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ǃǰǰǱǵǣǹǫȂ

ǅ ǴǵǣǵǿǨ ǲǳǫǥǱǧǫǵǴȂ ǱǤǪǱǳ ǱǴǰǱǥǰǾǸ ȀǵǣǲǱǥ ǴǱǪǧǣǰǫȂ ǴǫǴǵǨǯ ǴǫǰǵǨǪǣ ǵǣǵǣǳǴǭǱǬ 
ǳǨǺǫ. ǑǤǪǱǳ ǱǸǥǣǵǾǥǣǨǵ ǫǴǴǮǨǧǱǥǣǰǫȂ ǫǰǴǵǫǵǶǵǣ ǲǳǫǭǮǣǧǰǱǬ ǴǨǯǫǱǵǫǭǫ ǃǭǣǧǨǯǫǫ 
ǰǣǶǭ ǓǨǴǲǶǤǮǫǭǫ ǕǣǵǣǳǴǵǣǰ, ǰǣǺǫǰǣȂ Ǵ ǲǨǳǥǱǬ ǴǫǴǵǨǯǾ ǭǱǰǭǣǵǨǰǣǵǫǥǰǱǦǱ ǴǫǰǵǨǪǣ 
ǰǣ ǱǴǰǱǥǨ ǧǫǷǱǰǱǥ, ǴǱǪǧǣǰǰǱǬ ǥ 1990-Ǹ ǦǱǧǣǸ, ǫ ǧǱ ǲǱǴǮǨǧǰǨǬ —n–-to-—n– ǰǨǬǳǱǰ-
ǰǱǬ ǴǫǴǵǨǯǾ, ǲǱǴǵǳǱǨǰǰǱǬ ǥ 2019 Ǧ. ǐǨǴǯǱǵǳȂ ǰǣ ǴǶǼǨǴǵǥǨǰǰǱǨ ǳǣǪǮǫǺǫǨ ǥ ǵǨǸǰǱ-
ǮǱǦǫȂǸ, ǰǨǱǤǸǱǧǫǯǱǴǵǿ ǴǱǪǧǣǰǫȂ ǭǱǳǲǶǴǱǥ ǪǥǶǺǣǼǨǬ ǳǨǺǫ ǱǴǵǣёǵǴȂ ǰǨǫǪǯǨǰǰǾǯ 
ǶǴǮǱǥǫǨǯ ǲǱǴǵǳǱǨǰǫȂ ǴǫǰǵǨǪǣǵǱǳǣ. ǏǾ ǲǳǨǧǴǵǣǥǮȂǨǯ ǰǨǴǭǱǮǿǭǱ ǱǧǰǱǧǫǭǵǱǳǰǾǸ 
ǭǱǳǲǶǴǱǥ, ǪǣǲǫǴǣǰǰǾǸ ǥ ǪǥǶǭǱǪǣǲǫǴǾǥǣȁǼǨǬ ǴǵǶǧǫǫ, ǭǣǩǧǾǬ ǭǱǳǲǶǴ ǤǾǮ ǴǱǪǧǣǰ 
ǧǮȂ ǱǲǳǨǧǨǮёǰǰǱǬ ǵǨǸǰǱǮǱǦǫǫ ǴǫǰǵǨǪǣ. ǠǵǱǵ ǣǴǲǨǭǵ ǲǳǫǥёǮ ǭ ǳǣǪǰǫǹǨ ǥ ǲǳǱǧǱǮ-
ǩǫǵǨǮǿǰǱǴǵǫ ǫ ǴǲǱǴǱǤǨ ǣǰǰǱǵǣǹǫǫ ǭǱǳǲǶǴǱǥ. ǒǳǨǧǥǣǳǫǵǨǮǿǰǾǨ ȀǭǴǲǨǳǫǯǨǰǵǾ 
ǲǱǭǣǪǣǮǫ, ǺǵǱ ǴǫǰǵǨǪǣǵǱǳ ǳǨǺǫ ǰǣǫǮǶǺǻǨǦǱ ǭǣǺǨǴǵǥǣ ǯǱǩǨǵ ǤǾǵǿ ǲǱǴǵǳǱǨǰ Ǵ ǫǴ-
ǲǱǮǿǪǱǥǣǰǫǨǯ ǰǨǴǭǱǮǿǭǫǸ ǰǨǬǳǱǰǰǾǸ ǲǱǧǸǱǧǱǥ, ǰǱ ǨǧǫǰǴǵǥǨǰǰǾǬ ǯǨǵǱǧ ǫǪ ǳǨǣ-
ǮǫǪǱǥǣǰǰǾǸ ǰǣǯǫ, ǭǱǵǱǳǾǬ ǰǣ ǧǣǰǰǾǬ ǯǱǯǨǰǵ ǲǱǪǥǱǮǫǮ ǵǣǭǩǨ ǱǤǨǴǲǨǺǫǵǿ ǴǫǰǵǨǪ 
ǳǨǺǫ ǥ ǳǨǣǮǿǰǱǯ ǥǳǨǯǨǰǫ, ǱǴǰǱǥǣǰ ǰǣ ǣǳǸǫǵǨǭǵǶǳǨ Tacotron2 c ǰǨǬǳǱǰǰǾǯ ǥǱǭǱǧǨ-
ǳǱǯ Wav—Glow.

ǍǮȁǺǨǥǾǨ ǴǮǱǥǣ: ǴǫǰǵǨǪ ǳǨǺǫ, ǳǨǺǨǥǾǨ ǭǱǳǲǶǴǣ, ǵǣǵǣǳǴǭǫǬ ȂǪǾǭ. 

ǅǅǈǇǈǐǋǈ

ǊǣǧǣǺǣ ǴǫǰǵǨǪǣ ǳǨǺǫ ǴǱǴǵǱǫǵ ǥ ǦǨǰǨǳǣǹǫǫ ǳǨǺǨǥǱǦǱ ǴǫǦǰǣǮǣ ǰǣ ǱǴǰǱǥǨ ǲǳǱǫǪǥǱǮǿǰǱǦǱ 
ǵǨǭǴǵǱǥǱǦǱ ǷǳǣǦǯǨǰǵǣ. ǒǱ ǯǨǳǨ ǥǰǨǧǳǨǰǫȂ ǳǨǺǨǥǱǦǱ ǫǰǵǨǳǷǨǬǴǣ ǥǪǣǫǯǱǧǨǬǴǵǥǫȂ 
Ǵ ǳǣǪǮǫǺǰǾǯǫ ǶǴǵǳǱǬǴǵǥǣǯǫ ǲǱǥǾǴǫǮǣǴǿ ǥǣǩǰǱǴǵǿ ǴǫǰǵǨǪǣǵǱǳǱǥ ǳǨǺǫ, ǴǲǱǴǱǤǰǾǸ 
ȀǷǷǨǭǵǫǥǰǱ ǦǨǰǨǳǫǳǱǥǣǵǿ ǨǴǵǨǴǵǥǨǰǰǱ ǪǥǶǺǣǼǶȁ ǫ ǳǣǪǤǱǳǺǫǥǶȁ ǳǨǺǿ. ǐǨǴǯǱǵǳȂ 
ǰǣ ǪǰǣǺǫǵǨǮǿǰǾǨ ǶǴǲǨǸǫ ǲǱǴǮǨǧǰǫǸ ǲȂǵǫ ǮǨǵ, ǴǫǰǵǨǪǣǵǱǳǾ ǳǨǺǫ ǰǨ ǴǱǪǧǣǰǾ ǧǮȂ 
ǲǱǧǣǥǮȂȁǼǨǦǱ ǤǱǮǿǻǫǰǴǵǥǣ ǯǫǳǱǥǾǸ ȂǪǾǭǱǥ.

ǅ ǧǣǰǰǱǬ ǴǵǣǵǿǨ ǯǾ ǲǳǨǧǴǵǣǥǮȂǨǯ ǭǳǣǵǭǫǬ ǱǤǪǱǳ ǴǱǪǧǣǰǰǾǸ ǥ ǫǰǴǵǫǵǶǵǨ ǲǳǫǭǮǣǧǰǱǬ ǴǨ-
ǯǫǱǵǫǭǫ ǃǐ ǓǕ ǳǨǺǨǥǾǸ ǭǱǳǲǶǴǱǥ ǫ ǲǳǱǦǳǣǯǯǰǾǸ ǴǳǨǧǴǵǥ ǴǫǰǵǨǪǣ ǵǣǵǣǳǴǭǱǬ ǳǨǺǫ.

ǖǇǍ 004.522



64

Р Е Ч Е В Ы Е  Т Е Х Н О Л О Г И И  /  S P E E C H  T E C H N O L O G Y   1 - 2 / 2 0 2 0

Хусаинов А.Ф., Сулеéманов Д.Ш., Обзор созданных речевых корпусов и программных 

средств для синтеза татарской речи

ǅ ǳǣǪǧǨǮǨ 2 ǧǣǰǰǱǬ Ǵǵǣǵǿǫ ǲǳǨǧǴǵǣǥǮǨǰ ǱǤǪǱǳ ǱǴǰǱǥǰǾǸ ǲǱǧǸǱǧǱǥ ǭ ǴǫǰǵǨǪǶ 
ǳǨǺǫ, ǳǣǪǧǨǮ 3 ǱǲǫǴǾǥǣǨǵ ǴǱǪǧǣǰǰǾǨ ǱǤǶǺǣȁǼǫǨ ǭǱǳǲǶǴǣ, ǳǣǪǧǨǮ 4 ǴǱ-
ǧǨǳǩǫǵ ǱǲǫǴǣǰǫǨ ǴǱǪǧǣǰǰǾǸ ǴǫǴǵǨǯ ǴǫǰǵǨǪǣ ǵǣǵǣǳǴǭǱǬ ǳǨǺǫ.

1. ǑǤǪǱǳ ǱǴǰǱǥǰǾǸ ǲǱǧǸǱǧǱǥ ǭ ǴǫǰǵǨǪǶ ǳǨǺǫ

ǔǳǨǧǫ ǵǳǨǤǱǥǣǰǫǬ, ǲǳǨǧǽȂǥǮȂǨǯǾǸ ǭ ǴǫǴǵǨǯǣǯ ǴǫǰǵǨǪǣ ǳǨǺǫ, ǱǴǰǱǥǰǾǯǫ Ȃǥ-
ǮȂȁǵǴȂ ǭǣǺǨǴǵǥǱ ǴǫǰǵǨǪǫǳǱǥǣǰǰǱǦǱ ǴǫǦǰǣǮǣ ǫ ǴǭǱǳǱǴǵǿ ǳǣǤǱǵǾ ǴǫǴǵǨǯ. 
ǔǭǱǳǱǴǵǿ ǳǣǤǱǵǾ ǲǱǪǥǱǮȂǨǵ ǫǴǲǱǮǿǪǱǥǣǵǿ ǴǫǰǵǨǪǣǵǱǳ ǥ ǲǳǫǮǱǩǨǰǫȂǸ 
ǳǨǣǮǿǰǱǦǱ ǥǳǨǯǨǰǫ, ǵǣǭǫǸ ǭǣǭ ǦǱǮǱǴǱǥǾǨ ǣǴǴǫǴǵǨǰǵǾ, ǲǳǫ ǣǥǵǱǯǣǵǫǺǨ-
ǴǭǱǯ ǱǪǥǶǺǫǥǣǰǫǫ ǲǨǳǨǥǱǧǣ. ǑǹǨǰǭǣ ǭǣǺǨǴǵǥǣ ǣǥǵǱǯǣǵǫǺǨǴǭǱǦǱ ǴǫǰǵǨǪǣ 
ǳǨǺǫ, ǥ ǴǥǱȁ ǱǺǨǳǨǧǿ, ǵǣǭǩǨ ǲǳǨǧǴǵǣǥǮȂǨǵ ǴǱǤǱǬ ǴǮǱǩǰǶȁ ǪǣǧǣǺǶ. ǒǳǫ-
ǯǨǰȂȁǵǴȂ ǣǥǵǱǯǣǵǫǺǨǴǭǫǨ ǯǨǵǱǧǾ, ǥ ǵǱǯ ǺǫǴǮǨ ǫǴǲǱǮǿǪǶȁǼǫǨ ǱǹǨǰ-
ǭǫ ǥǨǳǱȂǵǰǱǴǵǨǬ, ǲǱǮǶǺǨǰǰǾǨ Ǵ ǲǱǯǱǼǿȁ ǴǫǴǵǨǯ ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǳǨǺǫ, 
ǱǧǰǣǭǱ ǵǣǭǫǨ ǸǣǳǣǭǵǨǳǫǴǵǫǭǫ ǯǱǦǶǵ Ǯǫǻǿ ǭǱǴǥǨǰǰǱ ǴǥǫǧǨǵǨǮǿǴǵǥǱǥǣǵǿ 
Ǳ ǭǣǺǨǴǵǥǨ ǳǨǺǨǥǱǦǱ ǴǫǦǰǣǮǣ. ǑǤǼǨǲǳǫǰȂǵǾǯǫ ǰǣ ǧǣǰǰǾǬ ǯǱǯǨǰǵ ǯǨ-
ǵǱǧǫǭǣǯǫ ǱǹǨǰǭǫ ȂǥǮȂȁǵǴȂ ȀǭǴǲǨǳǵǰǾǨ ǱǹǨǰǭǫ ǴǱǦǮǣǴǰǱ ǯǨǵǱǧǫǭǣǯ 
MOS, MUSHRA [1]. ǔǳǨǧǫ ǭǳǫǵǨǳǫǨǥ, ǲǱ ǭǱǵǱǳǾǯ ǲǳǱǫǴǸǱǧǫǵ ǱǹǨǰǭǣ, 
ǱǴǰǱǥǰǾǯǫ ȂǥǮȂȁǵǴȂ ǳǣǪǤǱǳǺǫǥǱǴǵǿ (ǮǨǦǭǱǴǵǿ ǥǱǴǲǳǫȂǵǫȂ ǲǳǱǫǪǰǨ-
ǴǨǰǰǱǦǱ ǵǨǭǴǵǣ) ǫ ǨǴǵǨǴǵǥǨǰǰǱǴǵǿ ǪǥǶǺǣǰǫȂ ǴǫǰǵǨǪǫǳǱǥǣǰǰǱǬ ǳǨǺǫ.

ǔǳǨǧǫ ǲǱǧǸǱǧǱǥ, ǳǣǪǳǣǤǱǵǣǰǰǾǸ ǧǮȂ ǳǨǻǨǰǫȂ ǪǣǧǣǺ ǴǫǰǵǨǪǣ ǳǨǺǫ, ǯǱǩǰǱ 
ǥǾǧǨǮǫǵǿ ǰǨǴǭǱǮǿǭǱ ǱǴǰǱǥǰǾǸ ǭǮǣǴǴǱǥ:

• ǭǱǰǭǣǵǨǰǣǵǫǥǰǾǨ ǲǱǧǸǱǧǾ (ǧǫǷǱǰǰǾǬ ǴǫǰǵǨǪ [2], Unit s—l—ction [3]). ǋǴ-
ǸǱǧǰǱǬ ǫǰǷǱǳǯǣǹǫǨǬ ǥ ǧǣǰǰǾǸ ǲǱǧǸǱǧǣǸ ǴǮǶǩǣǵ ǥǾǧǨǮǨǰǰǾǨ ǫǪ ǳǨǺǨ-
ǥǾǸ ǪǣǲǫǴǨǬ ǣǭǶǴǵǫǺǨǴǭǫǨ ǨǧǫǰǫǹǾ;

• ǲǣǳǣǯǨǵǳǫǺǨǴǭǫǨ ǲǱǧǸǱǧǾ, ǥ ǭǱǵǱǳǱǯ ǤǣǪǱǥǾǯǫ ȀǮǨǯǨǰǵǣǯǫ ȂǥǮȂȁǵǴȂ 
ǴǵǣǵǫǴǵǫǺǨǴǭǫǨ ǯǱǧǨǮǫ ǪǥǶǭǱǥ ȂǪǾǭǣ;

• ǦǫǤǳǫǧǰǾǨ ǯǱǧǨǮǫ, ǴǱǥǯǨǼǣȁǼǫǨ ǧǥǣ ǲǳǨǧǾǧǶǼǫǸ ǭǮǣǴǴǣ.

ǐǣ ǴǨǦǱǧǰȂǻǰǫǬ ǧǨǰǿ ǰǣǫǮǶǺǻǫǨ ǳǨǪǶǮǿǵǣǵǾ ǧǱǴǵǫǦǣȁǵǴȂ Ǵ ǲǱǯǱǼǿȁ ǯǱǧǨ-
ǮǨǬ, ǱǴǰǱǥǣǰǰǾǸ ǰǣ ǲǣǳǣǯǨǵǳǫǺǨǴǭǱǯ ǰǨǬǳǱǴǨǵǨǥǱǯ ǲǱǧǸǱǧǨ.

ǑǴǰǱǥǰǱǬ ǴǮǱǩǰǱǴǵǿȁ ǲǳǫ ǴǱǪǧǣǰǫǫ ǭǣǺǨǴǵǥǨǰǰǾǸ ǰǨǬǳǱǴǨǵǨǥǾǸ ǯǱǧǨǮǨǬ 
ǴǫǰǵǨǪǣ ǳǨǺǫ ȂǥǮȂǨǵǴȂ ǰǨǱǤǸǱǧǫǯǱǴǵǿ ǶǺǫǵǾǥǣǵǿ ǧǮǫǵǨǮǿǰǾǨ ǪǣǥǫǴǫ-
ǯǱǴǵǫ, ǴǶǼǨǴǵǥǶȁǼǫǨ ǥ ǳǨǺǨǥǾǸ ǴǫǦǰǣǮǣǸ. ǅǥǨǧǨǰǫǨ ǥ ǴǫǴǵǨǯǶ ǤǱǮǿ-
ǻǱǦǱ ǭǱǮǫǺǨǴǵǥǣ ǲǣǳǣǯǨǵǳǱǥ, ǴǲǱǴǱǤǰǾǸ ǲǱǯǱǺǿ ǥ ǳǨǻǨǰǫǫ ǪǣǧǣǺ, 
ǱǧǰǱǥǳǨǯǨǰǰǱ Ǵ Ȁǵǫǯ ǴǲǱǴǱǤǰǱ ǴǨǳǿёǪǰǱ ǪǣǯǨǧǮǫǵǿ ǲǳǱǹǨǴǴǾ ǭǣǭ ǯǱ-
ǧǨǮǫǳǱǥǣǰǫȂ, ǵǣǭ ǫ ǳǣǤǱǵǾ ǫǵǱǦǱǥǱǬ ǴǫǴǵǨǯǾ ǴǫǰǵǨǪǣ ǳǨǺǫ. ǒǳǫ ȀǵǱǯ 
ǵǣǭǩǨ ǴǮǨǧǶǨǵ ǶǺǫǵǾǥǣǵǿ, ǺǵǱ ǶǴǮǱǩǰǨǰǫǨ ǴǫǴǵǨǯǾ ǯǱǩǨǵ ǲǳǫǥǱǧǫǵǿ 
ǭ ǪǣǯǨǧǮǨǰǫȁ Ǩё ǳǣǤǱǵǾ, ǺǵǱ ǥ ǤǱǮǿǻǫǰǴǵǥǨ ǲǳǣǭǵǫǺǨǴǭǫǸ ǲǳǫǮǱǩǨ-
ǰǫǬ ȂǥǮȂǨǵǴȂ ǰǨǧǱǲǶǴǵǫǯǾǯ. ǇǮȂ ǺǨǮǱǥǨǺǨǴǭǱǦǱ ǶǸǣ ǴǰǫǩǨǰǫǨ ǺǣǴǵǱǵǾ 
ǧǫǴǭǳǨǵǫǪǣǹǫǫ ǰǫǩǨ 16 ǭǆǹ ȂǥǮȂǨǵǴȂ ǪǣǯǨǵǰǾǯ ǰǣ ǴǮǶǸ, ǺǵǱ ǲǳǨǧǽ-
ȂǥǮȂǨǵ ǭ ǴǫǰǵǨǪǣǵǱǳǣǯ, ǳǣǤǱǵǣȁǼǫǯ ǥ ǳǨǩǫǯǨ ǳǨǣǮǿǰǱǦǱ ǥǳǨǯǨǰǫ, 
ǵǳǨǤǱǥǣǰǫȂ ǲǱ ǦǨǰǨǳǣǹǫǫ ǰǨ ǯǨǰǨǨ 16 ǵǾǴȂǺ ǱǵǴǺёǵǱǥ ǣǶǧǫǱǴǫǦǰǣǮǣ  
ǥ ǴǨǭǶǰǧǶ.
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ǓǣǤǱǵǶ ǥǴǨǸ ǰǨǬǳǱǴǨǵǨǥǾǸ ǴǫǰǵǨǪǣǵǱǳǱǥ ǳǨǺǫ ǯǱǩǰǱ ǲǱǧǨǮǫǵǿ ǰǣ ǧǥǣ Ȁǵǣǲǣ: ǲǱǧǦǱǵǱǥǭǶ 
ǰǨǱǤǸǱǧǫǯǱǦǱ ǰǣǤǱǳǣ ǸǣǳǣǭǵǨǳǫǴǵǫǭ, ǥǾǳǱǥǰǨǰǰǾǸ ǲǱ ǥǳǨǯǨǰǫ (ǰǣǲǳǫǯǨǳ, ǯǨǮ-
ǴǲǨǭǵǳǱǦǳǣǯǯǾ, ǺǣǴǵǱǵǣ ǱǴǰǱǥǰǱǦǱ ǵǱǰǣ, ǳǣǪǮǫǺǰǾǨ ǮǫǰǦǥǫǴǵǫǺǨǴǭǫǨ ǸǣǳǣǭǵǨǳǫ-
Ǵǵǫǭǫ); ǲǳǨǱǤǳǣǪǱǥǣǰǫǨ ǲǱǧǦǱǵǱǥǮǨǰǰǾǸ ǸǣǳǣǭǵǨǳǫǴǵǫǭ ǥ ǫǵǱǦǱǥǾǬ ǣǶǧǫǱǷǣǬǮ. 
ǒǳǫ ȀǵǱǯ ǭǱǮǫǺǨǴǵǥǱ ǰǨǬǳǱǴǨǵǨǬ, ǥǸǱǧȂǼǫǸ ǥ ǴǫǴǵǨǯǶ, ǫ ǫǸ ǣǳǸǫǵǨǭǵǶǳǣ ǯǱǦǶǵ Ǳǵ-
ǮǫǺǣǵǿǴȂ ǥ ǳǣǪǮǫǺǰǾǸ ǲǱǧǸǱǧǣǸ. ǈǧǫǰǾǯ ǧǮȂ ǥǴǨǸ ǲǱǧǸǱǧǱǥ ǱǴǵǣǨǵǴȂ ǵǳǨǤǱǥǣǰǫǨ 
ǲǱ ǰǣǮǫǺǫȁ ǱǤǶǺǣȁǼǨǦǱ ǭǱǳǲǶǴǣ ǣǶǧǫǱǧǣǰǰǾǸ. ǓǣǪǳǣǤǣǵǾǥǣǨǯǾǨ ǯǱǧǨǮǫ ǧǮȂ ǣǰ-
ǦǮǫǬǴǭǱǦǱ ȂǪǾǭǣ ǺǣǴǵǱ ǵǨǴǵǫǳǶȁǵǴȂ ǰǣ ǳǨǺǨǥǾǸ ǤǣǪǣǸ ǧǣǰǰǾǸ, ǴǳǨǧǫ ǭǱǵǱǳǾǸ ǰǣǫ-
ǤǱǮǿǻǨǬ ǲǱǲǶǮȂǳǰǱǴǵǿȁ ǴǳǨǧǫ ǳǣǪǳǣǤǱǵǺǫǭǱǥ ǲǱǮǿǪǶȁǵǴȂ ǭǱǳǲǶǴǣ T’— LJ Sp——c’ 
Datas—t [4], VCTK Corpus [5], CMU_ARCTIC [6], ǣ ǵǣǭǩǨ ǯǰǱǩǨǴǵǥǱ ǣǶǧǫǱǭǰǫǦ.

2. ǎǫǰǦǥǫǴǵǫǺǨǴǭǫǨ ǳǨǴǶǳǴǾ ǧǮȂ ǱǤǶǺǨǰǫȂ

ǐǨǪǣǥǫǴǫǯǱ Ǳǵ ǥǾǤǱǳǣ ǣǳǸǫǵǨǭǵǶǳǾ ǴǫǴǵǨǯǾ ǴǫǰǵǨǪǣ ǵǣǵǣǳǴǭǱǬ ǳǨǺǫ, ǧǮȂ Ǩё ǲǱǴǵǳǱǨ-
ǰǫȂ ǰǨǱǤǸǱǧǫǯǱ ǰǣǮǫǺǫǨ ǭǱǳǲǶǴǣ ǳǨǺǫ. ǋǴǵǱǺǰǫǭǱǯ ǧǮȂ ǨǦǱ ǴǱǪǧǣǰǫȂ ǯǱǦǶǵ ǴǮǶ-
ǩǫǵǿ ǣǶǧǫǱǭǰǫǦǫ, ǯǰǱǦǱǧǫǭǵǱǳǰǾǨ ǭǱǳǲǶǴǣ. ǑǧǰǣǭǱ ǰǨǤǱǮǿǻǱǨ ǭǱǮǫǺǨǴǵǥǱ ǫǯǨ-
ȁǼǫǸǴȂ ǰǣ ǵǣǵǣǳǴǭǱǯ ȂǪǾǭǨ ǣǶǧǫǱǭǰǫǦ, ǣ ǵǣǭǩǨ ǩǨǮǣǰǫǨ ǲǱǮǶǺǫǵǿ ǯǣǭǴǫǯǣǮǿǰǱ 
ǭǣǺǨǴǵǥǨǰǰǾǬ ǴǫǰǵǨǪǫǳǱǥǣǰǰǾǬ ǦǱǮǱǴ, ǲǳǫǥǨǮǫ ǰǣǴ ǭ ǰǨǱǤǸǱǧǫǯǱǴǵǫ ǴǱǪǧǣǰǫȂ 
ǴǱǤǴǵǥǨǰǰǾǸ ǳǨǺǨǥǾǸ ǤǣǪ ǧǣǰǰǾǸ.

ǒǱ ǴǱǴǵǱȂǰǫȁ ǰǣ ǰǱȂǤǳǿ 2019 Ǧ. ǫǰǴǵǫǵǶǵ ǲǳǫǭǮǣǧǰǱǬ ǴǨǯǫǱǵǫǭǫ ǲǱǧǦǱǵǱǥǫǮ ǺǨǵǾǳǨ 
ǳǨǺǨǥǾǸ ǭǱǳǲǶǴǣ ǧǮȂ ǲǱǴǵǳǱǨǰǫȂ ǴǫǰǵǨǪǣǵǱǳǣ ǵǣǵǣǳǴǭǱǬ ǳǨǺǫ, ǭǱǳǲǶǴ, ǴǱǤǳǣǰǰǾǬ 
ǫǪ ǣǶǧǫǱǭǰǫǦ, ǨǼё ǰǣǸǱǧǫǵǴȂ ǥ ǲǳǱǹǨǴǴǨ ǲǱǧǦǱǵǱǥǭǫ.

ǅǴǨ ǪǣǲǫǴǫ ǧǮȂ ǯǱǰǱǧǫǭǵǱǳǰǾǸ ǭǱǳǲǶǴǱǥ ǱǴǶǼǨǴǵǥǮȂǮǫǴǿ ǥ ǲǳǱǷǨǴǴǫǱǰǣǮǿǰǾǸ ǪǥǶ-
ǭǱǪǣǲǫǴǾǥǣȁǼǫǸ ǴǵǶǧǫȂǸ, ǥ ǭǣǺǨǴǵǥǨ ǧǫǭǵǱǳǱǥ ǲǳǫǦǮǣǻǣǮǫǴǿ ǣǭǵǨǳǾ ǵǣǵǣǳǴǭǱǦǱ 
ǣǭǣǧǨǯǫǺǨǴǭǱǦǱ ǵǨǣǵǳǣ, ǵǣǭǩǨ ǫǯǨȁǼǫǨ ǱǲǾǵ ǥ ǱǪǥǶǺǫǥǣǰǫǫ ǭǰǫǦ ǫ ǥǨǧǨǰǫǫ ǵǨǮǨ- 
ǫ ǳǣǧǫǱǲǨǳǨǧǣǺ.

ǑǴǰǱǥǰǾǨ ǸǣǳǣǭǵǨǳǫǴǵǫǭǫ ǭǱǳǲǶǴǱǥ ǲǳǨǧǴǵǣǥǮǨǰǾ ǥ ǵǣǤǮ. 1.

ƏƝƞƨƥƳƝ 1.

ƌƭƫơƫƨƣƥƯƢƨƹƪƫƮƯƹ ƧƫƭƬưƮƫƟ ơƨƼ ƤƝơƝƴƥ ƮƥƪƯƢƤƝ ƯƝƯƝƭƮƧƫƦ ƭƢƴƥ

ǇǫǭǵǱǳ
ǋǴǸǱǧǰǾǬ 

ǷǱǳǯǣǵ 
ǪǣǲǫǴǫ

ǒǳǱǧǱǮǩǫ-
ǵǨǮǿǰǱǴǵǿ 
ǪǣǲǫǴǨǬ

ǋǵǱǦǱǥǣȂ 
ǲǳǱǧǱǮǩǫ-
ǵǨǮǿǰǱǴǵǿ 

ǭǱǳǲǶǴǣ

ǃǰǰǱǵǣǹǫȂ

ǕǣǥǪǫǸ 22.05 ǭǆǹ 
16 Ǥǫǵ ǯǱǰǱ ǘǳǣǰǫǵǴȂ 1009 ǪǣǲǫǴǨǬ ǧǫǷǱǰǱǥ

ǃǮǯǣǪ 44.1ǭǆǹ 
16 Ǥǫǵ ǴǵǨǳǨǱ 12:08:22 5:30:02 +

ǃǮǴǶ 48 ǭǆǹ 
32 Ǥǫǵ ǯǱǰǱ 7:30:32 6:17:31 +

ǓǣǯǫǮǿ 44.1 ǭǆǹ 24 Ǥǫǵ 
ǴǵǨǳǨǱ 22:58:48 16:53:59 Ɉ

ǃǶǧǫǱǭǰǫǦǫ 
(31 ǧǫǭǵǱǳ)

44.1 ǭǆǹ 24 Ǥǫǵ 
ǴǵǨǳǨǱ 114:28:10 Ɉ Ɉ
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ǍǱǳǲǶǴ «ǕǣǥǪǫǸ» ǴǱǪǧǣǥǣǮǴȂ ǧǮȂ ǭǱǰǭǣǵǨǰǣǵǫǥǰǱǦǱ ǧǫǷǱǰǰǱǦǱ ǴǫǰǵǨǪǣ, ǲǱȀ-
ǵǱǯǶ ǨǦǱ ǴǵǳǶǭǵǶǳǣ ǪǰǣǺǫǵǨǮǿǰǱ ǱǵǮǫǺǣǨǵǴȂ Ǳǵ ǧǳǶǦǫǸ ǭǱǳǲǶǴǱǥ [7]. ǅ ǭǣ-
ǺǨǴǵǥǨ ǱǪǥǶǺǫǥǣǨǯǱǦǱ ǵǨǭǴǵǣ ǥǾǴǵǶǲǣǮ ǰǣǤǱǳ ǻǣǤǮǱǰǰǾǸ ǷǳǣǪ, ǴǱǴǵǱȂ-
ǼǫǸ ǫǪ ǵǳǨǸ ǳǫǵǯǫǺǨǴǭǫǸ ǦǳǶǲǲ. ǔǳǨǧǰȂȂ ǳǫǵǯǫǺǨǴǭǣȂ ǦǳǶǲǲǣ, ǥ ǭǱǵǱǳǱǬ 
ǱǪǥǶǺǫǥǣǮǴȂ ǹǨǮǨǥǱǬ ǧǫǷǱǰ, ǲǳǨǧǴǵǣǥǮȂǮǣ ǵǳёǸ- ǫǮǫ ǺǨǵǾǳǨǸǴǮǱǩǰǱǨ 
ǴǫǰǵǨǵǫǺǨǴǭǱǨ ǴǮǱǥǱ, ǰǣǺǣǮǿǰǣȂ ǫ ǭǱǰǨǺǰǣȂ ǳǫǵǯǫǺǨǴǭǫǨ ǦǳǶǲǲǾ Ƿǳǣ-
ǪǾ ǲǳǫ ȀǵǱǯ ǱǴǵǣǥǣǮǫǴǿ ǰǨǫǪǯǨǰǰǾǯǫ. ǚǣǴǵǿ ǧǫǷǱǰǰǱǬ ǤǣǪǾ ǤǾǮǣ ǳǣǪ-
ǯǨǺǨǰǣ ǲǱ ǲǨǳǫǱǧǣǯ ǱǴǰǱǥǰǱǦǱ ǵǱǰǣ. ǓǣǪǯǨǵǭǣ ǲǳǱǥǱǧǫǮǣǴǿ ǱǵǧǨǮǿǰǱ 
ǧǮȂ ǱǤǨǫǸ ǲǱǮǶǷǱǰǨǯ, ǥǸǱǧȂǼǫǸ ǥ ǧǫǷǱǰ Ǵ ǶǭǣǪǣǰǫǨǯ ǦǳǣǰǫǹǾ ǯǨǩǧǶ 
ǷǱǰǨǯǣǯǫ. ǇǮȂ ǳǣǪǯǨǺǨǰǰǾǸ ǧǫǷǱǰǱǥ ǺǫǴǮǱǥǾǨ ǱǵǴǺёǵǾ ǲǳǫǥǨǧǨǰǾ 
ǥ ǴǱǱǵǥǨǵǴǵǥǶȁǼǫǸ ǵǨǭǴǵǱǥǾǸ ǷǣǬǮǣǸ. ǍǣǩǧǱǨ ǪǰǣǺǨǰǫǨ ǲǳǨǧǴǵǣǥǮȂǨǵ 
ǴǱǤǱǬ ǶǧǥǱǨǰǰǱǨ ǺǫǴǮǱ ǤǣǬǵǱǥ Ǳǵ ǰǣǺǣǮǣ ǪǥǶǭǱǥǱǦǱ ǷǣǬǮǣ.

ǅ ǭǱǳǲǶǴǣǸ «ǃǮǯǣǪ» ǫ «ǃǮǴǶ» ǫǯǨȁǵǴȂ ǧǱǲǱǮǰǫǵǨǮǿǰǾǨ ǶǳǱǥǰǫ ǣǰǰǱǵǣǹǫǫ: 
ǥ ǣǶǧǫǱǷǣǬǮǣǸ ȀǭǴǲǨǳǵǣǯǫ ǤǾǮǫ ǥǳǶǺǰǶȁ ǳǣǪǯǨǺǨǰǾ ǥǴǨ ǫǰǵǱǰǣǹǫ-
ǱǰǰǾǨ ǦǳǶǲǲǾ, ǱǵǯǨǺǨǰǾ ǪǣǫǯǴǵǥǱǥǣǰǰǾǨ ǫ ǣǭǹǨǰǵǰǾǨ ǴǮǱǥǣ, ǲǱǴǮǨ 
ǺǨǦǱ ǧǮȂ ǥǴǨǦǱ ǲǳǱǺǫǵǣǰǰǱǦǱ ǵǨǭǴǵǣ ǤǾǮǣ ǲǱǴǵǳǱǨǰǣ ǷǱǰǨǵǫǺǨǴǭǣȂ 
ǵǳǣǰǴǭǳǫǲǹǫȂ ǫ ǣǥǵǱǯǣǵǫǺǨǴǭǫǯǫ ǴǳǨǧǴǵǥǣǯǫ ǱǲǳǨǧǨǮǨǰǾ ǦǳǣǰǫǹǾ 
ǲǳǱǫǪǰǨǴǨǰǫȂ ǭǣǩǧǱǬ ǷǱǰǨǯǾ. ǄǾǮǣ ǳǨǣǮǫǪǱǥǣǰǣ ǯǱǧǨǮǿ ǳǣǪǯǨǵǭǫ 
ǭǱǳǲǶǴǣ, ǱǴǰǱǥǰǾǨ ȀǮǨǯǨǰǵǾ ǭǱǵǱǳǱǬ ǯǱǩǰǱ ǲǳǨǧǴǵǣǥǫǵǿ ǴǮǨǧǶȁǼǫǯ 
ǱǤǳǣǪǱǯ.

1. ǖǳǱǥǨǰǿ ǷǱǰǨǯ: ǵǨǭǶǼǣȂ ǷǱǰǨǯǣ, ǧǥǨ ǲǳǨǧǻǨǴǵǥǶȁǼǫǨ, ǧǥǨ ǲǱǴǮǨǧǶ-
ȁǼǫǨ ǷǱǰǨǯǾ.

2. ǖǳǱǥǨǰǿ ǴǮǱǦǱǥ: ǵǫǲ ǴǮǱǦǣ (V, VC, CV, CVC, VCC, CVCC); ǲǱǪǫǹǫȂ ǷǱǰǨǯǾ 
ǥ ǴǮǱǦǨ; ǭǱǮǫǺǨǴǵǥǱ ǷǱǰǨǯ ǥ ǲǳǨǧǾǧǶǼǨǯ, ǵǨǭǶǼǨǯ, ǲǱǴǮǨǧǶȁǼǨǯ ǴǮǱ-
ǦǨ; ǰǱǯǨǳ ǵǨǭǶǼǨǦǱ ǴǮǱǦǣ ǥ ǴǮǱǥǨ; ǦǮǣǴǰǣȂ ǥ ǵǨǭǶǼǨǯ ǴǮǱǦǨ.

3.  ǖǳǱǥǨǰǿ ǴǮǱǥ: ǺǣǴǵǿ ǳǨǺǫ, ǭǱǮǫǺǨǴǵǥǱ ǴǮǱǦǱǥ ǧǮȂ ǲǳǨǧǾǧǶǼǨǦǱ, ǵǨǭǶ-
ǼǨǦǱ, ǴǮǨǧǶȁǼǨǦǱ ǴǮǱǥǣ; ǭǱǮǫǺǨǴǵǥǱ ǲǳǨǧǻǨǴǵǥǶȁǼǫǸ ǫ ǲǱǴǮǨǧǶȁǼǫǸ 
ǴǮǱǥ ǥǱ ǷǳǣǪǨ.

4. ǖǳǱǥǨǰǿ ǷǳǣǪǾ: ǭǱǮǫǺǨǴǵǥǱ ǴǮǱǥ/ǴǮǱǦǱǥ ǥ ǲǳǨǧǾǧǶǼǨǬ, ǵǨǭǶǼǨǬ, ǲǱ-
ǴǮǨǧǶȁǼǨǬ ǷǳǣǪǨ.

ǒǱǴǮǨ ǣǰǰǱǵǫǳǱǥǣǰǫȂ ǭǱǳǲǶǴ ǸǳǣǰǫǵǴȂ ǥ ǷǱǳǯǣǵǨ ǯǣǴǴǫǥǣ ǵǳǱǨǭ ǷǣǬǮǱǥ: 
wav (ǣǶǧǫǱ-ǷǳǣǦǯǨǰǵ) Ɉ txt (ǵǨǭǴǵǱǥǣȂ ǣǰǰǱǵǣǹǫȂ ǣǶǧǫǱǷǳǣǦǯǨǰǵǣ) Ɉ 
lab (ǲǱǷǱǰǨǯǰǱǨ ǣǰǰǱǵǣǹǫȂ ǣǶǧǫǱǷǳǣǦǯǨǰǵǣ). ǔǱǧǨǳǩǫǯǱǨ txt-ǷǣǬǮǣ 
ǲǳǨǧǴǵǣǥǮȂǨǵ ǴǱǤǱǬ ǵǨǭǴǵǱǥǱǨ ǲǳǨǧǴǵǣǥǮǨǰǫǨ ǱǪǥǶǺǨǰǰǱǬ ǷǳǣǪǾ, ǣ ǵǣǭ-
ǩǨ ǴǮǨǧǶȁǼǫǨ ǴǲǨǹǫǣǮǿǰǾǨ ǴǫǯǥǱǮǾ: * Ɉ ǧǮȂ ǱǤǱǪǰǣǺǨǰǫȂ ǫǰǵǱǰǣǹǫǫ 
ǲǨǳǨǺǫǴǮǨǰǫȂ; |, Ɉ ǧǮȂ ǱǤǱǪǰǣǺǨǰǫȂ ǰǨǪǣǥǨǳǻǨǰǰǱǬ ǲǱ ǫǰǵǱǰǣǹǫǫ Ǵǫǰ-
ǵǣǦǯǾ; . Ɉ ǧǮȂ ǱǤǱǪǰǣǺǨǰǫȂ ǪǣǥǨǳǻёǰǰǱǬ ǲǱ ǫǰǵǱǰǣǹǫǫ ǴǫǰǵǣǦǯǾ; ! Ɉ 
ǧǮȂ ǥǱǴǭǮǫǹǣǵǨǮǿǰǱǬ ǫǰǵǱǰǣǹǫǫ; ? Ɉ ǧǮȂ ǥǱǲǳǱǴǫǵǨǮǿǰǱǬ ǫǰǵǱǰǣǹǫǫ; 
~ Ɉ ǧǮȂ ǱǤǱǪǰǣǺǨǰǫȂ ǪǣǫǯǴǵǥǱǥǣǰǰǾǸ ǴǮǱǥ.

ǔǵǳǶǭǵǶǳǣ lab-ǷǣǬǮǣ ǲǱǴǵǳǱǨǰǣ ǰǣ ǱǴǰǱǥǨ ǣǧǣǲǵǫǳǱǥǣǰǰǱǦǱ ǲǱǧ ǵǣǵǣǳǴǭǫǬ 
ȂǪǾǭ ǷǣǬǮǣ ǣǰǰǱǵǣǹǫǫ, ǫǪǰǣǺǣǮǿǰǱ ǳǣǪǳǣǤǱǵǣǰǰǱǦǱ ǧǮȂ ǴǫǰǵǨǪǣ ǣǰ-
ǦǮǫǬǴǭǱǬ ǳǨǺǫ ǰǣ ǤǣǪǨ ǴǭǳǾǵǾǸ ǏǣǳǭǱǥǴǭǫǸ ǯǱǧǨǮǨǬ [8]. ǋǵǱǦǱǥǾǬ 
ǷǱǳǯǣǵ ǷǣǬǮǣ ǣǰǰǱǵǣǹǫǫ:
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t1 t2 p1ˆp2-p3+p4=p5@p6_p7 /A:a3 /B:b3@b4-b5&b6-b7|b16 /C:c3 /D:–1_–2 /E:—1+—2@
—3+—4 /F: f1_f2 /H:’1=’2|’5 /J:j1,

ǦǧǨ t1, t2 Ɉ ǥǳǨǯǨǰǰǾǨ ǱǵǴǺёǵǾ ǰǣǺǣǮǣ ǫ ǱǭǱǰǺǣǰǫȂ ǪǥǶǺǣǰǫȂ ǭǣǩǧǱǬ ǷǱǰǨǯǾ, ǲǱǮǶǺǨǰ-
ǰǾǨ ǣǥǵǱǯǣǵǫǺǨǴǭǫ Ǵ ǲǱǯǱǼǿȁ ǴǫǴǵǨǯ ǳǣǴǲǱǪǰǣǥǣǰǫȂ ǳǨǺǫ, ǴǲǨǹǫǣǮǿǰǱ ǲǱǴǵǳǱ-
ǨǰǰǾǸ ǧǮȂ ǭǣǩǧǱǦǱ ǫǪ ǦǱǮǱǴǱǥ.

ǑǲǫǴǣǰǫǨ ǱǴǵǣǮǿǰǾǸ ǫǴǲǱǮǿǪǱǥǣǰǰǾǸ ǱǤǱǪǰǣǺǨǰǫǬ ǲǳǫǥǱǧǫǵǴȂ ǥ ǵǣǤǮ.2.

ƏƝƞƨƥƳƝ 2

 ƋƞƫƤƪƝƴƢƪƥƼ ƬƝƭƝƩƢƯƭƫƟ, ƥƮƬƫƨƹƤƫƟƝƪƪƸƲ Ɵ lab-ƱƝƦƨƝƲ ƝƪƪƫƯƝƳƥƥ

ǒǣǳǣǯǨǵǳ ǑǲǫǴǣǰǫǨ ǒǣǳǣǯǨǵǳ ǑǲǫǴǣǰǫǨ

p1 ǗǱǰǨǯǣ Ǫǣ ǧǥǨ ǧǱ ǵǨǭǶǼǨǬ c3 ЧǫǴǮǱ ǷǱǰǨǯ ǥ ǴǮǨǧǶȁǼǨǯ 
ǴǮǱǦǨ

p2 ǒǳǨǧǾǧǶǼǣȂ ǷǱǰǨǯǣ d1
ЧǣǴǵǿ ǳǨǺǫ ǲǳǨǧǾǧǶǼǨǦǱ 
ǴǮǱǥǣ

p3 ǕǨǭǶǼǣȂ ǷǱǰǨǯǣ d2
ЧǫǴǮǱ ǴǮǱǦǱǥ 
ǥ ǲǳǨǧǾǧǶǼǨǯ ǴǮǱǥǨ

p4 ǔǮǨǧǶȁǼǣȂ ǷǱǰǨǯǣ e1 ЧǣǴǵǿ ǳǨǺǫ ǵǨǭǶǼǨǦǱ ǴǮǱǥǣ

p5 ǗǱǰǨǯǣ ǺǨǳǨǪ ǱǧǰǶ 
Ǳǵ ǵǨǭǶǼǨǬ e2

ЧǫǴǮǱ ǴǮǱǦǱǥ ǥ ǵǨǭǶǼǨǯ 
ǴǮǱǥǨ

p6 ǒǱǪǫǹǫȂ ǵǨǭǶǼǨǬ ǷǱǰǨǯǾ 
ǥ ǵǨǭǶǼǨǯ ǴǮǱǦǨ e3

ǒǱǪǫǹǫȂ ǵǨǭǶǼǨǦǱ ǴǮǱǥǣ 
ǥ ǵǨǭǶǼǨǬ ǷǳǣǪǨ

p7
ǒǱǪǫǹǫȂ ǵǨǭǶǼǨǬ ǷǱǰǨǯǾ 
ǥ ǵǨǭǶǼǨǯ ǴǮǱǦǨ, ǴǺǫǵǣȂ 
Ǵ ǭǱǰǹǣ ǴǮǱǦǣ

e4

ǒǱǪǫǹǫȂ ǵǨǭǶǼǨǦǱ ǴǮǱǥǣ 
ǥ ǵǨǭǶǼǨǬ ǷǳǣǪǨ, ǰǣǺǫǰǣȂ 
Ǵ ǭǱǰǹǣ ǷǳǣǪǾ

a3
КǱǮǫǺǨǴǵǥǱ ǷǱǰǨǯ 
ǥ ǲǳǨǧǾǧǶǼǨǯ ǴǮǱǦǨ f1

ЧǣǴǵǿ ǳǨǺǫ ǴǮǨǧǶȁǼǨǦǱ 
ǴǮǱǥǣ

b3
КǱǮǫǺǨǴǵǥǱ ǷǱǰǨǯ 
ǥ ǵǨǭǶǼǨǯ ǴǮǱǦǨ f2

ЧǫǴǮǱ ǴǮǱǦǱǥ ǥ ǴǮǨǧǶȁǼǨǯ 
ǴǮǱǥǨ

b4
ǒǱǪǫǹǫȂ ǵǨǭǶǼǨǦǱ ǴǮǱǦǣ 
ǥ ǵǨǭǶǼǨǯ ǴǮǱǥǨ h1

ЧǫǴǮǱ ǴǮǱǦǱǥ ǥ ǴǮǨǧǶȁǼǨǬ 
ǷǳǣǪǨ

b5

ǒǱǪǫǹǫȂ ǵǨǭǶǼǨǦǱ ǴǮǱǦǣ 
ǥ ǵǨǭǶǼǨǯ ǴǮǱǥǨ, ǰǣǺǫǰǣȂ 
Ǵ ǭǱǰǹǣ ǴǮǱǥǣ

h2
ЧǫǴǮǱ ǴǮǱǥ ǥ ǴǮǨǧǶȁǼǨǬ 
ǷǳǣǪǨ

b6
ǒǱǪǫǹǫȂ ǵǨǭǶǼǨǦǱ ǴǮǱǦǣ 
ǥ ǵǨǭǶǼǨǬ ǷǳǣǪǨ h5 Ǖǫǲ ǴǫǰǵǣǦǯǾ

b7

ǒǱǪǫǹǫȂ ǵǨǭǶǼǨǦǱ ǴǮǱǦǣ 
ǥ ǵǨǭǶǼǨǬ ǷǳǣǪǨ, ǰǣǺǫǰǣȂ 
Ǵ ǭǱǰǹǣ ǷǳǣǪǾ

j1
ǊǣǫǯǴǵǥǱǥǣǰǰǱǨ ǴǮǱǥǱ ǫǮǫ 
ǰǨǵ

b16 ǆǮǣǴǰǣȂ ǥ ǵǨǭǶǼǨǯ ǴǮǱǦǨ

ǍǱǳǲǶǴǣ «ǃǮǯǣǪ» ǫ «ǃǮǴǶ» ǧǮȂ ǫǴǲǱǮǿǪǱǥǣǰǫȂ ǲǳǫ ǱǤǶǺǨǰǫǫ ǤǾǮǫ ǲǳǫǥǨǧǨǰǾ ǭ ǷǱǳǯǣǵǶ 
ǣǶǧǫǱ 16 ǭǆǹ 16 Ǥǫǵ ǯǱǰǱ, ǭǱǳǲǶǴ «ǓǣǯǫǮǿ» Ɉ 22.05 ǭǆǹ 16 Ǥǫǵ ǯǱǰǱ. ǊǣǲǫǴǫ ǭǱǳǲǶǴǣ 
«ǓǣǯǫǮǿ» ǵǣǭǩǨ ǲǳǱǻǮǫ ǧǱǲǱǮǰǫǵǨǮǿǰǶȁ ǲǳǨǧǱǤǳǣǤǱǵǭǶ, ǲǱǪǥǱǮǫǥǻǶȁ ǶǮǶǺǻǫǵǿ 
ǭǣǺǨǴǵǥǱ ǫǵǱǦǱǥǱǬ ǴǫǴǵǨǯǾ ǴǫǰǵǨǪǣ, ǱǤǳǣǤǱǵǭǣ ǥǭǮȁǺǣǮǣ ǴǮǨǧǶȁǼǫǨ ȀǵǣǲǾ:

• ǤǾǮǫ ǱǵǷǫǮǿǵǳǱǥǣǰǾ ǭǱǳǱǵǭǫǨ (<1 ǴǨǭǶǰǧǾ) ǫ ǧǮǫǰǰǾǨ (>11 ǴǨǭǶǰǧ) ǪǣǲǫǴǫ;
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• ǥǴǨ ǣǶǧǫǱ ǤǾǮǫ ǰǱǳǯǣǮǫǪǱǥǣǰǾ ǲǱ ǦǳǱǯǭǱǴǵǫ;

• ǤǾǮǫ ǶǧǣǮǨǰǾ ǰǣǺǣǮǿǰǾǨ ǫ ǭǱǰǨǺǰǾǨ ǷǳǣǦǯǨǰǵǾ ǵǫǻǫǰǾ.

ǓǣǪǮǫǺǫȂ ǥ ǣǰǰǱǵǣǹǫǫ ǭǱǳǲǶǴǱǥ ǵǣǭǩǨ ǥǭǮȁǺǣǮǫ ǷǱǳǯǣǵ ǲǳǨǧǴǵǣǥǮǨǰǫȂ ǴǱ-
ǱǵǥǨǵǴǵǥǶȁǼǫǸ ǵǨǭǴǵǱǥǾǸ ǷǳǣǦǯǨǰǵǱǥ: «ǃǮǯǣǪ» ǫ «ǃǮǴǶ» ǴǱǧǨǳǩǣǮǫ 
ǷǱǰǨǵǫǺǨǴǭǶȁ ǵǳǣǰǴǭǳǫǲǹǫȁ, «ǓǣǯǫǮǿ» Ɉ ǵǳǣǰǴǮǫǵǨǳǣǹǫȁ ǰǣ Ǯǣǵǫǰǫ-
ǹǶ; ǥǱ ǥǴǨǸ ǭǱǳǲǶǴǣǸ ǤǾǮǫ ǱǵǷǫǮǿǵǳǱǥǣǰǾ ǥǴǨ Ǫǰǣǭǫ ǲǶǰǭǵǶǣǹǫǫ, ǭǳǱǯǨ 
ǪǰǣǭǱǥ ǵǱǺǭǫ, ǪǣǲȂǵǱǬ, ǥǱǴǭǮǫǹǣǵǨǮǿǰǱǦǱ ǫ ǥǱǲǳǱǴǫǵǨǮǿǰǱǦǱ ǪǰǣǭǱǥ.

ǍǱǮǮǨǭǹǫȂ ǣǶǧǫǱǭǰǫǦ ǰǣ ǧǣǰǰǾǬ ǯǱǯǨǰǵ ǰǨ ǳǣǪǯǨǺǨǰǣ. ǒǱǴǮǨ ǣǰǰǱǵǣǹǫǫ 
ǲǮǣǰǫǳǶǨǵǴȂ ǫǴǲǱǮǿǪǱǥǣǰǫǨ ǭǱǳǲǶǴǣ ǧǮȂ ǵǨǴǵǫǳǱǥǣǰǫȂ ǣǮǦǱǳǫǵǯǱǥ 
ǯǰǱǦǱǧǫǭǵǱǳǰǱǦǱ ǴǫǰǵǨǪǣ ǳǨǺǫ ǫ ǵǨǸǰǱǮǱǦǫǬ ǲǱǴǵǳǱǨǰǫȂ ǴǫǰǵǨǪǣǵǱǳǣ 
ǳǨǺǫ ǧǮȂ ǰǱǥǱǦǱ ǦǱǮǱǴǣ ǲǱ ǰǨǤǱǮǿǻǱǯǶ ǭǱǮǫǺǨǴǵǥǶ ǪǣǲǫǴǨǬ.

3. ǃǳǸǫǵǨǭǵǶǳǣ ǴǫǴǵǨǯ ǴǫǰǵǨǪǣ ǳǨǺǫ

ǔǫǴǵǨǯǾ ǴǫǰǵǨǪǣ ǵǣǵǣǳǴǭǱǬ ǳǨǺǫ ǤǾǮǫ ǲǱǴǵǳǱǨǰǾ ǰǣ ǤǣǪǨ ǴǮǨǧǶȁǼǫǸ ǲǱǧ-
ǸǱǧǱǥ:

• ǭǱǰǭǣǵǨǰǣǵǫǥǰǾǬ ǧǫǷǱǰǰǾǬ ǴǫǰǵǨǪ [7];

• HTS-ǲǣǳǣǯǨǵǳǫǺǨǴǭǫǬ ǴǫǰǵǨǪ [9];

• ǰǨǬǳǱǴǨǵǨǥǱǬ ǴǫǰǵǨǪ ǰǣ ǱǴǰǱǥǨ M—rlin [10];

• ǰǨǬǳǱǴǨǵǨǥǱǬ ǴǫǰǵǨǪ ǰǣ ǱǴǰǱǥǨ DCTTS [11];

• ǰǨǬǳǱǴǨǵǨǥǱǬ ǴǫǰǵǨǪ ǰǣ ǱǴǰǱǥǨ Tacotron2 [12] / Wav—Glow [13].

ǔǫǴǵǨǯǣ M—rlin ǱǵǮǫǺǣǨǵǴȂ Ǳǵ ǧǥǶǸ ǧǳǶǦǫǸ ǰǨǬǳǱǴǨǵǨǥǾǸ ǲǱǧǸǱǧǱǥ ǵǨǯ, ǺǵǱ 
ǵǳǨǤǶǨǵ ǲǱǷǱǰǨǯǰǱ ǣǰǰǱǵǫǳǱǥǣǰǰǱǦǱ ǭǱǳǲǶǴǣ ǧǮȂ ǱǤǶǺǨǰǫȂ ǰǨǬǳǱǴǨ-
ǵǨǬ: ǲǨǳǥǣȂ ǰǨǬǳǱǴǨǵǿ ǱǤǶǺǣǨǵǴȂ ǯǱǧǨǮǫǳǱǥǣǰǫȁ ǧǮǫǵǨǮǿǰǱǴǵǨǬ ǲǳǱ-
ǫǪǰǨǴǨǰǫȂ ǧǮȂ ǭǣǩǧǱǬ ǷǱǰǨǯǾ, ǥǵǱǳǣȂ Ɉ ǣǭǶǴǵǫǺǨǴǭǫǸ ǸǣǳǣǭǵǨǳǫǴǵǫǭ 
ǭǣǩǧǱǬ ǫǪ ǷǱǰǨǯ. ǊǣǭǮȁǺǫǵǨǮǿǰǾǯ ȀǵǣǲǱǯ ǳǣǤǱǵǾ ǴǫǴǵǨǯǾ ȂǥǮȂǨǵǴȂ 
ǫǴǲǱǮǿǪǱǥǣǰǫǨ ǥǱǭǱǧǨǳǣ, ǲǳǨǱǤǳǣǪǶȁǼǨǦǱ ǣǭǶǴǵǫǺǨǴǭǫǨ ǸǣǳǣǭǵǨǳǫ-
Ǵǵǫǭǫ ǫ ǧǣǰǰǾǨ Ǳ ǧǮǫǵǨǮǿǰǱǴǵȂǸ ǷǱǰǨǯ ǥ ǳǨǪǶǮǿǵǫǳǶȁǼǫǬ ǳǨǺǨǥǱǬ 
ǴǫǦǰǣǮ. ǅ ǭǣǺǨǴǵǥǨ ǥǱǭǱǧǨǳǣ ǧǮȂ ǴǫǴǵǨǯǾ ǴǫǰǵǨǪǣ ǵǣǵǣǳǴǭǱǬ ǳǨǺǫ ǤǾǮ 
ǫǴǲǱǮǿǪǱǥǣǰ ǥǱǭǱǧǨǳ WORLD [14].

ǅ ǸǱǧǨ ȀǭǴǲǨǳǫǯǨǰǵǱǥ Ǵ ǲǱǧǸǱǧǱǯ M—rlin ǤǾǮǫ ǲǱǴǵǳǱǨǰǾ ǴǫǰǵǨǪǣǵǱǳǾ ǳǨǺǫ 
Ǵ ǫǴǲǱǮǿǪǱǥǣǰǫǨǯ ǳǣǪǮǫǺǰǾǸ ǣǳǸǫǵǨǭǵǶǳ ǰǨǬǳǱǴǨǵǨǬ:

• ǳǣǪǯǨǳ ǴǭǳǾǵǾǸ ǴǮǱёǥ: [1024, 1024, 1024, 1024, 1024, 1024], ǵǫǲ ǴǭǳǾǵǾǸ 
ǴǮǱёǥ: [ɋTANHɌ, ɋTANHɌ, ɋTANHɌ, ɋTANHɌ, ɋTANHɌ, ɋTANHɌ];

• ǳǣǪǯǨǳ ǴǭǳǾǵǾǸ ǴǮǱёǥ: [512, 512, 512, 512, 512, 512], ǵǫǲ ǴǭǳǾǵǾǸ ǴǮǱёǥ: 
[ɋTANHɌ, ɋTANHɌ, ɋTANHɌ, ɋTANHɌ, ɋTANHɌ, ɋTANHɌ];
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• ǳǣǪǯǨǳ ǴǭǳǾǵǾǸ ǴǮǱёǥ: [1024, 1024, 1024, 1024, 256], ǵǫǲ ǴǭǳǾǵǾǸ ǴǮǱёǥ: [ɋTANHɌ, 
ɋTANHɌ, ɋTANHɌ, ɋTANHɌ, LSTMɌ];

• ǳǣǪǯǨǳ ǴǭǳǾǵǾǸ ǴǮǱёǥ: [1024, 1024, 1024, 1024, 384], ǵǫǲ ǴǭǳǾǵǾǸ ǴǮǱёǥ: [ɋTANHɌ, 
ɋTANHɌ, ɋTANHɌ, ɋTANHɌ, LSTMɌ];

• ǳǣǪǯǨǳ ǴǭǳǾǵǾǸ ǴǮǱёǥ: [1024, 1024, 1024, 1024, 256], ǵǫǲ ǴǭǳǾǵǾǸ ǴǮǱёǥ: [ɋTANHɌ, 
ɋTANHɌ, ɋTANHɌ, ɋTANHɌ, ɋBLSTMɌ];

• ǳǣǪǯǨǳ ǴǭǳǾǵǾǸ ǴǮǱёǥ: [1024, 1024, 1024, 1024, 384], ǵǫǲ ǴǭǳǾǵǾǸ ǴǮǱёǥ: [ɋTANHɌ, 
ɋTANHɌ, ɋTANHɌ, ɋTANHɌ, ɋBLSTMɌ],

ǦǧǨ ɋTANHɌ Ɉ ǴǮǱǬ Ǵ ǦǫǲǨǳǤǱǮǫǺǨǴǭǫǯ ǵǣǰǦǨǰǴǱǯ ǥ ǭǣǺǨǴǵǥǨ ǷǶǰǭǹǫǫ ǣǭǵǫǥǣǹǫǫ ǰǨǬǳǱ-
ǰǱǥ, (B)LSTM Ɉ (ǧǥǶǰǣǲǳǣǥǮǨǰǰǾǬ) ǴǮǱǬ Ǵ ǰǨǬǳǱǰǣǯǫ, ǫǯǨȁǼǫǯǫ ǧǱǲǱǮǰǫǵǨǮǿǰǾǨ 
ǤǮǱǭǫ (‘at—s), ǲǱǪǥǱǮȂȁǼǫǨ ǪǣǲǱǯǫǰǣǵǿ (ǫǮǫ ǪǣǤǾǥǣǵǿ) ǧǮǫǵǨǮǿǰǾǬ ǭǱǰǵǨǭǴǵ.

ǄǾǮǣ ǲǳǱǫǪǥǨǧǨǰǣ ǴǶǤǽǨǭǵǫǥǰǣȂ ǱǹǨǰǭǣ ǭǣǺǨǴǵǥǣ ǪǥǶǺǣǰǫȂ ǲǱǴǵǳǱǨǰǰǾǸ Ǵǫ-
ǴǵǨǯ ǴǫǰǵǨǪǣ ǳǨǺǫ, ǴǱǦǮǣǴǰǱ ǭǱǵǱǳǱǬ ǥ ǭǣǺǨǴǵǥǨ ǫǵǱǦǱǥǱǬ ǤǾǮǣ ǥǾ-
Ǥǳǣǰǣ ǴǫǴǵǨǯǣ Ǵ ǪǣǭǮȁǺǫǵǨǮǿǰǾǯ ǧǥǶǰǣǲǳǣǥǮǨǰǰǾǯ ǴǮǱǨǯ 384  
lon‘-s’ort t—rm m—mory ǰǨǬǳǱǰǱǥ (BLSTM).

ǑǤǶǺǨǰǫǨ ǰǨǬǳǱǴǨǵǨǬ ǲǳǱǫǴǸǱǧǫǮǱ ǰǣ ǤǣǪǨ ǲǱǧǦǱǵǱǥǮǨǰǰǾǸ lab-ǷǣǬǮǱǥ, ǥǸǱǧȂǼǫǸ 
ǥ ǴǱǴǵǣǥ ǭǱǳǲǶǴǱǥ ǵǣǵǣǳǴǭǱǬ ǳǨǺǫ. ǑǤǶǺǨǰǫǨ ǴǫǴǵǨǯǾ ǰǣ ǲǱǧǭǱǳǲǶǴǨ ǦǱǮǱǴǣ «ǃǮǴǶ» 
ǧǮǫǵǨǮǿǰǱǴǵǿȁ 3 ǺǣǴǣ 41 ǯǫǰǶǵ ǪǣǰȂǮǱ ǱǭǱǮǱ 14 ǺǣǴǱǥ ǰǣ ǥǫǧǨǱǭǣǳǵǨ GTX 1070.

ǄǱǮǿǻǫǰǴǵǥǱ ȀǵǣǲǱǥ ǲǱǴǵǳǱǨǰǫȂ ǴǫǴǵǨǯ ǴǫǰǵǨǪǣ ǳǨǺǫ ǰǣ ǤǣǪǨ ǱǲǫǴǣǰǰǱǦǱ ǲǱǧǸǱǧǣ 
ǤǾǮǱ ǣǥǵǱǯǣǵǫǪǫǳǱǥǣǰǱ. ǐǣǫǤǱǮǨǨ ǵǳǶǧǱǪǣǵǳǣǵǰǱǬ ȂǥǮȂǨǵǴȂ ǱǲǨǳǣǹǫȂ ǲǱǧǦǱǵǱǥǭǫ 
ǳǣǪǯǨǵǭǫ ǥ ǥǫǧǨ lab-ǷǣǬǮǱǥ. ǐǨǧǱǴǵǣǵǭǱǯ ǲǱǴǵǳǱǨǰǰǱǬ ǴǫǴǵǨǯǾ ȂǥǮȂǨǵǴȂ ǰǫǪǭǣȂ 
ǴǭǱǳǱǴǵǿ ǦǨǰǨǳǣǹǫǫ ǳǨǺǫ: Ǵ ǶǺǨǵǱǯ ǥǴǨǸ ǰǨǱǤǸǱǧǫǯǾǸ ǲǳǱǹǨǧǶǳ ǲǳǨǧǱǤǳǣǤǱǵǭǫ 
ǵǨǭǴǵǣ ǴǫǰǵǨǪ ǱǧǰǱǦǱ ǲǳǨǧǮǱǩǨǰǫȂ Ǵ ǺǣǴǵǱǵǱǬ ǧǫǴǭǳǨǵǫǪǣǹǫǫ 22.05 ǭǆǹ ǰǣ ǥǫǧǨǱ-
ǭǣǳǵǨ GTX 1080 ǪǣǰǫǯǣǨǵ ǱǭǱǮǱ 16 ǴǨǭǶǰǧ.

ǒǱǧǸǱǧ, ǲǳǨǧǮǱǩǨǰǰǾǬ ǥ DCTTS, ȂǥǮȂǨǵǴȂ ǲǱǲǾǵǭǱǬ ǶǴǭǱǳǫǵǿ ǱǤǶǺǨǰǫǨ ǰǨǬǳǱǴǨǵǨǥǾǸ 
ǯǱǧǨǮǨǬ ǴǫǰǵǨǪǣ ǳǨǺǫ. ǒǳǱǤǮǨǯǾ, ǴǥȂǪǣǰǰǾǨ Ǵ ǵǳǶǧǰǱǴǵǿȁ ǱǤǶǺǨǰǫȂ ǴǫǴǵǨǯ, ǣǰǣ-
ǮǱǦǫǺǰǾǸ M—rlin, ǪǣǭǮȁǺǣȁǵǴȂ ǥ ǫǴǲǱǮǿǪǱǥǣǰǫǫ ǳǨǭǶǳǳǨǰǵǰǾǸ ǴǮǱǨǥ, ǭǱǵǱǳǾǨ, 
Ǵ ǱǧǰǱǬ ǴǵǱǳǱǰǾ, ǲǱǪǥǱǮȂȁǵ ǯǱǧǨǮǫǳǱǥǣǵǿ «ǧǣǮǨǭǫǨ» ǪǣǭǱǰǱǯǨǳǰǱǴǵǫ ǥ ǳǨǺǫ, 
ǶǮǶǺǻǣȂ ǭǣǺǨǴǵǥǱ ǪǥǶǺǣǰǫȂ, ǰǱ, Ǵ ǧǳǶǦǱǬ ǴǵǱǳǱǰǾ, ǰǨ ǲǱǪǥǱǮȂȁǵ ǲǳǱǫǪǥǱǧǫǵǿ ǳǣǴ-
ǲǣǳǣǮǮǨǮǫǥǣǰǫǨ ǥǾǺǫǴǮǨǰǫǬ. ǅ DCTTS ǲǳǨǧǲǱǮǣǦǣǨǵǴȂ ǱǤǶǺǣǵǿ ǧǥǨ ǦǮǶǤǱǭǫǨ ǰǨǬ-
ǳǱǴǨǵǫ, ǴǱǴǵǱȂǼǫǨ ǫǪ ǴǥёǳǵǱǺǰǾǸ ǴǮǱёǥ (D——p Convolutional TTS), ǱǤǶǺǨǰǫǨ ǭǱǵǱ-
ǳǾǸ ǲǳǱǫǴǸǱǧǫǵ ǦǱǳǣǪǧǱ ǤǾǴǵǳǨǨ.

ǑǴǰǱǥǰǣȂ ǫǧǨȂ ǧǣǰǰǱǦǱ ǯǨǵǱǧǣ ǪǣǭǮȁǺǣǨǵǴȂ ǥ ǱǤǶǺǨǰǫǫ ǰǨǬǳǱǴǨǵǨǬ ǪǣǧǣǺǨ ǦǨǰǨǳǣ-
ǹǫǫ ǯǨǮ-ǴǲǨǭǵǳǱǦǳǣǯǯ, ǰǣ ǱǴǰǱǥǨ ǭǱǵǱǳǾǸ ǥǱǭǱǧǨǳ ǵǳǨǰǫǳǶǨǵǴȂ ǥǱǴǴǵǣǰǣǥǮǫǥǣǵǿ 
ǳǨǺǨǥǱǬ ǴǫǦǰǣǮ. ǑǵǮǫǺǫǵǨǮǿǰǱǬ ǱǴǱǤǨǰǰǱǴǵǿȁ ȂǥǮȂǨǵǴȂ ǱǵǴǶǵǴǵǥǫǨ ǰǨǱǤǸǱǧǫǯǱ-
Ǵǵǫ ǳǣǪǯǨǵǭǫ ǱǤǶǺǣȁǼǨǦǱ ǣǶǧǫǱǭǱǳǲǶǴǣ: ǰǣ ǥǸǱǧ ǰǨǬǳǱǴǨǵǫ ǧǱǴǵǣǵǱǺǰǱ ǲǱǧǣǥǣǵǿ 
ǯǣǴǴǫǥ ǣǶǧǫǱǷǳǣǦǯǨǰǵǱǥ ǫ ǴǱǱǵǥǨǵǴǵǥǶȁǼǫǬ ǫǯ ǵǨǭǴǵ (ǫǮǫ ǨǦǱ ǵǳǣǰǴǭǳǫǲǹǫȁ). 
ǑǴǰǱǥǰǣȂ ǴǮǱǩǰǱǴǵǿ ǪǣǭǮȁǺǣǨǵǴȂ ǥ ǴǮǱǩǰǱǴǵǫ ǲǱǧǤǱǳǣ ǦǫǲǨǳǲǣǳǣǯǨǵǳǱǥ, ǣ ǰǨ-
ǭǱǳǳǨǭǵǰǱǨ ǱǤǶǺǨǰǫǨ ǯǨǸǣǰǫǪǯǣ ǥǰǫǯǣǰǫȂ, ǥǸǱǧȂǼǨǦǱ ǥ ǴǱǴǵǣǥ ǰǨǬǳǱǴǨǵǨǬ, ǯǱ-
ǩǨǵ ǲǳǫǥǱǧǫǵǿ ǭ ǲǨǳǫǱǧǫǺǨǴǭǫǯ ǲǱǥǵǱǳǣǯ ǫǮǫ ǶǧǣǮǨǰǫȂǯ ǱǵǧǨǮǿǰǾǸ ǺǣǴǵǨǬ ǷǳǣǪ 
ǫǪ ǫǵǱǦǱǥǱǦǱ ǣǶǧǫǱǴǫǦǰǣǮǣ.
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ǊǣǭǮȁǺǫǵǨǮǿǰǾǯ ǰǣ ǯǱǯǨǰǵ ǰǣǲǫǴǣǰǫȂ Ǵǵǣǵǿǫ ǲǱǧǸǱǧǱǯ ǭ ǴǫǰǵǨǪǶ ǳǨǺǫ, 
ǳǨǣǮǫǪǱǥǣǰǰǾǯ ǥ ǫǰǴǵǫǵǶǵǨ ǲǳǫǭǮǣǧǰǱǬ ǴǨǯǫǱǵǫǭǫ ǃǐ ǓǕ, ȂǥǮȂǨǵǴȂ 
Tacotron2 + Wav—Glow. ǃǰǣǮǱǦǫǺǰǱ DCTTS, Tacotron2 ǲǾǵǣǨǵǴȂ ǴǷǱǳ-
ǯǫǳǱǥǣǵǿ ǴǱǱǵǥǨǵǴǵǥǫȂ ǯǨǩǧǶ ǥǨǭǵǱǳǣǯǫ ǧǮȂ ǥǸǱǧǰǾǸ ǴǫǯǥǱǮǱǥ (c’ar 
—mb—––in‘s) ǫ ǯǨǮ-ǴǲǨǭǵǳǱǦǳǣǯǯǣǯǫ. ǋǪǰǣǺǣǮǿǰǱ ǯǨǮ-ǴǲǨǭǵǳǱǦǳǣǯǯǾ 
ǲǱǧǣǥǣǮǫǴǿ ǰǣ ǥǸǱǧ ǯǱǧǨǮǫ ǰǨǬǳǱǴǨǵǨǥǱǦǱ ǥǱǭǱǧǨǳǣ Wav—N—t. ǑǧǰǣǭǱ 
ǯǾ ǫǴǲǱǮǿǪǱǥǣǮǫ ǣǳǸǫǵǨǭǵǶǳǶ Ǵ ǣǮǿǵǨǳǰǣǵǫǥǰǾǯ ǥǱǭǱǧǨǳǱǯ Wav—Glow, 
ǰǨǬǳǱǴǨǵǿ ǭǱǵǱǳǱǬ ǶǺǫǵǴȂ ǥǱǴǴǵǣǰǣǥǮǫǥǣǵǿ ǥǾǴǱǭǱǭǣǺǨǴǵǥǨǰǰǾǬ  
ǣǶǧǫǱǴǫǦǰǣǮ ǲǱ ǯǨǮ-ǴǲǨǭǵǳǱǦǳǣǯǯǨ. ǑǤǶǺǨǰǫǨ ǰǨǬǳǱǴǨǵǫ ǱǴǶǼǨǴǵǥǮȂ-
ǨǵǴȂ Ǵ ǲǱǯǱǼǿȁ ǨǧǫǰǴǵǥǨǰǰǱǬ ǷǶǰǭǹǫǫ ǲǱǵǨǳǿ, ǺǵǱ ǧǨǮǣǨǵ ǲǳǱǹǨǧǶǳǶ 
ǱǤǶǺǨǰǫȂ ǤǱǮǨǨ ǲǳǱǴǵǱǬ ǫ ǴǵǣǤǫǮǿǰǱǬ. ǇǣǰǰǣȂ ǣǳǸǫǵǨǭǵǶǳǣ ǲǱǪǥǱǮǫ-
Ǯǣ ǴǱǸǳǣǰǫǵǿ ǭǣǺǨǴǵǥǱ ǴǫǰǵǨǪǣ, ǧǱǴǵǫǦǣǨǯǱǨ Ǵ ǲǱǯǱǼǿȁ ǰǨǬǳǱǴǨǵǨǬ 
Wav—N—t, ǲǳǫ ǪǰǣǺǫǵǨǮǿǰǱǯ ǶǴǭǱǳǨǰǫǫ ǳǣǤǱǵǾ ǴǫǰǵǨǪǣǵǱǳǣ Ǵ 0.11 ǭǆǹ 
(ǧǮȂ Wav—N—t) ǧǱ 520 ǭǆǹ [13] (ǲǱǴǮǨǧǰǫǨ ǳǨǣǮǫǪǣǹǫǫ ǥǱǭǱǧǨǳǣ ǲǱ-
ǪǥǱǮǫǮǫ ǧǱǴǵǫǺǿ ǴǭǱǳǱǴǵǫ 4850 ǭǆǹ [15]). ǒǳǱǹǨǴǴ ǱǤǶǺǨǰǫȂ Tacotron2 
ǫ Wav—Glow ǯǱǩǨǵ ǥǨǴǵǫǴǿ ǰǨǪǣǥǫǴǫǯǱ ǧǳǶǦ Ǳǵ ǧǳǶǦǣ. ǇǮǫǵǨǮǿǰǱǴǵǿ 
ǱǤǶǺǨǰǫȂ ǪǣǥǫǴǫǵ Ǳǵ ǥǾǤǱǳǣ ǦǫǲǨǳǲǣǳǣǯǨǵǳǱǥ, ǵǨǭǶǼǫǨ ǥǨǳǴǫǫ ǰǨǬ-
ǳǱǴǨǵǨǬ ǧǮȂ ǴǫǴǵǨǯǾ ǵǣǵǣǳǴǭǱǦǱ ǴǫǰǵǨǪǣǵǱǳǣ ǤǾǮǫ ǱǤǶǺǨǰǾ ǴǶǯǯǣǳǰǱ 
Ǫǣ 16 ǧǰǨǬ ǰǣ 8 ǥǫǧǨǱǭǣǳǵǣǸ V100 32GB.

ǊǣǭǮȁǺǨǰǫǨ

ǅ ǧǣǰǰǱǬ ǴǵǣǵǿǨ ǤǾǮǫ ǲǳǨǧǴǵǣǥǮǨǰǾ ǳǨǪǶǮǿǵǣǵǾ ǲǱ ǴǱǪǧǣǰǫȁ ǴǫǴǵǨǯ Ǵǫǰ-
ǵǨǪǣ ǵǣǵǣǳǴǭǱǬ ǳǨǺǫ. ǒǱǮǶǺǨǰǰǾǨ ǳǨǪǶǮǿǵǣǵǾ ǥ ǥǫǧǨ ǣǰǰǱǵǫǳǱǥǣǰǰǾǸ 
ǭǱǳǲǶǴǱǥ, ǣǮǦǱǳǫǵǯǱǥ ǫ ǲǳǱǦǳǣǯǯǰǾǸ ǴǫǴǵǨǯ ȂǥǮȂȁǵǴȂ ǲǨǳǥǾǯǫ ǧǮȂ 
ǵǣǵǣǳǴǭǱǦǱ ȂǪǾǭǣ. ǊǣǲǫǴǣǰǰǾǨ ǯǱǰǱǧǫǭǵǱǳǰǾǨ ǭǱǳǲǶǴǣ, ǣ ǵǣǭǩǨ ǣǥ-
ǵǱǯǣǵǫǺǨǴǭǣȂ ǫ ȀǭǴǲǨǳǵǰǣȂ ǳǣǪǯǨǵǭǫ ǲǱǪǥǱǮǫǮǫ ǴǷǱǳǯǫǳǱǥǣǵǿ ǰǣǤǱǳ 
ǱǤǶǺǣȁǼǫǸ ǧǣǰǰǾǸ, ǰǨǱǤǸǱǧǫǯǾǸ ǧǮȂ ǱǤǶǺǨǰǫȂ ǴǫǴǵǨǯ ǰǨǬǳǱǴǨǵǨǥǱǦǱ 
ǴǫǰǵǨǪǣ ǳǨǺǫ (ǰǣǲǳǫǯǨǳ, M—rlin). ǓǣǪǳǣǤǱǵǣǰǰǾǨ ǴǫǴǵǨǯǾ ǣǥǵǱǯǣǵǫǺǨ-
ǴǭǱǦǱ ǴǫǰǵǨǪǣ ǵǣǵǣǳǴǭǱǬ ǳǨǺǫ ǲǱǪǥǱǮȂȁǵ ǥǨǴǵǫ ǳǣǤǱǵǾ ǲǱ ǥǰǨǧǳǨǰǫȁ 
ǳǨǺǨǥǱǦǱ ǺǨǮǱǥǨǭǱ-ǯǣǻǫǰǰǱǦǱ ǫǰǵǨǳǷǨǬǴǣ ǰǣ ǵǣǵǣǳǴǭǱǯ ȂǪǾǭǨ. ǔǫǴ-
ǵǨǯǣ ǴǫǰǵǨǪǣ ǳǨǺǫ ǶǩǨ ǥǰǨǧǳǨǰǣ ǥ ǥǨǤ-ǴǨǳǥǫǴ ǳǶǴǴǭǱ-ǵǣǵǣǳǴǭǱǦǱ ǯǣ-
ǻǫǰǰǱǦǱ ǲǨǳǨǥǱǧǺǫǭǣ [16] ǫ ǵǣǵǣǳǴǭǱǦǱ ǴǫǰǵǨǪǣǵǱǳǣ [17]. ǒǳǱǧǱǮǩǨǰǫǨ 
ǳǣǤǱǵ ǲǱ ǧǣǰǰǱǬ ǵǨǯǣǵǫǭǨ ǥǭǮȁǺǣǨǵ ǥ ǴǨǤȂ ǲǳǱǥǨǧǨǰǫǨ ǴǳǣǥǰǫǵǨǮǿǰǱǬ 
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Abstract

In t’is pap—r, w— –—scrib— t’— main sta‘—s of cr—atin‘ syst—ms for t’— 
synt’—sis of Tatar sp——c’. T’is –—scription cov—rs our r—s—arc’ startin‘ 
from t’— irst –ip’on—-bas—– concat—nativ— synt’—sis syst—m built in 
1990s to t’— last —n–-to-—n– n—ural syst—m built in 2019. D—spit— t’— 
si‘niicant –iff—r—nc— in t—c’nolo‘y, t’— n——– to cr—at— a ’i‘’-quality 
corpus of soun–in‘ sp——c’ r—mains an unc’an‘—– con–ition for t’— 
construction of a synt’—siz—r. W— pr—s—nt s—v—ral sin‘l—-sp—ak—r corpora 
r—cor–—– in soun– r—cor–in‘ stu–io, —ac’ of t’— corpus was cr—at—– 
for a sp—ciic synt’—sis t—c’nolo‘y. T’is fact l—– to –iff—r—nc— in total 
–uration an– annotation of corpora. Pr—liminary —xp—rim—nts s’ow—– 
t’at t’— b—st quality sp——c’ synt’—siz—r can b— built usin‘ s—v—ral n—ural 
approac’—s, but t’— only m—t’o– t’at also provi–—s r—al-tim— synt’—sis 
us—s Tacotron-2 arc’it—ctur— follow—– by n—ural Wav—Glow-voco–—r.

Keywords: sp——c’ synt’—sis; sp——c’ corpora, Tatar lan‘ua‘—.
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