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ɸʡʞʘʤʙʘʝʚʘ ʉ.ɾ., ɹʘʢʝʡ ɼ.ʂ. 

ʇʈʀʄɽʅɽʅʀɽ ʉʆɺʈɽʄɽʅʅʓʍ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ  

ʅɸ ɸɺʊʆʄʆɹʀʃʔʅʆʄ ʊʈɸʅʉʇʆʈʊɽ 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɽ.ɸ.ɹʫʢʝʪʦʚʘ, 

ʛ.ʂʘʨʘʛʘʥʜʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ʉʝʛʦʜʥʷ ʠʥʬʦʨʤʘʪʠʟʘʮʠʷ - ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʰʠʨʦʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ, ʩʨʝʜʩʪʚ ʩʚʷʟʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʙʘʥʢʦʚ ʜʘʥʥʳʭ, ʚʟʘʠʤʦʫʚʷʟʘʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʩʪʘʣʠ ʧʨʦʯʥʝʝ ʚʭʦʜʠʪʴ ʚ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʠ ʦʙʣʝʛʯʘʝʪ ʪʝ 

ʠʣʠ ʠʥʳʝ ʧʨʦʮʝʩʩʳ.  

ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ,  

ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʚʥʝʜʨʷʶʪʩʷ 

ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʩʝ ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʪʴ ʀʥʪʝʨʥʝʪ. ʕʣʝʢʪʨʦʥʥʘʷ 

ʪʦʨʛʦʚʣʷ (ɽ-Commerce), ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʦʪʢʨʳʣʠ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʘ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʕʪʦʤʫ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʄʝʨʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʦʙʠʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʩʚʷʟʠ ʥʦ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʘ GSM (Global System for Mobile 

Communication). ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʚʩʝʭ ʚʠʜʘʭ 

ʪʨʘʥʩʧʦʨʪʘ ʠʤʝʝʪ ʛʣʦʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (GPS) ʥʘ ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ. 

ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʩʧʝʭʠ ʚ ʦʙʣʘʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʨʫʟʦʚ ʠ ʥʦʩʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 



4 

 

 

ʰʪʨʠʭʦʚʦʛʦ ʢʦʜʘ, ʘ ʪʘʢʞʝ ʥʦʚʳʝ ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʘʥʩʧʦʥʜʝʨʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ 

ʤʘʨʰʨʫʪ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʝʥ ʮʝʣʳʡ 

ʨʷʜ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ɹʦʣʴʰʠʥʩʪʚʦ 

ʵʪʠʭ ʩʠʩʪʝʤ ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ ʛʣʦʙʘʣʴʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ GIS ʩ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤʠ ʢʘʨʪʘʤʠ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ, 

ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʤ, ʥʦ ʠ ʥʘ ʜʨʫʛʠʭ ʚʠʜʘʭ 

ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ [1]. 

ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʘ ï ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʫʯʝʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʟʘʮʠʡ.  

ʅʦʚrʤ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʘ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ ɻʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʀʉ), ʘʤʝʨʠʢʘʥʩʢʦʡ 

ʩʠʩʪʝʤʳ GPS, ʝʚʨʦʧʝʡʩʢʦʡ ʩʠʩʪʝʤʳ GALILEO ʠ ʨʦʩʩʠʡʩʢʦʡ ɻʣʦʙʘʣʴʥʦʡ 

ʉʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ɻʣʦʥʘʩʩ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʫʪʠ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʫʩʣʫʛ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʦʩʤʠʯʝʩʢʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ ʩʠʩʪʝʤ ʩʧʫʪʥʠʢʦʚʦʡ 

ʥʘʚʠʛʘʮʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʘʙʦʥʝʥʪʩʢʠʝ ʤʦʙʠʣʴʥʳʝ ʢʦʤʧʣʝʢʪʳ ʩʧʫʪʥʠʢʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʪʝʭʥʦʣʦʛʠʠ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ, ʨʝʢʣʘʤʥʳʝ, 

ʦʭʨʘʥʥʳʝ, ʩʨʝʜʩʪʚʘ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʚʩʝʚʦʟʤʦʞʥʦʡ ʪʝʣʝʤʘʪʠʢʠ. 

ʉʨʝʜʩʪʚʘ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʨʝʰʘʪʴ ʢʦʤʤʝʨʯʝʩʢʠʝ ʮʝʣʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʥʦ ʠ ʦʙʝʩʧʝʯʘʪ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠ 

ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʭʨʘʥʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ. ɼʘʥʥʳʝ ʦ ʜʠʩʣʦʢʘʮʠʠ 

ʘʚʘʨʠʡʥʳʭ ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʠʩʢʦʚʦ-

ʩʧʘʩʘʪʝʣʴʥʳʝ ʩʣʫʞʙʳ. 
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ʉʠʩʪʝʤʘ GPS ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʢʦʤ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʢʘʟʳʚʘʶʱʠʭ ʫʩʣʫʛʠ ʛʦʨʦʜʩʢʠʭ, 

ʤʝʞʜʫʛʦʨʦʜʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ. ɺʥʝʜʨʝʥʠʝ 

ʩʠʩʪʝʤʳ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʦʛʦ ʰʪʘʪʘ 

ʜʠʩʧʝʪʯʝʨʦʚ, ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʦʰʠʙʦʢ ʠ ʬʦʨʩ-ʤʘʞʦʨʥʳʭ ʩʠʪʫʘʮʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ çʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤè.  

ɺ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʩʠʪʫʘʮʠʷ ʨʘʟʚʠʪʠʷ ʩʨʝʜʩʪʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʚʦʦʙʱʝ ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʠʤʝʝʪ 

ʦʙʱʫʶ ʧʨʦʙʣʝʤʫ - ʙʦʣʴʰʦʝ ʨʘʟʨʦʟʥʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʩʪʝʤ, ʭʦʪʷ ʪʝʥʜʝʥʮʠʷ 

ʨʘʟʚʠʪʠʷ ʣʶʙʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ï ʵʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʥʪʝʛʨʘʮʠʷ [2]. 

ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ  

ʆʧʪʠʯʝʩʢʠʝ ʧʨʦʚʦʜʥʳʝ ï  ʩʚʝʪʦʚʦʜʳ (ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʥʘʣ  ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ, ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ 

ʚʦʟʤʦʞʥʦʛʦ ʧʦʜʩʣʫʰʠʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ.  

ʆʧʪʠʯʝʩʢʠʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ï ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʣʫʯ ʣʘʟʝʨ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʘ ʤʝʞʜʫ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʉʠʩʪʝʤʳ ʙʝʩʧʨʦʚʦʜʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʘʥʠʷʭ, ʚʢʣʶʯʘʷ ʙʦʣʴʥʠʮʳ, ʙʘʥʢʠ, ʦʧʝʨʘʪʦʨʳ ʩʚʷʟʠ, ʤʫʥʠʮʠʧʘʣʴʥʳʝ 

ʩʣʫʞʙʳ ʠ ʚʦʝʥʥʳʝ ʚʝʜʦʤʩʪʚʘ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʧʨʝʜʣʘʛʘʷ ʙʝʩʧʨʦʚʦʜʥʳʝ 

ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ.  

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʚʦʜʥʳʝ - ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʚʦʜʘ (ʪʝʣʝʬʦʥʥʳʝ), ʢʘʙʝʣʠ 

(ʚʠʪʘʷ ʧʘʨʘ (ʛʨʫʧʧʳ ʩʢʨʫʯʝʥʥʳʭ ʧʨʦʚʦʜʦʚ) ï ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ, 

ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ).  

ʂʘʙʝʣʠ ʚʠʪʦʡ ʧʘʨʳ ʧʨʠʤʝʥʷʶʪ ʚ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ. 

ʈʘʜʠʦʯʘʩʪʦʪʥʳʝ ʢʘʙʝʣʠ ʧʨʠʤʝʥʷʶʪ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʩʝʪʷʭ, ʢʘʙʝʣʴʥʦʤ 

ʪʝʣʝʚʠʜʝʥʠʠ, ʚ ʤʝʞʙʣʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ï ʨʘʜʠʦʢʘʥʘʣʳ (ʂɺ ʋʂɺ ɺʏ ʉɺʏ) 
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ʌʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ: 

ɸʥʘʣʦʛʦʚʳʝ - ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʬʦʨʤʘʮʠʶ ʚ ʥʝʧʨʝʨʳʚʥʦʡ ʬʦʨʤʝ ʚ ʚʠʜʝ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ ʢʘʢʦʡ-ʣʠʙʦ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. 

ʉʠʛʥʘʣ, ʬʦʨʤʠʨʫʝʤʳʡ ʤʦʙʠʣʴʥʳʤ ʪʝʣʝʬʦʥʦʤ, ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʫʶ 

ʘʤʧʣʠʪʫʜʫ ʠ ʤʝʥʷʝʪʩʷ ʧʦ ʯʘʩʪʦʪʝ. ʋ ʪʘʢʦʛʦ ʩʠʛʥʘʣʘ ʩʧʝʢʪʨ ʙʫʜʝʪ ʠʤʝʪʴ 

ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ.3.). ʠ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʤʥʦʞʝʩʪʚʘ ʯʘʩʪʦʪ, 

ʛʨʫʧʧʠʨʫʶʱʠʭʩʷ ʚ ʨʘʡʦʥʝ ʯʘʩʪʦʪʳ 800 ʤʛʮ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ: ï ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ (ɸ), ʟʥʘʯʝʥʠʝ  

ʯʘʩʪʦʪʳ (f), ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ , ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ (t). 

ʎʠʬʨʦʚʳʝ ʩʠʛʥʘʣʳ - ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʬʦʨʤʘʮʠʶ ʚ ʮʠʬʨʦʚʦʡ (ʧʨʝʨʳʚʥʦʡ ð 

ʜʠʩʢʨʝʪʥʦʡ, ʠʤʧʫʣʴʩʥʦʡ) ʬʦʨʤʝ ʩʠʛʥʘʣʦʚ ʢʘʢʦʡ-ʣʠʙʦ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. 

ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ï ʵʪʦ ʥʘʙʦʨ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ ʬʦʨʤʠʨʫʶʱʠʭ 

ʮʠʬʨʦʚʦʡ ʢʦʜ, ʚ ʢʦʪʦʨʦʤ ʟʘʢʦʜʠʨʦʚʘʥʦ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 

ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʎʠʬʨʦʚʦʡ ʢʦʜ ï ʵʪʦ ʜʚʦʠʯʥʳʡ ʢʦʜ ʜʚʦʠʯʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚʦ ʚʨʝʤʝʥʠ. 

ɺʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ 

ʂʦʤʤʫʪʠʨʫʝʤʳʝ ð ʚʨʝʤʝʥʥʳʝ, ʩʦʟʜʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʥʠ ʨʘʟʲʝʜʠʥʷʶʪʩʷ.  

ʅʝʢʦʤʤʫʪʠʨʫʝʤʳʝ ð ʩʦʟʜʘʶʪʩʷ ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʦʩʪʦʷʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʀʭ ʝʱʝ ʥʘʟʳʚʘʶʪ ʚʳʜʝʣʝʥʥʳʤʠ. 

ʉʨʝʜʥʝʩʢʦʨʦʩʪʥʳʝ (ʦʪ 2400ð9600 ʙʠʪ/ʩ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʣʝʬʦʥʥʳʭ 

(ʘʥʘʣʦʛʦʚʳʭ) ʢʘʥʘʣʘʭ ʩʚʷʟʠ, ʥʘ ʥʦʚʳʭ ʩʪʘʥʮʠʷʭ 14ð56 ʢʙʠʪ/ʩ. ɼʣʷ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʨʝʜʥʝʩʢʦʨʦʩʪʥʳʤ ʢʘʥʘʣʘʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʚʦʜʥʳʝ ʣʠʥʠʠ 

ʩʚʷʟʠ (ʛʨʫʧʧʳ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʣʠ ʩʢʨʫʯʝʥʥʳʭ ʧʨʦʚʦʜʦʚ ʚʠʪʘʷ ʧʘʨʘ). ʉʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʜʠʩʢʦʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʠʟʤʝʨʷʝʪʩʷ ʚ ʙʦʜʘʭ. ɹʦʜ ð 

ʵʪʦ ʩʢʦʨʦʩʪʴ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʝʨʝʜʘʝʪʩʷ 1 ʙʠʪ ʚ ʩʝʢʫʥʜʫ (1 ʙʠʪ/ʩ). 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ (ʩʚʳʰʝ 56 ʢʙʠʪ/ʩ) ʥʘʟʳʚʘʶʪ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤʠ. ɼʣʷ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʙʝʣʠ: ʵʢʨʘʥʠʨʦʚʘʥʥʳʝ ʠ 

ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʳʝ, ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ, ʨʘʜʠʦʢʘʥʘʣʳ. 
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ʃʶʙʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ (ʤʦʜʝʤ, ʪʦʯʢʘ 

ʜʦʩʪʫʧʘ, ʫʩʪʨʦʡʩʪʚʘ ʩʦʧʨʷʞʝʥʠʷ ʩʠʛʥʘʣʦʚ). 

ʇʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ð ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʘʪ ʜʘʥʥʳʭ ʠ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʜʘʯʠ ʠʭ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ, ʚ 

ʢʦʪʦʨʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʢʘʟʳʚʘʶʪʩʷ ʩʧʦʩʦʙ ʤʦʜʫʣʷʮʠʠ, ʩʦʝʜʠʥʝʥʠʝ ʩ ʢʘʥʘʣʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʠ ʪ.ʜ. ɺʩʝ ʵʪʦ ʜʝʣʘʝʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. 

ɺʩʝ ʤʦʜʝʤʳ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʠʥʩʪʠʪʫʪʦʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ (ITU ð 

International Telecommunication Union). ʆʙʳʯʥʦ ʩʪʘʥʜʘʨʪ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪ V.34. ʆʥ ʚʳʧʦʣʥʷʝʪ ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʦʧʨʝʜʝʣʷʷ 

ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʤʦʜʝʤʘ. 

ʈʳʥʦʢ ʫʩʣʫʛ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ɺ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʨʳʥʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʨʫʧʥʝʡʰʠʝ ʢʦʤʧʘʥʠʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʟʘʥʠʤʘʝʤʦʡ ʜʦʣʠ ʨʳʥʢʘ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚʠʜʘʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ: 

- ʊʝʣʝʬʦʥʥʘʷ ʩʚʷʟʴ 

- ʂʦʤʧʴʶʪʝʨʥʘʷ ʪʝʣʝʬʦʥʠʷ 

- ʈʘʜʠʦʪʝʣʝʬʦʥʥʘʷ ʩʚʷʟʴ 

- ʉʠʩʪʝʤʳ ʩʦʪʦʚʦʡ ʨʘʜʠʦʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ 

 - ʉʠʩʪʝʤʳ ʩʪʘʥʜʘʨʪʘ Wi-Fi [3]. 

 

 ʃʠʪʝʨʘʪʫʨʘ  

1. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝ: ʋʯʝʙ. ʧʦʩʦʙʠʝ / ɸ.ʕ. ɻʦʨʝʚ I ʉʇʙ. ʛʦʩ. ʘʨʭʠʪ.-ʩʪʨʦʠʪ, ʫʥ-ʪ. -ʉʇʙ., 

1999.-162 ʩ. 
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2. ʆ ʊʨʘʥʩʧʦʨʪʥʦʡ ʩʪʨʘʪʝʛʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʜʦ 2015 ʛʦʜʘ. ʋʢʘʟ 

ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʪ 11 ʘʧʨʝʣʷ 2006 ʛʦʜʘ N 86 

3. ʂʦʟʳʨʝʚ ɸ.ɸ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʢʦʥʦʤʠʢʝ ʠ ʫʧʨʘʚʣʝʥʠʠ: 

ʋʯʝʙʥʠʢ. - 2-ʝ, ʠʟʜ. - ʉʇʙ.: ʀʟʜ-ʚʦ ʄʠʭʘʡʣʦʚʘ ɺ.ɸ., 2001. - 360 ʩ. 

 

ɸʢʘʰʘʝʚ ʅ.ɸ., ʉʘʪʳʙʘʣʜʠʥʘ ɼ.ɾ. 

ʇʈʆʊʆʂʆʃ ʆɹʄɽʅɸ ʉɽʂʈɽʊʅʓʄ ʂʃʖʏʆʄ, ʆʉʅʆɺɸʅʅʓʁ 

ʅɸ ʉʀʅʍʈʆʅʀɿɸʎʀʀ ɼɺʋʍ ɼʈɽɺʆɺʀɼʅʓʍ ʄɸʐʀʅ ʏɽʊʅʆʉʊʀ 

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɸʩʪʘʥʘ, ʈʂ 

 

ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

ʧʨʦʛʨʘʤʤʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ [1]. ʉʨʝʜʠ 

ʥʠʭ ʚʘʞʥʦʝ ʤʝʩʪʦ ʦʪʚʦʜʠʪʩʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʘʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʟʘʱʠʪʫ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʘʫʪʝʥʪʠʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʢʘʢ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʪʘʢ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʠʤʝʶʱʠʭ 

ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʧʨʠʟʥʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʦʪʢʨʳʪʦʩʪʴ ʵʪʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʚʨʝʜʠʪ ʩʪʦʡʢʦʩʪʠ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʵʪʠʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʙʣʘʛʦʜʘʨʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʤʫ ʧʨʠʥʮʠʧʫ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ɸ. ʂʝʨʢʭʦʬʬʘ, ʩʦʛʣʘʩʥʦ ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʴ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʝʢʨʝʪʥʦʩʪʠ ʢʣʶʯʘ, ʘ ʥʝ ʥʘ ʩʝʢʨʝʪʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ [2].  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʡ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʙʦʥʝʥʪʦʚ, 

ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʭʦʜʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʢʨʳʪʳʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʢʘʥʘʣʳ ʜʦʩʪʘʚʢʠ. ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʵʪʠʭ ʢʘʥʘʣʘʭ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʱʠʭ ʩʝʢʨʝʪʥʳʭ ʢʣʶʯʝʡ ʜʣʷ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤ ʰʠʬʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʢʨʳʪʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʪʦʢʦʣ ɼʠʬʬʠ-ʍʝʣʣʤʘʥʘ [3]. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʩʭʝʤʳ ɼʠʬʬʠ-ʍʝʣʣʤʘʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʪʨʫʜʥʦʩʪʴʶ ʚʳʯʠʩʣʝʥʠʷ 

ʜʠʩʢʨʝʪʥʳʭ ʣʦʛʘʨʠʬʤʦʚ ʚ ʢʦʥʝʯʥʦʤ ʧʦʣʝ. 

ʆʜʥʘʢʦ, ʜʣʷ ʚʩʝʭ ʘʣʛʦʨʠʪʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʭʝʤʘ ɼʠʬʬʠ-ʍʝʣʣʤʘʥʘ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʩʪʦʨʦʥʥʠʭ ʬʫʥʢʮʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʚʳʩʦʢʫʶ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʨʠʩʫʱ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʦʥʠ ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʡ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʠ ʩʣʦʞʥʳ ʚ ʨʝʘʣʠʟʘʮʠʠ,  ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ 

ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʩʧʨʝʜʝʣʷʝʤʦʡ ʤʝʪʦʜʘʤʠ, ʙʘʟʠʨʫʶʱʠʤʠʩʷ ʥʘ 

ʦʜʥʦʩʪʦʨʦʥʥʠʭ ʬʫʥʢʮʠʷʭ, ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʠ 

ʫʩʧʝʭʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʯʠʩʝʣ.  

ʂʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʩʧʦʩʦʙʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʬʫʥʢʮʠʡ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʚʘʥʪʦʚʳʡ 

ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ [4]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʧʨʝʜʣʦʞʝʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ ʢʚʘʥʪʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ, ʥʘʧʨʠʤʝʨ, ɺ84, ɺ92 ʠ ʧʨʦʪʦʢʦʣ 

ʕʢʝʨʪʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʚʘʥʪʦʚʳʭ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʥʠʭ ʚʳʩʪʫʧʘʶʪ 

ʦʜʠʥʦʯʥʳʝ ʬʦʪʦʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ[4].  

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʜʦʩʪʘʪʦʯʥʫʶ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ, ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʰʠʨʦʢʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʣʫʯʠʣʘ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ 

ʷʚʣʷʶʪʩʷ ʥʝʨʝʰʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ: ʥʝʥʘʜʝʞʥʦʝ 

ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʦʜʠʥʦʯʥʳʭ ʬʦʪʦʥʦʚ; ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ ʨʝʛʠʩʪʨʘʮʠʡ ʚ 

ʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʤʘʣʘʷ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, 

ʩʣʦʞʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [5]. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʤʝʶʪʩʷ ʪʨʫʜʥʦʩʪʠ ʩʠʩʪʝʤʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ï ʧʨʦʙʣʝʤʳ ʚʩʪʨʘʠʚʘʥʠʷ ʢʚʘʥʪʦʚʳʭ 
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ʢʘʥʘʣʦʚ ʚ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ; ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʢʘʥʘʣʘ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʩʪʠʤʫʣʠʨʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʧʦʠʩʢ ʥʦʚʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʱʠʭ ʩʝʢʨʝʪʥʳʭ ʢʣʶʯʝʡ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʢʨʠʧʪʦʩʠʩʪʝʤ.  

ɺ 2002 ʛʦʜʫ ʀ. ʂʘʥʪʝʨʦʤ ʠ ɺ. ʂʠʥʮʝʣʝʤ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʦʙʱʘʷ ʠʜʝʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʭʨʦʥʠʟʠʨʫʝʤʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʀʅʉ) ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʢʣʶʯʝʡ [6]. ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʝʰʝʥ 

ʚʦʧʨʦʩ ʩʭʦʜʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʧʦʣʝ ʜʠʩʢʨʝʪʥʳʭ ʚʝʣʠʯʠʥ, 

ʢʦʪʦʨʳʤʠ ʦʧʝʨʠʨʫʶʪ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ 

ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʪʢʨʳʪʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʶʯʝʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʠʥʭʨʦʥʠʟʠʨʫʝʤʳʭ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʪʦʢʦʣ ʦʙʤʝʥʘ ʢʣʶʯʘʤʠ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʚʫʭ ʜʨʝʚʦʚʠʜʥʳʭ ʤʘʰʠʥ ʯʝʪʥʦʩʪʠ (tree parity machines, TPM). 

TPM ï ʵʪʦ ʦʩʦʙʳʡ ʚʠʜ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʷʤʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʥʝʡʨʦʥʘ, K ʩʢʨʳʪʳʭ 

ʥʝʡʨʦʥʦʚ ʠ KĬN ʚʭʦʜʥʳʭ ʥʝʡʨʦʥʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 1).  

ɺʭʦʜʥʳʝ ʥʝʡʨʦʥʳ ʧʨʠʥʠʤʘʶʪ ʜʚʦʠʯʥʳʝ ʟʥʘʯʝʥʠʷ: 

 

ɺʝʩʘ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʠ ʩʢʨʳʪʳʤʠ ʥʝʡʨʦʥʘʤʠ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 

 

ɿʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʩʢʨʳʪʦʛʦ ʥʝʡʨʦʥʘ ʝʩʪʴ ʩʫʤʤʘ ʧʨʦʠʟʚʝʜʝʥʠʡ ʚʭʦʜʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʠ ʚʝʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ: 

 

ɻʜʝ 
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ʈʠʩʫʥʦʢ 1 ï  ɼʨʝʚʦʚʠʜʥʘʷ ʤʘʰʠʥʘ ʯʝʪʥʦʩʪʠ. 

 

ɿʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʥʝʡʨʦʥʘ ʝʩʪʴ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʩʝʭ ʩʢʨʳʪʳʭ ʥʝʡʨʦʥʦʚ: 

 

ɺʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʪʘʢʞʝ ʜʚʦʠʯʥʦʝ. 

 

ʇʨʦʪʦʢʦʣ ʦʙʤʝʥʘ ʢʣʶʯʘʤʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʚʫʭ 

ʜʨʝʚʦʚʠʜʥʳʭ ʤʘʰʠʥ ʯʝʪʥʦʩʪʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʋ ʢʘʞʜʦʛʦ ʘʙʦʥʝʥʪʘ (ɸ ʠʣʠ ɺ) ʝʩʪʴ ʩʚʦʷ TPM. ʀʭ ʩʠʥʭʨʦʥʠʟʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ɿʘʜʘʸʤ ʩʣʫʯʘʡʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

2. ɺʳʧʦʣʥʷʝʤ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ, ʧʦʢʘ ʥʝ ʥʘʩʪʫʧʠʪ ʩʠʥʭʨʦʥʠʟʘʮʠʷ 

3. ɻʝʥʝʨʠʨʫʝʤ ʩʣʫʯʘʡʥʳʡ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ X 
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4. ɺʳʯʠʩʣʷʝʤ ʟʥʘʯʝʥʠʷ ʩʢʨʳʪʳʭ ʥʝʡʨʦʥʦʚ 

5. ɺʳʯʠʩʣʷʝʤ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʥʝʡʨʦʥʘ 

6. ʉʨʘʚʥʠʚʘʝʤ ʚʳʭʦʜʳ ʜʚʫʭ TPM: 

7. ɺʳʭʦʜʳ ʨʘʟʥʳʝ: ʧʝʨʝʭʦʜ ʢ ʧ. 3 

8. ɺʳʭʦʜʳ ʦʜʠʥʘʢʦʚʳʝ: ʧʨʠʤʝʥʷʝʤ ʚʳʙʨʘʥʥʦʝ ʧʨʘʚʠʣʦ ʢ ʚʝʩʦʚʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ 

9. ʇʦʩʣʝ ʧʦʣʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ʚʝʩʘ wij ʦʙʦʠʭ TPM ʦʜʠʥʘʢʦʚʳʝ), ɸ ʠ ɺ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʩʘ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʘ. 

ʕʪʦʪ ʤʝʪʦʜ ʠʟʚʝʩʪʝʥ ʢʘʢ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʝ ʦʙʫʯʝʥʠʝ. 

ɼʣʷ ʦʙʥʦʚʣʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʣʝʜʫʶʱʠʝ ʧʨʘʚʠʣʘ. 

ʇʨʘʚʠʣʦ ʍʝʙʙʘ: 

 

ɸʥʪʠ-ʧʨʘʚʠʣʦ ʍʝʙʙʘ: 

 

ʉʣʫʯʘʡʥʦʝ ʙʣʫʞʜʘʥʠʝ: 

 

 

ʂ ʚʦʧʨʦʩʫ ʦ ʩʪʦʡʢʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ.  

ʂʨʠʧʪʦ ʘʥʘʣʠʪʠʢ ʜʦʣʞʝʥ ʧʨʦʚʝʨʠʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʢʣʶʯʝʡ, ʪʦ 

ʝʩʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʝʩʘ wij. ɽʩʣʠ ʠʤʝʝʪʩʷ K ʩʢʨʳʪʳʭ ʥʝʡʨʦʥʦʚ, KĬN ʚʭʦʜʥʳʭ 

ʥʝʡʨʦʥʦʚ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʝʩ L, ʪʦ ʵʪʦ ʜʘʸʪ (2L + 1)KN ʚʘʨʠʘʥʪʦʚ. ʅʘʧʨʠʤʝʨ, 

ʜʣʷ K = 3, L = 3, N = 100 å 3Ŀ10253 ʨʘʟʣʠʯʥʳʭ ʢʣʶʯʝʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʪʘʢʘʷ ʣʦʙʦʚʘʷ ʘʪʘʢʘ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʪʨʫʜʥʦʡ. 

ʇʫʩʪʴ ʫ ʢʨʠʧʪʦ ʘʥʘʣʠʪʠʢʘ ʝʩʪʴ ʪʘʢʘʷ ʞʝ TPM, ʢʘʢ ʠ ʫ ʘʙʦʥʝʥʪʦʚ. ʆʥ ʭʦʯʝʪ 

ʝʸ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʩ ʜʚʫʤʷ ʜʨʫʛʠʤʠ TPM. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʦʟʤʦʞʥʳ ʪʨʠ 

ʩʠʪʫʘʮʠʠ: 
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Output(A) Í Output(B): ɸʙʦʥʝʥʪʳ ʥʝ ʦʙʥʦʚʣʷʶʪ ʚʝʩʘ. 

Output(A) = Output(B) = Output(E): ɺʩʝ ʪʨʦʝ ʦʙʥʦʚʣʷʶʪ ʚʝʩʘ. 

Output(A) = Output(B) Í Output(E): ɸ ʠ ɺ ʦʙʥʦʚʣʷʶʪ ʚʝʩʘ, ʥʦ ɽ ʥʝ ʤʦʞʝʪ 

ʵʪʦʛʦ ʩʜʝʣʘʪʴ. ʇʦʵʪʦʤʫ ʦʥ ʦʙʫʯʘʝʪʩʷ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ɸ ʠ ɺ ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʧʪʦ ʘʥʘʣʠʪʠʢ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯ ʣʠʰʴ ʩ ʦʯʝʥʴ 

ʤʘʣʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʠ ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʜʣʠʥʳ L. ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʣʦʞʥʦʩʪʴ ʘʪʘʢʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʟʘʪʨʘʪʳ ʘʙʦʥʝʥʪʦʚ ʥʘ ʨʘʩʰʠʬʨʦʚʘʥʠʝ ʨʘʩʪʫʪ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʟʣʦʤ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ NP-ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʅʝʡʨʦʥʥʳʡ ʧʨʦʪʦʢʦʣ ʦʙʤʝʥʘ ʢʣʶʯʝʡ ʥʝ ʦʩʥʦʚʘʥ ʥʘ ʪʝʦʨʠʠ ʯʠʩʝʣ, ʦʥ 

ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʣʠʯʠʠ ʤʝʞʜʫ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʇʦʵʪʦʤʫ, ʧʦʜʦʙʥʳʝ ʧʨʦʪʦʢʦʣʳ ʤʦʛʫʪ 

ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ. 

 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʪʦʢʦʣʘ ʦʙʤʝʥʘ ʢʣʶʯʘʤʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʚʫʭ ʜʨʝʚʦʚʠʜʥʳʭ ʤʘʰʠʥ ʯʝʪʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʨʝʜʝ Eclipse 

ʥʘ ʷʟʳʢʝ Java. 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʩʝʨʚʝʨʘ ʧʦʷʚʣʷʝʪʩʷ ʩʪʘʨʪʦʚʘʷ ʩʪʨʘʥʠʮʘ (ʩʤ. ʨʠʩʫʥʦʢ 2), ʥʘ 

ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʢʨʳʪʳʭ ʠ ʚʭʦʜʥʳʭ ʥʝʡʨʦʥʦʚ,  

ʟʥʘʯʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʚʝʩʦʚ, ʚʳʙʨʘʪʴ ʘʣʛʦʨʠʪʤʳ ʦʙʫʯʝʥʠʷ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ, ʘʙʦʥʝʥʪ ɸ ʠʥʠʮʠʠʨʫʝʪ ʧʨʦʮʝʩʩ, 

ʟʘʧʫʩʢʘʷ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʦʚ ʍ ʠ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʦʝʡ TPM. ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʘʙʦʥʝʥʪ ɸ 

ʦʪʧʨʘʚʣʷʝʪ ʘʙʦʥʝʥʪʫ ɺ ʧʦ ʦʪʢʨʳʪʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ ʍ ʠ ʟʥʘʯʝʥʠʝ 

ʚʳʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʩʚʦʝʡ TPM.   
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ʈʠʩʫʥʦʢ 2 ï ʅʘʯʘʣʴʥʘʷ ʩʪʨʘʥʠʮʘ. 

 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʘʙʦʥʝʥʪʦʤ ɺ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʧʨʦʪʦʢʦʣʫ, ʩʨʘʚʥʠʚʘʶʪʩʷ 

ʚʳʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʊʈʄ ʘʙʦʥʝʥʪʦʚ ɸ ʠ B. ɽʩʣʠ ʚʳʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʚʥʳ, 

ʪʦʛʜʘ ʧʦʩʳʣʘʝʤ ʟʘʧʨʦʩ ʥʘ ʧʨʦʚʝʨʢʫ ʩʠʥʭʨʦʥʥʦʩʪʠ ʩʝʪʝʡ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʧʦʩʳʣʘʝʤ ʟʘʧʨʦʩ ʥʘ ʦʙʫʯʝʥʠʝ ʩʝʪʠ (ʩʤ. ʨʠʩ.3). ʊʘʢ ʞʝ ʝʩʪʴ ʚʘʨʠʘʥʪ ʧʦʩʤʦʪʨʝʪʴ 

ʚʭʦʜʥʦʡ ʤʘʩʩʠʚ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʨʘʥʠʮʝ. 

 

ʈʠʩʫʥʦʢ 3 ï ʐʘʛ ˉ3 ʧʨʦʪʦʢʦʣʘ. 
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ʈʝʰʝʥʠʝ ʦ ʥʘʩʪʫʧʣʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʯʠʩʣʘ ʥʝʠʟʤʝʥʥʳʭ ʨʘʚʥʳʭ ʚʳʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ (ʩʤ. ʨʠʩʫʥʦʢ 4). 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʳ ʤʘʪʨʠʮʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ 

ʩʝʪʝʡ ʘʙʦʥʝʥʪʦʚ ɸ ʠ ɺ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʦʙʱʠʡ ʢʣʶʯ 

(ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʠʩʝʣ ʠʣʠ ʙʠʪʦʚ) ʥʫʞʥʦʡ ʜʣʠʥʳ.  

 

ʈʠʩʫʥʦʢ 4 ï ʄʘʪʨʠʮʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ 

ʊʈʄ ʘʙʦʥʝʥʪʦʚ ɸ ʠ ɺ 

 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʤʝʜʣʝʥʥʘʷ 

ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʥʦʡ ʥʘʩʪʨʦʡʢʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʰʘʛʦʚ ʘʣʛʦʨʠʪʤʘ, 

ʪʨʝʙʫʝʤʦʝ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʦʜʥʦʡ ʧʘʨʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʊʘʢ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʦʜʥʦʡ ʧʘʨʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʚʫʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʧʦ 

10 ʚʭʦʜʥʳʭ ʥʝʡʨʦʥʦʚ ʠ ʦʜʠʥ ʩʢʨʳʪʳʡ ʩʣʦʡ, ʪʨʝʙʦʚʘʣʦʩʴ ʚ ʩʨʝʜʥʝʤ ʜʦ 10 000 

ʵʧʦʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʦʛʜʘ 

ʩʣʝʜʫʝʪ ʧʨʝʢʨʘʱʘʪʴ ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ 

ʢʨʠʪʝʨʠʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʫʜʦʚʣʝʪʚʦʨʠʚ ʢʦʪʦʨʳʡ, ʤʦʞʥʦ ʙʫʜʝʪ ʦʩʪʘʥʦʚʠʪʴ 

ʘʣʛʦʨʠʪʤ. ɺʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ:  

1. ʇʦʣʥʳʡ ʧʝʨʝʙʦʨ ï ʦʙʝʠʤ ʊʈʄ ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ 

ʚʭʦʜʥʳʝ ʚʝʢʪʦʨʳ, ʘ ʚʳʯʠʩʣʝʥʥʳʝ ʚʳʭʦʜʳ ʊʈʄ ʩʨʘʚʥʠʚʘʶʪʩʷ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠ ʚʩʝʭ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʘʭ ʚʩʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʭʦʜʳ ʊʈʄ 

ʙʫʜʫʪ ʩʦʚʧʘʜʘʪʴ.  

2. ʀʪʝʨʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ï ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʵʤʧʠʨʠʯʝʩʢʦʤ ʦʮʝʥʠʚʘʥʠʠ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ.  
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3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʡʜʞʝʩʪʦʚ ï ʩʨʘʚʥʝʥʠʝ ʘʙʦʥʝʥʪʘʤʠ ɸ ʠ ɺ ʜʘʡʜʞʝʩʪʦʚ 

(ʭʝʰ-ʟʥʘʯʝʥʠʡ), ʚʳʯʠʩʣʝʥʥʳʭ ʦʪ ʥʘʙʦʨʘ ʚʝʩʦʚ ʊʈʄ.  
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ɸʢʪʘʝʚʘ ɸ., ʀʣʠʧʙʘʝʚʘ ʃ., ɹʘʡʤʫʨʘʪʦʚ ɸ., ɻʘʣʠʝʚʘ ʅ 

ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ɹɽɿʆʇɸʉʅʆʉʊʔ: ʂɺɸʅʊʆɺʓɽ 

ʊɽʍʅʆʃʆɻʀʀ 

ʂʘʟʘʭʩʢʘʷ ʘʢʘʜʝʤʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠʤ. ʄ.ʊʳʥʳʰʙʘʝʚʘ 

ʂʘʟʘʭʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʂ.ʉʘʪʧʘʝʚʘ 

ɸʣʤʘʪʠʥʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ɺʚʝʜʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʩʪʘʣʘ 

ʧʨʦʙʣʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʇʦ ʜʘʥʥʳʤ çʆʪʯʸʪʘ ʦʙ 

ʫʛʨʦʟʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʀʥʪʝʨʥʝʪʝ ʟʘ 2014 ʛʦʜè ʢʦʤʧʘʥʠʠ Symantec ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʪʘʢ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚʦʟʨʦʩʣʦ ʟʘ ʧʨʦʰʣʳʡ ʛʦʜ ʥʘ 91%, 

ʠ ʙʦʣʝʝ 550 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ ʩʪʘʣʠ ʠʭ ʞʝʨʪʚʘʤʠ [2].  ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʩʪʘʣʠ 

ʥʘʫʯʥʳʝ ʦʪʢʨʳʪʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ, ʩʜʝʣʘʚʰʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝ ʮʝʣʳʭ ʢʣʘʩʩʦʚ ʩʣʦʞʥʝʡʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʠʤʝʶʱʠʭ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠ ʧʨʷʤʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʜʨ.[6].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʚʘʥʪʦʚʘʷ ʠʥʬʦʨʤʘʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʫʶ, 

ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʦʪʨʘʩʣʴ ʥʘʫʢʠ, ʩʚʷʟʘʥʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʥʪʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʥʬʦ-

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʚʳʯʠʩʣʝʥʠʡ: ʢʚʘʥʪʦʚʘʷ ʠʥʬʦʨʤʘʪʠʢʘ, ʢʚʘʥʪʦʚʳʝ  

ʢʘʥʘʣʳ  ʩʚʷʟʠ,  ʢʚʘʥʪʦʚʘʷ  ʢʨʠʧʪʦʛʨʘʬʠʷ, ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ [15-21].  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʆʩʥʦʚʦʡ ʢʚʘʥʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ð ʵʪʦ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʠʟʤʝʥʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʩ 

ʚʥʝʰʥʠʤ ʦʢʨʫʞʝʥʠʝʤ.  ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʙʠʪ, ʘ 

ʢʣʘʩʩʠʯʝʩʢʠʡ ʙʠʪ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤ ʠʟ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ: .   

ɺ ʢʚʘʥʪʦʚʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʠʥʬʦʨʤʘʮʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʢʫʙʠʪʘʭ ð ʵʪʦ ʪʝ ʞʝ  

ʩʘʤʳʝ ʙʠʪʳ, ʪʦʣʴʢʦ ʢʚʘʥʪʦʚʳʝ, ʢʦʪʦʨʳʝ, ʥʘʭʦʜʷʩʴ ʚ ʩʦʩʪʦʷʥʠʠ ʩʫʧʝʨʧʦʟʠʮʠʠ ʠ 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʳʭ, ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʥʠʤʘʪʴ ʦʙʘ ʟʥʘʯʝʥʠʷ, ʠ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʢʫʙʠʪʦʚ 

ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʠʦʥʳ, ʘʪʦʤʳ, ʵʣʝʢʪʨʦʥʳ, ʬʦʪʦʥʳ, ʩʧʠʥʳ ʘʪʦʤʥʳʭ  ʷʜʝʨ,  

ʩʪʨʫʢʪʫʨʳ  ʠʟ  ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ  ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ.   

ʇʨʠʤʝʨʦʤ  ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʬʦʪʦʥ ʩ ʜʚʫʤʷ ʚʦʟʤʦʞʥʳʤʠ 

ʧʦʣʷʨʠʟʘʮʠʷʤʠ ʠʣʠ ʵʣʝʢʪʨʦʥ ʩ ʜʚʫʤʷ  ʚʦʟʤʦʞʥʳʤʠ  ʥʘʧʨʘʚʣʝʥʠʷʤʠ  ʩʧʠʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʛʦ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʞʥʦ  ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ  b = a1 0  + 
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a21 , ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʦʜʥʫ ʠʟ ʬʦʨʤ: ʠʣʠ  ʘ1 = 1 ʠ  a2 = 0 , ʪʦʛʜʘ  b =0, ʠʣʠ ʘ1 = 1 ʠ  a2 

= 0  , ʠ ʪʦʛʜʘ  b = 1 . ʂʚʘʥʪʦʚʳʡ  ʙʠʪ    ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ    ʢʘʢ  

ʠʣʠ  ʚ  ʚʝʢʪʦʨʥʦʤ  ʦʙʦʟʥʘʯʝʥʠʠ.  

ɽʩʣʠ  (ʚ  ʦʙʦʟʥʘʯʝʥʠʷʭ  ɼʠʨʘʢʘ  ʚ  ʚʠʜʝ  ʢʝʪ-ʚʝʢʪʦʨʘ). 

Cʦʩʪʦʷʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʙʠʪʘ  ʟʘʜʘʝʪʩʷ ʚʝʢʪʦʨʦʤ ʚ ʜʚʫʭʤʝʨʥʦʤ ʢʦʤʧʣʝʢʩʥʦʤ 

ʚʝʢʪʦʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʪʦʛʜʘ ʚʝʢʪʦʨ ʠʤʝʝʪ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ, ʠ ʝʛʦ ʧʨʦʝʢʮʠʠ 

ʥʘ ʙʘʟʠʩʳ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ [22]. 

 ɸʤʧʣʠʪʫʜʳ   Ŭ  ʠ  ɓ   ï  ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʦ 

ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ:  

 ŬŬ* + ɓɓ*  =1 , ʛʜʝ ç*è  ï  ʦʧʝʨʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ;  

ʦʙʨʘʟʫʝʪ ʧʘʨʫ ʦʨʪʦʥʦʨʤʘʣʴʥʳʭ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ, 

ʥʘʟʳʚʘʝʤʳʭ  ʩʦʩʪʦʷʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʙʘʟʠʩʘ [22].  

ɽʩʣʠ Ŭ    ʠʣʠ  ɓ   ʧʨʠʥʠʤʘʶʪ  ʥʫʣʝʚʳʝ  ʟʥʘʯʝʥʠʷ,  ʪʦ     ʦʧʨʝʜʝʣʷʝʪ  

ʢʣʘʩʩʠʯʝʩʢʦʝ,  ʯʠʩʪʦʝ  ʩʦʩʪʦʷʥʠʝ.  ɺ  ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ, ʯʪʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩʫʧʝʨʧʦʟʠʮʠʠ ʜʚʫʭ ʢʣʘʩʩʠʯʝʩʢʠʭ  ʙʘʟʠʩʥʳʭ ʩʦʩʪʦʷʥʠʡ 

[22].  

ɻʝʦʤʝʪʨʠʯʝʩʢʠ ʢʚʘʥʪʦʚʳʡ ʙʠʪ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʤʝʞʜʫ , ʧʦʢʘ ʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ ʝʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʥʷʪʠʝ 

ʘʤʧʣʠʪʫʜʳ ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ  ʢʦʤʙʠʥʘʮʠʝʡ 

ʢʦʥʮʝʧʮʠʠ ʩʦʩʪʦʷʥʠʷ ʠ ʬʘʟʳ. ʊʦʛʜʘ  ʜʚʫʭʢʚʘʥʪʦʚʘʷ ʙʠʪ ʩʠʩʪʝʤʘ ʟʘʜʘʝʪʩʷ, ʢʘʢ 

(ʬʦʨʤʫʣʘ ɼʠʨʘʢʘ) 

  

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʚʘʥʪʦʚʳʭ ʙʠʪʦʚ, ʦʥʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʪʝʥʟʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʏʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʨʘʩʪʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʢʚʘʥʪʦʚʦʛʦ ʙʠʪʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʝ ʦʮʝʥʢʠ ʢʚʘʥʪʦʚʦʡ  ʢʦʨʨʝʣʷʮʠʠ, ʢʦʪʦʨʘʷ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʝʞʜʫ ʢʚʘʥʪʦʚʳʤʠ ʙʠʪʘʤʠ ʚ ʩʠʩʪʝʤʝ [22]. 
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ʇʦʧʳʪʢʦʡ ʧʦʠʩʢʘ ʦʪʚʝʪʦʚ ʥʘ ʢʚʘʥʪʦʚʳʝ ʚʳʟʦʚʳ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʢʚʘʥʪʦʚʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ. ʆʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ 

ʟʘʜʘʯʘʭ ʩʠʥʪʝʟʘ ʩʪʦʡʢʠʭ ʢ ʚʦʟʤʦʞʥʦʩʪʷʤ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʪʦʢʦʣʦʚ (ʩʤ. ʨʠʩ.1) [6]. 

 

 

ʈʠʩ. 1- ʆʩʥʦʚʥʳʝ  ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʉʀɹ [6] 

 

ɺ ʇʨʦʪʦʢʦʣʝ ɺɺ84 ʥʦʩʠʪʝʣʷʤʠ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʬʦʪʦʥʳ, 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʧʦʜ ʫʛʣʘʤʠ 0, 45, 90, 135Á. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʘʤʠ 

ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ, ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ ʤʦʞʥʦ ʨʘʟʣʠʯʠʪʴ ʣʠʰʴ ʜʚʘ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷ:  

1. ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʬʦʪʦʥ ʧʦʣʷʨʠʟʦʚʘʥ ʣʠʙʦ ʚʝʨʪʠʢʘʣʴʥʦ, ʣʠʙʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ;  

2. ʧʦʣʷʨʠʟʘʮʠʷ ʧʦʜ ʫʛʣʘʤʠ 45 ʠ 135Á.  

ʆʜʥʘʢʦ ʩ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʦʪʣʠʯʠʪʴ ʚʝʨʪʠʢʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʬʦʪʦʥ 

ʦʪ ʬʦʪʦʥʘ, ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʧʦʜ ʫʛʣʦʤ 45Á, ʥʝʚʦʟʤʦʞʥʦ. ʇʨʠ ʧʦʧʳʪʢʝ 

ʠʟʤʝʨʝʥʠʷ ʬʦʪʦʥʘ, ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʧʦʜ ʫʛʣʦʤ 45Á, ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʧʦʣʷʨʠʟʘʪʦʨʘ ʩ ʦʜʠʥʘʢʦʚʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 0 ʠ 

1. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʦʙʲʝʢʪʦʚ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʧʨʦʪʦʢʦʣʘ 

ʢʚʘʥʪʦʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʣʶʯʘ [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʚʘʥʪʦʚʘʷ 

ʢʨʠʧʪʦʛʨʘʬʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦ ʩʤʝʞʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 
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ʩ ʜʘʥʥʳʤʠ ʧʨʦʪʦʢʦʣʘ ʢʚʘʥʪʦʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʣʶʯʘ. ʅʘʧʨʠʤʝʨ, 

ʨʝʘʣʠʟʘʮʠʷ ʰʠʬʨʦʚʘʥʠʷ ʧʦ ʧʨʦʪʦʢʦʣʫ ɺɺ84 (ʪʘʙʣʠʮʘ1): 

1. ʇʨʷʤʦʫʛʦʣʴʥʳʡ  ʘʥʘʣʠʟʘʪʦʨ ï ç+è; 

2. ɼʠʘʛʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ï çĬè; 

3. ɺʝʨʪʠʢʘʣʴʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ï ç|è ʢʦʜʠʨʫʝʪ 0; 

4. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ï çðè ʢʦʜʠʨʫʝʪ 1; 

5. ʇʦʣʷʨʠʟʘʮʠʷ ʧʦʜ ʫʛʣʦʤ 45Á ï çùè ʢʦʜʠʨʫʝʪ 0; 

6. ʇʦʣʷʨʠʟʘʮʠʷ ʧʦʜ ʫʛʣʦʤ 135Á ï ç\è ʢʦʜʠʨʫʝʪ 1 [3]. 

ʇʨʦʪʦʢʦʣ B92 ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ BB4, ʛʜʝ ʧʦʣʫʯʘʪʝʣʴ ʤʦʞʝʪ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,75 

ʧʦʣʫʯʠʪʴ ʩʦʩʪʦʷʥʠʝ ʢʘʞʜʦʛʦ ʬʦʪʦʥʘ, ʚ ʵʪʦʤ ʧʨʦʪʦʢʦʣʝ ʧʦʣʫʯʘʪʝʣʴ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʣʠʟʢʦʡ ʢ 1 ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʩʦʩʪʦʷʥʠʝ 25 % ʬʦʪʦʥʦʚ. ɼʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʫʣʝʡ ʠ ʝʜʠʥʠʮ ʚ ʧʨʦʪʦʢʦʣʝ ɺ92 ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʪʦʥʳ, 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

 

ʊʘʙʣʠʮʘ 1. ʇʝʨʝʜʘʯʘ ʢʣʶʯʘ ʧʦ ʧʨʦʪʦʢʦʣʫ BB84 

0 0 1 1 1 0 1 0 0 1 1 1 0 1 0 1 0 1 1 0 

1 | ð \ \ | ð | ù ð \ \ ù ð ù \ | ð \ ù 

2 + Ĭ + Ĭ + Ĭ + + Ĭ Ĭ Ĭ + Ĭ Ĭ + Ĭ + Ĭ Ĭ 

3 0 ? 1 1 0 ? 0 1 0 ? 1 0 ? 0 0 ? 1 ? 0 

4 +  + Ĭ +  + + Ĭ  Ĭ +  Ĭ +  +  Ĭ 

5 ã  ï ã ã  ã ï ï  ã ï  ã ï  ã  ã 

6    1   0       0      

7    ã   ã       ã      

8 0    0      1      1  0 

 



21 

 

 

ʂʚʘʥʪʦʚʘʷ ʪʝʣʝʧʦʨʪʘʮʠʷ - ʧʝʨʝʜʘʯʘ ʥʝʠʟʚʝʩʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʜʝʣʝʥʥʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʧʦʜʝʣʝʥʥʦʡ ʤʝʞʜʫ 

ʜʚʫʤʷ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘʤʠ ʕʇʈ-ʧʘʨʳ ʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ. ʗʚʣʝʥʠʝ 

ʢʚʘʥʪʦʚʦʡ ʪʝʣʝʧʦʨʪʘʮʠʠ ð ʧʨʝʜʤʝʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʦʣʦʜʦʡ ʥʘʫʢʠ 

ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ.  ʂʚʘʥʪʦʚʘʷ ʪʝʣʝʧʦʨʪʘʮʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʣʦʪʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʚʘʥʪʦʚʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ, 

ʪ.ʝ.  ʙʝʟ ʧʝʨʝʜʘʯʠ ʢʫʙʠʪʦʚ (ʩʤ.ʨʠʩ.3). ɿʘʜʘʯʘ ʢʚʘʥʪʦʚʦʡ ʪʝʣʝʧʦʨʪʘʮʠʠ ʩʦʩʪʦʠʪ ʚ 

ʩʣʝʜʫʶʱʝʤ: ʋ ʆʪʧʨʘʚʠʪʝʣʷ ʝʩʪʴ ʢʫʙʠʪ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ 

ʢʚʘʥʪʦʚʦʤ ʩʦʩʪʦʷʥʠʠ  

 , ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘ ʠ b ʥʝʠʟʚʝʩʪʥʳ, ʥʦ ʚʳʧʦʣʥʝʥʦ 

ʫʩʣʦʚʠʝ 

. 

ʇʨʠ ʢʚʘʥʪʦʚʦʡ ʪʝʣʝʧʦʨʪʘʮʠʠ ʢʫʙʠʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʛʝʥʝʨʘʪʦʨ 

ʧʝʨʝʧʫʪʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʦʟʜʘʣ ʧʝʨʝʧʫʪʘʥʥʦʝ ʜʚʫʭʢʫʙʠʪʦʚʦʝ ʩʦʩʪʦʷʥʠʝ   = 

(|00ð + |11ð) / Õ2   ʠ ʧʝʨʝʜʘʣ ʧʝʨʚʳʡ ʢʫʙʠʪ ʆʪʧʨʘʚʠʪʝʣʶ, ʘ ʚʪʦʨʦʡ ʢʫʙʠʪ 

ʇʦʣʫʯʘʪʝʣʶ. ʉʦʩʪʦʷʥʠʝ ʪʨʝʭʢʫʙʠʪʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʠʤʝʝʪ ʚʠʜ 

 

ʆʪʧʨʘʚʠʪʝʣʴ ʜʝʡʩʪʚʫʝʪ ʥʘ ʩʚʦʠ ʜʚʘ ʢʫʙʠʪʘ ʦʧʝʨʘʪʦʨʦʤ CNOT, ʠʩʧʦʣʴʟʫʷ 

ʧʝʨʚʳʡ ʢʫʙʠʪ ʢʘʢ ʢʦʥʪʨʦʣʴʥʳʡ, ʧʝʨʝʚʦʜʷ ʪʨʝʭʢʫʙʠʪʦʚʫʶ ʩʠʩʪʝʤʫ ʚ ʩʦʩʪʦʷʥʠʝ 

|y 1ð): 

 

ʇʦʩʣʝ ʵʪʦʛʦ ʦʥʘ ʧʨʠʤʝʥʷʝʪ ʢ ʧʝʨʚʦʤʫ ʢʫʙʠʪʫ ʦʧʝʨʘʪʦʨ ɸʜʘʤʘʨʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ  |y2 ð: 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʣʝʧʦʨʪʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʜʝʘʣʴʥʳʡ ʩʧʦʩʦʙ 

ʧʝʨʝʜʘʯʠ ʣʶʙʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢ ʢʘʢ, ʟʜʝʩʴ ʦʪʩʫʪʩʪʚʫʝʪ ʢʚʘʥʪʦʚʳʡ ʢʘʥʘʣ 
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ʩʚʷʟʠ, ʕʇʈ-ʧʘʨʘ ʥʠʢʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʥʝʩʝʪ, ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʧʝʨʝʜʘʝʪʩʷ 

ʪʦʣʴʢʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʦʦʙʱʝʥʠʷ. 

ʇʨʦʮʝʩʩ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ   ʮʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ  ʠʟ  

ʢʣʘʩʩʠʯʝʩʢʠʭ  ʩʦʩʪʦʷʥʠʡ, ʦʙʨʘʟʫʶʱʠʭ ʩʫʧʝʨʧʦʟʠʮʠʶ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ    

ʬʘʢʪʘʭ ʚ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ:  

 1) ʩʫʱʝʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʩʞʘʪʠʷ ʜʘʥʥʳʭ;  

 2) ʚ ʢʚʘʥʪʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ çʩʮʝʧʣʝʥʥʦʝè ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʢʚʘʥʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ;   

3)  ʧʦʣʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʚ ʢʚʘʥʪʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʩʤʝʩʴè 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʢʚʘʥʪʦʚʦʡ ʢʦʨʨʝʣʷʮʠʡ;   

4) ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʢʨʳʪʘʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʢʦʨʨʝʣʷʮʠʷ ʚ ʢʚʘʥʪʦʚʦʤ ʩʦʩʪʦʷʥʠʠ 

[14]. 

 

ʈʠʩ.3 ʂʚʘʥʪʦʚʘʷ ʩʭʝʤʘ ʪʝʣʝʧʦʨʪʘʮʠʠ ʥʝʠʟʚʝʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ |Y> 

ʢʫʙʠʪʘ [4] 

 

ʅʝʜʦʩʪʘʪʦʢ ʢʚʘʥʪʦʚʦʡ ʪʝʣʝʧʦʨʪʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʥʝ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʙʳʩʪʨʝʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʪ.ʢ. ʧʝʨʝʜʘʯʘ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ, ʘ ʢʣʘʩʩʠʯʝʩʢʠʡ ʢʘʥʘʣ ʦʛʨʘʥʠʯʝʥ 

ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ [4].  

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ  ʵʣʝʢʪʨʦʥʠʢʝ,  

ʩʦʟʜʘʥʠʠ  ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ  ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʨʠʢʣʘʜʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʢʚʘʥʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʢʚʘʥʪʦʚʳʭ 
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ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ð ʦʜʥʦ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʘʨʘʜʦʢʩʘʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʢʚʘʥʪʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʚʳʟʳʚʘʶʱʝʝ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʛʨʦʤʥʳʡ ʠʥʪʝʨʝʩ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʕʪʦʪ ʠʥʪʝʨʝʩ ʦʙʫʩʣʦʚʣʝʥ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʝʨʝʜʘʯʝ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʧʦ ʜʚʫʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ 

ð ʢʚʘʥʪʦʚʦʤʫ ʠ ʪʨʘʜʠʮʠʦʥʥʦʤʫ. ʇʨʦʙʣʝʤʳ ʢʚʘʥʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʫʜʫʪ ʥʘʤʥʦʛʦ ʘʢʪʫʘʣʴʥʝʝ ʤʥʦʛʠʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ 

ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ. 

 ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʩʯʠʪʘʝʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʚʥʝʜʨʝʥʠʝ ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ, ʢʘʢ çʂʚʘʥʪʦʚʘʷ ʠʥʬʦʨʤʘʪʠʢʘè, çʂʚʘʥʪʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠè, 

çʂʚʘʥʪʦʚʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠè, çʆʩʥʦʚʳ ʪʝʦʨʠʠ ʢʚʘʥʪʦʚʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠè, 

çʂʚʘʥʪʦʚʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷè  ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʦʚʳʭ ʧʨʦʛʨʘʤʤ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ.  ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʢʫʨʩʦʚ ʧʦʟʚʦʣʷʶʪ ʚ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ 

ʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ ʠ ʚʘʞʥʳʭ ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʟʘʜʘʯ ʧʦʜʛʦʪʦʚʢʠ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ  ʨʳʥʢʦʤ  ʩʧʝʮʠʘʣʠʩʪʦʚ  ʠ  ʘʥʘʣʠʪʠʢʦʚ  ʚ  ʦʙʣʘʩʪʠ  ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ , ʘ ʩʦʟʜʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʠ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʚʝʜʝʪ ʨʦʩʪʫ ʨʝʡʪʠʥʛʘ ɺʋʟʦʚ ʚ ʤʠʨʦʚʦʤ ʩʦʦʙʱʝʩʪʚʝ 

ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʋʥʠʚʝʨʩʠʪʝʪʦʚ. 
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ɸʣʝʢʩʘʥʜʨʦʚ ɸ.ɺ. 

ʆ ʉɽʄɽʁʉʊɺɽ ʈʖʂɿɸʏʅʓʍ ɹʃʆʏʅʓʍ ʐʀʌʈʆɺ ʉ ʆɹʑɽʁ 

ʇɸʄʗʊʔʖ ʀ ʈɸɿʈɽɾɽʅʅʆʁ ʇʃʆʊʅʆʉʊʔʖ ʋʂʃɸɼʂʀ 

ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʣʝʢʩʘʥʜʨʘ ɻʨʠʛʦʨʴʝʚʠʯʘ 

ʠ ʅʠʢʦʣʘʷ ɻʨʠʛʦʨʴʝʚʠʯʘ ʉʪʦʣʝʪʦʚʳʭ, ɺʣʘʜʠʤʠʨ, ʈʦʩʩʠʷ 

 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʘ ʟʘʜʘʯʘ ʦ ʨʘʥʮʝ ʚ ʢʨʠʧʪʦʛʨʘʬʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ 

ʘʤʝʨʠʢʘʥʩʢʠʝ ʫʯʝʥʳʝ ʄʝʨʢʣ ʠ ʍʝʣʣʤʘʥ ʩʦʟʜʘʣʠ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ ʩ 

ʦʪʢʨʳʪʳʤ ʢʣʶʯʦʤ [1]. ɿʘʜʘʯʘ ʦ ʨʘʥʮʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʜʠʦʬʘʥʪʦʚʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ,  ʢʘʢ ʫʩʪʘʥʦʚʠʣ ʚ 1972 ʛʦʜʫ ʖ.ɺ.ʄʘʪʠʷʩʝʚʠʯ, 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʥʝʨʘʟʨʝʰʠʤʳ. ɿʘʜʘʯʘ ʦ ʨʘʥʮʝ ʚ ʩʘʤʦʡ ʦʙʱʝʡ ʩʠʪʫʘʮʠʠ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʨʘʟʨʝʰʠʤʘ, ʦʜʥʘʢʦ NP ï ʩʣʦʞʥʘ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 
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ʘʩʩʠʤʝʪʨʠʯʥʦʡ ʨʶʢʟʘʯʥʦʡ ʢʨʠʧʪʦʩʠʩʪʝʤʳ ʚ [1] ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʚʝʨʭʚʦʟʨʘʩʪʘʶʱʠʝ ʨʶʢʟʘʯʥʳʝ ʙʘʟʠʩʳ. ʆʜʥʘʢʦ, ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʘʢʠʭ 

ʙʘʟʠʩʘʭ, ʦʢʘʟʘʣʩʷ ʥʝʙʝʟʦʧʘʩʥʳʤ. ʉʥʘʯʘʣʘ ɸ.ʐʘʤʠʨ ʫʢʘʟʘʣ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʡ ʧʦ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʘʪʘʢʠ ʥʘ ʧʘʨʫ (ʦʪʢʨʳʪʦʛʦ 

ʢʣʶʯ, ʟʘʢʨʳʪʳʡ ʢʣʶʯ). ʅʝʤʥʦʛʦ ʧʦʟʞʝ ʀ.ʃʘʛʘʨʠʘʩ, ɸ.ʆʜʣʳʞʢʦ ʦʧʫʙʣʠʢʦʚʘʣʠ 

ʘʪʘʢʫ  ʥʘ ʩʘʤʫ ʩʭʝʤʫ ʰʠʬʨʦʚʘʥʠʷ çʥʘʢʨʳʚʘʶʱʫʶè, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [2], ʧʦʯʪʠ 

ʚʩʝ ʨʶʢʟʘʢʠ ʩʦ ʩʚʦʡʩʪʚʦʤ ʩʚʝʨʭʚʦʟʨʘʩʪʘʥʠʷ ʙʘʟʠʩʘ ʫʢʣʘʜʢʠ. ɸʚʪʦʨʳ  ʥʘʟʚʘʣʠ ʝʝ  

L3 - ʘʪʘʢʘ ʚ ʩʠʣʫ ʩʚʦʝʡ ʦʮʝʥʢʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ [3] 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʨʶʢʟʘʯʥʳʭ ʢʨʠʧʪʦʩʠʩʪʝʤ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʦʡʪʠ ʘʪʘʢʫ ʐʘʤʠʨʘ ʠ L3 ï ʘʪʘʢʫ. ɻʣʘʚʥʘʷ ʝʛʦ ʠʜʝʷ ʩʦʩʪʦʠʪ ʚ 

ʦʪʢʘʟʝ ʦʪ ʘʩʠʤʤʝʪʨʠʠ ʚ ʧʦʣʴʟʫ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʣʶʯʘ ʠ ʚʚʝʜʝʥʠʠ ʦʙʱʝʡ ʧʘʤʷʪʠ 

D ʫ ʧʘʨʳ (Sender, Receiver), ʧʦʜʤʥʦʞʝʩʪʚʘ ʢʦʪʦʨʦʡ çʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʚʣʠʷʶʪè 

ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʙʘʟʠʩʘ ʨʶʢʟʘʯʥʦʡ ʩʭʝʤʳ ʰʠʬʨʦʚʘʥʠʷ. ʉʘʤʠ ʙʘʟʠʩʳ ʥʝ ʦʙʣʘʜʘʶʪ 

ʩʚʦʡʩʪʚʦʤ ʩʚʝʨʭʚʦʟʨʘʩʪʘʥʠʷ,  ʠ ʥʝ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʘʪʘʢʘʤ ʪʠʧʘ L3. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʬʫʥʢʮʠʠ ʰʠʬʨʦʚʘʥʠʷ / 

ʜʝʰʠʬʨʦʚʘʥʠʷ 

ʆʙʦʟʥʘʯʠʤ D = {d1, d2, é dn} ʦʙʱʫʶ ʧʘʤʷʪʴ ʧʘʨʳ (Sender, Receiver), ʠ ʜʣʷ 

ʜʚʦʠʯʥʦʛʦ ʚʝʢʪʦʨʘ e = (Ὡ) ʜʣʠʥʳ n ʦʧʨʝʜʝʣʠʤ ʧʘʨʘʤʝʪʨ Ὠ  ВὩ Ὠz . ɼʣʷ 

ʩʦʟʜʘʥʠʷ ʙʘʟʠʩʘ ʟʘʜʘʯʠ ʦ ʨʶʢʟʘʢʝ ʧʨʠʚʣʝʯʝʤ ʣʠʥʝʡʥʦ ʨʝʢʫʨʨʝʥʪʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʧʦʨʷʜʢʘ m, ʛʜʝ ά ς,     f1(de)=1, f2(de)=1, é,   

fm(de)= de,   

fi(de)= f i-1(de)+f i-2(de)+é+ fi-m(de), ʜʣʷ i>m.                            (1) 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ, 

ʥʘʟʳʚʘʶʪʩʷ ʪʘʢʞʝ ʚʦʟʚʨʘʪʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ (ʄʘʨʢʫʰʝʚʠʯ). ɺ 

ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ m=2, ʧʦʣʫʯʘʝʤ ʬʠʙʦʥʘʯʯʠʝʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʡʩʪʚ ʚʚʝʜʝʥʥʳʭ ʙʘʟʠʩʦʚ ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ  

ʫʪʚʝʨʞʜʝʥʠʝ.  
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ʊʝʦʨʝʤʘ 1. ʋʪʚʝʨʞʜʝʥʠʝ (a). ɼʣʷ ʣʶʙʦʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ S ʩʧʨʘʚʝʜʣʠʚʦ 

ʦʜʥʦʟʥʘʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ     

 Ὓ ВὯ  zὪὨ  ЎὛȟὨ ȟὭ ρȟȣȟὰ ȟ                         (2) 

ʩ ʜʚʦʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ Ὧ ʠ ʥʝʢʦʪʦʨʳʤ ʦʩʪʘʪʦʯʥʳʤ  ʩʣʘʛʘʝʤʳʤ ЎὛȟὨ Ȣ  

ʋʪʚʝʨʞʜʝʥʠʝ (b). ʉʫʱʝʩʪʚʫʝʪ çʞʘʜʥʳʡ ʘʣʛʦʨʠʪʤè ʧʦʣʫʯʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʧʨʦʩʤʘʪʨʠʚʘʶʱʠʡ ʵʣʝʤʝʥʪʳ ʙʘʟʠʩʘ çʩʚʝʨʭʫ ʚʥʠʟè ʩ 

ʥʝʢʦʪʦʨʳʤ ʦʩʪʘʪʦʯʥʳʤ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʘʣʛʦʨʠʪʤʘ  ʩʣʘʛʘʝʤʳʤ ЎὛȟὨ .  

ɸʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (2) ʧʨʠ ʵʪʦʤ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ὕὰέὫὛ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ ʙʘʟʠʩʘ m

ς , Ὠ.                                      

ʋʪʚʝʨʞʜʝʥʠʝ (ʩ) ɸʩʠʤʧʪʦʪʠʢʘ ʨʦʩʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ {f(de)} ʧʨʠ 

ʙʦʣʴʰʠʭ ʠʥʜʝʢʩʘʭ   ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʘʨʪʦʚʳʭ ʟʥʘʯʝʥʠʡ ʙʘʟʠʩʘ ʚ (1), ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤ ʚʝʱʝʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʢʦʨʥʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ (1) ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ xm -  

xm-1 - é -1 = 0. ɼʣʷ ʣʶʙʦʛʦ m ς  ʘʩʠʤʧʪʦʪʠʢʘ ʨʦʩʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʦʪʥʦʩʪʴ 

ʫʢʣʘʜʢʠ ʟʘʜʘʯʠ ʦ  ʨʶʢʟʘʢʝ ʟʘ ʧʨʝʜʝʣʘʤʠ ʠʥʪʝʨʚʘʣʘ (0,1).              

ʊʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  (2) ʩʪʨʦʛʦ ʛʦʚʦʨʷ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦ, ʧʦʢʘʟʳʚʘʶʪ 

ʧʨʦʩʪʳʝ ʧʨʠʤʝʨʳ ʜʣʷ ʙʘʟʠʩʘ ʌʠʙʦʥʘʯʯʠ.  ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʳʡ ʞʘʜʥʳʡ ʘʣʛʦʨʠʪʤ, 

ʧʨʦʩʤʘʪʨʠʚʘʶʱʠʡ ʵʣʝʤʝʥʪʳ ʙʘʟʠʩʘ ʩʚʝʨʭʫ ʚʥʠʟ, ʚʩʝʛʜʘ ʜʘʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ  (2) ʩ ʥʝʢʦʪʦʨʳʤ ʦʩʪʘʪʦʯʥʳʤ ʩʣʘʛʘʝʤʳʤ ȹ. ɼʣʷ ʙʘʟʠʩʘ 

ʌʠʙʦʥʘʯʯʠ ʊʝʦʨʝʤʘ 1 ʧʨʠʥʘʜʣʝʞʠʪ ʎʝʢʝʥʜʦʨʬʫ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ȹ ſ 0 

ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʤʫ ʥʘʪʫʨʘʣʴʥʦʤʫ ʨʷʜʫ. ʅʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʦʡ ʪʝʦʨʝʤʳ 1(ʩ)  

ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʰʠʨʦʢʠʝ  ʢʣʘʩʩʳ  ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʶʢʟʘʯʥʦʛʦ ʪʠʧʘ, ʚʘʨʴʠʨʫʷ ʧʘʨʘʤʝʪʨʳ m, de, ʠ 

ʩʪʘʨʪʦʚʳʝ ʟʥʘʯʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʙʘʟʠʩʦʚ, ʜʦʙʠʚʘʷʩʴ ʪʦʛʦ, ʯʪʦʙʳ ʧʣʦʪʥʦʩʪʴ 

ʫʢʣʘʜʢʠ ʟʘʜʘʯʠ ʦ ʨʶʢʟʘʢʝ ʦʩʪʘʚʘʣʘʩʴ ʟʘ ʧʨʝʜʝʣʘʤʠ ʠʥʪʝʨʚʘʣʘ (0,1), ʚ  ʢʦʪʦʨʦʤ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʝʪ ʘʪʘʢʘ ʃʘʛʘʨʠʘʩʘ-ʆʜʣʳʞʢʦ.  
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ɺ ʩʘʤʦʤ ʜʝʣʝ, ʚ  ʨʘʤʢʘʭ ʢʦʥʩʪʨʫʢʮʠʠ (2), ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʦʙʱʝʡ ʧʘʤʷʪʠ D 

ʚ ʣʶʙʦʤ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʦʤ ʙʘʟʠʩʝ {f(de)} ʚʩʝʛʜʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦʝ 

ʙʠʪʦʚʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 

Ὓ P ὩȟȣȟὩȟὯȟὯ ȟȣȟὯȟЎ ȟ                                   (3) 

ʛʜʝ Ў ï ʜʚʦʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʩʣʘʛʘʝʤʦʛʦ. ʅʘʙʦʨ  

ʟʥʘʯʝʥʠʡ ὩȟȣȟὩ ʦʧʨʝʜʝʣʷʝʪ ʚʳʙʦʨʢʫ ʵʣʝʤʝʥʪʦʚ ʦʙʱʝʡ ʧʘʤʷʪʠ, ʠ ʥʝ ʪʦʣʴʢʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʨʘʩʰʠʨʷʝʪ ʢʣʶʯʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʩʭʝʤʝ 

ʰʠʬʨʦʚʘʥʠʷ ʦʙ ʫʢʣʘʜʢʝ ʨʶʢʟʘʢʘ (2), ʥʦ ʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦ ʟʥʘʯʝʥʠʝʤ S 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʧʦ Ὠ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʢʣʶʯʘ 

ὯȟὯ  ȟȣȟὯȟЎ.  

ʅʘʣʠʯʠʝ ʦʙʱʝʡ ʧʘʤʷʪʠ ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʧʦʩʪʨʦʝʥʠʷʭ,  ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ 

ʰʝʥʥʦʥʦʚʩʢʦʡ ʤʦʜʝʣʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ, ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ 

ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ɼʦʣʝʚ - ʗʦ[4]. ɼʣʷ 

ʩʣʫʯʘʷ m=2 ʚ ʩʪʘʪʴʝ  [3] ʧʦʢʘʟʘʥʦ, ʯʪʦ  ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʨʠʧʪʦʩʠʩʪʝʤʘ 

ʙʝʟʦʧʘʩʥʘ ʚ ʤʦʜʝʣʠ ɼʦʣʝʚ ï ʗʦ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʜʚʫʭ ʫʩʣʦʚʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʠ 

ʫʩʣʦʚʠʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʦʙʱʝʡ ʧʘʤʷʪʠ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ 

ʫʩʣʦʚʠʠ ʙʝʟʦʧʘʩʥʦʡ ʧʨʦʮʝʜʫʨʳ ʩʦʟʜʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʪʦʡ ʯʘʩʪʠ ʢʣʶʯʘ 

(ὩȟȣȟὩ , ʢʦʪʦʨʘʷ ʚʳʜʝʣʷʝʪ ʚ ʦʙʱʝʡ ʧʘʤʷʪʠ ʙʘʟʦʚʦʝ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ 

ʰʠʬʨʦʚʘʥʠʷ ʠ ʜʝʰʠʬʨʦʚʘʥʠʷ ʧʦʜʤʥʦʞʝʩʪʚʦ ʦʙʱʝʡ ʧʘʤʷʪʠ D. 

ʉʠʤʤʝʪʨʠʯʥʳʡ ʙʣʦʯʥʳʡ ʰʠʬʨ ʠ ʭʝʰ- ʬʫʥʢʮʠʷ 

ɿʘʬʠʢʩʠʨʫʝʤ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʥʘʪʫʨʘʣʴʥʦʝ n ʠ l ʚ (1), (2) ʠ ʦʙʦʟʥʘʯʠʤ  

Ὓ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (1). ʇʫʩʪʴ S ï 

ʣʶʙʦʡ ʜʚʦʠʯʥʳʡ ʬʘʡʣ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ. ɿʘʜʘʜʠʤ ʢʦʥʢʘʪʝʥʘʮʠʶ ʙʣʦʢʦʚ S = 

S1 || S2 || é || Sm,  ʛʜʝ ʜʣʠʥʘ ʢʘʞʜʦʛʦ ʙʣʦʢʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ, 

ʬʠʢʩʠʨʦʚʘʥʘ. ʉʯʠʪʘʷ ʚʳʧʦʣʥʝʥʥʳʤ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʤ ʠʥʜʝʢʩʘʤ Si Ò Ὓ, ʜʣʷ 

ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʧʨʠʤʝʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (2). ɾʘʜʥʳʡ ʘʣʛʦʨʠʪʤ ʚ ʪʝʦʨʝʤʝ 1(ʚ), 

ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪ (3) ʝʩʪʴ ʬʫʥʢʮʠʷ ʰʠʬʨʦʚʘʥʠʷ ʙʣʦʢʘ, ʢʦʪʦʨʫʶ ʦʙʦʟʥʘʯʠʤ 
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Ὂ ὨȟὛȢ ʆʙʨʘʪʥʳʡ ʘʣʛʦʨʠʪʤ ï ʬʫʥʢʮʠʷ ʜʝʰʠʬʨʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʠʷ 

ʙʣʦʢʦʚ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʙʣʦʯʥʳʡ ʰʠʬʨ ʚ ʨʝʞʠʤʝ ʢʦʜʦʚʦʡ 

ʢʥʠʛʠ ʠʣʠ ʨʝʞʠʤʝ ʟʘʮʝʧʣʝʥʠʷ ʙʣʦʢʦʚ. ɺ ʨʝʞʠʤʝ ʟʘʮʝʧʣʝʥʠʷ ʙʣʦʢʦʚ ʢʘʞʜʳʡ 

ʙʣʦʢ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ ʧʦʙʠʪʦʚʦ ʩʢʣʘʜʳʚʘʝʪʩʷ ʧʦ ʤʦʜʫʣʶ 2 ʩ ʧʨʝʜʳʜʫʱʠʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʰʠʬʨʦʚʘʥʠʷ. ʆʙʦʟʥʘʯʠʤ  ὄ ï ʚʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ  

ʟʘʮʝʧʣʝʥʠʷ ʙʣʦʢʦʚ, ʪʦʛʜʘ: 

ὄ  Ὂ  Ὓ ṥ ὄ ,                                           (3) 

ʛʜʝ i ï ʥʦʤʝʨ ʪʝʢʫʱʝʛʦ ʙʣʦʢʘ; Ὂ   ï ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ, Ὓ ï ʙʣʦʢ 

ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ.  

ʆʙʦʟʥʘʯʠʤ Ὂ Ὓ  ʬʫʥʢʮʠʠ ʙʣʦʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʟʘʮʝʧʣʝʥʠʷ 

ʙʣʦʢʦʚ  ʜʣʷ ʚʝʨʭʥʝʛʦ ʠʥʜʝʢʩʘ  (+1)  ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʝʰʠʬʨʦʚʘʥʠʷ ʜʣʷ (-1). 

ɿʘʬʠʢʩʠʨʫʝʤ ʦʙʱʫʶ ʧʘʤʷʪʴ. ʆʙʦʟʥʘʯʠʤ ʟʜʝʩʴ ʠ ʥʠʞʝ  Ὧ ὯρȟȣȟὯὰȟЎ 

ʩʠʤʤʝʪʨʠʯʥʳʡ ʢʣʶʯ ʰʠʬʨʦʚʘʥʠʷ. ʉʚʷʞʝʤ ʩ ʬʫʥʢʮʠʝʡ Ὂ Ὓ ʭʝ -hʬʫʥʢʮʠʶ 

Ὄ Ὓ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʪʦʨʦʡ  ʠʩʧʦʣʴʟʫʝʤ  ʩʪʘʥʜʘʨʪʥʫʶ  ʠʪʝʨʘʪʠʚʥʫʶ 

ʧʨʦʮʝʜʫʨʫ ʧʦʨʦʞʜʝʥʠʷ ʭʝʰ-ʬʫʥʢʮʠʡ ʥʘ ʦʩʥʦʚʝ XOR- ʩʚʝʨʪʢʠ ʚʳʭʦʜʥʳʭ 

ʟʥʘʯʝʥʠʡ ʙʣʦʯʥʦʛʦ ʰʠʬʨʘ ʚ ʨʝʞʠʤʝ ʟʘʮʝʧʣʝʥʠʷ ʙʣʦʢʦʚ H0 = const    ,     

i=1,2,ér  Ὄ Ὂ ὛṥὌ . 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ e = (e1, é, en) ï ʥʘʙʦʨ ʙʠʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʳʙʦʨ 

ʧʦʜʤʥʦʞʝʩʪʚʘ ʦʙʱʝʡ ʧʘʤʷʪʠ ʜʣʷ ʧʘʨʳ (Sender, Receiver). Ὢ  ï ʙʘʟʠʩ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʨʶʢʟʘʯʥʦʡ ʢʨʠʧʪʦʩʠʩʪʝʤʳ, Ὄ Ὓ ï ʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʭʝʰ-ʬʫʥʢʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ XOR- ʩʚʝʨʪʢʦʡ ʠʟ ʙʣʦʯʥʦʛʦ ʰʠʬʨʘ Ὂ Ὓ, 

ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʙʘʟʠʩʝ Ὢ  . ʊʦʛʜʘ: Ὄ Ὓ ï ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʭʝʰ-ʬʫʥʢʮʠʷ. 

ʇʦʩʢʦʣʴʢʫ Ὄ Ὓ ï  ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʧʘʨʫ (Sender, Receiver) ʟʘ 

ʩʯʝʪ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʘ Ὠ, ʪʦ  ʚ ʩʣʫʯʘʝ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ    ὛȟὌ Ὓ  ʚ 

ʦʪʢʨʳʪʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ  ʬʫʥʢʮʠʷ Ὄ Ὓ ʢʦʥʪʨʦʣʠʨʫʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʟʥʘʯʝʥʠʷ 
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S, ʚ ʯʘʩʪʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦ   ʧʨʦʪʠʚʦʩʪʦʠʪ ʘʪʘʢʘʤ ʧʦʜʤʝʥʳ ʪʝʢʩʪʘ S ʚ 

ʢʘʥʘʣʝ ʩʚʷʟʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʪʘʢʘʤ ʪʠʧʘ ñMan in the middleè.  

 ɺ ʩʘʤʦʤ ʜʝʣʝ, ʚʩʝ ʧʦʩʪʨʦʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʭʝʰ-ʬʫʥʢʮʠʷ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ  ʟʘʚʠʩʷʪ ʦʪ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʘʨʦʡ (Sender, Receiver) ʧʘʨʘʤʝʪʨʘ 

Ὠ ʦʙʱʝʡ ʧʘʤʷʪʠ ʵʪʦʡ ʠ ʪʦʣʴʢʦ ʵʪʦʡ ʧʘʨʳ (Sender, Receiver), ʠ 

ʥʝʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʥʥʦʡ ʦʙʱʝʡ ʧʘʤʷʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʪʠʚʥʠʢʫ ʚ 

ʦʪʢʨʳʪʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ, ʯʪʦ, ʢʘʢ ʦʛʦʚʦʨʝʥʦ ʚʳʰʝ,  ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʚʳʧʦʣʥʝʥʥʳʤ. 
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ɿɸʑʀʊɸ  ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʉʦʟʜʘʥʠʝ ʢʦʧʠʡ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʣʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʡ ʚ ʩʬʝʨʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʱʠʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 
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ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʜ ʟʘʱʠʪʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʥʠʤʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʟʘʱʠʪʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠʦʙʨʝʪʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ, ʠʟʫʯʝʥʠʷ ʠ ʚʦʩʩʦʟʜʘʥʠʷ ʘʥʘʣʦʛʦʚ. 

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʱʠʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʤʝʨʳ: ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ, ʧʨʘʚʦʚʳʝ, ʪʝʭʥʠʯʝʩʢʠʝ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨ ʟʘʱʠʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʣʥʦʮʝʥʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʦʜʜʝʨʞʢʠ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʠʟʚʦʜʠʪʝʣʷ: ʧʦʜʨʦʙʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, çʛʦʨʷʯʝʡ ʣʠʥʠʠè, ʩʠʩʪʝʤʳ ʦʙʫʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʙʥʦʚʣʝʥʠʝ 

ʚʝʨʩʠʡ ʩʦ ʩʢʠʜʢʦʡ ʠ ʪ.ʧ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʳ ʟʘʱʠʪʳ ʧʨʠʤʝʥʷʶʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʢʨʫʧʥʳʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʢ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʠ ʩʣʦʞʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʧʨʦʜʫʢʪʘʤ. 

ʇʨʘʚʦʚʳʝ ʤʝʨʳ ʟʘʱʠʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ 

ʥʘʨʫʰʝʥʠʝʤ ʧʦʨʷʜʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʫʶʱʠʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʩʧʦʩʦʙʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʱʠʱʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʪʠʧʫ ʥʦʩʠʪʝʣʷ ʣʠʮʝʥʟʠʠ. 

ʃʦʢʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʟʘʱʠʪʘ 

ɼʘʥʥʳʡ ʚʠʜ ʟʘʱʠʪʳ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʦʜʘ ʩʝʨʠʡʥʦʛʦ ʥʦʤʝʨʘ 

(ʢʣʶʯʘ) ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʠʣʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ. ʀʩʪʦʨʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʘʯʘʣʘʩʴ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʧʨʠʣʦʞʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʪʦʣʴʢʦ ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʷʭ (ʢ 

ʧʨʠʤʝʨʫ, ʢʦʤʧʘʢʪ-ʜʠʩʢʘʭ). ʅʘ ʢʦʨʦʙʢʝ ʩ ʜʠʩʢʦʤ ʙʳʣ ʥʘʧʝʯʘʪʘʥ ʩʝʨʠʡʥʳʡ 

ʥʦʤʝʨ, ʧʦʜʭʦʜʷʱʠʡ ʪʦʣʴʢʦ ʢ ʜʘʥʥʦʡ ʢʦʧʠʠ ʧʨʦʛʨʘʤʤʳ. 

ʉ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʩʝʪʝʡ ʦʯʝʚʠʜʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʪʘʣʘ ʧʨʦʙʣʝʤʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʙʨʘʟʦʚ ʜʠʩʢʦʚ ʠ ʩʝʨʠʡʥʳʭ ʥʦʤʝʨʦʚ ʧʦ ʩʝʪʠ. ʇʦʵʪʦʤʫ ʚ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʜʥʠʤ 

ʠʣʠ ʙʦʣʝʝ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ (ʢ ʧʨʠʤʝʨʫ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ). 
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ʉʝʪʝʚʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʟʘʱʠʪʘ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʧʨʦʛʨʘʤʤʦʡ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩʝʪʠ ʠʩʢʣʶʯʘʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʟʘʧʫʩʢ ʜʚʫʭ ʧʨʦʛʨʘʤʤ ʩ ʦʜʥʠʤ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʤ ʢʣʶʯʦʤ ʥʘ 

ʜʚʫʭ ʢʦʤʧʴʶʪʝʨʘʭ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ʅʝʜʦʩʪʘʪʦʢ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʨʘʥʜʤʘʫʵʨ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʪʘʢ, ʯʪʦʙʳ ʦʥ ʥʝ 

ʧʨʦʧʫʩʢʘʣ ʧʘʢʝʪʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʟʘʱʠʱʸʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. 

 

ɻʣʦʙʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʟʘʱʠʪʘ 

ɽʩʣʠ ʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪʘʝʪ ʩ ʢʘʢʠʤ-ʪʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʩʝʨʚʝʨʦʤ ʠ ʙʝʟ ʥʝʛʦ 

ʙʝʩʧʦʣʝʟʥʘ (ʥʘʧʨʠʤʝʨ, ʩʝʨʚʝʨʘ ʦʙʥʦʚʣʝʥʠʡ ʘʥʪʠʚʠʨʫʩʦʚ), ʦʥʘ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ 

ʩʝʨʚʝʨʫ ʩʚʦʡ ʩʝʨʠʡʥʳʡ ʥʦʤʝʨ; ʝʩʣʠ ʥʦʤʝʨ ʥʝʧʨʘʚʠʣʴʥʳʡ, ʩʝʨʚʝʨ ʦʪʢʘʟʳʚʘʝʪ ʚ 

ʫʩʣʫʛʝ. ʅʝʜʦʩʪʘʪʦʢ ʚ ʪʦʤ, ʯʪʦ, ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʩʝʨʚʝʨ, 

ʢʦʪʦʨʳʡ ʥʝ ʜʝʣʘʝʪ ʪʘʢʦʡ ʧʨʦʚʝʨʢʠ. 

ɿʘʱʠʪʘ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʘʢʪ-ʜʠʩʢʦʚ 

ʇʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʪʨʝʙʦʚʘʪʴ ʦʨʠʛʠʥʘʣʴʥʳʡ ʢʦʤʧʘʢʪ-ʜʠʩʢ. ʉʪʦʡʢʦʩʪʴ ʪʘʢʠʭ 

ʟʘʱʠʪ ʥʝʚʝʣʠʢʘ, ʚʚʠʜʫ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʥʷʪʠʷ ʦʙʨʘʟʦʚ ʢʦʤʧʘʢʪ-

ʜʠʩʢʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦʪ ʩʧʦʩʦʙ ʟʘʱʠʪʳ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʧʨʦʛʨʘʤʤ, 

ʟʘʧʠʩʘʥʥʳʭ ʥʘ ʵʪʦʤ ʞʝ ʢʦʤʧʘʢʪ-ʜʠʩʢʝ, ʷʚʣʷʶʱʠʤʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʣʶʯʝʚʳʤ. 

ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʧʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ: 

- ʟʘʧʠʩʴ ʠʥʬʦʨʤʘʮʠʠ ʚ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʢʪʦʨʘʭ; 

- ʧʨʦʚʝʨʢʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʩʦʜʝʨʞʠʤʦʛʦ çʩʙʦʡʥʳʭè ʩʝʢʪʦʨʦʚ; 

- ʧʨʦʚʝʨʢʘ ʩʢʦʨʦʩʪʠ ʯʪʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʝʢʪʦʨʦʚ. 

ʇʝʨʚʳʝ ʜʚʘ ʤʝʪʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʦʣʝʟʥʳ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʷʪʠʷ ʧʦʣʥʦʛʦ 

ʦʙʨʘʟʘ ʩ ʜʠʩʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʊʨʝʪʠʡ ʤʝʪʦʜ ʩʯʠʪʘʝʪʩʷ ʙʦʣʝʝ ʥʘʜʝʞʥʳʤ (ʠʩʧʦʣʴʟʫʝʪʩʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʟʘʱʠʪʝ StarForce). ʅʦ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʵʤʫʣʠʨʦʚʘʪʴ ʜʠʩʢʠ ʩ ʫʯʸʪʦʤ ʛʝʦʤʝʪʨʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʥʥʳʭ, ʪʝʤ ʩʘʤʳʤ 

ʦʙʭʦʜʷ ʠ ʵʪʫ ʟʘʱʠʪʫ. ɺ StarForce, ʚ ʯʠʩʣʝ ʧʨʦʯʠʭ ʧʨʦʚʝʨʦʢ, ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʨʦʚʝʨʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʧʠʩʠ ʥʘ ʚʩʪʘʚʣʝʥʥʳʡ ʜʠʩʢ. ɽʩʣʠ ʦʥʘ ʚʦʟʤʦʞʥʘ, ʪʦ 
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ʜʠʩʢ ʩʯʠʪʘʝʪʩʷ ʥʝ ʣʠʮʝʥʟʠʦʥʥʳʤ. ʆʜʥʘʢʦ, ʝʩʣʠ ʦʙʨʘʟ ʙʫʜʝʪ ʟʘʧʠʩʘʥ ʥʘ ʜʠʩʢ 

CD-R, ʪʦ ʫʢʘʟʘʥʥʘʷ ʧʨʦʚʝʨʢʘ ʧʨʦʡʜʝʪ. ɺʦʟʤʦʞʥʦ, ʪʘʢʞʝ, ʩʢʨʳʪʴ ʪʠʧ ʜʠʩʢʘ, 

ʯʪʦʙʳ CD-R ʠʣʠ CD-RW ʙʳʣ ʚʠʜʝʥ ʢʘʢ ʦʙʳʯʥʳʡ CD-ROM. ʆʜʥʘʢʦ, ʚ ʜʨʘʡʚʝʨ 

ʟʘʱʠʪʳ ʤʦʞʝʪ ʙʳʪʴ ʚʩʪʨʦʝʥʘ ʧʨʦʚʝʨʢʘ ʥʘ ʥʘʣʠʯʠʝ ʵʤʫʣʷʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʚ ʤʠʨʝ ʠʤʝʶʪ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʪ 

ʢʦʧʠʨʦʚʘʥʠʷ SecuROM, StarForce, SafeDisc, CD-RX ʠ Tages. 

ɿʘʱʠʪʘ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʶʯʝʡ 

ʕʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ, ʚʩʪʘʚʣʝʥʥʳʡ ʚ ʦʜʠʥ ʠʟ ʧʦʨʪʦʚ ʢʦʤʧʴʶʪʝʨʘ (ʩ ʠʥʪʝʨʬʝʡʩʦʤ 

USB, LPT ʠʣʠ COM), ʩʦʜʝʨʞʠʪ ʢʣʶʯʝʚʳʝ ʜʘʥʥʳʝ, ʥʘʟʳʚʘʝʤʳʝ ʪʘʢʞʝ 

ʣʠʮʝʥʟʠʝʡ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʥʝʛʦ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʟʘʱʠʱʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. ɿʘʱʠʪʘ 

ʧʨʦʛʨʘʤʤʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʪʦʣʴʢʦ ʝʤʫ (ʨʘʟʨʘʙʦʪʯʠʢʫ) ʠʟʚʝʩʪʝʥ 

ʧʦʣʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʢʣʶʯʘ. 

ʂʣʶʯ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩ ʟʘʱʠʱʘʝʤʦʡ ʧʨʦʛʨʘʤʤʦʡ. ʇʨʦʛʨʘʤʤʘ ʚ ʥʘʯʘʣʝ ʠ ʚ 

ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʩʯʠʪʳʚʘʝʪ ʢʦʥʪʨʦʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʢʣʶʯʘ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʢʣʶʯʘ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʙʣʦʢʠʨʫʝʪʩʷ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʟʘʱʠʪʳ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʶʯʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʣʶʯ ʤʦʞʥʦ ʚʩʪʘʚʣʷʪʴ ʚ 

ʣʶʙʦʡ ʢʦʤʧʴʶʪʝʨ, ʥʘ ʢʦʪʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʫʩʪʠʪʴ ʧʨʦʛʨʘʤʤʫ. 

ʇʨʠʚʷʟʢʘ ʢ ʧʘʨʘʤʝʪʨʘʤ ʢʦʤʧʴʶʪʝʨʘ ʠ ʘʢʪʠʚʘʮʠʷ 

ʇʨʠʚʷʟʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ / 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʤʧʴʶʪʝʨʘ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʘʢʪʠʚʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ (ʧʨʠʤʝʨ ï 

ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ Windows). 

ɺ ʧʨʦʮʝʩʩʝ ʫʩʪʘʥʦʚʢʠ ʧʨʦʛʨʘʤʤʘ ʧʦʜʩʯʠʪʳʚʘʝʪ ʢʦʜ ʘʢʪʠʚʘʮʠʠ ï ʢʦʥʪʨʦʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʦʜʥʦʟʥʘʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʢʦʤʧʣʝʢʪʫʶʱʠʤ 

ʢʦʤʧʴʶʪʝʨʘ ʠ ʧʘʨʘʤʝʪʨʘʤ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ 

ʨʘʟʨʘʙʦʪʯʠʢʫ ʧʨʦʛʨʘʤʤʳ. ʅʘ ʝʛʦ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʯʠʢ ʛʝʥʝʨʠʨʫʝʪ ʢʣʶʯ 

ʘʢʪʠʚʘʮʠʠ, ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ ʪʦʣʴʢʦ ʥʘ ʫʢʘʟʘʥʥʦʡ 
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ʤʘʰʠʥʝ (ʢʦʧʠʨʦʚʘʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʠʩʧʦʣʥʷʝʤʳʭ ʬʘʡʣʦʚ ʥʘ ʜʨʫʛʦʡ 

ʢʦʤʧʴʶʪʝʨ ʧʨʠʚʝʜʝʪ ʢ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ). 

ɼʦʩʪʦʠʥʩʪʚʦ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʱʠʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʥʠʢʘʢʦʛʦ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʠ ʧʨʦʛʨʘʤʤʫ ʤʦʞʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʮʠʬʨʦʚʦʡ ʜʠʩʪʨʠʙʫʮʠʠ (ʧʦ ʩʝʪʠ ʀʥʪʝʨʥʝʪ). 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʦʠʟʚʦʜʠʪ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʢʦʤʧʴʶʪʝʨʘ (ʝʩʣʠ ʧʨʠʚʷʟʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢ ʘʧʧʘʨʘʪʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʤʧʴʶʪʝʨʘ). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʚʷʟʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʩʝʨʠʡʥʳʡ ʥʦʤʝʨ BIOS 

ʤʘʪʝʨʠʥʩʢʦʡ ʧʣʘʪʳ, ʩʝʨʠʡʥʳʡ ʥʦʤʝʨ ʚʠʥʯʝʩʪʝʨʘ. ɺ ʮʝʣʷʭ ʩʦʢʨʳʪʠʷ ʦʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʘʥʥʳʝ ʦ ʟʘʱʠʪʝ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʥʝʨʘʟʤʝʯʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʞʝʩʪʢʦʛʦ ʜʠʩʢʘ. 

ɿʘʱʠʪʘ ʧʨʦʛʨʘʤʤ ʦʪ ʢʦʧʠʨʦʚʘʥʠʷ ʧʫʪʸʤ ʧʝʨʝʥʦʩʘ ʠʭ ʚ ʦʥʣʘʡʥ 

ɼʨʫʛʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʟʘʱʠʪʳ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʭʦʜʘ SaaS, 

ʪʦ ʝʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʵʪʠʭ ʧʨʦʛʨʘʤʤ (ʚʩʝʛʦ ʠʣʠ ʯʘʩʪʠ), ʢʘʢ 

ʩʝʨʚʠʩʘ. ʇʨʠ ʵʪʦʤ ʢʦʜ ʧʨʦʛʨʘʤʤʳ ʨʘʩʧʦʣʦʞʝʥ ʠ ʠʩʧʦʣʥʷʝʪʩʷ ʥʘ ʩʝʨʚʝʨʝ, 

ʜʦʩʪʫʧʥʦʤ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ. ɼʦʩʪʫʧ ʢ ʥʝʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ 

ʪʦʥʢʦʛʦ ʢʣʠʝʥʪʘ. 

 

ɿɸʂʃʖʏɽʅʀɽ 

ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ 

ʧʨʦʙʣʝʤʦʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʤʥʠʪʴ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʳʝ ʢʘʥʘʣʳ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʩʧʦʥʪʘʥʥʦ, 

ʚ ʩʠʣʫ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʩʣʦʞʠʚʰʠʭʩʷ ʥʘ ʦʙʲʝʢʪʝ ʟʘʱʠʪʳ. ʏʪʦ 

ʢʘʩʘʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʘʥʘʣʦʚ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʦʥʠ ʩʦʟʜʘʶʪʩʷ 

ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. ɸʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʤʝʨʝʥʥʦʝ ʩʦʟʜʘʥʠʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 
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ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʩʠʩʪʝʤʘʭ ʠ ʪ.ʜ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʫʶ ʨʦʣʴ ʠ ʤʝʩʪʦ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʟʘʱʠʪʝ 

ʠʥʬʦʨʤʘʮʠʠ ʟʘʥʠʤʘʶʪ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʳ, 

ʥʝʦʪʲʝʤʣʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʫʷʩʥʝʥʠʷ ʚʦʧʨʦʩʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ 

ʣʝʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʥʠʤʘʪʝʣʴʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʩʥʦʚʥʦʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʣʠʪʝʨʘʪʫʨʦʡ ʧʦ ʪʝʤʝ ʣʝʢʮʠʠ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʥʠʷ, ʚʳʥʝʩʝʥʥʳʝ ʥʘ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ. 

 

ɸʨʠʧʦʚ ʄ.ʄ., ʂʫʨʴʷʟʦʚ ɼ.ʄ.  

ʆɹ ʆɼʅʆʁ ɸʃɻʆʈʀʊʄ  ʕʎʇ  ʉ ʋɺɽʃʀʏɽʅʅʆʁ  ʉʊʆʁʂʆʉʊʀ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ,  ʛʦʨʦʜ ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ  

  
 

ʇʦʜʧʠʩʴ ʷʚʣʷʝʪʩʷ ʶʨʠʜʠʯʝʩʢʠʤ ʛʘʨʘʥʪʦʤ ʘʚʪʦʨʩʪʚʘ ʜʦʢʫʤʝʥʪʘ.  

ʉ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʵʣʝʢʪʨʦʥʥʳʭ ʬʦʨʤ  

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʥɹʳʭ, ʚ ʩʝʪʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ 

ʦʩʦʙʦ ʘʢʪʫʘʣʥɹʦʡ ʩʪʘʣʘ ʧʨʦʙʣʝʤʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʣʠʥʥʦʩʪʠ ʠ ʘʚʪʦʨʩʪʚʘ  

ʙʝʟʙʫʤʘʞʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʊʘʢ ʢʘʢ, ʚ ʩʠʪʫʘʮʠʷʭ, ʥʘʧʨʠʤʝʨ ʚ 

ʩʠʣʫ ʠʟʤʝʥʠʚʰʠʭʩʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʦʪʜʝʣʴʥʳʝ ʣʠʮʘ ʤʦʛʫʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʨʘʥʝʝ 

ʧʨʠʥʷʪʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤ ʥʝʢʦʪʦʨʳʡ ʤʝʭʘʥʠʟʤ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʧʦʜʦʙʥʳʤ ʧʦʧʳʪʢʘʤ. ʆʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʰʝʥʠʷ ʪʘʢʠʭ 

ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ (ʕʎʇ).      

        ʕʎʇ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʟʘʜʘʯʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ  ʚ ʩʝʪʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ[1-4]: 

-ʦʩʫʱʝʩʪʚʠʪʴ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʷ; 

-ʫʩʪʘʥʦʚʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʩʦʦʙʱʝʥʠʷ (ʧʦ ʟʥʘʯʝʥʠʶ ʭʝʰ-ʬʫʥʢʮʠʠ); 
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-ʦʙʝʩʧʝʯʠʪʴ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʘʟʘ ʦʪ ʬʘʢʪʘ ʧʦʜʧʠʩʠ  ʢʦʥʢʨʝʪʥʦʛʦ 

ʩʦʦʙʱʝʥʠʷ. 

       ʕʎʇ ʚʢʣʶʯʘʝʪ ʜʚʘ ʘʣʛʦʨʠʪʤʘ, ʦʜʠʥ Ƅ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ, ʘ ʚʪʦʨʦʡ Ƅ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʧʦʜʧʠʩʠ. ɺʳʯʠʩʣʝʥʠʝ ʧʦʜʧʠʩʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʪʦʣʴʢʦ 

ʘʚʪʦʨʦʤ ʧʦʜʧʠʩʠ. ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʨʢʠ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʱʝʜʦʩʪʫʧʥʳʤ, ʯʪʦʙʳ 

ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʦʜʧʠʩʠ ʤʦʛ ʢʘʞʜʳʡ.  

       ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʩʭʝʤ ʕʎʇ. ʀʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

1) ʩʭʝʤʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ ʰʠʬʨʦʚʘʥʠʷ ʩ ʦʪʢʨʳʪʳʤʠ  ʢʣʶʯʘʤʠ; 

2) ʩʭʝʤʳ ʥʘ ʦʩʥʦʚʝ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤ ʰʠʬʨʦʚʘʥʠʷ; 

3) ʩʭʝʤʳ ʩʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʚʳʯʠʩʣʝʥʠʷ ʠ 

ʧʨʦʚʝʨʢʠ ʧʦʜʧʠʩʠ.  

ʂ ʧʨʠʤʝʨʫ, ʩʪʘʥʜʘʨʪʳ ʕʎʇ ʩʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʷʚʣʷʶʪʩʷ[2,4]: 

1. ʈʦʩʩʠʡʩʢʠʡ ʩʪʘʥʜʘʨʪ ʕʎʇ: ɻʆʉʊ ʈ 34.10-94 ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ɻʆʉʊ ʈ 34.10-2001. 

2. ɸʤʝʨʠʢʘʥʩʢʠʡ ʩʪʘʥʜʘʨʪ ʕʎʇ: DSA ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ  

ʢʨʠʚʳʭ   ECDSA (2000 ʛ.). 

       

 ʉʪʦʡʢʦʩʪʴ ʧʨʠʚʝʜʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʕʎʇ ʦʩʥʦʚʘʥʳ ʩʣʦʞʥʦʩʪʠ 

ʚʳʯʠʩʣʝʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʚ ʢʦʥʝʯʥʦʤ ʧʦʣʝ ʠ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʘ 

ʚ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ.  

        ʄʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʕʎʇ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʫʚʝʣʠʯʠʪʴ 

ʩʪʦʡʢʦʩʪʴ ʩʣʦʞʥʦʩʪʴʶ ʥʘʭʦʞʜʝʥʠʷ ʪʦʯʢʫ ʩ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʥʘ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ (ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʩ ʪʘʢʠʤ ʩʚʦʡʩʪʚʦʤ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʤʥʦʛʦ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʚʝʜʝʥʥʦʡ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʪʦʯʝʢ ʥʘ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ.  

 ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʕʎʇ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ, ʚʟʣʦʤ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 
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ʨʝʰʝʥʠʷ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ (ʥʘʧʨʠʤʝʨ, ʟʘʜʘʯʘ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ ʚ 

ʢʦʥʝʯʥʦʡ ʛʨʫʧʧʝ ʙʦʣʴʰʦʛʦ ʧʨʦʩʪʦʛʦ ʧʦʨʷʜʢʘ ʠ ʟʘʜʘʯʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʩʦʩʪʘʚʥʦʛʦ 

ʯʠʩʣʘ) ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʪʨʫʜʥʳʭ ʟʘʜʘʯ. ʕʪʦʪ ʧʦʜʭʦʜ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʨʠʧʪʦʩʭʝʤ ʙʳʣʠ ʦʙʦʩʥʦʚʘʥʳ ʠ ʘʧʨʦʙʠʨʦʚʘʥ ʜʣʷ ʩʣʫʯʘʷ  

ʘʣʛʦʨʠʪʤʦʚ ʕʎʇ [5-7],  ʢʦʣʣʝʢʪʠʚʥʦʡ ʕʎʇ [10] ʠ ʧʨʦʪʦʢʦʣʦʚ  ʩʣʝʧʦʡ ʕʎʇ [8]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʕʎʇ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʦʡʢʦʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʩʣʦʞʥʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʥʝʯʝʪʥʦʛʦ ʯʠʩʣʘ ʧʨʦʩʪʳʤ 

ʤʥʦʞʠʪʝʣʷʤ. 

         ʇʨʠʚʝʜʝʤ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɺ ʘʣʛʦʨʠʪʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʦʪʢʨʳʪʳʝ ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ:  

1) ɼʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʧʨʦʩʪʦʝ ʯʠʩʣʦ p ʜʣʠʥʦʡ L , ʛʜʝ L ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ, 

ʢʨʘʪʥʦʝ 64 ʙʠʪ, ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 512 ʜʦ 1024 ʙʠʪ, ʪ.ʝ. 2512<p<21024.   

2) ʇʨʦʩʪʦʝ ʯʠʩʣʦ q ʜʣʠʥʦʡ L1 , ʛʜʝ L1 ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ, ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 159 

ʜʦ 160 ʙʠʪ, ʪ.ʝ.  

    2159  q 2160, ʜʝʣʠʪʝʣʴ ʯʠʩʣʘ p-1. 

ʏʠʩʣʦ g=h(p-1)/q mod p, ʛʜʝ h ïʣʶʙʦʝ ʯʠʩʣʦ, ʪʘʢʦʝ 0<h< p-1, ʜʣʷ ʢʦʪʦʨʦʛʦ g>1, 

      ʪ.ʝ. g=h(p-1)/q mod p > 1. 

4) ʆʪʢʨʳʪʳʡ ʢʣʶʯ  y, ʢʦʪʦʨʳʡ ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ ʧʨʘʚʠʣʫ y = gx mod p, ʧʨʠʯʝʤ 

0<x<q, ʛʜʝ ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ x, ʠʟʚʝʩʪʥʳʡ ʪʦʣʴʢʦ ʧʦʜʧʠʩʘʚʰʝʤʫ ʣʠʮʫ. 

5) ʍʝʰ-ʬʫʥʢʮʠʷ H(M), ʢʦʪʦʨʘʷ ʧʦ ʠʩʭʦʜʥʦʤʫ ʩʦʦʙʱʝʥʠʶ (ʪʝʢʩʪʫ) M 

ʬʦʨʤʠʨʫʝʪ ʮʝʣʦʝ ʯʠʩʣʦ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ q, ʪ.ʝ. 1< H(M)<q .   

         ɸʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʷ ʧʦʜʧʠʩʠ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʩʦʦʙʱʝʥʠʝ M, ʠʩʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʠ ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ ʧʦʜʧʠʩʠ. ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʧʦʜʧʠʩʴ (r, s).  

        ʐʘʛʠ ʘʣʛʦʨʠʪʤʘ ʛʝʥʝʨʘʮʠʠ ʧʦʜʧʠʩʠ: 

1. ɺʳʙʨʘʪʴ ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ k ʚ ʠʥʪʝʨʚʘʣʝ 1 k  q, ʜʝʨʞʘʪʴ ʝʛʦ ʚ ʩʝʢʨʝʪʝ ʠ 

ʫʥʠʯʪʦʞʘʪʴ ʩʨʘʟʫ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ (ʩʬʦʨʤʠʨʦʚʘʥʠʷ) ʧʦʜʧʠʩʠ.  

2.  ɺʳʯʠʩʣʠʪʴ   r = ( gk mod n )mod p( mod q); 

3. ɺʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ ʭʝʰ-ʬʫʥʢʮʠʠ H(M) ʧʦ ʧʝʨʝʜʘʚʘʝʤʦʤʫ ʩʦʦʙʱʝʥʠʶ M. 

¢ ¢

¢ ¢
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4. ɺʳʯʠʩʣʠʪʴ s = k (xr+H(M))-1 d  ( mod q), ʛʜʝ x, d -ʩʝʢʨʝʪʥʳʝ ʢʣʶʯʠ (ʧʨʠʯʝʤ  

     0<x<q ʠ de 1mod (n), ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ,   

     ʥʝʠʟʚʝʩʪʥʳʝ ʧʨʦʩʪʳʝ ʯʠʩʣʘ, ʨʘʟʫʤʝʝʪʩʷ ). 

5. ʇʦʜʧʠʩʴʶ ʷʚʣʷʝʪʩʷ ʧʘʨʘ  (r,s).  

ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʨʢʘ ʧʦʜʧʠʩʠ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʩʦʦʙʱʝʥʠʝ M, ʠʩʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʦʪʢʨʳʪʳʡ ʢʣʶʯ ʧʨʦʚʝʨʢʠ ʧʦʜʧʠʩʠ ʠ ʧʦʜʧʠʩʴ ʢ M ï ʧʘʨʘ (r,s). 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʧʦʜʧʠʩʴ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠʣʠ ʬʘʣʴʰʠʚʘʷ.  

ʐʘʛʠ ʘʣʛʦʨʠʪʤʘ ʧʨʦʚʝʨʢʠ ʧʦʜʧʠʩʠ: 

1. ɽʩʣʠ ʫʩʣʦʚʠʷ 1  r, s < q, ʥʘʨʫʰʘʶʪʩʷ, ʪʦ ʚʳʚʝʩʪʠ çʧʦʜʧʠʩʴ 

ʬʘʣʴʰʠʚʘʷè ʠ ʟʘʚʝʨʰʠʪʴ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ. 

2. ɺʳʯʠʩʣʠʪʴ e=H(M). 

3. ɺʳʯʠʩʣʠʪʴ w=s-1mod q. 

          4.  ɺʳʯʠʩʣʠʪʴ     u1 = ʝ (H(M) s) mod q. 

5.  ɺʳʯʠʩʣʠʪʴ u2 = ʝ (r s)(mod q). 

6. ɺʳʯʠʩʣʠʪʴ u = (( g u1  y u2  ) mod n )mod p(mod q). 

7. ɽʩʣʠ u = r, ʪʦ ʚʳʚʝʩʪʠ çʧʦʜʧʠʩʴ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷè, ʠʥʘʯʝ ï çʧʦʜʧʠʩʴ 

ʬʘʣʴʰʠʚʘʷè, ʠ ʟʘʚʝʨʰʠʪʴ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ. 

  ʂʦʨʨʝʢʪʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ.  

        ʇʦʢʘʞʝʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʯʠʩʣʦ r, ʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ʧʦ ʘʣʛʦʨʠʪʤʫ ʕʎʇ, 

ʨʘʚʥʦ ʟʥʘʯʝʥʠʶ u, ʚʳʯʠʩʣʝʥʥʦʝ  ʚ ʯʘʩʪʠ ʧʨʦʚʝʨʢʠ ʧʦʜʧʠʩʠ ʘʣʛʦʨʠʪʤʘ.  

       ɼʝʡʩʪʚʠʪʝʣʴʥʦ,  ʠʤʝʝʤ     

(( g u1  y u2  ) mod n) mod p (mod q) = (gH(M) s ʝ gxrsʝ (mod n) mod p (mod q) =  

                                   = (g(H(M )+x r)sʝ mod n) mod p (mod q) =  

                                   = (g kde (H (M)+xr)  (H (M )+xr)  mod n) mod p (mod q) =  

                                   = (g kde mod n ) mod p (mod q) = 

                                   = (g k(t +1) mod n ) mod p (mod q)= 

                                   = (g kt  mod n ) (g k mod n ) mod p (mod q)= 

                                   = (g  mod n )  (g k mod n ) mod p (mod q)= 

                                   = 1  (g k mod n ) mod p (mod q)= 

¹ j 11qpn=

-11,qp pn>

¢

1-

()nj

()nj

()nj kt

kt
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                                   = (gk mod n) mod p( mod q).  

  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,   u= r, ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʜʦʢʘʟʘʥʘ. 
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Abstract  

A block encryption algorithms AESïIDEA 16ï2 and AESïRFWKIDEA16ï2 

based on a network IDEA16ï2 and RFWKIDEA16ï2. In the encryption algorithm 

AESïIDEA16ï2 as a round function are chosen transformation SubBytes(), 

ShiftRows(), MixColumns(), AddRoundKey() and in the encryption algorithm AESï

RFWKIDEA16ï2 as a round function are chosen transformation SubBytes(), 

ShiftRows(), MixColumns is developed. The length of the block encryption 

algorithm is 512 bits, the number of rounds is 10, 12, 14 and key length varies from 

256 bits to 1024 bits in steps of 128 bits. 

 

Introduction  

In September 1997 the National Institute of Standards and Technology (NIST) 

issued a public call for proposals for a new block cipher to succeed the Data 

Encryption Standard (DES). Out of 15 submitted algorithms the Rijndael cipher by 

Daemen and Rijmen [1] was chosen to become the new Advanced Encryption 

Standard (AES) in November 2001 [2]. The Advanced Encryption Standard is a 

block cipher with a fixed block length of 128 bits. It supports three different key 

lengths: 128 bits, 192 bits, and 256 bits. Encrypting a 128ïbit block means 

transforming it in n rounds into a 128ïbit output block. The number of rounds n 

depends on the key length: n = 10 for 128 bit keys, n = 12 for 192 bit keys, and n = 

14 for 256 bit keys. The 16 byte input block (
0

t , 
1
t , é, 

15
t ) which is transformed 

during encryption is usually written as a 4x4 byte matrix, the called AES State. 
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0t  4t  8t  12t  

1t  5t  9t  13t  

2t  6t  10t  14t  

3t  7t  11t  15t  

 

The structure of each round of AES can be reduced to four basic transformations 

occurring to the elements of the State. Each round consists in applying successively 

to the State the SubBytes(), ShiftRows(), MixColumns() and AddRoundKey() 

transformations. The first round does the same with an extra AddRoundKey() at the 

beginning whereas the last round excludes the MixColumns() transformation. 

The SubBytes() transformation is a nonlinear byte substitution that operates 

independently on each byte of the State using a substitution table (Sïbox). Figure 1 

illustrates the SubBytes() transformation on the State. 

 

0
t  

4
t  

8
t  

12
t  

 

0
s  

4
s  

8
s  

12
s  

1
t  

5
t  

9
t  

13
t  

1
s  

5
s  

9
s  

13
s  

2
t  

6
t  

10
t  

14
t  

2
s  

6
s  

10
s  

14
s  

3
t  

7
t  

11
t  

15
t  

3
s  

7
s  

11
s  

15
s  

Figure 1. SubBytes() transformation 

 

In the ShiftRows () transformation operates on the rows of the State; it 

cyclically shifts the bytes in each row by a certain offset. For AES, the first row is left 

unchanged. Each byte of the second row is shifted one to the left. Similarly, the third 

and fourth rows are shifted by offsets of two and three respectively. Figure 2 

illustrates the ShiftRows() transformation. 
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3
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15
s              cyclically 

shifts 

3
's  

7
's  

11
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Figure 2. ShiftRows() transformation. 

 

The MixColumns() transformation operates on the State columnïbyïcolumn, 

treating each column as a fourïterm polynomial. The columns are considered as 

polynomials over GF(82 ) and multiplied modulo 14 +x  with a fixed polynomial )(xa , 

given by 23)( 22 +++= xxxxa . Let ')( sxap Ã= : 

3...0,
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As a result of this multiplication, the four bytes in a column are replaced by the 

following: 

34241444
'')'}03({)'}02({
+++

ÄÄ¶Ä¶=
iiiii

ssssy  

342414414
')'}03({)'}02({'
++++

Ä¶Ä¶Ä=
iiiii

ssssy  

)'}03({)'}02({''
342414424 ++++

¶Ä¶ÄÄ=
iiiii

ssssy  

)'}02({'')'}03({
342414444 ++++

¶ÄÄÄ¶=
iiiii

ssssy . 

Figure 3 illustrates the MixColumns() transformation. 
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Figure 3. MixColumns() transformation. 

 

In the AddRoundKey() transformation, a round key is added to the State by a 

simple bitwise XOR operation. Figure 4 illustrates the AddRoundKey() 

transformation. 
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Figure 4. AddRoundKey() transformation 

 

Description of networks IDEA16ï2 and RFWKIDEA16ï2 is given in [7, 10] 

and similarly as in the Feistel network, while encryption and decryption the same 

algorithm is usid. The network used two round function, having four input and output 

blocks and as a round function use any transformation. 

Using SubBytes(), ShiftRows(), MixColumns(), AddRoundKey() 

transformation of encryption algorithm AES as a round function networks IDEA8ï1 

[5], RFWKIDEA8ï1 [5], PES8ï1 [6], RFWKPES8ï1 [7], IDEA16ï1 [8], created 

encryption algorithms AESïIDEA8ï1 [9], AESïRFWKIDEA8ï1 [10], AESïPES8ï

1 [11], AESïRFWKPES8ï1 [12], AESïIDEA16ï1 [13]. 

In this article, developed a new block encryption algorithms AESïIDEA16ï2 

and AESïRFWKIDEA16ï2 based networks IDEA16ï2 and RFWKIDEA16ï2 using 

transformation of the encryption algorithm AES. The block length of encryption 

algorithm is 1024 bits, the number of rounds is 10, 12, 14 and key length is variable 

and varies from 256 bits to 1024 bits in steps 128 bits, i.e. key length is 256, 384, 

512, 640, 768, 896 and 1024 bits. 

 

The structure of the encryption algorithm AESïIDEA16ï2 

In the encryption algorithm AESïIDEA16ï2 as a round function used 

SubBytes(), ShiftRows(), MixColumns(), AddRoundKey() transformation of 

encryption algorithm AES. The scheme of nïrounded encryption algorithm AESï

IDEA16ï2 shown in Figure 5 and the length of the subblocks 0X , 1X , é, 15X , the 

length of the round keys 
)1(18 -i

K , 
1)1(18 +-i

K , ..., 
15)1(18 +-i

K , 1...1 += ni , 
1618 +n

K , 
1718 +n

K , ..., 
4718 +n

K  is 32 

bits. A length of round keys 
16)1(18 +-i

K , 
17)1(18 +-i

K , ni ...1=  is 128 bits. 
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Fig. 5. The structure of the nïrounded encryption algorithm AESïIDEA16ï2 

 

Consider the round function of the encryption algorithm AESïIDEA16ï2. First, 

32ïbit subblocks 0T , 1T , ..., 7T  is divided into 8 bit subblocks 00t , 0

1
t , ..., 0

15
t  and 1

0
t , 1

1
t , 

..., 1

15
t  as follows: )( 4

4mod

0 idiv

ii
Tsbt = , )( 44

4mod

1 += idiv

ii
Tsbt , 15...0=i . Here divïinteger part of the 

division, modïremainder of the division and 7100
...)( xxxXsb = , 15981

...)( xxxXsb = , 

2317162
...)( xxxXsb = , 3125243

...)( xxxXsb = ,  3110
...xxxX = . As elements of the array State the first 
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round function selected 0

0
t , 0

1
t , ..., 0

15
t , as well as the second round function selected 1

0
t , 

1

1
t , ..., 1

15
t . Then performed SubBytes(), ShiftRows(), MixColumns(), AddRoundKey() 

transformation. In the AddRoundKey() transformation 128 bit keys are divided into 

32 bit keys, i.e. j

i
K

16)1(18 +-
, j

i
K

17)1(18 +-
, 3...0=j . Here 3

16)1(18

2

16)1(18

1

16)1(18

0

16)1(1816)1(18
| || || |

+-+-+-+-+-
=

iiiii
KKKKK , 

3

17)1(18

2

17)1(18

1

17)1(18

0

17)1(1817)1(18
| || || |

+-+-+-+-+-
=

iiiii
KKKKK . The elements of the array of keys the first round 

function 0

0k , 0

1k , é, 0

15k  and second round function 10k , 1

1k , é, 1

15k  is calculated as 

follows: )( 4

32)1(364mod

0 divi

iii
Ksbk

+-
= , )( 4

33)1(364mod

1 divi

iii
Ksbk

+-
= , 15...0=i . After AddRoundKey() 

transformation 8 bit output values combined and will receive eight 32 bit subblock 0Y , 

1Y , ..., 7Y . Here 0Y , 1Y , 2Y , 3Y ïoutput value from the first round function, 4Y , 5Y , 6Y , 7Y ï

output value from the second round function and 0Y = '| |'| |'| |' 0

3

0
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0

1

0

0 pppp , 1Y = '| |'| |'| |' 0

7

0

6

0

5

0

4 pppp
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1
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1
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10
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8 pppp , 7Y = '| |'| |'| |' 1

15

1

14

1

13

1

12 pppp . 

The Sïboxes of SubBytes() transformation is given in Table 1 and 2 and the 

only nonlinear transformation. The length of the input and output blocks of Sïboxes 

is equal to eight bits. The first Sïbox used in the first round function and the second 

Sïbox used in the second round function. 

 

Table 1. The first Sïbox encryption algorithm AESïIDEA16ï2 

 0x0 0x1 0x2 0x3 0x4 0x5 0x6 0x7 0x8 0x9 0xA 0xB 0xC 0xD 0xE 0xF 
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1 

0x

C 

0x2
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0x1

A 

0xE

7 

0xA

8 

0x7

4 

0x8

A 

0x7

C 

0xB

5 

0xC

4 

0xA

E 

0xE

3 

0x9

3 

0x8

3 

0x9

1 

0x1

C 

0x5

9 

0x

D 

0xB

2 

0xF

C 

0x3

9 

0x1

5 

0x6

4 

0x3

E 

0xC

B 

0x8

2 

0xA

3 

0xB

3 

0x2

E 

0xC

0 

0xA

0 

0x0

3 

0x3

1 

0x5

C 

0x

E 

0x2

9 

0x9

0 

0xA

F 

0xC

8 

0x0

B 

0xF

F 

0x0

8 

0x5

6 

0x4

8 

0xD

6 

0xE

5 

0x8

1 

0x1

D 

0x8

C 

0x5

B 

0x0

C 

0x

F 

0xA

A 

0x3

C 

0xB

E 

0x6

5 

0x3

3 

0x9

F 

0x6

E 

0x4

E 

0x8

9 

0xE

A 

0x4

F 

0xC

7 

0x2

D 

0xC

9 

0x6

2 

0x7

E 

 

Table 2. The second Sïbox encryption algorithm AESïIDEA16ï2 

 0x0 0x1 0x2 0x3 0x4 0x5 0x6 0x7 0x8 0x9 0xA 0xB 0xC 0xD 0xE 0xF 

0x

0 

0xF

8 

0xD

0 

0xE

3 

0x0

1 

0x9

5 

0x5

7 

0x1

A 

0xB

1 

0x6

B 

0x8

8 

0xB

5 

0x0

E 

0x7

7 

0x6

D 

0x2

3 

0xF

5 

0x 0xC 0x3 0x5 0xC 0x3 0x2 0x1 0x1 0xE 0xF 0x9 0x6 0x0 0x5 0xB 0xE
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1 F 9 3 6 A 8 6 F 4 1 A E 7 D 8 A 

0x

2 

0x9

7 

0xE

B 

0x7

9 

0xF

A 

0xA

C 

0x1

5 

0xC

E 

0x0

8 

0x2

6 

0x4

B 

0x1

2 

0x0

9 

0x2

4 

0x1

3 

0x7

D 

0x9

3 

0x

3 

0xD

3 

0x3

B 

0xA

1 

0x7

6 

0x6

7 

0x2

2 

0xC

5 

0xC

0 

0x4

F 

0x4

2 

0xB

3 

0xC

3 

0x7

A 

0xE

C 

0xC

C 

0x6

9 

0x

4 

0x2

7 

0x2

F 

0xD

F 

0xE

D 

0xF

B 

0x0

C 

0xB

4 

0x1

0 

0x1

B 

0x5

8 

0x7

B 

0xD

A 

0x8

4 

0xD

5 

0x4

3 

0xF

E 

0x

5 

0x0

D 

0xA

A 

0x9

E 

0xB

D 

0x3

D 

0xF

D 

0x5

0 

0xA

2 

0x4

1 

0xD

9 

0x2

E 

0xD

2 

0xE

2 

0x2

5 

0x3

E 

0x9

4 

0x

6 

0xB

C 

0x3

7 

0x3

5 

0x2

C 

0x5

B 

0x3

3 

0xF

7 

0xE

8 

0x9

C 

0xA

6 

0x1

4 

0x4

C 

0x9

1 

0x8

9 

0x9

B 

0xB

F 

0x

7 

0x8

7 

0x8

C 

0xC

7 

0xC

D 

0x6

F 

0x1

1 

0xC

4 

0x4

4 

0xA

4 

0x8

1 

0x9

9 

0x2

B 

0xC

8 

0x6

1 

0x8

3 

0x3

6 

0x

8 

0x1

E 

0x7

C 

0x5

4 

0xA

B 

0xE

F 

0x3

4 

0x8

A 

0x1

9 

0xA

7 

0xC

1 

0x5

A 

0x9

F 

0x2

9 

0x6

5 

0x7

1 

0xA

E 

0x

9 

0x6

4 

0xA

5 

0xB

9 

0x5

E 

0xB

7 

0x1

8 

0xE

5 

0x1

C 

0x0

0 

0x2

1 

0xE

9 

0x8

5 

0xD

4 

0xF

9 

0xA

D 

0x8

F 

0x

A 

0x4

9 

0xE

1 

0x4

E 

0xB

B 

0x7

E 

0x5

9 

0x7

0 

0x7

3 

0x6

0 

0x2

0 

0xF

2 

0xE

E 

0xF

3 

0xB

E 

0x0

4 

0x8

B 

0x

B 

0x9

8 

0x4

5 

0xB

A 

0x9

0 

0x4

7 

0xE

7 

0xA

F 

0xA

9 

0x8

6 

0x5

6 

0x5

2 

0x6

C 

0x3

F 

0x1

7 

0x7

8 

0x3

1 

0x

C 

0x6

3 

0x9

D 

0x6

6 

0x5

5 

0x2

A 

0xD

7 

0x0

B 

0x2

D 

0xE

6 

0x4

8 

0x7

F 

0xB

6 

0xF

4 

0xB

2 

0x8

0 

0x9

6 

0x

D 

0x3

2 

0x0

3 

0x1

D 

0xA

3 

0x6

8 

0x0

2 

0xD

8 

0xF

6 

0x7

2 

0x3

0 

0x4

0 

0xF

F 

0x7

4 

0xF

C 

0x3

C 

0x8

D 

0x

E 

0x5

F 

0xB

0 

0x4

A 

0xD

E 

0xD

D 

0x0

5 

0xD

B 

0xA

8 

0xD

6 

0xA

0 

0x6

2 

0xF

0 

0x8

2 

0xC

A 

0x9

2 

0xC

2 

0x

F 

0x5

1 

0x0

6 

0x0

A 

0x6

A 

0x3

8 

0x8

E 

0x4

D 

0xC

B 

0xD

1 

0x5

C 

0xC

9 

0xE

0 

0x4

6 

0xD

C 

0x7

5 

0x0

F 
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Consider encryption process of encryption algorithm AESïIDEA16ï2. First, 

512ïbit block of plaintext X  is partitioned into 32ïbit subblocks 0

0
X , 1

0
X , é, 15

0
X  and 

the following steps are performed: 

1. subblocks 0

0
X , 1

0
X , é, 15

0
X  are summed to XOR with the 

corresponding round keys 
1618 +n

K , 
1718 +n

K , ..., 
3118 +n

K : 
in

ii KXX
++

Ä=
161800

, 15...0=i . 

2. subblocks 0

0
X , 1

0
X , é, 15

0
X  multiplied and summarized to the same 

round keys 
)1(18 -i

K , 
1)1(18 +-i

K , ..., 
15)1(18 +-i

K  and calculated 0T , 1T , ..., 15T  as follows 

)()(
8)1(18

8

1)1(18

0

10 +----
ÖÄ+=

iiii
KXKXT , )()(

9)1(18

9

11)1(18

1

11 +--+--
+ÄÖ=

iiii
KXKXT , 

)()(
10)1(18

10

12)1(18

2

12 +--+--
ÖÄ+=

iiii
KXKXT , )()(

11)1(18

11

13)1(18

3

13 +--+--
+ÄÖ=

iiii
KXKXT , 

)()(
12)1(18

12

14)1(18

4

14 +--+--
ÖÄ+=

iiii
KXKXT , )()(

13)1(18

13

15)1(18

5

15 +--+--
+ÄÖ=

iiii
KXKXT , 

)()(
14)1(18

14

16)1(18

6

16 +--+--
ÖÄ+=

iiii
KXKXT , )()(

15)1(18

15

17)1(18

7

17 +--+--
+ÄÖ=

iiii
KXKXT ,  1=i . 

3. subblocks 0
T , 1

T , ..., 15
T  written in two arrays State and performed 

SubBytes(), ShiftRows(), MixColumns(), AddRoundKey() transformation. 

After the transformation 32 bit subblocks 0Y , 1Y , ..., 7Y  is obtained 

4. subblocks 0Y , 1Y , ..., 7Y  are summed to XOR with the 

corresponding subblocks j
i

X
1-
 i.e. 

j

j

i

j

i
YXX
---

Ä=
711

, 
j

j

i

j

i
YXX
-

+

-

+

-
Ä=

7

8

1

8

1
, 7...0=j , 1=i . 

5. at the end of round except subblocks 0

i
X  and 16

1-i
X  all subblocks will 

be swapped 15

1

-

-= j

i

j

i XX ,  14...1=j , 1=i . 

6. repeating steps 2ï5 n times, i.e.,  ni ...2= , the 32bit subblocks 0

n
X , 

1

n
X , é, 31

n
X  is obtained 

7. in the output transformation round keys 
n

K
18

, 
118 +n

K , ..., 
1518 +n

K  are 

multiplied and summed with the corresponding subblocks 
nnn

KXX
18

00

1
+=

+
, 

118

141

1 ++
Ö=

nnn
KXX ,  

218

132

1 ++
+=

nnn
KXX , 

318

123

1 ++
Ö=

nnn
KXX , 

418

114

1 ++
+=

nnn
KXX , 

518

105

1 ++
Ö=

nnn
KXX , 

618

96

1 ++
+=

nnn
KXX , 

718

87

1 ++
Ö=

nnn
KXX , 

818

78

1 ++
Ö=

nnn
KXX , 

918

69

1 ++
+=

nnn
KXX , 

1018

510

1 ++
Ö=

nnn
KXX , 

1118

411

1 ++
+=

nnn
KXX , 

1218

312

1 ++
Ö=

nnn
KXX , 

1318

213

1 ++
+=

nnn
KXX , 

1418

114

1 ++
Ö=

nnn
KXX , 

1518

1515

1 ++
+=

nnn
KXX . 
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8. subblocks 0

1+n
X , 1

1+n
X , é, 15

1+n
X  are summed to XOR with the 

corresponding round keys 
3218 +n

K , 
3318 +n

K , ..., 
4718 +n

K : 
jn

j

n

j

n
KXX

++++
Ä=

321811
, 15...0=j . As 

ciphertext plaintext X  are accepted combining 32bit subïblocks 

15

1

1

1

0

1
| |...| || |

+++ nnn
XXX . 

 

Key generation encryption algorithm AESïIDEA16ï2 

In the nïround encryption algorithm AESïIDEA16ï2 each round are applied 16 

round keys length of 32 bits, two key length of 128 bits and in output transformation 

16 round keys length of 32 bits. Besides, before the first round and after output 

transformation applied 16 round keys length of 32 bits. Total number of 32ïbit round 

keys equal to 16n+48 and 128ïbit round key equal to 2n. If 128ïbit round keys 

convert to four 32ïbit key, the total number of 32 bit keys equal to 24n+48. When 

encryption in Figure 5 instead iK used encryption round keys ciK , when decryption 

decryption round keys d
i

K . 

 When generating round key like encryption algorithm AES  are used  array 

Rcon: Rcon=[0x00000001, 0x00000002, 0x00000004, 0x00000008, 0x00000010, 

0x00000020, 0x00000040, 0x00000080, 0x00000100, 0x00000200, 0x00000400, 

0x00000800, 0x00001000, 0x00002000, 0x00004000, 0x00008000, 0x00010000, 

0x00020000, 0x00040000, 0x00080000, 0x00100000, 0x00200000, 0x00400000, 

0x00800000, 0x01000000, 0x02000000, 0x04000000, 0x08000000, 0x10000000, 

0x20000000, 0x40000000, 0x80000000].  

The key of encryption algorithm K  length l  ( 1024256 ¢¢l ) bit is divided into 32ï

bit round keys '

0

cK , '

1

cK ,..., '

1

c

Lenght
K

-
, 32/lLenght= , ʟʜʝʩʴ },...,,{

110 -
=

l
kkkK , },...,,{

3110

'

0
kkkK c = , 

},...,,{
633332

'

1
kkkK c = ,..., },...,,{

13132

'

1 ----
=

lll

c

Lenght
kkkK  and '

1

'

1

'

0
| |...| || | c

Lenght

cc KKKK
-

= . Then calculated  

'

1

'

1

'

0
... c

Lenght

cc

L
KKKK

-
ÄÄÄ= . If 0=

L
K  then as 

L
K  selected 0xC5C31537, i.ʝ. 0xC5C31537=

L
K . 

When generating a round keys 'c

i
K , 4724... += nLenghti  used SubBytes32() and 

RotWord32() transformation, here SubBytes32()ïtransformation 32ïbit subblock in 

the Sïblock, i.e. ))((||))((||))((||))(()(32
11001100

XsbSXsbSXsbSXsbSXSubBytes = , RotWord32() ï 
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cyclic shift 32ïbit subblock left by 1 bit. Here 0S  and 1Sï the Sïboxes, given in the 

table 1 and 2. If the conditions 13mod =i , then round keys calculated as 

L

c

Lenghti

c

Lenghti

c

i
KiRconKRotWordSubBytesKSubBytesK ÄÄÄ=

-+-
]32mod[))(32(32)(32 ''

1

' , otherwise 

L

c

Lenghti

c

Lenghti

c

i
KKSubBytesKSubBytesK ÄÄ=

+--
)(32)(32 '

1

'' . After every generation of round keys 

value LK  rotated to the left by 1 bit. 

Decryption round keys are computed based on encryption round keys and 

decryption keys output transformation associated with encryption keys as follows: 

),)(

,,)(,,)(,,)(,)(,,)(,,)(,,)(,()

,,,,,,,,,,,,,,,(
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'
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724

'
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'
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'
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'
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'
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'
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'
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d

n
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n
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n
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n

d

n
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n
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d
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d

n

d

n

d
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d
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In the same manner, decryption keys second, third, and nïround associated with 

the encryption keys following: 

niKKK

KKKKKKKK

KKKKKKKKK

KKKKKKKKKKKK

c
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c
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c

in

c
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c

in
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d
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d
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'

16)(24

'

16)1(24

c

jin

d

ji
KK

++-++-
= , 7...0=j , ni ...2=  

Decryption of round key first round associated a encryption round key as 

follows: 

),,,)(
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Decryption round key, applied to the first round and after output transformation 

associated with encryption keys as follows: '

3224

'

1624

c

jn

d

jn
KK

++++
= , '

1624

'

3224

c

jn

d

jn
KK

++++
= , 15...0=j  

Encryption round keys c

i
K  associated with the keys 'c

i
K  are as follows: '

2418

c

ji

c

ji
KK

++
= , 

15...0=j , '

1924

'

1824

'

1724

'

16241618
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i

c

i

c

i

c

i

c

i
KKKKK
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'
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i
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i

c

i

c

i

c

i
KKKKK

+++++
= . In the same 

manner, decryption round keys d

i
K  associated with the keys 'd

i
K  as follows: '
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d

ji

d
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KK
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= , 

15...0=j , '
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Structure of an encryption algorithm AESïRFWKIDEA16ï2 
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Scheme nïround encryption algorithm AESïRFWKIDEA16ï2 is shown in 

Figure 6, and the length of the subïblocks 0X , 1X , é, 15X , the length of the round 

keys 
)1(16 -i

K , 
1)1(16 +-i

K , ..., 
15)1(16 +-i

K , 1...1 += ni , 
1616 +n

K , 
1716 +n

K , ..., 
4716 +n

K  equal to 32 bits. 

In contrast from the encryption algorithm AESïIDEA16ï2 in the encryption 

algorithm AESïRFWKIDEA16ï2 as are used in the transformation round function 

SubBytes(), ShiftRows(), MixColumns() encryption algorithm AES. Like the 

encryption algorithm AESïIDEA16ï2, in algorithm AESïRFWKIDEA16ï2 32 bit 

subblocks 0T , 1T , ..., 7T  are divided into 8 bit subblocks 0

0
t , 0

1
t , ..., 0

15
t  and 1

0
t , 1

1
t , ..., 1

15
t . 

Then performed transformation SubBytes(), ShiftRows(), MixColumns(). After 

transformation MixColumns() get 32 bit subblocks 0Y , 1Y , ..., 7Y , here  0Y =

0

3

0

2

0

1

0

0
| || || | pppp , 1Y = 0

7

0

6

0

5

0

4 | || || | pppp , 2Y = 0

11

0

10

0

9

0

8 | || || | pppp , 3Y = 0

15

0

14

0

13

0

12 | || || | pppp , 4Y = 1

3

1

2

1

1

1

0 | || || | pppp

, 5Y = 1

7

1

6

1

5

1

4 | || || | pppp , 6Y = 1

11

1

10

1

9

1

8 | || || | pppp , 7Y = 1

15

1

14

1

13

1

12 | || || | pppp . 

The Sïboxes SubBytes() transformation is given in Table 3 and 4 and the only 

nonlinear transformation. The length of the input and output blocks of Sïboxes is 

equal to eight bits. The first Sïbox used in the first round function and the second Sï

box used in the second round function. 

 

Table 3. The first Sïblock of an encryption algorithm AESïRFWKIDEA16ï2 

 0x0 0x1 0x2 0x3 0x4 0x5 0x6 0x7 0x8 0x9 0xA 0xB 0xC 0xD 0xE 0xF 

0x

0 

0x1

F 

0xF

A 

0xF

4 

0xB

9 

0xE

8 

0x2

4 

0x5

2 

0xF

8 

0xD

0 

0x5

A 

0x6

9 

0x4

3 

0xA

5 

0x8

9 

0xF

0 

0x2

D 

0x

1 

0x8

0 

0xD

C 

0xB

5 

0x2

3 

0xD

3 

0x9

B 

0xA

7 

0x0

4 

0x6

A 

0xB

C 

0x1

2 

0x8

6 

0xE

0 

0x8

8 

0x5

B 

0x5

7 

0x

2 

0x2

0 

0x9

0 

0x9

8 

0xD

7 

0x4

A 

0xA

8 

0x4

7 

0x1

A 

0xA

6 

0x5

1 

0x3

6 

0xD

D 

0x6

E 

0xF

1 

0x0

9 

0xB

1 

0x

3 

0xF

5 

0x1

4 

0x7

8 

0x6

2 

0x2

5 

0x3

7 

0x2

C 

0x7

A 

0xC

0 

0xF

2 

0x3

0 

0x7

5 

0x9

7 

0x0

E 

0x8

F 

0x1

8 

0x 0x6 0x0 0x0 0xC 0x1 0x8 0xA 0xF 0x9 0xD 0x5 0x5 0xA 0xA 0x3 0x4
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4 1 5 0 9 0 B E E 5 E 0 6 F C 5 6 

0x

5 

0x4

C 

0x1

3 

0x8

3 

0x0

D 

0x4

D 

0x4

9 

0xB

A 

0x7

7 

0xF

D 

0x5

9 

0xC

2 

0x3

2 

0x3

3 

0xA

9 

0x4

2 

0x2

F 

0x

6 

0xC

A 

0xE

1 

0x2

9 

0x0

A 

0xD

1 

0x7

0 

0xE

5 

0x9

F 

0x4

B 

0xE

6 

0x6

F 

0xC

F 

0x7

9 

0x9

D 

0xD

5 

0xC

5 

0x

7 

0xA

0 

0xC

B 

0xE

4 

0x4

8 

0x4

1 

0x3

9 

0xE

B 

0xA

B 

0x2

E 

0xF

9 

0x1

D 

0x9

4 

0x1

E 

0x7

C 

0x3

1 

0x2

6 

0x

8 

0xC

3 

0xC

E 

0x2

B 

0xD

4 

0x0

1 

0xE

E 

0x9

2 

0x5

D 

0x2

1 

0xB

D 

0x1

6 

0x4

4 

0x5

C 

0xE

D 

0xF

C 

0x8

2 

0x

9 

0x2

A 

0xE

9 

0x9

C 

0x8

7 

0xA

1 

0x9

A 

0xA

D 

0x0

B 

0x7

E 

0x3

8 

0x5

8 

0x6

8 

0x6

B 

0xD

8 

0x8

D 

0xC

4 

0x

A 

0x9

9 

0x3

C 

0x0

7 

0x5

4 

0x0

6 

0x1

9 

0x3

B 

0x3

4 

0xB

B 

0xF

F 

0xB

3 

0xC

6 

0x7

4 

0x0

2 

0xE

F 

0x5

5 

0x

B 

0xD

A 

0x6

C 

0x9

3 

0xB

E 

0xA

4 

0x6

5 

0x4

5 

0x1

C 

0x6

7 

0xE

3 

0x7

2 

0x4

E 

0x8

5 

0x6

0 

0x5

F 

0xB

8 

0x

C 

0xB

4 

0x8

C 

0xE

2 

0xE

C 

0x5

3 

0x6

4 

0x1

5 

0xC

D 

0xA

2 

0x5

E 

0xC

1 

0x6

6 

0xE

A 

0xF

7 

0x3

E 

0xE

7 

0x

D 

0xB

7 

0x7

1 

0xC

C 

0xB

0 

0xD

F 

0xB

6 

0x9

E 

0x2

2 

0xF

3 

0x7

F 

0x3

A 

0x8

1 

0xA

A 

0x8

E 

0x8

A 

0x0

C 

0x

E 

0x4

0 

0x3

F 

0x9

6 

0xC

7 

0xC

8 

0x2

8 

0x9

1 

0xD

B 

0xA

3 

0xB

F 

0x7

3 

0x7

B 

0xF

6 

0xD

6 

0x7

6 

0xB

2 

0x

F 

0x7

D 

0x2

7 

0xD

2 

0x1

7 

0x1

B 

0x0

3 

0x0

8 

0x1

1 

0x3

D 

0x4

F 

0xD

9 

0xF

B 

0x6

3 

0x0

F 

0x6

D 

0x8

4 

 

 Table 4. The second Sïblock of an encryption algorithm AESïRFWKIDEA16ï2 

 0x0 0x1 0x2 0x3 0x4 0x5 0x6 0x7 0x8 0x9 0xA 0xB 0xC 0xD 0xE 0xF 

0x

0 

0x8

0 

0x1

B 

0xB

9 

0x9

7 

0xF

C 

0x9

A 

0xA

E 

0xF

B 

0x7

6 

0x2

D 

0xB

4 

0xD

9 

0xD

2 

0x9

E 

0x7

8 

0x6

9 

0x 0x6 0x3 0xD 0xC 0xE 0x7 0x3 0x9 0x2 0x2 0xB 0x4 0x7 0xE 0x5 0x1
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1 D 4 5 B 6 9 2 4 4 6 2 C F E D F 

0x

2 

0x5

B 

0x6

A 

0xE

9 

0x2

7 

0x2

A 

0xE

0 

0x1

8 

0x3

1 

0x4

2 

0x3

E 

0x7

D 

0x4

4 

0xE

5 

0x0

8 

0xA

6 

0x1

4 

0x

3 

0xC

9 

0x9

3 

0xC

3 

0xA

7 

0xE

A 

0x0

D 

0x1

9 

0x2

3 

0x7

1 

0x9

8 

0x5

C 

0xF

1 

0x3

B 

0xF

7 

0xB

F 

0xD

1 

0x

4 

0x3

7 

0xE

4 

0x5

5 

0x8

2 

0x5

2 

0x7

E 

0xC

1 

0xD

A 

0xD

B 

0xD

4 

0x4

E 

0x6

F 

0xB

1 

0x2

1 

0xE

D 

0x6

8 

0x

5 

0x0

B 

0xC

2 

0xF

D 

0x6

7 

0x7

B 

0xB

A 

0x0

7 

0x1

1 

0x4

A 

0xB

D 

0x9

1 

0xB

C 

0xC

C 

0x9

0 

0xA

9 

0x8

9 

0x

6 

0x1

2 

0x0

F 

0xA

8 

0x3

6 

0x0

6 

0x4

0 

0xC

E 

0xB

8 

0x5

A 

0x5

E 

0x9

5 

0xA

3 

0xB

3 

0x5

8 

0xC

7 

0xC

0 

0x

7 

0x6

3 

0x6

2 

0xB

E 

0xC

A 

0x3

9 

0xA

F 

0x6

C 

0x7

0 

0xF

9 

0x8

B 

0x6

0 

0xA

B 

0xF

0 

0x0

2 

0x2

C 

0x7

A 

0x

8 

0xE

1 

0xD

3 

0x4

8 

0xB

7 

0x2

5 

0xD

D 

0x8

A 

0x7

C 

0x2

B 

0x5

6 

0x7

3 

0x8

8 

0x0

C 

0x4

D 

0x3

A 

0x8

D 

0x

9 

0x3

8 

0x8

C 

0x2

8 

0x3

C 

0x1

3 

0x0

9 

0x5

1 

0x4

6 

0xE

2 

0xD

F 

0xC

D 

0xC

4 

0x5

4 

0xF

5 

0x5

F 

0xB

0 

0x

A 

0x9

9 

0x1

E 

0x0

4 

0x8

F 

0x7

4 

0xA

1 

0x4

F 

0x9

D 

0x7

7 

0xA

A 

0xF

4 

0x5

0 

0x8

1 

0xB

5 

0xA

D 

0xF

F 

0x

B 

0x1

5 

0x0

5 

0xF

A 

0xC

6 

0xA

2 

0xF

6 

0xF

8 

0x1

0 

0x1

6 

0xE

F 

0xA

0 

0xE

B 

0xD

C 

0x4

7 

0x9

C 

0xE

7 

0x

C 

0xA

5 

0x2

F 

0x9

F 

0x3

D 

0xD

E 

0x8

6 

0xE

3 

0x4

3 

0x8

3 

0xE

C 

0x0

1 

0x6

6 

0x1

C 

0x2

9 

0xF

E 

0x2

E 

0x

D 

0x3

5 

0x3

0 

0x3

3 

0x6

4 

0xA

4 

0x4

5 

0xC

8 

0xB

B 

0xE

8 

0x9

2 

0x3

F 

0x1

D 

0x0

0 

0xC

F 

0x0

E 

0x1

7 

0x

E 

0x4

9 

0x8

E 

0x4

B 

0x2

0 

0xF

2 

0xD

8 

0x1

A 

0x6

5 

0xF

3 

0xB

6 

0xD

0 

0x5

3 

0x5

9 

0x5

7 

0x6

1 

0x8

4 

0x

F 

0x7

2 

0x0

A 

0x9

6 

0x0

3 

0x4

1 

0xC

5 

0xD

6 

0x2

2 

0x6

E 

0x9

B 

0x8

5 

0x6

B 

0xD

7 

0x8

7 

0x7

5 

0xA

C 
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Consider encryption process in the encryption algorithm AESïRFWKIDEA16ï

2. First 512 bit block of plaintext X  is partitioned into 32 bit subïblock 0

0
X , 1

0
X , é, 

15

0
X  and the following steps: 

1. subblocks 0

0
X , 1

0
X , é, 15

0
X  are summed to XOR with the corresponding round 

keys 
1616 +n

K , 
1716 +n

K , ..., 
3116 +n

K : 
in

ii KXX
++

Ä=
161600

, 15...0=i . 

2. subblocks 0

0
X , 1

0
X , é, 15

0
X  multiplied and added to the same round keys 

)1(16 -i
K , 

1)1(16 +-i
K , ..., 

15)1(16 +-i
K  and computed 0T , 1

T , ..., 15
T  as follows )()(

8)1(16

8

1)1(16

0

10 +----
ÖÄ+=

iiii
KXKXT , 

)()(
9)1(16

9

11)1(16

1

11 +--+--
+ÄÖ=

iiii
KXKXT , )()(

10)1(16

10

12)1(16

2

12 +--+--
ÖÄ+=

iiii
KXKXT , 

)()(
11)1(16

11

13)1(16

3

13 +--+--
+ÄÖ=

iiii
KXKXT , )()(

12)1(16

12

14)1(16

4

14 +--+--
ÖÄ+=

iiii
KXKXT , 

)()(
13)1(16

13

15)1(16

5

15 +--+--
+ÄÖ=

iiii
KXKXT , )()(

14)1(16

14

16)1(16

6

16 +--+--
ÖÄ+=

iiii
KXKXT , 

)()(
15)1(16

15

17)1(16

7

17 +--+--
+ÄÖ=

iiii
KXKXT ,  1=i . 
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Fig. 6. The structure of nïround encryption algorithm AESïRFWKIDEA16ï2 

 

3. subblocks 0
T , 1

T , ..., 15
T  written in two arrays State and performed SubBytes(), 

ShiftRows(), MixColumns(), AddRoundKey() transformation. After the 

transformation will turn 32 bit subblocks 0Y , 1Y , ..., 7Y . 


