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ɿɸɼɸʊɸʂ ɼʆʂʊʆʈʉʂʆɻ ʈɸɼɸ  
 

ʊɽʂʉʊ ɿɸɼɸʊʂɸ : 
 

ɸʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʢʘʦ ʦʜʨʝʹʝʥʦ ʧʨʦʛʨʘʤʩʢʦ ʨʝʰʝˁʝ ʠʟʚʨʰʠʚʦ ʥʘ 

ʨʘʯʫʥʘʨʠʤʘ ʦʧʰʪʝ ʠʣʠ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʝ ʥʘʤʝʥʝ ʦʜʣʠʢʫʿʝ ʩʝ ʠʟʚʝʩʥʠʤ ʩʪʝʧʝʥʦʤ ʩʣʦʞʝʥʦʩʪʠ 

ʪʝ ʩʪʦʛʘ ʠ ʩʚʦʿʦʤ ʤʦʜʫʣʘʨʥʦʰ˂ʫ. ʈʘʜʠ ʤʦʛʫ˂ʥʦʩʪʠ ʢʦʥʪʨʦʣʝ ʩʚʘʢʦʛ ʧʘʨʘʤʝʪʨʘ ʧʨʠʤʝˁʝʥʠʭ 

ʤʦʜʫʣʘ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ˁʠʭʦʚʫ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʠʟʘʮʠʿʫ. ʉʪʦʛʘ ʩʝ ʿʝʜʘʥ ʦʜ ʧʦʩʪʘʚˀʝʥʠʭ 

ʟʘʜʘʪʘʢʘ ʦʛʣʝʜʘ ʫ ʬʦʨʤʠʨʘˁʫ ʧʨʦʛʨʘʤʩʢʦʛ ʨʝʰʝˁʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ. 

ʆʩʦʙʠʥʝ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʧʨʦʠʩʪʠʯʫ ʠʟ ʥʘʯʠʥʘ ʥʘ ʢʦʿʠ ʦʥ ʚʨʰʠ 

ʧʨʝʜʩʪʘʚʫ ʨʘʟʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ: ʢʦʨʠʰ˂ʝʥʘ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ ʠ ʧʨʠʤʝˁʝʥʠ ʤʦʜʝʣʠ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʤʝʣ-ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʢʝʧʩʪʨʘʣʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʘʦ 

ʦʙʝʣʝʞʿʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʝ ʧʨʠ ʘʫʪʦʤʘʪʩʢʦʤ ʧʨʝʧʦʟʥʘʚʘˁʫ ʛʦʚʦʨʥʠʢʘ ʢʘʦ ʠ ˁʠʭʦʚʫ ʟʘʚʠʩʥʦʩʪ 

ʦʜ ʝʥʝʨʛʠʿʝ ʧʨʠʩʫʪʥʝ ʫ ʛʦʚʦʨʫ ʥʝʠʟʙʝʞʥʘ ʿʝ ʢʦʥʩʪʘʪʘʮʠʿʘ ʜʘ ʦʚʘ ʦʙʝʣʝʞʿʘ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ 

ʟʘʚʠʩʝ ʦʜ ʩʘʤʦʛ ʛʦʚʦʨʥʠʢʘ ʟʘʚʠʩʝ ʠ ʦʜ ʪʝʢʩʪʫʘʣʥʝ ʩʘʜʨʞʠʥʝ ʛʦʚʦʨʘ ʢʘʦ ʠ ʦʩʝ˂ʘˁʘ ʧʨʠ ʢʦʿʠʤʘ 

ʿʝ ʪʘ ʪʝʢʩʪʫʘʣʥʘ ʩʘʜʨʞʠʥʘ ʠʟʢʘʟʘʥʘ. ʉʪʦʛʘ ʿʝ ʧʨʝʜ ʦʚʘʿ ʨʘʜ ʧʦʩʪʘʚˀʝʥ ʟʘʜʘʪʘʢ ʘʥʘʣʠʟʝ 

ʤʦʛʫ˂ʥʦʩʪʠ ʫʪʠʮʘˁʘ ʢʘʢʦ ʥʘ ʩʘʤʝ ʤʝʣ-ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʢʦʝʬʠʮʠʿʝʥʪʝ ʪʘʢʦ ʠ ʥʘ ʤʦʜʝʣʝ ʢʦʿʠʤʘ 

ʩʫ ʦʥʠ ʤʦʜʝʣʦʚʘʥʠ ʨʘʜʠ ʧʦʙʦˀʰʘˁʘ ʨʝʟʫʣʪʘʪʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ. ʋ 

ʮʠˀʫ ʦʩʪʚʘʨʝˁʘ ʦʯʝʢʠʚʘʥʦʛ ʜʦʧʨʠʥʦʩʘ ʨʝʟʫʣʪʫʿʫ˂ʝ ʧʨʦʛʨʘʤʩʢʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʧʦʪʨʝʙʥʦ ʿʝ ʩʧʨʦʚʝʩʪʠ ʩʣʝʜʝ˂ʝ ʢʦʨʘʢʝ: 

1) ʀʟʚʨʰʠʪʠ ʧʦʪʨʝʙʘʥ ʠ ʜʦʚʦˀʘʥ ʫʚʠʜ ʫ ʜʦʩʘʜʘʰˁʝ ʨʝʟʫʣʪʘʪʝ ʫ ʦʙʣʘʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ, 

2) ʉʭʦʜʥʦ ʦʯʝʢʠʚʘʥʦʤ ʜʦʧʨʠʥʦʩʫ ʜʠʩʝʨʪʘʮʠʿʝ ʠʟʚʨʰʠʪʠ ʨʝʘʣʠʟʘʮʠʿʫ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʦʛʨʘʤʩʢʦʛ C++ ʿʝʟʠʢʘ, 

3) ʀʩʧʠʪʘʪʠ ʫʪʠʮʘʿ ʨʘʟʣʠʯʠʪʠʭ ʧʘʨʘʤʝʪʘʨʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʢʦʿʠ 

ʜʠʨʝʢʪʥʦ ʫʪʠʯʫ ʢʘʢʦ ʥʘ ʢʚʘʣʠʪʝʪ ʠʟʨʘʯʫʥʘʪʠʭ ʤʝʣ-ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʢʝʧʩʪʨʘʣʥʠʭ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ, ʢʦʿʘ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʥʠʢʘ, ʪʘʢʦ ʠ ʥʘ ʢʚʘʣʠʪʝʪ 

ʧʨʦʮʝˁʝʥʠʭ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ʉɸɾɽʊɸʂ 
 

ʈʘʜ ʿʝ ʦʢʨʝʥʫʪ ʢʘ ʘʥʘʣʠʟʠ ʤʝʣ-ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʢʝʧʩʪʨʘʣʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʘʦ 

ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʥʠʢʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʝ ʧʨʠ ʘʫʪʦʤʘʪʩʢʦʤ ʧʨʝʧʦʟʥʘʚʘˁʫ ʛʦʚʦʨʥʠʢʘ. ʇʦʩʨʝʜʥʦ, 

ʨʘʜ ʿʝ ʦʢʨʝʥʫʪ ʢʘ ʧʨʘʢʪʠʯʥʦʿ ʨʝʘʣʠʟʘʮʠʿʠ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ. ʉʚʠ ʤʦʜʫʣʠ 

ʩʫ ʨʝʘʣʠʟʦʚʘʥʠ ʫ C++ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ. ʈʝʘʣʠʟʦʚʘʥʠ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʧʦʟʥʘʚʘʯ ʛʦʚʦʨʥʠʢʘ ʿʝ  

ʥʝʟʘʚʠʩʘʥ ʦʜ ʠʟʛʦʚʦʨʝʥʦʛ ʪʝʢʩʪʘ. ɺʝʢʪʦʨʠ ʦʙʝʣʝʞʿʘ ʩʘʜʨʞʝ ʤʝʣ-ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʢʝʧʩʪʨʘʣʥʝ 

ʢʦʝʬʠʮʠʿʝʥʪʝ. ʇʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʿʝ ʨʘʩʧʦʜʝʣʘ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʥʠʢʘ ʛʘʫʩʦʚʩʢʦʛ 

ʪʠʧʘ. ʉʪʦʛʘ ʿʝ ʤʦʜʝʣʦʚʘˁʝ ʨʘʩʧʦʜʝʣʝ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʢʘ ʠʟʚʨʰʝʥʦ 

ʧʨʦʮʝʥʦʤ ʦʙʣʠʢʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ɻʘʫʩʦʚʠʭ ʨʘʩʧʦʜʝʣʘ ʢʨʦʟ ʦʜʨʝʹʠʚʘˁʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʢʦʚʘʨʠʿʘʥʩʥʠʭ ʤʘʪʨʠʮʘ.  

ʀʩʧʠʪʠʚʘˁʝ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʨʝʧʦʟʥʘʚʘʯʘ ʩʧʨʦʚʝʜʝʥʦ ʿʝ ʥʘʜ ʛʦʚʦʨʥʠʤ ʙʘʟʘʤʘ 

ʨʘʥʠʿʝ ʨʘʟʚʠʿʝʥʠʤ ʫ ʦʢʚʠʨʫ ɸʣʬʘʅʫʤ ʧʨʦʿʝʢʪʘ. ɱʝʜʥʘ ʛʦʚʦʨʥʘ ʙʘʟʘ ʩʘʜʨʞʠ ʠʟʛʦʚʦʨʝ 121 

ʛʦʚʦʨʥʠʢʘ ʜʦʢ ʜʨʫʛʘ ʩʘʜʨʞʠ ʠʟʛʦʚʦʨʝ 44 ʛʦʚʦʨʥʠʢʘ ʦʜ ʢʦʿʠʭ ʩʫ ʩʥʠʤʮʠ 37 ʛʦʚʦʨʥʠʢʘ 

ʢʦʨʠʰ˂ʝʥʠ ʧʨʠ ʪʝʩʪʠʨʘˁʫ ʨʘʜʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ. ʈʘʟʣʠʯʠʪ ʢʚʘʣʠʪʝʪ 

ʩʥʠʤʘʢʘ ʫ ʦʚʠʤ ʛʦʚʦʨʥʠʤ ʙʘʟʘʤʘ ʠʩʢʦʨʠʰ˂ʝʥ ʿʝ ʢʘʦ ʪʝʩʪ ʟʘ ʧʦʥʘʰʘˁʝ ʧʨʝʧʦʟʥʘʚʘʯʘ ʥʘʜ 

ʛʦʚʦʨʥʠʤ ʩʥʠʤʮʠʤʘ ʨʘʟʣʠʯʠʪʦʛ ʢʚʘʣʠʪʝʪʘ.  

ʇʨʠʣʠʢʦʤ ʘʥʘʣʠʟʝ ʚʘʨʠʨʘʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʚʝʟʘʥʠ ʟʘ ʧʨʝʧʦʟʥʘʚʘʯ ʠ ʦʢʨʫʞʝˁʝ 

ʫ ʢʦʤ ʩʝ ʧʨʠʤʝˁʫʿʝ, ʢʘʦ ʰʪʦ ʩʫ: ʜʝʦ ʛʦʚʦʨʥʝ ʙʘʟʝ ʥʘʜ ʢʦʿʦʤ ʩʝ ʚʨʰʠ ʪʝʩʪʠʨʘˁʝ 

ʧʨʝʧʦʟʥʘʚʘˁʘ, ʦʙʣʠʢ ʘʫʜʠʪʦʨʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʦʜʨʝʹʫʿʫ ʤʝʣ-

ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʢʝʧʩʪʨʘʣʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʘʦ ʠ ʫʪʠʮʘʿ ʫʚʦʹʝˁʘ ʝʥʝʨʛʠʿʩʢʝ ʧʦʧʨʘʚʢʝ ʫʥʫʪʘʨ 

ʧʨʠʤʝˁʝʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. ʊʘʢʦʹʝ ʿʝ ʧʨʘ˂ʝʥʦ ʧʦʥʘʰʘˁʝ ʤʦʜʝʣʘ ʟʘ ʨʘʟʣʠʯʠʪʝ 

ʩʥʠʤʢʝ ʠʩʪʠʭ ʛʦʚʦʨʥʠʢʘ, ʪʨʝʥʠʥʛ ʦʜʥʦʩʥʦ ʪʝʩʪ ʩʥʠʤʢʝ, ʠ ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʠʩʧʠʪʘʥ ʫʪʠʮʘʿ 

ʧʨʠʤʝʥʝ ʥʝʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʙʠ ʦʤʦʛʫ˂ʠʣʝ ʤʘˁʝ ʨʘʟʣʠʢʦʚʘˁʝ ʤʦʜʝʣʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ 

ʨʘʟʣʠʯʠʪʠʤ ʩʥʠʤʮʠʤʘ ʠʩʪʠʭ ʛʦʚʦʨʥʠʢʘ ʠ ʩʘʤʠʤ ʪʠʤ ʜʦʧʨʠʥʝʣʝ ʪʘʯʥʠʿʝʤ ʧʨʝʧʦʟʥʘʚʘˁʫ 

ʛʦʚʦʨʥʠʢʘ.   

  

ʂˀʫʯʥʝ ʨʝʯʠ - ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ, ʯʫʿʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ, ʤʝʣ-

ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʢʝʧʩʪʨʘʣʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ, ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠ ʯʫʿʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ, 

ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʘ ɻʘʫʩʦʚʘ ʨʘʩʧʦʜʝʣʘ, ʢʦʚʘʨʠʿʘʥʩʥʘ ʤʘʪʨʠʮʘ. 

                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ABSTRACT 
 

The work is oriented towards the analysis of mel-frequency cepstral coefficients as speaker 

features used in automatic speaker recognition. Indirectly, the work is also oriented towards the 

practical realization of automatic speaker recognizer. All modules are implemented in C++ 

programming language. Implemented automatic speaker recognizer is text-independent. Feature 

vectors contain the mel-frequency cepstral coefficients. Multidimensional Gaussian distribution of 

feature vectors which belongs to a speaker is assumed. The shape of assumed Gaussian distribution 

is determined by appropriate covariance matrix. Therefore speaker modeling was performed throw 

determination of covariance matrices of feaure vectors which belongs to a given speaker. 

Testing of recognition accuracy was conducted over speech databases earlier developed 

within the AlfaNum project. One speech database contains 121 speakers while another contains 

utterances of 44 speakers, 37 speakers are used for tests in this work. The different quality of 

recordings in these speech databases was used for testing of recognizer on speech recordings of 

different quality. 

Different parameters of recognizer and applied environment are varied: part of used speech 

database for testing of recognition, the shape of auditory critical bands, the influence of the 

proposed energy correction inside auditory critical bands applied. Also the difference between 

models of training and test speech of the same speakers is monitored. In order to reduce this 

difference and to improve the recognition accuracy some transformations are applied.  

 

Keywords ï automatic speaker recognition, auditory critical bands, mel ï frequency cepstral 

coefficients, exponential auditory critical bands, multidimensional Gaussian distribution, covariance 

matrix.  
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ʍʚʘʣʘ ʤʝʥʪʦʨʫ ʧʨʦʬ. ʜʨ ɺʣʘʜʠ ɼʝʣʠ˂ʫ ʥʘ ʧʦʜʨʰʮʠ, ʧʦʤʦ˂ʠ, ʫʩʤʝʨʘʚʘˁʫ, ʠʜʝʿʘʤʘ, ʩʘʚʝʪʠʤʘ, 

ʧʨʠ ʨʘʜʫ ʥʘ ʜʦʢʪʦʨʘʪʫ, ʧʠʩʘˁʫ ʥʝʦʧʭʦʜʥʠʭ ʨʘʜʦʚʘ ʠ ʢʦʤʧʣʝʪʥʦʤ ʧʦʩʣʝʜʠʧʣʦʤʩʢʦʤ ʨʘʜʫ. 

ʍʚʘʣʘ ʧʨʝʜʩʝʜʥʠʢʫ ʢʦʤʠʩʠʿʝ ʧʨʦʬ. ʜʨ ɿʦʨʘʥʫ ʇʝʨʠ˂ʫ ʥʘ ʠʜʝʿʘʤʘ ʠ ʩʘʚʝʪʠʤʘ ʢʦʿʝ ʩʫ ʧʦʤʦʛʣʝ 

ʦʙʿʘʚˀʠʚʘˁʫ ʧʦʪʨʝʙʥʠʭ ʨʘʜʦʚʘ ʠ ʫʧʦʪʧʫʥʠʣʝ ʜʦʢʪʦʨʘʪ. 

ʍʚʘʣʘ ʯʣʘʥʦʚʠʤʘ ʢʦʤʠʩʠʿʝ, 

ʜʦʮ. ʜʨ ʂʨʯʦ ʉʨʹʘʥʫ, ʧʨʦʬ. ʜʨ ʄʠʣʘʥʫ ɻˁʘʪʦʚʠ˂ʫ, ʜʦʮ. ʜʨ ʄʠʣʘʥʫ ʉʝʯʫʿʩʢʦʤ, ʥʘ ʩʘʚʝʪʠʤʘ, 

ʧʦʤʦ˂ʠ, ʧʦʜʨʰʮʠ, ʢʘʢʦ ʪʦʢʦʤ ʨʘʟʣʠʯʠʪʠʭ ʧʝʨʠʦʜʘ ʧʦʩʣʝʜʠʧʣʦʤʩʢʦʛ ʫʩʘʚʨʰʘʚʘˁʘ ʪʘʢʦ ʠ 

ʪʦʢʦʤ ʩʘʤʦʛ ʩʘʩʪʘʚˀʘˁʘ ʪʝʢʩʪʘ ʜʦʢʪʦʨʘʪʘ. 

ʍʚʘʣʘ ʧʨʦʬ. ʜʨ ɼʨʘʛʘʥʠ ɹʘʿʠ˂ ʢʘʦ ʠ ʧʨʦʬ. ʜʨ ɾʝˀʝʥʫ ʊʨʧʦʚʩʢʦʤ ʢʦʿʠ ʩʫ ʤʠ ʢʘʦ ʤʝʥʪʦʨ ʠ 

ʧʨʝʜʩʝʜʥʠʢ ʢʦʤʠʩʠʿʝ ʧʨʠ ʜʠʧʣʦʤʩʢʦʤ ʨʘʜʫ ʦʪʚʦʨʠʣʠ ʚʨʘʪʘ ʧʦʩʣʝʜʠʧʣʦʤʩʢʠʭ ʩʪʫʜʠʿʘ ʠ 

ʜʘˀʝʛ ʫʩʘʚʨʰʘʚʘˁʘ. 

ʍʚʘʣʘ ʧʨʦʬ. ʜʨ ɺʦʿʠʥʫ ʐʝʥʢʫ ʠ ʧʨʦʬ. ʜʨ ɼʝʿʘʥʫ ɺʫʢʦʙʨʘʪʦʚʠ˂ʫ ʥʘ ʧʦʤʦ˂ʠ ʠ ʩʘʨʘʜˁʠ ʫ ʪʦʢʫ 

ʤʘʛʠʩʪʘʨʩʢʠʭ ʩʪʫʜʠʿʘ. 

ʍʚʘʣʘ ʨʦʜʠʪʝˀʠʤʘ ʄʠʣʦʩʘʚʠ ʠ ɼʨʘʛʫʪʠʥʫ ʠ ʙʨʘʪʫ ʉʪʝʚʘʥʫ ʥʘ ʧʦʜʨʰʮʠ, ʧʦʤʦ˂ʠ, ʩʘʚʝʪʠʤʘ, 

ʠʜʝʿʘʤʘ, ʢʦʿʝ ʩʫ ʤʠ ʧʨʫʞʘʣʠ ʪʦʢʦʤ ʩʚʠʭ ʜʦʩʘʜʘʰˁʠʭ ʛʦʜʠʥʘ. 
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1. ʄɽʊʆɼʆʃʆʐʂɽ ʆʉʅʆɺɽ ʈɸɼɸ 
 

1.1. ʇʈʆɹʃɽʄ ʀʉʊʈɸɾʀɺɸɳɸ 
 

ʈʘʟʚʦʿ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʪʝʭʥʠʢʝ ʦʣʘʢʰʘʚʘ ʧʨʫʞʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʫʩʣʫʛʘ. ʄʥʦʛʝ ʦʜ ʪʠʭ 

ʫʩʣʫʛʘ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʢʦʥʪʨʦʣʫ ʧʨʠʩʪʫʧʘ ʠʣʠ ʧʨʝʧʦʟʥʘʚʘˁʝ ʠʜʝʥʪʠʪʝʪʘ. ɼʘʢʣʝ ʧʦʪʨʝʙʥʦ ʿʝ 

ʦʙʝʟʙʝʜʠʪʠ ʧʨʠʩʪʫʧ ʦʜʨʝʹʝʥʦʿ ʦʩʦʙʠ ʠʣʠ ʠʟʚʨʰʠʪʠ ˁʝʥʦ ʧʨʝʧʦʟʥʘʚʘˁʝ. ʆʤʦʛʫ˂ʘʚʘˁʝ 

ʧʦʤʝʥʫʪʦʛ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʠʤʝʥʫ ʥʝʢʦʛ ʦʜ ʧʦʩʪʫʧʘʢʘ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʙʣʠʢʘ. 

ʇʨʠʤʝʥʘ ʦʚʠʭ ʧʦʩʪʫʧʘʢʘ ʠʣʠ ʥʝʢʦʛ ʦʜ ˁʠʭ, ʟʘʚʠʩʥʦ ʦʜ ʧʦʪʨʝʙʝ, ʥʘ ʨʘʯʫʥʘʨʠʤʘ ʦʧʰʪʝ ʠʣʠ 

ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʝ ʥʘʤʝʥʝ, ʯʝʩʪʦ ʩʝ ʜʝʢʣʘʨʠʰʝ ʧʦʿʤʦʤ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ. ʋ ʦʢʚʠʨʫ ʦʚʝ 

ʰʠʨʦʢʦʦʙʫʭʚʘʪʥʝ ʧʨʦʙʣʝʤʘʪʠʢʝ ʢʘʦ ʿʝʜʘʥ ʦʜ ˁʝʥʠʭ ʚʠʜʦʚʘ ʠʩʪʠʯʝ ʩʝ ʠ ʘʫʪʦʤʘʪʩʢʦ 

ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ. 

ɸʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʩʝ ʙʘʚʠ ʧʨʦʙʣʝʤʦʤ ʧʨʝʧʦʟʥʘʚʘˁʘ ʠʜʝʥʪʠʪʝʪʘ ʢʨʦʟ 

ʧʦʩʤʘʪʨʘʥʠ ʛʣʘʩ ʠʣʠ ʛʦʚʦʨ. ʇʦʩʤʘʪʨʘʥ ʫ ʩʚʝʪʣʫ ʫʟʨʦʢ ï ʧʦʩʣʝʜʠʮʘ ʛʣʘʩ ʙʠ ʩʝ ʤʦʛʘʦ 

ʦʢʘʨʘʢʪʝʨʠʩʘʪʠ ʢʘʦ ʨʝʟʫʣʪʘʪ ʚʦˀʝ ʜʘ ʩʝ ʥʝʰʪʦ ʠʟʛʦʚʦʨʠ. ʇʨʠ ʪʦʤ ʩʝ ʥʘʜ ʠʟʚʦʨʥʦʤ 

ʚʘʟʜʫʰʥʦʤ ʩʪʨʫʿʦʤ ʜʝʰʘʚʘ ʥʠʟ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ: ʣʠʥʛʚʠʩʪʠʯʢʠʭ, ʩʝʤʘʥʪʠʯʢʠʭ,  

ʘʨʪʠʢʫʣʘʪʦʨʥʠʭ ʠ ʘʢʫʩʪʠʯʢʠʭ, ʨʘʩʧʦʨʝʹʝʥʠʭ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʥʠʚʦʠʤʘ (Campbell P. Josef, Jr., 

1997; ɼʝʣʠ˂ ɼ. ɺʣʘʜʦ et al., 2008). ʅʠʚʦ ʠ ʥʘʯʠʥ ʜʝʿʩʪʚʘ ʩʚʘʢʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʩʚʦʿʩʪʚʝʥ ʿʝ 

ʧʦʩʤʘʪʨʘʥʦʤ ʛʦʚʦʨʥʠʢʫ. ʉʪʦʛʘ ʩʝ ʛʣʘʩ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʿʝʜʥʠʤ ʦʜ ʙʠʦʤʝʪʨʠʿʩʢʠʭ ʦʙʝʣʝʞʿʘ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʥʘʯʠʥ ʥʘʩʪʘʥʢʘ ʛʦʚʦʨʘ ʠ ʧʦʩʤʘʪʨʘʿʫ˂ʠ ʛʘ ʫ ʜʦʤʝʥʫ ʩʠʛʥʘʣʘ, ʤʦʞʝ ʩʝ 

ʨʝ˂ʠ ʜʘ ʿʝ ʦʥ ʩʣʦʞʝʥ ʩʠʛʥʘʣ. ʉʪʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʜʝʬʠʥʠʩʘʪʠ ʦʜʨʝʹʝʥʠ ʩʢʫʧ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ 

ʢʦʿʘ ˂ʝ ʠʤʘʪʠ ʧʦʪʨʝʙʥʫ ʠ ʜʦʚʦˀʥʫ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪ ʟʘ ʩʚʘʢʦʛ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ. ʅʘ 

ʪʘʿ ʥʘʯʠʥ ʟʘ ʩʚʘʢʠ ʧʦʩʤʘʪʨʘʥʠ ʫʟʦʨʘʢ ʛʦʚʦʨʘ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʢʫʧ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʦʙʝʣʝʞʿʘ ʦʜʥʦʩʥʦ ʚʝʢʪʦʨ ʦʙʝʣʝʞʿʘ. ʇʦʩʪʘʚˀʘʿʫ˂ʠ ʧʨʦʙʣʝʤ ʧʨʝʧʦʟʥʘʚʘˁʘ 

ʛʦʚʦʨʥʠʢʘ ʫ ʦʢʚʠʨ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʛʦʚʦʨʥʠʭ ʫʟʦʨʘʢʘ, ʢʘʢʦ ʿʝʜʥʦʛ ʪʘʢʦ ʠ ʦʩʪʘʣʠʭ ʛʦʚʦʨʥʠʢʘ, 

ʚʦʜʠ ʢʘ ʪʝʞˁʠ ʟʘ ˁʠʭʦʚʠʤ ʦʙʿʝʜʠˁʘʚʘˁʝʤ ʫ ʿʘʩʥʫ ʮʝʣʠʥʫ. ʆʚʝ ʮʝʣʠʥʝ ʩʝ ʧʨʘʚʝ ʟʘ ʩʚʘʢʦʛ 

ʛʦʚʦʨʥʠʢʘ ʠ ʯʝʩʪʦ ʩʝ ʟʘ ˁʠʭ ʢʘʞʝ ʜʘ ʩʫ ʪʦ ʤʦʜʝʣʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʛʦʚʦʨʥʠʢʘ. ʂʦʥʘʯʥʦ, 

ʨʘʟʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʩʚʦʜʠ ʩʝ ʥʘ ʧʦʨʝʹʝˁʝ ʛʦʚʦʨʥʠʭ 

ʫʟʦʨʘʢʘ ʥʝʧʦʟʥʘʪʠʭ ʠʜʝʥʪʠʪʝʪʘ, ʠʣʠ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠʭ ʟʘʚʠʩʥʦ ʜʘ ʣʠ ʩʝ ʠʤʘ ʠʣʠ ʥʝ ʠʢʘʢʚʘ 

ʠʥʬʦʨʤʘʮʠʿʘ ʦ ˁʠʭʦʚʠʤ ʠʜʝʥʪʠʪʝʪʠʤʘ, ʩʘ ʨʘʥʠʿʝ ʥʘʧʨʘʚˀʝʥʠʤ ʤʦʜʝʣʠʤʘ ʠ ʫʪʚʨʹʠʚʘˁʝ 

ʥʘʿʚʝ˂ʝ ʩʣʠʯʥʦʩʪʠ. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

1.2. ʇʈɽɼʄɽʊ ʀʉʊʈɸɾʀɺɸɳɸ  
 

ʇʨʘʢʪʠʯʥʦ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʚʦʜʠ ʢʘ 

ʜʝʬʠʥʠʩʘˁʫ ʧʨʝʜʤʝʪʘ ʠʩʪʨʘʞʠʚʘˁʘ. ʇʦʩʨʝʜʩʪʚʦʤ ˁʝʛʘ ʤʦʛʫ ʩʝ ʠʩʧʠʪʠʚʘʪʠ ʨʘʟʥʠ ʧʦʩʪʫʧʮʠ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʜʥʦʩʥʦ ʪʘʯʥʦʩʪ ʢʦʿʘ ʩʝ ˁʠʤʘ ʤʦʞʝ ʧʦʩʪʠ˂ʠ, ʪʝ ʢʘʦ ʪʘʢʘʚ, ʧʨʝʜʤʝʪ 

ʠʩʪʨʘʞʠʚʘˁʘ ʩʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʧʦʠʩʪʦʚʝ˂ʫʿʝ ʩʘ ʘʫʪʦʤʘʪʩʢʠʤ ʧʨʝʧʦʟʥʘʚʘʯʝʤ ʛʦʚʦʨʥʠʢʘ. 

ɼʘʢʣʝ ʧʦʪʨʝʙʥʦ ʿʝ ʥʘ ʦʜʨʝʹʝʥʠ ʥʘʯʠʥ ʥʘʧʨʘʚʠʪʠ ʪʝʭʥʠʯʢʦ ʨʝʰʝˁʝ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ 

ʛʦʚʦʨʥʠʢʘ.  

ʇʦʩʪʫʧʘʢ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʦʜʣʠʢʫʿʝ ʩʝ ʠʟʚʝʩʥʠʤ ʩʪʝʧʝʥʦʤ 

ʩʣʦʞʝʥʦʩʪʠ ʢʦʿʘ ʟʘʚʠʩʠ ʦʜ ʧʨʠʤʝˁʝʥʠʭ ʧʦʩʪʫʧʘʢʘ ʫʥʫʪʘʨ ʧʨʝʧʦʟʥʘʚʘʯʘ. ʆʚʘ ʩʣʦʞʝʥʦʩʪ ʩʝ 

ʦʛʣʝʜʘ ʫ ʩʧʨʦʚʦʹʝˁʫ ʠʟʜʚʘʿʘˁʘ ʦʙʝʣʝʞʿʘ, ʧʨʘʚˀʝˁʫ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ ʠ ʥʘʯʠʥʫ ʥʘ ʢʦʿʠ ʩʝ 

ʚʨʰʠ ʩʘʤʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʠ ʜʦʥʦʩʠ ʦʜʣʫʢʘ ʦ ʠʟʚʨʰʝʥʦʤ ʧʨʝʧʦʟʥʘʚʘˁʫ. ʀʟ ʧʦʩʪʦʿʘˁʘ ʢʦʨʘʢʘ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʿʠ ʧʨʝʧʦʟʥʘʚʘʯʘ ʩʣʝʜʠ ʫʪʠʮʘʿ ˁʠʭʦʚʝ ʨʝʘʣʠʟʘʮʠʿʝ ʥʘ ʫʩʧʝʰʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ. 

ʌʦʨʤʠʨʘˁʝ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʦʤʦʛʫ˂ʫʿʝ ʠʩʧʠʪʠʚʘˁʝ 

ʫʪʠʮʘʿʘ ʩʚʘʢʦʛ ʧʘʨʘʤʝʪʨʘ ʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ. 

ɹʦʿʘ ʛʣʘʩʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʦʜ ʦʩʦʙʠʥʘ ʛʣʘʩʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ ʿʝ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ 

ʨʘʟʣʠʢʦʚʘˁʝ ʛʦʚʦʨʥʠʢʘ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʩʧʝʢʪʘʨ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ, ʙʦʿʘ ʛʣʘʩʘ ʿʝ ʧʦʩʣʝʜʠʮʘ 

ʭʘʨʤʦʥʠʿʩʢʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛ ʛʣʘʩʘ ʠ ʦʥʘ ʩʝ ʦʛʣʝʜʘ ʫ ʦʙʚʦʿʥʠʮʠ ʩʧʝʢʪʨʘ ʢʦʥʨʝʪʥʦʛ 

ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ. ʉʪʦʛʘ ʩʫ ʢʘʦ ʧʦʩʤʘʪʨʘʥʘ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ ʢʦʨʠʰ˂ʝʥʠ ʤʝʣ ï ʬʨʝʢʚʝʥʮʠʿʩʢʠ 

ʢʝʧʩʪʨʘʣʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ï MFCCs (ʝʥʛ. Mel ï Frequency Cepstral Coefficients) ʯʠʿʝ ʜʦʙʠʿʘˁʝ 
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ʟʘʚʠʩʠ ʢʘʢʦ ʦʜ ʧʨʠʤʝˁʝʥʦʛ ʧʨʦʟʦʨʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ ʠ ʫʯʝʩʪʘʣʦʩʪʠ ˁʝʛʦʚʝ ʧʨʠʤʝʥʝ ʥʘ 

ʨʘʟʤʘʪʨʘʥʦʤ ʛʦʚʦʨʥʦʤ  ʩʝʛʤʝʥʪʫ, ʪʘʢʦ ʠ ʦʜ ʧʨʠʤʝˁʝʥʠʭ ʬʠʣʪʘʨʩʢʠʭ ʩʝʢʮʠʿʘ ʪʝ ʫʯʝʩʪʘʣʦʩʪʠ 

ˁʠʭʦʚʝ ʧʨʠʤʝʥʝ ʧʨʠʣʠʢʦʤ ʩʠʤʫʣʘʮʠʿʝ ʘʫʜʠʪʦʨʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʫ ʨʘʟʤʘʪʨʘʥʦʤ 

ʩʧʝʢʪʨʘʣʥʦʤ ʦʧʩʝʛʫ. ʈʘʜʠ ʤʦʜʝʣʦʚʘˁʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʝ ɻʘʫʩʦʚʝ ʨʘʩʧʦʜʝʣʝ. 

ʆʙʟʠʨʦʤ ʥʘ ʦʜʨʝʹʝʥʦʩʪ ˁʠʭʦʚʦʛ ʦʙʣʠʢʘ ʝʣʝʤʝʥʪʠʤʘ ʫ ʧʨʠʧʘʜʘʿʫ˂ʦʿ ʢʦʚʘʨʠʿʘʥʩʥʦʿ ʤʘʪʨʠʮʠ, 

ʦʜʣʫʢʘ ʦ ʧʨʝʧʦʟʥʘʚʘˁʫ ʧʨʝʜʩʪʘʚˀʘ ʧʦʩʣʝʜʠʮʫ ʤʝʨʝ ʩʣʠʯʥʦʩʪʠ ʠʟʤʝʹʫ ʢʦʚʘʨʠʿʘʥʩʥʠʭ 

ʤʘʪʨʠʮʘ ʨʘʩʧʦʣʦʞʠʚʠʭ ʪʨʝʥʠʥʛ ʤʦʜʝʣʘ ʠ ʤʦʜʝʣʘ ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʩʪ ʛʦʚʦʨʘ. 

ɺʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʢʦʿʘ ʦʧʠʩʫʿʝ ʛʦʚʦʨ ʿʝʜʥʦʛ ʛʦʚʦʨʥʠʢʘ ʧʦʩʣʝʜʠʮʘ ʿʝ ʚʨʝʜʥʦʩʪʠ 

ʫ ʢʦʨʠʰ˂ʝʥʠʤ MFCCs ʚʝʢʪʦʨʠʤʘ ʦʙʝʣʝʞʿʘ ʪʝ ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʝ ʢʨʘʪʢʝ ʧʨʝʜʩʪʘʚʝ 

ʧʦʩʪʫʧʘʢʘ ʫʥʫʪʘʨ ʩʘʤʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʫʦʯʘʚʘ ʩʝ ʜʘ ʥʘ ʧʨʝʜʤʝʪ 

ʠʩʪʨʘʞʠʚʘˁʘ ʪʿ. ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʧʦʟʥʘʚʘʯ ʛʦʚʦʨʥʠʢʘ ʫ ʥʘʿʚʝ˂ʦʿ ʤʝʨʠ ʧʦʩʨʝʜʥʦ ʫʪʠʯʫ ʢʘʢʦ 

ʠʟʙʦʨ ʙʨʦʿʘ MFCCs ʦʙʝʣʝʞʿʘ ʪʘʢʦ ʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʩʝ ʜʝʬʠʥʠʰʫ ʨʘʜʠ ˁʠʭʦʚʦʛ 

ʠʟʨʘʯʫʥʘʚʘˁʘ. ɺʨʝʜʥʦʩʪ MFCCs ʜʠʨʝʢʪʥʦ ʿʝ ʟʘʚʠʩʥʘ ʦʜ ʝʥʝʨʛʠʿʝ ʫʥʫʪʘʨ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ, ʰʪʦ ʧʦʚʣʘʯʠ ˁʠʭʦʚʫ ʜʠʨʝʢʪʥʫ ʫʩʣʦʚˀʝʥʦʩʪ ʦʙʣʠʢʦʤ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. 

ʊʘʢʦʹʝ, ʪʘʯʥʦʩʪ ʧʨʠʤʝˁʝʥʦʛ ʧʦʩʪʫʧʢʘ ʦʜʣʫʯʠʚʘˁʘ ʫʩʣʦʚˀʝʥʘ ʿʝ ʝʣʝʤʝʥʪʠʤʘ ʠʟʨʘʯʫʥʘʪʠʭ 

ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ ʪʿ. ʤʝʹʫʩʦʙʥʠʤ ʨʘʟʣʠʢʦʚʘˁʝʤ ʤʦʜʝʣʘ ʪʨʝʥʠʥʛ ʠ ʪʝʩʪ ʛʦʚʦʨʘ ʠʩʪʠʭ 

ʛʦʚʦʨʥʠʢʘ.   

   

1.3. ʎʀɲ ʀʉʊʈɸɾʀɺɸɳɸ 
  

ʇʦʩʪʫʧʘʢ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʦʜʣʠʢʫʿʝ ʩʝ ʥʠʟʦʤ ʢʦʨʘʢʘ ʢʘʦ ʰʪʦ ʩʫ: 

ʠʟʜʚʘʿʘˁʝ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ, ʤʦʜʝʣʦʚʘˁʝ ʨʘʩʧʦʜʝʣʝ ʧʦʩʤʘʪʨʘʥʠʭ ʦʙʝʣʝʞʿʘ ʢʘʦ ʠ ʧʦʨʝʹʝˁʝ 

ʠʧʠʪʠʚʘʥʠʭ ʛʦʚʦʨʥʠʭ ʫʟʦʨʘʢʘ ʠ ʤʦʜʝʣʘ ʜʦʙʠʿʝʥʠʭ ʧʨʠʣʠʢʦʤ ʦʙʫʢʝ. ʈʝʘʣʠʟʘʮʠʿʘ ʦʚʠʭ ʢʦʨʘʢʘ 

ʧʦʜʨʘʟʫʤʝʚʘ ʩʣʦʞʝʥʦ ʧʨʦʛʨʘʤʩʢʦ ʨʝʰʝˁʝ ʯʠʿʝ ʫʧʨʘʚˀʘˁʝ ˂ʝ ʩʝ ʚʨʰʠʪʠ ʧʦʩʪʘʚˀʘˁʝʤ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʘʨʘʤʝʪʘʨʘ. ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʧʦʟʥʘʚʘʯ ʛʦʚʦʨʥʠʢʘ ʩʝ ʦʜʣʠʢʫʿʝ ʤʥʦʰʪʚʦʤ 

ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ. ʇʨʠʩʪʫʧ ʩʚʘʢʦʤ 

ʧʘʨʘʤʝʪʨʫ ʧʨʝʧʦʟʥʘʚʘʯʘ ʧʦʥʘʦʩʦʙ ʦʤʦʛʫ˂ʘʚʘ ʜʝʪʘˀʥʦ ʠʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ ʩʚʘʢʦʛ ʧʘʨʘʤʝʪʨʘ 

ʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʮʠˀʫ ʧʨʘʚˀʝˁʘ ʰʪʦ ʝʬʠʢʘʩʥʠʿʝʛ ʧʨʝʧʦʟʥʘʚʘʯʘ. ʌʦʨʤʠʨʘˁʝ 

ʧʨʦʛʨʘʤʩʢʦʛ ʨʝʰʝˁʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʦʤʦʛʫ˂ʠ˂ʝ ʫʪʠʮʘʿ ʥʘ ʧʨʦʠʟʚʦˀʘʥ 

ʙʨʦʿ ʧʘʨʘʤʝʪʘʨʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʤʝˁʝʥʝ ʨʝʘʣʠʟʘʮʠʿʝ.  

ʆʙʟʠʨʦʤ ʜʘ ʠʟʙʦʨ MFCCs ʢʘʦ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʥʠʢʘ ʜʝʢʣʘʨʠʰʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʨʠʩʪʫʧ 

ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʧʦʩʤʘʪʨʘʥʠʤ ʛʦʚʦʨʥʠʤ ʩʠʛʥʘʣʠʤʘ ʫ ʥʘʩʪʘʚʢʫ ˂ʝ ʩʝ ʢʘʦ 

ʢˀʫʯʥʠ ʧʘʨʘʤʝʪʨʠ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʧʦʩʤʘʪʨʘʪʠ ʦʙʣʠʮʠ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ, ʝʥʝʨʛʠʿʘ ʩʘʜʨʞʘʥʘ ʫ ˁʠʤʘ ʠ ʤʦʛʫ˂ʝ ʫʤʘˁʝˁʝ ʨʘʟʣʠʢʦʚʘˁʘ ʪʝʩʪ ʠ ʪʨʝʥʠʥʛ 

ʤʦʜʝʣʘ ʠʩʪʠʭ ʛʦʚʦʨʥʠʢʘ. ʎʠˀ ʿʝ ʥʘʨʘʚʥʦ ʨʝʘʣʠʟʘʮʠʿʫ ʧʦʜʨʝʜʠʪʠ ʦʧʪʠʤʘʣʥʦʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʦʙʟʠʨʦʤ ʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʠ ʧʘʨʘʤʝʪʨʝ ʢʦʨʠʰ˂ʝʥʝ ʧʨʠ 

ʧʨʝʧʦʟʥʘʚʘˁʫ. ʊʠʤ ˂ʝ ʩʝ ʩʪʚʦʨʠʪʠ ʘʜʝʢʚʘʪʥʦ ʦʢʨʫʞʝˁʝ ʟʘ ʬʦʨʤʠʨʘˁʝ ʤʦʜʫʣʘʨʥʦʛ ʨʝʰʝˁʘ 

ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ.     

 

1.4. ʇʈɽʊʇʆʉʊɸɺʂɽ ʀʉʊʈɸɾʀɺɸɳɸ 
 

ɸʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʩʝ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʧʨʦʙʣʝʤʘʪʠʢʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ 

ʢʘʦ ʥʝʟʘʚʠʩʘʥ ʪʝʭʥʠʯʢʠ ʧʨʦʙʣʝʤ ʘʣʠ ʩʝ ʯʝʩʪʦ ʠ ʥʘʣʘʟʠ ʫ ʩʢʣʦʧʫ ʥʝʢʦʛ ʦʧʰʪʠʿʝʛ ʩʠʩʪʝʤʘ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʦʚʝ ʨʘʟʣʠʯʠʪʦʩʪʠ ˁʝʛʦʚʝ ʧʨʠʤʝʥʝ ʩʣʝʜʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʢʦʿʝ ʩʫ ʫʪʠʮʘʣʝ ʥʘ 

ʧʦʢʨʝʪʘˁʝ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʧʦˀʫ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʫ ʮʠˀʫ ʘʥʘʣʠʟʝ 

MFCCs ʢʘʦ ʦʙʝʣʝʞʿʘ ʢʦʨʠʰ˂ʝʥʠʭ ʧʨʠ ʘʫʪʦʤʘʪʩʢʦʤ ʧʨʝʧʦʟʥʘʚʘˁʫ ʛʦʚʦʨʥʠʢʘ: 

¶ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʧʦʟʠʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʧʦʚʝ˂ʘˁʝ ʧʨʠʨʦʜʥʦʩʪʠ 
ʜʚʦʩʤʝʨʥʝ ʛʦʚʦʨʥʝ ʢʦʤʫʥʠʢʘʮʠʿʝ ʠʟʤʝʹʫ ʯʦʚʝʢʘ ʠ ʤʘʰʠʥʝ, 

¶ ʢʘʦ ʪʘʢʚʦ ʦʥʦ ʧʨʝʜʩʪʘʚˀʘ ʜʝʦ ʜʠʿʘʣʦʰʢʠʭ ʩʠʩʪʝʤʘ, 

¶ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ C++ ʤʦʞʝ ʩʝ ʩʤʘʪʨʘʪʠ ʘʜʝʢʚʘʪʥʠʤ ʦʢʨʫʞʝˁʝʤ ʟʘ ʨʘʟʚʦʿ 

ʨʘʯʫʥʘʨʩʢʦʛ ʧʨʦʛʨʘʤʘ ʢʦʿʠ ˂ʝ ʚʨʰʠʪʠ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʫ 

ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ, 
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¶ ʤʦʛʫ˂ʝ ʿʝ ʫʥʘʧʨʝʜʠʪʠ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʧʨʠʤʝʥʦʤ ʦʜʨʝʹʝʥʠʭ 

ʤʦʜʠʬʠʢʘʮʠʿʘ ʥʘ ʫʦʙʠʯʘʿʝʥʠ ʧʦʩʪʫʧʘʢ ʠʟʨʘʯʫʥʘʚʘˁʘ MFCCs. ʏʫʿʥʠ ʢʨʠʪʠʯʥʠ 

ʦʧʩʝʟʠ ʦʧʠʩʫʿʫ ʧʦʿʘʚʫ ʤʘʩʢʠʨʘˁʘ ʧʨʠʩʫʪʥʫ ʧʨʠʣʠʢʦʤ ˀʫʜʩʢʦʛ ʜʦʞʠʚˀʘʿʘ 

ʠʥʪʝʥʟʠʪʝʪʘ ʟʚʫʢʘ, ʩʪʦʛʘ ʿʝ ʫʚʝʜʝʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ˂ʝ ʯʫʿʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ 

ʚʝ˂ʝ ʩʪʨʤʠʥʝ ʧʦʟʠʪʠʚʥʦ ʜʦʧʨʠʥʝʪʠ ʧʦʩʪʠʛʥʫʪʦʿ ʪʘʯʥʦʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ. ʇʦʚʝ˂ʘˁʫ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ˂ʝ ʪʘʢʦʹʝ 

ʜʦʧʨʠʥʝʪʠ ʪʝʞˁʘ ʢʘ ʢʦʥʩʪʨʫʢʮʠʿʠ ʤʦʜʝʣʘ ʢʦʿʠ ˂ʝ ʧʦʢʘʟʠʚʘʪʠ ʤʘʣʫ ʚʨʝʤʝʥʩʢʫ 

ʧʨʦʤʝʥˀʠʚʦʩʪ ʦʜʥʦʩʥʦ ʤʘʣʦ ʨʘʟʣʠʢʦʚʘˁʝ ʠʟʤʝʹʫ ʪʝʩʪ ʠ ʪʨʝʥʠʥʛ ʤʦʜʝʣʘ ʠʩʪʠʭ 

ʛʦʚʦʨʥʠʢʘ.    

       

1.5. ʅɸʏʀʅ ʀʉʊʈɸɾʀɺɸɳɸ 
 

ʉʧʨʦʚʝʜʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʩʚʦʿʝʚʨʩʪʘʥ ʥʘʩʪʘʚʘʢ ʨʘʥʠʿʝ ʟʘʧʦʯʝʪʦʛ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʤʘʛʠʩʪʘʨʩʢʦʛ ʨʘʜʘ (ɱʦʢʠ˂ ʀʚʘʥ, 2010). ʆʩʦʙʝʥʦʩʪ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʝ ˂ʝ 

ʙʠʪʠ ʦʧʠʩʘʥʦ ʠʩʪʠʯʝ ʩʝ ʫ ʪʝʞˁʠ ʟʘ ʢʦʥʩʪʨʫʢʮʠʿʦʤ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ 

ʢʦʨʠʰ˂ʝˁʝʤ C++ ʧʨʦʛʨʘʤʩʢʦʛ ʦʢʨʫʞʝˁʘ. ʉʪʦʛʘ ʿʝ ʧʦʨʝʜ ʠʟʙʦʨʘ ʥʘʯʠʥʘ ʨʝʘʣʠʟʘʮʠʿʝ, 

ʧʦʩʤʘʪʨʘʿʫ˂ʠ ʧʦʩʪʘʚˀʝʥʫ ʧʨʦʙʣʝʤʘʪʠʢʫ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʪʝʦʨʠʿʝ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʙʣʠʢʘ, ʪʘʢʦʹʝ 

ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʫʩʢʣʘʜʠʪʠ ʨʝʘʣʠʟʘʮʠʿʫ ʩʘ ʤʦʛʫ˂ʥʦʩʪʠʤʘ ʢʦʿʘ ʧʨʫʞʘ C++ ʦʢʨʫʞʝˁʝ. ʀʤʘʿʫ˂ʠ 

ʪʦ ʫ ʚʠʜʫ ʪʦʢʦʤ ʦʙʨʘʜʝ ʧʨʝʜʚʠʹʝʥʝ ʪʝʤʝ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʧʨʦʣʘʟʠʣʦ ʢʨʦʟ ʨʘʟʣʠʯʠʪʝ ʢʘʢʦ 

ʪʝʦʨʠʿʩʢʝ ʪʘʢʦ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʬʘʟʝ: 

¶ ʢʦʥʩʫʣʪʦʚʘˁʝ ʣʠʪʝʨʘʪʫʨʝ ʢʘʢʦ ʨʘʜʠ ʫʪʠʮʘʿʘ ʥʘ ʩʘʤ ʧʦʩʪʫʧʘʢ ʧʨʝʧʦʟʥʘʚʘˁʘ ʪʘʢʦ 

ʠ ʨʘʜʠ ʦʩʪʚʘʨʝˁʘ ʰʪʦ ʝʬʠʢʘʩʥʠʿʝʛ ʨʝʰʝˁʘ ʫ C++ ʦʢʨʫʞʝˁʫ, 

¶ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʫ ʠʟʘʙʨʘʥʦʤ ʦʢʨʫʞʝˁʫ, 

¶ ʠʟʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʥʘʜ ʨʘʩʧʦʣʦʞʠʚʠʤ ʛʦʚʦʨʥʠʤ 

ʙʘʟʘʤʘ ʫ ʮʠˀʫ: 

o ʫʪʚʨʹʠʚʘˁʘ ʧʦʩʪʠʛʥʫʪʝ ʪʘʯʥʦʩʪʠ ʠ ʠʟʚʦʹʝˁʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʟʘʢˀʫʯʘʢʘ ʟʘ 

ʨʘʟʣʠʯʠʪʝ ʦʙʣʠʢʝ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʠ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ ʩʘʜʨʞʘʥʝ 

ʫ ˁʠʤʘ, 

o ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʮʘʿʘ ʨʘʟʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʙʠ ʪʨʝʙʘʣʝ ʩʚʦʿʠʤ 
ʫʪʠʮʘʿʝʤ ʥʘ ʩʤʘˁʝˁʝ ʨʘʟʣʠʢʦʚʘˁʘ ʪʝʩʪ ʠ ʪʨʝʥʠʥʛ ʤʦʜʝʣʘ ʠʩʪʠʭ 

ʛʦʚʦʨʥʠʢʘ ʜʘ ʫʪʠʯʫ ʥʘ ʧʦʚʝ˂ʘˁʝ ʪʘʯʥʦʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ 

ʛʦʚʦʨʥʠʢʘ. 

 

1.6. ɼʈʋʐʊɺɽʅɸ ʀ ʅɸʋʏʅʆ-ʉʊʈʋʏʅɸ ʆʇʈɸɺɼɸʅʆʉʊ 

ʀʉʊʈɸɾʀɺɸɳɸ 
 

ʇʦ ʧʨʠʥʮʠʧʫ ʩʚʦʛ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ 

ʢʦʨʠʩʥʠʢʦʤ. ʋ ʪʝʞˁʠ ʟʘ ˁʝʥʠʤ ʰʪʦ ʧʨʠʨʦʜʥʠʿʠʤ ʦʩʪʚʘʨʝˁʝʤ ʧʦʪʨʝʙʥʦ ʿʝ ʫ ʦʢʚʠʨʫ 

ʪʝʭʥʠʯʢʦʛ ʩʠʩʪʝʤʘ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʤʦʛʫ˂ʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʢʦʨʠʩʥʠʢʘ. ʈʘʜʠ ʰʪʦ 

ʢʦʤʧʣʝʪʥʠʿʝʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʠʩʪʝʤ ʙʫʜʝ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʧʨʝʧʦʟʥʘ ʧʨʠʩʫʩʪʚʦ 

ʢʦʨʠʩʥʠʢʘ ʧʦʩʤʘʪʨʘʥʦ ʩʘ ʨʘʟʣʠʯʠʪʠʭ ʘʩʧʝʢʘʪʘ, ʢʘʦ ʰʪʦ ʩʫ ʠʟʛʣʝʜ ʢʦʨʠʩʥʠʢʘ ʠʣʠ ˁʝʛʦʚ ʛʣʘʩ. 

ʋʩʤʝʨʝʥʦʩʪ ʩʠʩʪʝʤʘ ʥʘ ʧʨʝʧʦʟʥʘʚʘˁʝ ʢʦʨʠʩʥʠʢʘ ʢʨʦʟ ˁʝʛʦʚ ʛʣʘʩ ʧʦʜʨʘʟʫʤʝʚʘ ʨʘʟʚʦʿ 

ʜʠʿʘʣʦʰʢʠʭ ʩʠʩʪʝʤʘ
1
 ʢʦʿʠ ʙʠ ʙʠʣʠ ʟʘʜʫʞʝʥʠ ʟʘ ʦʙʝʟʙʝʹʠʚʘˁʝ ʜʚʦʩʤʝʨʥʝ ʢʦʤʫʥʠʢʘʮʠʿʝ 

ʠʟʤʝʹʫ ʢʦʨʠʩʥʠʢʘ ʠ ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʭʥʠʯʢʦʛ ʩʠʩʪʝʤʘ.   

ʈʘʟʚʦʿ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʤʦʪʠʚʠʰʝ ʩʪʚʘʨʘˁʝ 

ʥʦʚʠʭ ʠʜʝʿʘ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʫʩʣʫʛʘ ʢʦʿʝ ˂ʝ ʧʦʙʦˀʰʘʪʠ ʢʚʘʣʠʪʝʪ ʚʝ˂ ʧʦʩʪʦʿʝ˂ʠʭ. ʅʘ ʦʚʘʿ 

ʥʘʯʠʥ ʩʝ ʪʝʞʠ ʰʪʦ ʧʨʠʨʦʜʥʠʿʦʿ ʢʦʤʫʥʠʢʘʮʠʿʠ ʠʟʤʝʹʫ ʢʦʨʠʩʥʠʢʘ ʠ ʩʠʩʪʝʤʘ. ɱʝʜʘʥ ʩʝʛʤʝʥʪ 

ʢʦʿʠ ʙʠ ʦʚʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʫʯʠʥʠʦ ʧʨʠʨʦʜʥʠʿʦʤ ʿʝʩʪʝ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ. 

ʇʦʨʝʜ ʪʦʛʘ ʰʪʦ ʙʠ ʦʚʘʢʘʚ ʩʠʩʪʝʤ ʙʠʦ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʠʟ ʛʣʘʩʘ ʩʚʘʢʦʛ ʢʦʨʠʩʥʠʢʘ ʜʦʜʘʪʥʦ 

                                                 
1
 ʆʚʘʿ ʨʘʜ ʧʨʝʜʩʪʘʚˀʘ ʨʝʟʫʣʪʘʪ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʧʨʦʿʝʢʪʫ ''ʈʘʟʚʦʿ ʜʠʿʘʣʦʰʢʠʭ ʩʠʩʪʝʤʘ ʟʘ ʩʨʧʩʢʠ ʠ ʜʨʫʛʝ 

ʿʫʞʥʦʩʣʦʚʝʥʩʢʝ ʿʝʟʠʢʝ'' (ʊʈ-32035), ʄʠʥʠʩʪʘʨʩʪʚʘ ʧʨʦʩʚʝʪʝ, ʥʘʫʢʝ ʠ ʪʝʭʥʦʣʦʰʢʦʛ ʨʘʟʚʦʿʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. 
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ʧʨʝʧʦʟʥʘ ʥʝʢʦʛ ʦʜ ʧʨʝʪʭʦʜʥʠʭ ʩʘʛʦʚʦʨʥʠʢʘ ʠʣʠ ʧʦʪʚʨʜʠ ʜʘ ʢʦʤʫʥʠʮʠʨʘ ʩʘ ʥʦʚʠʤ 

ʢʦʨʠʩʥʠʢʦʤ ʠ ʩʘʤʦʤ ʢʦʨʠʩʥʠʢʫ ʦʚʘʢʘʚ ʩʠʩʪʝʤ ʙʠ ʧʨʫʞʘʦ ʙʝʟʙʝʜʥʠʿʠ ʠ ʘʫʪʦʨʠʟʦʚʘʥʠʿʠ 

ʧʨʠʩʪʫʧ. ʅʘʨʘʚʥʦ ʦʚʘ ʧʦʚʝ˂ʘˁʘ ʫ ʥʠʚʦʫ ʩʠʛʫʨʥʦʩʪʠ ʩʠʩʪʝʤʘ ʫ ʧʦʛʣʝʜʫ ʠʜʝʥʪʠʪʝʪʘ ʢʦʨʠʩʥʠʢʘ 

ʧʦʩʣʝʜʠʮʘ ʩʫ ʧʨʠʤʝʥʝ ʨʘʟʥʠʭ ʥʘʯʠʥʘ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘ ʩʪʨʘʥʠ ʩʠʩʪʝʤʘ, ʧʨʠ ʯʝʤʫ ʿʝ 

ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʩʘʤʦ ʿʝʜʘʥ ʦʜ ˁʠʭ. ʇʨʦʤʝʥʝ ʦʙʣʠʢʘ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ, ʦʜ ʧʨʘʚʦʫʛʘʦʥʠʭ ʧʨʝʢʦ ʪʨʦʫʛʘʦʥʠʭ ʢʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʤ, ʤʦʜʠʬʠʢʘʮʠʿʝ ʝʥʝʨʛʠʿʝ 

ʩʘʜʨʞʘʥʝ ʫ ˁʠʤʘ ʠ ʩʤʘˁʝˁʝ ʧʨʦʤʝʥˀʠʚʦʩʪʠ ʝʣʝʤʝʥʘʪʘ ʤʦʜʝʣʘ ʠʩʪʠʭ ʛʦʚʦʨʥʠʢʘ ʙʠ˂ʝ 

ʩʧʨʦʚʝʜʝʥʝ ʫ ʮʠˀʫ ʧʦʚʝ˂ʘˁʘ ʪʘʯʥʦʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ. 

ʋ ʥʘʨʝʜʥʦʤ ʜʝʣʫ ʨʘʜʘ ʙʠ˂ʝ ʧʨʠʢʘʟʘʥʝ ʥʝʢʝ ʦʧʰʪʝ ʧʦʩʪʘʚʢʝ ʫ ʦʙʣʘʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʢʦʿʝ ʩʫ ʙʣʠʩʢʦ ʧʦʚʝʟʘʥʝ ʩʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʦʧʠʩʘʥʠʤ ʫ ʦʚʦʤ ʨʘʜʫ. 

ʅʘʢʦʥ ʪʦʛʘ ʜʘʪ ʿʝ ʦʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʘ ʢʦʿʠ ʿʝ ʠʤʘʦ ʟʘ ʮʠˀ ʠʩʧʠʪʠʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ ʩʤʘˁʝˁʘ 

ʙʨʦʿʘ ʧʦʪʨʝʙʥʠʭ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ ʧʨʠʣʠʢʦʤ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʧʨʠʤʝʥʦʤ 

ʧʦʩʪʫʧʢʘ ʘʥʘʣʠʟʝ ʛʣʘʚʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ (ʝʥʛ. Principal Component Analisys ï PCA). ʋ ʥʘʩʪʘʚʢʫ 

ʿʝ ʦʧʠʩʘʥ ʨʝʘʣʠʟʦʚʘʥʠ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʧʦʟʥʘʚʘʯ  ʛʦʚʦʨʥʠʢʘ ʠ ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʪʝʩʪʦʚʘ 

ʧʨʦʤʝʥʝ ʦʙʣʠʢʘ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ, ʧʨʠʤʝˁʝʥʝ ʝʥʝʨʛʠʿʩʢʝ ʢʦʨʝʢʮʠʿʝ ʫ ʧʦʩʤʘʪʨʘʥʠʤ 

ʯʫʿʥʠʤ ʢʨʠʪʠʯʥʠʤ ʦʧʩʝʟʠʤʘ ʠ ʧʨʠʤʝʥʝ ʦʜʨʝʹʝʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʥʘ ʝʣʝʤʝʥʪʝ ʤʦʜʝʣʘ 

ʛʦʚʦʨʥʠʢʘ. 
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2. ʆʇʐʊɽ ʇʆʉʊɸɺʂɽ 
 

ɸʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʩʝʛʤʝʥʪ ʦʙʣʘʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ 

ʦʙʣʠʢʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʧʨʝʜʤʝʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʛʣʘʩ ʦʜʥʦʩʥʦ ʛʦʚʦʨ ʧʦʩʤʘʪʨʘʥʦʛ 

ʛʦʚʦʨʥʠʢʘ. ʉʪʦʛʘ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʢʘʦ ʧʦʩʪʫʧʘʢ ʧʨʝʧʦʟʥʘʚʘˁʘ 

ʠʤʣʝʤʝʥʪʠʨʘʥ ʥʘ ʦʜʨʝʹʝʥʦʤ ʩʠʩʪʝʤʫ ʠʤʘ ʟʘ ʮʠˀ ʧʨʝʧʦʟʥʘʚʘˁʝ ʣʠʯʥʦʩʪʠ ʥʘ ʦʩʥʦʚʫ 

ʨʘʟʤʘʪʨʘˁʘ ˁʝʥʦʛ ʛʣʘʩʘ ʦʜʥʦʩʥʦ ʛʦʚʦʨʘ. ʂʘʦ ʠ ʫ ʨʘʜʫ ʩʚʠʭ ʩʠʩʪʝʤʘ ʟʘ ʧʨʝʧʦʟʥʘʚʘˁʝ ʦʙʣʠʢʘ 

ʠ ʢʦʜ ʩʠʩʪʝʤʘ ʟʘ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʨʘʟʣʠʢʫʿʫ ʩʝ ʜʚʝ ʬʘʟʝ ʨʘʜʘ: ʦʙʫʢʘ ʠ 

ʪʝʩʪ. ʇʨʠ ʦʙʫʮʠ ʩʝ ʬʦʨʤʠʨʘʿʫ ʤʦʜʝʣʠ ʟʘ ʩʚʘʢʦʛ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʥʘ ʦʩʥʦʚʫ 

ʨʘʩʧʦʣʦʞʠʚʠʭ ʛʦʚʦʨʥʠʭ ʫʟʦʨʘʢʘ. ʇʨʠʣʠʢʦʤ ʪʝʩʪʠʨʘˁʘ ʧʨʝʧʦʟʥʘʚʘʯ ʘʥʘʣʠʟʠʨʘ ʥʝʧʦʟʥʘʪʠ, 

ʪʝʩʪ, ʛʦʚʦʨʥʠ ʫʟʦʨʘʢ ʠ ʥʘ ʦʩʥʦʚʫ ʠʤʧʣʝʤʝʥʪʠʨʘʥʦʛ ʥʘʯʠʥʘ ʧʨʝʧʦʟʥʘʚʘˁʘ ʜʦʥʦʩʠ ʦʜʣʫʢʫ ʦ 

ʠʜʝʥʪʠʪʝʪʫ ʛʦʚʦʨʥʠʢʘ ʢʦʿʠ ʿʝ ʠʟʛʦʚʦʨʠʦ ʨʘʟʤʘʪʨʘʥʠ ʛʦʚʦʨʥʠ ʫʟʦʨʘʢ. 

ɻʣʝʜʘʥʦ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʦʜʨʝʹʝʥʦʛ ʘʣʛʦʨʠʪʤʘ ʥʘ ʨʘʯʫʥʘʨʫ ʦʧʰʪʝ ʦʜʥʦʩʥʦ ʧʦʩʝʙʥʝ ʥʘʤʝʥʝ ʠʣʠ 

ʧʨʦʮʝʩʦʨʫ ʟʘ ʦʙʨʘʜʫ ʩʠʛʥʘʣʘ, ʧʦʩʤʘʪʨʘʥʠ ʛʦʚʦʨ ʢʘʦ ʘʢʫʩʪʠʯʢʠ ʩʠʛʥʘʣ ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʝʚʝʩʪʠ ʫ 

ʦʜʨʝʹʝʥʠ ʝʢʚʠʚʘʣʝʥʪʘʥ ʩʠʛʥʘʣ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʨʘʟʫʤˀʠʚ ʧʨʝʧʦʟʥʘʚʘʯʫ. ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ, 

ʧʦʩʪʫʧʘʢ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʣʝʜʝ˂ʝ ʢʦʨʘʢʝ:  

¶ ʧʨʝʜʦʙʨʘʜʫ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʥʘʢʦʥ ʢʦʿʝ ʩʣʝʜʠ ɸ/ɼ ʢʦʥʚʝʨʟʠʿʘ, 

¶ ʠʟʜʚʘʿʘˁʝ ʨʝʣʝʚʘʥʪʥʠʭ ʦʙʝʣʝʞʿʘ, 

¶ ʦʙʫʯʘʚʘˁʝ ʨʘʜʠ ʛʝʥʝʨʠʩʘˁʘ ʨʝʬʝʨʝʥʪʥʠʭ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ,  

¶ ʧʦʨʝʹʝˁʝ ʫʟʦʨʘʢʘ,  

¶ ʦʜʣʫʯʠʚʘˁʝ. 

ʇʨʝʜʦʙʨʘʜʘ ʧʦʜʨʘʟʫʤʝʚʘ ʬʠʣʪʨʠʨʘˁʝ ʫʣʘʟʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʫ ʩʢʣʘʜʫ ʩʘ 

ʫʯʝʩʪʘʥʦʰ˂ʫ ʦʜʘʙʠʨʘˁʘ ʢʦʿʘ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʧʨʠʣʠʢʦʤ ʘʥʘʣʦʛʥʦ ï ʜʠʛʠʪʘʣʥʝ ʢʦʥʚʝʨʟʠʿʝ. 

ɸ/ɼ ʢʦʥʚʝʨʪʦʨ ʦʙʠʯʥʦ ʠʤʘ ʨʝʟʦʣʫʮʠʿʫ ʦʜ 12 ʜʦ 16 bit ʧʨʠ ʫʯʝʩʪʘʥʦʩʪʠ ʦʜʘʙʠʨʘˁʘ ʦʜ 8 ʜʦ 

20 kHz. ʅʘʢʦʥ ʜʠʛʠʪʘʣʠʟʘʮʠʿʝ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʧʦʪʨʝʙʥʦ ʿʝ ʥʘ ʥʝʢʠ ʥʘʯʠʥ 

ʠʟʚʨʰʠʪʠ ˁʝʛʦʚʦ ʤʦʜʝʣʦʚʘˁʝ ʘ ʧʨʚʠ ʢʦʨʘʢ ʧʨʠ ʪʦʤʝ ʧʨʝʜʩʪʘʚˀʘ ʠʟʜʚʘʿʘˁʝ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʦʙʝʣʝʞʿʘ. ʅʘ ʦʩʥʦʚʫ ʠʟʜʚʦʿʝʥʠʭ ʦʙʝʣʝʞʿʘ ʩʣʝʜʠ ʬʘʟʘ ʦʙʫʢʝ ʩʠʩʪʝʤʘ ʟʘ 

ʧʨʝʧʦʟʥʘʚʘˁʝ. ʆʚʘʿ ʧʨʦʮʝʩ ʩʝ ʦʛʣʝʜʘ ʫ ʬʦʨʤʠʨʘˁʫ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʤʦʜʝʣʘ (Wildermoth 

Richard Breth, 2001) ʟʘ ʩʚʘʢʦʛ ʦʜ ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʢʘ. ʅʘʢʦʥ ʤʦʜʝʣʦʚʘˁʘ ʛʦʚʦʨʥʠʢʘ, 

ʧʨʝʧʦʟʥʘʚʘʯ ʿʝ ʤʦʛʫ˂ʝ ʧʦʜʚʨʛʥʫʪʠ ʪʝʩʪʦʚʠʤʘ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʨʠʣʠʢʦʤ ʢʦʿʠʭ ʚʨʰʠ 

ʫʧʦʨʝʹʠʚʘˁʝ ʤʦʜʝʣʘ ʜʦʙʠʿʝʥʠʭ ʪʦʢʦʤ ʦʙʫʢʝ ʩʘ ʫʟʦʨʮʠʤʘ ʛʦʚʦʨʘ ʛʦʚʦʨʥʠʢʘ ʯʠʿʝ ʩʝ 

ʧʨʝʧʦʟʥʘʚʘˁʝ ʚʨʰʠ, ʥʘ ʦʩʥʦʚʫ ʯʝʛʘ ʜʦʥʦʩʠ ʦʜʣʫʢʫ ʦ ʧʨʝʧʦʟʥʘʚʘʥʦʤ ʛʦʚʦʨʥʠʢʫ. 

 

2.1. ʂʃɸʉʀʌʀʂɸʎʀɱɸ ʉʀʉʊɽʄɸ ɿɸ ɸʋʊʆʄɸʊʉʂʆ 
ʇʈɽʇʆɿʅɸɺɸɳɽ ɻʆɺʆʈʅʀʂɸ  

 

ɸʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʫ ʩʚʦʿʦʿ ʦʩʥʦʚʠ ʧʦʜʨʘʟʫʤʝʚʘ ʜʚʘ ʦʩʥʦʚʥʘ ʚʠʜʘ 

ʧʨʝʧʦʟʥʘʚʘˁʘ: ʚʝʨʠʬʠʢʘʮʠʿʫ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʛʦʚʦʨʥʠʢʘ. ʆʚʘ ʧʦʜʝʣʘ ʧʦʩʣʝʜʠʮʘ ʿʝ ʩʘʤʝ 

ʧʦʩʪʘʚʢʝ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʦʜʥʦʩʥʦ ʤʝʨʝ ʫ ʢʦʿʦʿ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ 

ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ. ʇʨʠ ʚʝʨʠʬʠʢʘʮʠʿʠ ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʪʚʨʜʠʪʠ ʠʣʠ ʥʝ ʠʩʪʠʥʠʪʦʩʪ 

ʪʚʨʜˁʝ ʦ ʠʜʝʥʪʠʪʝʪʫ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʜʦʢ ʿʝ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʧʦʪʨʝʙʥʦ ʫʪʚʨʜʠʪʠ 

ʠʜʝʥʪʠʪʝʪ ʛʦʚʦʨʥʠʢʘ. ʅʘʠʤʝ, ʩʠʩʪʝʤʠ ʢʦʿʠ ʚʨʰʝ ʚʝʨʠʬʠʢʘʮʠʿʫ ʛʦʚʦʨʥʠʢʘ ʟʘ ʩʚʘʢʠ ʪʝʩʪ 

ʛʦʚʦʨʥʠ ʫʟʦʨʘʢ ʨʘʩʧʦʣʘʞʫ ʠ ʪʚʨʜˁʦʤ ʦ ʠʜʝʥʪʠʪʝʪʫ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʢʦʤʝ ʧʨʠʧʘʜʘ 

ʨʘʟʤʘʪʨʘʥʠ ʛʦʚʦʨʥʠ ʫʟʦʨʘʢ. ʅʘ ʦʩʥʦʚʫ ʤʝʨʝ ʩʣʠʯʥʦʩʪʠ ʠʟʤʝʹʫ ʪʝʩʪ ʛʦʚʦʨʥʦʛ ʫʟʦʨʢʘ ʠ ʤʦʜʝʣʘ 

ʢʦʿʠ ʧʨʠʧʘʜʘ ʪʚʨ́ ʝʥʦʤ ʠʜʝʥʪʠʪʝʪʫ ʩʠʩʪʝʤʠ ʢʦʿʠ ʚʨʰʝ ʚʝʨʠʬʠʢʘʮʠʿʫ ʜʦʥʦʩʝ ʦʜʣʫʢʫ ʜʘ ʣʠ ʿʝ 

ʪʦ ʪʚʨʹʝˁʝ ʪʘʯʥʦ ʠʣʠ ʥʝ (ʩʣʠʢʘ 2.1). ɼʘʢʣʝ ʦʜʣʫʢʘ ʩʠʩʪʝʤʘ ʟʘ ʘʫʪʦʤʘʪʩʢʫ ʚʝʨʠʬʠʢʘʮʠʿʫ 

ʛʦʚʦʨʥʠʢʘ ʿʝ ʩʪʨʠʢʪʥʦ ʙʠʥʘʨʥʘ (Wildermoth R. B., 2001) ʫ ʦʙʣʠʢʫ ʧʨʠʭʚʘʪʠʪʠ (''ɼʘ'') ʦʜʥʦʩʥʦ 

ʦʜʙʘʮʠʪʠ (''ʅʝ'') ʪʚʨʹʝʥʠ ʠʜʝʥʪʠʪʝʪ. ʇʨʝʧʦʟʥʘʚʘʯ ʜʦʥʦʩʠ ʦʜʣʫʢʫ ʥʘ ʦʩʥʦʚʫ ʤʝʨʝ ʩʣʘʛʘˁʘ 

ʛʦʚʦʨʥʦʛ ʫʟʦʨʢʘ ʧʨʝʧʦʟʥʘʚʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʠ ʦʜʛʦʚʘʨʿʫ˂ʝʛ ʤʦʜʝʣʘ ʜʦʙʠʿʝʥʦʛ ʧʨʠʣʠʢʦʤ ʦʙʫʢʝ.  
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ʉʣʠʢʘ 2.1. ʆʩʥʦʚʥʘ ʧʨʝʜʩʪʘʚʘ ʩʠʩʪʝʤʘ ʟʘ ʘʫʪʦʤʘʪʩʢʫ ʚʝʨʠʬʠʢʘʮʠʿʫ ʛʦʚʦʨʥʠʢʘ. 

 

ʄʝʨʘ ʩʣʘʛʘˁʘ ʩʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʦʜʨʝʹʝʥʠ ʚʠʜ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʪʝʩʪ ʛʦʚʦʨʥʦʛ 

ʫʟʦʨʢʘ ʠ ʤʦʜʝʣʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʪʚʨʹʝʥʦʤ ʠʜʝʥʪʠʪʝʪʫ. ɸʢʦ ʩʝ ʩʘ ()xdi  ʦʟʥʘʯʠ ʤʝʨʘ ʩʣʠʯʥʦʩʪʠ 

ʠʟʤʝʹʫ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʫʟʦʨʢʘ x  ʠ ʤʦʜʝʣʘ i -ʪʦʛ ʛʦʚʦʨʥʠʢʘ, ʪʘʜʘ ʩʝ ʟʘʜʘʪʘʢ ʧʦʤʝʥʫʪʦʛ 

ʩʠʩʪʝʤʘ ʩʚʦʜʠ ʥʘ ʠʩʧʠʪʠʚʘˁʝ ʫʩʣʦʚʘ: 

 

ʘʢʦ ʿʝ () ʇʈɸɻɸi dxd <   ʇʈʀʍɺɸʊʀʊʀ 

ʫ ʩʫʧʨʦʪʥʦʤ              ʆɼɹɸʎʀʊʀ. 

 

ɼʘʢʣʝ ʯʠʤ ʿʝ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʤʦʜʝʣʘ ʠ ʧʨʝʧʦʟʥʘʚʘʥʦʛ ʛʦʚʦʨʥʦʛ ʫʟʦʨʢʘ ʚʝ˂ʝ ʦʜ ʧʨʘʛʘ, 

ʚʝʨʠʬʠʢʘʪʦʨ ʦʜʙʘʮʫʿʝ ʪʚʨʜˁʫ ʦ ʠʜʝʥʪʠʪʝʪʫ ʦʜʥʦʩʥʦ ʧʨʝʧʦʟʥʘʚʘʥʫ ʣʠʯʥʦʩʪ ʩʤʘʪʨʘ ʫˀʝʟʦʤ. 

ʈʘʩʪʦʿʘˁʝ ʇʈɸɻɸd  ʩʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʫʿʝ ʢʘʦ ʤʝʨʘ ʩʪʝʧʝʥʘ ʜʦʟʚʦˀʝʥʦʛ ʦʜʩʪʫʧʘˁʘ 

ʠʟʤʝʹʫ ʫʟʦʨʢʘ ʯʠʿʘ ʩʝ ʚʝʨʠʬʠʢʘʮʠʿʘ ʚʨʰʠ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʤʦʜʝʣʘ.  

ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʛʦʚʦʨʥʠʢʘ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʠʩʪʝʤ ʢʦʿʠ ʚʨʰʠ ʧʨʝʧʦʟʥʘʚʘˁʝ ʜʦʥʦʩʠ 

ʦʜʣʫʢʫ ʦ ʪʦʤʝ ʢʦʤ ʦʜ ʛʦʚʦʨʥʠʢʘ ʠʟ ʛʦʚʦʨʥʝ ʙʘʟʝ, ʢʦʿʦʤ ʩʠʩʪʝʤ ʟʘ ʧʨʝʧʦʟʥʘʚʘˁʝ ʨʘʩʧʦʣʘʞʝ,  

ʧʨʠʧʘʜʘ ʧʦʩʤʘʪʨʘʥʠ ʛʦʚʦʨ. ʇʨʝʤʘ ʪʦʤʝ ʜʘ ʙʠ ʩʠʩʪʝʤ ʠʟʚʨʰʠʦ ʠʜʝʥʪʠʬʠʢʦʚʘˁʝ ʧʦʩʤʘʪʨʘʥʦʛ 

ʛʦʚʦʨʘ ʦʥ ʤʦʨʘ ʧʨʦ˂ʠ ʢʨʦʟ ʩʚʦʿʫ ʛʦʚʦʨʥʫ ʙʘʟʫ ʛʦʚʦʨʥʠʢʘ ʠ ʫʪʚʨʜʠʪʠ ʢʦʤ ʦʜ ʛʦʚʦʨʥʠʢʘ ʦʚʘʿ 

ʛʦʚʦʨ ʧʨʠʧʘʜʘ. ʆʧʰʪʝ ʧʦʩʤʘʪʨʘʥʦ ʪʘʜʘ ʩʝ ʤʦʛʫ ʜʝʩʠʪʠ ʜʚʘ ʩʣʫʯʘʿʘ (ʩʣʠʢʘ 2.2): 

¶ ʧʨʝʧʦʟʥʘʚʘʯ ʧʨʝʧʦʟʥʘʿʝ ʧʦʩʤʘʪʨʘʥʠ ʛʦʚʦʨ ʠ ʠʜʝʥʪʠʬʠʢʫʿʝ ʛʘ ʥʝʢʠʤ ʦʜ 

ʛʦʚʦʨʥʠʢʘ ʠʟ ʙʘʟʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʢʦʥʘʯʥʦʤ ʩʢʫʧʫ, ʪʟʚ. ʩʣʫʯʘʿ 1 ʦʜ N, ʛʜʝ 

ʦʧʝʪ ʤʦʛʫ ʥʘʩʪʘʪʠ ʜʚʘ ʜʦʛʘʹʘʿʘ: 

o ʧʨʝʧʦʟʥʘʪʠ ʛʦʚʦʨʥʠʢ ʿʝ ʠ ʩʪʚʘʨʥʠ ʛʦʚʦʨʥʠʢ ʠʣʠ 

o ʩʠʩʪʝʤ ʿʝ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʛʦʚʦʨʫ ʧʨʝʧʦʟʥʘʦ ʧʦʛʨʝʰʥʦʛ ʛʦʚʦʨʥʠʢʘ; 

¶ ʧʨʝʧʦʟʥʘʚʘʯ ʥʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʥʠ ʛʦʚʦʨ ʧʨʠʧʠʩʘʪʠ ʥʠʪʠ ʿʝʜʥʦʤ ʦʜ ʛʦʚʦʨʥʠʢʘ ʠʟ 

ʛʦʚʦʨʥʝ ʙʘʟʝ ʢʦʿʦʤ ʨʘʩʧʦʣʘʞʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʦʪʚʦʨʝʥʦʤ ʩʢʫʧʫ, ʪʟʚ. ʩʣʫʯʘʿ 

1 ʦʜ N+1.  

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʩʝ ʦʜ ʩʠʩʪʝʤʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʛʦʚʦʨʥʠʢʘ ʦʯʝʢʫʿʝ ʜʘ ʥʘ ʦʩʥʦʚʫ ʩʘʜʨʞʘʿʘ 

ʙʘʟʝ ʦʜ N ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ ʜʦʙʠʿʝʥʠʭ ʧʨʠʣʠʢʦʤ ʪʨʝʥʠʨʘˁʘ ʧʨʝʧʦʟʥʘʚʘʯʘ ʦʜʨʝʜʠ ʢʦʤ ʦʜ ˁʠʭ 

ʧʨʠʧʠʩʘʪʠ ʨʘʟʤʘʪʨʘʥʠ ʠʩʢʘʟ ʩʣʝʜʠ ʜʘ ʿʝ ʧʦʩʪʫʧʘʢ ʦʜʣʫʯʠʚʘˁʘ ʩʠʩʪʝʤʘ ʟʘ ʘʫʪʦʤʘʪʩʢʫ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʛʦʚʦʨʥʠʢʘ ʜʦʩʪʘ ʩʣʦʞʝʥʠʿʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʚʝʨʠʬʠʢʘʮʠʿʦʤ ʛʦʚʦʨʥʠʢʘ. ʇʨʝʤʘ 

ʪʦʤʝ, ʧʦʣʘʟʝ˂ʠ ʦʜ ʟʘʭʪʝʚʘ ʟʘ ʧʨʦʥʘʣʘʞʝˁʝʤ ʤʦʜʝʣʘ ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʤʠʥʠʤʘʣʥʦ ʦʜʩʪʫʧʘˁʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʨʝʧʦʟʥʘʚʘʥʠ ʪʝʩʪ ʛʦʚʦʨ, ʧʨʝʧʦʟʥʘʚʘʯ ʫ ʩʣʫʯʘʿʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʜʦʥʦʩʠ ʦʜʣʫʢʫ ʜʘ 

ʠʩʢʘʟ ʧʨʠʧʘʜʘ i-ʪʦʤ ʛʦʚʦʨʥʠʢʫ ʘʢʦ ʿʝ ʠʩʧʫˁʝʥ ʫʩʣʦʚ ʜʘ ʚʘʞʠ 

() () ijNjxdxd ji ¸Ø="< ,...,2,1, . ɼʨʫʛʠ ʥʘʚʝʜʝʥʠ ʩʣʫʯʘʿ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʥʘ 

ʇʨʝʜʦʙʨʘʜʘ 

ɸ/ɼ 

ʀʟʜʚʘʿʘˁʝ 

ʦʙʝʣʝʞʿʘ 
ʇʦʨʝʹʝˁʝ 

ʫʟʦʨʘʢʘ 
ʆʜʣʫʯʠʚʘˁʝ 

ʆʙʫʯʘʚʘˁʝ ʄʦʜʝʣʠ 

ʛʦʚʦʨʥʠʢʘ 
ʅʝ ɼʘ 

ɺʝʨʠʬʠʢʦʚʘʥ 

ʠʜʝʥʪʠʪʝʪ 

ʊʚʨʹʝʥʠ 

ʠʜʝʥʪʠʪʝʪ 
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ʦʪʚʦʨʝʥʦʤ ʩʢʫʧʫ ʛʦʚʦʨʥʠʢʘ ʟʘʭʪʝʚʘʦ ʙʠ ʜʦʜʘʪʥʫ ʧʨʦʚʝʨʫ ʩʘʤʝ ʤʝʨʝ ʫʪʚʨʹʝʥʦʛ ʤʠʥʠʤʘʣʥʦʛ 

ʦʜʩʪʫʧʘˁʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʤʦʜʝʣʘ ʠʟ ʛʦʚʦʨʥʝ ʙʘʟʝ ʠ ʪʝʩʪ ʛʦʚʦʨʥʦʛ ʫʟʦʨʢʘ. ʉʣʠʯʥʦ ʢʘʦ ʠ ʧʨʠ 

ʚʝʨʠʬʠʢʘʮʠʿʠ ʙʠʣʦ ʙʠ ʧʦʪʨʝʙʥʦ ʧʦʩʪʘʚʠʪʠ ʦʜʨʝʹʝʥʫ ʚʨʝʜʥʦʩʪ ʧʨʘʛʘ ʟʘ ʧʦʩʤʘʪʨʘʥʫ ʛʦʚʦʨʥʫ 

ʙʘʟʫ. ʋʢʦʣʠʢʦ ʙʠ ʧʨʠ ʧʦʨʝʹʝˁʫ ʪʝʩʪ ʛʦʚʦʨʘ ʠ ʤʦʜʝʣʘ ʠʟ ʨʘʩʧʦʣʦʞʠʚʝ ʙʘʟʝ ʤʠʥʠʤʘʣʥʦ 

ʨʘʩʪʦʿʘˁʝ ʙʠʣʦ ʚʝ˂ʝ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪ ʧʨʘʛʘ ʧʦʩʤʘʪʨʘʥʠ ʪʝʩʪ ʛʦʚʦʨʥʠ ʫʟʦʨʘʢ ʙʠ ʩʝ 

ʧʨʠʧʠʩʠʚʘʦ ʥʝʧʦʟʥʘʪʦʤ ʛʦʚʦʨʥʠʢʫ, (N+1)? ʥʘ ʩʣʠʮʠ 2.2.    

ʉʣʠʢʘ 2.2. ʆʩʥʦʚʥʘ ʧʨʝʜʩʪʘʚʘ ʩʠʩʪʝʤʘ ʟʘ ʘʫʪʦʤʘʪʩʢʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʛʦʚʦʨʥʠʢʘ. 

 

ʇʦʨʝʹʝˁʝʤ ʚʝʨʠʬʠʢʘʮʠʿʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʥʘʯʠʥʘ ʦʜʣʫʯʠʚʘˁʘ ʜʦʣʘʟʠ 

ʩʝ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʧʨʝʧʦʟʥʘʚʘʯ ʧʨʠʣʠʢʦʤ ʚʝʨʠʬʠʢʘʮʠʿʝ ʚʨʰʠ ʿʝʜʥʫ ʧʨʦʚʝʨʫ ʟʘ ʩʚʘʢʠ 

ʨʘʟʤʘʪʨʘʥʠ ʪʝʩʪ ʛʦʚʦʨʥʠ ʫʟʦʨʘʢ ʜʦʢ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʛʦʚʦʨʥʠʢʘ ʧʦʜʨʘʟʫʤʝʚʘ N ʪʝʩʪʦʚʘ ʧʦ 

ʩʚʘʢʦʤ ʨʘʟʤʘʪʨʘʥʦʤ ʛʦʚʦʨʥʦʤ ʠʩʢʘʟʫ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʪʦʛʘ ʩʣʝʜʠ ʜʘ ʛʨʝʰʢʘ ʘʫʪʦʤʘʪʩʢʝ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʛʦʚʦʨʥʠʢʘ ʨʘʩʪʝ ʫʚʝ˂ʘʚʘˁʝʤ ʙʨʦʿʘ ʛʦʚʦʨʥʠʢʘ N, ʜʦʢ ʧʨʦʮʝʥʘʪ ʧʦʛʨʝʰʥʦʛ 

ʦʜʣʫʯʠʚʘˁʘ ʘʫʪʦʤʘʪʩʢʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʛʦʚʦʨʥʠʢʘ ʥʝ ʟʘʚʠʩʠ ʦʜ ʠʩʪʦʛ. 

ɻʨʝʰʢʘ ʩʠʩʪʝʤʘ ʟʘ ʘʫʪʦʤʘʪʩʢʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʦʛʣʝʜʘ ʩʝ ʫ ʧʦʛʨʝʰʥʦʤ ʠʜʝʥʪʠʬʠʢʦʚʘˁʫ 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʜʦʢ ʩʝ ʛʨʝʰʢʝ ʧʨʠ ʚʝʨʠʬʠʢʘʮʠʿʠ ʛʦʚʦʨʥʠʢʘ ʤʦʛʫ ʩʚʨʩʪʘʪʠ ʫ ʜʚʝ 

ʛʨʫʧʝ (Imperl Bojan):  

¶ ʧʦʛʨʝʰʥʦ ʧʨʠʭʚʘʪʘˁʝ, ʢʦʿʝ ʩʝ ʦʛʣʝʜʘ ʫ ʧʨʠʭʚʘʪʘˁʫ ʠʜʝʥʪʠʪʝʪʘ ʦʩʦʙʝ ʢʦʿʘ ʩʝ 

ʣʘʞʥʦ ʧʨʝʜʩʪʘʚˀʘ, ʪʟʚ. ʫˀʝʟʘ, 

¶ ʧʦʛʨʝʰʥʦ ʦʜʙʘʮʠʚʘˁʝ, ʧʦʜʨʘʟʫʤʝʚʘ ʥʝʧʨʠʭʚʘʪʘˁʝ ʠʜʝʥʪʠʪʝʪʘ ʦʩʦʙʝ ʢʦʿʘ ʩʝ 

ʪʘʯʥʦ ʧʨʝʜʩʪʘʚˀʘ. 

ɺʝʨʦʚʘʪʥʦ˂ʝ ʧʦʿʘʚˀʠʚʘˁʘ ʦʚʠʭ ʛʨʝʰʘʢʘ ʫʩʣʦʚˀʝʥʝ ʩʫ ʚʨʝʜʥʦʰ˂ʫ ʧʦʩʪʘʚˀʝʥʦʛ ʧʨʘʛʘ 

ʦʜʣʫʯʠʚʘˁʘ (ʩʣʠʢʘ 2.3), ʪʘʢʦ ʜʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʟʘʭʪʝʚʘʥʦʛ ʧʦʥʘʰʘˁʘ ʧʨʝʧʦʟʥʘʚʘʯʘ ʚʨʝʜʥʦʩʪ 

ʧʨʘʛʘ ʧʦʩʪʘʚˀʘ ʫ ʮʠˀʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʢʨʠʪʠʯʥʠʿʝ ʦʜ ʦʚʝ ʜʚʝ ʛʨʝʰʢʝ. ʂʦʜ ʩʠʩʪʝʤʘ ʩʘ ʬʠʥʠʤ 

ʦʜʣʫʯʠʚʘˁʝʤ, ʨʘʜʠ ʟʘʰʪʠʪʝ ʦʜ ʥʝʘʫʪʦʨʠʟʦʚʘʥʦʛ ʧʨʠʩʪʫʧʘ, ʧʦʩʪʘʚˀʘ ʩʝ hʪʦ ʥʠʞʘ ʚʨʝʜʥʦʩʪ 

ʧʨʘʛʘ. ʊʦ ʟʥʘʯʠ ʜʘ ʿʝ ʜʦʟʚʦˀʝʥʦ ʤʘʣʦ ʦʜʩʪʫʧʘˁʝ ʠʟʤʝʹʫ ʤʦʜʝʣʘ ʠ ʫʟʦʨʢʘ ʯʠʿʘ ʩʝ 

ʚʝʨʠʬʠʢʘʮʠʿʘ ʚʨʰʠ, ʜʘ ʙʠ ʦʥ ʙʠʦ ʧʨʠʭʚʘ˂ʝʥ. ɼʘʢʣʝ ʧʦʪʨʝʙʘʥ ʿʝ ʚʠʩʦʢ ʩʪʝʧʝʥ ʫʩʢʣʘʹʝʥʦʩʪʠ 

ʠʟʤʝʹʫ ʧʨʝʧʦʟʥʘʚʘʥʠʭ ʫʟʦʨʘʢʘ ʠ ˁʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʦʜʝʣʘ, ʰʪʦ ʧʦʚʣʘʯʠ ʢʘʦ ʚʨʣʦ 

ʚʝʨʦʚʘʪʘʥ ʜʦʛʘʹʘʿ ʜʘ ʩʠʩʪʝʤ ʠʟʚʨʰʠ ʦʜʙʘʮʠʚʘˁʝ ʩʪʚʘʨʥʦʛ ʠʜʝʥʪʠʪʝʪʘ ʦʩʦʙʝ, ʯʠʿʘ ʩʝ 

ʚʝʨʠʬʠʢʘʮʠʿʘ ʚʨʰʠ, ʫʢʦʣʠʢʦ ˁʝʥ ʛʣʘʩ ʧʦʧʨʠʤʠ ʥʝʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʩʚʦʿʩʪʚʘ (ʢʘʦ ʧʦʩʣʝʜʠʮʝ 

ʚʘʨʠʿʘʮʠʿʝ ʙʦʿʝ ʛʣʘʩʘ ʪʦʢʦʤ ʜʘʥʘ, ʥʝʢʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ ʠ ʩʣ.) ʫ ʦʜʥʦʩʫ ʥʘ ʤʦʜʝʣ ʢʦʿʠ 

ʩʝ ʥʘʣʘʟʠ ʫ ʙʘʟʠ. ʉʠʩʪʝʤ ʩʘ ʦʚʘʢʚʠʤ ʚʠʜʦʤ ʟʘʰʪʠʪʝ ʦʜʙʠʿʘ ʧʨʠʩʪʫʧ ʥʝʘʫʪʦʨʠʟʦʚʘʥʠʤ 

ʣʠʯʥʦʩʪʠʤʘ, ʜʦʢ ʢʘʦ ʧʦʩʣʝʜʠʮʫ ʪʦʛʘ ʚʨʰʠ ʦʜʙʠʿʘˁʝ ʠʜʝʥʪʠʪʝʪʘ ʦʥʠʭ ʢʦʿʠ ʩʝ ʧʦʢʫʰʘʿ ʫ 

ʧʨʠʿʘʚʠʪʠ ʥʘ ʥʝʫʦʙʠʯʘʿʝʥ ʥʘʯʠʥ. ʇʨʝʤʘ ʪʦʤʝ ʦʚʘʢʚʠ ʩʠʩʪʝʤʠ ʠʤʘʿʫ ʥʠʟʘʢ ʩʪʝʧʝʥ ʧʦʛʨʝʰʥʦʛ 

ʧʨʠʭʚʘʪʘˁʘ ʜʦʢ ʠʤ ʿʝ ʚʠʩʦʢ ʩʪʫʧʘˁ ʧʦʛʨʝʰʥʦʛ ʦʜʙʘʮʠʚʘˁʘ. 

ʏʝʩʪʦ ʩʝ ʧʨʠʣʠʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʩʠʩʪʝʤʘ ʟʘ ʚʝʨʠʬʠʢʘʮʠʿʫ ʪʝʞʠ ʧʦʩʪʠʟʘˁʫ ʩʤʘˁʝˁʘ 

ʫʢʫʧʥʝ ʛʨʝʰʢʝ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʜʘ ʦʙʘʜʚʝ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʝ ʛʨʝʰʢʝ 

ʇʨʝʜʦʙʨʘʜʘ 

ɸ/ɼ 
ʀʟʜʚʘʿʘˁʝ 

ʦʙʝʣʝʞʿʘ 
ʇʦʨʝʹʝˁʝ 

ʫʟʦʨʘʢʘ 
ʆʜʣʫʯʠʚʘˁʝ 

ʆʙʫʯʘʚʘˁʝ ʄʦʜʝʣʠ 

ʛʦʚʦʨʥʠʢʘ 
N 1 

(N+1)? 
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ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ ʦʚʘʿ ʩʠʩʪʝʤ ʙʫʜʫ ʤʠʥʠʤʘʣʥʝ. ʆʙʟʠʨʦʤ ʥʘ ʧʨʠʙʣʠʞʥʦ ʠʥʚʝʨʟʥʠ ʦʙʣʠʢ 

ʟʘʚʠʩʥʦʩʪʠ ʛʨʝʰʢʝ ʧʦʛʨʝʰʥʦʛ ʧʨʠʭʚʘʪʘˁʘ ʦʜʥʦʩʥʦ ʦʜʙʘʮʠʚʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪ ʧʨʘʛʘ 

ʦʜʣʫʢʝ, ʤʠʥʠʤʠʟʘʮʠʿʘ ʫʢʫʧʥʝ ʛʨʝʰʢʝ ʦʜʣʫʯʠʚʘˁʘ ʩʝ ʧʦʩʪʠʞʝ ʧʦʩʪʘʚˀʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ʧʨʘʛʘ 

ʥʘ ʥʠʚʦ ʟʘ ʢʦʿʠ ʩʫ ʦʙʘʜʚʝ ʛʨʝʰʢʝ ʤʝʹʫʩʦʙʥʦ ʿʝʜʥʘʢʝ (ʩʣʠʢʘ 2.3). 

 

 
ʉʣʠʢʘ 2.3. ʋʪʠʮʘʿ ʧʨʘʛʘ ʦʜʣʫʯʠʚʘˁʘ ʥʘ ʧʦʛʨʝʰʥʦ ʦʜʙʠʿʘˁʝ ʠ ʧʨʠʭʚʘʪʘˁʝ. 

 

ʋ ʤʥʦʛʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʧʨʠʤʝʥʝ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʩʠʩʪʝʤ ʢʦʿʠ ʚʨʰʠ 

ʧʨʝʧʦʟʥʘʚʘˁʝ ʦʯʝʢʫʿʝ ʜʘ ʛʦʚʦʨʥʠʢ ʢʘʞʝ ʥʝʢʫ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʫ ʬʨʘʟʫ ʠʣʠ ʦʧʰʪʝ 

ʧʦʩʤʘʪʨʘʥʦ ʥʝʢʠ ʫʥʘʧʨʝʜ ʦʜʨʝʹʝʥ ʪʝʢʩʪ. ʊʘʜʘ ʩʝ ʨʘʜʠ ʦ ʧʨʝʧʦʟʥʘʚʘˁʫ ʛʦʚʦʨʥʠʢʘ ʟʘʚʠʩʥʦʤ ʦʜ 

ʠʟʛʦʚʦʨʝʥʦʛ ʪʝʢʩʪʘ. ʋ ʦʧʰʪʠʿʝʤ ʩʣʫʯʘʿʫ, ʢʘʜʘ ʩʝ ʦʙʫʢʘ ʧʨʝʧʦʟʥʘʚʘʯʘ ʚʨʰʠ ʥʝʟʘʚʠʩʥʦ ʦʜ 

ʩʘʜʨʞʠʥʝ ʛʦʚʦʨʘ ʦʙʿʝʢʪʘ ʧʨʝʧʦʟʥʘʚʘˁʘ, ʨʝʯ ʿʝ ʦ ʧʨʝʧʦʟʥʘʚʘˁʫ ʛʦʚʦʨʥʠʢʘ ʥʝʟʘʚʠʩʥʦʤ ʦʜ 

ʠʟʛʦʚʦʨʝʥʦʛ ʪʝʢʩʪʘ. 

 

2.2. ʆɹɽʃɽɾɱɸ ɻʆɺʆʈɸ 
 

ʂʦʨʠʰ˂ʝˁʝ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ ʫ ʩʠʩʪʝʤʠʤʘ ʟʘ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ 

ʧʦʜʨʘʟʫʤʝʚʘ ˁʠʭʦʚʫ ʫʧʦʪʨʝʙʫ ʫ ʜʠʛʠʪʘʣʠʟʦʚʘʥʦʤ ʬʦʨʤʘʪʫ. ʉʚʘʢʘ ʜʘˀʘ ʦʙʨʘʜʘ ʛʦʚʦʨʥʦʛ 

ʩʠʛʥʘʣʘ ʫ ʮʠˀʫ ˁʝʛʦʚʦʛ ʧʨʠʣʘʛʦʹʝˁʘ ʘʫʪʦʤʘʪʩʢʦʤ ʧʨʝʧʦʟʥʘʚʘʯʫ ʛʦʚʦʨʥʠʢʘ ʧʦʜʨʘʟʫʤʝʚʘ 

ˁʝʛʦʚʫ ʦʙʨʘʜʫ ʫ ʜʠʩʢʨʝʪʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ. ʉʪʦʛʘ ʘʢʦ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʜʘ ʩʫ ʥʘ ʩʘʤʦʤ 

ʫʣʘʟʫ ʩʠʩʪʝʤʘ ʟʘ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʛʦʚʦʨʥʠ ʩʠʛʥʘʣʠ ʘʥʘʣʦʛʥʠ ʪʘʜʘ ʿʝ ʥʘ 

ʩʘʤʦʤ ʫʣʘʟʫ, ʧʨʝ ʜʝʣʘ ʢʦʿʠ ʚʨʰʠ ʠʟʜʚʘʿʘˁʝ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ, ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ˁʠʭʦʚʫ 

ʜʠʩʢʨʝʪʠʟʘʮʠʿʫ ʪʿ. ʦʜʘʙʠʨʘˁʝ ʧʦʪʨʝʙʥʦʤ ʫʯʝʩʪʘʥʦʰ˂ʫ ʦʜʘʙʠʨʘˁʘ ʘ ʟʘʪʠʤ ʠ ʜʠʛʠʪʘʣʠʟʘʮʠʿʫ. 

ʇʦʤʝʥʫʪʠ ʫʣʘʟʥʠ ʧʨʦʮʝʩʠ ʧʦ ʩʚʦʿʦʿ ʩʧʝʢʪʨʘʣʥʦʿ ʧʨʠʨʦʜʠ ʩʫ ʥʠʩʢʦʬʨʝʢʚʝʥʪʥʠ ʪʘʢʦ ʜʘ ʫʪʠʯʫ 

ʥʘ ʩʣʘʙˀʝˁʝ ʚʠʰʠʭ ʩʧʝʢʪʨʘʣʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʫ ʛʦʚʦʨʥʦʤ ʩʠʛʥʘʣʫ. ʊʘʢʦʹʝ ʠ ʩʪʝʧʝʥʠ ʫ ʜʘˀʦʿ 

ʜʠʛʠʪʘʣʥʦʿ ʦʙʨʘʜʠ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʦʜʣʠʢʫʿʫ ʩʝ ʢʦʥʘʯʥʦʤ ʧʨʝʮʠʟʥʦʰ˂ʫ ʰʪʦ ʪʘʢʦʹʝ ʠʤʘ 

ʦʩʦʙʠʥʝ ʥʠʩʢʦʬʨʝʢʚʝʥʪʥʦʛ ʬʠʣʪʨʠʨʘˁʘ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʥʘʢʦʥ ʠʟʚʨʰʝʥʝ ʜʠʛʠʪʘʣʠʟʘʮʠʿʝ ʘ ʧʨʝ 

ʩʘʤʦʛ ʠʟʜʚʘʿʘˁʘ ʦʙʝʣʝʞʿʘ ʧʦʪʨʝʙʥʦ ʿʝ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʘʯʠʥ ʠʟʚʨʰʠʪʠ ʧʨʝʜʦʙʨʘʜʫ 

ʧʨʝʪʭʦʜʥʦ ʩʥʠʤˀʝʥʠʭ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ. ʇʦʰʪʦ ʩʠʩʪʝʤ ʟʘ ʦʙʨʘʜʫ ʛʦʚʦʨʘ ʨʝʜʫʢʫʿʝ ʚʠʰʝ 

ʩʧʝʢʪʨʘʣʥʝ ʢʦʤʧʦʥʝʥʪʝ ʧʨʦʮʝʩʠʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ, ʨʘʜʠ ʫʢʫʧʥʦʛ ʧʦʥʠʰʪʘʚʘˁʘ ʪʦʛ 

ʝʬʝʢʪʘ ʥʘ ʫʣʘʟʫ ʩʝ ʚʨʰʠ ˁʝʛʦʚʦ ʧʨʦʧʫʰʪʘˁʝ ʢʨʦʟ ʬʠʣʪʘʨ ʢʦʿʠ ʜʦʜʘʪʥʦ ʠʩʪʠʯʝ, ʢʨʠʪʠʯʥʝ, 

ʚʠʰʝ ʩʧʝʢʪʨʘʣʥʝ ʢʦʤʧʦʥʝʥʪʝ. ʆʚʦ ʫ ʩʫʰʪʠʥʠ ʧʨʝʜʩʪʘʚˀʘ ʚʠʩʦʢʦʬʨʝʢʚʝʥʪʥʦ ʬʠʣʪʨʠʨʘˁʝ 

ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ, ʢʦʿʝ ʠʤʘ ʟʘ ʮʠˀ ʧʦʨʘʚʥʘˁʝ ʥʠʚʦʘ ʩʧʝʢʪʨʘʣʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ. ʇʦʤʝʥʫʪʦ ʩʝ 

ʦʩʪʚʘʨʫʿʝ ʜʠʛʠʪʘʣʥʠʤ ʚʠʩʦʢʦʬʨʝʢʬʝʥʪʥʠʤ ʬʠʣʪʨʦʤ ʧʨʚʦʛ ʨʝʜʘ ʯʠʿʘ ʿʝ ʧʨʝʥʦʩʥʘ ʬʫʥʢʮʠʿʘ: 

() 11 --= azzH ,        (2.1) 

ʧʨʠ ʯʝʤʫ ʩʝ ʧʘʨʘʤʝʪʘʨ ʘ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʥʘʣʘʟʠ ʫ ʠʥʪʝʨʚʘʣʫ [0.95, 0.98] ʠ ʧʨʝʜʩʪʘʚˀʘ 

ʩʪʝʧʝʥ ʠʟʜʠʟʘˁʘ ʚʠʰʠʭ ʩʧʝʢʪʨʘʣʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ. 

100 

0 

ɻʨʝʰʢʘ (%) 
ʇʦʛʨʝʰʥʦ 

ʦʜʙʘʮʠʚʘˁʝ 

ʇʦʛʨʝʰʥʦ 

ʧʨʠʭʚʘʪʘˁʝ 

ʇʨʘʛ 

ʦʜʣʫʢʝ 

()xdi
 



 9 

ɻʦʚʦʨ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʯʠʥ ˁʝʛʦʚʦʛ ʠʟʨʘʞʘʚʘˁʘ ʧʫʪʝʤ ʛʣʘʩʘ. ʊʨʠ 

ʦʩʥʦʚʥʝ ʦʩʦʙʠʥʝ ʛʣʘʩʘ: ʿʘʯʠʥʘ (ʠʥʪʝʥʟʠʪʝʪ), ʚʠʩʠʥʘ ï ʤʝʨʘ ʨʝʘʢʮʠʿʝ ʛʣʘʩʥʠʮʘ ʥʘ ʜʝʿʩʪʚʦ 

ʧʦʙʫʜʥʝ ʚʘʟʜʫʰʥʝ ʩʪʨʫʿʝ ʠ ʙʦʿʘ ʥʘ ʦʜʨʝʹʝʥʠ ʥʘʯʠʥ ʧʨʝʩʣʠʢʘʚʘʿʫ ʩʝ ʫ ʛʦʚʦʨ ʧʦʩʤʘʪʨʘʥʦʛ 

ʛʦʚʦʨʥʠʢʘ. ɻʦʚʦʨ ʧʨʝʜʩʪʘʚˀʘ ʩʣʦʞʝʥ ʘʢʫʩʪʠʯʢʠ ʩʠʛʥʘʣ ʠ ʤʦʞʝ ʩʝ ʩʤʘʪʨʘʪʠ ʢʘʦ ʨʝʟʫʣʪʘʪ 

ʟʘʿʝʜʥʠʯʢʦʛ ʜʝʣʦʚʘˁʘ: ʩʝʤʘʥʪʠʯʢʠʭ, ʣʠʥʛʚʠʩʪʠʯʢʠʭ, ʘʨʪʠʢʫʣʘʪʦʨʥʠʭ ʠ ʘʢʫʩʪʠʯʢʠʭ ʜʝʿʩʪʘʚʘ 

(Campbell P. Joseph, Jr., (1997.); ɼʝʣʠ˂ ɼ. ɺʣʘʜʦ ʠ ʜʨ. (2008.)). ʆʚʘʢʚʘ ʩʣʦʞʝʥʦʩʪ ʬʦʨʤʠʨʘˁʘ 

ʛʦʚʦʨʘ ʦʜʨʝʹʫʿʝ ʥʘʯʠʥ ʧʨʝʩʣʠʢʘʚʘˁʘ ʪʨʠ ʦʩʥʦʚʥʝ ʦʩʦʙʠʥʝ ʛʣʘʩʘ ʫ ʛʦʚʦʨ. ʄʦʞʝ ʩʝ ʠʩʪʘ˂ʠ ʜʘ 

ʩʫ ʘʢʫʩʪʠʯʢʘ ʜʝʿʩʪʚʘ ʧʨʚʝʥʩʪʚʝʥʦ ʧʦʩʣʝʜʠʮʘ ʘʥʘʪʦʤʩʢʠʭ ʦʩʦʙʠʥʘ ʛʦʚʦʨʥʦʛ ʪʨʘʢʪʘ 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ, ʟʘʪʠʤ ʜʘ ʩʫ ʘʨʪʠʢʫʣʘʪʦʨʥʘ ʜʝʿʩʪʚʘ ʧʨʚʝʥʩʪʚʝʥʦ ʫʟʨʦʢʦʚʘʥʘ ʥʘʫʯʝʥʠʤ 

ʧʨʘʚʠʣʠʤʘ ʠʟʛʦʚʦʨʘ ʢʘʦ ʠ ʜʘ ʩʫ ʩʝʤʘʥʪʠʯʢʘ ʠ ʣʠʥʛʚʠʩʪʠʯʢʘ ʜʝʿʩʪʚʘ ʧʦʩʣʝʜʠʮʘ ʤʠʩʘʦʥʠʭ 

ʧʨʦʮʝʩʘ ʫ ʯʦʚʝʢʦʚʦʤ ʙʠ˂ʫ. ʉʣʦʞʝʥʦʩʪ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʫʟʨʦʢʦʚʘʥʘ ʥʠʟʦʤ ʜʝʿʩʪʘʚʘ 

ʦʜʛʦʚʦʨʥʠʭ ʟʘ ˁʝʛʦʚ ʥʘʩʪʘʥʘʢ ʫʩʣʦʞˁʘʚʘ ʧʦʩʪʫʧʘʢ ʠʟʙʦʨʘ ˁʝʤʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʦʙʝʣʝʞʿʘ ʥʘ 

ʦʩʥʦʚʫ ʢʦʿʠʭ ʙʠ ʩʝ ʤʦʛʣʦ ʚʨʰʠʪʠ ʫʩʧʝʰʥʦ ʨʘʟʣʠʢʦʚʘˁʝ ʛʦʚʦʨʥʠʢʘ. ʉʪʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ 

ʜʝʬʠʥʠʩʘʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʧʨʘʚʠʣʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʙʠ ʩʝ ʚʨʰʠʦ ʠʟʙʦʨ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʦʙʝʣʝʞʿʘ 

ʛʦʚʦʨʘ. ʈʘʜʠ ʰʪʦ ʙʦˀʝ ʧʨʝʜʩʪʘʚʝ ʛʦʚʦʨʥʠʢʘ ʢʨʦʟ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ ʢʘʦ ʠ ʨʘʜʠ ʰʪʦ ʫʩʧʝʰʥʠʿʝʛ 

ʨʘʜʘ ʩʠʩʪʝʤʘ ʟʘ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʧʨʝʜ ʩʘʤʘ ʦʙʝʣʝʞʿʘ ʩʝ ʧʦʩʪʘʚˀʘʿʫ 

ʩʣʝʜʝ˂ʠ ʟʘʭʪʝʚʠ (Mßlgaard L Lasse et al., (2005.); Kinnunen Tomi et al., (2010.)): 

¶ ʠʩʧʦˀʘʚʘʿʫ ʚʝʣʠʢʝ ʤʝʹʫʛʦʚʦʨʥʠʯʢʝ ʨʘʟʣʠʢʝ ʠ ʤʘʣʝ ʚʘʨʠʿʘʮʠʿʝ ʟʘ ʿʝʜʥʦʛ 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ, 

¶ ʿʝʜʥʦʩʪʘʚʥʦ ʩʝ ʤʦʛʫ ʠʟʤʝʨʠʪʠ ʥʘ ʦʩʥʦʚʫ ʨʘʟʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ, 

¶ ʩʪʘʙʠʣʥʘ ʩʫ ʪʦʢʦʤ ʚʨʝʤʝʥʘ ʪʿ. ʥʝ ʥʘʨʫʰʘʚʘ ʠʭ ʝʚʝʥʪʫʘʣʥʘ ʙʦʣʝʩʪ ʛʦʚʦʨʥʠʢʘ ʠʣʠ 

ʜʫʛʦʪʨʘʿʥʝ ʧʨʦʤʝʥˀʠʚʦʩʪʠ ʫ ˁʝʛʦʚʦʤ ʛʣʘʩʫ, 

¶ ʜʝʰʘʚʘʿʫ ʩʝ ʧʨʠʨʦʜʥʦ ʠ ʯʝʩʪʦ ʫ ʛʦʚʦʨʫ, 

¶ ʤʘʣʦ ʩʝ ʤʝˁʘʿʫ ʧʨʠʣʠʢʦʤ ʧʨʦʤʝʥʝ ʛʦʚʦʨʥʦʛ ʦʢʨʫʞʝˁʘ ʪʿ. ʧʦʢʘʟʫʿʫ ʦʪʧʦʨʥʦʩʪ ʥʘ 

ʜʝʿʩʪʚʦ ʰʫʤʘ ʠ ʠʟʦʙʣʠʯʝˁʘ, 

¶ ʜʘ ʠʭ ʿʝ ʪʝʰʢʦ ʠʤʠʪʠʨʘʪʠ.  

ʆʜ ʪʨʠ ʦʩʦʙʠʥʝ ʛʣʘʩʘ: ʠʥʪʝʥʟʠʪʝʪ, ʚʠʩʠʥʘ ʠ ʙʦʿʘ, ʙʦʿʘ ʥʘʿʙʦˀʝ ʠʩʧʫˁʘʚʘ ʧʨʝʪʭʦʜʥʦ 

ʥʘʚʝʜʝʥʝ ʫʩʣʦʚʝ ʧʦʩʪʘʚˀʝʥʝ ʧʨʝʜ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʥʠʢʘ. ɹʦʿʘ ʛʣʘʩʘ ʿʝ ʧʦʩʣʝʜʠʮʘ ˁʝʛʦʚʦʛ 

ʭʘʨʤʦʥʠʿʩʢʦʛ ʩʘʩʪʘʚʘ. ɻʣʘʩʦʚʠ ʨʘʟʣʠʯʠʪʠʭ ʛʦʚʦʨʥʠʢʘ ʩʝ ʤʦʛʫ ʦʜʣʠʢʦʚʘʪʠ ʠʩʪʦʤ ʿʘʯʠʥʦʤ 

ʦʜʥʦʩʥʦ ʠʥʪʝʥʟʠʪʝʪʦʤ ʟʘʪʠʤ ʠ ʠʩʪʦʤ ʚʠʩʠʥʦʤ ʪʿ. ʠʩʪʦʤ ʫʯʝʩʪʘʥʦʰ˂ʫ ʦʩʥʦʚʥʦʛ ʭʘʨʤʦʥʠʢʘ 

ʘʣʠ ʨʘʩʧʦʨʝʜ ʠ ʚʝʣʠʯʠʥʘ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ ʿʝ ʩʚʦʿʩʪʚʦ ʢʦʿʝ ʦʜʨʝʹʫʿʝ ʙʦʿʫ ʛʣʘʩʘ ʠ ʨʘʟʣʠʢʫʿʝ ʩʝ 

ʦʜ ʛʦʚʦʨʥʠʢʘ ʜʦ ʛʦʚʦʨʥʠʢʘ. ʉʘʟʥʘˁʘ ʦ ʙʦʿʠ ʛʣʘʩʘ ʛʦʚʦʨʥʠʢʘ ʩʫ ʩʘʜʨʞʘʥʘ ʫ ʩʧʝʢʪʨʫ ˁʝʛʦʚʦʛ 

ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ.  

ʇʨʠʨʦʜʘ ʥʘʩʪʘʥʢʘ ʛʣʘʩʘ ʢʘʦ ʧʨʦʮʝʩʘ ʧʨʦʣʘʩʢʘ ʧʦʙʫʜʥʝ ʚʘʟʜʫʰʥʝ ʩʪʨʫʿʝ ʢʨʦʟ ʦʨʛʘʥʝ 

ʛʦʚʦʨʥʦʛ ʪʨʘʢʪʘ ʫʢʘʟʫʿʝ ʥʘ ʢʦʥʚʦʣʫʪʠʚʥʫ ʧʨʠʨʦʜʫ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ. ʉʪʦʛʘ ʧʦʩʤʘʪʨʘʿʫ˂ʠ 

ʧʦʿʘʚʫ ʥʘʩʪʘʥʢʘ ʛʣʘʩʘ ʫ ʜʦʤʝʥʫ ʜʠʩʢʨʝʪʥʠʭ ʩʠʛʥʘʣʘ ʤʦʞʝ ʩʝ ʠʟʚʨʰʠʪʠ ˁʝʥ ʦʧʠʩ 

ʢʦʥʚʦʣʫʮʠʦʥʦʤ ʿʝʜʥʘʯʠʥʦʤ:  

() () ()nnens q*=                                                         (2.2)  

ʧʨʠ ʯʝʤʫ ()ns  ʧʨʝʜʩʪʘʚˀʘ ʨʝʟʫʣʪʘʥʪʥʠ ʛʦʚʦʨʥʠ ʩʠʛʥʘʣ ʪʿ. ʝʢʚʠʚʘʣʝʥʪ ʛʣʘʩʘ, )(ne  ʧʨʝʜʩʪʘʚˀʘ 

ʧʦʙʫʜʥʫ ʚʘʟʜʫʰʥʫ ʩʪʨʫʿʫ ʠ )(nq  ʦʟʥʘʯʘʚʘ ʠʤʧʫʣʩʥʠ ʦʜʟʠʚ ʦʨʛʘʥʘ ʛʦʚʦʨʥʦʛ ʪʨʘʢʪʘ. ʆʚʠʤ 

ʧʨʦʣʘʩʢʦʤ ʧʨʚʦʙʠʪʥʦ ʬʦʨʤʠʨʘʥʘ ʚʘʟʜʫʰʥʘ ʩʪʨʫʿʘ ʠʟ ʛʦʚʦʨʥʠʢʦʚʠʭ ʧʣʫ˂ʘ ʥʘ ʩʚʦʤ ʧʫʪʫ ʧʨʝʢʦ 

ʛʦʚʦʨʥʦʛ, ʥʘʟʘʣʥʦʛ ʪʨʘʢʪʘ ʠ ʫʩʘʥʘ ʩʘ ʢʦʿʠʭ ʩʝ ʝʤʠʪʫʿʝ ʫ ʦʢʦʣʥʠ ʧʨʦʩʪʦʨ, ʜʦʞʠʚˀʘʚʘ 

ʤʦʜʠʬʠʢʘʮʠʿʝ ʢʦʿʝ ʿʝ ʫ ʩʧʝʢʪʨʘʣʥʦʤ ʜʦʤʝʥʫ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʝ ʧʨʘʪʠʪʠ ʫ ʧʨʦʤʝʥʘʤʘ ʥʘ ˁʝʥʦʿ 

ʩʧʝʢʪʨʘʣʥʦʿ ʦʙʚʦʿʥʠʮʠ. ɼʦ ʩʘʟʥʘˁʘ ʦ ʙʦʿʠ ʛʣʘʩʘ ʧʦʪʨʝʙʥʦ ʿʝ ʜʦ˂ʠ ʥʘ ʦʩʥʦʚʫ ʧʦʟʥʘʚʘˁʘ 

ʦʙʚʦʿʥʠʮʝ ʩʧʝʢʪʨʘ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ. ʆʙʟʠʨʦʤ ʥʘ ʢʦʥʚʦʣʫʪʠʚʥʫ ʧʨʠʨʦʜʫ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ 

ʩʣʝʜʠ ʜʘ ˁʝʛʦʚ ʩʧʝʢʪʘʨ ʠʤʘ ʤʫʣʪʠʧʣʠʢʘʪʠʚʥʫ ʧʨʠʨʦʜʫ, ʜʘʢʣʝ ʩʧʝʢʪʘʨ ʧʦʙʫʜʥʝ ʚʘʟʜʫʰʥʝ 

ʩʪʨʫʿʝ ʿʝ ʘʤʧʣʠʪʫʜʩʢʠ ʤʦʜʫʣʠʩʘʥ ʧʨʝʥʦʩʥʦʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʦʤ ʦʨʛʘʥʘ ʛʦʚʦʨʥʦʛ ʪʨʘʢʪʘ:  

() () ()www QÖ=ES .                                                      (2.3)  

ɼʘ ʙʠ ʩʝ ʤʦʛʘʦ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʫʪʠʮʘʿ ʦʚʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʥʘ ʙʦʿʫ ʛʣʘʩʘ, ʧʨʚʝʥʩʪʚʝʥʦ ʧʨʝʥʦʩʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʨʛʘʥʘ ʛʦʚʦʨʥʦʛ ʪʨʘʢʪʘ )(wQ , ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʨʘʟʜʚʘʿʘˁʝ ʢʦʤʧʦʥʝʥʘʪʘ 
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ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʢʚʠʚʘʣʝʥʪʝ ʧʦʤʝʥʫʪʠʭ ʜʝʣʦʚʘ ʩʧʝʢʪʨʘ. ʉʫʰʪʠʥʘ ʨʝʰʝˁʘ ʿʝ ʫ 

ʣʦʛʘʨʠʪʤʦʚʘˁʫ ʩʧʝʢʪʨʘ ʰʪʦ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʢʘʦ ʢʝʧʩʪʨʫʤ. 

 

2.2.1. ʂʝʧʩʪʨʫʤ 

 

ʇʦʿʘʤ ʢʝʧʩʪʨʫʤʘ ʫ ʨʘʟʤʘʪʨʘʥʦʿ ʣʠʪʝʨʘʪʫʨʠ (Mßlgaard L Lasse et al., 2005) ʿʝ ʜʝʬʠʥʠʩʘʥ 

ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

() (){ }{ }nsFFnsc log1-= ,                 (2.4) 

ʧʨʠ ʯʝʤʫ F  ʦʜʛʦʚʘʨʘ ʜʠʩʢʨʝʪʥʦj ʌʫʨʠʿʝʦʚʦʿ ʪʨʘʥʩʬʦʨʤʘʮʠʿʠ (DFT) ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ 

ʩʠʛʥʘʣʘ ()ns , ʜʦʢ 1-F  ʧʨʝʜʩʪʘʚˀʘ ʠʥʚʝʨʟʥʫ DFT. ʈʝʰʝˁʝ ʟʘ ʦʜʚʘʿʘˁʝ ʢʦʤʧʦʥʝʥʘʪʘ ʢʦʿʝ 

ʦʜʛʦʚʘʨʘʿʫ ʧʦʙʫʜʥʦʤ ʩʠʛʥʘʣʫ ʦʜʥʦʩʥʦ ʧʨʝʥʦʩʥʦʿ ʢʘʨʘʢʪʝʨʠʩʪʠʮʠ ʛʦʚʦʨʥʠʭ ʦʨʛʘʥʘ ʫʩʣʝʜʠʣʦ 

ʿʝ ʠʟ ʯʠˁʝʥʠʮʝ ʜʘ ʣʦʛʘʨʠʪʘʤ ʧʨʦʠʟʚʦʜʘ ʜʚʝ ʢʦʤʧʦʥʝʥʪʝ ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʣʦʛʘʨʠʪʤʦʚʘʥʠʭ 

ʢʦʤʧʦʥʝʥʘʪʘ, ʪʝ ʧʨʠʤʝʥʦʤ ʣʦʛʘʨʠʪʤʘ ʥʘ ʘʤʧʣʠʪʫʜʩʢʠ ʩʧʝʢʪʘʨ ʤʥʦʞʝˁʝ ʩʝ ʧʨʝʚʦʜʠ ʫ 

ʩʘʙʠʨʘˁʝ ʠ ʜʦʙʠʿʘ ʩʝ ʘʜʠʪʠʚʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʣʦʛʘʨʠʪʤʦʚʘʥʠʭ ʘʤʧʣʠʪʫʜʩʢʠʭ ʩʧʝʢʪʨʘʣʥʠʭ 

ʢʦʤʧʦʥʝʥʘʪʘ:  

      () () () () () () ().loglogloglog w
q

wwwwww CeCEES +=Q+=QÖ=               (2.5)  

ʂʦʥʘʯʥʦ, ʧʨʠʤʝʥʦʤ ʠʥʚʝʨʟʥʝ ʌʫʨʠʿʝʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʜʦʙʠʿʘ ʩʝ ʢʝʧʩʪʨʘʣʥʘ ʧʨʝʜʩʪʘʚʘ 

ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ: 

                () () (){ } (){ } (){ } () ().111 ncnecCFeCFCeCFnsc
q

w
q

ww
q

w +=-+-=+-=           (2.6) 

ʋ ʦʙʣʠʢʫ ʩʠʛʥʘʣʘ ()ncS  ʫʦʯˀʠʚʝ ʩʫ ʦʙʣʘʩʪʠ ʫ ʢʦʿʠʤʘ ʜʦʤʠʥʠʨʘʿʫ ʝʢʚʠʚʘʣʝʥʪʠ 

ʠʤʧʫʣʩʥʝ ʚʘʟʜʫʰʥʝ ʧʦʙʫʜʝ ()nce  ʦʜʥʦʩʥʦ ʠʤʧʫʣʩʥʦʛ ʦʜʟʠʚʘ ʛʦʚʦʨʥʠʭ ʦʨʛʘʥʘ ()ncq . ʋʪʠʮʘʿ 

ʠʤʧʫʣʩʥʝ ʚʘʟʜʫʰʥʝ ʧʦʙʫʜʝ ʜʦʤʠʥʘʥʪʥʠʿʠ ʿʝ ʧʨʠ ʚʝ˂ʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʘʨʛʫʤʝʥʪʘ, ʦʜʥʦʩʥʦ 

ʚʠʰʠ ʢʝʧʩʪʨʘʣʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʫʛʣʘʚʥʦʤ ʥʦʩʝ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʧʦʙʫʜʥʦʤ ʩʠʛʥʘʣʫ ʪʿ. ʚʠʩʠʥʠ 

ʛʣʘʩʘ. ʀʟ ʪʦʛʘ ʩʣʝʜʠ ʜʘ ʿʝ ʨʘʜʠ ʠʟʜʚʘʿʘˁʘ ʜʝʣʘ ʢʦʿʠ ʥʦʩʠ ʦʙʝʣʝʞʿʘ ʚʝʟʘʥʘ ʟʘ ʙʦʿʫ ʛʣʘʩʘ 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʘ ʠʟ ʢʝʧʩʪʨʘʣʥʝ ʧʨʝʜʩʪʘʚʝ ʧʦʪʨʝʙʥʦ ʠʟʜʚʦʿʠʪʠ ʜʝʦ ʟʘ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ 

ʘʨʛʫʤʝʥʪʘ n. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʤʦʛʫ˂ʝ ʿʝ ʧʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʠʟʚʨʰʠʪʠ 

ʠʟʜʚʘʿʘˁʝ ʦʙʝʣʝʞʿʘ ʢʦʿʘ ʥʦʩʝ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʙʦʿʠ ʛʣʘʩʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ. 

 

2.2.2. ʄʝʣ-ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʢʝʧʩʪʨʘʣʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ (MFCCs) 

 

ʇʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʠ ʢʝʧʩʪʨʘʣʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʫ ʧʨʠʤʝʥʘʤʘ ʚʝʟʘʥʠʤ ʟʘ 

ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ. ʋ ʮʠˀʫ ʦʧʦʥʘʰʘˁʘ ˀʫʜʩʢʦʛ ʥʘʯʠʥʘ ʜʦʞʠʚˀʘʿʘ 

ʨʘʟʣʠʯʠʪʠʭ ʫʯʝʩʪʘʥʦʩʪʠ ʫʥʫʪʘʨ ʩʘʤʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ, ʫʯʝʩʪʘʥʦʩʪʠ ʩʝ 

ʧʦʩʤʘʪʨʘʿʫ ʫʥʫʪʘʨ ʤʝʣ ʩʢʘʣʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʜʦʣʘʟʠ ʩʝ ʜʦ ʧʦʿʤʘ ʤʝʣ-ʢʝʧʩʪʨʫʤʘ, ʢʦʿʠ ʩʝ ʨʘʯʫʥʘ 

ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʢʘʦ ʠ ʠʟʚʦʨʥʦ ʜʝʬʠʥʠʩʘʥʠ ʢʝʧʩʪʨʫʤ ʦʧʠʩʘʥ ʫ ʦʜʝˀʢʫ 2.2.1, ʩ ʪʠʤ ʰʪʦ ʿʝ 

ʬʨʝʢʚʝʥʪʥʘ ʩʢʘʣʘ ʪʨʘʥʩʬʦʨʤʠʩʘʥʘ ʫ ʤʝʣ ʩʢʘʣʫ.  

ʄʝʣ ʩʢʘʣʘ ʿʝ ʫʩʢʣʘʹʝʥʘ ʩʘ ˀʫʜʩʢʠʤ ʦʩʝ˂ʘʿʝʤ ʚʠʩʠʥʝ ʛʣʘʩʘ ʦʜʥʦʩʥʦ ˁʝʛʦʚʝ ʫʯʝʩʪʘʥʦʩʪʠ. 

ɳʝʥʦ ʜʦʙʠʿʘˁʝ ʩʝ ʚʨʰʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ, ʩʣʫʰʘʦʮʫ ʩʝ ʨʝʧʨʦʜʫʢʫʿʝ ʪʦʥ ʫʯʝʩʪʘʥʦʩʪʠ 1000 Hz 

ʠ ʢʘʦ ˁʝʛʦʚʦ ʟʘʧʘʞʘˁʝ ʦ ʚʠʩʠʥʠ ʦʚʦʛ ʪʦʥʘ ʩʝ ʙʝʣʝʞʠ ʚʨʝʜʥʦʩʪ ʦʜ 1000 mel, ʦʚʘ ʚʨʝʜʥʦʩʪ ʩʝ 

ʢʦʨʠʩʪʠ ʢʘʦ ʤʝʨʘ ʫʧʦʨʝʹʠʚʘˁʘ ʟʘ ʜʘˀʝ ʜʦʙʠʿʘˁʝ ʤʝʣ ʩʢʘʣʝ. ɿʘʪʠʤ ʩʝ ʫʯʝʩʪʘʥʦʩʪ ʪʦʥʘ 

ʧʦʚʝ˂ʘʚʘ ʩʚʝ ʜʦʢ ʩʣʫʰʘʣʘʮ ʥʝ ʧʨʠʤʝʪʠ ʜʘ ʪʦʥ ʢʦʿʠ ʩʣʫʰʘ ʠʤʘ ʜʫʧʣʦ ʚʝ˂ʫ ʚʠʩʠʥʫ ʦʜ ʫʧʦʨʝʜʥʝ 

ʚʨʝʜʥʦʩʪʠ ʠ ʪʘ ʚʠʩʠʥʘ ʩʝ ʦʟʥʘʯʘʚʘ ʚʨʝʜʥʦʰ˂ʫ 2000 mel. ʆʚʘʿ ʧʨʠʥʮʠʧ ʩʝ ʧʦʥʘʚˀʘ ʜʘˀʝ ʨʘʜʠ 

ʜʦʙʠʿʘˁʘ ʦʩʪʘʣʠʭ ʚʨʝʜʥʦʩʪʠ ʤʝʣ ʩʢʘʣʝ, ʢʘʢʦ ʟʘ ʚʨʝʜʥʦʩʪʠ ʚʝ˂ʝ ʦʜ 1000 mel ʪʘʢʦ ʠ ʟʘ ʤʘˁʝ 

ʚʨʝʜʥʦʩʪʠ, ʢʘʜʘ ʩʝ ʫʯʝʩʪʘʥʦʩʪ ʩʤʘˁʫʿʝ ʩʚʝ ʜʦʢ ʥʧʨ. ʩʣʫʰʘʣʘʮ ʥʝ ʟʘʧʘʟʠ ʜʘ ʿʝ ʪʦʥ ʜʫʧʣʦ ʥʠʞʠ 

ʦʜ ʨʝʬʝʨʝʥʪʥʦʛ ʠ ʪʘ ʚʨʝʜʥʦʩʪ ʩʝ ʦʟʥʘʯʘʚʘ ʢʘʦ 500 mel. ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʠʧʘʢ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ 

ʤʝʹʫʩʦʙʥʘ ʟʘʚʠʩʥʦʩʪ ʤʝʣʘ ʠ ʭʝʨʮʘ ʣʠʥʝʘʨʥʘ ʜʦ 500 Hz (ɱʦʚʠʯʠ˂ ʊ. ʉʣʦʙʦʜʘʥ, (1999.)) ʜʦʢ 

ʠʟʥʘʜ ʦʚʝ ʫʯʝʩʪʘʥʦʩʪʠ ʿʝʜʥʘʢʠʤ ʧʨʦʤʝʥʘʤʘ ʤʝʣʘ ʦʜʛʦʚʘʨʘ ʩʚʝ ʚʝ˂ʘ ʧʨʦʤʝʥʘ ʫ ʭʝʨʮʠʤʘ. ɼʘʢʣʝ 

ʟʘʚʠʩʥʦʩʪ ʦʩʝ˂ʘʿʘ ʚʠʩʠʥʝ ʟʚʫʢʘ ʫ ʤʝʣʠʤʘ ʠ ˁʝʛʦʚʝ ʫʯʝʩʪʘʥʦʩʪʠ ʫ ʭʝʨʮʠʤʘ ʣʠʥʝʘʨʥʘ ʿʝ ʜʦ 500 

Hz ʠʣʠ ʧʨʠʙʣʠʞʥʦ ʣʠʥʝʘʨʥʘ ʜʦ 1000 Hz, ʜʦʢ ʠʟʥʘʜ ʦʚʠʭ ʫʯʝʩʪʘʥʦʩʪʠ ʦʚʘ ʟʘʚʠʩʥʦʩʪ ʩʝ ʤʦʞʝ 
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ʩʤʘʪʨʘʪʠ ʧʨʠʙʣʠʞʥʦ ʣʦʛʘʨʠʪʘʤʩʢʦʤ ʠ ʯʝʩʪʦ ʩʝ ʘʧʨʦʢʩʠʤʠʨʘ ʿʝʜʥʘʢʦʰ˂ʫ (Wildermoth R. B., 

(2001.); Mßlgaard L L et al., (2005.)): 

[ ] [ ]
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log2595

Hzf
melf .                (2.7) 

ʅʘ ʦʩʥʦʚʫ ʜʝʬʠʥʠʮʠʿʝ ʢʝʧʩʪʨʫʤʘ, ʿʝʜʥʘʢʦʩʪ 2.4, ʠʟʨʘʯʫʥʘʚʘˁʝ MFCCs ʤʦʞʝ ʩʝ ʚʨʰʠʪʠ 

ʧʨʠʤʝʥʦʤ ʜʠʩʢʨʝʪʥʝ ʢʦʩʠʥʫʩʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʥʘ ʣʦʛʘʨʠʪʤʝ ʝʥʝʨʛʠʿʘ ʫʥʫʪʘʨ ʮʝʣʠʭ 

ʧʦʩʤʘʪʨʘʥʠʭ ʨʘʤʦʚʘ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ (Molau Sirko et al. (2001.)). ʏʝʰ˂ʝ ʩʝ ʬʨʝʢʚʝʥʪʥʠ ʦʧʩʝʛ 

ʦʜ ʠʥʪʝʨʝʩʘ ʜʝʣʠ ʘʫʜʠʪʦʨʥʠʤ ʢʨʠʪʠʯʥʠʤ ʦʧʩʝʟʠʤʘ (Lee Chulhee et al. (2003.); Lyon Richard F. 

et al. (2010.); Siafarikas Mihalis et al. (2007.)). ʇʦʩʪʦʿʘˁʝ ʘʫʜʠʪʦʨʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʿʝ 

ʪʘʢʦʹʝ ʦʩʦʙʠʥʘ ʢʦʿʘ ʫʩʣʦʚˀʘʚʘ ˀʫʜʩʢʠ ʜʦʞʠʚˀʘʿ ʨʘʟʣʠʯʠʪʠʭ ʫʯʝʩʪʘʥʦʩʪʠ. ʆʚʘ ʧʦʿʘʚʘ ʿʝ 

ʚʝʟʘʥʘ ʟʘ ʯʫʿʥʠ ʜʦʞʠʚˀʘʿ ʩʣʫʰʘʦʮʘ ʧʨʠʣʠʢʦʤ ʩʣʫʰʘˁʘ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʪʦʥʘ ʥʘ ʨʘʟʣʠʯʠʪʠʤ 

ʫʯʝʩʪʘʥʦʩʪʠʤʘ. ɼʘʢʣʝ ʫʢʦʣʠʢʦ ʩʝ ʩʣʫʰʘʦʮʫ ʧʫʩʪʠ ʪʦʥ ʫʯʝʩʪʘʥʦʩʪʠ 1f  ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʯʫʿʥʦʤ 

ʦʧʩʝʛʫ ʪʘʜʘ ʩʣʫʰʘʣʘʮ ʠʤʘ ʜʦʞʠʚˀʘʿ ʚʠʩʠʥʝ ʪʦʥʘ ʫ ʩʢʣʘʜʫ ʩʘ ʤʝʣ ʩʢʘʣʦʤ ʠ ʿʝʜʥʘʢʦʰ˂ʫ 2.7. 

ʋʢʦʣʠʢʦ ʩʝ ʧʦʨʝʜ ʪʦʛ ʪʦʥʘ ʧʫʩʪʠ ʜʨʫʛʠ ʪʦʥ ʫʯʝʩʪʘʥʦʩʪʠ 2f  ʪʘʜʘ ʟʚʫʯʥʠ ʜʦʞʠʚˀʘʿ ʩʣʫʰʘʦʮʘ 

ʟʘʚʠʩʠ ʦʜ ʤʝʹʫʩʦʙʥʝ ʬʨʝʢʚʝʥʪʥʝ ʙʣʠʩʢʦʩʪʠ ʦʚʘ ʜʚʘ ʪʦʥʘ. ʅʘʠʤʝ ʫʢʦʣʠʢʦ ʿʝ ʬʨʝʢʚʝʥʪʥʠ 

ʨʘʟʤʘʢ ʪʦʥʦʚʘ ʜʦʚʦˀʥʦ ʤʘʣʠ ʪʘʢʦ ʜʘ ʩʝ ʥʘʣʘʟʝ ʫʥʫʪʘʨ ʠʩʪʦʛ ʢʨʠʪʠʯʥʦʛ ʯʫʿʥʦʛ ʦʧʩʝʛʘ ʜʦʣʘʟʠ 

ʜʦ ʧʦʿʘʚʝ ʤʘʩʢʠʨʘˁʘ ʠ ʩʣʫʰʘʣʘʮ ʯʫʿʝ ʪʦʥ ʫʯʝʩʪʘʥʦʩʪʠ 1f  ʧʦʚʝ˂ʘʥʝ ʛʣʘʩʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ 

ˁʝʛʦʚʫ ʠʟʚʦʨʥʫ ʛʣʘʩʥʦʩʪ ʫ ʩʢʣʘʜʫ ʩʘ ʧʦʩʪʦʿʘˁʝʤ ʪʦʥʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ 2f , ʜʘʢʣʝ ʪʦʥ ʥʘ 

ʫʯʝʩʪʘʥʦʩʪʠ 2f  ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʘʤʦ ʧʦʚʝ˂ʘʚʘ ʛʣʘʩʥʦʩʪ ʪʦʥʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ 1f . ʋʢʦʣʠʢʦ ʿʝ 

ʬʨʝʢʚʝʥʪʥʠ ʨʘʟʤʘʢ ʦʚʠʭ ʪʦʥʦʚʘ ʚʝ˂ʠ ʦʜ ʰʠʨʠʥʝ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʪʘʜʘ ʩʣʫʰʘʣʘʮ ʯʫʿʝ 

ʜʚʘ ʪʦʥʘ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ. ɼʘʢʣʝ ʯʫʿʥʠ ʜʦʞʠʚˀʘʿ 

ʩʣʫhʘʦʮʘ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʦʚʝ ʧʦʿʘʚʝ, ʢʦʿʠ ʩʝ ʦʛʣʝʜʘ ʫ ʪʦʤʝ ʜʘ ʣʠ ˂ʝ ʩʣʫʰʘʣʘʮ ʯʫʪʠ ʪʦʥ 

ʧʦʚʝ˂ʘʥʝ ʛʣʘʩʥʦʩʪʠ ʠʣʠ ʜʚʘ ʪʦʥʘ ʨʘʟʣʠʯʠʪʠʭ ʚʠʩʠʥʘ ʟʘʚʠʩʠ ʦʜ ʪʦʥʘ ʢʦʿʠ ʿʝ ʧʨʚʠ ʥʘʩʪʫʧʠʦ ʢʘʦ 

ʠ ʦʜ ʤʝʹʫʩʦʙʥʦʛ ʧʦʣʦʞʘʿʘ ʦʚʠʭ ʪʦʥʦʚʘ ʥʘ ʬʨʝʢʚʝʥʪʥʦʿ ʩʢʘʣʠ. ʇʨʝʤʘ ʪʦʤʝ ʟʘ ʧʦʩʪʦʿʝ˂ʠ ʪʦʥ ʫ 

ʦʜʨʝʹʝʥʦʤ ʯʫʿʥʦʤ ʢʨʠʪʠʯʥʦʤ ʦʧʩʝʛʫ ʦʥʦ ʰʪʦ ʿʝ ʩʚʦʿʩʪʚʝʥʦ ʜʦʞʠʚˀʘʿʫ ʩʣʫʰʘʦʮʘ ʦʛʣʝʜʘ ʩʝ ʫ 

ʛʣʘʩʥʦʩʪʠ ʢʦʿʫ ʦʥ ʤʦʞʝ ʯʫʪʠ, ʦʙʟʠʨʦʤ ʥʘ ʦʩʦʙʠʥʝ ʦʨʛʘʥʘ ʯʫʣʘ ʩʣʫʭʘ. ʏʫʿʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ 

ʩʝ ʧʨʝʤʘ ʪʦʤʝ ʤʦʛʫ ʦʧʠʩʘʪʠ ʠ ʝʥʝʨʛʠʿʦʤ ʢʦʿʫ ʩʘʜʨʞʝ. ʋ (Wildermoth R. B., (2001.)) ʨʘʜʠ 

ʠʟʨʘʯʫʥʘʚʘˁʘ M ʤʝʣ-ʬʨʝʢʚʝʥʪʥʠʭ ʢʝʧʩʪʨʘʣʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ (ʝʥʛ. Mel-Frequency Cepstral 

Coefficients ï MFCCs) ʧʨʠʤʝˁʝʥʘ ʿʝ ʢʦʩʠʥʫʩʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʥʘ ʣʦʛʘʨʠʪʤʝ ʝʥʝʨʛʠʿʘ ʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʘʫʜʠʪʦʨʥʠʤ ʢʨʠʪʠʯʥʠʤ ʦʧʩʝʟʠʤʘ: 
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ʧʨʠ ʯʝʤʫ L ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʢʦʨʠʰ˂ʝʥʠʭ ʬʠʣʪʘʨʩʢʠʭ ʩʝʢʮʠʿʘ ʠ kX  ʣʦʛʘʨʠʪʘʤ ʝʥʝʨʛʠʿʝ 

ʫʥʫʪʘʨ k-ʪʝ ʬʠʣʪʘʨʩʢʝ ʩʝʢʮʠʿʝ. ʌʠʣʪʘʨʩʢʝ ʩʝʢʮʠʿʝ ʩʫ ʤʝʹʫʩʦʙʥʦ ʠʩʪʝ ʰʠʨʠʥʝ ʫ ʤʝʣʠʤʘ ʠ 

ʩʠʤʫʣʠʨʘʿʫ ʘʫʜʠʪʦʨʥʝ ʢʨʠʪʠʯʥʝ ʦʧʩʝʛʝ.  

ʆʙʟʠʨʦʤ ʜʘ ʩʝ ʘʫʜʠʪʦʨʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ ʦʧʦʥʘʰʘʿʫ ʥʠʟʦʤ ʬʠʣʪʘʨʩʢʠʭ ʩʝʢʮʠʿʘ ʪʿ. ʤʝʣ 

ʬʠʣʪʘʨ-ʙʘʥʢʦʤ, ʟʘ ʠʟʨʘʯʫʥʘʪʝ ʢʦʝʬʠʮʠʿʝʥʪʝ ʧʦʤʦ˂ʫ ʿʝʜʥʘʢʦʩʪʠ 2.8 ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʫ 

ʣʠʪʝʨʘʪʫʨʠ ʠ ʥʘʟʠʚ ʤʝʣ ʬʠʣʪʘʨ-ʙʘʥʢʘ ʢʝʧʩʪʨʘʣʥʠ ʢʦʝʬʠʿʝʥʪʠ (ʝʥʛ. Mel Filter-bank Cepstral 

Coefficients ï MFCCs). ʋ ʨʘʟʣʠʯʠʪʠʤ ʨʘʜʦʚʠʤʘ ʤʦʞʝ ʩʝ ʥʘʠ˂ʠ ʥʘ ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ 

ʰʠʨʠʥʝ ʬʠʣʪʘʨʩʢʠʭ ʩʝʢʮʠʿʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ. ʆʙʠʯʥʦ ʿʝ ˁʠʭʦʚ ʙʨʦʿ ʚʝ˂ʠ ʠʣʠ ʿʝʜʥʘʢ 20, ʪʘʢʦ 

ʜʘ ʿʝ ʫ (Wildermoth R. B., (2001.)) ʢʦʨʠʰ˂ʝʥʦ 20 ʬʠʣʪʘʨʩʢʠʭ ʩʝʢʮʠʿʘ ʧʨʠʙʣʠʞʥʝ ʰʠʨʠʥʝ ʧʦ 

300 mel ʧʨʠ ʯʝʤʫ ʩʫ ʩʫʩʝʜʥʝ ʬʠʣʪʘʨʩʢʝ ʩʝʢʮʠʿʝ ʙʠʣʝ ʤʝʹʫʩʦʙʥʦ ʧʦʤʝʨʝʥʝ ʟʘ ʧʦ 150 mel, ʫ 

(Mßlgaard L L et al., (2005.)) ʿʝ ʧʨʠʤʝˁʝʥʦ 29 ʬʠʣʪʘʨʩʢʠʭ ʬʫʥʢʮʠʿʘ ʥʘ ʦʧʩʝʛʫ ʦʜ 8 kHz (ʩʣʠʢʘ 

2.4), ʜʦʢ ʿʝ ʫ (Quarteri F. Thomas, (2002.)) ʜʘʪ ʧʨʝʜʣʦʛ ʫʧʦʪʨʝʙʝ 24 ʬʠʣʪʘʨʩʢʝ ʩʝʢʮʠʿʝ ʥʘ 

ʦʧʩʝʛʫ ʦʜ 4 kHz. ʂʘʢʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 2.4 ʘʤʧʣʠʪʫʜʩʢʠ ʩʧʝʢʪʘʨ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ 

ʩʠʛʥʘʣʘ ʩʝ ʬʠʣʪʨʠʨʘ ʥʠʟʦʤ ʬʠʣʪʘʨʩʢʠʭ ʬʫʥʢʮʠʿʘ ʪʨʦʫʛʘʥʠʭ ʘʤʧʣʠʪʫʜʩʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʯʠʿʝ ʩʫ ʮʝʥʪʨʘʣʥʝ ʫʯʝʩʪʘʥʦʩʪʠ ʠ ʧʨʦʧʫʩʥʠ ʦʧʩʝʟʠ ʫ ʩʢʣʘʜʫ ʩʘ ʘʫʜʠʪʦʨʥʠʤ ʢʨʠʪʠʯʥʠʤ 

ʦʧʩʝʟʠʤʘ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠʤ ʟʘ ʧʨʠʤʝʥʫ ʫ ʜʘʪʦʤ ʩʣʫʯʘʿʫ. ʇʦʨʝʜ ʪʨʦʫʛʘʦʥʝ ʧʨʝʥʦʩʥʝ 

ʘʤʧʣʠʪʫʜʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʠ ʬʠʣʪʘʨ-ʙʘʥʢʘ ʯʠʿʠ ʬʠʣʪʨʠ ʠʤʘʿʫ 

ʧʨʘʚʦʫʛʘʦʥʝ ʘʤʧʣʠʪʫʜʩʢʝ ʧʨʝʥʦʩʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ (Lee Chulhee et al., (2003.)). ʅʫʣʪʠ 
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ʢʝʧʩʪʨʘʣʥʠ ʢʦʝʬʠʮʠʿʝʥʪ 0c , ʧʨʝʜʩʪʘʚˀʘ ʝʢʚʠʚʘʣʝʥʪ ʩʨʝʜˁʝ ʩʥʘʛʝ ʧʦʩʤʘʪʨʘʥʦʛ ʨʘʤʘ. ʏʝʩʪʦ ʩʝ 

ʧʨʠʣʠʢʦʤ ʜʝʬʠʥʠʩʘˁʘ ʩʢʫʧʘ ʤʝʣ-ʢʝʧʩʪʨʘʣʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ ʦʙʝʣʝʞʿʘ 

ʝʢʩʧʣʠʮʠʪʥʦ ʥʘʚʦʜʠ ʜʘ ʣʠ ʩʝ ʦʚʘʿ ʢʦʝʬʠʮʠʿʝʥʪ ʫʟʠʤʘ ʫ ʚʝʢʪʦʨ ʦʙʝʣʝʞʿʘ ʠʣʠ ʥʝ. ʋ ʩʣʫʯʘʿʫ ʜʘ 

ʩʝ ʦʥ ʥʝ ʢʦʨʠʩʪʠ ʫ ʦʢʚʠʨʫ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʦʥʜʘ ʩʝ ˁʝʛʦʚʘ ʚʨʝʜʥʦʩʪ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠ ʠ ʢʘʦ 

ʥʦʨʤʘʣʠʟʘʮʠʦʥʠ ʬʘʢʪʦʨ ʟʘ ʦʩʪʘʣʝ MFCCs. ʂʦʝʬʠʮʠʿʝʥʪ 1c  ʨʝʬʣʝʢʪʫʿʝ ʧʨʝʨʘʩʧʦʜʝʣʫ ʝʥʝʨʛʠʿʝ 

ʠʟʤʝʹʫ ʚʠʰʠʭ ʠ ʥʠʞʠʭ ʫʯʝʩʪʘʥʦʩʪʠ ʜʦʢ ʦʩʪʘʣʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʧʨʠʢʘʟʫʿʫ ʬʠʥʠʿʝ ʩʧʝʢʪʨʘʣʥʝ 

ʜʝʪʘˀʝ ʨʘʤʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ. 

 
ʉʣʠʢʘ 2.4. ʇʨʠʤʝʨ ʨʘʩʧʦʨʝʜʘ 29 ʤʝʣ ʬʠʣʪʘʨʩʢʠʭ ʩʝʢʮʠʿʘ (Mßlgaard L L et al., (2005.)).    

 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʩʫ ʥʠʞʠ MFCCs ʥʘʨʫʰʝʥʠ ʧʦʩʪʦʿʘˁʝʤ ʩʧʦʨʦʧʨʦʤʝʥˀʠʚʦʛ 

ʘʜʠʪʠʚʥʦʛ ʰʫʤʘ ʢʘʦ ʠ ʜʘ ʩʫ MFCCs ʚʠʰʝʛ ʨʝʜʘ ʤʘˁʝ ʙʠʪʥʠ ʟʘ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ 

ʛʦʚʦʨʥʠʢʘ, ʫ ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʙʦˀʠʭ ʤʦʛʫ˂ʥʦʩʪʠ ʠʟʨʘʯʫʥʘʪʠʭ M  MFCCs ʤʦʞʝ ʩʝ ʠʟʚʨʰʠʪʠ 

ˁʠʭʦʚʦ ʧʦʥʜʝʨʠʩʘˁʝ ʪʟʚ. ʣʠʬʪʝʨ ʧʨʦʟʦʨʩʢʦʤ ʬʫʥʢʮʠʿʦʤ (Wildermoth R. B., (2001.)): 
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ʯʠʤʝ ʩʝ ʚʨʰʠ ʫʤʘˁʠʚʘˁʝ ʫʪʠʮʘʿʘ ʥʠʞʠʭ ʢʘʦ ʠ ʚʠʰʠʭ MFCCs. 

ʏʝʩʪʦ ʩʝ MFCCs ʢʘʨʘʢʪʝʨʠʰʫ ʢʘʦ ʦʙʝʣʝʞʿʘ ʥʠʩʢʦʛ ʥʠʚʦʘ (Bimbot Fr®d®ric et al., (2004.)) 

ʢʦʿʘ ʩʫ ʧʨʚʝʥʩʪʚʝʥʦ ʧʦʩʣʝʜʠʮʘ ʘʥʘʪʦʤʩʢʠʭ ʦʩʦʙʝʥʦʩʪʠ ʛʦʚʦʨʥʠʢʘ. ʋ ʦʜʥʦʩʫ ʥʘ ʪʘʢʚʫ 

ʢʘʪʝʛʦʨʠʟʘʮʠʿʫ ʦʙʝʣʝʞʿʘ, ʧʦʨʝʜ ʦʙʝʣʝʞʿʘ ʥʠʩʢʦʛ ʥʠʚʦʘ ʜʝʬʠʥʠʰʫ ʩʝ ʠ ʧʨʦʟʦʜʠʿʩʢʘ ʠ 

ʦʙʝʣʝʞʿʘ ʚʠʩʦʢʦʛ ʥʠʚʦʘ. ʆʩʦʙʝʥʦʩʪ ʦʙʝʣʝʞʿʘ ʥʠʩʢʦʛ ʥʠʚʦʘ ʦʛʣʝʜʘ ʩʝ ʫ ʪʦʤʝ ʜʘ ʩʝ ʦʥʘ 

ʜʦʙʠʿʘʿʫ ʥʘ ʦʩʥʦʚʫ ʩʧʝʢʪʨʘʣʥʝ ʘʥʘʣʠʟʝ ʢʨʘʪʢʦʪʨʘʿʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʩʝʛʤʝʥʘʪʘ ʫ ʧʦʩʤʘʪʨʘʥʠʤ 

ʛʦʚʦʨʥʠʤ ʩʠʛʥʘʣʠʤʘ. ʂʨʘʪʢʦʪʨʘʿʥʠ ʚʨʝʤʝʥʩʢʠ ʩʝʛʤʝʥʪʠ ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ 

ʠʟʜʚʘʿʘʿʫ ʩʝ ʠʟ ʠʟʚʦʨʥʠʭ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ ʫʟʘʩʪʦʧʥʦʤ ʧʨʠʤʝʥʦʤ ʠʟʘʙʨʘʥʝ ʧʨʦʟʦʨʩʢʝ 

ʬʫʥʢʮʠʿʝ ʥʘʜ ˁʠʤʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʚʨʝʤʝʥʩʢʫ ʩʧʦʨʦʧʨʦʤʝʥˀʠʚʦʩʪ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʤʦʞʝ 

ʩʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ˁʝʛʦʚʘ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʩʪ ʫʥʫʪʘʨ ʢʨʘʪʢʠʭ ʚʨʝʤʝʥʩʢʠʭ ʠʥʪʝʨʚʘʣʘ. 

ʂʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʩʪ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʫ ʧʦʩʤʘʪʨʘʥʝ ʦʩʦʙʠʥʝ ʪʿ. ʦʙʝʣʝʞʿʘ 

ʛʦʚʦʨʘ ʢʦʿʘ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʨʘʯʫʥʘʪʠ, ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʝʪʭʦʜʥʠʤ ʠʟʣʘʛʘˁʝʤ ʪʦ ʙʠ ʙʠʣʠ MFCCs, 

ʧʨʠʙʣʠʞʥʦ ʢʦʥʩʪʘʥʪʥʝ ʫʥʫʪʘʨ ʪʠʭ ʚʨʝʤʝʥʩʢʠʭ ʠʥʪʝʨʚʘʣʘ. ʋʛʣʘʚʥʦʤ ʩʝ ʫ ʨʘʜʦʚʠʤʘ 

ʧʨʠʤʝˁʫʿʝ ʪʨʘʿʘˁʝ ʦʚʠʭ ʩʝʛʤʝʥʘʪʘ ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ 20 ʜʦ 30 ms (Kinnunen T., Haizhou L., 

(2010.)). ʊʦ ʟʥʘʯʠ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʧʨʦʟʦʨʠʨʘˁʘ ʫʣʘʟʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ 

A(F) 
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ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʧʨʦʟʦʨʩʢʦʤ ʬʫʥʢʮʠʿʦʤ ʯʠʿʝ ʿʝ ʪʨʘʿʘˁʝ ʫ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʦʤ ʚʨʝʤʝʥʩʢʦʤ 

ʠʥʪʝʨʚʘʣʫ. ʆʚʘ ʬʫʥʢʮʠʿʘ ʪʨʝʙʘ ʜʘ ʠʩʧʦˀʘʚʘ ʰʪʦ ʤʘˁʝ ʩʧʝʢʪʨʘʣʥʦ ʮʫʨʝˁʝ, ʦʜʥʦʩʥʦ ʧʦʪʨʝʙʥʦ 

ʿʝ ʜʘ ʿʝ ʦʥʦ, ʦʜʥʦʩʥʦ ʙʦʯʥʠ ʣʦʙʦʚʠ ʧʨʠʤʝˁʝʥʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ, ʠʩʧʦʜ ʜʠʥʘʤʠʢʝ ʛʦʚʦʨʥʦʛ 

ʩʠʛʥʘʣʘ. ʆʚʘʿ ʫʩʣʦʚ ʟʘʜʦʚʦˀʘʚʘʿʫ ʍʘʥʠʥʛʦʚʘ ʦʜʥʦʩʥʦ ʍʘʤʠʥʛʦʚʘ ʧʨʦʟʦʨʩʢʘ ʬʫʥʢʮʠʿʘ: 

() ,
1

2
cos46.054.0 ö

÷

õ
æ
ç

å

-
Ö-=

N

n
n

p
w  10 -¢¢ Nn ,             (2.10) 

ʪʝ ʩʝ ʢʘʦ ʪʘʢʚʘ ʦʥʘ ʚʨʣʦ ʯʝʩʪʦ ʢʦʨʠʩʪʠ ʧʨʠʣʠʢʦʤ ʜʠʛʠʪʘʣʥʝ ʦʙʨʘʜʝ ʘʫʜʠʦ ʩʠʛʥʘʣʘ. 

ʀʘʢʦ ʧʨʠʤʝʥʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʢʨʦʟ ʧʨʠʤʝʥʫ ʧʦʩʪʫʧʘʢʘ ʙʨʟʝ ʌʫʨʠʿʝʦʚʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ (ʝʥʛ. Fast Fourier Transform ï FFT) ʟʥʘʯʘʿʥʦ ʫʙʨʟʘʚʘʿʫ ʧʦʩʪʫʧʘʢ ʠʟʜʚʘʿʘˁʘ 

ʦʙʝʣʝʞʿʘ, ʠʧʘʢ ʫ ʠʟʚʝʩʥʦʿ ʤʝʨʠ ʠ ʥʘʨʫʰʘʚʘʿʫ ʩʘʤʘ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ. ʈʘʜʠ ʩʤʘˁʠʚʘˁʘ ʪʦʛ 

ʫʪʠʮʘʿʘ ʧʨʦʟʦʨʠʨʘˁʘ ʥʘ ʦʙʝʣʝʞʿʘ ʢʦʿʘ ʪʨʝʙʘ ʠʟʜʚʦʿʠʪʠ, ʚʨʰʠ ʩʝ ʤʝʹʫʩʦʙʥʦ ʜʝʣʠʤʠʯʥʦ 

ʧʨʝʢʣʘʧʘˁʝ ʩʫʩʝʜʥʠʭ ʧʨʦʟʦʨʘ ʥʘ 30-50% ʩʚʦʛ ʪʨʘʿʘˁʘ. ʆʚʦ ʩʝ ʧʦʩʪʠʞʝ ʪʘʢʦ ʰʪʦ ʩʝ ʧʦʯʝʪʘʢ 

ʩʚʘʢʝ ʥʘʨʝʜʥʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʫ ʧʦʤʝʨʘ ʫʥʘʧʨʝʜ ʟʘ 10 ms ʜʦ 20 ms. 

ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʚʘʢʠ ʛʦʚʦʨʥʠ ʩʝʛʤʝʥʪ (ʨʘʤ) ʪʿ. ʧʨʦʟʦʨ ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ ʩʝ 

ʧʨʝʜʩʪʘʚˀʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʚʝʢʪʦʨʦʤ ʤʝʣ-ʬʨʝʢʚʝʥʪʥʠʭ ʢʝʧʩʪʨʘʣʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ. 

ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʥʘʫʯʝʥʠʭ ʠ ʤʠʩʘʦʥʠʭ ʧʨʦʮʝʩʘ, ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʠ ʪʟʚ. ʦʙʝʣʝʞʿʘ ʚʠʰʝʛ 

ʥʠʚʦʘ (Bimbot Fr®d®ric et al., (2004.)), ʢʦʿʘ ʫ ʦʙʟʠʨ ʫʟʠʤʘʿʫ ʢʘʢʦ ʨʝʯʠ ʢʦʿʝ ʧʦʩʤʘʪʨʘʥʠ 

ʛʦʚʦʨʥʠʢ ʢʦʨʠʩʪʠ ʪʘʢʦ ʠ ʧʨʦʟʦʜʠʿʩʢʝ ʦʩʦʙʝʥʦʩʪʠ ˁʝʛʦʚʦʛ ʛʦʚʦʨʘ. ʋ ʦʜʥʦʩʫ ʥʘ ʜʫʞʠʥʝ 

ʩʝʛʤʝʥʘʪʘ ʛʦʚʦʨʘ ʢʦʿʠ ʩʝ ʘʥʘʣʠʟʠʨʘʿʫ ʨʘʜʠ ʠʟʨʘʯʫʥʘʚʘˁʘ MFCCs, ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʝ 

ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʧʨʦʟʦʜʠʿʠ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʘ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʘʥʘʣʠʟʫ ʜʫʞʠʭ 

ʚʨʝʤʝʥʩʢʠʭ ʩʝʛʤʝʥʘʪʘ ʢʘʦ ʰʪʦ ʩʫ: ʩʣʦʛʦʚʠ, ʨʝʯʠ ʠ ʠʩʢʘʟʠ ʠ ʥʘ ʦʩʥʦʚʫ ˁʠʭʦʚʝ ʘʥʘʣʠʟʝ 

ʧʨʦʮʝʥʠʪʠ ʥʘʯʠʥ ʫʩʤʝʥʦʛ ʠʟʨʘʞʘʚʘˁʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ. ʆʙʟʠʨʦʤ ʜʘ ʦʙʝʣʝʞʿʘ ʚʠʰʝʛ 

ʥʠʚʦʘ ʫ ʦʙʟʠʨ ʫʟʠʤʘʿʫ ʨʝʯʥʠʢ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʩʣʝʜʠ ʜʘ ʿʝ ʨʘʜʠ ˁʠʭʦʚʦʛ ʦʙʝʟʙʝʹʠʚʘˁʘ 

ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʩʧʨʝʛʫ ʠʟʤʝʹʫ ʩʠʩʪʝʤʘ ʟʘ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʠ 

ʧʨʝʧʦʟʥʘʚʘˁʝ ʩʘʤʦʛ ʛʦʚʦʨʘ.    

ʇʨʠʣʠʢʦʤ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʫ ʦʚʦʤ ʨʘʜʫ ʩʫ ʢʘʦ 

ʦʙʝʣʝʞʿʘ ʢʦʿʘ ʦʧʠʩʫʿʫ ʦʙʚʦʿʥʠʮʫ ʩʧʝʢʪʨʘ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʢʦʨʠʰ˂ʝʥʠ MFCCs. ʂʘʦ ʪʘʢʚʠ 

MFCCs ʟʘʚʠʩʝ ʠ ʦʜ ʙʦʿʝ ʛʣʘʩʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ. MFCCs ʨʘʯʫʥʘʪʠ ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʢʦʩʪʠ 

2.8 ʟʘʚʠʩʝ ʦʜ ʝʥʝʨʛʠʿʝ ʫʥʫʪʘʨ ʧʦʩʤʘʪʨʘʥʠʭ ʘʫʜʠʪʦʨʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ 

ʯʠˁʝʥʠʮʫ ʜʘ ʦʚʘ ʦʙʝʣʝʞʿʘ ʥʠʩʫ ʟʘʚʠʩʥʘ ʩʘʤʦ ʦʜ ʙʦʿʝ ʛʣʘʩʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ. ɽʥʝʨʛʠʿʘ 

ʢʦʿʫ ʥʦʩʠ ʛʦʚʦʨʥʠ ʩʠʛʥʘʣ ʟʘʚʠʩʠ ʦʜ ʨʘʩʧʦʨʝʜʘ ʬʦʥʝʤʘ ʫ ˁʝʤʫ, ʪʿ. ʦʜ ʪʝʢʩʪʫʘʣʥʝ ʩʘʜʨʞʠʥʝ 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʘ. ʄʦʞʝ ʩʝ ʦʯʝʢʠʚʘʪʠ ʜʘ ʪʝʢʩʪʫʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʤʝʣ-ʬʨʝʢʚʝʥʪʥʠʭ 

ʢʝʧʩʪʨʘʣʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫʪʠʯʝ ʥʘ ʧʦʚʝ˂ʘˁʝ ʨʘʟʣʠʢʦʚʘˁʘ ʦʚʠʭ ʦʙʝʣʝʞʿʘ ʟʘ ʠʩʪʦʛ 

ʛʦʚʦʨʥʠʢʘ, ʯʠʤʝ ʩʝ ʫ ʠʟʚʝʩʥʦʿ ʤʝʨʠ ʦʜʩʪʫʧʘ ʦʜ ʧʨʚʦʛ ʥʘʚʝʜʝʥʦʛ ʟʘʭʪʝʚʘ ʢʦʿʠ ʩʝ ʧʦʩʪʘʚˀʘ 

ʧʨʝʜ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʥʠʢʘ. ʉʣʝʜʠ ʜʘ MFCCs ʥʠʩʫ ʠʜʝʘʣʥʘ ʦʙʝʣʝʞʿʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʤʦʞʝ 

ʠʟʚʨʰʠʪʠ ʨʘʟʣʠʢʦʚʘˁʝ ʛʦʚʦʨʥʠʢʘ. ʉʪʦʛʘ ʩʝ ʨʘʜʠ ʜʦʙʠʿʘˁʘ ʫʩʧʝʰʥʠʿʝʛ ʩʢʫʧʘ ʦʙʝʣʝʞʿʘ ʤʦʛʫ 

ʩʧʨʦʚʝʩʪʠ ʜʦʜʘʪʥʝ ʧʦʧʨʘʚʢʝ ʥʘ ʠʟʚʦʨʥʦ ʠʟʨʘʯʫʥʘʪʝ MFCCs ʧʦʤʦ˂ʫ ʿʝʜʥʘʢʦʩʪʠ 2.8. ɱʝʜʘʥ ʦʜ 

ʥʘʯʠʥʘ ʩʝ ʦʛʣʝʜʘ ʫ ʧʨʠʤʝʥʠ ʦʜʨʝʹʝʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʥʘ ʧʨʝʪʭʦʜʥʦ ʠʟʨʘʯʫʥʘʪʝ MFCCs (Wu 

Dalei et al., (2008.)). ʋ ʩʣʝʜʝ˂ʝʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥ ʿʝ ʫʪʠʮʘʿ ʧʨʠʤʝʥʝ ʧʦʩʪʫʧʢʘ ʘʥʘʣʠʟʝ 

ʛʣʘʚʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ (ʝʥʛ. Principal Component Analisys ï PCA). ɼʨʫʛʠ ʧʦʩʪʫʧʘʢ ʙʠ ʤʦʛʘʦ 

ʙʠʪʠ ʟʘʩʥʦʚʘʥ ʥʘ ʜʝʪʘˀʥʠʿʝʤ ʨʘʟʤʘʪʨʘˁʫ ʫʪʠʮʘʿʘ ʧʦʿʝʜʠʥʠʭ ʯʠʥʠʦʮʘ ʥʘ ʨʝʟʫʣʪʫʿʫ˂ʝ MFCCs, 

ʢʘʦ ʰʪʦ ʩʫ ʦʙʣʠʢ ʘʫʜʠʪʦʨʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʠ ʝʥʝʨʛʠʿʘ ʦʙʫʭʚʘ˂ʝʥʘ ʫ ˁʠʤʘ.     

 

2.2.3. ɼʠʥʘʤʠʯʢʘ ʦʙʝʣʝʞʿʘ 

 

ɼʘ ʙʠ ʩʝ ʦʧʠʩʘʣʘ ʧʨʦʤʝʥʘ MFCCs ʫ ʚʨʝʤʝʥʫ ʫʚʝʜʝʥʘ ʩʫ ʜʠʥʘʤʠʯʢʘ ʦʙʝʣʝʞʿʘ. ʅʘ ʦʚʘʿ 

ʥʘʯʠʥ ʢʦʨʠʰ˂ʝʥʘ ʦʙʝʣʝʞʿʘ ʜʠʨʝʢʪʥʦ ʥʦʩʝ ʠ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʧʨʦʤʝʥʘʤʘ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ 

ʨʘʤʦʚʘ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ ʘʥʘʣʠʟʠʨʘʿʫ. ʆʚʘ ʠʥʬʦʨʤʘʮʠʿʘ ʿʝ ʩʘʜʨʞʘʥʘ ʫʥʫʪʘʨ ʩʘʤʠʭ 

MFCCs ʪʘʢʦ ʜʘ ʩʝ ʤʦʞʝ ʨʝ˂ʠ ʠ ʜʘ ʩʫ ʜʠʥʘʤʠʯʢʘ ʦʙʝʣʝʞʿʘ ʩʫʚʠʰʥʘ ʪʿ. ʨʝʜʫʥʜʘʥʪʥʘ. ʈʘʜʠ 

ʠʟʨʘʯʫʥʘʚʘˁʘ ʦʚʠʭ ʦʙʝʣʝʞʿʘ ʢʦʨʠʩʪʝ ʩʝ ʧʦʣʠʥʦʤʠʿʘʣʥʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʧʨʚʦʛ ʠ ʜʨʫʛʦʛ ʠʟʚʦʜʘ 

ʢʝʧʩʪʨʘʣʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ (Bimbot Fr®d®ric et al., (2004.)): 
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.             (2.11) 

ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʜʠʥʘʤʠʯʢʘ ʦʙʝʣʝʞʿʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʣʠʥʝʘʨʥʦʤ ʢʦʤʙʠʥʘʮʠʿʦʤ 12 +Öl  

MFCCs, ʧʨʠ ʯʝʤʫ l ʧʨʝʜʩʪʘʚˀʘ ʨʝʜ ʧʨʠʤʝˁʝʥʝ ʣʠʥʝʘʨʥʝ ʧʨʝʜʠʢʮʠʿʝ.   

 ʋ ʨʝʰʝˁʠʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʢʦʿʘ ʢʦʨʠʩʪʝ ʚʝʢʪʦʨʝ ʦʙʝʣʝʞʿʘ 

ʟʘʩʥʦʚʘʥʝ ʥʘ MFCCs ʠ ˁʠʭʦʚʠʤ ʠʟʚʦʜʠʤʘ ʯʝʩʪʦ ʩʝ ʫ ʚʝʢʪʦʨʫ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ ʢʦʨʠʩʪʠ 12 

MFCCs ʠ ʧʦ 12 ˁʠʭʦʚʠʭ ʧʨʚʠʭ ʠ ʜʨʫʛʠʭ ʠʟʚʦʜʘ, ʪʘʢʦ ʜʘ ʢʦʥʘʯʥʠ ʚʝʢʪʦʨ ʦʙʝʣʝʞʿʘ ʠʤʘ 36 

ʝʣʝʤʝʥʘʪʘ. ʋʟʠʤʘˁʝʤ ʫ ʦʙʟʠʨ ʠ ʥʫʣʪʦʛ ʢʝʧʩʪʨʘʣʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʟʘʿʝʜʥʦ ʩʘ ˁʝʛʦʚʠʤ ʧʨʚʠʤ 

ʠ ʜʨʫʛʠʤ ʠʟʚʦʜʦʤ ʚʝʢʪʦʨ ʦʙʝʣʝʞʿʘ ʠʤʘ 39 ʝʣʝʤʝʥʘʪʘ. 

 

2.2.4. ɺʠʩʠʥʘ ʛʣʘʩʘ  

 

ʂʝʧʩʪʨʘʣʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʩʫ ʯʝʩʪʦ ʢʦʨʠʰ˂ʝʥʘ ʦʙʝʣʝʞʿʘ ʫ ʮʠˀʫ ʧʨʝʧʦʟʥʘʚʘˁʘ 

ʛʦʚʦʨʥʠʢʘ, ʥʦ ʠ ʧʦʨʝʜ ʪʦʛʘ ʨʘʜʠ ʜʘˀʝʛ ʧʦʙʦˀʰʘˁʘ ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘʯʘ ʤʦʛʫ ʩʝ 

ʢʦʨʠʩʪʠʪʠ ʠ ʦʩʦʙʠʥʝ ʛʦʚʦʨʘ ʢʦʿʝ ʩʫ ʚʝʟʘʥʝ ʟʘ ʦʙʝʣʝʞʿʘ ʧʦʙʫʜʝ ʛʦʚʦʨʥʦʛ ʪʨʘʢʪʘ ʢʘʦ ʥʧʨ. 

ʚʠʩʠʥʘ ʛʣʘʩʘ ʠ ʦʙʣʠʢ ʛʣʦʪʘʣʥʠʭ ʠʤʧʫʣʩʘ. ɺʠʩʠʥʘ ʛʣʘʩʘ, ʪʘʢʦʹʝ ʧʦʟʥʘʪʘ ʠ ʢʘʦ ʦʩʥʦʚʥʘ 

ʫʯʝʩʪʘʥʦʩʪ ( )0f  ʧʨʝʜʩʪʘʚˀʘ ʚʨʣʦ ʚʘʞʥʫ ʦʩʦʙʠʥʫ ʛʦʚʦʨʘ ʠ ʜʝʬʠʥʠʰʝ ʧʝʨʠʦʜʠʯʥʦʩʪ ʛʦʚʦʨʥʦʛ 

ʩʠʛʥʘʣʘ. ʂʘʜʘ ʿʝ ʛʦʚʦʨʥʠ ʩʠʛʥʘʣ ʟʚʫʯʘʥ ʦʜʥʦʩʥʦ ʢʘʜʘ ʩʝ ʦʜʣʠʢʫʿʝ ʧʝʨʠʦʜʠʯʥʦʰ˂ʫ ʚʠʩʠʥʘ 

ʛʣʘʩʘ ʦʜʛʦʚʘʨʘ ʫʯʝʩʪʘʥʦʩʪʠ ʦʩʮʠʣʦʚʘˁʘ ʛʣʘʩʥʠʭ ʞʠʮʘ. ʄʫʰʢʠ ʛʣʘʩʦʚʠ ʩʝ ʦʜʣʠʢʫʿʫ ʥʠʞʦʤ 

ʜʦʢ ʞʝʥʩʢʠ ʠ ʜʝʯʿʠ ʠʤʘʿʫ ʚʠʰʫ ʦʩʥʦʚʥʫ ʫʯʝʩʪʘʥʦʩʪ ʛʣʘʩʘ. ʉʤʘʪʨʘ ʩʝ ʜʘ ʚʠʩʠʥʘ ʛʣʘʩʘ 

ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʦ ʦʜ ʚʘʞʥʠʿʠʭ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ ʢʦʿʝ ˀʫʜʠ ʢʦʨʠʩʪʝ ʨʘʜʠ ʨʘʟʣʠʢʦʚʘˁʘ 

ʛʦʚʦʨʥʠʢʘ. ʆʩʠʤ ˁʝ ʘ ʢʘʦ ʣʦʛʠʯʥʘ ʧʦʩʣʝʜʠʮʘ, ʚʘʞʥʫ ʩʝʣʝʢʪʠʚʥʫ ʦʩʦʙʠʥʫ ʧʨʝʜʩʪʘʚˀʘ ʠ ʤʝʨʘ 

ʢʦʣʠʯʠʥʝ ʟʚʫʯʥʦʩʪʠ ʦʜʥʦʩʥʦ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʫ ʛʦʚʦʨʥʦʤ ʩʠʛʥʘʣʫ. ɺʠʩʠʥʘ ʛʣʘʩʘ ʫ ʧʦʨʝʹʝˁʫ 

ʩʘ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʠʤ ʩʧʝʢʪʨʘʣʥʠʤ ʦʙʝʣʝʞʿʠʤʘ (ʢʝʧʩʪʨʘʣʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ) ʠʤʘ ʙʠʪʥʫ 

ʧʨʝʜʥʦʩʪ ʢʦʿʘ ʩʝ ʦʛʣʝʜʘ ʫ ˁʝʥʦʿ ʥʝʟʘʚʠʩʥʦʩʪʠ ʦʜ ʬʨʝʢʚʝʥʪʥʠʭ ʦʩʦʙʠʥʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ.  

ʇʦʯʝʮʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʧʦʩʪʫʧʘʢʘ ʧʨʦʮʝʥʝ ʚʠʩʠʥʝ ʛʣʘʩʘ ʦʩʣʘˁʘʿʫ ʩʝ ʥʘ 

ʥʠʩʢʦʬʨʝʢʚʝʥʪʥʦ ʬʠʣʪʨʠʨʘˁʝ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʯʠʤʝ ʙʠ ʩʝ ʠʟ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʫʢʣʘˁʘʣʠ 

ʩʚʠ ʚʠʰʠ ʭʘʨʤʦʥʠʮʠ ʩʝʤ ʧʨʚʦʛ. ʆʚʘʢʚʠ ʧʦʩʪʫʧʮʠ ʩʫʦʯʘʚʘʿʫ ʩʝ ʩʘ ʙʨʦʿʥʠʤ ʧʨʦʙʣʝʤʠʤʘ ʦʜ 

ʢʦʿʠʭ ʿʝ ʿʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʤʦʛʫ˂ʥʦʩʪ ʥʝʧʦʩʪʦʿʘˁʘ ʧʨʚʦʛ ʭʘʨʤʦʥʠʢʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʛʦʚʦʨʥʦʤ 

ʩʠʛʥʘʣʫ ʥʧʨ. ʢʘʦ ʧʦʩʣʝʜʠʮʘ ˁʝʛʦʚʦʛ ʧʨʝʪʭʦʜʥʦʛ ʧʨʦʣʘʩʢʘ ʢʨʦʟ ʪʝʣʝʬʦʥʩʢʠ ʢʘʥʘʣ ʯʠʿʠ ʿʝ 

ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ Hz3400200- .  

ɺʠʩʠʥʘ ʛʣʘʩʘ ʩʝ ʚʨʣʦ ʨʝʪʢʦ ʜʠʨʝʢʪʥʦ ʢʦʨʠʩʪʠ ʢʘʦ ʦʙʝʣʝʞʿʝ ʛʦʚʦʨʘ ʟʘʪʦ ʰʪʦ ʥʠʿʝ ʫʚʝʢ 

ʧʨʠʩʫʪʥʘ ʫ ʨʘʤʦʚʠʤʘ ʛʦʚʦʨʘ, ʧʨʠʙʣʠʞʥʦ ʫ 50% ʨʘʤʦʚʘ ʢʦʿʠ ʩʫ ʠʥʘʯʝ ʙʝʟʚʫʯʥʠ ʦʥʘ ʩʝ ʥʝ 

ʤʦʞʝ ʦʜʨʝʜʠʪʠ, ʘ ʪʘʢʦʹʝ ʠ ʤʝʪʦʜʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ˁʝʥʫ ʧʨʦʮʝʥʫ ʥʠʩʫ ʩʘʩʚʠʤ ʧʦʫʟʜʘʥʠ. 

 

2.3. ʄʆɼɽʃʀ ɻʆɺʆʈʅʀʂɸ 
 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʫ ʦʩʥʦʚʠ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʚʠʜ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʙʣʠʢʘ ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʠʩʪʝʤ ʢʦʿʠ ʚʨʰʠ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʩʪʚʦʨʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʧʨʝʜʩʪʘʚʫ ʦ ʛʦʚʦʨʥʠʮʠʤʘ ʢʘʦ ʦʙʿʝʢʪʠʤʘ ʧʨʝʧʦʟʥʘʚʘˁʘ. ʅʘ ʦʩʥʦʚʫ 

ʨʘʩʧʦʣʦʞʠʚʠʭ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʟʘ ʩʚʘʢʦʛ ʦʜ ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʢʘ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʧʦʟʥʘʚʘʯ 

ʛʦʚʦʨʥʠʢʘ ʪʨʝʙʘ ʜʘ ʥʘ ʦʜʨʝʹʝʥʠ ʥʘʯʠʥ ʠʟʚʨʰʠ ˁʠʭʦʚʫ ʢʦʤʧʘʢʪʥʫ ʧʨʝʜʩʪʘʚʫ ʫ ʚʠʜʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʦʜʝʣʘ. ʇʨʠʣʠʢʦʤ ʦʜʣʫʯʠʚʘˁʘ ʩʝʢʚʝʥʮʝ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʪʝʩʪ ʛʦʚʦʨ ʧʦʨʝʜʝ ʩʝ ʩʘ ʩʚʘʢʠʤ ʦʜ ʧʦʩʪʦʿʝ˂ʠʭ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ ʧʨʠ ʯʝʤʫ ʧʨʝʧʦʟʥʘʚʘʯ 

ʜʦʥʦʩʠ ʦʜʣʫʢʫ ʥʘ ʦʩʥʦʚʫ ʥʘʿʚʝ˂ʝ ʤʝʨʝ ʩʣʠʯʥʦʩʪʠ ʠʟʤʝʹʫ ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʩʪ ʛʦʚʦʨʘ ʠ 

ʨʘʩʧʦʣʦʞʠʚʠʭ ʤʦʜʝʣʘ. ʂʚʘʣʠʪʝʪ ʧʨʠʤʝˁʝʥʦʛ ʤʦʜʝʣʘ ʠ ʩʘʤ ʥʘʯʠʥ ʦʜʣʫʯʠʚʘˁʘ ʟʥʘʯʘʿʥʦ ʫʪʠʯʫ 

ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʩʠʩʪʝʤʘ ʟʘ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ.  

ʋ ʘʢʪʫʝʣʥʠʤ ʧʨʠʤʝʥʘʤʘ ʧʦʩʪʫʧʘʢʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʪʝʞʠ ʩʝ ʦʩʪʚʘʨʝˁʫ 

ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʢʦʿʘ ˂ʝ ʙʠʪʠ ʩʧʦʩʦʙʥʘ ʜʘ ʠʟʚʨʰʘʚʘ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʟʘʜʘʪʦʤ 
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ʦʢʨʫʞʝˁʫ. ʉʪʦʛʘ ʿʝ ʧʨʦʿʝʢʪʦʚʘˁʝ ʩʠʩʪʝʤʘ ʟʘ ʧʨʝʧʦʟʥʘʚʘˁʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʥʘ ʪʘʿ ʥʘʯʠʥ 

ʜʘ ʙʫʜʝ ʬʫʥʢʮʠʦʥʘʣʘʥ ʫ ʦʢʨʫʞʝˁʫ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʠʥʪʝʨʝʩʘʥʪʥʠʭ ʟʘ ˁʝʛʦʚ ʨʘʜ. ʋ 

ʩʣʫʯʘʿʫ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʠʥʪʝʨʝʩʘʥʪʥʦ ʦʢʨʫʞʝˁʝ ʧʨʝʧʦʟʥʘʚʘʯʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʢʪʦʨʠ MFCCs ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʩʤʘʪʨʘʥʝ ʛʦʚʦʨʥʝ ʩʠʛʥʘʣʝ. ɺʨʝʜʥʦʩʪʠ 

ʤʝʣ-ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʢʝʧʩʪʨʘʣʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʩʝ ʤʦʛʫ ʘʧʨʦʢʩʠʤʘʪʠʚʥʦ ʦʧʠʩʘʪʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʣʫʯʘʿʥʠʤ ʧʨʦʤʝʥˀʠʚʘʤʘ ʪʿ. ˁʠʤʘ ʧʨʠʧʘʜʘʿʫ˂ʠʤ ʬʫʥʢʮʠʿʘʤʘ ʛʫʩʪʠʥʝ 

ʨʘʩʧʦʜʝʣʝ. ʉʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʦʜʝʣʝ ʛʦʚʦʨʘ ʧʦʩʤʘʪʨʘʥʠʭ 

ʛʦʚʦʨʥʠʢʘ. ʆʚʘʢʘʚ ʥʘʯʠʥ ʤʦʜʝʣʦʚʘˁʘ ʩʝ ʜʝʢʣʘʨʠʰʝ ʢʘʦ ʩʪʦʭʘʩʪʠʯʢʠ ʥʘʯʠʥ ʤʦʜʝʣʦʚʘˁʘ 

ʛʦʚʦʨʥʠʢʘ. 

ʀʟʛʦʚʦʨʝʥʘ ʤʠʩʘʦ ʩʝ ʤʦʞʝ ʩʭʚʘʪʠʪʠ ʢʘʦ ʥʠʟ ʠʟʛʦʚʦʨʝʥʠʭ ʬʦʥʝʤʘ. ʋ ʪʝʢʩʪʫʘʣʥʦʤ 

ʩʤʠʩʣʫ ʦʥʘ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʥʠʟʦʤ ʟʥʘʢʦʚʘ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʥʘʤʝʪʥʫʪʠʭ ʦʛʨʘʥʠʯʝˁʘ 

ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʪʝʢʩʪʫʘʣʥʫ ʩʘʜʨʞʠʥʫ ʛʦʚʦʨʘ ʥʘ ʦʩʥʦʚʫ ʢʦʛʘ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʧʦʟʥʘʚʘʯ 

ʛʦʚʦʨʥʠʢʘ ʚʨʰʠ ʧʨʝʧʦʟʥʘʚʘˁʝ, ʧʨʦʙʣʝʤ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʤʦʞʝ ʙʠʪʠ 

ʥʝʟʘʚʠʩʘʥ ʠʣʠ ʟʘʚʠʩʘʥ ʦʜ ʪʝʢʩʪʘ. ʆʯʝʢʠʚʘʥʠ ʪʠʧ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʫʟʨʦʢʫʿʝ ʢʦʨʠʰ˂ʝˁʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʩʪʦʭʘʩʪʠʯʢʦʛ ʤʦʜʝʣʘ ʨʘʜʠ ʤʦʜʝʣʦʚʘˁʘ ʛʦʚʦʨʥʠʢʘ. ʋ ʩʣʫʯʘʿʫ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʥʝʟʘʚʠʩʥʦʛ ʦʜ ʪʝʢʩʪʘ ʨʘʜʠ ʤʦʜʝʣʦʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʧʨʠʤʝˁʫʿʫ ʩʝ 

ʤʦʜʝʣʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ɻʘʫʩʦʚʠʤ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʠʤ ʨʘʩʧʦʜʝʣʘʤʘ. ʋʢʦʣʠʢʦ ʩʝ ʫ ʦʢʚʠʨʫ 

ʪʘʢʚʠʭ ʤʦʜʝʣʘ ʢʦʨʠʩʪʠ ʚʠʰʝ ɻʘʫʩʦʚʠʭ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʨʘʩʧʦʜʝʣʘ ʪʘʢʘʚ ʤʦʜʝʣ ʩʝ 

ʥʘʟʠʚʘ ʤʦʜʝʣ ʤʝʰʘʚʠʥʝ ɻʘʫʩʦʚʠʭ ʨʘʩʧʦʜʝʣʘ (ʝʥʛ. Gaussian Mixture Model - GMM). ʂʘʜʘ ʿʝ  

ʛʦʚʦʨ ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʢʘ ʫʥʘʧʨʝʜ ʧʦʟʥʘʪʝ ʪʝʢʩʪʫʘʣʥʝ ʩʘʜʨʞʠʥʝ ʠʣʠ ʿʝ ˁʝʛʦʚʘ 

ʪʝʢʩʪʫʘʣʥʘ ʩʘʜʨʞʠʥʘ ʧʦʩʣʝʜʠʮʘ ʧʝʨʤʫʪʘʮʠʿʝ ʫʥʘʧʨʝʜ ʧʦʟʥʘʪʦʛ ʥʠʟʘ ʨʝʯʠ (Che Wei Chi, et al., 

1996) ʧʨʠʤʝˁʫʿʝ ʩʝ ʤʦʜʝʣʦʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʩʢʨʠʚʝʥʠʤ ʄʘʨʢʦʚˀʝʚʠʤ ʤʦʜʝʣʠʤʘ (ʝʥʛ. Hidden 

Markov Model - HMM). 

ʇʦʰʪʦ ʩʠʩʪʝʤʠ ʟʘ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʛʨʘʜʝ ʪʿ. ʛʝʥʝʨʠʰʫ GMM ʠʣʠ 

HMM ʥʘ ʦʩʥʦʚʫ ʨʘʩʧʦʣʦʞʠʚʠʭ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʟʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ, ʯʝʩʪʦ ʩʝ ʦʚʠ 

ʤʦʜʝʣʠ ʜʝʢʣʘʨʠʰʫ ʢʘʦ ʛʝʥʝʨʘʪʠʚʥʠ ʤʦʜʝʣʠ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ ʧʨʦʙʣʝʤ ʤʦʜʝʣʦʚʘˁʘ ʩʝ ʤʦʞʝ 

ʪʘʢʦ ʧʦʩʪʘʚʠʪʠ ʜʘ ʮʠˀ ʙʫʜʝ ʬʦʨʤʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʩʢʠʭ ʤʦʜʝʣʘ ʢʦʿʠ ˂ʝ ʤʘʢʩʠʤʠʟʦʚʘʪʠ 

ʤʝʹʫʩʦʙʥʘ ʨʘʟʣʠʢʦʚʘˁʘ. ʊʘʢʚʠ ʤʦʜʝʣʠ ʩʝ ʯʝʩʪʦ ʥʘʟʠʚʘʿʫ ʠ ʜʠʩʢʨʠʤʠʥʘʪʠʚʥʠʤ ʤʦʜʝʣʠʤʘ ʠ 

ʿʝʜʘʥ ʦʜ ʤʦʜʝʣʘ ʩʘ ʪʘʢʚʠʤ ʦʩʦʙʠʥʘʤʘ ʿʝ ʠ ʚʝʰʪʘʯʢʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ (ʝʥʛ. Artificial  Neural 

Network ï ANN). 

ʆʜʣʫʯʠʚʘʯʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʩʪʦʭʘʩʪʠʯʢʠʤ ʤʦʜʝʣʠʤʘ ʦʜʣʫʢʫ ʦ ʧʨʝʧʦʟʥʘʚʘˁʫ ʜʦʥʦʩʝ ʥʘ 

ʦʩʥʦʚʫ ʠʟʨʘʯʫʥʘʪʝ ʤʝʨʝ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ ʪʝʩʪ ʛʦʚʦʨʥʠʭ ʫʟʦʨʘʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʟʥʘʪʝ ʤʦʜʝʣʝ 

ʛʦʚʦʨʥʠʢʘ. 

ʅʝʢʘ ʿʝ Sl  ʩʪʦʭʘʩʪʠʯʢʠ ʤʦʜʝʣ ʜʦʙʠʿʝʥ ʥʘ ʦʩʥʦʚʫ ʛʦʚʦʨʥʠʭ ʪʨʝʥʠʥʛ ʩʝʢʚʝʥʮʠ s-ʪʦʛ 

ʛʦʚʦʨʥʠʢʘ. ʇʨʝʧʦʟʥʘʚʘʯ ʫ ʩʚʦʿʦʿ ʙʘʟʠ ʠʤʘ SN  ʩʪʦʭʘʩʪʠʯʢʠʭ ʤʦʜʝʣʘ ʟʘ ʩʚʘʢʦʛ ʦʜ SN  

ʛʦʚʦʨʥʠʢʘ ʥʘ ʢʦʿʝ ʿʝ ʧʨʝʪʭʦʜʥʦ ʦʙʫʯʝʥ. ʆʟʥʘʯʠʚʰʠ ʩʘ ( )
L

yyyY ,...,
2

,
1

=  ʩʝʢʚʝʥʮʫ ʚʝʢʪʦʨʘ 

ʦʙʝʣʝʞʿʘ ʪʝʩʪ ʛʦʚʦʨʥʦʛ ʫʟʦʨʢʘ ʦʜ L ʛʦʚʦʨʥʠʭ ʨʘʤʦʚʘ, ʮʠˀ ʧʨʝʧʦʟʥʘʚʘˁʘ ʿʝʩʪʝ ʦʜʨʝʹʠʚʘˁʝ 

ʢʦʤ ʦʜ sN  ʛʦʚʦʨʥʠʢʘ ʧʦʩʤʘʪʨʘʥʘ ʪʝʩʪ ʩʝʢʚʝʥʮʘ ʧʨʠʧʘʜʘ. ʆʚʘʿ ʧʨʦʙʣʝʤ ʩʚʦʜʠ ʩʝ ʥʘ 

ʦʜʨʝʹʠʚʘˁʝ ʫʩʣʦʚʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ: 

   ö
÷

õ
æ
ç

å
=ö
÷

õ
æ
ç

å s
L

yyypsYp ll ,...,
2

,
1

,               (2.12)     

ʟʘ SNS ,...,2,1= , ʪʝ ʦʜʨʝʹʠʚʘˁʝ ʠʜʝʥʪʠʪʝʪʘ ʛʦʚʦʨʥʠʢʘ ʥʘ ʦʩʥʦʚʫ ˁʝʥʝ ʤʘʢʩʠʤʠʟʘʮʠʿʝ: 

( )S

NS
YpS

S

l
¢¢

=
1

* maxarg .                (2.13) 

ʋʢʦʣʠʢʦ ʩʫʩʝʜʥʠ ʚʝʢʪʦʨʠ ʦʙʝʣʝʞʿʘ ʥʠʩʫ ʤʝʹʫʩʦʙʥʦ ʢʦʨʝʣʠʩʘʥʠ ʦʜʥʦʩʥʦ ʫʢʦʣʠʢʦ ʩʫ 

ʥʝʟʘʚʠʩʥʠ ʿʝʜʥʘʢʦʩʪ (2.12) ʩʝ ʤʦʞʝ ʥʘʧʠʩʘʪʠ ʫ ʦʙʣʠʢʫ ʧʨʦʠʟʚʦʜʘ: 

( ) ( )Ô
=

=
L

i

S

i

S ypYp
1

ll .                (2.14) 

ʆʙʟʠʨʦʤ ʜʘ ʩʫ ʚʝʢʪʦʨʠ ʦʙʝʣʝʞʿʘ ʝʢʚʠʚʘʣʝʥʪʠ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ 

ʩʤʠʩʣʝʥʦ ʠʟʛʦʚʦʨʝʥʠ ʥʠʟ ʬʦʥʝʤʘ, ʙʝʟ ʦʙʟʠʨʘ ʜʘ ʣʠ ʢʦʥʪʝʢʩʪ ʠʤʘ ʠʣʠ ʥʝʤʘ ʟʥʘʯʝˁʩʢʠ ʩʤʠʩʘʦ, 
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ʩʣʝʜʠ ʥʝʠʟʙʝʞʥʘ ʤʝʹʫʩʦʙʥʘ ʟʘʚʠʩʥʦʩʪ ʩʫʩʝʜʥʠʭ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ. ɸʧʨʦʢʩʠʤʘʪʠʚʥʦ ʦʚʘ 

ʤʝʹʫʟʘʚʠʩʥʦʩʪ ʩʝ ʤʦʞʝ ʟʘʥʝʤʘʨʠʪʠ ʪʘʢʦ ʜʘ ʩʝ ʧʨʝʤʘ ʪʦʤʝ ʧʨʦʙʣʝʤ ʧʨʝʧʦʟʥʘʚʘˁʘ ʩʚʦʜʠ ʥʘ 

ʦʜʨʝʹʠʚʘˁʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʪʝʩʪ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʟʘ ʢʦʥʢʨʝʪʥʠ ʤʦʜʝʣ ʛʦʚʦʨʥʠʢʘ, ( )S

iyp l . 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʦʚʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘʚʠʩʠ ʦʜ ʧʨʠʤʝˁʝʥʦʛ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ  ʩʣʝʜʠ ʜʘ ʩʝ ʦʥʘ 

ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʢʨʦʟ ʧʨʝʪʧʦʩʪʘʚʢʫ GMM ʠʣʠ HMM ʢʘʦ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʦʜʝʣʘ 

ʛʦʚʦʨʥʠʢʘ ʠʣʠ ANN ʢʘʦ ʜʠʩʢʨʠʤʠʥʘʪʠʚʥʦʛ ʥʘʯʠʥʘ ʤʦʜʝʣʦʚʘˁʘ ʛʦʚʦʨʥʠʢʘ. 

     

2.3.1. ʄʝʰʘʚʠʥʘ ɻʘʫʩʦʚʠʭ ʨʘʩʧʦʜʝʣʘ (GMM ) 

 

ʄʦʪʠʚʘʮʠʿʘ ʫʚʦʹʝˁʘ GMM ʣʝʞʠ ʫ ʪʝʞˁʠ ʟʘ ʤʦʜʝʣʦʚʘˁʝʤ ʘʢʫʩʪʠʯʢʦʛ ʧʨʦʩʪʦʨʘ 

ʛʦʚʦʨʥʠʢʘ ʢʦʨʠʰ˂ʝˁʝʤ ʦʜʨʝʹʝʥʦʛ ʙʨʦʿʘ ʘʢʫʩʪʠʯʢʠʭ ʢʣʘʩʘ ʧʨʠ ʯʝʤʫ ʦʙʠʯʥʦ ʩʚʘʢʘ ʦʜ ˁʠʭ 

ʘʧʨʦʢʩʠʤʘʪʠʚʥʦ ʤʦʜʝʣʫʿʝ ʧʦ ʿʝʜʘʥ ʬʦʥʝʤ. ʆʚʠʤ ʥʘʯʠʥʦʤ ʩʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʧʨʠʧʘʜʥʦʩʪʠ 

ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ, ʧʦʩʤʘʪʨʘʥʦʛ n-ʪʦʛ ʛʦʚʦʨʥʦʛ ʨʘʤʘ, s-ʪʦʤ ʛʦʚʦʨʥʠʢʫ, ʤʦʜʝʣʫʿʝ ʣʠʥʝʘʨʥʦʤ 

ʢʦʤʙʠʥʘʮʠʿʦʤ M ʧʦʥʜʝʨʠʩʘʥʠʭ ʤʫʣʪʠʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ɻʘʫʩʦʚʠʭ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʨʘʩʧʦʜʝʣʝ 

ʚʝʨʦʚʘʪʥʦ˂ʘ: 
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l ,                (2.15)      

ʧʨʠ ʯʝʤʫ ( )n

S

i yb  ʧʨʝʜʩʪʘʚˀʘ ɻʘʫʩʦʚʫ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʫ ʬʫʥʢʮʠʿʫ ʛʫʩʪʠʥʝ ʨʘʩʧʦʜʝʣʝ 

ʚʝʨʦʚʘʪʥʦ˂ʘ i-ʪʝ ʢʦʤʧʦʥʝʥʪʝ ʤʝʰʘʚʠʥʝ ʦʜʥʦʩʥʦ i-ʪʝ ʘʢʫʩʪʠʯʢʝ ʢʣʘʩʝ, ʚʝʢʪʦʨʘ ʩʨʝʜˁʠʭ 

ʚʨʝʜʥʦʩʪʠ S

im  ʠ ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ S
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.              (2.16)  

D  ʧʨʝʜʩʪʘʚˀʘ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪ ʧʨʦʩʪʦʨʘ ʦʙʝʣʝʞʿʘ. ʊʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʧʦʿʝʜʠʥʠʭ 

ɻʘʫʩʦʚʠʭ ʢʦʤʧʦʥʝʥʘʪʘ, S

ip , i=1,2,é,M, (ʿʝʜʥʘʢʦʩʪ 2.15), ʠʩʧʫˁʘʚʘʿʫ ʦʛʨʘʥʠʯʝˁʝ 1
1
=ä=

M

i

S

ip . 

ʇʦʰʪʦ ʢʝʧʩʪʨʘʣʥʘ ʦʙʝʣʝʞʿʘ ʢʦʿʘ ʩʝ ʫʦʙʠʯʘʿʝʥʦ ʢʦʨʠʩʪʝ ʫ ʩʠʩʪʝʤʠʤʘ ʟʘ ʧʨʝʧʦʟʥʘʚʘˁʝ 

ʛʦʚʦʨʥʠʢʘ ʧʦʢʘʟʫʿʫ ʚʠʩʦʢ ʩʪʝʧʝʥ ʤʝʹʫʩʦʙʥʝ ʥʝʢʦʨʝʣʠʩʘʥʦʩʪʠ ʤʦʛʫ˂ʝ ʿʝ ʠʩʢʦʨʠʩʪʠʪʠ ʦʚʫ 

ʦʩʦʙʠʥʫ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʥʝʦʧʭʦʜʥʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʫ (2.16) ʠ (2.15), 

ʢʨʦʟ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʿʝ ʢʦʚʘʨʠʿʘʥʩʥʘ ʤʘʪʨʠʮʘ ʢʦʨʠʰ˂ʝʥʘ ʫ (2.16) ʜʠʿʘʛʦʥʘʣʥʘ. ʅʘ ʦʩʥʦʚʫ 

ʧʨʝʪʭʦʜʥʠʭ ʨʘʟʤʘʪʨʘˁʘ, ɻʘʫʩʦʚ ʧʘʨʘʤʝʪʘʨʩʢʠ ʤʦʜʝʣ S-ʪʦʛ ʛʦʚʦʨʥʠʢʘ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ 

ʫʨʝʹʝʥʦʤ ʪʨʦʿʢʦʤ: 

{ }SiS

i

S

i

S p S= ,,ml , Mi¢¢1 .               (2.17) 

ʇʦʰʪʦ ʤʥʦʛʠ ʛʦʚʦʨʥʠ ʿʝʟʠʮʠ ʠʤʘʿʫ ʦʢʦ 30 ʜʦ 40 ʛʣʘʩʦʚʘ, ʦʙʠʯʥʦ ʩʝ ʟʘ ʚʨʝʜʥʦʩʪ M ʫ ɻʘʫʩʦʚʠʤ 

ʤʦʜʝʣʠʤʘ ʫʟʠʤʘ ʚʨʝʜʥʦʩʪ 32. ʆʚʘʢʘʚ ʥʘʯʠʥ ʤʦʜʝʣʦʚʘˁʘ ʧʨʠʤʝˁʫʿʝ ʩʝ ʫ ʩʠʩʪʝʤʠʤʘ ʟʘ 

ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʥʝʟʘʚʠʩʥʠʤ ʦʜ ʠʟʛʦʚʦʨʝʥʦʛ ʪʝʢʩʪʘ.  

 

2.3.2. ʉʢʨʠʚʝʥʠ ʄʘʨʢʦʚˀʝʚ ʤʦʜʝʣ (HMM)  

 

ʉʢʨʠʚʝʥʠ ʄʘʨʢʦʚˀʝʚ ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʦʙʠʯʥʦ ʢʦʨʠʰ˂ʝʥʠ ʤʦʜʝʣ ʟʘ ʤʦʜʝʣʦʚʘˁʝ 

ʛʦʚʦʨʥʠʭ ʩʝʢʚʝʥʮʠ. ʉʪʦʛʘ ʩʫ ʩʠʩʪʝʤʠ ʟʘ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʟʘʩʥʦʚʘʥʠ ʥʘ ʦʚʘʢʚʦʤ 

ʤʦʜʝʣʫ ʧʦʜʝʩʥʠ ʟʘ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʟʘʚʠʩʥʦ ʦʜ ʠʟʛʦʚʦʨʝʥʦʛ ʪʝʢʩʪʘ. ʋ 

ʩʚʝʪʣʫ ʘʢʫʩʪʠʯʢʠʭ ʢʣʘʩʘ ʧʦʤʝʥʫʪʠʭ ʫ ʧʨʝʪʭʦʜʥʦʤ ʜʝʣʫ ʧʦʩʚʝ˂ʝʥʦʛ ʦʧʠʩʫ GMM, ʢʦʿʝ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʚʝʟʫʿʫ ʟʘ ʬʦʥʝʤʝ ʠʣʠ ʝʚʝʥʪʫʘʣʥʦ ʜʝʣʦʚʝ ʬʦʥʝʤʘ, ʛʦʚʦʨʥʝ ʩʝʢʚʝʥʮʝ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʥʠʟʦʚʝ ʦʚʘʢʦ ʜʝʬʠʥʠʩʘʥʠʭ ʘʢʫʩʪʠʯʢʠʭ ʢʣʘʩʘ. 

ʉʭʦʜʥʦ ʩʚʨʩʠ ʧʨʠʤʝʥʝ ʦʚʘʢʘʚ ʤʦʜʝʣ ʩʝ ʦʜʣʠʢʫʿʝ ʩʝʢʚʝʥʮʦʤ ʩʪʘˁʘ, i=1,2,é,N, ʯʠʿʠ ʙʨʦʿ 

ʚʘʨʠʨʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʫʞʠʥʝ ʘʢʫʩʪʠʯʢʝ ʮʝʣʠʥʝ ʢʦʿʘ ʩʝ ʤʦʜʝʣʫʿʝ ˁʠʤʝ. ʋ ʩʣʫʯʘʿʫ 

ʤʦʜʝʣʦʚʘˁʘ ʬʦʥʝʤʘ ʠ ʝʚʝʥʪʫʘʣʥʦ ʠ ʩʫʙʬʦʥʝʤʘ HMM ʦʙʠʯʥʦ ʠʤʘ ʧʝʪ ʩʪʘˁʘ, ʢʘʦ ʥʘ ʩʣʠʮʠ 

2.5, ʜʦʢ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ ʤʦʜʝʣʫʿʫ ʜʫʞʝ ʠʟʛʦʚʦʨʝʥʝ ʮʝʣʠʥʝ ʢʘʦ ʰʪʦ ʩʫ ʨʝʯʠ ʠʣʠ ʜʫʞʝ 

ʠʟʛʦʚʦʨʝʥʝ ʬʦʨʤʝ, ʙʨʦʿ ʩʪʘˁʘ ʩʝ ʩʨʘʟʤʝʨʥʦ ʫʚʝ˂ʘʚʘ. ʇʦʰʪʦ ʩʝ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʤʦʜʝʣʫʿʫ 
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ʩʝʢʚʝʥʮʝ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ, ʦʧʩʝʨʚʘʮʠʿʘ, ʢʦʿʝ ʦʜʛʦʚʘʨʘʿʫ ʨʘʟʣʠʯʠʪʠʤ ʠʟʛʦʚʦʨʠʤʘ ʧʦʩʤʘʪʨʘʥʝ 

ʪʝʢʩʪʫʘʣʥʝ ʩʘʜʨʞʠʥʝ, ʩʣʝʜʠ ʧʦʪʨʝʙʘ ʜʘ ʩʝ ʧʦʿʘʚʘ ʩʚʘʢʦʛ ʦʜ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʠʟ ʪʝ ʩʝʢʚʝʥʮʝ 

ʦʧʠʰʝ ʘʜʝʢʚʘʪʥʦʤ ʛʫʩʪʠʥʦʤ ʨʘʩʧʦʜʝʣʝ. ʇʨʠʣʠʢʦʤ ʤʦʜʝʣʦʚʘˁʘ ʚʝʢʪʦʨʠ ʦʙʝʣʝʞʿʘ ʢʦʿʠ 

ʦʜʛʦʚʘʨʘʿʫ ʛʦʚʦʨʥʠʤ ʩʝʢʚʝʥʮʘʤʘ ʩʫ ʧʦʟʥʘʪʠ ʪʘʢʦ ʜʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ˁʠʭʦʚʠʭ ʚʨʝʜʥʦʩʪʠ ʤʦʛʫ 

ʧʨʦʮʝʥʠʪʠ ʠ ʛʫʩʪʠʥʝ ʨʘʩʧʦʜʝʣʘ ʢʦʿʝ ʦʧʠʩʫʿʫ ˁʠʭʦʚʦ ʧʦʿʘʚˀʠʚʘˁʝ. ʉʚʘʢʘ ʦʜ ʦʚʠʭ ʨʘʩʧʦʜʝʣʘ 

ʩʝ ʜʦʜʝˀʫʿʝ ʧʨʝʣʘʩʢʫ ʫ ʦʜʨʝʹʝʥʦ ʩʪʘˁʝ ʩʢʨʠʚʝʥʦʛ ʄʘʨʢʦʚˀʝʚʦʛ ʤʦʜʝʣʘ, ʪʘʢʦ ʜʘ ʨʘʜʠ 

ʫʧʦʪʧʫˁʝˁʘ ʤʦʜʝʣʘ ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʨʝʜʠʪʠ ʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ ʩʪʘˁʘ. ʉʪʦʛʘ ʩʝ 

ʯʝʩʪʦ ʢʘʞʝ ʜʘ ʩʫ ʩʪʘˁʘ ʦʜʥʦʩʥʦ ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ ˁʠʭ ʩʢʨʠʚʝʥʝ ʠʟʘ ʛʫʩʪʠʥʘ 

ʨʘʩʧʦʜʝʣʘ ʫ ʩʪʘˁʠʤʘ ʥʘ ʦʩʥʦʚʫ ʯʝʛʘ ʿʝ ʤʦʜʝʣ ʠ ʜʦʙʠʦ ʥʘʟʠʚ ʩʢʨʠʚʝʥʠ ʄʘʨʢʦʚˀʝʚ ʤʦʜʝʣ. 

ʋʚʦʜʠ ʩʝ ʜʦʜʘʪʥʦ ʦʛʨʘʥʠʯʝˁʝ ʧʦ ʢʦʤ ʩʝ ʧʨʚʦʤ ʠ ʧʦʩʣʝʜˁʝʤ ʩʪʘˁʫ ʥʝ ʧʨʠʜʨʫʞʫʿʫ 

ʚʝʢʪʦʨʠ ʦʙʝʣʝʞʿʘ ʪʘʢʦ ʜʘ ʩʝ ʦʥʘ ʯʝʩʪʦ ʢʘʨʘʢʪʝʨʠʰʫ ʢʘʦ ʥʝʝʤʠʪʫʿʫ˂ʘ ʩʪʘˁʘ. ʊʘʢʦʹʝ, ʦʥʘ ʩʝ 

ʦʜʣʠʢʫʿʫ ʠ ʥʫʣʪʦʤ ʩʦʧʩʪʚʝʥʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʧʨʝʣʘʟʘ, ʪʘʢʦ ʜʘ ʩʝ ʦʥʘ ʤʦʛʫ ʧʦʩʤʘʪʨʘʪʠ ʩʘʤʦ 

ʢʘʦ ʙʠʪʥʘ ʨʘʜʠ ʟʘʜʦʚʦˀʝˁʘ ʩʘʤʝ ʬʦʨʤʝ ʄʘʨʢʦʚˀʝʚʦʛ ʣʘʥʮʘ, ʜʦʢ ʩʝ ʩʫʰʪʠʥʘ ʩʢʨʠʚʝʥʦʛ 

ʄʘʨʢʦʚˀʝʚʦʛ ʤʦʜʝʣʘ ʢʨʠʿʝ ʠʟʘ ʝʤʠʪʫʿʫ˂ʠʭ ʩʪʘˁʘ, ʩʪʘˁʘ ʢʦʿʘ ʩʝ ʦʜʣʠʢʫʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ 

ʛʫʩʪʠʥʘʤʘ ʨʘʩʧʦʜʝʣʝ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ. ʀʟ ʧʨʚʦʛ ʩʪʘˁʘ HMM ʤʦʞʝ ʩʘʤʦ ʧʨʝ˂ʠ ʫ ʥʝʢʦ ʜʨʫʛʦ 

ʩʪʘˁʝ, ʜʦʢ ʧʦ ʫʣʘʩʢʫ ʫ ʧʦʩʣʝʜˁʝ ʩʪʘˁʝ ʧʨʝʣʘʟʠ ʚʠʰʝ ʥʠʩʫ ʤʦʛʫ˂ʠ, ʪʝ ʩʝ ʟʘ ˁʝʛʘ ʤʦʞʝ ʨʝ˂ʠ 

ʜʘ ʿʝ ʘʧʩʦʨʙʫʿʫ˂ʝ ʩʪʘˁʝ. ʇʨʝʤʘ ʪʦʤʝ HMM ʩʝ ʢʘʢʦ ʩʝʢʚʝʥʮʦʤ ʩʪʘˁʘ ʠ ʚʝʨʦʚʘʪʥʦ˂ʘʤʘ ʧʨʝʣʘʟʘ 

ʠʟʤʝʹʫ ˁʠʭ, ( )jiij qqpa = , ʢʘʨʘʢʪʝʨʠʰʝ ʠ ʛʫʩʪʠʥʦʤ ʨʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ 

ʧʦ ʝʤʠʪʫʿʫ˂ʠʤ ʩʪʘˁʠʤʘ, ( )ni Ob , ʧʨʠ ʯʝʤʫ ʠʥʜʝʢʩ n ʦʟʥʘʯʘʚʘ ʨʝʜʥʠ ʙʨʦʿ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʫ 

ʦʢʚʠʨʫ ʩʝʢʚʝʥʮʝ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʢʦʿʘ ʩʝ ʧʦʩʤʘʪʨʘ. 

 

 
ʉʣʠʢʘ 2.5. ʉʢʨʠʚʝʥʠ ʄʘʨʢʦʚˀʝʚ ʤʦʜʝʣ ʩʘ ʪʨʠ ʝʤʠʪʫʿʫ˂ʘ ʩʪʘˁʘ. 

  

ɿʘ ʩʚʘʢʦ ʩʪʘˁʝ ʦʩʠʤ ʧʦʩʣʝʜˁʝʛ, ʠʟ ʢʦʛʘ ʩʝ ʚʨʰʠ ʧʨʝʣʘʟ ʫ ʥʝʢʦ ʜʨʫʛʦ, ʚʘʞʠ ʜʘ ʿʝ ʩʫʤʘ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʧʨʝʣʘʟʘ ʿʝʜʥʘʢʘ ʿʝʜʠʥʠʮʠ: 

1
1

=ä
=
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j

ija .                 (2.18) 

HMM ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 2.5 ʧʦʛʦʜʘʥ ʿʝ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʬʦʥʝʤʘ ʢʘʦ ʧʦʩʤʘʪʨʘʥʦʛ 

ʛʦʚʦʨʥʦʛ ʫʟʦʨʢʘ. ʋ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ ʥʘ ʩʣʠʮʠ 2.5 ʤʦʜʝʣʦʚʘʥʝ ʩʝʢʚʝʥʮʝ ʙʠ ʩʘʜʨʞʘʣʝ ʪʨʠ 

ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʯʠʿʝ ʧʦʿʘʚʝ ʩʝ ʦʧʠʩʫʿʫ ʛʫʩʪʠʥʘʤʘ ʨʘʩʧʦʜʝʣʘ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ()12 Ob , ( )23 Ob , 

( )34 Ob . ɿʘ ʚʝ˂ ʠʟʨʘʯʫʥʘʪʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʝʣʘʟʘ ʤʦʜʝʣ ʧʨʠʣʠʢʦʤ ʫʣʘʩʢʘ ʫ ʦʜʨʝʹʝʥʦ ʝʤʠʪʫʿʫ˂ʝ 

ʩʪʘˁʝ ʝʤʠʪʫʿʝ ʦʜʥʦʩʥʦ ʛʝʥʝʨʠʰʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʚʝʢʪʦʨ ʦʙʝʣʝʞʿʘ ʩʘ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʢʦʿʘ ʿʝ 

ʜʝʬʠʥʠʩʘʥʘ ʧʨʠʜʨʫʞʝʥʦʤ ʛʫʩʪʠʥʦʤ ʨʘʩʧʦʜʝʣʝ. ɿʘ ʤʦʜʝʣ ʬʦʥʝʤʘ ʢʦʿʠ ʙʠ ʙʠʦ ʥʘʧʨʘʚˀʝʥ ʧʦ 

ʫʟʦʨʫ ʥʘ ʤʦʜʝʣ ʩʘ ʩʣʠʢʝ 2.5 ʫʣʘʩʮʠ ʫ ʩʪʘˁʘ, ʨʝʜʦʤ, i=2, i=3, i=4, ʨʝʟʫʣʪʫʿʫ ʛʝʥʝʨʠʩʘˁʝʤ 

1 2 3 4 5 

12a  
34a  45a  

13a  24a

 
35a  

()12 Ob  ( )23 Ob  ( )34 Ob  

23a  

22a  33a  44a  
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ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʩʘ ʚʝʨʦʚʘʪʥʦ˂ʘʤʘ ʛʝʥʝʨʠʩʘˁʘ ʢʦʿʘ ʩʫ ʦʜʨʝʹʝʥʘ ʧʨʠʧʘʜʘʿʫ˂ʠʤ 

ʛʫʩʪʠʥʘʤʘ ʨʘʩʧʦʜʝʣʘ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ, ()12 Ob , ( )23 Ob  ʠ ( )34 Ob . ʅʘʿʯʝʰ˂ʝ ʿʝ ʨʘʩʧʦʜʝʣʘ 

ʨʘʟʤʘʪʨʘʥʠʭ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʧʦ ʩʪʘˁʠʤʘ HMM-ʘ ʤʦʜʝʣʦʚʘʥʘ ʤʝʰʘʚʠʥʦʤ ɻʘʫʩʦʚʠʭ 

ʨʘʩʧʦʜʝʣʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ HMM ʧʨʝʜʩʪʘʚˀʘ ʄʘʨʢʦʚˀʝʚ ʤʦʜʝʣ ʯʠʿʝ ʿʝ ʩʚʘʢʦ ʝʤʠʪʫʿʫ˂ʝ ʩʪʘˁʝ, ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʫʪʘˁʝ ʢʦʿʘ ʿʝ ʜʦ ˁʝʛʘ ʜʦʚʝʣʘ,  ʤʦʜʝʣʦʚʘʥʦ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ GMM-ʦʤ, ʪʿ. HMM 

ʧʨʝʜʩʪʘʚˀʘ ʥʠʟ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠʭ, ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʘʯʠʥ ʚʝʨʦʚʘʪʥʦ˂ʘʤʘ ʧʨʝʣʘʟʘ, ʤʦʜʝʣʘ 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ɻʘʫʩʦʚʠʤ ʨʘʩʧʦʜʝʣʘʤʘ. 

ʋʢʦʣʠʢʦ ʩʝ ʟʘ ʧʨʠʤʝʨ ʤʦʜʝʣʘ ʥʘ ʩʣʠʮʠ 2.5 ʧʨʝʪʧʦʩʪʘʚʠ ʜʘ ʩʫ ʩʝʢʚʝʥʮʘʤʘ ʧʨʝʣʘʟʘ 1-2, 1-

2-3, 1-2-3-4, ʧʨʠʜʨʫʞʝʥʝ ʧʦʿʘʚʝ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ, 1O , 2O , 3O , ʪʘʜʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʧʦʿʘʚʝ ʦʚʝ 

ʩʝʢʚʝʥʮʝ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʩ ʦʙʟʠʨʦʤ ʥʘ ʧʨʠʤʝˁʝʥʠ ʤʦʜʝʣ ʠʟʥʦʩʠ: 

( ) ( ) ( ) ( )343423122323121212321 ObaaaObaaObaʤʦʜʝʣOOOp ÖÖÖ+ÖÖ+Ö= .          (2.19)   

ʄʘʢʩʠʤʠʟʘʮʠʿʘ ʤʝʨʝ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʦʛ ʥʠʟʘ ʨʘʤʦʚʘ ʪʿ. ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʧʨʠʤʝˁʝʥʠ ʤʦʜʝʣ ʤʦʞʝ ʩʝ ʠʟʚʨʰʠʪʠ ɺʠʪʝʨʙʠʿʝʚʠʤ ʘʣʛʦʨʠʪʤʦʤ.  

 

2.3.3. ɺʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ (ANN) 

 

ʆʜʣʫʯʠʚʘʯʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʚʝʰʪʘʯʢʠʤ ʥʝʫʨʦʥʩʢʠʤ ʤʨʝʞʘʤʘ ʧʨʠʤʝˁʫʿʫ ʩʝ ʫ ʩʠʩʪʝʤʠʤʘ 

ʟʘ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʢʘʢʦ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʟʘʚʠʩʥʠʤ ʪʘʢʦ ʠ ʥʝʟʘʚʠʩʥʠʤ ʦʜ 

ʠʟʛʦʚʦʨʝʥʦʛ ʪʝʢʩʪʘ. ʆʥʝ ʩʝ ʤʦʛʫ ʠʟʫʟʝʪʥʦ ʝʬʠʢʘʩʥʦ ʦʙʫʯʠʪʠ ʫ ʮʠˀʫ ʠʟʚʨʰʝˁʘ ʩʣʦʞʝʥʠʭ 

ʧʨʝʩʣʠʢʘʚʘˁʘ ʠʟʤʝʹʫ ʫʣʘʟʘ ʠ ʠʟʣʘʟʘ ʪʝ ʢʘʦ ʪʘʢʚʝ ʤʦʛʫ ʘʧʨʦʢʩʠʤʠʨʘʪʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʢʣʘʩʘ ʥʘ 

ʢʦʿʝ ʩʫ ʪʨʝʥʠʨʘʥʝ. ANN ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʤʘʣʠʭ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʿʝʜʠʥʠʮʘ (ʥʝʫʨʦʥʘ) ʢʦʿʝ ʩʫ 

ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʝ ʨʘʜʠ ʜʦʙʠʿʘˁʘ ʧʦʪʨʝʙʥʝ ʧʨʝʥʦʩʥʝ ʬʫʥʢʮʠʿʝ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ ʬʦʨʤʘ 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʿʝ ʪʟʚ. ʦʜʣʫʯʠʚʘʯ ʫ ʚʠʰʝ ʥʠʚʦʘ (ʝʥʛ. Multi -Layer Perceptron ï MLP). 

MLP ʩʘʜʨʞʠ ʫʣʘʟʥʠ ʥʠʚʦ, ʦʜʨʝʹʝʥ ʙʨʦʿ ʩʢʨʠʚʝʥʠʭ ʥʠʚʦʘ ʠ ʠʟʣʘʟʥʠ ʥʠʚʦ (ʩʣʠʢʘ 2.6). 

ʋʣʘʟʥʠ ʥʠʚʦ ʿʝ ʥʝʬʫʥʢʮʠʦʥʘʣʘʥ ʠ ʦʜʛʦʚʦʨʘʥ ʿʝ ʟʘ ʧʨʝʫʩʤʝʨʘʚʘˁʝ ʫʣʘʟʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʢʘ 

ʥʝʫʨʦʥʠʤʘ ʫ ʩʢʨʠʚʝʥʦʤ ʥʠʚʦʫ. ʇʨʝʦʩʪʘʣʠ ʥʠʚʦʠ ʩʫ ʬʫʢʮʠʦʥʘʣʥʠ ʠ ʢʘʦ ʪʘʢʚʠ ʦʧʠʩʘʥʠ 

ʧʨʠʧʘʜʘʿʫ˂ʠʤ ʧʦʥʜʝʨʠʩʘʥʠʤ ʫʣʘʟʠʤʘ ʠ ʥʝʣʠʥʝʘʨʥʠʤ ʘʢʪʠʚʘʮʠʦʥʠʤ ʬʫʥʢʮʠʿʘʤʘ. ʉʚʘʢʠ 

ʥʝʫʨʦʥ ʫ ʠʟʣʘʟʥʦʤ ʥʠʚʦʫ ʜʠʨʝʢʪʥʦ ʩʝ ʦʜʥʦʩʠ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʢʣʘʩʫ ʧʨʝʧʦʟʥʘʚʘˁʘ. ʇʨʝʢʦ 

ʫʣʘʟʥʠʭ ʥʝʫʨʦʥʘ ʫʣʘʟʥʘ ʠʥʬʦʨʤʘʮʠʿʘ ʩʝ ʧʦʭʨʘˁʫʿʝ ʫ MLP ʠ ʩʚʘʢʠ ʠʟʣʘʟʥʠ ʥʝʫʨʦʥ ʩʘʜʨʞʠ 

ʨʝʟʫʣʪʫʿʫ˂ʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʟʘ ʪʫ ʦʜʨʝʹʝʥʫ ʢʣʘʩʫ. ʅʘʢʦʥ ʪʦʛʘ ʠʥʬʦʨʤʘʮʠʿʘ ʩʘ ʫʣʘʟʘ ʩʝ 

ʢʣʘʩʠʬʠʢʫʿʝ ʫ ʢʣʘʩʫ ʯʠʿʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʠʟʣʘʟʥʠ ʥʝʫʨʦʥ ʠʤʘ ʥʘʿʚʝ˂ʠ ʨʝʟʫʣʪʘʪ.       

 

 
ʉʣʠʢʘ 2.6. ɺʝʰʪʘʯʢʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʫ ʜʚʘ ʥʠʚʦʘ ʢʦʿʘ ʠʤʘ 4 ʠʟʣʘʟʥʘ ʥʝʫʨʦʥʘ. 

 

ʋʣʘʟʠ 

ʉʢʨʠʚʝʥʠ 

ʥʝʫʨʦʥʠ 

ʀʟʣʘʟʠ 
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ʋ ʧʨʠʤʝʥʘʤʘ ʟʘ ʘʫʪʦʤʘʪʩʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ANN ʩʝ ʥʘʿʯʝʰ˂ʝ ʿʘʚˀʘʿʫ ʫ 

ʩʣʝʜʝ˂ʝ ʜʚʝ ʦʧʰʪʝ ʬʦʨʤʝ: 

¶ ʿʝʜʥʘ MLP ʿʝ ʪʨʝʥʠʨʘʥʘ ʩʘ SN  ʠʟʣʘʟʥʠʭ ʥʝʫʨʦʥʘ, ʧʨʠ ʯʝʤʫ ʿʝ SN  ʙʨʦʿ 

ʪʨʝʥʠʨʘʥʠʭ ʛʦʚʦʨʥʠʢʘ, 

¶ ʧʦ ʿʝʜʥʘ MLP ʿʝ ʪʨʝʥʠʨʘʥʘ ʟʘ ʩʚʘʢʦʛ ʦʜ SN  ʛʦʚʦʨʥʠʢʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʩʘʜʘ ʙʨʦʿ 

ʤʨʝʞʘ ʿʝʜʥʘʢ ʙʨʦʿʫ ʛʦʚʦʨʥʠʢʘ, ʪʝ ʩʚʘʢʘ ʦʜ ˁʠʭ ʩʘʜʨʞʠ ʜʚʘ ʠʟʣʘʟʥʘ ʥʝʫʨʦʥʘ ʢʦʿʠ 

ʩʝ ʦʜʥʦʩʝ ʥʘ ʪʨʝʥʠʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʠ ʥʘ ʦʩʪʘʣʝ ʛʦʚʦʨʥʠʢʝ. 

ʊʨʝʥʠʨʘˁʝ ʦʜʥʦʩʥʦ ʦʙʫʢʘ MLP-ʘ ʦʙʘʚˀʘ ʩʝ ʪʟʚ. ʘʛʦʨʠʪʤʦʤ ʧʨʦʧʘʛʘʮʠʦʥʝ ʛʨʝʰʢʝ 

ʫʥʘʟʘʜ (ʝʥʛ. error back-propagation algorithm). ʆʚʘʿ ʘʣʛʦʨʠʪʘʤ ʠʪʝʨʘʪʠʚʥʦ ʧʨʦʥʘʣʘʟʠ 

ʚʨʝʜʥʦʩʪʠ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʯʚʦʨʦʚʘ MLP-ʘ, ʢʦʿʝ ʩʝ ʠʥʠʮʠʿʘʣʥʦ ʧʦʩʪʘʚˀʘʿʫ ʥʘ 

ʩʣʫʯʘʿʘʥ ʥʘʯʠʥ ʫ ʦʧʩʝʛʫ ʦʜ -0.5 ʜʦ 0.5. ɸʣʛʦʨʠʪʘʤ ʩʝ ʠʟʚʨʰʘʚʘ ʧʨʦʣʘʩʢʦʤ ʫ ʥʘʧʨʝʜ ʠ ʫ ʥʘʟʘʜ.  

ʇʨʠʣʠʢʦʤ ʧʨʦʣʘʩʢʘ ʫ ʥʘʧʨʝʜ ʩʚʠ ʪʨʝʥʠʥʛ ʚʝʢʪʦʨʠ ʠ ˁʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʣʘʙʝʣʝ ʩʝ 

ʜʦʚʦʜʝ ʥʘ ʫʣʘʟ MLP-ʘ, ʥʘ ʦʩʥʦʚʫ ʯʝʛʘ ʩʝ ʧʨʦʮʝˁʫʿʝ ʛʨʝʰʢʘ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʠʟʣʘʟʫ. 

ʀʟʣʘʟ k-ʪʦʛ ʠʟʣʘʟʥʦʛ ʥʝʫʨʦʥʘ ʟʘ ʜʘʪʠ n-ʪʠ ʫʣʘʟʥʠ ʪʨʝʥʠʥʛ ʚʝʢʪʦʨ ny , ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʬʦʨʤʠ: 

() ()
ö
ö

÷

õ

æ
æ

ç

å

ö
ö

÷

õ

æ
æ

ç

å
ÖÖ= ä ä

i j

nijkik jyffnO ww ,              (2.20)        

ʧʨʠ ʯʝʤʫ ʠʥʜʝʢʩʠ j ʦʜʥʦʩʥʦ i ʦʟʥʘʯʘʚʘʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʫʣʘʟʥʝ ʦʜʥʦʩʥʦ ʩʢʨʠʚʝʥʝ ʥʝʫʨʦʥʝ, ʜʦʢ 

ʧʦʥʜʝʨʠ ijw  ʦʜʥʦʩʥʦ kiw  ʦʜʛʦʚʘʨʘʿʫ ʪʝʞʠʥʩʢʠʤ ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ ʚʝʟʝ ʠʟʤʝʹʫ ʥʝʫʨʦʥʘ ʫ 

ʧʦʩʤʘʪʨʘʥʦʤ ʠ ʧʨʝʪʭʦʜʥʦʤ ʥʠʚʦʫ. ɸʢʪʠʚʘʮʠʦʥʘ ʬʫʥʢʮʠʿʘ ʠʤʘ ʦʙʣʠʢ: 

()
xe

xf
-+

=
1

1
.                (2.21)   

ʋʢʦʣʠʢʦ ()ndk  ʧʨʝʜʩʪʘʚˀʘ ʠʜʝʘʣʥʫ ʚʨʝʜʥʦʩʪ k-ʪʦʛ ʠʟʣʘʟʥʦʛ ʥʝʫʨʦʥʘ ʟʘ ʧʦʩʤʘʪʨʘʥʠ n-ʪʠ 

ʪʨʝʥʠʥʛ ʚʝʢʪʦʨ, ʫʢʫʧʥʘ ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ ʢʦʨʠʰ˂ʝʥʦʛ MLP-ʘ ʠʟʥʦʩʠ: 

() ()( )ää -=
n k

kk ndnOE
2

.               (2.22)   

ʇʨʠʣʠʢʦʤ ʧʨʦʣʘʩʢʘ ʫ ʥʘʟʘʜ, ʦʜ ʠʟʣʘʟʥʦʛ ʢʘ ʩʢʨʠʚʝʥʦʤ ʥʠʚʦʫ, ʧʦʥʜʝʨʠ ʩʝ ʤʦʜʠʬʠʢʫʿʫ ʫ 

ʮʠˀʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʦʚʝ ʛʨʝʰʢʝ. ʇʨʦʮʝʩ ʠʪʝʨʘʮʠʿʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʛʨʝʰʢʝ ʧʨʦʣʘʩʢʦʤ ʫ ʥʘʧʨʝʜ 

ʦʜʥʦʩʥʦ ʢʦʨʠʛʦʚʘˁʝ ʧʦʥʜʝʨʘ ʧʨʦʣʘʩʢʦʤ ʫ ʥʘʟʘʜ ʪʨʘʿʝ ʩʚʝ ʜʦʢ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ MLP-ʘ 

ʢʦʥʚʝʨʛʠʨʘʿʫ ʣʦʢʘʣʥʦʤ ʤʠʥʠʤʫʤʫ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ E. 

ʊʦʢʦʤ ʪʝʩʪʠʨʘˁʘ, ʩʚʘʢʠ ʦʜ L ʪʝʩʪ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ( )LyyyY ,...,, 21=  ʜʦʚʦʜʝ ʩʝ ʥʘ ʫʣʘʟ 

MLP-ʘ. ʇʨʝʧʦʟʥʘʚʘʯ ʜʦʥʦʩʠ ʦʜʣʫʢʫ ʥʘ ʦʩʥʦʚʫ ʧʦʩʤʘʪʨʘˁʘ ʚʨʝʜʥʦʩʪʠ ʠʟʣʘʟʥʠʭ ʥʝʫʨʦʥʘ ʢʘʦ 

ʤʝʨʝ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʦʛ ʤʦʜʝʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʧʦʟʥʘʚʘʥʠ ʚʝʢʪʦʨ ʦʙʝʣʝʞʿʘ.  
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3. ʉʄɸɳɽɳɽ ʉʊɸʅɼɸʈɼʅʆ ʂʆʈʀʐɴɽʅʆɻ ʉʂʋʇɸ 

ʆɹɽʃɽɾɱɸ ʋɿʀʄɸɳɽʄ ʋ ʆɹɿʀʈ ɻʃɸɺʅʀʍ ʇʈɸɺɸʎɸ 

ɽʅɽʈɻʀɱɽ ʋ ʀɿɺʆʈʅʆʄ ʇʈʆʉʊʆʈʋ ʆɹɽʃɽɾɱɸ 
 

ʇʨʠʣʠʢʦʤ ʢʦʨʠʰ˂ʝˁʘ MFCCs ʢʘʦ ʦʙʝʣʝʞʿʘ ʨʘʜʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʠ ʧʨʚʠʭ 12 MFCCs ʟʘʿʝʜʥʦ ʩʘ ʥʫʣʪʠʤ ʤʝʣ-

ʬʨʝʢʚʝʥʮʠʿʩʢʠʤ ʢʝʧʩʪʨʘʣʥʠʤ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʠ ˁʠʭʦʚʠ ʧʨʚʠ ʠ ʜʨʫʛʠ ʠʟʚʦʜʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ 

ʩʚʘʢʠ ʨʘʤ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʩʝ ʧʨʝʜʩʪʘʚˀʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ 39-ʪʦ 

ʜʠʤʝʥʟʠʦʥʘʣʥʠʤ ʚʝʢʪʦʨʦʤ ʦʙʝʣʝʞʿʘ. ɼʘ ʙʠ ʩʝ ʠʟʛʨʘʜʠʦ ʰʪʦ ʢʦʤʧʣʝʪʥʠʿʠ ʤʦʜʝʣ ʛʦʚʦʨʘ 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʧʦʪʨʝʙʥʦ ʿʝ ʨʘʩʧʦʣʘʛʘʪʠ ʜʦʚʦˀʥʠʤ ʙʨʦʿʝʤ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʢʘʢʦ ʙʠ 

ʩʝ ʰʪʦ ʚʝ˂ʠ ʙʨʦʿ ʤʦʛʫ˂ʠʭ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʫ ˁʝʛʦʚʦʤ ʛʣʘʩʫ ʫʟʝʦ ʫ ʦʙʟʠʨ. ɹʨʦʿ ʢʦʨʠʰ˂ʝʥʠʭ 

ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ ʫʩʣʦʚˀʘʚʘ ʠ ʚʝʣʠʯʠʥʫ ʧʦʪʨʝʙʥʦʛ ʪʨʝʥʠʥʛ ʩʢʫʧʘ ʦʜʥʦʩʥʦ ʙʨʦʿ ʧʦʪʨʝʙʥʠʭ 

ʪʨʝʥʠʥʛ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʨʘʜʠ ʢʦʥʩʪʨʫʢʮʠʿʝ ʘʜʝʢʚʘʪʥʠʭ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʫ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʚʝʣʠʯʠʥʝ ʧʦʪʨʝʙʥʦʛ ʪʨʝʥʠʥʛ ʩʢʫʧʘ ʠ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ 

ʢʦʨʠʰ˂ʝʥʦʛ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʩʣʝʜʠ ʧʦʪʨʝʙʘ ʠʟʙʦʨʘ ʧʦʪʨʝʙʥʦʛ ʠ ʜʦʚʦˀʥʦʛ ʩʢʫʧʘ ʦʙʝʣʝʞʿʘ 

ʨʘʜʠ ʪʘʯʥʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ. 

ɼʘʢʣʝ ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʨʝʜʠʪʠ ʤʠʥʠʤʘʣʘʥ ʙʨʦʿ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʿʝ ʤʦʛʫ˂ʝ 

ʠʟʚʨʰʠʪʠ ʨʘʟʣʠʢʦʚʘˁʝ ʛʦʚʦʨʥʠʢʘ. ʄʠʥʠʤʘʣʥʦʩʪ ʩʢʫʧʘ ʦʙʝʣʝʞʿʘ ʧʦʩʣʝʜʠʮʘ ʿʝ ʠʟʙʦʨʘ 

ʤʝʹʫʩʦʙʥʦ ʥʝʟʘʚʠʩʥʠʭ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʦʚʘʿ ʟʘʭʪʝʚ ʧʦʩʪʘʚˀʝʥ ʧʨʝʜ ʦʙʝʣʝʞʿʘ 

ʛʦʚʦʨʘ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʪʝʦʨʠʿʝ ʠʥʬʦʨʤʘʮʠʿʘ ʩʣʝʜʠ ʧʦʪʨʝʙʘ ʟʘ ʧʨʦʥʘʣʘʞʝˁʝʤ ʪʘʢʚʠʭ ʦʙʝʣʝʞʿʘ 

ʢʦʿʘ ˂ʝ ʧʦʢʘʟʠʚʘʪʠ ʤʠʥʠʤʘʣʥʫ ʤʦʛʫ˂ʫ ʨʝʜʫʥʜʘʥʩʫ ʤʝʹʫ ʩʦʙʦʤ. ʋ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʦʤ ʯʝʩʪʦ 

ʢʦʨʠʰ˂ʝʥʦʤ 39-ʪʦ ʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʚʝʢʪʦʨʫ ʦʙʝʣʝʞʿʘ ʧʨʚʠ ʠ ʜʨʫʛʠ ʠʟʚʦʜʠ MFCCs ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʘʧʨʦʢʩʠʤʘʪʠʚʥʦ ʠʟʨʘʞʘʚʘʿʫ ʣʠʥʝʘʨʥʦʤ ʢʦʤʙʠʥʘʮʠʿʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ MFCCs, ʢʘʦ 

ʰʪʦ ʿʝ ʪʦ ʠʩʢʘʟʘʥʦ ʿʝʜʥʘʢʦʩʪʠʤʘ 2.11. ʅʘ ʦʩʥʦʚʫ ʧʦʩʪʦʿʘˁʘ ʣʠʥʝʘʨʥʝ ʟʘʚʠʩʥʦʩʪʠ ʤʦʞʝ ʩʝ 

ʛʦʚʦʨʠʪʠ ʦ ʠʥʬʦʨʤʘʮʠʦʥʦʿ ʩʫʚʠʰʥʦʩʪʠ ʪʿ. ʨʝʜʫʥʜʘʥʩʠ ʦʙʝʣʝʞʿʘ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʚʠ 

ʦʜʥʦʩʥʦ ʜʨʫʛʠ ʠʟʚʦʜ ʫ ʦʜʥʦʩʫ ʥʘ ʦʙʠʯʥʝ MFCCs ʪʿ. ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʚʠʭ 13 ʦʙʝʣʝʞʿʘ ʫ 

ʢʦʨʠʰ˂ʝʥʦʤ 39-ʪʦ ʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʚʝʢʪʦʨʫ ʦʙʝʣʝʞʿʘ.  

ɹʠʪʥʘ ʦʩʦʙʠʥʘ ʧʦʩʤʘʪʨʘʥʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʦʛʣʝʜʘ ʩʝ ʫ ʢʦʥʮʝʪʨʠʩʘʥʦʩʪʠ ʚʨʝʜʥʦʩʪʠ 

ʦʜʥʦʩʥʦ ʫ ʦʜʨʝʹʠʚʘˁʫ ʜʦʤʝʥʘ ʫ ʧʨʦʩʪʦʨʫ ʧʦʩʤʘʪʨʘʥʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ 

ʥʘʿʠʟʨʘʞʝʥʠʿʠʤ ʧʨʘʚʮʠʤʘ ʧʦʩʪʦʿʘˁʘ ʧʦʩʤʘʪʨʘʥʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ. ʆʚʘ ʦʩʦʙʠʥʘ ʩʝ ʤʦʞʝ 

ʧʨʦʮʝʥʠʪʠ ʥʘ ʦʩʥʦʚʫ ʨʘʟʤʘʪʨʘˁʘ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʦʬʠʣʘ ʧʦʩʤʘʪʨʘʥʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ. ʉʢʫʧ 

ʧʦʜʘʪʘʢʘ ʦʜ ʠʥʪʝʨʝʩʘ ʧʨʠʣʠʢʦʤ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʢʪʦʨʠ ʦʙʝʣʝʞʿʘ ʜʦʙʠʿʝʥʠ ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ʛʦʚʦʨʘ ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʢʘ. 

ʇʨʝʜʩʪʘʚʘ ʝʥʝʨʛʝʪʩʢʝ ʧʨʝʨʘʩʧʦʜʝʣʝ ʪʿ. ʝʥʝʨʛʝʪʩʢʘ ʩʣʠʢʘ ʧʦʩʤʘʪʨʘʥʦʛ ʩʢʫʧʘ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ 

ʦʛʣʝʜʘ ʩʝ ʫ ʢʦʚʘʨʠʿʘʥʩʥʦʿ ʤʘʪʨʠʮʠ. 

ʋʢʦʣʠʢʦ ʩʝ d-ʜʠʤʝʥʟʠʦʥʘʣʥʠ ʚʝʢʪʦʨʠ ʦʙʝʣʝʞʿʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʘ ʧʦʨʝʹʘʿʫ ʫ ʤʘʪʨʠʮʫ 

ʪʘʢʦ ʜʘ ʩʚʘʢʠ ʦʜ n-ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʧʦʧʫˁʘʚʘ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʢʦʣʦʥʫ ʧʦʩʤʘʪʨʘʥʝ ʤʘʪʨʠʮʝ 

ʜʦʙʠʿʘ ʩʝ ʤʘʪʨʠʮʘ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ [ ]
ndnxxxX
³

= ...21 . ɺʝʢʪʦʨʠ ʦʙʝʣʝʞʿʘ ʩʝ ʛʨʫʧʠʰʫ ʫ 

ʤʘʪʨʠʮʫ ʨʘʜʠ ʜʝʬʠʥʠʩʘˁʘ ʥʘʯʠʥʘ ʦʜʨʝʹʠʚʘˁʘ ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ. ʇʨʝʪʭʦʜʥʦ ʿʝ ʧʦʪʨʝʙʥʦ 

ʜʝʬʠʥʠʩʘʪʠ ʚʝʢʪʦʨ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ m ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʧʦʩʤʘʪʨʘʥʦʿ ʤʘʪʨʠʮʠ X. 

ʇʨʝʪʧʦʩʪʘʚˀʘʿʫ˂ʠ ʜʘ ʩʝ ʝʣʝʤʝʥʪʠ ʫ ʥʝʢʦʿ ʦʜ d ʚʨʩʪʘ ʧʦʩʤʘʪʨʘʥʝ ʤʘʪʨʠʮʝ ʤʦʛʫ ʩʤʘʪʨʘʪʠ 

ʝʣʝʤʝʥʪʠʤʘ ʿʝʜʥʝ ʦʜ d ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʣʫʯʘʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʝʣʝʤʝʥʪʠ ʚʝʢʪʦʨʘ ʩʨʝʜˁʠʭ 

ʚʨʝʜʥʦʩʪʠ m ʩʝ ʜʝʬʠʥʠʰʫ ʢʘʦ ʦʯʝʢʠʚʘˁʘ ʩʚʘʢʝ ʦʜ d ʧʦʤʝʥʫʪʠʭ ʩʣʫʯʘʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʠʣʠ 

ʧʦʩʤʘʪʨʘʿʫ˂ʠ ʮʝʣʦʢʫʧʥʠ ʩʢʫʧ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ, ʢʘʦ ʦʯʝʢʠʚʘˁʝ ʤʘʪʨʠʮʝ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ X 

ʧʦ ˁʝʥʠʤ ʚʨʩʪʘʤʘ: []XE=m . ɿʘ ʢʦʥʘʯʘʥ ʩʢʫʧ ʦʜ n ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʚʝʢʪʦʨ ʩʨʝʜˁʠʭ 

ʚʨʝʜʥʦʩʪʠ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʤʘʪʨʠʯʥʝ ʬʦʨʤʝ ʢʘʦ:  
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ʂʦʚʘʨʠʿʘʥʩʥʘ ʤʘʪʨʠʮʘ ʧʦʩʤʘʪʨʘʥʦʛ ʩʢʫʧʘ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʪʿ. ʤʘʪʨʠʮʝ ʚʝʢʪʦʨʘ 

ʦʙʝʣʝʞʿʘ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʦʯʝʢʠʚʘˁʝ ʧʨʦʠʟʚʦʜʘ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʤʘʪʨʠʮʝ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ 
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ʚʝʢʪʦʨʦʤ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ ʠ ʪʨʘʥʩʧʦʥʦʚʘʥʦʛ ʦʙʣʠʢʘ ʦʚʘʢʦ ʜʦʙʠʿʝʥʝ ʤʘʪʨʠʮʝ: 

])()[( TXXE mm -Ö-=S . ʊʘʢʦʹʝ ʫ ʩʣʫʯʘʿʫ ʨʝʘʣʥʠʭ ʧʨʦʙʣʝʤʘ ʥʘʜ ʢʦʥʘʯʥʠʤ ʩʢʫʧʦʤ ʦʜ n 

ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʦʙʠʯʥʦ ʩʝ ʠʟʨʘʯʫʥʘʚʘˁʝ ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ ʚʨʰʠ ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʢʦʩʪʠ: 

 ( )( )Tdd XX
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.       (3.2)  

ɽʣʝʤʝʥʪʠ ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ: 
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,        (3.3) 

ʧʦ ʩʚʦʿʦʿ ʧʨʠʨʦʜʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʝʥʝʨʛʝʪʩʢʘ ʧʦˀʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʩʢʫʧʫ 

ʦʙʝʣʝʞʿʘ. ɼʠʿʘʛʦʥʘʣʥʠ ʝʣʝʤʝʥʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʘʨʠʿʘʥʩʝ ʦʜʥʦʩʥʦ ʝʥʝʨʛʠʿʝ ʜʫʞ ʩʚʘʢʝ ʦʜ d 

ʜʠʤʝʥʟʠʿʘ, ʜʦʢ ʚʘʥʜʠʿʘʛʦʥʘʣʥʠ ʝʣʝʤʝʥʪʠ ʨʝʧʨʝʟʝʥʪʫʿʫ ʤʝʨʫ ʤʝʹʫʩʦʙʥʝ ʧʦʚʝʟʘʥʦʩʪʠ 

ʜʠʤʝʥʟʠʿʘ, ʪʘʢʦ ʜʘ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʢʦʚʘʨʠʿʘʥʩʥʘ ʤʘʪʨʠʮʘ ʜʘʿʝ ʩʣʠʢʫ ʧʨʝʨʘʩʧʦʜʝʣʝ ʝʥʝʨʛʠʿʝ 

ʧʦʩʤʘʪʨʘʥʦʛ ʩʢʫʧʘ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʜʫʞ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʠʭ ʜʠʤʝʥʟʠʿʘ. ʊʘʢʦʹʝ ʝʚʠʜʝʥʪʥʘ 

ʿʝ ʩʠʤʝʪʨʠʯʥʦʩʪ ʚʘʥʜʠʿʘʛʦʥʘʣʥʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʛʣʘʚʥʫ ʜʠʿʘʛʦʥʘʣʫ ʢʦʚʘʨʠʿʘʥʩʥʝ 

ʤʘʪʨʠʮʝ. ʇʦʩʪʦʿʘˁʝ ʠʥʬʦʨʤʘʮʠʦʥʝ ʩʫʚʠʰʥʦʩʪʠ ʠʟʤʝʹʫ ʢʦʨʠʰ˂ʝʥʠʭ d ʜʠʤʝʥʟʠʿʘ ʫʢʘʟʫʿʝ ʜʘ 

ʢʦʨʠʰ˂ʝʥʝ ʜʠʤʝʥʟʠʿʝ ʥʝ ʧʦʢʘʟʫʿʫ ʛʣʘʚʥʝ ʧʨʘʚʮʝ ʧʨʦʩʪʠʨʘˁʘ ʝʥʝʨʛʠʿʝ ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʭ 

ʩʠʛʥʘʣʘ. ʇʦʩʪʫʧʘʢ ʢʦʿʠʤ ʿʝ ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ ʤʝʹʫʩʦʙʥʫ ʠʩʪʘʢʥʫʪʦʩʪ ʝʥʝʨʛʝʪʩʢʠʭ ʧʨʘʚʘʮʘ ʫ 

ʧʦʩʤʘʪʨʘʥʦʤ ʩʢʫʧʫ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʠʟʨʘʯʫʥʘʚʘˁʫ ʩʚʦʿʩʪʚʝʥʠʭ ʚʝʢʪʦʨʘ 

ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ S ʧʦʩʤʘʪʨʘʥʝ ʤʘʪʨʠʮʝ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ X ʠ ʩʭʦʜʥʦ ʪʦʤʝ ʤʦʞʝ ʩʝ  

ʠʤʝʥʦʚʘʪʠ ʢʘʦ ʘʥʘʣʠʟʘ ʛʣʘʚʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ (ʝʥʛ. Principal Component Analisys ï PCA). 

ʉʚʦʿʩʪʚʝʥʠ ʚʝʢʪʦʨʠ ʦʜʛʦʚʘʨʘʿʫ ʥʦʚʠʤ ʜʠʤʝʥʟʠʿʘʤʘ ʜʫʞ ʢʦʿʠʭ ʩʝ ʩʘʜʘ ʚʨʰʠ ʘʥʘʣʠʟʘ 

ʧʦʩʤʘʪʨʘʥʦʛ ʩʢʫʧʘ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ X. 

PCA ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʚʝʟʠ ʠʟʤʝʹʫ ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ, ˁʝʥʠʤ ʩʚʦʿʩʪʚʝʥʠʤ ʚʝʢʪʦʨʠʤʘ ʠ 

ˁʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʚʦʿʩʪʚʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ:  

   EValEVectEVect Ö=ÖS .        (3.4)  

ʇʦʩʤʘʪʨʘʥʦʤ ʩʢʫʧʫ d-ʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʦʜʛʦʚʘʨʘ ʢʦʚʘʨʠʿʘʥʩʥʘ ʤʘʪʨʠʮʘ ʢʦʿʘ 

ʠʤʘ d ʚʨʩʪʘ ʠ d ʢʦʣʦʥʘ. ʉʚʦʿʩʪʚʦ ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ S ʿʝʩʪʝ ʜʘ ʟʘ ˁʫ ʧʦʩʪʦʿʠ d 

ʩʚʦʿʩʪʚʝʥʠʭ ʚʝʢʪʦʨʘ ʠ ˁʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ d ʩʚʦʿʩʪʚʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʧʦʚʝʟʘʥʠʭ ʿʝʜʥʘʢʦʰ˂ʫ 

3.4. ʇʨʠʤʝʥʘ PCA ʨʘʜʠ ʩʤʘˁʝˁʘ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʠʭ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʧʨʠ 

ʘʫʪʦʤʘʪʩʢʦʤ ʧʨʝʧʦʟʥʘʚʘˁʫ ʛʦʚʦʨʥʠʢʘ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʧʨʠʤʝʥʠ ʤʘʪʨʠʯʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʯʠʿʘ 

ʬʦʨʤʘ ʟʘʚʠʩʠ ʦʜ ʩʚʦʿʩʪʚʝʥʠʭ ʚʝʢʪʦʨʘ ʢʦʿʠ ʩʝ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʩʚʦʿʩʪʚʝʥʠ 

ʚʝʢʪʦʨʠ ʨʝʧʨʝʟʝʥʪʫʿʫ ʧʨʘʚʮʝ ʥʦʚʠʭ ʜʠʤʝʥʟʠʿʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʩʢʫʧʫ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʩʣʝʜʠ 

ʜʘ ʙʨʦʿ ʩʚʦʿʩʪʚʝʥʠʭ ʚʝʢʪʦʨʘ ʫʟʝʪʠʭ ʫ ʨʘʟʤʘʪʨʘˁʝ ʜʝʬʠʥʠʰʝ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪ ʧʨʝʩʣʠʢʘʥʦʛ ʪʿ. 

ʪʨʘʥʩʬʦʨʤʠʩʘʥʦʛ ʩʢʫʧʘ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ. ʉʚʘʢʦʤ ʩʚʦʿʩʪʚʝʥʦʤ ʚʝʢʪʦʨʫ ʦʜʛʦʚʘʨʘ ʩʚʦʿʩʪʚʝʥʘ 

ʚʨʝʜʥʦʩʪ. ɺʝʣʠʯʠʥʘ ʩʚʦʿʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ iEVal , i=1,2,...,d, ʦʧʠʩʫʿʝ ʠʩʪʘʢʥʫʪʦʩʪ i-ʪʝ 

ʜʠʤʝʥʟʠʿʝ ʢʦʿʫ ʨʝʧʨʝʟʝʥʪʫʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʚʦʿʩʪʚʝʥʠ ʚʝʢʪʦʨ iEVect  ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʩʢʫʧʫ 

ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʜʝʬʠʥʠʩʘʥʠʭ ʤʘʪʨʠʮʦʤ X. ʊʨʘʥʩʬʦʨʤʘʮʠʦʥʘ ʤʘʪʨʠʮʘ trC  ʩʝ ʬʦʨʤʠʨʘ ʥʘ 

ʦʩʥʦʚʫ ʠʟʙʦʨʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʚʦʿʩʪʚʝʥʠʭ ʚʝʢʪʦʨʘ. ʋ ʪʝʞˁʠ ʜʘ ʩʝ ʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ 

ʠʩʪʘʢʥʫ ʧʨʘʚʮʠ ʥʘʿʚʝ˂ʝ ʚʘʨʠʿʘʥʩʝ ʪʿ. ʝʥʝʨʛʠʿʝ ʫʥʫʪʘʨ ʠʟʚʦʨʥʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʘ ʤʘʪʨʠʮʘ ʩʝ ʬʦʨʤʠʨʘ ʩʚʦʿʩʪʚʝʥʠʤ ʚʝʢʪʦʨʠʤʘ ʢʦʿʠʤʘ ʦʜʛʦʚʘʨʘʿʫ ʥʘʿʚʝ˂ʝ 

ʩʚʦʿʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ. ʈʘʜʠ ʬʦʨʤʠʨʘˁʘ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʝ ʤʘʪʨʠʮʝ ʢʦʿʘ ʤʦʞʝ ʜʘ ʠʟʚʨʰʠ 

ʧʨʝʩʣʠʢʘʚʘˁʝ ʠʟ ʠʟʚʦʨʥʦʛ d-ʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʧʨʦʩʪʦʨʘ ʦʙʝʣʝʞʿʘ ʫ ʤʘˁʝ ʜʠʤʝʥʟʠʦʥʘʣʘʥ 

ʧʨʦʩʪʦʨ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ ʨʝʜʘ m ʧʦʪʨʝʙʥʦ ʿʝ ʬʦʨʤʠʨʘʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʫ ʤʘʪʨʠʮʫ 

ʢʦʨʠʰ˂ʝˁʝʤ m ʩʚʦʿʩʪʚʝʥʠʭ ʚʝʢʪʦʨʘ ʥʘʿʚʝ˂ʠʭ ʩʚʦʿʩʪʚʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʧʦʨʝʹʘʥʠʭ ʧʦ 

ʦʧʘʜʘʿʫ˂ʝʤ ʨʝʜʦʩʣʝʜʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʚʦʿʩʪʚʝʥʠʭ ʚʨʝʜʥʦʩʪʠ. ʊʨʘʥʩʬʦʨʤʠʩʘʥʠ ʚʝʢʪʦʨ 

ʦʙʝʣʝʞʿʘ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʢʘʦ:  

        xCx
T

trtr Ö= .          (3.5) 
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ʆʙʟʠʨʦʤ ʥʘ ʯʠˁʝʥʠʮʫ ʜʘ PCA ʨʝʟʫʣʪʫʿʝ ʜʠʤʝʥʟʠʿʘʤʘ ʢʦʿʝ ʫʢʘʟʫʿʫ ʥʘ ʛʣʘʚʥʝ ʧʨʘʚʮʝ 

ʧʨʠʩʫʩʪʚʘ ʧʦʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ ʢʘʦ ʠ ʜʘ ʩʫ ʧʦʣʘʟʥʝ ʜʠʤʝʥʟʠʿʝ ʧʦʢʘʟʠʚʘʣʝ ʠʟʚʝʩʥʫ 

ʢʦʣʠʯʠʥʫ ʤʝʹʫʩʦʙʥʝ ʨʝʜʫʥʜʘʥʩʝ ʩʣʝʜʠ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʤʝʥʝ PCA ʨʘʜʠ ʩʤʘˁʝˁʘ 

ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ ʠʟʚʦʨʥʦʛ ʩʢʫʧʘ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ. ʉʪʦʛʘ ʿʝ ʫ ʥʘʩʪʘʚʢʫ ʘʥʘʣʠʟʠʨʘʥ ʫʪʠʮʘʿ 

ʩʤʘˁʝˁʘ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ 39-ʪʦ ʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʯʝʩʪʦ ʢʦʨʠʰ˂ʝʥʦʛ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʥʘ 

ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʧʨʠʤʝʥʦʤ PCA. 

  

3.1. ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʀ ʋʉʃʆɺʀ ɸʅɸʃʀɿɽ ʋʊʀʎɸɱɸ PCA 
 

ʈʘʜʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʢʦʨʠʰ˂ʝʥ ʿʝ ʜʝʦ ʛʦʚʦʨʥʝ ʙʘʟʝ ʧʨʝʫʟʝʪ ʦʜ ʩʪʨʘʥʝ ɸʣʬʘʅʫʤ ʛʨʫʧʝ 

ʧʦʪʝʢʣʝ ʩʘ ʌʘʢʫʣʪʝʪʘ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ ʫ ʅʦʚʦʤ ʉʘʜʫ. ʈʘʜʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫʧʦʪʨʝʙˀʝʥ ʿʝ ʜʝʦ 

ʛʦʚʦʨʥʝ ʙʘʟʝ ʢʦʿʠ ʩʘʜʨʞʠ ʠʟʛʦʚʦʨʝ 5 ʤʫʰʢʠʭ ʠ 5 ʞʝʥʩʢʠʭ ʛʦʚʦʨʥʠʢʘ. ɻʦʚʦʨʥʠʮʠ ʩʫ 

ʠʟʛʦʚʦʨʠʣʠ ʠʩʪʝ ʪʝʢʩʪʫʘʣʥʝ ʩʘʜʨʞʠʥʝ ʧʨʠ ʯʝʤʫ ʿʝ ʩʚʘʢʠ ʦʜ ʛʦʚʦʨʥʠʢʘ ʿʝʜʥʫ ʪʝʢʩʪʫʘʣʥʫ 

ʩʘʜʨʞʠʥʫ ʠʟʛʦʚʦʨʠʦ ʿʝʜʘʥʧʫʪ. ʉʥʠʤʮʠ ʩʝ ʦʜʣʠʢʫʿʫ ʪʝʤʘʪʩʢʦ-ʟʥʘʯʝˁʩʢʦʤ ʩʘʜʨʞʠʥʦʤ ʪʘʢʦ ʜʘ 

ʩʫ ʩʭʦʜʥʦ ʪʦʤʝ ʧʦʜʝˀʝʥʠ ʫ ʪʨʠ ʛʨʫʧʝ:  

¶ ʮʠʬʨʝ ï ʟʘ ʩʚʘʢʦʛ ʛʦʚʦʨʥʠʢʘ ʧʦʩʪʦʿʝ ʜʚʘ ʩʥʠʤʢʘ ʠʟʛʦʚʦʨʘ ʥʠʟʘ ʮʠʬʘʨʘ 1 ï 2 ï 3 ï 4 

ï 5 ʠ 6 ï 7 ï 8 ï 9 ï 0, 

¶ ʨʝʯʠ ï ʟʘ ʩʚʘʢʦʛ ʛʦʚʦʨʥʠʢʘ ʧʦʩʪʦʿʠ 11 ʩʥʠʤʘʢʘ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʦʛ ʥʠʟʘ ʨʝʯʠ 

ʧʨʠ ʯʝʤʫ ʩʫ ʥʠʟʦʚʠ ʨʝʯʠ ʠʩʪʠ ʟʘ ʩʚʝ ʛʦʚʦʨʥʠʢʝ, 

¶ ʠʤʝʥʘ ï ʧʦ ʿʝʜʘʥ ʩʥʠʤʘʢ ʟʘ ʩʚʘʢʦʛ ʛʦʚʦʨʥʠʢʘ ʢʦʿʠ ʩʘʜʨʞʠ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʠ ʙʨʦʿ 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʠ ˁʝʛʦʚʦ ʧʨʝʟʠʤʝ ʠ ʠʤʝ.  

ʂʦʨʠʰ˂ʝʥʠ ʩʥʠʤʮʠ ʩʫ ʫ wav (ʝʥʛ. Waveform Audio File Format ï WAVE ʠʣʠ WAV) ʬʦʨʤʘʪʫ 

ʫʯʝʩʪʘʥʦʩʪʠ ʦʜʘʙʠʨʘˁʘ 22050Hz ʢʚʘʥʪʠʟʘʮʠʦʥʝ ʨʝʟʦʣʫʮʠʿʝ 16 ʙʠʪʘ ʧʦ ʦʜʙʠʨʢʫ. ʀʤʘʿʫ˂ʠ ʫ 

ʚʠʜʫ ʪʝʢʩʪʫʘʣʥʫ ʩʘʜʨʞʠʥʫ ʨʘʩʧʦʣʦʞʠʚʠʭ ʛʦʚʦʨʥʠʭ ʩʥʠʤʘʢʘ, ʩʥʠʤʮʠ ʠʟ ʛʨʫʧʘ ''ʎʠʬʨʝ'' ʠ 

''ʈʝʯʠ'' ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʦʙʫʢʫ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ ʜʦʢ ʿʝ ʪʝʩʪʠʨʘˁʝ ʧʨʝʧʦʟʥʘʚʘˁʘ ʚʨʰʝʥʦ ʥʘʜ 

ʩʥʠʤʮʠʤʘ ʠʟ ʛʨʫʧʝ ''ʀʤʝʥʘ''. 

ʀʟʜʚʘʿʘˁʝ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ, ʤʦʜʝʣʦʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʠ ʪʝʩʪʠʨʘˁʝ ʧʨʝʧʦʟʥʘʚʘˁʘ ʚʨʰʝʥʦ 

ʿʝ ʫʧʦʪʨʝʙʦʤ ʧʨʦʛʨʘʤʩʢʦʛ ʘʣʘʪʘ HTK (ʝʥʛ. Hidden Markov Models Toolkit ï HTK) (Young 

Steve et al., 2009). ʈʘʜʠ ʘʥʘʣʠʟʝ ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ ʨʘʟʤʘʪʨʘʥʠ ʩʫ ʨʘʤʦʚʠ ʛʦʚʦʨʘ 

ʥʘʩʪʘʣʠ ʧʨʠʤʝʥʘʤʘ ʍʘʤʠʥʛʦʚʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʪʨʘʿʘˁʘ 25ms ʥʘ ʩʚʘʢʠʭ 10ms 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ.  ʉʚʘʢʠ ʨʘʤ ʛʦʚʦʨʘ ʘʥʘʣʠʟʠʨʘʥʠʭ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ 

ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ 39-ʪʦ ʜʠʤʝʥʟʠʦʥʘʣʥʠʤ ʚʝʢʪʦʨʦʤ ʦʙʝʣʝʞʿʘ ʪʿ. ʧʦʤʦ˂ʫ ʥʫʣʪʦʛ ʠ ʧʨʚʠʭ 12 

MFCCs ʠ ˁʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʨʚʠʤ ʠ ʜʨʫʛʠʤ ʠʟʚʦʜʠʤʘ. ʆʙʟʠʨʦʤ ʜʘ ʿʝ ʩʚʘʢʠ ʛʦʚʦʨʥʠʢ ʿʝʜʥʫ 

ʪʝʢʩʪʫʘʣʥʫ ʩʘʜʨʞʠʥʫ ʠʟʛʦʚʦʨʠʦ ʿʝʜʘʥʧʫʪ ʧʨʠʤʝˁʝʥ ʿʝ ʩʪʦʭʘʩʪʠʯʢʠ ʥʘʯʠʥ ʤʦʜʝʣʦʚʘˁʘ 

ʥʝʟʘʚʠʩʘʥ ʦʜ ʠʟʛʦʚʦʨʝʥʦʛ ʪʝʢʩʪʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʛʦʚʦʨ ʩʚʘʢʦʛ ʛʦʚʦʨʥʠʢʘ ʦʧʠʩʘʥ ʿʝ 

ʦʜʛʦʚʘʨʫ˂ʠʤ HMM ʢʦʿʠ ʠʤʘ ʿʝʜʥʦ ʝʤʠʪʫʿʫ˂ʝ ʩʪʘˁʝ ʧʨʠ ʯʝʤʫ ʿʝ ʛʫʩʪʠʥʘ ʨʘʩʧʦʜʝʣʝ ʦʙʝʣʝʞʿʘ ʫ 

ʝʤʠʪʫʿʫ˂ʝʤ ʩʪʘˁʫ ʦʧʠʩʘʥʘ ʧʦʤʦ˂ʫ GMM (ʩʣʠʢʘ 3.1, ʿʝʜʥʘʢʦʩʪʠ 3.6 ʠ 3.7). 

 
ʉʣʠʢʘ 3.1. ʇʨʠʤʝˁʝʥʠ ʤʦʜʝʣ ʛʦʚʦʨʥʠʢʘ. 
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ʈʘʜʠ ʨʝʘʣʠʟʘʮʠʿʝ ʿʝʜʠʥʩʪʚʝʥʝ PCA ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʟʘ ʩʚʝ ʧʦʩʤʘʪʨʘʥʝ ʛʦʚʦʨʥʠʢʝ ʫ ʮʠˀʫ 

ʠʟʨʘʯʫʥʘʚʘˁʘ ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ ʧʦʩʤʘʪʨʘʥ ʿʝ ʢʦʤʧʣʝʪʘʥ ʩʢʫʧ ʟʘ ʦʙʫʢʫ ʦʙʟʠʨʦʤ ʥʘ 

ʢʦʨʠʰ˂ʝʥʫ ʛʦʚʦʨʥʫ ʙʘʟʫ. ʄʘʪʨʠʮʫ X ʩʫ ʯʠʥʠʣʠ ʩʚʠ ʚʝʢʪʦʨʠ ʦʙʝʣʝʞʿʘ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʦʙʫʢʫ 

ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ. ʇʨʠʤʝʥʦʤ ʧʨʦʛʨʘʤʩʢʦʛ ʧʘʢʝʪʘ MATLAB  ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʢʦʩʪʠ 3.2 

ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʢʦʚʘʨʠʿʘʥʩʥʘ ʤʘʪʨʠʮʘ S ʘ ʟʘʪʠʤ ʠ ˁʝʥʠ ʩʚʦʿʩʪʚʝʥʠ ʚʝʢʪʦʨʠ ʠ ˁʠʤʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʚʦʿʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ. ʈʘʜʠ ʦʙʨʘʜʝ ʪʿ. ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ MFCCs ʧʦʪʨʝʙʥʦ ʿʝ ʟʘʧʠʩ 

ʫʥʫʪʘʨ ʙʠʥʘʨʥʠʭ mfc HTK ʬʘʿʣʦʚʘ ʢʦʿʠ ʩʘʜʨʞʝ ʚʝʢʪʦʨʝ MFCCs ʧʨʠʣʘʛʦʜʠʪʠ ʬʦʨʤʘʪʫ ʢʦʿʠ ʿʝ 

ʧʦʛʦʜʘʥ ʟʘ ʧʨʠʤʝʥʫ ʧʨʦʛʨʘʤʩʢʦʛ ʧʘʢʝʪʘ MATLAB . ʉʪʦʛʘ ʩʫ mfc ʬʘʿʣʦʚʠ ʢʦʥʚʝʨʪʦʚʘʥʠ ʫ 

ʪʝʢʩʪʫʘʣʥʝ txt ʬʘʿʣʦʚʝ ʠʟ ʢʦʿʠʭ ʩʫ ʚʝʢʪʦʨʠ MFCCs ʫʯʠʪʘʚʘʥʠ ʫ MATLAB  ʨʘʜʠ ʧʨʠʤʝʥʝ PCA 

ʥʘʜ ˁʠʤʘ.    

ɹʠʥʘʨʥʠ HTK ʬʦʨʤʘʪ ʟʘʧʠʩʘ ʫʥʫʪʘʨ mfc ʬʘʿʣʘ ʦʨʛʘʥʠʟʦʚʘʥ ʨʘʜʠ ʯʫʚʘˁʘ ʚʝʢʪʦʨʘ 

ʦʙʝʣʝʞʿʘ ʩʘʩʪʦʿʠ ʩʝ ʠʟ ʟʘʛʣʘʚˀʘ ʠ ʜʝʣʘ ʢʦʿʠ ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʪʿ. ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʘʯʠʥ 

ʢʦʜʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʧʦʩʤʘʪʨʘʥʠʤ ʚʝʢʪʦʨʠʤʘ ʦʙʝʣʝʞʿʠʤʘ. ɿʘʛʣʘʚˀʝ ʯʠʥʠ 12 ʙʘʿʪʘ ʧʦ 

ʩʣʝʜʝ˂ʝʤ ʨʝʜʦʩʣʝʜʫ:  

¶ ʙʨʦʿ ʫʟʦʨʘʢʘ ʫ ʬʘʿʣʫ ʪʿ. ʙʨʦʿ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ï 4-ʙʘʿʪʥʘ ʮʝʣʦʙʨʦʿʥʘ ʚʨʝʜʥʦʩʪ (4-

byte integer),  

¶ ʧʝʨʠʦʜ ʧʦʩʤʘʪʨʘˁʘ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʠʩʢʘʟʘʥ ʫ ʦʜʥʦʩʫ ʥʘ ʿʝʜʠʥʠʮʫ ʤʝʨʝ ʢʦʿʫ 

ʢʦʨʠʩʪʠ HTK ʠ ʠʟʥʦʩʠ 100ns ï 4-ʙʘʿʪʥʘ ʮʝʣʦʙʨʦʿʥʘ ʚʨʝʜʥʦʩʪ,  

¶ ʙʨʦʿ ʙʘʿʪʘ ʧʦ ʚʝʢʪʦʨʫ ʦʙʝʣʝʞʿʘ ï 2-ʙʘʿʪʥʘ ʮʝʣʦʙʨʦʿʥʘ ʚʨʝʜʥʦʩʪ,  

¶ ʦʟʥʘʢʘ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʫ ʫ ʬʘʿʣʫ ï 2-ʙʘʿʪʥʘ ʮʝʣʦʙʨʦʿʥʘ ʚʨʝʜʥʦʩʪ.  

ɼʝʬʠʥʠʩʘˁʝʤ ʢʦʨʠʩʥʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʫ ʯʝʪʚʨʪʦʤ ʧʦˀʫ ʟʘʛʣʘʚˀʘ ʤʦʛʫ˂ʝ ʿʝ ʢʦʨʠʩʪʠʪʠ ʚʝʢʪʦʨʝ 

ʦʙʝʣʝʞʿʘ ʜʦʙʠʿʝʥʝ ʧʨʠʤʝʥʦʤ PCA ʥʘ MFCCs ʠ ʥʘ ʦʩʥʦʚʫ ˁʠʭ ʬʦʨʤʠʨʘʪʠ ʤʦʜʝʣʝ ʛʦʚʦʨʥʠʢʘ.  

 

3.2. ʈɽɿʋʃʊɸʊʀ ʇʈʀʄɽʅɽ PCA 
 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʙʠʣʠ ʫʩʤʝʨʝʥʠ ʢʘ ʠʩʧʠʪʠʚʘˁʫ ʤʦʛʫ˂ʥʦʩʪʠ ʫ ʧʦʛʣʝʜʫ ʪʘʯʥʦʩʪʠ 

ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʢʦʿʝ ʧʨʫʞʘ PCA ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ 

ʧʦʣʘʟʥʠʭ 39-ʪʦ ʜʠʤʝʥʟʠʦʥʘʣʥʠʭ MFCCs ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ. ʉʚʦʿʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʧʦʨʝʹʘʥʝ 

ʧʦ ʦʧʘʜʘʿʫ˂ʝʤ ʨʝʜʦʩʣʝʜʫ (ʩʣʠʢʘ 3.2). ʊʨʘʥʩʬʦʨʤʘʮʠʦʥʘ ʤʘʪʨʠʮʘ ʟʘ ʧʦʩʪʠʟʘˁʝ d-

ʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʬʦʨʤʠʨʘʥʘ ʿʝ ʫʧʦʪʨʝʙʦʤ d ʩʚʦʿʩʪʚʝʥʠʭ ʚʝʢʪʦʨʘ ʢʦʿʠʤʘ 

ʦʜʛʦʚʘʨʘʿʫ ʥʘʿʚʝ˂ʝ ʩʚʦʿʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪ ʪʨʘʥʩʬʦʨʤʠʩʘʥʦʛ 

ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʿʝ ʧʦʩʪʝʧʝʥʦ ʧʦʚʝ˂ʘʚʘʥʘ ʫ ʢʦʨʘʮʠʤʘ ʟʘ ʿʝʜʘʥ ʠ ʧʨʘ˂ʝʥʘ ʪʘʯʥʦʩʪ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ. 
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ʂʘʦ ʰʪʦ ʿʝ ʝʚʠʜʝʥʪʥʦ ʩʘ ʧʨʠʢʘʟʘ ʥʘ ʩʣʠʮʠ 3.3 ʧʦʚʝ˂ʘˁʝ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ ʫʛʣʘʚʥʦʤ ʿʝ 

ʨʝʟʫʣʪʦʚʘʣʦ ʥʝʦʧʘʜʘʿʫ˂ʦʤ ʪʘʯʥʦʰ˂ʫ ʧʨʝʧʦʟʥʘʚʘˁʘ. ʀʟʫʟʝʪʘʢ ʿʝ ʩʣʫʯʘʿ 10-ʪʦ ʜʠʤʝʥʟʠʦʥʘʣʥʦʛ 

ʚʝʢʪʦʨʘ ʢʘʜʘ ʿʝ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʧʘʣʘ ʩʘ 80 ʥʘ 70%. ʆʙʟʠʨʦʤ ʜʘ ʿʝ ʮʠˀ ʦʚʠʭ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʙʠʦ ʦʜʨʝʹʠʚʘˁʝ ʧʦʪʨʝʙʥʝ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʠʩʘʥʠʭ ʚʝʢʪʦʨʘ 

ʦʙʝʣʝʞʿʘ ʟʘ ʢʦʿʫ ʥʝ˂ʝ ʜʦ˂ʠ ʜʦ ʧʦʛʦʨʰʘˁʘ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʜ 100% ʜʦʙʠʿʝʥʝ ʫ 39-ʪʦ 

ʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ MFCCs ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ (ɱʦʢʠ˂ ʀʚʘʥ, 2010), ʧʦʩʪʦʿʘˁʝ 

ʧʦʤʝʥʫʪʦʛ ʠʟʦʣʦʚʘʥʦʛ ʩʣʫʯʘʿʘ ʦʧʘʜʘˁʘ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʠʿʝ ʜʝʪʘˀʥʠʿʝ ʠʩʧʠʪʠʚʘʥʦ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʠʟʚʦʨʥʘ ʪʘʯʥʦʩʪ ʦʜ 100% ʧʦʩʪʠʞʝ ʧʨʠ 14-ʪʦ 

ʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʪʨʘʥʩʬʦʨʤʠʩʘʥʦʤ ʚʝʢʪʦʨʫ ʦʙʣʝʞʿʘ.  
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ʉʣʠʢʘ 3.3. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʙʟʠʨʦʤ ʥʘ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪ ʪʨʘʥʩʬʦʨʤʠʩʘʥʦʛ ʚʝʢʪʦʨʘ 

ʦʙʝʣʝʞʿʘ. 

 

ʋ ʩʣʫʯʘʿʫ ʢʦʥʢʨʝʪʥʝ ʛʦʚʦʨʥʝ ʙʘʟʝ ʧʨʠʤʝʥʘ PCA je ʧʦʢʘʟʘʣʘ ʧʦʩʪʠʟʘˁʝ ʟʥʘʯʘʿʥʦʛ 

ʩʤʘˁʝˁʘ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ ʠʟʚʦʨʥʠʭ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʧʨʠ ʯʝʤʫ ʩʝ ʥʝ ʥʘʨʫʰʘʚʘ ʪʘʯʥʦʩʪ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʘʥʜʘʨʜʥʦ ʢʦʨʠʰ˂ʝʥʠ ʧʨʦʩʪʦʨ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ. ʉʤʘʪʨʘʿʫ˂ʠ ʜʘ 

ʩʚʦʿʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ ʫʢʘʟʫʿʫ ʥʘ ʚʘʞʥʦʩʪʠ ʜʠʤʝʥʟʠʿʘ ʦʜʨʝʹʝʥʠʭ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʚʦʿʩʪʚʝʥʠʤ 

ʚʝʢʪʦʨʠʤʘ ʥʘ ʦʩʥʦʚʫ ʨʘʟʤʘʪʨʘˁʘ ʧʨʠʢʘʟʘ ʥʘ ʩʣʠʮʠ 3.2 ʝʚʠʜʝʥʪʥʦ ʿʝ ʜʘ ʿʝ 16 ʩʚʦʿʩʪʚʝʥʠʭ 

ʚʨʝʜʥʦʩʪʠ ʤʘˁʝ ʦʜ 1 ʪʿ. ʚʠʰʝ ʦʜ 300 ʧʫʪʘ ʤʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʿʚʝ˂ʫ ʩʚʦʿʩʪʚʝʥʫ ʚʨʝʜʥʦʩʪ ʰʪʦ 

ʫʢʘʟʫʿʝ ʥʘ ʧʨʠʣʠʯʥʦ ʤʘʣʫ ʟʥʘʯʘʿʥʦʩʪ ʦʚʠʭ ʜʠʤʝʥʟʠʿʘ ʧʨʠ ʨʝʧʨʝʟʝʥʪʘʮʠʿʠ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ. ʅʘ 

ʦʚʘʿ ʥʘʯʠʥ PCA ʧʦʥʜʝʨʠʰʝ ʜʠʤʝʥʟʠʿʝ ʯʠʤʝ ʠʟʙʝʛʘʚʘ ʛʦʤʠʣʘˁʝ ʨʝʜʫʥʜʘʥʩʝ ʜʫʞ ˁʠʭ. ʆʚʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʨʘʮʠʦʥʘʣʥʠʿʝ ʨʘʩʧʦʨʝʹʫʿʝ ʜʠʤʝʥʟʠʿʝ ʜʫʞ ʢʦʿʠʭ ʪʨʝʙʘ ʧʦʩʤʘʪʨʘʪʠ ʚʝʢʪʦʨʝ 

ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ. ɼʠʤʝʥʟʠʿʝ ʢʦʿʝ ʦʜʛʦʚʘʨʘʿʫ ʠʟʨʘʟʠʪʦ ʤʘʣʠʤ ʩʚʦʿʩʪʚʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʩʝ ʤʦʛʫ ʟʘʥʝʤʘʨʠʪʠ ʧʨʠ ʠʟʛʨʘʹʠʚʘˁʫ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ, ʰʪʦ ʩʤʘˁʝˁʝʤ 

ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ ʧʨʦʩʪʦʨʘ ʫ ʢʦʤʝ ʩʝ ʦʜʣʫʯʠʚʘˁʝ ʚʨʰʠ ʩʤʘˁʫʿʝ ʠ ˁʝʛʦʚʫ ʩʣʦʞʝʥʦʩʪ. 

ʇʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʫʢʘʟʫʿʫ ʥʘ ʧʦʪʨʝʙʫ ʜʝʪʘˀʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʩʚʠʭ 

ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʩʘʩʪʘʚʫ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ, ʰʪʦ ʚʦʜʠ ʢʘ 

ʨʝʘʣʠʟʘʮʠʿʠ ʢʦʤʧʣʝʪʥʦʛ ʧʨʦʛʨʘʤʩʢʦʛ ʨʝʰʝˁʘ.  
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4. ʈɽɸʃʀɿɸʎʀɱɸ ɱɽɼʅʆɻ ʈɽʐɽɳɸ ɸʋʊʆʄɸʊʉʂʆɻ 

ʇʈɽʇʆɿʅɸɺɸɳɸ ɻʆɺʆʈʅʀʂɸ 
 

ʀʟʚʨʰʝʥʘ ʿʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ (ʩʣʠʢʘ 4.1) ʫ ʚʠʜʫ 

ʧʨʦʛʨʘʤʘ ʥʘʧʠʩʘʥʦʛ ʫ C++ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ. ʇʨʝʧʦʟʥʘʚʘʯ ʿʝ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʪʘʿ ʥʘʯʠʥ ʜʘ ʥʘ 

ʦʩʥʦʚʫ ʨʘʩʧʦʣʦʞʠʚʦʛ ʪʨʝʥʠʥʛ ʠ ʪʝʩʪ ʛʦʚʦʨʘ ʥʘʧʨʘʚʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʦʜʝʣʝ ʠ ʥʘ ʦʩʥʦʚʫ ˁʠʭʦʚʝ 

ʩʣʠʯʥʦʩʪʠ ʜʦʥʝʩʝ ʦʜʣʫʢʫ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦ ʠʜʝʥʪʠʪʝʪʫ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ. ʂʘʦ ʠ 

ʧʨʠʣʠʢʦʤ ʩʚʘʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʨʘʜʫ ʨʝʘʣʠʟʦʚʘʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ 

ʧʦʩʪʦʿʝ ʜʚʘ ʨʝʞʠʤʘ ʨʘʜʘ: ʦʙʫʢʘ ʠ ʪʝʩʪʠʨʘˁʝ. ʇʨʠʣʠʢʦʤ ʦʙʫʢʝ ʚʨʰʠ ʩʝ ʤʦʜʝʣʦʚʘˁʝ ʛʦʚʦʨʘ 

ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʢʘ ʥʘ ʦʩʥʦʚʫ ʨʘʩʧʦʣʦʞʠʚʠʭ ʛʦʚʦʨʥʠʭ ʩʥʠʤʘʢʘ ʪʨʝʥʠʥʛ ʛʦʚʦʨʘ. ʋ ʧʨʚʦʤ 

ʢʦʨʘʢʫ ʚʨʰʠ ʩʝ ʠʟʜʚʘʿʘˁʝ ʦʙʝʣʝʞʿʘ ʦʜʥʦʩʥʦ ʬʦʨʤʠʨʘˁʝ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʟʘ ʩʚʘʢʠ ʨʘʤ 

ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ. ʅʘʢʦʥ ʪʦʛʘ ʫ ʥʘʨʝʜʥʦʤ ʤʦʜʫʣʫ ʩʝ ʚʨʰʠ ʬʦʨʤʠʨʘˁʝ ʤʦʜʝʣʘ 

ʛʦʚʦʨʥʠʢʘ ʥʘ ʦʩʥʦʚʫ ˁʠʤʘ ʧʨʠʧʘʜʘʿʫ˂ʠʭ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʪʝʞˁʫ ʜʘ ʩʝ 

ʥʘʧʨʘʚʠ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʧʦʟʥʘʚʘʯ ʛʦʚʦʨʥʠʢʘ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʥʝʟʘʚʠʩʘʥ ʦʜ ʪʝʢʩʪʫʘʣʥʝ ʩʘʜʨʞʠʥʝ 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʘ ʧʨʠʤʝˁʝʥʦ ʿʝ ʩʪʦʭʘʩʪʠʯʢʦ ʤʦʜʝʣʦʚʘˁʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ɻʘʫʩʦʚʠʭ ʨʘʩʧʦʜʝʣʘ. ʋ ʪʝʩʪ ʬʘʟʠ ʧʨʝʧʦʟʥʘʚʘʯ ʟʘ ʨʘʩʧʦʣʦʞʠʚʝ ʛʦʚʦʨʥʝ 

ʩʥʠʤʢʝ ʪʘʢʦʹʝ ʧʨʦʣʘʟʠ ʢʨʦʟ ʠʟʜʚʘʿʘˁʝ ʦʙʝʣʝʞʿʘ ʠ ʟʘʪʠʤ ʤʦʜʝʣʦʚʘˁʝ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʪʝʩʪ 

ʛʦʚʦʨʘ. ʅʘʢʦʥ ʪʦʛʘ ʩʣʝʜʠ ʧʦʩʪʫʧʘʢ ʫʪʚʨʹʠʚʘˁʘ ʠʜʝʥʪʠʪʝʪʘ ʛʦʚʦʨʥʠʢʘ ʟʘ ʧʦʩʤʘʪʨʘʥʠ ʪʝʩʪ 

ʛʦʚʦʨ. ʉʫʰʪʠʥʘ ʦʚʦʛ ʧʦʩʪʫʧʢʘ ʦʛʣʝʜʘ ʩʝ ʫ ʫʪʚʨʹʠʚʘˁʫ ʤʝʨʝ ʩʣʠʯʥʦʩʪʠ ʠʟʤʝʹʫ ʤʦʜʝʣʘ ʪʝʩʪ 

ʛʦʚʦʨʘ ʠ ʤʦʜʝʣʘ ʜʦʙʠʿʝʥʠʭ ʧʨʠʣʠʢʦʤ ʦʙʫʢʝ.  

 

 
ʉʣʠʢʘ 4.1. ɹʣʦʢ ʜʠʿʘʛʨʘʤ ʨʝʘʣʠʟʦʚʘʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ. 

 

 

4.1. ʈɽɸʃʀɿɸʎʀɱɸ ʀɿɼɺɸɱɸɳɸ ʆɹɽʃɽɾɱɸ 
 

ʈʝʘʣʠʟʦʚʘʥʠ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʧʦʟʥʘʚʘʯ ʛʦʚʦʨʥʠʢʘ ʿʝ ʧʨʠʣʘʛʦʹʝʥ ʨʘʜʫ ʥʘʜ ʟʚʫʯʥʠʤ 

ʟʘʧʠʩʠʤʘ ʫ ʦʩʥʦʚʥʦʤ, ʢʘʥʦʥʠʯʢʦʤ ''WAVE'' ʬʦʨʤʘʪʫ. ʆʚʘʿ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ 

Microsoft-ʦʚʠʭ ''RIFF'' (ʝʥʛ. Resource Interchange File Format ï RIFF) ʜʠʛʠʪʘʣʥʠʭ ʟʘʧʠʩʘ 

ʥʘʤʝˁʝʥʠʭ ʟʘ ʯʫʚʘˁʝ ʜʠʛʠʪʘʣʥʠʭ ʟʚʫʯʥʠʭ ʟʘʧʠʩʘ. ɿʘʿʝʜʥʠʯʢʘ ʦʧʰʪʘ ʦʩʦʙʠʥʘ ʩʚʠʭ ''RIFF'' 

(http://en.wikipedia.org/wiki/Resource_Interchange_File_Format) ʟʘʧʠʩʘ ʿʝʩʪʝ ʧʦʜʝˀʝʥʦʩʪ ʥʘ 

ʦʟʥʘʯʝʥʝ ʜʝʣʦʚʝ. ʉʚʘʢʠ ʦʜ ʜʝʣʦʚʘ ʩʘʜʨʞʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʠʥʬʦʨʤʘʮʠʿʝ ʢʦʿʝ ʦʧʠʩʫʿʫ ʩʘʜʨʞʘʥʠ 

ʟʚʫʯʥʠ ʟʘʧʠʩ.  

 
 

ʉʣʠʢʘ 4.2. ʂʦʨʘʮʠ ʧʨʠ ʬʦʨʤʠʨʘˁʫ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ. 

 

ʌʦʨʤʠʨʘˁʝ 

ʚʨʝʜʥʦʩʪʠ 

ʦʜʙʠʨʘʢʘ ʠʟ 

''wav'' ʟʘʧʠʩʘ 

 

ʌʦʨʤʠʨʘˁʝ 

MFCCs 

ɺʝʢʪʦʨʠ 

ʦʙʝʣʝʞʿʘ .WAV 

 

 

ʀʟʜʚʘʿʘˁʝ 

ʦʙʝʣʝʞʿʘ 

 

 

 

ʄʦʜʝʣʦʚʘˁʝ 

ʇʦʨʝʹʝˁʝ 

ʤʦʜʝʣʘ ʠ 

ʜʦʥʦʰʝˁʝ 

ʦʜʣʫʢʝ 

ʊʨʝʥʠʥʛ 

ʛʦʚʦʨ 

ʊʝʩʪ ʛʦʚʦʨ 

http://en.wikipedia.org/wiki/Resource_Interchange_File_Format
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ʈʘʜʠ ʠʟʨʘʯʫʥʘʚʘˁʘ MFCCs ʧʦʪʨʝʙʥʦ ʿʝ ʨʘʩʧʦʣʘʛʘʪʠ ʚʨʝʜʥʦʩʪʠʤʘ ʦʜʙʠʨʘʢʘ ʢʦʿʝ 

ʧʨʝʜʩʪʘʚʘˀʘʿʫ ˁʠʭʦʚ ʥʘʧʦʥʩʢʠ ʝʢʚʠʚʘʣʝʥʪ. ʉʪʦʛʘ ʿʝ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʢʦʥʚʝʨʟʠʿʫ 

ʚʨʝʜʥʦʩʪʠ ʧʦʜʘʪʘʢʘ ʠʟ ''WAVE'' ʟʘʧʠʩʘ ʫ ʚʨʝʜʥʦʩʪʠ ʦʜʙʠʨʘʢʘ ʧʨʠʧʘʜʘʿʫ˂ʝʛ ʟʚʫʯʥʦʛ ʩʠʛʥʘʣʘ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʨʝʟʫʣʪʘʪʝ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʩʪʚʘʨʝʥʝ ʧʨʠʤʝʥʦʤ PCA, ʠʥʬʦʨʤʘʮʠʦʥʫ 

ʩʫʚʠʰʥʦʩʪ ʧʨʚʠʭ ʠ ʜʨʫʛʠʭ ʠʟʚʦʜʘ MFCCs ʫ ʦʜʥʦʩʫ ʥʘ ʩʘʤʝ MFCCs, ʫ ʨʘʜʫ ʩʝ ʧʦʰʣʦ ʦʜ 

ʢʦʨʠʰ˂ʝˁʘ ʩʘʤʦ ʤʝʣ-ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʢʝʧʩʪʨʘʣʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʘʦ ʦʙʝʣʝʞʿʘ, ʙʝʟ ˁʠʭʦʚʠʭ 

ʠʟʚʦʜʘ. ʀʟʣʘʟʥʠ ʚʝʢʪʦʨʠ ʦʙʝʣʝʞʿʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʢʪʦʨʝ MFCCs. 

 

4.1.1. ʂʘʥʦʥʠʯʢʠ wav ʬʦʨʤʘʪ ʜʠʛʠʪʘʣʥʦʛ ʟʘʧʠʩʘ 
 

ʂʘʥʦʥʠʯʢʠ ''WAVE'' ʟʘʧʠʩ ʢʘʦ ʮʝʣʠʥʘ ʦʜʣʠʢʫʿʝ ʩʝ ʠʥʬʦʨʤʘʮʠʿʘʤʘ ʚʝʟʘʥʠʤ ʟʘ ʩʘʤ 

ʬʦʨʤʘʪ ʠ ʢʦʣʠʯʠʥʫ ʩʘʜʨʞʘʥʠʭ ʧʦʜʘʪʘʢʘ ʢʘʦ ʠ ʧʦʩʪʦʿʘˁʝʤ ʜʚʘ ʧʦʜʜʝʣʘ ʫ ʢʦʿʠʤʘ ʩʫ 

ʜʝʬʠʥʠʩʘʥʝ ʧʦʜʨʦʙʥʠʿʝ ʦʩʦʙʠʥʝ ʧʦʜʘʪʘʢʘ ʢʘʦ ʠ ʩʘʤʠ ʧʦʜʘʮʠ. ɿʘʧʠʩ ʫʥʫʪʘʨ ʢʘʥʦʥʠʯʢʦʛ wav 

ʬʦʨʤʘʪʘ ʿʝ ʜʝʬʠʥʠʩʘʥ ʧʦ ʙʘʿʪʠʤʘ ʪʘʢʦ ʜʘ ʿʝ ʨʘʩʧʦʨʝʜ ʟʘʧʠʩʘ ʧʦ ʨʝʜʥʠʤ ʙʨʦʿʝʚʠʤʘ ʙʘʿʪʘ 

ʩʣʝʜʝ˂ʠ (https://ccrma.stanford.edu/courses/422/projects/WaveFormat/):  

¶ 0 ï 3, ʯʝʪʚʦʨʦʙʘʿʪʥʘ ʦʟʥʘʢʘ ʛʝʥʝʨʠʯʢʦʛ ʬʦʨʤʘʪʘ, ''RIFF'', ʢʦʿʠ ʿʝ ʦʩʥʦʚʘ ʤʥʦʛʠʤ 

ʦʩʪʘʣʠʤ ʬʦʨʤʘʪʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ''AVI '' (Windows audiovisual), ''ANI '' (Animated 

Windows cursors) ʠ ''WAVE'' (Windows audio). ʆʟʥʘʢʘ ''RIFF'' ʿʝ ʫ ʧʨʚʘ ʯʝʪʠʨʠ 

ʙʘʿʪʘ ʫʧʠʩʘʥʘ ʫ ASCII ʬʦʨʤʘʪʫ ʫ ''big-endian'' ʙʘʿʪ ʨʘʩʧʦʨʝʜʫ, 52 49 46 46h, ʧʨʠ 

ʯʝʤʫ ʧʦ ʜʚʝ ʭʝʢʩʘʜʝʮʠʤʘʣʥʝ ʮʠʬʨʝ (h) ʜʝʬʠʥʠʰʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʙʘʿʪ. ʇʨʝʫʟʝʪ 

ʥʘʟʠʚ ʠʟ ʝʥʛʣʝʩʢʝ ʣʠʪʝʨʘʪʫʨʝ, ''big-endian'', ʟʘ ʙʘʿʪ ʨʘʩʧʦʨʝʜ ʜʝʬʠʥʠʰʝ ʜʘ 

ʟʥʘʯʘʿʥʦʩʪ ʫʧʠʩʘʥʠʭ ʙʘʿʪʘ ʦʧʘʜʘ ʩ ʣʝʚʘ ʫ ʜʝʩʥʦ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ˁʝʛʘ ''little-endian'' 

ʙʘʿʪ ʨʘʩʧʦʨʝʜ, ʢʦʿʠ ʿʝ ʩʚʦʿʩʪʚʝʥ ʟʘʧʠʩʫ ʧʦʜʘʪʘʢʘ ʥʘʤʝˁʝʥʠʤ ʦʙʨʘʜʠ ʥʘ ''Intel'' 

ʧʨʦʮʝʩʦʨʠʤʘ ʢʦʿʠ ʨʘʜʝ ʧʦʜ ''Windows'' ʦʧʝʨʘʪʠʚʥʠʤ ʩʠʩʪʝʤʠʤʘ, ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ 

ʟʥʘʯʘʿʥʦʩʪ ʙʘʿʪʘ ʨʘʩʪʝ ʩ ʣʝʚʘ ʫ ʜʝʩʥʦ ʪʿ. ʧʨʚʦ ʿʝ ʫʧʠʩʘʥ ʙʘʿʪ ʥʘʿʤʘˁʝʛ ʪʝʞʠʥʩʢʦʛ 

ʬʘʢʪʦʨʘ ʘ ʟʘʪʠʤ ʙʘʿʪʦʚʠ ʚʝ˂ʝ ʚʘʞʥʦʩʪʠ.  

¶ 4 ï 7, ʯʝʪʚʦʨʦʙʘʿʪʥʘ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʦʟʥʘʯʘʚʘ ʚʝʣʠʯʠʥʫ ʧʨʝʦʩʪʘʣʦʛ ʜʝʣʘ ʬʘʿʣʘ 

ʫʧʠʩʘʥʘ ʫ ''little-endian'' ʙʘʿʪ ʧʦʨʝʪʢʫ. 

¶ 8 ï 11, ʯʝʪʚʦʨʦʙʘʿʪʥʘ ʦʟʥʘʢʘ ''WAVE'' ʫ ''big-endian'' ʬʦʨʤʠ, 57 41 56 45h. 

¶ 12 ï 15, ʯʝʪʚʦʨʦʙʘʿʪʥʘ ʦʟʥʘʢʘ ''fmt '' ʫ ''big-endian'' ʬʦʨʤʠ, 66 6d 74 20h, ʢʦʿʘ 

ʦʟʥʘʯʘʚʘ ʧʦʯʝʪʘʢ ʧʦʜʜʝʣʘ ʫ ʢʦʤʝ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʧʘʨʘʤʝʪʨʠ ʜʠʛʠʪʘʣʥʦʛ ʟʚʫʯʥʦʛ 

ʟʘʧʠʩʘ ʢʘʦ ʰʪʦ ʩʫ: ʚʨʩʪʘ ʢʦʜʥʦʛ ʟʘʧʠʩʘ, ʫʯʝʩʪʘʥʦʩʪ ʦʜʘʙʠʨʘˁʘ, ʙʨʦʿ ʙʠʪʘ ʧʦ 

ʦʜʙʠʨʢʫ.  

¶ 16 ï 19, ʚʝʣʠʯʠʥʘ ʧʦʜʜʝʣʘ ''fmt '' ʢʦʿʘ ʩʣʝʜʠ ʠʟʘ ʦʚʦʛ ʯʝʪʚʦʨʦʙʘʿʪʥʦʛ ʟʘʧʠʩʘ. ʋ 

ʩʣʫʯʘʿʫ ʜʘ ʩʫ ʦʜʙʠʨʮʠ ʢʦʜʦʚʘʥʠ ʠʤʧʫʣʩʥʦʤ ʢʦʜʥʦʤ ʤʦʜʫʣʘʮʠʿʦʤ (ʝʥʛ. Pulse 

Code Modulation ï PCM), ʰʪʦ ʠ ʿʝʩʪʝ ʢʦʜ ʢʘʥʦʥʠʯʢʦʛ wav ʬʦʨʤʘʪʘ, ʫʧʠʩʘʥʘ ʿʝ 

ʜʝʢʘʜʥʘ ʚʨʝʜʥʦʩʪ 16 ʫ ''little-endian'' ʙʘʿʪ ʧʦʨʝʪʢʫ. ɼʘʢʣʝ ʫ ʦʢʚʠʨʫ ʥʘʨʝʜʥʠʭ 16 

ʙʘʿʪʘ ʫʧʠʩʘʥʝ ʩʫ ʦʩʦʙʠʥʝ ʧʦʩʤʘʪʨʘʥʦʛ ʢʘʥʦʥʠʯʢʦʛ ''WAVE'' ʟʘʧʠʩʘ. 

¶ 20 ï 21, ʜʚʦʙʘʿʪʥʘ ʙʨʦʿʥʘ ʦʟʥʘʢʘ ʬʦʨʤʘʪʘ ʘʫʜʠʦ ʟʘʧʠʩʘ ʫ ''little-endian'' ʙʘʿʪ 

ʧʦʨʝʪʢʫ. ʋ ʩʣʫʯʘʿʫ ʟʚʫʯʥʦʛ ʟʘʧʠʩʘ ʢʦʨʠʰ˂ʝˁʝʤ ʣʠʥʝʘʨʥʝ ʢʚʘʥʪʠʟʘʮʠʿʝ (PCM) 

ʰʪʦ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʥʦʥʠʯʢʦʛ wave ʬʦʨʤʘʪʘ ʫ ʦʚʘ ʜʚʘ ʙʘʿʪʘ ʫʧʠʩʘʥʘ ʿʝ 

ʜʝʢʘʜʥʘ ʚʨʝʜʥʦʩʪ 1. 

¶ 22 ï 23, ʜʚʦʙʘʿʪʥʘ ''little-endian'' ʦʟʥʘʢʘ ʙʨʦʿʘ ʢʘʥʘʣʘ ʫ ʢʦʿʠʤʘ ʿʝ ʘʫʜʠʦ ʟʘʧʠʩ 

ʩʥʠʤˀʝʥ, ʥʧʨ. ʤʦʥʦ ʩʥʠʤʘʢ ʿʝ ʦʟʥʘʯʝʥ ʙʨʦʿʝʤ 1, ʩʪʝʨʝʦ ʙʨʦʿʝʤ 2, ʠʪʜ.  

¶ 24 ï 27, ʫ ʦʢʚʠʨʫ ʦʚʘ ʯʝʪʠʨʠ ʙʘʿʪʘ ʫ ''little-endian'' ʬʦʨʤʘʪʫ ʫʧʠʩʘʥʘ ʿʝ ʚʨʝʜʥʦʩʪ 

ʫʯʝʩʪʘʥʦʩʪʠ ʦʜʘʙʠʨʘˁʘ, ʥʧʨ. ʫ ʩʣʫʯʘʿʫ ʫʯʝʩʪʘʥʦʩʪʠ 22050 Hz ʨʝʜʦʤ ʧʦ ʙʘʿʪʠʤʘ 

ʩʫ ʫʧʠʩʘʥʝ ʭʝʢʩʘʜʝʮʠʤʘʣʥʝ ʮʠʬʨʝ 22 56 00 00. 

¶ 28 ï 31, ʫʧʠʩʘʥʘ ʿʝ ''little-endian'' ʚʨʝʜʥʦʩʪ ʙʘʿʪ ʙʨʟʠʥʝ ʢʦʿʘ ʿʝ ʿʝʜʥʘʢʘ ʧʨʦʠʟʚʦʜʫ: 

ʫʯʝʩʪʘʥʦʩʪ ʦʜʘʙʠʨʘˁʘ * ʙʨʦʿ ʢʘʥʘʣʘ * ʙʨʦʿ ʙʠʪʘ ʧʦ ʦʜʙʠʨʢʫ /8. 

¶ 32 ï 33, ʙʨʦʿ ʙʘʿʪʘ ʢʦʿʠʤʘ ʿʝ ʢʦʜʦʚʘʥ ʿʝʜʘʥ ʦʜʙʠʨʘʢ ʟʚʫʯʥʦʛ ʩʠʛʥʘʣʘ ʫʢˀʫʯʫʿʫ˂ʠ ʫ 

ʦʙʟʠʨ ʩʚʝ ʢʘʥʘʣʝ ʧʦʩʤʘʪʨʘʥʦʛ ʟʘʧʠʩʘ (ʤʦʥʦ, ʩʪʝʨʝʦ ʠʣʠ ʥʝʢʘ ʜʨʫʛʘ ʚʨʩʪʘ 

https://ccrma.stanford.edu/courses/422/projects/WaveFormat/
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ʛʨʫʧʠʩʘˁʘ ʢʘʥʘʣʘ ʟʚʫʯʥʦʛ ʟʘʧʠʩʘ) ʨʘʯʫʥʘʪ ʢʘʦ ʧʨʦʠʟʚʦʜ: ʙʨʦʿ ʢʘʥʘʣʘ * ʙʨʦʿ ʙʠʪʘ 

ʧʦ ʦʜʙʠʨʢʫ/8 ʠ ʫʧʠʩʘʥ ʫ ''little-endian'' ʙʘʿʪ ʧʦʨʝʪʢʫ. 

¶ 34 ï 35, ʫ ʦʢʚʠʨʫ ʦʚʘ ʜʚʘ ʙʘʿʪʘ ʫʧʠʩʘʥʘ ʿʝ ʚʨʝʜʥʦʩʪ ʙʨʦʿʘ ʙʠʪʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ 

ʢʦʜʦʚʘˁʝ ʩʚʘʢʦʛ ʦʜʙʠʨʢʘ, ʥʧʨ. ʟʘ ʢʚʘʥʪʠʟʘʮʠʿʫ ʧʦʤʦ˂ʫ 16 ʙʠʪʘ ʫʧʠʩʘʥʘ ʿʝ 

ʜʝʢʘʜʥʘ ʚʨʝʜʥʦʩʪ 16 ʪʿ. ʫ ''little endian'' ʧʦʨʝʪʢʫ ʨʝʜʦʤ ʧʦ ʙʘʿʪʠʤʘ 10 00. ʅʘʢʦʥ 

ʦʚʠʭ ʧʦʜʘʪʘʢʘ ʫ ʩʣʫʯʘʿʫ ʜʘ ʿʝ ʢʦʜʦʚʘˁʝ ʦʜʙʠʨʘʢʘ ʠʟʚʨʰʝʥʦ ʥʘ ʥʝʢʠ ʜʨʫʛʠ ʥʘʯʠʥ 

ʫ ʦʜʥʦʩʫ ʥʘ PCM ʫ ʦʢʚʠʨʫ ʧʦʜʜʝʣʘ ''fmt '' ʧʦʩʪʦʿʝ ʿʦʰ ʥʝʢʠ ʜʦʜʘʪʥʠ ʧʘʨʘʤʝʪʨʠ 

ʫʧʠʩʘʥʠ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʜʦʜʘʪʥʝ ʙʘʿʪʝ. ɿʘ ʢʘʥʦʥʠʯʢʠ wav ʬʦʨʤʘʪ ʫ ʩʣʝʜʝ˂ʝʤ 

ʙʘʿʪʫ ʟʘʧʦʯʠˁʝ ʦʟʥʘʯʘʚʘˁʝ ʧʦʜʜʝʣʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʦʜʘʪʢʝ ʢʦʿʝ ʧʦʩʤʘʪʨʘʥʠ 

''WAVE'' ʟʘʧʠʩ ʩʘʜʨʞʠ. 

¶ 36 ï 39, ʫ ʦʢʚʠʨʫ ʦʚʘ ʯʝʪʠʨʠ ʙʘʿʪʘ ʩʘʜʨʞʘʥʘ ʿʝ ʪʝʢʩʪʫʘʣʥʘ ʦʟʥʘʢʘ ''data'' ʟʘʧʠʩʘʥʘ ʫ 

''big-endian'' ʙʘʿʪ ʧʦʨʝʪʢʫ ʪʘʢʦ ʜʘ ʙʘʿʪʠ ʨʝʜʦʤ ʩʘʜʨʞʝ ʭʝʢʩʘʜʝʮʠʤʘʣʥʝ ʟʘʧʠʩʝ: 64 

61 74 61. 

¶ 40 ï 43, ʙʨʦʿ ʙʘʿʪʘ ʫ ʢʦʿʠʤʘ ʩʫ ʩʘʜʨʞʘʥʝ ʢʦʜʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʦʜʙʠʨʘʢʘ 

ʧʦʩʤʘʪʨʘʥʦʛ ʟʚʫʯʥʦʛ ʩʠʛʥʘʣʘ ʪʿ. ʙʨʦʿ ʙʘʿʪʘ ʢʦʿʠ ʩʣʝʜʝ ʥʘʢʦʥ ʙʘʿʪʘ 43. ɹʨʦʿ ʙʘʿʪʘ 

ʧʦʜʘʪʘʢʘ ʿʝʜʥʘʢ ʿʝ ʧʨʦʠʟʚʦʜʫ: ʙʨʦʿ ʦʜʙʠʨʘʢʘ * ʙʨʦʿ ʢʘʥʘʣʘ * ʙʨʦʿ ʙʠʪʘ ʧʦ 

ʦʜʙʠʨʢʫ/8 ʠ ʫʧʠʩʘʥ ʿʝ ʫ ''little-endian'' ʬʦʨʤʘʪʫ. 

¶ 44 ï (43+ʙʨʦʿ ʙʘʿʪʘ ʧʦʜʘʪʘʢʘ), ʙʘʿʪʠ ʢʦʿʠ ʩʘʜʨʞʝ ʢʦʜʦʚʘʥʝ ʦʜʙʠʨʢʝ ʪʿ. ʧʦʜʘʪʢʝ. 

ɺʨʝʜʥʦʩʪʠ ʦʜʙʠʨʘʢʘ ʩʫ ʫʧʠʩʘʥʝ ʫ ''little-endian'' ʙʘʿʪ ʧʦʨʝʪʢʫ. 

ɼʘʢʣʝ ʧʨʚʘ 44 ʙʘʿʪʘ ʫ ʦʢʚʠʨʫ ʢʘʥʦʥʠʯʢʦʛ ''WAVE'' ʬʦʨʤʘʪʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʘʛʣʘʚˀʝ 

ʧʦʩʤʘʪʨʘʥʦʛ ''WAVE'' ʟʘʧʠʩʘ. ʉʚʝ ʟʥʘʢʦʚʥʝ ʪʿ. ʩʣʦʚʥʝ ʦʟʥʘʢʝ ʫ ʦʢʚʠʨʫ ʟʘʛʣʘʚˀʘ ʢʦʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʤʝʥʘ ʦʜʨʝʹʝʥʠʭ ʜʝʣʦʚʘ ʫʥʫʪʘʨ ʢʘʥʦʥʠʯʢʦʛ wav ʬʦʨʤʘʪʘ ʢʘʦ ʰʪʦ ʩʫ: ''RIFF'', 

''WAVE'', ''fmt '' ʠ ''data'' ʩʫ ʢʦʜʦʚʘʥʝ ʫ ''big-endian'' ʙʘʿʪ ʧʦʨʝʪʢʫ ʜʦʢ ʧʦʰʪʦ ʿʝ ''WAVE'' ʬʦʨʤʘʪ 

ʧʨʠʣʘʛʦʹʝʥ ''Windows'' ʦʧʝʨʘʪʠʚʥʦʤ ʩʠʩʪʝʤʫ ʠ ''Intel'' ʧʨʦʮʝʩʦʨʠʤʘ 

(http://www.sonicspot.com/guide/wavefiles.html) ʩʚʝ ʙʨʦʿʥʝ ʚʨʝʜʥʦʩʪʠ ʢʘʢʦ ʫ ʩʘʤʦʤ ʟʘʛʣʘʚˀʫ 

ʪʘʢʦ ʠ ʚʨʝʜʥʦʩʪʠ ʦʜʙʠʨʘʢʘ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʜʘʪʢʝ ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʫ ''little-endian'' 

ʬʦʨʤʠ. ʂʦʜʦʚʘˁʝ ʦʜʙʠʨʘʢʘ ʫʥʫʪʘʨ ʢʘʥʦʥʠʯʢʦʛ ''WAVE'' ʬʦʨʤʘʪʘ ʠʟʚʨʰʝʥʦ ʿʝ ʫ 

ʥʝʢʦʤʧʨʠʤʦʚʘʥʦʤ PCM ʟʘʧʠʩʫ. 

 

4.1.2. ʌʦʨʤʠʨʘˁʝ ʚʨʝʜʥʦʩʪʠ ʦʜʙʠʨʘʢʘ ʥʘ ʦʩʥʦʚʫ ʨʘʩʧʦʣʦʞʠʚʦʛ '' wav''  

ʜʠʛʠʪʘʣʥʦʛ ʟʘʧʠʩʘ 
 

ʉʚʠ ʢʦʨʠʰ˂ʝʥʠ ʟʚʫʯʥʠ ʬʘʿʣʦʚʠ ʩʫ ʩʥʠʤˀʝʥʠ ʫ PCM ʤʦʥʦ ʬʦʨʤʘʪʫ ʧʨʠ ʫʯʝʩʪʘʥʦʩʪʠ 

ʦʜʘʙʠʨʘˁʘ ʦʜ 22050 Hz ʧʨʠ ʯʝʤʫ ʿʝ ʩʚʘʢʠ ʦʜʙʠʨʘʢ ʢʚʘʥʪʦʚʘʥ ʧʦʤʦ˂ʫ 16 ʙʠʪʘ. ʇʨʠʣʠʢʦʤ 

ʘʥʘʣʠʟʝ ʟʚʫʯʥʠʭ ʬʘʿʣʦʚʘ ʨʘʜʠ ʦʜʨʝʹʠʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ʦʜʙʠʨʘʢʘ ʫ ʩʚʘʢʦʤ ʧʦʩʤʘʪʨʘʥʦʤ 

''WAVE'' ʬʘʿʣʫ ʧʨʝʩʢʦʯʝʥʘ ʩʫ ʧʨʚʘ 44 ʙʘʿʪʘ ʢʦʿʘ ʦʜʛʦʚʘʨʘʿʫ ʟʘʛʣʘʚˀʫ ʥʘʢʦʥ ʯʝʛʘ ʩʫ ʩʚʘʢʦʤ 

ʦʜʙʠʨʢʫ ʧʨʠʜʨʫʞʝʥʘ ʧʦ ʜʚʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʙʘʿʪʘ, ʚʦʜʝ˂ʠ ʨʘʯʫʥʘ ʜʘ ʩʝ ʧʨʠʣʠʢʦʤ ˁʠʭʦʚʦʛ 

ʯʠʪʘˁʘ ʧʨʚʦ ʥʘʠʣʘʟʠ ʥʘ ʙʘʿʪ ʥʠʞʝʛ ʪʝʞʠʥʩʢʦʛ ʬʘʢʪʦʨʘ ʠ ʜʘ ʩʫ 16-ʪʦ ʙʠʪʥʠ ʦʜʙʠʨʮʠ  

ʧʨʝʜʩʪʘʚˀʝʥʠ ʢʘʦ ʮʝʣʦʙʨʦʿʥʝ ʦʟʥʘʯʝʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʢʦʤʧʣʝʤʝʥʪʫ ʜʚʦʿʢʝ, ʫ ʦʧʩʝʛʫ ʦʜ -32768 

ʜʦ 32767. 

ʂʦʤʧʣʝʤʝʥʪ ʜʚʦʿʢʝ ʿʝ ʧʦʛʦʜʘʥ ʥʘʯʠʥ ʟʘ ʧʨʝʜʩʪʘʚʫ ʦʟʥʘʯʝʥʠʭ ʙʠʥʘʨʥʠʭ ʙʨʦʿʝʚʘ. ʅʘ ʦʚʘʿ 

ʥʘʯʠʥ ʚʨʰʠ ʩʝ ʧʨʝʜʩʪʘʚʘ ʥʝʛʘʪʠʚʥʠʭ ʮʝʣʦʙʨʦʿʥʠʭ ʚʨʝʜʥʦʩʪʠ ʫ ʙʠʥʘʨʥʦʤ ʦʙʣʠʢʫ. ɿʘ 

ʧʦʩʤʘʪʨʘʥʠ N-ʙʠʪʥʠ ʧʦʟʠʪʠʚʥʠ ʙʠʥʘʨʥʠ ʙʨʦʿ B ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʢʦʤʧʣʝʤʝʥʪ ʜʚʦʿʢʝ 2C , ʪʿ. 

ʧʨʝʜʩʪʘʚʘ ʙʨʦʿʘ ïB ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʜʦʧʫʥʘ ʪʿ. ʢʦʤʧʣʝʤʝʥʪ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪ N2 :  

() BBC N-=22 .         (4.1) 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʘ ʙʠʥʘʨʥʠʭ ʙʨʦʿʝʚʘ ʫ ʢʦʤʧʣʝʤʝʥʪʫ ʿʝʜʠʥʠʮʝ ʚʨʰʠ 

ʠʥʚʝʨʪʦʚʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʙʠʪʘ ʢʘʦ ʠ ʧʦʩʣʝʜʠʯʥʝ ʯʠˁʝʥʠʮʝ ʜʘ ʿʝ ʟʙʠʨ 

ʧʦʩʤʘʪʨʘʥʦʛ ʙʠʥʘʨʥʦʛ ʙʨʦʿʘ B ʠ ˁʝʛʦʚʦʛ ʢʦʤʧʣʝʤʝʥʪʘ ʿʝʜʠʥʠʮʝ 1C  ʙʠʥʘʨʥʠ ʙʨʦʿ ʢʦʿʠ ʩʘʜʨʞʠ 

ʩʘʤʦ ʿʝʜʥʠʮʝ (http://en.wikipedia.org/wiki/Two's_complement) ʩʣʝʜʠ ʜʘ ʩʝ ʢʦʤʧʣʝʤʝʥʪ ʜʚʦʿʢʝ 

ʙʠʥʘʨʥʦʛ ʙʨʦʿʘ B ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʠ ʢʘʦ ʟʙʠʨ ˁʝʛʦʚʦʛ ʢʦʤʧʣʝʤʝʥʪʘ ʿʝʜʠʥʠʮʝ ʠ ʙʨʦʿʘ 1:  

() ()112 += BCBC .        (4.2) 

http://www.sonicspot.com/guide/wavefiles.html
http://en.wikipedia.org/wiki/Two's_complement
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ʋʢʦʣʠʢʦ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʜʘ ʿʝ B ʦʜʨʝʹʝʥʠ ʧʦʟʠʪʠʚʘʥ ʮʝʦ ʙʨʦʿ ʯʠʿʘ ʩʝ ʧʨʝʜʩʪʘʚʘ ʫ 

ʙʠʥʘʨʥʦʤ ʦʙʣʠʢʫ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʧʦʤʦ˂ʫ N ʙʠʪʘ ʪʘʜʘ ʩʝ ʢʦʤʧʣʝʤʝʥʪ ʜʚʦʿʢʝ ʧʦʩʤʘʪʨʘʥʦʛ 

ʙʨʦʿʘ B  ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʜʩʪʘʚʫ ʥʝʛʘʪʠʚʥʦʛ ʮʝʣʦʛ ʙʨʦʿʘ ïB. ʇʦʩʤʘʪʨʘʿʫ˂ʠ 16-ʪʦ ʙʠʪʥʝ ʙʠʥʘʨʥʝ 

ʙʨʦʿʝʚʝ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ ʧʨʠʢʘʟ ʦʜʙʠʨʘʢʘ ʫ ʧʦʩʤʘʪʨʘʥʠʤ ʢʘʥʦʥʠʯʢʠʤ ''WAVE'' ʬʘʿʣʦʚʠʤʘ 

ʩʣʝʜʠ ʜʘ ʩʝ ʧʦʟʠʪʠʚʥʠ ʙʨʦʿʝʚʠ ʠʟ ʦʧʩʝʛʘ ʦʜ 0 ʜʦ 32767 ʧʨʝʩʣʠʢʘʚʘʿʫ ʫ ʦʧʩʝʛ ʦʜ 0000h ʜʦ 

7FFFh ʜʦʢ ʩʝ ʥʝʛʘʪʠʚʥʝ ʮʝʣʦʙʨʦʿʥʝ ʚʨʝʜʥʦʩʪʠ ʠʟ ʦʧʩʝʛʘ ʦʜ ï32768 ʜʦ ï1 ʧʨʝʩʣʠʢʘʚʘʿʫ ʫ ʦʧʩʝʛ 

ʭʝʢʩʘʜʝʮʠʤʘʣʥʠʭ ʙʨʦʿʝʚʘ ʦʜ 8000h ʜʦ FFFFh. ʀʟ ʯʠˁʝʥʠʮʝ ʜʘ ʿʝ 0 ʚʦʜʝ˂ʠ ʙʠʪ ʧʨʠ ʙʠʥʘʨʥʦʿ 

ʯʝʪʚʦʨʦʙʠʪʥʦʿ ʧʨʝʜʩʪʘʚʠ ʭʝʢʩʘʜʝʮʠʤʘʣʥʠʭ ʮʠʬʘʨʘ ʫ ʦʧʩʝʛʫ ʦʜ 0 ʜʦ 7 ʘ 1 ʙʠʪ ʥʘʿʚʝ˂ʝʛ 

ʪʝʞʠʥʩʢʦʛ ʬʘʢʪʦʨʘ ʧʨʠ ʠʩʪʦʿ ʪʘʢʚʦʿ ʧʨʝʜʩʪʘʚʠ ʭʝʢʩʘʜʝʮʠʤʘʣʥʠʭ ʮʠʬʘʨʘ ʫ ʦʧʩʝʛʫ ʦʜ 8 ʜʦ F 

ʩʣʝʜʠ ʧʨʠʤʝˁʝʥʦ ʧʨʘʚʠʣʦ ʟʘ ʦʟʥʘʯʘʚʘˁʝ ʟʥʘʢʘ ʚʨʝʜʥʦʩʪʠ ʫ ʧʦʩʤʘʪʨʘʥʠʤ ʢʘʥʦʥʠʯʢʠʤ 

''WAVE'' 16-ʪʦ ʙʠʪʥʠʤ ʟʘʧʠʩʠʤʘ, ʧʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʿʚʝ˂ʝʤ ʪʝʞʠʥʩʢʦʤ ʤʝʩʪʫ ʠʤʘʿʫ 

ʙʠʪ 0 ʜʦʢ ʟʘ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʪʘʿ ʙʠʪ ʠʤʘ ʚʨʝʜʥʦʩʪ 1. 

ʅʘ ʦʩʥʦʚʫ ʦʚʝ ʯʠˁʝʥʠʮʝ ʚʨʰʝʥʦ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʘʣʛʝʙʘʨʩʢʝ ʚʨʝʜʥʦʩʪʠ, ʚʨʝʜʥʦʩʪʠ ʩʘ 

ʧʨʝʜʟʥʘʢʦʤ, ʧʦʩʤʘʪʨʘʥʦʛ ʢʦʜʦʚʘʥʦʛ ʦʜʙʠʨʢʘ. ʇʦʰʪʦ ʿʝ ʢʦʜʦʚʘʥʘ PCM ʚʨʝʜʥʦʩʪ ʩʚʘʢʦʛ 

ʦʜʙʠʨʢʘ ʧʨʝʜʩʪʘʚˀʝʥʘ ʫ ʦʢʚʠʨʫ ʜʚʦʙʘʿʪʥʝ ʢʦʜʥʝ ʨʝʯʠ ʫ ''little-endian'' ʙʘʿʪ ʧʦʨʝʪʢʫ ʫ ʧʨʚʦʤ 

ʢʦʨʘʢʫ ʿʝ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʧʦʤʝʨʘˁʝ ʙʘʿʪʘ ʚʝ˂ʝʛ ʪʝʞʠʥʩʢʦʛ ʬʘʢʪʦʨʘ ʥʘ ʧʦʯʝʪʘʢ 

ʜʚʦʙʘʿʪʥʝ ʢʦʜʥʝ ʨʝʯʠ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʩʚʘʢʦʤ ʧʦʩʤʘʪʨʘʥʦʤ ʦʜʙʠʨʢʫ. ɺʨʝʜʥʦʩʪ ʩʚʘʢʦʛ ʙʘʿʪʘ ʿʝ 

ʧʦʩʝʙʥʦ ʯʠʪʘʥʘ ʠʟ ʜʝʣʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʧʦʜʘʮʠʤʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ''WAVE'' ʬʘʿʣʫ. ɿʘ 

ʧʦʩʤʘʪʨʘʥʠ ʦʜʙʠʨʘʢ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʙʘʿʪʠ ʩʫ ʯʫʚʘʥʠ ʫ ʜʚʝ ʧʦʩʝʙʥʝ 

ʮʝʣʦʙʨʦʿʥʝ ʧʨʦʤʝʥˀʠʚʝ (ʩʣʠʢʘ 4.3). 
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ʉʣʠʢʘ 4.3. ʀʟʛʣʝʜ ʟʘʫʟʝ˂ʘ 32-ʦ ʙʠʪʥʠʭ ʤʝʤʦʨʠʿʩʢʠʭ ʣʦʢʘʮʠʿʘ ʫ ʢʦʿʠʤʘ ʩʫ ʧʨʠʚʨʝʤʝʥʦ ʯʫʚʘʥʠ 

ʙʘʿʪʠ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʧʦʩʤʘʪʨʘʥʦʤ ʦʜʙʠʨʢʫ, b ï ʥʠʞʠ ʙʘʿʪ, a ï ʚʠʰʠ ʙʘʿʪ. 

 

ʇʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ C++ ʧʨʫʞʘ ʤʦʛʫ˂ʥʦʩʪ ʠʟʚʨʰʝˁʘ ʦʜʨʝʹʝʥʠʭ ʦʧʝʨʘʮʠʿʘ ʥʘʜ ʙʠʪʠʤʘ ʢʘʦ 

ʰʪʦ ʩʫ: ʧʦʤʝʨʘˁʘ ʫ ʣʝʚʦ ʠʣʠ ʜʝʩʥʦ ʢʘʦ ʠ ʣʦʛʠʯʢʝ ʦʧʝʨʘʮʠʿʝ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʧʦʣʦʞʘʿ ʙʘʿʪʘ 

ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʧʦʩʤʘʪʨʘʥʦʤ ʦʜʙʠʨʢʫ ʫ ʦʢʚʠʨʫ 32-ʦ ʙʠʪʥʠʭ ʤʝʤʦʨʠʿʩʢʠʭ ʣʦʢʘʮʠʿʘ (ʩʣʠʢʘ 

4.3), ʢʦʨʠʰ˂ʝˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʠʭ ʦʧʝʨʘʮʠʿʘ ʥʘʜ ʙʠʪʠʤʘ ʠʟʚʨʰʝʥʦ ʿʝ 

ʦʜʨʝʹʠʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʦʛ ʦʜʙʠʨʢʘ. ʋ ʧʨʚʦʤ ʢʦʨʘʢʫ ʙʠʣʦ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ 

ʦʧʝʨʘʮʠʿʫ ʥʘʜ ʙʠʪʠʤʘ ʙʘʿʪʘ ʚʝ˂ʝʛ ʪʝʞʠʥʩʢʦʛ ʬʘʢʪʦʨʘ, ʙʘʿʪ a ʥʘ ʩʣʠʮʠ 4.3, ʢʘʢʦ ʙʠ ʩʝ 

ʦʤʦʛʫ˂ʠʣʦ ʜʦʙʠʿʘˁʝ ʧʨʘʚʝ ʢʦʜʥʝ ʨʝʯʠ ʯʠʿʘ ʩʫ ʪʝʞʠʥʩʢʘ ʤʝʩʪʘ ʨʘʩʧʦʨʝʹʝʥʘ ʩ ʣʝʚʘ ʫ ʜʝʩʥʦ 

(ʩʣʠʢʘ 4.4). ʈʘʜʠ ʪʦʛʘ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʧʦʤʝʨʘˁʝ ʙʘʿʪʘ ʚʝ˂ʝʛ ʪʝʞʠʥʩʢʦʛ ʬʘʢʪʦʨʘ ʟʘ 8 

ʙʠʪʘ ʫ ʣʝʚʦ. 

 

312
0  . . . . . . . . . . 

162
0  152

a  . . . 
82

a  72
b  . . . 

02
b  

 

ʉʣʠʢʘ 4.4. ʇʨʘʚʠ ʦʙʣʠʢ ʢʦʜʥʝ ʨʝʯʠ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʧʦʩʤʘʪʨʘʥʦʤ ʦʜʙʠʨʢʫ ʫʥʫʪʘʨ 32-ʦ ʙʠʪʥʝ 

ʤʝʤʦʨʠʿʩʢʝ ʣʦʢʘʮʠʿʝ. 

 

ɿʘ ʪʘʢʦ ʬʦʨʤʠʨʘʥʫ ʢʦʜʥʫ ʨʝʯ ʩʘ ʧʨʘʚʠʣʥʦ ʨʘʩʧʦʨʝʹʝʥʠʤ ʪʝʞʠʥʩʢʠʤ ʧʦʟʠʮʠʿʘʤʘ 

ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʨʝʜʠʪʠ ʙʨʦʿʥʫ ʚʨʝʜʥʦʩʪ ʢʦʿʫ ʧʨʝʜʩʪʘʚˀʘ. ʇʦʩʪʫʧʘʢ ʦʜʨʝʹʠʚʘˁʘ ʝʢʚʠʚʘʣʝʥʪʥʝ 

ʙʨʦʿʥʝ ʚʨʝʜʥʦʩʪʠ ʠʟ ʦʧʩʝʛʘ ʦʜ ï32768 ʜʦ 32767 ʨʘʟʣʠʢʦʚʘʦ ʿʝ ʜʚʘ ʩʣʫʯʘʿʘ ʫ ʟʘʚʠʩʥʦʪʠ ʜʘ ʣʠ ʿʝ 

ʧʦʩʤʘʪʨʘʥʠ ʦʜʙʠʨʘʢ ʠʤʘʦ ʧʦʟʠʪʠʚʥʫ ʠʣʠ ʥʝʛʘʪʠʚʥʫ ʚʨʝʜʥʦʩʪ ʦʜʥʦʩʥʦ ʜʘ ʣʠ ʿʝ ʙʠʪ 72
a  ʠʤʘʦ 

ʚʨʝʜʥʦʩʪ 0 ʠʣʠ 1. ʆʙʟʠʨʦʤ ʜʘ ʿʝ ʩʚʘʢʦʤ ʙʘʿʪʫ ʧʦʜʘʪʘʢʘ ʚʨʰʝʥ ʧʨʠʩʪʫʧ ʦʜʥʦʩʥʦ ʯʠʪʘˁʝ 

ˁʝʛʦʚʝ ʜʝʮʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ, ʧʦʩʤʘʪʨʘʿʫ˂ʠ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʠ ʫʩʣʦʚ ʫ ʩʚʝʪʣʫ ʚʨʝʜʥʦʩʪʠ 

ʙʘʿʪʘ a ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʧʦʩʤʘʪʨʘʥʦʤ ʦʜʙʠʨʢʫ ʦʥ ʩʝ ʤʦʞʝ ʠʟʨʘʟʠʪʠ ʢʨʦʟ ʩʣʝʜʝ˂ʘ ʜʚʘ ʩʣʫʯʘʿʘ: 
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¶ ʚʨʝʜʥʦʩʪ ʦʜʙʠʨʢʘ ʿʝ ʧʦʟʠʪʠʚʥʘ ʫʢʦʣʠʢʦ ʚʨʝʜʥʦʩʪ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʙʘʿʪʘ a 

ʠʩʧʫˁʘʚʘ ʫʩʣʦʚ 1270 ¢Ø² aa , 

¶ ʫ ʩʫʧʨʦʪʥʦʤ ʪʿ. ʢʘʜʘ ʿʝ 255128 ¢Ø² aa  ʚʨʝʜʥʦʩʪ ʦʜʙʠʨʢʘ ʿʝ ʥʝʛʘʪʠʚʥʘ. 

ʋʢʦʣʠʢʦ ʿʝ ʚʨʝʜʥʦʩʪ ʦʜʙʠʨʢʘ ʧʦʟʠʪʠʚʥʘ ʪʘʜʘ ʢʦʜʥʘ ʨʝʯ ʧʨʝʜʩʪʘʚˀʝʥʘ ʫ ʠʩʧʨʘʚʥʦʤ ʙʘʿʪ 

ʧʦʨʝʪʢʫ (ʩʣʠʢʘ 4.4) ʜʠʨʝʢʪʥʦ ʠʟʨʘʞʘʚʘ ʙʨʦʿʥʫ ʚʨʝʜʥʦʩʪ ʦʜʙʠʨʢʘ. ʇʦʤʝʨʘˁʝʤ ʢʦʜʥʝ ʨʝʯʠ a ʟʘ 

8 ʙʠʪʘ ʫ ʣʝʚʦ, ʧʨʚʠʭ 8 ʙʠʪʘ ʤʝʤʦʨʠʿʩʢʝ ʣʦʢʘʮʠʿʝ ʦʩʪʘʿʝ ʙʝʟ ʩʘʜʨʞʘʿʘ ʦʜʥʦʩʥʦ ʥʘ ʪʠʤ ʤʝʩʪʠʤʘ 

ʩʝ ʥʘʣʘʟʝ ʙʠʥʘʨʥʝ ʥʫʣʝ (ʩʣʠʢʘ 4.5ʘ). ɿʘ ʜʦʙʠʿʘˁʝ ʠʩʧʨʘʚʥʝ ʢʦʜʥʝ ʨʝʯʠ (ʩʣʠʢʘ 4.5ʚ) ʧʦʪʨʝʙʥʦ 

ʿʝ ʠʟʚʨʰʠʪʠ ʫʤʝʪʘˁʝ ʙʘʿʪʘ b ʫ ʧʨʚʠʭ 8 ʙʠʪʘ ʤʝʤʦʨʠʿʩʢʝ ʣʦʢʘʮʠʿʝ ʢʦʿʘ ʩʘʜʨʞʠ ʧʦʤʝʨʝʥʠ ʙʘʿʪ a 

ʟʘ 8 ʙʠʪʘ ʫʣʝʚʦ. ʆʙʟʠʨʦʤ ʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʦʚʠʭ ʧʨʚʠʭ 8 ʙʠʪʘ ʙʠʥʘʨʥʝ ʥʫʣʝ ʨʝʟʫʣʪʘʥʪʥʘ ʢʦʜʥʘ 

ʨʝʯ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʚʨʝʜʥʦʩʪ ʧʦʟʠʪʠʚʥʦʛ ʦʜʙʠʨʢʘ ʿʝ ʜʦʙʠʿʝʥʘ ʢʘʦ ʨʝʟʫʣʪʘʪ ʣʦʛʠʯʢʝ ''ʠʣʠ'' 

ʦʧʝʨʘʮʠʿʝ ʥʘʜ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʙʠʪʠʤʘ ʩʘʜʨʞʘʥʠʤ ʫ ʤʝʤʦʨʠʿʩʢʦʿ ʣʦʢʘʮʠʿʠ ʢʦʿʘ ʩʘʜʨʞʠ 

ʧʦʤʝʨʝʥʠ ʙʘʿʪ a (ʩʣʠʢʘ 4.5ʘ) ʠ ʤʝʤʦʨʠʿʩʢʦʿ ʣʦʢʘʮʠʿʠ ʢʦʿʘ ʩʘʜʨʞʠ ʙʘʿʪ b (ʩʣʠʢʘ 4.5ʙ).  

 

312
0  . . . . . . . . . . . . . 

162
0  152

a  . . . 
82

a  72
0  . . . 

02
0  

ʘ) 

 

312
0  . . . . . . . . . . . . . 

162
0  152

0  . . . 
82

0  72
b  . . . 

02
b  

ʙ) 

 

312
0  . . . . . . . . . . . . . 

162
0  152

a  . . . 
82

a  72
b  . . . 

02
b  

ʚ) 

ʉʣʠʢʘ 4.5. ʀʟʛʣʝʜ ʧʦʧʫˁʝʥʦʩʪʠ ʤʝʤʦʨʠʿʩʢʠʭ ʣʦʢʘʮʠʿʘ: ʘ) ʥʘʢʦʥ ʧʦʤʝʨʘˁʘ ʙʘʿʪʘ a ʟʘ 8 ʤʝʩʪʘ ʫ 

ʣʝʚʦ, ʙ) ʥʘʢʦʥ ʯʠʪʘˁʘ ʙʘʿʪʘ b, ʚ) ʥʘʢʦʥ ʠʟʨʘʯʫʥʘʚʘˁʘ ʙʨʦʿʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʟʠʪʠʚʥʦʛ ʦʜʙʠʨʢʘ. 

 

ʇʨʠʣʠʢʦʤ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ʥʝʛʘʪʠʚʥʦʛ ʦʜʙʠʨʢʘ ʧʦʰʣʦ ʩʝ ʦʜ ʯʠˁʝʥʠʮʝ ʜʘ ʩʫ 

ʥʝʛʘʪʠʚʥʠ ʮʝʣʠ ʙʨʦʿʝʚʠ ʫ ''WAVE'' ʟʘʧʠʩʫ ʢʦʜʦʚʘʥʠ ʫ ʢʦʤʧʣʝʤʝʥʪʫ ʜʚʦʿʢʝ. ʀʩʧʨʘʚʥʘ ʢʦʜʥʘ 

ʨʝʯ ʿʝ ʜʦʙʠʿʝʥʘ ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʢʘʦ ʠ ʧʨʠ ʦʜʨʝʹʠʚʘˁʫ ʚʨʝʜʥʦʩʪʠ ʧʦʟʠʪʠʚʥʦʛ ʦʜʙʠʨʢʘ ʩʘʤʦ ʰʪʦ 

ʩʝ ʩʘʜʘ ʚʦʜʠʣʦ ʨʘʯʫʥʘ ʜʘ ʿʝ ʧʨʦʯʠʪʘʥʘ ʚʨʝʜʥʦʩʪ ʟʘʧʠʩʘʥʘ ʫ ʢʦʤʧʣʝʤʝʥʪʫ ʜʚʦʿʢʝ. ʀʤʘʿʫ˂ʠ ʪʦ ʫ 

ʚʠʜʫ ʨʘʜʠ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ʥʝʛʘʪʠʚʥʦʛ ʦʜʙʠʨʢʘ ʠʩʢʦʨʠʰ˂ʝʥʘ ʿʝ ʜʝʬʠʥʠʮʠʦʥʘ 

ʿʝʜʥʘʢʦʩʪ 4.1 ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʦʤʧʣʝʤʝʥʪʘ ʜʚʦʿʢʝ ʥʝʢʦʛ ʧʦʟʠʪʠʚʥʦʛ ʮʝʣʦʛ ʙʨʦʿʘ B. ʇʦʰʪʦ 

()BC2  ʧʨʝʜʩʪʘʚˀʘ ʝʢʚʠʚʘʣʝʥʪʫ ʧʨʝʜʩʪʘʚʫ ʫ ʤʝʤʦʨʠʿʠ ʨʘʯʫʥʘʨʘ ʥʝʛʘʪʠʚʥʦʛ ʮʝʣʦʛ ʙʨʦʿʘ ïB 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ʥʝʛʘʪʠʚʥʦʛ ʦʜʙʠʨʢʘ ïB ʠʟʚʨʰʝʥʦ ʿʝ ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʢʦʩʪʠ 4.1 ʟʘ 16-

ʪʦ ʙʠʪʥʝ ʢʦʜʥʝ ʨʝʯʠ:  

   () ()655362 2

16

2 -=-=- BCBCB .       (4.3) 

ʅʘ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʝ ʥʘʯʠʥʝ ʜʦʙʠʿʝʥʝ ʩʫ ʮʝʣʦʙʨʦʿʥʝ ʚʨʝʜʥʦʩʪʠ ʦʜʙʠʨʘʢʘ ʫ ʦʧʩʝʛʫ 

[ ]32767,327681 -ÍV . ʅʘ ʪʘʢʦ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʦʜʙʠʨʘʢʘ ʧʨʠʤʝˁʝʥʘ ʿʝ ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʪʘʢʦ 

ʜʘ ʩʝ ʠʟʚʨʰʠ ˁʠʭʦʚʦ ʧʨʝʩʣʠʢʘʚʘˁʝ ʫ ʦʧʩʝʛ [ ]0.1,0.12 -ÍV . ʉʭʦʜʥʦ ʪʦʤʝ ʢʦʥʘʯʥʝ ʚʨʝʜʥʦʩʪʠ 

ʦʜʙʠʨʘʢʘ ʩʫ ʠʟʨʘʯʫʥʘʪʝ ʢʘʦ: 
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4.1.3. ʀʟʨʘʯʫʥʘʚʘˁʝ MFCCs 
 

ʅʘʢʦʥ ʦʜʨʝʹʠʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ʦʜʙʠʨʘʢʘ ʟʚʫʯʥʠʭ ʩʠʛʥʘʣʘ ʫ ''WAVE'' ʬʦʨʤʘʪʫ ʢʦʿʠ 

ʧʨʠʧʘʜʘʿʫ ʧʦʩʤʘʪʨʘʥʦʤ ʛʦʚʦʨʥʠʢʫ ʬʦʨʤʠʨʘʥ ʿʝ ˁʝʤʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʚʝʢʪʦʨ ʦʜʙʠʨʘʢʘ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘ ʝʢʚʠʚʘʣʝʥʪ ˁʝʤʫ ʧʨʠʧʘʜʘʿʫ˂ʠʭ ʜʠʩʢʨʝʪʥʠʭ ʩʠʛʥʘʣʘ. ʅʘʜ ʪʘʢʦ ʜʦʙʠʿʝʥʠʤ 

ʝʢʚʠʚʘʣʝʥʪʥʠʤ ʜʠʩʢʨʝʪʥʠʤ ʩʠʛʥʘʣʦʤ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʥʠʟ ʜʠʩʢʨʝʪʥʠʭ ʩʠʛʥʘʣʘ ʧʨʠʧʘʜʘʿʫ˂ʠʭ 



 30 

ʧʦʩʤʘʪʨʘʥʦʤ ʛʦʚʦʨʥʠʢʫ ʠʟʚʨʰʝʥ ʿʝ ʥʠʟ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʨʘʜʠ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʚʝʢʪʦʨʠʤʘ MFCCs (ʩʣʠʢʘ 4.6). ʆʜʨʝʹʠʚʘˁʝ MFCCs ʠʟʚʨʰʝʥʦ ʿʝ ʧʨʠʤʝʥʦʤ 

ʿʝʜʥʘʢʦʩʪʠ (Wildermoth Richard Brett, 2001.): 
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1
cos ,        (4.5) 

ʧʨʠ ʯʝʤʫ n=1,2,é,M, ʧʨʝʜʩʪʘʚˀʘ ʨʝʜʥʠ ʙʨʦʿ ʤʝʣ-ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʢʝʧʩʪʨʘʣʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʢʦʿʠ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʫʢʫʧʘʥ ʙʨʦʿ M MFCCs ʢʦʿʠ ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ. ʉʫʰʪʠʥʘ 

ʿʝʜʥʘʢʦʩʪʠ 4.5 ʩʝ ʦʛʣʝʜʘ ʫ ʧʨʠʤʝʥʠ ʢʦʩʠʥʫʩʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ ʥʘ ʣʦʛʘʨʠʪʤʝ 

ʝʥʝʨʛʠʿʘ, iX , ʫ ʧʦʩʤʘʪʨʘʥʠʤ ʘʫʜʠʪʦʨʥʠʤ ʢʨʠʪʠʯʥʠʤ ʦʧʩʝʟʠʤʘ, ʧʨʠ ʯʝʤʫ i ʧʨʝʜʩʪʘʚˀʘ ʨʝʜʥʠ 

ʙʨʦʿ ʘʫʜʠʪʦʨʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ. ʈʘʜʠ ʠʟʨʘʯʫʥʘʚʘˁʘ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʠʭ ʝʥʝʨʛʠʿʘ 

ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʨʘʩʧʦʣʘʛʘʪʠ ʜʠʩʢʨʝʪʥʦʤ ʌʫʨʠʿʝʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ (ʝʥʛ. Discrete 

Fourier Transform ï DFT) ʧʦʩʤʘʪʨʘʥʦʛ ʜʠʩʢʨʝʪʥʦʛ ʩʠʛʥʘʣʘ. ʆʚʦ ʫʩʣʦʚˀʘʚʘ ʧʨʠʤʝʥʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʥʘ ʧʦʩʤʘʪʨʘʥʠ ʜʠʩʢʨʝʪʥʠ ʩʠʛʥʘʣ. ʈʘʜʠ ʝʬʠʢʘʩʥʦʛ 

ʠʟʨʘʯʫʥʘʚʘˁʘ DFT ʧʨʠʤʝˁʝʥ ʿʝ ʨʘʜʠʢʩ 2 ʧʦʩʪʫʧʘʢ ʙʨʟʝ ʌʫʨʠʿʝʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ (ʝʥʛ. Fast 

Fourier Transform ï FFT). ɿʘ ʧʨʠʤʝʥʫ ʨʘʜʠʢʩ 2 ʧʦʩʪʫʧʢʘ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʜʫʞʠʥʘ, l , 

ʚʨʝʤʝʥʩʢʦʛ ʥʠʟʘ ʥʘʜ ʢʦʿʠʤ ʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʧʨʠʤʝˁʫʿʝ ʙʫʜʝ:  
nl 2= , ʧʨʠ ʯʝʤʫ NÍn .        (4.6) 

 

 
 

ʉʣʠʢʘ 4.6. ɹʣʦʢ ʧʨʠʢʘʟ ʬʦʨʤʠʨʘˁʘ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʟʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ. 

 

ʇʨʠ ʘʥʘʣʠʟʠ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ, ʙʠʣʦ ʟʘ ʧʦʪʨʝʙʝ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʘ ʠʣʠ 

ʛʦʚʦʨʥʠʢʘ, ʫʦʙʠʯʘʿʝʥʦ ʩʝ ʫʩʚʘʿʘ ʜʘ ʚʝʣʠʯʠʥʘ ʧʨʠʤʝˁʝʥʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʙʫʜʝ ʫ 

ʠʥʪʝʨʚʘʣʫ 20 ï 30ms (Kinnunen Tomi et al., 2010). ʅʘʜ ʩʚʘʢʠʤ ʩʝʛʤʝʥʪʦʤ, ʠʟʜʚʦʿʝʥʠʤ ʠʟ 

ʧʦʩʤʘʪʨʘʥʦʛ ʜʠʩʢʨʝʪʥʦʛ ʩʠʛʥʘʣʘ ʧʨʠʤʝˁʝʥʦʤ ʧʨʦʟʦʨʩʢʦʤ ʬʫʥʢʮʠʿʦʤ, ʠʟʚʨʰʝʥ ʿʝ ʧʦʩʪʫʧʘʢ 

FFT. ʉʪʦʛʘ ʿʝ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʜʫʞʠʥʫ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʫʩʢʣʘʜʠʪʠ ʠ ʩʘ ʫʩʣʦʚʦʤ ʠʩʢʘʟʘʥʠʤ 

ʿʝʜʥʘʢʦʰ˂ʫ 4.6. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʫʯʝʩʪʘʥʦʩʪ ʦʜʘʙʠʨʘˁʘ ʧʦʩʤʘʪʨʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʩʠʛʥʘʣʘ, 

22050=sf Hz, ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʜʫʞʠʥʠ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʦʜ 51229==l  ʪʘʯʘʢʘ ʦʜʛʦʚʘʨʘ 

ʚʨʝʤʝʥʩʢʦ ʪʨʘʿʘˁʝ 2.23º=
sf

l
t ms. ʆʙʟʠʨʦʤ ʜʘ ʧʨʚʠ ʤʘˁʠ ʙʨʦʿ ʪʘʯʘʢʘ ʢʦʿʠ ʠʩʧʫˁʘʚʘ ʫʩʣʦʚ 

4.6 ʠʟʥʦʩʠ 25628

1 ==l  ʧʨʠ ʚʨʝʤʝʥʩʢʦʤ ʪʨʘʿʘˁʫ 6.111ºt ms ʢʘʦ ʠ ʜʘ ʧʨʚʠ ʚʝ˂ʠ ʠʟʥʦʩʠ 

1024210

2 ==l  ʧʨʠ 4.462ºt ms ʫʩʚʦʿʝʥʘ ʿʝ ʚʝʣʠʯʠʥʘ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ 512=l  ʪʘʯʘʢʘ. 

ʇʝʨʠʦʜʠ ʧʨʠʤʝʥʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʫʥʫʪʘʨ ʧʦʩʤʘʪʨʘʥʦʛ ʜʠʩʢʨʝʪʥʦʛ ʩʠʛʥʘʣʘ, tD , ʩʝ 
ʫʦʙʠʯʘʿʝʥʦ ʜʦʜʝˀʫʿʝ ʚʨʝʜʥʦʩʪ 10 ms. ʋ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʚʘ ʚʨʝʜʥʦʩʪ ʿʝ 

ʚʘʨʠʨʘʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʫ ʫʦʙʠʯʘʿʝʥʫ, ʨʘʜʠ ʧʨʘ˂ʝˁʘ ˁʝʥʦʛ ʫʪʠʮʘʿʘ ʥʘ 

ʪʘʯʥʦʩʪ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ. 

ʇʦʩʪʫʧʘʢ ʧʨʠʤʝʥʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ, ()nw , ʥʘ ʧʦʩʤʘʪʨʘʥʠ ʜʠʩʢʨʝʪʥʠ ʩʠʛʥʘʣ, ()ns , 

ʧʦʜʨʘʟʫʤʝʚʘ ʤʥʦʞʝˁʝ ʧʦʩʤʘʪʨʘʥʦʛ ʜʠʩʢʨʝʪʥʦʛ ʩʠʛʥʘʣʘ ʠ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʪʿ. ʧʦʤʝʨʝʥʠʭ 

ʚʝʨʟʠʿʘ ʧʦʩʤʘʪʨʘʥʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʧʨʠ ʯʝʤʫ ʿʝ ʧʝʨʠʦʜ ʧʦʤʝʨʘˁʘ tD . ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʘ 

ʧʨʠʤʝʥʘ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʧʦʜʨʘʟʫʤʝʚʘʣʘ ʙʠ ʜʘ ʩʝ ʢʘʦ ʨʝʟʫʣʪʘʪʠ ʧʨʦʟʦʨʠʨʘˁʘ 

ʧʦʩʤʘʪʨʘʥʦʛ ʜʠʩʢʨʝʪʥʦʛ ʩʠʛʥʘʣʘ ʜʦʙʠʿʘʿʫ ˁʝʛʦʚʠ ʥʝʠʟʦʙʣʠʯʝʥʠ ʜʝʣʦʚʠ ʪʨʘʿʘˁʘ t, 

ʝʚʝʥʪʫʘʣʥʦ ʩʢʘʣʠʨʘʥʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʘʤʧʣʠʪʫʜʝ ʧʨʠʤʝˁʝʥʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ. ʊʦ ʟʥʘʯʠ 

ʜʘ ʿʝ ʧʨʦʟʦʨʠʨʘˁʝ ʠʟʚʨʰʝʥʦ ʧʨʠʤʝʥʦʤ ʧʨʘʚʫʦʛʘʦʥʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ.  ʇʨʠʤʝʥʘ ʧʨʦʟʦʨʩʢʝ 

ʇʨʦʟʦʨʠʨʘˁʝ FFT ʀʟʨʘʯʫʥʘʚʘˁʝ 

MFCCs 

ʀʟʨʘʯʫʥʘʚʘˁʝ 

ʝʥʝʨʛʠʿʝ 

ʫʥʫʪʘʨ 

ʘʫʜʠʪʦʨʥʠʭ 

ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ 

ɼʠʩʢʨʝʪʥʠ 

ʩʠʛʥʘʣʠ  
ɺʝʢʪʦʨʠ 

ʦʙʝʣʝʞʿʘ 
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ʬʫʥʢʮʠʿʝ ʫ ʩʧʝʢʪʨʘʣʥʦʤ ʜʦʤʝʥʫ ʝʢʚʠʚʘʣʝʥʪʥʘ ʿʝ ʢʦʥʚʦʣʫʮʠʿʠ ʩʧʝʢʪʨʘ ʧʦʩʤʘʪʨʘʥʦʛ 

ʜʠʩʢʨʝʪʥʦʛ ʩʠʛʥʘʣʘ ʠ ʩʧʝʢʪʨʘ ʧʨʠʤʝˁʝʥʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ. ɼʘ ʙʠ ʧʨʦʮʝʩ ʧʨʦʟʦʨʠʨʘˁʘ 

ʜʠʩʢʨʝʪʥʦʛ ʩʠʛʥʘʣʘ ʨʝʟʫʣʪʦʚʘʦ ʰʪʦ ʤʘˁʠʤ ʠʟʦʙʣʠʯʝˁʝʤ ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʧʝʢʪʘʨ ʧʨʦʟʦʨʩʢʝ 

ʬʫʥʢʮʠʿʝ ʙʫʜʝ ʧʨʠʩʫʪʘʥ ʫ ʰʪʦ ʫʞʝʤ ʬʨʝʢʚʝʥʪʥʦʤ ʦʧʩʝʛʫ. ʉʧʝʢʪʘʨ ʧʨʘʚʦʫʛʘʦʥʝ ʧʨʦʟʦʨʩʢʝ 

ʬʫʥʢʮʠʿʝ ʩʝ ʦʜʣʠʢʫʿʝ ʥʠʩʢʠʤ ʧʦʪʠʩʢʠʚʘˁʝʤ ʧʨʚʦʛ ʙʦʯʥʦʛ ʣʦʙʘ ʪʝ ʩʝ ʩʪʦʛʘ ʨʘʜʠ ʦʙʨʘʜʝ 

ʟʚʫʯʥʠʭ ʩʠʛʥʘʣʘ ʧʨʠʤʝˁʫʿʫ ʚʨʝʤʝʥʩʢʠ ʟʘʦʙˀʝʥʠʿʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ. ʆʚʝ ʧʨʦʟʦʨʩʢʝ 

ʬʫʥʢʮʠʿʝ ʩʝ ʦʜʣʠʢʫʿʫ ʤʘˁʦʤ ʩʪʨʤʠʥʦʤ ʚʨʝʤʝʥʩʢʠʭ ʧʨʦʤʝʥʘ ʪʝ ʩʪʦʛʘ ʠ ʥʠʞʦʤ ʘʤʧʣʠʪʫʜʦʤ 

ʚʠʰʠʭ ʩʧʝʢʪʨʘʣʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʰʪʦ ʜʠʨʝʢʪʥʦ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʩʤʘˁʝˁʝ ʘʤʧʣʠʪʫʜʝ 

ʙʦʯʥʠʭ ʣʦʙʦʚʘ. ʇʦʩʪʦʿʘˁʝ ʙʦʯʥʠʭ ʣʦʙʦʚʘ ʫ ʩʧʝʢʪʨʘʣʥʦʿ ʢʘʨʘʢʪʝʨʠʩʪʠʮʠ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ 

ʨʝʟʫʣʪʫʿʝ ʩʧʝʢʪʨʘʣʥʠʤ ʧʨʦʰʠʨʝˁʝʤ ʧʨʦʟʦʨʠʨʘʥʦʛ ʩʠʛʥʘʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʘʚʠ ʩʧʝʢʪʘʨ 

ʧʦʩʤʘʪʨʘʥʦʛ ʜʠʩʢʨʝʪʥʦʛ ʩʠʛʥʘʣʘ, ʪʘʢʦ ʜʘ ʩʝ ʦʚʘ ʧʦʿʘʚʘ ʯʝʩʪʦ ʥʘʟʠʚʘ ʠ ʩʧʝʢʪʨʘʣʥʦ ʮʫʨʝˁʝ. 

ʇʨʠʤʝˁʝʥʘ ʧʨʦʟʦʨʩʢʘ ʬʫʥʢʮʠʿʘ ʪʨʝʙʘ ʜʘ ʧʨʫʞʘ ʰʪʦ ʤʘˁʝ ʩʧʝʢʪʨʘʣʥʦ ʮʫʨʝˁʝ ʪʿ. ʰʪʦ ʚʝ˂ʝ 

ʧʦʪʠʩʢʠʚʘˁʝ ʙʦʯʥʠʭ ʣʦʙʦʚʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʦʚʝ ʪʝʞˁʝ ʦʙʠʯʥʦ ʩʝ ʧʨʠ ʘʥʘʣʠʟʠ ʛʦʚʦʨʥʠʭ 

ʩʠʛʥʘʣʘ ʢʦʨʠʩʪʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʯʠʿʠ ʿʝ ʠʤʧʫʣʩʥʠ ʦʜʟʠʚ ʟʘʩʥʦʚʘʥ ʥʘ ʬʫʥʢʮʠʿʠ 

ʧʦʜʠʛʥʫʪʦʛ ʢʦʩʠʥʫʩʘ: ʍʘʥʦʚʘ ʠ ʍʘʤʠʥʛʦʚʘ ʧʨʦʟʦʨʩʢʘ ʬʫʥʢʮʠʿʝ. 

ʍʘʥʦʚʘ ʧʨʦʟʦʨʩʢʘ ʬʫʥʢʮʠʿʘ ʩʝ ʫ ʜʠʩʢʨʝʪʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ ʦʧʠʩʫʿʝ ʿʝʜʥʘʢʦʰ˂ʫ: 
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p
w , ʟʘ 10 -¢¢ Nn .       (4.7) 

ʋʦʧʰʪʝʥʦ ʧʦʩʤʘʪʨʘʿʫ˂ʠ ʧʨʦʟʦʨʩʢʘ ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʿʝ ʟʘʩʥʦʚʘʥʘ ʥʘ ʬʫʥʢʮʠʿʠ ʧʦʜʠʛʥʫʪʦʛ 

ʢʦʩʠʥʫʩʘ ʤʦʞʝ ʩʝ ʦʧʠʩʘʪʠ ʿʝʜʥʘʢʦʰ˂ʫ: 

  () ö
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p
w , ʟʘ 10 -¢¢ Nn .       (4.8) 

ɿʘ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ a=0.54 ʠ b= - 0.46, ʜʦʙʠʿʘ ʩʝ ʍʘʤʠʥʛʦʚʘ ʧʨʦʟʦʨʩʢʘ ʬʫʥʢʮʠʿʘ: 
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ʆʚʘ ʧʨʦʟʦʨʩʢʘ ʬʫʥʢʮʠʿʘ ʩʝ ʚʨʣʦ ʯʝʩʪʦ ʧʨʠʤʝˁʫʿʝ ʧʨʠ ʘʥʘʣʠʟʠ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ ʧʦʰʪʦ ʦʥʘ 

ʤʠʥʠʤʠʟʫʿʝ ʚʨʝʜʥʦʩʪ ʤʘʢʩʠʤʘʣʥʦʛ ʪʿ. ʧʨʚʦʛ ʙʦʯʥʦʛ ʣʦʙʘ ʥʘ ʦʢʦ ʿʝʜʥʫ ʧʝʪʠʥʫ ʚʨʝʜʥʦʩʪʠ 

ʧʨʚʦʛ ʙʦʯʥʦʛ ʣʦʙʘ ʢʦʜ ʍʘʥʦʚʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʦʚʫ ʦʩʦʙʠʥʫ ʫ ʩʚʝʪʣʫ 

ʥʠʚʦʘ ʩʠʛʥʘʣʘ ʩʣʝʜʠ ʜʘ ʍʘʤʠʥʛʦʚʘ ʧʨʦʟʦʨʩʢʘ ʬʫʥʢʮʠʿʘ ʦʙʝʟʙʝʹʫʿʝ ʟʘ ʦʢʦ 10 dB ʚʝʝ˂ 

ʩʣʘʙˀʝˁʝ ʧʨʚʦʛ ʙʦʯʥʦʛ ʣʦʙʘ ʫ ʦʜʥʦʩʫ ʥʘ ʍʘʥʦʚʫ ʧʨʦʟʦʨʩʢʫ ʬʫʥʢʮʠʿʫ. ʉʧʝʢʪʨʘʣʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʚʝ ʜʚʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʪʘʢʦʹʝ ʩʝ ʨʘʟʣʠʢʫʿʫ ʠ ʥʘ ʚʠʰʠʤ ʩʧʝʢʪʨʘʣʥʠʤ 

ʢʦʤʧʦʥʝʥʪʘʤʘ, ʬʨʝʢʚʝʥʮʠʿʘʤʘ ʠʟʥʘʜ ʬʨʝʢʚʝʥʮʠʿʝ ʥʘ ʢʦʿʦʿ ʩʝ ʧʦʿʘʚˀʫʿʝ ʧʨʚʠ ʙʦʯʥʠ ʤʘʢʩʠʤʫʤ 

ʪʿ. ʣʦʙ ʫ ʩʧʝʢʪʨʫ, ʪʘʢʦ ʰʪʦ ʘʤʣʠʪʫʜʘ ʩʧʝʢʪʨʘ ʍʘʥʦʚʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʥʘ ʪʠʤ ʩʧʝʢʪʨʘʣʥʠʤ 

ʢʦʤʧʦʥʝʥʪʘʤʘ ʤʦʥʦʪʦʥʦ ʦʧʘʜʘ ʠ ʥʠʞʝ ʿʝ ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʘʤʣʠʪʫʜʩʢʠ ʩʧʝʢʪʘʨ 

ʍʘʤʠʥʛʦʚʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʢʦʿʘ ʫ ʪʦʤ ʬʨʝʢʚʝʥʪʥʦʤ ʧʦʜʨʫʯʿʫ ʧʦʢʘʟʫʿʝ ʤʥʦʛʦ ʙʣʘʞʝ 

ʦʧʘʜʘˁʝ. ʉʪʦʛʘ ʿʝ ʫ ʧʦʩʪʫʧʢʫ ʨʘʟʚʦʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʚʨʰʝʥʦ ʫʧʦʨʝʜʥʦ 

ʠʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ ʦʙʝ ʦʚʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʥʘ ʧʦʩʪʠʛʥʫʪʫ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ. 

ʋ ʘʥʘʣʠʟʠ ʫʪʠʮʘʿʘ ʧʨʠʤʝˁʝʥʠʭ ʧʨʦʟʦʨʩʢʠʭ ʬʫʥʢʮʠʿʘ ʥʘ ʦʩʪʚʘʨʝʥʫ ʪʘʯʥʦʩʪ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʠʩʧʠʪʠʚʘʥ ʿʝ ʠ ʫʪʠʮʘʿ ɹʣʝʢʤʘʥʦʚʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ: 
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ʇʦʚʝ˂ʘʥʦ ʩʣʘʙˀʝˁʝ ʧʨʚʦʛ ʙʦʯʥʦʛ ʣʦʙʘ ʦʜ ʦʢʦ 26 dB ʫ ʦʜʥʦʩʫ ʥʘ ʍʘʥʦʚʫ ʠ ʦʢʦ 16 dB ʫ ʦʜʥʦʩʫ 

ʥʘ ʍʘʤʠʥʛʦʚʫ ʧʨʦʟʦʨʩʢʫ ʬʫʥʢʮʠʿʫ ʧʨʝʧʦʨʫʯʠʣʦ ʿʝ ʢʦʨʠʰ˂ʝˁʝ ʠ ʦʚʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ 

ʧʨʠʣʠʢʦʤ ʨʘʟʚʦʿʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʨʦʿʝʢʪʦʚʘʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ (ɱʦʢʠ˂ ɼ. ʀʚʘʥ ʠ ʜʨ., (ʊɽʃʌʆʈ 2012.)). 
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4.1.3.1. ʀʟʨʘʯʫʥʘʚʘˁʝ ʙʨʟʝ ʌʫʨʠʿʝʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ 
 

ɼʠʩʢʨʝʪʥʘ ʌʫʨʠʿʝʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ (DFT) ()kX , ʜʠʩʢʨʝʪʥʦʛ ʩʠʛʥʘʣʘ ()nx  ʢʦʥʘʯʥʦʛ 

ʪʨʘʿʘˁʘ ʫ N ʪʘʯʘʢʘ: 
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,             (4.11) 

ʧʨʝʜʩʪʘʚˀʘ ʥʘʯʠʥ ʠʟʨʘʯʫʥʘʚʘˁʘ ʩʧʝʢʪʨʘ ʥʘ ʧʦʿʝʜʠʥʠʤ ʤʝʹʫʩʦʙʥʦ ʝʢʚʠʜʠʩʪʘʥʪʥʠʤ 

ʫʯʝʩʪʘʥʦʩʪʠʤʘ ʯʠʿʠ ʿʝ ʙʨʦʿ ʦʜʨʝʹʝʥ ʙʨʦʿʝʤ ʪʘʯʘʢʘ ʫ ʢʦʿʠʤʘ ʩʝ ʧʦʩʤʘʪʨʘ ʜʠʩʢʨʝʪʥʠ ʩʠʛʥʘʣ 

()nx . ɼʠʩʢʨʝʪʥʘ ʧʨʠʨʦʜʘ ʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʪʿ. ʨʝʟʫʣʪʘʪʘ ˁʝʥʝ ʧʨʠʤʝʥʝ ʢʦʿʠ ʧʦʩʪʦʿʠ ʫ 

ʢʦʥʘʯʥʦʤ ʙʨʦʿʫ ʪʘʯʘʢʘ ʯʠʥʠ ʿʝ ʧʦʛʦʜʥʦʤ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʩʧʝʢʪʨʘʣʥʠʭ ʦʩʦʙʠʥʘ ʧʦʩʤʘʪʨʘʥʠʭ 

ʩʠʛʥʘʣʘ ʧʨʠʤʝʥʦʤ ʜʠʛʠʪʘʣʥʠʭ ʢʦʣʘ ʟʘ ʦʙʨʘʜʫ ʩʠʛʥʘʣʘ. ɼʠʨʝʢʪʥʘ ʧʨʠʤʝʥʘ ʿʝʜʥʘʢʦʩʪʠ 4.11 

ʨʝʟʫʣʪʫʿʝ ʧʦʣʠʥʦʤʠʿʘʣʥʦʤ ʩʣʦʞʝʥʦʰ˂ʫ ʜʨʫʛʦʛ ʩʪʝʧʝʥʘ, ʪʿ. ʧʦʩʪʫʧʘʢ ʟʘʭʪʝʚʘ: ( )1-ÖNN  

ʢʦʤʧʣʝʢʩʥʠʭ ʩʘʙʠʨʘˁʘ, 2N  ʢʦʤʧʣʝʢʩʥʠʭ ʤʥʦʞʝˁʘ ʠ 22 NÖ  ʚʨʝʜʥʦʩʪʠ ʩʠʥʫʩʘ ʠ ʢʦʩʠʥʫʩʘ, 

ʰʪʦ ʯʠʥʠ ʜʘ ʿʝ ʩʣʦʞʝʥʦʩʪ ʧʦʩʪʫʧʢʘ () 2~ NNO . ʋʦʯʘʚʘʿʫ˂ʠ ʨʦʪʘʮʠʦʥʫ ʧʨʠʨʦʜʫ ʿʝʟʛʨʘ DFT,  

NW , ʪʿ. ˁʝʛʦʚʫ ʧʝʨʠʦʜʠʯʥʦʩʪ, ʢʘʦ ʠ ʥʘ ʦʩʥʦʚʫ ʩʠʤʝʪʨʠʿʝ ʝʣʝʤʝʥʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʝ 

ʤʘʪʨʠʮʝ: 
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,              (4.12) 

ʦʙʟʠʨʦʤ ʥʘ ʠʜʝʥʪʠʯʥʝ ʛʨʘʥʠʮʝ ʧʘʨʘʤʝʪʘʨʘ n ʠ k, ʩʣʝʜʠ ʜʘ ʩʝ ʚʝʣʠʢʠ ʙʨʦʿ ʨʘʯʫʥʩʢʠʭ 

ʦʧʝʨʘʮʠʿʘ ʧʨʠ ʜʠʨʝʢʪʥʦʤ ʠʟʨʘʯʫʥʘʚʘˁʫ DFT ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ 4.11 ʧʦʥʘʚˀʘ. ʋ ʩʢʣʘʜʫ ʩ ʪʠʤ 

ʤʦʛʫ˂ʝ ʿʝ ʫʦʯʠʪʠ ʩʢʫʧʦʚʝ ʦʧʝʨʘʮʠʿʘ ʢʦʿʝ ʩʝ ʧʦʥʘʚˀʘʿʫ ʧʨʠʣʠʢʦʤ ʠʟʨʘʯʫʥʘʚʘˁʘ DFT ʠ ʥʘ 

ʦʩʥʦʚʫ ʪʦʛʘ ʠʟʚʨʰʠʪʠ ˁʠʭʦʚʦ ʛʨʫʧʠʩʘˁʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʦʨʘʢʝ ʧʦʩʪʫʧʢʘ ʠʟʨʘʯʫʥʘʚʘˁʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʚʘʢʘ ʛʨʫʧʘ ʦʧʝʨʘʮʠʿʘ ʬʦʨʤʠʨʘ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʠʪʝʨʘʮʠʿʫ 

ʠʟʨʘʯʫʥʘʚʘˁʘ DFT ʧʨʠ ʯʝʤʫ ʩʫ ʦʧʝʨʘʮʠʿʝ ʩʘʜʨʞʘʥʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʤʝʹʫʩʦʙʥʦ 

ʨʘʟʣʠʯʠʪʝ. ʉʚʘʢʘ ʠʪʝʨʘʮʠʿʘ ʫʥʦʩʠ ʥʦʚʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʢʦʨʠʩʪʝ˂ʠ ʨʝʟʫʣʪʘʪʝ ʧʨʝʪʭʦʜʥʠʭ 

ʠʪʝʨʘʮʠʿʘ ʰʪʦ ʟʥʘʯʘʿʥʦ ʫʙʨʟʘʚʘ ʧʦʩʪʫʧʘʢ ʠʟʨʘʯʫʥʘʚʘˁʘ DFT ʩʤʘˁʫʿʫ˂ʠ ˁʝʛʦʚʫ ʩʣʦʞʝʥʦʩʪ ʥʘ 

ʥʠʚʦ () ldNNNO Ö~  ʠ ʯʠʥʠ ʧʦʩʪʫʧʘʢ ʙʨʟʝ ʌʫʨʠʿʝʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ (FFT). 

ɱʝʜʘʥ ʦʜ ʧʦʩʪʫʧʘʢʘ FFT, ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʫ ʦʚʦʤ ʨʘʜʫ, ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʨʘʟʜʚʘʿʘˁʠʤʘ 

ʧʘʨʥʠʭ ʠ ʥʝʧʘʨʥʠʭ ʯʣʘʥʦʚʘ ʧʦʩʤʘʪʨʘʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʥʠʟʘ: 

  () () () ()äää
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N WnxWnxWnxkX ,   1,...,1,0 -= Nk .           (4.13) 

ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʜʦʙʠʿʘʿʫ ʜʚʝ DFT ʫ 2N  ʪʘʯʘʢʘ: 
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Ö ,  12,...,1,0 -= Nk ,  (4.14) 

ʢʦʿʝ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʤʝʹʫʨʝʟʫʣʪʘʪʠʤʘ ()kX10  ʠ ()kX11  (ʩʣʠʢʘ 4.7). ɹʨʟʠʥʘ ʪʿ. ʝʬʠʢʘʩʥʦʩʪ 

ʨʘʯʫʥʩʢʦʛ ʧʦʩʪʫʧʢʘ ʦʛʣʝʜʘ ʩʝ ʫ ʥʘʯʠʥʫ ʠʟʨʘʯʫʥʘʚʘˁʘ DFT ʫ ʧʨʝʦʩʪʘʣʠʭ, ʜʨʫʛʠʭ 2N  ʪʘʯʘʢʘ: 

( ) ( ) ( ) () ()kXWkXNkXWNkXNkX k

N

Nk

N 111011

2

10 222 Ö-=+Ö++=+ + , 12,...,1,0 -= Nk , (4.15) 

ʧʦʰʪʦ ʿʝ k

N

N

N

k

N

Nk

N WWWW -=Ö=+ 22 . ɼʘʢʣʝ ʜʨʫʛʠ ʩʘʙʠʨʘʢ ʫ 4.15 ʩʘʤʦ ʤʝˁʘ ʟʥʘʢ ʫ ʦʜʥʦʩʫ ʥʘ 

ʜʨʫʛʠ ʩʘʙʠʨʘʢ ʫ ʿʝʜʥʘʢʦʩʪʠ 4.14. ʅʘʢʦʥ ʦʚʦʛ ʢʦʨʘʢʘ ʧʦʣʘʟʥʘ DFT ʫ N ʪʘʯʘʢʘ ʨʘʩʪʘʚˀʝʥʘ ʿʝ ʫ 

ʜʚʝ DFT. ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ FFT, ʢʦʨʘʢ 2=k , ʧʦʜʨʘʟʫʤʝʚʘ ʧʦʩʤʘʪʨʘˁʝ ʩʚʘʢʝ ʦʜ ʜʚʝ ʥʦʚʦʥʘʩʪʘʣʝ 

DFT ʫ 2N  ʪʘʯʘʢʘ ʥʘ ʥʘʯʠʥ ʢʘʢʦ ʿʝ ʨʘʟʤʘʪʨʘʥʘ ʧʦʣʘʟʥʘ DFT ʫ N ʪʘʯʘʢʘ, ʪʿ. ʟʘ ʩʚʘʢʫ ʦʜ ʜʚʝ 

ʥʦʚʦʥʘʩʪʘʣʝ DFT ʩʝ ʚʨʰʠ ʨʘʟʜʚʘʿʘˁʝ ʥʘ ʜʚʝ DFT, ʩʘʜʘ ʫ 2224 NNN k ==  ʪʘʯʘʢʘ ʢʦʿʝ 
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ʦʜʛʦʚʘʨʘʿʫ ʧʘʨʥʠʤ ʦʜʥʦʩʥʦ ʥʝʧʘʨʥʠʤ ʯʣʘʥʦʚʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʨʝʤʝʥʩʢʠʭ ʥʠʟʦʚʘ.  

ʇʦʩʪʫʧʘʢ ʨʘʟʜʚʘʿʘˁʘ ʩʚʘʢʝ ʦʜ ʥʦʚʦʥʘʩʪʘʣʠʭ DFT ʫ 12 -kN  ʪʘʯʘʢʘ ʫ ʦʜʨʝʹʝʥʦʤ k-ʪʦʤ ʢʦʨʘʢʫ 

FFT ʩʝ ʠʪʝʨʘʪʠʚʥʦ ʥʘʩʪʘʚˀʘ ʩʚʝ ʜʦʢ ʩʝ ʢʘʦ ʫʣʘʟʥʠ ʚʨʝʤʝʥʩʢʠ ʥʠʟʦʚʠ ʥʝ ʧʦʿʘʚʝ ʚʨʝʤʝʥʩʢʠ 

ʥʠʟʦʚʠ ʫ ʜʚʝ ʪʘʯʢʝ. ʉʪʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʜʫʞʠʥʘ ʧʦʣʘʟʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʥʠʟʘ ʧʨʝʜʩʪʘʚˀʘ 

ʧʨʠʨʦʜʥʠ ʩʪʝʧʝʥ ʙʨʦʿʘ 2 (ʫʩʣʦʚ ʠʩʢʘʟʘʥ ʿʝʜʘʢʦʰ˂ʫ 4.6) ʠ ʯʝʩʪʦ ʩʝ ʦʚʘʿ ʧʦʩʪʫʧʘʢ FFT ʦʟʥʘʯʘʚʘ 

ʢʘʦ ʿʝʜʘʥ ʦʜ ʨʘʜʠʢʩ 2 ʧʦʩʪʫʧʘʢʘ ʙʨʟʝ ʌʫʨʠʿʝʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ. ɹʨʦʿ ʧʦʪʨʝʙʥʠʭ ʢʦʨʘʢʘ 

ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʨʘʜʠ ʠʟʚʨʰʝˁʘ ʦʚʘʢʚʦʛ ʧʦʩʪʫʧʢʘ FFT ʠʟʥʦʩʠ: 

1-=ldNK ,                (4.16) 

ʪʘʢʦ ʜʘ ʟʘ ʧʦʩʤʘʪʨʘʥʝ ʚʨʝʤʝʥʩʢʝ ʥʠʟʦʚʝ ʜʫʞʠʥʝ 512=N  ʪʘʯʘʢʘ, ʰʪʦ ʿʝ ʜʫʞʠʥʘ 

ʧʨʦʟʦʨʠʨʘʥʠʭ ʜʝʣʦʚʘ ʩʠʛʥʘʣʘ ʧʦʩʤʘʪʨʘʥʠʭ ʫ ʦʚʦʤ ʨʘʜʫ ʟʘ ʢʦʿʝ ʿʝ ʨʘʯʫʥʘʪʘ FFT, ʧʦʪʨʝʙʥʦ ʿʝ 

ʠʟʚʨʰʠʪʠ 8=K  ʢʦʨʘʢʘ ʜʝʢʦʤʧʦʟʠʮʠʿʝ.  

 

 
 

ʉʣʠʢʘ 4.7. ʇʨʚʠ ʢʦʨʘʢ ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʠʟʨʘʯʫʥʘʚʘˁʘ DFT ʫ 512 ʪʘʯʘʢʘ. 

           

ʉʚʘʢʘ ʥʦʚʦʥʘʩʪʘʣʘ DFT ʥʘʢʦʥ ʩʚʘʢʦʛ ʢʦʨʘʢʘ FFT ʧʦʜʨʘʟʫʤʝʚʘ ʢʘʦ ʫʣʘʟʥʝ ʚʨʝʤʝʥʩʢʝ 

ʥʠʟʦʚʝ ʧʘʨʥʝ ʦʜʥʦʩʥʦ ʥʝʧʘʨʥʝ ʯʣʘʥʦʚʝ ʚʨʝʤʝʥʩʢʠʭ ʥʠʟʦʚʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʜʠʩʢʨʝʪʥʠʤ 

ʌʫʨʠʿʝʦʚʠʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘʤʘ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʢʦʨʘʢʘ. ʉʣʝʜʠ ʜʘ ʩʚʘʢʠ ʢʦʨʘʢ ʧʨʠʤʝˁʝʥʦʛ 

ʧʦʩʪʫʧʢʘ FFT ʚʨʰʠ ʦʜʨʝʹʝʥʦ ʧʨʝʫʨʝʹʝˁʝ ʝʣʝʤʝʥʘʪʘ ʧʦʣʘʟʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʥʠʟʘ ʜʘʪʦʛ ʫ N 

ʪʘʯʘʢʘ, ʩʭʦʜʥʦ ʠʪʝʨʘʮʠʿʠ ʫ ʢʦʿʦʿ ʩʝ ʧʦʩʪʫʧʘʢ ʪʨʝʥʫʪʥʦ ʥʘʣʘʟʠ, ʪʝ ʩʝ ʩʪʦʛʘ ʯʝʩʪʦ ʦʚʘʿ ʧʦʩʪʫʧʘʢ 

ʙʨʟʝ ʌʫʨʠʿʝʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʢʣʘʩʠʬʠʢʫʿʝ ʠ ʢʘʦ ʨʘʜʠʢʩ 2 ʧʦʩʪʫʧʘʢ FFT ʩʘ ʧʨʝʫʨʝʹʝˁʝʤ ʫ 

ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ. ʇʨʝʫʨʝʹʝˁʝ ʯʣʘʥʦʚʘ ʫʣʘʟʥʦʛ ʥʠʟʘ ʥʘʢʦʥ K-ʪʦʛ ʢʦʨʘʢʘ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ 

ʙʠʪʩʢʠʤ ʯʠʪʘˁʝʤ ʧʦʩʤʘʪʨʘʥʠʭ ʠʟʚʦʨʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠʥʜʝʢʩʘ ʫ ʩʫʧʨʦʪʥʦʤ ʩʤʝʨʫ. ʅʘʠʤʝ, ʟʘ 

ʧʦʩʤʘʪʨʘʥʝ ʠʥʜʝʢʩʝ ʧʦʣʘʟʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʥʠʟʘ ʫ ʙʠʥʘʨʥʦʤ ʦʙʣʠʢʫ, ʠʥʜʝʢʩʠ ʧʨʝʫʨʝʹʝʥʦʛ ʥʠʟʘ 

ʫ ʙʠʥʘʨʥʦʤ ʦʙʣʠʢʫ ʩʝ ʜʦʙʠʿʘʿʫ ʯʠʪʘˁʝʤ ʧʦʣʘʟʥʠʭ ʙʠʥʘʨʥʠʭ ʠʥʜʝʢʩʘ ʩ ʜʝʩʥʘ ʫ ʣʝʚʦ, ʦʜ ʙʠʪʘ 

ʥʘʿʤʘˁʝʛ ʪʝʞʠʥʩʢʦʛ ʬʘʢʪʦʨʘ ʢʘ ʙʠʪʫ ʥʘʿʚʝ˂ʝʛ ʪʝʞʠʥʩʢʦʛ ʬʘʢʪʦʨʘ (ʪʘʙʝʣʝ: 4.1ʘ, 4.1ʙ). ʉʪʦʛʘ 

ʨʘʜʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ FFT ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʩʪʫʧʘʢ ˁʝʥʦʛ ʦʜʨʝʹʠʚʘˁʘ ʧʦʩʤʘʪʨʘʪʠ ʩ ʣʝʚʘ ʫ ʜʝʩʥʦ 
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ʠ ʧʨʚʦ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʧʨʝʫʨʝʹʝˁʝ ʧʦʩʤʘʪʨʘʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʥʠʟʘ ʜʘ ʙʠ ʩʝ ʢʘʦ ʨʝʟʫʣʪʘʪ 

ʜʦʙʠʣʝ ʚʨʝʜʥʦʩʪʠ DFT ʫ ʠʩʧʨʘʚʥʦʤ ʨʝʜʦʩʣʝʜʫ.   

 

ʀʥʜʝʢʩ ʫ ʠʟʚʦʨʥʦʤ 

ʚʨʝʤʝʥʩʢʦʤ ʥʠʟʫ 

ɹʠʥʘʨʥʠ ʟʘʧʠʩ 

ʠʥʜʝʢʩʘ ʫ ʠʟʚʦʨʥʦʤ 

ʚʨʝʤʝʥʩʢʦʤ ʥʠʟʫ 

ɹʠʥʘʨʥʠ ʟʘʧʠʩ 

ʠʥʜʝʢʩʘ ʫ 

ʧʨʝʫʨʝʹʝʥʦʤ 

ʚʨʝʤʝʥʩʢʦʤ ʥʠʟʫ 

ʀʥʜʝʢʩ ʫ 

ʧʨʝʫʨʝʹʝʥʦʤ 

ʚʨʝʤʝʥʩʢʦʤ ʥʠʟʫ 

0 000 000 0 

1 001 100 4 

2 010 010 2 

3 011 110 6 

4 100 001 1 

5 101 101 5 

6 110 011 3 

7 111 111 7 

 

ʊʘʙʝʣʘ 4.1ʘ. ʇʨʝʫʨʝʹʝˁʝ ʠʥʜʝʢʩʘ ʚʨʝʤʝʥʩʢʦʛ ʥʠʟʘ ʜʫʞʠʥʝ 8 ʙʠʪʘ. 

 

ʀʥʜʝʢʩ ʫ ʠʟʚʦʨʥʦʤ 

ʚʨʝʤʝʥʩʢʦʤ ʥʠʟʫ 

ɹʠʥʘʨʥʠ ʟʘʧʠʩ 

ʠʥʜʝʢʩʘ ʫ ʠʟʚʦʨʥʦʤ 

ʚʨʝʤʝʥʩʢʦʤ ʥʠʟʫ 

ɹʠʥʘʨʥʠ ʟʘʧʠʩ 

ʠʥʜʝʢʩʘ ʫ 

ʧʨʝʫʨʝʹʝʥʦʤ 

ʚʨʝʤʝʥʩʢʦʤ ʥʠʟʫ 

ʀʥʜʝʢʩ ʫ 

ʧʨʝʫʨʝʹʝʥʦʤ 

ʚʨʝʤʝʥʩʢʦʤ ʥʠʟʫ 

0 0000 0000 0 

1 0001 1000 8 

2 0010 0100 4 

3 0011 1100 12 

4 0100 0010 2 

5 0101 1010 10 

6 0110 0110 6 

7 0111 1110 14 

8 1000 0001 1 

9 1001 1001 9 

10 1010 0101 5 

11 1011 1101 13 

12 1100 0011 3 

13 1101 1011 11 

14 1110 0111 7 

15 1111 1111 15 

 

ʊʘʙʝʣʘ 4.1ʙ. ʇʨʝʫʨʝʹʝˁʝ ʠʥʜʝʢʩʘ ʚʨʝʤʝʥʩʢʦʛ ʥʠʟʘ ʜʫʞʠʥʝ 16 ʙʠʪʘ. 

 

ɼʘ ʙʠ ʩʝ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʦ ʯʠʪʘˁʝ ʙʠʥʘʨʥʝ ʢʦʜʥʝ ʨʝʯʠ ʫ ʩʫʧʨʦʪʥʦʤ ʩʤʝʨʫ ʤʦʛʣʦ 

ʨʝʘʣʠʟʦʚʘʪʠ ʧʨʠʤʝʥʦʤ ʨʘʯʫʥʘʨʩʢʦʛ ʧʨʦʛʨʘʤʘ ʧʠʩʘʥʦʛ ʫ C++ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ ʙʠʣʦ ʿʝ 

ʧʦʪʨʝʙʥʦ ʠʩʢʦʨʠʩʪʠʪʠ ʤʦʛʫ˂ʝ ʦʧʝʨʘʮʠʿʝ ʥʘʜ ʙʠʪʠʤʘ ʢʦʿʝ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ C++ ʧʨʫʞʘ:  

¶ ʧʦʤʝʨʘˁʘ ʧʦʩʤʘʪʨʘʥʦʛ ʥʠʟʘ ʙʠʪʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʧʦʩʤʘʪʨʘʥʦʿ ʢʦʜʥʦʿ ʨʝʯʠ ʟʘ 
ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʙʠʪʘ ʫ ʣʝʚʦ ʠʣʠ ʜʝʩʥʦ, 

¶ ʣʦʛʠʯʢʝ ʦʧʝʨʘʮʠʿʝ ʥʘʜ ʙʠʪʠʤʘ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʿʝ ʯʠʪʘˁʝ ʙʠʥʘʨʥʦʛ ʟʘʧʠʩʘ ʫ ʩʫʧʨʦʪʥʦʤ ʩʤʝʨʫ ʝʢʚʠʚʘʣʝʥʪʥʦ ʩʠʤʝʪʨʠʯʥʦʤ 

ʧʨʝʩʣʠʢʘʚʘˁʫ ʪʿ. ʨʦʪʘʮʠʿʠ ʙʠʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʮʝʥʪʨʘʣʥʫ ʧʦʟʠʮʠʿʫ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʙʠʥʘʨʥʦʤ 

ʟʘʧʠʩʫ, ʧʨʝʫʨʝʹʝˁʝ ʯʣʘʥʦʚʘ ʫʣʘʟʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʥʠʟʘ ʠʟʚʨʰʝʥʦ ʿʝ ʧʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 
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ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʠʭ ʦʧʝʨʘʮʠʿʘ ʥʘʜ ʙʠʪʠʤʘ ʧʦʩʤʘʪʨʘʥʝ ʢʦʜʥʝ ʨʝʯʠ ʢʦʿʝ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ C++ 

ʧʨʫʞʘ. 

 

ɸ) ʈʝʘʣʠʟʘʮʠʿʘ ʧʨʝʫʨʝʹʝˁʘ ʚʨʝʤʝʥʩʢʦʛ ʥʠʟʘ 
 

ʀʟʨʘʯʫʥʘʚʘˁʝ ʜʠʩʢʨʝʪʥʝ ʌʫʨʠʿʝʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʚʨʰʝʥʦ ʿʝ ʥʘʜ ʩʝʛʤʝʥʪʠʤʘ ʜʫʞʠʥʝ 

512 ʪʘʯʘʢʘ ʧʦʩʤʘʪʨʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʩʠʛʥʘʣʘ. ɼʘʢʣʝ ʧʨʠʣʠʢʦʤ ʨʝʘʣʠʟʘʮʠʿʝ FFT ʠʥʜʝʢʩʝ 

ʠʟʚʦʨʥʠʭ ʫʣʘʟʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʥʠʟʦʚʘ ʠʟ ʠʥʪʝʨʚʘʣʘ [ ]511,0  ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʝʫʨʝʜʠʪʠ 

ʫʦʧʰʪʘʚʘˁʝʤ ʧʨʝʪʭʦʜʥʦ ʧʨʠʢʘʟʘʥʦʛ ʧʦʩʪʫʧʢʘ ʟʘ ʚʨʝʤʝʥʩʢʝ ʥʠʟʦʚʝ ʜʫʞʠʥʝ 8 ʠ 16 ʙʠʪʘ. ʈʘʜʠ 

ʙʠʥʘʨʥʦʛ ʪʝʞʠʥʩʢʦʛ ʢʦʜʦʚʘˁʘ ʮʝʣʠʭ ʙʨʦʿʝʚʘ ʠʟ ʠʥʪʝʨʚʘʣʘ [ ]511,0  ʤʠʥʠʤʘʣʥʦ ʿʝ ʧʦʪʨʝʙʥʦ 9 

ʙʠʪʘ. ʇʨʠʣʠʢʦʤ ʦʙʨʘʜʝ ʦʜʨʝʹʝʥʦʛ ʩʝʛʤʝʥʪʘ ʧʦʩʤʘʪʨʘʥʦʛ ʜʠʩʢʨʝʪʥʦʛ ʩʠʛʥʘʣʘ ʠʥʜʝʢʩʠ ʩʚʘʢʦʛ 

ʦʜ 512 ʦʜʙʠʨʘʢʘ ʥʘʣʘʟʝ ʩʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʤʝʤʦʨʠʿʩʢʠʤ ʣʦʢʘʮʠʿʘʤʘ ʧʨʠ ʯʝʤʫ ʿʝ ˁʠʭʦʚ 

ʟʥʘʯʘʿʥʠ ʜʝʦ ʟʘʧʠʩʘ ʩʤʝʰʪʝʥ ʫ ʧʨʚʠʭ ʜʝʚʝʪ ʙʠʪʘ (ʩʣʠʢʘ 4.8). ʎʝʥʪʨʘʣʥʦ ʤʝʩʪʦ ʫ ʦʜʥʦʩʫ ʥʘ 

ʢʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʰʠʪʠ ʩʠʤʝʪʨʠʯʥʦ ʧʨʝʩʣʠʢʘʚʘˁʝ ʪʿ. ʨʦʪʘʮʠʿʫ ʙʠʪʘ, ʨʘʜʠ ʧʨʝʫʨʝʹʝˁʘ 

ʠʥʜʝʢʩʘ ʚʨʝʤʝʥʩʢʦʛ ʥʠʟʘ, ʿʝʩʪʝ ʧʦʟʠʮʠʿʘ 42
i .     
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ʉʣʠʢʘ 4.8. ɹʠʥʘʨʥʠ ʟʘʧʠʩ ʠʥʜʝʢʩʘ ʠʟʚʦʨʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʥʠʟʘ. 

 

ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʠʥʜʝʢʩ ʚʨʝʤʝʥʩʢʦʛ ʥʠʟʘ ʫ ʙʠʥʘʨʥʦʤ ʦʙʣʠʢʫ ʩʠʤʝʪʨʠʯʥʦ ʧʨʝʩʣʠʢʘʚʘˁʝ 

ʙʠʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʟʠʮʠʿʫ 42
i  ʩʝ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʘʜʝʢʚʘʪʥʠʤ ʠʟʙʦʨʦʤ ʧʦʤʝʨʘˁʘ ʟʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʙʨʦʿ ʙʠʪʘ ʫ ʣʝʚʦ (''<<'') ʦʜʥʦʩʥʦ ʜʝʩʥʦ (''>>'') ʠ ʧʨʠʤʝʥʦʤ ʣʦʛʠʯʢʝ ''ʀ'' (''& '') 

ʦʧʝʨʘʮʠʿʝ ʥʘʜ ʙʠʪʠʤʘ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʙʨʦʿʝʤ (ʪʘʙʝʣʘ 4.2).  

 

ʇʦʤʝʨʘˁʝ ʙʠʪʘ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʅʘʯʠʥ ʠʟʚʦʹʝˁʘ ʧʦʪʨʝʙʥʦʛ ʧʦʤʝʨʘˁʘ 

08 22
ii ­  8>>i  

17 22
ii ­  6>>i   &  102 ( )2010  

26 22
ii ­  4>>i   &  104  ( )20100  

35 22
ii ­  2>>i   &  108  ( )201000  

44 22
ii ­  i   &  1016  ( )2010000  

53 22
ii ­  2<<i   &  1032  ( )20100000  

62 22
ii ­  4<<i   &  1064  ( )201000000  

71 22
ii ­  6<<i   &  10128  ( )2010000000  

80 22
ii ­  8<<i   &  10256  ( )20100000000  

   

ʊʘʙʝʣʘ 4.2. ʇʨʠʢʘʟ ʧʦʪʨʝʙʥʠʭ ʧʦʤʝʨʘˁʘ.  

 

ʋ ʪʘʙʝʣʠ ʿʝ ʢʦʨʠʰ˂ʝʥʦ ʦʟʥʘʯʘʚʘˁʝ ʧʦʪʨʝʙʥʠʭ ʦʧʝʨʘʮʠʿʘ ʥʘʜ ʙʠʪʠʤʘ ʫ ʩʢʣʘʜʫ ʩʘ 

ʧʨʘʚʠʣʠʤʘ ʧʨʦʛʨʘʤʩʢʦʛ ʿʝʟʠʢʘ C++:  

¶ '' ni>>'' ï ʧʦʤʝʨʘˁʝ ʙʠʪʩʢʦʛ ʥʠʟʘ i ʟʘ n ʙʠʪʘ ʫ ʜʝʩʥʦ, 

¶ '' ni<<'' ï ʧʦʤʝʨʘˁʝ ʙʠʪʩʢʦʛ ʥʠʟʘ i ʟʘ n ʙʠʪʘ ʫ ʣʝʚʦ, 

¶ ''a&b'' ï ʣʦʛʠʯʢʘ ''ʀ'' ʦʧʝʨʘʮʠʿʘ ʥʘʜ ʙʠʪʠʤʘ ʫ ʙʠʥʘʨʥʦʿ ʧʨʝʜʩʪʘʚʠ ʙʨʦʿʝʚʘ a ʠ b. 

ɼʘ ʙʠ ʩʝ ʦʩʪʚʘʨʠʣʦ ʧʨʝʩʣʠʢʘʚʘˁʝ ʦʜʨʝʹʝʥʦʛ ʙʠʪʘ ʥʘ ʩʠʤʝʪʨʠʯʥʫ ʣʦʢʘʮʠʿʫ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʦʟʠʮʠʿʫ 42
i ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʪʠ ʧʦʤʝʨʘˁʝ ʮʝʣʦʢʫʧʥʝ ʩʝʢʚʝʥʮʝ ʙʠʪʘ ʟʘ ʫʪʚʨʹʝʥʠ ʙʨʦʿ ʙʠʪʘ ʫ 

ʧʦʪʨʝʙʥʫ ʩʪʨʘʥʫ ʘ ʥʘʢʦʥ ʪʦʛʘ ʜʘ ʙʠ ʩʝ ʠʟʜʚʦʿʠʦ ʩʘʤʦ ʧʨʝʩʣʠʢʘʥʠ ʙʠʪ ʟʘ ʩʚʘʢʦ ʧʦʤʝʨʘˁʝ 
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ʫʨʘʹʝʥʘ ʿʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ''ʀ'' ʣʦʛʠʯʢʘ ʦʧʝʨʘʮʠʿʘ ʧʦ ʙʠʪʠʤʘ ʩʘ ʙʨʦʿʝʤ ʢʦʿʠ ʫ ʙʠʥʘʨʥʦʿ 

ʧʨʝʜʩʪʘʚʠ ʣʦʛʠʯʢʫ ʿʝʜʠʥʠʮʫ ʠʤʘ ʥʘ ʧʦʟʠʮʠʿʠ ʧʨʝʩʣʠʢʘʥʦʛ ʙʠʪʘ. ʇʨʠʣʠʢʦʤ ʧʨʝʩʣʠʢʘʚʘˁʘ 

ʙʠʪʘ ʥʘʿʚʝ˂ʝʛ ʪʝʞʠʥʩʢʦʛ ʬʘʢʪʦʨʘ ʩʘ ʧʦʟʠʮʠʿʝ 82
i  ʜʦʚʦˀʥʦ ʿʝ ʩʘʤʦ ʫʨʘʜʠʪʠ ʧʦʤʝʨʘˁʝ ʙʠʪʩʢʝ 

ʩʝʢʚʝʥʮʝ ʟʘ 8 ʙʠʪʘ ʫ ʜʝʩʥʦ ʧʦʰʪʦ ʿʝ ʦʩʪʘʪʘʢ ʩʝʢʚʝʥʮʝ ʥʘʢʦʥ ʧʦʤʝʨʘˁʘ ʠʟʘʰʘʦ ʚʘʥ ʦʧʩʝʛʘ 

ʤʝʤʦʨʠʿʩʢʝ ʣʦʢʘʮʠʿʝ. ʊʘʢʦʹʝ ʙʠʪ ʥʘ ʮʝʥʪʨʘʣʥʦʿ ʧʦʟʠʮʠʿʠ, 42
i , ʦʩʪʘʿʝ ʥʘ ʩʚʦʿʦʿ ʧʦʟʠʮʠʿʠ ʪʘʢʦ 

ʜʘ ʿʝ ʫʨʘʹʝʥʦ ʩʘʤʦ ˁʝʛʦʚʦ ʠʟʜʚʘʿʘˁʝ ʠʟ ʙʠʪʩʢʝ ʩʝʢʚʝʥʮʝ ʧʨʠʤʝʥʦʤ ʣʦʛʠʯʢʝ ''ʀ'' ʦʧʝʨʘʮʠʿʝ ʩʘ 

ʙʨʦʿʝʤ 16. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʠʟʚʨʰʝʥʦ ʿʝ ʧʨʝʩʣʠʢʘʚʘˁʝ ʩʚʘʢʦʛ ʦʜ ʙʠʪʘ ʠʟ ʙʠʥʘʨʥʝ ʧʨʝʜʩʪʘʚʝ 

ʧʦʩʤʘʪʨʘʥʦʛ ʠʥʜʝʢʩʘ ʠ ʥʘʢʦʥ ʩʚʘʢʦʛ ʧʨʝʩʣʠʢʘʚʘˁʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʦʿ ʤʝʤʦʨʠʿʩʢʦʿ ʣʦʢʘʮʠʿʠ 

ʨʘʯʫʥʘʨʘ ʥʘʣʘʟʠ ʩʝ ʙʠʥʘʨʥʠ ʙʨʦʿ ʢʦʿʠ ʥʘ ʧʨʝʩʣʠʢʘʥʦʿ ʧʦʟʠʮʠʿʠ ʠʤʘ ʣʦʛʠʯʢʫ ʿʝʜʠʥʠʮʫ ʘ ʥʘ 

ʦʩʪʘʣʠʤ ʧʦʟʠʮʠʿʘʤʘ ʣʦʛʠʯʢʝ ʥʫʣʝ. ʉʪʦʛʘ ʿʝ ʨʘʜʠ ʜʦʙʠʿʘˁʘ ʚʨʝʜʥʦʩʪʠ ʠʥʜʝʢʩʘ ʥʘʢʦʥ 

ʧʨʝʩʣʠʢʘʚʘˁʘ ʩʚʠʭ ʙʠʪʘ ʧʦʪʨʝʙʥʦ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʘʯʠʥ ʩʘʙʨʘʪʠ ʩʚʝ ʧʨʝʪʭʦʜʥʦ ʜʦʙʠʿʝʥʝ 

ʙʠʥʘʨʥʝ ʙʨʦʿʝʚʝ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʧʦʩʤʘʪʨʘʥʠʭ 9 ʙʠʥʘʨʥʠʭ ʙʨʦʿʝʚʘ ʠʤʘʿʫ ʧʦ ʿʝʜʥʫ ʣʦʛʠʯʢʫ 

ʿʝʜʠʥʠʮʫ ʧʨʠ ʯʝʤʫ ʩʚʘʢʠ ʥʘ ʨʘʟʣʠʯʠʪʦʿ ʧʦʟʠʮʠʿʠ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ, ʦʚʦ ʿʝ ʧʦʩʪʠʛʥʫʪʦ 

ʧʨʠʤʝʥʦʤ ʣʦʛʠʯʢʝ ''ʀʃʀ'' ʦʧʝʨʘʮʠʿʝ ʥʘʜ ʙʠʪʠʤʘ ʧʨʝʪʭʦʜʥʦ ʜʦʙʠʿʝʥʠʭ ʙʠʥʘʨʥʠʭ ʙʨʦʿʝʚʘ. 

 

ɹ) ʇʨʠʤʝˁʝʥʠ ʥʘʯʠʥ ʠʟʨʘʯʫʥʘʚʘˁʘ FFT 
 

ʅʘ ʦʩʥʦʚʫ ʠʪʝʨʘʪʠʚʥʝ ʧʨʠʨʦʜʝ ʨʘʜʠʢʩ 2 ʧʦʩʪʫʧʢʘ FFT ʩʘ ʧʨʝʫʨʝʹʝˁʝʤ ʚʨʝʤʝʥʩʢʦʛ ʥʠʟʘ 

ʠ ʨʘʟʤʘʪʨʘˁʘ ʜʝʢʦʤʧʦʥʦʚʘʥʝ DFT ʫ N=8 ʪʘʯʘʢʘ ʫʦʯʝʥʘ ʠʪʝʨʘʪʠʚʥʘ ʧʨʘʚʠʣʘ ʩʫ 

ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʫ ʿʝʜʥʘʢʦʩʪ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠʣʘ ʨʘʜʠ ʠʟʨʘʯʫʥʘʚʘˁʘ FFT ʫ N=512 ʪʘʯʘʢʘ: 
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jiX
jiXWjiX k ,            (4.17) 

 ʧʨʠ ʯʝʤʫ:  

¶ ldNk¢¢1  ï ʨʝʜʥʠ ʙʨʦʿ ʢʦʨʘʢʘ ʠʪʝʨʘʪʠʚʥʦʛ ʧʦʩʪʫʧʢʘ ʠʟʨʘʯʫʥʘʚʘˁʘ, 

¶ 1
2

0 -¢¢
k

N
i  ï ʨʝʜʥʠ ʙʨʦʿ ʧʦʩʤʘʪʨʘʥʝ DFT k-ʦʛ ʢʦʨʘʢʘ ʠʪʝʨʘʮʠʿʝ, 

¶ 120 1-¢¢ -kj  ï ʧʦʤʦ˂ʥʘ ʧʨʦʤʝʥˀʠʚʘ ʟʘ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʫ ʦʢʚʠʨʫ ʧʦʩʤʘʪʨʘʥʝ 

DFT ʫ ( )21Ö+j  ʪʘʯʘʢʘ. 

ʋʣʘʟʥʠ ʚʨʝʤʝʥʩʢʠ ʥʠʟ, ʫ ʦʟʥʘʮʠ 0X  ʩʢʣʘʜʥʦ ʩʘ ʿʝʜʥʘʢʦʰ˂ʫ 4.17, ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʫʨʝʹʝʥ 

ʨʝʘʣʥʠ ʚʨʝʤʝʥʩʢʠ ʥʠʟ ʜʦʙʠʿʝʥ ʥʘʢʦʥ ʧʨʠʤʝʥʝ ʧʨʦʟʦʨʩʢʝ ʬʫʥʢʮʠʿʝ ʥʘ ʧʦʩʤʘʪʨʘʥʠ ʛʦʚʦʨʥʠ 

ʩʠʛʥʘʣ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʢʦʤʧʣʝʢʩʥʫ ʧʨʠʨʦʜʫ ʨʝʟʫʣʪʘʪʘ ʠ ʤʝʹʫʨʝʟʫʣʪʘʪʘ ʧʨʠ ʠʟʨʘʯʫʥʘʚʘˁʫ 

DFT ʫʚʝʜʝʥʘ ʩʫ ʜʚʘ ʚʝʢʪʦʨʘ ʫ ʢʦʿʠʤʘ ʩʫ ʧʨʠʚʨʝʤʝʥʦ ʯʫʚʘʥʠ ʨʝʘʣʥʠ ʠ ʠʤʘʛʠʥʘʨʥʠ ʜʝʣʦʚʠ 

ʤʝʹʫʨʝʟʫʣʪʘʪʘ, ʢʘʦ ʠ ʯʝʪʠʨʠ ʧʦʤʦ˂ʥʝ ʧʨʦʤʝʥˀʠʚʝ ʨʘʜʠ ʠʟʨʘʯʫʥʘʚʘˁʘ ʨʝʘʣʥʦʛ ʠ ʠʤʘʛʠʥʘʨʥʦʛ 

ʜʝʣʘ ʩʚʘʢʦʛ ʦʜ ʩʘʙʠʨʘʢʘ ʠʟ 4.17. ʊʘʢʦʹʝ ʫ ʜʚʘ ʚʝʢʪʦʨʘ, sintab ʠ costab ʩʫ ʩʤʝʰʪʝʥʠ ʨʝʘʣʥʠ ʠ 

ʠʤʘʛʠʥʘʨʥʠ ʜʝʣʦʚʠ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʤʦʛʫ˂ʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʨʦʪʘʮʠʦʥʦʛ ʬʘʢʪʦʨʘ j

NW 512=  ʫ 

ʧʨʚʠʭ 2562=N  ʪʘʯʘʢʘ. ʆʙʟʠʨʦʤ ʜʘ ʿʝ ʨʦʪʘʮʠʦʥʠ ʬʘʢʪʦʨ ʫ 4.17 ʠʩʢʘʟʘʥ ʫ ʦʜʥʦʩʫ ʥʘ ʙʨʦʿ 

ʪʘʯʘʢʘ ʝʣʝʤʝʥʪʘʨʥʝ DFT ʟʘ k-ʪʠ ʢʦʨʘʢ ʠʪʝʨʘʪʠʚʥʦʛ ʧʦʩʪʫʧʢʘ, ʧʦʪʨʝʙʥʝ ʚʨʝʜʥʦʩʪʠ 

ʪʨʠʛʦʥʦʤʝʪʨʠʿʩʢʠʭ ʬʫʥʢʮʠʿʘ ʩʫ ʜʦʙʠʿʝʥʝ ʥʘ ʦʩʥʦʚʫ ʧʨʠʩʪʫʧʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʝʣʝʤʝʥʪʠʤʘ 

ʚʝʢʪʦʨʘ sintab ʠ costab. 

ʈʘʜʠ ʠʟʨʘʯʫʥʘʚʘˁʘ ʝʥʝʨʛʠʿʝ ʫʥʫʪʘʨ ʧʦʩʤʘʪʨʘʥʠʭ ʘʫʜʠʪʦʨʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʫ 

ʩʣʝʜʝ˂ʝʤ ʢʦʨʘʢʫ ʠʟʨʘʯʫʥʘʚʘˁʘ MFCCs, ʢʦʿʘ ʩʝ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʟʘ ʜʠʩʢʨʝʪʥʠ ʩʠʛʥʘʣ ()nx  

ʫʥʫʪʘʨ ʦʧʩʝʛʘ ʜʠʩʢʨʝʪʥʠʭ ʫʯʝʩʪʘʥʦʩʪʠ [ ]21,kk  ʠ ʨʘʩʧʦʣʦʞʠʚʝ ʢʦʝʬʠʮʠʿʝʥʪʝ DFT iX  

ʠʟʨʘʯʫʥʘʚʘ ʢʘʦ: 

ä
=

Ö=
2

1

2
2

k

ki

iXE ,                 (4.18) 

ʨʝʟʫʣʪʘʪʠ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʧʦʩʣʝʜˁʝʤ ʢʦʨʘʢʫ ʠʪʝʨʘʮʠʿʝ FFT ʩʫ ʜʠʨʝʢʪʥʦ ʧʨʝʨʘʯʫʥʘʪʠ ʫ 

ʚʨʝʜʥʦʩʪʠ ʢʚʘʜʨʘʪʘ ʤʦʜʫʣʘ ʨʝʟʫʣʪʫʿ˂ʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ DFT ʧʦʩʤʘʪʨʘʥʦʛ ʧʨʦʟʦʨʠʨʘʥʦʛ ʜʝʣʘ 

ʩʠʛʥʘʣʘ. 
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4.1.3.2. ʀʟʨʘʯʫʥʘʚʘˁʝ MFCCs ʧʦʩʤʘʪʨʘˁʝʤ ʝʥʝʨʛʠʿʝ ʫʥʫʪʘʨ ʘʫʜʠʪʦʨʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ 
 

ʀʟʨʘʯʫʥʘʚʘˁʝ MFCCs ʚʨʰʝʥʦ ʿʝ ʧʨʠʤʝʥʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʥʘ ʣʦʛʘʨʠʪʤʝ ʝʥʝʨʛʠʿʘ, 

()kElog , ʫ ʧʦʩʤʘʪʨʘʥʠʤ ʢʨʠʪʠʯʥʠʤ ʘʫʜʠʪʦʨʥʠʤ ʦʧʩʝʟʠʤʘ: 

      ()ä
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1
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2

1
cos ,    1,...,2,1,0 -= dn .             (4.19) 

ʉʣʫʰʘʣʘʮ ʥʝ ʧʨʠʤʝ˂ʫʿʝ ʨʘʟʣʠʢʫ ʫ ʚʠʩʠʥʠ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʪʦʥʘ ʢʦʿʘ ʩʝ ʬʨʝʢʚʝʥʪʥʦ ʧʦʩʤʘʪʨʘʥʦ 

ʥʘʣʘʟʝ ʜʦʚʦˀʥʦ ʙʣʠʟʫ ʪʿ. ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʦʢʚʠʨʫ ʠʩʪʦʛ ʘʫʜʠʪʦʨʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ. ʆʥ ʠʤʘ 

ʦʩʝ˂ʘʿ ʧʦʚʝ˂ʘʥʝ ʛʣʘʩʥʦʩʪʠ ʪʦʥʘ ʢʦʿʠ ʿʝ ʧʨʚʦ ʯʫʦ. ʉʭʦʜʥʦ ʪʦʤʝ ʩʣʝʜʠ ʜʘ ʿʝ ʝʥʝʨʛʠʿʘ ʫʥʫʪʘʨ 

ʧʦʩʤʘʪʨʘʥʦʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʿʝʜʥʘ ʦʜ ˁʝʛʦʚʠʭ ʦʩʦʙʠʥʘ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʘʫʜʠʪʦʨʥʝ 

ʢʨʠʪʠʯʥʝ ʦʧʩʝʛʝ ʫ ʬʨʝʢʚʝʥʪʥʦʤ ʦʧʩʝʛʫ ʤʦʞʝ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ˁʠʭʦʚʘ ʧʨʘʚʦʫʛʘʦʥʘ ʦʜʥʦʩʥʦ 

ʪʨʦʫʛʘʦʥʘ ʧʨʝʥʦʩʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ (Lee Chulhee et al., 2003.). ʋ ʨʘʜʫ ʩʫ ʧʦʯʝʪʥʦ ʧʨʠʤʝˁʝʥʠ 

ʧʨʘʚʦʫʛʘʦʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ ʧʨʠ ʯʝʤʫ ʿʝ ʩʪʘʨʪʥʦ ʧʦʩʪʘʚˀʝʥʦ ʜʘ ˁʠʭʦʚʘ ʰʠʨʠʥʘ ʙʫʜʝ ʧʦ 

300 mel ʠ ʜʘ ʿʝ ʧʦʯʝʪʘʢ ʥʘʨʝʜʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʩʤʘʪʨʘʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʛ 

ʧʦʤʝʨʝʥ ʟʘ 150 mel. ɿʘ ʧʦʯʝʪʥʦ ʧʨʠʤʝˁʝʥʝ ʧʨʘʚʦʫʛʘʦʥʝ ʢʨʠʪʠʯʥʝ ʦʧʩʝʛʝ ʧʦʪʨʝʙʥʦ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʝʥʝʨʛʠʿʘ ʫʥʫʪʘʨ ʧʦʩʤʘʪʨʘʥʠʭ ʘʫʜʠʪʦʨʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʠʟʚʨʰʝʥʦ ʿʝ 

ʜʠʨʝʢʪʥʠʤ ʢʦʨʠʰ˂ʝˁʝʤ ʿʝʜʥʘʢʦʩʪʠ 4.18 ʰʪʦ ʫʙʨʟʘʚʘ ʧʦʩʪʫʧʘʢ ʠʟʨʘʯʫʥʘʚʘˁʘ MFCCs ʫ 

ʦʜʥʦʩʫ ʜʘ ʩʫ ʧʨʠʤʝˁʝʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ ʪʨʦʫʛʘʦʥʝ ʧʨʝʥʦʩʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʇʦʪʨʝʙʥʦ 

ʧʨʝʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ʛʨʘʥʠʯʥʠʭ ʫʯʝʩʪʘʥʦʩʪʠ ʠʟʚʨʰʝʥʦ ʿʝ ʧʦʩʨʝʜʩʪʚʦʤ ʿʝʜʥʘʢʦʩʪʠ 2.7 ʠ 

ʧʨʠʤʝʥʦʤ ʧʨʘʚʠʣʘ ʟʘ ʧʨʝʣʘʟ ʫ ʜʦʤʝʥ ʜʠʩʢʨʝʪʥʠʭ ʫʯʝʩʪʘʥʦʩʪʠ: 

sf

f
Nk Ö= ,  1,...,1,0 -= Nk ,              (4.20) 

ʧʨʠ ʯʝʤʫ ʿʝ ʫʯʝʩʪʘʥʦʩʪ f  ʧʨʝʨʘʯʫʥʘʪʘ ʢʦʨʠʰ˂ʝˁʝʤ ʿʝʜʥʘʢʦʩʪʠ 2.7. 

 

4.2. ʄʆɼɽʃʆɺɸɳɽ ɻʆɺʆʈʅʀʂɸ ʀ ʅɸʏʀʅ ʆɼʃʋʏʀɺɸɳɸ 
 

ʇʨʠ ʧʨʘʚˀʝˁʫ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʧʦʰʣʦ ʩʝ ʦʜ ʧʨʝʪʧʦʩʪʘʚʢʝ ʜʘ ʩʝ ʥʘ 

ʦʩʥʦʚʫ ʨʘʟʣʠʢʦʚʘˁʘ ʫ ʙʦʿʠ ʛʣʘʩʘ ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʢʘ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʧʦʪʨʝʙʥʦ 

ʨʘʟʣʠʢʦʚʘˁʝ ʛʦʚʦʨʥʠʢʘ. ʉʭʦʜʥʦ ʪʦʤʝ ʢʘʦ ʦʙʝʣʝʞʿʘ ʩʫ ʢʦʨʠʰ˂ʝʥʠ MFCCs. ɹʦʿʘ ʛʣʘʩʘ ʫʪʠʯʝ ʥʘ 

ʦʙʣʠʢ ʩʧʝʢʪʨʘʣʥʝ ʦʙʚʦʿʥʠʮʝ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʪʿ. ʫʪʠʯʝ ʥʘ ʧʦʿʘʚʫ ʦʜʥʦʩʥʦ 

ʨʘʩʧʦʜʝʣʫ ʧʨʠʩʫʪʥʦʩʪʠ ʦʜʨʝʹʝʥʠʭ ʚʝʢʪʦʨʘ MFCCs ʫ ʛʣʘʩʫ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ. 

ʇʨʝʪʧʦʩʪʘʚˀʘʿʫ˂ʠ ʜʘ ʿʝ ʧʦʿʘʚʘ ʚʝʢʪʦʨʘ MFCCs ʦʜʥʦʩʥʦ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʩʚʦʿʩʪʚʝʥʠʭ ʛʣʘʩʫ 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʫ ʩʢʣʘʜʫ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ɻʘʫʩʦʚʦʤ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʦʤ 

ʨʘʩʧʦʜʝʣʦʤ (ʿʝʜʥʘʢʦʩʪ 2.16) ʩʣʝʜʠ ʜʘ ʦʚʘ ʫʩʢʣʘʹʝʥʦʩʪ ʧʦʚʝʟʫʿʝ ʪʿ. ʜʦʚʦʜʠ ʫ ʧʦʩʣʝʜʠʯʥʫ ʚʝʟʫ 

ʦʙʣʠʢ ʩʧʝʢʪʨʘʣʥʝ ʦʙʚʦʿʥʠʮʝ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʠ ʦʙʣʠʢ ɻʘʫʩʦʚʝ 

ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʢʦʿʘ ʦʧʠʩʫʿʝ ʨʘʩʧʦʜʝʣʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ. 

ʆʙʣʠʢ ɻʘʫʩʦʚʝ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʦʛʣʝʜʘ ʩʝ ʫ ˁʝʥʦʿ ʢʦʚʘʨʠʿʘʥʩʥʦʿ ʤʘʪʨʠʮʠ ʪʝ ʿʝ 

ʩʪʦʛʘ ʤʦʜʝʣʦʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʠʟʚʨʰʝʥʦ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʢʦʚʘʨʠʿʘʥʩʥʠʤ ʤʘʪʨʠʮʘʤʘ (ʿʝʜʥʘʢʦʩʪ 

3.3) ʨʘʯʫʥʘʪʠʤ ʢʘʢʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʿʝʜʥʘʢʦʰ˂ʫ 3.2. 

ʋʢʦʣʠʢʦ ʩʝ ʧʨʝʧʦʟʥʘʚʘˁʝ ʚʨʰʠ ʥʘʜ ʩʢʫʧʦʤ ʦʜ N ʛʦʚʦʨʥʠʢʘ ʪʘʜʘ ʩʫ ʤʦʜʝʣʠ ʛʦʚʦʨʥʠʢʘ 

ʜʝʬʠʥʠʩʘʥʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʢʦʚʘʨʠʿʘʥʩʥʠʤ ʤʘʪʨʠʮʘʤʘ ʠʟ ʩʢʫʧʘ { }NSSS ,...,, 21 . ʇʨʠʣʠʢʦʤ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʜʥʦʩʥʦ ʦʜʨʝʹʠʚʘˁʘ ʠʜʝʥʪʠʪʝʪʘ ʛʦʚʦʨʥʠʢʘ ʥʘ ʦʩʥʦʚʫ ʨʘʩʧʦʣʦʞʠʚʦʛ ʛʦʚʦʨʥʦʛ 

ʩʠʛʥʘʣʘ ʠʣʠ ʩʢʫʧʘ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ ʪʘʢʦʹʝ ʩʝ ʫ ʧʨʚʦʤ ʢʦʨʘʢʫ ʚʨʰʠ ʤʦʜʝʣʦʚʘˁʝ ʧʦʩʤʘʪʨʘʥʦʛ 

ʛʦʚʦʨʥʦʛ ʫʟʦʨʢʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʢʦʚʘʨʠʿʘʥʩʥʦʤ ʤʘʪʨʠʮʦʤ S. ʈʘʜʠ ʦʜʣʫʯʠʚʘˁʘ ʢʦʤ ʦʜ 

ʤʦʜʝʣʦʚʘʥʠʭ ʠʜʝʥʪʠʪʝʪʘ ʠʟ ʩʢʫʧʘ { }N,...,2,1  ʧʨʠʧʠʩʘʪʠ ʧʦʩʤʘʪʨʘʥʠ ʛʦʚʦʨ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʤʝʨʘ 

ʨʘʟʣʠʢʦʚʘˁʘ ʠʟʤʝʹʫ ʤʦʜʝʣʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʘ ʠ ʤʦʜʝʣʘ ʨʘʥʠʿʝ ʤʦʜʝʣʦʚʘʥʠʭ N  ʛʦʚʦʨʥʠʢʘ. 

ʄʝʨʘ ʨʘʟʣʠʢʦʚʘˁʘ ʠʟʤʝʹʫ ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʩʪ ʤʦʜʝʣʘ ʠ ʥʝʢʦʛ i-ʪʦʛ ʤʦʜʝʣʘ ʠʟ ʩʢʫʧʘ ʦʜ N 

ʛʦʚʦʨʥʠʢʘ ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʿʝʜʥʘʢʦʰ˂ʫ: 
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ʧʨʠ ʯʝʤʫ d ʧʨʝʜʩʪʘʚˀʘ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪ ʢʦʨʠʰ˂ʝʥʠʭ ʚʝʢʪʦʨʘ MFCCs. ɻʦʚʦʨʫ ʯʠʿʠ ʩʝ 

ʠʜʝʥʪʠʪʝʪ ʧʨʝʧʦʟʥʘʿʝ ʧʨʠʧʠʩʫʿʝ ʩʝ ʠʜʝʥʪʠʪʝʪ ʠʟ ʩʢʫʧʘ { }N,...,2,1  ʢʦʿʠ ʤʠʥʠʤʠʟʫʿʝ ʧʨʝʪʭʦʜʥʦ 

ʜʝʬʠʥʠʩʘʥʫ ʤʝʨʫ ʨʘʩʪʦʿʘˁʘ, ʦʜʥʦʩʥʦ ʪʝʩʪ ʛʦʚʦʨ (test) ʧʨʠʧʘʜʘ i-ʪʦʤ ʛʦʚʦʨʥʠʢʫ ʘʢʦ ʚʘʞʠ: 

   ( ) ( ) { }{}iNjtestjmtestim \,...,2,1,, Í"< .              (4.22)  
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5. ʈɽɿʋʃʊɸʊʀ ʇʈɽʇʆɿʅɸɺɸɳɸ 
 

ʀʩʧʠʪʠʚʘˁʝ ʨʘʜʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʚʨʰʝʥʦ ʿʝ ʥʘʜ ʜʚʝ ʛʦʚʦʨʥʝ ʙʘʟʝ. 

ʈʝʟʫʣʪʘʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʿʝ ʜʠʨʝʢʪʥʘ ʧʦʩʣʝʜʠʮʘ ʦʩʦʙʠʥʘ ʧʦʩʤʘʪʨʘʥʠʭ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ. 

ʇʦʩʤʘʪʨʘʿʫ˂ʠ MFCCs ʢʘʦ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʩʫ ˁʠʭʦʚʝ ʦʩʦʙʠʥʝ ʢʚʘʥʪʠʪʘʪʠʚʥʝ 

ʧʨʠʨʦʜʝ ʪʿ. ʦʛʣʝʜʘʿʫ ʩʝ ʫ ˁʠʭʦʚʦʿ ʚʝʣʠʯʠʥʠ. ʀʟʨʘʯʫʥʘʚʘˁʝ MFCCs ʩʚʦʜʠ ʩʝ ʥʘ ʧʨʠʤʝʥʫ 

ʧʦʪʨʝʙʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʥʘʜ ʢʨʘʪʢʠʤ ʜʝʣʦʚʠʤʘ, ʨʝʜʘ 25 ms, ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʭ 

ʩʠʛʥʘʣʘ. ɼʘʢʣʝ ʩʘʤʘ ʧʨʠʨʦʜʘ ʧʨʦʮʝʥʝ ʚʝʢʪʦʨʘ MFCCs ʿʝ ʣʦʢʘʣʥʘ. ʃʦʢʘʣʥʦʩʪ ʧʨʦʮʝʥʝ ʟʘ 

ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʚʨʝʤʝʥʩʢʫ ʧʨʦʤʝʥˀʠʚʦʩʪ ʩʚʘʢʦʛ ʝʣʝʤʝʥʪʘ ʫʥʫʪʘʨ ʧʦʩʤʘʪʨʘʥʦʛ ʚʝʢʪʦʨʘ 

ʦʙʝʣʝʞʿʘ. ʅʘ ʣʦʢʘʣʥʦʤ ʥʠʚʦʫ, ʥʠʚʦʫ ʘʥʘʣʠʟʠʨʘʥʦʛ ʨʘʤʘ ʛʦʚʦʨʘ ʫʦʙʠʯʘʿʝʥʦʛ ʪʨʘʿʘˁʘ ʨʝʜʘ 25 

ms, MFCCs ʩʝ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʦʙʝʣʝʞʿʠʤʘ ʢʦʿʘ ʦʧʠʩʫʿʫ ʦʙʚʦʿʥʠʮʫ ʩʧʝʢʪʨʘ ʧʦʩʤʘʪʨʘʥʦʛ ʨʘʤʘ 

ʛʦʚʦʨʘ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʠʭ ʫ ʦʜʥʦʩʫ ʥʘ ʮʝʦ ʩʠʛʥʘʣ ʦʚʘ ʦʙʚʦʿʥʠʮʘ ʩʧʝʢʪʨʘ ʿʝ ʣʦʢʘʣʥʘ.  

ʇʦʣʘʟʝ˂ʠ ʦʜ ʪʦʛʘ ʜʘ ʨʘʟʣʠʯʠʪʠ ʩʠʛʥʘʣʠ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ ʠʤʘʿʫ ʨʘʟʣʠʯʠʪ 

ʩʧʝʢʪʨʘʣʥʠ ʩʘʜʨʞʘʿ ʩʣʝʜʠ ʜʘ ʿʝ ʩʚʘʢʘ ʥʦʚʦʩʪ ʠʣʠ ʥʦʚʠʥʘ ʢʦʿʫ ʧʦʩʤʘʪʨʘʥʠ ʛʦʚʦʨʥʠ ʩʠʛʥʘʣ 

ʥʦʩʠ ʦʜʩʣʠʢʘʥʘ ʥʘ ˁʝʛʦʚ ʩʧʝʢʪʨʘʣʥʠ ʩʘʜʨʞʘʿ ʠʣʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʧʝʢʪʨʘʣʥʦʛ ʩʘʜʨʞʘʿʘ 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʩʣʫʰʘʣʘʮ ʩʘʟʥʘʿʝ ʥʦʚʦʩʪʠ ʢʦʿʝ ʛʘ ʠʥʪʝʨʝʩʫʿʫ. ʉʣʝʜʠ ʜʘ ʿʝ ʦʚʦ 

ʧʨʝʩʣʠʢʘʚʘˁʝ ʠʟʤʝʹʫ ʩʧʝʢʪʨʘʣʥʦʛ ʩʘʜʨʞʘʿʘ ʛʦʚʦʨʘ ʠ ˁʝʛʦʚʦʛ ʠʥʬʦʨʤʘʪʠʚʥʦʛ ʩʘʜʨʞʘʿʘ 

ʦʙʦʩʪʨʘʥʦ ʿʝʜʥʦʟʥʘʯʥʦ ʦʜʥʦʩʥʦ ʿʝʜʘʥ ʥʘ ʿʝʜʘʥ ʧʨʝʩʣʠʢʘʚʘˁʝ. ʉʭʦʜʥʦ ʠʥʪʝʨʝʩʫ ʠʟ 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʤʦʛʫ ʩʝ ʩʘʟʥʘʪʠ ʦʜʥʦʩʥʦ ʧʨʝʧʦʟʥʘʪʠ ʨʘʟʣʠʯʠʪʝ ʦʩʦʙʠʥʝ ʛʦʚʦʨʘ 

ʢʘʦ ʰʪʦ ʩʫ: ʪʝʢʩʪʫʘʣʥʘ ʩʘʜʨʞʠʥʘ ʛʦʚʦʨʘ, ʣʠʯʥʦʩʪ ʢʦʿʘ ʛʦʚʦʨʠ, ʢʘʢʦ ʣʠʯʥʦʩʪ ʛʦʚʦʨʠ ʠ ʩʪʘˁʝ 

ˁʝʥʠʭ ʦʩʝ˂ʘˁʘ. ʉʚʝ ʦʚʝ ʦʩʦʙʠʥʝ ʛʦʚʦʨʘ ʦʜʩʣʠʢʘʚʘʿʫ ʩʝ ʥʘ ˁʝʛʦʚ ʩʧʝʢʪʨʘʣʥʠ ʩʘʜʨʞʘʿ, 

ʦʙʚʦʿʥʠʮʫ ʩʧʝʢʪʨʘ ʪʿ. ʥʘ ˁʝʛʦʚʫ ʙʦʿʫ. MFCCs ʢʘʦ ʦʙʝʣʝʞʿʘ ʢʦʿʘ ʦʧʠʩʫʿʫ ʩʧʝʢʪʨʘʣʥʫ 

ʦʙʚʦʿʥʠʮʫ ʧʦʩʤʘʪʨʘʥʦʛ ʨʘʤʘ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʧʦʛʦʜʥʘ ʩʫ ʟʘ ʧʨʠʤʝʥʫ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʚʠʜʦʚʠʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʚʝʟʘʥʠʤ ʟʘ ʛʦʚʦʨʥʠ ʩʠʛʥʘʣ, ʩ ʪʠʤ ʰʪʦ ʩʝ ʩʘʤ 

ʧʨʝʧʦʟʥʘʚʘʯ ʫʥʘʧʨʝʜ ʢʨʦʟ ʠʟʘʙʨʘʥʝ ʝʥʪʠʪʝʪʝ ʤʦʜʝʣʦʚʘˁʘ, ʙʠʣʦ ʜʘ ʩʫ ʪʦ ʛʣʘʩʦʚʠ, ʛʦʚʦʨʥʠʮʠ, 

ʥʘʯʠʥ ʛʦʚʦʨʘ ʠʣʠ ʦʩʝ˂ʘˁʘ, ʧʨʠʣʘʛʦʹʘʚʘ ʧʨʝʜʤʝʪʫ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʜʥʦʩʥʦ ʠʥʬʦʨʤʘʮʠʿʠ ʢʦʿʫ 

ʙʠ ʭʪʝʦ ʜʘ ʠʟʚʫʯʝ ʠʟ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʘ.  

ɺʨʝʜʥʦʩʪʠ ʦʙʝʣʝʞʿʘ ʢʦʿʘ ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ʢʨʘʪʢʦʪʨʘʿʥʠʭ ʚʨʝʤʝʥʩʢʠʭ 

ʜʝʣʦʚʘ ʩʠʛʥʘʣʘ ʟʘʚʠʩʥʘ ʩʫ ʦʜ ʦʢʦʣʠʥʝ ʘʥʘʣʠʟʠʨʘʥʠʭ ʩʝʛʤʝʥʘʪʘ ʩʠʛʥʘʣʘ ʦʜʥʦʩʥʦ ʦʜ ˁʠʭʦʚʠʭ 

ʢʦʥʪʝʢʩʪʘ. ʊʘʢʦʹʝ ʠ ʚʨʝʜʥʦʩʪʠ MFCCs ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʨʘʤʘ ʟʘʚʠʩʝ ʦʜ ʛʦʚʦʨʥʠʭ 

ʨʘʤʦʚʘ ʢʦʿʠ ʩʫ ʤʫ ʧʨʝʪʭʦʜʠʣʠ ʦʜʥʦʩʥʦ ʦʜ ʨʘʤʦʚʘ ʢʦʿʠ ʤʫ ʩʣʝʜʝ, ʪʿ. ʧʦʩʨʝʜʥʦ ʦʜ ʪʝʢʩʪʫʘʣʥʝ 

ʩʘʜʨʞʠʥʝ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʘ. ʉʪʦʛʘ ʿʝ ʨʘʜʠ ʧʦʪʧʫʥʠʿʝ ʘʥʘʣʠʟʝ ʨʝʟʫʣʪʘʪʘ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʧʦʪʨʝʙʥʦ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ ʩʘʜʨʞʠʥʝ ʛʦʚʦʨʥʠʭ ʩʥʠʤʘʢʘ ʥʘ ʦʩʥʦʚʫ 

ʢʦʿʠʭ ʩʫ ʚʨʰʝʥʠ ʦʙʫʢʘ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ ʠ ʪʝʩʪʠʨʘˁʝ ʧʨʝʧʦʟʥʘʚʘˁʘ. 

ʇʨʚʘ ʛʦʚʦʨʥʘ ʙʘʟʘ, ʫ ʜʘˀʝʤ ʪʝʢʩʪʫ ɻʦʚʦʨʥʘ ʙʘʟʘ 1, ʩʘʜʨʞʠ ʩʥʠʤʢʝ ʛʦʚʦʨʘ 121-ʦʛ 

ʛʦʚʦʨʥʠʢʘ, 61-ʦʛ ʞʝʥʩʢʦʛ ʠ 60 ʤʫʰʢʠʭ ʛʦʚʦʨʥʠʢʘ. ʉʘʜʨʞʠʥʩʢʠ ʩʥʠʤʮʠ ʩʫ ʧʦʜʝˀʝʥʠ ʫ ʪʨʠ 

ʛʨʫʧʝ: ʀʤʝʥʘ, ʎʠʬʨʝ ʠ ʈʝʯʠ. ʉʚʘʢʘ ʦʜ ʦʚʝ ʪʨʠ ʛʨʫʧʝ ʩʘʜʨʞʠ ʧʦ ʿʝʜʘʥ ʩʥʠʤʘʢ ʿʝʜʥʝ 

ʪʝʢʩʪʫʘʣʥʝ ʩʘʜʨʞʠʥʝ ʟʘ ʿʝʜʥʦʛ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʠ ʪʦ: 

¶ ʀʤʝʥʘ ï ʿʝʜʘʥ ʩʥʠʤʘʢ ʠʟʛʦʚʦʨʘ ʣʠʯʥʠʭ ʧʦʜʘʪʘʢʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʛʦʚʦʨʥʠʢʘ ʢʦʿʠ ʛʘ 

ʿʝʜʠʥʩʪʚʝʥʦ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫ ʦʢʚʠʨʫ ɻʦʚʦʨʥʝ ʙʘʟʝ 1. ʊʝʢʩʪʫʘʣʥʘ ʩʘʜʨʞʠʥʘ ʩʥʠʤʢʘ 

ʟʘʚʠʩʠ ʦʜ ʛʦʚʦʨʥʠʢʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʦʥʘ ʫ ʦʧʰʪʝʤ ʦʙʣʠʢʫ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ: 

<ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʠ ʙʨʦʿ ʛʦʚʦʨʥʠʢʘ ʫ ʦʢʚʠʨʫ ɻʦʚʦʨʥʝ ʙʘʟʝ 1>, <ʠʤʝ ʠ ʧʨʝʟʠʤʝ 

ʛʦʚʦʨʥʠʢʘ> ; 

¶ ʎʠʬʨʝ ï ʜʚʘ ʩʥʠʤʢʘ ʠʟʛʦʚʦʨʘ ʥʠʟʘ ʮʠʬʘʨʘ: 

1. ʝʿʜʘʥ, ʜʚʘ, ʪʨʠ ʯʝʪʠʨʠ, ʧʝʪ; 

2. ʝhʩʪ, ʩʝʜʘʤ, ʦʩʘʤ, ʜʝʚʝʪ, ʥʫʣʘ; 

¶ ʈʝʯʠ ï ʿʝʜʘʥʘʝʩʪ ʩʥʠʤʘʢʘ ʩʣʝʜʝ˂ʠʭ ʥʠʟʦʚʘ ʨʝʯʠ: 

1. ʢʦʤʘʥʜʘʥʪ, ʧʫʢ, ʦʜʝˀʝˁʝ, ʙʘʪʘˀʦʥ, ʯʝʪʘ, ʚʦʜ; 

2. ʙʘʪʝʨʠʿʘ, ʦʧʝʨʘʮʠʿʘ, ʰʪʘʙ, ʜʝʩʘʥʪ, ʧʦʢʨʝʪ, ʦʙʝʟʙʝʹʝˁʝ; 

3. ʫʨʝʹʘʿ, ʥʘʧʘʜ, ʚʝʟʘ, ʦʜʙʨʘʥʘ; 

4. ʜʘʥ, ʯʘʩ, ʤʠʥʫʪ, ʚʦʿʥʠʢ, ʨʘʢʝʪʘ, ʘʚʠʦʥ; 

5. ʥʝʧʨʠʿʘʪʝˀ, ʚʦʟʠʣʦ, ʙʨʦʜ, ʠʟʚʝʰʪʘʿ, ʩʪʦʧ, ʦʜʤʘʭ; 
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6. ʩʫʪʨʘ, ʦʢʦʥʯʘʥʦ, ʟʘʤʝʥʠ, ʫʧʫʪʠ, ʨʝʦʥ; 

7. ʥʘʧʨʝʜ, ʿʝ, ʩʘ, ʜʘ, ʥʝ, ʦʜ; 

8. ʥʘʟʘʜ, ʥʘ, ʠʟ, ʜʦ, ʠʟʚʨʰʠ, ʛʦʪʦʚʦʩʪ; 

9. ʧʨʘʚʘʮ, ʧʨʠʿʝʤ, ʮʠˀ, ʫʥʠʰʪʝʥ, ʟʘʜʘʪʘʢ, ʧʦʥʦʚʠ; 

10. ʛʨʫʧʘ, ʨʘʟʫʤʝʦ, ʪʘʯʢʘ, ʦʧʘʩʥʦʩʪ, ʿʝʜʠʥʠʮʝ, ʘʝʨʦʜʨʦʤ; 

11. ʤʝʪʝʦ, ʩʠʛʥʘʣ, ʦʙʿʝʢʘʪ. 

ʉʥʠʤʮʠ ʛʦʚʦʨʘ ʫʥʫʪʘʨ ʜʨʫʛʝ ʛʦʚʦʨʥʝ ʙʘʟʝ, ʫ ʜʘˀʝʤ ʪʝʢʩʪʫ ɻʦʚʦʨʥʘ ʙʘʟʘ 2, ʩʘʜʨʞʝ 

ʠʟʛʦʚʦʨʝ ʦʜʨʝʹʝʥʝ ʯʝʪʠʨʠ ʮʠʬʨʝ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʚʝ ʛʦʚʦʨʥʝ ʙʘʟʝ ʪʝʢʩʪʫʘʣʥʘ ʩʘʜʨʞʠʥʘ 

ʩʥʠʤʘʢʘ ʫ ʦʢʚʠʨʫ ʜʨʫʛʝ ʛʦʚʦʨʥʝ ʙʘʟʝ ʩʚʦʜʠ ʩʝ ʩʘʤʦ ʥʘ ʮʠʬʨʝ, 0 ï 9, ʧʨʠ ʯʝʤʫ ʩʫ ʠʟʛʦʚʦʨʠ 

ʠʩʪʝ ʪʝʢʩʪʫʘʣʥʝ ʩʘʜʨʞʠʥʝ ʩʥʠʤʘʥʠ ʫ ʦʢʚʠʨʫ ʚʠʰʝ ʩʝʩʠʿʘ (ɱʦʢʠ˂ ɼ. ʀ., ɼʦʙʨʠʿʝʚʠ˂ ʅ. ʊ., et 

al., 2009). ɻʦʚʦʨʥʘ ʙʘʟʘ ʩʘʜʨʞʠ ʩʥʠʤʢʝ ʛʦʚʦʨʘ 44 ʛʦʚʦʨʥʠʢʘ. ʋ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʿʝʜʥʘ ʩʝʩʠʿʘ 

ʩʥʠʤʘʢʘ ʟʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʩʘʜʨʞʠ 12 ʩʥʠʤʘʢʘ. ɿʘ ʚʝ˂ʠʥʫ ʛʦʚʦʨʥʠʢʘ ʫ ʦʢʚʠʨʫ ʦʚʝ 

ʛʦʚʦʨʥʝ ʙʘʟʝ ʧʦʩʪʦʿʝ ʩʥʠʤʮʠ ʫ ʜʝʩʝʪ ʩʝʩʠʿʘ. ʀʟʚʝʩʪʘʥ ʙʨʦʿ ʛʦʚʦʨʥʠʢʘ ʿʝ ʩʥʠʤˀʝʥ ʫ ʦʢʚʠʨʫ 

ʤʘˁʝʛ ʙʨʦʿʘ ʩʝʩʠʿʘ ʪʘʢʦ ʜʘ ʿʝ ʦʙʫʢʘ ʤʦʜʝʣʘ ʠ ʪʝʩʪʠʨʘˁʝ ʧʨʝʧʦʟʥʘʚʘˁʘ ʚʨʰʝʥʦ ʥʘʜ 37 

ʛʦʚʦʨʥʠʢʘ. 

ɻʦʚʦʨʥʝ ʙʘʟʝ 1 ʠ 2 ʩʫ ʩʥʠʤʘʥʝ ʫ ʨʘʟʣʠʯʪʠʤ ʫʩʣʦʚʠʤʘ. ɻʦʚʦʨʥʘ ʙʘʟʘ 1 ʩʥʠʤʘʥʘ ʿʝ ʫ 

ʩʪʫʜʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ ʜʦʢ ʿʝ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ˁʝ ɻʦʚʦʨʥʘ ʙʘʟʘ 2 ʩʥʠʤʘʥʘ ʫ ʢʘʥʮʝʣʘʨʠʿʩʢʠʤ 

ʫʩʣʦʚʠʤʘ ʢʦʨʠʰ˂ʝˁʝʤ ʨʘʯʫʥʘʨʩʢʦʛ ʤʠʢʨʦʬʦʥʘ, ʟʚʫʯʥʝ ʢʘʨʪʠʮʝ ʠ ʨʘʯʫʥʘʨʘ (ɱʦʢʠ˂ ɼ. ʀ., 

ɼʦʙʨʠʿʝʚʠ˂ ʅ. ʊ., et al., 2009).        

 

5.1. ʊɽʉʊʆɺʀ ʇʈʆʄɽʅɽ ʊɽʉʊ ʌɸɱʃɸ 
 

ʊʝʩʪʠʨʘˁʝ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʦʢʚʠʨʫ ɻʦʚʦʨʥʝ ʙʘʟʝ 1 ʚʨʰʝʥʦ ʿʝ ʥʘʜ ʩʚʘʢʠʤ ʛʦʚʦʨʥʠʤ 

ʩʥʠʤʢʦʤ ʫ ʦʢʚʠʨʫ ˁʝ. ʈʝʜʦʩʣʝʜ ʪʝʩʪʦʚʘ ʿʝ ʦʜʨʝʹʝʥ ʩʧʠʩʢʦʤ ʬʘʿʣʦʚʘ ʫ ʦʢʚʠʨʫ ʧʦʩʤʘʪʨʘʥʠʭ 

ʛʦʚʦʨʥʠʭ ʙʘʟʘ ʢʦʿʠ ʥʘʧʨʘʚʠ  ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʧʦʟʥʘʚʘʯ ʛʦʚʦʨʥʠʢʘ ʧʨʠʣʠʢʦʤ ˁʝʛʦʚʦʛ 

ʧʦʢʨʝʪʘˁʘ. ɸʫʪʦʤʘʪʩʢʠ ʛʝʥʝʨʠʩʘʥ ʩʧʠʩʘʢ ʛʦʚʦʨʥʠʭ ʩʥʠʤʘʢʘ ʫʩʣʦʚˀʝʥ ʿʝ ʟʥʘʢʦʚʥʠʤ 

ʩʘʜʨʞʘʿʝʤ ˁʠʭʦʚʠʭ ʥʘʟʠʚʘ. ʇʦʰʪʦ ɻʦʚʦʨʥʘ ʙʘʟʘ 1 ʩʘʜʨʞʠ ʧʦ 14 ʩʥʠʤʘʢʘ ʟʘ ʩʚʘʢʦʛ ʛʦʚʦʨʥʠʢʘ, 

ʪʝʩʪʦʚʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʩʫ ʨʘʟʚʨʩʪʘʥʠ ʫ 14 ʛʨʫʧʘ, ʢʘʢʦ ʪʦ ʧʨʠʢʘʟʫʿʫ ʛʨʘʬʠʮʠ ʢʦʿʠ ʩʣʝʜʝ ʠ ʢʦʿʠ 

ʩʝ ʦʜʥʦʩʝ ʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʦʩʪʚʘʨʝʥʫ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1. ʊʝʩʪʠʨʘˁʝ 

ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʥʘ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʚʨʰʝʥʦ ʿʝ 

ʢʨʦʟ 14 ʪʝʩʪʦʚʘ ʨʝʜʦʩʣʝʜʦʤ ʧʨʠʢʘʟʘʥʠʤ ʫ ʪʘʙʝʣʠ 5.1. ʊʝʩʪʠʨʘˁʝ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ 

ʛʦʚʦʨʥʠʢʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʠʟʚʨʰʝʥʦ ʿʝ ʥʘʜ ʩʥʠʤʮʠʤʘ ʠʟ ʧʨʚʝ ʩʝʩʠʿʝ ʫ ʦʢʚʠʨʫ 12 

ʪʝʩʪʦʚʘ. 

 

ʈʝʜʥʠ ʙʨʦʿ 

ʪʝʩʪʘ 

ʊʝʢʩʪʫʘʣʥʘ ʩʘʜʨʞʠʥʘ 

1. ʿʝʜʘʥ, ʜʚʘ, ʪʨʠ, ʯʝʪʠʨʠ, ʧʝʪ 

2. ʝhʩʪ, ʩʝʜʘʤ, ʦʩʘʤ, ʜʝʚʝʪ, ʥʫʣʘ 

3. <ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʠ ʙʨʦʿ, ʠʤʝ ʠ ʧʨʝʟʠʤʝ> 

4. ʢʦʤʘʥʜʘʥʪ, ʧʫʢ, ʦʜʝˀʝˁʝ, ʙʘʪʘˀʦʥ, ʯʝʪʘ, ʚʦʜ 

5. ʙʘʪʝʨʠʿʘ, ʦʧʝʨʘʮʠʿʘ, ʰʪʘʙ, ʜʝʩʘʥʪ, ʧʦʢʨʝʪ, ʦʙʝʟʙʝʹʝˁʝ 

6. ʤʝʪʝʦ, ʩʠʛʥʘʣ, ʦʙʿʝʢʘʪ 

7. ʫʨʝʹʘʿ, ʥʘʧʘʜ, ʚʝʟʘ, ʦʜʙʨʘʥʘ 

8. ʜʘʥ, ʯʘʩ, ʤʠʥʫʪ, ʚʦʿʥʠʢ, ʨʘʢʝʪʘ, ʘʚʠʦʥ 

9. ʥʝʧʨʠʿʘʪʝˀ, ʚʦʟʠʣʦ, ʙʨʦʜ, ʠʟʚʝʰʪʘʿ, ʩʪʦʧ, ʦʜʤʘʭ 

10. ʩʫʪʨʘ, ʦʢʦʥʯʘʥʦ, ʟʘʤʝʥʠ, ʫʧʫʪʠ, ʨʝʦʥ 

11. ʥʘʧʨʝʜ, ʿʝ, ʩʘ, ʜʘ, ʥʝ, ʦʜ 

12. ʥʘʟʘʜ, ʥʘ, ʠʟ, ʜʦ, ʠʟʚʨʰʠ, ʛʦʪʦʚʦʩʪ 

13. ʧʨʘʚʘʮ, ʧʨʠʿʝʤ, ʮʠˀ, ʫʥʠʰʪʝʥ, ʟʘʜʘʪʘʢ, ʧʦʥʦʚʠ 

14. ʛʨʫʧʘ, ʨʘʟʫʤʝʦ, ʪʘʯʢʘ, ʦʧʘʩʥʦʩʪ, ʿʝʜʠʥʠʮʝ, ʘʝʨʦʜʨʦʤ 

 

ʊʘʙʝʣʘ 5.1. ʈʝʜʦʩʣʝʜ ʪʝʩʪʦʚʘ ʧʨʠ ʪʝʩʪʠʨʘˁʫ ʪʘʯʥʦʩʪʠ ʥʘ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1. 
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ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʿʝ ʫʯʝʩʪʘʥʦʩʪ ʦʜʘʙʠʨʘˁʘ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ ʫ ʛʦʚʦʨʥʦʿ ʙʘʟʠ 22050Hz 

ʩʣʝʜʠ ʜʘ ʫ ʩʢʣʘʜʫ ʩʘ ʪʝʦʨʝʤʦʤ ʦʜʘʙʠʨʘˁʘ ʬʨʝʢʚʝʥʪʥʠ ʦʧʩʝʛ ʦʜ ʠʥʪʝʨʝʩʘ ʫ ʧʦʩʤʘʪʨʘʥʠʤ 

ʛʦʚʦʨʥʠʤ ʩʠʛʥʘʣʠʤʘ ʠʟʥʦʩʠ [0 ï 11025Hz], ʰʪʦ ʧʨʫʞʘ ʤʦʛʫ˂ʥʦʩʪ ʨʘʩʧʦʨʝʜʘ ʥʘʿʚʠʰʝ 20 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʰʠʨʠʥʝ 300 ʤʝʣʘ ʢʦʿʠ ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʤʝʨʘʥʠ ʟʘ 150 ʤʝʣʘ ʢʘʦ ʰʪʦ ʿʝ ʪʦ 

ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 5.1. ʈʘʜʠ ʧʦʩʪʠʟʘˁʘ ʥʘʿʚʝ˂ʝ ʪʘʯʥʦʩʪʠ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʝʢʪʦʨʘ MFCCs 

ʧʦʪʨʝʙʥʦ ʿʝ ʫ ʦʙʟʠʨ ʫʟʝʪʠ ʩʚʝ ʨʘʩʧʦʣʦʞʠʚʝ ʧʦʜʘʪʢʝ ʢʦʿʠ ʩʫ ʜʦʩʪʫʧʥʠ ʫ ʦʢʚʠʨʫ ʧʦʩʤʘʪʨʘʥʦʛ 

ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʪʦ ʟʥʘʯʠ ʫʟʠʤʘˁʝ ʩʚʠʭ 20 ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʫ ʦʙʟʠʨ ʧʨʠ 

ʠʟʨʘʯʫʥʘʚʘˁʫ MFCCs. ʇʨʝʮʠʟʥʦʩʪ ʦʜʥʦʩʥʦ ʨʝʟʦʣʫʮʠʿʘ ʧʨʝʜʩʪʘʚʝ ʧʦʩʤʘʪʨʘʥʦʛ ʩʢʫʧʘ 

ʧʦʜʘʪʘʢʘ ʨʘʩʪʝ ʢʘʢʦ ʨʘʩʪʝ ʠ ʙʨʦʿ ʧʘʨʘʤʝʪʘʨʘ ʠʣʠ ʦʙʝʣʝʞʿʘ ʢʦʿʘ ʦʧʠʩʫʿʫ ʧʦʩʤʘʪʨʘʥʠ ʩʢʫʧ 

ʧʦʜʘʪʘʢʘ. ɿʘʪʦ ʩʝ ʫ ʪʝʩʪʠʨʘˁʠʤʘ ʧʦʰʣʦ ʦʜ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʢʦʿʠ ʟʘʿʝʜʥʦ ʩʘ ʥʫʣʪʠʤ ʩʘʜʨʞʠ 

20 MFCCs. ʇʨʝʤʘ ʪʦʤʝ ʫ ʧʨʚʦʤ ʩʣʫʯʘʿʫ ʪʝʩʪʠʨʘˁʘ (ʩʣʠʢʝ 5.2 (1) ʠ 5.3 (1)) ʢʦʨʠʰ˂ʝʥʠ ʩʫ 

ʚʝʢʪʦʨʠ ʦʙʝʣʝʞʿʘ ʢʦʿʠ ʩʘʜʨʞʝ ʠ ʥʫʣʪʠ MFCC, ʪʘʢʦ ʜʘ ʿʝ ʪʘʜʘ ʚʝʢʪʦʨ ʦʙʝʣʝʞʿʘ ʩʘʜʨʞʘʦ ʥʫʣʪʠ 

ʠ ʧʨʚʠʭ 19 MFCCs ʨʘʯʫʥʘʪʠʭ ʥʘ ʦʩʥʦʚʫ ʣʦʛʘʨʠʪʘʤʘ ʝʥʝʨʛʠʿʝ ʫ 20 ʧʨʘʚʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ ʫ ʩʢʣʘʜʫ ʩʘ ʿʝʜʥʘʢʦʰ˂ʫ 4.19. ʄʦʜʝʣʠ ʛʦʚʦʨʥʠʢʘ ʢʘʦ ʠ ʤʦʜʝʣʠ ʪʝʩʪ ʛʦʚʦʨʥʠʭ ʩʥʠʤʘʢʘ 

ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʢʦʚʘʨʠʿʘʥʩʥʠʤ ʤʘʪʨʠʮʘʤʘ ʜʠʤʝʥʟʠʿʘ 20³20. 
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ʉʣʠʢʘ 5.1. ʈʘʩʧʦʨʝʜ ʧʨʠʤʝˁʝʥʠʭ ʧʨʘʚʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. 
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ʉʣʠʢʘ 5.2. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʩʪ 

ʬʘʿʣʘ, ʥʫʣʪʠ+19 MFCCs, 20 ʧʨʘʚʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. 

1 ï ʧʫʥʘ ʢʦʚʘʨʠʿʘʥʩʥʘ ʤʘʪʨʠʮʘ ʢʘʦ ʤʦʜʝʣ, 

2 ï ʧʫʥʘ ʢʦʚʘʨʠʿʘʥʩʥʘ ʤʘʪʨʠʮʘ ʠʟʫʟʝʚ ʝʣʝʤʝʥʪʘ 0,0S ,  

3 ï ʙʝʟ ʥʫʣʪʦʛ MFCC, 19MFCC ʠ 20 ʧʨʘʚʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ.  

 

ʋ ʩʣʫʯʘʿʫ ɻʦʚʦʨʥʝ ʙʘʟʝ 1 ʝʚʠʜʝʥʪʥʘ ʿʝ ʠʟʨʘʟʠʪʦ ʥʘʿʤʘˁʘ ʦʩʪʚʘʨʝʥʘ ʪʘʯʥʦʩʪ 

ʧʨʝʧʦʟʥʘʚʘˁʘ  ʧʨʠ ʪʝʩʪʠʨʘˁʫ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ʩʥʠʤʮʠʤʘ ʛʦʚʦʨʘ ʠʟ ʛʨʫʧʝ ʀʤʝʥʘ. ʉʥʠʤʮʠ 

ʠʟ ʦʚʝ ʛʨʫʧʝ ʦʜʣʠʢʫʿʫ ʩʝ ʥʘʿʢʨʘ˂ʠʤ ʪʨʘʿʘˁʝʤ ʫ ʦʜʥʦʩʫ ʥʘ ʩʥʠʤʢʝ ʫ ʦʢʚʠʨʫ ʧʨʝʦʩʪʘʣʝ ʜʚʝ 

ʛʨʫʧʝ: ʎʠʬʨʝ ʠ ʈʝʯʠ, ʪʿ. ʦʥʠ ʠʤʘʿʫ ʥʘʿʤʘˁʝ ʛʣʘʩʦʚʥʦʛ ʟʚʫʯʥʦʛ ʩʘʜʨʞʘʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ 

ʩʥʠʤʢʝ. ʅʘʠʤʝ, ʨʘʜʠ ʫʩʧʝʰʥʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʧʦʪʨʝʙʥʦ ʿʝ ʨʘʩʧʦʣʘʛʘʪʠ ʜʦʚʦˀʥʦʤ 
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ʢʦʣʠʯʠʥʦʤ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ˁʝʛʦʚʦʿ ʙʦʿʠ ʛʣʘʩʘ ʦʜʥʦʩʥʦ ʦ ʩʧʝʢʪʨʘʣʥʦʿ ʩʘʜʨʞʠʥʠ ˁʝʛʦʚʦʛ ʛʣʘʩʘ 

ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ ʿʝ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ ˁʝʛʦʚʦ ʨʘʟʣʠʢʦʚʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʧʦʟʥʘʪʝ 

ʛʦʚʦʨʥʠʢʝ. ɼʘʢʣʝ, ʧʦʩʤʘʪʨʘʿʫ˂ʠ ʛʣʘʩ ʫ ʩʧʝʢʪʨʘʣʥʦʤ ʜʦʤʝʥʫ ʫʯʝʩʪʘʥʦʩʪʠ ʢʦʿʝ ʩʫ ˁʝʛʦʚ 

ʩʘʩʪʘʚʥʠ ʜʝʦ ʫ ʩʢʣʘʜʫ ʩʘ ʌʫʨʠʿʝʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ, ʨʘʜʠ ʤʝʹʫʩʦʙʥʦʛ ʨʘʟʣʠʢʦʚʘˁʘ 

ʛʣʘʩʦʚʘ ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʟʥʘʚʘʪʠ ʜʠʩʢʨʝʪʥʝ ʩʢʫʧʦʚʝ ʫʯʝʩʪʘʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ 

ʢʦʿʠ ʩʫ ʨʘʟʣʠʯʠʪʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʛʦʚʦʨʥʠʢʝ. ʇʨʝʤʘ ʪʦʤʝ ʝʣʝʤʝʥʪʠ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ 

ʦʜʣʠʢʫʿʫ ʜʠʩʢʨʝʪʥʠʤ ʩʧʝʢʪʨʘʣʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʪʿ. ʠʤʘʿʫ ʦʜʨʝʹʝʥʫ ʚʨʝʤʝʥʩʢʫ 

ʧʝʨʠʦʜʠʯʥʦʩʪ ʢʦʿʘ ʩʝ ʜʦʞʠʚˀʘʚʘ ʢʘʦ ʟʚʫʯʥʦʩʪ, ʜʦʧʨʠʥʦʩʝ ʨʘʟʣʠʢʦʚʘˁʫ ʨʘʟʣʠʯʠʪʠʭ ʛʣʘʩʦʚʘ. 

ɹʦʛʘʪʩʪʚʦ ʛʦʚʦʨʘ ʝʣʝʤʝʥʪʠʤʘ ʢʦʿʠ ʤʫ ʜʘʿʫ ʟʚʫʯʥʦʩʪ ʪʿ. ʥʘʿʯʝʰ˂ʝ ʚʦʢʘʣʠʤʘ ʯʠʥʠ ʛʦʚʦʨ ʿʝʜʥʦʛ 

ʛʦʚʦʨʥʠʢʘ ʧʨʝʧʦʟʥʘʪˀʠʚʠʿʠʤ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʛʦʚʦʨʥʠʢʝ. ʉʘ ʩʪʘʥʦʚʠʰʪʘ ʧʘʫʟʘ ʫ ʛʦʚʦʨʫ 

ʠʟʛʦʚʦʨʠ ʠʟ ʛʨʫʧʝ ʀʤʝʥʘ ʩʝ ʫʛʣʘʚʥʦʤ ʤʦʛʫ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʜʘ ʩʘʜʨʞʝ ʪʨʠ ʨʝʯʠ ʘ ʧʦʥʝʢʘʜ ʠ 

ʜʚʝ. ʅʘʠʤʝ ʠʟʛʦʚʦʨ ʩʣʦʞʝʥʠʭ ʙʨʦʿʝʚʘ, ʥʧʨ. ʢʘʦ ʠʟʛʦʚʦʨ ʙʨʦʿʘ 123 ï ʩʪʦ ʜʚʘʜʝʩʝʪ ʪʨʠ, ʯʝʩʪʦ ʩʘ 

ʩʪʘʥʦʚʠʰʪʘ ʩʣʫʰʘʦʮʘ ʠʟʛʣʝʜʘ ʢʘʦ ʿʝʜʥʘ ʨʝʯ. ʅʘʠʤʝ, ʨʝʯʠ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʩʘʩʪʘʚʫ ʩʣʦʞʝʥʦʛ 

ʙʨʦʿʘ ʩʝ ʠʟʛʦʚʘʨʘʿʫ ʿʝʜʥʘ ʟʘ ʜʨʫʛʦʤ ʙʝʟ ʠʟʨʘʞʝʥʝ ʧʘʫʟʝ. ʆʚʦ ʯʝʩʪʦ ʨʝʟʫʣʪʫʿʝ ʙʨʞʠʤ 

ʠʟʛʦʚʦʨʦʤ ʦʜ ʫʦʙʠʯʘʿʝʥʦʛ ʠʣʠ ʩʪʘʥʜʘʨʜʥʦʛ ʢʘʜʘ ʙʠ ʩʝ ʩʚʘʢʘ ʨʝʯ ʫ ʩʘʩʪʘʚʫ ʩʣʦʞʝʥʦʛ ʙʨʦʿʘ 

ʠʟʛʦʚʘʨʘʣʘ ʧʦʩʝʙʥʦ, ʥʧʨ. ʟʘ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʠ ʠʟʛʦʚʦʨ ʙʨʦʿʘ 123 ʪʦ ʙʠ ʠʟʛʣʝʜʘʣʦ ʢʘʦ: ʩʪʦ, 

ʜʚʘʜʝʩʝʪ, ʪʨʠ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʫ ʛʨʫʧʠ ʩʥʠʤʘʢʘ ʮʠʬʨʝ. ʊʘʢʦʹʝ ʠ ʠʟʛʦʚʦʨʠ ʧʨʝʟʠʤʝʥʘ ʠ 

ʠʤʝʥʘ ʯʝʩʪʦ ʟʚʫʯʝ ʢʘʦ ʿʝʜʥʘ ʨʝʯ ʰʪʦ ʩʚʝ ʜʦʚʦʜʠ ʜʦ ʪʦʛʘ ʜʘ ʩʝ ʩʥʠʤʮʠ ʠʟ ʛʨʫʧʝ ʀʤʝʥʘ ʯʝʩʪʦ  

ʦʜʣʠʢʫʿʫ ʟʚʫʯʥʠʤ ʩʝʛʤʝʥʪʠʤʘ ʩʢʨʘ˂ʝʥʦʛ ʪʨʘʿʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʦʩʪʘʣʠ ʜʝʦ ʙʘʟʝ ʢʦʿʠ ʿʝ 

ʢʦʨʠʰ˂ʝʥ ʨʘʜʠ ʦʙʫʢʝ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʧʨʝʧʦʟʥʘʚʘʯ ʿʝ ʜʦʩʪʘ ʯʝʰ˂ʝ ʜʦʥʦʩʠʦ 

ʧʦʛʨʝʰʥʫ ʦʜʣʫʢʫ ʧʨʠ ʧʨʝʧʦʟʥʘʚʘˁʫ ʛʦʚʦʨʥʠʢʘ ʥʘʜ ʩʥʠʤʮʠʤʘ ʠʟ ʛʨʫʧʝ ʀʤʝʥʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʚʨʰʝʥʘ ʢʘʜʘ ʩʫ ʩʝ ʢʘʦ ʪʝʩʪ ʩʥʠʤʮʠ ʛʦʚʦʨʘ ʢʦʨʠʩʪʠʣʠ ʩʥʠʤʮʠ ʠʟ ʛʨʫʧʘ ʎʠʬʨʝ 

ʠʣʠ ʈʝʯʠ.    

ʉʥʠʤʮʠ ʠʟ ʛʨʫʧʝ ʎʠʬʨʝ ʩʘʜʨʞʝ ʠʟʛʦʚʦʨʝ ʧʦ ʧʝʪ ʦʜʨʝʹʝʥʠʭ ʨʝʯʠ ʰʪʦ ʧʦʚʝ˂ʘʚʘ ʛʣʘʩʦʚʥʫ 

ʨʘʟʥʦʣʠʢʦʩʪ ʦʚʠʭ ʩʥʠʤʘʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʥʠʤʢʝ ʠʟ ʛʨʫʧʝ ʀʤʝʥʘ. ʆʚʦ ʿʝ ʨʝʟʫʣʪʦʚʘʣʦ 

ʧʦʚʝ˂ʘˁʝʤ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚˁʘ. ʀʟʛʦʚʦʨʠ ʥʠʟʘ ʮʠʬʘʨʘ 1 ï 5, ʦʜʥʦʩʥʦ 6 ï 0, ʪʘʢʦʹʝ ʩʝ 

ʦʜʣʠʢʫʿʫ ʨʘʟʣʠʯʠʪʦʤ ʛʣʘʩʦʚʥʦʤ ʨʘʟʥʦʣʠʢʦʰ˂ʫ ʰʪʦ ʿʝ ʨʝʟʫʣʪʦʚʘʣʦ ʚʝ˂ʦʤ ʪʘʯʥʦʰ˂ʫ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʟʘ ʥʠʟ ʮʠʬʘʨʘ 6 ï 0. ʋ ʠʟʛʦʚʦʨʫ ʥʠʟʘ ʮʠʬʘʨʘ: ʰʝʩʪ, ʩʝʜʘʤ, ʦʩʘʤ, ʜʝʚʝʪ, ʥʫʣʘ 

ʧʦʩʪʦʿʠ 9 ʚʦʢʘʣʘ ʜʦʢ ʩʝ ʠʟʛʦʚʦʨ ʥʠʟʘ ʮʠʬʘʨʘ: ʿʝʜʘʥ, ʜʚʘ, ʪʨʠ, ʯʝʪʠʨʠ, ʧʝʪ, ʦʜʣʠʢʫʿʝ 

ʧʦʩʪʦʿʘˁʝʤ 8 ʚʦʢʘʣʘ. ʇʨʝʤʘ ʪʦʤʝ ʠʟʛʦʚʦʨ ʥʠʟʘ ʮʠʬʘʨʘ 6 ï 0 ʧʦʩʝʜʫʿʝ ʚʝ˂ʫ ʢʦʣʠʯʠʥʫ 

ʟʚʫʯʥʦʩʪʠ ʥʘ ʦʩʥʦʚʫ ʯʝʛʘ ʿʝ ʤʦʛʫ˂ʝ ʪʘʯʥʠʿʝ ʠʟʚʨʰʠʪʠ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ. 

ʇʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʥʘʜ ʛʦʚʦʨʥʠʤ ʩʥʠʤʮʠʤʘ ʠʟ ʛʨʫʧʝ ʈʝʯʠ ʨʝʟʫʣʪʦʚʘʣʦ ʿʝ 

ʧʦʚʝ˂ʘˁʝʤ ʪʘʯʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʩʪʦʚʝ ʥʘʜ ʩʥʠʤʮʠʤʘ ʠʟ ʛʨʫʧʘ ʀʤʝʥʘ ʠ ʎʠʬʨʝ. ʊʘʯʥʦʩʪ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʿʝ ʩʘʜʘ ʫ 2 ʪʝʩʪʘ ʙʠʣʘ ʨʝʜʘ 90% ʜʦʢ ʿʝ ʫ 2 ʪʝʩʪʘ ʪʘʯʥʦʩʪ ʜʦʩʪʠʟʘʣʘ ʥʠʚʦ ʦʜ 95%. 

ɽʚʠʜʝʥʪʥʦ ʿʝ ʜʘ ʿʝ ʟʥʘʢʦʚʥʘ ʪʿ. ʪʝʢʩʪʫʘʣʥʘ ʜʫʞʠʥʘ ʛʦʚʦʨʘ ʫ ʪʝʩʪʦʚʠʤʘ 6 ʠ 11, ʩʥʠʤʮʠ 

ʠʟʛʦʚʦʨʘ ʩʢʫʧʘ ʨʝʯʠ: ʤʝʪʝʦ, ʩʠʛʥʘʣ, ʦʙʿʝʢʘʪ, ʠ ʩʢʫʧʘ ʨʝʯʠ: ʥʘʧʨʝʜ, ʿʝ, ʩʘ, ʜʘ, ʥʝ, ʦʜ, ʢʨʘ˂ʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʠʟʛʦʚʦʨ ʢʦʨʠʰ˂ʝʥ ʫ ʪʝʩʪʫ 1. ʀʧʘʢ ʪʘʯʥʦʩʪ ʫ ʪʝʩʪʦʚʠʤʘ 6 ʠ 11 ʿʝ ʟʥʘʯʘʿʥʦ ʚʝ˂ʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʪʘʯʥʦʩʪ ʦʩʪʚʘʨʝʥʫ ʫ ʪʝʩʪʫ 1. ʉʥʠʤʮʠ ʛʦʚʦʨʘ ʠʟ ʛʨʫʧʝ ʈʝʯʠ, ʥʘʜ ʢʦʿʠʤʘ ʿʝ ʚʨʰʝʥʦ 

ʪʝʩʪʠʨʘˁʝ ʫ ʦʢʚʠʨʫ ʪʝʩʪʦʚʘ 4, 5, 6, ... , 14, ʦʜʣʠʢʫʿʫ ʩʝ ʥʝʧʦʚʝʟʘʥʦʰ˂ʫ ʠʟʨʝʯʝʥʠʭ ʨʝʯʠ. ʉʚʘʢʘ 

ʨʝʯ ʫ ʦʢʚʠʨʫ ʧʦʩʤʘʪʨʘʥʦʛ ʩʥʠʤʢʘ ʛʦʚʦʨʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ ʦʢʚʠʨʫ ʛʨʫʧʝ ʈʝʯʠ ʠʟʛʦʚʦʨʝʥʘ ʿʝ 

ʟʘʩʝʙʥʦ ʪʿ. ʥʝʟʘʚʠʩʥʦ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʢʦʿʝ ʩʝ  ʥʘʣʘʟʝ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʩʥʠʤʢʫ ʛʦʚʦʨʘ. ʊʦ 

ʟʥʘʯʠ ʜʘ ʩʫ ʨʝʯʠ ʠʟʛʦʚʦʨʝʥʝ ʯʠʩʪʠʿʝ ʦʜʥʦʩʥʦ ʛʣʘʩʦʚʠ ʫ ʨʝʯʠ ʩʫ ʿʘʩʥʠʿʝ ʠʟʛʦʚʦʨʝʥʠ ʫ ʦʜʥʦʩʫ 

ʥʘ ʠʟʛʦʚʦʨʝ ʠʟ ʛʨʫʧʝ ʀʤʝʥʘ. ʆʩʠʤ ʪʦʛʘ ʩʥʠʤʮʠ ʛʦʚʦʨʘ ʥʘʜ ʢʦʿʠʤʘ ʿʝ ʚʨʰʝʥʦ ʪʝʩʪʠʨʘˁʝ ʫ 

ʦʢʚʠʨʫ ʪʝʩʪʦʚʘ 6 ʠ 11 ʦʙʠʣʫʿʫ ʚʦʢʘʣʠʤʘ ʪʿ. ʠʤʘʿʫ ʚʝʣʠʢʫ ʢʦʣʠʯʠʥʫ ʟʚʫʯʥʦʩʪʠ ʫ ʩʝʙʠ ʢʦʿʘ ʫ 

ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʿʘʩʥʦʰ˂ʫ ʠʟʛʦʚʦʨʘ ʨʝʟʫʣʪʫʿʝ ʟʥʘʯʘʿʥʠʤ ʧʦʚʝ˂ʘˁʝʤ ʪʘʯʥʦʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʩʪʚʘʨʝʥʫ ʫ ʪʝʩʪʫ 1. 

ɿʘ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ï 20 ʧʨʘʚʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʨʘʯʫʥʘʪʠ ʚʝʢʪʦʨʠ ʦʙʝʣʝʞʿʘ ʢʦʿʠ ʩʘʜʨʞʝ ʥʫʣʪʠ ʠ ʧʨʚʠʭ 19 MFCCs, 

ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʥʘʿʚʝ˂ʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʨʝʜʘ 95% ʫ ʦʢʚʠʨʫ 

ʪʝʩʪʦʚʘ 8 ʠ 13. ʉʥʠʤʮʠ ʠʟʛʦʚʦʨʘ ʨʝʯʠ (ʪʘʙʝʣʘ 5.1) ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʧʨʠ ʦʚʠʤ ʪʝʩʪʦʚʠʤʘ 

ʩʘʜʨʞʝ ʟʥʘʯʘʿʘʥ ʙʨʦʿ ʚʦʢʘʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʠʟʛʦʚʦʨʝ ʠʟ ʛʨʫʧʝ ʈʝʯʠ ʢʦʨʠʰ˂ʝʥʝ ʫ ʦʩʪʘʣʠʤ 

ʪʝʩʪʦʚʠʤʘ (ʪʘʙʝʣʘ 5.2). ʀʧʘʢ ʧʨʠʤʝʪʥʦ ʿʝ ʜʘ ʠʟʛʦʚʦʨʠ ʫ ʦʢʚʠʨʫ ʪʝʩʪʦʚʘ 5 ʠ 14 ʩʘʜʨʞʝ ʥʘʿʚʠʰʝ 
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ʚʦʢʘʣʘ ʘʣʠ ʪʘʯʥʦʩʪ ʫ ʪʠʤ ʪʝʩʪʦʚʠʤʘ ʥʠʿʝ ʜʦʩʪʠʛʣʘ ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ. ʅʘʨʘʚʥʦ, ʥʘ ʦʩʥʦʚʫ 

ʪʦʛʘ ʩʣʝʜʠ ʜʘ ʧʦʩʪʦʿʘˁʝ ʚʝ˂ʝʛ ʙʨʦʿʘ ʚʦʢʘʣʘ ʥʝ ʟʥʘʯʠ ʜʘ ˂ʝ ʩʝ ʠ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ 

ʛʦʚʦʨʥʠʢʘ ʧʦʚʝ˂ʘʪʠ. ʋʪʠʮʘʿ ʟʚʫʯʥʦʩʪʠ ʥʘ ʨʘʟʣʠʢʦʚʘˁʝ ʤʝʹʫ ʛʦʚʦʨʥʠʮʠʤʘ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ 

ʿʝ ʧʦʟʠʪʠʚʥʘ ʘʣʠ ʩʪʚʘʨʥʘ ʢʦʣʠʯʠʥʘ ʟʚʫʯʥʦʩʪʠ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʘ ʚʦʢʘʣʘ ʪʘʢʦʹʝ 

ʟʘʚʠʩʠ ʠ ʦʜ ˁʠʭʦʚʠʭ ʧʦʟʠʮʠʿʘ ʫ ʨʝʯʠʤʘ ʦʜʥʦʩʥʦ ʦʜ ˁʠʭʦʚʦʛ ʦʢʨʫʞʝˁʘ ʩʫʛʣʘʩʥʠʮʠʤʘ ʢʦʿʠ ʩʫ 

ʪʘʢʦʹʝ ʧʨʠʩʫʪʥʠ ʫ ʨʝʯʠʤʘ ʠ ʢʦʿʠ ʫ ʩʫʰʪʠʥʠ, ʚʠʰʝ ʠʣʠ ʤʘˁʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʨʦʜʝ ʩʚʦʿʝ 

ʪʚʦʨʙʝ, ʧʨʠʛʫʰʫʿʫ ʟʚʫʯʥʦʩʪ ʧʨʠʩʫʪʥʠʭ ʚʦʢʘʣʘ.      

 

ʈʝʜʥʠ 

ʙʨʦʿ 

ʪʝʩʪʘ  

1 2 4 5 6 7 8 9 10 11 12 13 14 

ɹʨʦʿ 

ʚʦʢʘʣʘ  
8 9 14 19 8 10 12 14 14 7 10 13 19 

 

ʊʘʙʝʣʘ 5.2. ɹʨʦʿ ʤʝʩʪʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʧʦʿʘʚˀʫʿʫ ʚʦʢʘʣʠ ʫ ʪʝʩʪʦʚʠʤʘ ʠʟ ʛʨʫʧʘ ʎʠʬʨʝ ʠ ʈʝʯʠ. 

 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ɻʦʚʦʨʥʝ ʙʘʟʝ 1, ɻʦʚʦʨʥʘ ʙʘʟʘ 2 ʩʝ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʪʝʢʩʪʫʘʣʥʝ ʩʘʜʨʞʠʥʝ 

ʠʟʛʦʚʦʨʝʥʝ ʦʜ ʩʪʨʘʥʝ ʿʝʜʥʦʛ ʪʘʯʥʦ ʦʜʨʝʹʝʥʦʛ ʛʦʚʦʨʥʠʢʘ ʦʜʣʠʢʫʿʝ ʧʨʠʣʠʯʥʦ ʤʘˁʦʤ 

ʬʦʥʝʪʩʢʦʤ ʨʘʟʥʦʚʨʩʥʦʰ˂ʫ. ʉʚʘʢʠ ˁʝʥ ʩʥʠʤʘʢ ʩʘʜʨʞʠ ʥʠʟ ʦʜ ʯʝʪʠʨʠ ʮʠʬʨʝ. ɻʣʘʩʦʚʥʘ 

ʨʘʟʥʦʚʨʩʥʦʩʪ ʿʝʜʥʦʛ ʛʦʚʦʨʥʠʢʘ ʦʙʫʭʚʘ˂ʝʥʘ ʦʚʦʤ ʛʦʚʦʨʥʦʤ ʙʘʟʦʤ ʦʛʣʝʜʘ ʩʝ ʫ ʧʦʩʪʦʿʘˁʫ 

ʩʥʠʤʘʢʘ ʠʟʛʦʚʦʨʘ ʿʝʜʥʝ ʠʩʪʝ ʪʝʢʩʪʫʘʣʥʝ ʩʘʜʨʞʠʥʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʝʩʠʿʘʤʘ ʩʥʠʤʘˁʘ ʦʜʥʦʩʥʦ 

ʩʥʠʤʘˁʘ ʩʫ ʚʨʰʝʥʘ ʫ ʚʨʝʤʝʥʩʢʠʤ ʨʘʟʤʘʮʠʤʘ. ɿʘ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ ʙʠʪʥʠ ʩʫ ʟʚʫʯʥʠ 

ʜʝʣʦʚʠ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʛʦʚʦʨʫ ʦʜʥʦʩʥʦ ʜʝʣʦʚʠ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʘʜʨʞʝ ʚʦʢʘʣʝ: ʘ, ʝ, ʠ, ʦ, 

ʫ. ʇʦʜʘʮʠ ʢʦʿʠ ʩʝ ʧʦʩʤʘʪʨʘʿʫ ʧʨʠ ʘʫʪʦʤʘʪʩʢʦʤ ʧʨʝʧʦʟʥʘʚʘˁʫ ʛʦʚʦʨʥʠʢʘ ʩʫ d-ʜʠʤʝʥʟʠʦʥʘʣʥʠ 

ʚʝʢʪʦʨʠ  MFCCs. ʇʨʦʮʝʥʘ ʨʘʩʧʦʜʝʣʝ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʝʣ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʩʥʠʤʢʘ 

ʠʣʠ ʧʦʩʤʘʪʨʘʥʦʛ ʩʢʫʧʘ ʛʦʚʦʨʥʠʭ ʩʥʠʤʘʢʘ ʠʟʚʨʰʝʥʘ ʿʝ ʠʟʨʘʯʫʥʘʚʘˁʝʤ ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ 

ʟʙʠʨʘ ʧʨʦʠʟʚʦʜʘ ʚʨʝʜʥʦʩʪʠ MFCCs ʫ ʦʢʚʠʨʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʜʠʤʝʥʟʠʿʘ ʨʘʩʧʦʣʦʞʠʚʠʭ ʚʝʢʪʦʨʘ 

ʦʙʝʣʝʞʿʘ ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʿʝʜʥʘʢʦʰ˂ʫ 3.2. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʚʘʢʠ ʩʢʫʧ ʩʥʠʤʘʢʘ ʛʦʚʦʨʘ 

ʢʦʿʠ ʩʫ ʩʝ ʢʦʨʠʩʪʠʣʠ ʟʘ ʦʙʫʢʫ ʠʣʠ ʩʚʘʢʠ ʩʥʠʤʘʢ ʛʦʚʦʨʘ ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʨʘʜʠ ʪʝʩʪʠʨʘˁʘ 

ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʩʢʫʧʦʤ ʚʨʝʜʥʦʩʪʠ ʚʘʨʠʿʘʥʩʠ ʫ ʦʢʚʠʨʫ ʧʦʩʤʘʪʨʘʥʠʭ ʤʝʣ-ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ 

ʢʝʧʩʪʨʘʣʥʠʭ ʜʠʤʝʥʟʠʿʘ ʢʘʦ ʠ ʢʦʚʘʨʠʿʘʥʩʠ ʠʟʤʝʹʫ ʧʦʩʤʘʪʨʘʥʠʭ ʜʠʤʝʥʟʠʿʘ. ɼʘʢʣʝ ʙʨʦʿʥʝ 

ʚʨʝʜʥʦʩʪʠ ʚʘʨʠʿʘʥʩʠ ʠ ʢʦʚʘʨʠʿʘʥʩʠ ʟʘ ʩʚʘʢʦʛ ʛʦʚʦʨʥʠʢʘ ʢʘʦ ʠ ʟʘ ʩʚʘʢʠ ʪʝʩʪ ʩʥʠʤʘʢ ʛʦʚʦʨʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʯʝʢʠʚʘʥʝ ʦʜʥʦʩʥʦ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʠʟʚʦʜʘ ʨʘʩʧʦʣʦʞʠʚʠʭ ʩʢʫʧʦʚʘ 

ʙʨʦʿʥʠʭ ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʜʠʤʝʥʟʠʿʘʤʘ. ʉʘ ʩʪʘʥʦʚʠʰʪʘ ʧʨʠʩʫʪʥʦʩʪʠ ʰʫʤʘ ʫ 

ʛʦʚʦʨʥʠʤ ʩʥʠʤʮʠʤʘ ʢʚʘʣʠʪʝʪ ɻʦʚʦʨʥʝ ʙʘʟʝ 2 ʿʝ ʣʦʰʠʿʠ ʫ ʦʜʥʦʩʫ ʥʘ ʢʚʘʣʠʪʝʪ ɻʦʚʦʨʥʝ ʙʘʟʝ1.  

ʇʦʩʪʦʿʘˁʝ ʰʫʤʘ ʫ ʛʦʚʦʨʥʠʤ ʩʥʠʤʮʠʤʘ ʫʪʠʯʝ ʥʘ ʦʚʝ ʦʯʝʢʠʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʚʘʨʠʿʘʥʩʠ ʦʜʥʦʩʥʦ 

ʢʦʚʘʨʠʿʘʥʩʠ ʧʦʤʝʨʘʿʫ˂ʠ ˁʠʭʦʚʝ ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʚʘʨʥʝ ʚʨʝʜʥʦʩʪʠ ʢʘʜʘ ʰʫʤ ʥʝ ʙʠ 

ʙʠʦ ʧʨʠʩʫʪʘʥ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʚʘʣʠʪʝʪʘ ʦʜʥʦʩʥʦ ʧʨʠʨʦʜʝ ʰʫʤʘ ʧʨʠʩʫʪʥʦʛ ʫ ʩʥʠʤʮʠʤʘ 

ʢʦʨʠʰ˂ʝʥʠʤ ʧʨʠ ʦʙʫʮʠ ʠ ʪʝʩʪʠʨʘˁʫ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʟʥʘʯʘʿʥʠʿʝʛ ʧʦʚʝ˂ʘˁʘ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ 

ʤʦʜʝʣʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʜʦʙʠʿʝʥʦʛ ʧʨʠ ʦʙʫʮʠ ʠ ʪʝʩʪ ʤʦʜʝʣʘ ˁʝʛʦʚʦʛ ʛʦʚʦʨʘ, ʰʪʦ ˂ʝ 

ʨʝʟʫʣʪʦʚʘʪʠ ʥʝʪʘʯʥʠʤ ʧʨʝʧʦʟʥʘʚʘˁʝʤ.   

ʇʨʦʮʝʥʘ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦʛ ʪʠʧʘ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʙʦˀʘ ʿʝ ʫʢʦʣʠʢʦ ʿʝ ʚʝ˂ʠ 

ʩʢʫʧ ʚʝʢʪʦʨʘ ʥʘʜ ʢʦʿʠʤ ʩʝ ʪʘ ʧʨʦʮʝʥʘ ʚʨʰʠ. ʋ ʩʣʫʯʘʿʫ ɻʦʚʦʨʥʝ ʙʘʟʝ 1 ʧʦʩʪʦʿʠ ʰʠʨʠ ʩʢʫʧ 

ʨʘʩʧʦʣʦʞʠʚʠʭ ʚʨʝʜʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʠʭ ʚʝʢʪʦʨʘ MFCCs, ʚʦʢʘʣʠ ʙʠʪʥʠ ʟʘ ʧʨʝʧʦʟʥʘʚʘˁʝ 

ʛʦʚʦʨʥʠʢʘ ʥʘʣʘʟʝ ʩʝ ʫ ʰʠʨʝʤ ʩʧʝʢʪʨʫ ʤʦʛʫ˂ʠʭ ʧʦʟʠʮʠʿʘ ʫ ʢʦʨʠʰ˂ʝʥʠʤ ʨʝʯʠʤʘ. ʋ ɻʦʚʦʨʥʦʿ 

ʙʘʟʠ 2 ʪʦ ʩʫ ʩʘʤʦ ʮʠʬʨʝ ʠ ʧʨʦʤʝʥʘ ʚʨʝʜʥʦʩʪʠ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʫʩʣʦʚˀʝʥʘ ʿʝ ʤʘʣʠʤ ʙʨʦʿʝʤ 

ʨʘʟʣʠʯʠʪʦʩʪʠ ʧʦʿʝʜʠʥʠʭ ʚʦʢʘʣʘ ʫ ʨʝʯʠʤʘ ʫ ʛʦʚʦʨʥʦʿ ʙʘʟʠ. ʆʚʦ ʥʘʨʦʯʠʪʦ ʜʦʣʘʟʠ ʜʦ ʠʟʨʘʞʘʿʘ 

ʧʨʠ ʤʦʜʝʣʦʚʘˁʫ ʩʥʠʤʘʢʘ ʛʦʚʦʨʘ ʢʦʿʠ ʩʫ ʥʘʤʝˁʝʥʠ ʪʝʩʪʠʨʘˁʫ ʧʨʝʧʦʟʥʘʚʘˁʘ. ʀʟʨʝʯʝʥʠ 

ʛʣʘʩʦʚʠ ʫ ʨʝʯʠ ʤʝʹʫʩʦʙʥʦ ʫʪʠʯʫ ʿʝʜʥʠ ʥʘ ʜʨʫʛʝ ʪʿ. ʫʪʠʯʫ ʥʘ ʢʚʘʣʠʪʝʪ ʚʦʢʘʣʘ ʫ ʧʦʩʤʘʪʨʘʥʦʿ 

ʨʝʯʠ. ʆʚʘ ʟʘʚʠʩʥʦʩʪ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʫʟʠʤʘˁʝʤ ʫ ʦʙʟʠʨ ʥʘʿʙʣʠʞʝʛ ʦʢʨʫʞʝˁʘ ʚʦʢʘʣʘ ʫ 

ʧʦʩʤʘʪʨʘʥʦʿ ʨʝʯʠ ʪʿ. ʜʝʢʣʘʨʠʩʘˁʝʤ ʧʦʿʘʚʝ ʦʜʨʝʹʝʥʦʛ ʚʦʢʘʣʘ ʥʘ ʦʜʨʝʹʝʥʦʤ ʤʝʩʪʫ ʫ ʨʝʯʠ ʢʨʦʟ 
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ʪʨʦʟʥʘʢ ʫ ʢʦʤʝ ʟʥʘʢ ʧʦʩʤʘʪʨʘʥʦʛ ʚʦʢʘʣʘ ʟʘʫʟʠʤʘ ʮʝʥʪʨʘʣʥʫ ʧʦʟʠʮʠʿʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʧʦʿʘʚʘ 

ʧʝʪ ʤʦʛʫ˂ʠʭ ʚʦʢʘʣʘ ʫ ɻʦʚʦʨʥʦʿ ʙʘʟʠ 2 ʤʦʞʝ ʩʝ ʦʧʠʩʘʪʠ ʢʨʦʟ ʩʣʝʜʝ˂ʝ ʪʨʦʟʥʘʢʝ:  

¶ ʘ: ʣʘ_, ʜʘʥ, ʚʘ_, ʜʘʤ; 

¶ ʝ: ʿʝʜ, ʯʝʪ, ʧʝʪ, ʰʝʩ, ʩʝʜ; 

¶ ʠ: ʨʠ_, ʪʠʨ, ʨʠ_; 

¶ ʦ: _ʦʩ; 

¶ ʫ: ʥʫʣ. 

ɺʠʜʠ ʩʝ ʜʘ ʩʫ ʚʦʢʘʣʠ ''ʦ'' ʠ ''ʫ'' ʧʨʠʩʫʪʥʠ ʫ ʩʘʤʦ ʧʦ ʿʝʜʥʦʿ ʨʝʯʠ, ʦʩʘʤ ʠ ʥʫʣʘ, ʠ ʤʦʞʝ ʩʝ ʜʝʩʠʪʠ 

ʜʘ ʫ ʪʝʩʪ ʩʥʠʤʢʫ ʦʚʝ ʨʝʯʠ ʙʫʜʫ ʧʨʠʩʫʪʥʝ ʩʘʤʦ ʿʝʜʘʥʧʫʪ. ʇʦʩʪʦʿʘˁʝ ʰʫʤʘ ʫ ʦʚʦʿ ʛʦʚʦʨʥʦʿ ʙʘʟʠ 

ʫʪʠʯʝ ʥʘ ʧʦʤʝʨʘˁʝ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʚʦʢʘʣʠʤʘ ʠ ʩʘʤʠʤ ʪʠʤ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ 

ʧʦʛʨʝʰʥʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ. ʂʘʦ ʧʨʠʤʝʨ ʦʚʘʢʚʦʛ ʩʣʫʯʘʿʘ ʤʦʞʝ ʩʝ ʠʟʜʚʦʿʠʪʠ ʧʨʝʧʦʟʥʘʚʘˁʝ 

ʛʦʚʦʨʥʠʢʘ ID05 ʧʨʠ ʪʝʩʪʫ 1 ʠ ʪʝʩʪ ʠʩʢʘʟʫ ''ʥʫʣʘ ʩʝʜʘʤ ʦʩʘʤ ʿʝʜʘʥ''. ɼʘʢʣʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʫ 

ʪʝʩʪ ʩʥʠʤʢʫ ʧʦʩʪʦʿʝ ʩʘʤʦ ʧʦ ʿʝʜʘʥ ʫʟʦʨʘʢ ʟʘ ʛʣʘʩʦʚʝ ''ʫ'' ʠ ''ʦ'' ʠ ʫ ʩʚʘ ʪʨʠ ʩʣʫʯʘʿʘ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʨʠʢʘʟʘʥʦʛ ʥʘ ʩʣʠʮʠ 5.3 ʛʦʚʦʨʥʠʢ ID05 ʿʝ ʧʦʛʨʝʰʥʦ ʧʨʝʧʦʟʥʘʪ. 
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ʉʣʠʢʘ 5.3. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʩʪ 

ʬʘʿʣʘ, ʥʫʣʪʠ+19 MFCCs, 20 ʧʨʘʚʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. 

1 ï ʧʫʥʘ ʢʦʚʘʨʠʿʘʥʩʥʘ ʤʘʪʨʠʮʘ ʢʘʦ ʤʦʜʝʣ, 

2 ï ʧʫʥʘ ʢʦʚʘʨʠʿʘʥʩʥʘ ʤʘʪʨʠʮʘ ʠʟʫʟʝʚ ʝʣʝʤʝʥʪʘ 0,0S ,  

3 ï ʙʝʟ ʥʫʣʪʦʛ MFCC, 19MFCC ʠ 20 ʧʨʘʚʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. 

 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʪʘʯʥʦʩʪʠ ʦʩʪʚʘʨʝʥʝ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ 

ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʫ ʧʨʚʦʤ ʩʢʫʧʫ ʪʝʩʪʦʚʘ (ʩʣʠʢʘ 5.2 ï 1) ʧʦʢʘʟʠʚʘʣʘ ʿʝ ʜʦʩʪʘ ʤʘˁʫ ʚʨʝʜʥʦʩʪ, ʫ 

ʧʨʦʩʝʢʫ ʚʠʰʝ ʥʝʛʦ ʜʚʦʩʪʨʫʢʦ ʤʘˁʫ ʪʘʯʥʦʩʪ (ʪʘʙʝʣʘ 5.3). ʇʦʰʪʦ ʩʥʠʤʮʠ ʫ ʦʚʦʿ ʛʦʚʦʨʥʦʿ ʙʘʟʠ  

ʥʘʤʝˁʝʥʠ ʦʙʫʮʠ ʠ ʪʝʩʪʫ ʪʝʢʩʪʫʘʣʥʦ ʛʣʝʜʘʥʦ ʠʤʘʿʫ ʠʩʪʝ ʩʘʜʨʞʠʥʝ ʩʣʝʜʠ ʜʘ ʠ ʤʘʣʠ ʩʣʫʯʘʿʥʠ 

ʩʧʦˀʘʰˁʠ ʫʪʠʮʘʿ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʨʘʟʣʠʢʦʚʘˁʘ ʠʟʤʝʹʫ ʤʦʜʝʣʘ ʜʦʙʠʿʝʥʦʛ ʧʨʠ ʦʙʫʮʠ ʠ ʪʝʩʪ 

ʤʦʜʝʣʘ. ʉʪʦʛʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʦʚʘ ʛʦʚʦʨʥʘ ʙʘʟʘ ʫ ʦʜʥʦʩʫ ʥʘ ɻʦʚʦʨʥʫ ʙʘʟʫ 1 

ʦʩʝʪˀʠʚʠʿʘ ʥʘ ʧʨʠʩʫʩʪʚʦ ʩʧʦˀʘʰˁʝʛ ʰʫʤʘ.  ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʚʝ˂ʠ ʥʠʚʦ ʰʫʤʘ ʧʨʠʩʫʪʘʥ ʫ 

ɻʦʚʦʨʥʦʿ ʙʘʟʠ 2, ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦʛ ʨʘʟʤʘʪʨʘˁʘ ʩʣʝʜʠ ʜʘ ʿʝ ʤʘˁʘ ʪʘʯʥʦʩʪ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʦʯʝʢʠʚʘʥʘ. 

 

ʊʠʧ ʪʝʩʪʘ 
ʇʨʦʩʝʯʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ [%] 

ɻʦʚʦʨʥʘ ʙʘʟʘ 1 ɻʦʚʦʨʥʘ ʙʘʟʘ 2 

1 80.87 37.387 

2 87.190 46.88 

3 88.488 55.18 

 

ʊʘʙʝʣʘ 5.3. ʇʨʦʩʝʯʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʨʠ ʨʘʯʫʥʘˁʫ MFCCs ʢʦʨʠʰ˂ʝˁʝʤ 20 

ʧʨʘʚʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʫ ʟʘʚʠʩʥʦʩʪ ʦʜ ʪʠʧʘ ʪʝʩʪʘ (ʩʣʠʢʝ 5.2 ʠ 5.3). 
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ʈʝʣʘʪʠʚʥʠ ʦʜʥʦʩ ʧʨʦʩʝʯʥʠʭ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʩʪʚʘʨʝʥʠʭ ʫ ʧʨʚʦʤ ʩʢʫʧʫ ʪʝʩʪʦʚʘ 

ʥʘʜ ʛʦʚʦʨʥʠʤ ʙʘʟʘʤʘ 1 ʠ 2 ʧʨʠʙʣʠʞʥʦ ʩʝ ʟʘʜʨʞʘʦ ʠ ʟʘ ʦʜʥʦʩʝ ʤʘʢʩʠʤʘʣʥʠʭ ʪʘʯʥʦʩʪʠ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʟʘ ʪʝʩʪʦʚʝ ʠʟʚʨʰʝʥʝ ʥʘʜ ʦʚʝ ʜʚʝ ʛʦʚʦʨʥʝ ʙʘʟʝ. ʅʘʠʤʝ, ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ 

ʧʨʚʦʤ ʩʢʫʧʫ ʪʝʩʪʦʚʘ ʥʘʜ ʜʝʣʦʤ ɻʦʚʦʨʥʝ ʙʘʟʝ 2 ʫ ʦʢʚʠʨʫ ʩʥʠʤʘʢʘ ʠʟ ʧʨʚʝ ʩʝʩʠʿʝ ʜʦʩʪʠʟʘʣʘ ʿʝ 

ʥʘʿʚʝ˂ʫ ʚʨʝʜʥʦʩʪ ʨʝʜʘ 45%. ʆʚʘʢʚʦ ʧʨʠʤʝʪʥʦ ʨʘʟʣʠʢʦʚʘˁʝ ʫ ʦʩʪʚʘʨʝʥʠʤ ʪʘʯʥʦʩʪʠʤʘ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ʦʚʝ ʜʚʝ ʛʦʚʦʨʥʝ ʙʘʟʝ ʫʢʘʟʠʚʘʣʦ ʿʝ ʥʘ ʧʦʪʨʝʙʫ ʜʝʪʘˀʥʠʿʝʛ ʨʘʟʤʘʪʨʘˁʘ 

ʨʘʟʣʠʢʦʚʘˁʘ ʤʦʜʝʣʘ ʜʦʙʠʿʝʥʠʭ ʧʨʠ ʦʙʫʮʠ ʠ ʤʦʜʝʣʘ ʪʝʩʪ ʛʦʚʦʨʥʠʭ ʩʥʠʤʘʢʘ. 

ʋʧʦʨʝʹʫʿʫ˂ʠ ʝʣʝʤʝʥʪʝ ʢʦʚʘʨʠʿʘʥʩʥʠʭ ʤʘʪʨʠʮʘ ʟʘ ʠʩʪʦʛ ʛʦʚʦʨʥʠʢʘ ʜʦʙʠʿʝʥʝ ʧʨʠ ʦʙʫʮʠ ʠ 

ʪʝʩʪʠʨʘˁʫ ʫʦʯʝʥʝ ʩʫ ʧʨʠʤʝʪʥʝ ʨʘʟʣʠʢʝ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʧʨʚʦʛ, 0,0S , ʝʣʝʤʝʥʪʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ 

ʢʦʚʘʨʠʿʘʥʩʥʠʤ ʤʘʪʨʠʮʘʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʨʘʟʣʠʢʦʚʘˁʘ ʦʩʪʘʣʠʭ ʝʣʝʤʝʥʘʪʘ. ʆʚʘʿ ʝʣʝʤʝʥʪ 

ʧʨʝʜʩʪʘʚˀʘ ʚʘʨʠʿʘʥʩʫ ʥʫʣʪʦʛ MFCC ʦʜʥʦʩʥʦ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʟʙʠʨʘ ʢʚʘʜʨʘʪʘ ʥʫʣʪʠʭ MFCCs  

ʧʦʩʤʘʪʨʘʥʠʭ ʨʘʤʦʚʘ ʛʦʚʦʨʘ ʢʦʿʠ ʩʫ ʤʦʜʝʣʦʚʘʥʠ ʧʦʩʤʘʪʨʘʥʦʤ ʢʦʚʘʨʠʿʘʥʩʥʦʤ ʤʘʪʨʠʮʦʤ. 

ɼʘʢʣʝ ʦʥ ʧʨʝʜʩʪʘʚˀʘ ʫʧʨʦʩʝʯʝʥʫ ʝʥʝʨʛʠʿʩʢʫ ʩʣʠʢʫ ʥʫʣʪʦʛ MFCC ʠ ʢʘʦ ʪʘʢʘʚ ʚʝʦʤʘ ʿʝ ʟʘʚʠʩʘʥ 

ʢʘʢʦ ʦʜ ʛʣʘʩʦʚʥʝ ʩʘʜʨʞʠʥʝ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʘ ʪʘʢʦ ʠ ʦʜ ʧʨʠʩʫʩʪʚʘ ʝʚʝʥʪʫʘʣʥʦʛ ʰʫʤʘ ʫ 

ʛʦʚʦʨʥʠʤ ʩʥʠʤʮʠʤʘ. ʇʦʩʣʝʜʠʯʥʦ, ʚʨʝʜʥʦʩʪ ʝʥʝʨʛʠʿʝ ʥʫʣʪʦʛ MFCC ʤʦʞʝ ʩʝ ʜʦʩʪʘ 

ʨʘʟʣʠʢʦʚʘʪʠ ʫ ʢʦʚʘʨʠʿʘʥʩʥʦʿ ʤʘʪʨʠʮʠ ʠʟʨʘʯʫʥʘʪʦʿ ʥʘ ʦʩʥʦʚʫ ʩʢʫʧʘ ʛʦʚʦʨʥʠʭ ʩʥʠʤʘʢʘ 

ʥʘʤʝˁʝʥʠʭ ʦʙʫʮʠ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʠʩʪʦʤ ʤʝʩʪʫ ʫ ʢʦʚʘʨʠʿʘʥʩʥʦʿ ʤʘʪʨʠʮʠ 

ʧʨʦʨʘʯʫʥʘʪʦʿ ʥʘ ʦʩʥʦʚʫ ʪʝʩʪ ʩʥʠʤʢʘ ʟʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ. ʄʦʜʝʣ ʛʦʚʦʨʥʠʢʘ ʢʘʦ ʤʦʜʝʣ 

ˁʝʛʦʚʦʛ ʛʣʘʩʘ ʪʨʝʙʘʦ ʙʠ ʜʘ ʫ ʩʝʙʠ ʩʘʜʨʞʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ˁʝʛʦʚʦʤ ʛʣʘʩʫ ʢʦʿʝ ʥʠʩʫ ʟʥʘʯʘʿʥʦ 

ʟʘʚʠʩʥʝ ʦʜ ʪʝʢʩʪʫʘʣʥʝ ʩʘʜʨʞʠʥʝ, ʧʦʰʪʦ ʫ ʨʝʘʣʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ 

ʛʦʚʦʨʥʠʢʘ ʦʜʣʫʢʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʥʝ ʙʠ ʪʨʝʙʘʣʘ ʙʠʪʠ, ʙʘʨ ʥʝ ʟʥʘʯʘʿʥʦ, 

ʫʩʣʦʚˀʝʥʘ ʩʘʜʨʞʠʥʦʤ ʪʝʢʩʪʘ ʛʦʚʦʨʥʠʢʦʚʦʛ ʠʟʛʦʚʦʨʘ. 

ʉʪʦʛʘ ʿʝ ʫ ʩʣʝʜʝ˂ʝʤ ʢʦʨʘʢʫ ʪʝʩʪʠʨʘˁʘ ʠʟʚʨʰʝʥʦ ʠʩʧʠʪʠʚʘˁʝ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ 

ʢʘʜʘ ʩʝ ʟʘ ʠʩʪʫ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ, ʥʫʣʪʠ ʠ ʧʨʚʠʭ 19 MFCCs, ʧʨʚʠ ʝʣʝʤʝʥʪ ʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʢʦʚʘʨʠʿʘʥʩʥʠʤ ʤʘʪʨʠʮʘʤʘ ʧʦʩʪʘʚʠ ʥʘ ʥʫʣʪʫ ʚʨʝʜʥʦʩʪ ʦʜʥʦʩʥʦ ʠʟʚʨʰʠ 

ʟʘʥʝʤʘʨʠʚʘˁʝ ˁʝʛʦʚʦʛ ʫʪʠʮʘʿʘ. ʆʚʘ ʧʨʝʧʨʘʚʢʘ ʫ ʢʦʚʘʨʠʿʘʥʩʥʠʤ ʤʘʪʨʠʮʘʤʘ ʜʦʙʠʿʝʥʠʤ ʧʨʠ 

ʦʙʫʮʠ ʦʜʥʦʩʥʦ ʪʝʩʪʠʨʘˁʫ ʨʝʟʫʣʪʦʚʘʣʘ ʿʝ ʧʦʚʝ˂ʘˁʝʤ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ʦʙʝ ʛʦʚʦʨʥʝ 

ʙʘʟʝ, ʰʪʦ ʩʝ ʫʦʯʘʚʘ ʫ ʧʦʩʪʠʛʥʫʪʠʤ ʪʘʯʥʦʩʪʠʤʘ ʫ ʧʦʿʝʜʠʥʘʯʥʠʤ ʪʝʩʪʦʚʠʤʘ (ʩʣʠʢʝ 5.2 ï 2 ʠ 5.3 

ï 2) ʢʘʦ ʠ ʫ ʦʩʪʚʘʨʝʥʦʿ ʧʨʦʩʝʯʥʦʿ ʪʘʯʥʦʩʪʠ ʫ ʩʢʫʧʫ ʪʝʩʪʦʚʘ 2 (ʪʘʙʝʣʘ 5.3). ʊʝʩʪ 5 ʥʘʜ 

ʛʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʨʝʟʫʣʪʦʚʘʦ ʿʝ ʪʘʯʥʦʰ˂ʫ 100%, ʪʘʢʦʹʝ ʪʝʩʪʦʚʠ 8 ʠ 13 ʨʝʟʫʣʪʦʚʘʣʠ ʩʫ 

ʪʘʯʥʦʰ˂ʫ ʧʨʝʢʦ 95%. ʊʝʩʪ 5 ʥʘ ʠʟʚʝʩʪʘʥ ʥʘʯʠʥ ʧʦʪʚʨʹʫʿʝ ʠ ʟʥʘʯʘʿʥʦʩʪ ʙʨʦʿʘ ʚʦʢʘʣʘ ʫ 

ʛʦʚʦʨʥʠʢʦʚʦʤ ʠʩʢʘʟʫ, ʧʦʰʪʦ ʪʝʩʪ ʩʥʠʤʘʢ ʠʟ ʪʝʩʪʘ 5 ʫʟ ʪʝʩʪ ʩʥʠʤʘʢ ʠʟ ʪʝʩʪʘ 14 ʩʘʜʨʞʠ 

ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʚʦʢʘʣʘ (ʪʘʙʝʣʘ 5.2). ʇʦʰʪʦ ʿʝ ʫ ɻʦʚʦʨʥʦʿ ʙʘʟʠ 2 ʧʨʠʩʫʪʘʥ ʠʟʨʘʞʝʥʠʿʠ ʰʫʤ, 

ʧʦʟʠʪʠʚʥʘ  ʧʦʩʣʝʜʠʮʘ ʠʟʫʟʠʤʘˁʘ ʧʨʚʦʛ ʯʣʘʥʘ ʫ ʢʦʚʘʨʠʿʘʥʩʥʦʿ ʤʘʪʨʠʮʠ ʚʠʰʝ ʩʝ ʦʩʝ˂ʘ ʫ 

ʪʝʩʪʦʚʠʤʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2.  

ʋʪʠʮʘʿ ʥʫʣʪʦʛ MFCC ʦʜʨʘʞʘʚʘ ʩʝ ʠ ʫ ʦʩʪʘʣʠʤ ʝʣʝʤʝʥʪʠʤʘ ʢʦʚʘʨʠʿʘʥʩʥʠʭ ʤʘʪʨʠʮʘ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʦʚʘʨʠʿʘʥʩʫ ʠʟʤʝʹʫ ʥʫʣʪʦʛ ʠ ʦʩʪʘʣʠʭ MFCCs. ʆʚʦ ʩʝ ʪʘʢʦʹʝ ʜʘ ʧʨʠʤʝʪʠʪʠ ʫ 

ʠʟʨʘʞʝʥʠʿʦʿ ʤʝʨʠ ʨʘʟʣʠʢʦʚʘˁʘ ʝʣʝʤʝʥʘʪʘ ʢʦʚʘʨʠʿʘʥʩʥʠʭ ʤʘʪʨʠʮʘ ʜʦʙʠʿʝʥʠʭ ʧʨʠ ʦʙʫʮʠ ʠ 

ʪʝʩʪʫ ʟʘ ʠʩʪʦʛ ʛʦʚʦʨʥʠʢʘ ʥʘ ʦʚʠʤ ʤʝʩʪʠʤʘ (1,02,01,0 ,...,, -SSS d  ʦʜʥʦʩʥʦ 0,10,20,1 ,...,, -SSS d ) ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʝʣʝʤʝʥʪʝ ʥʘ ʦʩʪʘʣʠʤ ʤʝʩʪʠʤʘ ʫ ʢʦʿʠʤʘ ʥʝʤʘ ʫʪʠʮʘʿʘ ʥʫʣʪʦʛ MFCC-ʘ. 

ʀʟ ʠʟʣʦʞʝʥʦʛ ʩʣʝʜʠ ʜʘ ʥʫʣʪʠ MFCC ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʦʩʠ ʦʜʩʪʫʧʘˁʫ ʠʟʤʝʹʫ ʤʦʜʝʣʘ ʛʦʚʦʨʘ 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʜʦʙʠʿʝʥʦʛ ʧʨʠ ʦʙʫʮʠ ʠ ʧʨʠ ʪʝʩʪʫ ʪʘʢʦ ʜʘ ʿʝ ʠʟʚʨʰʝʥʦ ʪʝʩʪʠʨʘˁʝ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʙʝʟ  ʥʫʣʪʦʛ MFCC ʜʘ ʙʠ ʩʝ ʫ ʦʜʨʝʹʝʥʦʿ ʤʝʨʠ ʠʟʙʝʛʣʠ ʜʠʨʝʢʪʥʠ ʫʪʠʮʘʿʠ 

ʪʝʢʩʪʫʘʣʥʝ ʩʘʜʨʞʠʥʝ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʘ ʢʘʦ ʠ ʧʨʠʩʫʪʥʦʛ ʰʫʤʘ ʧʨʠ ʧʨʝʧʦʟʥʘʚʘˁʫ 

ʛʦʚʦʨʥʠʢʘ. 

ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ ʜʦʙʠʿʝʥʝ ʧʨʠ ʦʙʫʮʠ ʠ ʪʝʩʪʫ ʟʘ ʠʩʪʦʛ ʛʦʚʦʨʥʠʢʘ 

ʢʘʜʘ ʿʝ ʠʟ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʠʟʫʟʝʪ ʥʫʣʪʠ MFCC ʠ ʟʘʜʨʞʘʥʦ ʧʨʝʦʩʪʘʣʠʭ 19 MFCCs ʫʦʯʝʥʦ ʿʝ 

ʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʝʣʝʤʝʥʘʪʘ ʥʘ ʠʩʪʠʤ ʤʝʩʪʠʤʘ ʤʝʹʫʩʦʙʥʦ ʫʿʝʜʥʘʯʝʥʠʿʝ. ʀʟʙʝʛʥʫʪ ʿʝ ʫʪʠʮʘʿ 

ʥʫʣʪʦʛ MFCC-ʘ ʢʦʿʠ ʿʝ ʨʝʟʫʣʪʦʚʘʦ ʥʘʿʚʝ˂ʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʥʘ ʧʨʚʠʤ ʤʝʩʪʠʤʘ ʫ ʢʦʚʘʨʠʿʘʥʩʥʠʤ 

ʤʘʪʨʠʮʘʤʘ ʤʦʜʝʣʘ ʠ ʩʘʤʠʤ ʪʠʤ ʫʟʨʦʢʦʚʘʦ ʚʝ˂ʝ ʦʜʩʪʫʧʘˁʝ ʠʟʤʝʹʫ ʤʦʜʝʣʘ ʜʦʙʠʿʝʥʠʭ ʧʨʠ 

ʦʙʫʮʠ ʠ ʪʝʩʪ ʤʦʜʝʣʘ. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʩʝ ʧʦʚʝ˂ʘʣʘ ʥʘʜ ʦʙʝ ʛʦʚʦʨʥʝ ʙʘʟʝ, ʰʪʦ ʿʝ ʩʘʜʘ 

ʙʠʣʦ ʜʦʩʪʘ ʠʟʨʘʞʝʥʠʿʝ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 (ʩʣʠʢʝ: 5.2 ï 3, 5.3 ï 3, ʪʘʙʝʣʘ 5.3). 
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ʅʘʠʤʝ, ʫ ʧʨʚʘ ʯʝʪʠʨʠ ʪʝʩʪʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʪʘʯʥʦʩʪ ʩʝ ʫ ʠʟʚʝʩʥʦʿ ʤʝʨʠ ʩʤʘˁʠʣʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ʫ ʤʦʜʝʣʠʤʘ ʟʘʥʝʤʘʨʝʥ ʩʘʤʦ ʧʨʚʠ ʜʠʿʘʛʦʥʘʣʥʠ ʝʣʝʤʝʥʪ ʢʦʿʠ ʿʝ 

ʜʠʨʝʢʪʥʘ ʧʦʩʣʝʜʠʮʘ ʥʫʣʪʦʛ MFCC. ʉʤʘˁʝˁʝ ʿʝ ʥʘʿʠʟʨʘʞʝʥʠʿʝ ʫ ʪʝʩʪʫ ʧʨʝʧʦʟʥʘʚʘˁʘ 

ʛʦʚʦʨʥʠʢʘ ʥʘʜ ʩʢʫʧʦʤ ʮʠʬʘʨʘ 1 ï 5 ʠ ʪʘʜʘ ʿʝ ʪʘʯʥʦʩʪ ʥʝʰʪʦ ʤʘˁʘ ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʩʫ 

ʢʘʦ ʤʦʜʝʣʠ ʢʦʨʠʰ˂ʝʥʝ ʧʫʥʝ ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʪʝʩʪʦʚʠʤʘ 2, 3 ʠ 

4 ʙʠʣʘ ʿʝ ʚʝ˂ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʯʥʦʩʪ ʦʩʪʚʘʨʝʥʫ ʢʘʜʘ ʩʫ ʢʘʦ ʤʦʜʝʣʠ ʢʦʨʠʰ˂ʝʥʝ ʧʫʥʝ 

ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ. ʆʩʪʘʣʠ ʪʝʩʪʦʚʠ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʨʝʟʫʣʪʦʚʘʣʠ ʩʫ ʪʘʯʥʦʰ˂ʫ ʢʦʿʘ 

ʿʝ ʙʠʣʘ ʥʘ ʥʠʚʦʫ ʠʣʠ ʿʝ ʧʨʝʚʘʟʠʣʘʟʠʣʘ ʪʘʯʥʦʩʪ ʧʦʩʪʠʛʥʫʪʫ ʢʘʜʘ ʩʫ ʢʘʦ ʤʦʜʝʣʠ ʢʦʨʠʰ˂ʝʥʝ 

ʧʫʥʝ ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ ʙʝʟ ʧʨʚʦʛ ʜʠʿʘʛʦʥʘʣʥʦʛ ʝʣʝʤʝʥʪʘ. 

ʊʝʩʪʦʚʠ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʧʦʢʘʟʫʿʫ ʩʘʤʦ ʿʝʜʘʥ ʩʣʫʯʘʿ, ʪʝʩʪ 2 (ʩʣʠʢʘ 5.3 ï 3), ʢʘʜʘ ʿʝ 

ʠʟʫʟʠʤʘˁʝ ʥʫʣʪʦʛ MFCC ʧʦʛʦʨʰʘʣʦ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ʠʟ 

ʤʦʜʝʣʘ ʠʟʫʟʝʪ ʩʘʤʦ ʝʣʝʤʝʥʪ ʢʦʿʠ ʿʝ ʜʠʨʝʢʪʥʘ ˁʝʛʦʚʘ ʧʦʩʣʝʜʠʮʘ. ʉʚʠ ʦʩʪʘʣʠ ʪʝʩʪʦʚʠ 

ʨʝʟʫʣʪʦʚʘʣʠ ʩʫ ʧʦʙʦˀʰʘˁʝʤ ʪʘʯʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʠ ʩʢʫʧ ʪʝʩʪʦʚʘ. ʊʝʩʪ 9 ʿʝ 

ʧʦʢʘʟʠʚʘʦ ʚʨʰʥʫ ʚʨʝʜʥʦʩʪ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʨʝʜʘ 70% ʰʪʦ ʿʝ ʧʨʝʜʩʪʘʚˀʘʣʦ ʨʝʣʘʪʠʚʥʦ 

ʧʦʙʦˀʰʘˁʝ ʟʘ ʚʠʰʝ ʦʜ 30% ʫ ʦʜʥʦʩʫ ʥʘ ʠʩʪʠ ʪʝʩʪ ʢʘʜʘ ʿʝ ʫ ʚʝʢʪʦʨʠʤʘ ʦʙʝʣʝʞʿʘ ʢʦʨʠʰ˂ʝʥ 

ʥʫʣʪʠ MFCC ʠ ʢʘʦ ʤʦʜʝʣʠ ʢʦʨʠʰ˂ʝʥʝ ʧʫʥʝ ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ. 

ʇʨʠ ʘʥʘʣʠʟʠ ʚʨʝʜʥʦʩʪʠ ʝʣʝʤʝʥʘʪʘ ʢʦʚʘʨʠʿʘʥʩʥʠʭ ʤʘʪʨʠʮʘ ʜʦʙʠʿʝʥʠʭ ʥʘ ʦʩʥʦʚʫ ʚʝʢʪʦʨʘ 

ʦʙʝʣʝʞʿʘ ʢʦʿʠ ʩʫ ʩʘʜʨʞʘʣʠ ʠ ʥʫʣʪʠ MFCC ʫʦʯʝʥʦ ʿʝ ʜʘ ʧʦʨʝʜ ʟʥʘʯʘʿʥʦʛ ʨʘʟʣʠʢʦʚʘˁʘ ʧʨʚʦʛ 

ʜʠʿʘʛʦʥʘʣʥʦʛ ʝʣʝʤʝʥʪʘ ʫ ʢʦʚʘʨʠʿʘʥʩʥʠʤ ʤʘʪʨʠʮʘʤʘ ʦʙʫʢʝ ʠ ʪʝʩʪʘ ʟʘ ʠʩʪʝ ʛʦʚʦʨʥʠʢʝ ʧʦʩʪʦʿʠ ʠ 

ʠʩʪʘʢʥʫʪʠʿʝ ʨʘʟʣʠʢʦʚʘˁʝ ʧʦʩʣʝʜˁʝʛ ʜʠʿʘʛʦʥʘʣʥʦʛ ʝʣʝʤʝʥʪʘ, ʝʣʝʤʝʥʪʘ 19,19S , ʢʦʿʠ ʿʝ ʜʠʨʝʢʪʥʘ 

ʧʦʩʣʝʜʠʮʘ 19-ʪʦʛ MFCC-ʘ. ʄʝʹʫʩʦʙʥʘ ʨʘʟʣʠʢʦʚʘˁʘ ʦʚʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʚʘʨʠʿʘʥʩʥʠʭ ʤʘʪʨʠʮʘ 

ʟʘ ʠʩʪʝ ʛʦʚʦʨʥʠʢʝ ʩʫ ʧʨʠʙʣʠʞʥʦ ʥʝʢʦʣʠʢʦ ʧʫʪʘ ʤʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʨʘʟʣʠʢʦʚʘˁʘ ʧʨʚʦʛ 

ʜʠʿʘʛʦʥʘʣʥʦʛ ʝʣʝʤʝʥʪʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʪʝʞˁʫ ʟʘ ʰʪʦ ʧʨʝʮʠʟʥʠʿʦʤ ʧʨʝʜʩʪʘʚʦʤ ʛʦʚʦʨʥʠʢʘ ʫ 

ʨʘʩʧʦʣʦʞʠʚʦʤ ʩʢʫʧʫ ʦʙʝʣʝʞʿʘ ʢʘʦ ʠ ʯʠˁʝʥʠʮʫ ʜʘ MFCC-ʠ ʨʝʜʘ ʠʟʥʘʜ ʥʫʣʪʦʛ ʦʜʩʣʠʢʘʚʘʿʫ 

ʬʠʥʠʿʝ ʣʦʛʘʨʠʪʘʤʩʢʝ ʝʥʝʨʛʝʪʩʢʦ-ʩʧʝʢʪʨʘʣʥʝ ʜʝʪʘˀʝ ʦʜʥʦʩʥʦ ʣʦʛʘʨʠʪʘʤʩʢʝ ʝʥʝʨʛʝʪʩʢʝ ʜʝʪʘˀʝ 

ʥʘ ʚʠʰʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʨʘʤʫ ʛʦʚʦʨʘ ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʮʝʣʦʢʫʧʥʦʤ ʛʦʚʦʨʥʦʤ 

ʩʠʛʥʘʣʫ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʥʫʣʪʦʛ MFCC ʫ ʜʘˀʠʤ ʪʝʩʪʦʚʠʤʘ, ʫʩʤʝʨʝʥʠʤ ʢʘ ʧʦʙʦˀʰʘˁʫ 

ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʨʠʰ˂ʝʥʠʭ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ ʨʘʜʠ ʪʘʯʥʠʿʝʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ 

ʛʦʚʦʨʥʠʢʘ, ʟʘʜʨʞʘʥ ʿʝ 19-ʪʠ MFCC, ʪʘʢʦ ʜʘ ʿʝ ʚʝʢʪʦʨ ʦʙʝʣʝʞʿʘ ʯʠʥʠʣʦ ʧʨʚʠʭ 19 MFCC.     

 

5.2. ʇʆɹʆɲʐɸɳɽ ʊɸʏʅʆʉʊʀ ʇʈɽʇʆɿʅɸɺɸɳɸ ʇʈʆʄɽʅʆʄ 

ʆɹʃʀʂɸ ʂʈʀʊʀʏʅʆɻ ʆʇʉɽɻɸ 
 

ʋ ʧʦʩʪʫʧʢʫ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʙʣʠʢʘ ʜʝʦ ʟʘ ʠʟʜʚʘʿʘˁʝ ʦʙʝʣʝʞʿʘ ʜʠʨʝʢʪʥʦ 

ʫʪʠʯʝ ʥʘ ʦʩʪʚʘʨʝʥʫ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ. ɳʝʛʦʚʠ ʫʪʠʮʘʿʠ ʩʝ ʧʨʠʤʝ˂ʫʿʫ ʫ ʩʚʘʢʦʤ ʥʘʨʝʜʥʦʤ 

ʩʝʛʤʝʥʪʫ ʢʦʿʠ ʯʠʥʠ ʮʝʣʠʥʫ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ. ʋ ʩʣʫʯʘʿʫ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ 

ʛʦʚʦʨʥʠʢʘ ʦʚʜʝ ʩʫ ʢʘʦ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ ʛʦʚʦʨʥʠʢʘ ʧʦʩʤʘʪʨʘʥʠ MFCCs. ʀʟ ʧʨʝʪʭʦʜʥʦʛ 

ʨʘʟʤʘʪʨʘˁʘ ʝʚʠʜʝʥʪʥʦ ʿʝ ʜʘ ʫʢʣʘˁʘˁʝ ʜʝʣʦʚʘ ʤʦʜʝʣʘ ʠʟ ʧʦʩʤʘʪʨʘʥʠʭ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ ʢʦʿʠ 

ʥʠʩʫ ʜʠʨʝʢʪʥʘ ʧʦʩʣʝʜʠʮʘ ʛʣʘʩʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ, ʥʝʛʦ ʟʘʚʠʩʝ ʠ ʦʜ ʪʝʢʩʪʘ ʢʦʿʠ ʿʝ 

ʠʟʛʦʚʦʨʝʥ ʢʘʦ ʠ ʦʜ ʧʨʠʩʫʪʥʦʛ ʰʫʤʘ, ʚʦʜʠ ʢʘ ʧʦʙʦˀʰʘˁʫ ʪʘʯʥʦʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ.  

ʂʦʨʠʰ˂ʝʥʘ ʿʝʜʥʘʢʦʩʪ 4.19 ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ MFCCs ʫʢʘʟʫʿʝ ʜʘ ˁʠʭʦʚʝ ʚʨʝʜʥʦʩʪʠ 

ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʝ ʦʜ ʣʦʛʘʨʠʪʘʤʘ ʝʥʝʨʛʠʿʘ ʫ ʧʦʩʤʘʪʨʘʥʠʤ ʯʫʿʥʠʤ ʢʨʠʪʠʯʥʠʤ ʦʧʩʝʟʠʤʘ. ɿʘ 

ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥ ʨʘʩʧʦʨʝʜ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʢʦʿʠ ʩʝ ʦʛʣʝʜʘ ʫ 20 ʦʧʩʝʛʘ ʰʠʨʠʥʝ 300 

ʤʝʣʘ ʧʨʠ ʯʝʤʫ ʿʝ ʩʚʘʢʠ ʥʘʨʝʜʥʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʠ ʦʧʩʝʛ ʥʘ ʬʨʝʢʚʝʥʪʥʦʿ ʦʩʠ ʧʦʤʝʨʝʥ 

ʫʥʘʧʨʝʜ ʟʘ 150 ʤʝʣʘ, ʩʘʜʨʞʘʥʠ ʣʦʛʘʨʠʪʘʤ ʝʥʝʨʛʠʿʝ ʫ ʦʢʚʠʨʫ ʪʘʢʦ ʨʘʩʧʦʨʝʹʝʥʠʭ ʦʧʩʝʛʘ 

ʜʠʨʝʢʪʥʘ ʿʝ ʧʦʩʣʝʜʠʮʘ ʦʙʣʠʢʘ ʧʦʩʪʘʚˀʝʥʠʭ ʦʧʩʝʛʘ.   

ʉʚʦʿʩʪʚʦ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʢʦʿʝ ʩʝ ʦʛʣʝʜʘ ʫ ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʜʝʪʝʢʪʦʚʘˁʘ ʜʚʘ ʪʦʥʘ 

ʨʘʟʣʠʯʠʪʠʭ ʬʨʝʢʚʝʥʮʠʿʘ ʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫʥʫʪʘʨ ʠʩʪʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʩʘ ʩʪʘʥʦʚʠʰʪʘ 

ʜʝʪʝʢʮʠʿʝ ʟʚʫʢʘ ʦʜʣʠʢʫʿʝ ʩʝ ʩʝʣʝʢʪʠʚʥʦʰ˂ʫ ʫ ʦʜʨʝʹʝʥʦʤ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ. ʆʚʘ ʧʦʿʘʚʘ 

ʚʝʟʘʥʘ ʟʘ ʦʩʝ˂ʘʿ ʚʠʩʠʥʝ ʪʦʥʦʚʘ ʙʣʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ ʪʘʢʦʹʝ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ ʧʦʿʘʚʦʤ ʤʘʩʢʠʨʘˁʘ 

ʜʚʘ ʙʣʠʩʢʘ ʪʦʥʘ. ʆʩʦʙʝʥʦʩʪ ʧʦʿʘʚʝ ʤʘʩʢʠʨʘˁʘ ʦʛʣʝʜʘ ʩʝ ʫ ʪʦʤʝ ʜʘ ʩʣʫʰʘʣʘʮ ʦʜ ʜʚʘ ʪʦʥʘ ʥʘ 
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ʙʣʠʩʢʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ ʯʫʿʝ ʪʦʥ ʯʠʿʘ ʿʝ ʘʤʧʣʠʪʫʜʘ ʚʝ˂ʘ ʧʨʠ ʯʝʤʫ ʿʝ ʨʝʟʫʣʪʘʥʪʥʘ ʛʣʘʩʥʦʩʪ 

ʢʦʿʫ ʩʣʫʰʘʣʘʮ ʯʫʿʝ ʧʦʩʣʝʜʠʮʘ ʤʝʹʫʩʦʙʥʦʛ ʩʣʘʛʘˁʘ ʪʿ. ʠʥʪʝʨʬʝʨʝʥʮʠʿʝ ʧʨʠʤʝˁʝʥʠʭ ʪʦʥʦʚʘ. 

ɹʨʦʿʯʘʥʦ ʧʦʩʤʘʪʨʘʥʦ ʢʘʦ ʝʢʚʠʚʘʣʝʥʪ ʛʣʘʩʥʦʩʪʠ ʤʦʞʝ ʩʝ ʧʦʩʤʘʪʨʘʪʠ ʣʦʛʘʨʠʪʘʤ ʝʥʝʨʛʠʿʝ. 

ʇʦʿʘʤ ʙʣʠʩʢʦʩʪʠ ʪʦʥʦʚʘ ʫ ʩʤʠʩʣʫ ʤʦʛʫ˂ʥʦʩʪʠ ʨʘʟʣʠʢʦʚʘˁʘ ˁʠʭʦʚʠʭ ʫʯʝʩʪʘʥʦʩʪʠ ʪʿ. ʚʠʩʠʥʘ 

ʫʟʝʪ ʿʝ ʫ ʦʙʟʠʨ ʢʨʦʟ ʢʦʥʮʝʧʪ ʘʫʜʠʪʦʨʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. ʅʘʠʤʝ, ʩʣʫʰʘʣʘʮ ʚʠʩʠʥʫ ʜʚʘ ʠʣʠ 

ʚʠʰʝ ʪʦʥʦʚʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʦʢʚʠʨʫ ʠʩʪʦʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʯʫʿʝ ʢʘʦ ʪʦʥ ʥʘ ʚʠʩʠʥʠ 

ʪʦʥʘ ʥʘʿʚʝ˂ʝ ʛʣʘʩʥʦʩʪʠ ʧʨʠ ʯʝʤʫ ʿʝ ʫʢʫʧʥʘ ʛʣʘʩʥʦʩʪ ʢʦʿʫ ʩʣʫʰʘʣʘʮ ʯʫʿʝ ʨʝʟʫʣʪʘʪ ʩʣʘʛʘˁʘ 

ʧʨʠʩʫʪʥʠʭ ʪʦʥʦʚʘ. ɼʘʢʣʝ, ʟʘ ʚʝ˂ ʧʦʩʪʦʿʝ˂ʠ ʛʦʚʦʨʥʠ ʩʠʛʥʘʣ ʩʚʦʿʩʪʚʝʥʦʩʪ ʦʜʨʝʹʝʥʦʛ ʯʫʿʥʦʛ 

ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʦʛʣʝʜʘ ʩʝ ʫ ʛʣʘʩʥʦʩʪʠ ʢʦʿʫ ʙʠ ʤʦʛʫ˂ʠ ʩʣʫʰʘʣʘʮ ʯʫʦ ʥʘ ʚʠʩʠʥʠ ʩʧʝʢʪʨʘʣʥʝ 

ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʯʫʿʥʦʤ ʢʨʠʪʠʯʥʦʤ ʦʧʩʝʛʫ ʠʤʘ ʥʘʿʚʝ˂ʫ ʘʤʧʣʠʪʫʜʫ. 

ɽʥʝʨʛʝʪʩʢʘ ʩʚʦʿʩʪʚʝʥʦʩʪ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʫʚʝʜʝʥʘ ʿʝ ʫ ʢʦʥʮʝʧʪ ʠʟʨʘʯʫʥʘʚʘˁʘ MFCCs 

ʢʨʦʟ ʣʦʛʘʨʠʪʤʝ ʝʥʝʨʛʠʿʘ ʫ ʦʢʚʠʨʫ ʫʥʘʧʨʝʜ ʨʘʩʧʦʨʝʹʝʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. 

ʀʟʨʘʯʫʥʘʚʘˁʝʤ MFCCs ʢʘʦ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʥʘ ʦʚʘʿ ʥʘʯʠʥ, ʫ 

ʚʝʢʪʦʨʠʤʘ ʦʙʝʣʝʞʿʘ ʩʝ ʧʦʢʫʰʘʚʘ ʩʘʯʫʚʘʪʠ ʦʥʘʢʚʘ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʛʦʚʦʨʥʠʢʫ ʢʘʢʦ ʙʠ ʿʝ 

ʜʦʞʠʚʝʦ ʠ  ʤʦʛʫ˂ʠ ʩʣʫʰʘʣʘʮ ʢʦʿʠ ʿʝ ʪʘʢʦʹʝ ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʫ ʩʪʘˁʫ ʜʘ ʧʨʝʧʦʟʥʘ ʛʦʚʦʨʥʠʢʘ 

ʠʣʠ ʜʘ ʛʘ ʢʣʘʩʠʬʠʢʫʿʝ ʢʘʦ ʥʝʧʦʟʥʘʪʦʛ. 

ʆʙʣʠʢ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʜʝʬʠʥʠʰʝ ʥʘʯʠʥ ʩʣʘʛʘˁʘ ʦʜʥʦʩʥʦ ʠʥʪʝʨʬʝʨʠʨʘˁʘ 

ʝʥʝʨʛʠʿʘ ʧʦʿʝʜʠʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʫʥʫʪʘʨ ˁʝʛʘ. ʇʨʘʚʦʫʛʘʦʥʠ ʦʙʣʠʢ ʢʚʘʜʨʘʪʘ ʘʤʧʣʠʪʫʜʩʢʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʧʦʜʨʘʟʫʤʝʚʘ ʧʦʜʿʝʜʥʘʢʫ ʚʘʞʥʦʩʪ ʩʚʠʭ ʩʧʝʢʪʨʘʣʥʠʭ 

ʢʦʤʧʦʥʝʥʘʪʘ ʫʥʫʪʘʨ ˁʝʛʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʥʠʿʝ ʫʟʝʪʘ ʫ ʦʙʟʠʨ ʩʧʦʩʦʙʥʦʩʪ ʩʣʫʰʘʦʮʘ ʜʘ ʩʝ 

ʫʩʨʝʜʩʨʝʜʠ ʥʘ ʦʜʨʝʹʝʥʠ ʪʦʥ ʯʠʿʫ ʚʠʩʠʥʫ ʥʘ ʦʩʥʦʚʫ ʝʥʝʨʛʝʪʩʢʝ ʜʦʤʠʥʘʥʪʥʦʩʪʠ ʯʫʿʝ. ʅʘ ʪʘʿ 

ʥʘʯʠʥ ʦʩʪʘʣʝ ʩʧʝʢʪʨʘʣʥʝ ʢʦʤʧʦʥʝʥʪʝ ʫʥʫʪʘʨ ʧʦʩʤʘʪʨʘʥʦʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʜʘʿʫ ʤʘˁʠ 

ʝʥʝʨʛʝʪʩʢʠ ʜʦʧʨʠʥʦʩ ʫ ʦʜʥʦʩʫ ʥʘ ʜʦʤʠʥʘʥʪʥʠ ʪʦʥ, ʫʢʫʧʥʦʤ ʦʩʝ˂ʘʿʫ ʛʣʘʩʥʦʩʪʠ ʩʣʫʰʘʦʮʘ. 

ʆʧʩʝʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʚʝʟʘʥ ʿʝ ʟʘ ʪʦʥ ʜʦʤʠʥʘʥʪʥʝ ʝʥʝʨʛʠʿʝ ʠ ˁʝʛʦʚʫ ʥʘʿʙʣʠʞʫ 

ʦʢʦʣʠʥʫ ʰʪʦ ʟʥʘʯʠ ʜʘ ʧʦʩʤʘʪʨʘʿʫ˂ʠ ʛʘ ʫ ʬʨʝʢʚʝʥʪʥʦʤ ʜʦʤʝʥʫ ʫʯʝʩʪʘʥʦʩʪʠ ʠʟʨʘʞʝʥʠʭ ʫ Hz 

ʦʧʩʝʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʿʝ ʩʠʤʝʪʨʠʯʘʥ ʫ ʦʜʥʦʩʫ ʥʘ ʮʝʥʪʨʘʣʥʫ ʧʦʟʠʮʠʿʫ ʥʘ ʢʦʿʦʿ ʩʝ 

ʥʘʣʘʟʠ ʪʦʥ ʜʦʤʠʥʘʥʪʥʝ ʝʥʝʨʛʠʿʝ. ʋʢʦʣʠʢʦ ʩʝ ʬʨʝʢʚʝʥʪʥʘ ʩʢʘʣʘ ʧʦʩʤʘʪʨʘ ʫ ʤʝʣʠʤʘ, 

ʩʠʤʝʪʨʠʯʥʦʩʪ ʫ ʤʝʣʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʮʝʥʪʨʘʣʥʫ ʧʦʟʠʮʠʿʫ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʙʠ ʩʝ 

ʧʨʝʪʚʦʨʠʣʘ ʫ ʘʥʪʠʩʠʤʝʪʨʠʯʥʦʩʪ ʥʘ ʬʨʝʢʚʝʥʪʥʦʿ ʩʢʘʣʠ ʠʟʨʘʞʝʥʦʿ ʫ Hz. ʄʘˁʠ ʜʦʧʨʠʥʦʩ 

ʥʝʜʦʤʠʥʘʥʪʥʠʭ ʩʧʝʢʪʨʘʣʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʯʫʿʥʦʤ ʢʨʠʪʠʯʥʦʤ ʦʧʩʝʛʫ ʫ ʦʜʥʦʩʫ 

ʥʘ ʜʦʤʠʥʘʥʪʥʠ ʪʦʥ ʢʦʿʠ ʟʘʫʟʠʤʘ ʮʝʥʪʨʘʣʥʫ ʧʦʟʠʮʠʿʫ ʫ Hz ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ ʫʢʘʟʫʿʝ ʜʘ ʩʫ 

ʘʤʧʣʠʪʫʜʩʢʝ ʦʩʦʙʠʥʝ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʦʧʘʜʘʿʫ˂ʝ ʫ ʦʜʥʦʩʫ ʥʘ ʮʝʥʪʨʘʣʥʫ ʧʦʟʠʮʠʿʫ. ʅʘ 

ʦʚʘʿ ʥʘʯʠʥ ʫʢʫʧʥʘ ʛʣʘʩʥʦʩʪ ʫʥʫʪʘʨ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʿʝ ʩʤʘˁʝʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ 

ʢʘʜʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ ʩʫ ʯʫʿʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ ʧʨʘʚʦʫʛʘʦʥʦʛ ʦʙʣʠʢʘ. ʊʠʤʝ ʩʝ ʫ 

ʦʜʨʝʹʝʥʦʤ ʩʪʝʧʝʥʫ ʩʤʘˁʫʿʝ ʠ ʥʠʚʦ ʰʫʤʘ ʧʨʠʩʫʪʘʥ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʯʫʿʥʦʤ ʢʨʠʪʠʯʥʦʤ ʦʧʩʝʛʫ. 

ʀʟʨʘʞʝʥʠʿʝ ʧʨʠʩʫʩʪʚʦ ʰʫʤʘ ʫ ʩʥʠʤʮʠʤʘ ʛʦʚʦʨʘ ʠʟ ʜʨʫʛʝ ʛʦʚʦʨʥʝ ʙʘʟʝ ʢʘʦ ʠ ʜʦʩʪʘ ʤʘˁʘ 

ʪʘʯʥʦʩʪ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʦʩʪʚʘʨʝʥʘ ʥʘʜ ʛʦʚʦʨʥʠʤ ʩʥʠʤʮʠʤʘ ʠʟ ʪʝ 

ʛʦʚʦʨʥʝ ʙʘʟʝ ʜʘʣʠ ʩʫ ʧʦʜʩʪʨʝʢ ʫʚʦʹʝˁʫ ʧʨʝʪʧʦʩʪʘʚʢʝ ʦʧʘʜʘʿʫ˂ʝʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ˁʝʛʦʚʦ ʩʨʝʜʠʰʪʝ. 

 

5.2.1. ʇʨʠʤʝʥʘ ʪʨʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ 
 

ʂʘʦ ʧʨʚʠ ʥʘʯʠʥ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʦʧʘʜʘʿʫ˂ʝ ʧʨʠʨʦʜʝ ʘʤʧʣʠʪʫʜʝ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ 

ʥʘʤʝ˂ʝ ʩʝ ʧʨʠʤʝʥʘ ʣʠʥʝʘʨʥʠʭ ʥʘʛʠʙʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʨʝʜʠʰʪʝ ʧʦʩʤʘʪʨʘʥʦʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ 

ʦʧʩʝʛʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʠʟʚʝʜʝʥʘ ʿʝ ʬʫʥʢʮʠʿʘʤʘ 

ʪʨʦʫʛʘʦʥʦʛ ʦʙʣʠʢʘ, ʰʪʦ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʯʝʩʪʦ ʢʦʨʠʩʪʠ. 

ʇʨʠ ʠʩʧʠʪʠʚʘˁʫ ʫʪʠʮʘʿʘ ʧʨʠʤʝʥʝ ʪʨʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʥʘ ʪʘʯʥʦʩʪ 

ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʟʘʜʨʞʘʥ ʿʝ ʠʩʪʠ ʨʘʩʧʦʨʝʜ ʪʨʦʫʛʘʦʥʠʭ ʬʠʣʪʘʨʩʢʠʭ 

ʬʫʥʢʮʠʿʘ (ʩʣʠʢʘ 5.4) ʢʘʦ ʠ ʧʨʠ ʪʝʩʪʦʚʠʤʘ ʢʘʜʘ ʩʫ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠ ʧʨʘʚʦʫʛʘʦʥʠ ʯʫʿʥʠ 

ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ. ʂʘʦ ʯʫʿʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ ʧʨʠʤʝˁʝʥʝ ʩʫ ʩʠʤʝʪʨʠʯʥʝ ʪʨʦʫʛʘʦʥʝ ʬʫʥʢʮʠʿʝ 

ʢʚʘʜʨʘʪʘ ʘʤʧʣʠʪʫʜʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ: 
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kA      (5.1) 

ʧʨʠ ʯʝʤʫ n ʦʟʥʘʯʘʚʘ ʨʝʜʥʠ ʙʨʦʿ ʧʦʩʤʘʪʨʘʥʦʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʠʟ ʦʧʩʝʛʘ { }20,...,2,1=n  

ʠ k ʦʟʥʘʯʘʚʘ ʜʠʩʢʨʝʪʥʫ ʫʯʝʩʪʘʥʦʩʪ ʢʦʿʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʫʯʝʩʪʘʥʦʩʪʠ f ʫ Hz ʨʘʯʫʥʘʪʘ ʫ ʩʢʣʘʜʫ ʩʘ 

ʿʝʜʥʘʢʦʰ˂ʫ 4.20. 

 

      2A  
         

        1                                                                                                           

 

                                                                     . . .                                                                   

                                                                                                       

        0       150       300      450                      . . .                     2850                3150       [ ]melf                                                                         

                                                         

          0      2,1f       1,2f      2,2f                       . . .                       20,1f              20,2f         [ ]Hzf  

ʉʣʠʢʘ 5.4. ʈʘʩʧʦʨʝʜ ʧʨʠʤʝˁʝʥʠʭ ʪʨʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. 

              

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʨʝʟʫʣʪʘʪʝ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʫ ʧʦʿʝʜʠʥʠʤ ʪʝʩʪʦʚʠʤʘ 

ʢʘʜʘ ʩʫ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠ ʯʫʿʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ ʧʨʘʚʦʫʛʘʦʥʦʛ ʦʙʣʠʢʘ, ʧʨʠʤʝʥʘ ʪʨʦʫʛʘʦʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʨʝʟʫʣʪʦʚʘʣʘ ʿʝ ʧʦʚʝ˂ʘˁʝʤ ʪʘʯʥʦʩʪʠ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ʛʦʚʦʨʥʠʤ ʩʥʠʤʮʠʤʘ ʠʟ ʦʙʝ ʛʦʚʦʨʥʝ ʙʘʟʝ. 
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ʉʣʠʢʘ 5.5. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʩʪ 

ʬʘʿʣʘ, 19 MFCCs, 20 ʪʨʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. 

1 ï ʥʝʤʦʜʠʬʠʢʦʚʘʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ, 

2 ï ʚʨʝʜʥʦʩʪʠ ʝʥʝʨʛʠʿʘ ʫ ʢʨʠʪʠʯʥʦʤ ʦʧʩʝʛʫ ʢʦʨʠʛʦʚʘʥʝ ʝʥʝʨʛʠʿʦʤ ʥʘʿʤʘˁʝʛ ʢʨʠʪʠʯʥʦʛ 

ʦʧʩʝʛʘ. 

 

ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʧʨʚʦʤ ʠ ʪʨʝ˂ʝʤ ʪʝʩʪʫ ʥʘʜ ʛʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʙʠʣʘ ʿʝ ʠʟʨʘʟʠʪʦ 

ʤʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʯʥʦʩʪ ʫ ʦʩʪʘʣʠʤ ʪʝʩʪʦʚʠʤʘ. ʆʩʪʘʣʠ ʪʝʩʪʦʚʠ ʨʝʟʫʣʪʦʚʘʣʠ ʩʫ ʪʘʯʥʦʰ˂ʫ 

ʨʝʜʘ 90% ʠ ʠʟʥʘʜ ʪʦʛ ʥʠʚʦʘ. ʊʝʩʪʦʚʠ 5 ʠ 8 ʨʝʟʫʣʪʦʚʘʣʠ ʩʫ ʪʘʯʥʦʰ˂ʫ 100% ʜʦʢ ʫ ʪʝʩʪʦʚʠʤʘ 10 

ʠ 13 ʥʘ ʩʢʫʧʫ ʦʜ 121 ʛʦʚʦʨʥʠʢʘ 120 ʛʦʚʦʨʥʠʢʘ ʿʝ ʪʘʯʥʦ ʧʨʝʧʦʟʥʘʪʦ. ʈʘʜʠ ʣʘʢʰʝʛ ʧʦʨʝʹʝˁʘ 

ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʩʪʚʘʨʝʥʝ ʧʨʠʤʝʥʦʤ ʧʨʘʚʦʫʛʘʦʥʠʭ ʦʜʥʦʩʥʦ ʪʨʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ 
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ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʪʘʙʝʣʘʨʥʦ ʿʝ ʜʘʪ ʧʨʠʢʘʟ ʨʘʟʣʠʢʦʚʘˁʘ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʫ 

ʦʚʘ ʜʚʘ ʩʣʫʯʘʿʘ. ʋ ʪʘʙʝʣʠ ʩʫ ʧʦʨʝʹʝʥʠ ʩʣʫʯʘʿʝʚʠ, ʦʜʥʦʩʥʦ ʜʘʪʘ ʿʝ ʨʘʟʣʠʢʘ ʫ ʧʦʩʪʠʛʥʫʪʦʿ 

ʪʘʯʥʦʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ, ʢʘʜʘ ʿʝ ʫ ʚʝʢʪʦʨʫ ʦʙʝʣʝʞʿʘ ʢʦʨʠʰ˂ʝʥʦ 19 

MFCCs ʨʘʯʫʥʘʪʠʭ ʥʘ ʦʩʥʦʚʫ 20 ʪʨʦʫʛʘʦʥʠʭ (ʩʣʠʢʘ 5.5 ï 1) ʦʜʥʦʩʥʦ 20 ʧʨʘʚʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ (ʩʣʠʢʘ 5.2 ï 3).  

 
ʈʝʜʥʠ ʙʨʦʿ 

ʪʝʩʪʘ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

ɹʨʦʿ 

ʧʨʝʧʦʟʥʘʪʠʭ 

ʛʦʚʦʨʥʠʢʘ 

ʧʨʠ ʧʨʠʤʝʥʠ 

ʧʨʘʚʦʫʛʘʦʥʠʭ 

ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ 

72 98 48 105 121 119 113 120 118 119 115 114 121 116 

ʈʘʟʣʠʢʦʚʘˁʝ 

ʪʘʯʥʦʩʪʠ [%] 
5.7 11.5 4.1 4.1 0 -0.8 4.1 0.8 -0.8 0.8 1.6 2.4 -0.8 -1.6 

 

ʊʘʙʝʣʘ 5.4. ʈʘʟʣʠʢʦʚʘˁʝ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʨʠ ʧʨʠʤʝʥʠ ʪʨʦʫʛʘʦʥʠʭ ʠ ʧʨʘʚʦʫʛʘʦʥʠʭ 

ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʫ ʪʝʩʪʦʚʠʤʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʢʘʜʘ ʩʫ ʢʘʦ ʚʝʢʪʦʨʠ ʦʙʝʣʝʞʿʘ 

ʢʦʨʠʰ˂ʝʥʠ 19 MFCCs, ʧʦʨʝʹʝˁʝ ʧʨʠʢʘʟʘʥʠʭ ʨʝʟʫʣʪʘʪʘ ʥʘ ʩʣʠʮʠ 5.5 ï 1 ʠ 5.2 ï 3. 

 

ʅʘʿʚʝ˂ʝ ʧʦʙʦˀʰʘˁʝ ʧʦʩʪʠʛʥʫʪʦ ʿʝ ʫ ʜʨʫʛʦʤ ʪʝʩʪʫ ʢʘʜʘ ʿʝ ʟʘ ʚʝʢʪʦʨ ʦʙʝʣʝʞʿʘ ʢʦʿʠ 

ʩʘʜʨʞʠ 19 MFCCs ʫʤʝʩʪʦ 98 ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʧʨʠ ʧʨʠʤʝʥʠ ʧʨʘʚʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ, ʧʨʠ ʧʨʠʤʝʥʠ ʠʩʪʦʛ ʙʨʦʿʘ ʪʿ. 20 ʪʨʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ, ʧʨʝʧʦʟʥʘʪʦ 112 

ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʧʦʩʤʘʪʨʘʥʦʛ 121-ʦʛ ʛʦʚʦʨʥʠʢʘ. ʇʨʦʮʝʥʪʫʘʣʥʘ ʧʦʧʨʘʚʢʘ ʪʘʯʥʦʩʪʠ ʢʘʦ ʰʪʦ ʩʝ 

ʚʠʜʠ ʫ ʪʘʙʝʣʠ 5.4 ʟʘ ʪʘʿ ʩʣʫʯʘʿ ʠʟʥʦʩʠ ʦʢʦ 11.5%. ʀʧʘʢ ʥʝ ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʿʝ ʦʚʦ ʘʧʩʦʣʫʪʥʘ 

ʚʝʣʠʯʠʥʘ ʧʦʧʨʘʚʢʝ ʟʘ ʪʘʿ ʪʝʩʪ ʧʦʰʪʦ ʫ ʜʘʪʦʤ ʪʝʩʪʫ ʧʨʠ ʧʨʠʤʝʥʠ ʧʨʘʚʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʙʦˀʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʦʩʪʠʛʫʪʠ ʢʘʜʘ ʿʝ ʠʟ ʤʦʜʝʣʘ ʠʟʙʘʯʝʥ ʩʘʤʦ ʝʣʝʤʝʥʪ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘ ʚʘʨʠʿʘʥʩʫ ʥʫʣʪʦʛ MFCC. ʊʝʩʪ 2 ʿʝ ʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʪʠʤ ʩʣʫʯʘʿʝʤ ʨʝʟʫʣʪʦʚʘʦ 

ʚʝ˂ʦʤ ʪʘʯʥʦʰ˂ʫ ʧʨʝʧʦʟʥʘʚʘˁʘ ʢʘʜʘ ʩʫ MFCCs ʨʘʯʫʥʘʪʠ ʥʘ ʦʩʥʦʚʫ ʪʨʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. ʉʣʝʜʝ˂ʝ ʟʥʘʯʘʥʿʦ ʧʦʙʦˀʰʘˁʝ ʦʩʪʚʘʨʝʥʦ ʿʝ ʫ ʪʝʩʪʫ 1 ʘʣʠ ʩʘʤʦ ʫ ʦʜʥʦʩʫ ʥʘ 

ʩʣʫʯʘʿ ʧʨʠʤʝʥʝ ʧʨʘʚʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʢʘʜʘ ʩʫ ʫʥʫʪʘʨ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ 

ʢʦʨʠʰ˂ʝʥʠ 19 MFCCs. ʅʘʠʤʝ ʫ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝˁʘ ʠ ʥʫʣʪʦʛ MFCC ʘ ʥʘʨʦʯʠʪʦ ʫ ʩʣʫʯʘʿʫ 

ʢʘʜʘ ʿʝ ʫ ʦʢʚʠʨʫ ʧʦʩʤʘʪʨʘʥʠʭ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ ʟʘʥʝʤʘʨʝʥ ʝʣʝʤʝʥʪ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ 

ʚʘʨʠʿʘʥʩʫ ʥʫʣʪʦʛ MFCC, ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ ʧʨʘʚʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʧʦʩʪʠʛʥʫʪʠ 

ʩʫ ʙʦˀʠ ʨʝʟʫʣʪʘʪʠ (ʪʘʙʝʣʘ 5.5). 

 
ʆʧʠʩ ʫʧʦʨʝʜʥʦʛ ʪʝʩʪʘ 1 

ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ 20 

ʧʨʘʚʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ 

ʅʫʣʪʠ MFCC + 19 

MFCCs 

ʅʫʣʪʠ + 19 MFCCs, ʧʨʠ 

ʯʝʤʫ ʿʝ ʟʘʥʝʤʘʨʝʥ 

ʝʣʝʤʝʥʪ ʢʦʿʠ ʫ ʤʦʜʝʣʫ 

ʦʜʛʦʚʘʨʘ ʥʫʣʪʦʤ MFCC 

19 MFCCs 

ɹʨʦʿ ʪʘʯʥʦ ʧʨʝʧʦʟʥʘʪʠʭ 

ʛʦʚʦʨʥʠʢʘ ʟʘ ʧʨʠʤʝˁʝʥʝ 

ʧʨʘʚʦʫʛʘʦʥʝ ʯʫʿʥʝ 

ʢʨʠʪʠʯʥʝ ʦʧʩʝʛʝ 

82 89 72 

ʈʘʟʣʠʢʦʚʘˁʝ ʪʘʯʥʦʩʪʠ 

[%] 
-2.4793 -8.2644 5,7852 

 

ʊʘʙʝʣʘ 5.5. ʈʘʟʣʠʢʦʚʘˁʝ ʪʘʯʥʦʩʪʠ ʦʩʪʚʘʨʝʥʝ ʫ ʪʝʩʪʫ 1 ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʫ ʩʣʫʯʘʿʫ 

ʫʧʦʪʨʝʙʝ ʪʨʦʫʛʘʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ ʢʦʨʠʰ˂ʝˁʘ ʧʨʘʚʦʫʛʘʦʥʠʭ 

ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. 
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ʈʘʟʣʠʢʦʚʘˁʘ ʪʘʯʥʦʩʪʠ ʧʨʠʢʘʟʘʥʘ ʫ ʪʘʙʝʣʠ 5.4 ʪʘʢʦʹʝ ʥʝ ʦʜʩʣʠʢʘʚʘʿʫ ʧʨʘʚʠ ʜʦʙʠʪʘʢ ʫ 

ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʪʝʩʪʦʚʠʤʘ 3 ʠ 4. ʋ ʪʠʤ ʪʝʩʪʦʚʠʤʘ ʧʨʠ ʧʨʠʤʝʥʠ ʧʨʘʚʦʫʛʘʦʥʠʭ 

ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʥʘʿʙʦˀʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʠʟ 

ʤʦʜʝʣʘ ʠʩʢˀʫʯʝʥ ʝʣʝʤʝʥʪ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʚʘʨʠʿʘʥʩʠ ʥʫʣʪʦʛ MFCC. ʊʘʯʥʦʩʪ ʿʝ ʫ ʪʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʙʠʣʘ ʟʘ ʦʢʦ 2 ʜʦ 3% ʙʦˀʘ ʫ ʦʜʥʦʩʫ ʢʘʜʘ ʿʝ ʟʘʥʝʤʘʨʝʥ ʥʫʣʪʠ MFCC ʠʟ ʚʝʢʪʦʨʘ 

ʦʙʝʣʝʞʿʘ. ʀʧʘʢ ʧʨʠʤʝʥʘ ʪʨʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʧʨʠ ʯʝʤʫ ʩʫ ʚʝʢʪʦʨʠ ʦʙʝʣʝʞʿʘ 

ʩʘʜʨʞʘʣʠ 19 MFCCs ʫ ʦʚʘ ʜʚʘ ʪʝʩʪʘ ʨʝʟʫʣʪʦʚʘʣʘ ʿʝ ʚʝ˂ʦʤ ʪʘʯʥʦʰ˂ʫ ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ 

ʧʨʠʤʝʥʝ ʧʨʘʚʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʢʘʜʘ ʿʝ ʫ ʤʦʜʝʣʠʤʘ ʟʘʥʝʤʘʨʝʥ ʯʣʘʥ ʢʦʿʠ 

ʦʜʛʦʚʘʨʘ ʚʘʨʠʿʘʥʩʠ ʥʫʣʪʦʛ MFCC. ʇʦʙʦˀʰʘˁʝ ʪʘʯʥʦʩʪʠ ʿʝ ʫ ʦʚʘ ʜʚʘ ʪʝʩʪʘ ʠʟʥʦʩʠʣʦ ʦʢʦ 1%. 

ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʪʝʩʪʦʚʠʤʘ 5 ï 14 ʠʟʫʟʝʚ ʪʝʩʪʘ 7 ʥʝ ʧʦʢʘʟʫʿʝ ʟʥʘʯʘʿʥʠʿʘ 

ʦʜʩʪʫʧʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʯʥʦʩʪ ʧʦʩʪʠʛʥʫʪʫ ʧʨʠ ʧʨʠʤʝʥʠ ʧʨʘʚʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ. ʇʦʙʦˀʰʘˁʘ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʪʝʩʪʦʚʠʤʘ 7 ʠ 12 ʜʦʧʨʠʥʝʣʘ ʩʫ ʜʘ ʫ ʪʝʩʪʦʚʠʤʘ 

5 ï 13 ʪʘʯʥʦʩʪ ʙʫʜʝ ʠʟʥʘʜ 95%. ɽʚʠʜʝʥʪʥʘ ʤʘʣʘ ʧʦʛʦʨʰʘˁʘ ʫ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʨʝʜʘ 

0.8% ʦʜʥʦʩʥʦ ʫ ʪʝʩʪʫ 14 ʨʝʜʘ 1.6%, ʰʪʦ ʩʝ ʫ ʙʨʦʿʫ ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʦʜʩʣʠʢʘʚʘ ʫ 

ʫʤʘˁʝˁʫ ʟʘ ʿʝʜʥʦʛ ʦʜʥʦʩʥʦ ʜʚʘ ʛʦʚʦʨʥʠʢʘ, ʧʦʢʘʟʫʿʫ ʜʘ ʫ ʠʟʚʝʩʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʧʨʠʤʝʥʘ 

ʦʚʘʢʦ ʢʦʥʮʠʧʠʨʘʥʠʭ ʪʨʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʤʦʞʝ ʠ ʜʝʛʨʘʜʠʨʘʪʠ ʪʘʯʥʦʩʪ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʜʥʦʩʥʦ ʫʢʘʟʫʿʝ ʥʘ ʘʧʩʦʣʫʪʥʫ ʥʝʠʜʝʘʣʥʦʩʪ ʧʨʠʤʝˁʝʥʠʭ ʪʨʦʫʛʘʦʥʠʭ 

ʬʠʣʪʘʨʩʢʠʭ ʬʫʥʢʮʠʿʘ (ʿʝʜʥʘʢʦʩʪ 5.1). 

ʇʨʠʤʝˁʝʥʠ ʨʘʩʧʦʨʝʜ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʢʦʿʠ ʟʘ ʧʦʩʤʘʪʨʘʥʠ i-ʪʠ ʯʫʿʥʠ ʢʨʠʪʠʯʥʠ 

ʦʧʩʝʛ, i={2,3,é,20}, ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʝʢʣʘʧʘˁʝ ʧʨʚʝ ʧʦʣʦʚʠʥʝ ʧʦʩʤʘʪʨʘʥʦʛ ʦʧʩʝʛʘ ʠ ʜʨʫʛʝ 

ʧʦʣʦʚʠʥʝ ˁʝʛʦʚʦʛ ʧʨʝʪʭʦʜʥʠʢʘ (ʩʣʠʢʝ 5.1 ʠ 5.4), ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʫ ʧʨʝʩʣʠʢʘʚʘˁʝ ʦʜʨʝʹʝʥʦʛ 

ʜʝʣʘ ʝʥʝʨʛʠʿʝ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʫ ʧʦʩʤʘʪʨʘʥʠ ʯʫʿʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʛ. ʄʝʨʘ ʦʚʦʛ ʧʨʝʩʣʠʢʘʚʘˁʘ 

ʟʘʚʠʩʠ ʦʜ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦʛ ʦʙʣʠʢʘ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʠ ʦʜ ʚʨʝʜʥʦʩʪʠ ʘʤʧʣʠʪʫʜʘ 

ʩʧʝʢʪʨʘ ʫ ʜʝʣʦʚʠʤʘ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʢʦʿʠ ʩʝ ʧʨʝʢʣʘʧʘʿʫ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʚʘʣʠʪʝʪʘ 

ʛʦʚʦʨʥʦʛ ʩʥʠʤʢʘ ʦʜʥʦʩʥʦ ʦʜ ʦʜʥʦʩʘ ʩʠʛʥʘʣ ï ʰʫʤ ʫ ˁʝʤʫ ʤʦʞʝ ʩʝ ʛʦʚʦʨʠʪʠ ʠ ʦ ʦʜʨʝʹʝʥʦʿ 

ʜʝʛʨʘʜʠʨʘʿʫ˂ʦʿ ʤʝʨʠ ʢʦʿʫ ʫʥʦʩʠ ʧʨʝʢʣʘʧʘˁʝ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʘ ʢʦʿʘ ʩʝ ʦʜʨʘʞʘʚʘ ʢʨʦʟ 

ʠʟʨʘʯʫʥʘʪʝ MFCCs ʟʘ ʧʦʩʤʘʪʨʘʥʠ ʨʘʤ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ. ʅʘʠʤʝ, ʫʟʘʩʪʦʧʥʠʤ ʧʨʝʩʣʠʢʘʚʘˁʠʤʘ 

ʦʜʨʝʹʝʥʦʛ ʜʝʣʘ ʝʥʝʨʛʠʿʝ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʫ ʥʘʨʝʜʥʠ ʧʨʝʩʣʠʢʘʚʘʿʫ ʩʝ 

ʧʦʩʪʦʿʝ˂ʝ ʩʤʝʪˁʝ ʪʿ. ʰʫʤ ʧʨʠʩʫʪʘʥ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʬʨʝʢʚʝʥʪʥʦʤ ʦʧʩʝʛʫ ʘʥʘʣʠʟʠʨʘʥʦʛ 

ʛʦʚʦʨʥʦʛ ʨʘʤʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʪʠʯʝ ʩʝ ʥʝʩʪʚʘʨʥʘ ʩʣʠʢʘ ʪʿ. ʧʨʝʜʩʪʘʚʘ ʦ ʚʨʝʜʥʦʩʪʠʤʘ MFCCs 

ʢʦʿʠ ʩʝ ʨʘʯʫʥʘʿʫ ʟʘ ʧʦʩʤʘʪʨʘʥʠ ʛʦʚʦʨʥʠ ʨʘʤ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʠʟʨʘʞʝʥʠʿʝ ʧʨʠʩʫʩʪʚʦ ʰʫʤʘ ʫ ɻʦʚʦʨʥʦʿ ʙʘʟʠ 2 ʢʘʦ ʠ ʯʠˁʝʥʠʮʫ ʜʘ ʩʘʤʘ 

ʧʦʿʘʚʘ ʰʫʤʘ ʫ ʛʦʚʦʨʥʦʤ ʩʥʠʤʢʫ ʥʝ ʤʦʨʘ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ ʦʢʦʣʠʥʝ ʠʣʠ ʥʝʩʘʚʨʰʝʥʦʩʪʠ ʫʨʝʹʘʿʘ 

ʟʘ ʩʥʠʤʘˁʝ ʥʝʛʦ ʠ ʤʦʛʫ˂ʠʭ ʧʦʿʘʚʘ ʥʝʨʝʛʫʣʘʨʥʦʩʪʠ ʫ ʛʣʘʩʫ ʛʦʚʦʨʥʠʢʘ, ʥʘʢʦʥ ʩʚʘʢʦʛ ʩʢʫʧʘ 

ʪʝʩʪʦʚʘ ʠʩʧʠʪʠʚʘˁʘ ʪʘʯʥʦʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʟʘ ʠʟʘʙʨʘʥʠ ʦʙʣʠʢ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʠʟʚʨʰʝʥ ʿʝ ʠ ʩʢʫʧ ʪʝʩʪʦʚʘ ʢʘʜʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʢʦʨʝʢʮʠʿʘ ʥʘ ʝʥʝʨʛʠʿʝ 

ʧʦʩʤʘʪʨʘʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʟʘ ʘʥʘʣʠʟʠʨʘʥʠ ʛʦʚʦʨʥʠ ʨʘʤ. 

ʇʨʠʤʝˁʝʥʘ ʢʦʨʝʢʮʠʿʘ ʩʘʩʪʦʿʘʣʘ ʩʝ ʦʜ ʪʨʠ ʢʦʨʘʢʘ: 

¶ ʠʟʨʘʯʫʥʘʚʘˁʝ ʣʦʛʘʨʠʪʘʤʘ ʝʥʝʨʛʠʿʘ, ()kElog , ʟʘ ʩʚʘʢʠ ʯʫʿʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʛ 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʨʘʤʘ, k={1,2,é,20}, 

¶ ʦʜʨʝʹʠʚʘˁʝ ʥʘʿʤʘˁʝʛ ʣʦʛʘʨʠʪʤʘ ʝʥʝʨʛʠʿʝ, () (){ }kk EE loglogmin min= , k={1,2,é,20}, 

¶ ʢʦʨʠʛʦʚʘˁʝ ʣʦʛʘʨʠʪʘʤʘ ʝʥʝʨʛʠʿʘ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʦʜʫʟʠʤʘˁʝʤ 

ʥʘʿʤʘˁʝʛ ʣʦʛʘʨʠʪʤʘ ʝʥʝʨʛʠʿʝ ʧʦʩʤʘʪʨʘʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʦʜ 

ʧʨʚʦʙʠʪʥʦ ʠʟʨʘʯʫʥʘʪʦʛ ʣʦʛʘʨʠʪʤʘ ʝʥʝʨʛʠʿʝ ʜʦʪʠʯʥʦʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ,  

    () () (){ }kkʥʦʚʦk EEE logloglog min-= .        (5.2) 

ɼʘˀʝ ʠʟʨʘʯʫʥʘʚʘˁʝ MFCCs ʫ ʩʢʣʘʜʫ ʩʘ ʿʝʜʥʘʢʦʰ˂ʫ 4.19 ʚʨʰʝʥʦ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʚʨʝʜʥʦʩʪʠ 

()ʥʦʚʦkElog  ʢʘʦ ʚʨʝʜʥʦʩʪʠ ʣʦʛʘʨʠʪʤʘ ʝʥʝʨʛʠʿʝ ʧʦʩʤʘʪʨʘʥʦʛ k-ʪʦʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ. 

ʂʘʦ ʰʪʦ ʧʨʠʢʘʟʫʿʝ ʭʠʩʪʦʛʨʘʤ ʥʘ ʩʣʠʮʠ 5.5 ʧʨʠʤʝʥʘ ʢʦʨʝʢʮʠʿʝ ʣʦʛʘʨʠʪʘʤʘ ʝʥʝʨʛʠʿʝ ʥʘ 

ʧʨʝʪʭʦʜʥʠ ʦʧʠʩʘʥʠ ʥʘʯʠʥ ʥʠʿʝ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʣʘ ʥʘ ʧʨʦʤʝʥʫ ʪʘʯʥʦʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʥʘ ʣʦʛʘʨʠʪʤʝ ʝʥʝʨʛʠʿʝ ʫ ʯʫʿʥʠʤ ʢʨʠʪʠʯʥʠʤ 

ʦʧʩʝʟʠʤʘ ʥʠʿʝ ʧʨʠʤʝˁʝʥʘ ʢʦʨʝʢʮʠʿʘ. 
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ʈʝʜʥʠ ʙʨʦʿ 

ʪʝʩʪʘ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

ɹʨʦʿ ʪʘʯʥʦ 

ʧʨʝʧʦʟʥʘʪʠʭ 

ʛʦʚʦʨʥʠʢʘ ʙʝʟ 

ʧʨʠʤʝˁʝʥʝ 

ʢʦʨʝʢʮʠʿʝ 

ʝʥʝʨʛʠʿʘ 

79 112 53 110 121 118 118 121 117 120 117 117 120 114 

ʈʘʟʣʠʢʦʚʘˁʝ 

ʪʘʯʥʦʩʪʠ [%] 
0 -1.6 0.8 2.4 0 0.8 0 0 -2.4 0.8 0 -0.8 -0.8 1.6 

 

ʊʘʙʝʣʘ 5.6. ʈʘʟʣʠʢʦʚʘˁʘ ʧʦʩʪʠʛʥʫʪʠʭ ʪʘʯʥʦʩʪʠ ʟʘ ʪʝʩʪʦʚʝ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʧʨʠ ʧʨʠʤʝʥʠ 

ʪʨʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʩʘ ʧʨʠʤʝˁʝʥʦʤ ʢʦʨʝʢʮʠʿʦʤ ʝʥʝʨʛʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ 

ʢʘʜʘ ʢʦʨʝʢʮʠʿʘ ʥʠʿʝ ʧʨʠʤʝˁʝʥʘ. 

 

ʀʟ ʪʘʙʝʣʝ 5.6 ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʩʨʝʜˁʘ ʧʨʦʤʝʥʘ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʿʝʜʥʘʢʘ 

ʥʫʣʠ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʨʘʟʣʠʢʦʚʘˁʝ ʪʘʯʥʦʩʪʠ ʦʜ 0.8% ʦʜʛʦʚʘʨʘ ʧʦʨʘʩʪʫ ʙʨʦʿʘ ʪʘʯʥʦ 

ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʟʘ 1, ʥʘʿʚʝ˂ʝ ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʪʘʯʥʦ ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʠʟʥʦʩʠʣʦ 

ʿʝ 3 ʫ ʦʢʚʠʨʫ ʪʝʩʪʘ 4. ɿʘ ʠʩʪʠ ʙʨʦʿ ʩʝ ʩʤʘˁʠʦ ʙʨʦʿ ʪʘʯʥʦ ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʫ ʦʢʚʠʨʫ 

ʪʝʩʪʘ 9. ʊʘʯʥʦʩʪ ʫ ʦʢʚʠʨʫ ʪʝʩʪʦʚʘ 5 ʠ 8 ʦʜ 100% ʥʠʿʝ ʥʘʨʫʰʝʥʘ ʧʨʠʤʝʥʦʤ ʢʦʨʝʢʮʠʿʝ ʥʘ 

ʣʦʛʘʨʠʪʤʝ ʝʥʝʨʛʠʿʘ ʫ ʦʢʚʠʨʫ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. ʇʦʨʝʜ ʦʚʘ ʜʚʘ ʪʝʩʪʘ, ʫ ʩʢʫʧʫ ʪʝʩʪʦʚʘ ʫ 

ʢʦʿʠʤʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʢʦʨʝʢʮʠʿʘ ʣʦʛʘʨʠʪʘʤʘ ʝʥʝʨʛʠʿʘ, ʫ ʦʢʚʠʨʫ ʪʝʩʪʘ 10 ʪʘʯʥʦ ʿʝ ʧʨʝʧʦʟʥʘʪ 

ʿʦʰ ʿʝʜʘʥ ʛʦʚʦʨʥʠʢ ʪʘʢʦ ʜʘ ʿʝ ʠ ʫ ʦʢʚʠʨʫ ʦʚʦʛ ʪʝʩʪʘ ʧʦʩʪʠʛʥʫʪʘ ʪʘʯʥʦʩʪ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ 100%. 

ʇʦʩʪʫʧʘʢ ʢʦʿʠʤ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʢʦʨʝʢʮʠʿʘ ʣʦʛʘʨʠʪʘʤʘ ʝʥʝʨʛʠʿʝ ʫ ʦʢʚʠʨʫ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʧʨʚʝʥʩʪʚʝʥʦ ʿʝ ʫʚʝʜʝʥ ʨʘʜʠ ʧʦʙʦˀʰʘˁʘ ʪʘʯʥʦʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʫ ʪʝʩʪʦʚʠʤʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʢʦʿʘ ʩʝ ʦʜʣʠʢʫʿʝ ʧʦʩʪʦʿʘˁʝʤ 

ʠʟʨʘʞʝʥʠʿʝʛ ʰʫʤʘ, ʰʫʤʘ ʢʦʿʠ ʩʝ ʯʫʿʝ ʧʨʠ ʩʣʫʰʘˁʫ ʩʥʠʤʘʢʘ ʛʦʚʦʨʘ. ʉʪʦʛʘ ʦʚʘʿ  ʧʦʩʪʫʧʘʢ ʥʝ 

ʜʦʥʦʩʠ ʟʥʘʯʘʿʥʠʿʘ ʧʦʙʦˀʰʘˁʘ ʫ ʧʦʩʪʠʛʥʫʪʦʿ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 

ʢʦʿʘ ʩʝ ʦʜʣʠʢʫʿʝ ʜʦʩʪʘ ʤʘˁʠʤ ʥʠʚʦʦʤ ʰʫʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ɻʦʚʦʨʥʫ ʙʘʟʫ 2. ɿʘ ɻʦʚʦʨʥʫ ʙʘʟʫ 1 

ʧʨʠʤʝʥʘ ʦʚʝ ʝʥʝʨʛʠʿʩʢʝ ʢʦʨʝʢʮʠʿʝ ʫ ʠʟʚʝʩʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʿʝ ʩʫʚʠʰʝ ʛʨʫʙʘ, ʩʫʚʠʰʝ ʿʝ ʛʨʫʙʘ 

ʧʨʦʮʝʥʘ ʧʨʠʩʫʪʥʦʛ ʰʫʤʘ, ʪʘʢʦ ʜʘ ʿʝ ʨʝʟʫʣʪʘʪ ʩʤʘˁʝˁʝ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ.       
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ʉʣʠʢʘ 5.6. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʩʪ 

ʬʘʿʣʘ, 19 MFCCs, 20 ʪʨʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. 

1 ï ʥʝʤʦʜʠʬʠʢʦʚʘʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ, 

2 ï ʚʨʝʜʥʦʩʪʠ ʝʥʝʨʛʠʿʘ ʫ ʢʨʠʪʠʯʥʦʤ ʦʧʩʝʛʫ ʢʦʨʠʛʦʚʘʥʝ ʝʥʝʨʛʠʿʦʤ ʥʘʿʤʘˁʝʛ ʢʨʠʪʠʯʥʦʛ 

ʦʧʩʝʛʘ. 
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ʈʝʜʥʠ ʙʨʦʿ ʪʝʩʪʘ 1 2 3 4 5 6 7 8 9 10 11 12 
ɹʨʦʿ ʪʘʯʥʦ 

ʧʨʝʧʦʟʥʘʪʠʭ 

ʛʦʚʦʨʥʠʢʘ ʧʨʠ 

ʧʨʠʤʝʥʠ 

ʧʨʘʚʦʫʛʘʦʥʠʭ 

ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ 

15 15 20 18 20 16 24 23 26 24 23 21 

ʈʘʟʣʠʢʘ ʙʨʦʿʘ 

ʧʨʝʧʦʟʥʘʪʠʭ 

ʛʦʚʦʨʥʠʢʘ ʧʨʠ 

ʧʨʠʤʝʥʠ 

ʪʨʦʫʛʘʦʥʠʭ ʠ 

ʧʨʘʚʦʫʛʘʦʥʠʭ 

ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ 

2 4 -1 2 3 0 8 1 3 4 3 3 

 

ʊʘʙʝʣʘ 5.7. ʇʨʠʢʘʟ ʨʘʟʣʠʢʦʚʘˁʘ ʙʨʦʿʘ ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʧʨʠ ʧʨʠʤʝʥʠ ʪʨʦʫʛʘʦʥʠʭ ʠ 

ʧʨʘʚʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʫ ʪʝʩʪʦʚʠʤʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʢʘʜʘ ʩʫ ʫ ʦʢʚʠʨʫ 

ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʢʦʨʠʰ˂ʝʥʠ ʧʨʚʠʭ 19 MFCCs, ʧʦʨʝʹʝˁʝ ʧʨʠʢʘʟʘʥʠʭ ʨʝʟʫʣʪʘʪʘ ʥʘ ʩʣʠʢʘʤʘ 

5.6 ï 1 ʠ 5.3 ï 3. 

 

ʇʨʠʤʝʥʘ ʪʨʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʫ ʦʢʚʠʨʫ ʪʝʩʪʦʚʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʫ 

ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʨʝʟʫʣʪʦʚʘʣʘ ʿʝ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʫ ʦʜʥʦʩʫ ʩʣʫʯʘʿ 

ʢʘʜʘ ʩʫ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠ ʧʨʘʚʦʫʛʘʦʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ (ʪʘʙʝʣʘ 5.7). ʅʘʿʚʝ˂ʘ ʧʦʧʨʘʚʢʘ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʩʪʚʘʨʝʥʘ ʿʝ ʫ ʪʝʩʪʫ 7, ʛʜʝ ʿʝ ʥʘʢʦʥ ʧʨʠʤʝʥʝ ʪʨʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ 

ʪʘʯʥʦ ʧʨʝʧʦʟʥʘʪʦ 32 ʛʦʚʦʨʥʠʢʘ ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ 37 ʛʦʚʦʨʥʠʢʘ. ʇʨʦʮʝʥʪʫʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ 

ʪʘʯʥʦʩʪ ʫ ʦʚʦʤ ʪʝʩʪʫ ʿʝ ʧʦʧʨʘʚˀʝʥʘ ʟʘ ʦʢʦ 21.6% ʰʪʦ ʿʝ ʩʢʦʨʦ ʜʚʦʩʪʨʫʢʦ ʚʝ˂ʘ ʧʨʦʮʝʥʪʫʘʣʥʘ 

ʧʨʦʤʝʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʿʚʝ˂ʝ ʫʚʝ˂ʘˁʝ ʪʘʯʥʦʩʪʠ ʫ ʠʩʪʠʤ ʪʝʩʪʦʚʠʤʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 

(ʪʘʙʝʣʘ 5.4 ï ʪʝʩʪ 2). ɺʝʣʠʢʦ ʧʨʦʮʝʥʪʫʘʣʥʦ ʫʚʝ˂ʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʧʦʩʣʝʜʠʮʫ ʚʠʰʝ ʥʝʛʦ 

ʜʚʦʩʪʨʫʢʦ ʤʘˁʝʛ ʙʨʦʿʘ ʛʦʚʦʨʥʠʢʘ ʫ ɻʦʚʦʨʥʦʿ ʙʘʟʠ 2. ʀʧʘʢ ʥʘʿʚʝ˂ʘ ʦʩʪʚʘʨʝʥʘ ʪʘʯʥʦʩʪ ʫ ʦʚʠʤ 

ʪʝʩʪʦʚʠʤʘ ʤʘˁʘ ʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʩʪʦʚʝ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1. ʇʨʠʤʝʥʘ ʪʨʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʫʪʠʮʘʣʘ ʿʝ ʥʘ ʧʦʧʨʘʚʢʫ ʧʨʦʩʝʯʥʝ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ʦʙʝ ʛʦʚʦʨʥʝ 

ʙʘʟʝ (ʪʘʙʝʣʘ 5.8). ʇʨʦʮʝʥʪʫʘʣʥʘ ʧʦʧʨʘʚʢʘ ʪʘʯʥʦʩʪʠ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʿʝ ʧʨʠʣʠʯʥʦ ʤʘʣʘ ʠ 

ʠʟʥʦʩʠ ʦʢʦ 2%, ʰʪʦ ʛʦʚʦʨʠ ʜʘ ʿʝ ʫ ʧʨʦʩʝʢʫ ʙʨʦʿ ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʧʦʚʝ˂ʘʥ ʟʘ 2 ï 3 

ʛʦʚʦʨʥʠʢʘ. ʈʝʣʘʪʠʚʥʘ ʧʦʧʨʘʚʢʘ ʪʘʯʥʦʩʪʠ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʿʝ ʥʝʰʪʦ ʚʝ˂ʘ, ʧʨʠʙʣʠʞʥʦ 

ʦʢʦ 7% ʰʪʦ ʪʘʢʦʹʝ ʦʜʛʦʚʘʨʘ ʧʦʚʝ˂ʘˁʫ ʙʨʦʿʘ ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʟʘ 2 ʜʦ 3 ʛʦʚʦʨʥʠʢʘ.  

 

ʇʨʦʩʝʯʥʘ ʪʘʯʥʦʩʪ ʫ ʦʜʥʦʩʫ 

ʥʘ ʪʠʧ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ 

ʦʧʩʝʛʘ [%] 

ɻʦʚʦʨʥʘ ʙʘʟʘ 1 ɻʦʚʦʨʥʘ ʙʘʟʘ 2 

ʧʨʘʚʦʫʛʘʦʥʠ 88.488 55.18 

ʪʨʦʫʛʘʦʥʠ 90.732 62.387 

 

ʊʘʙʝʣʘ 5.8. ʇʨʦʩʝʯʥʘ ʪʘʯʥʦʩʪ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʛʦʚʦʨʥʝ 

ʙʘʟʝ ʠ ʪʠʧʘ ʧʨʠʤʝˁʝʥʦʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ. 

 

ʇʨʠʤʝʥʘ ʢʦʨʝʢʮʠʿʝ ʥʘ ʝʥʝʨʛʠʿʝ ʫ ʯʫʿʥʠʤ ʢʨʠʪʠʯʥʠʤ ʦʧʩʝʟʠʤʘ ʜʦʧʨʠʥʝʣʘ ʿʝ ʧʦʚʝ˂ʘˁʫ 

ʙʨʦʿʘ ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʫ ʚʝ˂ʠʥʠ ʪʝʩʪʦʚʘ, ʠʟʫʟʝʚ ʪʝʩʪʦʚʘ 7 ʠ 11 (ʪʘʙʝʣʘ 5.9). ʇʨʘʪʝ˂ʠ 

ʧʨʦʤʝʥʝ ʙʨʦʿʘ ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʫ ʪʘʙʝʣʘʤʘ 5.7 ʠ 5.9 ʫʦʯˀʠʚʠ ʩʫ ʩʣʫʯʘʿʝʚʠ ʪʝʩʪʦʚʘ 5 ʠ 

9. ʊʘʜʘ ʿʝ ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʟʘ 3 ʧʨʠ ʧʨʝʣʘʟʫ ʩʘ ʧʨʘʚʦʫʛʦʥʠʭ ʥʘ 

ʪʨʦʫʛʘʦʥʝ ʯʫʿʥʝ ʢʨʠʪʠʯʥʝ ʦʧʩʝʛʝ ʧʨʘ˂ʝʥʦ ʿʦʰ ʿʝʜʥʠʤ ʧʦʚʝ˂ʘˁʝʤ ʟʘ ʪʘʢʦʹʝ 3 ʛʦʚʦʨʥʠʢʘ ʧʨʠ 

ʠʟʚʨʰʝʥʦʿ ʝʥʝʨʛʠʿʩʢʦʿ ʢʦʨʝʢʮʠʿʠ ʥʘ ʪʨʦʫʛʘʦʥʝ ʯʫʿʥʝ ʢʨʠʪʠʯʥʝ ʦʧʩʝʛʝ. 
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ʈʝʜʥʠ ʙʨʦʿ 

ʪʝʩʪʘ 
1 2 3 4 5 6 7 8 9 10 11 12 

ɹʨʦʿ ʪʘʯʥʦ 

ʧʨʝʧʦʟʥʘʪʠʭ 

ʛʦʚʦʨʥʠʢʘ ʙʝʟ 

ʧʨʠʤʝˁʝʥʝ 

ʢʦʨʝʢʮʠʿʝ 

ʝʥʝʨʛʠʿʘ 

17 19 19 20 23 16 32 24 29 28 26 24 

ʈʘʟʣʠʢʘ ʙʨʦʿʘ 

ʧʨʝʧʦʟʥʘʪʠʭ 

ʛʦʚʦʨʥʠʢʘ ʧʨʠ 

ʧʨʠʤʝʥʠ 

ʢʦʨʝʢʮʠʿʝ 

ʝʥʝʨʛʠʿʝ ʠ ʙʝʟ 

ˁʝʥʝ ʧʨʠʤʝʥʝ 

2 2 7 4 3 7 -1 7 3 2 -1 1 

 

ʊʘʙʝʣʘ 5.9. ʇʨʦʤʝʥʘ ʙʨʦʿʘ ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʟʘ ʪʝʩʪʦʚʝ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʧʨʠ 

ʧʨʠʤʝʥʠ ʪʨʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʟʘ ʩʣʫʯʘʿ ʩʘ ʧʨʠʤʝˁʝʥʦʤ ʢʦʨʝʢʮʠʿʦʤ ʝʥʝʨʛʠʿʝ 

ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʢʦʨʝʢʮʠʿʘ ʥʠʿʝ ʧʨʠʤʝˁʝʥʘ. 

 

ʇʨʠʤʝʥʘ ʢʦʨʝʢʮʠʿʝ ʣʦʛʘʨʠʪʘʤʘ ʝʥʝʨʛʠʿʘ ʫ ʧʦʩʤʘʪʨʘʥʠʤ ʪʨʦʫʛʘʦʥʠʤ ʯʫʿʥʠʤ ʢʨʠʪʠʯʥʠʤ 

ʦʧʩʝʟʠʤʘ ʥʘʿʚʠʰʝ ʿʝ ʧʦʚʝ˂ʘʣʘ ʙʨʦʿ ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʫ ʪʝʩʪʦʚʠʤʘ 3, 6 ʠ 8 ʢʘʜʘ ʿʝ ʙʨʦʿ 

ʧʨʝʧʦʟʥʘʪʠʭ ʛʦʚʦʨʥʠʢʘ ʫʚʝ˂ʘʥ ʟʘ 7 ʛʦʚʦʨʥʠʢʘ. ʀʟ ʧʨʠʢʘʟʘʥʠʭ ʨʝʟʫʣʪʘʪʘ ʦʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʩʝ 

ʧʨʠʤʝʥʘ ʝʥʝʨʛʠʿʩʢʝ ʢʦʨʝʢʮʠʿʝ ʨʘʟʣʠʯʠʪʦ ʠʩʧʦˀʘʚʘ ʥʘ ʧʦʩʪʠʛʥʫʪʫ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ 

ʛʦʚʦʨʥʠʢʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʪʝʩʪʦʚʠʤʘ. ɼʘʢʣʝ, ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʟʘʚʠʩʠ ʦʜ ʪʝʩʪʘ ʪʿ. ʦʜ 

ʩʘʜʨʞʠʥʝ ʛʦʚʦʨʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ ʩʝ ʚʨʰʠ ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʥʠʢʘ.  

 

ʊʠʧ ʪʝʩʪʘ 
ʇʨʦʩʝʯʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ [%] 

ɻʦʚʦʨʥʘ ʙʘʟʘ 1 ɻʦʚʦʨʥʘ ʙʘʟʘ 2 

1 90.732 62.387 

2 90.791 70.27 

 

ʊʘʙʝʣʘ 5.10. ʇʨʦʩʝʯʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ 20 ʪʨʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ (1 ï ʙʝʟ ʧʨʠʤʝʥʝ, 2 ï ʩʘ ʧʨʠʤʝʥʦʤ, ʢʦʨʝʢʮʠʿʝ ʥʘ ʣʦʛʘʨʠʪʤʝ ʝʥʝʨʛʠʿʘ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ). 

 

ʇʦʩʪʠʛʥʫʪʝ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʩʫ ʤʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʯʥʦʩʪ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1. ʉʪʦʛʘ ʩʝ ʧʨʠʤʝʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʢʦʨʝʢʮʠʿʘ, ʧʨʚʦ 

ʪʨʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʘ ʟʘʪʠʤ ʠ ʝʥʝʨʛʠʿʩʢʝ ʢʦʨʝʢʮʠʿʝ ʫʥʫʪʘʨ ˁʠʭ, ʧʨʦʩʝʯʥʦ 

ʧʦʩʤʘʪʨʘʥʦ ʚʠʰʝ ʦʜʩʣʠʢʘʚʘʿʫ ʥʘ ʧʦʚʝ˂ʘˁʝ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 

(ʪʘʙʝʣʘ 5.10). ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʧʦʚʝ˂ʘˁʘ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʯʝʪʥʝ ʪʝʩʪʦʚʝ 

ʢʘʜʘ ʿʝ ʫʟ ʧʨʚʠʭ 19 MFCCs ʢʦʨʠʰ˂ʝʥ ʠ ʥʫʣʪʠ MFCC ʠ ʢʘʜʘ ʿʝ ʧʨʦʩʝʯʥʘ ʪʘʯʥʦʩʪ ʥʘʜ 

ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʠʟʥʦʩʠʣʘ 80.87% ʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 37.387% ʫʦʯʘʚʘ ʩʝ ʠʟʨʘʟʠʪʦ ʚʝ˂ʠ 

ʫʪʠʮʘʿ ʧʨʠʤʝʥʝ ʠʟʚʨʰʝʥʠʭ ʢʦʨʝʢʮʠʿʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2. ʋʧʦʨʝʹʫʿʫ˂ʠ ʨʝʟʫʣʪʘʪʝ ʠʟ 

ʪʘʙʝʣʘ 5.10 ʠ 5.3 ʫʦʯʘʚʘ ʩʝ ʜʘ ʩʝ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʧʦʚʝ˂ʘʣʘ ʟʘ 

ʧʨʠʙʣʠʞʥʦ 32.883% ʜʦʢ ʿʝ ʧʦʚʝ˂ʘˁʝ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʠʟʥʦʩʠʣʦ ʧʨʠʙʣʠʞʥʦ 9.921%.   

ʏʠˁʝʥʠʮʘ ʜʘ ʿʝ ʧʨʠʤʝʥʘ ʪʨʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʜʦʧʨʠʥʝʣʘ ʧʦʙʦˀʰʘˁʫ 

ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʥʘʜ ʦʙʝ ʛʦʚʦʨʥʝ ʙʘʟʝ ʫʢʘʟʫʿʝ ʜʘ ʬʨʝʢʚʝʥʪʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪ 

ʫʥʝʩʝʥʘ ʧʨʠʤʝʥʦʤ ʦʚʘʢʚʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʜʦʧʨʠʥʦʩʠ ʧʦʚʝ˂ʘˁʫ ʪʘʯʥʦʩʪʠ 

ʧʨʝʧʦʟʥʘʚʘˁʘ. ʊʨʦʫʛʘʦʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʫʤʘˁʫʿʝ ʫʪʠʮʘʿ ʩʧʝʢʪʨʘʣʥʠʭ 

ʢʦʤʧʦʥʝʥʘʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʤʧʦʥʝʥʪʫ ʫ ˁʝʛʦʚʦʤ ʩʨʝʜʠʰʪʫ. ʈʘʜʠ ʧʦʚʝ˂ʘˁʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʧʦʪʨʝʙʥʦ ʿʝ ʜʦʜʘʪʥʦ ʩʤʘˁʠʪʠ ʘʤʧʣʠʪʫʜʫ ʢʦʤʧʦʥʝʥʘʪʘ ʫ ʦʢʦʣʠʥʠ ʩʨʝʜʠʰʪʘ 

ʦʧʩʝʛʘ. ʅʘ ʦʩʥʦʚʫ ʦʚʦʛʘ ʩʣʝʜʠ ʜʘ ʿʝ ʘʧʨʦʢʩʠʤʘʮʠʿʫ ʩʪʨʤʠʥʘ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʧʦʪʨʝʙʥʦ 

ʠʟʚʨʰʠʪʠ ʧʨʠʤʝʥʦʤ ʥʝʣʠʥʝʘʨʥʠʭ ʬʫʥʢʮʠʿʘ. ʂʘʦ ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʠʤʘ ʙʨʟ ʧʦʨʘʩʪ ʫ ʩʣʝʜʝ˂ʝʤ 
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ʩʢʫʧʫ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʨʘʜʠ ʧʦʚʝ˂ʘˁʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ 

ʧʨʠʤʝˁʝʥʘ ʿʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʬʫʥʢʮʠʿʘ. 

 

5.2.2. ʇʨʠʤʝʥʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ 
 

ɽʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʬʫʥʢʮʠʿʘ ʦʧʰʪʝʛ ʦʙʣʠʢʘ xey=  ʟʘ ʚʨʝʜʥʦʩʪʠ ʥʝʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʝ 

( )+¤¤-Í ,x  ʤʦʞʝ ʩʝ ʧʦʩʤʘʪʨʘʪʠ ʫ ʜʚʘ ʜʝʣʘ (ʩʣʠʢʘ 5.7): 

1. ʜʝʦ (ʜʦˁʠ ʜʝʦ) ʟʘ ( ]0,¤-Íx  ʧʨʠ ʯʝʤʫ ʬʫʥʢʮʠʿʘ ʠʤʘ ʚʨʝʜʥʦʩʪʠ ʠʟ ʦʧʩʝʛʘ ( ]1,0Íy  ʠ 

2. ʜʝʦ (ʛʦʨˁʠ ʜʝʦ) ʟʘ ( )¤Í ,0x  ʧʨʠ ʯʝʤʫ ʬʫʥʮʠʿʘ ʠʤʘ ʚʨʝʜʥʦʩʪʠ ʠʟ ʦʧʩʝʛʘ ( )¤Í ,1y . 

 

 
ʉʣʠʢʘ 5.7. ɽʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʬʫʥʢʮʠʿʘ ʢʘʦ ʧʦʛʦʜʥʘ ʟʘ ʘʧʨʦʢʩʠʤʘʮʠʿʫ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ ʫ ʦʜʥʦʩʫ ʥʘ ʣʠʥʝʘʨʥʫ ʬʫʥʢʮʠʿʫ. 

 

ʅʘ ʩʣʠʮʠ 5.7 ʿʝ ʜʘʪ ʫʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ xey=  (ʮʨʙʝʥʘ ʙʦʿʘ) ʠ ʜʚʝ 

ʣʠʥʝʘʨʥʝ ʬʫʥʢʮʠʿʝ: 1
3

1
1 +Ö= xy  (ʧʣʘʚʘ ʙʦʿʘ) ʦʜʥʦʩʥʦ 132 +Ö= xy  (ʟʝʣʝʥʘ ʙʦʿʘ). 

ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʛʨʘʬʠʢ ʥʘ ʩʣʠʮʠ 5.7 ʫʦʯʘʚʘ ʩʝ ʜʘ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʦʧʩʝʛʘ ( ]0,¤-Íx  ʜʦˁʠ ʜʝʦ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʢʨʠʚʝ ʧʦʢʘʟʫʿʝ ʙʦˀʫ ʩʝʣʝʢʪʠʚʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʣʠʥʝʘʨʥʫ ʬʫʥʢʮʠʿʫ 1y  

ʦʜʥʦʩʥʦ ʥʘ ʩʢʫʧ ʣʠʥʝʘʨʥʠʭ ʬʫʥʢʮʠʿʘ 1
1

,1 +Ö= x
A

y A , A={2, 3, 4, é}, ʧʨʠ ʯʝʤʫ A ʦʜʛʦʚʘʨʘ 

ʚʨʝʜʥʦʩʪʠ ʦʧʩʝʛʘ ʢʦʿʠ ʩʝ ʧʦʩʤʘʪʨʘ ʦʜʥʦʩʥʦ ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ 

ʪʨʦʫʛʘʦʥʠʤ ʬʫʥʢʮʠʿʘʤʘ A ʦʜʛʦʚʘʨʘ ʧʦʣʦʚʠʥʠ ˁʝʛʦʚʝ ʰʠʨʠʥʝ. ɼʨʫʛʠ, ʛʦʨˁʠ ʜʝʦ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ ʠʤʘ ʚʝ˂ʫ ʩʪʨʤʠʥʫ ʧʦʨʘʩʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ˁʝʥ ʧʨʚʠ ʜʝʦ. ʊʘʢʦʹʝ ʦʚʘʿ 

ʜʝʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʢʨʠʚʝ ʠʤʘ ʚʝ˂ʫ ʩʝʣʝʢʪʠʚʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʩʢʫʧ ʣʠʥʝʘʨʥʠʭ ʬʫʥʢʮʠʿʘ 

1,1 +Ö= xBy B , B={1, 2, 3, é}, ʧʨʠ ʯʝʤʫ ʙʠ ʩʘʜʘ ʢʦʝʬʠʮʠʿʝʥʪ B ʦʜʛʦʚʘʨʘʦ ʤʝʨʠ ʧʦʪʨʝʙʥʝ 
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ʠʩʪʘʢʥʫʪʦʩʪʠ ʩʨʝʜʠʰˁʝ ʢʦʤʧʦʥʝʥʪʝ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʢʨʠʪʠʯʥʦʤ ʦʧʩʝʛʫ. ʇʦʨʘʩʪ ʧʘʨʘʤʝʪʨʘ B 

ʦʟʥʘʯʘʚʘ ʧʦʨʘʩʪ ʩʪʨʤʠʥʝ ʣʠʥʝʘʨʥʝ ʬʫʥʢʮʠʿʝ, ʧʦʚʝ˂ʘˁʝ ʧʦʩʤʘʪʨʘʥʝ ʩʨʝʜʠʰˁʝ ʘʣʠ ʠ 

ʢʦʤʧʦʥʝʥʘʪʘ ʫ ˁʝʥʦʿ ʦʢʦʣʠʥʠ, ʜʦʢ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʢʨʠʚʘ ʤʘˁʝ ʫʪʠʯʝ ʥʘ ʧʦʚʝ˂ʘˁʝ 

ʢʦʤʧʦʥʝʥʘʪʘ ʫ ʠʟʘʙʨʘʥʦʿ ʦʢʦʣʠʥʠ ʩʨʝʜʠʰʪʘ ʦʜʥʦʩʥʦ ʧʦʢʘʟʫʿʝ ʚʝ˂ʫ ʩʝʣʝʢʪʠʚʥʦʩʪ. ʋ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʥʪʝʨʚʘʣʘ ʫ ʢʦʤ ʩʝ ʥʘʣʘʟʠ ʘʨʛʫʤʝʥʪ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ ʩʣʝʜʠ ʠ ʜʝʦ 

ʢʦʿʠ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ. ʋʢʦʣʠʢʦ ʩʝ ʩʨʝʜʠʰˁʘ ʚʨʝʜʥʦʩʪ ʧʨʝʥʦʩʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʫʿʥʦʛ 

ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʚʝʞʝ ʟʘ ʪʘʯʢʫ ʫ ʢʦʿʦʿ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʬʫʥʢʮʠʿʘ ʠʤʘ ʚʨʝʜʥʦʩʪ 1 ʪʘʜʘ ʩʝ 

ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʚʨʰʠ ʜʦˁʠʤ ʜʝʣʦʤ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ. ʂʘʜʘ 

ʩʝ ʢʨʘʿˁʝ ʪʘʯʢʝ ʧʨʝʥʦʩʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʚʝʞʫ ʟʘ ʪʘʯʢʝ ʫ ʢʦʿʠʤʘ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʬʫʥʢʮʠʿʘ ʠʤʘ ʚʨʝʜʥʦʩʪ 1 ʪʘʜʘ ʩʝ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ 

ʚʨʰʠ ʛʦʨˁʠʤ ʜʝʣʦʚʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʬʫʥʢʮʠʿʘ. 

ʋʢʦʣʠʢʦ ʢʨʘʿˁʝ ʪʘʯʢʝ ʧʦʩʤʘʪʨʘʥʦʛ n-ʪʦʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʦʜʛʦʚʘʨʘʿʫ 

ʥʦʨʤʘʣʠʟʦʚʘʥʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ nk ,1  ʠ nk ,2  ʪʘʜʘ ʟʘ ʧʦʟʠʮʠʿʫ ʩʨʝʜʠʰʪʘ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ 

ʦʧʩʝʛʘ ʫ ʪʘʯʢʠ 
2
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,
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+
=  ʢʦʨʠʰ˂ʝˁʝ ʜʦˁʠʭ ʜʝʣʦʚʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ 

ʬʫʥʢʮʠʿʘ ʨʘʜʠ ˁʝʛʦʚʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʚʨʰʝʥʦ ʿʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 
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          (5.3) 

ʧʨʠ ʯʝʤʫ ʥʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʧʨʝʥʦʩʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʠʤʘ ʚʨʝʜʥʦʩʪ  

ʿʝʜʥʘʢʫ 1 (ʩʣʠʢʘ 5.8). ʈʘʜʠ ʧʦʜʝʰʘʚʘˁʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝˁʝʥʦʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ 

ʫʚʝʜʝʥ ʿʝ ʬʘʢʪʦʨ ʩʪʨʤʠʥʝ ʧʦʩʤʘʪʨʘʥʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ, a ʫ ʿʝʜʥʘʢʦʩʪʠ 5.3. 

ʇʦʚʝ˂ʘˁʝ ʬʘʢʪʦʨʘ ʩʪʨʤʠʥʝ ʨʝʟʫʣʪʫʿʝ ʫʜʘˀʘʚʘˁʝʤ ʬʨʝʢʚʝʥʪʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ. ʋ ʩʣʫʯʘʿʫ 

ʢʦʨʠʰ˂ʝˁʘ ʜʦˁʝʛ ʜʝʣʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʢʨʠʚʝ, ʢʦʤʧʦʥʝʥʪʝ ʫ ʦʢʦʣʠʥʠ ʩʨʝʜʠʰʪʘ ʩʝ ʫʤʘˁʫʿʫ, 

ʜʦʢ ʩʝ ʫ ʩʣʫʯʘʿʫ ʧʨʠʤʝʥʝ ʛʦʨˁʝʛ ʜʝʣʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ ʮʝʥʪʨʘʣʥʘ ʢʦʤʧʦʥʝʥʪʘ 

ʥʘʿʚʠʰʝ ʜʦʜʘʪʥʦ ʠʩʪʠʯʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʢʦʤʧʦʥʝʥʪʝ. ʋ ʪʝʩʪʦʚʠʤʘ, ʢʘʢʦ ʧʨʠ 

ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʜʦˁʠʤ ʜʝʣʦʚʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ  ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ 

ʬʫʢʥʮʠʿʘ ʪʘʢʦ ʠ ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ ˁʠʭʦʚʠʭ ʛʦʨˁʠʭ ʜʝʣʦʚʘ ʚʨʰʝʥʦ ʿʝ ʫʧʦʨʝʜʥʦ ʪʝʩʪʠʨʘˁʝ 

ʫʪʠʮʘʿʘ ʬʘʢʪʦʨʘ ʩʪʨʤʠʥʝ ʟʘ ʚʨʝʜʥʦʩʪʠ 1=a  ʠ 2=a  ʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ.    

      2A  
         

        1                                                                                                           

 

                                                                     . . .                                                                   

                                                                                                       

        0        150     300     450                        . . .                        2850         3150          [ ]melf                                                                         

         0                                                

          0      2,1f      1,2f       2,2f                      . . .                         20,1f             20,2f         [ ]Hzf  

ʉʣʠʢʘ 5.8. ʈʘʩʧʦʨʝʜ ʧʨʠʤʝˁʝʥʠʭ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʧʨʠ 

ʢʦʨʠʰ˂ʝˁʫ ʜʦˁʝʛ ʜʝʣʘ ʝʢʩʧʦʥʝʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ. 

 

ɻʦʨˁʠ ʜʝʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʢʨʠʚʝ xey=  ʟʘʧʦʯʠˁʝ ʚʨʝʜʥʦʰ˂ʫ ʬʫʥʢʮʠʿʝ () 10 0==ey  ʠ 

ʦʚʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʢʨʠʚʘ ʿʝ ʧʦʛʦʜʥʘ ʟʘ ʘʧʨʦʢʩʠʤʘʮʠʿʫ ʣʝʚʦʛ ʜʝʣʘ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʘ ʩʠʤʝʪʨʠʯʥʦʩʪ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʩʨʝʜʠʰˁʫ ʩʧʝʢʪʨʘʣʥʫ ʢʦʤʧʦʥʝʥʪʫ ʜʝʩʥʫ ʠʚʠʮʫ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʧʦʛʦʜʥʦ ʿʝ 

ʘʧʨʦʢʩʠʤʠʨʘʪʠ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦʤ ʢʨʠʚʦʤ xey -=  ʪʘʢʦ ʜʘ ʟʘʚʨʰʥʘ ʪʘʯʢʘ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ 

ʦʧʩʝʛʘ, ʢʘʦ ʠ ʧʦʯʝʪʥʘ, ʪʘʢʦʹʝ ʠʤʘ ʚʨʝʜʥʦʩʪ ʿʝʜʥʘʢʫ 1. ʂʨʘʿˁʝ ʪʘʯʢʝ ʦʚʘʢʦ ʘʧʨʦʢʩʠʤʠʨʘʥʦʛ 

ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʫʚʝ˂ʘʥʝ ʩʫ ʟʘ 1 ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʦʫʛʘʦʥʫ ʘʧʨʦʢʩʠʤʘʮʠʿʫ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ (ʩʣʠʢʘ 5.4). ʇʨʝʪʧʦʩʪʘʚˀʘʿʫ˂ʠ ʜʘ ʿʝ ʜʠʩʢʨʝʪʥʘ ʮʝʣʦʙʨʦʿʥʘ ʫʯʝʩʪʘʥʦʩʪ k 
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ʠʟʨʘʯʫʥʘʪʘ ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʢʦʩʪʠ 4.20 ʫ ʪʝʩʪʦʚʠʤʘ ʿʝ ʢʦʨʠʰ˂ʝʥ ʩʣʝʜʝ˂ʠ ʦʙʣʠʢ ʢʚʘʜʨʘʪʘ 

ʘʤʧʣʠʪʫʜʝ ʧʨʝʥʦʩʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ: 
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       (5.4) 

ʧʨʠ ʯʝʤʫ n ʦʟʥʘʯʘʚʘ ʨʝʜʥʠ ʙʨʦʿ ʧʦʩʤʘʪʨʘʥʦʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ, { }20,...,2,1=n . ʋ 

ʦʜʥʦʩʫ ʥʘ ʠʟʚʦʨʥʫ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʫ ʬʫʥʢʮʠʿʫ ʫ ʢʦʨʠʰ˂ʝʥʦʿ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦʿ ʬʫʥʢʮʠʿʠ ʟʘ 

ʘʧʨʦʢʩʠʤʘʮʠʿʫ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʘʨʛʫʤʝʥʪ ʿʝ ʧʦʤʥʦʞʝʥ ʬʘʢʪʦʨʦʤ { }2,1Ía  ʨʘʜʠ 

ʫʧʦʨʝʜʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʮʘʿʘ ʬʘʢʪʦʨʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ. ʇʨʠ 

ʬʘʢʪʦʨʫ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 2=a  ʘʧʨʦʢʩʠʤʠʨʘʥʠ ʯʫʿʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʛ ʧʦʩʪʠʞʝ ʚʝ˂ʫ 

ʩʝʣʝʢʪʠʚʥʦʩʪ ʚʝ˂ʠʤ ʠʟʜʠʟʘˁʝʤ ʩʨʝʜʠh ˁʝ ʢʦʤʧʦʥʝʥʪʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʫ ʧʦʩʤʘʪʨʘʥʦʤ 

ʯʫʿʥʦʤ ʢʨʠʪʠʯʥʦʤ ʦʧʩʝʛʫ. ʅʘʿʤʘˁʘ ʚʨʝʜʥʦʩʪ ʢʚʘʜʨʘʪʘ ʘʤʧʣʠʪʫʜʝ ʦʚʘʢʦ ʜʝʬʠʥʠʩʘʥʠʭ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʠʟʥʦʩʠ 1 (ʩʣʠʢʘ 5.9). 

      2A  
 

max20 

        . 

        .                                                                                                          

 max2 

 max1                                                             . . .                                                                   

                                                                                                      

        1                                                                      

         0                                              

          0      2,1f      1,2f      2,2f                       . . .                        20,1f             20,2f         [ ]Hzf  

          0      150     300      450                      . . .                        2850            3150       [ ]melf          

 

ʉʣʠʢʘ 5.9. ʈʘʩʧʦʨʝʜ ʧʨʠʤʝˁʝʥʠʭ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʛʦʨˁʝʤ 

ʜʝʣʫ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ. 

 

ʈʘʜʠ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʮʘʿʘ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʯʠʿʘ ˂ʝ ʚʨʝʜʥʦʩʪ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʫ ʢʨʘʿˁʠʤ 

ʪʘʯʢʘʤʘ ʦʧʘʜʘʪʠ ʥʘ ʥʫʣʪʫ ʚʨʝʜʥʦʩʪ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʙʠʣʦ ʧʨʠ ʧʨʠʤʝʥʠ ʪʨʦʫʛʘʦʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ (ʿʝʜʥʘʢʦʩʪ 5.1, ʩʣʠʢʘ 5.4), ʘ ʢʦʿʠ ˂ʝ ʢʦʨʠʩʪʠʪʠ ʛʦʨˁʝ ʜʝʣʦʚʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ 

ʬʫʥʢʮʠʿʝ, ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʯʫʿʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ ʩʣʝʜʝ˂ʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ (ʩʣʠʢʘ 5.10): 
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      (5.5) 

ʪʘʢʦʹʝ ʟʘ { }20,...,2,1=n . 

      2A  
         

max20-1                                                                                                           

       . 

max2-1                                                            . . .                                                                   

max1-1                                                                                                    

           0          150   300    450                        . . .                       2850         3150             [ ]melf                                                                         

            0                                              

            0       2,1f     1,2f       2,2f                       . . .                     20,1f             20,2f              [ ]Hzf  

 

ʉʣʠʢʘ 5.10. ʈʘʩʧʦʨʝʜ ʧʨʠʤʝˁʝʥʠʭ ʩʧʫʰʪʝʥʠʭ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʛʦʨˁʝʤ ʜʝʣʫ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ. 
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ʂʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʠʤ ʪʝʩʪʦʚʠʤʘ ʢʘʜʘ ʩʫ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠ ʪʨʦʫʛʘʦʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ, ʠ 

ʧʨʠ ʪʝʩʪʠʨʘˁʫ ʥʘʜ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʤ ʢʨʠʪʠʯʥʠʤ ʦʧʩʝʟʠʤʘ ʚʨʰʝʥʘ ʩʫ ʠ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʮʘʿʘ 

ʠʩʪʦʚʝʪʥʝ ʢʦʨʝʢʮʠʿʝ ʣʦʛʘʨʠʪʤʘ ʝʥʝʨʛʠʿʝ ʫʥʫʪʘʨ ʧʦʩʤʘʪʨʘʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʥʘ 

ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ. 
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ʉʣʠʢʘ 5.11. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʩʪ 

ʬʘʿʣʘ, 19 MFCCs, 20 ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ, ʬʘʢʪʦʨ ʩʪʨʤʠʥʝ 1=a , (1 ʠ 2 ʜʦˁʠ 

ʜʝʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ, 3 ʠ 4 ï ʛʦʨˁʠ ʜʝʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ ʩʧʫʰʪʝʥ ʟʘ 

ʿʝʜʘʥ; 5 ʠ 6 ï ʛʦʨˁʠ ʜʝʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ). 

1, 3, 5 ï ʥʝʤʦʜʠʬʠʢʦʚʘʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ, 

2, 4, 6 ï ʧʨʠʤʝˁʝʥʘ ʢʦʨʝʢʮʠʿʘ ʝʥʝʨʛʠʿʝ. 
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ʉʣʠʢʘ 5.12. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʩʪ 

ʬʘʿʣʘ, 19 MFCCs, 20 ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ, ʬʘʢʪʦʨ ʩʪʨʤʠʥʝ 2=a , (1 ʠ 2 ʜʦˁʠ 

ʜʝʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ, 3 ʠ 4 ï ʛʦʨˁʠ ʜʝʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ ʩʧʫʰʪʝʥ ʟʘ 

ʿʝʜʘʥ; 5 ʠ 6 ï ʛʦʨˁʠ ʜʝʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ). 

1, 3, 5 ï ʥʝʤʦʜʠʬʠʢʦʚʘʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ, 

2, 4, 6 ï ʧʨʠʤʝˁʝʥʘ ʢʦʨʝʢʮʠʿʘ ʝʥʝʨʛʠʿʝ. 

 

ʇʦʩʤʘʪʨʘˁʝʤ  ʭʠʩʪʦʛʨʘʤʘ ʥʘ ʩʣʠʢʘʤʘ 5.11 ʠ 5.12 ʫʦʯʘʚʘ ʩʝ ʧʨʠʣʠʯʥʦ ʫʿʝʜʥʘʯʝʥʘ 

ʪʘʯʥʦʩʪ ʫ ʦʢʚʠʨʫ ʠʩʪʦʛ ʪʝʩʪʘ, ʢʘʜʘ ʥʠʿʝ ʧʨʠʤʝˁʝʥʘ ʢʦʨʝʢʮʠʿʘ ʝʥʝʨʛʠʿʝ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ, ʟʘ 



 58 

ʿʝʜʥʫ ʩʪʨʤʠʥʫ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠʭ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. ʊʘʢʦʹʝ 

ʝʚʠʜʝʥʪʥʦ ʿʝ ʜʘ ʩʝ ʪʝʩʪʦʚʠ ʥʘʜ ʛʨʫʧʦʤ ʛʦʚʦʨʥʠʭ ʩʥʠʤʘʢʘ ''ʈʝʯʠ'', ʪʝʩʪʦʚʠ 4 ï 14, ʦʜʣʠʢʫʿʫ 

ʪʘʯʥʦʰ˂ʫ ʧʨʝʢʦ 95% (ʪʘʙʝʣʝ: 5.11, 5.12 ʠ 5.13). ʋ ʪʝʩʪʫ 2 ʝʚʠʜʝʥʪʠʨʘʥʘ ʿʝ ʪʘʯʥʦʩʪ ʠʟʤʝʹʫ 90 

ʠ 95%, ʫ ʪʝʩʪʫ 1 ʪʘʯʥʦʩʪ ʿʝ ʙʠʣʘ ʦʢʦ 20% ʤʘˁʘ, ʜʦʢ ʿʝ ʪʘʯʥʦʩʪ ʫ ʪʝʩʪʫ 3 ʙʠʣʘ ʥʘʿʥʠʞʘ ʠ 

ʧʨʠʙʣʠʞʥʦ ʿʝ ʦʢʦ 18 ï 20% ʤʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʪʝʩʪʫ 1. 

 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 14
S  

1=a  74.4 93.4 52.9 95 99.2 97.5 98.3 99.2 99.2 100 96.7 98.3 99.2 96.7 92.9 

1=a  ʩʘ 
ʢʦʨʝʢʮʠʿʦʤ 

ʝʥʝʨʛʠʿʝ 
76.9 89.3 58.7 97.5 99.2 96.7 97.5 99.2 98.3 99.2 96.7 96.7 99.2 98.3 93.1 

2=a  76.9 94.2 52.9 94.2 99.2 97.5 97.5 99.2 100 100 98.3 98.3 100 99.2 93.4 

2=a  ʩʘ 
ʢʦʨʝʢʮʠʿʦʤ 

ʝʥʝʨʛʠʿʝ 
79.3 92.6 53.7 98.3 99.2 97.5 98.3 99.2 99.2 100 98.3 96.7 99.2 99.2 93.6 

 

ʊʘʙʝʣʘ 5.11. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʧʦʩʪʠʛʥʫʪʝ ʪʘʯʥʦʩʪʠ ʟʘ ʪʝʩʪʦʚʝ 1 ï 14 ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 

ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʜʦˁʠʤ ʜʝʣʦʚʠʤʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʚʠʭ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʨʤʠʥʝ ʢʦʨʠʰ˂ʝʥʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ. 

 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 14
S  

1=a  72.7 93.4 52.9 95 99.2 97.5 97.5 99.2 99.2 100 96.7 99.2 99.2 96.7 92.7 

1=a  ʩʘ 
ʢʦʨʝʢʮʠʿʦʤ 

ʝʥʝʨʛʠʿʝ 
51.2 86.8 37.2 96.7 98.3 94.2 98.3 99.2 97.5 100 90.1 95.9 100 97.5 88.8 

2=a  74.4 95 48.8 95 99.2 97.5 96.7 99.2 100 100 97.5 98.3 100 99.2 92.9 

2=a  ʩʘ 
ʢʦʨʝʢʮʠʿʦʤ 

ʝʥʝʨʛʠʿʝ 
55.4 85.9 35.5 96.7 99.2 95 95.9 99.2 98.3 98.3 92.6 95.9 100 98.3 89 

 

ʊʘʙʝʣʘ 5.12. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʧʦʩʪʠʛʥʫʪʝ ʪʘʯʥʦʩʪʠ ʟʘ ʪʝʩʪʦʚʝ 1 ï 14 ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 

ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʛʦʨˁ ʠʤ ʜʝʣʦʚʠʤʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʚʠʭ 

ʩʧʫʰʪʝʥʠʤ ʟʘ 1 ʥʘ ʜʦʣʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʨʤʠʥʝ ʢʦʨʠʰ˂ʝʥʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ. 

 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 14
S  

1=a  74.4 93.4 52.9 95 99.2 97.5 98.3 99.2 99.2 100 96.7 98.3 99.2 96.7 92.9 

1=a  ʩʘ 
ʢʦʨʝʢʮʠʿʦʤ 

ʝʥʝʨʛʠʿʝ 
46.3 76.9 34.7 95.9 98.3 94.2 99.2 98.3 97.5 100 87.6 94.2 99.2 97.5 87.1 

2=a  76.9 94.2 52.9 94.2 99.2 97.5 97.5 99.2 100 100 98.3 98.3 100 99.2 93.4 

2=a  ʩʘ 
ʢʦʨʝʢʮʠʿʦʤ 

ʝʥʝʨʛʠʿʝ 
53.7 82.6 34.7 95.9 99.2 95 97.5 99.2 98.3 99.2 89.3 95.9 100 97.5 88.4 

 

ʊʘʙʝʣʘ 5.13. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʧʦʩʪʠʛʥʫʪʝ ʪʘʯʥʦʩʪʠ ʟʘ ʪʝʩʪʦʚʝ 1 ï 14 ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 

ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʛʦʨˁʠʤ ʜʝʣʦʚʠʤʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʚʠʭ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʨʤʠʥʝ ʢʦʨʠʰ˂ʝʥʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ. 

 

ʇʨʠʤʝʥʘ ʢʦʨʝʢʮʠʿʝ ʣʦʛʘʨʠʪʤʘ ʝʥʝʨʛʠʿʝ ʫ ʯʫʿʥʠʤ ʢʨʠʪʠʯʥʠʤ ʦʧʩʝʟʠʤʘ ʫ ʦʜʨʝʹʝʥʠʤ 

ʪʝʩʪʦʚʠʤʘ ʨʝʟʫʣʪʦʚʘʣʘ ʿʝ ʟʥʘʯʘʿʥʠʤ ʩʤʘˁʝˁʝʤ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ. ʇʨʠ ʧʨʠʤʝʥʠ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʛʦʨˁʠʤ ʜʝʣʦʚʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ 
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ʬʫʥʢʮʠʿʘ ʤʘʣʘ ʧʦʚʝ˂ʘˁʘ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʨʠ ʧʨʠʤʝʥʠ ʝʥʝʨʛʠʿʩʢʝ ʢʦʨʝʢʮʠʿʝ ʩʫ 

ʧʨʠʤʝ˂ʝʥʘ ʫ ʪʝʩʪʦʚʠʤʘ 4 ʠ 7 ʜʦʢ ʩʫ ʥʘʿʠʟʨʘʞʝʥʠʿʘ ʩʤʘˁʝˁʘ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ 

ʝʚʠʜʝʥʪʥʘ ʫ ʪʝʩʪʦʚʠʤʘ 1, 2 ʠ 3, ʪʝʩʪʦʚʠʤʘ  ʫ ʢʦʿʠʤʘ ʿʝ ʠ ʧʨʝ ʧʨʠʤʝʥʝ ʝʥʝʨʛʠʿʩʢʝ ʢʦʨʝʢʮʠʿʝ 

ʧʦʩʪʠʛʥʫʪʘ ʥʘʿʤʘˁʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚˁʘ. ʂʘʜʘ ʩʫ ʯʫʿʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ ʘʧʨʦʢʩʠʤʠʨʘʥʠ 

ʜʦˁʠʤ ʜʝʣʦʚʠʤʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʬʫʥʢʮʠʿʘ ʝʚʠʜʝʥʪʥʦ ʿʝ ʧʦʙʦˀʰʘˁʝ ʪʘʯʥʦʩʪʠ ʧʨʠʤʝʥʦʤ 

ʝʥʝʨʛʠʿʩʢʝ ʢʦʨʝʢʮʠʿʝ, ʪʝʩʪʦʚʠ 1, 3, 4 ʠ ʪʝʩʪ 14 ʧʨʠ ʩʪʨʤʠʥʠ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ 1=a . ʅʘʿʚʝ˂ʝ 

ʧʦʚʝ˂ʘˁʝ ʪʘʯʥʦʩʪʠ ʦʜ ʦʢʦ 6% ʧʨʠʤʝ˂ʫʿʝ ʩʝ ʫ ʪʝʩʪʫ 3 ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʩʪʨʤʠʥʝ 1=a . ʇʨʦʩʝʯʥʝ ʪʘʯʥʦʩʪʠ ʟʘ ʩʚʘʢʠ ʩʢʫʧ ʦʜ 14 ʪʝʩʪʦʚʘ ʥʘʜ 

ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʙʝʟ ʧʨʠʤʝˁʝʥʝ ʝʥʝʨʛʠʿʩʢʝ ʧʦʧʨʘʚʢʝ ʥʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʯʫʿʥʝ ʢʨʠʪʠʯʥʝ 

ʦʧʩʝʛʝ (ʪʘʙʝʣʝ: 5.11, 5.12 ʠ 5.13, ʢʦʣʦʥʘ 
14
S ) ʩʫ ʧʨʠʣʠʯʥʦ ʫʿʝʜʥʘʯʝʥʝ ʜʦʢ ʿʝ ʧʨʠʤʝʥʘ 

ʝʥʝʨʛʠʿʩʢʝ ʧʦʧʨʘʚʢʝ ʚʨʣʦ ʤʘʣʘ ʧʦʙʦˀʰʘˁʘ ʜʦʥʝʣʘ ʫʛʣʘʚʥʦʤ ʫ ʩʣʫʯʘʿʫ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ ʘʧʨʦʢʩʠʤʠʨʘʥʠʭ ʜʦˁʠʤ ʜʝʣʦʤ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ.    

 
ʊʠʧ ʢʨʠʪʠʯʥʦʛ 

ʦʧʩʝʛʘ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

         a=2 

 1        

 
76.9 94.2 52.9 94.2 99.2 97.5 97.5 99.2 100 100 98.3 98.3 100 99.2 

         a=2 

         max-1 

 
74.4 95 48.8 95 99.2 97.5 96.7 99.2 100 100 97.5 98.3 100 99.2 

        a=2 

   max 

 
76.9 94.2 52.9 94.2 99.2 97.5 97.5 99.2 100 100 98.3 98.3 100 99.2 

        - minE  

 
65.3 90.9 44.6 93.4 100 98.3 97.5 100 94.2 100 96.7 95.9 98.3 95.9 

 

 
65.3 92.6 43.8 90.9 100 97.5 97.5 100 96.7 99.2 96.7 96.7 99.2 94.2 

 

 
59.5 81 39.7 86.8 100 98.3 93.4 99.2 97.5 98.3 95 94.2 100 95.9 

 

ʊʘʙʝʣʘ 5.14. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʧʦʩʪʠʛʥʫʪʝ ʪʘʯʥʦʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʥʘʜ 

ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʝʩʪʘ ʠ ʪʠʧʘ ʢʦʨʠʰ˂ʝʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ (ʬʘʢʪʦʨ 

ʩʪʨʤʠʥʝ 2=a ), ʚʝʢʪʦʨ ʦʙʝʣʝʞʿʘ ʩʘʜʨʞʠ ʧʨʚʠʭ 19 MFCCs. 

 

ʇʨʠʤʝʥʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʧʦʚʝ˂ʘʣʘ ʿʝ ʪʘʯʥʦʩʪ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʦʢʚʠʨʫ ʪʝʩʪʘ 2 ʩʝ 

ʧʨʠʙʣʠʞʠʣʘ ʥʠʚʦʫ ʪʘʯʥʦʩʪʠ ʢʦʿʠ ʩʝ ʧʦʩʪʠʞʝ ʥʘʜ ʩʢʫʧʦʤ ʩʥʠʤʘʢʘ ''ʈʝʯʠ''. ʇʨʠʤʝʥʘ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʯʝʪʥʫ ʧʨʠʤʝʥʫ ʧʨʘʚʦʫʛʘʦʥʠʭ ʧʦʙʦˀʰʘʣʘ 

ʿʝ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʟʘ ʦʢʦ 14%, ʯʠʤʝ ʿʝ ʠ ʪʘʯʥʦʩʪ ʫ ʪʝʩʪʫ 2 ʜʦʩʪʠʛʣʘ ʥʠʚʦ ʦʜ 95%. 

ʊʘʯʥʦʩʪ ʫ ʪʝʩʪʫ 1 ʿʝ ʠ ʜʘˀʝ ʟʘ ʦʢʦ 20% ʤʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʩʪ 2. ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʧʦʩʪʠʛʥʫʪʦʤ 

ʪʘʯʥʦʰ˂ʫ ʢʘʜʘ ʩʫ ʧʨʠʤʝˁʝʥʠ ʧʨʘʚʦʫʛʘʦʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ ʠ ʫ ʦʚʦʤ ʪʝʩʪʫ ʿʝ ʦʩʪʚʘʨʝʥʦ 

ʧʦʙʦˀʰʘˁʝ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʜ ʧʨʠʙʣʠʞʥʦ 15% (ʪʘʙʝʣʘ 5.14). ʇʦʩʪʠʛʥʫʪʘ ʪʘʯʥʦʩʪ ʫ ʪʝʩʪʫ 3 ʩʝ 

ʟʘʜʨʞʘʣʘ ʥʘ ʦʢʦ 50% ʫ ʟʘʚʠʩʥʦʩʪʠ ʢʘʢʘʚ ʩʝ ʪʠʧ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ ʧʨʠʤʝʥʠ. 

ɽʚʠʜʝʥʪʥʦ ʿʝ ʨʝʣʘʪʠʚʥʦ ʧʦʚʝ˂ʘˁʝ ʪʘʯʥʦʩʪʠ ʠ ʫ ʦʚʦʤ ʪʝʩʪʫ ʧʨʠ ʧʨʦʤʝʥʠ ʦʙʣʠʢʘ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ (ʪʘʙʝʣʘ 5.14) ʢʘʦ ʠ ʜʦʩʪʠʟʘˁʝ ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʧʨʠ ʧʨʠʤʝʥʠ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. ʀʧʘʢ ʦʩʪʚʘʨʝʥʦ ʧʦʚʝ˂ʘˁʝ ʥʠʿʝ ʪʦʣʠʢʠʭ ʨʘʟʤʝʨʘ ʜʘ ʙʠ 

ʪʘʯʥʦʩʪ ʫ ʦʚʠʨʫ ʦʚʦʛ ʪʝʩʪʘ ʟʥʘʯʘʿʥʠʿʝ ʧʨʠʙʣʠʞʠʣʦ ʦʩʪʚʘʨʝʥʦʿ ʪʘʯʥʦʩʪʠ ʥʘʜ ʛʦʚʦʨʥʠʤ 

ʩʥʠʤʮʠʤʘ ʠʟ ʛʨʫʧʝ ''ʈʝʯʠ''. ʋ ʪʝʩʪʦʚʠʤʘ { 5, 6, ..., 14}  ʢʦʿʠ ʩʫ ʩʝ ʠ ʧʨʠ ʧʨʠʤʝʥʠ ʧʨʘʚʦʫʛʘʦʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʦʜʣʠʢʦʚʘʣʠ ʧʨʠʣʠʯʥʦ ʚʠʩʦʢʦʤ ʪʘʯʥʦʰ˂ʫ ʧʨʝʧʦʟʥʘʚʘˁʘ, ʠʟʥʘʜ 90%, 

ʦʩʪʚʘʨʝʥʦ ʿʝ ʤʘˁʝ ʧʨʦʮʝʥʪʫʘʣʥʦ ʧʦʙʦˀʰʘˁʝ. ʉʘʤʦ ʫ ʪʝʩʪʦʚʠʤʘ 5 ʠ 6 ʧʨʝʧʦʟʥʘʪ ʿʝ ʧʦ ʿʝʜʘʥ 
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ʛʦʚʦʨʥʠʢ ʤʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʠʩʪʝ ʪʝʩʪʦʚʝ ʢʘʜʘ ʿʝ ʧʨʠʤʝˁʝʥ ʧʨʘʚʦʫʛʘʦʥʠ ʦʙʣʠʢ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ. 
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ʉʣʠʢʘ 5.13. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʩʪ 

ʬʘʿʣʘ, 19 MFCCs, 20 ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ, ʬʘʢʪʦʨ ʩʪʨʤʠʥʝ 1=a  (1 ʠ 2 ï 

ʜʦˁʠ ʜʝʦ ʝʢʩʧʦʥʝʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ, 3 ʠ 4 ï ʛʦʨˁʠ ʜʝʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ ʩʧʫʰʪʝʥ ʟʘ 

ʿʝʜʘʥ; 5 ʠ 6 ï ʛʦʨˁʠ ʜʝʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ). 

1, 3, 5 ï ʥʝʤʦʜʠʬʠʢʦʚʘʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ, 

2, 4, 6 ï ʧʨʠʤʝˁʝʥʘ ʢʦʨʝʢʮʠʿʘ ʝʥʝʨʛʠʿʝ. 
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ʉʣʠʢʘ 5.14. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʩʪ 

ʬʘʿʣʘ, 19 MFCCs, 20 ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ, ʬʘʢʪʦʨ ʩʪʨʤʠʥʝ 2=a  (1 ʠ 2 ï 

ʜʦˁʠ ʜʝʦ ʝʢʩʧʦʥʝʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ, 3 ʠ 4 ï ʛʦʨˁʠ ʜʝʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ ʩʧʫʰʪʝʥ ʟʘ 

ʿʝʜʘʥ; 5 ʠ 6 ï ʛʦʨˁʠ ʜʝʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ). 

1, 3, 5 ï ʥʝʤʦʜʠʬʠʢʦʚʘʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ, 

2, 4, 6 ï ʧʨʠʤʝˁʝʥʘ ʢʦʨʝʢʮʠʿʘ ʝʥʝʨʛʠʿʝ. 
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 1 2 3 4 5 6 7 8 9 10 11 12 
12
S  

1=a  56.76 59.46 70.27 62.16 64.86 64.86 78.38 75.68 91.89 83.78 78.38 64.86 70.94 

1=a  ʩʘ 
ʢʦʨʝʢʮʠʿʦʤ 

ʝʥʝʨʛʠʿʝ 
64.86 67.57 81.08 72.97 72.97 72.97 86.49 86.49 91.89 83.78 67.57 75.68 77.03 

2=a  62.16 64.86 70.27 64.86 67.57 62.16 78.38 75.68 91.89 81.08 83.78 72.97 72.97 

2=a  ʩʘ 
ʢʦʨʝʢʮʠʿʦʤ 

ʝʥʝʨʛʠʿʝ 
62.16 70.27 81.08 67.57 75.68 70.27 86.49 89.19 94.59 83.78 78.38 81.08 78.38 

 

ʊʘʙʝʣʘ 5.15. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʧʦʩʪʠʛʥʫʪʝ ʪʘʯʥʦʩʪʠ ʟʘ ʪʝʩʪʦʚʝ 1 ï 12 ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 

ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʜʦˁʠʤ ʜʝʣʦʚʠʤʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʚʠʭ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʨʤʠʥʝ ʢʦʨʠʰ˂ʝʥʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ. 

 

 1 2 3 4 5 6 7 8 9 10 11 12 
12
S  

1=a  64.86 59.46 70.27 59.46 70.27 51.35 83.78 75.68 91.89 75.68 81.08 64.86 70.72 

1=a  ʩʘ 
ʢʦʨʝʢʮʠʿʦʤ 

ʝʥʝʨʛʠʿʝ 
54.05 62.16 62.16 62.16 56.76 56.76 81.08 72.97 81.08 81.08 72.97 70.27 73.44 

2=a  67.57 70.27 72.97 67.57 67.57 64.86 81.08 75.68 91.89 78.38 78.38 75.68 74.32 

2=a  ʩʘ 
ʢʦʨʝʢʮʠʿʦʤ 

ʝʥʝʨʛʠʿʝ 
62.16 62.16 62.16 59.46 54.05 62.16 83.78 78.38 78.38 81.08 67.57 70.27 68,47 

 

ʊʘʙʝʣʘ 5.16. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʧʦʩʪʠʛʥʫʪʝ ʪʘʯʥʦʩʪʠ ʟʘ ʪʝʩʪʦʚʝ 1 ï 12 ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 

ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʛʦʨˁʠʤ ʜʝʣʦʚʠʤʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʚʠʭ 

ʩʧʫʰʪʝʥʠʤ ʟʘ 1 ʥʘ ʜʦʣʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʨʤʠʥʝ ʢʦʨʠʰ˂ʝʥʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ. 

 

 1 2 3 4 5 6 7 8 9 10 11 12 
12
S  

1=a  56.76 59.46 70.27 62.16 64.86 64.86 78.38 75.68 91.89 83.78 78.38 64.86 70.94 

1=a  ʩʘ 
ʢʦʨʝʢʮʠʿʦʤ 

ʝʥʝʨʛʠʿʝ 
51.35 59.46 62.16 64.86 54.05 56.76 81.08 67.57 81.08 75.68 59.46 62.16 64.64 

2=a  62.16 64.86 70.27 64.86 67.57 62.16 78.38 75.68 91.89 81.08 83.78 72.97 72.97 

2=a  ʩʘ 
ʢʦʨʝʢʮʠʿʦʤ 

ʝʥʝʨʛʠʿʝ 
59.46 62.16 59.46 59.46 54.05 62.16 83.78 75.68 78.38 78.38 64.86 64.86 66.89 

 

ʊʘʙʝʣʘ 5.17. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʧʦʩʪʠʛʥʫʪʝ ʪʘʯʥʦʩʪʠ ʟʘ ʪʝʩʪʦʚʝ 1 ï 12 ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 

ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʛʦʨˁʠʤ ʜʝʣʦʚʠʤʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʚʠʭ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʨʤʠʥʝ ʢʦʨʠʰ˂ʝʥʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ. 

 

ʅʘʿʚʝ˂ʘ ʩʨʝʜˁʘ ʪʘʯʥʦʩʪ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʦʩʪʚʘʨʝʥʘ ʿʝ ʧʨʠ ʧʨʠʤʝʥʠ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʜʦˁʝʤ ʜʝʣʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ 

(ʪʘʙʝʣʝ: 5.15, 5.16 ʠ 5.17). ʂʘʦ ʰʪʦ ʩʝ ʧʨʠʤʝ˂ʫʿʝ ʥʘ ʩʣʠʢʘʤʘ 5.13 ʠ 5.14 ʧʨʠʤʝʥʘ ʝʥʝʨʛʠʿʩʢʝ 

ʢʦʨʝʢʮʠʿʝ ʿʝ ʧʨʠ ʧʨʠʤʝʥʠ ʦʚʘʢʚʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʪʝʩʪʦʚʘ 

ʜʦʧʨʠʥʝʣʘ ʧʦʚʝ˂ʘˁʫ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʠʟʥʘʜ ʪʘʯʥʦʩʪʠ ʧʦʩʪʠʛʥʫʪʝ ʟʘ ʦʩʪʘʣʘ ʜʚʘ 

ʪʝʩʪʠʨʘʥʘ ʪʠʧʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. ʋʧʦʨʝʹʫʿʫ˂ʠ ʪʘʯʥʦʩʪ ʦʩʪʚʘʨʝʥʫ 

ʧʨʠʤʝʥʦʤ ʩʧʫʰʪʝʥʠʭ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʯʥʦʩʪ 

ʦʩʪʚʘʨʝʥʫ ʢʘʜʘ ʩʫ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠ ʧʦʜʠʛʥʫʪʠ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ ʫʦʯʘʚʘ ʩʝ ʜʘ 

ʿʝ ʫ ʚʝ˂ʠʥʠ ʪʝʩʪʦʚʘ ʙʦˀʘ ʪʘʯʥʦʩʪ ʧʦʩʪʠʛʥʫʪʘ ʧʨʠʤʝʥʦʤ ʩʧʫʰʪʝʥʠʭ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. 
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ʇʨʠʤʝʥʘ ʢʦʨʝʢʮʠʿʝ ʥʘ ʣʦʛʘʨʠʪʤʝ ʝʥʝʨʛʠʿʘ ʫʥʫʪʘʨ ʧʦʩʤʘʪʨʘʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʛʦʨˁʝʤ ʜʝʣʫ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ ʫ ʚʝ˂ʠʥʠ ʪʝʩʪʦʚʘ ʿʝ ʠ ʥʘʜ 

ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʢʘʦ ʠ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʨʝʟʫʣʪʦʚʘʣʘ ʩʤʘˁʝˁʝʤ ʧʦʩʪʠʛʥʫʪʝ ʪʘʯʥʦʩʪʠ ʫ 

ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ ʙʝʟ ˁʝʥʝ ʧʨʠʤʝʥʝ. 

ʋ ʚʝ˂ʠʥʠ ʪʝʩʪʦʚʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʧʨʠ ʧʨʠʤʝʥʠ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʥʘʿʚʝ˂ʘ ʪʘʯʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʠʤʝʥʫ ʧʨʘʚʦʫʛʘʦʥʠʭ ʦʜʥʦʩʥʦ 

ʪʨʦʫʛʘʦʥʠʭ (ʪʘʙʝʣʘ 5.18). ʋ ʦʜʥʦʩʫ ʥʘ ʧʨʠʤʝʥʫ ʧʨʘʚʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ 

ʧʦʩʪʠʛʥʫʪʘ ʩʫ ʟʥʘʯʘʿʥʘ ʧʦʚʝ˂ʘˁʘ ʪʘʯʥʦʩʪʠ ʢʦʿʘ ʩʫ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʫ ʠʥʪʝʨʚʘʣʫ 15 

ï 20%. ʇʨʠʤʝʥʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʨʝʟʫʣʪʦʚʘʣʘ ʿʝ ʤʘˁʠʤ ʧʦʚʝ˂ʘˁʠʤʘ 

ʪʘʯʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʩʫ ʧʨʠʤʝˁʝʥʠ ʪʨʦʫʛʘʦʥʠ ʯʫʿʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ. 

 
ʊʠʧ ʢʨʠʪʠʯʥʦʛ 

ʦʧʩʝʛʘ 
1 2 3 4 5 6 7 8 9 10 11 12 

         a=2 

 1       -Emin 

 
62.16 70.27 81.08 67.57 75.68 70.27 86.49 89.19 94.59 83.78 78.38 81.08 

         a=2 

         max-1 

 
67.57 70.27 72.97 67.57 67.57 64.86 81.08 75.68 91.89 78.38 78.38 75.68 

        a=2 

   max 

 
62.16 64.86 70.27 64.86 67.57 62.16 78.38 75.68 91.89 81.08 83.78 72.97 

        - minE  

 
51.35 56.76 70.27 64.86 70.27 62.16 83.78 83.78 86.49 81.08 67.57 67.57 

 

 
45.95 51.35 51.35 54.05 62.16 43.24 86.49 64.86 78.38 75.68 70.27 64.86 

 

 
40.54 40.54 54.05 48.65 54.05 43.24 64.86 62.16 70.27 64.86 62.16 56.76 

 

ʊʘʙʝʣʘ 5.18. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʧʦʩʪʠʛʥʫʪʝ ʪʘʯʥʦʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʥʘʜ 

ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʝʩʪʘ ʠ ʪʠʧʘ ʢʦʨʠʰ˂ʝʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ (ʬʘʢʪʦʨ 

ʩʪʨʤʠʥʝ a=2), ʚʝʢʪʦʨ ʦʙʝʣʝʞʿʘ ʩʘʜʨʞʠ ʧʨʚʠʭ 19 MFCCs. 

 

ʂʘʦ ʰʪʦ ʿʝ ʝʚʠʜʝʥʪʥʦ ʠʟ ʪʘʙʝʣʝ 5.18 ʪʝʩʪʦʚʠ 7 ʠ 8 ʨʝʟʫʣʪʦʚʘʣʠ ʩʫ ʩʤʘˁʝˁʝʤ ʪʘʯʥʦʩʪʠ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʨʠ ʧʨʝʣʘʩʢʫ ʩʘ ʪʨʦʫʛʘʦʥʠʭ ʥʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʯʫʿʥʝ ʢʨʠʪʠʯʥʝ ʦʧʩʝʛʝ 

ʟʘʩʥʦʚʘʥʝ ʥʘ ʛʦʨˁʝʤ ʜʝʣʫ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʧʨʦʤʝʥʝ ʦʙʣʠʢʘ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ, ʧʨʘʚʦʫʛʘʦʥʠ ï ʪʨʦʫʛʘʦʥʠ ï ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠ, ʧʨʠ ʪʝʩʪʦʚʠʤʘ ʥʘʜ ɻʦʚʦʨʥʦʤ 

ʙʘʟʦʤ 2 ʥʘʿʚʝ˂ʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ  ʦʩʪʚʘʨʝʥʘ ʿʝ ʫ ʪʝʩʪʫ 9 ʧʨʠ ʧʨʠʤʝʥʠ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ 

ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʢʘʜʘ ʿʝ ʦʜ 37 ʛʦʚʦʨʥʠʢʘ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʧʦʟʥʘʚʘʯ ʪʘʯʥʦ ʧʨʝʧʦʟʥʘʦ 34 

ʦʜʥʦʩʥʦ 35 ʛʦʚʦʨʥʠʢʘ ʧʨʠ ʧʨʠʤʝʥʠ ʝʥʝʨʛʠʿʩʢʝ ʢʦʨʝʢʮʠʿʝ ʥʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʢʨʠʪʠʯʥʝ 

ʦʧʩʝʛʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʜʦˁʝʤ ʜʝʣʫ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ. 

 

ʊʠʧ ʯʫʿʥʦʛ 

ʢʨʠʪʠʯʥʦʛ 

ʦʧʩʝʛʘ 

         a=2 

 1       -Emin 

 

         a=2 

         max-1 

 

        a=2 

   max 

 

         

          - minE  

 

 

 

 

 

ʇʨʦʩʝʯʥʘ 

ʪʘʯʥʦʩʪ 
78.38 74.32 72.97 70,49 62.39 55.18 

 

ʊʘʙʝʣʘ 5.19. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʧʨʦʩʝʯʥʝ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʩʪʚʘʨʝʥʝ ʥʘʜ ɻʦʚʦʨʥʦʤ 

ʙʘʟʦʤ 2 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʤʝˁʝʥʦʛ ʯʫʿʥʦʛ ʢʨʠʪʠʯʥʦʛ ʦʧʩʝʛʘ. 

 

ʇʨʠʤʝʥʘ ʝʥʝʨʛʠʿʩʢʝ ʢʦʨʝʢʮʠʿʝ ʫ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝˁʘ ʪʨʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ ʟʥʘʯʘʿʥʠʿʝ ʿʝ ʧʦʧʨʘʚʠʣʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʤʥʦʛʠʤ ʪʝʩʪʦʚʠʤʘ ʯʠʤʝ ʠʭ ʿʝ ʧʦ 
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ʪʘʯʥʦʩʪʠ ʧʨʠʙʣʠʞʠʣʘ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠ ʦʙʣʠʢ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ (ʪʘʙʝʣʘ 5.19). ʋ ʦʜʥʦʩʫ ʥʘ ʧʦʯʝʪʥʫ ʧʨʠʤʝʥʫ ʧʨʘʚʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ, ʧʨʠʤʝʥʘ ʝʥʝʨʛʠʿʩʢʝ ʢʦʨʝʢʮʠʿʝ ʥʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʯʫʿʥʝ ʢʨʠʪʠʯʥʝ ʦʧʩʝʛʝ 

ʟʘʩʥʦʚʘʥʝ ʥʘ ʜʦˁʝʤ ʜʝʣʫ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ ʧʦʧʨʘʚʠʣʘ ʿʝ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ 

ʧʨʦʩʝʢʫ ʦʜ 20 ʜʦ 25%.   

ʈʝʟʫʣʪʘʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʧʨʠʤʝʥʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ ʨʝʟʫʣʪʦʚʘʣʘ ʧʦʚʝ˂ʘˁʝʤ ʧʨʦʩʝʯʥʝ ʪʘʯʥʦʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʥʘʜ 

ʦʙʝ ʛʦʚʦʨʥʝ ʙʘʟʝ. ʋ ʜʦʩʘʜʘʰˁʠʤ ʪʝʩʪʦʚʠʤʘ ʫ ʦʢʚʠʨʫ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʧʦʩʤʘʪʨʘʥʦ ʿʝ 19 

MFCCs. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʙʨʦʿʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʠʟʨʘʯʫʥʘʪʠʭ ʢʦʚʘʨʠʿʘʥʩʥʠʭ ʤʘʪʨʠʮʘ ʢʦʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʦʜʝʣʝ ʛʦʚʦʨʘ ʧʦʩʤʘʪʨʘʥʠʭ ʛʦʚʦʨʥʠʢʘ ʢʘʦ ʠ ʤʦʜʝʣʝ ˁʠʭʦʚʦʛ ʪʝʩʪ ʛʦʚʦʨʘ 

ʫʦʯʝʥʦ ʿʝ ʠʩʪʘʢʥʫʪʦ ʨʘʟʣʠʢʦʚʘˁʝ ʠʟʤʝʹʫ ʢʦʚʘʨʠʿʘʥʩʥʠʭ ʤʘʪʨʠʮʘ ʟʘ ʠʩʪʦʛ ʛʦʚʦʨʥʠʢʘ ʥʘ 

ʤʝʩʪʠʤʘ ʢʦʿʘ ʦʜʛʦʚʘʨʘʿʫ ʚʘʨʠʿʘʥʩʠ 19-ʦʛ MFCC. ʄʝʹʫʩʦʙʥʘ ʘʧʩʦʣʫʪʥʘ ʨʘʟʣʠʢʘ ʝʣʝʤʝʥʪʘ 

19,19S  ʫ ʤʘʪʨʠʮʠ ʜʦʙʠʿʝʥʦʿ ʥʘ ʦʩʥʦʚʫ ʩʥʠʤʘʢʘ ʥʘʤʝˁʝʥʠʭ ʧʨʘʚˀʝˁʫ ʤʦʜʝʣʘ ʧʦʩʤʘʪʨʘʥʦʛ 

ʛʦʚʦʨʥʠʢʘ ʠ ʝʣʝʤʝʥʪʘ ʥʘ ʠʩʪʦʿ ʧʦʟʠʮʠʿʠ ʫ ʢʦʚʘʨʠʿʘʥʩʥʦʿ ʤʘʪʨʠʮʠ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʪʝʩʪ 

ʛʦʚʦʨʥʦʤ ʩʥʠʤʢʫ ʠʩʪʦʛ ʛʦʚʦʨʥʠʢʘ ʠʟʥʦʩʠʣʘ ʿʝ ʯʝʩʪʦ ʚʠʰʝ ʦʜ 10 ʜʦʢ ʿʝ ʘʧʩʦʣʫʪʥʘ ʨʘʟʣʠʢʘ 

ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʥʠʩʫ ʧʦʩʣʝʜʠʮʘ 19-ʦʛ MFCC ʯʝʩʪʦ ʠʤʘʣʘ ʚʨʝʜʥʦʩʪ ʤʘˁʫ ʦʜ 1. ʋ ʧʨʠʤʝʪʥʦʤ 

ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʘʧʩʦʣʫʪʥʦ ʨʘʟʣʠʢʦʚʘˁʝ ʝʣʝʤʝʥʘʪʘ ʢʦʚʘʨʠʿʘʥʩʥʠʭ ʤʘʪʨʠʮʘ ʟʘ ʠʩʪʦʛ ʛʦʚʦʨʥʠʢʘ 

ʢʦʿʠ ʥʠʩʫ ʧʦʩʣʝʜʠʮʘ 19-ʦʛ MFCC ʙʠʣʘ ʿʝ ʤʘˁʘ ʦʜ 0.1 ʰʪʦ ʿʝ ʫʢʘʟʠʚʘʣʦ ʜʘ ʿʝ 19. MFCC ʜʘʚʘʦ 

ʟʥʘʯʘʿʘʥ ʜʦʧʨʠʥʦʩ ʨʘʟʣʠʢʦʚʘˁʫ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ ʜʦʙʠʿʝʥʦʛ ʧʨʠ ʦʙʫʮʠ ʠ ʤʦʜʝʣʘ ˁʝʛʦʚʦʛ 

ʪʝʩʪ ʛʦʚʦʨʘ. ʋ ʮʠˀʫ ʝʣʠʤʠʥʘʮʠʿʝ ʦʚʦʛ ʫʪʠʮʘʿʘ ʠʩʧʠʪʘʥʘ ʿʝ ʪʘʯʥʦʩʪ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʦʥʦʛʘ ʦʙʣʠʢʘ ʢʦʿʠ ʿʝ ʫ 

ʧʨʝʪʭʦʜʥʠʤ ʪʝʩʪʦʚʠʤʘ ʨʝʟʫʣʪʦʚʘʦ ʥʘʿʚʝ˂ʦʤ ʪʘʯʥʦʰ˂ʫ ʧʨʝʧʦʟʥʘʚʘˁʘ, ʪʿ. ʟʘʜʨʞʘʥ ʿʝ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠ ʦʙʣʠʢ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʜʦˁʝʤ ʜʝʣʫ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ 

ʬʫʥʢʮʠʿʝ ʧʨʠ ʯʝʤʫ ʿʝ ʚʝʢʪʦʨ ʦʙʝʣʝʞʿʘ ʩʘʜʨʞʘʦ 18 MFCCs (ʩʣʠʢʝ 5.15 ʠ 5.16). 
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ʉʣʠʢʘ 5.15. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʩʪ 

ʬʘʿʣʘ, 18 MFCCs, 20 ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ, ʬʘʢʪʦʨ ʩʪʨʤʠʥʝ 2=a , ʜʦˁʠ ʜʝʦ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ, 

1 ï ʥʝʤʦʜʠʬʠʢʦʚʘʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ, 

2 ï ʧʨʠʤʝˁʝʥʘ ʢʦʨʝʢʮʠʿʘ ʝʥʝʨʛʠʿʝ. 
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ʉʣʠʢʘ 5.16. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʩʪ 

ʬʘʿʣʘ, 18 MFCCs, 20 ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ, ʬʘʢʪʦʨ ʩʪʨʤʠʥʝ 2=a , ʜʦˁʠ ʜʝʦ 

ʝʢʩʧʦʥʝʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ, 

1 ï ʥʝʤʦʜʠʬʠʢʦʚʘʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ, 

2 ï ʧʨʠʤʝˁʝʥʘ ʢʦʨʝʢʮʠʿʘ ʝʥʝʨʛʠʿʝ. 

 

ʉʤʘˁʝˁʝ ʙʨʦʿʘ ʦʙʝʣʝʞʿʘ ʥʘ 18 MFFCs ʢʘʦ ʠ ʟʘʜʨʞʘʚʘˁʝ ʧʨʠʤʝʥʝ ʝʢʩʧʦʥʝʮʠʿʘʣʥʠʭ 

ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʧʦʧʨʘʚʠʣʦ ʿʝ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʦʙʝ ʛʦʚʦʨʥʝ ʙʘʟʝ. ʋ ʜʚʘ ʪʝʩʪʘ 

ʢʦʿʠ ʩʝ ʠʩʪʠʯʫ ʧʦ ʥʘʿʤʘˁʦʿ ʦʜʥʦʩʥʦ ʥʘʿʚʝ˂ʦʿ ʪʘʯʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʪʝʩʪʦʚʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 

1 ʦʜʥʦʩʥʦ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʪʘʯʥʦʩʪ ʿʝ ʧʦʚʝ˂ʘʥʘ. ʅʘʠʤʝ ʪʘʯʥʦʩʪ ʫ ʪʝʩʪʫ 3 ʥʘʜ ɻʦʚʦʨʥʦʤ 

ʙʘʟʦʤ 1 ʿʝ ʧʦʚʝ˂ʘʥʘ ʥʘ 60% ʜʦʢ ʿʝ ʪʘʯʥʦʩʪ ʫ ʪʝʩʪʫ 9 ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʧʦʚʝ˂ʘʥʘ ʥʘ ʦʢʦ 

97% ʰʪʦ ʟʥʘʯʠ ʜʘ ʿʝ ʫ ʪʦʤ ʪʝʩʪʫ ʧʨʝʧʦʟʥʘʚʘʯ ʦʜ 37 ʛʦʚʦʨʥʠʢʘ 36 ʛʦʚʦʨʥʠʢʘ ʪʘʯʥʦ ʧʨʝʧʦʟʥʘʦ.  

 

5.3. ʇʈɸɴɽɳɽ ʇʈʆʄɽʅɲʀɺʆʉʊʀ ɽʃɽʄɽʅɸʊɸ ʄʆɼɽʃɸ ʀ 

ɳʀʍʆɺ ʋʊʀʎɸɱ ʅɸ ʊɸʏʅʆʉʊ ɸʋʊʆʄɸʊʉʂʆɻ 

ʇʈɽʇʆɿʅɸɺɸɳɸ ɻʆɺʆʈʅʀʂɸ 
 

ʋ ʧʨʝʪʭʦʜʥʠʤ ʪʝʩʪʦʚʠʤʘ ʥʘʜ ʛʦʚʦʨʥʠʤ ʙʘʟʘʤʘ 1 ʠ 2 ʥʘʢʦʥ ʧʨʦʤʝʥʝ ʦʙʣʠʢʘ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʦʜ ʧʨʘʚʦʫʛʘʦʥʠʭ ʢʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʤ ʠ ʠʟʙʘʮʠʚʘˁʫ ʥʫʣʪʦʛ ʠ 19-ʪʦʛ 

MFCC ʠʟ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʥʘʿʤʘˁʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʩʪʚʘʨʝʥʘ ʿʝ ʫ ʪʝʩʪʫ 3 ʥʘʜ 

ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1. ʊʘʢʦʹʝ ʝʚʠʜʝʥʪʥʦ ʿʝ ʜʘ ʿʝ ʫ ʪʝʩʪʦʚʠʤʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2 ʥʘʢʦʥ 

ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ ʧʦʙʦˀʰʘˁʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʜ ʧʨʝʢʦ 90% ʦʩʪʚʘʨʝʥʘ ʫ 

ʪʝʩʪʦʚʠʤʘ 9 ʠ 7. 

ʋ ʧʨʝʪʭʦʜʥʠʤ ʪʝʩʪʦʚʠʤʘ ʧʨʘ˂ʝˁʘ ʫʪʠʮʘʿʘ ʧʨʦʤʝʥʝ ʦʙʣʠʢʘ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʥʘ 

ʪʘʯʥʦʩʪ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʪʘʢʦʹʝ ʧʨʘ˂ʝʥʦ ʿʝ ʠ ʧʦʥʘʰʘˁʝ ʤʦʜʝʣʘ ʠʩʪʠʭ 

ʛʦʚʦʨʥʠʢʘ ʫ ʩʣʫʯʘʿʫ ʩʢʫʧʘ ʛʦʚʦʨʥʠʭ ʩʥʠʤʘʢʘ ʥʘʤʝˁʝʥʠʭ ʦʙʫʮʠ ʠ ʪʝʩʪʫ. ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ ʫ 

ʧʨʝʪʭʦʜʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʩʫ ʠʟʫʟʝʪʠ ʥʫʣʪʠ ʠ ʜʝʚʝʪʥʘʝʩʪʠ MFCC ʰʪʦ ʿʝ ʫ ʚʝ˂ʠʥʠ ʪʝʩʪʦʚʘ 

ʨʝʟʫʣʪʦʚʘʣʦ ʧʦʚʝ˂ʘˁʝʤ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ. ʈʘʜʠ ʜʝʪʘˀʥʠʿʝ ʘʥʘʣʠʟʝ ʤʝʨʝ ʨʘʟʣʠʢʦʚʘˁʘ 

ʝʣʝʤʝʥʘʪʘ ʤʦʜʝʣʘ ʠʩʪʠʭ ʛʦʚʦʨʥʠʢʘ ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʤʘʪʨʠʮʘ ʨʘʟʣʠʢʦʚʘˁʘ, Dt, ʥʘ ʥʠʚʦʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʪʝʩʪʘ, { }14,...,2,1Ít  ʟʘ ɻʦʚʦʨʥʫ ʙʘʟʫ 1, ʦʜʥʦʩʥʦ { }12,...,2,1Ít  ʫ ʦʢʚʠʨʫ ʪʝʩʪʦʚʘ 

ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2. ɽʣʝʤʝʥʪ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʘʪʨʠʮʝ ʨʘʟʣʠʢʦʚʘˁʘ, ( )jiDt , , ʧʨʝʜʩʪʘʚˀʘ 

ʫʢʫʧʥʦ ʘʧʩʦʣʫʪʥʦ ʨʘʟʣʠʢʦʚʘˁʝ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʪʝʩʪʫ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʪʨʝʥʠʥʛ ʦʜʥʦʩʥʦ ʪʝʩʪ 

ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ, ʪʿ. ʤʦʜʝʣʝ ʠʩʪʠʭ ʛʦʚʦʨʥʠʢʘ, ʥʘ ʤʝʩʪʫ (i,j) ʦʜʥʦʩʥʦ:  
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ʧʨʠ ʯʝʤʫ ʩʫ i ʠ j ʦʟʥʘʢʝ ʧʦʩʤʘʪʨʘʥʦʛ ʝʣʝʤʝʥʪʘ ʫ ʪʨʝʥʠʥʛ ʠ ʪʝʩʪ ʢʦʚʘʨʠʿʘʥʩʥʠʤ ʤʘʪʨʠʮʘʤʘ ʠ N 

ʿʝ ʙʨʦʿ ʛʦʚʦʨʥʠʢʘ ʫ ʛʦʚʦʨʥʦʿ ʙʘʟʠ ʫ ʦʢʚʠʨʫ ʢʦʿʝ ʩʝ ʚʨʰʠ ʪʝʩʪʠʨʘˁʝ. 

ʋ ʪʘʙʝʣʠ 5.20 ʧʨʠʢʘʟʘʥʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʫʢʫʧʥʦʛ ʘʧʩʦʣʫʪʥʦʛ ʨʘʟʣʠʢʦʚʘˁʘ ʟʘ 0,0S  ʦʜʥʦʩʥʦ 

19,19S  ʝʣʝʤʝʥʪʝ ʫ ʪʨʝʥʠʥʛ ʠ ʪʝʩʪ ʢʦʚʘʨʠʿʘʥʩʥʠʤ ʤʘʪʨʠʮʘʤʘ ʠʩʪʠʭ ʛʦʚʦʨʥʠʢʘ ʫ ʦʢʚʠʨʫ ʛʨʫʧʝ 

ʪʝʩʪʦʚʘ 1-14 ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʨʘʯʫʥʘʪʝ ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʢʦʩʪʠ 5.6, ʨʝʣʘʪʠʚʥʦ ʫ ʦʜʥʦʩʫ ʥʘ 

ʥʘʿʤʘˁʫ ʚʨʝʜʥʦʩʪ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʤʘʪʨʠʮʘʤʘ ʨʘʟʣʠʢʦʚʘˁʘ.  ɽʚʠʜʝʥʪʥʝ ʩʫ ʠʟʨʘʟʠʪʝ ʚʝʣʠʯʠʥʝ 

ʦʚʠʭ ʨʝʣʘʪʠʚʥʠʭ ʨʘʟʣʠʢʦʚʘˁʘ ʦʜʘʢʣʝ ʠ ʦʧʨʘʚʜʘʥʦʩʪ ʟʘ ʠʟʫʟʠʤʘˁʝ ʦʚʠʭ ʝʣʝʤʝʥʘʪʘ ʤʦʜʝʣʘ ʠʟ 

ʢʦʥʘʯʥʦʛ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ, ʢʘʦ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʥʠʩʫ ʟʘʚʠʩʥʠ ʩʘʤʦ ʦʜ ʛʦʚʦʨʥʠʢʘ ʥʘʜ 

ʧʦʩʤʘʪʨʘʥʦʤ ʛʦʚʦʨʥʦʤ ʙʘʟʦʤ. 

 
ʊʝʩʪ (t) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

dmin 3.48 2.23 2.54 2.19 1.81 2.23 2.01 2.06 1.68 1.97 1.67 2.12 2.09 1.62 

( )0,0tD /dmin 3213
 

2238 2060 2065 3113 2367 2809 1860 3218 2413 3136 2195 1576 2555 

( )19,19tD /dmin 722 1008 593 263 221 260 215 160 274 302 602 242 183 451 

 

ʊʘʙʝʣʘ 5.20. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʫʢʫʧʥʦʛ ʘʧʩʦʣʫʪʥʦʛ ʨʘʟʣʠʢʦʚʘˁʘ ʟʘ 0,0S  ʠ 19,19S  ʝʣʝʤʝʥʪʝ ʫ 

ʨʘʟʤʘʪʨʘʥʠʤ ʪʝʩʪʦʚʠʤʘ ʧʨʠ ʧʨʠʤʝʥʠ 20 ʧʨʘʚʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ (ʩʣʠʢʘ 5.1). 

dmin ʧʨʝʜʩʪʘʚˀʘ ʤʠʥʠʤʘʣʥʦ ʘʧʩʦʣʫʪʥʦ ʨʘʟʣʠʢʦʚʘˁʝ ʫ ʤʘʪʨʠʮʘʤʘ ʨʘʟʣʠʢʦʚʘˁʘ ʠʟʚʨʰʝʥʠʭ 

ʪʝʩʪʦʚʘ. 

 

ʊʘʙʝʣʘ 5.20 ʧʨʠʢʘʟʫʿʝ ʨʝʣʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ( )0,0tD  ʠ ( )19,19tD  ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʘʪʨʠʮʘ 

ʨʘʟʣʠʢʦʚʘˁʘ ʫ ʩʣʫʯʘʿʫ ʧʨʠʤʝˁʝʥʠʭ ʧʨʘʚʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. ʇʨʝʪʭʦʜʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʧʨʦʤʝʥʘ ʦʙʣʠʢʘ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʦʜ 

ʪʨʦʫʛʘʦʥʠʭ ʢʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʤ ʜʦʧʨʠʥʦʩʠ ʧʦʚʝ˂ʘˁʫ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʘʣʠ ʧʨʦʙʣʝʤ 

ʨʘʟʣʠʢʦʚʘˁʘ ʝʣʝʤʝʥʘʪʘ ʪʝʩʪ ʠ ʪʨʝʥʠʥʛ ʤʦʜʝʣʘ ʿʝʜʥʦʛ ʠʩʪʦʛ ʛʦʚʦʨʥʠʢʘ, ʧʦʩʤʘʪʨʘʥʠʭ ʥʘ ʠʩʪʠʤ 

ʤʝʩʪʠʤʘ ʫ ʢʦʚʘʨʠʿʘʥʩʥʠʤ ʤʘʪʨʠʮʘʤʘ ˂ʝ ʠ ʜʘˀʝ ʙʠʪʠ ʧʨʠʩʫʪʘʥ, ʪʿ. ʤʦʜʝʣʠ ʿʝʜʥʦʛ ʠʩʪʦʛ 

ʛʦʚʦʨʥʠʢʘ ʧʦʢʘʟʠʚʘ˂ʝ ʨʘʟʣʠʢʦʚʘˁʘ ʧʨʠ ʤʦʜʝʣʦʚʘˁʫ ʨʘʟʣʠʯʠʪʠʭ ʩʥʠʤʘʢʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ 

ʩʫ ʢʘʦ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʥʠʢʘ ʢʦʨʠʰ˂ʝʥʠ MFCCs ʨʘʯʫʥʘʪʠ ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʢʦʩʪʠ 4.19 ʩʣʝʜʠ ʜʘ 

ʦʚʦ ʥʠʿʝ ʠʟʥʝʥʘʹʫʿʫ˂ʘ ʯʠˁʝʥʠʮʘ. ʅʘʠʤʝ MFCCs ʧʦ ʩʚʦʿʦʿ ʜʝʬʠʥʠʮʠʿʠ ʠʟʨʘʯʫʥʘʚʘˁʘ ʟʘʚʠʩʝ 

ʦʜ ʘʤʧʣʠʪʫʜʩʢʦʛ ʩʧʝʢʪʨʘ ʨʘʟʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʪʿ. ʦʜ ˁʝʛʦʚʝ ʝʥʝʨʛʠʿʝ. ɽʥʝʨʛʠʿʘ 

ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʟʘʚʠʩʠ ʦʜ ʛʣʘʩʥʦʩʪʠ ʠʟʛʦʚʘʨʘˁʘ ʢʦʿʘ ʿʝ ʧʦʩʣʝʜʠʮʘ ʢʘʢʦ 

ʩʘʤʦʛ ʛʦʚʦʨʥʠʢʘ ʠ ˁʝʛʦʚʦʛ ʪʨʝʥʫʪʥʦʛ ʥʘʯʠʥʘ ʠʟʨʘʞʘʚʘˁʘ, ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʠ ʧʦʩʣʝʜʠʮʘ 

ˁʝʛʦʚʠʭ ʪʨʝʥʫʪʥʠʭ ʦʩʝ˂ʘˁʘ, ʪʘʢʦʹʝ ʧʦʩʣʝʜʠʮʘ ʿʝ ʠ ʪʝʢʩʪʫʘʣʥʝ ʩʘʜʨʞʠʥʝ ʛʦʚʦʨʘ. ʅʘ ʦʩʥʦʚʫ 

ʦʚʝ ʯʠˁʝʥʠʮʝ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ MFCCs ʢʘʦ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʥʠʢʘ ʥʝ ʠʩʧʫˁʘʚʘʿʫ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʧʨʚʠ ʫʩʣʦʚ ʧʦʩʪʘʚˀʝʥ ʧʨʝʜ ˁʠʭ ʥʘ ʦʩʥʦʚʫ ʢʦʛ ʩʝ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʥʠʢʘ ʪʨʝʙʘʿʫ 

ʦʜʣʠʢʦʚʘʪʠ ʠʩʧʦˀʘʚʘˁʝʤ ʚʝʣʠʢʠʭ ʤʝʹʫʛʦʚʦʨʥʠʯʢʠʭ ʨʘʟʣʠʢʘ ʠ ʤʘʣʠʭ ʧʨʦʤʝʥʘ ʟʘ ʿʝʜʥʦʛ 

ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ. ʆʚʝ ʥʝʠʜʝʘʣʥʦʩʪʠ MFCCs ʩʝ ʧʨʝʩʣʠʢʘʚʘʿʫ ʫ ʧʨʠʤʝˁʝʥʝ ʤʦʜʝʣʝ 

ʛʦʚʦʨʥʠʢʘ ʪʿ. ʫ ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ ʢʦʿʠʤʘ ʿʝ ʤʦʜʝʣʦʚʘʥʘ ʦʜʨʝʹʝʥʘ ʛʨʫʧʘ ʩʥʠʤʘʢʘ ʠʣʠ 

ʧʦʿʝʜʠʥʘʯʥʠ ʩʥʠʤʘʢ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ. 

ɻʨʫʙʦ ʨʝʰʝˁʝ ʧʨʦʙʣʝʤʘ ʨʘʟʣʠʢʦʚʘˁʘ ʤʦʜʝʣʘ ʿʝʜʥʦʛ ʠʩʪʦʛ ʛʦʚʦʨʥʠʢʘ ʤʦʞʝ ʩʝ ʨʝʰʠʪʠ 

ʫʪʚʨʹʠʚʘˁʝʤ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʩʝ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʫʿʫ ʫ ʤʦʜʝʣʠʤʘ ʠ ʟʘʥʝʤʘʨʠʚʘˁʝʤ ʪʠʭ 

ʝʣʝʤʝʥʘʪʘ ʫ ʢʦʥʘʯʥʦʤ ʤʦʜʝʣʫ ʛʦʚʦʨʥʠʢʘ. ʀʧʘʢ, ʠʘʢʦ ʩʝ ʦʚʠ ʝʣʝʤʝʥʪʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʫʿʫ ʪʝ 

ʢʘʦ ʪʘʢʚʠ ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʥʠʩʫ ʜʠʨʝʢʪʥʘ ʧʦʩʣʝʜʠʮʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ, ʦʥʠ ʥʦʩʝ ʠ 

ʠʟʚʝʩʥʫ ʢʦʣʠʯʠʥʫ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʛʦʚʦʨʥʠʢʫ ʢʦʤ ʤʦʜʝʣ ʧʨʠʧʘʜʘ. ʇʦʰʪʦ ʦʚʠ ʝʣʝʤʝʥʪʠ 

ʧʦʢʘʟʫʿʫ ʟʥʘʯʘʿʥʫ ʧʨʦʤʝʥˀʠʚʦʩʪ ʦʜ ʤʦʜʝʣʘ ʜʦ ʤʦʜʝʣʘ ʿʝʜʥʦʛ ʠʩʪʦʛ ʛʦʚʦʨʥʠʢʘ ʪʦ ʟʥʘʯʠ ʜʘ ʦʥʠ 

ʥʦʩʝ ʨʝʣʘʪʠʚʥʦ ʤʘʣʫ ʢʦʣʠʯʠʥʫ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʧʨʠʧʘʜʘʿʫ˂ʝʤ ʛʦʚʦʨʥʠʢʫ, ʦʜʥʦʩʥʦ ʩʣʝʜʠ ʜʘ ʿʝ 

ʟʥʘʯʘʿʥʦʩʪ ʦʚʠʭ ʝʣʝʤʝʥʘʪʘ ʤʦʜʝʣʘ ʧʨʠ ʦʜʣʫʯʠʚʘˁʫ ʨʝʣʘʪʠʚʥʦ ʤʘʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʝʣʝʤʝʥʪʝ 

ʤʦʜʝʣʘ ʢʦʿʠ ʧʦʢʘʟʫʿʫ ʤʘˁʫ ʧʨʦʤʝʥˀʠʚʦʩʪ. ʉʪʦʛʘ ʿʝ ʙʦˀʝ ʨʝʰʝˁʝ ʟʘʜʨʞʘʪʠ ʩʚʝ ʝʣʝʤʝʥʪʝ 
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ʤʦʜʝʣʘ ʠ ʧʨʠ ʪʦʤʝ ʩʚʘʢʠ ʝʣʝʤʝʥʪ ʤʦʜʝʣʘ ʧʦʩʤʘʪʨʘʪʠ ʢʨʦʟ ʧʨʠʟʤʫ ˁʝʛʦʚʝ ʟʥʘʯʘʿʥʦʩʪʠ ʫ 

ʤʦʜʝʣʦʚʘˁʫ ʛʦʚʦʨʥʠʢʘ, ʪʿ. ʫʚʝʩʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʪʝʞʠʥʩʢʝ ʢʦʝʬʠʮʠʿʝʥʪʝ ʝʣʝʤʝʥʘʪʘ ʤʦʜʝʣʘ 

ʛʦʚʦʨʥʠʢʘ. 

ʄʝʨʘ ʚʘʞʥʦʩʪʠ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ ʤʦʜʝʣʘ ʪʿ. ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ( )jiW ,  ʢʦʿʠ ʠʤ 

ʦʜʛʦʚʘʨʘʿʫ ʧʦʩʣʝʜʠʮʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ( )jiD ,  ʫ ʤʘʪʨʠʮʠ ʨʘʩʪʦʿʘˁʘ D. 

ʐʪʦ ʿʝ ʥʘʛʦʤʠʣʘʥʦ ʨʘʩʪʦʿʘˁʝ ʥʘ ʦʜʨʝʹʝʥʦʤ ʤʝʩʪʫ ʫ ʤʘʪʨʠʮʠ ʨʘʩʪʦʿʘˁʘ ʚʝ˂ʝ ʪʦ ʿʝ ʚʨʝʜʥʦʩʪ 

ʪʝʞʠʥʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʿʠ ʤʫ ʦʜʛʦʚʘʨʘ ʤʘˁʘ, ʪʿ. 

 ( ) ( ) ( ) ( )lkWjiWlkDjiD ,,,, ¢Ý² .        (5.7) 

ʅʘ ʦʩʥʦʚʫ ʦʚʦʛ ʧʨʘʚʠʣʘ ʧʦʩʪʘʚˀʝʥʝ ʩʫ ʛʨʘʥʠʮʝ ʚʘʞʥʦʩʪʠ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ ʪʝʞʠʥʩʢʝ 

ʤʘʪʨʠʮʝ:  

       ( ) ( ) 05.0,
5

max
, =Ý> jiWjiD ,               (5.8ʘ) 

   ( ) ( ) 3.0,
5

max
,

10

max
=Ý¢< jiWjiD ,              (5.8ʙ)  

   ( ) ( ) 6.0,
10

max
,

20

max
=Ý¢< jiWjiD ,              (5.8ʚ) 

   ( ) ( ) 0.1,
20

max
,

40

max
=Ý¢< jiWjiD ,      (5.8ʛ) 

     ( ) ( ) 9.1,
40

max
, =Ý¢ jiWjiD .              (5.8ʜ) 

ɻʨʘʥʠʮʝ ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʿʚʝ˂ʫ ʚʨʝʜʥʦʩʪ, max, ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʦʿ ʤʘʪʨʠʮʠ 

ʨʘʟʣʠʢʦʚʘˁʘ D. ʈʝʟʫʣʪʘʥʪʥʠ ʝʣʝʤʝʥʪ ʤʦʜʝʣʘ, ( )jiʨʝʟ,S , ʨʘʯʫʥʘʪ ʿʝ ʢʘʦ ʧʨʦʠʟʚʦʜ ˁʝʛʦʚʝ 

ʧʨʚʦʙʠʪʥʦ ʧʨʦʮʝˁʝʥʝ ʚʨʝʜʥʦʩʪʠ, ( )ji,S , ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʫ ʪʝʞʠʥʩʢʦʿ ʤʘʪʨʠʮʠ, 

( )jiW , : 

( ) ( ) ( )jiWjijiʨʝʟ ,,,. ÖS=S , (5.9) 

ʇʨʠʤʝʥʘ ʦʚʦʛ ʧʦʩʪʫʧʢʘ ʧʨʚʦ ʿʝ ʠʟʚʨʰʝʥʘ ʟʘ 20 ʧʨʘʚʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʧʨʠ 

ʯʝʤʫ ʿʝ ʚʝʢʪʦʨ ʦʙʝʣʝʞʿʘ ʩʘʜʨʞʘʦ ʥʫʣʪʠ ʠ ʧʨʚʠʭ 19 MFCCs (ʩʣʠʢʘ 5.17). 
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ʉʣʠʢʘ 5.17. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʨʠ ʧʨʠʤʝʥʠ 20 ʧʨʘʚʦʫʛʘʦʥʠʭ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʠ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʢʦʿʠ ʩʘʜʨʞʠ ʥʫʣʪʠ ʠ ʧʨʚʠʭ 19 MFCCs ʫ ʩʣʫʯʘʿʝʚʠʤʘ: ʘ 

ï ʦʩʥʦʚʥʦʛ ʥʘʯʠʥʘ ʤʦʜʝʣʦʚʘˁʘ ʧʦʤʦ˂ʫ ʢʦʚʘʨʠʿʘʥʩʥʠʭ ʤʘʪʨʠʮʘ, ʙ ï ʧʨʠʤʝʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ 

ʝʣʝʤʝʥʘʪʘ ʤʦʜʝʣʘ. 

 

ɽʚʠʜʝʥʪʥʦ ʿʝ ʟʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘˁʝ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʨʠʤʝʥʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ 

5.8ʘ-ʜ ʠ ʢʘʜʘ ʩʫ ʧʨʠʣʠʢʦʤ ʠʟʨʘʯʫʥʘʚʘˁʘ MFCCs ʧʨʠʤʝˁʝʥʠ ʧʨʘʚʦʫʛʘʦʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ. 
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ʊʝʩʪ 1 ʿʝ ʧʦʥʦʚˀʝʥ ʟʘ ʩʣʫʯʘʿ ʧʨʠʤʝʥʝ 20 ʝʢʩʧʦʥʝʮʠʿʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʜʦˁʝʤ ʜʝʣʫ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ ʧʨʠ ʯʝʤʫ ʿʝ ʠʟʚʨʰʝʥʘ ʠ ʝʥʝʨʛʠʿʩʢʘ ʢʦʨʝʢʮʠʿʘ ʥʘʜ 

ʝʥʝʨʛʠʿʘʤʘ ʫʥʫʪʘʨ ʧʦʩʤʘʪʨʘʥʠʭ ʯʫʿʥʠʭ ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ. ʇʨʚʦʙʠʪʥʦ, ʰʪʦ ʙʠ ʦʜʛʦʚʘʨʘʣʦ 

ʩʣʫʯʘʿʫ ʘ ʥʘ ʩʣʠʮʠ 5.17, ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ 68.595% (83/121). ʅʘʢʦʥ 

ʧʨʠʤʝʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʥʘ ʤʦʜʝʣʝ ʛʦʚʦʨʥʠʢʘ, ʿʝʜʥʘʢʦʩʪʠ 5.8ʘ-ʜ, ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʿʝ 

ʧʦʚʝ˂ʘʥʘ ʥʘ 90.0826% (109/121), ʰʪʦ ʪʘʢʦʹʝ ʧʨʝʜʩʪʘʚˀʘ ʠ ʧʦʚʝ˂ʘˁʝ ʪʘʯʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ 

ʩʣʫʯʘʿ ʧʨʠʤʝʥʝ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʦʜ ʧʨʚʠʭ 18 MFCCs, ʩʣʠʢʘ 5.15. 

ʋ ʩʚʠʤ ʧʨʝʪʭʦʜʥʠʤ ʪʝʩʪʦʚʠʤʘ, ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʪʝʩʪʫ 3 ʿʝ ʟʥʘʯʘʿʥʦ ʤʘˁʘ ʦʜ 

ʪʘʯʥʦʩʪʠ ʫ ʦʩʪʘʣʠʤ ʪʝʩʪʦʚʠʤʘ, ʰʪʦ ʠʟʜʚʘʿʘ ʦʚʘʿ ʪʝʩʪ ʢʘʦ ʧʦʜʝʩʘʥ ʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʘʥ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʫʩʧʝʰʥʦʩʪʠ ʤʦʛʫ˂ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʥʘ ʤʦʜʝʣʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʧʨʠʤʝʥʠ MFCCs 

ʢʘʦ ʦʙʝʣʝʞʿʘ ʛʦʚʦʨʥʠʢʘ. 
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ʉʣʠʢʘ 5.18. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʪʝʩʪʫ 3 ʥʘʜ ʛʦʚʦʨʥʦʤ ʙʘʟʦʤ 1 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʥʘʯʠʥʘ 

ʤʦʜʝʣʦʚʘˁʘ ʛʦʚʦʨʥʠʢʘ: 1 ï ʤʦʜʝʣʦʚʘˁʝ ʠʟʚʨʰʝʥʦ ʢʦʚʘʨʠʿʘʥʩʥʠʤ ʤʘʪʨʠʮʘʤʘ ʟʘ ʨʘʩʧʦʣʦʞʠʚʝ 

ʚʝʢʪʦʨʝ ʦʙʝʣʝʞʿʘ ʢʦʿʠ ʩʘʜʨʞʝ ʥʫʣʪʠ ʠ ʧʨʚʠʭ 19 MFCCs; 2 ï ʧʨʠʤʝˁʝʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʫ 

ʿʝʜʥʘʢʦʩʪʠʤʘ 5.8ʘ-ʜ ʥʘ ʤʦʜʝʣʝ ʜʦʙʠʿʝʥʝ ʫ 1; 3 ï ʧʨʠʤʝˁʝʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʢʘʦ ʫ 

ʝʿʜʥʘʢʦʩʪʠʤʘ 5.10ʘ-ʜ ʥʘ ʤʦʜʝʣʝ ʠʟ 1; 4- ʧʨʠʤʝˁʝʥ ʣʦʛʘʨʠʪʘʤ ʥʘ ʯʣʘʥʦʚʝ ʤʦʜʝʣʘ ʚʝ˂ʝ ʦʜ 

max/1.1; 5 ï ʧʨʠʤʝˁʝʥʘ ʩʠʛʤʦʠʜ ʬʫʥʢʮʠʿʘ ʥʘ ʯʣʘʥʦʚʝ ʤʦʜʝʣʘ ʚʝ˂ʝ ʦʜ max/1.7; 6 ï ʧʨʠʤʝˁʝʥʘ 

ʩʠʛʤʦʠʜ ʬʫʥʢʮʠʿʘ ʥʘ ʩʚʝ ʝʣʝʤʝʥʪʘ ʤʦʜʝʣʘ ʠʟ 1; 7 ï 18MFCCs; 8 ï 18MFCCs ʠ ʩʠʛʤʦʠʜ ʥʘ ʩʚʝ 

ʯʣʘʥʦʚʝ ʤʦʜʝʣʘ; 9 ï 18MFCCs ʠ ʩʠʛʤʦʠʜ ʥʘ ʯʣʘʥʦʚʝ ʤʦʜʝʣʘ ʚʝ˂ʝ ʦʜ max/2; 10 ï 18MFCCs ʠ 

ʩʠʛʤʦʠʜ ʥʘ ʯʣʘʥʦʚʝ ʤʦʜʝʣʘ ʚʝ˂ʝ ʦʜ max/1.7. ʇʨʠʤʝˁʝʥʦ ʿʝ 20 ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʦʧʩʝʛʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʜʦˁʝʤ ʜʝʣʫ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ ʬʘʢʪʦʨʘ ʩʪʨʤʠʥʝ 2. 

 

ʀʟʨʘʯʫʥʘʚʘˁʝ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʝ ʤʘʪʨʠʮʝ ʨʘʟʣʠʢʦʚʘˁʘ ʧʦʜʨʘʟʫʤʝʚʘ ʧʦʟʥʘʚʘˁʝ 

ʪʝʩʪ ʩʢʫʧʘ. ʆʚʦ ʿʝ ʠʟʚʦʜˀʠʚʦ ʫ ʩʣʫʯʘʿʫ ʪʝʩʪʠʨʘˁʘ ʥʘʜ ʛʦʚʦʨʥʠʤ ʙʘʟʘʤʘ, ʢʘʜʘ ʩʝ ʫʥʘʧʨʝʜ 

ʜʝʬʠʥʠʰʫ ʪʨʝʥʠʥʛ ʠ ʪʝʩʪ ʩʢʫʧ, ʘʣʠ ʥʝ ʦʜʛʦʚʘʨʘ ʩʣʫʯʘʿʫ ʩʪʚʘʨʥʝ ʧʨʠʤʝʥʝ ʧʨʠ ʧʨʝʧʦʟʥʘʚʘˁʫ 

ʛʦʚʦʨʥʠʢʘ ʠʟ ʩʥʠʤʢʘ ʛʦʚʦʨʘ ʟʘ ʢʦʿʠ ʩʝ ʫʥʘʧʨʝʜ ʥʝ ʟʥʘ ʢʦʤʝ ʧʨʠʧʘʜʘ. ɽʚʠʜʝʥʪʥʦ ʿʝ ʜʘ ˂ʝ ʩʝ 

ʪʨʝʥʠʥʛ ʠ ʪʝʩʪ ʤʦʜʝʣ ʠʩʪʦʛ ʛʦʚʦʨʥʠʢʘ ʨʘʟʣʠʢʦʚʘʪʠ, ʧʨʠ ʯʝʤʫ ʿʝ ʮʠˀ ʜʘ ʩʝ ʥʘ ʥʝʢʠ ʥʘʯʠʥ ʪʦ 

ʨʘʟʣʠʢʦʚʘˁʝ ʰʪʦ ʚʠʰʝ ʫʤʘˁʠ. 

ʋʢʦʣʠʢʦ ʝʣʝʤʝʥʪ ʤʦʜʝʣʘ ʠʤʘ ʠʟʛʣʝʜʝ ʜʘ ʠʤʘ ʚʝʣʠʢʫ ʚʨʝʜʥʦʩʪ ʪʘʜʘ ʪʘʢʦʹʝ ʿʝ ʚʝʨʦʚʘʪʥʠʿʝ 

ʜʘ ʥʘ ʪʦʤ ʤʝʩʪʫ ʪʨʝʥʠʥʛ ʠ ʪʝʩʪ ʤʦʜʝʣʠ ʧʦʢʘʟʫʿʫ ʚʝʣʠʢʦ ʨʘʟʣʠʢʦʚʘˁʝ. ʈʘʜʠ ʫʤʘˁʝˁʘ ʤʦʛʫ˂ʝʛ 

ʨʘʟʣʠʢʦʚʘˁʘ ʠʟʤʝʹʫ ʪʝʩʪ ʠ ʪʨʝʥʠʥʛ ʤʦʜʝʣʘ ʠʩʪʠʭ ʛʦʚʦʨʥʠʢʘ ʥʘ ʧʦʤʝʥʫʪʠʤ ʤʝʩʪʠʤʘ ʧʦʪʨʝʙʥʦ 

ʿʝ ʥʘ ʦʜʨʝʹʝʥʠ ʥʘʯʠʥ ʫʤʘˁʠʪʠ ʠʟʨʘʟʠʪʦ ʚʝʣʠʢʝ ʝʣʝʤʝʥʪʝ ʤʦʜʝʣʘ. ʇʦʧʫʪ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʢʦʿʘ 

ʿʝ ʠʩʢʘʟʘʥʘ ʥʠʟʦʤ ʿʝʜʥʘʢʦʩʪʠ 5.8ʘ-ʜ, ʪʦ ʙʠ ʩʝ ʤʦʛʣʦ ʧʦʩʪʠ˂ʠ ʧʨʠʤʝʥʦʤ ʠʩʪʠʭ ʦʜʥʦʩʥʠʭ 

ʿʝʜʥʘʢʦʩʪʠ ʘʣʠ ʩʘʜʘ ʥʘ ʩʚʘʢʠ ʤʦʜʝʣ ʧʦʥʘʦʩʦʙ ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʿʚʝ˂ʠ ˁʝʛʦʚ ʝʣʝʤʝʥʪ: 

        ( ) ( ) 05.0,
5

max
, =Ý>S jiWji ,                     (5.10ʘ) 

   ( ) ( ) 3.0,
5

max
,

10

max
=Ý¢S< jiWji ,            (5.10ʙ)  
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   ( ) ( ) 6.0,
10

max
,

20

max
=Ý¢S< jiWji ,            (5.10ʚ) 

   ( ) ( ) 0.1,
20

max
,

40

max
=Ý¢S< jiWji ,            (5.10ʛ) 

     ( ) ( ) 9.1,
40

max
, =Ý¢S jiWji .            (5.10ʜ) 

ʉʘʜʘ ʩʫ ʛʨʘʥʠʮʝ ʜʝʬʠʥʠʩʘʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʿʚʝ˂ʫ ʚʨʝʜʥʦʩʪ, max, ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʦʿ ʤʘʪʨʠʮʠ S 

ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʝʣ ʛʦʚʦʨʘ ʛʦʚʦʨʥʠʢʘ. ʊʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʿʝ ʟʘ ʦʢʦ ʧʨʦʮʝʥʘʪ ʚʝ˂ʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʨʠ ʧʨʠʤʝʥʠ ʦʩʥʦʚʥʦʛ ʤʦʜʝʣʘ, ʩʣʠʢʘ 5.18 ʩʣʫʯʘʿ 3. ʋʯʠʥʘʢ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʫʚʝʜʝʥʠʭ ʢʨʦʟ ʿʝʜʥʘʢʦʩʪʠ 5.8ʘ-ʜ ʦʜʥʦʩʥʦ 5.10ʘ-ʜ ʦʛʣʝʜʘ ʩʝ ʠ ʫ ʩʨʘʟʤʝʨʥʦʤ 

ʫʤʘˁʝˁʫ ʯʣʘʥʦʚʘ ʤʦʜʝʣʘ ʦʜʥʦʩʥʦ ʢʦʚʘʨʠʿʘʥʩʥʝ ʤʘʪʨʠʮʝ. ʉʨʘʟʤʝʨʥʦ ʫʤʘˁʝˁʝ ʧʦʜʨʘʟʫʤʝʚʘ 

ʚʝ˂ʝ ʫʤʘˁʝˁʝ ʚʝ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʤʦʜʝʣʘ. ʇʦʤʝʥʫʪʦ ʩʝ ʤʦʞʝ ʪʘʢʦʹʝ ʧʦʩʪʠ˂ʠ ʠ ʧʨʠʤʝʥʦʤ ʥʝʢʠʭ 

ʥʝʣʠʥʝʘʨʥʠʭ ʬʫʥʢʮʠʿʘ ʥʘ ʝʣʝʤʝʥʪʝ ʤʦʜʝʣʘ, ʢʘʦ ʰʪʦ ʩʫ ʣʦʛʘʨʠʪʘʤʩʢʘ ʠʣʠ ʩʠʛʤʦʠʜ ʬʫʥʢʮʠʿʘ. 

ʉʭʦʜʥʦ ʪʦʤʝ ʜʘ ʧʨʠʤʝʥʘ ʣʦʛʘʨʠʪʘʤʩʢʝ ʬʫʥʢʮʠʿʝ ʥʘ ʚʝʣʠʢʝ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʫʿʝ ʟʥʘʪʥʠʤ 

ʫʤʘˁʝˁʝʤ ʧʦʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ ʧʨʠʤʝʥʘ ʣʦʛʘʨʠʪʘʤʩʢʝ ʬʫʥʢʮʠʿʝ ʥʘ ʝʣʝʤʝʥʪʝ ʤʦʜʝʣʘ ʿʝ 

ʩʧʨʦʚʝʜʝʥʘ ʥʘʜ ʝʣʝʤʝʥʪʠʤʘ ʤʦʜʝʣʘ ʯʠʿʘ ʿʝ ʚʝʣʠʯʠʥʘ ʙʣʠʟʫ ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʦʛ 

ʤʦʜʝʣʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

( ) ( ) ( )( )ʩʪʘʨʦʥʦʚʦʩʪʘʨʦ
jijijiʘʢʦ ,log,

1.1

max
, 10S=SÝ>S .            (5.11) 

ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʨʝʟʫʣʪʘʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʿʝ ʚʨʣʦ ʤʘʣʦ ʧʦʧʨʘʚˀʝʥ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʯʥʦʩʪ ʦʩʪʚʘʨʝʥʫ 

ʥʘʢʦʥ ʧʨʠʤʝʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ 5.10ʘ-ʜ. ʇʦ ʫʛʣʝʜʫ ʥʘ ʧʨʝʪʭʦʜʥʫ ʧʨʠʤʝʥʫ ʣʦʛʘʨʠʪʘʤʩʢʝ 

ʬʫʥʢʮʠʿʝ, ʥʘ ʩʣʠʯʘʥ ʥʘʯʠʥ ʧʨʠʤʝˁʝʥʘ ʿʝ ʠ ʩʠʛʤʦʠʜ ʬʫʥʢʮʠʿʘ: 

 ( ) ( )
( )( )ʩʪʘʨʦ

ji

ʥʦʚʦʩʪʘʨʦ

e
jijiʘʢʦ

,1

1
,

7.1

max
,

S-+
=SÝ>S .             (5.12) 

ʆʚʦ ʿʝ ʧʦʚʝ˂ʘʣʦ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚˁʘ, ʩʣʠʢʘ 5.18 ʩʣʫʯʘʿ 5, ʘʣʠ ʿʝ ʟʥʘʯʘʿʥʠʿʝ ʧʦʚʝ˂ʘˁʝ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʩʪʚʘʨʝʥʦ ʧʨʠʤʝʥʦʤ ʩʠʛʤʦʠʜ ʬʫʥʢʮʠʿʝ ʥʘ ʩʚʝ ʝʣʝʤʝʥʪʝ ʤʦʜʝʣʘ, ʩʣʠʢʘ 5.18 

ʩʣʫʯʘʿ 6. 

ʊʘʢʦʹʝ ʠʩʧʠʪʘʥ ʿʝ ʧʦʪʧʫʥ ʢʘʦ ʠ ʜʝʣʠʤʠʯʘʥ ʫʪʠʮʘʿ ʧʨʠʤʝʥʝ ʩʠʛʤʦʠʜ ʬʫʥʢʮʠʿʝ ʥʘ 

ʝʣʝʤʝʥʪʝ ʤʦʜʝʣʘ ʛʦʚʦʨʥʠʢʘ ʢʘʜʘ ʿʝ ʚʝʢʪʦʨ ʦʙʝʣʝʞʿʘ ʩʘʜʨʞʘʦ ʧʨʚʠʭ 18MFCCs, ʩʣʠʢʘ 5.18 

ʩʣʫʯʘʿʝʚʠ: 8, 9 ʠ 10. ɽʚʠʜʝʥʪʥʦ ʜʘ ʿʝ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʥʘʿʚʝ˂ʝ ʧʨʝʧʦʟʥʘʚʘˁʝ ʦʩʪʚʘʨʝʥʦ ʫ ʩʣʫʯʘʿʫ 

10, ʜʝʣʠʤʠʯʥʝ ʧʨʠʤʝʥʝ ʩʠʛʤʦʠʜ ʬʫʥʢʮʠʿʝ ʥʘ ʝʣʝʤʝʥʪʝ ʤʦʜʝʣʘ ʫ ʩʢʣʘʜʫ ʩʘ ʫʩʣʦʚʠʤʘ 

ʧʦʩʪʘʚˀʝʥʠʤ ʫ ʠʩʢʘʟʫ 5.12. ɼʘʢʣʝ ʫ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝˁʘ ʤʦʜʝʣʘ ʜʦʙʠʿʝʥʠʭ ʟʘ ʚʝʢʪʦʨʝ 

ʦʙʝʣʝʞʿʘ ʢʦʿʠ ʩʘʜʨʞʝ ʥʫʣʪʠ ʠ ʧʨʚʠʭ 19 MFCCs ʥʘʿʚʝ˂ʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʿʝ ʦʩʪʚʘʨʝʥʘ 

ʧʨʠʤʝʥʦʤ ʩʠʛʤʦʠʜ ʬʫʥʢʮʠʿʝ ʥʘ ʩʚʝ ʝʣʝʤʝʥʪʝ ʤʦʜʝʣʘ, ʜʦʢ ʿʝ ʧʨʠ ʤʦʜʝʣʦʚʘˁʫ ʛʦʚʦʨʥʠʢʘ ʥʘ 

ʦʩʥʦʚʫ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ ʢʦʿʠ ʩʘʜʨʞʝ ʧʨʚʠʭ 18 MFCCs ʥʘʿʚʝ˂ʘ ʪʘʯʥʦʩʪ ʦʩʚʘʨʝʥʘ ʧʨʠʤʝʥʦʤ 

ʩʠʛʤʦʠʜ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʥʘ ʝʣʝʤʝʥʪʝ ʤʦʜʝʣʘ ʢʦʿʠ ʠʩʧʫˁʘʚʘʿʫ ʫʩʣʦʚ 5.12.  ʆʙʟʠʨʦʤ ʜʘ 

ʤʦʜʝʣʠ ʛʦʚʦʨʥʠʢʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʚʝʢʪʦʨʠʤʘ ʦʙʝʣʝʞʿʘ ʦʜ ʧʨʚʠʭ 18 MFCCs ʥʝ ʩʘʜʨʞʝ 

ʠʟʨʘʟʠʪʦ ʚʝʣʠʢʝ ʝʣʝʤʝʥʪʝ ʝʚʠʜʝʥʪʥʦ ʿʝ ʜʘ ʩʠʛʤʦʠʜ ʬʫʥʢʮʠʿʫ ʥʠʿʝ ʧʦʪʨʝʙʥʦ ʧʨʠʤʝʥʠʪʠ ʥʘ ʩʚʝ 

ʝʣʝʤʝʥʪʝ ʤʦʜʝʣʘ ʥʝʛʦ ʩʘʤʦ ʥʘ ʦʥʝ ʝʣʝʤʝʥʪʝ ʤʦʜʝʣʘ ʢʦʿʠ ʩʫ ʙʣʠʞʠ ʥʘʿʚʝ˂ʦʿ ʚʨʝʜʥʦʩʪʠ ʫ 

ʧʦʩʤʘʪʨʘʥʦʤ ʤʦʜʝʣʫ, ʢʘʢʦ ʿʝ ʠʩʢʘʟʘʥʦ ʫ 5.12 ʜʦʙʠʿʝʥʦʿ ʥʘ ʦʩʥʦʚʫ ʠʟʚʨʰʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ.     
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6. ɿɸʂɲʋʏɸʂ 
 

MFCCs ʩʝ ʤʦʛʫ ʫʩʧʝʰʥʦ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʦʙʝʣʝʞʿʘ ʧʨʠ ʘʫʪʦʤʘʪʩʢʦʤ ʧʨʝʧʦʟʥʘʚʘˁʫ 

ʛʦʚʦʨʥʠʢʘ. ʇʨʠ ʪʦʤʝ ʧʦʪʨʝʙʥʦ ʿʝ ʠʤʘʪʠ ʫ ʚʠʜʫ ʧʨʠʨʦʜʫ ˁʠʭʦʚʦʛ ʠʟʨʘʯʫʥʘʚʘˁʘ, ʪʿ. ʜʘ ʩʝ ʦʥʠ 

ʠʟʨʘʯʫʥʘʚʘʿʫ ʥʘ ʦʩʥʦʚʫ ʢʨʘʪʢʦʪʨʘʿʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʩʝʛʤʝʥʘʪʘ ʛʦʚʦʨʥʠʭ ʩʠʛʥʘʣʘ. ɼʘʢʣʝ ʦʥʠ ʩʝ 

ʩʚʘʢʘʢʦ ʤʝˁʘʿʫ ʦʜ ʩʝʛʤʝʥʪʘ ʜʦ ʩʝʛʤʝʥʪʘ ʛʦʚʦʨʥʦʛ ʩʠʛʥʘʣʘ ʘʣʠ ʢʦʨʠʰ˂ʝˁʝʤ ʩʪʦʭʘʩʪʠʯʢʠʭ 

ʤʦʜʝʣʘ, ʢʘʦ ʰʪʦ ʿʝ ʫ ʦʚʦʤ ʨʘʜʫ ʢʦʨʠʰ˂ʝʥʘ ʢʦʚʘʨʠʿʘʥʩʥʘ ʤʘʪʨʠʮʘ ʢʘʦ ʨʝʧʨʝʟʝʥʪ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʧʨʝʪʧʦʩʪʘʚˀʝʥʝ ɻʘʫʩʦʚʝ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʘʩʧʦʜʝʣʝ, ʪʘ ˁʠʭʦʚʘ ʚʨʝʤʝʥʩʢʘ ʧʨʦʤʝʥˀʠʚʦʩʪ 

ʩʝ ʥʘ ʦʜʨʝʹʝʥʠ ʥʘʯʠʥ ʫʧʨʦʩʝʯʫʿʝ ʪʝ ʤʦʜʝʣ ʥʘ ʦʜʨʝʹʝʥʠ ʥʘʯʠʥ ʧʨʝʜʩʪʘʚˀʘ ʩʣʠʢʫ ʧʨʦʤʝʥʝ 

ʦʚʠʭ ʦʙʝʣʝʞʿʘ. ʉʪʦʛʘ ʨʝʟʫʣʪʘʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʟʘʚʠʩʝ ʦʜ ʬʦʥʝʪʩʢʦʛ ʩʘʩʪʘʚʘ ʠʣʠ ʪʝʢʩʪʫʘʣʥʦʛ 

ʩʘʩʪʘʚʘ ʢʘʢʦ ʪʨʝʥʠʥʛ ʪʘʢʦ ʠ ʪʝʩʪ ʛʦʚʦʨʘ. ʋ ʩʫʰʪʠʥʠ ʟʘʚʠʩʝ ʦʜ ʤʝʨʝ ˁʠʭʦʚʝ ʫʿʝʜʥʘʯʝʥʦʩʪʠ. 

ʆʚʘ ʯʠˁʝʥʠʮʘ ʥʝ ʫʩʣʦʚˀʘʚʘ ʪʝʢʩʪʫʘʣʥʫ ʠʜʝʥʪʠʯʥʦʩʪ ʪʨʝʥʠʥʛ ʠ ʪʝʩʪ ʛʦʚʦʨʥʠʭ ʩʝʢʚʝʥʮʠ 

ʜʘ ʙʠ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʧʦʟʥʘʚʘʯ ʧʦʢʘʟʠʚʘʦ ʥʘʿʚʝ˂ʝ ʠʣʠ ʧʨʠʭʚʘʪˀʠʚʝ ʨʝʟʫʣʪʘʪʝ ʧʨʝʧʦʟʥʘʚʘˁʘ. 

ʆʙʟʠʨʦʤ ʜʘ ʥʘ ʢʦʣʠʯʠʥʫ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʛʦʚʦʨʥʠʢʫ ʥʘʿʚʠʰʝ ʫʪʠʯʝ ʢʦʣʠʯʠʥʘ ʟʚʫʯʥʦʩʪʠ ʪʿ. 

ʟʘʩʪʫʧˀʝʥʦʩʪ ʟʚʫʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʛʦʚʦʨʫ ʢʦʿʠ ʩʝ ʘʥʘʣʠʟʠʨʘ ʩʣʝʜʠ ʜʘ ʩʝ ʨʝʟʫʣʪʘʪʠ ʧʨʠʤʝʥʝ 

ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ ʪʘʢʦʹʝ ʤʦʛʫ ʧʦʩʤʘʪʨʘʪʠ ʠ ʫ ʩʚʝʪʣʫ ʧʨʠʤʝˁʝʥʦʛ 

ʦʢʨʫʞʝˁʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʣʦʰʠʿʠ ʨʝʟʫʣʪʘʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʤʦʛʫ ʩʝ ʧʨʘʚʜʘʪʠ ʥʝʜʦʩʪʘʪʢʦʤ 

ʧʦʪʨʝʙʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʜʘ ʙʠ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʧʦʟʥʘʚʘʯ ʛʦʚʦʨʥʠʢʘ ʜʦʥʝʦ ʠʩʧʨʘʚʥʫ ʦʜʣʫʢʫ 

ʧʨʝʧʦʟʥʘʚʘˁʘ. 

ʋ ʩʪʚʘʨʥʠʤ ʧʨʠʤʝʥʘʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʧʦʪʨʝʙʥʦ ʿʝ ʥʘ ʦʜʨʝʹʝʥʠ 

ʥʘʯʠʥ ʦʙʝʟʙʝʜʠʪʠ ʜʦʚʦˀʥʦ ʧʦʪʨʝʙʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʛʣʘʩʫ ʛʦʚʦʨʥʠʢʘ ʜʘ ʙʠ ʩʝ ʜʦʥʝʣʘ 

ʠʩʧʨʘʚʥʘ ʦʜʣʫʢʘ ʧʨʝʧʦʟʥʘʚʘˁʘ. ɼʦʙʘʨ ʧʨʠʤʝʨ ʦʚʘʢʚʦʛ ʧʨʠʩʪʫʧʘ ʩʫ ʪʝʩʪʦʚʠ 4-14 ʥʘʜ 

ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 1, ʪʝʩʪʦʚʠ ʥʘʜ ʩʥʠʤʮʠʤʘ ʢʦʿʠ ʩʘʜʨʞʝ ʠʟʛʦʚʦʨʝ ʦʜʨʝʹʝʥʠʭ ʥʠʟʦʚʘ ʨʝʯʠ. 

ʆʚʘʢʚʠʤ ʩʢʫʧʦʚʠʤʘ ʨʝʯʠ ʦʙʝʟʙʝʹʝʥʘ ʿʝ ʜʦʚʦˀʥʘ ʢʦʣʠʯʠʥʘ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʟʚʫʯʥʦʩʪʠ ʛʦʚʦʨʘ 

ʛʦʚʦʨʥʠʢʘ ʢʘʢʦ ʫ ʬʘʟʠ ʦʙʫʢʝ ʪʘʢʦ ʠ ʫ ʬʘʟʠ ʪʝʩʪʠʨʘˁʘ. ʅʘʠʤʝ ʫ ʦʚʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʥʝ ʩʘʤʦ 

ʜʘ ʿʝ ʨʝʯ ʦ ʚʠʰʝ ʨʘʩʧʦʣʦʞʠʚʦʛ ʬʦʥʝʪʩʢʦʛ ʤʘʪʝʨʠʿʘʣʘ ʥʝʛʦ ʩʝ ʨʘʜʠ ʠ ʦ ʢʚʘʣʠʪʝʪʫ ʬʦʥʝʪʩʢʦʛ 

ʤʘʪʝʨʠʿʘʣʘ. ʂʘʦ ʰʪʦ ʿʝ ʨʘʥʠʿʝ ʥʘʧʦʤʝʥʫʪʦ ʩʥʠʤʮʠ ʫ ʦʢʚʠʨʫ ɻʦʚʦʨʥʝ ʙʘʟʝ 1 ʠʟ ʛʨʫʧʝ ʀʤʝʥʘ 

ʦʜʣʠʢʫʿʫ ʩʝ ʥʘ ʠʟʚʝʩʪʘʥ ʥʘʯʠʥ ʩʧʦʥʪʘʥʠʿʠʤ ʠʟʛʦʚʦʨʦʤ ʧʨʠ ʯʝʤʫ ʠʘʢʦ ʩʚʘʢʠ ʩʥʠʤʘʢ ʩʘ 

ʪʝʢʩʪʫʘʣʥʦʛ ʩʪʘʥʦʚʠʰʪʘ ʠʤʘ ʥʘʿʤʘˁʝ ʪʨʠ ʨʝʯʠ: ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʠ ʙʨʦʿ, ʠʤʝ ʠ ʧʨʝʟʠʤʝ, ʩʘ 

ʪʘʯʢʝ ʩʪʘʥʦʚʠʰʪʘ ʟʚʫʢʘ ʢʦʿʠ ʩʝ ʯʫʿʝ ʯʝʩʪʦ ʩʝ ʤʦʞʝ ʨʝ˂ʠ ʜʘ ʩʝ ʨʘʜʠ ʦ ʜʚʝ ʠʟʛʦʚʦʨʝʥʝ ʮʝʣʠʥʝ. 

ʏʝʩʪʦ ʩʝ ʠʤʝ ʠ ʧʨʝʟʠʤʝ ʠʟʛʦʚʘʨʘʿʫ ʩʧʦʿʝʥʦ ʠ ʦʥʜʘ ʥʝʠʟʙʝʞʥʦ ʜʦʣʘʟʠ ʜʦ ʩʢʨʘ˂ʠʚʘˁʘ ʚʦʢʘʣʘ ʪʝ 

ʜʝʛʨʘʜʘʮʠʿʝ ʪʝʩʪ ʤʦʜʝʣʘ, ʰʪʦ ʩʝ ʠ ʦʜʨʘʟʠʣʦ ʥʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫ 

ɻʦʚʦʨʥʦʿ ʙʘʟʠ 2 ʧʨʠʩʫʪʥʦʩʪ ʰʫʤʘ ʫ ʩʧʦʿʫ ʩʘ ʯʠˁʝʥʠʮʦʤ ʜʘ ʿʝ ʪʝʢʩʪʫʘʣʥʠ ʩʘʜʨʞʘʿ ʩʥʠʤʘʢʘ 

ʩʚʝʜʝʥ ʥʘ ʠʟʛʦʚʦʨʝʥʠ ʥʠʟ 4 ʦʜ ʤʦʛʫ˂ʠʭ 10 ʮʠʬʘʨʘ (0-9), ʪʘʢʦʹʝ ʯʝʩʪʦ ʿʝ ʫʪʠʮʘʣʘ ʥʘ 

ʜʝʛʨʘʜʘʮʠʿʫ ʪʝʩʪ ʤʦʜʝʣʘ ʰʪʦ ʩʝ ʪʘʢʦʹʝ ʦʜʨʘʟʠʣʦ ʥʘ ʨʝʟʫʣʪʘʪʝ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʤʥʦʛʠʤ 

ʪʝʩʪʦʚʠʤʘ ʥʘʜ ʦʚʦʤ ʛʦʚʦʨʥʦʤ ʙʘʟʦʤ.  

ɼʘ ʙʠ ʩʝ ʧʨʝʜʫʧʨʝʜʠʣʠ ʦʚʠ ʥʝʜʦʩʪʘʮʠ ʢʘʢʦ ʫ ʧʨʝʧʦʟʥʘʚʘˁʫ ʥʘʜ ʢʦʨʠʰ˂ʝʥʠʤ ʛʦʚʦʨʥʠʤ 

ʙʘʟʘʤʘ ʪʘʢʦ ʠ ʫ ʩʪʚʘʨʥʠʤ ʧʨʠʤʝʥʘʤʘ ʨʝʘʣʠʟʦʚʘʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʦʜʨʝʹʝʥʠʤ ʠʟʤʝʥʘʤʘ ʫ ʫʦʙʠʯʘʿʝʥʠʤ ʧʦʩʪʫʧʮʠʤʘ ʟʘ 

ʠʟʨʘʯʫʥʘʚʘˁʝ MFCCs ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʪʘʯʥʠʿʝ ʧʨʝʧʦʟʥʘʚʘˁʝ. ʇʦʢʘʟʘʣʦ ʩʝ ʜʘ ʧʨʠʤʝʥʘ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʜʦˁʝʤ ʜʝʣʫ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ ʫ ʧʨʦʩʝʢʫ ʥʘʿʚʠʰʝ 

ʧʦʙʦˀʰʘʚʘ ʪʘʯʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʩʫ ʧʨʠʤʝˁʝʥʠ ʧʨʘʚʦʫʛʘʦʥʠ ʠʣʠ 

ʪʨʦʫʛʘʦʥʠ ʯʫʿʥʠ ʢʨʠʪʠʯʥʠ ʦʧʩʝʟʠ. ʊʘʢʦʹʝ ʫʚʝʜʝʥʘ  ʧʦʧʨʘʚʢʘ ʝʥʝʨʛʠʿʝ ʫʥʫʪʘʨ ʯʫʿʥʠʭ 

ʢʨʠʪʠʯʥʠʭ ʦʧʩʝʛʘ ʜʘʣʘ ʿʝ ʧʦʙʦˀʰʘˁʘ ʫ ʧʦʩʪʠʛʥʫʪʦʿ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚˁʘ, ʥʘʿʚʠʰʝ ʫ 

ʪʝʩʪʦʚʠʤʘ ʥʘʜ ɻʦʚʦʨʥʦʤ ʙʘʟʦʤ 2, ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʫ ˁʝʥʠʤ ʩʥʠʤʮʠʤʘ ʠʟʨʘʞʝʥʦ ʧʨʠʩʫʩʪʚʦ 

ʰʫʤʘ. 

ɺʨʝʜʥʦʩʪʠ ʤʝʹʫʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʚʝʢʪʦʨʘ ʠʟʨʘʯʫʥʘʪʠʭ MFCCs ʢʘʦ ʦʙʝʣʝʞʿʘ 

ʛʦʚʦʨʥʠʢʘ ʩʝ ʧʨʝʩʣʠʢʘʚʘʿʫ ʫ ʚʨʝʜʥʦʩʪʠ ʫʥʫʪʘʨ ʢʦʚʘʨʠʿʘʥʩʥʠʭ ʤʘʪʨʠʮʘ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ 

ʨʘʜʠ ʤʦʜʝʣʦʚʘˁʘ ʛʦʚʦʨʥʠʢʘ. ɽʣʝʤʝʥʪʠ ʫʥʫʪʘʨ ʤʦʜʝʣʘ ʦʜʩʣʠʢʘʚʘʿʫ ʤʝʨʫ ʢʦʨʝʣʠʩʘʥʦʩʪʠ 

ʜʠʤʝʥʟʠʿʘ ʫʥʫʪʘʨ ʨʘʩʧʦʣʦʞʠʚʠʭ ʚʝʢʪʦʨʘ ʦʙʝʣʝʞʿʘ. ʆʙʟʠʨʦʤ ʥʘ ʯʠˁʝʥʠʮʫ ʜʘ MFCCs ʟʘʚʠʩʝ 

ʦʜ ʝʥʝʨʛʠʿʩʢʝ ʨʘʩʧʦʜʝʣʝ ʫ ʛʦʚʦʨʥʦʤ ʩʠʛʥʘʣʫ ʩʣʝʜʠ ʥʝʠʟʙʝʞʥʦ ʨʘʟʣʠʢʦʚʘˁʝ ʪʨʝʥʠʥʛ ʠ ʪʝʩʪ 

ʤʦʜʝʣʘ ʿʝʜʥʦʛ ʠʩʪʦʛ ʛʦʚʦʨʥʠʢʘ. ʇʨʠʤʝʥʘ ʘʥʘʣʠʟʝ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʩʝ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʫʿʫ ʫ ʪʝʩʪ 
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ʠ ʪʨʝʥʠʥʛ ʛʦʚʦʨʫ ʠʩʪʠʭ ʛʦʚʦʨʥʠʢʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʤʘʪʨʠʮʘ 

ʨʘʟʣʠʢʦʚʘˁʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʪʝʩʪʫ ʠ ʦʜʨʝʹʝʥʠ ʪʝʞʠʥʩʢʠ ʝʣʝʤʝʥʪʠ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ 

ʤʦʜʝʣʘ ʜʦʧʨʠʥʝʣʘ ʿʝ ʪʘʯʥʠʿʝʤ ʧʨʝʧʦʟʥʘʚʘˁʫ ʛʦʚʦʨʥʠʢʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʥʘʯʠʥ ʜʦʙʠʿʘˁʘ 

ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʠʮʝ ʨʘʟʣʠʢʦʚʘˁʘ, ʢʦʿʠ ʩʝ ʤʦʞʝ ʠʩʢʘʟʘʪʠ ʧʨʘʚʠʣʦʤ ï ʝʣʝʤʝʥʪʠʤʘ ʫ ʤʦʜʝʣʠʤʘ 

ʪʝʩʪ ʦʜʥʦʩʥʦ ʪʨʝʥʠʥʛ ʛʦʚʦʨʘ ʠʩʪʠʭ ʛʦʚʦʨʥʠʢʘ ʢʦʿʠ ʩʫ ʥʘʛʦʤʠʣʘʣʠ ʚʝʣʠʢʫ ʢʦʣʠʯʠʥʫ 

ʨʘʟʣʠʢʦʚʘˁʘ ʧʨʠʜʘʿʝ ʩʝ ʤʘʣʘ ʚʘʞʥʦʩʪ ʧʨʠ ʦʜʣʫʯʠʚʘˁʫ ʦʜʥʦʩʥʦ ʝʣʝʤʝʥʪʠʤʘ ʢʦʿʠ ʩʝ ʦʜʣʠʢʫʿʫ 

ʤʘʣʠʤ ʨʘʟʣʠʢʦʚʘˁʝʤ ʧʨʠʜʘʿʝ ʩʝ ʚʝʣʠʢʘ ʚʘʞʥʦʩʪ ʧʨʠ ʦʜʣʫʯʠʚʘˁʫ, ʧʨʠʤʝʥʘ ʤʘʪʨʠʮʝ 

ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʥʘ ʤʘʪʨʠʮʫ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʝʣ ʛʦʚʦʨʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ 

ʤʦʞʝ ʩʝ ʩʭʚʘʪʠʪʠ ʢʘʦ ʥʠʩʢʦʬʨʝʢʚʝʥʪʥʘ ʧʨʝʜʩʪʘʚʘ ʤʦʜʝʣʘ ʧʦʩʤʘʪʨʘʥʦʛ ʛʦʚʦʨʥʠʢʘ ʦʜʥʦʩʥʦ 

ʧʨʝʜʩʪʘʚʘ ʤʦʜʝʣʘ ʥʘ ʪʘʿ ʥʘʯʠʥ ʜʘ ʨʝʟʫʣʪʫʿʫ˂ʠ ʤʦʜʝʣ ʧʦʢʘʟʫʿʝ ʨʝʣʘʪʠʚʥʦ ʤʘʣʝ ʧʨʦʤʝʥʝ ʫ 

ʚʨʝʤʝʥʫ. ʉʪʦʛʘ ʧʨʠʤʝʥʘ ʩʠʛʤʦʠʜ ʬʫʥʢʮʠʿʝ ʪʘʢʦʹʝ ʜʦʧʨʠʥʦʩʠ ʧʦʙʦˀʰʘˁʫ ʪʘʯʥʦʩʪʠ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʜʝʬʠʥʠʰʝ ʤʦʛʫ˂ʠ ʥʘʯʠʥ ʧʦʙʦˀʰʘˁʘ ʪʘʯʥʦʩʪʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʫ 

ʧʨʠʤʝʥʘʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘʯʘ ʛʦʚʦʨʥʠʢʘ ʢʘʜʘ ʥʠʩʫ ʫʥʘʧʨʝʜ ʧʦʟʥʘʪʠ ʠ ʪʝʩʪ ʩʥʠʤʮʠ 

ʛʦʚʦʨʥʠʢʘ ʪʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʧʨʦʮʝʥʠʪʠ ʤʘʪʨʠʮʫ ʨʘʟʣʠʢʦʚʘˁʘ. ʇʨʠʤʝʥʘ ʤʘʪʨʠʮʝ ʪʝʞʠʥʩʢʠʭ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʘʦ ʠ ʩʠʛʤʦʠʜ ʬʫʥʢʮʠʿʝ ʥʘ ʯʣʘʥʦʚʝ ʢʦʚʘʨʠʿʘʥʩʥʠʭ ʤʘʪʨʠʮʘ ʤʦʜʝʣʘ ʩʤʘˁʫʿʝ 

ʨʘʩʧʦʥ ʚʨʝʜʥʦʩʪʠ ʫ ʤʦʜʝʣʫ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʩʫ ʨʘʟʣʠʯʠʪʠ ʤʦʜʝʣʠ, ʤʦʜʝʣʠ ʨʘʟʣʠʯʠʪʠʭ 

ʩʥʠʤʘʢʘ, ʠʩʪʠʭ ʛʦʚʦʨʥʠʢʘ, ʤʝʹʫʩʦʙʥʦ ʚʠʰʝ ʢʦʨʝʣʠʩʘʥʠ ʥʝʛʦ ʤʦʜʝʣʠ ʨʘʟʣʠʯʠʪʠʭ ʛʦʚʦʨʥʠʢʘ, 

ʩʣʝʜʠ ʜʘ ʧʨʠʤʝʥʘ ʧʦʤʝʥʫʪʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʥʘ ʤʦʜʝʣʝ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʩʤʘˁʫʿʝ ʨʘʩʧʦʥ 

ʚʨʝʜʥʦʩʪʠ ʫ ʨʝʟʫʣʪʫʿʫ˂ʝʤ ʤʦʜʝʣʫ ʪʘʢʦʹʝ ʠ ʙʦˀʝ ʛʨʫʧʠʰʝ ʦʜʥʦʩʥʦ ʤʝʹʫʩʦʙʥʦ ʙʣʠʞʝ ʛʨʫʧʠʰʝ 

ʝʣʝʤʝʥʪʝ ʥʘ ʠʩʪʠʤ ʤʝʩʪʠʤʘ ʫ ʤʦʜʝʣʠʤʘ ʠʩʪʠʭ ʛʦʚʦʨʥʠʢʘ, ʰʪʦ ʨʝʟʫʣʪʫʿʝ ʚʝ˂ʦʤ ʪʘʯʥʦʰ˂ʫ 

ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʛʦʚʦʨʥʠʢʘ.       
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