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ʋɼʂ 659.10 

ɻʋɹɽʅʂʆ ɺ.ʂ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ., ʃʗʄɿʀʅ ɸ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ʇʆʄɸɿʂʆɺ ʄ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɻɺʋɿ çʇʨʠʘʟʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʆʉʆɹɽʅʅʆʉʊʀ ʊʈɸʅʉʇʆʈʊʀʈʆɺʂʀ ɸɺʊʆʉɸʄʆʉɺɸʃʆɺ ɹʆʃʔʐʆʁ 

ɻʈʋɿʆʇʆɼʒɽʄʅʆʉʊʀ ɺ ʉʀʊʀʃʆɻʀʉʊʀʏɽʉʂʆʁ ʉʈɽɼɽ 

ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʠʪʠʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʘʧʧʘʨʘʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʘʪʴ ʦʙʦʟʥʘʯʝʥʥʫʶ ʧʨʦʙʣʝʤʫ ʚ ʩʠʪʠʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʩʨʝʜʝ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ʇʦʩʪʘʚʢʠ ʢ ʤʝʩʪʫ ʨʘʙʦʪʳ ʚ ʢʘʨʴʝʨʘʭ ʙʦʣʴʰʝʛʨʫʟʥʳʭ ʩʘʤʦʩʚʘʣʦʚ ʠ ʠʭ ʟʘʧʘʩʥʳʭ ʫʟʣʦʚ ʟʘʯʘ-

ʩʪʫʶ ʧʨʦʠʩʭʦʜʪ̫ ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʛʘʙʘʨʠʪʥʦ-ʚʝʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʨʤʘʪʠʚʦʚ, ʫʩʪʘʥʦʚʣʝʥ-

ʥʳʤ ʧʦ ʫʩʣʦʚʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ʛʦʨʦʜʩʢʠʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʝʪʷʤ. ʊʘʢ ʞʝ ʜʦʩʪʘʚʢʘ 

ʟʘʧʘʩʥʳʭ ʫʟʣʦʚ ʩʘʤʦʩʚʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ, ʟʘʛʨʫʞʘʝʪ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢ ʤʝʩʪʫ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦ ʩʝʪʷʤ ʦʙʱʝʛʦ ʛʦʨʦʜʩʢʦʛʦ ʧʦʣʴ-

ʟʦʚʘʥʠʷ ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʛʘʙʘʨʠʪʥʦ-ʚʝʩʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʧʝʨʝʚʦʟʦʢ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʪʘʢʠʭ ʛʨʫʟʦʚ ʫʩʣʦʞʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʘʚʠʣ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʠ ʜʦʧʫʩʪʠʤʳʭ ʛʘʙʘʨʠʪʥʳʭ ʠ ʚʝʩʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʳʭ ʧʨʦʣʝʛʘʝʪ 

ʤʘʨʰʨʫʪ ʜʚʠʞʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʟʨʝʰʝʥʠʡ ʥʘ ʧʨʦʚʦʟ ʛʨʫʟʦʚ ʧʦ ʛʦ-

ʨʦʜʩʢʠʤ ʜʦʨʦʛʘʤ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʟʘʪʨʘʯʠʚʘʶʪ ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʠʥʪʝʨʝʩʳ ʦʨʛʘʥʠʟʘʮʠʠ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʩʠʪʠʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʨʝʜʝ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʚʝʜʫʱʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤʧʘʥʠʠ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ɽʚʨʦʧʳ ʠ ʤʠʨʘ ʨʘʙʦʪʘʶʪ ʚ ʦʙʣʘʩʪʠ ʛʦʨʦʜʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ, ʧʳʪʘʷʩʴ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʝ ʠʤʝʶʱʠʭʩʷ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʵʬʬʝʢʪ ʚ ʤʦʙʠʣʴʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠ-

ʯʥʦʩʪʠ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʪʠʣʦʛʠʩʪʠʢʝ ʥʘʭʦʜʠʪʴ ʥʦʚʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʟʘʜʘʯʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʩʠʪʠʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʨʝʜʝ ʟʘʥʠʤʘʶʪʩʷ ʪʘʢʠʝ ʫʯʝʥʳʝ [1,2,3]. 

ɺ ʋʢʨʘʠʥʝ ʩʠʪʠʣʦʛʠʩʪʠʢʘ ʥʘʯʠʥʘʝʪ ʥʘʭʦʜʠʪʴ ʦʪʨʘʞʝʥʠʷ ʚ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʘ ʨʘʟʨʘʙʦ-

ʪʢʘ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝ ʧʦʣʫʯʠʣʘ ʜʦʣʞʥʦʛʦ ʨʘʟʚʠʪʠʷ [4,5]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʘ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ 

ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʚ ʩʠʪʠʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʨʝʜʝ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʩʠʪʠ ʣʦʛʠʩʪʠʢʠ. ʉʠʪʠ ʣʦʛʠʩʪʠʢʘ ï ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʠʤʝʶʱʝʝ ʩʚʦʠʤ ʧʨʝʜʤʝʪʦʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʤʘʨʰʨʫʪʦʚ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ 

[1,2,3,4]. 

ʇʨʠʚʝʜʝʤ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʝʨʝʚʦʟʯʠʢʠ ʩʘʤʦʩʚʘʣʦʚ ʢ ʤʝʩʪʫ ʠʭ 

ʨʘʙʦʪʳ ʠ ʠʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʧʦ ʛʦʨʦʜʩʢʠʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʝʪʷʤ: 



ʆʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʚ ʩʠʪʠʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʨʝʜʝ 

    
5 ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʇʨʦʙʣʝʤʘ 1. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ ʙʦʣʴʰʝʛʨʫʟʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʚ 

ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʧʦʨʪʘʭ ʚʢʣʶʯʘʝʪ (ʨʠʩ.1): 

ï ʧʨʦʚʝʜʝʥʠʝ ʩʪʨʦʧʦʚʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʧʦ 

ʧʨʦʚʝʜʝʥʠʶ ʨʘʙʦʪ ʩ ʙʦʣʴʰʝʛʨʫʟʥʦʡ ʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʡ ʪʝʭʥʠʢʦʡ; 

ï ʧʦʜʲʝʤ ʙʦʣʴʰʝʛʨʫʟʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʩ ʧʘʣʫʙʳ ʩʫʜʥʘ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʜʲ-

ʝʤʘ ʠ ʨʷʜ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʡ; 

ï ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʦʪ ʧʦʨʪʘ ʯʝʨʝʟ ʛʦʨʦʜʩʢʫʶ ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʝʪʴ. 

 
ʈʠʩ.1. ʈʘʟʛʨʫʟʢʘ ʙʦʣʴʰʝʛʨʫʟʥʳʭ ʩʘʤʦʩʚʘʣʦʚ ʩ ʤʦʨʩʢʦʛʦ ʩʫʜʥʘ  

ʇʨʦʙʣʝʤʘ 2. ɻʘʙʘʨʠʪʳ ʧʨʠʙʣʠʞʝʥʠʷ ʛʦʨʦʜʩʢʠʭ ʩʪʨʦʝʥʠʡ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʦʦʨʫʞʝ-

ʥʠʡ, ʰʠʨʠʥʘ ʜʦʨʦʛ ʩʣʠʰʢʦʤ ʤʘʣʳ, ʧʦʵʪʦʤʫ ʧʨʦʝʟʜ ʘʚʪʦʧʦʝʟʜʘ ʩ ʙʦʣʴʰʝʛʨʫʟʥʳʤ ʘʚʪʦʩʘʤʦʩʚʘ-

ʣʦʤ ʠ ʝʛʦ ʢʦʤʧʣʝʢʪʫʶʱʠʤʠ, ʯʘʩʪʦ ʙʣʦʢʠʨʫʝʪ ʛʦʨʦʜʩʢʠʝ ʪʨʘʩʩʳ (ʨʠʩ.2). 

 
ʈʠʩ.2. ɼʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ ʠ ʚʧʠʩʳʚʘʥʠʝ ʚ ʛʘʙʘʨʠʪʳ ʛʦʨʦʜʩʢʠʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʧʨʠ ʧʝʨʝ-

ʚʦʟʢʝ ʢʫʟʦʚʘ ʙʦʣʴʰʝʛʨʫʟʥʦʛʦ ʘʚʪʦʩʘʤʦʩʚʘʣʘ 

ʇʨʦʙʣʝʤʘ 3. ʇʦʣʦʪʥʦ ʜʦʨʦʛʠ ʛʦʨʦʜʘ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʚʳʜʝʨʞʘʪʴ ʥʘʛʨʫʟʢʫ ʧʨʠ ʧʝʨʝʚʦʟʢʝ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʫʟʣʦʚ ʙʦʣʴʰʝʛʨʫʟʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ (ʨʠʩ.3). 



 

6 

ˉ 1, 2013 

 
ʈʠʩ.3. ɼʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʘʚʪʦʧʣʘʪʬʦʨʤʘʭ ʢʦʤ-

ʧʣʝʢʪʫʶʱʠʭ ʙʦʣʴʰʝʛʨʫʟʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ 

ʇʨʦʙʣʝʤʘ 4. ɺʳʩʦʪʘ ʛʨʫʟʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʚʦʟ ʧʦʜ ʤʦʩʪʦʤ (ʨʠʩ.4). 

 
ʈʠʩ. 4. ɼʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʙʦʣʴʰʝʛʨʫʟʥʦʛʦ ʘʚʪʦʩʘʤʦʩʚʘʣʘ ʧʦʜ ʤʦʩʪʦʤ 

ʇʨʦʙʣʝʤʘ 5. ɺʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʡʥʦʩʪʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʙʦʣʴʰʝʛ-

ʨʫʟʥʳʭ ʩʘʤʦʩʚʘʣʦʚ ʠ ʩʘʤʠʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʧʦ ʦʙʱʝʛʦʨʦʜʩʢʠʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʝʪʷʤ (ʨʠʩ.5). 

 
ʈʠʩ. 5. ɼʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʠʚʝʜʰʠʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠ ʚʳʭʦʜʝ 

ʙʦʣʴʰʝʛʨʫʟʥʦʛʦ ʘʚʪʦʩʘʤʦʩʚʘʣʘ ʥʘ ʦʙʱʝʛʦʨʦʜʩʢʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʝʪʠ 



ʆʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʚ ʩʠʪʠʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʨʝʜʝ 

    
7 ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚ ʨʘʤʢʘʭ ʦʙʦʟʥʘʯʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʫʢʪʫʨʠʟʘʮʠʝʡ ʠʩʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʘʥʘʣʠʟʦʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʫʩʣʦʚʠʡ ʝʝ ʨʝʰʝʥʠʷ, ʚʳʙʦʨʦʤ 

ʧʦʢʘʟʘʪʝʣʷ ʠ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʨʠʩ.6).  

 
ʈʠʩ.6. ʄʝʪʦʜʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʨʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʟʦʧʦ-

ʪʦʢʦʚ 

ɸ0 ï ʮʝʣʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ; ɺ ï ʚʘʨʠʘʥʪʳ ʩʠʪʫʘʮʠʡ;  

ʉ ï ʠʤʝʶʱʠʝʩʷ ʚ ʥʘʣʠʯʠʠ ʨʝʩʫʨʩʳ ʩʠʩʪʝʤʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ; U ï ʧʦʜʭʦʜʳ (ʩʧʦʩʦʙʳ) ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʠ ʫʧʨʘʚʣʝʥʠ ̫ʛʨʫʟʦʚʳʤʠ ʧʦʪʦʢʘʤʠ (ʢʦʤʧʣʝʢʪʫʶʱʠʝ);  

L ï ʦʧʨʝʜʝʣʝʥʥʳʝ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʫʯʠʪʳʚʘʝʤʳʝ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ;  

Y ï ʤʦʜʝʣʴ çʨʝʟʫʣʴʪʘʪ-ʧʦʢʘʟʘʪʝʣʴè; W ï ʧʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ;  

r ï ʤʦʜʝʣʴ ʧʨʝʜʧʦʯʪʝʥʠʡ ʣʠʮʘ ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʝ ï ʃʇʈ  

(ʚʳʙʦʨ ʨʘʙʦʯʝʡ ʠʜʝʠ, ʢʨʠʪʝʨʠʝʚ, ʦʛʨʘʥʠʯʝʥʠʡ). 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʚʷʟʘʥ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʦʧʝʨʘʮʠʠ (ʩʠʪʫʘʮʠʠ) ʠ 

ʧʦʣʫʯʝʥʠʝʤ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʕʪʘʧ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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ʄʘʨʰʨʫʪʠʟʘʮʠʷ ʩʘʤʦʩʚʘʣʦʚ ʠ ʠʭ ʫʟʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʦʙʱʝʛʦʨʦʜʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʝʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʤʘʪʨʠʮʳ ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʝʝ ʫʟʣʘʤʠ. 

ʊʘʢ ʢʘʢ ʦʙʱʝʛʦʨʦʜʩʢʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʝʪʴ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʤʥʦʞʝʩʪʚʘ ʫʟʣʦʚ, ʧʦʵʪʦʤʫ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʥʝʧʣʦʪʥʦʡ ʜʣʠʥʳ ʦʯʝʨʝʜʠ [6]. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʧʨʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ. 

ʄʘʪʨʠʮʘ ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʤʘʥʝʚʨʦʚ, ʢʦʪʦʨʳʝ ʩʫʝɦ-

ʩʪʚʫʶʪ ʚ ʦʙʱʝʛʦʨʦʜʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. 

ʈʘʩʯʝʪ ʤʘʪʨʠʮʳ ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʦʜʥʦʤʫ ʠʟ ʪʨʝʭ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ: 

1

m

ʪʨʽ

i

C min
=

­ä  ,    
ʽ

1

 
m

i

T min
=

­ä  ,    
ʽ

1

m

i

L min
=

­ä , (1) 

ʛʜʝ ʉʪʨʽ ï ʪʨʘʥʩʧʦʨʪʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʝʟʜ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʽ-ʦʡ ʜʫʛʠ ʩʝʪʠ, ʛʨʥ.; 

m ï ʢʦʣʠʯʝʩʪʚʦ ʜʫʛ ʩʝʪʠ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʛʦʨʦʜʩʢʫʶ ʪʨʘʩʩʫ ʤʘʨʰʨʫʪʘ ʜʚʠʞʝʥʠʷ ʦʪ 

ʦʜʥʦʛʦ ʫʟʣʘ ʢ ʜʨʫʛʦʤʫ; 

Li ï ʜʣʠʥʘ ʽ-ʦʡ ʜʫʛʠ ʩʝʪʠ, ʢʤ; 

Ti ï ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʽ-ʦʡ ʜʫʛʝ ʩʝʪʠ, ʯ. 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʟʦʧʦʪʦʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʦʙʱʝʛʦʨʦʜʩʢʠʭ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʩʝʪʝʡ  ʥʝʦʙʭʦʜʠʤʦ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩʳ: ʩʢʦʣʴʢʦ ʠ ʧʦ ʢʘʢʠʤ ʛʦʨʦʜʩʢʠʤ ʜʦʨʦʛʘʤ ʙʫʜʫʪ ʩʦ-

ʚʝʨʰʘʪʴʩʷ ʧʝʨʝʜʚʠʞʝʥʠ.̫ ʆʪʚʝʪʠʚ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʛʨʫʟʢʫ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ 

ʦʙʱʝʛʦʨʦʜʩʢʦʡ ʩʝʪʠ.  

ʅʝʦʪʲʝʤʣʝʤʦʡ ʟʘʜʘʯʝʡ ʨʘʩʯʸʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʦʜʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʚʢʣʶʯʘʶ-

ʱʠʭ ʚ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʛʨʫʟʦʧʦʪʦʢʠ ʩʘʤʦʩʚʘʣʦʚ ʠ ʠʭ ʫʟʣʦʚ, ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʞʫʟʣʦʚʳʭ 

ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ, ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ ʧʦ ʦʙʱʝʛʦʨʦʜʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʨʘʡʦʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʧʦ ʢʘʢʠʤ ʧʫʪʷʤ ʙʫʜʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʝ-

ʨʝʜʚʠʞʝʥʠʷ, ʠ ʩʢʦʣʴʢʦ ʫʯʘʩʪʥʠʢʦʚ ʜʚʠʞʝʥʠʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʧʫʪʴ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘ ̫ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ [7,8,9]. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʪʨʠʮʳ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ ʷʚʣʷʶʪ-

ʩʷ ʦʙʲʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʫʟʣʘʭ ʩʝʪʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ, 

ʠ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʤʘʪʨʠʮʳ ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ. 

ʂʦʨʨʝʩʧʦʥʜʝʥʮʠʷ ʠʟ ʫʟʣʘ i ʢ ʫʟʣʫ j ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ HOi ï ʦʙʲʝʤ ʦʪʧʨʘʚʣʝʥʠʡ ʠʟ -̔ʛʦ ʫʟʣʘ, ʝʜ/ʯ; 

HPj ï ʦʙʲʝʤ ʧʨʠʙʳʪʠʷ ʚ j-ʡ ʫʟʝʣ, ʝʜ/ʯ; 

Dij ï ʬʫʥʢʮʠʷ ʪʷʛʦʪʝʥʠʷ ʤʝʞʜʫ -̔ʤ ʠ j-ʤ ʫʟʣʘʤʠ; 

Kj ï ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. 

ʌʫʥʢʮʠʷ ʪʷʛʦʪʝʥʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝ-

ʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 



ʆʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʚ ʩʠʪʠʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʨʝʜʝ 
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ʛʜʝ Lij ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ  ̔ʠ j; 

Cij ï ʪʨʘʥʩʧʦʨʪʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʝʟʜ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʤʝʞʜʫ ʫʟʣʘʤʠ  ̔ʠ j; 

Tij ï ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʤʝʞʜʫ ʫʟʣʘʤʠ ʽ ʠ j. 

ʇʦʩʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ ʦʙʱʝʛʦʨʦʜʩʢʦʡ ʪʨʘʥʩʧʦʨʪ-

ʥʦʡ ʩʝʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʚ ʮʝʣʦʤ. 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩ.7 [10].  

 
ʈʠʩ.7. ɸʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ 

ɽʛʦ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʪʝʨʘʮʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ q[i,j] ʠʟ 

ʚʩʝʭ ʫʟʣʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʪʦʢʦʚ i ʚʦ ʚʩʝ ʫʟʣʳ ʧʦʛʣʦʱʝʥʠʷ ʧʦʪʦʢʦʚ j ʧʦ ʜʫʛʘʤ ʩʝʪʠ ʧʦ ʢʨʘʪʯʘʡ-

ʰʠʤ ʨʘʩʩʪʦʷʥʠʷʤ ʥʝʙʦʣʴʰʠʤʠ ʧʦʨʮʠʷʤʠ qmin [11]. 

ʇʦʩʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʯʝʨʝʜʥʦʡ ʧʦʨʮʠʠ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ qmin ʠʟ ʢʘʞʜʦʛʦ ʫʟʣʘ i ʚʦ ʚʩʝ ʫʟ-

ʣʳ j ʠ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ N[i,j] ʧʦ ʚʩʝʤ ʜʫʛʘʤ ʩʝʪʠ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʩʯʝʪ ʩʢʦʨʦ-

ʩʪʠ ʧʦʪʦʢʦʚ Vʬ[i,j]  ʠ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ Tʬ[i,j] ʤʝʞʜʫ ʫʟʣʘʤʠ i ʠ j. ɼʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠ-

ʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʚʩʝʭ ʜʫ-

ʛʘʭ ʩʝʪʠ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ [12]. ʇʝʨʝʙʦʨ ʫʟ-

ʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʘʭ: i=1..ik; j=1..jk (ik ʠ jk ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʥʝʯʥʳʝ ʫʟʣʳ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʧʦʪʦʢʦʚ). ʀʪʝʨʘʮʠʠ ʧʨʦʜʦʣʞʘʶʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʫʪ ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʚʩʝ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ [11]. 
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʧʦ ʜʫʛʘʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦ-

ʚʝ ʤʘʪʨʠʮʳ ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʠ ʤʘʪʨʠʮʳ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ, ʧʦ ʦʜʥʦʤʫ ʠʟ ʪʨʝʭ ʧʨʠʚʝʜʝʥ-

ʥʳʭ ʢʨʠʪʝʨʠʝʚ. 

ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʠ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦ ʜʫʛʘʤ, ʢʦʪʦ-

ʨʳʝ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳ. ʇʦʵʪʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʝʨʘʩʯʝʪʦʤ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʜʚʠʞʝʥʠʷ ʧʦ ʦʧʠʩʘʥʥʦʡ ʨʘʥʝʝ ʤʦʜʝʣʠ. 

ɺʳʚʦʜʳ 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ 

ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʚ ʩʠʪʠʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʨʝʜʝ ʠ ʧʨʝʜʣʘʛʘʝʤʳʡ ʥʘ ʝʝ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ rʧʨʠ ʨʘʩʯʸʪʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʟʦʧʦʪʦʢʦʚ  ʩʘʤʦʩʚʘʣʦʚ ʠ 

ʠʭ ʫʟʣʦʚ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʷʭ ʪʘʢʠʭ ʛʦʨʦʜʦʚ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ 

ʤʘʨʰʨʫʪʳ; ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʣʫʯʰʝ-

ʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʱʝʛʦʨʦʜʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʩ ʫʯʝʪʦʤ ʚʭʦʜʷʱʠʭ ʚ ʝʝ ʩʪʨʫʢʪʫʨʫ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʨʫʟʦʧʦʪʦʢʦʚ. 
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Abstract. The main city logistics problems of transport service of dump trucks of big loading ca-

pacity are given. The mathematical apparatus, allowing to solve the designated problem in the city 

logistics environment is offered. 
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ɹɭʃʆɺ ʖ.ɺ., ʢ.ʪ.ʥ., ʜʦʮ., ʐɽɺʏɽʅʂʆ ʉ.ɺ., ʘʩʠʩʪʝʥʪ  

ɼʦʥʝʮʴʢʘ ʘʢʘʜʝʤʽʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ; 

ʊʆʃʆʂ ʆ.ɺ., ʢ.ʪ.ʥ., ʜʦʮ., ʆʈɽʍʆɺ ɸ.ʖ., ʤʘʛʽʩʪʨʘʥʪ,  

ɸʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʽʥʩʪʠʪʫʪ ɼɺʅɿ çɼʦʥʅʊʋè 

ʇɯɼɺʀʑɽʅʅʗ ɹɽɿʇɽʂʀ ʈʋʍʋ ʅɸ ʄɽʈɽɾɯ ʄɯʉʔʂʀʍ ɺʋʃʀʎʔ ɯ 

ɼʆʈɯɻ ʋ ʊɽʄʅʀʁ ʇɽʈɯʆɼ ɼʆɹʀ ʗʂ ʉʇɽʎʀʌɯʏʅʀʁ ɺʀɼ ɼɯʗʃʔʅʆʉʊɯ 

ɿ ɺʀʈɯʐɽʅʅʗ ʇʈʆɹʃɽʄʀ ɹɽɿʇɽʂʀ ɼʆʈʆɾʅʔʆɻʆ ʈʋʍʋ ɺ ʄɯʉʊɸʍ 

ʋ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʦʾ ʧʨʘʢʪʠʢʠ ʡ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʤʽʩʪʘʭ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʝʥʦ ʦʙôʻʢʪ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ 

ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʷʢ ʩʧʝʮʠʬʽʯʥʦʛʦ ʚʠʜʫ ʜʽʷʣʴʥʦʩʪʽ ʟ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʤʽʩʪʘʭ. 

ʊʝʨʤʽʥʦʣʦʛʽʯʥʠʡ ʩʣʦʚʥʠʢ ʟ ʧʨʝʜʤʝʪʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʆʩʢʽʣʴʢʠ ʜʦʪʝʧʝʨ ʱʝ ʥʝ ʚʠʨʦʙʣʝʥʘ ʜʦʩʠʪʴ ʩʪʨʦʛʘ ʩʠʩʪʝʤʘ ʪʝʨʤʽʥʽʚ ʚ ʦʙʣʘʩʪʽ ʙʝʟʧʝʢʠ ʜʦʨʦ-

ʞʥʴʦʛʦ ʨʫʭʫ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʨʦʟʙʽʞʥʦʩʪʝʡ ʫ ʪʣʫʤʘʯʝʥʥʽ ʧʨʝʜʤʝʪʘ ʮʽʻʾ ʩʪʘʪʪʽ ʚʚʝʜʝʤʦ ʨʷʜ ʧʦ-

ʥʷʪʴ: 

ï ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ï ʮʝ ʜʽʷ-

ʣʴʥʽʩʪʴ ʟ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ 

ʜʦʙʠ, ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʷʢʦʾ ʻ ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʽʡ 

ʤʝʨʝʞʽ (ɺɼʄ) ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ; 

ï ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ɺɼʄ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ï ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʥʝʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ 

ɺɼʄ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʚ ʧʝʚʥʽʡ ʜʦʨʦʞʥʽʡ ʦʙʩʪʘʥʦʚʮʽ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ; 

ï ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ï ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʤʽʞ ʟʘʭʦʜʦʤ ʽ ʩʭʦʜʦʤ ʉʦʥʮʷ; ʧʨʦʪʷʛʦʤ ʮʴʦʛʦ ʯʘʩʫ 

ʉʦʥʮʝ ʧʝʨʝʙʫʚʘʻ ʥʠʞʯʝ ʣʽʥʽʾ ʛʦʨʠʟʦʥʪʫ. 

ɿ ʽʥʰʠʤʠ ʪʝʨʤʽʥʘʤʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʧʨʝʜʤʝʪʘ ʮʽʻʾ ʩʪʘʪʪʽ, ʯʠʪʘʯ ʤʦʞʝ ʦʟʥʘʡʦʤʠʪʠʩʷ ʚ ʨʦʙʦ-

ʪʽ [1]. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ɺʽʜʦʤʦ, ʱʦ ʚ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʩʢʦʶʻʪʴʩʷ ʯʠʤʘʣʘ ʯʘʩʪʠʥʘ ʚʩʽʭ ɼʊʇ (ʨʠʩ. 1) [2]. ʋ ʪʝʤʥʠʡ 

ʧʝʨʽʦʜ ʜʦʙʠ ʢʽʣʴʢʽʩʪʴ ɼʊʇ ʟ ʣʶʜʩʴʢʠʤʠ ʞʝʨʪʚʘʤʠ ʫ ʤʽʩʪʘʭ ʫ 2,5 ʨʘʟʠ, ʘ ʥʘ ʧʦʟʘʤʽʩʴʢʠʭ ʜʦʨʦʛʘʭ 

ʫ 3 ʨʘʟʠ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʩʚʽʪʣʠʡ ʧʝʨʽʦʜ ʜʦʙʠ [3]. ʋ ʅʽʤʝʯʯʠʥʽ ʧʽʜʨʘʭʦʚʘʥʦ, ʱʦ ʾʟʜʘ ʚʥʦʯʽ ʚ 3,5 ʨʘ-

ʟʠ ʥʝʙʝʟʧʝʯʥʽʰʘ, ʥʽʞ ʫʜʝʥʴ, ʘ ʥʝʙʝʟʧʝʢʘ ʟʘʛʠʥʫʪʠ ʚ ɼʊʇ ʫʥʦʯʽ ʟʨʦʩʪʘʻ ʚ 10 ʨʘʟʽʚ [4]. ʋ ʌʨʘʥʮʽʾ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ɼʊʇ ʫʥʦʯʽ ʚʜʚʽʯʽ ʙʽʣʴʰʘ ʽ ʥʘʩʣʽʜʢʠ ʥʽʯʥʠʭ ɼʊʇ ʚʪʨʠʯʽ ʚʘʞʯʽ ʫ ʧʦʨʽʚ-

ʥʷʥʥʷ  ʟʽ ʩʚʽʪʣʠʤ ʧʝʨʽʦʜʦʤ ʜʦʙʠ [4]. 

ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ɼʊʇ ʚʽʜ ʾʭ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʠʧʘʜʘʻ ʥʘ ʤʽʩʪʘ. ʅʘʧʨʠʢʣʘʜ ʚ ɸʚʩʪʨʽʾ ʚ ʤʽ-

ʩʪʘʭ ʱʦʨʽʯʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʣʠʟʴʢʦ 61 % ʚʩʽʭ ɼʊʇ ʚ ʢʨʘʾʥʽ, ʚ ʂʘʥʘʜʽ ï 75 %, ʌʨʘʥʮʽʾ ï 65 %, ʅʽ-

ʤʝʯʯʠʥʽ ï 65 %, ʋʛʦʨʱʠʥʽ ï 69 %, ɯʪʘʣʽʾ ï 74 %, ʗʧʦʥʽʾ ï 73 %, ɸʥʛʣʽʾ ï 72 %, ʉʐɸ ï 65 %, 

ʋʢʨʘʾʥʽ ï 71 % [5]. ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ ʚ ʜʝʷʢʠʭ ʤʽʩʪʘʭ ɼʦ-

ʥʝʮʴʢʦʾ ʦʙʣʘʩʪʽ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʘʤʠ ʮʽʻʾ ʩʪʘʪʪʽ. ʇʨʦʩʪʝʞʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ, ʱʦ ʟʽ ʟʤʝʥ-

ʰʝʥʥʷʤ ʯʠʩʝʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʤʽʩʪʘ ʜʦʣʷ ɼʊʇ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ɼʊʇ ʫ ʤʽʩʪʘʭ ʚ ʪʝʤʥʠʡ ʧʝʨʽʦʜ 

ʜʦʙʠ ʻ ʦʩʥʦʚʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʜʦʨʦʞʥʴʦʾ ʘʚʘʨʽʡʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽ.  

ʈʘʥʽʰʝ ʤʠ ʚʠʟʥʘʯʠʣʠʩʷ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʫ 

ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ï ʮʝ ʜʽʷʣʴʥʽʩʪʴ ʟ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫ-
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ʣʠʮʴ ʽ ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ. ɸ ʟʥʘʯʠʪʴ, ʷʢ ʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʽʥʰʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʤʘ-

ʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʫʙ'ʻʢʪ, ʦʙ'ʻʢʪ, ʤʝʪʫ ʽ ʟʤʽʩʪ ʮʽʻʾ ʜʽʷʣʴʥʦʩʪʽ. 

 

 
ʈʠʩ. 1. ʇʦʨʽʚʥʷʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ɼʊʇ, ʱʦ ʙʫʣʠ ʩʢʦʻʥʽ ʚ ʪʝʤʥʠʡ (ʪʝʤʥʽ ʩʪʦʚʧ-

ʯʠʢʠ) ʽ ʩʚʽʪʣʠʡ (ʩʚʽʪʣʽ ʩʪʦʚʧʯʠʢʠ) ʧʝʨʽʦʜʠ ʜʦʙʠ ʫ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ 

 
ʈʠʩ. 2. ɼʦʣʷ ʧʦʢʘʟʥʠʢʽʚ ʘʚʘʨʽʡʥʦʩʪʽ, ʱʦ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ 
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ɼʦʣʷ ʟʘʛʠʙʣʠʭ ʫ ɼʊʇ ʚ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʟʘʛʠʙʣʠʭ ʫ ɼʊʇ  



ʇʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʷʢ ʩʧʝʮʠʬʽʯʥʠʡ ʚʠʜ ʜʽʷʣʴʥʦʩʪʽ ʟ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʤʽʩʪʘʭ 

    
13 ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʄʝʪʘ ʩʪʘʪʪʽ 

ɺʠʟʥʘʯʠʪʠ ʤʝʪʫ, ʩʫʙôʻʢʪ ʽ ʦʙôʻʢʪ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ 

ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʷʢ ʩʧʝʮʠʬʽʯʥʦʛʦ ʚʠʜʫ ʜʽʷʣʴʥʦʩʪʽ ʟ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʜʦʨʦʞ-

ʥʴʦʛʦ ʨʫʭʫ ʚ ʤʽʩʪʘʭ. 

ʆʩʥʦʚʥʠʡ ʨʦʟʜʽʣ 

ʄʝʪʘ ʮʽʻʾ ʜʽʷʣʴʥʦʩʪʽ ʚʠʭʦʜʠʪʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ çʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ 

ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠè ï ʮʝ ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ 

ɺɼʄ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ. 

ɯʟ ʩʫʙ'ʻʢʪʦʤ ʪʝʞ ʚʩʝ ʟʨʦʟʫʤʽʣʦ ï ʮʝ ʤʽʩʴʢʘ ʚʣʘʜʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʪʘʥ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ ʚ ʤʽʩʪʽ ʡ ʚʠʜʽʣʷʻ ʨʝʩʫʨʩʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʭʦʜʽʚ. ʄʽʩʴʢʘ ʚʣʘʜʘ ʤʦʞʝ ʜʝʣʝʛʫ-

ʚʘʪʠ ʩʚʦʾ ʧʦʚʥʦʚʘʞʝʥʥʷ ʫ ʯʘʩʪʠʥʽ ʧʣʘʥʫʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʡ ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʦʜʽʚ ʟʽ ʟʥʠʞʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ɺɼʄ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʦʨʛʘʥʽʟʘʮʽʷʤ, ʱʦ ʤʘʶʪʴ ʣʽʮʝʥʟʽʶ 

ʥʘ ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʜʽʚ ʨʦʙʽʪ. 

ʈʦʟʙʝʨʝʤʦʩʷ ʟ ʦʙ'ʻʢʪʦʤ ʜʽʷʣʴʥʦʩʪʽ çʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ 

ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠè, ʪʦʙʪʦ ʥʘ ʱʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʤʽʩʴʢʦʾ ʚʣʘ-

ʜʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ (ɹɼʈ) ʫ ʤʽʩʪʽ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ. 

ʉʪʘʥ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ɺɼʄ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʷʢʠʡ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʠʩ-

ʪʝʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ: ʫʯʘʩʥʠʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ (ʋɼʈ), ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ 

(ʊɿ), ʜʦʨʦʞʥʷ ʦʙʩʪʘʥʦʚʢʘ (ɼʆ), ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʧʦ ʟʘʜʘʥʽʡ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʩʪʘʥʦʚ-

ʣʶʻʪʴʩʷ ʇʨʘʚʠʣʘʤʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ (ʇɼʈ) (ʨʠʩ. 3). ʂʨʽʤ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥ-

ʪʽʚ ʩʠʩʪʝʤʠ, ʾʾ ʤʦʜʝʣʴ ʚʢʣʶʯʘʻ ʪʘʢʦʞ ʟʚ'ʷʟʢʠ ʤʽʞ ʥʠʤʠ ʡ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʎʽ ʟʚ'ʷʟ-

ʢʠ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 3 ʫ ʚʠʛʣʷʜʽ ʩʪʨʽʣʦʢ, ʘ ʛʨʘʥʠʮʽ, ʱʦ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʩʠʩʪʝʤʫ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʦʢʨʝʩʣʝʥʽ ʧʫʥʢʪʠʨʦʤ. 

 

 
ʈʠʩ. 3. ʄʦʜʝʣʴ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

I (t) ï ʚʭʽʜʥʽ ʚʧʣʠʚʠ ʥʘ ʩʠʩʪʝʤʫ (ʯʠʩʝʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʚ ʤʽʩʪʽ, ʩʦʮʽʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, 

ʞʠʪʪʻʚʠʡ ʨʽʚʝʥʴ ʥʘʩʝʣʝʥʥʷ, ʧʦʪʨʝʙʘ ʥʘʩʝʣʝʥʥʷ ʚ ʧʝʨʝʤʽʱʝʥʥʷʭ, ʨʽʚʝʥʴ ʘʚʪʦʤʦʙʽʣʽ-

ʟʘʮʽʾ, ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʡ ʧʦʢʘʨʘʥʥʷ ʟʘ ʧʦʨʫʰʝʥʥʷ ʚʠʤʦʛ ʇɼʈ ʽ ʽʥʰʠʭ ʥʦʨʤʘʪʠʚʥʠʭ 

ʘʢʪʽʚ, ʬʽʥʘʥʩʦʚʽ ʨʝʩʫʨʩʠ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ɹɼʈ ʫ ʤʽʩʪʽ); 

S(t) ï ʩʪʘʥ ɹɼʈ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ (ʫʤʦʚʥʦ ʙʝʟʧʝʯʥʠʡ, ʥʝʙʝʟʧʝʯʥʠʡ [1]); 

E(t) ï ʚʠʭʽʜʥʽ ʚʧʣʠʚʠ ʩʠʩʪʝʤʠ ʥʘ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ (ʫʩʚʽʜʦʤʣʝʥʥʷ ʥʘʩʝʣʝʥʥʷʤ ʽ ʚʠ-

ʟʥʘʥʥʷ ʚʣʘʜʦʶ ʚʘʞʣʠʚʦʩʪʽ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʟʙʽʣʴʰʝʥʥʷ ʬʽʥʘʥʩʦ-

ʚʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ɹɼʈ, ʢʦʥʢʨʝʪʥʽ ʚʨʷʪʦʚʘʥʽ 

ʣʶʜʩʴʢʽ ʞʠʪʪʷ, ʩʢʦʨʦʯʝʥʥʷ ʚʪʨʘʪ ʚʽʜ ɼʊʇ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ ʥʘʩʝʣʝʥʥʷ). 
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ʈʦʟʛʣʷʥʝʤʦ ʢʦʞʥʠʡ ʢʦʤʧʦʥʝʥʪ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʧʨʝʜʤʝʪ ʪʦʛʦ, ʷʢʠʡ ʩʧʝʮʠʬʽʯʥʠʡ 

ʪʽʣʴʢʠ ʜʣʷ ʪʝʤʥʦʛʦ ʧʝʨʽʦʜʫ ʜʦʙʠ ʧʨʘʢʪʠʯʥʠʡ ʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ɺɼʄ ʫ ʮʝʡ ʧʝʨʽʦʜ ʜʦʙʠ. 

ʊʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ. ʎʝʡ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʦʙ'ʻʢʪ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ 

ʨʦʟʨʦʙʢʠ ʽ ʷʢ ʦʙ'ʻʢʪ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʉʧʝʮʠʬʽʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʜʣʷ ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ 

ʥʝʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ɺɼʄ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʻ ʚʠʤʦʛʠ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʟʦʚʥʽʰʥʽʭ ʩʚʽʪʣʦʚʠʭ 

ʧʨʠʣʘʜʽʚ ʽ ʧʨʘʚʠʣ ʾʭʥʴʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʦʙʣʘʩʪʴ ʘʢʪʠʚʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʚʠʩʦʢʠʤ 

ʩʪʫʧʝʥʝʤ ʚʠʚʯʝʥʦʩʪʽ. ɻʘʣʫʟʴ-ʜʚʠʛʫʥ ʜʦʩʣʽʜʞʝʥʴ ï ʘʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ. 

ʋʯʘʩʥʠʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ï ʦʩʦʙʠ, ʷʢʽ ʙʝʨʫʪʴ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʫ ʜʦʨʦʞʥʴʦʤʫ ʨʫʩʽ ʷʢ 

ʚʦʜʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʧʽʰʦʭʦʜʠ, ʚʝʣʦʩʠʧʝʜʠʩʪʠ, ʧʘʩʘʞʠʨʠ ʡ ʧʦʛʦʥʠʯʽ ʪʚʘʨʠʥ. 

ʅʘʧʨʷʤʢʘʤʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʮʴʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʠ ʻ ʚʠʚʯʝʥʥʷ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯ-

ʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʽʟʥʠʭ ʛʨʫʧ ʋɼʈ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʪʝʤʥʦʛʦ ʧʝʨʽʦʜʫ ʜʦʙʠ, ʪʦ ʜʦʩʠʪʴ ʜʦʙʨʝ ʜʦʩ-

ʣʽʜʞʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʦʨʫ ʣʶʜʠʥʠ ʚ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ, ʟʜʘʪʥʽʩʪʴ ʨʦʟʨʽʟʥʷʪʠ ʬʦʨʤʫ, ʨʦʟʤʽʨ, ʢʦ-

ʣʽʨ ʦʙ'ʻʢʪʽʚ ʽ ʚʽʜʩʪʘʥʴ ʜʦ ʥʠʭ (ʦʙʣʘʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ï ʤʝʜʠʮʠʥʘ). ɸ ʦʩ ɹʧʩʠʭʦʣʦʛʽʷ ʧʦʚʦʜʞʝʥʥʷ 

ʣʶʜʠʥʠ ʚ ʪʝʤʥʠʡ ʯʘʩ ʜʦʙʠ, ʧʨʠʯʠʥʠ ʡ ʬʘʢʪʦʨʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʧʨʦʷʚʽ ʫʪʦʤʠ ʣʶʜʠʥʠ ʫ ʚʠʛʣʷʜʽ 

ʚʧʦʚʽʣʴʥʝʥʥʷ ʨʫʭʽʚ ʽ ʟʥʠʞʝʥʥʷ ʾʭʥʴʦʾ ʪʦʯʥʦʩʪʽ, ʻ ʦʙʣʘʩʪʶ ʘʢʪʠʚʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʜʥʘʢ 

ʨʝʟʫʣʴʪʘʪʠ ʮʠʭ ʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʜʝʙʽʣʴʰʦʛʦ ʻ ʩʫʤʥʽʚʥʠʤʠ (ʦʙʣʘʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ï ʽʥʞʝʥʝ-

ʨʥʘ ʧʩʠʭʦʣʦʛʽʷ, ʙʝʟʧʝʢʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʡ ʦʭʦʨʦʥʘ ʧʨʘʮʽ, ʩʦʮʽʦʣʦʛʽʷ). 

ʇʨʘʢʪʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ, ʩʧʝʮʠʬʽʯʥʠʡ ʜʣʷ ʪʝʤʥʦʛʦ ʧʝʨʽʦʜʫ ʜʦʙʠ, ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ: ʧʦ-

ʣʽʧʰʝʥʥʷ ʚʠʜʠʤʦʩʪʽ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʰʣʷʭʦʤ ʫʩʪʘʥʦʚʣʝʥʥʷ ʚ ʇɼʈ ʚʠʤʦʛʠ ʧʨʦ ʥʦ-

ʩʽʥʥʷ ʚ ʪʝʤʥʠʡ ʯʘʩ ʜʦʙʠ ʦʜʷʛʫ ʟʽ ʩʚʽʪʣʦʚʽʜʙʠʚʘʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ; ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʠʯʦʢ ʚʦʜʽʥʥʷ 

ʘʚʪʦʤʦʙʽʣʷ ʚ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʚʦʜʽʾʚ; ʫʩʪʘʥʦʚʣʝʥʥʷ ʥʦʨʤ ʧʨʘʮʽ ʡ ʚʽʜʧʦʯʠʥʢʫ 

ʧʨʦʬʝʩʽʡʥʠʭ ʚʦʜʽʾʚ ʽ ʪ.ʜ. 

ɼʦʨʦʞʥʷ ʦʙʩʪʘʥʦʚʢʘ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʬʘʢʪʦʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʜʦʨʦʞʥʽ ʫʤʦʚʠ, ʫ ʷʢʠʭ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʫʭ, ʪʨʘʥʩʧʦʨʪʥʠʡ ʽ ʧʽʰʦʭʽʜʥʠʡ ʧʦʪʦʢʠ. ɼʦʨʦʞʥʽ ʫʤʦʚʠ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦ-

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʝʨʛʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʨʦʛʠ, ʾʾ ʦʙʣʘʜʥʘʥʥʷ, ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʥʦʩʪʽ, ʨʝʞʠʤ ʪʘ 

ʙʝʟʧʝʢʫ ʨʫʭʫ. 

ɼʦʩʣʽʜʞʝʥʥʷʤ ʚʧʣʠʚʫ ʜʦʨʦʞʥʽʭ ʫʤʦʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʽ ʧʽʰʦʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʥʘ 

ʙʝʟʧʝʢʫ ʨʫʭʫ ʧʦ ɺɼʄ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ʙʘʛʘʪʴʦʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʫʯʝʥʠʭ, ʥʘʧʨʠ-

ʢʣʘʜ: ʇ.ɻ. ɹʫʛʠ, ɭ.ʄ. ʃʦʙʘʥʦʚʘ, ɸ.ɸ ʇʦʣʷʢʦʚʘ, ʍ.ɹ. ʈʝʡʭʦʚʘ, ɭ.ʆ. ʈʝʡʮʝʥʘ, ɼ.ʉ. ʉʘʤʦʡʣʦʚʘ, 

ʖ.ʆ. ʉʪʘʚʥʠʯʦʛʦ, ɸ.ɽ. ʉʪʨʘʤʝʥʪʦʚʘ, ʄ.ʉ. ʌʽʰʝʣʴʩʦʥʘ, ɺ.ɺ. ʐʝʰʪʦʢʘʩʘ. ʆʪʨʠʤʘʥʽ ʯʠʩʣʝʥʥʽ 

ʦʜʥʦʬʘʢʪʦʨʥʽ ʡ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʟʘʣʝʞʥʦʩʪʽ (ʟʜʝʙʽʣʴʰʦʛʦ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʨʝʣʷʮʽʡʥʦ-ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ) ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʨʷʜ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʥʝʙʝʟ-

ʧʝʢʠ ʨʫʭʫ ʷʢ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʚʫʣʠʮʴ, ʪʘʢ ʽ ʥʘ ɺɼʄ ʤʽʩʪʘ ʚ ʮʽʣʦʤʫ. ʆʜʥʘʢ ʫ ʮʝʡ ʯʘʩ ʥʝ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʜʦʨʦʞʥʽʭ ʬʘʢʪʦʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʽ ʧʽʰʦʭʽ-

ʜʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʢʽʣʴʢʽʩʪʴ ɼʊʇ ʫ ʪʝʤʥʠʡ ʯʘʩ ʜʦʙʠ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʥʝʤʘʻ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʥʷ: 

ʯʠ ʦʜʥʘʢʦʚʠʡ ʚʧʣʠʚ ʨʦʙʣʷʪʴ ʧʘʨʘʤʝʪʨʠ ɺɼʄ (ʘʙʦ ʜʽʣʷʥʢʠ ɺɼʄ), ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ 

ʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʽ ʧʽʰʦʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʘʚʘʨʽʡʥʽʩʪʴ ʫ ʩʚʽʪʣʠʡ ʽ ʚ ʪʝʤʥʠʡ ʧʝʨʽʦ-

ʜʠ ʜʦʙʠ?  

ʇʨʠ ʧʨʠʟʥʘʯʝʥʥʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɺɼʄ, ʧʨʦʝʢʪʫʚʘʥʥʽ ʆɼʈ ʦʩʦʙʣʠʚʦʩʪʽ ʨʫʭʫ ʪʨʘʥʩ-

ʧʦʨʪʥʠʭ ʽ ʧʽʰʦʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ɺɼʄ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ. ʆʩʥʦʚʥʽ ʧʨʘʢʪʠʯʥʽ 

ʟʘʭʦʜʠ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ɼʆ, ʩʧʝʮʠʬʽʯʥʽ ʜʣʷ ʪʝʤʥʦʛʦ ʧʝʨʽʦʜʫ ʜʦʙʠ, ʟʚʦʜʷʪʴʩʷ ʜʦ ʧʦʣʽʧʰʝʥʥʷ 

ʚʠʜʠʤʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʚʫʣʠʮʽ ʡ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʆɼʈ (ʊɿ ʆɼʈ): ʫʩʪʨʽʡ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʚʫʣʠʮʽ ʡ ʪʨʦʪʫʘʨʽʚ, ʫʩʪʘʥʦʚʢʘ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ ʽʟ ʚʥʫʪʨʽʰʥʽʤ ʧʽʜʩʚʽʯʫʚʘʥʥʷʤ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʩʪʘʚʦʢ ʨʦʟʤʽʯʘʣʴʥʠʭ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʚʠʜʠʤʦʩʪʽ ʨʦʟʤʽʪʢʠ ʚ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʦʧʪʠʯʥʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ ʽ ʪ.ʜ. 



ʇʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʷʢ ʩʧʝʮʠʬʽʯʥʠʡ ʚʠʜ ʜʽʷʣʴʥʦʩʪʽ ʟ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʤʽʩʪʘʭ 

    
15 ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʮʠʭ ʟʘʭʦʜʽʚ ʥʘ ʙʝʟʧʝʢʫ ʨʫʭʫ ʧʦ ɺɼʄ ʧʝʨʝʙʫʚʘʻ ʚ ʩʪʘʜʽʾ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʥʝ 

ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʘʢʪʠʚʥʠʤʠ. ʊʘʢ, ʚ ʋʢʨʘʾʥʽ ʚ ʦʩʪʘʥʥʽ 20 ʨʦʢʽʚ ʧʨʦʙʣʝʤʦʶ ʙʝʟʧʝʢʠ ʨʫʭʫ ʧʨʠ ʰʪʫʯ-

ʥʦʤʫ ʦʩʚʽʪʣʝʥʥʽ ʚʫʣʠʮʴ ʟʘʡʤʘʣʠʩʷ ʡ ʟʘʡʤʘʶʪʴʩʷ ʚʩʴʦʛʦ ʢʽʣʴʢʘ ʣʶʜʝʡ [6-9]. ʋ ʤʽʞʥʘʨʦʜʥʦʤʫ 

ʤʘʩʰʪʘʙʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ ʢʦʦʨʜʠʥʫʻ ʡ ʫʟʘʛʘʣʴʥʶʻ ʾʭʥʽ ʨʝʟʫʣʴʪʘʪʠ ʄʽʞʥʘʨʦʜʥʘ 

ʂʦʤʽʩʽʷ ʟ ʆʩʚʽʪʣʝʥʥʷ (ʄʂʆ).  

ɿʘ ʜʘʥʠʤʠ ʄʂʆ, ʧʦʣʽʧʰʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʚʥʽʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʤʽʩʪ ʽ ʜʦʚʝ-

ʜʝʥʥʷ ʡʦʛʦ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʽʯʥʠʭ ɼʊʇ ʚʽʜ 14 ʜʦ 53 %, ʢʽʣʴ-

ʢʽʩʪʴ ɼʊʇ ʽʟ ʧʽʰʦʭʦʜʘʤʠ ï ʥʘ 40 %, ʘ ɼʊʇ ʟʽ ʩʤʝʨʪʝʣʴʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ï ʚʽʜ 48 ʜʦ 65 % [9]. ɼʣʷ 

ʨʽʟʥʠʭ ʢʨʘʾʥ ʮʽ ʧʦʢʘʟʥʠʢʠ ʤʦʞʫʪʴ ʢʦʣʠʚʘʪʠʩʷ ʚ ʪʦʡ ʘʙʦ ʽʥʰʠʡ ʙʽʢ. 

ʊʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ï ʜʦʨʦʞʥʷ ʦʙʩʪʘʥʦʚʢʘ. ɼʦʙʨʝ ʜʦʩʣʽʜʞʝʥʘ ʦʙʣʘʩʪʴ. ɺʟʘʻʤʦʜʽʷ ʮʠʭ ʝʣʝ-

ʤʝʥʪʽʚ ʦʧʠʩʫʶʪʴʩʷ ʟʘʢʦʥʘʤʠ ʬʽʟʠʢʠ ʘʙʦ ʤʝʭʘʥʽʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʩʣʫʞʠʣʠ ʬʫ-

ʥʜʘʤʝʥʪʦʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʨʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʨʽʛ. ʗʢʦʛʦ-ʥʝʙʫʜʴ ʩʧʝʮʠʬʽʯʥʦʛʦ ʜʣʷ ʪʝʤʥʦʛʦ ʧʝ-

ʨʽʦʜʫ ʜʦʙʠ ʧʨʘʢʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʥʘʤ ʚʠʷʚʠʪʠ ʥʝ ʚʜʘʣʦʩʷ. 

ʋʯʘʩʥʠʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ï ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ. ɺʠʚʯʝʥʥʷ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʩʧʨʷʤʦʚʘʥʦ ʥʘ 

ʢʦʤʧʝʥʩʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʧʦʤʠʣʦʢ ʣʶʜʠʥʠ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʠʭ-ʥʝʙʫʜʴ ʪʝʭʥʽʯʥʠʭ ʨʽ-

ʰʝʥʴ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʯʠ ʦʙʣʘʜʥʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʤʦ ʜʚʘ ʫʩʪʨʦʾ, 

ʱʦ ʤʘʶʪʴ ʩʪʦʩʫʥʦʢ ʜʦ ʧʨʝʜʤʝʪʘ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ: 

1) ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʨʘʜʽʦʣʦʢʘʪʦʨ (Vehicle radar) ï ʧʦʚʠʥʝʥ ʧʦʧʝʨʝʜʞʘʪʠ ʚʦʜʽʷ ʧʨʦ ʥʘʙʣʠʞʝʥ-

ʥʷ ʜʦ ʦʙ'ʻʢʪʘ ʡ ʥʘʚʽʪʴ ʚʪʨʫʯʘʪʠʩʷ ʚ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʝʤ ʜʣʷ ʟʥʠʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢ-

ʥʝʥʥʷ ɼʊʇ; 

2) ʽʥʬʨʘʯʝʨʚʦʥʘ ʩʠʩʪʝʤʘ ʥʽʯʥʦʛʦ ʙʘʯʝʥʥʷ (Infrared night vision system) ï ʜʦʟʚʦʣʷʻ ʨʦʟʧʽʟʥʘ-

ʚʘʪʠ ʚ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʤʘʣʦʧʦʤʽʪʥʽ ʦʙ'ʻʢʪʠ ʥʘ ʜʦʨʦʟʽ (ʧʽʰʦʭʦʜʽʚ, ʚʝʣʦʩʠʧʝʜʠʩʪʽʚ), ʩʢʘʥʫʶʯʠ 

ʜʦʨʦʛʫ ʥʘ ʚʽʜʩʪʘʥʴ ʜʦ 150 ʤ. ʉʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʚʘ ʣʘʟʝʨʠ ʜʘʣʝʢʦʛʦ ʩʚʽʪʣʘ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ 

ʨʝʞʠʤʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʽʜʝʦʢʘʤʝʨʘ ʧʨʠʡʤʘʻ ʚʽʜʙʠʪʪʷ ʧʨʦʤʝʥʽʚ ʣʘʟʝʨʽʚ ʚʽʜ 

ʧʨʝʜʤʝʪʽʚ ʽ ʚʠʚʦʜʠʪʴ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʜʠʩʧʣʝʡ (ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʧʘʥʝʣʽ ʧʨʠʣʘʜʽʚ) ʘʙʦ ʧʨʷʤʦ ʥʘ 

ʣʦʙʦʚʝ ʩʢʣʦ. ɯʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʚʠʜʠʤʝ ʜʣʷ ʣʶʜʠʥʠ ʡ ʥʝ ʤʦʞʝ ʦʩʣʽʧʣʶʚʘʪʠ ʚʦʜʽ-

ʾʚ ʟʫʩʪʨʽʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ɹʽʣʴʰʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ ʟʜʘʪʥʘ ʟʥʠʞʫʚʘʪʠ ʦʩʣʽʧʣʶʶʯʠʡ ʝʬʝʢʪ ʚʽʜ ʩʚʽʪʣʘ 

ʬʘʨ ʟʫʩʪʨʽʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʨʷʤʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʚʽʪʣʘ, ʱʦ 

ʩʪʚʦʨʶʶʪʴ ʥʝʚʠʜʠʤʠʡ ʝʢʨʘʥ ʧʝʨʝʜ ʘʚʪʦʤʦʙʽʣʝʤ. ʋʩʪʘʥʦʚʢʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʣʘʥʫʻʪʴʩʷ ʜʣʷ ʜʦʨʦ-

ʛʠʭ ʤʘʨʦʢ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʘʚʪʦʙʫʩʽʚ, ʘʚʪʦʤʦʙʽʣʽʚ ʘʚʘʨʽʡʥʠʭ ʩʣʫʞʙ, ʪʘʢʩʽ ʡ ʚʘʥʪʘʞʽʚʦʢ, ʱʦ 

ʧʝʨʝʚʦʟʷʪʴ ʥʝʙʝʟʧʝʯʥʽ ʚʘʥʪʘʞʽ. 

ɻʘʣʫʟʴ-ʜʚʠʛʫʥ ʧʦʜʽʙʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ï ʘʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʽ ʝʣʝʢʪʨʦʥʽʢʘ. 

ʋʯʘʩʥʠʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ï ʜʦʨʦʞʥʷ ʦʙʩʪʘʥʦʚʢʘ. ɼʦʨʦʞʥʷ ʦʙʩʪʘʥʦʚʢʘ ʚʠʟʥʘʯʘʻ ʧʦʪʝʥʮʽʡ-

ʥʠʡ ʨʠʟʠʢ ɼʊʇ. ʊʦʤʫ ʩʫʪʴ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦ-

ʤʫ, ʱʦʙ ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ ʋɼʈ ʢʦʤʧʝʥʩʫʚʘʪʠ ʥʝʜʦʣʽʢʠ ɼʆ ʘʙʦ ʥʘʚʧʘʢʠ. ʉʧʝʮʠʬʽʯʥʠʤʠ ʟʘʭʦʜʘ-

ʤʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ɺɼʄ ʫ ʪʝʤʥʠʡ ʯʘʩ ʜʦʙʠ ʻ: ʢʝʨʫʚʘʥʥʷ ʧʦʧʠʪʦʤ ʥʘ ʧʝʨʝʤʽʱʝʥ-

ʥʷ ʥʘʩʝʣʝʥʥʷ ʚ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ (ʥʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ ʨʦʟʦʩʝʨʝʜʞʝʥʥʷ ʚ ʯʘʩʽ ʧʦʯʘʪʢʫ ʡ ʟʘʢʽʥ-

ʯʝʥʥʷ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚ ʤʽʩʪʘ), ʫʩʪʘʥʦʚʣʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʟʦʚʥʽʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʚ ʤʽʩʪʽ ʡ 

ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ɺɼʄ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʠʜʽʣʝʥʥʷ ʥʝʙʝʟʧʝʯ-

ʥʠʭ ʜʽʣʷʥʦʢ ɺɼʄ ʫ ʪʝʤʥʠʡ ʯʘʩ ʜʦʙʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ çʩʚʽʪʣʦʚʦʛʦ ʢʦʜʫè (ʥʘʧʨʠʢʣʘʜ, ʚʠʜʽʣʝʥʥʷ 

ʤʽʩʮʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ɼʊʇ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʩʚʽʪʣʝʥʥʷ ʚ ʪʘʢʠʭ ʤʽʩʮʷʭ ʽʟ ʯʝʨʚʦʥʠʤ ʚʽʜʪʽʥʢʦʤ) ʽ ʪ.ʜ. 

ʎʝ ʩʣʘʙʢʦ ʚʠʚʯʝʥʠʡ ʥʘʧʨʷʤʦʢ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ ʚʠʨʽʰʝʥʥʷ ʧʨʦ-

ʙʣʝʤʠ ɹɼʈ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʡ ʧʝʨʝʙʫʚʘʻ ʟʘ ʤʝʞʘʤʠ ʷʢʠʭ-ʥʝʙʫʜʴ ʥʦʨʤ ʽ ʩʪʘʥʜʘʨʪʽʚ. ʊʫʪ ʧʦʪʨʽ-

ʙʥʽ ʟʥʘʥʥʷ ʟ ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ (ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ, ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʩʚʽʪʣʦʪʝʭʥʽʢʘ, ʧʩʠʭʦ-

ʣʦʛʽʷ) ʽ ʩʘʤʝ ʪʫʪ ʩʭʦʚʘʥʠʡ ʟʥʘʯʥʠʡ ʽ ʥʝʨʝʘʣʽʟʦʚʘʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ɹɼʈ ʥʘ ɺɼʄ ʫ ʪʝʤ-

ʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ. 

ʇʨʘʚʠʣʘ ɼʦʨʦʞʥʴʦʛʦ ʈʫʭʫ. ʎʝʡ ʝʣʝʤʝʥʪ ʻ ʟʦʚʥʽʰʥʽʤ ʱʦʜʦ ʩʠʩʪʝʤʠ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ. ʇʦ 

ʩʚʦʾʡ ʩʫʪʽ, ʇɼʈ ï ʮʝ ʪʝʭʥʦʣʦʛʽʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ çʋɼʈ ï ʊɿ ï ɼʆè. ɺʦʥʠ ʚʩʪʘʥʦʚʣʶʶʪʴ 
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ʚʠʤʦʛʠ ʜʦ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʚʠʟʥʘʯʘʶʪʴ ʥʦʨʤʠ ʾʭʥʴʦʛʦ ʧʦʚʦʜʞʝʥʥʷ, ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʩʫʯʘʩʥʽ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʡ ʪʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦʧʝʨʝʜʞʝʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ. ʋ ʇɼʈ ʋʢʨʘʾʥʠ ʚʩʪʘʥʦ-

ʚʣʝʥʽ ʚʠʤʦʛʠ ʜʦ ʦʙʣʘʜʥʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʡ ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʤʠ ʩʚʽʪʣʦʚʠʤʠ ʧʨʠ-

ʣʘʜʘʤʠ. ʋ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ ʫʚʦʜʷʪʴʩʷ ʧʦʩʪʽʡʥʽ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ, 

ʦʙʦʚ'ʷʟʢʦʚʝ ʥʦʩʽʥʥʷ ʧʽʰʦʭʦʜʘʤʠ ʚ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʦʜʷʛʫ ʟʽ ʩʚʽʪʣʦʧʦʚʝʨʪʘʶʯʠʤʠ ʝʣʝʤʝʥʪʘ-

ʤʠ, ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʚʦʜʽʶ ʧʽʜ ʯʘʩ ʚʠʤʫʰʝʥʦʾ ʟʫʧʠʥʢʠ ʥʘ ʜʦʨʦʟʽ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʧʝʨʝʙʫʚʘʪʠ ʥʘ 

ʧʨʦʾʟʥʽʡ ʯʘʩʪʠʥʽ ʜʦʨʦʛʠ (ʚʫʣʠʮʽ) ʙʝʟ ʩʠʛʥʘʣʴʥʦʛʦ ʞʠʣʝʪʘ ʡ ʪ.ʧ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʫʜʴ-ʷʢʝ ʥʦ-

ʚʦʚʚʝʜʝʥʥʷ ʚ ʇɼʈ ʧʦʚʠʥʥʝ ʙʫʪʠ ʦʙˇʨʫʥʪʦʚʘʥʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʝʨʡʦʟʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ 

ʥʝ ʧʨʦʩʪʦ ʟʘʧʦʟʠʯʝʥʝ ʷʢ ʜʦʩʚʽʜ ʽʥʰʠʭ ʢʨʘʾʥ. ɯ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʠʥʥʽ ʧʣʘʥʫʚʘʪʠʩʷ ʥʘ ʨʽʚʥʽ 

ʜʝʨʞʘʚʠ. 

ʇʽʜʽʙ'ʻʤʦ ʧʽʜʩʫʤʦʢ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʦʾ ʧʨʘʢʪʠʢʠ ʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʷʢ ʩʧʝ-

ʮʠʬʽʯʥʦʛʦ ʚʠʜʫ ʜʽʷʣʴʥʦʩʪʽ ʟ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʤʽʩʪʘʭ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʦʾ ʧʨʘʢʪʠʢʠ ʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ 

ɽʣʝʤʝʥʪ ʩʠʩʪʝʤʠ ʘʙʦ 

ʚʟʘʻʤʦʜʽʷ ʝʣʝʤʝʥʪʽʚ 

ɻʘʣʫʟʴ-ʜʚʠʛʫʥ  

ʜʦʩʣʽʜʞʝʥʴ 
ʉʪʫʧʽʥʴ ʚʠʚʯʝʥʦʩʪʽ ʈʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ 

ʊʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʘʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩ-

ʣʦʚʽʩʪʴ 

ʦʙʣʘʩʪʴ ʘʢʪʠʚʥʠʭ ʥʘʫʢʦ-

ʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʚʠʩʦ-

ʢʠʤ ʩʪʫʧʝʥʝʤ ʚʠʚʯʝʥʦʩʪʽ 

ʤʽʞʜʝʨʞʘʚʥʠʡ 

ʋʯʘʩʥʠʢʠ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ 

1) ʤʝʜʠʮʠʥʘ 

2) ʽʥʞʝʥʝʨʥʘ ʧʩʠʭʦʣʦ-

ʛʽʷ, ʩʦʮʽʦʣʦʛʽʷ, ʙʝʟʧʝʢʘ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʡ ʦʭʦ-

ʨʦʥʘ ʧʨʘʮʽ 

1) ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʘ ʦʙ-

ʣʘʩʪʴ 

2) ʦʙʣʘʩʪʴ ʘʢʪʠʚʥʠʭ ʥʘʫ-

ʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʥʠʟʴ-

ʢʠʤ ʩʪʫʧʝʥʝʤ ʚʠʚʯʝʥʦʩʪʽ 

ʜʝʨʞʘʚʥʠʡ 

ɼʦʨʦʞʥʷ ʦʙʩʪʘʥʦʚʢʘ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ, ʦʨʛʘ-

ʥʽʟʘʮʽʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫ-

ʭʫ, ʩʚʽʪʣʦʪʝʭʥʽʢʘ 

ʥʝ ʚʩʪʘʥʦʚʣʝʥʠʡ ʩʪʫʧʽʥʴ 

ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʜʦʨʦʞʥʽʭ 

ʬʘʢʪʦʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʽ ʧʽʰʦʭʽʜ-

ʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʢʽʣʴʢʽʩʪʴ 

ɼʊʇ ʫ ʪʝʤʥʠʡ ʯʘʩ ʜʦʙʠ 

ʤʽʩʴʢʘ ʚʣʘʜʘ 

ʊʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ï 

ʜʦʨʦʞʥʷ ʦʙʩʪʘʥʦʚʢʘ 

ʘʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩ-

ʣʦʚʽʩʪʴ,  

ʛʘʣʫʟʴ ʙʫʜʽʚʥʠʮʪʚʘ ʘʚ-

ʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ 

ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʘ ʦʙ-

ʣʘʩʪʴ, ʟʘʢʦʥʠ ʬʽʟʠʢʠ ʽ ʤʝ-

ʭʘʥʽʢʠ. 

ʗʢʦʛʦ-ʥʝʙʫʜʴ ʩʧʝʮʠ-

ʬʽʯʥʦʛʦ ʜʣʷ ʪʝʤʥʦʛʦ 

ʯʘʩʫ ʜʦʙʠ ʧʨʘʢʪʠʯ-

ʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ 

ʥʘʤ ʚʠʷʚʠʪʠ ʥʝ ʚʜʘ-

ʣʦʩʷ. 

ʋʯʘʩʥʠʢʠ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ ï ʪʨʘʥʩʧʦʨʪʥʽ 

ʟʘʩʦʙʠ 

ʘʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩ-

ʣʦʚʽʩʪʴ ʽ ʝʣʝʢʪʨʦʥʽʢʘ 

ʦʙʣʘʩʪʴ ʘʢʪʠʚʥʠʭ ʥʘʫʢʦ-

ʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʚʠʩʦ-

ʢʠʤ ʩʪʫʧʝʥʝʤ ʚʠʚʯʝʥʦʩʪʽ 

ʤʽʞʜʝʨʞʘʚʥʠʡ 

ʋʯʘʩʥʠʢʠ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ ï ʜʦʨʦʞʥʷ ʦʙ-

ʩʪʘʥʦʚʢʘ. 

ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ, 

ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ, ʩʚʽʪʣʦʪʝʭʥʽʢʘ 

ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʘ ʦʙʣʘʩʪʴ, 

ʩʪʘʜʽʷ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʡ 

ʪʝʦʨʝʪʠʯʥʠʭ ʦʙˇʨʫʥʪʫ-

ʚʘʥʴ 

ʤʽʩʴʢʘ ʚʣʘʜʘ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʨʽʚʥʽ ʤʽʩʴʢʦʾ ʚʣʘʜʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ɹɼʈ ʫ ʤʽʩʪʽ ʚ ʪʝʤʥʠʡ ʧʝʨʽʦʜ 

ʜʦʙʠ ʤʦʞʣʠʚʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʥʘʩʪʫʧʥʽ ʩʢʣʘʜʦʚʽ ʩʠʩʪʝʤʠ çʋɼʈ-ʊɿ-ɼʆè: çʜʦʨʦʞʥʷ 

ʦʙʩʪʘʥʦʚʢʘè ʽ ʟʚôʷʟʦʢ çʫʯʘʩʥʠʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ï ʜʦʨʦʞʥʷ ʦʙʩʪʘʥʦʚʢʘè. ʊʦʙʪʦ, ʮʽ ʩʢʣʘʜʦʚʽ ʻ 



ʇʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʷʢ ʩʧʝʮʠʬʽʯʥʠʡ ʚʠʜ ʜʽʷʣʴʥʦʩʪʽ ʟ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʤʽʩʪʘʭ 

    
17 ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʦʙôʻʢʪʦʤ ʜʽʷʣʴʥʦʩʪʽ ʟ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽ-

ʦʜ ʜʦʙʠ. 

ʗʢ ʧʦʢʘʟʘʚ ʘʥʘʣʽʟ, ʽʩʥʫʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʚʧʣʠʚʫ ʥʘ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʩʢʣʘʜʦʚʽ ʩʠʩ-

ʪʝʤʠ, ʩʧʝʮʠʬʽʯʥʽ ʜʣʷ ʪʝʤʥʦʛʦ ʧʝʨʽʦʜʫ ʜʦʙʠ. ʆʜʥʘʢ ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʪʦʜʦʣʦʛʽʾ ʽ ʥʝʜʦʩʪʘʪʥʴʦ-

ʧʨʦʨʦʙʣʝʥʘ ʥʘʫʢʦʚʘ ʦʩʥʦʚʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʩʧʦʩʦʙʽʚ ʥʝ ʜʦʟʚʦʣʷʻ ʛʘʨʘʥʪʫʚʘʪʠ ʢʽʥʮʝʚʠʡ ʨʝ-

ʟʫʣʴʪʘʪ ʫ ʚʠʛʣʷʜʽ ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ɺɼʄ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ, ʱʦ ʚ 

ʽʩʥʫʶʯʠʭ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʩʪʨʠʤʫʻ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʮʠʭ ʩʧʦʩʦʙʽʚ. ʇʝʨʰʠʤ 

ʢʨʦʢʦʤ ʥʘ ʰʣʷʭʫ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʦʾ ʥʘʫʢʦʚʦʾ ʦʩʥʦʚʠ ʧʦʚʠʥʥʝ ʩʪʘʪʠ ʩʪʚʦʨʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʧʨʠ-

ʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʫ ʚʠʛʣʷʜʽ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ, ʧʨʘʚʠʣ ʽ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟ-

ʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ. ʇʦ ʩʚʦʾʡ ʩʫʪʽ, ʮʽ ʦʩʥʦʚʥʽ 

ʧʨʠʥʮʠʧʠ, ʧʨʘʚʠʣʘ ʡ ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʩʢʣʘʜʫʪʴ ʟʤʽʩʪ ʜʽʷʣʴʥʦʩʪʽ çʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ 

ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠè ʽ ʩʪʚʦʨʷʪʴ ʻʜʠʥʫ ʦʥʪʦʣʦʛʽʯʥʫ ʦʩ-

ʥʦʚʫ ʥʝ ʪʽʣʴʢʠ ʮʽʻʾ ʜʽʷʣʴʥʦʩʪʽ, ʘʣʝ ʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʢʪʠʚʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ɹɼʈ ʫ ʤʽʩʪʘʭ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ. ɺʩʝ ʮʝ ʦʙʫʤʦʚʠʣʦ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘ-

ʜʘʯʽ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ: ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ, ʧʨʘʚʠʣ ʪʘ 

ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ. 

ɺʠʩʥʦʚʢʠ 

ɺʠʟʥʘʯʝʥʦ ʤʝʪʫ, ʩʫʙôʻʢʪ ʽ ʦʙôʻʢʪ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʤʝʨʝʞʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ 

ʫ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʷʢ ʩʧʝʮʠʬʽʯʥʦʛʦ ʚʠʜʫ ʜʽʷʣʴʥʦʩʪʽ ʟ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʜʦʨʦʞ-

ʥʴʦʛʦ ʨʫʭʫ ʚ ʤʽʩʪʘʭ: ʤʝʪʘ ʜʽʷʣʴʥʦʩʪʽ - ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ɺɼʄ ʫ ʪʝʤ-

ʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ; ʩʫʙôʻʢʪ ʜʽʷʣʴʥʦʩʪʽ ï ʤʽʩʴʢʘ ʚʣʘʜʘ; ʦʙôʻʢʪ ʜʽʷʣʴʥʦʩʪʽ ï ʢʦʤʧʣʝʢʩ ʬʘʢʪʦʨʽʚ, ʧʘ-

ʨʘʤʝʪʨʽʚ ʽ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʜʦʨʦʞʥʶ ʦʙʩʪʘʥʦʚʢʫ ʽ ʟʚôʷʟʦʢ çʫʯʘʩʥʠʢʠ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ ï ʜʦʨʦʞʥʷ ʦʙʩʪʘʥʦʚʢʘè ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʠ çʫʯʘʩʥʠʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ï ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦ-

ʙʠ ï ʜʦʨʦʞʥʷ ʦʙʩʪʘʥʦʚʢʘè. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʘʢʪʠʢʠ ʠ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʛʦʨʦʜʘʭ ʚ ʪʝʤʥʳʡ ʧʝʨʠʦʜ ʩʫʪʦʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥ ʦʙʲʝʢʪ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʩʝʪʠ ʛʦ-

ʨʦʜʩʢʠʭ ʫʣʠʮ ʠ ʜʦʨʦʛ ʚ ʪʝʤʥʳʡ ʧʝʨʠʦʜ ʩʫʪʦʢ ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʨʝʰʝ-

ʥʠʶ ʧʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʛʦʨʦʜʘʭ. 

Abstract. The article deals with the analysis of existing practices and scientific and methodical 

support of improving road safety in cities in the dark period of the day. As a result of this analysis, the 

object of improving safety on the city streets and roads network in the dark period of the day is defined 

as a specific type of activity to solve road safety problems in urban areas. 

ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 11.03.2013 ʨ. 



ʏʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʣʘʩʥʳʭ ʟʚʫʢʦʚ ʢʦʤʘʥʜ ʚʦʜʠʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʨʘʩʰʠʨʷʶʱʠʭ ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʳʭ 

ʦʪʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ MFCC 

    
19 ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʋɼʂ 004 

ʌɽɼʆʈʆɺ ɽ.ɽ. ʜ.ʪ.ʥ., ʜʦʮʝʥʪ,  

ɼʦʥʝʮʢʘʷ ʘʢʘʜʝʤʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʏʀʉʃɽʅʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ɻʃɸʉʅʓʍ ɿɺʋʂʆɺ ʂʆʄɸʅɼ 

ɺʆɼʀʊɽʃʗ ʇʆʉʈɽɼʉʊɺʆʄ ʅɽʈɸʉʐʀʈʗʖʑʀʍ ʈɸɺʅʆʄɽʈʅʆ 

ʅɽʇʈɽʈʓɺʅʓʍ ʆʊʆɹʈɸɾɽʅʀʁ ʅɸ ʆʉʅʆɺɽ MFCC 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʣʘʩʥʳʭ ʟʚʫʢʦʚ ʢʦʤʘʥʜ ʚʦʜʠʪʝʣʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʨʘʩʰʠʨʷʶʱʠʭ ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ, ʦʩʥʦʚʘʥ-

ʥʳʭ ʥʘ ʤʝʣ-ʯʘʩʪʦʪʥʳʭ ʢʝʧʩʪʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ (MFCC) ʜʣʷ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʚʝʢʪʦʨʘ ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚʝʢʪʦʨʘ ʚʝʱʝʩʪʚʝʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʢ ʚʝʢʪʦʨʫ ʮʝʣʳʭ ʧʨʠʟʥʘʢʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʥʦʨʤʠʨʦʚʘʥʠʷ, ʤʘʩʰʪʘʙʠʨʦ-

ʚʘʥʠʷ ʠ ʦʢʨʫʛʣʝʥʠʷ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʦʙ-

ʱʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ 

ʠʛʨʘʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʨʝʯʝʚʳʭ ʢʦʤʘʥʜ. ɼʣʷ ɻʬʬʝʢʪʠʚʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʝʨʙʘʣʴʥʳʭ ʢʦʤʘʥʜ 

ʚʦʜʠʪʝʣʷ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʜʦʣʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ ʚʳʩʦʢʦʡ ʚʝ-

ʨʦʷʪʥʦʩʪʴʶ. ʇʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʤʘʥʜ ʚʦʜʠʪʝʣʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʝʚʳʭ ʦʙʨʘʟʦʚ ʦʙʳʯʥʦ ʦʩʥʦʚʘʥʳ ʥʘ 

ʩʢʨʳʪʳʭ ʤʘʨʢʦʚʩʢʠʭ ʤʦʜʝʣʷʭ (ʉʄʄ), ʘʣʛʦʨʠʪʤʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ DTW, ʠ 

ʥʝʡʨʦʩʝʪʷʭ ʠ ʦʙʣʘʜʘʶʪ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʠʞʝ ʥʝʜʦʩʪʘʪʢʦʚ [1-6]: 

ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʙʫʯʝʥʠʷ; 

ï ʭʨʘʥʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʪʘʣʦʥʦʚ ʟʚʫʢʦʚ ʠʣʠ ʩʣʦʚ, ʘ ʪʘʢʞʝ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ; 

ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ; 

ï ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʙʳʯʥʦ ʥʝ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʨʝʜʝʣʝ-

ʥʠʝʤ ʤʥʦʞʝʩʪʚ ʚʝʢʪʦʨʦʚ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʳʤ ʟʚʫʢʘʤ ʨʝʯʠ. ʕʪʦ ʩʚʷʟʘʥʦ 

ʩ ʪʝʤ, ʯʪʦ ʦʙʳʯʥʦ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ, ʭʦʪʷ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʩʚʝʨʭʫ 

ʠ ʩʥʠʟʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʞʝʩʪʚʘ ʚʝʢʪʦʨʦʚ ʧʨʠʟʥʘʢʦʚ ʨʘʟʥʳʭ ʟʚʫʢʦʚ ʷʚʣʷʶʪʩʷ ʥʝʩʯʝʪʥʳʤʠ. 

ʎʝʣʴ ʩʪʘʪʴʠ 

ɼʣʷ ʚʝʨʙʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʧʨʦʚʝʩʪʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʛʣʘʩʥʳʭ ʟʚʫʢʦʚ ʨʝʯʝʚʳʭ ʢʦʤʘʥʜ ʚʦʜʠʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʨʘʩʰʠʨʷʶʱʠʭ ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚ-

ʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʝʣ-ʯʘʩʪʦʪʥʳʭ ʢʝʧʩʪʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ (MFCC). 

ʉʪʨʫʢʪʫʨʘ ʥʝʨʘʩʰʠʨʷʶʱʠʭ ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ 

ɺ ʨʘʙʦʪʝ [7] ʙʳʣʠ ʚʧʝʨʚʳʝ ʚʚʝʜʝʥʳ ʥʝʨʘʩʰʠʨʷʶʱʠʝ ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʳʝ ʦʪʦʙʨʘʞʝ-

ʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʢʦʤʧʘʢʪʥʳʭ ʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʦʙʨʘʟʮʦʚ ʩʠʛʥʘʣʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘ-

ʪʴʝ ʵʪʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʟʚʫʢʦʚ ʨʝʯʠ. 
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ʅʝʨʘʩʰʠʨʷʶʱʝʝ ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ KN VS ­f:  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʫʥʢ-

ʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨʘ ʧʨʠʟʥʘʢʦʚ, ʪ.ʝ. ʦʪʦʙʨʘʞʘʝʪ ʚʝʢʪʦʨ ʮʝʣʳʭ ʟʥʘʯʝʥʠʡ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛ-

ʥʘʣʘ ),...,( 1 Nss=s , ʚ ʚʝʢʪʦʨ ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ),...,( 1 Kvv=v , ʧʨʠʯʝʤ ʢʘʞʜʘʷ ʢʦʤʧʦʥʝʥʪʘ 
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KiMFCCv iii ,1,)( 1 Í=f= -s ,  
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[ ]  ï ʦʟʥʘʯʘʝʪ ʦʢʨʫʛʣʝʥʠʝ, 

Xr  ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ (ʙʠʪ) ʜʣʷ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʘ. 
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ʮʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʝʢʪʦʨʘ ʮʝʣʳʭ ʧʨʠʟʥʘʢʦʚ, ʪ.ʝ. ʦʪʦʙʨʘʞʘʝʪ ʚʝʢʪʦʨ ʮʝʣʳʭ ʧʨʠʟʥʘʢʦʚ 

),...,( 1 Kxx=x  ʚ ʥʦʤʝʨ ʢʣʘʩʩʘ ʦʙʨʘʟʮʘ ʟʚʫʢʘ ʨʝʯʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʙʫʣʝʚʳʤ ʚʝʢʪʦʨʦʤ ʩ ʦʜʥʦʡ 



ʏʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʣʘʩʥʳʭ ʟʚʫʢʦʚ ʢʦʤʘʥʜ ʚʦʜʠʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʨʘʩʰʠʨʷʶʱʠʭ ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʳʭ 

ʦʪʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ MFCC 
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ʥʝʥʫʣʝʚʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ),...,( 1 Myy=y , ʧʨʠʯʝʤ ʢʘʞʜʘʷ i -ʷ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ y  ʚʳʯʠʩʣʷʝʪʩʷ 
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ʛʜʝ KiX  ï ʢʣʘʩʩ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ i -ʤʫ ʟʚʫʢʫ ʨʝʯʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʣʘʩʪʝʡ ʛʣʘʩʥʳʭ ʟʚʫʢʦʚ ʚ ʧʨʠʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʆʙʣʘʩʪʠ ʛʣʘʩʥʳʭ ʟʚʫʢʦʚ ʨʝʯʠ ʚ ʧʨʠʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ KX  ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʦʙʫʯʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʚʫʢʦʚ. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʶʪʩʷ ʛʣʘʩʥʳʝ ʟʚʫ-

ʢʠ |ʠ|, |ʫ|, |ʦ|, |ʘ|, |ʦ|, |ʘ|, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʧʝʨʝʭʦʜʥʳʭ ʫʯʘʩʪʢʦʚ, ʥʘ ʧʨʠʤʝʨʝ ʚʝʨʙʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʨʦʢʘʪʥʳʤ ʩʪʘʥʦʤ. ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʥʝʨʘʩʰʠʨʷʶʱʠʭ ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʳʭ ʦʪʦʙʨʘʞʝ-

ʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʚ ʨʘʙʦʪʝ [7] ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 10,4,8,13 =a=== XS rrK . 

ɺ ʪʘʙʣ.1 ʠ ʥʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥʳ ʦʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʠ| ʩʣʦʚʘ çʚʢʣʶʯʠʪʴè ʧʦʩʣʝ ʚʳʧʦ-

ʣʥʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʠʷ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʦʢʨʫʛʣʝʥʠʷ. ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ, ʚʳʯʠʩʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʥʦʡ ʤʝʨʳ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʆʙʣʘʩʪʴ 

ʟʚʫʢʘ |ʠ| ʚ ʧʨʠʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

},10,9{},10,9,8,7,6{},9,8,7,6,5,4,2{},4,3,2{|{ 4321 ÍÍÍÍ= xxxxAʠ x  

},8,7,6{},3,2,1,0{},10,9,8,7{},1,0{},10,9,8{ 98765 ÍÍÍÍÍ xxxxx  

}}8,7,6{},4,3,2,1{},7,6,5,4,3{},5,4,3,2,1,0{ 13121110 ÍÍÍÍ xxxx  

 
ʈʠʩ. 1. ʆʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʠ| ʩʣʦʚʘ çʚʢʣʶʯʠʪʴè 
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ʊʘʙʣʠʮʘ 1 

ʆʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʠ| ʩʣʦʚʘ çʚʢʣʶʯʠʪʴè 

 ̄ 1x  2x  3x
 4x  5x

 6x
 7x

 8x
 9x

 10x
 11x  12x  13x

 
1 2 2 7 10 8 0 7 2 6 1 5 1 6 

2 2 4 8 10 10 1 8 3 7 0 6 1 7 

3 3 4 7 10 9 0 9 2 8 4 6 3 7 

4 3 5 6 10 9 0 9 2 7 2 3 1 6 

5 3 6 6 10 10 0 9 2 7 3 4 2 7 

6 3 6 7 10 10 0 8 1 7 2 5 3 8 

7 3 6 7 10 10 0 8 3 7 3 5 2 7 

8 3 6 8 10 8 0 8 2 7 3 4 3 7 

9 3 6 8 10 10 0 10 1 7 4 6 3 7 

10 3 6 9 10 9 0 10 1 8 3 5 3 7 

11 3 6 10 10 10 0 10 2 8 5 6 3 8 

12 3 7 7 10 9 0 8 1 7 3 5 3 7 

13 3 7 7 9 8 0 10 1 6 3 5 2 7 

14 3 7 8 9 10 0 10 3 7 2 5 3 7 

15 3 7 8 10 9 0 10 1 7 3 5 3 6 

16 3 7 8 10 9 0 10 1 7 4 5 3 7 

17 3 7 8 10 9 0 10 1 8 3 5 3 7 

18 3 7 9 10 10 0 10 2 7 4 5 3 7 

19 3 7 9 10 9 1 9 0 7 4 6 3 7 

20 3 7 10 10 9 0 10 1 7 3 5 3 8 

21 3 8 8 10 10 0 10 1 8 2 6 2 8 

22 3 8 9 10 10 0 10 2 7 4 5 2 8 

23 3 8 9 10 9 1 10 0 7 3 5 3 7 

24 4 5 6 10 10 0 9 2 8 5 7 5 7 

25 4 6 7 10 10 0 10 2 7 4 6 3 7 

26 4 7 8 10 10 0 10 2 8 4 6 4 7 

27 4 7 8 10 10 0 9 2 8 4 6 4 7 

28 4 7 8 9 10 0 10 3 6 4 5 3 8 

29 4 7 8 10 9 0 10 2 8 5 5 3 7 

30 4 7 9 10 9 0 10 2 7 3 5 3 8 

31 4 8 8 10 10 0 10 2 8 3 5 3 7 

32 4 9 9 10 10 0 10 2 7 4 7 4 8 

 

ɺ ʪʘʙʣ.2 ʠ ʥʘ ʨʠʩ.2 ʧʨʠʚʝʜʝʥʳ ʦʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʫ| ʩʣʦʚʘ çʚʢʣʶʯʠʪʴè ʧʦʩʣʝ ʚʳʧʦ-

ʣʥʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʠʷ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʦʢʨʫʛʣʝʥʠʷ. ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ, ʚʳʯʠʩʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʥʦʡ ʤʝʨʳ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʆʙʣʘʩʪʴ 

ʟʚʫʢʘ |ʫ| ʚ ʧʨʠʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

},8,7,6,5,4,3{},10,9,7,6,5{},10,9,8{},5,4,3{|{ 4321 ÍÍÍÍ= xxxxAʫ x  

},9,8,7,6,5{},5,4,3,0{},10,9,8,7{},3,1,0{},10,9,7{ 98765 ÍÍÍÍÍ xxxxx  

}}8,7{},5,4,3{},8,7,6{},6,5,4,3,2,1{ 13121110 ÍÍÍÍ xxxx  
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ʦʪʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ MFCC 
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ʈʠʩ. 2. ʆʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʫ| ʩʣʦʚʘ çʚʢʣʶʯʠʪʴè 

ʊʘʙʣʠʮʘ 2 

ʆʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʫ| ʩʣʦʚʘ çʚʢʣʶʯʠʪʴè  

 ̄
1x  2x

 3x
 4x

 5x
 6x

 7x
 8x

 9x
 10x

 11x
 12x

 13x
 

1 3 8 7 6 10 0 8 5 7 2 8 4 7 

2 3 9 7 6 10 0 7 3 7 3 7 4 7 

3 3 10 5 4 9 1 7 0 6 3 7 3 7 

4 3 10 9 4 7 1 9 0 5 2 7 4 7 

5 3 10 9 6 10 0 9 1 8 5 6 3 8 

6 3 10 10 3 6 1 8 0 6 2 6 4 7 

7 3 10 10 5 7 1 10 0 6 1 6 5 8 

8 4 9 6 7 10 0 8 4 7 4 7 4 8 

9 4 9 6 6 10 1 8 0 8 4 6 3 7 

10 4 9 8 6 10 0 8 3 7 3 8 4 8 

11 5 10 8 8 10 3 9 0 9 6 8 4 8 

 

ɺ ʪʘʙʣ.3 ʠ ʥʘ ʨʠʩ.3 ʧʨʠʚʝʜʝʥʳ ʦʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʦ| ʩʣʦʚʘ çʩʦè ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʥʦʨʤʠʨʦʚʘʥʠʷ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʦʢʨʫʛʣʝʥʠʷ. ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʢʪʦʨ 

ʧʨʠʟʥʘʢʦʚ, ʚʳʯʠʩʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʥʦʡ ʤʝʨʳ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʆʙʣʘʩʪʴ ʟʚʫʢʘ |ʦ| 

ʚ ʧʨʠʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

},5,4,3,2,1{},9,8,7,6{},10{},4,3,2{|{ 4321 ÍÍÍÍ= xxxxAʦ x  

},7,6,5,4{},4,3,2{},8,7,6{},1,0{},6,5,4,3{ 98765 ÍÍÍÍÍ xxxxx  

}}7,6,5{},3,2,1,0{},7,6,5,4,3{},5,4,3,2,1{ 13121110 ÍÍÍÍ xxxx  
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ʊʘʙʣʠʮʘ 3 

ʆʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʦ| ʩʣʦʚʘ çʩʦè  

 ̄
1x  2x  3x

 4x  5x
 6x

 7x
 8x

 9x
 10x

 11x  12x  13x
 

1 2 10 9 2 6 1 7 2 6 2 4 0 5 

2 3 10 6 1 4 0 7 2 5 2 3 1 5 

3 3 10 7 3 6 0 7 3 7 4 5 3 7 

4 3 10 7 1 3 0 7 2 5 2 5 2 6 

5 3 10 7 1 4 0 6 2 6 2 5 2 5 

6 3 10 7 2 5 0 7 2 6 3 4 1 5 

7 3 10 7 2 4 0 6 3 6 3 6 2 6 

8 3 10 8 1 4 0 7 2 6 2 5 2 6 

9 3 10 8 1 4 0 8 3 6 2 5 1 5 

10 3 10 8 2 5 0 6 3 6 2 5 2 5 

11 3 10 8 2 5 0 6 2 6 3 5 2 5 

12 3 10 8 3 4 0 7 2 5 3 5 2 6 

13 3 10 8 3 4 0 7 3 5 2 5 3 5 

14 3 10 8 3 5 0 7 2 6 3 5 2 6 

15 3 10 8 4 5 0 7 2 5 2 5 3 6 

16 3 10 9 2 4 0 6 2 6 3 5 1 5 

17 4 10 6 2 4 0 7 3 6 4 5 2 6 

18 4 10 6 1 4 0 6 3 6 3 5 2 6 

19 4 10 7 3 4 0 7 4 6 4 6 3 6 

20 4 10 7 1 5 0 8 4 8 5 6 3 7 

21 4 10 7 2 3 0 7 3 6 3 5 3 6 

22 4 10 7 2 4 0 7 2 5 3 5 2 5 

23 4 10 7 3 5 0 7 4 6 4 6 3 5 

24 4 10 7 3 4 0 7 2 6 3 6 3 5 

25 4 10 8 1 4 0 6 3 7 3 5 2 6 

26 4 10 8 1 4 0 7 3 6 3 5 2 6 

27 4 10 8 1 4 0 7 3 7 4 6 3 6 

28 4 10 8 1 5 0 8 3 6 3 6 3 7 

29 4 10 8 2 3 0 7 3 6 3 5 3 6 

30 4 10 8 2 4 0 6 3 6 3 5 2 5 

31 4 10 8 2 4 0 7 3 6 3 5 2 5 

32 4 10 8 2 5 0 7 3 7 3 5 1 5 

33 4 10 8 2 6 0 6 2 5 1 5 2 6 

34 4 10 8 3 4 0 6 4 7 4 6 3 6 

35 4 10 8 4 4 0 8 2 4 3 5 3 6 

36 4 10 8 4 4 0 7 3 5 2 5 3 6 

37 4 10 8 4 5 0 7 3 6 4 6 3 6 

38 4 10 9 3 5 0 7 4 7 4 7 3 7 

39 4 10 9 3 5 0 6 3 6 3 6 2 6 

40 4 10 9 5 4 0 7 4 6 4 6 3 6 

 



ʏʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʣʘʩʥʳʭ ʟʚʫʢʦʚ ʢʦʤʘʥʜ ʚʦʜʠʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʨʘʩʰʠʨʷʶʱʠʭ ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʳʭ 

ʦʪʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ MFCC 

    
25 ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

 
ʈʠʩ. 3. ʆʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʦ| ʩʣʦʚʘ çʩʦè 

ɺ ʪʘʙʣ.4 ʠ ʥʘ ʨʠʩ.4 ʧʨʠʚʝʜʝʥʳ ʦʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ çʘè ʩʣʦʚʘ çʥʘè ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʥʦʨʤʠʨʦʚʘʥʠʷ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʦʢʨʫʛʣʝʥʠʷ. ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʢʪʦʨ 

ʧʨʠʟʥʘʢʦʚ, ʚʳʯʠʩʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʥʦʡ ʤʝʨʳ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʆʙʣʘʩʪʴ ʟʚʫʢʘ çʘè 

ʚ ʧʨʠʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

},2,1,0{},9,7,6,5,4,3{},10{},6,5,4,3,2{|{ 4321 ÍÍÍÍ= xxxxAa x  

},8,7,6,5,4{},5,4,3,2,1{},10,9,8,7,6{},4,3,2,1,0{},6,5,4{ 98765 ÍÍÍÍÍ xxxxx  

}}9,8,7,6,5{},6,5,4,3,2{},9,8,7,6{},7,5,4,3,2,1{ 13121110 ÍÍÍÍ xxxx  

 
ʈʠʩ. 4. ʆʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʘ| ʩʣʦʚʘ çʥʘè 
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ʊʘʙʣʠʮʘ 4 

ʆʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʘ| ʩʣʦʚʘ çʥʘè  

 ̄
1x  2x  3x

 4x  5x
 6x

 7x
 8x

 9x
 10x

 11x  12x  13x
 

1 2 10 9 2 6 0 6 1 5 1 6 2 5 

2 3 10 3 1 5 0 8 2 4 3 6 2 5 

3 3 10 3 1 5 0 7 2 4 4 6 2 6 

4 3 10 4 0 5 1 7 3 5 3 6 2 5 

5 3 10 5 0 5 1 6 2 4 3 6 2 5 

6 3 10 5 0 5 3 6 2 5 3 6 3 5 

7 3 10 5 0 6 2 7 3 5 3 6 3 5 

8 3 10 5 1 5 0 6 3 5 3 6 2 5 

9 3 10 6 0 5 2 7 3 6 2 5 2 5 

10 3 10 6 0 4 1 7 3 5 3 6 3 5 

11 3 10 7 1 4 0 7 2 5 3 7 3 6 

12 3 10 7 0 4 2 8 3 6 3 6 4 7 

13 4 10 3 0 5 1 10 3 5 5 7 2 7 

14 4 10 3 1 5 0 8 3 5 4 6 2 5 

15 4 10 4 0 4 2 8 3 5 3 6 3 5 

16 4 10 4 0 5 1 8 3 5 3 6 2 5 

17 4 10 4 0 5 1 7 3 5 3 6 2 6 

18 4 10 4 0 5 2 7 3 6 4 6 3 6 

19 4 10 5 0 5 1 8 3 5 3 7 2 5 

20 4 10 5 0 5 2 7 4 5 3 6 3 5 

21 4 10 5 0 5 2 7 3 5 4 7 3 6 

22 4 10 5 0 5 2 8 4 5 4 7 3 5 

23 4 10 5 0 5 2 8 3 6 4 7 3 6 

24 4 10 5 0 5 2 8 3 6 5 7 4 7 

25 4 10 5 0 5 3 7 3 6 4 7 3 6 

26 4 10 5 0 5 3 7 3 6 3 7 4 6 

27 4 10 5 0 5 3 8 4 6 4 7 4 6 

28 4 10 5 0 5 3 8 3 6 5 7 4 7 

29 4 10 6 0 5 2 7 3 6 4 6 3 6 

30 4 10 6 0 5 4 8 3 6 5 7 4 7 

31 4 10 6 0 5 2 8 4 7 5 8 4 7 

32 4 10 6 0 4 1 8 3 6 4 7 3 6 

33 4 10 6 0 4 2 8 3 5 4 7 3 6 

34 5 10 4 0 5 2 8 4 6 5 8 4 7 

35 5 10 6 0 5 3 8 4 7 4 7 4 6 

36 5 10 6 0 5 3 8 3 7 5 7 4 7 

37 5 10 6 0 5 3 8 4 7 5 8 5 7 

38 5 10 6 0 5 3 9 4 7 4 8 4 6 

39 5 10 6 0 6 4 9 4 7 5 9 5 7 

40 5 10 7 0 6 4 9 5 8 5 8 6 8 

41 6 10 6 0 6 4 10 4 8 7 9 4 9 

 



ʏʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʣʘʩʥʳʭ ʟʚʫʢʦʚ ʢʦʤʘʥʜ ʚʦʜʠʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʨʘʩʰʠʨʷʶʱʠʭ ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʳʭ 

ʦʪʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ MFCC 

    
27 ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ɺ ʪʘʙʣ.5 ʠ ʥʘ ʨʠʩ.5 ʧʨʠʚʝʜʝʥʳ ʦʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʵ| ʩʣʦʚʘ çʧʝʯʴè ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʥʦʨʤʠʨʦʚʘʥʠʷ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʦʢʨʫʛʣʝʥʠʷ. ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʢʪʦʨ 

ʧʨʠʟʥʘʢʦʚ, ʚʳʯʠʩʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʥʦʡ ʤʝʨʳ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʆʙʣʘʩʪʴ ʟʚʫʢʘ |ʵ| 

ʚ ʧʨʠʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

},10,9,8,7{},8,7,6,5{},10,9,8{},6,5,4{|{ 4321 ÍÍÍÍ= xxxxAɻ x  

},9,8,7,6{},5,4,3,2{},9,8,7{},0{},10,9{ 98765 ÍÍÍÍÍ xxxxx  

}}9,8,7{},6,5,4,3{},8,7,6,5{},6,5,4,3{ 13121110 ÍÍÍÍ xxxx  

ʊʘʙʣʠʮʘ 5 

ʆʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʵ| ʩʣʦʚʘ çʧʝʯʴè  

 ̄
1x  2x  3x

 4x  5x
 6x

 7x
 8x

 9x
 10x

 11x  12x  13x
 

1 4 10 8 9 10 0 8 3 6 3 6 3 7 

2 5 8 6 10 10 0 9 3 7 4 7 5 8 

3 5 9 5 8 10 0 7 3 8 4 8 6 7 

4 5 9 6 9 10 0 8 4 7 4 7 4 8 

5 5 9 6 10 10 0 9 4 8 5 7 5 8 

6 5 9 6 10 10 0 9 4 8 5 7 4 8 

7 5 9 6 10 10 0 9 4 7 5 7 5 8 

8 5 9 7 9 10 0 7 4 8 5 8 5 8 

9 5 10 5 7 10 0 7 3 8 4 7 5 7 

10 5 10 5 8 9 0 9 3 8 4 6 5 8 

11 5 10 5 8 10 0 8 3 8 4 7 5 7 

12 5 10 5 9 10 0 9 4 8 5 8 6 8 

13 5 10 5 10 10 0 9 4 8 5 7 5 9 

14 5 10 6 8 9 0 7 2 7 4 7 4 7 

15 5 10 6 8 10 0 8 4 7 4 7 3 7 

16 5 10 6 9 10 0 8 5 8 5 7 5 8 

17 5 10 6 9 10 0 8 2 6 3 6 3 7 

18 5 10 6 10 10 0 9 3 9 5 7 5 8 

19 5 10 6 10 10 0 9 4 8 5 7 5 8 

20 5 10 7 9 10 0 8 4 8 5 8 5 9 

21 5 10 7 9 10 0 8 5 9 5 8 5 9 

22 5 10 7 9 10 0 8 4 7 4 7 4 8 

23 5 10 7 10 10 0 9 4 9 5 7 5 8 

24 5 10 7 10 10 0 9 4 8 5 7 5 8 

25 5 10 7 10 10 0 8 4 7 4 7 5 8 

26 5 10 7 10 10 0 9 3 7 4 6 4 8 

27 5 10 7 10 10 0 8 3 7 3 5 4 8 

28 5 10 8 9 10 0 8 3 6 3 6 3 7 

29 5 10 8 9 9 0 8 4 7 4 7 5 8 

30 5 10 8 10 10 0 8 4 7 4 6 4 8 

31 6 9 6 10 10 0 9 4 9 5 7 5 9 

32 6 9 7 8 10 0 8 5 8 4 8 4 8 

33 6 10 5 9 10 0 8 4 8 6 7 5 8 
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ʈʠʩ. 5. ʆʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʵ| ʩʣʦʚʘ çʧʝʯʴè 

ɺ ʪʘʙʣ.6 ʠ ʥʘ ʨʠʩ.6 ʧʨʠʚʝʜʝʥʳ ʦʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʳ| ʩʣʦʚʘ çʫʣʦʞʠʪʴè ʧʦʩʣʝ ʚʳʧʦʣ-

ʥʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʠʷ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʦʢʨʫʛʣʝʥʠʷ. ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʢ-

ʪʦʨ ʧʨʠʟʥʘʢʦʚ, ʚʳʯʠʩʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʥʦʡ ʤʝʨʳ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʆʙʣʘʩʪʴ ʟʚʫʢʘ 

|ʳ| ʚ ʧʨʠʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

},10,9,8,7,6,5,4,3{},9,8,7,6,5,4{},10,9,8,7{},4,3,2{|{ 4321 ÍÍÍÍ= xxxxAr x  

},8,7,6,5{},4,3,2,1,0{},9,8,7,6,5{},5,3,2,1,0{},10{ 98765 ÍÍÍÍÍ xxxxx  

}}9,8,7,6,5,4{},4,3,2,1,0{},9,8,6,5,4{},5,4,3,2,1,0{ 13121110 ÍÍÍÍ xxxx  

 
ʈʠʩ. 6. ʆʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʳ| ʩʣʦʚʘ çʫʣʦʞʠʪʴè 



ʏʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʣʘʩʥʳʭ ʟʚʫʢʦʚ ʢʦʤʘʥʜ ʚʦʜʠʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʨʘʩʰʠʨʷʶʱʠʭ ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʳʭ 

ʦʪʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ MFCC 

    
29 ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʊʘʙʣʠʮʘ 6 

ʆʙʫʯʘʶʱʠʝ ʦʙʨʘʟʮʳ ʟʚʫʢʘ |ʳ| ʩʣʦʚʘ çʫʣʦʞʠʪʴè  

 ̄
1x  2x  3x

 4x  5x
 6x

 7x
 8x

 9x
 10x

 11x  12x  13x
 

1 2 8 6 7 10 0 6 2 7 2 4 2 5 

2 2 10 4 4 10 1 5 1 5 0 5 1 4 

3 2 10 4 3 10 1 5 0 5 1 5 1 4 

4 2 10 7 4 10 2 6 0 5 1 6 2 4 

5 3 7 5 8 10 0 7 3 8 3 5 3 7 

6 3 8 7 8 10 0 7 2 6 2 5 2 6 

7 3 8 7 9 10 0 9 4 7 3 5 2 7 

8 3 8 8 9 10 0 8 4 8 3 6 3 7 

9 3 9 5 6 10 0 6 2 7 2 4 1 6 

10 3 9 5 5 10 0 6 2 7 3 5 3 7 

11 3 9 7 7 10 0 7 2 6 3 5 2 6 

12 3 9 8 6 10 1 6 2 7 1 4 0 5 

13 3 9 9 8 10 0 6 3 8 1 4 2 6 

14 3 9 9 6 10 0 6 2 7 2 5 2 6 

15 3 10 4 4 10 0 6 2 5 2 6 2 5 

16 3 10 6 4 10 2 5 2 5 1 5 0 4 

17 3 10 7 6 10 3 9 1 7 0 8 3 6 

18 3 10 8 6 10 0 6 3 7 2 5 4 7 

19 3 10 9 5 10 0 4 1 8 1 5 2 5 

20 4 7 5 9 10 0 9 3 8 5 6 4 9 

21 4 8 9 10 10 0 9 4 8 4 6 4 8 

22 4 9 7 7 10 5 9 3 7 0 9 3 7 

23 4 10 6 8 10 0 8 2 8 3 6 4 7 

ɺʳʚʦʜʳ 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺ ʩʪʘʪʴʝ ʜʣʷ ʚʝʨʙʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʧʨʝʜʣʦ-

ʞʝʥ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʝʯʝʚʳʭ ʢʦʤʘʥʜ ʚʦʜʠʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʨʘʩʰʠ-

ʨʷʶʱʠʭ ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ MFCC, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

ʦʪʦʙʨʘʞʝʥʠʝ ʚʝʢʪʦʨʘ ʮʝʣʳʭ ʟʥʘʯʝʥʠʡ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʝʢʪʦʨ ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ; 

ʦʪʦʙʨʘʞʝʥʠʝ ʚʝʢʪʦʨʘ ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʚʝʢʪʦʨ ʮʝʣʳʭ ʧʨʠʟʥʘʢʦʚ; ʦʪʦʙʨʘʞʝʥʠʝ ʚʝʢʪʦʨ 

ʮʝʣʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʥʦʤʝʨ ʢʣʘʩʩʘ ʦʙʨʘʟʮʘ ʟʚʫʢʘ ʨʝʯʠ. ɼʣʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʩʪʘʪʴʝ ʧʨʦʚʝ-

ʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʦʚ 

ʮʝʣʳʭ ʧʨʠʟʥʘʢʦʚ ʛʣʘʩʥʳʭ ʟʚʫʢʦʚ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʢʘʞʜʦʛʦ ʛʣʘʩʥʦʛʦ ʟʚʫʢʘ ʚ ʧʨʠʟʥʘʢʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʉʠʩʪʝʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʝʯʝʚʳʭ ʢʦʤʘʥʜ ʚʦʜʠʪʝʣʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʠʩʪʝʤʘʭ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʦʙʱʝ-

ʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ (ʫʛʦʣʴʥʦʡ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘʚʠʘʩʪʨʦʝʥʠʷ ʠ 

ʩʫʜʦʩʪʨʦʝʥʠʷ, ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʘʪʦʤʥʳʭ, ʪʝʧʣʦʚʳʭ ʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʜʨ), 

ʘ ʪʘʢʞʝ ʚ ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ ʜʣʷ ʬʦʥʦʩʢʦʧʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ. 
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ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʯʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʣʦʩʥʠʭ ʟʚʫʢʽʚ ʢʦʤʘʥʜ ʚʦʜʽʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʝʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʨʽʚʥʦʤʽʨʥʦ ʙʝʟʧʝʨʝʨʚʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʤʝʣ-

ʯʘʩʪʦʪʥʠʭ ʢʝʧʩʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ (MFCC) ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʝʢʪʦʨʘ ʨʝʯʦʚʠʥʥʠʭ ʦʟʥʘʢ ʽ 

ʧʝʨʝʪʚʦʨʝʥʥʽ ʚʝʢʪʦʨʘ ʨʝʯʦʚʠʥʥʠʭ ʦʟʥʘʢ ʜʦ ʚʝʢʪʦʨʘ ʮʽʣʠʭ ʦʟʥʘʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʨʤʫʚʘʥʥʷ, ʤʘ-

ʩʰʪʘʙʫʚʘʥʥʷ ʡ ʦʢʨʫʛʣʝʥʥʷ 

Abstract. In the article carried out numerical research of vowel sounds of commands of the driver 

through not expanding uniformly continuous mapping, based on mel-frequency cepstral coefficients 

(MFCC) for formation of a vector of real features and transformation of a vector of real features to a 

vector of integer features by means of rationing, scaling and a rounding 

ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 19.03.2013 ʨ. 
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31 ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʋɼʂ 656.13 

ʉɸʄɯʉʔʂʆ ʊ.ʆ., ʢ.ʪ.ʥ., 

ɸɼɯ ɼɺʅɿ çɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʄɽʈɽɾɯ 

ɸɺʊʆʄʆɹɯʃʔʅʀʍ ɼʆʈɯɻ 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, 

ʚʠʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ ʪʘ ʧʝʨʝʚʘʛʠ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʝʜʦʣʽ-

ʢʠ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʝʚʦ-

ʣʶʮʽʡʥʦ-ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ɺʩʪʫʧ 

ʋ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʦʣʦʛʽʾ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʝʣʠʢʫ ʨʦʣʴ ʟʽʛʨʘʣʠ ʨʦʟʨʦʙʢʠ ʪʘʢʠʭ ʚʯʝʥʠʭ ʷʢ 

ɸ.ɻ. ɸʛʘʥʙʝʛʷʥʘ, ɯ.ɺ. ɹʝʩʪʫʞʝʚʘ-ʃʘʜʠ, ʃ. ʂʣʝʡʥʘ, ɺ. ɻʦʣʴʜʙʝʨʛʘ [1]. ɺ ʨʦʙʦʪʘʭ ʮʠʭ ʚʯʝʥʠʭ ʨʦʟʛ-

ʣʷʜʘʶʪʴʩʷ ʟʘʢʦʥʠ, ʩʫʪʥʽʩʪʴ ʽ ʬʫʥʢʮʽʾ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʡʦʛʦ ʨʦʣʴ ʪʘ ʤʽʩʮʝ ʚ ʩʠʩʪʝʤʽ ʧʣʘʥʫʚʘʥʥʷ. 

ʈʦʟʚʠʪʦʢ ʨʦʙʽʪ, ʷʢʽ ʧʨʠʩʚʷʯʝʥʽ ʧʨʦʛʥʦʟʫʚʘʥʥʶ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤ-

ʢʘʤʠ: ʧʦʛʣʠʙʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʨʦʟʨʦʙʦʢ ʜʝʢʽʣʴʢʦʭ ʛʨʫʧ ʤʝʪʦʜʠʢ, ʷʢʽ ʚʽʜʧʦʚʽ-

ʜʘʶʪʴ ʚʠʤʦʛʘʤ ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʦʙʽʪ ʱʦʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ; ʨʦʟʨʦʙʢʘ ʪʘ ʨʝʘʣʽʟʘʮʽʷ 

ʥʘ ʧʨʘʢʪʠʮʽ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʧʨʦʮʝʜʫʨ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʠʯʥʠʭ ʧʨʠʡʦʤʽʚ ʧʽʜ ʯʘʩ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʛʥʦʟʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ; ʧʦʰʫʢ ʰʣʷʭʽʚ ʪʘ ʟʘʩʦʙʽʚ ʘʣʛʦʨʠʪʤʽʟʘʮʽʾ ʤʝʪʦʜʠʢ ʧʨʦ-

ʛʥʦʟʫʚʘʥʥʷ [2,3].  

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʽʤʦʚʽʨʥʽʩʥʝ ʦʙˇʨʫʥʪʦʚʘʥʝ ʩʫʜʞʝʥʥʷ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʠ, ʤʦʞ-

ʣʠʚʦʩʪʽ ʩʪʘʥʫ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʷʚʠʱʘ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, ʧʨʦ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʰʣʷʭʠ ʡ ʪʝʨʤʽʥʠ ʡʦʛʦ 

ʽʩʥʫʚʘʥʥʷ [1]. 

ɿʘ ʦʮʽʥʢʘʤʠ ʚʯʝʥʠʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʨʘʭʦʚʫʻʪʴʩʷ ʙʽʣʴʰ ʥʽʞ 150 ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫ-

ʚʘʥʥʷ. ɹʘʛʘʪʦ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʢʨʝʤʠʭ ʧʨʦʮʝʜʫʨ ʽ ʟʘʭʦʜʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠ-

ʚʦʩʪʽ ʦʙôʻʢʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɯʥʰʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʙʽʨ ʦʢʨʝʤʠʭ ʟʘʭʦʜʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʙʘʟʦʚʠʭ ʘʙʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ [1]. 

ɺʚʘʞʘʶʪʴ, ʱʦ ʮʽ ʤʝʪʦʜʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʜʚʦʭ ʢʨʘʡʥʽʭ ʧʽʜʭʦʜʘʭ: ʝʚʨʠʩʪʠʯʥʦʤʫ ʡ ʤʘʪʝʤʘʪʠʯ-

ʥʦʤʫ [1].  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ʈʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʦʙʣʘʩʪʽ ʜʦʨʦʞʥʴʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʨʽʛ [1]. ɼʦ ʥʘʡʙʽʣʴʰ ʟʥʘʯʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ ʤʝʪʦʜʽʚ ʧʨʦ-

ʛʥʦʟʫʚʘʥʥʷ, ʷʢʽ ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ ʦʭʦʧʣʶʶʪʴ ʧʨʦʛʥʦʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʩʪʫʧʽʥʴ ʬʦ-

ʨʤʘʣʽʟʘʮʽʾ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʙôʻʜʥʘʪʠ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʫ ʜʚʽ ʛʨʫʧʠ: ʩʠʤʧʣʝʢʩʥʽ ʤʝ-

ʪʦʜʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝ-

ʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ (ʨʠʩ. 1). 

ʆʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʨʦʛʥʦʟʫ ʻ ʩʭʝʤʘ ʝʢʩʪʨʘʧʦʣʷʮʽʾ. ʈʦʟʨʽʟʥʷʶʪʴ ʬʦʨʤʘʣʴʥʫ ʽ ʧʨʦʛʥʦʟ-

ʥʫ ʝʢʩʪʨʘʧʦʣʷʮʽʾ. ʌʦʨʤʘʣʴʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ ʧʨʦ ʟʙʝʨʽʛʘʥʥʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʤʠʥʫʣʠʭ ʽ 

ʩʴʦʛʦʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʦʙôʻʢʪʘ ʧʨʦʛʥʦʟʫ [1]. 

ɺ ʦʩʥʦʚʫ ʝʢʩʪʨʘʧʦʣʷʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʣʘʜʝʥʦ ʚʠʚʯʝʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʷʢʽ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʧʦʨʷʜʢʦʚʘʥʽ ʚ ʯʘʩʽ ʥʘʙʦʨʠ ʚʠʤʽʨʽʚ ʪʠʭ ʘʙʦ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ 

(ʦʙôʻʢʪʘ), ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ [1]. ʉʪʦʩʦʚʥʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʨʦʞ-

ʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʯʘʩʦʚʠʡ ʨʷʜ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
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( ) t tX t x e= + ,                                                            (1) 

ʜʝ ʍ(t) ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; 

ʭt ï ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʥʝʚʠʧʘʜʢʦʚʘ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʮʝʩʫ (ʪʨʝʥʜ); 

Ůt ï ʩʪʦʭʘʩʪʠʯʥʘ ʚʠʧʘʜʢʦʚʘ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʮʝʩʫ. 

ʎʝʡ ʤʝʪʦʜ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ, ʪʘʢʠʭ ʷʢ ʥʝʟʥʘʯʥʘ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʝ[1,4]: 

ï ʚʩʽ ʬʘʢʪʠʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʚʠʧʘʜʢʦʚʦʩʪʽ; 

ï ʥʝʤʘ ̒ʤʦʞʣʠʚʦʩʪʽ ʦʮʽʥʠʪʠ ʧʨʘʚʦʤʽʨʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʧʨʠʨʦʩʪʫ ʚ ʢʦʞʥʦʤʫ 

ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ; 

ï ʜʘʥʠʡ ʧʽʜʭʽʜ ʥʝ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʽʥʪʝʨʚʘʣ, ʫ ʷʢʠʡ ʧʦʧʘʜʘʻ ʚʝʣʠʯʠʥʘ, ʱʦ ʧʽʜʣʷʛʘʻ ʧʨʦ-

ʛʥʦʟʫʚʘʥʥʶ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʘʥʠʡ ʤʝʪʦʜ ʥʝ ʜʘʻ ʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ. ʊʦʤʫ ʝʢʩʪʨʘʧʦʣʷʮʽʡʥʽ ʤʝʪʦʜʠ ʥʘʡ-

ʙʽʣʴʰ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʠʭ ʧʨʦʛʥʦʟʽʚ, ʪʦʙʪʦ ʥʘ 5-7 ʨʦ-

ʢʽʚ. 

 
ʈʠʩ. 1. ʄʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 



ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ 

    
33 ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ɽʢʩʧʝʨʪʥʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʤʘʛʘʶʪʴ ʚʽʜ ʝʢʩʧʝʨʪʘ ʛʣʠʙʦʢʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ ʪʘ 

ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʧʨʠ ʟʙʦʨʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥ̔  ʚʩʽʻʾ ʜʦʩʪʫʧʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙôʻʢʪ ʧʨʦʛʥʦʟʫ-

ʚʘʥʥʷ [2]. ɽʢʩʧʝʨʪʥʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʧʘʜʢʘʭ: 

ï ʢʦʣʠ ʥʝʤʦʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ ʯʝʨʝʟ ʟʥʘʯʥʫ ʩʢʣʘʜʥʩ̔ʪɹ ʦʙôʻʢʪʘ ʧʨʦ-

ʛʥʦʟʫʚʘʥʥʷ; 

ï ʥʘʷʚʥʦʩʪʽ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʦʙôʻʢʪ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʱʝʚʠʢʣʘʜʝʥʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʝʢʩʧʝʨʪʥʽ ʤʝʪʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʪʦʜʽ, ʢʦʣʠ ʦʙôʻʢʪ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʙʦ ʜʫʞʝ ʧʨʦʩʪʠʡ, ʘʙʦ ʥʘʩʪʽʣʴʢʠ ʩʢʣʘʜʥʠʡ, ʱʦ ʘʥʘʣʽʪʠʯʥʦ ʚʨʘ-

ʭʫʚʘʪʠ ʚʧʣʠʚ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. 

ɺ 1970-1980 ʨʨ. ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʢʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʫ ʜʝʷʢʽʡ ʤʽʨʽ ʦʨʛʘʥʽʟʫʚʘʪʠ ʩʪʘ-

ʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʜʫʤʢʠ ʝʢʩʧʝʨʪʽʚ-ʩʧʝʮʽʘʣʽʩʪʽʚ. ʄʝʪʦʜ çɼʝʣʴʬʽè ï ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶ-

ʜʞʝʥʠʭ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʤʘʡʙʫʪʥʴʦʛʦ. ʎʝʡ ʤʝʪʦʜ ʨʦʟʨʦʙʣʝʥʦ ʘʤʝʨʠʢʘʥʩʴʢʦʶ ʜʦʩʣʽʜ-

ʥʠʮʴʢʦʶ ʢʦʨʧʦʨʘʮʽʻʶ [6].  

ʄʝʪʦʜ çɼʝʣʴʬʽè ʤʘʻ ʨʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʪʘʢʠʭ ʷʢ ʘʥʦʥʽʤʥʽʩʪʴ ʝʢʩʧʝʨʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʧʠʪʫʚʘʥʥʷ, ʩʪʘʪʠʩʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʧʦʚʦʾ ʚʽʜʧʦʚʽʜʽ.  

ɿʥʘʯʥʠʤ ʥʝʜʦʣʽʢʦʤ ʮʽʻʾ ʛʨʫʧʠ ʤʝʪʦʜʽʚ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʟʚôʷʟʢʫ ʤʽʞ ʧʨʠʯʠʥʦʶ, ʱʦ ʚʠʢʣʠʢʘʣʘ ʟʤʽʥʫ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʯʠʩʝʣʴʥʠʤ ʧʦʜʘʥ-

ʥʷʤ ʧʨʦʛʥʦʟʫ. 

ʋ ʮʽʣʦʤʫ, ʷʢ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [2,5], ʟʥʘʯʥʘ ʛʨʫʧʘ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʤʘʻ ʟʘʛʘ-

ʣʴʥʠʡ ʥʝʜʦʣʽʢ ï ʟʘʣʝʞʥʽʩʪʴ ʚʠʨʦʙʣʶʚʘʥʠʭ ʧʨʦʛʥʦʟʽʚ ʚʽʜ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʽ ʜʦʩʚʽʜʫ ʝʢʩʧʝʨʪʽʚ. 

ɼʦ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ, ʤʦʞʥʘ ʚʽ-

ʜʥʝʩʪʠ: ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʽ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʾ, ʤʝʪʦʜ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ, 

ʤʝʪʦʜ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ [1, 3, 4]. 

ʉʫʪʴ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʪʨʝʥʜʫ, ʷʢʽ ʤʽ-

ʥʽʤʽʟʫʶʪʴ ʾʾ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʪʦʯʦʢ ʚʠʭʽʜʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ, ʪʦʙʪʦ [1] 

( )
2

1

min
n

i i

i

S y y
=

= - ­ä ,                                                (2) 

ʜʝ 
iy  ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʨʷʜʫ, 

ʫ̔  ï ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʨʷʜʫ, 

n ï ʯʠʩʣʦ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʢʠ, ʱʦ ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʽ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʧʝʨʝʜʙʘʯʘʻ 

ʦʙʦʚôʷʟʢʦʚʝ ʟʘʜʦʚʦʣʝʥʥʷ ʨʷʜʫ ʧʝʨʝʜʫʤʦʚ, ʥʝʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʧʦʤʠ-

ʣʦʢ: 

1. ɺʠʧʘʜʢʦʚʽ ʧʦʤʠʣʢʠ ʤʘʶʪʴ ʥʫʣʴʦʚʫ ʩʝʨʝʜʥʶ, ʢʽʥʮʝʚʽ ʜʠʩʧʝʨʩʽʾ ʪʘ ʢʦʚʘʨʽʘʮʽʾ. 

2. ʂʦʞʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʫʣʴʦʚʠʤ ʩʝʨʝʜʥʽʤ, ʷʢʝ ʥʝ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʴ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʟʤʽʥʥʠʭ. 

3. ɼʠʩʧʝʨʩʽʾ ʢʦʞʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ ʦʜʥʘʢʦʚʽ, ʾʭ ʚʝʣʠʯʠʥʠ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʥʘʯʝʥʴ ʩʧʦ-

ʩʪʝʨʝʞʫʚʘʥʠʭ ʟʤʽʥʥʠʭ. 

4. ɺʽʜʩʫʪʥʽʩʪʴ ʘʚʪʦʢʦʨʝʢʮʽʾ ʧʦʤʠʣʦʢ. 

5. ɺʠʧʘʜʢʦʚʽ ʧʦʤʠʣʢʠ ʤʘʶʪʴ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ. 

ɼʘʥʘ ʬʫʥʢʮʽʷ ʝʢʩʪʨʘʧʦʣʶʻʪʴʩʷ ʥʘ ʤʘʡʙʫʪʥʻ. 

ʄʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʥʘʣʝʞʠʪʴ ʜʦ ʤʝʪʦʜʽʚ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʰʠ-

ʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʛʥʦʟʽʚ, ʱʦ ʧʦʷʩʥʶʻ ʡʦʛʦ ʧʨʦʩʪʦʪʫ ʡ ʣʝʛ-
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ʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʤʦʜʝʣʴ ʪʨʝʥʜʘ ʞʦʨʩʪʢʦ ʬʽʢʩʫʻʪʴʩʷ ʽ ʟ ʜʦ-

ʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘʜʽʡʥʠʡ ʧʨʦʛʥʦʟ ʥʘ ʥʝʚʝʣʠʢʠʡ ʧʝʨʽʦʜ 

ʧʦʧʝʨʝʜʞʝʥʥʷ [5]. 

ʄʝʪʦʜ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ ï ʝʬʝʢʪʠʚʥʠʡ ʽ ʥʘʜʽʡʥʠʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɼʦ 

ʦʩʥʦʚʥʠʭ ʡʦʛʦ ʧʝʨʝʚʘʛ ʩʣʽʜ ʚʽʜʥʝʩʪʠ: ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʚʘʞʝʣʽʚ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; ʧʨʦ-

ʩʪʦʪʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʦʧʝʨʘʮʽʡ; ʛʥʫʯʢʽʩʪʴ ʦʧʠʩʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʠʥʘʤʽʢ ʧʨʦʮʝʩʫ.  ʄʝʪʦʜ ʜʘʻ ʤʦ-

ʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʦʮʽʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʪʨʝʥʜʫ, ʱʦ ʩʢʣʘʣʘʩʷ ʜʦ ʤʦʤʝʥʪʫ ʦʩʪʘʥʥʴʦʛʦ ʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ. ʅʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʥ ʟʥʘʡʰʦʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʠʭ ʧʨʦʛʥʦʟʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʬʫʥ-

ʢʮʽʡ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʯʘʩʽ. 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʨʦʙʦʪʽ [1] ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʪʨʘʥ-

ʩʧʦʨʪʽ ʚʣʘʩʪʠʚʠʡ ʤʝʭʘʥʽʩʪʠʯʥʠʡ ʧʽʜʭʽʜ. 

ʃʽʥʽʡʥʽ ʬʫʥʢʮʽʾ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʥʠ ʚ ʘʨʠʬʤʝʪʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ, ʧʦʢʘʟʥʠʢʦʚʽ ʬʫʥʢʮʽʾ ʚʽʜʦ-

ʙʨʘʞʘʶʪʴ ʟʤʽʥʠ ʧʦ ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ [1]. 

ʋ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʨʠʚʦʣʽʥʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʩʝʨʝʜ ʷʢʠʭ ʩʣʽʜ ʚʢʘ-

ʟʘʪʠ ʥʘ ʣʦʛʽʩʪʠʯʥʫ ʢʨʠʚʫ. ʎʶ ʢʨʠʚʫ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʨʽʟʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʷʚʠʱ. ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ 

ʧʨʷʤʫʚʘʥʥʽ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, ʟʘʣʝʞʥʘ ʥʘʙʣʠʞʫʻʪʴʩʷ ʜʦ ʜʝʷʢʦʛʦ ʤʘʢʩʠʤʘ-

ʣʴʥʦʛʦ ʨʽʚʥʷ. 

ʈʽʚʥʷʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʢʨʠʚʦʾ ʤʘʻ ʚʠʛʣʷʜ: 

1
x

y
a bc
=
+

                                                             (3) 

ʈʽʚʥʷʥʥʷ ʢʨʠʚʦʾ ɻʦʤʧʝʨʮʘ ʤʘʻ ʚʠʛʣʷʜ: 

,
xcy a b= Ö                                                              (4) 

ʜʝ ʘ, b, ʩ ï ʧʦʩʪʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ; 

ʭ ï ʥʝʟʘʣʝʞʥʘ ʟʤʽʥʥʘ,  ʱʦ ʧʨʠʡʤʘʻ ʮʽʣʦʯʠʩʝʣʴʥʽ  ʟʥʘʯʝʥʥʷ ʭ=0,1,2,...,n. 

ʋ 1974 ʨ. ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʨʦʙʦʪʘ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʧʝʨʝʜʙʘʯʝʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʘʨʢʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʨʫʭʦʤʠʤ ʩʢʣʘʜʦʤ ʥʘ ʧʝʨʽʦʜ ʜʦ 1980 ʨ. [5]. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩ-

ʪʦʚʫʚʘʣʘʩʴ ʝʢʩʪʨʘʧʦʣʷʮʽʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʽ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʨʘʭʫʥʢʫ. ɻʦʣʦʚʥʦʶ ʧʨʦʛʥʦʟʫʶʯʦʶ 

ʦʟʥʘʢʦʶ ʙʫʚ ʨʽʚʝʥʴ ʩʧʝʮʽʘʣʽʟʘʮʽʾ Y, ʚʠʨʘʞʝʥʠʡ ʫ ʚʽʜʩʦʪʢʘʭ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ: 

,
b e ta e

Y P e
Ö Ö-- Ö

= Ö                                                     (5) 

ʜʝ ʈ ï ʚʝʨʭʥʷ ʤʝʞʘ ʥʘʩʠʯʝʥʥʷ ʚʘʥʪʘʞʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʧʘʨʢʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʨʫʭʦʤʠʤ 

ʩʢʣʘʜʦʤ, %; 

ʘ, b ï ʢʦʥʩʪʘʥʪʠ ʢʨʠʚʦʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʾʾ ʧʽʜʡʦʤ ʘ ʽ ʥʘʭʠʣ b; 

e ï ʦʩʥʦʚʘ ʥʘʪʫʨʘʣʴʥʠʭ ʣʦʛʘʨʠʬʤʽʚ (eå2,72); 

t ï ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘʩʠʯʝʥʥʷ, ʨʦʢʽʚ. 

ɸʣʝ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʘʥʘ ʤʦʜʝʣʴ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʫ ʟʚôʷʟʢʫ ʟ 

ʪʠʤ, ʱʦ ʤʘʣʘ ʥʘʜʽʡʥʽʩʪʴ ʾʾ ʨʝʟʫʣʴʪʘʪʽʚ. ɼʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʚʠʢʦʥʘʥʥ̔  ʧʨʦ-

ʛʥʦʟʽʚ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 6 ʨʦʢʽʚ. 



ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ 

    
35 ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʋ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ, ʟʦʢʨʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʙʫʚ ʚʠ-

ʢʦʨʠʩʪʘʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʩʢʣʘʜʘʚʩʷ ʟ ʤʝʪʦʜʫ ʝʢʩʪʨʘʧʦʣʷʮʽʾ, ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʽ 

ʤʝʪʦʜʫ ʩʮʝʥʘʨʽʾʚ.  

ʇʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩ-

ʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʝʢʩʪʨʘʧʦʣʷʮʽʾ [1]. ʎʝʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʽʥʝʨʮʽʡʥʦʩʪʽ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʚ ʟʤʽʥʽ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʟʤʽʥʘ ʦʙʩʷʛʽʚ ʧʝ-

ʨʝʚʝʟʝʥʴ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ [2], ʚʘʥʪʘʞʦʦʙʽʛ. ʊʘʢʦʞ ʻ ʙʘʛʘʪʦ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʥʝʩʧʨʦʛʥʦʟʦʚʘʥʽ, 

ʘʣʝ ʷʢʽ ʥʝ ʤʘʶʪʴ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʽʥʝʨʮʽʡʥʦʩʪʽ. ʊʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʦʜʥʦʬʘʢʪʦʨʥʠʭ 

ʨʝʛʨʝʩʽʡʥʠʭ ʨʽʚʥʷʥʴ [5]. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʘʚʠʣʴʥʦ ʟʚôʷʟʫʚʘʪʠ ʬʘʢʪʦʨ-ʬʫʥʢʮʽʶ ʪʘ ʬʘʢʪʦʨ 

ʘʨʛʫʤʝʥʪ. 

ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʩʪʫʧʥʘ ʟʘʣʝʞ-

ʥʽʩʪʴ [2]: 

1

2 ,V aS bNʩʨ b
-

= -                                                       (6) 

ʜʝ a, b, ɓ ï ʢʦʝʬʽʮʽʻʥʪʠ, ʟʘʣʝʞʥʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʤʫʛ ʽ ʩʢʣʘʜʫ ʨʫʭʫ;  

S ï ʨʽʚʥʽʩʪʴ ʧʦʢʨʠʪʪʷ, ʩʤ/ʢʤ;  

N ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ, ʘʚʪ/ʛʦʜ. 

ʗʢ ʥʝʜʦʣʽʢ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʪʘʢʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʷʭ ʥʝʜʦʩʪʘʪʥʴʦ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʣʘ-

ʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʬʘʢʪʦʨʘ-ʬʫʥʢʮʽʾ ʽ ʬʘʢʪʦʨʽʚ-ʘʨʛʫʤʝʥʪʽʚ. 

ʉʝʨʝʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʝʪʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʫʚʘʪʠ ʥʝʨʽʚʥʦʮʽʥʥʽʩʪʴ ʧʦʯʘʪʢʦʚʠʭ ʜʘ-

ʥʠʭ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʤʝʪʦʜ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ, ʤʝʪʦʜ ʛʘʨʤʦʥʽʡʥʠʭ ʚʘʛʽʚ ʽ ʜʠʩʢʨʝ-

ʪʥʽ ʧʦʣʽʥʦʤʠ ʃʘʛʝʨʨʘ [2]. 

ɺʢʘʟʘʥʽ ʤʝʪʦʜʠ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʠʭ ʧʨʦʛʥʦʟʘʭ. 

ɹʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʻ ʬʫʥʢʮʽʷ ʷʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʄ.ʂ. ʂʫʣʠʢʦʚʠʤ. ʌʦʨʤʘ ʮʽʻʾ ʬʫʥʢʮʽʾ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʽ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʧʨʦʮʝʩʫ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ [84]: 
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ʜʝ 0 1 nA ,A , ,A  ï ʧʦʩʪʽʡʥʽ ʜʽʡʩʥʽ ʧʘʨʘʤʝʪʨʠ;  

n ï ʜʝʷʢʝ ʬʽʢʩʦʚʘʥʝ ʥʘʪʫʨʘʣʴʥʝ ʯʠʩʣʦ;  

0x  ï ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʘ-ʘʨʛʫʤʝʥʪʫ ʥʘ ʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ; 

D ï ʚʠʟʥʘʯʥʠʢ ɺʘʥ-ʜʝʨ-ʄʦʨʘ k-ʛʦ ʧʦʨʷʜʢʫ; 

( )0j x xd -  ï ʬʫʥʢʮʽʷ, ʦʜʝʨʞʘʥʘ ʟ ʚʠʟʥʘʯʥʠʢʘ ʰʣʷʭʦʤ ʟʤʽʥʠ ʨʷʜʢʘ j ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʬʫʥʢʮʽʾ: 
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ɸʥʘʣʽʟ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠʯʠʥʥʽʩʪʴ ʚ 

ʤʝʪʦʜʘʭ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʽ ʪʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪʢʫ ʬʘʢʪʦʨʘ-ʬʫʥʢʮʽʾ ʽ ʬʘʢʪʦʨʘ-ʘʨʛʫʤʝʥʪʫ ʚ ʤʝʪʦʜʘʭ ʦʜ-

ʥʦʬʘʢʪʦʨʥʦʾ ʨʝʛʨʝʩʽʾ. ɿ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʮʠʭ ʥʝʜʦʣʽʢʽʚ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙ'ʻʜʥʘʪʠ ʮʽ ʜʚʘ ʤʝ-

ʪʦʜʠ. ʅʘʧʨʠʢʣʘʜ, 
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0 1 2y a a Q a t= + +,                                                       (9) 

ʜʝ ʫ ï ʦʮʽʥʢʘ ʨʽʚʥʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ; 

ʘʦ,ʘ1;ʘ2 ï ʢʦʝʬʽʮʽʻʥʪʠ ʤʦʜʝʣʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ; 

Q ï ʦʙʩʷʛ ʧʝʨʝʚʝʟʝʥʴ; 

t ï ʯʘʩ. 

ʇʨʦʪʝ ʩʝʨʝʜʥʷ ʧʦʤʠʣʢʘ ʧʨʦʛʥʦʟʫ ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ ʩʢʣʘʣʘ 3,5%. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʠʣʠ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʦʙʣʽʢʫ ʚʟʘʻ-

ʤʦʟʚôʷʟʢʽʚ ʙʽʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʘʪʨʠʯʥʠʡ ʤʝʪʦʜ [4], ʧʨʠ ʚʠʢʦʨʠ-

ʩʪʘʥʥʽ ʷʢʦʛʦ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʠʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

,i ij jX b X= Ö                                                          (10) 

ʜʝ ʍi; ʍj ï ʚʝʣʠʯʠʥʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʣʽʢʫ ʚʝʣʠʢʦʾ ʢʽʣʴ-

ʢʦʩʪʽ ʬʘʢʪʦʨʽʚ, ʘ ʥʝʜʦʣʽʢʦʤ ʜʘʥʦʾ ʤʦʜʝʣʽ ʻ ʞʦʨʩʪʢʘ ʬʽʢʩʦʚʘʥʘ ʤʦʜʝʣʴ ʟʚ'ʷʟʢʫ. 

ʄʝʪʦʜʠʢʘ ʧʦʙʫʜʦʚʠ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ  ʆ.ɸ. ʌʨʝʥʢʝʣʝʤ, 

ʚ ʷʢʽʡ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʧʣʠʚ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʥʝ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʦʩʪʽʡʥʠʤ ʫ ʯʘʩʽ [4]. ɿʘʚʜʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʙʘʛʘʪʦ-

ʬʘʢʪʦʨʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ: 

0 1 1 2( ( ), ( ),..., ( ), ( ),...),V f a t a t x t x tt =                                    (11) 

ʜʝ ʘ0 (t), ʘ1 (t) ï ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ;  

ʭ1(t),ʭ2(t) ï ʯʘʩʦʚʠʡ ʨʷʜ. 

ʎʷ ʤʦʜʝʣʴ ʫ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʩʷʛʫ ʧʝʨʝʚʝʟʝʥʴ 

ʆ.ɯ. ʄʘʨʦʚʠʤ ʽ ɯ.ɯ. ʆʣʝʢʩʽʻʚʠʤ [5].  

ʇʝʨʝʚʘʛʠ ʮʽʻʾ ʤʦʜʝʣʽ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ ʨʦʟʰʠʨʶʶʪʴʩʷ ʤʝʞʽ ʪʘ ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ ʛʣʠʙʠ-

ʥʘ ʘʥʘʣʽʟʫ ʛʦʣʦʚʥʦʾ ʪʝʥʜʝʥʮʽʾ. 

ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʻ ʪʝ, ʱʦ ʧʦʜʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʾ ʯʘʩʫ ʥʝ ʚʠ-

ʷʚʣʷʻ ʧʨʠʯʠʥ ʾʭ ʟʤʽʥʠ ʪʘ ʥʝʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʚʠʧʘʜʢʦʚʽʩʪʴ ʽ ʚʽʨʦʛʽʜʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʠ ʜʦʩʣʽʜʞʫ-

ʚʘʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɽʢʩʧʦʥʝʥʪʥʽ ʡ ʩʪʫʧʝʥʝʚʽ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʭ ʧʨʦʛʥʦʟʽʚ ʚ ʦʙʣʘʩʪʽ 

ʦʨʛʘʥʽʟʘʮʽʾ ʨʫʭʫ. ʇʝʨʽʦʜ ʫʧʝʨʝʜʞʝʥʥʷ ʜʦʩʷʛʘʻ 5 ʨʦʢʽʚ. 

ʃʦʛʽʩʪʠʯʥʫ ʢʨʠʚʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʧʨʦʛʥʦʟʽʚ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘ-

ʚʜʘʥʴ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʨʽʛ. ɰʾ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʛʘʣʴ-

ʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʥʘʧʨʠʢʣʘʜ ʯʠʩʣʘ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʜʫʰʫ ʥʘ-

ʩʝʣʝʥʥʷ ʷʢ ʚ ʦʢʨʝʤʠʭ ʨʘʡʦʥʘʭ, ʪʘʢ ʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʦ ʢʨʘʾʥʽ [5]. 

ɺʠʩʥʦʚʢʠ 

ɺʠʱʝʥʘʚʝʜʝʥʽ ʥʝʜʦʣʽʢʠ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʤʝʪʦʜʫ ʝʚʦʣʶʮʽʡʥʦ-ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɿʛʽʜʥʦ ʟ ʮʠʤ ʤʝʪʦʜʦʤ ʬʦʨʤʫʻʪʴʩʷ ʤʦʜʝʣʴ 

ʽʤʦʚʽʨʥʦʩʪʽ ʝʚʦʣʶʮʽʾ ʩʠʩʪʝʤʠ "ʩʫʙôʻʢʪ ʧʨʘʮʽ ï ʟʥʘʨʷʜʜʷ ʧʨʘʮʽ ï ʧʨʝʜʤʝʪ ʧʨʘʮʽ ï ʧʨʦʜʫʢʪ ʧʨʘʮʽ", 

ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʾ ʦʮʽʥʶʶʪʴʩʷ ʥʝ ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʫ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʽʚ 

ʩʪʘʥʽʚ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʧʦʯʘʪʢʦʚʦʛʦ (ʬʘʢʪʠʯʥʦʛʦ) ʚ ʢʽʥʮʝʚʠʡ (ʟʘʜʘʥʠʡ). 



ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ 

    
37 ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 
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ʥʳʭ ʜʦʨʦʛ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʥʝʜʦʩʪʘʪʢʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʳʣʠ ʫʯʪʝʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝ-

ʪʦʜʘ ʵʚʦʣʮʁʠʦʥʥʦ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠ.̫ 

Abstract. ʊhe analysis of methods of prognostication of parameters of network is executed motor-

car routes, failings and advantages of methods of prognostication are certain. It is set that the lacks of 

the considered models of prognostication were taken into account at development of method evolu-

tional probabilistic prognostication. 

ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 14.02.2013 ʨ. 
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ʋɼʂ 656.025:510.223 

ʃɸɺʈʋʍɯʅ ʆ.ɺ. ʜ.ʪ.ʥ., ʜʦʮʝʥʪ,  

ʋʢʨʘʾʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ; 

ɼʆʎɽʅʂʆ ʖ.ɺ. ʢ.ʪ.ʥ., ʜʦʮʝʥʪ; ɺɯʍʆɺʉʔʂɸ ʃ.ʁ. ʩʪ. ʚʠʢʣʘʜʘʯ,  

ɼʦʥʝʮʴʢʠʡ ʽʥʩʪʠʪʫʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʌʆʈʄʋɺɸʅʅʗ ʉʀʊʋɸʎɯʁʅʆɰ ʄʆɼɽʃɯ ʇʈʀ ɺʀɿʅɸʏɽʅʅɯ ʂɸʊɽɻʆʈɯɰ 

ʇʆɰɿɼɯɺ ʅɸ ʆʉʅʆɺɯ ʅɽʏɯʊʂʆɰ ʃʆɻɯʂʀ 

ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʥʝʯʽʪʢʦʾ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʢʘʪʝʛʦʨʽʾ ʧʦʾʟʜʽʚ ʨʦʟʛʣʷʜʘ-

ʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʪʫʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʘ ʜʦʟʚʦ-

ʣʠʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʚʭʽʜʥʽ ʩʠʪʫʘʮʽʾ ʽ ʚʘʨʽʘʥʪʠ ʨʽʰʝʥʴ ʱʦʜʦ ʧʨʦʩʫʚʘʥʥʷ ʧʦʾʟʜʦʧʦ-

ʪʦʢʽʚ. 

ɺʩʪʫʧ  

ʋ ʨʦʙʦʪʘʭ ʘʚʪʦʨʽʚ [1, 2, 3] ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʝʯʽʪʢʫ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʢʘʪʝʛʦʨʽʾ ʧʦʾʟʜʽʚ, ʦʩ-

ʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʢʦʾ ʻ ʢʽʣʴʢʽʩʪʴ ʚʘʛʦʥʽʚ ʧʝʚʥʦʾ ʢʘʪʝʛʦʨʽʾ ʚ ʧʦʾʟʜʽ ʪʘ ʪʝʨʤʽʥʠ ʚʽʜʭʠʣʝʥʥʷ 

ʦʙʽʛʫ ʚʘʛʦʥʽʚ ʚʽʜ ʥʦʨʤʘʪʠʚʥʦʛʦ. ʇʦʩʪʘʻ ʟʘʚʜʘʥʥʷ ʧʦʙʫʜʫʚʘʪʠ ʩʠʪʫʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʧʨʠʡʥʷʪʪʷ ʨʽ-

ʰʝʥʴ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʚʭʽʜʥʽ ʩʠʪʫʘʮʽʾ ʽ ʚʘʨʽʘʥʪʠ ʨʽʰʝʥʴ ʱʦʜʦ ʧʨʦʩʫʚʘʥʥʷ ʧʦʾʟʜʦʧʦʪʦ-

ʢʽʚ ʥʘ ʧʦʣʽʛʦʥʘʭ ɼʅ ʘʙʦ ʟʘʣʽʟʥʠʮʽ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʩʠʪʫʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʻ ʬʦʨʤʫʚʘʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʜʝʷʢʠʤ ʥʘʙʦʨʦʤ ʧʨʘʚʠʣ ʽ ʥʘʜʘʥʥʷʤ ʚ ʥʝʦʙʭʽʜʥʽʡ ʬʦʨʤʽ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʥʘ ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘ-

ʥʟ̔ʤ, ʚ ʷʢʦʩʪʽ ʷʢʦʛʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʜʙʘʯʝʥʦ ʧʦʾʟʥʦʛʦ ʜʠʩʧʝʪʯʝʨʘ. ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ 

ʢʦʨʠʩʥʦʩʪʽ ʩʬʦʨʤʦʚʘʥʠʭ ʚʧʣʠʚʽʚ ʻ ʜʦʩʪʦʚʽʨʥʘ ʦʮʽʥʢʘ ʩʪʘʥʽʚ, ʚ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʦʙôʻʢʪ ʫʧʨʘʚ-

ʣʽʥʥʷ [4]. ɼʣʷ ʮʴʦʛʦ ʧʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʥʘʙʽʨ ʤʦʞʣʠʚʠʭ ʪʠʧʦʚʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʽ ʙʫ-

ʜʫʪʴ ʬʦʨʤʫʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʫ ʫʧʨʘʚʣʽʥʥʷ (ʧʦʾʟʜʫ). ɼʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʦʜʝʨʞʘʥʦ ʤʦʞʣʠʚʽ ʧʦʪʦʯʥʽ ʩʪʘʥʠ ʧʦʾʟʜʘ:  

1) ʥʘ ʧʽʜʭʦʜʽ ʜʦ ʩʪʘʥʮʽʾ ï ʚʠʙʽʨ ʯʝʨʛʦʚʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʧʦʾʟʜʽʚ;  

2) ʥʘ ʩʪʘʥʮʽʾ ʚ ʦʯʽʢʫʚʘʥʥʽ ʦʧʝʨʘʮʽʡ ʧʦ ʧʨʠʙʫʪʪʶ ï ʚʠʙʽʨ ʯʝʨʛʦʚʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʪʘ ʢʦʤʝʨʮʽʡ-

ʥʦʛʦ ʦʛʣʷʜʫ ʽ ʤʦʞʣʠʚʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʨʦʟʬʦʨʤʫʚʘʥʥʷ ʩʦʩʪʘʚʫ ʥʘ ʩʪʘʥʮʽʾ;  

3) ʥʘ ʩʪʘʥʮʽʾ ʚ ʦʯʽʢʫʚʘʥʥʽ ʚʽʜʧʨʘʚʣʝʥʥʷ ï ʚʠʙʽʨ ʯʝʨʛʦʚʦʩʪʽ ʚʽʜʧʨʘʚʣʝʥʥʷ ʧʦʾʟʜʽʚ ʥʘ ʧʝʨʝʛʽʥ ʟʽ 

ʩʪʘʥʮʽʾ;  

4) ʥʘ ʩʫʤʽʞʥʠʭ ʩʪʘʥʮʽʷʭ ʚ ʦʯʽʢʫʚʘʥʥʽ ʚʽʜʧʨʘʚʣʝʥʥʷ (ʜʣʷ ʦʜʥʦʢʦʣʽʡʥʠʭ ʧʝʨʝʛʦʥʽʚ) ï ʚʠʙʽʨ 

ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ ʤʽʞ ʜʚʦʤʘ ʩʫʤʽʞʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʧʨʠ ʚʽʜʧʨʘʚʣʝʥʥʽ ʧʦʾʟʜʘ ʥʘ ʧʝʨʝʛʽʥ. 

ʌʦʨʤʫʚʘʥʥʷ ʩʠʪʫʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʘʪʝʛʦʨʽʾ ʧʦʾʟʜʽʚ  

ɼʣʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʦʩʥʦʚʥʠʭ ʧʦʪʦʯʥʠʭ ʩʪʘʥʽʚ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʤʦʞʣʠʚʽ ʩʠʪʫʘʮʽʾ. ɿ 

ʮʽʻʶ ʤʝʪʦʶ ʥʘʜʘʤʦ ʬʦʨʤʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʥʝʯʽʪʢʦʾ ʩʠʪʫʘʮʽʾ s~. ʅʝʭʘʡ{ }nxxxX ,...,, 21=  - ʮʝ 

ʤʥʦʞʠʥʘ ʦʟʥʘʢ, ʟʥʘʯʝʥʥʷʤ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʧʦʾʟʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʩʢʣʘʚʩʷ ʚ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ:  ʫ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ï ʥʘ ʧʽʜʭʦʜʽ ʜʦ ʩʪʘʥʮʽʾ; ʫ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ï ʥʘ ʩʪʘʥʮʽʾ ʚ ʦʯʽʢʫʚʘʥʥʽ ʦʧʝʨʘʮʽʡ 

ʧʦ ʧʨʠʙʫʪʪʶ; ʫ ʪʨʝʪʴʦʤʫ ï ʥʘ ʩʪʘʥʮʽʾ ʚ ʦʯʽʢʫʚʘʥʥʽ ʦʧʝʨʘʮʽʡ ʧʦ ʚʽʜʧʨʘʚʣʝʥʥʶ; ʫ ʯʝʪʚʝʨʪʦʤʫ ʚʠ-

ʧʘʜʢʫ ï ʚ ʦʯʽʢʫʚʘʥʥʽ ʦʧʝʨʘʮʽʡ ʧʦ ʚʽʜʧʨʘʚʣʝʥʥʶ (ʜʣʷ ʦʜʥʦʢʦʣʽʡʥʠʭ ʧʝʨʝʛʦʥʽʚ). ʂʦʞʥʘ ʦʟʥʘʢʘ 

{ }),...,2,1( nJixi =Í  ʚʽʜʧʦʚʽʜʘʻ ʣʽʥʛʚʽʩʪʠʯʥʽʡ ʟʤʽʥʥʽʡ ( )iii DLx ,, , ʜʝ { }i
m

ii
i i

LLLL ,...,, 21=  ï ʣʽʥʛʚʽʩ-
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i
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ɿʛʽʜʥʦ ʜʦ ʮʴʦʛʦ ʥʝʯʽʪʢʦʶ ʩʠʪʫʘʮʽʻʶ ʻ [4]: 

{ } Xxxxs iiis Í=                   ,/)(~ m ,                                      (2) 

ʜʝ  

{ } ,            ,          ,/)()( )( JiLjLLx i
j

i
jxis is

ÍÍ= mmm                        (3) 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʥʝʯʽʪʢʦʾ ʩʠʪʫʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʥʘʙʽʨ ʩʠʪʫʘʮʽʡʥʠʭ ʧʨʘʚʠʣ 

ʟʘ ʪʠʧʦʤ: Ăʩʠʪʫʘʮʽʷ-ʜʽʷò ʜʣʷ ʯʦʪʠʨʴʦʭ ʟʘʟʥʘʯʝʥʠʭ ʩʪʘʥʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ. 

ɺ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʥʘʙʽʨ ʥʝʯʽʪʢʠʭ ʩʠʪʫʘʮʽʡ ʜʣʷ ʩʪʘʥʫ Ăʇʽʜʭʽʜ ʧʦʾʟʜʘ ʜʦ ʩʪʘʥʮʽʾò ʟ ʫʨʘʭʫ-

ʚʘʥʥʷʤ ʚʘʛʠ, ʜʦʚʞʠʥʠ ʧʦʾʟʜʫ ʪʘ ʧʨʦʬʽʣʶ ʜʽʣʴʥʠʮʽ.  

ʊʘʙʣʠʮʷ 1  

ɺʠʟʥʘʯʝʥʥʷ Ăʩʠʪʫʘʮʽʷ-ʜʽʷò ʜʣʷ ʩʪʘʥʫ Ăʇʽʜʭʽʜ ʧʦʾʟʜʘ ʜʦ ʩʪʘʥʮʽʾò 

ʅʝʯʽʪʢʘ ʩʠʪʫʘʮʽʷ ʂʝʨʫʶʯʝ ʨʽʰʝʥʥʷ 

{

}" /""/"3,0,."/"5,0,."/"1

," /""/"3,0,"/"5,0,"/"1

," /""/"3,0,."/"5,0,."/"1~
1

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʪʨʝʪʴʦʾ 

ʢʘʪʝʛʦʨʽʾ, ʧʽʜʚʠʱʝʥʦʾ 

ʚʘʛʠ ʪʘ ʜʦʚʞʠʥʠ (ʟ ʙʦʢʫ 

ʧʽʜʡʦʤʫ) 

{

}" /""/"3,0,."/"5,0,."/"1

," /""/"4,0,"/"1,"/"5,0

," /""/"3,0,."/"5,0,."/"1~
2

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʜʨʫʛʦʾ 

ʢʘʪʝʛʦʨʽʾ, ʧʽʜʚʠʱʝʥʦʾ 

ʚʘʛʠ ʪʘ ʜʦʚʞʠʥʠ 

{

}" /""/"3,0,."/"5,0,./"1

," /""/"1,"/"5,0,"/"3,0

," /""/"3,0,."/"5,0,./"1~
3

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʧʝʨʰʦʾ 

ʢʘʪʝʛʦʨʽʾ, ʧʽʜʚʠʱʝʥʦʾ 

ʚʘʛʠ ʪʘ ʜʦʚʞʠʥʠ 

{

}" /""/"4,0,."/"1,."/"5,0

," /""/"3,0,"/"5,0,"/"1

," /""/"3,0,."/"5,0,."/"1~
4

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʪʨʝʪʴʦʾ 

ʢʘʪʝʛʦʨʽʾ, ʧʽʜʚʠʱʝʥʦʾ 

ʚʘʛʠ  

{

}" /""/"3,0,."/"5,0,."/"1

," /""/"1,0,"/"5,0,"/"1

," /""/"4,0,."/"1,."/"4,0~
5

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʪʨʝʪʴʦʾ 

ʢʘʪʝʛʦʨʽʾ, ʧʽʜʚʠʱʝʥʦʾ 

ʜʦʚʞʠʥʠ  

{

}" /""/"5,0,."/"1,."/"4,0

," /""/"3,0,"/"5,0,"/"1

," /""/"5,0,."/"1,."/"4,0~
6

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʪʨʝʪʴʦʾ 

ʢʘʪʝʛʦʨʽʾ 
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ʅʝʯʽʪʢʘ ʩʠʪʫʘʮʽʷ ʂʝʨʫʶʯʝ ʨʽʰʝʥʥʷ 

{

}" /""/"1,."/"5,0,."/"3,0

," /""/"3,0,"/"5,0,"/"1

," /""/"1,."/"5,0,."/"3,0~
7

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʪʨʝʪʴʦʾ 

ʢʘʪʝʛʦʨʽʾ 

{

}" /""/"4,0,."/"1,."/"5,0

," /""/"5,0,"/"1,"/"4,0

," /""/"3,0,."/"5,0,."/"1~
8

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʜʨʫʛʦʾ 

ʢʘʪʝʛʦʨʽʾ, ʧʽʜʚʠʱʝʥʦʾ 

ʚʘʛʠ  

{

}" /""/"3,0,."/"5,0,."/"1

," /""/"5,0,"/"1,"/"4,0

," /""/"4,0,."/"1,."/"4,0~
9

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʜʨʫʛʦʾ 

ʢʘʪʝʛʦʨʽʾ, ʧʽʜʚʠʱʝʥʦʾ 

ʜʦʚʞʠʥʠ 

{

}" /""/"3,0,."/"5,0,."/"1

," /""/"5,0,"/"1,"/"4,0

," /""/"1,."/"5,0,."/"1,0~
10

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʜʨʫʛʦʾ 

ʢʘʪʝʛʦʨʽʾ, ʧʽʜʚʠʱʝʥʦʾ 

ʜʦʚʞʠʥʠ 

{

}" /""/"1,."/"5,0,."/"3,0

," /""/"5,0,"/"1,"/"4,0

," /""/"1,."/"5,0,."/"3,0~
11

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʜʨʫʛʦʾ 

ʢʘʪʝʛʦʨʽʾ 

{

}" /""/"5,0,."/"1,."/"4,0

," /""/"5,0,"/"1,"/"4,0

," /""/"5,0,."/"1,."/"4,0~
12

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʜʨʫʛʦʾ 

ʢʘʪʝʛʦʨʽʾ 

{

}" /""/"4,0,."/"1,."/"5,0

," /""/"1,"/"5,0,"/"3,0

," /""/"3,0,."/"5,0,."/"1~
13

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʧʝʨʰʦʾ 

ʢʘʪʝʛʦʨʽʾ, ʧʽʜʚʠʱʝʥʦʾ 

ʚʘʛʠ 

{

}" /""/"1,0,."/"5,0,."/"1

," /""/"1,"/"5,0,"/"3,0

," /""/"4,0,."/"1,."/"4,0~
14

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʧʝʨʰʦʾ 

ʢʘʪʝʛʦʨʽʾ, ʧʽʜʚʠʱʝʥʦʾ 

ʜʦʚʞʠʥʠ 

{

}" /""/"3,0,."/"5,0,."/"1

," /""/"1,"/"5,0,"/"3,0

," /""/"1,."/"5,0,."/"3,0~
15

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʧʝʨʰʦʾ 

ʢʘʪʝʛʦʨʽʾ, ʧʽʜʚʠʱʝʥʦʾ 

ʜʦʚʞʠʥʠ 

{

}" /""/"1,."/"5,0,."/"3,0

," /""/"1,"/"5,0,"/"3,0

," /""/"1,."/"5,0,."/"1,0~
16

ʧʦʾʟʜʘʜʦʚʞʠʥʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚ

ʧʦʾʟʜʘʢʘʪʝʛʦʨʽʷʧʝʨʰʘʜʨʫʛʘʪʨʝʪʷ

ʧʦʾʟʜʘʚʘʛʘʥʠʟʴʢʘʥʦʨʤʧʽʜʚs =

 

ʇʨʠʡʥʷʪʠ ʧʦʾʟʜ ʧʝʨʰʦʾ 

ʢʘʪʝʛʦʨʽʾ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ɼʅʎ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 16 ʦʩʥʦʚʥʠʭ ʪʠʧʦʚʠʭ ʩʠʪʫʘʮʽʡ 

ʜʣʷ ʩʪʘʥʫ Ăʇʽʜʭʽʜ ʧʦʾʟʜʘ ʜʦ ʩʪʘʥʮʽʾò. ʅʘʩʧʨʘʚʜʽ ʪʘʢʠʭ ʩʠʪʫʘʮʽʡ ʤʦʛʣʦ ʙʫʪʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ, ʱʦ 

ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ɰʭ ʚʨʘʭʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʽʜʝʥ-

ʪʠʬʽʢʘʮʽʾ ʚʭʽʜʥʠʭ ʩʠʪʫʘʮʽʡ, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʧʘʨʘʪ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʙʫʣʦ ʩʫʪʪʻʚʦ ʩʢʦʨʦʯʝʥʦ 

ʪʠʧʦʚʠʡ ʥʘʙʽʨ ʩʠʪʫʘʮʽʾ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʦʙʨʘʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ.   

 








































































































































