʜ ʍʵʤʤʠʥʛʘ ʠʤʝʝʪ ʢʦʜʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ 3
0
=d  ʠ 

ʩʧʦʩʦʙʝʥ ʠʩʧʨʘʚʣʷʪʴ ʦʜʠʥʦʯʥʳʝ ʦʰʠʙʢʠ.  

ʇʦʢʘʞʝʤ ʥʘ ʧʨʠʤʝʨʝ ʢʦʜʘ (7,4), ʢʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʩʧʦʣʴʟʫʷ (12.7), ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʠʩʧʨʘʚʣʝʥʠʝ 

ʦʜʠʥʦʯʥʳʭ ʦʰʠʙʦʢ. 

ʂʦʜʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ ʢʦʜʘ (7,4) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʤʝʶʪ 

ʚʠʜ ( )
3214321

,,,,,, bbbaaaaa= .  

ʇʨʘʚʠʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʚʝʨʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʳ 

ʙʳʪʴ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʨʦʢ ʥʘ ʯʝʪʥʦʩʪʴ 

ʯʠʩʣʘ ʝʜʠʥʠʮ ʚ ʛʨʫʧʧʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʦʞʥʦ ʙʳʣʦ ʫʢʘʟʘʪʴ ʥʘ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ 

ʠʩʢʘʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

ɼʣʷ ʵʪʦʛʦ ʢʘʞʜʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʵʣʝʤʝʥʪ ʜʦʣʞʝʥ 

ʫʯʘʩʪʚʦʚʘʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʚ ʜʚʫʭ ʧʨʦʚʝʨʢʘʭ ʠʟ 

ʪʨʝʭ ( )3=r .  
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ʅʘʧʨʠʤʝʨ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (12.7) ʜʣʷ ʢʦʜʘ (7,4) ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ 

î
ý

î
ü

û

=ÄÄÄ

=ÄÄÄ

=ÄÄÄ

0

0

0

3421

2432

1321

baaa

baaa

baaa

.   (12.8) 

ɺʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʚʳʙʦʨʘ ʛʨʫʧʧ 

ʧʨʦʚʝʨʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɽʩʣʠ ʚʩʝ ʫʨʘʚʥʝʥʠʷ ʚ (12.8) ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ, ʵʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʦʰʠʙʦʢ ʚ ʧʨʠʥʠʤʘʝʤʦʡ 

ʢʦʤʙʠʥʘʮʠʠ, ʣʠʙʦ ʦ ʥʘʣʠʯʠʠ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʤʦʡ ʦʰʠʙʢʠ.  

ʇʨʠ ʵʪʦʤ:  

- ʥʝʚʳʧʦʣʥʝʥʠʝ ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʰʠʙʢʝ ʚ ʨʘʟʨʷʜʝ 
1

a ; 

- ʥʝʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ ï ʦʙ ʦʰʠʙʢʝ ʚ 

ʨʘʟʨʷʜʝ 
2

a ; 

- ʥʝʚʳʧʦʣʥʝʥʠʝ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʷ ï 

ʦʙ ʦʰʠʙʢʝ ʚ ʨʘʟʨʷʜʝ 
4

a . 

ʈʝʟʫʣʴʪʘʪ ʧʨʦʚʝʨʦʢ ʥʘ ʯʝʪʥʦʩʪʴ ʫʜʦʙʥʦ ʟʘʧʠʩʳʚʘʪʴ ʚ 

ʚʠʜʝ r - ʨʘʟʨʷʜʥʦʛʦ ʜʚʦʠʯʥʦʛʦ ʧʨʦʚʝʨʦʯʥʦʛʦ ʯʠʩʣʘ, 

ʥʘʟʳʚʘʝʤʦʛʦ  ʩʠʥʜʨʦʤʦʤ. 

ʅʘʧʨʠʤʝʨ,  ʧʨʠ ʠʩʢʘʞʝʥʠʠ ʨʘʟʨʷʜʘ 
4

a  ʩʠʥʜʨʦʤ  

011=s , ʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʰʠʙʦʢ ʚ ʧʨʠʥʷʪʦʡ ʢʦʜʦʚʦʡ 

ʢʦʤʙʠʥʘʮʠʠ - 000=s . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ 

ʩʠʥʜʨʦʤʦʚ 
r2  ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ 

ʦʜʠʥʦʯʥʳʭ ʦʰʠʙʦʢ, ʪ.ʝ. 12 -²nr
, ʯʪʦ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ (12.4).  
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ʅʘ ʨʠʩʫʥʢʘʭ 12.2 ʠ 12.3. ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ 

ʩʭʝʤʳ ʢʦʜʠʨʫʶʱʝʛʦ ʠ ʜʝʢʦʜʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚ ʢʦʜʘ 

ʍʝʤʤʠʥʛʘ (7, 4). 

 
ʈʠʩ. 12.2. ʢʦʜʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʢʦʜʘ ʍʝʤʤʠʥʛʘ (7, 4) 

˜̗̑̉̎̉̐ ̜̑́̂̏̓ ̋̏̅̆̑́Ȣ 

ɽʜʠʥʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʤʙʠʥʘʮʠʠ ʧʝʨʚʠʯʥʦʛʦ ʢʦʜʘ, 

ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʢʦʜʝʨʘ ʦʢʦʥʝʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ 

ʧʘʨʘʣʣʝʣʴʥʦʤ ʢʦʜʝ, ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʷʯʝʡʢʠ ʩ 

ʧʝʨʚʦʡ ʧʦ ʯʝʪʚʝʨʪʫʶ ʨʝʛʠʩʪʨʘ ʩʜʚʠʛʘ.   

ʆʜʥʦʚʨʝʤʝʥʥʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʘʟʨʷʜʳ ʧʝʨʚʠʯʥʦʛʦ 

ʢʦʜʘ ʧʦʩʪʫʧʘʶʪ ʥʘ ʪʨʠ ʩʫʤʤʘʪʦʨʘ ʧʦ ʤʦʜʫʣʶ 2, ʩ 

ʚʳʭʦʜʦʚ ʢʦʪʦʨʳʭ ʩʥʠʤʘʶʪʩʷ ʧʨʦʚʝʨʦʯʥʳʝ ʩʠʤʚʦʣʳ. 

321
,, bbb  

ʇʨʦʚʝʨʦʯʥʳʝ ʨʘʟʨʷʜʳ 
321

,, bbb ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ 

ʷʯʝʡʢʠ ʨʝʛʠʩʪʨʘ ʩ ʧʷʪʦʡ ʧʦ ʩʝʜʴʤʫʶ.  

ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ  ʢʦʜʦʚʘʷ ʢʦʤʙʠʥʘʮʠʷ ʚ 

ʧʦʩʣʝʜʫʶʱʠʝ n  ʪʘʢʪʦʚ ʩʯʠʪʳʚʘʝʪʩʷ ʩ ʚʳʭʦʜʘ ʨʝʛʠʩʪʨʘ 

ʩʜʚʠʛʘ. 

 

 

7 6 5 4 3 2 1 

ʨʝʛʠʩʪʨ 
ɺʳʭʦʜ 

ʂʦʤʙʠʥʘʮʠʷ  

ʧʝʨʚʠʯʥʦʛʦ ʢʦʜʘ 

b1  

b2  

b3  

a1  a2  a3  a4  
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ɼʝh ʠʬʨʘʪʦʨ

+ ++ + + +

7 6 5 4 3 2 1

7 6 5 4 3 2 1

ɺʭʦʜ
ʈʝʛʠʩʪʨ 1

ʈʝʛʠʩʪʨ 2

ʋʀʆ

ɺr ʭʦʜ

 
ʈʠʩ. 12.3. ʜʝʢʦʜʝʨ ʢʦʜʘ ʍʝʤʤʠʥʛʘ (7, 4) 

˜̗̑̉̎̉̐ ̜̑́̂̏̓ ̅̆̋̏̅̆̑́Ȣ 

ʇʨʠʥʠʤʘʝʤʘʷ ʢʦʜʦʚʘʷ ʢʦʤʙʠʥʘʮʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ 

ʨʝʛʠʩʪʨ 1.  

ʉ ʚʳʭʦʜʦʚ ʷʯʝʝʢ ʨʝʛʠʩʪʨʘ ʩʠʛʥʘʣʳ ʧʦʜʘʶʪʩʷ ʥʘ ʥʘ 

ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʩʠʥʜʨʦʤʘ.  

ʉʠʥʜʨʦʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʠʟ ʵʣʝʤʝʥʪʦʚ ʧʨʠʥʷʪʦʡ 

ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ, ʧʦʜʘʝʪʩʷ ʥʘ ʜʝʰʠʬʨʘʪʦʨ.  

ʇʨʠ ʥʘʣʠʯʠʠ ʦʜʠʥʦʯʥʦʡ ʦʰʠʙʢʠ ʚ ʧʨʠʥʷʪʦʡ 

ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʥʘ ʦʜʥʦʤ ʠʟ ʚʳʭʦʜʦʚ ʜʝʰʠʬʨʘʪʦʨʘ 

ʧʦʷʚʣʷʝʪʩʷ ç1è.  

ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ çʚʝʢʪʦʨ ʦʰʠʙʢʠè 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨ 2.  

ʉʣʦʞʝʥʠʝ ʚʝʢʪʦʨʘ ʦʰʠʙʢʠ ʩ ʧʨʠʥʷʪʦʡ ʢʦʜʦʚʦʡ 

ʢʦʤʙʠʥʘʮʠʝʡ ʧʨʠʚʦʜʠʪ ʢ ʠʩʧʨʘʚʣʝʥʠʶ ʦʰʠʙʢʠ. 
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˘̗̠̆̋̉ ρσȢ x ̘̉̋̌̉̆̒̋̉̆ ̜̋̏̅ 

ρσȢρȢ ˜̗̜̑̉̎̉̐ ̠̐̏̒̓̑̏̆̎̉ 

 ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ 

ʢʦʜʦʚ ʦʙʫʩʣʦʚʣʝʥʦ:  

- ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ 

ʨʘʟʣʠʯʥʦʡ ʢʨʘʪʥʦʩʪʠ, 

- ʧʨʦʩʪʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʢʦʜʠʨʫʶʱʠʭ ʠ 

ʜʝʢʦʜʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, 

- ʫʜʦʙʩʪʚʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʠʭ  ʦʧʠʩʘʥʠʷ 

ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ. 

ɺ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʢʦʜʦʚ ʣʝʞʠʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ ʚ ʚʠʜʝ 

ʤʥʦʛʦʯʣʝʥʦʚ.  

ʇʨʠ ʵʪʦʤ ʤʥʦʛʦʯʣʝʥ ʨʘʟʨʝʰʝʥʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʜʦʣʞʝʥ 

ʜʝʣʠʪʴʩʷ ʙʝʟ ʦʩʪʘʪʢʘ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʦʙʨʘʟʫʶʱʠʡ ʤʥʦʛʦʯʣʝʥ ʩʪʝʧʝʥʠ r .  

ʂʘʢ ʠ ʚ ʜʨʫʛʠʭ ʙʣʦʯʥʳʭ ʢʦʜʘʭ:  

¶ ʧʝʨʚʳʝ k  ʵʣʝʤʝʥʪʦʚ ʢʦʤʙʠʥʘʮʠʠ ʨʘʟʜʝʣʠʤʦʛʦ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʜʘ ʷʚʣʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ,  

¶ ʘ ʧʦʩʣʝʜʫʶʱʠʝ r - ʧʨʦʚʝʨʦʯʥʳʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʚʝʩʪʠ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʤʥʦʛʦʯʣʝʥ ()f x  ʩʪʝʧʝʥʠ 1-k , ʦʪʦʙʨʘʞʘʶʱʠʡ k - 

ʵʣʝʤʝʥʪʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʧʝʨʚʠʯʥʦʛʦ ʢʦʜʘ, ʠ ʤʥʦʛʦʯʣʝʥ 

()xr , ʦʪʦʙʨʘʞʘʶʱʠʡ ʢʦʤʙʠʥʘʮʠʶ  ʧʨʦʚʝʨʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ.  

ʊʦʛʜʘ ʤʥʦʛʦʯʣʝʥ ʢʦʤʙʠʥʘʮʠʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʜʘ ʠʤʝʝʪ 

ʚʠʜ:  
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() () ()xrxxfxF r +Ö=     (13.1) 

ʋʤʥʦʞʝʥʠʝ ()xf  ʥʘ 
rx  ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩʜʚʠʥʫʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ r  ʨʘʟʨʷʜʦʚ ʚʣʝʚʦ ʠ ʪʝʤ 

ʩʘʤʳʤ ʚʳʩʚʦʙʦʜʠʪʴ ʩʧʨʘʚʘ r  ʨʘʟʨʷʜʦʚ ʜʣʷ ʟʘʧʠʩʠ 

ʧʨʦʚʝʨʦʯʥʳʭ  ʵʣʝʤʝʥʪʦʚ.  

ʇʦʩʪʨʦʝʥʥʳʡ ʤʥʦʛʦʯʣʝʥ ()xF  ʜʦʣʞʝʥ ʜʝʣʠʪʴʩʷ ʙʝʟ 

ʦʩʪʘʪʢʘ ʥʘ ʦʙʨʘʟʫʶʱʠʡ ʤʥʦʛʦʯʣʝʥ ()xP  ʩʪʝʧʝʥʠ r , ʪ. ʝ.  

()
()

() ()
()

()xQ
xP

xrxxf

xP

xF r

=
+Ö

=     (13.2) 

ʠʣʠ ʩ ʫʯʝʪʦʤ ʧʨʘʚʠʣ ʜʚʦʠʯʥʦʡ ʘʣʛʝʙʨʳ 

()
()

()
()
()xP

xr
xQ

xP

xxf r

+=
Ö     (13.1) 

ʀʟ (13.3) ʩʣʝʜʫʝʪ, ʯʪʦ ʤʥʦʛʦʯʣʝʥ ʧʨʦʚʝʨʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ()xr  ʷʚʣʷʝʪʩʷ ʦʩʪʘʪʢʦʤ ʦʪ ʜʝʣʝʥʠʷ 

() rxxf Ö  ʥʘ ()xP .  

ʊʘʢ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʦʩʪʘʪʢʘ ʚʩʝʛʜʘ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ ʝʜʠʥʠʮʫ ʤʝʥʴʰʝ ʩʪʝʧʝʥʠ ʜʝʣʠʪʝʣʷ, ʷʩʥʦ, 

ʧʦʯʝʤʫ ʩʪʝʧʝʥʴ ʦʙʨʘʟʫʶʱʝʛʦ ʤʥʦʛʦʯʣʝʥʘ 

ʚʳʙʠʨʘʝʪʩʷ ʨʘʚʥʦʡ ʯʠʩʣʫ ʧʨʦʚʝʨʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚr . 

ʇʨʠʤʝʨ: ʧʫʩʪʴ ʟʘʜʘʥʘ ʧʷʪʠʵʣʝʤʝʥʪʥʘʷ ( )5=k   

ʢʦʤʙʠʥʘʮʠʷ ʧʝʨʚʠʯʥʦʛʦ ʢʦʜʘ. () 410000 xxf =ª  

ʊʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʢʦʤʙʠʥʘʮʠʶ ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʜʘ, 

ʠʩʧʨʘʚʣʷʶʱʝʛʦ ʦʜʥʦʢʨʘʪʥʳʝ ʦʰʠʙʢʠ ( )3
0
=d .  

ʕʪʦʤʫ ʫʩʣʦʚʠʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 4=r . ɺʦʟʴʤʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʫʶʱʝʛʦ ʧʦʣʠʥʦʤʘ () 14 ++= xxxP  ʠ 
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ʨʘʟʜʝʣʠʤ () 1000000008ª=Ö xxxf r
 ʥʘ 

() 14 ++= xxxP  

()

()

4

8 4

8 5 4

5 4

5 2

4 2

4

2

1

1

1

1 r

x x

x x x Q x

x x x

x x

x x x

x x x

x x

x x

+ +

+ + =

+ +

+

+ +

+ +

+ +

+ =

. 

ʆʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ  

() 01011
1

2

4

8

ª+=ù
ú

ø
é
ê

è

++
= x

xx

x
rexr  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʥʦʛʦʯʣʝʥ ʢʦʤʙʠʥʘʮʠʠ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʢʦʜʘ  

() I
ʪʳʵʣʧʨʦʚ.ʪʳʵʣʠʥʬ.

28 0101100001
--

ª++= ('&xxxF  

ʄʥʦʛʦʯʣʝʥ ʢʦʤʙʠʥʘʮʠʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʜʘ ()xF   ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʜʘʥ ʪʘʢʞʝ ʚ ʚʠʜʝ 

() () ()xPxQxF Ö= . 

ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʡ ʩʦʛʣʘʩʥʦ ʵʪʦʤʫ ʘʣʛʦʨʠʪʤʫ ʢʦʜ, 

ʷʚʣʷʝʪʩʷ ʥʝʨʘʟʜʝʣʠʤʳʤ.  

ʊʘʢ ʢʘʢ ʥʘʠʚʳʩʰʘʷ ʩʪʝʧʝʥʴ ʤʥʦʛʦʯʣʝʥʘ ()xQ  ʚʩʝʛʜʘ 

ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʘ 1-k , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥ 

ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʡ ʠʟ ʢʦʤʙʠʥʘʮʠʡ ʧʝʨʚʠʯʥʦʛʦ 

ʢʦʜʘ.  
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ʇʦʵʪʦʤʫ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʦʤʙʠʥʘʮʠʷ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʢʦʜʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʩʣʦʚʠʶ ʜʝʣʠʤʦʩʪʠ ʙʝʟ ʦʩʪʘʪʢʘ ʥʘ 

ʦʙʨʘʟʫʶʱʠʡ ʤʥʦʛʦʯʣʝʥ, ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ  

() () ()xPxfxF Ö= . 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʠʤʝʨʘ  

() ( ) 1001100001 45844 =++=++Ö= xxxxxxxF  

ʇʨʠ ʧʨʠʝʤʝ ʢʦʤʙʠʥʘʮʠʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʜʘ ʝʝ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʨʘʟʨʝʰʝʥʥʦʡ ʠʣʠ ʟʘʧʨʝʱʝʥʥʦʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʥʘʣʠʯʠʶ ʠʣʠ ʦʪʩʫʪʩʪʚʠʶ 

ʦʩʪʘʪʢʘ ʦʪ ʜʝʣʝʥʠʷ ʤʥʦʛʦʯʣʝʥʘ ʧʨʠʥʷʪʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʥʘ ʦʙʨʘʟʫʶʱʠʡ ʤʥʦʛʦʯʣʝʥ. 

ʅʘʣʠʯʠʝ ʦʩʪʘʪʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʰʠʙʢʝ ʚ ʧʨʠʥʷʪʦʡ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ, ʪ. ʝ. ʦʥʘ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ.  

ɼʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʦʩʪʘʪʢʠ ʦʪ ʜʝʣʝʥʠʷ ʩʣʫʞʠʣʠ ʦʧʦʟʥʘʚʘʪʝʣʷʤʠ ʦʰʠʙʦʢ 

(ʩʠʥʜʨʦʤʘʤʠ).  

ρσȢςȢ ˏ̜̂̏̑ ̟̏̂̑́̈̔̆̄̏̚ ̘̍̎̏̄̏̌̆̎́ 

ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʫʶʱʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝʧʨʠʚʦʜʠʤʳʝ ʤʥʦʛʦʯʣʝʥʳ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʥʦʛʦʯʣʝʥʦʚ ʥʠʟʰʠʭ 

ʩʪʝʧʝʥʝʡ (ʪʘʙʣ. 13.1).  

ɺ ʪʝʦʨʠʠ ʢʦʜʠʨʦʚʘʥʠʷ ʥʝʧʨʠʚʦʜʠʤʳʝ ʤʥʦʛʦʯʣʝʥʳ 

ʥʘʟʳʚʘʶʪʩʷ ʦʙʨʘʟʫʶʱʠʤʠ ʧʦʣʠʥʦʤʘʤʠ. 

ʆʜʥʘʢʦ ʥʝ ʚʩʷʢʠʡ ʤʥʦʛʦʯʣʝʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʥʝʧʨʠʚʦʜʠʤʳʡ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ 

ʦʙʨʘʟʫʶʱʝʛʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʢʦʜʦʚ.  
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʢʦʜʦʚ, ʠʩʧʨʘʚʣʷʶʱʠʭ 

ʦʰʠʙʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʫʩʣʦʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʥʫʣʝʚʳʭ ʦʩʪʘʪʢʦʚ ʙʫʜʝʪ ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ 

ʵʣʝʤʝʥʪʦʚ n , ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʜʦʚʫʶ ʢʦʤʙʠʥʘʮʠʶ (ʧʨʠ 

ʠʩʧʨʘʚʣʝʥʠʠ ʦʜʠʥʦʯʥʳʭ ʦʰʠʙʦʢ) ʠʣʠ ʯʠʩʣʫ ʢʦʤʙʠʥʘʮʠʡ ʠʟ 

n  ʧʦ 
ʠ

t  , ʛʜʝ 
ʠ

t  - ʢʨʘʪʥʦʩʪʴ ʠʩʧʨʘʚʣʷʝʤʳʭ ʢʦʜʦʤ ʦʰʠʙʦʢ. 

ʊʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʥʝʥʫʣʝʚʳʭ ʦʩʪʘʪʢʦʚ 

ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʤʥʦʛʦʯʣʝʥʳ, ʢʦʪʦʨʳʝ 

ʥʘʟʳʚʘʶʪʩʷ çʧʨʠʤʠʪʠʚʥʳʤʠè 

ρσȢσȢ ˗̏̅̆̑ ̗̘̉̋̌̉̆̒̋̏̄̏ ̋̏̅́ 

ʂʦʜʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ (ʢʦʜʝʨ) ʩʦʩʪʦʠʪ:  

¶ ʠʟ ʨʝʛʠʩʪʨʘ ʟʘʜʝʨʞʢʠ  

¶ ʠ ʨʝʛʠʩʪʨʘ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ.  

ʂʘʞʜʳʡ ʠʟ ʨʝʛʠʩʪʨʦʚ ʩʦʩʪʦʠʪ ʠʟ r ʵʣʝʤʝʥʪʦʚ, ʛʜʝ r ʨʘʚʥʦ 

ʩʪʝʧʝʥʠ ʦʙʨʘʟʫʶʱʝʛʦ ʤʥʦʛʦʯʣʝʥʘ.  

ɺ ʨʝʛʠʩʪʨʘʭ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʩʫʤʤʘʪʦʨʳ ʧʦ 

ʤʦʜʫʣʶ 2 ʚʢʣʶʯʝʥʳ ʧʝʨʝʜ ʷʯʝʡʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʪʦʷʪ 

ʥʘ ʧʦʟʠʮʠʷʭ ʝʜʠʥʠʮ ʚ ʦʙʨʘʟʫʶʱʝʤ ʤʥʦʛʦʯʣʝʥʝ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʘʨʰʝʛʦ ʨʘʟʨʷʜʘ.  

ʊʘʙʣʠʮʘ 13.1 

r ʅʝʧʨʠʚʦʜʠʤʳʝ ʤʥʦʛʦʯʣʝʥʳ r ʅʝʧʨʠʚʦʜʠʤʳʝ ʤʥʦʛʦʯʣʝʥʳ 

1 x+1 5 x
5
+ x

2
 + 1 

2 x
2 
+ x + 1  x

5
+ x

3
 + 1 

3 x
3 
+ x + 1  x

5
+ x

3
 + x

2
+ x + 1 

 x
3 
+ x

2
 + 1  x

5
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4
 + x

3
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+ x + 1  x
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 + x
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 + x
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 x
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ʈʝʛʠʩʪʨʳ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʜʝʣʝʥʠʝ ʥʘ ʦʙʨʘʟʫʶʱʠʡ ʧʦʣʠʥʦʤ.  

ʈʝʛʠʩʪʨʳ ʟʘʜʝʨʞʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʜʘʯʫ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠʤʝʨ. ʇʦʩʪʨʦʠʤ ʢʦʜʝʨ ʜʣʷ ʢʦʜʘ (7,4) ʩ ʦʙʨʘʟʫʶʱʠʤ 

ʤʥʦʛʦʯʣʝʥʦʤ P(x)= x
3
+x+1. 

+ +

ɺʭʦʜ ɺr ʭʦʜ 

ʂ1

ʂ2

1 ʍ ʍ
3

 
ʈʠʩ.13.1 ʂʦʜʝʨ ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʜʘ (7,4). 

1. ɺ ʪʝʯʝʥʠʝ r ʪʘʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʦʣʥʝʥʠʝ 

ʨʝʛʠʩʪʨʦʚ. 

2. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ m ʪʘʢʪʦʚ ʂ2 ʟʘʤʢʥʫʪ, ʂ1 

ʨʘʟʦʤʢʥʫʪ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʜʝʣʝʥʠʝ ʥʘ 

ʦʙʨʘʟʫʶʱʠʡ ʧʦʣʠʥʦʤ ʚ ʥʠʞʥʝʤ ʨʝʛʠʩʪʨʝ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʘ ʚʳʭʦʜ ʧʦʩʪʫʧʘʶʪ m ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ 

ʚʝʨʭʥʝʛʦ ʨʝʛʠʩʪʨʘ. 

3. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ r ʪʘʢʪʦʚ ʂ1 ʟʘʤʢʥʫʪ, ʂ2 

ʨʘʟʦʤʢʥʫʪ, ʠ ʥʘ ʚʳʭʦʜ ʧʦʩʪʫʧʘʝʪ ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ ʠʟ 

ʥʠʞʥʝʛʦ ʨʝʛʠʩʪʨʘ, ʠ ʦʙʘ ʨʝʛʠʩʪʨʘ ʟʘʧʦʣʥʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ 

ʩʣʝʜʫʶʱʝʡ ʢʦʤʙʠʥʘʮʠʠ. 
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˘̗̠̆̋̉ρτȢ ˞ ̜̉̒̓̆̍ ̒ ̏̂̑́̓̎̏̊ ̠̝̟̒̃̈ 

ρτȢρȢ ˗̗̠̌́̒̒̉̉̋́̉̕ ̒̉̒̓̆̍ ̒ ̏̂̑́̓̎̏̊ ̠̝̟̒̃̈ 

 
ʈʠʩ. 14.1. ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ 

ɺ ʩʠʩʪʝʤʘʭ ʈʆʉ ʧʨʠʝʤʥʠʢ ʘʥʘʣʠʟʠʨʫʝʪ ʧʨʠʰʝʜʰʫʶ 

ʢʦʜʦʚʫʶ ʢʦʤʙʠʥʘʮʠʶ ʥʘ ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ ʠ ʧʨʠʥʠʤʘʝʪ 

ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦ ʚʳʜʘʯʝ ʢʦʤʙʠʥʘʮʠʠ ʧʦʣʫʯʘʪʝʣʶ 

ʠʣʠ ʦ ʧʦʩʳʣʢʝ ʧʦ ʢʘʥʘʣʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʟʘʧʨʦʩʘ ʥʘ 

ʧʦʚʪʦʨʥʫʶ ʧʝʨʝʜʘʯʫ. 

ɺ ʩʠʩʪʝʤʘʭ ʀʆʉ ʧʦ ʦʙʨʘʪʥʦʤʫ ʢʘʥʘʣʫ ʧʝʨʝʜʘʶʪʩʷ 

ʩʚʝʜʝʥʠʷ ʦ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʧʨʠʝʤʥʠʢ ʢʦʤʙʠʥʘʮʠʷʭ 

(ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ï ʧʦʣʥʘʷ ʨʝʪʨʘʥʩʣʷʮʠʷ) ʠ ʧʝʨʝʜʘʪʯʠʢ 

ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʧʝʨʝʜʘʯʝ ʩʣʝʜʫʶʱʝʡ ʢʦʤʙʠʥʘʮʠʠ 

ʠʣʠ ʦ ʧʦʚʪʦʨʝʥʠʠ ʧʝʨʝʜʘʥʥʦʡ. 

ɺ ʩʠʩʪʝʤʘʭ ʂʆʉ ʨʝʰʝʥʠʝ ʦ ʚʳʜʘʯʝ ʢʦʤʙʠʥʘʮʠʠ 

ʧʦʣʫʯʘʪʝʣʶ ʠʣʠ ʦ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʝ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʢʘʢ ʧʨʠʝʤʥʠʢ, ʪʘʢ ʠ ʧʝʨʝʜʘʪʯʠʢ. 

ɺ ʩʠʩʪʝʤʘʭ ʈʆʉ ʩ ʦʞʠʜʘʥʠʝʤ ʧʦʩʣʝ ʧʝʨʝʜʘʯʠ 

ʢʦʤʙʠʥʘʮʠʠ ʧʝʨʝʜʘʪʯʠʢ ʦʞʠʜʘʝʪ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠ 

ʥʘʯʠʥʘʝʪ ʧʝʨʝʜʘʯʫ ʩʣʝʜʫʶʱʝʡ ʢʦʤʙʠʥʘʮʠʠ, ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʪʦʛʦ, ʢʘʢ ʧʦʣʫʯʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦ ʧʨʝʜʳʜʫʱʝʡ. 

ʉʠʩʪʝʤʳ ʩ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ 

ʩ ʘʜʨʝʩʥʳʤ 

ʧʝʨʝʩʧʨʦʩʦʤ 
ʩ ʦʞʠʜʘʥʠʝʤ ʩ ʅʇ ʠ 

ʙʣʦʢʠʨʦʚʢʦʡ 

ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

(ʀʆʉ) 

ʩ ʨʝʰʘʶʱʝʡ 

(ʈʆʉ) 

ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

(ʂʆʉ) 
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ɺ ʩʠʩʪʝʤʘʭ ʈʆʉ ʩ ʥʝʧʨʝʨʳʚʥʦʡ ʧʝʨʝʜʘʯʝʡ ʠ 

ʙʣʦʢʠʨʦʚʢʦʡ ʧʝʨʝʜʘʪʯʠʢ ʥʝʧʨʝʨʳʚʥʦ ʚʝʜʝʪ ʧʝʨʝʜʘʯʫ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʦʰʠʙʢʠ ʧʨʠʝʤʥʠʢ ʙʣʦʢʠʨʫʝʪʩʷ ʥʘ h ʢʦʤʙʠʥʘʮʠʡ, ʘ 

ʧʝʨʝʜʘʪʯʠʢ ʧʦʚʪʦʨʷʝʪ ʧʝʨʝʜʘʯʫ ʧʦʩʣʝʜʥʠʭ hʢʦʤʙʠʥʘʮʠʡ. 

ɺ ʩʠʩʪʝʤʘʭ ʩ ʘʜʨʝʩʥʳʤ ʧʝʨʝʩʧʨʦʩʦʤ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʦʰʠʙʢʘʤʠ ʠʤʝʶʪ ʫʩʣʦʚʥʳʡ ʥʦʤʝʨ ʠ 

ʧʦʚʪʦʨʷʶʪʩʷ ʪʦʣʴʢʦ ʢʦʤʙʠʥʘʮʠʠ ʩ ʦʰʠʙʢʘʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʜʘʯʫ ʙʣʦʢʘ ʩʦʛʣʘʩʥʦ ʘʣʛʦʨʠʪʤʫ ʩ 

ʨʝʰʘʶʱʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʠ ʦʞʠʜʘʥʠʝʤ (ʈʆʉ-

ʆɾ) ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʪʩʫʪʩʪʚʠʷ ʧʦʤʝʭ ʚ 

ʦʙʨʘʪʥʦʤ ʢʘʥʘʣʝ, ʠʩʧʦʣʴʟʫʷ ʚʨʝʤʝʥʥʫʶ ʜʠʘʛʨʘʤʤʫ 

ʦʙʤʝʥʘ (ʨʠʩ 14.3), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʨʝʙʫʝʤʦʡ ʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. 

ɹʣʦʢ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʚʭʦʜ ʉʇɼʉ, 

ʢʦʜʠʨʫʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ ʢʦʜʦʤ ʠ ʧʝʨʝʜʘʝʪʩʷ (ʨʠʩ. 14.2) 

(ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʜʦʩʪʫʧʘ) ʧʦ ʧʨʷʤʦʤʫ ʢʘʥʘʣʫ.  

ʇʝʨʝʜʘʚʘʝʤʳʡ ʙʣʦʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ 

ʧʦʚʪʦʨʠʪʝʣʴ-ʥʘʢʦʧʠʪʝʣʴ, ʨʘʟʤʝʱʝʥʥʳʡ ʚ ʧʝʨʝʜʘʪʯʠʢʝ 

ʉʇɼʉ.  

ɺ ʧʨʠʝʤʥʠʢʝ ʙʣʦʢ ʜʝʢʦʜʠʨʫʝʪʩʷ, ʨʘʟʤʝʱʘʝʪʩʷ ʚ 

ʥʘʢʦʧʠʪʝʣʝ ʧʨʠʝʤʘ ʠ, ʝʩʣʠ ʦʰʠʙʢʠ ʥʝ ʦʙʥʘʨʫʞʝʥʳ, ʚʳʜʘʝʪʩʷ 

ʧʦʪʨʝʙʠʪʝʣʶ ʩʦʦʙʱʝʥʠʷ, ʘ ʧʦ ʦʙʨʘʪʥʦʤʫ ʢʘʥʘʣʫ ʧʦʩʳʣʘʝʪʩʷ 

ʢʦʤʘʥʜʘ çʜʘè ð ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʚʠʪʘʥʮʠʷ.  

ʇʨʠʝʤʥʠʢ ʦʙʨʘʪʥʦʛʦ ʢʘʥʘʣʘ, ʦʙʨʘʙʦʪʘʚ ʵʪʫ 

ʢʦʤʘʥʜʫ, ʨʘʟʨʝʰʘʝʪ ʜʦʩʪʫʧ ʢ ʧʝʨʝʜʘʯʝ ʩʣʝʜʫʶʱʝʛʦ ʙʣʦʢʘ. 

ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʠʤʦʝ ʧʦʚʪʦʨʠʪʝʣʷ ʩʪʠʨʘʝʪʩʷ. 
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ʈʠʩ. 14.2. ɸʣʛʦʨʠʪʤ ʈʆʉ-ʆɾ 
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ɿʘʧʠʩʴ ʙʣʦʢʘ 
ʜʘʥʥʳʭ 

ʟʘʧʠʩʴ ʚ 
ʧʦʚʪʦʨʠʪʝʣʴ 
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ʙʣʦʢʘ 
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ʥʘʢʦʧʠʪʝʣʴ 
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ʦʰʠʙʢʠ 
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ʙʣʦʢʘ 

ʇʝʨʝʜʘʯʘ 
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ʙʣʦʢʘ ʚ  
ʧʦʚʪʦʨʠʪʝʣʝ   

ʩʯʠʪʳʚʘʥʠʝ ʠʟ 
ʧʦʚʪʦʨʠʪʝʣʷ 

ʉʯʠʪʳʚʘʥʠʝ 
ʙʣʦʢʘ 

ʟʘʧʠʩʴ 
ʧʦʣʦʞʠʪʝʣʴʥʦʡ 
ʢʚʠʪʘʥʮʠʠ   

ʥ
ʝʪ 

ʥ
ʝ
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ɽ
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ɼ
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ʧʦʣʦʞʠʪʝʣʴʥʘʷ 
ʢʚʠʪʘʥʮʠʷ 
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ʢʦʥʝʮ 

ʜʝʢʦʜʠʨʦʚʘʥʠʝ 
ʙʣʦʢʘ 

ʟʘʧʠʩʴ 
ʦʪʨʠʮʘʪʝʣʴʥʦʡ 
ʢʚʠʪʘʥʮʠʠ   

ʥʝʪ
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ɽʩʣʠ ʚ ʧʨʠʥʷʪʦʤ ʙʣʦʢʝ ʦʙʥʘʨʫʞʝʥʳ ʦʰʠʙʢʠ, 

ʪʦ ʧʦ ʦʙʨʘʪʥʦʤʫ ʢʘʥʘʣʫ ʧʝʨʝʜʘʝʪʩʷ ʢʦʤʘʥʜʘ ʟʘʧʨʦʩʘ 

çʥʝʪèð ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʚʠʪʘʥʮʠʷ, ʧʨʠ ʵʪʦʤ ʙʣʦʢ ʚ 

ʥʘʢʦʧʠʪʝʣʝ ʧʨʠʝʤʘ ʩʪʠʨʘʝʪʩʷ.  

ʇʝʨʝʜʘʯʘ ʙʣʦʢʘ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥ ʥʝ ʙʫʜʝʪ 

ʫʩʧʝʰʥʦ ʧʨʠʥʷʪ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ  .  

 

 
ʈʠʩ. 14.3. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʉʇɼʉ ʩ ʈʆʉ-ʆɾ 
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ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ  

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʝʜʘʪʯʠʢ ʧʨʷʤʦʛʦ ʢʘʥʘʣʘ ʦʞʠʜʘʝʪ 

ʤʦʤʝʥʪʘ ʜʦʩʪʫʧʘ ʢ ʢʘʥʘʣʫ ʩʚʷʟʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʣʦʢ ʠ ʢʦʤʘʥʜʘ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʶʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦ ʚʨʝʤʝʥʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʫʩʧʝʰʥʘʷ ʧʝʨʝʜʘʯʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ Qc ʠ 

ʧʦʚʪʦʨʥʘʷ ʩ ʈʩ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʪʝʯʝʥʠʝ ʨʘʚʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

ʊʩ. ʅʘ ʨʠʩʫʥʢʝ 14.3 ʧʨʠʚʝʜʝʥʳ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʩʣʝʜʫʶʱʠʝ ʠʥʪʝʨʚʘʣʳ: 

- ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ 
ʙ

T , 

- ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ 
ʨ

t , 

- ʚʨʝʤʷ ʜʝʢʦʜʠʨʦʚʘʥʠʷ (ʦʙʨʘʙʦʪʢʠ) 
ʜʢ

t  ʙʣʦʢʘ, 

- ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʢʚʠʪʘʥʮʠʡ 
ʢʚ

t .  

ɼʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʦʜʥʦʢʨʘʪʥʦʡ ʧʝʨʝʜʘʯʠ  

ʢʚʜʢʨʙc
22 tttTT +Ö+Ö+=     (14.1) 

ʛʜʝ ;;;; 1

ʦ.ʩʢʚʢʚ

1

ʙ

1

 ʨ
rknBntBnTCLt +=Ö=Ö=Ö= ---  

k  ð ʜʣʠʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʙʣʦʢʘ;  

r  ð ʯʠʩʣʦ ʧʨʦʚʝʨʦʯʥʳʭ ʨʘʟʨʷʜʦʚ; 

L  ð ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʝʨʝʜʘʶʱʝʡ  ʠ ʧʨʠʝʤʥʦʡ 

ʩʪʘʥʮʠʷʤʠ;  

ʉ ð ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ; 

ʢʚ
n  ð ʜʣʠʥʘ ʢʚʠʪʘʥʮʠʠ;  

ʩ
B  ʠ 

ʦʩ
B  ð ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʨʷʤʦʤ 

ʠ ʦʙʨʘʪʥʦʤ ʢʘʥʘʣʘʭ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʫʢʘʟʘʥʘ 

ʥʘ ʚʨʝʤʝʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʮʠʬʨʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʥʦʤʝʨʘʤ ʙʣʦʢʦʚ ʘʣʛʦʨʠʪʤʘ. 
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˘̗̠̆̋̉ ρυȢ ˞ ̜̉̒̓̆̍ ̒ ̙̟̑̆́̆̊̚ ̏̂̑́̓̎̏̊ 

̠̝̟̒̃̈ ̉ ̎̆ ̜̐̑̆̑̃̎̏̊ ̘̐̆̑̆̅́̆̊ ɉ˝˛˞-˚˜ɊȢ 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ, ʚ 

ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ (ʨʠʩ. 15.1) ʩ ʈʝʰʘʶɦʝʡ 

ʆʙʨʘʪʥʦʡ ʉʚʷʟʴʶ ʠ ʅʝʧʨʝʨʳʚʥʦʡ ʇʝʨʝʜʘʯʝʡ 

(ʈʆʉ-ʅʇ).  

ɼʦʩʪʫʧ ʦʯʝʨʝʜʥʦʛʦ ʙʣʦʢʘ ʠʥʬʦʨʤʘʮʠʠ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ 

ʚ ʧʝʨʝʜʘʪʯʠʢʝ ʧʨʷʤʦʛʦ ʢʘʥʘʣʘ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʦ, ʧʦʢʘ ʚ ʦʙʨʘʪʥʦʤ ʢʘʥʘʣʝ ʥʝ ʧʦʷʚʣʷʝʪʩʷ 

ʢʚʠʪʘʥʮʠʷ çʥʝʪè.  

ʇʦʷʚʣʝʥʠʝ ʪʘʢʦʡ ʢʦʤʘʥʜʳ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʚ ʧʨʠʝʤʥʠʢʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʤ ʢʦʜʦʤ 

ʦʰʠʙʦʢ.  

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʝʨʝʜʘʯʝʡ ʙʣʦʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʦʥʠ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʧʦʚʪʦʨʠʪʝʣʴ-ʥʘʢʦʧʠʪʝʣʴ ʝʤʢʦʩʪʴʶ h 

ʙʣʦʢʦʚ. 

ʇʦʚʪʦʨʠʪʝʣʴ-ʥʘʢʦʧʠʪʝʣʴ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʧʝʨʝʜʘʪʯʠʢʝ 

ʧʨʷʤʦʛʦ ʢʘʥʘʣʘ.  

ʇʦʩʣʝ ʧʨʠʝʤʘ ʠʟ ʆʂ ʢʚʠʪʘʥʮʠʠ çʥʝʪè ʧʨʝʢʨʘʱʘʝʪʩʷ 

ʧʝʨʝʜʘʯʘ ʙʣʦʢʦʚ ʦʪ ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʡ ʠ ʥʘʯʠʥʘʝʪʩʷ 

ʧʦʚʪʦʨʥʘʷ ʧʝʨʝʜʘʯʘ h ʙʣʦʢʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʙʫʬʝʨʝ 

ʧʝʨʝʜʘʪʯʠʢʘ.  

ʇʨʠʝʤʥʠʢ ʩʠʩʪʝʤʳ ʧʦʩʣʝ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʰʠʙʦʢ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʙʣʦʢʝ ʧʨʝʢʨʘʱʘʝʪ ʚʚʦʜ 

ʧʦʩʪʫʧʘʶʱʠʭ ʩʦʦʙʱʝʥʠʡ ʜʦ ʪʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʢʘ ʥʝ 

ʥʘʯʥʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ ʧʦʚʪʦʨʷʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʙʣʦʢʦʚ ʯʝʨʝʟ ʚʨʝʤʷ 
ʩʙ

TTh =Ö  
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ɼʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʦʜʥʦʢʨʘʪʥʦʡ ʧʝʨʝʜʘʯʠ 
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ʠ ʧʨʠʝʤʥʦʡ ʩʪʘʥʮʠʷʤʠ; C  - ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
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ʢʚ
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ʙ
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ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ; 
ʨ

t  - ʚʨʝʤʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ; 
ʜʢ

t  - ʚʨʝʤʷ 

ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʙʣʦʢʘ; 
ʢʚ

t  - ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʢʚʠʪʘʥʮʠʠ; ʘ D 

- ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʝʤʢʦʩʪʠ ʙʫʬʝʨʘ-ʥʘʢʦʧʠʪʝʣʷ (ʨʠʩ. 15.2). 

˛̒̏̂̆̎̎̏̒̓̉ ̑́̒̒̍̏̓̑̆̎̎̏̄̏ ́̌̄̏̑̉̓̍́ȡ 

- ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʣʦʢʦʚ ʧʦ  

ʧʨʷʤʦʤʫ ʢʘʥʘʣʫ ʠ ʢʚʠʪʘʥʮʠʡ ï ʧʦ ʦʙʨʘʪʥʦʤʫ ʢʘʥʘʣʫ; 

- ʥʘʣʠʯʠʝ ʠʥʪʝʨʚʘʣʘ 
ʙ

T , ʢʦʪʦʨʳʡ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ 

ʫʩʧʝʰʥʫʶ ʧʝʨʝʜʘʯʫ ʙʣʦʢʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 
ʩ

Q ; 

- ʠ ʠʥʪʝʨʚʘʣʘ 
ʩ

T  - ʥʘ ʧʦʚʪʦʨʥʫʶ ʧʝʨʝʜʘʯʫ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ 
ʩ

P . 

ɺ ʢʘʥʘʣʘʭ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʩ ʈʆʉ-ʅʇ ʚʳʰʝ, ʯʝʤ ʚ ʩʠʩʪʝʤʘʭ ʩ 

ʈʆʉ-ʆɾ, ʪʘʢ ʢʘʢ ʚ ʢʘʥʘʣʘʭ ʧʝʨʚʦʛʦ ʪʠʧʘ ʧʝʨʝʜʘʯʘ ʚʝʜʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʦ, ʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʪʝʨʠ ʥʘ ʦʞʠʜʘʥʠʝ ʢʚʠʪʘʥʮʠʠ 

ʧʦ ʢʘʞʜʦʤʫ ʧʝʨʝʜʘʥʥʦʤʫ ʙʣʦʢʫ. 
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˘̗̠̆̋̉ ρφȢ˞̝̠̑́̃̎̉̓̆̌̎́ ̖́̑́̋̓̆̑̉̒̓̉̋́ 

̒̆̓̆̊ ̒ ̗̋̏̍̍̔̓́̉̆̊ ̋́̎́̌́ ɉ˗˗Ɋ  ̉̒ ̆̓̆̊ ̒ 

̗̋̏̍̍̔̓́̉̆̊ ̐́̋̆̓̏̃ ɉ˗˜Ɋ 

ʉʝʪʠ ʩ ʂʂ ʠ ʂʇ ʦʪʣʠʯʘʶʪʩʷ ʤʝʪʦʜʘʤʠ ʢʦʤʤʫʪʘʮʠʠ ʠ 

ʤʝʪʦʜʘʤʠ ʧʝʨʝʜʘʯʠ: 

1. ʚ ʩʝʪʷʭ ʩ ʂʂ ʧʝʨʝʜʘʶʪʩʷ ʠ ʢʦʤʤʫʪʠʨʫʶʪʩʷ ʮʝʣʳʝ 

ʩʦʦʙʱʝʥʠʷ, ʘ ʚ ʩʝʪʷʭ ʩ ʂʇ ʩʦʦʙʱʝʥʠʷ ʜʝʣʷʪʩʷ ʥʘ ʦʪʨʝʟʢʠ, 

ʥʘʟʳʚʘʝʤʳʝ ʧʘʢʝʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʢʘʥʘʣʘʤ ʠ 

ʢʦʤʤʫʪʠʨʫʶʪʩʷ ʚ ʫʟʣʘʭ ʢʦʤʤʫʪʘʮʠʠ; 

2. ʚ ʩʝʪʷʭ ʩ ʂʂ ʘʜʨʝʩ ʠʤʝʝʪ ʩʦʦʙʱʝʥʠʝ, ʘ ʚ ʩʝʪʷʭ ʩ ʂʇ 

ʘʜʨʝʩ ʠʤʝʝʪ ʧʘʢʝʪ; 

3. ʚ ʩʝʪʷʭ ʩ ʂʂ ʘʜʨʝʩ ʩʦʦʙʱʝʥʠʷ ʧʝʨʝʜʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʝʜʘʝʪʩʷ 

ʩʦʦʙʱʝʥʠʝ, ʚ ʩʝʪʷʭ ʩ ʂʇ ʘʜʨʝʩ ʧʝʨʝʜʘʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʧʘʢʝʪʘ; 

4. ʩʝʪʠ ʩ ʂʂ ʠ ʂʇ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʪʦʢʦʚ ʚ ʫʟʣʘʭ. ʋʟʣʳ ʚ ʩʝʪʠ ʩ ʂʂ ʥʝ ʠʤʝʶʪ 

ʧʘʤʷʪʠ, ʧʦʵʪʦʤʫ ʧʨʠ ʟʘʥʷʪʦʩʪʠ ʢʘʥʘʣʦʚ, ʫʟʣʦʚ ʠ 

ʚʳʟʳʚʘʝʤʳʭ ʘʙʦʥʝʥʪʦʚ ʚʳʟʳʚʘʶʱʠʡ ʘʙʦʥʝʥʪ ʧʦʣʫʯʘʝʪ 

ʦʪʢʘʟ. ʋʟʣʳ ʚ ʩʝʪʷʭ ʩ ʂʇ ʠʤʝʶʪ ʧʘʤʷʪʴ, ʥʝʩʢʦʣʴʢʦ ʧʘʢʝʪʦʚ, 

ʵʪʦ ʧʦʚʳʰʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ. 

5. ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʩʝʪʝʡ ʩ ʂʂ ʠ ʂʇ 

ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʦʭʦʞʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʝʪʠ. ɺ ʩʝʪʠ 

ʩ ʂʂ ʩʦʦʙʱʝʥʠʝ ʮʝʣʠʢʦʤ ʧʨʦʭʦʜʠʪ ʧʦ ʦʜʥʦʤʫ ʧʫʪʠ, ʯʪʦ 

ʜʝʣʘʝʪ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʧʦʩʪʦʷʥʥʳʤ. ɺ ʩʝʪʷʭ ʩ ʂʇ ʧʘʢʝʪʳ 

ʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʢʨʘʪʯʘʡʰʠʤ ʧʫʪʷʤ 

ʨʘʟʥʦʡ ʜʣʠʥʳ, ʧʦʵʪʦʤʫ ʦʯʝʨʝʜʥʦʩʪʴ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ ʚ 

ʧʫʥʢʪ ʧʨʠʝʤʘ ʥʘʨʫʰʘʝʪʩʷ. 
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ʄʝʪʦʜʳ ʂʇ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʠʭ. 

ˑ̜́̓́̄̑́̍̍̎̊ ̑̆̇̉̍ ̘̐̆̑̆̅́̉ 

ɸ

ɺ ʉ

 
ʈʠʩ.16.1 ɼʘʪʘʛʨʘʤʤʥʳʡ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ (IP ʩʝʪʴ, Internet) 

1. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝ ʨʝʟʝʨʚʠʨʫʝʪʩʷ, ʦʥʘ 

ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʢʝʪʘʤʠ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ. 

2. ɿʘʜʝʨʞʢʠ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʷʭ; 

3. ʀʩʭʦʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʘʢʝʪʦʚ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ; 

4. ʕʬʬʝʢʪʠʚʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʪ.ʢ. 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʝʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʩʦʚʤʝʩʪʥʦ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ; 

5. ɿʘʜʝʨʞʢʘʤʠ ʚ ʩʝʪʠ ʥʘʜʦ ʫʧʨʘʚʣʷʪʴ. 

˙̆̓̏̅ ̝̜̖̃̉̑̓̔́̌̎ ̋́̎́̌̏̃ 

1. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝ ʨʝʟʝʨʚʠʨʫʝʪʩʷ; 

2. ɿʘʜʝʨʞʢʠ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʷʭ ʚ ʫʟʣʘʭ; 

3. ʀʩʭʦʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʘʢʝʪʦʚ ʩʦʭʨʘʥʷʶʪʩʷ 

ʩʝʪʴʶ, ʪ.ʢ. ʚʩʝ ʧʘʢʝʪʳ ʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʣʝʜʫʶʪ ʦʜʥʠʤ 

ʤʘʨʰʨʫʪʦʤ (ʭʦʪʷ ʨʝʩʫʨʩ ʚʜʦʣʴ ʵʪʦʛʦ ʤʘʨʰʨʫʪʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 

ʥʝ ʨʝʟʝʨʚʠʨʫʝʪʩʷ), (ʧʦʜ ʩʝʪʝʚʳʤ ʨʝʩʫʨʩʦʤ ʧʦʥʠʤʘʝʪʩʷ ʙʫʬʝʨʥʘʷ 

ʧʘʤʷʪʴ ʚ ʫʟʣʘʭ, ʧʨʦʮʝʩʩʦʨʥʦʝ ʚʨʝʤʷ ʚ ʫʟʣʘʭ ʠ ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʦʚ); 

4. ʊʨʝʙʫʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʩʦʝʜʠʥʝʥʠʷ. 
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ɸ

ɺ ʉ

 
ʈʠʩ.16.2 ɺʠʨʪʫʘʣʴʥʳʡ ʢʘʥʘʣ ï ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʩʝʪʴʶ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʠʩʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʘʢʝʪʦʚ (X-25, 

Frame Relay-ʨʝʪʨʘʥʩʣʷʮʠʷ ʢʘʜʨʦʚ) 

˙̆̓̏̅ ̝̜̖̃̉̑̓̔́̌̎ ̋́̎́̌̏̃ ̒ ̑̆̈̆̑̃̉̑̏̃́̎̉̆̍ 

̂̔̆̑̎̏̊̕ ̠̐́̍̓̉ ̃ ̖̔̈̌́ 

ɸ

ɺ ʉ

 
ʈʠʩ16.3. ʄʦʜʠʬʠʢʘʮʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʩ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʠ ʚ ʫʟʣʘʭ (ɸʊʄ (UBR)). 

1. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝ ʨʝʟʝʨʚʠʨʫʝʪʩʷ; 

2. ɿʘʜʝʨʞʢʠ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʷʭ; 

3. ʀʩʭʦʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʘʢʝʪʦʚ ʩʦʭʨʘʥʷʝʪʩʷ, 

ʪ.ʢ. ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʤʫʪʘʮʠʠ ʚʠʨʪʫʘʣʴʥʳʭ 

ʢʘʥʘʣʦʚ; 

4. ʇʝʨʝʛʨʫʟʢʠ ʚ ʦʜʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʤʝʥʝʝ ʚʣʠʷʶʪ ʥʘ 

ʧʝʨʝʛʨʫʟʢʠ ʚ ʜʨʫʛʦʤ ʩʦʝʜʠʥʝʥʠʠ, ʪ.ʢ. ʨʘʟʜʝʣʴʥʳʝ ʦʯʝʨʝʜʠ 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ; 

5. ʅʫʞʥʳ ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʩʦʝʜʠʥʝʥʠʷ. 
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˙̆̓̏̅ ̝̜̖̃̉̑̓̔́̌̎ ̋́̎́̌̏̃ ̒ ̑̆̈̆̑̃̉̑̏̃́̎̉̆̍ 

̑̆̒̔̑̒̏̃ 

ɸ

ɺ ʉ

1

2

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

 
ʈʠʩ.16.4 ʄʦʜʠʬʠʢʘʮʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʩ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ï ʘʥʘʣʦʛ ʢʦʤʤʫʪʘʮʠʠ ʢʘʥʘʣʦʚ. 

1. ʈʝʟʝʨʚʠʨʫʝʪʩʷ ʙʫʬʝʨʥʘʷ ʧʘʤʷʪʴ ʚ ʫʟʣʘʭ; 

2. ʈʝʟʝʨʚʠʨʫʝʪʩʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʣʠʥʠʡ ʜʣʷ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ; 

3. ɿʘʜʝʨʞʢʠ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʷʭ, ʪ.ʢ. ʪʨʘʬʠʢ 

ʧʫʣʴʩʠʨʫʶʱʠʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʠʟʤʝʥʷʝʪʩʷ 1 · 

100. ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʪʨʘʬʠʢʘ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ 

ʩʨʝʜʥʝʡ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʠ, ʠ ʵʪʦ ʦʪʢʣʦʥʝʥʠʝ 

ʦʟʥʘʯʘʝʪ ʣʠʙʦ ʧʨʦʩʪʦʡ ʨʝʩʫʨʩʘ, ʣʠʙʦ ʧʝʨʝʛʨʫʟʢʫ. ɺ ʩʣʫʯʘʝ 

ʧʝʨʝʛʨʫʟʢʠ ʚʦʟʨʘʩʪʘʝʪ ʦʯʝʨʝʜʴ ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ 

ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ. 

4. ʅʝʦʙʭʦʜʠʤʳ ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ 

ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʜʝʨʞʘʪʴ ʟʘʜʝʨʞʢʫ ʥʘ 

ʨʘʟʫʤʥʦʤ ʫʨʦʚʥʝ; 

5. ʀʩʭʦʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʘʢʝʪʦʚ ʩʦʭʨʘʥʷʝʪʩʷ. 

ʄʳ ʛʦʚʦʨʠʤ ʚʠʨʪʫʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ (ʊʉʈ ï 

ʩʦʝʜʠʥʝʥʠʝ), ʝʩʣʠ ʧʝʨʝʜʘʪʯʠʢ ʠ ʧʨʠʝʤʥʠʢ ʦ ʢʘʢʠʭ-ʣʠʙʦ 

ʧʘʨʘʤʝʪʨʘʭ ʜʦʛʦʚʘʨʠʚʘʶʪʩʷ ʧʨʝʞʜʝ, ʯʝʤ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ. 
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ɽʩʣʠ ʧʝʨʝʜʘʯʘ ʥʘʯʠʥʘʝʪʩʷ ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʜʦʛʦʚʦʨʝʥʥʦʩʪʠ, 

ʪʦ ʵʪʦ ʜʘʪʘʛʨʘʤʤʥʳʡ ʨʝʞʠʤ. 

ɺʠʨʪʫʘʣʴʥʳʡ ʢʘʥʘʣ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʜʚʠʞʝʥʠʷ 

ʧʘʢʝʪʦʚ ʧʦ ʩʝʪʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʤʘʨʰʨʫʪʘ ʩʣʝʜʦʚʘʥʠʷ, ʥʦ 

ʙʝʟ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʚʜʦʣʴ ʵʪʦʛʦ 

ʤʘʨʰʨʫʪʘ, ʘ ʚʠʨʪʫʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʨʦʪʦʢʦʣʦʤ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʧʦʚʝʨʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ. 
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˘̗̠̆̋̉ ρχȢ  l ̘̉̈̉̆̒̋̉̆ ̜̉̎̓̆̑̆̊̒̕Ȣ 

ˡ̘̉̈̉̆̒̋̉̆ ̔̑̏̃̎̉ 

ρχȢρ ̘̉̈̉̆̒̋̉̆̕ ̜̉̎̓̆̑̆̊̒̕ 

ʇʦʢʘʞʝʤ ʥʘ ʨʠʩʫʥʢʝ ʧʦʣʦʞʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʚ ʩʦʩʪʘʚʝ ʣʠʥʠʡ ʩʚʷʟʠ. 

DTE DCE DTEDCE

 
ʈʠʩ. 17.1 ʀʥʪʝʨʬʝʡʩ DTE-DCE 

ʆʢʦʥʝʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʘʥʥʳʭ DTE ʛʝʥʝʨʠʨʫʝʪ 

ʜʘʥʥʳʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʣʠʥʠʠ (ʢʦʤʧʴʶʪʝʨ, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʤʫʣʴʪʠʧʣʝʢʩʦʨ).  

ɸʧʧʘʨʘʪʫʨʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ DCE ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʧʦ ʣʠʥʠʠ ʩʚʷʟʠ (ʤʦʜʝʤʳ, ʪʝʨʤʠʥʘʣʴʥʳʝ 

ʘʜʘʧʪʝʨʳ, ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʮʠʬʨʦʚʳʤ ʣʠʥʠʷʤ). 

ʀʥʪʝʨʬʝʡʩ ï ʵʪʦ ʧʨʦʪʦʢʦʣ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. 

ʀʥʪʝʨʬʝʡʩ ʦʧʠʩʳʚʘʝʪ:  

Á ʪʠʧ ʨʘʟʲʝʤʦʚ,  

Á ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʘʢʪʦʚ,  

Á ʧʦʨʷʜʦʢ ʠ ʩʧʦʩʦʙ ʠʭ ʧʦʜʢʣʶʯʝʥʠʷ,  

Á ʥʘʙʦʨ ʧʨʦʚʦʜʦʚ ʠ ʧʨʘʚʠʣʘ ʦʙʤʝʥʘ ʩʠʛʥʘʣʘʤʠ ʧʦ 
ʵʪʠʤ ʧʨʦʚʦʜʘʤ. 

ʈʘʟʣʠʯʘʶʪ ʬʠʟʠʯʝʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ:  

¶ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ  

¶ ʩʠʤʤʝʪʨʠʯʥʳʝ,  

¶ ʩ ʘʩʠʥʭʨʦʥʥʦʡ ʧʝʨʝʜʘʯʝʡ  

¶ ʩ ʩʠʥʭʨʦʥʥʦʡ ʧʝʨʝʜʘʯʝʡ.  
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ʅʘ ʨʠʩʫʥʢʝ 17.2 ʧʦʢʘʟʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʥʪʝʨʬʝʡʩʦʚ. 

ʇ ʈ ʀ ɺ ɽ ʊ  
ʇ  ʈ  ʀ ɺ  ɽ  ʊ

 

ɸʩʠʥʭʨʦʥʥʘʷ ʧʝʨʝʜʘʯʘ 

1. ɼʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ 

ʥʝʙʦʣʴʰʠʤʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ 

ʧʦʨʮʠʷʤʠ, ʯʘʱʝ ʚʩʝʛʦ ʚ ʦʜʠʥ 

ʩʠʤʚʦʣ. 

2. ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘʯʘʣʘ ʠ 

ʢʦʥʮʘ ʩʠʤʚʦʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʪʘʨʪʦʚʳʡ ʠ ʩʪʦʧʦʚʳʡ ʙʠʪʳ. 

3. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʠʤʚʦʣʘʤʠ 

ʧʨʦʠʟʚʦʣʴʥʦʝ. 

4. ʅʝ ʪʨʝʙʫʝʪʩʷ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʭ  

ʫʩʪʨʦʡʩʪʚ. 

5. ʇʨʠʤʝʨʦʤ ʘʩʠʥʭʨʦʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ 

ʢʦʤʧʴʶʪʝʨʦʤ ʠ ʤʳʰʴʶ.  

ʉʠʥʭʨʦʥʥʘʷ ʧʝʨʝʜʘʯʘ 

1. ɼʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʙʦʣʴʰʠʤʠ 

ʧʦʨʮʠʷʤʠ, ʢʘʜʨʘʤʠ. 

2. ʂʘʜʨ ʦʙʨʘʤʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʩʠʤʚʦʣʘʤʠ - ʬʣʘʛʘʤʠ. 

3. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʜʨʘʤʠ 

ʢʨʘʪʥʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʘʢʪʘ.  

4. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʦʙʤʝʥʘ 

ʪʨʝʙʫʝʪʩʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ.  

5. ʇʨʠʤʝʨʦʤ ʩʠʥʭʨʦʥʥʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʬʝʡʩ 

ʤʝʞʜʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʠ 

ʩʠʥʭʨʦʥʥʳʤ ʤʦʜʝʤʦʤ (V.35). 

DTE DTE

 

DTE DTE
 

ʅʝʩʠʤʤʝʪʨʠʯʥʳʡ ʠʥʪʝʨʬʝʡʩ 

(V.24/V.28, R-423) 

1. ʅʘ ʢʘʞʜʳʡ ʩʠʛʥʘʣ ʧʨʠʭʦʜʠʪʩʷ 

ʦʜʠʥ ʧʨʦʚʦʜ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʙʱʠʡ ʧʨʦʚʦʜ ʟʘʟʝʤʣʝʥʠʷ.  

2. ʇʝʨʝʜʘʚʘʝʤʳʡ ʮʠʬʨʦʚʦʡ 

ʩʠʛʥʘʣ ʠʟʤʝʥʷʝʪ ʥʘʧʨʷʞʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʛʥʘʣʴʥʦʛʦ 

ʟʘʟʝʤʣʝʥʠʷ, ʠ ʥʘ ʧʨʠʝʤʥʦʤ ʢʦʥʮʝ 

ʠʟʤʝʨʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʚʭʦʜʷʱʠʤ 

ʧʨʦʚʦʜʦʤ ʠ ʩʠʛʥʘʣʴʥʳʤ 

ʟʘʟʝʤʣʝʥʠʝʤ. 

3. ʅʠʟʢʘʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ, 

ʪ.ʢ. ʩʠʛʥʘʣ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʧʦʤʝʭʠ 

ʉʠʤʤʝʪʨʠʯʥʳʡ ʠʥʪʝʨʬʝʡʩ 

(RS-422, V.35) 

1. ɼʣʷ ʢʘʞʜʦʛʦ ʩʠʛʥʘʣʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʧʨʦʚʦʜʘ 

(ʦʙʳʯʥʦ ʵʪʠ ʧʨʦʚʦʜʘ 

ʩʢʨʫʯʠʚʘʶʪʩʷ).  

2. ʉʠʛʥʘʣʳ ʧʝʨʝʜʘʶʪʩʷ ʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʨʝʞʠʤʝ, ʪ.ʝ. 

ʩʠʛʥʘʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ 

ʥʘʧʨʷʞʝʥʠʷ ʜʚʫʭ ʧʨʦʚʦʜʦʚ. 

3.ɺʳʩʦʢʘʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ. 

ʇʦʤʝʭʠ ʦʜʠʥʘʢʦʚʦ ʚʣʠʷʶʪ ʥʘ 

ʦʙʘ ʧʨʦʚʦʜʘ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʜʚʫʭ 

ʧʨʦʚʦʜʦʚ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ 

ʈʠʩ.17.2 ʆʩʦʙʝʥʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ 
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ɺ ʪʘʙʣʠʮʝ 17.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ 

ʊʘʙʣʠʮʘ 17.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʠʥʪʝʨʬʝʡʩʦʚ. 

ʀʥʪʝʨ 

ʬʝʡʩ 

ʏʠʩʣʦ 

ʢʦʥʪʘʢʪʦʚ 

ʈʘʟʲʝʤ ʉʢʦʨʦʩʪʴ 

ʦʙʤʝʥʘ 

ʤʝʞʜʫ 

DTE ʠ 

DCE 

ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ 

DTE ʠ DCE 

ʊʠʧ 

ʠʥʪʝʨʬʝʡʩʘ 

ʈʝʞʠʤ   

ʧʝʨʝʜʘʯʠ 

RS-

232/V.24 
9/25 

DB9 

DB25 

9600ʙʠʪ/ʩ 

115200 

ʙʠʪ/ʩ 

ʜʦ 15 ʤ ʥʝʩʠʤʤ. 

ʘʩʠʥʭʨʦʥ. 

ʠ 

ʩʠʥʭʨʦʥ. 

V35 19 ʄ34 

168 

ʢʙʠʪ/ʩ 

2 ʄʙʠʪ/ʩ 

15 ʤ 
ʉʠʤʤʝʪʨʠʯ 

ʥʳʡ 
ʩʠʥʭʨʦʥ. 

X21 8 DB15 
ʜʦ 48 

ʢʙʠʪ/ʩ 
 ʥʝʩʠʤʤ. ʩʠʥʭʨʦʥ. 

X21ʙʠʩ 8 DB15 
ʜʦ 48 

ʢʙʠʪ/ʩ 
 ʥʝʩʠʤʤ. ʩʠʥʭʨʦʥ. 

ʀʥʪʝʨʬʝʡʩ V.24 (RS-232) 

ʉʪʘʥʜʘʨʪʳ ʩʝʨʠʠ V ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʧʦ ʪʝʣʝʬʦʥʥʳʤ ʩʝʪʷʤ.  

ʉʪʘʥʜʘʨʪʳ ʩʝʨʠʠ ʍ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʧʦ ʩʝʪʷʤ ʜʘʥʥʳʭ. 

ʉʪʘʥʜʘʨʪʳ V ʠ ʍ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʦʶʟʦʤ 

ʵʣʝʢʪʨʦʩʚʷʟʠ, ʘ ʩʪʘʥʜʘʨʪʳ RS ʨʘʟʨʘʙʦʪʘʥʳ ʘʩʩʦʮʠʘʮʠʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʉʐɸ. 

ʀʥʪʝʨʬʝʡʩ V.24 ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʥʘ ʩʢʦʨʦʩʪʠ ʜʦ 20 

ʢʙʠʪ/ʩ ʠ ʜʦʧʫʩʢʘʝʪ ʜʣʠʥʫ ʢʘʙʝʣʷ ʜʦ 15 ʤʝʪʨʦʚ. ʆʙʤʝʥ 

ʩʠʛʥʘʣʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʮʝʧʷʤ. ʂʦʣʠʯʝʩʪʚʦ ʮʝʧʝʡ ʜʦ 

25, ʦʙʳʯʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪ 12 ʜʦ 16 ʮʝʧʝʡ.  

ʀʩʧʦʣʴʟʫʝʪʩʷ 25
ʪʠ

 ï ʢʦʥʪʘʢʪʥʳʡ ʨʘʟʲʝʤ DB-25, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪ ʤʝʭʘʥʠʟʤ ʩʪʳʢʦʚʢʠ - ʟʘʱʝʣʢʠʚʘʥʠʝ. 
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ʅʘ ʨʠʩʫʥʢʝ 17.3 ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ V.24 

ʄʦʜʝʤ ʛʦʪʦʚ ï ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʤʦʜʝʤʘ ʢ ʪʝʨʤʠʥʘʣʫ ʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʜʝʤ ʚʢʣʶʯʝʥ ʠ ʧʦʜʩʦʝʜʠʥʝʥ ʢ ʣʠʥʠʠ 

ʩʚʷʟʠ, ʪ.ʝ. ʛʦʪʦʚ ʢ ʨʘʙʦʪʝ. 

ɿʘʧʨʦʩ ʧʝʨʝʜʘʯʠ ï ʧʦʩʪʫʧʘʝʪ ʦʪ ʪʝʨʤʠʥʘʣʘ ʢ ʤʦʜʝʤʫ ʠ 

ʟʘʧʨʘʰʠʚʘʝʪ ʨʘʟʨʝʰʝʥʠʝ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ. 

ʄʦʜʝʤʆʆɼ
ʣʠʥʠ̫

ʩʚ̫ʟʠ

ʤʦʜʝʤ ʛʦʪʦʚ

ʟʘʧʨʦʩ ʧʝʨʝʜʘʯʠ

ʛʦʪʦʚ ʢ ʧʝʨʝʜʘʯʝ

ʧʝʨʝʜʘʚʘʝʤr ʝ ʜʘʥʥr ʝ

ʩʠʥʭʨʦʥʠʟʘʮʠ̫ ʧʝʨʝʜʘʯʠ

ʩʠʥʭʨʦʥʠʟʘʮʠ̫ ʧʨʠʝʤʘ

ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʩʫɦ ʝʡ

 
ʈʠʩ.17.3 ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ V.24 

ɻʦʪʦʚ ʢ ʧʝʨʝʜʘʯʝ ï ʧʦʩʪʫʧʘʝʪ ʦʪ ʤʦʜʝʤʘ ʠ ʩʦʦʙʱʘʝʪ, 

ʯʪʦ ʪʝʨʤʠʥʘʣ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ. 

ʇʝʨʝʜʘʚʘʝʤʳʝ ʜʘʥʥʳʝ ï ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʤʦʜʫʣʠʨʫʶʱʠʭ ʥʝʩʫʱʫʶ. 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʝʨʝʜʘʯʠ ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʦʪ ʤʦʜʝʤʘ ʢ ʪʝʨʤʠʥʘʣʫ, ʯʪʦʙʳ ʜʘʥʥʳʝ 

ʚʳʜʘʚʘʣʠʩʴ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʢʦʨʦʩʪʴʶ. 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʨʠʝʤʘ ï ʩʦʧʨʦʚʦʞʜʘʝʪ ʜʘʥʥʳʝ ʠʟ 

ʤʦʜʝʤʘ ʢ ʪʝʨʤʠʥʘʣʫ, ʯʪʦʙʳ ʪʝʨʤʠʥʘʣ ʟʥʘʣ, ʢʦʛʜʘ 

ʩʪʨʦʙʠʨʦʚʘʪʴ ʚʭʦʜʷʱʠʡ ʧʦʪʦʢ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʥʝʩʫʱʝʡ ï ʧʦʩʪʫʧʘʝʪ ʦʪ ʤʦʜʝʤʘ ʠ 

ʫʚʝʜʦʤʣʷʝʪ ʪʝʨʤʠʥʘʣ ʦ ʪʦʤ, ʯʪʦ ʤʦʜʝʤ ʚʳʜʝʣʠʣ ʥʝʩʫʱʫʶ ʠ 

ʛʦʪʦʚ ʜʝʤʦʜʫʣʠʨʦʚʘʪʴ ʜʘʥʥʳʝ. 
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ρχȢς ̑́̂̏̓́ ̍̏̅̆̍̏̃ ̐̏ ̘̉̈̉̆̒̋̉̍̕ 

̉̎̓̆̑̆̊̒́̍̕ 

17.2.1 ˝́̂̏̓́ ̍̏̅̆̍́ ̎́ ̖̅̃̔̐̑̏̃̏̅̎̏̊ ̌̉̎̉̉ 

1. ʉʠʛʥʘʣ ±ʟʘʧʨʦʩ ʧʝʨʝʜʘʯʠ± ʫʚʝʜʦʤʣʷʝʪ ʤʦʜʝʤ ʦ ʪʦʤ, 

ʯʪʦ ʪʝʨʤʠʥʘʣ ʠʤʝʝʪ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʧʝʨʝʜʘʯʫ. 

2. ʄʦʜʝʤ ʛʦʪʦʚʠʪʩʷ ʢ ʧʝʨʝʜʘʯʝ, ʧʦʩʳʣʘʷ ʥʝʩʫʱʫʶ ʧʦ 

ʪʝʣʝʬʦʥʥʦʡ ʣʠʥʠʠ. 

3. ʇʨʠʝʤʥʳʡ ʤʦʜʝʤ, ʦʙʥʘʨʫʞʠʚ ʥʝʩʫʱʫʶ, ʚʳʜʝʣʷʝʪ ʝʝ 

ʠ ʩʠʥʭʨʦʥʠʟʠʨʫʝʪʩʷ. ʊʝʧʝʨʴ ʧʨʠʝʤʥʳʡ ʤʦʜʝʤ ʙʫʜʝʪ ʚ 

ʩʦʩʪʦʷʥʠʠ ʜʝʤʦʜʫʣʠʨʦʚʘʪʴ ʜʘʥʥʳʝ. 

ʄ1 ʄ2
ʜʚʫʭʧʨʦʚʦʜʥʘ̫ 

ʣʠʥʠ̫

ʟʘʧʨʦʩ ʥʘ

ʧʝʨʝʜʘʯʫ

ʧʝʨʝʜʘʯʘ

ʥʝʩʫɦ ʝʡ

ʧʨʠʝʤ

ʥʝʩʫɦ ʝʡ

ʟʘʜʝʨʞʢʘ ʚʢʣʁ ʯʝʥʠ̫

ʟʘʜʝʨʞʢʘ ʦʪʢʣʁ ʯʝʥʠ̫

ʊ1 ʊ2

1

2

3

4

ʊ1

ʄ1

ʄ2

ʄ2

ʄ1

ʄ2

ʊ2

7

ʧʝʨʝʜʘʚʘʝʤr ʝ 

ʜʘʥʥr ʝ

ʧʨʠʥʠʤʘʝʤr ʝ 

ʜʘʥʥr ʝ

6 ʊ1

ʄ2

ʄ1

ʊ

2

ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ çʛʦʪʦʚ ʢ 

ʨʘʙʦʪʝè

5
ʊ1 ʄ1

 
ʈʠʩ.17.4 ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʤʦʜʝʤʘ ʥʘ 

ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʣʠʥʠʠ ʧʨʠ ʥʫʣʝʚʦʡ ʟʘʜʝʨʞʢʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

4. ʇʨʠʝʤʥʳʡ ʤʦʜʝʤ ʠʟʚʝʱʘʝʪ ʦʙ ʵʪʦʤ ʪʝʨʤʠʥʘʣ, 

ʚʳʜʘʚʘʷ ʩʠʛʥʘʣ ñʦʙʥʘʨʫʞʝʥʠʝ ʥʝʩʫʱʝʡò. ɿʘʜʝʨʞʢʘ ʵʪʦʛʦ 
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ʩʠʛʥʘʣʘ ʨʘʚʥʘ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʝʤʥʦʤʫ 

ʤʦʜʝʤʫ, ʯʪʦʙʳ ʦʙʥʘʨʫʞʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʩʫʱʝʡ ʥʘ ʚʭʦʜʝ. 

5. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʘʪʴ ʚʨʝʤʷ ʧʨʠʝʤʥʦʤʫ ʤʦʜʝʤʫ 

ʦʙʥʘʨʫʞʠʪʴ ʥʝʩʫʱʫʶ, ʧʝʨʝʜʘʶʱʠʡ ʤʦʜʝʤ ʜʦʣʞʝʥ 

ʠʤʝʪʴ ʚʩʪʨʦʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʟʘʜʝʨʞʢʠ. ɿʘʜʝʨʞʢʘ, 

ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ ʵʪʠʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ 

ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʩʫʱʝʡ.  

ʇʦ ʠʩʪʝʯʝʥʠʠ ʵʪʦʛʦ ʚʨʝʤʝʥʠ, ʧʝʨʝʜʘʶʱʠʡ 

ʤʦʜʝʤ ʚʳʜʘʝʪ ʩʠʛʥʘʣ ±ʛʦʪʦʚ ʢ ʧʝʨʝʜʘʯʝ± ʚ ʩʪʦʨʦʥʫ 

ʧʝʨʝʜʘʶʱʝʛʦ ʪʝʨʤʠʥʘʣʘ. ʕʪʦʪ ʩʠʛʥʘʣ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 

ʯʪʦ ʪʝʨʤʠʥʘʣ ʤʦʞʝʪ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. 

6. ʊʝʨʤʠʥʘʣ ʚʳʜʘʝʪ ʙʣʦʢ ʜʘʥʥʳʭ ʧʝʨʝʜʘʶʱʝʤʫ 

ʤʦʜʝʤʫ, ʢʦʪʦʨʳʡ ʤʦʜʫʣʠʨʫʝʪ ʥʝʩʫʱʫʶ ʤʦʜʝʤʘ. 

7. ʄʦʜʫʣʠʨʦʚʘʥʥʘʷ ʥʝʩʫʱʘʷ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʣʠʥʠʠ ʠ 

ʜʝʤʦʜʫʣʠʨʫʝʪʩʷ ʧʨʠʝʤʥʳʤ ʤʦʜʝʤʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʜʘʥʥʳʝ 

ʧʝʨʝʜʘʶʪʩʷ ʚ ʧʨʠʝʤʥʳʡ ʪʝʨʤʠʥʘʣ. 

ʂʦʛʜʘ ʧʝʨʝʜʘʶʱʠʡ ʪʝʨʤʠʥʘʣ ʟʘʢʦʥʯʠʪ ʧʝʨʝʜʘʯʫ 

ʙʣʦʢʘ ʜʘʥʥʳʭ, ʩʠʛʥʘʣ ±ʟʘʧʨʦʩ ʥʘ ʧʝʨʝʜʘʯʫ± ʩʥʠʤʝʪʩʷ. ʕʪʦ 

ʟʘʩʪʘʚʠʪ ʧʝʨʝʜʘʶʱʠʡ ʤʦʜʝʤ ʩʥʷʪʴ ʥʝʩʫʱʫʶ ʠ ʩʠʛʥʘʣ 

±ʛʦʪʦʚ ʢ ʨʘʙʦʪʝ±. ʅʘ ʧʨʠʝʤʥʦʤ ʢʦʥʮʝ ʧʨʠʝʤʥʳʡ ʤʦʜʝʤ 

ʦʙʥʘʨʫʞʠʪ ʧʨʦʧʘʜʘʥʠʝ ʥʝʩʫʱʝʡ ʠ ʜʘʥʥʳʭ, ʠ ʯʝʨʝʟ 

ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʩʥʠʤʝʪ ʩʠʛʥʘʣ ñʦʙʥʘʨʫʞʝʥʠʝ ʥʝʩʫʱʝʡò. 

ɿʘʜʝʨʞʢʘ ʩʥʷʪʠʷ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʧʨʠʝʤʥʳʡ ʤʦʜʝʤ ʥʝ ʨʝʘʛʠʨʦʚʘʣ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ 

ʧʨʦʧʘʜʘʥʠʝ ʥʝʩʫʱʝʡ. 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʝʨʝʜʘʪʯʠʢ ʠ ʧʨʠʝʤʥʠʢ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ.  
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ʄʦʜʝʤ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʨʝʤʝʥʝʤ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʦʜʝʤʘ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʢʘʞʜʦʛʦ ʟʘʧʨʦʩʘ 

ʤʦʜʝʤ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʜʚʘʞʜʳ. ɺʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʤʦʜʝʤʘ ʧʦʨʷʜʢʘ 250 ʤʩ.  

ɿʘʜʝʨʞʢʘ ʤʦʜʝʤʘ  ï ʵʪʦ ʚʨʝʤʷ, ʩ ʤʦʤʝʥʪʘ ʧʦʩʪʫʧʣʝʥʠʷ 

ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ ʜʦ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʚ ʣʠʥʠʠ 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʥʝʩʫʱʝʡ. ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʜʝʨʞʢʘ 

ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʧʨʠʝʤʥʳʡ ʤʦʜʝʤ ʜʝʤʦʜʫʣʠʨʫʝʪ ʩʠʛʥʘʣ. 

ʕʪʘ ʟʘʜʝʨʞʢʘ ʜʣʷ ʧʘʨʳ ʤʦʜʝʤʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 10-

15 ʤʩ. 

17.2.2 ˝́̂̏̓́ ̍̏̅̆̍́ ̎́ ̘̜̖̆̓̑̆̐̑̏̃̏̅̎̏̊ 

̌̉̎̉̉ 

ʊ1

ʄ
ʦ
ʜ
ʝ
ʤ

1 ʇʨʤ

ʇʨʜ ʄ
ʦ
ʜ
ʝ
ʤ
 2
ʊ2

ʇʨʜ

ʇʨʤ

 
ʈʠʩ.17.5. ʈʘʙʦʪʘ ʤʦʜʝʤʘ ʥʘ ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʦʡ ʣʠʥʠʠ 

ɺʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʦʜʝʤʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʣʠʥʠʠ, ʤʦʞʝʪ ʟʘʤʝʪʥʦ ʧʦʚʣʠʷʪʴ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʪʦʛʦ ʚʣʠʷʥʠʷ 

ʦʨʛʘʥʠʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʩ ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʦʡ ʣʠʥʠʝʡ.  

ʏʝʪʳʨʝʭʧʨʦʚʦʜʥʘʷ ʣʠʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʚʘ ʢʘʥʘʣʘ, ʪ.ʝ. 

ʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʦʜʥʦʤʫ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ, ʘ ʧʦ 

ʜʨʫʛʦʤʫ ï ʧʨʠʥʠʤʘʪʴ. ʄʦʜʝʤʳ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʜʘʶʪ ʩʚʦʠ 

ʥʝʩʫʱʠʝ, ʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʦʜʝʤʦʚ.  

ʅʘ ʧʨʘʢʪʠʢʝ ʙʦʣʴʰʠʥʩʪʚʦ ʣʠʥʠʡ ʜʘʣʴʥʝʡ ʩʚʷʟʠ 

ʷʚʣʷʶʪʩʷ ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʘʷ ʣʠʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʫʧʣʝʢʩʥʦʡ ʨʘʙʦʪʳ. 
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17.2.3. ˛̗̆̎̋́ ̞̆̋̓̉̃̎̏̒̓̉̕̕ ̘̐̆̑̆̅́̉ ̐̏ ̖̅̃̔- 
̉ ̘̜̖̆̓̑̆̐̑̏̃̏̅̎̏̊ ̠̌̉̎̉̍ 

ʇʫʩʪʴ ʙʣʦʢʠ ʜʘʥʥʳʭ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 800 ʢʤ 

ʧʨʠ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ 1000ʤʩ  ʠ ʚʨʝʤʝʥʠ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʤʦʜʝʤʘ 250 ʤʩ. 

ʆʮʝʥʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʜʚʫʭʪʦʯʝʯʥʦʤ ʟʚʝʥʝ 

ʜʣʷ ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʣʠʥʠʠ.  

ɺʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʦʜʝʤʘ                    250ʤʩ 

ɺʨʝʤʷ ʧʝʨʝʜʘʯʠ ʙʣʦʢʘ ʜʘʥʥʳʭ                1000ʤʩ  

ɿʘʜʝʨʞʢʘ ʤʦʜʝʤʘ                                          10ʤʩ 

ɿʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ                         7,5ʤʩ 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʧʨʠʝʤʥʦʛʦ ʪʝʨʤʠʥʘʣʘ          2ʤʩ 

ɺʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʦʜʝʤʘ                    250ʤʩ 

ɺʨʝʤʷ ʧʝʨʝʜʘʯʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ                 50ʤʩ 

ɿʘʜʝʨʞʢʘ ʤʦʜʝʤʘ                                          10ʤʩ 

ɿʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ                         7,5ʤʩ 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʪʝʨʤʠʥʘʣʘ                              2ʤʩ 

                 ɺʩʝʛʦ                                          1589ʤʩ 

%63%100
1589

1000
ʧʝʨʝʜʘʯʠ ʩʪʴʵʬʬʝʢʪʠʚʥʦ =Ö=

ʤʩ

ʤʩ
 

ʆʮʝʥʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʚʫʭʪʦʯʝʯʥʦʛʦ ʟʚʝʥʘ 

ʜʣʷ ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʦʡ ʣʠʥʠʠ. 

ɺʨʝʤʷ ʧʝʨʝʜʘʯʠ ʙʣʦʢʘ ʜʘʥʥʳʭ                1000ʤʩ  

ɿʘʜʝʨʞʢʘ ʤʦʜʝʤʘ                                          10ʤʩ 

ɿʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ                         7,5ʤʩ 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʧʨʠʝʤʥʦʛʦ ʪʝʨʤʠʥʘʣʘ          2ʤʩ 

ɺʨʝʤʷ ʧʝʨʝʜʘʯʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ                 50ʤʩ 

ɿʘʜʝʨʞʢʘ ʤʦʜʝʤʘ                                          10ʤʩ 

ɿʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ                         7,5ʤʩ 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʪʝʨʤʠʥʘʣʘ                              2ʤʩ 

                 ɺʩʝʛʦ                                          1089ʤʩ 
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˘̗̠̆̋̉ ρψȢ ˞ ̆̓̉ X.25 

˗̗̠̌́̒̒̉̉̋́̉̕ ̜̖̒̆̓̆̃ ̖̓̆̎̏̌̏̄̉̊ 
ʉʝʪʝʚrʝ ʪʝʭʥʦʣʦʛʠʠ

ʉ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ ʉ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ

- ʊʬʆʇ

- ISDN
ʉ ʚʠʨʪʫʘʣɹʥr ʤʠ ʢʘʥʘʣʘʤʠ ɼʘʪʘʛʨʘʤʤʥr ʡ ʨʝʞʠʤ

- IP

- Internetʉ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ 

ʨʝʩʫʨʩʦʚ

ɹʝʟ ʨʝʟʝʨʚʠʨʦʚʘʥʠ̫ 

ʨʝʩʫʨʩʦʚ

- FR

- ATM (CBR, VBR)

- IP/MPLS/RSVP

- X.25

- ATM (UBR, ABR)

- IP/MPLS
 

ʈʠʩ.18.0 ʉʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʅʘ ʨʠʩ.27 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʝʪʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʪʨʸʤ ʦʩʥʦʚʥʳʤ ʧʨʠʟʥʘʢʘʤ:  

¶ ʧʦ ʩʧʦʩʦʙʫ ʢʦʤʤʫʪʘʮʠʠ (ʢʦʤʤʫʪʘʮʠʷ ʢʘʥʘʣʦʚ ʠʣʠ 

ʢʦʤʤʫʪʘʮʠʷ ʧʘʢʝʪʦʚ),  

¶ ʧʦ ʩʧʦʩʦʙʫ ʧʨʦʜʚʠʞʝʥʠʷ ʧʘʢʝʪʦʚ ʧʦ ʩʝʪʠ (ʧʘʢʝʪʳ 

ʢʦʤʤʫʪʠʨʫʶʪʩʷ ʧʦ ʚʠʨʪʫʘʣʴʥʳʤ ʢʘʥʘʣʘʤ ʠʣʠ 

ʤʘʨʰʨʫʪʠʟʠʨʫʶʪʩʷ),  

¶ ʧʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ (ʨʝʟʝʨʚʠʨʫʝʪʩʷ ʠʣʠ ʥʝ 

ʨʝʟʝʨʚʠʨʫʝʪʩʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ).  

ʊʝʭʥʦʣʦʛʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʜʥʦʡ ʩʣʫʞʙʦʡ 

ʧʝʨʝʜʘʯʠ (ʍ.25, FR), ʟʘʥʠʤʘʶʪ ʦʜʥʫ ʧʦʟʠʮʠʶ ʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ.  

ʊʝʭʥʦʣʦʛʠʷ ɸʊʄ ʠʤʝʝʪ ʯʝʪʳʨʝ ʩʣʫʞʙʳ 

ʧʝʨʝʜʘʯʠ, ʚ ʜʚʫʭ ʠʟ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ (ʉɺR, VɺR), ʧʦʵʪʦʤʫ ɸʊʄ 

ʟʘʥʠʤʘʝʪ ʜʚʝ ʧʦʟʠʮʠʠ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ.  
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ʊʝʭʥʦʣʦʛʠʷ Iʈ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʪʦʢʦʣʦʚ RSVʈ 

(RʝSʝrVation ʈrʦtʦʩʦl, ʧʨʦʪʦʢʦʣ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ) ʠ ʄʈLS (ʄultiprʦtʦʩʦl Label Switching, 

ʧʨʦʪʦʢʦʣ ʢʦʤʤʫʪʘʮʠʠ ʤʝʪʦʢ) ʧʦʣʫʯʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʟʠʮʠʠ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ρψȢρ ˟̖̠̆̎̏̌̏̄̉ ˢȢςυ 

ʊʝʭʥʦʣʦʛʠʷ ʍ.25 ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ ʩ ʢʦʤʤʫʪʘʮʠʝʡ 

ʧʘʢʝʪʦʚ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʚʠʨʪʫʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

ʉʪʘʥʜʘʨʪ ʍ.25 ʙʳʣ ʧʨʠʥʷʪ ʚ 1974ʛ. ʈʝʢʦʤʝʥʜʘʮʠʷ ʍ.25 

ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʮʝʜʫʨʫ ʜʦʩʪʫʧʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʢ ʩʝʪʝʚʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʫʜʘʣʝʥʥʦʤʫ 

ʧʦʣʴʟʦʚʘʪʝʣʶ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʍ.25 ʥʝ ʦʧʠʩʳʚʘʝʪ ʚʥʫʪʨʝʥʥʝʝ 

ʫʩʪʨʦʡʩʪʚʦ ʩʝʪʠ, ʘ ʦʧʨʝʜʝʣʷʝʪ ʪʦʣʴʢʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʩ ʩʝʪʴʶ. 

ʩʝʪɹ

ʍ.25

ʍ.25

ʍ.25

 
ʈʠʩ. 18.1 ʂʦʥʮʝʧʮʠʷ ʍ.25 
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ʍ.25 ʠʤʝʝʪ ʪʨʝʭʫʨʦʚʥʝʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʨʝʤ ʥʠʞʥʠʤ ʫʨʦʚʥʷʤ ʵʪʘʣʦʥʥʦʡ 

ʤʦʜʝʣʠ ɺʆʉ. 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʷʝʪ ʧʘʨʘʤʝʪʨʳ 

ʩʠʛʥʘʣʦʚ ʠ ʣʦʛʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʬʠʟʠʯʝʩʢʠʭ 

ʠʥʪʝʨʬʝʡʩʘʭ. ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ 

ʩʪʘʥʜʘʨʪʘʭ ʍ.21, ʍ.21ʙʠʩ.  

ʉʪʘʥʜʘʨʪ ʍ.21 ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ 

ʦʢʦʥʝʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʘʥʥʳʭ (ʆʆɼ) ʠ ʘʧʧʘʨʘʪʫʨʦʡ 

ʦʢʦʥʯʘʥʠʷ ʢʘʥʘʣʦʚ ʜʘʥʥʳʭ (ɸʂɼ) ʜʣʷ ʩʠʥʭʨʦʥʥʦʡ 

ʨʘʙʦʪʳ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ.  

ʉʪʘʥʜʘʨʪ ʍ.21ʙʠʩ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʝʪʷʭ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʩʦʚʤʝʩʪʠʤ ʩ 

ʩʠʥʭʨʦʥʥʳʤʠ ʤʦʜʝʤʘʤʠ ʩʝʨʠʠ V (V.35, V.24). 

ʂʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʪʦʢʦʣʦʤ LAP-B, 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʧʨʦʪʦʢʦʣʘ HDLC.  

ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ï ʵʪʦ 

ʥʘʜʝʞʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʦ ʢʘʥʘʣʫ, ʪ.ʝ. 

ʧʝʨʝʜʘʯʘ ʙʝʟ ʦʰʠʙʦʢ, ʙʝʟ ʜʫʙʣʠʨʦʚʘʥʠʷ ʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʠʩʭʦʜʥʦʛʦ ʧʦʨʷʜʢʘ. 

ʉʝʪʝʚʦʡ ʫʨʦʚʝʥʴ ʦʪʚʝʯʘʝʪ ʟʘ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ 

ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ ʧʦʣʫʯʘʪʝʣʷ.  

ʅʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ:  

¶ ʥʘʜʝʞʥʳʡ ʦʙʤʝʥ ʧʘʢʝʪʘʤʠ  

¶ ʠ ʦʢʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. 

ρψȢς ˜̑̏̓̏̋̏̌ ̝̋́̎́̌̎̏̄̏ ̠̔̑̏̃̎ HDLC 

ʇʨʦʪʦʢʦʣ HDLC ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʦʚ 

ʯʝʨʝʟ ʬʠʟʠʯʝʩʢʠʡ ʢʘʥʘʣ ʙʝʟ ʦʰʠʙʦʢ, ʙʝʟ ʧʦʪʝʨʴ ʠ ʙʝʟ 

ʥʘʨʫʰʝʥʠʷ ʧʦʨʷʜʢʘ ʧʨʠʙʳʪʠʷ ʧʘʢʝʪʦʚ. 
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ʌʣʘʛ

8 ʙʠʪ
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FCS ʌʣʘʛ

8 ʙʠʪ

ʋʧʨʘʚʣʝʥʠʝɸʜʨʝʩ01111110

0

1     0

1     0
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M
S

1 2 3 4 5 6 7 8

P/F

P/F

P/F

N(R)

N(R)

M  
ʈʠʩ.18.2  ʉʪʨʫʢʪʫʨʘ ʢʘʜʨʘ HDLC. 

ʌʣʘʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 01111110 

ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʢʘʜʨʘ.  

ʇʨʦʚʝʨʦʯʥʘʷ ʩʫʤʤʘ FCS ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʦʰʠʙʢʠ ʚ ʢʘʜʨʝ, ʥʝ ʚʢʣʶʯʘʷ ʬʣʘʛʘ.  

ɸʜʨʝʩ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʜʨʝʩʫ ʦʪʚʝʯʘʶʱʝʡ 

ʩʪʘʥʮʠʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʦʪ ʘʜʨʝʩ ʥʝ ʠʛʨʘʝʪ ʨʦʣʠ ʘʜʨʝʩʘ 

ʧʦʣʫʯʘʪʝʣʷ, ʧʨʦʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩʪʘʥʮʠʠ, ʘ ʠʤʝʥʥʦ ʦʥ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʠ.  

ɸʜʨʝʩ 0ʍ01  ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʤʘʥʜ ʚ 

ʩʝʪʴ (ʠʣʠ ʦʪʚʝʪʦʚ ʠʟ ʩʝʪʠ).  

ɸʜʨʝʩ 0ʍ03 ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʪʚʝʪʦʚ ʚ ʩʝʪʴ (ʠʣʠ ʢʦʤʘʥʜ ʠʟ ʩʝʪʠ). 

ɹʠʪ P/F ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥ 

ʫʩʪʘʥʦʚʣʝʥ ʚ ʝʜʠʥʠʮʫ. ʆʥ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʟʘʧʨʦʩ, 

ʝʩʣʠ ʧʝʨʝʜʘʝʪʩʷ ʢʦʤʘʥʜʘ, ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʢʦʥʝʮ 

ʦʪʚʝʪʘ, ʝʩʣʠ ʧʝʨʝʜʘʝʪʩʷ ʦʪʚʝʪ.   

ʇʦʨʷʜʦʢ ʥʦʤʝʨʘ ʧʝʨʝʜʘʯʠ N(S) ʠ ʧʦʨʷʜʦʢ ʥʦʤʝʨʘ 

ʟʘʧʨʦʩʘ N(R) ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚ ʨʝʞʠʤʝ ʧʦ ʤʦʜʫʣʶ 8 

ʠʣʠ ʧʦ ʤʦʜʫʣʶ 128. ʅʦʤʝʨ ʟʘʧʨʦʩʘ N(R) ʠʤʝʝʪ ʩʤʳʩʣ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ.  

ɺ ʧʦʣʝ S ʟʘʧʠʩʳʚʘʶʪʩʷ ʫʧʨʘʚʣʷʶʱʠʝ ʢʦʤʘʥʜʳ:  

- ʛʦʪʦʚ ʢ ʧʨʠʝʤʫ, 

- ʥʝ ʛʦʪʦʚ ʢ ʧʨʠʝʤʫ, 
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- ʦʪʢʘʟ, 

- ʚʳʙʦʨʦʯʥʳʡ ʦʪʢʘʟ. 

ɺ ʧʦʣʝ ʄ ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʝʥʫʤʝʨʦʚʘʥʥʳʝ ʢʦʤʘʥʜʳ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʟʘʧʨʦʩ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ 

ʨʝʞʠʤʘ ʧʝʨʝʜʘʯʠ, ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ, 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ. 

ρψȢσ ˜̑̏̓̏̋̏̌ ˢȢςυ 

ʇʨʦʪʦʢʦʣ ʍ.25 ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ 

ʚʥʝʰʥʠʤʠ ʧʫʥʢʪʘʤʠ ʠ ʫʟʣʘʤʠ ʧʦʜʩʝʪʠ.  

ʉʪʨʫʢʪʫʨʘ ʧʘʢʝʪʦʚ ʍ.25 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʘʭ 18.3 ʠ 18.4 

1 4                      8  1 4                      8 

QDSS 
ʃʦʛʠʯʝʩʢʘʷ 

ʛʨʫʧʧʘ 
QDSS 

ʃʦʛʠʯʝʩʢʘʷ 

ʛʨʫʧʧʘ 

ʅʦʤʝʨ ʣʦʛʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʚ 

ʛʨʫʧʧʝ 

 ʅʦʤʝʨ ʣʦʛʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʚ 

ʛʨʫʧʧʝ 

P(R) M P(S) 0  0 0 0 0 1 0 1 1 

ɼʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷ 

 ɼʣʠʥʘ ʘʜʨʝʩʘ 

ʚʳʟʳʚʘʶʱʝʛʦ 

ʧʫʥʢʪʘ 

ɼʣʠʥʘ ʘʜʨʝʩʘ 

ʚʳʟʳʚʘʝʤʦʛʦ 

ʧʫʥʢʪʘ 

  
 ɸʜʨʝʩʘ ʚʳʟʳʚʘʝʤʦʛʦ ʠ 

ʚʳʟʳʚʘʶʱʝʛʦ ʧʫʥʢʪʘ 

 ɼʣʠʥʘ ʩʨʝʜʩʪʚ 

 ʉʨʝʜʩʪʚʘ (Lmax,W ʠ ʪ.ʜ.) 

 ɼʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʩʦʝʜʠʥʝʥʠʷ 

ʈʠʩ.18.3 ʌʦʨʤʘʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʘʢʝʪʘ ʍ.25 

 

ʈʠʩ.18.4 ʌʦʨʤʘʪ ʧʘʢʝʪʘ 

ʟʘʧʨʦʩʘ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʩʦʝʜʠʥʝʥʠʷ 

ʊʨʝʪʠʡ ʙʘʡʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʢʝʪʘ ʦʯʝʥʴ 

ʧʦʭʦʞ ʥʘ ʫʧʨʘʚʣʷʶʱʠʡ ʙʘʡʪ ʢʘʜʨʘ HDLC.  
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ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʦʤʝʨʘ P(S) ʠ P(R) 

ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʘʤ ʚʥʫʪʨʠ ʩʝʘʥʩʘ, ʘ ʥʦʤʝʨʘ 

N(S) ʠ N(R) ʚ ʢʘʜʨʝ HDLC ʥʝ ʨʘʟʣʠʯʘʶʪ ʩʝʘʥʩʦʚ, ʦʥʠ 

ʥʫʤʝʨʫʶʪ ʚʩʝ ʧʘʢʝʪʳ ʚ ʜʘʥʥʦʡ ʣʠʥʠʠ. 

ɹʠʪ ʄ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʝʜʠʥʠʮʫ ʜʣʷ ʥʝ ʧʦʩʣʝʜʥʠʭ 

ʧʘʢʝʪʦʚ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʥʦʣʴ ʜʣʷ ʧʦʩʣʝʜʥʝʛʦ ʧʘʢʝʪʘ ʚ 

ʩʦʦʙʱʝʥʠʠ.  

ʅʦʤʝʨ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ (ʥʦʤʝʨ ʣʦʛʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ ʠ ʥʦʤʝʨ ʣʦʛʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʚ ʛʨʫʧʧʝ) ʟʘʥʠʤʘʝʪ 12 

ʙʠʪ. ʅʦʤʝʨ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʣʠʥʠʠ 

ʢ ʣʠʥʠʠ. 

ɹʠʪʳ SS ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʫʤʝʨʘʮʠʶ ʣʠʙʦ ʧʦ ʤʦʜʫʣʶ 8, 

ʣʠʙʦ ʧʦ ʤʦʜʫʣʶ 128. 

ɹʠʪ Q ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʝʜʠʥʠʮʘ ʜʣʷ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʘʢʝʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ, ʠ 

ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʥʦʣʴ ʜʣʷ ʫʧʨʘʚʣʷʶʱʠʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʘʢʝʪʦʚ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ. 

ɹʠʪ D ʫʢʘʟʳʚʘʝʪ, ʠʤʝʝʪ ʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ P(R) ʩʤʳʩʣ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʟ ʢʦʥʮʘ ʚ ʢʦʥʝʮ ʠʣʠ ʪʦʣʴʢʦ ʩʤʳʩʣ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʣʷ ʣʠʥʠʠ. 

ʩʝʪɹ

D=1

D=0

A B  
ʈʠʩ.18.5 ɹʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʷ D. 

ɹʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʷ D ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʣʠʙʦ ʫʟʝʣ ʧʦʜʩʝʪʠ (D=0), ʣʠʙʦ ʧʨʠʸʤʥʠʢ (D=1). 
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ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʠʟ ʢʦʥʮʘ ʚ ʢʦʥʝʮ ʧʦʣʝʟʥʦ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʦʰʠʙʦʢ, ʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʣʷ ʣʠʥʠʠ 

ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ, ʧʦʪʦʤʫ ʯʪʦ ʢʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʧʘʢʝʪ ʧʨʠʥʷʪ. 

ɸʙʩʦʣʶʪʥʳʝ ʘʜʨʝʩʘ ʚʳʟʳʚʘʝʤʦʛʦ ʠ 

ʚʳʟʳʚʘʶʱʝʛʦ ʧʫʥʢʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʵʪʘʧʝ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʳʟʳʚʘʝʤʦʛʦ ʧʫʥʢʪʘ. 

ʅʦʤʝʨʘ ʞʝ ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʥʘ ʵʪʘʧʝ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʦʥʠ ʪʦʣʴʢʦ 

ʥʘʟʥʘʯʘʶʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʥʘ 

ʵʪʘʧʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʧʦʣʝ ʩʨʝʜʩʪʚʘ ʫʢʘʟʳʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ 

ʩʦʝʜʠʥʝʥʠʷ: ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʘʢʝʪʘ (ʧʦ ʫʤʦʣʯʘʥʠʶ 

28 ʙʘʡʪ), ʦʢʥʦ (W) ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ, ʢʪʦ ʧʣʘʪʠʪ ʟʘ 

ʩʝʘʥʩ ʠ ʜʨ. 

ʆʢʥʦʤ ʥʘʟʳʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʝʜʠʥʠʮ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʙʝʟ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. 

ɽʜʠʥʠʮʘʤʠ ʜʘʥʥʳʭ ʤʦʛʫʪ ʙʳʪʴ ʧʘʢʝʪʳ, ʙʘʡʪʳ ʠ ʙʠʪʳ. ɺ 

ʍ.25 ʝʜʠʥʠʮʘʤʠ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ ʧʘʢʝʪʳ. 

ʉʤʳʩʣ ʦʢʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʛʨʘʥʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ (ʧʦ ʫʤʦʣʯʘʥʠʶ, ʚ 

ʍ.25 ʨʘʟʤʝʨ ʦʢʥʘ ʨʘʚʝʥ ʜʚʫʤ ʧʘʢʝʪʘʤ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥ ʨʘʚʥʳʤ 7 ʠʣʠ 127 ʜʣʷ ʩʧʫʪʥʠʢʦʚʳʭ ʣʠʥʠʡ). 

ʈʘʟʤʝʨ ʦʢʥʘ ʚ ʍ.25 ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ. 
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A B
 

ʈʠʩ.18.6 ʈʘʟʤʝʨ ʦʢʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ɸ ʢ ɺ WAB² 3. 

ρψȢτ ˜̟̘̏̅̋̌̆̎̉̆ ̓̆̑̍̉̎́̌́ ̋ ̒̆̓̉ ˢȢςυ 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ 2 ʢʣʘʩʩʘ ʪʝʨʤʠʥʘʣʦʚ: 

1) ʪʝʨʤʠʥʘʣʳ ʧʘʢʝʪʥʦʛʦ ʨʝʞʠʤʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʝʩʪʠ ʦʙʤʝʥ ʧʘʢʝʪʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʍ.25, 

2) ʪʝʨʤʠʥʘʣʳ ʥʝ ʧʘʢʝʪʥʦʛʦ ʨʝʞʠʤʘ, ʢʦʪʦʨʳʝ ʥʝ 

ʤʦʛʫʪ ʚʝʩʪʠ ʦʙʤʝʥ ʧʘʢʝʪʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʍ.25. ʊʘʢʠʝ 

ʪʝʨʤʠʥʘʣʳ ʥʘʟʳʚʘʶʪ ʩʪʘʨʪ-ʩʪʦʧʥʳʤʠ, ʘʩʠʥʭʨʦʥʥʳʤʠ 

ʠʣʠ ʩʠʤʚʦʣʴʥʳʤʠ.  

ʂ ʪʘʢʠʤ ʪʝʨʤʠʥʘʣʘʤ ʦʪʥʦʩʷʪʩʷ:  

- ʢʦʤʧʴʶʪʝʨ,  

- ʢʘʩʩʦʚʳʡ ʘʧʧʘʨʘʪ,  

- ʪʝʣʝʛʨʘʬʥʳʡ ʘʧʧʘʨʘʪ,  

- ʙʘʥʢʦʤʘʪ. 

ʉʠʤʚʦʣʴʥʳʝ ʪʝʨʤʠʥʘʣʳ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʩʝʪʠ ʍ.25 

ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʙʦʨʱʠʢ-ʨʘʟʙʦʨʱʠʢ 

ʧʘʢʝʪʦʚ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʙʦʨʢʫ ʧʘʢʝʪʦʚ ʠʟ 

ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʙʘʡʪ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ: 
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ʊʝʨʤʠʥʘʣ

ʧʘʢʝʪʥʦʛʦ

ʨʝʞʠʤʘ

ʍ.25

ʋʇʂ ʢ ʜʨʫʛʠʤ ʋʇʂ

ʉʈʇ

...
.  .  .

ʍ.25

ʩʠʤʚʦʣɹʥr ʝ ʪʝʨʤʠʥʘʣr  
ʈʠʩ.18.7  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʉʈʇ (ʩʙʦʨʱʠʢʘ-ʨʘʟʙʦʨʱʠʢʘ 

ʧʘʢʝʪʦʚ) ʚ ʩʝʪʷʭ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ. 

1. ʉʠʤʚʦʣʴʥʳʡ ʪʝʨʤʠʥʘʣ ʨʘʙʦʪʘʝʪ ʚ ʵʭʦ-ʨʝʞʠʤʝ, 

ʪ.ʝ. ʧʝʨʝʜʘʚʘʝʤʳʡ ʩʠʤʚʦʣ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʜʠʩʧʣʝʝ 

ʦʧʝʨʘʪʦʨʘ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʥ ʧʨʦʡʜʝʪ ʢʨʫʛʦʚʦʡ ʧʫʪʴ 

ʧʦ ʩʝʪʠ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʜʚʝ ʧʨʦʙʣʝʤʳ: ʚʦ-ʧʝʨʚʳʭ, 

ʢʨʫʛʦʚʦʡ ʧʫʪʴ ʚ ʍ.25 ʤʦʞʝʪ ʙʳʪʴ ʩʣʠʰʢʦʤ ʜʦʣʛʠʤ, ʚʦ-

ʚʪʦʨʳʭ, ʧʨʠʭʦʜʠʪʩʷ ʧʣʘʪʠʪʴ ʜʚʘʞʜʳ ʟʘ ʧʨʦʭʦʞʜʝʥʠʝ ʧʦ 

ʩʝʪʠ ʪʫʜʘ ʠ ʦʙʨʘʪʥʦ. 

2. ʊʘʨʠʬʳ ʚ ʍ.25 ʫʯʠʪʳʚʘʶʪ ʥʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʥʥʳʭ 

ʩʠʤʚʦʣʦʚ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʥʥʳʭ ʩʝʛʤʝʥʪʦʚ 

(ʩʝʛʤʝʥʪ ï 64 ʩʠʤʚʦʣʘ). ʄʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ʦʜʠʥ ʩʠʤʚʦʣ ʚ 

ʩʝʛʤʝʥʪʝ, ʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʪʦ ʥʝ ʚʳʛʦʜʥʦ. 

ʇʦ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʧʨʠʯʠʥʘʤ, ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʩʠʤʚʦʣʴʥʳʭ ʪʝʨʤʠʥʘʣʦʚ ʢ ʍ.25 ʠʩʧʦʣʴʟʫʶʪ ʩʙʦʨʱʠʢ-

ʨʘʟʙʦʨʱʠʢ ʧʘʢʝʪʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 18.7 ʧʦʢʘʟʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʙʦʨʱʠʢʘ-

ʨʘʟʙʦʨʱʠʢʘ ʧʘʢʝʪʦʚ (ʉʈʇ). 

ʅʘ ʨʠʩʫʥʢʝ 18.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʪʦʢʦʣʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʉʈʇ. 
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ʊʝʨʤʠʥʘʣ

ʧʘʢʝʪʥʦʛʦ

ʨʝʞʠʤʘ

ʍ.25

ʉʝʪɹ

ʧʘʢʝʪʥʦʡ

ʢʦʤʤʫʪʘʮʠʠ

ʍ.25

ɹʘʟʦʚrʡ

ʧʨʦʪʦʢʦʣ

ʍ.3

ʍ.29

ʍ.28ʍ.28

.   .   .  
ʈʠʩ.18.8 ʇʨʦʪʦʢʦʣʳ ʉʈʇ. 

ʂ ʦʩʥʦʚʥʳʤ ʬʫʥʢʮʠʷʤ ʩʙʦʨʱʠʢʘ-ʨʘʟʙʦʨʱʠʢʘ ʧʘʢʝʪʦʚ 

ʦʪʥʦʩʷʪʩʷ: 

1) ʩʙʦʨʢʘ ʩʠʤʚʦʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʩʠʤʚʦʣʴʥʳʭ 

ʪʝʨʤʠʥʘʣʦʚ, ʚ ʧʘʢʝʪʳ; 

2) ʨʘʟʙʦʨʢʘ ʧʦʣʝʡ ʜʘʥʥʳʭ ʚ ʧʘʢʝʪʘʭ ʠ ʚʳʚʦʜ ʜʘʥʥʳʭ ʥʘ 

ʩʠʤʚʦʣʴʥʳʝ ʪʝʨʤʠʥʘʣʳ; 

3) ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʜʫʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʨʘʟʲʝʜʠʥʝʥʠʷ ʧʦ ʩʝʪʠ ʍ.25; 

4) ʧʝʨʝʜʘʯʘ ʧʦ ʪʨʝʙʦʚʘʥʠʶ ʩʠʤʚʦʣʴʥʦʛʦ ʪʝʨʤʠʥʘʣʘ 

ʩʪʘʨʪ-ʩʪʦʧʥʳʭ ʩʠʤʚʦʣʦʚ ʠ ʙʠʪʦʚ ʧʨʦʚʝʨʢʠ ʥʘ ʯʝʪʥʦʩʪʴ; 

5) ʧʨʦʜʚʠʞʝʥʠʝ ʧʘʢʝʪʘ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʭ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʣʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʧʘʢʝʪʘ. 

ʉʠʤʚʦʣʴʥʳʝ ʪʝʨʤʠʥʘʣʳ ʥʝ ʠʤʝʶʪ ʘʜʨʝʩʦʚ ʚ ʩʝʪʠ ʍ.25, 

ʘʜʨʝʩ ʍ.25 ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʧʦʨʪʫ ʉʈʇ, ʢʦʪʦʨʳʡ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʍ.25-ʩʝʪʠ. 

ʉʪʘʥʜʘʨʪ ʍ.28 ʦʧʨʝʜʝʣʷʝʪ ʧʘʨʘʤʝʪʨʳ ʪʝʨʤʠʥʘʣʘ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʨʤʠʥʘʣʘ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʉʈʇ.  

ʉʥʘʯʘʣʘ ʪʝʨʤʠʥʘʣ ʧʨʦʚʦʜʠʪ ʪʝʢʩʪʦʚʳʡ ʜʠʘʣʦʛ ʩ ʉʈʇ, ʚ 

ʢʦʪʦʨʦʤ ʦʥ ʫʢʘʟʳʚʘʝʪ ʘʜʨʝʩ ʢʦʤʧʴʶʪʝʨʘ, ʩ ʢʦʪʦʨʳʤ ʥʫʞʥʦ 
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ʫʩʪʘʥʦʚʠʪʴ ʩʦʝʜʠʥʝʥʠʝ, ʘ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʧʘʨʘʤʝʪʨʳ 

ʨʘʙʦʪʳ ʉʈʇ.  

ɺ ʧʘʨʘʤʝʪʨʘʭ ʨʘʙʦʪʳ ʫʢʘʟʳʚʘʶʪʩʷ: 

-  ʢʦʤʘʥʜʘ ʥʝʤʝʜʣʝʥʥʦʡ ʦʪʧʨʘʚʢʠ ʧʘʢʝʪʘ; 

-  ʨʝʞʠʤ ʵʭʦ ʦʪʚʝʪʘ. 

ʇʨʦʪʦʢʦʣ ʍ.29 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʉʈʇ ʚ ʩʝʪʠ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʧʨʦʪʦʢʦʣʘ 

ʤʦʞʥʦ ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʉʈʇ ʫʜʘʣʝʥʥʦ. 

ρψȢυ ˞̓̑̔̋̓̔̑́ ̒̆̓̉ ˢȢςυ 

ʊʝʭʥʦʣʦʛʠʷ ʍ.25 ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʠʪʝʣʴʥʳʭ 

ʧʨʠʟʥʘʢʦʚ: 

1) ʥʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʩʝʪʠ ʫʩʪʨʦʡʩʪʚʘ ʉʈʇ; 

2) ʥʘʣʠʯʠʝ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʦʚ, ʧʨʠʯʝʤ 

ʥʘ ʢʘʥʘʣʴʥʦʤ ʠ ʩʝʪʝʚʦʤ ʫʨʦʚʥʷʭ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ 

ʥʘʜʝʞʥʦʩʪʠ; 

3) ʍ.25 ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʦʜʥʦʨʦʜʥʳʝ ʩʪʝʢʠ 

ʧʨʦʪʦʢʦʣʦʚ ʚʦ ʚʩʝʭ ʫʟʣʘʭ, ʪ.ʝ. ʩʝʪʝʚʦʡ ʫʨʦʚʝʥʴ ʍ.25 

ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʧʦʚʝʨʭ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʢʘʥʘʣʴʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ LAP-B, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʝʪʝʚʦʡ IP ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʧʦʚʝʨʭ ʣʶʙʦʛʦ ʧʨʦʪʦʢʦʣʘ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. 

˞̝̆̓ ˢȢςυ ̒̏̒̓̏̉̓:  

¶ ʠʟ ʢʦʤʤʫʪʘʪʦʨʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʮʝʥʪʨʘʤʠ ʢʦʤʤʫʪʘʮʠʠ 
ʧʘʢʝʪʦʚ,  

¶ ʚʳʜʝʣʝʥʥʳʭ ʢʘʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪ ʤʝʞʜʫ 

ʩʦʙʦʡ ʮʝʥʪʨʳ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ,  

¶ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʉʈʇ. 

ʉʪʨʫʢʪʫʨʘ ʩʝʪʠ ʍ.25. ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 18.9 
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ʕɺʄ

ʎʂʇ

ʩʠʥʭʨʦʥʥr ʡ

ʤʦʜʝʤ

ʎʂʇ

ʉʈʇ

ʍ.12

ʉʈʇ

ʎʂʇ

ʚr ʜʝʣʝʥʥr ʝ ʢʘʥʘʣr

ʩ
ʝ
ʪɹ
 ʍ

.2
5

ʍ.21

ʍ.75

ʎʂʇʎʂʇ

ʉʈʇ

ʊ ʊ
ʊ

ʊ

ʊ ʊ

ʊʬʆʇ

ʘʩʠʥʭʨʦʥʥr ʡ 

ʤʦʜʝʤ

. . .

. . .

 
ʈʠʩ.18.9 ʉʪʨʫʢʪʫʨʘ ʩʝʪʠ ʍ.25. 

ρψȢφ ˍ̗̠̅̑̆̒́̉  ̒̆̓̉ ˢȢςυ 

ɽʩʣʠ ʩʝʪʴ ʍ.25 ʦʙʤʝʥʠʚʘʝʪʩʷ ʜʘʥʥʳʤʠ ʩ ʜʨʫʛʠʤʠ 

ʩʝʪʷʤʠ ʍ.25, ʪʦ ʚ ʥʝʡ ʥʫʞʥʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ 

ʘʜʨʝʩʘʮʠʠ ʍ.121.  

ɸʜʨʝʩʘ ʍ.121 ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʜʣʠʥʫ ʜʦ 14 

ʜʝʩʷʪʠʯʥʳʭ ʟʥʘʢʦʚ. 

ʇʨʝʬʠʢʩ 

ʂʦʜ ʩʪʨʘʥʳ ʅʦʤʝʨ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʪʝʨʤʠʥʘʣʘ 
ʉʪʨʘʥʘ ʅʦʤʝʨ ʩʝʪʠ 

ʚ ʩʪʨʘʥʝ 

1 ʙʘʡʪ 3 ʮʠʬʨʳ 1 ʮʠʬʨʘ 

 

ʇʝʨʚʳʝ ʪʨʠ ʮʠʬʨʳ ʦʧʨʝʜʝʣʷʶʪ ʩʪʨʘʥʫ, ʚ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʠʪʩʷ ʩʝʪʴ. ʉʣʝʜʫʶʱʘʷ ʮʠʬʨʘ ʦʧʨʝʜʝʣʷʝʪ ʥʦʤʝʨ ʩʝʪʠ 

ʍ.25 ʚ ʜʘʥʥʦʡ ʩʪʨʘʥʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʫʪʨʠ ʦʜʥʦʡ ʩʪʨʘʥʳ ʤʦʞʥʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʪʦʣʴʢʦ 10 ʩʝʪʝʡ ʍ.25.  

ɽʩʣʠ ʞʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʥʫʤʝʨʦʚʘʪʴ ʙʦʣʴʰʝ ʩʝʪʝʡ, ʯʝʤ 10, 
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ʪʦ ʩʪʨʘʥʝ ʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʦʜʦʚ (ʈʦʩʩʠʷ: 250 ʠ 251). 

ʇʦ ʩʪʘʥʜʘʨʪʫ I SO 7498 ʜʣʷ ʥʫʤʝʨʘʮʠʠ ʩʝʪʝʡ ʍ.25 

ʢ ʘʜʨʝʩʫ ʚ ʬʦʨʤʘʪʝ ʍ.121 ʜʦʙʘʚʣʷʝʪʩʷ ʝʱʝ ʦʜʠʥ 

ʙʘʡʪ ʧʨʝʬʠʢʩʘ.  

ɺ ʵʪʦʤ ʙʘʡʪʝ ʟʘʧʠʩʳʚʘʝʪʩʷ:  

¶ ʢʦʜ 36, ʝʩʣʠ ʚ ʘʜʨʝʩʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ 

ʜʝʩʷʪʠʯʥʳʝ ʮʠʬʨʳ,  

¶ ʠʣʠ ʢʦʜ 37, ʝʩʣʠ ʚ ʘʜʨʝʩʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʦʠʟʚʦʣʴʥʳʝ ʜʚʦʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ.  

ʕʪʦʪ ʢʦʜ ʧʦʟʚʦʣʷʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʤʫ ʢʦʤʤʫʪʘʪʦʨʫ 

ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʦʟʥʘʚʘʪʴ ʪʠʧ ʘʜʨʝʩʘ ʠ ʚʳʧʦʣʥʷʪʴ 

ʤʘʨʰʨʫʪʠʟʘʮʠʶ. 
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˘̗̠̆̋̉ ρωȢ ˟ ̖̠̆̎̏̌̏̄̉ Frame Relay 

ρωȢρ˞̝̠̑́̃̎̉̓̆̌̎́ ̖́̑́̋̓̆̑̉̒̓̉̋́ Frame Relay 

1. ʇʨʦʪʦʢʦʣ Frame Relay (ʨʝʪʨʘʥʩʣʷʮʠʷ ʢʘʜʨʦʚ) 

ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʧʨʦʪʦʢʦʣʘ ʍ.25 ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʍ.25 

ʟʘʤʝʪʥʳʤ ʫʧʨʦʱʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ. ʋʧʨʦʱʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʩʣʝʜʫʶʱʝʤ: 

- Frame Relay ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʝʡ ʢʘʥʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʍ.25 ï ʩʝʪʝʚʦʛʦ; 

-  ʫʧʨʦʱʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ:  

¶ ʚ ʦʪʢʘʟʝ ʦʪ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʜʨʦʚ (ʦʪʢʘʟ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʥʘʜʝʞʥʦʩʪʠ),  

¶ ʠ ʦʪʢʘʟʝ ʦʪ ʦʢʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ. 

2. ʈʘʟʚʠʪʠʝ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ Frame Relay 

ʧʨʦʠʩʭʦʜʠʪ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʢʦʥʮʝʧʮʠʠ ISDN, 

ʧʦʵʪʦʤʫ ʩʝʪʠ Frame Relay ʟʘʠʤʩʪʚʦʚʘʣʠ ʠʟ ʩʪʝʢʘ 

ʧʨʦʪʦʢʦʣʦʚ ISDN ʧʨʦʮʝʜʫʨʳ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʢʦʤʤʫʪʠʨʫʝʤʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ.  

ɼʣʷ ʧʝʨʝʜʘʯʠ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ Frame 

Relay ʠʩʧʦʣʴʟʫʝʪ ʩʧʝʮʠʘʣʴʥʳʡ ʚʳʜʝʣʝʥʥʳʡ ʢʘʥʘʣ D  

(16 ʠʣʠ 64ʢʙʠʪ/ʩ). 

3. ʊʝʭʥʦʣʦʛʠʷ Frame Relay ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʚ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘʢʘʟʘ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʢʦʪʦʨʘʷ  ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʩʝʪʷʭ 

ʍ.25.  
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4. ɺ ʩʦʩʪʘʚ Frame Relay ʚʚʦʜʷʪʩʷ: 

- ʤʝʭʘʥʠʟʤ ʦʧʦʚʝʱʝʥʠʷ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʩʦʝʜʠʥʝʥʠʷ ʦ ʧʝʨʝʛʨʫʟʢʘʭ ʚ ʩʝʪʠ; 

- ʤʝʭʘʥʠʟʤ ʢʦʥʪʨʦʣʷ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ  çʜʳʨʷʚʦʛʦ ʚʝʜʨʘè; 

ʊʝʭʥʦʣʦʛʠʷ Frame Relay ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ, ʚ ʩʠʣʫ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʭʘʥʠʟʤʦʚ ʪʝʭʥʦʣʦʛʠʷ Frame Relay 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ ʩʝʪʠ ʥʝʙʦʣʴʰʠʝ ʟʘʜʝʨʞʢʠ (ʤʝʥʝʝ 

100ʤʩ), ʠ ʧʦʵʪʦʤʫ ʩʝʪʴ Frame Relay ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʥʦʛʦ ʛʦʣʦʩʘ, ʢʦʪʦʨʳʡ ʢʨʠʪʠʯʝʥ ʢ ʟʘʜʝʨʞʢʘʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦ Frame Relay ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʩʚʦʝʥʠʝ 

ʚʳʩʦʢʦʛʦ ʧʨʠʦʨʠʪʝʪʘ ʛʦʣʦʩʦʚʳʤ ʢʘʜʨʘʤ. 

ρωȢς ˞̓̆̋ ̐̑̏̓̏̋̏̌̏̃ Frame Relay 

ʋʧʨʘʚʣʝʥʠʝ (D) 
ɼʘʥʥʳʝ 

(D, B, H) 

 

ɼʘʥʥʳʝ  

(D, B, H) 

ʋʧʨʘʚʣʝʥʠʝ 

(D) 

Q.931/Q.933 
ʇʨʦʪʦʢʦʣʳ 

ʚʝʨʭʥʠʭ 

ʫʨʦʚʥʝʡ (IP 

ʠ ʜʨ.) 

 

Q.931/Q.933 

LAP-F 

control Q.922 

LAP-D Q.921 LAP-D Q.921 LAP-F core 

Q.922 

LAP-F core 

Q.922 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 
 

ʊʝʨʤʠʥʘʣ  ʉʝʪʴ 

ʈʠʩ.19.1 ʉʪʝʢ ʧʨʦʪʦʢʦʣʦʚ Frame Relay 
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ʆʩʥʦʚʫ ʪʝʭʥʦʣʦʛʠʠ Frame Relay ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʦʪʦʢʦʣ LAP-F  core (ʧʨʦʪʦʢʦʣ ʩʝʪʠ). ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʩʪʦʷʥʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ 

ʦʙʦʨʫʜʦʚʘʥʠʶ ʥʫʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʦʣʴʢʦ ʵʪʦʪ ʧʨʦʪʦʢʦʣ. 

ʇʨʦʪʦʢʦʣ LAP-F control ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʷʟʘʪʝʣʴʥʳʤ, ʦʥ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʢʦʥʪʨʦʣʷ 

ʜʦʩʪʘʚʢʠ ʢʘʜʨʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ.  

ʇʨʦʪʦʢʦʣ LAP-D  ʨʘʙʦʪʘʝʪ ʥʘ ʢʘʥʘʣʝ D ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʫʶ ʧʝʨʝʜʘʯʫ ʢʘʜʨʦʚ. 

ʇʨʦʪʦʢʦʣ Q.931 ʠʣʠ Q.933 ʨʘʙʦʪʘʝʪ ʧʦʚʝʨʭ LAP-D.  

ʆʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʠʨʪʫʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ: 

- ʥʘ ʦʩʥʦʚʝ ʘʜʨʝʩʦʚ ʢʦʥʝʯʥʳʭ ʘʙʦʥʝʥʪʦʚ ɽ.164,  

- ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʥʦʤʝʨʘ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ DLCI. 

ʌʣʘʛ ɸʜʨʝʩ ɼʘʥʥr ʝ (ʜʦ 4056 ʙʘʡʪ) CRC ʌʣʘʛ

8 7 6 5 4 3 2 1

DLCI

DLCI FECN BECN

C/R

DE

EA0

EA1

 

ʈʠʩ. 19.2 ʉʪʨʫʢʪʫʨʘ ʢʘʜʨʘ LAP-F 

ʇʦʣʝ ʥʦʤʝʨʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ DLCI  (Data 

Link  Connection Identi fier) ʩʦʩʪʦʠʪ ʠʟ 10 ʙʠʪʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦ 1024 ʚʠʨʪʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  
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ʕʪʦ ʧʦʣʝ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʠ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ (16 

ʙʠʪ, 23 ʙʠʪʘ), ʝʩʣʠ ʧʨʠʟʥʘʢ ʨʘʩʰʠʨʝʥʠʷ ʨʘʟʨʷʜʘ EA 

ʫʩʪʘʥʦʚʣʝʥ ʚ 0.  

ɽʩʣʠ ʧʨʠʟʥʘʢ ʨʘʩʰʠʨʝʥʠʷ ʘʜʨʝʩʘ ɽɸ (Extended 

Address) ʨʘʚʝʥ 0, ʪʦ ʚ ʩʣʝʜʫʶʱʝʤ ʙʘʡʪʝ ʠʤʝʝʪʩʷ 

ʧʨʦʜʦʣʞʝʥʠʝ ʧʦʣʷ ʘʜʨʝʩʘ.  

ɽʩʣʠ ʧʨʠʟʥʘʢ ʨʘʚʝʥ 1, ʪʦ ʙʘʡʪ ʩʦʜʝʨʞʠʪ ʦʢʦʥʯʘʥʠʝ 

ʧʦʣʷ ʘʜʨʝʩʘ.  

ʈʘʟʤʝʨ ʧʦʣʷ ʜʘʥʥʳʭ ʜʦ 4056 ʙʘʡʪ. 

ʇʦʣʷ: 

¶ DE - (Discard Eligibility ),  

¶ FECN - (Forward Explicit Congestion Notification),  

¶ BECN - (Backward Explicit Congestion Notification)   

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ ʠ ʧʦʜʜʝʨʞʢʠ 

ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ. 

ɽʩʣʠ ʢʦʤʤʫʪʘʪʦʨ Frame Relay ʧʦ ʩʦʩʪʦʷʥʠʶ ʩʚʦʠʭ 

ʦʯʝʨʝʜʝʡ ʬʠʢʩʠʨʫʝʪ ʧʝʨʝʛʨʫʟʢʫ, ʪʦ ʦʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʙʠʪʳ ʧʝʨʝʛʨʫʟʢʠ ʚ ʝʜʠʥʠʮʫ: 

¶ ʜʣʷ ʧʘʢʝʪʦʚ ʧʨʷʤʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʝʜʠʥʠʮʫ ʙʠʪ FECN,  

¶ ʜʣʷ ʧʘʢʝʪʦʚ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʝʜʠʥʠʮʫ ʙʠʪ BECN, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʝʪʴ ʠʥʬʦʨʤʠʨʫʝʪ ʠʩʪʦʯʥʠʢʠ ʠ ʧʦʣʫʯʘʪʝʣʝʡ ʦ ʧʝʨʝʛʨʫʟʢʘʭ. 

ɹʠʪ ʧʨʠʦʨʠʪʝʪʘ ʧʦʪʝʨʠ DE  

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʝʜʠʥʠʮʫ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʧʝʨʝʜʘʯʘ ʢʘʜʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʚʳʰʝʥʠʶ ʩʦʛʣʘʩʦʚʘʥʥʦʡ 

ʩʢʦʨʦʩʪʠ CIR  (Committed Information Rate). ʂʘʜʨʳ ʩ 

ʙʠʪʦʤ DE, ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ, ʚ ʩʣʫʯʘʝ ʧʝʨʝʛʨʫʟʢʠ 

ʦʪʙʨʘʩʳʚʘʶʪʩʷ ʢʦʤʤʫʪʘʪʦʨʦʤ Frame Relay. 
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BECN FECN

ʉɽʊʔ

 

ʈʠʩ.19.3 ʋʩʪʘʥʦʚʢʘ ʙʠʪʦʚ ʧʝʨʝʛʨʫʟʢʠ FECN, BECN 

ʂʦʥʪʨʦʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʜʨʘ FCS 

(Frame Check Sequence) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ. ɽʩʣʠ ʢʦʥʪʨʦʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʢʘʜʨʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʧʦʚʨʝʞʜʝʥʠʝ, ʪʦ ʢʘʜʨʘ 

ʦʪʙʨʘʩʳʚʘʝʪʩʷ. 

ɼʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ FCS ʬʦʨʤʠʨʫʝʪʩʷ 

ʘʥʘʣʦʛʠʯʥʦ ʮʠʢʣʠʯʝʩʢʦʤʫ ʢʘʜʨʫ HDLC. 

ρωȢσ ˜̜́̑́̍̆̓̑ ̝̃̉̑̓̔́̌̎̏̄̏ ̠̒̏̆̅̉̎̆̎̉ 

Frame Relay 

ɼʣʷ ʢʘʞʜʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ: 

1. CIR  ï ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ, ʩ 

ʢʦʪʦʨʦʡ ʩʝʪʴ ʙʫʜʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʝʪʴ 

ʨʝʟʝʨʚʠʨʫʝʪ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ. 
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Bc + Be

Bc

C > Bc + Be

DE = 1, C > Bc

ʉʯʝʪʯʠʢ ʉ ʫʤʝʥɹ ʘhʝʪʩ̫

ʥʘ min [ʉ, ɺʩ] ʢʘʞʜrʝ ʊ 

ʩʝʢʫʥʜ

CIR

ɺ
ʊ ʩ=

Be

 

ʨʠʩ. 19.4 ɸʣʛʦʨʠʪʤ ±ʜʳʨʷʚʦʛʦ ʚʝʜʨʘ± 

 

2. ˏ  ̒ (Excess Burst Size) ï ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʦʙʲʝʤ 

ʧʫʣʴʩʘʮʠʡ, ʪ.ʝ. ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʡʪʦʚ, ʢʦʪʦʨʦʝ 

ʩʝʪʴ ʙʫʜʝʪ ʧʝʨʝʜʘʚʘʪʴ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ 

ʊ. ʂʘʞʜʳʡ ʦʧʝʨʘʪʦʨ ʩʚʷʟʠ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʠʥʪʝʨʚʘʣ ʊ. 

ʆʙʳʯʥʦ ʚʳʙʠʨʘʶʪ 1ʩʝʢʫʥʜʫ. 

3. ˏ  ̆  (Commited Burst Size) ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʦʙʲʝʤ ʧʫʣʴʩʘʮʠʡ, ʪ.ʝ. ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʡʪʦʚ, 

ʢʦʪʦʨʦʝ ʩʝʪʴ ʙʫʜʝʪ ʧʳʪʘʪʴʩʷ ʧʝʨʝʜʘʪʴ ʩʚʝʨʭ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ˏ  ̒ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʊ. 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʯʝʪʯʠʢ ʉ, ʢʦʪʦʨʳʡ 

ʧʦʜʩʯʠʪʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʙʘʡʪʦʚ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʊ.  
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ɽʩʣʠ ˞ Єˏ̒, ʪʦ ʜʣʷ ʢʘʜʨʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʝʣ ʢ 

ʚʳʧʦʣʥʝʥʠʶ ʵʪʦʛʦ ʫʩʣʦʚʠʷ, ʙʠʪ DE ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 

ʝʜʠʥʠʮʫ.  

ɽʩʣʠ ˞ Єˏ̒Ϲˏ̆, ʪʦ ʢʘʜʨ ʦʪʙʨʘʩʳʚʘʝʪʩʷ. 

ʇʘʨʘʤʝʪʨʳ #)2ȟ ˏ̒ȟ ˏ̆ ʦʛʦʚʘʨʠʚʘʶʪʩʷ ʚ 

ʩʦʛʣʘʰʝʥʠʠ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʧʨʦʚʘʡʜʝʨʦʤ, 

ʧʨʠʯʝʤ ʩʦʛʣʘʰʝʥʠʷ ʜʦʣʞʥʳ ʟʘʢʣʶʯʘʪʴʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʩʫʤʤʘʨʥʘʷ ʩʢʦʨʦʩʪʴ ʚʠʨʪʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ 

ʧʨʝʚʦʩʭʦʜʠʣʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʨʪʦʚ ʢʦʤʤʫʪʘʪʦʨʦʚ.  

ʇʨʠ ʟʘʢʘʟʝ ʧʦʩʪʦʷʥʥʦʛʦ ʢʘʥʘʣʘ ʟʘ ʵʪʦ 

ʦʪʚʝʯʘʝʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨ, ʘ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʢʦʤʤʫʪʠʨʫʝʤʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʟʘ ʵʪʦ ʦʪʚʝʯʘʝʪ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʤʫʪʘʪʦʨʘ. 

ρωȢτ ˛̗̠̑̄́̎̉̈́̉ ̅̏̒̓̔̐́ ̋ ̒̆̓̉ Frame Relay 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʭʦʜʠʪ ʚ ʩʝʪʴ Frame Relay ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦʩʪʫʧʘ ï ʫʩʪʨʦʡʩʪʚʘ 

FRAD (FR  assembler/disassembler, ʩʙʦʨʱʠʢ/ʨʘʟʙʦʨʱʠʢ 

ʢʘʜʨʦʚ), ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʠʣʠ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʧʨʦʪʦʢʦʣ ʣʦʢʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ LMI  (Local Management Interface).   

ʇʨʦʪʦʢʦʣ Frame Relay ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʘʟʦʚʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʥʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʠʢʘʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʣʦʢʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠ ̫ʩʝʪʠ.  

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʪʘʥʜʘʨʪ 

ʠʥʪʝʨʬʝʡʩʘ ʣʦʢʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ LMI .  
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LMI  ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ FRAD ʠ 

ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

1) ʠʥʬʦʨʤʠʨʫʝʪ FRAD ʦʙ ʘʢʪʠʚʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ 

ʢʘʥʘʣʘʭ DLCI  (Data Link Connection Identifier); 

2) ʠʥʬʦʨʤʠʨʫʝʪ FRAD ʦʙ ʫʜʘʣʝʥʥʳʭ, ʦʪʤʝʥʝʥʥʳʭ ʠ ʥʝ 

ʠʩʧʨʘʚʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʘʭ; 

3)  ʢʦʥʪʨʦʣʠʨʫʝʪ ʩʚʷʟʥʦʩʪʴ ʫʯʘʩʪʢʘ FRAD ï ʩʝʪʴ. 

Frame Relay

LMI LMI

ɻʘʨʘʥʪʠʨʦʚʘʥʥʘ̫ ʜʦʩʪʘʚʢʘ 

ʩʦʦʙɦ ʝʥʠ̫

F
R

A
D

F
R

A
D

 
ʈʠʩ. 19.5 ʆʨʛʘʥʠʟʘʮʠʷ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ Frame Relay ʩ ʧʦʤʦʱʴʶ 

FRAD 

ɺ ʮʝʣʦʤ ʧʨʦʮʝʜʫʨʘ LMI  ʷʚʣʷʝʪʩʷ ʘʩʠʤʤʝʪʨʠʯʥʦʡ, ʘ 

ʠʤʝʥʥʦ: FRAD ʧʦʩʳʣʘʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʦʦʙʱʝʥʠʝ 

±ʟʘʧʨʦʩ ʩʦʩʪʦʷʥʠʷ± ʩ ʧʝʨʠʦʜʦʤ ʦʪ 5 ʜʦ 30 ʩʝʢʫʥʜ, ʧʦ 

ʫʤʦʣʯʘʥʠʶ 10 ʩʝʢʫʥʜ, ʘ ʩʝʪʴ ʧʦʩʳʣʘʝʪ ʩʦʦʙʱʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʥʘʟʳʚʘʝʪʩʷ ±ʩʦʩʪʦʷʥʠʝ±. 

ρωȢυ ˞̗̉̄̎́̌̉̈́̉̉ ̃ ̒̆̓̉ Frame Relay 

ɺ ʩʝʪʠ Frame Relay ʠʩʧʦʣʴʟʫʶʪʩʷ 4 ʢʘʪʝʛʦʨʠʠ 

ʩʠʛʥʘʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ: 

1) ʩʦʦʙʱʝʥʠʝ LMI  ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ï ʩʝʪʴ; 

2) ʩʦʦʙʱʝʥʠʝ ʩʪʘʥʜʘʨʪʘ ʊ1.617 ʧʨʠʣʦʞʝʥʠʝ D. 

ɼʘʥʥʳʡ ʉʪʘʥʜʘʨʪ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʨʬʝʡʩ 
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ʧʦʣʴʟʦʚʘʪʝʣʴ ï ʩʝʪʴ ʠ ʘʥʘʣʦʛʠʯʝʥ LMI  ʊ1.617 

ʧʨʠʣʦʞʝʥʠʝ D; 

3) ʩʦʦʙʱʝʥʠʝ CLLM  ï ʩʦʦʙʱʝʥʠʝ ʧʨʦʪʦʢʦʣʘ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʥʘʣʦʤ. ɽʩʣʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʪ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʦ ʩʠʛʥʘʣ BECN 

ʧʝʨʝʜʘʚʘʪʴ ʥʝʚʦʟʤʦʞʥʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʤʤʫʪʘʪʦʨ Frame 

Relay ʠʩʧʦʣʴʟʫʝʪ ʩʦʦʙʱʝʥʠʝ CLLM .  

ʕʪʦ ʩʦʦʙʱʝʥʠʝ ʠʤʝʝʪ ʘʜʨʝʩ ʠʣʠ ʥʦʤʝʨ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ. ɺ ʩʦʦʙʱʝʥʠʠ ʫʢʘʟʳʚʘʝʪʩʷ 

ʧʨʠʯʠʥʘ ʧʝʨʝʛʨʫʟʢʠ (ʧʦʚʳʰʝʥʠʝ ʪʨʘʬʠʢʘ, ʩʙʦʠ 

ʘʧʧʘʨʘʪʫʨʳ, ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʙʩʣʫʞʠʚʘʥʠʷ); 

4) ʩʦʦʙʱʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʤʤʫʪʠʨʫʝʤʦʛʦ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ. 
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˘̗̠̆̋̉ ςπȢ  ˟ ̖̠̆̎̏̌̏̄̉ ˍ˟˙ 

ςπȢρ ˟̖̠̆̎̏̌̏̄̉ ˍ˟˙ ̋́̋ ̘̠̓̉̐̉̎́ ̖̠̓̆̎̏̌̏̄̉ 

̝̄̌̏̂́̌̎̏̊ ̒̆̓̉ 

ʊʝʨʤʠʥ ɸʊʄ (Asynchronous Transfer Mode) ʦʟʥʘʯʘʝʪ 

ʘʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ.  

ʊʝʨʤʠʥ ɸʊʄ ʙʳʣ ʚʚʝʜʝʥ ʚ 1968ʛ. ʣʘʙʦʨʘʪʦʨʠʝʡ Bell 

Labs.  

ʕʪʦʪ ʪʝʨʤʠʥ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʷʯʝʡʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ 

ʦʜʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ, ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʣʶʙʫʶ ʧʦʟʠʮʠʶ ʚ 

ʚʳʭʦʜʥʦʤ ʧʦʪʦʢʝ ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʷʯʝʡʢʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʫʣʴʪʠʧʣʝʢʩʠʨʫʶʪʩʷ ʚ ʚʳʭʦʜʥʦʤ ʧʦʪʦʢʝ, 

ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʚʳʜʝʣʷʝʪʩʷ 

ʜʠʥʘʤʠʯʝʩʢʠ.  

ɼʘʥʥr ʝ ʩ 

ʧʦʩʪʦ̫ʥʥʦʡ 

ʩʢʦʨʦʩʪɹʶ

ʇʘʢʝʪʥr ʝ 

ʜʘʥʥr ʝ

ɼʘʥʥr ʝ ʩ 

ʧʝʨʝʤʝʥʥʦʡ 

ʩʢʦʨʦʩʪɹʶ

ʄʫʣɹʪʠʧʣʝʢʩʦʨ

ɺr ʭʦʜʥʦʡ

ʧʦʪʦʢ

 
ʈʠʩ.20.1 ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚ ɸʊʄ ʩʝʪʠ 
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ɺ ʥʘʟʚʘʥʠʠ ñʘʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤò ʩʢʨʳʪ ʥʝʙʦʣʴʰʦʡ 

ʧʘʨʘʜʦʢʩ: ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʩʠʥʭʨʦʥʥʦʝ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ, ʥʦ ʪʨʝʙʫʝʪ ʩʠʥʭʨʦʥʥʦʡ ʧʝʨʝʜʘʯʠ 

ʷʯʝʝʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ ʨʘʙʦʪʘʝʪ 

ʩʠʥʭʨʦʥʥʦ, ʧʨʠ ʵʪʦʤ ʷʯʝʡʢʠ (ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ, ʧʫʩʪʳʝ) 

ʧʝʨʝʜʘʶʪʩʷ ʨʝʛʫʣʷʨʥʦ.  

1. ʉʝʪʴ ɸʊʄ ʠʤʝʝʪ ʢʣʘʩʩʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʢʨʫʧʥʦʡ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʩʝʪʠ. ʂʦʥʝʯʥʳʝ ʩʪʘʥʮʠʠ ʩʦʝʜʠʥʷʶʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʢʘʥʘʣʘʤʠ ʩ ʢʦʤʤʫʪʘʪʦʨʘʤʠ ɸʊʄ 

ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ (ʛʨʘʥʠʯʥʳʤʠ ʢʦʤʤʫʪʘʪʦʨʘʤʠ), ʢʦʪʦʨʳʝ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʢʦʤʤʫʪʘʪʦʨʘʤʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ (ʤʘʛʠʩʪʨʘʣʴʥʳʤʠ ʢʦʤʤʫʪʘʪʦʨʘʤʠ). 

2. ʂʦʤʤʫʪʘʪʦʨʳ ɸʊʄ ʠʩʧʦʣʴʟʫʶʪ 20-ʙʘʡʪʥʳʝ 

ʘʜʨʝʩʘ ʢʦʥʝʯʥʳʭ ʫʟʣʦʚ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʟʘʧʨʦʩʦʚ ʥʘ 

ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʢʠ ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ. ɺ 

ɸʊʄ ʩʝʪʠ ʟʘʧʨʦʩʳ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʤʘʨʰʨʫʪʠʟʠʨʫʶʪʩʷ, ʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʷʯʝʡʢʠ 

ʢʦʤʤʫʪʠʨʫʶʪʩʷ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʦ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ 

ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ.  

ɼʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʟʘʧʨʦʩʦʚ ʚ ɸʊʄ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʩʝʙʷ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʚ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʷʭ: ʤʘʨʰʨʫʪʠʟʘʮʠʷ 

ʦʪ ʠʩʪʦʯʥʠʢʘ (ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ Token Ring), 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ɼʠʡʢʩʪʨʘ ʜʣʷ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʤʘʨʰʨʫʪʥʳʭ ʪʘʙʣʠʮ (ʘʣʛʦʨʠʪʤ ɼʠʡʢʩʪʨʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ IP ʩʝʪʷʭ). 

3. ʂʦʤʤʫʪʘʮʠʷ ʧʘʢʝʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ (ʪʝʭʥʦʣʦʛʠʷ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚʧʝʨʚʳʝ ʚ 1974ʛ. ʚ 

ʍ.25). ʂʨʦʤʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʚ ɸʊʄ 

ʚʚʦʜʠʪʩʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʫʪʠ. 
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ɺʠʨʪʫʘʣʴʥʳʡ ʧʫʪʴ ʦʙʲʝʜʠʥʷʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʨʪʫʘʣʴʥʳʭ 

ʢʘʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʙʱʫʶ ʯʘʩʪʴ ʧʫʪʠ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʦʙʱʠʡ ʧʫʪʴ. ʇʦʥʷʪʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʫʪʠ ʙʳʣʦ ʚʚʝʜʝʥʦ ʜʣʷ 

ʫʩʢʦʨʝʥʠʷ ʢʦʤʤʫʪʘʮʠʠ. 

4. ɺ ɸʊʄ-ʢʦʤʤʫʪʘʪʦʨʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ:   

- ɽ1, ɽ3 (ʠʥʪʝʨʬʝʡʩʳ ʧʣʝʟʠʦʭʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ 

ʠʝʨʘʨʭʠʠ),  

- STM1, STM4, STM16 (ʠʥʪʝʨʬʝʡʩʳ ʩʠʥʭʨʦʥʥʦʡ 

ʮʠʬʨʦʚʦʡ ʠʝʨʘʨʭʠʠ),  

- FDDI, Ethernet, TokenRing (ʠʥʪʝʨʬʝʡʩʳ ʣʦʢʘʣʴʥʳʭ 

ʩʝʪʝʡ),  

- ɸʊʄ 25 (ʠʥʪʝʨʬʝʡʩ ʣʦʢʘʣʴʥʦʡ ɸʊʄ-ʩʝʪʠ). 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʭʥʦʣʦʛʠʠ ɸʊʄ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʝʝ ʢʘʢ ʪʠʧʠʯʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʛʣʦʙʘʣʴʥʦʡ 

ʩʝʪʠ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ ʠ ʪʝʭʥʠʢʝ 

ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ɸʊʄ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʨʘʟʥʦʨʦʜʥʦʛʦ ʪʨʘʬʠʢʘ. ʕʪʦ ʟʥʘʯʠʪ, 

ʚ ʩʝʪʠ ɸʊʄ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʢʘʥʘʣʘʭ ʩʚʷʟʠ, ʚ ʦʜʥʦʤ ʠ ʪʦʤ 

ʞʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩʦʚʤʝʱʘʶʪʩʷ 

ʢʦʤʧʴʶʪʝʨʥʳʡ ʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʡ ʪʨʘʬʠʢʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ ʢʘʞʜʳʡ ʪʠʧ ʪʨʘʬʠʢʘ ʧʦʣʫʯʘʝʪ ʜʦʣʞʥʳʡ ʫʨʦʚʝʥʴ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʨʘʟʥʦʨʦʜʥʦʛʦ ʪʨʘʬʠʢʘ ʙʳʣʦ ʩʜʝʣʘʥʦ ʩʣʝʜʫʶʱʝʝ: 

1) ʚʩʝ ʚʠʜʳ ʪʨʘʬʠʢʘ, ʩʦʟʜʘʚʘʝʤʳʝ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʠʣʦʞʝʥʠʷʤʠ, ʨʘʟʙʠʪʳ ʥʘ 4 ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ; 
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2) ʚʳʙʨʘʥʘ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʜʣʠʥʘ ʧʘʢʝʪʘ 53 ʙʘʡʪʘ ʜʣʷ 

ʩʦʚʤʝʱʝʥʠʷ ʨʘʟʥʦʨʦʜʥʦʛʦ ʪʨʘʬʠʢʘ ʚ ʦʜʥʦʡ ʩʝʪʠ. ʇʘʢʝʪ 

ʜʣʠʥʦʡ 53 ʙʘʡʪʘ ʙʳʣ ʥʘʟʚʘʥ ʷʯʝʡʢʦʡ. 

3) ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʪʦʢʦʣʳ ʘʜʘʧʪʘʮʠʠ AAL, ʢʦʪʦʨʳʝ 

ʘʜʘʧʪʠʨʫʶʪ, ʪ.ʝ. ʧʦʜʛʦʪʘʚʣʠʚʘʶʪ ʪʨʘʬʠʢ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚ 

ʩʝʪʠ ɸʊʄ ʚ ʚʠʜʝ ʷʯʝʝʢ; 

4) ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʣʫʞʙʳ ʧʝʨʝʜʘʯʠ (CBR, 

VBR, UBR, ABR) ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʨʘʬʠʢʘ. ʂʘʞʜʘʷ ʩʣʫʞʙʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʙʦʨ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʦʚʘʥʳ 

ʚ ʢʦʤʤʫʪʘʪʦʨʘʭ ɸʊʄ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʜʝʨʞʢʫ ʢʘʯʝʩʪʚʘ 

ʚʜʦʣʴ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʪʨʘʬʠʢʘ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʍ.25, Frame Relay ʠ ɸʊʄ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʫʞʙʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʧʘʢʝʪʦʚ ʧʦ ʩʝʪʠ. 

ʇʨʠʣʦʞʝʥʠʝ

IP

AAL

ATM

ʌʠʟʠʯʝʩʢʠʡ

ʫʨʦʚʝʥɹ

ʂʦʥʝʯʥr ʡ ʫʟʝʣ

ɸʊʄ

ʌʠʟʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥɹ

ʊʨʘʥʟʠʪʥr ʡ ʫʟʝʣ

ʂʦʤʤʫʪʘʪʦʨ ɸʊʄ

ʇʨʠʣʦʞʝʥʠʝ

IP

AAL

ATM

ʌʠʟʠʯʝʩʢʠʡ

ʫʨʦʚʝʥɹ

ʂʦʥʝʯʥr ʡ ʫʟʝʣ

 
ʈʠʩ.20.2  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʪʦʢʦʣʦʚ ʧʦ ʫʟʣʘʤ ɸʊʄ 
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ςπȢς ˡ̏̑̍́̓ ̠̘̆̆̋ ˍ˟˙ 

ɼʣʷ ʩʦʚʤʝʱʝʥʠʷ ʨʘʟʥʦʨʦʜʥʦʛʦ ʪʨʘʬʠʢʘ ʚ ʦʜʥʦʡ ʩʝʪʠ 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʜʣʠʥʘ ʧʘʢʝʪʘ ʚ 53 ʙʘʡʪʘ. 

ʊʘʢʦʡ ʧʘʢʝʪ ʙʳʣ ʥʘʟʚʘʥ ʷʯʝʡʢʦʡ.  

ɿʘʛʦʣʦʚʦʢ ʷʯʝʡʢʠ ʟʘʥʠʤʘʝʪ 8 ʙʘʡʪ.  

ʌʦʨʤʘʪʳ ʷʯʝʝʢ ʧʨʝʜʩʪʘʚʣʝʥʳ  ʥʘ ʨʠʩʫʥʢʘʭ 20.3 ʠ20.4. 

3

4

GFS VPI

VPI VCI

VCI

VCI PTI CLR

HEC

1

2

5

53

VPI

VPI VCI

VCI

VCI PTI CLR

1

2

3

4

5

53

HEC

ʌʦʨʤʘʪ ̫ʯʝʡʢʠ UNI ʌʦʨʤʘʪ ̫ʯʝʡʢʠ NNI

 
ʈʠʩ. 20.3    ʈʠʩ. 20.4 

ʌʦʨʤʘʪ ʷʯʝʡʢʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ (UNI, 

User-to-Network Interface, ʩʝʪʝʚʦʡ ʠʥʪʝʨʬʝʡʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷ), ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʨʤʘʪʘ ʷʯʝʡʢʠ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ ʩʝʪʠ (NNI, Network-to-Network, 

ʠʥʪʝʨʬʝʡʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʤʫʪʘʪʦʨʦʚ ɸʊʄ), ʧʦʣʝʤ 

ʦʙʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ (GFC, Generic Control).  

ʇʦʣʝ ʦʙʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʠʤʝʝʪ ʣʦʢʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ï ʩʝʪʴ. 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʟʘʛʦʣʦʚʢʘ ʷʯʝʡʢʠ ʟʘʥʠʤʘʶʪ ʘʜʨʝʩʥʳʝ 

ʧʦʣʷ:  

¶ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʫʪʠ (VPI, 

Virtual Path Identifier)  
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¶ ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ 

(VCI, Virtual Channel Identifier).  

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʪʠʧʘ ʥʘʛʨʫʟʢʠ (PTI, Payload 

Type Identifier) ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʷʯʝʡʢʠ: ʷʯʝʡʢʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʷʯʝʡʢʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʆɸʄ, 

Operating and Maintenance) ʠ ʷʯʝʡʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʩʦʡ ʧʝʨʝʜʘʯʠ.  

ʗʯʝʡʢʘ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʩʦʡ 

ʧʝʨʝʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʫʞʙʝ ABR.  

ʗʯʝʡʢʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʆɸʄ) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʝʨʝʜʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʷʯʝʡʢʘʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ɹʠʪ ʧʨʠʦʨʠʪʝʪʘ ʧʦʪʝʨʠ ʷʯʝʡʢʠ (CLP, Cell Loss 

Priority) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʦʤʤʫʪʘʪʦʨʦʤ ɸʊʄ ʚ 1 ʜʣʷ ʪʝʭ 

ʷʯʝʝʢ, ʢʦʪʦʨʳʝ ʥʘʨʫʰʠʣʠ ʩʦʛʣʘʰʝʥʠʝ ʦʙ ʦʛʦʚʦʨʝʥʥʦʡ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

(ʢʦʥʪʨʦʣʷ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ...) ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ 

±ʜ ʨrʷʚʦʛʦ ʚʝʜʨʘ±.  

ʇʦʣʝ ʧʨʦʚʝʨʢʠ ʦʰʠʙʦʢ ʚ ʟʘʛʦʣʦʚʢʝ (HEʉ, Header 

Error Check) ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʬʫʥʢʮʠʠ: 

1. ʆʙʝʩʧʝʯʠʚʘʝʪ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʠʩʧʨʘʚʣʝʥʠʝ ʜʚʫʭ 

ʦʰʠʙʦʢ ʚ ʟʘʛʦʣʦʚʢʝ, 

2. ʆʙʝʩʧʝʯʠʚʘʝʪ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʷʯʝʝʢ. ɽʩʣʠ 

ʥʝʩʢʦʣʴʢʦ ʷʯʝʝʢ ʧʦʜʨʷʜ (7 ʠ ʙʦʣʝʝ) ʠʤʝʶʪ ʥʝʚʝʨʥʫʶ 

ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ, ʪʦ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʙʳʣʘ 

ʥʝʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʝʥʘ ʛʨʘʥʠʮʘ ʷʯʝʝʢ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʧʦʙʠʪʦʚʘʷ ʧʦʜʩʪʨʦʡʢʘ. ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʩʯʠʪʘʝʪʩʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ. 
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ɺʩʝ ʪʠʧʳ ʪʨʘʬʠʢʦʚ ʨʘʟʙʠʪʳ ʥʘ 4 ʢʣʘʩʩʘ: 

1. ʂʣʘʩʩ ɸ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ, ʢʨʠʪʠʯʝʥ ʢ ʟʘʜʝʨʞʢʘʤ, ʪ.ʝ. ʪʨʝʙʫʝʪ 

ʚʨʝʤʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʝʨʝʜʘʚʘʝʤʳʤʠ ʠ 

ʧʨʠʥʠʤʘʝʤʳʤʠ ʜʘʥʥʳʤʠ, ʠ ʧʝʨʝʜʘʝʪʩʷ ʩ 

ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠʤʝʨʦʤ ʪʨʘʬʠʢʘ 

ʢʣʘʩʩʘ ɸ ʷʚʣʷʝʪʩʷ ʛʦʣʦʩʦʚʦʡ ʪʨʘʬʠʢ ʠʣʠ ʪʨʘʬʠʢ ʚʠʜʝʦ. 

2. ʂʣʘʩʩ ɺ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ, ʪʘʢʞʝ ʢʨʠʪʠʯʝʥ ʢ ʟʘʜʝʨʞʢʘʤ ʠ 

ʧʝʨʝʜʘʝʪʩʷ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʩʞʘʪʳʡ ʛʦʣʦʩ ʠʣʠ ʩʞʘʪʦʝ ʚʠʜʝʦ. 

3. ʂʣʘʩʩ ʉ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʥʝ ʢʨʠʪʠʯʝʥ ʢ ʟʘʜʝʨʞʢʘʤ ʠ ʧʝʨʝʜʘʝʪʩʷ ʩ 

ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠʤʝʨʦʤ ʷʚʣʷʶʪʩʷ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʧʨʦʪʦʢʦʣʘʤ 

ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ (ʪʨʘʬʠʢ FrameʪRelay, ʪʨʘʬʠʢ 

ʍ.25). 

4. ʂʣʘʩʩ D ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʥʝ ʢʨʠʪʠʯʝʥ ʢ ʟʘʜʝʨʞʢʘʤ ʠ ʧʝʨʝʜʘʝʪʩ ̫

ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠʤʝʨʦʤ ʷʚʣʷʶʪʩʷ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʩʝʪʷʤ ʙʝʟ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʪʨʘʬʠʢ IP-ʩʝʪʠ ʠ 

ʪʨʘʬʠʢ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. 

ɺʳʰʝ ʙʳʣʦ ʜʘʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʪʨʘʬʠʢʘ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʪʨʘʬʠʢʘ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʧʘʨʘʤʝʪʨʳ ʪʨʘʬʠʢʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʟʤʝʨʝʥʳ. 
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ɼʣʷ ʦʧʠʩʘʥʠʷ ʪʨʘʬʠʢʘ ʠ ʢʘʯʝʩʪʚʘ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʛʨʫʧʧʘ ʧʘʨʘʤʝʪʨʦʚ: 

1. ʉʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ, 

2. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʨʘʬʠʢʘ, 

3. ɺʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ ʷʯʝʝʢ, 

4. ʇʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ. 

ʂ ʧʘʨʘʤʝʪʨʘʤ ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʷʪʩʷ: 

1. ʇʠʢʦʚʘʷ ʩʢʦʨʦʩʪʴ PCR (Peak Cell Rate) ï ʵʪʦ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ 

ʠʩʪʦʯʥʠʢ, 

2. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ SCR (Sustainable Cell Rate) ï 

ʩʢʦʨʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʩʦʝʜʠʥʝʥʠʝʤ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ,  

3. ʄʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ MCR 

(Minimum Cell Rate). 

ʂ ʧʘʨʘʤʝʪʨʘʤ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʨʘʬʠʢʘ 

ʦʪʥʦʩʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʙʣʦʢʦʚ 

(ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʘʯʢʠ ʷʯʝʝʢ), ʧʝʨʝʜʘʚʘʝʤʳʭ ʥʘ 

ʧʠʢʦʚʦʡ ʩʢʦʨʦʩʪʠ MBS (Maximum Burst Size). 

ʂ ʚʨʝʤʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʝʨʝʜʘʯʠ ʷʯʝʝʢ 

ʦʪʥʦʩʷʪʩʷ:  

¶ ʟʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʷʯʝʡʢʠ (CTD, Cell Transfer 

Delay) ï ʵʪʦ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʷʯʝʡʢʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ ʧʦʣʫʯʘʪʝʣʷ,  

¶ ʚʘʨʠʘʮʠʷ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʷʯʝʡʢʠ (CDV, 

Cell Delay Variation). 
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ʂ ʧʘʨʘʤʝʪʨʘʤ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ɸʊʄ 

ʦʪʥʦʩʠʪʩʷ ʜʦʣʷ ʧʦʪʝʨʷʥʥʳʭ ʷʯʝʝʢ CLR(Cell Loss 

Priority).  

ʊʨ

MBS

ʊ
ʚʨʝʤ̫

ʷʯ/ʩ)(
1

T
PCR= ʷʯ/ʩ)(

ʊʨ

MBS
=SCR

 
ʈʠʩ.20.5 ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʨʘʬʠʢʘ 

ʂ ʧʘʨʘʤʝʪʨʘʤ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʤʦʞʥʦ ʪʘʢʞʝ 

ʦʪʥʝʩʪʠ:  

- ʜʦʣʶ ʦʰʠʙʦʯʥʳʭ ʷʯʝʝʢ,  

- ʜʦʣʶ ʣʦʞʥʦ ʚʩʪʘʚʣʝʥʥʳʭ ʷʯʝʝʢ,  

- ʜʦʣʶ ʙʣʦʢʦʚ, ʧʦʨʘʞʝʥʥʳʭ ʦʰʠʙʢʘʤʠ,  

- ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ʢʘʥʘʣʘ. 

ʇʦʢʘʞʝʤ ʚ ʪʘʙʣʠʮʘʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʩʣʫʞʙʘʤ ʠ ʧʨʦʪʦʢʦʣʘʤ ʘʜʘʧʪʘʮʠʠ. 

ʊʘʙʣʠʮʘ 20.1. ʊʠʧʳ ʪʨʘʬʠʢʘ ʠ ʩʣʫʞʙʳ 

 CBR rtVBR nrtVBR UBR ABR 

A +     

B + +    

C,D + + + + + 
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ʉʣʫʞʙʘ CBR ʧʦʜʜʝʨʞʠʚʘʝʪ ʫʩʣʫʛʫ ʧʝʨʝʜʘʯʠ ʪʨʘʬʠʢʘ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʙʠʪʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʉʣʫʞʙʘ rtVBR  ʧʦʜʜʝʨʞʠʚʘʝʪ ʫʩʣʫʛʫ ʧʝʨʝʜʘʯʠ ʪʨʘʬʠʢʘ 

ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʉʣʫʞʙʘ nrtVBR  ʧʦʜʜʝʨʞʠʚʘʝʪ ʫʩʣʫʛʫ ʧʝʨʝʜʘʯʠ 

ʪʨʘʬʠʢʘ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʥʝʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. 

ʉʣʫʞʙʘ UBR ʧʦʜʜʝʨʞʠʚʘʝʪ ʫʩʣʫʛʫ ʧʝʨʝʜʘʯʠ ʪʨʘʬʠʢʘ ʩ 

ʥʝʟʘʜʘʥʥʦʡ ʟʘʨʘʥʝʝ ʩʢʦʨʦʩʪʴʶ. 

ʉʣʫʞʙʘ ABR ʧʦʜʜʝʨʞʠʚʘʝʪ ʫʩʣʫʛʫ ʧʝʨʝʜʘʯʠ ʪʨʘʬʠʢʘ ʩ 

ʜʦʩʪʫʧʥʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʊʘʙʣʠʮʘ 20.2. ʇʘʨʘʤʝʪʨʳ ʪʨʘʬʠʢʘ ʠ ʩʣʫʞʙʳ 

 CBR rtVBR nrtVBR UBR ABR 

CDV + +    

CTD + +    

CLR + + +  + 

PCR + + +   

SCR,MBS  + +   

MCR     + 
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˘̗̠̆̋̉ ςρȢ ̱ ̗̠̅́̐̓́̉ ̐̑̉ ̘̐̆̑̆̅́̆ 

̓̑́̉̋́̕ ̘̜̖̑́̈̌̉̎ ̋̌́̒̒̏̃ 

ςρȢρ ˜̜̑̏̓̏̋̏̌ ̗́̅́̐̓́̉̉ 

ʊʘʙʣʠʮʘ 21.1. ʊʠʧʳ ʪʨʘʬʠʢʘ ʠ ʧʨʦʪʦʢʦʣʳ ʘʜʘʧʪʘʮʠʠ 

ʊʠʧ 

ʪʨʘʬʠʢʘ  

ʇʨʦʪʦʢʦʣʳ ʘʜʘʧʪʘʮʠʠ 

AAL1 AAL2 AAL3/4 AAL5 

A +    

B + + + + 

C   + + 

D   + + 

 

ʇʨʦʪʦʢʦʣ AAL1 ʦʙʳʯʥʦ ʦʙʩʣʫʞʠʚʘʝʪ ʪʨʘʬʠʢ ʢʣʘʩʩʘ 

ɸ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ (ʩʣʫʞʙʘ CBR). 

ʇʨʦʪʦʢʦʣ ʘʜʘʧʪʘʮʠʠ AAL2 ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ 

ʪʨʘʬʠʢʘ ʢʣʘʩʩʘ ɺ, ʦʜʥʘʢʦ ʪʨʘʬʠʢ ʢʣʘʩʩʘ ɺ ʤʦʞʝʪ 

ʦʙʩʣʫʞʠʚʘʪʴʩʷ ʚʩʝʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʘʜʘʧʪʘʮʠʠ. 

ʇʨʦʪʦʢʦʣ ʘʜʘʧʪʘʮʠʠ AAL3/4 ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʧʫʣʴʩʠʨʫʶʱʠʡ ʪʨʘʬʠʢ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʪʨʘʬʠʢ, 

ʧʝʨʝʜʘʚʘʝʤʳʡ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ (VBR ʩʣʫʞʙʘ). 

ʇʨʦʪʦʢʦʣ ʘʜʘʧʪʘʮʠʠ AAL5 ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʥʳʤ 

ʚʘʨʠʘʥʪʦʤ AAL4 ʠ ʨʘʙʦʪʘʝʪ ʙʳʩʪʨʝʝ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ AAL 5 

ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʘʜʨʦʚ Frame Relay, ʥʦ 

ʬʘʢʪʠʯʝʩʢʠ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʣʶʙʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʨʘʬʠʢʦʚ, ʘ ʥʝʢʦʪʦʨʳʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʘ AAL 5 

ʦʙʩʣʫʞʠʚʘʝʪ ʪʨʘʬʠʢ CBR. 
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21.1.1 ˜̑̏̓̏̋̏̌ ̗́̅́̐̓́̉̉ AAL1 

ʇʨʦʪʦʢʦʣ AAL1  ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦ ʩʝʪʠ ɸʊʄ ʧʝʨʝʜʘʯʫ 

ʪʨʘʬʠʢʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʘʪʘ AAL1ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 21.1. 

ʀʥʬʦʨʤʘʮʠ̫ ʧʦʣɹʟʦʚʘʪʝʣ̫

ʀʥʬʦʨʤʘʮʠ̫ AAL1 (PDU)

SNPSN

ʅʘʛʨʫʟʢʘ ̫ʯʝʡʢʠɿʘʛʦʣʦʚʦʢ ɸʊʄ

5 ʙʘʡʪ

1 ʙʘʡʪ

47 ʙʘʡʪ

CSI(1) SC(3) CRC(3) P(1)

SN SNP

1 ʙʘʡʪ

 
ʈʠʩ.21.1 ʌʦʨʤʘʪ AAL 1 

ʀʥʬʦʨʤʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʝʣʠʪʩʷ ʥʘ ʙʣʦʢʠ 

ʨʘʟʤʝʨʦʤ 47 ʙʘʡʪ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʣʦʢʠ PDU 

(Protocol Data Unit) ʧʨʦʪʦʢʦʣʘ AAL 1.  

ʂ ʙʣʦʢʫ PDU ʜʦʙʘʚʣʷʝʪʩʷ 1 ʙʘʡʪ ʟʘʛʦʣʦʚʢʘ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʣʝʡ:  

- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʦʤʝʨʘ (SN, Sequence Number)  

- ʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʦʣʷ ʟʘʛʦʣʦʚʢʘ ʥʦʤʝʨʘ (SNP, 

Sequence Number Protection). 

ʇʝʨʚʦʝ ʧʦʣʝ SN ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʙʠʪʘ ï ʠʥʜʠʢʘʪʦʨʘ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦʪʦʢʦʚ, ʠ ʪʨʝʭ ʙʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʥʦʤʝʨʘ. 
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ɺʪʦʨʦʝ ʧʦʣʝ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʙʠʪ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ 

ʠ ʦʜʥʦʛʦ ʙʠʪʘ ʧʨʦʚʝʨʢʠ ʥʘ ʯʝʪʥʦʩʪʴ ʟʘʛʦʣʦʚʢʘ. ʆʜʠʥ ʙʠʪ 

ʠʥʜʠʢʘʪʦʨʘ CSI(1) ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʬʨʝʡʤʘ ʢʦʜʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦʪʦʢʘ ʚ ʷʯʝʡʢʘʭ 1-ʦʡ, 3-ʝʡ, 5-ʦʡ, 7-ʦʡ.  

ʏʝʪʳʨʝʭʙʠʪʦʚʳʡ ʢʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦʪʦʢʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʚʭʦʜʝ ʚ ʩʝʪʴ ɸʊʄ ʚ ʛʨʘʥʠʯʥʦʤ 

ʢʦʤʤʫʪʘʪʦʨʝ ɸʊʄ ʠ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʥʦʩʪʠ 

ʯʘʩʪʦʪʳ ʦʪʩʯʝʪʦʚ ʙʠʪʦʚ ʚʦ ʚʭʦʜʥʦʤ ʧʦʪʦʢʝ ʠ ʯʘʩʪʦʪʳ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʛʨʘʥʠʯʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ɸʊʄ. 

21.1.2 ˜̑̏̓̏̋̏̌ ̗́̅́̐̓́̉̉ AAL5 

ʇʨʦʪʦʢʦʣ AAL5  ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʧʦ ʩʝʪʠ ɸʊʄ 

ʪʨʘʬʠʢʘ VBR, ʥʝ ʪʨʝʙʫʶʱʝʛʦ ʨʝʞʠʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʤʝʞʜʫ ʧʨʠʝʤʥʠʢʦʤ ʠ ʧʝʨʝʜʘʪʯʠʢʦʤ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʢʘʞʝʤ ʥʘ ʨʠʩʫʥʢʝ ʩʪʨʫʢʪʫʨʫ 

ʙʣʦʢʘ AAL5 .  

ʀʥʬʦʨʤʘʮʠ̫ 

ʧʦʣɹʟʦʚʘʪʝʣ̫

ʀʥʬʦʨʤʘʮʠ̫ ʧʦʣɹʟʦʚʘʪʝʣ̫ 

(ʜʦ 65535 ʙʘʡʪ) 
Pad UU CPI LI CRC

5 ʙʘʡʪ

48 ʙʘʡʪ48 ʙʘʡʪ 48 ʙʘʡʪ

5 ʙʘʡʪ

. . .

 
ʈʠʩ.21.2 ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ ʜʘʥʥʳʭ ʧʨʦʪʦʢʦʣʘ AAL 5 

AAL5 ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʧʨʦʪʦʢʦʣʦʤ ʠ 

ʧʨʦʩʪʦʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ AAL5 ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʷʭ ɸʊʄ ʠ LAN. 

ʂ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦʙʘʚʣʷʝʪʩʷ ʢʦʥʮʝʚʠʢ, 

ʚʢʣʶʯʘʶʱʠʡ ʩʣʝʜʫʶʱʠʝ ʧʦʣʷ:  
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- Pad(Padding) ï ʧʦʣʝ ʚʳʨʘʚʥʠʚʘʥʠʷ;  

- UU ï ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʨʝʞʠʤʘ ±ʧʦʣʴʟʦʚʘʪʝʣʴ-

ʧʦʣʴʟʦʚʘʪʝʣʶ±, ʧʦʢʘ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ;  

- CPI (Common Part Indicator) ï ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʱʝʡ 

ʯʘʩʪʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʢʦʥʮʝʚʠʢʘ;  

- LI (Length Indicator)ï ʜʣʠʥʘ;  

- CRC ï ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ. 
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˘̗̠̆̋̉ ςςȢ ɣ ̐̑́̃̌̆̎̉̆ ̐̏̓̏̋́̍̉ ̃ ˍ˟˙ 

ςςȢρ ˙̖̜̆́̎̉̈̍ ̠̔̐̑́̃̌̆̎̉ ̐̏̓̏̋̏̍ ̃ ̠̖̒̆̓ 

ˍ˟ ̇

ʄʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʚ ʩʝʪʷʭ ɸʊʄ 

ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʩʣʫʞʙʘʭ ɸʊʄ. 

ʇʝʨʝʯʠʩʣʠʤ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ: 

1. ʂʦʥʪʨʦʣʴ ʫʩʪʘʥʦʚʣʝʥʠ ̫ʩʦʝʜʠʥʝʥʠʷ; 

2. ʂʦʥʪʨʦʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ; 

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʨʘʬʠʢʘ; 

4. ʂʦʥʪʨʦʣʴ ʧʦʪʦʢʘ ABR; 

5. ʂʦʥʪʨʦʣʴ ʧʨʠʦʨʠʪʝʪʦʚ; 

6. ʉʙʨʘʩʳʚʘʥʠʝ ʷʯʝʝʢ ʠ ʧʘʢʝʪʦʚ. 

22.1.1 ˗̝̏̎̓̑̏̌ ̈́ ̔̒̓́̎̏̃̌̆̎̉̆̍ ̠̒̏̆̅̉̎̆̎̉ 

ʂʦʥʪʨʦʣʴ ʟʘ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 

ʦʪʚʝʯʘʝʪ ʟʘ ʜʦʩʪʫʧ ʚ ʩʝʪʴ ʠ ʦʧʨʝʜʝʣʷʝʪ, ʙʫʜʝʪ ʣʠ 

ʟʘʧʨʦʰʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʦ ʠʣʠ ʟʘʙʣʦʢʠʨʦʚʘʥʦ. 

ʇʨʠ ʵʪʦʤ ʤʝʭʘʥʠʟʤ ʫʯʠʪʳʚʘʝʪ ʩʚʦʙʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʢʦʤʤʫʪʘʪʦʨʘ ɸʊʄ ʠ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʫʢʘʟʘʥʥʳʝ ʚ ʢʦʥʪʨʘʢʪʝ.  

ɽʩʣʠ ʨʝʩʫʨʩʦʚ ʜʦʩʪʘʪʦʯʥʦ ʠ ʟʘʧʨʦʰʝʥʥʦʝ ʢʘʯʝʩʪʚʦ 

ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʚʣʝʪʚʦʨʝʥʦ ʠ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ 

ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʠ ʵʪʦʤ ʥʝ ʧʦʩʪʨʘʜʘʝʪ, ʪʦ ʩʦʝʜʠʥʝʥʠʝ 

ʧʨʠʥʠʤʘʝʪʩʷ ʩʝʪʴʶ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʟʘʧʨʦʩ ʥʘ 

ʩʦʝʜʠʥʝʥʠʝ ʦʪʢʣʦʥʷʝʪʩʷ.  

ʂʦʥʪʨʦʣʴ ʟʘ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʢʘʞʜʦʤ ʢʦʤʤʫʪʘʪʦʨʝ ʥʘ 

ʤʘʨʰʨʫʪʝ ʦʪ ʦʪʧʨʘʚʠʪʝʣʷ ʢ ʧʦʣʫʯʘʪʝʣʶ. ɺ ʧʨʦʩʪʝʡʰʝʤ 

ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʦʙ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ 
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ʧʦ ʧʠʢʦʚʦʡ ʩʢʦʨʦʩʪʠ: ʩʫʤʤʘ ʧʠʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʠʢʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʟʘʧʨʘʰʠʚʘʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʤʤʫʪʘʪʦʨʘ ʧʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʨʪʦʚ.  

ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʦʝʜʠʥʝʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʧʦʣʦʩʘ 

ʧʨʦʧʫʩʢʘʥʠʷ, ʨʘʚʥʘʷ ʧʠʢʦʚʦʡ ʠʣʠ ʙʦʣʝʝ, ʩʨʝʜʥʝʡ ʠʣʠ 

ʙʦʣʝʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʪʝʛʦʨʠʠ ʩʝʨʚʠʩʘ.  

ʊʘʙʣʠʮʘ.21.1 ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʟʘ ʫʩʪʘʥʦʚʣʝʥʠʝʤ 

ʩʦʝʜʠʥʝʥʠ ̫

ʂʘʪʝʛʦʨʠʠ 

ʩʝʨʚʠʩʘ 
ɼʝʡʩʪʚʠʝ 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ 

ʜʦʩʪʫʧʥʘʷ ABR,UBR 

ɺʳʩʦʢʦʝ QoS, 

CBR 

ɺʳʜʝʣʷʝʪʩʷ ʧʦʣʦʩʘ 

2³PCR 
PCR 

ʉʨʝʜʥʝʝ QoS, 

CBR 

ɺʳʜʝʣʷʝʪʩʷ ʧʦʣʦʩʘ 

PCR 
ʅʝʪ 

ɺʳʩʦʢʦʝ QoS, 

rtVBR 

ɺʳʜʝʣʷʝʪʩʷ ʧʦʣʦʩʘ 

PCR 
RCR ʤʠʥʫʩ SCR 

ʉʨʝʜʥʝʝ QoS, 

rtVBR 

ɺʳʜʝʣʷʝʪʩʷ ʧʦʣʦʩʘ 

1,5SCR 
0,5SCR 

nrtVBR 
ɺʳʜʝʣʷʝʪʩʷ ʧʦʣʦʩʘ 

SCR 
ʅʝʪ 

ABR 

ɺʳʜʝʣʷʝʪʩʷ ʧʦʣʦʩʘ 

MCR+0,01% ʦʪ 

ʩʢʦʨʦʩʪʠ ʢʘʥʘʣʘ 

ʅʝʪ 

UBR 

ɺʳʜʝʣʷʝʪʩʷ ʧʦʣʦʩʘ 

0,01% ʦʪ ʩʢʦʨʦʩʪʠ 

ʢʘʥʘʣʘ 

ʅʝʪ 

 



182 

22.1.2 ˗̝̏̎̓̑̏̌ ̈́ ̝̉̒̐̏̌̈̏̃́̎̉̆̍ ̜̐̏̌̏̒ 

̠̐̑̏̐̔̒̋́̎̉ 

ʂʦʥʪʨʦʣʴ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʨʝʘʣʠʟʫʝʪ ʧʨʦʚʝʨʢʫ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʪʨʘʬʠʢʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ 

ʚ ʢʦʥʪʨʘʢʪʝ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʦʙʳʯʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ 

ʛʨʘʥʠʯʥʳʭ ʢʦʤʤʫʪʘʪʦʨʘʭ ʧʨʠ ʚʭʦʜʝ ʚ ʩʝʪʴ ʠ ʠʩʧʦʣʴʟʫʝʪ 

ʘʣʛʦʨʠʪʤ ±ʜʳʨʷʚʦʛʦ ʚʝʜʨʘ±. ɽʩʣʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʧʦʣʥʝʥʠʝ ±ʚʝʜʨʘ± (ʩʯʝʪʯʠʢʘ), ʪʦ ʷʯʝʡʢʠ ʦʪʤʝʯʘʶʪʩʷ 

ʙʠʪʦʤ ʧʨʠʦʨʠʪʝʪʘ ʧʦʪʝʨʠ (CLP), ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ 

ʝʜʠʥʠʮʫ. ʇʦʤʝʯʝʥʥʳʝ ʷʯʝʡʢʠ ʙʫʜʫʪ ʩʙʨʘʩʳʚʘʪʴʩʷ ʧʨʠ 

ʧʝʨʝʛʨʫʟʢʝ. ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ ±ʜʳʨʷʚʦʛʦ ʚʝʜʨʘ± ʙʳʣʘ 

ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʠ ʦʧʠʩʘʥʠʠ Frame Relay.  

ɺ ʩʝʪʷʭ ɸʊʄ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ±ʜʳʨʷʚʦʛʦ ʚʝʜʨʘ± 

ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʧʠʢʦʚʘʷ ʠ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʠ. ɽʩʣʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʠʢʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʪʦ ʛʣʫʙʠʥʦʡ ±ʚʝʜʨʘ± 

ʷʚʣʷʝʪʩʷ ʜʦʧʫʩʪʠʤʘʷ ʚʘʨʠʘʮʠʷ ʠʥʪʝʨʚʘʣʘ ʧʨʠʙʳʪʠʷ ʷʯʝʝʢ.  

ɽʩʣʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ, ʪʦ ʛʣʫʙʠʥʦʡ 

±ʚʝʜʨʘ± ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʮʠʷ ʦʙʲʝʤʘ ʧʫʣʴʩʘʮʠʡ ʪʨʘʬʠʢʘ. 

ɺ ʩʝʪʠ ɸʊʄ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʦʥʬʠʛʫʨʘʮʠʡ 

±ʚʝʜʝʨ± 

ʂʦʥʬʠʛʫʨʘʮʠʷ 1 ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʨʠʪʴ ʧʠʢʦʚʫʶ ʩʢʦʨʦʩʪʴ ʦʙʱʝʛʦ ʧʦʪʦʢʘ.  

ʂʦʥʬʠʛʫʨʘʮʠʷ 2 ï ±ʜʚʦʡʥʦʝ ʚʝʜʨʦ± ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʴʥʦ 

ʧʨʦʚʝʨʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʠʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʷʯʝʝʢ ʩ ʙʠʪʦʤ 

CLP=0 ʠ ʧʠʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʦʙʱʝʛʦ ʧʦʪʦʢʘ (CLP=0+1). 

ʂʦʥʬʠʛʫʨʘʮʠʷ 3 ʘʥʘʣʦʛʠʯʥʘ 2, ʥʦ ʤʝʥʷʝʪ ʟʥʘʯʝʥʠʝ ʧʦʣʷ 

ʧʨʠʦʨʠʪʝʪʘ ʧʦʪʝʨʠ ʷʯʝʡʢʠ. 

ʂʦʥʬʠʛʫʨʘʮʠʷ 4 ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ ʢʘʢ ʧʠʢʦʚʫʶ, ʪʘʢ 

ʠ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʠ ʦʙʱʝʛʦ ʧʦʪʦʢʘ. 
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ʂʦʥʬʠʛʫʨʘʮʠʠ 5 ʠ 6 ʘʥʘʣʦʛʠʯʥʳ 2 ʠ 3, ʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʧʨʦʚʝʨʢʫ ʢʘʢ ʧʠʢʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʪʘʢ ʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 

ʜʣʷ ʷʯʝʝʢ ʧʝʨʚʦʛʦ ʧʨʠʦʨʠʪʝʪʘ (CLP=0). 

 
CLP=0+1CLP=0+1 CLP=1 

ʈʠʩ. 21.3 ʂʦʥʬʠʛʫʨʘʮʠʷ çʜʳʨʷʚʳʭ ʚʸʜʝʨè 

22.1.3 ˡ̏̑̍̉̑̏̃́̎̉̆ ̓̑́̉̋́̕ 

ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʘʬʠʢʘ ʠʟʤʝʥʷʝʪ 

ʚʭʦʜʥʦʡ ʧʦʪʦʢ ʷʯʝʝʢ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʪʘʢ, ʯʪʦʙʳ ʩʦʙʣʶʩʪʠ 

ʪʨʝʙʦʚʘʥʠʷ, ʦʛʦʚʦʨʝʥʥʳʝ ʚ ʢʦʥʪʨʘʢʪʝ, ʪʦ ʝʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʘʬʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʥʪʨʘʢʪʦʤ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʥʝʦʙʷʟʘʪʝʣʝʥ, ʥʦ ʝʩʣʠ ʦʥ ʥʝ 

ʨʝʘʣʠʟʫʝʪʩʷ, ʪʦ ʩʝʪʴ ʥʝ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʨʘʬʠʢʘ: 
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- ʩʥʠʞʝʥʠʝ ʧʠʢʦʚʦʡ ʩʢʦʨʦʩʪʠ - ʦʪʧʨʘʚʠʪʝʣʴ 

ʨʘʙʦʪʘʝʪ ʥʘ ʤʝʥʴʰʝʡ ʧʠʢʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʯʝʤ ʪʘ, ʢʦʪʦʨʘʷ 

ʫʢʘʟʘʥʘ ʚ ʢʦʥʪʨʘʢʪʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʤʝʥʴʰʘʝʪʩʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʢʦʥʪʨʘʢʪʘ, 

- ʦʛʨʘʥʠʯʝʥʠʝ ʜʣʠʥʳ ʧʘʯʢʠ - ʦʪʧʨʘʚʠʪʝʣʴ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʟʤʝʨ ʧʘʯʢʠ ʜʦ ʟʥʘʯʝʥʠʷ ʤʝʥʴʰʝʛʦ, ʯʝʤ 

ʧʘʨʘʤʝʪʨ MBS, ʫʢʘʟʘʥʥʳʡ ʚ ʢʦʥʪʨʘʢʪʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʢʦʥʪʨʘʢʪʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ, 

- ʙʫʬʝʨʠʟʘʮʠʷ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ 

±ʜʳʨʷʚʦʛʦ ʚʝʜʨʘ± - ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʙʫʬʝʨ, 

ʷʯʝʡʢʠ, ʥʘʨʫʰʘʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʪʨʘʬʠʢʘ, ʙʫʬʝʨʠʟʠʨʫʶʪʩʷ 

ʠ ʦʞʠʜʘʶʪ ʦʙʨʘʙʦʪʢʠ ñʜʳʨʷʚʳʤ ʚʝʜʨʦʤò. ɺʳʭʦʜʥʦʡ 

ʪʨʘʬʠʢ ʧʦʣʫʯʘʝʪʩʷ ʩʛʣʘʞʝʥʥʳʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʢʦʥʪʨʘʢʪʫ, 

- ʨʘʩʩʪʘʥʦʚʢʘ - ʚʳʭʦʜʥʦʡ ʧʦʪʦʢ ʬʦʨʤʠʨʫʝʪʩʷ 

ʨʝʛʫʣʷʨʥʦ, ʧʨʠ ʵʪʦʤ ʷʯʝʡʢʠ, ʧʨʝʚʳʰʘʶʱʠʝ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʧʠʢʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʩʙʨʘʩʳʚʘʶʪʩʷ. 

22.1.4 ˗̝̏̎̓̑̏̌ ̐̑̉̏̑̉̓̆̓̏̃ 

ʇʣʘʥʠʨʦʚʱʠʢ ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʙʦʨ ʷʯʝʝʢ ʠʟ ʦʯʝʨʝʜʝʡ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʚʳʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ.  

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʭʝʤʦʡ ʧʣʘʥʠʨʦʚʱʠʢʘ ʷʚʣʷʝʪʩʷ 

ʧʨʠʦʨʠʪʝʪʥʘʷ ʩʭʝʤʘ. 

ʄʝʥʝʝ ʧʨʠʦʨʠʪʝʪʥʘʷ ʦʯʝʨʝʜʴ ʦʙʩʣʫʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʩʝ ʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʝ ʦʯʝʨʝʜʠ ʧʫʩʪʳʝ. 

ʅʝʜʦʩʪʘʪʦʢ ʩʭʝʤʳ: ʚʦʟʤʦʞʥʘ ʥʝʭʚʘʪʢʘ ʨʝʩʫʨʩʦʚ ʜʣʷ 

ʤʝʥʝʝ ʧʨʠʦʨʠʪʝʪʥʳʭ ʦʯʝʨʝʜʝʡ ʧʨʠ ʚʳʩʦʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ 

ʩʝʪʠ. 
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CBR

rtVBR

nrtVBR

ABR

UBR

 
ʈʠʩ.21.4 ʉʭʝʤʘ ʧʨʠʦʨʠʪʝʪʦʚ 

ɹʦʣʝʝ ʩʣʦʞʥʦʡ, ʥʦ ʠ ʤʝʥʝʝ ʧʨʦʙʣʝʤʘʪʠʯʥʦʡ ʷʚʣʷʝʪʩʷ 

ʩʭʝʤʘ ʚʟʚʝʰʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ. 

ɺʳʩʦʢʠʡ ʧʨʠʦʨʠʪʝʪ ʠʤʝʝʪ ʪʦʣʴʢʦ ʩʣʫʞʙʘ CBR, ʘ ʜʣʷ 

ʦʩʪʘʣʴʥʳʭ ʩʣʫʞʙ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʟʚʝʰʝʥʥʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ, ʪʦ ʝʩʪʴ ʧʨʠ ʚʳʩʦʢʦʡ ʟʘʛʨʫʟʢʝ ʦʩʪʘʣʴʥʳʝ 

ʩʣʫʞʙʳ ʧʦʣʫʯʘʪ 40%, 20%, 10%, 10% ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʦʯʝʨʝʜʠ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ 

ʮʠʢʣʠʯʝʩʢʠ, ʠ ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ ʦʙʩʣʫʞʠʚʘʝʪʩʷ ʪʘʢʦʝ ʯʠʩʣʦ 

ʙʘʡʪ ʦʯʝʨʝʜʠ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʥʥʦʤʫ ʧʨʦʮʝʥʪʫ 

ʠʣʠ ʚʝʩʫ.  
CBR

rtVBR

nrtVBR

ABR

UBR

40%

20%

10%

10%  
 

ʈʠʩ.21.5  ʉʭʝʤʘ ʚʟʚʝʰʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ. 
























































































































































































































































































































































