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ɋɬɭɞɟɧɬɭ                                Ⱥɣɡɟɧɛɟɪɝ ɇɚɬɚɥɶɟ Ɇɢɯɚɣɥɨɜɧɟ_______________              
      ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɚ         Ʉɂ15-06Ȼ        ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ)          09.03.01______    
            ɧɨɦɟɪ          ɤɨɞ 

                                  ɂɧɮɨɪɦɚɬɢɤɚ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ______________
      ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɉɪɨɝɪɚɦɦɧɚɹ ɱɚɫɬɶ ɚɩɩɚɪɚɬɧɨ-

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ                                             

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №  ________  ɨɬ __________________ 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ   Ɉ. ȼ. ɇɟɩɨɦɧɹɳɢɣ, ɩɪɨɮɟɫɫɨɪ, ɡɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ      
                             ȼɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ, ɤɚɧɞ.ɬɟɯ.ɧɚɭɤ                                     
            ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱёɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 

 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɩɪɨɛɥɟɦ ɤɨɦɦɭɧɢɤɚɰɢɢ 

ɥɸɞɟɣ ɫ ɧɚɪɭɲɟɧɢɟɦ ɫɥɭɯɚ, ɢɫɫɥɟɞɨɜɚɬɶ ɢɡɜɟɫɬɧɵɟ ɪɟɲɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ 

ɫɨɡɞɚɧɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ. 

Ɋɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɭɫɬɪɨɣɫɬɜɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ 

ɢɡ ɞɚɤɬɢɥɶɧɨɣ ɚɡɛɭɤɢ ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ. ɉɪɨɜɟɫɬɢ ɥɚɛɨɪɚɬɨɪɧɵɟ 

ɢɫɩɵɬɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: Ⱥɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɠɟɫɬɨɜ, ɚɧɚɥɢɡ ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ, 

ɥɚɛɨɪɚɬɨɪɧɵɟ ɢɫɩɵɬɚɧɢɹ ɚɥɝɨɪɢɬɦɚ ɢ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: ɩɪɟɡɟɧɬɚɰɢɹ ɜ ɮɨɪɦɚɬɟ Power Point, 

ɪɚɡɞɚɬɨɱɧɵɣ ɦɚɬɟɪɢɚɥ. 

 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ    ____________ Ɉ. ȼ. ɇɟɩɨɦɧɹɳɢɣ 
                                                                                                                          ɩɨɞɩɢɫɶ                             ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  
               
 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ   ____________      ɇ.Ɇ. Ⱥɣɡɟɧɛɟɪɝ 
                                                                                                                           ɩɨɞɩɢɫɶ                            ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɝɪɚɦɦɧɚɹ ɱɚɫɬɶ 

ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ» ɫɨɞɟɪɠɢɬ 52 

ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 1 ɬɚɛɥɢɰɭ, 22 ɢɥɥɸɫɬɪɚɰɢɢ, 2 ɮɨɪɦɭɥɵ, 27 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 2 ɩɪɢɥɨɠɟɧɢɹ. 

ɊȺɋɉɈɁɇȺȼȺɇɂȿ ɀȿɋɌɈȼ, ɎɂɅɖɌɊȺɐɂə ɐɂɎɊɈȼɈȽɈ 

ɋɂȽɇȺɅȺ, ɆȿȾɂȺɇɇȺə ɎɂɅɖɌɊȺɐɂə, ɋȺɆɈȺȾȺɉɌɂȼɇɕȿ 

ȺɅȽɈɊɂɌɆɕ, ɄɅȺɋɌȿɊɂɁȺɐɂə, K-MEDOIDS, ɆɈȾȿɅɂɊɈȼȺɇɂȿ, 

MATLAB , ɇȿɃɊɈɇɇȺə ɋȿɌɖ 

ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɫɢɫɬɟɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ, ɪɚɫɫɦɨɬɪɟɧɵ 

ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɢɫɬɟɦɵ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɛɵɥɢ 

ɜɵɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ ɚɩɩɚɪɚɬɧɨ-

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ. ɉɪɨɜɟɞɟɧɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ – ɦɟɬɨɞɨɜ 

ɮɢɥɶɬɪɚɰɢɢ ɢ ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɚɩɩɚɪɚɬɧɨ-

ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɦɟɞɢɚɧɧɵɣ ɮɢɥɶɬɪ ɢ ɚɥɝɨɪɢɬɦ ɤɥɚɫɬɟɪɢɡɚɰɢɢ 

ɦɟɬɨɞɨɦ k-ɦɟɞɢɚɧ. Ɋɚɡɪɚɛɨɬɚɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɚɩɩɚɪɚɬɧɨ-

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɫɩɨɫɨɛɧɨɟ ɪɚɫɩɨɡɧɚɜɚɬɶ ɠɟɫɬɵ ɢɡ ɞɚɤɬɢɥɶɧɨɣ ɚɡɛɭɤɢ 

ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ. 
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ȼȼȿȾȿɇɂȿ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɛɥɟɦɚ ɤɨɦɦɭɧɢɤɚɰɢɢ ɥɸɞɟɣ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦɢ 

ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɨɫɬɚɟɬɫɹ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨɣ. ɉɨ ɞɚɧɧɵɦ ȼɫɟɦɢɪɧɨɣ 

ɨɪɝɚɧɢɡɚɰɢɢ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ ɛɨɥɟɟ 360 ɦɢɥɥɢɨɧɨɜ ɥɸɞɟɣ ɫɬɪɚɞɚɸɬ 

ɝɥɭɯɨɬɨɣ ɢɥɢ ɧɚɪɭɲɟɧɢɟɦ ɫɥɭɯɚ. ɋɨɝɥɚɫɧɨ ɫɬɚɬɢɫɬɢɤɟ ɡɚ 2016 ɝɨɞ [1], ɜ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 14 ɦɢɥɥɢɨɧɨɜ (ɨɤɨɥɨ 10%) ɱɟɥɨɜɟɤ ɨɛɥɚɞɚɸɬ 

ɪɚɡɥɢɱɧɵɦɢ ɧɚɪɭɲɟɧɢɹɦɢ ɫɥɭɯɚ. ɂɡ ɧɢɯ ɨɤɨɥɨ 400 ɬɵɫɹɱ (ɨɤɨɥɨ 3%) 

ɫɬɪɚɞɚɸɬ ɬɹɠɤɢɦɢ ɧɚɪɭɲɟɧɢɹɦɢ. ɉɨ ɞɚɧɧɵɦ ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɩɟɪɟɩɢɫɢ 

ɧɚɫɟɥɟɧɢɹ [2] ɥɢɲɶ ɨɤɨɥɨ 120 ɬɵɫɹɱ ɱɟɥɨɜɟɤ ɜɥɚɞɟɸɬ ɪɭɫɫɤɢɦ ɠɟɫɬɨɜɵɦ 

ɹɡɵɤɨɦ. 

ɋɨɝɥɚɫɧɨ ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɭɫɫɤɨɦ ɠɟɫɬɨɜɨɦ ɹɡɵɤɟ (Ɋɀə) [3], ɞɥɹ Ɋɀə 

ɫɭɳɟɫɬɜɭɟɬ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɥɨɜɚɪɟɣ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɢ ɨɞɢɧ ɢɡ 

ɧɢɯ ɧɟ ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɦ ɢ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢ ɨɫɦɵɫɥɟɧɧɵɦ. ɍ ɥɸɞɟɣ, 

ɢɫɩɨɥɶɡɭɸɳɢɯ ɹɡɵɤ ɠɟɫɬɨɜ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɢ, ɤɨɦɦɭɧɢɤɚɰɢɹ ɫ 

ɨɛɵɱɧɵɦɢ ɥɸɞɶɦɢ ɜɵɡɵɜɚɟɬ ɪɹɞ ɡɚɬɪɭɞɧɟɧɢɣ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

ɞɥɹ ɭɫɬɪɨɣɫɬɜɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ.  

ɋɮɨɪɦɭɥɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɞɥɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ 

ɪɚɛɨɬɵ:  

 ȼɵɩɨɥɧɢɬɶ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɠɟɫɬɨɜ;  

 ȼɵɩɨɥɧɢɬɶ ɚɧɚɥɢɡ ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ;  

 Ɋɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɜɵɩɨɥɧɹɸɳɟɟ ɮɭɧɤɰɢɢ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ ɢɡ ɞɚɤɬɢɥɶɧɨɣ ɚɡɛɭɤɢ ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ; 

 ɉɪɨɢɡɜɟɫɬɢ ɬɟɫɬɢɪɨɜɚɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɩɪɨɜɟɫɬɢ 

ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 
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1 Ⱥɧɚɥɢɡ ɫɢɫɬɟɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ 

 

1.1 Ɉɛɳɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɠɟɫɬɨɜɨɦ ɹɡɵɤɟ 

 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɦɨɦɟɧɬ ɜ ɦɢɪɟ ɧɚɫɱɢɬɵɜɚɟɬɫɹ ɩɨɪɹɞɤɚ 135 ɠɟɫɬɨɜɵɯ 

ɹɡɵɤɨɜ [4]. Ɉ ɪɚɡɜɢɬɢɢ ɫɬɪɭɤɬɭɪɵ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ ɥɭɱɲɟ ɜɫɟɝɨ ɢɡɜɟɫɬɧɨ ɧɚ 

ɨɫɧɨɜɟ ɧɢɤɚɪɚɝɭɚɧɫɤɨɝɨ ɹɡɵɤɚ ɝɥɭɯɢɯ. Ɉɧ ɩɨɹɜɢɥɫɹ ɜ ɜɨɫɶɦɢɞɟɫɹɬɵɟ ɝɨɞɵ 

ɏɏ ɜɟɤɚ. ɉɪɟɠɞɟ ɜ ɇɢɤɚɪɚɝɭɚ ɧɟ ɛɵɥɨ ɨɛɳɟɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ, ɧɨ ɜ 1977 

ɝɨɞɭ, ɤɨɝɞɚ ɫɨɡɞɚɥɢ ɩɟɪɜɭɸ ɲɤɨɥɭ ɞɥɹ ɝɥɭɯɢɯ, ɭɱɟɧɵɟ ɫɪɚɡɭ ɩɪɢɧɹɥɢɫɶ 

ɮɢɤɫɢɪɨɜɚɬɶ, ɤɚɤ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɞɜɭɯ-ɬɪɟɯ ɩɨɤɨɥɟɧɢɣ ɪɚɡɜɢɜɚɥɚɫɶ 

ɝɪɚɦɦɚɬɢɤɚ ɢ ɭɫɬɚɧɚɜɥɢɜɚɥɢɫɶ ɩɪɚɜɢɥɚ. Ⱦɟɬɢ ɨɛɳɚɥɢɫɶ ɫɨ ɫɬɚɪɲɢɦ 

ɩɨɤɨɥɟɧɢɟɦ, ɩɟɪɟɧɢɦɚɥɢ ɢ ɢɡɦɟɧɹɥɢ ɹɡɵɤ ɜɡɪɨɫɥɵɯ, ɫɨɡɞɚɥɢ ɩɪɚɜɢɥɚ, 

ɤɨɬɨɪɵɯ ɧɟ ɛɵɥɨ ɪɚɧɶɲɟ. ɂ ɬɚɤɨɣ ɟɫɬɟɫɬɜɟɧɧɵɣ ɩɭɬɶ ɫɨɡɞɚɧɢɹ ɹɡɵɤɚ ɩɪɨɲɥɨ 

ɛɨɥɶɲɢɧɫɬɜɨ ɠɟɫɬɨɜɵɯ ɹɡɵɤɨɜ. ɇɚ ɪɢɫɭɧɤɟ 1 ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɞɚɤɬɢɥɶɧɚɹ ɚɡɛɭɤɚ ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ. 

 

 

Ɋɢɫɭɧɨɤ 1 – Ⱥɥɮɚɜɢɬ ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ 
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ɋɢɫɬɟɦɚɬɢɱɧɨ ɢɡɭɱɚɬɶ ɪɭɫɫɤɢɣ ɠɟɫɬɨɜɵɣ ɹɡɵɤ ɧɚɱɚɥɢ ɬɨɥɶɤɨ ɨɤɨɥɨ 

ɞɟɫɹɬɢ ɥɟɬ ɧɚɡɚɞ, ɩɪɢ ɷɬɨɦ ɝɪɚɦɦɚɬɢɤɚ ɞɚɧɧɨɝɨ ɹɡɵɤɚ ɧɟ ɨɩɢɫɚɧɚ [5], ɚ 

ɫɥɨɜɚɪɟɣ ɫɭɳɟɫɬɜɭɟɬ ɜɫɟɝɨ ɥɢɲɶ ɧɟɫɤɨɥɶɤɨ, ɧɢ ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɧɟ ɹɜɥɹɟɬɫɹ 

ɩɨɥɧɵɦ ɢ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢ ɨɫɦɵɫɥɟɧɧɵɦ. 

 

1.2 ɋɬɪɭɤɬɭɪɚ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ 

 

ɀɟɫɬ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɱɟɬɵɪɟ ɤɨɦɩɨɧɟɧɬɵ: ɤɨɧɮɢɝɭɪɚɰɢɸ ɪɭɤɢ, 

ɞɜɢɠɟɧɢɟ, ɥɨɤɚɥɢɡɚɰɢɸ (ɦɟɫɬɨ ɢɫɩɨɥɧɟɧɢɹ) ɢ ɨɪɢɟɧɬɚɰɢɸ ɪɭɤɢ. ɉɥɸɫ, 

ɭɱɢɬɵɜɚɟɬɫɹ ɦɢɦɢɤɚ, ɚ ɢɦɟɧɧɨ: ɜɵɪɚɠɟɧɢɟ ɥɢɰɚ ɢ ɞɜɢɠɟɧɢɟ ɝɭɛ. 

ɋɥɭɱɚɟɬɫɹ ɬɚɤ, ɱɬɨ ɩɨɧɹɬɢɟ ɫɭɳɟɫɬɜɭɟɬ, ɚ ɠɟɫɬ ɞɥɹ ɧɟɝɨ ɟɳɟ ɧɟ 

ɩɪɢɞɭɦɚɧ. Ɍɨɝɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɚɤɬɢɥɶɧɚɹ ɚɡɛɭɤɚ («ɞɚɤɬɢɥɶ» ɫ ɝɪɟɱ. — 

«ɩɚɥɟɰ») — ɬɨ ɟɫɬɶ ɠɟɫɬɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɛɭɤɜɚɦ ɫɥɨɜɟɫɧɨɝɨ ɹɡɵɤɚ. 

ɂɧɨɝɞɚ ɫɥɵɲɚɳɢɟ ɥɸɞɢ ɩɪɢɧɢɦɚɸɬ ɩɚɥɶɰɟɜɵɣ ɚɥɮɚɜɢɬ ɡɚ ɠɟɫɬɨɜɵɣ ɹɡɵɤ. 

Ɉɞɧɚɤɨ ɷɬɨ ɪɚɡɧɵɟ ɜɟɳɢ: ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɚɥɶɰɟɜɵɦ ɚɥɮɚɜɢɬɨɦ ɩɟɪɟɞɚɸɬ 

ɡɜɭɤɢ ɪɟɱɢ (ɛɭɤɜɚ ɡɚ ɛɭɤɜɨɣ), ɠɟɫɬɨɜɵɟ ɡɧɚɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɰɟɥɵɟ ɫɥɨɜɚ [6]. 

Ɇɧɨɝɢɟ ɠɟɫɬɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɪɭɫɫɤɨɦ ɠɟɫɬɨɜɨɦ ɹɡɵɤɟ, ɛɵɥɢ 

ɡɚɢɦɫɬɜɨɜɚɧɵ ɢɡ ɮɪɚɧɰɭɡɫɤɨɝɨ, ɧɟɦɟɰɤɨɝɨ ɢ ɚɜɫɬɪɢɣɫɤɨɝɨ ɠɟɫɬɨɜɵɯ ɹɡɵɤɨɜ, 

ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɟɝɨ ɥɟɤɫɢɤɚ ɛɥɢɡɤɚ ɦɟɠɞɭɧɚɪɨɞɧɨɣ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɤɚɤ ɢ 

ɞɪɭɝɢɟ ɠɟɫɬɨɜɵɟ ɹɡɵɤɢ, ɜ ɪɭɫɫɤɢɣ ɠɟɫɬɨɜɵɣ ɹɡɵɤ ɜɡɹɬɨ ɦɧɨɝɨ ɫɥɨɜ ɢɡ 

ɪɭɫɫɤɨɝɨ ɹɡɵɤɚ ɢɥɢ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɜɲɢɯɫɹ ɩɨɞ ɟɝɨ ɜɥɢɹɧɢɟɦ. Ʉ ɩɪɢɦɟɪɭ, 

ɠɟɫɬɵ ɞɧɟɣ ɧɟɞɟɥɢ ɨɫɧɨɜɚɧɵ ɧɚ ɞɚɤɬɢɥɢɪɨɜɚɧɢɢ ɩɟɪɜɵɯ ɛɭɤɜ, ɫ ɤɨɬɨɪɵɯ 

ɧɚɱɢɧɚɸɬɫɹ ɷɬɢ ɫɥɨɜɚ ɜ ɪɭɫɫɤɨɦ ɹɡɵɤɟ. 

 

1.3 ɋɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ 

 

ɀɟɫɬ, ɜ ɩɨɧɢɦɚɧɢɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɢɧɬɟɪɮɟɣɫɨɜ ɭɩɪɚɜɥɟɧɢɹ, – 

ɷɬɨ ɮɨɪɦɚ ɧɟɜɟɪɛɚɥɶɧɨɝɨ ɨɛɳɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɟɤɨɬɨɪɨɟ ɞɟɣɫɬɜɢɟ, 

ɞɜɢɠɟɧɢɟ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɬɟɥɚ ɢɥɢ ɟɝɨ ɱɚɫɬɢ, ɩɟɪɟɞɚɟɬ ɢɧɮɨɪɦɚɰɢɸ. ɀɟɫɬ 
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ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɞɜɢɠɟɧɢɟ ɤɚɤ ɨɞɧɨɣ, ɬɚɤ ɢ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɬɟɣ ɬɟɥɚ ɢ ɧɟɫɬɢ 

ɷɦɨɰɢɨɧɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ, ɱɬɨ ɞɟɥɚɟɬ ɟɝɨ ɢɧɮɨɪɦɚɬɢɜɧɵɦ ɫɪɟɞɫɬɜɨɦ ɨɛɳɟɧɢɹ 

ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 

ɀɟɫɬɵ ɤɥɚɫɫɢɮɢɰɢɪɭɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɤɚɬɟɝɨɪɢɹɦ: 

ɚ) ɉɨ ɬɢɩɭ:  

1) ɉɪɨɫɬɵɟ ɠɟɫɬɵ; 

2) Ʉɨɦɩɥɟɤɫɧɵɟ ɠɟɫɬɵ; 

ɛ) ɉɨ ɫɩɨɫɨɛɭ ɨɛɪɚɛɨɬɤɢ: 

1) Ɉɛɪɚɛɨɬɤɚ ɩɨɫɥɟ ɜɜɨɞɚ; 

2) Ɉɛɪɚɛɨɬɤɚ ɜ ɩɪɨɰɟɫɫɟ ɜɜɨɞɚ; 

ɜ) ɉɨ ɞɥɢɬɟɥɶɧɨɫɬɢ: 

1) ɋɬɚɬɢɱɟɫɤɢɟ ɠɟɫɬɵ; 

2) Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɠɟɫɬɵ. 

Ɍɚɤ, ɩɪɨɫɬɵɦɢ ɠɟɫɬɚɦɢ ɹɜɥɹɸɬɫɹ ɩɚɥɶɰɟɜɵɟ ɠɟɫɬɵ (ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɬɚɤɢɯ ɠɟɫɬɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ, ɧɚɩɪɢɦɟɪ, ɭɫɬɪɨɣɫɬɜɚ ɫ ɫɟɧɫɨɪɧɵɦɢ ɷɤɪɚɧɚɦɢ), 

ɠɟɫɬɵ ɪɭɤɚɦɢ (Kinect, MYO) [7]. Ʉ ɤɨɦɩɥɟɤɫɧɵɦ ɠɟɫɬɚɦ ɨɬɧɨɫɹɬɫɹ 

ɞɜɢɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɡɚɞɟɣɫɬɜɭɸɬ ɧɟɫɤɨɥɶɤɨ ɱɚɫɬɟɣ ɬɟɥɚ ɢɥɢ ɫɨɫɬɨɹɬ ɢɡ 

ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɫɬɵɯ (Wii, Kinect) [8]. 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɠɟɫɬɨɜ ɩɨ ɫɩɨɫɨɛɭ ɨɛɪɚɛɨɬɤɢ ɪɚɡɞɟɥɹɟɬ ɢɯ ɧɚ 2 

ɤɚɬɟɝɨɪɢɢ: ɠɟɫɬɵ, ɨɛɪɚɛɚɬɵɜɚɟɦɵɟ ɩɨɫɥɟ ɜɜɨɞɚ ɢ ɠɟɫɬɵ, ɨɛɪɚɛɚɬɵɜɚɟɦɵɟ ɜ 

ɩɪɨɰɟɫɫɟ ɜɜɨɞɚ. ɉɪɢɦɟɪ ɠɟɫɬɚ ɜɬɨɪɨɣ ɤɚɬɟɝɨɪɢɢ – ɭɜɟɥɢɱɟɧɢɟ/ɭɦɟɧɶɲɟɧɢɟ 

ɮɨɬɨɝɪɚɮɢɢ ɜ ɫɟɧɫɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɮɢɪɦɵ «Apple» [9]. 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɠɟɫɬɚ ɩɨɤɚɡɵɜɚɟɬ, ɢɡɦɟɧɹɟɬɫɹ ɥɢ ɨɧ ɫɨ ɜɪɟɦɟɧɟɦ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɠɟɫɬɵ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɵ ɧɚ ɫɬɚɬɢɱɟɫɤɢɟ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ. 

ɋɬɚɬɢɱɟɫɤɢɟ ɠɟɫɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɜ ɬɨ ɜɪɟɦɹ 

ɤɚɤ ɞɢɧɚɦɢɱɟɫɤɢɟ ɠɟɫɬɵ – ɷɬɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢɡɨɛɪɚɠɟɧɢɣ. 
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ɍɩɪɨɳɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ ɫɨɫɬɨɢɬ ɢɡ 3 

ɛɥɨɤɨɜ (ɪɢɫɭɧɨɤ 2): 

 Ȼɥɨɤ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɜɜɨɞɚ; 

 Ȼɥɨɤ ɫ ɦɟɬɨɞɨɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ; 

 Ɋɟɚɝɢɪɭɸɳɢɣ ɛɥɨɤ. 

ɍɫɬɪɨɣɫɬɜɨ ɜɜɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨɱɤɨɣ ɜɯɨɞɚ ɜ ɫɢɫɬɟɦɭ. Ɉɧɨ 

ɩɪɟɨɛɪɚɡɨɜɵɜɚɟɬ ɠɟɫɬ ɜ ɰɢɮɪɨɜɭɸ ɮɨɪɦɭ ɢ ɩɟɪɟɞɚɟɬ ɟɝɨ ɜ ɛɥɨɤ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɫɪɚɜɧɢɜɚɟɬ ɩɨɫɬɭɩɢɜɲɭɸ ɢɧɮɨɪɦɚɰɢɸ ɫ 

ɲɚɛɥɨɧɚɦɢ, ɯɪɚɧɹɳɢɦɢɫɹ ɜ ɛɚɡɟ ɞɚɧɧɵɯ, ɢ ɜ ɤɚɱɟɫɬɜɟ ɪɟɡɭɥɶɬɚɬɚ ɜɨɡɜɪɚɳɚɟɬ 

ɪɚɫɩɨɡɧɚɧɧɵɣ ɠɟɫɬ. ȼ ɢɬɨɝɟ ɪɟɚɝɢɪɭɸɳɢɣ ɛɥɨɤ ɜɵɩɨɥɧɹɟɬ ɧɟɤɨɬɨɪɵɟ 

ɮɭɧɤɰɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɩɨɡɧɚɧɧɵɦɢ ɠɟɫɬɚɦɢ. 

 

 

 

Ɋɢɫɭɧɨɤ 2 – ɍɩɪɨɳɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ 

 

1.4 Ɉɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɫɢɫɬɟɦ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɠɟɫɬɨɜ, ɧɨ ɧɟ ɦɧɨɝɢɟ ɢɡ ɧɢɯ ɚɞɚɩɬɢɪɨɜɚɧɵ ɩɨɞ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɚɥɮɚɜɢɬɚ ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ [10]. 

ɍɫɬɪɨɣɫɬɜɚ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɡɚɯɜɚɬɚ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ ɭɫɥɨɜɧɨ 

ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɩɨɪɬɚɬɢɜɧɵɯ ɞɚɬɱɢɤɨɜ 

ɢ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɨɩɬɢɱɟɫɤɢɯ ɤɚɦɟɪ. 

Ʉ ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɨɬɧɨɫɹɬɫɹ, ɧɚɩɪɢɦɟɪ, ɬɚɤɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɤɚɤ ɩɪɨɟɤɬ, 

ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɪɨɫɫɢɣɫɤɢɦɢ ɷɧɬɭɡɢɚɫɬɚɦɢ ɞɥɹ ɪɨɥɟɜɵɯ ɢɝɪ ɩɨ ɜɫɟɥɟɧɧɨɣ 

ɜɫɟɦɢ ɢɡɜɟɫɬɧɨɣ ɫɚɝɢ ɨ ɜɟɞɶɦɚɤɟ Ⱥɧɞɠɟɹ ɋɚɩɤɨɜɫɤɨɝɨ (ɩɟɪɱɚɬɤɚ «ȼɟɞɶɦɚɤɚ») 

[11] ɢ ɩɟɪɱɚɬɤɚ «Language of Glove» [12].  
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ȼɬɨɪɚɹ ɝɪɭɩɩɚ ɭɫɬɪɨɣɫɬɜ – ɷɬɨ ɨɩɬɢɱɟɫɤɢɟ ɤɚɦɟɪɵ, ɤɨɬɨɪɵɟ 

ɡɚɩɢɫɵɜɚɸɬ ɧɚɛɨɪ ɢɡɨɛɪɚɠɟɧɢɣ ɞɥɹ ɡɚɯɜɚɬɚ ɞɜɢɠɟɧɢɣ ɠɟɫɬɨɜ ɧɚ ɪɚɫɫɬɨɹɧɢɢ. 

Ɇɟɬɨɞɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɷɬɢɯ ɭɫɬɪɨɣɫɬɜɚɯ, ɪɚɫɩɨɡɧɚɸɬ 

ɠɟɫɬɵ, ɚɧɚɥɢɡɢɪɭɹ ɜɢɡɭɚɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɢɡɜɥɟɱɟɧɧɭɸ ɢɡ ɡɚɯɜɚɱɟɧɧɵɯ 

ɢɡɨɛɪɚɠɟɧɢɣ. Ʉ ɩɨɞɨɛɧɵɦ ɭɫɬɪɨɣɫɬɜɚɦ ɨɬɧɨɫɹɬɫɹ ɬɚɤɢɟ ɫɢɫɬɟɦɵ, ɤɚɤ 

ɦɭɥɶɬɢɫɟɧɫɨɪɧɚɹ ɫɢɫɬɟɦɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ ɪɭɤ ɜɨɞɢɬɟɥɹ [13] ɢ Deep 

Sign [14] ɢ Kinect [15]. 

ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɚɧɚɥɨɝɨɜ ɩɪɢɜɟɞɟɧɚ ɜ 

ɬɚɛɥɢɰɟ 1. 
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Ɍɚɛɥɢɰɚ 1 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɚɧɚɥɨɝɨɜ 

Ⱥɧɚɥɨɝ 
Ɇɨɛɢɥɶɧɨɫɬɶ 

ɭɫɬɪɨɣɫɬɜɚ 

ɋɟɪɢɣɧɵɣ 

ɜɵɩɭɫɤ 
ɉɟɪɟɧɨɫɢɦɨɫɬɶ ɉɈ 

ȼɨɡɦɨɠɧɨɫɬɶ 

ɦɨɞɢɮɢɤɚɰɢɢ ɉɈ 

ɇɚɥɢɱɢɟ 

ɫɥɭɠɛɵ 

ɩɨɞɞɟɪɠɤɢ 

Kinect - + - + + 

Ɇɭɥɶɬɢɫɟɧɫɨɪɧɚɹ 

ɫɢɫɬɟɦɚ ɞɥɹ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ 

ɪɭɤ ɜɨɞɢɬɟɥɹ [13] 

- - + + - 

Deep sign [14] - - - + - 

Language of Glove + - + + - 

ɉɟɪɱɚɬɤɚ «ȼɟɞɶɦɚɤɚ» 

[11] 
+ - - - - 
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ɂɡ ɬɚɛɥɢɰɵ 1 ɜɢɞɧɨ, ɱɬɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɨɩɬɢɱɟɫɤɢɯ ɤɚɦɟɪ 

(Kinect, Ɇɭɥɶɬɢɫɟɧɫɨɪɧɚɹ ɫɢɫɬɟɦɚ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ ɪɭɤ ɜɨɞɢɬɟɥɹ, 

Deep Sign) ɧɟ ɨɛɥɚɞɚɸɬ ɬɚɤɢɦ ɤɚɱɟɫɬɜɨɦ, ɤɚɤ ɦɨɛɢɥɶɧɨɫɬɶ ɭɫɬɪɨɣɫɬɜɚ, ɜ 

ɨɬɥɢɱɢɟ ɨɬ ɭɫɬɪɨɣɫɬɜ ɧɚ ɨɫɧɨɜɟ ɩɨɪɬɚɬɢɜɧɵɯ ɞɚɬɱɢɤɨɜ. ɉɟɪɟɧɨɫɢɦɨɫɬɶɸ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɨɛɥɚɞɚɸɬ ɬɨɥɶɤɨ Ɇɭɥɶɬɢɫɟɧɫɨɪɧɚɹ ɫɢɫɬɟɦɚ ɞɥɹ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ ɪɭɤ ɜɨɞɢɬɟɥɹ ɢ «Language Of Glove», ɬɚɤ ɤɚɤ ɬɨɥɶɤɨ 

ɷɬɢ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɜɨɢ ɛɢɛɥɢɨɬɟɤɢ ɜ ɨɬɤɪɵɬɵɣ ɞɨɫɬɭɩ, ɢ 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɯ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɧɚ 

ɞɪɭɝɨɣ ɚɩɩɚɪɚɬɧɨɣ ɩɥɚɬɮɨɪɦɟ. ȼɨɡɦɨɠɧɨɫɬɶɸ ɦɨɞɢɮɢɤɚɰɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɨɛɥɚɞɚɸɬ ɜɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɚɧɚɥɨɝɢ, ɤɪɨɦɟ «ɉɟɪɱɚɬɤɢ 

ȼɟɞɶɦɚɤɚ», ɩɨɫɤɨɥɶɤɭ ɷɬɨɬ ɩɪɨɟɤɬ ɧɟ ɢɦɟɟɬ ɤɚɱɟɫɬɜɟɧɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɜ 

ɨɬɤɪɵɬɨɦ ɞɨɫɬɭɩɟ. ɋɟɪɢɣɧɵɣ ɜɵɩɭɫɤ ɢ ɫɥɭɠɛɚ ɩɨɞɞɟɪɠɤɢ ɩɪɢɫɭɬɫɬɜɭɸɬ 

ɬɨɥɶɤɨ ɜ Kinect – ɧɚ ɨɮɢɰɢɚɥɶɧɨɦ ɫɚɣɬɟ ɩɨɫɬɨɹɧɧɨɣ ɨɫɧɨɜɟ ɩɨɹɜɥɹɸɬɫɹ 

ɩɚɤɟɬɵ ɫ ɨɛɧɨɜɥɟɧɢɹɦɢ, ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɟ ɩɨɞɞɟɪɠɢɜɚɟɦɵɟ ɫɪɟɞɫɬɜɚ ɢ 

ɪɚɫɲɢɪɟɧɢɹ ɫɢɫɬɟɦɵ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ 

ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɬɚɤɢɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ, ɤɚɤ 

Kinect ɢ «The Language of Glove». 

«Language of Glove» – ɷɬɨ ɩɪɨɟɤɬ ɤɚɥɢɮɨɪɧɢɣɫɤɢɯ ɫɬɭɞɟɧɬɨɜ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɜɢɞɟ ɚɜɬɨɧɨɦɧɨɣ ɩɟɪɱɚɬɤɢ ɞɥɹ ɫɭɪɞɨɩɟɪɟɜɨɞɚ. 

ɍɫɬɪɨɣɫɬɜɨ ɨɫɧɨɜɚɧɨ ɧɚ ɬɟɧɡɨɞɚɬɱɢɤɚɯ, ɤɨɬɨɪɵɟ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ 

ɩɶɟɡɨɪɟɡɢɫɬɢɜɧɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɱɚɫɬɢɰɵ 

ɭɝɥɟɪɨɞɚ, ɜɫɬɪɨɟɧɧɵɟ ɜ ɝɢɛɤɢɣ ɦɚɬɟɪɢɚɥ. Ɇɚɥɨɦɨɳɧɚɹ ɩɟɱɚɬɧɚɹ ɩɥɚɬɚ ɧɚ 

ɩɟɪɱɚɬɤɟ ɩɪɟɨɛɪɚɡɭɟɬ ɞɟɜɹɬɢɡɧɚɱɧɵɣ ɤɥɸɱ ɜ ɛɭɤɜɭ, ɚ ɡɚɬɟɦ ɩɟɪɟɞɚɟɬ ɫɢɝɧɚɥɵ 

ɱɟɪɟɡ Bluetooth ɧɚ ɫɦɚɪɬɮɨɧ ɢɥɢ ɷɤɪɚɧ ɤɨɦɩɶɸɬɟɪɚ. Ⱦɚɬɱɢɤɢ ɦɟɧɹɸɬ ɫɜɨɟ 

ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɢɥɢ ɢɡɝɢɛɟ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɢɦ 

ɤɨɞɢɪɨɜɚɬɶ ɪɚɡɧɵɟ ɛɭɤɜɵ ɚɥɮɚɜɢɬɚ ɚɧɝɥɢɣɫɤɨɝɨ ɹɡɵɤɚ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ 

ɩɨɥɨɠɟɧɢɹɯ ɜɫɟɯ ɞɟɜɹɬɢ ɫɭɫɬɚɜɨɜ. ɉɪɹɦɨɣ ɢɥɢ ɪɚɫɫɥɚɛɥɟɧɧɵɣ ɫɭɫɬɚɜ 

ɡɚɤɨɞɢɪɨɜɚɧ ɤɚɤ «0», ɚ ɫɨɝɧɭɬɵɣ – ɡɚɤɨɞɢɪɨɜɚɧ ɤɚɤ «1». ɉɪɢ ɩɨɞɩɢɫɚɧɢɢ 
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ɛɭɤɜɵ ɩɟɪɱɚɬɤɚ ɫɨɡɞɚɟɬ ɞɟɜɹɬɢɡɧɚɱɧɵɣ ɞɜɨɢɱɧɵɣ ɤɥɸɱ, ɤɨɬɨɪɵɣ 

ɩɟɪɟɜɨɞɢɬɫɹ ɜ ɷɬɭ ɛɭɤɜɭ. ɇɚɩɪɢɦɟɪ, ɤɨɞ ɞɥɹ ɛɭɤɜɵ «A» (ɛɨɥɶɲɨɣ ɩɚɥɟɰ, ɜɫɟ 

ɨɫɬɚɥɶɧɵɟ ɩɚɥɶɰɵ ɫɤɪɭɱɟɧɵ) ɪɚɜɟɧ «011111111», ɚ ɤɨɞ «B» (ɛɨɥɶɲɨɣ ɩɚɥɟɰ, 

ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɩɪɹɦɵɟ) – «100000000». ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɨ 

ɭɫɬɪɨɣɫɬɜɨ ɢ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ «Language of Glove». 

 

 

Ɋɢɫɭɧɨɤ 3 – Ⱦɟɦɨɧɫɬɪɚɰɢɹ ɭɫɬɪɨɣɫɬɜɚ «The Language of Glove» 

 

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɚɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɨɫɧɨɜɚɧɨ ɧɚ ɫɨɡɞɚɧɢɢ 

3D-ɦɨɞɟɥɢ ɪɭɤɢ (ɢɥɢ «ɜɢɪɬɭɚɥɶɧɨɣ ɪɭɤɢ»), ɜ ɤɨɬɨɪɨɣ, ɫ ɩɨɦɨɳɶɸ ɫɤɪɢɩɬɚ ɧɚ 

ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦ ɹɡɵɤɟ Python, ɤɚɠɞɵɣ ɫɭɫɬɚɜ ɪɭɤɢ ɛɵɥ ɫɨɟɞɢɧɟɧ 

ɫ ɬɪɟɦɹ ɬɨɱɤɚɦɢ ɧɚ ɜɢɪɬɭɚɥɶɧɨɦ ɨɛɴɟɤɬɟ. Ʉɚɠɞɵɣ ɜɢɪɬɭɚɥɶɧɵɣ ɨɛɴɟɤɬ ɢɦɟɥ 

ɫɜɹɡɚɧɧɨɟ ɫ ɧɢɦ ɫɨɫɬɨɹɧɢɟ ɢɡɝɢɛɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɧɨɝɨ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. Ȼɵɥ ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ, ɩɪɢɧɢɦɚɸɳɢɣ 

ɫɢɝɧɚɥɵ ɧɚɩɪɹɠɟɧɢɹ ɨɬ Arduino (ɱɟɪɟɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɩɨɪɬ ɢɥɢ 

ɬɟɤɫɬɨɜɵɣ ɮɚɣɥ) ɢ ɫɨɩɨɫɬɚɜɥɹɸɳɢɣ ɫɨɫɬɨɹɧɢɟ ɢɡɝɢɛɚ ɤɚɠɞɨɝɨ ɫɭɫɬɚɜɚ ɧɚ 

ɜɢɪɬɭɚɥɶɧɨɣ ɪɭɤɟ ɫ ɫɨɫɬɨɹɧɢɟɦ ɪɟɚɥɶɧɨɣ ɪɭɤɢ. ɉɪɨɝɪɚɦɦɚ ɩɪɢɧɢɦɚɟɬ 

ɞɟɜɹɬɢɡɧɚɱɧɵɣ ɤɥɸɱ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɞɟɜɹɬɢ ɫɨɝɧɭɬɵɦ ɢɥɢ ɧɟɫɨɝɧɭɬɵɦ 

ɫɭɫɬɚɜɚɦ, ɤɨɬɨɪɵɣ ɫɨɩɨɫɬɚɜɥɹɟɬɫɹ ɫ ɜɧɟɫɟɧɧɵɦɢ ɜ ɛɚɡɭ ɤɥɸɱɚɦɢ 26 ɛɭɤɜ 

ɚɦɟɪɢɤɚɧɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ. Ɍɪɚɟɤɬɨɪɢɹ ɤɢɫɬɢ ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɮɚɣɥ ɞɥɹ 

ɩɨɫɥɟɞɭɸɳɟɣ ɜɢɡɭɚɥɢɡɚɰɢɢ ɫ ɩɨɦɨɳɶɸ ɨɬɤɪɵɬɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ 

ɜɢɡɭɚɥɢɡɚɰɢɢ OVITO [16].  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɱɚɬɤɚ ɫɩɨɫɨɛɧɚ ɩɪɟɨɛɪɚɡɨɜɚɬɶ 26 ɛɭɤɜ, ɧɚɣɞɟɧɧɵɯ 

ɧɚ ɚɦɟɪɢɤɚɧɫɤɨɦ ɹɡɵɤɟ ɠɟɫɬɨɜ, ɜ ɬɟɤɫɬ ɫ ɩɨɦɨɳɶɸ ɫɦɚɪɬɮɨɧɚ ɢɥɢ 

ɤɨɦɩɶɸɬɟɪɚ. ɉɟɪɱɚɬɤɚ ɛɵɥɚ ɫɨɡɞɚɧɚ ɫ ɰɟɥɶɸ ɭɥɭɱɲɟɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ 

ɜɢɪɬɭɚɥɶɧɨɣ ɪɟɚɥɶɧɨɫɬɢ, ɩɨɫɤɨɥɶɤɭ ɟɝɨ ɮɭɧɤɰɢɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ 

«ɛɨɥɟɟ ɢɧɬɭɢɬɢɜɧɨ ɩɨɧɹɬɧɵ», ɱɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɠɨɣɫɬɢɤɚ ɢ ɞɪɭɝɢɯ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɬɪɨɥɥɟɪɨɜ [17]. 

Kinect – ɛɟɫɤɨɧɬɚɤɬɧɵɣ ɫɟɧɫɨɪɧɵɣ ɤɨɧɬɪɨɥɥɟɪ, ɨɛɨɪɭɞɨɜɚɧɧɵɣ ɞɜɭɦɹ 

ɫɟɧɫɨɪɚɦɢ, ɰɜɟɬɧɨɣ ɜɢɞɟɨɤɚɦɟɪɨɣ ɢ ɦɢɤɪɨɮɨɧɧɨɣ ɪɟɲɟɬɤɨɣ [15]. ȼ ɞɚɧɧɨɦ 

ɭɫɬɪɨɣɫɬɜɟ ɩɟɪɜɵɣ ɢɧɮɪɚɤɪɚɫɧɵɣ ɫɟɧɫɨɪ ɫɥɭɠɢɬ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɜɨɤɪɭɝ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɜɬɨɪɨɣ ɦɨɧɨɯɪɨɦɧɵɣ CMOS-ɫɟɧɫɨɪ 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɧɟɫɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɧɭɸ ɫɪɟɞɭ ɞɥɹ 

ɞɚɥɶɧɟɣɲɟɣ ɢɯ ɨɛɪɚɛɨɬɤɢ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. Ɍɚɤɠɟ ɭɫɬɪɨɣɫɬɜɨ ɨɫɧɚɳɟɧɨ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɨɞɫɬɚɜɤɨɣ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɢɣ ɩɪɢɜɨɞ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɧɚɤɥɨɧɹɟɬ ɫɟɧɫɨɪ ɜɜɟɪɯ ɢ ɜɧɢɡ. Ⱦɚɥɶɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 3-5 

ɦɟɬɪɨɜ.  

Kinect ɢɧɬɟɪɩɪɟɬɢɪɭɟɬ ɢɧɮɨɪɦɚɰɢɸ 3D ɫɰɟɧɵ ɫ ɩɨɦɨɳɶɸ 

ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɩɪɨɟɰɢɪɭɟɦɨɝɨ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɫɜɟɬɚ (ɪɢɫɭɧɨɤ 4). ɗɬɚ 

ɫɢɫɬɟɦɚ ɬɪɟɯɦɟɪɧɨɝɨ ɫɤɚɧɢɪɨɜɚɧɢɹ, ɧɚɡɵɜɚɟɦɚɹ Light Coding [18], ɢɫɩɨɥɶɡɭɟɬ 

ɜɚɪɢɚɧɬ ɬɪɟɯɦɟɪɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɪɢɫɭɧɤɚ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ 

ɢɡɨɛɪɚɠɟɧɢɣ. Ⱦɚɬɱɢɤ Kinect ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɚɧɟɥɶ, 

ɫɨɟɞɢɧɟɧɧɭɸ ɫ ɧɟɛɨɥɶɲɢɦ ɨɫɧɨɜɚɧɢɟɦ ɫ ɩɨɦɨɳɶɸ ɦɨɬɨɪɢɡɨɜɚɧɧɨɝɨ 

ɲɚɪɧɢɪɚ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɧɭɸ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɜɵɲɟ ɢɥɢ ɧɢɠɟ ɦɨɧɢɬɨɪɚ. ȼ 

Kinect ɬɚɤɠɟ ɟɫɬɶ ɤɚɦɟɪɚ RGB. 

 

 

Ɋɢɫɭɧɨɤ 4 – Ȼɟɫɤɨɧɬɚɤɬɧɵɣ ɫɟɧɫɨɪɧɵɣ ɤɨɧɬɪɨɥɥɟɪ Kinect 
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Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɞɥɹ Kinect ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɢɫɩɨɥɶɡɭɟɬ 

ɛɢɛɥɢɨɬɟɤɭ OpenCV [19]. Дɚɧɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ 

ɚɥɝɨɪɢɬɦɨɜ ɢɡ ɨɛɥɚɫɬɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ. Оɧɚ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɚɹ, ɢ 

ɩɨɞɞɟɪɠɢɜɚɟɬ ɹɡɵɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ C/C++ ɢ Python. ɋ ɩɨɦɨɳɶɸ ɧɟё 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɞɝɨɬɨɜɤɚ ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɚɧɚɥɢɡɚ, ɨɧɚ ɫɨɞɟɪɠɢɬ 

ɜɫɟɜɨɡɦɨɠɧɵɟ ɮɢɥɶɬɪɵ, ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɥɢɰ ɢ ɠɟɫɬɨɜ, ɨɬɫɥɟɠɢɜɚɧɢɟ ɨɛɴɟɤɬɨɜ 

ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ.  

Дɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɜɵɩɨɥɧɹɟɬ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɣ 

ɨɫɧɨɜɧɵɯ ɫɭɫɬɚɜɨɜ ɬɟɥɚ ɱɟɥɨɜɟɤɚ. Оɞɧɚɤɨ ɜ ɧɟɦ ɨɬɫɭɬɫɬɜɭɟɬ ɦɟɯɚɧɢɡɦ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɠɟɫɬɨɜ, ɛɨɥɟɟ ɬɨɝɨ ɞɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ 

ɨɛɟɫɩɟɱɟɧɢɟ ɹɜɥɹɟɬɫɹ ɡɚɤɪɵɬɵɦ, ɢ ɞɥɹ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɥɟɠɚɳɟɝɨ ɜ ɟɝɨ 

ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɬɪɟɛɭɟɬɫɹ ɛɨɥɶɲɚɹ ɛɚɡɚ ɞɚɧɧɵɯ ɜɫɟɜɨɡɦɨɠɧɵɯ ɩɨɡ ɱɟɥɨɜɟɤɚ 

ɞɥɹ ɨɛɭɱɟɧɢɹ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ. Кɚɱɟɫɬɜɨ ɫɧɹɬɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨ 

ɤ ɨɫɜɟɳɟɧɢɸ ɢ ɩɨɦɟɯɚɦ ɧɚ ɡɚɞɧɟɦ ɩɥɚɧɟ, ɩɨɷɬɨɦɭ ɨɱɟɧɶ ɬɪɭɞɧɨ ɧɚɞɟɠɧɨ 

ɧɚɯɨɞɢɬɶ ɢ ɨɬɫɥɟɠɢɜɚɬɶ ɢɡɨɛɪɚɠɟɧɢɟ ɪɭɤɢ, ɱɬɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 

ɜɥɢɹɟɬ ɧɚ ɤɚɱɟɫɬɜɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ. Ɍɚɤɠɟ ɨɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ 

ɧɟɞɨɫɬɚɬɤɨɜ ɭɫɬɪɨɣɫɬɜɚ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ ɨɬɫɭɬɫɬɜɢɟ ɦɨɛɢɥɶɧɨɫɬɢ ɢ 

ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɩɨɜɫɟɦɟɫɬɧɨ. 

 

1.5 ȼɵɜɨɞɵ 

 

Ɋɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɚɫɩɟɤɬɵ ɫɬɪɭɤɬɭɪɵ ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ, ɚ 

ɬɚɤɠɟ ɫɢɫɬɟɦɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ. ɉɪɨɢɡɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɟɬɶ 

ɫɢɫɬɟɦɵ Kinect ɢ «The Language of Glove». Ȼɢɛɥɢɨɬɟɤɚ OpenCV, 

ɢɫɩɨɥɶɡɭɸɳɚɹɫɹ ɜ Kinect, ɩɨɡɜɨɥɹɟɬ ɜɵɩɨɥɧɢɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɠɟɫɬɨɜ ɢ 

ɨɬɫɥɟɠɢɜɚɧɢɟ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, ɨɞɧɚɤɨ ɜ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɭɫɬɪɨɣɫɬɜɨ 

ɨɫɧɨɜɚɧɨ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɬɱɢɤɨɜ ɝɥɭɛɢɧɵ ɢ ɤɚɦɟɪ, ɨɧɨ ɧɟɧɚɞɟɠɧɨ ɜ 
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ɢɡɦɟɪɟɧɢɹɯ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɧɚɩɪɢɦɟɪ, ɜ ɬɟɦɧɨɬɟ, ɚ 

ɬɚɤɠɟ ɧɟ ɨɛɥɚɞɚɟɬ ɬɚɤɢɦ ɤɚɱɟɫɬɜɨɦ, ɤɚɤ ɩɨɪɬɚɬɢɜɧɨɫɬɶ.  

ɍɫɬɪɨɣɫɬɜɨ «The Language of Glove», ɧɚɩɪɨɬɢɜ, ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɨ ɩɪɢ ɥɸɛɵɯ ɡɚɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɨɫɜɟɳɟɧɧɨɫɬɢ ɢ ɜɢɞɢɦɨɫɬɢ ɜ 

ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɩɟɪɱɚɬɤɚ ɧɢɤɚɤ ɧɟ ɫɜɹɡɚɧɚ ɫ ɤɚɦɟɪɚɦɢ ɢ ɧɟ ɢɫɩɨɥɶɡɭɟɬ ɞɚɬɱɢɤɢ 

ɡɚɯɜɚɬɚ ɞɜɢɠɟɧɢɹ, ɨɩɢɪɚɟɬɫɹ ɥɢɲɶ ɧɚ ɞɚɬɱɢɤɢ ɫɝɢɛɚ ɢ ɩɨɞɨɛɧɵɟ ɟɦɭ 

ɩɪɢɛɨɪɵ. ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɚɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢɫɩɨɥɶɡɭɟɬ 

ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɝɨɪɢɬɦ, ɤɨɬɨɪɵɣ ɨɛɪɚɛɚɬɵɜɚɟɬ ɩɨɫɬɭɩɚɸɳɢɣ ɫ 

ɞɚɬɱɢɤɨɜ ɫɢɝɧɚɥ, ɨɩɪɟɞɟɥɹɟɬ, ɛɵɥ ɥɢ ɫɨɝɧɭɬ ɩɚɥɟɰ, ɢ ɫɨɩɨɫɬɚɜɥɹɟɬ 

ɞɟɜɹɬɢɡɧɚɱɧɵɣ ɤɥɸɱ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɞɟɜɹɬɢ ɫɨɝɧɭɬɵɦ ɢɥɢ ɧɟɫɨɝɧɭɬɵɦ 

ɫɭɫɬɚɜɚɦ, ɫ ɜɧɟɫɟɧɧɵɦ ɜ ɛɚɡɭ ɤɥɸɱɚɦɢ 26 ɛɭɤɜ ɚɦɟɪɢɤɚɧɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ 

ɹɡɵɤɚ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɩɟɪɱɚɬɤɢ, ɛɵɥɨ ɜɵɹɫɧɟɧɨ, ɱɬɨ 

ɬɨɱɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɩɨɤɚɡɚɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɞɚɬɱɢɤɨɜ. 

ɋɢɫɬɟɦɚ ɧɟ ɭɱɢɬɵɜɚɟɬ ɨɫɨɛɟɧɧɨɫɬɢ ɪɭɤ ɤɚɠɞɨɝɨ ɱɟɥɨɜɟɤɚ (ɧɚɩɪɢɦɟɪ, ɪɚɡɦɟɪ 

ɪɭɤɢ, ɯɨɪɨɲɚɹ ɢɥɢ ɩɥɨɯɚɹ ɝɢɛɤɨɫɬɶ ɩɚɥɶɰɟɜ), ɱɬɨ ɦɨɠɟɬ ɫɬɚɬɶ ɩɪɨɛɥɟɦɨɣ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɥɨɠɟɧɢɹ ɫɭɫɬɚɜɚ (ɫɨɝɧɭɬ ɢɥɢ ɧɟ ɫɨɝɧɭɬ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɧɟɫɤɨɥɶɤɨ ɫɭɳɟɫɬɜɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ 

ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ, ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 

ɩɪɨɝɪɚɦɦɧɨɣ ɱɚɫɬɢ ɞɥɹ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ: ɫɨɡɞɚɧɢɟ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɭɫɬɪɨɣɫɬɜɚ ɜ ɜɢɞɟ ɛɢɛɥɢɨɬɟɤ (ɩɨ ɩɪɢɧɰɢɩɭ 

Kinect), ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, ɚ ɢɦɟɧɧɨ 

ɮɢɥɶɬɪɚɰɢɸ ɰɢɮɪɨɜɨɝɨ ɫɢɝɧɚɥɚ ɢ ɫɚɦɨɚɞɚɩɬɢɜɧɵɟ ɚɥɝɨɪɢɬɦɵ ɞɥɹ 

ɭɥɭɱɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ ɩɨɥɭɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɩɟɪɱɚɬɤɭ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɚ, ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɨɢɡɜɨɞɢɬɶ ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ, ɜɤɥɸɱɚɸɳɭɸ ɜ ɫɟɛɹ 

ɮɢɥɶɬɪɚɰɢɸ ɞɚɧɧɵɯ, ɩɨɫɬɭɩɚɸɳɢɯ ɫ ɞɚɬɱɢɤɨɜ ɢɡɝɢɛɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɧɚ ɩɪɢɦɟɪ ɧɚ ɨɫɧɨɜɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɬɚɤɠɟ 

ɩɨɡɜɨɥɢɬ ɭɜɟɥɢɱɢɬɶ ɬɨɱɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. 



16 

2 Ⱥɧɚɥɢɡ ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 

 

2.1 Ɇɟɬɨɞɵ ɮɢɥɶɬɪɚɰɢɢ 

 

Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɢɦɟɟɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɞɚɬɱɢɤɢ ɫɝɢɛɚ 

ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɟ ɧɚ ɨɫɧɨɜɟ ɩɪɢɧɰɢɩɚ ɨɫɥɚɛɥɟɧɢɹ ɫɜɟɬɨɜɨɝɨ ɩɭɱɤɚ 

(ɪɢɫɭɧɨɤ 5). 

 

 

Ɋɢɫɭɧɨɤ 5 – Ⱦɚɬɱɢɤ ɫɝɢɛɚ 

 

ɂɫɩɨɥɶɡɭɟɦɵɟ ɞɚɬɱɢɤɢ ɨɛɥɚɞɚɸɬ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ, ɤɪɨɦɟ 

ɬɨɝɨ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɪɹɞ ɜɧɟɲɧɢɯ ɢ ɜɧɭɬɪɟɧɧɢɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ 

ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɲɭɦɚ ɜ ɜɵɯɨɞɧɨɦ ɫɢɝɧɚɥɟ ɞɚɬɱɢɤɚ [20]. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɞɥɹ ɞɚɧɧɨɝɨ ɞɚɬɱɢɤɚ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ 

ɩɨɹɜɥɹɸɳɢɦɢɫɹ ɲɭɦɚɦɢ ɹɜɥɹɸɬɫɹ ɢɦɩɭɥɶɫɧɵɟ, ɫɥɭɱɚɣɧɵɟ ɩɨɦɟɯɢ. 

ɉɨɷɬɨɦɭ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɭɦɟɧɶɲɟɧɢɹ ɫɥɭɱɚɣɧɵɯ 

ɢɦɩɭɥɶɫɧɵɯ ɩɨɦɟɯ ɜ ɫɢɝɧɚɥɟ, ɬɨ ɟɫɬɶ ɨɪɝɚɧɢɡɚɰɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɰɢɮɪɨɜɨɝɨ 

ɮɢɥɶɬɪɚ. 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɰɢɮɪɨɜɨɣ ɮɢɥɶɬɪ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɪɟɚɥɢɡɚɰɢɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɜɯɨɞɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɰɢɮɪɨɜɨɣ ɫɢɝɧɚɥ, ɚ 

ɜɵɯɨɞɨɦ – ɞɪɭɝɨɣ ɰɢɮɪɨɜɨɣ ɫɢɝɧɚɥ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛɪɚɡɨɦ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɮɨɪɦɨɣ. 

ɗɬɨ ɩɨɡɜɨɥɢɬ ɨɛɟɫɩɟɱɢɬɶ ɧɚɢɛɨɥɶɲɭɸ ɬɨɱɧɨɫɬɶ ɞɢɚɩɚɡɨɧɨɜ ɡɧɚɱɟɧɢɣ 

ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɫɨɫɬɨɹɧɢɹ ɩɚɥɶɰɚ ɢ ɧɚɢɛɨɥɟɟ ɩɪɚɜɢɥɶɧɨɟ 

ɨɩɪɟɞɟɥɟɧɢɟ ɠɟɫɬɚ.  
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ɉɨɫɤɨɥɶɤɭ ɫɢɝɧɚɥ, ɩɨɫɬɭɩɚɸɳɢɣ ɫ ɩɟɪɱɚɬɤɢ – ɷɬɨ ɦɟɞɥɟɧɧɨ 

ɢɡɦɟɧɹɸɳɢɣɫɹ ɧɢɡɤɨɱɚɫɬɨɬɧɵɣ ɫɢɝɧɚɥ, ɬɨ ɝɥɚɜɧɚɹ ɡɚɞɚɱɚ ɮɢɥɶɬɪɚ – ɭɛɪɚɬɶ 

ɩɢɤɢ ɫ ɩɨɫɬɭɩɚɸɳɟɝɨ ɫɢɝɧɚɥɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɮɢɥɶɬɪɚɰɢɢ ɦɨɠɟɬ 

ɩɨɞɨɣɬɢ ɥɸɛɨɣ ɫɝɥɚɠɢɜɚɸɳɢɣ ɮɢɥɶɬɪ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɢɫɤɚ ɚɥɝɨɪɢɬɦɨɜ ɮɢɥɶɬɪɚɰɢɢ ɛɵɥ ɜɵɞɟɥɟɧ 

ɪɹɞ ɮɢɥɶɬɪɨɜ: ɦɟɞɢɚɧɧɵɣ ɮɢɥɶɬɪ, ɮɢɥɶɬɪ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɝɨɪɢɬɦɚ 

ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ, ɚ ɬɚɤɠɟ ɮɢɥɶɬɪ ɋɚɜɢɰɤɨɝɨ-Ƚɨɥɟɹ.  

Ⱦɥɹ ɞɚɧɧɵɯ ɮɢɥɶɬɪɨɜ ɜ ɫɪɟɞɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ MatLab ɪɚɡɪɚɛɨɬɚɧɵ 

ɩɪɨɟɤɬɵ ɢ ɜɵɩɨɥɧɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ (ɩ.ɩ. 2.1.1-2.1.3). ɇɚ ɪɢɫɭɧɤɟ 6 

ɢɡɨɛɪɚɠɟɧɵ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɞɚɬɱɢɤɚ, ɤɨɝɞɚ ɩɚɥɟɰ ɧɚɯɨɞɢɥɫɹ ɜ 4 

ɡɚɞɚɧɧɵɯ ɫɨɫɬɨɹɧɢɹɯ: 

1) ɩɚɥɟɰ ɜɵɩɪɹɦɥɟɧ; 

2) ɫɪɟɞɧɹɹ ɮɚɥɚɧɝɚ ɩɚɥɶɰɚ ɨɩɭɳɟɧɚ (ɋɨɫɬɨɹɧɢɟ ɩɚɥɶɰɚ: ɩɨɥɭɫɨɝɧɭɬ); 

3) ɧɢɠɧɹɹ ɮɚɥɚɧɝɚ ɩɚɥɶɰɚ ɨɩɭɳɟɧɚ (ɋɨɫɬɨɹɧɢɟ ɩɚɥɶɰɚ: ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 

ɤ ɥɚɞɨɧɢ); 

4) ɫɪɟɞɧɹɹ ɢ ɧɢɠɧɹɹ ɮɚɥɚɧɝɢ ɩɚɥɶɰɚ ɨɩɭɳɟɧɵ (ɋɨɫɬɨɹɧɢɟ ɩɚɥɶɰɚ: 

ɫɨɝɧɭɬ). 

ɇɚ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɝɪɚɮɢɤɟ (ɪɢɫɭɧɨɤ 6) ɰɢɮɪɚɦɢ 1, 2, 3 ɢ 4 

ɨɛɨɡɧɚɱɟɧɵ ɫɨɫɬɨɹɧɢɹ ɮɚɥɚɧɝɢ ɩɚɥɶɰɚ, t1…tn – ɷɬɨ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɢɡ 

ɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ, Uk – ɷɬɨ ɞɢɚɩɚɡɨɧ ɧɚɩɪɹɠɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 

ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɩɚɥɶɰɚ, ɚ I –  ɫɥɭɱɚɣɧɚɹ ɢɦɩɭɥɶɫɧɚɹ ɩɨɦɟɯɚ. 
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Ɋɢɫɭɧɨɤ 6 – Ⱦɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɞɚɬɱɢɤɚ, ɜ ɱɟɬɵɪɟɯ ɡɚɞɚɧɧɵɯ 

ɫɨɫɬɨɹɧɢɹɯ ɮɚɥɚɧɝɢ ɩɚɥɶɰɚ 

 

Ⱦɚɥɟɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɮɢɥɶɬɪɚɰɢɢ. ȼɯɨɞɧɵɟ 

ɞɚɧɧɵɟ ɞɥɹ ɮɢɥɶɬɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 7. 

 

 

Ɋɢɫɭɧɨɤ 7 – ȼɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɮɢɥɶɬɪɚɰɢɢ 



19 

2.1.1 Ɇɟɞɢɚɧɧɚɹ ɮɢɥɶɬɪɚɰɢɹ 

 

Ɇɟɞɢɚɧɧɚɹ ɮɢɥɶɬɪɚɰɢɹ ɨɬɧɨɫɢɬɫɹ ɤ ɧɟɥɢɧɟɣɧɵɦ ɚɥɝɨɪɢɬɦɚɦ 

ɮɢɥɶɬɪɚɰɢɢ. ɋɭɬɶ ɞɚɧɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɤ ɜɯɨɞɧɨɦɭ ɫɢɝɧɚɥɭ 

ɩɪɢɦɟɧɹɟɬɫɹ ɫɤɨɥɶɡɹɳɟɟ ɨɤɧɨ [21] ɡɚɞɚɧɧɨɣ ɞɥɢɧɵ, ɨɬɫɱɟɬɵ ɜ ɩɪɟɞɟɥɚɯ ɨɤɧɚ 

ɭɩɨɪɹɞɨɱɢɜɚɸɬɫɹ ɢ ɜ ɤɚɱɟɫɬɜɟ ɜɵɯɨɞɧɨɝɨ ɨɬɫɱɟɬɚ ɜɨɡɜɪɚɳɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɢɡ 

ɫɟɪɟɞɢɧɵ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɨɤɧɚ (ɢɥɢ ɩɨɥɭɫɭɦɦɚ ɞɜɭɯ ɛɥɢɠɚɣɲɢɯ ɤ ɫɟɪɟɞɢɧɟ 

ɷɥɟɦɟɧɬɨɜ, ɟɫɥɢ ɨɤɧɨ ɢɦɟɟɬ ɱɟɬɧɭɸ ɞɥɢɧɭ). Ɇɟɞɢɚɧɧɚɹ ɮɢɥɶɬɪɚɰɢɹ 

ɩɪɢɦɟɧɹɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɧɵɯ ɩɨɦɟɯ (ɳɟɥɱɤɨɜ) ɩɪɢ 

ɨɛɪɚɛɨɬɤɟ ɡɜɭɤɨɜɵɯ ɫɢɝɧɚɥɨɜ [22]. 

ɋɩɟɰɢɮɢɱɟɫɤɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɬɚɤɢɯ ɮɢɥɶɬɪɨɜ ɹɜɥɹɟɬɫɹ ɫɥɚɛɚɹ ɪɟɚɤɰɢɹ 

ɧɚ ɨɬɫɱɟɬɵ, ɪɟɡɤɨ ɜɵɞɟɥɹɸɳɢɟɫɹ ɧɚ ɮɨɧɟ ɫɨɫɟɞɧɢɯ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɣ 

ɨɫɨɛɟɧɧɨɫɬɢ, ɦɟɞɢɚɧɧɵɟ ɮɢɥɶɬɪɵ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨ ɜɵɛɪɚɧɧɨɣ ɚɩɟɪɬɭɪɟ 

ɦɨɝɭɬ, ɧɚɩɪɢɦɟɪ, ɫɨɯɪɚɧɹɬɶ ɛɟɡ ɢɫɤɚɠɟɧɢɣ ɪɟɡɤɢɟ ɝɪɚɧɢɰɵ ɨɛɴɟɤɬɨɜ, 

ɷɮɮɟɤɬɢɜɧɨ ɩɨɞɚɜɥɹɹ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɵɟ ɢɥɢ ɫɥɚɛɨ ɤɨɪɪɟɥɢɪɨɜɚɧɧɵɟ 

ɩɨɦɟɯɢ ɢ ɦɚɥɨɪɚɡɦɟɪɧɵɟ ɞɟɬɚɥɢ. ɗɬɨ ɫɜɨɣɫɬɜɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ 

ɦɟɞɢɚɧɧɭɸ ɮɢɥɶɬɪɚɰɢɸ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɚɧɨɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɜ ɦɚɫɫɢɜɚɯ 

ɞɚɧɧɵɯ, ɭɦɟɧɶɲɟɧɢɹ ɜɵɛɪɨɫɨɜ ɢ ɢɦɩɭɥɶɫɧɵɯ ɩɨɦɟɯ. 

Ɂɧɚɱɟɧɢɹ ɨɬɫɱёɬɨɜ ɜɧɭɬɪɢ ɨɤɧɚ ɮɢɥɶɬɪɚ ɫɨɪɬɢɪɭɸɬɫɹ ɜ ɩɨɪɹɞɤɟ 

ɜɨɡɪɚɫɬɚɧɢɹ (ɭɛɵɜɚɧɢɹ); ɢ ɡɧɚɱɟɧɢɟ, ɧɚɯɨɞɹɳɟɟɫɹ ɜ ɫɟɪɟɞɢɧɟ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ 

ɫɩɢɫɤɚ, ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɵɯɨɞ ɮɢɥɶɬɪɚ. ȼ ɫɥɭɱɚɟ ɱɟɬɧɨɝɨ ɱɢɫɥɚ ɨɬɫɱɟɬɨɜ ɜ ɨɤɧɟ 

ɜɵɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟ ɮɢɥɶɬɪɚ ɪɚɜɧɨ ɫɪɟɞɧɟɦɭ ɡɧɚɱɟɧɢɸ ɞɜɭɯ ɨɬɫɱɟɬɨɜ ɜ 

ɫɟɪɟɞɢɧɟ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɫɩɢɫɤɚ. Ɉɤɧɨ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜɞɨɥɶ ɮɢɥɶɬɪɭɟɦɨɝɨ 

ɫɢɝɧɚɥɚ ɢ ɜɵɱɢɫɥɟɧɢɹ ɩɨɜɬɨɪɹɸɬɫɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɞɢɚɧɧɚɹ ɮɢɥɶɬɪɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬ ɡɚɦɟɧɭ ɡɧɚɱɟɧɢɣ 

ɨɬɫɱɟɬɨɜ ɜ ɰɟɧɬɪɟ ɚɩɟɪɬɭɪɵ ɦɟɞɢɚɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɢɫɯɨɞɧɵɯ ɨɬɫɱɟɬɨɜ 

ɜɧɭɬɪɢ ɚɩɟɪɬɭɪɵ ɮɢɥɶɬɪɚ. ɇɚ ɩɪɚɤɬɢɤɟ ɚɩɟɪɬɭɪɚ ɮɢɥɶɬɪɚ ɞɥɹ ɭɩɪɨɳɟɧɢɹ 

ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫ ɧɟɱɟɬɧɵɦ 

ɱɢɫɥɨɦ ɨɬɫɱɟɬɨɜ. 
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Ⱦɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɮɢɥɶɬɪɚɰɢɢ ɛɵɥɚ ɧɚɩɢɫɚɧɚ 

ɩɪɨɝɪɚɦɦɚ ɜ ɫɪɟɞɟ Matlab ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɫɬɪɨɟɧɧɨɣ ɮɭɧɤɰɢɢ medfilt1, 

ɪɟɚɥɢɡɭɸɳɟɣ ɨɞɧɨɦɟɪɧɭɸ ɦɟɞɢɚɧɧɭɸ ɮɢɥɶɬɪɚɰɢɸ. Ɏɭɧɤɰɢɹ ɩɪɢɧɢɦɚɟɬ ɞɜɚ 

ɩɚɪɚɦɟɬɪɚ: x – ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢ n – ɩɨɪɹɞɨɤ ɮɢɥɶɬɪɚɰɢɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɮɢɥɶɬɪɚɰɢɢ ɦɟɞɢɚɧɧɵɦ ɮɢɥɶɬɪɨɦ 5-ɝɨ ɩɨɪɹɞɤɚ ɦɨɠɧɨ 

ɭɜɢɞɟɬɶ ɧɚ ɪɢɫɭɧɤɟ 8. 

 

Ɋɢɫɭɧɨɤ 8 – ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɞɢɚɧɧɨɝɨ ɮɢɥɶɬɪɚ ɜ Matlab 

 

 ɉɨ ɞɚɧɧɨɦɭ ɝɪɚɮɢɤɭ (ɪɢɫɭɧɨɤ 8) ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɦɟɞɢɚɧɧɵɣ 

ɮɢɥɶɬɪ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɩɨɞɚɜɥɹɟɬ ɫɥɭɱɚɣɧɵɟ ɢɦɩɭɥɶɫɧɵɟ ɩɨɦɟɯɢ, ɤɨɝɞɚ ɩɚɥɟɰ 

ɧɚɯɨɞɢɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɩɨɥɨɠɟɧɢɢ, ɢ ɩɪɢ ɷɬɨɦ ɫɨɯɪɚɧɹɟɬ ɛɟɡ ɢɫɤɚɠɟɧɢɣ 

ɛɪɨɫɤɢ ɧɚɩɪɹɠɟɧɢɹ ɜɨ ɜɪɟɦɹ ɢɡɦɟɧɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɩɚɥɶɰɚ. 
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2.1.2 Ⱥɥɝɨɪɢɬɦ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ 

ȼ ɦɟɬɨɞɟ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ݕ𝑖 ɫɝɥɚɠɢɜɚɸɬɫɹ ɩɨ 

ɫɥɟɞɭɸɳɟɦɭ ɩɪɚɜɢɥɭ: 

 

𝑖ݏݕ = ͳʹ𝑁 + ͳ ∑ ሺ𝑖ݕ + 𝑘ሻ𝑁
𝑘=−𝑁 , (1) 

 

ɝɞɟ 2N + 1 – ɱɢɫɥɨ ɬɨɱɟɤ, ɜɵɛɢɪɚɟɦɵɯ ɞɥɹ ɫɝɥɚɠɢɜɚɧɢɹ [23].  

ɋɭɬɶ ɚɥɝɨɪɢɬɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɫɥɟɜɚ ɢ ɫɩɪɚɜɚ ɨɬ ɬɟɤɭɳɟɣ 

ɬɨɱɤɢ ɜɵɛɢɪɚɟɬɫɹ ɩɨ N ɬɨɱɟɤ. Ⱦɚɧɧɵɟ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɬɨɱɤɚɯ, ɛɥɢɡɤɢɯ ɤ 

ɝɪɚɧɢɰɚɦ ɨɬɪɟɡɤɚ, ɧɟ ɫɝɥɚɠɢɜɚɸɬɫɹ. Ɇɟɬɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɡɚɦɟɧɟ 

ɮɚɤɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɱɥɟɧɨɜ ɪɹɞɚ ɫɪɟɞɧɢɦ ɚɪɢɮɦɟɬɢɱɟɫɤɢɦ ɡɧɚɱɟɧɢɣ 

ɧɟɫɤɨɥɶɤɢɯ ɛɥɢɠɚɣɲɢɯ ɤ ɧɟɦɭ ɱɥɟɧɨɜ. ɇɚɛɨɪ ɭɫɪɟɞɧɹɟɦɵɯ ɡɧɚɱɟɧɢɣ 

ɨɛɪɚɡɭɟɬ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɨɤɧɨ ɫɤɨɥɶɠɟɧɢɹ. ɑɥɟɧ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ 

ɡɚɦɟɧɹɟɬɫɹ ɧɚ ɫɪɟɞɧɟɟ ɩɨ ɨɤɧɭ, ɡɚɧɢɦɚɟɬ ɜ ɨɤɧɟ ɫɪɟɞɢɧɧɨɟ ɩɨɥɨɠɟɧɢɟ. 

Ɋɟɡɭɥɶɬɚɬɵ ɮɢɥɶɬɪɚɰɢɢ ɦɟɬɨɞɨɦ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ ɫ ɲɢɪɢɧɨɣ ɨɤɧɚ 

ɭɫɪɟɞɧɟɧɢɹ, ɪɚɜɧɨɣ 5, ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɧɚ ɪɢɫɭɧɤɟ 9. 
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Ɋɢɫɭɧɨɤ 9 – ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɮɢɥɶɬɪɚɰɢɢ ɦɟɬɨɞɨɦ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ ɜ 

Matlab 

 

ɇɚ ɞɚɧɧɨɦ ɝɪɚɮɢɤɟ (ɪɢɫɭɧɨɤ 9) ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ ɮɢɥɶɬɪ ɷɮɮɟɤɬɢɜɧɨ 

ɫɝɥɚɠɢɜɚɟɬ ɩɨɦɟɯɢ ɜɨ ɜɪɟɦɹ ɩɟɪɟɯɨɞɚ ɢɡ ɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ, ɨɞɧɚɤɨ 

ɧɟ ɩɨɥɧɨɫɬɶɸ ɭɛɢɪɚɟɬ ɫɥɭɱɚɣɧɵɟ ɢɦɩɭɥɶɫɧɵɟ ɩɨɦɟɯɢ, ɤɨɝɞɚ ɩɚɥɟɰ ɧɚɯɨɞɢɬɫɹ 

ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɩɨɥɨɠɟɧɢɢ ɮɚɥɚɧɝɢ ɩɚɥɶɰɚ. 

 

2.1.3 Ɏɢɥɶɬɪ ɋɚɜɢɰɤɨɝɨ-Ƚɨɥɟɹ 

 

Ɏɢɥɶɬɪ ɋɚɜɢɰɤɨɝɨ-Ƚɨɥɟɹ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɥɢɧɨɦɢɚɥɶɧɭɸ 

ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɨɬɞɟɥɶɧɵɯ ɤɚɞɪɨɜ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ [24]. ȼ ɰɟɥɨɦ, ɮɢɥɶɬɪ 

ɋɚɜɢɰɤɨɝɨ-Ƚɨɥɟɹ ɹɜɥɹɟɬɫɹ ɪɚɡɜɢɬɢɟɦ ɦɟɬɨɞɚ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ. ȼ ɧɟɦ 

ɜɦɟɫɬɨ ɥɢɧɟɣɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɤɚɠɞɨɝɨ ɢɡɦɟɪɟɧɢɹ ݔ𝑖  𝑖ሻ ɩɨ ɦɟɬɨɞɭ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɫɬɪɨɢɬɫɹ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɣݐሺݔ=
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ɩɨɥɢɧɨɦ k-ɝɨ ɩɨɪɹɞɤɚ. ȼɵɛɨɪɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ݔ𝑖 ɡɚɦɟɧɹɟɬɫɹ ɡɧɚɱɟɧɢɟɦ 

ɩɨɥɢɧɨɦɚ ݕ𝑖 ɜ ɷɬɨɣ ɬɨɱɤɟ: 

𝑖ݕ  = 𝑎0 + 𝑎𝑖ݐ𝑖 + 𝑎2ݐ𝑖2+. . +𝑎𝑖ݐ𝑖𝑖 .  (2) 

 

ɉɪɢ ɷɬɨɦ ɧɚ ɭɫɪɟɞɧɹɸɳɟɦ ɢɧɬɟɪɜɚɥɟ (ɨɤɧɨ ɫɝɥɚɠɢɜɚɧɢɹ) ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɩɨ m ɫɨɫɟɞɧɢɯ ɬɨɱɟɤ ɫɥɟɜɚ ɢ ɫɩɪɚɜɚ ɨɬ ɬɨɱɤɢ ݐ𝑖. 
Ⱦɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɮɢɥɶɬɪɚɰɢɢ ɛɵɥɚ ɧɚɩɢɫɚɧɚ 

ɩɪɨɝɪɚɦɦɚ ɜ ɫɪɟɞɟ Matlab ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɫɬɪɨɟɧɧɨɣ ɮɭɧɤɰɢɢ sgoleyfilt, 

ɪɟɚɥɢɡɭɸɳɟɣ ɞɢɫɤɪɟɬɧɭɸ ɮɢɥɶɬɪɚɰɢɸ ɫ ɩɨɦɨɳɶɸ ɮɢɥɶɬɪɚ ɋɚɜɢɰɤɨɝɨ-

Ƚɨɥɟɹ. Ⱦɚɧɧɚɹ ɮɭɧɤɰɢɹ ɢɦɟɟɬ ɬɪɢ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɚ: x – ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ; k 

– ɫɬɟɩɟɧɶ ɫɝɥɚɠɢɜɚɸɳɢɯ ɩɨɥɢɧɨɦɨɜ, ɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɦɟɧɶɲɟ ɪɚɡɦɟɪɚ ɤɚɞɪɚ 

m. Ɋɚɡɦɟɪ ɤɚɞɪɚ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟɱɟɬɧɵɦ. ȿɫɥɢ k = m-1, ɮɢɥɶɬɪ ɧɟ ɜɧɨɫɢɬ 

ɢɡɦɟɧɟɧɢɣ ɜɨ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ. 

Ɋɟɡɭɥɶɬɚɬɵ ɮɢɥɶɬɪɚɰɢɢ ɫ ɩɨɦɨɳɶɸ ɮɢɥɶɬɪɚ ɋɚɜɢɰɤɨɝɨ-Ƚɨɥɟɹ 3-ɝɨ 

ɩɨɪɹɞɤɚ ɩɪɢ ɞɥɢɧɟ ɤɚɞɪɚ, ɪɚɜɧɨɣ 5, ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɧɚ ɪɢɫɭɧɤɟ 10. 
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Ɋɢɫɭɧɨɤ 10 – ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɮɢɥɶɬɪɚɰɢɢ ɋɚɜɢɰɤɨɝɨ-Ƚɨɥɟɹ ɜ Matlab 

 

ɇɚ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɝɪɚɮɢɤɟ (ɪɢɫɭɧɨɤ 10) ɜɢɞɧɨ, ɱɬɨ ɮɢɥɶɬɪ ɫɝɥɚɠɢɜɚɟɬ 

ɫɥɚɛɵɟ ɢɦɩɭɥɶɫɧɵɟ ɩɨɦɟɯɢ ɜɨ ɜɪɟɦɹ ɩɟɪɟɯɨɞɚ ɢɡ ɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ, 

ɩɪɢ ɷɬɨɦ ɫɨɯɪɚɧɹɹ ɪɟɡɤɢɟ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ.  

 

2.1.4 Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɪɚɧɧɨɝɨ ɦɟɬɨɞɚ 

 

ɉɪɨɜɟɞɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɵɛɪɚɧɧɵɯ ɦɟɬɨɞɨɜ ɮɢɥɶɬɪɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨ 

ɞɚɬɶ ɨɰɟɧɤɭ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟ ɩɨ ɨɛɳɟɦɭ ɩɪɢɧɰɢɩɭ ɪɚɛɨɬɵ, ɚ ɩɨ ɪɚɛɨɬɟ 

ɤɨɧɤɪɟɬɧɨ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜɵɛɨɪɤɢ ɞɚɧɧɵɯ. Ɏɢɥɶɬɪ ɋɚɜɢɰɤɨɝɨ-Ƚɨɥɟɹ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɞɢɚɧɧɵɦ ɮɢɥɶɬɪɨɦ ɥɭɱɲɟ ɫɝɥɚɠɢɜɚɟɬ ɫɥɚɛɵɟ ɩɨɦɟɯɢ ɩɪɢ 

ɫɦɟɧɟ ɩɨɥɨɠɟɧɢɣ ɩɚɥɶɰɚ, ɨɞɧɚɤɨ ɧɟ ɭɛɢɪɚɟɬ ɩɨɦɟɯɢ, ɤɨɝɞɚ ɩɚɥɟɰ ɧɚɯɨɞɢɬɫɹ ɜ 

ɡɚɞɚɧɧɨɦ ɩɨɥɨɠɟɧɢɢ, ɬɨ ɟɫɬɶ ɧɟ ɜɵɩɨɥɧɹɟɬ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ, ɬɚɤ ɤɚɤ 

ɧɟɨɛɯɨɞɢɦɨ ɮɢɥɶɬɪɨɜɚɬɶ ɩɨɦɟɯɢ ɢɦɟɧɧɨ ɜ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɩɚɥɟɰ ɧɚɯɨɞɢɬɫɹ ɜ 

ɨɩɪɟɞɟɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ɏɢɥɶɬɪ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɫɪɟɞɧɟɝɨ 
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ɫɤɨɥɶɡɹɳɟɝɨ ɜ ɰɟɥɨɦ ɫɢɥɶɧɟɟ ɫɝɥɚɠɢɜɚɟɬ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ, ɱɟɦ ɞɜɚ ɞɪɭɝɢɯ 

ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɮɢɥɶɬɪɚ, ɨɞɧɚɤɨ ɞɥɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɧɚɦɢ ɡɚɞɚɱɢ ɬɪɟɛɭɟɬɫɹ 

ɫɨɯɪɚɧɢɬɶ ɪɟɡɤɢɟ ɫɩɚɞɵ ɧɚɩɪɹɠɟɧɢɣ. ȼ ɜɢɞɭ ɷɬɨɝɨ, ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɞɢɚɧɧɵɣ ɮɢɥɶɬɪ ɜ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɞɥɹ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ. 

 

2.2 Ⱥɥɝɨɪɢɬɦɵ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɜ ɨɛɪɚɛɨɬɤɟ ɞɚɧɧɵɯ 

 

Ʉɚɠɞɵɣ ɱɟɥɨɜɟɤ ɨɛɥɚɞɚɟɬ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɪɭɤɢ – 

ɪɚɡɦɟɪ ɪɭɤɢ, ɞɥɢɧɚ ɩɚɥɶɰɟɜ, ɯɨɪɨɲɚɹ ɢɥɢ ɩɥɨɯɚɹ ɝɢɛɤɨɫɬɶ ɩɚɥɶɰɟɜ. 

ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɦɨɝɭɬ ɫɤɚɡɵɜɚɬɶɫɹ ɧɚ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. 

Ɂɚɞɚɱɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɚɦɨɨɛɭɱɚɸɳɟɝɨɫɹ ɚɥɝɨɪɢɬɦɚ ɜ ɚɩɩɚɪɚɬɧɨ-

ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ ɜɨɡɧɢɤɚɟɬ ɜ ɜɢɞɭ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɫɬɪɨɣɫɬɜɭ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɞɫɬɪɚɢɜɚɬɶɫɹ ɩɨɞ ɦɨɪɮɨɥɨɝɢɸ 

ɪɭɤ ɱɟɥɨɜɟɤɚ. Ɂɚ ɫɱɟɬ ɪɚɡɧɵɯ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɨɤɚɡɚɧɢɹ ɫ 

ɞɚɬɱɢɤɨɜ ɛɭɞɭɬ ɩɨɞɜɟɪɝɚɬɶɫɹ ɤɨɪɪɟɥɹɰɢɨɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ, ɢ, ɭɱɢɬɵɜɚɹ ɷɬɨ, 

ɧɟɨɛɯɨɞɢɦɨ ɭɦɟɬɶ ɬɨɱɧɨ ɨɩɪɟɞɟɥɹɬɶ ɩɨɤɚɡɚɧɧɵɣ ɱɟɥɨɜɟɤɨɦ ɠɟɫɬ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɨɫɬɭɩɧɵɯ 

ɪɟɲɟɧɢɣ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɢ ɩɪɨɜɟɪɢɬɶ ɢɯ ɩɪɢɝɨɞɧɨɫɬɶ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɠɟɫɬɨɜ, ɨɫɧɨɜɚɧɧɨɦ ɧɚ ɩɨɥɭɱɟɧɢɢ ɢɧɮɨɪɦɚɰɢɢ ɨ ɠɟɫɬɟ ɡɚ ɫɱɟɬ ɨɛɪɚɛɨɬɤɢ 

ɩɨɫɬɭɩɚɸɳɢɯ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ ɫ ɬɟɧɡɨɞɚɬɱɢɤɨɜ.  

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ ɝɥɚɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɩɪɚɤɬɢɱɟɫɤɢ 

ɜɫɟɯ ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ – ɧɚɥɢɱɢɟ ɭ ɨɛɴɟɤɬɚ ɩɪɢɡɧɚɤɨɜ, 

ɜɵɞɟɥɹɸɳɢɯ ɟɝɨ ɫɪɟɞɢ ɞɪɭɝɢɯ ɨɛɴɟɤɬɨɜ. ȼ ɫɥɭɱɚɟ ɫ ɞɢɚɩɚɡɨɧɚɦɢ ɧɚɩɪɹɠɟɧɢɣ 

ɬɚɤɨɜɵɦɢ ɛɭɞɭɬ ɹɜɥɹɬɶɫɹ ɩɪɟɞɟɥɵ ɡɧɚɱɟɧɢɣ, ɜɵɞɟɥɹɸɳɢɟ ɩɨɥɨɠɟɧɢɹ ɮɚɥɚɧɝ 

ɩɚɥɶɰɟɜ. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɭɱɢɬɵɜɚɬɶ ɧɚɥɢɱɢɟ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɫɩɨɫɨɛɨɜ 

ɨɛɭɱɟɧɢɹ – ɫ ɭɱɢɬɟɥɟɦ ɢ ɛɟɡ ɧɟɝɨ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ, ɞɥɹ ɤɚɠɞɨɝɨ ɩɪɟɰɟɞɟɧɬɚ 

ɡɚɞɚɟɬɫɹ ɩɚɪɚ «ɫɢɬɭɚɰɢɹ, ɬɪɟɛɭɟɦɨɟ ɪɟɲɟɧɢɟ», ɚ ɜ ɫɥɭɱɚɟ ɫ ɨɛɭɱɟɧɢɟɦ ɛɟɡ 
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ɭɱɢɬɟɥɹ, ɞɥɹ ɩɪɟɰɟɞɟɧɬɚ ɡɚɞɚɟɬɫɹ ɬɨɥɶɤɨ «ɫɢɬɭɚɰɢɹ», ɩɪɢ ɷɬɨɦ ɬɪɟɛɭɟɬɫɹ 

ɫɝɪɭɩɩɢɪɨɜɚɬɶ ɨɛɴɟɤɬɵ ɜ ɤɥɚɫɬɟɪɵ, ɢɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɨ ɩɨɩɚɪɧɨɦ ɫɯɨɞɫɬɜɟ 

ɨɛɴɟɤɬɨɜ, ɢɥɢ ɩɨɧɢɡɢɬɶ ɪɚɡɦɟɪɧɨɫɬɶ ɞɚɧɧɵɯ [25]. 

ɉɪɢɦɟɧɟɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɬɟɦ, 

ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɩɨɥɭɱɚɟɦɵɯ ɞɚɧɧɵɯ ɩɨ 

ɩɪɢɡɧɚɤɚɦ. ɗɬɨ ɬɪɟɛɭɟɬ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. ȼ ɯɨɞɟ 

ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɤɨɧɮɥɢɤɬɭɸɳɢɟ ɨɛɥɚɫɬɢ, 

ɫɨɞɟɪɠɚɳɢɟ ɞɚɧɧɵɟ, ɭɦɟɧɶɲɚɸɳɢɟ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɫɬɚ. Ⱥ ɩɨɬɨɦɭ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɫɬɨɝɨ ɦɟɬɨɞɚ ɭɫɬɚɧɨɜɥɟɧɢɹ ɝɪɚɧɢɰ ɧɚɩɪɹɠɟɧɢɣ ɧɟ 

ɷɮɮɟɤɬɢɜɧɨ ɞɥɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ. 

Ɍɚɤ, ɧɚ ɪɢɫɭɧɤɟ 11 ɜɵɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɤɨɧɮɥɢɤɬɭɸɳɢɟ ɨɛɥɚɫɬɢ: ɩɪɢ 

ɨɝɪɚɧɢɱɟɧɢɢ ɧɚɩɪɹɠɟɧɢɣ, ɜɨɡɧɢɤɚɸɬ ɤɨɧɮɥɢɤɬɵ ɦɟɠɞɭ ɨɛɥɚɫɬɹɦɢ 2 ɢ 4, ɚ 

ɬɚɤɠɟ 1 ɢ 3. ɉɪɢ ɩɨɩɚɞɚɧɢɢ ɜ ɞɚɧɧɵɟ ɨɛɥɚɫɬɢ, ɭɫɬɪɨɣɫɬɜɨ ɦɨɠɟɬ 

ɧɟɩɪɚɜɢɥɶɧɨ ɪɚɫɩɨɡɧɚɬɶ ɠɟɫɬ ɢ, ɧɚɩɪɢɦɟɪ, ɜɦɟɫɬɨ ɬɨɝɨ, ɱɬɨɛɵ ɡɚɮɢɤɫɢɪɨɜɚɬɶ 

ɫɨɫɬɨɹɧɢɟ «ɩɨɥɭɫɨɝɧɭɬ» (2 ɨɛɥɚɫɬɶ), ɭɫɬɪɨɣɫɬɜɨ ɜɵɞɚɫɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɨɦ, 

ɱɬɨ ɩɚɥɟɰ ɩɨɥɧɨɫɬɶɸ ɫɨɝɧɭɬ (4 ɨɛɥɚɫɬɶ), ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɨ 

ɧɟɜɟɪɧɨ. 

 

 

Ɋɢɫɭɧɨɤ 11 – ȼɵɛɨɪɤɚ ɞɚɧɧɵɯ ɫ ɢɥɥɸɫɬɪɚɰɢɟɣ ɤɨɧɮɥɢɤɬɭɸɳɢɯ ɨɛɥɚɫɬɟɣ 
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ɉɨɷɬɨɦɭ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɪɚɫɫɦɨɬɪɟɬɶ ɚɥɝɨɪɢɬɦɵ ɦɚɲɢɧɧɨɝɨ 

ɨɛɭɱɟɧɢɹ, ɫɩɨɫɨɛɧɵɟ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɞɚɧɧɭɸ ɫɢɬɭɚɰɢɸ ɢ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɫ 

ɩɟɪɟɫɟɱɟɧɢɟɦ ɞɢɚɩɚɡɨɧɨɜ ɞɚɧɧɵɯ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɠɟɫɬɚ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɚɥɝɨɪɢɬɦ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɪɚɫɩɨɡɧɚɸɳɢɣ ɠɟɫɬɵ, ɬɚɤɠɟ ɞɨɥɠɟɧ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ: ɨɛɥɚɞɚɬɶ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɩɬɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 

ɪɟɫɭɪɫɨɜ. 

 Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɨɜ ɛɵɥɚ ɜɡɹɬɚ ɨɛɪɚɛɨɬɚɧɧɚɹ ɦɟɞɢɚɧɧɵɦ 

ɮɢɥɶɬɪɨɦ ɜɵɛɨɪɤɚ ɞɚɧɧɵɯ ɫ ɩɪɨɬɨɬɢɩɚ ɭɫɬɪɨɣɫɬɜɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ, 

ɩɨɥɭɱɚɸɳɟɝɨ ɞɚɧɧɵɟ ɫ ɨɞɧɨɝɨ ɩɚɥɶɰɚ. 

Ⱦɥɹ ɨɛɴɟɞɢɧɟɧɢɹ ɜ ɝɪɭɩɩɵ ɩɨ ɩɪɢɡɧɚɤɚɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɚɥɝɨɪɢɬɦɵ 

ɤɥɚɫɬɟɪɢɡɚɰɢɢ – ɫɟɦɟɣɫɬɜɨ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɯ ɦɟɬɨɞɨɜ ɦɚɲɢɧɧɨɝɨ 

ɨɛɭɱɟɧɢɹ. ɋɨɝɥɚɫɧɨ ɚɧɚɥɢɡɭ ɞɨɫɬɭɩɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɛɵɥɨ ɜɵɞɟɥɟɧɨ ɞɜɚ 

ɦɟɬɨɞɚ ɤɥɚɫɬɟɪɢɡɚɰɢɢ: ɤɥɚɫɬɟɪɢɡɚɰɢɹ ɦɟɬɨɞɨɦ k-ɫɪɟɞɧɢɯ ɢ ɦɟɬɨɞɨɦ k-

ɦɟɞɢɚɧ. ȼ ɫɪɟɞɟ Matlab ɛɵɥɢ ɫɨɡɞɚɧɵ ɩɪɨɟɤɬɵ ɢ ɜɵɩɨɥɧɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

 

2.2.1 Ʉɥɚɫɬɟɪɢɡɚɰɢɹ ɞɚɧɧɵɯ ɦɟɬɨɞɨɦ k-ɫɪɟɞɧɢɯ 

 

ȼ ɨɛɥɚɫɬɢ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ ɡɚɞɚɱɚ ɪɚɡɞɟɥɟɧɢɹ 

ɦɧɨɠɟɫɬɜɚ ɨɛɴɟɤɬɨɜ ɧɚ ɩɨɞɦɧɨɠɟɫɬɜɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜɫɟ ɨɛɴɟɤɬɵ 

ɤɚɠɞɨɝɨ ɩɨɞɦɧɨɠɟɫɬɜɚ ɢɦɟɥɢ ɛɨɥɶɲɟ ɫɯɨɞɫɬɜɚ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɱɟɦ ɫ 

ɨɛɴɟɤɬɚɦɢ ɞɪɭɝɢɯ ɩɨɞɦɧɨɠɟɫɬɜ.  

Ɇɟɬɨɞ k-ɫɪɟɞɧɢɯ – ɷɬɨ ɨɞɢɧ ɢɡ ɦɟɬɨɞɨɜ ɤɥɚɫɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ, 

ɩɪɢɦɟɧɹɟɦɵɣ ɞɥɹ ɪɟɲɟɧɢɹ ɪɹɞɚ ɩɨɞɨɛɧɵɯ ɡɚɞɚɱ. Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɚɥɝɨɪɢɬɦɚ k-

ɫɪɟɞɧɢɯ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɞɚɧɧɵɟ ɩɪɨɢɡɜɨɥɶɧɨ ɪɚɡɛɢɜɚɸɬɫɹ ɧɚ 

ɤɥɚɫɬɟɪɵ, ɩɨɫɥɟ ɱɟɝɨ ɢɬɟɪɚɬɢɜɧɨ ɩɟɪɟɜɵɱɢɫɥɹɟɬɫɹ ɰɟɧɬɪ ɦɚɫɫ ɞɥɹ ɤɚɠɞɨɝɨ 

ɤɥɚɫɬɟɪɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɲɚɝɟ, ɡɚɬɟɦ ɜɟɤɬɨɪɵ ɪɚɡɛɢɜɚɸɬɫɹ ɧɚ 

ɤɥɚɫɬɟɪɵ ɜɧɨɜɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɦ, ɤɚɤɨɣ ɢɡ ɧɨɜɵɯ ɰɟɧɬɪɨɜ ɨɤɚɡɚɥɫɹ ɛɥɢɠɟ 

ɩɨ ɜɵɛɪɚɧɧɨɣ ɦɟɬɪɢɤɟ. ɐɟɥɶ ɚɥɝɨɪɢɬɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɞɟɥɟɧɢɢ n 
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ɧɚɛɥɸɞɟɧɢɣ ɧɚ k ɤɥɚɫɬɟɪɨɜ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɤɚɠɞɨɟ ɧɚɛɥɸɞɟɧɢɟ 

ɩɪɢɧɚɞɥɟɠɚɥɨ ɪɨɜɧɨ ɨɞɧɨɦɭ ɤɥɚɫɬɟɪɭ, ɪɚɫɩɨɥɨɠɟɧɧɨɦɭ ɧɚ ɧɚɢɦɟɧɶɲɟɦ 

ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɧɚɛɥɸɞɟɧɢɹ.  

ɉɪɟɢɦɭɳɟɫɬɜɨ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɥɹ ɩɟɪɱɚɬɤɢ – ɢɡɜɟɫɬɧɵ ɩɪɢɦɟɪɧɵɟ 

ɨɛɪɚɡɰɨɜɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɮɚɥɚɧɝɢ, ɤɨɬɨɪɵɟ, ɩɨ 

ɫɭɬɢ, ɛɭɞɭɬ ɹɜɥɹɬɶɫɹ ɡɧɚɱɟɧɢɹɦɢ ɰɟɧɬɪɨɜ ɦɚɫɫ ɱɟɬɵɪɟɯ ɤɥɚɫɬɟɪɨɜ, ɫɜɹɡɚɧɧɵɯ 

ɫ ɪɚɫɩɨɡɧɚɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɱɟɬɵɪɟɯ ɠɟɫɬɨɜ. 

Ɇɟɬɨɞ k-means ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɜɵɛɢɪɚɟɬ ɰɟɧɬɪ ɦɚɫɫ ɞɥɹ ɤɚɠɞɨɝɨ 

ɢɡ k ɤɥɚɫɬɟɪɨɜ ɢ ɩɪɢɫɜɚɢɜɚɟɬ ɤɚɠɞɨɦɭ ɨɛɴɟɤɬɭ ɦɟɬɤɭ ɬɨɝɨ ɤɥɚɫɬɟɪɚ, 

ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɰɟɧɬɪɚ ɦɚɫɫ ɤɨɬɨɪɨɝɨ ɨɬ ɧɟɝɨ ɦɟɧɶɲɟ. Ⱥ ɡɚɬɟɦ, ɧɚ ɤɚɠɞɨɣ 

ɢɬɟɪɚɰɢɢ, ɚɥɝɨɪɢɬɦ ɜɵɱɢɫɥɹɟɬ ɰɟɧɬɪɵ ɦɚɫɫ ɤɥɚɫɬɟɪɨɜ ɢ ɩɟɪɟɩɢɫɵɜɚɟɬ ɢɯ 

ɦɟɬɤɢ ɨɛɴɟɤɬɚɦ ɞɨ ɫɯɨɞɢɦɨɫɬɢ, ɬɨ ɟɫɬɶ ɧɟɢɡɦɟɧɧɨɫɬɢ ɦɟɬɨɤ ɜɫɟɯ ɨɛɴɟɤɬɨɜ. 

ɇɚ ɪɢɫɭɧɤɟ 12 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ k-means 

ɞɥɹ ɜɵɛɨɪɤɢ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɨɣ ɫ ɞɚɬɱɢɤɚ ɢɡɝɢɛɚ. 

 

 

Ɋɢɫɭɧɨɤ 12 – Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ k-ɫɪɟɞɧɢɯ  
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 Ⱥɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɢɥ 4 ɤɥɚɫɬɟɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 4 ɡɚɞɚɧɧɵɦɢ 

ɩɨɥɨɠɟɧɢɹɦɢ ɩɚɥɶɰɚ: ɜɵɩɪɹɦɥɟɧ (1), ɩɨɥɭɫɨɝɧɭɬ (2), ɧɢɠɧɹɹ ɮɚɥɚɧɝɚ 

ɨɩɭɳɟɧɚ (3) ɢ ɫɨɝɧɭɬ (4). ɇɚ ɝɪɚɮɢɤɟ (ɪɢɫɭɧɨɤ 11) ɜɢɞɧɨ, ɱɬɨ ɜ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ 

ɜ 4 ɤɥɚɫɬɟɪ ɩɨɩɚɥɢ ɡɧɚɱɟɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɫɨɫɬɨɹɧɢɣ t2 ɢ t3, ɰɟɧɬɪɨɢɞ 

ɱɟɬɜɟɪɬɨɝɨ ɤɥɚɫɬɟɪɚ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɧɟɜɟɪɧɨ. 

 

2.2.2 Ʉɥɚɫɬɟɪɢɡɚɰɢɹ ɞɚɧɧɵɯ ɦɟɬɨɞɨɦ k-medoids 

 

Ⱥɥɝɨɪɢɬɦ k-medoids ɹɜɥɹɟɬɫɹ ɦɨɞɢɮɢɤɚɰɢɟɣ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ 

ɤɥɚɫɬɟɪɢɡɚɰɢɢ k-means ɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɜɵɞɟɥɟɧɢɹ ɝɪɭɩɩ 

ɨɛɴɟɤɬɨɜ (ɤɥɚɫɬɟɪɨɜ) ɜ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɩɪɨɜɨɞɢɬɫɹ ɤɥɚɫɬɟɪɢɡɚɰɢɹ ɨɛɴɟɤɬɨɜ 

ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɥɢɧɟɣɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ [26]. 

Ɏɭɧɤɰɢɹ kmedoids () ɜ matlab ɪɚɡɛɢɜɚɟɬ ɧɚɛɥɸɞɟɧɢɹ ɦɚɬɪɢɰɵ ɧɚ k 

ɤɥɚɫɬɟɪɨɜ ɢ ɜɨɡɜɪɚɳɚɟɬ ɜɟɤɬɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɢɧɞɟɤɫɵ ɤɥɚɫɬɟɪɨɜ ɤɚɠɞɨɝɨ 

ɧɚɛɥɸɞɟɧɢɹ. ɉɨɞɨɛɧɨ ɮɭɧɤɰɢɢ kmeans, kmedoids ɩɨ ɭɦɨɥɱɚɧɢɸ ɢɫɩɨɥɶɡɭɟɬ 

ɤɜɚɞɪɚɬ ɟɜɤɥɢɞɨɜɵɯ ɪɚɫɫɬɨɹɧɢɣ ɢ ɦɨɞɢɮɢɤɚɰɢɹ ɚɥɝɨɪɢɬɦɚ k-means – 

ɚɥɝɨɪɢɬɦ k-means ++ ɞɥɹ ɜɵɛɨɪɚ ɧɚɱɚɥɶɧɵɯ ɩɨɥɨɠɟɧɢɣ ɦɟɞɨɢɞɚ ɤɥɚɫɬɟɪɚ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ k-means, k-medoids ɜɵɛɢɪɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɰɟɧɬɪɚ ɦɚɫɫ 

ɦɟɞɢɚɧɧɵɣ ɨɛɴɟɤɬ ɢɡ ɤɥɚɫɬɟɪɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɲɚɹ ɩɪɨɛɥɟɦɭ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɜɵɛɪɨɫɚɦ. ɉɪɨɢɡɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɚ k-medoids 

ɜ ɫɪɟɞɟ Matlab, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɝɨ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 13. 
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Ɋɢɫɭɧɨɤ 13 – Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ k-medoids  

 

 ɇɚ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɝɪɚɮɢɤɟ (ɪɢɫɭɧɨɤ 13) ɜɢɞɧɨ, ɱɬɨ ɰɟɧɬɪɚɥɶɧɵɟ 

ɡɧɚɱɟɧɢɹ ɤɥɚɫɬɟɪɨɜ ɨɩɪɟɞɟɥɟɧɵ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ, ɱɟɦ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɥɝɨɪɢɬɦɚ k-means. Ʉ ɬɨɦɭ ɠɟ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ 

ɩɟɪɟɯɨɞɧɵɯ ɫɨɫɬɨɹɧɢɣ t1 ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɜ ɤɥɚɫɬɟɪ 3, ɚ ɡɧɚɱɟɧɢɹ ɜ t2 ɢ t3 

ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɜ ɤɥɚɫɬɟɪ 4, ɰɟɧɬɪɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ (ɦɟɞɨɢɞɵ) ɷɬɢɯ 

ɤɥɚɫɬɟɪɨɜ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɜɟɪɧɨ. 

2.2.3 Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɪɚɧɧɨɝɨ ɦɟɬɨɞɚ 

 

ɉɪɢ ɚɧɚɥɢɡɟ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɵɛɪɚɧɧɵɯ ɦɟɬɨɞɨɜ 

ɤɥɚɫɬɟɪɢɡɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɞɚɬɶ ɨɰɟɧɤɭ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟ ɩɨ ɨɛɳɟɦɭ 

ɩɪɢɧɰɢɩɭ ɪɚɛɨɬɵ, ɚ ɩɨ ɪɚɛɨɬɟ ɤɨɧɤɪɟɬɧɨ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜɵɛɨɪɤɢ 

ɞɚɧɧɵɯ. Ⱥɥɝɨɪɢɬɦ k-ɫɪɟɞɧɢɯ ɧɟ ɬɨɱɧɨ ɨɩɪɟɞɟɥɹɟɬ ɰɟɧɬɪɨɢɞɵ, ɬɚɤ ɤɚɤ ɩɪɢ 

ɪɚɫɱɟɬɟ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɭɱɢɬɵɜɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɜɨ ɜɪɟɦɹ ɩɟɪɟɯɨɞɨɜ ɢɡ 

ɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɚɥɶɰɚ ɜ ɞɪɭɝɨɟ. Ⱥɥɝɨɪɢɬɦ k-medoids ɛɟɪɟɬ ɦɟɞɢɚɧɧɨɟ 

ɡɧɚɱɟɧɢɟ ɜ ɤɥɚɫɬɟɪɟ, ɡɧɚɱɟɧɢɹ ɢɡ ɩɟɪɟɯɨɞɧɵɯ ɫɨɫɬɨɹɧɢɣ ɧɟ ɜɥɢɹɸɬ ɧɚ 

ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɞɨɢɞɨɜ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ 
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ɤɥɚɫɬɟɪɢɡɚɰɢɸ ɦɟɬɨɞɨɦ k-medoids ɜ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɞɥɹ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ. 

 

2.3 ȼɵɜɨɞɵ 

 

ɉɪɨɢɡɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɝɥɚɠɢɜɚɸɳɢɯ ɮɢɥɶɬɪɨɜ ɰɢɮɪɨɜɨɝɨ 

ɫɢɝɧɚɥɚ. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɞɨɫɬɭɩɧɵɯ ɢɫɬɨɱɧɢɤɨɜ [22] ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɬɪɢ 

ɫɝɥɚɠɢɜɚɸɳɢɯ ɮɢɥɶɬɪɚ: ɦɟɞɢɚɧɧɵɣ ɮɢɥɶɬɪ, ɮɢɥɶɬɪ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ ɢ 

ɮɢɥɶɬɪ ɋɚɜɢɰɤɨɝɨ-Ƚɨɥɟɹ. ɉɪɨɢɡɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɵɛɪɚɧɧɵɯ ɮɢɥɶɬɪɨɜ 

ɜ ɫɪɟɞɟ Matlab ɧɚ ɨɫɧɨɜɟ ɜɵɛɨɪɤɢ, ɩɨɥɭɱɟɧɧɨɣ ɫ ɞɚɬɱɢɤɚ ɢɡɝɢɛɚ. ɉɪɨɢɡɜɟɞɟɧ 

ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. ȼɵɛɪɚɧ ɦɟɞɢɚɧɧɵɣ ɮɢɥɶɬɪ ɤɚɤ ɧɚɢɛɨɥɟɟ 

ɩɨɞɯɨɞɹɳɢɣ ɮɢɥɶɬɪ ɞɥɹ ɧɨɪɦɚɥɢɡɚɰɢɢ ɩɨɫɬɭɩɚɸɳɢɯ ɫ ɞɚɬɱɢɤɚ ɞɚɧɧɵɯ. 

ɉɪɢ ɚɧɚɥɢɡɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɛɵɥɚ ɧɚɣɞɟɧɚ ɫɢɬɭɚɰɢɹ, ɜ 

ɯɨɞɟ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɧɟɜɟɪɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɥɨɠɟɧɢɣ ɮɚɥɚɧɝ ɩɚɥɶɰɟɜ 

ɡɚ ɫɱɟɬ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɤɨɧɮɥɢɤɬɭɸɳɢɯ ɨɛɥɚɫɬɟɣ ɧɚ ɡɧɚɱɟɧɢɹɯ, ɩɨɥɭɱɟɧɧɵɯ ɫ 

ɞɚɬɱɢɤɚ ɢɡɝɢɛɚ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɜɚɪɢɚɧɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɨɜ ɤɥɚɫɬɟɪɢɡɚɰɢɢ. ɉɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɚɥɝɨɪɢɬɦɨɜ 

ɤɥɚɫɬɟɪɢɡɚɰɢɢ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɜɵɛɪɚɧɵ ɞɜɚ ɚɥɝɨɪɢɬɦɚ, ɧɚɢɛɨɥɟɟ 

ɩɨɞɯɨɞɹɳɢɟ ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ – k-means ɢ k-medoids. ɉɪɨɢɡɜɟɞɟɧɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɧɚ ɜɵɛɨɪɤɟ ɞɚɧɧɵɯ ɫ ɤɨɧɮɥɢɤɬɭɸɳɢɦɢ 

ɨɛɥɚɫɬɹɦɢ. ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɛɵɥ ɜɵɛɪɚɧ ɚɥɝɨɪɢɬɦ k-medoids 

ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ. Ⱥɥɝɨɪɢɬɦ ɬɨɱɧɨ ɨɩɪɟɞɟɥɹɟɬ ɩɨɥɨɠɟɧɢɟ 

ɮɚɥɚɧɝɢ ɩɚɥɶɰɚ ɛɟɡ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɫɢɬɭɚɰɢɢ ɫ ɩɟɪɟɫɟɱɟɧɢɟɦ ɞɢɚɩɚɡɨɧɨɜ 

ɧɚɩɪɹɠɟɧɢɣ.  
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3 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ 

 

Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɫ ɩɨɦɨɳɶɸ 

ɢɧɫɬɪɭɦɟɧɬɨɜ MATLAB. 

 

3.1 Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɨɛɪɚɛɨɬɤɢ ɩɨɫɬɭɩɚɸɳɢɯ ɞɚɧɧɵɯ 

 

 Ⱥɥɝɨɪɢɬɦ ɩɨɞɟɥɟɧ ɧɚ ɞɜɚ ɷɬɚɩɚ: ɨɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɤɚɠɞɨɝɨ ɩɚɥɶɰɚ ɜ 

ɬɨɬ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɤɨɝɞɚ ɩɨɤɚɡɵɜɚɟɬɫɹ ɠɟɫɬ, ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɛɭɤɜɵ 

ɚɥɮɚɜɢɬɚ ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɥɨɠɟɧɢɹɦ ɜɫɟɯ ɩɹɬɢ 

ɩɚɥɶɰɟɜ. 

 Ⱦɥɹ ɧɚɱɚɥɚ ɞɥɹ ɤɚɠɞɨɝɨ ɮɚɣɥɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ, 

ɩɨɥɭɱɟɧɧɵɟ ɫ ɞɚɬɱɢɤɚ, ɜɵɡɵɜɚɟɬɫɹ ɮɭɧɤɰɢɹ DataProcessing. ȼɯɨɞɧɵɦ 

ɩɚɪɚɦɟɬɪɨɦ ɷɬɨɣ ɮɭɧɤɰɢɢ ɹɜɥɹɟɬɫɹ ɮɚɣɥ ɧɚɩɪɹɠɟɧɢɹɦɢ dataSet, ɚ ɧɚ ɜɵɯɨɞ 

ɩɨɞɚɟɬɫɹ ɞɜɭɦɟɪɧɵɣ ɦɚɫɫɢɜ X, ɜ ɤɨɬɨɪɵɣ ɡɚɩɢɫɵɜɚɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɢɡ 

ɞɚɧɧɨɝɨ ɮɚɣɥɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɨɬɫɱɟɬɵ ɜɪɟɦɟɧɢ. Ɏɭɧɤɰɢɹ ɡɚɩɢɫɵɜɚɟɬ 

ɜ ɦɚɫɫɢɜ finger ɧɚɩɪɹɠɟɧɢɹ, ɡɚɬɟɦ ɜɵɡɵɜɚɟɬɫɹ ɮɭɧɤɰɢɹ ɦɟɞɢɚɧɧɨɝɨ ɮɢɥɶɬɪɚ 

MedianFilt, ɤɨɬɨɪɚɹ ɮɢɥɶɬɪɭɟɬ ɩɨɫɬɭɩɚɸɳɢɣ ɧɚ ɜɯɨɞ ɦɚɫɫɢɜ finger ɢ ɜɵɞɚɟɬ 

ɨɬɮɢɥɶɬɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ. Ɂɚɬɟɦ ɰɢɤɥ ɩɪɨɯɨɞɢɬ ɩɨ ɫɬɪɨɤɚɦ 

ɨɬɮɢɥɶɬɪɨɜɚɧɧɨɝɨ ɦɚɫɫɢɜɚ ɢ ɩɪɨɜɟɪɹɟɬ, ɨɬɥɢɱɚɸɬɫɹ ɥɢ ɫɨɫɟɞɧɢɟ ɡɧɚɱɟɧɢɹ 

ɛɨɥɟɟ, ɱɟɦ ɧɚ 0,02. ȿɫɥɢ ɭɫɥɨɜɢɟ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ «ɢɫɬɢɧɚ» (ɪɟɡɭɥɶɬɚɬɨɦ 

ɫɪɚɜɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɟɞɢɧɢɰɚ), ɬɨ ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ ɭɞɚɥɹɟɬɫɹ ɢɡ ɦɚɫɫɢɜɚ, 

ɩɭɬɟɦ ɩɪɢɫɜɨɟɧɢɹ ɟɦɭ ɡɧɚɱɟɧɢɹ NaN (Not a Number). Ɂɚɬɟɦ ɡɧɚɱɟɧɢɹ 

ɢɡɦɟɧɟɧɧɨɝɨ ɨɞɧɨɦɟɪɧɨɝɨ ɦɚɫɫɢɜɚ finger ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɞɜɭɦɟɪɧɵɣ ɦɚɫɫɢɜ 

X, ɫɨɞɟɪɠɚɳɢɣ ɞɜɚ ɫɬɨɥɛɰɚ – ɤɨɥɢɱɟɫɬɜɨ ɨɬɫɱɟɬɨɜ ɜɪɟɦɟɧɢ observations ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ finger. 
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 Ɂɚɬɟɦ ɞɥɹ ɞɜɭɦɟɪɧɨɝɨ ɦɚɫɫɢɜɚ X ɜɵɡɵɜɚɟɬɫɹ ɮɭɧɤɰɢɹ Clustering, ɧɚ 

ɜɯɨɞ ɤɨɬɨɪɨɣ ɩɨɞɚɟɬɫɹ ɦɚɫɫɢɜ X ɢ ɤɨɥɢɱɟɫɬɜɨ ɤɥɚɫɬɟɪɨɜ ɞɥɹ ɤɥɚɫɬɟɪɢɡɚɰɢɢ. 

Ɏɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɤɥɚɫɬɟɪɢɡɚɰɢɸ ɦɟɬɨɞɨɦ k-ɦɟɞɢɚɧ ɢ ɜɨɡɜɪɚɳɚɟɬ ɫɬɨɥɛɟɰ-

ɜɟɤɬɨɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɬɚɤɨɝɨ ɠɟ ɤɨɥɢɱɟɫɬɜɚ ɫɬɪɨɤ, ɤɚɤ ɢ X, ɜ ɤɚɠɞɨɣ ɫɬɪɨɤɟ 

ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɢɬɫɹ ɧɨɦɟɪ ɤɥɚɫɬɟɪɚ, ɤ ɤɨɬɨɪɨɦɭ ɨɬɧɨɫɢɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 

ɡɧɚɱɟɧɢɟ ɜ X, ɚ ɬɚɤɠɟ ɜɨɡɜɪɚɳɚɟɬ ɞɜɭɦɟɪɧɵɣ ɦɚɫɫɢɜ C, ɜ ɩɟɪɜɨɣ ɫɬɪɨɤɟ 

ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɢɬɫɹ ɦɟɞɢɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɟɪɜɨɦ ɤɥɚɫɬɟɪɟ ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɦɭ ɨɬɫɱɟɬ ɜɪɟɦɟɧɢ, ɜɨ ɜɬɨɪɨɣ ɫɬɪɨɤɟ ɦɟɞɢɚɧɧɨɟ ɡɧɚɱɟɧɢɟ 

ɜɬɨɪɨɝɨ ɤɥɚɫɬɟɪɚ, ɢ ɬɚɤ ɞɚɥɟɟ. 

 ɉɨɫɥɟ ɷɬɨɝɨ ɞɚɧɧɵɟ ɦɚɫɫɢɜɚ C ɫɨɪɬɢɪɭɸɬɫɹ ɩɨ ɜɪɟɦɟɧɢ ɫ ɩɨɦɨɳɶɸ 

ɮɭɧɤɰɢɢ SortByTime. ɉɨ ɨɤɨɧɱɚɧɢɸ ɰɢɤɥɚ ɮɨɪɦɢɪɭɟɬɫɹ ɞɜɭɦɟɪɧɵɣ ɦɚɫɫɢɜ 

Gestures, ɜ ɤɚɠɞɭɸ ɫɬɪɨɤɭ ɤɨɬɨɪɨɝɨ ɡɚɩɢɫɵɜɚɸɬɫɹ ɦɟɞɢɚɧɧɵɟ ɡɧɚɱɟɧɢɹ 

ɦɚɫɫɢɜɨɜ ɋ ɫ ɤɚɠɞɨɝɨ ɩɚɥɶɰɚ. Ɂɚɬɟɦ ɞɥɹ ɦɚɫɫɢɜɚ ɫɢɦɜɨɥɨɜ Symbols 

ɜɵɡɵɜɚɟɬɫɹ ɮɭɧɤɰɢɹ DetectLetter, ɤɨɬɨɪɚɹ ɜɨɡɜɪɚɳɚɟɬ ɦɚɫɫɢɜ ɫɢɦɜɨɥɨɜ, 

ɡɚɩɨɥɧɟɧɧɵɣ ɛɭɤɜɚɦɢ ɚɥɮɚɜɢɬɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɨɠɟɧɢɹɦɢ ɩɚɥɶɰɟɜ ɜ 

ɤɚɠɞɨɦ ɫɬɨɥɛɰɟ ɦɚɫɫɢɜɚ Gestures. Ɏɭɧɤɰɢɹ DetectLetter ɢɫɩɨɥɶɡɭɟɬ 

ɨɛɭɱɟɧɧɭɸ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɛɭɤɜɵ ɚɥɮɚɜɢɬɚ Ɋɀə ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɨɠɟɧɢɹɦɢ ɩɚɥɶɰɟɜ. ɉɨɫɥɟ ɷɬɨɝɨ ɧɚ ɷɤɪɚɧ ɜɵɜɨɞɢɬɫɹ 

ɦɚɫɫɢɜ ɪɚɫɩɨɡɧɚɧɧɵɯ ɛɭɤɜ. 

 Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɨɛɪɚɛɨɬɤɢ ɩɨɫɬɭɩɚɸɳɢɯ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 14. 

 



34 

 

Ɋɢɫɭɧɨɤ 14 – Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɚɫɩɨɡɧɚɜɚɬɟɥɹ ɠɟɫɬɨɜ 
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3.2 Ɋɚɡɪɚɛɨɬɤɚ ɧɟɣɪɨɫɟɬɟɜɨɝɨ ɚɥɝɨɪɢɬɦɚ 

Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɫɪɟɞɫɬɜ ɫɪɟɞɵ 

Matlab ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ. ȿɟ ɨɛɭɱɟɧɢɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɧɚ 

ɨɛɪɚɡɰɨɜɵɯ ɞɚɧɧɵɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɤɥɚɫɬɟɪɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ 

ɚɥɝɨɪɢɬɦɚ k-medoids, ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ ɩ.ɩ. 2.2.2.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɚɟɬɫɹ ɫɬɪɨɤɚ ɫ ɩɹɬɶɸ ɨɛɪɚɡɰɨɜɵɦɢ ɡɧɚɱɟɧɢɹɦɢ 

ɧɚɩɪɹɠɟɧɢɣ ɫ ɤɚɠɞɨɝɨ ɩɚɥɶɰɚ. ɇɚ ɨɞɧɭ ɬɚɤɭɸ ɫɬɪɨɤɭ ɩɪɢɯɨɞɢɬɫɹ 100 ɫɬɪɨɤ 

ɬɟɫɬɨɜɵɯ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ (ɪɢɫɭɧɨɤ 15). 

 

 

Ɋɢɫɭɧɨɤ 15 – Ɏɨɪɦɚɬ ɞɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɠɟɫɬɚ 

 

ȼɫɟɝɨ ɛɵɥɨ ɜɡɹɬɨ 20 ɪɚɡɥɢɱɧɵɯ ɨɛɪɚɡɰɨɜɵɯ ɡɧɚɱɟɧɢɣ, ɬɚɤ ɤɚɤ 

ɞɚɤɬɢɥɶɧɚɹ ɚɡɛɭɤɚ ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ 20 ɫɬɚɬɢɱɧɵɯ 

ɠɟɫɬɨɜ, ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɵɯ ɨ ɩɨɥɨɠɟɧɢɢ ɪɭɤɢ ɢ ɩɚɥɶɰɟɜ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ. Ʉɚɠɞɨɟ ɢɡ 20 ɨɛɪɚɡɰɨɜɵɯ ɡɧɚɱɟɧɢɣ ɩɨ 100 ɪɚɡ ɛɵɥɨ ɡɚɩɢɫɚɧɨ ɜ 

ɦɚɫɫɢɜ ɞɚɧɧɵɯ SampleDataSet ɪɚɡɦɟɪɧɨɫɬɶɸ 2000 ɧɚ 5. ɇɚ ɤɚɠɞɨɟ 
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ɨɛɪɚɡɰɨɜɨɟ ɡɧɚɱɟɧɢɟ ɜ ɦɚɫɫɢɜ ɞɚɧɧɵɯ TrainingDataSet ɪɚɡɦɟɪɧɨɫɬɶɸ 2000 

ɧɚ 5 ɛɵɥɨ ɡɚɩɢɫɚɧɨ 100 ɪɚɡɥɢɱɧɵɯ ɫɬɪɨɤ ɬɟɫɬɨɜɵɯ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ. ɗɬɢ 

ɞɚɧɧɵɟ ɛɵɥɢ ɜɡɹɬɵ ɞɥɹ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. Ʉɨɥɢɱɟɫɬɜɨ ɧɟɣɪɨɧɨɜ ɜ 

ɫɤɪɵɬɨɦ ɫɥɨɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɪɚɜɧɨ 30.  

ɋɬɪɭɤɬɭɪɚ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 16. 

 

 

Ɋɢɫɭɧɨɤ 16 – ɋɬɪɭɤɬɭɪɚ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

 

Ⱦɥɹ ɨɛɭɱɟɧɢɹ ɛɵɥ ɜɵɛɪɚɧ ɚɥɝɨɪɢɬɦ Ʌɟɜɟɧɛɟɪɝɚ-Ɇɚɪɤɜɚɪɞɬɚ [27]. 

Ⱥɥɝɨɪɢɬɦ ɨɛɭɱɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɡɚɞɚɧɧɵɯ 

ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɤ ɢɫɤɨɦɨɦɭ ɥɨɤɚɥɶɧɨɦɭ ɨɩɬɢɦɭɦɭ 

(ɡɧɚɱɟɧɢɸ ɢɡ ɨɛɪɚɡɰɨɜɨɣ ɜɵɛɨɪɤɢ). ȼ ɞɚɧɧɨɦ ɚɥɝɨɪɢɬɦɟ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ 

ɨɩɬɢɦɢɡɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɨɲɢɛɤɚ ɦɨɞɟɥɢ ɧɚ 

ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɟ. ɇɚ ɪɢɫɭɧɤɟ 17 ɜɢɞɧɨ, ɱɬɨ ɧɚɢɥɭɱɲɟɟ ɡɧɚɱɟɧɢɟ 

ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɨɲɢɛɤɢ ɦɨɞɟɥɢ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɧɚ 83 ɢɬɟɪɚɰɢɢ.  
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Ɋɢɫɭɧɨɤ 17 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɜɚɥɢɞɚɰɢɢ ɞɚɧɧɵɯ ɜ ɬɟɱɟɧɢɢ 89 ɢɬɟɪɚɰɢɣ 

 

ɉɪɨɝɨɧɹɹ 100 ɡɧɚɱɟɧɢɣ ɞɥɹ ɨɞɧɨɣ ɨɛɪɚɡɰɨɜɨɣ ɫɬɪɨɤɢ, ɫ ɩɨɦɨɳɶɸ 

ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɜɵɫɱɢɬɵɜɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɢɛɥɢɠɟɧɢɹ ɞɥɹ ɤɚɠɞɨɣ ɨɛɪɚɡɰɨɜɨɣ ɫɬɪɨɤɢ. 

Ɂɚɬɟɦ, ɤɨɝɞɚ ɧɚɱɢɧɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɟɣ ɩɟɪɟɞɚɸɬɫɹ 

ɪɟɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɢ ɨɧɚ ɪɚɫɫɱɢɬɵɜɚɟɬ ɜɵɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ ɫ 

ɩɨɦɨɳɶɸ ɜɵɫɱɢɬɚɧɧɵɯ ɩɪɢ ɨɛɭɱɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɩɨɞɯɨɞɹɳɟɦɭ ɨɛɪɚɡɰɨɜɨɦɭ ɡɧɚɱɟɧɢɸ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ 

ɜɵɯɨɞ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɩɨɞɚɸɬɫɹ 5 ɧɚɩɪɹɠɟɧɢɣ, ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɧɵɯ 

ɤ ɨɞɧɨɣ ɢɡ ɫɬɪɨɤ ɜ ɨɛɪɚɡɰɨɜɨɣ ɜɵɛɨɪɤɟ ɞɚɧɧɵɯ. 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɛɵɥ ɩɪɨɜɟɞɟɧ 

ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɢ 

ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. ɇɚ ɜɯɨɞ ɩɪɨɝɪɚɦɦɵ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɛɵɥɨ 

ɩɨɞɚɧɨ 70 ɫɬɪɨɤ ɫ ɩɹɬɶɸ ɡɧɚɱɟɧɢɹɦɢ ɧɚɩɪɹɠɟɧɢɣ ɫ ɤɚɠɞɨɝɨ ɩɚɥɶɰɚ, ɬɨ ɟɫɬɶ 

ɩɨ 10 ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ 7 ɪɚɡɥɢɱɧɵɯ ɛɭɤɜ. 

ɇɚ ɪɢɫɭɧɤɟ 18 ɢɡɨɛɪɚɠɟɧ ɝɪɚɮɢɤ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɣ ɚɥɝɨɪɢɬɦɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɣɪɨɫɟɬɢ ɢ ɚɥɝɨɪɢɬɦɚ ɛɟɡ ɧɟɣɪɨɫɟɬɢ. 
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Ɋɢɫɭɧɨɤ 18 – Ƚɪɚɮɢɤ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɣ ɚɥɝɨɪɢɬɦɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

 

ɇɚ ɩɪɢɜɟɞɟɧɧɨɦ ɝɪɚɮɢɤɟ (ɪɢɫɭɧɨɤ 18) ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɧɨɦɟɪɚ ɜɯɨɞɹɳɢɯ ɫɬɪɨɤ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɞɧɨɣ ɢɡ 7 ɪɚɡɥɢɱɧɵɯ 

ɛɭɤɜ, ɚ ɧɚ ɨɫɢ ɨɪɞɢɧɚɬ ɩɨɤɚɡɚɧɨ, ɩɪɚɜɢɥɶɧɨ ɛɵɥɚ ɪɚɫɩɨɡɧɚɧɚ ɩɪɟɞɩɨɥɚɝɚɟɦɚɹ 

ɛɭɤɜɚ (ɟɫɥɢ ɛɭɤɜɚ ɛɵɥɚ ɪɚɫɩɨɡɧɚɧɚ ɜɟɪɧɨ, ɡɧɚɱɢɬ ɟɟ ɡɧɚɱɟɧɢɟ ɧɚ ɨɫɢ ɨɪɞɢɧɚɬ 

ɪɚɜɧɨ 1). ɇɚ ɝɪɚɮɢɤɟ ɜɢɞɧɨ, ɱɬɨ ɚɥɝɨɪɢɬɦ ɛɟɡ ɧɟɣɪɨɫɟɬɢ ɜɟɪɧɨ ɪɚɫɩɨɡɧɚɥ 

ɬɨɥɶɤɨ 31 ɛɭɤɜɭ ɢɡ 70 ɩɪɟɞɥɨɠɟɧɧɵɯ. Ⱥɥɝɨɪɢɬɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɣɪɨɫɟɬɢ 

ɜɟɪɧɨ ɪɚɫɩɨɡɧɚɥ ɜɫɟ 70 ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɛɭɤɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɟ 

ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɬɨɱɧɨɫɬɶ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 56% ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɚɥɝɨɪɢɬɦɟ ɞɥɹ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 

 

3.3 Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɫɬɚ 

 

Ɏɭɧɤɰɢɹ ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɫɬɚ DetectLetter ɩɪɢɧɢɦɚɟɬ ɧɚ ɜɯɨɞ ɜɟɤɬɨɪ-

ɫɬɨɥɛɟɰ code, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɪɚɫɩɨɡɧɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɧɚ 5 

ɩɚɥɶɰɚɯ, ɦɚɬɪɢɰɭ LettersCode ɪɚɡɦɟɪɧɨɫɬɶɸ 31 ɯ 5, ɫɨɞɟɪɠɚɳɭɸ 

ɨɛɪɚɡɰɨɜɭɸ ɜɵɛɨɪɤɭ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɤɚɠɞɨɝɨ ɠɟɫɬɚ ɢɡ ɞɚɤɬɢɥɶɧɨɣ 
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39 

ɚɡɛɭɤɢ ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ, ɚ ɬɚɤɠɟ ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ Letter, ɜ ɤɚɠɞɨɣ 

ɫɬɪɨɤɟ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɹɬɫɹ ɛɭɤɜɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹɦ ɧɚɩɪɹɠɟɧɢɣ ɜ 

ɤɚɠɞɨɣ ɫɬɪɨɤɟ ɦɚɬɪɢɰɵ LettersCode. ȼ ɮɭɧɤɰɢɢ ɡɚɩɭɫɤɚɟɬɫɹ ɰɢɤɥ, ɤɨɬɨɪɵɣ 

ɩɪɨɯɨɞɢɬ ɩɨ ɜɫɟɦ ɫɬɪɨɤɚɦ ɦɚɬɪɢɰɵ LettersCode ɢ ɜ ɤɨɬɨɪɨɦ ɩɪɨɜɟɪɹɟɬɫɹ, 

ɪɚɜɧɵ ɥɢ ɪɚɫɩɨɡɧɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɡɧɚɱɟɧɢɹɦ, ɧɚɯɨɞɹɳɢɦɫɹ ɜ 

ɫɬɪɨɤɚɯ ɨɛɪɚɡɰɨɜɨɣ ɜɵɛɨɪɤɢ, ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ± 0,1. ȿɫɥɢ ɫɬɪɨɤɚ ɜ ɦɚɬɪɢɰɟ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɪɚɫɩɨɡɧɚɧɧɵɦ ɡɧɚɱɟɧɢɹɦ, ɛɵɥɚ ɧɚɣɞɟɧɚ, ɜ ɩɟɪɟɦɟɧɧɭɸ 

symbol ɡɚɧɨɫɢɬɫɹ ɡɧɚɱɟɧɢɟ ɛɭɤɜɵ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɬɪɨɤɟ ɜ Letter. ȼ 

ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɜ symbol ɡɚɩɢɲɟɬɫɹ ɫɢɦɜɨɥ «-», ɱɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 

ɩɪɨɝɪɚɦɦɟ ɧɟ ɭɞɚɥɨɫɶ ɪɚɫɩɨɡɧɚɬɶ ɠɟɫɬ. 

Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɫɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 19. 
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Ɋɢɫɭɧɨɤ 19 – Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɫɬɚ 
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3.4 ȼɵɜɨɞɵ 

 

Ɋɚɡɪɚɛɨɬɚɧɵ ɚɥɝɨɪɢɬɦɵ ɨɛɪɚɛɨɬɤɢ ɩɨɫɬɭɩɚɸɳɢɯ ɞɚɧɧɵɯ, ɨɩɢɫɚɧɵ 

ɨɫɧɨɜɧɵɟ ɷɬɚɩɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɨɜ, ɜɤɥɸɱɚɸɳɢɟ ɪɚɧɟɟ 

ɨɩɢɫɚɧɧɵɟ ɦɟɬɨɞɵ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɢ ɮɢɥɶɬɪɚɰɢɢ ɰɢɮɪɨɜɨɝɨ ɫɢɝɧɚɥɚ. 

ȼɵɩɨɥɧɟɧɨ ɨɛɭɱɟɧɢɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɫɢɫɬɟɦɚ «ɭɦɟɟɬ» 

ɪɚɫɩɨɡɧɚɜɚɬɶ 20 ɠɟɫɬɨɜ ɢɡ ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ. ɉɪɨɜɟɞɟɧ 

ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɢ 

ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɛɵɥ ɫɞɟɥɚɧ 

ɜɵɜɨɞ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɭɜɟɥɢɱɢɜɚɟɬ ɬɨɱɧɨɫɬɶ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɧɚ 56%. 
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4 Ʌɚɛɨɪɚɬɨɪɧɵɟ ɢɫɩɵɬɚɧɢɹ ɢ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

 

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɚɥɝɨɪɢɬɦɚ, ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 

ɢɫɩɵɬɚɧɢɹ ɧɚ ɜɵɛɨɪɤɟ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɫ ɩɪɨɬɨɬɢɩɚ, 

ɪɟɚɥɢɡɭɸɳɟɝɨ ɦɨɞɭɥɶ ɭɩɪɚɜɥɟɧɢɹ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ.  

ɉɪɨɬɨɬɢɩ ɫɨɫɬɨɢɬ ɢɡ ɦɚɤɟɬɧɨɣ ɩɥɚɬɵ, ɤ ɤɨɬɨɪɨɣ ɩɨɞɫɨɟɞɢɧɟɧɚ 

ɩɥɚɬɮɨɪɦɚ Arduino Uno, ɚ ɬɚɤɠɟ 5 ɞɚɬɱɢɤɨɜ ɢɡɝɢɛɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ 

ɩɟɪɱɚɬɤɟ ɢ ɢɡɦɟɪɹɸɳɢɯ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ (ɪɢɫɭɧɨɤ 20). 

 

 

Ɋɢɫɭɧɨɤ 20 – Ʌɚɛɨɪɚɬɨɪɧɵɣ ɫɬɟɧɞ 

4.1 Ɋɟɡɭɥɶɬɚɬɵ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ 

 

Ⱦɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɛɵɥɢ ɩɨɤɚɡɚɧɵ 4 ɠɟɫɬɚ ɢɡ ɞɚɤɬɢɥɶɧɨɣ ɚɡɛɭɤɢ 

ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ: «Ɇ», «ȿ», «ɇ» ɢ «ɘ» (ɪɢɫɭɧɨɤ 21). 
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Ɋɢɫɭɧɨɤ 21 –  ɂɡɨɛɪɚɠɟɧɢɟ ɛɭɤɜ «Ɇ», «ȿ», «ɇ» ɢ «ɘ» ɫ ɩɨɦɨɳɶɸ 

ɭɫɬɪɨɣɫɬɜɚ 

 

Ⱦɥɹ ɢɡɨɛɪɚɠɟɧɢɹ ɛɭɤɜɵ «Ɇ» ɧɟɨɛɯɨɞɢɦɨ ɫɨɝɧɭɬɶ ɛɨɥɶɲɨɣ ɩɚɥɟɰ ɢ 

ɦɢɡɢɧɟɰ, ɚ ɭɤɚɡɚɬɟɥɶɧɵɣ, ɫɪɟɞɧɢɣ ɢ ɛɟɡɵɦɹɧɧɵɣ ɩɚɥɶɰɵ ɨɫɬɚɸɬɫɹ 

ɜɵɩɪɹɦɥɟɧɧɵɦɢ. Ⱦɥɹ ɢɡɨɛɪɚɠɟɧɢɹ ɛɭɤɜɵ «ȿ» ɜɫɟ ɩɚɥɶɰɵ ɞɨɥɠɧɵ ɛɵɬɶ 

ɩɨɥɭɫɨɝɧɭɬɵ. Ⱦɥɹ ɛɭɤɜɵ «ɇ» ɩɨɥɭɫɨɝɧɭɬɵ ɞɨɥɠɧɵ ɛɵɬɶ ɛɨɥɶɲɨɣ ɢ 

ɛɟɡɵɦɹɧɧɵɣ ɩɚɥɶɰɵ, ɞɥɹ «ɘ» – ɩɨɥɭɫɨɝɧɭɬɵ ɜɫɟ, ɤɪɨɦɟ ɦɢɡɢɧɰɚ. 

Ⱦɚɧɧɵɟ ɨ ɧɚɩɪɹɠɟɧɢɹɯ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɞɚɬɱɢɤɨɜ, ɛɵɥɢ ɩɟɪɟɞɚɧɵ ɜ 

ɩɪɨɝɪɚɦɦɭ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɡɨɲɟɥ ɩɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ ɩɨ ɚɥɝɨɪɢɬɦɭ, 

ɨɩɢɫɚɧɧɨɦɭ ɜ ɝɥɚɜɟ 3.1, ɢ ɪɚɫɩɨɡɧɚɧɧɵɟ ɛɭɤɜɵ ɛɵɥɢ ɜɵɜɟɞɟɧɵ ɧɚ ɷɤɪɚɧ 

(ɪɢɫɭɧɨɤ 22).  

 

 

Ɋɢɫɭɧɨɤ 22 – ȼɵɜɨɞ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɧɚ ɷɤɪɚɧ 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɟɫɬɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɨɝɪɚɦɦɚ 

ɩɪɨɢɡɜɨɞɢɬ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɠɟɫɬɨɜ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ. 
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4.2 ȼɵɜɨɞɵ 

 

ȼ ɯɨɞɟ ɬɟɫɬɢɪɨɜɚɧɢɹ ɧɚ ɜɯɨɞ ɩɪɨɝɪɚɦɦɵ ɛɵɥɢ ɩɨɞɚɧɵ ɞɚɧɧɵɟ ɨ 

ɧɚɩɪɹɠɟɧɢɹɯ, ɩɨɥɭɱɟɧɧɵɯ ɞɚɬɱɢɤɚɦɢ ɫ 5 ɩɚɥɶɰɟɜ. ɉɪɨɝɪɚɦɦɚ ɩɪɨɢɡɜɟɥɚ 

ɨɛɪɚɛɨɬɤɭ ɷɬɢɯ ɞɚɧɧɵɯ ɢ ɜɵɜɟɥɚ ɪɟɡɭɥɶɬɚɬ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɧɚ ɷɤɪɚɧ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɛɭɤɜɚ «ȿ» 

ɪɚɫɩɨɡɧɚɜɚɥɚɫɶ ɧɟ ɜɫɟɝɞɚ ɬɨɱɧɨ. ɇɚ ɩɟɪɜɵɟ 10 ɩɨɩɵɬɨɤ ɨɞɢɧ ɪɚɡ ɜɦɟɫɬɨ «ȿ» 

ɧɚ ɷɤɪɚɧ ɜɵɜɨɞɢɥɫɹ ɡɧɚɤ «-», ɱɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɠɟɫɬ ɧɟ ɛɵɥ ɪɚɫɩɨɡɧɚɧ. Ɍɟɦ ɧɟ 

ɦɟɧɟɟ, ɩɨ ɦɟɪɟ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɨɲɢɛɤɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɛɵɥɚ 

ɭɫɬɪɚɧɟɧɚ. ɉɨ ɨɤɨɧɱɚɬɟɥɶɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɬɟɫɬɢɪɨɜɚɧɢɹ ɧɚ ɪɟɚɥɶɧɨɣ 

ɜɵɛɨɪɤɟ ɞɚɧɧɵɯ ɚɥɝɨɪɢɬɦ ɭɫɩɟɲɧɨ ɜɵɩɨɥɧɢɥ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɠɟɫɬɨɜ ɢɡ 

ɞɚɤɬɢɥɶɧɨɣ ɚɡɛɭɤɢ ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ 

ɪɚɡɪɚɛɨɬɚɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ, ɜɤɥɸɱɚɸɳɟɟ ɜ ɫɟɛɹ ɮɢɥɶɬɪɚɰɢɸ ɩɨɫɬɭɩɚɸɳɢɯ 

ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɚɦɨɚɞɚɩɬɢɜɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 

ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ.  

Ɍɚɤ, ɜ ɯɨɞɟ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ, ɛɵɥ ɧɚɩɢɫɚɧ ɚɥɝɨɪɢɬɦ ɞɥɹ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɠɟɫɬɨɜ ɢɡ ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɞɢɚɧɧɨɝɨ ɮɢɥɶɬɪɚ ɞɥɹ ɧɨɪɦɚɥɢɡɚɰɢɢ ɩɨɫɬɭɩɚɸɳɢɯ ɞɚɧɧɵɯ, 

ɢ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɚ ɢɦɟɧɧɨ ɚɥɝɨɪɢɬɦ 

ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɦɟɬɨɞɨɦ k-ɦɟɞɢɚɧ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ 

ɞɢɚɩɚɡɨɧɨɜ ɧɚɩɪɹɠɟɧɢɣ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɛɵɥɚ ɧɚɩɢɫɚɧɚ 

ɨɛɭɱɚɸɳɚɹɫɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, ɩɪɢɧɢɦɚɸɳɚɹ ɧɚ ɜɯɨɞ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ, 

ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɫɪɚɜɧɢɜɚɥɢɫɶ ɫ ɷɬɚɥɨɧɧɨɣ ɜɵɛɨɪɤɨɣ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɢɣ ɫ ɜɵɛɪɚɧɧɵɦɢ ɠɟɫɬɚɦɢ ɞɚɤɬɢɥɶɧɨɣ ɚɡɛɭɤɢ. 

Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɨɫɬɚɜɥɟɧɧɵɦ 

ɬɪɟɛɨɜɚɧɢɹɦ: ɫɨɫɬɨɢɬ ɢɡ ɛɢɛɥɢɨɬɟɤ ɢ ɢɫɩɨɥɶɡɭɟɬ ɚɥɝɨɪɢɬɦɵ ɨɛɪɚɛɨɬɤɢ 

ɞɚɧɧɵɯ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɪɚɫɩɨɡɧɚɟɬ ɠɟɫɬɵ ɢɡ ɞɚɤɬɢɥɶɧɨɣ ɚɡɛɭɤɢ ɪɭɫɫɤɨɝɨ 

ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ. 

Ɋɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨɬɵ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ 2 ɩɭɛɥɢɤɚɰɢɢ, 1 ɩɪɢɡɨɜɨɣ ɞɢɩɥɨɦ 

2 ɫɬɟɩɟɧɢ ɡɚ ɞɨɤɥɚɞ ɧɚ ɫɬɭɞɟɧɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɉɪɨɫɩɟɤɬ ɋɜɨɛɨɞɧɵɣ – 

2018» (ɩɪɢɥɨɠɟɧɢɟ Ⱥ), ɩɪɢɡɨɜɨɣ ɫɟɪɬɢɮɢɤɚɬ ɡɚ ɭɱɚɫɬɢɟ ɧɚ ɫɬɭɞɟɧɱɟɫɤɨɣ 

ɤɨɧɮɟɪɟɧɰɢɢ «ɉɪɨɫɩɟɤɬ ɋɜɨɛɨɞɧɵɣ – 2019» (ɩɪɢɥɨɠɟɧɢɟ Ȼ). 

ɉɟɪɫɩɟɤɬɢɜɚɦɢ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɵɯ ɫ 

ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɠɟɫɬɨɜ ɢɡ ɞɚɤɬɢɥɶɧɨɣ 

ɚɡɛɭɤɢ ɪɭɫɫɤɨɝɨ ɠɟɫɬɨɜɨɝɨ ɹɡɵɤɚ. 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

 

Ɋɀə – Ɋɭɫɫɤɢɣ ɀɟɫɬɨɜɵɣ əɡɵɤ 

CMOS – complementary metal-oxide-semiconductor 

RGB – red green blue 

OVITO – Open Visualization Tool 

OpenCV – Open Computer Vision 
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Ⱦɢɩɥɨɦ 2 ɫɬɟɩɟɧɢ ɡɚ ɞɨɤɥɚɞ ɧɚ ɫɬɭɞɟɧɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɉɪɨɫɩɟɤɬ 
ɋɜɨɛɨɞɧɵɣ – 2018» 
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