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ǃǰǰǱǵǣǹǫȂ 

ǑǤǼǨǲǳǫǰȂǵǾǬ ǲǱǧǸǱǧ ǭ ȂǪǾǭǱǥǱǯǶ ǯǱǧǨǮǫǳǱǥǣǰǫȁ ǥ ǴǫǴǵǨǯǣǸ ǳǣǴǲǱǪǰǣǥǣ-
ǰǫȂ ǳǨǺǫ ǧǱ ǰǨǧǣǥǰǨǦǱ ǥǳǨǯǨǰǫ ǤǣǪǫǳǱǥǣǮǴȂ ǰǣ ǫǴǲǱǮǿǪǱǥǣǰǫǫ ǴǵǣǵǫǴǵǫǺǨǴǭǫǸ  
n-ǦǳǣǯǯǰǾǸ ǯǱǧǨǮǨǬ.

ǓǣǪǳǣǤǱǵǭǣ ǫ ȀǥǱǮȁǹǫȂ ǰǨǬǳǱǴǨǵǨǥǾǸ ȂǪǾǭǱǥǾǸ ǯǱǧǨǮǨǬ (ǢǏ) ǲǳǫǥǨǮǫ ǭ ǲǱǥǾ-
ǻǨǰǫȁ ǭǣǺǨǴǵǥǣ ȂǪǾǭǱǥǱǦǱ ǯǱǧǨǮǫǳǱǥǣǰǫȂ ǷǣǭǵǫǺǨǴǭǫ «ǥ ǳǣǪǾ», ǧǱ ǪǰǣǺǨǰǫǬ, 
ǭǱǵǱǳǾǨ ǰǨǧǣǥǰǱ ǲǳǨǧǴǵǣǥǮȂǮǫǴǿ ǯǣǮǱǥǨǳǱȂǵǰǾǯǫ. ǅ ǴǶǼǨǴǵǥǨǰǰǱǬ ǴǵǨǲǨǰǫ Ȁǵǫ 
ǳǨǪǶǮǿǵǣǵǾ ǱǤǶǴǮǱǥǮǨǰǾ ǫǴǲǱǮǿǪǱǥǣǰǫǨǯ ǥ ǰǨǬǳǱǴǨǵȂǸ ǳǣǴǲǳǨǧǨǮǨǰǰǾǸ ǫǮǫ ǥǨǭ-
ǵǱǳǫǪǱǥǣǰǰǾǸ ǲǳǨǧǴǵǣǥǮǨǰǫǬ ǴǮǱǥ, ǦǧǨ ǥǨǮǫǺǫǰǾ ǳǣǴǴǵǱȂǰǫǬ ǭǱǳǳǨǮǫǳǶȁǵ Ǵ Ǵǫǰ-
ǵǣǭǴǫǺǨǴǭǫǯ ǫǮǫ ǴǨǯǣǰǵǫǺǨǴǭǫǯ ǴǸǱǧǴǵǥǱǯ ǯǨǩǧǶ ǴǮǱǥǣǯǫ. 

ǅ ǴǵǣǵǿǨ ǲǳǫǥǱǧǫǵǴȂ ǱǲǫǴǣǰǫǨ ǱǴǰǱǥǰǾǸ ǥǫǧǱǥ ǰǨǬǳǱǴǨǵǨǥǾǸ ǢǏ ǰǣ ǲǳǱǴǵǾǸ ǲǱǮ-
ǰǱǴǥȂǪǰǾǸ ǫ ǳǨǭǶǳǳǨǰǵǰǾǸ ǴǨǵȂǸ, ǯǰǱǦǱǴǮǱǬǰǾǸ ǳǨǭǶǳǳǨǰǵǰǾǸ ǴǨǵȂǸ Ǵ ǭǮǨǵǭǣǯǫ 
LSTM, ǴǥёǳǵǱǺǰǾǸ ǴǨǵȂǸ, ǯǱǧǨǮǨǬ ǭǱǧǨǳǣ-ǧǨǭǱǧǨǳǣ ǫ ǕǳǣǰǴǷǱǳǯǨǳǣ. ǒǳǫǥǨǧǨǰǾ 
ǫǸ ǲǳǨǫǯǶǼǨǴǵǥǣ ǫ ǰǨǧǱǴǵǣǵǭǫ, ǵǳǨǤǱǥǣǰǫȂ ǭ ǥǾǺǫǴǮǫǵǨǮǿǰǾǯ ǳǨǴǶǳǴǣǯ ǫ ǧǱǴǵǫ-
ǦǣǨǯǾǨ ǪǰǣǺǨǰǫȂ ǲǱǭǣǪǣǵǨǮǨǬ ǭǣǺǨǴǵǥǣ ǯǱǧǨǮǨǬ.

ǅǾǧǨǮǨǰǾ ǰǨǧǱǴǵǣǵǭǫ ǰǨǬǳǱǴǨǵǨǥǾǸ ǢǏ, ǭǣǭ ǱǵǰǱǴȂǼǫǨǴȂ ǭ ǯǱǧǨǮȂǯ, ǵǣǭ ǫ ǤǱǮǨǨ 
ǵǨǸǰǫǺǨǴǭǫǨ, ǥǾǵǨǭǣȁǼǫǨ ǫǪ ǳǨǣǮǫǪǣǹǫǬ ǣǮǦǱǳǫǵǯǱǥ ǱǤǶǺǨǰǫȂ ǫ ǳǣǴǲǱǪǰǣǥǣǰǫȂ. 

ǇǮȂ ǰǣǫǤǱǮǨǨ ǲǨǳǴǲǨǭǵǫǥǰǾǸ ǲǱǧǸǱǧǱǥ ǲǳǫǥǨǧǨǰǱ ǴǳǣǥǰǨǰǫǨ ǪǰǣǺǨǰǫǬ ǲǱǭǣǪǣǵǨ-
ǮǨǬ ǭǣǺǨǴǵǥǣ ǰǣ ȀǵǣǮǱǰǰǾǸ ǭǱǳǲǶǴǣǸ ǵǨǭǴǵǱǥǾǸ ǧǣǰǰǾǸ. ǒǱǭǣǪǣǰǱ, ǺǵǱ ǤǱǮǨǨ ǥǾ-
ǫǦǳǾǻǰǾǯǫ ǰǣ ǯǱǯǨǰǵ ǰǣǲǫǴǣǰǫȂ Ǵǵǣǵǿǫ ȂǥǮȂȁǵǴȂ ǯǱǧǨǮǫ ǰǣ ǱǴǰǱǥǨ ǴǨǵǫ ǕǳǣǰǴ-
ǷǱǳǯǨǳǣ.

ǍǮȁǺǨǥǾǨ ǴǮǱǥǣ: ǣǥǵǱǯǣǵǫǺǨǴǭǱǨ ǳǣǴǲǱǪǰǣǥǣǰǫǨ ǳǨǺǫ, n-ǦǳǣǯǯǰǾǨ ǴǵǣǵǫǴǵǫǺǨ-
ǴǭǫǨ ǯǱǧǨǮǫ, ǯǱǧǨǮǫ ȂǪǾǭǣ, ǰǨǬǳǱ-ǴǨǵǨǥǾǨ ǯǱǧǨǮǫ ȂǪǾǭǣ, ǴǭǥǱǪǰǾǨ ǴǫǴǵǨǯǾ ǳǣǴ-
ǲǱǪǰǣǥǣǰǫȂ ǳǨǺǫ, ǯǱǧǨǮǿ ǥǰǫǯǣǰǫȂ.

1. ǔǵǣǵǫǴǵǫǺǨǴǭǫǨ ǯǱǧǨǮǫ ȂǪǾǭǣ

ǔǵǣǵǫǴǵǫǺǨǴǭǫǨ n-ǦǳǣǯǯǰǾǨ ǯǱǧǨǮǫ ȂǪǾǭǣ (ȂǪǾǭǱǥǾǨ ǯǱǧǨǮǫ, ǢǏ) Ɉ Ǳǧǰǣ ǫǪ ǱǴǰǱǥǰǾǸ 
ǺǣǴǵǨǬ ǴǫǴǵǨǯ ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǳǨǺǫ, ǯǣǻǫǰǰǱǦǱ ǲǨǳǨǥǱǧǣ ǫ ǫǰǵǨǮǮǨǭǵǶǣǮǿǰǱǦǱ 
ǣǰǣǮǫǪǣ ǵǨǭǴǵǱǥ. 
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ǅǨǳǱȂǵǰǱǴǵǰǣȂ ǷǱǳǯǶǮǫǳǱǥǭǣ ǪǣǧǣǺǫ ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǴǮǫǵǰǱǬ ǳǨǺǫ ǫǯǨǨǵ 
ǴǮǨǧǶȁǼǫǬ ǥǫǧ [11]: ǲǶǴǵǿ X = {x_t}, t = ͷ,…T, ǰǣǤǮȁǧǣǨǯǣȂ ǲǱǴǮǨǧǱǥǣ-
ǵǨǮǿǰǱǴǵǿ ǲǣǳǣǯǨǵǳǱǥ ǴǫǦǰǣǮǣ, ǣ W = {w_i}, i = ͷ,…,N, ǰǨǭǱǵǱǳǣȂ ǲǱǴǮǨ-
ǧǱǥǣǵǨǮǿǰǱǴǵǿ ǴǮǱǥ. 

ǐǣǫǤǱǮǨǨ ǥǨǳǱȂǵǰǣȂ ǲǱǴǮǨǧǱǥǣǵǨǮǿǰǱǴǵǿ ǴǮǱǥ W* ǧǮȂ ʤ ǱǲǳǨǧǨǮȂǨǵǴȂ ǭǣǭ:

  
(1)

ǅǨǳǱȂǵǰǱǴǵǿ P(X|W) ǥ ǺǫǴǮǫǵǨǮǨ (1) ǥǾǺǫǴǮȂǨǵǴȂ Ǵ ǲǱǯǱǼǿȁ ǣǭǶǴǵǫǺǨǴǭǫǸ 
ǯǱǧǨǮǨǬ, ǣ P(W) Ɉ  Ǵ ǲǱǯǱǼǿȁ ǯǱǧǨǮǫ ȂǪǾǭǣ.

ǏǱǧǨǮǿ ȂǪǾǭǣ ǱǲǳǨǧǨǮȂǨǵ ǥǨǳǱȂǵǰǱǴǵǿ ǲǱȂǥǮǨǰǫȂ ǥ ǳǨǺǫ ǪǣǧǣǰǰǱǦǱ ǰǣǤǱǳǣ 
ǴǮǱǥ: 

  
(2)

ǔǵǣǵǫǴǵǫǺǨǴǭǫǨ ȂǪǾǭǱǥǾǨ ǯǱǧǨǮǫ, ǲǱǴǵǳǱǨǰǰǾǨ Ǵ ǲǱǯǱǼǿȁ ǣǲǲǳǱǭǴǫǯǣǹǫǫ 
ǥǾǳǣǩǨǰǫȂ (2) ǰǣǪǾǥǣȁǵǴȂ n-ǦǳǣǯǯǰǾǯǫ.

ǈǴǮǫ wБ Ɉ ǵǨǭǶǼǨǨ ǴǮǱǥǱ, ǣ hБ Ɉ   ǨǦǱ ǮǨǥǾǬ ǭǱǰǵǨǭǴǵ wͷ,...,wБ-ͷ («ǫǴǵǱǳǫȂ»),  
ǵ.Ǩ. ǲǳǨǧǾǧǶǼǫǨ ǴǮǱǥǣ, ǵǱ ǯǱǧǨǮǿ ȂǪǾǭǣ ǱǲǳǨǧǨǮȂǨǵ ǥǨǳǱȂǵǰǱǴǵǫ Гȋw|hȌ 
ǧǮȂ ǥǴǨǸ ǲǣǳ ȋh,wȌ.

ǏǣǭǴǫǯǣǮǿǰǣȂ ǧǮǫǰǣ ǭǱǰǵǨǭǴǵǣ Б ǥ (2) ǰǣ ǲǳǣǭǵǫǭǨ ǱǦǳǣǰǫǺǫǥǣǨǵǴȂ ǰǨǭǱǵǱ-
ǳǾǯ ǪǰǣǺǨǰǫǨǯ m, ǥǾǤǫǳǣǨǯǾǯ ǱǤǾǺǰǱ ǫǴǸǱǧȂ ǫǪ ǳǣǪǯǨǳǣ ǱǤǶǺǣȁǼǫǸ 
ǧǣǰǰǾǸ. Ǖǣǭǫǯ ǱǤǳǣǪǱǯ, ǥǨǳǱȂǵǰǱǴǵǿ P(X|W) ǥǾǺǫǴǮȂǨǵǴȂ ǲǳǫǤǮǫǪǫ-
ǵǨǮǿǰǱ ǭǣǭ ǲǳǱǫǪǥǨǧǨǰǫǨ ǥǨǳǱȂǵǰǱǴǵǨǬ m-Ǧǳǣǯǯ:

  (3)

ǃǲǲǳǱǭǴǫǯǣǹǫȂ ǥ ǥǫǧǨ ǲǳǱǫǪǥǨǧǨǰǫȂ ǥǨǳǱȂǵǰǱǴǵǨǬ n-Ǧǳǣǯǯ (3), ǱǤǳǨ-
ǪǣǰǰǾǸ ǭǱǰǵǨǭǴǵǱǥ, ȂǥǮȂǨǵǴȂ ǰǨǵǱǺǰǱǬ, ǱǴǱǤǨǰǰǱ ǲǳǫ ǰǨǤǱǮǿǻǫǸ  
ǪǰǣǺǨǰǫȂǸ Б.

ǑǺǨǥǫǧǰǾǬ ǴǲǱǴǱǤ ǱǹǨǰǭǫ ǭǣǺǨǴǵǥǣ ȂǪǾǭǱǥǱǬ ǯǱǧǨǮǫ ǲǶǵёǯ ǱǹǨǰǭǫ ǵǱǺǰǱǴǵǫ 
ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǱǺǨǰǿ ǥǾǺǫǴǮǫǵǨǮǿǰǱ ǪǣǵǳǣǵǨǰ. ǒǳǫǰǫǯǣȂ ǥǱ ǥǰǫǯǣǰǫǨ 
ǰǨǭǱǵǱǳǶȁ ǰǨǪǣǥǫǴǫǯǱǴǵǿ ȂǪǾǭǱǥǾǸ ǫ ǣǭǶǴǵǫǺǨǴǭǫǸ ǯǱǧǨǮǨǬ, ǥ (1) ǭǣ-
ǺǨǴǵǥǱ ǯǱǧǨǮǫ ȂǪǾǭǣ ǱǤǾǺǰǱ ǱǹǨǰǫǥǣǨǵǴȂ ǣǥǵǱǰǱǯǰǱ ǥ ǥǫǧǨ ǪǰǣǺǨǰǫǬ 
ǲǨǳǲǮǨǭǴǫǫ ǫǮǫ ȀǰǵǳǱǲǫǫ ǭǱǳǲǶǴǣ ǧǣǰǰǾǸ.

ǠǰǵǳǱǲǫȂ ǱǲǳǨǧǨǮȂǨǵǴȂ ǭǣǭ ǶǴǳǨǧǰǨǰǰǱǨ ǪǰǣǺǨǰǫǨ ǮǱǦǣǳǫǷǯǣ ǥǨǳǱȂǵǰǱǴǵǫ 
ǲǱȂǥǮǨǰǫȂ ǥǴǨǸ ǴǮǱǥ ǭǱǳǲǶǴǣ:

  (4)

ǒǨǳǲǮǨǭǴǫȂ Ɉ  ȀǭǴǲǱǰǨǰǵǣ ȀǰǵǳǱǲǫǫ, ǵ.Ǩ.: 

  (5)
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ǏǣǭǴǫǯǣǮǿǰǱ ǲǳǣǥǧǱǲǱǧǱǤǰǣȂ ǱǹǨǰǭǣ ǲǣǳǣǯǨǵǳǱǥ ǧǮȂ n-ǦǳǣǯǯǰǱǬ ǯǱǧǨǮǫ ȂǪǾǭǣ ǧǣǥ-
ǰǱ ǫǪǥǨǴǵǰǣ, ȀǵǱ ǺǣǴǵǱǵǰǣȂ ǱǹǨǰǭǣ, ǵ.Ǩ. ǨǴǮǫ ǺǨǳǨǪ NȋhȌ ǱǤǱǪǰǣǺǫǵǿ, ǴǭǱǮǿǭǱ ǳǣǪ 
ǥ ǭǱǳǲǶǴǨ ǧǣǰǰǾǸ ǥǴǵǳǨǵǫǮǣǴǿ ǲǱǴǮǨǧǱǥǣǵǨǮǿǰǱǴǵǿ ǴǮǱǥ h, ǵǱ:

  (6)

ǇǮȂ ǰǨǱǦǳǣǰǫǺǨǰǰǱǦǱ ǲǱ ǳǣǪǯǨǳǶ ǭǱǳǲǶǴǣ ǧǣǰǰǾǸ n-ǦǳǣǯǯǰǾǨ ǯǱǧǨǮǫ ǲǳǫ ǤǱǮǿǻǫǸ 
ǪǰǣǺǨǰǫȂǸ Б ǯǱǩǰǱ ǤǾǮǱ ǤǾ ǳǣǴǴǯǣǵǳǫǥǣǵǿ Ǵ ǶǺёǵǱǯ ǲǳǱǴǵǱǵǾ ǫǸ ǳǨǣǮǫǪǣǹǫǫ, 
ǭǣǭ ǱǲǵǫǯǣǮǿǰǾǨ. ǐǣ ǲǳǣǭǵǫǭǨ ǧǣǩǨ ǧǮȂ ǯǣǮǾǸ Б ǪǰǣǺǫǵǨǮǿǰǱǨ ǺǫǴǮǱ ǥǱǪǯǱǩǰǾǸ  
n-Ǧǳǣǯǯ ǥ ǱǤǶǺǣȁǼǨǯ ǭǱǳǲǶǴǨ ǧǣǰǰǾǸ ǰǨ ǥǴǵǳǨǺǣǨǵǴȂ. ǒǱȂǥǮǨǰǫǨ ǲǳǫ ǳǣǴǲǱǪǰǣǥǣǰǫǫ 
n-Ǧǳǣǯǯ Ǵ ǰǶǮǨǥǱǬ ǥǨǳǱȂǵǰǱǴǵǿȁ ǥ ǴǱǱǵǥǨǵǴǵǥǫǫ Ǵ (1) ǱǤǰǶǮȂǨǵ ǲǱǮǰǶȁ ǥǨǳǱȂǵǰǱǴǵǿ 
ǳǣǴǲǱǪǰǣǥǣǨǯǱǦǱ ǥǾǴǭǣǪǾǥǣǰǫȂ, ǰǨǪǣǥǫǴǫǯǱ Ǳǵ ǳǨǪǶǮǿǵǣǵǣ ǣǭǶǴǵǫǺǨǴǭǱǬ ǯǱǧǨǮǫ, ǺǵǱ 
ǱǺǨǰǿ ǰǨǩǨǮǣǵǨǮǿǰǱ. ǃǲǲǳǱǭǴǫǯǣǹǫȂ ǥǨǳǱȂǵǰǱǴǵǨǬ ǰǨǥǫǧǫǯǾǸ n-Ǧǳǣǯǯ ǯǱǩǨǵ ǤǾǵǿ 
ǥǾǲǱǮǰǨǰǣ ǳǣǪǮǫǺǰǾǯǫ ǯǨǵǱǧǣǯǫ ǲǨǳǨǳǣǴǲǳǨǧǨǮǨǰǫȂ (ǧǣǮǨǨ Ɉ ǴǦǮǣǩǫǥǣǰǫȂ) ǥǨǳǱ-
ȂǵǰǱǴǵǰǱǬ ǥǫǧǫǯǾǸ n-Ǧǳǣǯǯ ǯǨǩǧǶ ǰǨǥǫǧǫǯǾǯǫ. ǅ ǵǱ ǩǨ ǥǳǨǯȂ ǫǧǨǣǮǿǰǱǦǱ ǴǲǱǴǱǤǣ 
ǰǣǪǰǣǺǨǰǫȂ ǥǨǳǱȂǵǰǱǴǵǨǬ ǧǮȂ ǴǱǤǾǵǫǬ, ǭǱǵǱǳǾǨ ǰǨ ǲǱȂǥǫǮǫǴǿ ǥ ǱǤǶǺǣȁǼǫǸ ǧǣǰǰǾǸ, 
ǰǨǵ, ǫ ǴǵǣǵǫǴǵǫǺǨǴǭǫǨ ǯǱǧǨǮǫ ǥ ǲǳǫǰǹǫǲǨ ǰǨǵǱǺǰǾ. ǒǱȀǵǱǯǶ ǧǣǩǨ ǥ ǱǵǰǱǴǫǵǨǮǿǰǱ 
ǤǱǮǿǻǫǸ ǲǱ ǱǤǽёǯǶ ǵǨǭǴǵǱǥǾǸ ǭǱǳǲǶǴǣǸ, ǰǣǲǳǫǯǨǳ [27], ǲǱǳȂǧǱǭ ǯǱǧǨǮǨǬ ǱǦǳǣǰǫǺǨǰ 
4-5, ǺǵǱǤǾ ǫǪǤǨǩǣǵǿ ǲǱȂǥǮǨǰǫȂ ǤǱǮǿǻǱǦǱ ǭǱǮǫǺǨǴǵǥǣ «ǰǨǥǫǧǫǯǾǸ» n-Ǧǳǣǯǯ. 

Ǒǧǫǰ ǫǪ ǴǣǯǾǸ ǶǧǣǺǰǾǸ ǲǱǧǸǱǧǱǥ ǭ ǴǦǮǣǩǫǥǣǰǫȁ n-ǦǳǣǯǯǰǾǸ ǯǱǧǨǮǨǬ, ǯǨǵǱǧ Kn—s—r-
N—y (ǧǣǮǨǨ ǥ ǵǨǭǴǵǨ Ȁǵǫ ǯǱǧǨǮǫ ǱǤǱǪǰǣǺǣȁǵǴȂ ǭǣǭ KNБ, ǦǧǨ Б Ɉ ǲǱǳȂǧǱǭ ǯǱǧǨǮǫ), 
ǲǳǨǧǮǱǩǨǰ ǥ ǳǣǤǱǵǨ [18], ǦǧǨ ǥǨǳǱȂǵǰǱǴǵǫ n-Ǧǳǣǯǯ ǥǾǺǫǴǮȂȁǵǴȂ ǭǣǭ:

  (7)

ǅ ǥǾǳǣǩǨǰǫǫ (7) NȋhȌ=∑
w

Nȋw,hȌ ǱǪǰǣǺǣǨǵ ǲǱǮǰǾǬ ǴǺǨǵ (ǵ.Ǩ. ǭǱǮǫǺǨǴǵǥǱ ǲǱȂǥǮǨǰǫǬ) ǭǱǰ-
ǵǨǭǴǵǣ h, N* ȋw,hȌ= Nȋw,hȌ –  D Ɉ ǯǱǧǫǷǫǹǫǳǱǥǣǰǰǾǬ ǴǺёǵ, Ͷ<D<ͷ,ĥ Ɉ   ǱǤǱǤǼёǰǰǾǬ 
ǭǱǰǵǨǭǴǵ, ǱǤǾǺǰǱ ǶǭǱǳǱǺǨǰǰǾǬ, Ⱦȋw|ĥȌ$ Ɉ ǱǤǱǤǼёǰǰǱǨ ǳǣǴǲǳǨǧǨǮǨǰǫǨ.

ǅǨǴ ǱǵǴǵǶǲǣ ǥ (7) ǥǾǺǫǴǮȂǨǵǴȂ ǭǣǭ :

  (8)

ǍǣǺǨǴǵǥǨǰǰǱǨ ǲǳǨǥǱǴǸǱǧǴǵǥǱ ǴǦǮǣǩǫǥǣǰǫȂ ǲǱ Kn—s—r-N—y ǤǾǮǱ ǲǱǭǣǪǣǰǱ ǥ ǹǨǮǱǯ 
ǳȂǧǨ ǫǴǴǮǨǧǱǥǣǰǫǬ. ǅ ǺǣǴǵǰǱǴǵǫ, ǥ [21] ǲǱǭǣǪǣǰǱ, ǺǵǱ ǰǣ ǰǨǤǱǮǿǻǱǯ, ǫǪ ǲǳǫǯǨǳǰǱ 
1.2Ǐ ǴǮǱǥ, ǭǱǳǲǶǴǨ (ǲǱǧǯǰǱǩǨǴǵǥǱ ǭǱǳǲǶǴǣ Wall Str——t Journal, WSJ) ǥ ǴǳǣǥǰǨǰǫǫ 
Ǵ ǱǹǨǰǭǣǯǫ ǧǮȂ ǴǦǮǣǩǫǥǣǰǫȂ ǲǱ ǯǨǵǱǧǶ Goo–-Turin‘ ǥǨǮǫǺǫǰǣ ǲǨǳǲǮǨǭǴǫǫ ǴǰǫǪǫ-
ǮǣǴǿ ǲǳǫǯǨǳǰǱ ǰǣ 12% ǫ ǪǣǵǨǯ ǲǱǺǵǫ ǰǣ 25% ǧǮȂ ǯǱǧǨǮǫ Ǵ ǲǣǯȂǵǿȁ (cac’—):

ƏƝƞƨƥƳƝ 1

ſƢƨƥƴƥƪƝ ƬƢƭƬƨƢƧƮƥƥ ơƨƼ 5-ƠƭƝƩƩƪƸƲ ƜƉ Ʈƫ ƮƠƨƝƣƥƟƝƪƥƢƩ Ƭƫ Good-Turing (GT5) 
ƥ Kneser-Ney (KN5) ƥƤ [21]
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ǏǱǧǨǮǿ Ǵ ǲǣǯȂǵǿȁ ǥ ǵǣǤǮ.1 ǱǪǰǣǺǣǨǵ ǫǰǵǨǳǲǱǮȂǹǫȁ ǱǴǰǱǥǰǱǬ ǯǱǧǨǮǫ (KN5) 
ǶǰǫǦǳǣǯǯǰǱǬ, ǭǱǵǱǳǣȂ ǷǱǳǯǫǳǶǨǵǴȂ ǧǫǰǣǯǫǺǨǴǭǫ ǲǱ ǲǳǨǧǾǧǶǼǫǯ 
ǳǣǴǲǱǪǰǣǰǰǾǯ ǴǮǱǥǣǯ. 

ǠǷǷǨǭǵǫǥǰǱǴǵǿ, ǲǳǱǴǵǱǵǣ ǫ ǷǱǳǯǶǮǣ Ǵ ǱǵǴǵǶǲǱǯ ǥ ǥǫǧǨ ǭǱǰǨǺǰǱǦǱ ǥǨǳǱȂǵ-
ǰǱǴǵǰǱǦǱ ǲǳǨǱǤǳǣǪǱǥǣǵǨǮȂ ǱǤǶǴǮǣǥǮǫǥǣȁǵ ǻǫǳǱǭǱǨ ǫǴǲǱǮǿǪǱǥǣǰǫǨ 
ǯǱǧǨǮǫ ǴǱ ǴǦǮǣǩǫǥǣǰǫǨǯ ǲǱ ǯǨǵǱǧǶ Kn—s—r-N—y, ǰǣ ǭǱǵǱǳǶȁ ǺǣǴǵǱ 
ǴǴǾǮǣȁǵǴȂ ǭǣǭ stat—-of-t’—-art ǴǵǣǵǫǴǵǫǺǨǴǭǫǸ ȂǪǾǭǱǥǾǸ ǯǱǧǨǮǨǬ.

2. ǐǨǬǳǱǴǨǵǨǥǾǨ ǯǱǧǨǮǫ ȂǪǾǭǣ

2.1. ƊƢơƫƮƯƝƯƧƥ n-ƠƭƝƩƩƪƸƲ ƩƫơƢƨƢƦ

ǔǶǼǨǴǵǥǨǰǰǾǬ ǰǨǧǱǴǵǣǵǱǭ ǴǵǣǵǫǴǵǫǺǨǴǭǫǸ n-ǦǳǣǯǯǰǾǸ ǯǱǧǨǮǨǬ ǪǣǭǮȁ-
ǺǣǨǵǴȂ ǥ ǲǱǧǸǱǧǨ ǭ ǱǹǨǰǭǨ ǥǨǳǱȂǵǰǱǴǵǨǬ ǰǨǥǫǧǫǯǾǸ n-Ǧǳǣǯǯ. ǕǣǭǫǨ 
ǥǨǳǱȂǵǰǱǴǵǫ ǱǹǨǰǫǥǣȁǵǴȂ ǺǨǳǨǪ ǥǨǳǱȂǵǰǱǴǵǫ ǤǱǮǨǨ ǭǱǳǱǵǭǫǸ, Ǻǣ-
ǴǵǫǺǰǾǸ n-Ǧǳǣǯǯ, ǭǱǵǱǳǾǨ ǺǣǼǨ ǥǴǵǳǨǺǣȁǵǴȂ, ǰǱ ǲǳǫ ȀǵǱǯ ǱǤǮǣǧǣȁǵ 
ǧǳǶǦǫǯǫ ǥǨǳǱȂǵǰǱǴǵǰǾǯǫ ǪǣǭǱǰǱǯǨǳǰǱǴǵȂǯǫ. ǃǮǿǵǨǳǰǣǵǫǥǰǾǬ ǲǱǧ-
ǸǱǧ ǪǣǭǮȁǺǣǨǵǴȂ ǥ ǱǹǨǰǭǨ ǥǨǳǱȂǵǰǱǴǵǨǬ n-Ǧǳǣǯǯ Ǵ ǶǺёǵǱǯ, ǰǣǲǳǫǯǨǳ, 
ǴǨǯǣǰǵǫǺǨǴǭǱǦǱ ǴǸǱǧǴǵǥǣ ǯǨǩǧǶ ǴǮǱǥǣǯǫ. ǕǱǦǧǣ, ǨǴǮǫ ǥ ǱǤǶǺǣȁǼǫǸ 
ǧǣǰǰǾǸ ǱǵǴǶǵǴǵǥǶǨǵ ǭǱǰǭǳǨǵǰǣȂ n-Ǧǳǣǯǯǣ, Ǩё ǥǨǳǱȂǵǰǱǴǵǿ ǯǱǩǰǱ ǱǹǨ-
ǰǫǵǿ ǲǱ ǥǨǳǱȂǵǰǱǴǵȂǯ ǴǸǱǩǫǸ ǲǱ ǴǨǯǣǰǵǫǭǨ n-Ǧǳǣǯǯ ǵǱǦǱ ǩǨ ǳǣǪǯǨǳǣ, 
ǭǱǵǱǳǾǨ ǲǳǫǴǶǵǴǵǥǶȁǵ ǥ ǧǣǰǰǾǸ. 

Ǡǵǣ ǫǧǨȂ ǳǨǣǮǫǪǶǨǵǴȂ ǥ ǴǵǣǵǫǴǵǫǺǨǴǭǫǸ n-ǦǳǣǯǯǰǾǸ ǯǱǧǨǮȂǸ ǭǣǭ ǭǮǣǴǴǱ-
ǥǾǨ ǯǱǧǨǮǫ (class mo–—ls), ǦǧǨ ǴǮǱǥǣ ǴǮǱǥǣǳȂ ǳǣǪǤǫǥǣȁǵǴȂ ǰǣ ǲǱǧ-
ǯǰǱǩǨǴǵǥǣ Ɉ ǭǮǣǴǴǾ ǫ ǥǾǺǫǴǮǨǰǫǨ ǥǨǳǱȂǵǰǱǴǵǫ n-Ǧǳǣǯǯ ǫǯǨǨǵ ǥǫǧ 
[12]:

  (9)

ǦǧǨ Ci ǱǪǰǣǺǣǨǵ ǭǮǣǴǴ, ǥ ǭǱǵǱǳǾǬ ǲǱǲǣǮǱ ǴǮǱǥǱ wi.

ǍǮǣǴǴǱǥǾǨ ǴǵǣǵǫǴǵǫǺǨǴǭǫǨ n-ǦǳǣǯǯǰǾǨ ǯǱǧǨǮǫ ǺǣǴǵǱ ǫǴǲǱǮǿǪǶȁǵǴȂ ǰǣ ǲǳǣ-
ǭǵǫǭǨ, ǰǣǲǳǫǯǨǳ, ǭǱǦǧǣ ǭǮǣǴǴǾ ǴǱǱǵǥǨǵǴǵǥǶȁǵ ǦǳǶǲǲǣǯ ǫǯǨǰǱǥǣǰǰǾǸ 
ǴǶǼǰǱǴǵǨǬ (ǰǣǪǥǣǰǫȂ Ǵǵǳǣǰ, ǦǱǳǱǧǱǥ, ǶǮǫǹ, ǰǣǫǯǨǰǱǥǣǰǫȂ ǲǳǱǫǪǥǨ-
ǧǨǰǫǬ, ǲǨǴǨǰ, ǫǯǨǰǣ ǣǥǵǱǳǱǥ). ǅǾǤǱǳ ǭǮǣǴǴǱǥ ǺǣǼǨ ǱǴǶǼǨǴǵǥǮȂǨǵǴȂ 
ǰǣ ȀǭǴǲǨǳǵǰǱǬ ǱǴǰǱǥǨ. ǑǹǨǰǭǣ (9) Ɉ ǫǪ ǧǥǶǸ Ɉ ǴǱǯǰǱǩǫǵǨǮǨǬ, ǭǣǩǧǾǬ 
ǥǰǱǴǫǵ ǴǥǱȁ ǲǱǦǳǨǻǰǱǴǵǿ ǥ ǫǵǱǦǱǥǶȁ ǣǲǲǳǱǭǴǫǯǣǹǫȁ. ǍǳǱǯǨ ȀǵǱ-
ǦǱ, Ǵǣǯ ǲǱǧǸǱǧ Ǵ ǤǫǰǣǳǰǱǬ ǯǨǳǱǬ ǴǸǱǧǴǵǥǣ ǴǮǱǥ ǲǱ ǲǳǫǰǣǧǮǨǩǰǱǴǵǫ 
ǫǸ ǭ ǱǧǰǱǯǶ ǭǮǣǴǴǶ ǴǶǼǨǴǵǥǨǰǰǱ ǱǦǳǣǰǫǺǫǥǣȁǵ ǥǱǪǯǱǩǰǱǴǵǫ ǵǣǭǱǬ  
ǯǱǧǨǮǫ.

ǐǨǬǳǱǴǨǵǨǥǾǨ ǢǏ ǱǴǰǱǥǣǰǾ ǰǣ ǰǨǲǳǨǳǾǥǰǾǸ ǥǨǭǵǱǳǰǾǸ ǲǳǨǧǴǵǣǥǮǨǰǫ-
ȂǸ ǴǮǱǥ. ǅ ǱǵǮǫǺǫǨ Ǳǵ n-Ǧǳǣǯǯ, ǦǧǨ ǴǮǱǥǱ ǲǱǮǰǱǴǵǿȁ ǱǲǳǨǧǨǮȂǨǵǴȂ 
ǴǭǣǮȂǳǱǯ Ɉ ǫǰǧǨǭǴǱǯ ǥ ǴǮǱǥǣǳǨ, ǥǨǭǵǱǳǰǾǨ ǲǳǨǧǴǵǣǥǮǨǰǫȂ ǲǱǪǥǱǮȂ-
ȁǵ ǥǥǱǧǫǵǿ ǯǨǳǾ ǴǸǱǩǨǴǵǫ ǯǨǩǧǶ ǴǮǱǥǣǯǫ, ǶǺǫǵǾǥǣȁǼǫǨ ǴǨǯǣǰǵǫ-
ǺǨǴǭǫǨ, ǭǱǰǵǨǭǴǵǰǾǨ, ǯǱǳǷǱǮǱǦǫǺǨǴǭǫǨ ǴǥǱǬǴǵǥǣ. ǕǣǭǱǨ ǲǳǨǧǴǵǣǥǮǨ-
ǰǫǨ, ǭǣǭ ǰǣǲǫǴǣǰǱ ǥǾǻǨ, ǴǶǼǨǴǵǥǨǰǰǱ ǶǮǶǺǻǣǨǵ ǭǣǺǨǴǵǥǱ ǯǱǧǨǮǨǬ  
ȂǪǾǭǣ.
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2.2. ƉƫơƢƨƥ ƼƤƸƧƝ ƪƝ ƫƮƪƫƟƢ ƪƢƭƢƧưƭƭƢƪƯƪƸƲ ƬƫƨƪƫƮƟƼƤƪƸƲ ƪƢƦƭƫƮƢƯƢƦ

ǓǨǣǮǫǪǣǹǫȂ ȂǪǾǭǱǥǱǬ ǯǱǧǨǮǫ ǧǮȂ ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǳǨǺǫ ǰǣ ǲǱǮǰǱǴǥȂǪǰǱǬ ǰǨǳǨǭǶǳǳǨǰǵ-
ǰǱǬ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ ǤǾǮǣ ǲǳǨǧǮǱǩǨǰǣ ǥ ǳǣǤǱǵǨ [2]. ǔǸǨǯǣǵǫǺǨǴǭǫ ǣǳǸǫǵǨǭǵǶǳǣ 
ǴǨǵǫ ǫǯǨǨǵ ǥǫǧ, ǫǪǱǤǳǣǩёǰǰǾǬ ǰǣ ǳǫǴ.1:

ʟˋ˔. ͷ.  ʏ˓˘ˋ˕ˈˍ˕˖˓˃ яˊ˞ˍˑ˅ˑˌ ˏˑˇˈˎˋ ː˃ ˒˓ˑ˔˕ˑˌ ːˈ˓ˈˍ˖˓˓ˈː˕ːˑˌ ˔ˈ˕ˋ

ǒǨǳǥǾǬ, ǲǳǱǨǭǹǫǱǰǰǾǬ, ǴǮǱǬ ǴǨǵǫ ǰǣ ǳǫǴ.1 Ɉ ǮǫǰǨǬǰǾǬ, ǭǱǵǱǳǾǬ ǲǳǨǱǤǳǣǪǶǨǵ |V| ǯǨǳ-
ǰǾǬ ǨǧǫǰǫǺǰǾǬ ǭǱǧ ǭǣǩǧǱǦǱ ǴǮǱǥǣ n-ǦǳǣǯǯǾ ǥ ǥǨǭǵǱǳ ǯǨǰǿǻǨǬ ǳǣǪǯǨǳǰǱǴǵǫ 
Ǵ ǧǨǬǴǵǥǫǵǨǮǿǰǾǯǫ ǭǱǱǳǧǫǰǣǵǣǯǫ. ǔǮǨǧǶȁǼǫǬ ǴǮǱǬ Ɉ ǲǱǮǰǱǴǥȂǪǰǾǬ ǴǭǳǾǵǾǬ, 
Ǵ ǴǫǦǯǱǫǧǣǮǿǰǱǬ ǰǨǮǫǰǨǬǰǱǴǵǿȁ σȋxȌ:

  (10)

ǅǾǸǱǧǰǱǬ ǴǮǱǬ ǴǨǵǫ ǴǰǣǺǣǮǣ ǥǾǺǫǴǮȂǨǵ ǰǨǰǱǳǯǫǳǱǥǣǰǰǾǨ ǥǨǳǱȂǵǰǱǴǵǫ ǴǮǱǥ ǫ ǪǣǵǨǯ 
ǫǴǲǱǮǿǪǶǨǵ ǰǨǮǫǰǨǬǰǱǴǵǿ ǥ ǥǫǧǨ ǷǶǰǭǹǫǫ ǴǱǷǵǯǣǭǴ:

  (11)

ǧǮȂ ǫǸ ǲǳǨǱǤǳǣǪǱǥǣǰǫȂ ǥ ǥǨǳǱȂǵǰǱǴǵǰǱǨ ǳǣǴǲǳǨǧǨǮǨǰǫǨ.

ǈǴǮǫ ǰǨ ǶǺǫǵǾǥǣǵǿ ǮǫǰǨǬǰǾǬ ǲǳǱǨǭǹǫǱǰǰǾǬ ǴǮǱǬ, ǴǨǵǿ ǰǣ ǳǫǴ. 1 ǫǯǨǨǵ ǥǴǨǦǱ Ǳǧǫǰ 
ǴǭǳǾǵǾǬ ǴǮǱǬ. ǔ ǵǱǺǭǫ ǪǳǨǰǫȂ ǵǨǳǯǫǰǱǮǱǦǫǫ ȀǵǶ ǴǨǵǿ ǵǣǭǩǨ ǯǱǩǰǱ ǰǣǪǥǣǵǿ ǫ Ǵǥёǳ-
ǵǱǺǰǱǬ, ǥ ǪǣǥǫǴǫǯǱǴǵǫ Ǳǵ ǵǱǦǱ, ǺǵǱ ǳǣǴǴǯǣǵǳǫǥǣǵǿ ǥ ǭǣǺǨǴǵǥǨ ǥǸǱǧǣ ǫ ǥǾǸǱǧǣ. 
ǈǴǮǫ ǱǹǨǰǫǥǣǨǵǴȂ ǥǨǳǱȂǵǰǱǴǵǿ ǱǧǰǱǬ n-ǦǳǣǯǯǾ, ǵǱ ȀǵǱ ǲǱǮǰǱǴǥȂǪǰǣȂ ǴǨǵǿ, ǨǴǮǫ 
ǥ ǭǣǺǨǴǵǥǨ ǥǸǱǧǰǱǦǱ ǱǤǳǣǪǣ ǫǴǲǱǮǿǪǶȁǵǴȂ n-ǦǳǣǯǯǾ ǴǮǱǥ ǥǴǨǦǱ ǲǳǨǧǮǱǩǨǰǫȂ,  
ǵǱ Ɉ ǴǥёǳǵǱǺǰǣȂ. 

ǠǷǷǨǭǵǫǥǰǱǴǵǿ ǯǱǧǨǮǫ (ǓǫǴ.1) ǴǳǣǥǰǫǥǣǮǣǴǿ ǲǱ ǲǱǭǣǪǣǵǨǮȁ ǲǨǳǲǮǨǭǴǫǫ Ǵ n-ǦǳǣǯǯǰǾ-
ǯǫ [2]: ǴǱ ǴǦǮǣǩǫǥǣǰǫǨǯ ǲǱ Kn—s—r-N—y ǫ ǴǱ ǴǦǮǣǩǫǥǣǰǫǨǯ ǲǱ ǯǱǧǨǮȂǯ ǭǮǣǴǴǱǥ. 
ǕǨǴǵǫǳǱǥǣǰǫǨ ǲǳǱǥǱǧǫǮǱǴǿ ǰǣ ǭǱǳǲǶǴǨ ǧǣǰǰǾǸ Ǵ ǱǤǼǫǯ ǳǣǪǯǨǳǱǯ ǱǭǱǮǱ 1.2 ǯǫǮ-
ǮǫǱǰǣ ǴǮǱǥ (0.8Ǐ ǥ ǱǤǶǺǣȁǼǨǬ ǥǾǤǱǳǭǨ, 200Ǎ ǫ 181Ǎ ǥ ǵǨǴǵǱǥǱǬ ǫ ǰǣǴǵǳǱǨǺǰǱǬ) 
ǫ ǳǣǤǱǺǫǯ ǴǮǱǥǣǳёǯ 16Ǎ ǴǮǱǥǱǷǱǳǯ (Ǳǰ ǲǱǮǶǺǨǰ ǫǪ ǱǤǼǨǦǱ ǴǮǱǥǣǳȂ 47Ǎ ǴǮǱǥǱ-
ǷǱǳǯ ǥǭǮȁǺǣȂ Ǫǰǣǭǫ ǲǳǨǲǫǰǣǰǫȂ, ǪǣǯǨǰǱǬ ǳǨǧǭǫǸ ǴǮǱǥ ǰǣ ǴǲǨǹǴǫǯǥǱǮ).
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ǏǱǧǨǮǿ ǰǣ ǳǫǴ.1 ǱǤǨǴǲǨǺǫǮǣ ǲǱǰǫǩǨǰǫǨ ǲǨǳǲǮǨǭǴǫǫ ǰǣ 13-14% ǱǵǰǱǴǫǵǨǮǿ-
ǰǱ ǮǶǺǻǨǬ ǴǵǣǵǫǴǵǫǺǨǴǭǱǬ ǵǳǫǦǳǣǯǯǰǱǬ ǯǱǧǨǮǫ (ȀǵǱ ǱǭǣǪǣǮǣǴǿ ǯǱǧǨǮǿ 
Ǵ ǱǵǴǵǶǲǱǯ ǭ ǭǮǣǴǴǱǥǾǯ ǯǱǧǨǮȂǯ). ǇǮǫǰǣ ǭǱǰǵǨǭǴǵǣ ǰǨǬǳǱǴǨǵǨǥǱǬ ǯǱǧǨ-
Ǯǫ ǤǾǮǣ ǲȂǵǿ ǴǮǱǥ, ǳǣǪǯǨǳǰǱǴǵǿ ǴǭǳǾǵǱǦǱ ǴǮǱȂ Ɉ 100, ǣ ǳǣǪǯǨǳǰǱǴǵǿ ǥǨǭ-
ǵǱǳǰǱǦǱ ǲǳǨǧǴǵǣǥǮǨǰǫȂ ǴǮǱǥ Ɉ 30. ǒǳǫ ȀǵǱǯ ǱǻǫǤǭǫ, ǭǱǵǱǳǾǨ ǧǱǲǶǴǭǣǮǫ 
ǰǨǬǳǱǴǨǵǨǥǣȂ ǫ n-ǦǳǣǯǯǰǣȂ ǯǱǧǨǮǫ, ǴǶǼǨǴǵǥǨǰǰǱ ǳǣǪǮǫǺǣǮǫǴǿ. ǒǱȀǵǱǯǶ 
ǥǪǥǨǻǫǥǣǰǫǨ Ǵ ǳǣǥǰǾǯǫ ǥǨǴǣǯǫ ǥǨǳǱȂǵǰǱǴǵǨǬ ǰǣ ǥǾǸǱǧǣǸ ǰǨǬǳǱǴǨǵǨ-
ǥǱǬ ǫ n-ǦǳǣǯǯǰǱǬ ǯǱǧǨǮǨǬ ǲǱǪǥǱǮǫǮǱ ǨǼё ǤǱǮǿǻǨ (24%) ǴǰǫǪǫǵǿ ǲǨǳǲ- 
ǮǨǭǴǫȁ. 

ǅ ǶǴǮǱǥǫȂǸ ǴǶǼǨǴǵǥǨǰǰǱ ǤǱǮǿǻǨǦǱ ǭǱǳǲǶǴǣ ǧǣǰǰǾǸ (AP N—ws, 14 ǯǮǰ. ǴǮǱǥ, 
ǲǱ 1 ǯǮǰ ǴǮǱǥǱǷǱǳǯ ǧǮȂ ǰǣǴǵǳǱǨǺǰǱǬ ǫ ǵǨǴǵǱǥǱǬ ǥǾǤǱǳǱǭ) ǣǥǵǱǳǾ 
ǫǪ-Ǫǣ ǱǦǳǣǰǫǺǨǰǰǾǸ ǥǾǺǫǴǮǫǵǨǮǿǰǾǸ ǳǨǴǶǳǴǱǥ ǲǱǮǶǺǫǮǫ ǳǨǪǶǮǿǵǣǵǾ 
ǵǱǮǿǭǱ ǱǧǰǱǦǱ ȀǭǴǲǨǳǫǯǨǰǵǣ. Ǖǣǯ ǵǣǭǩǨ ǰǣǤǮȁǧǣǮǱǴǿ ǲǱǰǫǩǨǰǫǨ ǲǨǳ-
ǲǮǨǭǴǫǫ (ǧǮȂ ǫǰǵǨǳǲǱǮǫǳǱǥǣǰǰǾǸ ǰǨǬǳǱǴǨǵǨǥǱǬ ǫ n-ǦǳǣǯǯǰǱǬ), ǲǳǣǥ-
ǧǣ, ǴǶǼǨǴǵǥǨǰǰǱ ǤǱǮǨǨ ǴǭǳǱǯǰǱǨ, ǧǱ 7%, ǲǱ ǴǳǣǥǰǨǰǫȁ Ǵ ǯǱǧǨǮǿȁ KN5. 

ǒǳǫ ǰǣǮǫǺǫǫ ǧǱǴǵǣǵǱǺǰǱǦǱ ǱǤǽёǯǣ ǧǣǰǰǾǸ ǧǮǫǰǣ ǫǴǵǱǳǫǫ ǥ ǲǱǮǰǱǴǥȂǪ-
ǰǱǬ ǰǨǳǨǭǶǳǳǨǰǵǰǱǬ ǴǨǵǫ ǱǤǾǺǰǱ ǥǾǤǫǳǣǨǵǴȂ ǰǨ ǯǨǰǨǨ ǧǨǴȂǵǫ, ǳǣǪ-
ǯǨǳǰǱǴǵǿ ǥǨǭǵǱǳǰǱǦǱ ǲǳǨǧǴǵǣǥǮǨǰǫȂ (ǲǳǱǨǭǹǫǱǰǰǱǦǱ ǴǮǱȂ) 500-2000, 
ǣ ǴǭǳǾǵǱǦǱ ǴǮǱȂ 500-1000 ȀǮǨǯǨǰǵǱǥ. ǕǣǭǱǯ ǱǤǳǣǪǱǯ, ǰǨǬǳǱǴǨǵǨǥǣȂ ǯǱ-
ǧǨǮǿ ǫǴǲǱǮǿǪǶǨǵ ǴǶǼǨǴǵǥǨǰǰǱ ǤǱǮǨǨ ǧǮǫǰǰǾǬ ǭǱǰǵǨǭǴǵ, ǺǨǯ n-Ǧǳǣǯǯ-
ǰǾǨ. ǐǣǲǳǫǯǨǳ, ǰǣ ǭǱǳǲǶǴǨ [21] ǱǤǾǺǰǱ ǫǴǲǱǮǿǪǶǨǵǴȂ 4-ǦǳǣǯǯǰǣȂ ȂǪǾ-
ǭǱǥǣȂ ǯǱǧǨǮǿ.

2.3.  ƍƢƧưƭƭƢƪƯƪƸƢ ƩƫơƢƨƥ ƼƤƸƧƝ

ǓǨǭǶǳǳǨǰǵǰǾǨ ǴǨǵǫ ǵǨǱǳǨǵǫǺǨǴǭǫ ǫǴǲǱǮǿǪǶȁǵ ǰǨǱǦǳǣǰǫǺǨǰǰǾǬ ǲǱ ǧǮǫǰǨ 
ǭǱǰǵǨǭǴǵ ǫ ǲǱȀǵǱǯǶ ǰǣǵǶǳǣǮǿǰǱ ǲǱǧǸǱǧȂǵ ǧǮȂ ǫǴǲǱǮǿǪǱǥǣǰǫȂ ǥ ǭǣǺǨǴǵǥǨ 
ǱǴǰǱǥǾ ǥǨǳǱȂǵǰǱǴǵǰǱǬ ǯǱǧǨǮǫ ȂǪǾǭǣ.

ǢǪǾǭǱǥǣȂ ǯǱǧǨǮǿ ǰǣ ǱǴǰǱǥǨ ǲǳǱǴǵǱǬ ǳǨǭǶǳǳǨǰǵǰǱǬ ǴǨǵǫ ǠǮǯǣǰǣ (simpl— 
r—curr—nt n—twork) [9] ǤǾǮǣ ǫǴǴǮǨǧǱǥǣǰǣ ǥ [3] ǫ ǧǱ ǴǫǸ ǲǱǳ ǶǴǲǨǻǰǱ 
ǲǳǫǯǨǰȂǨǵǴȂ [19,15].

ǃǳǸǫǵǨǭǵǶǳǣ ȂǪǾǭǱǥǱǬ ǯǱǧǨǮǫ ǰǣ ǲǳǱǴǵǱǬ ǳǨǭǶǳǳǨǰǵǰǱǬ ǴǨǵǫ ǲǳǨǧǴǵǣǥǮǨǰǣ 
ǰǣ ǳǫǴ.2.

Рис. 2. Схема языковой модели на простой рекуррентной сети
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ǗǱǳǯǣǮǿǰǱ ǥǾǺǫǴǮǨǰǫǨ ǳǣǴǲǳǨǧǨǮǨǰǫȂ ǥǨǳǱȂǵǰǱǴǵǨǬ ǧǮȂ ǴǮǱǥ ǴǮǱǥǣǳȂ Гȋw_{t+ͷ}Ȍ 
ǥ ǯǱǯǨǰǵ ǥǳǨǯǨǰǫ $t+ͷ$ ǱǴǶǼǨǴǵǥǮȂǨǵǴȂ ǥ ǴǱǱǵǥǨǵǴǵǥǫǫ Ǵ ǥǾǳǣǩǨǰǫȂǯǫ:

  

Ǵ ǴǫǦǯǱǫǧǣǮǿǰǱǬ (10) ǫ ǴǱǷǵ-ǯǣǭǴ (11) ǰǨǮǫǰǨǬǰǱǴǵȂǯǫ σ ǫ f.

ǔǮǱǥǱ ǰǣ ǥǸǱǧǨ ǴǨǵǫ ǭǱǧǫǳǶǨǵǴȂ ǶǰǫǵǣǳǰǾǯ ǥǨǭǵǱǳǱǯ, Ǵ ǧǮǫǰǱǬ ǭǱǧǣ ǳǣǥǰǱǬ ǳǣǪǯǨǳǶ 
ǴǮǱǥǣǳȂ |V|. ǓǣǪǯǨǳ ǴǭǳǾǵǱǦǱ ǴǮǱȂ ǥǾǤǫǳǣǨǵǴȂ Ǵ ǶǺёǵǱǯ ǭǱǳǲǶǴǣ ǧǣǰǰǾǸ, ǰǣǲǳǫ-
ǯǨǳ ǥ ǧǫǣǲǣǪǱǰǨ 30-500 ȀǮǨǯǨǰǵǱǥ. ǠǷǷǨǭǵǫǥǰǣȂ ǧǮǫǰǣ ǭǱǰǵǨǭǴǵǣ ǪǣǥǫǴǫǵ Ǳǵ ǵǫǲǣ 
ȀǮǨǯǨǰǵǱǥ ǴǨǵǫ ǫ ǮǫǰǨǬǰǱǴǵǨǬ, ǲǳǫ ǫǴǲǱǮǿǪǱǥǣǰǫǫ ǭǮǨǵǱǭ LSTM Ǳǰǣ ǯǱǩǨǵ ǤǾǵǿ 
ǤǱǮǿǻǨ 100 ǴǮǱǥ.

ǇǣǩǨ ǧǮȂ ǴǨǵǫ ǫǪ ǱǤǾǺǰǾǸ ȀǮǨǯǨǰǵǱǥ, ǭǱǦǧǣ ȀǷǷǨǭǵǫǥǰǣȂ ǧǮǫǰǣ ǭǱǰǵǨǭǴǵǣ (ǫǪ-
Ǫǣ ȀǷǷǨǭǵǣ ǪǣǵǶǸǣǰǫȂ ǦǳǣǧǫǨǰǵǱǥ) ǰǨǥǨǮǫǭǣ, ǳǨǭǶǳǳǨǰǵǰǣȂ ǯǱǧǨǮǿ ǲǳǫ ǰǣ-
ǮǫǺǫǫ ǧǱǴǵǣǵǱǺǰǱǦǱ ǱǤǽёǯǣ ǱǤǶǺǣȁǼǫǸ ǧǣǰǰǾǸ ǱǭǣǪǾǥǣǨǵǴȂ ȀǷǷǨǭǵǫǥǰǨǨ 

n-ǦǳǣǯǯǰǾǸ. ǅ ǳǣǤǱǵǨ [22] ǰǣ ǭǱǳǲǶǴǨ 6.4M ǴǮǱǥ (ǲǱǧǯǰǱǩǨǴǵǥǱ ǫǪ 300 ǵǾǴ. 
ǲǳǨǧǮǱǩǨǰǫǬ ǳǣǪǧǨǮǣ N—w York Tim— ǭǱǳǲǶǴǣ En‘lis’ Gi‘awor–) ǫǴǲǱǮǿǪǱǥǣ-
ǰǫǨ ǳǨǭǶǳǳǨǰǵǰǱǬ ǯǱǧǨǮǫ, ǭǣǭ ǴǮǨǧǶǨǵ ǫǪ ǵǣǤǮ. 2, ǶǯǨǰǿǻǫǮǱ ǲǨǳǲǮǨǭǴǫȁ ǲǱ-
Ǻǵǫ ǰǣ ǺǨǵǥǨǳǵǿ, ǣ ǫǰǵǨǳǲǱǮȂǹǫȂ ǥǾǸǱǧǱǥ ǵǳёǸ ǳǨǭǶǳǳǨǰǵǰǾǸ ǴǨǵǨǬ  Ɉ ǤǱǮǨǨ  
ǺǨǯ ǰǣ 30%. 

ƏƝƞƨƥƳƝ 2

ƎƭƝƟƪƢƪƥƢ ƬƫƧƝƤƝƯƢƨƼ ƬƢƭƬƨƢƧƮƥƥ ƮƯƝƯƥƮƯƥƴƢƮƧƥƲ ƥ ƭƢƧưƭƭƢƪƯƪƫƦ  
ƩƫơƢƨƢƦ ƼƤƸƧƝ [22]

  

ǅ ǵǱ ǩǨ ǥǳǨǯȂ ǧǮȂ ǰǨǤǱǮǿǻǫǸ ǱǤǶǺǣȁǼǫǸ ǧǣǰǰǾǸ (ǶǩǨ ǶǲǱǯǫǰǣǥǻǨǨǴȂ ǲǱǧǯǰǱǩǨ-
ǴǵǥǱ ǭǱǳǲǶǴǣ WSJ) ǥ ǴǱǱǵǥǨǵǴǵǥǫǫ Ǵ ǵǣǤǮ. 3 ǫǪ [21], ǱǵǯǨǺǣǨǵǴȂ ǱǵǴǶǵǴǵǥǫǨ ǲǳǨ-
ǫǯǶǼǨǴǵǥǣ ǰǨǬǳǱǴǨǵǨǥǾǸ ǯǱǧǨǮǨǬ: ǴǵǣǵǫǴǵǫǺǨǴǭǣȂ ǢǏ ǴǱ ǴǦǮǣǩǫǥǣǰǫǨǯ KN5 
ǱǭǣǪǣǮǣǴǿ ǴǶǼǨǴǵǥǨǰǰǱ ǮǶǺǻǨ ǰǨǳǨǭǶǳǳǨǰǵǰǱǬ ǰǨǬǳǱǴǨǵǨǥǱǬ (ǲǨǳǲǮǨǭǴǫȂ ǰǫǩǨ 
ǰǣ 10%) ǫ ǲǳǫǯǨǳǰǱ ǵǣǭǱǬ ǩǨ ǲǱ ǭǣǺǨǴǵǥǶ, ǭǣǭ ǳǨǭǶǳǳǨǰǵǰǣȂ. ǈǴǮǫ ǶǺǨǴǵǿ ǥǾ-
ǴǱǭǫǨ ǥǾǺǫǴǮǫǵǨǮǿǰǾǨ ǵǳǨǤǱǥǣǰǫȂ ǰǨǬǳǱǴǨǵǨǥǾǸ ǯǱǧǨǮǨǬ, ǵǱ Ǳǰǫ ǥ ǧǣǰǰǱǯ 
ǴǮǶǺǣǨ ǸǶǩǨ, ǺǵǱ n-ǦǳǣǯǯǰǾǨ. ǑǧǰǣǭǱ ǫ ǥ ȀǵǱǯ ǴǮǶǺǣǨ ǫǴǲǱǮǿǪǱǥǣǰǫǨ ǫǰǵǨǳǲǱ-
ǮǫǳǱǥǣǰǰǾǸ ǰǨǬǳǱǴǨǵǨǥǾǸ ǫ n-ǦǳǣǯǯǰǾǸ ǯǱǧǨǮǨǬ ǫǯǨǨǵ ȂǥǰǱǨ ( Ɉ 20\% ǲǨǳǲǮǨǭ-
Ǵǫǫ) ǲǳǨǫǯǶǼǨǴǵǥǱ. ǅ [22] ǱǵǯǨǺǨǰǱ, ǺǵǱ Ȁǵǫ ǯǱǧǨǮǫ ǯǱǦǶǵ ǳǣǴǴǯǣǵǳǫǥǣǵǿǴȂ ǭǣǭ 
ǧǱǲǱǮǰȂȁǼǫǨ ǧǳǶǦǣ: n-ǦǳǣǯǯǾ ǮǶǺǻǨ ǱǹǨǰǫǥǣȁǵ ǥǨǳǱȂǵǰǱǴǵǫ ǧǮȂ ǫǪǥǨǴǵǰǾǸ 
ǫ ǭǱǳǱǵǭǫǸ ǭǱǰǵǨǭǴǵǱǥ, ǣ ǰǨǬǳǱǴǨǵǨǥǾǨ ǯǱǧǨǮǫ ǤǱǮǨǨ ǵǱǺǰǾ ǲǳǫ ǱǹǨǰǭǨ ǥǨǳǱȂǵ-
ǰǱǴǵǨǬ ǰǣ ǧǮǫǰǰǾǸ ǭǱǰǵǨǭǴǵǣǸ.
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ƏƝƞƨƥƳƝ 3 
ſƢƨƥƴƥƪƝ ƬƢƭƬƨƢƧƮƥƥ ơƨƼ 5-ƠƭƝƩƩƪƸƲ ƜƉ Ʈƫ ƮƠƨƝƣƥƟƝƪƥƢƩ Ƭƫ Good-Turing 

(GT5) ƥ Kneser-Ney (KN5)[21].(GT5) ƥ Kneser-Ney (KN5)[21]

ǔ ǶǥǨǮǫǺǨǰǫǨǯ ǳǣǪǯǨǳǱǥ ǭǱǳǲǶǴǣ ǲǨǳǲǮǨǭǴǫȂ ǴǵǣǵǫǴǵǫǺǨǴǭǫǸ ǫ ǰǨǬǳǱǴǨǵǨ-
ǥǾǸ ǢǏ, ǭǣǭ ǴǮǨǧǶǨǵ ǫǪ ǴǮǨǧǶȁǼǨǬ ǵǣǤǮ. 4, ǶǤǾǥǣǨǵ.

ƏƝƞƨƥƳƝ 4

ƄƝƟƥƮƥƩƫƮƯƹ ƬƢƭƬƨƢƧƮƥƥ ƫƯ ƧƫƨƥƴƢƮƯƟƝ ƫƞưƴƝƻƶƥƲ ơƝƪƪƸƲ [22]

ǇǮȂ ǶǮǶǺǻǨǰǫȂ ǭǣǺǨǴǵǥǣ ǰǨǬǳǱǴǨǵǨǥǱǬ ǯǱǧǨǮǫ ǲǳǫ ǰǣǮǫǺǫǫ ǰǨǤǱǮǿǻǫǸ 
ǧǣǰǰǾǸ ǥ [22] ǳǣǴǴǯǣǵǳǫǥǣǮǱǴǿ ǫǴǲǱǮǿǪǱǥǣǰǫǨ ǧǱǲǱǮǰǫǵǨǮǿǰǾǸ ǲǳǫ-
ǪǰǣǭǱǥ, ǥǨǭǵǱǳǣ ǵǨǭǶǼǨǬ ǵǨǯǣǵǫǭǫ. ǐǣ ǭǱǳǲǶǴǨ ǧǣǰǰǾǸ (ǶǩǨ ǶǲǱǯǫǰǣǥ-
ǻǨǨǴȂ ǲǱǧǯǰǱǩǨǴǵǥǱ WSJ) ǳǨǭǶǳǳǨǰǵǰǾǨ ǯǱǧǨǮǫ Ǵ ǧǱǲǱǮǰǫǵǨǮǿǰǾǯ 
ǵǨǯǣǵǫǺǨǴǭǫǯ ǥǨǭǵǱǳǱǯ ǲǳǫǪǰǣǭǱǥ ǱǭǣǪǣǮǫǴǿ ǲǱǺǵǫ ǰǣ 20% (ǱǵǰǱǴǫ-
ǵǨǮǿǰǱǦǱ ǪǰǣǺǨǰǫȂ) ǮǶǺǻǨ ǴǵǣǵǫǴǵǫǺǨǴǭǱǬ ǯǱǧǨǮǫ KN5.

ƏƝƞƨƥƳƝ 5 

ƄƝƟƥƮƥƩƫƮƯƹ ƬƢƭƬƨƢƧƮƥƥ ƫƯ ƯƥƬƝ ƜƉ ƪƝ ƪƢƞƫƨƹƵƫƩ ƧƫƭƬưƮƢ ơƝƪƪƸƲ [22]

ǐǨǴǯǱǵǳȂ ǰǣ ǳǣǪǳǣǤǱǵǭǶ ǴǶǼǨǴǵǥǨǰǰǱ ǯǨǰǨǨ ǺǶǥǴǵǥǫǵǨǮǿǰǾǸ ǭ ȀǷǷǨǭǵǣǯ 
ǪǣǵǶǸǣǰǫȂ ǦǳǣǧǫǨǰǵǱǥ ǯǱǧǨǮǨǬ ǳǨǭǶǳǳǨǰǵǰǾǸ ǴǨǵǨǬ ǰǣ ǱǴǰǱǥǨ ǴǮǱǩǰǾǸ 
ǭǮǨǵǱǭ LSTM [15] ǫ GRU, ǲǳǱǴǵǾǨ ǳǨǭǶǳǳǨǰǵǰǾǨ ǴǨǵǫ ǧǱ ǴǫǸ ǲǱǳ ǣǭǵǫǥǰǱ 
ǫǴǲǱǮǿǪǶȁǵǴȂ ǥ ȂǪǾǭǱǥǱǯ ǯǱǧǨǮǫǳǱǥǣǰǫǫ, ǲǳǫǺёǯ ǲǱǭǣǪǾǥǣȁǵ 
ǲǨǳǨǧǱǥǾǨ ǳǨǪǶǮǿǵǣǵǾ, ǥ ǵǱǯ ǺǫǴǮǨ ǰǣ ǪǣǧǣǺǣǸ Ǵ ǤǱǮǿǻǫǯǫ ǱǤǽёǯǣǯǫ 
ǵǨǭǴǵǱǥ. 

ǅ [16] ǧǮȂ ǭǱǳǲǶǴǣ ǏǫǮǮǫǣǳǧ ǴǮǱǥ [5] (ǴǱ ǴǮǱǥǣǳёǯ ǥ 1 ǯǮǰ ǴǮǱǥ ) ǲǳǫǥǨǧǨǰǾ 
ǴǳǣǥǰǫǵǨǮǿǰǾǨ ǪǰǣǺǨǰǫȂ ǲǨǳǲǮǨǭǴǫǫ ǧǮȂ ǳǨǭǶǳǳǨǰǵǰǱǬ ǢǏ ǰǣ ǭǮǨǵǭǣǸ 
LSTM ǫ ǴǶǼǨǴǵǥǨǰǰǱ ǤǱǮǨǨ ǥǾǺǫǴǮǫǵǨǮǿǰǱ ȀǷǷǨǭǵǫǥǰǱǬ ǲǳǱǴǵǱǬ 
ǳǨǭǶǳǳǨǰǵǰǱǬ ǴǨǵǫ, ǭǱǵǱǳǣȂ ǫǴǲǱǮǿǪǱǥǣǮǣ ǶǲǳǱǼёǰǰǱǨ ǥǾǺǫǴǮǨǰǫǨ 
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ǷǶǰǭǹǫǫ ǴǱǷǵǯǣǭǴ. ǒǳǫ ǱǵǰǱǴǫǵǨǮǿǰǱ ǤǱǮǿǻǨǯ ǺǫǴǮǨ ȀǮǨǯǨǰǵǱǥ (ǰǣǲǳǫǯǨǳ, 
ǥ ǴǱǱǵǰǱǻǨǰǫǫ 512 ǭ 2048) ǯǱǧǨǮǿ ǰǣ ǲǳǱǴǵǱǬ ǴǨǵǫ ǫǯǨǮǣ ǲǨǳǲǮǨǭǴǫȁ ǰǫǩǨ 
(68.3 ǥǯǨǴǵǱ 68.6) ǴǨǵǫ ǰǣ ǭǮǨǵǭǣǸ LSTM. ǕǱǮǿǭǱ ǲǳǫ ǧǣǮǿǰǨǬǻǨǯ ǶǯǨǰǿǻǨǰǫǫ 
ǱǵǰǱǴǫǵǨǮǿǰǾǸ ǳǣǪǯǨǳǱǥ ǲǳǱǴǵǱǬ ǴǨǵǫ ǫǴǲǱǮǿǪǱǥǣǰǫǨ LSTM ǭǮǨǵǱǭ ǴǵǣǰǱǥǫǮǱǴǿ 
ȂǥǰǱ ǲǳǨǧǲǱǺǵǫǵǨǮǿǰǨǨ.

ǅǱǪǯǱǩǰǱǴǵǫ ǲǳǱǴǵǾǸ ǳǨǭǶǳǳǨǰǵǰǾǸ ǴǨǵǨǬ ǲǱ ǯǱǧǨǮǫǳǱǥǣǰǫȁ ǧǱǴǵǣǵǱǺǰǱ ǧǮǫǰǰǾǸ  
(ǤǱǮǨǨ 10-15 ǫǰǵǨǳǥǣǮǱǥ) ǭǱǰǵǨǭǴǵǱǥ ǱǺǨǥǫǧǰǱ ǱǦǳǣǰǫǺǨǰǾ ǫǪ-Ǫǣ ǺǫǴǮǨǰǰǾǸ 
ǱǴǱǤǨǰǰǱǴǵǨǬ ǯǨǵǱǧǣ ǱǤǶǺǨǰǫȂ. ǒǱǴǭǱǮǿǭǶ ǥǱǪǯǱǩǰǱǴǵǿ ǶǺёǵǣ ǧǮǫǰǰǾǸ ǪǣǥǫǴǫǯǱǴǵǨǬ 
ȂǥǮȂǨǵǴȂ ǱǺǨǥǫǧǰǾǯ ǲǳǨǫǯǶǼǨǴǵǥǱǯ ǳǨǭǶǳǳǨǰǵǰǾǸ ǴǨǵǨǬ, ǴǱǥǳǨǯǨǰǰǾǨ 
ǳǨǭǶǳǳǨǰǵǰǾǨ ǯǱǧǨǮǫ ȂǪǾǭǣ ǺǣǼǨ ǫǴǲǱǮǿǪǶȁǵ ǴǮǱǫ ǫǪ ǭǮǨǵǱǭ LSTM [15] ǫ GRU 
(ǶǲǳǱǼёǰǰǣȂ ǥǨǳǴǫȂ LSTM, ǭǱǵǱǳǾǨ ǧǣȁǵ ǪǣǯǨǵǰǾǬ ǲǳǫǳǱǴǵ ǥ ȀǷǷǨǭǵǫǥǰǱǴǵǫ). 
ǅ ǳǣǤǱǵǨ [14] ǰǣ ǭǱǳǲǶǴǨ ǏǫǮǮǫǣǳǧ ǴǮǱǥ [5] ǱǧǰǱǴǮǱǬǰǾǨ ǫ ǧǥǶǴǮǱǬǰǾǨ ǳǨǭǶǳǳǨǰǵǰǾǨ 
ǴǨǵǫ ǰǣ LSTM ǭǮǨǵǭǣǸ ǱǤǨǴǲǨǺǫǮǫ ǴǰǫǩǨǰǫǨ ǲǨǳǲǮǨǭǴǫǫ ǰǣ 35 ǫ 41% ǴǱǱǵǥǨǵǴǵǥǨǰǰǱ 
ǲǱ ǴǳǣǥǰǨǰǫȁ Ǵ ǳǨǪǶǮǿǵǣǵǣǯǫ, ǲǱǮǶǺǨǰǰǾǯǫ ǰǣ ǯǱǧǨǮǫ KN5. 

ǒǱǯǫǯǱ ǯǰǱǦǱǴǮǱǬǰǱǴǵǫ ǰǣ ǭǣǺǨǴǵǥǱ ǳǨǭǶǳǳǨǰǵǰǾǸ ȂǪǾǭǱǥǾǸ ǯǱǧǨǮǨǬ ǥǮǫȂǨǵ 
ǥǱǪǯǱǩǰǱǴǵǿ ǧǥǶǰǣǲǳǣǥǮǨǰǰǱǬ ǳǨǣǮǫǪǣǹǫǫ. ǅ ȀǵǱǯ ǴǮǶǺǣǨ ǣǭǵǫǥǣǹǫǫ ǴǭǳǾǵǱǦǱ 
ǴǨǵǫ ǴǮǱȂ ǲǱǮǶǺǣȁǵǴȂ ǱǤǽǨǧǫǰǨǰǫǨǯ ǣǭǵǫǥǣǹǫǬ ǧǥǶǸ ǴǭǳǾǵǾǸ ǴǮǱǨǥ, ǭǱǵǱǳǾǨ 
ǴǱǱǵǥǨǵǴǵǥǶȁǵ ǳǨǭǶǳǳǨǰǵǰǱǬ ǱǤǳǣǤǱǵǭǨ ǴǫǦǰǣǮǣ ǥ ǲǳȂǯǱǯ ǫ ǱǤǳǣǵǰǱǯ ǰǣǲǳǣǥǮǨǰǫȂǸ. 
ǅ ǳǨǩǫǯǨ ǳǣǤǱǵǾ ǥ ǳǨǣǮǿǰǱǯ ǥǳǨǯǨǰǫ ǵǣǭǣȂ ǱǤǳǣǤǱǵǭǣ ǰǨǳǨǣǮǫǪǶǨǯǣ, 
ǲǱȀǵǱǯǶ ǵǣǭǫǨ ǯǱǧǨǮǫ ǱǳǫǨǰǵǫǳǱǥǣǰǾ ǮǫǤǱ ǰǣ ǪǣǧǣǺǫ ǱǤǳǣǤǱǵǭǫ ǵǨǭǴǵǱǥ, ǮǫǤǱ 
ǰǣ ǳǣǴǲǱǪǰǣǥǣǰǫǨ ǳǨǺǫ Ǵ ǦǣǳǣǰǵǫǳǱǥǣǰǰǱǬ ǪǣǧǨǳǩǭǱǬ. ǊǣǯǨǰǣ ǧǥǶǰǣǲǳǣǥǮǨǰǰǾǸ 
ǴǮǱǨǥ ǰǣ ǱǧǰǱǴǵǱǳǱǰǰǫǨ ǴǱǲǳǱǥǱǩǧǣǨǵǴȂ ǪǣǯǨǵǰǱǬ ǲǱǵǨǳǨǬ ǭǣǺǨǴǵǥǣ ǯǱǧǨǮǫ.

2.4. ƉƫơƢƨƥ ƼƤƸƧƝ ƪƝ ƫƮƪƫƟƢ ƧƫơƢƭƫƟ-ơƢƧƫơƢƭƫƟ Ʈ ƟƪƥƩƝƪƥƢƩ ƥ ƯƭƝƪƮƱƫƭƩƢƭƫƟ

ǑǺǨǥǫǧǰǾǯ ǰǣǲǳǣǥǮǨǰǫǨǯ ǧǣǮǿǰǨǬǻǨǦǱ ǳǱǴǵǣ ǭǣǺǨǴǵǥǣ ǰǨǬǳǱǴǨǵǨǥǾǸ ǯǱǧǨǮǨǬ ȂǪǾǭǣ 
ȂǥǮȂǨǵǴȂ ǫǴǲǱǮǿǪǱǥǣǰǫǨ ǯǰǱǦǱǴǮǱǬǰǾǸ ǣǳǸǫǵǨǭǵǶǳ. ǕǣǭǫǨ ȂǪǾǭǱǥǾǨ ǯǱǧǨǮǫ 
ǫǴǲǱǮǿǪǶȁǵǴȂ ǥ ǲǱǴǮǨǧǰǨǨ ǥǳǨǯȂ ǲǳǫ ǳǣǪǳǣǤǱǵǭǨ ǴǭǥǱǪǰǾǸ (—n–-to-—n–) ǴǫǴǵǨǯ 
ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǳǨǺǫ, ǥ ǭǱǵǱǳǾǸ ǥǴȂ ǴǫǴǵǨǯǣ ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǳǨǺǫ ǳǨǣǮǫǪǱǥǣǰǣ ǭǣǭ 
Ǳǧǰǣ ǯǰǱǦǱǴǮǱǬǰǣȂ ǰǨǬǳǱǴǨǵǿ.

ǅ ǴǭǥǱǪǰǾǸ ǴǫǴǵǨǯǣǸ ǰǨǵ ǥǾǧǨǮǨǰǰǾǸ ǯǱǧǶǮǨǬ ǧǮȂ ǳǨǣǮǫǪǣǹǫǫ ǣǭǶǴǵǫǺǨǴǭǱǦǱ, 
ǲǳǱǫǪǰǱǴǫǵǨǮǿǰǱǦǱ ǫ ȂǪǾǭǱǥǱǦǱ ǯǱǧǨǮǫǳǱǥǣǰǫȂ, ǵǣǭ ǭǣǭ ȀǵǱ ǧǨǮǣǨǵǴȂ 
ǥ GMM-HMM ǫǮǫ DNN-HMM ǴǫǴǵǨǯǣǸ ǳǣǴǲǱǪǰǣǥǣǰǫȂ. ǔ ȀǵǱǬ ǵǱǺǭǫ ǪǳǨǰǫȂ 
ǴǵǳǶǭǵǶǳǣ GMM-HMM ǫǮǫ ǦǫǤǳǫǧǰǾǸ DNN-HMM ǥǾǦǮȂǧǫǵ ǤǱǮǨǨ ǦǫǤǭǱǬ, 
ǲǱǴǭǱǮǿǭǶ ǳǣǪǰǾǨ ǶǳǱǥǰǫ ǱǤǳǣǤǱǵǭǫ ǳǨǺǫ: ǣǭǶǴǵǫǺǨǴǭǫǬ, ǲǳǱǫǪǰǱǴǫǵǨǮǿǰǾǬ, 
ǮǨǭǴǫǺǨǴǭǫǬ ǫ ȂǪǾǭǱǥǱǬ ǱǤǱǴǱǤǮǨǰǾ ǫ ǲǳǨǧǴǵǣǥǮȂȁǵǴȂ ǥ ǥǫǧǨ ǭǱǰǨǺǰǾǸ 
ǲǳǨǱǤǳǣǪǱǥǣǵǨǮǨǬ (ǫǯǨǰǶǨǯǾǸ H,C,L,G Ɉ ǲǳǨǱǤǳǣǪǱǥǣǵǨǮȂǯǫ). ǅǨǴǿ ǲǳǱǹǨǴǴ 
ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǳǨǺǫ ǲǳǨǧǴǵǣǥǮȂǨǵǴȂ ǭǣǭ ǭǱǯǲǱǪǫǹǫȂ ȀǵǫǸ ǲǳǨǱǤǳǣǪǱǥǣǵǨǮǨǬ, 
ǲǳǨǱǤǳǣǪǱǥǣǵǨǮǿ HCLG. ǅ ǴǭǥǱǪǰǱǬ ǣǳǸǫǵǨǭǵǶǳǨ ǲǳǱǹǨǴǴ ǱǤǳǣǤǱǵǭǫ ǳǨǺǫ 
ǱǴǶǼǨǴǵǥǮȂǨǵǴȂ ǥ ǱǧǰǱǬ ǰǨǬǳǱǴǨǵǫ, ǤǱǮǨǨ ǵǱǦǱ, ǲǳǨǧǴǵǣǥǮǨǰǫǨ ǰǨǬǳǱǴǨǵǨǥǱǬ 
ȂǪǾǭǱǥǱǬ ǯǱǧǨǮǫ ǥ ǷǱǳǯǨ ǭǱǰǨǺǰǱǦǱ ǲǳǨǱǤǳǣǪǱǥǣǵǨǮȂ ǥ ǱǤǼǨǯ ǴǮǶǺǣǨ  
ǪǣǵǳǶǧǰǫǵǨǮǿǰǱ.

ǢǪǾǭǱǥǣȂ ǯǱǧǨǮǿ ǥ ǵǳǣǧǫǹǫǱǰǰǱǬ, n-ǦǳǣǯǯǰǱǬ ǷǱǳǯǨ ǥǾǺǫǴǮȂǨǵ ǶǴǮǱǥǰǾǨ 
ǥǨǳǱȂǵǰǱǴǵǫ ǲǱȂǥǮǨǰǫȂ ǴǮǱǥ wБ ǥ ǥǫǧǨ P(WБ│W{Б- А+ͷ} ,..., W{Б- ͷ} ). ǓǨǭǶǳǳǨǰǵ-
ǰǣȂ ȂǪǾǭǱǥǣȂ ǯǱǧǨǮǿ ǥǾǺǫǴǮȂǨǵ ǥǨǳǱȂǵǰǱǴǵǫ ǴǮǱǥ ǥ ǷǱǳǯǨ P(wБ│w{Б-ͷ} ,CБ ), 
ǦǧǨ ǭǱǰǵǨǭǴǵ CБ Ɉ ȀǵǱ ǰǣǤǱǳ ǪǰǣǺǨǰǫǬ ǣǭǵǫǥǣǹǫǬ ȀǮǨǯǨǰǵǱǥ ǴǭǳǾǵǱǦǱ ǴǮǱȂ ǴǨǵǫ:  
CБ = C(wͷ,w

2
,…,w{Б-ͷ}). 
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ǅ ǴǭǥǱǪǰǾǸ ǯǨǵǱǧǣǸ ǥǨǳǱȂǵǰǱǴǵǫ ǲǱȂǥǮǨǰǫȂ ǴǫǯǥǱǮǱǥ ǥǾǺǫǴǮȂȁǵǴȂ ǥ ǷǱǳǯǨ 
P(cn|c{n-1}, C(x1,…xN ) (ǯǱǧǨǮǿ ǭǱǧǨǳǣ-ǧǨǭǱǧǨǳǣ) ǫǮǫ P�cБ│C(xͷ,…,xN;c{Б-ͷ})� 

(ǯǱǧǨǮǿ ǕǳǣǰǴǷǱǳǯǨǳǣ), ǦǧǨ ǭǱǰǵǨǭǴǵ C() ǥǾǺǫǴǮȂǨǵǴȂ ǰǨǬǳǱǴǨǵǿȁ 
ǰǨǲǱǴǳǨǧǴǵǥǨǰǰǱ ǫǪ ǣǭǶǴǵǫǺǨǴǭǫǸ ǲǣǳǣǯǨǵǳǱǥ ǫ ǲǳǨǧǾǧǶǼǨǦǱ 
ǥǾǸǱǧǰǱǦǱ ǴǫǯǥǱǮǣ. ǅ ǭǣǺǨǴǵǥǨ Ǩǧǫǰǫǹ ǧǮȂ ȂǪǾǭǱǥǱǦǱ ǯǱǧǨǮǫǳǱǥǣǰǫȂ 
ǱǤǾǺǰǱ ǥǾǤǫǳǣȁǵ ǰǨ ǴǮǱǥǣ, ǣ ǫǸ ǭǶǴǱǺǭǫ (ǯǱǳǷǾ) ǫǮǫ ǤǶǭǥǾ.

ǏǱǧǨǮǿ ǭǱǧǨǳǣ-ǧǨǭǱǧǨǳǣ Ǵ ǥǰǫǯǣǰǫǨǯ (—nco–—r-–—co–—r wit’ att—ntion) ǫǪ-
ǰǣǺǣǮǿǰǱ ǤǾǮǣ ǲǳǨǧǮǱǩǨǰǣ [8] ǧǮȂ ǳǨǻǨǰǫȂ ǪǣǧǣǺǫ ǣǥǵǱǯǣǵǫǺǨǴǭǱ-
ǦǱ ǲǨǳǨǥǱǧǣ ǵǨǭǴǵǱǥ. ǔǸǨǯǣǵǫǺǨǴǭǫ ǣǳǸǫǵǨǭǵǶǳǣ ǰǣ ǲǳǫǯǨǳǨ ǴǫǴǵǨǯǾ 
LAS (list—n, att—n– an– sp—ll) [4] ǲǳǨǧǴǵǣǥǮǨǰǣ ǰǣ ǴǮǨǧǶȁǼǨǯ ǳǫǴ. 3 
\r—f{i‘:—nco–—r-–—co–—r} ǠǵǱ ǦǮǶǤǱǭǣȂ ǳǨǭǶǳǳǨǰǵǰǣȂ ǴǨǵǿ ǴǱ ǴǮǱȂǯǫ, 
ǭǱǵǱǳǾǸ ǥǾǧǨǮǨǰǾ ǵǳǫ ǭǱǯǲǱǰǨǰǵǾ, ǱǵǧǨǮǿǰǾǨ ǯǱǧǨǮǫ: ǭǱǧǨǳ, ǥǰǫǯǣ-
ǰǫǨ ǫ ǧǨǭǱǧǨǳ.

ʟˋ˔.͹. ʛˑˇˈˎ˟ ˍˑˇˈ˓˃-ˇˈˍˑˇˈ˓˃ c ˅ːˋˏ˃ːˋˈˏ.

ǅǸǱǧǱǯ ǴǨǵǫ ȂǥǮȂǨǵǴȂ ǲǱǴǮǨǧǱǥǣǵǨǮǿǰǱǴǵǿ ǭǳǣǵǭǱǥǳǨǯǨǰǰǾǸ ǲǣǳǣǯǨǵǳǱǥ 
ǳǨǺǨǥǱǦǱ ǴǫǦǰǣǮǣ xͷ,…,xN, ǥǾǸǱǧǱǯ Ɉ ǰǣǫǤǱǮǨǨ ǥǨǳǱȂǵǰǣȂ ǲǱǴǮǨ-
ǧǱǥǣǵǨǮǿǰǱǴǵǿ ǴǫǯǥǱǮǱǥ yͷ,…,М

S

  (12)

ǅǨǳǱȂǵǰǱǴǵǿ (12) (\r—f{—q:—nc–—c1}) ǥǾǺǫǴǮȂǨǵǴȂ ǲǶǵёǯ ǣǲǲǳǱǭǴǫǯǣǹǫǫ \
quot—s{ǹǨǲǰǱǦǱ} ǲǳǣǥǫǮǣ:

  (13)
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ǍǱǧǨǳ, ǥǾǲǱǮǰǨǰǰǾǬ ǥ ǥǫǧǨ ǯǰǱǦǱǴǮǱǬǰǱǬ ǳǨǭǶǳǳǨǰǵǰǱǬ ǵǳǣǲǨǹǫǥǫǧǰǱǬ ǴǨǵǫ (ǳǣǪǯǨǳ 
ǴǮǱёǥ ǶǯǨǰǿǻǣǨǵǴȂ ǥ 2 ǳǣǪǣ Ǵ ǭǣǩǧǾǯ ǴǮǱǨǯ), ǲǳǨǱǤǳǣǪǶǨǵ ǴǱ ǴǩǣǵǫǨǯ ǥǸǱǧǰǾǨ 
ǲǣǳǣǯǨǵǳǾ x ǥ ǲǱǴǮǨǧǱǥǣǵǨǮǿǰǱǴǵǿ ǲǳǱǫǪǥǱǧǰǾǸ (ǥǾǴǱǭǱǶǳǱǥǰǨǥǾǸ) ǲǳǫǪǰǣǭǱǥ 
hͷ,h

2
,…,hN,N≪T:

  (14)

LAS ǫǴǲǱǮǿǪǶǨǵ ǧǥǶǰǣǲǳǣǥǮǨǰǰǾǨ ǭǮǨǵǭǫ LSTM ǵǣǭ, ǰǣǲǳǫǯǨǳ, ǣǭǵǫǥǣǹǫǫ ȀǮǨǯǨǰǵǱǥ 
ǲǨǳǥǱǦǱ ǴǭǳǾǵǱǦǱ ǴǮǱȂ ǥǾǺǫǴǮȂȁǵǴȂ ǭǣǭ:

  00

ǦǧǨ h ht t, Ɉ ǣǭǵǫǥǣǹǫǫ ǴǭǳǾǵǱǦǱ ǴǮǱȂ ǥ ǲǳȂǯǱǯ ǫ ǱǤǳǣǵǰǱǯ ǰǣǲǳǣǥǮǨǰǫǫ,  ht ǳǨǪǶǮǿǵǫ-
ǳǶȁǼǫǬ ǥǨǭǵǱǳ ǣǭǵǫǥǣǹǫǬ.

ǇǨǭǱǧǨǳ ǥǾǺǫǴǮȂǨǵ ǳǨǻǨǰǫǨ ǥ ǥǫǧǨ ǥǨǭǵǱǳǣ ǳǣǴǲǳǨǧǨǮǨǰǫȂ ǥǨǳǱȂǵǰǱǴǵǨǬ ǥǾǸǱǧǰǾǸ 
ǴǫǯǥǱǮǱǥ, ǭǱǵǱǳǱǨ ǫǼǨǵǴȂ ǥ ǥǫǧǨ:

  (15)

ǇǮȂ ǱǲǳǨǧǨǮǨǰǫȂ ǰǣǫǤǱǮǨǨ ǥǨǳǱȂǵǰǱǬ ǲǱǴǮǨǧǱǥǣǵǨǮǿǰǱǴǵǫ ǥǾǸǱǧǰǾǸ ǴǫǯǥǱǮǱǥ ǫǴ-
ǲǱǮǿǪǶǨǵǴȂ ǣǮǦǱǳǫǵǯ ǮǶǺǨǥǱǦǱ (b—am s—arc’) ǲǱǫǴǭǣ.

  (16)

ǏǱǧǨǮǿ ǥǰǫǯǣǰǫȂ ǱǲǳǨǧǨǮȂǨǵǴȂ ǴǱǱǵǰǱǻǨǰǫȂǯǫ:

  

(17-19)

ǦǧǨ a Ɉ ǲǳǨǱǤǳǣǪǱǥǣǰǫǨ, ǥǾǲǱǮǰȂǨǯǱǨ ǱǧǰǱǴǮǱǬǰǱǬ ǲǱǮǰǱǴǥȂǪǰǱǬ ǴǨǵǿȁ.

ǍǣǺǨǴǵǥǱ ȂǪǾǭǱǥǱǬ ǯǱǧǨǮǫ LAS Ǵǳǣǥǰǫǵǿ Ǵ ǤǱǮǨǨ ǵǳǣǧǫǹǫǱǰǰǾǯǫ ǰǨǬǳǱǴǨǵǨǥǾǯǫ ǫǮǫ 
ǴǵǣǵǫǴǵǫǺǨǴǭǫǯǫ ǯǱǧǨǮȂǯǫ ǲǱ ǲǱǭǣǪǣǵǨǮȁ ȀǰǵǳǱǲǫǫ ǫǮǫ ǲǨǳǲǮǨǭǴǫǫ ǧǱǥǱǮǿǰǱ 
ǴǮǱǩǰǱ, ǲǱǴǭǱǮǿǭǶ Ǳǰǣ ǫǰǵǨǦǳǫǳǱǥǣǰǣ Ǵ ǴǨǵǿȁ ǫ, ǭǳǱǯǨ ȀǵǱǦǱ, Ǩǧǫǰǫǹǣǯǫ ǯǱǧǨ-
ǮǫǳǱǥǣǰǫȂ ǵǶǵ ȂǥǮȂȁǵǴȂ ǰǨ ǴǮǱǥǣ, ǣ ǺǣǴǵǫ ǴǮǱǥ: ǤǶǭǥǾ ǮǫǤǱ ǯǱǳǷǾ. ǒǱǭǣǪǣǵǨ-
Ǯǫ ǲǨǳǲǮǨǭǴǫǫ ǧǮȂ ǵǣǭǫǸ Ǩǧǫǰǫǹ ǤǶǧǶǵ ǰǨǴǱǲǱǴǵǣǥǫǯǾ Ǵ ǲǱǭǣǪǣǵǨǮȂǯǫ, ǭǱǵǱǳǾǨ 
ǲǱǮǶǺǨǰǾ ǧǮȂ ǴǮǱǥǰǾǸ ǢǏ. ǇǣǮǨǨ, ǳǣǪǯǨǳ ǱǤǶǺǣȁǼǨǦǱ ǵǨǭǴǵǱǥǱǦǱ ǯǣǵǨǳǫǣǮǣ 
ǥ ǴǭǥǱǪǰǾǸ ǯǱǧǨǮȂǸ ǥǨǴǿǯǣ ǱǦǳǣǰǫǺǨǰ ǲǱ ǴǳǣǥǰǨǰǫȁ Ǵ ǰǨǴǭǥǱǪǰǾǯǫ ǯǱǧǨǮȂǯǫ. 
Ǖǣǭ ǭǣǭ ǥǴȂ ǴǨǵǿ ǱǤǶǺǣǨǵǴȂ ǴǳǣǪǶ ǫ ǥǯǨǴǵǨ, Ǳǧǫǰ ǫ ǵǱǵ ǩǨ ǳǨǺǨǥǱǬ ǯǣǵǨǳǫǣǮ ǫǴǲǱǮǿ-
ǪǶǨǵǴȂ ǱǧǰǱǥǳǨǯǨǰǰǱ ǧǮȂ ǱǹǨǰǭǫ ǲǣǳǣǯǨǵǳǱǥ ǣǭǶǴǵǫǺǨǴǭǫǸ, ǲǳǱǫǪǰǱǴǫǵǨǮǿǰǾǸ 
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ǫ ȂǪǾǭǱǥǾǸ ǯǱǧǨǮǨǬ. ǓǣǪǯǨǳǾ ǧǣǩǨ ǤǱǮǿǻǫǸ ǣǭǶǴǵǫǺǨǴǭǫǸ ǱǤǶǺǣȁ-
ǼǫǸ ǭǱǳǲǶǴǱǥ Ǵ ǵǱǺǭǫ ǪǳǨǰǫȂ ǵǨǭǴǵǱǥǱǦǱ ǲǱǭǳǾǵǫȂ ǪǣǯǨǵǰǱ ǯǨǰǿǻǨ 
ǴǱǥǳǨǯǨǰǰǾǸ ǵǨǭǴǵǱǥǾǸ ǭǱǳǲǶǴǱǥ ǧǮȂ ǱǹǨǰǭǫ ǲǣǳǣǯǨǵǳǱǥ ȂǪǾǭǱǥǾǸ 
ǯǱǧǨǮǨǬ. ǅǴё ȀǵǱ ǱǵǳǣǩǣǨǵǴȂ ǰǣ ǭǣǺǨǴǵǥǨ ǥǴǵǳǱǨǰǰǱǬ ȂǪǾǭǱǥǱǬ ǯǱ-
ǧǨǮǫ ǫ ǺǣǴǵǱ ǪǣǴǵǣǥǮȂǨǵ ǫǴǲǱǮǿǪǱǥǣǵǿ ǥ ǲǳǣǭǵǫǺǨǴǭǫǸ ǳǨǻǨǰǫȂǸ ǧǱ-
ǲǱǮǰǫǵǨǮǿǰǱ ǭ ǰǨǬ ǥǰǨǻǰȁȁ ǴǵǣǵǫǴǵǫǺǨǴǭǶȁ n-ǦǳǣǯǯǰǶȁ ȂǪǾǭǱǥǶȁ  
ǯǱǧǨǮǿ.

ǅ ȀǭǴǲǨǳǫǯǨǰǵǨ [4] ǰǣ ǭǱǳǲǶǴǨ ǳǣǪǯǨǳǱǯ ǥ 2 ǵǾǴȂǺǫ ǺǣǴǱǥ ǪǥǶǭǣ ǫǴǲǱǮǿǪǱ-
ǥǣǰǫǨ ǯǱǧǨǮǫ LAS Ǵ ǵǳǨǯȂ ǴǮǱȂǯǫ ǥ ǭǱǧǨǳǨ (512 ȀǮǨǯǨǰǵǱǥ ǰǣ ǴǮǱǬ) 
ǱǤǨǴǲǨǺǫǮǱ ǶǳǱǥǨǰǿ ǲǱǴǮǱǥǰǱǬ ǱǻǫǤǭǫ ǳǣǴǲǱǪǰǣǥǣǰǫȂ, ǺǵǱ ǪǣǯǨǵǰǱ 
ǸǶǩǨ, ǺǨǯ ǲǳǱǧǶǭǹǫǱǰǰǣȂ DNN-HMM ǴǫǴǵǨǯǣ ǳǣǴǲǱǪǰǣǥǣǰǫȂ Goo‘l— 
(ǲǳǫǯǨǳǰǱ 2.5% ǣǤǴǱǮȁǵǰǱǬ ǳǣǪǰǫǹǾ ǫǮǫ 28.7% ǱǵǰǱǴǫǵǨǮǿǰǱǬ). ǒǳǫ 
ȀǵǱǯ ǨǴǮǫ ǳǣǴǲǱǪǰǣǥǣǰǫǨ ǱǴǶǼǨǴǵǥǮȂǮǱǴǿ Ǵ ǲǨǳǨǴǺёǵǱǯ ǥǨǳǱȂǵǰǱǴǵǨǬ 
ǥǨǳǻǫǰ ǦǳǣǷǣ ǴǮǱǥ Ǵ ǲǱǯǱǼǿȁ ǥǰǨǻǰǨǬ ȂǪǾǭǱǥǱǬ ǯǱǧǨǮǫ (ǭǱǵǱǳǣȂ 
ǱǤǶǺǣǮǣǴǿ ǰǣ ǱǵǧǨǮǿǰǱǯ ǭǱǳǲǶǴǨ ǵǨǭǴǵǱǥǾǸ ǧǣǰǰǾǸ), ǶǳǱǥǨǰǿ ǱǻǫǤǱǭ 
ǴǰǫǩǣǮǴȂ ǰǣ 36% ǱǵǰǱǴǫǵǨǮǿǰǱ ǳǨǩǫǯǣ Ǵ ǱǵǴǶǵǴǵǥǫǨǯ ǵǣǭǱǦǱ ǲǨǳǨ-
ǴǺёǵǣ. ǕǱ ǨǴǵǿ ǰǨǬǳǱǴǨǵǨǥǣȂ ȂǪǾǭǱǥǣȂ ǯǱǧǨǮǿ ǥ ǧǣǰǰǱǯ ǴǮǶǺǣǨ ǤǾǮǣ 
ǰǨȀǷǷǨǭǵǫǥǰǣ. ǠǵǱ ǱǤǽȂǴǰȂǨǵǴȂ, ǥǱǪǯǱǩǰǱ, ǱǺǨǰǿ ǯǣǮǾǯ ǳǣǪǯǨǳǱǯ ǱǤ-
ǶǺǣȁǼǫǸ ǵǨǭǴǵǱǥǾǸ ǧǣǰǰǾǸ: 2 ǵǾǴȂǺǫ ǺǣǴǱǥ ǪǥǶǭǣ ȀǵǱ ǲǳǫǯǨǳǰǱ ǱǭǱǮǱ 
4 ǯǫǮǮǫǱǰǣ ǴǮǱǥ.

ǖǥǨǮǫǺǨǰǫǨ ǦǮǶǤǫǰǾ ȀǵǱǬ ǴǨǵǫ [7] ǧǱ ǲȂǵǫ ǴǮǱёǥ ǭǱǧǨǳǣ ǫ ǥǵǱǳǱǦǱ ǴǮǱȂ 
ǧǨǭǱǧǨǳǣ ǫ ǳǣǪǯǨǳǣ ǱǤǶǺǣȁǼǨǦǱ ǭǱǳǲǶǴǣ (ǧǱ 12.5 ǵǾǴȂǺǫ ǺǣǴǱǥ ǫǮǫ  
15 ǯǫǮǮǫǱǰǱǥ ǷǳǣǪ) ǲǳǫǥǨǮǱ ǭ ǴǶǼǨǴǵǥǨǰǰǱǯǶ ǶǮǶǺǻǨǰǫȁ ǳǨǪǶǮǿǵǣǵǱǥ. 
ǔǫǴǵǨǯǣ ǥ ȀǵǱǯ ǴǮǶǺǣǨ ǲǱǭǣǪǣǮǣ ǪǣǯǨǵǰǱǨ ǲǳǨǥǱǴǸǱǧǴǵǥǱ ǰǣǧ DNN-
HMM ǲǳǱǧǶǭǹǫǱǰǰǱǬ ǴǫǴǵǨǯǱǬ ǳǣǴǲǱǪǰǣǥǣǰǫȂ: ǱǵǰǱǴǫǵǨǮǿǰǱǨ ǴǰǫǩǨ-
ǰǫǨ ǶǳǱǥǰȂ ǲǱǴǮǱǥǰǾǸ ǱǻǫǤǱǭ ǴǱǴǵǣǥǫǮǱ 18%. 

ǕǨǯ ǰǨ ǯǨǰǨǨ ǫ ǥ ȀǵǱǯ ǴǮǶǺǣǨ ǲǨǳǨǴǺёǵ ǥǨǳǱȂǵǰǱǴǵǨǬ ǥǨǳǻǫǰ ǦǳǣǷǣ ǴǮǱǥ 
Ǵ ǲǱǯǱǼǿȁ ǧǱǲǱǮǰǫǵǨǮǿǰǱǬ ǥǰǨǻǰǨǬ ǴǵǣǵǫǴǵǫǺǨǴǭǱǬ ǯǱǧǨǮǫ ȂǪǾǭǣ, 
ǯǱǧǨǮǫ KN5, ǲǳǫǥёǮ ǭ ǴǰǫǩǨǰǫȁ ǲǱǴǮǱǥǰǱǬ ǱǻǫǤǭǫ ǳǣǴǲǱǪǰǣǥǣǰǫȂ 
ǰǣ 3.4% ǱǵǰǱǴǫǵǨǮǿǰǱ ǯǱǧǨǮǫ ǤǨǪ ǲǨǳǨǴǺёǵǣ. 

ǠǭǴǲǨǳǫǯǨǰǵ Ǵ ǪǣǯǨǰǱǬ ǧǥǶǴǵǱǳǱǰǰǫǸ ǴǨǵǨǬ ǰǣ ǱǧǰǱǴǵǱǳǱǰǰǫǨ ǲǳǫǥǱǧǫǵ 
ǭ ǪǣǯǨǵǰǱǯǶ ǴǰǫǩǨǰǫȁ ǵǱǺǰǱǴǵǫ: ǶǳǱǥǰȂ ǱǻǫǤǭǫ ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǳǣǴ-
ǵёǵ ǰǣ 5.6 Ɉ 21.6% ǱǵǰǱǴǫǵǨǮǿǰǱ ǫǴǸǱǧǰǱǦǱ. ǒǳǫ ȀǵǱǯ, ǲǱǴǭǱǮǿǭǶ ǧǣǩǨ 
ǥ ȀǵǱǯ ǴǮǶǺǣǨ ǧǮȂ ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǫǴǲǱǮǿǪǱǥǣǮǴȂ ǥǨǴǿ ǴǫǦǰǣǮ, ȀǵǱ ǴǭǱ-
ǳǨǨ ǰǫǩǰȂȂ Ǧǳǣǰǫǹǣ ǱǻǫǤǱǭ ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǲǳǫ ǳǣǤǱǵǨ ǥ ǳǨǩǫǯǨ ǳǨ-
ǣǮǿǰǱǦǱ ǥǳǨǯǨǰǫ.

2.5. ƉƫơƢƨƥ ƼƤƸƧƝ ƪƝ ƫƮƪƫƟƢ ƯƭƝƪƮƱƫƭƩƢƭƫƟ

ǑǴǰǱǥǰǱǬ ǰǨǧǱǴǵǣǵǱǭ ǳǨǭǶǳǳǨǰǵǰǾǸ ǴǨǵǨǬ: ǰǨǥǱǪǯǱǩǰǱǴǵǿ ǳǣǴǲǣǳǣǮǮǨǮǫ-
ǥǣǰǫȂ ǥǾǺǫǴǮǨǰǫǬ ǫ ǥǾǵǨǭǣȁǼǫǬ ǱǵǴȁǧǣ ǤǱǮǿǻǱǬ ǱǤǽǨǯ ǥǾǺǫǴǮǨǰǫǬ 
ǧǨǮǣȁǵ ǲǨǳǴǲǨǭǵǫǥǰǾǯǫ ǳǣǪǳǣǤǱǵǭǶ ǣǰǣǮǱǦǱǥ ǯǱǧǨǮǫ ǭǱǧǨǳǣ-ǧǨǭǱǧǨ-
ǳǣ Ǵ ǥǰǫǯǣǰǫǨǯ ǰǣ ǱǴǰǱǥǨ ǴǥёǳǵǱǺǰǾǸ ǫǮǫ ǧǳǶǦǫǸ ǥǣǳǫǣǰǵǱǥ ǰǣǲǳǣǥ-
ǮǨǰǰǾǸ ǴǨǵǨǬ. ǒǳǫǯǨǳǱǯ ȂǥǮȂǨǵǴȂ ǯǱǧǨǮǿ ǕǳǣǰǴǷǱǳǯǨǳǣ [28], ǳǫǴ. 4, 
ǭǱǵǱǳǣȂ ǥ ǱǵǮǫǺǫǨ Ǳǵ ǯǱǧǨǮǫ ǭǱǧǨǳǣ-ǧǨǭǱǧǨǳǣ Ǵ ǥǰǫǯǣǰǫǨǯ ǥǯǨǴǵǱ ǳǨ-
ǭǶǳǳǨǰǵǰǾǸ ǴǮǱёǥ ǫǴǲǱǮǿǪǶȁǵ ǴǥёǳǵǱǺǰǾǨ ǴǮǱǫ ǥǰǫǯǣǰǫȂ, ǴǣǯǱǥǰǫǯǣ-
ǰǫȂ ǫ ǲǱǵǱǺǨǺǰǾǨ ǲǱǮǰǱǴǥȂǪǰǾǨ ǴǮǱǫ.
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Рис. 4. Модель Трансформера: a) общая структура, b) слой кодера и c) слой декодера

Ǎǣǭ ǥǫǧǰǱ ǫǪ ǳǫǴ. 4 ǕǳǣǰǴǷǱǳǯǨǳ ǴǱǴǵǱǫǵ ǫǪ ǧǥǶǸ ǺǣǴǵǨǬ, ǭǱǧǨǳǣ ǫ ǧǨǭǱǧǨǳǣ, ǯǰǱǦǱ-
ǴǮǱǬǰǾǸ ǴǨǵǨǬ ǫǪ ǫǧǨǰǵǫǺǰǾǸ ǭǱǯǲǱǪǫǵǰǾǸ ǴǮǱёǥ. ǔǮǱǬ ǭǱǧǨǳǣ (ǳǫǴ. 4b) ǴǱǴǵǱǫǵ 
ǫǪ ǲǱǧǴǮǱȂ ǴǣǯǱǥǰǫǯǣǰǫȂ (s—lf-att—ntion) ǫ ǲǱǵǱǺǨǺǰǱǦǱ ǲǱǮǰǱǴǥȂǪǰǱǦǱ (positional-
wis— f——–-forwar–) ǲǱǧǴǮǱȂ.

ǏǱǧǨǮǿ ǴǣǯǱǥǰǫǯǣǰǫȂ, ǵǣǭ ǩǨ ǭǣǭ ǫ ǥǰǫǯǣǰǫȂ ǥ (20), ǥǾǺǫǴǮȂǨǵ ǣǭǵǫǥǣ-
ǹǫȁ ǭǣǩǧǱǦǱ ȀǮǨǯǨǰǵǣ ǥǾǸǱǧǰǱǦǱ ǴǮǱȂ ǭǣǭ ǴǳǨǧǰǨǥǪǥǨǻǨǰǰǱǨ ǪǰǣǺǨ-
ǰǫǨ ǣǭǵǫǥǣǹǫǬ ȀǮǨǯǨǰǵǱǥ ǲǳǨǧǾǧǶǼǨǦǱ. ǒǳǫ ȀǵǱǯ ǪǰǣǺǨǰǫȂ ǥǨǴǱǥ ǱǲǳǨ-
ǧǨǮȂȁǵǴȂ ǮǫǰǨǬǰǱ ǲǳǨǱǤǳǣǪǱǥǣǰǰǾǯǫ ǪǰǣǺǨǰǫȂǯǫ ǣǭǵǫǥǣǹǫǬ ȀǮǨǯǨǰǵǱǥ 
ǥǸǱǧǰǱǦǱ ǴǮǱȂ. ǏǣǵǳǫǹǾ ǵǣǭǫǸ ǮǫǰǨǬǰǾǸ ǲǳǨǱǤǳǣǪǱǥǣǰǫǬ ȂǥǮȂȁǵǴȂ ǱǤǶǺǣǨǯǾǯǫ 
ǲǣǳǣǯǨǵǳǣǯǫ ǯǱǧǨǮǫ. ǈǴǮǫ ȀǵǱ ǳǣǪǯǨǳǰǱǴǵǿ ȀǮǨǯǨǰǵǱǥ ǥǸǱǧǰǱǦǱ ǴǮǱȂ, ǣ W

k
∈R{d_k×d_i } ,  

W
q
∈R{dq×di}, W

v
∈R{dv×di} Ɉ ǲǳǱǨǭǹǫǱǰǰǾǨ ǯǣǵǳǫǹǾ (ǭǮȁǺǨǬ, ǥǱǲǳǱǴǱǥ ǫ Ǫǰǣ- 

ǺǨǰǫǬ: «k—ys, qui—ri—s, valu—s», ǴǱǱǵǥǨǵǴǵǥǨǰǰǱ), ǵǱ ǥǨǴ t-ǦǱ ȀǮǨǯǨǰǵǣ ǱǲǳǨǧǨ- 
ǮȂǨǵǴȂ ǭǣǭ:

  (20)

ǦǧǨ 
1

sqrt di
Ɉ ǰǱǳǯǫǳǶȁǼǫǬ ǯǰǱǩǫǵǨǮǿ, ǴǱǱǵǥǨǵǴǵǥǨǰǰǱ ǣǭǵǫǥǣǹǫȂ ȀǮǨǯǨǰǵǣ, yt ǥǾ-

ǺǫǴǮȂǨǵǴȂ ǭǣǭ:

  (21)

ǓǣǪǯǨǳǰǱǴǵǫ d
k
, d

q
, d

v
 ǺǣǴǵǱ ǥǾǤǫǳǣȁǵǴȂ ǳǣǥǰǾǯǫ, ǲǳǫ ȀǵǱǯ ǫǴǲǱǮǿǪǶǨǵǴȂ ǯǰǱǦǱǷǱǭǶǴ-

ǰǣȂ (multi--’—a–) ǯǱǧǨǮǿ Ǵ h «ǷǱǭǶǴǣǯǫ» ǥǰǫǯǣǰǫȂ, ǭǣǩǧǾǬ Ɉ Ǵ ǴǱǤǴǵǥǨǰǰǾǯ ǰǣǤǱ-
ǳǱǯ ǲǳǱǨǭǹǫǱǰǰǾǸ ǯǣǵǳǫǹ W

k
,W

q
,W

v
 . ǒǱǴǮǨ ǲǳǫǯǨǰǨǰǫȂ ǥǴǨǸ ǷǱǭǶǴǱǥ ǱǭǱǰǺǣǵǨǮǿ-

ǰǱǨ ǪǰǣǺǨǰǫǨ ǣǭǵǫǥǣǹǫǫ ȀǮǨǯǨǰǵǣ yt ǳǣǴǴǺǫǵǾǥǣǨǵǴȂ ǭǣǭ ǲǳǱǨǭǹǫȂ ǭǱǰǭǣǵǨǰǣǹǫǫ 
ǧǮȂ ǥǴǨǸ ǷǱǭǶǴǱǥ ǰǣ ǲǳǱǴǵǳǣǰǴǵǥǱ ǫǴǸǱǧǰǱǬ ǳǣǪǯǨǳǰǱǴǵǫ di.

ǒǱǵǱǺǨǺǰǣȂ ǴǥёǳǵǱǺǰǣȂ ǴǨǵǿ Ǵ Ǳǧǰǫǯ ǴǭǳǾǵǾǯ ǴǮǱǨǯ ǫǯǨǨǵ ȂǧǳǱ ǨǧǫǰǫǺǰǱǬ ǧǮǫǰǾ, ǵ.Ǩ. 
ǭǣǩǧǾǬ ȀǮǨǯǨǰǵ ǥǸǱǧǰǱǦǱ ǴǮǱȂ ˘t ǲǳǨǱǤǳǣǪǶǨǵǴȂ «ǥ ǴǨǤȂ», ǲǳǫ ȀǵǱǯ ǷǶǰǭǹǫȂ ǲǳǨǱ-
ǤǳǣǪǱǥǣǰǫȂ ǨǦǱ ǭǱǯǲǱǰǨǰǵ Ǳǧǰǣ ǫ ǵǣ ǩǨ ǧǮȂ ǥǴǨǸ ȀǮǨǯǨǰǵǱǥ:

  (22)

ǚǫǴǮǱ ǲǳǨǱǤǳǣǪǱǥǣǰǫǬ ǥ (23) Ɉ ǦǫǲǨǳǲǣǳǣǯǨǵǳ ǣǮǦǱǳǫǵǯǣ. ǐǣǲǳǫǯǨǳ, ǨǴǮǫ ǫǸ ǺǨǵǾǳǨ, 
ǵǱ ǲǳǫ 512-ǯǨǳǰǾǸ ǥǨǭǵǱǳǣǸ ǲǳǫǪǰǣǭǱǥ ǲǱǵǱǺǨǺǰǾǬ ǴǮǱǬ ǳǨǣǮǫǪǶǨǵ ǺǨǵǾǳǨ ǳǣǪ-
ǮǫǺǰǾǸ ǲǳǨǱǤǳǣǪǱǥǣǰǫȂ ǰǣǧ ǭǱǯǲǱǰǨǰǵǣǯǫ ǭǣǩǧǱǦǱ ǥǨǭǵǱǳǣ ǲǳǫǪǰǣǭǱǥ. 

ǅǾǸǱǧ ǥǨǳǸǰǨǦǱ ǴǮǱȂ ǭǱǧǨǳǣ ǴǱǨǧǫǰёǰ ǴǱ ǥǴǨǯǫ ǴǮǱȂǯǫ ǧǨǭǱǧǨǳǣ. 
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ǇǨǭǱǧǨǳ ǵǣǭǩǨ ǴǱǴǵǱǫǵ ǫǪ ǭǱǯǲǱǪǫǵǰǾǸ ǴǮǱёǥ (ǫǪǱǤǳǣǩёǰ ǰǣ ǳǫǴ. 4, ǭǣǩǧǾǬ 
ǥǭǮȁǺǣǨǵ ǵǳǫ ǲǱǧǴǮǱȂ: ǧǥǣ ǫǪ ǭǱǵǱǳǾǸ (ǴǣǯǱǥǰǫǯǣǰǫǨ ǫ ǲǱǮǰǱǴǥȂǪ-
ǰǾǬ) ǫǧǨǰǵǫǺǰǾ ǵǨǯ, ǺǵǱ ǥ ǭǱǧǨǳǨ. ǒǨǳǥǾǬ ǴǮǱǬ ǧǨǭǱǧǨǳǣ Ɉ ǴǣǯǱǥǰǫ-
ǯǣǰǫǨ ǧǮȂ ǴǫǯǥǱǮǱǥ, ǭǱǵǱǳǾǨ ǲǱǴǵǶǲǣȁǵ Ǵ ǥǾǸǱǧǣ ǴǨǵǫ. ǔǮǨǧǶȁǼǫǬ 
ǴǮǱǬ, ǣǰǣǮǱǦǣ ǭǱǵǱǳǱǦǱ ǰǨǵ ǥ ǭǱǧǨǳǨ, Ɉ ǲǱǧǴǮǱǬ ǥǰǫǯǣǰǫȂ ǧǮȂ ǥǸǱǧǰǾǸ 
ǲǳǫǪǰǣǭǱǥ, ǲǳǫǸǱǧȂǼǫǸ ǫǪ ǭǱǧǨǳǣ. ǠǵǱ ǱǤǾǺǰǾǬ ǴǮǱǬ ǥǰǫǯǣǰǫȂ, ǥ ǭǣ-
ǺǨǴǵǥǨ ǪǣǲǳǱǴǱǥ ǫǴǲǱǮǿǪǱǥǣǰǾ ǥǾǸǱǧǾ ǲǳǨǧǾǧǶǼǨǦǱ ǴǮǱȂ ǧǨǭǱǧǨǳǣ, 
ǣ ǭǮȁǺǣǯǫ ǫ ǪǰǣǺǨǰǫȂǯǫ ȂǥǮȂȁǵǴȂ ǥǾǸǱǧǰǾǨ ǣǭǵǫǥǣǹǫǫ ǭǱǧǨǳǣ.

ǗǶǰǭǹǫǱǰǫǳǱǥǣǰǫǨ ǵǳǣǰǴǷǱǳǯǨǳǣ ǲǳǫ ǳǣǴǲǱǪǰǣǥǣǰǫǫ ǣǰǣǮǱǦǫǺǰǱ ǷǶǰǭ-
ǹǫǱǰǫǳǱǥǣǰǫȁ ǴǨǵǫ ǭǱǧǨǳǣ-ǧǨǭǱǧǨǳǣ. ǐǣ ǥǸǱǧ ǲǱǴǵǶǲǣǨǵ ǳǨǺǨǥǱǨ ǥǾ-
ǴǭǣǪǾǥǣǰǫǨ ǥ ǥǫǧǨ ǲǱǴǮǨǧǱǥǣǵǨǮǿǰǱǴǵǫ ǥǨǭǵǱǳǱǥ ǫǪ ǲǣǳǣǯǨǵǳǱǥ. Ǡǵǣ 
ǲǱǴǮǨǧǱǥǣǵǨǮǿǰǱǴǵǿ ȂǥǮȂǨǵǴȂ ǥǸǱǧǱǯ ǭǱǧǨǳǣ, ǵǱ ǨǴǵǿ ǣǭǵǫǥǣǹǫǫ ȀǮǨ-
ǯǨǰǵǱǥ ǰǣ ǨǦǱ ǥǾǸǱǧǨ ǥǾǺǫǴǮȂȁǵǴȂ ǲǱ ǥǴǨǯǶ ǴǫǦǰǣǮǶ ǫ ǱǴǵǣȁǵǴȂ ǰǨǫǪ-
ǯǨǰǰǾǯǫ ǥ ǵǨǺǨǰǫǨ ǧǨǭǱǧǫǳǱǥǣǰǫȂ. ǇǨǭǱǧǫǳǱǥǣǰǫǨ ǱǴǶǼǨǴǵǥǮȂǨǵǴȂ 
ǲǱǴǫǯǥǱǮǿǰǱ, ǱǺǨǳǨǧǰǱǬ ǥǾǸǱǧǰǱǬ ǴǫǯǥǱǮ ǧǨǭǱǧǨǳǣ ǧǱǤǣǥǮȂǨǵǴȂ ǥ  
n-ǦǳǣǯǯǶ ǨǦǱ ǥǸǱǧǰǾǸ ǴǫǯǥǱǮǱǥ ǴǮǨǥǣ. ǅǾǸǱǧǱǯ ǧǨǭǱǧǨǳǣ ǴǮǶǩǫǵ ǰǣǤǱǳ 
ǥǨǳǱȂǵǰǱǴǵǨǬ ǧǮȂ ǥǴǨǸ ǴǮǱǥ ǫǮǫ ǴǫǯǥǱǮǱǥ. Ǒǰ ǧǱǮǩǨǰ ǤǾǵǿ ǰǣ ǭǣǩǧǱǯ 
ǻǣǦǨ ǲǨǳǨǴǺǫǵǣǰ ǧǮȂ ǱǲǳǨǧǨǮǨǰǫȂ ǰǣǫǤǱǮǨǨ ǥǨǳǱȂǵǰǱǦǱ ǴǫǯǥǱǮǣ. ǇǮȂ 
ȀǵǱǦǱ ǱǤǾǺǰǱ ǲǨǳǨǴǺǫǵǾǥǣȁǵǴȂ ǥǨǳǱȂǵǰǱǴǵǫ ǴǫǯǥǱǮǱǥ ǥ ǴǲǨǹǫǣǮǿ-
ǰǱǬ ǴǵǳǶǭǵǶǳǨ Ɉ ǳǨǻёǵǭǨ ǴǫǯǥǱǮǱǥ. ǇǮȂ ǵǣǭǱǦǱ ǲǨǳǨǴǺёǵǣ (ǭǣǭ ǫ ǥ LAS) 
ǺǣǴǵǱ ǫǴǲǱǮǿǪǶȁǵǴȂ ǥǰǨǻǰǫǨ ȂǪǾǭǱǥǾǨ ǯǱǧǨǮǫ, ǭǣǭ ǴǵǣǵǫǴǵǫǺǨǴǭǫǨ 
Б - ǦǳǣǯǯǰǾǨ, ǵǣǭ ǫ ǰǨǬǳǱǴǨǵǨǥǾǨ, ǭǣǺǨǴǵǥǱ ǭǱǵǱǳǾǸ ǴǶǼǨǴǵǥǨǰǰǱ ǥǮǫ-
ȂǨǵ ǰǣ ǵǱǺǰǱǴǵǿ ǲǱǮǶǺǣǨǯǾǸ ǳǨǪǶǮǿǵǣǵǱǥ.

ǋǴǲǱǮǿǪǱǥǣǰǫǨ ǯǱǧǨǮǫ ǴǣǯǱǥǰǫǯǣǰǫȂ ǥ ǵǳǣǰǴǷǱǳǯǨǳǨ ǲǳǫǰǱǴǫǵ ǥǾǺǫǴǮǫ-
ǵǨǮǿǰǾǨ ǲǳǨǫǯǶǼǨǴǵǥǣ ǲǱ ǴǳǣǥǰǨǰǫȁ Ǵ ǱǤǾǺǰǾǯǫ ǴǥёǳǵǱǺǰǾǯǫ ǫǮǫ 
ǳǨǭǶǳǳǨǰǵǰǾǯǫ ǥǣǳǫǣǰǵǣǯǫ ǴǮǱёǥ. ǘǱǵȂ ǭǱǮǫǺǨǴǵǥǱ ǱǲǨǳǣǹǫǬ, ǲǳǫǸǱǧȂ-
ǼǫǸǴȂ ǰǣ ǭǣǩǧǾǬ ǴǮǱǬ ǥǰǫǯǣǰǫȂ, ǯǱǩǨǵ ǤǾǵǿ ǤǱǮǿǻǨ, ǺǨǯ ǥ ǳǨǭǶǳǳǨǰǵ-
ǰǾǸ ǴǨǵȂǸ (ǥǾǺǫǴǮǫǵǨǮǿǰǣȂ ǴǮǱǩǰǱǴǵǿ ǲǳǫ ǫǴǲǱǮǿǪǱǥǣǰǫǫ ǴǣǯǱ-ǥǰǫǯǣ-
ǰǫȂ, ǳǨǭǶǳǳǨǰǵǰǱǦǱ ǫ ǴǥёǳǵǱǺǰǱǦǱ ǴǮǱǨǥ ǱǹǨǰǫǥǣǨǵǴȂ ǭǣǭ: OȋБ2dȌ,OȋБdȌ, 
OȋkБd2)[28]), ǦǧǨ Б Ɉ ǧǮǫǰǣ ǥǸǱǧǰǱǬ ǲǱǴǮǨǧǱǥǣǵǨǮǿǰǱǴǵǫ, d Ɉ ǳǣǪǯǨǳ-
ǰǱǴǵǿ ǭǣǩǧǱǦǱ ȀǮǨǯǨǰǵǣ, k Ɉ ǧǮǫǰǣ Ȃǧǳǣ ǴǥǨǳǵǭǫ), ǧǮȂ ǴǣǯǱǥǰǫǯǣǰǫȂ 
ǫ ǴǥёǳǵǱǺǰǾǸ ǴǮǱǨǥ, ǥ ǱǵǮǫǺǫǨ Ǳǵ ǳǨǭǶǳǳǨǰǵǰǾǸ, ǯǱǩǰǱ ǱǤǨǴǲǨǺǫǵǿ 
ǲǱǮǰǱǨ ǳǣǴǲǣǳǣǮǮǨǮǫǥǣǰǫǨ ǥǾǺǫǴǮǨǰǫǬ ǫ ǵǱǦǧǣ ǺǫǴǮǱ ǱǲǨǳǣǹǫǬ ǰǨ Ǫǣ-
ǥǫǴǫǵ Ǳǵ ǲǣǳǣǯǨǵǳǣ Б, ǥ ǵǱ ǥǳǨǯȂ ǭǣǭ ǧǮȂ ǳǨǭǶǳǳǨǰǵǰǱǬ ǵǣǭǱǬ ǳǨǩǫǯ 
ǥǾǺǫǴǮǨǰǫǬ ǰǨǥǱǪǯǱǩǨǰ.

ǏǱǧǨǮǿ ǵǳǣǰǴǷǱǳǯǨǳǣ ǱǤǨǴǲǨǺǫǥǣǨǵ ǥǾǴǱǭǶȁ ǵǱǺǰǱǴǵǿ ǳǣǴǲǱǪǰǣǥǣǰǫȂ: ǮǶǺ-
ǻǫǬ ǫǪ ǱǲǶǤǮǫǭǱǥǣǰǰǾǸ ǰǣ ǯǱǯǨǰǵ ǰǣǲǫǴǣǰǫȂ ȀǵǱǦǱ ǵǨǭǴǵǣ ǳǨǪǶǮǿǵǣǵ, 
ǪǣǳǨǦǫǴǵǳǫǳǱǥǣǰǰǾǬ ǰǣ ǭǱǳǲǶǴǨ LibriSp——c’ [27], ǲǳǫǰǣǧǮǨǩǣǮ ǴǭǥǱǪ-
ǰǱǬ ǴǫǴǵǨǯǨ ǳǣǴǲǱǪǰǣǥǣǰǫȂ [13], ǲǱǴǵǳǱǨǰǰǱǬ ǰǣ ǯǱǧǨǮǫ ǵǳǣǰǴǷǱǳǯǨ-
ǳǣ. ǅ ȀǵǱǯ ǴǮǶǺǣǨ, ǵǣǭ ǩǨ ǭǣǭ ǫ ǥ ǯǱǧǨǮǫ LAS, ǴǮǱǩǰǱ ǴǧǨǮǣǵǿ ǴǳǣǥǰǨ-
ǰǫǨ ǭǣǺǨǴǵǥǣ ǳǣǤǱǵǾ ȂǪǾǭǱǥǱǬ ǯǱǧǨǮǫ. 

ǃǥǵǱǰǱǯǰǱ, ǤǨǪ ǣǭǶǴǵǫǺǨǴǭǱǬ ǫ ǲǳǱǫǪǰǱǴǫǵǨǮǿǰǱǬ ǯǱǧǨǮǨǬ, ǭǣǺǨǴǵǥǱ ȂǪǾ-
ǭǱǥǱǬ ǯǱǧǨǮǫ ǕǳǣǰǴǷǱǳǯǨǳǣ ǫǴǴǮǨǧǱǥǣǰǱ ǥ ǳǣǤǱǵǨ [1]. ǇǮȂ ǧǥǶǸ, ǰǣ-
ǫǤǱǮǨǨ ǺǣǴǵǱ ǫǴǲǱǮǿǪǶǨǯǾǸ ǤǱǮǿǻǫǸ ǭǱǳǲǶǴǱǥ ǧǣǰǰǾǸ, ǏǫǮǮǫǣǳǧ 
ǴǮǱǥ [6] ǫ WikiT—xt [20] (ǭǱǵǱǳǾǬ ǴǱǴǵǱǫǵ ǫǪ ǱǵǧǨǮǿǰǾǸ ǲǳǨǧǮǱǩǨǰǫǬ 
ǫ ǵǨǭǴǵǱǥ ǴǵǣǵǨǬ ǅǫǭǫǲǨǧǫǫ), ȂǪǾǭǱǥǣȂ ǯǱǧǨǮǿ ǕǳǣǰǴǷǱǳǯǨǳǣ ǱǤǨǴ-
ǲǨǺǫǮǣ ǮǶǺǻǫǨ ǪǰǣǺǨǰǫȂ ǲǱǭǣǪǣǵǨǮȂ ǲǨǳǲǮǨǭǴǫǫ ǲǱ ǴǳǣǥǰǨǰǫȁ 
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Ǵ ǧǳǶǦǫǯǫ ǫǪǥǨǴǵǰǾǯǫ ǳǨǪǶǮǿǵǣǵǣǯǫ (ǵǣǤǮ.6). ǔǳǣǥǰǫǵǨǮǿǰǱ ǰǫǪǭǱǨ ǺǫǴǮǱ ǲǣǳǣǯǨ-
ǵǳǱǥ ǥ ǯǱǧǨǮǫ ǱǤǽȂǴǰȂǨǵǴȂ ǻǫǳǱǭǫǯ ǫǴǲǱǮǿǪǱǥǣǰǫǨǯ ǫǸ ǴǥȂǪǾǥǣǰǫȂ. ǔǨǵǿ ǕǳǣǰǴ-
ǷǱǳǯǨǳǣ ǤǾǮǣ ǱǺǨǰǿ ǦǮǶǤǱǭǱǬ, ǧǱ 48 ǴǮǱǨǥ (24 ǭǱǯǲǱǪǫǵǰǾǸ ǧǥǶǸǴǮǱǬǰǾǸ ǤǮǱǭǣ  
ǧǨǭǱǧǨǳǣ).

ǓǨǪǶǮǿǵǣǵǾ ǱǲǫǴǣǰǰǱǦǱ ǥǾǻǨ ǣǥǵǱǰǱǯǰǱǦǱ ǵǨǴǵǫǳǱǥǣǰǫȂ ǰǨǮǿǪȂ ǲǨǳǨǰǨǴǵǫ ǰǣ ǥǣǳǫ-
ǣǰǵ ǲǱǮǰǱǬ (Ǵ ǣǭǶǴǵǫǺǨǴǭǱǬ ǫ ǲǳǱǫǪǰǱǴǫǵǨǮǿǰǱǬ ǯǱǧǨǮȂǯǫ) ǴǫǴǵǨǯǾ ǳǣǴǲǱǪǰǣ-
ǥǣǰǫȂ ǳǨǺǫ, ǲǱǴǭǱǮǿǭǶ ǴǶǼǨǴǵǥǶȁǼǫǨ ǣǭǶǴǵǫǺǨǴǭǫǨ ǭǱǳǲǶǴǣ ǧǣǰǰǾǸ ǴǶǼǨǴǵǥǨǰ-
ǰǱ ǶǴǵǶǲǣȁǵ ǲǱ ǳǣǪǯǨǳǶ ǵǨǭǴǵǱǥ ǭǱǳǲǶǴǣǯ 1 ǏǫǮǮǫǣǳǧ ǴǮǱǥ ǫ WikiT—xt.

3. ǐǨǧǱǴǵǣǵǭǫ ǰǨǬǳǱǴǨǵǨǥǾǸ ǯǱǧǨǮǨǬ ȂǪǾǭǣ

ǋǪ ǲǳǫǥǨǧёǰǰǾǸ ǥǾǻǨ ǳǨǪǶǮǿǵǣǵǱǥ ǱǺǨǥǫǧǰǱ, ǺǵǱ ǰǨǬǳǱǴǨǵǨǥǾǨ ȂǪǾǭǱǥǾǨ ǯǱǧǨǮǫ 
ǱǤǮǣǧǣȁǵ ǭǣǺǨǴǵǥǨǰǰǱ ǮǶǺǻǫǯǫ ǸǣǳǣǭǵǨǳǫǴǵǫǭǣǯǫ ǲǱ ǴǳǣǥǰǨǰǫȁ ǴǱ ǴǵǣǵǫǴǵǫǺǨ-
Ǵǭǫǯǫ n-ǦǳǣǯǯǰǾǯǫ.

ǅ ǴǶǼǨǴǵǥǨǰǰǱǬ ǴǵǨǲǨǰǫ ȀǵǱ ǱǤǶǴǮǱǥǮǨǰǱ ǥǱǪǯǱǩǰǱǴǵǿȁ ǱǲǳǨǧǨǮǨǰǫȂ ǫ ǫǴǲǱǮǿǪǱǥǣ-
ǰǫȂ ǥǨǭǵǱǳǫǪǱǥǣǰǰǾǸ ǲǳǨǧǴǵǣǥǮǨǰǫǬ ǴǮǱǥ Ǵ ǳǣǴǴǵǱȂǰǫȂǯǫ, ǭǱǵǱǳǾǨ ǭǱǳǳǨǮǫǳǶ-
ȁǵ Ǵ ǴǫǰǵǣǭǴǫǺǨǴǭǫǯ ǫǮǫ ǴǨǯǣǰǵǫǺǨǴǭǫǯ ǴǸǱǧǴǵǥǱǯ ǯǨǩǧǶ ǴǮǱǥǣǯǫ. ǠǵǱ ǲǱǪǥǱ-
ǮȂǨǵ ǤǱǮǨǨ ǭǱǳǳǨǭǵǰǱ ǱǹǨǰǫǥǣǵǿ ǥǨǳǱȂǵǰǱǴǵǫ n-Ǧǳǣǯǯ, ǱǴǱǤǨǰǰǱ ǰǨǥǫǧǫǯǾǸ, 
ǫ ǥ ǭǱǰǨǺǰǱǯ ǫǵǱǦǨ ǲǱǪǥǱǮȂǨǵ ǲǱǮǶǺǫǵǿ ǪǣǯǨǵǰǱ ǤǱǮǨǨ ǰǫǪǭǶȁ ǲǨǳǲǮǨǭǴǫȁ. 

ǕǨǯ ǰǨ ǯǨǰǨǨ ǧǱ ǴǫǸ ǲǱǳ ǴǵǣǵǫǴǵǫǺǨǴǭǫǨ ǯǱǧǨǮǫ ǲǳǱǧǱǮǩǣȁǵ ǻǫǳǱǭǱ ǫǴǲǱǮǿǪǱǥǣǵǿ-
ǴȂ ǥ ǴǫǴǵǨǯǣǸ ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǫ ǥǱǲǳǱǴ Ǳ ǲǱǮǰǱǬ ǪǣǯǨǰǨ ǱǧǰǫǸ ǵǫǲǱǥ ǯǱǧǨǮǨǬ 
ǰǣ ǧǳǶǦǫǨ ǰǨ ǱǺǨǥǫǧǨǰ, ǲǱǴǭǱǮǿǭǶ Ƕ ǰǨǬǳǱǴǨǵǨǥǾǸ ǯǱǧǨǮǨǬ ǨǴǵǿ ǵǣǭǩǨ ǫ ǴǶǼǨǴǵ-
ǥǨǰǰǾǨ ǰǨǧǱǴǵǣǵǭǫ.

ƏƝƞƨƥƳƝ 6 
ƌƢƭƬƨƢƧƮƥƼ ƪƢƦƭƫƮƢƯƢƟƸƲ ƼƤƸƧƫƟƸƲ ƩƫơƢƨƢƦ [1] ƪƝ ƧƫƭƬưƮƢ ƉƥƨƨƥƝƭơ ƮƨƫƟ

ƏƝƞƨƥƳƝ 7 

ƌƢƭƬƨƢƧƮƥƼ ƪƢƦƭƫƮƢƯƢƟƸƲ ƼƤƸƧƫƟƸƲ ƩƫơƢƨƢƦ ƪƝ ƧƫƭƬưƮƢ WikiText103 [20]
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Ǎ ǲǳǫǰǹǫǲǫǣǮǿǰǾǯ ǰǨǧǱǴǵǣǵǭǣǯ ǰǨǬǳǱǴǨǵǨǥǾǸ ǢǏ ǫ ǯǨǵǱǧǱǥ ǱǹǨǰǭǫ ǫǸ 
ǲǣǳǣǯǨǵǳǱǥ ǱǵǰǱǴȂǵǴȂ:

• ǰǨǧǱǴǵǣǵǱǺǰǱ ȀǷǷǨǭǵǫǥǰǾǨ ǣǮǦǱǳǫǵǯǾ ǳǣǴǲǣǳǣǮǮǨǮǫǥǣǰǫȂ ǥǾǺǫǴǮǨ-
ǰǫǬ (ǱǴǱǤǨǰǰǱ ǧǮȂ ǳǨǭǶǳǳǨǰǵǰǾǸ ǰǨǬǳǱǴǨǵǨǬ);

• ǰǨǧǱǴǵǣǵǭǫ ǯǨǵǱǧǱǥ ǱǤǶǺǨǰǫȂ, ǲǳǫǥǱǧȂǼǫǨ ǭ ǲǱȂǥǮǨǰǫȁ ȀǷǷǨǭǵǱǥ 
ǵǫǲǣ ǴǯǨǼǨǰǫȂ ǧǮǫǵǨǮǿǰǱǴǵǫ (l—n‘t’ bias) ǫǮǫ ǤǨǴǭǱǰǨǺǰǱǦǱ ǲǱǥǵǱ-
ǳǨǰǫȂ [29]. ǅ ǲǨǳǥǱǯ ǴǮǶǺǣǨ ȂǪǾǭǱǥǣȂ ǯǱǧǨǮǿ, ǱǤǶǺǨǰǰǣȂ ǰǣ ǭǱǳǱǵǭǫǸ 
ǲǳǨǧǮǱǩǨǰǫȂǸ, ǰǣǺǫǰǣǨǵ ǲǳǨǶǥǨǮǫǺǫǥǣǵǿ ǥǨǳǱȂǵǰǱǴǵǫ ǭǱǳǱǵǭǫǸ ǷǳǣǪ, 
ǫ ǰǣǱǤǱǳǱǵ. ǅǱ ǥǵǱǳǱǯ ǲǳǫ ǲǳǱǥǨǳǭǨ ǭǣǺǨǴǵǥǣ ǳǣǤǱǵǾ ȂǪǾǭǱǥǱǬ ǯǱǧǨ-
Ǯǫ Ǳǰǣ, ǥ ǳǨǩǫǯǨ ǴǫǰǵǨǪǣ, ǯǱǩǨǵ ǦǨǰǨǳǫǳǱǥǣǵǿ ǤǨǴǭǱǰǨǺǰǱ ǧǮǫǰǰǾǨ 
ǲǳǨǧǮǱǩǨǰǫȂ, ǳǣǴǴǯǣǵǳǫǥǣȂ ǫǸ ǭǣǭ ǥǨǳǱȂǵǰǾǨ, ǸǱǵȂ Ǳǰǫ ǫǯǨȁǵ ǰǶǮǨǥǶȁ  
ǥǨǳǱȂǵǰǱǴǵǿ;

• ǧǱǭǣǪǣǥǻǣȂ ǴǥǱȁ ȀǷǷǨǭǵǫǥǰǱǴǵǿ ǯǱǧǨǮǿ ǥǰǫǯǣǰǫȂ ǫǰǥǣǳǫǣǰǵǰǣ 
ǭ ǲǱǳȂǧǭǶ ǴǮǨǧǱǥǣǰǫȂ ǥǸǱǧǰǾǸ ȀǮǨǯǨǰǵǱǥ. ǈǴǮǫ ǲǱǯǨǰȂǵǿ ǥǸǱǧǰǾǨ 
ȀǮǨǯǨǰǵǾ ǯǨǴǵǣǯǫ, ǵǱ ǴǱǱǵǥǨǵǴǵǥǨǰǰǱ ǯǨǴǵǣǯǫ ǲǱǯǨǰȂȁǵǴȂ ǫǸ ǥǨǴǣ, 
ǰǱ ǷǶǰǭǹǫȂ ǥǰǫǯǣǰǫȂ ǭǣǭ ǰǣǤǱǳ ǥǪǥǨǻǨǰǰǾǸ ǪǰǣǺǨǰǫǬ, ǰǨ ǫǪǯǨǰǫǵǴȂ. 
ǑǺǨǥǫǧǰǱ, ȀǵǱ ǰǨǣǧǨǭǥǣǵǰǱ ǳǨǺǨǥǱǯǶ ǴǫǦǰǣǮǶ.

ǔǶǼǨǴǵǥǶȁǵ ǵǣǭǩǨ ǵǨǭǶǼǫǨ ǲǳǣǭǵǫǺǨǴǭǫǨ ǲǳǱǤǮǨǯǾ, ǳǨǻǨǰǫǨ ǭǱǵǱǳǾǸ Ȃǥ-
ǮȂǨǵǴȂ ǥǣǩǰǾǯ ǶǴǮǱǥǫǨǯ ǧǮȂ ǳǣǴǻǫǳǨǰǫȂ ǴǷǨǳǾ ǫǴǲǱǮǿǪǱǥǣǰǫȂ ǰǨǬ-
ǳǱǴǨǵǨǥǾǸ ȂǪǾǭǱǥǾǸ ǯǱǧǨǮǨǬ.

Ǎ ǵǣǭǫǯ ǲǳǱǤǮǨǯǣǯ ǱǵǰǱǴǫǵǴȂ ǶǴǮǱǥǫǨ ǰǣǮǫǺǫȂ ǧǱǴǵǣǵǱǺǰǱ ǤǱǮǿǻǱǦǱ ǱǤ-
ǶǺǣȁǼǨǦǱ ǭǱǳǲǶǴǣ ǵǨǭǴǵǱǥǾǸ ǧǣǰǰǾǸ, ǺǵǱ ǴǮǱǩǰǱ ǴǧǨǮǣǵǿ ǥǱ ǯǰǱǦǫǸ 
ǲǳǫǭǮǣǧǰǾǸ ǱǤǮǣǴǵȂǸ. ǐǣ ǰǨǤǱǮǿǻǫǸ ǭǱǳǲǶǴǣǸ ǲǳǨǥǱǴǸǱǧǴǵǥǱ ǰǨǬǳǱ-
ǴǨǵǨǥǾǸ ȂǪǾǭǱǥǾǸ ǯǱǧǨǮǨǬ ǰǨǱǺǨǥǫǧǰǱ, ǤǱǮǨǨ ǭǣǺǨǴǵǥǨǰǰǾǨ ǯǱǧǨǮǫ 
ǲǱǮǶǺǣȁǵǴȂ ǫǰǵǨǳǲǱǮȂǹǫǨǬ ǰǨǬǳǱǴǨǵǨǥǾǸ ǫ ǴǵǣǵǫǴǵǫǺǨǴǭǫǸ ǯǱǧǨǮǨǬ.

ǔǶǼǨǴǵǥǨǰǰǾǯ ǰǨǧǱǴǵǣǵǭǱǯ ȂǥǮȂǨǵǴȂ ǵǣǭǩǨ ǱǦǳǱǯǰǾǬ ǱǤǽёǯ ǫǴǲǱǮǿǪǶǨǯǾǸ 
ǥǾǺǫǴǮǫǵǨǮǿǰǾǸ ǳǨǴǶǳǴǱǥ. ǅ ǺǣǴǵǰǱǴǵǫ, ǥ ǵǱǯ ǴǮǶǺǣǨ, ǭǱǦǧǣ ǰǣ ǥǾǸǱǧ-
ǰǱǯ ǴǮǱǨ ǴǨǵǫ ǦǨǰǨǳǫǳǶǨǵǴȂ ǳǣǴǲǳǨǧǨǮǨǰǫǨ ǥǨǳǱȂǵǰǱǴǵǨǬ ǴǮǱǥ, ǲǳǫ 
ǴǮǱǥǣǳȂǸ ǥ ǯǫǮǮǫǱǰǾ ǴǮǱǥ ǴǮǱǬ ǤǶǧǨǵ ǴǱǧǨǳǩǣǵǿ ǯǫǮǮǫǣǳǧǾ ǲǣǳǣǯǨ-
ǵǳǱǥ ǫ ǲǱǺǵǫ ǥǴȂ ǴǨǵǿ ǤǶǧǨǵ ǴǱǴǳǨǧǱǵǱǺǨǰǣ ǰǣ ǥǾǸǱǧǨ. ǐǱǳǯǣǮǫǪǣǹǫȂ 
ǥǾǸǱǧǰǾǸ ǣǭǵǫǥǣǹǫǬ ǲǱǵǳǨǤǶǨǵ ǱǦǳǱǯǰǱǦǱ ǱǤǽёǯǣ ǥǾǺǫǴǮǨǰǫǬ, ǺǵǱ ǧǨ-
ǮǣǨǵ ǲǳǱǤǮǨǯǣǵǫǺǰǾǯ ǫǴǲǱǮǿǪǱǥǣǰǫǨ ǵǣǭǱǬ ǯǱǧǨǮǫ ǥ ǴǫǴǵǨǯǣǸ ǳǣǴǲǱǪ-
ǰǣǥǣǰǫȂ ǳǨǺǫ Ǵ ǰǨǤǱǮǿǻǱǬ ǪǣǧǨǳǩǭǱǬ.

Ǒǧǰǣ ǫǪ ǲǳǫǺǫǰ ǴǱǸǳǣǰȂȁǼǨǦǱǴȂ ǫǴǲǱǮǿǪǱǥǣǰǫȂ n-ǦǳǣǯǯǰǾǸ ǯǱǧǨǮǨǬ ǴǥȂ-
Ǫǣǰǣ Ǵ ǵǨǯ, ǺǵǱ ǲǶǤǮǫǭǶǨǯǾǨ ǰǨǬǳǱǴǨǵǨǥǾǨ ǢǏ ǥ ǱǴǰǱǥǰǱǯ ǰǨ ǱǳǫǨǰǵǫ-
ǳǱǥǣǰǾ ǰǣ ǱǤǳǣǤǱǵǭǶ ǧǣǰǰǾǸ ǥ ǳǨǣǮǿǰǱǯ ǳǨǩǫǯǨ ǥǳǨǯǨǰǫ. ǅǸǱǧǱǯ Ȃǥ-
ǮȂǨǵǴȂ ǴǳǣǪǶ ǥǴǨ, ǣ ǰǨ ǲǱǴǵǶǲǣȁǼǫǨ ǴǫǰǸǳǱǰǰǱ ǴǱ ǥǳǨǯǨǰǨǯ ǴǫǯǥǱǮǾ. 
ǠǵǱ ǴǶǼǨǴǵǥǨǰǰǱ ǥǮǫȂǨǵ ǰǣ ǭǣǺǨǴǵǥǱ ǳǣǤǱǵǾ ǯǱǧǨǮǨǬ: ǫǴǲǱǮǿǪǱǥǣǰǫǨ 
ǧǣǩǨ ǰǨǲǱǮǰǱǬ ǫǯǫǵǣǹǫǫ ǱǤǳǣǤǱǵǭǫ ǥ ǳǨǣǮǿǰǱǯ ǥǳǨǯǨǰǫ ǴǱǲǳǱǥǱǩǧǣ-
ǨǵǴȂ ǪǣǯǨǵǰǱǬ ǲǱǵǨǳǨǬ ǭǣǺǨǴǵǥǣ ǳǣǤǱǵǾ ǢǏ.

Ǖǣǭǫǯ ǱǤǳǣǪǱǯ, ǫǴǲǱǮǿǪǶǨǯǾǨ ǣǮǦǱǳǫǵǯǾ ǰǨǬǳǱǴǨǵǨǥǾǸ ȂǪǾǭǱǥǾǸ ǯǱǧǨǮǨǬ 
ǰǶǩǧǣȁǵǴȂ ǥ ǱǲǵǫǯǫǪǣǹǫǫ Ǵ ǹǨǮǿȁ ǴǱǭǳǣǼǨǰǫȂ ǥǾǺǫǴǮǫǵǨǮǿǰǾǸ ǵǳǨ-
ǤǱǥǣǰǫǬ, ǱǴǱǤǨǰǰǱ ǥ ǳǨǩǫǯǨ ǳǣǴǲǱǪǰǣǥǣǰǫȂ.
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Чучупал В.Я., Нейросетевые модели языка для систем распознавания речи

ǕǨǰǧǨǰǹǫǫ ǳǣǪǥǫǵǫȂ ǰǨǬǳǱǴǨǵǨǥǾǸ ȂǪǾǭǱǥǾǸ ǯǱǧǨǮǨǬ

ǔǱǪǧǣǰǫǨ ǫ ǳǣǪǥǫǵǫǨ ǰǨǬǳǱǴǨǵǨǥǾǸ ǯǱǧǨǮǨǬ ǲǳǫǥǨǮǱ ǭ ǭǣǺǨǴǵǥǨǰǰǱǯǶ ǶǮǶǺǻǨǰǫȁ Ǹǣ-
ǳǣǭǵǨǳǫǴǵǫǭ ǯǱǧǨǮǨǬ ȂǪǾǭǣ: ǭǱǳǲǶǴǰǣȂ ǲǨǳǲǮǨǭǴǫȂ ǰǣ ǱǴǰǱǥǰǾǸ ǵǨǴǵǱǥǾǸ ǭǱǳǲǶ-
ǴǣǸ ǧǣǰǰǾǸ ǴǰǫǪǫǮǣǴǿ ǲǱ ǴǳǣǥǰǨǰǫȁ Ǵ n-ǦǳǣǯǯǰǾǯǫ ǴǵǣǵǫǴǵǫǺǨǴǭǫǯǫ ǧǱ ǪǰǣǺǨǰǫǬ, 
ǭǱǵǱǳǾǨ ǰǨǧǣǥǰǱ ǲǳǨǧǴǵǣǥǮȂǮǫǴǿ ǯǣǮǱǥǨǳǱȂǵǰǾǯǫ ǫ ǧǣǮёǭǫǯǫ Ǳǵ ǲǱǵǨǰǹǫǣǮǿǰǱ 
ǧǱǴǵǫǩǫǯǾǸ. 

ǅǣǩǰǱǨ ǲǳǨǫǯǶǼǨǴǵǥǱ ǰǨǬǳǱǴǨǵǨǥǾǸ ǯǱǧǨǮǨǬ ǲǨǳǨǧ ǴǵǣǵǫǴǵǫǺǨǴǭǫǯǫ ǪǣǭǮȁǺǣǨǵǴȂ 
ǥ ǫǴǲǱǮǿǪǱǥǣǰǫǫ ǰǨǲǳǨǳǾǥǰǾǸ ǥǨǭǵǱǳǰǾǸ ǲǳǨǧǴǵǣǥǮǨǰǫǬ ǴǮǱǥ Ǵ ǯǨǳǣǯǫ ǴǸǱǧǴǵ-
ǥǣ, ǭǱǵǱǳǾǨ ǭǱǳǳǨǮǫǳǶȁǵ Ǵ ǫǸ ǴǨǯǣǰǵǫǺǨǴǭǫǯǫ ǫ ǴǫǰǵǣǭǴǫǺǨǴǭǫǯǫ ǲǳǫǪǰǣǭǣǯǫ. 
ǇǳǶǦǱǨ ǥǣǩǰǱǨ ǲǳǨǫǯǶǼǨǴǵǥǱ ǴǱǴǵǱǫǵ ǥ ǫǴǲǱǮǿǪǱǥǣǰǫǫ ǤǱǮǨǨ ǧǮǫǵǨǮǿǰǾǸ ǲǱ ǥǳǨ-
ǯǨǰǫ ǭǱǰǵǨǭǴǵǱǥ. 

ǍǣǺǨǴǵǥǱ ǴǱǥǳǨǯǨǰǰǾǸ ǰǨǬǳǱǴǨǵǨǥǾǸ ȂǪǾǭǱǥǾǸ ǯǱǧǨǮǨǬ ǴǶǼǨǴǵǥǨǰǰǱ ǪǣǥǫǴǫǵ Ǳǵ ǳǣǪ-
ǯǨǳǱǥ ǫ ǴǥǱǬǴǵǥ ǱǤǶǺǣȁǼǫǸ ǵǨǭǴǵǱǥǾǸ ǭǱǳǲǶǴǱǥ. 

ǈǴǮǫ ǧǮȂ ȂǪǾǭǱǥǾǸ ǯǱǧǨǮǨǬ ǰǣ ǲǳǱǴǵǾǸ ǰǨǬǳǱǴǨǵȂǸ Ǵ ǱǵǰǱǴǫǵǨǮǿǰǱ ǰǨǤǱǮǿǻǫǯǫ ǱǤ-
ǶǺǣȁǼǫǯǫ ǭǱǳǲǶǴǣǯǫ ǧǣǰǰǾǸ ǯǫǰǫǯǣǮǿǰǱǬ ǲǨǳǲǮǨǭǴǫǨǬ ǱǤǮǣǧǣǮǫ ǫǰǵǨǳǲǱǮǫ-
ǳǱǥǣǰǰǾǨ ǴǵǣǵǫǴǵǫǺǨǴǭǫǨ n-ǦǳǣǯǯǰǾǨ ǫ ǰǨǬǳǱǴǨǵǨǥǾǨ ȂǪǾǭǱǥǾǨ ǯǱǧǨǮǫ, ǵǱ ǴǱǥ-
ǳǨǯǨǰǰǾǨ ǳǨǪǶǮǿǵǣǵǾ ǰǣ ǱǺǨǰǿ ǤǱǮǿǻǫǸ ǭǱǳǲǶǴǣǸ ǵǨǭǴǵǱǥǾǸ ǧǣǰǰǾǸ ǧǮȂ ǯǱǧǨǮǨǬ 
Ǵ ǭǮǨǵǭǣǯǫ LSTM/GRU ǫǮǫ ǴǥёǳǵǱǺǰǾǸ ǴǨǵǨǬ Ǵ ǥǰǫǯǣǰǫǨǯ (ǵǣǤǮ. 6 ǫ ǵǣǤǮ. 7) ǯǱǩǰǱ 
ǫǰǵǨǳǲǳǨǵǫǳǱǥǣǵǿ ǭǣǭ ǱǵǴǶǵǴǵǥǫǨ ǧǣǮǿǰǨǬǻǨǬ ǰǨǱǤǸǱǧǫǯǱǴǵǫ ǥ ǫǴǲǱǮǿǪǱǥǣǰǫǫ 
ǴǵǣǵǫǴǵǫǺǨǴǭǫǸ ǯǱǧǨǮǨǬ. 

ǕǨǯ ǰǨ ǯǨǰǨǨ ǰǨǮǿǪȂ ǶǵǥǨǳǩǧǣǵǿ, ǺǵǱ ǰǨǬǳǱǴǨǵǨǥǾǨ ǯǱǧǨǮǫ ǴǵǣǮǫ ǱǴǰǱǥǱǬ ǴǱǥǳǨ-
ǯǨǰǰǱǦǱ ȂǪǾǭǱǥǱǦǱ ǯǱǧǨǮǫǳǱǥǣǰǫȂ ǥ ǴǫǴǵǨǯǣǸ ǳǣǴǲǱǪǰǣǥǣǰǫȂ. ǅ ǲǳǣǭǵǫǺǨǴǭǫǸ, 
ǲǳǱǧǶǭǹǫǱǰǰǾǸ ǴǫǴǵǨǯǣǸ ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǳǨǺǫ ǧǱ ǴǫǸ ǲǱǳ ǻǫǳǱǭǱ ǫǴǲǱǮǿǪǶȁǵǴȂ 
ǴǵǣǵǫǴǵǫǺǨǴǭǫǨ n-ǦǳǣǯǯǰǾǨ ǯǱǧǨǮǫ. ǑǧǰǱǬ ǫǪ ǱǴǰǱǥǰǾǸ ǲǳǫǺǫǰ ȀǵǱǦǱ ȂǥǮȂȁǵǴȂ 
ǲǱǥǾǻǨǰǰǾǨ ǵǳǨǤǱǥǣǰǫȂ ǭ ǥǾǺǫǴǮǫǵǨǮǿǰǾǯ ǳǨǴǶǳǴǣǯ ǫ ǭǱǳǲǶǴǣǯ ǧǣǰǰǾǸ, ǭǱǵǱ-
ǳǾǨ ǲǳǨǧǽȂǥǮȂȁǵ ǰǨǬǳǱǴǨǵǨǥǾǨ ǯǱǧǨǮǫ.

ǅ ȀǭǴǲǨǳǫǯǨǰǵǣǸ ǲǱ ǧǱǴǵǫǩǨǰǫȁ ǯǫǰǫǯǣǮǿǰǾǸ ǲǱǭǣǪǣǵǨǮǨǬ ǲǨǳǲǮǨǭǴǫǫ ǰǣ ǭǱǳǲǶǴǨ 
ǳǨǺǨǥǾǸ ǧǣǰǰǾǸ ƉƥƨƨƥƝƭơ―ƮƨƫƟ [17] (Ȁǵǫ ǳǨǪǶǮǿǵǣǵǾ ǴǱǱǵǥǨǵǴǵǥǶȁǵ 4 ǴǵǳǱǭǨ ǵǣǤǮ. 
6) ǤǱǮǿǻǣȂ ǺǣǴǵǿ ǶǴǫǮǫǬ ǱǭǣǪǣǮǣǴǿ ǲǱǴǥȂǼǨǰǣ ǲǱǫǴǭǶ ǴǲǱǴǱǤǱǥ ǴǱǭǳǣǼǨǰǫȂ ǭǱ-
ǮǫǺǨǴǵǥǣ ǲǣǳǣǯǨǵǳǱǥ ǴǨǵǫ ǤǨǪ ǪǣǯǨǵǰǱǦǱ ǶǸǶǧǻǨǰǫȂ ǭǣǺǨǴǵǥǣ ǳǣǤǱǵǾ ȂǪǾǭǱǥǱǬ 
ǯǱǧǨǮǫ. ǐǨǴǯǱǵǳȂ ǰǣ ȀǵǱ, ǧǮȂ ǯǣǴǴǫǥǣ ǫǪ 40 ǯǱǼǰǾǸ ǦǳǣǷǫǺǨǴǭǫǸ ǶǴǭǱǳǫǵǨǮǨǬ ǱǤ-
ǶǺǨǰǫǨ ǵǱǮǿǭǱ ǱǧǰǱǬ ǯǱǧǨǮǫ ǲǱǵǳǨǤǱǥǣǮǱ ǰǨǴǭǱǮǿǭǱ ǴǱǵǨǰ ǺǣǴǱǥ ǳǣǤǱǵǾ. ǔǱǱǵǥǨǵ-
ǴǵǥǨǰǰǱ, ǨǴǮǫ ǲǳǱǧǶǭǹǫǱǰǰǶȁ ǴǫǴǵǨǯǶ ǳǣǴǲǱǪǰǣǥǣǰǫȂ Ǵ ǰǨǬǳǱǴǨǵǨǥǱǬ ȂǪǾǭǱǥǱǬ 
ǯǱǧǨǮǿȁ ǵǳǨǤǶǨǵǴȂ ǳǨǦǶǮȂǳǰǱ ǧǱǱǤǶǺǣǵǿ ǫ ǣǧǣǲǵǫǳǱǥǣǵǿ ǭ ǫǪǯǨǰǨǰǫȂǯ ǧǣǰǰǾǸ, 
ǺǵǱ ȂǥǮȂǨǵǴȂ ǧǱǥǱǮǿǰǱ ǳǣǴǲǳǱǴǵǳǣǰǨǰǰǾǯ ǶǴǮǱǥǫǨǯ, ǥǱǪǰǫǭǣǨǵ ǥǱǲǳǱǴ Ǳ ǥǱǪǯǱǩ-
ǰǱǴǵǫ ǳǨǣǮǫǪǣǹǫǫ ȀǵǱǦǱ ǰǣ ǲǳǣǭǵǫǭǨ.

ǅ ǳǣǯǭǣǸ ǫǴǲǱǮǿǪǶǨǯǱǦǱ ǴǨǬǺǣǴ ȀǭǴǵǨǰǴǫǥǰǱǦǱ ǲǱǧǸǱǧǣ ǭ ǳǣǪǥǫǵǫȁ ǰǨǬǳǱǴǨǵǨǥǾǸ ǯǱ-
ǧǨǮǨǬ ǣǮǦǱǳǫǵǯǾ ǱǤǶǺǨǰǫȂ ǧǱǮǩǰǾ ǶǯǨǵǿ ȀǷǷǨǭǵǫǥǰǱ ǫǴǲǱǮǿǪǱǥǣǵǿ ǱǦǳǱǯǰǾǨ ǥǾ-
ǤǱǳǭǫ ǧǣǰǰǾǸ, ǫ ǱǤǮǣǧǣǵǿ ǤǱǮǿǻǱǬ ёǯǭǱǴǵǿȁ. ǔǱǱǵǥǨǵǴǵǥǨǰǰǱ, Ǳǰǫ ǲǳǨǧǽȂǥǮȂȁǵ 
ǳǨǭǱǳǧǰǾǨ ǵǳǨǤǱǥǣǰǫȂ ǭ ǥǾǺǫǴǮǫǵǨǮǿǰǾǯ ǳǨǴǶǳǴǣǯ. Ǒǧǰǣ ǫǪ ǴǣǯǾǸ ǤǱǮǿǻǫǸ ǥ ǰǣ-
ǴǵǱȂǼǨǨ ǥǳǨǯȂ ǯǱǧǨǮǨǬ ǰǣ ǱǴǰǱǥǨ ǵǳǣǰǴǷǱǳǯǨǳǣ GPT-3 Ǵ ǴǫǯǥǱǮǿǰǱǬ ȂǪǾǭǱǥǱǬ ǯǱ-
ǧǨǮǿȁ (G—n—rativ— Pr—-Train—– Transform—r) [3] ǫǯǨǨǵ 175 ǯǫǮǮǫǣǳǧǱǥ ǲǣǳǣǯǨǵǳǱǥ. 
ǑǤǶǺǨǰǫǨ ȀǵǱǬ ǯǱǧǨǮǫ ǰǣ ǭǱǳǲǶǴǨ Common Crawl [25] ǲǳǫǯǨǳǰǱ ǫǪ ǵǳǫǮǮǫǱǰǣ ǴǮǱǥ 
ǪǣǰǫǯǣǨǵ 3.6E+03 ǲǨǵǣǷǮǱǲǴ-ǧǰǨǬ (ǵǱǺǰǨǨ, ǲǨǵǣǷǮǱǲǴ-ǴǨǭǶǰǧǣ-ǧǰǨǬ, ǵǱ ǨǴǵǿ ǴǥǾǻǨ 
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ǵǳёǸ ǵǾǴȂǺ ǧǰǨǬ ǲǳǫ ǶǴǮǱǥǫǫ ǥǾǲǱǮǰǨǰǫȂ 1015 ǰǨǬǳǱ-ǱǲǨǳǣǹǫǬ ǥ ǴǨǭǶǰǧǶ 
ǥ ǵǨǺǨǰǫǨ ǱǧǰǱǦǱ ǧǰȂ ǫǮǫ ǲǳǫǯǨǳǰǱ 1020  ǥǴǨǦǱ ǱǲǨǳǣǹǫǬ).

ǊǰǣǺǫǵǨǮǿǰǱǨ ǭǱǮǫǺǨǴǵǥǱ ǶǴǫǮǫǬ ǳǣǪǳǣǤǱǵǺǫǭǱǥ ǶǩǨ ǴǨǬǺǣǴ ǰǣǲǳǣǥǮǨǰǱ 
ǰǣ ǴǱǪǧǣǰǫǨ ǯǱǧǨǮǨǬ Ǵ ǴǶǼǨǴǵǥǨǰǰǱ ǯǨǰǿǻǫǯǫ ǵǳǨǤǱǥǣǰǫȂǯǫ ǭ ǱǤǽ-
ёǯǶ ǲǣǯȂǵǫ ǫ ǥǾǺǫǴǮǫǵǨǮǿǰǾǸ ǯǱǼǰǱǴǵǨǬ. ǑǴǰǱǥǰǾǨ ǫǴǴǮǨǧǶǨǯǾǨ ǰǣ-
ǲǳǣǥǮǨǰǫȂ ǳǨǻǨǰǫȂ ȀǵǱǬ ǲǳǱǤǮǨǯǾ ǫ ǲǱǮǶǺǨǰǰǾǨ ǳǨǪǶǮǿǵǣǵǾ ǥ ǥǫǧǨ 
ǴǶǤǱǲǵǫǯǣǮǿǰǾǸ ǳǨǻǨǰǫǬ (ǰǣǲǳǫǯǨǳ, ǫǨǳǣǳǸǫǺǨǴǭǫǬ ǴǱǷǵǯǣǭǴ ǫ ǨǦǱ 
ǯǱǧǫǷǫǭǣǹǫǫ, ǴȀǯǲǮǫǰǦ Ǵ ǶǺёǵǱǯ ǥǣǩǰǱǴǵǫ, ǱǹǨǰǭǣ ǲǱ ǭǱǰǵǳǣǴǵǶ Ǵ ǻǶ-
ǯǱǯ, ǫǴǲǱǮǿǪǱǥǣǰǫǨ ǴǮǱǥǣǳǨǬ ǰǣ ǱǴǰǱǥǨ ǲǱǧǴǮǱǥ ǫ ǵ.ǲ.) ǳǣǤǱǵǣȁǵ ǥǴǨ 
ǩǨ ǸǶǩǨ, ǺǨǯ ǳǨǻǨǰǫȂ ǰǣ ǱǴǰǱǥǨ ǥǾǺǫǴǮǨǰǫȂ ǴǱǷǵǯǣǭǴ ǧǮȂ ǥǴǨǸ ǴǮǱǥ 
ǴǮǱǥǣǳȂ. 

ǇǳǶǦǱǨ ǲǨǳǴǲǨǭǵǫǥǰǱǨ ǰǣǲǳǣǥǮǨǰǫǨ ǥǱǪǰǫǭǣǨǵ ǫǪ ǳǨǪǶǮǿǵǣǵǱǥ ǳǣǤǱǵǾ Ǵ ǯǱ-
ǧǨǮȂǯǫ ǵǫǲǣ GPT-2, GPT-3. ǑǺǨǰǿ ǤǱǮǿǻǣȂ ȂǪǾǭǱǥǣȂ ǯǱǧǨǮǿ ǱǤǶǺǣǨǵǴȂ 
Ǳǧǫǰ ǳǣǪ ǫ ǪǣǵǨǯ ǫǴǲǱǮǿǪǶǨǵǴȂ ǧǮȂ ǳǨǻǨǰǫȂ ǳǣǪǮǫǺǰǾǸ ǪǣǧǣǺ ǵǣǭ, ǭǣǭ 
Ǳǰǣ ǨǴǵǿ, ǮǫǤǱ Ǵ ǱǵǰǱǴǫǵǨǮǿǰǱ ǰǨǴǮǱǩǰǱǬ ǣǧǣǲǵǣǹǫǨǬ ǭ ǰǱǥǾǯ ǪǣǧǣǺǣǯ 
ǫ ǲǳǱǤǮǨǯǰǾǯ ǱǤǮǣǴǵȂǯ. ǢǪǾǭǱǥǣȂ ǯǱǧǨǮǿ GPT-3 ǲǳǱǥǨǳȂǮǣǴǿ ǰǣ ǹǨ-
ǮǱǯ ǳȂǧǨ ǪǣǧǣǺ ǫǪ ǳǣǪǰǾǸ ǲǳǫǭǮǣǧǰǾǸ ǱǤǮǣǴǵǨǬ, Ǵ ǴǱǤǴǵǥǨǰǰǾǯǫ ǰǣǤǱ-
ǳǣǯǫ ǵǨǴǵǱǥǾǸ ǧǣǰǰǾǸ ǫ ǱǭǣǪǣǮǣǴǿ ǧǱǴǵǣǵǱǺǰǱ ǭǱǰǭǶǳǨǰǵǱǴǲǱǴǱǤǰǱǬ, 
ǤǱǮǨǨ ǵǱǦǱ, ǥǱ ǯǰǱǦǫǸ ǴǮǶǺǣȂǸ ǴǶǼǨǴǵǥǨǰǰǱ ȀǷǷǨǭǵǫǥǰǨǨ ǮǶǺǻǫǸ ǰǣ ǵǱǵ 
ǯǱǯǨǰǵ ǰǨǬǳǱǴǨǵǨǥǾǸ ǯǱǧǨǮǨǬ, ǭǱǵǱǳǾǨ ǤǾǮǫ ǣǧǣǲǵǫǳǱǥǣǰǾ ǭ ǴǲǨǹǫ-
ǷǫǭǨ ǳǨǻǣǨǯǱǬ ǪǣǧǣǺǫ ǫ ǵǨǭǴǵǱǥǾǯ ǧǣǰǰǾǯ. ǐǣǲǳǫǯǨǳ, ǲǨǳǲǮǨǭǴǫȂ 
ǰǣ ǵǨǭǴǵǱǥǱǯ ǭǱǳǲǶǴǨ P—nn Tr—— Bank ǴǱǴǵǣǥǫǮǣ 20.5 ǲǱ ǴǳǣǥǰǨǰǫȁ 
Ǵ ǮǶǺǻǨǬ ǰǣ ǵǱǵ ǯǱǯǨǰǵ 35.8 ǲǱǮǶǺǨǰǰǱǬ ǥ [23].

ǕǨǯ ǰǨ ǯǨǰǨǨ ǰǨǬǳǱǴǨǵǨǥǾǨ ǢǏ ǰǣ ȀǵǣǮǱǰǰǾǸ ǵǨǭǴǵǱǥǾǸ ǭǱǳǲǶǴǣǸ ǫǯǨȁǵ 
ǲǱǭǣǪǣǵǨǮǫ ǭǣǺǨǴǵǥǣ (ǲǨǳǲǮǨǭǴǫȁ ǫ ȀǰǵǳǱǲǫȁ) ǥ ǳǣǪǾ ǯǨǰǿǻǨ, ǺǨǯ Ǵǵǣ-
ǵǫǴǵǫǺǨǴǭǫǨ ǯǱǧǨǮȂǯǫ. ǏǱǩǰǱ Ǳǩǫǧǣǵǿ, ǺǵǱ ȀǵǱ ǤǶǧǨǵ ǴǱǲǳǱǥǱǩǧǣǵǿǴȂ 
ǴǫǯǯǨǵǳǫǺǰǾǯ ǶǥǨǮǫǺǨǰǫǨǯ ǵǱǺǰǱǴǵǫ ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǳǨǺǫ. ǒǱȀǵǱǯǶ 
Ǳǧǰǫǯ ǫǪ ǰǣǫǤǱǮǨǨ ǲǨǳǴǲǨǭǵǫǥǰǾǸ ǰǣǲǳǣǥǮǨǰǫǬ ǴǱǥǨǳǻǨǰǴǵǥǱǥǣǰǫȂ 
ǴǫǴǵǨǯ ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǳǨǺǫ ǰǣ ǤǮǫǩǣǬǻǨǨ ǤǶǧǶǼǨǨ ǤǶǧǨǵ ǳǣǪǳǣǤǱǵǭǣ 
ǫ ǫǴǲǱǮǿǪǱǥǣǰǫǨ ǰǨǬǳǱǴǨǵǨǥǾǸ ǢǏ.
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NEURAL LANGUAGE MODELS FOR AUTOMATIC SPEECH RECOGNITION

V.Y. Chuchupal, 
Candidate of Physical and Mathematical Sciences, Leading Researcher at the  
A.A. Dorodnitsyn Computing Center of the Federal Research Center «Informatics 
and Management» of the Russian Academy of Sciences.  
E‑mail: v.chuchupal@gmail.com

Abstract

Until r—c—ntly, t’— ‘—n—rally acc—pt—– approac’ to lan‘ua‘— mo–—lin‘ in sp——c’ 
r—co‘nition syst—ms was bas—– on t’— us— of statistical n‘ram mo–—ls.

T’— –—v—lopm—nt an– —volution of n—ural n—twork lan‘ua‘— mo–—ls ’av— l—– to 
substantial incr—as— of t’— lan‘ua‘— mo–—lin‘ quality. T’— valu— of t’— p—rpl—xity 
’av— b——n low—r—– in s—v—ral tim—s, to t’— valu—s t’at ’av— r—c—ntly s——m—– inlik—ly.

T’—s— r—sults mostly ar— –u— to t’— us— of –istribut—– wor– r—pr—s—ntations in n—ural 
mo–—ls, w’—r— –istanc— corr—lat—s wit’ syntactic or s—mantic similarity b—tw——n 
wor–s.

T’— r—vi—w –—scrib—s t’— main typ—s of mo–—rn n—ural lan‘ua‘— mo–—ls, nam—ly t’— 
mo–—ls bas—– on fully conn—ct—– an– simpl— r—curr—nt n—tworks, multilay—r r—curr—nt 
n—tworks wit’ LSTM c—lls, convolutional n—tworks, —nco–—r-–—co–—r wit’ att—ntion 
an– transform—r mo–—ls.

T’—ir a–vanta‘—s an– –isa–vanta‘—s, r—quir—m—nts for computin‘ r—sourc—s as w—ll 
as t’— ac’i—v—– lan‘ua‘— mo–—l quality in–icators valu—s ar— pr—s—nt—–.

T’— –rawbacks of n—ural n—twork NMs, bot’ r—lat—– to mo–—l structur— an– mor— 
t—c’nical on—s, arisin‘ from t’— impl—m—ntation of trainin‘ an– r—co‘nition al‘orit’ms 
ar— ’i‘’li‘’t—–.

A comparativ— valu—s of t’— p—rpl—xy for t’— stat—-of-t’—-art approac’—s on t’— 
r—f—r—nc— –atas—ts is ‘iv—n. It is s’own t’at Transform—r bas—– lan‘ua‘— mo–—ls ar— 
mor— a–vanta‘—ous at l—ast at t’— tim— of t’— writin‘ of t’— pap—r.

Keywords: automatic sp——c’ r—co‘nition, lan‘ua‘— mo–—lin‘, n-‘ram lan‘ua‘— mo–—ls, 
n—ural lan‘ua‘— mo–—ls, —n–-to-—n– sp——c’ r—co‘nition, att—ntion mo–—l.
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