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ʀ20 

 

 

 

 

ʈʝʮʝʥʟʝʥʪ 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʫʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ  

ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ çʈʫʙʠʥè, ʛ. ʇʝʥʟʘ, 

ʄ. ʄ. ɹʫʪʘʝʚ 

 

 

 

ʀʚʘʥʦʚ, ɸ. ʀ. 

ʀ20 ʉʨʝʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ çɹʠʦʅʝʡʨʦɸʚʪʦʛʨʘʬè : ʫʯʝʙ.-ʤʝʪʦʜ. 

ʧʦʩʦʙʠʝ / ɸ. ʀ. ʀʚʘʥʦʚ. ï ʇʝʥʟʘ : ʀʟʜ-ʚʦ ʇɻʋ, 2020. ï 60 ʩ. 
 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʘʢʪʠ-

ʯʝʩʢʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʚ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

çɹʠʦʅʝʡʨʦɸʚʪʦʛʨʘʬè ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ çʅʝʡʨʦʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʘʱʠ-

ʪʝ ʠʥʬʦʨʤʘʮʠʠè, çɹʠʦʤʝʪʨʠʷ ʠ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠè. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧ-

ʨʦʩʳ ʙʳʩʪʨʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ ʈ 52633.5ï2011 ʠ ʠʭ ʪʝʩʪʠʨʦʚʘʥʠ ̫ ʧʦ 

ɻʆʉʊ ʈ 52633.3ï2011. 

ʀʟʜʘʥʠʝ ʧʦʜʛʦʪʦʚʣʝʥʦ ʥʘ ʢʘʬʝʜʨʝ çʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè ʇɻʋ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʩʧʝ-

ʮʠʘʣʴʥʦʩʪʷʤ 10.05.02 çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠ-

ʦʥʥʳʭ ʩʠʩʪʝʤè, 10.05.03 çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʭ ʩʠʩʪʝʤè, ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ ʠ ʚʥʝʘʫʜʠʪʦʨʥʦʡ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʘʩʧʠʨʘʥʪʘʤ ʠ 

ʜʦʢʪʦʨʘʥʪʘʤ, ʠʟʫʯʘʶʱʠʤ ʚʳʩʦʢʦʨʘʟʤʝʨʥʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝ-

ʪʠ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʜʫʪ ʧʨʦʮʝʩʩʳ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʩʦ-
ʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʛʦʩʫʜʘʨʩʪʚʘ ʜʝʢʣʘʨʠʨʫʶʪ ʩʚʦʝ 
ʩʪʨʝʤʣʝʥʠʝ ʩʦʟʜʘʚʘʪʴ ʵʣʝʢʪʨʦʥʥʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʜʣʷ ʦʢʘʟʘʥʠʷ ʵʣʝʢ-
ʪʨʦʥʥʳʭ ʫʩʣʫʛ ʩʚʦʠʤ ʛʨʘʞʜʘʥʘʤ. ʀʥʪʝʨʥʝʪ-ʧʦʨʪʘʣ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʘʚʠ-
ʪʝʣʴʩʪʚʘ ʩʪʨʘʥʳ, ʦʙʣʘʩʪʠ, ʨʘʡʦʥʘ, ʛʦʨʦʜʘ, ʧʦʩʝʣʢʘ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 
ʦʙʳʯʥʳʭ ʚʝʙ-ʩʘʡʪʦʚ ʪʦʣʴʢʦ ʪʝʤ, ʯʪʦ ʢ ʥʠʤ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʚʳ-
ʩʦʢʦʝ ʜʦʚʝʨʠʝ. ɻʨʘʞʜʘʥʠʥ ʜʦʣʞʝʥ ʙʳʪʴ ʫʚʝʨʝʥ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʦʙʨʘʱʘʝʪʩʷ 
ʠʤʝʥʥʦ ʢ ʩʚʦʝʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʧʨʘʚʠʪʝʣʴʩʪʚʫ, ʘ ʵʣʝʢʪʨʦʥʥʦʝ ʧʨʘʚʠʪʝʣʴ-
ʩʪʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʫʚʝʨʝʥʦ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ ʦʪʩʳʣʘʝʪ ʩʚʦʠ ʦʪʚʝʪʳ ʥʝ ʨʦʙʦ-
ʪʫ, ʘ ʠʤʝʥʥʦ ʪʦʤʫ ʛʨʘʞʜʘʥʠʥʫ, ʢʦʪʦʨʳʡ ʨʘʥʝʝ ʦʙʨʘʪʠʣʩʷ. ʕʪʘ ʟʘʜʘʯʘ ʥʝ 
ʷʚʣʷʝʪʩʷ ʪʨʠʚʠʘʣʴʥʦʡ, ʧʨʦʩʪʦʡ çʢʘʧʯʝʡè ʟʜʝʩʴ ʥʝ ʦʙʦʡʪʠʩʴ. 

ɺ ʦʙʳʯʥʦʤ ʤʠʨʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʧʨʦʚʝʨʷʝʪ ʧʦʣʥʦʤʦ-
ʯʠʷ ʛʨʘʞʜʘʥʠʥʘ, ʧʦʣʴʟʫʷʩʴ ʝʛʦ ʧʘʩʧʦʨʪʦʤ. ɺ ʚʠʨʪʫʘʣʴʥʦʤ ʤʠʨʝ ʚʩʝ ʦʢʘ-
ʟʳʚʘʝʪʩʷ ʩʣʦʞʥʝʝ, ʪʘʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʢʘʥʦʤ ʩʚʦʝʛʦ ʧʘʩʧʦʨʪʘ ʥʝʣʴʟʷ, ʜʘ-
ʞʝ ʝʩʣʠ ʵʪʦ ʙʠʦʤʝʪʨʠʯʝʩʢʠʡ ʧʘʩʧʦʨʪ ʩ ʨʘʜʠʦʯʠʪʘʝʤʦʡ ʤʠʢʨʦʩʭʝʤʦʡ. 
ʇʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʤʠʢʨʦʩʭʝʤʝ ʦ ʙʠʦʤʝʪʨʠʠ ʯʝʣʦʚʝʢʘ ʥʝʣʴʟʷ ʧʨʠ-
ʤʝʥʷʪʴ ʚ ʀʥʪʝʨʥʝʪ-ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʀʥʪʝʨʥʝʪʘ ʠ ʜʨʫʛʠʭ ʦʪʢʨʳʪʳʭ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʀʥʪʝʨ-
ʥʝʪ-ʧʘʩʧʦʨʪʘ ʠʣʠ ʠʥʳʝ ʀʥʪʝʨʥʝʪ-ʫʜʦʩʪʦʚʝʨʝʥʠʷ ʣʠʯʥʦʩʪʠ, ʢʦʪʦʨʳʝ,  
ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʷʚʣʷʶʪʩʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤʠ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʷʚʣ̫-
ʶʪʩʷ ʥʝʢʦʪʦʨʳʤʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʟʘʱʠʱʘʶʱʠʤʠ 
ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʚʦʠʭ ʭʦʟʷʝʚ.  

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʩʝʭ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ 
ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʠʤʝʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʨʘʚʥʦʮʝʥʥʳʭ 
ʢʦʧʠʡ. ʊʘʢʦʝ ʧʦʥʷʪʠʝ, ʢʘʢ çʦʨʠʛʠʥʘʣè ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʷʚʣʷʝʪʩʷ 
ʘʥʘʭʨʦʥʠʟʤʦʤ. ʃʶʙʘʷ ʢʦʧʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ï ʵʪʦ ʝʛʦ ʦʨʠʛʠ-
ʥʘʣ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥ ʧʦ ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʥʝʤ ʮʠʬʨʦʚʦʡ 
ʧʦʜʧʠʩʠ, ʪ.ʝ. ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʤʳ ʩ ʚʘʤʠ ʩʪʦʣʢʥʝʤʩʷ ʩ ʦʛʨʦʤʥʳʤ 
ʯʠʩʣʦʤ ʵʣʝʢʪʨʦʥʥʳʭ ʀʥʪʝʨʥʝʪ-ʧʘʩʧʦʨʪʦʚ ʠ ʫʜʦʩʪʦʚʝʨʝʥʠʡ ʣʠʯʥʦʩʪʠ, 
ʩʦʟʜʘʥʥʳʭ ʜʣʷ ʘʚʪʦʨʠʟʦʚʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʘʞʜʘʥʠʥʘ ʩ ʛʦʩʫʜʘʨ-
ʩʪʚʝʥʥʳʤʠ ʠ ʥʝʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʝʤʫ ʟʥʘ-
ʯʠʤʳʭ ʀʥʪʝʨʥʝʪ-ʫʩʣʫʛ. 

ʉʢʦʨʝʝ ʚʩʝʛʦ, ʨʦʣʴ ʧʘʩʧʦʨʪʦʚ ʠ ʫʜʦʩʪʦʚʝʨʝʥʠʡ ʣʠʯʥʦʩʪʠ ʙʫʜʫʪ ʠʛ-
ʨʘʪʴ ʣʠʯʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʢʘʙʠʥʝʪʳ, ʩʦʟʜʘʥʥʳʝ ʚʟʘʠʤʥʳʤʠ ʫʩʠʣʠʷʤʠ 
ʛʨʘʞʜʘʥʠʥʘ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤʠ ʝʤʫ ʟʥʘʯʠʤʳʝ ʀʥʪʝʨ-
ʥʝʪ-ʫʩʣʫʛʠ. ʂʘʞʜʳʡ ʠʟ ʥʘʩ ʠʤʝʝʪ ʙʘʥʢʦʚʩʢʫʶ ʢʘʨʪʫ ʠ ʩʯʝʪ ʚ ʙʘʥʢʝ.  
ʉ 2014 ʛ. ʚʩʝ ʙʘʥʢʠ ʈʦʩʩʠʠ ʘʚʪʦʨʠʟʦʚʘʥʥʦ ʦʧʦʚʝʱʘʪʁ ʩʚʦʠʭ ʢʣʠʝʥʪʦʚ ʦ 
ʩʥʷʪʳʭ ʩ ʠʭ ʩʯʝʪʘ ʧʣʘʪʝʞʘʭ, ʩʜʝʣʘʪʴ ʵʪʦ ʙʝʟʦʧʘʩʥʦ ʤʦʞʥʦ ʪʦʣʴʢʦ ʯʝʨʝʟ 
ʣʠʯʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʢʘʙʠʥʝʪ. ʆʧʝʨʘʪʠʚʥʦ ʦʧʦʚʝʩʪʠʪʴ ʦ ʬʘʢʪʝ ʩʧʠʩʘʥʠʷ 
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(ʧʦʩʪʫʧʣʝʥʠʷ) ʜʝʥʝʛ ʤʦʞʥʦ SMS-ʩʦʦʙʱʝʥʠʝʤ ʠʣʠ ʵʣʝʢʪʨʦʥʥʳʤ ʧʠʩʴ-
ʤʦʤ, ʥʦ ʧʦ ʵʪʠʤ ʦʪʢʨʳʪʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʥʝʣʴʟʷ ʫʢʘʟʳʚʘʪʴ ʩʫʤʤʳ ʩʧʠ-
ʩʘʥʠʡ (ʧʦʩʪʫʧʣʝʥʠʡ) ʠ ʘʜʨʝʩʘ ʧʦʣʫʯʘʪʝʣʝʡ (ʠʩʪʦʯʥʠʢʦʚ) ʜʝʥʝʞʥʳʭ 
ʩʨʝʜʩʪʚ.   

ʊʦ ʞʝ ʩʘʤʦʝ ʦʪʥʦʩʠʪʩʷ ʢ çʌʝʜʝʨʘʣʴʥʦʡ ʥʘʣʦʛʦʚʦʡ ʩʣʫʞʙʝè ʠ çʌʝ-
ʜʝʨʘʣʴʥʦʡ ʉʣʫʞʙʝ ʩʫʜʝʙʥʳʭ ʧʨʠʩʪʘʚʦʚè. ʕʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫ-
ʨʳ ʦʙʷʟʘʥʳ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʧʦʚʝʱʘʪʴ ʛʨʘʞʜʘʥ, ʧʦʧʘʚʰʠʭ ʚ ʠʭ ʧʦʣʝ ʟʨʝ-
ʥʠʷ, ʦ ʚʩʝʭ ʟʥʘʯʠʤʳʭ ʜʣʷ ʥʠʭ ʧʨʘʚʦʚʳʭ ʜʝʡʩʪʚʠʷʭ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʠ 
ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʪʝʥʟʠʷʭ. ʉʜʝʣʘʪʴ ʵʪʦ ʧʨʦʱʝ ʚʩʝʛʦ ʯʝʨʝʟ ʣʠʯʥʳʝ 
ʢʘʙʠʥʝʪʳ ʢʘʞʜʦʛʦ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʘ ʠʣʠ ʜʦʣʞʥʠʢʘ. 

ɺʩʝ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ ʦʪʥʦʩʠʪʩʷ ʢ ʣʶʙʦʤʫ ʟʥʘʯʠʤʦʤʫ ʠʩʪʦʯʥʠʢʫ 
ʠʥʬʦʨʤʘʮʠʠ, ʙʫʜʴ ʪʦ ʛʦʨʦʜʩʢʦʝ ʠʣʠ ʧʦʩʝʣʢʦʚʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʧʨʘʚʠʪʝʣʴ-
ʩʪʚʦ, ʠʟʙʠʨʘʪʝʣʴʥʘʷ ʢʦʤʠʩʩʠʷ, ʧʦʣʠʢʣʠʥʠʢʘ, ʦʪʜʝʣʝʥʠʝ ɻʀɹɼɼ, ʚʦʝʥʢʦ-
ʤʘʪʳ, ʫʥʠʚʝʨʩʠʪʝʪʳ ʠʣʠ ʦʙʳʯʥʳʝ ʰʢʦʣʳ. ɺʩʝ ʠʩʪʦʯʥʠʢʠ ʟʥʘʯʠʤʦʡ ʜʣʷ 
ʣʠʯʥʦʩʪʠ, ʦʧʝʨʘʪʠʚʥʦ ʤʝʥʷʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʚʳʥʫʞʜʝʥʳ ʙʫʜʫʪ ʩʦ-
ʟʜʘʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʣʠʯʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʢʘʙʠʥʝʪʳ ʛʨʘʞʜʘʥʠʥʘ ʠ ʦʪʚʝ-
ʯʘʪʴ ʟʘ ʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʊʘʢ ʞʝ, ʢʘʢ ʩʝʛʦʜʥʷ ʤʳ ʧʦʣʫ-
ʯʘʝʤ ʢʘʩʩʦʚʳʡ ʯʝʢ ʧʨʠ ʢʘʞʜʦʡ ʧʦʢʫʧʢʝ, ʟʘʚʪʨʘ ʤʳ ʙʫʜʝʤ ʠʟʚʝʱʘʪʴʩʷ  
ʦ ʚʩʝʭ ʜʝʡʩʪʚʠʷʭ, ʢʘʩʘʶʱʠʭʩʷ ʢʘʞʜʦʛʦ ʠʟ ʥʘʩ, ʧʨʦʚʝʜʝʥʥʳʭ ʙʘʥʢʦʤ, ʤʝ-
ʜʠʮʠʥʩʢʠʤ ʫʯʨʝʞʜʝʥʠʝʤ, ʥʘʣʦʛʦʚʳʤ ʦʨʛʘʥʦʤ ʠʣʠ ɻʀɹɼɼ. ɺʦʟʥʠʢʘʝʪ 
ʥʝʢʦʪʦʨʘʷ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʤʥʦʞʝʩʪʚʘ ʣʠʯʥʳʭ 
ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʙʠʥʝʪʦʚ, ʦʪʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩ. ɺ.1. 

 

 

ʈʠʩ. ɺ.1. ʄʥʦʞʝʩʪʚʦ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʭ ʠ ʯʘʩʪʥʳʭ ʣʠʯʥʳʭ  

ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʙʠʥʝʪʦʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʦʧʝʨʘʪʠʚʥʫʶ ʘʚʪʦʨʠʟʦʚʘʥʥʫʶ  

ʀʥʪʝʨʥʝʪ-ʩʚʷʟʴ ʩ ʣʠʯʥʦʩʪʴʶ ʧʦʪʨʝʙʠʪʝʣʷ ʟʥʘʯʠʤʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʫʩʣʫʛ 

 

ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ  

ʚ ɹɸʅʂɽ-1 

ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ  

çʉʣʫʞʙʳ ʩʫʜʝʙʥʳʭ 

ʧʨʠʩʪʘʚʦʚè 

 

ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ  

ʚ ɹɸʅʂɽ-2 

ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ   

ʢʦʤʤʫʥʘʣʴʥʳʭ ʧʣʘʪʝʞʝʡ 

ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ  

ʢʦʥʪʨʦʣʷ ʦʧʣʘʪʳ  

ʀʥʪʝʨʥʝʪ ʩʚʷʟʠ 

ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ  

ʚ ʅʘʣʦʛʦʚʦʡ ʠʥʩʧʝʢʮʠʠ 

ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ 

ʚ ɻʀɹɼɼ 

ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ  

ʚ ʧʦʣʠʢʣʠʥʠʢʝ 

ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ  

ʚ ʵʣʝʢʪʨʦʥʥʦʤ ɹɸʅʂɽ-3 

ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ  

ʫʩʧʝʚʘʝʤʦʩʪʠ ʜʝʪʝʡ  

ʚ ʰʢʦʣʝ 

ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ  

ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ 

ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ  

ʚ ʇʝʥʩʠʦʥʥʦʤ ʬʦʥʜʝ 
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ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʙʠʥʝʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ 

ʩʣʘʙʘʷ ʟʘʱʠʪʘ: ʢʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʟʘʱʠʱʝʥʳ ʢʦʨʦʪʢʠʤʠ ʣʝʛʢʦ ʟʘʧʦʤʠʥʘ-

ʝʤʳʤʠ ʧʘʨʦʣʷʤʠ. ʊʘʢʠʝ ʧʘʨʦʣʠ ʣʝʛʢʦ ʧʦʜʙʠʨʘʶʪʩʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤʠ. 

ʂʦʨʦʪʢʠʝ ʧʘʨʦʣʠ ʫʜʦʙʥʳ ʜʣʷ ʟʘʧʦʤʠʥʘʥʠʷ, ʦʜʥʘʢʦ ʦʥʠ ʧʦʨʦʞʜʘʶʪ ʪʦʣʴ-

ʢʦ ʠʣʣʶʟʠʶ ʟʘʱʠʱʝʥʥʦʩʪʠ, ʥʝ ʷʚʣʷʷʩʴ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʩʝʨʴʝʟʥʳʤ ʧʨʝ-

ʧʷʪʩʪʚʠʝʤ ʜʣʷ ʭʘʢʝʨʦʚ. 
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-  

ρȢρȢ ˚̖̝̆̏̂̏̅̉̍̏̒̓ ̃ ̘̂̉̏̍̆̓̑̉̆̒̋̏̊ ̗́̃̓̏̑̉̈́̉̉  
̘̜̖̈̎́̉̍ ˕̎̓̆̑̎̆̓-̅̆̊̒̓̃̉̊ 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʙʠʥʝʪʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʪʦʣʴʢʦ ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ʚʣʘʜʝʣʴʮʘ ʢʘʙʠʥʝʪʘ ʠ 

ʚʣʘʜʝʣʴʮʘ ʩʝʨʚʝʨʘ, ʥʘ ʢʦʪʦʨʦʤ ʵʪʦʪ ʢʘʙʠʥʝʪ ʨʘʟʤʝʱʝʥ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʙʝʟʦʧʘʩʠʪʴ ʩʚʦʶ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʧʦʩʷʛʘʪʝʣʴʩʪʚ ʀʥʪʝʨʥʝʪ-ʟʣʦʫʤʳʰ-

ʣʝʥʥʠʢʦʚ, ʚʣʘʜʝʣʝʮ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʠʥʥʳʡ ʧʘ-

ʨʦʣʴ ʜʦʩʪʫʧʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ 32 ʩʣʫʯʘʡʥʳʭ ʟʥʘʢʦʚ. ɿʘʧʦʤʠʥʘʪʴ ʜʣʠʥʥʳʡ 

ʧʘʨʦʣʴ ʠʟ 32 ʩʣʫʯʘʡʥʳʭ ʟʥʘʢʦʚ ʥʝʦʙʷʟʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʝʛʦ ʟʘʧʠʩʘʪʴ  

ʚ ʭʨʘʥʠʪʝʣʝ ʧʘʨʦʣʝʡ, ʢʦʪʦʨʳʡ ʭʨʘʥʠʪʩʷ ʥʘ ʣʦʢʘʣʴʥʦʡ ʤʘʰʠʥʝ ʠ ʟʘʢʨʳʪ 

ʢʦʨʦʪʢʠʤ ʧʘʨʦʣʝʤ. ʄʦʞʥʦ ʧʦʡʪʠ ʧʦ ʜʨʫʛʦʤʫ ʧʫʪʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘ-

ʢʨʳʚ ʜʦʩʪʫʧ ʢ ʭʨʘʥʠʪʝʣʶ ʧʘʨʦʣʝʡ ʙʠʦʤʝʪʨʠʝʡ. ʇʨʠ ʵʪʦʤ ʧʨʦʛʨʘʤʤʥʳʡ 

ʭʨʘʥʠʪʝʣʴ ʜʣʠʥʥʳʭ ʧʘʨʦʣʝʡ ʤʦʞʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʫʞʝ ʠʤʝʶʱʠʝʩʷ 

ʚ ʚʘʰʝʤ ʢʦʤʧʴʶʪʝʨʝ ʩʨʝʜʩʪʚʘ ʚʚʦʜʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʳʡ ʵʢʨʘʥ ʢʦʤʧʴʶʪʝʨʘ, ʚʩʪʨʦʝʥʥʫʶ ʚʠʜʝʦʢʘʤʝʨʫ, ʤʘʥʠʧʫʣʷʪʦʨ 

çʤʳʰʴè, ʚʩʪʨʦʝʥʥʳʡ ʤʠʢʨʦʬʦʥ).  

ɼʣʷ ʥʘʩ ʢʨʘʡʥʝ ʚʘʞʥʦ ʦʩʦʟʥʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʤʝʪ-

ʨʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʜʘʞʝ ʤʘʥʠʧʫʣʷʪʦʨ 

çʤʳʰʴè. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʚʳʧʦʣʥʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʣʘʙʦʨʘʪʦʨ-

ʥʫʶ ʨʘʙʦʪʫ (ʧ. 4.2 ʜʘʥʥʦʛʦ ʠʟʜʘʥʠʷ). ɼʘʞʝ ʦʜʠʥ ʨʫʢʦʧʠʩʥʳʡ ʩʠʤʚʦʣ çʘè 

ʫʜʘʝʪʩʷ ʩʚʷʟʘʪʴ ʩ ʣʶʙʳʤ ʩʣʫʯʘʡʥʳʤ ʧʘʨʦʣʝʤ ʠʟ 32 ʩʠʤʚʦʣʦʚ. ɽʩʣʠ ɺr  

ʧʠʰʝʪʝ ʩʚʦʝʡ ʨʫʢʦʡ ʥʫʞʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʩʠʤʚʦʣ, ɺr  ʧʦʣʫʯʘʝʪʝ ʩʚʦʡ 

ʧʘʨʦʣʴ. ɽʩʣʠ ɺr  ʥʝ ʟʥʘʝʪʝ, ʢʘʢʦʡ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʩʣʝʜʫʝʪ ʚʦʩʧʨʦʠʟ-

ʚʝʩʪʠ, ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʧʨʘʚʠʣʴʥʳʡ ʧʘʨʦʣʴ ʥʝ ʧʦʣʫʯʠʪʩʷ. ʕʪʘ ʩʠʪʫʘʮʠʷ 

ʦʪʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.1. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʦʪʦʙʨʘʞʝʥʘ ʩʠʪʫ-

ʘʮʠʷ ʚʚʦʜʘ ʤʘʥʠʧʫʣʷʪʦʨʦʤ çʤʳʰʴè ʚʝʨʥʦʛʦ ʤʠʥʠ-ʧʘʨʦʣʷ ʠʟ ʦʜʥʦʛʦ ʛʨʘ-

ʬʠʯʝʩʢʦʛʦ ʩʠʤʚʦʣʘ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ ʦʪʦʙʨʘʞʝʥʘ ʩʠʪʫʘʮʠʷ ʚʚʦʜʘ 

ʩʣʫʯʘʡʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʩʠʤʚʦʣʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʦʰʠʙʢʝ ʚ 80 ʙʠʪʘʭ  

ʠʟ 256 ʙʠʪ. 
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ʈʠʩ. 1.1. ʇʨʠʤʝʨ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʩʚʷʟʳʚʘʥʠ ̫ʛʨʘʬʠʢʠ ʧʨʦʩʪʝʡʰʝʛʦ  

ʨʫʢʦʧʠʩʥʦʛʦ ʦʙʨʘʟ çʘè ʩʦ ʩʣʫʯʘʡʥʳʤ ʧʘʨʦʣʝʤ ʜʣʠʥʦʡ 256 ʙʠʪ  

(32 ʩʣʫʯʘʡʥʳʭ ʟʥʘʢʘ) 

 

ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʨʦʩʪʝʡʰʝʡ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʜʣʠʥʥʳʭ ʧʘ-

ʨʦʣʝʡ ʜʦʩʪʫʧʘ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʟʘʱʠʪʳ ʩʚʦʠʭ ʣʠʯʥʳʭ ʢʘʙʠʥʝʪʦʚ 

ʦʪ ʀʥʪʝʨʥʝʪ-ʭʘʢʝʨʦʚ. ʍʘʢʝʨʳ ʘʪʘʢʫʶʪ ʧʘʨʦʣʠ ʜʦʩʪʫʧʘ, ʦʞʠʜʘʷ, ʯʪʦ ʦʥʠ 

ʢʦʨʦʪʢʠʝ. ɽʩʣʠ ʭʘʢʝʨʫ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʘʨʦʣʴ ʜʣʠʥʥʳʡ ʠʣʠ ʟʘʱʠʪʘ ʜʘʥʥʳʭ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʜʣʠʥʥʦʤ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʤ ʢʣʶʯʝ, ʘʪʘʢʠ ʥʘ ʥʠʭ ʧʨʝ-

ʢʨʘʱʘʶʪʩʷ.   

ʉʪʦʡʢʦʩʪʴ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʝʩʣʠ ɺʳ 

ʜʦʚʝʨʷʝʪʝ ʦʢʨʫʞʘʶʱʠʤ ɺʘʩ ʣʶʜʷʤ. ʊʦʣʴʢʦ ʝʩʣʠ ɺʳ ʥʝ ʜʦ ʢʦʥʮʘ ʜʦʚʝʨʷ-

ʝʪʝ ʣʶʜʷʤ, ʠʤʝʶʱʠʤ ʜʦʩʪʫʧ ʢ ɺʘʰʝʤʫ ʢʦʤʧʴʶʪʝʨʫ, ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʘʷ ʙʠʦʤʝʪʨʠʯʝʩʢʘʷ ʟʘʱʠʪʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʩʧʝ-

ʮʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʚʚʦʜʘ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ çʉʚʦʡè. ʄʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʢʘʥʝʨʳ ʨʠʩʫʥʢʘ ʦʪʧʝʯʘʪʢʘ ʧʘʣʴʮʘ, ʩʢʘʥʝʨʳ ʢʨʦʚʝʥʦʩ-

ʥʳʭ ʩʦʩʫʜʦʚ ʨʫʢʠ, ʩʢʘʥʝʨ ʨʘʜʫʞʥʦʡ ʦʙʦʣʦʯʢʠ ʛʣʘʟʘ, ʩʧʝʮʠʘʣʴʥʳʡ ʛʨʘ-

ʬʠʯʝʩʢʠʡ ʧʣʘʥʰʝʪ, ʩʢʘʥʝʨ ʛʝʦʤʝʪʨʠʠ ʪʨʝʭʤʝʨʥʦʡ ʤʘʩʢʠ ʣʠʮʘ ʯʝʣʦʚʝʢʘ.  
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ρȢςȢ ˗̜̏̑̐̏̑́̓̉̃̎̆ ̘̂̉̏̍̆̓̑̉̆̒̋̉̆ ̠̟̔̅̏̒̓̏̃̆̑̉̆̚ 
̗̜̆̎̓̑ ̉ ̗̜̆̎̓̑ ̘̂̉̏̍̆̓̑̉̆̒̋̏̊ ̗́̃̓̏̑̉̈́̉̉  

̙́̄̏̃̏̊ ̅̏̒̓̔̐̎̏̒̓̉ 

ɹʘʥʢ ʠʣʠ ʤʝʜʠʮʠʥʩʢʦʝ ʫʯʨʝʞʜʝʥʠʝ ʜʦʣʞʥʳ ʙʳʪʴ ʫʚʝʨʝʥʳ ʚ ʪʦʤ, 
ʯʪʦ ʩʚʦʡ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ ʥʘ ʠʭ ʩʘʡʪʘʭ ʧʦʩʝʱʘʝʪ ʪʦʣʴʢʦ ʝʛʦ ʧʦʜʣʠʥʥʳʡ 
ʭʦʟʷʠʥ. ʊʘ ʞʝ ʩʘʤʘʷ ʫʚʝʨʝʥʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʠ ʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʘʚʠ-
ʪʝʣʴʩʪʚʘ ʚ ʣʠʮʝ ʯʠʥʦʚʥʠʢʦʚ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʩʦʮʠʘʣʴ-
ʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʌʦʨʤʫʣʘ ʧʦ ʚʳʯʠʩʣʝʥʠʶ ʙʫʜʫʱʝʡ ʧʝʥʩʠʠ ʫʩʣʦʞʥʷʝʪʩʷ, 
ʦʜʥʘʢʦ ʫ ʯʝʣʦʚʝʢʘ ʜʦʣʞʥʘ ʦʩʪʘʚʘʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʡʪʠ ʥʘ ʩʘʡʪ ʩʚʦʝʡ 
ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʝʥʩʠʦʥʥʦʡ ʩʣʫʞʙʳ ʠ ʥʘ ʢʘʣʴʢʫʣʷʪʦʨʝ ʵʪʦʛʦ ʩʘʡʪʘ ʚʳʯʠʩ-
ʣʠʪʴ ʨʘʟʤʝʨ ʩʚʦʝʡ ʙʫʜʫʱʝʡ ʧʝʥʩʠʠ.  ʊʝʭʥʦʣʦʛʠʯʝʩʢʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʘʷ 
ʘʚʪʦʨʠʟʘʮʠʷ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʣʠʯʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʘʙʠʥʝʪʘ 
ʦʩʫʱʝʩʪʚʠʤʘ, ʝʩʣʠ ʧʨʠ ʟʘʢʣʶʯʝʥʠʠ ʜʦʛʦʚʦʨʘ ʩ ʙʘʥʢʦʤ ʝʛʦ ʢʣʠʝʥʪ ʚʳ-
ʧʦʣʥʠʣ ʙʠʦʤʝʪʨʠʯʝʩʢʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʩʚʦʝʛʦ ʦʙʨʘʟʘ ʚ ʫʜʦʩʪʦʚʝʨʷʶʱʝʤ 
ʮʝʥʪʨʝ ʙʘʥʢʘ. 

ʅʝ ʩʣʝʜʫʝʪ ʧʫʪʘʪʴ ʢʦʨʧʦʨʘʪʠʚʥʳʡ ʙʠʦʤʝʪʨʠʯʝʩʢʠʡ ʫʜʦʩʪʦʚʝʨʷʶ-

ʱʠʡ ʮʝʥʪʨ ʙʘʥʢʘ ʩ ʦʙʳʯʥʳʤ ʫʜʦʩʪʦʚʝʨʷʶʱʠʤ ʮʝʥʪʨʦʤ. ʋ ʥʠʭ ʩʦʚʝʨ-

ʰʝʥʥʦ ʨʘʟʥʳʝ ʬʫʥʢʮʠʠ. ʆʙʳʯʥʳʡ ʫʜʦʩʪʦʚʝʨʷʶʱʠʡ ʮʝʥʪʨ ʢʦʤʧʝʥʩʠʨʫʝʪ 

ʩʚʦʠ ʙʫʜʫʱʠʝ ʨʘʩʭʦʜʳ ʟʘʨʘʥʝʝ, ʚʟʠʤʘʷ ʘʚʘʥʩʦʤ ʧʣʘʪʝʞ ʟʘ ʩʚʦʠ ʫʩʣʫʛʠ 

ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʩʝʨʪʠʬʠʢʘʪʘ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʣʝʜʫʶ-

ʱʠʭ ʣʝʪ (ʩʝʛʦʜʥʷ ʪʘʢʦʡ ʧʣʘʪʝʞ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 3000 ʨʫʙ.). ʇʨʠ ʵʪʦʤ, 

ʙʫʜʝʪ ʣʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʚʦʠʤ ʩʝʨʪʠʬʠʢʘʪʦʤ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ ʯʝʣʦʚʝʢ 

(ʙʫʜʝʪ ʣʠ ʦʥ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʚʦʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʴʶ), ʫʜʦʩʪʦʚʝʨʷʶ-

ʱʠʡ ʮʝʥʪʨ ʥʝ ʚʦʣʥʫʝʪ (ʦʥ ʫʞʝ ʧʦʣʫʯʠʣ ʩʚʦʶ ʧʨʠʙʳʣʴ). ʂʘʢ ʧʦʢʘʟʘʣ 

ʦʧʳʪ, ʧʦʜʦʙʥʘʷ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ ʤʘʣʦʵʬʬʝʢʪʠʚʥʘ: ʞʝʣʘʶʱʠʭ ʟʘʨʝʛʠʩʪʨʠ-

ʨʦʚʘʪʴ ʩʝʨʪʠʬʠʢʘʪ ʩʚʦʝʛʦ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ ʤʘʣʦ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʫʜʦʩʪʦ-

ʚʝʨʷʶʱʠʝ ʮʝʥʪʨr  ʠʤʝʶʪ ʤʘʣʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠ ʠʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʠʭ ʫʩʣʫʛʠ ʦʢʘʟʳʚʘʶʪʩʷ ʜʦʨʦʛʠ, ʯʪʦ ʦʧʷʪʴ-ʪʘʢʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʵʪʠʭ ʫʩʣʫʛ.  

ʋ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʜʦʩʪʦʚʝʨʷʶʱʝʛʦ ʮʝʥʪʨʘ ʙʘʥ-

ʢʘ ʩʦʚʝʨʰʝʥʥʦ ʠʥʳʝ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ ʠ ʮʝʣʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʆʥ ʜʦʣʞʝʥ 

ʧʦʤʦʯʴ ʩʚʷʟʘʪʴ ʣʠʯʥʳʡ ʢʣʶʯ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ ʩ ʙʠʦ-

ʤʝʪʨʠʝʡ ʝʛʦ ʚʣʘʜʝʣʴʮʘ, ʪʦʛʜʘ ʙʘʥʢ ʙʫʜʝʪ ʠʤʝʪʴ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ 

ʧʦʜʧʠʩʘʣ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʴʶ ʧʣʘʪʝʞʥʦʝ ʧʦʨʫʯʝʥʠʝ ʠʤʝʥʥʦ ʚʣʘʜʝʣʝʮ 

ʩʯʝʪʘ. ʇʨʠ ʵʪʦʤ ʧʫʙʣʠʢʦʚʘʪʴ ʩʝʨʪʠʬʠʢʘʪ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ ʩʚʦʝʛʦ ʢʣʠ-

ʝʥʪʘ ʙʘʥʢʫ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʙʘʥʢʫ ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʵʪʦʪ ʩʝʨʪʠʬʠʢʘʪ 

ʠ ʥʘʜʝʞʥʦ ʭʨʘʥʠʪʴ ʝʛʦ ʚ ʠʤʝʥʦʚʘʥʥʦʡ ʠʣʠ ʦʙʝʟʣʠʯʝʥʥʦʡ ʬʦʨʤʝ. ʋ ʢʦʨ-

ʧʦʨʘʪʠʚʥʦʛʦ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʙʘʥʢʘ ʥʝʪ ʮʝʣʠ ʧʦʣʫʯʠʪʴ ʧʨʠʙʳʣʴ, 

ʝʛʦ ʮʝʣʴ ï ʦʙʝʩʧʝʯʠʪʴ ʙʠʦʤʝʪʨʠʢʦ-ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʫʶ ʟʘʱʠʪʫ ʙʘʥʢʦʚ-

ʩʢʠʭ ʧʣʘʪʝʞʥʳʭ ʦʧʝʨʘʮʠʡ. ɹʠʟʥʝʩ-ʤʦʜʝʣʴ ʙʘʥʢʦʚʩʢʦʛʦ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 



10 

ʫʜʦʩʪʦʚʝʨʷʶʱʝʛʦ ʮʝʥʪʨʘ, ʚʠʜʠʤʦ, ʙʫʜʝʪ ʩʪʨʦʠʪʴʩʷ ʥʘ ʤʠʢʨʦʧʣʘʪʝʞʘʭ ʧʦ 

ʢʘʞʜʦʡ ʠʟ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʠʤ ʦʧʝʨʘʮʠʡ ʙʠʦʤʝʪʨʠʢʦ-ʢʨʠʧʪʦ-

ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʧʣʘʪʝʞʝʡ ʠ ʜʦʩʪʫʧʘ ʢ ʣʠʯʥʦʤʫ ʢʘʙʠʥʝʪʫ ʢʣʠʝʥʪʘ 

ʙʘʥʢʘ. ʇʨʠ ʵʪʦʤ ʤʦʜʝʣʴ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʦʣʞʥʘ ʩʦʭʨʘʥʠʪʴʩʷ: ʙʠʦʤʝʪʨʠʯʝʩʢʠʡ ʫʜʦʩʪʦʚʝʨʷʶʱʠʡ ʮʝʥʪʨ ʙʘʥʢʘ ʥʝ 

ʜʦʣʞʝʥ ʟʥʘʪʴ ʣʠʯʥʳʡ ʢʣʶʯ ʩʚʦʝʛʦ ʢʣʠʝʥʪʘ ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤ ʝʛʦ ʙʠʦ-

ʤʝʪʨʠʯʝʩʢʠʡ ʦʙʨʘʟ.   

ʂʘʢ ʙʫʜʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʫʜʦʩʪʦʚʝʨʷʶʱʠʝ ʮʝʥʪʨʳ, 

ʩʝʛʦʜʥʷ ʩʢʘʟʘʪʴ ʪʨʫʜʥʦ, ʦʜʥʘʢʦ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʫʪʴ ʛʘʨʘʥʪʠʨʦʚʘʪʴ 

ʙʘʥʢʘʤ, ʤʝʜʠʮʠʥʩʢʠʤ ʫʯʨʝʞʜʝʥʠʷʤ, ʦʨʛʘʥʘʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʪʦ, 

ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʠʟ ʣʠʯʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʘʙʠʥʝʪʘ ʛʨʘʞʜʘʥʠʥʘ ʙʫʜʝʪ 

ʥʘʜʝʞʥʦ ʟʘʱʠʱʝʥʘ. ɺʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʧʦʷʚʷʪʩʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʫʜʦʩʪʦʚʝʨʷʶʱʠʝ ʮʝʥʪʨʳ ʰʘʛʦʚʦʡ ʜʦʩʪʫʧʥʦʩʪʠ, ʦʢʘʟʳʚʘʶʱʠʝ ʫʩʣʫʛʠ 

ʧʣʘʪʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩʚʷʟʢʠ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʯʝʣʦʚʝʢʘ ʩ ʝʛʦ ʦʜ-

ʥʦʨʘʟʦʚʦʡ ʧʘʨʦʡ ʢʣʶʯʝʡ (ʦʪʢʨʳʪʦʛʦ ʠ ʣʠʯʥʦʛʦ). ɹʫʜʫʱʝʝ ʧʦʢʘʞʝʪ, ʢʘʢ 

ʙʫʜʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʩʦʙʳʪʠʷ, ʦʜʥʘʢʦ ʫʞʝ ʩʝʡʯʘʩ ʧʦʥʷʪʥʦ, ʯʪʦ ʚʩʝ ʟʥʘʯʠ-

ʤʳʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʀʥʪʝʨʥʝʪ-ʦʧʝʨʘʮʠʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʘʜʝʞʥʫʶ ʙʠʦʤʝʪ-

ʨʠʢʦ-ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʥʝʢʦʪʦʨʫʶ ʩʠʩʪʝʤʫ ʮʝʥʪʨʦʚ  

ʜʦʚʝʨʠʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʙʝʟʦʧʘʩʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʙʠʦʤʝʪʨʠʠ ʠ ʢʨʠʧʪʦ-

ʛʨʘʬʠʠ.   

 

 

ρȢσȢ ˞̉̒̓̆̍́ ̓̑̆̂̏̃́̎̉̊ ̋ ̒̑̆̅̒̓̃́̍  
̘̂̉̏̍̆̓̑̉̆̒̋̏̊ ̗́̃̓̏̑̉̈́̉̉ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʘʞʜʘʷ ʠʟ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʩʪʘʨʘʝʪʩʷ ʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʢʨʠʧʪʦʛʨʘʬʠʝʡ ʠ ʩʦʙʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʡ ʩʚʷʟʢʦʡ 

ʙʠʦʤʝʪʨʠʠ ʠ ʢʨʠʧʪʦʛʨʘʬʠʠ. ʆʯʝʚʠʜʥʳʤʠ ʣʠʜʝʨʘʤʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ  

ʷʚʣʷʶʪʩʷ ʉʐɸ ʠ ʈʦʩʩʠʷ. ɺ ʉʐɸ ʚ ʧʝʨʠʦʜ ʩ 1992 ʧʦ 2013 ʛ. ʩʦʟʜʘʥʦ ʧʦ-

ʨʷʜʢʘ 100 ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷ  

ʢ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ. ʏʘʩʪʴ ʠʟ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ ʧʝʨʝʚʝʜʝʥʘ  

ʚ ʨʘʥʛ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʯʝʨʝʟ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʤʠʪʝʪ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘ-

ʮʠʠ ISO/IEC JTC SC37 (Biometric), ʢʦʪʦʨʳʡ ʩʦʟʜʘʥ ʚ 2002 ʛ. ʉʪʘʥʜʘʨʪʠ-

ʟʘʮʠʶ ʙʝʟʦʧʘʩʥʦʡ ʩʚʷʟʠ ʙʠʦʤʝʪʨʠʠ ʠ ʢʨʠʧʪʦʛʨʘʬʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ISO/IEC JTC SC27 (Security techniques). 

ɺ ʈʦʩʩʠʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʩʚʷʟʳʚʘ-

ʥʠʷ ʙʠʦʤʝʪʨʠʠ ʩ ʢʦʜʦʤ ʢʣʶʯʘ ʜʦʩʪʫʧʘ [1]. ɺ ʧʝʨʠʦʜ ʩ 2005 ʧʦ 2012 ʛ. 

ʧʦʜ ʥʝʡʨʦʩʝʪʝʚʫʶ ʪʝʭʥʦʣʦʛʠʶ ʩʦʟʜʘʥʦ ʚʦʩʝʤʴ ʩʪʘʥʜʘʨʪʦʚ (ʥʦʤʝʨʘ ʠ 

ʥʘʟʚʘʥʠʷ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ ʜʘʥʳ ʚ ʪʘʙʣ. 1.1).  
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ʊʘʙʣʠʮʘ 1.1 

ʅʦʤʝʨʘ ʠ ʥʘʟʚʘʥʠʷ ʩʪʘʥʜʘʨʪʦʚ 

 ̄ ʅʦʤʝʨ ʠ ʧʦʣʥʦʝ ʥʘʟʚʘʥʠʝ ʩʪʘʥʜʘʨʪʘ 

1 ɻʆʉʊ ʈ 52633.0ï2006 çɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʊʝʭʥʠʢʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʨʝʜʩʪʚʘʤ ʚʳʩʦʢʦʥʘʜʝʞʥʦʡ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʘʫʪʝʥʪʠ-

ʬʠʢʘʮʠʠè 

2 ɻʆʉʊ ʈ 52633.1ï2009 çɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʊʝʭʥʠʢʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʘʟ ʝʩʪʝʩʪʚʝʥʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘ-

ʟʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʚʳʩʦʢʦʥʘʜʝʞʥʦʡ ʙʠʦʤʝʪ-

ʨʠʯʝʩʢʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠè   

3 ɻʆʉʊ ʈ 52633.2ï2010 çɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʊʝʭʥʠʢʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʚʳʩʦʢʦʥʘʜʝʞʥʦʡ ʙʠʦʤʝʪʨʠʯʝ-

ʩʢʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠè.  

4 ɻʆʉʊ ʈ 52633.3ï2011 çɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʊʝʭʥʠʢʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʪʦʡʢʦʩʪʠ ʩʨʝʜʩʪʚ ʚʳʩʦʢʦʥʘʜʝʞʥʦʡ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʟʘʱʠʪʳ ʢ ʘʪʘʢʘʤ ʧʦʜʙʦʨʘè  

5 ɻʆʉʊ ʈ 52633.4ï2012 çɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʊʝʭʥʠʢʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ. ʀʥʪʝʨʬʝʡʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʝʡʨʦʩʝʪʝʚʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ 

ʙʠʦʤʝʪʨʠʷ-ʢʦʜè 

6 ɻʆʉʊ ʈ 52633.5ï2011 çɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʊʝʭʥʠʢʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʙʠʦʤʝʪ-

ʨʠʷ-ʢʦʜ ʜʦʩʪʫʧʘè 

7 ɻʆʉʊ ʈ 52633.6ï2012 çɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʊʝʭʥʠʢʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʠʥʜʠʢʘʮʠʠ ʙʣʠʟʦʩʪʠ ʧʨʝʜʲʷʚʣʝʥʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʦʙʨʘʟʫ "ʉʚʦʡ"è 
8 ɻʆʉʊ ʈ 52633.7ï2014 çɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʊʝʭʥʠʢʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ. ɺʳʩʦʢʦʥʘʜʝʞʥʘʷ ʤʫʣʴʪʠʙʠʦʤʝʪʨʠʯʝʩʢʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷè 

 

ʉʐɸ ʠ ʩʪʨʘʥʳ ɽʚʨʦʩʦʶʟʘ ʠʜʫʪ ʧʦ ʧʫʪʠ ʩʚʷʟʳʚʘʥʠʷ ʙʠʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʜʘʥʥʳʭ ʯʝʣʦʚʝʢʘ ʩ ʝʛʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤ ʢʣʶʯʦʤ ʯʝʨʝʟ ʧʨʠʤʝʥʝ-

ʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʥʝʯʝʪʢʠʭ ʵʢʩʪʨʘʢʪʦʨʦʚè [2ï7]. ʇʦ ʩʚʦʝʡ ʩʫʪʠ çʥʝ-

ʯʝʪʢʠʝ ʵʢʩʪʨʘʢʪʦʨʳè ʩʪʨʦʷʪʩʷ ʧʫʪʝʤ ʙʠʥʘʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ çʩʳʨʳʭè 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʦʰʠʙʦʢ ʢʚʘʥʪʦ-

ʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʠʟʙʳʪʦʯʥʳʤʠ ʢʦʜʘʤʠ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ ʦʰʠʙʦʢ. 

çʅʝʯʝʪʢʠʤ ʵʢʩʪʨʘʢʪʦʨʘʤè ʧʦʣʥʦʩʪʴʶ ʧʦʩʚʷʱʝʥ ʚʪʦʨʦʡ ʨʘʟʜʝʣ ʜʘʥʥʦʛʦ 

ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ.     

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ çʥʝʯʝʪʢʠʭ ʵʢʩʪʨʘʢʪʦʨʦʚè ʥʘ ʩʝ-

ʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʟʜʘʥʳ ʪʦʣʴʢʦ ʩʪʘʥʜʘʨʪʳ ʩʘʤʦʛʦ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ.  

ʇʦ ʫʨʦʚʥʶ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʫʧʘʶʪ ʦʪʝ-

ʯʝʩʪʚʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʙʠʦʤʝʪʨʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

ʅʘʟʚʘʥʠʷ ʠ ʥʦʤʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʧʨʠ-

ʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.2. 
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ʊʘʙʣʠʮʘ 1.2 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ 

 ̄ ʅʦʤʝʨ ʠ ʧʦʣʥʦʝ ʥʘʟʚʘʥʠʝ ʩʪʘʥʜʘʨʪʘ 

1 ISO/IEC 24745:2011 Information technology ï Security techniques ï  

Biometric information protection 

2 ISO/IEC 24761:2009  Information technology ï Security techniques ï  

Authentication context for biometrics 

3 ISO/IEC 19792:2009 Information technology. Security techniques. Security 

evaluation of biometrics 

 

ʈʦʣʴ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʫʜʥʦ ʧʝʨʝʦʮʝ-

ʥʠʪʴ. ʉʦʦʪʥʦʰʝʥʠʷ ʚʟʘʠʤʥʳʭ ʫʩʠʣʠʡ ʉʐɸ ʠ ʈʦʩʩʠʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 1.2. 

 

 

ʈʠʩ. 1.2. ʉʦʚʤʝʩʪʥʳʝ ʫʩʠʣʠʷ ʉʐɸ ʠ ʈʦʩʩʠʠ  

ʧʦ ʩʦʟʜʘʥʠʶ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ 

 

ʀʟ ʜʘʥʥʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʉʐɸ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʪʁ-

ʩʷ ʩʪʨʘʥʦʡ, ʣʠʜʠʨʫʶʱʝʡ ʧʦ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʧʘʩʧʦʨʪʥʦ-

ʚʠʟʦʚʦʛʦ ʢʦʥʪʨʦʣʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʈʦʩʩʠʡʩʢʠʡ ʧʘʩʧʦʨʪ  



13 

ʩ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʤʠʢʨʦʩʭʝʤʦʡ ʩʦʟʜʘʥ, ʦʧʠʨʘʷʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʪʘʥʜʘʨʪʳ, ʢʦʪʦʨʳʝ ʚ 90-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʨʘʟʨʘʙʘ-

ʪʳʚʘʣʠʩʴ ʢʘʢ ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʉʐɸ. ʆʜʥʘʢʦ ʙʠʦʤʝʪʨʠʶ ʧʘʩ-

ʧʦʨʪʥʦ-ʚʠʟʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʛʨʘʞʜʘʥ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʀʥʪʝʨʥʝʪ-

ʘʚʪʦʨʠʟʘʮʠʠ ʣʠʯʥʦʩʪʠ. 

ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʙʠʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʀʥʪʝʨʥʝʪ-ʘʚʪʦʨʠʟʘʮʠʠ. ɺ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ 

ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʈʦʩʩʠʠ, ʚʠʜʠʤʦ, ʙʫʜʫʪ ʚʟʷʪʳ ʟʘ ʦʩʥʦʚʫ ʧʨʠ ʩʦ-

ʟʜʘʥʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. ʊʨʝʪʠʡ ʨʘʟʜʝʣ ʜʘʥʥʦʛʦ ʧʦʩʦʙʠʷ ʮʝ-

ʣʠʢʦʤ ʧʦʩʚʷʱʝʥ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ ʙʠʦʤʝʪʨʠʠ ʚ ʢʦʜ ʢʣʶʯʘ ʜʦʩʪʫʧʘ. 
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ςȢρȢ ˎ̜̉̎́̑̎̆ ̜̍̏̎̏̓̏̎̎̆ ̋̃́̎̓̏̃́̓̆̌̉ Ⱥ̜̜̖̒̑Ȼ  
̘̖̂̉̏̍̆̓̑̉̆̒̋̉ ̐́̑́̍̆̓̑̏̃ 

ɹʠʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʷʪʩʷ ʥʘ ʩʢʘʥʠʨʦʚʘʥʠʠ ʙʠʦʤʝʪʨʠ-

ʯʝʩʢʠʭ ʦʙʨʘʟʦʚ ʯʝʣʦʚʝʢʘ ʠ ʠʟʚʣʝʯʝʥʠʠ ʠʟ ʥʠʭ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʦʩʪʫʧ ʥʦʩʠʪʝʣʶ ʦʙʨʘʟʘ çʉʚʦʡè ʢ ʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ 

ʨʝʩʫʨʩʫ, ʧʨʝʦʙʨʘʟʦʚʘʚ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ï i ʚ ʨʘʟʨʷʜʳ ʢʦʜʘ 

ʢʣʶʯʘ ʜʦʩʪʫʧʘ ï çʩiè. ɺʪʦʨʦʡ ʟʘʜʘʯʝʡ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʣʫʯʘʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ï i ʩʣʫʯʘʡʥʦʛʦ ʦʙʨʘʟʘ 

çʏʫʞʦʡè ʚ ʩʣʫʯʘʡʥʳʝ ʨʘʟʨʷʜʳ ʩʣʫʯʘʡʥʦʛʦ ʢʦʜʘ ï çʭiè. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʥʝʧʨʝʨʳʚʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʜʠʩʢʨʝʪʥʳʝ ʙʠʥʘʨʥʳʝ ʩʦ-

ʩʪʦʷʥʠʷ ʚ çʥʝʯʝʪʢʠʭ ʵʢʩʪʨʘʢʪʦʨʘʭè ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʨʦʛʦʚʳʤʠ ʬʫʥʢ-

ʮʠʷʤʠ ʙʠʥʘʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ: 

 
i i i

i i i

L "x "

L "c ".
  (2.1) 

ʇʨʦʩʪʝʡʰʠʝ ʙʠʥʘʨʥʳʝ ʢʚʘʥʪʦʚʘʪʝʣʠ (2.1) ʚʳʧʦʣʥʷʶʪ ʩʨʘʚʥʝʥʠʝ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʭ ʩʦ ʟʥʘʯʝʥʠʝʤ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʦʨʦʛʘ ï i. ʂʚʘʥ-

ʪʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʘʚʘʪʴ ʩʢʘʯʦʢ ʠʟ ʩʦʩʪʦʷʥʠʷ ç0è ʚ ʩʦʩʪʦʷʥʠʝ ç1è ʧʨʠ ʧʝ-

ʨʝʭʦʜʝ ʚʦʟʨʘʩʪʘʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ ʯʝʨʝʟ ʧʦʨʦʛ ï i. ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʠʥʚʝʨʩʥʳʭ ʢʚʘʥʪʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚʦʟʨʘʩʪʘʶʱʝʡ 

ʧʝʨʝʤʝʥʥʦʡ ʯʝʨʝʟ ʧʦʨʦʛ ï i ʜʘʶʪ ʠʥʚʝʨʩʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʡ ʠʟ 

ç1è ʚ ç0è.  ʅʘʩʪʨʦʡʢʘ ʢʘʞʜʦʛʦ ʢʚʘʥʪʦʚʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨʦʤ 

ʝʛʦ ʪʠʧʘ ʠ ʚʳʙʦʨʦʤ ʧʦʨʦʛʘ ʢʚʘʥʪʦʚʘʥʠʷ. ʎʝʣʴʶ ʥʘʩʪʨʦʡʢʠ ʢʚʘʥʪʦʚʘʪʝ-

ʣʝʡ ʷʚʣʷʝʪʩʷ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ ʵʥʪʨʦʧʠʠ ʨʘʟʨʷʜʦʚ ʢʦʜʘ 

çʉʚʦʡè ʧʨʠ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʵʥʪʨʦʧʠʠ ʩʦʩʪʦʷʥʠʡ ʨʘʟʨʷ-

ʜʦʚ ʢʦʜʘ çʏʫʞʦʡè:   

 
i

i
i

max( ("x ")) 1,0 ʙʠʪ
var( )

min( ("c ")) 0,0ʙʠʪ.

H

H
  (2.2) 

ʀʜʝʘʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʧʦʨʦʛʘ ʢʚʘʥʪʦʚʘʪʝʣʷ ʜʦʣʞʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʥʫ-

ʣʝʚʦʤʫ ʟʥʘʯʝʥʠʶ ʵʥʪʨʦʧʠʠ ʨʘʟʨʷʜʘ ʢʦʜʘ çʉʚʦʡè. 
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i

i
i

max(H("x ")) 1,0 ʙʠʪ
var( )

H("c ") 0,0ʙʠʪ.
  (2.3) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʨʦʜʘ (ʦʪʢʘʟ ʚ ʜʦʩʪʫʧʝ 

çʉʚʦʝʤʫè) ʩʪʘʥʦʚʠʪʩʷ ʥʫʣʝʚʦʡ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʙʠʦʤʝʪʨʠʷ-ʢʦʜ ʙʝʟʦʰʠ-

ʙʦʯʥʦ ʫʟʥʘʝʪ ʦʙʨʘʟ çʉʚʦʡè, ʦʙʝʩʧʝʯʠʚʘʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʵʥʪʨʦʧʠʠ ʜʣʷ ʢʦʜʦʚ çʏʫʞʦʡè. ʇʦʷʩʥʠʤ ʧʨʦʮʝʜʫʨʫ ʥʘʩʪʨʦʡʢʠ ʦʜʥʦ-

ʧʦʨʦʛʦʚʳʭ ʢʚʘʥʪʦʚʘʪʝʣʝʡ ʨʠʩ. 2.1. 

 

 

ʈʠʩ. 2.1. ʆʜʥʦʩʪʦʨʦʥʥʝʝ ʚʳʜʝʣʝʥʠʝ ʦʙʨʘʟʘ çʉʚʦʡè  

ʩʦʩʪʦʷʥʠʝʤ ç1è ʧʦ ʧʦʨʦʛʫ  

 

ʆʙʳʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ çʉʚʦʡè ʤʥʦʛʦ ʫʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʘʥʥʳʭ çɺʩʝ ʏʫʞʠʝè. ʅʘ ʩʢʦʣʴʢʦ ʫʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ çʉʚʦʡè, ʟʘʚʠʩʠʪ ʦʪ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ. ʅʘ ʩʝʛʦʜʥʷʰ-

ʥʠʡ ʜʝʥʴ ʩʘʤʳʤʠ ʩʪʘʙʠʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʨʠʩʫʥʢʘ ʨʘʜʫʞʥʦʡ 

ʦʙʦʣʦʯʢʠ ʛʣʘʟʘ [2]. ɼʘʥʥʳʝ ʨʠʩ. 2.1 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʫʢʦʧʠʩʥʦʤʫ ʧʦʯʝʨ-

ʢʫ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʘ çʉʚʦʡè ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʠ-
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ʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ ʤʝʥʴʰʝ ʚʘʨʠʘʮʠʡ ʪʦʛʦ ʞʝ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʜʣʷ ʦʙʨʘʟʦʚ çɺʩʝ ʏʫʞʠʝè.  

ʊʘʢ ʢʘʢ ʧʝʨʚʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʝʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʙʠʦʤʝʪ-

ʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ çʉʚʦʡè, ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʧʦʨʦʛʘ ï  ʚʳʙʠʨʘʶʪ ʤʘʢʩʠʤʫʤ 

ʠʣʠ ʤʠʥʠʤʫʤ ʟʥʘʯʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ çʉʚʦʡè. ɺʳʙʦʨ ʦʩʫ-

ʱʝʩʪʚʣʷʶʪ, ʠʩʭʦʜʷ ʠʭ ʙʣʠʟʦʩʪʠ ʧʨʘʚʦʡ ʠʣʠ ʣʝʚʦʡ ʛʨʘʥʠʮʳ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ çʉʚʦʡè ʢ ʮʝʥʪʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ çɺʩʝ ʏʫʞʠʝè. ʏʝʤ ʙʣʠʞʝ ʛʨʘʥʠʮʘ 

çʉʚʦʡè ʚ ʮʝʥʪʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʦʙʨʘʟʦʚ çɺʩʝ ʏʫʞʠʝè, ʪʝʤ 

ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʜʘʥʥʳʭ çʏʫʞʠʝè. 

ʀʟ ʨʠʩ. 2.1 ʚʠʜʥʦ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥ-

ʥʳʭ çʉʚʦʡè ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ ʥʦʨʤʘʣʴʥʳʤʠ ʟʘʢʦʥʘʤʠ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʧʦʨʦʛʦʚ ʢʚʘʥʪʦʚʘʪʝʣʝʡ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴ-

ʩʷ ʛʠʧʦʪʝʟʦʡ ʥʦʨʤʘʣʴʥʦʩʪʠ, ʩʯʠʪʘʷ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʜʘʥʥʳʝ çʉʚʦʡè 

ʧʦʧʘʜʘʶʪ ʚ ʠʥʪʝʨʚʘʣ [E( ) ï 3 ( ); E( ) + 3 ( )], ʪ.ʝ. ʜʣʷ ʥʘʩʪʨʦʡʢʠ 

ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʘ ʢʚʘʥʪʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʜʘʥʥʳʭ çʉʚʦʡè ï ( ), ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʜʘʥʥʳʭ 

çʉʚʦʡè ï E( ), ʘ ʪʘʢʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʜʘʥʥʳʭ çɺʩʝ ʏʫʞʠʝè ï 

ɽ(), ʢʦʪʦʨʦʝ ʦʙʳʯʥʦ ʦʢʘʟʳʚʘʝʪʩʷ ʥʫʣʝʚʳʤ ɽ() = 0. 

 

 

ςȢςȢ ˪̠̎̓̑̏̐̉ ̘̖̂̉̏̍̆̓̑̉̆̒̋̉ ̋̏̅̏̃ Ⱥˤ̔̇̏̊Ȼ 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʫʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ çʉʚʦʡè ʧʨʠ 

ʥʘʩʪʨʦʡʢʝ ʢʚʘʥʪʦʚʘʪʝʣʝʡ ʥʫʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʦʪʚʝʨʞʝ-

ʥʠʷ çʏʫʞʠʭè (ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʥʪʨʦʧʠʠ ʢʦʜʦʚ çɺʩʝ ʏʫʞʠʝè).  ɺ ʵʪʦʤ 

ʦʪʥʦʰʝʥʠʠ ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʘʣʛʦʨʠʪʤ ʥʘʩʪʨʦʡʢʠ ʢʚʘʥʪʦʚʘʪʝʣʝʡ çʥʝʯʝʪ-

ʢʠʭ ʵʢʩʪʨʘʢʪʦʨʦʚè ʚʝʩʴʤʘ ʢʦʥʩʪʨʫʢʪʠʚʝʥ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʠʟ ʢʚʘʥʪʦʚʘʪʝ-

ʣʝʡ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ. ʆʮʝʥʠʪʴ ʵʥʪʨʦʧʠʶ i-ʛʦ ʨʘʟʨʷʜʘ ʧʦʩʣʝ 

ʥʘʩʪʨʦʡʢʠ ʤʦʞʥʦ ʧʦ ʐʝʥʥʦʥʫ ʯʝʨʝʟ ʫʯʝʪ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʷʚʣʝʥʠʷ ʢʦ-

ʨʦʪʢʦʛʦ ʘʣʬʘʚʠʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʚʩʝʛʦ ʠʟ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ ç0è ʠ ç1è: 

 i i 2 i i 2 iʅ("x ") P("0 ") log (P("0 ")) P("1") log (P("1")).  (2.4) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʳ ʥʝ ʚʩʪʨʝʪʠʤ ʧʨʦʙʣʝʤ ʠ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʩʦʚ-

ʤʝʩʪʥʦʡ ʵʥʪʨʦʧʠʠ ʜʚʫʭ ʨʘʟʨʷʜʦʚ ʙʠʦʢʦʜʘ, ʪʘʢ ʢʘʢ ʘʣʬʘʚʠʪ ʠʭ ʚʦʟʤʦʞ-

ʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʩʪʘʝʪʩʷ ʢʦʨʦʪʢʠʤ:  

 
4

1 2 i 1 2 2 i 1 2
i 1

ʅ("x ,x ") P("x ,x ") log (P("x ,x ")).  (2.5) 

ʇʨʦʙʣʝʤʳ ʚʳʯʠʩʣʝʥʠʷ ʵʥʪʨʦʧʠʠ ʧʦ ʐʝʥʥʦʥʫ ʥʘʯʠʥʘʶʪʩʷ ʜʣʷ ʙʠʦ-

ʢʦʜʦʚ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʨʘʟʨʷʜʦʚ. ʊʘʢ ʙʠʦʢʦʜ, ʧʦʣʫʯʝʥʥʳʡ ɼʘʫʛʤʘʥʦʤ [2] 
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ʠʟ ʨʠʩʫʥʢʘ ʨʘʜʫʞʥʦʡ ʦʙʦʣʦʯʢʠ ʛʣʘʟʘ, ʠʤʝʝʪ 2048 ʨʘʟʨʷʜʦʚ. ɼʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʵʥʪʨʦʧʠʶ ʩʪʦʣʴ ʜʣʠʥʥʦʛʦ ʢʦʜʘ, ʧʨʠʜʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʦʧʳʪʦʚ. ɿʘʜʘʯʘ ʚʳʯʠʩʣʝʥʠʷ ʵʥʪʨʦʧʠʠ ʧʦ ʐʝʥʥʦʥʫ ʢʦ-

ʜʦʚ ʜʣʠʥʦʡ 2048 ʙʠʪ: 

20482

1 2 2048 i 1 2 2048
i 1

ʅ("x ,x ,...,x ") P("x ,x ,...,x ")  

 2 i 1 2 2048log (P ("x ,x ,...,x ")),  (2.6) 

ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʥʝ ʚʳʧʦʣʥʠʤʦʡ. 

ʆʙʦʡʪʠ ʧʨʦʙʣʝʤʫ ʚʳʯʠʩʣʝʥʠʷ ʵʥʪʨʦʧʠʠ ʜʣʠʥʥʳʭ ʢʦʜʦʚ ʫʜʘʝʪʩʷ, 

ʝʩʣʠ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʦʮʝʜʫʨ ʐʝʥʥʦʥʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʧʦʠʩʢ ʨʝʜʢʠʭ 

ʩʦʙʳʪʠʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʠʩʭʦʜʥʳʭ ʢʦʜʦʚ.  ʅʝʦʙʭʦʜʠ-

ʤʦ ʦʪ ʥʘʙʣʶʜʝʥʠʷ ʨʝʜʢʠʭ ʩʦʙʳʪʠʡ ʧʝʨʝʡʪʠ ʢ ʧʨʝʜʩʢʘʟʘʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ 

ʠʭ ʧʦʷʚʣʝʥʠʷ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʧʝʨʝʡʜʝʤ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʦʜʦʚ çɺʩʝ ʏʫ-

ʞʠʝè ï"x"  ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʤʝʞʜʫ ʢʦʜʦʤ ʘʫʪʝʥʪʠ-

ʬʠʢʘʮʠʠ çʉʚʦʡè ʠ ʢʦʜʘʤʠ çɺʩʝ ʏʫʞʠʝè: 

 
2048

i i
i 1

h("x") "x " "c " .  (2.7) 

ʇʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʤʝʞʜʫ ʢʦʜʦʤ ʘʫʪʝʥ-

ʪʠʬʠʢʘʮʠʠ çʉʚʦʡè ʠ ʢʦʜʘʤʠ çɺʩʝ ʏʫʞʠʝè ʜʘʥ ʥʘ ʨʠʩ. 2.2 ʜʣʷ ʢʦʜʦʚ ʜʣʠ-

ʥʦʡ 2048 ʙʠʪ. ʂʦʨʨʝʢʪʥʦ ʥʘʩʪʨʦʝʥʥʳʝ ʢʚʘʥʪʦʚʘʪʝʣʠ ʚʩʝʛʜʘ ʜʘʶʪ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ  

ʜʦ ʢʦʜʦʚ çɺʩʝ ʏʫʞʠʝè ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ, ʨʘʚʥʳʤ ʧʦʣʦʚʠʥʝ 

ʜʣʠʥʳ ʙʠʦʢʦʜʘ. 

 

 

ʈʠʩ. 2.2. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʤʝʞʜʫ ʢʦʜʦʤ çʉʚʦʡè  

ʠ çɺʩʝ ʏʫʞʠʝè, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʢʦʜʦʤ çʉʚʦʡè ʠ ʦʰʠʙʦʯʥʳʤʠ ʢʦʜʘʤʠ çʉʚʦʡè 



18 

ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʢʚʘʥʪʦʚʘʪʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ 

çʉʚʦʡè ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɽʩʣʠ ʦʙʫʯʘʪʴ çʥʝ-

ʯʝʪʢʠʡ ʵʢʩʪʨʘʢʪʦʨè ʥʘ 20 ʧʨʠʤʝʨʘʭ ʦʙʨʘʟʘ çʉʚʦʡè, ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʦʰʠʙʢʘ ʚʳʯʠʩʣʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʧʘʨʘʤʝʪʨʘ ʩ ʚʳʩʦʢʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʦʩʪʘʚʠʪ ʧʨʠʤʝʨʥʦ 20 %. ʇʨʠʤʝʨʥʦ ʪʘʢʠʝ ʞʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʣʫʯʘʶʪʩʷ ʠ ʧʨʠ ʦʮʝʥʢʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʜʘʥʥʳʭ 

çʉʚʦʡè. 

ʀʟ-ʟʘ ʤʘʣʦʛʦ ʯʠʩʣʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʦʙʫʯʝʥʠʠ ʧʨʠʤʝʨʦʚ ʦʙʨʘʟʘ 

çʉʚʦʡè ʥʝ ʫʜʘʝʪʩʷ ʪʦʯʥʦ ʥʘʩʪʨʦʠʪʴ ʢʚʘʥʪʦʚʘʪʝʣʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʙʠʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʢʦʜʳ-ʦʪʢʣʠʢʠ ʥʘ ʦʙʨʘʟ 

çʉʚʦʡè ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʢʦʜʦʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ çʉʚʦʡè. ʅʘ ʨʠʩ. 2.2 ʵʪʘ 

ʩʠʪʫʘʮʠʷ ʦʪʦʙʨʘʞʝʥʘ ʧʦʷʚʣʝʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ 

ʤʝʞʜʫ ʢʦʜʦʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ çʉʚʦʡè ʠ ʦʰʠʙʦʯʥʳʤʠ ʢʦʜʘʤʠ çʉʚʦʡè. 

ʆʙʳʯʥʦ ʦʰʠʙʢʠ ʢʦʜʦʚ çʉʚʦʡè ʚ çʥʝʯʝʪʢʠʭ ʵʢʩʪʨʘʢʪʦʨʘʭè ʧʨʘʚʷʪ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʠʟʙʳʪʦʯʥʳʤʠ ʩʘʤʦʢʦʨʨʝʢʪʠʨʫʶʱʠʤʠʩʷ ʢʦʜʘʤʠ [8ï10]. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 97 % ʥʝʚʝʨʥʳʭ ʙʠʪ ʙʠʦʢʦʜʘ ʥʝ ʙʫʜʫʪ ʧʨʝʚʳʰʘʪʴ ʟʥʘ-

ʯʝʥʠʷ 300 ʙʠʪ ʠ ʙʫʜʫʪ ʧʨʘʚʠʪʴʩʷ ʟʘ ʩʯʝʪ ʠʟʙʳʪʦʯʥʦʩʪʠ ʩʘʤʦʢʦʨʨʝʢʪʠʨʫ-

ʶʱʠʤʩʷ ʢʦʜʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʚʪʦʨʦʛʦ ʨʦʜʘ çʥʝʯʝʪ-

ʢʦʛʦ ʵʢʩʪʨʘʢʪʦʨʘè ʩʦʩʪʘʚʠʪ 

 
2300

2 2

1 (E(h("x") u)
P exp du

(h("x")) 2 2 (h("x"))
.  (2.8) 

ɿʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʤʳ ʤʦʞʝʤ ʦʮʝʥʠʪʴ ʵʥʪʨʦ-

ʧʠʶ ʢʦʜʦʚ ʜʣʠʥʦʡ 2048 ʙʠʪ: 

 1 2 2048 2 2ʅ("x ,x ,...,x ") log (P ).  (2.9) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ (2.8) ʠ (2.9) ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʤʠʣʣʠʘʨʜʳ ʙʠʦʢʦʜʦʚ çʏʫʞʠʝè. ɺʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ 200 ʢʦʜʦʚ 

çɺʩʝ ʏʫʞʠʝè. ʕʪʠʭ ʜʘʥʥʳʭ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ çɺʩʝ ʏʫʞʠʝè ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʦ-

ʨʷʜʢʘ 5 %. 

 

 

ςȢσȢ ˜̑̉̍̆̎̆̎̉̆ ̘̖̋̌́̒̒̉̆̒̋̉ ̋̏̅̏̃ ̒ ̜̘̝̟̉̈̂̓̏̎̏̒̓ 
̠̅̌ ̋̏̑̑̆̋̓̉̑̏̃̋̉ ̘̖̂̉̏̍̆̓̑̉̆̒̋̉ ̙̏̉̂̏̋ 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʣʠʥʘ ʢʣʶʯʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʘʫʪʝʥ-

ʪʠʬʠʢʘʮʠʠ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʦʡ. ʊʘʢ ʜʣʠʥʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 
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ʢʣʶʯʘ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʧʦ ʦʪʝʯʝʩʪʚʝʥʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ 28147ï89 

ʩʦʩʪʘʚʣʷʝʪ 256 ʙʠʪ, ʪʘʢʫʶ ʞʝ ʜʣʠʥʫ ʢʣʶʯʘ ʠʩʧʦʣʴʟʫʝʪ ɻʆʉʊ ʈ 34.10ï94 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʙʠʦʢʦʜ ɼʘʫʛʤʘ-

ʥʘ [2] ʜʣʠʥʦʡ 2048 ʙʠʪ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʚʦʩʝʤʴ ʨʘʟ ʜʣʠʥʥʝʝ ʢʦʜʘ ʢʣʶʯʘ ʜʦ-

ʩʪʫʧʘ. ʉʣʝʜʫʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʵʪʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʦʰʠʙʦʢ ʚ ʙʠʦʢʦʜʝ. ʆʙʱʠʡ ʧʨʠʥʮʠʧ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʦʰʠʙʦʢ ʠʟʙʳʪʦʯʥʳʤʠ ʢʦʜʘʤʠ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʠʩ. 2.3. 

 

ʇʦʚʪʦʨʝʥʠʝ 1* 1 0 1* 1 0 1 1 

0 0* 0 0 1 1* 1 0* 

0 1 0 0 1 1* 1 1 

0 1 0 0 0* 0 1 1 

1* 1 0 0 1 0 0* 0* 

ʀʊʆɻʆ 0 1 0 0 1 0 1 1 

 

ʈʠʩ. 2.3. ʆʙʥʘʨʫʞʝʥʠʝ ʦʰʠʙʦʢ ʠ ʠʭ ʠʩʧʨʘʚʣʝʥʠʝ ʧʨʦʩʪʝʡʰʠʤ ʢʦʜʦʤ  

ʩ ʧʷʪʠʢʨʘʪʥʳʤ ʜʫʙʣʠʨʦʚʘʥʠʝʤ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʦʛʦ ʨʠʩʫʥʢʘ, ʧʨʦʩʪʝʡʰʠʡ ʢʦʜ ʩ ʧʷʪʠʢʨʘʪʥʳʤ 

ʜʫʙʣʠʨʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʜʣʠʥʦʡ 5 Ĭ 8 = 40 ʙʠʪ ʩʧʦʩʦʙʝʥ ʧʨʘʚʠʪʴ  

ʜʦ ʜʚʫʭ ʦʰʠʙʦʢ ʚ ʢʘʞʜʦʤ ʠʟ ʚʦʩʴʤʠ ʩʪʦʣʙʮʦʚ, ʪ.ʝ. ʢʦʜ ʧʨʘʚʠʪ  

ʜʦ 16 ʦʰʠʙʦʢ (ʜʦ 40 %) ʧʨʠ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚ 400 %. ʂʦʜ ʩʪʨʦʠʪʩʷ ʥʘ ʘʥʘ-

ʣʠʟʝ ʯʘʩʪʦʪʳ ʧʦʷʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ç0è ʠ ç1è ʚ ʩʪʦʣʙʮʘʭ. ɺʝʨʥʳʤ ʩʯʠʪʘ-

ʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʨʘʟʨʷʜʦʚ ʚ ʩʪʦʣʙʮʝ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʢʦʜ ʥʝ ʩʧʦʩʦʙʝʥ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʧʨʘʚʠʪʴ ʪʨʠ ʠ ʙʦʣʝʝ 

ʦʰʠʙʦʢ ʚ ʦʜʥʦʤ ʩʪʦʣʙʮʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʝʛʦ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ. 

ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʦʩʣʘʙʣʷʝʪʩʷ, ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ 

ʢʦʜʘʤʠ ʩ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʧʨʘʚʠʣʘʤʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʦʰʠʙʦʢ [8ï10]. ʆʙʳʯʥʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʘʤʦʢʦʨʨʝʢʪʠʨʫʶʱʠʝʩʷ ʢʦʜʳ 

ʠʤʝʶʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʯʘʩʪʴ ʠ ʠʟʙʳʪʦʯʥʫʶ ʯʘʩʪʴ, 

ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʢʦʜʦʚ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.4. 
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ʈʠʩ 2.4. ɺʚʦʜ ʠ ʫʩʪʨʘʥʝʥʠʝ ʠʟʙʳʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ  

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʘʤʦʢʦʨʨʝʢʪʠʨʫʶʱʠʭʩʷ ʢʦʜʦʚ 

 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʘʚʠʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ 

ʚʩʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʘʤʦʢʦʨʨʝʢʪʠʨʫʶʱʠʝʩʷ ʢʦʜʳ ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʡ ʠʟʙʳ-

ʪʦʯʥʦʩʪʠ ʠ ʥʝ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʨʘʚʣʷʪʴ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʦʰʠʙʦʢ  

ʚ ʢʦʜʝ. ɼʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 4 % ʦʰʠʙʦʢ ʪʨʝʙʫʝʪʩʷ 50 % ʠʟʙʳʪʦʯʥʦʩʪʠ 

ʢʦʜʘ. ɼʣʷ ʧʦʣʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 6 % ʦʰʠʙʦʢ ʚ ʣʶʙʦʡ ʠʭ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʢʦʜ ʩʦ 100 % ʠʟʙʳʪʦʯʥʦʩʪʠ. ʈʘʟʤʝʨ ʠʟʙʳʪʦʯʥʦʡ ʯʘ-

ʩʪʠ ʢʦʜʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʯʠʩʣʘ ʦʙʥʘʨʫ-

ʞʠʚʘʝʤʳʭ ʠ ʠʩʧʨʘʚʣʷʝʤʳʭ ʦʰʠʙʦʢ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʘʚʠʪʴ ʧʦʨʷʜʢʘ  

50 % ʦʰʠʙʦʢ, ʩʘʤʦʢʦʨʨʝʢʪʠʨʫʶʱʠʡʩʷ ʢʦʜ ʜʦʣʞʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦ-

ʩʪʴʶ ʩʦʩʪʦʷʪʴ ʠʟ ʠʟʙʳʪʦʯʥʦʡ ʯʘʩʪʠ, ʠʤʝʷ ʦʯʝʥʴ ʢʦʨʦʪʢʫʶ ʠʥʬʦʨʤʘʪʠʚ-

ʥʫʶ ʯʘʩʪʴ.  

ʂʨʦʤʝ ʪʦʛʦ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʘʤʦʢʦʨʨʝʢʪʠʨʫʶʱʠʝʩʷ ʢʦʜʳ ʩʪʨʦʠʣʠʩʴ 

ʜʣʷ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʛʜʝ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʛʠʧʦʪʝʟʘ ʨʘʚʥʦʚʝʨʦʷʪʥʦʛʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ. ɼʣʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʜʦʚ ʛʠʧʦʪʝʟʘ ʨʘʚʥʦʚʝʨʦʷʪ-

ʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʨʘʟʨʷʜʘʭ ʥʝ ʨʘʙʦʪʘʝʪ. ʂʚʘʥʪʦʚʘʥʠʝ ʙʠʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʪʘʙʠʣʴʥʳʭ ʠ 

ʥʝʩʪʘʙʠʣʴʥʳʭ ʨʘʟʨʷʜʦʚ ʩʦ ʩʪʨʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ. ʀʥʬʦʨ-

ʤʘʮʠʶ ʦ ʧʦʢʘʟʘʪʝʣʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʨʘʟʨʷʜʦʚ ʢʦʜʘ çʉʚʦʡè 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʘʤʦʢʦʨʨʝʢʪʠʨʫʶʱʠʝʩʷ ʢʦʜʳ ʥʝ ʩʧʦʩʦʙʥʳ ʫʯʠʪʳʚʘʪʴ, ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʭ ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʩʪʫʧʘʝʪ ʥʝʡʨʦʩʝʪʝʚʳʤ 

ʢʦʨʨʝʢʪʦʨʘʤ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʰʠʙʦʢ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʥʝʡʨʦʩʝʪʝʚʳʭ 

ʢʦʨʨʝʢʪʦʨʦʚ ʦʙʫʩʣʦʚʣʝʥ rʪʝʤ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ 

ʩʧʦʩʦʙʥʳ ʫʯʠʪʳʚʘʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʧʦʢʘʟʘʪʝʣʴ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʨ-

ʨʝʢʪʠʨʫʝʤʳʭ ʨʘʟʨʷʜʦʚ. 
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ςȢτȢ ˗̗̠̏̍̐̑̏̍̆̓́̉ ̘̖̂̉̏̍̆̓̑̉̆̒̋̉ ̜̖̅́̎̎ ̏̂̑́̈́ 
Ⱥ˞̃̏̊Ȼ ̃ ̐̑̏̒̓̑́̎̒̓̃̆ ̠̑́̒̒̓̏̎̉̊ ˢ̞̍̍̉̎̄́  

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ ʷʚʣʷʝʪʩʷ ʪʘʡʥʘ ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʦʙʨʘʟʘ çʉʚʦʡè. 

ʇʨʦʱʝ ʚʩʝʛʦ ʩʦʭʨʘʥʠʪʴ ʚ ʪʘʡʥʝ ʜʘʥʥʳʝ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ çʉʚʦʡè, 

ʨʘʟʤʝʩʪʠʚ ʠʭ ʚ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʩʨʝʜʩʪʚ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʘʫʪʝʥʪʠʬʠʢʘ-

ʮʠʠ ʠ ʠʩʢʣʶʯʠʚ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʜʦʩʪʫʧʘ ʢ çʥʝʯʝʪʢʦʤʫ ʵʢʩ-

ʪʨʘʢʪʦʨʫè. ʇʦʜʦʙʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʦʨʦʞʝ ʧʨʦʛʨʘʤʤʥʦʡ ʟʘʱʠʪʳ 

çʥʝʯʝʪʢʠʭ ʵʢʩʪʨʘʢʪʦʨʦʚè, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʠʦʤʝʪʨʠʯʝʩʢʘʷ ʠ ʢʨʠʧʪʦʛʨʘ-

ʬʠʯʝʩʢʘʷ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪ ʠʩʩʣʝʜʦʚʘ-

ʥʠʶ ʚʦʧʨʦʩʦʚ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ 

çʥʝʯʝʪʢʠʭ ʵʢʩʪʨʘʢʪʦʨʦʚè. 

ʀʟ ʪʝʦʨʠʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʨʘʪʥʳʝ ʟʘʜʘʯʠ ʚʩʝʛʜʘ ʥʘʤʥʦʛʦ ʩʣʦʞʥʝʝ 

ʧʨʷʤʳʭ ʟʘʜʘʯ, ʪ.ʝ. ʥʘʩʪʨʦʠʪʴ ʢʚʘʥʪʦʚʘʪʝʣʠ çʥʝʯʝʪʢʦʛʦ ʵʢʩʪʨʘʢʪʦʨʘè ʠ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʜʣʷ ʥʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʘʤʦʢʦʨʨʝʢʪʠʨʫʶʱʠʡʩʷ ʢʦʜ 

ʤʥʦʛʦ ʧʨʦʱʝ, ʯʝʤ ʠʟʚʣʝʯʴ ʜʘʥʥʳʝ ʠʟ ʥʘʩʪʨʦʝʥʥʦʛʦ çʥʝʯʝʪʢʦʛʦ ʵʢʩʪʨʘʢ-

ʪʦʨʘè. 

ʇʦʧʳʪʘʝʤʩʷ ʦʮʝʥʠʪʴ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʠʟʚʝʩʪ-

ʥʦʛʦ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ çʉʚʦʡè, ʝʩʣʠ ʠʟʚʝʩʪʝʥ ʙʠʦʤʝʪʨʠʯʝʩʢʠʡ 

ʢʦʜ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ çʉʚʦʡè. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʤʦʞʝʤ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʟʙʳʪʦʯʥʫʶ ʯʘʩʪʴ ʩʘʤʦʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦʩʷ ʢʦʜʘ çʉʚʦʡè ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʡʪʠ ʢʦʜʳ-ʦʪʢʣʠʢʠ ʪʝʩʪʦʚʦʡ ʙʘʟʳ ʦʙʨʘʟʦʚ çʏʫʞʠʝè. 

ɺ ʠʪʦʛʝ ʤʳ ʧʦʣʫʯʠʤ ʛʠʩʪʦʛʨʘʤʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ 

ʤʝʞʜʫ ʢʦʜʘʤʠ çʉʚʦʡè ʠ çʏʫʞʠʝè (ʨʠʩ. 2.5). ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʪʝ-

ʩʪʦʚʦʡ ʙʘʟʳ ʧʨʠʤʝʨʥʦ ʠʟ 10 000 ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ çʏʫʞʦʡè. 

 

 

ʈʠʩ. 2.5. ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʝʣʝʢʮʠʠ ʦʙʨʘʟʦʚ çʏʫʞʦʡè, 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʭ ʢ ʦʙʨʘʟʫ çʉʚʦʡè 
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ʆʙʳʯʥʳʝ ʜʣʷ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ ʧʦʟ-

ʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʨʷʜʢʘ 100 ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ ʚ 

ʩʝʢʫʥʜʫ, ʪ.ʝ. ʛʠʩʪʦʛʨʘʤʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʫʜʘʩʪʩʷ 

ʧʦʣʫʯʠʪʴ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ ʠʥʪʝʨʚʘʣ ʚ 15 ʤʠʥ. ɼʘʣʝʝ ʤʳ ʤʦʞʝʤ ʦʪʩʦʨʪʠ-

ʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʚʳʙʨʘʚ ʠʟ ʥʠʭ 5 % ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʭ ʢʦʜʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 500 ʦʙʨʘʟʦʚ çʏʫʞʦʡè, ʥʘʠʙʦʣʝʝ ʧʦʭʦʞʠʭ ʥʘ ʦʙʨʘʟ 

çʉʚʦʡè. ɺ ʠʪʦʛʝ ʤʳ ʧʦʣʫʯʘʝʤ ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ, ʙʣʠʟʢʠʭ 

ʢ ʦʙʨʘʟʫ çʉʚʦʡè. ʅʘ ʨʠʩ. 2.5 ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ 5 % ʢʦʜʦʚ ʧʦʤʝʯʝʥʳ ʪʝʤ-

ʥʦʡ ʟʘʣʠʚʢʦʡ ʥʘ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ çʏʫ-

ʞʠʝè.   

ʀʤʝʷ 500 ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ ʨʦʜʠʪʝʣʝʡ ï ʙʣʠʟʢʠʡ çʏʫʞʦʡè, 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʧʦʢʦʣʝʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʝʱʝ ʙʦʣʝʝ ʙʣʠʟʢʠʭ 

ʦʙʨʘʟʦʚ çʏʫʞʦʡè, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʧʨʦʮʝʜʫʨʘʤʠ ʩʢʨʝʱʠʚʘʥʠʷ ʦʙʨʘʟʦʚ 

ʨʦʜʠʪʝʣʝʡ ʠ ʧʦʣʫʯʝʥʠʷ ʦʪ ʥʠʭ ʧʦʪʦʤʢʦʚ. ʇʨʦʮʝʜʫʨʳ ʩʢʨʝʱʠʚʘʥʠʷ ʙʠʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ ʨʦʜʠʪʝʣʝʡ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ɻʆʉʊ ʈ 52633.2ï2010 

(ʩʤ. ʪʘʙʣ. 1.1). ʇʨʦʩʪʝʡʰʠʤ ʚʘʨʠʘʥʪʦʤ ʩʢʨʝʱʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʦʜʥʦʛʦ ʧʦʪʦʤʢʘ, ʦʜʠʥʘʢʦʚʦ ʧʦʭʦʞʝʛʦ ʥʘ ʩʚʦʠʭ ʨʦʜʠʪʝʣʝʡ, ʢʦʛʜʘ ʙʠʦʤʝʪ-

ʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʘ ʧʦʪʦʤʢʘ ʧʦʣʫʯʘʶʪ, ʩʢʣʘʜʳʚʘʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʦʚ ʨʦʜʠʪʝʣʝʡ ʚ ʨʘʚʥʦʡ ʧʨʦʧʦʨʮʠʠ. ʀʟ 500 ʠʩʭʦʜʥʳʭ ʦʙʨʘ-

ʟʦʚ ʵʪʦʪ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 500! ʚʘʨʠʘʥʪʦʚ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘ-

ʟʦʚ ʧʦʪʦʤʢʦʚ. ʇʨʠ ʨʘʟʤʥʦʞʝʥʠʠ ʦʙʨʘʟʦʚ ʧʦʪʦʤʢʦʚ ʧʦʣʫʯʘʝʪʩʷ ʥʦʚʦʝ ʧʦ-

ʢʦʣʝʥʠʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʙʣʠʞʝ  

ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʘʩʩʪʦʷʥʠʡ ʢʦʜʦʚ çʉʚʦʡè (ʩʤ. ʨʠʩ. 2.5).  

ɼʦʩʪʘʪʦʯʥʦ ʨʘʙʦʪʳ ʦʙʳʯʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʚ ʪʝʯʝʥʠʝ 

ʧʨʠʤʝʨʥʦ 30 ʤʠʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʪʦʨʦʝ ʧʦʢʦʣʝʥʠʝ ʩʠʥʪʝʪʠ-

ʯʝʩʢʠʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ, ʧʨʠ ʵʪʦʤ ʥʝʩʢʦʣʴʢʦ ʠʟ ʦʙʨʘʟʦʚ ʩʣʝʜʫ-

ʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʙʫʜʫʪ ʜʘʚʘʪʴ ʙʠʦʢʦʜ, ʪʦʯʥʦ ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʙʠʦʢʦʜʦʤ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ɽʩʣʠ ʵʪʦʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʪʦ ʥʫʞʥʦ ʧʦʚʪʦʨʠʪʴ ʧʨʦʮʝ-

ʜʫʨʫ ʩʝʣʝʢʮʠʠ ʠ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʝʱʝ ʙʦʣʝʝ ʙʣʠʟʢʦʝ ʧʦʢʦʣʝʥʠʝ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ çʇʦʯʪʠ ʉʚʦʡè. 

 

 

ςȢυȢ ˗̗̠̏̍̐̑̏̍̆̓́̉ ̋̏̅́ Ⱥ˞̃̏̊Ȼ  
̃ ̐̑̏̒̓̑́̎̒̓̃̆ ̠̑́̒̒̓̏̎̉̊ ˢ̞̍̍̉̎̄́ 

ʇʨʠʚʝʜʝʥʥʘʷ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ ʧʨʦʮʝʜʫʨʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ çʉʚʦʡè ʧʦ ʢʦʜʫ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʤʥʦʛʠʤʠ ʘʥ-

ʛʣʦʷʟʳʯʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʥʝ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʩʝʨʴʝʟʥʦ. ʅʝʜʦʚʝʨʠʝ  

ʢ ʧʦʜʦʙʥʳʤ ʧʨʦʮʝʜʫʨʘʤ ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʤ, ʯʪʦ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʥʝ ʤʦʞʝʪ 
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ʟʘʨʘʥʝʝ ʟʥʘʪʴ ʢʦʜ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ɽʩʣʠ ʞʝ ʦʥ ʟʥʘʝʪ ʢʦʜ ʘʫʪʝʥʪʠʬʠʢʘ-

ʮʠʠ, ʪʦ ʦʥ ʠʤ ʚʦʩʧʦʣʴʟʫʝʪʩʷ ʥʘʧʨʷʤʫʶ. ʇʨʠ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʥʥʦʤ ʢʦʜʝ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʥʝʪ ʩʤʳʩʣʘ ʚʳʧʦʣʥʷʪʴ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʘ 

çʉʚʦʡè. ɼʣʷ ʯʠʩʪʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʧʦʜʦʙʥʘʷ ʘʨʛʫʤʝʥʪʘʮʠʷ ʚʝʨʥʘ, ʜʣʷ 

ʩʪʳʢʘ ʙʠʦʤʝʪʨʠʠ ʠ ʢʨʠʧʪʦʛʨʘʬʠʠ ʢʦʜ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʥ ʘʪʘʢʦʡ ʥʘ ʩʣʘʙʦ ʟʘʱʠʱʝʥʥʫʶ ʙʠʦʤʝʪʨʠʶ. ʇʦʢʘʞʝʤ 

ʵʪʦ ʥʘ ʧʨʠʤʝʨʝ çʥʝʯʝʪʢʠʭ ʵʢʩʪʨʘʢʪʦʨʦʚè.   

ʊʘʢ ʢʘʢ ʤʳ ʥʝ ʟʥʘʝʤ ʢʦʜ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ "ʩ", ʙʫʜʝʤ ʧʦʜʘʚʘʪʴ ʥʘ 

çʥʝʯʝʪʢʠʡ ʵʢʩʪʨʘʢʪʦʨè ʧʦʦʯʝʨʝʜʥʦ 10 000 ʦʙʨʘʟʦʚ çʏʫʞʠʝè ʠʟ ʪʝʩʪʦʚʦʡ 

ʙʘʟʳ.  ɺ ʠʪʦʛʝ ʤʳ ʧʦʣʫʯʠʤ ʨʝʘʣʴʥʳʝ ʢʦʜʳ-ʦʪʢʣʠʢʠ 1 2 10000"x ", "x ",....,"x " . 

ʀʟ ʪʝʦʨʠʠ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʥʪʨʦʧʠʷ ʢʦʜʦʚ çʏʫʞʦʡè ʤʥʦʛʦ ʙʦʣʴʰʝ ʵʥ-

ʪʨʦʧʠʠ ʢʦʜʘ çʉʚʦʡè: 

 iʅ("x ") ʅ("c").  (2.10) 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʳ ʤʦʞʝʤ ʧʦʜʦʙʨʘʪʴ ʢʦʜ "ʩ", ʦʧʠʨʘʷʩʴ ʥʘ ʨʝ-

ʘʣʴʥʳʝ ʢʦʜʳ-ʦʪʢʣʠʢʠ 1 2 10000"x ", "x ",....,"x "  ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʫʩʣʦʚʠʝ 

(2.10). ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʩʣʫʯʘʡʥʳʭ ʮʝʣʳʭ ʯʠ-

ʩʝʣ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 2
2048

 ʠ ʧʦʣʫʯʠʤ 

ʦʪ ʵʪʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 1000 ʢʦʜʦʚ  1 2 1000"z ", "z ",....,"z ". ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʦ-

ʜʳ i"z "  ʙʫʜʫʪ ʠʤʝʪʴ ʨʘʟʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʍʵʤʤʠʥʛʘ ʜʦ ʢʦʜʘ "ʩ". ʏʝʤ 

ʙʣʠʞʝ ʢʦʜ i"z "  ʙʫʜʝʪ ʢ ʢʦʜʫ "ʩ", ʪʝʤ ʥʠʞʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʫ ʝʛʦ ʵʥʪʨʦ-

ʧʠʠ. ɽʩʣʠ ʵʪʠ ʢʦʜʳ ʩʦʚʧʘʜʫʪ, ʪʦ ʠʭ ʵʥʪʨʦʧʠʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʙʣʠʟʢʘ ʢ 

ʥʫʣʶ. 

ɼʣʷ ʩʦʨʪʠʨʦʚʢʠ ʢʦʜʦʚ i"z "  ʧʦ ʠʭ ʵʥʪʨʦʧʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʜʦʚ 

1 2 10000"x ", "x ",....,"x "  ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʩʪʦ-

ʷʥʠʷ ʍʵʤʤʠʥʛʘ: 
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i j k,i k, j
k 1

h("z ","x ") "z " "x " .  (2.11) 

ʇʦʚʪʦʨʠʚ ʚʳʯʠʩʣʝʥʠʷ ʜʣʷ j:= 1,é,10000, ʤʳ ʧʦʣʫʯʠʤ ʤʥʦʞʝʩʪʚʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ, ʧʨʠʤʝʨʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩ. 2.6. ɼʘʣʝʝ, ʨʘʩʧʦʣʘʛʘʷ ʤʥʦʞʝʩʪʚʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʍʵʤʤʠʥʛʘ ʜʣʷ 

ʨʘʟʥʳʭ ʢʦʜʦʚ, ʤʳ ʦʢʘʟʳʚʘʝʤʩʷ ʩʧʦʩʦʙʥʳ ʦʮʝʥʠʪʴ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʤʦʤʝʥʪʳ ʠ ʥʘʡʪʠ ʵʥʪʨʦʧʠʶ ʵʪʠʭ ʢʦʜʦʚ ʧʦ ʬʦʨʤʫʣʘʤ (2.8) ʠ (2.9). ʆʙʣʘ-

ʜʘʷ ʦʮʝʥʢʘʤʠ ʵʥʪʨʦʧʠʠ ʢʦʜʦʚ 1 2 1000H("z "), H("z "),...., H("z "), ʤʳ ʤʦʞʝʤ 

ʦʩʫʱʝʩʪʚʠʪʴ ʠʭ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ.  

ʊʝʧʝʨʴ, ʚʟʷʚ ʢʦʜʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʥʪʨʦʧʠʠ, ʤʳ ʦʪʬʠʣʴ-

ʪʨʫʝʤ ʠʟ ʚʩʝʭ ʢʦʜʦʚ ʙʣʠʞʘʡʰʠʝ ʢ ʢʦʜʫ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ʎʠʬʨʳ  
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ʥʘ ʨʠʩ. 2.6 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ʵʥʪʨʦʧʠʠ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʡ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ. ʏʝʤ ʚʳʰʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ, ʪʝʤ ʥʠʞʝ ʵʥʪʨʦʧʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʜʘ i"z " . 

 

 

ʈʠʩ. 2.6.  ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʤʝʞʜʫ ʩʣʫʯʘʡʥʳʤʠ ʢʦʜʘʤʠ 

iz" "  ʠ ʢʦʜʘʤʠ çɺʩʝ ʏʫʞʠʝè 

 

ɽʩʣʠ ʪʝʧʝʨʴ ʚʟʷʪʴ ʢʦʜ i"z "  ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʛʦ ʚʳʯʠʩʣʠʪʴ ʨʘʩʩʪʦʷʥʠʷ ʍʵʤʤʠʥʛʘ ʜʣʷ ʜʨʫʛʠʭ ʢʦʜʦʚ  ʩ 

ʤʘʣʳʤ ʟʥʘʯʝʥʠʝʤ ʵʥʪʨʦʧʠʠ, ʤʳ ʙʫʜʝʤ ʥʘʙʣʶʜʘʪʴ ʜʚʝ ʭʦʨʦʰʦ ʨʘʟʜʝʣʠ-

ʤʳʝ ʛʨʫʧʧʳ ʨʘʩʩʪʦʷʥʠʡ. ʆʜʥʘ ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʙʫʜʝʪ ʙʣʠʟʢʘ ʢ ʢʦʜʫ ʘʫʪʝʥ-

ʪʠʬʠʢʘʮʠʠ, ʘ ʜʨʫʛʘʷ ï ʢ ʝʛʦ ʠʥʚʝʨʩʠʠ. ʅʘ ʨʠʩ. 2.7 ʜʘʥʳ ʧʦʣʫʯʘʶʱʠʝʩʷ 

ʨʘʩʩʪʦʷʥʠʷ ʍʵʤʤʠʥʛʘ ʜʣʷ ʜʚʫʭ ʭʦʨʦʰʦ ʨʘʟʜʝʣʠʤʳʭ ʛʨʫʧʧ ʢʦʜʦʚ. 

 

 

ʈʠʩ. 2.7. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʜʚʫʭ ʛʨʫʧʧ ʢʦʜʦʚ, ʙʣʠʟʢʠʭ ʢ ʢʦʜʫ "ʩ" ʠ ʝʛʦ ʠʥʚʝʨʩʠʠ 
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ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʠʩ. 2.7 ʜʘʥʳ ʧʨʠʤʝʨʳ ʦʜʠʥʘʢʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ 
ʢʦʜʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʨʘʟʥʳʤ ʛʨʫʧʧʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʩʩʪʦʷʥʠʡ 
ʍʵʤʤʠʥʛʘ. ɺʥʫʪʨʠ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ ʢʦʜʦʚ ʤʦʞʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʟʥʘ-
ʯʝʥʠʝ ʢʦʜʘ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʩʪʦʣʙʮʝ ʩʦʩʪʦʷʥʠʡ. ʆʰʠʙ-
ʢʠ ʚ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ ʢʦʜʦʚ ʧʦʤʝʯʝʥʳ ʩʠʤʚʦʣʦʤ * .  

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʥʘ ʚʳʙʦʨʢʝ ʚ 10000 ʢʦʜʦʚ-ʦʪʢʣʠʢʦʚ i"x "  ʠ 

ʚʳʙʦʨʢʝ ʚ 1000 ʩʣʫʯʘʡʥʳʭ ʢʦʜʦʚ i"z "  ʫʜʘʝʪʩʷ ʚʝʨʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ  

ʜʦ 98 % ʨʘʟʨʷʜʦʚ ʢʦʜʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ʉʪʦʣʴ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ ʘʪʘʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʙʠʦʢʦʜʦʚ çʥʝʯʝʪʢʠʭ 
ʵʢʩʪʨʘʢʪʦʨʦʚè ʪʨʝʙʫʪʁ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʱʠʪʝ ʙʠʦ-
ʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʦʣʦʞʝʥʠʝ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʳʯʠʩʣʝʥʠʷ, ʥʘ 
ʢʦʪʦʨʳʭ ʩʪʨʦʠʪʩʷ ʦʧʝʨʘʮʠʷ ʧʦ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʢʣʶʯʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, 
ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʙʳʩʪʨʦ. ʆʥʠ ʥʝ ʪʨʝʙʫʶʪ ʨʘʙʦʪʳ ʩ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʦʙʨʘ-
ʟʘʤʠ, ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʯʠʩʣʘ. ʆʧʠʩʘʥʥʳʡ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ 
ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʨʘʟʤʥʦʞʝʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ-ʨʦʜʠʪʝʣʝʡ 

ʤʥʦʛʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʠ ʦʮʝʥʢʠ ʵʥʪʨʦʧʠʠ ʯʠʩʝʣ i"z "  ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠʟ ʥʠʭ ʢʦʜʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 
 
 

ςȢφȢ ˔́̉̓́̚ ̂̉̏̋̏̅́ ̜̐̑̏̒̓̍ ̎́̌̏̇̆̎̉̆̍ ̜̄́̍̍ 

ʆʜʥʠʤ ʠʟ ʧʨʠʝʤʦʚ ʟʘʱʠʪʳ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʜʦʚ ʘʫʪʝʥʪʠʬʠʢʘ-
ʮʠʠ, ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʉʐɸ ʠ ʩʪʨʘʥʘʭ ɽʚʨʦʩʦʶʟʘ [2ï4], ʷʚʣʷʝʪʩʷ 
ʥʘʣʦʞʝʥʠʝ ʛʘʤʤʳ. ɻʘʤʤʘ, ʥʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʢʣʶʯʘ  
ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʥʘʢʨʳʪʦʛʦ ʠʟʙʳʪʦʯʥʳʤ ʩʘʤʦʢʦʨʨʝʢʪʠʨʫʶʱʠʤʩʷ ʢʦ-
ʜʦʤ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.8. 

 

 

ʈʠʩ. 2.8. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʯʝʪʢʠʭ ʢʦʥʪʝʡʥʝʨʦʚ,  

ʟʘʱʠʱʝʥʥʳʭ ʛʘʤʤʠʨʦʚʘʥʠʝʤ 
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ʇʨʦʙʣʝʤʘ çʥʝʯʝʪʢʠʭ ʵʢʩʪʨʘʢʪʦʨʦʚè ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʤ ʥʝʦʙʭʦ-
ʜʠʤʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʙʠʦʢʦʜ ʩ ʦʰʠʙʢʘʤʠ, ʠ ʩʢʨʳʚʘʪʴ 
ʜʘʥʥʳʝ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʩʢʨʳʚʘʪʴ ʜʘʥʥʳʝ, ʠ ʢʦʨʨʝʢʪʠ-
ʨʦʚʘʪʴ ʦʰʠʙʢʠ ʚ ʥʠʭ, ʢʣʶʯ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʨʘʟʤʝʱʘʶʪ ʚ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʦʡ ʯʘʩʪʠ ʩʘʤʦʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦʩʷ ʢʦʜʘ. ɼʘʣʝʝ ʚʳʯʠʩʣʷʶʪ ʝʛʦ ʠʟʙʳ-
ʪʦʯʥʫʶ ʯʘʩʪʴ ʚ ʬʦʨʤʝ ʩʠʥʜʨʦʤʦʚ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʘʚʢʠ ʦʰʠʙʦʢ  
(ʩʤ. ʨʠʩ. 2.4). ʊʘʢ ʢʘʢ ʢʦʜ ʢʣʶʯʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʪʘʡʥʝ, 
ʦʙʲʝʜʠʥʝʥʠʝ ʝʛʦ ʩ ʩʠʥʜʨʦʤʘʤʠ ʦʰʠʙʦʢ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʝʢʦ-
ʪʦʨʫʶ ʟʘʱʠʱʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʛʘʤʤʫ. ɽʩʣʠ ʙʠʦʢʦʜ ʥʘʢʨʳʪʴ ʵʪʦʡ 
ʛʘʤʤʦʡ, ʪʦ ʤʳ ʧʦʣʫʯʠʤ ʥʝʢʦʪʦʨʳʡ çʥʝʯʝʪʢʠʡ ʢʦʥʪʝʡʥʝʨè, ʢʦʪʦʨʳʡ ʤʦ-
ʞʝʪ ʙʳʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʟʦʧʘʩʥʦ ʨʘʟʤʝʱʝʥ ʚ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʩʨʝʜʩʪʚʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ.  

ʂʦʛʜʘ ʥʫʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ çʥʝʯʝʪʢʠʤ ʢʦʥʪʝʡʥʝʨʦʤè, ʝʛʦ ʠʟʚʣʝ-
ʢʘʶʪ ʠʟ ʧʘʤʷʪʠ ʠ ʩʢʣʘʜʳʚʘʶʪ ʧʦ ʤʦʜʫʣʶ ʜʚʘ ʩ ʧʨʦʚʝʨʷʝʤʳʤ ʙʠʦʢʦʜʦʤ.  
ʇʨʠ ɻʪʦʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʘʤʦʢʦʨʨʝʢʪʠʨʫʶʱʠʡʩʷ ʢʦʜ ʢʣʶʯʘ ʘʫʪʝʥ-
ʪʠʬʠʢʘʮʠʠ.  ʇʦʣʴʟʫʷʩʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʴʶ ʩʘʤʦʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ-
ʩʷ ʢʦʜʘ ʠ ʩʠʥʜʨʦʤʘʤʠ ʦʰʠʙʦʢ, ʫʜʘʝʪʩʷ ʠʩʧʨʘʚʠʪ ɹʦʰʠʙʢʠ. ɺʦʩʩʪʘʥʦʚ-
ʣʝʥʥʳʡ ʵʪʠʤ ʩʧʦʩʦʙʦʤ ʙʠʦʢʣʶʯ ʜʘʣʝʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʢʘʢʦʤ-ʣʠʙʦ 
ʠʟ ʠʟʚʝʩʪʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʩʪʦʣʴ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʟʘʱʠʪʳ ʥʝ ʵʬʬʝʢʪʠʚʝʥ. ʈʝʘʣʠ-
ʟʘʮʠʠ ʘʪʘʢ, ʦʧʠʩʘʥʥʳʭ ʚ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʧʘʨʘʛʨʘʬʘʭ, ʥʝ ʫʩʣʦʞʥʷʶʪʩʷ. 
ɺʳʩʦʢʘʷ ʫʷʟʚʠʤʦʩʪʴ ʟʘʱʠʪʳ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʦʩʪʳʤ ʛʘʤʤʠʨʦ-
ʚʘʥʠʝʤ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʦʜʠʥʘʢʦʚʦʝ ʛʘʤʤʠʨʦʚʘʥʠʝ ʨʘʟʥʳʭ ʢʦʜʦʚ ʥʝ 
ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʤʝʞʜʫ ʥʠʤʠ: 
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i i,k k k i,k k k
1 k 1

h("x ", "c") "x " "c " ("g " "x " ) ("g " "c ")
k

, (2.12) 

ʛʜʝ k"g "  ï ʩʦʩʪʦʷʥʠʷ ç0è ʠʣʠ ç1è k-ʛʦ ʨʘʟʨʷʜʘ, ʤʘʩʢʠʨʫʶʱʝʡ ʙʠʦʢʦʜ 

ʛʘʤʤʳ. 
ɺ ʩʠʣʫ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʧʦ ʤʦʜʫʣʶ ʜʚʘ ʧʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʜʚʫʭ ʢʦʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʥʷʪʠʝ ʦʜʥʦʡ 
ʠ ʪʦʡ ʞʝ ʛʘʤʤʳ, ʤʘʩʢʠʨʫʶʱʝʡ ʩʨʘʚʥʠʚʘʝʤʳʝ ʢʦʜʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 
ʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ ʘʪʘʢʠ ʨʘʙʦʪʘʶʪ ʠ ʜʣʷ ʩʭʝʤʳ, ʦʪʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 2.8. 
ɻʘʤʤʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʜʘʝʪ ʥʝ ʙʦʣʝʝ ʯʝʤ ʠʣʣʶʟʠʶ ʟʘʱʠʱʝʥʥʦʩʪʠ, ʝʩʣʠ 
ʘʪʘʢʦʚʘʪʴ çʥʝʯʝʪʢʠʝ ʵʢʩʪʨʘʢʪʦʨʳè ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ.  

 
 

ςȢχȢ ˜̘̝̆̑̆̆̎ ̞̜̖̆̋̓̉̃̎̕̕ ̍̆̓̑̉̋ȟ  
̝̜̖̉̒̐̏̌̈̔̆̍ ̐̑̉ ̗̋̏̍̐̑̏̍̆̓́̉̉ ̜̖̂̉̏̅́̎̎ Ⱥ˞̃̏̊Ȼȟ 

̜̖̈́̉̆̎̎̚̚ ̄́̍̍̉̑̏̃́̎̉̆̍  

ʏʠʩʪʳʝ ʤʘʪʝʤʘʪʠʢʠ ʜʝʣʷʪ ʘʣʛʦʨʠʪʤʳ ʧʝʨʝʙʦʨʘ ʥʘ ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ  
(P-ʘʣʛʦʨʠʪʤʳ) ʠ ʥʝʧʦʣʠʥʦʤʠʘʣʴʥʳʝ (NP-ʘʣʛʦʨʠʪʤʳ) [11]. ʇʦʣʠʥʦʤʠ-
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ʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ  ʩʯʠʪʘʶʪʩʷ ʠʥʞʝʥʝʨʥʦ ʨʝʘʣʠʟʫʝʤʳʤʠ, ʠ, ʢʘʢ ʩʣʝʜ-
ʩʪʚʠʝ, ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʘʣʛʦʨʠʪʤʦʤ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
ʩʣʦʞʥʦʩʪʠ, ʥʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʝʨʴʝʟʥʘʷ ʟʘʱʠʪʘ, ʪʘʢʠʝ ʘʣʛʦ-
ʨʠʪʤʳ ʥʝ ʷʚʣʷʶʪʩʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤʠ. 

ɼʣʷ ʥʘʩ ʚʘʞʥʦ ʪʦ, ʯʪʦ ʦʧʝʨʘʮʠʷ ʛʘʤʤʠʨʦʚʘʥʠʷ (ʜʣʠʥʘ ʛʘʤʤʳ ʨʘʚʥʘ 

ʜʣʠʥʝ ʙʠʥʘʨʥʦʛʦ ʩʦʦʙʱʝʥʠʷ) ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʩʯʠʪʘʝʪʩʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʩʣʦʞʥʦʡ, ʪ.ʝ. NP-ʧʦʣʥʦʡ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʧʘʨʘʛʨʘʬʝ, ʪʘ ʞʝ ʩʘʤʘʷ ʧʨʦʮʝʜʫʨʘ ʛʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠ ʟʘʱʠʪʝ ʙʠʦʢʦʜʦʚ, 

ʦʢʘʟʳʚʘʝʪʩʷ, ʜʘʝʪ ʧʦʣʠʥʦʤʠʘʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʧʝʨʝʙʦʨʘ. ʕʪʦ ʩʣʝʜʩʪʚʠʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʳ ʟʘʱʠʱʘʝʤʳʭ ʜʘʥʥʳʭ. ʅʘ ʟʘʱʠʱʝʥʥʳʡ ʛʘʤʤʦʡ ʥʝ-

ʠʟʚʝʩʪʥʳʡ ʪʝʢʩʪ ʤʳ ʥʠʢʘʢ ʥʝ ʤʦʞʝʤ ʧʦʚʣʠʷʪʴ (ʥʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʚʭʦʜʦʚ ʚʣʠʷʥʠʷ), ʠ ʟʘʜʘʯʘ ʩʥʷʪʠʷ ʥʝʠʟʚʝʩʪʥʦʡ ʛʘʤʤʳ ʩ ʥʝʠʟʚʝʩʪʥʦʛʦ ʩʦ-

ʦʙʱʝʥʠʷ ʠʤʝʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ. 

ɽʩʣʠ ʤʳ ʠʤʝʝʪ ʜʝʣʦ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʙʠʦʤʝʪʨʠʷ-ʢʦʜ, ʪʦ ʤʳ 

ʥʘʢʨʳʚʘʝʤ ʥʝʧʨʝʨʳʚʥʳʝ ʜʘʥʥʳʝ (ʢʦʥʪʠʥʫʫʤʳ) ʧʦʩʣʝ ʠʭ ʢʚʘʥʪʦʚʘʥʠʷ 

ʛʘʤʤʦʡ. ʆʙʲʝʢʪ ʟʘʱʠʪʳ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʣʩʷ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ, ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʫʷʟʚʠʤʦʩʪʠ ʠ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʪʘʢʠ. ɺʘʞʥʦ 

ʩʜʝʣʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʚʩʝ ʥʦʚʳʝ ʫʷʟʚʠʤʦʩʪʠ ʙʳʣʠ ʧʦʥʷʪʥʳ, ʘ ʟʘʪʝʤ ʚʘʞʥʦ 

ʧʦʜʦʙʨʘʪʴ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʥʦʚʳʝ ʫʷʟʚʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʜʝʞʥʦ 

ʟʘʱʠʱʝʥʳ. ɼʘʥʥʦʝ ʧʦʩʦʙʠʝ ʢʘʢ ʨʘʟ ʠ ʩʦʟʜʘʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʦʚʦʛʦ ʦʙʲ-

ʝʢʪʘ ʟʘʠɦʪʳ (ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʙʠʦʤʝʪʨʠʷ-ʢʦʜ), ʦʧʠʩʘʥʠʷ ʠʭ ʫʷʟʚʠʤʦ-

ʩʪʝʡ, ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʦʪ ʥʦʚʳʭ ʘʪʘʢ ʥʘ ʥʦʚʳʝ ʫʷʟʚʠʤʦʩʪʠ.  

ɽʩʣʠ ʦʩʪʘʚʘʪʴʩʷ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦ-

ʜʦʚ, ʪʦ çʥʝʯʝʪʢʠʝ ʵʢʩʪʨʘʢʪʦʨʳè ʢʘʞʫʪʩʷ ʥʘʜʝʞʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 

çʥʝʯʝʪʢʠʡ ʵʢʩʪʨʘʢʪʦʨè ʠʤʝʝʪ ʨʝʘʣʴʥʫʶ ʩʪʦʡʢʦʩʪʴ 10
10

 ʧʦʧʳʪʦʢ ʧʦʜʙʦʨʘ, 

ʤʳ ʜʦʣʞʥʳ ʩʦʟʜʘʪʴ ʙʘʟʫ ʦʙʨʘʟʦʚ çʏʫʞʦʡè ʥʝ ʤʝʥʝʝ ʯʝʤ ʠʟ 10
10

 ʦʙʨʘʟʦʚ 

ʠ ʧʳʪʘʪʴʩʷ ʥʘʡʪʠ ʢʦʣʣʠʟʠʶ ʦʙʨʘʟʦʚ çʉʚʦʡè ʠ çʏʫʞʦʡè. ʇʨʠ ʵʪʦʤ ʩ 

ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʳ ʥʝ ʥʘʡʜʝʤ ʦʧʘʩʥʦʡ ʢʦʣʣʠʟʠʠ ʠ ʩʜʝʣʘʝʤ 

ʣʦʞʥʳʡ ʚʳʚʦʜ ʦ ʩʪʦʡʢʦʩʪʠ çʥʝʯʝʪʢʦʛʦ ʵʢʩʪʨʘʢʪʦʨʘè ʚʳʰʝ 10
10

 ʢ ʧʦʧʳʪ-

ʢʘʤ ʧʦʜʙʦʨʘ. ʇʦʯʝʤʫ ʵʪʦ ʧʨʦʠʟʦʡʜʝʪ? ʇʦʪʦʤʫ, ʯʪʦ ʤʳ ʟʘʥʠʤʘʣʠʩʴ çʩʣʝ-

ʧʳʤè ʧʝʨʝʙʦʨʦʤ. çʉʣʝʧʦʡè ʧʝʨʝʙʦʨ ï ʵʪʦ ʢʘʢ ʨʘʟ ʠ ʝʩʪʴ ʠʣʣʶʟʠʷ NP-

ʧʦʣʥʦʪʳ ʠʣʠ ʠʣʣʶʟʠʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ. 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʚʥʫʪʨʠ ʠʩʩʣʝʜʫʝʤʳʭ ʙʠʦʢʦʜʦʚ (ʦʪʢʣʠʢʦʚ çʥʝʯʝʪʢʠʭ 

ʵʢʩʪʨʘʢʪʦʨʦʚè) ʝʩʪʴ ʥʝʢʦʪʦʨʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʠʩʧʦʣʴʟʫʷ 

ʢʦʪʦʨʫʶ, ʤʳ ʧʝʨʝʩʪʘʝʤ ʙʳʪʴ ʩʣʝʧʳʤʠ ʠ ʩʪʘʥʦʚʠʤʩʷ ʩʧʦʩʦʙʥʳ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴ ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʝʨʝʙʦʨ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʪ-

ʨʠʢʦʡ ʩʨʘʚʥʝʥʠʷ ʙʠʦʢʦʜʦʚ ʦʙʨʘʟʦʚ çʏʫʞʦʡè ʷʚʣʷʝʪʩʷ ʠʭ ʵʥʪʨʦʧʠʷ ï 

iʅ("x "). ʏʝʤ ʤʝʥʴʰʝ ʵʥʪʨʦʧʠʷ ʦʙʨʘʟʘ çʏʫʞʦʡè ʪʝʤ ʦʥ ʙʣʠʞʝ ʢ ʦʙʨʘʟʫ 

çʉʚʦʡè. ʇʦʷʚʣʝʥʠʝ ʤʝʪʨʠʢʠ ʵʥʪʨʦʧʠʠ ʩʨʘʟʫ ʞʝ ʜʝʣʘʝʪ ʟʘʜʘʯʫ ʢʦʤʧʨʦʤʝ-

ʪʘʮʠʠ ʜʘʥʥʳʭ ʦʙʨʘʟʘ çʉʚʦʡè ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ. ʆʜʥʘʢʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 
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ʙʳʩʪʨʦ ʚʳʯʠʩʣʷʪʴ ʵʥʪʨʦʧʠʶ ʜʣʠʥʥʳʭ ʢʦʜʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʭʦʜʠʪʴ  

ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ. ʊʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʨʘʩ-

ʩʪʦʷʥʠʝ ʍʵʤʤʠʥʛʘ ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʛʘʤʤʠʨʦʚʘʥʠʶ, ʤʳ ʤʦʞʝʤ ʪʝʭʥʠ-

ʯʝʩʢʠ ʨʝʘʣʠʟʦʚʘʪʴ ʘʪʘʢʫ ʧʦʠʩʢʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ çʏʫʞʦʡè ʩ ʤʠ-

ʥʠʤʘʣʴʥʦʡ ʵʥʪʨʦʧʠʝʡ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʭɻ ʤʤʠʥʛʦʚʳ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʨʘʚʥʠʚʘʝʤʳʤʠ ʢʦʜʘ-

ʤʠ ï ʪɻʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʘʷ ʤʝʪʨʠʢʘ, ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʢ ʛʘʤʤʠʨʦʚʘʥʠʶ 

ʙʠʦʢʦʜʦʚ. ʄʝʪʨʠʢʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʟʨʷʜʦʚ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʜʦʚ ʪʘʢʞʝ 

ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʟʘʱʠʪʝ ʙʠʦʢʦʜʦʚ ʛʘʤʤʦʡ. ʄʝʪʨʠʢʘ ʩʪʘʙʠʣʴʥʦʩʪʠ  

i-ʛʦ ʨʘʟʨʷʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʚ ʨʘʟʨʷʜʝ ʩʦʩʪʦ-

ʷʥʠʡ ç1è ʠʣʠ ç0è: 

 i i i2 0,5 P("1 ") 2 0,5 P("0 ").  (2.13) 

ɺ ʧʨʝʜʝʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʈ(ç0iè) = ʈ(ç1iè) = 0,5 ʧʦʢʘʟʘʪʝʣʴ ʩʪʘʙʠʣʴ-

ʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʥʫʣʝʚʳʤ.  ɽʩʣʠ ʞʝ ʟʥʘʯʝʥʠʝ ʨʘʟʨʷʜʘ ʥʝ ʤʝʥʷʝʪʩʷ 

P(ç0iè) = 1 ʠʣʠ ʈ(ç1iè) = 1, ʪʦ ʧʦʢʘʟʘʪʝʣʴ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʝʜʠ-

ʥʠʯʥʳʤ. ʇʨʠʤʝʨʳ ʛʠʩʪʦʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʦʙʨʘʟʘ çʉʚʦʡè ʠ ʦʙʨʘʟʦʚ çʏʫʞʦʡè ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.9. 

 

 

ʈʠʩ. 2.9. ʇʘʜʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʟʨʷʜʦʚ ʢʦʜʦʚ çʏʫʞʦʡè  

ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʙʨʘʟʘ çʏʫʞʦʡè ʦʪ ʦʙʨʘʟʘ çʉʚʦʡè 
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ʀʟ ʜʘʥʥʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ 

ʍʵʤʤʠʥʛʘ ʦʙʨʘʟʘ çʏʫʞʦʡè ʦʪ ʦʙʨʘʟʘ çʉʚʦʡè ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʨʷʜʦʚ ʙʠʦ-

ʢʦʜʦʚ ʧʘʜʘʝʪ. ʊʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ, ʢʘʢ ʩʨʝʜʥʷʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʩʝʭ ʨʘʟʨʷʜʦʚ 

ʙʠʦʢʦʜʘ ï ɽ(), ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʘ çʉʚʦʡè. ʇʨʠ ʪʘʢʦʤ ʥʘʧʨʘʚʣʝʥʥʦʤ ʧʝʨʝʙʦʨʝ 

ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴʩʷ ʫʚʝʣʠʯʠʚʘʪʴ ʧʦʢʘʟʘʪʝʣʴ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʟʨʷʜʦʚ ʧʨʠ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʠ ʙʣʠʟʢʠʭ ʦʙʨʘʟʦʚ çʏʫʞʦʡè. 

ʆʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʛʘʤʤʠʨʦʚʘʥʠʝ ʙʠʦʢʦʜʘ ʥʝ ʤʦʞʝʪ ʧʦ-

ʚʣʠʷʪʴ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʟʨʷʜʦʚ ʢʦʜʘ. ɻʘʤʤʠʨʦʚʘʥʠʝ ï ʵʪʦ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʦʧʝʨʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʪʦʣʴʢʦ ʢ ʩʤʝʥʝ ʥʘʠʙʦ-

ʣʝʝ ʚʝʨʦʷʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʩʦʩʪʦʷʥʠʝ ç0è ʤʦʞʝʪ ʩʤʝʥʠʪʴʩʷ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ç1è). ʕʪʦ ʥʠʢʘʢ ʥʝ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ (2.13), 

ʪʘʢ ʢʘʢ ʝʛʦ ʤʦʞʥʦ ʚʳʯʠʩʣʷʪʴ ʠ ʯʝʨʝʟ ʚʝʨʦʷʪʥʦʩʪʴ ʈ(ç0iè), ʠ ʯʝʨʝʟ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʈ(ç1iè). ʈʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʡ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʳʤ. 

ʊʘʢ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʟʨʷʜʦʚ ʙʠʦʢʦʜʘ ʠ ʤʝʪʨʠʢʘ ʨʘʩ-

ʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʤʝʞʜʫ ʥʠʤʠ ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʛʘʤʤʠʨʦʚʘʥʠʶ, ʠʭ 

ʢʦʤʙʠʥʘʮʠʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ, ʪ.ʝ. ʘʪʘʢʠ ʢʦʤʧʨʦʤʝʪʘ-

ʮʠʠ çʥʝʯʝʪʢʠʭ ʵʢʩʪʨʘʢʪʦʨʦʚè ʤʦʛʫʪ ʩʪʨʦʠʪʴʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʟʚʝ-

ʰʝʥʥʦʡ ʤʝʪʨʠʢʠ ʍʵʤʤʠʥʛʘ: 
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h ("x " "c ") .  (2.14) 

ʇʨʠʤʝʥʝʥʠʝ ʚʟʚʝʰʝʥʥʦʡ ʤʝʪʨʠʢʠ ʍʵʤʤʠʥʛʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴ-

ʥʦ ʵʢʦʥʦʤʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʝʨʝʙʦʨʘ. ʇʨʠʯʠʥʘ ʚʳʠʛʨʳʰʘ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʚʳʯʠʩʣʝʥʠʷʭ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʟʥʘʯʠʤʳʤ (ʩʪʘʙʠʣʴʥʳʤ) ʨʘʟ-

ʨʷʜʘʤ ʙʠʦʢʦʜʦʚ. ɺʣʠʷʥʠʝ ʥʝʩʪʘʙʠʣʴʥʳʭ ʨʘʟʨʷʜʦʚ ʙʠʦʢʦʜʦʚ ʫʤʝʥʴʰʘʝʪ-

ʩʷ, ʨʘʩʪʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ. 

ʇʦʩʣʝʜʥʠʤ ʠʟʚʝʩʪʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʢʘʟʘʪʝʣʝʤ ʚʳʙʦʨʘ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʙʦʨʘ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʝʡ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʨʘʟʨʷʜʘʤʠ ʙʠʦʢʦʜʘ ï E( ri,j). ɻʘʤʤʠʨʦʚʘ-

ʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʙʠʦʢʦʜʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʪʦʣʴʢʦ ʢ ʩʤʝʥʝ ʟʥʘʢʘ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ, ʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʤʦʜʫʣʴ ʵʪʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ.  ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʨʘʟʨʷʜʘʤʠ ʙʠʦʢʦʜʘ E( ri,j) ʤʦʞʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʜʣʷ ʚʳʙʦʨʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʙʦʨʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʪʝ 

ʦʙʨʘʟʳ çʏʫʞʦʡè ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʠ, ʫ ʢʦʪʦʨʳʭ ʚʳʰʝ ʚʥʫʪʨʝʥ-

ʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ. ʋ ʨʘʟʨʷʜʦʚ ʙʠʦʢʦʜʘ çʉʚʦʡè çʥʝʯʝʪʢʦʛʦ ʵʢʩ-

ʪʨʘʢʪʦʨʘè ʤʦʜʫʣʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʘʢʩʠʤʘʣʴʥʳ. 
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ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʝʪʨʠʢʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʝʡ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʝʦʨʠʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʝʡ ʙʠʦʤʝʪʨʠʷ-ʢʦʜ. ʆʧʠʨʘʷʩʴ ʥʘ ʵʪʫ ʤʝʪʨʠʢʫ, ʫʜʘʝʪʩʷ ʚʳʯʠʩ-

ʣʷʪʴ ʵʥʪʨʦʧʠʶ ʜʣʠʥʥʳʭ ʢʦʜʦʚ, ʤʠʥʫ̫ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʧʨʦʮʝʜʫʨʫ 

ʦʮʝʥʢʠ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ, ʥʘʧʨʠʤʝʨ, ʧʦʣʴʟʫʷʩʴ ʥʦʤʦʛʨʘʤʤʦʡ, ʧʨʠ-

ʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 3.6. ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʵʪʦʡ ʤʝʪʨʠʢʠ ʚʦʦʙʱʝ ʥʝ ʥʫʞʥʳ 

ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʧʨʠʤʝʨʦʚ ʦʙʨʘʟʘ çʉʚʦʡè ʠ ʜʘʥʥʳʝ ʦ ʙʠʦʢʦʜʝ çʉʚʦʡè. 
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σȢρȢ ˛̂̉̆̚ ̠̐̏̌̏̇̆̎̉ ̎̆̊̑̏̒̆̓̆̃̏̊  
̘̂̉̏̍̆̓̑̉̆̒̋̏̊ ̗́̔̓̆̎̓̉̉̋́̉̉̕ 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ çʥʝʯʝʪʢʠʭ ʵʢʩʪʨʘʢʪʦʨʦʚè ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʭ 

ʢʚʘʥʪʦʚʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʩ çʩʳʨʳʤʠè ʙʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʘ ʦʙʦ-

ʛʘʱʝʥʠʝ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʙʦ-

ʛʘʱʘʪʴ ʜʘʥʥʳʝ ʠ ʟʘʱʠʱʘʪʴ ʠʭ ʰʠʬʨʦʚʘʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠ ʪʨʫʜʥʦ. ɾʝʣʘ-

ʪʝʣʴʥʦ ʨʘʟʜʝʣʠʪʴ ʦʧʝʨʘʮʠʠ, ʦʙʦʛʘʱʘʷ çʩʳʨʳʝè ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʝʱʝ ʚ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʬʦʨʤʝ ʜʦ ʢʚʘʥʪʦʚʘʥʠʷ. ʊʦʛʜʘ ʧʦʩʣʝ ʢʚʘʥʪʦʚʘʥʠʷ 

ʜʠʩʢʨʝʪʥʳʝ ʜʘʥʥʳʝ ʙʫʜʫʪ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ, ʯʪʦ ʩʥʠ-

ʤʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʱʠʪʳ ʙʠʦʢʦʜʦʚ.  

ʅʘ ʨʠʩ. 3.1 ʜʘʝʪʩʷ ʦʙʱʘʷ ʩʭʝʤʘ ʥʝʡʨʦʩʝʪʝʚʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʝʝ 

ʧʦʜʛʦʪʦʚʢʠ, ʩʚʦʜʷʱʝʡʩʷ ʢ ʦʙʫʯʝʥʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʙʠʦʤʝʪʨʠʷ-ʢʦʜ.  

 

 

ʈʠʩ. 3.1. ɹʣʦʢ-ʩʭʝʤʘ ʥʝʡʨʦʩʝʪʝʚʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʝʝ ʧʦʜʛʦʪʦʚʢʠ 

 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʪʨʝʙʫʶʪ ʠʭ ʦʙʫʯʝʥʠʷ. ɺʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʜʦʣʞʥʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʨʘʟʳ çʉʚʦʡè ʠ ʦʙʨʘʟʳ çʏʫʞʠʝè, ʪʘʢ-

ʞʝ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʜʘʥ ʢʦʜ ʢʣʶʯʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʙʨʘʟʫ çʉʚʦʡè. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʦʮʝʜʫʨʘ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʡ, ʪʘʢ 

ʢʘʢ ʪʨʝʙʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʦʙʨʘʟʘ 

çʉʚʦʡè ʠ ʢʦʜʘ ʢʣʶʯʘ). ʊʘʢ ʢʘʢ ʦʙʫʯʝʥʠʝ ʦʧʘʩʥʦ, ʦʥʦ ʜʦʣʞʥʦ ʟʘʥʠʤʘʪʴ 
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ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʨʘʟʘʭ çʉʚʦʡè ʠ ʢʦʜʘ ʢʣʶʯʘ ʫʥʠʯʪʦʞʘʝʪʩʷ. ʆʩʪʘʶʪʩʷ 

ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʦʙ ʦʙʫʯʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʩʚʷʟʝʡ 

ʥʝʡʨʦʥʦʚ ʠ ʪʘʙʣʠʮʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʫʤʤʘʪʦʨʦʚ ʥʝʡʨʦʥʦʚ. ɼʚʝ 

ʵʪʠ ʪʘʙʣʠʮʳ ʜʘʶʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʝʡʨʦʩʝʪʠ, ʫʜʦʙʥʦ ʵʪʠ ʪʘʙʣʠ-

ʮʳ ʭʨʘʥʠʪʴ ʦʪʜʝʣʴʥʦ ʚ ʚʠʜʝ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʬʘʢʪʠʯʝʩʢʠ ʩʦ-

ʜʝʨʞʘʱʝʛʦ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʙʠʦʤʝʪʨʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʝʛʦ ʢʣʶʯʝ.  

ʅʝʡʨʦʩʝʪʝʚʦʡ ʢʦʥʪʝʡʥʝʨ ʤʦʞʝʪ ʭʨʘʥʠʪʴʩʷ ʚ ʧʘʤʷʪʠ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʡ ʩʠʩʪʝʤʳ, ʝʩʣʠ ʝʩʪʴ ʛʘʨʘʥʪʠʠ ʩʦʭʨʘʥʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʵʪʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ɽʩʣʠ ʥʝʪ ʛʘʨʘʥʪʠʡ ʩʦʭʨʘʥʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥ-

ʥʳʭ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʪʦ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʟʘʱʠʪʠʪʴ. ɿʘʱʠʪʘ 

ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʥʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʠʪʴʩʷ ʩʘʤʦʰʠʬ-

ʨʦʚʘʥʠʝʤ, ʢʦʛʜʘ ʯʘʩʪʴ ʚʳʭʦʜʥʦʛʦ ʙʠʦʢʦʜʘ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʯʘʩʪʠ ʝʱʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. ɹʣʦʢ-ʩʭʝʤʘ ʟʘʱʠʪʳ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʢʦʥʪʝʡʥʝ-

ʨʘ ʩʘʤʦʰʠʬʨʦʚʘʥʠʝʤ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.2 (ʉʂɿʀ ï ʩʨʝʜʩʪʚʘ ʢʨʠʧʪʦ-

ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ). 

 

 

ʈʠʩ. 3.2. ɿʘʱʠʪʘ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʩʘʤʦʰʠʬʨʦʚʘʥʠʝʤ 

 

ɽʩʣʠ ʟʘʱʠʪʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳ-

ʤʠ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʰʠʬʨʦʚʘʥʠʷ, ʪʦ ʝʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʥʘʜʝʞʥʦʡ, ʪʘʢ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ ʘʣʛʦʨʠʪʤʳ (ɻʆʉʊ 28147ï89, DES, ASE) 

ʧʦʩʪʨʦʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʜʘʥʥʳʭ. ʀʟ-

ʟʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ ʨʘʟʤʥʦʞʝʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʰʠʙʦʢ, ʢʦʪʦʨʳʡ ʤʝʰʘʝʪ ʥʘʙʣʶʜʘʪʴ ʩʪʘʪʠʩʪʠʢʠ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ, 

ʨʝʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʦʙʨʘʟʦʚ çʏʫʞʦʡè, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʘ-
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ʙʠʣʴʥʦʩʪʠ ʠ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ ʨʘʟʨʷʜʦʚ ʙʠʦʢʦʜʦʚ. ɺʩʝ ʵʪʦ ʜʝʣʘʝʪ 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʙʠʦʤʝʪʨʠʷ-ʢʦʜ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʟʘʱʠʱʝʥ-

ʥʳʤʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ çʥʝʯʝʪʢʠʤʠ ʵʢʩʪʨʘʢʪʦʨʘʤʠè.  

ʇʨʠ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʦʙʨʘʪʥʳʝ ʧʨʦ-

ʮʝʩʩʳ. ʅʝʡʨʦʩʝʪʝʚʦʡ ʢʦʥʪʝʡʥʝʨ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʧʘʤʷʪʠ, ʜʘʣʝʝ ʧʦ ʝʛʦ 

ʜʘʥʥʳʤ ʬʦʨʤʠʨʫʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ. ɽʩʣʠ ʙʳʣʘ ʦʩʫ-

ʱʝʩʪʚʣʝʥʘ ʟʘʱʠʪʘ ʢʦʥʪʝʡʥʝʨʘ, ʪʦ ʦʪʢʨʳʪʦʡ ʦʢʘʟʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʝʨʚʘʷ 

ʯʘʩʪʴ ʥʝʡʨʦʥʦʚ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʘʯʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʧʨʦʚʝʨʷʝʤʦʡ ʣʠʯʥʦʩʪʠ ʥʘ ʦʪʢʨʳʪʳʝ ʥʝʡʨʦʥʳ. ɽʩʣʠ ʧʨʝʜʲʷʚʣʝʥ ʦʙʨʘʟ 

çʉʚʦʡè, ʪʦ ʥʘ ʚʳʭʦʜʝ ʫ ʧʝʨʚʦʡ ʯʘʩʪʠ ʥʝʡʨʦʥʦʚ ʧʦʷʚʣʷʝʪʩʷ ʚʝʨʥʘʷ ʯʘʩʪʴ 

ʢʦʜʘ çʉʚʦʡè, ʢʦʪʦʨʘʷ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪ ʩʣʝʜʫʶʱʫʶ ʯʘʩʪʴ ʥʝʡʨʦʥʦʚ. ɼʣʷ 

ʦʙʨʘʟʘ çʉʚʦʡè ʧʨʦʮʝʜʫʨʳ ʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʚrʘʥʠʷ ʜʘʥʥʳʭ ʦʢʘ-

ʟʳʚʘʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʠ ʥʝ ʤʝʰʘʶʪ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ.  

ʀʥʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʧʨʝʜʲʷʚʣʝʥʥʳʡ ʦʙʨʘʟ ʦʢʘʟʳʚʘʝʪʩʷ 

çʏʫʞʠʤè. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʚʘʷ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʯʘʩʪʠ ʢʦʜʘ ʥʘ ʚʳʭʦʜʘʭ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʦʢʘʟʳʚʘʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ, ʚʝʨʥʦʛʦ ʨʘʩʰʠʬʨʦʚʳʚʘʥʠʷ 

ʜʘʥʥʳʭ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ 

ʭʵʰʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʨʘʟʨʫʰʘʶʱʠʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʠ 

ʜʨʫʛʠʝ ʩʪʘʪʠʩʪʠʢʠ ʦʙʨʘʟʦʚ çʏʫʞʠʝè. ɿʣʦʫʤʳʰʣʝʥʥʠʢ ʫʞʝ ʥʝ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʨʘʟʦʚ çʏʫʞʠʝè, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʝʤʫ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʝʨʝʙʦʨ. 

ʍʵʰʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʥʝʡʨʦʩʝʪʠ ʧʦʩʣʝ ʠʭ ʥʝʚʝʨʥʦʛʦ ʨʘʩʰʠʬʨʦʚʳ-

ʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤ-

ʤʠʥʛʘ ʩʞʠʤʘʝʪʩʷ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.3. 

 

 

ʈʠʩ. 3.3. ʕʬʬʝʢʪ ʩʞʘʪʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ  

ʤʝʞʜʫ ʢʦʜʦʤ çʉʚʦʡè ʠ ʢʦʜʘʤʠ çɺʩʝ ʏʫʞʠʝè ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ 

ʨʘʟʤʥʦʞʝʥʠʷ ʦʰʠʙʦʢ 
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ʀʟ ʜʘʥʥʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʨʘʟʤʥʦ-

ʞʝʥʠʷ ʦʰʠʙʦʢ (ʭʵʰʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʤʝʨʥʦ ʪʨʝʭʢʨʘʪ-

ʥʦʝ ʩʞʘʪʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʩʩʪʦʷ-

ʥʠʡ ʍʵʤʤʠʥʛʘ. ʅʝʡʨʦʩʝʪʴ ʙʝʟ ʭʵʰʠʨʦʚʘʥʠʷ ʠʤʝʝʪ (h) = 30 ʙʠʪ, 

ʥʝʡʨʦʩʝʪʴ ʩ ʚʢʣʶʯʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʭʵʰʠʨʦʚʘʥʠʷ ʠʤʝʝʪ (h) = 8 ʙʠʪ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʜʣʷ ʦʙʨʘʟʦʚ çʉʚʦʡè ʫ ʭʦʨʦʰʦ ʦʙʫ-

ʯʝʥʥʳʭ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 1 

(ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ ʨʦʜʘ ʥʝʪ). ʕʪʦ ʜʘʝʪ ʥʘʤ ʧʨʘʚʦ ʦʮʝʥʠʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʰʠʙʦʢ ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ:  
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2 2

1 (E(h("x") u)
P exp du

(h("x")) 2 2 (h("x"))
.  (3.1) 

ʇʦʜʩʪʘʥʦʚʢʘ ʜʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʠʩ. 3.3 ʜʘʝʪ ʜʣʷ ʥʝ ʟʘʱʠʱʝʥ-

ʥʦʛʦ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʈ2 = 10
ï5
, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʪʨʦʧʠʠ 

ʙʠʦʢʦʜʘ 16,5 ʙʠʪʘ. ɽʩʣʠ ʞʝ ʤʳ ʧʦʧʳʪʘʝʤʩʷ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ 

ʚʪʦʨʦʛʦ ʨʦʜʘ ʜʣʷ ʟʘʱʠʱʝʥʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʪʦ ʧʦʣʫʯʠʤ ʈ2  10
ï77

 , ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʪʨʦʧʠʠ ʚ 256 ʙʠʪ ʢʘʢ ʫ ʠʜʝʘʣʴʥʦʛʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʢʣʶʯʘ ʜʣʠʥʦʡ 256 ʨʘʟʨʷʜʦʚ, ʪ.ʝ. ʚʢʣʶʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʘʟʤʥʦʞʝʥʠʷ 

ʦʰʠʙʦʢ ʧʨʝʧʷʪʩʪʚʫʝʪ ʥʘʙʣʶʜʝʥʠ ʁʨʝʘʣʴʥʳʭ ʩʪʘʪʠʩʪʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʢʦʜʦʚ çɺʩʝ ʏʫʞʠʝè. ɺʤʝʩʪʦ ʨʝʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʤʳ ʚʠʜʠʤ ʠʜʝʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʝ ʠʜʝʘʣʴʥʦʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʝ.  

 

 

σȢςȢ ˛̜̅̎̏̒̌̏̊̎̊ ̎̆̊̑̏̒̆̓̆̃̏̊  
̝̐̑̆̏̂̑́̈̏̃́̓̆̌ ̂̉̏̍̆̓̑̉̉ 

ʅʝʡʨʦʩʝʪʝʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʙʠʦʤʝʪʨʠʠ ʚ ʢʦʜ ʧʦʜʦʙʝʥ çʥʝʯʝʪ-

ʢʦʤʫ ʵʢʩʪʨʘʢʪʦʨʫè. ʆʪʣʠʯʠʝ ʤʝʞʜʫ ʥʠʤʠ ʩʦʩʪʦʠʪ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ 

ʥʝʡʨʦʥ ʧʝʨʝʜ ʦʧʝʨʘʮʠʝʡ ʢʚʘʥʪʦʚʘʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪ ʠʭ ʩʫʤʤʠʨʦʚʘʥʠʝ ʩ ʥʝʢʦʪʦʨʳʤʠ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʦʙʫʯʝʥʠʠ ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢ, 

ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʵʥʪʨʦʧʠʶ ʢʘʞʜʦʛʦ ʨʘʟʨʷʜʘ ʙʠʦʢʦʜʘ ʤʘʢʩʠʤʘʣʴʥʦʡ, ʩʦ-

ʭʨʘʥʠʚ ʚʳʩʦʢʫʶ ʫʟʥʘʚʘʝʤʦʩʪʴ ʦʙʨʘʟʘ çʉʚʦʡè. ɸʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ, ʛʣʘʚʥʦʝ, ʯʪʦʙʳ ʦʥ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥ ʠ ʧʦʣʫʯʘʣ ʧʨʠʝʤʣʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʟʘ ʢʦʨʦʪʢʠʡ ʠʥʪʝʨʚʘʣ ʚʨʝ-

ʤʝʥʠ.  

ʇʨʠ ʧʨʝʜʲʷʚʣʝʥʠʠ ʧʨʠʤʝʨʦʚ ʦʙʨʘʟʘ çʉʚʦʡè ʦʙʫʯʝʥʥʳʡ ʦʜʥʦʩʣʦʡ-

ʥʳʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ: 
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1
1,1 1,2 1,N 1

2
1,2 2,2 2,N 2

3

1,n 2,n n,N n
N

v
:::: "c "

v
:::: "c "

vL
:::: :::: :::: :::: ::::

::::
:::: "c "

v

.  (3.2) 

ɽʩʣʠ ʧʦʜʘʚʘʪʴ ʥʘ ʚʭʦʜʳ ʦʙʫʯʝʥʥʦʡ ʦʜʥʦʩʣʦʡʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʤʝʨʦʚ ʦʙʨʘʟʘ çʏʫʞʦʡè, ʪʦ ʧʨʝʦʙʨʘʟʦʚʘ-
ʪʝʣʴ ʜʦʣʞʝʥ ʜʘʚʘʪʴ ʨʘʟʥʳʝ ʚʳʭʦʜʥʳʝ ʢʦʜʳ ʥʘ ʜʘʥʥʳʝ ʨʘʟʥʳʭ ʧʨʠʤʝʨʦʚ: 

 

1
1,1 1,2 1,N 1

2
1,2 2,2 2,N 2

3

1,n 2,n n,N n
N

:::: "x "

:::: "x "
L

:::: :::: :::: :::: ::::
:::::

:::: "x "

.  (3.3) 

ʅʘʩʪʨʦʡʢʘ ʚʝʢʪʦʨʘ ʢʚʘʥʪʦʚʘʪʝʣʝʡ ʥʝʡʨʦʥʦʚ L ::: ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʪʘʢ, ʯʪʦʙʳ ʠʟʤʝʥʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʡʨʦʥʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʮʝʥ-
ʪʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ çɺʩʝ ʏʫʞʠʝè, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.4.  
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʥʪʨʦʧʠʷ ʚʳʭʦʜʥʳʭ ʢʦʜʦʚ ʦʙʨʘʟʦʚ çɺʩʝ ʏʫʞʠʝè ʦʢʘʟʳʚʘ-
ʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ.   

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʙʠʦʤʝʪʨʠʷ-ʢʦʜ ʭʦʨʦʰʦ ʫʟʥʘʚʘʣ 
ʦʙʨʘʟ çʉʚʦʡè, ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʜʙʦʨ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʡʨʦʥʘ ï 

i ï ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ çʉʚʦʡè ʩʤʝʩʪʠʣʦʩʴ ʠʟ 
ʮʝʥʪʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ çɺʩʝ ʏʫʞʠʝè ʥʘ ʝʛʦ ʧʝʨʠʬʝʨʠʶ. ʅʘ ʨʠʩ. 3.4 ʦʪʦʙ-
ʨʘʞʝʥʦ ʩʤʝʱʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ çʉʚʦʡè ʚ ʧʨʘʚʫʶ ʩʪʦʨʦʥʫ, ʪʘʢ 
ʢʘʢ ʦʙʨʘʟ çʉʚʦʡè ʧʦ ʫʩʣʦʚʠʷʤ ʦʙʫʯʝʥʠʷ ʜʦʣʞʝʥ ʜʘʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ç1è ʥʘ 
ʚʳʭʦʜʝ ʫ ʥʝʡʨʦʥʘ. ɽʩʣʠ ʙʳ ʪʨʝʙʦʚʘʣʦʩʴ ʠʤʝʪʴ ʠʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʦ ʧʨʠ 
ʦʙʫʯʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ çʉʚʦʡè ʩʤʝʱʘʣʦʩʴ ʙʳ ʚ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ. 

 

 

ʈʠʩ. 3.4. ʕʬʬʝʢʪ ʚʳʪʘʣʢʠʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʦʙʨʘʟʘ çʉʚʦʡè  

ʠʟ ʦʙʣʘʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ çɺʩʝ ʏʫʞʠʝè ʥʘ ʚʳʭʦʜʝ ʩʫʤʤʘʪʦʨʘ ʥʝʡʨʦʥʘ 
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ɽʩʣʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʚʭʦʜʘʭ ʦʙʫʯʘʝʤʦʛʦ ʥʝʡʨʦʥʘ 

ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ, ʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʳʯʥʳʡ ʠʪʝʨʘʮʠʦʥ-

ʥʳʡ ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʜʘʥʘ ʥʘ ʨʠʩ. 3.5.  

 

 

ʈʠʩ. 3.5. ɹʣʦʢ-ʩʭʝʤʘ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ  

ʥʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ çʭʦʨʦʰʝʛʦè ʢʘʯʝʩʪʚʘ 

 

ʊʦ, ʥʘʩʢʦʣʴʢʦ ʜʘʣʝʢʦ ʤʳ ʚʳʪʦʣʢʥʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʨʘʟʘ çʉʚʦʡè, 

ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʥʝʡʨʦʥʘ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʝʢʫʱʝʛʦ ʢʘʯʝʩʪʚʘ 

ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ:  

 
v

v

E(y ) E(y )
Q ,  (3.4) 

ʛʜʝ E(yv) ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʧʨʠʤʝʨʦʚ çʉʚʦʡè; E(y ) ï ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʧʨʠʤʝʨʦʚ çɺʩʝ ʏʫʞʠʝè; v  ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʧʨʠʤʝʨʦʚ çʉʚʦʡè;  ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʧʨʠʤʝʨʦʚ çɺʩʝ ʏʫʞʠʝè. 

ʉʤʳʩʣ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ (3.4) ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ. ʆʥ ʨʘʩʪʝʪ ʧʨʠ 

ʨʘʟʥʝʩʝʥʠʠ ʮʝʥʪʨʦʚ ʨʘʟʜʝʣʷʝʤʳʭ ʤʥʦʞʝʩʪʚ çʉʚʦʡè ʠ çɺʩʝ ʏʫʞʠʝè ʠ ʩʦ-

ʭʨʘʥʝʥʠʠ ʠʭ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ. ʊʘʢʞʝ ʨʘʩʪʝʪ ʧʦʢʘʟʘ-

ʪʝʣʴ ʢʘʯʝʩʪʚʘ (3.4), ʝʩʣʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʦʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʨʘʟʜʝʣʷʝʤʳʭ ʤʥʦʞʝʩʪʚ. 

ʇʦʣʴʟʫʷʩʴ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ (3.4), ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʠʪʝʨʘʮʠ-

ʦʥʥʫʶ ʧʨʦʮʝʜʫʨʫ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʘ ʧʦ ʢʨʠʪʝʨʠʶ ʜʚʠʞʝʥʠʷ ʚ ʩʪʦʨʦʥʫ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʷʪʴ ʯʘʩʪʥʳʝ 
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ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʢʘʯʝʩʪʚʫ ʦʙʫʯʝʥʠʷ 
i

Q
 ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʥʘʩʪʨʘʠʚʘʝʤʳʭ 

ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɽʩʣʠ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʪʦ ʩʣʝʜʫʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴ ʟʥʘʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʚʝʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ï i. ʇʨʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʢʘʯʝʩʪʚʘ ʩʣʝʜʫʝʪ ʫʤʝʥʴʰʘʪʴ ʨʝʛʫʣʠʨʫʝʤʳʡ 

ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ. 
ʂʘʟʘʣʦʩʴ ʙʳ, ʯʪʦ, ʚʳʯʠʩʣʷʷ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʢʘʯʝʩʪʚʫ ʦʙʫ-

ʯʝʥʠʷ, ʤʳ ʣʝʛʢʦ ʤʦʞʝʤ ʧʦʩʪʨʦʠʪʴ ʘʚʪʦʤʘʪ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʕʪʦ 
ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʘʢ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʥʦʚ ʩ ʤʘʣʳʤ ʯʠʩ-
ʣʦʤ ʚʭʦʜʦʚ ʧʨʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ çʭʦʨʦʰʝʛʦè ʢʘʯʝʩʪʚʘ. ɽʩʣʠ ʵʪʦ 
ʥʝ ʪʘʢ, ʪʦ ʦʙʫʯʘʪʴ ʥʝʡʨʦʥʳ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ çʧʣʦʭʠʭè ʚʭʦʜʥʳʭ ʜʘʥ-
ʥʳʭ ʦʢʘʟʳʚʘʝʪʩʷ ʪʨʫʜʥʦ. ʇʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʰʫʤʘʭ ʧʨʦ-
ʮʝʜʫʨʳ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʤʘʣʳʤ ʜʠʩʢʨʝʪʥʳʤ ʯʠʩʣʦʤ 
ʧʨʠʤʝʨʦʚ ʦʙʫʯʝʥʠʷ çʉʚʦʡè. ɿʘʨʘʥʝʝ ʩʦʟʜʘʪʴ ʦʯʝʥʴ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ çɺʩʝ 
ʏʫʞʠʝè ʪʝʭʥʠʯʝʩʢʠ ʥʝ ʩʣʦʞʥʦ. ʄʥʦʛʦ ʩʣʦʞʥʝʝ ʟʘʩʪʘʚʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 
ʧʨʠʢʣʘʜʳʚʘʪʴ ʩʚʦʠ ʫʩʠʣʠʷ, ʩʦʟʜʘʚʘʷ ʜʝʩʷʪʢʠ ʠʣʠ ʜʘʞʝ ʩʦʪʥʠ ʧʨʠʤʝʨʦʚ 
ʦʙʨʘʟʘ çʉʚʦʡè.  

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʦʙʫʯʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳ-

ʯʠʩʣʝʥʠʷ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʯʝʩʪʚʘ 
i

Q
? ʧʨʠ ʤʘʣʦʤ ʯʠʩʣʝ ʧʨʠʤʝʨʦʚ 

çʉʚʦʡè. ʇʦʛʨʝʰʥʦʩʪʠ E(yv), (yv), ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʯʠʩʣʘ 

ʧʨʠʤʝʨʦʚ çʉʚʦʡè, ʫʩʠʣʠʚʘʶʪʩʷ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʨʦʠʟʚʦʜʥʳʭ 
i

Q
. ɺʣʠ-

ʷʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ çʟʘʙʠʚʘʝʪè ʧʦʣʝʟʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʦʧʨʝʜʝʣʝʥʠʷ 
ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʩʪʦʨʦʥʫ max{ Q}. ɺʦʟʥʠʢʘʝʪ ʭʘʦʪʠʯʝʩʢʦʝ ʙʣʫʞ-
ʜʘʥʠʝ ʧʦ ʤʥʦʛʦʤʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʰʠʙʦʢ ʚʤʝʩʪʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠ-
ʞʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʤʘʢʩʠʤʫʤʘ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ. ʕʪʘ ʩʠʪʫʘʮʠʷ ʠʣʣʶʩʪʨʠ-
ʨʫʝʪʩʷ ʨʠʩ. 3.6. 

 

 

ʈʠʩ. 3.6. ʋʪʨʘʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʮʝʜʫʨʳ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ  

ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ 
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ʀʟ ʜʘʥʥʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 15 ʚʭʦʜʘʭ ʥʝʡʨʦʥʘ ʠʪʝʨʘʮʠʦʥ-

ʥʦʝ ʦʙʫʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʯʪʠ ʫʩʪʦʡʯʠʚʦ, ʦʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩ-

ʣʘ ʚʭʦʜʦʚ ʥʝʡʨʦʥʘ ʜʦ 16 ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʫʪʨʘʯʠ-

ʚʘʝʪʩʷ. ʇʦʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʠ 

ʤʘʢʩʠʤʫʤʦʚ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ, ʷʚʣʷʶʱʠʭʩʷ ʥʝ ʯʝʤ ʠʥʳʤ, ʢʘʢ ʫʩʠʣʝʥʠ-

ʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʰʫʤʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʢʦ-

ʥʝʯʥʳʤ ʯʠʩʣʦʤ ʧʨʠʤʝʨʦʚ ʢʦʥʪʠʥʫʫʤʘ ʜʘʥʥʳʭ ʦʙʨʘʟʘ çʉʚʦʡè. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ ʙʳʩʪʨʳʤ,  

ɻʆʉʊ ʈ 52633.5ï2011 (ʩʤ. ʪʘʙʣ. 1.1) ʨʝʢʦʤʝʥʜʫʝʪ ʚʦʦʙʱʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ɺʤʝʩʪʦ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦ-

ʠʟʚʦʜʥʳʭ ʧʦ ʢʘʯʝʩʪʚʫ ʦʙʫʯʝʥʠʷ ʩʪʘʥʜʘʨʪ ʨʝʢʦʤʝʥʜʫʝʪ ʚʳʯʠʩʣʷʪʴ ʤʦʜʫ-

ʣʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʡʨʦʥʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ:  

 
i i

i
i

E( ) E( )

(v )
  (3.5) 

ʜʣʷ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ i( ) 1. 

ɺʳʙʦʨ ʟʥʘʢʦʚ ʧʨʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʳʪʘʣʢʠʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ çʉʚʦʡè.  ʇʨʠ ʚʳʪʘʣʢʠʚʘʥʠʠ ʚ ʧʨʘ-

ʚʫʶ ʯʘʩʪʴ ʟʥʘʢʠ ʚʳʙʠʨʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 i i isign( ) sign(E( ) E( )).  (3.6) 

ʇʨʠ ʚʳʪʘʣʢʠʚʘʥʠʠ ʜʘʥʥʳʭ çʉʚʦʡè ʚ ʣʝʚʫʶ ʯʘʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʘʥʥʳʭ çɺʩʝ ʏʫʞʠʝè ʠʩʧʦʣʴʟʫʶʪ ʦʙʨʘʪʥʳʝ ʟʥʘʢʠ ʧʨʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘʭ: 

 i i isign( ) sign(E( ) E( )).  (3.7) 

ʕʪʠ ʧʦʯʪʠ ʚʳʯʠʩʣʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʶʪ ʢʘʯʝʩʪʚʦ ʦʙʫʯʝʥʠʷ, ʥʦ 

ʜʝʣʘʶʪ ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ ʦʯʝʥʴ ʙʳʩʪʨʳʤ ʠ ʘʙʩʦʣʶʪʥʦ ʫʩʪʦʡʯʠʚʳʤ. 

ɸʚʪʦʤʘʪ ʦʙʫʯʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʘʤ (3.5) ï 

(3.7), ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʫʩʪʦʡʯʠʚʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʘʪʴ ʙʦʣʴʰʠʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʟʘ ʤʘʣʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʧʦʨʷʜʢʘ 0.1 ʩ ʥʘ ʦʙʳʯʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ. 

ɽʩʣʠ ʞʝ ʤʳ ʧʦʧʳʪʘʝʤʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʦʜʠʥ ʠʟ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪ-

ʤʦʚ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʦʚ [12, 13], ʪʦ ʧʦʣʫʯʠʤ ʥʝʫʩʪʦʡʯʠʚʦ 

ʨʘʙʦʪʘʶʱʠʡ ʘʚʪʦʤʘʪ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʦʙʫʯʝʥʠʝ ʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʨʝʤʷ.   
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σȢσȢ ˙̜̎̏̄̏̒̌̏̊̎̆ ̜̎̆̊̑̏̒̆̓̆̃̆  

̐̑̆̏̂̑́̈̏̃́̓̆̌̉ ̂̉̏̍̆̓̑̉̉ ̃ ̋̏̅ 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʥʝʡʨʦʩʝʪʝʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʙʠʦʤʝʪʨʠʷ-ʢʦʜ ʤʦʞʝʪ 
ʠʤʝʪʴ ʣʶʙʦʝ ʯʠʩʣʦ ʩʣʦʝʚ ʥʝʡʨʦʥʦʚ. ʆʙʫʯʘʪʴ ʪʘʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩʣʝ-
ʜʫʝʪ ʧʦʩʣʦʡʥʦ. ʂʘʞʜʳʡ ʩʣʦʡ ʜʦʣʞʝʥ ʦʙʫʯʘʪʴʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʠʩʧʦʣʴ-
ʟʫʷ ʜʘʥʥʳʝ ʚʳʭʦʜʦʚ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ ʢʘʢ ʧʨʠʤʝʨʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʣʝ-
ʜʫʶʱʝʛʦ ʩʣʦʷ. 

ʄʘʪʨʠʯʥʦʝ ʦʧʠʩʘʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʦʩʫʱʝʩʪʚʣʷ-
ʝʪʩʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʦʧʠʩʘʥʠʝʤ ʦʜʥʦʩʣʦʡʥʦʡ ʩʝʪʠ. ʅʘʧʨʠʤʝʨ, ʜʚʫʭʩʣʦʡ-
ʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʝ ʦʙʨʘʟʘʤʠ çʉʚʦʡè ʠ çʏʫʞʦʡè 
ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʤʘʪʨʠʯʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ:   

1
1,1 1,2 1,n 1,1 1,2 1,N

2
1,2 2,2 2,n 1,2 2,2 2,N

3

1,n 2,n n,n 1,n 2,n n,N
N

v
:::: ::::

v
:::: ::::

vB L
:::: :::: :::: :::: :::: :::: :::: ::::

::::
:::: ::::

v

1

2

n

"c "

"c "

::::

"c "

, (3.8) 

1
1,1 1,2 1,n 1,1 1,2 1,N

2
1,2 2,2 2,n 1,2 2,2 2,N

3

1,n 2,n n,n 1,n 2,n n,N
N

:::: ::::

:::: ::::
B L

:::: :::: :::: :::: :::: :::: :::: ::::
::::

:::: ::::

1

2

n

"x "

"x "

::::

"x "

, (3.9) 

ʛʜʝ i, j  ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ; B :::  ï ʚʝʢʪʦʨ 

ʢʚʘʥʪʦʚʘʪʝʣʝʡ ʥʝʡʨʦʥʦʚ ʚʪʦʨʦʛʦ ʩʣʦʷ. 
ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʘʪʨʠʯʥʳʤ ʦʧʠʩʘʥʠʝʤ ʜʚʫʭʩʣʦʡʥʦʡ 

ʩʝʪʠ ʥʝʡʨʦʥʦʚ ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʧʦʭʦʞʫʶ ʟʘʧʠʩʴ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ 
ʚʣʦʞʝʥʠʡ ʜʣʷ ʩʝʪʠ, ʩʦʜʝʨʞʘʱʝʡ 3, 4, 5,é ʩʣʦʝʚ ʥʝʡʨʦʥʦʚ. ɺʩʝ ʧʦʜʦʙʥʳʝ 
ʩʝʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʘʥʘʣʦʛʠʯʥʳʤʠ ʤʘʪʨʠʯʥʳʤʠ ʢʦʥʪʠʥʫʘʣʴʥʦ-
ʢʚʘʥʪʦʚʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. ɺʦ ʚʩʝʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 
ʧʨʠʣʦʞʝʥʠʡ ʧʦʩʣʝʜʥʠʡ ʩʣʦʡ ʥʝʡʨʦʥʦʚ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʠʤʝʪʴ ʠʜʝ-
ʘʣʴʥʳʡ (ʧʦʣʥʳʡ) ʢʚʘʥʪʦʚʘʪʝʣʴ ʩ ʦʯʝʥʴ ʢʨʫʪʳʤ ʬʨʦʥʪʦʤ ʧʝʨʝʢʣʶʯʝʥʠʷ. 
ʅʝʡʨʦʥʳ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʩʣʦʝʚ ʩʝʪʠ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʦʣʥʦʝ 
ʢʚʘʥʪʦʚʘʥʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ 
ʩʣʦʠ ʥʝʡʨʦʥʦʚ ʪʨʝʭʩʣʦʡʥʦʡ ʩʝʪʠ ʤʦʛʫʪ ʠʤʝʪʴ ʥʝʣʠʥʝʡʥʳʝ ʵʣʝʤʝʥʪʳ  
ʩ ʣʠʥʝʡʥʳʤʠ ʫʯʘʩʪʢʘʤʠ [1]. ʇʨʠʤʝʨʳ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʣʥʳʤ 
ʠ ʯʘʩʪʠʯʥʳʤ ʢʚʘʥʪʦʚʘʥʠʝʤ  ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3.7. 
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ʀʟ ʜʘʥʥʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʠʜʝʘʣʴʥʦʤ (100 %) ʢʚʘʥʪʦʚʘʥʠʠ 

ʚʩʝ 100 % ʩʦʩʪʦʷʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʚʩʝʛʦ ʘʣʬʘʚʠʪʘ ʚʦʟʤʦʞʥʳʭ 

ʦʙʨʘʟʦʚ çɺʩʝ ʏʫʞʠʝè ʙʫʜʫʪ ʠʤʝʪʴ ʪʦʣʴʢʦ ʜʚʘ ʩʦʩʪʦʷʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ç0è ʠ ç1è. ʇʨʠ 75 % ʢʚʘʥʪʦʚʘʥʠʷ ʦʩʪʘʚʰʠʝʩʷ 25 % ʙʫʜʫʪ ʠʤʝʪʴ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ. 

 

 

ʈʠʩ. 3.7. ʅʝʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʥʝʡʨʦʥʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʯʘʩʪʠʯʥʦʝ  

(ʥʝʧʦʣʥʦʝ) ʠ ʧʦʣʥʦʝ (100 %) ʢʚʘʥʪʦʚʘʥʠʝ ʚʳʭʦʜʦʚ ʥʝʡʨʦʥʦʚ 

 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʚʫʭʩʣʦʡʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʠʤʝʝʪ ʚ ʧʝʨʚʦʤ ʠ 

ʚʪʦʨʦʤ ʩʣʦʷʭ ʥʝʡʨʦʥʦʚ ʧʦʣʥʳʝ ʢʚʘʥʪʦʚʘʪʝʣʠ, ʦʙʫʯʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤʘʤʠ ɻʆʉʊ ʈ 52633.5ï2011. ɽʩʣʠ ʢʚʘʥʪʦ-

ʚʘʪʝʣʠ ʫ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ʥʝʧʦʣʥʳʝ, ʪʦ ʠʭ ʦʙʫʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʠʪʝʨʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦ ʢʨʠʪʝʨʠʶ ʧʦʠʩʢʘ ʤʘʢʩʠ-

ʤʫʤʘ ʢʘʯʝʩʪʚʘ (3.4).   

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʙʠʦʤʝʪʨʠʷ-ʢʦʜ 

ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʩʣʦʡʥʳʝ ʠ ʜʚʫʭʩʣʦʡʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩ ʧʦʣʥʳʤʠ ʢʚʘʥʪʦʚʘʪʝʣʷʤʠ ʜʘʥʥʳʭ ʚ ʦʙʦʠʭ ʩʣʦʷʭ. ɼʣʷ 

ʪʘʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʤʝʭʘʥʠʟʤʳ ʨʘʟʤʥʦʞʝʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʰʠ-

ʙʦʢ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʳ (ʩʤ. ʨʠʩ. 3.2), ʪ.ʝ. ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩ ʥʝʧʦʣʥr ʤʠ ʢʚʘʥʪʦʚʘʪʝʣʷʤʠ ʜʘʥʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʪʦʣʴʢʦ ʚ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʨʝʜ-

ʩʪʚʘʭ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʜʦʚʝʨʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʨʝʜʝ (ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʧʧʘʨʘʪʥʘʷ ʟʘʱʠʪʘ ʜʦʩʪʫʧʘ). 
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σȢτȢ ˏ̜̂̏̑ ̜̅̌̉̎ ̂̌̏̋̏̃ ̙̠̉̑̏̃́̎̉̕ȟ  
̝̜̖̉̒̐̏̌̈̔̆̍ ̐̑̉ ̗̑̆́̌̉̈́̉̉ ̖̍̆́̎̉̈̍́ ̠̑́̈̍̎̏̇̆̎̉ 

̙̏̉̂̏̋ ̘̖̂̉̏̍̆̓̑̉̆̒̋̉ ̜̖̅́̎̎ 

ɺʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʜʣʠʥʳ ʙʣʦʢʦʚ ʩʘʤʦʰʠʬʨʦʚʘʥʠʷ 

(ʩʤ. ʙʣʦʢ-ʩʭʝʤʫ ʨʠʩ. 3.2). ɽʩʣʠ ʙʣʦʢ ʦʢʘʞʝʪʩʷ ʩʣʠʰʢʦʤ ʜʣʠʥʥʳʤ, 

ʥʘʧʨʠʤʝʨ, 60 ʙʠʪ (ʢʘʢ ʩ ʘʣʛʦʨʠʪʤʦʤ DES), ʚʦʟʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʘʪʘʢʫ 

ʦʙʨʘʱʝʥʠʷ ʤʘʪʨʠʮ ʥʝʡʨʦʩʝʪʝʚʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ ʘʣʛʦʨʠʪʤʦʤ ʛʝʥʝʪʠʯʝ-

ʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʜʙʦʨʘ (ʘʣʛʦʨʠʪʤ ʦʧʠʩʘʥ ʚ ʧʘʨʘʛʨʘʬʘʭ 2.4, 2.5). 

ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʙʣʦʢʘ ʩʘʤʦʰʠʬʨʦʚʘʥʠʷ. 

ʆʧʪʠʤʠʟʘʮʠʶ ʙʫʜʝʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʯʝʨʝʟ ʩʠʥʪʝʟ ʥʦʤʦʛʨʘʤʤʳ, ʩʚʷʟʳʚʘ-

ʶʱʝʡ ʵʥʪʨʦʧʠʶ ʢʦʜʦʚ ʨʘʟʥʦʡ ʜʣʠʥʳ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʤʦʜʫʣʝʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʨʘʟʨʷʜʘʤʠ ʢʦʜʦʚ. 

ɺʧʦʣʥʝ ʦʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʣʥʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ (ʥʝʢʦʨ-

ʨʝʣʠʨʦʚʘʥʥʦʩʪʴ) ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʜʦʚ çʏʫʞʦʡè ʜʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʠ ʢʦʜʦʚ çʙʝʣʳʤ ʰʫʤʦʤè. ʊʘʢʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʫʜʫʪ ʠʤʝʪʴ ʵʥ-

ʪʨʦʧʠʶ, ʪʦʯʥʦ ʩʦʚʧʘʜʘʶʱʫʶ ʩ ʜʣʠʥʦʡ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʜʘ. 

ɺ ʠʥʦʤ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʩʝ ʨʘʟʨʷʜʳ ʢʦʜʦʚ ʘʙʩʦʣʶʪʥʦ 

ʢʦʨʨʝʣʠʨʦʚʘʥʥʳ, ʵʥʪʨʦʧʠʷ ʢʦʜʦʚ çʏʫʞʦʡè ʦʢʘʟʳʚʘʝʪʩʷ ʝʜʠʥʠʯʥʦʡ ʥʝʟʘ-

ʚʠʩʠʤʦ ʦʪ ʜʣʠʥʳ ʢʦʜʦʚ: 

 
ijE( r ) 1;

H(n) 1.
  (3.10) 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʥʪʨʦʧʠʷ ʚʳʭʦʜʥʳʭ ʢʦʜʦʚ çʏʫʞʦʡè ʦʧʠʩʳʚʘʝʪʩʷ 

ʪʨʝʭʤʝʨʥʦʡ ʬʫʥʢʮʠʝʡ [1, 14]: 

 2,i 2,iH(n,E(r),E(P )) (n,E(r),E(P ) (n 1) 1) ʅ(1),  (3.11) 

ʛʜʝ H(1) ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʜʥʦʤʝʨʥʦʡ ʵʥʪʨʦʧʠʠ ʚʩʝʭ ʨʘʟʨʷʜʦʚ ʚʳʭʦʜ-

ʥʦʛʦ ʢʦʜʘ; P2,i ï ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚʪʦʨʦʛʦ ʨʦʜʘ ʜʣʷ i-ʛʦ ʨʘʟʨʷʜʘ ʢʦʜʘ 

çʏʫʞʦʡè.  

ʌʦʨʤʘ ʦʧʠʩʘʥʠʷ (3.11) ʫʜʦʙʥʘ ʪʝʤ, ʯʪʦ ʩʦʜʝʨʞʠʪ ʧʦʯʪʠ ʤʫʣʴʪʠ-

ʧʣʠʢʘʪʠʚʥʳʡ ʪʨʝʭʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʤʥʦʛʦʤʝʨʥʦʡ ʵʥʪʨʦʧʠʠ ʠ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʦʜʥʦʤʝʨʥʳʭ ʯʘʩʪʥʳʭ ʵʥʪʨʦʧʠʡ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʚʳ-

ʭʦʜʥʳʭ ʨʘʟʨʷʜʦʚ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʜʘ. ɼʣʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʛʦ ʩʣʫʯʘʷ 

E(P2,i) = 0,5 ʫʜʘʣʦʩʴ ʧʦʩʪʨʦʠʪʴ ʥʦʤʦʛʨʘʤʤʫ ʜʚʫʭʤʝʨʥʦʛʦ ʧʦʯʪʠ ʤʫʣʴʪʠ-

ʧʣʠʢʘʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ [1]. ʆʜʥʘʢʦ ʵʪʦʪ ʧʦʜʭʦʜ ʦʢʘʟʘʣʩʷ ʥʝ 

ʧʨʦʜʫʢʪʠʚʝʥ, ʪʘʢ ʢʘʢ ʢʨʠʚʳʝ ʧʦʜʦʙʥʳʭ ʥʦʤʦʛʨʘʤʤ ʦʧʠʩʳʚʘʶʪʩʷ ʦʯʝʥʴ 

ʩʣʦʞʥʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ. 
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ɺʦʟʤʦʞʝʥ ʝʱʝ ʦʜʠʥ ʧʫʪʴ ʦʧʠʩʘʥʠʷ ʤʥʦʛʦʤʝʨʥʦʡ ʵʥʪʨʦʧʠʠ, ʢʦʪʦ-

ʨʳʡ ʩʪʨʦʠʪʩʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʤʥʦʛʦʤʝʨʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʳʝ ʬʫʥʢʮʠʠ. ʕʪʦʪ ʪʠʧ ʬʫʥʢʮʠʡ ʚʚʦʜʠʪʩʷ ʯʝʨʝʟ ʦʪʥʦʰʝʥʠʝ ʤʥʦʛʦʤʝʨ-

ʥʳʭ ʬʫʥʢʮʠʡ ʵʥʪʨʦʧʠʠ: 

 
n

i
i 1

H(n) H(n)
R(n) 1 1

n H(1)
H (1)

,  (3.12) 

ʛʜʝ Hi(1) ï ʦʜʥʦʤʝʨʥʘʷ ʵʥʪʨʦʧʠʷ i-ʛʦ ʨʘʟʨʷʜʘ. 

ʆʙʳʯʥʘʷ ʜʚʫʭʤʝʨʥʘʷ ʢʦʨʨʝʣʷʮʠʷ r ʩʦʚʧʘʜʘʝʪ ʩ R(2). ɼʣʷ ʙʦʣʝʝ ʚʳ-

ʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʨʘʟʤʝʨʥʦʩʪʠ r ʠ R(n) ʦʢʘʟʳʚʘʶʪʩʷ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʥʦʤʦʛʨʘʤʤʦʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 3.8. ʅʦʤʦʛʨʘʤʤʘ ʧʦʩʪʨʦʝʥʘ ʧʦ ʜʘʥ-

ʥʳʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʘʙʣ. 3.1. 

 

 

ʈʠʩ. 3.8. ʅʦʤʦʛʨʘʤʤʘ ʩʚʷʟʠ ʟʥʘʯʝʥʠʡ ʚʳʩʦʢʦʨʘʟʤʝʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ R(n)  

ʩ ʫʩʨʝʜʥʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʜʫʣʝʡ ʦʙʳʯʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ï r 

 

R(n)  

r  
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ʊʘʙʣʠʮʘ 3.1 

ɿʥʘʯʝʥʠ ̫ʢʨʠʚʳʭ ʥʦʤʦʛʨʘʤʤʳ ʨʠʩ. 3.8 ʜʣʷ ʧʘʨʘʤʝʪʨʘ P = 0,5 

 
 

ʀʟ ʜʘʥʥʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʢʨʠʚʳʝ ʩʚʷʟʠ ʚʳʩʦʢʦʨʘʟʤʝʨʥʳʭ 

ʢʦʨʨʝʣʷʮʠʡ R(n) ʩ ʫʩʨʝʜʥʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʜʫʣʝʡ ʦʙʳʯʥʳʭ ʢʦʨʨʝ-

ʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ r ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʯʪʠ ʣʠʥʝʡʥʳʝ ʫʯʘʩʪʢʠ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʤʳʩʣʦʚʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʚʷʟʳʚʘʝʤʳʭ ʚʪʦʨʦʡ ʥʦʤʦ-

ʛʨʘʤʤʦʡ ʬʫʥʢʮʠʡ. ʇʨʠʯʠʥʘ ʩʣʦʞʥʦʩʪʠ ʥʦʤʦʛʨʘʤʤʳ ʵʥʪʨʦʧʠʷ-

ʢʦʨʨʝʣʷʮʠʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʩʚʷʟʳʚʘʝʪ ʨʘʟʥʦʨʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ [1, 14]. 

ʅʦʤʦʛʨʘʤʤʘ ʨʠʩ. 3.8 ʫʧʨʦʩʪʠʣʘʩʴ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʩʚʷʟʳʚʘʝʪ ʤʝʞʜʫ ʩʦʙʦʡ 

ʦʜʥʦʨʦʜʥʳʝ ʬʫʥʢʮʠʠ (ʬʫʥʢʮʠʠ ʢʦʨʨʝʣʷʮʠʠ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ). 

ʀʟ ʨʠʩ. 3.8 ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʢʨʠʚʳʭ ʬʘʢʪʠʯʝʩʢʠ 

ʦʙʨʘʟʦʚʘʥʳ ʧʦʯʪʠ ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ (ʢʨʠʚʳʝ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ 

ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʩʦ ʩʧʣʘʡʥ-ʩʪʳʢʦʚʢʦʡ ʣʠʥʝʡʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ). ʂʨʘʡʥʝ ʫʜʦʙʥʳʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʩʧʣʘʡʥ-ʩʰʠʚʢʘ 

ʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʘʨʘʙʦʣʝ (ʪʦʯʢʠ ʦʪʤʝʯʝʥʳ ʪʝʤʥʦʡ ʟʘ-

ʣʠʚʢʦʡ ʥʘ ʨʠʩ. 3.8). ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ P = 0,4, P = 

0,3, P = 0,2, P = 0,1 ʧʦʣʫʯʘʶʪʩʷ ʜʨʫʛʠʝ ʧʘʨʘʙʦʣʳ ʠ ʠʥʳʝ ʪʦʯʢʠ ʩʧʣʘʡʥ-

ʩʰʠʚʢʠ. ʕʪʠ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.2. 

  


































