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ȼȼȿȾȿɇɂȿ 

 

ɉɨ ɫɬɚɬɢɫɬɢɤɟ ɈɈɇ, ɜ ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɤɨɥɢɱɟɫɬɜɨ ɢɧɜɚɥɢɞɨɜ 

ɩɨ ɡɪɟɧɢɸ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɫɟɥɟɧɢɸ ɡɟɦɥɢ ɫɨɫɬɚɜɥɹɟɬ: ɩɨɥɧɨɫɬɶɸ ɫɥɟɩɵɟ 

0,55%(39 ɦɥɧ), ɢɧɜɚɥɢɞɵ ɩɨ ɡɪɟɧɢɸ 3,5%(246 ɦɥɧ). 

ɂɡɜɟɫɬɟɧ ɪɹɞ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɨɪɢɟɧɬɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɥɚɛɨɜɢɞɹɳɢɯ. ɒɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 

ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ ɩɨɞɬɜɟɪɠɞɚɟɬ ɚɤɬɭɚɥɶɧɨɫɬɶ ɜɵɛɪɚɧɧɨɣ ɬɟɦɵ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɵɧɤɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɢɦɟɟɬɫɹ ɬɪɢ ɨɫɧɨɜɧɵɯ ɬɢɩɚ 

ɫɢɫɬɟɦ. ɍɫɥɨɜɧɨ ɢɯ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɢɫɬɟɦɵ: 

- ɫ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɶɸ; 

- ɷɯɨɥɨɤɚɰɢɟɣ; 

- ɮɨɬɨ ɢ ɜɢɞɟɨ ɨɛɪɚɛɨɬɤɨɣ. 

ɉɪɟɢɦɭɳɟɫɬɜɨ ɫɢɫɬɟɦ ɫ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɶɸ ɫɨɫɬɨɢɬ ɜ ɢɯ ɛɟɡɨɬɤɚɡɧɨɣ 

ɪɚɛɨɬɟ ɢ ɬɨɱɧɵɦ ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɇɨ ɭ ɷɬɢɯ ɫɢɫɬɟɦ 

ɟɫɬɶ ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ, ɩɨɥɶɡɨɜɚɬɟɥɸ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ 

ɧɚɯɨɞɢɬɶɫɹ ɜ ɡɨɧɟ ɩɨɤɪɵɬɢɹ. 

ɋɢɫɬɟɦɵ ɫ ɷɯɨɥɨɤɚɰɢɟɣ ɪɟɲɚɸɬ ɡɚɞɚɱɭ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɫɬɨɹɧɢɹ ɞɨ 

ɨɛɴɟɤɬɚ. ɇɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɧɢɡɤɚɹ ɬɨɱɧɨɫɬɶ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 

ɋɢɫɬɟɦɵ ɫ ɮɨɬɨ ɢ ɜɢɞɟɨ ɨɛɪɚɛɨɬɤɨɣ ɪɟɲɚɸɬ ɡɚɞɚɱɭ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɨɛɪɚɡɨɜ(ɠɟɫɬɨɜ, ɩɪɟɞɦɟɬɨɜ, ɬɟɤɫɬɚ). ɇɟɞɨɫɬɚɬɤɨɦ ɬɚɤɢɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ 

ɨɬɫɭɬɫɬɜɢɟ ɨɩɪɟɞɟɥɟɧɢɹ ɭɞɚɥɟɧɧɨɫɬɢ ɩɪɟɞɦɟɬɨɜ ɨɬ ɫɥɚɛɨɜɢɞɹɳɟɝɨ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɨɛɯɨɞɢɦ ɤɨɦɩɥɟɤɫ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɪɹɞ 

ɮɭɧɤɰɢɣ: 

- ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɨɛɴɟɤɬɨɜ(ɩɪɟɞɦɟɬɨɜ); 

- ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɛɪɚɡɨɜ ɢ ɬɟɤɫɬɚ. 

- ɩɟɪɟɜɨɞ ɜɢɞɟɨ ɩɨɬɨɤɚ ɜ ɡɜɭɤ; 

Ɋɟɲɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɦɨɛɢɥɶɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɨɛɢɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɨɪɢɟɧɬɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɥɹ ɫɥɚɛɨɜɢɞɹɳɢɯ. 
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Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

 ɩɪɨɜɟɞɟɧɢɟ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ; 

 ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɢɡɭɚɥɶɧɵɯ ɞɚɧɧɵɯ ɜ ɡɜɭɤ. 

 ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɨɛɢɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ; 

 ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 
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1 Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

 

1.1 Ⱥɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɟɲɟɧɢɣ 

 

1.1.1 ɋɢɫɬɟɦɵ ɫ ɷɯɨɥɨɤɚɰɢɟɣ 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɥɟɬɭɱɢɟ ɦɵɲɢ ɫɩɨɫɨɛɧɵ ɩɟɪɟɦɟɳɚɬɶɫɹ ɜ ɫɥɚɛɨ 

ɨɫɜɹɳɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɧɟ ɡɚɞɟɜɚɹ ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɟɞɦɟɬɨɜ, ɚ ɬɚɤɠɟ 

ɨɯɨɬɢɬɶɫɹ ɜ ɩɨɞɨɛɧɵɯ ɭɫɥɨɜɢɹɯ. ɍɱɟɧɵɟ ɧɚɛɥɸɞɚɹ ɡɚ ɥɟɬɭɱɢɦɢ ɦɵɲɚɦɢ ɜ 

ɩɨɫɥɟɞɫɬɜɢɢ ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɷɬɢ ɠɢɜɨɬɧɵɟ ɢɡɞɚɸɬ ɭɥɶɬɪɚɡɜɭɤ, ɤɨɬɨɪɵɣ 

ɨɬɪɚɠɚɟɬɫɹ ɨɬ ɩɪɟɞɦɟɬɨɜ, ɢ ɜɨɫɩɪɢɧɢɦɚɸɬ ɟɝɨ. ɇɚɭɱɧɨ ɞɨɤɚɡɚɧɨ, ɱɬɨ 

ɷɯɨɥɨɤɚɰɢɸ ɤɚɤ ɫɩɨɫɨɛ ɨɪɢɟɧɬɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ 

ɜɢɞɵ ɠɢɜɨɬɧɵɯ, ɤɚɤɢɟ ɤɚɤ ɬɸɥɟɧɢ, ɡɟɦɥɟɪɨɣɤɢ, ɞɟɥɶɮɢɧɵ [1]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɷɯɨɥɨɤɚɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɷɤɜɢɜɚɥɟɧɬɨɦ ɡɪɟɧɢɹ ɞɥɹ ɧɟɡɪɹɱɢɯ ɢ ɫɥɚɛɨɜɢɞɹɳɢɯ ɠɢɜɨɬɧɵɯ ɢɥɢ ɞɥɹ 

ɠɢɜɨɬɧɵɯ, ɤɨɬɨɪɵɟ ɩɟɪɟɦɟɳɚɸɬɫɹ ɩɪɢ ɫɥɚɛɨɦ ɨɫɜɹɳɟɧɢɢ, ɛɭɞɶ ɬɨ ɫɭɲɚ ɢɥɢ 

ɜɨɞɨɟɦ [1]. 

Эɯɨɥɨɤɚɰɢɹ (ɷɯɨ ɢ ɥɚɬ. locatio – «ɩɨɥɨɠɟɧɢɟ») – ɷɬɨ ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ 

ɩɨɥɨɠɟɧɢɹ ɨɛɴɟɤɬɚ ɩɨ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɜɨɡɜɪɚɳɟɧɢɣ ɨɬɪɚɠɟɧɧɵɯ ɜɨɥɧ ɨɬ 

ɧɟɝɨ. Эɯɨɥɨɤɚɰɢɹ (ɪɢɫɭɧɨɤ 1) ɦɨɠɟɬ ɛɵɬɶ ɚɤɭɫɬɢɱɟɫɤɨɣ ɢɥɢ ɪɚɞɢɨ – ɷɬɨ 

ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜɨɥɧ [1]. 

 

 

Ɋɢɫɭɧɨɤ 1 – Эɯɨɥɨɤɚɰɢɹ ɥɟɬɭɱɟɣ ɦɵɲɢ 
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ɋɚɦ ɩɪɢɧɰɢɩ ɷɯɨɥɨɤɚɰɢɢ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɪɚɡɥɢɱɧɨɣ ɩɥɨɬɧɨɫɬɢ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɋɢɝɧɚɥ, ɤɨɬɨɪɵɣ ɢɡɞɚɟɬ ɠɢɜɨɬɧɨɟ, ɪɚɫɫɟɢɜɚɟɬɫɹ ɟɫɥɢ ɧɟ 

ɜɫɬɪɟɬɢɬ ɧɚ ɫɜɨɟɦ ɩɭɬɢ ɧɢɤɚɤɢɯ ɩɪɟɞɦɟɬɨɜ, ɧɨ ɜɫɬɪɟɬɢɜ ɩɪɟɞɦɟɬ ɫɢɝɧɚɥ 

ɱɚɫɬɢɱɧɨ ɨɬɪɚɠɚɟɬɫɹ ɢ ɱɚɫɬɢɱɧɨ ɪɚɫɫɟɜɚɟɬɫɹ. Эɬɨ ɡɚɜɢɫɢɬ ɨɬ ɩɥɨɬɧɨɫɬɢ 

ɜɫɬɪɟɱɚɟɦɵɯ ɨɛɴɟɤɬɨɜ. 

 

 

Ɋɢɫɭɧɨɤ 2 – ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɚɥɶɧɨɦɟɪɚ 

 

ɍɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɚɥɶɧɨɦɟɪ. ɍɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɚɥɶɧɨɦɟɪ – ɭɫɬɪɨɣɫɬɜɨ 

ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɩɪɟɞɦɟɬɚ, ɩɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɤɨɬɨɪɨɝɨ ɨɫɧɨɜɚɧ 

ɧɚ ɷɯɨɥɨɤɚɰɢɢ. 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɧɚɝɥɹɞɧɨ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2. ȼ ɦɨɦɟɧɬ 

ɢɡɦɟɪɟɧɢɹ ɫɨɡɞɚɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɤɨɥɟɛɚɧɢɟ ɩɪɢ ɩɨɦɨɳɢ ɝɟɧɟɪɚɬɨɪɚ 1, 

ɤɨɬɨɪɨɟ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɭɸ ɜɨɥɧɭ 3 ɩɪɢ ɩɨɦɨɳɢ 

ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɩɟɪɟɞɚɬɱɢɤɚ 2, ɢɡɥɭɱɚɟɬɫɹ ɜ ɨɤɪɭɠɚɸɳɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ 4. Эɬɚ 

ɜɨɥɧɚ ɨɬɪɚɠɚɟɬɫɹ ɨɬ ɩɪɟɩɹɬɫɬɜɢɹ ɢ ɜɨɡɜɪɚɳɚɟɬɫɹ ɤɚɤ ɷɯɨ 5 ɜ ɩɪɢɟɦɧɢɤ 6. Ɂɚɬɟɦ 

ɜ ɜɵɱɢɫɥɢɬɟɥɟ 7 ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɛɨɬɤɚ ɩɨɥɭɱɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ [1].  
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Ɋɚɫɫɬɨɹɧɢɟ ɞɨ ɩɪɟɩɹɬɫɬɜɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

 𝑑 =  𝑣 ∆𝑡ଶ  ,                       (1) 

 

ɝɞɟ d – ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɩɪɟɩɹɬɫɬɜɢɹ,  

v – ɫɤɨɪɨɫɬɶ ɡɜɭɤɨɜɨɣ ɜɨɥɧɵ,  

t – ɜɪɟɦɹ ɦɟɠɞɭ ɨɬɩɪɚɜɤɨɣ ɢ ɩɪɢɟɦɨɦ ɨɬɪɚɠɟɧɧɨɝɨ ɫɢɝɧɚɥɚ. 

Ⱦɨɫɬɨɢɧɫɬɜɚ:  

- ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɜɟɬɨɜɵɯ ɞɚɥɶɧɨɦɟɪɨɜ ɦɨɠɟɬ ɨɩɪɟɞɟɥɢɬɶ ɞɚɥɶɧɨɫɬɶ ɞɨ 

ɫɬɟɤɥɹɧɧɵɯ ɢ ɛɥɢɤɭɸɳɢɯ ɩɪɟɞɦɟɬɨɜ; 

- ɥɟɝɤɨɫɬɶ ɜ ɩɨɥɶɡɨɜɚɧɢɢ; 

- ɩɪɢɟɦɥɟɦɚɹ ɰɟɧɚ. 

ɇɟɞɨɫɬɚɬɤɢ: 

- ɧɟɨɞɧɨɡɧɚɱɧɨɟ ɢɡɦɟɪɟɧɢɟ ɭɞɚɥɟɧɧɨɫɬɢ ɨɬ ɧɟɪɨɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɷɬɨ 

ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɨɱɟɧɶ ɛɨɥɶɲɨɝɨ ɭɝɥɚ ɞɢɚɝɪɚɦɦɵ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ; 

- ɬɨɱɧɨɫɬɶ ɡɚɦɟɪɚ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɨɹɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɤɨɬɨɪɚɹ 

ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ; 

- ɨɝɪɚɧɢɱɟɧɧɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɢɡɦɟɪɟɧɢɟ ɞɚɥɶɧɨɫɬɢ; 

- ɱɚɫɬɢɱɧɵɟ ɨɬɪɚɠɟɧɢɹ (ɩɚɪɚɡɢɬɧɵɣ ɷɯɨɫɢɝɧɚɥ) ɦɨɝɭɬ ɢɫɤɚɡɢɬɶ 

ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ (ɧɚɩɪɢɦɟɪ, ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɜɵɫɨɤɨɣ ɜɥɚɠɧɨɫɬɢ);  

- ɢɡɦɟɪɟɧɢɹ ɨɛɴɟɤɬɨɜ ɢɡ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ, ɢɡɨɥɹɰɢɨɧɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɢɥɢ ɢɦɟɸɳɢɯ ɬɤɚɧɟɜɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ 

ɧɟɩɪɚɜɢɥɶɧɵɦ ɢɡɦɟɪɟɧɢɹɦ ɜɫɥɟɞɫɬɜɢɟ ɩɨɝɥɨɳɟɧɢɹ ɫɢɝɧɚɥɚ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɜɫɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ, ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɚɥɶɧɨɦɟɪ 

ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɥɚɛɨɜɢɞɹɳɢɦɢ ɜ ɩɨɜɫɟɞɧɟɜɧɨɣ ɠɢɡɧɢ ɢ ɜɚɪɢɚɧɬɵ ɟɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɥɢɱɧɵɦɢ. ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɫɢɫɬɟɦɵ ɞɥɹ ɫɥɚɛɨɜɢɞɹɳɢɯ ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɞɚɥɶɧɨɦɟɪɟ, 

ɢɦɟɟɬ ɫɦɵɫɥ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɬɨɥɶɤɨ ɨɞɧɭ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɫɢɫɬɟɦ, ɬɚɤ ɤɚɤ 

ɨɧɢ ɢɞɟɧɬɢɱɧɵ. 



10 
 

Ɍɚɛɥɢɰɚ 1 – ɋɢɫɬɟɦɵ ɫ ɞɚɥɶɧɨɦɟɪɨɦ 

  

ȼɚɪɢɚɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
Ɂɚɞɚɱɚ Ɉɩɨɜɟɳɟɧɢɟ 

Ʉɪɟɩɥɟɧɢɟ 

ɞɚɥɶɧɨɦɟɪɚ 

Ɍɚɤɬɢɥɶɧɚɹ ɬɪɨɫɬɶ ɫ 

ɞɚɥɶɧɨɦɟɪɨɦ 

Ɉɩɪɟɞɟɥɟɧɢɟ 

ɞɚɥɶɧɨɫɬɶ ɞɨ 

ɩɪɟɩɹɬɫɬɜɢɹ 

ȼɢɛɪɚɰɢɹ Ɍɪɨɫɬɶ 

ɇɚɝɪɭɞɧɵɣ ɮɨɧɚɪɶ 

Ɉɩɪɟɞɟɥɟɧɢɟ 

ɞɚɥɶɧɨɫɬɶ ɞɨ 

ɩɪɟɩɹɬɫɬɜɢɹ 

ȼɢɛɪɚɰɢɹ Ƚɪɭɞɶ 

Эɥɟɤɬɪɨɧɧɵɣ ɩɨɜɨɞɵɪɶ 

Ɉɩɪɟɞɟɥɟɧɢɟ 

ɞɚɥɶɧɨɫɬɶ ɞɨ 

ɩɪɟɩɹɬɫɬɜɢɹ 

ȼɢɛɪɚɰɢɹ Ɋɭɤɚ 

 

Ɍɪɨɫɬɶ (ɪɢɫɭɧɨɤ 3) ɞɥɹ ɨɪɢɟɧɬɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɥɚɛɨɜɢɞɹɳɢɯ, 

ɜɵɩɨɥɧɟɧɚ ɜ ɜɢɞɟ ɬɚɤɬɢɥɶɧɨɣ ɬɪɨɫɬɢ ɢ ɢɦɟɟɬ ɞɜɚ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɞɚɥɶɧɨɦɟɪɚ 

ɢ ɨɞɢɧ ɢɧɮɪɚɤɪɚɫɧɵɣ ɞɚɬɱɢɤ ɞɜɢɠɟɧɢɹ, ɧɟɩɨɞɜɢɠɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ 

ɬɚɤɬɢɥɶɧɨɣ ɬɪɨɫɬɢ. ȼɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɞɚɥɶɧɨɦɟɪɨɜ ɢ 

ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɞɚɬɱɢɤɚ ɞɜɢɠɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɫɤɚɧɢɪɨɜɚɧɢɟ 

ɜɩɟɪɟɞɢ ɥɟɠɚɳɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɭɥɶɬɪɚɡɜɭɤɨɜɵɦ ɢ ɢɧɮɪɚɤɪɚɫɧɵɦ ɦɟɬɨɞɨɦ. 

ɉɟɪɜɵɣ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɚɥɶɧɨɦɟɪ ɪɚɫɩɨɥɨɠɟɧ ɜ ɧɢɠɧɟɣ ɩɨɥɨɜɢɧɟ 

ɬɚɤɬɢɥɶɧɨɣ ɬɪɨɫɬɢ ɨɬ ɟё ɫɜɨɛɨɞɧɨɝɨ ɤɨɧɰɚ, ɜɬɨɪɨɣ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɚɥɶɧɨɦɟɪ 

ɪɚɫɩɨɥɨɠɟɧ ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɬɚɤɬɢɥɶɧɨɣ ɬɪɨɫɬɢ ɨɬ ɟё ɫɜɨɛɨɞɧɨɝɨ ɤɨɧɰɚ. Ɉɧɢ 

ɭɫɬɚɧɨɜɥɟɧɵ ɬɚɤ, ɱɬɨɛɵ ɢɯ ɚɤɭɫɬɢɱɟɫɤɢɟ ɨɫɢ ɛɵɥɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɩɪɢ 

ɞɜɢɠɟɧɢɢ ɫɥɚɛɨɜɢɞɹɳɟɝɨ. ɂɧɮɪɚɤɪɚɫɧɵɣ ɞɚɬɱɢɤ ɭɫɬɚɧɨɜɥɟɧ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ 

ɬɚɤɬɢɥɶɧɨɣ ɬɪɨɫɬɢ ɨɬ ɟё ɫɜɨɛɨɞɧɨɝɨ ɤɨɧɰɚ. Ɉɧ ɭɫɬɚɧɨɜɥɟɧ ɬɚɤ, ɱɬɨɛɵ ɟɝɨ 

ɨɩɬɢɱɟɫɤɚɹ ɨɫɶ ɛɵɥɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɩɪɢ ɞɜɢɠɟɧɢɢ. ɂɧɮɨɪɦɚɰɢɹ ɨ 

ɩɪɟɩɹɬɫɬɜɢɹɯ ɜɵɜɨɞɢɬɫɹ ɞɥɹ ɫɥɚɛɨɜɢɞɹɳɟɝɨ ɜ ɜɢɞɟ ɝɨɥɨɫɨɜɵɯ ɫɨɨɛɳɟɧɢɣ.  
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Ɋɢɫɭɧɨɤ 3 – Ɍɪɨɫɬɶ 

 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ. Ʉɚɤ ɬɨɥɶɤɨ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪ (ɪɢɫɭɧɨɤ 4) ɫ ɩɨɦɨɳɶɸ 

ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɞɚɥɶɧɨɦɟɪɨɜ, ɨɛɧɚɪɭɠɢɬ ɩɪɟɩɹɬɫɬɜɢɟ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 0,8 

ɦɟɬɪɚ, ɨɧ ɩɨɞɚɫɬ ɚɭɞɢɨ ɫɨɨɛɳɟɧɢɟ «ɉɪɟɩɹɬɫɬɜɢɟ». ȿɫɥɢ ɫ ɩɨɦɨɳɶɸ 

ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɞɚɥɶɧɨɦɟɪɨɜ ɨɛɧɚɪɭɠɢɬ ɩɪɟɩɹɬɫɬɜɢɟ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 0,8 ɦɟɬɪɚ, 

ɚ ɢɧɮɪɚɤɪɚɫɧɵɣ ɞɚɬɱɢɤ ɞɜɢɠɟɧɢɹ ɡɚɪɟɝɢɫɬɪɢɪɭɟɬ ɱɟɥɨɜɟɤɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 0,8 

ɦɟɬɪɚ, ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɩɨɞɚɫɬ ɚɭɞɢɨ ɫɨɨɛɳɟɧɢɟ «ɉɪɟɩɹɬɫɬɜɢɟ ɱɟɥɨɜɟɤ» . 

 

 
Ɋɢɫɭɧɨɤ 4 – ɭɫɬɪɨɣɫɬɜɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɥɨɤɚ 

 

ɇɟɞɨɫɬɚɬɤɨɦ ɷɬɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɨɥɶɡɨɜɚɬɟɥɶ 

ɞɨɥɠɟɧ ɬɨɱɧɨ ɡɧɚɬɶ ɨ ɩɪɟɞɩɨɥɚɝɚɟɦɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɩɪɟɩɹɬɫɬɜɢɹ ɢ ɡɚɪɚɧɟɟ 

ɫɨɪɢɟɧɬɢɪɨɜɚɬɶ ɩɪɢɟɦɨɢɡɥɭɱɚɬɟɥɶ ɧɚ ɧɟɝɨ, ɥɢɛɨ ɜɟɫɬɢ ɩɨɫɬɨɹɧɧɨɟ 

ɫɤɚɧɢɪɨɜɚɧɢɟ ɩɭɬɟɦ ɩɟɪɟɨɪɢɟɧɬɚɰɢɢ ɩɪɢɟɦɨɢɡɥɭɱɚɬɟɥɹ ɜɨɤɪɭɝ ɨɫɢ ɟɝɨ 

ɤɪɟɩɥɟɧɢɹ. 
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1.1.2 ɇɚɜɢɝɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɩɚɪɭɫ 

 

ɍɫɬɪɨɣɫɬɜɨ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɢɧɮɨɪɦɢɪɨɜɚɧɢɹ ɥɸɞɟɣ ɫ 

ɨɝɪɚɧɢɱɟɧɧɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɨ ɫɜɨɟɦ ɦɟɫɬɨɧɚɯɨɠɞɟɧɢɢ, ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ 

ɩɨɥɭɱɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɜɟɞɟɧɢɣ ɨ ɛɥɢɡɥɟɠɚɳɢɯ ɨɛɴɟɤɬɚɯ ɜ ɜɢɞɟ 

ɡɜɭɤɨɜɨɝɨ ɫɨɨɛɳɟɧɢɹ. ɍɫɬɪɨɣɫɬɜɨ ɫɨɫɬɨɢɬ ɢɡ Ȼɚɡɨɜɨɝɨ Ȼɥɨɤɚ (ɪɢɫɭɧɨɤ 5) ɢ 

Ⱥɤɬɢɜɚɬɨɪɚ (ɪɢɫɭɧɨɤ 6). 

 

 

Ɋɢɫɭɧɨɤ 5 – Ȼɚɡɨɜɵɣ Ȼɥɨɤ 

 

Ȼɚɡɨɜɵɣ ɛɥɨɤ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɧɮɨɪɦɢɪɨɜɚɧɢɹ ɥɸɞɟɣ ɫ ɩɨɬɟɪɟɣ 

ɡɪɟɧɢɹ ɨɛ ɢɯ ɦɟɫɬɨɧɚɯɨɠɞɟɧɢɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɧɚɜɢɝɚɰɢɢ ɩɨ ɬɟɪɪɢɬɨɪɢɢ 

ɭɱɪɟɠɞɟɧɢɢ (ɲɤɨɥɚ, ɛɨɥɶɧɢɰɚ, ɢɧɫɬɢɬɭɬ, ɤɜɚɪɬɢɪɚ ɢ ɬ.ɞ.) ɩɨɥɭɱɟɧɢɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɜɟɞɟɧɢɣ ɨ ɛɥɢɡɥɟɠɚɳɢɯ ɨɛɴɟɤɬɚɯ ɥɢɛɨ ɜ ɜɢɞɟ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɩɢɫɚɧɧɵɯ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɨɨɛɳɟɧɢɣ. Ⱦɨɥɠɧɚ ɛɵɬɶ 

ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɛɨɬɵ ɛɚɡɨɜɨɝɨ ɛɥɨɤɚ ɫɨɜɦɟɫɬɧɨ ɫ ɛɪɚɫɥɟɬɨɦ-

ɚɤɬɢɜɚɬɨɪɨɦ ɧɚ ɡɚɩɹɫɬɶɟ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɤɨɬɨɪɵɣ ɩɨ ɧɚɠɚɬɢɸ ɧɚ ɨɞɧɭ ɢɡ ɤɧɨɩɨɤ 

ɚɤɬɢɜɢɪɭɟɬ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɫɢɝɧɚɥɚ ɧɚ ɛɚɡɨɜɨɦ ɛɥɨɤɟ 

ɫɢɫɬɟɦɵ [2]. 
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Ɋɢɫɭɧɨɤ 6 – Ⱥɤɬɢɜɚɬɨɪ 

 

Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɩɨɥɶɡɨɜɚɬɟɥɸ ɬɚɤɨɣ 

ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɧɚɯɨɞɢɬɶɫɹ ɜ ɡɨɧɟ ɩɨɤɪɵɬɢɹ. 

 

1.1.3 ɋɢɫɬɟɦɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ OrCum 

 

Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɤɚɦɟɪɭ ɫ ɝɚɪɧɢɬɭɪɨɣ, ɤɨɬɨɪɵɟ 

ɩɪɢɤɪɟɩɥɹɸɬɫɹ ɤ ɨɱɤɚɦ, ɢ ɩɪɨɰɟɫɫɨɪɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨ ɨɛɪɚɛɨɬɤɟ 

ɢɡɨɛɪɚɠɟɧɢɣ (ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 7). 

 

 

Ɋɢɫɭɧɨɤ 7 – Ʉɚɦɟɪɚ ɢ ɝɚɪɧɢɬɭɪɚ  

 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ OrCam ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ, ɤɚɦɟɪɚ 

ɮɢɤɫɢɪɭɟɬ ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɩɟɪɟɞɚɟɬ ɟɝɨ ɭɫɬɪɨɣɫɬɜɭ ɨɛɪɚɛɨɬɤɢ, ɞɚɥɟɟ 

ɭɫɬɪɨɣɫɬɜɨ ɨɩɪɟɞɟɥɹɟɬ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɠɟɫɬɵ, ɥɢɰɚ ɢ ɩɪɟɞɦɟɬɵ, ɤɨɬɨɪɵɟ 



14 
 

ɛɵɥɢ ɡɚɩɢɫɚɧɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜ ɩɚɦɹɬɶ ɭɫɬɪɨɣɫɬɜɚ. Ɂɚɬɟɦ ɩɟɪɟɞɚɟɬ 

ɢɧɮɨɪɦɚɰɢɸ ɜ ɜɢɞɟ ɡɜɭɤɨɜɨɝɨ ɨɩɨɜɟɳɟɧɢɹ ɩɨɥɶɡɨɜɚɬɟɥɸ.  

 

 

Ɋɢɫɭɧɨɤ 8 – ȼɚɪɢɚɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɷɬɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɹɡɵɤ ɩɨɞɞɟɪɠɢɜɚɟɦɵɣ ɷɬɨɣ 

ɫɢɫɬɟɦɨɣ ɬɨɥɶɤɨ ɚɧɝɥɢɣɫɤɢɣ ɢ ɧɟɬ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɞɚɥёɧɧɨɫɬɢ ɩɪɟɞɦɟɬɨɜ ɨɬ 

ɩɨɥɶɡɨɜɚɬɟɥɹ. 

 

1.1.4 Voice vision 

 

ɋɢɫɬɟɦɚ Voice vision ɨɫɧɨɜɚɧɚ ɧɚ ɜɨɫɩɪɢɹɬɢɢ ɡɚɤɨɞɢɪɨɜɚɧɧɨɣ 

ɜɢɡɭɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜɢɞɟɨɤɚɦɟɪɵ. ȼ ɫɨɱɟɬɚɧɢɢ ɫɨ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ 

ɩɪɨɝɪɚɦɦɨɣ ɩɨɡɜɨɥɹɟɬ ɫɥɚɛɨɜɢɞɹɳɢɦ ɩɪɢ ɩɨɦɨɳɢ ɫɦɚɪɬɮɨɧɚ, ɨɫɧɚɳɟɧɧɵɯ 

ɤɚɦɟɪɨɣ, ɫɥɵɲɚɬɶ ɡɜɭɤɨɜɨɣ ɫɢɝɧɚɥ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɧɚ ɨɫɧɨɜɟ ɢɡɨɛɪɚɠɟɧɢɹ 

ɫ ɤɚɦɟɪɵ. 

ɉɪɢɧɰɢɩ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ (ɪɢɫɭɧɨɤ 9) ɜ ɡɜɭɤ. ɂɡɨɛɪɚɠɟɧɢɹ 

ɫɤɚɧɢɪɭɸɬɫɹ ɢ ɨɡɜɭɱɢɜɚɸɬɫɹ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɫɥɟɜɚ ɧɚɩɪɚɜɨ. ɉɨ ɭɦɨɥɱɚɧɢɸ 

ɫɤɨɪɨɫɬɶ ɨɡɜɭɱɢɜɚɧɢɹ ɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɪɚɜɧɚ ɨɞɧɨɦɭ ɫɧɢɦɤɭ ɜ ɫɟɤɭɧɞɭ. 

ɋɬɟɪɟɨɡɜɭɤ, ɤɨɬɨɪɵɣ ɫɥɵɲɟɧ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɨɤɪɭɱɢɜɚɟɬɫɹ ɫɥɟɜɚ ɧɚɩɪɚɜɨ, 
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ɱɬɨ ɨɛɥɟɝɱɚɟɬ ɨɬɫɥɟɠɢɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɫɤɚɧɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɜɨɡɧɢɤɲɢɣ ɫɥɟɜɚ ɢɥɢ ɫɩɪɚɜɚ ɨɬ ɜɚɫ ɡɜɭɤ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɚɥɢɱɢɢ 

ɡɪɢɬɟɥɶɧɨɝɨ ɨɛɪɚɡɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɥɟɜɨɣ ɢɥɢ ɩɪɚɜɨɣ 

ɫɬɨɪɨɧɟ [2]. 

 

 

Ɋɢɫɭɧɨɤ 9 – Ɉɛɪɚɛɨɬɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 

 

ȼɨɡɧɢɤɚɸɳɢɣ ɩɪɢ ɤɚɠɞɨɦ ɫɤɚɧɢɪɨɜɚɧɢɢ ɬɨɧ ɨɛɨɡɧɚɱɚɟɬ ɜɵɫɨɬɭ: ɱɟɦ 

ɜɵɲɟ ɬɨɧ, ɬɟɦ ɜɵɲɟ ɩɨɥɨɠɟɧɢɟ ɨɛɴɟɤɬɚ ɜ ɩɨɥɟ ɡɪɟɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɩɨɜɵɲɚɟɬɫɹ ɢɥɢ ɩɨɧɢɠɚɟɬɫɹ ɬɨɧ ɡɜɭɤɨɜɨɝɨ ɥɚɧɞɲɚɮɬɚ, 

ɦɨɠɧɨ ɫɭɞɢɬɶ ɨ ɬɨɦ, ɜɨɫɯɨɞɹɳɢɣ, ɢɥɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɢɫɯɨɞɹɳɢɣ 

ɡɪɢɬɟɥɶɧɵɣ ɨɛɪɚɡ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɩɟɪɟɞ ɜɚɦɢ [2]. 

Ƚɪɨɦɤɨɫɬɶ ɨɛɨɡɧɚɱɚɟɬ ɹɪɤɨɫɬɶ: ɱɟɦ ɝɪɨɦɱɟ ɡɜɭɤ, ɬɟɦ ɹɪɱɟ (ɫɜɟɬɥɟɟ) 

ɢɡɨɛɪɚɠɚɟɦɵɣ ɩɪɟɞɦɟɬ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɢɲɢɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɱɟɪɧɨɦɭ ɰɜɟɬɭ, 

ɝɪɨɦɤɢɣ ɡɜɭɤ – ɛɟɥɨɦɭ, ɚ ɜɫɟ, ɱɬɨ ɦɟɠɞɭ ɧɢɦɢ – ɟɫɬɶ ɨɬɬɟɧɤɢ ɫɟɪɨɝɨ ɰɜɟɬɚ. 

Ɉɩɢɫɚɧɧɵɣ ɫɩɨɫɨɛ ɩɨɡɜɨɥɹɟɬ ɨɡɜɭɱɢɬɶ ɥɸɛɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɧɨ ɱɟɦ ɨɧɨ 

ɧɚɫɵɳɟɧɧɟɟ, ɬɟɦ ɛɨɥɶɲɟ ɡɜɭɤɨɜ ɩɨɬɪɟɛɭɟɬɫɹ ɞɥɹ ɟɝɨ ɨɬɨɛɪɚɠɟɧɢɹ. ȼ ɤɨɧɟɱɧɨɦ 

ɢɬɨɝɟ ɫɢɝɧɚɥ, ɤɨɬɨɪɵɣ ɫɥɵɲɢɬ ɫɥɚɛɨɜɢɞɹɳɢɣ, ɡɜɭɱɢɬ ɤɚɤ ɪɟɡɤɢɣ ɩɨɫɬɨɹɧɧɵɣ 

ɲɭɦ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ, ɬɚɤ ɤɚɤ ɷɬɨ ɦɨɠɟɬ ɧɟɝɚɬɢɜɧɨ 

ɨɬɪɚɡɢɬɶɫɹ ɧɚ ɰɟɧɬɪɚɥɶɧɨɣ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɟ [2]. 

1.2 ɋɪɟɞɫɬɜɚ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

 

1.2.1 Arduino IDE 
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Arduino IDE – ɷɬɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɪɚɡɪɚɛɨɬɱɢɤɨɜ 

ɩɥɚɬɮɨɪɦɵ Arduino. Эɬɚ ɩɥɚɬɮɨɪɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɧɚɩɢɫɚɧɢɹ ɩɪɨɝɪɚɦɦ, 

ɢɯ ɤɨɦɩɢɥɹɰɢɢ ɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ [3]. 

əɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Arduino ɹɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ C++ 

(ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɩɢɥɹɬɨɪ AVR-GCC) ɫ ɧɟɤɨɬɨɪɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ, 

ɨɛɥɟɝɱɚɸɳɢɟ ɧɚɩɢɫɚɧɢɟ ɩɪɨɝɪɚɦɦ ɧɨɜɢɱɤɚɦ ɜ ɷɬɨɦ ɞɟɥɟ. 

ȼɨɡɦɨɠɧɨɫɬɢ Arduino IDE: 

−  ɢɧɬɭɢɬɢɜɧɨ ɩɨɧɹɬɧɵɣ ɢ ɭɞɨɛɧɵɣ ɢɧɬɟɪɮɟɣɫ; 

− ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫɨɜɦɟɫɬɢɦɨ ɫɨ ɜɫɟɦɢ ɜɟɪɫɢɹ ɨɩɟɪɚɰɢɨɧɧɨɣ 

ɫɢɫɬɟɦɵ Windows; 

−  ɧɚɥɢɱɢɟ ɢɧɫɬɪɭɦɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɪɚɛɨɬɵ; 

−  ɪɚɡɥɢɱɧɵɣ ɧɚɛɨɪ ɩɪɢɦɟɪɨɜ ɩɪɨɝɪɚɦɦ; 

 

1.2.2 HTML/CSS 

 

HTML – ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɹɡɵɤ ɪɚɡɦɟɬɤɢ, ɧɚ ɤɨɬɨɪɨɦ ɫɨɡɞɚɸɬ ɜɟɛ-

ɞɨɤɭɦɟɧɬɵ.  

Ƚɢɩɟɪɬɟɤɫɬ – ɷɬɨ ɧɟɤɨɬɨɪɵɣ ɬɟɤɫɬ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɫɫɵɥɤɭ ɧɚ ɞɪɭɝɨɣ 

ɬɟɤɫɬ. ȼ ɜɟɛ ɫɮɟɪɟ ɷɬɢ ɫɫɵɥɤɢ ɹɜɥɹɸɬɫɹ ɫɫɵɥɤɚɦɢ ɧɚ ɞɪɭɝɢɟ ɜɟɛ-ɞɨɤɭɦɟɧɬɵ. 

əɡɵɤ ɪɚɡɦɟɬɤɢ – ɷɬɨ ɧɚɛɨɪ ɫɢɧɬɚɤɫɢɱɟɫɤɢɯ ɩɪɚɜɢɥ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ 

ɦɨɠɧɨ ɭɩɨɪɹɞɨɱɟɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɬɭ ɢɥɢ ɢɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɧɚ ɷɤɪɚɧɟ. ȼɚɠɧɨ 

ɨɬɦɟɬɢɬɶ, ɱɬɨ ɹɡɵɤ ɪɚɡɦɟɬɤɢ ɧɟ ɹɜɥɹɟɬɫɹ ɹɡɵɤɨɦ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ [4]. 

HTML-ɞɨɤɭɦɟɧɬ – ɷɬɨ ɜɟɛ-ɞɨɤɭɦɟɧɬ, ɤɨɬɨɪɵɣ ɛɵɥ ɫɮɨɪɦɢɪɨɜɚɧ ɩɪɢ 

ɩɨɦɨɳɢ ɹɡɵɤɚ ɪɚɡɦɟɬɤɢ HTML. ɉɨ ɫɜɨɟɣ ɫɭɬɢ – ɷɬɨ ɬɟɤɫɬɨɜɵɣ ɮɚɣɥ, ɜ ɤɨɬɨɪɨɦ 

ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɹɡɵɤ ɪɚɡɦɟɬɤɢ. ɂɫɯɨɞɧɵɣ ɤɨɞ HTML-ɞɨɤɭɦɟɧɬɚ ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɨɫɦɨɬɪɟɧ ɢ ɨɬɪɟɞɚɤɬɢɪɨɜɚɧ ɜ ɥɸɛɨɦ ɬɟɤɫɬɨɜɨɦ ɪɟɞɚɤɬɨɪɟ, ɧɚɩɪɢɦɟɪ, ɜ 

Ȼɥɨɤɧɨɬɟ. Эɬɨ ɨɞɧɨ ɢɡ ɭɞɨɛɧɵɯ ɫɜɨɣɫɬɜ HTML-ɞɨɤɭɦɟɧɬɚ. ɉɪɨɝɪɚɦɦɚ, 

ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɨɬɨɛɪɚɠɚɬɶ HTML-ɞɨɤɭɦɟɧɬ, ɧɚ ɨɫɧɨɜɟ ɢɫɯɨɞɧɨɝɨ ɤɨɞɚ 

ɪɚɡɦɟɬɤɢ ɧɚɡɵɜɚɟɬɫɹ ɛɪɚɭɡɟɪɨɦ [4]. 
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Ȼɪɚɭɡɟɪ ɢɧɬɟɪɩɪɟɬɢɪɭɟɬ HTML-ɞɨɤɭɦɟɧɬ, ɜɵɫɬɪɚɢɜɚɹ ɟɝɨ ɫɬɪɭɤɬɭɪɭ ɢ 

ɨɬɨɛɪɚɠɚɹ ɟɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɧɫɬɪɭɤɰɢɹɦɢ, ɜɤɥɸɱɟɧɧɵɦɢ ɜ ɷɬɨɬ ɮɚɣɥ 

(ɬɚɛɥɢɰɵ ɫɬɢɥɟɣ, ɫɤɪɢɩɬɵ). ȿɫɥɢ ɪɚɡɦɟɬɤɚ ɩɪɚɜɢɥɶɧɚɹ, ɬɨ ɜ ɨɤɧɟ ɛɪɚɭɡɟɪɚ 

ɛɭɞɟɬ ɨɬɨɛɪɚɠɟɧɚ HTML-ɫɬɪɚɧɢɰɚ, ɫɨɞɟɪɠɚɳɚɹ HTML-ɷɥɟɦɟɧɬɵ — 

ɡɚɝɨɥɨɜɤɢ, ɬɚɛɥɢɰɵ, ɢɡɨɛɪɚɠɟɧɢɹ [4]. 

ɉɪɨɰɟɫɫ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɧɚɱɢɧɚɟɬɫɹ ɩɪɟɠɞɟ, ɱɟɦ ɜɟɛ-ɫɬɪɚɧɢɰɚ 

ɩɨɥɧɨɫɬɶɸ ɡɚɝɪɭɠɟɧɚ ɜ ɛɪɚɭɡɟɪ. Ȼɪɚɭɡɟɪɵ ɨɛɪɚɛɚɬɵɜɚɸɬ HTML-ɞɨɤɭɦɟɧɬɵ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫ ɫɚɦɨɝɨ ɧɚɱɚɥɚ, ɩɪɢ ɷɬɨɦ ɨɛɪɚɛɚɬɵɜɚɹ CSS ɢ ɫɨɨɬɧɨɫɹ 

ɬɚɛɥɢɰɵ ɫɬɢɥɟɣ ɫ ɷɥɟɦɟɧɬɚɦɢ ɫɬɪɚɧɢɰɵ [4]. 

CSS (ɚɧɝɥ. Cascading Style Sheets – ɤɚɫɤɚɞɧɵɟ ɬɚɛɥɢɰɵ ɫɬɢɥɟɣ) – 

ɮɨɪɦɚɥɶɧɵɣ ɹɡɵɤ ɨɩɢɫɚɧɢɹ ɜɧɟɲɧɟɝɨ ɨɛɥɢɤɚ ɞɨɤɭɦɟɧɬɚ, ɤɨɬɨɪɵɣ ɧɚɩɢɫɚɧ 

ɩɪɢ ɩɨɦɨɳɢ ɹɡɵɤɚ ɪɚɡɦɟɬɤɢ [5]. 

Ⱦɚɧɧɵɣ ɹɡɵɤ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɫɪɟɞɫɬɜɨ ɨɮɨɪɦɥɟɧɢɹ ɢ ɨɩɢɫɚɧɢɹ 

ɜɧɟɲɧɟɝɨ ɨɛɥɢɤɚ ɜɟɛ-ɫɬɪɚɧɢɰ, ɧɚɩɢɫɚɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɹɡɵɤɨɜ ɪɚɡɦɟɬɤɢ 

HTML ɢ XHTML, ɚ ɬɚɤɠɟ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫ XML[5]. CSS ɨɩɢɫɵɜɚɟɬ 

ɩɪɚɜɢɥɚ ɢɡɦɟɧɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɩɨɦɨɳɢ ɫɜɨɣɫɬɜ ɢ ɨɝɪɚɧɢɱɟɧɢɹ ɡɧɚɱɟɧɢɣ 

ɷɬɢɯ ɫɜɨɣɫɬɜ [5]. 

Ɍɚɛɥɢɰɚ ɫɬɢɥɟɣ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɫɨɡɞɚɧɢɢ ɜɟɛ-cɬɪɚɧɢɰ ɞɥɹ ɢɡɦɟɧɟɧɢɹ 

ɲɪɢɮɬɨɜ, ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɰɜɟɬɚ ɢ ɞɪɭɝɢɯ ɫɜɨɣɫɬɜ 

ɷɥɟɦɟɧɬɨɜ ɫɬɪɚɧɢɰɵ. Ƚɥɚɜɧɨɣ ɡɚɞɚɱɟɣ ɪɚɡɪɚɛɨɬɤɢ ɧɚ CSS ɹɜɥɹɥɨɫɶ ɪɚɡɞɟɥɟɧɢɟ 

ɨɩɢɫɚɧɢɹ ɥɨɝɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɜɟɛ-ɫɬɪɚɧɢɰɵ (ɤɨɬɨɪɨɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɹɡɵɤɨɦ 

ɪɚɡɦɟɬɤɢ) ɨɬ ɨɩɢɫɚɧɢɹ ɜɧɟɲɧɟɝɨ ɜɢɞɚ ɷɬɨɣ ɜɟɛ-ɫɬɪɚɧɢɰɵ (ɤɨɬɨɪɨɟ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɮɨɪɦɚɥɶɧɵɦ ɹɡɵɤɨɦ).  
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1.2.3 JavaScript/TypeScript 

 

JavaScript – ɷɬɨ ɹɡɵɤ ɫɰɟɧɚɪɢɟɜ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ ɫɨɡɞɚɸɬɫɹ 

ɞɢɚɥɨɝɨɜɵɟ HTML-ɞɨɤɭɦɟɧɬɵ, ɬɚɤɠɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɢɡɜɨɞɢɬɶ 

ɜɵɱɢɫɥɟɧɢɹ ɢ ɛɟɡ ɨɛɪɚɳɟɧɢɹ ɤ ɫɟɪɜɟɪɚɦ ɩɪɨɜɨɞɢɬɶ ɩɪɨɰɟɞɭɪɭ ɩɪɨɜɟɪɤɢ 

ɞɨɩɭɫɬɢɦɨɫɬɢ ɞɚɧɧɵɯ [6]. 

JavaScript ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɹɡɵɤɨɜ. ȼ 

ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɟɨɛɯɨɞɢɦɨ ɨɡɧɚɤɨɦɢɬɶɫɹ ɫ ɬɪɟɦɹ ɬɟɪɦɢɧɚɦɢ. 

Ɉɛɴɟɤɬ – ɷɬɨ ɩɪɟɞɦɟɬ ɬɚɤɨɣ ɤɚɤ: ɨɤɧɨ ɛɪɚɭɡɟɪɚ, ɮɨɪɦɵ ɢ ɢɯ ɱɚɫɬɢ, 

ɤɧɨɩɤɢ ɢ ɬɟɤɫɬɨɜɵɟ ɨɤɧɚ. Ɍɚɤɠɟ JavaScript ɢɦɟɟɬ ɫɨɛɫɬɜɟɧɧɭɸ ɝɪɭɩɩɭ 

ɜɫɬɪɨɟɧɧɵɯ ɨɛɴɟɤɬɨɜ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ ɦɚɫɫɢɜɵ, ɞɚɧɧɵɟ. 

Ɇɟɬɨɞ – ɷɬɨ ɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɵɟ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɨɛɴɟɤɬ.  

ɋɜɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɟɫɬɶ ɭ ɜɫɟɯ ɨɛɴɟɤɬɨɜ.  

ɋɰɟɧɚɪɢɣ JavaScript ɜ ɞɜɨɢɱɧɵɣ ɤɨɞ ɧɟ ɤɨɦɩɢɥɢɪɭɸɬɫɹ. Ɉɧɢ 

ɩɨɫɪɟɞɫɬɜɨɦ ɜɫɬɪɨɟɧɧɨɝɨ ɜ ɛɪɚɭɡɟɪ ɢɧɬɟɪɩɪɟɬɚɬɨɪɚ, ɢɧɬɟɪɩɪɟɬɢɪɭɟɬɫɹ ɢ 

ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ.  

Ʉɚɤ ɬɨɥɶɤɨ ɛɪɚɭɡɟɪ ɨɛɧɚɪɭɠɢɬ ɤɨɞ JavaScript ɧɚ ɫɬɪɚɧɢɰɟ, ɬɨ ɨɧ ɫɪɚɡɭ ɠɟ 

ɧɚɱɢɧɚɟɬ ɟɝɨ ɜɵɩɨɥɧɹɬɶ. ȼɫɟ ɫɬɪɨɱɤɢ ɤɨɞɚ ɛɭɞɭɬ ɜɵɩɨɥɧɹɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɩɟɪɟɯɨɞ ɤ ɫɥɟɞɭɸɳɟɣ ɫɬɪɨɤɟ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ 

ɩɪɟɞɵɞɭɳɢɯ ɫɬɪɨɤ. ȿɫɥɢ ɜ HTML-ɞɨɤɭɦɟɧɬɟ  ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɫɹ ɧɟɫɤɨɥɶɤɨ 

ɫɰɟɧɚɪɢɟɜ JavaScript, ɬɨ ɢɯ ɢɫɩɨɥɧɟɧɢɟ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɜ ɩɨɪɹɞɤɟ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɞɨɤɭɦɟɧɬɟ[6]. 

ȼɨɡɦɨɠɧɨɫɬɢ JavaScript: 

- ɢɡɦɟɧɹɬɶ ɫɨɞɟɪɠɢɦɨɟ ɫɬɪɚɧɢɰɵ: ɪɟɞɚɤɬɢɪɨɜɚɬɶ ɬɟɤɫɬ, ɞɨɛɚɜɥɹɬɶ ɢ 

ɭɞɚɥɹɬɶ ɬɟɝɢ, ɪɟɞɚɤɬɢɪɨɜɚɬɶ ɫɬɢɥɢ ɷɥɟɦɟɧɬɨɜ; 

- ɫɨɛɵɬɢɹ: ɫɤɪɢɩɬ ɦɨɠɟɬ ɨɠɢɞɚɬɶ ɜɵɩɨɥɧɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 

ɞɟɣɫɬɜɢɹ (ɤɥɢɤɚ ɦɵɲɤɢ ɢɥɢ ɧɚɠɚɬɢɟ ɤɥɚɜɢɲɢ) ɢ ɜɵɩɨɥɧɹɬɶ ɨɩɪɟɞɟɥɟɧɧɭɸ 

ɮɭɧɤɰɢɸ; 

- ɡɚɝɪɭɡɤɚ ɞɚɧɧɵɯ ɩɪɢ ɨɛɪɚɳɟɧɢɢ ɤ ɫɟɪɜɟɪɭ ɩɨɡɜɨɥɹɟɬ ɧɚɩɨɥɧɹɬɶ 

ɫɬɪɚɧɢɰɭ ɛɟɡ ɟё ɩɟɪɟɡɚɝɪɭɡɤɢ; 



19 
 

- ɜɵɜɨɞ ɫɨɨɛɳɟɧɢɣ, ɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɹ ɢ ɞɪɭɝɢɟ. 

- ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɢɛɥɢɨɬɟɤ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɚɧɟɥɟɣ.  

TypeScript, ɜ ɨɬɥɢɱɢɢ ɨɬ JavaScript, ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɞɟɪɠɤɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɧɨɰɟɧɧɵɯ ɤɥɚɫɫɨɜ (ɤɚɤ ɜ ɤɥɚɫɫɢɱɟɫɤɢɯ ɨɛɴɟɤɬɧɨ-

ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɹɡɵɤɚɯ) ɢ ɹɜɧɨɝɨ ɫɬɚɬɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɬɢɩɨɜ. Ʉ ɬɨɦɭ ɠɟ 

ɢɦɟɟɬ ɟɳё ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɞɟɪɠɤɢ ɩɨɞɤɥɸɱɟɧɢɹ ɦɨɞɭɥɟɣ, ɱɬɨ ɩɨɡɜɨɥɢɬ 

ɩɨɜɵɫɢɬɶ ɫɤɨɪɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ, ɨɛɥɟɝɱɢɬɶ ɱɢɬɚɟɦɨɫɬɶ ɢ ɩɨɜɬɨɪɧɨɟ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɞɚ, ɬɚɤɠɟ ɦɨɠɟɬ ɩɨɦɨɱɶ ɨɫɭɳɟɫɬɜɢɬɶ ɩɨɢɫɤ ɨɲɢɛɨɤ ɧɚ ɷɬɚɩɟ 

ɪɚɡɪɚɛɨɬɤɢ ɢ ɤɨɦɩɢɥɹɰɢɢ, ɜɨɡɦɨɠɧɨ ɭɫɤɨɪɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɧɚɩɢɫɚɧɧɨɣ 

ɩɪɨɝɪɚɦɦɵ. 

TypeScript , ɤɨɦɩɢɥɢɪɭɟɬɫɹ ɜ  JavaScript ɬɚɤ ɤɚɤ ɨɧ ɨɛɪɚɬɧɨ ɫɨɜɦɟɫɬɢɦ ɫ 

ɧɢɦ, ɩɨɷɬɨɦɭ ɩɨɫɥɟ ɤɨɦɩɢɥɹɰɢɢ ɩɪɨɝɪɚɦɦɵ ɧɚ TypeScript ɦɨɠɧɨ ɜɵɩɨɥɧɹɬɶ ɜ 

ɥɸɛɨɦ ɫɨɜɪɟɦɟɧɧɨɦ ɛɪɚɭɡɟɪɟ ɢɥɢ ɧɚɩɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɜɦɟɫɬɧɨ ɫ 

ɫɟɪɜɟɪɧɨɣ ɩɥɚɬɮɨɪɦɨɣ Node.js. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ ɫɜɹɡɢ ɩɨɥɧɨɣ ɨɛɪɚɬɧɨɣ 

ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɪɚɧɟɟ ɫɨɡɞɚɧɧɵɯ ɩɪɢɥɨɠɟɧɢɣ ɧɚ ɧɨɜɵɣ ɹɡɵɤ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɩɭɬёɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 

ɬɢɩɨɜ. 

 

1.2.4 Ⱥɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɣ ɦɨɛɢɥɶɧɵɯ ɩɪɢɥɨɠɟɧɢɣ 

 

Native (c ɚɧɝɥ. Native - "ɪɨɞɧɨɣ") ɩɪɢɥɨɠɟɧɢɹ – ɷɬɨ ɩɪɨɝɪɚɦɦɧɵɟ 

ɩɪɨɞɭɤɬɵ, ɤɨɬɨɪɵɟ ɪɚɡɪɚɛɨɬɚɧɵ ɩɨɞ ɨɩɪɟɞɟɥɟɧɧɭɸ ɨɩɟɪɚɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ. 

ɉɪɨɝɪɚɦɦɚ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɧɚɩɢɫɚɧɚ, ɧɚɩɪɢɦɟɪ, ɩɨɞ Android, ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ 

ɬɨɥɶɤɨ ɧɚ ɷɬɨɣ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ.  

ɍ ɤɚɠɞɨɣ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɟɫɬɶ ɫɜɨɣ ɧɚɛɨɪ ɨɫɧɨɜɧɵɯ ɩɪɨɰɟɞɭɪ, 

ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɬɨɪɵɯ ɨɧɚ ɨɫɭɳɟɫɬɜɥɹɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɩɪɨɝɪɚɦɦɚɦɢ ɩɪɢɤɥɚɞɧɨɝɨ ɭɪɨɜɧɹ [3].   
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Ɋɚɡɪɚɛɨɬɤɚ Native ɩɪɢɥɨɠɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ API, ɨɬɫɸɞɚ 

ɫɥɟɞɭɟɬ, ɱɬɨ ɢ ɪɚɛɨɬɚɬɶ ɨɧɢ ɛɭɞɭɬ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɣ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ: 

- ɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ; 

- ɨɛɪɚɛɨɬɤɚ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɚɧɧɵɯ ɧɚ ɫɬɨɪɨɧɟ ɤɥɢɟɧɬɚ; 

- ɝɢɛɤɚɹ ɪɟɚɥɢɡɚɰɢɹ; 

- ɷɤɨɧɨɦɢɱɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɛɚɬɚɪɟɢ; 

 

1.2.4.1 Ʉɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɵɟ ɩɪɢɥɨɠɟɧɢɹ 

 

Ʉɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ – ɷɬɨ ɬɚɤɨɟ 

ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɪɚɛɨɬɚɟɬ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɚɩɩɚɪɚɬɧɵɯ 

ɩɥɚɬɮɨɪɦɚɯ ɢɥɢ ɨɩɟɪɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ [3]. 

Ʉɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɵɟ ɩɪɢɥɨɠɟɧɢɹ – ɫɨɡɞɚɸɬɫɹ ɧɚ ɹɡɵɤɟ ɪɚɡɦɟɬɤɢ 

HTML ɢ ɫɬɢɥɟɣ CSS, ɚ ɬɚɤɠɟ JavaScript. Ⱦɚɧɧɵɟ ɩɪɢɥɨɠɟɧɢɹ ɩɢɲɭɬɫɹ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɥɹ ɜɫɟɯ ɩɥɚɬɮɨɪɦ ɢ ɚɞɚɩɬɢɜɧɵ ɤ ɛɨɥɶɲɢɧɫɬɜɭ ɭɫɬɪɨɣɫɬɜ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɵɯ 

ɩɪɢɥɨɠɟɧɢɣ ɩɨɥɶɡɭɸɬɫɹ ɮɪɟɣɦɜɨɪɤɨɦ PhoneGap. Ⱦɚɧɧɵɣ ɮɪɟɣɦɨɪɤ 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɞɨɫɬɭɩ ɤ ɚɩɩɚɪɚɬɧɵɦ ɢ ɩɪɨɝɪɚɦɦɧɵɦ ɜɨɡɦɨɠɧɨɫɬɹɦ 

ɩɥɚɬɮɨɪɦɵ. 

PhoneGap — ɛɟɫɩɥɚɬɧɵɣ open-source, ɫɨɡɞɚɧɧɵɣ Nitobi Software. 

ɉɨɡɜɨɥɹɟɬ ɫɨɡɞɚɬɶ ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɦɨɛɢɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢɫɩɨɥɶɡɭɹ 

JavaScript, HTML5 ɢ CSS3, ɛɟɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɡɧɚɧɢɹ «ɪɨɞɧɵɯ» ɹɡɵɤɨɜ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ (ɧɚɩɪɢɦɟɪ, Objective-C, Java), ɩɨɞ ɜɫɟ ɦɨɛɢɥɶɧɵɟ 

ɨɩɟɪɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɬɚɤɢɟ ɤɚɤ Android, iOS ɢ ɬɚɤ ɞɚɥɟɟ. Ƚɨɬɨɜɨɟ 

ɩɪɢɥɨɠɟɧɢɟ ɤɨɦɩɢɥɢɪɭɟɬɫɹ ɜ ɜɢɞɟ ɭɫɬɚɧɨɜɨɱɧɵɯ ɩɚɤɟɬɨɜ ɞɥɹ ɤɚɠɞɨɣ 

ɦɨɛɢɥɶɧɨɣ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ [3]. 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɣ ɪɚɡɪɚɛɨɬɤɢ: 
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- ɷɤɨɧɨɦɢɹ ɛɸɞɠɟɬɚ ɩɪɨɟɤɬɚ, ɬɚɤ ɤɚɤ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɞɧɚ ɬɟɯɧɨɥɨɝɢɹ ɢ 

ɨɞɢɧ ɧɚɛɨɪ ɝɪɚɮɢɤɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɱɚɫɨɜ; 

- ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢ, ɨɬɫɭɬɫɬɜɢɟ ɭɧɢɤɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢɧɬɟɪɮɟɣɫ 

ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɫɪɨɤɢ ɪɚɡɪɚɛɨɬɤɢ. 

ɇɟɞɨɫɬɚɬɤɢ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɣ ɪɚɡɪɚɛɨɬɤɢ: 

- ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɧɢɤɚɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɥɚɬɮɨɪɦ; 

- ɦɟɞɥɟɧɧɚɹ ɪɚɛɨɬɚ ɩɪɢɥɨɠɟɧɢɹ; 

- ɩɪɢɥɨɠɟɧɢɸ ɧɟɨɛɯɨɞɢɦ ɩɨɫɬɨɹɧɧɵɣ ɞɨɫɬɭɩ ɜ ɢɧɬɟɪɧɟɬ, ɱɬɨɛɵ 

ɡɚɝɪɭɠɚɬɶ ɤɨɧɬɟɧɬ. 

 

1.2.4.2 Ƚɢɛɪɢɞɧɵɣ ɩɨɞɯɨɞ ɜ ɪɚɡɪɚɛɨɬɤɟ ɩɪɢɥɨɠɟɧɢɣ 

 

Ƚɢɛɪɢɞɧɨɟ ɩɪɢɥɨɠɟɧɢɟ ɫɨɱɟɬɚɟɬ ɜ ɫɟɛɟ ɧɟɤɨɬɨɪɵɟ ɮɭɧɤɰɢɢ, ɱɬɨ ɢɦɟɟɬ 

ɧɚɬɢɜɧɨɟ ɢ ɜɟɛ-ɩɪɢɥɨɠɟɧɢɟ. 

Ⱦɨɫɬɨɢɧɫɬɜɚ ɝɢɛɪɢɞɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ: 

- ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɫɬɶ. ɋɞɟɥɚɜ ɨɞɧɨ ɩɪɢɥɨɠɟɧɢɟ, ɦɨɠɧɨ 

ɷɤɫɩɨɪɬɢɪɨɜɚɬɶ ɟɝɨ ɩɨɞ ɥɸɛɭɸ ɨɩɟɪɚɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ – iOS, Android, 

Windows Phone, BlackBerry; 

- ɞɨɫɬɭɩɧɚɹ ɫɬɨɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ – ɜ ɪɚɡɵ ɦɟɧɶɲɟ, ɱɟɦ ɩɪɢ ɧɚɬɢɜɧɨɦ 

ɩɨɞɯɨɞɟ; 

- ɞɨɫɬɭɩ ɤ ɨɫɧɨɜɧɵɦ ɞɚɧɧɵɦ ɦɨɛɢɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ: GPS, ɤɚɦɟɪɚ, 

ɦɢɤɪɨɮɨɧ ɢ ɬ.ɞ.; 

- ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶ ɩɪɢɥɨɠɟɧɢɟ ɱɟɪɟɡ ɨɮɢɰɢɚɥɶɧɵɟ 

ɦɚɝɚɡɢɧɵ ɩɪɢɥɨɠɟɧɢɣ. 

ɇɟɞɨɫɬɚɬɤɢ ɝɢɛɪɢɞɧɨɣ ɪɚɡɪɚɛɨɬɤɢ:  

- ɋɧɢɠɟɧɧɚɹ ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ ɜ ɨɬɥɢɱɢɟ ɨɬ ɧɚɬɢɜɧɵɯ ɩɪɢɥɨɠɟɧɢɣ. 

- ɉɪɨɛɥɟɦɚɬɢɱɧɚɹ ɜɟɪɫɬɤɚ ɚɞɚɩɬɢɜɧɨɝɨ ɞɢɡɚɣɧɚ. ɇɟɫɦɨɬɪɹ ɧɚ ɧɚɥɢɱɢɟ 

ɪɚɡɥɢɱɧɵɯ ɜɟɛ-ɮɪɟɣɦɜɨɪɤɨɜ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɢɥɨɠɟɧɢɣ 
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Ɉɝɪɚɧɢɱɟɧɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜɢɡɭɚɥɶɧɵɯ ɢ ɝɪɚɮɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɜ 

ɱɚɫɬɧɨɫɬɢ, ɚɧɢɦɚɰɢɢ. 

 
 

1.2.5 ȼɵɛɨɪ ɮɪɟɣɦɜɨɪɤɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ 

 

1.2.5.1 React Native 

 

React Native – ɷɬɨ JS-ɮɪɟɣɦɜɨɪɤ, ɤɨɬɨɪɵɣ ɪɚɡɪɚɛɨɬɚɥɚ ɤɨɦɩɚɧɢɹ 

Facebook ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɨɛɢɥɶɧɵɯ ɩɪɢɥɨɠɟɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Java 

Script. React Native[14] ɢɫɩɨɥɶɡɭɟɬ ɬɟ ɠɟ ɫɚɦɵɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɫɬɚɧɞɚɪɬɧɵɟ 

ɛɥɨɤɢ UI ɱɬɨ ɢ ɨɛɵɱɧɵɟ ɩɪɢɥɨɠɟɧɢɹ iOS ɢ Android, ɧɟ ɢɫɩɨɥɶɡɭɹ ɩɪɢ ɷɬɨɦ ɧɢ 

ɛɪɚɭɡɟɪ, ɧɢ WebView/UI-WebView. 

ɇɚ ɪɢɫɭɧɤɟ 10 ɩɪɟɞɫɬɚɜɥɟɧɚ ɚɪɯɢɬɟɤɬɭɪɚ ɩɪɢɥɨɠɟɧɢɹ ɧɚ React Native. 

 

 

Ɋɢɫɭɧɨɤ 10 – Ⱥɪɯɢɬɟɤɬɭɪɚ ɩɪɢɥɨɠɟɧɢɹ ɧɚ React Native 
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1.2.5.2 Ionic 3 

 

Ionic Framework – ɷɬɨ ɮɪɟɣɦɜɨɪɤ [15] ɞɥɹ ɫɨɡɞɚɧɢɹ ɝɢɛɪɢɞɧɵɯ 

ɦɨɛɢɥɶɧɵɯ ɩɪɢɥɨɠɟɧɢɣ. ȼ ɫɨɫɬɚɜ ɮɪɟɦɜɨɪɤɚ ɜɯɨɞɹɬ: 

- JavaScript ɢ CSS ɤɨɦɩɨɧɟɧɬ, ɫɨɡɞɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ AngularJS; 

- SASS;  

- Apache Cordova.  

Ionic Framework – ɷɬɨ ɞɨɩɨɥɧɟɧɢɟ ɧɚɞ ɨɱɟɧɶ ɩɨɩɭɥɹɪɧɵɦ ɮɪɟɣɦɜɨɪɤɨɦ 

Apache Cordova [19]. ɉɪɢɥɨɠɟɧɢɹ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɧɚ ɷɬɨɦ ɮɪɟɣɦɜɨɪɤɟ, ɧɚ 

ɬɟɥɟɮɨɧɟ ɜɵɩɨɥɧɹɸɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɨɣ ɨɛɨɥɨɱɤɟ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ 

ɩɨɤɚɡɵɜɚɬɶ HTML ɢ ɜɵɩɨɥɧɹɬɶ JavaScript. Ionic ɫɥɟɞɭɟɬ ɲɚɛɥɨɧɭ ɤɨɧɬɪɨɥɥɟɪɚ 

View-Controller. ȼ ɲɚɛɥɨɧɟ View Controller ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɧɵɟ ɪɚɡɞɟɥɵ 

ɢɧɬɟɪɮɟɣɫɚ ɤɚɤ ɞɨɱɟɪɧɢɟ ɤɨɧɬɪɨɥɥɟɪɵ ɜɢɞɚ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɜ ɫɟɛɟ ɞɪɭɝɢɟ 

ɜɢɞɵ. ɞɚɥɟɟ ɤɨɧɬɪɨɥɥɟɪɵ ɜɢɞɚ ɜɨɫɩɪɨɢɡɜɨɞɹɬ ɨɛɥɚɫɬɢ ɩɪɨɫɦɨɬɪɚ, 

ɧɚɯɨɞɹɳɢɟɫɹ ɜɧɭɬɪɢ ɧɢɯ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ.  

 

ɇɚ ɪɢɫɭɧɤɟ 11 ɩɪɟɞɫɬɚɜɥɟɧɚ ɚɪɯɢɬɟɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɢɥɨɠɟɧɢɹ Apache 

Cordova.  

 

Ɋɢɫɭɧɨɤ 11 – Ⱥɪɯɢɬɟɤɬɭɪɚ ɩɪɢɥɨɠɟɧɢɹ ɧɚ Apache Cordova 
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Apache Cordova ɹɜɥɹɟɬɫɹ ɩɨɫɪɟɞɧɢɤɨɦ ɦɟɠɞɭ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɦ 

ɢɧɬɟɪɮɟɣɫɨɦ ɢ ɪɟɫɭɪɫɚɦɢ ɦɨɛɢɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. Ionic – ɷɬɨ ɨɞɢɧ ɢɡ 

ɮɪɟɣɦɜɨɪɤɨɜ, ɤɨɬɨɪɵɣ ɩɪɟɞɨɫɬɚɜɥɹɟɬ UI ɜɢɞɠɟɬɵ. MVɋ ɦɨɞɟɥɶ ɞɥɹ ɧɟɝɨ 

ɩɪɟɞɨɫɬɚɜɥɹɟɬ Angular. Native ɮɭɧɤɰɢɢ ɦɨɛɢɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɬɚɤɢɟ ɤɚɤ,   

ɤɚɦɟɪɚ, ɦɢɤɪɨɮɨɧ, ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɢɡ ɛɪɚɭɡɟɪɚ ɧɟɞɨɫɬɭɩɧɵ. ɉɨɷɬɨɦɭ ɞɥɹ 

ɬɨɝɨ ɱɬɨ ɛɵ ɪɚɛɨɬɚɬɶ ɫ ɧɢɦɢ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɥɚɝɢɧɵ Apache 

Cordova. 

 

1.2.5.3 Ɏɪɟɣɦɜɨɪɤɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɨɛɢɥɶɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ 

 

ȼɵɛɨɪ ɮɪɟɣɦɜɨɪɤɚ ɡɚɜɢɫɢɬ ɨɬ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ, ɤɨɧɟɱɧɨɣ ɰɟɥɢ ɢ 

ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ Ionic 3 ɩɨɡɜɨɥɢɬ ɛɵɫɬɪɨ ɪɚɡɪɚɛɨɬɚɬɶ 

ɩɪɨɬɨɬɢɩ ɦɨɛɢɥɶɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ React Native ɦɨɠɧɨ 

ɫɬɨɥɤɧɭɬɶɫɹ ɫ ɪɹɞɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɞɚɱ. ɇɚɩɪɢɦɟɪ, ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɛɨɬɵ 

ɫ ɧɚɬɢɜɧɵɦ ɤɨɞɨɦ ɩɥɚɬɮɨɪɦɵ ObjectiveC/Swift ɢɥɢ Java.  

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɨɛɢɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɛɵɥ ɜɵɛɪɚɧ ɮɪɟɣɦɜɨɪɤ Ionic 3, 

ɩɪɟɢɦɭɳɟɫɬɜɚ ɞɚɧɧɨɝɨ ɮɪɟɣɦɜɨɪɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɟ.  

- ɢɡɜɟɫɬɧɵɣ ɧɚɛɨɪ ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɱɢɤɚ ɧɚɛɨɪ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɬɟɯɧɨɥɨɝɢɣ ɹɜɥɹɟɬɫɹ ɡɧɚɤɨɦɵɦ, ɷɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɳɚɟɬ ɜɪɟɦɹ ɧɚ 

ɜɵɩɨɥɧɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ; 

- ɛɵɫɬɪɵɣ ɫɬɚɪɬ ɢɫɩɨɥɶɡɭɹ ɲɚɛɥɨɧɵ ɩɪɢɥɨɠɟɧɢɣ, ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɟ 

Ionic, ɦɨɠɧɨ ɡɚ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ ɫɨɡɞɚɬɶ ɩɪɨɬɨɬɢɩ ɞɥɹ ɩɨɤɚɡɚ ɡɚɤɚɡɱɢɤɭ; 

- ɧɚɩɢɫɚɧɧɨɟ ɩɪɢɥɨɠɟɧɢɟ ɪɚɛɨɬɚɟɬ ɧɚ ɜɫɟɯ ɩɨɩɭɥɹɪɧɵɯ ɩɥɚɬɮɨɪɦɚɯ, 

ɷɬɨ ɞɚɟɬ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɫɬɶ ɫ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɤɨɞɚ. 

 

1.3 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɟɲɟɧɢɣ ɨɪɢɟɧɬɚɰɢɢ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɥɹ ɫɥɚɛɨɜɢɞɹɳɢɯ ɢ ɦɟɬɨɞɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɨɧɢ ɨɫɧɨɜɚɧɵ, ɛɵɥ 
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ɜɵɹɜɥɟɧ ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ – ɷɬɨ ɦɚɥɵɣ ɧɚɛɨɪ ɮɭɧɤɰɢɣ. Ʉɚɠɞɚɹ ɢɡ 

ɪɚɫɫɦɨɬɪɟɧɧɵɯ (ɬɚɛɥɢɰɚ 2) ɫɢɫɬɟɦ ɪɟɲɚɟɬ ɩɨɫɬɚɜɥɟɧɧɭɸ ɡɚɞɚɱɭ ɨɞɧɢɦ 

ɦɟɬɨɞɨɦ ɢɥɢ ɜɵɩɨɥɧɹɟɬ ɬɨɥɶɤɨ ɨɞɧɭ ɮɭɧɤɰɢɸ, ɱɬɨ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɞɟɥɚɟɬ ɢɯ 

ɧɟɷɮɮɟɤɬɢɜɧɵɦɢ. 

 

Ɍɚɛɥɢɰɚ 2 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɬɚɛɥɢɰɚ 

ɋɢɫɬɟɦɚ Ɂɚɞɚɱɚ Ɉɩɨɜɟɳɟɧɢɟ əɡɵɤ ɋɬɨɢɦɨɫɬɶ 

Ɍɪɨɫɬɶ 
Ⱦɚɥɶɧɨɫɬɶ ɞɨ 

ɨɛɴɟɤɬɚ 
ȼɢɛɪɚɰɢɹ — 1,5 ɬɵɫ.ɪɭɛ 

OrCum 
Ɋɚɫɩɨɡɧɚɜɚɧɢɟ 

ɨɛɪɚɡɨɜ ɢ ɬɟɤɫɬɚ 

Ⱥɭɞɢɨ 

ɫɢɝɧɚɥ 
Ⱥɧɝɥɢɣɫɤɢɣ 4,250 ɬɵɫ.ɞɨɥ 

ɉɚɪɭɫ 

ɇɚɜɢɝɚɰɢɹ ɜ ɡɨɧɟ 

ɩɨɤɪɵɬɢɹ (ɤɥɚɫɫ, 

ɤɨɦɧɚɬɚ ɢ ɬ.ɩ.) 

Ⱥɭɞɢɨ 

ɫɢɝɧɚɥ 
Ɋɭɫɫɤɢɣ 26,7 ɬɵɫ.ɪɭɛ 

Voice 

Vision 

 

Ɂɚɦɟɧɚ ɡɪɟɧɢɹ 
Ⱥɭɞɢɨ 

ɫɢɝɧɚɥ 
— — 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɟɫɥɢ ɫɢɫɬɟɦɚ ɛɭɞɟɬ ɨɫɧɨɜɚɧɚ 

ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɚɯ ɨɪɢɟɧɬɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɬɨ ɷɬɨ ɩɨɜɵɫɢɬ 

ɟё ɷɮɮɟɤɬɢɜɧɨɫɬɶ. 
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2 Ɇɟɬɨɞ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɡɜɭɤ 

 

Ⱦɚɧɧɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɨɩɢɫɚɧɢɸ ɚɥɝɨɪɢɬɦɚ ɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɜɭɤɨɜɨɝɨ ɪɹɞɚ ɧɚ ɨɫɧɨɜɟ ɜɢɡɭɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

 

2.1 ȼɵɞɟɥɟɧɢɟ ɝɪɚɧɢɰ ɨɛɥɚɫɬɟɣ ɢɡɨɛɪɚɠɟɧɢɹ 

 

Ɇɟɬɨɞɵ ɜɵɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɢɡɨɛɪɚɠɟɧɢɣ ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɚɥɝɨɪɢɬɦɚɯ, 

ɤɨɬɨɪɵɟ ɜɵɞɟɥɹɸɬ ɩɢɤɫɟɥɢ ɰɢɮɪɨɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɪɟɡɤɨ 

ɢɡɦɟɧɹɟɬɫɹ ɹɪɤɨɫɬɶ ɢɥɢ ɟɫɬɶ ɞɪɭɝɢɟ ɜɢɞɵ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ.  

Ȼɨɥɶɲɢɧɫɬɜɨ ɚɥɝɨɪɢɬɦɨɜ, ɨɫɧɨɜɚɧɵ ɧɚ ɜɵɱɢɫɥɟɧɢɢ ɝɪɚɞɢɟɧɬɚ. Ɍɚɤ ɤɚɤ 

ɢɡɨɛɪɚɠɟɧɢɟ ɞɢɫɤɪɟɬɧɨ ɢ ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɫɦɵɫɥɟ ɩɪɨɢɡɜɨɞɧɨɣ ɜ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ ɧɟ ɫɭɳɟɫɬɜɭɟɬ, ɬɨ ɢɫɩɨɥɶɡɭɸɬ ɜɵɱɢɫɥɟɧɢɟ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɩɪɨɢɡɜɨɞɧɨɣ [7]. 

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɮɢɥɶɬɪɵ ɢɡɦɟɧɹɸɬ ɡɧɚɱɟɧɢɹ ɩɢɤɫɟɥɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɢɡɦɟɧɟɧɢɣ ɹɪɤɨɫɬɢ ɫɜɟɬɨɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɟɝɨ ɫɨɫɟɞɧɢɯ ɩɢɤɫɟɥɟɣ. 

ɋɨɫɟɞɧɢɟ ɩɢɤɫɟɥɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɯɨɞɹ ɢɡ ɪɚɡɦɟɪɚ ɦɚɬɪɢɰɵ, ɢɥɢ ɦɚɫɤɢ, 

ɰɟɧɬɪ ɤɨɬɨɪɨɣ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɩɢɤɫɟɥɶ.  

ȼ ɫɥɭɱɚɟ ɦɚɬɪɢɰɵ 3x3, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɧɢɠɟɫɥɟɞɭɸɳɟɦ ɪɢɫɭɧɤɟ, 

ɡɧɚɱɟɧɢɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɹ (ɩɨɤɚɡɚɧ ɫɩɥɨɲɧɨɣ ɡɚɥɢɜɤɨɣ) 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɣ ɜɨɫɶɦɢ ɨɤɪɭɠɚɸɳɢɯ ɟɝɨ 

ɩɢɤɫɟɥɟɣ (ɩɨɤɚɡɚɧɵ ɲɬɪɢɯɨɜɤɨɣ) [7].  

 

 

Ɋɢɫɭɧɨɤ 12 – Ɇɚɫɤɚ 
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ɇɟɤɨɬɨɪɵɟ ɥɨɤɚɥɶɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɩɟɪɢɪɭɸɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɤɚɤ ɫɨ 

ɡɧɚɱɟɧɢɹɦɢ ɩɢɤɫɟɥɟɣ ɜ ɨɤɪɟɫɬɧɨɫɬɢ, ɬɚɤ ɢ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɢɦ 

ɡɧɚɱɟɧɢɹɦɢ ɧɟɤɨɬɨɪɨɣ ɦɚɬɪɢɰɵ, ɢɦɟɸɳɟɣ ɬɟ ɠɟ ɪɚɡɦɟɪɵ, ɱɬɨ ɢ ɨɤɪɟɫɬɧɨɫɬɶ. 

Ɍɚɤɭɸ ɦɚɬɪɢɰɭ ɧɚɡɵɜɚɸɬ ɮɢɥɶɬɪɨɦ, ɦɚɫɤɨɣ, ɹɞɪɨɦ. Ɂɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɦɚɬɪɢɰɵ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ 

ɧɚɢɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɦɢ ɹɜɥɹɸɬɫɹ ɧɟ ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɟɣ ɩɢɤɫɟɥɟɣ ɨɛɥɚɫɬɟɣ 

ɨɛɴɟɤɬɨɜ, ɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɯ ɝɪɚɧɢɰ – ɤɨɧɬɭɪɨɜ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɨɫɧɨɜɧɚɹ 

ɢɧɮɨɪɦɚɰɢɹ ɡɚɤɥɸɱɟɧɚ ɧɟ ɜ ɹɪɤɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ, ɚ ɜ ɢɯ ɨɱɟɪɬɚɧɢɹɯ. 

 

 

Ɋɢɫɭɧɨɤ 13 – ȼɵɞɟɥɟɧɢɟ ɤɨɧɬɭɪɚ ɢɡɨɛɪɚɠɟɧɢɹ 

 

Ʉɨɧɬɭɪɨɦ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚɡɵɜɚɸɬ ɫɨɜɨɤɭɩɧɨɫɬɶ ɟɝɨ ɩɢɤɫɟɥɟɣ, ɜ 

ɨɤɪɟɫɬɧɨɫɬɢ ɤɨɬɨɪɵɯ ɧɚɛɥɸɞɚɟɬɫɹ ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɢɡɦɟɧɟɧɢɟ ɮɭɧɤɰɢɢ 

ɹɪɤɨɫɬɢ.  

Ɍɚɤ ɤɚɤ ɩɪɢ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɤɚɤ 

ɮɭɧɤɰɢɹ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɚɪɝɭɦɟɧɬɨɜ, ɬɨ ɤɨɧɬɭɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɥɢɧɢɹɦɢ 

ɲɢɪɢɧɨɣ, ɤɚɤ ɦɢɧɢɦɭɦ, ɜ ɨɞɢɧ ɩɢɤɫɟɥɶ. 
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 ɉɪɢ ɷɬɨɦ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɶ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɥɢɧɢɢ 

ɤɨɧɬɭɪɚ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɨɛɪɚɛɨɬɤɭ 

ɢɡɨɛɪɚɠɟɧɢɹ [7].  

 

 

Ɋɢɫɭɧɨɤ 14 – Ɋɚɡɪɵɜ ɤɨɧɬɭɪɚ 

 

Ɇɟɬɨɞɵ ɜɵɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɛɵɜɚɸɬ ɥɢɧɟɣɧɵɟ ɢ ɧɟɥɢɧɟɣɧɵɟ, ɪɚɫɫɦɨɬɪɢɦ 

ɨɫɧɨɜɧɵɟ ɢɡ ɧɢɯ. 

 

2.1.1 Ʌɢɧɟɣɧɵɟ ɦɟɬɨɞɵ 

 

ɋɚɦɵɦ ɩɪɨɫɬɵ ɥɢɧɟɣɧɵɦ ɚɥɝɨɪɢɬɦɨɦ, ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ 

ɩɪɨɢɡɜɨɞɧɵɯ, ɹɜɥɹɟɬɫɹ ɨɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ [11] (ɞɥɹ ɮɭɧɤɰɢɢ ɞɜɭɯ ɩɟɪɟɦɟɧɧɵɯ) 

f(x, y) ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ : 

 𝛻ଶ݂ =  𝛿2𝑓𝛿௫2 + 𝛿2𝑓𝛿௬2 .                           (2) 

 

ȼɬɨɪɚɹ ɩɪɨɢɡɜɨɞɧɚ, ɜ ɨɛɥɚɫɬɢ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ, ɩɨ 

ɤɨɨɪɞɢɧɚɬɟ ɯ ɢ ɭ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 
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 𝛿2𝑓𝛿௫2 = ݂ሺݔ + ͳ, ሻݕ + ݂ሺݔ − ͳ, ሻݕ − ʹ݂ሺݔ,  ሻ,                       (3)ݕ

𝛿2𝑓𝛿௬2 = ݂ሺݔ, ݕ + ͳሻ + ݂ሺݔ, ݕ − ͳሻ − ʹ݂ሺݔ,  ሻ .            (4)ݕ

 𝛻ଶ݂ = ݂ሺݔ + ͳ, ሻݕ + ݂ሺݔ − ͳ, ሻݕ + ݂ሺݔ, ݕ + ͳሻ + ݂ሺݔ, ݕ − ͳሻ − ݂ሺݔ,  .ሻ   (5)ݕ

 

Эɬɨ ɭɪɚɜɧɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɨ ɫ ɩɨɦɨɳɶɸ ɦɚɫɤɢ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 12. 

 

 

Ɋɢɫɭɧɨɤ 12 – Ɇɚɫɤɚ Ʌɚɩɥɚɫɚ  

 

Ɉɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ ɹɜɥɹɟɬɫɹ ɜɬɨɪɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɢ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ 

ɩɨɤɚɡɵɜɚɟɬ ɪɚɡɪɵɜɵ ɭɪɨɜɧɟɣ ɹɪɤɨɫɬɟɣ, ɚ ɬɚɤɠɟ ɦɨɠɟɬ ɩɨɞɚɜɥɹɬɶ ɨɛɥɚɫɬɶ ɫɨ 

ɫɥɚɛɵɦ ɢɡɦɟɧɟɧɢɹɦɢ ɹɪɤɨɫɬɟɣ ɢɡɨɛɪɚɠɟɧɢɹ. 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ ɢɡɨɛɪɚɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɫɨɞɟɪɠɢɬ ɫɟɪɵɟ ɥɢɧɢɢ 

ɜɦɟɫɬɨ ɤɨɧɬɭɪɨɜ ɢ ɪɚɡɪɵɜɨɜ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɢɥɢɫɶ ɧɚ ɡɚɬɟɦɧɟɧɧɨɦ ɮɨɧɟ ɛɟɡ 

ɨɫɨɛɵɯ ɜɵɪɚɠɟɧɧɨɫɬɟɣ. ȼɨɨɛɳɟ ɮɨɧ ɜɨɡɦɨɠɧɨ ɜɨɫɫɬɚɧɨɜɢɬɶ, ɫɨɯɪɚɧɹɹ ɩɪɢ 

ɷɬɨɦ ɩɨɜɵɲɟɧɢɹ ɪɟɡɤɨɫɬɢ, ɞɨɫɬɢɝɧɭɬɨɣ ɨɩɟɪɚɬɨɪɨɦ Ʌɚɩɥɚɫɚ [8].   

ɇɚɞɨ ɫɥɨɠɢɬɶ ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɨɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ: 

 ݂′ሺݔ, ሻݕ = ݂ሺݔ, ሻݕ + 𝐿ሺݔ,  ሻ,                       (6)ݕ

 

ɝɞɟ L – ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɨɩɟɪɚɬɨɪɨɦ Ʌɚɩɥɚɫɚ. 
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2.1.2 ɇɟɥɢɧɟɣɧɵɣ ɦɟɬɨɞ 

 

ȼ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɟ ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɨɢɡɜɨɞɧɵɟ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ 

ɪɟɲɚɸɬɫɹ ɱɟɪɟɡ ɦɨɞɭɥɶ ɝɪɚɞɢɟɧɬɚ. Ⱦɥɹ ɮɭɧɤɰɢɢ f(ɯ, ɭ) ɝɪɚɞɢɟɧɬ ɜ ɬɨɱɤɟ (ɯ, ɭ) 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɞɜɭɦɟɪɧɵɣ ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ: 

 

𝛻ଶ݂ = [௬ܩ௫ܩ] = [𝜕𝑓𝜕௫𝛿𝑓𝛿௬] .                        (7) 

 

            ∆݂ = |∆݂| = ௫ଶܩ]  ௬ଶ ]ଵ/ଶܩ + = [ቀ𝜕௬𝜕௫ቁଶ + ቀ𝜕௬𝜕௫ቁଶ]ଵ/ଶ
.                               (8) 

  

ɇɚ ɩɪɚɤɬɢɤɟ ɱɚɫɬɨ, ɱɬɨɛɵ ɢɡɛɚɜɢɬɫɹ ɨɬ ɧɟɥɢɧɟɣɧɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬ 

ɩɪɢɛɥɢɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɞɭɥɹ: 

 𝛻݂ = |௫ܩ| +  ௬| ,                         (9)ܩ|

 

ȼ ɦɚɫɤɟ ɋɨɛɟɥɚ [11] (ɪɢɫɭɧɨɤ 15) ɩɪɢɛɥɢɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɨɞɧɨɣ 

ɩɨ ɤɨɨɪɞɢɧɚɬɟ ɯ ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ ɬɪɟɬɶɟɣ ɢ ɩɟɪɜɨɣ ɫɬɪɨɤɚɯ, 

ɚ ɩɪɢɛɥɢɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɨɞɧɨɣ ɩɨ ɤɨɨɪɞɢɧɚɬɟ y ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɜ 

ɬɪɟɬɶɟɦ ɢ ɩɟɪɜɨɦ ɫɬɨɥɛɰɚɯ. 

  

 

Ɋɢɫɭɧɨɤ 15 – Ɇɚɫɤɚ ɋɨɛɟɥɚ 
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Ɍɚɤɠɟ ɟɫɬɶ ɦɚɫɤɢ Ɋɨɛɟɪɬɫɚ (Ɋɢɫɭɧɨɤ 16) ɢ ɉɪɟɜɢɬɬɚ. Ɉɩɟɪɚɬɨɪ Ɋɨɛɟɪɬɫɚ 

ɞɚɟɬ ɩɥɨɯɢɟ ɪɟɡɭɥɶɬɚɬɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɲɭɦɨɜɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɢɡɨɛɪɚɠɟɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 16 – Ɇɚɫɤɚ Ɋɨɛɟɪɬɫɚ 

 

Ɇɚɫɤɚ ɉɪɟɜɢɬɬɚ ɚɧɚɥɨɝɢɱɧɚ ɦɚɫɤɟ ɋɨɛɟɥɚ, ɪɚɡɧɢɰɚ ɜ ɬɨɦ, ɱɬɨ ɜ ɦɚɫɤɟ 

ɉɪɟɜɢɬɬɚ ɫɬɨɹɬ 1, ɭ ɦɚɫɤɢ ɋɨɛɟɥɚ 2. 

Ɉɩɟɪɚɬɨɪ ɍɨɥɥɟɫɚ [12], ɞɚɧɧɵɣ ɨɩɟɪɚɬɨɪ ɪɚɛɨɬɚɟɬ ɫ ɦɚɫɤɨɣ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 18. 

 

Ɋɢɫɭɧɨɤ 18 – Ɇɚɫɤɚ ɍɨɥɥɟɫɚ 

 

′ܨ =  ln [ 𝑍ଶܨ ∙ 𝑍4ܨ ∙ 𝑍6ܨ ∙ 𝑍8]  4ܨ ,                                                                                            ሺͳͲሻ 

 

Ƚɞɟ ln – ɧɚɬɭɪɚɥɶɧɵɣ ɥɨɝɚɪɢɮɦ, ɧɨɜɨɟ ɡɧɚɱɟɧɢɟ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 

ɩɪɢɜɟɞɟɧɧɨɣ ɮɨɪɦɭɥɟ. 

ȿɳё ɨɞɧɢɦ ɧɟɥɢɧɟɣɧɵɦ ɦɟɬɨɞɨɦ ɜɵɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɹɜɥɹɟɬɫɹ ɨɩɟɪɚɬɨɪ 

Ʉɢɪɲɚ: 
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݂ሺݔ, ሻݕ = maxሺ𝑟ଵ, … , 𝑟8ሻ,                                                                                                    (10)        

       

ɝɞɟ r – ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɟɪɟɩɚɞɨɜ ɹɪɤɨɫɬɢ ɩɨ ɜɨɫɶɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦ 

ɨɤɪɟɫɬɧɨɫɬɢ 3ɯ3 ɩɢɤɫɟɥɹ (ɪɢɫɭɧɨɤ 17). 

 

 

Ɋɢɫɭɧɨɤ 17 – Ɇɚɫɤɚ Ʉɢɪɲɚ 

 

Ⱦɚɧɧɚɹ ɦɚɫɤɚ ɜɪɚɳɚɟɦɚ ɜɨɤɪɭɝ ɰɟɧɬɪɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɩɟɪɚɬɨɪ Ʉɢɪɲɚ 

ɩɨɡɜɨɥɹɟɬ ɜɵɪɚɜɧɢɜɚɬɶ ɹɪɤɨɫɬɶ ɩɢɤɫɟɥɟɣ ɞɥɹ ɤɨɧɬɭɪɨɜ ɫɨ ɫɥɚɛɵɦ ɩɟɪɟɩɚɞɨɦ 

ɹɪɤɨɫɬɢ [13]. 

 

2.1.3 ɋɬɚɬɢɱɟɫɤɢɣ ɦɟɬɨɞ 

 

Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɞɜɭɯ ɷɬɚɩɧɵɦ ɢ ɩɪɢɦɟɧɢɦ ɞɥɹ ɦɚɫɤɢ 

ɩɪɨɢɡɜɨɥɶɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ [17]. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɜɵɱɢɫɥɹɟɬɫɹ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɹɪɤɨɫɬɟɣ ɩɢɤɫɟɥɟɣ ɩɨ 

ɬɟɤɭɳɟɦɭ ɪɚɛɨɱɟɦɭ ɨɤɧɭ: 

 𝜇 =  ଵ௠∙௡ ∙ ∑ ∑ ,ሺ݅ܨ ݆ሻ.௡௝=ଵ௠௜=ଵ                                                                                           (11)  

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɜɵɱɢɫɥɹɟɬɫɹ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɹɪɤɨɫɬɟɣ 

ɩɢɤɫɟɥɟɣ ɜ ɪɚɛɨɱɟɦ ɨɤɧɟ ɨɬ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɝɨ ɡɧɚɱɟɧɢɹ: 

 

𝜎 = √ ଵ௠௡ ∙ ∑ ∑ ሺܨሺ݅, ݆ሻ − 𝜇ሻଶ௡௝=ଵ௠௜=ଵ  .                                                              (12) 
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Ⱦɚɥɟɟ ɡɧɚɱɟɧɢɹ ɜɫɟɯ ɡɧɚɱɟɧɢɟ ɜɫɟɯ ɷɟɥɟɦɟɧɬɨɜ ɪɚɛɨɱɟɝɨ ɨɤɧɚ 

ɭɦɧɨɠɚɸɬɫɹ ɧɚ 𝜎: 

′ܨ  = 𝜎 ∙ ,ሺ݅ܨ ݆ሻ.                                                                                             (13) 

 

ɉɪɟɢɦɭɳɟɫɬɜɨ ɫɬɚɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɢɡɦɟɧɹɸɬɫɹ 

ɡɧɚɱɟɧɢɹ ɫɪɚɡɭ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɦɚɫɤɢ, ɧɨ ɷɬɨ ɹɜɥɹɟɬɫɹ ɢ ɧɟɞɨɫɬɚɬɤɨɦ ɬɚɤ ɤɚɤ 

ɷɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 

ɚɥɝɨɪɢɬɦɚ 

 

2.1.4 Ⱥɥɝɨɪɢɬɦ Ʉɚɧɧɢ 

 

Ɉɩɟɪɚɬɨɪ Ʉɚɧɧɢ [16] ɧɟ ɬɨɥɶɤɨ ɜɵɱɢɫɥɹɟɬ ɝɪɚɞɢɟɧɬ ɪɚɡɦɵɬɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɭɞɚɥɹɟɬ ɬɨɱɤɢ, ɤɨɬɨɪɵɟ ɧɟ ɹɜɥɹɸɬɫɹ ɦɚɤɫɢɦɭɦɚɦɢ. Ⱦɚɥɟɟ 

ɭɞɚɥɹɸɬɫɹ ɫɥɚɛɵɟ ɝɪɚɧɢɰɵ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɜɭɯ ɩɨɪɨɝɨɜ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ 

ɧɚ ɱɚɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɧɟɬ ɧɢ ɨɞɧɨɣ ɬɨɱɤɢ ɫɨ ɡɧɚɱɟɧɢɟɦ ɛɨɥɶɲɢɦ ɜɟɪɯɧɟɝɨ 

ɩɨɪɨɝɚ, ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɭɞɚɥɟɧɢɟ.  

Ɍɚɤɠɟ ɦɨɠɧɨ ɜɤɥɸɱɢɬɶ ɜ ɚɥɝɨɪɢɬɦ ɲɭɦɨɩɨɞɚɜɥɟɧɢɹ, ɱɬɨ ɭɜɟɥɢɱɢɬ 

ɱɟɬɤɨɫɬɶ ɤɨɧɬɭɪɧɵɯ ɝɪɚɧɢɰ ɢɡɨɛɪɚɠɟɧɢɹ [18]. 

 

Ɉɛɳɢɟ ɷɬɚɩɵ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɦɟɬɨɞɨɦ Ʉɚɧɧɢ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɨɯɨɞɢɬ ɨɩɟɪɚɰɢɸ 

ɫɝɥɚɠɢɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɫɜɟɪɬɤɢ: 

,ݔ଴ሺܩ  ,ݕ 𝜎ሻ =  ଵଶ𝜋𝜎2 exp ቀ − ௫2+ ௬2ଶ𝜎2 ቁ,                                                                      (11) 
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݃ሺݔ, ሻݕ = ,ݔ଴ሺܩ  ,ݕ 𝜎ሻ ∗ ݂ሺݔ,  ሻ.                                                                     (12)ݕ

 

ɝɞɟ 𝜎 – ɩɚɪɚɦɟɬɪ ɫɬɟɩɟɧɢ ɫɝɥɚɠɢɜɚɧɢɹ( ɱɟɦ ɜɵɲɟ, ɬɟɦ ɛɨɥɶɲɟ 

ɫɝɥɚɠɢɜɚɟɬɫɹ ɢɡɨɛɪɚɠɟɧɢɟ). 

Ɂɚɬɟɦ ɜɵɩɨɥɧɹɟɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɝɪɚɞɢɟɧɬɚ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɢ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ ɫ ɩɨɦɨɳɶɸ ɨɩɟɪɚɬɨɪɨɜ ɩɟɪɜɨɣ ɩɪɨɢɡɜɨɞɧɨɣ 

(Ɋɨɛɟɪɬɫɚ, ɋɨɛɟɥɚ, ɉɪɸɢɬɬɚ ɢ ɞɪ.).  

 Ⱦɚɥɟɟ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɴɟɞɢɧɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɢɡɜɟɫɬɧɨɣ 

ɮɨɪɦɭɥɵ:  

,ሺ݅ܧ  ݆ሻ = [ሺ݃𝑉ሺ݅, ݆ሻଶ + ݃ሺ݅, ݆ሻ𝐻ଶሻ]ଵ/ଶ,            (13) 

 𝜃ሺ݅, ݆ሻ =  tan−ଵ  [݃௫ሺ݅, ݆ሻ /݃ሺ݅, ݆ሻ௬ ]  ,                                                       (14) 

 

,𝑇 ሺ݅ܧ ݆ሻ = { ,   ௜,௝  ܧ eсли  ܧ  ௜,௝   > 𝑇 Ͳ,   иначе                                                                                      (15) 

 

ɝɞɟ Ɍ – ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜɫɟ ɷɥɟɦɟɧɬɵ ɝɪɚɧɢɰɵ ɛɵɥɢ 

ɫɨɯɪɚɧɟɧɵ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɛɨɥɶɲɢɧɫɬɜɨ ɲɭɦɨɜ ɩɨɞɚɜɥɟɧɨ. 

ɉɨɫɥɟɞɧɢɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɭɬɨɱɧɟɧɢɟ ɧɚɣɞɟɧɧɵɯ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɲɚɝɟ 

ɤɨɧɬɭɪɵ ɩɭɬɟɦ ɨɛɧɭɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɝɪɚɞɢɟɧɬɚ, ɤɨɬɨɪɵɟ ɧɟ ɧɚɯɨɞɹɬɫɹ ɧɚ 

ɜɟɪɲɢɧɟ ɝɪɟɛɧɹ ɝɪɚɞɢɟɧɬɚ. Ɉɩɟɪɚɰɢɹ ɢɫɩɨɥɶɡɭɟɬ ɞɜɚ ɩɨɪɨɝɚ Ɍ1 ɢ Ɍ2, ɩɪɢɱɟɦ 

Ɍ1 > T2. Ɉɩɟɪɚɰɢɹ ɧɚɱɢɧɚɟɬɫɹ ɜ ɬɨɱɤɟ ɧɚ ɝɪɟɛɧɟ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɣ ɛɨɥɶɲɟ 

ɩɨɪɨɝɚ Ɍ1 ɢ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɜɵɫɨɬɚ ɧɟ ɫɬɚɧɟɬ ɦɟɧɶɲɟ ɩɨɪɨɝɚ 

Ɍ2. Ⱦɚɧɧɚɹ ɩɪɨɰɟɞɭɪɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɡɧɚɱɢɦɵɯ ɤɨɧɬɭɪɨɜ 

ɢɡɨɛɪɚɠɟɧɢɹ.  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɣ ɦɟɬɨɞ ɞɥɹ 

ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ Ʉɚɧɧɢ, ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɩɪɟɞɵɞɭɳɢɯ ɢ ɧɟ ɬɪɟɛɭɟɬ 

ɛɨɥɶɲɢɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɢ ɤ ɬɨɦɭ ɠɟ ɜɵɞɟɥɹɟɬ ɬɨɥɶɤɨ ɡɧɚɱɢɦɵɟ 

ɤɨɧɬɭɪɵ, ɱɬɨ ɞɚɟɬ ɯɨɪɨɲɢɣ ɩɨɤɚɡɚɬɟɥɶ ɨɬɧɨɲɟɧɢɟ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɲɭɦɚ. 

ɋ ɩɨɦɨɳɶɸ ɞɚɧɧɨɝɨ ɮɢɥɶɬɪɚ ɜɨɡɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɝɪɚɧɢɰɵ, ɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɬɨɥɶɤɨ ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ ɲɭɦɨɜ ɢ ɩɟɪɟɜɨɞɚ 

ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɱɟɪɧɨ-ɛɟɥɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ. 

 

2.2 Ɏɨɪɦɢɪɨɜɚɧɢɟ ɡɜɭɤɨɜɨɝɨ ɪɹɞɚ ɧɚ ɨɫɧɨɜɟ ɜɢɡɭɚɥɶɧɵɯ ɞɚɧɧɵɯ 

 

2.2.1 ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɢɡɨɛɪɚɠɟɧɢɹ 

 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɢɡɨɛɪɚɠɟɧɢɹ ɜɤɥɸɱɚɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 

ɢɫɯɨɞɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɜ ɮɨɪɦɚɬ 1000 ɧɚ 1000 ɩɢɤɫɟɥɟɣ. Ⱦɚɥɟɟ ɜɵɩɨɥɧɹɟɬɫɹ 

ɩɟɪɟɜɨɞ ɜ ɰɜɟɬɨɜɨɣ ɪɟɠɢɦ (ɪɢɫɭɧɨɤ 17)  GrayScale (ɝɪɚɞɚɰɢɢ ɫɟɪɨɝɨ).  

 

 

Ɋɢɫɭɧɨɤ 17 – ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ 

 

Эɬɨ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɨɬɪɚɡɢɬɫɹ ɧɚ ɫɤɨɪɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ. 
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2.2.2  ȼɵɞɟɥɟɧɢɟ ɝɪɚɧɢɰ 

 

Ɉɞɧɢɦ ɢɡ ɫɚɦɵɯ ɨɩɬɢɦɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɧɚɯɨɠɞɟɧɢɹ ɝɪɚɧɢɰ, ɜ 

ɨɬɧɨɲɟɧɢɢ ɫɢɝɧɚɥ ɫɤɨɪɨɫɬɶ ɨɛɪɚɛɨɬɤɢ, ɨɤɚɡɚɥɫɹ Ʉɚɧɧɢ. Ɏɢɥɶɬɪ Ʉɚɧɧɢ 

ɜɵɢɝɪɵɜɚɟɬ ɭ ɞɪɭɝɢɯ ɮɢɥɶɬɪɨɜ, ɧɚɩɪɢɦɟɪ: ɮɢɥɶɬɪɚ Ɋɨɛɟɪɬɫɚ, ɮɢɥɶɬɪɚ 

ɉɪɟɜɢɬɬɚ, ɮɢɥɶɬɪɚ ɋɨɛɟɥɹ, ɦɟɬɨɞ ɜɨɞɨɪɚɡɞɟɥɚ, ɢɡ-ɡɚ ɟɝɨ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ 

ɨɛɪɚɛɨɬɤɢ, ɭɞɨɛɧɵɦ ɜɵɛɨɪɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɨɛɪɚɛɨɬɤɢ ɢ 

ɫɨɯɪɚɧɟɧɢɹ ɧɚɣɞɟɧɧɵɯ ɤɨɧɬɭɪɨɜ, ɧɢɡɤɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɨɲɢɛɤɢ, 

ɜɨɡɦɨɠɧɨɫɬɶɸ ɚɧɚɥɢɡɚ ɩɟɪɟɫɟɤɚɸɳɢɯɫɹ ɤɨɧɬɭɪɨɜ. 

 

 

Ɋɢɫɭɧɨɤ 18 – ȼɵɞɟɥɟɧɢɟ ɝɪɚɧɢɰ Ʉɚɧɧɢ 

 

2.2.3  ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ 

 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɵɞɟɥɟɧɧɵɯ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɷɬɚɩɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɨɛɪɚɠɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜɢɞɟ ɞɜɨɢɱɧɨɣ ɦɚɬɪɢɰɵ, 

ɩɪɟɞɥɨɠɟɧ ɫɥɟɞɭɸɳɢɣ ɦɟɬɨɞ. 
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ɇɚ ɩɟɪɜɨɦ ɲɚɝɟ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɫɬɪɨɱɧɚɹ ɪɚɡɛɢɜɤɚ ɦɚɬɪɢɰɵ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚ ɝɪɭɩɩɵ ɜɟɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 

ɨɩɪɟɞɟɥɟɧɧɵɦ ɞɢɚɩɚɡɨɧɚɦ ɱɚɫɬɨɬ ɫɢɧɬɟɡɢɪɭɟɦɨɝɨ ɡɜɭɤɨɜɨɝɨ ɫɢɝɧɚɥɚ (ɪɢɫɭɧɨɤ 

19). Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɩɪɢ ɜɵɛɨɪɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬ ɞɥɹ 

ɜɟɤɬɨɪɨɜ ɛɵɥ ɩɨɢɫɤ ɢɧɬɟɪɜɚɥɚ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɝɚɪɦɨɧɢɤ, 

ɤɨɬɨɪɵɟ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɞɨɥɠɧɵ ɜɧɨɫɢɬɶ ɜ ɫɢɝɧɚɥ ɢɧɮɨɪɦɚɰɢɸ ɨ 

ɩɪɢɫɭɬɫɬɜɢɢ ɜ ɜɢɡɭɚɥɶɧɨɦ ɬɪɚɤɬɟ ɝɥɨɛɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ, ɚ ɫ ɞɪɭɝɨɣ ɛɵɬɶ 

ɞɨɫɬɚɬɨɱɧɨ ɪɚɡɧɟɫɟɧɵ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɧɚɥɨɠɟɧɢɣ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɢɧɰɢɩ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɡɜɭɤɨɪɹɞɚ ɧɚ ɨɫɧɨɜɟ ɩɟɧɬɚɬɨɧɢɤɢ. ɉɟɧɬɚɬɨɧɢɤɨɣ ɧɚɡɵɜɚɸɬ ɥɚɞ, ɫɨɫɬɨɹɳɢɣ ɢɡ 

5 ɧɨɬ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɣ ɨɤɬɚɜɵ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ 

ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɤɨɧɫɨɧɚɧɫɚ – ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɫɨɡɜɭɱɢɹ ɫɨɱɟɬɚɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɨɬ, ɬɨ ɟɫɬɶ ɨɬɫɭɬɫɬɜɢɹ ɞɢɫɫɨɧɚɧɫɚ [9]. Эɬɨ ɜɚɠɧɨ, ɬɚɤ ɤɚɤ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɣ ɤɨɦɩɥɟɤɫ ɪɚɫɫɱɢɬɚɧ ɧɚ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɶɡɨɜɚɬɟɥɟɦ, ɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɟ 

ɪɚɡɞɪɚɠɚɸɳɢɯ ɫɥɭɯ ɫɢɝɧɚɥɨɜ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɬɨɦɥɟɧɢɸ [10]. 

ȼ ɢɬɨɝɟ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɬɚɛɥɢɰɚ ɱɚɫɬɨɬ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 3. 

 

 

Ɋɢɫɭɧɨɤ 19 – Ɋɚɡɛɢɟɧɢɟ ɧɚ ɱɚɫɬɨɬɧɵɟ ɨɛɥɚɫɬɢ 
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Ɍɚɛɥɢɰɚ 3 –Ɍɚɛɥɢɰɚ ɱɚɫɬɨɬ 

Ɉɤɬɚɜɚ\ɧɨɬɚ 1 ɧɨɬɚ, Ƚɰ 2 ɧɨɬɚ, Ƚɰ 3 ɧɨɬɚ, Ƚɰ 4 ɧɨɬɚ, Ƚɰ 5 ɧɨɬɚ, Ƚɰ 
 1 ɨɛɥɚɫɬɶ 138.59 155.56 185.0 207.65 233.08 
2 ɨɛɥɚɫɬɶ 277.18 311.13 369.99 415.30 466.16 
3 ɨɛɥɚɫɬɶ 554.37 622.26 738.99 830.61 932.33 
4 ɨɛɥɚɫɬɶ 1108.73 1244.51 1479.98 1661.22 1864.66 

 

Ɂɚɜɟɪɲɚɸɳɢɣ ɷɬɚɩɚ ɫɢɧɬɟɡɚ ɚɭɞɢɨ-ɫɢɝɧɚɥɚ ɜɤɥɸɱɚɟɬ ɫɭɦɦɢɪɨɜɚɧɢɟ 

ɝɚɪɦɨɧɢɤ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɱɚɫɬɨɬɚɦɢ ɢ ɢɯ ɞɢɫɤɪɟɬɢɡɚɰɢɹ ɫ ɢɬɨɝɨɜɨɣ 

ɱɚɫɬɨɬɨɣ 1000 Ƚɰ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. 

 

2.2.4 Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

 

ɇɚ ɪɢɫɭɧɤɟ 20 ɩɪɟɞɫɬɚɜɥɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɡɜɭɤɨɜɨɝɨ ɪɹɞɚ ɧɚ ɨɫɧɨɜɟ ɜɢɡɭɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

 

 

Ɋɢɫɭɧɨɤ 20 – Ȼɥɨɤ ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ 
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2.3 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɚɥɝɨɪɢɬɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɢɡɭɚɥɶɧɵɯ 

ɞɚɧɧɵɯ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɜɵɞɟɥɟɧɢɢ ɝɪɚɧɢɰ ɨɛɴɟɤɬɨɜ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɯ ɜ 

ɡɜɭɤɨɜɨɣ ɪɹɞ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɟɧɬɚɬɨɧɢɤɚɦɢ ɩɟɪɜɵɯ ɱɟɬɵɪɟɯ ɨɤɬɚɜ. ɉɪɢ 

ɩɨɦɨɳɢ ɷɬɨɝɨ ɦɟɬɨɞɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɮɭɧɤɰɢɸ, ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɞɨɩɨɥɧɢɬɶ 

ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɢɫɬɟɦɵ ɨɪɢɟɧɬɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɫɩɨɫɨɛ 

ɫɢɧɬɟɡɚ ɡɜɭɤɨɜɵɯ ɫɢɝɧɚɥɨɜ ɨɫɧɨɜɚɧ ɧɚ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɨɬɚɯ ɫ ɭɱɟɬɨɦ ɢɯ 

ɫɨɱɟɬɚɟɦɨɫɬɢ (ɤɨɧɫɨɧɚɧɫɚ). Дɚɧɧɵɣ ɚɫɩɟɤɬ яɜɥяɟɬɫя ɜɚɠɧɵɦ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ 

ɩɪɨɫɥɭɲɢɜɚɧɢɢ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɚɭɞɢɨɢɧɮɨɪɦɚɰɢɢ.  
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3 Ɋɚɡɪɚɛɨɬɤɚ ɦɨɛɢɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ ɞɥɹ ɫɥɚɛɨɜɢɞɹɳɢɯ ɢ ɬɟɯɧɨɥɨɝɢɣ ɪɚɡɪɚɛɨɬɤɢ 

ɦɨɛɢɥɶɧɵɯ ɩɪɢɥɨɠɟɧɢɣ, ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɮɭɧɤɰɢɢ ɦɨɛɢɥɶɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ:  

- ɨɩɪɟɞɟɥɟɧɢɟ ɞɚɥɶɧɨɫɬɢ; 

- ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɛɪɚɡɨɜ; 

- ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɪɟɱɢ; 

- ɫɢɧɬɟɡɢɪɨɜɚɧɢɟ ɪɟɱɢ; 

- ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɢɡɭɚɥɶɧɵɯ ɞɚɧɧɵɯ ɜ ɡɜɭɤ. 

Ⱥ ɬɚɤɠɟ ɫɩɨɫɨɛɵ ɢɯ ɪɟɚɥɢɡɚɰɢɢ: 

- Arduino nano, HC-05, HC-SR04 (ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɥɶɧɨɫɬɢ); 

- API Vision (ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ); 

- API SpeechKit (ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ ɫɢɧɬɟɡɚ ɪɟɱɢ); 

- ɦɟɬɨɞ ɩɪɟɞɥɨɠɟɧɧɵɣ ɜɨ ɜɬɨɪɨɣ ɝɥɚɜɟ (ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɜɢɡɭɚɥɶɧɵɯ ɞɚɧɧɵɯ ɜ ɡɜɭɤ). 

 

3.1 Ɍɪɟɛɨɜɚɧɢɟ ɤ ɫɢɫɬɟɦɟ 

 

ɋɢɫɬɟɦɚ ɨɪɢɟɧɬɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

- ɹɡɵɤɢ ɪɚɡɪɚɛɨɬɤɢ TS ɢ ɋ++; 

- ɩɪɢ ɧɚɩɢɫɚɧɢɢ ɢɫɯɨɞɧɨɝɨ ɤɨɞɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ Arduino IDE, ɞɥɹ 

ɪɚɛɨɬɵ ɫ ɤɨɧɬɪɨɥɥɟɪɨɦ, ɢ Ionic ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɨɛɢɥɶɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ; 

- ɞɥɹ ɩɨɥɧɨɰɟɧɧɨɣ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɦɨɛɢɥɶɧɨɟ 

ɭɫɬɪɨɣɫɬɜɨ ɫɨ ɜɫɬɪɨɟɧɧɨɣ ɤɚɦɟɪɨɣ, Bluetooth ɦɨɞɭɥɟɦ, ɦɢɤɪɨɮɨɧɨɦ ɢ 

ɞɢɧɚɦɢɤɨɦ; 

- ɩɪɢɥɨɠɟɧɢɟ, ɪɚɡɪɚɛɨɬɚɧɧɨɟ ɧɚ ɦɨɛɢɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɹɜɥɹɟɬɫɹ 

ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɵɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɟ ɡɚɜɢɫɟɬɶ ɨɬ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. 
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3.2 Ɉɩɢɫɚɧɢɟ ɚɥɝɨɪɢɬɦɚ 

  

Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɤɨɦɩɥɟɤɫɚ.  

Ⱦɥɹ ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɮɭɧɤɰɢɸ. Ɇɨɛɢɥɶɧɵɣ 

ɤɨɦɩɥɟɤɫ ɢɦɟɟɬ 3 ɮɭɧɤɰɢɢ: ɨɩɪɟɞɟɥɟɧɢɟ ɞɚɥɶɧɨɫɬɶ, ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɛɪɚɡɚ ɧɚ 

ɮɨɬɨ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɡɜɭɤɨɜɨɝɨ ɪɹɞɚ ɧɚ ɨɫɧɨɜɟ ɜɢɡɭɚɥɶɧɵɯ ɞɚɧɧɵɯ. Ⱦɥɹ ɷɬɨɝɨ 

ɧɟɨɛɯɨɞɢɦɨ ɧɚɠɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɤɧɨɩɤɭ ɧɚ ɷɤɪɚɧɟ ɦɨɛɢɥɶɧɨ ɭɫɬɪɨɣɫɬɜɚ 

ɢɥɢ ɩɨɞɚɬɶ ɝɨɥɨɫɨɜɭɸ ɤɨɦɚɧɞɭ.  

ɉɪɢ ɜɵɛɨɪɟ ɮɭɧɤɰɢɢ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɛɪɚɡɚ (ɪɢɫɭɧɨɤ 21), ɛɭɞɟɬ ɫɞɟɥɚɧ 

ɫɧɢɦɨɤ ɫ ɮɨɬɨɤɚɦɟɪɵ ɦɨɛɢɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɨɬɩɪɚɜɥɟɧ ɧɚ 

API Yandex Vision, ɪɟɡɭɥɶɬɚɬɨɦ ɛɭɞɟɬ ɹɜɥɹɟɬɫɹ ɨɬɜɟɬɧɨɟ ɫɨɨɛɳɟɧɢɟ, 

ɩɨɥɭɱɟɧɧɨɟ ɜ ɜɢɞɟ ɬɟɤɫɬɨɜɨɝɨ ɨɩɢɫɚɧɢɹ ɩɪɢɧɹɬɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. Ɂɚɬɟɦ 

ɩɪɢɥɨɠɟɧɢɟ ɜɨɫɩɪɨɢɡɜɟɞɟɬ ɩɨɥɭɱɟɧɧɵɣ ɬɟɤɫɬ ɞɪɭɝɢɦ API ɫɟɪɜɢɫɨɦ 

(SpeechKit). 

 

 

Ɋɢɫɭɧɨɤ 21 – Ȼɥɨɤ-ɫɯɟɦɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɚ 
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Ƚɨɥɨɫɨɜɨɟ ɭɩɪɚɜɥɟɧɢɟ ɤɨɦɩɥɟɤɫɨɦ (ɪɢɫɭɧɨɤ 22). ɉɪɢɥɨɠɟɧɢɟ ɩɨɥɭɱɚɟɬ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɤɨɦɚɧɞɭ, ɡɚɬɟɦ ɩɪɨɢɡɜɨɞɢɬ ɚɭɞɢɨ ɡɚɩɢɫɶ.  Ⱦɚɥɟɟ 

ɢɫɩɨɥɶɡɭɟɬɫɹ API Speechkit, ɤɨɬɨɪɨɟ ɜɨɡɜɪɚɳɚɟɬ ɪɚɫɩɨɡɧɚɧɧɵɣ ɬɟɤɫɬ, ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɭɱɟɧɧɵɦ ɫɨɨɛɳɟɧɢɟɦ ɜɵɩɨɥɧɹɟɬɫɹ ɢɥɢ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ 

ɤɨɦɚɧɞɚ. 

 

Ɋɢɫɭɧɨɤ 22 – Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɪɟɱɢ 
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Ɋɢɫɭɧɨɤ 23 – ɋɢɧɬɟɡ ɪɟɱɢ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɥɶɧɨɫɬɢ ɫ ɩɪɢɥɨɠɟɧɢɹ ɛɭɞɟɬ ɩɨɫɥɚɧ ɭɩɪɚɜɥɹɸɳɢɣ 

ɫɢɝɧɚɥ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ (ɩɨɫɪɟɞɫɬɜɨɦ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɜɹɡɢ Bluetooth), 

ɤɨɬɨɪɵɣ ɜɨɡɜɪɚɬɢɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɞɚɥɶɧɨɫɬɶ ɞɨ ɨɛɴɟɤɬɚ, 

ɩɪɢɥɨɠɟɧɢɟ ɦɨɛɢɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɩɨɜɟɫɬɢɬ ɩɨɥɶɡɨɜɚɬɟɥɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɡɜɭɤɨɜɵɦ ɫɢɝɧɚɥɨɦ. 

ɉɪɢ ɜɵɛɨɪɟ ɩɨɫɥɟɞɧɟɣ ɮɭɧɤɰɢɢ, ɩɪɢɥɨɠɟɧɢɟ ɩɪɟɨɛɪɚɡɭɟɬ ɩɨɥɭɱɟɧɧɨɟ 

ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɮɨɬɨɤɚɦɟɪɵ ɦɨɛɢɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɜɵɞɟɥɢɬ ɝɪɚɧɢɰɵ 

ɨɛɴɟɤɬɨɜ ɢ ɩɪɟɨɛɪɚɡɭɟɬ ɢɯ ɜ ɡɜɭɤɨɜɨɣ ɪɹɞ. 
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3.3 ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ 

 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɛɢɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 24. 

 

 

Ɋɢɫɭɧɨɤ 24 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɛɢɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

 

3.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɞɚɥɶɧɨɫɬɢ 

 

Ɇɨɞɭɥɶ ɤɨɧɬɪɨɥɹ ɢ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɛɥɨɤɚ ɤɨɧɬɪɨɥɹ ɢ 

ɭɩɪɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ Arduino nano. Ȼɥɨɤ ɭɩɪɚɜɥɟɧɢɹ 

ɩɨɥɭɱɚɟɬ ɭɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ ɫ ɦɨɛɢɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɨɫɪɟɞɫɬɜɨɦ 

Bluetooth ɦɨɞɭɥɹ HC–05,  ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɥɶɧɨɫɬɢ ɩɪɢ ɩɨɦɨɳɢ CH–SR04. 

Ɂɚɬɟɦ ɜɵɱɢɫɥɹɟɬ ɡɧɚɱɟɧɢɟ ɢ ɮɨɪɦɢɪɭɟɬ ɨɬɜɟɬ ɦɨɛɢɥɶɧɨɦɭ ɭɫɬɪɨɣɫɬɜɭ. 

ɉɪɢɟɦ ɢ ɩɟɪɟɞɚɱɚ. ȼ ɤɚɱɟɫɬɜɟ ɛɥɨɤɚ ɩɪɢёɦɚ ɢ ɩɟɪɟɞɚɱɢ ɜɵɫɬɭɩɚɟɬ 

Bluetooth ɦɨɞɭɥɶ HC–05. Bluetooth ɦɨɞɭɥɶ ɩɨɥɭɱɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨɬ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢ ɜɵɩɨɥɧɹɟɬ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɟɣɫɬɜɢɹ, ɞɥɹ ɩɟɪɟɞɚɱɢ 

ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɦɨɛɢɥɶɧɵɣ ɬɟɥɟɮɨɧ. ɩɪɢɧɢɦɚɟɬ ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ ɨɬ 

ɦɨɛɢɥɶɧɨɝɨ ɬɟɥɟɮɨɧɚ ɢ ɩɟɪɟɞɚёɬ ɢɯ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ. 

ɂɫɩɨɥɧɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. Ɇɨɠɟɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɛɢɥɶɧɵɟ 

ɬɟɥɟɮɨɧɵ(ɧɨɭɬɛɭɤɢ) ɢɦɟɸɳɢɟ Bluetooth ɩɟɪɟɞɚɬɱɢɤ. Ɇɨɛɢɥɶɧɵɣ ɬɟɥɟɮɨɧ 
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ɩɪɢɧɢɦɚɟɬ, ɨɛɪɚɛɚɬɵɜɚɟɬ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɜ ɭɞɨɛɧɨɦ ɩɨɥɶɡɨɜɚɬɟɥɸ ɜɢɞɟ 

ɩɨɥɭɱɟɧɧɭɸ ɨɬ Bluetooth ɦɨɞɭɥɹ ɢɧɮɨɪɦɚɰɢɸ.  

Ɉɩɢɫɚɧɢɟ ɚɥɝɨɪɢɬɦɚ. Arduino ɝɟɧɟɪɢɪɭɟɬ ɜɵɫɨɤɢɣ ɫɢɝɧɚɥ ɧɚ ɜɵɜɨɞɟ 

TRIG ɞɥɢɧɨɣ 10 ɦɢɤɪɨɫɟɤɭɧɞ, ɜɫɥɟɞ ɡɚ ɷɬɢɦ, ɞɚɥɶɧɨɦɟɪ ɜɵɩɭɫɬɢɬ 8 ɢɦɩɭɥɶɫɨɜ 

ɢ ɩɨɞɧɢɦɟɬ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɧɚ ɜɵɜɨɞɟ ECHO, ɩɟɪɟɣɞɹ ɜ ɪɟɠɢɦ ɨɠɢɞɚɧɢɹ 

ɨɬɪɚɠɟɧɧɨɝɨ ɫɢɝɧɚɥɚ. ȼ ɷɬɨ ɜɪɟɦɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɫɱɢɬɚɟɬ ɞɥɢɧɭ ɫɢɝɧɚɥɚ, 

ɤɚɤ ɬɨɥɶɤɨ ɧɚ ɜɵɜɨɞɟ ECHO ɛɭɞɟɬ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ, ɬɨ ɩɪɨɢɡɨɣɞёɬ ɪɚɫɱɟɬ 

ɪɚɫɫɬɨɹɧɢɹ ɢ ɩɟɪɟɞɚɱɚ ɩɨ ɟɝɨ ɧɚ Bluetooth ɦɨɞɭɥɶ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 

ɩɟɪɟɞɚɫɬ ɡɧɚɱɟɧɢɟ ɧɚ ɦɨɛɢɥɶɧɨɟ ɩɪɢɥɨɠɟɧɢɟ. 

 

 

Ɋɢɫɭɧɨɤ 25 – Ȼɥɨɤ-ɫɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢɟ ɞɚɥɶɧɨɫɬɢ 
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3.3.2 Ɉɩɢɫɚɧɢɟ ɫɟɪɜɢɫɚ Yandex  Vision  

 

API    (Application    Programming    Interface) – ɷɬɨ  ɧɚɛɨɪ  ɝɨɬɨɜɵɯ 

ɢɧɫɬɪɭɦɟɧɬɨɜ  ɤɚɤɨɝɨ-ɥɢɛɨ  ɩɪɢɥɨɠɟɧɢɹ,  ɤɨɬɨɪɵɟ  ɦɨɠɧɨ  ɢɫɩɨɥɶɡɨɜɚɬɶ  ɜ 

ɫɬɨɪɨɧɧɢɯ ɩɪɨɞɭɤɬɚɯ. 

Yandex Vision – ɫɟɪɜɢɫ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɞɥɹ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɣ. 

ɋɟɪɜɢɫ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ Yandex Vision ɚɧɚɥɢɡɢɪɭɟɬ ɩɟɪɟɞɚɧɧɨɟ 

ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɜɨɡɜɪɚɳɚɟɬ ɪɟɡɭɥɶɬɚɬ. 

ȼɨɡɦɨɠɧɨɫɬɢ:  

- ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɬɟɤɫɬɚ; 

- ɨɛɧɚɪɭɠɟɧɢɟ ɥɢɰ; 

- ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ. 

 

3.3.3 Ɉɩɢɫɚɧɢɟ ɫɟɪɜɢɫɚ  Yandex SpeechKit 
 

SpeechKit – ɬɟɯɧɨɥɨɝɢɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ ɢ ɫɢɧɬɟɡɚ ɪɟɱɢ ɨɬ 

ɪɨɫɫɢɣɫɤɨɣ ɤɨɦɩɚɧɢɢ əɧɞɟɤɫ. ɋɟɪɜɢɫ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɜɨɞɢɬɶ ɪɟɱɶ ɜ ɬɟɤɫɬ ɢ 

ɨɛɪɚɬɧɨ. 

ȼɨɡɦɨɠɧɨɫɬɢ: 

- ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɪɟɱɢ; 

- ɫɢɧɬɟɡ ɪɟɱɢ; 

- ɜɵɞɟɥɟɧɢɟ ɫɦɵɫɥɨɜɵɯ ɨɛɴɟɤɬɨɜ ɪɟɱɢ. 

Ɉɩɢɫɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɜ ɬɟɥɟ ɡɚɩɪɨɫɚ ɝɟɧɟɪɚɰɢɢ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4 ɢ ɜ ɬɚɛɥɢɰɟ 5 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

Ɍɚɛɥɢɰɚ 4 – ɉɚɪɚɦɟɬɪɵ ɡɚɩɪɨɫɚ ɫɢɧɬɟɡɚ ɪɟɱɢ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ Ɉɩɢɫɚɧɢɟ 

text Ɍɟɤɫɬ ɜ UTF-8 Ɉɛɹɡɚɬɟɥɶɧɵɣ ɩɚɪɚɦɟɬɪ 
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lang ru-RU əɡɵɤ 

voice oksana 
Ƚɨɥɨɫ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ 

ɪɟɱɢ 

speed 0.1 – 3.0 
ɋɤɨɪɨɫɬɶ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ ɪɟɱɢ 

format lpc 

Ɏɨɪɦɚɬ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ 

ɫɢɝɧɚɥɚ 

sampler 48ɤȽɰ ɑɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 

 

Ɍɚɛɥɢɰɚ 5 – ɉɚɪɚɦɟɬɪɵ ɡɚɩɪɨɫɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɱɢ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ Ɉɩɢɫɚɧɢɟ 

lang ru-RU əɡɵɤ 

topic general əɡɵɤɨɜɚɹ ɦɨɞɟɥɶ 

profanityFilter true/false 
Ɏɢɥɶɬɪ ɧɟɧɨɪɦɚɬɢɜɧɨɣ 

ɥɟɤɫɢɤɢ 

format lpc 

Ɏɨɪɦɚɬ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ 

ɫɢɝɧɚɥɚ 

sampler 48 ɤȽɰ ɑɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 
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3.3.4 ɂɧɬɟɪɮɟɣɫ ɩɪɢɥɨɠɟɧɢɹ 

 

ɇɚ ɪɢɫɭɧɤɟ 26 ɩɪɟɞɫɬɚɜɥɟɧ ɢɧɬɟɪɮɟɣɫ ɩɪɢɥɨɠɟɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 26 – ɂɧɬɟɪɮɟɣɫ ɩɪɢɥɨɠɟɧɢɹ 

 

ɍɩɪɚɜɥɟɧɢɟ ɤɨɦɩɥɟɤɫɨɦ ɜɨɡɦɨɠɧɨ ɩɪɢ ɩɨɦɨɳɢ ɝɪɚɮɢɱɟɫɤɨɝɨ 

ɢɧɬɟɪɮɟɣɫɚ ɢɥɢ ɩɨɫɪɟɞɫɬɜɨɦ ɝɨɥɨɫɨɜɵɯ ɤɨɦɚɧɞ. Arduino ɫ ɩɨɦɨɳɶɸ 

ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɚɥɶɧɨɦɟɪɚ, ɨɛɧɚɪɭɠɢɬ ɩɪɟɩɹɬɫɬɜɢɟ ɢ ɩɟɪɟɞɚɫɬ ɡɧɚɱɟɧɢɟ ɜ 

ɩɪɢɥɨɠɟɧɢɟ ɦɨɛɢɥɶɧɨɝɨ ɬɟɥɟɮɨɧɚ, ɤɨɬɨɪɨɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɩɨɜɟɫɬɢɬ 

ɩɨɥɶɡɨɜɚɬɟɥɹ. 
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Ʉɚɦɟɪɚ ɮɢɤɫɢɪɭɟɬ ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɩɟɪɟɞɚɟɬ ɟɝɨ ɜ Vision, ɞɚɥɟɟ 

ɭɫɬɪɨɣɫɬɜɨ ɨɩɪɟɞɟɥɹɟɬ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɩɪɟɞɦɟɬɵ, ɬɟɤɫɬ, ɨɛɪɚɡɵ. Ɂɚɬɟɦ 

ɢɧɮɨɪɦɢɪɭɟɬ ɩɨɥɶɡɨɜɚɬɟɥɹ ɜ ɜɢɞɟ ɡɜɭɤɨɜɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɪɭɫɫɤɨɦ ɹɡɵɤɟ. 

Ɍɚɤɠɟ ɜ ɤɨɦɩɥɟɤɫɟ ɟɫɬɶ ɮɭɧɤɰɢɹ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɩɨɥɶɡɨɜɚɬɟɥɸ 

ɫɥɵɲɚɬɶ ɡɜɭɤɨɜɨɣ ɫɢɝɧɚɥ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɧɚ ɨɫɧɨɜɟ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɤɚɦɟɪɵ. 

ɉɪɢɥɨɠɟɧɢɟ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɜ ɩɨɫɬɨɹɧɧɨɦ ɪɟɠɢɦɟ ɢɥɢ ɠɟ ɜɵɩɨɥɧɢɬɶ 

ɤɚɤɚɸ-ɥɢɛɨ ɮɭɧɤɰɢɸ ɩɨ ɬɪɟɛɨɜɚɧɢɸ ɩɨɥɶɡɨɜɚɬɟɥɹ. 
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ɁȺɄɅЮɑȿɇɂȿ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɨ ɪɚɡɪɚɛɨɬɤɢ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ 

ɦɨɛɢɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɫɥɚɛɨɜɢɞɹɳɢɯ, ɛɵɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

- ɢɡɭɱɟɧɵ ɨɫɧɨɜɧɵɟ ɫɢɫɬɟɦɵ ɞɥɹ ɨɪɢɟɧɬɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɥɹ 

ɫɥɚɛɨɜɢɞɹɳɢɯ; 

- ɪɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɛɢɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ; 

- ɪɚɡɪɚɛɨɬɚɧɵ ɨɫɧɨɜɧɵɟ ɚɥɝɨɪɢɬɦɵ ɫɢɫɬɟɦɵ; 

- ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɡɜɭɤ  

- ɪɟɚɥɢɡɨɜɚɧɚ ɩɪɨɝɪɚɦɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Arduino ɢ ɦɨɛɢɥɶɧɨɝɨ 

ɬɟɥɟɮɨɧɚ; 

- ɪɚɡɪɚɛɨɬɚɧ ɩɪɨɬɨɬɢɩ ɦɨɛɢɥɶɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ. 

ɂ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɚɭɞɢɨ-ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɜɢɡɭɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɜ 

ɨɫɧɨɜɭ ɤɨɬɨɪɨɝɨ ɛɵɥ ɩɨɥɨɠɟɧ ɩɪɢɧɰɢɩ ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɜɭɤɨɪɹɞɚ ɧɚ ɨɫɧɨɜɟ 

ɩɟɧɬɚɬɨɧɢɤɢ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 

 

1. Эɯɨɥɨɤɚɰɢɹ ɜ ɨɛɥɚɫɬɢ ɦɚɲɢɧɧɨɝɨ ɡɪɟɧɢɹ [Эɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – 

Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://core.ac.uk/download/pdf/53080988.pdf 

2. Ɉɩɢɫɚɧɢɟ The Voice [Эɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://www.seeingwithsound.com/manualru/ThevOICeTrainingManualru.htm   

3. ȼɢɤɢɩɟɞɢɹ – ɫɜɨɛɨɞɧɚɹ ɢɧɬɟɪɧɟɬ-ɷɧɰɢɤɥɨɩɟɞɢɹ [Эɥɟɤɬɪɨɧɧɵɣ 

ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://ru.wikipedia.org/wiki/ 

4.  HTML [Эɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://html5book.ru/osnovy-html/ 

5. CSS [Эɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://html5book.ru/osnovy-css/ 

6. JavaScript [Эɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://html5book.ru/osnovy-javascript/ 

7. Ɍɚɪɚɫɶɟɜ, Ⱥ.Ⱥ. Ɉɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ 

ɢɡɨɛɪɚɠɟɧɢɣ [Эɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] / Ⱥ.Ⱥ. Ɍɚɪɚɫɶɟɜ // Ɍɟɪɪɢɬɨɪɢɹ ɧɚɭɤɢ. – 

2016. – №3. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://cyberleninka.ru/article/v/realizatsiya-

osnovnyh-metodov-tsifrovoy-obrabotki-izobrazheniy-na-yazyke-s 

8. Ȼɟɥɢɦ, ɋ.ȼ. ɋɪɚɜɧɟɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɜɵɞɟɥɟɧɢɹ ɤɨɧɬɭɪɨɜ 

[Эɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] / ɋ.ȼ. Ȼɟɥɢɦ // Ʉɨɦɩɶɸɬɟɪɧɚɹ ɨɩɬɢɤɚ. – 2015. – №1. – 

Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://cyberleninka.ru/article/n/sravnenie-algoritmov 

9. Ɍɟɨɪɢɹ ɦɭɡɵɤɢ [Эɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://music-theory/ 

10. Ⱥɞɢɛɚɟɜ, Ȼ.Ɇ. ȼɥɢɹɧɢɟ ɡɜɭɤɨɜɵɯ ɜɨɥɧ ɧɚ ɨɪɝɚɧɢɡɦ [Эɥɟɤɬɪɨɧɧɵɣ 

ɪɟɫɭɪɫ] / Ȼ.Ɇ. Ⱥɞɢɛɚɟɜ // Ƚɢɝɢɟɧɚ ɢ ɷɤɨɥɨɝɢɹ. – 2018. – №1. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:  

https://cyberleninka.ru/article/v/vliyanie-zvukovyh-voln-na-organizm 

11. Ɉɩɟɪɚɬɨɪɵ ɋɨɛɟɥɚ ɢ Ʌɚɩɥɚɫɚ [Эɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ: http://robocraft.ru/blog/computervision/460.html 

12. Ɇɟɬɨɞɵ ɜɵɞɟɥɟɧɢɹ ɨɛɴɟɤɬɨɜ [Эɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ: https://moluch.ru/archive/193/48447/ 
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13.  Ɉɩɬɢɦɚɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ ɜɵɞɟɥɟɧɢɹ ɤɨɧɬɭɪɨɜ [Эɥɟɤɬɪɨɧɧɵɣ 

ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://cyberleninka.ru/article/v/optimalnye-algoritmy-
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