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ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠʥʮʠʧʳ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘ-
ʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʫʥʠʢʘʣʴʥʦʛʦ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʨʠʥʮʠʧʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ð ʢʚʘʥʪʦʚʦʛʦ ʢʦʤ-
ʧʴʶʪʝʨʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʙʣʦʢʠ ʢʚʘʥʪʦʚʦʡ ʣʦʛʠʢʠ, ʩʭʝʤʳ ʨʝʘʣʠʟʘʮʠʠ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ 
ʩʝʛʦʜʥʷ ʵʬʬʝʢʪʠʚʥʳʝ ʢʚʘʥʪʦʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʧʨʠʟʚʘʥʳ ʚʦʧʣʦʪʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘʜ ʢʣʘʩ-
ʩʠʯʝʩʢʠʤʠ. ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʘʣʛʦʨʠʪʤ ʐʦʨʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʯʠʩʝʣ ʠ ʘʣʛʦʨʠʪʤ ɻʨʦʚʝʨʘ ʧʦʠʩʢʘ ʚ ʥʝʫʧʦʨʷʜʦ-
ʯʝʥʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ. ʆʧʠʩʘʥʦ ʷʚʣʝʥʠʝ ʜʝʢʦʛʝʨʝʥʮʠʠ, ʝʸ ʚʣʠʷʥʠʝ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʠ ʤʝʪʦʜʳ ʢʦʨʨʝʢ-
ʮʠʠ ʢʚʘʥʪʦʚʳʭ ʦʰʠʙʦʢ. ʀʟʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʯʠʩʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʥʝ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʚʳʯʠʩ-
ʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʢʚʘʥʪʦʚʳʤ ʚʳʯʠʩʣʝʥʠʝʤ, ʥʦ ʦʙʣʘʜʘʝʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ. 

ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʥʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʝʛʦ ʢʫʙʠʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʛʣʷʜʥʘʷ ʘʥʠʦʥʥʘʷ ʤʦʜʝʣʴ ʨʝʘʣʠʟʘʮʠʠ ʪʦʧʦʣʦ-
ʛʠʯʝʩʢʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʯʠʩʣʝʥʠʷ. 
ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʢʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʢʚʘʥʪʦʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʜʝʢʦʛʝʨʝʥʮʠʷ, ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ 
ʢʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʪʝʦʨʠʷ ʢʦʩ, ʘʥʠʦʥʳ. 

 

ʈʘʟʚʠʪʠʝ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ, ʝʩʣʠ ʚ ʍʍ ʚʝʢʝ ʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ ʦʩʫʱʝʩʪʚʠʣʘ ʧʝʨʝʚʦʨʦʪ ʚ ʧʦ-

ʥʠʤʘʥʠʠ ʧʨʠʨʦʜʳ, ʪʦ ʚ XXI  ð ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʨʝʚʦʣʶʮʠʶ ʚ ʪʝʦʨʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʀʩʭʦʜʷ ʠʟ 

çʟʘʢʦʥʘ ʄʫʨʘè (ʦʙ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ), ʢ 2020 ʛʦʜʫ ʧʨʦʮʝʩʩ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʥʦʡ 

ʙʘʟʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʤʦʞʝʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʪʝʤ, ʯʪʦ ʵʣʝʤʝʥʪʘʨʥʳʝ ʙʣʦʢʠ ʫʩʪʨʦʡʩʪʚ-ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʠ ʧʨʦʮʝʩʩʦʨʦʚ ʢʣʘʩʩʠʯʝʩʢʦʛʦ (ʪɹ ʶʨʠʥʛʦʚʦʛʦ) ʢʦʤʧʴʶʪʝʨʘ ʜʦʩʪʠʛʣʠ ʨʘʟʤʝʨʦʚ, ʩʨʘʚʥʠʤʳʭ ʩ ʘʪʦʤʥʳʤʠ, ʠ 

ʙʦʣʝʝ ʥʝ ʤʦʛʫʪ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʪʴʩʷ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʝʥʠʡ. 
ʊʘʢ ʯʪʦ ʦʯʝʚʠʜʥʦ ð ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʩʤʝʥʳ ʘʧʧʘʨʘʪʘ ʪʝʦʨʠʠ 

ʚʳʯʠʩʣʝʥʠʡ, ʦʩʥʦʚʳʚʘʶʱʝʡʩʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ, ʥʘ ʘʧʧʘʨʘʪ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʢʚʘʥʪʦʚʳʭ ʟʘʢʦʥʦʚ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʚʩʝʡ ʪʝʦʨʠʠ ʚʳʯʠʩʣʝʥʠʡ, 

ʯʪʦʙʳ ʩʦʩʪʘʚʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʚ ʧʨʠʥʮʠʧʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʦ ʝʛʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʠ ʥʝʜʦʩʪʘʪʢʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ. ʀ ʫʞʝ ʩʝʛʦʜʥʷ ʷʩʥʦ, ʯʪʦ, ʧʨʝʦʜʦʣʝʚʘʷ 

ʧʨʦʙʣʝʤʫ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʝʨʝʭʦʜʷ ʢ ʢʚʘʥʪʦʚʦʡ ʤʦʜʝʣʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʨʠʦʙ-

ʨʝʪʘʝʪʩʷ ʥʝʯʪʦ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʝ, ʯʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʴ-

ʪʁʝʨʘ. ɸ ʠʤʝʥʥʦ, ʧʦʣʫʯʘʝʤ ʜʦʩʪʫʧ ʢ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʛʨʦʤʥʦʤʫ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ ʨʝʩʫʨʩʫ, ʩʫʱʝʩʪʚʫʶʱʝʤʫ ʠʩ-

ʢʣʶʯʠʪʝʣʴʥʦ ʙʣʘʛʦʜʘʨʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʩʫʧʝʨʧʦʟʠʮʠʠ ʢʚʘʥʪʦʚʳʭ ʩʦ-

ʩʪʦʷʥʠʡ ʠ ʠʭ ʟʘʧʫʪʳʚʘʥʠʶ) ʠ ʢʚʘʥʪʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʝʨʠʨʦʚʘʪʴ ʢʚʘʥʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʇʝ-

ʨʝʭʦʜ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʥʦʩʠʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ (ʙʠʪʘ) ʢ ʢʚʘʥʪʦʚʦʤʫ (ʢʫʙʠʪʫ) ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʳʡ çʦʙʲʸʤè ʢʚʘʥʪʦʚʦʛʦ ʨʝʛʠʩʪʨʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʢʫʙʠʪʦʚ. ʂ ʧʨʠʤʝʨʫ, ʢʚʘʥ-

ʪʦʚʳʡ ʨʝʛʠʩʪʨ, ʩʦʜʝʨʞʘʱʠʡ 300 ʢʫʙʠʪʦʚ, ʤʦʞʝʪ ʥʝʩʪʠ ʚ ʩʝʙʝ ʠʥʬʦʨʤʘʮʠʶ ʦ 1090 ʢʣʘʩʩʠʯʝʩʢʠʭ 300-ʙʠʪʦʚʳʭ 

ʩʦʩʪʦʷʥʠʷʭ, ʯʪʦ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʯʠʩʣʘ ʘʪʦʤʦʚ ʚʦ ɺʩʝʣʝʥʥʦʡ. ʀ, ʯʪʦ ʝʱʸ ʚʘʞʥʝʝ, ʩʘʤʦ ʚʳʯʠʩʣʝʥʠʝ ʥʘ n-

ʢʫʙʠʪʥʦʤ ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʪʁʝʨʝ, ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʫʥʠʪʘʨʥʦʡ ʵʚʦʣʶʮʠʠ ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʳ, 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ 2n ʢʘʥʘʣʘʤ ʦʙʱʝʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥʘ ʷʚʣʷʝʪʩʷ ʩʫ-

ʧʝʨʧʦʟʠʮʠʝʡ 2n ʚʦʟʤʦʞʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʙʠʪʦʚ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ, ʚ ʨʝʰʝʥʠʠ ʢʦʪʦʨʳʭ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʤʦʛ ʙʳ ʦʢʘ-

ʟʘʪʴʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʢʦʤʧʴʶʪʝʨʦʤ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʧʨʦʙʣʝʤʘ ʬʘʢʪʦʨʠʟʘ-

ʮʠʠ ʙʦʣʴʰʠʭ ʯʠʩʝʣ ʥʘ ʧʨʦʩʪʳʝ ʤʥʦʞʠʪʝʣʠ. ʅʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʤʧʴʶʪʝʨʘʭ ʥʘʠʣʫʯʰʠʝ ʠʟʚʝʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʬʘʢʪʦʨʠʟʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʟʘ  ʰʘʛʦʚ, ʛʜʝ N ð ʚʭʦʜʥʦʝ ʯʠʩʣʦ, ʘ lnN ð 

ʜʣʠʥʘ ʚʭʦʜʘ [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʘʢʦʛʦ ʨʦʜʘ ʘʣʛʦʨʠʪʤʳ ʨʘʩʪʫʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩ ʨʘʟʤʝʨʦʤ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ N, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʦʜʦʣʠʤʦʡ ʧʨʝʛʨʘʜʦʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʫʞʝ ʜʣʷ 250ïʟʥʘʯʥʦʛʦ ʯʠʩʣʘ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʩʢʘʞʝʤ, ʯʪʦ ʚ 1994 ʛʦʜʫ ʙʳʣʦ ʫʩʧʝʰʥʦ ʬʘʢʪʦʨʠʟʦʚʘʥʦ 129ïʟʥʘʯʥʦʝ ʯʠʩʣʦ (ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʢʣʶʯ 

RSA129) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1600 ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʤʧʴʶʪʝʨʘʭ [3]. ʇʦʣʥʘʷ 

ʬʘʢʪʦʨʠʟʘʮʠʷ ʟʘʥʷʣʘ 8 ʤʝʩʷʮʝʚ. ʌʘʢʪʦʨʠʟʘʮʠʷ ʫʞʝ, ʥʘʧʨʠʤʝʨ, 250ïʟʥʘʯʥʦʛʦ ʯʠʩʣʘ (ʢʣʶʯ RSA250) ʥʘ ʵʪʦʤ ʞʝ 



 

 

 
 

 

ʢʣʘʩʪʝʨʝ ʟʘʥʷʣʘ ʙʳ  ʣʝʪ, ʘ 1000-ʟʥʘʯʥʦʛʦ ð 1025 ʣʝʪ (ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʚʦʟʨʘʩʪ ɺʩʝʣʝʥʥʦʡ). 

ʆʜʥʘʢʦ ʚ ʪʦʤ ʞʝ 1994 ʛʦʜʫ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʜʣʷ ʬʘʢʪʦʨʠʟʘʮʠʠ ʯʠʩʝʣ ʥʘ ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʢʦʪʦ-

ʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ  ʰʘʛʦʚ, ʛʜʝ e ð ʥʝʢʦʪʦʨʦʝ ʤʘʣʦʝ ʯʠʩʣʦ [4]. ɺʧʦʩʣʝʜʩʪʚʠʠ ʦʥ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 
ʘʣʛʦʨʠʪʤʘ ʐʦʨʘ. ʆʥ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʢʚʘʜʨʘʪʠʯʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʯʪʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ 

ʙʳʩʪʨʳʤ ʘʣʛʦʨʠʪʤʦʤ), ʧʦʵʪʦʤʫ ʬʘʢʪʦʨʠʟʘʮʠʷ 1000ïʟʥʘʯʥʦʛʦ ʯʠʩʣʘ ʩ ʧʦʤʦʱʴʶ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʪʨʝʙʫʝʪ 

ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʦʥʦʚ ʰʘʛʦʚ (ʘ ʬʘʢʪʦʨʠʟʘʮʠʷ ʯʠʩʣʘ  ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ 106 ʦʧʝʨʘʮʠʡ ʚ ʩʝ-
ʢʫʥʜʫ ʧʦʪʨʝʙʦʚʘʣʘ ʙʳ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʫʶ ʫʛʨʦʟʫ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʠʧʪʦʩʠʩʪʝʤ (RSA, EIGamal, DiffieHellman), ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʬʘʢʪʦʨʠʟʘʮʠʠ. ʅʘʧʨʠ-

ʤʝʨ, 250ïʟʥʘʯʥʳʡ ʦʪʢʨʳʪʳʡ ʢʦʜ ʩʯʠʪʘʝʪʩʷ ʥʝʬʘʢʪʦʨʠʟʫʝʤʳʤ ʟʘ çʨʘʟʫʤʥʦʝè ʚʨʝʤʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ. ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʚʘʥʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 

ʩʯʸʪ ʢʚʘʥʪʦʚʦʛʦ ʧʘʨʘʣʣʝʣʠʟʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʚʳʭʦʜʝ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʨʝʰʝʥʠʝ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 
ɼʨʫʛʠʤ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʜʣʷ ʬʠʟʠʢʦʚ ʧʨʠʤʝʥʝʥʠʝʤ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʤʦʞʝʪ ʩʪʘʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʜʦʙʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʦʞʝʪ ʙʳʪʴ ʪʦʛʦ ʞʝ 

ʧʦʨʷʜʢʘ, ʯʪʦ ʠ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʬʘʢʪʦʨʠʟʘʮʠʠ. ɺ ʵʪʦʤ ʧʨʠʤʝʥʝʥʠʠ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʩʪʘʥʝʪ ʚʘʞʥʝʡʰʠʤ ʠʥ-

ʩʪʨʫʤʝʥʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, ʢʘʢ ʢʚʘʥʪʦʚʘʷ ʬʠʟʠʢʘ, ʭʠʤʠʷ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, ʥʘʥʦʪʝʭ-

ʥʦʣʦʛʠʠ, ʙʠʦʣʦʛʠʷ ʠ ʤʝʜʠʮʠʥʘ. ɺʩʝ ʦʥʠ ʩʝʛʦʜʥʷ ʦʛʨʘʥʠʯʝʥʳ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʩʠʩ-

ʪʝʤ. ʊʘʢ, ʚ 1982 ʛʦʜʫ ʈ. ʌʝʡʥʤʘʥ ʧʦʢʘʟʘʣ [5], ʯʪʦ ʢʚʘʥʪʦʚʘʷ ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʘʜʝʢʚʘʪʥʦ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥʘ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʠ ʯʪʦ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʝʦʙʭʦʜʠʤ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʜʦʙʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʪʁʝʨʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʭʘʦʩʘ. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʢʚʘʥʪʦʚʦʝ 

baker-map, ʷʚʣʷʶʱʝʝʩʷ ʧʨʦʪʦʪʠʧʦʤ ʦʪʦʙʨʘʞʝʥʠʡ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʚ ʪʝʦʨʠʠ ʢʚʘʥʪʦʚʦʛʦ ʭʘʦʩʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦ-

ʩʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʳʭ ʛʝʡʪʦʚ, ʠ ʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. ɼʣʷ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʫʞʝ 3ïʢʫʙʠʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʜʣʷ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʚʦʟʤʫʱʝʥʠʷʤ ð 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʪʝʦʨʝʪʠʢʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʚʘʥʪʦʚʦʛʦ ʭʘʦʩʘ [6, 7]. 

ʅʝ ʩʪʦʣʴ ʙʦʣʴʰʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʠʭ ʘʣʛʦʨʠʪʤʘʭ, ʙʫʜʝʪ ʠʤʝʪʴ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʥʘʜ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʠ ʚ ʧʨʦʙʣʝʤʝ ʧʦʠʩʢʘ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ. ɸʣʛʦʨʠʪʤ, ʩʦʟʜʘʥʥʳʡ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ, ʧʦ-

ʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ɻʨʦʚʝʨʘ. ʏʪʦʙʳ ʚʳʜʝʣʠʪʴ ʠʩʢʦʤʳʡ ʵʣʝʤʝʥʪ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʩ ʚʝʨʦ-

ʷʪʥʦʩʪʴʶ ʙʦʣʴʰʝʡ, ʯʝʤ 50%, ʣʶʙʦʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ (ʢʘʢ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʡ) 

ʧʦʪʨʝʙʫʝʪ ʦʙʨʘʱʝʥʠʷ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʢʘʢ ʤʠʥʠʤʫʤ N/2 ʨʘʟ. ʂʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʞʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴ-

ʩʷ ʚ ʩʫʧʝʨʧʦʟʠʮʠʠ ʩʦʩʪʦʷʥʠʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʚʝʨʷʪʴ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʥʘʜʣʝʞʘʱʝʤ ʟʘʜʘʥʠʠ ʧʨʦ-

ʛʨʘʤʤʳ ʧʦʠʩʢʘ ʚʳʯʠʩʣʝʥʠʷ ʠʩʢʦʤʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʫʩʠʣʠʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʣʴ-

ʥʳʝ ʠʥʪʝʨʬʝʨʠʨʫʶʪ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʫʞʥʳʡ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ ʣʠʰʴ ʟʘ  ʦʙ-

ʨʘʱʝʥʠʡ ʢ ʙʘʟʝ ʜʘʥʥʳʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʦʠʩʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ  ʰʘʛʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʢʚʘʜ-

ʨʘʪʠʯʥʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝ ʢʚʘʥʪʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʠʩʢʘ [8]. 

ʗʩʥʦ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  ʥʝʪʨʠʚʠʘʣʴʥʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʢʚʘʥʪʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ð ʦʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʘʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ: ʧʦʠʩʢ ʨʘʟ-

ʣʦʞʝʥʠʡ ʮʝʣʦʛʦ N ʧʦ ʫʨʘʚʥʝʥʠʶ ʇʝʣʣʘ (, ʛʜʝ x, y, d ð ʮʝʣʳʝ ʯʠʩʣʘ) ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʫʩʢʦʨʝ-
ʥʠʝʤ, ʧʦʠʩʢ ʧʝʨʠʦʜʘ (ʚʳʯʠʩʣʝʥʠʷ ʚ ʪʝʦʨʠʠ ʛʨʫʧʧ), ɻʘʫʩʩʦʚʳ ʩʫʤʤʳ, ʟʘʜʘʯʘ ʩʤʝʱʸʥʥʦʛʦ ʩʠʤʚʦʣʘ ʃʝʞʘʥʜʨʘ, 

ʘʣʛʦʨʠʪʤ ʈʘʟʘ (ʨʘʩʧʨʝʜʝʣʸʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ), ʫʧʨʘʚʣʝʥʠʝ ʩʣʦʞʥʦʩʪʴʶ: ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʧʦʜʤʥʦʞʝʩʪʚʘ, 

ʢʦʥʝʯʥʦ-ʮʠʢʣʠʯʝʩʢʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʧʩʝʚʜʦ-ʪʝʣʝʧʘʪʠʷ (ʥʝʨʘʚʝʥʩʪʚʘ ɹʝʣʣʘ, ʚʝʜʝʥʠʝ ʠʛʨʳ), 

ʢʚʘʥʪʦʚʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ, ʢʚʘʥʪʦʚʘʷ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʢʨʳʪʦʝ ʨʘʟʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʢʚʘʥʪʦʚʘʷ ʮʠʬʨʦʚʘʷ 

ʧʦʜʧʠʩʴ. ʅʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʥʪʦʚʳʭ ʤʘʰʠʥ ʩʪʘʥʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʝʘʣʴʥʳʭ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʥʘʡʜʝʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʭʠʤʠʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ, ʙʠʦʣʦʛʠʠ ʠ 
ʤʝʜʠʮʠʥʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʨʚʳʭ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʘ ʟʘʪʝʤ ʠ ʩʝʨʠʡʥʳʭ ʢʚʘʥʪʦʚʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʥʝʦʙʭʦʜʠʤʳ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʫʩʠʣʠʷ ʥʘ ʥʦʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʢʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʩʪʘʥʦʚʣʝʥʠʷ, ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʚʘʥ-

ʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʘʣʛʦʨʠʪʤʳ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʝ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʤʝʪʦʜʘʭ ʝʸ ʧʨʝʦʜʦʣʝʥʠʷ. ɺʪʦʨʘʷ ʯʘʩʪʴ 

ʦʙʟʦʨʘ ʙʫʜʝʪ ʧʦʩʚʷʱʝʥʘ ʥʘʠʙʦʣʝʝ ʦʙʝʱʘʶʱʝʡ ʢʦʥʮʝʧʮʠʠ ʙʦʨʴʙʳ ʩ ʨʘʟʨʫʰʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʥʘ ʢʚʘʥʪʦʚʦʝ ʚʳʯʠʩʣʝʥʠʝ ð ʪʦʧʦʣʦʛʠʯʝʩʢʦʤʫ ʢʚʘʥʪʦʚʦʤʫ ʚʳʯʠʩʣʝʥʠʶ. ɺʥʘʯʘʣʝ ʩʜʝʣʘʝʤ ʥʝʙʦʣʴʰʦʡ ʠʩʪʦʨʠʯʝ-

ʩʢʠʡ ʵʢʩʢʫʨʩ ʨʘʟʚʠʪʠʷ ʦʙʣʘʩʪʠ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

 

ʂʈɸʊʂɸʗ ʀʉʊʆʈʀʗ ʂɺɸʅʊʆɺʓʍ ɺʓʏʀʉʃɽʅʀʁ 

1970- ʝr ʛʦʜʳ 

1970 ʛ. ð ʉʪʠʚʝʥ ɺʠʩʥʝʨ ʠʟʦʙʨʝʪʘʝʪ ʩʦʧʨʷʞʝʥʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ [9].  
1973 ʛ. ð ɸʣʝʢʩʘʥʜʨ ʍʦʣʝʚʦ ʠʟʜʘʸʪ ʩʪʘʪʴʶ, ʚ ʢʦʪʦʨʦʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ L ʢʫʙʠʪʦʚ ʥʝ ʤʦʞʝʪ ʥʝʩʪʠ ʙʦʣʴʰʝ 

ʠʥʬʦʨʤʘʮʠʠ, ʯʝʤ L ʢʣʘʩʩʠʯʝʩʢʠʭ ʙʠʪʦʚ (ʨʝʟʫʣʴʪʘʪ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ "ʪʝʦʨʝʤʘ ʍʦʣʝʚʦ" ʠʣʠ "ʧʨʝʜʝʣ ʍʦʣʝʚʦ") [10].  



 

 

 
 

 

1975 ʛ. ð ʈ.ʇ. ʇʦʧʣʘʚʩʢʠʡ ʠʟʜʘʸʪ ʩʪʘʪʴʶ çʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠè [11], ʛʜʝ 

ʧʦʢʘʟʳʚʘʝʪ ʥʝʚʳʧʦʣʥʠʤʦʩʪʴ ʘʜʝʢʚʘʪʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʤ-

ʧʴʪʁʝʨʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʧʨʠʥʮʠʧʦʤ ʩʫʧʝʨʧʦʟʠʮʠʠ. 

1976 ʛ. ð ʧʦʣʴʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʈʦʤʘʥ ʀʥʛʘʨʜʝʥ, ʚ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʧʦʧʳʪʦʢ ʩʦʟʜʘʥʠʷ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʝʦʨʠʷ ʠʥʬʦʨʤʘʮʠʠ ʐʝʥʥʦʥʘ ʥʝ ʤʦʞʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʙʳʪʴ ʦʙʦʙʱʝʥʘ ʥʘ ʢʚʘʥ-

ʪʦʚʳʡ ʩʣʫʯʘʡ, ʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʦʙʦʙʱʝʥʠʝ ʪʝʦʨʠʠ ʐʝʥʥʦʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘ-

ʮʠʠ [12]. 

1980-ʳʝ ʛʦʜʳ 

1980 ʛ. ð ʖ.ʀ. ʄʘʥʠʥ, ʠʟʜʘʸʪ "ɺʳʯʠʩʣʷʝʤʦʝ ʠ ʥʝʚʳʯʠʩʣʷʝʤʦʝ", ʄʦʩʢʚʘ, ʉʦʚʝʪʩʢʦʝ ʈʘʜʠʦ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ  ʯʠʩʣʦ ʙʘʟʠʩʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʚʦʣʶʮʠʠ ʢʚʘʥʪʦʚʦʡ 

ʩʠʩʪʝʤʳ, ʠ ʦʙʩʫʞʜʘʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʝʦʨʠʠ ʢʚʘʥʪʦʚʦʛʦ ʚʳʯʠʩʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʭʚʘʪʳʚʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 
ʧʨʠʥʮʠʧʳ ʚʳʯʠʩʣʝʥʠʷ ʙʝʟ ʦʙʨʘʱʝʥʠʷ ʢ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ.  

1981 ʛ. ð ʈ. ʌʝʡʥʤʘʥ ʚ ʜʦʢʣʘʜʝ ʥʘ ʧʝʨʚʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʬʠʟʠʢʝ ʚʳʯʠʩʣʝʥʠʡ, ʧʨʦʚʝʜʸʥʥʦʡ ʚ ʄʘʩʩʘʯʫ-

ʩʝʪʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ, ʦʪʤʝʪʠʣ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʚʦʣʶʮʠʶ ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʢʦʤʧʴʶʪʝʨʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ [5]. ʆʥ ʧʨʝʜʣʦʞʠʣ ʵʣʝʤʝʥʪʘʨʥʫʶ ʤʦʜʝʣʴ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴ-

ʶʪʝʨʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʧʦʩʦʙʝʥ ʧʨʦʚʝʩʪʠ ʪʘʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʊʦʤʤʘʟʦ ʊʦʬʬʦʣʠ ʚʚʸʣ ʦʙʨʘʪʠʤʳʝ ʛʝʡʪʳ ʊʦʬ-

ʬʦʣʠ [13], ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʩ ʛʝʡʪʘʤʠ NOT ʠ XOR ʩʦʩʪʘʚʣʷʶʪ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʢʚʘʥ-

ʪʦʚʦʛʦ ʚʳʯʠʩʣʝʥʠʷ.  

1984 ʛ. ð ʏʘʨʣʴʟ ɹʝʥʥʝʪʪ ʠ ɾʠʣʣʴ ɹʨʘʩʩʘʨʜ ʠʩʧʦʣʴʟʫʶʪ ʩʦʧʨʷʞʝʥʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ɺʠʩʥʝʨʘ ʜʣʷ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʢʣʶʯʝʡ [14].  

1985 ʛ. ð ɼʵʚʠʜ ɼʦʡʯ ʦʧʠʩʘʣ ʧʝʨʚʳʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ [15]. ʊʘʢ ʞʝ, ʢʘʢ ʫʥʠʚʝʨʩʘʣʴ-

ʥʘʷ ʤʘʰʠʥʘ ʊʴʶʨʠʥʛʘ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʣʶʙʫʶ ʜʨʫʛʫʶ ʤʘʰʠʥʫ ʊʴʶʨʠʥʛʘ, ʪʘʢ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 
ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʚ ʩʦʩʪʦʷʥʠʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʣʶʙʦʡ ʜʨʫʛʦʡ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʩ ʥʝ ʙʦʣʝʝ ʯʝʤ ʧʦʣʠʥʦʤʠ-

ʘʣʥɹʳʤ ʟʘʤʝʜʣʝʥʠʝʤ. 

1990-ʳʝ ʛʦʜʳ 

1991 ʛ. ð ɸʨʪʫʨ ʕʢʝʨʪ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʙʝʟʦʧʘʩʥʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ, ʦʩʥʦʚʳʚʘʶʱʫʶʩʷ ʥʘ ʟʘʧʫʪʘʥʥʦʩʪʠ 

ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʡ [16].  

1993 ʛ. ð ɼʵʥ ʉʘʡʤʦʥ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʦʥʨʝʘʣʷ, ʚʳʜʚʠʛʘʝʪ ʧʨʦʙʣʝʤʫ ʦʨʘʢʫʣʘ, ʚ ʨʝʰʝʥʠʠ ʢʦʪʦʨʦʡ ʢʚʘʥ-

ʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʙʫʜʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʦʙʳʯʥʳʡ ʢʦʤʧʴʶʪʝʨ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʚʚʦʜʠʣ ʦʩʥʦʚʥʳʝ 

ʠʜʝʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʘ ʬʘʢʪʦʨʠʟʘʮʠʠ  ʇʠʪʝʨʘ ʐʦʨʘ.  

1994 ʛ. ð ʇʠʪʝʨ ʐʦʨ ʚ ʅʴʶ-ɼʞʝʨʩʠ ʨʘʟʨʘʙʦʪʘʣ ʟʘʤʝʯʘʪʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʬʘʢʪʦʨʠʟʘʮʠʠ ʙʦʣʴʰʠʭ ʮʝʣʳʭ ʯʠʩʝʣ ʠ ʨʝʝhʥʠʷ ʧʨʦʙʣʝʤʳ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʘ [4]. 

ʇʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʐʦʨʘ ʤʦʞʝʪ ʩʪʘʪʴ ʚʟʣʦʤ ʤʥʦʛʠʭ ʠʟ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʛʦʜʥʷ ʢʨʠʧʪʦʩʠʩʪʝʤ. ɽʛʦ ʨʘʟʨʘ-
ʙʦʪʢʘ ʧʨʠʚʝʣʘ ʢ ʨʦʞʜʝʥʠʶ ʦʛʨʦʤʥʦʛʦ ʠʥʪʝʨʝʩʘ ʢ ʢʚʘʥʪʦʚʳʤ ʢʦʤʧʴʶʪʝʨʘʤ, ʜʘʞʝ ʚʥʝ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ɺ 

ʜʝʢʘʙʨʝ, ʀʛʥʘʩʠʦ ʉʠʨʘʢ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʉʴʶʜʘʜ-ʈʝʘʣʴ ʠ ʇʠʪʝʨ ɿʦʣʣʝʨ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʀʥʥʩʙʨʫʢʘ ʧʨʝʜʣʦʞʠʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʛʝʡʪʘ "ʫʧʨʘʚʣʷʝʤʦʝ-ʅɽ" (CNOT) ʥʘ ʫʜʝʨʞʠʚʘʝʤʳʭ ʚ ʣʦʚʫʰʢʝ ʠʦʥʘʭ [17]. 

1995 ʛ. ð ʇʠʪʝʨ ʐʦʨ ʠ ʕʥʜʨʶ ʉʪʠʥ ʧʨʝʜʣʦʞʠʣʠ ʧʝʨʚʳʝ ʩʭʝʤʳ ʢʦʨʨʝʢʮʠʠ ʢʚʘʥʪʦʚʳʭ ʦʰʠʙʦʢ ð ʧʦʜʭʦʜ ʢ 

ʩʦʟʜʘʥʠʶ ʪʘʢʠʭ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʧʨʦʚʦʜʠʪʴ ʢʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠʩʧʦʣʴʟʫʷ ʙʦʣɹ-

ʰʦʝ ʢʦʣʠʯʝʩʪʚʝ ʢʫʙʠʪʦʚ ʚ ʪʝʯʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ [18]. ʆʰʠʙʢʠ ʚʩʝʛʜʘ ʚʚʦʜʷʪʩʷ ʩʨʝ-

ʜʦʡ, ʥʦ ʢʚʘʥʪʦʚʘʷ ʢʦʨʨʝʢʮʠʷ ʦʰʠʙʦʢ ʤʦʛʣʘ ʙʳ ʧʨʝʦʜʦʣʝʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ ʠ ʩʪʘʪʴ ʢʣʶʯʦʤ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦ-

ʩʪʨʦʝʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʨʘʙʦʯʠʭ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. ʕʪʠ ʨʘʥʥʠʝ ʧʨʝʜʣʦʞʝʥʠʷ ʠʤʝʣʠ ʤʥʦʞʝʩʪʚʦ ʦʛ-

ʨʘʥʠʯʝʥʠʡ. ʆʥʠ ʤʦʛʣʠ ʠʩʧʨʘʚʣʷʪʴ ʥʝʢʦʪʦʨʳʝ ʦʰʠʙʢʠ, ʥʦ ʥʝ ʪʝ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ 

ʩʘʤʦʛʦ ʠʩʧʨʘʚʣʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ, ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦ-

ʛʦ ʚʦʧʨʦʩʘ. ɹʳʣʘ ʥʘʡʜʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʘ ʢʚʘʥʪʦʚʦʡ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ: ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʘʢʪʠʚʥʦ ʠʩʧʨʘʚʣʷʪʴ 

ʦʰʠʙʢʠ, ʚʳʟʚʘʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦ ʩʨʝʜʦʡ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 
"ʠʤʤʫʥʠʪʝʪ" ʢ ʦʰʠʙʢʘʤ. ʕʪʦʪ ʧʦʜʭʦʜ, ʦʩʥʦʚʳʚʘʶʱʠʡʩʷ ʥʘ ʩʚʦʙʦʜʥʳʭ ʦʪ ʜʝʢʦʛʝʨʝʥʮʠʠ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘʭ ʩʦ-

ʩʪʦʷʥʠʡ, ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʝʩʪʴ ʥʝʢʦʪʦʨʘʷ ʩʠʤʤʝʪʨʠʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʴʶʪʝʨ-ʩʨʝʜʘ. ʂʨʠʩʪʦʬʝʨ ʄʦʥʨʦ ʠ 

ɼʵʚʠʜ ɺʠʥʝʣʘʥʜ ʚ ʅʘʮʠʦʥʘʣʴʥʦʤ ʠʥʩʪʠʪʫʪʝ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʠ (ɺʘʣʫʥ, ʂʦʣʦʨʘʜʦ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʘ-

ʣʠʟʫʶʪ ʧʝʨʚʳʡ ʢʚʘʥʪʦʚʳʡ ʣʦʛʠʯʝʩʢʠʡ ʛʝʡʪ CNOT ʥʘ ʫʜʝʨʞʠʚʘʝʤʳʭ ʚ ʣʦʚʫʰʢʝ ʠʦʥʘʭ ʩʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʠʶ 

ɿʦʣʣʝʨʘ ʠ ʉʠʨʘʢʘ [19].  

1996 ʛ. ð ʃʦʚ ɻʨʦʚʝʨ ʠʟ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɹʝʣʣʘ, ʩʦʟʜʘʸʪ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ 

ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ [8]. ʂʚʘʜʨʘʪʠʯʥʦʝ ʫʩʢʦʨʝʥʠʝ ʟʜʝʩʴ ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʦʣʴ ʞʝ ʜʨʘʤʘʪʠʯʝʩʢʠʤ ʢʘʢ 

ʫʩʢʦʨʝʥʠʝ ʬʘʢʪʦʨʠʟʘʮʠʠ, ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʠʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ. 

ʆʜʥʘʢʦ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʢ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʧʨʦʙʣʝʤ. ʃʶʙʘ ̫ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʙʳʣʘ ʨʝʰʘʪʴʩʷ ʩʣʫʯʘʡʥʳʤ ʧʦʠʩʢʦʤ (ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ "ʚ ʣʦʙ"), ʤʦʞʝʪ ʪʝʧʝʨʴ ʠʤʝʪʴ ʢʚʘʜʨʘʪʠʯʥʦʝ ʫʩʢʦʨʝ-

ʥʠʝ ʚ ʩʚʦʸʤ ʨʝʰʝʥʠʠ.  
1997 ʛ. ð ɼʵʚʠʜ ʂʦʨʘʡ, ɸʤʨ ʌʘʭʤʘʡ ʠ ʊʠʤʦʪʠ ʍʘʚʵʣʴ [20], ʠ ʚ ʪʦ ʞʝ ʩʘʤʦʝ ʚʨʝʤʷ ʅʝʡʣ ɼʞʝʨʰʝʥʬʝʣʜ ʠ 

ɸʡʟʝʢ ʃ. ʏʫʘʥʛ ʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ [21], ʦʧʫʙʣʠʢʦʚʘʣʠ ʧʝʨʚʳʝ ʩʪʘʪʴʠ ʦ ʢʚʘʥʪʦʚʳʭ 

ʢʦʤʧʴʶʪʝʨʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʙʲʸʤʥʦʤ ʩʧʠʥʦʚʦʤ ʨʝʟʦʥʘʥʩʝ, ʠʣʠ ʪʝʧʣʦʚʳʭ ʘʥʩʘʤʙʣʷʭ. ɺ ʠʭ ʧʦʩʪʘʥʦʚʢʝ ʢʦʤʧʴ-



 

 

 
 

 

ʶʪʝʨ ð ʵʪʦ ʬʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʘʷ ʤʦʣʝʢʫʣʘ, ʢʦʪʦʨʘʷ ʢʦʜʠʨʫʝʪ ʢʫʙʠʪʳ ʚ ʩʧʠʥʘʭ ʝʸ ʧʨʦʪʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ. 

ʊʨʠʣʣʠʦʥʳ ʪʨʠʣʣʠʦʥʦʚ ʠʟ ʥʠʭ ʤʦʛʫʪ  ʧʣʘʚʘʪʴ  ʚ ʯʘʰʢʝ ʚʦʜʳ. ʕʪʘ ʯʘʰʢʘ ʧʦʤʝʱʘʝʪʩʷ ʚ ʗʄʈ-ʫʩʪʨʦʡʩʪʚʦ (ʗʄʈ-

ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ), ʧʦʜʦʙʥʦʝ ʗʄʈ-ʪʦʤʦʛʨʘʬʘʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʤʝʜʠʮʠʥʝ. ʊʘʢʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʢʦʤʥʘʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʭ (ʪʝʧʣʦʚʳʭ) ʤʦʣʝʢʫʣ (ʘʥʩʘʤʙʣʷ) ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʜʫʙʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ, ʯʪʦ ʥʘʤʥʦʛʦ ʣʫʯʰʝ  ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʜʨʫʛʠʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʠʩʪʝʤ.  

1998 ʛ. ð ʧʝʨʚʳʡ ʨʘʙʦʯʠʡ 2-ʢʫʙʠʪʥʳʡ ʗʄʈ-ʢʦʤʧʴʶʪʝʨ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʡ ɼʞʦʥʘʪʘʥʦʤ ɸ. ɼʞʦʥʩʦʤ 

ʠ ʄʠʢʝʣʝ ʄʦʩʢʘ ʚ ʆʢʩʬʦʨʜʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ [22], ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ɸʡʟʝʢʦʤ ʃ. ʏʫʘʥʛʦʤ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ 

ʮʝʥʪʨʝ ɸʣʴʤʘʜʝʥʘ (IBM) ʚʤʝʩʪʝ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʉʪʵʥʬʦʨʜʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʠ ʄʘʩʩʘʯʫʩʝʪʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ [23].  

ʇʝʨʚʳʡ ʨʘʙʦʯʠʡ 3-ʢʫʙʠʪʥʳʡ ʗʄʈ-ʢʦʤʧʴʶʪʝʨ. ʇʝʨʚʦʝ ʚʳʧʦʣʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ɻʨʦʚʝʨʘ [24]. 
 

2000-ʳʝ ʛʦʜʳ 

2000 ʛ. ð ʧʝʨʚʳʡ ʨʘʙʦʯʠʡ 5-ʢʫʙʠʪʥʳʡ ʗʄʈ-ʢʦʤʧʴʶʪʝʨ  ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʚ ʊʝʭʥʠʯʝʩʢʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ 

ʄʶʥʭʝʥʘ.  

ʇʝʨʚʦʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʥʘʭʦʞʜʝʥʠʷ ʧʦʨʷʜʢʘ (ʯʘʩʪʴ ʘʣʛʦʨʠʪʤʘ ʐʦʨʘ) ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʮʝʥʪʨʝ ɸʣʴʤʘʜʝ-

ʥʘ ʠ ʉʪʵʥʬʦʨʜʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ.  

ʇʝʨʚʳʡ ʨʘʙʦʯʠʡ 7-ʢʫʙʠʪʥʳʡ ʗʄʈ-ʢʦʤʧʴʶʪʝʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʚ ʥʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʃʦʩ-

ɸʣʘʤʦʩʘ. 

2001 ʛ. ð ʧʝʨʚʦʝ ʚʳʧʦʣʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʐʦʨʘ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʮʝʥʪʨʝ ɸʣʴʤʘʜʝʥʘ (IBM) ʠ ʉʪʵʥʬʦʨʜ-

ʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. ɹʳʣʦ ʬʘʢʪʦʨʠʟʦʚʘʥʦ ʯʠʩʣʦ 15, ʠʩʧʦʣʴʟʫʷ 1018 ʠʜʝʥʪʠʯʥʳʭ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ 7 ʘʢʪʠʚʥʳʭ 

ʷʜʝʨʥʳʭ ʩʧʠʥʦʚ. 
2002 ʛ. ð ʇʨʦʝʢʪ ʆʨʠʝʥʪʠʨʦʚ ʂʚʘʥʪʦʚʦʡ ʀʥʬʦʨʤʘʪʠʢʠ ʠ ʊʝʭʥʦʣʦʛʠʠ, ʚʦʚʣʝʢʰʠʡ ʥʝʢʦʪʦʨʳʭ ʠʟ ʦʩʥʦʚʥʳʭ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʡ ʩʪʨʘʪʝʛʠʶ ʨʘʟʚʠʪʠʷ ʂʚʘʥʪʦʚʦʡ ʠʥʬʦʨʤʘʪʠʢʠ [25].  

2004 ʛ. ð ʧʝʨʚʳʡ ʨʘʙʦʯʠʡ ʢʚʘʥʪʦʚʳʡ ʗʄʈ-ʢʦʤʧʴʶʪʝʨ ʥʘ ʯʠʩʪʳʭ ʩʦʩʪʦʷʥʠʷʭ (ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʘʨʘʚʦʜʦʨʦ-

ʜʝ) ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʚ ʆʢʩʬʦʨʜʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠ ʫʥʠʚʝʨʩʠʪʝʪʝ ʁʦʨʢʘ [26].  

2005 ʛ. ð ʜ-ʨ ʄʵʪʴʶ ʉʝʣʣʘʨʩ ʎʝʥʪʨʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʚ ʘʚʩʪʨʘʣʠʡʩʢʦʤ ʅʘʮʠʦʥʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʚ 

ʂʘʥʙʝʨʨʝ ʟʘʤʝʜʣʠʣʘ ʩʚʝʪʦʚʦʡ ʠʤʧʫʣʴʩ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ. ɿʘʤʝʜʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʧʦʟʚʦ-

ʣʷʝʪ ʦʪʦʙʨʘʟʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʩʚʝʪʦʚʦʡ ʠʤʧʫʣʴʩ, ʧʦʜʦʙʥʦ ʦʧʝʨʘʮʠʷʤ ʩ ʧʘʤʷʪʴʶ ʦʙʳʯʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʏʪʦʙʳ 

ʟʘʤʝʜʣʷʪʴ ʩʚʝʪ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʣʠʢʘʪʥʳʡ ʢʨʠʩʪʘʣʣ, ʩʤʝʰʘʥʥʳʡ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʤʝʪʘʣʣʦʤ 

ʧʨʘʟʝʦʜʠʤʠʝʤ [27]. 

ɺ ʩʪʘʪʴʝ, ʠʟʜʘʥʥʦʡ ʚ ʥʦʷʙʨʴʩʢʦʤ ʚʳʧʫʩʢʝ ʞʫʨʥʘʣʘ Nature, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ɻʨʫʟʠʥʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʩʦʦʙʱʠʣʠ ʦ ʧʦʣʫʯʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʪʘʢʞʝ ʨʘʩʧʨʦ-
ʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʩʧʠʥʦʚʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʚ ʘʪʦʤʥʦʤ ʢʦʥʜʝʥʩʘʪʝ ɹʦʟʝ-ʕʡʥʰʪʝʡʥʘ. 

ʋʯʸʥʳʝ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʀʣʣʠʥʦʡʩʘ ʚ Urbana-Champaign ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʚʘʥʪʦʚʫʶ ʟʘʧʫʪʘʥʥʦʩʪʴ ʥʝʩʢʦʣʴ-

ʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʟʚʦʣʷʶʱʫʶ ʢʦʜʠʨʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʢʫʙʠʪʦʚ ʚ ʦʜʥʦʡ ʯʘʩʪʠʮʝ.  

ɼʚʝ ʛʨʫʧʧʳ ʬʠʟʠʢʦʚ ʚʧʝʨʚʳʝ ʠʟʤʝʨʠʣʠ ʸʤʢʦʩʪʴ ʜʞʦʟʝʬʩʦʥʦʚʩʢʦʛʦ ʧʝʨʝʭʦʜʘ. ʄʝʪʦʜʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʢʫʙʠʪʦʚ ʚ ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʥʝ ʥʘʨʫʰʘʷ ʩʘʤʦ ʩʦʩʪʦʷʥʠʝ [28]. 

ɺ ʜʝʢʘʙʨʝ, ʦʙʲʷʚʣʝʥʦ ʩʦʟʜʘʥʠʝ ʧʝʨʚʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʙʘʡʪʘ, ʠʣʠ ʢʫʙʘʡʪʘ, ʫʯʸʥʳʤʠ ʠʟ ʠʥʩʪʠʪʫʪʘ ʂʚʘʥʪʦʚʦʡ 

ʆʧʪʠʢʠ ʠ ʂʚʘʥʪʦʚʦʡ ʀʥʬʦʨʤʘʮʠʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʀʥʩʙʨʫʢʘ (ɸʚʩʪʨʠʷ) [29]. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ɻʘʨʚʘʨʜʘ ʠ ɻʨʫʟʠʥʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʨʝʫʩʧʝʣʠ ʚ ʧʝʨʝʜʘʯʝ 

ʢʚʘʥʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ "ʢʚʘʥʪʦʚʳʤʠ ʙʣʦʢʘʤʠ ʧʘʤʷʪʠ" ð ʦʪ ʘʪʦʤʦʚ ʬʦʪʦʥʘʤ ʠ ʥʘʦʙʦʨʦʪ.  

ʋʯʝʥʳʝ ʠʟ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʀʥʩʪʠʪʫʪʘ ʉʪʘʥʜʘʨʪʦʚ ʠ ʊʝʭʥʦʣʦʛʠʠ ʜʦʙʠʣʠʩʴ ʦʨʠʝʥʪʠʨʦʚʢʠ ʩʧʠʥʦʚ ʰʝʩʪʠ 

ʘʪʦʤʦʚ ʚ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ.  

ʄʘʩʰʪʘʙʠʨʫʝʤʳʡ ʢʚʘʥʪʦʚʦ-ʢʦʤʧʴʶʪʝʨʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʯʠʧ, ʫʜʝʨʞʠʚʘʶʱʠʡ ʠʦʥʥʝr ʢʫʙʠʪ,r ʙʳʣ 
ʚʧʝʨʚʳʝ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʠʯʠʛʘʥʘ, ʯʪʦ ʧʦʜʘʣʦ ʥʘʜʝʞʜʳ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʧʨʘʢʪʠ-

ʯʝʩʢʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʠʩʧʦʣʴʟʫʷ ʦʙʳʯʥʫʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʫʶ ʪʝʭʥʦʣʦʛʠʶ. 

2006 ʛ. ð ʛʨʫʧʧʘ ʧʦ ʦʙʨʘʙʦʪʢʝ ʢʚʘʥʪʦʚʦʡ  ʠʥʬʦʨʤʘʮʠʠ ʣʘʙʦʨʘʪʦʨʠʠ Hewlett-Packard ʥʘʭʦʜʠʪ ʩʧʦʩʦʙʳ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʬʦʪʦʥʦʚ, ʠʣʠ ʣʸʛʢʠʭ ʯʘʩʪʠʮ, ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʥʝ ʵʣʝʢʪʨʦʥʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʮʠʬʨʦ-

ʚʳʭ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ ʩʝʛʦʜʥʷ. ʀʭ ʨʘʙʦʪʘ ʧʦʜʘʸʪ ʥʘʜʝʞʜʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʙʦʣʝʝ ʙʳʩʪʨʳʭ, 

ʙʦʣʝʝ ʤʦʱʥʳʭ ʠ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ.  

ʇʠʪʝʨ ɿʦʣʣʝʨ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʀʥʩʙʨʫʢʘ ʚ ɸʚʩʪʨʠʠ, ʦʙʥʘʨʫʞʠʚʘʝʪ, ʯʪʦ ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʠʦʛʝʥʥʳʭ 

ʧʦʣʷʨʥʳʭ ʤʦʣʝʢʫʣ ʜʝʣʘʝʪ ʢʚʘʥʪʦʚʳʝ ʙʣʦʢʠ ʧʘʤʷʪʠ ʩʪʘʙʠʣʴʥʳʤʠ [30].  

ʇʨʦʬʝʩʩʦʨ ɺʠʥʧʝʥʥʠ ʚ ʄʘʥʯʝʩʪʝʨʩʢʦʡ ʰʢʦʣʝ ʭʠʤʠʠ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʢʘʢ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘ-

ʱʠʝ ʢʦʣʴʮʘ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʨʦʣʠ ʢʫʙʠʪʦʚ, ʤʦʛʫʪ ʙʳʪʴ 

ʩʚʷʟʘʥʳ ʚʤʝʩʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʠ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʂʝʤ-
ʙʨʠʜʞʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʢʦʤʧʘʥʠʠ ʊʦʰʠʙʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʦʚʦʝ ʢʚʘʥʪʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʛʝʥʝʨʠʨʫʝʪ 

ʟʘʧʫʪʘʥʥʳʝ ʬʦʪʦʥʳ.  



 

 

 
 

 

ɼʞʦʥ ʄʦʨʪʦʥ ʠ ʉʘʡʤʦʥ ɹʝʥʞʘʤʠʥ ʠʟ ʆʢʩʬʦʨʜʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʟʘʧʝʨʣʠ ʢʫʙʠʪ ʚ ʬʫʣʣʝ-

ʨʝʥʝ. ʕʪʦ ʠʟʦʣʠʨʦʚʘʣʦ ʢʫʙʠʪ ʜʦ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ [31]. ʉʣʝʜʫʶʱʠʡ ʰʘʛ, ʢʦʪʦʨʳʡ ʩʜʝʣʘʣʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʩʦʩʪʦʷʣ ʚ ʧʨʠʤʝʥʝʥʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʩʢʦʨʦʩʪʨʝʣʴʥʦʛʦè ʤʝʪʦʜʘ (ñbang-bang methodò): ʢʫʙʠʪ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʙʩʪʨʝʣʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʠʤʧʫʣʴʩʦʤ, ʢʦʪʦʨʳʡ ʧʦʣʥʦʩʪʴʶ ʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʫʙʠʪʘ ʩʦ ʩʨʝʜʦʡ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʩʦʩʪʦʷʥʠʝ ʢʫʙʠʪʘ. ʄʝʪʦʜ "bang-bang" ð ʰʘʛ ʥʘ ʧʫʪʠ 

ʢ ʧʦʩʪʨʦʝʥʠʶ ʢʚʘʥʪʦʚʳʭ ʧʨʦʪʦʪʠʧʦʚ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʩʪʘʪʴ, ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʬʠʟʠʢʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʏʘʣʤʝʨʩʘ  (ɻʝʪʝʙʦʨʛ, ʐʚʝʮʠʷ), ʦʩʥʦʚʦʡ ʢʚʘʥʪʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʈʘʙʦʪʘʷ ʩ ʛʨʫʧʧʦʡ ʠʟ 

ʠʪʘʣʴʷʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɸʢʚʠʣʳ, ʬʠʟʠʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʣʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʢʚʘʥʪʦʚʳʝ ʵʬʬʝʢʪʳ 

ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʞʦʟʝʬʩʦʥʦʚʩʢʠʭ ʧʝʨʝʭʦʜʘʭ. ʌʠʟʠʢʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʊʝʭʘʩʘ ʚ ʆʩʪʠʥʝ ʠʩʧʦʣʴʟʫʶʪ ʣʘʟʝʨ-

ʥʫʶ ʣʦʚʫʰʢʫ, ʯʪʦʙʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʭʚʘʪʠʪʴ ʠ ʠʟʤʝʨʠʪʴ ʦʜʠʥʘʢʦʚʦʝ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ.  
ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʇʠʪʪʩʙʫʨʛʘ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʦʩʪʨʦʚʢʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʩ 

ʨʘʟʤʝʨʦʤ ʤʝʥʴʰʝ, ʯʝʤ 10 ʥʘʥʦʤʝʪʨʦʚ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ. ʆʩʪʨʦʚʢʠ, ʩʜʝʣʘʥʥʳʝ ʠʟ ʛʝʨʤʘʥʠʷ ʠ ʨʘʟ-

ʤʝʱʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ ʚ ʥʫʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 2 ʥʘʥʦʤʝʪʨʦʚ, ʩʧʦʩʦʙʥʳ ʫʜʝʨʞʠ-

ʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʵʣʝʢʪʨʦʥʳ.  

ʋʯʝʥʳʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ʐʪʘʪʘ ʆʛʘʡʦ ʦʙʥʘʨʫʞʠʚʘʶʪ, ʢʘʢ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʛʝʨʝʥʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ 

ʤʝʞʜʫ ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ, ʦʙʣʝʛʯʘʷ ʢʦʤʤʫʥʠʢʘʮʠʶ ʚ ʦʧʪʠʯʝʩʢʠʭ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʘʭ.  

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʀʣʣʠʥʦʡʩʘ ʠʩʧʦʣʴʟʫʶʪ ʢʚʘʥʪʦʚʳʡ ʵʬʬʝʢʪ ɿʝʥʦʥʘ (ʚʧʝʨʚʳʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥ-

ʥʳʡ ʪʘʢ: ʥʝʧʨʝʨʳʚʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʧʨʦʮʝʩʩʦʤ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ ʜʝʣʘʝʪ ʨʘʩʧʘʜ ʥʝʚʦʟʤʦʞʥʳʤ [32]), 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʟʤʝʨʷʷ ʩʚʦʡʩʪʚʘ ʬʦʪʦʥʘ, ʯʪʦʙʳ ʧʦʩʪʝʧʝʥʥʦ ʠʟʤʝʥʠʪʴ ʠʭ, ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʟʚʦʣʷʷ ʬʦʪʦʥʫ ʟʘʚʝʨ-

ʰʠʪʴ ʟʘʜʘʯʫ, ʚʳʧʦʣʥʷʪʴ  ʧʦʠʩʢ ʙʘʟʳ ʜʘʥʥʳʭ, ʬʘʢʪʠʯʝʩʢʠ ʙʝʟ "ʨʘʙʦʪʳ" ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ.  

ɺʣʘʪʢʦ ɺʝʜʨʘʣ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʃʠʜʩʘ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʇʦʨʪʦ ʠ ɺʝʥʳ ʥʘʰʝʣ, ʯʪʦ ʬʦʪʦʥʳ ʚ 
ʦʙʳʯʥʦʤ ʣʘʟʝʨʝ ʤʦʛʫʪ ʙʳʪʴ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠ ʟʘʧʫʪʘʥʥʳ ʢʦʣʝʙʘʥʠʷʤʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ, ʥʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʟʝʨʢʘʣʘ. 

ʇʨʦʬʝʩʩʦʨ ʉʵʤ ɹʨʦʥʩʪʝʡʥ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʁʦʨʢʘ ʚʤʝʩʪʝ ʩ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʊʦʢʠʦ ʠ ʘʛʝʥʪʩʪʚʦʤ ʅʘʫʢʠ ʠ 

ʊʝʭʥʠʢʠ ʗʧʦʥʠʠ ʜʘʣ ʧʝʨʚʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʜʝʤʦʥʩʪʨʘʮʠʶ ʢʚʘʥʪʦʚʦʛʦ ʪʝʣʝʢʣʦʥʠʨʦʚʘʥʠʷ [33]. 

ʇʨʦʬʝʩʩʦʨʘ ʫʥʠʚʝʨʩʠʪʝʪʘ ʐʝʬʬʠʣʜʘ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʤʝʪʦʜ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʳʤʠ ʬʦʪʦʥʘʤʠ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

IBM ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʩʧʠʥ-ʚʦʟʙʫʞʜʝʥʠʡ, ʯʪʦʙʳ ʫʧʨʘʚʣʷʪʴ ʤʘʛʥʝʪʠʟʤʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʘʪʦʤʦʚ.  

ʆʪʢʨʳʪ ʥʦʚʳʡ ʤʝʪʦʜ ʧʨʦʚʝʨʢʠ ʦʰʠʙʦʢ [34]. 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʜʩʯʸʪʘ ʦʜʠʥʦʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ [35]. 

ʉʢʦʥʩʪʨʫʠʨʦʚʘʥ ʧʝʨʚʳʡ 12-ʢʫʙʠʪʥʳʡ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ [36]. 
ʈʘʟʨʘʙʦʪʘʥʘ ʜʚʫʤʝʨʥʘʷ ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ ʜʣʷ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ [37]. 

ɺ ʫʥʠʚʝʨʩʠʪʝʪʝ ɹʦʥʥʘ ʩʝʤʴ ʘʪʦʤʦʚ ʚʳʩʪʨʘʠʚʘʶʪ ʚ ʫʩʪʦʡʯʠʚʫʶ ʣʠʥʠʶ: ʰʘʛ ʥʘ ʧʫʪʠ ʢ ʧʦʩʪʨʦʝʥʠʶ ʢʚʘʥʪʦ-

ʚʳʭ ʛʝʡʪʦʚ [38].  

ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʢʚʘʥʪʦʚʳʭ ʩʚʦʡʩʪʚ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʢʦʥʮʘʭ ʥʘʥʦʪʨʫʙʢʠ. 

ɻʨʫʧʧʘ ʚ ɼʝʣʴʬʪʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʚ ʅʠʜʝʨʣʘʥʜʘʭ, ʠʩʧʦʣʴʟʫʷ ʦʙʳʯʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ ʤʠʢʨʦʢʨʠʩʪʘʣʣʘ, ʩʦʟʜʘʣʘ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ ʩʧʠʥʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʢʘʭ [39]. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʦʡ ʪʝʦʨʠʠ, ʧʦʢʘʟʳʚʘʶʱʝʡ ʢʘʢ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʧʠʥ ʯʘʩʪʠʮʳ ʥʝ ʠʩʧʦʣʴʟʫʷ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʤʘʛʥʠʪʳ, ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʨʝʜʥʳʤ ʰʘʛʦʤ ʚ ʨʘʟʚʠʪʠʠ ʩʧʠʥʪʨʦʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ 

ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ [40]. 

ʋʯyʥʳʝ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʂʦʧʝʥʛʘʛʝʥʘ ʠ ʖʞʥʦʡ ʂʘʣʠʬʦʨʥʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʢʚʘʥʪʦʚʫʶ ʪʝʣʝʧʦʨʪʘʮʠʶ ʤʝʞ-

ʜʫ ʬʦʪʦʥʘʤʠ ʠ ʘʪʦʤʘʤʠ, ʠ  ʥʦʚʳʡ ʤʝʪʦʜ ʢʚʘʥʪʦʚʦʡ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ [41]. 
ʋʯʸʥʳʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ʂʘʤʝʨʠʥʦ ʨʘʟʚʠʚʘʝʪ ʪʝʦʨʠʶ ʟʘʧʫʪʘʥʥʦʩʪʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʘʷ ʤʦʛ-

ʣʘ ʙʳ ʧʦʟʚʦʣʠʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ "ʨʝʪʨʘʥʩʣʷʪʦʨʳ" ʚ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʘʭ [42]. 

ʋʯʥyʳʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ʀʣʣʠʥʦʡʩʘ ʥʘʭʦʜʷʪ, ʯʪʦ ʢʚʘʥʪʦʚʘʷ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʚʦʟʤʦʞʥʘ ʚ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ [43]. 

ɺ ʫʥʠʚʝʨʩʠʪʝʪʝ ʖʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʘʥʥʳʝ, ʟʘʢʦʜʠʨʦʚʘʥʥʳʝ ʚ ʷʜʝʨʥʳʭ ʩʧʠʥʘʭ [44]. 

ʅʘʙʣʶʜʘʶʪʩʷ ʵʣʝʢʪʨʦʥʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʨʠʤʝʩʥʳʤʠ ʘʪʦʤʘʤʠ ʚ ʢʨʝʤʥʠʠ: ʰʘʛ ʢ 

ʢʚʘʥʪʦʚʳʤ ʢʦʤʧʴʶʪʝʨʘʤ, ʙʘʟʠʨʫʶʱʠʤʩʷ ʥʘ ʢʨʝʤʥʠʠ. 

2007 ʛ. ð ʫʥʠʚʝʨʩʠʪʝʪ ʄʠʯʠʛʘʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʟʘʧʫʪʳʚʘʥʠʝ ʜʚʫʭ ʠʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʤʝʪʨʘ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʇʝʨʚʳʡ 16-ʢʫʙʠʪʥʳʡ ʘʜʠʘʙʘʪʠʯʝʩʢʠʡ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ D-Wave Systems. 

ʇʝʨʚʘ ̫ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ɼ. ɼʦʡʯʘ ʥʘ ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ ʢʣʘʩʪʝʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [45]. 
ʈʘʟʨʘʙʦʪʘʥ ʘʣʤʘʟʥʳʡ ʢʚʘʥʪʦʚʳʡ ʨʝʛʠʩʪʨ [46]. 

ʅʘ ʜʚʫʭ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʢʚʘʥʪʦʚʳʭ ʢʫʙʠʪʘʭ ʨʝʘʣʠʟʦʚʘʥ ʢʚʘʥʪʦʚʳʡ ʛʝʡʪ CNOT [47]. 

ɼʣʷ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʘʪʦʤ ʘʟʦʪʘ ʚ ʬʫʣʣʝʨʝʥʝ [48]. 



 

 

 
 

 

ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʫʜʝʨʞʘʥʠʷ ʬʦʪʦʥʦʚ [49]. 

ʈʘʟʨʘʙʦʪʘʥ ʬʦʪʦʥʥʳʡ ʪʨʘʥʟʠʩʪʦʨ ʜʣʷ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

ɼʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʣʘʙʦʨʘʪʦʨʠʷʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʢʚʘʥʪʦʚʘʷ ʰʠʥʘ ʜʣʷ ʧʨʷʤʦʛʦ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞ-

ʜʫ ʜʚʫʤʷ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʢʫʙʠʪʘʤʠ [50, 51]. 

 

ʆʊ ɹʀʊʆɺ ʂ ʂʋɹʀʊɸʄ 

ɹʠʪ ð ʙʘʟʦʚʘʷ ʝʜʠʥʠʮʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʦʡ, ʧʦ-

ʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʳʯʠʩʣʝʥʠʡ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʙʠʪ ʠʤʝ-

ʝʪ ʜʚʘ ʨʘʟʣʠʯʠʤʳʭ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ, ʯʪʦʙʳ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ, ʢʦʪʦʨʳʡ çʚʨʝʜʝʥè ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʙʳʣʘ ʤʠʥʠʤʘʣʴ-

ʥʘ. ɹʠʪ ʚʩʝʛʜʘ ʥʝʩʝʪ ʜʚʘ ʣʦʛʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ, ʣʠʙʦ ñ0ò, ʣʠʙʦ ñ1ò, ʧʦʵʪʦʤʫ ʙʠʪ ð ʢʣʘʩʩʠʯʝʥ. ʊʘʢ ʨʝ-
ʛʠʩʪʨ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ n ʙʠʪʦʚ, ʥʝʩʸʪ ʦʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ 2n ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, 

ʥʘʧʨʠʤʝʨ, . 

ʂʚʘʥʪʦʚʳʡ ʘʥʘʣʦʛ ʙʠʪʘ (ʢʚʘʥʪʦʚʳʡ ʙʠʪ, ʠʣʠ ʢʫʙʠʪ) ʦʙʣʘʜʘʝʪ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʚʝ-

ʜʝʥʠʷ. ʇʦʯʪʠ ʣʶʙʘʷ ʢʚʘʥʪʦʚʘʷ ʩʠʩʪʝʤʘ (ʦʙʣʘʜʘʶʱʘʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʫʤʷ ʩʦʩʪʦʷʥʠʷʤʠ) ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ 

ʨʦʣʠ ʢʫʙʠʪʘ. ɽʛʦ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʩʦʩʪʦʷʥʠʡ ʷʚʣʷʝʪʩʷ ʛʠʣʴʙʝʨʪʦʚʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ ð ʣʠʥʝʡʥʘʷ ʦʙʦʣʦʯʢʘ, ʥʘʪʷʥʫʪʘʷ ʥʘ ʜʚʘ (ʠʣʠ ʙʦʣʴʰʝ) ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʘ, 

ʢʦʪʦʨʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʜʠʨʘʢʦʚʩʢʠʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʢʘʢ ʢʚʘʥʪʦʚʳʝ ʩʦʩʪʦʥ̫ʠʷ 

 ʠ . ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʳ ʩ ʜʚʫʤʷ ʩʦʩʪʦʷ-

ʥʠʷʤʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʙʘʟʠʩʥʳʭ ʩʦʩʪʦʷʥʠʡ 

 
(1) 

ʧʨʠʯʸʤ  (ʩʤ. ʨʠʩ.1, 2). ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʸʭ-
ʫʨʦʚʥʝʚʳʝ ʢʚʘʥʪʦʚʳʝ ʩʠʩʪʝʤʳ (ʥʘʟʳʚʘʝʤʳʝ ʢʫʪʨʠʪʘʤʠ) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʚʘʥʪʦʚʳʭ ʨʝʛʠʩʪʨʦʚ, ʠʣʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʫʜʠʪʳ (ʜʣʷ dïʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝ-

ʤʳ) [52]. ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʫʨʦʚʥʝʡ ʩʠʩʪʝʤʳ ʥʘʨʷʜʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʚʘʥʪʦʚʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚʣʝʯʸʪ ʟʘ 

ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ ʝʸ ʨʝʘʣʠʟʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʦʢʘ ʚ 

ʧʝʨʚʳʭ ʧʨʦʪʦʪʠʧʘʭ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʚ ɻʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʢʚʘʥʪʦ-

ʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʢʫʙʠʪʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʛʠʩʪʨ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʠʟ L ʜʚʫʭʫʨʦʚʥʝʚʳʭ ʢʫʙʠʪʦʚ. ʆʥ 

ʤʦʞʝʪ ʭʨʘʥʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦ 2L ʯʠʩʝʣ ʚ ʢʚʘʥʪʦʚʦʡ ʩʫʧʝʨʧʦʟʠʮʠʠ. ʇʦ-

ʵʪʦʤʫ, ʝʩʣʠ ʧʦʧʦʣʥʠʪ ɹʨʝʛʠʩʪʨ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʫʙʠʪʘʤʠ, ʪʦ ʦʙʲʸʤ ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʥʸʤ ʫʚʝʣʠʯʠʪʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ. ʅʘʧʨʠʤʝʨ, 250-ʢʫʙʠʪʥʳʡ ʨʝʛʠʩʪʨ, ʦʙʣʘʜʘʶʱʠʡ ʘʪʦʤʘʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʙʫʜʝʪ ʩʧʦʩʦʙʝʥ ʭʨʘʥʠʪʴ 

ʙʦʣʴʰʝ ʯʠʩʝʣ, ʯʝʤ ʩʫʱʝʩʪʚʫʝʪ ʘʪʦʤʦʚ ʚ ʠʟʚʝʩʪʥʦʡ ɺʩʝʣʝʥʥʦʡ. ɹʦʣʝʝ ʪʦʛʦ, ʵʪʦ ʧʨʝʫʤʝʥʴʰʝʥʥʘʷ ʦʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ 

ʢʚʘʥʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʢʚʘʥʪʦʚʦʤ ʨʝʛʠʩʪʨʝ, ʪʘʢ ʢʘʢ ʚʝʢʪʦʨʘ ʩʫʧʝʨʧʦʟʠʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʨʝ-

ʨʳʚʥʦ ʚʘʨʴʠʨʫʝʤʦʡ ʧʨʦʧʦʨʮʠʠ ð ʢʘʞʜʳʡ ʩ ʝʛʦ ʩʦʙʩʪʚʝʥʥʦʡ ʬʘʟʦʡ. ɼʘʞʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʟʤʝʨʠʪʴ ʩʦʩʪʦʷʥʠʝ 
ʨʝʛʠʩʪʨʘ, ʪʦ ʧʦʣʫʯʠʤ ʪʦʣʴʢʦ ʦʜʥʦ ʠʟ ʪʝʭ ʯʠʩʝʣ. ʆʜʥʘʢʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʥʝʢʦʪʦʨʦʝ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʢʚʘʥʪʦʚʦʝ ʚʳʯʠʩʣʝʥʠʝ, ʧʦʣʴʟʫʷʩʴ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ð ʤʦʞʥʦ ʚr -

ʧʦʣʥʠʪʴ ʩʝʨʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʧʝʨʠʨʫʝʪ ʚʩʝʤʠ 

ʭʨʘʥʠʤʳʤʠ ʜʘʥʥʳʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʆ ʩʦʩʪʦʷʥʠʠ Lïʢʫʙʠʪʥʦʛʦ ʨʝʛʠʩʪʨʘ ʤʦʞʥʦ ʜʫʤʘʪʴ ʢʘʢ ʦ 2L-ʤʝʨʥʦʤ ʢʦʤ-

ʧʣʝʢʩʥʦʤ ʚʝʢʪʦʨʝ. ɸʣʛʦʨʠʪʤ ʜʣʷ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʜʦʣʞʝʥ ʠʥʠʮʠʘʣʠʟʠ-

ʨʦʚʘʪʴ ʵʪʦʪ ʚʝʢʪʦʨ ʚ ʥʝʢʦʪʦʨʦʡ ʫʢʘʟʘʥʥʦʡ ʬʦʨʤʝ (ʟʘʚʠʩʷʱʝʡ ʦʪ ʤʦʜʝʣʠ ʢʚʘʥʪʦ-

ʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ). ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ, ʵʪʦʪ ʚʝʢʪʦʨ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ 

ʫʥʠʪʘʨʥʦʡ ʤʘʪʨʠʮʝʡ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʟʠʢʦʡ ʫʩʪʨʦʡʩʪʚʘ. ʋʥʠʪʘʨʥʦʩʪʴ 

ʤʘʪʨʠʮʳ ʛʘʨʘʥʪʠʨʫʝʪ ʝʸ ʦʙʨʘʪʠʤʦʩʪʴ (ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʰʘʛ ʦʙʨʘʪʠʤ). 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʘʣʛʦʨʠʪʤʘ, 2Lïʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʚʝʢʪʦʨ, ʩʦʭʨʘʥʝʥʥʳʡ ʚ 
ʨʝʛʠʩʪʨʝ, ʜʦʣʞʝʥ ʙʳʪʴ ʩʯʠʪʘʥ ʠʟ ʢʫʙʠʪʥʦʛʦ ʨʝʛʠʩʪʨʘ ʢʚʘʥʪʦʚʳʤ ʠʟʤʝʨʝʥʠʝʤ. 

ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʘʤ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʨʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʙʫʜʝʪ ʩʣʫʯʘʡʥʘʷ ʩʪʨʦʢʘ L ʙʠʪʦʚ (ʠ ʠʟʤʝʨʝʥʠʝ ʨʘʟʨʫʰʠʪ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ). 

ʕʪʘ ʩʣʫʯʘʡʥʘʷ ʩʪʨʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʚʳʯʠʩʣʝʥʠʠ ʟʥʘʯʝʥʠʷ ʬʫʥʢ-

ʮʠʠ ʧʦʪʦʤʫ, ʯʪʦ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʠʟʤʝ-

ʨʝʥʥʦʡ ʙʠʪʦʚʦʡ ʩʪʨʦʢʠ ʷʚʣʷʝʪʩʷ ʘʩʠʤʤʝʪʨʠʯʥʤr ʚ ʩʪʦʨʦʥʫ ʧʨʘʚʠʣʴʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ ʬʫʥʢʮʠʠ. ʇʦʚʪʦʨʥʳʤʠ ʟʘʧʫʩʢʘʤʠ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʠʟʤʝʨʝʥʠʷ ʚʳʭʦʜʘ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʨʘʚʠʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩ ʙʦʣʴʰʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ. 

ʂʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʫʥʠʪʘʨʥʳʭ ʦʧʝʨʘ-

ʮʠʡ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʦʧʝʨʘʮʠʠ ʙʫʜʫʪ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʪʴʩʷ ʪʦʯʥʦ ʚ ʪʦʤ ʞʝ ʩʘʤʦʤ ʧʦʨʷʜʢʝ. ʅʝʪ 

ʈʠʩ. 2. ʂʫʙʠʪʳ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʢʦʥ-
ʪʨʦʣʠʨʫʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

(ʯʘʱʝ ʚʩʝʛʦ ʚ ʫʜʝʨʞʠʚʘʝʤʳʭ ʵʣʝʢ-
ʪʨʦʥʘʭ ʠ ʠʦʥʘʭ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʥʘʜ ʠʭ ʩʦʩʪʦʷʥʠʝʤ 

ʈʠʩ.1. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ɣ 
ʢʫʙʠʪʘ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʚ 

ʚʠʜʝ ʩʬʝʨʳ ɹʣʦʭʘ 



 

 

 
 

 

ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ "IF, THEN" , ʯʪʦʙʳ ʚʘʨʴʠʨʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʥʝʪ ʥʠʢʘʢʦʛʦ ʧʫʪʠ ʩʯʠʪʳʚʘʪʴ 

ʩʦʩʪʦʷʥʠʝ ʢʫʙʠʪʘ ʜʦ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ.  ʅʦ ʝʩʪʴ ʫʩʣʦʚʥʳʝ ʦʧʝʨʘʮʠʠ, ʨʝʘʣʠʟʫʝʤʳʝ ʛʝʡʪʦʤ controlled-

NOT (ʠʣʠ ʧʨʦʩʪʦ CNOT) [53, 54]. ʂʨʘʪʢʦʝ ʚʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʢʚʘʥʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʚʘʥʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ [55]. 

 

ʋʅʀɺɽʈʉɸʃʔʅʓʁ ʂɺɸʅʊʆɺʓʁ ʂʆʄʇʔʖʊɽʈ 

ʇʦʩʣʝ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʦʩʥʦʚʥʳʤʠ ʧʦʥʷʪʠʷʤʠ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʨʝʘʣʠʟʫʶʱʝʛʦ ʦʙʲʝʢʪʘ ʢʚʘʥʪʦ-

ʚʦʡ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʩʫʱʝʩʪʚʫʝʪ ʧʦʢʘ 

ʣʠʰʴ ʚ ʪʝʦʨʠʠ, ʚ ʤʳʩʣʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʯʴʷ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʬʦʨʤʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʦʙʨʘʙʦʪʢʠ ʢʚʘʥʪʦʚʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ. ʆʧʠʨʘʷʩʴ ʥʘ ʨʘʙʦʪʫ ɼ. ɼʦʡʯʘ [15], ʧʨʠʚʝʜʸʤ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢʚʘʥʪʦʚʦʤʫ ʢʦʤʧʴʶʪʝʨʫ. 

ʂʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʥʦʞʝʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ n ʢʫʙʠʪʦʚ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʳ 
ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

1) ʂʘʞʜʳʡ ʢʫʙʠʪ ʤʦʞʝʪ ʙʳʪʴ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥ ʚ ʠʟʚʝʩʪʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʥʘʧʨʠʤʝʨ, ʩʦʩʪʦʷʥʠʠ ). 

2) ʂʘʞʜʳʡ ʢʫʙʠʪ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥ ʚ ʙʘʟʠʩʝ . 

3) ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʢʚʘʥʪʦʚʳʡ ʛʝʡʪ (ʩʤ. ʥʠʞʝ) (ʠʣʠ ʤʥʦʞʝʩʪʚʦ ʛʝʡʪʦʚ) ʤʦʞʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʣʶʙʦʝ ʦʛʨʘ-

ʥʠʯʝʥʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʢʫʙʠʪʦʚ. 

4) ʉʦʩʪʦʷʥʠʝ ʢʫʙʠʪʦʚ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʢʨʦʤʝ ʢʘʢ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ɼʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʪʦʨʦʥ, ʥʦ ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʳʝ ʠʜʝʠ ʢʚʘʥʪʦ-

ʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʳʯʠʩʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʝʪʝʚʦʡ. ɺ ʥʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 
ʣʦʛʠʯʝʩʢʠʤʠ ʛʝʡʪʘʤʠ ʥʘ ʤʥʦʞʝʩʪʚʦ ʢʫʙʠʪʦʚ. ʃʦʛʠʯʝʩʢʠʝ ʛʝʡʪʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʨʘʩʧʦʣʦ-

ʞʝʥʳ ʥʘ ʤʦʥʪʘʞʥʦʡ ʧʣʘʪʝ ʦʪʜʝʣʴʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʚ ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ ʣʦʛʠʯʝʩʢʠʝ ʛʝʡʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʫʙʠʪʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ. ʇʨʠ ʵʪʦʤ ʢʫʙʠʪʳ ʬʦʨʤʠʨʫʶʪ ʦʧʨʝ-

ʜʝʣʝʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʚʘʨʠʘʥʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʢʦʤʧʴʶʪʝʨʝ.  

ɺʦʟʤʦʞʥʘ ʧʨʦʨʘʙʦʪʢʘ ʠ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʠ ʢʣʝʪʦʯʥʦʛʦ ʘʚʪʦʤʘʪʘ [56]. 

 

ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʢʚʘʥʪʦʚʳʡ ʛʝʡʪ 

ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʢʚʘʥʪʦʚʳʡ ʛʝʡʪ ʷʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʳʤ ʵʢʚʠʚʘʣʝʥʪʦʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠʟ ʫʥʠʚʝʨ-

ʩʘʣʴʥʦʛʦ ʥʘʙʦʨʘ, ʠ ʷʚʣʷʝʪʩʷ ʛʝʡʪʦʤ, ʢʦʪʦʨʳʡ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʢʫʙʠʪ ʠʣʠ ʠʭ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ, ʤʦʞʝʪ ʠʤʠʪʠ-

ʨʦʚʘʪʴ ʜʝʡʩʪʚʠʝ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʛʝʡʪʘ. ʆʜʥʘʢʦ ʯʪʦ ʩʦʙʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʢʚʘʥʪʦʚʳʭ ʛʝʡʪʦʚ? ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʥʫʞʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʫʨʘʚʥʝʥʠʶ ʐʨʸʜʠʥʛʝʨʘ: ʧʦʩʢʦʣʴʢʫ ʢʚʘʥʪʦʚʘʷ 
ʵʚʦʣʶʮʠʷ ʫʥʠʪʘʨʥʘ, ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʦʟʜʘʪʴ ʚ ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ ʚʩʝ ʫʥʠʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ n ʢʫʙʠʪʦʚ. 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʵʪʦ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʝ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʝʩʢʦ-

ʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʛʝʡʪʦʚ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣ ɼ. ɼʦʡʯ ʚ 1985 ʛ. [15], ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʳʝ ʢʚʘʥʪʦʚʳʝ ʛʝʡʪʳ ʤʦʛʫʪ 

ʩʦʩʪʘʚʣʷʪʴ ʫʥʠʚʝʨʩʘʣʴʥʡr ʥʘʙʦʨ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʅʘʧʨʠʤʝʨ, 

ʧʘʨʘ ʦʜʥʦʢʫʙʠʪʦʚʦʛʦ ʛʝʡʪʘ  ʠ ʜʚʫʭʢʫʙʠʪʦʚʦʛʦ ʛʝʡʪʘ çcontrolled-NOTè, ʛʜʝ  ð ʛʝʡʪ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʢʫʙʠʪʘ: 

 
(2) 

ʘ CNOT ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʪʨʠʮʝʡ 

 

ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʥʘʙʦʨʦʤ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʣʶʙʘʷ ʫʥʠʪʘʨʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʠ nĬn ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʘ ʧʫʪʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʜʚʫʭʢʫʙʠʪʦʚʳʭ ʛʝʡʪʦʚ CNOT ʠ ʛʝʡʪʦʚ ʚʨʘʱʝʥʠʡ ʦʜʥʦʛʦ ʢʫʙʠʪʘ.  

ʄʦʞʥʦ ʚʦʟʨʘʟʠʪʴ, ʯʪʦ ʛʝʡʪ  ʜʦʣʞʝʥ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʛʝʡʪʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ. ʆʜʥʘʢʦ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʙʦʨʘ ʜʚʫʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝ-

ʥʠʡ ʫʛʣʦʚ ɗ ʠ ű, ʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʛʝʡʪʘ ʩ ʜʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʨʘ-

ʱʝʥʠʷ ʦʜʥʦʛʦ ʢʫʙʠʪʘ. ʅʦ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʦʙʥʳʝ ʪʨʫʜʦʝʤʢʠʝ ʤʝʪʦʜʳ ʚ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ð 
ʧʫʪʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ ʚʨʘʱʝʥʠʷ ʠ CNOT, ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʦʧʝʨʘʮʠʶ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʨʘʱʝʥʠʷ, ʷʚ-

ʣʷʁʱʫʶʩʷ ʦʜʠʥʦʯʥʳʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʛʝʡʪʦʤ. ʆʧʠʩʘʥʠʝ ʧʦʜʦʙʥʳʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʛʝʡʪʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʫ ɼ. ɼʦʡ-

ʯʘ [57], ʉ. ʃʣʦʡʜʘ [58], ɼ.ʇ. ʜʠ ɺʠʥʯʝʥʮʦ [59] ʠ ɸ. ɹʘʨʝʥʮʦ [60]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʚʫʭʢʫʙʠʪʦʚʳʝ ʛʝʡʪʳ ʜʦʩ-

ʪʘʪʦʯʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʩ ʣʶʙʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʫʙʠʪʦʚ. 

 

ɿʘʢʦʥ ʏʸʨʯʘ-ʊʴʶʨʠʥʛʘ 

ʆʟʥʘʢʦʤʠʚʰʠʩʴ ʩ ʢʚʘʥʪʦʚʳʤ ʢʦʤʧʴʶʪʝʨʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʪ.ʝ. ʧʦʢʘ-

ʟʘʪʴ, ʯʪʦ ʦʥ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʏʸʨʯʘ-ʊʴʶʨʠʥʛʘ (ʧʝʨʝʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ʪʝʟʠʩʘ ʏʸʨʯʘ-



 

 

 
 

 

ʊʴʶʨʠʥʛʘ) [61, ʩ.66], ʢʦʪʦʨʳʡ ʛʣʘʩʠʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʣʶʙʦʡ ʨʝʘʣʴʥʦʡ ʢʦʥʝʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ 

ʢʘʢ ʫʛʦʜʥʦ ʪʦʯʥʦ ʩʳʤʠʪʠʨʦʚʘʥʦ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʝ, ʨʘʙʦʪʘʶʱʝʡ ʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʟʘ ʢʦʥʝʯ-

ʥʦʝ ʯʠʩʣʦ ʰʘʛʦʚ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʰʘʛʦʚ ʠ ʩʘʤʦ ʧʦ ʩʝʙʝ ʦʯʝʥʴ ʧʨʦʩʪʦʝ. ɺʦ-ʧʝʨʚʳʭ, ʩʦʩʪʦʷʥʠʝ ʣʶ-

ʙʦʡ ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʳ ʝʩʪʴ ʚʝʢʪʦʨ ʚ ʛʠʣʴʙʝʨʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʢʘʢ ʫʛʦʜʥʦ ʪʦʯʥʦ ʩ ʧʦʤʦʱʴʶ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʢʫʙʠʪʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʵʚʦʣʶʮʠʷ ʣʶʙʦʡ ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʳ ʝʩʪʴ ʫʥʠ-

ʪʘʨʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʪʘʢ ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʳʤʠʪʠʨʦʚʘʥʘ ʥʘ ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʩʦʟʜʘ-

ʚʘʪʴ ʥʦʚʦʝ ʫʥʠʪʘʨʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʡ ʚʦʧʨʦʩ ʙʳʣ ʟʘʪʨʦʥʫʪ ɼ. ʄʝʡʝʨʩʦʤ [62], ʢʦʛʜʘ ʦʥ ʦʧʨʝʜʝʣʠʣ, ʯʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʜʦ ʟʘʚʝʨʰʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ. ɺ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʢʦʤʧʴʶʪʝʨʫ ʥʝʣʴʟʷ ʦʧʨʝʜʝʣʠʪʴ ʦʩʪʘʥʦʚʢʫ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʆʜʥʘʢʦ ʚ ʜʘʣʴʥʝʡ-

ʰʝʤ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʣʠʙʦ ʟʘʜʘʯʠ, ʫ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʯʠʩʣʦ ʰʘʛʦʚ ʜʦ ʟʘʚʝʨʰʝʥʠʷ, ʣʠʙʦ ʟʘʜʘ-
ʯʠ, ʦʙ ʦʩʪʘʥʦʚʢʝ ʢʦʪʦʨʳʭ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʩʦʦʙʱʘʝʪ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʵʪʦʛʦ 

ʢʫʙʠʪʘ, ʥʝ ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ ʚ ʚʳʯʠʩʣʝʥʠʷʭ [15]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʫʩʣʦʚʠʷ, ʦʩʪʘʝʪʩʷ ʦʯʝʥʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄ.ɸ. ʅʠʣʴʩʝʥ ʠ 

ʀ.ʃ. ʏʫʘʥʛ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʠʤʝʥʝʥʠʝ ʤʘʩʩʠʚʘ ʬʠʢʩʠʨʦʚʘʥʳʭ ʢʚʘʥʪʦʚʳʭ ʛʝʡʪʦʚ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʩʣʠ ʩ ʧʦʤʦʱʴʶ 

ʤʘʩʩʠʚʘ ʤʦʞʥʦ ʦʧʝʨʠʨʦʚʘʪʴ ʢʫʙʠʪʘʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʧʨʦʛʨʘʤʤʦʡ, ʪʦ ʥʝʚʦʟʤʦʞʥʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʵʪʦʛʦ ʞʝ ʤʘʩʩʠʚʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʥʠʪʘʨʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ [63]. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ 

ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʢʣʘʩʩʠʯʝʩʢʠʡ ʢʦʤʧʴʶʪʝʨ ʫʧʨʘʚʣʷʝʪ ʢʚʘʥʪʦʚʳʤʠ ʛʝʡʪʘʤʠ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʢʚʘʥʪʦʚʳʡ ʨʝ-

ʛʠʩʪʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ çʦʧʨʝʜʝʣʷʪʴè ʣʶʙʦʡ ʤʘʩʩʠʚ (ʣʶʙʫʶ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʴ) ʛʝʡʪʦʚ ʠ ʥʘʧʨʘʚʣʷʪʴ ʝʛʦ ʚ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ. ɹʝʟ ʩʦʤʥʝʥʠʷ, ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʷʚʣʷʝʪʩʷ ʧʦ-

ʟʥʘʚʘʪʝʣʴʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. ʅʦ ʨʷʜʦʤ ʩ ʥʠʤ ʜʦ ʩʠʭ ʧʦʨ ʩʪʦʠʪ ʙʦʣʴʰʦʡ ʟʥʘʢ ʚʦʧʨʦʩʘ, ʪʨʝʙʫʶʱʠʡ 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʝʛʦ ʥʝʠʜʝʘʣʴʥʦʩʪʴʶ. ʆʧʠʩʘʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ, ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʫʯʘʶ, ʢʦ-
ʛʜʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʠʣʠ ʧʨʠʤʝʥʝʥʠʠ ʛʝʡʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʣʶʙʘʷ ʪʦʯʥʦʩʪʴ. ɼʘʥʥʳʝ ʩʣʫʯʘʠ, 

ʢʘʢ ʠ ʯʝʪʚʝʨʪʦʝ ʪʨʝʙʦʚʘʥʠʝ (ʦʪʩʫʪʩʪʚʠʝ ʵʚʦʣʶʮʠʠ ʠʟʚʥʝ), ʷʚʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠ ʥʝʢʦʨʨʝʢʪʥʳʤʠ. ʆʧʠʩʘʥʠʝ ʢʚʘʥʪʦ-

ʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʙʫʜʝʪ ʨʝʘʣʠʩʪʠʯʥʳʤ, ʝʩʣʠ ʢ ʢʘʞʜʦʤʫ ʠʟ ʯʝʪʳʨʝʭ ʪʨʝʙʦʚʘʥʠʡ ʜʦʙʘʚʠʪʴ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ. 

 

ʂɺɸʅʊʆɺʓɽ ɸʃɻʆʈʀʊʄʓ 

ʂʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ð ʵʪʦ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʢʚʘʥʪʦʚʳʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ ʜʣʷ ʧʨʦ-

ʮʝʩʩʘ ʚʳʯʠʩʣʝʥʠʷ. ʄʦʞʥʦ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʦʧʠʩʘʥʠʝ ʵʪʠʭ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʝʨʤʠʥʘʭ ʤʦ-

ʜʝʣʠ, ʙʣʠʟʢʦʡ  ʢ ʬʦʨʤʘʣʠʟʤʫ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚʳʯʠʩʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʫʜʦʙʥʦ ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʙʠʪʘʤʠ ʧʘ-

ʤʷʪʠ ʪʴʶʨʠʥʛʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʟʘʤʝʥʠʪʴ ʥʘ ʫʥʠʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʜʝʡʩʪʚʫʶ-

ʱʠʝ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʢʫʙʠʪʦʚ. ʄʦʞʥʦ ʘʨʛʫʤʝʥʪʠʨʦʚʘʪʴ [15], ʯʪʦ ʤʦʜʝʣʴ ʵʪʦʛʦ ʪʠʧʘ ʜʦʩʪʘʪʦʯʥʘ 
ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʙʱʝʛʦ ʢʚʘʥʪʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʦʠʟʚʦʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ, ʠʩʧʦʣʴʟʫʷ 

"ʢʦʥʝʯʥʳʡ ʥʘʙʦʨ ʩʨʝʜʩʪʚ", ʪʦ ʝʩʪʴ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʣʶʙʦʡ ʦʧʝʨʘʮʠʠ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʢʦʥʝʯʥʦʛʦ 

ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ ʦʩʥʦʚʥʳʭ ʫʥʠʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ. ʃʶʙʘʷ ʜʨʫʛʘʷ ʫʥʠʪʘʨʥʘʷ ʦʧʝʨʘʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʤʳ, ʚʦʟ-

ʤʦʞʥʦ, ʙʫʜʝʤ ʥʫʞʜʘʪʴʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʣʛʦʨʠʪʤʘ, ʜʦʣʞʥʘ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴʩʷ ʠʟ ʦʩʥʦʚʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʦʧʝ-

ʨʘʮʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʟʘʜʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʦʪʦʙʨʘʥʥʳʝ ʢʫʙʠʪʳ (ʠʣʠ ʩʢʦʨʝʝ ʙʳʪʴ ʚʳʨʘʞʘʝʤʦʡ ʠʤʠ 

ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ). ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ [57], ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʥʘʙʦʨʳ ʫʥʠʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ (ʪʘʢ ʥʘʟʳ-

ʚʘʝʤʳʝ "ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʥʘʙʦʨʳ") ʜʦʩʪʘʪʦʯʥʳ, ʯʪʦʙʳ ʠʤʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʥʦʩʪʴʶ ʣʶʙʫʶ 

ʫʥʠʪʘʨʥʫʶ ʦʧʝʨʘʮʠʶ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʣʶʙʦʝ ʯʠʩʣʦ ʢʫʙʠʪʦʚ. ʆʜʥʦ ʠʟ ʩʘʤʳʭ ʧʦʣʝʟʥʳʭ ʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʣʝʜ-

ʩʪʚʠʡ ʵʪʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ð ʦʙʝʩʧʝʯʝʥʠʝ ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ ʩʣʦʞʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʟʘʜʘʯʠ (ʘʥʘʣʦʛʠʯʥʦ ʢʦʥ-

ʮʝʧʮʠʷʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʩʣʦʞʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ).  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʚʘʥʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʥʘʭʦʞʜʝʥʠʝ ʧʦʣʠʥʦʤʠʘʣʴʥʦïʚʨʝʤʝʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʚ ʟʘʜʘʯʘʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʠʟʚʝʩʪʥʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʭ ʨʝʰʝʥʠʷ. ʊʘʢ, ʯʪʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ ʜʘyʪ ɻʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠ-

ʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʵʪʦʤ ʤʦʞʥʦ ʫʙʝʜʠʪʩɹʷ ʥʘ ʧʨʠʤʝʨʝ ʘʣʛʦʨʠʪʤʘ ʐʦʨʘ. ɼʘʣʝʝ ʪʘʢʞʝ ʦʧʠʰʝʤ 

ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʚʘʜʨʘʪʠʯʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʶʙʳʤ ʢʣʘʩʩʠʯʝ-

ʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

  

ɸʣʛʦʨʠʪʤ ʐʦʨʘ 

ɸʣʛʦʨʠʪʤ ʐʦʨʘ ð ʵʪʦ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʬʘʢʪʦʨʠʟʘʮʠʠ ʯʠʩʣʘ N ʟʘ ʚʨʝʤʷ  ʠ ʨʝʩʫʨʩʳ 

 [4]. ɸʣʛʦʨʠʪʤ ʧʦʜʚʝʨʛʘʝʪ ʢʣʶʯ RSA (ʧʦʧʫʣʷʨʥʳʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ) ʦʧʘʩʥʦʩʪʠ ʙʳʪʴ ʣʝʛʢʦ 

ʚʟʣʦʤʘʥʥʳʤ, ʝʩʣʠ ʝʛʦ ʟʘʧʫʩʪʷʪ ʥʘ ʜʦʩʪʘʪʦʯʥʦ çʙʦʣʴʰʦʤè ʜʣʷ ʵʪʦʛʦ ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ. ɸʣʛʦʨʠʪʤ ʐʦʨʘ 

ʤʦʞʝʪ ʵʪʦ ʩʜʝʣʘʪʴ ʟʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʚʨʝʤʷ [64]. 

 ʂʘʢ ʠ ʤʥʦʛʠʝ ʠʟ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʘʣʛʦʨʠʪʤ ʐʦʨʘ ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʤ: ʦʥ ʜʘʸʪ 

ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ ʩ ʣʶʙʦʡ ʥʘʧʝʨʸʜ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʳʤ ʧʦʚʪʦʨʥr ʤ ʚʳʧʦʣ-
ʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ. ʅʦ ʪʘʢ ʢʘʢ ʧʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚʝʨʠʬʠʮʠʨʫʝʤʦ ʟʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʚʨʝʤʷ, ʘʣʛʦʨʠʪʤ ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥ ʜʣʷ ʨʘʙʦʪʳ ʟʘ ʦʞʠʜʘʝʤʦʝ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʚʨʝʤʷ ʩ ʥʫʣʝʚʦʡ ʦʰʠʙʢʦʡ. 



 

 

 
 

 

ɸʣʛʦʨʠʪʤ ʐʦʨʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 1994 ʛ., ʥʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʯʘʩʪʴ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʝʞʜʝ ɼʞ.ʃ. ʄʠʣʣʝ-

ʨʦʤ. ʉʝʤʴ ʣʝʪ ʩʧʫʩʪʷ, ʚ 2001 ʛ., ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʐʦʨʘ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʩʷ ʛʨʫʧʧʦʡ ʚ IBM, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪ-

ʚʠʣʘ ʬʘʢʪʦʨʠʟʘʮʠʶ ʯʠʩʣʘ 15 ʥʘ 3 ʠ 5, ʠʩʧʦʣʴʟʫʷ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʩ 7 ʢʫʙʠʪʘʤʠ (ʩʤ. ʨʘʟʜ. ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʷ).  

ɿʘʜʘʯʘ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ, ʩʦʩʪʦʠʪ ʚ ʧʦʠʩʢʝ ʮʝʣʦʛʦ ʜʝʣʠʪʝʣʷ p ʮʝʣʦʛʦ ʯʠʩʣʘ N ʚ ʠʥʪʝʨʚʘʣʝ ʤʝʞ-

ʜʫ 1 ʠ N. ɸʣʛʦʨʠʪʤ ʐʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: 

1) ʉʚʝʜʝʥʠʶ ʟʘʜʘʯʠ ʬʘʢʪʦʨʠʟʘʮʠʠ ʢ ʟʘʜʘʯʝ ʧʦʠʩʢʘ ʧʦʨʷʜʢʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʥʘ ʢʣʘʩʩʠʯʝʩʢʦʤ 

ʢʦʤʧʴʶʪʝʨʝ.  

2) ɺʳʧʦʣʥʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘʭʦʞʜʝʥʠʷ ʧʦʨʷʜʢʘ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʯʘʩʪʴ ʪʘʢʦʚʘ: 

1)  ɺʳʙʠʨʘʝʤ ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ . 

2) ɺʳʯʠʩʣʷʝʤ  (ʅʆɼ ð ʥʘʠʙʦʣʴʰʠʡ ʦʙʱʠʡ ʜʝʣʠʪʝʣʴ). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ɽʚʢʣʠʜʘ.  

3) ɽʩʣʠ , ʪʦʛʜʘ ʝʩʪʴ ʥʝʪʨʠʚʠʘʣʴʥʳʡ ʜʝʣʠʪʝʣʴ N, ʥʘ ʯʸʤ ʚʳʧʦʣʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʟʘʢʘʥʯʠʚʘʝʪ-

ʩ.̫  

4) ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʠʩʧʦʣʴʟʫʝʤ ʧʦʜʧʨʦʛʨʘʤʤʫ ʧʦʠʩʢʘ ʧʝʨʠʦʜʘ (ʥʠʞʝ) ʯʪʦʙʳ ʥʘʡʪʠ r, ʧʝʨʠʦʜ ʩʣʝʜʫʶ-

ʱʝʡ ʬʫʥʢʮʠʠ: , ʪ.ʝ. ʥʘʠʤʝʥʴʰʝʝ ʮʝʣʦʝ r, ʜʣʷ ʢʦʪʦʨʦʛʦ .  

5) ɽʩʣʠ r ʥʝʯʸʪʥʦ, ʚʦʟʚʨʘʱʘʝʤʩʷ ʢ ʰʘʛʫ 1.  

6) ɽʩʣʠ ,  ʚʦʟʚʨʘʱʘʝʤʩʷ ʢ ʰʘʛʫ 1.  

7) ɼʝʣʠʪʝʣʷʤʠ N ʷʚʣʷʶʪʩʷ . 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʢʚʘʥʪʦʚʫʶ ʯʘʩʪʴ ð ʧʦʜʧʨʦʛʨʘʤʤʫ ʧʦʠʩʢʘ ʧʝʨʠʦʜʘ: 

1) ʅʘʯʥʸʤ ʩ ʧʘʨʳ ʥʘʯʘʣʴʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʢʫʙʠʪʥʳʭ ʨʝʛʠʩʪʨʦʚ ʩ  ʢʫʙʠʪʘʤʠ ʢʘʞʜʳʡ, ʠ ʠʥʠʮʠʘʣʠʟʠ-

ʨʫʝʤ ʠʭ ʚ ʩʦʩʪʦʷʥʠʠ , ʛʜʝ x ʧʨʦʙʝʛʘʝʪ ʦʪ 0 ʜʦ Nï1. 

2) ʉʢʦʥʩʪʨʫʠʨʫʝʤ  ʢʘʢ ʢʚʘʥʪʦʚʫʶ ʬʫʥʢʮʠʶ ʠ ʧʨʠʤʝʥʠʤ ʝʸ ʚʳʰʝʫʢʘʟʘʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʧʦʣʫʯʠʤ 

 
(3) 

ʕʪʦ ʦʩʪʘʚʣʷʝʪ ʥʘʩ ʚ ʩʣʝʜʫʶʱʝʤ ʩʦʩʪʦʷʥʠʠ:  

 
(4) 

4) ʇʨʦʠʟʚʝʜʸʤ ʠʟʤʝʨʝʥʠʝ. ʇʦʣʫʯʠʤ ʥʝʢʦʪʦʨʳʡ ʚʳʭʦʜ y ʚʦ ʚʚʦʜʥʦʤ ʨʝʛʠʩʪʨʝ ʠ  ʚ ʚʳʭʦʜʥʦʤ ʨʝʛʠʩʪʨʝ. 

ʇʦʩʢʦʣʴʢʫ f ʧʝʨʠʦʜʠʯʥʘ, ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʥʝʢʦʪʦʨʫʶ ʧʘʨʫ y ʠ  ʜʘʸʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 

(5) 

ʀʟ ʘʥʘʣʠʟʘ ʚʠʜʥʦ, ʯʪʦ ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʙʣʠʞʝ  ʢ ʮʝʣʦʤʫ. 

5) ʇʨʝʦʙʨʘʟʫʝʤ  ʚ ʥʝʩʦʢʨʘʪʠʤʫ  ʁʜʨʦʙʴ, ʠ ʥʘʡʜʸʤ ʟʥʘʤʝʥʘʪʝʣʴ , ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʢʘʥʜʠʜʘʪʦʤ ʚ r. 

6) ʇʨʦʚʝʨʠʤ, ʚʳʧʦʣʥʷʝʪʩʷ ʣʠ . ɽʩʣʠ ʜʘ, ʪʦ ʟʘʜʘʯʘ ʨʝʰʝʥʘ. 

7) ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʤ ʙʦʣʴʰʝ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ , ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠʝ ʢ , ʠʣʠ ʢʨʘʪʥʳʝ 

. ɽʩʣʠ ʦʜʠʥ ʠʟ ʵʪʠʭ ʢʘʥʜʠʜʘʪʦʚ ʧʦʜʦʡʜʸʪ, ʟʘʜʘʯʘ ʨʝʰʝʥʘ. 

8) ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʦʟʚʨʘʱʘʝʤʩʷ ʢ 1 ʰʘʛʫ ʧʦʜʧʨʦʛʨʘʤʤʳ. 

ɸʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ. ʇʝʨʚʘʷ ʯʘʩʪʴ ʘʣʛʦʨʠʪʤʘ ʩʚʦʜʠʪ ʟʘʜʘʯʫ ʬʘʢʪʦʨʠʟʘʮʠʠ ʢ ʧʨʦʙʣʝʤʝ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʧʝʨʠʦʜʘ ʬʫʥʢʮʠʠ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʢʣʘʩʩʠʯʝʩʢʠ. ɺʪʦʨʘʷ ʯʘʩʪʴ ʥʘʭʦʜʠʪ ʧʝʨʠʦʜ, ʠʩʧʦʣʴʟʫʷ 

ʦʙʨʘʪʥʦʝ ʢʚʘʥʪʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (ʦʥʘ ʠ ʧʦʨʦʞʜʘʝʪ ʢʚʘʥʪʦʚʦʝ ʫʩʢʦʨʝʥʠʝ). 

ʊʘʢ, ʚ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʥʘʭʦʜʷʪʩʷ ʜʝʣʠʪʝʣʠ ʧʦ ʧʝʨʠʦʜʫ. ʎʝʣʳʝ ʯʠʩʣʘ, ʢʦʪʦʨʳʝ ʤʝʥʴʰʝ, ʯʝʤ N ʠ ʚʟʘʠʤʥʦ ʧʨʦ-

ʩʪʳʝ ʩ N ʬʦʨʤʠʨʫʶʪ ʢʦʥʝʯʥʫʶ ʛʨʫʧʧʫ ʧʦ ʫʤʥʦʞʝʥʠʶ ʧʦ ʤʦʜʫʣʶ N, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʦʙʦʟʥʘʯʘʝʪʩʷ . ʂ 

ʢʦʥʮʫ ʰʘʛʘ 3 ʝʩʪʴ ʮʝʣʦʝ ʘ ʚ ʵʪʦʡ ʛʨʫʧʧʝ. ʊʘʢ ʢʘʢ ʛʨʫʧʧʘ ʢʦʥʝʯʥʘ, ʘ ʜʦʣʞʥʦ ʠʤʝʪʴ ʢʦʥʝʯʥʳʡ ʧʦʨʷʜʦʢ r, ʪʘʢʦʝ 

ʥʘʠʤʝʥʴʰʝʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʮʝʣʦʝ ʯʠʩʣʦ, ʯʪʦ  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  ʇʨʝʜʧʦʣʦʞʠʤ, ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʡʪʠ r, ʠ ʦʥʦ ʯʸʪʥʦ. ʊʦʛʜʘ 

 (6) 

ʛʜʝ r ð ʥʘʠʤʝʥʴʰʝʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʮʝʣʦʝ ʪʘʢʦʝ, ʯʪʦ , ʧʦʵʪʦʤʫ N ʥʝ ʷʚʣʷʝʪʩʷ ʜʝʣʠʪʝʣʝʤ . ɽʩʣʠ N 

ʪʘʢʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʜʝʣʠʪʝʣʝʤ , ʪʦʛʜʘ N ʜʦʣʞʥʦ ʠʤʝʪʴ ʥʝʪʨʠʚʠʘʣʴʥʳʡ ʦʙʱʠʡ ʜʝʣʠʪʝʣʴ ʩ ʢʘʞʜʳʤ ʠʟ 

 ʠ , ʯʪʦ ʧʨʠʚʦʜʠʪ ʥʘʩ ʢ ʬʘʢʪʦʨʠʟʘʮʠʠ N. ɽʩʣʠ N ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʜʚʫʭ ʧʨʦʩʪʳʭ ʯʠ-

ʩʝʣ, ʪʦ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʘʷ ʬʘʢʪʦʨʠʟʘʮʠʷ. 

ɺʪʦʨʘʷ ʯʘʩʪʴ ʘʣʛʦʨʠʪʤʘ ʧʦʩʚʷʱʝʥʘ ʥʘʭʦʞʜʝʥʠʶ ʧʝʨʠʦʜʘ. ɿʜʝʩʴ ʘʣʛʦʨʠʪʤ ʐʦʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʫʧʝʨʧʦʟʠʮʠʠ ʩʦʩʪʦʷʥʠʡ. ʏʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ʧʝʨʠʦʜ ʬʫʥʢʮʠʠ 

, ʚʳʯʠʩʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʂʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʵʪʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ. ʀʟʤʝʨʝʥʠʝ ʧʨʠʚʝʜʝʪ ʪʦʣʴʢʦ ʢ ʦʜʥʦʤʫ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ, ʨʘʟʨʫʰʘʷ ʚʩʝ 



 

 

 
 

 

ʦʩʪʘʣʴʥʳʝ. ʇʦʵʪʦʤʫ ʥʫʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʩʫʧʝʨʧʦʟʠʮʠʶ ʚ ʜʨʫʛʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʚʝʨʥʸʪ ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ 

ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʦʙʨʘʪʥʳʤ ʢʚʘʥʪʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ [65, ʨʘʟʜ. 5]. 

ʐʦʨ ʜʦʣʞʝʥ ʙʳʣ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʧʨʦʙʣʝʤʳ "ʨʝʘʣʠʟʘʮʠʠ", ʠ ʚʩʝ ʦʥʠ ʜʦʣʞʥʳ ʙʳʣʠ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘ-

ʥʳ "ʙʳʩʪʨʦ". ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʩ ʤʥʦʞʝʩʪʚʦʤ ʢʚʘʥʪʦʚʳʭ ʛʝʡʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʠʥʦ-

ʤʠʘʣʴʥʳ ʧʦ . ʀʪʘʢ ʥʝʦʙʭʦʜʠʤʦ: 

1. ʉʦʟʜʘʪ ɹʩʫʧʝʨʧʦʟʠʮʠʠ ʩʦʩʪʦʷʥʠʡ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʦ, ʧʨʠʤʝʥʷʷ ʛʝʡʪʳ ɸʜʘʤʘʨʘ [43] ʢʦ ʚʩʝʤ ʢʫʙʠ-

ʪʘʤ ʚʭʦʜʥʦʛʦ ʨʝʛʠʩʪʨʘ. ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʩʦʩʪʦʷʣ ʙʳ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʚʘʥʪʦʚʦʝ  ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ 

(ʩʤ. ʥʠʞʝ).  

2. ʇʨʠʤʝʥʠʪʴ ʬʫʥʢʮʠʶ  ʢʘʢ ʢʚʘʥʪʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. ʏʪʦʙʳ ʜʦʩʪʠʯʴ ʵʪʦʛʦ, ʐʦʨ ʠʩʧʦʣʴʟʦʚʘʣ ʤʥʦʛʦ-
ʢʨʘʪʥʦʝ ʚʦʟʚʝʜʝʥʠʝ ʚ ʢʚʘʜʨʘʪ ʜʣʷ ʝʛʦ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʵʪʦʪ ʰʘʛ ʙʦʣʝʝ ʪʨʫʜʝʥ, ʯʝʤ ʢʚʘʥʪʦʚʦʝ  ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʢʫʙʠʪʦʚ ʠ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʩʨʘʙʘʪʳʚʘʥʠʡ ʛʝʡʪʦʚ.  

3. ɺʳʧʦʣʥʠʪʴ ʦʙʨʘʪʥʦʝ ʢʚʘʥʪʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʛʝʡʪʦʚ 

ʚʨʘʱʝʥʠʷ, ʠ ʛʝʡʪʦʚ ɸʜʘʤʘʨʘ ʐʦʨ ʩʢʦʥʩʪʨʫʠʨʦʚʘʣ ʩʭʝʤʫ ʜʣʷ ʢʚʘʥʪʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴ-

ʟʫʝʪ ʪʦʣʴʢʦ  ʛʝʡʪʦʚ. 
ʇʦʩʣʝ ʚʩʝʭ ʵʪʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʟʤʝʨʝʥʠʝ ʜʘʩʪ ʧʨʠʙʣʠʞʸʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʘ r. ɼʣʷ ʧʨʦʩʪʦʪʳ ʧʨʝʜʧʦ-

ʣʦʞʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʝ y, ʯʪʦ  ʷʚʣʷʝʪʩʷ ʮʝʣʳʤ. ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʠʟʤʝʨʠʪʴ y ʨʘʚʥʘ 1. ɿʘʤʝʯʘʝʤ ʪʦ-

ʛʜʘ, ʯʪʦ  ʜʣʷ ʚʩʝʭ ʮʝʣʳʭ b. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʤʤʘ, ʢʚʘʜʨʘʪ ʢʦʪʦʨʦʡ ʜʘʸʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ y, ʙʫʜʝʪ ʨʘʚʥʘ , ʧʦʩʢʦʣʴʢʫ b ʛʨʫʙʦ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ  ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʚʥʘ 

. ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʦʝ , ʯʪʦ  ð ʮʝʣʦʝ, ʠ ʪʘʢʞʝ r ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ , ʧʦʵʪʦʤʫ ʩʫʤʤʘ ʚʝʨʦʷʪʥʦʩʪʝʡ  
ʨʘʚʥʘ 1 [4]. 

 

ɸʣʛʦʨʠʪʤ ɻʨʦʚʝʨʘ 
ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ɻʨʦʚʝʨʘ ð ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʦʠʩʢʘ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʙʘʟʝ ʜʘʥ-

ʥʳʭ [8]. ʇʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦ-

ʠʩʢʘ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʡ ʧʦʠʩʢ, ʪʨʝʙʫʶʱʠʡ  ʚʨʝʤʝʥʠ. ɸʣʛʦʨʠʪʤ ɻʨʦʚʝʨʘ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʚ N ʟʘʧʠʩʷʭ ʠʩʢʦʤʦʡ ʟʘ ʚʨʝʤʷ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ  ʤʝʩʪʘ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʤ ʢʚʘʥʪʦʚʳʤ ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʧʦʠʩʢʘ ʚ ʥʝʫʧʦʨ̫-

ʜʦʯʝʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʠ ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʪʦʡ ʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɸʣʛʦʨʠʪʤ ɻʨʦʚʝʨʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʚʘʜʨʘʪʠʯʥʳʡ ʧʨʠʨʦʩʪ ʩʢʦʨʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʢʚʘʥʪʦʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʥʘʧʨʠ-

ʤʝʨ, ʘʣʛʦʨʠʪʤ ʬʘʢʪʦʨʠʟʘʮʠʠ ʐʦʨʘ, ʜʘʶʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʚʳʠʛʨʳʰ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʣʘʩ-
ʩʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʢʚʘʜʨʘʪʠʯʥʳʡ ʧʨʠʨʦʩʪ ʟʥʘʯʠʪʝʣʝʥ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠ-

ʷʭ N. 

ʍʦʪʷ ʦʩʥʦʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ɻʨʦʚʝʨʘ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʧʦʠʩʢ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʙʦʣʝʝ ʪʦʯʥʦ ʝʛʦ 

ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʘʣʛʦʨʠʪʤ çʦʙʨʘʱʝʥʠʷ ʬʫʥʢʮʠʠè. ɻʨʫʙʦ ʛʦʚʦʨʷ, ʠʤʝʷ ʬʫʥʢʮʠʶ , ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʘʣʛʦʨʠʪʤ ɻʨʦʚʝʨʘ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ x, 

ʟʥʘʷ y. ʇʦʠʩʢ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʦʙʨʘʱʝʥʠʝʤ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʝʩʣʠ ʘʨʛʫʤʝʥʪ x ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʢʦʤʦʡ ʟʘʧʠʩʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ɸʣʛʦʨʠʪʤ ɻʨʦʚʝʨʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʝʜʠʘʥʳ ʠ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʯʠʩʣʦʚʦʛʦ ʨʷʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ NP-ʧʦʣʥʳʭ ʟʘʜʘʯ ʧʫʪʝʤ ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʧʦʠʩʢʘ ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ. ʕʪʦ ʤʦʞʝʪ 

ʧʦʚʣʝʯʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʩʢʦʨʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʭʦʪʷ ʠ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʷ 

çʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷè ʚ ʦʙʱʝʤ ʚʠʜʝ. 
ʂʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʘʣʛʦʨʠʪʤ ɻʨʦʚʝʨʘ ʥʦʩʠʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʚ 

ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʜʘʸʪ ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ ʩ ʥʝʢʦʪʦʨʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ (ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʩ ʣʶʙʦʡ ʥʘʧʝʨʸʜ ʟʘʜʘʥʥʦʡ). 

ɺʝʨʦʷʪʥʦʩʪʴ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʧʦʚʪʦʨʝʥʠʡ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦ-

ʨʠʪʤʘ (ʧʨʠʤʝʨʦʤ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ɼʦʡʯʘ-ɼʞʦʟʘ [66], ʢʦʪʦʨʳʡ 

ʚʩʝʛʜʘ ʜʘʸʪ ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʘʣʛʦʨʠʪʤ ɻʨʦ-

ʚʝʨʘ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʧʦʠʩʢ ʦʜʥʦʡ ʩʦʚʧʘʜʘʶʱʝʡ ʟʘʧʠʩʠ. 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʩ N ʟʘʧʠʩʷʤʠ. ɸʣʛʦʨʠʪʤʫ ʪʨʝʙʫʝʪʩʷ N-ʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʩʦʩʪʦʷʥʠʡ H, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʦʨʦʞʜʘʪʴʩʷ  ʢʫʙʠʪʘʤʠ. ʇʨʦʥʫʤʝʨʫʝʤ ʟʘʧʠʩʠ ʙʘʟʳ ʜʘʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ: 

ɀ . ɺʳʙʝʨʝʤ ʥʘʙʣʶʜʘʝʤʫʶ, ɋ, ʜʝʡʩʪʚʫʶʱʫʶ ʚ H ʩ N ʨʘʟʣʠʯʥʳʤʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʢʦʪʦ-

ʨʳʝ ʚʩʝ ʠʟʚʝʩʪʥʳ. ʂʘʞʜʦʝ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ɋ ʢʦʜʠʨʫʝʪ ʦʜʥʫ ʠʟ ʟʘʧʠʩʝʡ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʘʢ ʦʧʠʰʝʤ ʥʠʞʝ. ʆʙʦʟʥʘʯʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ (ʠʩʧʦʣʴʟʫʷ ʦʙʦʟʥʘʯʝʥʠʷ çbra-ketè) ʢʘʢ 

1 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʇ0ȟ ʇ1ȟ ȣ ȟ ʇN-1}. 
ʈʘʩʩʤʦʪʨʠʤ ʫʥʠʪʘʨʥʳʡ ʦʧʝʨʘʪʦʨ , ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʧʦʜʧʨʦʛʨʘʤʤʘ, ʩʨʘʚʥʠʚʘʶʱʘʷ ʟʘʧʠʩʠ ʙʘʟʳ 

ʜʘʥʥʳʭ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʧʦʠʩʢʦʚʦʤʫ ʢʨʠʪʝʨʠʶ. ɸʣʛʦʨʠʪʤ ʥʝ ʫʢʘʟʳʚʘʝʪ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʵʪʘ ʧʦʜʧʨʦʛʨʘʤʤʘ, ʥʦ ʦʥʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʢʚʘʥʪʦʚʦʡ ʧʦʜʧʨʦʛʨʘʤʤʦʡ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʩ ʩʫʧʝʨʧʦʟʠʮʠʷʤʠ ʩʦʩʪʦʷʥʠʡ. ɼʘʣʝʝ, ʦʧʝʨʘʪʦʨ , 

ʜʦʣʞʝʥ ʜʝʡʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʥʘ ʩʦʙʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ , ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʧʠʩʠ ʙʘʟʳ ʜʘʥʥʳʭ, ʧʦʜʧʘ-



 

 

 
 

 

ʜʘʶʱʝʡ ʧʦʜ ʧʦʠʩʢʦʚʳʡ ʢʨʠʪʝʨʠʡ. ʇʦʪʨʝʙʫʝʤ, ʯʪʦʙʳ Uɤ ʦʢʘʟʳʚʘʣʦ ʩʣʝʜʫʶʱʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ:  

ʠ  ʜʣʷ ʚʩʝʭ . ʎʝʣʴ ð ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ , ʠʣʠ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ, 

ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ɤ, ʥʘ ʢʦʪʦʨʦʝ ʜʝʡʩʪʚʫʝʪ ʦʧʝʨʘʪʦʨ . 

ɸʣʛʦʨʠʪʤ ɻʨʦʚʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ [8]: 

1. ʀʥʠʮʠʘʣʠʟʠʨʫʝʤ ʩʠʩʪʝʤʫ ʚ ʩʦʩʪʦʷʥʠʠ . 

2. ɺʳʧʦʣʥʠʤ ʩʣʝʜʫʶʱʠʝ "ʠʪʝʨʘʮʠʠ ɻʨʦʚʝʨʘ"  ʨʘʟ. ʌʫʥʢʮʠʷ  ʦʧʠʩʘʥʘ ʥʠʞʝ. 

a) ʇʨʠʤʝʥʠʤ ʦʧʝʨʘʪʦʨ . 

b) ʇʨʠʤʝʥʠʤ ʦʧʝʨʘʪʦʨ . 

3. ʇʨʦʚʝʜʸʤ ʠʟʤʝʨʝʥʠʝ ɋ. ʈʝʟʫʣʴʪʘʪʦʤ ʠʟʤʝʨʝʥʠʷ ʙʫʜʝʪ  ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʩʪʨʝʤʷʱʝʡʩʷ ʢ 1 ʧʨʠ . 

ʀʟ  ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ɤ. 

ʅʘʰʠʤ ʥʘʯʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʷʚʣʷʝʪʩʷ . ʈʘʩʩʤʦʪʨʠʤ ʧʣʦʩʢʦʩʪʴ, ʥʘʪʷʥʫʪʫʶ ʥʘ ʚʝʢʪʦʨʘ  ʠ 

. ʇʫʩʪʴ  ʙʫʜʝʪ ʢʝʪ-ʚʝʢʪʦʨʦʤ ʚ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʚʝʢʪʦʨʫ . ʇʦʩʢʦʣʴʢʫ  ð ʦʜʠʥ 

ʠʟ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ, ʧʝʨʝʢʨʳʪʠʝ ʨʘʚʥʦ . ɺ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʤʝʞʜʫ  ʠ  ʫʛʦʣ 

ʨʘʚʝʥ , ʛʜʝ ɗ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ   ʠ . 

ʆʧʝʨʘʪʦʨ  ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʦʪʨʘʞʝʥʠʝ ʚ ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ, ʦʨʪʦʛʦʥʘʣʴʥʦʡ ; ʜʣʷ ʚʝʢʪʦʨʦʚ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʥʘʪʷʥʫʪʦʡ ʥʘ ʚʝʢʪʦʨʘ  ʠ , ʦʥ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʦʪʨʘʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʷʤʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʝʢʪʦʨʦʤ . 

ʆʧʝʨʘʪʦʨ  ð ʦʪʨʘʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʷʤʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʝʢʪʦʨʦʤ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ 

ʦʩʪʘʸʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ, ʥʘʪʷʥʫʪʦʡ ʥʘ ʚʝʢʪʦʨʘ  ʠ , ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʦʨʘ  ʠ ʦʧʝʨʘʪʦʨʘ , ʠ 

ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʦʧʝʨʘʪʦʨ   ʢʘʞʜʦʛʦ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʰʘʛʘ ʘʣʛʦʨʠʪʤʘ ɻʨʦʚʝʨʘ ʚʨʘ-

ʱʘʝʪ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʥʘ ʫʛʦʣ 2ɗ ʚ ʥʘʧʨʘʚʣʝʥʠʠ . 

ʆʩʪʘʥʦʚʠʪʴʩʷ ʥʝʦʙʭʦʜʠʤʦ, ʢʦʛʜʘ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʧʨʦʭʦʜʠʪ ʙʣʠʟʢʦ ʦʪ ʚʝʢʪʦʨʘ ; ʧʦʩʣʝ ʵʪʦʛʦ, ʧʦʩʣʝ-

ʜʫʶʱʠʝ ʠʪʝʨʘʮʠʠ ʧʦʚʦʨʘʯʠʚʘʶʪ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ , ʫʤʝʥʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʨʘ-

ʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ. ʏʠʩʣʦ ʪʨʝʙʫʝʤʳʭ ʠʪʝʨʘʮʠʡ ʨʘʚʥʦ r. ʏʪʦʙʳ ʩʦʚʤʝʩʪʠʪʴ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʚ ʪʦʯʥʦʩʪʠ ʩ , 
ʥʫʞʥʦ: 

 (7) 

ʆʜʥʘʢʦ ʯʠʩʣʦ r ʜʦʣʞʥʦ ʙʳʪʴ ʮʝʣʳʤ, ʧʦʵʪʦʤʫ, ʚʦʦʙʱʝ, ʝʛʦ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʪʦʣʴʢʦ ʙʣʠʞʘʡʰʠʤ ʢ 

. ʋʛʦʣ ʤʝʞʜʫ  ʠ ʢʦʥʝʯʥʳʤ ʚʝʢʪʦʨʦʤ ʩʦʩʪʦʷʥʠʷ ʨʘʚʝʥ , ʧʦʵʪʦʤʫ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ ʨʘʚʥʘ .  ʧʨʠ , ʧʦʵʪʦʤʫ . ɹʦʣʝʝ ʪʦʛʦ, ʚʝ-

ʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ ʩʪʘʥʦʚʠʪʩʷ , ʠ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʜʣʷ ʙʦʣʴʰʠʭ N. 

 

ʂɺɸʅʊʆɺɸʗ ɼɽʂʆɻɽʈɽʅʎʀʗ 

ɺ ʨʝʘʣʴʥʦʤ ʧʦʩʪʨʦʝʥʠʠ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʧʨʘʢʪʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ, ʛʣʘʚʥʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ð ʫʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʴʶʪʝʨʘ ʚ ʢʦʛʝʨʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʤʘʣʝʡʰʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʚʥʝʰʥʠʤ ʤʠʨʦʤ ʚʝʜʸʪ ʩʠʩʪʝʤʫ ʢ ʧʦʪʝʨʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ (ʠʥʘʯʝ ð ʝy ʜʝʢʦʛʝʨʝʥʮʠʠ), ʘ ʟʥʘʯʠʪ ʢ ʘʚʘʨʠʡʥʦʤʫ ʟʘ-

ʚʝʨʰʝʥʠʶ ʨʘʙʦʪʳ ʢʦʤʧʴʶʪʝʨʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʧʨʠʚʦʜʠʪ ʢ ʩʢʦʨʦʤʫ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʘʣʛʦʨʠʪʤʘ ʥʘʨʫʰʝʥʠʶ ʫʥʠʪʘʨ-

ʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʠʣʠ, ʙʦʣʝʝ ʪʦʯʥʦ, ʦʙʨʘʪʠʤʦʩʪʠ) ʢʚʘʥʪʦʚʳʭ ʰʘʛʦʚ ʚʳʯʠʩʣʝʥʠʷ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʨʝʰʘʪʴ ʣʠʰɹ ʪʨʠʚʠʘʣʴʥʳʝ ʟʘʜʘʯʠ. ʇʦʵʪʦʤʫ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦ-

ʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʠʟʦʣʠʨʦʚʘʥʘ ʦʪ ʚʩʝʛʦ, ʢʨʦʤʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʝʸ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʠʟʤʝʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʚʳʯʠʩʣʝʥʠʷ, ʠ ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʧʨʦʚʦʜʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʚʨʝʤʝʥʘʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 
ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ.  

ʅʦ ʜʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʯʝʪʚʝʨʪʳʡ ʧʫʥʢʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʚʘʥʪʦʚʦʤʫ ʢʦʤʧʴʶʪʝʨʫ (ʩʤ. ʚʳʰʝ) ʷʚʣʷʝʪʩʷ ʚ ʧʨʠʥʮʠʧʝ 

ʬʠʟʠʯʝʩʢʠ ʥʝʦʩʫʱʝʩʪʚʠʤʳʤ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʠ ʠʜʝʘʣʴʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʛʝʡʪʘ, ʥʠ ʠʟʦʣʠʨʦ-

ʚʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʄʦʞʥʦ ʥʘʜʝʷʪʴʩʷ, ʯʪʦ ʫʜʘʩʪʩʷ ʢʘʢ ʫʛʦʜʥʦ ʪʦʯʥʦ ʧʨʠʙʣʠʟʠʪʴ ʨʝʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʢ ʠʜʝʘʣʴʥʦ-

ʤʫ, ʥʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʪʦ ʞʝʣʘʥʠʝ ʦʩʪʘʝʪʩʷ ʥʝʦʩʫʱʝʩʪʚʠʤʦʡ ʤʝʯʪʦʡ. ɺ ʦʩʥʦʚʝ ʪʘʢʠʭ ʛʝʡʪʦʚ ʢʘʢ XOR ʣʝʞʠʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʜʝʣʝʥʥʳʭ ʢʫʙʠʪʦʚ. ʅʦ ʝʩʣʠ ʢʫʙʠʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʪʦ ʦʥʠ 

ʥʝʠʟʙʝʞʥʦ ʙʫʜʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʯʝʤ-ʣʠʙʦ ʝʱʝ [67]. ʅʝʦʙʭʦʜʠʤʦ ʫʧʦʤʷʥʫʪʴ ʦ ʪʦʤ, ʯʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞ-

ʥʦ ʥʘʡʪʠ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʧʦʪʝʨʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠʤʝʣʘ ʙʳ ʤʝʩʪʦ ʨʝʞʝ ʦʜʥʦʛʦ ʨʘʟʘ ʥʘ ʤʠʣʣʠʦʥ ʧʨʠʤʝʥʝʥʠʡ 

ʛʝʡʪʘ XOR. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʪʝʨʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ ʧʨʠʤʝʨʥʦ ʚ 107 ʨʘʟ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ 

ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʤʥʦʞʠʪʝʣʠ 130-ʟʥʘʯʥʦʛʦ ʯʠʩʣʘ! ɽʱʝ ʧʨʝʜʩʪʦʠʪ ʫʟʥʘʪʴ, ʧʦʟʚʦʣʷʶʪ ʣʠ ʟʘʢʦʥʳ ʬʠʟʠʢʠ ʦʯʝʨʪʠʪʴ 

ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʩʢʦʨʦʩʪʠ ʧʦʪʝʨʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʦʜʥʘʢʦ ʫʞʝ ʩʝʡʯʘʩ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʣʝʛʯʝ 

ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʚ 106 ʨʘʟ, ʯʝʤ ʚʦ ʩʪʦʣʴʢʦ ʞʝ ʨʘʟ ʩʥʠʟʠʪʴ ʧʦʪʝʨʶ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚ 
ʤʦʱʥʦʤ ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ. ɼʘʥʥʳʝ ʢʨʘʩʥʦʨʝʯʠʚʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʉ. ɻʘʨʦʰʝ ʠ ɼʞ.ʄ. 

ʈʘʡʤʦʥʜʦʤ [68]. ɽʛʦ ʨʘʙʦʪʘ, ʢʘʢ ʠ ʨʘʙʦʪʘ ʈ. ʃʘʥʜʘʫʝʨʘ [69] ʠ ʜʨʫʛʠʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ. 

ʉʝʨʴʝʟʥʳʡ ʯʠʩʣʝʥʥʳʡ ʦʙʟʦʨ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʎ. ʄʠʛʫʝʣʝʤ [70] ʠ ɸ. ɹʘʨʝʥʮʦ [71]. 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʢʦʤʧʴʶʪʝʨʳ ʥʘʜʝʞʥʳ ʥʝ ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʝʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʥʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʤʝʭʘʤ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʵʪʦ ʧʦʥʷʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʪʴ ʨʘʙʦʪʫ, ʥʘʧʨʠʤʝʨ, ʪʨʠʛʛʝʨʘ 



 

 

 
 

 

ʠʣʠ ʦʙʳʯʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʷ. ʀʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʫʩʠʣʝʥʠʷ 

ʠ ʨʘʩʩʝʷʥʠʷ: ʥʝʙʦʣʴʰʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʦʪ ʧʦʣʦʞʝʥʠʷ çʚʢʣʶʯʝʥʦè ʠʣʠ çʚʳʢʣʶʯʝʥʦè ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʙʦʣʴʰʦʡ ʚʦʟʚʨʘʱʘʶʱʝʡ ʩʠʣʳ ʩʦ ʩʪʦʨʦʥʳ ʧʨʫʞʠʥʳ. ɽʝ ʘʥʘʣʦʛʦʤ ʚ ʪʨʠʛʛʝʨʝ ʷʚʣʷʶʪʩʷ ʫʩʠʣʠʪʝʣʠ. 

ʆʜʥʘʢʦ ʦʜʥʦʡ ʣʠʰʴ ʚʦʟʚʨʘʱʘʶʱʝʡ ʩʠʣʳ ʥʝʜʦʩʪʘʪʦʯʥʦ: ʧʨʠ ʥʘʣʠʯʠʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʩʠʣʳ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʥʘʯ-

ʥʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ ʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢ ʜʨʫʛʦʤʫ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʦ ʠ ʥʘʣʠʯʠʝ ʟʘʪʫʭʘʥʠʷ, ʚ ʧʝʨʝʢʣʶʯʘʪʝʣʝ ʦʥʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʫʧʨʫʛʠʤʠ ʩʪʦʣʢʥʦʚʝʥʠʷʤʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʟʣʫʯʝʥʠʝʤ ʪʝʧʣʘ. ɺ ʪʨʠʛʛʝʨʝ ʟʘʪʫʭʘʥʠʝ ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʟʘ ʩʯʝʪ ʨʝʟʠʩʪʦʨʦʚ. ʆʜʥʘʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʳ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠʩʢʣʶʯʘʶʪ ʧʝʨʝʥʦʩ ʜʘʥʥʳʭ ʤʝ-

ʪʦʜʦʚ ʥʘ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ. ʊʝʦʨʝʤʘ ʢʣʦʥʠʨʦʚʘʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʩʠʣʠʚʘʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ ʢʚʘʥʪʦʚʦʝ ʩʦ-

ʩʪʦʷʥʠʝ, ʘ ʜʠʩʩʠʧʘʮʠʷ ʥʝʩʦʚʤʝʩʪʠʤʘ ʩ ʫʥʠʪʘʨʥʦʡ ʵʚʦʣʶʮʠʝʡ. 

ʊʘʢʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʧʨʠʚʝʣ ʢ ʧʦʷʚʣʝʥʠʶ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʤʥʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʢʚʘʥʪʦ-

ʚʘʷ ʤʝʭʘʥʠʢʘ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʱʠʪʳ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʦʪ ʩʣʫʯʘʡʥʳʭ ʧʦʤʝʭ. ʇʝʨʠʦʜʠʯʥʦʝ ʧʨʦ-
ʝʮʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʴʶʪʝʨʘ ʧʦʩʨʝʜʩʪʚʦʤ ʪʱʘʪʝʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩ-

ʪʘʪʦʯʥʳʤ [72]. ʆʜʥʘʢʦ ʩ ʧʦʤʦʱʴʶ ʪʦʥʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʤʦʞʥʦ ʥʘʡʪʠ ʚʳʭʦʜ ʠʟ ʵʪʦʛʦ 

ʪʫʧʠʢʘ. ʀʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʢʚʘʥʪʦʚʳʤ ʩʠʩʪʝʤʘʤ ʤʝʪʦʜʦʚ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦ-

ʨʠʠ ʠʥʬʦʨʤʘʮʠʠ. 

 

ʂʚʘʥʪʦʚʘʷ ʢʦʨʨʝʢʮʠʷ ʦʰʠʙʦʢ 

ʄʝʪʦʜ ʢʚʘʥʪʦʚʦʡ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ (ʂʂʆ) [73] ʩʦʟʜʘʥ ʜʣʷ ʟʘʱʠʪ rʢʚʘʥʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʚʘʥʪʦʚʳʭ 

ʚʳʯʠʩʣʝʥʠʷʭ ʦʪ ʦʰʠʙʦʢ ʜʝʢʦʛʝʨʝʥʮʠʠ ʠ ʜʨʫʛʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʰʫʤʘ. ʆʥ ʙʳʣ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥ ʕ. ʉʪʠʥʦʤ [74] ʠ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʝʛʦ ɸ.ʈ. ʂʘʣʜʝʨʙʘʥʢʦʤ ʠ ʇ.ɺ. ʐʦʨʦʤ [75] ʚ ʥʘʠʙʦʣʝʝ ʦʙʱʝʤ ʚʠʜʝ. ʆʥʠ ʞʝ ʦʪʤʝʪʠʣʠ ʝʛʦ ʚʘʞ-

ʥʦʩʪʴ. ʂʚʘʥʪʦʚʘʷ ʢʦʨʨʝʢʮʠʷ ʦʰʠʙʦʢ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʯʠʩʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʙʦʨʴʙʳ ʩ ʰʫʤʦʤ ʚ ʭʨʘʥʠʤʦʡ ʢʚʘʥʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʢʦʤʧʝʥʩʘʮʠʠ çʰʫʤʥʳʭè 
ʢʚʘʥʪʦʚʳʭ ʛʝʡʪʦʚ, ʥʝʩʦʚʝʨʰʝʥʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, ʠ ʥʝʩʦʚʝʨʰʝʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. ʇʦ-

ʩʢʦʣʴʢʫ ʤʝʪʦʜ ʂʂʆ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʠʤʝʥʝʥʠʝ ʩʝʪʝʡ ʢʚʘʥʪʦʚʳʭ ʛʝʡʪʦʚ ʠ ʠʟʤʝʨʝʥʠʡ, ʪʦ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʦ ʥʝ 

ʷʩʥʦ, ʜʦʣʞʥʳ ʣʠ ʜʘʥʥʳʝ ʩʝʪʠ ʙʳʪʴ ʠʜʝʘʣʴʥʳʤʠ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʘʤʦʛʦ ʤʝʪʦʜʘ. ɺʘʞ-

ʥʦʝ ʦʪʢʨʳʪʠʝ ʩʜʝʣʘʣ ʇ. ʐʦʨ [76]: ʦʥ ʧʦʢʘʟʘʣ, ʢʘʢ ʩʜʝʣʘʪʴ ʩʝʪʠ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ 

ʦʰʠʙʢʘʤ ʚʥʫʪʨʠ ʜʘʥʥʳʭ ʩʝʪʝʡ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʩʝʪʠ çʩ ʢʦʨʨʝʢʮʠʝʡ ʦʰʠʙʦʢè ʥʝʡ-

ʪʨʘʣʠʟʫʶʪ ʧʦʤʝʭ ʙʦʣʴʰʝ, ʯʝʤ ʩʦʟʜʘʶʪ. 

ʂʚʘʥʪʦʚʘʷ ʢʦʨʨʝʢʮʠʷ ʦʰʠʙʦʢ ʠʩʧʦʣʴʟʫʝʪ ʠʟʙʳʪʦʯʥʦʩʪʴ: ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʧʫʪʴ ʩʦʩʪʦʠʪ ʚ ʤʥʦʛʦʢʨʘʪʥʦʤ ʜʫʙ-

ʣʠʨʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʠ ð ʝʩʣʠ ʵʪʠ ʢʦʧʠʠ ʧʦʟʞʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʝ ʩʦʚʧʘʜʘʶʱʠʤʠ ð ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ 

ʧʨʠʥʮʠʧʦʤ "ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʛʦʣʦʩʦʚ". ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʙʠʪ ʙʳʣ ʜʫʙʣʠʨʦʚʘʥ ʪʨʠʞʜ,r ʠ ʪʝʧʝʨʴ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 

ʦʜʠʥ ʙʠʪ ʩʦʜʝʨʞʠʪ "0", ʘ ʜʚʘ ʜʨʫʛʠʭ ð "1", ʪʦ ʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʜʝʨʞʘʣʦ ʪʨʠ 

ʝʜʠʥʠʮʳ (ʧʨʦʠʟʦʰʣʘ ʝʜʠʥʩʪʚʝʥʥʘʷ ʦʰʠʙʢʘ), ʯʝʤ ʪʦ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʦ ʪʨʠ "0", ʠ ʧʨʦʠʟʦʰʣʦ ʜʚʝ ʦʰʠʙʢʠ, 
ʭʦʪʷ ʵʪʦ ʪʦʞʝ ʚʦʟʤʦʞʥʦ. ʍʦʪʷ ʢʦʧʠʨʦʚʘʥʠʝ ʢʚʘʥʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʚʦʟʤʦʞʥʦ, ʯʪʦ ʜʦʢʘʟʘʥʦ ʪʝʦʨʝʤʦʡ ʦ ʥʝʢʣʦ-

ʥʠʨʫʝʤʦʩʪʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʝʠʟʚʝʩʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ [77], ʠʥʬʦʨʤʘʮʠʷ ʦʜʥʦʛʦ ʢʫʙʠʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ (ʬʠʟʠʯʝʩʢʠʭ) ʢʫʙʠʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʢʚʘʥʪʦʚʦʡ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ. 

ʎʝʣʴʶ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʢʦʣʴ ʫʛʦʜʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʭʦʞʜʝʥʠʷ 

ʦʪʥʦʰʝʥʠʷ ʫʨʦʚʥʷ ʧʦʤʝʭ ʢ ʵʣʝʤʝʥʪʘʨʥʦʡ ʦʧʝʨʘʮʠʠ ʥʠʞʝ ʢʦʥʝʯʥʦʛʦ ʧʨʝʜʝʣʘ. ʆʜʥʘʢʦ ʵʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʚʘʥʪʦʚʦʡ ʧʘʤʷʪʠ (ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤ ʤʦʱʥʳʡ ʢʦʤʧʴʶʪʝʨ). ɼʘʥʥʦʝ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʤʝʭ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘ-

ʙʦʪʘʭ [78-80]. 

ɺ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʜʘʭ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ çʩʠʥʜʨʦʤʥʦʝè ʠʟʤʝʨʝʥʠʝ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʙʳʣ ʣʠ ʢʫʙʠʪ ʨʘʟ-

ʨʫʰʝʥ, ʠ ʝʩʣʠ ʜʘ, ʪʦ ʢʘʢʦʡ ʠʤʝʥʥʦ. ʏʪʦ ʝʱʸ ʚʘʞʥʝʝ, ʨʝʟʫʣʴʪʘʪ ʵʪʦʡ ʦʧʝʨʘʮʠʠ (ʩʠʥʜʨʦʤ) ʛʦʚʦʨʠʪ ʥʝ ʪʦʣʴʢʦ, ʢʘʢʦʡ 

ʞʝ ʢʫʙʠʪ ʟʘʪʨʦʥʫʪ, ʥʦ ʪʘʢʞʝ ʠ ʢʘʢʠʤ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʵʪʦ ʧʨʦʠʟʦʰʣʦ. ʇʦʩʣʝʜʥʝʝ ʷʚʣʷʝʪʩʷ ʘʣʦ-

ʛʠʯʥʳʤ ʣʠʰʴ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ: ʧʦʩʢʦʣʴʢʫ ʰʫʤ ʩʣʫʯʘʝʥ, ʪʦ, ʢʘʢ ʵʬʬʝʢʪ, ʦʪ ʥʝʛʦ ʤʦʞʝʪ ʠʤʝʪʴ ʦʜʠʥ ʠʟ ʥʝʤʥʦʛʠʭ 
ʠʩʭʦʜʦʚ? ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʢʦʜʦʚ, ʵʬʬʝʢʪ ʩʦʩʪʦʠʪ ʣʠʙʦ ʚ ʩʤʝʥʝ ʟʥʘʯʝʥʠʷ ʙʠʪʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ, ʣʠʙʦ ʚ ʩʤʝʥʝ 

ʟʥʘʢʘ (ʬʘʟʳ), ʠʣʠ ʠ ʚ ʪʦʤ, ʠ ʚ ʜʨʫʛʦʤ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʪʨʠʮʘʤʠ ʇʘʫʣʠ ůx, ůz ʠ ůy). ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʠʟʤʝʨʝʥʠʝ 

ʩʠʥʜʨʦʤʘ ʠʤʝʝʪ ʧʨʦʝʢʪʠʚʥʳʡ ʵʬʬʝʢʪ ʢʚʘʥʪʦʚʦʛʦ ʠʟʤʝʨʝʥʠʷ. ʇʦʵʪʦʤʫ, ʜʘʞʝ ʝʩʣʠ ʦʰʠʙʢʘ ʠʟ-ʟʘ ʚʥʝʩʸʥʥʦʛʦ ʰʫʤʘ 

ʙʳʣʘ ʩʣʫʯʘʡʥʘ, ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ  ð ʙʘʟʠʩʘ ʦʰʠʙʦʢ (ʢʦʪʦʨʳʡ ʟʜʝʩʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʘʪʨʠʮʘʤʠ ʇʘʫʣʠ ʠ ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠʮʝʡ). ʉʠʥʜʨʦʤʥʦʝ ʠʟʤʝʨʝʥʠʝ "ʚʳʥʫʞʜʘʝʪ" ʢʫʙʠʪ "ʨʝʰʘʪʴ" 

ʢʘʢʘʷ ʦʧʨʝʜʝʣʝʥʥʘ ̫"ʦʰʠʙʢʘ ʇʘʫʣʠ" "ʩʣʫʯʠʣʘʩʴ", ʠ ʩʠʥʜʨʦʤ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʘʷ, ʪʘʢ, ʯʪʦ ʤʦʞʝʤ ʧʦʟʚʦʣʠʪʴ ʪʦʤʫ 

ʞʝ ʩʘʤʦʤʫ ʦʧʝʨʘʪʦʨʫ ʇʘʫʣʠ ʜʝʡʩʪʚʦʚʘʪʴ ʩʥʦʚʘ ʥʘ ʨʘʟʨʫʰʝʥʥʳʡ ʢʫʙʠʪ, ʯʪʦʙʳ ʦʙʨʘʪʠʪʴ ʵʬʬʝʢʪ ʦʰʠʙʢʠ. ɺʘʞʥʳʤ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʠʥʜʨʦʤʥʦʝ ʠʟʤʝʨʝʥʠʝ  ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʫʯʠʚʰʫʶʩʷ ʦʰʠʙʢʫ, ʥʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʟʥʘʯʝ-

ʥʠʝ, ʢʦʪʦʨʦʝ ʭʨʘʥʠʪ ʣʦʛʠʯʝʩʢʠʡ ʢʫʙʠʪ, ʚ ʩʠʣʫ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʟʤʝʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʨʘʟʨʫʰʘʝʪ ʣʶʙʫʶ ʢʚʘʥʪʦʚʫʶ 

ʩʫʧʝʨʧʦʟʠʮʠʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʢʫʙʠʪʘ ʩ ʜʨʫʛʠʤʠ ʢʫʙʠʪʘʤʠ ʚ ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ. 

ʆʪʢʨʳʪʠʝ ʤʝʪʦʜʘ ʂʂʆ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʚʧʘʣʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʦʙʦʜʥʫʶ ʦʪ ʧʦʤʝʭ ʧʝʨʝʜʘʯʫ ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦ ʢʚʘʥʪʦʚʦʤʫ ʢʘʥʘʣʫ ʩ ʧʦʤʝʭʘʤʠ. ʈʝʯʴ ʠʜʝʪ 

ʦʙ çʫʩʠʣʝʥʠʠ ʟʘʮʝʧʣʝʥʠʷè [81, 82]. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʘ ʟʘʢʣʶʯʝʥʘ ʚ ʪʦʤ, ʯʪʦ ʦʪʧʨʘʚʠʪʝʣʴ ʬʦʨʤʠʨʫʝʪ ʤʥʦʞʝ-

ʩʪʚʦ ʟʘʮʝʧʣʝʥʥʳʭ ʧʘʨ ʢʫʙʠʪʦʚ, ʘ ʟʘʪʝʤ ʦʪʧʨʘʚʣʷʝʪ ʦʜʠʥ ʢʫʙʠʪ ʠʟ ʢʘʞʜʦʡ ʧʘʨʳ ʧʦ ʢʘʥʘʣʫ ʩ ʧʦʤʝʭʘʤʠ ʧʦʣʫʯʘʪʝ-



 

 

 
 

 

ʣʶ. ʆʪʧʨʘʚʠʪʝʣʴ ʠ ʧʦʣʫʯʘʪʝʣʴ ʥʘʢʘʧʣʠʚʘʶʪ ʢʫʙʠʪʳ, ʘ ʟʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʦʩʪʦʝ ʠʟʤʝʨʝʥʠʝ ʩ ʢʦʥʪʨʦʣʝʤ ʧʦ 

ʯʝʪʥʦʩʪʠ: ʥʘʧʨʠʤʝʨ, ʧʦʣʫʯʘʪʝʣʴ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʧʝʨʘʮʠʶ XOR (çʠʩʢʣʶʯʘʶʱʝʛʦ ï ʀʃʀè) ʜʣʷ ʧʨʠʥʷʪʦʛʦ ʠ ʩʣʝ-

ʜʫʶʱʝʛʦ ʟʘ ʥʠʤ ʢʫʙʠʪʦʚ, ʘ ʟʘʪʝʤ ʠʟʤʝʨʷʝʪ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʢʫʙʠʪ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʪʧʨʘʚʠʪʝʣʴ ʩʦʚʝʨʰʠʪ ʠʜʝʥ-

ʪʠʯʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʩʚʦʠʤʠ ʢʫʙʠʪʘʤʠ, ʦʥʠ ʩʨʘʚʥʠʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ. ɽʩʣʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʧʘʜʘʶʪ, ʪʦ ʤʦʞʥʦ ʩʢʘ-

ʟʘʪʴ, ʯʪʦ ʩʦʩʪʦʷʥʠʷ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʥʝʠʟʤʝʨʝʥʳʭ ʢʫʙʠʪʦʚ ʩʣʫʯʘʡʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʪʨʝʙʫʝʤʳʤ: . ɽʩʣʠ 

ʞʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʩʦʚʧʘʜʘʶʪ, ʢʫʙʠʪʳ ʦʪʙʨʘʩʳʚʘʶʪʩʷ. ʇʦʩʨʝʜʩʪʚʦʤ ʧʦʜʦʙʥʳʭ ʨʝʢʫʨʩʠʚʥʳʭ ʧʨʦʚʝʨʦʢ ʠʟ ʤʥʦʞʝ-

ʩʪʚʘ ʟʘʮʝʧʣʝʥʥʳʭ ʧʘʨ ʢʫʙʠʪʦʚ ʩ ʧʦʤʝʭʘʤʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʘʨ. ʋʞʝ ʦʙʣʘʜʘʷ ʜʘʥ-

ʥʳʤ ʟʘʮʝʧʣʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʦʪʧʨʘʚʠʪʝʣʴ ʠ ʧʦʣʫʯʘʪʝʣʴ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʣʝʧʦʨʪʘʮʠʠ ʢʚʘʥʪʦ-

ʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʞʥʦ ʥʘʡʪʠ ʫ ʏ. ɹʝʥʥʝʪʪʘ [81]. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʙʣʝʤʝ "ʩʪʘʙʠʣʴʥʦʩʪʴïʜʝʢʦʛʝʨʝʥʮʠʷ" ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʪʦʧʦʣʦʛʠ-
ʯʝʩʢʠʡ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ [83], ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʢʫʙʠʪʦʚ ʦʙʱʠʝ ʩʦʩʪʦʷʥʠʷ ʢʚʘʟʠʯʘʩʪʠʮ ʜʚʫ-

ʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ, ʥʘʟʳʚʘʝʤʳʭ ʘʥʠʦʥʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʣʦʛʠʯʝʩʢʠʝ ʛʝʡʪʳ, 

ʧʨʠʤʝʥʷʷ ʪʝʦʨʠʶ ʫʟʣʦʚ. ʕʪʦʤʫ ʚʦʧʨʦʩʫ ʧʦʩʚʷʱʝʥʘ ʚʪʦʨʘ ̫ʯʘʩʪʴ ʩʪʘʪʴʠ. 

 

ʊʆʇʆʃʆɻʀʏɽʉʂʀɽ ʂɺɸʅʊʆɺʓɽ ɺʓʏʀʉʃɽʅʀʗ 

ʉʫʱʝʩʪʚʫʝʪ ʢʘʨʜʠʥʘʣʴʥʦ ʜʨʫʛʦʡ ʤʝʪʦʜ ʟʘʱʠʪʳ ʦʪ ʧʦʤʝʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʚʘʥʪʦʚʦʛʦ 

ʨʝʛʠʩʪʨʘ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʚʦʟʤʫʱʝʥʠʷ, ʧʦʨʦʞʜʘʝʤʳʝ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ, ʧʨʠ 

ʚʳʯʠʩʣʝʥʠʷʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʧʦʣʦʛʠʯʝʩʢʠïʠʥʚʘʨʠʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʦʦʙʱʝ çʟʘʙʳʪʴè ʦ ʧʦʤʝʭʘʭ. ʊʦʧʦʣʦʛʠʯʝʩʢʠʤ ʠʥʚʘʨʠʘʥʪʦʤ, ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʤʝʭʘʤ ʚʥʝʥhʝʡ ʩʨʝʜʳ, ʤʦʞʝʪ ʙʳʪʴ ʠʟʙʨʘʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʩʳ, 

ʩʧʣʝʪʸʥʥʦʡ ʠʟ ʤʠʨʦʚʳʭ ʣʠʥʠʡ ʯʘʩʪʠʮ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [84]. ʇʝʨʝʜ ʪʝʤ, 
ʢʘʢ ʧʨʦʜʚʠʛʘʪʴʩʷ ʜʘʣʴʰʝ, ʧʨʠʚʝʜʸʤ ʩʪʨʦʛʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʩʳ [85]. ʂʦʩʦʡ ʠʟ n 

ʥʠʪʝʡ ʥʘʟʳʚʘʝʪʩʷ ʦʙʲʝʢʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʝʡ, ʩʢʘ-

ʞʝʤ, P0 ʠ P1, ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ , ʩʦʜʝʨʞʘɦ ʠʭ ʫʧʦʨʷʜʦʯʝʥʥʳʝ 

ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ  ʠ , ʠ ʠʟ n ʧʨʦʩʪʳʭ ʜʫʛ , 

ʧʝʨʝʩʝʢʘʶʱʠʭ ʢʘʞʜʫʶ ʧʘʨʘʣʣʝʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ  ʤʝʞʜʫ  ʠ  ʦʜʥʦʢʨʘʪʥʦ ʠ 

ʩʦʝʜʠʥʷʶʱʠʭ ʪʦʯʢʠ  ʩ ʪʦʯʢʘʤʠ , i=1,é,n. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘʤ ʧʦʥʘʜʦ-

ʙʠʪʴʩʷ ʪʘʢʞʝ ʧʦʥʷʪʠʝ ʛʨʫʧʧʳ ʢʦʩ. ɽʸ ʦʙʨʘʟʫʶʪ ʢʣʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʦʧʝʨʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʦʥʢʘʪʝʥʘʮʠʝʡ ʣɻʝʤʝʥʪʦʚ ʢʦʩ. ɽʜʠʥʠʯʥʘʷ 

ʢʦʩʘ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ð ʢʣʘʩʩ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʩʫ ʠʟ n ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʦʪʨʝʟʢʦʚ, ʘ ʦʙʨʘʪʥʘʷ ʢʦʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʨʘʞʝʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ 

 . 

ʇʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʕʣʝʤʝʥʪʳ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʨʷʜ. ɿʘ-

ʪʝʤ ʥʘʯʠʥʘʝʤ ʤʝʥʷʪʴ ʠʭ ʤʝʩʪʘʤʠ ʚ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʟʘʧʫʪʳʚʘʷ ʪʝʤ ʩʘʤʳʤ ʠʭ ʤʠʨʦʚʳʝ 

ʣʠʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝïʚʨʝʤʝʥʠ ʚ ʢʦʩʫ. ʆʩʫʱʝʩʪʚʣʝʥʠʝʤ ʪʦʡ ʠʣʠ ʠʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩʧʣʝʪʝʥʠʷ, ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʪ ʠʣʠ 
ʠʥʦʡ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ. ʈʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʩʳ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ ʩʠʩʪʝʤʳ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʙʳʯʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ [84]. 

ʆʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʫʙʠʪʳ ʚ ʦʙʳʯʥʦʤ ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʁ ʪʝʨʝ 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʚ ʩʤʳʩʣʝ ʫʥʠʪʘʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʚʦʠʭ ʢʚʘʥʪʦʚʳʭ ʩʦ-

ʩʪʦʷʥʠʡ, ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʚʘʥʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦʜʝʨʞʠʪʩʷ ʚ ʦʪ-

ʥʦʩʠʪʝʣʴʥʳʭ ʬʘʟʘʭ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʚʯrʠʩʣʝʥʠʷ ʫʷʟ-

ʚʠʤʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʪʦ ʚʨʝʤʷ, 

ʢʘʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʪʁʝʨʘ ʫʞʝ ʧʦ 

ʩʚʦʝʡ ʩʫʪʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦ, ʧʦʩʢʦʣʴʢʫ çʤʘʣʳʝè ʩʤʝʱʝʥʠʷ ʤʠʨʦʚʳʭ 

ʣʠʥʠʡ ʥʝ ʩʧʦʩʦʙʥʳ ʠʟʤʝʥʠʪʴ ʪʦʧʦʣʦʛʠʶ ʢʦʩʳ, ʧʦʨʦʞʜʘʶʱʫʶ ʬʘʟʫ ʚʦʣ-

ʥʦʚʦʡ ʬʫʥʢʮʠʠ. ʂʦʥʮʝʧʮʠʶ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʣʝʛʢʦ 
ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʥʘ ʧʨʠʤʝʨʝ ʟʘʤʢʥʫʪʦʡ ʧʝʪʣʠ ʩ ʫʟʣʦʤ, ʢʦʪʦʨʫʶ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʟʘʤʢʥʫʪʫʶ ʧʝʪʣʶ 

ʙʝʟ ʫʟʣʘ ʥʝ ʨʘʟʨʝʟʘʷ ʧʝʨʚʦʡ. ʅʝʧʨʝʨʳʚʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʠʟʙʘʚʷʪ ʦʪ ʫʟʣʘ (ʩʤ. ʨʠʩ. 3). ʇʦʜ çʤʘʣʳʤʠè ʩʤʝ-

ʝɦʥʠʷʤʠ, ʚʳʟʚʘʥʥʳʤʠ çʤʘʣʳʤʠè ʚʦʟʤʫʱʝʥʠʷʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ, ʧʦʥʠʤʘʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʵʣʝ-

ʤʝʥʪʦʚ ʢʦʩʳ, ʠʭ ʛʦʤʝʦʤʦʨʬʠʟʤʳ. ɽʩʣʠ ʞʝ ʩʠʩʪʝʤʘ ʧʦʜʚʝʨʛʥʝʪʩʷ ʛʨʫʙʦʤʫ ʚʤʝʰʘʪʝʣʴʩʪʚʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ, 

ʥʘʧʨʠʤʝʨ, ʜʝʬʦʨʤʘʮʠʷʤ ʩʢʣʝʠʚʘʥʠʷ, ʨʘʟʨʳʚʘ ʠʣʠ çʚʦʟʚʨʘʱʝʥʠʷè ʤʠʨʦʚʳʭ ʣʠʥʠʡ, ʠʟʤʝʥʝʥʠʝ ʪʦʧʦʣʦʛʠʠ ʢʦʩʳ 

ʧʨʠʚʝʜʸʪ ʢ ʥʝʢʦʨʨʝʢʪʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʚʦʜʠʤʦʛʦ ʚʳʯʠʩʣʝʥʠʷ. ʇʦʜʦʙʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʤʠʨʦʚʦʡ ʣʠʥʠʠ ʪʨʫʜʥʦ 

ʦʩʫʱʝʩʪʚʠʤʳ ʧʨʠ ʥʠʟʢʠʭ ʵʥʝʨʛʠʷʭ: ʪʷʞʝʣʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʠʪʴ ʯʘʩʪʠʮʫ, ʪʦ ʠʩʯʝʟʘʶʱʫʶ, ʪʦ ʧʦʷʚʣʷʶɦ ʫʶʩʷ ʚ ʜʨʫ-

ʛʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʘʙʦʯʝʛʦ ʦʙʲʸʤʘ, ʣʠʙʦ ʚʩʪʨʝʯʫ ʥʘʯʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʠʩʪʝʤʳ ʩ ʩʘʤʠʤ ʩʦʙʦʡ ʠʟ ʙʫʜʫʱʝʛʦ 

ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʝʛʦ ʤʠʨʦʚʳʭ ʣʠʥʠʡ (ʥʝʦʙʭʦʜʠʤʦ ʩʠʣʴʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʦʠʟ-

ʤʝʥʷʶʱʝʤʫ ʚʣʠʷʥʠʶ ʥʘ ʢʦʩʫ. ɽʜʠʥʩʪʚʝʥʥʦʡ ʨʝʘʣʴʥʦʡ ʫʛʨʦʟʦʡ ʷʚʣʷʝʪʩʷ ʘʥʥʠʛʠʣʷʮʠʷ ʩ ʘʥʪʠʯʘʩʪʠʮʝʡ, ʯʪʦ, ʚʧʨʦ-

ʯʝʤ, ʚʦʟʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʠ ʯʪʦ, ʥʘʦʙʦʨʦʪ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪ ɹʚ ʩʚʦʠʭ ʮʝʣʷʭ ʥʘ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ ʚʳʯʠʩ-

ʣʝʥʠʷ. 

ʈʠʩ. 3.  ʀʣʣʶʩʪʨʘʮʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ 
ʦʪʣʠʯʠʡ ʚ ʩʚʦʡʩʪʚʘʭ ʟʘʤʢʥʫʪʦʡ ʧʝʪʣʠ ʠ 

ʟʘʤʢʥʫʪʦʡ ʧʝʪʣʠ ʩ ʫʟʣʦʤ. 



 

 

 
 

 

 

ʊʦʧʦʣʦʛʠʯʝʩʢʠʡ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ 

ʆʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʠʜʝʡ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʥʝʨʘʟʣʠʯʠʤʳʭ (ʠʣʠ ʠʜʝʥʪʠʯʥʳʭ) ʯʘʩ-

ʪʠʮ. ʅʘʧʨʠʤʝʨ, ʚʩʝ ʵʣʝʢʪʨʦʥʳ ʚʦ ɺʩʝʣʝʥʥʦʡ ʚ ʪʦʯʥʦʩʪʠ ʦʜʠʥʘʢʦʚʳ. ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʤʥʦʛʠʭ ʪʦʞʜʝʩʪʚʝʥʥʳʭ ʯʘʩ-

ʪʠʮ ʧʦʤʝʥʷʪ ɹʤʝʩʪʘʤʠ ʣʶʙʳʝ ʜʚʝ ð ʬʠʟʠʢʘ ʩʠʩʪʝʤʳ ʥʝ ʠʟʤʝʥʠʪʩʷ. ʅʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʠʟʤʝ-

ʥʠʪʴʩʷ ʬʘʟʘ ʦʙʱʝʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʯʘʩʪʠʮ. ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ ʢʚʘʥʪʦʚʦʡ 

ʤʝʭʘʥʠʢʠ ʯʘʩʪʠʮʳ ʚ ʪʨʸʭ ʠ ʙʦʣʝʝ ʠʟʤʝʨʝʥʠʷʭ ʧʨʠ ʧʝʨʝʩʪʘʥʦʚʢʝ ʤʦʛʫʪ ʚʝʩʪʠ ʩʝʙʷ ʣʠʙʦ ʢʘʢ ʙʦʟʦʥʳ, ʣʠʙʦ ʢʘʢ 

ʬʝʨʤʠʦʥʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʪʘʪʠʩʪʠʢʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʩʠʩʪʝʤʳ ʦʢʘʟʳʚʘ-

ʝʪʩʷ ʠʥʚʘʨʠʘʥʪʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʩʪʘʥʦʚʢʠ ʯʘʩʪʠʮ, ʚʦ ʚʪʦʨʦʤ ð ʤʝʥʷʝʪ ʟʥʘʢ. ʊʦ ʞʝ ʩʘʤʦʝ, ʭʦʪʷ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʟʘʤʝʯʘʥʠʷʤʠ, ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʠ ʢ ʦʜʥʦʤʝʨʥʦʤʫ ʩʣʫʯʘʶ. ʅʦ ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʜʚʫʤʝʨʥʳʡ ʩʣʫʯʘʡ, ʪʦ ʦʢʘʞʝʪʩʷ, 

ʯʪʦ ʤʝʞʜʫ ʜʚʫʤʷ çʩʪʘʥʜʘʨʪʥʳʤʠè ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ çʥʝʩʪʘʥʜʘʨʪʥʳʭè ʩʪʘʪʠʩʪʠʢ. ʄʥʦʞʠʪʝʣʴ, 
ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʦʙʱʝʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʧʨʠ ʧʝʨʝʩʪʘʥʦʚʢʝ ʚ ʜʚʫʭ ʠʟʤʝʨʝʥʠʷʭ ʥʝʨʘʟʣʠʯʠʤʳʭ ʯʘʩʪʠʮ, ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʳʤ ʢʦʤʧʣʝʢʩʥʳʤ ʯʠʩʣʦʤ, ʨʘʚʥʳʤ ʧʦ ʤʦʜʫʣʶ 1. ʊʘʢʠʝ ʯʘʩʪʠʮʳ ʥʘʟʳʚʘʶʪʩʷ ʘʥʠʦʥʘʤʠ. 

ʌʠʟʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʥʠʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʫʶʱʝʡ. ɺ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʫ-

ʤʝʨʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʛʘʟ, ʟʘʧʠʨʘʷ ʵʣʝʢʪʨʦʥʳ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʪʘʢ, 

ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʵʥʝʨʛʠʷʭ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʩʣʦʶ ʙʫʜʝʪ ʟʘʤʦʨʦʞʝʥʦ. ʇʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (150ʢɻ) ʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (1ʂ) [86], ʝʩʣʠ ʵʣʝʢʪʨʦʥʳ ʚ 
ʧʨʠʤʝʥʷʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʚʠʞʥʳ, ʜʚʫʤʝʨʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʛʘʟ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʚ ʩʠʣʴʥʦʩʚʷʟʘʥʥʦʝ 

ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʦʪʜʝʣʸʥʥʦʝ ʦʪ ʚʳʰʝʣʝʞʘʱʠʭ ʚʦʟʙʫʞʜʸʥʥʳʭ ʫʨʦʚʥʝʡ ʥʝʥʫʣʝʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʰʠʨʠʥʦʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʚʦʟʙʫʞʜʝʥʠʷ ʯʘʩʪʠʮ ʵʪʦʛʦ ʛʘʟʘ ʥʝ ʦʙʣʘʜʘʶʪ ʢʚʘʥʪʦʚʳʤʠ ʯʠʩʣʘʤʠ ʵʣʝʢʪʨʦʥʦʚ. 

ʆʥʠ ʥʝʩʫʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʨʘʚʥʳʡ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʦʪ ʟʘʨʷʜʘ ʵʣʝʢʪʨʦʥʘ. ɹʣʘʛʦʜʘʨʷ ʠʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫʜʠʚʠ-

ʪʝʣʴʥʳʡ ʵʬʬʝʢʪ, ʢʘʩʘʶʱʠʡʩʷ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʚʫʤʝʨʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʜʨʦʙʥʦʛʦ 

ʢʚʘʥʪʦʚʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ. ɺ 1998 ʛʦʜʫ ʎʫʠ, ʐʪʦʨʤʝʨ ʠ ʃʘʬʬʣʠʥ ʧʦʣʫʯʠʣʠ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ ʟʘ ʦʪʢʨʳʪʠʝ 
ʠ ʦʙʲʷʩʥʝʥʠʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ [87]. ɺ. ɻʦʣʜʤʘʥ, ʌ. ʂʘʤʠʥʦ ʠ ɺ. ʏʞʦʫ (Wei Zhou) ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ Stony Brook 

(ʅʴʶ-ʁʦʨʢ) ʟʘʷʚʠʣʠ, ʯʪʦ ʠʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʨʷʤʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʦʛʦ, ʯʪʦ ʵʪʠ ʢʚʘʟʠʯʘ-

ʩʪʠʮʳ ʠʤʝʶʪ ʩʚʦʡʩʪʚʘ ʘʙʝʣʝʚʳʭ ʘʥʠʦʥʦʚ [88].  ʆʜʥʘʢʦ, ʢʘʢ ʙʫʜʝʪ ʚʠʜʥʦ ʥʠʞʝ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʚʘʥʪʦʚʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳ ʥʝʘʙʝʣʝʚʳ ʘʥʠʦʥʳ, ʠ  ʝʩʪʴ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʚʘʟʠʯʘ-

ʩʪʠʮʳ ʚ ʜʨʦʙʥʦʤ ʢʚʘʥʪʦʚʦʤ ʵʬʬʝʢʪʝ ʍʦʣʣʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝʘʙʝʣʝʚʳ. ʏʪʦʙʳ ʵʪʦ ʧʨʦʚʝʨʠʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦ-

ʚʝʩʪʠ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ʆʜʠʥ ʠʟ ʥʠʭ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʌʨʠʜʤʘʥʦʤ ʠ ʉʘʥʢʘʨʦʤ ɼʘʩ ʉʘʨʤʦʡ ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ 

ʰʪʘʪʘ ʄʵʨʠʣʝʥʜ ʚ ʂʦʣʣʝʜʞ ʇʘʨʢʝ ʠ ʏʝʪʘʥʦʤ ʅʘʡʷʢʦʤ ʠʟ ʄʘʡʢʨʦʩʦʬʪ. ɺʘʞʥʳʝ ʫʪʦʯʥʝʥʠʷ ʧʦ ʝʛʦ ʧʦʩʪʘʥʦʚʢʝ 

ʚʳʩʢʘʟʘʣʠ ʕʜʜʠ ʐʪʝʨʥ ʠʟ ʀʥʩʪʠʪʫʪʘ ɺʝʡʮʤʘʥʘ ʚ ʀʟʨʘʠʣʝ ʠ ɹʝʨʪʨʘʥ ɻʘʣʴʧʝʨʠʥ ʠʟ ɻʘʨʚʘʨʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɽʱʸ ʦʜʠʥ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ɸʣʝʢʩʝʝʤ ʂʠʪʘʝʚʳʤ ʠ ʇʘʨʩʦʡ ɹʦʥʜʝʨʩʦʥʦʤ ʠʟ ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʘ ʪʘʢʞʝ ʂʠʨʠʣʣʦʤ ʐʪʝʥʛʝʣʝʤ. ʀ, ʥʘʢʦʥʝʮ, ʚ 1997 ʛʦʜʫ ɸʣʝʢʩʝʡ ʂʠʪʘʝʚ ʦʙʦʩʥʦʚʘʣ ʠʜʝʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʘʙʝʣʝʚʳʭ ʘʥʠʦʥʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʯʠʩʣʝʥʠʷ [84]. ʅʦ ʩʪʦʠʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʘʤʘ ʠʜʝʷ ʥʘ ʪʦ ʚʨʝʤʷ ʙʳʣʘ ʫʞʝ ʥʝ ʥʦʚʦʡ. ɺ ʢʦʥʮʝ 1988 ʛ. ʄʘʡʢʣ ʌʨʠʜʤʘʥ ʯʠʪʘʣ ʚ ɻʘʨʚʘʨʜʩʢʦʤ 
ʫʥʠʚʝʨʩʠʪʝʪʝ ʣʝʢʮʠʠ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʚʘʥʪʦʚʦʡ ʪʦʧʦʣʦʛʠʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ. ɽʛʦ ʨʘʩʯʝʪʳ, ʦʧʫʙ-

ʣʠʢʦʚʘʥʥʳʝ ʚ 1998 ʛ. [89], ʦʩʥʦʚʘʥʳ ʥʘ ʦʪʢʨʳʪʠʠ ʩʚʷʟʠ ʠʥʚʘʨʠʘʥʪʦʚ ʫʟʣʦʚ ʩ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʦʡ ʜʚʫʤʝʨʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʚʦ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʩʦʟʜʘʪʴ ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʠ ʚʳʧʦʣʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟʤʝʨʝʥʠʝ, 

ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʯʠʩʣʠʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʚʘʨʠʘʥʪʘ ʫʟʣʘ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʜʣʠʪʝʣʴʥʳʤ ʚʳʯʠʩʣʝ-

ʥʠʷʤ ʥʘ ʦʙʳʯʥʦʤ ʢʦʤʧʴʶʪʝʨʝ. ʊʘʢʠʝ ʞʝ ʧʨʦʩʪʳʝ ʨʝʰʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʣʷ ʜʨʫʛʠʭ ʪʨʫʜʥʳʭ ʟʘʜʘʯ, ʠʤʝʶʱʠʭ 

ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʩʭʝʤʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʂʠʪʘʝʚʳʤ, ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʨʘʙʦʪʘʥʘ 

ɼʞʦʥʦʤ ʇʨʝʩʢʠʣʣʦʤ [90], ʠ ʦʙʦʙʱʝʥʘ ʂʘʨʣʦʩʦʤ ʄʦʯʦʥʦʤ [91]. ʊʘʢ ʙʳʣ ʩʜʝʣʘʥ ʧʝʨʚʳʡ ʰʘʛ ʢ ʦʩʦʟʥʘʥʠʶ ʚʘʞ-

ʥʦʩʪʠ ʢʦʥʮʝʧʮʠʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʯʠʩʣʝʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʢʦʥʮʝʥʪʨʠʨʫʝʤʩʷ ʥʘ ʵʪʠʭ ʨʝʟʫʣʴʪʘ-

ʪʘʭ, ʠ ʥʝ ʙʫʜʝʤ ʦʙʩʫʞʜʘʪʴ ʩʪʦʣʴ ʞʝ ʚʘʞʥʳʡ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʩʠʩʪʝʤʳ ʘʥʠʦʥʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʥʫʞ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʧʨʘʢʪʠʢʝ [92ï95]. 

 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʧʦʪʦʢ-ʟʘʨʷʜ ʠ ʠʭ ʩʪʘʪʠʩʪʠʢʘ 

ʅʘʯʥʸʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʦʨʠʠ ʘʥʠʦʥʦʚ ʩ ʵʬʬʝʢʪʘ ɸʘʨʦʥʦʚʘ-ɹʦʤʘ (ʠʣʠ ʵʬʬʝʢʪʘ ʕʨʝʥʙʝʨʛʘ-ʉʠʜʘʷ-ɸʘʨʦʥʦʚʘ-

ɹʦʤʘ) [96]. ʆʥ ʷʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʷʚʣʝʥʠʝʤ, ʚ ʢʦʪʦʨʦʤ ʥʘ ʟʘʨʷʞʝʥʥʫʶ ʯʘʩʪʠʮʫ ʚʣʠʷʝʪ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʯʘʩʪʠʮʘ ʥʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ. ʉʘʤʘʷ ʨʘʥʥʷʷ ʬʦʨʤʘ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʙʳʣʘ ʧʨʝʜʩʢʘ-

ʟʘʥʘ ɺ. ʕʨʝʥʙʝʨʛʦʤ ʠ ʈ.ɽ. ʉʠʜʘʝʤ ʚ 1949 ʛ. [97], ʠ ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʧʦʟʞʝ ʚʥʦʚʴ ʦʪʢʨʳʪ ʁ. ɸʘʨʦʥʦʚʳʤ ʠ 

ɼ.ɾ. ɹʦʤʦʤ ʚ 1959 ʛ. [98]. ʕʪʦʪ ʵʬʬʝʢʪ ʧʨʝʜʩʢʘʟʘʥ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʝʡ, ʥʦ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʣʝʛʯʝ ʥʘʙʣʶʜʘʪʴ. ɻʣʫʙʦʢʦʝ ʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ɸʘʨʦʥʦʚʘ-ɹʦʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʥʘʥʠʝ ʢʣʘʩʩʠ-

ʯʝʩʢʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʯʘʩʪʠʮʫ ʥʝ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʧʨʝʜʩʢʘʟʘʪʴ ʝʝ ʢʚʘʥʪʦʚʦ-

ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤ ʚ ʜʚʫʤʝʨʥʦʤ ʤʠʨʝ, ʛʜʝ çʧʦʪʦʢʦʚʘʷ ʪʨʫʙʢʘè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʦʢʘʣʠʟʦ-

ʚʘʥʥʳʡ çʪʦʯʝʯʥʳʡè ʦʙʲʝʢʪ (ʚ ʪʨʸʭʤʝʨʥʦʤ ʤʠʨʝ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʣʦʩʢʦʩʪʴ, ʧʝʨʝʩʝʢʘʶʱʫʶ ʤʘʛʥʠʪʥʳʡ ʩʦ-

ʣʝʥʦʠʜ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ). ʇʫʩʪʴ ʧʦʪʦʢ ʙʫʜʝʪ ʟʘʢʣʶʯʸʥ ʚʥʫʪʨʠ ʪʨʫʙʢʠ, ʪʘʢ ʯʪʦ ʯʘʩʪʠ-
ʮʘ ʥʠʢʦʛʜʘ ʥʝ ʩʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚ ʦʙʣʘʩʪʠ ʩ ʥʝʥʫʣʝʚʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʕʬʬʝʢʪ ʩʦʩʪʦʠʪ ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʠʟʤʝ-



 

 

 
 

 

ʨʠʤʦʛʦ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʟʘʨʷʞʝʥʥʫʶ ʯʘʩʪʠʮʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʚʥʝ ʧʦʪʦʢʦʚʦʡ ʪʨʫʙʢʠ. ɽʩʣʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʟʘʨʷʜ q ʙʫʜʝʪ ʘʜʠʘʙʘʪʠʯʝʩʢʠ ʧʝʨʝʤʝʱʸʥ (ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ) ʚʦʢʨʫʛ ʧʦʪʦʢʘ ʌ, ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʧʦ-

ʣʫʯʠʪ ʪʦʧʦʣʦʛʠʯʝʩʢʫʶ ʬʘʟʫ  (ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʝʜʠʥʠʮʳ ). ɿʜʝʩʴ ʩʣʦʚʦ çʪʦʧʦʣʦʛʠʯʝʩʢʠʡè ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʬʘʟʘ ɸʘʨʦʥʦʚʘ-ɹʦʤʘ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʜʝʬʦʨʤʘʮʠʷʤ ʪʨʘʝʢʪʦʨʠʠ ʥʘʰʝʡ ʯʘʩʪʠʮʳ, ʘ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ çʯʠʩ-

ʣʦ ʚʠʪʢʦʚè ʟʘʨʷʜʘ ʚʦʢʨʫʛ ʧʦʪʦʢʘ. 

ʂʦʥʮʝʧʮʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʙʣʝʤʳ ʧʦ-

ʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʦʯʝʚʠʜʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʛʝʡʪʘ: ʪʘ-

ʢʦʚʳʤ ʷʚʣʷʝʪʩʷ ʪʦʪ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʥʘ ʟʘʱʠʱʸʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʩʪʘʸʪʩʷ ʠʥʚʘʨʠʘʥʪʥʳʤ (ʠʣʠ ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦ ʪʘʢʦʚʳʤ), ʢʦʛʜʘ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʥʝʛʦ çʰʫʤʘè ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʩʘʤʘ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ. ʊʦʧʦʣʦʛʠʯʝʩʢʘʷ ʠʥʚʘ-
ʨʠʘʥʪʥʦʩʪʴ ʷʚʣʝʥʠʷ ɸʘʨʦʥʦʚʘ-ɹʦʤʘ ð ʚʘʞʥʝʡʰʝʝ ʩʚʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʥʠʞʝ ʧʦʧʳʪʘʝʤʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʦʩʪʨʦʝ-

ʥʠʠ ʤʦʜʝʣʠ ʢʚʘʥʪʦʚʳʭ ʛʝʡʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ. 

ʆʙʳʯʥʦ ʩʯʠʪʘʶʪ, ʯʪʦ ʵʬʬʝʢʪ ɸʘʨʦʥʦʚʘ-ɹʦʤʘ ʩʚʷʟʘʥ ʩ ʙʝʟʤʘʩʩʦʚʦʩʪʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [96]. ʆʜʥʘ-

ʢʦ ʷʚʣʝʥʠʝ ɸʘʨʦʥʦʚʘ-ɹʦʤʘ ʤʦʞʝʪ ʪʘʢʞʝ ʧʨʦʷʚʣʷʪʴʩʷ ʠ ʚ ʤʘʩʩʠʚʥʳʭ ʪʝʦʨʠʷʭ [96]. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʯʘʩʪʠʮ ʟʘʨʷʜʘ ʝ, ʪʘʢʫʶ, ʯʪʦ ʩʦʩʪʘʚʥʳʝ ʦʙʲʝʢʪʳ ʩ ʟʘʨʷʜʦʤ ne ʦʙʨʘʟʫʶʪ 

ʢʦʥʜʝʥʩʘʪ (ʛʜʝ n ð ʯʸʪʥʦʝ). ɺ ʵʪʦʤ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʸʥ ʤʠʥʠʤʘʣʴʥʳʡ ʥʝʥʫʣʝʚʦʡ ʢʚʘʥʪ ʧʦ-

ʪʦʢʘ  ʪʘʢʦʡ, ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮʳ ʩ ʟʘʨʷʜʦʤ ne ʚ ʵʪʦʤ ʢʦʥʜʝʥʩʘʪʝ ʚʦʢʨʫʛ ʥʝʛʦ ʧʨʠʚʝʜʸʪ ʢ ʧʦʣʫ-

ʯʝʥʠʶ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʝʡ ʯʘʩʪʠʮʳ ʪʨʠʚʠʘʣʴʥʦʡ ʬʘʟʳ ɸʘʨʦʥʦʚʘ-ɹʦʤʘ. ʀʟʦʣʠʨʦʚʘʥʥʘʷ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʘʷ ʩʦʜʝʨ-

ʞʠʪ ʢʚʘʥʪ ʧʦʪʦʢʘ ð ʵʪʦ ʦʩʪʨʦʚʦʢ ʦʙʳʯʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʢʨʫʞʸʥʥʦʛʦ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʩʷ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤ 

ʢʦʥʜʝʥʩʘʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʥʝ ʤʦʞʝʪ ʧʨʦʥʠʢʥʫʪʴ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢ. ʊʦ ʝʩʪʴ ʵʪʦ ʩʪʘʙʠʣʴʥʘʷ ʯʘʩ-
ʪʠʮʘ, ʙʫʜʝʤ ʥʘʟrʚʘʪʴ ʝʸ çʬʣʘʢʩʦʥʦʤè. ʂʦʛʜʘ ʦʜʥʘ ʠʟ ʯʘʩʪʠʮ ʩ ʟʘʨʷʜʦʤ ʝ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʦʢʨʫʛ ʬʣʘʢʩʦʥʘ, ʝʸ ʚʦʣ-

ʥʦʚʘʷ ʬʫʥʢʮʠʷ ʧʦʣʫʯʘʝʪ ʥʝʪʨʠʚʠʘʣʴʥʫʶ ʪʦʧʦʣʦʛʠʯʝʩʢʫʶ ʬʘʟʫ . ʅʦ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʝ ʤʘʩʩʘ ʬʦʪʦ-
ʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʤʝʭʘʥʠʟʤʦʤ ʍʠʛʛʩʘ, ʠ ʙʝʟʤʘʩʩʦʚʳʭ ʯʘʩʪʠʮ ʥʝʪ. ʊʦ, ʯʪʦ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʬʘʟʳ ʩʦʚʤʝʩʪʠʤʳ ʩ ʤʘʩ-

ʩʠʚʥʳʤʠ ʪʝʦʨʠʷʤʠ ʦʯʝʥʴ ʚʘʞʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʙʝʟʤʘʩʩʦʚʳʝ ʯʘʩʪʠʮʳ ʣʝʛʢʦ ʚʦʟʙʫʞʜʘʝʤʳ, ʠ ʪɻʦ ʙʳʣʦ ʙʳ ʦʛʨʦʤʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʜʝʢʦʛʝʨʝʥʮʠʠ. 

ʇʫʩʪʴ ʚ ʜʚʫʤʝʨʥʦʤ ʤʠʨʝ, ʬʣʘʢʩʦʥ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʄʦʞʥʦ ʩʝʙʝ 

ʧʨʝʜʩʪʘʚʠʪʴ ʬʣʘʢʩʦʥ ʢʘʢ ʧʦʪʦʢ ʌ, ʟʘʤʢʥʫʪʳʡ ʚʥʫʪʨʠ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʩʪʝʥʢʠ-ʦʢʨʫʞʥʦʩʪʠ, ʘ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘ-

ʨʷʜ q ð çʧʨʠʣʠʧʰʠʤè ʢ ʵʪʦʡ ʩʪʝʥʢʝ. ʂʘʢʦʚ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʵʪʦʛʦ ʧʦʪʦʢʦ-ʟʘʨʷʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ? ʇʨʝʜʧʦʣʦʞʠʤ, 

ʯʪʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʚʦʨʦʪ ʝʝ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʥʘ ʫʛʦʣ 2ˊ, ʚʦʟʚʨʘʱʘʷ ʧʨʠ ʵʪʦʤ ʢ ʥʘʯʘʣʴʥʦʡ ʦʨʠʝʥ-

ʪʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʟʘʨʷʜ q ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʦʢʨʫʛ ʧʦʪʦʢʘ ʌ, ʛʝʥʝʨʠʨʫʷ ʪʦʧʦʣʦʛʠʯʝʩʢʫʶ ʬʘʟʫ . ʕʪʦ ʚʨʘʱʝ-

ʥʠʝ ʥʘ ʫʛʦʣ 2ˊ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʛʠʣʴʙʝʨʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʥʠʪʘʨʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

 (8) 

ʛʜʝ J ð ʦʧʝʨʘʪʦʨ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ. ɼʘʣʝʝ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʳʤʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʦʧʝʨʘʪʦʨʘ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʙʫʜʫʪ 

 
(9) 

ʕʪʦʪ ʩʧʝʢʪʨ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʦ ʫʛʣʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ , ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʘʢ . 

ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ ʬʘʟʫ  , ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʨʘʱʝʥʠʝ ʥʘ  ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʩʧʠ-
ʥʦʤ ʩʦʩʪʘʚʥʦʛʦ ʦʙʲʝʢʪʘ. ɼʣʷ ʩʠʩʪʝʤʳ ʩ ʬʝʨʤʠʦʥʥʳʤ ʯʠʩʣʦʤ F ʠʤʝʝʤ 

 (10) 

ɽʩʣʠ F ð ʥʝʯʸʪʥʦ, ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ J ʩʤʝʱʝʥʳ ʦʪ ʮʝʣʦʛʦ ʥʘ 1/2. ʕʪʦʪ ʩʜʚʠʛ ʬʠʟʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʝʩʪʴ ʧʨʘʚʠʣʘ ʩʫʧʝʨʦʪʙʦʨʘ ʧʦ : ʥʝʪ ʪʘʢʦʛʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ 

ʠʟʤʝʥʠʪʴ ʟʥʘʯʝʥʠʝ  (ʥʝʪ ʪʘʢʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʨʦʜʠʪʴ ʠʣʠ ʫʥʠʯʪʦʞʠʪʴ ʠʟʦʣʠʨʦ-

ʚʘʥʥʳʡ ʬʝʨʤʠʦʥ). ɼʝʡʩʪʚʫʷ ʥʘ ʢʦʛʝʨʝʥʪʥʫʶ ʩʫʧʝʨʧʦʟʠʮʠʶ ʩʦʩʪʦʷʥʠʡ, ʠʤʝʶʱʠʭ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ , ʦʧʝʨʘ-

ʪʦʨʦʤ , ʠʤʝʝʤ  

 (11) 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʟʥʘʢ ʚ ʩʫʧʝʨʧʦʟʠʮʠʠ ʧʦʤʝʥʷʣʩʷ, ʥʦ ʵʪʦ ʥʝ ʚʝʜʸʪ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʙʣʶʜʘʝʤʦʡ ʬʠʟʠʢʠ. 

ɸʥʘʣʦʛʠʯʥʦ ʚ ʜʚʫʭ ʠʟʤʝʨʝʥʠʷʭ ʩʤʝʱʝʥʠʝ ʚ ʩʧʝʢʪʨʝ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ  ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʬʠʟʠ-
ʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʝʩʣʠ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʘʚʠʣʦ ʩʫʧʝʨʦʪʙʦʨʘ ʧʦ ɗ, ʢʦʪʦʨʦʝ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʬʘʟʘ 

ʚ ʩʫʧʝʨʧʦʟʠʮʠʠ ʩʦʩʪʦʷʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ɗ ʬʠʟʠʯʝʩʢʠ ʥʝʥʘʙʣʶʜʘʝʤʘ. ʊʦ ʝʩʪʴ, ʢʘʢ ʠ ʜʣʷ ʬʝʨʤʠʦʥʦʚ, ʥʝʪ ʨʘʟʨʝ-

ʰʸʥʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʸʣ ʙʳ ʢ ʨʦʞʜʝʥʠʶ ʠʣʠ ʫʥʠʯʪʦʞʝʥʠʶ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʘʥʠʦʥʘ. 

ʉ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚ ʪʨʸʭ ʠʟʤʝʨʝʥʠʷʭ ʨʘʟʨʝʰʝʥʳ ʪʦʣʴʢʦ  ʠʟ-ʟʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʩʚʦʡ-

ʩʪʚʘ ʛʨʫʧʧʳ ʚʨʘʱʝʥʠʷ SO(3): ʟʘʤʢʥʫʪʘʷ ʢʨʠʚʘʷ ʚ SO(3), ʥʘʯʠʥʘʶʱʘʷʩʷ ʚ ʝʜʠʥʠʮʝ ʠ ʟʘʢʘʥʯʠʚʘʶʱʘʷʩʷ ʦʙʦʨʦʪʦʤ 

ʚ 4ˊ, ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʘ ʚ ʪʦʯʢʫ. ʊʦ ʝʩʪʴ, ʚʨʘʱʝʥʠʝ ʥʘ 4ˊ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʠʚʠʘʣʴʥʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ, ʘ ʟʥʘʯʠʪ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʨʘʱʝʥʠʷ ʥʘ 2ˊ ʨʘʚʥʳ Ñ1. ʅʦ ʛʨʫʧʧʘ ʚʨʘʱʝʥʠʷ 

SO(2) ʥʝ ʦʙʣʘʜʘʝʪ ʵʪʠʤ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ, ʯʪʦ ʚʝʜʸʪ ʢ ʣʶʙʦʤʫ ʟʥʘʯʝʥʠʶ ɗ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʠʥ ʚ ʜʚʫʭ 

ʠʟʤʝʨʝʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ ʚʝʱʝʩʪʚʝʥʥʳʤ ʯʠʩʣʦʤ ʠ ʩʪʘʪʠʩʪʠʢʘ ʪʦʞʝ ʤʦʞʝʪ ʙʳʪʴ çʜʨʦʙʥʦʡè. ɽʩʣʠ ʧʝʨʝʩʪʘ-

ʚʠʪ ɹʧʦʪʦʢʦ-ʟʘʨʷʜʦʚʳʝ ʩʦʩʪʘʚʥʳʝ ʦʙʲʝʢʪʳ ʤʝʩʪʘʤʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʢʘʞʜʳʡ ʠʟ ʥʠʭ 

ʧʦʣʫʯʠʪ ʬʘʟʫ , ʯʪʦ ʠʟʤʝʥʠʪ ʬʘʟʫ ʦʙʱʝʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʥʘ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʴ ʩʧʠʥʘ ʠ ʩʪʘʪʠʩʪʠ-



 

 

 
 

 

ʢʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʦʙʱʝʥʠʝʤ ʩʣʫʯʘʷ ʩ ʬʝʨʤʠʦʥʘʤʠ ʠ ʙʦʟʦʥʘʤʠ. ʇʨʦ-

ʠʩʭʦʞʜʝʥʠʝ ʵʪʦʡ ʩʚʷʟʠ ʩʦʚʝʨʰʝʥʥʦ ʷʩʥʦ ʚ ʠʟʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʪʦʢʦ-ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʘʚʥʳʭ ʦʙʲʝʢʪʦʚ. 

 

ʉʠʩʪʝʤʳ ʘʥʠʦʥʦʚ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʣʦʞʥʳʡ ʦʙʲʝʢʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʬʝʨʤʠʦʥʦʚ, ʷʚʣʷʝʪʩʷ ʙʦʟʦʥʦʤ. ʂ ʯʝʤʫ ʧʨʠʚʝʜʸʪ ʩʦʩʪʘʚ-

ʣʝʥʠʝ ʩʣʦʞʥʦʛʦ ʦʙʲʝʢʪʘ ʠʟ ʜʚʫʭ ʘʥʠʦʥʦʚ? ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʘ ð ʘʥʠʦʥ ʩ ʦʙʤʝʥʥʦʡ ʬʘʟʦʡ , ʠ ʧʦʩʪʨʦʝʥʘ 
çʤʦʣʝʢʫʣʘè ʠʟ n ʯʠʩʣʘ ʘʥʠʦʥʦʚ ʘ. ʄʦʞʥʦ ʣʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʰʝʡ ʩʦʩʪʘʚʥʦʡ ʤʦʜʝʣʴʶ, ʬʘ-

ʟʘ, ʧʦʣʫʯʘʝʤʘʷ ʦʙʱʝʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʝʡ ʜʚʫʭ ʤʦʣʝʢʫʣ ʧʨʠ ʠʭ ʧʝʨʝʩʪʘʥʦʚʢʝ ʨʘʚʥʘ . ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴ-

ʪʘʪ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʚʨʘʱʘʷ ʦʜʥʫ ʤʦʣʝʢʫʣʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ n ʘʥʠʦʥʦʚ, ʥʘ ʫʛʦʣ 2ˊ. 
ʇʨʠʯʠʥʘ ʪʦʛʦ, ʯʪʦ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʚ ʘʥʠʦʥʥʦʡ ʤʦʣʝʢʫʣʝ ʥʝ ʢʦʤʙʠʥʠʨʫʝʪʩʷ ʘʜʜʠʪʠʚʥʦ, ʚ ʩʣʝʜʫʶʱʝʤ. ʇʦʣ-

ʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʳ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʩʧʠʥʦʚʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ S ʢʘʞʜʦʛʦ ʠʟ ʜʚʫʭ ʘʥʠʦʥʦʚ 

(ʢʦʪʦʨʳʡ ʘʜʜʠʪʠʚʝʥ) ʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ L ʘʥʠʦʥʥʦʡ ʧʘʨʳ. ɺʨʘʱʝʥʠʝ ʦʜʥʦʛʦ ʘʥʠʦʥʘ ʚʦʢʨʫʛ ʜʨʫ-

ʛʦʛʦ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʛʝʥʝʨʠʨʫʝʪ ʥʝʪʨʠʚʠʘʣʴʥʫʶ ʬʘʟʫ , ʧʦʵʪʦʤʫ ʟʘʚʠʩʠʤʦʩʪʴ ʜʚʫʭ-ʘʥʠʦʥʥʦʡ ʚʦʣʥʦ-

ʚʦʡ ʬʫʥʢʮʠʠ ɣ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ ű ʥʝʦʜʥʦʟʥʘʯʥʘ, ʘ ʠʤʝʥʥʦ, 

 (12) 

ʊʘʢ, ʯʪʦ ʩʧʝʢʪʨ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ L ʩʤʝʱʸʥ ʦʪ ʮʝʣʳʭ ʟʥʘʯʝʥʠʡ: 

 (13) 

ʠ ʵʪʦʪ ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʢʦʤʙʠʥʠʨʫʝʪʩʷ ʘʜʜʠʪʠʚʥʦ ʩʦ ʩʧʠʥʦʤ S, ʬʦʨʤʠʨʫʷ ʧʦʣʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ 

 (14) 

ʅʦ ʯʪʦ ʝʩʣʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʦʩʪʘʚʠʪʴ ʤʦʣʝʢʫʣʫ ʠʟ ʯʘʩʪʠʮʳ ʠ ʘʥʪʠʯʘʩʪʠʮʳ? ʊʦʛʜʘ, ʩʧʠʥ S ʤʦʣʝʢʫʣʳ  

ʙʫʜʝʪ ʪʦʪ ʞʝ, ʯʪʦ ʠ ʩʧʠʥ ʤʦʣʝʢʫʣʳ . ʅʦ ʦʙʤʝʥʥʘʷ ʬʘʟʘ ʠʤʝʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʟʥʘʢ ʚ ʘʨʛʫʤʝʥʪʝ, ʪʘʢ ʯʪʦ ʥʝ-

ʮʝʣʘʷ ʯʘʩʪʴ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʨʘʚʥʘ  ʚʤʝʩʪʦ , ʠ ʧʦʣʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ 

 ð ʮʝʣʳʡ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦ, ʝʩʣʠ ʧʘʨʘ  ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʥʠʛʠʣʠʨʦʚʘʪʴ ʙʝʟ 

ʧʨʦʜʫʢʪʦʚ, ʥʝʩʫʱʠʭ ʥʝʪʨʠʚʠʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ. 

 

ʋʥʠʪʘʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʫʧʧʳ ʢʦʩ 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʩʧʝʢʪʨ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʜʚʫ- ʠ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪ-

ʚʘʭ, ʧʦʪʦʤʫ ʯʪʦ ʛʨʫʧʧʘ SO(2) ʠʤʝʝʪ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʪʣʠʯʥʳʝ ʦʪ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʧʧʳ 

SO(3) (ʛʨʫʧʧʘ SO(3) ʠʤʝʝʪ ʢʦʤʧʘʢʪʥʫʶ ʦʜʥʦʩʚʷʟʥʫʶ ʥʘʢʨʳʚʘʶʱʫʶ ʛʨʫʧʧʫ SU(2), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ SO(2) ʥʝ ʠʤʝ-

ʝʪ). ʕʪʦ ʦʪʣʠʯʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ, ʧʦʯʝʤʫ ʘʥʠʦʥʳ ʚʦʟʤʦʞʥʳ ʚ ʜʚʫʭ ʠʟʤʝʨʝʥʠʷʭ, ʥʦ ʥʝ ʚ ʪʨʸʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ n ʥʝʨʘʟʣʠʯʠʤʳʭ ʪʦʯʝʯʥʳʭ ʯʘʩʪʠʮ, ʟʘʢʣʶʯʸʥʥʳʭ ʚ ʜʚʫʤʝʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ (ʢʦʪʦʨʫʶ ʩʝʡʯʘʩ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʣʦʩʢʦʩʪʴʶ), ʠ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʚʝ ʯʘʩʪʠʮʳ ʥʝ ʤʦʛʫʪ ʟʘʥʠ-

ʤʘʪʴ ʦʜʥʦ ʠ ʪʦ ʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʂʦʥʢʨʝʪʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʯʘʩʪʠʮ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʝʙʝ ʚ ʚʠʜʝ ʧʣʦʩʢʦʩʪʠ ʩ n çʧʨʦʢʦʣʘʤʠè ʚ ʟʘʜʘʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ð ʪʦ ʝʩʪʴ ʩ ʢʘʞʜʦʡ ʯʘʩʪʠ-

ʮʝʡ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʜʳʨʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʦʩʪʠ ʩ ʙʝʩʢʦʥʝʯʥʦ-ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ. ʋʩʣʦʚʠʝ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʠʮʘʤ 

ʟʘʧʨʝʱʝʥʦ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘʥʠʤʘʪʴ ʦʜʥʦ ʠ ʪʦ ʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝʪ-

ʩʷ, ʝʩʣʠ ʧʦʪʨʝʙʦʚʘʪʴ, ʯʪʦʙʳ ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʥʘʭʦʜʠʣʦʩʴ ʚ ʪʦʯʥʦʩʪʠ n ʜʳʨʦʢ. ɺ ʩʠʣʫ 

ʠʜʝʥʪʠʯʥʦʩʪʠ ʚʩʝʭ n ʯʘʩʪʠʮ ʠʭ ʧʝʨʝʩʪʘʥʦʚʢʘ ʥʝ ʜʘʩʪ ʥʠʢʘʢʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ð n ʨʘʟ-

ʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʥʘ ʧʣʦʩʢʦʩʪʠ. 

ʏʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ʢʚʘʥʪʦʚʫʶ ʘʤʧʣʠʪʫʜʫ ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ n ʯʘʩʪʠʮ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 0 

ʚ ʜʨʫʛʫʶ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = T ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ ʚʩʝʤ ʢʣʘʩʩʠʯʝʩʢʠʤ ʠʩʪʦʨʠʷʤ n ʯʘʩʪʠʮ, ʢʦ-

ʪʦʨʳʝ ʧʨʦʠʩʭʦʜʠʣʠ ʥʘ ʜʘʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ, ʚʟʚʝʩʠʚ ʬʘʟʦʡ , ʛʜʝ S ð ʢʣʘʩʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ. ɽʩʣʠ 
ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʞʜʫʶ ʤʠʨʦʚʫʶ ʣʠʥʠʶ ʯʘʩʪʠʮʳ ʚ ʚʠʜʝ ʥʠʪʠ, ʪʦ ʢʘʞʜʘʷ ʠʩʪʦʨʠʷ n ʯʘʩʪʠʮ ʧʨʝʜʩʪʘʥʝʪ ʚ ʚʠʜʝ ʢʦʩʳ. 

ɼʘʣʝʝ, ʧʦʩʢʦʣʴʢʫ ʤʠʨʦʚʳʤ ʣʠʥʠʷʤ ʯʘʩʪʠʮ ʟʘʧʨʝʱʝʥʦ ʧʝʨʝʩʝʢʘʪʴʩʷ, ʤʥʦʞʝʩʪʚʦ ʢʦʩ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʢʣʘʩʩʳ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʳ ʦʜʠʥ ʚ ʜʨʫʛʦʡ, ʠ ʪʦʛʜʘ ʠʥʪʝʛʨʘʣ ʧʦ 

ʪʨʘʝʢʪʦʨʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʚʢʣʘʜʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʜʝʣʴʥʦʤʫ ʪʦʧʦ-

ʣʦʛʠʯʝʩʢʦʤʫ ʢʣʘʩʩʫ ʠʩʪʦʨʠʡ. 

ʅʝʪʨʠʚʠʘʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʦʙʤʝʥʘ ʯʘʩʪʠʮ ʤʝʩʪʘʤʠ ʥʘ ʢʦʥʝʯʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʤʝʥʷʶʪ ʪʦʧʦʣʦʛʠʯʝ-

ʩʢʠʡ ʢʣʘʩʩ ʢʦʩʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʜʠʤ, ʯʪʦ ʵʣʝʤʝʥʪʳ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʦʙʤʝʥʘʤʠ, ʥʘʭʦʜʷʪʩʷ 

ʚʦ ʚʟʘʠʤʥʦ-ʦʜʥʦʟʥʘʯʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʢʣʘʩʩʘʤʠ. ʕʪʘ (ʙʝʩʢʦʥʝʯʥʘʷ) ʛʨʫʧʧʘ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ 

Bn: ʛʨʫʧʧʘ ʢʦʩ ʥʘ n ʥʠʪʷʭ; ʟʘʢʦʥ ʢʦʤʧʦʟʠʮʠʠ ʛʨʫʧʧʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʢʘʪʝʥʘʮʠʠ ʢʦʩ (ʪʦ ʝʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʤʫ ʩʮʝʧʣʝʥʠʶ ʦʜʥʦʡ ʢʦʩʳ ʩ ʜʨʫʛʦʡ). ɺ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʢʚʘʥʪʦʚʦʝ ʩʦʩʪʦʷʥʠʝ n ʥʝʨʘʟʣʠʯʠʤʳʭ ʯʘʩʪʠʮ ʧʨʠʥʘʜ-
ʣʝʞʠʪ ʛʠʣʴʙʝʨʪʦʚʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʢʦʪʦʨʦʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢʘʢ ʫʥʠʪʘʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʫʧʧʳ ʢʦʩ Bn. 

ɻʨʫʧʧʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʛʝʥʝʨʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʯʠʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʦʧʨʝʜʝ-

ʣʷʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ. ʇʨʝʜʩʪʘʚʠʤ n ʯʘʩʪʠʮ, ʟʘʥʠʤʘʶʱʠʭ n ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦʟʠʮʠʡ (ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʭ ʢʘʢ 

1, 2, 3, é, n), ʠ ʚʳʩʪʨʦʝʥʥʳʭ ʚ ʣʠʥʠʶ. ʇʫʩʪʴ ů1 ʦʙʦʟʥʘʯʘʝʪ ʦʙʤʝʥ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʯʘʩʪʠʮ, ʠʟʥʘʯʘʣʴʥʦ 

ʟʘʥʠʤʘʶʱʠʭ ʧʦʣʦʞʝʥʠʷ 1 ʠ 2, ů2 ð ʯʘʩʪʠʮ 2 ʠ 3, ʠ ʪʘʢ ʜʘʣʝʝ. ʃʶʙʘʷ ʢʦʩʘ ʤʦʞʝʪ ʙʳʪʴ ʩʧʣʝʪʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʳʤʠ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ ʩʦʩʝʜʥʠʭ ʯʘʩʪʠʮ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ů1, ů2, é , ůn-1 ð ʛʝʥʝʨʘʪʦʨʳ ʛʨʫʧʧʳ. ɽʩʪʴ ʜʚʘ ʪʠʧʘ ʦʧ-

ʨʝʜʝʣʷʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʳʤ ʧʦʜʯʠʥʷʶʪʩʷ ʵʪʠ ʛʝʥʝʨʘʪʦʨʳ. ʇʝʨʚʦʝ ʠʟ ʥʠʭ 



 

 

 
 

 

 (15) 

ʢʦʪʦʨʦʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʝʨʝʩʪʘʥʦʚʢʘ ʯʘʩʪʠʮ ʥʝ ʠʟ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʘʨ ʢʦʤ-

ʤʫʪʘʪʠʚʥʘ. ɺʪʦʨʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ  

 (16) 

ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʗʥʛʘ-ɹʘʢʩʪʝʨʘ. ʅʘ ʨʠʩ. 4 ʤʦʞʥʦ ʚʠʜʝʪʴ 

ʧʨʦʩʪʫʶ ʠʣʣʶʩʪʨʘʮʠʶ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʝʛʦ, ʯʪʦ ʵʪʠ ʢʦʩʳ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳ. 
ʇʦʩʢʦʣʴʢʫ ʛʨʫʧʧʘ ʢʦʩ ʙʝʩʢʦʥʝʯʥʘ, ʦʥʘ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʫʥʠ-

ʪʘʨʥʳʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʠ ʙʦʣʝʝ ʪʦʛʦ, ʦʥʘ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ 

ʯʠʩʣʦ ʦʜʥʦʤʝʨʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʅʝʨʘʟʣʠʯʠʤʳʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʧʨʝʦʙ-

ʨʘʟʫʶʪʩʷ ʢʘʢ ʦʜʥʦʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʫʧʧʳ ʢʦʩ, ʥʘʟʳʚʘʶʪʩʷ ʘʙʝʣʝʚʳʤʠ 

ʘʥʠʦʥʘʤʠ. ɺ ʦʜʥʦʤʝʨʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʢʘʞʜʳʡ ʛʝʥʝʨʘʪʦʨ ůj ʠʟ Bn ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʬʘʟʦʡ . ʊʦʛʜʘ ʩʦʦʪ-

ʥʦʰʝʥʠʝ ʗʥʛʘ-ɹʘʢʩʪʝʨʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ , ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ  
ð ʚʩʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʬʘʟʦʡ, ʯʪʦ ʠʤʝʝʪ ʩʤʳʩʣ ʪʦʣʴʢʦ ʜʣʷ ʥʝʨʘʟʣʠʯʠʤʳʭ ʯʘʩʪʠʮ. 

ɻʨʫʧʧʘ ʢʦʩ ʪʘʢʞʝ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʥʝʘʙʝʣʝʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʳʭ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ. ʅʝ-

ʨʘʟʣʠʯʠʤʳʝ ʯʘʩʪʠʮʳ, ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʢʦʪʦʨʳʭ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʪʘʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ, ʥʘʟʳʚʘʶʪʩʷ ʥʝʘʙʝʣʝ-

ʚʳʤʠ (ʠʣʠ, ʠʥʦʛʜʘ, ʥʝʘʙʝʣʠʦʥʘʤʠ).  

ɼʣʷ ʥʝʘʙʝʣʝʚʳʭ ʘʥʠʦʥʦʚ ʥʝʧʨʠʚʦʜʠʤʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʫʧʧʳ Bn, ʨʝʘʣʠʟʫʝʤʦʝ n ʘʥʠʦʥʘʤʠ, ʜʝʡʩʪʚʫʝʪ ʥʘ 

çʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʚʝʢʪʦʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦè Vn, ʨʘʟʤʝʨʥʦʩʪʴ Dn ʢʦʪʦʨʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩ n. ʀ ʜʣʷ 

ʘʥʠʦʥʦʚ ʩ ʧʦʜʭʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʨʘʟ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʣʦʪʥʳʤ ʚ SU(Dn). ʆʩʫʱʝʩʪʚʣʷʷ ʩʧʣʝʪʝ-

ʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʩʳ, ʤʦʞʥʦ ʧʨʦʤʦʜʝʣʠʨʦʚʘʪʴ ʢʚʘʥʪʦʚʦʝ ʚʳʯʠʩʣʝʥʠʝ ð ʣʶʙʦʝ (ʩʧʝʮʠʘʣʴʥʦʝ) ʫʥʠʪʘʨʥʦʝ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʙʦʣʴʰʦʝ ʚʝʢʪʦʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ Vn, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠ-

ʟʦʚʘʥʦ ʩ ʣʶʙʦʡ ʥʘʧʝʨʸʜ ʟʘʜʘʥʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʩʪʴʶ. 

ɺʝʨʥʸʤʩʷ ʢ ʩʦʩʪʘʚʥʦʡ ʤʦʜʝʣʠ ʘʙʝʣʝʚʳʭ ʘʥʠʦʥʦʚ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʘʥʳ ʥʝ ʪʦʣʴʢʦ ʵʬʬʝʢʪʳ ʧʝʨʝʩʪʘʥʦʚʦʢ 
ʘʥʠʦʥʦʚ, ʥʦ ʠ ʪʘʢʞʝ ʪʠʧʦʚ ʯʘʩʪʠʮ, ʷʚʣʷʶʱʠʭʩʷ ʩʠʩʪʝʤʘʤʠ ʘʥʠʦʥʦʚ. ʇʦʜʦʙʥʳʤ ʞʝ ʦʙʨʘʟʦʤ, ʚ ʦʙʱʝʡ ʘʥʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʘʥʠʦʥʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ, ʠ ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ çʩʠʥʪʝʟʠʨʫʶʱʠʝ ʧʨʘʚʠʣʘè, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝ-

ʣʷʶʪ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʪʠʧʳ ʘʥʠʦʥʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʣʠʷʥʠʠ ʜʚʫʭ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʠʧʦʚ ʘʥʠʦʥʦʚ. ʅʝ-

ʪʨʠʚʠʘʣʴʥʳʝ ʧʨʘʚʠʣʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʦʟʥʠʢʘʶʪ ʧʦʪʦʤʫ, ʯʪʦ ʩʣʠʷʥʠʝ ʘʩʩʦʮʠʘʪʠʚʥʦ ( (ab)c = a(bc), ʛʜʝ a, b, c ð 

ʘʥʠʦʥʳ), ʠ ʧʦʪʦʤʫ, ʯʪʦ ʩʠʥʪʝʟʠʨʫʶʱʠʝ ʧʨʘʚʠʣʘ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʩʧʣʝʪʝʥʠʷ. ʍʦ-

ʪʷ ʫʩʣʦʚʠʷ ʵʪʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʝʰʝʥʠʡ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, ʤʥʦʛʦ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʥʝʘʙʝʣʝʚʳʭ ʘʥʠʦʥʦʚ ʚ ʧʨʠʥʮʠʧʝ ʨʝʘʣʠʟʫʝʤʳ. 

 

ʅʝʘʙʝʣʝʚ ʵʬʬʝʢʪ ɸʘʨʦʥʦʚʘ-ɹʦʤʘ 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʪʨʦʝʥʠʝ ʪʝʦʨʠʠ ʥʝʘʙʝʣʝʚʳʭ ʘʥʠʦʥʦʚ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʭʨʦʤʦʜʠ-

ʥʘʤʠʢʠ, ʠ ʙʫʜʝʤ ʦʧʠʨʘʪʴʩʷ ʥʘ ʩʦʩʪʘʚʥʫʶ ʤʦʜʝʣʴ ʘʙʝʣʝʚʳʭ ʘʥʠʦʥʦʚ. ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʥʝʘʙʝʣʝʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢ ʚ 

ʜʚʫʭ ʠʟʤʝʨʝʥʠʷʭ. ʕʪʦʪ ʤʠʨ ʩʦʜʝʨʞʠʪ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʥʝʩʫʪ çʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢè (ʧʦʭʦʞʠʡ ʥʘ ʮʚʝʪʦʚʦʡ ʤʘʛ-
ʥʠʪʥʳʡ ʧʦʪʦʢ ʚ ʭʨʦʤʦʜʠʥʘʤʠʢʝ) ʠ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʥʝʩʫʪ ʟʘʨʷʜ (ʧʦʜʦʙʥʦ ʮʚʝʪʥʳʤ ʢʚʘʨʢʘʤ ʚ ʭʨʦʤʦʜʠʥʘʤʠʢʝ). 

ʇʦʪʦʢ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʚ ʥʝʘʙʝʣʝʚʦʡ ʢʦʥʝʯʥʦʡ ʛʨʫʧʧʝ G, ʘ ʟʘʨʷʜʘʤʠ ʷʚʣʷʶʪʩʷ ʫʥʠʪʘʨʥʳʝ ʥʝʧʨʠʚʦʜʠʤʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʫʧʧʳ G. ɺ ʵʪʦʡ ʧʦʩʪʘʥʦʚʢʝ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʥʝʘʙʝʣʝʚʳʭ ʘʥʠʦʥʦʚ. 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʦʜʥʦʡ ʠʟ ʥʠʭ [99]. 

ʇʫʩʪʴ R ʦʙʦʟʥʘʯʘʝʪ ʢʦʥʢʨʝʪʥʦʝ ʥʝʧʨʠʚʦʜʠʤʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʫʧʧʳ G, ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʙʦʟʥʘʯʠʤ 

ʢʘʢ . ɺʳʙʝʨʝʤ ʧʨʦʠʟʚʦʣʴʥʦ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʡ ʙʘʟʠʩ ʜʣʷ  ð ʤʝʨʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʘ ʢʦʪʦ-

ʨʦʝ ʜʝʡʩʪʚʫʝʪ R: 

 (17) 

ʂʦʛʜʘ ʟʘʨʷʜ R ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʟʘʤʢʥʫʪʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚʦʢʨʫʛ ʧʦʪʦʢʘ , ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ ɸʘʨʦʥʦʚʘ-

ɹʦʤʘ: ʙʘʟʠʩ R ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʫʥʠʪʘʨʥʦʡ ʤʘʪʨʠʮʝʡ , ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ a: 

 

 
(18) 

ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ  ʚ ʧʨʠʥʮʠʧʝ ʠʟʤʝʨʷʝʤ .r ʅʘʧʨʠʤʝʨ, ʧʨʦʚʦʜʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, 

ʚ ʢʦʪʦʨʳʭ ʧʫʯʦʢ ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʭ ʟʘʨʷʜʦʚ ʤʦʛ ʙʳ ʧʨʦʭʦʜʠʪʴ ʩ ʣʶʙʦʡ ʩʪʦʨʦʥʳ ʦʪ ʧʦʪʦʢʘ (ʬʘʟʘ ʢʦʤʧʣʝʢʩʥʳʭ 

ʯʠʩʝʣ  ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʩʤʝʱʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ, ʘ ʠʭ ʤʦʜʫʣʴ ð ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʧʦʣʦʩ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʸʥ ʩʪʘʥʜʘʨʪʥʳʡ ʙʘʟʠʩ ʜʣʷ ʯʘʩʪʠʮ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʨʷʜʳ, ʯʪʦʙʳ ʩʦʧʦʩ-

ʪʘʚʠʪʴ çʤʝʪʢʠè (ʵʣʝʤʝʥʪʳ ʛʨʫʧʧʳ G) ʚʩʝʤ ʧʦʪʦʢʘʤ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʜʥʦʟʥʘʯʥʦ, ʝʩʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ R ʪʦʯʥʦʝ 

ʠ ʟʘʧʨʝʱʘʝʪ ʣʶʙʳʝ ʘʚʪʦʤʦʨʬʠʟʤʳ ʛʨʫʧʧʳ (ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ). 

ʆʜʥʘʢʦ ʵʣʝʤʝʥʪʳ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʧʦʪʦʢʘʤ, ʟʘʚʠʩʷʪ ʦʪ ʩʦʛʣʘʰʝʥʠʷ. ʇʨʝʜʧʦʣʦʞʠʤ ʠʤʝʝʪʩʷ 

k ʬʣʘʢʩʦʥʦʚ (ʯʘʩʪʠʮ, ʥʝʩʫʱʠʭ ʧʦʪʦʢ). ʊʦʛʜʘ, ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʳʝ ʟʘʨʷʜʳ,  ʧʦʤʝʨʷʝʤ ʧʦʪʦʢ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ 

ʯʘʩʪʠʮ. ɻʨʫʧʧʦʚʳʝ ʵʣʝʤʝʥʪʳ  ʢʘʞʜʦʤʫ ʠʟ k ʬʣʘʢʩʦʥʦʚ. ʀ ʪʝʧʝʨʴ ʧʦʧʨʦʩʠʤ ʚʘʩ ʧʦʤʝʨʷʪʴ ʧʦʪʦʢ, 

ʈʠʩ.4. ʀʣʣʶʩʪʨʘʮʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 
ʗʥʛʘ-ɹʘʢʩʪʝʨʘ (16) 



 

 

 
 

 

ʧʨʦʚʝʨʠʪʴ ʥʘʰʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ. ʅʦ ʚʘʰʠ ʩʪʘʥʜʘʨʪʥʳʝ ʟʘʨʷʜʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʘʰʠʭ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʧʝʨʝʤʝʱʘ-

ʣʠʩʴ ʚʦʢʨʫʛ ʜʨʫʛʦʛʦ ʧʦʪʦʢʘ (ʦʙʦʟʥʘʯʠʤ ʝʛʦ ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, k ʬʣʘʢʩʦʥʘʤ ʚʳ ʩʦʧʦʩʪʘʚʠʪʝ ʛʨʫʧʧʦʚʳʝ ʵʣʝ-

ʤʝʥʪʳ , ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʰʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʙʱʠʤ ʩʦʧʨʷ-

ʞʝʥʠʝʤ ʧʦ ʵʣʝʤʝʥʪʫ g. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʛʨʫʧʧʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʬʣʘʢʩʦʥʘʤ ʥʝʦʜʥʦʟʥʘʯʥʦ ʠ ʥʝ ʠʤʝʝʪ ʠʥʚʘʨʠʘʥʪʥʦʛʦ 

ʩʤʳʩʣʘ. ʅʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ çʧʨʘʚʠʣʴʥʦʝè ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʛʨʫʧʧʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʬʣʘʢʩʦʥʘʤ ʨʘʟʥʠʪʩʷ ʪʦʣʴʢʦ ʩʦ-

ʧʨʷʞʝʥʠʝʤ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʵʣʝʤʝʥʪʫ , ʢʣʘʩʩ ʩʦʧʨʷʞʸʥʥʦʩʪʠ ʧʦʪʦʢʘ ʚ G ʠʤʝʝʪ ʠʥʚʘʨʠʘʥʪʥʳʡ ʩʤʳʩʣ, ʩ ʢʦ-

ʪʦʨʳʤ ʩʦʛʣʘʩʷʪʩʷ ʚʩʝ ʥʘʙʣʶʜʘʪʝʣʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʦʧʨʝʜʝʣʠʪ ɹʩʦʛʣʘʰʝʥʠʝ, ʪʦ ʛʨʫʧʧʦʚʦʡ ʵʣʝʤʝʥʪ, ʩʦʧʦʩ-

ʪʘʚʣʝʥʥʳʡ ʢʦʥʢʨʝʪʥʦʤʫ ʬʣʘʢʩʦʥʫ, ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ, ʝʩʣʠ ʵʪʦʪ ʬʣʘʢʩʦʥ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʬʠʟʠʯʝʩʢʦʤ ʧʨʦʮʝʩ-

ʩʝ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʟʘʧʣʝʪʘʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʬʣʘʢʩʦʥʘʤʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʬʣʘʢʩʦʥʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʤʫ ʠ ʪʦʤʫ 
ʞʝ ʢʣʘʩʩʫ ʩʦʧʨʷʞʸʥʥʦʩʪʠ, ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʝʨʘʟʣʠʯʠʤʳʝ ʯʘʩʪʠʮʳ, ʜʘʞʝ ʝʩʣʠ ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚʦ 

ʤʥʦʛʠʭ ʪʠʧʘʭ (ʦʪ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʚʦ ʚʨʝʤʷ ʥʘʰʝʛʦ ʠʟʤʝʨʝʥʠʷ ʚ ʢʦʥʢʨʝʪʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʢʦʥʢʨʝʪʥʦʤ ʤʝʩʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʦ, ʯʪʦ ʬʣʘʢʩʦʥʳ ð ʵʪʦ ʥʝʘʙʝʣʝʚʳ ʘʥʠʦʥʳ.  

 

ʉʧʣʝʪʝʥʠʝ ʥʝʘʙʝʣʝʚʳʭ ʬʣʘʢʩʦʥʦʚ 

ʇʦʢʘʞʝʤ, ʯʪʦ, ʠʩʧʦʣʴʟʫʷ ʥʝʘʙʝʣʝʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢ ʩ ʧʦʜʭʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʪ̫ʴ ʦʙʨʘ-

ʙʦʪʢʫ ʢʚʘʥʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʳʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʢʚʘʥʪʦʚʳʤ ʢʦʤʧʴʶʪʝʨʦʤ, ʤʘʥʠʧʫʣʠʨʫʷ 

ʬʣʘʢʩʦʥʘʤʠ. ʂʣʶʯʝʚʳʤ ʟʜʝʩʴ ʝʩʪʴ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʜʚʘ ʬʣʘʢʩʦʥʘ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ. 

ɼʣ̫ ʵʪʦʡ ʮʝʣʠ ʧʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʦʪʢʘʣʠʙʨʦʚʘʥ  rʜʚʘ ʬʣʘʢʩʦʥʘ, ʠ ʠʤ ʩʦ-

ʧʦʩʪʘʚʣʝʥʳ ʵʣʝʤʝʥʪʳ ʠʟ ʛʨʫʧʧʳ G. ʕʪʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʙʘʟʠʩʘ ʜʣʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ x0. 
ɿʘʪʝʤ ʚʳʙʝʨʝʤ ʩʪʘʥʜʘʨʪʥʫʶ ʪʨʘʝʢʪʦʨʠʶ (ʢʦʪʦʨʫʶ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ Ŭ), ʯʪʦ 

ʙʝʨʝʪ ʩʚʦʸ ʥʘʯʘʣʦ ʚ ʪʦʯʢʝ x0, ʦʙʭʦʜʠʪ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʬʣʘʢʩʦʥ, ʠ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʪʦʯʢʫ x0 (ʩʤ. ʨʠʩ. 5). ʀ ʥʘʢʦʥʝʮ, ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʧʝʨʝ-

ʤʝʱʘʶʪʩʷ ʚʜʦʣʴ ʟʘʤʢʥʫʪʦʡ ʪʨʘʝʢʪʦʨʠʠ Ŭ, ʠ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʵʪʦʛʦ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʥʘ ʩʦʩʪʦʥ̫ʠʝ ʯʘʩʪʠʮ ʜʝʡʩʪʚʫʝʪ , ʛʜʝ D ð 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʫʧʧʳ G, ʠ  ð ʚʳʙʨʘʥʥʳʡ ʥʘʤʠ ʛʨʫʧʧʦʚʦʡ ʵʣʝʤʝʥʪ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʚʦʤʫ ʬʣʘʢʩʦʥʫ. ʊʦ ʞʝ ʩʘʤʦʝ ʧʨʦʠʩʭʦʜʠʪ ʠ ʩʦ ʚʪʦʨʳʤ 

ʬʣʘʢʩʦʥʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʨʫʧʧʦʚʦʤʫ ʵʣʝʤʝʥʪʫ b, ʦʙʭʦʜ ʧʨʦʪʠʚ ʯʘʩʦ-

ʚʦʡ ʩʪʨʝʣʢʠ ʚʦʢʨʫʛ ʢʦʪʦʨʦʛʦ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ɓ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʯʘʩʪʠʮ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ  (ʩʤ. ʨʠʩ. 
5). 

ʊʝʧʝʨʴ ʧʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʦʩʫɦ ʝʩʪʚʣʸʥ ʦʙʤʝʥ ʬʣʘʢʩʦʥʦʚ ʤʝʩʪʘʤʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʚʳ-

ʧʦʣʥʝʥʘ ʧʝʨʝʢʘʣʠʙʨʦʚʢʘ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʤ ʛʨʫʧʧʦʚʳʤ ʵʣʝʤʝʥʪʘʤ 

ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʝʧʝʨʴ ʬʣʘʢʩʦʥʳ, ʨʘʩʩʤʦʪʨʠʤ ʪʨʘʝʢʪʦʨʠʶ  (ʩʤ. 

ʨʠʩ. 6), ʛʜʝ ʧʦʜ  ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʨʦʭʦʞʜʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ Ŭ ʚ ʦʙʨʘʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʚʩʝ ʪʨʘʝʢʪʦʨʠʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʧʨʦʭʦʜʷʪʩʷ ʚ ʦʧʝʨʘʪʦʨʥʦʤ ʧʦ-

ʨʷʜʢʝ ð ʩʧʨʘʚʘ ʥʘʣʝʚʦ. ɽʩʣʠ ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʜʚʘ ʬʣʘʢʩʦʥʘ ʦʙʤʝʥʠʚʘʶʪʩʷ 

ʤʝʩʪʘʤʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʪʨʘʝʢʪʦʨʠʠ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʪʘʢ, ʯʪʦ ʦʥʠ ʥʠ 

ʨʘʟʫ ʥʝ ʧʝʨʝʩʝʢʫʪʩʷ ʬʣʘʢʩʦʥʘʤʠ, ʪʨʘʝʢʪʦʨʠʷ  ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʚ ʪʨʘʝʢ-

ʪʦʨʠʶ Ŭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Ŭ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʚ  

 (19) 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʦʧʝʨʘʪʦʨ ʩʧʣʝʪʝʥʠʷ R, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʦʙʤʝʥ 

ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʜʝʡʩʪʚʫʝʪ ʥʘ ʬʣʘʢʩʦʥʳ ʢʘʢ 

   (20) 

ʂʦʥʝʯʥʦ, ʝʩʣʠ ʬʣʘʢʩʦʥʳ a ʠ b ʢʦʤʤʫʪʠʨʫʶʪ ʚ G, ʪʦ ʚʩʸ, ʯʪʦ ʜʝʣʘʝʪ ʩʧʣʝʪʝʥʠʝ, ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʧʦʨʷʜʢʘ a ʠ b. 

ʅʦ ʝʩʣʠ a ʠ b ʥʝ ʢʦʤʤʫʪʠʨʫʶʪ, ʵʬʬʝʢʪ, ʧʦʨʦʞʜʘʝʤʳʡ ʦʙʤʝʥʦʤ, ʙʦʣʝʝ ʠʥʪʝʨʝʩʝʥ. ɸʩʩʠʤʝʪʨʠʯʥʘʷ ʬʦʨʤʘ ʜʝʡʩʪ-

ʚʠʷ ʦʧʝʨʘʪʦʨʘ R ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʘʰʠʭ ʩʦʛʣʘʰʝʥʠʡ ʠ ʩʤʳʩʣʘ ʦʙʤʝʥʘ (ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ). ʆʙʨʘʪʥʳʡ 

ʦʧʝʨʘʪʦʨ , ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʦʙʤʝʥ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʜʝʡʩʪʚʫʝʪ ʢʘʢ 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʣʥʳʡ ʧʦʪʦʢ ʧʘʨʳ ʬʣʘʢʩʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʝʡ, ʢʦʪʦʨʘʷ ʧʨʦ-

ʭʦʜʠʪ ʪʨʘʝʢʪʦʨʠʶ Ŭɓ, ʦʙʭʦʜʷʱʫʶ ʦʙʘ ʬʣʘʢʩʦʥʘ ʚ ʧʘʨʝ. ʇʦʩʢʦʣʴʢʫ ʵʪʦʪ ʟʘʨʷʜ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʜʘʣʝʢʦ ʦʪ ʬʣʘʢ-

ʩʦʥʥʦʡ ʧʘʨʳ, ʦʙʤʝʥ ʚ ʥʝʡ ʥʝ ʠʟʤʝʥʠʪ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʦʪʦʢ ab ʩʦʭʨʘʥʷ-

ʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠ R, ʠ R-1. 
ʕʬʬʝʢʪ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʙʤʝʥʦʚ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʶ çʤʦʥʦʜʨʦʤʥʦʛʦè 

ʦʧʝʨʘʪʦʨʘ R2, ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʝʤʫ: 

 (21) 

ʛʜʝ ʦʙʘ ʧʦʪʦʢʘ ʩʦʧʨʷʞʝʥʳ ʧʦʣʥʳʤ ʧʦʪʦʢʦʤ ab. ʅʝʪʨʠʚʠʘʣʴʥʘʷ ʤʦʥʦʜʨʦʤʠʷ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʩ-

ʧʨʝʜʝʣʝʥʦ ʤʥʦʛʦ ʬʣʘʢʩʦʥʦʚ, ʠ ʦʜʠʥ ʠʟ ʥʠʭ çʟʘʙʠʨʘʝʪʩè̫ ʜʣʷ ʘʥʘʣʠʟʘ, ʛʨʫʧʧʦʚʦʡ ʵʣʝʤʝʥʪ, ʧʦʩʪʘʚʣʝʥʥʳʡ ʚ ʩʦʦʪ-

 (21) 

ʈʠʩ. 5. ʉʪʘʥʜʘʨʪʥʳʝ ʪʨʘʝʢʪʦʨʠʠ Ŭ ʠ 
ɓ ʦʙʭʦʜʘ ʧʘʨʳ ʬʣʘʢʩʦʥʦʚ ʧʨʦʪʠʚ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. 

ʈʠʩ. 6. ʅʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʦʙʭʦʜʘ 
ʧʦʩʣʝ ʦʙʤʝʥʘ ʬʣʘʢʩʦʥʦʚ ʤʝʩʪʘʤʠ ʠ 

ʧʝʨʝʢʘʣʠʙʨʦʚʢʠ. 



 

 

 
 

 

ʚʝʪʩʪʚʠʝ ʝʤʫ, ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʨʘʝʢʪʦʨʠʠ, ʧʦ ʢʦʪʦʨʦʡ ʦʥ ʟʘʙʠʨʘʝʪʩ.̫ ɽʩʣʠ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʬʣʘʢʩʦʥʫ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʵʣʝʤʝʥʪ , ʪʦʛʜʘ ʜʣʷ ʜʨʫʛʠʭ ʚʘʨʠʘʥʪʦʚ ʪʨʘʝʢʪʦʨʠʡ ʣʶʙʦʡ ʜʨʫʛʦʡ ʵʣʝʤʝʥʪ  ʚ ʧʨʠʥʮʠʧʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʩʪʘʚʣʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʩ ʩʦʧʨʷʞʸʥʥʦʩʪʠ ʚ G, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʣʘʢʩʦʥ, ʠʥʚʘ-

ʨʠʘʥʪʝʥ, ʥʦ ʢʦʥʢʨʝʪʥʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʵʪʦʛʦ ʢʣʘʩʩʘ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦ. 

ʅʘʧʨʠʤʝʨ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʛʨʫʧʧʘ  ʩʦʚʧʘʜʘʝʪ ʩ ʛʨʫʧʧʦʡ ʧʝʨʝʩʪʘʥʦʚʦʢ ʪʨʸʭ ʦʙʲʝʢʪʦʚ . ʆʜʠʥ ʠʟ ʝʸ 

ʢʣʘʩʩʦʚ ʩʦʧʨʷʞʸʥʥʦʩʪʠ ʩʦʜʝʨʞʠʪ ʚʩʝ ʜʚʦʡʥʳʝ ʧʝʨʝʩʪʘʥʦʚʢʠ (ʧʝʨʝʩʪʘʥʦʚʢʠ ʜʚʫʭ ʦʙʲʝʢʪʦʚ): . 

ʂʦʛʜʘ ʜʚʘ ʪʘʢʠʭ ʜʚʦʡʥʳʭ ʬʣʘʢʩʦʥʘ ʢʦʤʙʠʥʠʨʫʶʪʩʷ, ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʚʘʨʠʘʥʪʘ ʜʣʷ ʠʭ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ ð ʪʨʠʚʠ-

ʘʣʴʥʳʡ ʧʦʪʦʢ e, ʠ ʦʜʠʥ ʠʟ ʪʨʦʡʥʳʭ ʧʦʪʦʢʦʚ: ʠʣʠ (123), ʠʣʠ (132). ɽʩʣʠ ʧʦʣʥʳʡ ʧʦʪʦʢ ʪʨʠʚʠʘʣʝʥ, ʩʧʣʝʪʝʥʠʝ ʜʚʫʭ 

ʧʦʪʦʢʦʚ ʪʦʞʝ ʪʨʠʚʠʘʣʴʥʦ (a ʠ b = a-1 ʢʦʤʤʫʪʠʨʫʶʪ). ʅʦ ʝʩʣʠ ʧʦʣʥʳʡ ʧʦʪʦʢ ʥʝʪʨʠʚʠʘʣʝʥ, ʪʦ ʦʧʝʨʘʪʦʨ ʩʧʣʝʪʝʥʠʷ 

R ʠʤʝʝʪ ʦʨʙʠʪʫ ʜʣʠʥʦʡ 3 

, 

 
(22) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʜʚʘ ʬʣʘʢʩʦʥʘ ʦʙʤʝʥʠʚʘʶʪʩʷ ʤʝʩʪʘʤʠ ʪʨʠ ʨʘʟʘ ð ʦʥʠ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ, ʥʦ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʵʪʦ, ʦʙʦʟʥʘʯʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʩʪʘʸʪʩʷ ʧʨʝʞʥʠʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʢʚʘʥʪʦʚʘʷ ʠʥʪʝʨʬʝʨʝʥ-

ʮʠʷ ʤʝʞʜʫ çʧʨʷʤʳʤè ʠ çʦʙʤʝʥʥʳʤè ʨʘʩʩʝʥ̫ʠʝʤ ʜʚʫʭ ʬʣʘʢʩʦʥʦʚ, ʢʦʪʦʨʳʤ ʩʦʧʦʩʪʘʚʣʝʥʳ ʨʘʟʥʳʝ ʵʣʝʤʝʥʪʳ ʦʜ-
ʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʢʣʘʩʩʘ ʩʦʧʨʷʞʸʥʥʦʩʪʠ, ʫʢʨʝʧʣʷʷ ʝʱʸ ʙʦʣʴʰʝ ʠʜʝʶ ʦ ʪʦʤ, ʯʪʦ ʧʦʪʦʢʠ ʩ ʨʘʟʥʳʤʠ çʤʝʪʢʘʤʠè ʚ 

ʢʣʘʩʩʝ ʩʦʧʨʷʞʸʥʥʦʩʪʠ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʝʨʘʟʣʠʯʠʤʳʝ ʯʘʩʪʠʮʳ. 

ʇʦʩʢʦʣʴʢʫ ʦʧʝʨʘʪʦʨ ʩʧʣʝʪʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʧʘʨʳ ʜʚʦʡʥʳʭ ʧʦʪʦʢʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʶ 

, ʪʦ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʚʥʳ ʢʦʨʥʶ ʪʨʝʪʝʡ ʩʪʝʧʝʥʠ ʠʟ ʝʜʠʥʠʮʳ. ʅʘʧʨʠʤʝʨ, ʚʳʙʠʨʘʷ ʣʠʥʝʡʥʳʝ ʢʦʤʙʠ-

ʥʘʮʠʠ ʪʨʸʭ ʩʦʩʪʦʷʥʠʡ ʩ ʦʙʱʠʤ ʧʦʪʦʢʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ (123), ʧʦʣʫʯʘʝʤ ʪʘʢʠʝ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʦʧʝʨʘʪʦʨʘ R 

, 

 

, 

 

(23) 

ʛʜʝ . 

ʍʦʪʷ ʧʘʨʘ  ʩ ʪʨʠʚʠʘʣʴʥʳʤ ʦʙʱʠʤ ʧʦʪʦʢʦʤ ʠʤʝʝʪ ʪʨʠʚʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʩʳ, ʦʥʘ ʠʥʪʝʨʝʩʥʘ ʧʦ 

ʜʨʫʛʦʡ ʧʨʠʯʠʥʝ ð ʝʝ ʧʦʣʥʳʡ ʟʘʨʷʜ ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ. ʏʪʦʙʳ ʧʦʤʝʨʷʪʴ ʟʘʨʷʜ ʦʙʲʝʢʪʘ ʥʘʜʦ ʧʝʨʝʤʝʩʪʠʪʴ ʚʦʢʨʫʛ 

ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʧʦʪʦʢ b (ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ). ʕʪʦ ʠʟʤʝʥʠʪ ʦʙʲʝʢʪ ʜʝʡʩʪʚʠʝʤ ʥʘ ʥʝʛʦ ʦʧʝʨʘʪʦʨʘ  ʥʝʢʪʦ-

ʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ R ʛʨʫʧʧʳ G. ɽʩʣʠ ʟʘʨʷʜ ʨʘʚʝʥ ʥʫʣʶ, ʪʦʛʜʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʨʠʚʠʘʣʴʥʦ ð   ʜʣʷ ʚʩʝʭ 

. ʅʦ ʝʩʣʠ ʧʝʨʝʤʝʩʪʠʪ ɹʧʦʪʦʢ b ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʚʦʢʨʫʛ ʩʦʩʪʦʷʥʠʷ , ʩʦʩʪʦʷʥʠʝ ʪʨʘʥʩʬʦʨʤʠ-

ʨʫʝʪʩʷ ʪʘʢ 

 (24) 

ʕʪʦ ð ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ b) ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ a ʧʨʠʥʘʜʣʝ-

ʞʠʪ ʢʣʘʩʩʫ ʩʦʧʨʷʞʸʥʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʛʦ ʙʦʣʝʝ ʯʝʤ ʦʜʠʥ ʵʣʝʤʝʥʪ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʩʦʧʨʷ-

ʞʸʥʥʦʩʪʠ Ŭ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ  ʩ ʥʫʣʝʚʳʤ ʟʘʨʷʜʦʤ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʫʥʠʬʠ-

ʮʠʨʦʚʘʥʥʦʡ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʩʘ: 

 (25) 

ʛʜʝ  ʦʙʦʟʥʘʯʘʝʪ ʧʦʨʷʜʦʢ Ŭ. ʇʘʨʘ ʬʣʘʢʩʦʥʦʚ ʚ ʢʣʘʩʩʝ Ŭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʦʜʠʪʴʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ, ʥʝ 

ʜʦʣʞʥʳ ʥʝʩʪʠ ʢʘʢʠʝ-ʣʠʙʦ ʩʦʭʨʘʥʷʶʱʠʝʩʷ ʟʘʨʷʜʳ ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʩʦʩʪʦʷʥʠʠ . ɼʨʫʛʠʝ ʣʠ-

ʥʝʡʥʳʝ ʢʦʤʙʠʥʘʮʠʠ, ʦʨʪʦʛʦʥʘʣʴʥʳʝ , ʥʝʩʫʪ ʥʝʥʫʣʝʚʦʡ ʟʘʨʷʜ. ʕʪʦʪ ʟʘʨʷʜ, ʢʦʪʦʨʳʡ ʥʝʩʸʪ ʧʘʨʘ ʬʣʘʢʩʦʥʦʚ, 

ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥ ʜʨʫʛʠʤʠ ʬʣʘʢʩʦʥʘʤʠ, ʭʦʪʷ ʩʪʨʘʥʥʦ, ʯʪʦ ʟʘʨʷʜ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʦʜʥʦʡ ʯʘʩʪʠʮʝ 
ʧʘʨʳ. ʉʢʦʨʝʝ ʵʪʦ ʢʦʣʣʝʢʪʠʚʥʦʝ ʩʚʦʡʩʪʚʦ ʧʘʨʳ ʮʝʣʠʢʦʤ. ɽʩʣʠ ʜʚʘ ʬʣʘʢʩʦʥʘ ʩ ʥʝʥʫʣʝʚʳʤ ʦʙʱʠʤ ʟʘʨʷʜʦʤ ʩʪʘʣʢʠ-

ʚʘʶʪʩʷ, ʘʥʥʠʛʠʣʷʮʠʷ ʧʘʨʳ ʙʫʜʝʪ ʟʘʧʨʝʱʝʥʘ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʟʘʨʷʜʘ, ʜʘʞʝ ʝʩʣʠ ʧʦʣʥʳʡ ʧʦʪʦʢ ʨʘʚʝʥ ʥʫʣʶ. 

ɺ ʩʣʫʯʘʝ ʧʘʨʳ ʬʣʘʢʩʦʥʦʚ ʠʟ ʜʚʦʡʥʦʛʦ ʢʣʘʩʩʘ ʛʨʫʧʧʳ , ʥʘʧʨʠʤʝʨ, ʩʫʱʝʩʪʚʫʝʪ ʜʚʫʤʝʨʥʦʝ ʧʦʜʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʩ ʪʨʠʚʠʘʣʴʥʳʤ ʧʦʣʥʳʤ ʧʦʪʦʢʦʤ ʠ ʥʝʪʨʠʚʠʘʣʴʥʳʤ ʟʘʨʷʜʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʙʘʟʠʩ 

, 

 
(26) 

ɽʩʣʠ ʧʦʪʦʢ b ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʦʢʨʫʛ ʧʘʨʳ, ʦʙʘ ʧʦʪʦʢʘ ʩʦʧʨʷʛʘʶʪʩʷ ʧʦ b. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʩʦʧʨʷʞʝʥʠʷ) ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ ʙʫʜʝʪ 

 

 

 

(27) 

ʕʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʚʫʤʝʨʥʦʤʫ ʥʝʧʨʠʚʦʜʠʤʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠ ʁ  ʛʨʫʧʧʳ , ʦʪ-

ʩʜʁʘ ʟʘʢʣʶʯʘʝʤ, ʯʪʦ ʟʘʨʷʜ ʧʘʨʳ ʬʣʘʢʩʦʥʦʚ ʨʘʚʝʥ {2}. 

ɹʦʣʝʝ ʪʦʛʦ, ʩ ʧʦʤʦʱʴʶ ʩʧʣʝʪʝʥʠʡ ʵʪʦʪ ʟʘʨʷʜ, ʢʦʪʦʨʳʡ ʥʝʩʸʪ ʧʘʨʘ ʬʣʘʢʩʦʥʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʥʝʩʸʥ ʜʨʫʛʠʤ 

ʯʘʩʪʠʮʘʤ. ʂ ʧʨʠʤʝʨʫ, ʨʘʩʩʤʦʪʨʠʤ ʧʘʨʫ ʯʘʩʪʠʮ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʥʝʩʸʪ ʟʘʨʷʜ, ʥʦ ʥʝ ʧʦʪʦʢ (ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʠʭ 

ʯʘʨʜʞʠʦʥʦʤ), ʪʘʢ ʯʪʦ ʧʦʣʥʳʡ ʟʘʨʷʜ ʧʘʨʳ ʪʨʠʚʠʘʣʝʥ. ɽʩʣʠ ʦʜʠʥ ʠʟ ʯʘʨʜʞʠʦʥʦʚ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢʘʢ ʫʥʠʪʘʨʥʦʝ 



 

 

 
 

 

ʥʝʧʨʠʚʦʜʠʤʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ R ʛʨʫʧʧʳ G, ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʦʧʨʷʞʸʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ , ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʦ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ R, ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʛʦ ʩʪʘʣʦ ʙʳ ʪʨʠʚʠʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. ɽʩʣʠ 

 ð ʙʘʟʠʩ ʚ R, ʪʦʛʜʘ ʙʘʟʠʩ   ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʜʣʷ  ʪʘʢ, ʯʪʦ ʯʘʨʜʞʠʦʥʥʘʷ ʧʘʨʘ ʩ ʪʨʠʚʠʘʣʴʥʳʤ 

ʟʘʨʷʜʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

 (28) 

ʇʫʩʪʴ ʩʦʟʜʘʥʳ ð ʧʘʨʘ ʬʣʘʢʩʦʥʦʚ ʚ ʩʦʩʪʦʷʥʠʠ  ʠ ʧʘʨʘ ʯʘʨʜʞʠʦʥʦʚ ʚ ʩʦʩʪʦʷʥʠʠ . ɿʘʪʝʤ ʯʘʨʜʞʠ-

ʦʥ ʩ ʟʘʨʷʜʦʤ R ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʦʢʨʫʛ ʬʣʘʢʩʦʥʘ ʩ ʧʦʪʦʢʦʤ ʚ ʢʣʘʩʩʝ Ŭ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʠ ʜʚʘ ʯʘʨʜʞʠʦʥʘ 

ʦʧʷʪʴ ʩʪʘʣʢʠʚʘʶʪʩʷ, ʯʪʦʙʳ ʫʚʠʜʝʪʴ, ʘʥʥʠʛʠʣʠʨʫʶʪ ʣʠ ʦʥʠ. 

ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ   ʵʬʬʝʢʪʦʤ ʦʙʭʦʜʘ ʩʦʩʪʦʷʥʠʷ ʜʚʫʭ ʯʘʨʜʞʠʦʥʦʚ ʙʫʜʝʪ 

 (29) 

ɽʩʣʠ ʪʝʧʝʨʴ ʙʫʜʝʪ ʠʟʤʝʨʝʥ ʟʘʨʷʜ ʧʘʨʳ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʟʘʨʷʜ ʦʢʘʞʝʪʩʷ ʥʫʣʝʚʳʤ, ʨʘʚʥʘ ʢʚʘʜʨʘʪʫ ʧʝʨʝ-

ʢʨʳʪʠʷ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʩʦʩʪʦʷʥʠʝʤ , ʪ. ʝ. 

 
 

(30) 

ʛʜʝ 

 
(31) 

ʝʩʪʴ ʭʘʨʘʢʪʝʨ ʧʨʝʜʩʪʘʚʣʝʥʠʷ R, ʚʳʯʠʩʣʝʥʥʦʛʦ ʚ a. ɺʦʦʙʱʝ-ʪʦ, ʭʘʨʘʢʪʝʨ (ʩʣʝʜ) ʠʥʚʘʨʠʘʥʪʝʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʦʧʨʷʞʝʥʠʶ ð ʦʥ ʠʤʝʝʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʭ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʠʪʴ ʥʫʣʝ-

ʚʦʡ ʟʘʨʷʜ ʧʘʨʳ ʯʘʨʜʞʠʦʥʦʚ ʧʦʩʣʝ ʚʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʚʦʢʨʫʛ ʬʣʘʢʩʦʥʘ ʨʘʚʥʘ ʪʘʢʦʚʦʡ ʧʨʠ ʦʙʦʨʦʪʝ ʦʜʥʦʛʦ 

ʯʘʨʜʞʠʦʥʘ ʚʦʢʨʫʛ ʧʘʨʳ ʬʣʘʢʩʦʥʦʚ. ʂʦʥʝʯʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʥʳʡ ʟʘʨʷʜ ʚʩʝʭ ʯʝʪʳʨʸʭ ʯʘʩʪʠʮ ʨʘʚʝʥ ʥʫʣʶ, ʠ ʟʘʨʷʜ 
ʩʦʭʨʘʥʷʝʪʩʷ, ʪʦ ʧʦʩʣʝ ʚʨʘʱʝʥʠʷ ʜʚʝ ʧʘʨʳ ʠʤʝʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʟʘʨʷʜʳ: ʝʩʣʠ ʧʘʨʘ ʯʘʨʜʞʠʦʥʦʚ ʠʤʝʝʪ ʧʦʣ-

ʥʳʡ ʟʘʨʷʜ , ʪʦʛʜʘ ʧʘʨʘ ʬʣʘʢʩʦʥʦʚ ʜʦʣʞʥʘ ʠʤʝʪʴ ʟʘʨʷʜ  ʪʘʢʦʡ, ʯʪʦ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ  ʜʘʣʦ ʙʳ ʪʨʠʚʠʘʣʴʥʳʡ 

ʧʦʣʥʳʡ ʟʘʨʷʜ. ʇʘʨʘ ʯʘʩʪʠʮ ʩ ʥʫʣʝʚʳʤ ʧʦʣʥʳʤ ʟʘʨʷʜʦʤ ʠ ʧʦʪʦʢʦʤ ʤʦʛʫʪ ʘʥʥʠʛʠʣʠʨʦʚʘʪʴ ʥʝ ʦʩʪʘʚʣʷʷ ʧʦʩʣʝ ʵʪʦ-

ʛʦ ʥʠʢʘʢʦʡ ʩʪʘʙʠʣʴʥʦʡ ʯʘʩʪʠʮʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʘʨʘ ʩ ʥʝʥʫʣʝʚʳʤ ʟʘʨʷʜʦʤ ʥʝ ʩʤʦʞʝʪ ʘʥʥʠʛʠʣʠʨʦʚʘʪʴ çʧʦʣʥʦ-

ʩʪʴʶè. ʀʟ ʵʪʦʛʦ ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʦ, ʯʪʦ ʝʩʣʠ ʤʠʨʦʚʳʝ ʣʠʥʠʠ ʬʣʘʢʩʦʥʥʦʡ ʠ ʯʘʨʜʞʠʦʥʥʦʡ ʧʘʨ ʟʘʮʝʧʷʪʩʷ ʦʜʠʥ ʨʘʟ, 

ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʙʝ ʧʘʨʳ ʩʤʦʛʫʪ ʘʥʥʠʛʠʣʠʨʦʚʘʪʴ ʜʘʸʪʩʷ ʬʦʨʤʫʣʦʡ (30). ʕʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʤʝʥʴʰʝ, ʯʝʤ 

ʝʜʠʥʠʮʘ, ʛʘʨʘʥʪʠʨʫʷ ʧʨʠ ʵʪʦʤ ʪʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ R ʥʝ ʦʜʥʦʤʝʨʥʦʝ ʠ ʢʣʘʩʩ Ŭ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥ ʪʨʠʚʠʘʣʴʥʦ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʮʝʧʣʝʥʠʝ ʤʠʨʦʚʳʭ ʣʠʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʤʝʥʫ ʟʘʨʷʜʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʤʠ. 

ʂ ʧʨʠʤʝʨʫ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ Ŭ ʜʚʦʡʥʦʡ ʢʣʘʩʩ ʛʨʫʧʧʳ  ʠ  (ʜʚʫʤʝʨʥʦʝ ʥʝʧʨʠʚʦʜʠʤʦʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʝ S3), ʚʠʜʠʤ ʠʟ ʚʳʨʘʞʝʥʠʡ (27), ʯʪʦ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʤʝʥ ʟʘʨʷʜʦʤ ʜʦʩʪʦʚʝʨʥʦ ʧʨʦʠʩʭʦʜʠʪ: 

ʧʦʩʣʝ ʦʙʭʦʜʘ ʠ ʬʣʘʢʩʦʥʥʘʷ ʧʘʨʘ, ʠ ʯʘʨʜʞʠʦʥʥʘʷ ʧʘʨʘ ʧʨʝʦʙʨʘʟʦʚʳʚʘʶʪʩʷ ʢʘʢ . 

 

ʉʫʧʝʨʦʪʙʦʨʥʳʡ ʩʝʢʪʦʨ ʥʝʘʙʝʣʝʚʦʛʦ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ 
ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʝʘʙʝʣʝʚʦʛʦ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ ʜʦ ʩʠʭ ʧʦʨ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩ ɹʜʚʘ ʪʠʧʘ ʯʘʩʪʠʮ: ʬʣʘʢʩʦʥʳ, 

ʢʦʪʦʨʳʝ ʥʝʩʫʪ ʧʦʪʦʢ, ʥʦ ʥʝ ʟʘʨʷʜ, ʠ ʯʘʨʜʞʠʦʥʳ, ʢʦʪʦʨʳʝ ʥʝʩʫʪ ʟʘʨʷʜ, ʥʦ ʥʝ ʧʦʪʦʢ. ʅʦ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʦʥʠ ʥʝ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʦʙʱʠʤʠ ʚʦʟʤʦʞʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʂʘʢʦʚ ʟʘʨʷʜ ʯʘʩʪʠʮʳ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ ʬʣʘʢʩʦʥʘ ʠ ʯʘʨʜ-

ʞʠʦʥʘ? ɺ ʧʨʠʥʮʠʧʝ, ʟʘʨʷʜ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥ ʚ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ɸʘʨʦʥʦʚʘ-ɹʦʤʘ. ʄʦʞʥʦ 

ʩʧʨʷʪʘʪʴ ʦʙʲʝʢʪ, ʟʘʨʷʜ ʢʦʪʦʨʦʛʦ ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʡʜʝʥ, ʟʘ ʵʢʨʘʥʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʱʝʣʷʤʠ, ʟʘʧʫʩʪʠʪʴ ʧʫʯʦʢ ʪʦʯʥʦ 

ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʭ ʬʣʘʢʩʦʥʦʚ ʥʘ ʵʢʨʘʥ, ʠ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʠʭ ʟʘ ʵʢʨʘʥʦʤ. ʇʦ ʩʤʝʱʝʥʠʶ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʥʪʝʨʬʝ-

ʨʝʥʮʠʦʥʥʦʡ ʩʭʝʤʳ ʧʦʣʦʞʝʥʠʡ ʬʣʘʢʩʦʥʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ  ʜʣʷ ʢʘʞʜʦʛʦ , ʯʪʦ ʧʦ-
ʟʚʦʣʠʪ ʫʩʪʘʥʦʚʠʪʴ R. ʆʜʥʘʢʦ ʝʩʪʴ ʥʝʢʦʪʦʨʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʥʝʩʸʪ ʥʝʪʨʠʚʠʘʣʴ-

ʥʳʡ ʧʦʪʦʢ  ʚʤʝʩʪʝ ʩ ʟʘʨʷʜʦʤ. ʇʦʩʢʦʣʴʢʫ ʦʙʦʨʦʪ ʧʦʪʦʢʘ b ʚʦʢʨʫʛ ʧʦʪʦʢʘ a ʤʝʥʷʝʪ a ʥʘ bab-1, ʪʦ ʜʚʝ ʚʦʟʤʦʞ-

ʥʳʭ ʪʨʘʝʢʪʦʨʠʠ, ʧʦ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʧʦʪʦʢ b, ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ, ʝʩʣʠ a ʠ b ʥʝ ʢʦʤʤʫʪʠʨʫʶʪ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʧʦʪʦʢ b ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ, ʤʦʞʝʤ ʧʨʦʚʝʨʠʪʴ, ʠʟʤʝʥʠʣʩʷ ʣʠ ʧʦʪʦʢ a, ʠ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʦʰʸʣ ʣʠ ʧʦʪʦʢ ʯʝʨʝʟ ʦʜʥʫ, 

ʠʣʠ ʜʨʫʛʫʶ ʱʝʣʴ ʵʢʨʘʥʘ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʦʪʦʢ (a ʠʣʠ bab-1) ʩʚʷʟʘʥ ʩ ʚʘʨʠʘʥʪʦʤ ʪʨʘʝʢʪʦʨʠʠ (ʣʝʚʘʷ ʠʣʠ ʧʨʘʚʘʷ 
ʱʝʣʴ), ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʨʘʟʨʫʰʘʝʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʢʩʧʝʨʠʤʝʥʪ ʜʘʸʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʨʷʜʝ, ʥʦ ʪʦʣʴʢʦ ʚ ʩʣʫ-

ʯʘʝ, ʝʩʣʠ a ʠ b ʢʦʤʤʫʪʠʨʫʶʪ. ɿʥʘʯʠʪ ʟʘʨʷʜ, ʧʨʠʢʨʝʧʣʸʥʥʳʡ ʢ ʧʦʪʦʢʫ a, ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʥʝʧʨʠʚʦʜʠʤʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʛʨʫʧʧʳ G. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʥ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʥʝʧʨʠʚʦʜʠʤʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʜʛʨʫʧʧʳ ʛʨʫʧʧʳ G, ʥʦʨ-

ʤʘʣʠʟʘʪʦʨʘ   ʧʦ ʵʣʝʤʝʥʪʫ a ʛʨʫʧʧʳ G, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

 (32) 

ʅʦʨʤʘʣʠʟʘʪʦʨʳ  ʠ  ʠʟʦʤʦʨʬʥʳ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʥʦʨʤʘʣʠʟʘʪʦʨ ʩ ʢʣʘʩʩʦʤ ʩʦ-

ʧʨʷʞʸʥʥʦʩʪʠ Ŭ ʛʨʫʧʧʳ G, ʘ ʥʝ ʩ ʢʦʥʢʨʝʪʥʳʤ ʵʣʝʤʝʥʪʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʞʜʳʡ ʪʠʧ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʚʦʟʥʠʢʘʪʴ ʚ ʥʘʰʝʤ ʥʝʘʙʝʣʝʚʦʤ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʝ, ʠʤʝʝʪ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʚʝ ʤʝʪʢʠ: ʢʣʘʩʩ ʩʦʧʨʷʞʸʥʥʦʩʪʠ Ŭ, 

ʦʧʠʩʳʚʘʶʱʠʡ ʧʦʪʦʢ, ʠ ʥʝʧʨʠʚʦʜʠʤʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  ʥʦʨʤʘʣʠʟʘʪʦʨʘ , ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʟʘʨʷʜ. ʋʪ-



 

 

 
 

 

ʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ Ŭ ʠ  ʢʘʪʝʛʦʨʠʟʠʨʫʶʪ ʩʫʧʝʨʦʪʙʦʨʥʳʡ ʩʝʢʪʦʨ ʪʝʦʨʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴʩʷ ʚʦ ʚʩʝʭ ʣʦʢʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ɼʣʷ ʯʘʩʪʠʮ, 

ʢʦʪʦʨʳʝ ʥʝʩʫʪ ʤʝʪʢʠ (Ŭ,), ʚʚʝʜʝʤ   ð ʵʪʦ ʚʝʣʠʯʠʥʘ ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʤʝʨʥʦʩʪʴʶ ʩʝʢʪʦʨʘ. 

ʅʦ ʝʩʣʠ ʵʪʠ ʯʘʩʪʠʮʳ ʟʘʧʣʝʪʝʥʳ ʩ ʜʨʫʛʠʤʠ ʯʘʩʪʠʮʘʤʠ, ʪʦ ʚʠʜ ʯʘʩʪʠʮ ʤʦʞʝʪ ʧʦʤʝʥʷʪʴʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʪʢʠ 

(Ŭ,) ʦʩʪʘʶʪʩʷ ʠʥʚʘʨʠʘʥʪʥʳʤʠ. 

ɺ ʣʶʙʦʡ ʪʝʦʨʠʠ ʘʥʠʦʥʦʚ, ʨʘʟʤʝʨʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʣʶʙʦʤʫ ʪʠʧʫ ʯʘʩʪʠʮʳ, ʭʦʪʷ 

ʨʘʟʤʝʨʥʦʩʪʴ ʥʝ ʦʙʷʟʘʥʘ ʙʳʪʴ ʮʝʣʦʡ, ʠ ʤʦʞʝʪ ʥʝ ʠʤʝʪʴ ʧʨʷʤʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚ ʪʝʨʤʠʥʘʭ ʧʦʜʩʯʸʪʘ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʦʜʥʦʛʦ ʪʠʧʘ. ʇʦʣʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ D ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʧʦ ʚʩʝʤ ʪʠʧʘʤ, ʠ ʚ ʩʣʫʯʘʝ 
ʥʝʘʙʝʣʝʚʦʛʦ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ ʠʤʝʝʤ 

 (33) 

ʇʦʩʢʦʣʴʢʫ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʨʘʟʤʝʨʥʦʩʪʝʡ ʧʦ ʚʩʝʤ ʥʝʧʨʠʚʦʜʠʤʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʢʦʥʝʯʥʦʡ ʛʨʫʧʧʳ ʷʚʣʷ-

ʝʪʩʷ ʧʦʨʷʜʢʦʤ ʛʨʫʧʧʳ, ʘ ʧʦʨʷʜʦʢ ʥʦʨʤʘʣʠʟʘʪʦʨʘ  ʨʘʚʝʥ , ʠʤʝʝʤ 

 
(34) 

ʘ ʧʦʣʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ . ɼʣʷ ʩʣʫʯʘʷ G = S3 ʝʩʪʴ 8 ʪʠʧʦʚ ʯʘʩʪʠʮ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ: 

ʊʘʙʣʠʮʘ. 8 ʪʠʧʦʚ ʯʘʩʪʠʮ ʜʣʷ ʩʣʫʯʘʷ G = S3. 

ʊʠʧ ʇʦʪʦʢ ɿʘʨʷʜ ʈʘʟʤʝʨʥʦʩʪʴ 
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ɽʩʣʠ ʧʦʪʦʢ ʪʨʠʚʠʘʣʝʥ (ʦʙʦʟʥʘʯʝʥʦ e), ʪʦʛʜʘ ʟʘʨʷʜ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ ʠʟ ʪʨʸʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʡ ʛʨʫʧʧʳ S3: ʪʨʠʚʠʘʣʴʥʳʤ ʦʜʥʦʤʝʨʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ {+}, ʥʝʪʨʠʚʠʘʣʴʥʳʤ  ʦʜʥʦʤʝʨʥʳʤ  ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ 

{ -}, ʠʣʠ ʜʚʫʤʝʨʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ {2}.  ɽʩʣʠ ʧʦʪʦʢ ʜʚʦʡʥʦʡ, ʪʦʛʜʘ ʥʦʨʤʘʣʠʟʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ Z2, ʠ ʟʘʨʷʜʦʤ ʤʦ-

ʞʝʪ ʙʳʪʴ ʣʠʙʦ ʪʨʠʚʠʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ {+}, ʣʠʙʦ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ {-}. ʀ ʝʩʣʠ ʧʦʪʦʢ ʪʨʦʡʥʦʡ, 
ʪʦ ʥʦʨʤʘʣʠʟʘʪʦʨʦʤ ʙʫʜʝʪ Z3, ʠ ʟʘʨʷʜ ð ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ ʪʨʠʚʠʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ {1}, ʣʠʙʦ ʥʝʪʨʠʚʠʘʣʴ-

ʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ {ɤ}, ʣʠʙʦ ʝʛʦ ʩʦʧʨʷʞʸʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ {}. ɺʳ ʤʦʞʝʪʝ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʧʦʣʥʦʡ ʨʘʟ-

ʤʝʨʥʦʩʪʴʶ ʙʫʜʝʪ , ʢʘʢ ʵʪʦ ʠ ʜʦʣʞʥʦ ʙʳʪʴ. 

ʇʦʩʢʦʣʴʢʫ a ʢʦʤʤʫʪʠʨʫʝʪ ʩʦ ʚʩʝʤʠ ʵʣʝʤʝʥʪʘʤʠ  ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʪʦ ʤʘʪʨʠʮʘ , ʢʦʪʦʨʘʷ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ a ʚ ʥʝʧʨʠʚʦʜʠʤʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ , ʢʦʤʤʫʪʠʨʫʝʪ ʩʦ ʚʩʝʤʠ ʤʘʪʨʠʮʘʤʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʧʦ ʣʝʤʤʝ ʐʫʨʘ ʦʥʘ ʢʨʘʪʥʘ ʝʜʠʥʠʮʝ 

 (35) 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʚʘʞʥʦʩʪʴ ʬʘʟʳ , ʨʘʩʩʤʦʪʨʠʤ ʢʦʤʧʦʟʠʪ ʧʦʪʦʢ-ʟʘʨʷʜ, ʚ ʢʦʪʦʨʦʤ ʯʘʨʜʞʠʦʥ ʚ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʠ  ʩʢʨʝʧʣʸʥ ʩ ʧʦʪʦʢʦʤ a, ʠ ʧʨʝʜʩʪʘʚʠʤ ʚʨʘʱʝʥʠʝ ʵʪʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘ 2ˊ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ. ʕʪʦ ʚʨʘʱʝʥʠʝ ʧʝʨʝʤʝʱʘʝʪ ʟʘʨʷʜ ʚʦʢʨʫʛ ʧʦʪʦʢʘ, ʧʦʨʦʞʜʘʷ ʬʘʟʫ 

 (36) 

ɿʥʘʯʠʪ ʢʘʞʜʳʡ ʩʫʧʝʨʦʪʙʦʨʥʳʡ ʩʝʢʪʦʨ ʠʤʝʝʪ ʦʧʨʝʜʝʣʸʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʩʧʠʥʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ 

. 

ʇʦʪʦʢ ʩʦʩʪʘʚʥʦʛʦ ʦʙʲʝʢʪʘ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʢ ʣʶʙʦʤʫ ʢʣʘʩʩʫ ʩʦʧʨʷʞʸʥʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦ-

ʣʫʯʝʥ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʫʤ ʩʦʩʪʘʚʣʷʶʱʠʤ ʦʙʲʝʢʪʘ. ʅʘʭʦʞʜʝʥʠʝ ʟʘ-

ʨʷʜʘ ʩʦʩʪʘʚʥʦʡ ʩʠʩʪʝʤʳ ʦʩʦʙʝʥʥʦ ʫʪʦʥʯʝʥʦ, ʧʦʩʢʦʣʴʢʫ ʥʫʞʥʦ ʨʘʟʣʦʞʠʪʴ ʪʝʥʟʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʡ ʜʚʫʭ ʨʘʟʥʳʭ ʥʦʨʤʘʣʠʟʘʪʦʨʥʳʭ ʛʨʫʧʧ ʥʘ ʩʫʤʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʦʨʤʘʣʠʟʘʪʦʨʘ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ. ɺ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ G = S3, ʧʨʘʚʠʣʦ, ʫʢʘʟʳʚʘʶʱʝʝ ʧʫʪʴ ʩʣʠʷʥʠʷ ʜʚʫʭ ʯʘʩʪʠʮ ʪʠʧʘ D, ʙʫʜʝʪ ʪʘʢʠʤ 

 (37) 

ʆʪʤʝʯʘʣʦʩ,ɹ ʯʪʦ ʩʣʠʷʥʠʝ ʜʚʫʭ ʜʚʦʡʥʳʭ ʧʦʪʦʢʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʣʠʙʦ ʢ ʪʨʠʚʠʘʣʴʥʦʤʫ ʧʦʣʥʦʤʫ ʧʦʪʦʢʫ, ʣʠ-

ʙʦ ʢ ʪʨʦʡʥʦʤʫ ʧʦʪʦʢʫ, ʠ ʯʪʦ ʟʘʨʷʜ ʢʦʤʧʦʟʠʪʘ ʩ ʪʨʠʚʠʘʣʴʥʳʤ ʧʦʣʥʳʤ ʧʦʪʦʢʦʤ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ {+} ʠʣʠ {2}. 

ɽʩʣʠ ʧʦʣʥʳʡ ʧʦʪʦʢ ʪʨʦʡʥʦʡ, ʪʦʛʜʘ ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʟʘʨʷʜʘ ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘ-

ʪʦʨʘ ʩʧʣʝʪʝʥʠʷ, ʢʦʪʦʨʳʡ ʙʣr ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʚ (30). 

ʇʦʯʝʤʫ ʜʣʷ ʩʠʩʪʝʤʳ ʠʟ ʜʚʫʭ ʘʥʠʦʥʦʚ ʩʦʙʩʪʚʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʧʦʣʥʦʛʦ ʟʘʨʷʜʘ ʜʦʣʞʥʳ ʙʳʪʴ ʪʘʢʞʝ ʩʦʙʩʪ-

ʚʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʦʧʝʨʘʪʦʨʘ ʩʧʣʝʪʝʥʠʷ? ʄʦʞʥʦ ʧʦʥʷʪʴ ʵʪʫ ʩʚʷʟʴ, ʜʫʤʘʷ ʦʙ ʫʛʣʦʚʦʤ ʤʦʤʝʥʪʝ ʜʚʫʭ-



 

 

 
 

 

ʘʥʠʦʥʥʦʛʦ ʩʦʩʪʘʚʥʦʛʦ ʦʙʲʝʢʪʘ. ʆʧʝʨʘʪʦʨ ʤʦʥʦʜʨʦʤʠʠ R2 ʠʥʢʘʧʩʫʣʠʨʫʝʪ ʚ ʩʝʙʝ ʵʬʬʝʢʪ ʦʙʭʦʜʘ ʦʜʥʦʡ ʯʘʩʪʠʮʝʡ 

ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʚʦʢʨʫʛ ʜʨʫʛʦʡ. ʕʪʦʪ ʦʙʭʦʜ ð ʪʦ ʞʝ ʩʘʤʦʝ, ʯʪʦ ʠ ʚʨʘʱʝʥʠʝ ʩʦʩʪʘʚʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʪʠʚ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʥʘ 2ˊ, ʢʨʦʤʝ ʪʦʛʦ, ʯʪʦ ʚʨʘʱʝʥʠʝ ʧʦʩʣʝʜʥʝʡ ʧʦʚʦʨʘʯʠʚʘʝʪ ʦʙʝ ʢʦʤʧʦʥʝʥʪʳ. ʄʦʞʥʦ ʢʦʤʧʝʥʩʠʨʦ-

ʚʘʪʴ ʚʨʘʱʝʥʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘ ʚʨʘʱʝʥʠʝʤ ʩʦʩʪʘʚʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʚʨʘʱʝ-

ʥʠʝʤ ʢʦʤʧʦʥʝʥʪ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʝʨʘʪʦʨ ʤʦʥʦʜʨʦʤʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ 

 (38) 

ɿʜʝʩʴ  ʦʙʦʟʥʘʯʘʝʪ ʦʧʝʨʘʪʦʨ ʩʧʣʝʪʝʥʠʷ ʜʣʷ ʦʙʤʝʥʘ ʤʝʩʪʘʤʠ ʯʘʩʪʠʮ ʪʠʧʦʚ a ʠ b ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʢʦʪʦ-
ʨʳʝ ʦʙʲʝʜʠʥʝʥʳ ʚʤʝʩʪʝ ʚ ʢʦʤʧʦʟʠʪ ʪʠʧʘ c, ʠ ʠʩʧʦʣʴʟʫ ̫ʙʦʣʝʝ ʣʘʢʦʥʠʯʥʦʝ, ʯʝʤ ʧʨʝʞʜʝ, ʦʙʦʟʥʘʯʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ 

a, b, c ʷʚʣʷʶʪʩʷ ʦʙʦʙʱʸʥʥʳʤʠ ʤʝʪʢʘʤʠ ʩʫʧʝʨʦʪʙʦʨʥʦʛʦ ʩʝʢʪʦʨʘ (ʫʢʘʟʳʚʘʶʱʠʤʠ, ʚ ʤʦʜʝʣʠ ʥʝʘʙʝʣʝʚʦʛʦ ʩʚʝʨʭ-

ʧʨʦʚʦʜʥʠʢʘ, ʠ ʟʘʨʷʜ, ʠ ʩʧʠʥ). ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʩʫʧʝʨʦʪʙʦʨʥʳʡ ʩʝʢʪʦʨ ʠʤʝʝʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ 

ʩʧʠʥ, ʠ ʤʦʥʦʜʨʦʤʥʳʡ ʦʧʝʨʘʪʦʨ ʜʠʘʛʦʥʘʣʝʥ ʚ ʙʘʟʠʩʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʩʧʠʥʘ, ʚʠʜʥʦ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʦʧʝʨʘʪʦʨʘ ʩʧʣʝʪʝʥʠʷ ʩʦʚʧʘʜʘʶʪ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʟʘʨʷʜʘ. ɿʘʤʝʪʠʤ, ʯʪʦ (38) ʦʙʦʙʱʘʝʪ ʧʝʨʚʦʥʘʯʘʣʴ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʙʝʣʝʚʳʭ ʘʥʠʦʥʦʚ, ʢʦʛʜʘ ʙʳʣʦ ʚʠʜʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʪ ʜʚʫʭ ʠʜʝʥʪʠʯʥʳʭ ʘʥʠʦʥʦʚ ʠʤʝʝʪ ʪʦʧʦʣʦ-

ʛʠʯʝʩʢʠʡ ʩʧʠʥ , ʠ ʯʪʦ ʦʙʤʝʥʥʘʷ ʬʘʟʘ ʘʥʠʦʥʥʦʡ-ʘʥʪʠʘʥʠʦʥʥʦʡ ʧʘʨʳ (ʩ ʪʨʠʚʠʘʣʴʥʳʤ ʧʦʣʥʳʤ ʩʧʠʥʦʤ) ʨʘʚʥʘ 

. 
 

ʂʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʥʝʘʙʝʣʝʚʳʭ ʘʥʠʦʥʘʭ 
ʄʦʜʝʣ ɹʘʥʠʦʥʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʚʝʪʘʤʠ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʦʧʨʦʩʘ: 

1) ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʜʚʘ ʘʥʠʦʥʘ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚʤʝʩʪʝ (ʢʘʢʦʚʳ ʧʨʘʚʠʣʘ ʩʣʠʷʥʠ)̫? 

2) ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʜʚʘ ʘʥʠʦʥʘ ʦʙʤʝʥʠʚʘʶʪʩʷ ʤʝʩʪʘʤʠ (ʢʘʢʦʚʳ ʧʨʘʚʠʣʘ ʩʧʣʝʪʝʥʠʷ)? 

ɺʳʰʝ ʙʳʣʦ ʦʧʠʩʘʥʦ, ʢʘʢ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʩʣʫʯʘʝ ʤʦʜʝʣʠ ʥʝʘʙʝʣʝʚʦʛʦ ʩʚʝʨʭʧʨʦʚʦʜ-

ʥʠʢʘ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʚʷʟʴ ʩ ʥʝʘʙʝʣʝʚʦʡ ʢʦʥʝʯʥʦʡ ʛʨʫʧʧʦʡ G. ʉʝʡʯʘʩ ʥʘʜʦ ʧʦʥʷʪʴ ʢʘʢ ʵʪʠ ʧʨʘʚʠʣʘ ʩʣʠʷʥʠʷ 

ʠ ʩʧʣʝʪʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʚʘʥʪʦʚʦʛʦ ʪʦʢʘ. 

ʈʘʟʨʘʙʘʪʳʚʘʷ ʧʨʠʥʮʠʧʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʙʫʜʝʤ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ: 

ʈʦʞʜʝʥʠʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʘʨ. ʄʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʧʘʨʳ ʯʘʩʪʠʮ, ʠ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ (ʢʣʘʩʩ 

ʩʦʧʨʷʞʸʥʥʦʩʪʠ Ŭ ʧʦʪʦʢʘ ʢʘʞʜʦʡ ʠʟ ʯʘʩʪʠʮ ʧʘʨʳ, ʠ ʟʘʨʷʜ ʯʘʩʪʠʮʳ ð ʥʝʧʨʠʚʦʜʠʤʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  ʥʦʨʤʘ-

ʣʠʟʘʪʦʨʥʦʡ ʛʨʫʧʧʳ ʧʦʪʦʢʘ N(Ŭ)). ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʨʘʟʫʤʥʦ, ʧʦʩʢʦʣʴʢʫ ʥʝʪ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʧʦʜʯʠ-

ʥʷʶʱʠʭʩʷ ʦʪʥʦʰʝʥʠʶ ʩʠʤʤʝʪʨʠʠ; ʫ ʥʠʭ ʨʘʟʣʠʯʠʤʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: ʥʘʧʨʠʤʝʨ, ʨʘʟʥʳʝ ʰʠʨʠʥʳ ʟʘʧʨʝ-

ʱʸʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥ ʠ ʨʘʟʥʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʩʩʳ. ʅʘ ʧʨʘʢʪʠʢʝ, ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʪʠʧʘʤʠ ʯʘʩʪʠʮ, ʢʦʪʦ-

ʨʳʝ ʧʦʥʘʜʦʙʷʪʩʷ, ʙʫʜʫʪ ʬʣʘʢʩʦʥʳ, ʢʦʪʦʨʳʝ ʥʝ ʥʝʩʫʪ ʟʘʨʷʜ, ʠ ʯʘʨʜʞʠʦʥʳ, ʢʦʪʦʨʳʝ ʥʝ ʥʝʩʫʪ ʧʦʪʦʢ. 

ɸʥʥʠʛʠʣʷʮʠʷ ʧʘʨ. ʄʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʜʚʝ ʯʘʩʪʠʮʳ, ʠ ʥʘʙʣʶʜʘʪʴ ʟʘ ʪʝʤ, ʘʥʥʠʛʠʣʠʨʦʚʘʣʘ ʣʠ ʧʘʨʘ ʧʦʣʥʦʩʪʴʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ: ʀʤʝʝʪ ʣʠ ʜʘʥʥʘʷ ʧʘʨʘ ʯʘʩʪʠʮ ʪʨʠʚʠʘʣʴʥʳʡ ʧʦʪʦʢ ʠ ʟʘʨʷʜ, ʠʣʠ ʥʝʪ? 

ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʪʦʞʝ ʨʘʟʫʤʥʦ, ʧʦʩʢʦʣʴʢʫ ʝʩʣʠ ʧʘʨʘ ʥʝʩʸʪ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʩʦʭʨʘʥʷʶʱʝʡ-

ʩʷ ʚʝʣʠʯʠʥʳ, ʪʦ ʜʦʣʞʥʦ ʦʩʪʘʪʴʩʷ ʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ, ʢʦʛʜʘ ʧʘʨʘ ʘʥʥʠʛʠʣʠʨʫʝʪ, ʠ ʵʪʘ ʦʩʪʘʪʦʯʥʘʷ ʯʘʩ-

ʪʠʮʘ, ʚ ʧʨʠʥʮʠʧʝ, ʜʝʪʝʢʪʠʨʫʝʤʘ. 

ʉʧʣʝʪʝʥʠʝ. ʄʦʞʥʦ ʚʝʩʪʠ ʯʘʩʪʠʮʳ ʚʜʦʣʴ ʫʢʘʟʘʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʠ ʪʘʢ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʙʤʝʥʳ ʯʘʩʪʠʮ. ɺʳʙʠ-

ʨʘʷ ʤʠʨʦʚʳʝ ʣʠʥʠʠ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪ ʥʫʞʥʫʶ ʢʦʩʫ, ʧʦʣʫʯʘʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ ʢʚʘʥʪʦʚʳʝ 

ʛʝʡʪʳ. 

ʕʪʠ ʦʧʝʨʘʮʠʠ ʙʫʜʫʪ ʦʩʥʦʚʦʡ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʮʠʢʣʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɺʦ-

ʧʝʨʚʳʭ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʨʜʞʠʦʥʳ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʬʣʘʢʩʦʥʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʶ ʥʝʢʦʪʦʨʦʛʦ ʩʪʘʥʜʘʨʪʘ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʝʩʪʴ ʜʚʝ ʧʘʨʳ ʬʣʘʢʩʦʥʦʚ ʚ ʩʦʩʪʦʷʥʠʷʭ  ʠ , ʠ ʥʘʜʦ ʦʧʨʝʜʝʣʠʪʴ, ʦʜʠʥʘʢʦʚʳ ʣʠ ʬʣʘʢ-

ʩʦʥʳ a ʠ b. ʉʦʟʜʘʜʠʤ ʯʘʨʜʞʠʦʥ-ʘʥʪʠʯʘʨʜʞʠʦʥʥʫʶ ʧʘʨʫ, ʛʜʝ ʟʘʨʷʜ ʯʘʨʜʞʠʦʥʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʠʚʦʜʠʤʳʤ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝʤ R ʚ G. ɿʘʪʝʤ ʧʝʨʝʤʝʩʪʠʤ ʯʘʨʜʞʠʦʥ ʧʦ ʟʘʤʢʥʫʪʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʦʢʨʫʞʘʝʪ ʧʝʨʚʳʡ ʢʦʤʧʦʥʝʥʪ 

ʧʝʨʚʦʡ ʬʣʘʢʩʦʥʥʦʡ ʧʘʨʳ ʠ ʚʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪ ʚʪʦʨʦʡ ʬʣʘʢʩʦʥʥʦʡ ʧʘʨʳ, ʧʝʨʝʦʙʲʝʜʠʥʠʤ ʯʘʨʜʞʠʦʥ ʩ ʘʥʪʠʯʘʨʜ-

ʞʠʦʥʦʤ, ʠ ʧʦʩʤʦʪʨʠʤ ʘʥʥʠʛʠʣʠʨʫʝʪ ʣʠ ʯʘʨʜʞʠʦʥ-ʘʥʪʠʯʘʨʜʞʠʦʥʥʘʷ ʧʘʨʘ ʠʣʠ ʥʝʪ. ʇʦʩʢʦʣʴʢʫ ʧʦʣʥʳʡ ʧʦʪʦʢ, 

ʦʭʚʘʪʳʚʘʝʤʳʡ ʯʘʨʜʞʠʦʥʥʦʡ ʪʨʘʝʢʪʦʨʠʝʡ, ʨʘʚʝʥ ab-1, ʯʘʨʜʞʠʦʥʥʘʷ ʧʘʨʘ ʘʥʥʠʛʠʣʠʨʫʝʪ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 

 (39) 

ʢʦʪʦʨʘʷ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʝʩʣʠ ʧʦʪʦʢ ab-1 ʥʝ ʨʘʚʝʥ ʝʜʠʥʠʮʝ (ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ R ʥʝ ʦʜʥʦʤʝʨʥʦʝ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ab-1 ʥʝʪʨʠʚʠʘʣʴʥʦ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʘʥʥʠʛʠʣʷʮʠʠ ʧʘʨʳ ʥʝ ʧʨʦʠʟʦʡʜʸʪ, ʪʦ ʠʟʚʝʩʪʥʦ ʥʘʚʝʨʥʷʢʘ, 

ʯʪʦ a ʠ b ð ʨʘʟʥʳʝ ʧʦʪʦʢʠ, ʘ ʚ ʦʙʨʘʪʥʦʤ ʩʣʫʯʘʝ ð ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʩʦʚʧʘʜʝʥʠʷ ʨʘʩʪʸʪ. ʇʦʚʪʦʨʷʷ ʵʪʫ ʧʨʦʮʝʜʫʨʫ 

ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʨʘʟ, ʩ ʚʳʩʦʢʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʦʜʠʥʘʢʦʚʳ ʣʠ a ʠ b. 

ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʧʦʟʚʦʣʷʝʪ ʦʪʩʦʨʪʠʨʦʚʘʪʴ ʬʣʘʢʩʦʥʥʳʝ ʧʘʨʳ ʚ ʤʥʦʞʝʩʪʚʘ ʩ ʦʜʠʥʘʢʦʚʳʤ ʧʦʪʦʢʦʤ. ɽʩʣʠ ʤʥʦ-

ʞʝʩʪʚʦ ʩʦʜʝʨʞʠʪ n ʧʘʨ, ʪʦ ʝʛʦ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʩʦʩʪʦʷʥʠʡ ʚʠʜʘ 



 

 

 
 

 

 (40) 

ʀʟʙʘʚʣʷʷʩʴ ʦʪ ʦʜʥʦʡ ʧʘʨʳ ʚ ʤʥʦʞʝʩʪʚʝ, ʢʘʞʜʦʝ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʩʤʝʩʴʶ ʚʠʜʘ 

 (41) 

ʄʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʞʜʦʝ ʤʥʦʞʝʩʪʚʦ ʢʘʢ ʩʦʜʝʨʞʘʱʝʝ  ʧʘʨʫ, ʠʤʝʶʱʫʶ ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʦʪʦʢ, ʥʦ ʛʜʝ 

ʵʪʦʪ ʧʦʪʦʢ ʧʦʢʘ ʝʱʸ ʥʝ ʠʟʚʝʩʪʥʦ. 
ʏʪʦʙʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʥʦʞʝʩʪʚʘ, ʧʦʤʝʪʠʤ ʤʥʦʞʝʩʪʚʘ ʵʣʝʤʝʥʪʘʤʠ ʠʟ ʛʨʫʧʧʳ G. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝ-

ʧʨʦʪʠʚʦʨʝʯʠʚʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʣʝʤʝʥʪʘʤ ʛʨʫʧʧʳ, ʙʫʜʝʤ çʠʟʚʣʝʢʘʪʴè ʧʘʨʳ ʬʣʘʢʩʦʥʦʚ ʠʟ ʪʨʸʭ ʨʘʟʣʠʯʥʳʭ ʤʥʦ-

ʞʝʩʪʚ. ɼʦʧʫʩʪʠʤ, ʪʨʝʤʷ ʧʘʨʘʤʠ ʙʫʜʫʪ ,  ʠ  , ʠ ʥʘʜʦ ʧʨʦʚʝʨʠʪʴ ʨʘʚʝʥʩʪʚʦ . ʉʦʟʜʘʸʤ 

ʯʘʨʜʞʠʦʥ-ʘʥʪʠʯʘʨʜʞʠʦʥʥʫʶ ʧʘʨʫ, ʧʝʨʝʤʝʱʘʝʤ ʯʘʨʜʞʠʦʥ ʧʦ ʟʘʤʢʥʫʪʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʧʝʨʚʳʡ 

ʢʦʤʧʦʥʝʥʪ ʧʝʨʚʦʡ ʧʘʨʳ ʬʣʘʢʩʦʥʦʚ, ʧʝʨʚʳʡ ʢʦʤʧʦʥʝʥʪ ʚʪʦʨʦʡ ʧʘʨʳ, ʠ ʚʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪ ʪʨʝʪʴʝʡ ʧʘʨʳ, ʥʘʙʣʶ-

ʜʘʝʤ, ʘʥʥʠʛʠʣʠʨʫʝʪ ʣʠ ʚʥʦʚʴ ʦʙʲʝʜʠʥʸʥʥʘʷ ʯʘʨʜʞʠʦʥʥʘʷ ʧʘʨʘ ʠʣʠ ʥʝʪ. ʇʦʩʢʦʣʴʢʫ ʧʦʣʥʳʡ ʧʦʪʦʢ, ʦʭʚʘʪʳʚʘʝʤʳʡ 

ʯʘʨʜʞʠʦʥʥʦʡ ʪʨʘʝʢʪʦʨʠʝʡ ʨʘʚʝʥ abc-1, ʧʦʚʪʦʨʷʷ ʧʨʦʮʝʜʫʨʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʚʳʩʦʢʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʚʝ-

ʨʠʪʝʣʴʥʦʩʪʴʶ, ʦʜʠʥʘʢʦʚʳ ʣʠ ab ʠ c. ʊʘʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʤʝʪʠʪʴ ʤʥʦʞʝʩʪʚʘ ʪʘʢ, ʯʪʦʙʳ ʵʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʣʦ ʧʨʘʚʠʣʫ ʢʦʤʧʦʟʠʮʠʠ ʛʨʫʧʧʳ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʜʥʦʟʥʘʯʥʦ, ʥʝ ʩʯʠʪʘʷ ʛʨʫʧʧʦʚʳʭ ʘʚʪʦʤʦʨʬʠʟʤʦʚ (ʠ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʘʚʪʦʤʦʨʬʠʟʤʘʭ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʝʰʝʥʳ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ). ʂʘʢ ʪʦʣʴʢʦ 

ʫʩʪʘʥʦʚʣʝʥʳ ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʧʦʪʦʢʦʚ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʦʪʦʢʘ ʥʝʧʦʤʝʯʝʥʥʦʡ 

ʧʘʨʳ. ɽʩʣʠ ʩʦʩʪʦʷʥʠʝ ʧʘʨʳ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʧʦʜʚʝʨʛʥʫʪʴʩʷ ʠʟʤʝʨʝʥʠʶ, ʨʘʚʥʦ , ʤʦʞʥʦ ʠʟʚʣʝʯʴ ʧʦʤʝʯʝʥ-

ʥʫʶ ʧʘʨʫ  ʠʟ ʤʥʦʞʝʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʨʜʞʠʦʥʥʳʝ ʧʘʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʘ ad-1. ʇʦʚʪʦʨʷʷ ʵʪʫ 

ʧʨʦʮʝʜʫʨʫ ʩ ʜʨʫʛʠʤʠ ʧʦʤʝʯʝʥʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʤʦʞʥʦ, ʚ ʠʪʦʛʝ, ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʧʦʪʦʢʘ d, ʦʩʫʱʝʩʪʚʣʷʷ ʧʨʦ-

ʝʢʪʠʚʥʦʝ ʠʟʤʝʨʝʥʠʝ ʧʦʪʦʢʘ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʬʣʘʢʩʦʥʦʚ ʧʦʥʘʜʦʙʠʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ 

ʛʝʡʪʘ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʟʥʘʯʝʥʠʝ ʧʦʪʦʢʘ. ʆʩʥʦʚʥʦʡ ʛʝʡʪ, ʢʦʪʦʨʳʡ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʨʝʘʣʠʟʫʝʪʩʷ ʧʝʨʝʤʝʱʝ-

ʥʠʝʤ ʬʣʘʢʩʦʥʥʦʡ ʧʘʨʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʦʩʪʦʷʥʠʠ , ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʚʦʢʨʫʛ ʧʝʨʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʜʨʫʛʦʡ ʬʣʘʢʩʦʥʥʦʡ ʧʘʨʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʦʩʪʦʷʥʠʠ . ʇʦʩʢʦʣʴʢʫ ʧʘʨʘ  ʠʤʝʝʪ ʪʨʠʚʠʘʣʴʥʳʡ ʧʦʣ-

ʥʳʡ ʧʦʪʦʢ, ʧʘʨʘ  ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʠʢʘʢʦʤʫ ʚʣʠʷʥʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʤʝʱʝʥʠʷ. ʅʦ ʚʚʠʜʫ 

ʪʦʛʦ ʵʬʬʝʢʪʘ, ʢʦʛʜʘ ʧʦʪʦʢ b ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʚʦʢʨʫʛ ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʘʨʳ, ʯʴʸ ʥʘʯʘʣʴ-

ʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʳʣʦ , ʵʪʘ ʧʘʨʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢʘʢ 

 (42) 

ʋʩʣʦʚʠʤʩʷ ʥʘʟʳʚʘʪʴ ʵʪʫ ʦʧʝʨʘʮʠʶ ʜʝʡʩʪʚʠʝʤ ʩʦʧʨʷʛʘʶʱʝʛʦ ʛʝʡʪʘ ʥʘ ʬʣʘʢʩʦʥʥʫʶ ʧʘʨʫ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ, ʢʘʢ ʢʦʜʠʨʦʚʘʪʴ ʢʫʙʠʪʳ ʠʩʧʦʣʴʟʫʷ ʬʣʘʢʩʦʥʳ. ʇʦʜʭʦʜʷʱʠʝ ʢʦʜʠʨʦʚʢʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʙʨʘʥʳ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʦʜʥʠʤ ʢʦʥʢʨʝʪʥʳʤ ʚʳʙʦʨʦʤ, ʢʦʪʦʨʳʡ ʠʣʣʶʩʪʨʠʨʫʝʪ ʢʣʶʯʝʚʳʝ ʠʜʝʠ [99]. ɸ ʠʤʝʥʥʦ, 

ʢʦʜʠʨʫʝʤ ʢʫʙʠʪ, ʠʩʧʦʣʴʟʫʷ ʧʘʨʫ ʬʣʘʢʩʦʥʦʚ, ʛʜʝ ʧʦʣʥʳʡ ʧʦʪʦʢ ʧʘʨʳ ʪʨʠʚʠʘʣʝʥ. ɺʳʙʝʨʝʤ ʜʚʘ ʥʝʢʦʤʤʫʪʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʘ , ʛʜʝ , ʠ ʚʳʙʝʨʝʤ ʨʘʩʯʸʪʥʳʡ ʙʘʟʠʩ ʜʣʷ ʢʫʙʠʪʘ: 

 (43) 

ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʜʠʥ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʬʣʘʢʩʦʥ ʩ ʧʦʪʦʢʦʤ a çʚʳʛʣʷʜʠʪè ʠʜʝʥʪʠʯʥʳʤ ʬʣʘʢʩʦʥʫ ʩ 

ʩʦʧʨʷʞʸʥʥʳʤ ʧʦʪʦʢʦʤ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʜʚʘ ʬʣʘʢʩʦʥʘ ʧʘʨʳ ʫʜʝʨʞʠʚʘʶʪʩʷ ʜʘʣʝʢʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʣʦ-

ʢʘʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʨʝʜʦʡ ʥʝ ʧʨʠʚʝʜʫʪ ʢ ʜʝʢʦʛʝʨʝʥʮʠʠ ʩʫʧʝʨʧʦʟʠʮʠʠ ʩʦʩʪʦʷʥʠʡ  ʠ . ʂʚʘʥʪʦʚʘʷ 
ʠʥʬʦʨʤʘʮʠʷ ʟʘʱʠʱʝʥʘ ʦʪ ʧʦʚʨʝʞʜʝʥʠʷ (ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʭʨʘʥʠʪʩʷ ʥʝʣʦʢʘʣʴʥʦ), ʠʩʧʦʣʴʟʫʷ ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʚʳʨʦ-

ʞʜʝʥʠʝ ʩʦʩʪʦʷʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʬʣʘʢʩʦʥ ʠ ʘʥʪʠʬʣʘʢʩʦʥ çʟʘʢʨʝʧʣʝʥʳè ʚ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʜʝ-
ʣʸʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʚʳʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʚ ʩʠʩʪʝʤʘʭ ʘʙʝʣʝʚʳʭ ʘʥʠʦʥʦʚ, ʵʪʦʪ ʟʘʱʠ-

ʱʸʥʥʳʡ ʢʫʙʠʪ ʤʦʞʝʪ ʙʳʪʴ ʧʦʤʝʨʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ, ʙʝʟ ʦʙʨʘʱʝʥʠʷ ʢ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʤ ʧʨʦʮʝʜʫʨʘʤ, 

ʢʦʪʦʨʳʝ ʠʟʚʣʝʢʘʶʪ ʬʘʟʳ ɸʘʨʦʥʦʚʘ-ɹʦʤʘ. ʋʞʝ ʙʳʣʦ ʦʧʠʩʘʥʦ, ʢʘʢ ʠʟʤʝʨʠʪʴ ʧʦʪʦʢ, ʠʩʧʦʣʴʟʫʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʝ ʬʣʘʢʩʦʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʝʢʪʠʚʥʦʝ ʠʟʤʝʨʝʥʠʝ ʦʧʝʨʘʪʦʨʘ ʇʘʫʣʠ  

(ʧʨʦʝʢʮʠʶ ʥʘ ʙʘʟʠʩ ). ʊʘʢʞʝ ʤʦʞʥʦ ʧʦʤʝʨʷʪʴ ʜʦʧʦʣʥʷʶʱʠʡ ʦʧʝʨʘʪʦʨ ʇʘʫʣʠ , ʭʦʪʷ ʜʝʩʪʨʫʢʪʠʚʥʦ ʠ 

ʥʝʪʦʯʥʦ. ʉʦʙʩʪʚʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ  ʷʚʣʷʶʪʩʷ 

 
(44) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʩʪʦʷʥʠʝ ɀ ʦʨʪʦʛʦʥʘʣʴʥʦ ʩʦʩʪʦʷʥʠʶ ʩ ʥʫʣʝʚʳʤ ʟʘʨʷʜʦʤ 

 
 

(45) 

ʛʜʝ Ŭ ð ʢʣʘʩʩ ʩʦʧʨʷʞʸʥʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ a. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʦʩʪʦʷʥʠʝ  ʠʤʝʝʪ ʥʝʥʫʣʝʚʦʝ ʧʝʨʝʢʨʳ-

ʪʠʝ ʩ  

 (46) 



 

 

 
 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ ʬʣʘʢʩʦʥʥʦʡ ʧʘʨʳ ʩʚʦʜʷʪʩʷ ʚʤʝʩʪʝ, ʪʦ ʧʦʣʥʘʷ ʘʥʥʠʛʠʣʷʮʠʷ ʥʝʚʦʟʤʦʞ-

ʥʘ, ʝʩʣʠ ʧʘʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ , ʠ ʚʦʟʥʠʢʘʝʪ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ , ʝʩʣʠ ʩʦʩʪʦʷʥʠʝʤ ʧʘʨʳ 

ʝʩʪʴ . 

ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʪʴ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʛʦʪʦʚʠʪʴ ʬʣʘʢʩʦʥʥʫʶ ʧʘʨʫ ʚ ʩʦʩʪʦʷʥʠʠ . ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ 

ʩʦʟʜʘʪʴ ʧʘʨʫ ʚ ʩʦʩʪʦʷʥʠʠ . ɽʩʣʠ Ŭ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʜʚʘ ʵʣʝʤʝʥʪʘ a ʠ bab-1, ʪʦ ʚʩʸ ʛʦʪʦʚʦ. ʀʥʘʯʝ, ð ʩʨʘʚʥʠ-

ʚʘʝʤ ʚʥʦʚʴ ʩʦʟʜʘʥʥʫʶ ʧʘʨʫ ʩ ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʤʠ ʧʘʨʘʤʠ ʚ ʢʘʞʜʦʤ ʠʟ ʩʦʩʪʦʷʥʠʡ , ʛʜʝ  ʠ c ʦʪʣʠʯʘʝʪ-

ʩʷ ʠ ʦʪ a, ʠ ʦʪ bab-1. ɽʩʣʠ ʧʘʨʘ ʥʝ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʥʠ ʩ ʦʜʥʦʡ ʠʟ ʧʘʨ , ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ . 

ʏʪʦʙʳ ʧʨʦʜʚʠʛʘʪʴʩʷ ʜʘʣʴʰʝ, ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʛʝʡʪʘ ʩʦʧʨʷʞʝʥʠʷ. ʀʩʧʦʣʴʟʫʝʤ 

ʜʣʷ ʵʪʦʛʦ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʩʦʩʪʦʷʥʠʝ  ʬʣʘʢʩʦʥʥʦʡ ʧʘʨʳ ʦʙʦʟʥʘʯʘʝʪʩʷ ʧʨʦʩʪʦ 

, ʠ ʨʘʩʩʤʦʪʨʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ , ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʠʟ ʛʝʡʪʦʚ ʩʦʧʨʷʞʝʥʠʷ. ʇʝ-

ʨʝʤʝʱʘʷ ʪʨʝʪʴʶ ʧʘʨʫ ʚʦʢʨʫʛ ʧʝʨʚʦʡ, ʣʠʙʦ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʣʠʙʦ ʧʨʦʪʠʚ, ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ 

ʛʝʡʪʦʚ 

 (47) 

ʘ ʧʝʨʝʤʝʱʘʷ ʪʨʝʪʴʶ ʧʘʨʫ ʚʦʢʨʫʛ ʚʪʦʨʦʡ, ʣʠʙʦ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʣʠʙʦ ʧʨʦʪʠʚ, ʤʦʞʝʤ ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ 

ʛʝʡʪʦʚ 

 (48) 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʘʨʫ ʩ ʧʦʪʦʢʦʤ , ʠʤʝʝʤ 

 (49) 

ʜʣʷ ʣʶʙʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ . ʉʦʩʪʘʚʣʷʷ ʵʪʠ ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʧʝʨʘʮʠʠ, ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʣʶʙʦʡ ʛʝʡʪ ʚʠʜʘ 

 (50) 

ʛʜʝ ʬʫʥʢʮʠʷ  ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʬʦʨʤʝ, ʪ.ʝ. ʢʘʢ ʢʦʥʝʯʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʛʨʫʧʧʦ-
ʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʛʜʝ ʵʣʝʤʝʥʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʠʟʚʝʜʝʥʠʠ, ʤʦʛʫʪ ʙʳʪʴ ʚʭʦʜʥʳʤʠ x ʠ y, ʠʭ ʦʙʨʘʪʥʳʤʠ x-1 ʠ y-1, 

ʠʣʠ ʧʦʩʪʦʷʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʟ G, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʠʟʚʝʜʝʥʠʠ ʣʶʙʦʝ ʯʠʩʣʦ ʨʘʟ. 

ʅʘʡʜʝʤ ʬʫʥʢʮʠʠ , ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʵʪʦʡ ʬʦʨʤʝ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʧʦʜʛʨʫʧʧʘ H ʢʦ-

ʥʝʯʥʦʡ ʛʨʫʧʧʳ G ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʡ, ʝʩʣʠ ʜʣʷ ʣʶʙʦʛʦ  ʠ ʣʶʙʦʛʦ , , ʠ ʯʪʦ ʢʦʥʝʯʥʘʷ 

ʛʨʫʧʧʘ G ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʩʪʦʡ, ʝʩʣʠ G ʥʝ ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʳʭ ʧʦʜʛʨʫʧʧ, ʢʨʦʤʝ ʩʘʤʦʡ G ʠ ʪʨʠʚʠʘʣʴʥʦʡ ʛʨʫʧʧʳ 

{ e}. ɽʩʣʠ ʛʨʫʧʧʘ G ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʥʝʘʙʝʣʝʚʦʡ ʢʦʥʝʯʥʦʡ ʛʨʫʧʧʦʡ, ʪʦ ʣʶʙʘʷ ʬʫʥʢʮʠʷ  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʬʦʨʤʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʛʨʫʧʧʘ G ʥʝʘʙʝʣʝʚʘ ʠ ʧʨʦʩʪʘ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʬʫʥʢʮʠʷ f, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢ 

 (51) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ , ʜʝʡʩʪʚʠʝ  ʧʨʠʚʦʜʠʪ ʢ çʧʝʨʝʚʦʨʘʯʠʚʘʥʠʶè ʧʦʪʦʢʘ 

ʪʨʝʪʴʝʡ ʧʘʨʳ ʪʦʛʜʘ, ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ . ʊʦ ʝʩʪʴ, ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʪʝʧʝʨʴ ʩʢʦʥʩʪʨʫʠ-
ʨʦʚʘʥ ʛʝʡʪ ʊʦʬʬʦʣʠ ʚ ʨʘʩʯʸʪʥʦʤ ʙʘʟʠʩʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʝʡʪʦʚ ʩʦʧʨʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʪʘʥʜʘʨʪʥʳʝ ʙʘ-

ʟʠʩʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʙʨʘʪʠʤʦʛʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚʳ-

ʯʠʩʣʝʥʠʷ. 

ʅʝʘʙʝʣʝʚʦʡ ʧʨʦʩʪʦʡ ʛʨʫʧʧʦʡ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦʨʷʜʢʘ ʷʚʣʷʝʪʩʷ , ʛʨʫʧʧʘ ʯʸʪʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʧʷʪʠ ʦʙʲʝʢ-

ʪʦʚ ( ). ʂʦʥʢʨʝʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʡʪʦʚ 

ʩʦʧʨʷʞʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚʳʙʦʨʦʤ a, ʷʚʣʷʶʱʝʛʦʩʷ ʪʨʦʡʥʳʤ ʵʣʝʤʝʥʪʦʤ , ʠ b, ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ 

ʜʚʦʡʥʳʭ ʵʣʝʤʝʥʪʦʚ , ʪʘʢ ʯʪʦ . 

ɺ ʪʝʦʨʠʠ ʢʚʘʥʪʦʚʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʝʩʣʠ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʛʝʡʪʳ  ʊʦʬʬʦʣʠ ʠ CNOT 

(ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ çNOTè), ʜʣʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʧʦʣʥʷʪʴ ʢʘʞʜʳʡ ʠʟ ʦʧʝʨʘʪʦʨʦʚ ʇʘʫʣʠ ʠ , ʠ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʠʪʴ ʧʨʦʝʢʪʠʚʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʢʘʞʜʦʛʦ ʠʟ ʠ . ʅʦ, ʧʨʦʝʢʪʠʚʥʦʝ ʠʟʤʝʨʝʥʠʝ  ʠ , ʠ ʚʳʧʦʣʥʝʥʠʝ  ʦʪʩʫʪʩʪʚʫʶʪ ʩʨʝʜʠ ʜʦʧʫʩʪʠʤʳʭ 

ʦʧʝʨʘʮʠʡ. ʇʦʩʤʦʪʨʠʤ, ʢʘʢ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʥʝʩʦʚʝʨʰʝʥʥʦʝ ʜʝʩʪʨʫʢʪʠʚʥʦʝ ʠʟʤʝʨʝʥʠʝ  ʜʦ ʥʘʜʸʞʥʦʛʦ ʧʨʦʝʢ-

ʪʠʚʥʦʛʦ ʠʟʤʝʨʝʥʠʷ . ɺʩʧʦʤʥʠʤ ʜʝʡʩʪʚʠʝ ʩʦʧʨʷʞʝʥʠʷ CNOT ʥʘ ʦʧʝʨʘʪʦʨʳ ʇʘʫʣʠ: 

 (52) 

ʛʜʝ ʧʝʨʚʳʡ ʢʫʙʠʪ ð ʢʦʥʪʨʦʣʴʥʳʡ, ʘ ʚʪʦʨʦʡ ð ʮʝʣʝʚʦʡ ʜʣʷ CNOT. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʝʡʪʦʚ CNOT ʚʤʝʩʪʝ ʩ ʚʦʟ-

ʤʦʞʥʦʩʪʴʶ ʛʦʪʦʚʠʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ  ʠ ʚʳʧʦʣʥʷʪʴ ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʠʟʤʝʨʝʥʠʷ  ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩ-

ʪʘʪʦʯʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʠʚʥʳʭ ʠʟʤʝʨʝʥʠʡ . ʄʦʞʥʦ ʧʨʠʛʦʪʦʚʠʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʢʫʙʠʪ ʚ ʩʦʙʩʪʚʝʥ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ , ʚʳʧʦʣʥʠʪʴ CNOT ʩʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʢʫʙʠʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ ʠʥʬʦʨʤʘʮʠʝʡ, 

ʢʦʪʦʨʘ ̫ʜʦʣʞʥʘ ʙʳʪʴ ʠʟʤʝʨʝʥʘ, ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ, ʠ ʟʘʪʝʤ ʜʝʩʪʨʫʢʪʠʚʥʦ ʧʦʤʝʨʷʪʴ ʚʩʧʦʤʦʛʘʪʝʣʥʳʡ ʢʫʙʠʪ. ʀʟ-

ʤʝʨʝʥʠʝ ʧʨʠʛʦʪʦʚʠʪ ʠʥʬʦʨʤʘʮʠʶ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ , ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʶʪ ʩ ʚr -

ʭʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʢʫʙʠʪʘ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʜʝʩʪʨʫʢʪʠʚʥʦʝ ʠʟʤʝʨʝʥʠʝ ʥʝ ʚʧʦʣʥʝ ʥʘʜʸʞʥʦ, ʥʦ 

ʤʦʞʥʦ ʧʦʚʪʦʨʠʪʴ ʠʟʤʝʨʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʂʘʞʜʳʡ ʨʘʟ ʛʦʪʦʚʠʪʩʷ ʠ ʠʟʤʝʨʷʝʪʩʷ ʥʦʚʳʡ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʢʫʙʠʪ, 

ʠ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʪʦʨʝʥʠʡ ʠʟʤʝʨʝʥʠʡ ʙʫʜʝʤ ʠʤʝʪ ɹʧʨʠʝʤʣʝʤʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʜʦʚʝʨʠʪʝʣʴʥʦʩʪʴ. 

ʂʦʛʜʘ ʞʝ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ  ʧʨʦʝʢʪʠʚʥʦ, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʛʦʪʦʚʠʪʴ ʢʘʢ ʩʦʙʩʪʚʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ 

, ʪʘʢ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ  (ʥʘʧʨʠʤʝʨ, ʟʘ ʠʟʤʝʨʝʥʠʝʤ  ʧʨʦʚʦʜʠʤ ʠʟʤʝʨʝʥʠʝ , ʧʦʢʘ ʚ ʠʪʦ-

ʛʝ ʥʠ ʧʦʣʫʯʠʤ ʚʳʭʦʜ ). ɿʘʪʝʤ, ʚʳʧʦʣʥʷʷ ʛʝʡʪ CNOT, ʮʝʣʝʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥ-




