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Федеральный исследовательский центр «Информатика и управле-
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ǃǰǰǱǵǣǹǫȂ

ǅ ȀǵǱǬ ǴǵǣǵǿǨ ǧǨǮǣǨǵǴȂ ǲǱǲǾǵǭǣ ǧǣǵǿ ǱǤǪǱǳ ǰǨǴǭǱǮǿǭǫǸ ǣǮǦǱǳǫǵǯǱǥ ǫǪǥǮǨ-
ǺǨǰǫȂ ǲǳǣǥǫǮ ǫǪ ǫǴǭǶǴǴǵǥǨǰǰǱǬ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ. ǅǵǱǳǱǬ ǹǨǮǿȁ ȀǵǱǬ 
Ǵǵǣǵǿǫ ȂǥǮȂǨǵǴȂ ǶǴǵǣǰǱǥǮǨǰǫǨ ǷǶǰǧǣǯǨǰǵǣǮǿǰǾǸ ǴǥȂǪǨǬ ǯǨǩǧǶ ǧǥǶǯȂ 
ǥǣǩǰǾǯǫ ǱǤǮǣǴǵȂǯǫ ǫǴǭǶǴǴǵǥǨǰǰǱǦǱ ǫǰǵǨǮǮǨǭǵǣ ɉ ǰǨǺǨǵǭǱǬ ǮǱǦǫǭǱǬ 
ǫ ǦǮǶǤǱǭǫǯ ǱǤǶǺǨǰǫǨǯ. ǕǣǭǱǬ ǲǱǧǸǱǧ ǲǱǪǥǱǮǫǵ ǫǴǴǮǨǧǱǥǣǵǨǮȂǯ ǥ ǱǤ-
ǮǣǴǵǫ ǰǨǺǨǵǭǱǬ ǮǱǦǫǭǫ ǳǣǪǳǣǤǣǵǾǥǣǵǿ ǲǳǫǭǮǣǧǰǾǨ ǴǫǴǵǨǯǾ ǥ ǱǤǮǣǴǵǫ 
ǴǫǮǿǰǱǦǱ ǫǴǭǶǴǴǵǥǨǰǰǱǦǱ ǫǰǵǨǮǮǨǭǵǣ, ǭǱǵǱǳǾǨ ǵǣǭǩǨ ǲǳǨǧǴǵǣǥǮȂȁǵ ǫǰ-
ǵǨǳǨǴ ǧǮȂ ǴǲǨǹǫǣǮǫǴǵǱǥ ǥ ǱǤǮǣǴǵǫ ǯǣǻǫǰǰǱǦǱ ǱǤǶǺǨǰǫȂ.

ǍǮȁǺǨǥǾǨ ǴǮǱǥǣ: ǆǮǶǤǱǭǱǨ ǱǤǶǺǨǰǫǨ, ǐǨǬǳǱǰǰǾǨ ǴǨǵǫ, ǋǪǥǮǨǺǨǰǫǨ ǲǳǣǥǫǮ, 
ǍǱǰǥǱǮȁǹǫǱǰǰǾǨ ǰǨǬǳǱǰǰǾǨ ǴǨǵǫ, ǏǣǻǫǰǰǱǨ ǱǤǶǺǨǰǫǨ, ǋǴǭǶǴǴǵǥǨǰ-
ǰǾǬ ǫǰǵǨǮǮǨǭǵ

ǅǅǈǇǈǐǋǈ

ǅ ȀǵǱǬ ǴǵǣǵǿǨ ǳǣǴǴǯǣǵǳǫǥǣȁǵǴȂ ǱǴǰǱǥǰǾǨ ǲǱǰȂǵǫȂ ǯǣǻǫǰǰǱǦǱ ǱǤǶǺǨǰǫȂ, 
ǭǱǵǱǳǾǨ ǫǯǨȁǵ ǱǵǰǱǻǨǰǫǨ ǭ ǭǱǰǵǨǭǴǵǶ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ ǫǪ ǭǮǣǴǴǫ-
ǺǨǴǭǫǸ ǫ ǦǮǶǤǱǭǫǸ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ. Ǒǰǣ ǥǭǮȁǺǣǨǵ ǲǳǱǤǮǨǯǶ ǭǮǣǴǴǫǷǫ-
ǭǣǹǫǫ ǯǨǵǱǧǱǥ ǱǤǶǺǨǰǫȂ ǰǣ ǱǴǰǱǥǨ ǲǳǣǥǫǮ ǫǪ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ. ǊǣǵǨǯ 
ǯǾ ǳǣǴǴǯǱǵǳǫǯ ǵǨǭǶǼǨǨ ǴǱǴǵǱȂǰǫǨ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ ǫǪ ǰǨǬǳǱǰǰǾǸ 
ǴǨǵǨǬ. ǒǱǴǮǨǧǰȂȂ ǺǣǴǵǿ ǱǤǴǶǩǧǣǨǵ ǭǱǰǭǳǨǵǰǾǨ ǲǳǱǤǮǨǯǾ ǲǳǫ ǳǣǤǱǵǨ 
Ǵ ǦǮǶǤǱǭǫǯǫ ǰǨǬǳǱǰǰǾǯǫ ǴǨǵȂǯǫ ǫ ǰǨǬǳǱ-ǰǨǺǨǵǭǫǯǫ ǴǨǵȂǯǫ. ǐǣ ǧǣǰ-
ǰǱǯ ȀǵǣǲǨ ǯǾ ǵǣǭǩǨ ǲǳǨǧǮǣǦǣǨǯ ǰǨǭǱǵǱǳǾǨ ǣǮǦǱǳǫǵǯǾ, ǭǱǵǱǳǾǨ ǯǱǦǶǵ 
ǶǴǲǨǻǰǱ ǫǪǥǮǨǺǿ ǲǳǣǥǫǮǣ ǫǪ ȀǵǫǸ ǤǱǮǨǨ ǴǮǱǩǰǾǸ ǰǨǬǳǱǰǰǾǯǫ ǴǨǵǨǬ

ǋǴǭǶǴǴǵǥǨǰǰǾǨ ǰǨǬǳǱǰǰǾǨ ǴǨǵǫ (ANN) ȂǥǮȂȁǵǴȂ ǻǫǳǱǭǱ ǫǪǥǨǴǵǰǾǯǫ ǲǣ-
ǳǣǮǮǨǮǿǰǾǯǫ ǥǾǺǫǴǮǫǵǨǮǿǰǾǯǫ ǯǱǧǨǮȂǯǫ, ǭǱǵǱǳǾǨ ǧǨǯǱǰǴǵǳǫǳǶȁǵ 
ǱǵǮǫǺǰǱǨ ǲǱǥǨǧǨǰǫǨ ǥ ǳǨǻǨǰǫǫ ǴǮǱǩǰǾǸ ǲǳǱǤǮǨǯ ǫǴǭǶǴǴǵǥǨǰǰǱǦǱ 

1 ǓǣǤǱǵǣ ǥǾǲǱǮǰǨǰǣ ǲǳǫ ǷǫǰǣǰǴǱǥǱǬ ǲǱǧǧǨǳǩǭǨ ǓǗǗИ (ǲǳǱǨǭǵ № 20Ɉ07-00770 ǃ).
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ǫǰǵǨǮǮǨǭǵǣ. ǕǨǯ ǰǨ ǯǨǰǨǨ, ǯǰǱǦǫǨ ǫǴǴǮǨǧǱǥǣǵǨǮǫ ǱǵǭǣǪǾǥǣȁǵǴȂ ǫǴǲǱǮǿǪǱǥǣǵǿ ǫǸ 
ǫǪ-Ǫǣ ǵǱǦǱ, ǺǵǱ Ǳǰǫ ȂǥǮȂȁǵǴȂ «ǺǨǳǰǾǯ ȂǼǫǭǱǯ». ǠǵǱ ǱǪǰǣǺǣǨǵ, ǺǵǱ ǱǲǳǨǧǨǮǨǰǫǨ 
ǵǱǦǱ, ǲǱǺǨǯǶ ǰǨǬǳǱǰǰǣȂ ǴǨǵǿ ǲǳǫǰǫǯǣǨǵ ǫǯǨǰǰǱ ǵǣǭǱǨ ǳǨǻǨǰǫǨ, ȂǥǮȂǨǵǴȂ ǵǳǶǧǰǱǬ 
ǪǣǧǣǺǨǬ.

ǠǵǱ ǴǶǼǨǴǵǥǨǰǰǾǬ ǰǨǧǱǴǵǣǵǱǭ, ǵǣǭ ǭǣǭ ǥ ȀǵǱǯ ǴǮǶǺǣǨ ǵǳǶǧǰǱ ǧǱǥǨǳȂǵǿ ǰǣǧǨǩǰǱǴǵǫ ǴǨǵǫ, 
ǭǱǵǱǳǣȂ ǳǨǻǣǨǵ ǱǵǥǨǵǴǵǥǨǰǰǾǨ ǲǳǣǭǵǫǺǨǴǭǫǨ ǲǳǱǤǮǨǯǾ. ǐǣǲǳǫǯǨǳ, ȀǵǱ ǫǯǨǨǵ ǯǨǴǵǱ 
ǥ ǭǳǫǵǫǺǨǴǭǫǸ, Ǵ ǵǱǺǭǫ ǪǳǨǰǫȂ ǤǨǪǱǲǣǴǰǱǴǵǫ, ǲǳǫǮǱǩǨǰǫǬ, ǦǧǨ ǴǭǳǾǵǣȂ ǱǻǫǤǭǣ ǯǱǩǨǵ 
ǲǳǫǥǨǴǵǫ ǭ ǱǲǣǴǰǾǯ ǧǮȂ ǩǫǪǰǫ ǧǨǬǴǵǥǫȂǯ ǫǮǫ ǱǦǳǱǯǰǾǯ ȀǭǱǰǱǯǫǺǨǴǭǫǯ ǲǱǵǨǳȂǯ.

ǍǳǱǯǨ ǵǱǦǱ, ǫǪǶǺǨǰǫǨ ǵǱǦǱ, ǭǣǭ ǰǨǬǳǱǰǰǾǨ ǴǨǵǫ ǫǪǥǮǨǭǣȁǵ, ǸǳǣǰȂǵ ǫ ǲǳǨǱǤǳǣǪǶȁǵ Ǫǰǣ-
ǰǫȂ, ǯǱǩǨǵ ǤǾǵǿ ǲǱǮǨǪǰǱ ǧǮȂ ǤǶǧǶǼǫǸ ǯǨǵǱǧǱǥ ǯǣǻǫǰǰǱǦǱ ǱǤǶǺǨǰǫȂ. ǐǣǲǳǫǯǨǳ, 
ǲǱǥǾǻǨǰǫǨ ǲǳǱǪǳǣǺǰǱǴǵǫ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ ǯǱǩǨǵ ǲǱǯǱǺǿ ǱǤǰǣǳǶǩǫǵǿ ǵǣǭ ǰǣ-
ǪǾǥǣǨǯǾǨ ǴǭǳǾǵǾǨ ǪǣǥǫǴǫǯǱǴǵǫ, ǭǱǵǱǳǾǨ ǰǨ ǲǳǫǴǶǵǴǵǥǶȁǵ ǥǱ ǥǸǱǧǰǾǸ ǧǣǰǰǾǸ, 
ǰǱ ǲǱȂǥǮȂȁǵǴȂ ǥ ǳǨǪǶǮǿǵǣǵǨ ǫǸ ǫǰǵǨǦǳǣǹǫǫ ǥ ǰǨǬǳǱǰǰǶȁ ǴǨǵǿ. ǚǵǱǤǾ ǲǳǨǱǧǱǮǨǵǿ 
ȀǵǱǵ ǰǨǧǱǴǵǣǵǱǭ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ, ǫǴǴǮǨǧǱǥǣǵǨǮȂǯ ǲǳǫǻǮǣ ǥ ǦǱǮǱǥǶ ǫǧǨȂ ǫǪǥǮǨ-
ǺǨǰǫȂ ǲǳǣǥǫǮ ǫǪ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ, ǭǱǵǱǳǾǨ ǯǱǦǶǵ Ǵǵǣǵǿ ǴǥȂǪǶȁǼǫǯ ǪǥǨǰǱǯ ǯǨǩǧǶ 
ǴǫǯǥǱǮǿǰǾǯǫ ǫ ǭǱǰǰǨǭǹǫǱǰǫǴǵǭǫǯǫ ǯǱǧǨǮȂǯǫ ǲǳǨǧǴǵǣǥǮǨǰǫȂ ǪǰǣǰǫǬ ǥ ǫǴǭǶǴǴǵ-
ǥǨǰǰǱǯ ǫǰǵǨǮǮǨǭǵǨ.

ǄǱǮǿǻǫǰǴǵǥǱ ǣǥǵǱǳǱǥ ǴǱǴǳǨǧǱǵǣǺǫǥǣȁǵǴȂ ǰǣ ǫǪǥǮǨǺǨǰǫǫ ǰǣǫǤǱǮǨǨ ǲǱǰȂǵǰǾǸ ǲǳǣǥǫǮ, 
ǫ ǥ ǵǱ ǩǨ ǥǳǨǯȂ Ǳǰǫ ǧǱǮǩǰǾ ǫǯǫǵǫǳǱǥǣǵǿ ǲǱǥǨǧǨǰǫǨ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ ǭǣǭ ǯǱǩǰǱ 
ǵǱǺǰǨǨ, ǥǲǮǱǵǿ ǧǱ ǫǪǱǯǱǳǷǰǱǦǱ ǲǳǨǧǴǵǣǥǮǨǰǫȂ ǰǨǺǨǵǭǫǸ ǲǳǣǥǫǮ ǥ ǥǫǧǨ ǰǨǬǳǱ-
ǰǨǺǨǵǭǱǬ ǴǫǴǵǨǯǾ. ǔ 1992 ǦǱǧǣ, Ǵ ǯǱǯǨǰǵǣ ǲǶǤǮǫǭǣǹǫǫ ǧǱǭǵǱǳǴǭǱǬ ǧǫǴǴǨǳǵǣǹǫǫ 
ǇǩǣǰǦǣ ǲǱ ǰǨǬǳǱ-ǰǨǺǨǵǭǫǯ ǴǨǵȂǯ, ǥ ȀǵǱǬ ǱǤǮǣǴǵǫ ǤǾǮǣ ǲǳǱǧǨǮǣǰǣ ǤǱǮǿǻǣȂ ǳǣǤǱ-
ǵǣ, ǭǱǵǱǳǣȂ ǪǣǭǱǰǺǫǮǣǴǿ ǴǱǪǧǣǰǫǨǯ ǰǣǲǳǣǥǮǨǰǫȂ ǯȂǦǭǫǸ ǥǾǺǫǴǮǨǰǫǬ. ǔ ǵǨǸ ǲǱǳ 
ǤǾǮǱ ǳǣǪǳǣǤǱǵǣǰǱ ǫ ǲǳǱǣǰǣǮǫǪǫǳǱǥǣǰǱ ǤǱǮǿǻǱǨ ǭǱǮǫǺǨǴǵǥǱ ǯǨǵǱǧǱǥ ǫǪǥǮǨǺǨǰǫȂ 
ǲǳǣǥǫǮ ǫǪ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ, ǫ ǤǾǮǫ ǲǱǮǶǺǨǰǾ ǫǰǵǨǳǨǴǰǾǨ ǳǨǪǶǮǿǵǣǵǾ ǥ ǳǣǪǮǫǺ-
ǰǾǸ ǲǱǧǸǱǧǣǸ. ǑǧǰǣǭǱ ǰǨǴǯǱǵǳȂ ǰǣ ǵǱ, ǺǵǱ ǴǶǼǨǴǵǥǶǨǵ ǧǱǥǱǮǿǰǱ ǯǰǱǦǱ ǫǪǥǨǴǵǰǾǸ 
ǣǮǦǱǳǫǵǯǱǥ, ǰǫ Ǳǧǫǰ ǫǪ ǰǫǸ ǰǫǭǱǦǧǣ ǰǨ ǤǾǮ ȂǥǰǱ ǲǳǱǵǨǴǵǫǳǱǥǣǰ ǥ ǦǮǶǤǱǭǫǸ ǰǨǬ-
ǳǱǰǰǾǸ ǴǨǵȂǸ. ǍǳǱǯǨ ǵǱǦǱ, ǤǱǮǿǻǫǰǴǵǥǱ ǣǥǵǱǳǱǥ ǴǱǴǳǨǧǱǵǣǺǫǥǣȁǵǴȂ ǰǣ ǴǨǵȂǸ, ǥ ǭǱ-
ǵǱǳǾǸ ǫǯǨǨǵǴȂ Ǯǫǻǿ ǰǨǤǱǮǿǻǱǨ ǭǱǮǫǺǨǴǵǥǱ ǴǭǳǾǵǾǸ ǴǮǱǨǥ.

ǕǱǮǿǭǱ ǥ ǲǱǴǮǨǧǰǫǨ ǰǨǴǭǱǮǿǭǱ ǮǨǵ ǲǱȂǥǫǮǣǴǿ ǰǱǥǣǵǱǳǴǭǫǨ ǳǣǤǱǵǣ ǲǱ ǣǰǣǮǫǪǶ ǭǱǰǭǳǨǵ-
ǰǾǸ ǯǨǵǱǧǱǥ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ ǫǪ ǦǮǶǤǱǭǫǸ ǴǨǵǨǬ ǫ ǲǳǨǧǴǵǣǥǮǨǰǾ ǰǱǥǾǨ ǣǮǦǱ-
ǳǫǵǯǾ, ǴǲǱǴǱǤǰǾǨ ǥǾǲǱǮǰǫǵǿ ȀǵǶ ǪǣǧǣǺǶ.

1. ǏǨǵǱǧǾ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ ǫǪ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ

ǅ ǫǴǭǶǴǴǵǥǨǰǰǱǯ ǫǰǵǨǮǮǨǭǵǨ ǰǨǬǳǱǰǰǾǨ ǴǨǵǫ ǫ ǯǨǵǱǧǾ ǱǤǶǺǨǰǫȂ ǰǣ ǱǴǰǱǥǨ ǲǳǣǥǫǮ 
ȂǥǮȂȁǵǴȂ ǧǥǶǯȂ ǲǱǧǸǱǧǣǯǫ ǭ ǳǨǻǨǰǫȁ ǲǳǱǤǮǨǯ ǭǮǣǴǴǫǷǫǭǣǹǫǫ. ǑǤǣ ǯǨǵǱǧǣ ȂǥǮȂ-
ȁǵǴȂ ǫǪǥǨǴǵǰǾǯǫ ǥǣǳǫǣǰǵǣǯǫ ǯǱǧǨǮǨǬ ǱǤǶǺǨǰǫȂ, ǭǱǵǱǳǾǨ ǲǳǨǧǴǭǣǪǾǥǣȁǵ ǭǮǣǴǴǾ 
ǧǮȂ ǰǱǥǾǸ ǧǣǰǰǾǸ. ǇǮȂ ǯǰǱǦǫǸ ǪǣǧǣǺ ǰǨǬǳǱǴǨǵǨǥǾǨ ǯǨǵǱǧǾ ǱǤǶǺǨǰǫȂ, ǱǴǰǱǥǣǰǰǾǨ 
ǰǣ ǲǳǣǥǫǮǣǸ, ȂǥǮȂȁǵǴȂ ǱǺǨǰǿ ǵǱǺǰǾǯǫ.

ǕǨǯ ǰǨ ǯǨǰǨǨ, ǰǨǬǳǱǰǰǾǨ ǴǨǵǫ ǫǯǨȁǵ Ǳǧǫǰ ǦǮǣǥǰǾǬ ǰǨǧǱǴǵǣǵǱǭ: ǴǲǱǴǱǤǰǱǴǵǿ ǲǱǰǫǯǣǵǿ 
ǲǱǰȂǵǫǬǰǶȁ ǴǶǼǰǱǴǵǿ ǱǤǶǺǨǰǰǾǸ ǯǱǧǨǮǨǬ Ƕ ǰǨǬǳǱǴǨǵǫ ǴǮǣǤǨǨ, ǺǨǯ Ƕ ǲǱǧǸǱǧǱǥ, 
ǱǴǰǱǥǣǰǰǾǸ ǰǣ ǲǳǣǥǫǮǣǸ. ǍǱǰǹǨǲǹǫǫ, ǲǱǮǶǺǨǰǰǾǨ ǲǳǫ ǱǤǶǺǨǰǫǫ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ, 
ǵǳǶǧǰǱ ǲǱǰȂǵǿ, ǲǱǵǱǯǶ ǺǵǱ Ǳǰǫ ǲǳǨǧǴǵǣǥǮǨǰǾ Ǵ ǫǴǲǱǮǿǪǱǥǣǰǫǨǯ ǤǱǮǿǻǱǦǱ ǰǣǤǱǳǣ 
ǲǣǳǣǯǨǵǳǱǥ [Crav—n, 1994]. 
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ǒǱǥǾǻǨǰǫǨ ǲǳǱǪǳǣǺǰǱǴǵǫ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ ǲǶǵǨǯ ǫǪǥǮǨǺǨǰǫȂ ǫǪ ǰǫǸ ǲǳǣ-
ǥǫǮ ǫǯǨǨǵ ǧǥǣ ǱǴǰǱǥǰǾǸ ǲǳǨǫǯǶǼǨǴǵǥǣ. ǠǵǱ ǧǣǨǵ ǲǱǮǿǪǱǥǣǵǨǮȁ ǰǨǭǱ-
ǵǱǳǱǨ ǲǳǨǧǴǵǣǥǮǨǰǫǨ Ǳ ǵǱǯ, ǭǣǭ ǰǨǬǳǱǰǰǣȂ ǴǨǵǿ ǫǴǲǱǮǿǪǶǨǵ ǥǸǱǧǰǾǨ 
ǲǨǳǨǯǨǰǰǾǨ, ǺǵǱǤǾ ǲǳǫǰȂǵǿ ǳǨǻǨǰǫǨ ǲǱǪǥǱǮȂǨǵ ǥǾȂǥǫǵǿ ǴǭǳǾǵǾǨ 
ǷǶǰǭǹǫǫ ǥ ǰǨǬǳǱǴǨǵȂǸ, ǭǱǦǧǣ ǲǳǣǥǫǮǣ ǫǴǲǱǮǿǪǶȁǵǴȂ ǧǮȂ ǱǤǽȂǴǰǨǰǫȂ 
ǱǵǧǨǮǿǰǾǸ ǰǨǬǳǱǰǱǥ. ǅǾȂǥǮǨǰǫǨ ǱǴǱǤǱ ǥǣǩǰǾǸ ǣǵǳǫǤǶǵǱǥ ǫǮǫ ǥǾȂǥ-
ǮǨǰǫǨ ǲǳǫǺǫǰ ǱǻǫǤǱǭ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ ǯǱǩǨǵ ǤǾǵǿ ǺǣǴǵǿȁ ǲǱǰǫǯǣǰǫȂ. 
ǒǾǵǣȂǴǿ ǴǧǨǮǣǵǿ ǰǨǲǳǱǪǳǣǺǰǾǨ ǰǨǬǳǱǰǰǾǨ ǴǨǵǫ ǤǱǮǨǨ ǲǱǰȂǵǰǾǯǫ, ǯǨ-
ǵǱǧǾ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ ǶǴǵǳǣǰȂȁǵ ǳǣǪǳǾǥ ǯǨǩǧǶ ǵǱǺǰǱǴǵǿȁ ǫ ȂǴǰǱ-
Ǵǵǿȁ [Jo’ansson, 2006], [Crav—n, 1999].

ǇǮȂ ǵǱǦǱ ǺǵǱǤǾ, ǰǣǲǳǫǯǨǳ, ǰǨǬǳǱǰǰǣȂ ǴǨǵǿ ǫǴǲǱǮǿǪǱǥǣǮǣǴǿ ǥ ǭǳǫǵǫǺǨǴǭǫ 
ǥǣǩǰǾǸ ǲǳǫǮǱǩǨǰǫȂǸ, ǵǣǭǫǸ ǭǣǭ ǴǣǯǱǮǨǵǾ ǫ ȀǮǨǭǵǳǱǴǵǣǰǹǫǫ, ǵǳǨǤǶǨǵǴȂ 
ǤǱǮǨǨ ǲǱǰȂǵǰǣȂ ǷǱǳǯǣ. ǅ ȀǵǫǸ ǴǮǶǺǣȂǸ ǭǳǣǬǰǨ ǥǣǩǰǱ, ǺǵǱǤǾ Ƕ ǲǱǮǿ-
ǪǱǥǣǵǨǮȂ ǴǫǴǵǨǯǾ ǤǾǮǣ ǥǱǪǯǱǩǰǱǴǵǿ ǲǳǱǥǨǳǫǵǿ ǥǾǸǱǧ ǫǴǭǶǴǴǵǥǨǰǰǱǬ 
ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ ǲǳǫ ǥǴǨǸ ǥǱǪǯǱǩǰǾǸ ǶǴǮǱǥǫȂǸ ǥǸǱǧǣ [An–r—ws, 1995].

ǇǮȂ ǷǱǳǯǣǮǫǪǣǹǫǫ ǪǣǧǣǺǫ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ ǫǪ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ, ǯǱǩ-
ǰǱ ǫǴǲǱǮǿǪǱǥǣǵǿ ǴǮǨǧǶȁǼǨǨ ǱǲǳǨǧǨǮǨǰǫǨ : «ǒǳǫ ǪǣǧǣǰǰǾǸ ǱǤǶǺǨǰǰǱǬ 
ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ ǫ ǧǣǰǰǾǸ, ǰǣ ǭǱǵǱǳǾǸ Ǳǰǣ ǤǾǮǣ ǱǤǶǺǨǰǣ, ǴǱǪǧǣǬǵǨ Ǳǲǫ-
ǴǣǰǫǨ ǴǨǵǨǥǱǬ ǦǫǲǱǵǨǪǾ, ǭǱǵǱǳǣȂ ǲǱǰȂǵǰǣ, ǰǱ ǲǳǫǤǮǫǩǣǨǵǴȂ ǭ ǲǱǥǨǧǨ-
ǰǫȁ ǪǣǧǣǰǰǱǬ ǴǨǵǫ».

ǚǵǱǤǾ ǳǣǪǮǫǺǣǵǿ ǳǣǪǮǫǺǰǾǨ ǲǱǧǸǱǧǾ ǭ ǫǪǥǮǨǺǨǰǫȁ ǲǳǣǥǫǮ ǫǪ ǰǨǬǳǱǰǰǾǸ 
ǴǨǵǨǬ, ǥ [An–r—ws, 1995] ǤǾǮǣ ǥǥǨǧǨǰǣ ǯǰǱǦǱǯǨǳǰǣȂ ǵǣǭǴǱǰǱǯǫȂ. ǒǨǳ-
ǥǱǨ ǫǪǯǨǳǨǰǫǨ, ǭǱǵǱǳǱǨ ǥ ǰǨǬ ǱǲǫǴǾǥǣǨǵǴȂ, ȂǥǮȂǨǵǴȂ ǥǾǳǣǪǫǵǨǮǿǰǱǬ 
ǴǫǮǱǬ ǫǪǥǮǨǭǣǨǯǾǸ ǲǳǣǥǫǮ (ǰǣǲǳǫǯǨǳ, ǲǳǣǥǫǮǣ IF-THEN ǲǳǣǥǫǮǣ ǫǮǫ 
ǰǨǺǨǵǭǫǨ ǲǳǱǧǶǭǹǫǱǰǰǾǨ ǲǳǣǥǫǮǣ).

ǅǵǱǳǱǨ ǫǪǯǨǳǨǰǫǨ ǰǣǪǾǥǣǨǵǴȂ ǲǳǱǪǳǣǺǰǱǴǵǿȁ ǫ ǱǲǫǴǾǥǣǨǵ ǴǵǳǣǵǨǦǫȁ, 
Ǫǣ ǭǱǵǱǳǱǬ ǴǮǨǧǶǨǵ ǣǮǦǱǳǫǵǯ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ. ǈǴǮǫ ǯǨǵǱǧ ǫǴǲǱǮǿǪǶ-
Ǩǵ ǰǨǬǳǱǰǰǶȁ ǴǨǵǿ ǵǱǮǿǭǱ ǭǣǭ ǺǨǳǰǾǬ ȂǼǫǭ, ǰǨǪǣǥǫǴǫǯǱ Ǳǵ ǣǳǸǫǵǨǭǵǶ-
ǳǾ ǰǨǬǳǱǴǨǵǫ, ǯǾ ǰǣǪǾǥǣǨǯ ǨǦǱ ǲǨǧǣǦǱǦǫǺǨǴǭǫǯ ǲǱǧǸǱǧǱǯ. ǈǴǮǫ ǥǯǨ-
ǴǵǱ ȀǵǱǦǱ ǣǮǦǱǳǫǵǯ ǶǺǫǵǾǥǣǨǵ ǥǰǶǵǳǨǰǰȁȁ ǴǵǳǶǭǵǶǳǶ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ, 
ǯǾ ǰǣǪǾǥǣǨǯ ȀǵǱǵ ǲǱǧǸǱǧ ǧǨǭǱǯǲǱǪǫǹǫǱǰǰǾǯ. ǈǴǮǫ ǣǮǦǱǳǫǵǯ ǫǴǲǱǮǿ-
ǪǶǨǵ ǭǱǯǲǱǰǨǰǵǾ ǭǣǭ ǲǨǧǣǦǱǦǫǺǨǴǭǫǸ, ǵǣǭ ǫ ǧǨǭǱǯǲǱǪǫǹǫǱǰǰǾǸ ǯǨǵǱ-
ǧǱǥ, ǵǱ ȀǵǱǵ ǲǱǧǸǱǧ ǰǣǪǾǥǣǨǵǴȂ ȀǭǮǨǭǵǫǺǨǴǭǫǯ.

ǕǳǨǵǿǫǯ ǫǪǯǨǳǨǰǫǨǯ ȂǥǮȂǨǵǴȂ ǭǣǺǨǴǵǥǱ ǫǪǥǮǨǺǨǰǰǾǸ ǲǳǣǥǫǮ. ǒǱǴǭǱǮǿǭǶ 
ǭǣǺǨǴǵǥǱ ȂǥǮȂǨǵǴȂ ǻǫǳǱǭǫǯ ǵǨǳǯǫǰǱǯ, ǱǰǱ ǧǨǮǫǵǴȂ ǰǣ ǰǨǴǭǱǮǿǭǱ ǭǳǫ-
ǵǨǳǫǨǥ, ǣ ǫǯǨǰǰǱ: ǣǭǭǶǳǣǵǰǱǴǵǿ, ǵǱǺǰǱǴǵǿ, ǰǨǲǳǱǵǫǥǱǳǨǺǫǥǱǴǵǿ ǫ ǲǱ-
ǰȂǵǰǱǴǵǿ. ǅ ǵǱ ǥǳǨǯȂ ǭǣǭ ǣǭǭǶǳǣǵǰǱǴǵǿ ǫǪǯǨǳȂǨǵ ǴǲǱǴǱǤǰǱǴǵǿ ǲǳǣǥǫǮǿ-
ǰǱ ǭǮǣǴǴǫǷǫǹǫǳǱǥǣǵǿ ǳǣǰǨǨ ǰǨ ǥǫǧǫǯǾǨ ǲǳǫǯǨǳǾ, ǵǱǺǰǱǴǵǿ ǫǪǯǨǳȂǨǵ 
ǴǵǨǲǨǰǿ, ǥ ǭǱǵǱǳǱǬ ǲǳǣǥǫǮǣ ǸǱǳǱǻǱ ǯǱǦǶǵ ǫǯǫǵǫǳǱǥǣǵǿ ǲǱǥǨǧǨǰǫǨ ǰǨǬ-
ǳǱǰǰǱǬ ǴǨǵǫ [Jo’ansson, 2006]. 

ǕǱǺǰǱǴǵǿ ǯǱǩǨǵ ǳǣǴǴǯǣǵǳǫǥǣǵǿǴȂ ǭǣǭ ǵǱǺǰǱǴǵǿ ǲǱ ǱǵǰǱǻǨǰǫȁ ǭ ǥǾǸǱǧǶ ǰǨǬ-
ǳǱǰǰǱǬ ǴǨǵǫ. ǐǨǲǳǱǵǫǥǱǳǨǺǫǥǱǴǵǿ ǯǱǩǨǵ ǤǾǵǿ ǫǪǯǨǳǨǰǣ ǵǱǮǿǭǱ ǵǱǦ-
ǧǣ, ǭǱǦǧǣ ǣǮǦǱǳǫǵǯ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ ǥǭǮȁǺǣǨǵ ǱǤǶǺǨǰǫǨ ǰǨǬǳǱǰǰǱǬ 
ǴǨǵǫ ǥǯǨǴǵǱ ǱǤǳǣǤǱǵǭǫ ǶǩǨ ǱǤǶǺǨǰǰǾǸ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ. ǋǪǥǮǨǺǨǰǰǾǬ 
ǰǣǤǱǳ ǲǳǣǥǫǮ ǴǺǫǵǣǨǵǴȂ ǰǨǲǳǱǵǫǥǱǳǨǺǫǥǾǯ, ǭǱǦǧǣ ǰǨǬǳǱǰǰǣȂ ǴǨǵǿ 
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ǦǨǰǨǳǫǳǶǨǵ ǰǣǤǱǳǾ ǲǳǣǥǫǮ, ǭǱǵǱǳǾǨ ǲǳǣǥǫǮǿǰǱ ǭǮǣǴǴǫǷǫǹǫǳǶȁǵ ǵǨǴǵǱǥǾǨ ǧǣǰǰǾǨ 
ǧǮȂ ǳǣǪǮǫǺǰǾǸ ǴǨǴǴǫǬ ǱǤǶǺǨǰǫȂ. ǒǱǰȂǵǰǱǴǵǿ ǳǣǴǴǯǣǵǳǫǥǣǨǵǴȂ ǪǧǨǴǿ ǭǣǭ ǯǨǳǣ ǳǣǪ-
ǯǨǳǣ ǲǳǣǥǫǮ, ǵǱ ǨǴǵǿ, ǭǱǳǱǵǭǫǨ ǲǳǣǥǫǮǣ ǲǳǫ ǫǸ ǰǨǤǱǮǿǻǱǯ ǭǱǮǫǺǨǴǵǥǨ ǴǺǫǵǣȁǵǴȂ 
ǤǱǮǨǨ ǲǱǰȂǵǰǾǯ.

ǅ ȀǵǱǬ ǴǵǣǵǿǨ ǯǾ ǴǱǴǳǨǧǱǵǱǺǫǯǴȂ ǵǱǮǿǭǱ ǰǣ ǵǳǨǸ ǱǲǫǴǣǰǰǾǸ ǭǳǫǵǨǳǫȂǸ. ǅ ǴǱǱǵǥǨǵǴǵǥǫǫ 
Ǵ [T’run, 1993], ǯǾ ǱǳǫǨǰǵǫǳǶǨǯǴȂ ǰǣ ǯǨǵǱǧǾ, ǭǱǵǱǳǾǨ ǰǨ ǲǳǨǧǽȂǥǮȂȁǵ ǱǴǱǤǾǸ 
ǵǳǨǤǱǥǣǰǫǬ ǭ ǵǱǯǶ, ǭǣǭ ǤǾǮǣ ǱǤǶǺǨǰǣ ǰǨǬǳǱǰǰǣȂ ǴǨǵǿ ǧǱ ǵǱǦǱ, ǭǣǭ ǤǾǮǫ ǫǪǥǮǨǺǨ-
ǰǾ ǲǳǣǥǫǮǣ. ǍǳǱǯǨ ǵǱǦǱ, ǣǰǣǮǫǪǫǳǶȁǵǴȂ ǵǱǮǿǭǱ ǣǮǦǱǳǫǵǯǾ, ǴǲǱǴǱǤǰǾǨ ǫǪǥǮǨǭǣǵǿ 
ǲǳǣǥǫǮǣ ǫǪ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ ǲǳȂǯǱǦǱ ǳǣǴǲǳǱǴǵǳǣǰǨǰǫȂ, ǰǨǴǯǱǵǳȂ ǰǣ ǮȁǤǾǨ ǧǳǶ-
ǦǫǨ ǸǣǳǣǭǵǨǳǫǴǵǫǭǫ ǣǳǸǫǵǨǭǵǶǳǾ. ǅ ǴǱǱǵǥǨǵǴǵǥǫǫ [Crav—n, 1999] ǯǾ ǸǱǵǫǯ, ǺǵǱǤǾ 
ǣǮǦǱǳǫǵǯ ǱǤǮǣǧǣǮ ǰǣǫǤǱǮǿǻǨǬ ǴǵǨǲǨǰǿȁ ǱǤǼǰǱǴǵǫ. 

ǇǣǥǣǬǵǨ ǲǳǱǣǰǣǮǫǪǫǳǶǨǯ ǰǨǭǱǵǱǳǾǨ ǯǨǵǱǧǾ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ, ǭǱǵǱǳǾǨ ǱǵǥǨǺǣȁǵ 
ǥǾǻǨǶǭǣǪǣǰǰǾǯ ǸǣǳǣǭǵǨǳǫǴǵǫǭǣǯ. ǐǣǺǰǨǯ Ǵ ǧǨǭǱǯǲǱǪǫǹǫǱǰǰǱǦǱ ǲǱǧǸǱǧǣ. Ǎǣǭ 
ǶǲǱǯǫǰǣǮǱǴǿ ǳǣǰǨǨ, ǧǨǭǱǯǲǱǪǫǹǫǱǰǰǾǨ ǲǱǧǸǱǧǾ ǧǮȂ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ ǫǪ ǰǨǬ-
ǳǱǰǰǾǸ ǴǨǵǨǬ ǧǨǬǴǵǥǶȁǵ ǰǣ ǶǳǱǥǰǨ ǰǨǬǳǱǰǱǥ. Ǎǣǭ ǲǳǣǥǫǮǱ, ǧǨǭǱǯǲǱǪǫǹǫǱǰǰǾǬ 
ǲǱǧǸǱǧ ǣǰǣǮǫǪǫǳǶǨǵ ǭǣǩǧǾǬ ǰǨǬǳǱǰ, ǫ ǷǱǳǯǫǳǶǨǵ ǲǳǣǥǫǮǣ, ǭǱǵǱǳǾǨ ǫǯǫǵǫǳǶȁǵ 
ǲǱǥǨǧǨǰǫǨ ȀǵǱǦǱ ǰǨǬǳǱǰǣ. ǏǾ ǳǣǴǴǯǱǵǳǫǯ ǰǫǩǨ KT ǣǮǦǱǳǫǵǯ, ǲǱǮǫǰǱǯǫǣǮǿǰǾǬ 
ǣǮǦǱǳǫǵǯ ǙǶǭǫǯǱǵǱ ǫ ȀǭǴǵǳǣǭǵǱǳ ǲǳǣǥǫǮ ǺǨǳǨǪ ǫǰǧǶǭǹǫȁ ǧǨǳǨǥǣ ǳǨǻǨǰǫǬ.

ǃǮǦǱǳǫǵǯ ǍǕ ǤǾǮ Ǳǧǰǫǯ ǫǪ ǲǨǳǥǾǸ ǲǱǧǸǱǧǱǥ ǭ ǳǣǪǮǱǩǨǰǫȁ ǧǮȂ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ 
ǫǪ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ [Fu, 1994]. ǃǮǦǱǳǫǵǯ KT ǱǲǫǴǾǥǣǨǵ ǭǣǩǧǾǬ ǰǨǬǳǱǰ (ǴǮǱǬ 
Ǫǣ ǴǮǱǨǯ) Ǵ ǲǳǣǥǫǮǣǯǫ IF-THEN ǲǶǵǨǯ ȀǥǳǫǴǵǫǺǨǴǭǫ ǲǱǫǴǭǣ ǭǱǯǤǫǰǣǹǫǬ ǥǸǱǧǰǾǸ 
ǣǵǳǫǤǶǵǱǥ, ǲǳǨǥǾǻǣȁǼǨǦǱ ǲǱǳǱǦ ǰǨǬǳǱǰǣ. ǏǱǧǶǮǿ ǲǨǳǨǪǣǲǫǴǫ ǫǴǲǱǮǿǪǶǨǵǴȂ ǧǮȂ 
ǲǱǮǶǺǨǰǫȂ ǲǳǣǥǫǮ, ǱǵǰǱǴȂǴǿ ǭ ǫǴǸǱǧǰǾǯ ǣǵǳǫǤǶǵǣǯ ǥǥǱǧǣ, ǣ ǰǨ ǭ ǥǾǥǱǧǣǯ ǲǳǨǧǾ-
ǧǶǼǨǦǱ ǶǳǱǥǰȂ. ǚǵǱǤǾ ǰǣǬǵǫ ǲǱǧǸǱǧȂǼǫǨ ǭǱǯǤǫǰǣǹǫǫ, ǯǨǵǱǧ KT ǲǳǫǯǨǰȂǨǵ ǲǱǫǴǭ 
ǰǣ ǧǨǳǨǥǨ, ǵǱ ǨǴǵǿ ǲǳǣǥǫǮǱ (ǲǳǨǧǴǵǣǥǮǨǰǰǱǨ ǥ ǭǣǺǨǴǵǥǨ ǶǪǮǣ ǥ ǧǨǳǨǥǨ) ǰǣ ȀǵǱǯ 
ǶǳǱǥǰǨ ǦǨǰǨǳǫǳǶǨǵ ǴǥǱǫ ǧǨǵǴǭǫǨ ǶǪǮǾ, ǧǱǤǣǥǮȂȂ ǧǱǲǱǮǰǫǵǨǮǿǰǾǬ ǧǱǴǵǶǲǰǾǬ ǣǵǳǫ-
ǤǶǵ. ǍǳǱǯǨ ǵǱǦǱ, ǣǮǦǱǳǫǵǯ ǫǴǲǱǮǿǪǶǨǵ ǳȂǧ ȀǥǳǫǴǵǫǭ, ǺǵǱǤǾ ǱǴǵǣǰǱǥǫǵǿ ǳǱǴǵ ǧǨǳǨǥǣ 
ǥ ǴǫǵǶǣǹǫȂǸ, ǭǱǦǧǣ ǧǣǮǿǰǨǬǻǨǨ ǶǮǶǺǻǨǰǫǨ ǰǨǥǱǪǯǱǩǰǱ

ǒǱǮǫǰǱǯǫǣǮǿǰǾǬ ǣǮǦǱǳǫǵǯ ǙǶǭǫǯǱǵǱ ǧǮȂ ǫǪǥǮǨǺǨǰǫȁ ǲǳǣǥǫǮ ǫǪ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ ǱǺǨǰǿ 
ǲǱǸǱǩ ǰǣ ǯǨǵǱǧ ǍǕ. Ǒǰ ǵǣǭǩǨ ǫǴǲǱǮǿǪǶǨǵ ǯǰǱǦǱǶǳǱǥǰǨǥǾǬ ǧǨǭǱǯǲǱǪǫǹǫǱǰǰǾǬ ǣǮǦǱ-
ǳǫǵǯ ǧǮȂ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ IF-THEN ǧǮȂ ǭǣǩǧǱǦǱ ǰǨǬǳǱǰǣ, ǣ ǵǣǭǩǨ ǱǵǴǮǨǩǫǥǣǨǵ 
ǴǵǳǣǵǨǦǫȁ ǲǱǫǴǭǣ ǥǸǱǧǰǾǸ ǭǱǰǷǫǦǶǳǣǹǫǬ, ǲǳǨǥǾǻǣȁǵ ǲǱǳǱǦ ǰǨǬǳǱǰǣ. ǑǴǰǱǥǰǾǯ 
ǲǳǨǫǯǶǼǨǴǵǥǱǯ ǣǮǦǱǳǫǵǯǣ ǙǶǭǫǯǱǵǱ ȂǥǮȂǨǵǴȂ ǨǦǱ ǥǾǺǫǴǮǫǵǨǮǿǰǣȂ ǴǮǱǩǰǱǴǵǿ, 
ǭǱǵǱǳǣȂ ȂǥǮȂǨǵǴȂ ǲǱǮǫǰǱǯǣǮǿǰǱǬ, ǥ ǵǱ ǥǳǨǯȂ ǭǣǭ ǯǨǵǱǧ KT ȂǥǮȂǨǵǴȂ ȀǭǴǲǱǰǨǰǹǫ-
ǣǮǿǰǾǯ. ǃǮǦǱǳǫǵǯ ǧǱǴǵǫǦǣǨǵ ǲǱǮǫǰǱǯǫǣǮǿǰǱǬ ǴǮǱǩǰǱǴǵǫ, ǫǼǣ ǴǱǱǵǥǨǵǴǵǥǶȁǼǫǨ 
ǵǨǳǯǫǰǾ, ǫǴǲǱǮǿǪǶȂ ǲǳǱǴǵǳǣǰǴǵǥǱ ǯǰǱǦǱǮǫǰǨǬǰǾǸ ǷǶǰǭǹǫǬ. ǐǣ ǥǵǱǳǱǯ ȀǵǣǲǨ Ȁǵǫ 
ǵǨǳǯǫǰǾ ǫǴǲǱǮǿǪǶȁǵǴȂ ǧǮȂ ǴǱǪǧǣǰǫȂ ǲǳǣǥǫǮ IF-THEN. ǅǲǱǴǮǨǧǴǵǥǫǫ, ǨǴǮǫ ǵǣǭǱ-
ǥǾǨ ǫǯǨȁǵǴȂ, ǱǤǶǺǣȁǼǫǨ ǧǣǰǰǾǨ ǫǴǲǱǮǿǪǶȁǵǴȂ ǧǮȂ ǲǱǥǾǻǨǰǫȂ ǵǱǺǰǱǴǵǫ ǲǳǣǥǫǮ. 
ǐǣ ǲǱǴǮǨǧǰǨǯ ȀǵǣǲǨ ǣǮǦǱǳǫǵǯ ǙǶǭǫǯǱǵǱ ǲǾǵǣǨǵǴȂ ǱǲǵǫǯǫǪǫǳǱǥǣǵǿ ǲǱǰȂǵǰǱǴǵǿ 
ǶǧǣǮȂȂ ǫǪ ǲǳǣǥǫǮ ǰǨǴǶǼǨǴǵǥǨǰǰǾǨ ǣǵǳǫǤǶǵǾ.

ǇǳǶǦǱǬ ǯǨǵǱǧ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ ǲǶǵǨǯ ǫǰǧǶǭǹǫǫ ǧǨǳǨǥǣ ǲǳǫǰȂǵǫȂ ǳǨǻǨǰǫǬ ǤǾǮ ǥǥǨ-
ǧǨǰ ǥ [Sato, 2001]. ǋǸ ǣǮǦǱǳǫǵǯ CRED ǲǳǨǱǤǳǣǪǶǨǵ ǭǣǩǧǶȁ ǥǾǸǱǧǰǶȁ ǨǧǫǰǫǹǶ ǰǨǬ-
ǳǱǰǰǱǬ ǴǨǵǫ ǥ ǳǨǻǨǰǫǨ, ǦǧǨ ǶǪǮǾ ǧǨǳǨǥǿǨǥ ǵǨǴǵǫǳǶȁǵǴȂ Ǵ ǲǱǯǱǼǿȁ ǶǪǮǱǥ ǴǭǳǾǵǱǦǱ 
ǴǮǱȂ, ǣ ǮǫǴǵǿȂ ǲǳǨǧǴǵǣǥǮȂȁǵ ǭǮǣǴǴ. ǒǱǴǮǨ ȀǵǱǦǱ ǫǪ ȀǵǱǦǱ ǻǣǦǣ ǫǪǥǮǨǭǣȁǵǴȂ ǲǳǱ-
ǯǨǩǶǵǱǺǰǾǨ ǲǳǣǥǫǮǣ. ǊǣǵǨǯ ǧǮȂ ǭǣǩǧǱǬ ǵǱǺǭǫ ǳǣǪǥǨǵǥǮǨǰǫȂ, ǫǴǲǱǮǿǪǶǨǯǱǬ ǥ ȀǵǫǸ 
ǲǳǣǥǫǮǣǸ, ǧǳǶǦǱǨ ǧǨǳǨǥǱ ǳǨǻǨǰǫǬ ǴǱǪǧǣǨǵǴȂ Ǵ ǲǱǯǱǼǿȁ ǵǱǺǭǫ ǳǣǪǥǨǵǥǮǨǰǫȂ 
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ǰǣ ǥǸǱǧǰǱǯ ǴǮǱǨ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ. ǅ ǰǱǥǾǸ ǧǨǳǨǥǿȂǸ ǮǫǴǵǿȂ ǰǨ ǥǾǤǫǳǣ-
ȁǵ ǰǨǲǱǴǳǨǧǴǵǥǨǰǰǱ ǭǮǣǴǴ. ǋǪǥǮǨǺǨǰǫǨ ǲǳǣǥǫǮ ǫǪ ǥǵǱǳǱǦǱ ǧǨǳǨǥǣ ǲǳǫ-
ǰȂǵǫȂ ǳǨǻǨǰǫȂ ǲǳǫǥǱǧǫǵ ǰǣǴ ǭ ǱǲǫǴǣǰǫȁ ǴǱǴǵǱȂǰǫȂ ǴǭǳǾǵǾǸ ǰǨǬǳǱǰǱǥ, 
ǴǱǴǵǱȂǼǫǸ ǫǪ ǥǸǱǧǰǾǸ ǲǨǳǨǯǨǰǰǾǸ. ǅ ǭǣǺǨǴǵǥǨ ǪǣǭǮȁǺǫǵǨǮǿǰǱǦǱ ǻǣǦǣ 
ǪǣǯǨǰȂȁǵǴȂ ǲǳǱǯǨǩǶǵǱǺǰǾǨ ǲǳǣǥǫǮǣ, ǱǲǫǴǾǥǣȁǼǫǨ ǥǾǸǱǧǰǱǬ ǴǮǱǬ 
ǺǨǳǨǪ ǴǭǳǾǵǾǬ ǴǮǱǬ ǰǣ ǵǨ, ǭǱǵǱǳǾǨ ǱǲǫǴǾǥǣȁǵ ǴǭǳǾǵǾǬ ǴǮǱǬ ǰǣ ǱǴǰǱǥǨ 
ǥǸǱǧǱǥ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ. ǊǣǵǨǯ Ǳǰǫ ǱǤǽǨǧǫǰȂȁǵǴȂ, ǺǵǱǤǾ ǲǱǴǵǳǱǫǵǿ ǲǳǣ-
ǥǫǮǣ, ǱǲǫǴǾǥǣȁǼǫǨ ǥǾǸǱǧ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ ǰǣ ǱǴǰǱǥǨ ǨǨ ǥǸǱǧǰǾǸ ǧǣǰǰǾǸ.

ǒǨǧǣǦǱǦǫǺǨǴǭǫǨ ǲǱǧǸǱǧǾ ǰǨ ǶǺǫǵǾǥǣȁǵ ǥǰǶǵǳǨǰǰȁȁ ǴǵǳǶǭǵǶǳǶ ǰǨǬǳǱǰǰǱǬ 
ǴǨǵǫ. ǙǨǮǿȁ ǲǨǧǣǦǱǦǫǺǨǴǭǫǸ ǲǱǧǸǱǧǱǥ ȂǥǮȂǨǵǴȂ ǳǣǴǴǯǱǵǳǨǰǫǨ ǱǤǶǺǨǰǰǾǸ 
ǰǨǬǳǱǴǨǵǨǬ, ǭǣǭ ǹǨǮǱǴǵǰǱǦǱ ǱǤǽǨǭǵǣ ǫǮǫ ǭǣǭ ǺǨǳǰǱǦǱ ȂǼǫǭǣ [Tic”l—, 1998]. 
ǆǮǣǥǰǣȂ ǫǧǨȂ ǴǱǴǵǱǫǵ ǥ ǵǱǯ, ǺǵǱǤǾ ǫǪǥǮǨǺǿ ǲǳǣǥǫǮǣ, ǰǨǲǱǴǳǨǧǴǵǥǨǰǰǱ 
ǴǱǲǱǴǵǣǥǮȂȂ ǥǸǱǧǰǾǨ ǧǣǰǰǾǨ Ǵ ǥǾǸǱǧǰǾǯǫ ǧǣǰǰǾǯǫ [S—tiono, 2000]. 

ǒǨǧǣǦǱǦǫǺǨǴǭǫǨ ǲǱǧǸǱǧǾ ǫǯǨȁǵ ǧǱǴǵǶǲ ǫǯǨȁǵ ǧǨǮǱ Ǵ ǰǨǬǳǱǰǰǱǬ ǴǨǵǿȁ, ǭǣǭ 
Ǵ ǷǶǰǭǹǫǨǬ. Ǡǵǣ ǷǶǰǭǹǫȂ ǪǣǧǣǨǵ ǥǾǸǱǧ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ ǧǮȂ ǲǳǱǫǪǥǱǮǿ-
ǰǱǦǱ ǥǸǱǧǣ, ǰǱ ǰǨ ǧǣǨǵ ǲǱǰǫǯǣǰǫȂ ǥǰǶǵǳǨǰǰǨǬ ǴǵǳǶǭǵǶǳǾ ǰǨǬǳǱǰǰǱǬ 
ǴǨǵǫ ǫǮǫ ǨǨ ǥǨǴǱǥ. ǇǮȂ ǪǣǧǣǰǰǱǬ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ ȀǵǱǵ ǭǮǣǴǴ ǣǮǦǱǳǫǵǯǱǥ 
ǲǾǵǣǨǵǴȂ ǰǣǬǵǫ ǴǥȂǪǿ ǯǨǩǧǶ ǥǱǪǯǱǩǰǾǯǫ ǥǣǳǫǣǹǫȂǯǫ ǥǥǱǧǣ ǫ ǥǾǸǱ-
ǧǣǯǫ, ǴǱǪǧǣǰǰǶȁ ǰǨǬǳǱǰǰǱǬ ǴǨǵǿȁ, ǲǳǫǺǨǯ ǰǨǭǱǵǱǳǾǨ ǫǪ ǰǫǸ ǫǴǲǱǮǿ-
ǪǶȁǵ ǱǲǳǨǧǨǮǨǰǰǾǨ ǱǤǶǺǣȁǼǫǨ ǧǣǰǰǾǨ, ǣ ǰǨǭǱǵǱǳǾǨ ǰǨǵ.

ǋǪǥǮǨǺǨǰǫǨ ǲǳǣǥǫǮ, ǱǴǰǱǥǣǰǰǱǨ ǫǰǵǨǳǥǣǮǿǰǱǯ ǣǰǣǮǫǪǨ, ǫǴǲǱǮǿǪǶǨǵ ǣǰǣǮǫǪ 
ǧǱǥǨǳǫǵǨǮǿǰǾǸ ǫǰǵǨǳǥǣǮǱǥ (VIA) ǧǮȂ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ, ǫǯǫǵǫǳǶȁ-
ǼǫǸ ǲǱǥǨǧǨǰǫǨ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ. ǑǴǰǱǥǰǣȂ ǫǧǨȂ ȀǵǱǦǱ ǯǨǵǱǧǣ ǪǣǭǮȁ-
ǺǣǨǵǴȂ ǥ ǵǱǯ, ǺǵǱǤǾ ǰǣǬǵǫ ǥǸǱǧǰǾǨ ǫǰǵǨǳǥǣǮǾ, ǥ ǭǱǵǱǳǾǸ ǥǾǸǱǧǰǱǬ 
ǴǫǦǰǣǮ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ ǴǵǣǤǫǮǨǰ, ǵǱ ǨǴǵǿ ǲǳǱǦǰǱǪǫǳǶǨǯǾǬ ǭǮǣǴǴ Ǳǧǫ-
ǰǣǭǱǥ ǧǮȂ ǴǮǨǦǭǣ ǯǨǰȂȁǼǫǸǴȂ ǭǱǰǷǫǦǶǳǣǹǫǬ ǥǥǱǧǣ. ǅ ǳǨǪǶǮǿǵǣǵǨ ǣǰǣ-
ǮǫǪ ǧǱǥǨǳǫǵǨǮǿǰǾǸ ǫǰǵǨǳǥǣǮǱǥ ǱǤǨǴǲǨǺǫǥǣǨǵ ǱǴǰǱǥǶ ǧǮȂ ǰǣǧǨǩǰǾǸ 
ǭǱǳǳǨǭǵǰǾǸ ǲǳǣǥǫǮ.

ǒǱǮǶǺǨǰǫǨ ǲǳǣǥǫǮ Ǵ ǫǴǲǱǮǿǪǱǥǣǰǫǨǯ ǥǾǤǱǳǭǫ ǲǳǨǧǴǵǣǥǮȂǨǵ ǴǱǤǱǬ ǰǨǴǭǱǮǿ-
ǭǱ ǯǨǵǱǧǱǥ, ǭǱǵǱǳǾǨ ǴǮǨǧǶȁǵ ǤǱǮǨǨ ǫǮǫ ǯǨǰǨǨ ǵǱǬ ǩǨ ǴǵǳǣǵǨǦǫǫ ǧǮȂ 
ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ ǫǪ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ Ǵ ǲǱǯǱǼǿȁ ǥǾǤǱǳǭǫ, ǵǱ ǨǴǵǿ, 
Ǳǰǫ ǴǱǪǧǣȁǵ ǱǤǻǫǳǰǾǬ ǰǣǤǱǳ ǧǣǰǰǾǸ ǥ ǭǣǺǨǴǵǥǨ ǱǴǰǱǥǾ ǧǮȂ ǫǪǥǮǨ-
ǺǨǰǫȂ ǲǳǣǥǫǮ. ǒǱǴǮǨ ȀǵǱǦǱ ǥǾǤǳǣǰǰǾǬ ǰǣǤǱǳ ǧǣǰǰǾǸ ǲǳǨǧǴǵǣǥǮȂǨǵǴȂ 
ǥ ǴǵǣǰǧǣǳǵǰǾǬ ǣǮǦǱǳǫǵǯ ǱǤǶǺǨǰǫȂ ǧǮȂ ǦǨǰǨǳǣǹǫǫ ǲǳǣǥǫǮ, ǫǯǫǵǫǳǶȁ-
ǼǫǸ ǲǱǥǨǧǨǰǫǨ ǴǨǵǫ. ǅ [Jo’ansson, 2006] ǧǱǭǣǪǣǰǱ, ǺǵǱ ǫǴǲǱǮǿǪǱǥǣǰǫǨ 
ǥǾǤǱǳǱǺǰǾǸ ǧǣǰǰǾǸ ȀǷǷǨǭǵǫǥǰǨǨ, ǺǨǯ ǫǴǲǱǮǿǪǱǥǣǰǫǨ ǵǱǮǿǭǱ ǱǤǶǺǣȁ-
ǼǫǸ ǧǣǰǰǾǸ ǥ ǲǳǱǤǮǨǯǣǸ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ.

Ǒǧǰǫǯ ǫǪ ǲǨǳǥǾǸ ǯǨǵǱǧǱǥ, ǲǱǴǮǨǧǱǥǣǥǻǫǸ Ǫǣ ȀǵǱǬ ǴǵǳǣǵǨǦǫǨǬ, ǤǾǮ ǣǮǦǱǳǫǵǯ 
ǕǳǨǲǣǰǣ [Tic”l—, 1998]. Ǒǰ ǳǣǤǱǵǣǨǵ ǣǰǣǮǱǦǫǺǰǱ ǣǮǦǱǳǫǵǯǶ «ǳǣǪǧǨǮȂǬ 
ǫ ǥǮǣǴǵǥǶǬ» ǥǾǲǱǮǰȂȂ ǲǱǫǴǭ ǵǱǺǨǭ ǳǣǪǥǨǵǥǮǨǰǫȂ ǰǣ ǱǤǶǺǣȁǼǫǸ ǧǣǰ-
ǰǾǸ ǧǮȂ ǱǵǧǨǮǿǰǾǸ ȀǭǪǨǯǲǮȂǳǱǥ ǳǣǪǰǾǸ ǭǮǣǴǴǱǥ. ǑǴǰǱǥǰǾǯǫ ǱǵǮǫǺǫȂ-
ǯǫ Ǳǵ «ǳǣǪǧǨǮȂǬ ǫ ǥǮǣǴǵǥǶǬ» ȂǥǮȂȁǵǴȂ ǮǶǺǻǣȂ ǴǵǳǣǵǨǦǫȂ ǳǣǴǻǫǳǨǰǫȂ 
ǧǳǨǥǱǥǫǧǰǱǬ ǴǵǳǶǭǵǶǳǾ, ǧǱǲǱǮǰǫǵǨǮǿǰǾǨ ǵǱǺǭǫ ǳǣǪǥǨǵǥǮǨǰǫȂ ǫ ǥǱǪǯǱǩ-
ǰǱǴǵǿ ǥǾǤǱǳǣ ǧǱǲǱǮǰǫǵǨǮǿǰǾǸ ǲǳǫǯǨǳǱǥ ǱǤǶǺǨǰǫȂ ǥ ǤǱǮǨǨ ǦǮǶǤǱǭǫǸ ǶǪǮǣǸ 
ǧǨǳǨǥǣ. ǅ ǳǨǪǶǮǿǵǣǵǨ ǣǮǦǱǳǫǵǯ ǵǣǭǩǨ ǴǱǪǧǣǨǵ ǧǨǳǨǥǱ ǳǨǻǨǰǫǬ, ǭǱǵǱǳǱǨ, 
ǱǧǰǣǭǱ, ǯǱǩǨǵ ǤǾǵǿ ǲǳǨǱǤǳǣǪǱǥǣǰǱ ǥ ǰǣǤǱǳ ǲǳǣǥǫǮ, ǨǴǮǫ ȀǵǱ ǰǨǱǤǸǱǧǫǯǱ.
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ǃǮǦǱǳǫǵǯ, ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ ǧǥǱǫǺǰǱǦǱ ǥǸǱǧǣ ǫ ǥǾǸǱǧǣ (BIO-RE), ǴǲǱǴǱǤǨǰ ǱǤǳǣǤǣǵǾǥǣǵǿ 
ǵǱǮǿǭǱ NN Ǵ ǧǥǱǫǺǰǾǯǫ ǫǮǫ ǤǫǰǣǳǫǪǫǳǱǥǣǰǰǾǯǫ ǥǸǱǧǰǾǯǫ ǣǵǳǫǤǶǵǣǯǫ. BIO-RE ǴǱ-
ǪǧǣǨǵ ǥǴǨ ǥǱǪǯǱǩǰǾǨ ǭǱǯǤǫǰǣǹǫǫ ǥǸǱǧǰǾǸ ǧǣǰǰǾǸ ǫ ǪǣǲǳǣǻǫǥǣǨǵ ǫǸ Ƕ ǰǨǬǳǱǰǰǱǬ 
ǴǨǵǫ. ǔ ǲǱǯǱǼǿȁ ǥǾǥǱǧǣ NN ǧǮȂ ǭǣǩǧǱǦǱ ǲǳǫǯǨǳǣ ǴǱǪǧǣǨǵǴȂ ǵǣǤǮǫǹǣ ǫǴǵǫǰǰǱǴǵǫ. 
Ǒǵ ǵǣǤǮǫǹǾ ǫǴǵǫǰǰǱǴǵǫ ǵǣǭǩǨ ǮǨǦǭǱ ǲǨǳǨǬǵǫ ǭ ǲǳǣǥǫǮǣǯ, ǨǴǮǫ ȀǵǱ ǰǨǱǤǸǱǧǫǯǱ.

ANN-DT ȂǥǮȂǨǵǴȂ ǨǼǨ Ǳǧǰǫǯ ǯǨǵǱǧǱǯ ǥǾǤǱǳǭǫ, ǱǴǰǱǥǣǰǰǱǯ ǰǣ ǲǳǫǰȂǵǫǫ ǳǨǻǨǰǫǬ 
ǰǣ ǧǮȂ ǱǲǫǴǣǰǫȂ ǲǱǥǨǧǨǰǫȂ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ. ǑǤǼǫǬ ǣǮǦǱǳǫǵǯ ǱǴǰǱǥǣǰ ǰǣ ǣǮǦǱǳǫǵ-
ǯǨ CART Ǵ ǰǨǭǱǵǱǳǾǯǫ ǥǣǳǫǣǹǫȂǯǫ ǥ ǲǨǳǥǱǰǣǺǣǮǿǰǱǬ ǳǨǣǮǫǪǣǹǫǫ. ANN-DT ǫǴ-
ǲǱǮǿǪǶǨǵ ǯǨǵǱǧ ǥǾǤǱǳǭǫ ǧǮȂ ǳǣǴǻǫǳǨǰǫȂ, Ǵ ǵǨǯ ǺǵǱǤǾ ǤǱǮǿǻǣȂ ǺǣǴǵǿ ǱǤǶǺǣȁǼǨǬ 
ǥǾǤǱǳǭǫ ǤǾǮǣ ǳǨǲǳǨǪǨǰǵǣǵǫǥǰǱǬ. ǠǵǱ ǧǱǴǵǫǦǣǨǵǴȂ Ǵ ǲǱǯǱǼǿȁ ǯǨǵǱǧǣ ǤǮǫǩǣǬǻǨǦǱ 
ǴǱǴǨǧǣ, ǥ ǭǱǵǱǳǱǯ ǳǣǴǴǺǫǵǾǥǣǨǵǴȂ ǳǣǴǴǵǱȂǰǫǨ Ǳǵ ǵǱǺǭǫ ǥǾǤǱǳǭǫ ǧǱ ǤǮǫǩǣǬǻǨǬ 
ǵǱǺǭǫ ǥ ǰǣǤǱǳǨ ǱǤǶǺǣȁǼǫǸ ǧǣǰǰǾǸ» ǱǤǶǺǣȁǼǨǬ ǥǾǤǱǳǭǫ ǫ ǴǳǣǥǰǫǥǣǨǵǴȂ Ǵ Ȁǵǣ-
ǮǱǰǰǾǯ ǪǰǣǺǨǰǫǨǯ.

ǋǧǨȂ ǴǱǪǧǣǰǫȂ ǤǱǮǿǻǱǦǱ ǰǣǤǱǳǣ ǲǳǫǯǨǳǱǥ ǰǣ ǲǨǳǥǱǯ ȀǵǣǲǨ ǵǣǭǩǨ ǳǨǣǮǫǪǶǨǵǴȂ ǣǮǦǱǳǫǵ-
ǯǱǯ STARE. Ǎǣǭ ǫ BIO-RE, STARE ǵǣǭǩǨ ǷǱǳǯǫǳǶǨǵ ǱǤǻǫǳǰǾǨ ǵǣǤǮǫǹǾ ǫǴǵǫǰǰǱ-
Ǵǵǫ ǧǮȂ ǱǤǶǺǨǰǫȂ. ǒǳǨǫǯǶǼǨǴǵǥǱ STARE ǪǣǭǮȁǺǣǨǵǴȂ ǥ ǨǦǱ ǴǲǱǴǱǤǰǱǴǵǫ ǰǨ ǵǱǮǿǭǱ 
ǱǤǳǣǤǣǵǾǥǣǵǿ ǧǥǱǫǺǰǾǨ ǫ ǧǫǴǭǳǨǵǰǾǨ ǣǵǳǫǤǶǵǾ, ǰǱ ǫ ǳǣǤǱǵǣǵǿ Ǵ ǰǨǲǳǨǳǾǥǰǾǯǫ 
ǥǸǱǧǰǾǯǫ ǧǣǰǰǾǯǫ. ǇǮȂ ǷǱǳǯǫǳǱǥǣǰǫȂ ǵǣǤǮǫǹ ǫǴǵǫǰǰǱǴǵǫ ǣǮǦǱǳǫǵǯ ǲǨǳǨǴǵǳǣǫ-
ǥǣǨǵ ǥǸǱǧǰǾǨ ǧǣǰǰǾǨ, ǥ ǵǱ ǥǳǨǯȂ ǭǣǭ ǧǮȂ ǭǣǩǧǱǦǱ ǰǨǲǳǨǳǾǥǰǱǦǱ ǣǵǳǫǤǶǵǣ ǰǨǱǤ-
ǸǱǧǫǯǱ ǥǾǤǫǳǣǵǿ ǨǦǱ ǥǱ ǥǴǨǯ ǧ ǒǳǫǯǨǳǱǯ ǲǨǧǣǦǱǦǫǺǨǴǭǱǦǱ ǲǱǧǸǱǧǣ Ǵ ǫǴǲǱǮǿǪǱǥǣ-
ǰǫǨǯ ǥǾǤǱǳǭǫ ǱǤǳǣǪǱǥǣǵǨǮǿǰǾǸ ǧǣǰǰǾǸ, ǭǱǵǱǳǾǨ ǯǾ ǸǱǵǫǯ ǲǳǨǧǴǵǣǥǫǵǿ, ȂǥǮȂǨǵǴȂ 
KDRul—Ex. Ǎǣǭ ǫ Tr—pan, ȀǵǱǵ ǣǮǦǱǳǫǵǯ ǵǣǭǩǨ ǦǨǰǨǳǫǳǶǨǵ ǧǱǲǱǮǰǫǵǨǮǿǰǾǨ ǱǤǶǺǣȁ-
ǼǫǨ ǲǳǫǯǨǳǾ, ǥ ǴǮǶǺǣǨ, ǭǱǦǧǣ ǧǣǰǰǾǸ ǧǮȂ ǴǮǨǧǶȁǼǫǸ ǵǱǺǨǭ ǳǣǪǧǨǮǨǰǫȂ ǴǮǫǻǭǱǯ 
ǯǣǮǱ. KDRul—Ex ǫǴǲǱǮǿǪǶǨǵ ǦǨǰǨǵǫǺǨǴǭǫǬ ǣǮǦǱǳǫǵǯ ǧǮȂ ǴǱǪǧǣǰǫȂ ǰǱǥǾǸ ǲǳǫǯǨǳǱǥ 
ǱǤǶǺǨǰǫȂ. Ǡǵǣ ǵǨǸǰǫǭǣ ǲǳǫǥǱǧǫǵ ǭ ǵǣǤǮǫǹǨ ǲǳǫǰȂǵǫȂ ǳǨǻǨǰǫǬ, ǭǱǵǱǳǣȂ ǯǱǩǨǵ ǤǾǵǿ 
ǲǳǨǱǤǳǣǪǱǥǣǰǣ, ǰǣǲǳǫǯǨǳ, ǥ ǲǳǣǥǫǮǣ IF-THEN.

ǠǭǮǨǭǵǫǺǨǴǭǫǬ ǲǱǧǸǱǧ ɉ ȀǵǱ ǯǨǵǱǧǾ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ, ǥǭǮȁǺǣȁǼǫǨ ȀǮǨǯǨǰǵǾ ǭǣǭ 
ǲǨǧǣǦǱǦǫǺǨǴǭǱǦǱ, ǵǣǭ ǫ ǧǨǭǱǯǲǱǪǫǱǰǰǱǦǱ ǲǱǧǸǱǧǣ. ǅ ǺǣǴǵǰǱǴǵǫ, ȀǭǮǨǭǵǫǺǨǴǭǫǬ 
ǲǱǧǸǱǧ ǫǴǲǱǮǿǪǶǨǵ ǪǰǣǰǫȂ Ǳ ǥǰǶǵǳǨǰǰǨǬ ǣǳǸǫǵǨǭǵǶǳǨ ǫ ǥǨǭǵǱǳǣ ǥǨǴǱǥ ǥǨǭǵǱǳǱǥ 
ǥ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ ǥ ǧǱǲǱǮǰǨǰǫǨ ǭ ǴǫǯǥǱǮǿǰǱǯǶ ǣǮǦǱǳǫǵǯǶ ǱǤǶǺǨǰǫȂ ǫǴǲǱǮǿǪǶǨǵ 
ǪǰǣǰǫȂ Ǳ ǥǰǶǵǳǨǰǰǨǬ ǣǳǸǫǵǨǭǵǶǳǨ ǫ ǥǨǭǵǱǳǣ ǥǨǴǱǥ ǥǨǭǵǱǳǱǥ ǥ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ ǥ ǧǱ-
ǲǱǮǰǨǰǫǨ ǭ ǴǫǯǥǱǮǿǰǱǯǶ ǣǮǦǱǳǫǵǯǶ ǱǤǶǺǨǰǫȂ.

ǒǱǧǸǱǧ ǤǾǴǵǳǱǦǱ ǲǱǫǴǭǣ ǲǳǣǥǫǮ ǥ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ ǥǭǮȁǺǣǨǵ ǥ ǴǨǤȂ ǲǱǧǸǱǧ FERNN, ǭǱ-
ǵǱǳǾǬ ǴǰǣǺǣǮǣ ǲǾǵǣǨǵǴȂ ǱǲǳǨǧǨǮǫǵǿ ǴǱǱǵǥǨǵǴǵǥǶȁǼǫǨ ǴǭǳǾǵǾǨ ǰǨǬǳǱǰǾ, ǣ ǵǣǭǩǨ 
ǴǱǱǵǥǨǵǴǵǥǶȁǼǫǨ ǥǸǱǧǾ ǥ ǴǨǵǿ. ǇǮȂ ȀǵǱǦǱ ǻǣǦǣ ǴǵǳǱǫǵǴȂ ǧǨǳǨǥǱ ǳǨǻǨǰǫǬ Ǵ ǫǴ-
ǲǱǮǿǪǱǥǣǰǫǨǯ ǣǮǦǱǳǫǵǯǣ C4.5. ǒǳǱǹǨǴǴ ǫǪǥǮǨǺǨǰǫȂ ǲǳǣǥǫǮ ǲǳǫǥǱǧǫǵ ǭ ǦǨǰǨǳǣǹǫǫ 
ǲǳǣǥǫǮ M-of-N ǫ IF-THEN. ǋǯǨȂ ǰǣǤǱǳ ǲǳǣǥǫǮǿǰǱ ǭǮǣǴǴǫǷǫǹǫǳǱǥǣǰǰǾǸ ǲǳǫǯǨǳǱǥ 
ǱǤǶǺǨǰǫȂ, FERNN ǣǰǣǮǫǪǫǳǶǨǵ ǪǰǣǺǨǰǫȂ ǣǭǵǫǥǣǹǫǫ ǭǣǩǧǱǬ ǴǭǳǾǵǱǦǱ ǥǨǳǻǫǰǾ. 
ǇǮȂ ǭǣǩǧǱǬ ǴǭǳǾǵǱǬ ǥǨǳǻǫǰǾ ǪǰǣǺǨǰǫȂ ǣǭǵǫǥǣǹǫǫ ǴǱǳǵǫǳǶȁǵǴȂ ǥ ǲǱǳȂǧǭǨ ǥǱǪǳǣ-
ǴǵǣǰǫȂ. ǊǣǵǨǯ ǫǴǲǱǮǿǪǶǨǵǴȂ ǣǮǦǱǳǫǵǯ C4.5, ǺǵǱǤǾ ǰǣǬǵǫ ǰǣǫǮǶǺǻǶȁ ǵǱǺǭǶ ǳǣǪǧǨ-
ǮǨǰǫȂ ǧǮȂ ǷǱǳǯǫǳǱǥǣǰǫȂ ǧǨǳǨǥǣ ǳǨǻǨǰǫǬ. 

2. ǋǪǥǮǨǺǨǰǫǨ ǲǳǣǥǫǮ ǫǪ ǦǮǶǤǱǭǫǸ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ ǫ ǰǨǬǳǱ-ǰǨǺǨǵǭǫǸ ǴǨǵǨǬ

ǐǣǫǤǱǮǨǨ ǫǰǵǨǳǨǴǰǾǯ Ǵ ǵǱǺǭǫ ǪǳǨǰǫȂ ǧǣǰǰǱǦǱ ǫǴǴǮǨǧǱǥǣǰǫȂ ȂǥǮȂǨǵǴȂ ǫǪǥǮǨǺǨǰǫǨ ǲǳǣ-
ǥǫǮ Ǵ ǫǴǲǱǮǿǪǱǥǣǰǫǨǯ ǰǨǬǳǱ-ǰǨǺǨǵǭǫǸ ǯǱǧǨǮǨǬ. ǔǫǴǵǨǯǾ, ǱǴǰǱǥǣǰǰǾǨ ǰǣ ǰǨǺǨǵǭǫǸ 
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ǲǳǣǥǫǮǣǸ (FRBS), ǳǣǪǳǣǤǱǵǣǰǰǾǨ Ǵ ǫǴǲǱǮǿǪǱǥǣǰǫǨǯ ǰǨǺǨǵǭǱǬ ǮǱǦǫǭǫ, 
ǴǵǣǮǫ ǲǱǮǨǯ ǣǭǵǫǥǰǾǸ ǫǴǴǮǨǧǱǥǣǰǫǬ Ǫǣ ǲǱǴǮǨǧǰǫǨ ǰǨǴǭǱǮǿǭǱ ǮǨǵ. Ǡǵǫ 
ǣǮǦǱǳǫǵǯǾ ǧǱǭǣǪǣǮǫ ǴǥǱǫ ǴǫǮǿǰǾǨ ǴǵǱǳǱǰǾ ǥ ǵǣǭǫǸ ǪǣǧǣǺǣǸ, ǭǣǭ Ƕǲǳǣǥ-
ǮǨǰǫǨ ǴǮǱǩǰǾǯǫ ǴǫǴǵǨǯǣǯǫ, ǴǱǪǧǣǰǫǨ ǰǨǺǨǵǭǫǸ ȀǮǨǯǨǰǵǱǥ ǶǲǳǣǥǮǨǰǫȂ. 
ǅǪǣǫǯǱǱǵǰǱǻǨǰǫȂ ǯǨǩǧǶ ǱǤǱǫǯǫ ǯǫǳǣǯǫ (ANN ǫ FRBS) ǤǾǮǫ ǵǼǣǵǨǮǿǰǱ 
ǫǪǶǺǨǰǾ ǫ ǲǱǭǣǪǣǰǣ ǫǸ ȀǭǥǫǥǣǮǨǰǵǰǱǴǵǿ [S—tiono, 2000]. ǠǵǱ ǧǣǨǵ ǧǥǣ ǰǨ-
ǯǨǧǮǨǰǰǾǸ ǫ ǥǣǩǰǾǸ ǥǾǥǱǧǣ. ǅǱ-ǲǨǳǥǾǸ, ǯǾ ǯǱǩǨǯ ǲǳǫǯǨǰǫǵǿ ǵǱ, ǺǵǱ 
ǤǾǮǱ ǱǤǰǣǳǶǩǨǰǱ ǧǮȂ ǱǧǰǱǬ ǫǪ ǯǱǧǨǮǨǬ, ǭ ǧǳǶǦǱǬ. ǅǱ-ǥǵǱǳǾǸ, ǯǾ ǯǱǩǨǯ 
ǲǨǳǨǥǨǴǵǫ ǪǰǣǰǫȂ, ǥǴǵǳǱǨǰǰǾǨ ǥ ǰǨǬǳǱǰǰǶȁ ǴǨǵǿ, ǰǣ ǤǱǮǨǨ ǭǱǦǰǫǵǫǥ-
ǰǱ-ǲǳǫǨǯǮǨǯǾǬ ȂǪǾǭ ɉ ǰǨǺǨǵǭǫǨ ǲǳǣǥǫǮǣ. ǇǳǶǦǫǯǫ ǴǮǱǥǣǯǫ, ǯǾ ǲǱǮǶ-
ǺǣǨǯ ǴǨǯǣǰǵǫǺǨǴǭǶȁ ǫǰǵǨǳǲǳǨǵǣǹǫȁ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ [Av—r”in, 2018a], 
[Pilato, 2018], [Av—r”in, 2018b].

ǔ 2012 ǦǱǧǣ ǰǣǺǣǮǣǴǿ ǳǨǥǱǮȁǹǫȂ ǴǨǵǨǬ ǦǮǶǤǱǭǱǦǱ ǱǤǶǺǨǰǫȂ. ǓǣǴǴǯǱǵǳǫǯ 
ǱǧǰǶ ǫǪ ǲǨǳǥǾǸ ǫ, ǲǱǩǣǮǶǬ, ǴǣǯǾǸ ǹǫǵǫǳǶǨǯǾǸ ǳǣǤǱǵ ɉ ǦǮǶǤǱǭǶȁ ǴǥǨǳ-
ǵǱǺǰǶȁ ǴǨǵǿ Al—xn—t. Ǒǰǣ ǤǾǮ ǲǨǳǥǾǯ ǺǨǯǲǫǱǰǱǯ ǲǱ ǳǣǴǲǱǪǰǣǥǣǰǫȁ 
ǱǤǳǣǪǱǥ. Ǒǰǣ ǫǯǨǨǵ 7 ǴǭǳǾǵǾǸ ǴǮǱǨǥ, 650 000 ǰǨǬǳǱǰǱǥ, 60 000 000 ǲǣ-
ǳǣǯǨǵǳǱǥ. ǖǺǫǮǣǴǿ ǰǣ ǧǥǶǸ GPU ǥ ǵǨǺǨǰǫǨ 1 ǰǨǧǨǮǫ. ǆǧǨ ǯǾ ǲǱǮǶǺǫǯ 
ǧǱǴǵǣǵǱǺǰǱ ǫǪǱǤǳǣǩǨǰǫǬ, ǺǵǱǤǾ ǱǤǶǺǫǵǿ ǨǨ?

ǅ 2010 ǦǱǧǶ ǲǱȂǥǫǮǴȂ ǰǣǤǱǳ ǧǣǰǰǾǸ Ima‘—n—t ǫǪ 15000000 ǱǤǳǣǪǱǥ. ǒǱȂǥ-
ǮǨǰǫǨ Ima‘—n—t ǲǱǧǰȂǮǱ ǫǪǶǺǨǰǫǨ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ ǰǣ ǴǱǥǨǳǻǨǰǰǱ 
ǰǱǥǾǬ ǶǳǱǥǨǰǿ. ǒǣǳǣǮǮǨǮǿǰǱ ǤǾǴǵǳǱ ǳǣǪǥǫǥǣǮǫǴǿ ǥǾǺǫǴǮǫǵǨǮǿǰǾǨ 
ǯǱǼǰǱǴǵǫ, ǭǱǵǱǳǾǨ ǲǳǫǥǨǮǫ ǭǱǯǲǿȁǵǨǳǰǱǨ ǪǳǨǰǫǨ ǭ ǵǱǯǶ ǥǫǧǶ, ǭǱǵǱ-
ǳǾǬ ǯǾ ǪǰǣǨǯ ǫ ǮȁǤǫǯ Ǵ—ǬǺǣǴ. ǔ 2010 ǦǱǧǣ ǵǣǭǩǨ ǲǳǱǥǱǧǫǵǴȂ ǨǩǨǦǱǧ-
ǰǾǬ ǭǱǰǭǶǳǴ Ima‘—n—t, ǦǧǨ ǥǲǨǳǥǾǨ ǥ 2012 ǦǱǧǶ ǲǱǤǨǧǫǮǣ ǴǥǨǳǵǱǺǰǣȂ 
ǰǨǬǳǱǰǰǣȂ ǴǨǵǿ Al—xn—t, ǫ Ǵ ǵǨǸ ǲǱǳ ǦǮǶǤǱǭǫǨ ǴǨǵǫ ǰǨ ǶǵǳǣǵǫǮǫ ǴǥǱǫǸ 
ǲǱǪǫǹǫǬ. ǒǱǴǮǨǧǰǫǬ ǲǱǤǨǧǫǵǨǮǿ, National Ass—mbly, ǲǳǨǧǴǵǣǥǮǨǰǰǣȂ 
ǶǺǨǰǾǯǫ ǫǪ ǍǫǵǣȂ, ǴǱǧǨǳǩǣǮǣ 269 ǴǮǱǨǥ.

ǇǮȂ ǵǱǦǱ, ǺǵǱǤǾ ǲǱǮǶǺǫǵǿ ǴǨǯǣǰǵǫǺǨǴǭǶȁ ǫǰǵǨǳǲǳǨǵǣǹǫȁ ǺǨǳǰǱǦǱ ȂǼǫǭǣ ǦǮǶ-
ǤǱǭǱǦǱ ǱǤǶǺǨǰǫȂ ǰǨǬǳǱ-ǰǨǺǨǵǭǫǸ ǴǨǵǫ ǯǱǦǶǵ ǤǾǵǿ ǫǴǲǱǮǿǪǱǥǣǰǾ ǥǯǨǴǵǱ 
ǲǱǴǮǨǧǰǨǦǱ ǲǱǮǰǱǴǥȂǪǰǱǦǱ ǴǮǱȂ. ǐǣǲǳǫǯǨǳ, ANFIS (ǣǧǣǲǵǫǥǰǣȂ ǰǨǬǳǱ-
ǰǨǺǨǵǭǣȂ ǴǫǴǵǨǯǣ) ȂǥǮȂǨǵǴȂ ǯǰǱǦǱǴǮǱǬǰǱǬ ǴǨǵǿȁ ǲǳȂǯǱǦǱ ǳǣǴǲǳǱǴǵǳǣǰǨ-
ǰǫȂ. Ǡǵǣ ǣǳǸǫǵǨǭǵǶǳǣ ǫǯǨǨǵ ǲȂǵǿ ǴǮǱǨǥ, ǵǣǭǫǸ ǭǣǭ ǰǨǺǨǵǭǫǬ ǴǮǱǬ, ǲǳǱǧǶǭ-
ǹǫǱǰǰǾǬ ǴǮǱǬ, ǴǮǱǬ ǰǱǳǯǣǮǫǪǣǹǫǫ, ǴǮǱǬ ǧǨǷǣǪǪǫǷǫǭǣǹǫǫ ǫ ǥǾǸǱǧǰǱǬ 
ǴǮǱǬ. ANFIS ǴǱǺǨǵǣǨǵ ǲǳǨǫǯǶǼǨǴǵǥǣ ǰǨǬǳǱǴǨǵǫ ǫ ǰǨǺǨǵǭǱǬ ǮǱǦǫǭǫ.

ǙǨǮǿ ǭǱǯǤǫǰǣǹǫǫ ǰǨǺǨǵǭǱǬ ǮǱǦǫǭǫ ǫ ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ ǴǱǴǵǱǫǵ ǥ ǵǱǯ, ǺǵǱǤǾ 
cǱǪǧǣǵǿ ǣǳǸǫǵǨǭǵǶǳǶ, ǭǱǵǱǳǣȂ ǫǴǲǱǮǿǪǶǨǵ ǰǨǺǨǵǭǶȁ ǮǱǦǫǭǶ, ǺǵǱǤǾ ȂǥǰǱ 
ǲǱǭǣǪǣǵǿ ǪǰǣǰǫȂ ǷǣǰǵǣǴǵǫǺǨǴǭǫǯ ǱǤǳǣǪǱǯ, ǥ ǵǱ ǥǳǨǯȂ ǭǣǭ ǱǤǶǺǣȁǼǣȂ 
ǲǳǫǳǱǧǣ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ ǯǣǭǴǫǯǫǪǫǳǶǨǵ ǨǨ ǲǣǳǣǯǨǵǳǾ. ANFIS, ǳǣǪǳǣ-
ǤǱǵǣǰǰǣȂ ǇǩǣǰǦǱǯ ǥ 1992 ǦǱǧǶ, ǫǰǵǨǦǳǫǳǶǨǵ ǲǳǨǫǯǶǼǨǴǵǥǣ ǭǣǭ ǰǨǬǳǱǰ-
ǰǱǬ ǴǨǵǫ, ǵǣǭ ǫ ǰǨǺǨǵǭǫǸ ǴǫǴǵǨǯ, ǭǱǵǱǳǾǨ ǰǨ ǵǱǮǿǭǱ ǱǤǮǣǧǣȁǵ ǸǱǳǱǻǫǯǫ 
ǥǱǪǯǱǩǰǱǴǵȂǯǫ ǱǤǶǺǨǰǫȂ, ǰǱ ǫ ǯǱǦǶǵ ǤǾǵǿ ǮǨǦǭǱ ǫǰǵǨǦǳǫǳǱǥǣǰǾ. ANFIS 
ǫǴǲǱǮǿǪǶǨǵǴȂ ǥǱ ǯǰǱǦǫǸ ǱǤǮǣǴǵȂǸ, ǵǣǭǫǸ ǭǣǭ ǣǲǲǳǱǭǴǫǯǣǹǫȂ ǷǶǰǭǹǫǬ, 
ǫǰǵǨǮǮǨǭǵǶǣǮǿǰǱǨ ǶǲǳǣǥǮǨǰǫǨ ǫ ǲǳǱǦǰǱǪǫǳǱǥǣǰǫǨ ǥǳǨǯǨǰǰǾǸ ǳȂǧǱǥ 
[Boyacio‘lu, 2010].

ǔǨǵǫ ǦǮǶǤǱǭǱǦǱ ǱǤǶǺǨǰǫȂ ǫ ǰǨǬǳǱ-ǰǨǺǨǵǭǫǨ ǴǨǵǫ ǯǱǦǶǵ ǤǾǵǿ ǱǤǽǨǧǫǰǨǰǾ 
ǳǣǪǮǫǺǰǾǯǫ ǴǲǱǴǱǤǣǯǫ. ǆǫǲǱǵǨǵǫǺǨǴǭǣȂ ǴǫǴǵǨǯǣ ǯǱǩǨǵ ǤǾǵǿ ǴǱǪǧǣǰǣ 
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Ǵ ǫǴǲǱǮǿǪǱǥǣǰǫǨǯ ǧǥǶǸ ǭǱǯǲǱǰǨǰǵǱǥ. ǒǨǳǥǾǬ ɉ ȀǵǱ ǦǨǰǨǳǣǹǫȂ ǷǶǰǭǹǫǬ ǦǮǶǤǱǭǱ-
ǦǱ ǱǤǶǺǨǰǫȂ, ǭǱǵǱǳǾǨ ǯǱǦǶǵ ǤǾǵǿ ǫǴǲǱǮǿǪǱǥǣǰǾ ǧǮȂ ǴǱǪǧǣǰǫȂ ǳǨǲǳǨǪǨǰǵǣǵǫǥǰǾǸ 
ǷǶǰǭǹǫǬ ǫǪ ǵǨǭǴǵǣ ǰǣǲǳȂǯǶȁ. ǔǫǴǵǨǯǣ ǦǮǶǤǱǭǱǦǱ ǱǤǶǺǨǰǫȂ ǲǨǳǥǱǰǣǺǣǮǿǰǱ ǤǶǧǨǵ 
ǱǤǶǺǨǰǣ ǰǨǯǣǳǭǫǳǱǥǣǰǰǾǯ ǧǣǰǰǾǯ. Ǎǣǭ ǵǱǮǿǭǱ Ȁǵǫ ǷǶǰǭǹǫǫ ǤǶǧǶǵ ǫǪǥǮǨǺǨǰǾ 
ǫǪ ǴǫǴǵǨǯǾ ǦǮǶǤǱǭǱǦǱ ǱǤǶǺǨǰǫȂ, Ǳǰǫ ǤǶǧǶǵ ǫǰǵǨǦǳǫǳǱǥǣǰǾ ǥ ǴǫǴǵǨǯǶ ǰǨǺǨǵǭǱǦǱ 
ǥǾǥǱǧǣ. Ǡǵǣ ǴǫǴǵǨǯǣ ǯǱǩǨǵ ǥǭǮȁǺǣǵǿ ǭǣǭ ǷǶǰǭǹǫǫ, ǱǤǰǣǳǶǩǨǰǰǾǨ ǥ ǳǨǪǶǮǿǵǣǵǨ 
ǦǮǶǤǱǭǱǦǱ ǱǤǶǺǨǰǫȂ, ǵǣǭ ǫ ǴǶǤǽǨǭǵǫǥǰǶȁ ǫǰǷǱǳǯǣǹǫȁ Ǳǵ ǣǰǣǮǫǵǫǭǱǥ. Ǡǵǫ ǧǥǨ Ǻǣ-
Ǵǵǫ ǥǯǨǴǵǨ ǯǱǦǶǵ ǤǾǵǿ ǫǴǲǱǮǿǪǱǥǣǰǾ ǧǮȂ ǹǨǮǨǬ ǭǮǣǴǴǫǷǫǭǣǹǫǫ. Ǖǣǭǫǯ ǱǤǳǣǪǱǯ, 
ǱǭǱǰǺǣǵǨǮǿǰǣȂ ǴǫǴǵǨǯǣ ǴǯǱǩǨǵ ǴǱǱǤǼǣǵǿ ǭǣǭ Ǳ ǳǨǪǶǮǿǵǣǵǣǸ ǭǮǣǴǴǫǷǫǭǣǹǫǫ, ǵǣǭ 
ǫ Ǳ ǭǱǰǭǳǨǵǰǾǸ ǱǴǱǤǨǰǰǱǴǵȂǸ ǫ ǲǳǣǥǫǮǣǸ, ǭǱǵǱǳǾǨ ǤǾǮǫ ǣǭǵǫǥǫǳǱǥǣǰǾ ǧǮȂ ǵǱǦǱ, 
ǺǵǱǤǾ ǴǫǴǵǨǯǣ ǲǳǫǻǮǣ ǭ ǴǥǱǨǯǶ ǪǣǭǮȁǺǨǰǫȁ. ǍǳǱǯǨ ǵǱǦǱ, ǱǭǱǰǺǣǵǨǮǿǰǣȂ ǴǫǴǵǨ-
ǯǣ ǯǱǩǨǵ ǤǾǵǿ ǧǱǲǱǮǰǫǵǨǮǿǰǱ ǱǵǭǱǳǳǨǭǵǫǳǱǥǣǰǣ ǣǰǣǮǫǵǫǭǱǯ ǥ ǭǣǺǨǴǵǥǨ ǱǧǰǱǬ 
ǫǪ ǷǱǳǯ ǱǤǳǣǵǰǱǬ ǴǥȂǪǫ.

ǄǮǣǦǱǧǣǳȂ ǵǨǱǳǫǫ ǰǨǺǨǵǭǫǸ ǯǰǱǩǨǴǵǥ, ǫǴǲǱǮǿǪǶȂ ǰǨǺǨǵǭǫǨ ǱǵǰǱǻǨǰǫȂ ǫ ǲǳǣǥǫǮǣ, ǯǱǩ-
ǰǱ ǴǱǪǧǣǵǿ ȀǷǷǨǭǵǫǥǰǶȁ ǯǱǧǨǮǿ ǲǳǱǦǰǱǪǫǳǱǥǣǰǫȂ ǥǳǨǯǨǰǰǾǸ ǳȂǧǱǥ Ǵ ǤǱǮǿǻǫǯ 
ǺǫǴǮǱǯ ǥǸǱǧǱǥ ǫ Ǳǧǰǫǯ ǥǾǸǱǧǱǯ (ǲǳǱǦǰǱǪǱǯ). ǒǱǧǱǤǰǾǬ ǲǱǧǸǱǧ ǲǱǪǥǱǮȂǨǵ ǲǳǱ-
ǫǪǥǨǴǵǫ ǥ ǰǨǭǱǵǱǳǱǯ ǳǱǧǨ ǱǤǱǴǰǱǥǣǰǫǨ ǳǣǤǱǵǾ ǫǴǭǶǴǴǵǥǨǰǰǱǬ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ 
ǫǴǲǱǮǿǪǶȂ Ǵ ǱǧǰǱǬ ǴǵǱǳǱǰǾ ǰǨǬǳǱ-ǰǨǺǨǵǭǫǨ ǯǱǧǨǮǫ, ǣ Ǵ ǧǳǶǦǱǬ ǰǨǺǨǵǭǫǨ ǭǱǦǰǫǵǫǥ-
ǰǾǨ ǭǣǳǵǾ. ǐǣǯǫ ǤǾǮǣ ǳǣǪǳǣǤǱǵǣǰǣ ǦǫǤǳǫǧǰǣȂ ǯǱǧǶǮȂǳǰǣȂ ǯǱǧǨǮǿ ǲǳǱǦǰǱǪǫǳǱǥǣ-
ǰǫȂ, ǱǤǽǨǧǫǰȂȁǼǣȂ ǵǨǱǳǫȁ ǰǨǺǨǵǭǱǬ ǮǱǦǫǭǫ, ǭǱǦǰǫǵǫǥǰǾǸ ǭǣǳǵ ǫ ǫǴǭǶǴǴǵǥǨǰǰǾǸ 
ǰǨǬǳǱǰǰǾǸ ǴǨǵǨǬ.

ǏǱǧǶǮȂǳǰǣȂ ǴǫǴǵǨǯǣ ǥ ǹǨǮǱǯ ǴǱǴǵǱǫǵ ǫǪ ǰǨǴǭǱǮǿǭǫǸ ǴǲǨǹǫǣǮǫǪǫǳǱǥǣǰǰǾǸ ǯǱǧǶǮǨǬ. 
ǅ ǱǤǼǨǯ ǴǮǶǺǣǨ, Ȁǵǫ ǯǱǧǶǮǫ ǫǯǨȁǵ ǴǮǨǧǶȁǼǫǨ ǸǣǳǣǭǵǨǳǫǴǵǫǭǫ:

1. ǏǱǧǶǮǫ ǴǫǴǵǨǯǾ ǴǲǨǹǫǷǫǺǰǾ ǫ ǫǯǨȁǵ ǴǲǨǹǫǣǮǫǪǫǳǱǥǣǰǰǾǨ ǥǾǺǫǴǮǫǵǨǮǿǰǾǨ ǣǳ-
ǸǫǵǨǭǵǶǳǾ, ǺǵǱǤǾ ǳǣǴǲǱǪǰǣǥǣǵǿ ǫ ǳǨǣǦǫǳǱǥǣǵǿ ǰǣ ǱǲǳǨǧǨǮǨǰǰǾǨ ǲǱǧǪǣǧǣǺǫ ǤǱǮǿ-
ǻǱǬ ǱǤǼǨǬ ǪǣǧǣǺǫ.

2. ǍǣǩǧǾǬ ǯǱǧǶǮǿ, ǭǣǭ ǲǳǣǥǫǮǱ, ǰǨ ǪǣǥǫǴǫǯ Ǳǵ ǧǳǶǦǫǸ ǯǱǧǶǮǨǬ ǥ ǨǦǱ ǷǶǰǭǹǫǱǰǫǳǱǥǣ-
ǰǫǫ ǫ ǰǨ ǥǮǫȂǨǵ ǰǣ ǧǳǶǦǫǨ ǳǣǤǱǵǶ ǧǳǶǦǫǸ ǯǱǧǶǮǨǬ.

3. ǏǱǧǶǮǫ ǫǯǨȁǵ ǤǱǮǨǨ ǲǳǱǴǵǶȁ ǣǳǸǫǵǨǭǵǶǳǶ, ǲǱ ǴǳǣǥǰǨǰǫȁ Ǵ ǴǫǴǵǨǯǱǬ ǥ ǹǨǮǱǯ. Ǖǣ-
ǭǫǯ ǱǤǳǣǪǱǯ, ǯǱǧǶǮǿ ǳǣǤǱǵǣǨǵ ǤǾǴǵǳǨǨ, ǺǨǯ ǴǮǱǩǰǣȂ ǯǱǰǱǮǫǵǰǣȂ ǴǫǴǵǨǯǣ.

4. ǓǨǪǶǮǿǵǣǵǾ ǳǣǤǱǵǾ ǭǣǩǧǱǦǱ ǯǱǧǶǮȂ ǲǱ ǱǵǧǨǮǿǰǱǴǵǫ ǱǤǽǨǧǫǰȂȁǵǴȂ Ǵ ǲǱǯǱǼǿȁ ǴǲǨ-
ǹǫǣǮǿǰǱǦǱ ǫǰǵǨǦǳǣǹǫǱǰǰǱǦǱ ǯǱǧǶǮȂ (ǥ ǰǣǻǨǯ ǴǮǶǺǣǨ ǯǱǧǶǮǿ ǭǱǰǴǨǰǴǶǴ ǲǳǱǦǰǱǪǣ), 
ǤǮǣǦǱǧǣǳȂ ǺǨǯǶ ǧǱǴǵǫǦǣǨǵǴȂ ǰǣǫǤǱǮǨǨ ǥǾǴǱǭǣȂ ǵǱǺǰǱǴǵǿ ǲǳǱǦǰǱǪǣ ǥǴǨǬ ǴǫǴǵǨǯǾ.

ǔǫǴǵǨǯǣ ǫǯǨǨǵ ǵǳǫ ǱǴǰǱǥǰǾǸ ǯǱǧǶǮȂ, ǱǵǥǨǺǣȁǼǫǸ Ǫǣ ǪǣǧǣǺǶ ǲǳǱǦǰǱǪǫǳǱǥǣǰǫȂ. ǐǨǬǳǱ-
ǰǨǺǨǵǭǣȂ ǴǨǵǿ ANFIS, ǥǾǲǱǮǰȂǨǵ ǲǳǱǦǰǱǪ ǥǳǨǯǨǰǰǱǦǱ ǳȂǧǣ ǰǣ ǱǴǰǱǥǨ ǺǫǴǮǨǰǰǾǸ 
ǲǱǭǣǪǣǵǨǮǨǬ ǫ ǧǣǨǵ ǰǣǯ, ǵǣǭ ǰǣǪǾǥǣǨǯǾǬ ǭǱǮǫǺǨǴǵǥǨǰǰǾǬ ǲǳǱǦǰǱǪ, ǳǨǪǶǮǿǵǣǵǾ 
ǭǱǵǱǳǱǦǱ ǲǳǱǸǱǧȂǵ ǺǨǳǨǪ ǴǫǴǵǨǯǶ ǥǨǳǫǷǫǭǣǹǫǫ (ǱǹǨǰǭǫ ǣǧǨǭǥǣǵǰǱǴǵǫ ǲǳǱǦǰǱǪǣ), 
ǨǴǮǫ ǲǳǱǦǰǱǪ ǴǱǱǵǥǨǵǴǵǥǶǨǵ ǰǨǱǤǸǱǧǫǯǱǬ ǵǱǺǰǱǴǵǫ, ǵǱ Ǳǰ ǲǨǳǨǧǣǨǵǴȂ ǰǣ ǴǮǨǧǶȁ-
ǼǫǬ ǯǱǧǶǮǿ. ǒǣǳǣǮǮǨǮǿǰǱ Ǵ ǰǨǬǳǱ-ǰǨǺǨǵǭǱǬ ǴǨǵǿȁ, ǳǣǤǱǵǣǨǵ ǯǱǧǶǮǿ Ǵ ǰǨǺǨǵǭǱǬ 
ǭǱǦǰǫǵǫǥǰǱǬ ǭǣǳǵǱǬ, ǭǱǵǱǳǾǬ ǲǱǮǶǺǣǨǵ ǰǣ ǥǸǱǧ ǧǣǰǰǾǨ Ǳ ǴǱǤǾǵǫǬǰǱǯ ǥǮǫȂǰǫǫ 
ǰǣ ǥǳǨǯǨǰǰǱǬ ǳȂǧ, ǴǵǳǱǫǵǴȂ ǭǱǦǰǫǵǫǥǰǣȂ ǭǣǳǵǣ, ǥ ǭǱǵǱǳǱǬ ǶǺǫǵǾǥǣȁǵǴȂ ǥǴǨ ǷǣǭǵǱ-
ǳǾ ǥǮǫȂǰǫȂ ǰǣ ǭǱǰǭǳǨǵǰǾǬ ǲǳǱǦǰǱǪǫǳǶǨǯǾǬ ǲǱǭǣǪǣǵǨǮǿ. ǐǣ ǥǾǸǱǧǨ ǭǱǦǰǫǵǫǥǰǣȂ 
ǭǣǳǵǣ ǧǣǨǵ ǰǣǯ ǲǳǱǦǰǱǪ Ǵ ǥǨǳǱȂǵǰǱǴǵǿȁ ǨǦǱ ǥǾǲǱǮǰǨǰǫȂ, ǵǱ ǨǴǵǿ, Ǵ ǭǱǰǴǱǰǣǰǴǱǯ 
ǷǣǭǵǱǳǣ, ǭǱǵǱǳǾǬ ǦǱǥǱǳǫǵ ǰǣǯ, ǥǾǲǱǮǰǫǵǴȂ ǲǳǱǦǰǱǪ ǫǮǫ ǰǨǵ. ǇǣǮǨǨ ǥǴǨ ǧǣǰǰǾǨ, 
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ǲǱǮǶǺǨǰǰǾǨ Ǵ ǧǣǰǰǾǸ ǯǱǧǶǮǨǬ ǲǱǴǵǶǲǣȁǵ ǰǣ ǵǳǨǵǫǬ ǯǱǧǶǮǿ, ǳǣǤǱǵǣ-
ȁǼǫǬ ǰǣ ǱǴǰǱǥǨ ANFIS ǴǨǵǫ, ǭǱǵǱǳǾǬ ǣǦǳǨǦǫǳǶǨǵ ǫǰǷǱǳǯǣǹǫȁ, ǲǱǮǶ-
ǺǨǰǰǶȁ Ǵ ǲǳǨǧǾǧǶǼǫǸ ǯǱǧǶǮǨǬ ǫ ǥǾǧǣǨǵ ǫǵǱǦǱǥǾǬ ǭǱǰǴǨǰǴǶǴ ǲǳǱǦǰǱǪ. 
ǐǣ ǳǫǴ. 1 ǲǳǨǧǴǵǣǥǮǨǰǣ ǯǱǧǨǮǿ ǴǫǴǵǨǯǾ ǲǳǱǦǰǱǪǫǳǱǥǣǰǫȂ.

ʟˋ˔.ͷ. ʛˑˇ˖ˎя˓ː˃я ˔ˋ˔˕ˈˏ˃ ˒˓ˑˆːˑˊˋ˓ˑ˅˃ːˋя

ǅ ȀǵǱǬ ǴǵǣǵǿǨ ǧǨǮǣǨǵǴȂ ǲǱǲǾǵǭǣ ǧǣǵǿ ǱǤǪǱǳ ǰǨǴǭǱǮǿǭǫǸ ǣǮǦǱǳǫǵǯǱǥ ǫǪǥǮǨ-
ǺǨǰǫȂ ǲǳǣǥǫǮ ǫǪ ǫǴǭǶǴǴǵǥǨǰǰǱǬ ǰǨǬǳǱǰǰǱǬ ǴǨǵǫ. ǐǨǭǱǵǱǳǾǨ ǫǪ ǴǱǥǳǨ-
ǯǨǰǰǾǸ ǣǮǦǱǳǫǵǯǱǥ ǱǤǴǶǩǧǣȁǵǴȂ ǥ ǭǣǩǧǱǬ ǭǣǵǨǦǱǳǫǫ ɉ ǧǨǭǱǯǲǱǪǫǹǫ-
ǱǰǰǾǨ, ǲǨǧǣǦǱǦǫǺǨǴǭǫǨ ǫ ȀǭǮǨǭǵǫǺǨǴǭǫǨ. ǅ ǰǣǴǵǱȂǼǨǨ ǥǳǨǯȂ ǦǮǶǤǱǭǱǨ 
ǱǤǶǺǨǰǫǨ ǱǤǨǴǲǨǺǫǥǣǨǵ ǲǳǫǨǯǮǨǯǱǨ ǳǨǻǨǰǫǨ ǧǮȂ ǯǰǱǩǨǴǵǥǣ ǲǳǱǤǮǨǯ. 
ǠǵǱ ǰǱǥǣȂ ǱǤǮǣǴǵǿ ǯǣǻǫǰǰǱǦǱ ǱǤǶǺǨǰǫȂ, ǭǱǵǱǳǣȂ, ǭǣǭ ǴǺǫǵǣǨǵǴȂ, ǲǳǱ-
ǧǥǫǦǣǨǵ ǯǣǻǫǰǰǱǨ ǱǤǶǺǨǰǫǨ ǰǣ ǻǣǦ ǥǲǨǳǨǧǫ. ǐǱ ȀǵǱ ǥǴǨ ǨǼǨ ǴǫǴǵǨǯǣ 
ǺǨǳǰǱǦǱ ȂǼǫǭǣ. ǕǱǮǿǭǱ ǰǨǴǭǱǮǿǭǱ ǳǣǤǱǵ ǲǾǵǣȁǵǴȂ ǶǴǵǣǰǱǥǫǵǿ ǷǶǰǧǣ-
ǯǨǰǵǣǮǿǰǶȁ ǴǥȂǪǿ ǯǨǩǧǶ ǧǥǶǯȂ ǥǣǩǰǾǯǫ ǱǤǮǣǴǵȂǯǫ ǥ ǫǴǭǶǴǴǵǥǨǰǰǱǯ 
ǫǰǵǨǮǮǨǭǵǨ, ǵǱ ǨǴǵǿ ǦǮǶǤǱǭǫǯ ǱǤǶǺǨǰǫǨǯ ǫ ǰǨǺǨǵǭǱǬ ǮǱǦǫǭǱǬ.

ǋǪǶǺǨǰǫǨ ǰǨǺǨǵǭǱǬ ǮǱǦǫǭǫ ǧǱǴǵǫǦǮǱ ǭǶǮǿǯǫǰǣǹǫǫ ǥ ǭǱǰǹǨ 20-ǦǱ ǥǨǭǣ, ǫ Ǵ ǵǨǸ 
ǲǱǳ ǰǣǺǣǮǱ ǶǯǨǰǿǻǣǵǿǴȂ. ǠǵǱ ǴǰǫǩǨǰǫǨ ǯǱǩǨǵ ǤǾǵǿ ǺǣǴǵǫǺǰǱ ǴǥȂǪǣǰǱ 
Ǵ ǱǵǴǶǵǴǵǥǫǨǯ ǳǨǪǶǮǿǵǣǵǱǥ ǥ ǯǣǻǫǰǰǱǯ ǱǤǶǺǨǰǫǫ. ǋǪǥǮǨǺǨǰǫǨ ǲǳǣǥǫǮ 
ȂǥǮȂǨǵǴȂ Ǳǧǰǫǯ ǫǪ ǴǲǱǴǱǤǱǥ ǲǱǯǱǺǿ ǲǱǰȂǵǿ ǰǨǬǳǱǰǰǾǨ ǴǨǵǫ. Ǡǵǫ ǫǴ-
ǴǮǨǧǱǥǣǰǫȂ ǲǳǱǮǱǩǣǵ ǲǶǵǿ ǧǮȂ ǫǴǴǮǨǧǱǥǣǵǨǮǨǬ ǰǨǺǨǵǭǱǬ ǮǱǦǫǭǫ ǧǮȂ 
ǳǣǪǳǣǤǱǵǭǫ ǲǳǫǮǱǩǨǰǫǬ ǥ ǱǤǮǣǴǵǫ ǫǴǭǶǴǴǵǥǨǰǰǱǦǱ ǫǰǵǨǮǮǨǭǵǣ ǫ ǳǨǻǨ-
ǰǫȂ ǴǮǱǩǰǾǸ ǲǳǱǤǮǨǯ, ǭǱǵǱǳǾǨ ǵǣǭǩǨ ǲǳǨǧǴǵǣǥǮȂȁǵ ǫǰǵǨǳǨǴ ǧǮȂ ǴǱǱǤ-
ǼǨǴǵǥǣ ǯǣǻǫǰǰǱǦǱ ǱǤǶǺǨǰǫȂ. ǑǲǾǵ ǫ ǪǰǣǰǫȂ ǥ ǱǤǮǣǴǵǫ ǰǨǺǨǵǭǱǬ ǮǱǦǫ-
ǭǫ ǸǱǳǱǻǱ ǲǱǧǸǱǧȂǵ ǧǮȂ ǯǱǧǨǮǫǳǱǥǣǰǫȂ ǰǨǱǧǰǱǪǰǣǺǰǱǴǵǨǬ ǥ ǤǱǮǿǻǫǸ 
ǧǣǰǰǾǸ, ǯǱǧǨǮǫǳǱǥǣǰǫȂ ǰǨǱǲǳǨǧǨǮǨǰǰǱǴǵǫ ǥ ǲǳǨǧǴǵǣǥǮǨǰǫǫ ǪǰǣǰǫǬ 
ǫ ǱǤǨǴǲǨǺǨǰǫȂ ǱǤǶǺǨǰǫȂ ǲǨǳǨǧǣǺǨ Ǵ ǰǨǫǰǧǶǭǵǫǥǰǾǯ ǥǾǥǱǧǱǯ
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Abstract

T’is pap—r att—mpts to ‘iv— an ov—rvi—w of s—v—ral al‘orit’ms for —xtractin‘ rul—s from an 
artiicial n—ural n—twor”. T’— s—con– ‘oal of t’is articl— is to —stablis’ fun–am—ntal 
conn—ctions b—tw——n two important ar—as of artiicial int—lli‘—nc— ɉ fuzzy lo‘ic an– 
–——p l—arnin‘. Suc’ an approac’ will al-low r—s—arc’—rs in t’— i—l– of fuzzy lo‘ic to 
–—v—lop ap-pli—– syst—ms in t’— i—l– of stron‘ artiicial int—lli‘—nc—, w’ic’ ar— also of 
int—r—st to sp—cialists in t’— i—l– of mac’in— l—arnin‘.
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