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ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɚ Ʉɂ18-01-6Ɇ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ)            09.04.01                     
                          ɧɨɦɟɪ                                                                                                       ɤɨɞ 

                                «ɂɧɮɨɪɦɚɬɢɤɚ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ»                                 
ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɚɹ ɫɢɫɬɟɦɚ 

ɭɩɪɚɜɥɟɧɢɹ ɡɦɟɟɜɢɞɧɵɦ ɪɨɛɨɬɨɦ» 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 19249/ɫ ɨɬ 21 ɞɟɤɚɛɪɹ 2018   

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ɇɟɩɨɦɧɹɳɢɣ Ɉ.ȼ. ɩɪɨɮɟɫɫɨɪ, ɡɚɜ. ɤɚɮɟɞɪɵ ȼɌ ɂɄɂɌ ɋɎɍ, 
ɤ.ɬ.ɧ.                                                                                                                                          
                                                       ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, 

ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɣ ɧɚ ɨɫɧɨɜɟ ɦɨɞɭɥɹ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ, ɛɚɡɢɪɭɸɳɟɝɨɫɹ ɧɚ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ Ɋɟɮɟɪɚɬ, ȼɜɟɞɟɧɢɟ, Ⱥɧɚɥɢɡ ɡɚɞɚɧɢɹ ɜɵɩɭɫɤɧɨɣ 

ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɭɩɪɚɜɥɟɧɢɹ ɡɦɟɟɜɢɞɧɵɦ ɪɨɛɨɬɨɦ, Ɋɚɡɪɚɛɨɬɤɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ 

ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ, Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ, Ɂɚɤɥɸɱɟɧɢɟ, ɋɩɢɫɨɤ ɫɨɤɪɚɳɟɧɢɣ, ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɢɫɬɨɱɧɢɤɨɜ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ Ʌɢɫɬɢɧɝ ɤɨɞɚ ɩɪɨɝɪɚɦɦɵ Python, 

ɩɪɟɡɟɧɬɚɰɢɹ, ɞɟɦɨɧɫɬɪɚɰɢɨɧɧɨɟ ɜɢɞɟɨ. 
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ɊȿɎȿɊȺɌ 

 

  ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɚɹ 

ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɡɦɟɟɜɢɞɧɵɦ ɪɨɛɨɬɨɦ» ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ 65 ɫɬɪɚɧɢɰ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 31 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 36 ɢɥɥɸɫɬɪɚɰɢɣ, 5 

ɬɚɛɥɢɰ, 3 ɥɢɫɬɢɧɝɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, 3 ɩɪɢɥɨɠɟɧɢɹ. 

ɇȿɃɊɈɇɇȺə ɋȿɌɖ, ɂɇɌȿɅɅȿɄɌɍȺɅɖɇȺə ɋɂɋɌȿɆȺ, ɊɈȻɈɌ, ȾȿɎȿɄɌ, 

ɊȺɋɉɈɁɇȺȼȺɇɂȿ, ɂɁɈȻɊȺɀȿɇɂȿ. 

– ɐɟɥɶɸ ɩɪɨɜɨɞɢɦɵɯ ɜ ɪɚɦɤɚɯ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɬɨɬɢɩɚ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ 

ɤɨɥɟɫɧɵɯ ɫɟɤɰɢɣ ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 

ɩɨɢɫɤɨɜɵɯ ɪɚɛɨɬ ɜ ɩɨɥɨɫɬɹɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ 

ɰɟɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ȼɄɊ: 

– Ɉɩɪɟɞɟɥɟɧɢɟ ɰɟɥɢ ɢ ɨɫɧɨɜɧɵɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱥɧɚɥɢɡ 

ɢɡɜɟɫɬɧɵɯ ɪɟɲɟɧɢɣ, ɜɵɛɨɪ ɫɩɨɫɨɛɨɜ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ. 

– Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ 

ɡɦɟɟɜɢɞɧɵɦ ɪɨɛɨɬɨɦ. Ɋɚɡɪɚɛɨɬɤɚ ɩɟɪɟɱɧɹ ɦɟɬɪɢɤ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɢ 

ɨɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɪɨɬɨɬɢɩɭ ɡɦɟɟɜɢɞɧɨɝɨ 

ɪɨɛɨɬɚ. 

– Ɉɩɪɟɞɟɥɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ ɪɨɛɨɬɚ. Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ. 

– ȼɵɛɨɪ ɷɥɟɦɟɧɬɨɜ ɢ ɭɡɥɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ. 

ɂɡɝɨɬɨɜɥɟɧɢɟ ɢ ɬɟɫɬɢɪɨɜɚɧɢɟ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ. Ɉɬɪɚɛɨɬɤɚ ɩɨɥɭɱɟɧɧɵɯ 

ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɢ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

ȼɨ ɜɜɟɞɟɧɢɢ ɪɚɫɤɪɵɜɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ, ɢɡɥɨɠɟɧɵ ɰɟɥɢ ɢ 

ɡɚɞɚɱɢ ɪɚɛɨɬɵ.  



 

 

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɪɟɲɟɧɢɣ, ɚ ɬɚɤɠɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɦɟɬɨɞɨɜ ɢ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ. 

ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɢɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚɛɨɬɤɢ ɦɨɞɟɥɢ ɭɫɬɪɨɣɫɬɜɚ 

ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ. 

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɨɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ ɢ ɩɪɨɬɨɬɢɩɢɪɨɜɚɧɢɹ 

ɚɩɩɚɪɚɬɧɨɣ ɱɚɫɬɢ ɤɨɥɟɫɧɨɣ ɫɟɤɰɢɢ ɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ. 

ȼ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ ɢɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚɛɨɬɤɢ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ 

ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɨɬɪɚɛɨɬɤɢ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɢɡɝɨɬɨɜɥɟɧɧɨɦ ɞɟɦɨɧɫɬɪɚɰɢɨɧɧɨɦ ɫɬɟɧɞɟ. 

ȼ ɢɬɨɝɟ ɜɵɩɨɥɧɟɧɢɹ ȼɄɊ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɚɪɯɢɬɟɤɬɭɪɚ ɫɢɫɬɟɦɵ. ȼɵɩɨɥɧɟɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɢ ɧɚɬɭɪɧɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ. ɂɡɝɨɬɨɜɥɟɧ ɥɚɛɨɪɚɬɨɪɧɵɣ ɫɬɟɧɞ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ 

ɩɪɨɜɟɪɟɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ 

ɩɨɥɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɨɞɟɥɢ ɢ ɩɪɨɬɨɬɢɩɚ ɪɚɛɨɬɚ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ.
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ȼȼȿȾȿɇɂȿ 

 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɜ ɪɚɛɨɱɟɦ ɫɨɫɬɨɹɧɢɢ 

ɡɚɫɬɚɜɥɹɟɬ ɢɫɤɚɬɶ ɧɨɜɵɟ ɷɮɮɟɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥɹ ɬɪɭɛ ɫ ɰɟɥɶɸ 

ɜɵɹɜɥɟɧɢɹ ɞɟɮɟɤɬɨɜ ɢ ɬɪɟɳɢɧ, ɚ ɬɚɤɠɟ ɤɨɪɪɨɡɢɢ ɧɚ ɜɧɟɲɧɢɯ ɢ ɜɧɭɬɪɟɧɧɢɯ 

ɩɨɜɟɪɯɧɨɫɬɹɯ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɋɨɫɫɢɢ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɭɫɬɚɪɟɜɲɢɟ 

ɧɟɮɬɟɝɚɡɨɩɪɨɜɨɞɵ. ɇɚɩɪɢɦɟɪ, ɩɨ ɫɬɚɬɢɫɬɢɤɟ «Ƚɚɡɩɪɨɦ» ɡɚ 2013 ɝɨɞ, 56529 

ɬɵɫ. ɤɦ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɛɨɥɟɟ 20 ɥɟɬ, 41703 ɬɵɫ. ɤɦ ɛɨɥɟɟ 30 

ɥɟɬ, 19701 ɬɵɫ. ɤɦ ɛɨɥɟɟ 40 ɥɟɬ ɢ 9861 ɬɵɫ. ɤɦ ɛɨɥɟɟ 50 ɥɟɬ. ȿɠɟɝɨɞɧɨ 

«Ƚɚɡɩɪɨɦ» ɩɪɨɜɨɞɢɬ ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɝɚɡɨɩɪɨɜɨɞɨɜ, 

ɷɬɨɬ ɦɟɬɨɞ ɪɟɦɨɧɬɚ ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ ɫɬɚɧɨɜɢɬɶɫɹ ɜɫɟ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɟɣ, ɬɚɤ 

ɤɚɤ ɨɛɳɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɝɚɡɨɩɪɨɜɨɞɨɜ ɩɪɨɝɪɟɫɫɢɜɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ [1]. 

ɇɚ ɫɬɟɧɤɚɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫɨ ɜɪɟɦɟɧɟɦ ɨɛɪɚɡɭɸɬɫɹ 

ɨɬɥɨɠɟɧɢɹ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɩɨɫɨɛɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɢɫɬɟɦɵ ɢ 

ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɟё ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ. ɂɦɟɧɧɨ ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ 

ɜɨɡɧɢɤɚɸɬ ɚɜɚɪɢɣɧɵɟ ɫɢɬɭɚɰɢɢ. Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɪɢɫɤɚ ɩɨɪɱɢ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɢ ɥɨɤɚɥɢɡɚɰɢɢ ɩɪɨɛɥɟɦɧɵɯ ɭɱɚɫɬɤɨɜ, ɩɪɨɜɨɞɢɬɫɹ ɞɢɚɝɧɨɫɬɢɤɚ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. 

ɇɢɠɟ ɩɟɪɟɱɢɫɥɟɧɵ ɨɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɜɵɩɨɥɧɟɧɢɹ ɷɬɨɣ ɩɪɨɰɟɞɭɪɵ ɛɟɡ 

ɞɟɦɨɧɬɚɠɚ ɢ ɜɫɤɪɵɬɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ: 

Ɇɚɝɧɢɬɨɨɩɬɢɱɟɫɤɚɹ ɞɟɮɟɤɬɨɫɤɨɩɢɹ – ɩɨɡɜɨɥɹɟɬ ɨɛɧɚɪɭɠɢɬɶ ɫ ɩɨɦɨɳɶɸ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɞɟɮɟɤɬɵ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɮɟɪɪɢɦɚɝɧɢɬɧɨɦ ɦɚɬɟɪɢɚɥɟ. 

Ɉɞɧɚɤɨ ɨɩɪɟɞɟɥɢɬɶ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɢɯ ɝɥɭɛɢɧɭ ɞɚɧɧɵɦ ɫɩɨɫɨɛɨɦ ɧɟ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ [2]. 

ɍɥɶɬɪɚɡɜɭɤɨɜɚɹ ɞɢɚɝɧɨɫɬɢɤɚ – ɞɚɧɧɵɦ ɦɟɬɨɞɨɦ ɩɪɨɜɟɪɹɟɬɫɹ ɤɚɱɟɫɬɜɨ 

ɫɨɟɞɢɧɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɩɨɞ ɜɵɫɨɤɢɦ 

ɞɚɜɥɟɧɢɟɦ ɢ ɧɚ Ⱥɗɋ. ȼ ɩɪɢɧɰɢɩ ɨɛɧɚɪɭɠɟɧɢɹ ɞɟɮɟɤɬɨɜ ɡɚɥɨɠɟɧɚ ɫɩɨɫɨɛɧɨɫɬɶ 

ɜɨɥɧ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɢɚɩɚɡɨɧɚ ɥɟɝɤɨ ɩɪɨɧɢɤɚɬɶ ɫɤɜɨɡɶ ɨɞɧɨɪɨɞɧɵɣ 

ɦɚɬɟɪɢɚɥ. ɉɪɢ ɧɚɥɢɱɢɢ ɩɪɟɩɹɬɫɬɜɢɣ ɜɨɥɧɵ ɨɬɪɚɠɚɸɬɫɹ [3].  
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Ɉɩɪɟɫɫɨɜɤɚ ɩɨɜɵɲɟɧɧɵɦ ɞɚɜɥɟɧɢɟɦ – ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɧɟɪɬɧɵɟ ɝɚɡɵ, 

ɝɚɡɨɜɚɹ ɫɦɟɫɶ ɢɥɢ ɜɨɞɹɧɨɣ ɩɚɪ ɧɚɝɧɟɬɚɸɬɫɹ ɜ ɬɪɭɛɨɩɪɨɜɨɞ ɬɚɤ, ɱɬɨɛɵ ɫɨɡɞɚɬɶ 

ɜɧɭɬɪɢ ɧɟɝɨ ɞɚɜɥɟɧɢɟ, ɜ 5 ɪɚɡ ɩɪɟɜɵɲɚɸɳɟɟ ɪɚɛɨɱɟɟ. Ɂɚɬɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɨɫɦɨɬɪ ɫɬɵɤɨɜ, ɲɜɨɜ ɢ ɦɟɫɬ ɫɨɟɞɢɧɟɧɢɹ ɤɨɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɪɭɛ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɭɱɚɫɬɤɨɜ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɹɬ ɭɬɟɱɤɢ ɩɚɪɚ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 

ɧɚɥɢɱɢɸ ɧɚ ɧɢɯ ɤɨɧɞɟɧɫɚɬɚ [4]. 

ȼɢɞɟɨɞɢɚɝɧɨɫɬɢɤɚ (ɬɟɥɟɞɢɚɝɧɨɫɬɢɤɚ) ɩɨɡɜɨɥɹɟɬ ɜɢɡɭɚɥɶɧɨ ɨɰɟɧɢɬɶ 

ɫɨɫɬɨɹɧɢɟ ɬɪɭɛɨɩɪɨɜɨɞɚ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɢɞɟɨɤɚɦɟɪɵ, 

ɫɦɨɧɬɢɪɨɜɚɧɧɵɟ ɧɚ ɩɪɨɬɚɥɤɢɜɚɟɦɨɦ ɫɬɟɤɥɨɩɥɚɫɬɢɤɨɜɨɦ ɩɪɭɬɤɟ ɢɥɢ ɧɚ 

ɪɨɛɨɬɚɯ. Ɋɨɛɨɬɵ, ɩɟɪɟɦɟɳɚɹɫɶ ɜɧɭɬɪɢ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɫɧɢɦɚɸɬ ɜɫё, ɱɬɨ 

ɜɫɬɪɟɬɹɬ ɧɚ ɫɜɨёɦ ɩɭɬɢ. ɗɬɚ ɬɟɯɧɢɤɚ ɫɩɨɫɨɛɧɚ ɜɵɹɜɢɬɶ ɝɪɭɛɵɟ ɧɚɪɭɲɟɧɢɹ 

ɰɟɥɨɫɬɧɨɫɬɢ ɬɪɭɛ, ɩɪɨɬɟɱɤɢ ɧɚ ɫɟɝɦɟɧɬɚɯ ɜ ɝɪɭɧɬɚɯ ɢɥɢ ɡɚɤɪɵɬɵɯ ɬɨɧɧɟɥɹɯ, 

ɦɟɫɬɚ ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɭɩɧɵɯ ɡɚɫɨɪɨɜ ɢ ɢɥɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ. Ɍɚɤɭɸ ɦɟɬɨɞɢɤɭ 

ɩɪɢɧɹɥɢ ɧɚ ɜɨɨɪɭɠɟɧɢɟ ɦɧɨɝɢɟ ɩɪɨɮɢɥɶɧɵɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɤɨɦɩɚɧɢɢ, ɩɨɷɬɨɦɭ 

ɞɚɧɧɵɣ ɦɟɬɨɞ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɡɚɫɥɭɠɢɜɚɟɬ ɨɬɞɟɥɶɧɨɝɨ ɜɧɢɦɚɧɢɹ [5]. 

ȼɢɞɟɨɞɢɚɝɧɨɫɬɢɤɚ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ 

ɫɨɜɪɟɦɟɧɧɵɯ ɫɩɨɫɨɛɨɜ ɩɪɨɜɟɞɟɧɢɹ ɢɧɫɩɟɤɰɢɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɞɚɧɧɵɣ ɦɟɬɨɞ ɦɨɠɟɬ ɩɪɨɜɨɞɢɬɶɫɹ ɤɚɤ ɜ ɯɨɞɟ ɩɥɚɧɨɜɨɝɨ 

ɨɫɦɨɬɪɚ ɫɢɫɬɟɦɵ, ɬɚɤ ɢ ɩɪɢ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɹɯ. ɂɫɩɨɥɶɡɭɹ 

ɜɢɞɟɨɞɢɚɝɧɨɫɬɢɤɭ, ɭɞɚɫɬɫɹ ɜɵɹɜɢɬɶ ɜɨɡɦɨɠɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ, ɩɨɥɨɦɤɢ, 

ɡɚɫɨɪɵ, ɩɟɪɟɥɨɦɵ ɬɪɭɛ ɢ ɫɥɚɛɵɟ ɦɟɫɬɚ ɬɪɭɛɨɩɪɨɜɨɞɚ. ɉɪɢ ɷɬɨɦ ɨɬɫɭɬɫɬɜɭɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɞɟɦɨɧɬɚɠɟ ɬɪɭɛ. ɉɪɨɜɟɞɟɧɢɟ ɞɚɧɧɨɝɨ ɨɫɦɨɬɪɚ ɩɪɟɞɩɨɥɚɝɚɟɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɣ ɬɟɯɧɢɤɢ [6]. 

 

 

 

 

 

 



 

 

6 
 

 1 Ⱥɧɚɥɢɡ ɡɚɞɚɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ  
 

1.1 Ɉɛɡɨɪ ɢɡɜɟɫɬɧɵɯ ɚɧɚɥɨɝɨɜ 

 

  Ɋɚɧɟɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɧɟɤɨɬɨɪɵɟ ɫɩɨɫɨɛɵ ɞɢɚɝɧɨɫɬɢɤɢ 

ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɣ ɬɟɯɧɢɤɢ. Ɉɞɧɚɤɨ, ɞɥɹ 

ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɢɧɫɩɟɤɰɢɢ ɢɫɩɨɥɶɡɭɸɬ ɫɩɟɰɢɚɥɶɧɭɸ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɭɸ 

ɬɟɯɧɢɤɭ. 

  Ɋɚɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɧɟɫɤɨɥɶɤɨ ɬɚɤɢɯ ɭɫɬɪɨɣɫɬɜ. 

 

  1.1.1 Ɂɦɟɟɜɢɞɧɵɣ ɪɨɛɨɬ «ɁɆȿȿɅɈɄ 3» 

 

  Ⱦɚɧɧɵɣ ɡɦɟɟɜɢɞɧɵɣ ɪɨɛɨɬ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɜ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɟ 

ɐɟɧɬɪɚɥɶɧɵɦ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ ɢ ɨɩɵɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɦ 

ɢɧɫɬɢɬɭɬɨɦ ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɢ ɬɟɯɧɢɱɟɫɤɨɣ ɤɢɛɟɪɧɟɬɢɤɢ (ɐɇɂɂ ɊɌɄ). 

«ɁɆȿȿɅɈɄ 3» ɦɨɠɟɬ ɩɟɪɟɞɜɢɝɚɬɶɫɹ ɩɨ ɛɨɥɨɬɭ, ɩɟɫɤɭ, ɩɨɥɡɚɬɶ ɩɨ ɜɧɭɬɪɟɧɧɢɦ 

ɩɨɜɟɪɯɧɨɫɬɹɦ ɬɪɭɛ, ɦɨɠɟɬ ɛɵɬɶ ɨɫɧɚɳɟɧ ɤɚɦɟɪɨɣ, ɦɢɤɪɨɮɨɧɨɦ ɢ ɞɪɭɝɢɦɢ 

ɧɟɨɛɯɨɞɢɦɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ [7]. ɇɚ ɪɢɫɭɧɤɟ 1 ɢɡɨɛɪɚɠɟɧ ɜɧɟɲɧɢɣ ɜɢɞ 

ɪɨɛɨɬɚ. 

 

 

 

Ɋɢɫɭɧɨɤ 1 – ȼɧɟɲɧɢɣ ɜɢɞ ɪɨɛɨɬɚ «ɁɆȿȿɅɈɄ 3» 
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  Ɉɞɧɨɣ ɢɡ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɞɚɧɧɨɝɨ ɡɦɟɟɜɢɞɧɨ ɪɨɛɨɬɚ ɹɜɥɹɟɬɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ, ɧɚ ɨɫɧɨɜɟ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɦɟɯɚɬɪɨɧɧɨɝɨ ɦɨɞɭɥɹ-

ɲɚɪɧɢɪɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ, ɫɩɨɫɨɛɧɨɣ ɨɫɭɳɟɫɬɜɥɹɬɶ ɥɨɤɨɦɨɰɢɢ ɢ 

ɦɚɧɢɩɭɥɹɰɢɢ. Ʉɨɧɫɬɪɭɤɰɢɹ ɦɨɞɭɥɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɭɯɫɬɟɩɟɧɧɨɣ 

ɚɤɬɢɜɧɵɣ ɲɚɪɧɢɪ ɫ ɩɟɪɟɫɟɤɚɸɳɢɦɢɫɹ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦɢ ɨɫɹɦɢ, 

ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ. ȼɪɚɳɟɧɢɟ ɩɪɢɜɨɞɧɨɝɨ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ 

ɚɤɬɢɜɧɵɯ ɜɢɥɨɤ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɟɪɜɨɞɜɢɝɚɬɟɥɟɦ Hitech 7940TH. ȼ ɤɚɠɞɨɦ 

ɬɚɤɨɦ ɡɜɟɧɟ ɫɬɨɢɬ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ Atmel ATmega8a, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ 

ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɦɨɞɭɥɹ ɜ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɰɟɩɢ. ɍɩɪɚɜɥɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɢɧɬɟɪɮɟɣɫɚ 

RS-485. ȼɫɬɪɨɟɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ 

ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɜɪɚɳɟɧɢɹ ɨɫɢ ɦɟɯɚɬɪɨɧɧɨɝɨ ɦɨɞɭɥɹ ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɢ 

ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɩɨɫɥɟ ɩɨɞɚɱɢ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ ɨɬ 

ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɢ ɨɛɪɚɛɨɬɤɢ ɩɨɫɬɭɩɚɸɳɢɯ ɩɨ ɢɧɬɟɪɮɟɣɫɭ RS485 ɤɨɦɚɧɞ 

ɡɚɞɚɧɢɹ, ɡɚɩɪɨɫɚ, ɫɱɢɬɵɜɚɧɢɹ ɢ ɩɟɪɟɞɚɱɢ ɡɧɚɱɟɧɢɹ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɜɵɯɨɞɧɨɝɨ 

ɜɚɥɚ ɫɟɪɜɨɩɪɢɜɨɞɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɣɬɪɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ. 

  Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ «ɁɆȿȿɅɈɄ 3» 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ «ɁɆȿȿɅɈɄ 3» 

ɉɚɪɚɦɟɬɪ                                           Ɂɧɚɱɟɧɢɟ 
Ʉɨɥɢɱɟɫɬɜɨ ɦɨɞɭɥɟɣ, ɲɬ 2-15 
Ɇɚɫɫɚ ɦɨɞɭɥɹ, ɤɝ 0,35 
Ɇɚɫɫɚ, ɤɝ 0,7-5,25 
Ⱦɥɢɧɚ ɦɨɞɭɥɹ, ɦɦ 80 
Ⱦɢɚɦɟɬɪ, ɦɦ 80 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɦɨɦɟɧɬ ɧɚ ɤɚɠɞɨɣ ɨɫɢ ɦɨɞɭɥɹ, ɤɇ*ɦɦ 3,2 
Ʉɨɥɢɱɟɫɬɜɨ ɫɟɪɜɨɩɪɢɜɨɞɨɜ, ɲɬ 4-30 
ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ, ȼ 40 
ɋɜɹɡɶ ɫ ɉɄ USB 
ɗɥɟɤɬɪɨɩɢɬɚɧɢɹ ȼɧɟɲɧɢɣ ɢɫɬɨɱɧɢɤ 
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  Ɋɟɡɭɥɶɬɚɬɵ   ɷɤɫɩɟɪɢɦɟɧɬɨɜ   ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɦɨɞɟɥɶ 

ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ «ɁɆȿȿɅɈɄ-3» ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɥɭɱɲɢɟ 

ɫɢɥɨɦɨɦɟɧɬɧɵɟ ɢ ɫɤɨɪɨɫɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɧɧɢɦɢ ɜɟɪɫɢɹɦɢ.  

Ɉɞɧɚɤɨ ɩɨɜɵɲɟɧɧɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɞɥɹ ɢɯ ɪɟɚɥɢɡɚɰɢɢ ɞɟɥɚɟɬ 

ɧɟɜɨɡɦɨɠɧɵɦ ɪɟɚɥɢɡɚɰɢɸ ɚɜɬɨɧɨɦɧɨɝɨ ɩɨ ɩɢɬɚɧɢɸ ɁɊ ɫ ɞɨɫɬɢɝɧɭɬɵɦɢ 

ɩɨɤɚɡɚɬɟɥɹɦɢ. Ɇɨɞɟɥɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɬɪɚɛɨɬɤɢ ɧɨɜɵɯ ɪɟɠɢɦɨɜ ɞɜɢɠɟɧɢɹ 

ɢ ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ ɫ ɰɟɥɶɸ ɜɵɪɚɛɨɬɤɢ ɩɪɚɜɢɥɶɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ 

ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɯ ɪɟɲɟɧɢɣ ɩɪɢ ɫɨɡɞɚɧɢɢ ɫɩɟɰɢɚɥɶɧɵɯ ɦɨɛɢɥɶɧɵɯ 

ɪɨɛɨɬɨɜ ɡɦɟɟɜɢɞɧɨɝɨ ɬɢɩɚ [8]. 

  ɋɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɫɢɫɬɟɦɵ - ɨɬɫɭɬɫɬɜɢɟ ɚɜɬɨɧɨɦɧɨɝɨ ɩɢɬɚɧɢɹ, 

ɱɬɨ ɧɟ ɩɨɡɜɨɥɢɬ ɢɫɫɥɟɞɨɜɚɬɶ ɬɪɭɛɨɩɪɨɜɨɞɵ ɧɚ ɞɥɢɧɧɵɟ ɞɢɫɬɚɧɰɢɢ. 

 

  1.1.2 ɋɢɫɬɟɦɚ ɬɟɥɟɢɧɫɩɟɤɰɢɢ Ʉɪɨɭɥɟɪ S300 (ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ) ɪɨɛɨɬ 

 

 Ⱦɚɧɧɚɹ ɩɨɪɬɚɬɢɜɧɚɹ ɜɢɞɟɨɢɧɫɩɟɤɰɢɹ ɧɚ ɤɨɥɟɫɧɨɦ ɯɨɞɭ S300 

ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɛɫɥɟɞɨɜɚɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɞɢɚɦɟɬɪɨɦ ɨɬ 150 ɦɦ ɞɨ 1000 

ɦɦ ɢ ɞɥɢɧɨɣ ɞɨ 250 ɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɧɵ ɩɨɞɤɥɸɱɚɟɦɨɝɨ ɤɚɛɟɥɹ. ɇɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɷɬɨ ɨɞɧɨ ɢɡ ɫɚɦɵɯ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɯ ɭɫɬɪɨɣɫɬɜ 

ɩɨɞɨɛɧɨɝɨ ɬɢɩɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɵɧɤɟ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɦɩɥɟɤɬɚɰɢɢ 

ɰɟɧɚ ɜɫɟɣ ɫɢɫɬɟɦɵ ɤɨɥɟɛɥɟɬɫɹ ɨɤɨɥɨ 2 500 000-3 000 000 ɪɭɛ. ȼɧɟɲɧɢɣ ɜɢɞ 

ɪɨɛɨɬɚ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2. 

 

 
 

Ɋɢɫɭɧɨɤ 2 – Ɋɨɛɨɬ Ʉɪɨɭɥɟɪ S300 
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  Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɢɜɟɫɬɢ ɜɢɞɟɨɢɧɫɩɟɤɰɢɸ ɜ ɪɚɛɨɱɟɟ ɩɨɥɨɠɟɧɢɟ, 

ɬɪɟɛɭɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɦɢɧɭɬ. ɉɪɨɱɧɨɟ, ɢɡɧɨɫɨɫɬɨɣɤɨɟ ɩɨɤɪɵɬɢɟ ɢɡ ɤɟɜɥɚɪɨɜɵɯ 

ɧɢɬɟɣ ɡɚɳɢɳɚɟɬ ɤɚɛɟɥɶ ɨɬ ɚɛɪɚɡɢɜɧɨɝɨ ɢɡɧɨɫɚ. Ʉɚɛɟɥɶ ɫɩɨɫɨɛɟɧ ɜɨɫɩɪɢɧɢɦɚɬɶ 

ɡɧɚɱɢɬɟɥɶɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɧɟ ɬɟɪɹɹ ɩɪɢ ɷɬɨɦ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. ȼ ɤɨɦɩɥɟɤɬ ɩɨɫɬɚɜɤɢ ɜɯɨɞɢɬ ɛɚɪɚɛɚɧ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ 

ɩɟɪɟɥɨɦɵ ɢ ɡɚɩɭɬɵɜɚɧɢɹ. Ȼɚɪɚɛɚɧ ɫɧɚɛɠɟɧ ɫɱɟɬɱɢɤɨɦ ɞɥɢɧɵ ɤɚɛɟɥɹ. 

ɍɫɬɪɨɣɫɬɜɨ ɩɨɫɬɚɜɥɹɟɬɫɹ ɫ ɤɚɛɟɥɟɦ ɞɥɢɧɨɣ 200 ɢɥɢ 250 ɦɟɬɪɨɜ. Ɉɫɧɨɜɧɚɹ 

ɱɚɫɬɶ ɭɫɬɪɨɣɫɬɜɚ – ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɚɹ CMOS ɤɚɦɟɪɚ – ɤɪɟɩɢɬɫɹ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɬɟɥɟɠɤɟ. Ɉɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟɪɟɞɚɱɭ ɜɵɫɨɤɨɤɨɧɬɪɚɫɬɧɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɨɛɫɥɟɞɭɟɦɵɯ ɨɛɥɚɫɬɟɣ ɧɚ 10,4-ɞɸɣɦɨɜɵɣ TFT-ɦɨɧɢɬɨɪ. 

Ɉɛɴɟɤɬɢɜ ɤɚɦɟɪɵ ɡɚɳɢɳɟɧ ɫɚɩɮɢɪɨɜɵɦ ɫɬɟɤɥɨɦ, ɭɫɬɨɣɱɢɜɵɦ ɤ ɰɚɪɚɩɢɧɚɦ. 

Ʉɨɪɩɭɫ ɤɚɦɟɪɵ ɢɡɝɨɬɨɜɥɟɧ ɢɡ ɫɬɚɥɢ ɫ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɵɦ ɩɨɤɪɵɬɢɟɦ. Ʉɚɦɟɪɚ 

ɩɨɥɧɨɫɬɶɸ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɚ ɢ ɦɨɠɟɬ ɜɵɞɟɪɠɢɜɚɬɶ ɞɚɜɥɟɧɢɟ ɞɨ 5,5 ɛɚɪ. 

ɍɤɨɦɩɥɟɤɬɨɜɚɧɚ ɫɜɟɬɨɞɢɨɞɚɦɢ ɩɨɫɥɟɞɧɟɝɨ ɩɨɤɨɥɟɧɢɹ ɫ ɤɭɩɨɥɨɨɛɪɚɡɧɵɦɢ 

ɥɢɧɡɚɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɯɨɪɨɲɟɟ, ɪɚɜɧɨɦɟɪɧɨɟ ɨɫɜɟɳɟɧɢɟ ɡɨɧ ɢɧɫɩɟɤɰɢɢ. 

ȼɢɡɭɚɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ TFT-ɦɨɧɢɬɨɪɚ, 

ɩɨɦɟɳɟɧɧɨɝɨ ɜ ɤɟɣɫ ɢɡ ɭɞɚɪɨɩɪɨɱɧɨɝɨ ɩɥɚɫɬɢɤɚ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ 

ɮɨɪɦɚɬɟ MPEG2 ɦɨɠɧɨ ɫɨɯɪɚɧɢɬɶ ɧɚ ɠɟɫɬɤɢɣ ɞɢɫɤ ɢɥɢ USB ɧɚɤɨɩɢɬɟɥɶ. 

ɂɫɩɨɥɶɡɭɟɦɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫɨɜɦɟɫɬɢɦɨ ɫ WinCan ɢ ɩɨɡɜɨɥɹɟɬ 

ɬɚɤɠɟ ɜɜɨɞɢɬɶ ɞɨ ɲɟɫɬɢ ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ [9].  

  Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ Ʉɪɨɭɥɟɪ S300 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 2. 

 

Ɍɚɛɥɢɰɚ 2 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ Ʉɪɨɭɥɟɪ S300 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
Ɋɚɡɪɟɲɟɧɢɟ ɤɚɦɟɪɵ 720ɯ576 
ȼɟɫ ɤɚɦɟɪɵ 1,2 ɤɝ 
Ɉɫɜɟɳɟɧɢɟ ɤɚɦɟɪɵ ɫɜɟɬɨɞɢɨɞɧɨɟ 
ɉɢɬɚɧɢɟ ɬɟɥɟɠɤɢ ɉɨɫɬɨɹɧɧɵɣ ɬɨɤ, 48 ȼ 
Ʉɨɥɢɱɟɫɬɜɨ ɤɨɥɟɫ 4 ɲɬ. 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2 

ɉɹɬɢɫɤɨɪɨɫɬɧɨɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ 150 ȼɬ 
ȼɟɫ ɬɟɥɟɠɤɢ ɜ ɦɚɤɫ. ɫɧɚɪɹɠɟɧɢɢ 40 ɤɝ 
ɉɢɬɚɧɢɹ Ȼɍ ɉɟɪɟɦɟɧɧɵɣ ɬɨɤ, 220 ȼ 
Ɇɨɧɢɬɨɪ  10,4 ɞɸɣɦɚ, TFT 
Ɋɚɡɪɟɲɟɧɢɟ ɷɤɪɚɧɚ 800ɯ600 
Ɏɨɪɦɚɬ ɜɢɞɟɨ MPEG2 
ɏɪɚɧɟɧɢɟ ɞɚɧɧɵɣ ɠɟɫɬɤɢɣ ɞɢɫɤ, USB ɧɚɤɨɩɢɬɟɥɶ 
ȼɟɫ Ȼɍ 13 ɤɝ 
Ⱦɥɢɧɚ ɤɚɛɟɥɹ 200-250 ɦ 
Ⱦɢɚɦɟɬɪ ɤɚɛɟɥɹ 9,6 ɦɦ 
Ʉɨɧɫɬɪɭɤɰɢɹ ɛɚɪɚɛɚɧɚ ɋɬɚɥɶ 
ȼɟɫ ɤɚɛɟɥɹ ɢ ɛɚɪɚɛɚɧɚ 50 ɤɝ 

 

Ɉɞɧɚɤɨ ɪɨɛɨɬ ɧɟ ɦɨɛɢɥɟɧ ɢ ɧɟ ɦɨɠɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɬɪɭɛɵ 

ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ ɛɨɥɟɟ 250 ɦ. ɉɪɢ ɷɬɨɦ ɨɛɳɢɣ ɜɟɫ ɫɢɫɬɟɦɵ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 

100 ɤɝ., ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɢɫɬɟɦɚ ɨɛɥɚɞɚɟɬ 

ɞɨɜɨɥɶɧɨ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɶɸ. 

 

1.1.3 Ɋɨɛɨɬ ɞɥɹ ɬɟɥɟɢɧɫɩɟɤɰɢɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ S-100 

 

  Ɋɨɛɨɬ S-100 ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɢɧɫɩɟɤɰɢɢ ɜɨɞɨɩɪɨɜɨɞɚ, ɤɚɧɚɥɢɡɚɰɢɢ, 

ɜɚɤɭɭɦɧɵɯ ɫɢɫɬɟɦ, ɫɚɧɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. Ɋɨɛɨɬ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɤɚɤ 

ɤɪɭɩɧɵɟ ɞɟɮɟɤɬɵ (ɩɪɨɥɨɦɵ, ɪɚɫɫɬɵɤɨɜɤɚ ɬɪɭɛ), ɬɚɤ ɢ ɞɟɬɚɥɶɧɭɸ ɤɚɪɬɢɧɭ 

ɤɚɠɞɨɝɨ ɤɜɚɞɪɚɬɧɨɝɨ ɫɚɧɬɢɦɟɬɪɚ ɬɪɭɛɵ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɦɩɥɟɤɬɚɰɢɢ ɰɟɧɚ 

ɜɫɟɣ ɫɢɫɬɟɦɵ ɤɨɥɟɛɥɟɬɫɹ ɜ ɪɚɣɨɧɟ 2 500 000 ɪɭɛ. ȼɧɟɲɧɢɣ ɜɢɞ ɪɨɛɨɬɚ 

ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3. 

 

 
 

Ɋɢɫɭɧɨɤ 3 – ȼɧɟɲɧɢɣ ɜɢɞ ɪɨɛɨɬɚ S-100 
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  Ɋɨɛɨɬ S-100 ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɬɪɭɛ ɢ ɤɚɧɚɥɨɜ ɞɢɚɦɟɬɪɨɦ 100 – 600 ɦɦ. 

Ɋɭɱɧɨɣ ɥɢɮɬ ɤɚɦɟɪɵ – ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɨɩɰɢɹ. ɋ ɪɭɱɧɵɦ ɥɢɮɬɨɦ ɤɚɦɟɪɵ ɪɨɛɨɬ 

S-100 ɫɦɨɠɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɬɪɭɛɵ ɞɨ 800 ɦɦ ɜ ɞɢɚɦɟɬɪɟ. Ɍɟɦɩɟɪɚɬɭɪɚ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ: ɨɬ -20 ɞɨ + 55 °ɋ. 

  Ɋɨɛɨɬ S-100 ɨɫɧɚɳɟɧ ɮɪɨɧɬɚɥɶɧɨɣ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɨɣ ɫ ɚɜɬɨɭɪɨɜɧɟɦ. 

Ʉɥɚɫɫ ɜɥɚɝɨɡɚɳɢɬɵ ɪɨɛɨɬɚ IP68, S-100 ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɧɚ ɝɥɭɛɢɧɟ ɞɨ 10 ɦɟɬɪɨɜ 

ɩɨɞ ɜɨɞɨɣ. ȼ ɫɬɚɧɞɚɪɬɧɨɣ ɤɨɦɩɥɟɤɬɚɰɢɢ ɨɫɧɚɳɚɟɬɫɹ ɪɭɱɧɨɣ ɧɚɦɨɬɤɨɣ ɢ 

ɪɚɡɦɨɬɤɨɣ ɤɚɛɟɥɹ. ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɦɨɬɤɚ ɢ ɪɚɡɦɨɬɤɚ ɤɚɛɟɥɹ - ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ 

ɨɩɰɢɹ. Ɋɨɛɨɬ S-100 ɦɨɠɟɬ ɨɫɧɚɳɚɬɶɫɹ ɤɚɛɟɥɟɦ ɞɥɢɧɨɣ ɞɨ 120 ɦɟɬɪɨɜ [10]. 

  Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬ S-100 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 

 

Ɍɚɛɥɢɰɚ 3 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ S-100 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
Ƚɥɭɛɢɧɚ ɩɪɨɫɦɨɬɪɚ 0-80 ɦ  
Ɉɛɳɢɣ ɜɟɫ 110 ɤɝ 
Ⱦɢɚɦɟɬɪ ɬɪɭɛ 100-80 0ɦɦ 
ɐɜɟɬɧɨɣ ɦɨɧɢɬɨɪ Ⱦɚ 
Ⱦɢɚɝɨɧɚɥɶ ɦɨɧɢɬɨɪɚ 12,1” 
ɍɝɨɥ ɨɛɡɨɪɚ ɤɚɦɟɪɵ 120 
ȼɥɚɝɨɡɚɳɢɳɟɧɧɨɫɬɶ IP68 
Ɏɭɧɤɰɢɹ ɡɚɩɢɫɢ Ⱦɚ 
ȼɨɫɩɪɨɢɡɜɟɞɟɧɢɣ Ⱦɚ 
ɉɢɬɚɧɢɟ Ȼɚɬɚɪɟɹ ɢɥɢ 200 ȼ 
ȼɪɟɦ ɪɚɛɨɬɵ ɨɬ ɚɤɤɭɦɭɥɹɬɨɪɚ 6 
ȼɫɬɪɨɟɧɧɵɣ ɬɪɚɧɫɦɢɬɬɟɪ ɇɟɬ 
ɋɱɟɬɱɢɤ ɪɚɫɫɬɨɹɧɢɹ ȿɫɬɶ 

 

 ɇɟɞɨɫɬɚɬɤɢ ɩɪɟɞɵɞɭɳɟɣ ɦɨɞɟɥɢ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɢ 

ɞɚɧɧɨɦɭ ɪɨɛɨɬɭ.  
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  1.2 ȼɵɜɨɞɵ  

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɢɡɜɟɫɬɧɵɯ ɪɟɲɟɧɢɣ ɜ ɩɪɟɞɦɟɬɧɨɣ 

ɨɛɥɚɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɪɟɞɟɥɟɧɚ ɨɫɧɨɜɧɚɹ ɰɟɥɶ ȼɄɊ ɢ ɡɚɞɚɱɢ, 

ɩɪɟɞɩɨɥɚɝɚɟɦɵɟ ɤ ɪɟɲɟɧɢɸ ɞɥɹ ɟɟ ɞɨɫɬɢɠɟɧɢɹ.  

Ɋɚɫɫɦɨɬɪɟɧ ɪɹɞ ɫɭɳɟɫɬɜɭɸɳɢɯ ɚɧɚɥɨɝɨɜ, ɜɵɹɜɥɟɧɵ ɨɫɧɨɜɧɵɟ 

ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɫɨɜɪɟɦɟɧɧɵɯ ɪɟɲɟɧɢɣ. Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɜ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɪɨɛɨɬɵ, ɨɛɥɚɞɚɸɳɢɟ 

ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦɢ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɫɜɹɡɚɧɧɵɟ ɫ 

ɨɛɴɟɤɬɨɦ ɭɩɪɚɜɥɟɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ ɤɚɛɟɥɹ. Ⱥɜɬɨɧɨɦɧɵɟ ɪɨɛɨɬɵ ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟ ɩɪɢɦɟɧɹɸɬɫɹ, ɢɡɜɟɫɬɧɵ ɟɞɢɧɢɰɵ ɪɟɲɟɧɢɣ ɨɛɥɚɞɚɸɳɢɟ ɞɨɫɬɚɬɨɱɧɨ 

ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɶɸ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɹɜɥɟɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɥɭɱɲɟɧɢɹ ɩɨɥɭɱɚɟɦɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ ɢɧɫɩɟɤɰɢɣ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɟɞɥɨɠɟɧɨ ɭɜɟɥɢɱɢɬɶ 

ɫɬɟɩɟɧɶ ɚɜɬɨɧɨɦɧɨɫɬɢ ɪɨɛɨɬɨɜ-ɢɧɫɩɟɤɬɨɪɨɜ. Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɷɬɨɝɨ ɦɨɠɧɨ 

ɞɨɫɬɢɱɶ ɩɭɬɟɦ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɦɟɬɨɞɢɤ ɢ ɬɟɯɧɨɥɨɝɢɣ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɫɪɟɞɢ 

ɢɡɜɟɫɬɧɵɯ ɩɨɞɯɨɞɨɜ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɜɵɡɵɜɚɟɬ ɬɟɯɧɨɥɨɝɢɢ 

ɜɢɞɟɨɞɢɚɝɧɨɫɬɢɤɢ, ɩɨɫɤɨɥɶɤɭ ɬɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɦɚɤɫɢɦɭɦ 

ɜɨɡɦɨɠɧɵɯ ɞɟɮɟɤɬɨɜ.  

  ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɩɟɪɟɣɬɢ ɤ ɪɚɡɪɚɛɨɬɤɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ 

ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɚ. Ⱦɚɥɟɟ ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ 

ɨɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɢ ɫɩɨɫɨɛɨɜ ɨɪɝɚɧɢɡɚɰɢɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɧɧɵɯ ɫɢɫɬɟɦ ɍɍ, ɚ ɬɚɤɠɟ ɜɵɛɪɚɬɶ ɤɨɦɩɨɧɟɧɬɵ ɢ 

ɨɩɪɟɞɟɥɢɬɶ ɩɟɪɟɱɟɧɶ ɨɫɧɨɜɧɵɯ ɭɡɥɨɜ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɞɟɦɨɧɫɬɪɚɬɨɪɚ. 
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 2 Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ 
ɡɦɟɟɜɢɞɧɵɦ ɪɨɛɨɬɨɦ 

 

  2.1 Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɫɨɫɬɚɜ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɡɦɟɟɜɢɞɧɵɦ 
ɪɨɛɨɬɨɦ ɧɚ ɨɫɧɨɜɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

 

ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɨɛɳɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ 

ɩɪɨɬɨɬɢɩɚ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ (ɍɍ) ɜɟɞɭɳɟɣ ɫɟɤɰɢɢ ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ.  

 

ȼɢɞɟɨɤɚɦɟɪɚ

Ⱦɚɬɱɢɤ 
ɩɪɢɛɥɢɠɟɧɢɹ 1

Ⱦɚɬɱɢɤ 
ɩɪɢɛɥɢɠɟɧɢɹ 2

Ɏɨɬɨɩɪɢɟɦɧɢɤ 
1

Ɏɨɬɨɩɪɢɟɦɧɢɤ 
2

Ʉɚɪɬɚ ɩɚɦɹɬɢ

Ⱦɪɚɣɜɟɪ 1 ɋɟɪɜɨɦɨɬɨɪ 1

Ⱦɪɚɣɜɟɪ 2 ɋɟɪɜɨɦɨɬɨɪ 2

ȺɄȻ

A D

B1 E1

B2

C1

C2 Vcc

E2

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪɧɨɟ 
ɹɞɪɨ

 
 

Ɋɢɫɭɧɨɤ 4 – ɍɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ 

 

Ɉɫɧɨɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɍɍ ɹɜɥɹɟɬɫɹ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɟ ɹɞɪɨ (Ɇə), 

ɩɪɢ ɷɬɨɦ ɢɫɬɨɱɧɢɤɨɦ ɩɢɬɚɧɢɹ ɫɥɭɠɢɬ ɚɤɤɭɦɭɥɹɬɨɪɧɚɹ ɛɚɬɚɪɟɹ. Ⱦɜɢɠɟɧɢɟ 

ɫɟɤɰɢɣ ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɞɜɭɯ ɫɟɪɜɨɦɨɬɨɪɨɜ, 

ɫɨɟɞɢɧɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɞɪɚɣɜɟɪɨɜ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɞɤɥɸɱɟɧɵ ɤ Ɇə. 

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɫɢɫɬɟɦɵ – ɨɛɭɱɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, ɤɨɬɨɪɚɹ ɮɭɧɤɰɢɨɧɢɪɭɟɬ 

ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ Ɇə, ɩɨɥɭɱɚɟɬ ɢɡɨɛɪɚɠɟɧɢɹ ɨɬ ɜɢɞɟɨɤɚɦɟɪɵ ɩɨ ɲɢɧɟ, 
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ɚɧɚɥɢɡɢɪɭɟɬ ɟɝɨ ɧɚ ɧɚɥɢɱɢɟ ɞɟɮɟɤɬɨɜ ɢ, ɜ ɫɥɭɱɚɟ ɨɛɧɚɪɭɠɟɧɢɹ, ɡɚɩɢɫɵɜɚɟɬ 

ɢɡɨɛɪɚɠɟɧɢɟ ɧɚ ɤɚɪɬɭ ɩɚɦɹɬɢ. Ⱦɚɬɱɢɤɢ ɩɪɢɛɥɢɠɟɧɢɹ ɤɨɧɬɪɨɥɢɪɭɸɬ ɧɚɥɢɱɢɟ 

ɩɪɟɩɹɬɫɬɜɢɣ ɧɚ ɩɭɬɢ ɪɨɛɨɬɚ ɜ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ, ɚ ɮɨɬɨɩɪɢɟɦɧɢɤɢ, 

ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ ɤɨɥɟɫɚɯ, ɹɜɥɹɸɬɫɹ ɢɡɦɟɪɢɬɟɥɹɦɢ ɩɪɨɣɞɟɧɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ. 

 

  2.2 Ɉɛщɢɟ ɩɪɢɧɰɢɩɵ ɢ ɚɥɝɨɪɢɬɦɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ  

 

ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɳɢɣ ɚɥɝɨɪɢɬɦ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɪɨɛɨɬɚ. 

 

ɇɚɱɚɥɨ

ɉɟɪɟɞɚɱɚ ɢɡɨɛɪɚɠɟɧɢɹ 
ɫ ɤɚɦɟɪɵ ɜ ɧɟɣɪɨɫɟɬɶ

Ɉɛɪɚɛɨɬɤɚ 
ɢɡɨɛɪɚɠɟɧɢɹ 
ɧɟɣɪɨɫɟɬɶɸ

ɉɟɪɟɞɚɱɚ ɪɟɡɭɥɶɬɚɬɨɜ ɜ 
Ɇə ɹɞɪɨ

ɉɟɪɟɞɜɢɠɟɧɢɟ ɪɨɛɨɬɚ

Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ 
Ɇə ɹɞɪɨɦ

Ʉɨɧɟɰ
 

 

Ɋɢɫɭɧɨɤ 5 – Ɉɛɳɢɣ ɚɥɝɨɪɢɬɦ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

 

  ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɍɍ:  
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1. ɋɱɢɬɵɜɚɧɢɟ ɢ ɩɟɪɟɞɚɱɚ ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɰɟɧɬɪɚɥɶɧɭɸ ɫɢɫɬɟɦɭ 

ɭɩɪɚɜɥɟɧɢɹ; 

2. Ɉɛɪɚɛɨɬɤɚ ɢɡɨɛɪɚɠɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɶɸ ɢ ɮɨɪɦɭɥɢɪɨɜɚɧɢɟ 

ɪɟɡɭɥɶɬɚɬɨɜ; 

3. ɉɟɪɟɞɚɱɚ ɪɟɡɭɥɶɬɚɬɨɜ ɜ Ɇə ɞɥɹ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ; 

4. Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɬɨɤɨɥɚ ɞɜɢɠɟɧɢɹ ɩɨ ɬɪɭɛɟ. 

 Ɍɚɤ ɤɚɤ ɦɨɞɟɥɢɪɭɟɦɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ ɹɜɥɹɟɬɫɹ 

ɚɜɬɨɧɨɦɧɨɣ (ɬ.ɟ. ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɛɟɡ ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ), ɪɟɲɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ 

ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ ɦɨɞɭɥɹ ɭɩɪɚɜɥɟɧɢɹ 

ɜɵɩɨɥɧɟɧ ɨɛɡɨɪ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɢɤ ɜ ɨɛɥɚɫɬɢ ɫɨɡɞɚɧɢɹ ɫɚɦɨɨɛɭɱɚɸɳɢɯɫɹ 

ɫɢɫɬɟɦ. Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɷɮɮɟɤɬ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɫɥɟɞɭɟɬ 

ɨɠɢɞɚɬɶ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 

  

  2.3 ȼɵɛɨɪ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɢɫɬɟɦɵ 

 

  ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɨɞ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɢɫɬɟɦɨɣ (ɂɋ) ɩɨɧɢɦɚɟɬɫɹ 

ɨɛɴɟɞɢɧɟɧɧɚɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ ɩɪɨɰɟɫɫɨɦ ɫɨɜɨɤɭɩɧɨɫɬɶ ɬɟɯɧɢɱɟɫɤɢɯ 

ɫɪɟɞɫɬɜ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɪɚɛɨɬɚɸɳɚɹ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ 

ɱɟɥɨɜɟɤɨɦ ɢɥɢ ɚɜɬɨɧɨɦɧɨ, ɫɩɨɫɨɛɧɚɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɜɟɞɟɧɢɣ ɨɛ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɟ ɢ ɫɨɛɫɬɜɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢ ɧɚɥɢɱɢɢ ɡɧɚɧɢɣ ɢ ɦɨɬɢɜɚɰɢɢ 

ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɰɟɥɶ, ɩɪɢɧɢɦɚɬɶ ɪɟɲɟɧɢɟ ɨ ɞɟɣɫɬɜɢɢ ɢ ɧɚɯɨɞɢɬɶ ɪɚɰɢɨɧɚɥɶɧɵɟ 

ɫɩɨɫɨɛɵ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ [11]. 

   Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɜɵɞɟɥɟɧ ɪɹɞ ɂɋ: 

 ɋɢɫɬɟɦɵ ɫ ɤɨɦɦɭɬɚɬɢɜɧɵɦɢ ɫɩɨɫɨɛɧɨɫɬɹɦɢ (ɫ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɦ 

ɢɧɬɟɪɮɟɣɫɨɦ, ɤɨɧɬɟɤɫɬɧɵɟ ɫɩɪɚɜɨɱɧɵɟ ɫɢɫɬɟɦɵ, ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɛɚɡɵ 

ɞɚɧɧɵɯ); 

 ɗɤɫɩɟɪɬɧɵɟ ɫɢɫɬɟɦɵ (ɫɢɫɬɟɦɵ ɞɥɹ ɪɟɲɟɧɢɣ ɫɥɨɠɧɵɯ ɡɚɞɚɱ, 

ɦɧɨɝɨɚɝɟɧɬɧɵɟ ɫɢɫɬɟɦɵ, ɞɨɨɩɪɟɞɟɥɹɸɳɢɟ ɫɢɫɬɟɦɵ); 
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 ɋɚɦɨɨɛɭɱɚɸɳɢɟɫɹ ɫɢɫɬɟɦɵ (ɫɢɫɬɟɦɵ, ɫɩɨɫɨɛɧɵɟ ɤ ɫɚɦɨɨɛɭɱɟɧɢɸ, 

ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ, ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɯɪɚɧɢɥɢɳɚ); 

 Ⱥɞɚɩɬɢɜɧɵɟ ɫɢɫɬɟɦɵ (ɚɞɚɩɬɢɜɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ, CASE-

ɬɟɯɧɨɥɨɝɢɢ, ɤɨɦɩɨɧɟɧɬɧɚɹ ɬɟɯɧɨɥɨɝɢɹ) [12]. 

  ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɜ ɫɨɫɬɚɜ ɫɚɦɨɨɛɭɱɚɸɳɟɣɫɹ ɫɢɫɬɟɦɵ ɜɯɨɞɢɬ ɧɟɣɪɨɧɧɚɹ 

ɫɟɬɶ – ɷɬɨ ɫɢɫɬɟɦɚ ɫɨɟɞɢɧɟɧɧɵɯ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɦɟɠɞɭ ɫɨɛɨɣ ɩɪɨɫɬɵɯ 

ɩɪɨɰɟɫɫɨɪɨɜ (ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɨɜ), ɤɚɠɞɵɣ ɩɪɨɰɟɫɫɨɪ ɩɨɞɨɛɧɨɣ ɫɟɬɢ 

ɢɦɟɟɬ ɞɟɥɨ ɬɨɥɶɤɨ ɫ ɫɢɝɧɚɥɚɦɢ, ɤɨɬɨɪɵɟ ɨɧ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɨɥɭɱɚɟɬ, ɢ 

ɫɢɝɧɚɥɚɦɢ, ɤɨɬɨɪɵɟ ɨɧ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɨɫɵɥɚɟɬ ɞɪɭɝɢɦ ɩɪɨɰɟɫɫɨɪɚɦ [13]. 

  Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɫɧɨɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ ɹɜɥɹɟɬɫɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ 

ɫɢɫɬɟɦɭ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɪɢ ɞɜɢɠɟɧɢɢ ɪɨɛɨɬɚ ɢ ɜɵɩɨɥɧɟɧɢɹ ɩɨɢɫɤɨɜɵɯ 

ɡɚɞɚɱ ɜ ɩɨɥɨɫɬɹɯ ɬɪɭɛ. 

 ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɞɚɧɢɟɦ ɧɚ ɜɵɩɭɫɤɧɭɸ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ 

ɧɢɠɟ ɪɚɫɫɦɨɬɪɟɧɚ ɨɬɞɟɥɶɧɚɹ ɱɚɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɚ 

ɢɦɟɧɧɨ ɨɛɪɚɛɨɬɤɚ ɢ ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɤɚɧɢɪɨɜɚɧɢɹ 

ɜɢɞɟɨɤɚɦɟɪɵ ɩɨɥɨɫɬɢ ɬɪɭɛɵ. Ɋɟɚɥɢɡɚɰɢɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɧɵɦ ɮɭɧɤɰɢɨɧɚɥɨɦ ɪɨɛɨɬɚ ɧɚ ɨɫɧɨɜɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɜɵɯɨɞɢɬ 

ɡɚ ɪɚɦɤɢ ȼɄɊ. 

 

  2.4 ȼɵɛɨɪ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ 

 

  Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɧɟɨɛɯɨɞɢɦɵɣ ɬɢɩ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɢɫɩɨɥɶɡɭɸɳɢɣɫɹ ɞɥɹ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ. Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

ɩɨɡɜɨɥɢɥɢ ɜɵɞɟɥɢɬɶ ɪɹɞ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɨɬɜɟɱɚɸɳɢɯ 

ɬɪɟɛɨɜɚɧɢɹɦ ɡɚɞɚɧɢɹ ɧɚ ȼɄɊ: 

 ɋɜɟɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ – ɫɩɟɰɢɚɥɶɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɧɟɣɪɨɧɧɵɯ 

ɫɟɬɟɣ, ɩɪɟɞɥɨɠɟɧɧɚɹ əɧɨɦ Ʌɟɤɭɧɨɦ, ɢɡɧɚɱɚɥɶɧɨ ɧɚɰɟɥɟɧɧɚɹ ɧɚ ɷɮɮɟɤɬɢɜɧɨɟ 
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ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ [14]. ɋɜɟɪɬɨɱɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ 

ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɱɟɪɟɡ ɧɟɫɤɨɥɶɤɨ ɭɪɨɜɧɟɣ ɦɚɫɫɢɜɨɜ. ɗɬɨɬ ɬɢɩ ɧɟɣɪɨɧɧɵɯ 

ɫɟɬɟɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɬɚɤɢɯ ɩɪɢɥɨɠɟɧɢɹɯ, ɤɚɤ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ ɢɥɢ 

ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɥɢɰ. Ɉɫɧɨɜɧɨɟ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ CNN ɢ ɥɸɛɨɣ ɞɪɭɝɨɣ ɨɛɵɱɧɨɣ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɶɸ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ CNN ɩɪɢɧɢɦɚɟɬ ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɜɢɞɟ 

ɞɜɭɦɟɪɧɨɝɨ ɦɚɫɫɢɜɚ ɢ ɪɚɛɨɬɚɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɢɡɨɛɪɚɠɟɧɢɹɦɢ, ɚ ɧɟ 

ɮɨɤɭɫɢɪɭɟɬɫɹ ɧɚ ɢɡɜɥɟɱɟɧɢɢ ɩɪɢɡɧɚɤɨɜ, ɧɚ ɤɨɬɨɪɨɦ ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɞɪɭɝɢɟ 

ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ [15]. 

 Ɋɟɤɭɪɪɟɧɬɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ – ɩɨɩɭɥɹɪɧɵɟ ɦɨɞɟɥɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ 

ɨɛɪɚɛɨɬɤɟ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɹɡɵɤɚ. ȼɨ-ɩɟɪɜɵɯ, ɨɧɢ ɨɰɟɧɢɜɚɸɬ ɩɪɨɢɡɜɨɥɶɧɵɟ 

ɩɪɟɞɥɨɠɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɬɨɝɨ, ɧɚɫɤɨɥɶɤɨ ɱɚɫɬɨ ɨɧɢ ɜɫɬɪɟɱɚɥɢɫɶ ɜ ɬɟɤɫɬɚɯ. ɗɬɨ 

ɞɚɟɬ ɦɟɪɭ ɝɪɚɦɦɚɬɢɱɟɫɤɨɣ ɢ ɫɟɦɚɧɬɢɱɟɫɤɨɣ ɤɨɪɪɟɤɬɧɨɫɬɢ. Ɍɚɤɢɟ ɦɨɞɟɥɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɦɚɲɢɧɧɨɦ ɩɟɪɟɜɨɞɟ. ȼɨ-ɜɬɨɪɵɯ, ɹɡɵɤɨɜɵɟ ɦɨɞɟɥɢ 

ɝɟɧɟɪɢɪɭɸɬ ɧɨɜɵɣ ɬɟɤɫɬ. Ɉɛɭɱɟɧɢɟ ɦɨɞɟɥɢ ɧɚ ɩɨɷɦɚɯ ɒɟɤɫɩɢɪɚ ɩɨɡɜɨɥɢɬ 

ɝɟɧɟɪɢɪɨɜɚɬɶ ɧɨɜɵɣ ɬɟɤɫɬ, ɩɨɯɨɠɢɣ ɧɚ ɒɟɤɫɩɢɪɚ. Ɋɟɤɭɪɪɟɧɬɧɵɟ ɧɟɣɪɨɧɧɵɟ 

ɫɟɬɢ ɧɚɡɵɜɚɸɬɫɹ ɪɟɤɭɪɪɟɧɬɧɵɦɢ, ɩɨɬɨɦɭ ɱɬɨ ɨɧɢ ɜɵɩɨɥɧɹɸɬ ɨɞɧɭ ɢ ɬɭ ɠɟ 

ɡɚɞɚɱɭ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɩɪɢɱɟɦ ɜɵɯɨɞ ɡɚɜɢɫɢɬ ɨɬ 

ɩɪɟɞɵɞɭɳɢɯ ɜɵɱɢɫɥɟɧɢɣ [16]. 

  Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɥɭɱɲɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɟɪɬɨɱɧɭɸ 

ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ, ɬɚɤ ɤɚɤ ɢɦɟɧɧɨ ɨɧɚ ɢɡɧɚɱɚɥɶɧɨ ɧɚɰɟɥɟɧɚ ɧɚ ɷɮɮɟɤɬɢɜɧɨɟ 

ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ.  

 

  2.5 ȼɵɛɨɪ ɫɪɟɞɫɬɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

 

 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɧɚɝɥɹɞɧɨ ɭɜɢɞɟɬɶ, ɤɚɤ ɫɨɡɞɚɜɚɟɦɚɹ ɫɢɫɬɟɦɚ 

ɛɭɞɟɬ ɪɚɫɩɨɡɧɚɜɚɬɶ ɨɛɴɟɤɬɵ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ, ɜɟɪɧɨ ɥɢ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶ ɬɟ 

ɢɥɢ ɢɧɵɟ ɞɟɮɟɤɬɵ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ. Ɉɩɪɟɞɟɥɟɧ ɪɹɞ ɧɚɢɛɨɥɟɟ ɞɨɫɬɭɩɧɵɯ 

ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɜɵɩɨɥɧɹɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɨɬɪɚɛɨɬɤɭ 
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ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ: Amazon Rekognition, 

Teachable Machine ɢ ɛɢɛɥɢɨɬɟɤɚ TensorFlow. 

 

  2.5.1 Amazon Rekognition 

 

  Amazon Rekognition – ɞɚɧɧɵɣ ɫɟɪɜɢɫ ɩɨɡɜɨɥɹɟɬ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ 

ɚɧɚɥɢɡ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɜɢɞɟɨ ɫ ɩɨɦɨɳɶɸ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. Amazon 

Rekognition ɢɞɟɧɬɢɮɢɰɢɪɭɟɬ ɨɛɴɟɤɬɵ, ɥɸɞɟɣ, ɬɟɤɫɬ, ɫɰɟɧɵ ɢ ɤɨɧɤɪɟɬɧɵɟ 

ɞɟɣɫɬɜɢɹ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɢ ɜ ɜɢɞɟɨ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬ ɧɟɩɪɢɟɦɥɟɦɵɣ 

ɤɨɧɬɟɧɬ. ɉɨɡɜɨɥɹɟɬ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɥɢɰɚ ɢ ɨɬɤɪɵɜɚɟɬ 

ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɢɫɤɚ ɥɢɰ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɞɥɹ 

ɨɛɧɚɪɭɠɟɧɢɹ, ɚɧɚɥɢɡɚ ɢ ɫɪɚɜɧɟɧɢɣ ɥɢɰ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɢɦɟɪɚɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, 

ɝɞɟ ɧɟɨɛɯɨɞɢɦɚ ɜɟɪɢɮɢɤɚɰɢɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɩɨɞɫɱɟɬ ɥɸɞɟɣ ɢ ɨɛɟɫɩɟɱɟɧɢɟ 

ɨɛɳɟɫɬɜɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɢɦɟɪ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. 

 

 
 

Ɋɢɫɭɧɨɤ 6 – ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɨɛɴɟɤɬɨɜ Amazon Rekognition 

 

  Ȼɥɚɝɨɞɚɪɹ Amazon Rekognition Custom Labels ɦɨɠɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ 

ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɬɟ ɨɛɴɟɤɬɵ ɢ ɫɰɟɧɵ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɨɬɪɟɛɧɨɫɬɹɦ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɮɟɪɵ ɛɢɡɧɟɫɚ. ɇɚɩɪɢɦɟɪ, ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɦɨɞɟɥɶ ɞɥɹ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɤɨɧɤɪɟɬɧɵɯ ɞɟɬɚɥɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɫɛɨɪɨɱɧɨɣ ɥɢɧɢɢ ɢɥɢ 

ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɛɨɥɶɧɵɯ ɪɚɫɬɟɧɢɣ. Amazon Rekognition Custom Labels ɜɨɡɶɦɟɬ 
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ɧɚ ɫɟɛɹ ɫɚɦɭɸ ɬɪɭɞɨɟɦɤɭɸ ɪɚɛɨɬɭ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɦɨɞɟɥɢ, ɩɨɷɬɨɦɭ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɨɩɵɬ ɪɚɛɨɬɵ ɫ ɦɚɲɢɧɧɵɦ ɨɛɭɱɟɧɢɟɦ ɧɟ ɬɪɟɛɭɟɬɫɹ. ɇɭɠɧɨ 

ɩɪɨɫɬɨ ɡɚɝɪɭɡɢɬɶ ɢɡɨɛɪɚɠɟɧɢɹ ɨɛɴɟɤɬɨɜ ɢɥɢ ɫɰɟɧ, ɤɨɬɨɪɵɟ ɜɵ ɯɨɬɢɬɟ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ, ɚ ɫɟɪɜɢɫ ɩɨɡɚɛɨɬɢɬɫɹ ɨɛɨ ɜɫɟɦ ɨɫɬɚɥɶɧɨɦ [17]. 

  ɇɟ ɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɚɧɧɨɝɨ ɫɟɪɜɢɫɚ ɢ ɟɝɨ 

ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ, ɨɧ ɩɪɟɞɥɚɝɚɟɬ ɭɪɨɜɟɧɶ ɛɟɫɩɥɚɬɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ ɫ 

ɨɝɪɚɧɢɱɟɧɧɵɦ ɮɭɧɤɰɢɨɧɚɥɨɦ. Ɍɚɤ ɠɟ ɧɟɬ ɝɚɪɚɧɬɢɢ, ɱɬɨ ɞɚɧɧɵɣ ɫɟɪɜɢɫ ɛɭɞɟɬ 

ɜɫɟɝɞɚ ɞɨɫɬɭɩɟɧ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 

 

  2.5.2 Teachable Machine 

 

  Teachable Machine – ɷɬɨ ɜɟɛ-ɢɧɫɬɪɭɦɟɧɬ, ɤɨɬɨɪɵɣ ɞɟɥɚɟɬ ɫɨɡɞɚɧɢɟ 

ɦɨɞɟɥɟɣ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɛɵɫɬɪɵɦ, ɩɪɨɫɬɵɦ ɢ ɞɨɫɬɭɩɧɵɦ ɞɥɹ ɜɫɟɯ. ȼ 

ɩɟɪɜɨɣ ɜɟɪɫɢɢ ɨɬ 2017 ɝɨɞɚ ɨɧɚ ɩɨɡɜɨɥɹɥɚ ɬɪɟɧɢɪɨɜɚɬɶ ɧɟɣɪɨɫɟɬɢ ɧɚ ɨɫɧɨɜɟ 

ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɧɟ ɩɨɞɞɟɪɠɢɜɚɥɚ ɷɤɫɩɨɪɬ ɦɨɞɟɥɟɣ. ȼ ɜɟɪɫɢɢ ɨɬ 2019 ɝɨɞɚ 

Teachable Machine ɩɨɡɜɨɥɹɟɬ ɨɛɭɱɚɬɶ ɤɨɦɩɶɸɬɟɪ ɪɚɫɩɨɡɧɚɜɚɬɶ ɫɨɛɫɬɜɟɧɧɵɟ 

ɢɡɨɛɪɚɠɟɧɢɹ, ɡɜɭɤɢ ɢ ɩɨɡɵ. Ⱦɚɧɧɵɣ ɜɟɛ-ɢɧɫɬɪɭɦɟɧɬ ɦɨɠɧɨ ɧɚɭɱɢɬɶ 

ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ: 

 ɂɡɨɛɪɚɠɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɮɚɣɥɨɜ ɢɥɢ ɜɟɛ-ɤɚɦɟɪɵ; 

 Ɂɜɭɤ, ɡɚɩɢɫɵɜɚɹ ɤɨɪɨɬɤɢɟ ɡɜɭɤɨɜɵɟ ɨɛɪɚɡɰɵ; 

 ɉɨɥɨɠɟɧɢɹ ɬɟɥɚ, ɢɫɩɨɥɶɡɭɹ ɮɚɣɥɵ ɢɥɢ ɹɪɤɢɟ ɩɨɡɵ ɜ ɜɚɲɟɣ ɜɟɛ-

ɤɚɦɟɪɟ; 

 ɂ ɦɧɨɠɟɫɬɜɨ ɞɪɭɝɢɯ ɤɥɚɫɫɢɮɢɤɚɰɢɣ. 

  ɇɚ ɪɢɫɭɧɤɟ 7 ɩɨɤɚɡɚɧ ɩɪɢɦɟɪ ɪɟɚɥɢɡɚɰɢɢ ɤɥɚɫɫɢɮɢɤɚɰɢɣ ɢɡɨɛɪɚɠɟɧɢɣ, 

ɫɨɡɞɚɧɧɵɯ ɫ ɩɨɦɨɳɶɸ Teachable Machine. 
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Ɋɢɫɭɧɨɤ 7 – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɩɨɦɨɳɶɸ Teachable Machine  

 

  ɋ ɩɨɦɨɳɶɸ ɞɚɧɧɨɝɨ ɫɟɪɜɢɫɚ ɫɞɟɥɚɧ ɤɪɨɲɟɱɧɵɣ ɫɨɪɬɢɪɨɜɳɢɤ: 

ɷɤɫɩɟɪɢɦɟɧɬ DIY, ɫɨɟɞɢɧɹɸɳɢɣ Arduino ɢ Teachable Machine. ɋɬɢɜ ɋɨɥɢɧɝ 

ɢɫɩɨɥɶɡɭɟɬ Teachable Machine ɞɥɹ ɨɛɳɟɧɢɹ ɩɨ-ɧɨɜɨɦɭ, ɧɚɩɪɢɦɟɪ, ɢɫɩɨɥɶɡɭɟɬ 

ɥɢɰɟɜɵɟ ɠɟɫɬɵ ɞɥɹ ɡɚɩɭɫɤɚ ɡɜɭɤɨɜ. 

  Ɇɨɞɟɥɢ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ Teachable Machine, ɹɜɥɹɸɬɫɹ 

ɪɟɚɥɶɧɵɦɢ ɦɨɞɟɥɹɦɢ Tensorflow.js, ɤɨɬɨɪɵɟ ɪɚɛɨɬɚɸɬ ɜɟɡɞɟ, ɝɞɟ ɪɚɛɨɬɚɟɬ 

javascript, ɩɨɷɬɨɦɭ ɨɧɢ ɩɪɟɤɪɚɫɧɨ ɪɚɛɨɬɚɸɬ ɫ ɬɚɤɢɦɢ ɢɧɫɬɪɭɦɟɧɬɚɦɢ, ɤɚɤ 

Glitch, P5.js, Node.js ɢ ɞɪɭɝɢɦɢ [18]. 

  Ⱦɚɧɧɵɣ ɜɟɛ-ɫɟɪɜɢɫ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɵɦ ɜ ɩɨɧɢɦɚɧɢɢ, ɜ ɧɟɦ ɧɟ ɫɥɨɠɧɨ 

ɪɚɡɨɛɪɚɬɶɫɹ, ɧɨ ɨɧ ɬɚɤ ɠɟ ɦɨɠɟɬ ɫɬɚɬɶ ɧɟ ɞɨɫɬɭɩɧɵɦ ɜ ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢɹ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 

 

  2.5.3 Ȼɢɛɥɢɨɬɟɤɚ TensorFlow 

 

  TensorFlow – ɨɬɤɪɵɬɚɹ ɩɪɨɝɪɚɦɦɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɞɥɹ ɦɚɲɢɧɧɨɝɨ 

ɨɛɭɱɟɧɢɹ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɦɩɚɧɢɟɣ Google ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɨɫɬɪɨɟɧɢɹ ɢ 

ɬɪɟɧɢɪɨɜɤɢ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ ɰɟɥɶɸ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɧɚɯɨɠɞɟɧɢɹ ɢ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɛɪɚɡɨɜ, ɞɨɫɬɢɝɚɹ ɤɚɱɟɫɬɜɚ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɜɨɫɩɪɢɹɬɢɹ [19]. 

  Ɉɬɤɪɵɜ ɢɫɯɨɞɧɵɣ ɤɨɞ ɛɢɛɥɢɨɬɟɤɢ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ TensorFlow, ɜ 

Google ɭɩɪɨɫɬɢɥɢ ɩɪɨɰɟɫɫ ɩɨɫɬɪɨɟɧɢɹ ɢ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɫɥɨɠɧɵɯ ɧɟɣɪɨɧɧɵɯ 
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ɫɟɬɟɣ. TensorFlow ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɧɬɟɪɮɟɣɫɵ API 

ɞɥɹ ɹɡɵɤɨɜ Python ɢ C/C++, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɞɤɥɸɱɚɬɶɫɹ ɤ ɩɪɨɝɪɚɦɦɟ 

ɪɚɡɪɚɛɨɬɱɢɤɚ. TensorFlow ɡɚɦɟɬɧɨ ɭɩɪɨɳɚɸɬ ɜɫɬɪɚɢɜɚɧɢɟ ɜ ɩɪɢɥɨɠɟɧɢɹ 

ɫɚɦɨɨɛɭɱɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɮɭɧɤɰɢɣ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ, ɨɪɝɚɧɢɡɚɰɢɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 

ɡɪɟɧɢɹ ɢɥɢ ɨɛɪɚɛɨɬɤɢ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɹɡɵɤɚ [20]. TensorFlow ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜ 

64-ɛɢɬɧɵɯ ɫɢɫɬɟɦɚɯ, ɬɚɤɢɯ ɤɚɤ Ubuntu 16.04 ɢɥɢ ɛɨɥɟɟ ɩɨɡɞɧɹɹ ɜɟɪɫɢɹ, 

Windows 7 ɢɥɢ ɛɨɥɟɟ ɩɨɡɞɧɹɹ ɜɟɪɫɢɹ, macOS 10.12.6 (Sierra) ɢɥɢ ɧɨɜɟɟ (ɛɟɡ 

ɩɨɞɞɟɪɠɤɢ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɨɪɚ), Raspbian 9.0 ɢɥɢ ɩɨɡɞɧɹɹ ɜɟɪɫɢɹ [21].  

  ɂɫɯɨɞɹ ɢɡ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɯ ɪɚɧɟɟ ɫɩɨɫɨɛɨɜ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, 

ɜ ɤɚɱɟɫɬɜɟ ɪɟɚɥɢɡɚɰɢɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɚ ɜɵɛɪɚɧɚ ɛɢɛɥɢɨɬɟɤɚ TensorFlow. 

Ⱦɚɧɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɢɦɟɟɬ ɨɬɤɪɵɬɵɣ ɢɫɯɨɞɧɵɣ ɤɨɞ ɢ ɧɟ ɬɪɟɛɭɟɬ ɩɨɫɬɨɹɧɧɨɝɨ 

ɜɵɯɨɞɚ ɜ ɢɧɬɟɪɧɟɬ ɞɥɹ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. ɉɨɞɞɟɪɠɢɜɚɟɬ ɪɚɡɥɢɱɧɵɟ 

ɨɩɟɪɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ, ɱɬɨ ɭɩɪɨɳɚɟɬ ɪɟɚɥɢɡɚɰɢɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

 

 2.6 ȼɵɛɨɪ ɦɟɬɪɢɤ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

  

 ȼ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɛɵɥ ɫɨɡɞɚɧ ɦɚɤɟɬ ɬɪɭɛɵ, ɤɨɬɨɪɵɣ ɢɡɨɛɪɚɠɟɧ 

ɧɚ ɪɢɫɭɧɤɟ 8.  

 

 
 

Ɋɢɫɭɧɨɤ 8 – Ɇɚɤɟɬ ɬɪɭɛɵ 
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  ɂɡɜɟɫɬɧɨ ɦɧɨɠɟɫɬɜɨ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɞɟɮɟɤɬɨɜ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ. ȼ 

ɪɚɦɤɚɯ ȼɄɊ ɛɵɥɨ ɪɟɲɟɧɨ ɜɵɞɟɥɢɬɶ 5 ɫɢɬɭɚɰɢɣ ɜ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ 

ɪɨɛɨɬ: 4 ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɨɛɧɚɪɭɠɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ 

ɞɟɮɟɤɬɨɜ, ɚ ɨɞɧɚ ɫɢɬɭɚɰɢɹ ɛɟɡ ɞɟɮɟɤɬɨɜ.  

  Ⱦɥɹ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɛɵɥɨ ɫɞɟɥɚɧɨ ɧɟɫɤɨɥɶɤɨ ɫɨɬɟɧ 

ɢɡɨɛɪɚɠɟɧɢɣ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɫɢɬɭɚɰɢɣ, ɜ ɤɚɱɟɫɬɜɟ ɞɟɮɟɤɬɨɜ ɜɵɫɬɭɩɚɸɬ: 

ɧɚɥɢɱɢɟ ɤɚɦɧɹ ɜ ɬɪɭɛɟ, ɧɚɥɢɱɢɟ ɤɚɤɨɝɨ-ɥɢɛɨ ɦɭɫɨɪɚ, ɧɚɥɢɱɢɟ ɨɬɜɟɪɫɬɢɹ ɜ 

ɬɪɭɛɟ ɢ ɦɟɫɬɚ ɨɬɫɨɟɞɢɧɟɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ (ɫɬɵɤɢ). ɇɚ ɪɢɫɭɧɤɟ 9 ɫɥɟɜɚ-

ɧɚɩɪɚɜɨ ɢɡɨɛɪɚɠɟɧɵ ɞɟɮɟɤɬɵ: ɤɚɦɟɧɶ, ɦɭɫɨɪ, ɨɬɜɟɪɫɬɢɟ ɢ ɫɬɵɤ. 

 

 
 

Ɋɢɫɭɧɨɤ 9 – Ⱦɟɮɟɤɬɵ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ 

 

  Ɍɚɤɠɟ ɛɵɥɢ ɩɨɞɝɨɬɨɜɥɟɧɵ ɢɡɨɛɪɚɠɟɧɢɹ ɬɪɭɛɵ ɛɟɡ ɞɟɮɟɤɬɨɜ (ɪɢɫɭɧɨɤ 

10). 

 

 
 

Ɋɢɫɭɧɨɤ 10 – ɂɡɨɛɪɚɠɟɧɢɟ ɬɪɭɛɵ ɛɟɡ ɞɟɮɟɤɬɨɜ 
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  Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɭɞɟɬ ɩɪɨɰɟɧɬɧɨɟ 

ɫɨɨɬɧɨɲɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɟɮɟɤɬɚ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ. 

 

 2.7 Ɉɛɭɱɟɧɢɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

 

 Ɉɛɭɱɟɧɢɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɧɚ ɛɚɡɟ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 

Linux Mint ɜɟɪɫɢɢ 19.1 mate 64bit ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

Python ɢ ɛɢɛɥɢɨɬɟɤɢ TensorFlow. 

  ȼ ɞɚɧɧɨɣ ɜɟɪɫɢɢ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɭɠɟ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ Python 

2.7.15, ɩɨɷɬɨɦɭ ɬɪɟɛɨɜɚɥɚɫɶ ɭɫɬɚɧɨɜɤɚ ɜ ɬɟɪɦɢɧɚɥɟ Linux ɬɨɥɶɤɨ ɛɢɛɥɢɨɬɟɤɢ 

TensorFlow ɫ ɩɨɦɨɳɶɸ ɫɥɟɞɭɸɳɢɯ ɤɨɦɚɧɞ: 

 pip install --upgrade pip – ɩɨɡɜɨɥɹɟɬ ɨɛɧɨɜɢɬɶ ɦɟɧɟɞɠɟɪ ɩɚɤɟɬɨɜ 

Python, ɞɥɹ ɫɬɚɛɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɭɬɢɥɢɬ ɢ ɛɢɛɥɢɨɬɟɤ; 

 pip install tesnorflow – ɭɫɬɚɧɨɜɤɚ ɛɢɛɥɢɨɬɟɤɢ TensorFlow. 

 Ⱦɚɥɟɟ ɞɨɛɚɜɥɟɧ ɤɥɚɫɫɢɮɢɤɚɬɨɪ – ɷɬɨ ɢɧɫɬɪɭɦɟɧɬ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɩɨɧɢɦɚɬɶ, ɤ ɱɟɦɭ ɨɬɧɨɫɢɬɫɹ ɧɟɢɡɜɟɫɬɧɵɣ ɨɛɴɟɤɬ ɧɚ 

ɢɡɨɛɪɚɠɟɧɢɢ. Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ ɛɵɥ ɧɟɨɛɯɨɞɢɦ ɧɚɛɨɪ 

ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɢɡɨɛɪɚɠɟɧɢɣ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɮɨɬɨɝɪɚɮɢɢ ɞɟɦɨɧɫɬɪɚɰɢɨɧɧɨɣ ɬɪɭɛɵ ɫ ɧɚɥɢɱɢɟɦ ɪɚɡɧɨɝɨ 

ɪɨɞɚ ɞɟɮɟɤɬɨɜ. 

  Ʉɥɚɫɫɢɮɢɤɚɬɨɪ ɢ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚɯɨɞɹɬɫɹ ɜ ɨɞɧɨɣ ɩɚɩɤɟ ɩɨɞ ɧɚɡɜɚɧɢɟɦ 

pipe. ȼɧɭɬɪɢ ɩɚɩɤɢ pipe ɧɚɯɨɞɢɬɫɹ ɩɚɩɤɢ: 

 scripts – ɧɚɯɨɞɹɬɫɹ ɢɫɩɨɥɧɹɟɦɵɟ ɮɚɣɥɵ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ ɧɚ ɹɡɵɤɟ 

Python; 

 tf_file – ɯɪɚɧɹɬɫɹ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɞɚɧɧɵɟ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɟɬ ɧɟɣɪɨɧɧɚɹ 

ɫɟɬɶ ɜ ɩɪɨɰɟɫɫ ɨɛɭɱɟɧɢɹ; 

 defects_foto – ɢɡɨɛɪɚɠɟɧɢɹ ɞɟɮɟɤɬɨɜ ɬɪɭɛɨɩɪɨɜɨɞɚ. ȼɧɭɬɪɢ ɞɚɧɧɨɣ 

ɩɚɩɤɢ ɧɚɯɨɞɹɬɫɹ ɩɚɩɤɢ: a_rock (ɤɚɦɟɧɶ), garbage (ɦɭɫɨɪ), hole (ɨɬɜɟɪɫɬɢɟ), joint 
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(ɫɬɵɤ), purely (ɱɢɫɬɨ). ȼ ɞɚɧɧɵɯ ɩɚɩɤɚɯ ɧɚɯɨɞɹɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ 

ɞɟɮɟɤɬɨɜ.  

  ɉɨɫɥɟ ɷɬɨɝɨ ɛɵɥ ɡɚɩɭɳɟɧ ɩɪɨɰɟɫɫ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɞɥɹ ɚɧɚɥɢɡɚ 

ɤɚɪɬɢɧɨɤ ɢɡ ɩɚɩɤɢ defects_foto. Ⱦɥɹ ɷɬɨɝɨ ɜ ɬɟɪɦɢɧɚɥɟ ɛɵɥɚ ɩɪɨɩɢɫɚɧɚ 

ɫɥɟɞɭɸɳɚɹ ɤɨɦɚɧɞɚ:   

python scripts/retrain.py --output_graph=tf_files/retrained_graph.pb --

output_labels=tf_files/retrained_labels.txt --image_dir=tf_files/defects_foto  

  ȼ ɞɚɧɧɨɣ ɤɨɦɚɧɞɟ ɭɤɚɡɚɧɵ ɬɚɤɢɟ ɨɛɨɡɧɚɱɟɧɢɹ ɤɚɤ: 

 retrain.py – python-ɫɤɪɢɩɬ, ɤɨɬɨɪɵɣ ɨɬɜɟɱɚɟɬ ɡɚ ɡɚɩɭɫɤ ɩɪɨɰɟɫɫɚ 

ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ; 

 output_graph – ɫɨɡɞɚёɬ ɮɚɣɥ ɫ ɝɪɚɮɨɦ ɞɚɧɧɵɯ. Ȼɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɝɨ, ɱɬɨ ɧɚɯɨɞɢɬɫɹ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ; 

 output_labels – ɫɨɡɞɚɧɢɟ ɮɚɣɥɚ ɫ ɦɟɬɤɚɦɢ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɟɮɟɤɬɵ; 

 image_dir – ɩɭɬɶ ɤ ɩɚɩɤɟ, ɜ ɤɨɬɨɪɨɣ ɧɚɯɨɞɹɬɫɹ ɢɡɨɛɪɚɠɟɧɢɹ ɫ 

ɞɟɮɟɤɬɚɦɢ. 

  ȼ ɧɚɱɚɥɟ ɨɛɭɱɟɧɢɹ ɫɨɡɞɚɸɬɫɹ ɬɟɤɫɬɨɜɵɟ ɮɚɣɥɵ bottleneck, ɤɨɬɨɪɵɟ 

ɫɨɞɟɪɠɚɬ ɤɨɦɩɚɤɬɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɢɡɨɛɪɚɠɟɧɢɢ, ɞɥɹ ɥɭɱɲɟɝɨ ɫɱɢɬɵɜɚɧɢɹ 

ɢɧɮɨɪɦɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɞɥɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. ɇɚ ɪɢɫɭɧɤɟ 11 ɩɨɤɚɡɚɧ ɩɪɨɰɟɫɫ 

ɫɨɡɞɚɧɢɹ ɬɟɤɫɬɨɜɵɯ ɮɚɣɥɨɜ bottleneck. 
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Ɋɢɫɭɧɨɤ 11 – ɋɨɡɞɚɧɢɟ ɬɟɤɫɬɨɜɵɯ ɮɚɣɥɨɜ bottleneck 

 

  ɉɨɫɥɟ ɫɨɡɞɚɧɢɹ ɬɟɤɫɬɨɜɵɯ ɮɚɣɥɨɜ bottleneck ɧɚɱɢɧɚɟɬɫɹ ɩɪɨɰɟɫɫ 

ɨɛɭɱɟɧɢɹ (ɪɢɫɭɧɨɤ 12). 

 

 
 

Ɋɢɫɭɧɨɤ 12 – ɉɪɨɰɟɫɫ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 
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  ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɳɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɩɭɫɬɹ ɨɩɪɟɞɟɥёɧɧɵɣ 

ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɡɚɤɨɧɱɢɬ ɨɛɭɱɟɧɢɟ. Ɉɛɭɱɟɧɧɭɸ 

ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ 

ɧɚɥɢɱɢɟ ɞɟɮɟɤɬɨɜ. 

 

  2.8 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

 

  ɇɚ ɨɫɧɨɜɟ ɨɛɭɱɟɧɧɨɣ ɪɚɧɟɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɞɟɮɟɤɬɨɜ. 

  ȼɡɹɬɨ ɬɟɫɬɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɤɚɦɧɹ, ɤɨɬɨɪɨɟ ɢɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 13.  

 

 

 

Ɋɢɫɭɧɨɤ 13 – Ɍɟɫɬɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɤɚɦɧɹ 

 

   Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɫɦɨɝɥɚ ɪɚɫɩɨɡɧɚɬɶ, ɱɬɨ ɢɡɨɛɪɚɠɟɧɨ ɧɚ 

ɤɚɪɬɢɧɤɟ, ɬɟɫɬɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɦɟɳɟɧɨ ɜ ɩɚɩɤɭ defects_foto ɢ ɜ ɬɟɪɦɢɧɚɥɟ 

ɩɪɨɩɢɫɚɧɚ ɤɨɦɚɧɞɚ: python scripts/label_image.py. ɇɚ ɪɢɫɭɧɤɟ 14 ɩɨɤɚɡɚɧ 

ɪɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
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Ɋɢɫɭɧɨɤ 14 – Ɋɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

 

  ɂɡ ɪɟɡɭɥɶɬɚɬɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɢɞɧɨ, ɱɬɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɧɚ 98% 

ɪɚɫɩɨɡɧɚɥɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɤɚɦɟɧɶ, ɧɚ 0,8% ɪɚɫɩɨɡɧɚɥɚ ɨɬɜɟɪɫɬɢɟ, ɧɚ 0,6% 

ɪɚɫɩɨɡɧɚɥɚ ɦɭɫɨɪ, ɧɚ 0,02% ɪɚɫɩɨɡɧɚɥɚ ɫɬɵɤ ɢ ɬɨɥɶɤɨ ɧɚ 0,004% ɪɚɫɩɨɡɧɚɥɚ, 

ɱɬɨ ɜ ɬɪɭɛɟ ɧɟɬ ɧɢɤɚɤɢɯ ɞɟɮɟɤɬɨɜ. 

  Ⱦɚɥɟɟ ɜɡɹɬɨ ɫɥɟɞɭɸɳɟɟ ɬɟɫɬɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɧɚ ɤɨɬɨɪɨɣ ɢɡɨɛɪɚɠɟɧɨ 

ɨɬɜɟɪɫɬɢɟ ɜ ɬɪɭɛɟ (ɪɢɫɭɧɨɤ 15). 

 

 

 

Ɋɢɫɭɧɨɤ 15 – Ɍɟɫɬɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɨɬɜɟɪɫɬɢɹ 
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  ɇɚ ɪɢɫɭɧɤɟ 16 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

 

 
 

Ɋɢɫɭɧɨɤ 16 – Ɋɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

 

  ɂɡ ɪɟɡɭɥɶɬɚɬɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɢɞɧɨ, ɱɬɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɧɚ 99% 

ɪɚɫɩɨɡɧɚɥɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɨɬɜɟɪɫɬɢɟ, ɧɚ 0,4% ɪɚɫɩɨɡɧɚɥɚ ɫɬɵɤ, ɧɚ 0,1% 

ɪɚɫɩɨɡɧɚɥɚ ɦɭɫɨɪ, ɧɚ 0,01% ɪɚɫɩɨɡɧɚɥɚ ɤɚɦɟɧɶ ɢ ɬɨɥɶɤɨ ɧɚ 0,005% ɪɚɫɩɨɡɧɚɥɚ, 

ɱɬɨ ɜ ɬɪɭɛɟ ɧɟɬ ɧɢɤɚɤɢɯ ɞɟɮɟɤɬɨɜ. 

  ɉɨɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 4. 

 

Ɍɚɛɥɢɰɚ 4 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɇɨɦɟɪ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

a_rock, % hole, % purely, % garbage, % joint, % 

№1 98,1 0,55 0,022 1,24 0,003 
№2 99,6 0,056 0,002 0,19 0,055 
№3 0,029 0,029 0,001 99,9 0,001 
№4 0,001 0,001 0 99,9 0 
№5 0,35 98,5 0,006 0,74 0,35 
№6 0,65 99 0,02 0,1 0,13 
№7 0,03 0,1 0,04 0,04 99,7 
№8 0,04 0,5 0,007 0,03 99,4 
№9 0,09 0,009 99,6 0,2 0,008 
№10 0,9 10,3 78,3 4,7 5,5 

  

  ɂɡ ɬɚɛɥɢɰɵ 4 ɜɢɞɧɨ, ɱɬɨ ɨɛɭɱɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɫ ɡɚɞɚɱɟɣ 

ɫɩɪɚɜɥɹɟɬɫɹ. ȼ ɦɨɞɟɥɢɪɨɜɚɧɢɢ №1 ɢ №2 ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢɡɨɛɪɚɠɟɧɢɹ 

ɤɚɦɧɹ ɢ ɧɟɣɪɨɫɟɬɶ ɪɚɫɩɨɡɧɚɥɚ ɜɟɪɧɨ ɜ ɫɪɟɞɧɟɦ ɧɚ 98,85%. Ɍɚɤɠɟ ɜ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ №3 ɢ №4 ɜɟɪɧɨ ɪɚɫɩɨɡɧɚɥɚ ɦɭɫɨɪ ɧɚ 99,9%, ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 
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№5 ɢ №6 ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɢɡɨɛɪɚɠɟɧɢɟ ɨɬɜɟɪɫɬɢɹ, ɤɨɬɨɪɨɟ ɪɚɫɩɨɡɧɚɧɚ ɜ 

ɫɪɟɞɧɟɦ ɧɚ 98,75. ȼ ɦɨɞɟɥɢɪɨɜɚɧɢɢ №7 ɢ №8 ɜɟɪɧɨ ɪɚɫɩɨɡɧɚɧ ɫɬɵɤ ɧɚ 99,55%. 

ȼ ɫɥɭɱɚɟ ɫ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ №9 ɢ №10, ɧɟɣɪɨɫɟɬɶ ɪɚɫɩɨɡɧɚɥɚ ɜ ɫɪɟɞɧɟɦ ɧɚ 

88,95%, ɱɬɨ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɧɟɬ ɧɢɤɚɤɢɯ ɞɟɮɟɤɬɨɜ ɢ ɧɚ 10,3%, ɱɬɨ ɧɚ 

ɢɡɨɛɪɚɠɟɧɢɢ ɟɫɬɶ ɫɬɵɤ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɢɡɨɛɪɚɠɟɧɢɹ ɫɬɵɤɚ ɢ 

ɢɡɨɛɪɚɠɟɧɢɹ, ɝɞɟ ɧɟɬ ɧɢɤɚɤɢɯ ɞɟɮɟɤɬɨɜ, ɞɨɫɬɚɬɨɱɧɨ ɩɨɯɨɠɢ, ɱɬɨ ɛɵ ɧɟɣɪɨɧɧɚɹ 

ɫɟɬɶ ɫɦɨɝɥɚ ɪɚɫɩɨɡɧɚɬɶ ɢɯ ɛɥɢɠɟ ɤ 99%. 

 

  2.9 ȼɵɜɨɞɵ 

 

   Ɋɚɡɪɚɛɨɬɚɧ ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɫɨɫɬɚɜ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ 

ɡɦɟɟɜɢɞɧɵɦ ɪɨɛɨɬɨɦ ɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɫɢɫɬɟɦ. ɇɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ ɪɚɡɪɚɛɨɬɚɧɵ 

ɛɚɡɨɜɵɟ ɚɥɝɨɪɢɬɦɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɍɍ ɪɨɛɨɬɚ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ 

ɨɫɭɳɟɫɬɜɢɬɶ ɪɚɡɪɚɛɨɬɤɭ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. Ɉɩɪɟɞɟɥɟɧɨ, 

ɱɬɨ ɜ ɞɚɧɧɨɦ ɤɥɚɫɫɟ ɡɚɞɚɱ, ɚ ɢɦɟɧɧɨ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ 

ɧɚɢɛɨɥɶɲɢɣ ɷɮɮɟɤɬ ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɨɬ ɫɜɟɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 

 ȼɵɩɨɥɧɟɧ ɨɛɡɨɪ ɫɪɟɞɫɬɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɨɩɪɟɞɟɥёɧ ɢɧɫɬɪɭɦɟɧɬɚɪɢɣ 

ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. ɇɚ ɨɫɧɨɜɟ ɨɛɡɨɪɚ ɛɵɥɚ ɜɵɛɪɚɧɚ 

ɛɢɛɥɢɨɬɟɤɚ TensorFlow. 

 ɋ ɩɨɦɨɳɶɸ ɛɢɛɥɢɨɬɟɤɢ TensorFlow ɢ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python 

ɪɚɡɪɚɛɨɬɚɧɨ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɍɍ, ɫɨɡɞɚɧɚ 

ɩɪɨɝɪɚɦɦɧɚɹ ɦɨɞɟɥɶ.   

ȼ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɢɡɝɨɬɨɜɥɟɧɚ ɦɨɞɟɥɶ ɬɪɭɛɵ, ɨɩɪɟɞɟɥɟɧ ɪɹɞ 

ɞɟɮɟɤɬɨɜ ɞɥɹ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɞɟɦɨɧɫɬɪɚɬɨɪɚ ɢ ɩɨɥɭɱɟɧɵ ɬɟɫɬɨɜɵɟ 

ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. ɇɟɣɪɨɧɧɚɹ ɫɟɬɶ ɩɪɨɲɥɚ ɨɛɭɱɟɧɢɟ. 

ȼɵɩɨɥɧɟɧɚ ɨɬɪɚɛɨɬɤɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɲɟɧɢɣ ɢ ɩɪɨɝɪɚɦɦɧɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɛɭɱɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɜɟɪɧɨ 

ɪɚɫɩɨɡɧɚɟɬ ɞɟɮɟɤɬɵ ɜ ɬɪɭɛɟ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɟɞɩɨɥɚɝɚɟɦɚɹ ɧɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɩɨɫɨɛɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ, ɚɜɬɨɧɨɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɩɨɢɫɤɨɜɵɦ ɪɨɛɨɬɨɦ, ɜ ɨɫɧɨɜɭ ɤɨɬɨɪɨɝɨ ɩɨɥɨɠɟɧ ɩɪɢɧɰɢɩ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ 

ɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ, ɫ ɩɚɪɚɥɥɟɥɶɧɵɦ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟɦ 

ɚɧɨɦɚɥɢɣ ɩɨ ɞɚɧɧɵɦ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ, ɩɨɥɭɱɚɟɦɵɦ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ 

ɜɪɟɦɟɧɢ. 

 ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɢɥɢ ɩɟɪɟɣɬɢ ɤ ɜɵɛɨɪɭ ɤɨɦɩɨɧɟɧɬɨɜ ɢ 

ɫɛɨɪɤɟ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ. 
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 3 Ɋɚɡɪɚɛɨɬɤɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ 

 

  3.1 ȼɵɛɨɪ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ 
ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ 

   

  ɇɚ ɨɫɧɨɜɚɧɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ 

ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ (Ƚɥɚɜɚ 2), ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɜɵɛɨɪ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ. 

 

  3.1.1 ȼɵɛɨɪ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɝɨ ɹɞɪɚ 

 

  Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɝɥɚɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɟ ɹɞɪɨ, ɪɟɚɥɢɡɭɟɦɨɟ ɧɚ ɨɫɧɨɜɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɨɞɧɨɩɥɚɬɧɨɝɨ 

ɜɵɱɢɫɥɢɬɟɥɹ, ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɝɨ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ. 

  ȼɵɞɟɥɟɧɵ 2 ɤɚɬɟɝɨɪɢɢ ɩɥɚɬ: ɩɥɚɬɵ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ ɢ ɨɞɧɨɩɥɚɬɧɵɟ 

ɤɨɦɩɶɸɬɟɪɵ. Ɉɫɧɨɜɧɨɟ ɨɬɥɢɱɢɟ ɞɚɧɧɵɯ ɪɟɲɟɧɢɣ – ɷɬɨ ɧɚɥɢɱɢɟ ɢɥɢ 

ɨɬɫɭɬɫɬɜɢɟ ɪɟɠɢɦɚ ɦɧɨɝɨɡɚɞɚɱɧɨɫɬɢ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɞ 

ɭɩɪɚɜɥɟɧɢɟɦ Ɉɋ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɨɞɧɨɩɥɚɬɧɵɟ ɤɨɦɩɶɸɬɟɪɵ ɢɫɩɨɥɧɹɸɬ 

ɩɪɨɝɪɚɦɦɵ ɜ ɪɚɦɤɚɯ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ (ɱɚɳɟ ɜɫɟɝɨ Linux), ɨɛɥɚɞɚɸɬ 

ɛɨɥɶɲɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɢ ɲɢɪɨɤɢɦɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɦɢ 

ɜɨɡɦɨɠɧɨɫɬɹɦɢ [22]. Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɜɵɛɪɚɧɧɵɯ ɪɟɲɟɧɢɣ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5 [23]. 

 

Ɍɚɛɥɢɰɚ 5 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɬɚɛɥɢɰɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɢ ɨɞɧɨɩɥɚɬɧɵɯ 

ɤɨɦɩɶɸɬɟɪɨɜ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ Ɉɞɧɨɩɥɚɬɧɵɣ ɤɨɦɩɶɸɬɟɪ 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 1 ɹɞɪɨ, 

ɞɟɫɹɬɤɢ-ɫɨɬɧɢ ɆȽɰ, 
ɞɟɫɹɬɤɢ ɄȻ ɨɩɟɪɚɬɢɜɤɢ, 
ɞɟɫɹɬɤɢ-ɫɨɬɧɢ ɄȻ 
ɩɨɫɬɨɹɧɧɨɣ ɩɚɦɹɬɢ 

1 ɢɥɢ ɛɨɥɟɟ ɹɞɟɪ, 
ɫɨɬɧɢ-ɬɵɫɹɱɢ ɆȽɰ, 
ɫɨɬɧɢ ɆȻ ɨɩɟɪɚɬɢɜɤɢ, 
ɝɢɝɚɛɚɣɬɵ ɩɨɫɬɨɹɧɧɨɣ 
ɩɚɦɹɬɢ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 5 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ Ɉɞɧɨɩɥɚɬɧɵɣ ɤɨɦɩɶɸɬɟɪ 
Ɇɧɨɝɨɡɚɞɚɱɧɨɫɬɶ ɇɟɬ, ɧɨ ɦɨɠɧɨ 

ɷɦɭɥɢɪɨɜɚɬɶ 
Ⱦɚ, ɭɩɪɚɜɥɹɟɬɫɹ Ɉɋ 

ɂɧɬɟɪɧɟɬ Ɉɛɵɱɧɨ ɧɭɠɧɵ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɨɞɭɥɢ 
ɢ ɝɥɭɛɨɤɨɟ ɡɧɚɧɢɟ 
ɩɪɨɬɨɤɨɥɨɜ 

Ʌɟɝɤɨ ɩɨɞɤɥɸɱɚɟɬɫɹ ɢɡ 
ɤɨɪɨɛɤɢ, ɫɟɬɟɜɨɣ ɦɨɞɭɥɶ 
ɨɛɵɱɧɨ ɭɠɟ ɧɚ ɛɨɪɬɭ 

Ɋɚɛɨɬɚ ɨɬ ɛɚɬɚɪɟɟɤ ɉɨɬɪɟɛɥɹɟɬ ɟɞɢɧɢɰɵ-
ɞɟɫɹɬɤɢ ɦȺ. ȼɨɡɦɨɠɧɵ 
ɧɟɞɟɥɢ ɪɚɛɨɬɵ ɨɬ 
ɛɚɬɚɪɟɟɤ 

ɉɨɬɪɟɛɥɹɟɬ ɫɨɬɧɢ-ɬɵɫɹɱɢ 
ɦȺ. Ɂɚɪɹɞɚ ɛɨɥɶɲɨɝɨ 
ɚɤɤɭɦɭɥɹɬɨɪɚ ɯɜɚɬɢɬ ɨɬ 
ɫɢɥɵ ɧɚ ɞɟɫɹɬɨɤ ɱɚɫɨɜ 

əɡɵɤɢ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

Ɉɝɪɚɧɢɱɟɧɧɵɣ. ɑɚɳɟ 
C/C++ 

Python, JavaScript, Bash ɢ 
ɞɟɫɹɬɤɢ ɞɪɭɝɢɯ: ɥɸɛɵɟ 
ɞɨɫɬɭɩɧɵɟ ɜ Ɉɋ 

Ɋɚɛɨɬɚ ɫ ɜɢɞɟɨ, 
ɤɨɦɩɶɸɬɟɪɧɨɟ 
ɡɪɟɧɢɟ 

ɇɟ ɯɜɚɬɢɬ ɦɨɳɧɨɫɬɢ OpenCV, ɚɩɩɚɪɚɬɧɵɟ 
ɜɢɞɟɨɤɨɞɟɤɢ, HDMI-
ɜɵɯɨɞ 

 

  Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɜɵɛɪɚɧ ɨɞɧɨɩɥɚɬɧɵɣ ɤɨɦɩɶɸɬɟɪ. Ɉɧ 

ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɪɚɛɨɬɚɬɶ ɫ ɜɢɞɟɨ, ɧɨ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɢɛɥɢɨɬɟɤɭ OpenCV 

(ɛɢɛɥɢɨɬɟɤɚ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɫ ɨɬɤɪɵɬɵɦ ɢɫɯɨɞɧɵɦ ɤɨɞɨɦ). Ʉɪɨɦɟ 

ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɧɚɩɪɢɦɟɪ, Python, ɤɨɬɨɪɵɣ ɯɨɪɨɲɨ 

ɡɚɪɟɤɨɦɟɧɞɨɜɚɥ ɫɟɛɹ ɜ ɨɛɥɚɫɬɢ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. 

  ȼ ɤɚɱɟɫɬɜɟ ɨɞɧɨɩɥɚɬɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ ɛɵɥ ɜɵɛɪɚɧ Raspberry Pi 3 model 

B – ɨɞɧɨɩɥɚɬɧɵɣ ɤɨɦɩɶɸɬɟɪ ɫ ɩɨɞɞɟɪɠɤɨɣ ɛɟɫɩɪɨɜɨɞɧɨɣ ɥɨɤɚɥɶɧɨɣ ɫɟɬɢ ɢ 

Bluetooth (Ɋɢɫɭɧɨɤ 17). 

 

 
 

Ɋɢɫɭɧɨɤ 17 – Ɉɞɧɨɩɥɚɬɧɵɣ ɤɨɦɩɶɸɬɟɪ Raspberry Pi 3 model B 
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  Ⱦɚɧɧɵɣ ɨɞɧɨɩɥɚɬɧɵɣ ɤɨɦɩɶɸɬɟɪ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

 4-ɯɴɹɞɟɪɧɵɣ ɩɪɨɰɟɫɫɨɪ 1,2 ȽȽɰ Broadcom BCM2837 64-ɛɢɬɧɵɣ ɩɪɨɰɟɫɫɨɪ; 

 1 ȽȻ ɈɁɍ; 

 Ȼɟɫɩɪɨɜɨɞɧɚɹ ɥɨɤɚɥɶɧɚɹ ɫɟɬɶ BCM43438 ɢ Bluetooth Low Energy (BLE); 

 100 ɛɚɡɨɜɵɯ ɫɟɬɟɣ Ethernet; 

 40-ɤɨɧɬɚɤɬɧɵɣ ɭɞɥɢɧɟɧɧɵɣ GPIO; 

 4 ɩɨɪɬɚ USB 2; 

 4-ɩɨɥɸɫɧɵɣ ɫɬɟɪɟɨɜɵɯɨɞ ɢ ɤɨɦɩɨɡɢɬɧɵɣ ɜɢɞɟɨɩɨɪɬ; 

 ɉɨɥɧɨɪɚɡɦɟɪɧɵɣ HDMI; 

 ɉɨɪɬ ɤɚɦɟɪɵ CSI ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɤɚɦɟɪɵ Raspberry Pi; 

 ɉɨɪɬ ɞɢɫɩɥɟɹ DSI ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɫɟɧɫɨɪɧɨɝɨ ɞɢɫɩɥɟɹ Raspberry Pi; 

 ɉɨɪɬ Micro SD ɞɥɹ ɡɚɝɪɭɡɤɢ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɢ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ; 

 ɂɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ Micro USB ɞɨ 2,5 Ⱥ [24]. 

 

  3.1.2 ȼɵɛɨɪ ɜɢɞɟɨɤɚɦɟɪɵ ɞɥɹ ɨɞɧɨɩɥɚɬɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ 

 

Ⱥɧɚɥɢɡ ɪɵɧɤɚ ɩɨɡɜɨɥɢɥ ɨɩɪɟɞɟɥɢɬɶ ɦɨɞɟɥɶ ɜɢɞɟɨɤɚɦɟɪɵ - RPi Camera 

(B) – ɷɬɨ ɤɚɦɟɪɚ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦ ɮɨɤɭɫɨɦ ɞɥɹ ɨɞɧɨɩɥɚɬɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ 

Raspberry Pi (Ɋɢɫɭɧɨɤ 18). Ʉɚɦɟɪɚ ɫɨɜɦɟɫɬɢɦɚ ɫɨ ɜɫɟɦɢ ɜɟɪɫɢɹɦɢ 

ɦɢɧɢɤɨɦɩɶɸɬɟɪɚ. 

 

 
 

Ɋɢɫɭɧɨɤ 18 – Ʉɚɦɟɪɚ RPi Camera (B) 
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  Ʉɚɦɟɪɚ RPi Camera (B) ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ:  

 ɋɟɧɫɨɪ 5 megapixel OV5647; 

 Ɋɚɡɦɟɪ CCD: 1/4-ɞɸɣɦɚ; 

 Ⱦɢɚɮɪɚɝɦɚ (F): 2.0; 

 Ɏɨɤɭɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ: 6ɦɦ (ɪɟɝɭɥɢɪɭɟɦɨɟ); 

 Ⱦɢɚɝɨɧɚɥɶ: 75.7 ɝɪɚɞɭɫɨɜ; 

 Ʌɭɱɲɟɟ ɪɚɡɪɟɲɟɧɢɟ ɫɟɧɫɨɪɚ: 1080p; 

 Ɋɚɡɦɟɪɵ: 32 ɯ 32ɦɦ [25]. 

 

  3.1.3 ȼɵɛɨɪ ɞɚɬɱɢɤɚ ɩɪɟɩɹɬɫɬɜɢɣ 

 

  Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɞɥɹ ɤɨɧɬɪɨɥɹ ɧɚɥɢɱɢɹ ɩɪɟɩɹɬɫɬɜɢɣ ɧɚ ɩɭɬɢ ɪɨɛɨɬɚ 

ɧɟɨɛɯɨɞɢɦɨ ɤɚɤ ɦɢɧɢɦɭɦ ɞɜɚ ɫɩɟɰɢɚɥɶɧɵɯ ɞɚɬɱɢɤɚ. ɐɢɮɪɨɜɨɣ ɢɧɮɪɚɤɪɚɫɧɵɣ 

ɞɚɬɱɢɤ ɩɪɟɩɹɬɫɬɜɢɣ YL-63 (ɪɢɫɭɧɨɤ 19) ɩɪɢɦɟɧɹɟɬɫɹ ɬɨɝɞɚ, ɤɨɝɞɚ ɧɭɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɧɚɥɢɱɢɟ ɨɛɴɟɤɬɚ, ɚ ɬɨɱɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɨɛɴɟɤɬɚ ɡɧɚɬɶ 

ɧɟɨɛɹɡɚɬɟɥɶɧɨ. Ⱦɚɬɱɢɤ ɫɨɫɬɨɢɬ ɢɡ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɢɡɥɭɱɚɬɟɥɹ ɢ 

ɮɨɬɨɩɪɢɟɦɧɢɤɚ. Ɉɧ ɩɨɫɬɪɨɟɧ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɚɪɚɬɨɪɚ LM393, ɤɨɬɨɪɵɣ ɜɵɞɚɟɬ 

ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞ ɩɨ ɩɪɢɧɰɢɩɭ: ɨɛɧɚɪɭɠɟɧɨ ɩɪɟɩɹɬɫɬɜɢɟ – ɥɨɝɢɱɟɫɤɢɣ 

ɭɪɨɜɟɧɶ HIGH, ɧɟ ɨɛɧɚɪɭɠɟɧɨ – ɥɨɝɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ LOW, ɞɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ 

ɩɨɤɚɡɵɜɚɟɬ ɢ ɧɚɯɨɞɹɳɢɣɫɹ ɧɚ ɞɚɬɱɢɤɟ ɤɪɚɫɧɵɣ ɫɜɟɬɨɞɢɨɞ. ɉɨɪɨɝɨɜɨɟ 

ɡɧɚɱɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɧɚɫɬɪɨɣɤɢ ɞɚɬɱɢɤɚ ɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɦɨɞɭɥɟ ɩɨɬɟɧɰɢɨɦɟɬɪɚ. 

 

 
 

Ɋɢɫɭɧɨɤ 19 – ɂɧɮɪɚɤɪɚɫɧɵɣ ɞɚɬɱɢɤ ɩɪɟɩɹɬɫɬɜɢɣ YL-63 
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  ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɞɚɬɱɢɤɚ 

ɩɪɟɩɹɬɫɬɜɢɣ YL-63: 

 ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ: 3.3–5 ȼ; 

 Ʉɨɦɩɚɪɚɬɨɪ: LM393; 

 Ɋɚɫɫɬɨɹɧɢɟ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɟɩɹɬɫɬɜɢɣ: 2 – 30 ɫɦ; 

 ɗɮɮɟɤɬɢɜɧɵɣ ɭɝɨɥ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɟɩɹɬɫɬɜɢɣ: 35°; 

 ɉɨɬɟɧɰɢɨɦɟɬɪ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ; 

 ɋɜɟɬɨɞɢɨɞ ɢɧɞɢɤɚɰɢɢ ɩɢɬɚɧɢɹ; 

 ɋɜɟɬɨɞɢɨɞ ɢɧɞɢɤɚɰɢɢ ɫɪɚɛɚɬɵɜɚɧɢɹ; 

 Ɋɚɡɦɟɪɵ: 43 ɯ 16 ɯ 7 ɦɦ [26]. 

 

  3.1.4 ȼɵɛɨɪ ɦɨɬɨɪɚ ɢ ɤɨɥɟɫ ɞɥɹ ɩɟɪɟɞɜɢɠɟɧɢɹ ɪɨɛɨɬɚ 

 

  Ɇɨɬɨɪ-ɪɟɞɭɤɬɨɪ – ɦɨɬɨɪ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɨɞɜɢɠɧɵɯ ɩɥɚɬɮɨɪɦ (ɪɨɛɨɬɨɜ, 

ɪɚɞɢɨɭɩɪɚɜɥɹɟɦɵɯ ɦɨɞɟɥɟɣ) (Ɋɢɫɭɧɨɤ 20). ɏɨɪɨɲɨ ɫɨɜɦɟɫɬɢɦ ɫ ɤɨɥɟɫɚɦɢ ɞɥɹ 

ɪɨɛɨɬɨɜ (Ɋɢɫɭɧɨɤ 21). 

 

 
 

Ɋɢɫɭɧɨɤ 20 – Ɇɨɬɨɪ-ɪɟɞɭɤɬɨɪ 900 

 

  Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɬɨɪɚ-ɪɟɞɭɤɬɨɪɚ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ: 

 Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ: 3-12 ȼ; 

 ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ: 6 ȼ; 

 Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ: 0.8 ɤɝ/ɫɦ (3 ȼ); 

 ɉɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ: 1:48; 
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 Ɋɚɡɦɟɪ: 53ɯ47ɯ22 ɦɦ; 

 ȼɟɫ: 30 ɝ [27]. 

 

 
 

Ɋɢɫɭɧɨɤ 21 – Ʉɨɥɟɫɨ ɞɥɹ ɪɨɛɨɬɚ 

 

  3.1.5 ȼɵɛɨɪ ɩɥɚɬɮɨɪɦɵ ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ 

 

  Ⱦɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɜɵɛɪɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ 

ɫɩɟɰɢɚɥɶɧɭɸ ɩɥɚɬɮɨɪɦɭ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɡɚɤɪɟɩɢɬɶ ɢ ɪɚɫɩɨɥɨɠɢɬɶ ɜɫɟ 

ɷɥɟɦɟɧɬɵ. Ⱦɥɹ ɬɚɤɨɣ ɰɟɥɢ ɩɨɞɯɨɞɢɬ ɩɥɚɬɮɨɪɦɚ AlphaBot – ɷɬɨ ɩɥɚɬɮɨɪɦɚ ɞɥɹ 

ɫɨɡɞɚɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɫɨɜɦɟɫɬɢɦɚɹ ɫ Raspberry Pi ɢ Arduino (Ɋɢɫɭɧɨɤ 

22). 

 

 
 

Ɋɢɫɭɧɨɤ 22 – ɉɥɚɬɮɨɪɦɚ AlphaBot 

 

  Ɉɫɨɛɟɧɧɨɫɬɢ ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 
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 Raspberry Pi/Arduino ɢɧɬɟɪɮɟɣɫɵ, ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɫɪɚɡɭ ɫ ɞɜɭɦɹ 

ɩɥɚɬɮɨɪɦɚɦɢ; 

 Arduino ɪɚɡɴɟɦ ɪɚɫɲɢɪɟɧɢɹ, ɩɨɞɞɟɪɠɢɜɚɟɬ Shields; 

 Ɇɨɞɭɥɶɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ, ɩɪɨɫɬɨɟ ɩɨɞɤɥɸɱɟɧɢɟ ɞɚɬɱɢɤɨɜ; 

 LM298P ɞɪɚɣɜɟɪ ɞɜɢɝɚɬɟɥɟɣ ɫ ɞɢɨɞɧɨɣ ɫɯɟɦɨɣ ɡɚɳɢɬɵ, ɞɥɹ ɛɨɥɶɲɟɣ 

ɛɟɡɨɩɚɫɧɨɫɬɢ; 

 LM2596 ɪɟɝɭɥɹɬɨɪ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɬɚɛɢɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 5ȼ 

ɞɥɹ Raspberry Pi ɢ Arduino; 

 TLC1543 Ⱥɐɉ, ɩɨɡɜɨɥɹɟɬ Raspberry Pi ɪɚɛɨɬɚɬɶ ɫ ɚɧɚɥɨɝɨɜɵɦɢ ɞɚɬɱɢɤɚɦɢ 

[28]. 

  Ⱦɥɹ ɪɚɛɨɬɵ ɞɚɧɧɨɣ ɩɥɚɬɮɨɪɦɵ ɧɟɨɛɯɨɞɢɦɨ ɞɜɚ ɚɤɤɭɦɭɥɹɬɨɪɚ Li -ion, 

2400 mAh, 3.7V (Ɋɢɫɭɧɨɤ 23), ɤɨɬɨɪɵɟ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ 

ɮɨɧɚɪɹɯ ɢ ɞɪɭɝɢɯ ɭɫɬɪɨɣɫɬɜɚɯ ɫ ɜɵɫɨɤɢɦ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɦ. 

 

 
 

Ɋɢɫɭɧɨɤ 23 – Ⱥɤɤɭɦɭɥɹɬɨɪɵ  

 

  3.1.6 ȼɵɛɨɪɚ ɫɟɪɜɨɩɪɢɜɨɞɨɜ ɞɥɹ ɩɨɜɨɪɨɬɚ ɤɚɦɟɪɵ 

 

 ɉɨɜɨɪɨɬɵ ɤɚɦɟɪɵ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɚɪɚ ɫɟɪɜɨɩɪɢɜɨɞɨɜ TowerPro 

SG90 – ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɩɪɢɛɨɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɦɨɬɨɪɚ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, 

ɪɟɞɭɤɬɨɪɚ ɢ ɭɩɪɚɜɥɹɸɳɟɣ ɷɥɟɤɬɪɨɧɢɤɢ. ȼɵɯɨɞɧɨɣ ɜɚɥ ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚ 
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ɡɚɞɚɜɚɟɦɵɣ ɭɝɨɥ 180° – ɩɨ 90° ɜ ɤɚɠɞɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ɇɚ ɪɢɫɭɧɤɟ 24 

ɢɡɨɛɪɚɠɟɧ ɜɧɟɲɧɢɣ ɜɢɞ ɫɟɪɜɨɩɪɢɜɨɞɚ TowerPro SG90. 

 

 
 

Ɋɢɫɭɧɨɤ 24 – ɋɟɪɜɨɩɪɢɜɨɞ TowerPro SG90 

 

  ɋɟɪɜɨɩɪɢɜɨɞ Tower Pro SG90 ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɩɨɜɨɪɨɬɚ ɞɟɬɚɥɟɣ 

ɪɚɡɥɢɱɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. Ȼɥɚɝɨɞɚɪɹ ɪɟɞɭɤɬɨɪɭ ɧɚ ɜɵɯɨɞɧɨɦ ɜɚɥɭ ɪɚɡɜɢɜɚɟɬɫɹ 

ɭɫɢɥɢɟ ɞɨɫɬɚɬɨɱɧɨɟ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɩɨɞɜɢɠɧɵɯ ɪɨɛɨɬɚɯ. ɇɢɡɤɚɹ ɫɤɨɪɨɫɬɶ 

ɩɨɜɨɪɨɬɚ ɜɚɥɚ ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɬɨɱɧɨ ɩɨɥɭɱɢɬɶ ɬɪɟɛɭɟɦɵɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ. 

  Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɟɪɜɨɩɪɢɜɨɞɚ Tower Pro SG90: 

 ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɟ: 4,5 – 5,5ȼ 

 Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ: 1Ⱥ 

 Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ: 1,8 ɤɢɥɨɝɪɚɦɦ/ɫɚɧɬɢɦɟɬɪ 

 Ɍɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɪɚɛɨɬɟ: 0 – 55 °ɋ 

 Ⱦɥɢɧɚ ɠɝɭɬɚ: 230 ɦɦ [29]. 

 

  3.2 ɋɛɨɪɤɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ 

 

  ȼ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɛɵɥ ɫɨɛɪɚɧ ɦɚɤɟɬ ɜɟɞɭɳɟɣ ɫɟɤɰɢɢ ɪɨɛɨɬɚ ɢɡ 

ɪɚɧɟɟ ɜɵɛɪɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ (Ɋɢɫɭɧɨɤ 25). 
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Ɋɢɫɭɧɨɤ 25 – Ɇɚɤɟɬ ɜɟɞɭɳɟɣ ɫɟɤɰɢɢ ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ 

 

  ɋɨɛɪɚɧɧɵɣ ɦɚɤɟɬ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ:  

 Ɉɞɧɨɩɥɚɬɧɵɣ ɤɨɦɩɶɸɬɟɪ Raspberry Pi 3 model B – ɩɨɡɜɨɥɹɟɬ ɭɩɪɚɜɥɹɬɶ 

ɜɫɟɦɢ ɫɨɫɬɚɜɥɹɸɳɢɦɢ ɫɢɫɬɟɦɵ; 

 ȼɢɞɟɨɤɚɦɟɪɚ RPi Camera (B) – ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɫɴɟɦɤɢ ɮɨɬɨɝɪɚɮɢɣ ɩɪɢ 

ɩɟɪɟɞɜɢɠɟɧɢɢ ɪɨɛɨɬɚ; 

 Ⱦɜɚ ɫɟɪɜɨɩɪɢɜɨɞɚ, ɤɨɬɨɪɵɟ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɨɜɨɪɨɬ ɤɚɦɟɪɵ ɤɚɤ ɩɨ 

ɝɨɪɢɡɨɧɬɚɥɢ, ɬɚɤ ɢ ɩɨ ɜɟɪɬɢɤɚɥɢ; 

 Ⱦɜɚ ɰɢɮɪɨɜɨɝɨ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɞɚɬɱɢɤɚ ɩɪɟɩɹɬɫɬɜɢɣ YL-63 – ɫɥɭɠɢɬ ɞɥɹ 

ɤɨɧɬɪɨɥɹ ɧɚɥɢɱɢɹ ɩɪɟɩɹɬɫɬɜɢɹ ɧɚ ɩɭɬɢ ɪɨɛɨɬɚ; 

 Ⱦɜɚ ɦɨɬɨɪɚ-ɪɟɞɭɤɬɨɪɚ ɧɚ ɤɨɬɨɪɵɯ ɡɚɤɪɟɩɥɟɧɵ ɩɨ ɞɜɚ ɤɨɥɟɫɚ ɧɟɨɛɯɨɞɢɦɵ 

ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɟɪɟɞɜɢɠɟɧɢɹ ɪɨɛɨɬɚ; 

 ɉɥɚɬɮɨɪɦɚ AlphaBot – ɧɚ ɞɚɧɧɨɣ ɩɥɚɬɮɨɪɦɟ ɪɚɡɦɟɳɟɧɵ ɢ ɡɚɤɪɟɩɥɟɧɵ ɜɫɟ 

ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ ɪɨɛɨɬɚ; 

 Ⱦɜɟ ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ. 
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  3.3 ȼɵɜɨɞɵ 

 

  Ɋɟɲɟɧɚ ɡɚɞɚɱɚ ɜ ɜɵɛɨɪɟ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ 

ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ. Ɍɚɤ ɜ ɫɨɫɬɚɜ ɦɚɤɟɬɚ ɜɟɞɭɳɟɣ ɫɟɤɰɢɢ ɪɨɛɨɬɚ ɜɯɨɞɹɬ: 

 Ɉɞɧɨɩɥɚɬɧɵɣ ɤɨɦɩɶɸɬɟɪ Raspberry Pi 3 model B; 

 ȼɢɞɟɨɤɚɦɟɪɚ RPi Camera (B); 

 Ⱦɜɚ ɫɟɪɜɨɩɪɢɜɨɞɨɜ; 

 Ⱦɜɚ ɰɢɮɪɨɜɵɯ ɢɧɮɪɚɤɪɚɫɧɵɯ ɞɚɬɱɢɤɨɜ ɩɪɟɩɹɬɫɬɜɢɣ YL-63; 

 Ⱦɜɚ ɦɨɬɨɪɚ-ɪɟɞɭɤɬɨɪɚ ɧɚ ɤɨɬɨɪɵɯ ɡɚɤɪɟɩɥɟɧɵ ɩɨ ɞɜɚ ɤɨɥɟɫɚ; 

 ɉɥɚɬɮɨɪɦɚ AlphaBot; 

 Ⱦɜɟ ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɢɡ ɫɨɫɬɚɜɚ ɦɚɤɟɬɚ ɪɚɡɪɚɛɨɬɚɧɵ ɬɟɫɬɨɜɵɟ 

ɩɪɨɝɪɚɦɦɵ ɢ ɞɪɚɣɜɟɪɚ ɧɢɠɧɟɝɨ ɭɪɨɜɧɹ, ɚ ɬɚɤɠɟ ɜɵɩɨɥɧɟɧɚ ɨɬɪɚɛɨɬɤɚ 

ɫɨɩɪɹɠɟɧɢɹ ɭɫɬɪɨɣɫɬɜ ɫ Ɇə. ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɩɟɪɟɣɬɢ ɤ ɪɚɡɪɚɛɨɬɤɟ 

ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɦɚɤɟɬɚ ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ. 
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4 Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ 
ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ 

 

4.1 Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ 

 

ɉɟɪɟɞ ɪɚɡɪɚɛɨɬɤɨɣ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɥɚɛɨɪɚɬɨɪɧɨɝɨ 

ɦɚɤɟɬɚ ɫɨɫɬɚɜɥɟɧ ɚɥɝɨɪɢɬɦ ɜ ɜɢɞɟ ɛɥɨɤ-ɫɯɟɦ. Ɉɛɳɢɣ ɚɥɝɨɪɢɬɦ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɪɨɛɨɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɥɟɞɭɸɳɟɟ: 

1. Ⱦɜɢɠɟɧɢɟ ɪɨɛɨɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɞɜɭɯ ɦɨɬɨɪɨɜ-

ɪɟɞɭɤɬɨɪɨɜ. 

2. Ⱦɚɥɟɟ ɜɢɞɟɨɤɚɦɟɪɚ ɞɟɥɚɟɬ ɫɧɢɦɨɤ ɩɨɥɨɫɬɢ ɬɪɭɛɨɩɪɨɜɨɞɚ. 

3. ɋɞɟɥɚɧɧɵɣ ɫɧɢɦɨɤ ɩɟɪɟɞɚɟɬɫɹ ɜ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɧɚɥɢɱɢɹ ɞɟɮɟɤɬɨɜ 

4. ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɢ ɪɟɡɭɥɶɬɚɬɵ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ 

ɩɚɦɹɬɶ ɭɫɬɪɨɣɫɬɜɚ. 

 ɇɚ ɪɢɫɭɧɤɟ 26 ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɳɢɣ ɚɥɝɨɪɢɬɦ ɞɜɢɠɟɧɢɹ ɪɨɛɨɬɚ ɜ ɪɟɠɢɦɟ 

ɨɛɴɟɡɞɚ ɩɪɟɩɹɬɫɬɜɢɣ. 
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ɇɚɱɚɥɨ

ɉɨɞɚɱɚ ɩɢɬɚɧɢɹ

Ⱦɜɢɠɟɧɢɟ ɜɩɟɪɟɞ

ɉɪɟɩɹɬɫɬɜɢɟ 
ɫɩɟɪɟɞɢ?

Ⱦɜɢɠɟɧɢɟ ɧɚɡɚɞ

ɉɨɜɨɪɨɬ ɜɥɟɜɨ

ȿɫɬɶ ɩɢɬɚɧɢɟ?

ɉɪɟɩɹɬɫɬɜɢɟ ɫɩɪɚɜɚ?

ɇɟɬ

ɉɨɜɨɪɨɬ ɜɥɟɜɨ

Ⱦɚ ɇɟɬ

ɇɟɬ

Ⱦɚ

Ⱦɚ

ɉɪɟɩɹɬɫɬɜɢɟ ɫɥɟɜɚ?

ɉɨɜɨɪɨɬ ɜɩɪɚɜɨ

Ⱦɚ ɇɟɬ

Ʉɨɧɟɰ
 

 

Ɋɢɫɭɧɨɤ 26 – Ȼɥɨɤ-ɫɯɟɦɚ ɞɜɢɠɟɧɢɹ ɪɨɛɨɬɚ 

 

ɇɚ ɪɢɫɭɧɤɟ 27 ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɳɢɣ ɚɥɝɨɪɢɬɦ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɍɍ ɜ 

ɪɟɠɢɦɟ ɨɛɧɚɪɭɠɟɧɢɹ ɞɟɮɟɤɬɨɜ. 
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ɇɚɱɚɥɨ

ɋɧɢɦɨɤ ɫ ɜɢɞɟɨɤɚɦɟɪɵ

Ⱦɚ

ɉɟɪɟɞɚɱɚ ɫɧɢɦɤɚ ɜ 
ɧɟɣɪɨɫɟɬɶ

Ɉɛɪɚɛɨɬɤɚ ɫɧɢɦɤɚ 
ɧɟɣɪɨɫɟɬɶɸ

ȿɫɬɶ ɞɟɮɟɤɬ?
ɇɟɬ

ɍɞɚɥɟɧɢɟ ɫɧɢɦɤɚ ɫ 
ɩɚɦɹɬɢ ɭɫɬɪɨɣɫɬɜɚ

Ʉɨɧɟɰ

ɉɟɪɟɢɦɟɧɨɜɚɬɶ ɫɧɢɦɨɤ 
ɜ ɧɚɡɜɚɧɢɟ ɞɟɮɟɤɬɚ ɢ 

ɫɨɯɪɚɧɢɬɶ

Ⱦɟɮɟɤɬ ɢɡɜɟɫɬɧɵɣ?

ɉɟɪɟɢɦɟɧɨɜɚɬɶ ɫɧɢɦɨɤ 
ɜ ɧɨɜɨɟ ɧɚɡɜɚɧɢɟ ɢ 

ɫɨɯɪɚɧɢɬɶ

ɇɟɬ Ⱦɚ

На ̛̭̦̥ке ̦ет 
де̴екта ̭ 
ве̬о́т̦о̭т̽̀ >=60%, 

то удал̛т̽ ̛̭̦̥ок ̭ 
у̭т̬о̭тва На ̛̭̦̥ке ̛̚ве̭т̦̼̜ 

де̴екта ̭ 
ве̬о́т̦о̭т̽̀ >=60%, 

то ̭о̵̬а̛̦т̽ ̛̭̦̥ок 
̦а у̭т̬о̜̭тве

 

 

Ɋɢɫɭɧɨɤ 27 – Ȼɥɨɤ-ɫɯɟɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɞɟɮɟɤɬɨɜ 

 

4.2 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

 

Ɋɟɚɥɢɡɚɰɢɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɍɍ, ɜ ɜɢɞɟ ɜɫɬɪɨɟɧɧɨɝɨ ɉɈ ɞɥɹ 

ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬ ɪɚɛɨɬɚ, ɜɵɩɨɥɧɟɧɨ ɜ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ Raspbian ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python ɢ ɛɢɛɥɢɨɬɟɤɢ TensorFlow.  
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4.2.1 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɜɢɠɟɧɢɹ ɪɨɛɨɬɚ 

 

ɇɢɠɟ (Ʌɢɫɬɢɧɝ 1) ɩɪɟɞɫɬɚɜɥɟɧ ɨɫɧɨɜɧɨɣ ɮɪɚɝɦɟɧɬ ɤɨɞɚ, ɝɞɟ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɟɪɟɞɜɢɠɟɧɢɟ ɪɨɛɨɬɚ ɫ ɨɛɴɟɡɞɨɦ ɩɪɟɩɹɬɫɬɜɢɣ (ɛɨɥɟɟ 

ɩɨɞɪɨɛɧɨ ɫɦ.  ɩɪɢɥɨɠɟɧɢɟ ȼ): 

 

DR_status = GPIO.inputſDRƀ #СȫȜȦȯȖȔȡȜș țȡȔȫșȡȜȳ ȥ ȣȤȔȖȢȗȢ ȘȔȦȫȜȞȔ 

ȣȤșȣȳȦȥȦȖȜȝ 

DL_status = GPIO.inputſDLƀ #СȫȜȦȯȖȔȡȜș țȡȔȫșȡȜȳ ȥ ȟșȖȢȗȢ ȘȔȦȫȜȞȔ 

ȣȤșȣȳȦȥȦȖȜȝ 

if((DL_status == 1) and (DR_status == 1)): #ǥȥȟȜ ȡșȦ ȣȤșȣȳȦȥȦȖȜȝ 

Ab.forward() 

elif((DL_status == 1) and (DR_status == 0)): #ǥȥȟȜ ȣȤșȣȳȦȥȦȖȜș ȥȣȤȔȖȔ 

Ab.left() 

elif((DL_status == 0) and (DR_status == 1)): #ǥȥȟȜ ȣȤșȣȳȦȥȦȖȜș  ȥȟșȖȔ 

Ab.right() 

else: #ǨȡȔȫș - ȣȤșȣȳȦȥȦȖȜș ȥȣșȤșȘȜ 

Ab.backward() 

time.sleep(0.2) 

Ab.left() 

time.sleep(0.2) 

 

Ʌɢɫɬɢɧɝ 1 – Ʉɨɞ ɉɈ – ɨɛɴɟɡɞ ɩɪɟɩɹɬɫɬɜɢɣ  
 

ɋ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞ DR_status = GPIO.input(DR) ɢ DL_status = 

GPIO.input(DL) ɩɪɨɢɫɯɨɞɢɬ ɫɱɢɬɵɜɚɧɢɟ ɫɬɚɬɭɫɨɜ ɩɪɚɜɨɝɨ ɢ ɥɟɜɨɝɨ ɞɚɬɱɢɤɚ 

ɩɪɟɩɹɬɫɬɜɢɣ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 

Ⱦɚɥɟɟ ɧɚ ɨɫɧɨɜɟ ɫɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɢɯ ɩɪɨɜɟɪɤɚ. ȿɫɥɢ 

DL_status = 1 ɢ DR_status = 1, ɬɨ ɞɜɢɠɟɧɢɟ ɪɨɛɨɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɩɟɪɟɞ ɫ 

ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ Ab.forward(), ɟɫɥɢ DL_status = 1 ɢ DR_status = 0, ɬɨ 
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ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɜɨɪɨɬ ɜɥɟɜɨ ɫ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ Ab.left(), ɟɫɥɢ DL_status = 

0 ɢ DR_status = 1, ɬɨ ɞɜɢɠɟɧɢɟ ɪɨɛɨɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɩɪɚɜɨ ɫ ɩɨɦɨɳɶɸ 

ɤɨɦɚɧɞɵ Ab.right(), ɢɧɚɱɟ, ɟɫɥɢ DL_status = 0 ɢ DR_status = 0, ɬɨ ɞɜɢɠɟɧɢɟ 

ɪɨɛɨɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɡɚɞ ɢ ɜɥɟɜɨ ɫ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞ Ab.backward() ɢ 

Ab.left() ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

4.2.2 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɨɛɧɚɪɭɠɟɧɢɹ ɞɟɮɟɤɬɨɜ  

 

ɇɢɠɟ (Ʌɢɫɬɢɧɝ 2) ɩɪɟɞɫɬɚɜɥɟɧ ɨɫɧɨɜɧɨɣ ɮɪɚɝɦɟɧɬ ɤɨɞɚ, ɝɞɟ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɯɜɚɬ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɩɟɪɟɞɚɱɢ ɫɧɢɦɤɚ ɜ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ 

(ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɫɦ. ɩɪɢɥɨɠɟɧɢɟ ȼ): 

 

i = 0 

time.sleep(2) 

camera.capture('/home/pi/Desktop/diplom/foto/' + str(i) + '.jpg') 

ns = 'python3 scripts/label_image.py --image ' + str(i) + '.jpg' 

os.system(ns) 

i++ 

 

Ʌɢɫɬɢɧɝ 2 – Ʉɨɞ ɉɈ – Ɂɚɯɜɚɬ ɢ ɩɟɪɟɞɚɱɚ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ 

 

  Ⱦɥɹ ɧɚɫɬɪɨɣɤɢ ɮɨɤɭɫɚ ɤɚɦɟɪɵ ɩɟɪɟɞ ɨɫɭɳɟɫɬɜɥɟɧɢɟɦ ɫɧɢɦɤɚ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɚɭɡɚ ɜ ɞɜɟ ɫɟɤɭɧɞɵ ɫ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ time.sleep(2). Ⱦɚɥɟɟ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɯɜɚɬ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɫɨɯɪɚɧɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨ ɭɤɚɡɚɧɧɨɦɭ 

ɩɭɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɚɧɞɵ camera.capture('/home/pi/Desktop/diplom/foto/' 

+ str(i) + '.jpg'). Ʉɨɦɚɧɞɵ ns = 'python3 scripts/label_image.py --image ' + str(i) + 

'.jpg' ɢ os.system(ns) ɩɟɪɟɞɚɸɬ ɢɡɨɛɪɚɠɟɧɢɟ ɜ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ ɞɥɹ ɨɛɪɚɛɨɬɤɢ. 

  ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɧɟɣɪɨɧɧɨɣ ɫɟɬɶɸ ɢɡɨɛɪɚɠɟɧɢɹ, ɢɞɟɬ ɨɛɪɚɛɨɬɤɚ 

ɪɟɡɭɥɶɬɚɬɚ. Ɉɫɧɨɜɧɨɣ ɤɨɞ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɢɠɟ (Ʌɢɫɬɢɧɝ 

3): 
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for i in top_k: #ǮȕȩȢȘ ȖȔȤȜȔȡȦȢȖ ȘșȨșȞȦȢȖ 

if labels[i] == 'purely' and results[i] >= 0.60: #ǥȥȟȜ ȡșȦ ȘșȨșȞȦȔ 

remove = 'rm ' + file_name 

os.system(remove) #УȘȔȟȜȦȰ ȥȡȜȠȢȞ 

elif results[i] >= 0.60: #ǥȥȟȜ șȥȦȰ ȘșȨșȞȦ 

rename = 'mv ' + file_name + ' ' + labels[i] +  

dt.datetime.now().strftime('_%d-%m-%Y-%H-%M-%S') + '.jpg' 

os.systemſrenameƀ #ǯșȤșȜȠșȡȢȖȔȦȰ ȥȡȜȠȢȞ  

else #ǨȡȔȫș - ȥȢȩȤȔȡȜȦȰ ȥȡȜȠȢȞ ſȫȦȢ-ȦȢ ȡȢȖȢș ȡȔ ȥȡȜȠȞșƀ 

rename = 'mv ' + file_name + ' ' + 'new_defect' +  

dt.datetime.now().strftime('_%d-%m-%Y-%H-%M-%S') +  

'.jpg' 

os.system(rename) #СȢȩȤȔȡȜȦȰ ȥȡȜȠȢȞ 

 

Ʌɢɫɬɢɧɝ 3 – Ʉɨɞ ɉɈ – Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɚ 

 

 ɋ ɩɨɦɨɳɶɸ ɰɢɤɥɚ for i in top_k ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɯɨɞ ɜɫɟɯ ɜɚɪɢɚɧɬɨɜ 

ɞɟɮɟɤɬɨɜ. ɇɚ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ ɰɢɤɥɚ ɢɞɟɬ ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɚ. ɍɫɥɨɜɢɟ if  

labels[i] == 'purely' and results[i] >= 0.60 ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɪɨɜɟɪɤɭ ɧɚɥɢɱɢɹ 

ɞɟɮɟɤɬɚ ɧɚ ɫɧɢɦɤɟ. ȿɫɥɢ ɨɧɨ ɢɫɬɢɧɧɨ – ɫɧɢɦɨɤ ɭɞɚɥɹɟɬɫɹ ɫ ɩɚɦɹɬɢ ɭɫɬɪɨɣɫɬɜɚ, 

ɱɬɨ ɨɡɧɚɱɚɟɬ ɨɬɫɭɬɫɬɜɢɟ ɞɟɮɟɤɬɚ, ɢɧɚɱɟ ɢɞɟɬ ɩɪɨɜɟɪɤɚ ɭɫɥɨɜɢɹ elif results[i] >= 

0.60. ȿɫɥɢ ɨɧɨ ɢɫɬɢɧɧɨ – ɫɧɢɦɨɤ ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɩɚɦɹɬɶ ɭɫɬɪɨɣɫɬɜɚ, ɱɬɨ 

ɨɡɧɚɱɚɟɬ ɧɚɥɢɱɢɟ ɞɟɮɟɤɬɚ, ɜ ɤɚɱɟɫɬɜɟ ɢɦɟɧɢ ɮɚɣɥɚ ɭɤɚɡɵɜɚɟɬɫɹ ɧɚɡɜɚɧɢɟ 

ɞɟɮɟɤɬɚ ɢ ɞɚɬɚ ɫɨɡɞɚɧɢɹ ɫɧɢɦɤɚ rename = 'mv ' + file_name + ' ' + labels[i] +  

dt.datetime.now().strftime('_%d-%m-%Y-%H-%M-%S') + '.jpg'.  ȿɫɥɢ ɠɟ ɞɚɧɧɨɟ 

ɭɫɥɨɜɢɟ ɥɨɠɧɨ – ɫɧɢɦɨɤ ɫɨɯɪɚɧɹɟɬɫɹ ɫ ɧɨɜɵɦ ɢɦɟɧɟɦ ɞɟɮɟɤɬɚ rename = 'mv ' 

+ file_name + ' ' + 'new_defect' +  dt.datetime.now().strftime('_%d-%m-%Y-

%H-%M-%S') +  '.jpg'. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɧɟ ɫɦɨɝɥɚ ɪɚɫɩɨɡɧɚɬɶ 

ɧɚ ɫɧɢɦɤɟ ɧɢ ɨɞɢɧ ɢɡ ɞɟɮɟɤɬɨɜ, ɢ ɛɵɥ ɧɚɣɞɟɧ ɧɨɜɵɣ ɞɟɮɟɤɬ. 
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  4.3 ɉɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ  
 

 Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɨɛɪɚɧɧɨɝɨ ɦɚɤɟɬɚ ɡɦɟɟɜɢɞɧɨɝɨ 

ɪɨɛɨɬɚ, ɚ ɬɚɤɠɟ ɩɪɨɜɟɪɤɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɛɵɥ 

ɩɪɨɜɟɞɟɧ ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɩɨɡɜɨɥɹɸɳɢɣ ɧɚɝɥɹɞɧɨ ɭɜɢɞɟɬɶ, ɫɩɪɚɜɥɹɟɬɫɹ ɥɢ 

ɡɦɟɟɜɢɞɧɵɣ ɪɨɛɨɬ ɢ ɟɝɨ ɍɍ ɫɨ ɫɜɨɟɣ ɡɚɞɚɱɟɣ. Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɪɚɛɨɬɵ ɩɨ 

ɤɚɠɞɨɦɭ ɜɢɞɭ ɞɟɮɟɤɬɨɜ ɛɵɥɨ ɫɞɟɥɚɧɨ ɩɨ 40 ɮɨɬɨɝɪɚɮɢɣ. Ɂɚɬɟɦ ɛɵɥɚ ɨɛɭɱɟɧɚ 

ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ. ɉɪɨɰɟɫɫ ɫɨɡɞɚɧɢɹ ɫɧɢɦɤɨɜ ɢ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɛɵɥ 

ɢɞɟɧɬɢɱɟɧ ɨɩɢɫɚɧɧɨɦɭ ɜ ɝɥɚɜɟ 2. 

  ɉɨɫɥɟ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ, 

ɩɪɢ ɤɨɬɨɪɨɦ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɛɭɞɟɬ ɜɟɪɧɨ ɪɚɫɩɨɡɧɚɜɚɬɶ ɞɟɮɟɤɬ ɧɚ ɫɧɢɦɤɟ. Ⱦɥɹ 

ɷɬɨɝɨ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ 8 ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɜ ɤɚɠɞɨɦ ɢɡ ɤɨɬɨɪɵɯ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 

ɪɚɫɩɨɡɧɚɜɚɥɚ ɪɚɡɥɢɱɧɵɟ ɨɛɴɟɤɬɵ ɧɚ ɫɧɢɦɤɟ ɨɬɥɢɱɧɵɟ ɨɬ ɢɡɜɟɫɬɧɵɯ ɟɣ 

ɞɟɮɟɤɬɨɜ. ȼ ɤɚɠɞɨɦ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɤɚɡɚɧɨ ɩɪɨɰɟɧɬɧɨɟ ɨɬɧɨɲɟɧɢɟ ɤ 

ɨɞɧɨɦɭ ɢɡ ɜɢɞɨɜ ɞɟɮɟɤɬɨɜ: ɧɚɥɢɱɢɟ ɦɭɫɨɪɚ, ɧɚɥɢɱɢɹ ɨɬɜɟɪɫɬɢɹ, ɧɚɥɢɱɢɟ 

ɤɚɦɧɹ, ɧɚɥɢɱɢɟ ɫɬɵɤɚ ɢɥɢ ɠɟ ɨɬɫɭɬɫɬɜɢɟ ɞɟɮɟɤɬɨɜ ɜ ɬɪɭɛɟ. Ɋɟɡɭɥɶɬɚɬɵ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 5. 

 

Ɍɚɛɥɢɰɚ 5 – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

 ɗɤɫɩɟɪɢɦɟɧɬ 
ȼɢɞ ɞɟɮɟɤɬɚ ɗ1 ɗ2 ɗ3 ɗ4 ɗ5 ɗ6 ɗ7 ɗ8 

Ɇɭɫɨɪ, % 37 26 16 48 0,03 6 14 54 
Ɉɬɜɟɪɫɬɢɟ, % 24 27 46 23 56 25 54 8 
Ʉɚɦɟɧɶ, % 29 24 20 10 10 8 7 21 
ɋɬɵɤ, % 7 16 15 14 5 2 6 6 
ɇɟɬ ɞɟɮɟɤɬɨɜ, % 0,8 5 1 3 28 58 17 9 

ȼ ɫɬɨɥɛɰɚɯ ɫ ɢɦɟɧɚɦɢ ɗ1...ɗ8 ɨɛɨɡɧɚɱɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫɨ 

ɫɥɟɞɭɸɳɢɦɢ ɨɛɴɟɤɬɚɦɢ ɧɚ ɫɧɢɦɤɚɯ: 

 ɗ1 – ɋɧɢɦɨɤ ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɩɪɢɧɬɟɪɚ; 

 ɗ2 – ɋɧɢɦɨɤ ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɧɨɭɬɛɭɤɚ; 

 ɗ3 – ɋɧɢɦɨɤ ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɬɟɥɟɮɨɧɚ; 
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 ɗ4 – ɋɧɢɦɨɤ ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɪɭɱɤɢ; 

 ɗ5 – ɋɧɢɦɨɤ ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɛɚɬɚɪɟɣɤɢ ɜ ɬɪɭɛɟ; 

 ɗ6 – ɋɧɢɦɨɤ ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɬɨɱɢɥɤɢ ɜ ɬɪɭɛɟ;  

 ɗ7 – ɋɧɢɦɨɤ ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɮɥɟɲɤɚ ɜ ɬɪɭɛɟ; 

 ɗ8 – ɋɧɢɦɨɤ ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɫɤɨɬɱɚ ɜ ɬɪɭɛɟ. 

ɂɫɯɨɞɹ ɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɗ6, ɝɞɟ ɧɚ ɫɧɢɦɤɟ ɛɵɥ ɢɡɨɛɪɚɠɟɧ ɨɛɴɟɤɬ ɜ ɜɢɞɟ 

ɬɨɱɢɥɤɢ ɜ ɬɪɭɛɟ, ɬɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɧɚ 58% ɪɚɫɩɨɡɧɚɥɚ, ɱɬɨ ɜ ɬɪɭɛɟ ɧɟɬ ɧɢɤɚɤɢɯ 

ɞɟɮɟɤɬɨɜ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɜɟɪɧɵɦ. ɗɬɨ ɫɚɦɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ, 

ɤɨɬɨɪɵɣ ɛɵɥ ɞɨɫɬɢɝɧɭɬ ɜ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ, ɩɨɫɥɟ ɤɨɬɨɪɨɝɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 

ɛɭɞɟɬ ɜɟɪɧɨ ɪɚɫɩɨɡɧɚɜɚɬɶ ɞɟɮɟɤɬɵ, ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ 58%. 

 

  4.3.1 ɗɤɫɩɟɪɢɦɟɧɬ ɫ ɞɟɮɟɤɬɨɦ ɜ ɜɢɞɟ ɧɚɥɢɱɢɹ ɤɚɦɧɹ ɜ ɬɪɭɛɟ 

 

  ɇɚ ɪɢɫɭɧɤɟ 28 ɢɡɨɛɪɚɠɟɧ ɦɚɤɟɬ ɡɦɟɟɜɢɞɧɨ ɪɨɛɨɬɚ, ɤɨɬɨɪɵɣ ɪɚɫɩɨɥɨɠɟɧ 

ɜɧɭɬɪɢ ɦɚɤɟɬɚ ɬɪɭɛɵ, ɜ ɤɨɬɨɪɨɣ ɩɨɦɟɳɟɧ ɤɚɦɟɧɶ. 

 

 

 

Ɋɢɫɭɧɨɤ 28 – ɗɤɫɩɟɪɢɦɟɧɬ ɫ ɞɟɮɟɤɬɨɦ ɜ ɜɢɞɟ ɧɚɥɢɱɢɹ ɤɚɦɧɹ ɜ ɬɪɭɛɟ 
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  Ⱦɚɥɟɟ ɜɢɞɟɨɤɚɦɟɪɚ ɞɟɥɚɟɬ ɫɧɢɦɨɤ ɜɧɭɬɪɟɧɧɨɫɬɢ ɬɪɭɛɵ. ɂɡɨɛɪɚɠɟɧɢɟ, 

ɩɨɥɭɱɢɜɲɟɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɧɢɦɤɚ, ɢɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 29. 

 

 

 

Ɋɢɫɭɧɨɤ 29 – ɋɧɢɦɨɤ, ɫɞɟɥɚɧɧɵɣ ɜɢɞɟɨɤɚɦɟɪɨɣ ɪɨɛɨɬɚ 

 

  ɋɧɢɦɨɤ ɩɟɪɟɞɚɟɬɫɹ ɜ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ ɢ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ. Ɋɟɡɭɥɶɬɚɬɵ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 30. 

 

 
 

Ɋɢɫɭɧɨɤ 30 – Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɶɸ 

 

  Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɧɚ 62% ɪɚɫɩɨɡɧɚɥɨ ɧɚ 

ɢɡɨɛɪɚɠɟɧɢɢ ɞɟɮɟɤɬ ɜ ɜɢɞɟ ɤɚɦɧɹ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɜɟɪɧɵɦ. ɇɚ 22% ɪɚɫɩɨɡɧɚɥɨ 

ɦɭɫɨɪ, ɬ.ɤ. ɢɡɨɛɪɚɠɟɧɢɹ ɤɚɦɧɹ ɢ ɦɭɫɨɪɚ ɞɨɫɬɚɬɨɱɧɨ ɩɨɯɨɠɢ. ɂ ɧɢɠɟ 10% 

ɪɚɫɩɨɡɧɚɥɨ ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɞɟɮɟɤɬɵ. 
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  4.3.2 ɗɤɫɩɟɪɢɦɟɧɬ ɫ ɞɟɮɟɤɬɨɦ ɜ ɜɢɞɟ ɧɚɥɢɱɢɹ ɨɬɜɟɪɫɬɢɹ ɜ ɬɪɭɛɟ 

 

ɇɚ ɪɢɫɭɧɤɟ 31 ɢɡɨɛɪɚɠɟɧ ɦɚɤɟɬ ɡɦɟɟɜɢɞɧɨ ɪɨɛɨɬɚ, ɤɨɬɨɪɵɣ ɪɚɫɩɨɥɨɠɟɧ 

ɜɧɭɬɪɢ ɦɚɤɟɬɚ ɬɪɭɛɵ, ɜ ɤɨɬɨɪɨɣ ɩɪɨɞɟɥɚɧɨ ɨɬɜɟɪɫɬɢɟ. 

 

 

 

Ɋɢɫɭɧɨɤ 31 – ɗɤɫɩɟɪɢɦɟɧɬ ɫ ɞɟɮɟɤɬɨɦ ɜ ɜɢɞɟ ɧɚɥɢɱɢɹ ɨɬɜɟɪɫɬɢɹ ɜ ɬɪɭɛɟ 

 

Ⱦɚɥɟɟ ɜɢɞɟɨɤɚɦɟɪɚ ɞɟɥɚɟɬ ɫɧɢɦɨɤ ɜɧɭɬɪɟɧɧɨɫɬɢ ɬɪɭɛɵ. ɂɡɨɛɪɚɠɟɧɢɟ, 

ɩɨɥɭɱɢɜɲɟɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɧɢɦɤɚ, ɢɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 32. 
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Ɋɢɫɭɧɨɤ 32 – ɋɧɢɦɨɤ, ɫɞɟɥɚɧɧɵɣ ɜɢɞɟɨɤɚɦɟɪɨɣ ɪɨɛɨɬɚ 

 

ɋɧɢɦɨɤ ɩɟɪɟɞɚɟɬɫɹ ɜ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ ɢ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ. Ɋɟɡɭɥɶɬɚɬɵ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 33. 

 

 
 

Ɋɢɫɭɧɨɤ 33 – Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɶɸ 

 

 Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɧɚ 82% ɪɚɫɩɨɡɧɚɥɨ ɧɚ 

ɢɡɨɛɪɚɠɟɧɢɢ ɞɟɮɟɤɬ ɜ ɜɢɞɟ ɨɬɜɟɪɫɬɢɹ ɜ ɬɪɭɛɟ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɜɟɪɧɵɦ. ɂ ɬɨɥɶɤɨ 

ɧɚ 14% ɪɚɫɩɨɡɧɚɥɨ, ɱɬɨ ɜ ɬɪɭɛɟ ɧɟɬ ɧɢɤɚɤɢɯ ɞɟɮɟɤɬɨɜ. ɂ ɧɢɠɟ 2% ɪɚɫɩɨɡɧɚɥɨ 

ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɞɟɮɟɤɬɵ. 

 

  4.3.3 ɗɤɫɩɟɪɢɦɟɧɬ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɞɟɮɟɤɬɨɜ 

 

ɇɚ ɪɢɫɭɧɤɟ 34 ɢɡɨɛɪɚɠɟɧ ɦɚɤɟɬ ɡɦɟɟɜɢɞɧɨ ɪɨɛɨɬɚ, ɤɨɬɨɪɵɣ ɪɚɫɩɨɥɨɠɟɧ 

ɜɧɭɬɪɢ ɦɚɤɟɬɚ ɬɪɭɛɵ, ɜ ɤɨɬɨɪɨɣ ɨɬɫɭɬɫɬɜɭɸɬ ɤɚɤɢɟ-ɥɢɛɨ ɞɟɮɟɤɬɵ. 
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Ɋɢɫɭɧɨɤ 34 – ɗɤɫɩɟɪɢɦɟɧɬ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɞɟɮɟɤɬɨɜ ɜ ɬɪɭɛɟ 

 

Ⱦɚɥɟɟ ɜɢɞɟɨɤɚɦɟɪɚ ɞɟɥɚɟɬ ɫɧɢɦɨɤ ɜɧɭɬɪɟɧɧɨɫɬɢ ɬɪɭɛɵ. ɂɡɨɛɪɚɠɟɧɢɟ, 

ɩɨɥɭɱɢɜɲɟɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɧɢɦɤɚ, ɢɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 35. 

 

 

 

Ɋɢɫɭɧɨɤ 35 – ɋɧɢɦɨɤ, ɫɞɟɥɚɧɧɵɣ ɜɢɞɟɨɤɚɦɟɪɨɣ ɪɨɛɨɬɚ 

 



 

 

53 
 

ɋɧɢɦɨɤ ɩɟɪɟɞɚɟɬɫɹ ɜ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ ɢ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ. Ɋɟɡɭɥɶɬɚɬɵ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 36. 

 

 
 

Ɋɢɫɭɧɨɤ 36 – Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɶɸ 

 

 Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɧɚ 76% ɪɚɫɩɨɡɧɚɥɨ, ɱɬɨ 

ɜɧɭɬɪɢ ɬɪɭɛɵ ɨɬɫɭɬɫɬɜɭɸɬ ɤɚɤɢɟ-ɥɢɛɨ ɞɟɮɟɤɬɵ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɜɟɪɧɵɦ. ɂ 

ɬɨɥɶɤɨ ɧɚ 17% ɪɚɫɩɨɡɧɚɥɨ, ɱɬɨ ɜ ɬɪɭɛɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɞɟɮɟɤɬ, ɜ ɜɢɞɟ ɨɬɜɟɪɫɬɢɹ. 

ɂ ɧɢɠɟ 4% ɪɚɫɩɨɡɧɚɥɨ ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɞɟɮɟɤɬɵ. 

 

 4.4 ȼɵɜɨɞɵ 

 

  Ɋɚɡɪɚɛɨɬɚɧɨ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɍɍ 

ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ. ȼ ɬɨɦ ɱɢɫɥɟ ɪɚɡɪɚɛɨɬɚɧɵ ɦɨɞɭɥɢ ɩɟɪɟɞɜɢɠɟɧɢɹ ɪɨɛɨɬɚ, 

ɚ ɬɚɤɠɟ ɦɨɞɭɥɢ ɩɨɥɭɱɟɧɢɹ ɫɧɢɦɤɨɜ ɫ ɜɢɞɟɨɤɚɦɟɪɵ ɢ ɦɨɞɭɥɢ ɭɩɪɚɜɥɟɧɢɹ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɶɸ. Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɉɈ ɭɫɬɚɧɨɜɥɟɧɨ ɧɚ ɥɚɛɨɪɚɬɨɪɧɵɣ 

ɞɟɦɨɧɫɬɪɚɬɨɪ ɢ ɜɵɩɨɥɧɟɧɚ ɟɝɨ ɨɬɪɚɛɨɬɤɚ ɜ ɬɟɫɬɨɜɨɦ ɪɟɠɢɦɟ. ȼɵɹɜɥɟɧɧɵɟ 

ɨɲɢɛɤɢ ɉɈ ɭɫɬɪɚɧɟɧɵ. Ɇɚɤɟɬ ɜɟɞɭɳɟɣ ɫɟɤɰɢɢ ɩɨɞɝɨɬɨɜɥɟɧ ɤ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɬɪɚɛɨɬɤɟ ɜ ɫɨɫɬɚɜɟ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɞɟɦɨɧɫɬɪɚɬɨɪɚ. 

 ɇɚ ɫɨɛɪɚɧɧɨɦ ɥɚɛɨɪɚɬɨɪɧɨɦ ɞɟɦɨɧɫɬɪɚɬɨɪɟ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ, 

ɤɨɬɨɪɵɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɨɛɭɱɟɧɢɹ, ɩɨɫɥɟ 

ɤɨɬɨɪɨɝɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɛɭɞɟɬ ɜɟɪɧɨ ɪɚɫɩɨɡɧɚɜɚɬɶ ɞɟɮɟɤɬɵ ɧɚ ɫɧɢɦɤɚɯ 

ɫɨɫɬɚɜɥɹɟɬ 58%.  
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 Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɤɨɪɪɟɤɬɧɨɫɬɢ ɤɨɞɚ, ɚ ɬɚɤɠɟ ɩɪɚɜɢɥɶɧɨɫɬɢ ɨɛɭɱɟɧɢɹ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɛɵɥ ɩɪɨɜɟɞɟɧ ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ɉɪɢ ɷɬɨɦ: 

ɗɤɫɩɟɪɢɦɟɧɬ ɫ ɧɚɥɢɱɢɟɦ ɤɚɦɧɹ ɜ ɬɪɭɛɟ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 

ɜɟɪɧɨ ɪɚɫɩɨɡɧɚɥɚ ɞɟɮɟɤɬ ɜ ɬɪɭɛɟ ɧɚ 62%, ɱɬɨ ɜɵɲɟ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ.  

ɗɤɫɩɟɪɢɦɟɧɬ ɫ ɧɚɥɢɱɢɟɦ ɨɬɜɟɪɫɬɢɹ ɜ ɬɪɭɛɟ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 

ɜɟɪɧɨ ɪɚɫɩɨɡɧɚɥɚ ɞɟɮɟɤɬ ɜ ɬɪɭɛɟ ɧɚ 82%, ɱɬɨ ɜɵɲɟ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ. 

ɗɤɫɩɟɪɢɦɟɧɬ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɞɟɮɟɤɬɨɜ ɜ ɬɪɭɛɟ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɟɣɪɨɧɧɚɹ 

ɫɟɬɶ ɜɟɪɧɨ ɪɚɫɩɨɡɧɚɥɨ ɨɬɫɭɬɫɬɜɢɟ ɞɟɮɟɤɬɨɜ ɜ ɬɪɭɛɟ 76%, ɱɬɨ ɜɵɲɟ ɩɨɪɨɝɨɜɨɝɨ 

ɡɧɚɱɟɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɛɭɱɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɫ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɟɣ 

ɫɩɪɚɜɥɹɟɬɫɹ. 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɫ ɞɜɢɠɟɧɢɟɦ ɤɨɥɟɫɧɨɣ ɫɟɤɰɢɢ ɩɨɤɚɡɚɥɢ ɚɞɟɤɜɚɬɧɭɸ 

ɪɟɚɤɰɢɸ ɪɨɛɨɬɚ ɧɚ ɧɚɥɢɱɢɟ ɢ/ɢɥɢ ɨɬɫɭɬɫɬɜɢɟ ɩɪɟɩɹɬɫɬɜɢɣ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ 

ɩɪɚɜɢɥɶɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɷɬɨɣ ɫɟɤɰɢɢ ɉɈ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɪɟɞɫɬɜɨɦ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɞɟɦɨɧɫɬɪɚɬɨɪɚ ɩɨɤɚɡɚɧ 

ɮɚɤɬ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ȼɄɊ ɢ ɪɟɲɟɧɢɹ ɜɫɟɯ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ.  
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ɁȺɄɅɘɑȿɇɂȿ 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɢɡɜɟɫɬɧɵɯ ɪɟɲɟɧɢɣ ɛɵɥɚ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɰɟɥɶ 

ȼɄɊ ɢ ɩɨɫɬɚɜɥɟɧɵ ɡɚɞɚɱɢ ɞɥɹ ɟɟ ɞɨɫɬɢɠɟɧɢɹ. Ɋɚɫɫɦɨɬɪɟɜ ɞɨɫɬɭɩɧɵɟ ɚɧɚɥɨɝɢ 

ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɪɨɛɨɬɵ, ɨɛɥɚɞɚɸɳɢɟ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦɢ 

ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɨɛɴɟɤɬɨɦ ɭɩɪɚɜɥɟɧɢɹ 

ɩɨɫɪɟɞɫɬɜɨɦ ɤɚɛɟɥɹ, ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦɢ. Ⱥɜɬɨɧɨɦɧɵɟ 

ɪɨɛɨɬɵ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɢɦɟɧɹɸɬɫɹ. ȼɵɹɜɥɟɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɥɭɱɚɬɶ 

ɛɨɥɟɟ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɢɧɫɩɟɤɰɢɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɷɬɨɝɨ 

ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɩɭɬɟɦ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɦɟɬɨɞɢɤ ɢ 

ɬɟɯɧɨɥɨɝɢɣ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. ȼɵɹɜɥɟɧɨ, ɱɬɨ 

ɫɪɟɞɢ ɢɡɜɟɫɬɧɵɯ ɩɨɞɯɨɞɨɜ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɜɵɡɵɜɚɟɬ ɬɟɯɧɨɥɨɝɢɢ 

ɜɢɞɟɨɞɢɚɝɧɨɫɬɢɤɢ, ɩɨɫɤɨɥɶɤɭ ɬɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɦɚɤɫɢɦɭɦ 

ɜɨɡɦɨɠɧɵɯ ɞɟɮɟɤɬɨɜ.  

 Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɫɨɫɬɚɜ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ 

ɡɦɟɟɜɢɞɧɵɦ ɪɨɛɨɬɨɦ ɩɨɡɜɨɥɢɥ ɨɫɭɳɟɫɬɜɢɬɶ ɪɚɡɪɚɛɨɬɤɭ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ 

ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ 

ɧɚɢɛɨɥɶɲɢɣ ɷɮɮɟɤɬ ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɨɬ ɫɜɟɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. ɇɚ 

ɨɫɧɨɜɟ ɨɛɡɨɪɚ ɫɪɟɞɫɬɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɜɵɛɪɚɧɧɚɹ ɛɢɛɥɢɨɬɟɤɚ TensorFlow ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python, ɩɨɞɯɨɞɢɬ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 

ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɟ ɍɍ. ȼ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ 

ɫɨɛɪɚɧɚ ɦɨɞɟɥɶ ɬɪɭɛɭ ɢ ɨɩɪɟɞɟɥёɧ ɪɹɞ ɞɟɮɟɤɬɨɜ. ɉɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɞɟɮɟɤɬɨɜ 

ɫɞɟɥɚɧɨ ɧɟɫɤɨɥɶɤɨ ɢɡɨɛɪɚɠɟɧɢɣ ɞɥɹ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. Ɋɟɡɭɥɶɬɚɬɵ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɛɭɱɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɜɟɪɧɨ ɪɚɫɩɨɡɧɚɟɬ 

ɞɟɮɟɤɬɵ ɜ ɬɪɭɛɟ. 

 ɂɡ ɜɵɛɪɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɫɨɛɪɚɧ ɦɚɤɟɬ 

ɡɦɟɟɜɢɞɧɨɝɨ ɪɨɛɨɬɚ, ɫɨɫɬɨɹɳɢɣ ɢɡ: ɨɞɧɨɩɥɚɬɧɵɣ ɤɨɦɩɶɸɬɟɪ Raspberry Pi 3 

model B, ɜɢɞɟɨɤɚɦɟɪɚ RPi Camera (B), ɞɜɚ ɫɟɪɜɨɩɪɢɜɨɞɚ, ɞɜɚ ɰɢɮɪɨɜɵɯ 



 

 

56 
 

ɢɧɮɪɚɤɪɚɫɧɵɯ ɞɚɬɱɢɤɨɜ ɩɪɟɩɹɬɫɬɜɢɣ YL-63, ɞɜɚ ɦɨɬɨɪɚ-ɪɟɞɭɤɬɨɪɚ ɧɚ ɤɨɬɨɪɵɯ 

ɡɚɤɪɟɩɥɟɧɵ ɩɨ ɞɜɚ ɤɨɥɟɫɚ, ɩɥɚɬɮɨɪɦɚ AlphaBot, ɞɜɟ ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ. 

Ⱦɥɹ ɫɨɛɪɚɧɧɨɝɨ ɦɚɤɟɬɚ ɪɚɡɪɚɛɨɬɚɧɨ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ 

ɨɛɟɫɩɟɱɟɧɢɟ. ɗɤɫɩɟɪɢɦɟɧɬɵ, ɱɬɨ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɨɛɭɱɟɧɢɹ, 

ɩɨɫɥɟ ɤɨɬɨɪɨɝɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɛɭɞɟɬ ɜɟɪɧɨ ɪɚɫɩɨɡɧɚɜɚɬɶ ɞɟɮɟɤɬɵ ɧɚ ɫɧɢɦɤɚɯ 

ɫɨɫɬɚɜɥɹɟɬ 58%. Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɤɨɪɪɟɤɬɧɨɫɬɢ ɤɨɞɚ, ɚ ɬɚɤɠɟ ɩɪɚɜɢɥɶɧɨɫɬɢ 

ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɛɵɥ ɩɪɨɜɟɞɟɧ ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɚɥ, 

ɱɬɨ ɨɛɭɱɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɫ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɟɣ ɫɩɪɚɜɥɹɟɬɫɹ. 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɫ ɞɜɢɠɟɧɢɟɦ ɤɨɥɟɫɧɨɣ ɫɟɤɰɢɢ ɩɨɤɚɡɚɥɢ ɚɞɟɤɜɚɬɧɭɸ ɪɟɚɤɰɢɸ 

ɪɨɛɨɬɚ ɧɚ ɧɚɥɢɱɢɟ ɢ/ɢɥɢ ɨɬɫɭɬɫɬɜɢɟ ɩɪɟɩɹɬɫɬɜɢɣ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ 

ɩɪɚɜɢɥɶɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɷɬɨɣ ɫɟɤɰɢɢ ɉɈ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɪɟɞɫɬɜɨɦ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɞɟɦɨɧɫɬɪɚɬɨɪɚ ɩɨɤɚɡɚɧ 

ɮɚɤɬ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ȼɄɊ ɢ ɪɟɲɟɧɢɹ ɜɫɟɯ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ.  
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

 

ȼɄɊ – ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ; 

Ⱥɗɋ – Ⱥɬɨɦɧɚɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ; 

ɁɊ – Ɂɦɟɟɜɢɞɧɵɣ ɪɨɛɨɬ; 

ɍɍ – ɍɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ; 

Ɇə – Ɇɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɟ ɹɞɪɨ; 

ɂɋ – ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɚɹ ɫɢɫɬɟɦɚ; 

ɉɈ – ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

 

 ɋɟɪɬɢɮɢɤɚɬ ɡɚ ɭɱɚɫɬɢɟ ɜ IV Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ 

ɤɨɧɮɟɪɟɧɰɢɢ «SCIENCE AND EDUCATION: PROBLEMS AND 

INNOVATIONS». 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 

 

 Ⱦɢɩɥɨɦ ɡɚ 1 ɦɟɫɬɨ ɜ ɫɟɤɰɢɢ «Ɍɟɯɧɢɱɟɫɤɢɟ ɧɚɭɤɢ» IV Ɇɟɠɞɭɧɚɪɨɞɧɨɣ 

ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «SCIENCE AND EDUCATION: 

PROBLEMS AND INNOVATIONS». 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 

 

 Ʉɨɞ ɩɪɨɝɪɚɦɦɵ ɩɟɪɟɞɜɢɠɟɧɢɹ ɪɨɛɨɬɚ, ɡɚɯɜɚɬɚ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɩɟɪɟɞɚɱɢ 

ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ ɞɥɹ ɨɛɪɚɛɨɬɤɢ. 

import RPi.GPIO as GPIO 

import time 

from AlphaBot import AlphaBot 

 

Ab = AlphaBot() 

 

DR = 16 

DL = 19 

 

GPIO.setmode(GPIO.BCM) 

GPIO.setwarnings(False) 

GPIO.setup(DR,GPIO.IN,GPIO.PUD_UP) 

GPIO.setup(DL,GPIO.IN,GPIO.PUD_UP) 

 

i = 0 #Ǥȟȳ ȥȫșȦȫȜȞȔ ȨȢȦȢȗȤȔȨȜȝ 
try: 

    while True: #БșȥȞȢȡșȫȡȯȝ ȪȜȞȟ ȥȫȜȦȯȖȔȡȜȳ ȥȢȥȦȢȳȡȜȝ ȘȔȦȫȜȞȢȖ Ȝ 
ȣșȤșȘȖȜȚșȡȜȳ ȤȢȕȢȦȔ 
        DR_status = GPIO.input(DR) #СȫȜȦȯȖȔȡȜș țȡȔȫșȡȜȳ ȥ ȣȤȔȖȢȗȢ 
ȘȔȦȫȜȞȔ ȣȤșȣȳȦȥȦȖȜȝ 
        DL_status = GPIO.input(DLƀ #СȫȜȦȯȖȔȡȜș țȡȔȫșȡȜȳ ȥ ȟșȖȢȗȢ ȘȔȦȫȜȞȔ 
ȣȤșȣȳȦȥȦȖȜȝ 
        if((DL_status == 1) and (DR_status == 1ƀƀ: #ǥȥȟȜ ȡșȦ ȣȤșȣȳȦȥȦȖȜȝ 
ȥȣșȤșȘȜ 
            Ab.forwardſƀ #ǤȖȜȚșȡȜș ȖȣșȤșȘ 
            time.sleep(2) 

            Ab.stopſƀ #ǮȥȦȔȡȢȖȞȔ ȤȢȕȢȦȔ 
            time.sleep(2) 

            #ǧȔȩȖȔȦ ȜțȢȕȤȔȚșȡȜȳ Ȝ ȥȢȩȤȔȡșȡȜȳ ȣȢ ȧȞȔțȔȡȡȢȠȧ ȣȧȦȜ 
            camera.capture('/home/pi/Desktop/diplom/foto/' + str(i) + 

'.jpg')  

            #ǯșȤșȘȔȫȔ ȜțȢȕȤȔȚșȡȜȳ Ȗ ȡșȝȤȢȡȡȧȲ ȥșȦȰ Șȟȳ ȢȕȤȔȕȢȦȞȜ 
            ns = 'python3 scripts/label_image.py --image ' + str(i) + 

'.jpg' 

            os.system(ns) 

            i++ 

        elifſſDL_status == 1ƀ and ſDR_status == 0ƀƀ: #ǥȥȟȜ ȣȤșȣȳȦȥȦȖȜș 
ȥȣȤȔȖȔ 
            Ab.leftſƀ #ǤȖȜȚșȡȜș ȖȟșȖȢ 
        elifſſDL_status == 0ƀ and ſDR_status == 1ƀƀ: #ǥȥȟȜ ȣȤșȣȳȦȥȦȖȜș 
ȥȟșȖȔ 
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            Ab.rightſƀ #ǤȖȜȚșȡȜș ȖȣȤȔȖȢ 
        else: #ǨȡȔȫș - ȣȤșȣȳȦȥȦȖȜș ȥȣșȤșȘȜ 
            Ab.backwardſƀ #ǤȖȜȚșȡȜș ȡȔțȔȘ 
            time.sleep(0.2) 

            Ab.left() 

            time.sleep(0.2) 

            Ab.stopſƀ #ǮȥȦȔȡȢȖȞȔ ȤȢȕȢȦȔ 
 

except KeyboardInterrupt: 

    GPIO.cleanup(); 

 
 Ʉɨɞ ɩɪɨɝɪɚɦɦɵ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɶɸ. 
 
  #СȢȤȦȜȤȢȖȞȔ ȘȔȡȡȯȩ Șȟȳ ȖȯȖȢȘȔ ȤșțȧȟȰȦȔȦȢȖ Ȗ ȣȢȤȳȘȞș ȧȕȯȖȔȡȜȳ 
  top_k = results.argsort()[-5:][::-1] 

  labels = load_labels(label_file) 

 

    for i in top_k: #ǮȕȩȢȘ ȖȔȤȜȔȡȦȢȖ ȘșȨșȞȦȢȖ 
        if labels[i] == 'purely' and results[i] >= 0.60: #ǥȥȟȜ ȡșȦ 
ȘșȨșȞȦȔ 
            remove = 'rm ' + file_name 

            os.system(remove) #УȘȔȟȜȦȰ ȥȡȜȠȢȞ 
        elif results[i] >= 0.60: #ǥȥȟȜ șȥȦȰ ȘșȨșȞȦ 
            rename = 'mv ' + file_name + ' ' + labels[i] +  

dt.datetime.now().strftime('_%d-%m-%Y-%H-%M-%S') + '.jpg' 

            os.systemſrenameƀ #ǯșȤșȜȠșȡȢȖȔȦȰ ȥȡȜȠȢȞ  
        else #ǨȡȔȫș - ȥȢȩȤȔȡȜȦȰ ȥȡȜȠȢȞ ſȫȦȢ-ȦȢ ȡȢȖȢș ȡȔ ȥȡȜȠȞșƀ 
            rename = 'mv ' + file_name + ' ' + 'new_defect' +  

dt.datetime.now().strftime('_%d-%m-%Y-%H-%M-%S') +  '.jpg' 

            os.systemſrenameƀ #СȢȩȤȔȡȜȦȰ ȥȡȜȠȢȞ 




