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УȾɄ 004.8λμ004.λγ 

Ɉ ɜɨɡɦɨɠɧɨɫɬɹɯ  ɚɥɝɨɪɢɬɦɚ DTА ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɪɟɱɟɜɵɯ ɫɢɝɧɚɥɨɜ 
Ⱥ.ȼ. ɇɢɰɟɧɤɨ, ȼ.ɘ. ɒɟɥɟɩɨɜ, 

ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ 
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ɇɢɰɟɧɤɨ Ⱥ.ȼ.,Шɟɥɟɩɨɜ ȼ.ɘ. Ɉ ɜɨɡɦɨɠɧɨɫɬɹɯ ɚɥɝɨɪɢɬɦɚ DTА ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɪɟɱɟɜɵɯ 
ɫɢɝɧɚɥɨɜ.ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɚɪɢɚɧɬɵ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵх ɡɚɞɚɱ ɦɟɬɨɞɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ 
ɚɥɝɨɪɢɬɦɚ DTА, ɢɫɩɨɥɶɡɭɸɳɟɝɨ ɮɨɧɟɦɧɭɸ ɫɟɝɦɟɧɬɚɰɢɸ ɢ ɷɬɚɥɨɧɵ ɫɥɨɜ, ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɢɧɬɟɡɢɪɭɟɦɵɟ ɢɡ 
ɷɬɚɥɨɧɨɜ ɞɢɮɨɧɨɜ. Мɟɬɨɞ ɨɬɥɢɱɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ  DTА -ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɤ ɫɥɨɜɚɪɹɦ 
ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ (ɛɨɥɟɟ ɞɟɫɹɬɢ ɬɵɫɹɱ ɫɥɨɜ), ɚ ɬɚɤɠɟ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɥɢɬɧɨɣ ɪɟɱɢ. Рɚɛɨɬɚ ɜɟɞɟɬɫɹ ɫ 
ɩɪɨɢɡɜɨɥɶɧɵɦɢ ɫɥɨɜɚɪɹɦɢ, ɡɚɞɚɜɚɟɦɵɦɢ ɜ ɬɟɤɫɬɨɜɨɦ ɜɢɞɟ, ɛɟɡ ɧɟɨɛхɨɞɢɦɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 
ɨɛɭɱɟɧɢɹ ɷɬɚɥɨɧɨɜ ɜɫɟх ɫɥɨɜ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɪɟɱɢ, ɞɢɧɚɦɢɱɟɫɤɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ, ɚɥɝɨɪɢɬɦ DTА, ɫɟɝɦɟɧɬɚɰɢɹ, 
ɞɢɮɨɧ, ɚɧɬɢɷɬɚɥɨɧ.  

 

ȼɜɟɞɟɧɢɟ 

 

Ɉɞɧɨɣ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɩɪɨɛɥɟɦ 
ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɚ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɭɫɬɧɨɣ ɪɟɱɢ ɜ ɬɟɤɫɬ. Ɂɚ ɦɧɨɝɢɟ 
ɝɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɲɢɪɨɤɢɣ 
ɫɩɟɤɬɪ ɦɟɬɨɞɨɜ ɢ ɤɨɦɩɶюɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ, 
ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɪɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ. 
Сɟɝɨɞɧɹ ɩɨɥɭɱɟɧɵ ɦɧɨɝɨɨɛɟɳɚюɳɢɟ ɪɟɡɭɥɶɬɚɬɵ 
ɢ ɫɨɡɞɚɧɵ ɞɟɣɫɬɜɭюɳɢɟ ɤɨɦɦɟɪɱɟɫɤɢɟ ɫɢɫɬɟɦɵ, ɜ 
ɨɫɧɨɜɧɨɦ, ɞɥɹ ɚɧɝɥɢɣɫɤɨɝɨ ɹɡɵɤɚ, ɚ ɬɚɤɠɟ 
ɢɫɩɚɧɫɤɨɝɨ, ɮɪɚɧɰɭɡɫɤɨɝɨ, ɹɩɨɧɫɤɨɝɨ, ɤɢɬɚɣɫɤɨɝɨ 
ɢ ɚɪɚɛɫɤɢɯ ɹɡɵɤɨɜ Д1-8Ж. ȼ ɱɢɫɥɟ ɩɨɫɥɟɞɧɢɯ 
ɞɨɫɬɢɠɟɧɢɣ ɩɨɹɜɢɥɢɫɶ ɞɨɫɬɚɬɨɱɧɨ ɭɫɩɟɲɧɨ 
ɪɚɛɨɬɚюɳɢɟ ɫɢɫɬɟɦɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɥɢɬɧɨɣ ɪɟɱɢ 
ɫ ɛɨɥɶɲɢɦɢ ɫɥɨɜɚɪɹɦɢ, ɧɚɩɪɢɦɟɪ ɝɨɥɨɫɨɜɨɣ ɜɜɨɞ 
ɜ ɩɨɢɫɤɨɜɵɯ ɢɧɬɟɪɧɟɬ-ɫɢɫɬɟɦɚɯ GШШРХО ɢ ВКЧНОб 
ДλЖ. Ɉɞɧɚɤɨ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɫɜɹɡɚɧɨ ɫ ɪɚɛɨɬɨɣ ɜ 
ɫɟɬɢ IЧЭОrЧОЭ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɥɚɱɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ. ɉɪɨɛɥɟɦɚ ɠɟ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ ɧɚ 

ɥɨɤɚɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɨɫɬɚɟɬɫɹ ɨɬɤɪɵɬɨɣ. 
Ɉɞɧɢɦ ɢɡ ɩɟɪɜɵɯ ɦɟɬɨɞɨɜ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, 

ɤɨɬɨɪɨɦɭ ɭɞɟɥɹɟɬɫɹ ɜɧɢɦɚɧɢɟ ɢ ɫɟɣɱɚɫ, ɹɜɥɹɟɬɫɹ 
ɦɟɬɨɞ ɞɢɧɚɦɢɱɟɫɤɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɜɪɟɦɟɧɧɨɣ 
ɲɤɚɥɵ (DTА)Д10,11Ж, ɩɨɡɜɨɥɹюɳɢɣ ɧɚɣɬɢ 
ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɞɜɭɦɹ 
ɜɪɟɦɟɧɧɵɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ. Сɪɚɜɧɟɧɢɟ  
DTА ɫ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɤɨɦɚɧɞ ɧɟɛɨɥɶɲɨɝɨ ɫɥɨɜɚɪɹ DTА 
ɞɚёɬ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ. ɉɟɪɜɨɧɚɱɚɥɶɧɨ DTА 
ɛɵɥ ɞɨɦɢɧɢɪɭюɳɟɣ ɩɚɪɚɞɢɝɦɨɣ ɩɪɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɪɟɱɢ. Ɉɞɧɚɤɨ ɜɩɨɫɥɟɞɫɬɜɢɢ 
ɩɪɟɞɩɨɱɬɟɧɢɟ ɫɬɚɥɢ ɨɬɞɚɜɚɬɶ ɦɟɬɨɞɚɦ, 
ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ Сɤɪɵɬɵɯ 
Ɇɚɪɤɨɜɫɤɢɯ Ɇɨɞɟɥɟɣ, ɫɫɵɥɚɹɫɶ ɧɚ ɧɟɜɨɡɦɨɠɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ DTW ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 
ɨɬɞɟɥɶɧɵɯ ɫɥɨɜ ɩɪɢ ɛɨɥɶɲɨɦ ɫɥɨɜɚɪɟ ɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɥɢɬɧɨɣ ɪɟɱɢ Д11,1βЖ.  

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦɢ ɩɪɨɛɥɟɦɚɦɢ ɜ ɪɚɦɤɚɯ 
DTW-ɩɚɪɚɞɢɝɦɵ ɚɜɬɨɪɚɦɢ ɩɪɟɞɥɨɠɟɧ ɫɢɧɬɟɡ 

ɷɬɚɥɨɧɨɜ ɫɥɨɜ ɢɡ ɛɨɥɟɟ ɦɟɥɤɢɯ ɟɞɢɧɢɰ – ɷɬɚɥɨɧɨɜ 
ɞɢɮɨɧɨɜ, ɧɚ ɨɫɧɨɜɟ ɫɨɡɞɚɜɚɟɦɨɣ ɜ ɩɪɨɰɟɫɫɟ 
ɨɛɭɱɟɧɢɹ ɞɢɮɨɧɧɨɣ ɛɚɡɵ ɷɬɚɥɨɧɨɜ Д1γ,14Ж. Ɉɩɵɬ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɢɮɨɧɨɜ, ɤɨɬɨɪɵɟ 
ɫɨɞɟɪɠɚɬ ɦɟɠɮɨɧɟɦɧɵɟ ɩɟɪɟɯɨɞɵ, ɞɚɟɬ ɥɭɱɲɢɟ 
ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɫɪɚɜɧɟɧɢю ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɬɚɰɢɨɧɚɪɧɵɯ ɱɚɫɬɟɣ ɡɜɭɤɨɜ ɪɟɱɢ. Ɍɚɤɠɟ 
ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɨɬɚ ɩɪɨɰɟɞɭɪɵ 
ɧɚɱɚɥɶɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɜ ɤɨɬɨɪɨɣ ɪɚɡɦɟɬɤɚ 
ɪɟɱɟɜɨɝɨ ɫɢɝɧɚɥɚ ɢ ɫɨɡɞɚɧɢɟ ɛɚɡɵ ɢɫɯɨɞɧɵɯ 
ɷɬɚɥɨɧɨɜ ɞɢɮɨɧɨɜ, ɚ ɡɚɬɟɦ ɢ ɷɬɚɥɨɧɨɜ ɫɥɨɜ, 
ɹɜɥɹюɬɫɹ ɩɨɥɧɨɫɬɶю ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɦɢ ɢ ɧɟ 
ɬɪɟɛɭюɬ ɭɱɚɫɬɢɹ ɷɤɫɩɟɪɬɚ. ɐɟɥɶ ɧɚɫɬɨɹɳɟɣ 
ɨɛɡɨɪɧɨɣ ɫɬɚɬɶɢ – ɩɨɤɚɡɚɬɶ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɵɣ 
ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɪɚɫɩɨɡɧɚɜɚɬɶ ɛɨɥɶɲɢɟ ɫɥɨɜɚɪɢ 
ɨɬɞɟɥɶɧɵɯ ɫɥɨɜ ɢ  ɫɥɢɬɧɭю ɪɟɱɶ. 

 

ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɵɣ ɦɟɬɨɞ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɟɜɵɯ ɫɢɝɧɚɥɨɜ ɧɚ 
ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɚ DTА 

 

ɂɫɩɨɥɶɡɭɟɬɫɹ 8-ɛɢɬɧɚɹ ɡɚɩɢɫɶ ɫ ɱɚɫɬɨɬɨɣ 
ɞɢɤɪɟɬɢɡɚɰɢɢ ββ0η0 Ƚɰ. ɂɫɩɨɥɶɡɭюɬɫɹ ɜɟɤɬɨɪɚ 
ɩɪɢɡɧɚɤɨɜ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɬɧɨɫɢɬɟɥɶɧɵɦɢ 
ɱɚɫɬɨɬɚɦɢ ɞɥɢɧ ɩɨɥɧɵɯ ɤɨɥɟɛɚɧɢɣ ɧɚ ɢɧɬɟɪɜɚɥɚɯ 
ɚɧɚɥɢɡɚ ɞɥɢɧɨɣ γθ8 ɨɬɫɱɟɬɨɜ (ɭɞɜɨɟɧɧɵɣ ɩɟɪɢɨɞ 
ɨɫɧɨɜɧɨɝɨ ɬɨɧɚ ɞɥɹ ɝɨɥɨɫɚ ɫɪɟɞɧɟɣ ɜɵɫɨɬɵ). 
Ɇɨɞɢɮɢɤɚɰɢɹ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫ ɩɨɦɨɳɶю ɚɥɝɨɪɢɬɦɚ DTА 
ɡɚɤɥюɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 
ɷɬɚɥɨɧɨɜ ɫɥɨɜ, ɤɨɬɨɪɵɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɫɢɧɬɟɡɢɪɭюɬɫɹ ɢɡ ɷɬɚɥɨɧɨɜ ɞɢɮɨɧɨɜ. ɉɨɥɧɚɹ ɛɚɡɚ 
ɩɨɫɥɟɞɧɢɯ ɜ ɨɛɴɟɦɟ ɨɤɨɥɨ 1700  ɫɨɡɞɚɟɬɫɹ ɞɥɹ 
ɤɚɠɞɨɝɨ ɞɢɤɬɨɪɚ ɡɚɪɚɧɟɟ. Сɨɡɞɚɧɢɟ ɬɚɤɨɣ ɛɚɡɵ ɜ 
ɞɚɥɶɧɟɣɲɟɦ ɢɡɛɚɜɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɹ ɨɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɨɡɞɚɜɚɬɶ ɥюɛɵɟ ɨɛɪɚɡɰɵ ɝɨɥɨɫɨɦ 
ɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɹɬɶ ɷɬɨɬ ɦɟɬɨɞ ɞɥɹ 
ɫɢɫɬɟɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫ ɛɨɥɶɲɢɦ ɨɛɴɟɦɨɦ 
ɫɥɨɜɚɪɹ. 

ɉɨɞ ɞɢɮɨɧɨɦ, ɤɨɬɨɪɵɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
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ɦɟɠɮɨɧɟɦɧɨɦɭ ɩɟɪɟɯɨɞɭ ɜɧɭɬɪɢ ɫɥɨɜɚ, ɛɭɞɟɦ 
ɩɨɧɢɦɚɬɶ ɭɱɚɫɬɨɤ ɫɬɚɧɞɚɪɬɧɨɣ ɞɥɢɧɵμ γ ɨɤɧɚ ɜ 
γθ8 ɨɬɫɱɟɬɨɜ ɫɥɟɜɚ ɨɬ ɦɟɬɤɢ ɦɟɠɞɭ ɡɜɭɤɚɦɢ ɢ γ 
ɬɚɤɢɯ ɠɟ ɨɤɧɚ ɫɩɪɚɜɚ ɨɬ ɬɨɣ ɠɟ ɦɟɬɤɢ. Эɬɚɥɨɧ 
ɞɢɮɨɧɚ – ɧɚɛɨɪ ɢɡ ɲɟɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ 
ɜɟɤɬɨɪɨɜ ɩɪɢɡɧɚɤɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɭɱɚɫɬɨɤ ɜ γ ɨɤɧɚ ɜ ɧɚɱɚɥɟ ɫɥɨɜɚ ɢ ɭɱɚɫɬɨɤ ɜ γ ɨɤɧɚ 
ɜ ɤɨɧɰɟ ɫɥɨɜɚ, ɭɫɥɨɜɧɨ ɧɚɡɵɜɚɟɦɵɣ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚɱɚɥɶɧɵɦ ɢ ɤɨɧɟɱɧɵɦ 
ɩɨɥɭɞɢɮɨɧɚɦɢ (ɩɟɪɟɯɨɞ ɨɬ ɦɨɥɱɚɧɢɹ ɤ ɪɟɱɢ ɢ 
ɧɚɨɛɨɪɨɬ). ȼɫɟ ɜɟɤɬɨɪɚ, ɜɯɨɞɹɳɢɟ ɜ ɷɬɚɥɨɧɵ 
ɞɢɮɨɧɨɜ, ɢɝɪɚюɬ ɪɨɥɶ ɤɨɞɨɜɵɯ ɜɟɤɬɨɪɨɜ ɢ 
ɨɛɪɚɡɭюɬ ɤɨɞɨɜɭю ɤɧɢɝɭ. ȼɫɟ ɷɬɚɥɨɧɵ ɞɢɮɨɧɨɜ 
ɧɭɦɟɪɭюɬɫɹ, ɧɭɦɟɪɭюɬɫɹ ɬɚɤɠɟ ɜɫɟ ɜɟɤɬɨɪɚ 
ɩɪɢɡɧɚɤɨɜ, ɜɯɨɞɹɳɢɟ ɜ ɷɬɚɥɨɧɵ. 

 Ⱥɜɬɨɪɚɦɢ ɪɚɡɪɚɛɨɬɚɧ ɩɪɨɫɬɨɣ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɬɪɚɧɫɤɪɢɩɬɨɪ, ɭɩɪɚɜɥɹюɳɢɣ 
ɮɚɣɥ ɤɨɬɨɪɨɝɨ ɫɨɞɟɪɠɢɬ ɧɚɛɨɪ ɩɪɚɜɢɥ, ɤɚɠɞɨɟ ɢɡ 
ɤɨɬɨɪɵɯ ɡɚɩɢɫɚɧɨ ɜ ɜɢɞɟ ɞɜɭɯ ɱɚɫɬɟɣ, 
ɫɨɟɞɢɧɟɧɧɵɯ ɡɧɚɤɨɦ ɪɚɜɟɧɫɬɜɚ. Сɥɟɜɚ ɫɬɨɹɬ 
ɫɢɦɜɨɥɵ ɛɭɤɜɟɧɧɨɣ ɡɚɩɢɫɢ, ɫɩɪɚɜɚ – ɫɢɦɜɨɥɵ, 
ɤɨɬɨɪɵɦɢ ɨɧɢ ɡɚɦɟɧɹюɬɫɹ ɜ ɬɪɚɧɫɤɪɢɩɰɢɢ.  
Ɇɚɲɢɧɚ, ɬɪɚɧɫɤɪɢɛɢɪɭɹ ɫɥɨɜɨ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɢɳɟɬ ɜɯɨɠɞɟɧɢɹ ɥɟɜɨɣ ɱɚɫɬɢ ɨɱɟɪɟɞɧɨɝɨ ɩɪɚɜɢɥɚ, 
ɢ ɟɫɥɢ ɬɚɤɨɜɨɟ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ, ɡɚɦɟɧɹɟɬ ɟɝɨ 
ɩɪɚɜɨɣ ɱɚɫɬɶю.  

Ʉɚɠɞɨɟ ɫɥɨɜɨ ɢɡ ɫɥɨɜɚɪɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɬɪɚɧɫɤɪɢɛɢɪɭɟɬɫɹ, ɩɨ 
ɬɪɚɧɫɤɪɢɩɰɢɢ ɫɬɪɨɢɬɫɹ ɰɟɩɨɱɤɚ ɢɦɟɧ ɞɢɮɨɧɨɜ, 
ɧɚɩɪɢɦɟɪ, 

ɨɫɬɚɧɨɜɤɚ → ɚɫɬɚɧɨɮɤɚ → ɚ0-ɚɫ-ɫɬ-ɬɚ-ɚɧ-

ɧɨ-ɨɮ-ɮɤ-ɤɚ-ɚβ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɨɣ ɰɟɩɨɱɤɨɣ ɢɡ 

ɷɬɚɥɨɧɨɜ ɞɢɮɨɧɨɜ ɫɤɥɟɢɜɚɟɬɫɹ ɷɬɚɥɨɧ ɫɥɨɜɚ. 
Ⱦɚɥɟɟ ɞɥɹ ɩɪɨɫɬɨɬɵ ɛɭɞɟɦ ɝɨɜɨɪɢɬɶ ɨ ɫɥɨɜɚɯ, ɯɨɬɹ 
ɛɨɥɟɟ ɬɨɱɧɨ ɧɭɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɬɪɚɧɫɤɪɢɩɰɢɹɯ. 

Сɥɨɜɚɪɶ ɷɬɚɥɨɧɨɜ ɫɥɨɜ ɤɨɦɩɚɤɬɧɨ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɞɟɪɟɜɚ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɤɨɬɨɪɨɝɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɤɨɪɹɟɬ ɩɪɨɰɟɫɫ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ. Эɬɚɥɨɧ ɤɚɠɞɨɝɨ ɫɥɨɜɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɜɟɬɜɢ ɷɬɨɝɨ ɞɟɪɟɜɚ ɢɥɢ ɟɟ 
ɱɚɫɬɢ. ȿɫɥɢ ɧɟɫɤɨɥɶɤɨ ɩɭɬɟɣ ɢɦɟюɬ ɨɛɳɭю ɱɚɫɬɶ, 
ɬɨ ɜɵɱɢɫɥɟɧɢɹ, ɡɚɩɨɥɧɹюɳɢɟ ɫɨɨɬɜɟɬɫɬɜɭюɳɭю 
ɱɚɫɬɶ DTА-ɦɚɬɪɢɰɵ, ɜɵɩɨɥɧɹюɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ 
ɪɚɡ. Уɪɨɜɧɢ ɞɟɪɟɜɚ ɫɨɨɬɜɟɬɫɬɜɭюɬ ɩɨɡɢɰɢɹɦ 
ɞɢɮɨɧɨɜ ɜ ɫɥɨɜɟ (ɪɢɫɭɧɨɤ 1).  

Ʉɚɠɞɵɣ ɭɡɟɥ ɜ ɪɚɦɤɚɯ ɤɚɠɞɨɝɨ ɭɪɨɜɧɹ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɨɦɟɪ ɞɢɮɨɧɚ, ɱɬɨ ɧɚɯɨɞɢɬɫɹ 
ɜ ɫɥɨɜɟ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭюɳɟɣ ɩɨɡɢɰɢɢ. Уɡɥɵ, 
ɫɨɨɬɜɟɬɫɬɜɭюɳɢɟ ɤɨɧɟɱɧɵɦ ɞɢɮɨɧɚɦ ɫɥɨɜ, 
ɨɛɨɡɧɚɱɚюɬɫɹ ɤɚɤ ɤɨɧɰɵ ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ ɫɥɨɜ (ɜ 
ɭɡɥɟ ɡɚɩɢɫɵɜɚɟɬɫɹ ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ 
ɫɨɨɬɜɟɬɫɬɜɭюɳɟɝɨ ɫɥɨɜɚ ɜ ɫɥɨɜɚɪɟ). ȿɫɥɢ ɭɡɟɥ ɧɟ 
ɤɨɧɟɱɧɵɣ, ɬɨ ɡɚɩɢɫɵɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ «–1». 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɝɥɭɛɢɧɚ ɞɟɪɟɜɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɥɢɧɟ ɩɭɬɢ (ɜɵɪɚɠɟɧɧɨɣ ɜ 
ɤɨɥɢɱɟɫɬɜɟ ɞɢɮɨɧɨɜ) ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭюɳɟɝɨ ɫɥɨɜɚ 

ɜ ɫɥɨɜɚɪɟ. 
ɉɪɨɰɟɫɫ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɪɝɚɧɢɡɨɜɚɧ 

ɫɥɟɞɭюɳɢɦ ɨɛɪɚɡɨɦ. ɂɫɫɥɟɞɭɟɦɵɣ ɪɟɱɟɜɨɣ 
ɫɢɝɧɚɥ ɩɪɟɨɛɪɚɡɨɜɵɜɚɟɬɫɹ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
N ɜɟɤɬɨɪɨɜ ɩɪɢɡɧɚɤɨɜ ɢ ɫɬɪɨɢɬɫɹ ɬɚɛɥɢɰɚ D 

ɪɚɫɫɬɨɹɧɢɣ ɷɬɢɯ ɜɟɤɬɨɪɨɜ ɞɨ ɜɫɟɯ ɜɟɤɬɨɪɨɜ 
ɷɬɚɥɨɧɨɜ. Ⱦɚɥɟɟ ɜɵɱɢɫɥɹюɬɫɹ DTА-ɪɚɫɫɬɨɹɧɢɹ ɨɬ 
ɪɚɫɩɨɡɧɚɜɚɟɦɨɝɨ ɫɥɨɜɚ ɞɨ ɜɫɟɯ ɷɬɚɥɨɧɨɜ ɫɥɨɜ 
ɩɭɬɟɦ ɪɟɤɭɪɫɢɜɧɨɝɨ ɨɛɯɨɞɚ ɞɟɪɟɜɚ ɷɬɚɥɨɧɨɜ «ɜ 
ɝɥɭɛɢɧɭ». Сɧɚɱɚɥɚ ɩɪɨɫɦɚɬɪɢɜɚɟɬɫɹ ɤɨɪɟɧɶ 
ɞɟɪɟɜɚ, ɚ ɡɚɬɟɦ  ɫɦɟɠɧɵɟ ɭɡɥɵ ɜɝɥɭɛɶ ɞɟɪɟɜɚ, ɩɨɤɚ 
ɧɟ ɞɨɫɬɢɝɧɭɬ ɭɡɟɥ, ɩɨɦɟɱɟɧɧɵɣ ɤɚɤ ɤɨɧɟɰ ɫɥɨɜɚ. 
ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɞɨɫɬɢɝɧɭɬ ɤɨɧɟɰ ɫɥɨɜɚ, 
ɩɪɨɢɫɯɨɞɢɬ ɜɨɡɜɪɚɬ ɧɚɡɚɞ ɜɞɨɥɶ ɩɪɨɣɞɟɧɧɨɝɨ 
ɩɭɬɢ ɩɨɤɚ ɧɟ ɧɚɣɞɟɧ ɭɡɟɥ, ɭ ɤɨɬɨɪɨɝɨ ɟɫɬɶ ɟɳɟ ɧɟ 
ɩɪɨɫɦɨɬɪɟɧɧɵɣ ɩɨɬɨɦɨɤ. Ɂɚɬɟɦ ɞɜɢɠɟɦɫɹ ɜ ɧɨɜɨɦ 
ɨɛɧɚɪɭɠɟɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ɉɪɨɰɟɫɫ 
ɡɚɜɟɪɲɚɟɬɫɹ, ɤɨɝɞɚ ɩɪɨɫɦɨɬɪɟɧɵ ɜɫɟ ɭɡɥɵ ɞɟɪɟɜɚ. 

 
Ɋɢɫɭɧɨɤ 1 – Сɯɟɦɚ ɞɟɪɟɜɚ ɫɢɧɬɟɡɚ 

ɷɬɚɥɨɧɨɜ ɞɥɹ ɩɪɨɫɬɨɝɨ ɫɥɨɜɚɪɹ 

 

ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɜɟɬɜɟɣ ɞɟɪɟɜɚ, ɩɨ 
ɧɨɦɟɪɚɦ ɞɢɮɨɧɨɜ ɫɬɪɨɢɬɫɹ ɰɟɩɨɱɤɚ 
ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ ɢɦ ɧɨɦɟɪɨɜ ɜɟɤɬɨɪɨɜ, 
ɨɛɪɚɡɭюɳɢɯ ɷɬɚɥɨɧ ɫɥɨɜɚ. ɉɪɢ ɞɜɢɠɟɧɢɢ ɜ 
ɝɥɭɛɢɧɭ, ɜ ɰɟɩɨɱɤɭ ɞɨɛɚɜɥɹюɬɫɹ ɧɨɦɟɪɚ, 
ɫɨɨɬɜɟɬɫɬɜɭюɳɢɟ ɩɪɨɣɞɟɧɧɵɦ ɭɡɥɚɦ, ɚ ɩɪɢ 
ɞɜɢɠɟɧɢɢ ɧɚɡɚɞ ɨɧɢ ɭɞɚɥɹюɬɫɹ ɢɡ ɧɟɟ. Ⱦɨɫɬɢɝɧɭɜ 
ɭɡɥɚ, ɹɜɥɹюɳɟɝɨɫɹ ɤɨɧɰɨɦ ɨɱɟɪɟɞɧɨɝɨ ɫɥɨɜɚ, 
ɜɵɱɢɫɥɹɟɬɫɹ DTА-ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɫɬɪɨɟɧɧɨɣ 
ɰɟɩɨɱɤɢ ɜɟɤɬɨɪɨɜ (ɷɬɚɥɨɧɚ ɞɚɧɧɨɝɨ ɫɥɨɜɚ) ɞɨ 
ɰɟɩɨɱɤɢ ɜɟɤɬɨɪɨɜ ɪɚɫɩɨɡɧɚɜɚɟɦɨɝɨ ɫɢɝɧɚɥɚ. 
Ɋɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ ɛɟɪɭɬɫɹ ɢɡ ɬɚɛɥɢɰɵ 
D. ȼ ɩɪɨɰɟɫɫɟ ɜɵɱɢɫɥɟɧɢɹ ɪɚɫɫɬɨɹɧɢɣ ɦɚɬɪɢɰɚ 
DTА ɧɟ ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɩɨɥɧɨɫɬɶю, ɚ 
ɨɛɧɨɜɥɹюɬɫɹ ɬɨɥɶɤɨ ɫɬɨɥɛɰɵ, ɫɨɨɬɜɟɬɫɬɜɭюɳɢɟ 
ɧɨɜɵɦ ɤɨɞɨɜɵɦ ɜɟɤɬɨɪɚɦ, ɧɨɦɟɪɚ ɤɨɬɨɪɵɯ 
ɞɨɛɚɜɥɟɧɵ ɜ ɰɟɩɨɱɤɭ ɩɨɫɥɟ ɜɨɡɜɪɚɬɚ ɧɚɡɚɞ ɩɨ 
ɨɤɨɧɱɚɧɢɢ ɩɪɟɞɵɞɭɳɟɝɨ ɷɬɚɩɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨɫɬɢɝɚɟɬɫɹ 
ɡɧɚɱɢɬɟɥɶɧɵɣ ɜɵɢɝɪɵɲ, ɤɚɤ ɜ ɫɤɨɪɨɫɬɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɬɚɤ ɢ ɜ ɨɛɴɟɦɟ ɧɟɨɛɯɨɞɢɦɨɣ 
ɩɚɦɹɬɢ. Ⱦɟɪɟɜɨ ɷɬɚɥɨɧɨɜ ɫɬɪɨɢɬɫɹ ɩɪɢ ɡɚɝɪɭɡɤɟ ɜ 
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ɩɪɨɝɪɚɦɦɭ ɫɥɨɜɚɪɹ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɜ ɜɢɞɟ 
ɬɟɤɫɬɨɜɨɝɨ ɫɩɢɫɤɚ. 

ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɤ ɪɚɫɩɨɡɧɚɜɚɧɢɸ 
ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɫɥɨɜ ɩɨ ɱɚɫɬɹɦ 

Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɦɟɠɞɭ ɫɨɛɨɣ ɫɥɨɜɨɮɨɪɦ 
ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɫɥɨɜɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 
ɬɪɭɞɧɭю ɡɚɞɚɱɭ, ɱɟɦ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɫɥɨɜɨɮɨɪɦ 
ɪɚɡɥɢɱɧɵɯ ɫɥɨɜ. Эɬɨ ɜɵɡɜɚɧɨ ɬɟɦ, ɱɬɨ ɨɧɢ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɨɬɥɢɱɚюɬɫɹ ɨɤɨɧɱɚɧɢɹɦɢ, ɤɨɬɨɪɵɟ ɱɚɳɟ 
ɜɫɟɝɨ ɛɟɡɭɞɚɪɧɵ ɢ ɪɟɞɭɰɢɪɭюɬɫɹ ɩɪɢ 
ɩɪɨɢɡɧɨɲɟɧɢɢ. С ɰɟɥɶю ɭɜɟɥɢɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɥɨɜɨɮɨɪɦ ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɚɱɢɧɚɬɶ 
ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɫ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɤɨɧɱɚɧɢɣ. ȼ 
ɩɨɥɶɡɭ ɷɬɨɝɨ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɫɥɟɞɭюɳɢɟ 
ɤɚɱɟɫɬɜɟɧɧɵɟ ɫɨɨɛɪɚɠɟɧɢɹ. Ⱦɜɟ ɫɥɨɜɨɮɨɪɦɵ 
ɞɨɫɬɚɬɨɱɧɨ ɞɥɢɧɧɨɝɨ ɫɥɨɜɚ ɢɦɟюɬ ɨɛɳɭю ɨɫɧɨɜɭ 
ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɦɟюɬ ɛɨɥɶɲɟ ɨɛɳɟɝɨ, ɱɟɦ 
ɪɚɡɥɢɱɢɣ, ɱɬɨ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɢɫɬɨɱɧɢɤɨɦ 
ɨɲɢɛɨɤ. ȿɫɥɢ ɠɟ ɨɝɪɚɧɢɱɢɬɶɫɹ ɪɚɫɩɨɡɧɚɜɚɧɢɟɦ 
ɨɞɧɢɯ ɨɤɨɧɱɚɧɢɣ, ɬɨ ɢɯ ɨɬɥɢɱɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɛɨɥɶɲɟ, ɱɟɦ ɨɬɥɢɱɢɹ ɩɨɥɧɵɯ ɫɥɨɜɨɮɨɪɦ. ɉɨɷɬɨɦɭ 
ɨɲɢɛɤɢ ɜ ɢɯ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɞɨɥɠɧɵ ɛɵɬɶ ɦɟɧɟɟ 
ɱɚɫɬɵɦɢ. С ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɤɚɱɟɫɬɜɨ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫ ɩɨɦɨɳɶю DTА ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɞɥɢɧɵ ɪɚɫɩɨɡɧɚɜɚɟɦɵɯ ɪɟɱɟɜɵɯ 
ɨɬɪɟɡɤɨɜ. ɉɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɫɨɟɞɢɧɹɬɶ ɤ 
ɨɤɨɧɱɚɧɢю ɱɚɫɬɶ ɫɭɮɮɢɤɫɚ, ɢ ɪɚɛɨɬɚɬɶ ɫ ɷɬɢɦɢ 
ɨɛɴɟɤɬɚɦɢ, ɤɨɬɨɪɵɟ ɟɫɬɟɫɬɜɟɧɧɨ ɧɚɡɜɚɬɶ 
ɤɜɚɡɢɮɥɟɤɫɢɹɦɢ. Сɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɫɬɚɜɲɭюɫɹ 
ɱɚɫɬɶ ɫɥɨɜɚ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɤɜɚɡɢɨɫɧɨɜɨɣ.  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɜɚɡɢɮɥɟɤɫɢɣ ɩɪɢɜɨɞɢɬ 
ɬɚɤɠɟ ɤ ɫɨɤɪɚɳɟɧɢю ɪɚɡɦɟɪɨɜ ɪɚɫɩɨɡɧɚɜɚɟɦɵɯ 
ɫɥɨɜɚɪɟɣ. Ʉɜɚɡɢɮɥɟɤɫɢɢ, ɨɱɟɜɢɞɧɨ, ɹɜɥɹюɬɫɹ 
ɨɛɳɢɦɢ ɞɥɹ ɛɨɥɶɲɢɯ ɝɪɭɩɩ ɫɥɨɜ. ȿɫɥɢ ɢɦɟɟɬɫɹ m 

ɤɜɚɡɢɨɫɧɨɜ ɢ n ɤɜɚɡɢɮɥɟɤɫɢɣ, ɬɨ ɢɯ ɤɨɦɛɢɧɚɰɢɢ 
ɨɛɪɚɡɭюɬ m×n ɫɥɨɜɨɮɨɪɦ ɢ, ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ 
ɫɥɨɜɨɮɨɪɦɵ ɤɚɤ ɰɟɥɨɝɨ, ɫɥɨɜɚɪɶ ɞɥɹ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɨɫɬɚɜɢɥ ɛɵ m×n ɨɛɴɟɤɬɨɜ. ɉɪɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɠɟ ɤɜɚɡɢɨɫɧɨɜɵ ɢ ɤɜɚɡɢɮɥɟɤɫɢɢ 
ɨɬɞɟɥɶɧɨ, ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɩɨɡɧɚɜɚɟɦɵɯ ɨɛɴɟɤɬɨɜ 
ɫɨɫɬɚɜɥɹɟɬ m+n. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɪɟɦɹ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɟɬɫɹ, ɚ 
ɧɚɞɟɠɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɦɟɟɬ ɬɟɧɞɟɧɰɢю ɤ 
ɭɜɟɥɢɱɟɧɢю. 

ɂɬɚɤ, ɞɥɹ ɪɟɲɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɩɪɨɛɥɟɦ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɪɚɫɩɨɡɧɚɜɚɬɶ ɫɥɨɜɨɮɨɪɦɵ ɜ ɞɜɚ 
ɷɬɚɩɚμ ɜɧɚɱɚɥɟ ɪɚɫɩɨɡɧɚɜɚɹ ɢɡɦɟɧɹюɳɭюɫɹ ɱɚɫɬɶ 
ɫɥɨɜɚ (ɤɜɚɡɢɮɥɟɤɫɢю), ɡɚɬɟɦ ɧɟɢɡɦɟɧɹюɳɭюɫɹ 
ɱɚɫɬɶ (ɤɜɚɡɢɨɫɧɨɜɭ) ɢɡ ɦɧɨɠɟɫɬɜɚ, 
ɫɨɨɬɜɟɬɫɬɜɭюɳɟɝɨ ɪɚɫɩɨɡɧɚɧɧɨɣ ɤɜɚɡɢɮɥɟɤɫɢɢ 
Д1ηЖ. ȼɜɟɞɟɧɧɨɟ ɩɨɧɹɬɢɟ ɤɜɚɡɢɨɫɧɨɜɵ ɪɨɞɫɬɜɟɧɧɨ 
ɢɫɩɨɥɶɡɭɟɦɨɦɭ ɜ ɥɢɧɝɜɢɫɬɢɤɟ ɩɨɧɹɬɢю ɨɫɧɨɜɵ 
ɫɥɨɜɚ, ɤɨɬɨɪɚɹ ɩɪɢ ɩɪɨɫɬɟɣɲɟɦ ɨɩɢɫɚɧɢɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɟɝɨ ɧɟɢɡɦɟɧɹɟɦɚɹ ɱɚɫɬɶ 
(ɩɪɢɫɬɚɜɤɚ+ɤɨɪɟɧɶ+ɫɭɮɮɢɤɫ), ɬɨ ɟɫɬɶ ɹɜɥɹɟɬɫɹ 
ɪɟɡɭɥɶɬɚɬɨɦ ɨɬɛɪɚɫɵɜɚɧɢɹ ɨɤɨɧɱɚɧɢɹ. ɉɨɧɹɬɢɟ 
ɤɜɚɡɢɨɫɧɨɜɵ ɜɜɟɞɟɧɨ ɩɨɬɨɦɭ, ɱɬɨ ɪɚɫɩɨɡɧɚɜɚɧɢɟ 

ɬɟɦ ɧɚɞɟɠɧɟɟ, ɱɟɦ ɞɥɢɧɧɟɟ ɪɚɫɩɨɡɧɚɜɚɟɦɵɟ 
ɪɟɱɟɜɵɟ ɨɬɪɟɡɤɢ. ɉɨɷɬɨɦɭ ɤɨɪɨɬɤɢɟ ɫɥɨɜɨɮɨɪɦɵ 
(ɫɨɫɬɨɹɳɢɟ ɦɟɧɟɟ ɱɟɦ ɢɡ η ɡɜɭɤɨɜ) ɜɤɥюɱɚюɬɫɹ ɜ 
ɱɢɫɥɨ ɤɜɚɡɢɨɫɧɨɜ ɰɟɥɢɤɨɦ. 

ɂɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɪɭɫɫɤɢɣ ɹɡɵɤ 
ɹɜɥɹɟɬɫɹ ɮɥɟɤɬɢɜɧɵɦ ɹɡɵɤɨɦ (ɬ.ɟ. ɫɢɧɬɚɤɫɢɱɟɫɤɨɟ 
ɭɩɪɚɜɥɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɥɨɜɨɮɨɪɦ, ɨɛɪɚɡɭɟɦɵɯ ɩɪɢ ɩɨɦɨɳɢ ɮɥɟɤɫɢɣ), 
ɫɥɨɜɚ ɹɡɵɤɚ ɦɨɞɟɥɢɪɭюɬɫɹ ɜ ɜɢɞɟ ɤɨɦɛɢɧɚɰɢɢ 
ɩɨɫɬɨɹɧɧɨɣ ɢ ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɚɜɥɹюɳɢɯμ 

x = c(x)&f(x), 

ɝɞɟ М(б) – ɱɚɫɬɶ ɥɟɤɫɟɦɵ ɯ, ɤɨɬɨɪɚɹ ɜ 
ɩɪɨɰɟɫɫɟ ɫɥɨɜɨɢɡɦɟɧɟɧɢɹ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ 
(ɤɜɚɡɢɨɫɧɨɜɚ), П(б) – ɟɟ ɩɟɪɟɦɟɧɧɚɹ ɫɨɫɬɚɜɥɹюɳɚɹ 
(ɤɜɚɡɢɮɥɟɤɫɢɹ), Τ – ɡɧɚɤ ɤɨɧɤɚɬɟɧɚɰɢɢ.  

Ɍɚɤ ɤɚɤ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɛɭɞɟɬ ɜɟɫɬɢɫɶ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɬɚɥɨɧɨɜ ɞɢɮɨɧɨɜ, ɬɨ ɞɥɹ ɤɚɠɞɨɣ 
ɤɜɚɡɢɨɫɧɨɜɵ ɢ ɤɜɚɡɢɮɥɟɤɫɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɬɪɚɧɫɤɪɢɩɰɢɹ ɢ ɩɨ ɧɟɣ ɫɨɡɞɚɟɬɫɹ ɰɟɩɨɱɤɚ 
ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ ɞɢɮɨɧɨɜ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɫɥɨɜɚ 
«ɜɨɤɚɥɢɡɚɰɢɹ»: 

ɜɨɤɚɥɢɡɚ → ɜɚɤɚХɢɡɚ → ɜ0-ɜɚ-ɚɤ-ɤɚ-ɚХ-Хɢ-

ɢɡ-ɡɚ-ɚβ 

ɰɢɹ → ɰɵУɹ → ɰ0-ɰɵ-ɵУ-Уɹ-ɹβ. 
Ⱦɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɚɥɝɨɪɢɬɦ 

ɧɚ ɨɫɧɨɜɟ DTА, ɨɩɢɫɚɧɧɵɣ ɜɵɲɟ.  
Ɉɩɪɟɞɟɥɟɧɢɟ ɤɜɚɡɢɮɥɟɤɫɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɩɨ ɩɪɢɧɰɢɩɭ ɦɢɧɢɦɭɦɚ DTА-ɪɚɫɫɬɨɹɧɢɹ Д1ηЖ (ɫɦ. 
ɬɚɤɠɟ ɫɥɟɞɭюɳɢɣ ɪɚɡɞɟɥ). Ɉɧ ɡɚɤɥюɱɚɟɬɫɹ ɜ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɫ ɩɨɦɨɳɶю 
ɚɥɝɨɪɢɬɦɚ DTА ɡɚɤɥюɱɢɬɟɥɶɧɵɯ ɱɚɫɬɟɣ ɪɟɱɟɜɨɝɨ 
ɫɢɝɧɚɥɚ, ɧɚɱɢɧɚɹ ɫ ɞɜɭɯ ɤɨɧɟɱɧɵɯ ɫɟɝɦɟɧɬɨɜμ 
ɜɧɚɱɚɥɟ ɛɟɪɟɬɫɹ ɞɜɚ ɩɨɫɥɟɞɧɢɯ ɫɟɝɦɟɧɬɚ, ɡɚɬɟɦ 
ɬɪɢ, ɱɟɬɵɪɟ ɢ ɬɚɤ ɞɚɥɟɟ ɞɨ ɡɚɞɚɜɚɟɦɨɝɨ ɡɚɪɚɧɟɟ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɮɨɧɟɬɢɱɟɫɤɢɯ 
ɫɟɝɦɟɧɬɨɜ. ɉɪɢ ɷɬɨɦ ɡɚɩɨɦɢɧɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ DTА-ɪɚɫɫɬɨɹɧɢɹ ɫɪɟɞɢ ɜɫɟɯ ɷɬɚɥɨɧɨɜ ɢ 
ɫɨɨɬɜɟɬɫɬɜɭюɳɚɹ ɷɬɨɦɭ ɷɬɚɥɨɧɭ ɤɜɚɡɢɮɥɟɤɫɢɹ, ɢ 
ɞɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɪɚɜɧɟɧɢɟ ɷɬɚɥɨɧɨɜ ɫɨ 
ɫɥɟɞɭюɳɢɦ ɭɱɚɫɬɤɨɦ ɫɢɝɧɚɥɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɩɨɥɭɱɚɟɬɫɹ ɫɩɢɫɨɤ ɝɢɩɨɬɟɬɢɱɟɫɤɢɯ ɤɜɚɡɢɮɥɟɤɫɢɣ 
ɢ DTА-ɪɚɫɫɬɨɹɧɢɣ ɨɬ ɢɯ ɷɬɚɥɨɧɨɜ ɞɨ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɪɟɱɟɜɵɯ ɨɬɪɟɡɤɨɜ. ɂɡ ɷɬɨɝɨ 
ɫɩɢɫɤɚ ɜɵɛɢɪɚɟɬɫɹ ɤɜɚɡɢɮɥɟɤɫɢɹ ɫ ɧɚɢɦɟɧɶɲɢɦ 
ɪɚɫɫɬɨɹɧɢɟɦ. Ɂɚɬɟɦ ɞɥɹ ɜɵɞɟɥɟɧɧɨɣ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ ɤɜɚɡɢɮɥɟɤɫɢɢ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɳɟɧɢɟ ɤ 
ɫɥɨɜɚɪю ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ ɤɜɚɡɢɨɫɧɨɜ, ɢ ɜ 
ɩɪɟɞɟɥɚɯ ɷɬɨɝɨ ɫɥɨɜɚɪɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ DTА-

ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɭɱɚɫɬɤɚ ɫɢɝɧɚɥɚ ɨɬ ɧɚɱɚɥɚ ɫɥɨɜɚ ɞɨ 
ɧɚɱɚɥɚ ɭɱɚɫɬɤɚ, ɫɨɨɬɜɟɬɫɬɜɭюɳɟɝɨ ɪɚɫɩɨɡɧɚɧɧɨɣ 
ɤɜɚɡɢɮɥɟɤɫɢɢ. 

ɉɪɢɦɟɧɟɧɢɟ ɚɥɝɨɪɢɬɦɚ DTА ɤ 
ɪɚɫɩɨɡɧɚɜɚɧɢɸ ɫɥɢɬɧɨ ɩɪɨɢɡɧɟɫɟɧɧɵɯ 
ɮɪɚɡ 

ɉɭɫɬɶ ɢɦɟɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɫɥɢɬɧɨ 
ɩɪɨɢɡɧɟɫɟɧɧɵɯ ɮɪɚɡ. ɉɪɨɝɪɚɦɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɬɪɚɧɫɤɪɢɛɢɪɭɟɬ ɢɯ ɢ ɫɨɡɞɚɫɬ ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɧɢɯ 
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ɷɬɚɥɨɧ ɢɡ ɞɢɮɨɧɨɜ, ɢɝɧɨɪɢɪɭɹ ɩɪɨɛɟɥɵ ɦɟɠɞɭ 
ɫɥɨɜɚɦɢ. ɉɨɫɥɟ ɷɬɨɝɨ ɢɯ ɦɨɠɧɨ ɪɚɫɩɨɡɧɚɜɚɬɶ 
ɦɟɠɞɭ ɫɨɛɨɣ ɬɟɦɢ ɠɟ ɦɟɬɨɞɚɦɢ, ɱɬɨ ɢ ɨɬɞɟɥɶɧɨ 
ɩɪɨɢɡɧɨɫɢɦɵɟ ɫɥɨɜɚ. ɇɨ ɟɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 
ɦɧɨɠɟɫɬɜɨ ɩɪɨɢɡɜɨɥɶɧɵɯ ɮɪɚɡ, ɬɨ ɢɯ ɛɟɫɤɨɧɟɱɧɨ 
ɦɧɨɝɨ ɢ, ɨɱɟɜɢɞɧɨ, ɫɥɟɞɭɟɬ ɞɨɛɢɜɚɬɶɫɹ ɢɯ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɭɬɟɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɥɨɜ, ɢɡ 
ɤɨɬɨɪɵɯ ɨɧɢ ɫɨɫɬɨɹɬ. Ɍɨɝɞɚ ɨɫɧɨɜɧɚɹ ɫɥɨɠɧɨɫɬɶ – 

ɜɵɞɟɥɟɧɢɟ ɜ ɪɟɱɟɜɨɦ ɫɢɝɧɚɥɟ ɨɬɪɟɡɤɨɜ, 
ɨɬɜɟɱɚюɳɢɯ ɨɬɞɟɥɶɧɵɦ ɫɥɨɜɚɦ. ɂɧɚɱɟ ɝɨɜɨɪɹ, 
ɧɟɨɛɯɨɞɢɦɨ ɧɚɭɱɢɬɶɫɹ ɨɩɪɟɞɟɥɹɬɶ, ɝɞɟ 
ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɨɞɧɨ ɫɥɨɜɨ ɢ ɧɚɱɢɧɚɟɬɫɹ ɞɪɭɝɨɟ. 

ɉɪɟɞɥɚɝɚɟɦɵɣ ɧɢɠɟ ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɨɧɟɦɧɨɣ ɫɟɝɦɟɧɬɚɰɢɢ Д1γ,14Ж. 
ȼɟɫɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɪɟɱɟɜɨɣ ɨɬɪɟɡɨɤ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɫɟɝɦɟɧɬɵ, 
ɨɬɜɟɱɚюɳɢɟ ɨɬɞɟɥɶɧɵɦ ɡɜɭɤɚɦ, ɢ ɝɪɚɧɢɰɵ ɦɟɠɞɭ 
ɫɥɨɜɚɦɢ ɫɥɟɞɭɟɬ ɢɫɤɚɬɶ ɫɪɟɞɢ ɤɨɧɟɱɧɨɝɨ 
ɦɧɨɠɟɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɧɢɰ ɦɟɠɞɭ ɡɜɭɤɚɦɢ. 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɚɪ ɫɥɢɬɧɨ 
ɩɪɨɢɡɧɨɫɢɦɵɯ ɫɥɨɜ. ɉɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɨɬɪɟɡɤɚ 
ɨɬ ɧɚɱɚɥɚ ɞɨ ɩɟɪɜɨɣ ɦɟɬɤɢ, ɚ ɡɚɬɟɦ ɨɬ ɩɟɪɜɨɣ 
ɦɟɬɤɢ ɞɨ ɤɨɧɰɚ, ɤɚɤ ɪɟɡɭɥɶɬɚɬ, ɩɨɥɭɱɚɥɚɫɶ ɩɚɪɚ 
ɫɥɨɜ ɢɡ ɫɥɨɜɚɪɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. Ɂɚɬɟɦ 
ɜɵɩɨɥɧɹɥɨɫɶ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɬ ɧɚɱɚɥɚ ɞɨ ɜɬɨɪɨɣ 
ɦɟɬɤɢ ɢ ɨɬ ɜɬɨɪɨɣ ɦɟɬɤɢ ɞɨ ɤɨɧɰɚ ɢ ɬɚɤ ɞɚɥɟɟ. 
Ɂɚɤɥюɱɢɬɟɥɶɧɵɦ ɲɚɝɨɦ ɛɵɥɨ ɪɚɫɩɨɡɧɚɜɚɧɢɟ 
ɜɫɟɝɨ ɪɟɱɟɜɨɝɨ ɨɬɪɟɡɤɚ ɨɬ ɧɚɱɚɥɚ ɞɨ ɤɨɧɰɚ ɤɚɤ 
ɨɞɧɨɝɨ ɫɥɨɜɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɥɚɫɶ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɝɢɩɨɬɟɬɢɱɟɫɤɢɯ ɩɚɪ ɫɥɨɜ (ɧɚ 
ɩɨɫɥɟɞɧɟɦ ɦɟɫɬɟ – ɨɞɧɨ ɫɥɨɜɨ). Ⱦɥɹ ɤɚɠɞɨɣ ɢɡ 
ɷɬɢɯ ɩɚɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɬɪɨɢɥɫɹ ɷɬɚɥɨɧ ɤɚɤ ɞɥɹ 
ɫɥɢɬɧɨ ɩɪɨɢɡɧɨɫɢɦɨɣ, ɢ ɪɟɡɭɥɶɬɚɬɨɦ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɹɜɥɹɥɚɫɶ ɩɚɪɚ, ɞɨ ɤɨɬɨɪɨɣ 
DTW-ɪɚɫɫɬɨɹɧɢɟ ɦɢɧɢɦɚɥɶɧɨ. Эɬɨɬ ɚɥɝɨɪɢɬɦ 
ɩɨɤɚɡɚɥ ɜɵɫɨɤɭю ɧɚɞɟɠɧɨɫɬɶ. ɇɨ ɨɧ ɜɤɥюɱɚɥ 
ɰɟɥɵɣ ɧɚɛɨɪ ɚɤɬɨɜ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɬɞɟɥɶɧɵɯ 
ɝɢɩɨɬɟɬɢɱɟɫɤɢɯ ɫɥɨɜ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɤɚɡɵɜɚɥɫɹ 
ɫɥɢɲɤɨɦ ɞɨɥɝɨ ɪɚɛɨɬɚюɳɢɦ. ɉɨɩɵɬɤɚ ɩɪɢɦɟɧɢɬɶ 
ɚɧɚɥɨɝɢɱɧɵɣ ɚɥɝɨɪɢɬɦ ɤ ɪɚɫɩɨɡɧɚɜɚɧɢю ɛɨɥɶɲɟɝɨ 
ɱɢɫɥɚ ɫɥɢɬɧɨ ɩɪɨɢɡɧɟɫɟɧɧɵɯ ɫɥɨɜ ɩɪɢɜɨɞɢɥɚ ɤ 
ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɪɨɫɬɭ ɱɢɫɥɚ ɪɚɫɩɨɡɧɚɜɚɧɢɣ 
ɝɢɩɨɬɟɬɢɱɟɫɤɢɯ ɫɥɨɜ, ɢ ɨɬ ɧɟɟ ɩɪɢɲɥɨɫɶ 
ɨɬɤɚɡɚɬɶɫɹ.  

Ɍɨɝɞɚ ɛɵɥɨ ɪɟɲɟɧɨ, ɞɜɢɝɚɹɫɶ ɨɬ ɧɚɱɚɥɚ ɞɨ 
ɨɱɟɪɟɞɧɨɣ ɦɟɬɤɢ, ɜɵɜɨɞɢɬɶ ɬɨɥɶɤɨ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɝɢɩɨɬɟɡ ɞɥɹ ɩɟɪɜɨɝɨ ɫɥɨɜɚ, ɧɨ 
ɫ ɭɤɚɡɚɧɢɟɦ DTА-ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɤɚɠɞɨɣ ɢɡ ɧɢɯ 
Д1θ,17Ж. Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 
ɧɟɤɨɬɨɪɨɝɨ ɭɫɥɨɜɢɹ ɧɚ ɫɨɫɬɚɜ ɫɥɨɜɚɪɹ ɝɢɩɨɬɟɡɚ, 
ɫɨɨɬɜɟɬɫɬɜɭюɳɚɹ ɢɫɬɢɧɧɨɦɭ ɩɟɪɜɨɦɭ ɫɥɨɜɭ (ɢ 
ɫɨɨɬɜɟɬɫɬɜɭюɳɟɦɭ ɢɫɬɢɧɧɨɦɭ ɨɬɪɟɡɤɭ ɨɬ ɧɚɱɚɥɚ) 
ɢɦɟɟɬ ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ.  

ɇɚ ɪɢɫɭɧɤɟ γ ɩɨɤɚɡɚɧ ɪɟɡɭɥɶɬɚɬ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɥɢɬɧɨ ɩɪɨɢɡɧɟɫɟɧɧɨɣ ɮɪɚɡɵ «ɞɨɡɚ 
ɦɚɥɚ». ȼ ɥɟɜɨɦ ɜɟɪɯɧɟɦ ɩɨɥɟ ɧɚɯɨɞɢɬɫɹ ɫɩɢɫɨɤ 

ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 
ɨɬɪɟɡɤɨɜ ɫɢɝɧɚɥɚ, ɜɵɞɟɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ β. ȼ 
ɫɩɢɫɤɟ ɜɵɞɟɥɟɧɚ ɫɬɪɨɤɚ, ɨɬɜɟɱɚюɳɚɹ ɢɫɬɢɧɧɨɦɭ 
ɨɬɪɟɡɤɭ ɫɥɨɜɚ «ɞɨɡɚ».  

 

 
Ɋɢɫɭɧɨɤ β – ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɜɵɞɟɥɟɧɢɟ 

ɪɚɫɩɨɡɧɚɜɚɟɦɵɯ ɨɬɪɟɡɤɨɜ ɫɢɝɧɚɥɚ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɝɦɟɧɬɚɰɢɢ 

 

ɂɬɚɤ, ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭюɳɢɣ 
«ɩɪɢɧɰɢɩ ɦɢɧɢɦɭɦɚ»μ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɞɥɹ 
ɫɥɨɜɚɪɟɣ, ɭɞɨɜɥɟɬɜɨɪɹюɳɢɯ ɧɟɤɨɬɨɪɨɦɭ 
ɨɝɪɚɧɢɱɟɧɢю, ɩɟɪɜɨɟ ɫɥɨɜɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɤ ɫɟɝɦɟɧɬɚɰɢɢ ɢɡ ɭɫɥɨɜɢɹ 
ɦɢɧɢɦɭɦɚ DTА-ɪɚɫɫɬɨɹɧɢɹ. ɉɨɧɹɬɧɨ, ɱɬɨ ɞɥɹ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɜɬɨɪɨɝɨ ɫɥɨɜɚ ɮɪɚɡɵ ɫɥɟɞɭɟɬ 
ɩɪɢɦɟɧɢɬɶ ɨɩɢɫɚɧɧɵɣ ɦɟɬɨɞ ɤ ɱɚɫɬɢ ɫɢɝɧɚɥɚ ɨɬ 
ɤɨɧɰɚ ɩɟɪɜɨɝɨ ɫɥɨɜɚ ɞɨ ɤɨɧɰɚ ɪɟɱɟɜɨɝɨ ɨɬɪɟɡɤɚ ɢ 
ɬɚɤ ɞɚɥɟɟ. Сɦɵɫɥ ɷɬɨɝɨ ɩɪɢɧɰɢɩɚ ɜ ɫɥɟɞɭюɳɟɦμ 
DTА ɧɚɩɪɚɜɥɟɧ ɧɚ ɦɢɧɢɦɢɡɚɰɢю ɪɚɫɫɬɨɹɧɢɹ 
ɫɤɚɡɚɧɧɨɝɨ ɫɥɨɜɚ ɞɨ ɷɬɚɥɨɧɚ ɬɨɝɨ ɠɟ ɫɥɨɜɚ. 
Ɉɫɬɚɥɶɧɵɟ ɫɥɨɜɚ ɜ ɩɨɥɭɱɟɧɧɨɦ ɫɩɢɫɤɟ ɧɟ 
ɫɨɨɬɜɟɬɫɬɜɭюɬ ɜɵɞɟɥɟɧɧɵɦ ɨɬɪɟɡɤɚɦ ɪɟɱɟɜɨɝɨ 
ɫɢɝɧɚɥɚ ɢ ɬɨ, ɱɬɨ ɢɯ ɪɚɫɫɬɨɹɧɢɹ ɞɨ 
ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ ɷɬɚɥɨɧɨɜ ɨɤɚɡɚɥɢɫɶ ɛɨɥɶɲɟ, 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɦ. 

 

 
Ɋɢɫɭɧɨɤ γ – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɮɪɚɡɵ «ɞɨɡɚ ɦɚɥɚ» 
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Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɫɥɢɬɧɵɯ ɪɭɫɫɤɢɯ 
ɮɪɚɡ ɧɚ ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɥɭɯɢɯ 
ɮɪɚɝɦɟɧɬɨɜ 

ɉɪɟɞɥɚɝɚɟɦɵɣ ɚɥɝɨɪɢɬɦ ɨɩɢɪɚɟɬɫɹ ɧɚ 
ɩɪɢɧɚɞɥɟɠɚɳɢɣ ɚɜɬɨɪɚɦ ɦɟɬɨɞ ɫɟɝɦɟɧɬɚɰɢɢ, ɬɨ 
ɟɫɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɚɡɛɢɟɧɢɹ ɫɢɝɧɚɥɚ ɧɚ 
ɭɱɚɫɬɤɢ, ɨɬɜɟɱɚюɳɢɟ ɨɬɞɟɥɶɧɵɦ ɡɜɭɤɚɦ ɪɭɫɫɤɨɣ 
ɪɟɱɢ, ɫ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɟɣ ɷɬɢɯ 
ɭɱɚɫɬɤɨɜ ɜ ɪɚɦɤɚɯ ɲɢɪɨɤɨɣ ɮɨɧɟɬɢɱɟɫɤɨɣ 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ (А – ɝɥɚɫɧɵɣ ɡɜɭɤ, С – ɡɜɨɧɤɢɣ 
ɫɨɝɥɚɫɧɵɣ, F – ɝɥɭɯɨɣ ɮɪɢɤɚɬɢɜɧɵɣ, P – ɝɥɭɯɨɣ 
ɜɡɪɵɜɧɨɣ) Д1γ-14Ж. ɉɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɩɢɫɚɧɧɵɣ ɜɵɲɟ ɩɪɢɧɰɢɩ 
ɦɢɧɢɦɭɦɚ DTА-ɪɚɫɫɬɨɹɧɢɹ.  

ɉɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 
ɫɥɢɬɧɵɯ ɮɪɚɡ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɚɫɬɢɱɧɵɯ 
ɫɩɢɫɤɨɜ ɫɥɨɜ, ɮɨɪɦɢɪɭɟɦɵɯ ɢɡ ɨɛɳɟɝɨ ɫɥɨɜɚɪɹ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɝɥɭɯɢɯ ɮɪɚɝɦɟɧɬɨɜ Д18Ж. 
Ⱦɥɹ ɤɚɠɞɨɝɨ ɫɥɨɜɚ ɫɥɨɜɚɪɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɨ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɨɡɞɚɜɚɟɦɨɣ ɬɪɚɧɫɤɪɢɩɰɢɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɝɥɭɯɢɯ ɮɪɚɝɦɟɧɬɨɜ ɜ ɟɝɨ 
ɡɜɭɱɚɧɢɢ. ȼɫɟ ɫɥɨɜɚ ɫ n ɝɥɭɯɢɦɢ ɮɪɚɝɦɟɧɬɚɦɢ 
ɩɨɦɟɳɚюɬɫɹ ɜ ɬɟɤɫɬɨɜɵɣ ɮɚɣɥ ɫɥɨɜɚɪɹ Ч.ЭбЭ, ɩɪɢ 
ɷɬɨɦ ɜɨɡɧɢɤɚюɬ ɫɥɨɜɚɪɢ 0.ЭбЭ, 1.ЭбЭ,…, σ.ЭбЭ. 
ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɪɚɫɩɨɡɧɚɜɚɟɦɵɣ ɫɢɝɧɚɥ ɧɟ 
ɧɚɱɢɧɚɟɬɫɹ ɫ ɝɥɭɯɨɝɨ ɮɪɚɝɦɟɧɬɚ. ȿɫɥɢ ɩɟɪɜɨɟ 
ɫɥɨɜɨ ɮɪɚɡɵ ɜɨɨɛɳɟ ɧɟ ɫɨɞɟɪɠɢɬ ɝɥɭɯɢɯ 
ɮɪɚɝɦɟɧɬɨɜ, ɟɝɨ ɫɥɟɞɭɟɬ ɪɚɫɩɨɡɧɚɜɚɬɶ ɜ ɫɥɨɜɚɪɟ 
0.ЭбЭ, ɩɪɢɱɟɦ ɢɫɤɚɬɶ ɧɚ ɨɬɪɟɡɤɟ ɨɬ ɧɚɱɚɥɚ ɮɪɚɡɵ ɞɨ 
ɧɚɱɚɥɚ ɩɟɪɜɨɝɨ ɝɥɭɯɨɝɨ ɮɪɚɝɦɟɧɬɚ. Ȼɭɞɟɦ ɷɬɨ 
ɞɟɥɚɬɶ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɹ ɢɧɬɟɪɜɚɥ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹμ ɨɬ ɧɚɱɚɥɚ ɞɨ ɩɟɪɜɨɣ ɦɟɬɤɢ 
ɫɟɝɦɟɧɬɚɰɢɢ, ɡɚɬɟɦ ɨɬ ɧɚɱɚɥɚ ɞɨ ɜɬɨɪɨɣ ɦɟɬɤɢ ɢ 
ɬɚɤ ɞɚɥɟɟ, ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɞɨɣɞɟɦ ɞɨ ɥɟɜɨɣ 
ɝɪɚɧɢɰɵ ɩɟɪɜɨɝɨ ɝɥɭɯɨɝɨ ɮɪɚɝɦɟɧɬɚ. Ⱦɚɥɟɟ 
ɩɪɨɞɨɥɠɚɟɦ ɢɫɤɚɬɶ ɩɟɪɜɨɟ ɫɥɨɜɨ ɜ ɫɥɨɜɚɪɟ 1.ЭбЭ, 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɥɹɹ ɤ ɢɧɬɟɪɜɚɥɭ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɧɚɱɢɧɚюɳɟɦɭɫɹ ɜ ɧɚɱɚɥɟ ɫɢɝɧɚɥɚ, 
ɨɬɪɟɡɤɢ ɫɟɝɦɟɧɬɚɰɢɢ, ɩɨɤɚ ɧɟ ɞɨɣɞɟɦ ɞɨ ɧɚɱɚɥɚ 
ɜɬɨɪɨɝɨ ɝɥɭɯɨɝɨ ɮɪɚɝɦɟɧɬɚ. ɂ ɬɚɤ ɞɚɥɟɟ. 
Ɏɨɪɦɢɪɭɟɬɫɹ ɫɩɢɫɨɤ ɪɟɡɭɥɶɬɚɬɨɜ ɜɫɟɯ ɷɬɢɯ 
ɪɚɫɩɨɡɧɚɜɚɧɢɣ ɫ ɭɤɚɡɚɧɢɟɦ DTА-ɪɚɫɫɬɨɹɧɢɣ ɞɨ 
ɧɢɯ. ȼ ɷɬɨɦ ɫɩɢɫɤɟ ɜɵɛɢɪɚɟɬɫɹ ɫɬɪɨɤɚ, ɝɞɟ 
ɭɩɨɦɹɧɭɬɨɟ DTА-ɪɚɫɫɬɨɹɧɢɟ ɦɢɧɢɦɚɥɶɧɨ 
(ɪɢɫɭɧɨɤ 4). Эɬɢɦ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɟɪɜɵɣ ɰɢɤɥ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ. ȿɝɨ ɪɟɡɭɥɶɬɚɬ – ɪɚɫɩɨɡɧɚɜɚɧɢɟ 
ɩɟɪɜɨɝɨ ɫɥɨɜɚ ɢ ɦɟɫɬɚ ɟɝɨ ɨɤɨɧɱɚɧɢɹ. Ⱦɚɥɟɟ, 
ɧɚɱɢɧɚɹ ɫ ɷɬɨɝɨ ɦɟɫɬɚ, ɪɚɫɩɨɡɧɚɟɬɫɹ ɜɬɨɪɨɟ ɫɥɨɜɨ 
ɮɪɚɡɵ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɝɨ ɤɨɧɟɰ ɢ ɬɚɤ ɞɚɥɟɟ. əɫɧɨ, 
ɱɬɨ, ɟɫɥɢ ɪɚɫɩɨɡɧɚɜɚɟɦɵɣ ɫɢɝɧɚɥ ɧɚɱɢɧɚɟɬɫɹ ɫ 
ɝɥɭɯɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɬɨ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɫɥɟɞɭɟɬ 
ɧɚɱɢɧɚɬɶ ɫɨ ɫɥɨɜɚɪɹ 1.ЭбЭ. ȼ ɨɩɢɫɚɧɧɨɦ ɦɟɬɨɞɟ 
ɡɚɩɢɫɚɧɧɵɣ ɫɢɝɧɚɥ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 
ɭɩɪɚɜɥɹɟɬ ɜɵɛɨɪɨɦ ɱɚɫɬɢɱɧɵɯ ɫɩɢɫɤɨɜ ɞɥɹ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɮɨɪɦɢɪɭɟɦɵɯ ɢɡ ɨɛɳɟɝɨ ɫɥɨɜɚɪɹ. 

ȿɫɥɢ ɫɥɨɜɨ ɢɡ ɫɥɨɜɚɪɹ n.txt ɡɚɤɚɧɱɢɜɚɟɬɫɹ 
ɝɥɭɯɢɦ ɡɜɭɤɨɦ, ɚ ɫɥɟɞɭюɳɟɟ ɧɚɱɢɧɚɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɡɜɭɤɨɜ Ȼ,Ƚ,Ⱦ,ɀ,Ɂ, ɬɨ ɜ ɫɥɢɬɧɨɣ ɪɟɱɢ ɭɩɨɦɹɧɭɬɵɣ 
ɝɥɭɯɨɣ ɨɡɜɨɧɱɚɟɬɫɹ. ɉɨɷɬɨɦɭ ɤ ɫɥɨɜɚɪю n.txt 

ɞɨɛɚɜɥɹɟɬɫɹ ɫɥɨɜɚɪɶ n-1,V.txt ɫ ɬɟɦɢ ɠɟ ɫɥɨɜɚɦɢ, 
ɞɥɹ ɤɨɬɨɪɵɯ ɩɪɢ ɫɨɡɞɚɧɢɢ ɬɪɚɧɫɤɪɢɩɰɢɣ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɬɪɚɧɫɤɪɢɩɬɨɪ, 
ɡɚɦɟɧɹюɳɢɣ ɝɥɭɯɢɟ ɡɜɭɤɢ ɜ ɤɨɧɰɟ ɫɥɨɜ ɩɚɪɧɵɦɢ 
ɡɜɨɧɤɢɦɢ. ɑɢɫɥɨ ɝɥɭɯɢɯ ɮɪɚɝɦɟɧɬɨɜ ɜ ɫɥɨɜɚɯ ɢɡ 
n-1,V.txt ɧɚ ɟɞɢɧɢɰɭ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɫɥɨɜɚɯ ɢɡ n.txt.  

Ⱦɚɥɟɟ, ɜ ɤɚɠɞɨɦ ɢɡ ɫɥɨɜɚɪɟɣ m.txt ɨɫɬɚɜɥɹюɬɫɹ ɬɟ 
ɫɥɨɜɚ, ɤɨɬɨɪɵɟ ɧɚɱɢɧɚюɬɫɹ ɧɟ ɧɚ Ȼ,Ƚ,Ⱦ,ɀ,Ɂ, ɚ ɢɡ 
ɨɫɬɚɥɶɧɵɯ ɨɛɪɚɡɭɟɬɫɹ ɫɥɨɜɚɪɶ mD.txt. Ⱥɥɝɨɪɢɬɦ 
ɞɨɥɠɟɧ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ ɷɬɚɩɚɯ ɜɫɥɟɞ ɡɚ 
ɫɥɨɜɚɪɟɦ n-1.txt ɩɪɨɪɚɛɨɬɚɬɶ ɫɨ ɫɥɨɜɚɪɟɦ n-

1,V.txt, ɚ ɜɫɥɟɞ ɡɚ ɫɥɨɜɚɪɟɦ m.txt ɩɪɨɪɚɛɨɬɚɬɶ ɫɨ 
ɫɥɨɜɚɪɟɦ mD.txt. ɉɪɚɜɢɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢɧɰɢɩɨɦ ɦɢɧɢɦɭɦɚ DTW-

ɪɚɫɫɬɨɹɧɢɹ. ȼɨɡɦɨɠɟɧ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɮɪɚɡɚ 
ɩɪɨɢɡɧɟɫɟɧɚ ɬɚɤ, ɱɬɨ ɨɡɜɨɧɱɟɧɢɹ ɜ ɩɨɥɨɠɟɧɧɨɦ 
ɦɟɫɬɟ ɧɟ ɩɪɨɢɡɨɲɥɨ. Ɍɨɝɞɚ ɫɨɨɬɜɟɬɫɬɜɭюɳɟɟ 
ɪɚɫɩɨɡɧɚɧɧɨɟ ɫɥɨɜɨ ɧɚɣɞɟɬɫɹ ɧɟ ɜ ɫɥɨɜɚɪɟ n-

1,v.txt, ɚ ɜ ɫɥɨɜɚɪɟ n.txt. 

ɉɪɨɫɬɟɣɲɢɦ ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ 
ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɧɚɦɢ ɩɪɨɝɪɚɦɦɚ, ɤɨɬɨɪɚɹ 
ɩɨɡɜɨɥɹɟɬ ɜɜɨɞɢɬɶ ɜ ɬɟɤɫɬɨɜɨɦ ɜɢɞɟ ɱɟɪɟɡ 
ɫɩɟɰɢɚɥɶɧɨɟ ɨɤɧɨ ɧɟɫɤɨɥɶɤɨ ɮɪɚɡ, ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɫɨɡɞɚɟɬ ɬɟɤɫɬɨɜɵɟ ɮɚɣɥɵ ɫɥɨɜɚɪɟɣ ɢ ɞɚɥɟɟ 
ɩɨɡɜɨɥɹɟɬ ɪɚɫɩɨɡɧɚɜɚɬɶ ɫɥɢɬɧɭю ɪɟɱɶ ɜ ɩɪɟɞɟɥɚɯ 
ɨɛɳɟɝɨ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɫɥɨɜɚɪɹ, ɩɪɨɢɡɜɨɥɶɧɨ 
ɦɟɧɹɹ ɫɥɨɜɚ ɢ ɢɯ ɩɨɪɹɞɨɤ. Ɂɞɟɫɶ ɪɟɡɭɥɶɬɚɬ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɫɬɨɩɪɨɰɟɧɬɧɵɣ. ȼ ɤɚɱɟɫɬɜɟ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫɨ ɫɥɨɜɚɪɹɦɢ ɛɨɥɶɲɟɝɨ ɨɛɴɟɦɚ ɦɵ 
ɪɟɚɥɢɡɨɜɚɥɢ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɩɚɪ 
ɉɊɂɅȺȽȺɌȿɅɖɇɈȿ-СУɓȿСɌȼɂɌȿɅɖɇɈȿ, ɝɞɟ 
ɮɢɝɭɪɢɪɭюɬ ɧɟɫɤɨɥɶɤɨ ɫɨɬ ɫɭɳɟɫɬɜɢɬɟɥɶɧɵɯ ɢ 
ɩɪɢɥɚɝɚɬɟɥɶɧɵɯ ɢɡ ɬɵɫɹɱɢ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨɬɧɵɯ, 
ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɱɚɫɬɨɬɧɨɦ ɫɥɨɜɚɪɟ ɪɭɫɫɤɨɝɨ 
ɹɡɵɤɚɯ Д1λЖ. ȼ ɷɬɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɪɟɡɭɥɶɬɚɬ 
ɜɟɪɧɨɝɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɜɵɲɟ λ0Σ. 

 
Ɋɢɫɭɧɨɤ 4 – Ɉɤɧɨ ɩɪɨɝɪɚɦɦɵ ɫɨ ɫɩɢɫɤɨɦ 

ɝɢɩɨɬɟɡ ɢ ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 
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Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɫɥɢɬɧɨ 
ɩɪɨɢɡɧɨɫɢɦɵɯ ɢɦɟɧ ɢ ɨɬɱɟɫɬɜ 

 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 1η0 ɪɭɫɫɤɢɯ ɦɭɠɫɤɢɯ 
ɢɦɟɧ ɢ ɫɬɨɥɶɤɨ ɠɟ ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ ɨɬɱɟɫɬɜ, ɚ 
ɬɚɤɠɟ 88 ɠɟɧɫɤɢɯ ɢɦɟɧ. Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɢɦɟɧμ 
βγ8. Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɢɦɟɧ-ɨɬɱɟɫɬɜμ γη700. ɂɯ 
ɬɚɤɠɟ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɪɚɫɩɨɡɧɚɜɚɬɶ ɰɟɥɢɤɨɦ, ɧɟ 
ɱɥɟɧɹ ɧɚ ɫɨɫɬɚɜɥɹюɳɢɟ ɫɥɨɜɚ. Ɉɞɧɚɤɨ ɤɨɥɢɱɟɫɬɜɨ 
ɢɯ ɭɠɟ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɨ, ɬɚɤ ɱɬɨ ɬɚɤɨɣ ɫɩɨɫɨɛ 
ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɚɬɨɱɧɨɣ ɫɤɨɪɨɫɬɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ. С ɰɟɥɶю ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ (ɚ 
ɬɚɤɠɟ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ) ɩɪɢɦɟɧɹɟɬɫɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɚɡɛɢɟɧɢɟ ɫɥɨɜɚɪɹ ɮɪɚɡ ɧɚ ɱɚɫɬɢ 
ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ VF-ɬɪɚɧɫɤɪɢɩɰɢɢ. Эɬɚ 
ɬɪɚɧɫɤɪɢɩɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɱɟɪɟɞɭюɳɢɯɫɹ ɫɢɦɜɨɥɨɜ V ɢ 
F, ɝɞɟ V ɨɛɨɡɧɚɱɚɟɬ (ɦɚɤɫɢɦɚɥɶɧɵɣ) ɨɬɪɟɡɨɤ ɢɡ 
ɫɨɫɟɞɫɬɜɭюɳɢɯ ɝɨɥɨɫɨɜɵɯ (ɝɥɚɫɧɵɯ ɢ ɡɜɨɧɤɢɯ 
ɫɨɝɥɚɫɧɵɯ) ɡɜɭɤɨɜ, F – ɚɧɚɥɨɝɢɱɧɵɣ ɨɬɪɟɡɨɤ ɢɡ 
ɝɥɭɯɢɯ (ɮɪɢɤɚɬɢɜɧɵɯ ɢ ɜɡɪɵɜɧɵɯ) ɡɜɭɤɨɜ. Ɍɚɤɚɹ 
ɨɛɨɛɳɟɧɧɚɹ ɬɪɚɧɫɤɪɢɩɰɢɹ ɪɚɧɟɟ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 
ɧɚɦɢ ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɛɨɥɶɲɢɯ 
ɫɥɨɜɚɪɟɣ ɨɬɞɟɥɶɧɨ ɩɪɨɢɡɧɨɫɢɦɵɯ ɫɥɨɜ. Ɉɧɚ ɥɟɝɤɨ 
ɩɨɥɭɱɚɥɚɫɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɢɡ ɩɨɥɧɨɣ 
ɬɪɚɧɫɤɪɢɩɰɢɢ ɢ ɩɨɦɟɳɚɥɚɫɶ ɜ ɤɨɧɟɱɧɵɯ 
ɜɟɪɲɢɧɚɯ ɞɟɪɟɜɚ ɬɪɚɧɫɤɪɢɩɰɢɣ, ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ 
ɫɥɨɜɚɦ ɫɥɨɜɚɪɹ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɬɭɚɰɢɢ ɞɥɹ 
ɤɚɠɞɨɣ ɢɡ ɮɪɚɡ ɫɥɨɜɚɪɹ «ɂɦɹ-Ɉɬɱɟɫɬɜɨ» ɬɚɤɠɟ 
ɡɚɪɚɧɟɟ ɫɨɡɞɚɟɬɫɹ ɬɪɚɧɫɤɪɢɩɰɢɹ ɢ VF-

ɬɪɚɧɫɤɪɢɩɰɢɹ. Ɂɚɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɮɨɪɦɢɪɭюɬɫɹ 
ɱɚɫɬɢɱɧɵɟ ɫɩɢɫɤɢ ɮɪɚɡ ɫ ɨɞɢɧɚɤɨɜɨɣ VF-

ɬɪɚɧɫɤɪɢɩɰɢɟɣ ɢ ɢɦɟɧɚɦɢ ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ 
ɮɚɣɥɨɜ ɜɢɞɚ VЦV.ЭбЭ, VЧF.ЭбЭ, FФV.ЭбЭ, FХF.ЭбЭ. 
Сɢɦɜɨɥɵ V, F ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɢɦɟɧɢ 
ɩɨɤɚɡɵɜɚюɬ, ɫ ɱɟɝɨ ɧɚɱɢɧɚɟɬɫɹ ɢ ɱɟɦ 
ɡɚɤɚɧɱɢɜɚɟɬɫɹ VF-ɬɪɚɧɫɤɪɢɩɰɢɹ, Ц, Ч, Ф, Х – ɱɢɫɥɨ 
ɫɢɦɜɨɥɨɜ F, ɜɯɨɞɹɳɢɯ ɜ VF-ɬɪɚɧɫɤɪɢɩɰɢю. 

ɉɪɢ ɡɚɩɢɫɢ ɮɪɚɡɵ ɢ ɟɟ ɚɩɪɢɨɪɧɨɣ 
ɫɟɝɦɟɧɬɚɰɢɢ ɫɪɚɡɭ ɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɟ VF-

ɬɪɚɧɫɤɪɢɩɰɢɹ ɢ ɞɚɥɟɟ ɜɟɞɟɬɫɹ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɜ 
ɫɨɨɬɜɟɬɫɬɜɭюɳɟɦ ɱɚɫɬɢɱɧɨɦ ɫɩɢɫɤɟ.  Ɋɚɡɦɟɪɵ 
ɷɬɢɯ ɫɩɢɫɤɨɜ ɡɚ ɢɫɤɥюɱɟɧɢɟɦ ɮɚɣɥɚ VγF.ЭбЭ 
ɬɚɤɨɜɵ, ɱɬɨ ɜɯɨɞɹɳɢɟ ɜ ɧɢɯ ɮɪɚɡɵ ɦɨɠɧɨ 
ɪɚɫɩɨɡɧɚɜɚɬɶ ɤɚɤ ɰɟɥɨɟ ɫ ɩɨɦɨɳɶю ɨɛɵɱɧɨɝɨ 
ɞɢɮɨɧɧɨɝɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. Сɩɢɫɨɤ VγF ɫɨɞɟɪɠɢɬ 
θλβγ ɮɪɚɡɵ ɢ ɢɡ-ɡɚ ɟɝɨ ɜɟɥɢɱɢɧɵ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɜ 
ɧɟɦ ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɚɬɨɱɧɨ ɦɟɞɥɟɧɧɨ. Ⱦɥɹ 
ɭɫɤɨɪɟɧɢɹ ɦɵ ɩɪɢɦɟɧɹɟɦ ɚɥɝɨɪɢɬɦɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɧɚɱɚɥɶɧɨɝɨ ɡɜɭɤɚ Дβ0Ж.  

Ɍɟɫɬɢɪɨɜɚɧɢɟ ɪɚɫɩɨɡɧɚɜɚɬɟɥɹ ɞɥɹ 
ɞɢɤɬɨɪɚ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬ ɫɜɨю ɞɢɮɨɧɧɭю 
ɛɚɡɭ,  ɞɚɟɬ ɧɟ ɛɨɥɟɟ ηΣ ɨɲɢɛɨɱɧɵɯ 
ɪɚɫɩɨɡɧɚɜɚɧɢɣ. 

 

 

 

ɉɨɢɫɤ ɤɥɸɱɟɜɵɯ ɫɥɨɜ ɜ ɫɥɢɬɧɨɣ 
ɪɟɱɢ ɦɟɬɨɞɨɦ DTW-ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

 

Ⱥɜɬɨɪɚɦɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɩɨɫɨɛ 
ɩɨɫɬɪɨɟɧɢɹ ɚɧɬɢɷɬɚɥɨɧɨɜ ɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɥɹ 
ɚɧɚɥɢɡɚ ɩɪɨɢɡɜɨɥɶɧɨɣ ɫɥɢɬɧɨ ɩɪɨɢɡɧɟɫɟɧɧɨɣ 
ɪɭɫɫɤɨɣ ɮɪɚɡɵ ɫ ɰɟɥɶю ɜɵɹɫɧɢɬɶ, ɫɨɞɟɪɠɢɬ ɥɢ 
ɨɧɚ ɧɚɩɟɪɟɞ ɡɚɞɚɧɧɨɟ ɫɥɨɜɨ, ɤɨɬɨɪɨɟ ɜ ɷɬɨɣ ɫɜɹɡɢ 
ɢɦɟɧɭɟɬɫɹ ɤɥюɱɟɜɵɦ. ɉɪɢ ɷɬɨɦ ɟɫɥɢ ɤɥюɱɟɜɨɟ 
ɫɥɨɜɨ ɜɨ ɮɪɚɡɟ ɟɫɬɶ, ɬɨ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɧɚɪɭɠɟɧ 
ɥɢɲɶ ɮɚɤɬ ɟɝɨ ɧɚɥɢɱɢɹ. Ɍɨɱɧɚɹ ɥɨɤɚɥɢɡɚɰɢɹ ɷɬɨɝɨ 
ɫɥɨɜɚ ɧɟ ɬɪɟɛɭɟɬɫɹ.  

ɑɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɤɥюɱɟɜɨɝɨ 
ɫɥɨɜɚ ɫɪɟɞɢ ɨɬɞɟɥɶɧɨ ɩɪɨɢɡɧɨɫɢɦɵɯ ɪɭɫɫɤɢɯ 
ɫɥɨɜ. Ɋɚɡɥɢɱɚɬɶ ɧɟɤɥюɱɟɜɵɟ ɫɥɨɜɚ ɩɪɢ ɷɬɨɦ ɧɟ 
ɧɭɠɧɨ. ɉɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ 
ɧɢɯ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɭɫɪɟɞɧɟɧɧɵɯ 
ɷɬɚɥɨɧɨɜ, ɤɨɬɨɪɵɟ ɭɦɟɫɬɧɨ ɧɚɡɜɚɬɶ ɚɧɬɢɷɬɚɥɨɧɚɦɢ 
ɤɥюɱɟɜɨɝɨ ɫɥɨɜɚ. ȼɜɢɞɭ ɦɚɥɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɚɧɬɢɷɬɚɥɨɧɨɜ ɷɬɨ ɡɚɜɟɞɨɦɨ ɭɫɤɨɪɢɬ ɩɪɨɰɟɞɭɪɭ. 

ȿɫɬɶ S0 – ɢɫɯɨɞɧɵɣ ɫɩɢɫɨɤ ɫɥɨɜ, ɢɡ 
ɤɨɬɨɪɨɝɨ ɜɵɛɢɪɚɟɬɫɹ ɤɥюɱɟɜɨɟ ɫɥɨɜɨ. Ⱦɥɹ ɧɟɝɨ 
ɫɨɡɞɚɟɬɫɹ ɝɨɥɨɫɨɜɨɣ ɷɬɚɥɨɧ, ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɛɭɞɟɦ 
ɧɚɡɵɜɚɬɶ ɤɥюɱɟɜɵɦ. ȼɫɟ ɨɫɬɚɥɶɧɵɟ ɷɬɚɥɨɧɵ 
ɫɢɧɬɟɡɢɪɭюɬɫɹ ɢɡ ɷɬɚɥɨɧɨɜ ɞɢɮɨɧɧɨɣ ɛɚɡɵ. 
ɉɭɬɟɦ ɭɫɪɟɞɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɫɢɧɬɟɬɢɱɟɫɤɢɯ 
ɷɬɚɥɨɧɨɜ ɫɨɡɞɚюɬɫɹ ɚɧɬɢɷɬɚɥɨɧɵ ɞɥɹ ɤɥюɱɟɜɨɝɨ 
ɫɥɨɜɚ. Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ 
ɩɨɤɚɡɵɜɚюɬ, ɱɬɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɜɫɟ 
ɧɟɤɥюɱɟɜɵɟ ɫɥɨɜɚ ɤɥɚɫɫɢɮɢɰɢɪɭюɬɫɹ ɩɪɚɜɢɥɶɧɨ, 
ɬɨ ɟɫɬɶ ɨɤɚɡɵɜɚюɬɫɹ ɛɥɢɠɟ ɤ ɨɞɧɨɦɭ ɢɡ 
ɚɧɬɢɷɬɚɥɨɧɨɜ. ȿɫɥɢ ɨɲɢɛɤɢ ɢ ɜɨɡɧɢɤɚюɬ, ɬɨ ɞɚɠɟ 
ɞɥɹ ɛɨɥɶɲɢɯ ɫɥɨɜɚɪɟɣ S0 ɢɯ ɤɨɥɢɱɟɫɬɜɨ 
ɫɨɫɬɚɜɥɹɟɬ ɧɟɫɤɨɥɶɤɨ ɟɞɢɧɢɰ. ɉɪɢ ɚɧɚɥɢɡɟ 
ɩɪɨɢɡɜɨɥɶɧɵɯ ɮɪɚɡ ɫ ɰɟɥɶю ɨɛɧɚɪɭɠɟɧɢɹ 
ɤɥюɱɟɜɨɝɨ ɫɥɨɜɚ ɷɬɨ ɞɟɥɚɟɬ ɨɲɢɛɤɭ ɥɨɠɧɨɣ 
ɬɪɟɜɨɝɢ ɦɚɥɨɣ. 

Ⱦɚɥɟɟ ɜɵɩɨɥɧɹɟɬɫɹ ɫɟɝɦɟɧɬɚɰɢɹ 
ɢɫɫɥɟɞɭɟɦɨɝɨ ɪɟɱɟɜɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɨɬɞɟɥɶɧɵɟ 
ɡɜɭɤɢ. Ɉɩɢɪɚɹɫɶ ɧɚ ɫɟɝɦɟɧɬɚɰɢю, ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɷɬɚɥɨɧɚɦɢ ɜɫɟɯ 
ɪɟɱɟɜɵɯ ɨɬɪɟɡɤɨɜ ɡɚɩɢɫɚɧɧɨɣ ɮɪɚɡɵ, ɫɨɞɟɪɠɚɳɢɯ 
ɫɬɨɥɶɤɨ ɝɥɭɯɢɯ ɮɪɚɝɦɟɧɬɨɜ, ɫɤɨɥɶɤɨ ɢɯ ɜ 
ɤɥюɱɟɜɨɦ ɫɥɨɜɟ. ɉɪɢ ɜɵɛɨɪɟ ɢɧɬɟɪɜɚɥɨɜ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɭɱɢɬɵɜɚɟɬɫɹ ɬɚɤɠɟ ɛɥɢɡɨɫɬɶ 
ɤɨɥɢɱɟɫɬɜɚ ɨɬɪɟɡɤɨɜ ɫɟɝɦɟɧɬɚɰɢɢ ɤ ɱɢɫɥɭ ɡɜɭɤɨɜ ɜ 
ɤɥюɱɟɜɨɦ ɫɥɨɜɟ. ȿɫɥɢ ɪɟɡɭɥɶɬɚɬɨɦ ɯɨɬɹ ɛɵ 
ɨɞɧɨɝɨ ɢɡ ɪɚɫɩɨɡɧɚɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɤɥюɱɟɜɨɟ 
ɫɥɨɜɨ, ɬɨ ɷɬɨ ɫɥɨɜɨ ɫɱɢɬɚɟɬɫɹ ɧɚɣɞɟɧɧɵɦ ɢ 
ɩɪɨɝɪɚɦɦɚ ɜɵɞɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭюɳɟɟ ɫɨɨɛɳɟɧɢɟ. ȼ 
ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɤɥюɱɟɜɨɟ ɫɥɨɜɨ 
ɧɟ ɨɛɧɚɪɭɠɟɧɨ. Ɇɚɥɨɟ ɱɢɫɥɨ ɨɲɢɛɨɤ ɩɪɨɩɭɫɤɚ 
ɰɟɥɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɨɥɨɫɨɜɨɝɨ 
ɷɬɚɥɨɧɚ ɞɥɹ ɤɥюɱɟɜɨɝɨ ɫɥɨɜɚ. Ɋɢɫɭɧɤɢ η, θ 
ɢɥɥюɫɬɪɢɪɭюɬ ɪɟɡɭɥɶɬɚɬ ɩɨɢɫɤɚ ɤɥюɱɟɜɨɝɨ ɫɥɨɜɚ. 
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Ɋɢɫɭɧɨɤ η – ȼɢɡɭɚɥɢɡɚɰɢɹ ɮɪɚɡɵ «Мɨɹ 

ɫɨɤɭɪɫɧɢɰɚ ɭɠɟ ɫɞɚɥɚ ɷɤɡɚɦɟɧ» 

 
Ɋɢɫɭɧɨɤ θ – Ɉɤɧɨ ɩɪɨɝɪɚɦɦɵ ɫ 

ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɤɥюɱɟɜɨɝɨ ɫɥɨɜɚ 

 

Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɫɥɢɬɧɨ 
ɩɪɨɢɡɧɨɫɢɦɵɯ ɫɥɨɠɧɵɯ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ 
ɱɢɫɥɢɬɟɥɶɧɵɯ ɫ ɩɨɢɫɤɨɦ ɤɥɸɱɟɜɨɝɨ 
ɫɥɨɜɚ ɜ ɩɨɬɨɤɟ ɪɟɱɢ 

 

ɉɪɨɝɪɚɦɦɧɨ ɫɮɨɪɦɢɪɭɟɦ ɰɢɮɪɨɜɨɣ 
ɫɩɢɫɨɤ ɱɢɫɟɥ ɨɬ 1 ɞɨ λλλ ɢ ɡɚɦɟɧɢɦ ɤɚɠɞɨɟ ɢɡ ɧɢɯ 
ɟɝɨ ɫɥɨɜɟɫɧɵɦ ɜɵɪɚɠɟɧɢɟɦ. ɉɨɫɥɟɞɧɟɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɮɪɚɡɭ ɢɡ ɨɞɧɨɝɨ, ɞɜɭɯ ɢɥɢ 
ɬɪɟɯ ɫɥɨɜ. Ȼɭɞɟɦ ɜɧɚɱɚɥɟ ɪɚɛɨɬɚɬɶ ɫɨ ɫɥɨɜɚɪɟɦ, 
ɫɨɫɬɨɹɳɢɦ ɬɨɥɶɤɨ ɢɡ ɷɬɢɯ ɮɪɚɡ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 
ɮɪɚɡ, ɡɚɤɚɧɱɢɜɚюɳɢɯɫɹ ɫɥɨɜɨɦ «ɨɞɢɧ», ɜ ɤɨɬɨɪɵɯ 
ɷɬɨ ɫɥɨɜɨ ɡɚɦɟɧɟɧɨ ɫɥɨɜɨɦ «ɨɞɧɚ». ȼ ɫɥɨɜɚɪɶ 
ɞɨɛɚɜɥɹɟɬɫɹ ɬɚɤɠɟ ɮɪɚɡɚ (ɫɥɨɜɨ) «ɬɵɫɹ». Ⱦɚɥɟɟ 
ɛɭɞɟɦ ɢɦɟɧɨɜɚɬɶ ɷɬɨɬ ɫɥɨɜɚɪɶ ɤɚɤ «Сɥɨɜɚɪɶ 0». 

 Ⱦɥɹ ɤɚɠɞɨɣ ɢɡ ɮɪɚɡ Сɥɨɜɚɪɹ 0 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɨɡɞɚɟɬɫɹ ɬɪɚɧɫɤɪɢɩɰɢɹ ɢ ɫɬɪɨɢɬɫɹ 
ɷɬɚɥɨɧ ɩɭɬɟɦ ɫɤɥɟɢɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ 
ɷɬɚɥɨɧɨɜ ɞɢɮɨɧɧɨɣ ɛɚɡɵ. ɂɡ ɷɬɢɯ ɷɬɚɥɨɧɨɜ 
ɮɨɪɦɢɪɭɟɬɫɹ ɞɟɪɟɜɨ. Ʉɚɠɞɭю ɫɤɚɡɚɧɧɭю ɮɪɚɡɭ 
ɛɭɞɟɦ ɪɚɫɩɨɡɧɚɜɚɬɶ ɫ ɩɨɦɨɳɶю ɚɥɝɨɪɢɬɦɚ DTА 
ɤɚɤ ɰɟɥɶɧɵɣ ɡɜɭɤɨɜɨɣ ɮɚɣɥ (ɧɟ ɜɵɞɟɥɹɹ ɜ ɧɟɦ 
ɨɬɞɟɥɶɧɵɟ ɫɥɨɜɚ). Ɍɚɤɨɟ ɪɚɫɩɨɡɧɚɜɚɧɢɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞɟɠɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɩɨɥɭɱɚɟɦɵɣ 
ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ ɞɚɠɟ ɧɚ ɜɟɫɶɦɚ ɭɫɬɚɪɟɜɲɟɦ 
ɤɨɦɩɶюɬɟɪɟ ɫɨ ɫɥɟɞɭюɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢμ 
ɨɞɧɨɹɞɟɪɧɵɣ ɩɪɨɰɟɫɫɨɪ ɫ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɨɣ β.4 
ȽȽɰ ɢ 1 Ƚɛ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ.  

ɉɟɪɟɯɨɞɹ ɤ ɨɫɬɚɥɶɧɵɦ ɱɢɫɥɢɬɟɥɶɧɵɦ, 
ɡɚɦɟɬɢɦ, ɱɬɨ ɨɧɢ ɫɨɫɬɨɹɬ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣμ ɭɠɟ 
ɪɚɫɫɦɨɬɪɟɧɧɨɟ ɱɢɫɥɢɬɟɥɶɧɨɟ ɨɬ 1 ɞɨ λλλ ɢ ɬɚɤɨɟ 
ɠɟ ɱɢɫɥɢɬɟɥɶɧɨɟ, ɤɨɬɨɪɨɦɭ ɩɪɟɞɲɟɫɬɜɭɟɬ ɧɭɠɧɚɹ 
ɫɥɨɜɨɮɨɪɦɚ ɫɥɨɜɚ «ɬɵɫɹɱɚ». ɉɪɢ ɷɬɨɦ ɨɞɧɚ ɢɡ 
ɷɬɢɯ ɱɚɫɬɟɣ ɦɨɠɟɬ ɛɵɬɶ ɩɭɫɬɨɣ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɜɬɨɪɚɹ ɱɚɫɬɶ ɦɨɠɟɬ ɫɨɫɬɨɹɬɶ ɬɨɥɶɤɨ ɢɡ 
ɫɥɨɜɨɮɨɪɦɵ ɫɥɨɜɚ «ɬɵɫɹɱɚ». Ⱦɚɥɟɟ ɛɭɞɟɦ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɨɜɨ «ɱɚɫɬɶ» ɬɨɥɶɤɨ ɜ ɭɤɚɡɚɧɧɨɦ 
ɫɦɵɫɥɟ. Сɥɨɜɨ «ɨɞɢɧ», ɟɫɥɢ ɨɧɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɩɪɟɞɲɟɫɬɜɭɟɬ ɫɥɨɜɭ «ɬɵɫɹɱɚ», ɡɚɦɟɧɹɟɬɫɹ ɫɥɨɜɨɦ 
«ɨɞɧɚ», ɚ ɫɥɨɜɨ «ɞɜɚ», ɩɪɟɞɲɟɫɬɜɭюɳɟɟ ɫɥɨɜɭ 
«ɬɵɫɹɱɢ», - ɫɥɨɜɨɦ «ɞɜɟ».  

Ʉɚɠɞɚɹ ɢɡ ɭɤɚɡɚɧɧɵɯ ɱɚɫɬɟɣ ɜɵɞɟɥɹɟɬɫɹ ɢ 
ɪɚɫɩɨɡɧɚɟɬɫɹ ɨɬɞɟɥɶɧɨ, ɟɫɥɢ ɪɚɡɞɟɥɹюɳɚɹ 
(ɨɬɤɪɵɜɚюɳɚɹ, ɡɚɜɟɪɲɚюɳɚɹ) ɫɥɨɜɨɮɨɪɦɚ ɫɥɨɜɚ 
«ɬɵɫɹɱɚ» ɡɚɪɚɧɟɟ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɜ ɫɤɚɡɚɧɧɨɣ 
ɮɪɚɡɟ ɤɚɤ ɤɥюɱɟɜɨɟ ɫɥɨɜɨ ɜ ɩɨɬɨɤɟ ɪɟɱɢ. Эɬɨ 
ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɜɵɲɟɭɩɨɦɹɧɭɬɨɣ ɚɩɪɢɨɪɧɨɣ ɫɟɝɦɟɧɬɚɰɢɢ. Ⱥ 
ɢɦɟɧɧɨ, ɢɳɟɬɫɹ ɨɬɜɟɱɚюɳɚɹ ɡɜɭɤɨɫɨɱɟɬɚɧɢю 
«ɬɵɫɹ» ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɟɝɦɟɧɬɨɜ АFА, 
ɨɬɤɪɵɜɚюɳɚɹ ɮɪɚɡɭ, ɢɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
PАFА ɜ ɥюɛɨɦ ɞɪɭɝɨɦ ɦɟɫɬɟ ɮɪɚɡɵ, ɢ ɜ ɨɛɨɢɯ 
ɫɥɭɱɚɹɯ ɧɚ ɨɬɪɟɡɤɟ АFА ɩɪɨɜɨɞɢɬɫɹ 
ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɫɨ Сɥɨɜɚɪɟɦ 0. ȿɫɥɢ ɧɚɣɞɟɧɧɵɯ 
ɨɬɪɟɡɤɨɜ ɛɨɥɟɟ ɨɞɧɨɝɨ, ɜɵɛɢɪɚɟɬɫɹ ɬɨɬ, ɞɥɹ 
ɤɨɬɨɪɨɝɨ DTА-ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɡɜɭɤɨɫɨɱɟɬɚɧɢɹ 
«ɬɵɫɹ» ɦɢɧɢɦɚɥɶɧɨ. 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɦɟɬɨɞɚ ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ 
ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɫɥɨɜ 

 

С ɩɨɦɨɳɶю ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɬɨɞɚ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɭɬёɦ ɫɪɚɜɧɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɬɞɟɥɶɧɨ ɩɪɨɢɡɧɨɫɢɦɵɯ ɫɥɨɜ ɫ 
ɦɟɬɨɞɨɦ ɧɚ ɨɫɧɨɜɟ ɫɤɪɵɬɵɯ ɦɚɪɤɨɜɫɤɢɯ ɦɨɞɟɥɟɣ 
(ɜ ɤɚɱɟɫɬɜɟ ɬɟɫɬɨɜɨɣ ɩɥɚɬɮɨɪɦɵ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 
HTK TШШХФТЭ) ɢ ɤɨɦɦɟɪɱɟɫɤɨɣ ɩɪɨɝɪɚɦɦɨɣ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ VШМШ. Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɨɤɚɡɚɬɟɥɶ 
ɩɪɨɰɟɧɬɚ ɤɨɪɪɟɤɬɧɨ ɪɚɫɩɨɡɧɚɧɧɵɯ ɫɥɨɜ (АCR – 

Word Correctly Recognized).  

ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɭɱɚɫɬɜɨɜɚɥɢ η ɞɢɤɬɨɪɨɜ. 
Ȼɵɥ ɫɮɨɪɦɢɪɨɜɚɧ ɫɥɨɜɚɪɶ ɨɛɴɟɦɨɦ 100 ɫɥɨɜ. Ⱦɥɹ 
ɤɚɠɞɨɝɨ ɞɢɤɬɨɪɚ ɛɵɥ ɫɨɡɞɚɧ ɛɚɧɤ ɪɟɱɟɜɵɯ 
ɫɢɝɧɚɥɨɜ – ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɢɡɧɟɫɟɧɢɹ ɫɥɨɜ 
ɫɥɨɜɚɪɹ. Ȼɚɧɤ ɛɵɥ ɡɚɩɢɫɚɧ ɜ η ɜɟɪɫɢɹɯμ ɨɞɧɚ 
ɜɟɪɫɢɹ ɩɪɟɞɧɚɡɧɚɱɚɥɚɫɶ ɞɥɹ ɪɟɠɢɦɚ ɨɛɭɱɟɧɢɹ, 
ɨɫɬɚɥɶɧɵɟ 4 – ɞɥɹ ɪɟɠɢɦɚ ɬɟɫɬɢɪɨɜɚɧɢɹ.  

Ɂɚɩɢɫɶ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɨɝɨ 
ɭɪɨɜɧɹ ɮɨɧɨɜɨɝɨ ɲɭɦɚ (ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ-ɲɭɦ 
ɩɪɢɦɟɪɧɨ η0 ɞȻ. ɉɨɞ ɨɬɧɨɲɟɧɢɟɦ ɫɢɝɧɚɥ-ɲɭɦ ɜ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɨɬɧɨɲɟɧɢɟ 
ɫɪɟɞɧɢɯ ɦɨɳɧɨɫɬɟɣ ɫɢɝɧɚɥɚ ɢ ɲɭɦɚ ɜ ɩɨɥɨɫɟ 
ɱɚɫɬɨɬ ɨɬ 0 ɞɨ 11 ɤȽɰ). ɉɚɪɚɦɟɬɪɵ ɡɚɩɢɫɢ ɧɚɛɨɪɨɜ 
ɫɥɨɜμ ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ – ββ0η0 Ƚɰ; 
ɪɚɡɪɹɞɧɨɫɬɶ ɤɜɚɧɬɨɜɚɧɢɹ – 8 ɛɢɬ; ɫɪɟɞɧɹɹ 
ɞɥɢɬɟɥɶɧɨɫɬɶ ɡɚɩɢɫɚɧɧɨɝɨ ɫɥɨɜɚ – β ɫ (ɜɤɥюɱɚɹ 
ɨɤɪɭɠɚюɳɢɟ ɫɥɨɜɨ ɩɚɭɡɵ, ɞɥɢɬɟɥɶɧɨɫɬɶю ɧɟ 
ɦɟɧɟɟ 0,γ ɫ ɤɚɠɞɚɹ). 

ȼ ɤɚɱɟɫɬɜɟ ɬɟɫɬɨɜɨɣ ɩɥɚɬɮɨɪɦɵ ɞɥɹ 
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ɦɟɬɨɞɚ ɫɤɪɵɬɵɯ ɦɚɪɤɨɜɫɤɢɯ ɦɨɞɟɥɟɣ ɛɵɥ 
ɢɫɩɨɥɶɡɨɜɚɧ HTK TШШХФТЭ, ɱɬɨɛɵ ɩɨɫɬɪɨɢɬɶ 
ɛɚɡɨɜɭю ɫɢɫɬɟɦɭ ɫ MFCC ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. Ⱦɥɹ 
ɤɚɠɞɨɝɨ ɞɢɤɬɨɪɚ ɧɚ ɨɛɭɱɚюɳɟɣ ɜɵɛɨɪɤɟ ɛɵɥɚ 
ɨɛɭɱɟɧɚ ɫɜɨɹ ɚɤɭɫɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ.  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɟɫɬɢɪɨɜɚɧɢɹ ɩɪɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɨɬɞɟɥɶɧɵɯ ɫɥɨɜ ɫ ɩɨɦɨɳɶю DTА ɢ 
ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɷɬɚɥɨɧɨɜ (ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɚɥɨɧɨɜ 
ɫɥɨɜ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɢɡ ɷɬɚɥɨɧɨɜ ɞɢɮɨɧɨɜ), 
ɤɚɱɟɫɬɜɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɧɚ ɬɟɯ ɠɟ ɚɭɞɢɨɞɚɧɧɵɯ 
ɩɨɜɵɲɚɟɬɫɹ ɧɚ γ – 18Σ ɩɨ ɫɪɚɜɧɟɧɢю ɫ 
ɪɚɫɩɨɡɧɚɜɚɧɢɟɦ ɦɟɬɨɞɨɦ ɫɤɪɵɬɵɯ ɦɚɪɤɨɜɫɤɢɯ 
ɦɨɞɟɥɟɣ, ɢ ɧɚ λ – 1ηΣ ɩɨ ɫɪɚɜɧɟɧɢю ɫ ɫɢɫɬɟɦɨɣ 
VШМШ (ɬɚɛɥɢɰɚ 1). 

Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɬɨɞɚ ɨɛɪɚɛɨɬɤɢ ɪɟɱɟɜɵɯ ɞɚɧɧɵɯ 
ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɫɥɨɜ ɧɚ 
ɛɨɥɶɲɨɦ ɫɥɨɜɚɪɟ. ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡ 
ɝɪɚɦɦɚɬɢɱɟɫɤɨɝɨ ɫɥɨɜɚɪɹ ɪɭɫɫɤɨɝɨ ɹɡɵɤɚ Ⱥ.Ⱥ. 
Ɂɚɥɢɡɧɹɤɚ Дβ1Ж ɨɛɴɟɦɨɦ ɨɤɨɥɨ 100 ɬɵɫ. (ɬɨɱɧɚɹ 
ɰɢɮɪɚμ λ4θ04) ɫɥɨɜ ɜ ɧɚɱɚɥɶɧɵɯ ɮɨɪɦɚɯ 
ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɛɵɥɨ ɨɬɨɛɪɚɧɨ β ɬɵɫɹɱɢ ɫɥɨɜ 
– ɬɟɫɬɨɜɵɣ ɫɥɨɜɚɪɶ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. Ⱦɚɥɟɟ ɢɡ 
ɧɢɯ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɜɵɛɢɪɚɥɨɫɶ 10 ɫɥɨɜ, 
ɤɨɬɨɪɵɟ ɩɪɨɢɡɧɨɫɢɥ ɞɢɤɬɨɪ. Эɬɨɬ ɩɨɫɥɟɞɧɢɣ ɷɬɚɩ 
ɩɨɜɬɨɪɹɥɫɹ η0 ɪɚɡ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ 
ɜɵɫɨɤɭю ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚμ 
ɞɨɥɹ ɤɨɪɪɟɤɬɧɨ ɪɚɫɩɨɡɧɚɜɚɟɦɵɯ ɫɥɨɜ ɫɨɫɬɚɜɥɹɥɚ 
ɧɟ ɦɟɧɟɟ λ0Σ. 

 

Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ 
ɬɟɫɬɢɪɨɜɚɧɢɹ ɤɚɱɟɫɬɜɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 
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Ɉɬɦɟɬɢɦ, ɱɬɨ ɭɤɚɡɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɬɞɟɥɶɧɵɯ ɫɥɨɜ ɩɪɨɝɪɚɦɦɨɣ VШМШ 
ɨɛɴɹɫɧɹюɬɫɹ ɬɟɦ, ɱɬɨ ɨɧɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɥɢɬɧɨɣ ɪɟɱɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Ч-

ɝɪɚɦɦɧɨɣ ɹɡɵɤɨɜɨɣ ɦɨɞɟɥɢ. Ⱦɥɹ ɨɬɞɟɥɶɧɵɯ ɫɥɨɜ 
ɹɡɵɤɨɜɚɹ ɦɨɞɟɥɶ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɪɚɛɨɬɚɟɬ, ɜ ɷɬɨɦ 
ɫɥɭɱɚɟ ɫɢɫɬɟɦɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɩɢɪɚɟɬɫɹ ɬɨɥɶɤɨ 
ɧɚ ɜɫɬɪɟɱɚɟɦɨɫɬɶ ɫɥɨɜɚ ɜ ɬɪɟɧɢɪɨɜɨɱɧɵɯ ɞɚɧɧɵɯ, 

ɱɬɨ, ɩɨ ɫɭɬɢ, ɧɟ ɧɟɫɟɬ ɧɢɤɚɤɨɣ ɩɨɥɟɡɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ, ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɜɟɞɟɬɫɹ ɬɨɥɶɤɨ ɡɚ 
ɫɱɟɬ ɚɤɭɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɫɨɛɫɬɜɟɧɧɨ ɚɤɭɫɬɢɱɟɫɤɨɟ 
ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɬɞɟɥɶɧɵɯ ɫɥɨɜ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
ɪɟɚɥɢɡɨɜɚɧɨ ɥɭɱɲɟ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ 
ɚɥɝɨɪɢɬɦɚ ɧɚ ɛɨɥɶɲɨɦ ɫɥɨɜɚɪɟ, ɢɡ 
ɝɪɚɦɦɚɬɢɱɟɫɤɨɝɨ ɫɥɨɜɚɪɹ ɪɭɫɫɤɨɝɨ ɹɡɵɤɚ Ⱥ.Ⱥ. 
Ɂɚɥɢɡɧɹɤɚ ɨɛɴɟɦɨɦ ɨɤɨɥɨ 100 ɬɵɫ. (ɬɨɱɧɚɹ ɰɢɮɪɚμ 
λ4θ04) ɫɥɨɜ ɜ ɧɚɱɚɥɶɧɵɯ ɮɨɪɦɚɯ ɫɥɭɱɚɣɧɵɦ 
ɨɛɪɚɡɨɦ ɛɵɥɨ ɨɬɨɛɪɚɧɨ β ɬɵɫɹɱɢ ɫɥɨɜ – ɬɟɫɬɨɜɵɣ 
ɫɥɨɜɚɪɶ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. Ⱦɚɥɟɟ ɢɡ ɧɢɯ 
ɩɪɨɢɡɜɨɥɶɧɨ ɨɬɛɢɪɚɥɨɫɶ ɢ ɩɪɨɢɡɧɨɫɢɥɨɫɶ 10 ɫɥɨɜ. 
Эɬɨɬ ɩɨɫɥɟɞɧɢɣ ɷɬɚɩ ɩɨɜɬɨɪɹɥɫɹ η0 ɪɚɡ.  

Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɚɥɢɫɶ ɞɥɹ 
ɨɫɬɚɥɶɧɵɯ 44 ɢɫɩɵɬɚɧɢɣ, ɬɚɤ ɱɬɨ ɦɨɠɧɨ ɛɵɥɨ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞμ ɞɥɹ ɫɥɨɜɚɪɹ ɨɛɴɟɦɨɦ β000 
ɩɪɨɢɡɜɨɥɶɧɨ ɜɵɛɪɚɧɧɵɯ ɧɚɱɚɥɶɧɵɯ ɮɨɪɦ ɞɨɥɹ 
ɤɨɪɪɟɤɬɧɨ ɪɚɫɩɨɡɧɚɜɚɟɦɵɯ ɫɥɨɜ ɫɨɫɬɚɜɥɹɟɬ ɧɟ 
ɦɟɧɟɟ λ0Σ. 

Ⱥɧɚɥɨɝɢɱɧɚɹ ɩɪɨɰɟɞɭɪɚ ɬɟɫɬɢɪɨɜɚɧɢɹ 
ɩɪɢɦɟɧɹɥɚɫɶ ɬɚɤɠɟ ɧɚ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ 
ɫɮɨɪɦɢɪɨɜɚɧɧɨɦ ɫɥɨɜɚɪɟ ɜ γ0000 ɧɚɱɚɥɶɧɵɯ 
ɮɨɪɦ. Ɋɟɡɭɥɶɬɚɬ ɛɵɥ ɚɧɚɥɨɝɢɱɧɵɦμ ɞɨɥɹ 
ɤɨɪɪɟɤɬɧɨ ɪɚɫɩɨɡɧɚɜɚɟɦɵɯ ɫɥɨɜ ɫɨɫɬɚɜɥɹɥɚ ɧɟ 
ɦɟɧɟɟ λ0Σ. 

ȼɵɜɨɞɵ 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɚɪɢɚɧɬɵ 
ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ ɦɟɬɨɞɚ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɚ DTА, 
ɢɫɩɨɥɶɡɭюɳɟɝɨ ɮɨɧɟɦɧɭю ɫɟɝɦɟɧɬɚɰɢю ɢ 
ɷɬɚɥɨɧɵ ɫɥɨɜ, ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɢɧɬɟɡɢɪɭɟɦɵɟ ɢɡ 
ɷɬɚɥɨɧɨɜ ɞɢɮɨɧɨɜ. Ɇɟɬɨɞ ɨɬɥɢɱɚɟɬɫɹ ɬɟɦ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɚɥɝɨɪɢɬɦ DTА ɞɥɹ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɨ ɫɥɨɜɚɪɟɦ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ 
(ɛɨɥɟɟ ɞɟɫɹɬɢ ɬɵɫɹɱ ɫɥɨɜ), ɚ ɬɚɤɠɟ ɞɥɹ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɥɢɬɧɨɣ ɪɟɱɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɞɢɮɨɧɧɨɣ ɛɚɡɵ ɷɬɚɥɨɧɨɜ ɞɢɤɬɨɪɚ ɜɦɟɫɬɟ ɫ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɬɪɚɧɫɤɪɢɩɬɨɪɨɦ ɩɨɡɜɨɥɹɟɬ ɡɚ 
ɫɱɟɬ ɫɢɧɬɟɡɚ ɷɬɚɥɨɧɨɜ ɫɥɨɜ ɢɡ ɷɬɚɥɨɧɨɜ ɞɢɮɨɧɨɜ 
ɪɚɛɨɬɚɬɶ ɫ ɩɪɨɢɡɜɨɥɶɧɵɦɢ ɫɥɨɜɚɪɹɦɢ, 
ɡɚɞɚɜɚɟɦɵɦɢ ɜ ɬɟɤɫɬɨɜɨɦ ɜɢɞɟ, ɛɟɡ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 
ɨɛɭɱɟɧɢɹ ɷɬɚɥɨɧɨɜ ɜɫɟɯ ɫɥɨɜ. 

С ɩɨɦɨɳɶю ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɜɟɞɟɧɨ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɥɝɨɪɢɬɦɨɜ 
ɫɟɝɦɟɧɬɚɰɢɢ ɢ ɨɛɪɚɛɨɬɤɢ ɪɟɱɟɜɵɯ ɞɚɧɧɵɯ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɢɮɨɧɨɜ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɬɞɟɥɶɧɨ 
ɩɪɨɢɡɧɨɫɢɦɵɯ ɫɥɨɜ ɫ ɦɟɬɨɞɨɦ ɧɚ ɨɫɧɨɜɟ ɫɤɪɵɬɵɯ 
ɦɚɪɤɨɜɫɤɢɯ ɦɨɞɟɥɟɣ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɬɟɫɬɢɪɨɜɚɧɢɹ, ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɨɬɞɟɥɶɧɵɯ ɫɥɨɜ 
ɫ ɩɨɦɨɳɶю DTА ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɷɬɚɥɨɧɨɜ, 
ɤɚɱɟɫɬɜɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɧɚ ɬɟɯ ɠɟ ɚɭɞɢɨɞɚɧɧɵɯ 
ɩɨɜɵɲɚɟɬɫɹ ɧɚ γ – 18Σ ɩɨ ɫɪɚɜɧɟɧɢю ɫ 
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ɪɚɫɩɨɡɧɚɜɚɧɢɟɦ ɦɟɬɨɞɨɦ ɫɤɪɵɬɵɯ ɦɚɪɤɨɜɫɤɢɯ 
ɦɨɞɟɥɟɣ. 

Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ 
ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɫɥɨɜ ɧɚ ɛɨɥɶɲɨɦ ɫɥɨɜɚɪɟ, ɤɨɬɨɪɨɟ 
ɩɨɤɚɡɚɥɨ ɜɵɫɨɤɭю ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 
ɦɟɬɨɞɚμ ɞɨɥɹ ɤɨɪɪɟɤɬɧɨ ɪɚɫɩɨɡɧɚɜɚɟɦɵɯ ɫɥɨɜ 
ɫɨɫɬɚɜɥɹɥɚ ɧɟ ɦɟɧɟɟ λ0Σ. 
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ɇɢɰɟɧɤɨ Ⱥ.ȼ., Шɟɥɟɩɨɜ ȼ.ɘ Ɉ ɜɨɡɦɨɠɧɨɫɬɹɯ ɚɥɝɨɪɢɬɦɚ DTА ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɪɟɱɟɜɵɯ ɫɢɝɧɚɥɨɜ. 
ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɚɪɢɚɧɬɵ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵх ɡɚɞɚɱ ɦɟɬɨɞɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ 
ɚɥɝɨɪɢɬɦɚ DTА, ɢɫɩɨɥɶɡɭɸɳɟɝɨ ɮɨɧɟɦɧɭɸ ɫɟɝɦɟɧɬɚɰɢɸ ɢ ɷɬɚɥɨɧɵ ɫɥɨɜ, ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɫɢɧɬɟɡɢɪɭɟɦɵɟ ɢɡ ɷɬɚɥɨɧɨɜ ɞɢɮɨɧɨɜ. Мɟɬɨɞ ɨɬɥɢɱɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɚɥɝɨɪɢɬɦ 
DTА ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɨ ɫɥɨɜɚɪɟɦ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ (ɛɨɥɟɟ ɞɟɫɹɬɢ ɬɵɫɹɱ ɫɥɨɜ), ɚ ɬɚɤɠɟ ɞɥɹ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɥɢɬɧɨɣ ɪɟɱɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɢɮɨɧɧɨɣ ɛɚɡɵ ɷɬɚɥɨɧɨɜ ɞɢɤɬɨɪɚ ɜɦɟɫɬɟ ɫ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɬɪɚɧɫɤɪɢɩɬɨɪɨɦ ɩɨɡɜɨɥɹɟɬ ɡɚ ɫɱɟɬ ɫɢɧɬɟɡɚ ɷɬɚɥɨɧɨɜ ɫɥɨɜ ɢɡ ɷɬɚɥɨɧɨɜ ɞɢɮɨɧɨɜ 
ɪɚɛɨɬɚɬɶ ɫ ɩɪɨɢɡɜɨɥɶɧɵɦɢ ɫɥɨɜɚɪɹɦɢ, ɡɚɞɚɜɚɟɦɵɦɢ ɜ ɬɟɤɫɬɨɜɨɦ ɜɢɞɟ, ɛɟɡ ɧɟɨɛхɨɞɢɦɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɨɛɭɱɟɧɢɹ ɷɬɚɥɨɧɨɜ ɜɫɟх ɫɥɨɜ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɪɟɱɢ, ɞɢɧɚɦɢɱɟɫɤɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ, ɚɥɝɨɪɢɬɦ DTА, ɫɟɝɦɟɧɬɚɰɢɹ, 
ɞɢɮɨɧ, ɚɧɬɢɷɬɚɥɨɧ. 
Nitsenko A.V., Shelepov V.Ju., About DTW-algorithm capabilities for speech recognition. In the article are 

considered variants of application for various problems of the speech recognition method based on the DTW 

algorithm using phonemic segmentation and word templates automatically synthesized from the diphone 

templates. The method advantage is that it allows to apply the DTW algorithm for large vocabulary speech 

recognition (more than ten thousand words), as well as for continuous speech recognition. The use of the 

spОКkОr’s НТpСoЧО sКЦpХОs НКtКЛКsО toРОtСОr аТtС tСО КutoЦКtТМ trКЧsМrТptТoЧ ЦКkОs Тt possТЛХО to аork аТtС 
arbitrary dictionaries specified as the text by synthesizing the word templates from diphone templates without 

the need to perform the preliminary training of the whole word templates. 

Keywords: speech recognition, dynamical programming, DTW algorithm, speech segmentation, diphone, anti-

sample. 
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