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Ⱥɧɧɨɬɚɰɢɹ. Ɋɚɫɫɦɨɬɪɟɧɚ ɷɥɟɤɬɪɨɧɧɚɹ ɫɢɫɬɟɦɚ, ɫɥɭɠɚɳɚɹ ɞɥɹ ɭɞɨɛɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɚɜɬɨɦɨ-
ɛɢɥɟɦ ɢ ɩɨɜɵɲɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ. ɉɪɟɞɥɨɠɟɧɚ ɢɧɧɨɜɚɰɢɨɧɧɚɹ ɪɚɡɪɚɛɨɬɤɚ ɤɨɦ-

ɩɥɟɤɫɧɨɣ ɫɢɫɬɟɦɵ ɝɨɥɨɫɨɜɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɧɬɟɪɚɤɬɢɜɧɨɝɨ ɨɛɳɟɧɢɹ, ɮɭɧɤɰɢ-
ɟɣ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɨɬ ɡɚɫɵɩɚɧɢɹ. 
 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɦɩɶɸɬɟɪɧɚɹ ɫɢɫɬɟɦɚ, ɝɨɥɨɫɨɜɨɟ ɭɩɪɚɜɥɟɧɢɟ, ɢɧɬɟɪɚɤɬɢɜɧɨɟ ɨɛɳɟɧɢɟ, ɪɟ-
ɱɟɜɨɣ ɫɥɨɜɚɪɶ. 
 

ȺȼɌɈɆȺɌɂɁɈȼȺɇȺ ɄɈɆɉ’ɘɌȿɊɇȺ ɋɂɋɌȿɆȺ ȾɅə ȱɇɌȿɊȺɄɌɂȼɇɈȽɈ 

ɋɉȱɅɄɍȼȺɇɇə Ɂ ȼɈȾȱȯɆ 

 

Ɉ.ɉ. Ʉɪɚɜɱɟɧɤɨ, ɩɪɨɮɟɫɨɪ, ɞ.ɬ.ɧ., Ɍ.Ɇ. Ɍɟɪɟɳɟɧɤɨ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ.,  

ȱ.ȼ. Ɇɨɪɨɡɨɜ, ɚɫɩɿɪɚɧɬ, ɋɯɿɞɧɨɭɤɪɚʀɧɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ  

ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ ȼɨɥɨɞɢɦɢɪɚ Ⱦɚɥɹ, Ʌɭɝɚɧɫɶɤ 

 
Ⱥɧɨɬɚɰɿɹ. Ɋɨɡɝɥɹɧɭɬɨ ɟɥɟɤɬɪɨɧɧɭ ɫɢɫɬɟɦɭ, ɳɨ ɫɥɭɠɢɬɶ ɞɥɹ ɡɪɭɱɧɨɫɬɿ ɤɟɪɭɜɚɧɧɹ ɚɜɬɨɦɨɛɿ-
ɥɟɦ ɿ ɩɿɞɜɢɳɟɧɧɹ ɛɟɡɩɟɤɢ ɪɭɯɭ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɿɧɧɨɜɚɰɿɣɧɭ ɪɨɡɪɨɛɤɭ ɤɨɦɩɥɟɤɫɧɨʀ ɫɢɫɬɟɦɢ ɝɨɥɨ-
ɫɨɜɨɝɨ ɤɟɪɭɜɚɧɧɹ ɡ ɦɨɠɥɢɜɿɫɬɸ ɿɧɬɟɪɚɤɬɢɜɧɨɝɨ ɫɩɿɥɤɭɜɚɧɧɹ, ɮɭɧɤɰɿɽɸ ɩɨɩɟɪɟɞɠɟɧɧɹ ɜɿɞ ɡɚɫɢ-
ɧɚɧɧɹ. 
 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɤɨɦɩ’ɸɬɟɪɧɚ ɫɢɫɬɟɦɚ, ɝɨɥɨɫɨɜɟ ɤɟɪɭɜɚɧɧɹ, ɿɧɬɟɪɚɤɬɢɜɧɟ ɫɩɿɥɤɭɜɚɧɧɹ, ɦɨɜɧɢɣ 
ɫɥɨɜɧɢɤ. 
 

AUTOMATED COMPUTER SYSTEM FOR INTERACTIVE  

COMMUNICATION WITH Ⱥ DRIVER 

 

A. Kravchenko, Professor, Doctor of Engineering Science, T. Tereshchenko, Assistant  

Professor, Candidate of Engineering Science, I. Morozov, postgraduate,  

East Ukrainian Volodymyr Dahl National University, Lugansk 

 
Abstract. The electronic system which serves for the convenience of driving and improve neut of traffic 

safety has been regarded. Innovative development of an integrated system of voice control with the 
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ȼɜɟɞɟɧɢɟ 
 

ɇɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɫ ɤɚɠɞɵɦ ɞɧɺɦ ɜɯɨɞɹɬ ɜ 
ɩɨɜɫɟɞɧɟɜɧɭɸ ɠɢɡɧɶ ɢ ɩɨɡɜɨɥɹɸɬ ɭɫɨɜɟɪ-
ɲɟɧɫɬɜɨɜɚɬɶ ɦɢɪ, ɞɟɥɚɹ ɠɢɡɧɶ ɛɨɥɟɟ ɤɨɦ-

ɮɨɪɬɧɨɣ ɢ ɭɞɨɛɧɨɣ. ȼɡɹɜ ɡɚ ɩɪɢɦɟɪ ɫɭɳɟ-

ɫɬɜɭɸɳɢɟ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ, ɧɟɥɶɡɹ ɧɟ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɥɟɤɨ ɧɟ ɜ ɤɚɠɞɨɦ ɚɜɬɨɦɨɛɢ-

ɥɟ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɨɜɪɟɦɟɧɧɚɹ 
ɬɟɯɧɢɤɚ, ɫɨɡɞɚɧɧɚɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɤɨɦɮɨɪɬɚ 
ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ, ɧɟ ɬɪɟɛɭɸɳɚɹ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɵɯ ɭɫɢɥɢɣ ɢ ɜɧɢɦɚɧɢɹ. 
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ȼɧɟɞɪɟɧɢɟ ɜ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ ɤɨɦɩɶɸ-

ɬɟɪɧɨɣ ɫɢɫɬɟɦɵ ɢɧɬɟɪɚɤɬɢɜɧɨɝɨ ɨɛɳɟɧɢɹ, ɚ 
ɬɚɤɠɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɪɟɞɭ-

ɩɪɟɠɞɟɧɢɹ ɜɨɞɢɬɟɥɹ ɨɬ ɡɚɫɵɩɚɧɢɹ ɫɭɳɟ-
ɫɬɜɟɧɧɨ ɫɧɢɡɢɬ ɪɢɫɤ ɚɜɚɪɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ  
ɨɬɜɥɟɱɟɧɢɟɦ ɜɧɢɦɚɧɢɹ ɧɚ ɭɩɪɚɜɥɟɧɢɟ ɛɨɪɬɨ-
ɜɵɦɢ ɮɭɧɤɰɢɹɦɢ ɦɚɲɢɧɵ, ɚ ɬɚɤɠɟ ɩɪɟɞɭ-

ɩɪɟɞɢɬ ɡɚɫɵɩɚɧɢɟ ɜɨɞɢɬɟɥɹ [1, 2]. 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɨɛɪɚɡɨɜ ɧɚɯɨɞɢɬ ɜɫɟ ɛɨɥɶɲɟɟ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɨɜɫɟɞɧɟɜɧɨɣ ɠɢɡɧɢ. Ɋɚɫɩɨ-
ɡɧɚɜɚɧɢɟ ɪɟɱɢ ɢ ɪɭɤɨɩɢɫɧɨɝɨ ɬɟɤɫɬɚ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɱɟɥɨɜɟɤɚ ɫ 
ɤɨɦɩɶɸɬɟɪɨɦ. Ȼɚɡɨɜɵɦ ɹɜɥɹɟɬɫɹ ɧɟɨɩɪɟɞɟ-
ɥɢɦɨɟ ɩɨɧɹɬɢɟ ɦɧɨɠɟɫɬɜɚ. ȼ ɤɨɦɩɶɸɬɟɪɟ 
ɦɧɨɠɟɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɧɚɛɨɪɨɦ ɧɟɩɨɜɬɨ-
ɪɹɸɳɢɯɫɹ ɨɞɧɨɬɢɩɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɋɥɨɜɨ 

«ɧɟɩɨɜɬɨɪɹɸɳɢɯɫɹ» ɨɡɧɚɱɚɟɬ, ɱɬɨ ɤɚɤɨɣ-ɬɨ 
ɷɥɟɦɟɧɬ ɜ ɦɧɨɠɟɫɬɜɟ ɥɢɛɨ ɟɫɬɶ, ɥɢɛɨ ɟɝɨ ɬɚɦ 

ɧɟɬ. ɍɧɢɜɟɪɫɚɥɶɧɨɟ ɦɧɨɠɟɫɬɜɨ ɜɤɥɸɱɚɟɬ ɜɫɟ 
ɜɨɡɦɨɠɧɵɟ ɞɥɹ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ ɷɥɟɦɟɧɬɵ, 

ɩɭɫɬɨɟ ɧɟ ɫɨɞɟɪɠɢɬ ɧɢ ɨɞɧɨɝɨ. 
 

ȼ ɤɥɚɫɫɢɱɟɫɤɨɣ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚ-
ɜɚɧɢɹ ɭɧɢɜɟɪɫɚɥɶɧɨɟ ɦɧɨɠɟɫɬɜɨ ɪɚɡɛɢɜɚɟɬɫɹ 
ɧɚ ɱɚɫɬɢ-ɨɛɪɚɡɵ. Ɉɛɪɚɡ ɤɚɤɨɝɨ-ɥɢɛɨ ɨɛɴɟɤɬɚ 
ɡɚɞɚɟɬɫɹ ɧɚɛɨɪɨɦ ɟɝɨ ɱɚɫɬɧɵɯ ɩɪɨɹɜɥɟɧɢɣ. ȼ 

ɫɥɭɱɚɟ ɫ ɪɚɫɩɨɡɧɚɜɚɧɢɟɦ ɬɟɤɫɬɚ ɜ ɭɧɢɜɟɪ-
ɫɚɥɶɧɨɟ ɦɧɨɠɟɫɬɜɨ ɜɨɣɞɭɬ ɜɫɟ ɜɨɡɦɨɠɧɵɟ 
ɡɧɚɤɢ, ɜ ɨɛɪɚɡ «ɕ» – ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɧɚɱɟɪ-
ɬɚɧɢɹ ɷɬɨɣ ɛɭɤɜɵ, ɚ ɩɪɨɝɪɚɦɦɚ ɪɚɫɩɨɡɧɚɜɚ-
ɧɢɹ ɡɚɧɢɦɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɧɚ ɨɫɧɨɜɟ ɧɟɛɨɥɶɲɨ-
ɝɨ ɧɚɛɨɪɚ ɩɪɢɦɟɪɨɜ ɧɚɱɟɪɬɚɧɢɣ ɤɚɠɞɨɣ 

ɛɭɤɜɵ (ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ) ɨɩɪɟɞɟɥɹɟɬ, ɤɚ-
ɤɭɸ ɢɡ ɧɢɯ ɫɢɦɜɨɥɢɡɢɪɭɟɬ ɜɜɟɞɟɧɧɚɹ ɡɚɤɨ-
ɪɸɱɤɚ. 
 

Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɤɨɦɚɧɞ ɝɨɥɨɫɨɦ ɹɜɥɹɟɬɫɹ ɚɤ-
ɬɭɚɥɶɧɵɦ ɜɨɩɪɨɫɨɦ ɩɟɪɟɞɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɫɨɜɪɟɦɟɧɧɚɹ ɚɜɬɨɦɨ-
ɛɢɥɶɧɚɹ ɨɬɪɚɫɥɶ ɞɨɫɬɢɝɥɚ ɜɟɪɲɢɧ ɩɪɨɝɪɟɫɫɚ, 
ɜɫɺ ɠɟ ɨɱɟɧɶ ɬɪɭɞɧɨ ɜɫɬɪɟɬɢɬɶ ɬɪɚɧɫɩɨɪɬɧɨɟ 
ɫɪɟɞɫɬɜɨ, ɨɫɧɚɳɟɧɧɨɟ ɫɢɫɬɟɦɨɣ ɪɚɫɩɨɡɧɚɜɚ-
ɧɢɹ ɝɨɥɨɫɚ ɢ ɭɩɪɚɜɥɟɧɢɹ ɫ ɟɝɨ ɩɨɦɨɳɶɸ ɛɨɪ-
ɬɨɜɵɦɢ ɤɨɦɚɧɞɚɦɢ. ɂɡɜɟɫɬɧɵɟ ɚɜɬɨɦɨɛɢɥɶ-
ɧɵɟ ɤɨɧɰɟɪɧɵ BMW, VOLVO, Mercedes 

ɫɬɪɟɦɹɬɫɹ ɩɨɜɵɫɢɬɶ ɤɨɦɮɨɪɬ ɜɨɞɢɬɟɥɹ ɢ ɛɟɡ-
ɨɩɚɫɧɨɫɬɶ ɧɚ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝɚɯ, ɩɨ-
ɷɬɨɦɭ ɧɚ ɩɨɫɥɟɞɧɢɯ ɦɨɞɟɥɹɯ ɫɜɨɢɯ ɪɚɡɪɚɛɨ-
ɬɨɤ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɹɬɶ ɛɨɪɬɨɜɨɣ 

ɷɥɟɤɬɪɨɧɢɤɨɣ ɩɪɢ ɩɨɦɨɳɢ ɝɨɥɨɫɚ («ɜɤɥɸɱɢ 

ɪɚɞɢɨ, ɜɤɥɸɱɢ ɫɥɟɞɭɸɳɭɸ ɫɬɚɧɰɢɸ, ɩɨɡɜɨ-
ɧɢɬɶ, ɧɨɦɟɪ ɢ ɞɪ.») [3, 4]. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɫɬɟɩɟɧɢ 

ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɢ ɩɪɨɫɬɨɬɵ ɭɩɪɚɜɥɟ-
ɧɢɹ ɚɜɬɨɦɨɛɢɥɟɦ, ɚ ɬɚɤɠɟ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ  
ɡɚɫɵɩɚɧɢɹ ɜɨɞɢɬɟɥɹ ɜɨ ɜɪɟɦɹ ɭɩɪɚɜɥɟɧɢɹ. 
ɉɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦɵ, ɩɨɡ-
ɜɨɥɹɸɳɟɣ ɢɡɛɚɜɢɬɶ ɨɬ ɥɢɲɧɢɯ ɦɚɧɢɩɭɥɹɰɢɣ 

ɜɨɞɢɬɟɥɹ, ɩɪɢ ɷɬɨɦ ɫɥɟɞɢɬɶ ɡɚ ɟɝɨ ɥɢɰɨɦ, 

ɚɧɚɥɢɡɢɪɭɹ ɨɛɥɚɫɬɶ ɝɥɚɡ, ɢ ɜɵɹɜɥɹɬɶ ɮɚɤɬ 
ɡɚɫɵɩɚɧɢɹ. Ɉɬɫɭɬɫɬɜɢɟ ɪɚɡɥɢɱɧɵɯ ɤɧɨɩɨɤ ɢ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɯ ɧɚɠɢɦɚɬɶ ɫɭɳɟɫɬɜɟɧɧɨ 

ɫɧɢɠɚɟɬ ɪɢɫɤ ɨɩɚɫɧɨɫɬɢ ɨɬɜɥɟɱɶ ɜɨɞɢɬɟɥɹ ɜɨ 

ɜɪɟɦɹ ɭɩɪɚɜɥɟɧɢɹ ɚɜɬɨɦɨɛɢɥɟɦ. 

 

ɋɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ 

 

ɇɚ ɛɚɡɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɢɫɬɟ-
ɦɵ ɝɨɥɨɫɨɜɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɛɨɪɬɨɜɵɦɢ ɮɭɧɤ-
ɰɢɹɦɢ ɚɜɬɨɦɨɛɢɥɹ [4] ɫɨɡɞɚɧ ɦɨɞɭɥɶ ɤɨɧ-

ɬɪɨɥɹ ɜɨɞɢɬɟɥɹ ɧɚ ɮɚɤɬ ɡɚɫɵɩɚɧɢɹ [5]. 

Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɛɵɬɶ ɢɧɬɟɝɪɢɪɨɜɚɧɚ ɜ 
ɨɛɵɱɧɵɣ ɚɜɬɨɦɨɛɢɥɶ ɢ ɩɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢ-

ɜɚɬɶ ɤɚɤ ɭɞɨɛɫɬɜɨ ɜɨ ɜɪɟɦɹ ɟɡɞɵ, ɬɚɤ ɢ ɛɟɡ-
ɨɩɚɫɧɨɫɬɶ (ɪɢɫ. 1). 

 

 
 

Ɋɢɫ. 1. Ʉɨɦɩɶɸɬɟɪɧɵɣ ɦɨɞɭɥɶ, ɢɧɬɟɝɪɢɪɨ-
ɜɚɧɧɵɣ ɜ ɩɟɪɟɞɧɸɸ ɩɚɧɟɥɶ ɚɜɬɨɦɨɛɢɥɹ 

 

ɉɪɢ ɫɨɡɞɚɧɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ 
ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɚ ɫɧɚ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛ-
ɯɨɞɢɦɨɫɬɶ ɩɨɫɬɚɜɢɬɶ ɫɢɫɬɟɦɭ ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɡɪɟɧɢɹ (ɋɌɁ). Ʉɨɦɩɥɟɤɫ ɭɫɬɪɨɣɫɬɜ, ɤɨɬɨɪɵɟ 
ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɧɚɛɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ. 
Ɉɫɧɨɜɧɵɦɢ ɹɜɥɹɸɬɫɹ ɤɚɦɟɪɚ, ɨɫɭɳɟɫɬɜɥɹɸ-

ɳɚɹ ɡɚɯɜɚɬ ɢɡɨɛɪɚɠɟɧɢɹ, ɢ ɛɥɨɤ ɨɛɪɚɛɨɬɤɢ 

ɢɡɨɛɪɚɠɟɧɢɹ, ɢɥɢ ɤɨɧɬɪɨɥɥɟɪ. Ⱦɨɩɨɥɧɢɬɟɥɶ-
ɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɧɨ ɧɟ ɦɟɧɟɟ ɜɚɠɧɵɦɢ, 

ɹɜɥɹɸɬɫɹ ɨɩɬɢɤɚ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɝɪɚɧɢɰɵ 

ɨɛɡɨɪɚ ɤɚɦɟɪɵ, ɩɨɞɫɜɟɬɤɚ, ɨɫɜɟɳɚɸɳɚɹ ɨɛɴ-

ɟɤɬ ɧɚɛɥɸɞɟɧɢɹ, ɢ ɞɢɫɩɥɟɣ, ɧɟɨɛɯɨɞɢɦɵɣ 

ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɜ ɪɟɚɥɶɧɨɦ 

ɜɪɟɦɟɧɢ ɢ ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɫɢɫɬɟɦɵ. 
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ɋɩɨɫɨɛɧɨɫɬɶ ɜɨɫɩɪɢɹɬɢɹ ɜɧɟɲɧɟɝɨ ɦɢɪɚ ɜ 
ɮɨɪɦɟ ɨɛɪɚɡɨɜ ɩɨɡɜɨɥɹɟɬ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ 

ɞɨɫɬɨɜɟɪɧɨɫɬɶɸ ɭɡɧɚɜɚɬɶ ɛɟɫɤɨɧɟɱɧɨɟ ɱɢɫɥɨ 

ɨɛɴɟɤɬɨɜ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɡɧɚɤɨɦɥɟɧɢɹ ɫ ɤɨ-
ɧɟɱɧɵɦ ɢɯ ɱɢɫɥɨɦ, ɚ ɨɛɴɟɤɬɢɜɧɵɣ ɯɚɪɚɤɬɟɪ 
ɨɫɧɨɜɧɨɝɨ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɨɜ ɩɨɡɜɨɥɹɟɬ ɦɨɞɟ-
ɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɢɯ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. Ȼɭɞɭɱɢ 

ɨɬɪɚɠɟɧɢɟɦ ɨɛɴɟɤɬɢɜɧɨɣ ɪɟɚɥɶɧɨɫɬɢ, ɩɨɧɹ-
ɬɢɟ ɨɛɪɚɡɚ ɫɬɨɥɶ ɠɟ ɨɛɴɟɤɬɢɜɧɨ, ɤɚɤ ɢ ɫɚɦɚ 
ɪɟɚɥɶɧɨɫɬɶ, ɚ ɩɨɷɬɨɦɭ ɷɬɨ ɩɨɧɹɬɢɟ ɦɨɠɟɬ 
ɛɵɬɶ ɫɚɦɨ ɩɨ ɫɟɛɟ ɨɛɴɟɤɬɨɦ ɫɩɟɰɢɚɥɶɧɨɝɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹ [6]. 

 

ɇɨ, ɤɚɤ ɜɵɹɫɧɢɥɨɫɶ, ɡɚɫɬɚɜɢɬɶ ɋɌɁ ɪɚɛɨɬɚɬɶ – 

ɡɚɞɚɱɚ ɧɟ ɢɡ ɥɟɝɤɢɯ, ɩɨɷɬɨɦɭ ɜɨɡɧɢɤɥɚ ɧɟɨɛ-
ɯɨɞɢɦɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨ-
ɞɟɥɢ ɜɢɞɟɨɤɚɦɟɪɵ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ 

ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɦɨɞɟɥɶ, ɩɪɢ 

ɩɨɦɨɳɢ OpenCV. ɗɬɚ ɦɨɞɟɥɶ ɨɱɟɧɶ ɩɨɥɟɡɧɚ 
ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɢɡɦɟɪɟɧɢɣ 

ɩɪɢ ɩɨɦɨɳɢ ɜɢɞɟɨɤɚɦɟɪɵ (ɪɢɫ. 2). 

 

 
 

Ɋɢɫ. 2. Ɇɨɞɟɥɶ ɜɢɞɟɨɤɚɦɟɪɵ 

 

ɍɪɚɜɧɟɧɢɟ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɩɪɨɟɤɰɢɢ ɜɵɝɥɹ-
ɞɢɬ ɬɚɤ 
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ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɨɛɵɱɧɨ ɝɥɚɜɧɚɹ ɨɩɬɢɱɟ-
ɫɤɚɹ ɨɫɶ ɧɟ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɬɨɱɤɭ «ɩɪɢɛɨɪɚ ɫ 
ɡɚɪɹɞɨɜɨɣ ɫɜɹɡɶɸ» (ɉɁɋ) – ɦɚɬɪɢɰɵ ɫ ɤɨɨɪ-
ɞɢɧɚɬɚɦɢ (0, 0) 
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Ɂɞɟɫɶ c – ɤɨɨɪɞɢɧɚɬɚ ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ 
ɝɥɚɜɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɨɫɶɸ ɉɁɋ ɦɚɬɪɢɰɵ. 

ɍɱɢɬɵɜɚɹ ɮɚɤɬ, ɱɬɨ ɢɡ-ɡɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 

ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɚɬɪɢɰɵ ɩɢɤɫɟɥɢ 

ɢɦɟɸɬ ɫɥɟɝɤɚ ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɮɨɪɦɭ, ɩɨɥɭ-

ɱɟɧɵ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɤɨɨɪɞɢɧɚɬ X ɢ Y 
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ɝɞɟ us  ɢ vs  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɮɨɪɦɵ ɩɢɤɫɟɥɹ. 
 

ɑɬɨɛɵ ɫ ɧɢɦɢ ɛɵɥɨ ɭɞɨɛɧɟɟ ɪɚɛɨɬɚɬɶ, ɩɨɤɚ-
ɠɟɦ ɭɪɚɜɧɟɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɩɪɨɟɤɰɢɢ ɜ 
ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ 
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ɝɞɟ r – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ 
ɝɥɚɜɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɨɫɶɸ ɉɁɋ ɦɚɬɪɢɰɵ ɞɨ 
ɬɨɱɤɢ ɩɪɨɟɤɰɢɢ; k1, k2 – ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɞɢ-

ɚɥɶɧɨɝɨ ɢɫɤɚɠɟɧɢɹ. 
 

Ɍɟɩɟɪɶ ɭɱɬɺɦ ɮɚɤɬ, ɱɬɨ ɥɢɧɡɚ ɧɟ ɬɨɧɤɚɹ ɢ ɨɧɚ 
ɜɧɨɫɢɬ ɢɫɤɚɠɟɧɢɟ ɜ ɢɡɨɛɪɚɠɟɧɢɟ (ɪɢɫ. 3). 

 

 
 

Ɋɢɫ. 3. Ɋɚɞɢɚɥɶɧɵɣ ɜɢɞ ɢɫɤɚɠɟɧɢɹ 
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Ɍɨɝɞɚ ɦɚɬɪɢɱɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɟɪɫɩɟɤɬɢɜɧɨɣ 

ɩɪɨɟɤɰɢɢ ɢɦɟɟɬ ɜɢɞ 
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ɉɨɝɪɟɲɧɨɫɬɢ ɨɪɢɟɧɬɚɰɢɢ 
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Ɋɟɡɭɥɶɬɢɪɭɸɳɚɹ ɦɚɬɪɢɰɚ ɜɪɚɳɟɧɢɹ ɤɚɦɟɪɵ 

ɜɨɤɪɭɝ ɬɪɟɛɭɟɦɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 
 

 ( , , ) ( ) ( ) ( )x y zR R R R         . (8) 

 

ȼɟɤɬɨɪ ɫɦɟɳɟɧɢɹ ɤɚɦɟɪɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɪɟ-
ɛɭɟɦɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 
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Ɍɟɩɟɪɶ ɦɨɞɟɥɶ ɤɚɦɟɪɵ ɫ ɭɱɺɬɨɦ ɪɚɞɢɚɥɶɧɨɝɨ 

ɢɫɤɚɠɟɧɢɹ ɢ ɩɨɝɪɟɲɧɨɫɬɟɣ ɭɫɬɚɧɨɜɤɢ ɜɵɝɥɹ-
ɞɢɬ 
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ɉɟɪɟɣɞɺɦ ɤ ɨɞɧɨɪɨɞɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ 
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ɝɞɟ ijr  – ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ ɪɟ-
ɡɭɥɶɬɢɪɭɸɳɟɣ ɦɚɬɪɢɰɵ ɜɪɚɳɟɧɢɹ ɤɚɦɟɪɵ 

ɜɨɤɪɭɝ ɬɪɟɛɭɟɦɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ; tx, ty,  

tz – ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ ɫɦɟɳɟɧɢɹ ɤɚɦɟɪɵ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɪɟɛɭɟɦɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. 
 

ȼ ɦɨɞɟɥɶ ɜɢɞɟɨɤɚɦɟɪɵ ɜɯɨɞɹɬ ɜɧɭɬɪɟɧɧɢɟ: fu, 

fv – ɮɨɤɭɫɧɵɟ ɪɚɫɫɬɨɹɧɢɹ; cu, cv – ɩɨɥɨɠɟɧɢɟ 
ɨɩɬɢɱɟɫɤɨɝɨ ɰɟɧɬɪɚ ɢ ɜɧɟɲɧɢɟ ɩɚɪɚɦɟɬɪɵ: 

ɬɪɢ ɭɝɥɚ ɗɣɥɟɪɚ, ɬɪɢ ɤɨɦɩɨɧɟɧɬɚ ɜɟɤɬɨɪɚ 
ɬɪɚɧɫɥɹɰɢɢ. 

 

Ɋɚɫɫɦɨɬɪɢɦ ɨɩɪɟɞɟɥɟɧɢɟ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ 
OpenCV, ɬ.ɟ. ɜɵɩɨɥɧɟɧɢɟ ɤɚɥɢɛɪɨɜɤɢ ɤɚɦɟ-
ɪɵ. ɉɪɢɧɰɢɩ ɤɚɥɢɛɪɨɜɤɢ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ 
ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɲɚɯɦɚɬɧɨɣ ɞɨɫɤɢ. Ɂɧɚɹ, ɤɚɤ 
ɪɚɫɩɨɥɨɠɟɧɵ ɭɝɥɵ ɲɚɯɦɚɬɧɨɣ ɞɨɫɤɢ, ɱɢɫ-
ɥɟɧɧɨ ɩɨɞɛɢɪɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɤɚɦɟɪɵ. 

OpenCV ɢɦɟɟɬ ɧɚɛɨɪ ɜɫɬɪɨɟɧɧɵɯ ɫɪɟɞɫɬɜ ɞɥɹ 
ɩɨɞɞɟɪɠɤɢ ɬɚɤɨɣ ɦɨɞɟɥɢ ɤɚɥɢɛɪɨɜɤɢ.  

 

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɩɨɞɝɨɬɨɜɤɢ ɬɚɤɢɯ ɚɥɝɨɪɢɬɦɨɜ 
ɢɫɩɨɥɶɡɨɜɚɧɚ Open Motion Planning Library, 

ɧɚɩɢɫɚɧɧɚɹ ɧɚ ɩɥɚɬɮɨɪɦɟ boost ɫɩɟɰɢɚɥɶɧɨ 

ɞɥɹ ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɪɚɟɤɬɨɪɢɣ ɦɨɛɢɥɶɧɵɯ 
ɪɨɛɨɬɨɜ ɢ ɦɚɧɢɩɭɥɹɬɨɪɨɜ [7]. 

 

ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɫɭɬɶɸ ɤɨɬɨɪɨɝɨ ɛɵɥɨ 

ɩɨɥɭɱɢɬɶ ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ ɨɬɤɪɵɬɵɦɢ ɢ ɡɚ-
ɤɪɵɬɵɦɢ ɝɥɚɡɚɦɢ ɜɨɞɢɬɟɥɹ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ. ȼɢɞɟɨɤɚɦɟɪɚ ɛɵɥɚ 
ɡɚɤɪɟɩɥɟɧɚ ɧɚ ɥɨɛɨɜɨɦ ɫɬɟɤɥɟ ɚɜɬɨɦɨɛɢɥɹ 
(ɪɢɫ. 4). 

 

 
 

Ɋɢɫ. 4. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɤɚɦɟɪɵ 

 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɪɚɫɩɨɡɧɚɬɶ ɥɢɰɨ ɜɨɞɢɬɟɥɹ ɜ 
ɧɨɱɧɨɟ ɜɪɟɦɹ ɫɭɬɨɤ, ɩɪɢɦɟɧɹɥɚɫɶ ɤɚɦɟɪɚ ɢɧ-

ɮɪɚɤɪɚɫɧɨɝɨ ɜɢɞɟɧɶɹ ɫɨ ɫɜɟɬɨɞɢɨɞɧɨɣ ɩɨɞ-

ɫɜɟɬɤɨɣ. ɉɪɢ ɮɢɤɫɢɪɨɜɚɧɢɢ ɫɨɫɬɨɹɧɢɹ ɫɧɚ 
ɜɨɞɢɬɟɥɹ ɜɨ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɫɢ-

ɫɬɟɦɚ ɜɵɞɚɺɬ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɵɣ ɫɢɝɧɚɥ ɢ 

ɧɚɱɢɧɚɟɬ ɨɛɳɟɧɢɟ ɫ ɜɨɞɢɬɟɥɟɦ.  

 

Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɡɚɫɵɩɚ-
ɧɢɹ ɫ ɜɨɞɢɬɟɥɟɦ ɜɟɞɟɬɫɹ ɞɢɚɥɨɝ ɧɚɛɨɪɨɦ ɡɚ-
ɪɚɧɟɟ ɡɚɩɢɫɚɧɧɵɯ ɮɪɚɡ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɩɨ 
ɠɟɥɚɧɢɸ ɦɟɧɹɬɶ. 
 

ɇɚ ɪɢɫ. 5 (ɚ, ɛ) ɫɞɟɥɚɧɵ ɞɜɟ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛ-
ɪɚɠɟɧɢɹ, ɜɡɹɬɨɝɨ ɫ ɜɢɞɟɨɤɚɦɟɪɵ. 
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Ɋɢɫ. 5. Ɏɨɬɨ ɫ ɜɢɞɟɨɤɚɦɟɪɵ: ɚ – ɫɨɧ; ɛ – ɧɨɪ-
ɦɚɥɶɧɵɣ ɪɟɠɢɦ 

 

ȼɵɜɨɞɵ 
 

Ɋɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ, ɩɨɜɵɲɚɸɳɚɹ ɫɬɟɩɟɧɶ ɛɟ-
ɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɢ ɩɪɨɫɬɨɬɭ ɭɩɪɚɜɥɟɧɢɹ 
ɚɜɬɨɦɨɛɢɥɟɦ, ɩɪɟɞɨɬɜɪɚɳɚɸɳɚɹ ɡɚɫɵɩɚɧɢɟ ɜɨ-
ɞɢɬɟɥɹ ɜɨ ɜɪɟɦɹ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɫɢɫɬɟɦɟ ɪɟɚɥɢ-

ɡɨɜɚɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɞɟɬɟɤɬɢ-

ɪɨɜɚɧɢɹ ɮɚɤɬɨɪɚ ɫɧɚ ɧɚ ɨɫɧɨɜɟ ɪɟɚɥɢɡɚɰɢɢ 

ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ (ɋɌɁ). ɉɨɫɬɪɨɟ-
ɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜɢɞɟɨɤɚɦɟɪɵ ɢ 

ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ, ɜɯɨɞɹ-
ɳɢɯ ɜ ɦɨɞɟɥɶ, ɩɪɢ ɩɨɦɨɳɢ OpenCV. Ⱦɥɹ ɪɚɫ-
ɱɺɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ Open Motion Planning 

Library, ɧɚɩɢɫɚɧɧɚɹ ɧɚ ɩɥɚɬɮɨɪɦɟ boost, ɫɩɟɰɢ-

ɚɥɢɡɢɪɭɸɳɚɹɫɹ ɧɚ ɩɥɚɧɢɪɨɜɚɧɢɢ ɬɪɚɟɤɬɨɪɢɣ 

ɦɨɛɢɥɶɧɵɯ ɪɨɛɨɬɨɜ ɢ ɦɚɧɢɩɭɥɹɬɨɪɨɜ. 
 

ɋɢɫɬɟɦɚ, ɤɪɨɦɟ ɭɩɪɚɜɥɟɧɢɹ ɨɫɧɨɜɧɵɦɢ ɤɨ-
ɦɚɧɞɚɦɢ, ɪɚɛɨɬɚɟɬ ɤɚɤ «ɭɦɧɚɹ» ɷɥɟɤɬɪɨɧɢɤɚ. 
Ƚɢɛɤɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɡɜɨ-
ɥɹɟɬ ɧɚɫɬɪɨɢɬɶ ɪɚɛɨɬɭ ɜɫɟɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 

ɩɪɢɛɨɪɨɜ ɥɨɝɢɱɟɫɤɢ, ɤ ɩɪɢɦɟɪɭ, ɡɚɳɢɬɭ ɨɬ 
ɡɚɩɭɫɤɚ ɫɬɚɪɬɟɪɚ ɜɨ ɜɪɟɦɹ ɬɨɝɨ, ɤɚɤ ɞɜɢɝɚ-
ɬɟɥɶ ɭɠɟ ɪɚɛɨɬɚɟɬ. ȿɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɤɨɦɩɶɸ-

ɬɟɪɧɚɹ ɫɢɫɬɟɦɚ ɧɟ ɫɦɨɝɥɚ ɛɵ ɪɚɛɨɬɚɬɶ ɢ ɚɧɚ-
ɥɢɡɢɪɨɜɚɬɶ ɩɪɨɢɫɯɨɞɹɳɢɟ ɩɪɨɰɟɫɫɵ ɛɟɡ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɫɬɪɨɟɧɧɵɯ ɞɚɬɱɢɤɨɜ, ɤɨɬɨ-
ɪɵɟ ɹɜɥɹɸɬɫɹ «ɧɟɪɜɧɵɦɢ ɨɤɨɧɱɚɧɢɹɦɢ» ɜɫɟɣ 

ɫɢɫɬɟɦɵ. 

Ⱦɨɩɨɥɧɟɧɢɟ ɤ ɫɢɫɬɟɦɟ – ɷɬɨ ɤɚɱɟɫɬɜɟɧɧɵɣ 

ɞɢɚɥɨɝɨɜɵɣ ɢɧɬɟɪɮɟɣɫ, ɡɚɞɚɱɚ ɤɨɬɨɪɨɝɨ – 

ɨɛɟɫɩɟɱɢɬɶ ɢɧɬɟɪɚɤɬɢɜɧɨɟ ɨɛɳɟɧɢɟ ɫ ɜɨɞɢ-

ɬɟɥɟɦ ɜ ɞɥɢɬɟɥɶɧɨɦ ɩɭɬɢ. ɋɢɫɬɟɦɚ ɛɭɞɟɬ 
ɪɚɫɩɨɡɧɚɜɚɬɶ ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ ɜɨɞɢɬɟɥɹ ɢ, 

ɫɨɩɨɫɬɚɜɥɹɹ ɢɯ ɫ ɧɚɛɨɪɨɦ ɡɚɪɚɧɟɟ ɡɚɥɨɠɟɧ-

ɧɵɯ ɮɪɚɡ, ɜɵɞɚɜɚɬɶ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɟ ɩɨ 

ɫɦɵɫɥɭ ɞɢɚɥɨɝɨɜɵɟ ɫɨɨɛɳɟɧɢɹ. ɋɢɫɬɟɦɚ, 
ɪɚɛɨɬɚɸɳɚɹ ɩɨ ɬɚɤɨɦɭ ɩɪɢɧɰɢɩɭ, ɛɭɞɟɬ ɢɦɢ-

ɬɢɪɨɜɚɬɶ ɫɨɛɟɫɟɞɧɢɤɚ. Ɍɚɤɚɹ ɪɚɡɪɚɛɨɬɤɚ ɫɭ-
ɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬ ɭɬɨɦɥɟɧɢɟ ɢ ɜɨɡɦɨɠɧɨɫɬɶ 
ɡɚɫɧɭɬɶ ɨɬ ɦɨɧɨɬɨɧɧɨɣ ɟɡɞɵ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ 
ɚɜɬɨɦɚɝɢɫɬɪɚɥɹɯ. 
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