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ɊȺɁɊȺȻɈɌɄȺ ȾȿɌȿɊɆɂɇɂɊɈȼȺɇɇɈȽɈ ɋɌɊɍɄɌɍɊɇɈȽɈ 

ɆȿɌɈȾȺ ɊȺɋɉɈɁɇȺȼȺɇɂə ɋɅɈȼ ɄɈɆȺɇȾ ȼɈȾɂɌȿɅə 
 

ȿ.ȿ. Ɏɟɞɨɪɨɜ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ., Ⱦɨɧɟɰɤɚɹ ɚɤɚɞɟɦɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ 
 

Аɧɧɨɬаɰиɹ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɣ ɫɬɪɭɤɬɭɪɧɵɣ ɦɟɬɨɞ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɥɨɜ ɤɨ-
ɦɚɧɞ ɜɨɞɢɬɟɥɹ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬ ɩɪɢɡɧɚɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɩɭɬɟɦ ɧɟɪɚɫɲɢɪɹɸɳɢɯ ɪɚɜɧɨɦɟɪɧɨ 
ɧɟɩɪɟɪɵɜɧɵɯ ɨɬɨɛɪɚɠɟɧɢɣ, ɢ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɣ ɤɨɧɟɱɧɵɣ ɚɜɬɨɦɚɬ, ɤɨɬɨɪɵɣ ɦɨɞɟɥɢɪɭɟɬ 

ɫɥɨɜɚ ɤɨɦɚɧɞ ɜɨɞɢɬɟɥɹ. 
 

Клɸɱевые ɫлɨва: ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɣ ɤɨɧɟɱɧɵɣ ɚɜɬɨɦɚɬ, ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɫɥɨɜ ɤɨɦɚɧɞ, ɤɨɦɩɶ-
ɸɬɟɪɧɚɹ ɫɢɫɬɟɦɚ, ɧɟɪɚɫɲɢɪɹɸɳɢɟ ɪɚɜɧɨɦɟɪɧɨ ɧɟɩɪɟɪɵɜɧɵɟ ɨɬɨɛɪɚɠɟɧɢɹ, ɦɟɥ-ɱɚɫɬɨɬɧɵɟ 
ɤɟɩɫɬɪɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. 

 

ɊɈɁɊɈȻɄȺ ȾȿɌȿɊɆȱɇɈȼȺɇɈȽɈ ɋɌɊɍɄɌɍɊɇɈȽɈ 

ɆȿɌɈȾɍ ɊɈɁɉȱɁɇȺȼȺɇɇə ɋɅȱȼ ɄɈɆȺɇȾ ȼɈȾȱə 
 

Є.Є. Ɏɟɞɨɪɨɜ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ., Ⱦɨɧɟɰɶɤɚ ɚɤɚɞɟɦɿɹ ɚɜɬɨɦɨɛɿɥɶɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ 
 

Аɧɨɬаɰіɹ. ɉɪɨɩɨɧɭєɬɶɫɹ ɞɟɬɟɪɦɿɧɨɜɚɧɢɣ ɫɬɪɭɤɬɭɪɧɢɣ ɦɟɬɨɞ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɫɥɿɜ ɤɨɦɚɧɞ ɜɨ-

ɞɿɹ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭє ɨɡɧɚɤɢ, ɨɬɪɢɦɚɧɿ ɲɥɹɯɨɦ ɧɟɪɨɡɲɢɪɸɜɚɥɶɧɢɯ ɪɿɜɧɨɦɿɪɧɨ ɛɟɡɩɟɪɟɪɜɧɢɯ 
ɜɿɞɨɛɪɚɠɟɧɶ, ɿ ɞɟɬɟɪɦɿɧɨɜɚɧɢɣ ɤɿɧɰɟɜɢɣ ɚɜɬɨɦɚɬ, ɹɤɢɣ ɦɨɞɟɥɸє ɫɥɨɜɚ ɤɨɦɚɧɞ ɜɨɞɿɹ. 
 

Клɸɱɨві ɫлɨва: ɞɟɬɟɪɦɿɧɨɜɚɧɢɣ ɤɿɧɰɟɜɢɣ ɚɜɬɨɦɚɬ, ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɫɥɿɜ ɤɨɦɚɧɞ, ɤɨɦɩ’ɸɬɟɪɧɚ 

ɫɢɫɬɟɦɚ, ɧɟɪɨɡɲɢɪɸɜɚɥɶɧɿ ɪɿɜɧɨɦɿɪɧɨ ɛɟɡɩɟɪɟɪɜɧɿ ɜɿɞɨɛɪɚɠɟɧɧɹ, ɦɟɥ-ɱɚɫɬɨɬɧɿ ɤɟɩɫɬɪɚɥɶɧɿ 
ɤɨɟɮɿɰɿєɧɬɢ. 
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Abstract. The structural method of command words recognition of the driver which uses the features 

received by uniformly expanding continuous mapping, and the determined finite state machine, which 

models words of commands of the driver is offered. 
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ȼɜɟɞɟɧɢɟ 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟ-
ɧɢɟ ɩɨɥɭɱɚɸɬ ɫɢɫɬɟɦɵ ɱɟɥɨɜɟɤɨ-ɦɚɲɢɧɧɨɝɨ 
ɨɛɳɟɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɬɪɚɧɫ-
ɩɨɪɬɧɵɦɢ ɨɛɴɟɤɬɚɦɢ. ȼɚɠɧɭɸ ɪɨɥɶ ɜ ɬɚɤɢɯ 

ɫɢɫɬɟɦɚɯ ɢɝɪɚɟɬ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɪɟɱɟɜɵɯ ɤɨ-

ɦɚɧɞ. Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɜɟɪ-
ɛɚɥɶɧɵɯ ɤɨɦɚɧɞ ɜɨɞɢɬɟɥɹ ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ 

ɞɨɥɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫ ɜɵɫɨɤɢɦ ɛɵɫɬɪɨ-
ɞɟɣɫɬɜɢɟɦ ɢ ɜɵɫɨɤɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ. ɉɚɪɚ-
ɦɟɬɪɵ ɫɢɫɬɟɦɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɤɨɦɚɧɞ  

ɜɨɞɢɬɟɥɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɱɢɫ-
ɥɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
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Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɢ ɦɨɞɟɥɢ ɪɚɫɩɨɡɧɚ-
ɜɚɧɢɹ ɪɟɱɟɜɵɯ ɨɛɪɚɡɨɜ ɨɛɵɱɧɨ ɨɫɧɨɜɚɧɵ ɧɚ 
ɫɤɪɵɬɵɯ ɦɚɪɤɨɜɫɤɢɯ ɦɨɞɟɥɹɯ (ɋɆɆ) [1], 

ɚɥɝɨɪɢɬɦɟ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
DTW [2] ɢ ɧɟɣɪɨɧɧɵɯ ɫɟɬɹɯ [3–6] ɢ ɨɛɥɚɞɚɸɬ 
ɨɞɧɢɦ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ 

ɧɢɠɟ ɧɟɞɨɫɬɚɬɤɨɜ: 
– ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɛɭɱɟɧɢɹ;  
– ɯɪɚɧɟɧɢɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɬɚɥɨɧɨɜ 
ɡɜɭɤɨɜ ɢɥɢ ɫɥɨɜ; 
– ɯɪɚɧɟɧɢɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɟɫɨɜɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ; 
– ɞɥɢɬɟɥɶɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ; 
– ɧɢɡɤɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ; 
– ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɛɭ-

ɱɚɸɳɢɯ ɞɚɧɧɵɯ. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶ ɫɬɚɬɶɢ – ɞɥɹ ɜɟɪɛɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɬɪɚɧɫɩɨɪɬɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɪɚɡɪɚɛɨɬɚɬɶ ɞɟ-
ɬɟɪɦɢɧɢɪɨɜɚɧɧɵɣ ɫɬɪɭɤɬɭɪɧɵɣ ɦɟɬɨɞ ɪɚɫɩɨ-
ɡɧɚɜɚɧɢɹ ɫɥɨɜ ɤɨɦɚɧɞ ɜɨɞɢɬɟɥɹ, ɤɨɬɨɪɵɣ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɪɟɲɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ: 
– ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɪɢɡɧɚɤɨɜ ɩɨɫɪɟɞɫɬɜɨɦ  

ɧɟɪɚɫɲɢɪɹɸɳɢɯ ɪɚɜɧɨɦɟɪɧɨ ɧɟɩɪɟɪɵɜɧɵɯ 

ɨɬɨɛɪɚɠɟɧɢɣ; 

– ɩɨɫɬɪɨɟɧɢɟ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɤɨɧɟɱɧɨɝɨ 
ɚɜɬɨɦɚɬɚ, ɨɩɢɫɵɜɚɸɳɟɝɨ ɫɥɨɜɚ ɤɨɦɚɧɞ. 

 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɪɢɡɧɚɤɨɜ ɩɨɫɪɟɞɫɬɜɨɦ 

ɧɟɪɚɫɲɢɪɹɸɳɢɯ ɪɚɜɧɨɦɟɪɧɨ  

ɧɟɩɪɟɪɵɜɧɵɯ ɨɬɨɛɪɚɠɟɧɢɣ 
 

ȼ ɪɚɛɨɬɟ [7] ɜɩɟɪɜɵɟ ɛɵɥɢ ɜɜɟɞɟɧɵ ɧɟɪɚɫ-
ɲɢɪɹɸɳɢɟ ɪɚɜɧɨɦɟɪɧɨ ɧɟɩɪɟɪɵɜɧɵɟ ɨɬɨɛ-

ɪɚɠɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɜ ɤɨɦɩɚɤɬɧɵɯ ɦɟɬɪɢ-

ɱɟɫɤɢɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ ɨɛɪɚɡɰɨɜ ɫɢɝɧɚɥɨɜ. ȼ 

ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɷɬɢ ɨɬɨɛɪɚɠɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚ-
ɧɢɹ ɨɛɪɚɡɰɨɜ ɡɜɭɤɨɜ ɪɟɱɢ ɢ ɢɫɫɥɟɞɭɸɬɫɹ ɧɚ 
ɦɟɥ-ɱɚɫɬɨɬɧɵɯ ɤɟɩɫɬɪɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɚɯ 
(MFCC), ɤɨɬɨɪɵɟ ɨɩɢɫɚɧɵ ɜ ɪɚɛɨɬɟ [8]. 
 

ɇɟɪɚɫɲɢɪɹɸɳɟɟ ɪɚɜɧɨɦɟɪɧɨ ɧɟɩɪɟɪɵɜɧɨɟ 
ɨɬɨɛɪɚɠɟɧɢɟ KN VS  :  ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɮɭɧɤɰɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɟɤɬɨɪɚ ɩɪɢɡɧɚɤɨɜ, 
ɬ.ɟ. ɨɬɨɛɪɚɠɚɟɬ ɜɟɤɬɨɪ ɰɟɥɵɯ ɡɧɚɱɟɧɢɣ ɞɢɫ-
ɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ ),...,( 1 Nsss  ɜ ɜɟɤɬɨɪ ɜɟ-
ɳɟɫɬɜɟɧɧɵɯ ɩɪɢɡɧɚɤɨɜ ),...,( 1 Kvvv , ɩɪɢ-

ɱɟɦ ɤɚɠɞɚɹ ɤɨɦɩɨɧɟɧɬɚ ɜɟɤɬɨɪɚ v  

ɜɵɱɢɫɥɹɟɬɫɹ ɤɚɤ MFCC ɜ ɜɢɞɟ 
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ɝɞɟ iE  – ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɚɹ ɷɧɟɪɝɢɹ i -ɣ 

ɦɟɥ-ɱɚɫɬɨɬɧɨɣ ɩɨɥɨɫɵ Ɏɭɪɶɟ-ɫɩɟɤɬɪɚ; )(kX  – 

Ɏɭɪɶɟ-ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ; )(1 mw  – ɨɤɧɨ ɏɟɦ-

ɦɢɧɝɚ; )(2 kw  – ɬɪɟɭɝɨɥɶɧɨɟ ɨɤɧɨ; P  – ɤɨɥɢ-

ɱɟɫɬɜɨ ɦɟɥ-ɱɚɫɬɨɬɧɵɯ ɩɨɥɨɫ ɫɩɟɤɬɪɚ; Sr  – 

ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɪɹɞɨɜ (ɛɢɬ) ɞɥɹ ɨɞɧɨɝɨ ɡɧɚɱɟ-
ɧɢɹ ɫɢɝɧɚɥɚ; ii kk 2,1  – ɝɪɚɧɢɰɵ ɱɚɫɬɨɬɧɵɯ 
ɞɢɚɩɚɡɨɧɨɜ i-ɣ ɩɨɥɨɫɵ, iii kkk 12  . 

 

ɇɟɪɚɫɲɢɪɹɸɳɟɟ ɪɚɜɧɨɦɟɪɧɨ ɧɟɩɪɟɪɵɜɧɨɟ 
ɨɬɨɛɪɚɠɟɧɢɟ KK XV  :  ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɮɭɧɤɰɢɢ ɧɨɪɦɢɪɨɜɚɧɢɹ, ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɢ 

ɨɤɪɭɝɥɟɧɢɹ ɜɟɤɬɨɪɚ ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɪɢɡɧɚ-
ɤɨɜ, ɬ.ɟ. ɨɬɨɛɪɚɠɚɟɬ ɜɟɤɬɨɪ ɜɟɳɟɫɬɜɟɧɧɵɯ 
ɩɪɢɡɧɚɤɨɜ ),...,( 1 Kvvv  ɜ ɜɟɤɬɨɪ ɰɟɥɵɯ ɩɪɢ-

ɡɧɚɤɨɜ ),...,( 1 Kxxx , ɩɪɢɱɟɦ ɤɚɠɞɚɹ i -ɹ 
ɤɨɦɩɨɧɟɧɬɚ ɜɟɤɬɨɪɚ x  ɜɵɱɢɫɥɹɟɬɫɹ ɜ ɜɢɞɟ 
 

Ki
vv

vv

x
k

Kk
k

Kk

k
Kk

i

ii ,1,
minmax

min

)(

,1,1

,1 
















v , 

 

ɝɞɟ }2,...,2{
1 XX rr   – ɤɨɷɮɮɢɰɢɟɧɬ ɦɚɫ-

ɲɬɚɛɚ, []  ɨɡɧɚɱɚɟɬ ɨɤɪɭɝɥɟɧɢɟ; Xr  – ɤɨɥɢɱɟ-
ɫɬɜɨ ɪɚɡɪɹɞɨɜ (ɛɢɬ) ɞɥɹ ɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢ-

ɡɧɚɤɚ. 
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ɇɟɪɚɫɲɢɪɹɸɳɟɟ ɪɚɜɧɨɦɟɪɧɨ ɧɟɩɪɟɪɵɜɧɨɟ 
ɨɬɨɛɪɚɠɟɧɢɟ MK YX  :  ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɮɭɧɤɰɢɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɜɟɤɬɨɪɚ ɰɟɥɵɯ ɩɪɢ-

ɡɧɚɤɨɜ, ɬ.ɟ. ɨɬɨɛɪɚɠɚɟɬ ɜɟɤɬɨɪ ɰɟɥɵɯ ɩɪɢɡɧɚ-
ɤɨɜ ),...,( 1 Kxxx  ɜ ɧɨɦɟɪ ɤɥɚɫɫɚ ɨɛɪɚɡɰɚ 
ɡɜɭɤɚ ɪɟɱɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɛɭɥɟɜɵɦ ɜɟɤɬɨ-
ɪɨɦ ɫ ɨɞɧɨɣ ɧɟɧɭɥɟɜɨɣ ɤɨɦɩɨɧɟɧɬɨɣ 

),...,( 1 Myyy , ɩɪɢɱɟɦ ɤɚɠɞɚɹ i -ɹ ɤɨɦɩɨ-
ɧɟɧɬɚ ɜɟɤɬɨɪɚ y  ɜɵɱɢɫɥɹɟɬɫɹ ɜ ɜɢɞɟ 
 

Miy
K
i

K
i

X

X

ii ,1,
1)~,(inf,0

0)~,(inf,1

)(
~

~ 










xx

xx

x

x

x
, 

 


 

0)~,(,0

0)~,(,1
)~,(

xx

xx
xx

d

d
, 

 

  K

k

kkd
1

~)~,( xxxx , 

 

ɝɞɟ K
iX  – ɤɥɚɫɫ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ, ɫɨɨɬɜɟɬ-

ɫɬɜɭɸɳɢɣ i -ɦɭ ɡɜɭɤɭ ɪɟɱɢ. 

 

ɇɚ ɪɢɫ.1 ɩɪɢɜɟɞɟɧɵ ɨɛɭɱɚɸɳɢɟ ɨɛɪɚɡɰɵ ɮɨ-
ɧɟɦɵ ɫɥɨɜɚ «ɧɚ» ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɧɨɪɦɢ-

ɪɨɜɚɧɢɹ, ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɢ ɨɤɪɭɝɥɟɧɢɹ. 
Ʉɚɠɞɵɣ ɨɛɪɚɡɟɰ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɤɬɨɪ 
ɩɪɢɡɧɚɤɨɜ, ɜɵɱɢɫɥɟɧɧɵɣ ɧɚ ɨɫɧɨɜɟ ɦɟɥ-
ɱɚɫɬɨɬɧɵɯ ɤɟɩɫɬɪɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
(MFCC). 

 

 
Ɋɢɫ. 1. Ɉɛɭɱɚɸɳɢɟ ɨɛɪɚɡɰɵ ɮɨɧɟɦɵ   

 

ɉɨɫɬɪɨɟɧɢɟ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ  

ɤɨɧɟɱɧɨɝɨ ɚɜɬɨɦɚɬɚ, ɨɩɢɫɵɜɚɸɳɟɝɨ ɫɥɨɜɚ 
ɤɨɦɚɧɞ 

 

ɉɭɫɬɶ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɪɚɫɩɨɡɧɚɜɚɟɦɨɦɭ 

ɫɥɨɜɭ ɤɨɦɚɧɞɵ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɧɟɱɧɚɹ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɮɨɧɟɦ W  ɞɥɢɧɵ || w ,  

ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ M  ɤɥɚɫɫɨɜ ɪɚɡɥɢɱɧɵɯ 

ɮɨɧɟɦ, Mw || . ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɪɚɫɩɨɡɧɚ-
ɜɚɟɦɨɦɭ ɫɥɨɜɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɰɢɮɪɨɜɨɣ ɫɢɝ-
ɧɚɥ, ɤɨɬɨɪɵɣ ɪɚɡɛɢɬ ɧɚ T  ɩɟɪɟɤɪɵɜɚɸɳɢɯɫɹ 
ɮɪɟɣɦɨɜ ɞɥɢɧɨɣ N , ɩɪɢɱɟɦ ɤɚɠɞɵɣ ɩɨɫɥɟ-
ɞɭɸɳɢɣ ɮɪɟɣɦ ɫɞɜɢɧɭɬ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɪɟɞɵɞɭɳɟɝɨ ɮɪɟɣɦɚ ɧɚ ɨɞɢɧ ɨɬɫɱɟɬ. ɉɪɨɢɡ-
ɜɟɞɟɦ ɦɚɪɤɢɪɨɜɤɭ ɮɪɟɣɦɨɜ ɰɢɮɪɨɜɨɝɨ ɫɢɝ-
ɧɚɥɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɭɫɬɶ t -ɦɭ ɮɪɟɣ-

ɦɭ ɫɥɨɜɚ, ,1 Tt   ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɢɦɜɨɥ 0c , 

ɟɫɥɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɷɬɨɬ ɮɪɟɣɦ 

ɧɟ ɛɵɥ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧ (ɬ.ɟ. ɨɛɪɚɡɟɰ t -ɝɨ 

ɮɪɟɣɦɚ ɧɟ ɫɨɜɩɚɥ ɧɢ ɫ ɨɞɧɢɦ ɢɡ ɨɩɨɪɧɵɯ 
ɨɛɪɚɡɰɨɜ ɮɨɧɟɦ); t -ɦɭ ɮɪɟɣɦɭ ɫɥɨɜɚ, 

,1 Tt   ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɢɦɜɨɥ kc , Mk ,1 , 

ɟɫɥɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɷɬɨɬ ɮɪɟɣɦ 

ɛɵɥ ɨɬɧɟɫɟɧ ɤ k -ɦɭ ɤɥɚɫɫɭ (ɬ.ɟ. ɨɛɪɚɡɟɰ t -ɝɨ 
ɮɪɟɣɦɚ ɫɨɜɩɚɥ ɫ ɨɞɧɢɦ ɢɡ ɨɩɨɪɧɵɯ ɨɛɪɚɡɰɨɜ 
ɮɨɧɟɦ); T -ɦɭ ɮɪɟɣɦɭ ɫɥɨɜɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɫɢɦɜɨɥ 1Mc . ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɭɞɟɬ ɩɨɥɭɱɟɧɚ 
ɤɨɧɟɱɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɦɚɪɤɟɪɨɜ 
ɮɪɟɣɦɨɜ Tqqq ,...,, 21Q , ɝɞɟ 

},...,,{ 10 Mt cccq  , 1,1  Tt  ɢ 1 MT cq . 

ɑɬɨɛɵ ɩɨɥɭɱɟɧɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ Q  

ɛɵɥɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɚɜɢɥɶɧɨ ɩɪɟɨɛɪɚɡɨɜɚɧɚ 
ɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ W , ɧɟɨɛɯɨɞɢɦɨ ɧɚɥɨ-
ɠɢɬɶ ɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ Q  ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨɫɪɟɞɫɬɜɨɦ ɫɥɟɞɭɸɳɟɝɨ ɭɬɜɟɪɠɞɟɧɢɹ. 

 

ɍɬɜɟɪɠɞɟɧɢɟ. ȼ ɤɨɧɟɱɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-
ɫɬɢ ɦɚɪɤɟɪɨɜ ɮɪɟɣɦɨɜ Tqqq ,...,, 21Q  ɪɚɫɩɨ-
ɡɧɚɜɚɟɦɨɝɨ ɫɥɨɜɚ ɫɢɦɜɨɥ kc , ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɢɣ ɮɨɧɟɦɟ k -ɝɨ ɤɥɚɫɫɚ ɷɬɨɝɨ ɫɥɨɜɚ, ɞɨɥɠɟɧ 

ɩɨɞɱɢɧɹɬɶɫɹ ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢɹɦ: 
 

1. ɇɟɨɛɯɨɞɢɦɨɟ ɭɫɥɨɜɢɟ. ɋɢɦɜɨɥ kc  ɧɟ ɞɨɥ-
ɠɟɧ ɩɨɹɜɥɹɬɶɫɹ ɞɥɹ ɮɨɧɟɦ ɧɟ k -ɝɨ ɤɥɚɫɫɚ 
ɪɚɫɩɨɡɧɚɜɚɟɦɨɝɨ ɫɥɨɜɚ. 
 

2. Ⱦɨɫɬɚɬɨɱɧɨɟ ɭɫɥɨɜɢɟ. ɋɢɦɜɨɥ kc  ɞɨɥɠɟɧ 

ɩɨɹɜɥɹɬɶɫɹ ɯɨɬɹ ɛɵ ɨɞɢɧ ɪɚɡ ɞɥɹ ɤɚɠɞɨɣ ɮɨ-
ɧɟɦɵ k -ɝɨ ɤɥɚɫɫɚ ɪɚɫɩɨɡɧɚɜɚɟɦɨɝɨ ɫɥɨɜɚ.  
 

ɇɟɨɛɯɨɞɢɦɨɟ ɭɫɥɨɜɢɟ ɧɚɥɚɝɚɟɬ ɨɝɪɚɧɢɱɟɧɢɟ 
ɧɚ ɬɢɩɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɮɪɟɣɦɨɜ ɫɢɝɧɚɥɚ, 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɨɩɨɪɧɵɯ 
ɨɛɪɚɡɰɨɜ ɮɨɧɟɦ. Ⱦɨɫɬɚɬɨɱɧɨɟ ɭɫɥɨɜɢɟ ɧɚɥɚ-
ɝɚɟɬ ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɨɩɨɪɧɵɯ ɨɛ-

ɪɚɡɰɨɜ ɮɨɧɟɦ. 
 

ɋɮɨɪɦɭɥɢɪɨɜɚɧɧɨɟ ɭɬɜɟɪɠɞɟɧɢɟ ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɫɥɟɞɭɸɳɟɝɨ ɥɨɝɢɤɨ-
ɮɨɪɦɚɥɶɧɨɝɨ ɩɪɚɜɢɥɚ 

 

||,1,||,1 wjwi   k  : 
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Ɋɢɫ. 2. Ⱦɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɣ ɤɨɧɟɱɧɵɣ ɚɜɬɨɦɚɬ ɜ ɜɢɞɟ ɝɪɚɮɚ ɞɥɹ ɫɥɨɜɚ «ɧɚ» 

 

 WW ji fonemfonem  

  nfonemlboundkfonemclass ii )()(  

  kfonemclassmfonemrbound ji )()(  

  rfonemrboundsfonemlbound jj )()(  

 




   )( Qlkl

m

nl
qcq  

 




   )( Qpkp

r

sp
qcq , 

 

ɝɞɟ class  – ɮɭɧɤɰɢɹ, ɜɨɡɜɪɚɳɚɸɳɚɹ ɧɨɦɟɪ 
ɤɥɚɫɫɚ ɮɨɧɟɦɵ; 

 

lbound  – ɮɭɧɤɰɢɹ, ɜɨɡɜɪɚɳɚɸɳɚɹ ɧɨɦɟɪ 
ɮɪɟɣɦɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɧɚɱɚɥɨ ɮɨɧɟɦɵ; 

 

 

rbound  – ɮɭɧɤɰɢɹ, ɜɨɡɜɪɚɳɚɸɳɚɹ ɧɨɦɟɪ 
ɮɪɟɣɦɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɤɨɧɟɰ ɮɨɧɟɦɵ. 

 

Ⱦɥɹ ɝɟɧɟɪɚɰɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ Q  ɦɨɠ-

ɧɨ ɩɪɟɞɥɨɠɢɬɶ ɫɥɟɞɭɸɳɭɸ ɝɟɧɟɪɚɬɢɜɧɭɸ 

ɦɨɞɟɥɶ ɜ ɜɢɞɟ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɤɨɧɟɱɧɨ-
ɝɨ ɚɜɬɨɦɚɬɚ: 

 

),,,,( 0 endUuCUDFA  , 
 

ɝɞɟ U  – ɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ ɫɨɫɬɨɹɧɢɣ; 

},...,,{ 2210  MuuuU ; C  – ɤɨɧɟɱɧɨɟ ɦɧɨɠɟ-
ɫɬɜɨ ɞɨɩɭɫɬɢɦɵɯ ɜɯɨɞɧɵɯ ɫɢɦɜɨɥɨɜ; 

},...,,{ 110  McccC ;   – ɮɭɧɤɰɢɹ ɩɟɪɟɯɨɞɨɜ, 
UCU  : ; ɬ.ɟ. jki ucu  ),( , 0u  – ɧɚɱɚɥɶ-

ɧɨɟ ɫɨɫɬɨɹɧɢɟ; endU  – ɦɧɨɠɟɫɬɜɨ ɡɚɤɥɸɱɢ-

ɬɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ, }{ 22  Mend uU . 

 

ɉɪɢɦɟɪ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɤɨɧɟɱɧɨɝɨ ɚɜ-
ɬɨɦɚɬɚ ɞɥɹ ɫɥɨɜɚ «ɧɚ», ɝɞɟ 2M , ɩɪɟɞɫɬɚɜ-
ɥɟɧ ɜ ɜɢɞɟ ɝɪɚɮɚ ɧɚ ɪɢɫ. 2. 

 

ȼɵɜɨɞɵ 

 

ɉɪɟɞɥɨɠɟɧɧɵɣ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɣ ɫɬɪɭɤ-
ɬɭɪɧɵɣ ɦɟɬɨɞ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɞɨɫɬɨ-
ɢɧɫɬɜɚɦɢ: 
 
1. Ⱦɨɩɭɫɤɚɟɬɫɹ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɮɪɟɣɦɵ ɦɨɝɭɬ 
ɛɵɬɶ ɧɟ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ. ɗɬɨ ɩɪɟɠɞɟ ɜɫɟ-
ɝɨ ɨɬɧɨɫɢɬɫɹ ɤ ɮɪɟɣɦɚɦ, ɩɪɢɧɚɞɥɟɠɚɳɢɦ 
ɞɜɭɦ ɫɨɫɟɞɧɢɦ ɮɨɧɟɦɚɦ. 
 
2. ɋɨɤɪɚɳɚɟɬɫɹ ɜɪɟɦɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɩɨɪ-
ɧɵɯ ɨɛɪɚɡɰɨɜ ɞɥɹ ɮɨɧɟɦɵ ɢ ɭɦɟɧɶɲɚɟɬɫɹ 
ɨɛɴɟɦ ɯɪɚɧɢɦɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɩɨɫɤɨɥɶɤɭ 
ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɨɝɪɚɧɢɱɢɬɶɫɹ ɬɨɥɶɤɨ 
ɱɚɫɬɶɸ ɨɩɨɪɧɵɯ ɨɛɪɚɡɰɨɜ ɞɚɧɧɨɣ ɮɨɧɟɦɵ. 
 
3. ɇɟ ɬɪɟɛɭɟɬɫɹ ɜɵɱɢɫɥɹɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɩɟɪɟ-
ɯɨɞɨɜ ɦɟɠɞɭ ɫɨɫɬɨɹɧɢɹɦɢ (ɤɚɤ, ɧɚɩɪɢɦɟɪ, 
ɞɥɹ ɫɤɪɵɬɵɯ ɦɚɪɤɨɜɫɤɢɯ ɦɨɞɟɥɟɣ), ɚ ɬɚɤɠɟ 

ɜɵɱɢɫɥɹɬɶ ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨ-
ɥɢɱɟɫɬɜɨ ɩɨɜɬɨɪɟɧɢɣ ɮɪɟɣɦɨɜ ɜ ɫɥɨɜɟ (ɤɚɤ, 
ɧɚɩɪɢɦɟɪ, ɞɥɹ ɩɨɞɯɨɞɚ ɄȾɉ). 

 

4. Ɇɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɪɚɫɩɨɡɧɚɜɚɬɶ ɛɵɫɬɪɨ 
ɩɪɨɢɡɧɨɫɢɦɵɟ ɫɥɨɜɚ, ɮɨɧɟɦɵ ɤɨɬɨɪɵɯ ɢɦɟ-
ɸɬ ɦɚɥɭɸ ɞɥɢɧɭ. 

 

ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɜ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɢɫɬɟɦɚɯ. 
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