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ǃǰǰǱǵǣǹǫȂ

ǅ ǳǣǤǱǵǨ ǥǾǲǱǮǰǨǰ ǣǰǣǮǫǵǫǺǨǴǭǫǬ ǱǤǪǱǳ ǴǫǴǵǨǯ ǧǨǵǨǭǵǫǳǱǥǣǰǫȂ ǳǨǺǨǥǾǸ ǰǣǳǶǻǨǰǫǬ 
Ƕ ǲǣǹǫǨǰǵǱǥ Ǵ ǤǱǭǱǥǾǯ ǣǯǫǱǵǳǱǷǫǺǨǴǭǫǯ ǴǭǮǨǳǱǪǱǯ (Ǆǃǔ). ǓǣǴǴǯǱǵǳǨǰǾ ǥǱǲǳǱǴǾ 
ǲǳǫǯǨǰǨǰǫȂ ǣǭǶǴǵǫǺǨǴǭǫǸ ǫ ǣǳǵǫǭǶǮȂǹǫǱǰǰǾǸ ǲǣǳǣǯǨǵǳǱǥ ǥ ǴǫǴǵǨǯǣǸ ǧǨǵǨǭǵǫǳǱǥǣǰǫȂ 
ǳǨǺǨǥǾǸ ǰǣǳǶǻǨǰǫǬ. ǑǲǫǴǣǰǾ ǱǴǱǤǨǰǰǱǴǵǫ ǳǨǺǫ ǫ ǦǱǮǱǴǣ ǲǣǹǫǨǰǵǱǥ Ǵ Ǆǃǔ, ǣ ǵǣǭǩǨ ǴǱǥ-
ǳǨǯǨǰǰǾǨ ǯǨǵǱǧǫǭǫ ǱǹǨǰǭǫ ǦǱǮǱǴǣ ǫ ǳǨǺǫ ǲǣǹǫǨǰǵǣ. ǖǧǨǮǨǰǱ ǥǰǫǯǣǰǫǨ ǱǴǱǤǨǰǰǱǴǵȂǯ 
ǲǳǱǹǨǴǴǣ ǭǮǣǴǴǫǷǫǭǣǹǫǫ ǫ ǲǳǫǰȂǵǫȂ ǳǨǻǨǰǫǬ ǥ ǴǫǴǵǨǯǣǸ ǧǨǵǨǭǵǫǳǱǥǣǰǫȂ ǳǨǺǨǥǾǸ 
ǰǣǳǶǻǨǰǫǬ. ǅǾǲǱǮǰǨǰǱ ǱǤǱǤǼǣȁǼǨǨ ǴǳǣǥǰǨǰǫǨ ǳǣǪǮǫǺǰǾǸ ǴǫǴǵǨǯ ǧǨǵǨǭǵǫǳǱǥǣǰǫȂ 
ǳǨǺǨǥǾǸ ǰǣǳǶǻǨǰǫǬ ǲǳǫ Ǆǃǔ, ǳǣǪǳǣǤǱǵǣǰǰǾǸ Ǫǣ ǲǱǴǮǨǧǰǫǨ ǲȂǵǿ ǮǨǵ.

ǍǮȁǺǨǥǾǨ ǴǮǱǥǣ: ǤǱǭǱǥǱǬ ǣǯǫǱǵǳǱǷǫǺǨǴǭǫǬ ǴǭǮǨǳǱǪ (Ǆǃǔ), ǳǨǺǨǥǱǬ ǴǫǦǰǣǮ, 
ǭǮǣǴǴǫǷǫǭǣǹǫȂ. 

ǅǅǈǇǈǐǋǈ

ǄǱǭǱǥǱǬ ǣǯǫǱǵǳǱǷǫǺǨǴǭǫǬ ǴǭǮǨǳǱǪ (Ǆǃǔ) ȂǥǮȂǨǵǴȂ ǤǾǴǵǳǱǲǳǱǵǨǭǣȁǼǫǯ ǰǨǬǳǱǧǨǦǨǰǨ-
ǳǣǵǫǥǰǾǯ ǪǣǤǱǮǨǥǣǰǫǨǯ, ǰǨ ǲǱǧǧǣȁǼǫǯǴȂ ǮǨǺǨǰǫȁ. ǔǮǨǧǴǵǥǫǨǯ Ǆǃǔ ȂǥǮȂǨǵǴȂ ǲǱ-
ǳǣǩǨǰǫǨ ǥǨǳǸǰǫǸ ǫ ǰǫǩǰǫǸ ǯǱǵǱǰǨǬǳǱǰǱǥ ǦǱǮǱǥǰǱǦǱ ǫ ǴǲǫǰǰǱǦǱ ǯǱǪǦǣ [1]. ǆǫǤǨǮǿ 
ǯǱǵǱǰǨǬǳǱǰǱǥ ǲǳǫǥǱǧǫǵ ǭ ǲǱǴǵǨǲǨǰǰǱǬ ǣǵǳǱǷǫǫ ǯǾǻǹ, ǱǵǥǨǺǣȁǼǫǸ Ǫǣ ǧǥǫǩǨǰǫǨ 
(ǸǱǧǿǤǶ, ǧǾǸǣǰǫǨ, ǦǮǱǵǣǰǫǨ). ǔǵǳǣǧǣǨǵ ǷǶǰǭǹǫȂ ǳǨǺǫ, ǲǳǱȂǥǮȂǨǵǴȂ ǧǫǪǣǳǵǳǫȂ,  ǳǣǴ-
ǴǵǳǱǬǴǵǥǱ ǲǳǱǫǪǰǱǴǫǵǨǮǿǰǱǬ ǱǳǦǣǰǫǪǣǹǫǫ ǳǨǺǫ, ǴǥȂǪǣǰǰǣȂ Ǵ ǰǣǳǶǻǨǰǫǨǯ ǧǥǫǩǨ-
ǰǫȂ ǱǳǦǣǰǱǥ ǣǳǵǫǭǶǮȂǹǫǫ (ǦǶǤ, ȂǪǾǭǣ, ǺǨǮȁǴǵǫ, ǰǣǧǦǱǳǵǣǰǰǫǭǣ). 

ǅǾǧǨǮȂȁǵ ǧǥǨ ǷǱǳǯǾ Ǆǃǔ: ǤǶǮǿǤǣǳǰǶȁ (ǲǨǳǥǾǨ ǴǫǯǲǵǱǯǾ ǴǥȂǪǣǰǾ Ǵ ǲǳǱǦǳǨǴǴǫǳǶȁǼǫǯ 
ǲǣǳǣǮǫǺǱǯ ǯǾǻǹ ǦǱǮǱǥǾ ǫ ǻǨǫ) ǫ ǴǲǫǰǰǱǯǱǪǦǱǥǶȁ (ǲǳǱȂǥǮȂǨǵǴȂ ǭǣǭ ǶǸǶǧǻǨǰǫǨ 
ǭǱǱǳǧǫǰǣǹǫǫ ǳǶǭ ǫǮǫ ǰǱǦǫ ǵ.ǧ.). ǅ ǳǨǺǨǥǱǯ ǲǮǣǰǨ, ǲǳǫ ǤǶǮǿǤǣǳǰǱǬ ǷǱǳǯǨ Ǆǃǔ ǲǳǱ-
ǫǴǸǱǧǫǵ ǲǱǴǵǨǲǨǰǰǣȂ ǲǱǵǨǳȂ ǳǣǪǤǱǳǺǫǥǱǴǵǫ ǳǨǺǫ ǲǣǹǫǨǰǵǣ. ǄǶǮǿǤǣǳǰǾǨ ǴǫǯǲǵǱǯǾ 
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(ǵ.Ǩ. ǲǳǱǤǮǨǯǾ Ǵ ǦǮǱǵǣǰǫǨǯ, ǴǮȁǰǱǱǵǧǨǮǨǰǫǨǯ, ǳǨǺǿȁ) ǰǣǤǮȁǧǣȁǵǴȂ 
ǥ 30% ǴǮǶǺǣǨǥ ǥǾȂǥǮǨǰǫȂ Ǆǃǔ. ǅ ǱǴǵǣǮǿǰǾǸ ǴǮǶǺǣȂǸ Ǳǰǫ ǥǱǪǰǫǭǣȁǵ 
ǰǣ ǤǱǮǨǨ ǲǱǪǧǰǫǸ ǴǵǣǧǫȂǸ ǪǣǤǱǮǨǥǣǰǫȂ [2].

ǅ ǰǣǴǵǱȂǼǨǨ ǥǳǨǯȂ ǰǨ ǥǾȂǥǮǨǰǱ ǤǫǱǯǣǳǭǨǳǱǥ Ǆǃǔ, ǺǵǱ ǪǰǣǺǫǵǨǮǿǰǱ ǪǣǵǳǶǧ-
ǰȂǨǵ ǲǳǱǹǨǴǴ ǧǫǣǦǰǱǴǵǫǳǱǥǣǰǫȂ. ǅ ǴǳǨǧǰǨǯ ǰǣ ǲǱǴǵǣǰǱǥǭǶ ǲǳǣǥǫǮǿǰǱ-
ǦǱ ǧǫǣǦǰǱǪǣ ǶǸǱǧǫǵ 12 ǯǨǴȂǹǨǥ [3]. ǇǣǰǰǱǨ ǱǤǴǵǱȂǵǨǮǿǴǵǥǱ ǲǱǤǶǩǧǣǨǵ 
ǯǰǱǦǫǸ ǫǴǴǮǨǧǱǥǣǵǨǮǨǬ ǭ ǳǣǪǳǣǤǱǵǭǨ ǯǨǵǱǧǱǥ ǣǰǣǮǫǪǣ ǳǨǺǫ ǧǮȂ ǳǣǰǰǨ-
ǦǱ ǧǫǣǦǰǱǴǵǫǳǱǥǣǰǫȂ Ǆǃǔ. ǕǣǭǱǬ ǲǱǧǸǱǧ ǱǤǱǴǰǱǥǣǰ ǱǲǫǴǣǰǰǾǯǫ ǥ Ǯǫ-
ǵǨǳǣǵǶǳǨ ǴǮǶǺǣȂǯǫ [4], ǭǱǦǧǣ ǲǳǫǪǰǣǭǫ ǳǣǴǴǵǳǱǬǴǵǥǣ ǳǨǺǫ ǥǱǪǰǫǭǣǮǫ 
Ǫǣ ǵǳǫ ǦǱǧǣ ǧǱ ǲǱǴǵǣǰǱǥǭǫ ǧǫǣǦǰǱǪǣ.

ǅ ǰǣǴǵǱȂǼǨǨ ǥǳǨǯȂ ǥǾȂǥǮǨǰǫǨ ǳǨǺǨǥǾǸ ǰǣǳǶǻǨǰǫǬ Ƕ ǲǣǹǫǨǰǵǱǥ Ǵ Ǆǃǔ 
ǥǾǲǱǮǰȂǨǵǴȂ ǥǳǣǺǱǯ ǧǫǣǦǰǱǴǵǱǯ ǰǣ ǱǴǰǱǥǨ ǴǮǶǸǱǥǱǦǱ ǥǱǴǲǳǫȂǵǫȂ. 
Ǎ ǲǳǨǫǯǶǼǨǴǵǥǣǯ ǯǨǵǱǧǣ ǱǹǨǰǭǫ «ǰǣ ǴǮǶǸ» ǱǵǰǱǴȂǵ ǨǦǱ ǰǨǫǰǥǣǪǫǥǰǾǬ 
ǸǣǳǣǭǵǨǳ ǫ ǲǱǵǨǰǹǫǣǮǿǰǶȁ ǺǶǥǴǵǥǫǵǨǮǿǰǱǴǵǿ ǭ ǲǳǱǧǳǱǯǣǮǿǰǱǬ Ǵǵǣ-
ǧǫǫ ǤǶǮǿǤǣǳǰǱǬ ǷǱǳǯǾ Ǆǃǔ [5]. Ǎ ǰǨǧǱǴǵǣǵǭǣǯ ǯǨǵǱǧǣ ǱǵǰǱǴȂǵ ǵǱ, ǺǵǱ 
Ǳǰ ǵǳǨǤǶǨǵ ǴǲǨǹǫǣǮǿǰǱǦǱ ǱǤǶǺǨǰǫȂ ǫ, ǭǣǭ ǮȁǤǱǬ ǴǶǤǽǨǭǵǫǥǰǾǬ ǯǨǵǱǧ, 
ǲǱǧǥǨǳǩǨǰ ǱǻǫǤǭǣǯ. ǍǳǱǯǨ ǵǱǦǱ, ǰǨǭǱǵǱǳǾǨ ǫǴǴǮǨǧǱǥǣǰǫȂ ǲǱǭǣǪǾǥǣ-
ȁǵ, ǺǵǱ ǤǶǮǿǤǣǳǰǾǨ ǯǱǵǱǳǰǾǨ ǱǵǭǮǱǰǨǰǫȂ ǯǱǦǶǵ ǲǳǱȂǥǮȂǨǵǴȂ ǧǱ ǱǼǶǵǫ-
ǯǾǸ ǫǪǯǨǰǨǰǫǬ ǥ ǣǳǵǫǭǶǮȂǹǫǫ [4, 6].

ǅǵǱǳǱǬ ǥǣǩǰǱǬ ǪǣǧǣǺǨǬ ǲǱǴǮǨ ǥǾȂǥǮǨǰǫȂ ǳǨǺǨǥǾǸ ǰǣǳǶǻǨǰǫǬ, ǴǥȂǪǣǰǰǾǸ 
Ǵ Ǆǃǔ, ȂǥǮȂǨǵǴȂ ǱǤǽǨǭǵǫǥǰǣȂ ǱǹǨǰǭǣ ȀǵǫǸ ǰǣǳǶǻǨǰǫǬ. ǑǤǽǨǭǵǫǥǰǣȂ 
ǱǹǨǰǭǣ ǥǣǩǰǣ: 1) ǭǣǭ ǱǤǽǨǭǵǫǥǫǪǣǹǫȂ ǫ ǲǱǧǭǳǨǲǮǨǰǫǨ ǱǹǨǰǭǫ ǥǳǣ-
Ǻǣ [7]; 2) ǭǣǭ ǴǳǨǧǴǵǥǱ ǧǮȂ ǱǵǴǮǨǩǫǥǣǰǫȂ (ǯǱǰǫǵǱǳǫǰǦǣ) ǳǣǪǥǫǵǫȂ ǤǱ-
ǮǨǪǰǫ. ǅ ǲǱǴǮǨǧǰǨǯ ǴǮǶǺǣǨ ǲǱǰǫǯǣǨǵǴȂ ǰǨ ǵǱǮǿǭǱ ǲǣǴǴǫǥǰǱǨ ǱǵǴǮǨǩǫ-
ǥǣǰǫǨ, ǰǱ ǫ Ǵ ǹǨǮǿȁ ǱǹǨǰǫǥǣǰǫȂ ȀǷǷǨǭǵǫǥǰǱǴǵǫ ǳǣǪǮǫǺǰǾǸ ǲǱǧǸǱǧǱǥ 
ǭ ǮǨǺǨǰǫȁ Ǆǃǔ.

ǐǣ ǵǨǭǶǼǨǯ ȀǵǣǲǨ ǧǮȂ ǱǵǴǮǨǩǫǥǣǰǫȂ ǲǳǱǦǳǨǴǴǫǳǱǥǣǰǫȂ Ǆǃǔ ǲǳǫǯǨǰȂǨǵǴȂ 
ǲǱǭǣǪǣǵǨǮǿ ALSFRS-R (ALS Functional Ratin‘ Scal—- R—vis—–) [8]. ALS-
FRS-R ǲǳǨǧǴǵǣǥǮȂǨǵ ǴǱǤǱǬ ǱǲǳǱǴǰǫǭ, ǨǦǱ ǺǣǴǵǿ, ǱǵǥǨǺǣȁǼǣȂ Ǫǣ ǱǹǨǰǭǶ 
ǤǶǮǿǤǣǳǰǱǬ ǲǱǧǴǫǴǵǨǯǾ, ǱǴǰǱǥǣǰǣ ǰǣ ǱǲǳǨǧǨǮǨǰǫǫ ǴǵǨǲǨǰǫ ǵȂǩǨǴǵǫ 
ǴǫǯǲǵǱǯǱǥ ǥ ǳǨǺǫ, ǦǮǱǵǣǰǫǫ ǫ ǴǮȁǰǱǱǵǧǨǮǨǰǫǫ. ǑǧǰǣǭǱ ǧǣǰǰǾǬ 
ǲǱǭǣǪǣǵǨǮǿ ǰǨ ǱǵǳǣǩǣǨǵ ǴǲǨǹǫǷǫǺǨǴǭǫǸ ǱǴǱǤǨǰǰǱǴǵǨǬ ǧǫǪǣǳǵǳǫǫ 
ǫ ǫǯǨǨǵ ǰǫǪǭǶȁ ǦǳǣǰǶǮȂǳǰǱǴǵǿ ǧǮȂ ǱǵǱǤǳǣǩǨǰǫȂ ǳǣǪǮǫǺǰǾǸ ǣǴǲǨǭǵǱǥ 
ǳǨǺǫ ǲǣǹǫǨǰǵǱǥ Ǵ Ǆǃǔ [9]. 

ǊǱǮǱǵǾǯ ǴǵǣǰǧǣǳǵǱǯ ǱǹǨǰǫǥǣǰǫȂ ǤǶǮǿǤǣǳǰǱǬ ǷǶǰǭǹǫǫ ǲǳǫ Ǆǃǔ ȂǥǮȂǨǵǴȂ 
ǫǪǯǨǳǨǰǫǨ ǴǭǱǳǱǴǵǫ ǲǳǱǫǪǰǨǴǨǰǫȂ ǴǮǱǥ (ǫǪǯǨǳȂǨǵǴȂ ǭǱǮǫǺǨǴǵǥǱǯ 
ǴǮǱǥ ǥ ǯǫǰǶǵǶ Ɉ ǴǮ/ǯǫǰ) [10]. ǋǪǥǨǴǵǰǱ, ǺǵǱ ǴǭǱǳǱǴǵǿ ǳǨǺǫ ǫǪǯǨǰȂ-
ǨǵǴȂ ǳǣǰǿǻǨ, ǺǨǯ ǲǳǱǫǴǸǱǧȂǵ ǫǪǯǨǰǨǰǫȂ ǥ ǳǣǪǤǱǳǺǫǥǱǴǵǫ ǳǨǺǫ [2, 
4]. ǒǳǫ ǺǵǨǰǫǫ ǴǥȂǪǣǰǰǾǸ ǲǳǨǧǮǱǩǨǰǫǬ ǰǱǳǯǱǬ ǴǺǫǵǣǨǵǴȂ ǴǭǱǳǱǴǵǿ 
ǳǨǺǫ, ǲǳǨǥǾǻǣȁǼǣȂ 160 ǴǮ/ǯǫǰ. ǔǭǱǳǱǴǵǿ ǥ 120-160 ǴǮ/ǯǫǰ Ǳǵ-
ǰǱǴȂǵ ǭ ǳǣǰǰǫǯ ǴǫǯǲǵǱǯǣǯ, ǲǳǫ ȀǵǱǯ ǯǱǦǶǵ ǲǳǱǫǴǸǱǧǫǵǿ ǰǣǺǣǮǿ-
ǰǾǨ ǫǪǯǨǰǨǰǫȂ ǥ ǳǣǪǤǱǳǺǫǥǱǴǵǫ ǳǨǺǫ. ǔǭǱǳǱǴǵǿ ǯǨǰǿǻǣȂ 120 ǴǮ/
ǯǫǰ ǱǵǰǱǴȂǵ ǭ ǲǱǪǧǰǫǯ ǴǫǯǲǵǱǯǣǯ, ǸǣǳǣǭǵǨǳǰǣ ǧǮȂ ǲǨǳǫǱǧǣ Ƕǲǣǧǭǣ 
ǤǶǮǿǤǣǳǰǱǬ ǷǶǰǭǹǫǫ [Ron‘-2015]. ǐǨǴǯǱǵǳȂ ǰǣ ǵǱ ǺǵǱ ǥ ǹǨǮǱǯ ǧǣǰ-
ǰǾǬ ǯǨǵǱǧ ǲǱǪǥǱǮȂǨǵ ǲǳǣǥǫǮǿǰǱ ǱǹǨǰǫǵǿ ǧǫǰǣǯǫǭǶ ǱǴǮǣǤǮǨǰǫȂ 
ǤǶǮǿǤǣǳǰǱǬ ǷǶǰǭǹǫǫ, Ǳǰ ǰǨ ǥ ǴǫǮǣǸ ǵǱǺǰǱ ǱǹǨǰǫǵǿ ǰǨǤǱǮǿǻǫǸ 
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ǫǪǯǨǰǨǰǫǬ ǥ ǮǶǺǻǶȁ ǫǮǫ ǸǶǧǻǶȁ ǴǵǱǳǱǰǶ, ǫǰǣǺǨ ǦǱǥǱǳȂ Ɉ ǨǦǱ ǻǭǣǮǣ ȂǥǮȂǨǵǴȂ  
ǦǳǶǤǱǬ [5].

Ǖǣǭǫǯ ǱǤǳǣǪǱǯ, ǥ ǰǣǴǵǱȂǼǨǨ ǥǳǨǯȂ ǥǴǨ ǤǱǮǿǻǨ ǱǴǱǪǰǣǨǵǴȂ ǰǨǱǤǸǱǧǫǯǱǴǵǿ ǥ ǳǣǪǳǣǤǱǵǭǨ 
ǰǱǥǾǸ ǯǨǵǱǧǱǥ ǳǣǰǰǨǦǱ ǧǨǵǨǭǵǫǳǱǥǣǰǫȂ ǲǳǫǪǰǣǭǱǥ ǤǶǮǿǤǣǳǰǾǸ ǰǣǳǶǻǨǰǫǬ 
Ƕ ǲǣǹǫǨǰǵǱǥ Ǵ Ǆǃǔ, ǣ ǵǣǭǩǨ ǯǨǵǱǧǱǥ ǱǤǽǨǭǵǫǥǰǱǬ ǱǹǨǰǭǫ ǤǶǮǿǤǣǳǰǱǬ ǷǶǰǭǹǫǫ. 
ǒǱ ǯǰǨǰǫȁ ǯǰǱǦǫǸ ǫǴǴǮǨǧǱǥǣǵǨǮǨǬ ǲǨǳǴǲǨǭǵǫǥǰǾǯ ǰǣǲǳǣǥǮǨǰǫǨǯ ǥ ǧǣǰǰǱǬ ǱǤǮǣǴǵǫ 
ȂǥǮȂǨǵǴȂ ǳǣǪǳǣǤǱǵǭǣ ǴǫǴǵǨǯ ǣǥǵǱǯǣǵǫǺǨǴǭǱǦǱ ǣǰǣǮǫǪǣ ǳǨǺǫ [9-10, 12]. ǅ ǧǣǰǰǱǬ 
ǱǤǪǱǳǰǱǬ ǴǵǣǵǿǨ ǳǣǴǴǯǣǵǳǫǥǣȁǵǴȂ ǳǣǪǮǫǺǰǾǨ ǲǱǧǸǱǧǾ ǭ ǪǣǧǣǺǨ ǣǥǵǱǯǣǵǫǺǨǴǭǱǦǱ 
ǣǰǣǮǫǪǣ ǳǨǺǫ ǲǣǹǫǨǰǵǱǥ Ǵ Ǆǃǔ, ǲǳǨǧǮǱǩǨǰǰǾǨ ǥ ǲǱǴǮǨǧǰǨǨ ǥǳǨǯȂ.

1. ǄǶǮǿǤǣǳǰǾǨ ǳǨǺǨǥǾǨ ǰǣǳǶǻǨǰǫȂ ǲǳǫ Ǆǃǔ

1.1. ƋƞƶƝƼ ƲƝƭƝƧƯƢƭƥƮƯƥƧƝ ƠƫƨƫƮƝ ƥ ƭƢƴƥ ƬƝƳƥƢƪƯƫƟ Ʈ žŽƎ

ǑǲǫǴǾǥǣȂ ǳǨǺǿ ǲǣǹǫǨǰǵǱǥ Ǵ Ǆǃǔ, ǳǣǪǮǫǺǰǾǨ ǫǴǴǮǨǧǱǥǣǵǨǮǫ ǥǾǧǨǮȂȁǵ ǴǮǨǧǶȁǼǫǨ 
ǱǤǼǫǨ ǲǳǫǪǰǣǭǫ: ǰǣǳǶǻǨǰǫǨ ǥǳǨǯǨǰǰǱǬ (ǵǨǯǲǱǳǣǮǿǰǱǬ) ǴǵǳǶǭǵǶǳǾ ǳǨǺǫ, ǰǣǮǫǺǫǨ 
ǰǨǶǯǨǴǵǰǾǸ ǲǣǶǪ, ǶǸǶǧǻǨǰǫǨ ǣǳǵǫǭǶǮȂǹǫǫ (ǱǴǱǤǨǰǰǱ ǴǱǦǮǣǴǰǾǸ ǪǥǶǭǱǥ) [13]. 
ǆǱǮǱǴ ǲǣǹǫǨǰǵǱǥ Ǵ Ǆǃǔ ǴǵǣǰǱǥǫǵǴȂ ǸǳǫǲǮǾǯ, ǩǨǴǵǭǫǯ (ǦǳǶǤǾǯ), ǲǱȂǥǮȁǵǴȂ 
ǦǫǲǨǳǰǣǪǣǮǿǰǱǴǵǿ, ǯǱǰǱ-ǵǱǰǰǱǴǵǿ, ǴǮǣǤǱǴǵǿ [9]. 

ǕǣǭǫǨ ǸǣǳǣǭǵǨǳǫǴǵǫǭǫ ǦǱǮǱǴǣ, ǭǣǭ ǰǣǲǳȂǩǨǰǫǨ, ǦǳǶǤǱǴǵǿ ǫǮǫ ǫǰǱǦǧǣ ǴǧǣǥǮǨǰǰǱǴǵǿ, 
ǴǥȂǪǣǰǾ Ǵ ǲǱǳǣǩǨǰǫǨǯ ǥǨǳǸǰǫǸ ǯǱǵǱǳǰǾǸ ǰǨǬǳǱǰǰǱǥ (ǣǰǦǮ. UMN Ɉ upp—r mo-
tor n—uron). ǅ ǵǱ ǥǳǨǯȂ ǭǣǭ ǸǳǫǲǮǱǴǵǿ ǫǮǫ ǴǮǣǤǱǴǵǿ ǥ ǦǱǮǱǴǨ, ǦǫǲǳǨǰǱǪǣǮǿǰǱǴǵǿ, 
ǰǨǵǱǺǰǱǴǵǿ ǥ ǣǳǵǫǭǶǮȂǹǫǫ ǲǳǫ ǱǵǴǶǵǴǵǥǫǫ ǫǪǯǨǰǨǰǫǬ ǥ ǴǭǱǳǱǴǵǫ ǳǨǺǫ ȂǥǮȂȁǵǴȂ 
ǭǮǣǴǴǫǺǨǴǭǫǯǫ ǲǳǫǪǰǣǭǣǯǫ ǧǫǴǷǶǰǭǹǫǫ ǰǫǩǰǫǸ ǯǱǵǱǳǰǾǸ ǰǨǬǳǱǰǱǥ (ǣǰǦǮ. LMN Ɉ 
low—r motor n—uron) [5].

ǑǧǰǣǭǱ ǶǭǣǪǣǰǰǾǨ ǲǳǫǪǰǣǭǫ ǸǣǳǣǭǵǨǳǰǾ ǧǮȂ ǲǱǪǧǰǨǬ Ǵǵǣǧǫǫ ǳǣǪǥǫǵǫȂ Ǆǃǔ ǫ ǥ ǱǤǼǨǯ 
ǴǮǶǺǣǨ ǰǨ ǲǱǧǸǱǧȂǵ ǧǮȂ ǱǲǫǴǣǰǫȂ ǳǨǺǫ ǲǣǹǫǨǰǵǱǥ Ǵ Ǆǃǔ ǰǣ ǳǣǰǰǨǬ Ǵǵǣǧǫǫ.

1.2. ДƥƤƝƭƯƭƥƼ

ǊǣǧǣǺǣ ǥǾȂǥǮǨǰǫȂ ǲǳǫǪǰǣǭǱǥ ǳǨǺǨǥǾǸ ǰǣǳǶǻǨǰǫǬ ǲǳǫ Ǆǃǔ ǺǣǴǵǱ ǥǱǪǰǫǭǣǨǵ ǥ ǭǱǰǵǨǭǴǵǨ 
ǤǱǮǨǨ ǻǫǳǱǭǱǬ ǪǣǧǣǺǫ Ɉ ǭǮǣǴǴǫǷǫǭǣǹǫǫ ǵǫǲǣ ǧǫǪǣǳǵǳǫǫ [14, 15]. ǇǫǪǣǳǵǳǫȂ Ɉ ǱǤ-
ǼǨǨ ǰǣǪǥǣǰǫǨ ǳǨǺǨǥǾǸ ǳǣǴǴǵǳǱǬǴǵǥ, ǴǥȂǪǣǰǰǾǸ Ǵ ǳǣǤǱǵǱǬ ǣǳǵǫǭǶǮȂǹǫǱǰǰǾǸ Ǳǳ-
ǦǣǰǱǥ, ǲǳǱǫǴǸǱǧȂǼǫǸ ǥǴǮǨǧǴǵǥǫǨ ǰǨǥǳǱǮǱǦǫǺǨǴǭǫǸ ǪǣǤǱǮǨǥǣǰǫǬ. ǅǾǧǨǮȂȁǵ ǲȂǵǿ 
ǱǴǰǱǥǰǾǸ ǵǫǲǱǥ ǧǫǪǣǳǵǳǫǫ: ǥȂǮǣȂ (ǣǰǦǮ. laccid), ǴǲǣǴǵǫǺǨǴǭǣȂ (ǣǰǦǮ. spastic), ǣǵǣǭ-
ǴǫǺǨǴǭǣȂ (ǣǰǦǮ. ataxic), ǦǫǲǱǭǫǰǨǵǫǺǨǴǭǣȂ (ǣǰǦǮ. hypokinetic) ǫ ǦǫǲǨǳǭǫǰǨǵǫǺǨǴǭǣȂ 
(ǣǰǦǮ. hyperkinetic) [16]. ǋǪǥǨǴǵǰǱ, ǺǵǱ Ǆǃǔ ǲǳǫǥǱǧǫǵ ǭ ǲǱȂǥǮǨǰǫȁ 1) ǥȂǮǱǬ 
ǧǫǪǣǳǵǳǫǫ, ǨǴǮǫ ǲǱǳǣǩǨǰǾ ǰǫǩǰǫǨ ǯǱǵǱǳǰǾǨ ǰǨǬǳǱǰǾ; 2) ǴǲǣǴǵǫǺǨǴǭǱǬ ǧǫǪǣǳǵǳǫǫ, 
ǨǴǮǫ ǲǱǳǣǩǨǰǾ ǥǨǳǸǰǫǨ ǯǱǵǱǳǰǾǨ ǰǨǬǳǱǰǾ ǫ 3) ǴǯǨǻǣǰǰǱǦǱ ǴǲǣǴǵǫǺǨǴǭǫ-ǥȂǮǱǦǱ 
ǵǫǲǣ ǧǫǪǣǳǵǳǫǫ, ǨǴǮǫ ǲǱǳǣǩǨǰǾ ǭǣǭ ǥǨǳǸǰǫǨ, ǵǣǭ ǫ ǰǫǩǰǫǨ ǯǱǵǱǳǰǾǨ ǰǨǬǳǱǰǾ. 
ǔǯǨǻǣǰǰǾǬ ǵǫǲ ȂǥǮȂǨǵǴȂ ǰǣǫǤǱǮǨǨ ǸǣǳǣǭǵǨǳǰǾǯ ǧǮȂ Ǆǃǔ, ǲǳǫ ǰǨǯ ǰǣǤǮȁǧǣȁǵǴȂ 
ǰǨǵǱǺǰǱǴǵǫ ǥ ǣǳǵǫǭǶǮȂǹǫǫ, ǦǫǲǨǳǰǱǪǣǮǿǰǱǴǵǿ, ǪǣǯǨǧǮǨǰǰǱǴǵǿ ǳǨǺǫ ǫ ǰǣǳǶǻǨǰǫȂ 
ǲǳǱǴǱǧǫǭǫ [5]. 

Ǖǣǭǫǯ ǱǤǳǣǪǱǯ, ǪǣǧǣǺǣ ǧǨǵǨǭǵǫǳǱǥǣǰǫȂ ǳǨǺǨǥǾǸ ǰǣǳǶǻǨǰǫǬ ǲǳǫ Ǆǃǔ ǱǴǮǱǩǰȂǨǵǴȂ ǵǨǯ, 
ǺǵǱ ǥ ǳǨǺǫ ǫ ǦǱǮǱǴǨ ǯǱǦǶǵ ǲǱȂǥǮȂǵǿǴȂ ǳǣǪǮǫǺǰǾǨ ǲǳǫǪǰǣǭǫ ǥ ǪǣǥǫǴǫǯǱǴǵǫ Ǳǵ ǵǱǦǱ, 
ǭǣǭǣȂ ǦǳǶǲǲǣ ǯǱǵǱǳǰǾǸ ǰǨǬǳǱǰǱǥ ǲǱǳǣǩǨǰǣ.
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2. ǓǣǪǰǱǥǫǧǰǱǴǵǫ ǴǫǴǵǨǯ ǧǨǵǨǭǵǫǳǱǥǣǰǫȂ ǤǶǮǿǤǣǳǰǾǸ ǰǣǳǶǻǨǰǫǬ ǳǨǺǫ 
ǲǳǫ Ǆǃǔ 

ǅ ǰǣǴǵǱȂǼǨǨ ǥǳǨǯȂ ǲǳǱǥǱǧǫǵǴȂ ǻǫǳǱǭǣȂ ǫǴǴǮǨǧǱǥǣǵǨǮǿǴǭǣȂ ǳǣǤǱǵǣ 
ǲǱ ǱǲǳǨǧǨǮǨǰǫȁ ǱǲǵǫǯǣǮǿǰǱǦǱ ǲǱǧǸǱǧǣ ǭ ǧǨǵǨǭǵǫǳǱǥǣǰǫȁ ǤǶǮǿǤǣǳǰǾǸ 
ǰǣǳǶǻǨǰǫǬ ǲǱ ǳǨǺǫ. ǋǴǴǮǨǧǶȁǵǴȂ ǥǱǲǳǱǴǾ ǥǾǤǱǳǣ ǳǨǺǨǥǱǦǱ 
ǵǨǴǵǣ, ǱǲǳǨǧǨǮǨǰǫȂ ǰǣǤǱǳǣ ǳǨǺǨǥǾǸ ǲǳǫǪǰǣǭǱǥ, ǳǨǻǣǨǵǴȂ ǥǱǲǳǱǴ 
ǱǤ ǫǴǲǱǮǿǪǱǥǣǰǫǫ (ǫǮǫ ǰǨǫǴǲǱǮǿǪǱǥǣǰǫǫ) ǣǳǵǫǭǶǮȂǹǫǱǰǰǾǸ ǧǣǰǰǾǸ.

2.1. ƌƫơƮƥƮƯƢƩƪƸƦ ƬƫơƲƫơ (subsystem approach)

ǅ [2] ǤǾǮ ǲǳǨǧǮǱǩǨǰ ǴǫǴǵǨǯǣǵǫǺǨǴǭǫǬ ǲǱǧǸǱǧ ǭ ǱǹǨǰǭǨ ǤǶǮǿǤǣǳǰǾǸ ǰǣ-
ǳǶǻǨǰǫǬ ǰǣ ǱǴǰǱǥǨ ǣǰǣǮǫǪǣ ǱǵǧǨǮǿǰǾǸ ǲǱǧǴǫǴǵǨǯ ǳǨǺǨǱǤǳǣǪǱǥǣǰǫȂ 
(ǱǵǴȁǧǣ ǫ ǰǣǪǥǣǰǫǨ Ɉ ǲǱǧǴǫǴǵǨǯǰǾǬ ǲǱǧǸǱǧ). ǋǪǥǨǴǵǰǱ, ǺǵǱ ǥ ǴǫǴǵǨǯǨ 
ǳǨǺǨǱǤǳǣǪǱǥǣǰǫȂ ǯǱǩǰǱ ǥǾǧǨǮǫǵǿ ǺǨǵǾǳǨ ǲǱǧǴǫǴǵǨǯǾ: ǳǨǴǲǫǳǣǵǱǳǰǶȁ 
(ǧǾǸǣǵǨǮǿǰǶȁ), ǷǱǰǣǵǱǳǰǶȁ, ǣǳǵǫǭǶǮȂǹǫǱǰǰǶȁ ǫ ǳǨǪǱǰǣǵǱǳǰǶȁ  
(ǳǫǴ. 1).

ʟˋ˔. ͷ. Чˈ˕˞˓ˈ ˒ˑˇ˔ˋ˔˕ˈˏ˞ ˓ˈ˚ˈˑ˄˓˃ˊˑ˅˃ːˋя [2]

ǅ [2] ǧǮȂ ǱǹǨǰǫǥǣǰǫȂ ǧǾǸǣǵǨǮǿǰǱǬ ǲǱǧǴǫǴǵǨǯǾ ǫǴǲǱǮǿǪǱǥǣǮǴȂ ǲǳǱǹǨǰǵ ǲǣǶǪ 
ǲǳǫ ǺǵǨǰǫǫ ǴǲǨǹǫǣǮǿǰǱ ǳǣǪǳǣǤǱǵǣǰǰǱǦǱ ǲǳǨǧǮǱǩǨǰǫȂ. ǗǱǰǣǵǱǳǰǣȂ 
ǲǱǧǴǫǴǵǨǯǣ ǱǹǨǰǫǥǣǨǵǴȂ ǲǣǳǣǯǨǵǳǱǯ ǱǵǰǱǻǨǰǫȂ ȀǰǨǳǦǫǫ ǻǶǯǣ 
ǭ ȀǰǨǳǦǫǫ ǦǣǳǯǱǰǫǭ ǲǳǫ ǲǳǱǵȂǩǰǱǯ ǲǳǱǫǪǰǨǴǨǰǫǫ ǦǮǣǴǰǱǬ /ǣ/. ǓǣǤǱǵǣ 
ǳǨǪǰǱǰǣǵǱǳǰǱǬ ǲǱǧǴǫǴǵǨǯǾ ǱǹǨǰǫǥǣǮǣǴǿ ǲǣǳǣǯǨǵǳǱǯ ǰǱǪǣǮǿǰǱǦǱ 
ǤǣǮǣǰǴǣ (ǣǰǦǮ. nosalanc—), ǵ.Ǩ. ǱǵǰǱǻǨǰǫǨǯ ǰǱǪǣǮǿǰǱǬ ǫ ǱǳǣǮǿǰǱǬ 
ǭǱǯǲǱǰǨǰǵ ȀǰǨǳǦǫǫ ǥ ǳǨǺǨǥǱǯ ǴǫǦǰǣǮǨ. ǃǳǵǫǭǶǮȂǹǫǱǰǰǣȂ ǲǱǧǴǫǴǵǨǯǣ 
ǱǹǨǰǫǥǣǮǣǴǿ ǲǶǵǨǯ ǫǪǯǨǳǨǰǫȂ ǲǫǭǱǥǱǬ ǴǭǱǳǱǴǵǫ ǧǥǫǩǨǰǫȂ ǦǶǤ, 
ȂǪǾǭǣ ǫ ǺǨǮȁǴǵǫ ǲǳǫ ǲǳǱǫǪǰǨǴǨǰǫǫ ǵǨǴǵǱǥǾǸ ǷǳǣǪ. ǓǣǪǥǫǵǫǨ ǧǣǰǰǱǦǱ 
ǲǱǧǸǱǧǣ ǯǱǩǰǱ ǰǣǬǵǫ ǥ [3, 11]. ǐǨǴǯǱǵǳȂ ǰǣ ǵǱ ǺǵǱ ǥ ǹǨǮǱǯ ǳǨǪǶǮǿǵǣ-
ǵǾ ǲǳǫǯǨǰǨǰǫȂ ǲǱǧǴǫǴǵǨǯǰǱǦǱ ǲǱǧǸǱǧǣ ȂǥǮȂǨǵǴȂ ǯǰǱǦǱǱǤǨǼǣȁǼǫǯǫ, 
ǵǳǶǧǰǱǴǵǫ ǥ ǲǳǱǥǨǧǨǰǫǫ ǵǨǴǵǱǥ ǥǴǨǸ ǲǱǧǴǫǴǵǨǯ ǳǨǺǨǱǤǳǣǪǱǥǣǰǫǬ 
ǪǣǵǳǶǧǰȂȁǵ ǨǦǱ ǲǳǫǯǨǰǨǰǫǨ ǰǣ ǲǳǣǭǵǫǭǨ [17]. ǋǴǴǮǨǧǱǥǣǵǨǮǫ, ǳǣ-
ǤǱǵǣȁǼǫǨ ǥ ǧǣǰǰǱǯ ǰǣǲǳǣǥǮǨǰǫǫ, ǪǣǧǣȁǵǴȂ ǥǱǲǳǱǴǱǯ: ǯǱǩǰǱ Ǯǫ 
ǱǤǱǬǵǫǴǿ ǫǴǭǮȁǺǫǵǨǮǿǰǱ ǣǰǣǮǫǪǱǯ ǳǨǺǫ ǧǮȂ ǥǾȂǥǮǨǰǫȂ ǲǳǫǪǰǣǭǱǥ 
ǤǶǮǿǤǣǳǰǾǸ ǰǣǳǶǻǨǰǫǬ? ǔǵǳǨǯǮǨǰǫǨ ȀǵǱ ǱǤǽȂǴǰȂǨǵǴȂ ǵǨǯ, ǺǵǱ ǳǨǺǨǥǱǬ 
ǴǫǦǰǣǮ ǮǨǦǭǱ ǪǣǲǫǴǣǵǿ ǭǣǭ ǥ ǤǱǮǿǰǫǺǰǾǸ, ǵǣǭ ǫ ǥ ǧǱǯǣǻǰǫǸ ǶǴǮǱǥǫȂǸ 
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ǫ ǥǲǱǮǰǨ ǥǱǪǯǱǩǰǱ, ǺǵǱ ǫǰǷǱǳǯǣǹǫǫ, ǭǱǵǱǳǣȂ ǥ ǰǨǯ ǴǱǧǨǳǩǫǵǴȂ, ǧǱǴǵǣǵǱǺǰǱ ǧǮȂ 
ǣǥǵǱǯǣǵǫǺǨǴǭǱǦǱ ǧǨǵǨǭǵǫǳǱǥǣǰǫȂ Ǆǃǔ [17].

2.2. ƍƢƴƢƟƸƢ ƤƝơƝƪƥƼ (ƟƸƞƫƭ ƭƢƴƢƟƫƠƫ ƯƢƮƯƝ)

ǅ ǵǨǭǶǼǨǨ ǥǳǨǯȂ ǥǨǧǨǵǴȂ ǣǭǵǫǥǰǣȂ ǳǣǤǱǵǣ ǲǱ ǫǴǴǮǨǧǱǥǣǰǫȁ ǳǣǪǮǫǺǰǾǸ ǳǨǺǨǥǾǸ 
ǵǨǴǵǱǥ (ǪǣǧǣǰǫǬ) ǥ ǪǣǧǣǺǨ ǳǣǰǰǨǦǱ ǥǾȂǥǮǨǰǫȂ ǤǶǮǿǤǣǳǰǾǸ ǰǣǳǶǻǨǰǫǬ. ǐǣǫǤǱǮǨǨ 
ǳǣǴǲǳǱǴǵǳǣǰǨǰǾ ǴǮǨǧǶȁǼǫǨ ǧǥǣ ǵǫǲǣ ǳǨǺǨǥǾǸ ǪǣǧǣǰǫǬ:

• ǺǵǨǰǫǨ ǴǲǨǹǫǣǮǿǰǱ ǳǣǪǳǣǤǱǵǣǰǰǾǸ ǲǳǨǧǮǱǩǨǰǫǬ [2,9-10,12,];

• ǧǫǣǧǱǸǱǭǫǰǨǵǫǺǨǴǭǫǬ (ǇǇǍ) ǵǨǴǵ [17-18].

ǇǮȂ ǲǳǣǥǫǮǿǰǱǦǱ ǲǳǱǫǪǰǨǴǨǰǫȂ ǴǲǨǹǫǣǮǿǰǱ ǳǣǪǳǣǤǱǵǣǰǰǾǸ ǲǳǨǧǮǱǩǨǰǫǬ 
Ǳǵ ǵǨǴǵǫǳǶǨǯǱǦǱ ǵǳǨǤǶǨǵǴȂ ǴǮǣǩǨǰǰǣȂ ǳǣǤǱǵǣ ǣǳǵǫǭǶǮȂǹǫǱǰǰǾǸ ǱǳǦǣǰǱǥ. ǐǣǲǳǫǯǨǳ, 
ǥ [10] ǫǴǲǱǮǿǪǱǥǣǮǱǴǿ ǲǳǨǧǮǱǩǨǰǫǨ: «Buy Bobby a puppy». ǅ ǰǨǭǱǵǱǳǾǸ ǳǣǤǱǵǣǸ 
ǫǴǲǱǮǿǪǱǥǣǮǫǴǿ ǲǳǨǧǮǱǩǨǰǫȂ ǱǤǼǨǦǱ ǸǣǳǣǭǵǨǳǣ [12, 15, 17, 19-20]. ǐǣǲǳǫǯǨǳ, 
ǥ [12] ǫǴǲǱǮǿǪǱǥǣǮǫǴǿ ǲǳǨǧǮǱǩǨǰǫȂ Ǵ ǲǳǱǴǵǾǯ ǴǱǧǨǳǩǣǰǫǨǯ, ǵǣǭǫǨ ǭǣǭ «ǏǰǨ 
ǰǶǩǰǣ ǲǱǯǱǼǿ» ǫǮǫ «ǒǱǪǥǱǰǫ ǯǰǨ, ǭǱǦǧǣ Ƕ ǵǨǤȂ ǲǱǮǶǺǫǵǴȂ».

ǇǇǍ ǵǨǴǵ ǪǣǭǮȁǺǣǨǵǴȂ ǥ ǤǾǴǵǳǱǯ ǲǳǱǫǪǰǨǴǨǰǫǫ ǴǮǱǦǱǥ (ǰǣǲǳǫǯǨǳ, «ǲǣ-/ǵǣ/-ǭǣ» 
ǫǮǫ «ǤǶ-/ǵǨǳ/-ǭǣǲ») Ǵ ǯǣǭǴǫǯǣǮǿǰǱǬ ǤǾǴǵǳǱǵǱǬ ǫ ǵǱǺǰǱǴǵǿȁ ǰǣ ǱǧǰǱǯ ǧǾǸǣ-
ǰǫǫ. ǇǣǰǰǾǬ ǵǨǴǵ ǻǫǳǱǭǱ ǲǳǫǯǨǰȂǨǵǴȂ ǥ ǧǫǷǷǨǳǨǰǹǫǣǮǿǰǱǬ ǧǫǣǦǰǱǴǵǫǭǨ ǫ ǧǮȂ 
ǥǾȂǥǮǨǰǫȂ ǰǣǳǶǻǨǰǫǬ ǥ ǯǾǻǨǺǰǱǯ ǣǲǲǣǳǣǵǨ ǳǨǺǫ [21].

ǋǰǱǦǧǣ ǥ ǭǣǺǨǴǵǥǨ ǵǨǴǵǱǥǱǦǱ ǪǣǧǣǰǫȂ ǫǴǲǱǮǿǪǶȁǵ ǲǳǱǵȂǩǰǱǨ ǲǳǱǫǪǰǨǴǨǰǫǨ ǦǮǣǴǰǾǸ 
ǪǥǶǭǱǥ. ǇǣǰǰǾǬ ǵǨǴǵ ǯǱǩǨǵ ǫǴǲǱǮǿǪǱǥǣǵǿǴȂ ǭǣǭ ȀǮǨǯǨǰǵ ǤǱǮǨǨ ǴǮǱǩǰǱǦǱ ǴǱǴǵǣǥǰǱǦǱ 
ǵǨǴǵǣ [2-3, 14], ǵǣǭ ǫ ǥǾǴǵǶǲǣǵǿ ǥ ǭǣǺǨǴǵǥǨ ǨǧǫǰǴǵǥǨǰǰǱǦǱ ǫǴǵǱǺǰǫǭǣ ǫǰǷǱǳǯǣǹǫǫ 
ǧǮȂ ǭǮǣǴǴǫǷǫǭǣǹǫǫ [22]. ǅ ǮǫǵǨǳǣǵǶǳǨ ǥǴǵǳǨǺǣȁǵǴȂ ǫ ǧǳǶǦǫǨ ǳǣǪǰǱǥǫǧǰǱǴǵǫ 
ǳǨǺǨǥǾǸ ǪǣǧǣǰǫǬ. Ǖǣǭ, ǥ [23] ǧǮȂ ǭǮǣǴǴǫǷǫǭǣǹǫǫ ǫǴǲǱǮǿǪǱǥǣǮǫǴǿ ǪǣǲǫǴǫ 
ǲǱǥǵǱǳǨǰǫȂ ǲǳǱǴǮǶǻǣǰǰǱǬ ǷǳǣǪǾ ǫ ǪǣǲǫǴǫ ǴǲǱǰǵǣǰǰǱǬ ǳǨǺǫ.

2.3. ŽƧưƮƯƥƴƢƮƧƥƦ ƝƪƝƨƥƤ ƭƢƴƥ Ɵ ƮƥƮƯƢƩƝƲ ơƢƯƢƧƯƥƭƫƟƝƪƥƼ ƞưƨƹƞƝƭƪƸƲ ƪƝƭưƵƢƪƥƦ Ƭƭƥ 
žŽƎ

ǇǮȂ ǱǲǫǴǣǰǫȂ ǣǭǶǴǵǫǺǨǴǭǫǸ ǴǥǱǬǴǵǥ ǳǨǺǫ ǯǱǦǶǵ ǤǾǵǿ ǫǴǲǱǮǿǪǱǥǣǰǾ ǳǣǪǮǫǺǰǾǨ 
ǲǣǳǣǯǨǵǳǾ, ǦǮǣǥǰǱǬ ǪǣǧǣǺǨǬ ǲǳǫ ȀǵǱǯ ȂǥǮȂǨǵǴȂ ǲǱǫǴǭ ǵǣǭǱǬ ǴǫǴǵǨǯǾ ǲǣǳǣǯǨǵǳǱǥ, 
ǭǱǵǱǳǾǨ ǤǾ ǱǤǨǴǲǨǺǫǥǣǮǫ ǯǣǭǴǫǯǣǮǿǰǶȁ ǵǱǺǰǱǴǵǿ ǧǨǵǨǭǵǫǳǱǥǣǰǫȂ ǤǶǮǿǤǣǳǰǾǸ 
ǰǣǳǶǻǨǰǫǬ.

Ǒǧǰǫǯ ǫǪ ǴǣǯǾǸ ǳǣǴǲǳǱǴǵǳǣǰǨǰǰǾǸ ǴǲǱǴǱǤǱǥ ǲǣǳǣǯǨǵǳǫǪǣǹǫǫ ǳǨǺǨǥǱǦǱ ǴǫǦǰǣǮǣ 
ȂǥǮȂǨǵǴȂ ǲǳǨǧǴǵǣǥǮǨǰǫǨ ǨǦǱ ǥ ǥǫǧǨ ǯǨǮ-ǺǣǴǵǱǵǰǾǸ ǭǨǲǴǵǳǣǮǿǰǾǸ ǭǱȀǷǷǫǹǫǨǰ-
ǵǱǥ (ǏǚǍǍ) [24]. ǠǵǱ ǲǳǨǧǴǵǣǥǮǨǰǫǨ ǲǳǫǻǮǱ ǫǪ ǱǤǮǣǴǵǫ ǴǫǴǵǨǯ ǳǣǴǲǱǪǰǱǥǣǰǫȂ 
ǳǨǺǫ, ǰǱ ǥǲǱǴǮǨǧǴǵǥǫǫ ǸǱǳǱǻǱ ǪǣǳǨǭǱǯǨǰǧǱǥǣǮǱ ǴǨǤȂ ǫ ǲǳǫ ǲǱǴǵǳǱǨǰǫǫ ǴǫǴǵǨǯ 
ǧǨǵǨǭǵǫǳǱǥǣǰǫȂ ǲǣǵǱǮǱǦǫǬ ǥ ǳǨǺǫ [25-26]. ǅǾǺǫǴǮǨǰǫǨ ǏǚǍǍ ǶǺǫǵǾǥǣǨǵ ǱǴǱǤǨǰǰǱ-
Ǵǵǫ ǥǱǴǲǳǫȂǵǫȂ ǪǥǶǭǣ ǴǮǶǸǱǥǱǬ ǴǫǴǵǨǯǱǬ ǺǨǮǱǥǨǭǣ. ǅ ǭǱǰǵǨǭǴǵǨ ǳǣǴǴǯǣǵǳǫǥǣǨǯǱǬ 
ǪǣǧǣǺǫ ǏǚǍǍ ǲǳǫǯǨǰȂǮǫǴǿ ǥ ǳǣǤǱǵǣǸ [18, 23]. ǑǧǰǣǭǱ ǥ ǳǣǤǱǵǨ [12] ǶǭǣǪǾǥǣǨǵǴȂ, ǺǵǱ 
ǲǳǫ ǳǣǴǺǨǵǨ ǏǚǍǍ ǥǾǲǱǮǰȂǨǵǴȂ ǧǨǭǱǳǳǨǮǫǳǶȁǼǨǨ ǲǳǨǱǤǳǣǪǱǥǣǰǫǨ, ǥ ǳǨǪǶǮǿǵǣǵǨ 
ǭǱǵǱǳǱǦǱ ǯǱǩǨǵ ǲǱǵǨǳȂǵǿǴȂ ǥǣǩǰǣȂ ǫǰǷǱǳǯǣǹǫȂ, ǰǨǱǤǸǱǧǫǯǣȂ ǧǮȂ ǳǣǪǮǫǺǨǰǫȂ 
ǪǧǱǳǱǥǱǬ ǳǨǺǫ Ǳǵ ǳǨǺǫ ǲǣǹǫǨǰǵǣ Ǵ Ǆǃǔ. ǒǱȀǵǱǯǶ ǥ [12] ǲǳǫǯǨǰȂǮǱǴǿ ǲǳǨǧǴǵǣǥǮǨǰǫǨ 
ǳǨǺǨǥǱǦǱ ǴǫǦǰǣǮǣ ǥ ǥǫǧǨ ȀǰǨǳǦǨǵǫǺǨǴǭǱǦǱ ǴǲǨǭǵǳǣ.
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ǅ [27] ǧǮȂ ǣǰǣǮǫǪǣ ǥǾǤǫǳǣǮǫǴǿ ǵǱǮǿǭǱ ǷǳǣǦǯǨǰǵǾ ǳǨǺǨǥǱǦǱ ǴǫǦǰǣǮǣ, ǴǱ-
ǧǨǳǩǣǼǫǨ ǦǮǣǴǰǾǨ ǪǥǶǭǫ /ǣ/ ǫ /ǫ/ ǧǮȂ ǭǱǵǱǳǾǸ ǣǰǣǮǫǪǫǳǱǥǣǮǫǴǿ ǷǱǳ-
ǯǾ ǴǲǨǭǵǳǣǮǿǰǾǸ ǱǦǫǤǣȁǼǫǸ, ǣ ǵǣǭǩǨ ǲǱǮǱǩǨǰǫǨ ǷǱǳǯǣǰǵǰǾǸ ǺǣǴǵǱǵ. 
ǅ ǳǣǤǱǵǨ [22] ǥ ǭǣǺǨǴǵǥǨ ǳǨǺǨǥǱǦǱ ǪǣǧǣǰǫȂ ǥǾǴǵǶǲǣǮǱ ǲǳǱǵȂǩǰǱǨ 
ǲǳǱǫǪǰǨǴǨǰǫǨ ǪǥǶǭǣ /ǣ/, ǣ ǥ ǭǣǺǨǴǵǥǨ ǲǣǳǣǯǨǵǳǱǥ ǤǳǣǮǫǴǿ ǧǩǫǵǵǨǳ 
(ǭǳǣǵǭǱǥǳǨǯǨǰǰǱǨ ǰǨǲǳǱǫǪǥǱǮǿǰǱǨ ǱǵǭǮǱǰǨǰǫǨ ǺǣǴǵǱǵǾ ǭǱǮǨǤǣǰǫȂ 
ǦǱǮǱǴǱǥǾǸ ǴǭǮǣǧǱǭ) ǫ ǻǫǯǯǨǳ (ǭǳǣǵǭǱǥǳǨǯǨǰǰǾǨ ǱǵǭǮǱǰǨǰǫȂ 
ǥ ǣǯǲǮǫǵǶǧǨ ǪǥǶǭǱǥǱǬ ǥǱǮǰǾ), ǣ ǵǣǭǩǨ ǲǣǳǣǯǨǵǳ ǲǣǵǣǮǱǦǫǺǰǱǴǵǫ 
ǥǫǤǳǣǵǱ (ǵ.Ǩ. ǰǣǮǫǺǫǨ ǭǱǮǨǤǣǰǫǬ ǥ ǺǣǴǵǱǵǨ ǱǴǰǱǥǰǱǦǱ ǵǱǰǣ Ǵ ǺǣǴǵǱǵǱǬ 
Ǳǵ 9 ǧǱ 14 ǆǹ, ǧǮȂ ǪǧǱǳǱǥǾǸ ǮȁǧǨǬ ǺǣǴǵǱǵǣ ǥǫǤǳǣǵǱ ǰǣǸǱǧǫǵǴȂ 
ǥ ǧǫǣǲǣǪǱǰǨ Ǳǵ 5 ǧǱ 8 ǆǹ).

ǅ ǳǣǤǱǵǣǸ [9, 17] ǲǳǨǧǮǣǦǣǨǵǴȂ ǣǥǵǱǯǣǵǫǪǫǳǱǥǣǵǿ ǲǱǫǴǭ ǲǱǧǸǱǧȂǼǫǸ ǳǨǺǨ-
ǥǾǸ ǲǣǳǣǯǨǵǳǱǥ, ǫǴǲǱǮǿǪǶȂ ǴǥǱǤǱǧǰǱ ǳǣǴǲǳǱǴǵǳǣǰȂǨǯǾǬ ǲǳǱǦǳǣǯǯǰǾǬ 
ǲǣǭǨǵ Op—nSmil— [28], ǲǱǪǥǱǮȂȁǼǫǬ ǫǪǥǮǨǭǣǵǿ ǫǪ ǳǨǺǫ ǲǱǳȂǧǭǣ 6 ǵǾǴȂǺ 
ǲǣǳǣǯǨǵǳǱǥ. ǇǮȂ ǱǵǤǱǳǣ ǳǨǮǨǥǣǰǵǰǾǸ ǲǣǳǣǯǨǵǳǱǥ ǥ [9] ǫǴǲǱǮǿǪǱǥǣǮǴȂ 
ǭǱǳǳǨǮȂǹǫǱǰǰǾǬ ǣǰǣǮǫǪ ǭǣǩǧǱǦǱ ǱǵǧǨǮǿǰǱǦǱ ǲǣǳǣǯǨǵǳǣ ˘ Ǵ ǯǨǵǭǱǬ 
ǭǮǣǴǴǣ y∈{ǪǧǱǳǱǥǾǬ,ǤǱǮǿǰǱǬ}. ǇǮȂ ǲǱǴǮǨǧǶȁǼǨǦǱ ǳǣǴǴǯǱǵǳǨǰǫȂ 
ǱǵǤǫǳǣǮǫǴǿ ǵǱǮǿǭǱ ǲǳǫǪǰǣǭǫ, ǫǯǨǥǻǫǨ ǶǳǱǥǨǰǿ ǮǱǩǰǾǸ ǴǳǣǤǣǵǾǥǣǰǫǬ 
(ǣǰǦǮ. fals— –iscov—ry rat—) ) q<0.05. ǔǳǨǧǫ ǴǣǯǾǸ ǫǰǷǱǳǯǣǵǫǥǰǾǸ ǲǳǫ-
ǪǰǣǭǱǥ ǥ [9] ǱǭǣǪǣǮǫǴǿ ǏǚǍǍ, ǣ ǵǣǭǩǨ ǲǣǳǣǯǨǵǳǾ ǯǱǧǶǮȂǹǫǱǰǰǱǦǱ 
ǴǲǨǭǵǳǣ ǳǨǺǫ RASTA (ǣǰǦǮ. R—lAtiv— SP—ctrA) [24, 29]. ǐǨǧǱǴǵǣǵǭǱǯ ǲǱǧ-
ǸǱǧǣ, ǲǳǨǧǮǱǩǨǰǰǱǦǱ ǥ [9], ȂǥǮȂǨǵǴȂ ǵǱ, ǺǵǱ ǭǣǩǧǾǬ ǫǪ ǲǣǳǣǯǨǵǳǱǥ ǳǨǺǫ 
ǣǰǣǮǫǪǫǳǱǥǣǮǴȂ ǰǨǪǣǥǫǴǫǯǱ Ǳǵ ǱǴǵǣǮǿǰǾǸ. ǋǪǥǨǴǵǰǱ, ǺǵǱ ǧǥǣ ǱǵǧǨǮǿǰǱ 
ǥǪȂǵǾǸ ǲǣǳǣǯǨǵǳǣ ˘

1
 ǫ ˘

2
 ǯǱǦǶǵ ǰǨ ǫǯǨǵǿ ǴǫǮǿǰǱǬ ǭǱǳǳǨǮȂǹǫǨǬ Ǵ ǯǨǵǭǱǬ 

ǭǮǣǴǴǣ y, ǱǧǰǣǭǱ ǫǸ ǱǤǽǨǧǫǰǨǰǫǨ ǯǱǩǨǵ ǲǱǳǱǩǧǣǵǿ ǲǳǫǪǰǣǭ Ǵ ǴǫǮǿǰǱǬ 
ǭǱǳǳǨǮȂǹǫǱǰǰǱǬ ǴǥȂǪǿȁ [30].

2.4. ŽƪƝƨƥƤ ƝƭƯƥƧưƨƼƳƥƫƪƪƸƲ ƬƝƭƝƩƢƯƭƫƟ ƭƢƴƥ Ɵ ƮƥƮƯƢƩƝƲ ơƢƯƢƧƯƥƭƫƟƝƪƥƼ 
ƞưƨƹƞƝƭƪƸƲ ƪƝƭưƵƢƪƥƦ

ǚǣǴǵǱ ǰǣǳȂǧǶ Ǵ ǣǭǶǴǵǫǺǨǴǭǫǯ ǣǰǣǮǫǪǱǯ ǳǨǺǫ ǥǾǲǱǮǰȂǨǵǴȂ 
ǫ ǣǰǣǮǫǪ ǣǳǵǫǭǶǮȂǹǫǱǰǰǱǬ ǣǭǵǫǥǰǱǴǵǫ. ǇǮȂ ǴǤǱǳǣ ǧǣǰǰǾǸ Ǳ ǧǥǫǩǨǰǫǫ 
ǣǳǵǫǭǶǮȂǹǫǱǰǰǾǸ ǱǳǦǣǰǱǥ ǰǣ ǰǫǸ ǭǳǨǲǫǵǴȂ ǴǫǴǵǨǯǣ ǧǣǵǺǫǭǱǥ.

ʟˋ˔. 2. ʞˑˎˑˉˈːˋˈ ˃˓˕ˋˍ˖ˎя˙ˋˑːː˞˘ ˇ˃˕˚ˋˍˑ˅ [ͷͽ]. ʝ˄ˑˊː˃˚ˈːˋя:  
TT (toБgue tiГȌ – ˍˑː˚ˋˍ яˊ˞ˍ˃, TB (toБgue bodМȌ – ˔ˈ˓ˈˇˋː˃ яˊ˞ˍ˃,  

TD ȋtoБgue dorsuАȌ – ˔˒ˋːˍ˃ яˊ˞ˍ˃ ȋː˃ ˓ˋ˔˖ːˍˈ ːˈ ˒ˑˍ˃ˊ˃ːȌ, 
 LL (lower liГȌ – ːˋˉːяя ˆ˖˄˃, UL (uГГer liГȌ – ˅ˈ˓˘ːяя ˆ˖˄˃
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ǚǣǼǨ ǧǣǵǺǫǭǫ ǭǳǨǲȂǵǴȂ ǰǣ ȂǪǾǭ, ǦǶǤǾ (ǳǫǴ. 2) ǫ ǫǰǱǦǧǣ ǺǨǮȁǴǵǿ [2]. ǅ ǤǱǮǿǻǫǰǴǵǥǨ ǳǣǤǱǵ 
ǣǳǵǫǭǶǮȂǹǫǱǰǰǾǨ ǧǣǰǰǾǨ ǫǴǲǱǮǿǪǶȁǵǴȂ ǥ ǭǣǺǨǴǵǥǨ ǧǱǲǱǮǰǨǰǫȂ ǭ ǣǭǶǴǵǫǺǨǴǭǫǯ 
ǲǳǫǪǰǣǭǣǯ [17-18, 23]. Ǎǣǭ ǲǳǣǥǫǮǱ, ǫǴǴǮǨǧǱǥǣǵǨǮǫ ǰǨ ǶǭǣǪǾǥǣȁǵ, ǭǣǭǣȂ ǫǯǨǰǰǱ 
ǫǰǷǱǳǯǣǹǫȂ ǥ ǣǳǵǫǭǶǮȂǹǫǱǰǰǾǸ ǧǣǰǰǾǸ ȂǥǮȂǨǵǴȂ ǰǣǫǤǱǮǨǨ ǴǶǼǨǴǵǥǨǰǰǱǬ. 
ǋǴǭǮȁǺǨǰǫǨǯ ȂǥǮȂǨǵǴȂ [23], ǦǧǨ ǤǾǮǱ ǲǱǭǣǪǣǰǱ, ǺǵǱ ǰǣǫǤǱǮǨǨ ǥǣǩǰǾǯ ȂǥǮȂǨǵǴȂ 
ǲǣǳǣǯǨǵǳ ǶǴǭǱǳǨǰǫȂ ǧǥǫǩǨǰǫȂ ǭǱǰǺǫǭǣ ȂǪǾǭǣ. ǒǳǫǺǨǯ ǫǴǭǮȁǺǫǵǨǮǿǰǣȂ ǥǣǩǰǱǴǵǿ 
ǧǣǰǰǱǦǱ ǲǣǳǣǯǨǵǳǣ ǰǨ ǪǣǥǫǴǨǮǣ Ǳǵ ǵǫǲǣ ǳǨǺǨǥǱǦǱ ǪǣǧǣǰǫȂ.

3. ǑǴǱǤǨǰǰǱǴǵǫ ǲǱǴǵǳǱǨǰǫȂ ǴǫǴǵǨǯ ǭǮǣǴǴǫǷǫǭǣǹǫǫ ǤǶǮǿǤǣǳǰǾǸ ǰǣǳǶǻǨǰǫǬ

3.1. ƌƫơƠƫƯƫƟƧƝ ƥƪƱƫƭƩƝƳƥƫƪƪƸƲ ƬƭƥƤƪƝƧƫƟ

ǋǪǥǨǴǵǰǱ, ǺǵǱ ǶǴǲǨǻǰǱǨ ǳǨǻǨǰǫǨ ǪǣǧǣǺǫ ǭǮǣǴǴǫǷǫǭǣǹǫǫ ǪǣǥǫǴǫǵ Ǳǵ ǭǣǺǨǴǵǥǣ 
ǫǴǲǱǮǿǪǶǨǯǾǸ ǫǰǷǱǳǯǣǹǫǱǰǰǾǸ ǲǳǫǪǰǣǭǱǥ ǥ ǳǣǴǴǯǣǵǳǫǥǣǨǯǾǸ ǰǣǯǫ ǴǫǴǵǨǯǣǸ. 
ǏǱǩǰǱ ǥǾǧǨǮǫǵǿ ǴǮǨǧǶȁǼǫǨ ǴǲǱǴǱǤǾ ǲǱǮǶǺǨǰǫȂ ǫǰǷǱǳǯǣǹǫǱǰǰǾǸ ǲǳǫǪǰǣǭǱǥ 
(ǳǫǴ. 3).

ǣ)

Ǥ)

ǥ)

ʟˋ˔. ͹. ʠ˒ˑ˔ˑ˄˞ ˗ˑ˓ˏˋ˓ˑ˅˃ːˋя ˋː˗ˑ˓ˏ˃˙ˋˑːː˞˘ ˒˓ˋˊː˃ˍˑ˅

ǅ ǲǨǳǥǱǯ ǴǮǶǺǣǨ (ǳǫǴ. 3, ǣ) ǭǣǩǧǱǬ ǪǣǲǫǴǫ ǳǨǺǨǥǱǦǱ ǴǫǦǰǣǮǣ ǴǵǣǥǫǵǴȂ ǥ ǴǱǱǵǥǨǵǴǵǥǫǨ Ǳǧǫǰ 
ǲǳǫǪǰǣǭ (ǰǣǲǳǫǯǨǳ, ǪǰǣǺǨǰǫǨ ǧǩǫǵǵǨǳǣ, ǻǫǯǯǨǳǣ ǫǮǫ ǫǰǧǨǭǴǣ ǲǣǵǱǮǱǦǫǺǰǱǴǵǫ 
ǥǫǤǳǣǵǱ). ǅǱ ǥǵǱǳǱǯ ǴǮǶǺǣǨ (ǳǫǴ. 3, Ǥ) ǴǫǦǰǣǮ ǳǣǪǤǫǥǣǨǵǴȂ ǰǣ ǭǳǣǵǭǱǥǳǨǯǨǰǰǾǨ 
ǴǨǦǯǨǰǵǾ, ǫǪǯǨǳȂǨǯǾǬ ǲǣǳǣǯǨǵǳ ǥǾǺǫǴǮȂǨǵǴȂ ǧǮȂ ǭǣǩǧǱǦǱ ǴǨǦǯǨǰǵǣ, ǲǱǴǮǨ ǺǨǦǱ 
ǥǾǲǱǮǰȂǨǵǴȂ ǶǴǳǨǧǰǨǰǫǨ, ǳǣǴǺǨǵ ǴǳǨǧǰǨǭǥǣǧǳǣǵǫǺǨǴǭǱǦǱ ǱǵǭǮǱǰǨǰǫȂ (ǔǍǑ) ǮǫǤǱ 
ǮȁǤǱǬ ǧǳǶǦǱǬ ǴǵǣǵǫǴǵǫǭǫ. ǒǳǫǯǨǳǱǯ ǲǳǫǪǰǣǭǱǥ ǥǵǱǳǱǦǱ ǵǫǲǣ ǯǱǩǨǵ ǴǮǶǩǫǵǿ 
ǥǾǺǫǴǮǨǰǫǨ ǴǵǣǵǫǴǵǫǭǫ ǺǣǴǵǱǵǾ ǱǴǰǱǥǰǱǦǱ ǵǱǰǣ. ǕǳǨǵǫǬ ǥǣǳǫǣǰǵ ǲǱǧǦǱǵǱǥǭǫ 
ǫǰǷǱǳǯǣǹǫǱǰǰǾǸ ǲǳǫǪǰǣǭǱǥ ǲǱǸǱǩ ǰǣ ǥǵǱǳǱǬ, ǵǱǮǿǭǱ ǧǮȂ ǭǣǩǧǱǦǱ ǴǨǦǯǨǰǵǣ ǴǫǦǰǣǮǣ 
ǳǣǴǴǺǫǵǾǥǣǨǵǴȂ ǥǨǭǵǱǳ ǲǣǳǣǯǨǵǳǱǥ, ǭǱǵǱǳǾǬ ǪǣǵǨǯ ǶǴǳǨǧǰȂǨǵǴȂ. ǒǳǫǯǨǳǱǯ 

З̌п̛̭̽
f

ʿ̛̬̦̌̚к̛
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З̌п̛̭̽
f
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titi-1 ti+1

titi-1 ti+1

З̌п̛̭̽
f
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ǥ ǧǣǰǰǱǯ ǴǮǶǺǣǨ ǯǱǩǨǵ ǴǮǶǩǫǵǿ ǏǚǍǍ, ǭǱǵǱǳǾǨ ǥǾǺǫǴǮȂȁǵǴȂ ǧǮȂ 
ǴǨǦǯǨǰǵǱǥ ǧǮǫǵǨǮǿǰǱǴǵǫ 70 ǯǴ, ǣ ǪǣǵǨǯ ǶǴǳǨǧǰȂȁǵǴȂ [17].

ǅ ǰǨǭǱǵǱǳǾǸ ǴǮǶǺǣȂǸ ǧǮǫǰǰǣȂ ǪǣǲǫǴǿ ǳǣǪǤǫǥǣǨǵǴȂ ǰǣ ǴǨǦǯǨǰǵǾ ǪǣǧǣǰǰǱǬ 
ǧǮǫǰǰǾ (ǰǣǲǳǫǯǨǳ, 0,8 Ǵ), ǫ ǲǣǳǣǯǨǵǳǾ ǥǾǺǫǴǮȂȁǵǴȂ ǫ ǶǴǳǨǧǰȂȁǵǴȂ ǧǮȂ 
ȀǵǫǸ ǴǨǦǯǨǰǵǱǥ [23]. ǅ ȀǵǱǯ ǴǮǶǺǣǨ ǲǱǮǶǺǨǰǰǾǨ ǲǳǫǪǰǣǭǫ ǰǣǪǾǥǣȁǵǴȂ 
ǰǣǧǴǨǦǯǨǰǵǰǾǯǫ (ǣǰǦǮ. supra-s—‘m—ntal). ǅ ǴǮǶǺǣǨ ǫǴǲǱǮǿǪǱǥǣǰǫȂ 
ǰǣǧǴǨǦǯǨǰǵǰǾǸ ǲǳǫǪǰǣǭǱǥ ǫǪ ǱǧǰǱǬ ǪǣǲǫǴǫ ǯǱǩǰǱ ǲǱǮǶǺǫǵǿ ǰǨǴǭǱǮǿǭǱ 
ǸǣǳǣǭǵǨǳǫǴǵǫǺǨǴǭǫǸ ǥǨǵǱǭǵǱǳǱǥ. ǋǴǲǱǮǿǪǱǥǣǰǫǨ ǰǣǧǴǨǦǯǨǰǵǰǾǸ 
ǲǳǫǪǰǣǭǱǥ ǯǱǵǫǥǫǳǶǨǵǴȂ ǵǨǯ, ǺǵǱ ǱǴǱǤǨǰǰǱǴǵǫ ǳǨǺǫ ǲǣǹǫǨǰǵǱǥ Ǵ Ǆǃǔ 
ǱǵǰǱǴȂǵǴȂ ǭ ǭǣǵǨǦǱǳǫǫ ǲǣǳǣ-ǮǫǰǦǥǫǴǵǫǺǨǴǭǱǬ ǫǰǷǱǳǯǣǹǫǫ, ǭǱǵǱǳǣȂ 
ǴǱǧǨǳǩǫǵǴȂ ǥ ǴǨǦǯǨǰǵǣǸ ǪǰǣǺǫǵǨǮǿǰǱǬ ǧǮǫǰǰǾ [23].

ǔǮǨǧǶǨǵ ǱǵǯǨǵǫǵǿ, ǺǵǱ ǥ ǴǮǶǺǣǨ ǫǴǲǱǮǿǪǱǥǣǰǫȂ ǥ ǭǣǺǨǴǵǥǨ ǭǮǣǴǴǫǷǫǭǣǵǱǳǣ 
ǴǥёǳǵǱǺǰǶȁ ǰǨǬǳǱǰǰǶȁ ǴǨǵǿ (ǣǰǦǮ. CNN Ɉ convolutional n—ural n—twork) 
ǱǲǨǳǣǹǫȂ ǶǴǳǨǧǰǨǰǫȂ ǲǳǫǪǰǣǭǱǥ ǯǱǩǨǵ ǰǨ ǥǾǲǱǮǰȂǵǿǴȂ, ǣ ǰǣ ǥǸǱǧ ǴǨǵǫ 
ǲǱǧǣǨǵǴȂ ǥǨǴǿ ǰǣǤǱǳ ǲǱǮǶǺǨǰǰǾǸ ǲǣǳǣǯǨǵǳǱǥ ǤǨǪ ǶǴǳǨǧǰǨǰǫȂ (ǳǫǴ. 3, 
ǥ) [23].

3.2. ƋƭƠƝƪƥƤƝƳƥƼ ƬƭƫƳƢƮƮƝ ƧƨƝƮƮƥƱƥƧƝƳƥƥ

ǚǣǼǨ ǥǴǨǦǱ ǥ ǭǣǺǨǴǵǥǨ ǭǮǣǴǴǫǷǫǭǣǵǱǳǣ ǥ ǴǫǴǵǨǯǣǸ ǧǨǵǨǭǵǫǳǱǥǣǰǫȂ 
ǤǶǮǿǤǣǳǰǾǸ ǰǣǳǶǻǨǰǫǬ ǫǴǲǱǮǿǪǶǨǵǴȂ ǯǨǵǱǧ ǱǲǱǳǰǾǸ ǥǨǭǵǱǳǱǥ (ǣǰǦǮ. 
SVM Ɉ support v—ctor mac’in—) [9-10, 17, 23]. ǠǵǱ ǱǤǽȂǴǰȂǨǵǴȂ ǵǨǯ, ǺǵǱ 
SVM ǫǯǨǨǵ ǸǱǳǱǻǨǨ ǯǣǵǨǯǣǵǫǺǨǴǭǱǨ ǱǤǱǴǰǱǥǣǰǫǨ, ǣ ǵǣǭǩǨ ǧǮȂ ǰǨǦǱ 
ǳǣǪǳǣǤǱǵǣǰǾ ǴǥǱǤǱǧǰǱ ǳǣǴǲǳǱǴǵǳǣǰȂǨǯǾǨ ǲǳǱǦǳǣǯǯǰǾǨ ǲǣǭǨǵǾ Ǵ ǨǦǱ 
ǳǨǣǮǫǪǣǹǫǨǬ. ǅǵǱǳǾǯ ǲǱǲǶǮȂǳǰǾǯ ǯǨǵǱǧǱǯ ȂǥǮȂǨǵǴȂ ǫǴǲǱǮǿǪǱǥǣǰǫǨ 
ǦǮǶǤǱǭǫǸ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ (ǣǰǦǮ. DNN Ɉ –——p n—uron n—twork) [17, 23]. 
ǇǣǰǰǾǬ ǥǾǤǱǳ ǱǤǽȂǴǰȂǨǵǴȂ ǲǳǨǩǧǨ ǥǴǨǦǱ ǶǴǲǨǸǱǯ DNN ǥ ǴǯǨǩǰǾǸ 
ǱǤǮǣǴǵȂǸ Ɉ ǳǣǴǲǱǪǰǣǥǣǰǫǫ ǫ ǴǫǰǵǨǪǨ ǳǨǺǫ. ǓǨǩǨ ǫǴǲǱǮǿǪǶǨǵǴȂ ǲǱǧǸǱǧ 
ǰǣ ǱǴǰǱǥǨ ǮǫǰǨǬǰǱǦǱ ǧǫǴǭǳǫǯǫǰǣǰǵǰǱǦǱ ǣǰǣǮǫǪǣ (ǣǰǦǮ. LDA Ɉ lin—ar 
–iscriminant analysis)  [19, 31] ǫ ǯǨǵǱǧǣ k ǤǮǫǩǣǬǻǫǸ ǴǱǴǨǧǨǬ (ǣǰǦǮ. 
kNN Ɉ k n—ar—st n—i‘’bors) [22].

ǚǣǼǨ ǥǴǨǦǱ ǧǮȂ ǱǹǨǰǭǫ ǵǱǺǰǱǴǵǫ ǭǮǣǴǴǫǷǫǭǣǵǱǳǣ ǫǴǲǱǮǿǪǶȁǵ ǴǮǨǧǶȁǼǫǨ 
ǸǣǳǣǭǵǨ-ǳǫǴǵǫǭǫ: ǵǱǺǰǱǴǵǿ (Acc), ǺǶǥǴǵǥǫǵǨǮǿǰǱǴǵǿ (Sens), ǴǲǨǹǫ-
ǷǫǺǰǱǴǵǿ (Spec), F-ǯǨǳǣ ǫ ǴǳǨǧǰȂȂ ǲǱǮǰǱǵǣ (Rave). ǐǫǩǨ ǲǳǫǥǱǧȂǵǴȂ 
ǥǾǳǣǩǨǰǫȂ ǧǮȂ ǫǸ ǥǾǺǫǴǮǨǰǫȂ [30]:

ǦǧǨ TP, TN, FP, FN Ɉ ǫǴǵǫǰǰǱ ǲǱǮǱǩǫǵǨǮǿǰǾǨ, ǫǴǵǫǰǰǱ ǱǵǳǫǹǣǵǨǮǿǰǾǨ, ǮǱǩǰǱ 
ǲǱǮǱǩǫǵǨǮǿǰǾǸ, ǮǱǩǰǱ ǱǵǳǫǹǣǵǨǮǿǰǾǨ ǳǨǪǶǮǿǵǣǵǾ ǭǮǣǴǴǫǷǫǭǣǹǫǫ (ǲǱǧ 
ǲǱǮǱǩǫǵǨǮǿǰǾǯ ǳǨǪǶǮǿǵǣǵǱǯ ǲǱǰǫǯǣȁǵ ǥǨǳǰǶȁ ǲǱǴǵǣǰǱǥǭǶ ǧǫǣǦǰǱǪǣ 
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Ǆǃǔ). ǕǱǺǰǱǴǵǿ ǸǣǳǣǭǵǨǳǫǪǶǨǵ ǺǣǴǵǱǵǶ ǲǳǣǥǫǮǿǰǾǸ ǳǨǻǨǰǫǬ, ǥǾǰǱǴǫǯǾǸ ǭǮǣǴǴǫ-
ǷǫǭǣǵǱǳǱǯ. ǑǧǰǣǭǱ ǧǣǰǰǾǬ ǲǣǳǣǯǨǵǳ ǰǨ ǧǣёǵ ǲǱǮǰǱǦǱ ǲǳǨǧǴǵǣǥǮǨǰǫȂ Ǳ ǭǣǺǨǴǵǥǨ 
ǳǣǤǱǵǾ ǭǮǣǴǴǫǷǫǭǣǵǱǳǣ, ǱǴǱǤǨǰǰǱ ǨǴǮǫ ǥ ǳǨǺǨǥǱǬ ǤǣǪǨ ǭǮǣǴǴǾ ǪǧǱǳǱǥǾǸ ǦǱǮǱǴǱǥ 
ǫ ǦǱǮǱǴǱǥ Ǵ ǲǣǵǱǮǱǦǫǨǬ ǰǨ ǴǤǣǮǣǰǴǫǳǱǥǣǰǾ. ǒǣǳǣǯǨǵǳ ǺǶǥǴǵǥǫǵǨǮǿǰǱǴǵǫ ǲǱǭǣǪǾ-
ǥǣǨǵ ǴǲǱǴǱǤǰǱǴǵǿ ǭǮǣǴǴǫǷǫǭǣǵǱǳǣ ǧǨǵǨǭǵǫǳǱǥǣǵǿ ǲǣǵǱǮǱǦǫȁ, ǨǴǮǫ Ǳǰǣ ǨǴǵǿ. ǔǲǨ-
ǹǫǷǫǺǰǱǴǵǿ ǸǣǳǣǭǵǨǳǫǪǶǨǵ ǴǲǱǴǱǤǰǱǴǵǿ ǭǮǣǴǴǫǷǫǭǣǵǱǳǣ ǱǲǳǨǧǨǮȂǵǿ ǱǵǴǶǵǴǵǥǫǨ 
ǲǣǵǱǮǱǦǫǫ, ǭǱǦǧǣ Ǳǰǣ ǧǨǬǴǵǥǫǵǨǮǿǰǱ ǱǵǴǶǵǴǵǥǶǨǵ. ǔǳǨǧǰȂȂ ǲǱǮǰǱǵǣ Ɉ ǲǱǭǣǪǾǥǣǨǵ 
ǱǤǼǶȁ ǴǲǱǴǱǤǰǱǴǵǿ ǭǮǣǴǴǫǷǫǭǣǵǱǳǣ ǱǵǰǱǴǫǵǿ ǦǱǮǱǴ ǭ ǲǳǣǥǫǮǿǰǱǯǶ ǭǮǣǴǴǶ. F-ǯǨǳǣ 
ǲǱǭǣǪǾǥǣǨǵ ǴǳǨǧǰǨǨ ǦǣǳǯǱǰǫǺǨǴǭǱǨ ǪǰǣǺǨǰǫǨ ǵǱǺǰǱǴǵǫ ǫ ǴǲǨǹǫǷǫǺǰǱǴǵǫ.

ǅǣǩǰǾǯ ǣǴǲǨǭǵǱǯ ǲǳǱǹǨǴǴǣ ǭǮǣǴǴǫǷǫǭǣǹǫǫ ȂǥǮȂǨǵǴȂ Ȁǵǣǲ ǲǳǫǰȂǵǫȂ ǳǨǻǨǰǫȂ. 
ǅ ǲǳǱǴǵǨǬǻǨǯ ǴǮǶǺǣǨ ǳǨǻǨǰǫǨ ǴǱǥǲǣǧǣǨǵ Ǵ ǵǱǬ ǯǨǵǭǱǬ, ǭǱǵǱǳǶȁ ǪǣǲǫǴǫ ǲǳǫǴǥǱǫǮ 
ǭǮǣǴǴǫǷǫǭǣǵǱǳ. ǑǧǰǣǭǱ ǥ ǴǮǶǺǣǨ ǫǴǲǱǮǿǪǱǥǣǰǫȂ ǰǣǧǴǨǦǯǨǰǵǰǾǸ ǲǳǫǪǰǣǭǱǥ ǧǮȂ 
ǱǧǰǱǬ ǪǣǲǫǴǫ ǳǨǺǫ ǫǯǨǨǵǴȂ ǰǨǴǭǱǮǿǭǱ ǸǣǳǣǭǵǨǳǫǴǵǫǺǨǴǭǫǸ ǥǨǭǵǱǳǱǥ, ǭǣǩǧǾǬ 
ǫǪ ǭǱǵǱǳǾǸ ǲǱǧǣǨǵǴȂ ǰǣ ǭǮǣǴǴǫǷǫǭǣǵǱǳ, ǣ ǳǨǻǨǰǫǨ ǲǳǫǰǫǯǣǨǵǴȂ ǰǣ ǱǴǰǱǥǨ 
ǯǣǩǱǳǫǵǣǳǰǱǦǱ ǦǱǮǱǴǱǥǣǰǫȂ. ǈǴǮǫ ǧǮȂ ǱǧǰǱǦǱ Ǯǫǹǣ ǫǯǨǨǵǴȂ ǰǨǴǭǱǮǿǭǱ ǪǣǲǫǴǨǬ 
ǨǦǱ ǳǨǺǫ, ǵǱ ǭǮǣǴǴǫǷǫǹǫǳǶǨǵǴȂ ǭǣǩǧǣȂ ǫǪ ǰǫǸ, ǣ ǱǭǱǰǺǣǵǨǮǿǰǱǨ ǳǨǻǨǰǫǨ ǪǣǵǨǯ 
ǲǳǫǰǫǯǣǨǵǴȂ ǯǣǩǱǳǫǵǣǳǰǾǯ ǦǱǮǱǴǱǥǣǰǫǨǯ [12, 23]. ǅ ǴǮǨǧǶȁǼǨǬ ǵǣǤǮǫǹǨ ǲǳǫǥǨ-
ǧǨǰǾ ǴǥǱǧǰǾǨ ǧǣǰǰǾǨ ǲǱ ǴǫǴǵǨǯǣǯ ǭǮǣǴǴǫǷǫǭǣǹǫǫ, ǭǱǵǱǳǾǨ ǤǾǮǫ ǱǲǶǤǮǫǭǱǥǣǰǾ 
ǥ ǲǱǴǮǨǧǰǫǨ ǦǱǧǾ.

ƏƝƞƨƥƳƝ 1

ƎƭƝƟƪƢƪƥƢ ƮƥƮƯƢƩ ơƢƯƢƧƯƥƭƫƟƝƪƥƢ ƞưƨƹƞƝƭƪƸƲ ƪƝƭưƵƢƪƥƦ Ƭƭƥ žŽƎ
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[18] XGBoost Ɉ 34/49 85 92 80 86 85

[17] SVM Ɉ 11/11 65 58 68 63 61

[17] DNN Ɉ 11/11 92* 82* 96* 89* 88*

[23] SVM 39 8/8 Ɉ Ɉ Ɉ Ɉ 89**

[23] DNN 39 8/8 Ɉ Ɉ Ɉ Ɉ 90**

[9] SVM 1 ǯǶǩǺǫǰǾ 
26/40 79 78 76 77 77

[9] SVM Ɉ ǩǨǰǼǫǰǾ 
30/27 83 86 78 82 82

[12] CNN 120 13/13 76 72 81 76 76

[22] LDA 4 39/15 91 87 92 90 89

[22] kNN 3 39/15 92 76 98 87 86
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[18] XGBoost Ɉ 34/49 90 94 85 90 89

[17] SVM Ɉ 11/11 81 82 81 81 81

[17] DNN Ɉ 11/11 97* 89* 100* 94* 94*

[23] SVM 6 8/8 Ɉ Ɉ Ɉ Ɉ 100**

[23] DNN 6 8/8 Ɉ Ɉ Ɉ Ɉ 95**

* ǅ ǫǴǴǮǨǧǱǥǣǰǫǫ ǫǴǲǱǮǿǪǱǥǣǮǣǴǿ ǰǨ ǴǤǣǮǣǰǴǫǳǱǥǣǰǰǣȂ ǲǱ ǥǱǪǳǣǴǵǶ 
ǫ ǲǱǮǶ ǳǨǺǨǥǣȂ ǤǣǪǣ.

** ǅǴǨ ǤǱǮǿǰǾǨ Ǆǃǔ ǫǯǨǮǫ ǴǶǼǨǴǵǥǨǰǰǾǨ ǤǶǮǿǤǣǳǰǾǨ ǰǣǳǶǻǨǰǫǨ.

ǗǱǳǯǣǮǿǰǱ ǮǶǺǻǫǯ ǳǨǪǶǮǿǵǣǵǱǯ ȂǥǮȂǨǵǴȂ ǭǮǣǴǴǫǷǫǭǣǵǱǳ ǰǣ ǱǴǰǱǥǨ 
DNN [17] Ǵ ǲǳǫǯǨǰǨǰǫǨǯ ǣǳǵǫǭǶǮȂǹǫǱǰǰǾǸ ǧǣǰǰǾǸ, ǱǧǰǣǭǱ, ǭǣǭ Ƕǭǣ-
ǪǾǥǣȁǵ ǣǥǵǱǳǾ, Ǳǰǫ ǫǴǲǱǮǿǪǱǥǣǮǫ ǰǨǴǤǣǮǣǰǴǫǳǱǥǣǰǰǶȁ ǲǱ ǥǱǪǳǣǴǵǶ 
ǫ ǲǱǮǶ ǤǣǪǶ, ǲǱȀǵǱǯǶ ǱǹǨǰǭǫ ǵǱǺǰǱǴǵǫ ȂǥǮȂȁǵǴȂ ǴǯǨǼǨǰǰǾǯǫ. ǓǨǪǶǮǿ-
ǵǣǵǾ, ǲǱǮǶǺǨǰǰǾǨ ǥ [23], ǵǣǭǩǨ ǥǨǴǿǯǣ ǥǾǴǱǭǫ, ǱǧǰǣǭǱ ǫǴǲǱǮǿǪǶǨǯǣȂ 
ǣǥǵǱǳǣǯǫ ǳǨǺǨǥǣȂ ǤǣǪǣ ǴǱǧǨǳǩǣǮǣ ǯǣǮǱ ǦǱǮǱǴǱǥ, ǭǳǱǯǨ ǵǱǦǱ, ǥǴǨ ǲǣǹǫ-
Ǩǰǵǣ Ǵ Ǆǃǔ ǰǣ ǯǱǯǨǰǵ ǫǴǴǮǨǧǱǥǣǰǫȂ ǫǯǨǮǫ ǴǶǼǨǴǵǥǨǰǰǾǨ ǤǶǮǿǤǣǳǰǾǨ 
ǰǣǳǶǻǨǰǫȂ. ǅǱ ǥǴǨǸ ǱǴǵǣǮǿǰǾǸ ǴǮǶǺǣȂǸ ǴǳǨǧǰȂȂ ǲǱǮǰǱǵǣ ǳǨǪǶǮǿǵǣǵǱǥ 
ǭǮǣǴǴǫǷǫǭǣǹǫǫ ǰǨ ǲǳǨǥǾǻǣǨǵ 90%, ǺǵǱ ǱǴǵǣǥǮȂǨǵ ǤǱǮǿǻǱǬ ǪǣǧǨǮ 
ǧǮȂ ǴǱǥǨǳǻǨǰǴǵǥǱǥǣǰǫȂ ǲǱǧǸǱǧǱǥ ǭ ǧǨǵǨǭǵǫǳǱǥǣǰǫȁ ǤǶǮǿǤǣǳǰǾǸ 
ǰǣǳǶǻǨǰǫǬ ǲǳǫ Ǆǃǔ. 

ǊǣǭǮȁǺǨǰǫǨ

ǅ ǳǣǤǱǵǨ ǥǾǲǱǮǰǨǰ ǣǰǣǮǫǵǫǺǨǴǭǫǬ ǱǤǪǱǳ ǲǱǧǸǱǧǱǥ ǭ ǲǱǴǵǳǱǨǰǫȁ ǴǫǴǵǨǯ 
ǧǨǵǨǭǵǫǳǱǥǣǰǫȂ ǫ ǯǱǰǫǵǱǳǫǰǦǣ ǤǶǮǿǤǣǳǰǾǸ ǰǣǳǶǻǨǰǫǬ Ƕ ǲǣǹǫǨǰǵǱǥ 
Ǵ Ǆǃǔ. ǒǱǭǣǪǣǰǱ, ǺǵǱ ǥ ǰǣǴǵǱȂǼǨǨ ǥǳǨǯȂ ǰǣǫǤǱǮǨǨ ǣǭǵǫǥǰǱ ǥǨǧǶǵǴȂ 
ǫǴǴǮǨǧǱǥǣǰǫȂ ǥ ǰǣǲǳǣǥǮǨǰǫǫ ǫǴǲǱǮǿǪǱǥǣǰǫȂ ǣǭǶǴǵǫǺǨǴǭǱǦǱ ǣǰǣǮǫǪǣ 
ǳǨǺǨǥǱǦǱ ǴǫǦǰǣǮǣ ǧǮȂ ǧǨǵǨǭǵǫǳǱǥǣǰǫȂ ǤǶǮǿǤǣǳǰǾǸ ǰǣǳǶǻǨǰǫǬ 
Ƕ ǲǣǹǫǨǰǵǱǥ Ǵ Ǆǃǔ. ǃǰǣǮǫǪ ǴǶǼǨǴǵǥǶȁǼǫǸ ǴǫǴǵǨǯ ǲǱǭǣǪǣǮ, ǺǵǱ 
ǥ ǴǳǨǧǰǨǯ ǫǸ ǵǱǺǰǱǴǵǿ ǴǱǴǵǣǥǮȂǨǵ 85-90%, ǺǵǱ ǲǳǨǲȂǵǴǵǥǶǨǵ 
ǲǳǫǯǨǰȂǵǿ ǫǸ ǰǣ ǲǳǣǭǵǫǭǨ. ǏǱǩǰǱ ǴǧǨǮǣǵǿ ǥǾǥǱǧ Ǳ ǵǱǯ, ǺǵǱ ǥ ǧǣǰǰǱǬ 
ǱǤǮǣǴǵǫ ǴǱǸǳǣǰȂǨǵǴȂ ǳȂǧ ǱǵǭǳǾǵǾǸ ǫ ǰǨǳǨǻǨǰǰǾǸ ǥǱǲǳǱǴǱǥ, ǣ ǵǣǭǩǨ 
Ǳ ǰǨǱǤǸǱǧǫǯǱǴǵǫ ǲǳǱǧǱǮǩǣǵǿ ǳǣǤǱǵǶ ǥ ǧǣǰǰǱǯ ǰǣǲǳǣǥǮǨǰǫǫ.

ƌƭƫơƫƨƣƢƪƥƢ ƯƝƞƨ. 1
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Abstract. 

An analytical r—vi—w of t’— syst—ms for –—t—ctin‘ amyotrop’ic lat—ral scl—rosis (ALS) 
from sp——c’ is pr—s—nt—–. T’— issu—s of t’— us— of acoustic an– articulation param—t—rs 
for ALS sp——c’ –—t—ction ar— consi–—r—–. T’— f—atur—s of sp——c’ an– voic— of pati—nts 
wit’ ALS, as w—ll as curr—nt m—t’o–s of ass—ssin‘ t’— ALS voic— an– sp——c’ ar— 
–—scrib—–. Att—ntion is pai– to t’— sp—ciics of t’— classiication an– –—cision-makin‘ 
proc—ss in ALS sp——c’ –—t—ction syst—ms. Compr—’—nsiv— comparisons of various 
syst—ms for t’— ALS sp——c’ –—t—ction publis’—– ov—r t’— past 5 y—ars ’av— b——n ma–—.

Key words: amyotrop’ic lat—ral scl—rosis (ALS), sp——c’ si‘nal, classiication


	_GoBack

