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ɊȿɎȿɊȺɌ 

 

 ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɨɫɬɪɨɟɧɢɟ ɫɥɨɢɫɬɨɣ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ» ɫɨɞɟɪɠɢɬ 46 ɫɬɪɚɧɢɰ ɬɟɤɫɬɚ, 27 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

 ɇȿɃɊɈɇɇȺə ɋȿɌɖ, ɆȺɒɂɇɇɈȿ ɈȻɍɑȿɇɂȿ, ɊȺɋɉɈɁɇȺȼȺɇɂȿ 

Ɋȿɑɂ, ɋȼȿɊɌɈɑɇȺə ɋȿɌɖ, ɊȿɄɍɊɊȿɇɌɇȺə ɋȿɌɖ, ɈɋɌȺɌɈɑɇɈȿ 

ɈȻɍɑȿɇɂȿ, ɆȺɊɄɈȼɋɄɂȿ ɆɈȾȿɅɂ. 

 ɐɟɥɶ ɪɚɛɨɬɵ – ɪɟɚɥɢɡɚɰɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɱɟɥɨɜɟɱɟɫɤɨɣ ɪɟɱɢ. 

 ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɪɟɦɹ ɪɚɡɞɟɥɚɦɢ:  

•  ȼ ɩɟɪɜɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɨɞɢɬɫɹ ɨɛɡɨɪ ɫɨɜɪɟɦɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɪɚɬɤɚɹ ɢɫɬɨɪɢɹ ɪɚɡɜɢɬɢɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ. 

•  ȼɨ ɜɬɨɪɨɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɫɧɨɜɧɚɹ ɬɟɨɪɢɹ ɢ ɫɬɪɨɢɬɫɹ 

ɚɪɯɢɬɟɤɬɭɪɚ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. 

•  ȼ ɬɪɟɬɶɟɦ ɩɪɨɢɫɯɨɞɢɬ ɜɵɛɨɪ ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɩɪɨɜɨɞɢɬɫɹ ɩɪɟɞɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ ɢ ɨɩɢɫɵɜɚɟɬɫɹ 

ɩɪɨɰɟɫɫ ɨɛɭɱɟɧɢɹ, ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɢ ɫɪɚɜɧɟɧɢɹ ɢɯ ɫ 

ɞɪɭɝɢɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ. 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧɚ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, ɨɛɭɱɟɧɚ ɦɨɞɟɥɶ, 

ɫɩɨɫɨɛɧɚɹ ɪɚɫɩɨɡɧɚɜɚɬɶ ɱɟɥɨɜɟɱɟɫɤɭɸ ɪɟɱɶ ɩɨ ɡɚɩɢɫɢ ɝɨɥɨɫɚ, ɬɚɤɠɟ ɪɚɫɫɦɨɬɪɟɧɚ 

ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ, ɫɬɨɹɳɚɹ ɡɚ ɚɥɝɨɪɢɬɦɚɦɢ ɨɛɪɚɛɨɬɤɢ ɚɭɞɢɨɩɨɬɨɤɚ. 

 



     ɋɈȾȿɊɀȺɇɂȿ  
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ȼȼȿȾȿɇɂȿ 
  

 ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɡɚɞɚɱɚ ɩɨ ɪɚɫɩɨɡɧɚɜɚɧɢɸ ɱɟɥɨɜɟɱɟɫɤɨɣ ɪɟɱɢ ɹɜɥɹɟɬɫɹ 

ɨɞɧɨɣ ɢɡ ɫɚɦɵɯ ɚɤɬɭɚɥɶɧɵɯ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ. Ɇɢɥɥɢɚɪɞɵ ɥɸɞɟɣ ɩɨ ɜɫɟɦɭ 

ɦɢɪɭ ɢɫɩɨɥɶɡɭɸɬ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɪɟɱɢ ɜ ɫɜɨɟɣ ɩɨɜɫɟɞɧɟɜɧɨɣ ɠɢɡɧɢ, ɧɚɱɢɧɚɹ ɫ 

ɝɨɥɨɫɨɜɨɝɨ ɩɨɢɫɤɚ ɩɨ ɫɟɬɢ ɂɧɬɟɪɧɟɬ, ɨɛɳɟɧɢɹ ɫ ɝɨɥɨɫɨɜɵɦ ɚɫɫɢɫɬɟɧɬɨɦ, 

ɭɩɪɚɜɥɟɧɢɟ ɭɦɧɵɦ ɞɨɦɨɦ ɢ ɡɚɤɚɧɱɢɜɚɹ ɜɚɥɢɞɚɰɢɟɣ ɩɨɥɶɡɨɜɚɬɟɥɹ ɞɥɹ ɞɨɫɬɭɩɚ ɤ 

ɟɝɨ ɥɢɱɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɢ ɫɟɪɜɢɫɚɦɢ ɞɥɹ ɥɸɞɟɣ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦɢ 

ɜɨɡɦɨɠɧɨɫɬɹɦɢ. ɋ ɤɚɠɞɵɦ ɝɨɞɨɦ ɧɨɜɵɟ ɩɨɞɯɨɞɵ ɤ ɪɟɲɟɧɢɸ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɜɫɟ 

ɛɨɥɶɲɟ ɭɥɭɱɲɚɸɬ ɬɨɱɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɜɩɥɨɬɧɭɸ ɩɪɢɛɥɢɠɚɹɫɶ ɩɨ ɷɬɨɦɭ 

ɩɨɤɚɡɚɬɟɥɸ ɤ ɱɟɥɨɜɟɤɭ, ɨɞɧɚɤɨ, ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɞɨɝɨɧɹɹ ɟɟ, ɧɨ ɬɟɧɞɟɧɰɢɹ ɬɚɤɨɜɚ, 

ɱɬɨ ɩɪɟɨɞɨɥɟɧɢɟ ɷɬɨɝɨ ɩɨɪɨɝɚ ɧɟ ɡɚ ɝɨɪɚɦɢ. ɇɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɥɭɱɲɢɦ 

ɪɟɡɭɥɶɬɚɬɨɦ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɹɜɥɹɟɬɫɹ ɪɚɛɨɬɚ [1]. 

 ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɫɥɨɢɫɬɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥɹ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ. Ɂɚɞɚɱɢ ɪɚɛɨɬɵ: ɢɡɭɱɢɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɩɨɞɯɨɞɵ ɤ ɪɟɲɟɧɢɸ 

ɩɪɨɛɥɟɦɵ, ɩɟɪɟɦɟɧɹɟɦɵɟ ɢɧɫɬɪɭɦɟɧɬɵ, ɧɚ ɨɫɧɨɜɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɩɨɫɬɪɨɢɬɶ ɨɪɢɝɢɧɚɥɶɧɭɸ ɚɪɯɢɬɟɤɬɭɪɭ, ɤɨɬɨɪɚɹ ɜɛɢɪɚɟɬ ɜ ɫɟɛɹ ɢɡ ɧɢɯ ɫɜɨɢ 

ɩɪɟɢɦɭɳɟɫɬɜɚ, ɱɬɨɛɵ ɞɨɛɢɬɶɫɹ ɠɟɥɚɟɦɨɝɨ ɪɟɡɭɥɶɬɚɬɚ, ɩɪɢ ɷɬɨɦ, ɧɟɨɛɯɨɞɢɦɨ 

ɭɱɟɫɬɶ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɜ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɨɳɧɨɫɬɹɯ, ɱɬɨɛɵ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 

ɫɦɨɝɥɚ ɨɛɭɱɢɬɶɫɹ ɞɚɠɟ ɧɚ ɞɨɜɨɥɶɧɨ ɨɝɪɚɧɢɱɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɚɯ, 

ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɬɢɩɢɱɧɨɣ ɡɚɞɚɱɟɣ, ɬɚɤ ɤɚɤ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɪɟɱɢ ɹɜɥɹɟɬɫɹ ɫɚɦɨɣ ɩɨ 

ɫɟɛɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨ ɬɪɭɞɧɨɣ ɩɪɨɛɥɟɦɨɣ. 
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1 Ɉɛɡɨɪ ɫɨɜɪɟɦɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ 
 
          1.1. Ʉɪɚɬɤɚɹ ɢɫɬɨɪɢɹ ɪɚɡɜɢɬɢɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ 
 
 Ɉɩɪɟɞɟɥɟɧɢɟ 1.1.1 ɂɫɤɭɫɫɬɜɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ — ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ 

ɦɨɞɟɥɶ, ɚ ɬɚɤɠɟ ɟё ɩɪɨɝɪɚɦɦɧɨɟ ɢɥɢ ɚɩɩɚɪɚɬɧɨɟ ɜɨɩɥɨɳɟɧɢɟ, ɩɨɫɬɪɨɟɧɧɚɹ ɩɨ 

ɩɪɢɧɰɢɩɭ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ — 

ɫɟɬɟɣ ɧɟɪɜɧɵɯ ɤɥɟɬɨɤ ɠɢɜɨɝɨ ɨɪɝɚɧɢɡɦɚ.  

 ɉɟɪɜɵɟ ɫɟɪɶɟɡɧɵɟ ɞɨɫɬɢɠɟɧɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɪɟɱɢ 

ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɨɪɢɢ ɦɚɪɤɨɜɫɤɢɯ ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜ 

ɱɚɫɬɧɨɫɬɢ ɫɤɪɵɬɵɯ ɦɚɪɤɨɜɫɤɢɯ ɦɨɞɟɥɟɣ. Ɉɞɧɚɤɨ, ɫ ɪɚɡɜɢɬɢɟɦ ɦɨɞɟɥɟɣ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɨɥɶɤɨ ɋɆɆ ɧɟ ɞɚɜɚɥɨ ɩɪɢɪɨɫɬɚ ɜ ɬɨɱɧɨɫɬɢ.  

 ɋɥɟɞɭɸɳɢɦ ɫɟɪɶɟɡɧɵɦ ɲɚɝɨɦ ɧɚ ɩɭɬɢ ɭɜɟɥɢɱɟɧɢɹ ɬɨɱɧɨɫɬɢ ɫɬɚɥɢ 

ɪɟɤɭɪɪɟɧɬɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɛɪɚɛɚɬɵɜɚɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

ɫɨɛɵɬɢɣ, ɩɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɭɹ ɫɨɛɫɬɜɟɧɧɭɸ ɩɚɦɹɬɶ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɥɟɞɭɸɳɢɯ 

ɲɚɝɨɜ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɞɚɧɧɵɟ ɫɟɬɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɷɮɮɟɤɬɢɜɧɵ ɭ ɧɢɯ 

ɢɦɟɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɚɹ ɩɪɨɛɥɟɦɚ ɜ ɜɢɞɟ ɢɫɱɟɡɚɸɳɟɝɨ ɝɪɚɞɢɟɧɬɚ. ɉɨɷɬɨɦɭ, ɛɵɥɨ 

ɪɚɡɪɚɛɨɬɚɧɨ ɦɧɨɠɟɫɬɜɨ ɜɚɪɢɚɰɢɣ ɚɪɯɢɬɟɤɬɭɪ ɧɚ ɨɫɧɨɜɟ Ɋɇɋ, ɤɨɬɨɪɵɟ ɛɵɥɢ 

ɩɪɢɡɜɚɧɵ ɪɚɡɪɟɲɢɬɶ ɩɪɨɛɥɟɦɵ ɨɪɢɝɢɧɚɥɚ, ɨɞɧɢɦ ɢɡ ɬɚɤɢɯ ɪɟɲɟɧɢɣ ɫɬɚɥɚ LSTM, 

ɤɨɬɨɪɚɹ ɭɠɟ ɧɟ ɢɦɟɥɚ ɩɪɨɛɥɟɦ ɫ ɝɪɚɞɢɟɧɬɨɦ ɢ ɦɨɝɥɚ ɡɚɩɨɦɢɧɚɬɶ ɞɨɜɨɥɶɧɨ 

ɞɥɢɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɨɛɵɬɢɣ. Ɉɞɧɚɤɨ, ɜ 2013 ɝɨɞɭ ɞɚɧɧɵɟ ɫɟɬɢ 

ɞɨɫɬɢɝɥɢ ɩɨɪɨɝɚ ɨɲɢɛɤɢ ɜ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɪɟɱɢ ɜ 17.7%.  

 ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɫɟ ɫɨɜɪɟɦɟɧɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɢɦɟɸɬ ɜ ɨɫɧɨɜɟ ɧɟ 

ɟɞɢɧɫɬɜɟɧɧɭɸ ɚɪɯɢɬɟɤɬɭɪɭ, ɚ ɤɨɦɩɨɡɢɰɢɸ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɧɵɯ ɫɬɪɭɤɬɭɪ. Ɍɚɤ, 

ɧɚɩɪɢɦɟɪ, ɜ 2015 ɝɨɞɭ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɢɡ Microsoft ɫɦɨɝɥɢ ɭɦɟɧɶɲɢɬɶ ɨɲɢɛɤɭ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɞɨ 8% ɜ ɪɚɛɨɬɟ [2] ɫ ɩɨɦɨɳɶɸ ɦɨɞɟɥɢ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɪɚɡɜɟɪɧɭɬɨɣ ɪɟɤɭɪɪɟɧɬɧɨɣ ɢ ɫɜɟɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɹɯ. ȼ 

2016 ɝɨɞɭ ɷɬɭ ɨɲɢɛɤɭ ɭɞɚɥɨɫɶ ɫɧɢɡɢɬɶ ɞɨ 5.8% ɭɠɟ ɧɚ ɨɫɧɨɜɟ ɫɜɟɪɬɨɱɧɨɣ, LSTM 

ɢ LACE ɫɟɬɹɯ, ɨɩɢɫɚɧɧɵɯ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ [3]. Ⱥ ɜ 2017 ɝɨɞɭ ɛɵɥ ɞɨɫɬɢɝɧɭɬ 

ɪɟɡɭɥɶɬɚɬ ɫ 5.1%, ɞɚɧɧɚɹ ɦɨɞɟɥɶ ɭɠɟ ɦɨɠɟɬ ɭɱɢɬɵɜɚɬɶ ɤɨɧɬɟɤɫɬ ɫɤɚɡɚɧɧɨɣ 
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ɮɪɚɡɵ, ɱɬɨɛɵ ɧɟ ɩɭɬɚɬɶ ɫɥɨɜɚ ɫɯɨɞɧɵɟ ɩɨ ɡɜɭɱɚɧɢɸ. ɏɨɬɹ ɢ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ 

ɷɬɚ ɦɨɞɟɥɶ ɜɫɟ ɪɚɜɧɨ ɩɪɨɢɝɪɵɜɚɟɬ ɱɟɥɨɜɟɤɭ ɜ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɨɧɚ 

ɩɨɤɚɡɵɜɚɟɬ ɜɩɟɱɚɬɥɹɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ. 

 ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɚɪɯɢɬɟɤɬɭɪɚ ɫɟɬɢ, ɛɚɡɢɪɭɸɳɚɹɫɹ ɧɚ 

ɫɜɟɪɬɨɱɧɵɯ ɧɟɣɪɨɧɧɵɣ ɫɟɬɹɯ, ɨɫɬɚɬɨɱɧɨɦ ɨɛɭɱɟɧɢɢ ɢ ɥɨɝɢɤɟ ɪɚɛɨɬɵ 

ɪɟɤɭɪɪɟɧɬɧɵɯ ɫɟɬɟɣ. 

 

 1.2 ɋɤɪɵɬɵɟ Ɇɚɪɤɨɜɫɤɢɟ ɦɨɞɟɥɢ 

 

 ɉɟɪɜɵɟ ɫɟɪɶɟɡɧɵɟ ɞɨɫɬɢɠɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ ɜ 80-ɯ ɝɨɞɚɯ 

XX ɜɟɤɚ ɛɵɥɢ ɫɜɹɡɚɧɵ ɫɨ ɫɤɪɵɬɨɣ ɦɚɪɤɨɜɫɤɨɣ ɦɨɞɟɥɶɸ (ɋɆɆ). Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ 

ɩɪɟɞɫɬɚɜɥɹɥ ɫɨɛɨɣ ɩɟɪɟɯɨɞ ɨɬ ɩɪɨɫɬɵɯ ɦɟɬɨɞɨɜ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ, 

ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɲɚɛɥɨɧɚɯ ɢ ɢɡɦɟɪɟɧɢɢ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɦɭ ɦɟɬɨɞɭ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 

ɫɤɚɱɤɭ ɜ ɬɨɱɧɨɫɬɢ.  

 ɉɨ ɫɜɨɟɣ ɫɭɬɢ ɋɆɆ — ɷɬɨ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɜ ɤɨɬɨɪɨɣ 

ɦɨɞɟɥɢɪɭɟɦɚɹ ɫɢɫɬɟɦɚ ɫɱɢɬɚɟɬɫɹ ɦɚɪɤɨɜɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɫ ɧɟɢɡɜɟɫɬɧɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ. Ɂɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɫɤɪɵɬɵɟ ɩɚɪɚɦɟɬɪɵ ɢɡ 

ɧɚɛɥɸɞɚɟɦɵɯ ɞɚɧɧɵɯ.  ȼ ɫɤɪɵɬɨɣ ɦɚɪɤɨɜɫɤɨɣ ɦɨɞɟɥɢ ɫɨɫɬɨɹɧɢɟ ɧɟ 

ɨɬɨɛɪɚɠɚɟɬɫɹ ɧɚɩɪɹɦɭɸ, ɧɨ ɩɟɪɟɦɟɧɧɵɟ, ɧɚ ɤɨɬɨɪɵɟ ɜɥɢɹɟɬ ɫɨɫɬɨɹɧɢɟ, ɹɜɥɹɸɬɫɹ 

ɜɢɞɢɦɵɦɢ. Ʉɚɠɞɨɟ ɫɨɫɬɨɹɧɢɟ ɢɦɟɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɟɣ ɩɨ ɜɨɡɦɨɠɧɵɦ 

ɜɵɯɨɞɧɵɦ ɬɨɤɟɧɚɦ (ɫɥɨɜɚɦ). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɬɨɤɟɧɨɜ, 

ɝɟɧɟɪɢɪɭɟɦɵɯ ɋɆɆ, ɞɚɟɬ ɧɟɤɨɬɨɪɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɫɨɫɬɨɹɧɢɣ.  

 ɋɆɆ ɫɨɡɞɚɟɬ ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɢɡ ɢɡɜɟɫɬɧɵɯ ɜɵɪɚɠɟɧɢɣ ɢ 

ɫɪɚɜɧɢɜɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɧɟɢɡɜɟɫɬɧɨɟ ɜɵɪɚɠɟɧɢɟ ɛɵɥɨ ɫɝɟɧɟɪɢɪɨɜɚɧɨ 

ɤɚɠɞɨɣ ɦɨɞɟɥɶɸ. ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ, ɱɬɨɛɵ 

ɭɩɨɪɹɞɨɱɢɬɶ ɜɟɤɬɨɪɵ ɩɪɢɡɧɚɤɨɜ ɜ ɦɚɬɪɢɰɭ Ɇɚɪɤɨɜɚ (ɰɟɩɢ), ɜ ɤɨɬɨɪɨɣ ɯɪɚɧɹɬɫɹ 

ɜɟɪɨɹɬɧɨɫɬɢ ɩɟɪɟɯɨɞɨɜ ɫɨɫɬɨɹɧɢɣ. Ɍɨ ɟɫɬɶ, ɟɫɥɢ ɛɵ ɤɚɠɞɨɟ ɢɡ ɤɨɞɨɜɵɯ ɫɥɨɜ 



 
 

6 
 

ɩɪɟɞɫɬɚɜɥɹɥɨ ɤɚɤɨɟ-ɬɨ ɫɨɫɬɨɹɧɢɟ, ɋɆɆ ɫɥɟɞɨɜɚɥɚ ɛɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɢɡɦɟɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɢ ɫɬɪɨɢɥɚ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɟɪɨɹɬɧɨɫɬɢ 

ɩɟɪɟɯɨɞɚ ɤɚɠɞɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ ɫɨɫɬɨɹɧɢɟ. 

 

 ɋɤɪɵɬɵɟ Ɇɚɪɤɨɜɫɤɢɟ ɦɨɞɟɥɢ ɬɚɤ ɩɨɩɭɥɹɪɧɵ, ɩɨɬɨɦɭ ɱɬɨ ɢɯ ɦɨɠɧɨ 

ɨɛɭɱɚɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɬɚɤɠɟ ɨɧɢ ɩɪɨɫɬɵ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. ɋɆɆ ɪɚɫɫɦɚɬɪɢɜɚɟɬ 

ɪɟɱɟɜɨɣ ɫɢɝɧɚɥ ɤɚɤ ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɣ ɜ ɬɟɱɟɧɢɟ ɤɨɪɨɬɤɢɯ ɩɟɪɢɨɞɨɜ ɜɪɟɦɟɧɢ ɢ 

ɦɨɞɟɥɢɪɭɟɬ ɮɪɟɣɦɵ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. Ɉɧɚ ɪɚɡɛɢɜɚɟɬ ɜɟɤɬɨɪ ɩɪɢɡɧɚɤɨɜ ɫɢɝɧɚɥɚ 

ɧɚ ɧɟɫɤɨɥɶɤɨ ɫɨɫɬɨɹɧɢɣ ɢ ɨɩɪɟɞɟɥɹɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɯɨɞɚ ɫɢɝɧɚɥɚ ɢɡ ɨɞɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ.  

 

 ɋɤɪɵɬɵɟ Ɇɚɪɤɨɜɫɤɢɟ ɦɨɞɟɥɢ ɨɩɢɫɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 1. ܰ — ɤɨɥɢɱɟɫɬɜɨ ɫɨɫɬɨɹɧɢɣ ɦɨɞɟɥɢ, ܵ = { ଵܵ, ܵଶ, … , ܵே} — ɦɧɨɠɟɫɬɜɨ 

ɫɨɫɬɨɹɧɢɣ ɦɨɞɟɥɢ, ݍ𝑡 — ɫɨɫɬɨɹɧɢɟ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ݐ. 
 ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɫɢɦɜɨɥɨɜ ɜ ɧɚɛɥɸɞɚɟɦɨɣ — ܯ .2 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ܸ = ,ଵݒ} ,ଶݒ … ,  .ெ} - ɚɥɮɚɜɢɬ ɞɚɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢݒ

ܣ .3  = {ܽ௜௝} — ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɟɣ ɩɟɪɟɯɨɞɚ ɫɨɫɬɨɹɧɢɣ, 

ɨɩɪɟɞɟɥɹɟɦɨɟ ɦɚɬɪɢɰɟɣ ܰ ×ܰ. 

 

 ܽ௜௝ = 𝑡+ଵݍ]ܲ = ௝ܵ|ݍ𝑡 = ௜ܵ],ͳ ൑ ݅, ݆ ൑ ܰ, 

 

 ∑ܽ௜௝ = ͳ,ͳ ൑ ݅, ݆ ൑ ܰ. 

 

ܤ .4  = { ௝ܾሺ݇ሻ} — ɦɚɬɪɢɰɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɩɨɹɜɥɟɧɢɹ  

       ɫɢɦɜɨɥɨɜ ɜ ɫɨɫɬɨɹɧɢɢ ݆. 
 

 ௝ܾሺ݇ሻ = 𝑡ݍ|௞ݒ]ܲ = ௝ܵ],ͳ ൒ ݆ ൒ ܰ, ͳ ൒ ݇ ൒  ,ܯ

 

(1) 

(2) 

(3) 
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 ∑ ௝ܾሺ݇ሻ = ͳ,ͳ ൒ ݇ ൒  .ܯ

 

 5. 𝜋 = {𝜋௜} — ɦɚɬɪɢɰɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɧɚɱɚɥɶɧɨɝɨ   

      ɫɨɫɬɨɹɧɢɹ. 

 

 𝜋௜ = ଵݍ]ܲ = ௜ܵ],ͳ ൑ ݅ ൑ ܰ. 

 

,ܯ,ܰ  ,ܣ  ɢ 𝜋 ɨɩɪɟɞɟɥɹɸɬ ɫɤɪɵɬɭɸ Ɇɚɪɤɨɜɫɤɭɸ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɜɵɞɚɟɬ ܤ

ɧɚɛɥɸɞɚɟɦɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ܱ = ଵܱܱଶ…்ܱ ɞɥɹ ɜɫɟɣ ɦɨɞɟɥɢ ɤɚɤ 𝜆 =ሺܣ, ,ܤ 𝜋ሻ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɩɨɥɧɵɣ ɧɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ. 

 

          1.2 Ɋɟɤɭɪɪɟɧɬɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ 
 

 ɋɚɦɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɚɥɝɨɪɢɬɦɨɦ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ ɹɜɥɹɸɬɫɹ 

ɪɟɤɭɪɪɟɧɬɧɵɟ ɫɟɬɢ (Recurrent neural network; RNN) ɢ ɟɝɨ ɭɥɭɱɲɟɧɧɵɟ 

ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɞɨɥɝɚɹ ɤɪɚɬɤɨɫɪɨɱɧɚɹ ɩɚɦɹɬɶ (Long short-term memory; LSTM) ɢ 

ɭɩɪɚɜɥɹɟɦɵɟ ɪɟɤɭɪɪɟɧɬɧɵɟ ɛɥɨɤɢ (Gated Recurrent Units; GRU).  

 ɋɭɬɶ ɪɟɤɭɪɪɟɧɬɧɵɯ ɫɟɬɟɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 

ɰɟɩɨɱɟɤ ɢɧɮɨɪɦɚɰɢɢ. Ⱦɚɧɧɵɟ ɫɟɬɢ ɢɦɟɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ “ɩɚɦɹɬɶ”, ɤɨɬɨɪɚɹ 

“ɩɨɦɧɢɬ” ɡɧɚɱɟɧɢɟ ɩɪɟɞɵɞɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜ ɰɟɩɢ ɢ ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɷɬɨɦ ɦɨɠɟɬ 

ɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɜɢɞɟ ɫɥɟɞɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɩɨɥɟɡɧɨ ɜ 

ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɪɟɱɢ, ɬɚɤ ɤɚɤ ɧɚɲɚ ɪɟɱɶ — ɷɬɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɥɨɜ ɢɥɢ 

ɫɢɦɜɨɥɨɜ (ɞɚɥɟɟ ɦɵ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɪɟɱɶ ɢɦɟɧɧɨ ɤɚɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

ɫɢɦɜɨɥɨɜ). Ɉɞɧɚɤɨ, ɧɚ ɩɪɚɤɬɢɤɟ ɪɟɤɭɪɪɟɧɬɧɵɟ ɫɟɬɢ ɦɨɝɭɬ ɭɱɢɬɵɜɚɬɶ ɬɨɥɶɤɨ 

ɥɢɲɶ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɞɵɞɭɳɢɯ ɷɥɟɦɟɧɬɨɜ.  

 ɂɡ ɪɢɫ. 1 ɥɟɝɤɨ ɩɨɧɹɬɶ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɝɨ ɨɬɞɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɛɭɞɟɬ ɫɜɨɣ 

ɫɥɨɣ, ɬ.ɟ., ɧɚɩɪɢɦɟɪ, ɟɫɥɢ ɫɥɨɜɨ ɫɨɫɬɨɢɬ ɢɡ 3 ɛɭɤɜ, ɬɨ ɢ ɫɟɬɶ ɪɚɡɜɟɪɧɟɬɫɹ ɧɚ 3 

ɫɥɨɹ. 

 

(4) 

(5) 
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ɉɨɫɦɨɬɪɢɦ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɨɬɞɟɥɶɧɨ ɜɡɹɬɨɦ ɫɥɨɟ: 

1. ɇɚ ɤɚɠɞɨɦ ɜɪɟɦɟɧɧɨɦ ɲɚɝɟ ݐ ɧɚ ɜɯɨɞ ɩɨɞɚɟɬɫɹ ɜɟɤɬɨɪ ݔ𝑡, ɨɬɜɟɱɚɸɳɢɣ 

ɫɢɦɜɨɥɭ ɜ ɫɥɨɜɟ. 

2. ܵ𝑡 — ɷɬɨ ɫɤɪɵɬɨɟ ɫɨɫɬɨɹɧɢɟ ɧɚ ɲɚɝɟ ݐ. ɉɨ ɫɭɬɢ, ݏ𝑡 ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɬɨɣ 

ɫɚɦɨɣ “ɩɚɦɹɬɶɸ” ɫɥɨɹ. Ɉɧɚ ɜɵɱɢɫɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɪɟɞɵɞɭɳɟɝɨ 

ɫɤɪɵɬɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɜɯɨɞɚ ɧɚ ɬɟɤɭɳɟɦ ɲɚɝɟ 

𝑡ݏ  = ݂ሺܷݔ𝑡  ,𝑡−ଵሻݏܹ+
 

ɝɞɟ ܷ — ɦɚɬɪɢɰɚ ɩɟɪɟɯɨɞɚ ɫɤɪɵɬɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɫɤɪɵɬɨɟ ɫɨɫɬɨɹɧɢɟ, ɚ ܹ - 

ɦɚɬɪɢɰɚ ɜɟɫɨɜ. Ɏɭɧɤɰɢɹ ݂ ɨɛɵɱɧɨ ݊ܽݐℎ ɢɥɢ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɰɢɢ ܴܷ݁ܮ. 

 3. ܱ𝑡 — ɜɵɯɨɞ ɧɚ ɲɚɝɟ ݐ.  
𝑡݋  =  ,𝑡ሻݏሺܸݔܽ݉ݐ݂݋ݏ
 

ɝɞɟ ܸ — ɫɥɨɜɚɪɶ. 

 

 Ɉɞɧɚɤɨ, ɪɟɤɭɪɪɟɧɬɧɵɟ ɫɟɬɢ ɨɛɥɚɞɚɸɬ ɞɨɜɨɥɶɧɨ ɛɨɥɶɲɨɣ ɩɪɨɛɥɟɦɨɣ 

ɢɫɱɟɡɚɸɳɟɝɨ ɝɪɚɞɢɟɧɬɚ. Ⱥɥɝɨɪɢɬɦ ɝɪɚɞɢɟɧɬɧɨɝɨ ɫɩɭɫɤɚ ɧɚɯɨɞɢɬ ɝɥɨɛɚɥɶɧɵɣ 

ɦɢɧɢɦɭɦ ɮɭɧɤɰɢɢ ɫɬɨɢɦɨɫɬɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɣ ɧɚɫɬɪɨɣɤɨɣ ɞɥɹ ɫɟɬɢ. 

Ɍɚɤɠɟ, ɦɵ ɜɵɱɢɫɥɹɟɦ ɨɲɢɛɤɭ ɢ ɪɚɫɩɪɨɫɬɪɚɧɹɟɦ ɟɟ ɨɛɪɚɬɧɨ ɩɨ ɫɟɬɢ, ɱɬɨɛɵ 

Ɋɢɫɭɧɨɤ 1 — Ⱥɪɯɢɬɟɤɬɭɪɚ ɪɟɤɭɪɪɟɧɬɧɨɣ ɫɟɬɢ 

(6) 

(7) 
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ɨɛɧɨɜɢɬɶ ɜɟɫɚ. ɉɨɥɭɱɚɟɬɫɹ, ɱɬɨ ɫɟɬɶ ɫɪɚɜɧɢɜɚɟɬ ɧɚɲɭ ɜɵɱɢɫɥɟɧɧɭɸ ɮɭɧɤɰɢɸ 

ɫɬɨɢɦɨɫɬɢ ɫ ɠɟɥɚɟɦɵɦ ɜɵɯɨɞɨɦ. 

 ȼɵɱɢɫɥɟɧɧɚɹ ɨɲɢɛɤɚ ɛɭɞɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɫɹ ɧɟ ɬɨɥɶɤɨ ɧɚ ɩɪɟɞɵɞɭɳɢɣ 

ɫɥɨɣ, ɧɨ ɢ ɧɚ ɜɫɟ ɩɪɟɞɵɞɭɳɢɟ ɜɪɟɦɟɧɧɵɟ ɲɚɝɢ, ɚ ɬɚɤ ɤɚɤ ɜ ɫɚɦɨɦ ɧɚɱɚɥɟ ɦɵ 

ɜɵɫɬɚɜɥɹɟɦ ɜɟɫɚ ɛɥɢɡɤɢɟ ɤ ɧɭɥɸ, ɬɨ ɫɨ ɜɪɟɦɟɧɟɦ ɝɪɚɞɢɟɧɬ ɫɬɚɧɟɬ ɜɫɟ ɦɟɧɶɲɟ ɫ 

ɤɚɠɞɨɣ ɨɩɟɪɚɰɢɟɣ ɭɦɧɨɠɟɧɢɹ. 

 

 1.2 Ⱦɨɥɝɚɹ ɤɪɚɬɤɨɫɪɨɱɧɚɹ ɩɚɦɹɬɶ 
  

 LSTM (ɞɨɥɝɚɹ ɤɪɚɬɤɨɫɪɨɱɧɚɹ ɩɚɦɹɬɶ) ɫɟɬɶ ɢɫɩɪɚɜɥɹɟɬ ɩɪɨɛɥɟɦɵ 

ɪɟɤɭɪɪɟɧɬɧɵɯ ɫɟɬɟɣ. ȼ ɧɟɣ ɧɟɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɪɚɡɥɢɱɢɣ ɫ ɪɟɤɭɪɪɟɧɬɧɵɦɢ 

ɫɟɬɹɦɢ, ɨɞɧɚɤɨ ɢɡɦɟɧɟɧɨ ɜɵɱɢɫɥɟɧɢɟ ɜɵɯɨɞɨɜ ɢ ɫɤɪɵɬɵɯ ɫɨɫɬɨɹɧɢɣ, 

ɢɫɩɨɥɶɡɭɸɳɢɯ ɜɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ. 

 Ⱦɚɧɧɵɟ ɫɟɬɢ ɩɪɢɫɩɨɫɨɛɥɟɧɵ ɞɥɹ ɨɛɭɱɟɧɢɹ ɞɨɥɝɨɜɪɟɦɟɧɧɵɦ 

ɡɚɜɢɫɢɦɨɫɬɹɦ, ɤ ɬɨɦɭ ɠɟ ɨɧɚ ɥɢɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɢɫɱɟɡɚɸɳɟɝɨ ɝɪɚɞɢɟɧɬɚ. 

 Ⱥɪɯɢɬɟɤɬɭɪɚ ɞɚɧɧɨɣ ɫɟɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 2, ɤɨɬɨɪɚɹ ɨɩɢɫɵɜɚɟɬɫɹ 

ɫɥɟɞɭɸɳɢɦɢ ɮɨɪɦɭɥɚɦɢ: 

 

𝑡݂ = 𝜎௚( ௙ܹݔ𝑡 + ௙ܷℎ𝑡−ଵ + ௙ܾ),݅𝑡 = 𝜎௚ሺ ௜ܹݔ𝑡 + ௜ܷℎ𝑡−ଵ + ܾ௜ሻ,݋𝑡 = 𝜎௚ሺ ௢ܹݔ𝑡 + ܷ௢ℎ𝑡−ଵ + ܾ௢ሻ,ܿ𝑡 = 𝑡݂ ∘ ܿ𝑡−ଵ + ݅𝑡 ∘ 𝜎௖ሺ ௖ܹݔ𝑡 + ௖ܷℎ𝑡−ଵ + ܾ௖ሻ,ℎ𝑡 = 𝑡݋ ∘ 𝜎௖ሺܿ𝑡ሻ,
 

 

ɝɞɟ ∘ — ɨɩɟɪɚɬɨɪ ɩɨɷɥɟɦɟɧɬɧɨɝɨ ɭɦɧɨɠɟɧɢɹ, ݔ𝑡 — ɜɯɨɞɧɨɣ ɜɟɤɬɨɪ, ℎ𝑡 — 

ɜɵɯɨɞɧɨɣ ɜɟɤɬɨɪ, ܿ𝑡 — ɜɟɤɬɨɪ ɫɨɫɬɨɹɧɢɣ, ܹ,ܷ — ɦɚɬɪɢɰɵ ɩɚɪɚɦɟɬɪɨɜ, ܾ — 

ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ,  ݂ 𝑡 , ݅𝑡 , 𝑡 — ɮɢɥɶɬɪɵ, 𝜎௚݋ , 𝜎௖ — ɮɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ ɧɚ ɨɫɧɨɜɟ 

ɫɢɝɦɨɢɞɵ ɢ ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ ɬɚɧɝɟɧɫɚ. 
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 Ɏɢɥɶɬɪ ɡɚɛɵɜɚɧɢɹ ɤɨɧɬɪɨɥɢɪɭɟɬ ɭɛɵɜɚɧɢɟ ɡɧɚɱɟɧɢɹ, ɯɪɚɧɹɳɟɝɨɫɹ ɜ 

ɩɚɦɹɬɢ, ɬ.ɟ. ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɜɯɨɞɧɨɣ ɢ ɜɵɯɨɞɧɨɣ ɮɢɥɶɬɪ ɧɟ ɪɚɛɨɬɚɸɬ, ɡɧɚɱɟɧɢɟ 

ɝɪɚɞɢɟɧɬɚ ɧɟ ɦɟɧɹɟɬɫɹ. 

 

 

 

 

 

     

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 2 — Ⱥɪɯɢɬɟɤɬɭɪɚ LSTM 
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2 Ɉɫɧɨɜɧɚɹ ɬɟɨɪɢɹ ɢ ɚɪɯɢɬɟɤɬɭɪɚ ɫɥɨɢɫɬɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥɹ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɱɟɥɨɜɟɱɟɫɤɨɣ ɪɟɱɢ 

 

 2.1 ɋɜɟɪɬɨɱɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ 

 

 Ɉɛɵɱɧɨ, ɫɜɟɪɬɨɱɧɵɟ ɫɟɬɢ ɚɫɫɨɰɢɢɪɭɸɬɫɹ ɫ ɤɨɦɩɶɸɬɟɪɧɵɦ ɡɪɟɧɢɟɦ, 

ɩɨɫɤɨɥɶɤɭ, ɞɜɭɯɦɟɪɧɭɸ ɫɜɟɪɬɤɭ ɱɚɫɬɨ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɧɚ ɜɵɫɨɤɢɯ ɩɨɡɢɰɢɹɯ ɜ 

ɪɟɣɬɢɧɝɚɯ ɫɨɪɟɜɧɨɜɚɧɢɣ ɩɨ ɪɚɫɩɨɡɧɚɧɢɸ ɨɛɪɚɡɨɜ. Ɉɞɧɚɤɨ, ɨɞɧɨɦɟɪɧɚɹ ɫɜɟɪɬɤɚ 

ɦɨɠɟɬ ɤɨɧɤɭɪɢɪɨɜɚɬɶ ɫ ɪɟɤɭɪɪɟɧɬɧɵɦɢ ɫɟɬɹɦɢ ɜ ɡɚɞɚɱɚɯ ɨɛɪɚɛɨɬɤɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɩɪɢ ɷɬɨɦ ɢɦɟɹ ɦɟɧɶɲɭɸ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɫɬɨɢɦɨɫɬɶ.  

 ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɞɜɭɦɟɪɧɨɣ ɫɜɟɪɬɤɨɣ, ɤɨɬɨɪɚɹ ɢɡɜɥɟɤɚɟɬ ɞɜɭɦɟɪɧɵɟ ɭɱɚɫɬɤɢ 

ɢ ɩɪɢɦɟɧɹɟɬ ɢɞɟɧɬɢɱɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤ ɤɚɠɞɨɦɭ ɭɱɚɫɬɤɭ, ɬɚɤ ɢ ɨɞɧɨɦɟɪɧɚɹ 

ɫɜɟɪɬɤɚ ɢɡɜɥɟɤɚɟɬ ɥɨɤɚɥɶɧɵɟ ɩɨɞɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

    

    

    

    

    

    

    

    

    

    

 

ɇɚɱɚɥɨ 

Ɏɢɥɶɬɪ 

Ʉɨɧɟɰ 

  

ɋɬɪɨɤɚ — ɡɚɤɨɞɢɪɨɜɚɧɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 

Ɋɢɫɭɧɨɤ 3 — Ɉɞɧɨɦɟɪɧɚɹ ɫɜɟɪɬɤɚ 
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 Ⱦɚɧɧɵɟ ɫɥɨɢ ɦɨɝɭɬ ɪɚɫɩɨɡɧɚɜɚɬɶ ɥɨɤɚɥɶɧɵɟ ɩɪɢɡɧɚɤɢ ɜ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ɉɨɫɤɨɥɶɤɭ ɨɞɧɨ ɢ ɬɨɠɟ ɜɯɨɞɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 

ɩɪɢɦɟɧɹɟɬɫɹ ɤ ɤɚɠɞɨɣ ɩɨɞɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɩɪɢɡɧɚɤɢ, ɢɡɭɱɟɧɧɵɟ ɜ ɨɞɧɨɣ 

ɩɨɡɢɰɢɢ, ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɩɨɡɧɚɧɵ ɜ ɞɪɭɝɨɣ ɩɨɡɢɰɢɢ.  

 ɉɭɫɬɶ ݔ௜ ∈ ℝ௞ — ݇-ɦɟɪɧɵɣ ɜɟɤɬɨɪ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɢɡ ɫɟɛɹ ɷɥɟɦɟɧɬ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ɍɨɝɞɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɥɢɧɵ ݊ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɤɚɤ 

ݔ        =  ,௡ݔ⊕…⊕ଶݔ⊕ଵݔ

 

ɝɞɟ ⊕ — ɨɩɟɪɚɬɨɪ ɨɛɴɟɞɢɧɟɧɢɹ.  

 Ɍɟɩɟɪɶ, ɤɚɠɞɵɣ ɩɪɢɡɧɚɤ ܿ௜ ɛɭɞɟɬ ɜɵɱɢɫɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

  ܿ௜ = ݂ሺݓ ⋅ ௜:௜+ℎ−ଵݔ + ܾሻ, 
 

ɡɞɟɫɶ ݔ௜:௜+ℎ−ଵ — ɨɛɴɟɞɢɧɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɨɬ ݅ ɞɨ ݅ + ℎ − ͳ, ݓ ∈ ℝℎ௞ — ɮɢɥɶɬɪ 

ɫɜɟɪɬɤɢ, ɤɨɬɨɪɵɣ ɩɪɢɦɟɧɹɟɬɫɹ ɤ ɨɤɧɭ ɢɡ ℎ ɷɥɟɦɟɧɬɨɜ, ɩɨɥɭɱɚɹ ɧɨɜɵɟ ɩɪɢɡɧɚɤɢ, ܾ — ɨɬɤɥɨɧɟɧɢɟ,  ݂ — ɧɟɥɢɧɟɣɧɚɹ ɮɭɧɤɰɢɹ. ɇɚ ɜɵɯɨɞɟ ɦɵ ɩɨɥɭɱɚɟɦ ɜɟɤɬɨɪ ɢɡ 

ɩɪɢɡɧɚɤɨɜ, ɜɵɱɢɫɥɟɧɧɵɯ ɩɨ ɤɚɠɞɨɦɭ ɨɤɧɭ, ɤɨɬɨɪɵɣ ɧɚɡɵɜɚɟɬɫɹ ɤɚɪɬɨɣ 

ɩɪɢɡɧɚɤɨɜ: 

 

 ܿ = [ܿଵ, ܿଶ, … , ܿ௡−ℎ+ଵ]. 
 

 Ɉɛɵɱɧɨ ɮɢɥɶɬɪ ݓ ɢɧɢɰɢɚɥɢɡɢɪɭɟɬɫɹ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ. ɇɟɥɶɡɹ 

ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɜɫɟ ɜɟɫɚ ɜ ɧɭɥɶ. ȿɫɥɢ ɜɫɟ ɧɟɣɪɨɧɵ ɛɭɞɭɬ ɢɦɟɬɶ ɨɞɢɧɚɤɨɜɵɟ ɜɟɫɚ, 

ɬɨ ɨɧɢ ɛɭɞɭɬ ɫɨɡɞɚɜɚɬɶ ɨɞɧɢ ɢ ɬɟ ɠɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɫɟɬɶ ɧɟ ɛɭɞɟɬ ɢɡɭɱɚɬɶ ɧɨɜɵɟ 

ɩɪɢɡɧɚɤɢ. ȼɫɟ ɜɟɫɚ ɜɨ ɜɪɟɦɹ ɨɛɧɨɜɥɟɧɢɹ ɛɭɞɭɬ ɨɫɬɚɜɚɬɶɫɹ ɨɞɢɧɚɤɨɜɵɦɢ. Ɉɞɧɚɤɨ, 

ɟɫɥɢ ɜ ɧɚɱɚɥɟ ɜɡɹɬɶ ɫɥɭɱɚɣɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɬɨ ɫ ɜɵɫɨɤɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɜɫɟ 

ɜɟɫɚ ɧɟɣɪɨɧɨɜ ɛɭɞɭɬ ɪɚɡɥɢɱɧɵɦɢ ɢ ɫɟɬɶ ɫɦɨɠɟɬ ɢɡɭɱɚɬɶ ɪɚɡɥɢɱɧɵɟ ɩɪɢɡɧɚɤɢ.  

(13) 

(14) 

(15) 
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 ɉɪɢ ɷɬɨɦ, ɦɵ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɟɪɬɤɭ ɫ ɪɚɫɲɢɪɟɧɧɵɦ ɤɚɭɡɚɥɶɧɵɦ 

ɮɢɥɶɬɪɨɦ. Ɋɚɫɲɢɪɟɧɢɟ ɮɢɥɶɬɪɚ ɨɡɧɚɱɚɟɬ ɪɚɫɲɢɪɟɧɢɟ ɟɝɨ ɪɚɡɦɟɪɚ, ɡɚɩɨɥɧɹɹ 

ɩɭɫɬɵɟ ɩɨɡɢɰɢɢ ɧɭɥɹɦɢ. ɇɚ ɩɪɚɤɬɢɤɟ ɬɚɤɨɣ ɮɢɥɶɬɪ ɧɟ ɫɨɡɞɚɟɬɫɹ, ɜɦɟɫɬɨ ɷɬɨɝɨ, 

ɜɟɫɚ ɫɨɩɨɫɬɚɜɥɹɸɬɫɹ ɫ ɭɞɚɥɟɧɧɵɦɢ (ɧɟ ɫɦɟɠɧɵɦɢ) ɷɥɟɦɟɧɬɚɦɢ ɜɨ ɜɯɨɞɧɨɦ 

ɜɟɤɬɨɪɟ. Ɋɚɫɫɬɨɹɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɪɚɫɲɢɪɟɧɢɹ. ɉɪɢ ɷɬɨɦ, 

ɮɢɥɶɬɪ ɧɚɡɵɜɚɟɬɫɹ ɤɚɭɡɚɥɶɧɵɦ, ɟɫɥɢ ɜɵɯɨɞ ɮɢɥɶɬɪɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɛɭɞɭɳɢɯ 

ɜɯɨɞɨɜ.  

 2.2 Ɉɫɬɚɬɨɱɧɨɟ ɨɛɭɱɟɧɢɟ 

 ɑɟɦ ɝɥɭɛɠɟ, ɬɨ ɟɫɬɶ ɱɟɦ ɛɨɥɶɲɟ ɢɦɟɟɬ ɤɨɥɢɱɟɫɬɜɨ ɫɥɨɟɜ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, 

ɬɨ ɬɟɦ ɫɥɨɠɧɟɟ ɟɟ ɨɛɭɱɚɬɶ, ɩɪɢ ɷɬɨɦ, ɧɚɱɢɧɚɹ ɫ ɧɟɤɨɬɨɪɨɣ ɝɥɭɛɢɧɵ ɫɟɬɶ ɧɚɱɢɧɚɟɬ 

ɬɟɪɹɬɶ ɜ ɬɨɱɧɨɫɬɢ. Ɉɞɧɚɤɨ, ɜ 2015 ɝɨɞɭ, ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɢɡ Microsoft ɩɪɟɞɫɬɚɜɢɥɢ 

ɧɨɜɭɸ ɫɬɪɭɤɬɭɪɭ ɜ ɪɚɛɨɬɟ [4], ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɣ ɝɥɭɛɨɤɭɸ ɫɟɬɶ ɥɟɝɱɟ 

ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɬɨɱɧɨɫɬɶ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɱɢɫɥɚ ɫɥɨɟɜ, ɞɚɧɧɭɸ 

ɫɬɪɭɤɬɭɪɭ ɧɚɡɵɜɚɸɬ ɨɫɬɚɬɨɱɧɨɣ. 

 ȼɦɟɫɬɨ ɬɨɝɨ, ɱɬɨɛɵ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɧɟɤɨɬɨɪɭɸ ɫɥɨɠɧɭɸ ɮɭɧɤɰɢɸ 𝐻ሺݔሻ 
ɦɵ ɞɚɞɢɦ ɫɟɬɹɦ ɢɡɭɱɚɬɶ ɮɭɧɤɰɢɸ ܨሺݔሻ = 𝐻ሺݔሻ −  ɬɨɝɞɚ, ɨɱɟɜɢɞɧɨ, ɱɬɨ ɧɚɲɚ ,ݔ

ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɮɭɧɤɰɢɹ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ܨሺݔሻ +  ɉɨɥɭɱɢɜɲɟɟɫɹ ɨɬɨɛɪɚɠɟɧɢɟ .ݔ

Ɉɲɢɛɤɚ ɧɚ ɬɪɟɧɢɪɨɜɤɟ (ɫɥɟɜɚ) ɢ ɨɲɢɛɤɚ ɧɚ ɬɟɫɬɟ (ɫɩɪɚɜɚ) ɧɚ ɧɚɛɨɪɟ ɞɚɧɧɵɯ CIFAR-10 ɭ 20 

ɢ 52 ɫɥɨɣɧɵɯ ɫɟɬɟɣ. Ȼɨɥɟɟ ɝɥɭɛɨɤɚɹ ɫɟɬɶ ɢɦɟɟɬ ɜɵɲɟ ɨɲɢɛɤɭ ɤɚɤ ɧɚ ɬɪɟɧɢɪɨɜɨɱɧɵɯ 

ɞɚɧɧɵɯ, ɬɚɤ ɢ ɧɚ ɬɟɫɬɨɜɵɯ. 

Ɋɢɫɭɧɨɤ 4 — ɋɪɚɜɧɟɧɢɟ 20 ɢ 56 ɫɥɨɣɧɵɯ ɫɟɬɟɣ. 
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ɥɟɝɱɟ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ, ɱɟɦ ɨɬɨɛɪɚɠɟɧɢɟ ɛɟɡ ɫɫɵɥɨɤ, ɬɚɤ ɤɚɤ ɫɟɬɢ ɛɭɞɟɬ ɥɟɝɱɟ 

ɫɞɟɥɚɬɶ ɜɫɟ ɜɟɫɚ ɪɚɜɧɵɦɢ ɧɭɥɸ ɧɚ ɨɱɟɪɟɞɧɨɦ ɫɥɨɟ, ɟɫɥɢ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɛɵɥ 

ɞɨɫɬɢɝɧɭɬɶ ɩɪɟɞɟɥ ɩɨ ɬɨɱɧɨɫɬɢ, ɱɟɦ ɩɵɬɚɬɶɫɹ ɩɨɞɨɝɧɚɬɶ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɫɬɟɤɨɦ 

ɧɟɥɢɧɟɣɧɵɯ ɫɥɨɟɜ. 

 Ɏɨɪɦɭɥɢɪɨɜɤɚ ɮɭɧɤɰɢɢ ܨሺݔሻ +  ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɚ ɫ ɩɨɦɨɳɶɸ ݔ

ɫɟɬɟɣ ɫ shortcut-ɫɨɟɞɢɧɟɧɢɹɦɢ. Shortcut-ɫɨɟɞɢɧɟɧɢɹ — ɷɬɨ ɬɟ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 

ɩɪɨɩɭɫɤɚɬɶ ɨɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɫɥɨɟɜ. Ɍɚɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɧɟ ɞɨɛɚɜɥɹɸɬ ɧɢɤɚɤɢɯ 

ɧɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɧɟ ɭɜɟɥɢɱɢɜɚɸɬ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɫɥɨɠɧɨɫɬɶ. ɉɨɷɬɨɦɭ, ɫɟɬɶ 

ɜɫɟ ɬɚɤ ɠɟ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɱɟɧɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɬɨɯɚɫɬɢɱɟɫɤɨɝɨ ɝɪɚɞɢɟɧɬɧɨɝɨ 

ɫɩɭɫɤɚ ɫ ɨɛɪɚɬɧɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ. 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɩɪɢ ɨɛɭɱɟɧɢɢ ɦɧɨɝɨɫɥɨɣɧɨɣ ɫɟɬɢ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɫɢɬɭɚɰɢɹ, 

ɤɨɝɞɚ ɤɚɤɨɣ-ɬɨ ɢɡ ɫɥɨɟɜ ɧɟ ɭɫɩɟɥ ɧɚɬɪɟɧɢɪɨɜɚɬɶɫɹ, ɩɨɷɬɨɦɭ, ɟɫɥɢ ɢɡ ɩɪɟɞɵɞɭɳɢɯ 

ɫɥɨɟɜ, ɤɨɬɨɪɵɟ ɜɵɞɚɸɬ ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ ɩɪɢɞɭɬ ɧɚ ɜɯɨɞ ɞɚɧɧɵɟ ɜ ɬɨɬ ɫɚɦɵɣ 

ɧɟɨɛɭɱɟɧɧɵɣ ɫɥɨɣ, ɬɨ ɧɚ ɜɵɯɨɞɟ ɨɧ ɨɬɞɚɟɬ ɢɫɩɨɪɱɟɧɧɵɣ ɫɢɝɧɚɥ, ɤɨɬɨɪɵɣ 

ɧɚɪɭɲɚɟɬ ɪɚɛɨɬɭ ɜɫɟɣ ɫɟɬɢ. ɉɨɷɬɨɦɭ, ɢɞɟɹ ɨɫɬɚɬɨɱɧɨɝɨ ɨɛɭɱɟɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, 

ɱɬɨ ɜɫɟ ɱɬɨ ɩɪɢɲɥɨ ɧɚ ɜɯɨɞ ɫɥɨɹ, ɦɵ ɛɭɞɟɦ ɩɟɪɟɞɚɜɚɬɶ ɞɚɥɶɲɟ ɩɨ ɫɟɬɢ, ɚ ɫɥɨɣ 

ɛɭɞɟɬ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɬɨɥɶɤɨ ɧɟɦɧɨɝɨ ɢɡɦɟɧɢɬɶ ɫɢɝɧɚɥ, ɬ.ɟ. ɫɥɨɣ 

ɩɪɟɞɫɤɚɡɵɜɚɟɬ ɜɵɯɨɞ ɧɟ ɧɚɩɪɹɦɭɸ, ɚ ɬɨɥɶɤɨ ɩɨɩɪɚɜɤɭ. Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫ. 5 ɧɚ 

ɜɯɨɞ ɦɵ ɩɨɥɭɱɚɟɦ ݔ, ɚ ɧɚ ɜɵɯɨɞɟ ɦɵ ɜɵɞɚɟɦ ɧɟ ܨሺݔሻ, a ܨሺݔሻ +   .ݔ

 Ɂɚ ɫɱɟɬ ɞɚɧɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ ɦɨɠɧɨ ɭɜɟɥɢɱɢɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɫɥɨɟɜ ɛɟɡ 

ɩɨɬɟɪɢ ɬɨɱɧɨɫɬɢ, ɩɪɢ ɷɬɨɦ, ɩɨɥɭɱɚɟɬɫɹ ɱɬɨ ɦɵ ɢɡɛɚɜɥɹɟɦɫɹ ɨɬ ɩɪɨɛɥɟɦɵ 

ɢɫɱɟɡɚɸɳɟɝɨ ɝɪɚɞɢɟɧɬɚ ɢ ɨɧ ɨɱɟɧɶ ɛɵɫɬɪɨ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɜɫɸ ɫɟɬɶ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɟɬɶ ɩɨɥɭɱɢɬ ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ ɧɚ ɜɫɟɯ ɫɥɨɹɯ ɢ ɜɫɟ ɫɥɨɢ ɜɦɟɫɬɟ 

ɫɦɨɝɭɬ ɫ ɫɚɦɨɝɨ ɧɚɱɚɥɚ ɬɪɟɧɢɪɨɜɚɬɶɫɹ. 
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 2.3 Connectionist Temporal Classification 

 

 ɇɚ ɜɵɯɨɞɟ ɧɚɲɟɣ ɫɟɬɢ ɦɵ ɩɨɥɭɱɢɦ ɨɰɟɧɤɢ ɩɪɨɢɡɧɟɫɟɧɢɹ ɫɢɦɜɨɥɚ ɜ ɦɨɦɟɧɬ 

ɜɪɟɦɟɧɢ ݐ, ɞɚɧɧɵɣ ɜɵɯɨɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɦɚɬɪɢɰɭ (ɫɦ. ɪɢɫ 6). ȼ ɷɬɨɬ ɦɨɦɟɧɬ 

ɜɨɡɧɢɤɚɟɬ ɞɜɟ ɡɚɞɚɱɢ, ɤɨɬɨɪɵɟ ɦɵ ɯɨɬɢɦ ɪɟɲɢɬɶ: 

1. Ɋɚɫɫɱɢɬɚɬɶ ɡɧɚɱɟɧɢɟ ɩɨɬɟɪɶ ɜɨ ɜɪɟɦɹ ɨɛɭɱɟɧɢɹ. 

2. Ⱦɟɤɨɞɢɪɨɜɚɬɶ ɦɚɬɪɢɰɭ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɬɟɤɫɬ, ɪɚɫɩɨɡɧɚɧɧɵɣ ɧɚɲɟɣ 

ɦɨɞɟɥɶɸ. 

 Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɵɯ ɡɚɞɚɱ ɦɵ ɛɭɞɟɦ ɩɪɢɦɟɧɹɬɶ ɮɭɧɤɰɢɸ ɩɨɬɟɪɶ CTC 

(Connectionist Temporal Classification). 

ɇɚɦ ɧɟɨɛɯɨɞɢɦɨ ɫɨɨɛɳɢɬɶ ɮɭɧɤɰɢɢ ɩɨɬɟɪɶ CTC ɬɨɥɶɤɨ ɬɟɤɫɬ, ɤɨɬɨɪɵɣ 

ɹɜɥɹɟɬɫɹ ɪɚɫɲɢɮɪɨɜɤɨɣ ɧɚɲɟɝɨ ɡɜɭɤɨɜɨɝɨ ɮɚɣɥɚ, ɧɟɬ ɧɭɠɞɵ ɛɟɫɩɨɤɨɢɬɶɫɹ ɨ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɡɜɭɤɨɜ ɞɥɹ ɤɚɠɞɨɣ ɛɭɤɜɵ, ɛɨɥɟɟ ɬɨɝɨ, ɩɨɫɥɟɞɭɸɳɚɹ 

ɨɛɪɚɛɨɬɤɚ ɪɚɫɩɨɡɧɚɧɧɨɝɨ ɬɟɤɫɬɚ ɧɟ ɧɭɠɧɚ. 

  

 

 

ɋɜɟɪɬɨɱɧɵɣ ɫɥɨɣ 

ɋɜɟɪɬɨɱɧɵɣ ɫɥɨɣ 

ሻݔሺܨ +  ݔ

 ሻݔሺܨ
 ݔ

 ݔ
shortcut 

ሻݔሺܷܮܴ݁ = ,ሺͲݔܽ݉  ሻݔ

 ܷܮܴ݁

Ɋɢɫɭɧɨɤ 5 — Ȼɚɡɨɜɵɣ ɛɥɨɤ ɨɫɬɚɬɨɱɧɨɝɨ ɨɛɭɱɟɧɢɹ 
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 Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɟɪɜɨɣ ɩɪɨɛɥɟɦɵ ɫɨɡɞɚɬɟɥɢ CTC ɨɩɪɟɞɟɥɢɥɢ ɦɟɬɪɢɤɭ 

ɤɨɥɢɱɟɫɬɜɚ ɧɟɜɟɪɧɵɯ ɦɟɬɨɤ (label error rate) ɞɥɹ ɜɪɟɦɟɧɧɨɝɨ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ ℎ 

ɤɚɤ ɫɪɟɞɧɟɟ ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɪɚɫɫɬɨɹɧɢɟ Ʌɟɜɟɧɲɬɟɣɧɚ ɦɟɠɞɭ ɩɨɥɭɱɟɧɧɵɦ 

ɪɟɡɭɥɶɬɚɬɨɦ ɢ ɧɚɫɬɨɹɳɢɦ ɬɟɤɫɬɨɦ: 

,ሺℎܴܧܮ  ܵ′ሻ = ଵ|ௌ′| ∑ሺ𝑥,𝑧ሻ∈ௌ′ ா஽ሺℎሺ𝑥ሻ,𝑧ሻ|𝑧| , 

 

 ɝɞɟ ܦܧሺ݌,  ݌ ሻ — ɪɚɫɫɬɨɹɧɢɟ Ʌɟɜɟɧɲɬɟɣɧɚ ɦɟɠɞɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢݍ

ɢ ݍ, ܵ ′ — ɬɟɫɬɨɜɵɣ ɧɚɛɨɪ ɞɚɧɧɵɯ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɩɚɪ ሺݔ,  ሻ.  Ⱦɚɧɧɭɸ ɦɟɬɪɢɤɭ ɦɵݖ

ɢ ɛɭɞɟɦ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɩɪɢ ɨɛɭɱɟɧɢɢ ɦɨɞɟɥɢ.  

 ȼɬɨɪɭɸ ɩɪɨɛɥɟɦɭ ɪɟɲɚɟɬ ɦɟɬɨɞ ɞɟɤɨɞɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ 

ɚɥɝɨɪɢɬɦɟ ɥɭɱɟɜɨɝɨ ɩɨɢɫɤɚ (beam search), ɬɚɤɠɟ ɷɬɨɬ ɩɨɢɫɤ ɧɚɡɵɜɚɟɬɫɹ 

ɩɪɟɮɢɤɫɧɵɦ, ɬɚɤ ɤɚɤ ɧɚ ɜɪɟɦɟɧɧɨɦ ɲɚɝɟ ݐ ɜɵɛɢɪɚɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɣ 

ɩɪɟɮɢɤɫ. 

 11 2 3 4 5 6 7 8 9 10 

A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

B 0.20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

C 0.0 0.0 0.0 0.0 0.53 0.0 0.0 0.0 0.0 0.0 

D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.69 

… … … … … … … … … … … 

Z 0.46 0.0 0.0 0.0 0.0 0.0 0.0 0.78 0.0 0.0 

‘ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

space 0.0 0.0 0.0 0.0 0.0 0.92 0.0 0.0 0.0 0.0 

(16) 

Ɋɢɫɭɧɨɤ 6 — Ɇɚɬɪɢɰɚ ɨɰɟɧɨɤ ɜɟɪɨɹɬɧɨɫɬɟɣ ɩɨɹɜɥɟɧɢɹ ɫɢɦɜɨɥɚ ɜ ɦɨɦɟɧɬ 

ɜɪɟɦɟɧɢ t 
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 ɉɭɫɬɶ ௕ܲሺݐ, ݈ሻ — ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɪɟɮɢɤɫ ݈, ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ 

ɜɪɟɦɟɧɧɨɦ ɲɚɝɟ ݐ ɩɪɨɢɫɯɨɞɢɬ ɨɬ ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɩɭɬɟɣ, 

ɡɚɤɚɧɱɢɜɚɸɳɢɦɫɹ ɩɭɫɬɵɦ ɫɢɦɜɨɥɨɦ, ௡ܲ௕ሺݐ, ݈ሻ — ɹɜɥɹɟɬɫɹ ɚɧɚɥɨɝɨɦ ɩɭɫɬɨɣ 

ɜɟɪɨɹɬɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɭɱɢɬɵɜɚɟɬ ɜɫɟ ɨɫɧɨɜɧɵɟ ɩɭɬɢ, ɨɤɚɧɱɢɜɚɸɳɢɟɫɹ ɧɟ ɩɭɫɬɵɦ 

ɫɢɦɜɨɥɨɦ, ௖ܲ𝑡௖ሺݐ, ܿሻ — ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɹɜɥɟɧɢɹ ɫɢɦɜɨɥɚ ܿ (ɧɨɦɟɪ ɫɢɦɜɨɥɚ ɜ 

ɚɥɮɚɜɢɬɟ) ɧɚ ɲɚɝɟ ݐ, ௟ܲ௠ሺݔሻ — ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɹɜɥɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɥɨɜ ݔ ɜ ɪɟɱɢ ɩɨ ɨɰɟɧɤɟ ɹɡɵɤɨɜɨɣ ɦɨɞɟɥɢ.  

 ɒɚɝ 1. Ɇɵ ɧɚɱɢɧɚɟɦ ɫ ɩɭɫɬɵɯ ɩɪɟɮɢɤɫɨɜ. Ⱦɨɜɨɥɶɧɨ ɩɪɨɫɬɨ ɩɨɧɹɬɶ, ɱɬɨ 

ɩɭɫɬɨɣ ɩɪɟɮɢɤɫ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɧɟ ɫɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɢɡ ɩɭɬɢ, ɩɪɨɯɨɞɹɳɟɝɨ 

ɱɟɪɟɡ ɧɟ ɩɭɫɬɵɟ ɫɢɦɜɨɥɵ. ɋɩɢɫɨɤ ܴ ɫɨɞɟɪɠɢɬ ɜɫɟ ɩɪɟɮɢɤɫɵ, ɤɨɬɨɪɵɟ ɦɵ 

ɩɨɩɵɬɚɟɦɫɹ ɪɚɫɲɢɪɢɬɶ ɧɚ ɡɚɞɚɧɧɨɦ ɜɪɟɦɟɧɧɨɦ ɲɚɝɟ, ɢ ɛɭɞɟɬ ɨɛɧɨɜɥɟɧ, ɱɬɨɛɵ 

ɫɨɞɟɪɠɚɬɶ ݇ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɯ ɩɪɟɮɢɤɫɨɜ ɜ ɤɨɧɰɟ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ.  

 ɒɚɝ 2. Ⱦɥɹ ɤɚɠɞɨɝɨ ɜɪɟɦɟɧɧɨɝɨ ɲɚɝɚ ɦɵ ɨɰɟɧɢɜɚɟɦ ɤɚɠɞɵɣ ɩɪɟɮɢɤɫ ɜ ܴ 

ɢ ɩɵɬɚɟɦɫɹ ɪɚɫɲɢɪɢɬɶ ɟɝɨ ɤɚɠɞɵɦ ɫɢɦɜɨɥɨɦ ɜ ɧɚɲɟɦ ɚɥɮɚɜɢɬɟ. 

 ɒɚɝ 3. ȿɫɥɢ ܿ — ɩɭɫɬɨɣ ɫɢɦɜɨɥ, ɬo ܲ ௕ሺݐ, ݈ሻ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

  ௕ܲሺݐ, ݈ሻ = ௕ܲሺݐ, ݈ሻ + ௖ܲ𝑡௖ሺݐ, ܿሻሺ ௕ܲሺݐ − ͳ, ݈ሻ + ௡ܲ௕ሺݐ − ͳ, ݈ሻሻ.   

 

 ɒɚɝ 4. ɂɧɚɱɟ ܿ ɢɡ ɚɥɮɚɜɢɬɚ, ɩɨɷɬɨɦɭ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɩɪɟɮɢɤɫ ݈ଵ = ݈ + ܿ ɢ 

ɬɨɝɞɚ ɜɨɡɧɢɤɚɟɬ 3 ɜɨɡɦɨɠɧɵɯ ɫɢɬɭɚɰɢɢ: 

 1. ܿ ɪɚɜɟɧ ɩɨɫɥɟɞɧɟɦɭ ɫɢɦɜɨɥɭ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ݈, ɩɨɷɬɨɦɭ 

ɭɜɟɥɢɱɢɜɚɟɦ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɪɟɞɵɞɭɳɢɦ ɫɢɦɜɨɥɨɦ ɜ ɩɭɬɢ ɛɵɥ ɫɢɦɜɨɥ 

ɩɪɨɩɭɫɤɚ ɢ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɪɟɞɵɞɭɳɢɦ ɫɢɦɜɨɥɨɦ ɛɵɥ ɫɢɦɜɨɥ ܿ. 
 ௡ܲ௕ = ௡ܲ௕ + ௖ܲ𝑡௖ሺݐ, ܿሻ ௕ܲሺݐ − ͳ, ݈ሻ, 
     

 ௡ܲ௕ = ௡ܲ௕ + ௖ܲ𝑡௖ሺݐ, ܿሻ ௡ܲ௕ሺݐ − ͳ, ݈ሻ. 
 

 2. ɫ ɪɚɜɟɧ ɩɪɨɛɟɥɭ, ɥɢɛɨ ɦɵ ɧɚɯɨɞɢɦɫɹ ɧɚ ɩɨɫɥɟɞɧɟɦ ɲɚɝɟ ݐ. 

(17) 

(18) 

(19) 
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 ௡ܲ௕ = ௡ܲ௕ + ሺ ௖ܲ𝑡௖ሺݐ, ܿሻ ௡ܲ௕ሺݐ − ͳ, ݈ሻ + ௕ܲሺݐ − ͳ, ݈ሻሻ ௟ܲ௠ሺ݈ଵሻ 
   

 3. ܿ  ɢɡ ɚɥɮɚɜɢɬɚ, ɢɫɤɥɸɱɚɹ ɫɢɦɩɜɨɥ ɩɪɨɛɟɥɚ. ɉɨɷɬɨɦɭ, ɭɜɟɥɢɱɢɜɚɟɦ ɜɟɪɨɹɬɧɨɫɬɶ 

ɩɪɟɮɢɤɫɚ ݈ͳ: 
   

 ܾܲ݊ = ܾܲ݊ + ሺܲܿܿݐሺݐ, ܿሻܾܲ݊ሺݐ − ͳ, ݈ሻ + ܾܲሺݐ − ͳ, ݈ሻሻ 
 

 ɒɚɝ 4. Ɉɤɚɡɵɜɚɟɬɫɹ, ɬɨɥɶɤɨ ɩɨɬɨɦɭ ɱɬɨ ɩɪɟɮɢɤɫ ɛɵɥ ɨɬɛɪɨɲɟɧ ɧɚ ɩɪɟɞɵɞɭɳɟɦ 

ɜɪɟɦɟɧɧɨɦ ɲɚɝɟ, ɨɧ ɜɫɟ ɟɳɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɟɧ ɞɥɹ ɧɚɫ.  

 

 ௡ܲ௕ = ௡ܲ௕ + ௖ܲ𝑡௖ሺݐ, ܿሻ ௡ܲ௕ሺݐ − ͳ, ݈ሻ, 
 ௕ܲ = ௕ܲ + ௖ܲ𝑡௖ሺݐ, ܿሻ ௕ܲሺݐ − ͳ, ݈ሻ. 
 

ɒɚɝ 5. ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɟɮɢɤɫɨɜ ɧɚ ɲɚɝɟ ݐ, ɦɵ ɫɨɪɬɢɪɭɟɦ 

ɩɪɟɮɢɤɫɵ ɩɨ ɭɦɟɧɶɲɟɧɢɸ ௕ܲሺݐ, ݈ሻ + ௡ܲ௕ሺݐ, ݈ሻ.  
ɉɨɫɥɟ ɦɵ ɜɵɛɢɪɚɟɦ ݇ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɯ ɩɪɟɮɢɤɫɨɜ. ɇɚ ɩɨɫɥɟɞɧɟɦ ɲɚɝɟ 

ɜɵɛɢɪɚɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɣ ɩɪɟɮɢɤɫ. 

 Ȼɨɥɶɲɚɹ ɲɢɪɢɧɚ ɥɭɱɚ ሺ݇ — ɲɢɪɢɧɚ ɥɭɱɚ) ɩɪɢɜɨɞɢɬ ɤ ɥɭɱɲɟɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɨɞɟɥɢ, ɩɨɫɤɨɥɶɤɭ ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ-

ɤɚɧɞɢɞɚɬɵ ɭɜɟɥɢɱɢɜɚɸɬ ɜɟɪɨɹɬɧɨɫɬɶ ɥɭɱɲɟɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɰɟɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ɗɬɨ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 

ɫɤɨɪɨɫɬɢ ɞɟɤɨɞɢɪɨɜɚɧɢɹ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɲɢɪɢɧɚ ɥɭɱɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɪɚɜɧɨɣ 

100, ɤɚɤ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɩɨ ɭɦɨɥɱɚɧɢɸ ɜ ɢɫɩɨɥɶɡɭɟɦɨɣ ɪɟɚɥɢɡɚɰɢɢ.  

 ɉɪɨɰɟɫɫ ɩɨɢɫɤɚ ɦɨɠɟɬ ɛɵɬɶ ɨɫɬɚɧɨɜɥɟɧ ɞɥɹ ɤɚɠɞɨɝɨ ɤɚɧɞɢɞɚɬɚ ɜ 

ɨɬɞɟɥɶɧɨɫɬɢ ɥɢɛɨ ɩɭɬɟɦ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɥɢɧɵ, ɥɢɛɨ ɩɭɬɟɦ 

ɩɨɥɭɱɟɧɢɹ ɦɚɪɤɟɪɚ ɤɨɧɰɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɥɢɛɨ ɩɭɬɟɦ ɞɨɫɬɢɠɟɧɢɹ 

ɩɨɪɨɝɨɜɨɣ ɜɟɪɨɹɬɧɨɫɬɢ. 

  

(20) 

(21) 

(22) 

) 

(23) 
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2.4 ɉɚɤɟɬɧɚɹ ɧɨɪɦɚɥɢɡɚɰɢɹ 

 

 Ɉɛɭɱɟɧɢɟ ɝɥɭɛɨɤɢɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɭɫɥɨɠɧɹɟɬɫɹ ɬɟɦ ɮɚɤɬɨɦ, ɱɬɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɤɚɠɞɨɝɨ ɫɥɨɹ ɢɡɦɟɧɹɟɬɫɹ ɜɨ ɜɪɟɦɹ ɨɛɭɱɟɧɢɹ ɩɨ 

ɦɟɪɟ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɟɞɵɞɭɳɢɯ ɫɥɨɟɜ. ɗɬɨ ɡɚɦɟɞɥɹɟɬ ɨɛɭɱɟɧɢɟ, ɬɪɟɛɭɹ 

ɩɨɧɢɠɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ ɨɛɭɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɚɤɤɭɪɚɬɧɨɣ ɧɚɫɬɪɨɣɤɢ 

ɩɚɪɚɦɟɬɪɨɜ, ɢ ɞɟɥɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɬɪɭɞɧɵɦ ɨɛɭɱɟɧɢɟ ɦɨɞɟɥɟɣ, ɩɟɪɟɧɚɫɵɳɟɧɧɵɯ 

ɧɟɥɢɧɟɣɧɵɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ. Ⱦɚɧɧɨɟ ɹɜɥɟɧɢɟ ɧɚɡɵɜɚɸɬ ɜɧɭɬɪɟɧɧɢɦ 

ɤɨɜɚɪɢɚɧɬɧɵɦ ɫɞɜɢɝɨɦ (internal covariate shift). Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɤɨɜɚɪɢɚɧɬɧɵɣ 

ɫɞɜɢɝɨɦ ɧɚɡɵɜɚɸɬ ɬɚɤɭɸ ɫɢɬɭɚɰɢɸ ɜɨ ɜɪɟɦɹ ɨɛɭɱɟɧɢɹ ɫɟɬɢ, ɤɨɝɞɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɩɪɢɡɧɚɤɨɜ ɜ ɬɟɫɬɨɜɨɣ ɢ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɟ ɢɦɟɸɬ ɪɚɡɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɬɚɤɢɟ ɤɚɤ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ, ɞɢɫɩɟɪɫɢɸ ɢ ɬ.ɩ. 

 Ɉɱɟɜɢɞɧɵɦ ɪɟɲɟɧɢɟɦ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɩɟɪɟɦɟɲɢɜɚɧɢɟ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɟɪɟɞ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɩɚɤɟɬɚ. Ɉɞɧɚɤɨ, ɬɚɤɨɟ ɪɟɲɟɧɢɟ ɧɟ 

ɩɨɞɯɨɞɢɬ ɞɥɹ ɫɤɪɵɬɵɯ ɫɥɨɟɜ, ɬɚɤ ɤɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, ɱɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɤɚɠɞɨɝɨ ɫɥɨɹ ɢɡɦɟɧɹɟɬɫɹ ɜɨ ɜɪɟɦɹ ɨɛɭɱɟɧɢɹ ɩɨ ɦɟɪɟ ɢɡɦɟɧɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɟɞɵɞɭɳɢɯ ɫɥɨɟɜ.  

 Ⱦɪɭɝɢɦ ɦɟɬɨɞɨɦ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɩɚɤɟɬɧɨɣ 

ɧɨɪɦɚɥɢɡɚɰɢɢ, ɨɧ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ 

ɨɛɭɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɛɵɬɶ ɦɟɧɟɟ ɜɧɢɦɚɬɟɥɶɧɵɦ ɩɪɢ ɧɚɫɬɪɨɣɤɟ ɩɚɪɚɦɟɬɪɨɜ. ɉɪɢ 

ɷɬɨɦ, ɨɧ ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɪɟɝɭɥɹɡɚɬɨɪ, ɭɫɬɪɚɧɹɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ Dropout. 

 Ⱦɥɹ ɤɚɠɞɨɝɨ ɫɥɨɹ, ɜ ɤɨɬɨɪɵɣ ɧɚ ɜɯɨɞ ɩɨɞɚɟɬɫɹ ɜɟɤɬɨɪ ݔ =ሺݔሺଵሻ, ,ሺଶሻݔ … ,   :ሺ௡ሻሻ ɛɭɞɟɬ ɧɨɪɦɚɥɢɡɨɜɚɬɶɫɹ ɤɚɠɞɚɹ ɤɨɦɩɨɧɟɧɬɚݔ

ሺ௞ሻݔ̂  = 𝑥ሺ𝑘ሻ−ா[𝑥ሺ𝑘ሻ]√஽[𝑥ሺ𝑘ሻ] , 

 

ɝɞɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ܧ ɢ ɞɢɫɩɟɪɫɢɹ ܦ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɜɫɟɦɭ ɧɚɛɨɪɭ 

ɞɚɧɧɵɯ. ɇɟɨɛɯɨɞɢɦɨ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɞɚɧɧɚɹ ɧɨɪɦɚɥɢɡɚɰɢɹ ɦɨɠɟɬ 

ɢɡɦɟɧɢɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɫɥɨɹ. ɑɬɨɛɵ ɪɟɲɢɬɶ ɞɚɧɧɭɸ ɩɪɨɛɥɟɦɭ ɧɭɠɧɨ ɜɜɟɫɬɢ 

(24) 
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ɩɚɪɭ ɩɚɪɚɦɟɬɪɨɜ ߛሺ௞ሻ ɢ ߚሺ௞ሻ ɞɥɹ ɤɚɠɞɨɣ ɤɨɦɩɨɧɟɧɬɵ ݔሺ௞ሻ, ɤɨɬɨɪɵɟ ɫɠɢɦɚɸɬ ɢ 

ɫɞɜɢɝɚɸɬ ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ: 

 

ሺ௞ሻݕ  = ሺ௞ሻݔሺ௞ሻ̂ߛ +  .ሺ௞ሻߚ
 

 Ⱦɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɛɭɱɚɸɬɫɹ ɜɦɟɫɬɟ ɫ ɢɫɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨɞɟɥɢ. 

ɍɫɬɚɧɨɜɢɜ ߛሺ௞ሻ = ሺ௞ሻߚ ɢ [ሺ௞ሻݔ]ܦ√ =  ɦɵ ɜɨɫɫɬɚɧɨɜɢɦ ɨɪɢɝɢɧɚɥɶɧɵɟ [ሺ௞ሻݔ]ܧ

ɚɤɬɢɜɚɰɢɢ, ɟɫɥɢ ɛɭɞɟɬ ɧɟɨɛɯɨɞɢɦɨ. 

 Ɋɚɫɫɦɨɬɪɢɦ, ɤɚɤ ɩɪɢɦɟɧɹɟɬɫɹ ɞɚɧɧɵɣ ɦɟɬɨɞ ɤ ɫɜɟɪɬɨɱɧɵɦ ɫɟɬɹɦ. 

Ɋɚɫɫɦɨɬɪɢɦ ɚɮɮɢɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫ ɧɟɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ: 

 

ݖ  = ݃ሺܹݑ + ܾሻ, 
 

ɝɞɟ ܹ  ɢ ܾ  — ɨɛɭɱɚɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ. Ɇɵ ɩɪɢɦɟɧɹɟɦ ɧɨɪɦɚɥɢɡɚɰɢɸ ɤ ݔ ܾ ɩɚɪɚɦɟɬɪ ɫɦɟɳɟɧɢɹ ,ݑܹ=  ɦɨɠɧɨ ɩɪɨɢɝɧɨɪɢɪɨɜɚɬɶ, ɬɚɤ ɤɚɤ ɟɝɨ ɪɨɥɶ ɛɭɞɟɬ ɢɝɪɚɬɶ 

ɩɚɪɚɦɟɬɪ ߚ, ɩɨɷɬɨɦɭ ɦɵ ɩɨɥɭɱɚɟɦ  

ݖ  = ݃ሺܰܤሺܹݑሻሻ, 
 

ɝɞɟ ܰܤ — ɧɨɪɦɚɥɢɡɚɰɢɹ, ɩɪɢɦɟɧɟɧɧɚɹ ɤ ɤɚɠɞɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ݔ.  

 ɉɪɢ ɷɬɨɦ, ɞɥɹ ɫɜɟɪɬɨɱɧɵɯ ɫɟɬɟɣ ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ, ɱɬɨ ɪɚɡɧɵɟ 

ɷɥɟɦɟɧɬɵ ɤɚɪɬɵ ɩɪɢɡɧɚɤɨɜ ɞɨɥɠɧɵ ɧɨɪɦɢɪɨɜɚɬɶɫɹ ɨɞɢɧɚɤɨɜɵɦ ɨɛɪɚɡɨɦ. Ⱦɥɹ 

ɷɬɨɝɨ ɦɵ ɧɨɪɦɚɥɢɡɭɟɦ ɜɫɟ ɡɧɚɱɟɧɢɹ ɜ ɩɚɤɟɬɟ ɫɨɜɦɟɫɬɧɨ.  

 

2.5 Ⱥɪɯɢɬɟɤɬɭɪɚ 
 

 Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, ɪɟɤɭɪɪɟɧɬɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɢ ɟɝɨ ɭɥɭɱɲɟɧɧɚɹ 

ɜɟɪɫɢɹ — LSTM ɫɟɬɶ ɹɜɥɹɸɬɫɹ ɫɚɦɵɦɢ ɩɨɩɭɥɹɪɧɵɦɢ ɚɪɯɢɬɟɤɬɭɪɚɦɢ ɞɥɹ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ, ɤɨɬɨɪɵɟ ɨɛɪɚɛɚɬɵɜɚɸɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢ ɢɦɟɸɬ 

(25) 

(26) 
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ɜɨɡɦɨɠɧɨɫɬɶ ɭɱɢɬɵɜɚɬɶ ɨɝɪɨɦɧɵɣ ɤɨɧɬɟɤɫɬ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɱɢ ɦɵ 

ɨɝɪɚɧɢɱɢɜɚɟɦ ɤɨɧɬɟɤɫɬ ɬɨɥɶɤɨ ɩɪɨɲɥɵɦ — ɢɡɭɱɟɧɢɟɦ ɩɪɢɱɢɧɧɨ-ɫɥɟɞɫɬɜɟɧɧɵɯ 

ɫɜɹɡɟɣ ɜ ɞɚɧɧɵɯ. ɉɪɢ ɷɬɨɦ, ɦɵ ɦɨɠɟɦ ɭɱɢɬɵɜɚɬɶ ɤɚɤ ɩɪɨɲɥɨɟ, ɬɚɤ ɢ ɛɭɞɭɳɟɟ. 

ɋɨɜɪɟɦɟɧɧɵɦ ɪɟɲɟɧɢɟɦ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɹɜɥɹɸɬɫɹ ɞɜɭɧɚɩɪɚɜɥɟɧɧɵɟ 

ɪɟɤɭɪɪɟɧɬɧɵɟ ɫɥɨɢ. ɂɯ ɨɞɢɧ ɩɪɨɯɨɞ ɢɡɭɱɚɟɬ ɨɬɧɨɲɟɧɢɹ ɫɥɟɜɚ ɧɚɩɪɚɜɨ, ɚ ɞɪɭɝɨɣ 

- ɫɩɪɚɜɚ ɧɚɥɟɜɨ. Ɋɟɡɭɥɶɬɚɬɵ ɡɚɬɟɦ ɨɛɴɟɞɢɧɹɸɬɫɹ. 

 Ɉɞɧɚɤɨ, ɦɵ ɦɨɠɟɦ ɜɤɥɸɱɢɬɶ ɬɚɤɨɣ ɞɜɭɯɫɬɨɪɨɧɧɢɣ ɤɨɧɬɟɤɫɬ ɢ ɜ 

ɨɞɧɨɦɟɪɧɵɟ ɫɜɟɪɬɤɢ, ɩɪɨɛɥɟɦɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ ɡɚɜɢɫɟɥɢ 

ɨɬ ɛɨɥɶɲɨɝɨ ɤɨɧɬɟɤɫɬɚ, ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɢɥɶɬɪɵ ɜɫɟ ɛɨɥɶɲɟɝɨ 

ɪɚɡɦɟɪɚ, ɚ ɷɬɨ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɛɨɥɶɲɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɩɚɦɹɬɢ. 

 Ɇɵ ɤɪɚɣɧɟ ɨɝɪɚɧɢɱɟɧɧɵ ɜ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɚɯ, ɩɨɷɬɨɦɭ, 

ɧɟɨɛɯɨɞɢɦɨ ɦɚɤɫɢɦɚɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɚɦɹɬɢ. ȼ ɪɚɡɞɟɥɟ 2.1 ɦɵ 

ɪɚɫɫɦɨɬɪɟɥɢ ɫɜɟɪɬɤɭ ɫ ɪɚɫɲɢɪɟɧɧɵɦ ɤɚɭɡɚɥɶɧɵɦ ɮɢɥɶɬɪɨɦ, ɤɨɬɨɪɵɟ 

ɨɤɚɡɵɜɚɸɬɫɹ ɝɨɪɚɡɞɨ ɦɟɧɟɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨ ɡɚɬɪɚɬɧɵɟ ɡɚ ɫɱɟɬ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɵ, 

ɬɚɤ ɤɚɤ ɦɵ ɯɪɚɧɢɦ ɜ ɩɚɦɹɬɢ ɧɟ ɜɟɫɶ ɛɨɥɶɲɨɣ ɮɢɥɶɬɪ, ɚ ɜɫɟɝɨ ɥɢɲɶ ɪɚɫɲɢɪɟɧɧɭɸ 

ɜɟɪɫɢɸ ɞɨɜɨɥɶɧɨ ɧɟɛɨɥɶɲɢɯ ɮɢɥɶɬɪɨɜ, ɜ ɤɨɬɨɪɵɯ ɩɭɫɬɵɟ ɦɟɫɬɚ ɡɚɩɨɥɧɟɧɵ 

ɧɭɥɹɦɢ.  

 Ɉɛɵɱɧɨ, ɡɚ ɫɜɟɪɬɨɱɧɵɦɢ ɫɥɨɹɦɢ ɫɥɟɞɭɟɬ ɮɭɧɤɰɢɹ ɚɤɬɢɜɚɰɢɢ ReLU ɢ ɨɧɚ 

ɯɨɪɨɲɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɩɚɪɚɞɢɝɦɵ ɫɜɟɪɬɨɱɧɨɣ ɫɟɬɢ, ɬɨɝɞɚ ɤɚɤ ɪɟɤɭɪɪɟɧɬɧɵɟ ɫɥɨɢ 

ɢɫɩɨɥɶɡɭɸɬ ɩɨɞɯɨɞɵ ɡɚɛɵɜɚɧɢɹ ɢ ɡɚɩɨɦɢɧɚɧɢɹ, ɤɨɬɨɪɵɟ ɪɟɚɥɢɡɨɜɚɧɵ ɜ 

ɡɚɛɵɜɚɸɳɟɦ ɮɢɥɶɬɪɟ. 

 Ȼɵɥɨ ɛɵ ɧɟɩɥɨɯɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɭ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɤɭɪɪɟɧɬɧɵɯ ɫɟɬɟɣ ɜ 

ɧɚɲɟɣ ɪɚɛɨɬɟ. ɑɬɨɛɵ ɷɬɨ ɫɞɟɥɚɬɶ ɦɵ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢɧɰɢɩ 

ɚɤɬɢɜɚɰɢɨɧɧɵɯ ɜɟɧɬɢɥɟɣ (gated activation), ɨɛɴɹɫɧɟɧɧɵɣ ɜ ɪɚɛɨɬɟ [5]. 

 ɂɞɟɹ ɤɪɚɣɧɟ ɩɪɨɫɬɚ: ɦɵ ɛɭɞɟɦ ɩɪɨɩɭɫɤɚɬɶ ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ ɱɟɪɟɡ 

ɨɞɧɨɦɟɪɧɭɸ ɫɜɟɪɬɤɭ ɢ ɡɚɬɟɦ ɩɪɢɦɟɧɹɬɶ ɮɭɧɤɰɢɢ ݊ܽݐℎ ɢ 𝜎, ɚ ɪɟɡɭɥɶɬɚɬɨɦ ɛɭɞɟɬ 

ɩɨɷɥɟɦɟɧɬɧɨɟ ɭɦɧɨɠɟɧɢɟ. ɉɪɢ ɷɬɨɦ, ɦɵ ɩɨɣɞɟɦ ɟɳɟ ɞɚɥɶɲɟ ɢ ɛɭɞɟɦ ɩɪɢɦɟɧɹɬɶ 

ɮɭɧɤɰɢɸ ݊ܽݐℎ ɟɳɟ ɪɚɡ ɜ ɤɨɧɰɟ.  
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 ɇɚ ɪɢɫɭɧɤɟ 7 ɩɪɟɞɫɬɚɜɥɟɧɚ ɚɪɯɢɬɟɤɬɭɪɚ ɫɟɬɢ ɜ ɨɛɳɟɦ ɜɢɞɟ, ɧɚ ɪɢɫɭɧɤɟ 8 

ɨɬɪɚɠɟɧɚ ɫɬɪɭɤɬɭɪɚ ɫɬɟɤɚ ɨɫɬɚɬɨɱɧɵɯ ɛɥɨɤɨɜ ɢ ɨɫɬɚɬɨɱɧɨɝɨ ɛɥɨɤɚ, ɤɨɬɨɪɵɟ ɦɵ 

ɪɚɫɫɦɨɬɪɟɥɢ ɜɵɲɟ. 

 

 

 

 

 

 

 

 

ɋɩɟɤɬɪɨɝɪɚɦɦɚ 
(batch_size x time x mel_bins) 

ɋɬɟɤ ɨɫɬɚɬɨɱɧɵɯ ɛɥɨɤɨɜ 
(batch_size x time x features) 

Ⱥɭɞɢɨ 

ȼɵɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ 
(batch_size x time x 

alphabet_size) 

Ɋɢɫɭɧɨɤ 7 — Ⱥɪɯɢɬɟɤɬɭɪɚ ɫɟɬɢ ɜ ɨɛɳɟɦ ɜɢɞɟ 
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Ɋɢɫɭɧɨɤ 8 — ɋɬɪɭɤɬɭɪɚ ɫɬɟɤɚ ɨɫɬɚɬɨɱɧɵɯ ɛɥɨɤɨɜ ɢ ɟɝɨ ɛɥɨɤɚ, ɥɢɫɬ 1 

Ɉɫɬɚɬɨɱɧɵɣ ɛɥɨɤ (batch_size x time x features) 

ȼɯɨɞɧɵɟ ɞɚɧɧɵɟ 

Ɋɚɫɲɢɪɟɧɧɚɹ 
ɨɞɧɨɦɟɪɧɚɹ 

ɫɜɟɪɬɤɚ 

Ɋɚɫɲɢɪɟɧɧɚɹ 
ɨɞɧɨɦɟɪɧɚɹ 

ɫɜɟɪɬɤɚ 

 ℎ 𝜎݊ܽݐ

ɍɦɧɨɠɟɧɢɟ 

 ℎ݊ܽݐ

Shortcut-
ɫɨɟɞɢɧɟɧɢɟ + 
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3 Ɉɛɭɱɟɧɢɟ ɦɨɞɟɥɢ 

 

 3.1 Ⱥɩɩɚɪɚɬɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 
  

 Ɉɛɭɱɟɧɢɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɧɚ ɤɨɧɮɢɝɭɪɚɰɢɢ: 

  1. Intel Core i5-4430 

  2. GTX1060 3GB 

  3. 8 GB RAM 

 

Ɉɫɬɚɬɨɱɧɵɣ ɛɥɨɤ  
(batch_size x time x features) 

Shortcut-
ɫɨɟɞɢɧɟɧɢɟ + 

… 

Shortcut-
ɫɨɟɞɢɧɟɧɢɟ + 

Ɉɫɬɚɬɨɱɧɵɣ ɛɥɨɤ  
(batch_size x time x features) 

Shortcut-
ɫɨɟɞɢɧɟɧɢɟ 

Выхɨɞɧыɟ ɞɚɧɧыɟ ɫɬɟɤɚ 
ɨɫɬɚɬɨчɧых ɛɥɨɤɨɜ 

Ɋɢɫɭɧɨɤ 8 — ɋɬɪɭɤɬɭɪɚ ɫɬɟɤɚ ɨɫɬɚɬɨɱɧɵɯ ɛɥɨɤɨɜ ɢ ɟɝɨ ɛɥɨɤɚ, ɥɢɫɬ 2 
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 ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɧɚ ɜɢɞɟɨɤɚɪɬɟ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɳɚɟɬ 

ɜɪɟɦɹ ɨɛɭɱɟɧɢɹ. Ɉɞɧɚɤɨ, ɞɥɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ 3GB 

ɜɢɞɟɨɩɚɦɹɬɢ ɨɤɚɡɚɥɨɫɶ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ ɩɚɤɟɬɨɜ (batch) 

ɞɚɧɧɵɯ, ɬɚɤ, ɧɚɩɪɢɦɟɪ, ɭɠɟ ɞɥɹ ɪɚɡɦɟɪɚ ɩɚɤɟɬɚ ɛɨɥɶɲɟ 6 ɱɟɪɟɡ 

ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɨɛɭɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɡɧɚɤɨɜ 

ɫɬɚɧɨɜɢɥɨɫɶ ɧɚɫɬɨɥɶɤɨ ɛɨɥɶɲɢɦ, ɱɬɨ ɦɚɬɪɢɰɵ ɜɟɫɨɜ ɧɟ ɩɨɦɟɳɚɥɢɫɶ ɜ ɩɚɦɹɬɢ, 

ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢɜɨɞɢɥɨ ɤ ɨɲɢɛɤɟ. ɉɨɷɬɨɦɭ, ɛɵɥ ɜɵɛɪɚɧ ɪɚɡɦɟɪ ɩɚɤɟɬɚ 

ɪɚɜɧɵɣ 5, ɱɬɨ ɡɚɦɟɬɧɨ ɫɤɚɡɚɥɨɫɶ ɧɚ ɫɤɨɪɨɫɬɢ ɨɛɭɱɟɧɢɹ. ɉɪɢ ɷɬɨɦ, ɨɩɬɢɦɚɥɶɧɵɦ 

ɜɵɛɨɪɨɦ ɞɥɹ ɬɚɤɨɝɨ ɩɚɤɟɬɚ ɫɬɚɥ ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬɧɵɣ ɫɩɭɫɤ (SGD) ɫ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɨɛɭɱɟɧɢɹ (learning rate) ɪɚɜɧɵɦ 0.00001, ɫ ɩɨɫɥɟɞɭɸɳɢɦ 

ɭɜɟɥɢɱɟɧɢɟɦ, ɤɨɬɨɪɵɣ ɬɚɤ ɠɟ ɩɪɨɢɝɪɵɜɚɟɬ ɜ ɫɤɨɪɨɫɬɢ ɫɜɨɢɦ ɪɚɡɥɢɱɧɵɦ 

ɜɚɪɢɚɰɢɹɦ.  

 ɇɟɤɨɬɨɪɵɟ ɧɚɫɬɪɨɣɤɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɩɭɬɟɦ ɩɟɪɟɛɨɪɚ, ɬɚɤ, ɧɚɩɪɢɦɟɪ, 

ɪɚɡɦɟɪ ɫɬɟɤɚ ɨɫɬɚɬɨɱɧɵɯ (residual) ɛɥɨɤɨɜ ɪɚɜɟɧ 6, ɚ ɪɚɡɦɟɪ ɹɞɪɚ (kernel size) 

ɪɚɜɟɧ 7, ɬɚɤ ɤɚɤ ɩɪɢ ɜɫɟɯ ɡɧɚɱɟɧɢɹɯ ɧɢɠɟ ɦɨɞɟɥɶ ɧɟ ɦɨɠɟɬ ɜɵɹɜɢɬɶ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɟɞɨɨɛɭɱɚɟɬɫɹ.  

 

 3.2 ɂɧɫɬɪɭɦɟɧɬɵ 

 

 3.2.1 Python 

  

 Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɪɚɛɨɬɵ ɛɵɥ ɜɵɛɪɚɧ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python, ɬɚɤ 

ɤɚɤ ɞɚɧɧɵɣ ɹɡɵɤ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɬɨɪɨɧɧɢɯ ɛɢɛɥɢɨɬɟɤ ɞɥɹ 

ɪɚɡɪɚɛɨɬɤɢ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɢ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ. Ɉɧ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɩɟɪɟɞɨɜɵɦ 

ɹɡɵɤɨɦ ɜ ɨɛɥɚɫɬɢ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɩɪɢ ɷɬɨɦ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɩɪɨɫɬɨɣ 

ɫɢɧɬɚɤɫɢɫ ɞɥɹ ɪɚɛɨɬɵ. 
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3.2.2 Pandas  

  

 Pandas — ɩɪɨɝɪɚɦɦɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɧɚ ɹɡɵɤɟ Python ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢ 

ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ. ɋ ɟɟ ɩɨɦɨɳɶɸ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ ɨ ɡɜɭɤɨɜɵɯ 

ɮɚɣɥɚɯ ɢ ɩɪɨɢɡɜɨɞɢɥɫɹ ɚɧɚɥɢɡ ɢɧɮɨɪɦɚɰɢɢ ɨ ɧɚɛɨɪɟ ɞɚɧɧɵɯ. 

 

 3.2.3 NumPy 

 

 NumPy — ɛɢɛɥɢɨɬɟɤɚ ɫ ɨɬɤɪɵɬɵɦ ɢɫɯɨɞɧɵɦ ɤɨɞɨɦ ɞɥɹ ɹɡɵɤɚ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python. ȼɨɡɦɨɠɧɨɫɬɢ: 

• ɩɨɞɞɟɪɠɤɚ ɦɧɨɝɨɦɟɪɧɵɯ ɦɚɫɫɢɜɨɜ (ɜɤɥɸɱɚɹ ɦɚɬɪɢɰɵ); 
• ɩɨɞɞɟɪɠɤɚ ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ 

ɞɥɹ ɪɚɛɨɬɵ ɫ ɦɧɨɝɨɦɟɪɧɵɦɢ ɦɚɫɫɢɜɚɦɢ. 
  
  
 Ⱦɚɧɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɩɪɢɦɟɧɹɥɚɫɶ ɞɥɹ ɩɪɟɞɨɛɪɚɛɨɬɤɢ ɡɜɭɤɨɜɵɯ ɮɚɣɥɨɜ, ɜ 

ɱɚɫɬɧɨɫɬɢ ɞɥɹ ɚɭɝɦɟɧɬɚɰɢɢ, ɨɩɢɫɚɧɧɨɣ ɜ 3.4.4, ɚ ɬɚɤɠɟ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 

ɤɨɧɬɟɣɧɟɪ npy, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɢɥ ɡɚɝɪɭɠɚɬɶ ɢ ɨɛɪɚɛɚɬɵɜɚɬɶ ɞɚɧɧɵɟ ɜ ɧɟɫɤɨɥɶɤɨ 

ɪɚɡ ɛɵɫɬɪɟɟ, ɱɟɦ ɫɬɚɧɞɚɪɬɧɵɟ csv ɢ mp3, ɡɚ ɫɱɟɬ ɱɟɝɨ ɛɵɥɨ ɭɫɤɨɪɟɧɨ ɨɛɭɱɟɧɢɟ 

ɦɨɞɟɥɢ. 

3.2.4 LibROSA 

  

 LibROSA — ɛɢɛɥɢɨɬɟɤɚ ɞɥɹ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢ ɚɧɚɥɢɡɚ ɚɭɞɢɨɡɚɩɢɫɟɣ. Ƚɥɚɜɧɵɦ ɨɬɥɢɱɢɟɦ 

ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɛɨɬɚɬɶ ɫ ɮɨɪɦɚɬɨɦ mp3, ɱɬɨ ɛɵɥɨ 

ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ.  

 ȼɫɟ ɚɭɞɢɨɡɚɩɢɫɢ ɛɵɥɢ ɡɚɝɪɭɠɟɧɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɭɧɤɰɢɢ 

librosa.core.load. 

 

  

 

https://ru.wikipedia.org/wiki/%D0%9E%D1%82%D0%BA%D1%80%D1%8B%D1%82%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D1%85%D0%BE%D0%B4%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%AF%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%AF%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/Python
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B4%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B0%D1%81%D1%81%D0%B8%D0%B2
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D1%80%D0%B8%D1%86%D0%B0_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%92%D1%8B%D1%81%D0%BE%D0%BA%D0%BE%D1%83%D1%80%D0%BE%D0%B2%D0%BD%D0%B5%D0%B2%D1%8B%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
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3.2.5 Tensorflow 

  

 TensorFlow — ɨɬɤɪɵɬɚɹ ɩɪɨɝɪɚɦɦɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɞɥɹ ɦɚɲɢɧɧɨɝɨ 

ɨɛɭɱɟɧɢɹ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɦɩɚɧɢɟɣ Google ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɨɫɬɪɨɟɧɢɹ ɢ 

ɬɪɟɧɢɪɨɜɤɢ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ ɰɟɥɶɸ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɧɚɯɨɠɞɟɧɢɹ ɢ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɛɪɚɡɨɜ, ɞɨɫɬɢɝɚɹ ɤɚɱɟɫɬɜɚ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɜɨɫɩɪɢɹɬɢɹ. 

ɉɪɢɦɟɧɹɟɬɫɹ ɤɚɤ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɬɚɤ ɢ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ 

Google. Ɉɫɧɨɜɧɨɣ API ɞɥɹ ɪɚɛɨɬɵ ɫ ɛɢɛɥɢɨɬɟɤɨɣ ɪɟɚɥɢɡɨɜɚɧ ɞɥɹ Python, ɬɚɤɠɟ 

ɫɭɳɟɫɬɜɭɸɬ ɪɟɚɥɢɡɚɰɢɢ ɞɥɹ C++, Haskell, Java, Go ɢ Swift. 

 ɉɪɢɱɢɧɧɨɣ ɜɵɛɨɪɚ ɞɚɧɧɨɣ ɛɢɛɥɢɨɬɟɤɢ ɫɬɚɥɚ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɩɢɫɚɧɢɹ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɥɨɟɜ, ɬɨɧɤɨɣ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɢ ɧɚɥɢɱɢɟ 

ɞɨɫɬɭɩɧɨɣ ɢ ɪɚɡɜɟɪɧɭɬɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɛɨɥɶɲɢɦ 

ɫɨɨɛɳɟɫɬɜɨɦ ɪɚɡɪɚɛɨɬɱɢɤɨɜ, ɩɨɥɶɡɭɸɳɢɯɫɹ ɞɚɧɧɨɣ ɛɢɛɥɢɨɬɟɤɨɣ, ɤɨɬɨɪɵɟ 

ɨɤɚɡɵɜɚɸɬ ɩɨɞɞɟɪɠɤɭ ɢ ɪɟɲɚɸɬ ɩɪɨɛɥɟɦɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɭ ɞɪɭɝɢɯ 

ɩɨɥɶɡɨɜɚɬɟɥɟɣ. Ɍɚɤɠɟ, Tensorflow ɢɦɟɟɬ ɩɨɞɞɟɪɠɤɭ ɜɵɱɢɫɥɟɧɢɣ ɧɚ ɜɢɞɟɨɤɚɪɬɚɯ, 

ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɤɨɪɹɟɬ ɩɪɨɰɟɫɫ ɨɛɭɱɟɧɢɹ ɦɨɞɟɥɟɣ. 

 Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɫɨɡɞɚɬɶ ɢ ɨɛɭɱɢɬɶ ɫɜɨɸ ɫɨɛɫɬɜɟɧɧɭɸ ɫɟɬɶ ɧɚ TensorFlow 

ɦɵ ɜɵɩɨɥɧɢɥɢ 4 ɩɭɧɤɬɚ: 

 1. Ɉɩɪɟɞɟɥɢɥɢ ɦɨɞɟɥɶ 

 2. Ɉɩɪɟɞɟɥɢɥɢ ɮɭɧɤɰɢɸ ɩɨɞɚɱɢ ɞɚɧɧɵɯ ɧɚ ɜɯɨɞ ɢ ɝɟɧɟɪɚɬɨɪ ɞɚɧɧɵɯ. 

 3. Ɉɩɪɟɞɟɥɢɥɢ ɮɭɧɤɰɢɸ ɦɨɞɟɥɢ, ɮɭɧɤɰɢɸ ɩɨɬɟɪɶ, ɨɰɟɧɳɢɤ 

 4. Ɂɚɝɪɭɡɢɥɢ ɞɚɧɧɵɟ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɩɬɢɦɢɡɚɬɨɪ ɞɥɹ ɨɛɭɱɟɧɢɹ ɦɨɞɟɥɢ. 

  

 ɑɬɨɛɵ ɡɚɞɚɬɶ ɫɜɨɣ ɫɨɛɫɬɜɟɧɧɵɣ ɫɥɨɣ, ɧɟɨɛɯɨɞɢɦɨ ɞɚɧɧɵɣ ɫɥɨɣ ɨɩɢɫɚɬɶ ɫ 

ɩɨɦɨɳɶɸ ɤɥɚɫɫɚ, ɧɚɫɥɟɞɨɜɚɧɧɨɝɨ ɨɬ ɤɥɚɫɫɚ tf.layers.Layer. Ɍɚɤ ɤɚɤ ɛɚɡɨɜɵɟ 

ɷɥɟɦɟɧɬɵ ɫɟɬɢ ɧɟ ɹɜɥɹɸɬɫɹ ɭɧɢɤɚɥɶɧɵɦɢ, ɬɨ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɢɯ ɪɟɚɥɢɡɚɰɢɸ ɢɡ 

ɞɚɧɧɨɣ ɛɢɛɥɢɨɬɟɤɢ, ɬɚɤ, ɧɚɩɪɢɦɟɪ ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɞɧɨɦɟɪɧɭɸ ɫɜɟɪɬɤɭ, 

ɩɚɤɟɬɧɭɸ ɧɨɪɦɚɥɢɡɚɰɢɸ, ɮɭɧɤɰɢɢ 𝜎 ɢ ݊ܽݐℎ ɢ ɞɪɭɝɢɟ ɮɭɧɤɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
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ɦɵ ɫɦɨɝɥɢ ɪɟɚɥɢɡɨɜɚɬɶ ɩɪɢɧɰɢɩ ɨɫɬɚɬɨɱɧɨɝɨ ɨɛɭɱɟɧɢɹ ɫ ɧɟɫɬɚɧɞɚɪɬɧɵɦɢ 

ɫɥɨɹɦɢ ɞɥɹ ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ [3]. 

 

 3.3 Ɉɛɭɱɚɸщɚɹ ɜɵɛɨɪɤɚ 
  

 Ⱦɥɹ ɨɛɭɱɟɧɢɹ ɫɟɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɬɤɪɵɬɵɣ ɧɚɛɨɪ ɞɚɧɧɵɯ Common Voice 

ɨɬ Mozilla, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɦɧɨɠɟɫɬɜɨ ɚɭɞɢɨɮɚɣɥɨɜ ɧɚ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɟ 

ɜ ɮɨɪɦɚɬɟ mp3, ɨɛɳɟɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 582 ɱɚɫɚ ɨɬ 33541 ɱɟɥɨɜɟɤɚ.  

 Ʉɚɠɞɨɣ ɚɭɞɢɨɡɚɩɢɫɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɚɧɫɤɪɢɩɬ ɜ ɜɢɞɟ ɬɟɤɫɬɚ, ɚ ɬɚɤɠɟ, 

ɩɪɢɦɟɪɧɨ ɜ 50% ɡɚɩɢɫɟɣ ɩɪɢɫɭɬɫɬɜɭɟɬ ɞɟɦɨɝɪɚɮɢɱɟɫɤɚɹ ɢɧɮɨɪɦɚɰɢɹ, ɬɚɤɚɹ ɤɚɤ 

ɜɨɡɪɚɫɬ, ɩɨɥ, ɚɤɰɟɧɬ. 

 ɉɪɢɦɟɪ ɡɚɩɢɫɢ:  

• filename                        cv-valid-train/sample-0000073.mp3 
• text                            the greatest authority on meteorites started that the height of its 

first appearance was about ninety or one hundred miles 
• up_votes                       5 
• down_votes                  0 
• age                                twenties 
• gender                           male 
• accent                            us 
• duration                         NaN 
  

 ȼ ɫɢɥɭ ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ 

ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɬɟɤɫɬɟ ɚɭɞɢɨɡɚɩɢɫɢ.  

 ȼɫɹ ɜɵɛɨɪɤɚ ɪɚɡɞɟɥɟɧɚ ɧɚ ɬɪɢ ɱɚɫɬɢ: ɬɪɟɧɢɪɨɜɨɱɧɭɸ, ɬɟɫɬɨɜɭɸ ɢ 

ɩɪɨɜɟɪɨɱɧɭɸ. 

 Ɉɛɭɱɚɸɳɚɹ ɜɵɛɨɪɤɚ — ɜɵɛɨɪɤɚ, ɩɨ ɤɨɬɨɪɨɣ ɦɵ ɧɚɫɬɪɚɢɜɚɟɦ ɩɚɪɚɦɟɬɪɵ 

ɧɚɲɟɣ ɦɨɞɟɥɢ, ɫɨɞɟɪɠɢɬ 195776 ɫɷɦɩɥɨɜ. 

 Ɍɟɫɬɨɜɚɹ ɜɵɛɨɪɤɚ — ɜɵɛɨɪɤɚ, ɩɨ ɤɨɬɨɪɨɣ ɦɵ ɨɰɟɧɢɜɚɟɦ ɤɚɱɟɫɬɜɨ 

ɨɛɭɱɟɧɧɨɣ ɦɨɞɟɥɢ, ɫɨɞɟɪɠɢɬ 3995 ɫɷɦɩɥɨɜ. 

 ɉɪɨɜɟɪɨɱɧɚɹ ɜɵɛɨɪɤɚ — ɜɵɛɨɪɤɚ, ɩɨ ɤɨɬɨɪɨɣ ɦɵ ɜɵɛɢɪɚɟɦ ɧɚɢɥɭɱɲɭɸ 

ɩɨɫɬɪɨɟɧɧɭɸ ɦɨɞɟɥɶ, ɫɨɞɟɪɠɢɬ 4076 ɫɷɦɩɥɨɜ. 
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 ȼɫɟ ɜɵɛɨɪɤɢ ɧɟɡɚɜɢɫɢɦɵ, ɬ.ɟ. ɧɟ ɢɦɟɸɬ ɨɛɳɢɯ ɡɚɩɢɫɟɣ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɞɨɛɢɜɚɟɦɫɹ ɧɟɫɦɟɳɟɧɧɨɣ ɨɰɟɧɤɢ ɧɚ ɬɟɫɬɨɜɵɯ ɞɚɧɧɵɯ. 

 

 3.4 ɉɪɟɞɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ 
  

 3.4.1 ɋɷɦɩɥɢɪɨɜɚɧɢɟ 
 

 Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɫɟɬɶ ɦɨɝɥɚ ɨɛɪɚɛɚɬɵɜɚɬɶ ɚɭɞɢɨɮɚɣɥɵ, ɤɨɬɨɪɵɟ ɟɣ ɩɨɞɚɥɢ 

ɧɚ ɜɯɨɞ ɢ ɭɫɩɟɲɧɨ ɨɛɭɱɚɬɶɫɹ ɧɚ ɧɢɯ, ɢɡɜɥɟɤɚɹ ɩɪɢɡɧɚɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɫɬɚɜɢɬɶ 

ɤɚɠɞɭɸ ɚɭɞɢɨɞɨɪɨɠɤɭ ɜ ɜɢɞɟ ɧɚɛɨɪɚ ɰɢɮɪ.  

 ɂɡɜɟɫɬɧɨ, ɱɬɨ ɡɜɭɤ ɩɟɪɟɞɚɟɬɫɹ ɤɚɤ ɜɨɥɧɚ, ɬɨ ɟɫɬɶ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɜɪɚɬɢɬɶ 

ɜɨɥɧɭ ɜ ɰɢɮɪɵ. Ɂɞɟɫɶ ɫɭɳɟɫɬɜɭɟɬ ɞɜɚ ɜɢɞɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɡɜɭɤɚ: 

1. Ʉɚɠɞɵɣ ɫɷɦɩɥ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɹɦɢ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ. 

2. Ʉɚɠɞɨɦɭ ɜɪɟɦɟɧɧɨɦɭ ɲɚɝɟ ɫɷɦɩɥɚ ɫɨɩɨɫɬɚɜɥɹɟɬɫɹ ɚɦɩɥɢɬɭɞɚ ɞɥɹ ɤɚɠɞɨɣ 

ɱɚɫɬɨɬɵ. 

 ȼɨɩɪɟɤɢ ɬɨɦɭ ɮɚɤɬɭ, ɱɬɨ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɞɨɜɨɥɶɧɨ ɯɨɪɨɲɢ ɜ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɢɡɭɱɟɧɢɢ ɩɪɢɡɧɚɤɨɜ, ɥɭɱɲɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɡɜɟɫɬɧɵɟ ɩɪɢɡɧɚɤɢ, 

ɤɨɬɨɪɵɟ ɧɟɫɭɬ ɢɧɮɨɪɦɚɰɢɸ, ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɪɟɲɟɧɢɹ ɧɚɲɟɣ ɩɪɨɛɥɟɦɵ. 

 Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɩɪɢɥɨɠɟɧɢɣ, ɜ ɱɚɫɬɧɨɫɬɢ, ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ, ɩɪɢɡɧɚɤɢ, 

ɤɨɬɨɪɵɟ ɧɚɦ ɧɭɠɧɵ ɫɨɞɟɪɠɚɬɫɹ ɜ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɡɜɭɤɚ ɫ ɩɨɦɨɳɶɸ ɱɚɫɬɨɬɵ. 

 Ⱦɥɹ ɷɬɨɝɨ ɞɢɫɤɪɟɬɢɡɢɪɭɟɬɫɹ (ɫɷɦɩɥɢɪɭɟɬɫɹ ɨɬ ɚɧɝɥ. sampling) ɡɜɭɤɨɜɚɹ 

ɜɨɥɧɚ, ɬɨ ɟɫɬɶ ɜɵɫɨɬɟ ɜɨɥɧɵ ɫɨɩɨɫɬɚɜɥɹɟɬɫɹ ɬɨɱɤɚ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, 

ɨɛɵɱɧɨ ɷɬɨ ɞɟɥɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ ɬɵɫɹɱ ɪɚɡ ɜ ɫɟɤɭɧɞɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɧɚɩɪɢɦɟɪ, ɭɫɬɪɨɟɧɵ ɧɟɫɠɚɬɵɟ .wav ɮɚɣɥɵ.  

 ɑɚɫɬɨɬɭ ɜɵɛɨɪɚ ɬɨɱɟɤ ɧɚɡɵɜɚɸɬ ɱɚɫɬɨɬɨɣ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɢ ɢɡɦɟɪɹɸɬ ɜ 

ɝɟɪɰɚɯ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ, ɚɭɞɢɨɮɚɣɥɵ ɫɷɦɩɥɢɪɭɸɬ ɜ 44.1 ɤȽɰ, 16 ɤȽɰ ɢ 8 ɤȽɰ. ȼ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɱɚɫɬɨɬɚ ɜ 16 ɤȽɰ. 
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 ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɨɪɢɝɢɧɚɥɶɧɚɹ ɜɨɥɧɚ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɞɨɜɨɥɶɧɨ 

ɝɪɭɛɨ ɫɷɦɩɥɢɪɨɜɚɧɧɚɹ ɡɚɩɢɫɶ ɧɟ ɬɟɪɹɟɬ ɢɧɮɨɪɦɚɰɢɸ, ɛɥɚɝɨɞɚɪɹ ɬɟɨɪɟɦɟ 

Ʉɨɬɟɥɶɧɢɤɨɜɚ. 

   

Ɍɟɨɪɟɦɚ 3.4.1 Ʉɨɬɟɥɶɧɢɤɨɜɚ 

 Ʌɸɛɭɸ ɮɭɧɤɰɢɸ ܨሺݐሻ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɱɚɫɬɨɬ ɨɬ 0 ɞɨ ଵ݂, ɦɨɠɧɨ  

 ɧɟɩɪɟɪɵɜɧɨ ɩɟɪɟɞɚɜɚɬɶ ɫ ɥɸɛɨɣ ɬɨɱɧɨɫɬɶɸ ɩɪɢ ɩɨɦɨɳɢ ɱɢɫɟɥ, ɫɥɟɞɭɸɳɢɯ 

ɞɪɭɝ ɡɚ ɞɪɭɝɨɦ ɱɟɪɟɡ ͳ/ሺʹ ଵ݂ሻ ɫɟɤɭɧɞ. 

  

 ɋɷɦɩɥɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ Load ɢɡ ɛɢɛɥɢɨɬɟɤɢ 

LibROSA. 

 

 3.4.2 ɋɩɟɤɬɪɨɝɪɚɦɦɚ 
 

 ɇɚ ɞɚɧɧɨɦ ɦɨɦɟɧɬɟ ɞɚɧɧɵɟ ɭɠɟ ɦɨɠɧɨ ɩɟɪɟɞɚɬɶ ɧɚ ɜɯɨɞ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, 

ɨɞɧɚɤɨ ɢɡɜɥɟɱɟɧɢɟ ɩɪɢɡɧɚɤɨɜ ɢɡ ɧɢɯ ɛɭɞɟɬ ɤɪɚɣɧɟ ɞɨɥɝɢɦ ɢ ɫɥɨɠɧɵɦ. ɉɨɷɬɨɦɭ, 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɧɟɤɨɬɨɪɭɸ ɩɪɟɞɨɛɪɚɛɨɬɤɭ, ɱɬɨɛɵ ɭɩɪɨɫɬɢɬɶ ɡɚɞɚɱɭ, ɞɥɹ 

ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɩɟɤɬɪɨɝɪɚɦɦɚ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ ɛɭɞɭɬ ɜɵɱɢɫɥɟɧɵ ɦɟɥ-

ɱɚɫɬɨɬɧɵɟ ɤɟɩɫɬɪɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ (MFCC). 

 Ɉɩɪɟɞɟɥɟɧɢɟ 3.4.1 ɋɩɟɤɬɪɨɝɪɚɦɦɚ (ɫɨɧɨɝɪɚɦɦɚ) — ɢɡɨɛɪɚɠɟɧɢɟ, 

ɩɨɤɚɡɵɜɚɸɳɟɟ ɡɚɜɢɫɢɦɨɫɬɶ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɦɨɳɧɨɫɬɢ ɫɢɝɧɚɥɚ ɨɬ 

ɜɪɟɦɟɧɢ, ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

,ݐሺ݉ܽݎ݃݋ݎ݋ݐܿ݁݌ݏ  𝜔ሻ = ,ݐሺܶܨܶܵ| 𝜔ሻ|ଶ, 

 

ɝɞɟ STFT — ɨɤɨɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, t - ɜɪɟɦɹ, 𝜔 - ɱɚɫɬɨɬɚ. 

 ɑɬɨɛɵ ɜɵɱɢɫɥɢɬɶ ɨɤɨɧɧɨɟ ɞɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ (ɈȾɉɎ) 

ɧɟɨɛɯɨɞɢɦɨ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɲɢɪɢɧɭ ɨɤɧɚ, ɨɛɵɱɧɨ ɨɬ 20 ɞɨ 40 ɦɫ, ɞɚɥɟɟ 

(28) 
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ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɢɬɶ ɨɤɨɧɧɭɸ ɮɭɧɤɰɢɸ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɨɤɨɧɧɚɹ ɮɭɧɤɰɢɹ ɏɚɧɧɚ: 

 

 𝜔ሺ݊ሻ = Ͳ.5 (ͳ − ݏ݋ܿ ቀଶ𝜋௡ே−ଵቁ), 
 

ɝɞɟ ܰ — ɲɢɪɢɧɚ ɨɤɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɨɞɨɥɠɚɟɦ ɞɥɹ ɜɫɟɣ ɚɭɞɢɨɡɚɩɢɫɢ, ɩɪɢ 

ɷɬɨɦ ɫɦɟɳɚɹ ɨɤɧɨ, ɨɛɵɱɧɨ ɧɚ 20-30% ɨɬ ɫɜɨɟɣ ɲɢɪɢɧɵ.  

 

ሺ݉,𝜔ሻܶܨܶܵ  = ∑௡=−∞∞ ݂[݊]𝜔[݊ −݉]݁−௝𝜔௡. 

 

 ɑɬɨɛɵ ɜɵɞɟɥɢɬɶ ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɨɬɧɨɲɟɧɢɹ, ɜ ɤɨɧɰɟ ɧɟɨɛɯɨɞɢɦɨ ɜɡɹɬɶ 

ɥɨɝɚɪɢɮɦ ɫɩɟɤɬɪɨɝɪɚɦɦɵ, ɱɬɨ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɱɟɥɨɜɟɱɟɫɤɨɦɭ ɨɳɭɳɟɧɢɸ 

ɝɪɨɦɤɨɫɬɢ.  

 

 3.4.3 Ɇɟɥ-ɱɚɫɬɨɬɧɵɟ ɤɟɩɫɬɪɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

 

 Ɉɩɪɟɞɟɥɟɧɢɟ 3.4.1 ɒɤɚɥɚ ɦɟɥ — ɲɤɚɥɚ ɫɭɛɴɟɤɬɢɜɧɨɝɨ ɜɨɫɩɪɢɹɬɢɹ ɜɵɫɨɬ 

ɡɜɭɤɨɜɵɯ ɬɨɧɨɜ, ɩɪɢ ɷɬɨɦ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɱɚɫɬɨɬɵ ݂ ɹɜɥɹɟɬɫɹ ɧɟɥɢɧɟɣɧɨɣ ɢ 

ɜɵɪɚɠɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

 ݉ = ଵ଴݃݋595݈ʹ ቀͳ + ௙7଴଴ቁ. 
 

 ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɫɩɟɤɬɪɨɝɪɚɦɦɚ ɛɵɥɚ ɩɪɟɨɛɪɚɡɨɜɚɧɚ ɜ ɦɟɥ-ɫɩɟɤɬɪɨɝɪɚɦɦɭ ɤ 

ɧɟɣ ɩɪɢɦɟɧɹɟɬɫɹ ɫɝɥɚɠɢɜɚɧɢɟ ɛɚɧɤɨɦ ɮɢɥɶɬɪɨɜ: 

  

(29) 

(30) 

(31) 
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𝐻௠ሺ݇ሻ =
{   
   Ͳ, ݇ < ݂ሺ݉ − ͳሻ௞−௙ሺ௠−ଵሻ௙ሺ௠ሻ−௙ሺ௠−ଵሻ , ݂ሺ݉ − ͳሻ ൑ ݇ < ݂ሺ݉ሻͳ, ݇ = ݂ሺ݉ሻ௙ሺ௠+ଵሻ−௞௙ሺ௠+ଵሻ−௙ሺ௠ሻ , ݂ሺ݉ሻ < ݇ ൑ ݂ሺ݉ + ͳሻͲ, ݇ > ݂ሺ݉ + ͳሻ

, 

ɝɞɟ ݂ = 7ͲͲሺͳͲ௠ ଶ595⁄ − ͳሻ. Ʉɚɠɞɵɣ ɮɢɥɶɬɪ ɜ ɛɚɧɤɟ ɮɢɥɶɬɪɨɜ ɢɦɟɟɬ 

ɬɪɟɭɝɨɥɶɧɭɸ ɮɨɪɦɭ ɫ ɨɬɤɥɢɤɨɦ 1 ɧɚ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɨɬɟ ɢ ɥɢɧɟɣɧɨ 

ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 0, ɩɨɤɚ ɧɟ ɞɨɫɬɢɝɧɟɬ ɰɟɧɬɪɚɥɶɧɵɯ ɱɚɫɬɨɬ ɞɜɭɯ ɫɨɫɟɞɧɢɯ 

ɮɢɥɶɬɪɨɜ, ɝɞɟ ɨɬɤɥɢɤ ɪɚɜɟɧ 0. 

 ȼ ɤɨɧɰɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɢɫɤɪɟɬɧɨɟ ɤɨɫɢɧɭɫɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ (DCT), 

ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɤɨɪɪɟɥɹɰɢɸ ɦɟɠɞɭ ɩɪɢɡɧɚɤɚɦɢ. 

 

ܶܥܦ  − ʹ௡ = ݏ݋ܿ] ቀ݇ ቀ݈ + ଵଶቁ 𝜋௡ቁ]଴≤௞,௟<௡. 

 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɨɛɨɛɳɢɬɶ ɚɥɝɨɪɢɬɦ ɩɨɥɭɱɟɧɢɹ MFCC: 

1. Ɋɚɡɞɟɥɢɬɶ ɫɢɝɧɚɥ ɧɚ ɨɤɧɚ (ɮɪɟɣɦɵ) ɜ 20-40 ɦɫ.  

2. ȼɵɱɢɫɥɢɬɶ ɞɢɫɤɪɟɬɧɨɟ ɨɤɨɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ.  

3. ȼɵɩɨɥɧɢɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɦɟɥ ɩɪɨɫɬɪɚɧɫɬɜɨ. 

4. ɋɝɥɚɠɢɜɚɧɢɟ ɛɚɧɤɨɦ ɮɢɥɶɬɪɨɜ. 

5. ȼɡɹɬɶ ɥɨɝɚɪɢɮɦ ɨɬ ɤɚɠɞɨɦ ɦɟɥ ɱɚɫɬɨɬɵ. 

6. ɉɪɢɦɟɧɢɬɶ ɞɢɫɤɪɟɬɧɨɟ ɤɨɫɢɧɭɫɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ. 

 

 MFCC ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɩɨ ɜɵɲɟ ɨɩɢɫɚɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɮɭɧɤɰɢɣ ɢɡ TensorFlow ɢ LibROSA, ɩɪɢ ɷɬɨɦ ɧɚɞɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɞɚɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɦɵ ɜɵɱɢɫɥɹɟɦ ɤɚɠɞɵɣ ɪɚɡ ɫɧɨɜɚ, ɬɚɤ ɤɚɤ ɦɵ ɢɫɩɨɥɶɡɭɟɦ 

ɚɭɝɦɟɧɬɚɰɢɸ, ɨɩɢɫɚɧɧɭɸ ɜ 3.4.4 ɢ ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɢɫɤɚɠɚɬɶ ɢɦɟɧɧɨ ɢɫɯɨɞɧɵɣ 

ɫɢɝɧɚɥ, ɚ ɧɟ ɤɨɷɮɮɢɰɢɟɧɬɵ.  

 

 

(32) 

(33) 
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3.4.4 Ⱥɭɝɦɟɧɬɚɰɢɹ   

 

 Ⱥɭɝɦɟɧɬɚɰɢɹ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɩɨɥɭɱɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɬɪɟɧɢɪɨɜɨɱɧɵɯ ɞɚɧɧɵɯ, ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɢɫɯɨɞɧɵɯ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɞɚɧɧɵɣ 

ɦɟɬɨɞ ɛɨɥɶɲɟ ɩɨɥɟɡɟɧ ɜ ɭɫɥɨɜɢɹɯ ɤɪɚɣɧɟɣ ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɬɪɟɧɢɪɨɜɨɱɧɨɣ 

ɜɵɛɨɪɤɢ ɨɧ ɬɚɤɠɟ ɩɨɦɨɝɚɟɬ ɭɦɟɧɶɲɢɬɶ ɞɢɫɩɟɪɫɢɸ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɥɭɱɲɟ 

ɨɛɨɛɳɚɬɶɫɹ ɧɚ ɧɨɜɵɟ ɞɚɧɧɵɟ. 

 Ⱥɭɝɦɟɧɬɚɰɢɹ ɫɷɦɩɥɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɪɟɦɹ ɫɩɨɫɨɛɚɦɢ: 

1. Ⱦɨɛɚɜɥɟɧɢɟ ɲɭɦɚ 

2. ɋɞɜɢɝ (shift) 

3. Ɋɚɫɬɹɠɟɧɢɟ (stretch) 

  

 Ɂɚɦɟɬɢɦ ɫɧɨɜɚ, ɱɬɨ “ɢɫɤɚɠɟɧɢɟ” ɫɷɦɩɥɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɨ ɪɚɫɱɟɬɚ ɦɟɥ-

ɱɚɫɬɨɬɧɵɯ ɤɟɩɫɬɪɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. Ⱦɥɹ ɥɭɱɲɟɝɨ ɷɮɮɟɤɬɚ ɞɨɛɚɜɥɹɬɶ ɲɭɦ 

ɦɨɠɧɨ ɢɡ ɡɚɪɚɧɟɟ ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɫɷɦɩɥɨɜ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɛɵ ɦɨɝɥɢ 

ɞɨɛɚɜɢɬɶ ɡɚɩɢɫɢ ɫɥɨɜ, ɤɨɬɨɪɵɟ ɧɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɨɪɢɝɢɧɚɥɟ, ɱɬɨɛɵ ɦɨɞɟɥɶ 

ɦɨɝɥɚ ɨɬɞɟɥɹɬɶ ɪɟɱɶ ɩɨɥɶɡɨɜɚɬɟɥɹ ɨɬ ɩɨɫɬɨɪɨɧɧɢɯ ɢɫɬɨɱɧɢɤɨɜ ɡɜɭɤɚ. Ɉɞɧɚɤɨ, ɞɥɹ 

ɭɩɪɨɳɟɧɢɹ ɦɵ ɡɚɲɭɦɥɹɟɦ ɧɚɲɢ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɫɥɭɱɚɣɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɱɬɨ 

ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɨ ɢ ɤɚɤ ɦɵ ɫɦɨɠɟɦ ɭɛɟɞɢɬɶɫɹ ɜ 3.6 ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ 

ɧɟɞɨɫɬɚɬɨɱɧɨ, ɯɨɬɹ ɢ ɜ ɧɟɤɨɬɨɪɨɣ ɫɬɟɩɟɧɢ ɨɧ ɩɨɦɨɝɚɟɬ. 

 Ⱥɭɝɦɟɧɬɚɰɢɹ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɭɧɤɰɢɣ random.uniform, 

pad, time_stretch ɢɡ ɛɢɛɥɢɨɬɟɤ NumPy ɢ LibROSA. 

 

3.5 ɉɪɨɰɟɫɫ ɨɛɭɱɟɧɢɹ 

  

 Ɉɛɭɱɟɧɢɟ ɦɨɞɟɥɢ ɧɚ ɤɨɦɩɶɸɬɟɪɟ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢɡ 3.1 ɡɚɧɹɥɨ 

ɩɨɪɹɞɤɚ 25 ɞɧɟɣ, ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɧɟɛɨɥɶɲɢɦɢ ɩɟɪɟɪɵɜɚɦɢ, ɩɪɢ ɷɬɨɦ Tensorflow 

ɩɨɡɜɨɥɹɟɬ ɫɨɯɪɚɧɹɬɶ ɫɨɫɬɨɹɧɢɟ ɫɟɬɢ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɥɟ ɨɫɬɚɧɨɜɤɢ 

ɨɛɭɱɟɧɢɹ ɡɚɩɭɫɬɢɬɶ ɟɝɨ ɫ ɬɨɝɨ ɠɟ ɦɨɦɟɧɬɚ, ɧɚ ɤɨɬɨɪɨɦ ɨɧ ɛɵɥ ɫɨɯɪɚɧɟɧ ɜ 
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ɩɪɨɲɥɵɣ ɪɚɡ, ɬɚɤ ɦɵ ɧɟ ɪɢɫɤɭɟɦ ɩɨɬɟɪɹɬɶ ɧɚɲ ɩɪɨɝɪɟɫɫ ɢɡ-ɡɚ ɧɟɩɪɟɞɜɢɞɟɧɧɵɯ 

ɩɪɨɛɥɟɦ.  

 Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, ɨɛɭɱɚɸɳɚɹ ɜɵɛɨɪɤɚ ɫɨɫɬɨɢɬ ɢɡ ɩɨɪɹɞɤɚ 200000 

ɚɭɞɢɨɡɚɩɢɫɟɣ, ɩɪɢ ɷɬɨɦ, ɦɵ ɢɦɟɟɦ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɭɸ ɚɪɯɢɬɟɤɬɭɪɭ, ɧɟɫɦɨɬɪɹ ɧɚ 

ɬɨ ɱɬɨ ɨɧɚ ɛɵɥɚ ɨɩɬɢɦɢɡɢɪɨɜɚɧɚ ɞɥɹ ɦɟɧɶɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɚɦɹɬɢ ɢɡ-ɡɚ 

ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɚɧɧɨɝɨ ɚɩɩɚɪɚɬɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

ɧɟɤɨɬɨɪɵɟ ɧɚɫɬɪɨɣɤɢ ɫɟɬɢ ɛɵɥɢ ɜɵɧɭɠɞɟɧɧɨ ɫɧɢɠɟɧɵ. 

 ɂɫɩɨɥɶɡɨɜɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɩɪɟɞɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ ɞɥɹ 

ɨɛɭɱɟɧɢɹ ɦɨɞɟɥɢ: 

• Batch size = 5 — ɪɚɡɦɟɪ ɩɚɤɟɬɚ, ɬ.ɟ. ɦɵ ɨɛɪɚɛɚɬɵɜɚɟɦ 5 ɚɭɞɢɨɡɚɩɢɫɟɣ ɡɚ ɨɞɢɧ 

ɲɚɝ ɨɛɭɱɟɧɢɹ. Ʌɸɛɨɟ ɡɧɚɱɟɧɢɟ ɛɨɥɶɲɟ 5 ɩɪɢɜɨɞɢɥɨ ɤ ɩɟɪɟɩɨɥɧɟɧɢɸ ɩɚɦɹɬɢ, 

ɬɚɤ ɤɚɤ ɜ ɧɟɤɨɬɨɪɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɫɬɚɧɨɜɢɥɨɫɶ ɫɥɢɲɤɨɦ ɦɧɨɝɨ 

ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɡɧɚɱɟɧɢɣ. 

• Stack dilation rates = [1, 3, 9, 27] — ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɲɢɪɟɧɢɹ ɫɜɟɪɬɤɢ. 

• Stacks = 6 — ɤɨɥɢɱɟɫɬɜɨ ɨɫɬɚɬɨɱɧɵɯ ɛɥɨɤɨɜ, 6 - ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ, ɤɨɬɨɪɨɟ 

ɧɟ ɩɪɢɜɨɞɢɥɨ ɤ ɩɟɪɟɩɨɥɧɟɧɢɸ ɩɚɦɹɬɢ, ɧɚ ɛɨɥɟɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɦ 

ɤɨɦɩɶɸɬɟɪɟ ɛɵɥɨ ɛɵ ɥɭɱɲɟ ɭɫɬɚɧɨɜɢɬɶ ɡɧɚɱɟɧɢɹ ɛɨɥɶɲɟ, ɬɚɤ ɤɚɤ ɨɫɬɚɬɨɱɧɚɹ 

ɫɟɬɶ ɧɟ ɬɟɪɹɟɬ ɜ ɬɨɱɧɨɫɬɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɱɢɫɥɚ ɫɥɨɟɜ. 

• Stack kernel size = 7 — ɪɚɡɦɟɪ ɮɢɥɶɬɪɚ, ɞɥɹ ɨɞɧɨɦɟɪɧɨɣ ɫɜɟɪɬɤɢ 7 — ɨɞɧɨ ɢɡ 

ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ, ɜɵɹɜɥɟɧɧɵɯ ɷɦɩɢɪɢɱɟɫɤɢ ɜ ɪɚɛɨɬɟ [6]. 

• Stack_filters = 384 — ɤɨɥɢɱɟɫɬɜɨ ɮɢɥɶɬɪɨɜ ɜ ɫɜɟɪɬɨɱɧɨɦ ɫɥɨɟ, ɜɵɛɢɪɚɟɬɫɹ ɜ 

ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɫɥɭɱɚɣɧɨ, ɩɭɬɟɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɤ ɫɨɠɚɥɟɧɢɸ ɩɪɨɜɟɪɢɬɶ 

ɞɪɭɝɢɟ ɡɧɚɱɟɧɢɹ ɧɟ ɩɪɟɞɫɬɚɜɥɹɥɨɫɶ ɜɨɡɦɨɠɧɵɦ ɜ ɫɢɥɭ ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ 

ɜɪɟɦɟɧɢ ɞɥɹ ɨɛɭɱɟɧɢɹ. 

• Number of fft  = 160*8 — ɤɨɥɢɱɟɫɬɜɨ ɤɨɦɩɨɧɟɧɬ ɛɵɫɬɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

Ɏɭɪɶɟ. 

• Frame step = 640 — ɲɚɝ, ɫ ɤɨɬɨɪɵɦ ɦɵ ɩɪɨɯɨɞɢɦ ɨɤɧɨɦ ɩɨ ɡɚɩɢɫɢ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɫɩɟɤɬɪɨɝɪɚɦɦɵ. 
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• Number of mel bins = 160 — ɤɨɥɢɱɟɫɬɜɨ ɝɪɭɩɩ ɦɟɥ ɞɥɹ ɝɟɧɟɪɚɰɢɢ, ɞɥɹ 

ɞɢɫɤɪɟɬɢɡɚɰɢɢ 16000 ɱɟɪɟɡ ɤɚɠɞɵɟ 100 ɝɟɪɰ. 

• Optimizer = ‘SGD’ — ɨɩɬɢɦɢɡɚɬɨɪ, ɬɚɤ ɤɚɤ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɧɟɛɨɥɶɲɨɣ ɪɚɡɦɟɪ 

ɩɚɤɟɬɚ, ɬɨ SGD ɪɚɛɨɬɚɟɬ ɧɚ ɧɢɯ ɥɭɱɲɟ, ɱɟɦ ɥɸɛɚɹ ɞɪɭɝɚɹ ɟɝɨ ɜɚɪɢɚɰɢɹ, ɨɞɧɚɤɨ, 

ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɝɥɨ ɛɵ ɜ ɬɟɨɪɢɢ ɩɨɜɵɫɢɬɶ ɫɤɨɪɨɫɬɶ ɨɛɭɱɟɧɢɹ. 

• Learning rate = 0.00001 — ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɨɛɭɱɟɧɢɹ, ɢɡɧɚɱɚɥɶɧɨ 

0.00001, ɤɨɝɞɚ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ ɩɨɬɟɪɶ ɜɵɯɨɞɹɬ ɧɚ ɩɥɚɬɨ, ɬɨ ɭɦɧɨɠɚɟɦ ɧɚ 10.  

• ɋlip gradients = 20.0 — ɨɬɫɟɱɟɧɢɟ ɝɪɚɞɢɟɧɬɚ, ɨɛɪɟɡɚɟɬ ɝɪɚɞɢɟɧɬ ɢɥɢ 

ɨɝɪɚɧɢɱɢɜɚɟɬ ɞɨ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɱɬɨɛɵ ɝɪɚɞɢɟɧɬɵ ɧɟ ɫɬɚɧɨɜɢɥɢɫɶ 

ɫɥɢɲɤɨɦ ɛɨɥɶɲɢɦɢ, ɢɧɚɱɟ ɦɨɠɧɨ «ɩɟɪɟɫɤɨɱɢɬɶ» ɦɢɧɢɦɭɦ ɮɭɧɤɰɢɢ. 

ȼɵɛɢɪɚɟɬɫɹ ɤɚɤ ͳ ͳͲ⁄  ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢ ɨɛɭɱɟɧɢɢ ɛɟɡ ɭɫɬɚɧɨɜɤɢ 

ɞɚɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ. 

 

 3.6. Ɋɟɡɭɥɶɬɚɬɵ 

 

 ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɤɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ ɦɵ ɨɝɪɚɧɢɱɟɧɧɵ ɜ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɨɳɧɨɫɬɹɯ ɢ ɜɪɟɦɟɧɢ ɪɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɦɨɠɧɨ 

ɫɱɢɬɚɬɶ ɞɨɫɬɚɬɨɱɧɨ ɭɫɩɟɲɧɵɦɢ. ɉɪɢ ɷɬɨɦ, ɬɟɨɪɟɬɢɱɟɫɤɢ, ɪɟɡɭɥɶɬɚɬɵ ɦɨɠɧɨ 

ɭɥɭɱɲɢɬɶ, ɞɚɠɟ ɢɫɩɨɥɶɡɭɹ ɬɭ ɠɟ ɤɨɧɮɢɝɭɪɚɰɢɸ ɤɨɦɩɶɸɬɟɪɚ, ɬɚɤ ɤɚɤ ɜ ɯɨɞɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɤɚɤ ɦɢɧɭɫɵ ɜ ɩɪɢɧɹɬɵɯ ɪɟɲɟɧɢɹɯ, ɬɚɤ ɢ 

ɩɨɹɜɢɥɢɫɶ ɧɨɜɵɟ ɢɞɟɢ ɞɥɹ ɪɚɡɜɢɬɢɹ. ɋɩɭɫɬɹ 25 ɞɧɟɣ ɨɛɭɱɟɧɢɹ ɦɵ ɩɨɥɭɱɢɥɢ 

ɪɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɬɚɛɥɢɰɟ 1. ɇɚ ɪɢɫ. 9. ɢ 10 ɨɬɨɛɪɚɠɟɧɵ ɝɪɚɮɢɤɢ 

ɮɭɧɤɰɢɢ ɩɨɬɟɪɶ ɜɨ ɜɪɟɦɹ ɨɛɭɱɟɧɢɹ ɞɥɹ ɬɪɟɧɢɪɨɜɨɱɧɨɣ ɢ ɜɚɥɢɞɚɰɢɨɧɧɨɣ 

ɜɵɛɨɪɤɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɇɚ ɪɢɫ. 11 ɢ 12 ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɝɪɚɮɢɤ ɪɟɞɚɤɰɢɨɧɧɨɝɨ 

ɪɚɫɫɬɨɹɧɢɹ ɞɥɹ ɬɪɟɧɢɪɨɜɨɱɧɨɣ ɢ ɜɚɥɢɞɚɰɢɨɧɧɨɣ ɜɵɛɨɪɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ 

ɫɦɨɝɥɢ ɞɨɛɢɬɶɫɹ 92% ɬɨɱɧɨɫɬɢ ɧɚ ɬɟɫɬɨɜɨɣ ɜɵɛɨɪɤɟ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ 

ɧɟɩɥɨɯɢɦ ɪɟɡɭɥɶɬɚɬɨɦ, ɭɱɢɬɵɜɚɹ ɬɨ, ɱɬɨ ɦɵ ɩɨɲɥɢ ɧɚ ɫɧɢɠɟɧɢɟ ɫɥɨɠɧɨɫɬɢ 

ɦɨɞɟɥɢ ɢ ɭɫɬɚɧɨɜɢɥɢ ɞɨɜɨɥɶɧɨ ɤɨɦɩɪɨɦɢɫɫɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɨɛɭɱɟɧɢɹ. ȼ 

ɬɚɛɥɢɰɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɪɚɜɧɟɧɢɟ ɦɨɞɟɥɢ, ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɜ ɞɢɩɥɨɦɟ ɢ ɦɨɞɟɥɟɣ 
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ɢɡ ɨɛɫɭɠɞɚɟɦɵɯ ɫɬɚɬɟɣ ɜ 1.1. ɋɪɚɜɧɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɩɪɨɰɟɧɬɭ ɧɟɩɪɚɜɢɥɶɧɨ 

ɪɚɫɩɨɡɧɚɧɧɵɯ ɫɥɨɜ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 2 ɧɚɲɚ ɦɨɞɟɥɶ ɫɪɚɜɧɹɥɚɫɶ ɩɨ 

ɩɨɤɚɡɚɬɟɥɹɦ ɫ ɦɨɞɟɥɶɸ ɨɬ IBM 2015 ɝɨɞɚ, ɬɚɤ ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɠɧɨ 

ɫɱɢɬɚɬɶ ɭɫɩɟɲɧɵɦɢ.   

 Ɏɭɧɤɰɢɹ ɩɨɬɟɪɶ 
(Loss) 

Ɋɟɞɚɤɰɢɨɧɧɨɟ 
ɪɚɫɫɬɨɹɧɢɟ  

(Edit distanse) 

Ɍɪɟɧɢɪɨɜɨɱɧɚɹ 
ɜɵɛɨɪɤɚ 

11.09 0.041 

ȼɚɥɢɞɚɰɢɨɧɧɚɹ 
ɜɵɛɨɪɤɚ 

18.5 0.076 

Ɍɟɫɬɨɜɚɹ ɜɵɛɨɪɤɚ 24.65 0.080 

 

Ɍɚɛɥɢɰɚ 1 — ɋɪɚɜɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ ɩɨɬɟɪɶ ɢ ɪɟɞɚɤɰɢɨɧɧɨɝɨ ɪɚɫɫɬɨɹɧɢɟ ɧɚ 

ɜɵɛɨɪɤɚɯ 

Ɍɚɛɥɢɰɚ 2 — ɋɪɚɜɧɟɧɢɟ WER ɦɨɞɟɥɟɣ 

 ɉɪɨɰɟɧɬ ɧɟɩɪɚɜɢɥɶɧɨ 
ɪɚɫɩɨɡɧɚɧɧɵɯ ɫɥɨɜ 

(WER) 

Ɇɨɞɟɥɶ ɢɡ ɞɚɧɧɨɣ ɪɚɛɨɬɵ 8.0 

The Microsoft 2017 Conversational 

Speech Recognition System [1] 

5.1 

The IBM 2015 English 

Conversational Telephone Speech 

Recognition System [2] 

8.0 

Achieving Human Parity in 

Conversational Speech Recognition 

[3] 

5.8 
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Ɋɢɫɭɧɨɤ 9 — Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ ɩɨɬɟɪɶ ɬɪɟɧɢɪɨɜɨɱɧɨɣ ɜɵɛɨɪɤɢ 

Ɂɧ
ɚɱ

ɟɧ
ɢɟ

 

ɒɚɝ 
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Ɋɢɫɭɧɨɤ 10 — Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ ɩɨɬɟɪɶ ɜɚɥɢɞɚɰɢɨɧɧɨɣ ɜɵɛɨɪɤɢ 

Ɂɧ
ɚɱ

ɟɧ
ɢɟ

 

ɒɚɝ 
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Ɋɢɫɭɧɨɤ 12 — Ƚɪɚɮɢɤ ɪɟɞɚɤɰɢɨɧɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɞɥɹ ɜɚɥɢɞɚɰɢɨɧɧɨɣ ɜɵɛɨɪɤɢ 

Ɂɧ
ɚɱ

ɟɧ
ɢɟ

 

ɒɚɝ 
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Ɋɢɫɭɧɨɤ 11 — Ƚɪɚɮɢɤ ɪɟɞɚɤɰɢɨɧɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɞɥɹ ɬɪɟɧɢɪɨɜɨɱɧɨɣ ɜɵɛɨɪɤɢ 

Ɂɧ
ɚɱ

ɟɧ
ɢɟ

 

ɒɚɝ 
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ɉɪɢɜɟɞɟɦ ɧɟɤɨɬɨɪɵɟ ɩɪɢɦɟɪɵ ɪɚɫɩɨɡɧɚɧɧɵɯ ɚɭɞɢɨɡɚɩɢɫɟɣ ɢɡ ɬɟɫɬɨɜɨɣ 

ɜɵɛɨɪɤɢ, ɠɢɪɧɵɦ ɜɵɞɟɥɟɧɵ ɫɥɨɜɚ, ɜ ɤɨɬɨɪɵɯ ɟɫɬɶ ɨɲɢɛɤɢ: 

1. ȼɵɯɨɞ ɫɟɬɢ: i thought that everything i owned would be destroyed 

    Ɉɪɢɝɢɧɚɥ: i thought that everything i owned would be destroyed 

2. ȼɵɯɨɞ ɫɟɬɢ: it had told him to dig where his tears fel 

     Ɉɪɢɝɢɧɚɥ: it had told him to dig where his tears fell 

3. ȼɵɯɨɞ ɫɟɬɢ: this ventios gona crost flalty 

    Ɉɪɢɝɢɧɚɥ: this convention's gonna cost plenty 

4. ȼɵɯɨɞ ɫɟɬɢ: coming home a party of tourists pased us singing and playing music 

    Ɉɪɢɝɢɧɚɥ: coming home a party of tourists passed us singing and playing music 

5. ȼɵɯɨɞ ɫɟɬɢ: don't say that again 

    Ɉɪɢɝɢɧɚɥ: don't say that again 

 Ɍɚɤɠɟ, ɧɢɠɟ ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɜɨɢɯ ɡɚɩɢɫɟɣ ɢ ɡɚɩɢɫɟɣ 

ɞɪɭɝɢɯ ɫɬɭɞɟɧɬɨɜ: 

1. ȼɵɯɨɞ ɫɟɬɢ: i thought that everything i owned would be destroyed 

    Ɉɪɢɝɢɧɚɥ: i thought that everything i owned would be destroyed 

2. ȼɵɯɨɞ ɫɟɬɢ: e works fine, it wark pine 

    Ɉɪɢɝɢɧɚɥ: it works fine 

3. ȼɵɯɨɞ ɫɟɬɢ: i wan’t t say anything, i want say anything 

    Ɉɪɢɝɢɧɚɥ: i won’t say anything 

4. ȼɵɯɨɞ ɫɟɬɢ: listen to your heart, listen _ your hart  

    Ɉɪɢɝɢɧɚɥ: listen to your heart 

5. ȼɵɯɨɞ ɫɟɬɢ:  i told yous har yhou'r dremnm  was a dificult  one, i told you that the 

onderng was a dificult  one     

    Ɉɪɢɝɢɧɚɥ: i told you that your dream was a difficult one 

 Ʉɚɤ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɨɲɢɛɨɤ ɜ ɡɚɩɢɫɚɧɧɵɯ ɫɬɭɞɟɧɬɚɦɢ ɚɭɞɢɨɡɚɩɢɫɹɯ 

ɦɨɞɟɥɶ ɞɟɥɚɟɬ ɛɨɥɶɲɟ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɧɚɛɨɪ ɞɚɧɧɵɯ, ɧɚ ɤɨɬɨɪɵɯ ɦɵ 

ɨɛɭɱɚɥɢɫɶ ɢɦɟɟɬ ɜ ɫɟɛɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɚɧɝɥɢɣɫɤɢɣ ɢ ɚɦɟɪɢɤɚɧɫɤɢɣ ɚɤɰɟɧɬ, 
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ɬɨɝɞɚ ɤɚɤ ɡɚɩɢɫɟɣ ɪɭɫɫɤɨɝɨ ɚɤɰɟɧɬɚ ɜ ɧɚɛɨɪɟ ɧɟɬ, ɞɚɧɧɭɸ ɩɪɨɛɥɟɦɭ ɦɨɠɧɨ 

ɱɚɫɬɢɱɧɨ ɪɟɲɢɬɶ, ɨ ɱɟɦ ɛɭɞɟɬ ɪɚɫɫɤɚɡɚɧɨ ɧɢɠɟ. 

 

 ȼ ɤɨɧɰɟ ɯɨɬɟɥɨɫɶ ɛɵ ɜɵɫɤɚɡɚɬɶ ɢɞɟɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɫɟɬɢ. 

• ɉɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɧɚɢɥɭɱɲɟɝɨ ɨɩɬɢɦɢɡɚɬɨɪɚ ɫ 

ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɨɛɭɱɟɧɢɹ. 

• ɍɥɭɱɲɟɧɢɟ ɩɪɟɞɨɛɪɚɛɨɬɤɢ ɫɟɬɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɚɭɝɦɟɧɬɚɰɢɢ ɞɚɧɧɵɯ, ɬɚɤ ɤɚɤ 

ɦɵ ɩɪɨɫɬɨ ɞɨɛɚɜɥɹɥɢ ɧɟɤɨɬɨɪɵɟ ɫɥɭɱɚɣɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɞɚɧɧɵɟ, ɬɨɝɞɚ ɤɚɤ 

ɛɵɥɨ ɛɵ ɷɮɮɟɤɬɢɜɧɟɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɷɬɨɝɨ ɞɪɭɝɭɸ ɧɟɛɨɥɶɲɭɸ ɜɵɛɨɪɤɭ 

ɚɭɞɢɨɡɚɩɢɫɟɣ ɫ ɩɨɫɬɨɪɨɧɧɢɦɢ ɡɜɭɤɚɦɢ ɢ ɫɥɨɜɚɦɢ. 

• ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɤɨɬɨɪɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɞɥɹ ɚɥɝɨɪɢɬɦɚ ɩɨɥɭɱɟɧɢɹ MFCC, 

ɬɚɤ ɤɚɤ ɨɧɢ ɩɨɦɨɝɚɸɬ ɧɟ ɩɨɞɝɨɧɹɬɶɫɹ ɩɨɞ ɤɨɧɤɪɟɬɧɵɟ ɝɨɥɨɫɚ ɢɡ-ɡɚ 

ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɧɚɛɨɪɚ ɞɚɧɧɵɯ. 

• Ⱦɚɥɶɧɟɣɲɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɚɪɢɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɟɤ ɫ ɰɟɥɶɸ 

ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ. 

• ɂɫɫɥɟɞɨɜɚɬɶ ɤɨɦɛɢɧɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɟɬɢ ɫ ɞɪɭɝɢɦɢ ɚɥɝɨɪɢɬɦɚɦɢ. 
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ɁȺɄɅɘЧȿɇɂȿ 

  

 ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɡɭɱɟɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɩɨɞɯɨɞɵ ɤ ɪɟɲɟɧɢɸ ɩɪɨɛɥɟɦɵ, 

ɩɟɪɟɦɟɧɹɟɦɵɟ ɢɧɫɬɪɭɦɟɧɬɵ, ɧɚ ɨɫɧɨɜɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɫɬɪɨɟɧɚ 

ɨɪɢɝɢɧɚɥɶɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ, ɤɨɬɨɪɚɹ ɜɛɢɪɚɟɬ ɜ ɫɟɛɹ ɢɡ ɧɢɯ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ, 

ɱɬɨɛɵ ɞɨɛɢɬɶɫɹ ɠɟɥɚɟɦɨɝɨ ɪɟɡɭɥɶɬɚɬɚ, ɬɚɤɠɟ ɛɵɥɢ ɭɱɬɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ 

ɧɨɜɵɦ ɚɥɝɨɪɢɬɦɚɦ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɜ ɫɥɟɞɫɬɜɢɢ 

ɱɟɝɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɫɬɚɥɚ ɫɩɨɫɨɛɧɚ ɨɛɭɱɚɬɶɫɹ ɞɚɠɟ ɧɚ ɞɨɜɨɥɶɧɨ ɨɝɪɚɧɢɱɟɧɧɵɯ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɚɯ. ɉɨ ɦɢɦɨ ɩɪɨɱɟɝɨ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɞɚɥɶɧɟɣɲɢɟ ɩɭɬɢ 

ɪɚɡɜɢɬɢɹ ɢɞɟɣ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ ɜ ɬɨɱɧɨɫɬɢ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ. 
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