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В.И. Шɚɥɚɤ, Иɧɫɬɢɬɭɬ ɮɢɥɨɫɨɮɢɢ ɊАɇ, ɫɟɤɬɨɪ ɥɨɝɢɤɢ 
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Пɥаɧɢɪɨваɧɢɟ ɞɟɣɫɬвɢɣ. В ɨɛɥɚɫɬɢ Иɫɤɭɫɫɬɜɟɧɧɨɝɨ Иɧɬɟɥɥɟɤɬɚ ɷɬɚ ɡɚɞɚɱɚ ɹɜɥɹɟɬɫɹ 
ɫɬɚɧɞɚɪɬɧɨɣ. Иɦɟɹ ɨɩɢɫɚɧɢɹ ɢɫɯɨɞɧɨɝɨ ɢ ɰɟɥɟɜɨɝɨ ɫɨɫɬɨɹɧɢɣ A ɢ B, ɬɪɟɛɭɟɬɫɹ ɧɚɣɬɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɫɨɜɟɪɲɢɬɶ ɩɟɪɟɯɨɞ ɨɬ ɩɟɪɜɨɝɨ ɤɨ 
ɜɬɨɪɨɦɭ. В ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɪɚɡɪɚɛɨɬɚɧɵ ɤɚɤ ɞɟɞɭɤɬɢɜɧɵɟ, ɬɚɤ 
ɢ ɬɟɨɪɟɬɢɤɨ-ɦɨɞɟɥɶɧɵɟ ɦɟɬɨɞɵ. 

ɋɬɚɧɞɚɪɬɧɵɦ ɩɪɢɦɟɪɨɦ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɢɡ ɦɢɪɚ ɤɭɛɢɤɨɜ, ɤɨɝɞɚ ɬɪɟɛɭɟɬɫɹ 
ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɧɚɱɚɥɶɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ ɤɭɛɢɤɨɜ ɜ ɰɟɥɟɜɭɸ. ɉɪɢ ɷɬɨɦ ɢɦɟɟɬɫɹ ɪɹɞ 
ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɜɨɡɦɨɠɧɵɟ ɞɟɣɫɬɜɢɹ: ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɦɨɠɧɨ ɩɟɪɟɦɟɫɬɢɬɶ 
ɥɢɲɶ ɨɞɢɧ ɤɭɛɢɤ, ɩɟɪɟɦɟɳɟɧɢɟ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɧɚ ɟɞɢɧɢɰɭ ɪɚɫɫɬɨɹɧɢɹ, ɤɭɛɢɤɢ ɦɨɝɭɬ 
ɧɚɯɨɞɢɬɶɫɹ ɞɪɭɝ ɧɚ ɞɪɭɝɟ, ɩɥɨɳɚɞɶ, ɧɚ ɤɨɬɨɪɨɣ ɪɚɡɪɟɲɚɟɬɫɹ ɢɯ ɩɟɪɟɦɟɳɚɬɶ, ɨɝɪɚɧɢɱɟɧɚ. 
Вɫɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɡɚɞɚɱɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɞɟɣɫɬɜɢɣ ɩɨɩɚɞɚɸɬ ɜ ɪɚɡɪɹɞ PSPACE-
ɫɥɨɠɧɵɯ, ɬ.ɟ. ɛɨɥɟɟ ɫɥɨɠɧɵɯ, ɱɟɦ ɩɪɨɛɥɟɦɚ ɜɵɩɨɥɧɢɦɨɫɬɢ ɮɨɪɦɭɥ ɥɨɝɢɤɢ 
ɜɵɫɤɚɡɵɜɚɧɢɣ. Эɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɢɟɦɥɟɦɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɞɟɣɫɬɜɢɣ ɧɟɬ ɢ ɛɵɬɶ ɧɟ ɦɨɠɟɬ. 

ɉɥɚɧɢɪɨɜɚɧɢɟ ɞɟɣɫɬɜɢɣ ɜ ɬɨɦ ɜɢɞɟ, ɤɚɤ ɨɩɢɫɚɧɨ ɜɵɲɟ, - ɷɬɨ ɤɨɧɟɱɧɵɣ ɷɬɚɩ, ɤɨɝɞɚ 
ɢɫɯɨɞɧɨɟ ɢ ɰɟɥɟɜɨɟ ɫɨɫɬɨɹɧɢɹ ɭɠɟ ɮɢɤɫɢɪɨɜɚɧɵ. ɉɪɢ ɷɬɨɦ ɭɩɭɫɤɚɟɬɫɹ ɢɡ ɜɢɞɚ ɜɚɠɧɵɣ 
ɷɬɚɩ ɩɨɫɬɚɧɨɜɤɢ ɰɟɥɢ ɢ ɭɬɨɱɧɟɧɢɹ ɢɫɯɨɞɧɵɯ ɭɫɥɨɜɢɣ. ɇɚ ɩɪɚɤɬɢɤɟ ɰɟɥɶ ɨɛɵɱɧɨ 
ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɜ ɞɨɫɬɚɬɨɱɧɨ ɨɛɳɟɦ ɜɢɞɟ, ɩɨɫɥɟ ɱɟɝɨ ɫɥɟɞɭɟɬ ɟɟ ɭɬɨɱɧɟɧɢɟ ɢ ɭɬɨɱɧɟɧɢɟ 
ɢɫɯɨɞɧɵɯ ɭɫɥɨɜɢɣ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɜɨɡɦɨɠɟɧ ɜɵɛɨɪ ɚɥɶɬɟɪɧɚɬɢɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɫɬɢ ɩɨ ɪɚɡɥɢɱɧɵɦ ɤɪɢɬɟɪɢɹɦ. Вɨɡɶɦɟɦ, ɧɚɩɪɢɦɟɪ, ɩɥɚɧɢɪɨɜɚɧɢɟ 
ɥɟɬɧɟɝɨ ɨɬɩɭɫɤɚ. Цɟɥɶ – ɯɨɪɨɲɨ ɟɝɨ ɩɪɨɜɟɫɬɢ. ɇɢ ɦɟɫɬɨ, ɧɢ ɬɨɱɧɨɟ ɜɪɟɦɹ, ɧɢ ɫɭɦɦɚ 
ɪɚɫɯɨɞɨɜ ɩɨɤɚ ɧɟ ɢɡɜɟɫɬɧɵ, ɧɨ ɜɵ ɭɠɟ ɧɚɱɢɧɚɟɬɟ ɟɝɨ ɩɥɚɧɢɪɨɜɚɬɶ. Ⱦɥɹ ɷɬɨɝɨ ɜɵ 
ɭɬɨɱɧɹɟɬɟ, ɱɬɨ ɡɧɚɱɢɬ ɜ ɜɚɲɟɦ ɩɨɧɢɦɚɧɢɢ ɯɨɪɨɲɢɣ ɨɬɩɭɫɤ, ɤɚɤ ɛɵ ɜɵ ɯɨɬɟɥɢ ɟɝɨ 
ɩɪɨɜɟɫɬɢ, ɝɞɟ, ɫ ɤɟɦ, ɜ ɤɚɤɨɦ ɦɟɫɹɰɟ, ɤɚɤɢɟ ɜɚɪɢɚɧɬɵ ɞɨɫɬɭɩɧɵ ɢ ɬ.ɞ. Ʌɢɲɶ ɩɨɫɥɟ ɬɨɝɨ, 
ɤɚɤ ɜɵɛɪɚɧ ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ, ɜɵ ɩɪɢɫɬɭɩɚɟɬɟ ɤ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ. Аɧɚɥɨɝɢɱɧɵɦ 
ɨɛɪɚɡɨɦ ɜɵ ɫɬɪɨɢɬɟ ɩɥɚɧɵ ɪɟɲɟɧɢɹ ɛɵɬɨɜɵɯ ɩɪɨɛɥɟɦ, ɩɨɫɬɪɨɣɤɢ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ ɨɬ 
Ɇɨɫɤɜɵ ɞɨ Ʌɭɧɵ, ɫɱɚɫɬɥɢɜɨɝɨ ɛɭɞɭɳɟɝɨ ɫɜɨɢɯ ɞɟɬɟɣ. 

Пɥаɧɢɪɨваɧɢɟ ɰɟɥɟɣ. Иɡɜɟɫɬɧɨ ɜɵɫɤɚɡɵɜɚɧɢɟ, ɱɬɨ ɩɪɚɜɢɥɶɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɚɹ 
ɡɚɞɚɱɚ ɭɠɟ ɱɚɫɬɢɱɧɨ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɪɟɲɟɧɢɟ. ɉɪɟɞɥɚɝɚɟɦɨɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɢɫɱɢɫɥɟɧɢɟ 
ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɝɨ ɭɬɨɱɧɟɧɢɹ ɰɟɥɢ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɨɧɚ ɧɟ ɛɭɞɟɬ 
ɫɜɟɞɟɧɚ ɤ ɧɚɛɨɪɭ ɷɥɟɦɟɧɬɚɪɧɵɯ ɞɟɣɫɬɜɢɣ. 

Иɫɱɢɫɥɟɧɢɟ ɫɬɪɨɢɬɫɹ ɜ ɹɡɵɤɟ ɦɧɨɝɨɫɨɪɬɧɨɣ ɥɨɝɢɤɢ ɩɪɟɞɢɤɚɬɨɜ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ. 
Ɉɞɧɨɣ ɢɡ ɟɝɨ ɨɬɥɢɱɢɬɟɥɶɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɩɪɚɜɢɥ ɨɩɪɟɞɟɥɟɧɢɹ ɧɨɜɵɯ 
ɩɪɟɞɢɤɚɬɧɵɯ ɫɢɦɜɨɥɨɜ ɢ ɢɯ ɭɫɬɪɚɧɟɧɢɹ. ɉɨɫɤɨɥɶɤɭ ɜɜɟɞɟɧɢɟ ɧɨɜɵɯ ɫɢɦɜɨɥɨɜ ɩɪɢɜɨɞɢɬ 
ɤ ɪɚɫɲɢɪɟɧɢɸ ɹɡɵɤɚ, ɨɧ ɧɟ ɮɢɤɫɢɪɨɜɚɧ ɢ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜ ɯɨɞɟ ɩɨɫɬɪɨɟɧɢɹ ɞɟɪɟɜɚ 
ɚɧɚɥɢɡɚ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ ɪɚɫɲɢɪɟɧɢɟɦ ɹɡɵɤɚ ɪɚɫɲɢɪɹɟɬɫɹ ɩɨɧɹɬɢɟ ɮɨɪɦɭɥɵ. ȿɫɥɢ 
ɨɛɵɱɧɨ ɢɫɱɢɫɥɟɧɢɹ ɜ ɜɢɞɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɬɚɛɥɢɰ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɩɨɢɫɤɚ 
ɤɨɧɬɪɦɨɞɟɥɟɣ, ɬɨ ɩɪɟɞɥɚɝɚɟɦɨɟ ɢɫɱɢɫɥɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɫɬɪɨɢɬɶ ɦɨɞɟɥɢ ɰɟɥɟɜɵɯ ɮɨɪɦɭɥ, 
ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɞɨɥɠɧɵ ɛɵɬɶ ɫɨɨɬɧɟɫɟɧɵ ɫ ɬɟɤɭɳɢɦ ɩɨɥɨɠɟɧɢɟɦ ɞɟɥ. Ɉɬɥɢɱɢɹ ɰɟɥɟɜɵɯ 
ɦɨɞɟɥɟɣ ɨɬ ɬɟɤɭɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɞɟɥ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɛɨɪɚ ɚɥɶɬɟɪɧɚɬɢɜ. 
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Ʉɚɠɞɨɦɭ ɭɡɥɭ ɞɟɪɟɜɚ ɫɨɩɨɫɬɚɜɥɟɧɨ ɜɵɪɚɠɟɧɢɟ ɜɢɞɚ: 

S   Fact, Def, L 

 S – ɦɧɨɠɟɫɬɜɨ ɰɟɥɟɣ; 
 Fact – ɦɧɨɠɟɫɬɜɨ ɥɢɬɟɪɚɥɨɜ; 
 Def – ɦɧɨɠɟɫɬɜɨ ɨɩɪɟɞɟɥɟɧɢɣ; 
 L – ɹɡɵɤ. 

ɉɪɚɜɢɥɨ ɩɪɢɧɹɬɢɹ ɨɩɪɟɞɟɥɟɧɢɣ ɢɦɟɟɬ ɜɢɞ: 

S, Pt   Fact, x(PxA)Def, L 
(P) 

S, Pt   Fact, Def{x(PxA)}, LL(A) S   Fact{Pt}, Def, L 
 

ɋɦɵɫɥ ɟɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɟɫɥɢ ɫɪɟɞɢ ɰɟɥɟɣ ɢɦɟɟɬɫɹ ɚɬɨɦɚɪɧɚɹ ɮɨɪɦɭɥɚ 
Pt, ɝɞɟ ɩɪɟɞɢɤɚɬɧɵɣ ɫɢɦɜɨɥ P ɧɟ ɛɵɥ ɪɚɧɟɟ ɜɜɟɞɟɧ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ, ɬɨ ɭ ɧɚɫ ɢɦɟɟɬɫɹ 
ɜɵɛɨɪ ɢɡ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɩɪɨɞɨɥɠɟɧɢɹ ɞɟɪɟɜɚ. Первый ɜɚɪɢɚɧɬ – ɞɚɬɶ ɨɩɪɟɞɟɥɟɧɢɟ 
ɫɢɦɜɨɥɭ P, ɪɚɫɲɢɪɢɜ ɦɧɨɠɟɫɬɜɨ ɨɩɪɟɞɟɥɟɧɢɣ ɢ ɞɨɛɚɜɢɜ ɤ ɢɫɯɨɞɧɵɦ ɫɢɦɜɨɥɚɦ ɹɡɵɤɚ 
ɧɨɜɵɟ ɞɟɫɤɪɢɩɬɢɜɧɵɟ ɫɢɦɜɨɥɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɯɨɞɢɬɶ ɜ ɩɪɚɜɭɸ ɱɚɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ. 
Втɨрɨй ɜɚɪɢɚɧɬ – ɨɬɧɟɫɬɢ ɞɚɧɧɵɣ ɩɪɟɞɢɤɚɬɧɵɣ ɫɢɦɜɨɥ ɤ ɧɟɨɩɪɟɞɟɥɹɟɦɵɦ 
(ɷɦɩɢɪɢɱɟɫɤɢɦ) ɢ ɜɤɥɸɱɢɬɶ ɚɬɨɦɚɪɧɭɸ ɮɨɪɦɭɥɭ Pt ɜ ɱɢɫɥɨ ɬɟɯ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ 
ɫɨɨɬɧɟɫɟɧɵ ɫ ɬɟɤɭɳɢɦ ɩɨɥɨɠɟɧɢɟɦ ɞɟɥ. 

ɉɪɚɜɢɥɨ ɭɫɬɪɚɧɟɧɢɹ ɩɪɟɞɢɤɚɬɧɵɯ ɫɢɦɜɨɥɨɜ, ɜɜɟɞɟɧɧɵɯ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ, ɢɦɟɟɬ 
ɜɢɞ: 

S, Pt   Fact, x(PxA)Def, L 
(D) 

S, A[t/x]     Fact, Def, L 
 

Пɨлɧɨй ɧɚɡɵɜɚɟɬɫɹ ɜɟɬɜɶ ɞɟɪɟɜɚ, ɤɨɧɟɱɧɵɣ ɭɡɟɥ ɤɨɬɨɪɨɣ ɢɦɟɟɬ ɜɢɞ:  

   Fact, Def, L 

 ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɬɚɤɨɣ ɭɡɟɥ ɩɨɫɬɪɨɟɧ, ɮɨɪɦɭɥɵ ɦɧɨɠɟɫɬɜɚ Fact ɞɨɥɠɧɵ ɛɵɬɶ 
ɫɨɨɬɧɟɫɟɧɵ ɫ ɬɟɤɭɳɢɦ ɩɨɥɨɠɟɧɢɟɦ ɞɟɥ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɛɵɬɶ ɢɡɦɟɧɟɧɨ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɬɨɛɵ ɜɫɟ ɮɨɪɦɭɥɵ Fact ɫɬɚɥɢ ɢɫɬɢɧɧɵɦɢ. 

 ɉɨɫɤɨɥɶɤɭ ɩɪɚɜɢɥɨ ɜɜɟɞɟɧɢɹ ɨɩɪɟɞɟɥɟɧɢɣ ɧɟ ɹɜɥɹɟɬɫɹ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɦ, ɬɨ 
ɤɨɦɩɶɸɬɟɪɧɚɹ ɪɟɚɥɢɡɚɰɢɢ ɢɫɱɢɫɥɟɧɢɹ ɢɦɟɟɬ ɞɢɚɥɨɝɨɜɵɣ ɯɚɪɚɤɬɟɪ. Вɨɩɪɨɫ ɨɛ ɭɫɥɨɜɢɹɯ 
ɢɫɬɢɧɧɨɫɬɢ ɮɨɪɦɭɥ ɦɧɨɠɟɫɬɜɚ Fact ɪɟɲɚɟɬɫɹ ɩɭɬɟɦ ɡɚɩɪɨɫɨɜ ɤ ɜɧɟɲɧɢɦ ɢɫɬɨɱɧɢɤɚɦɢ 
ɢɧɮɨɪɦɚɰɢɢ. 
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