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ȼȼȿȾȿɇɂȿ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɞɚɱɚ ɨɛɪɚɛɨɬɤɢ ɢ ɚɧɚɥɢɡɚ ɰɢɮɪɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, 

ɩɨɥɭɱɚɟɦɵɯ ɫ ɮɨɬɨ- ɢ ɜɢɞɟɨɚɩɩɚɪɚɬɭɪɵ, ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɤɪɚɣɧɟ ɚɤɬɭɚɥɶɧɨɣ. 

ɉɨɹɜɥɹɟɬɫɹ ɜɫɟ ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɨɛɥɚɫɬɟɣ, ɜ ɤɨɬɨɪɵɯ ɩɨɥɟɡɧɵɦ ɨɤɚɡɵɜɚɟɬɫɹ 

ɨɰɟɧɤɚ ɧɟ ɬɨɥɶɤɨ ɨɛɴɟɤɬɨɜ ɢ ɢɯ ɫɜɨɣɫɬɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, ɧɨ ɢ ɩɚɪɚɦɟɬɪɨɜ 

ɫɚɦɢɯ ɢɡɨɛɪɚɠɟɧɢɣ. 

Ⱥɧɚɥɢɡ ɪɚɡɦɵɬɢɹ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɨɛɳɟɣ ɩɪɨɛɥɟɦɵ 

ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ (ɄɁ), ɤɨɬɨɪɚɹ ɚɤɬɢɜɧɨ ɪɟɲɚɟɬɫɹ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ. Ɉɞɧɚ 

ɢɡ ɜɨɡɦɨɠɧɵɯ ɡɚɞɚɱ, ɜ ɪɟɲɟɧɢɢ ɤɨɬɨɪɨɣ ɷɬɨ ɦɨɠɟɬ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ – ɩɨɥɧɨɟ 

ɨɬɫɥɟɠɢɜɚɧɢɟ ɩɟɪɟɦɟɳɟɧɢɣ ɤɚɦɟɪɵ ɩɪɢ ɫɴɟɦɤɟ ɜɢɞɟɨ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 

ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɧɵɦ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɢ ɩɚɪɚɦɟɬɪɨɜ 

ɞɜɢɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ [1], ɧɚ ɤɨɬɨɪɨɦ ɡɚɤɪɟɩɥɟɧɚ ɤɚɦɟɪɚ (ɜ 

ɞɨɩɨɥɧɟɧɢɟ ɤ ɬɪɚɞɢɰɢɨɧɧɵɦ ɢɧɟɪɰɢɚɥɶɧɵɦ ɞɚɬɱɢɤɚɦ), ɩɭɬɟɦ ɜɵɱɢɫɥɟɧɢɹ 

ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɟɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɤɚɞɪɟ. Ⱥ ɬɚɤɠɟ ɢ ɞɥɹ ɞɪɭɝɢɯ ɡɚɞɚɱ ɜ 

ɨɛɥɚɫɬɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ – ɧɚɩɪɢɦɟɪ, ɭɩɨɪɹɞɨɱɢɜɚɧɢɟ ɚɷɪɨɮɨɬɨɫɧɢɦɤɨɜ 

[2, 3], ɩɨɫɬɪɨɟɧɢɟ 3D-ɦɨɞɟɥɟɣ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɞɭɥɟɣ ɜɢɞɟɨɤɚɦɟɪ ɜ ɤɚɱɟɫɬɜɟ 

ɜɵɫɨɤɨɬɨɱɧɵɯ ɞɚɬɱɢɤɨɜ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɬ.ɞ. Ʉɚɦɟɪɚ ɜ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ 

ɜɵɫɬɭɩɚɟɬ ɤɚɤ ɞɚɬɱɢɤ, ɧɚ ɤɨɬɨɪɵɣ ɩɨɬɨɤ ɰɢɮɪɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɢɥɢ ɤɚɞɪɨɜ ɜ 

ɫɨɫɬɚɜɟ ɜɢɞɟɨ ɦɨɠɟɬ ɤɚɤ ɩɨɫɬɭɩɚɬɶ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɬɚɤ ɢ 

ɡɚɩɢɫɵɜɚɬɶɫɹ ɧɚ ɡɚɩɨɦɢɧɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɡɚɬɟɦ ɞɥɹ ɚɧɚɥɢɡɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧɚ 

ɫɬɪɟɦɢɬɟɥɶɧɵɦ ɪɚɡɜɢɬɢɟɦ ɨɛɥɚɫɬɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 

ɩɨɥɟɡɧɨɫɬɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ɧɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ 

ɞɥɹ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ, 

ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɧɚɩɪɚɜɥɟɧɢɟ ɫɦɟɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ, 

ɢɡɜɥɟɱɟɧɧɵɯ ɢɡ ɜɢɞɟɨɩɨɬɨɤɚ, ɢɥɢ ɧɚ ɨɫɧɨɜɟ ɨɛɪɚɛɨɬɤɢ ɫɦɚɡɚɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ. 
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Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

- ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɢɯ ɜɥɢɹɧɢɟ 

ɚɧɚɥɢɡ ɢɡɨɛɪɚɠɟɧɢɣ; 

- ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɚɧɚɥɢɡɚ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜɞɨɥɶ ɡɚɞɚɧɧɵɯ 

ɧɚɩɪɚɜɥɟɧɢɣ ɢ ɩɨɥɭɱɟɧɢɹ ɟɝɨ ɱɢɫɥɟɧɧɨɣ ɜɟɥɢɱɢɧɵ;  

- ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɚɡɵɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ; 

- ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ, ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɤɚɦɟɪɵ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɧɢɦɚɟɦɨɣ ɨɛɥɚɫɬɢ ɧɚ ɨɫɧɨɜɟ ɫɜɨɣɫɬɜ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ; 

- ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɬɟɨɪɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɚɥɝɨɪɢɬɦɵ ɨɛɪɚɛɨɬɤɢ ɰɢɮɪɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ 

ɧɚ ɩɪɟɞɦɟɬ ɪɚɡɦɵɬɢɹ. 

Ɉɛɥɚɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɭɧɤɬɭ № 7 «Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ, ɮɢɥɶɬɪɚɰɢɢ, ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ ɫɢɧɬɟɡɚ ɢɡɨɛɪɚɠɟɧɢɣ, 

ɪɟɲɚɸɳɢɯ ɩɪɚɜɢɥ» ɫɩɟɰɢɚɥɶɧɨɫɬɢ 05.13.17 – «Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ 

ɢɧɮɨɪɦɚɬɢɤɢ» ɉɚɫɩɨɪɬɚ ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ ȼȺɄ Ɋɨɫɫɢɢ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɦɟɬɨɞɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɫɬɚɬɢɫɬɢɤɢ. 

Ⱥɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɧɚ 

Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ 

«ɉɪɨɫɩɟɤɬ ɋɜɨɛɨɞɧɵɣ 2021». 

ɉɪɟɞɩɨɥɚɝɚɟɦɚɹ ɧɨɜɢɡɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɟɞɥɨɠɟɧɢɢ 

ɧɨɜɨɝɨ ɦɟɬɨɞɚ ɚɧɚɥɢɡɚ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɚɡɚɧɧɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɨɫɧɨɜɟ 

ɜɜɟɞɟɧɢɹ ɩɨɧɹɬɢɹ ɢɡɨɬɪɨɩɧɨɫɬɢ ɞɥɹ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɣ. 
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1 Ɉɛɡɨɪ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

1.1 Ʉɨɦɩɶɸɬɟɪɧɨɟ ɡɪɟɧɢɟ 

ɉɨɞ ɤɨɦɩɶɸɬɟɪɧɵɦ ɡɪɟɧɢɟɦ ɩɨɧɢɦɚɟɬɫɹ ɨɛɥɚɫɬɶ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 

ɢɧɬɟɥɥɟɤɬɚ, ɫɜɹɡɚɧɧɚɹ ɫ ɚɧɚɥɢɡɨɦ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɜɢɞɟɨ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ 

ɧɚɛɨɪ ɦɟɬɨɞɨɜ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɤɨɦɩɶɸɬɟɪɭ «ɜɢɞɟɬɶ» ɢ ɚɧɚɥɢɡɢɪɨɜɚɬɶ 

ɭɜɢɞɟɧɧɨɟ, ɢɡɜɥɟɤɚɹ ɢɡ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɭɸ ɢɧɮɨɪɦɚɰɢɸ. ȼ Ɋɨɫɫɢɢ ɬɚɤɠɟ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɧɹɬɢɟ «Ɍɟɯɧɢɱɟɫɤɨɟ ɡɪɟɧɢɟ».  

Ɇɨɠɟɬ ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɧɟ ɬɨɥɶɤɨ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɚɥɶɬɟɪɧɚɬɢɜɵ 

ɛɢɨɥɨɝɢɱɟɫɤɨɦɭ ɡɪɟɧɢɸ, ɧɨ ɢ ɤɚɤ ɟɝɨ ɞɨɩɨɥɧɟɧɢɟ ɞɥɹ ɪɟɲɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ. 

ɄɁ ɹɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ ɦɨɥɨɞɵɦ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ 

(ɢɧɬɟɧɫɢɜɧɨɟ ɢɡɭɱɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɧɚɱɚɥɨɫɶ ɬɨɥɶɤɨ ɜ 1970-ɯ ɝɨɞɚɯ), 

ɢɦɟɸɳɢɦ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ [3]. ȼ ɤɚɱɟɫɬɜɟ 

ɩɪɢɦɟɪɨɜ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɮɚɪɦɚɰɟɜɬɢɤɭ, ɩɢɳɟɜɭɸ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, 

ɚɜɬɨɦɨɛɢɥɟɫɬɪɨɟɧɢɟ, ɪɚɡɪɚɛɨɬɤɚ ɚɜɬɨɩɢɥɨɬɢɪɭɟɦɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, 

ɫɮɟɪɚ 3D-ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɭɩɨɪɹɞɨɱɢɜɚɧɢɟ ɚɷɪɨɮɨɬɨɫɧɢɦɤɨɜ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ. 

Ȼɨɥɟɟ ɬɨɝɨ, ɩɨɫɬɨɹɧɧɨ ɩɨɹɜɥɹɸɬɫɹ ɜɫё ɧɨɜɵɟ ɨɛɥɚɫɬɢ ɢ ɫɰɟɧɚɪɢɢ ɩɪɢɦɟɧɟɧɢɹ ɄɁ 

[2, 3]. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɄɁ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɚɧɚɥɢɡɚ ɫɨɞɟɪɠɢɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ – 

ɨɛɴɟɤɬɵ, ɢɯ ɩɚɪɚɦɟɬɪɵ, ɪɚɫɩɨɥɨɠɟɧɢɟ ɢ ɩɪ.  

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɨɛɳɟɣ ɡɚɞɚɱɢ ɄɁ, ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɦɟɬɨɞ, 

ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɛɨɥɟɟ ɬɨɱɧɨɣ ɨɛɪɚɛɨɬɤɟ ɧɢɡɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɛɟɡ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɯ ɫɨɞɟɪɠɢɦɨɝɨ ɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɚɧɚɥɢɡɚ 

ɧɟɩɨɞɝɨɬɨɜɥɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – ɮɨɬɨ ɢ ɜɢɞɟɨ, ɩɨɥɭɱɟɧɧɵɯ ɛɟɡ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɩɚɪɚɦɟɬɪɚɯ ɫɴɟɦɤɢ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ 

ɦɚɬɟɪɢɚɥɵ, ɚ ɬɚɤɠɟ ɛɟɡ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɧɢɯ ɨɛɴɟɤɬɚɯ. Ⱦɚɧɧɵɣ 

ɦɟɬɨɞ ɢɦɟɟɬ ɩɪɚɤɬɢɱɟɫɤɭɸ ɡɧɚɱɢɦɨɫɬɶ ɞɥɹ ɚɥɝɨɪɢɬɦɚ ɩɨɥɧɨɝɨ ɨɬɫɥɟɠɢɜɚɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɩɟɪɟɦɟɳɟɧɢɹ ɤɚɦɟɪɵ ɩɪɢ ɫɴɟɦɤɟ ɜɢɞɟɨ. 
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1.2 ȼɢɞɵ ɫɦɟɳɟɧɢɣ ɢɡɨɛɪɚɠɟɧɢɣ 

Ɂɞɟɫɶ ɢ ɞɚɥɟɟ ɩɨɞ ɤɚɞɪɨɦ ɛɭɞɟɬ ɩɪɢɧɢɦɚɬɶɫɹ ɩɪɨɟɤɰɢɹ ɚɧɚɥɢɡɢɪɭɟɦɨɣ 

ɫɰɟɧɵ ɧɚ ɮɨɤɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ ɪɟɝɢɫɬɪɢɪɭɸɳɟɝɨ ɩɪɢɛɨɪɚ (ɰɢɮɪɨɜɨɣ ɤɚɦɟɪɵ) 

ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɬɫɥɟɠɢɜɚɧɢɹ ɞɜɢɠɟɧɢɹ ɤɚɦɟɪɵ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɫɧɢɦɚɟɦɨɣ ɨɛɥɚɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɜɢɞ, ɧɚɩɪɚɜɥɟɧɢɟ ɢ ɜɟɥɢɱɢɧɭ 

ɫɦɟɳɟɧɢɹ ɦɟɠɞɭ ɤɚɞɪɚɦɢ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɫɦɟɳɟɧɢɣ ɢɡɨɛɪɚɠɟɧɢɹ ɦɟɠɞɭ ɞɜɭɦɹ ɤɚɞɪɚɦɢ: 

- ɫɞɜɢɝ ɩɨ ɨɞɧɨɣ ɢɡ ɞɜɭɯ (ɜɟɪɬɢɤɚɥɶɧɚɹ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ) ɨɫɟɣ ɢɥɢ 

ɫɨɜɦɟɳɟɧɢɟ ɫɦɟɳɟɧɢɹ ɩɨ ɨɛɟɢɦ ɨɫɹɦ; 

- ɜɪɚɳɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɜɨɤɪɭɝ ɨɩɪɟɞɟɥɟɧɧɨɣ ɨɫɢ ɜɪɚɳɟɧɢɹ, 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɨɛɴɟɤɬɢɜɭ ɤɚɦɟɪɵ; 

- ɢɡɦɟɧɟɧɢɹ ɦɚɫɲɬɚɛɚ ɢɡɨɛɪɚɠɟɧɢɹ – ɪɚɜɧɨɦɟɪɧɨɟ ɟɝɨ ɩɪɢɛɥɢɠɟɧɢɟ ɢɥɢ 

ɨɬɞɚɥɟɧɢɟ ɩɨ ɜɫɟɦɭ ɤɚɞɪɭ. 

Ⱦɟɦɨɧɫɬɪɚɰɢɹ ɞɚɧɧɵɯ ɬɢɩɨɜ ɫɦɟɳɟɧɢɣ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɚɯ 1-3. Ⱦɥɹ 

ɷɬɨɝɨ ɛɵɥɚ ɜɵɛɪɚɧɚ ɬɟɤɫɬɭɪɚ ɫɟɬɤɢ ɫ ɤɨɧɬɪɨɥɶɧɨɣ ɤɨɧɬɪɚɫɬɧɨɣ ɮɢɝɭɪɨɣ, ɛɨɥɟɟ 

ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɵɜɚɸɳɟɣ ɫɦɟɳɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɪɟɝɢɫɬɪɢɪɭɸɳɟɝɨ ɩɪɢɛɨɪɚ. 

 

 

Ɋɢɫɭɧɨɤ 1 – Ⱦɟɦɨɧɫɬɪɚɰɢɹ ɫɦɟɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ 
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Ɋɢɫɭɧɨɤ 2 – Ⱦɟɦɨɧɫɬɪɚɰɢɹ ɜɪɚɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ  

 

 

Ɋɢɫɭɧɨɤ 3 – Ⱦɟɦɨɧɫɬɪɚɰɢɹ ɢɡɦɟɧɟɧɢɹ ɦɚɫɲɬɚɛɚ ɢɡɨɛɪɚɠɟɧɢɹ 

 

Ʌɸɛɨɟ ɫɦɟɳɟɧɢɟ ɜ ɤɚɞɪɟ ɹɜɥɹɟɬɫɹ ɤɨɦɛɢɧɚɰɢɟɣ ɬɪɟɯ ɞɚɧɧɵɯ ɬɢɩɨɜ. 

ɂɦɟɧɧɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɪɚɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɫɨ ɫɞɜɢɝɨɦ ɞɚɟɬ ɤɚɪɬɢɧɭ, 

ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɟɳɟɧɢɹ ɤɚɦɟɪɵ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɫɧɢɦɚɟɦɨɣ ɨɛɥɚɫɬɢ. 

 

1.3 Ʉɚɱɟɫɬɜɨ ɰɢɮɪɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɤɚɱɟɫɬɜɨ ɰɢɮɪɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɢɦɟɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ 

ɜɥɢɹɧɢɟ ɧɚ ɤɚɱɟɫɬɜɨ ɪɚɛɨɬɵ ɨɛɪɚɛɚɬɵɜɚɸɳɢɯ ɢɯ ɚɥɝɨɪɢɬɦɨɜ. Ɉɞɧɢɦ ɢɡ 

ɝɥɚɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ ɟɝɨ ɪɟɡɤɨɫɬɶ – 

ɨɩɪɟɞɟɥɹɸɳɢɣ ɪɚɡɥɢɱɢɦɨɫɬɶ ɞɟɬɚɥɟɣ ɧɚ ɮɨɬɨɝɪɚɮɢɢ [4]. ɂɡɥɢɲɧɹɹ ɪɚɡɦɵɬɨɫɬɶ 

ɢɡɨɛɪɚɠɟɧɢɹ ɦɨɠɟɬ ɫɬɚɬɶ ɩɪɢɱɢɧɨɣ ɧɟɤɨɪɪɟɤɬɧɨɣ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɨɜ 
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ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ – ɧɚɩɪɢɦɟɪ, ɚɥɝɨɪɢɬɦɨɜ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ. ɂɥɢ 

ɫɬɚɬɶ ɩɪɢɱɢɧɨɣ ɧɟɤɨɪɪɟɤɬɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫɦɟɳɟɧɢɹ ɜ ɤɚɞɪɟ. 

ɂɡɨɛɪɚɠɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɫ ɰɢɮɪɨɜɨɣ ɤɚɦɟɪɵ, ɦɨɠɟɬ ɛɵɬɶ ɧɟɞɨɫɬɚɬɨɱɧɨ 

ɪɟɡɤɢɦ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɩɪɢɱɢɧɚɦ: 

- ɜɫɥɟɞɫɬɜɢɟ ɧɟɩɪɚɜɢɥɶɧɨɣ ɧɚɫɬɪɨɣɤɢ ɮɨɤɭɫɢɪɨɜɤɢ ɤɚɦɟɪɵ; 

- ɜɫɥɟɞɫɬɜɢɟ ɡɚɦɭɬɧɟɧɢɹ ɨɛɴɟɤɬɢɜɚ; 

- ɜɫɥɟɞɫɬɜɢɟ ɞɜɢɠɟɧɢɹ ɤɚɦɟɪɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɧɢɦɚɟɦɨɣ ɩɥɨɫɤɨɫɬɢ ɢɥɢ 

ɞɜɢɠɟɧɢɹ ɫɧɢɦɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɦɟɪɵ ɜ ɦɨɦɟɧɬ ɫɴɟɦɤɢ [5];  

- ɤɨɝɞɚ ɤɚɦɟɪɚ ɧɟ ɜɧɟɫɥɚ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɪɚɡɦɵɬɢɹ, ɧɨ ɱɚɫɬɶ ɫɚɦɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɪɟɚɥɶɧɨɣ ɠɢɡɧɢ ɪɚɡɦɵɬɚ ɢɡɧɚɱɚɥɶɧɨ [6]. ɇɚɩɪɢɦɟɪ, 

ɨɬɛɪɚɫɵɜɚɟɦɚɹ ɬɟɧɶ ɨɬ ɨɛɴɟɤɬɚ, ɤɨɬɨɪɚɹ ɪɚɡɦɵɬɚ ɜ ɪɟɚɥɶɧɨɣ ɠɢɡɧɢ ɜɫɥɟɞɫɬɜɢɟ 

ɬɨɝɨ, ɱɬɨ ɢɫɬɨɱɧɢɤ ɫɜɟɬɚ ɡɚ ɨɛɴɟɤɬɨɦ ɧɚɯɨɞɢɬɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ, ɦɟɧɶɲɟɦ, ɱɟɦ 

ɦɟɠɞɭ ɨɛɴɟɤɬɨɦ ɢ ɩɥɨɫɤɨɫɬɶɸ, ɧɚ ɤɨɬɨɪɭɸ ɨɧ ɨɬɛɪɚɫɵɜɚɟɬ ɬɟɧɶ. ɉɪɢɦɟɪ ɬɚɤɨɝɨ 

ɪɚɡɦɵɬɢɹ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 4. 

 

 

Ɋɢɫɭɧɨɤ 4 – ɉɪɢɦɟɪ ɪɚɡɦɵɬɢɹ ɜ ɪɟɚɥɶɧɨɣ ɠɢɡɧɢ [6] 

 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɜɢɞɵ ɪɚɡɦɵɬɢɹ ɢɦɟɧɧɨ ɜɫɟɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɰɟɥɨɦ, ɬɚɤ ɤɚɤ ɫɢɬɭɚɰɢɢ, ɩɪɢ ɤɨɬɨɪɵɯ ɜ ɫɧɢɦɚɟɦɨɣ ɨɛɥɚɫɬɢ 

ɢɡɧɚɱɚɥɶɧɨ ɫɨɞɟɪɠɚɬɫɹ ɪɚɡɦɵɬɵɟ ɡɨɧɵ ɢɡ ɪɟɚɥɶɧɨɣ ɠɢɡɧɢ, ɧɟ ɨɬɧɨɫɹɬɫɹ ɤ 

ɞɟɮɟɤɬɚɦ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɬɟɯɧɢɱɟɫɤɨɦ ɩɥɚɧɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɚɞɚɱɚ ɨɛɪɚɛɨɬɤɢ 

ɞɟɮɟɤɬɨɜ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬɫɹ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, ɥɟɠɢɬ ɡɚ ɩɪɟɞɟɥɚɦɢ ɬɟɦɵ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
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1.4 ɐɜɟɬɨɜɵɟ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɐɜɟɬɨɜɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɢɥɢ ɰɜɟɬɨɜɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ – ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ 

ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɰɜɟɬɚ ɜ ɜɢɞɟ ɤɨɪɬɟɠɟɣ ɱɢɫɟɥ, ɢɥɢ ɬ.ɧ. ɰɜɟɬɨɜɵɯ 

ɤɨɨɪɞɢɧɚɬ. ɉɪɢ ɷɬɨɦ ɧɚɛɨɪ ɰɜɟɬɨɜ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɜ ɬɨɦ ɢɥɢ ɢɧɨɦ 

ɰɜɟɬɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɹɜɥɹɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɵɦ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɥɸɛɨɣ ɢɡ 

ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɰɜɟɬɨɜ ɦɨɠɧɨ ɨɞɧɨɡɧɚɱɧɨ ɨɩɢɫɚɬɶ ɤɨɦɛɢɧɚɰɢɟɣ 

ɧɟɫɤɨɥɶɤɢɯ ɤɨɨɪɞɢɧɚɬ. 

Ɋɚɡɥɢɱɧɵɟ ɰɜɟɬɨɜɵɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɡɧɚɱɟɧɢɹɦɢ 

ɜ ɤɨɪɬɟɠɚɯ, ɤɨɬɨɪɵɟ ɨɬɜɟɱɚɸɬ ɡɚ ɪɚɡɥɢɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɰɜɟɬɚ. ɇɟɤɨɬɨɪɵɟ ɢɡ 

ɧɢɯ ɫɨɞɟɪɠɚɬ ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ ɩɢɤɫɟɥɟɣ ɢɡɨɛɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ 

ɩɨɥɟɡɧɨɫɬɶ ɞɥɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ. ɇɚɩɪɢɦɟɪ, HSV ɢ HSL [7]. 

ȼ ɞɚɧɧɵɯ ɰɜɟɬɨɜɵɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ ɰɜɟɬ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɹ ɡɚɞɚɧ ɬɪɟɦɹ 

ɱɢɫɥɨɜɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ Hue (ɨɬɬɟɧɨɤ), Saturation 

(ɧɚɫɵɳɟɧɧɨɫɬɶ) ɢ Value/Lightness (ɡɧɚɱɟɧɢɟ ɰɜɟɬɚ ɢɥɢ ɹɪɤɨɫɬɶ/ɫɜɟɬɥɨɬɚ) ɞɥɹ 

HSV ɢ HSL ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [8]. 

Ɂɧɚɱɟɧɢɟ ɨɬɬɟɧɤɚ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜ ɢɧɬɟɪɜɚɥɟ [0, 2π]. Ɂɧɚɱɟɧɢɟ ɠɟ 

ɧɚɫɵɳɟɧɧɨɫɬɢ ɨɩɢɫɵɜɚɟɬ ɝɥɭɛɢɧɭ ɨɬɬɟɧɤɚ, ɩɪɢɧɢɦɚɹ ɡɧɚɱɟɧɢɹ ɜ ɩɪɟɞɟɥɚɯ 

ɢɧɬɟɪɜɚɥɚ [0, 1], ɝɞɟ 1 – ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɫɵɳɟɧɧɨɫɬɶ.  

Ɍɪɟɬɢɣ ɤɨɦɩɨɧɟɧɬ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɨɬɥɢɱɢɟɦ HSV ɢ HSL ɞɪɭɝ ɨɬ ɞɪɭɝɚ. 

Ɉɛɚ ɡɧɚɱɟɧɢɹ ɜɵɪɚɠɚɸɬ ɭɪɨɜɟɧɶ ɨɫɜɟɳɟɧɧɨɫɬɢ ɢ ɥɟɠɚɬ ɜ ɢɧɬɟɪɜɚɥɟ [0, 1], ɝɞɟ 0 

– ɩɨɥɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɫɜɟɬɚ. Ɉɞɧɚɤɨ ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɫɵɳɟɧɧɨɫɬɶ ɨɬɬɟɧɤɚ 

ɞɨɫɬɢɝɚɟɬɫɹ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɪɢ V = 1, ɜɨ ɜɬɨɪɨɦ ɠɟ ɩɪɢ L = 0,5. 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, HSV ɢ HSL ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɧɚ ɨɫɧɨɜɟ ɰɜɟɬɨɜɨɝɨ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ RGB, ɹɜɥɹɸɳɟɝɨɫɹ ɫɬɚɧɞɚɪɬɧɵɦ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ 

ɭɫɬɪɨɣɫɬɜɚɯ – ɨɬ ɦɨɧɢɬɨɪɨɜ ɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɷɤɪɚɧɨɜ ɞɨ ɩɟɪɟɞɚɸɳɢɯ 

ɰɢɮɪɨɜɵɯ ɤɚɦɟɪ [9, 10]. 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɢɢ RGB ɰɜɟɬ ɩɨɥɭɱɚɟɬɫɹ ɤɨɦɛɢɧɚɰɢɟɣ ɬɪɟɯ ɡɧɚɱɟɧɢɣ 

ɰɜɟɬɨɜɵɯ ɤɨɦɩɨɧɟɧɬ – ɤɪɚɫɧɨɝɨ (Red), ɡɟɥɟɧɨɝɨ (Green) ɢ ɫɢɧɟɝɨ (Blue) – ɜ 
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ɞɢɚɩɚɡɨɧɟ ɨɬ 0 ɞɨ 1. ɉɪɢ ɷɬɨɦ ɤɚɠɞɨɟ ɡɧɚɱɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɤɚɠɞɨɝɨ ɢɡ ɰɜɟɬɨɜ. Ɉɛɴɟɞɢɧɟɧɢɟ ɜɫɟɯ ɬɪɟɯ ɤɨɦɩɨɧɟɧɬ ɜ 

ɦɚɤɫɢɦɚɥɶɧɨɦ ɡɧɚɱɟɧɢɢ ɨɛɨɡɧɚɱɚɟɬ ɛɟɥɵɣ ɰɜɟɬ, ɫɨɱɟɬɚɧɢɟ ɠɟ ɜɫɟɯ ɬɪɟɯ 

ɤɨɦɩɨɧɟɧɬ ɜ ɧɭɥɟɜɨɦ ɡɧɚɱɟɧɢɢ ɞɚɟɬ ɱɟɪɧɵɣ ɰɜɟɬ. 

Ƚɪɚɮɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɢɣ HSL, HSV ɢ RGB ɩɨɤɚɡɚɧɵ ɧɚ 

ɪɢɫɭɧɤɚɯ 5, 6 ɢ 7 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

 

Ɋɢɫɭɧɨɤ 5 – Ɇɨɞɟɥɶ ɰɜɟɬɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ HSL [11] 

 

 

Ɋɢɫɭɧɨɤ 6 – Ɇɨɞɟɥɶ ɰɜɟɬɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ HSV [11] 
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Ɋɢɫɭɧɨɤ 7 – Ɇɨɞɟɥɶ ɰɜɟɬɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ RGB [11] 

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɦɨɞɟɥɶ HSV ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ ɤ 

ɢɡɦɟɧɟɧɢɹɦ ɨɫɜɟɳɟɧɧɨɫɬɢ, ɧɚɩɪɢɦɟɪ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ RGB, ɚ ɬɚɤɠɟ ɤ ɭɪɨɜɧɸ 

ɲɭɦɚ [12, 13]. ɉɨɷɬɨɦɭ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɟ ɛɵɥɨ ɩɪɢɧɹɬɨ 

ɪɟɲɟɧɢɟ ɜɵɛɪɚɬɶ ɢɦɟɧɧɨ ɞɚɧɧɨɟ ɰɜɟɬɨɜɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ.  

 

1.5 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɨɛɡɨɪ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɬɟɦɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ. Ȼɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɫɦɟɳɟɧɢɣ ɜ ɤɚɞɪɟ, ɚ ɬɚɤɠɟ 

ɩɪɢɱɢɧɵ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɛɭɞɟɬ ɨɫɧɨɜɚɧɨ 

ɞɚɥɶɧɟɣɲɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɚ ɚɧɚɥɢɡɚ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ. 

Ȼɵɥɚ ɨɛɭɫɥɨɜɥɟɧɚ ɚɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ, ɡɚɤɥɸɱɚɸɳɚɹɫɹ ɜ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 

ɩɨɥɟɡɧɨɫɬɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɨɛɥɚɫɬɢ ɄɁ. 

Ɍɚɤɠɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɧɟɤɨɬɨɪɵɟ ɰɜɟɬɨɜɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ, ɧɚ ɨɫɧɨɜɟ 

ɤɨɬɨɪɵɯ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɛɵɥɨ ɜɵɛɪɚɧɨ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ HSV ɜɫɥɟɞɫɬɜɢɟ ɧɚɥɢɱɢɹ ɜ ɟɝɨ ɱɢɫɥɨɜɨɦ ɤɨɪɬɟɠɟ, ɨɩɢɫɵɜɚɸɳɟɦ 

ɰɜɟɬ, ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɭɞɨɛɧɵɦ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ 

ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɟ. 
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2 ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɪɟɲɟɧɢɹ 

2.1 ɉɨɧɹɬɢɟ ɢɡɨɬɪɨɩɧɨɫɬɢ ɪɚɡɦɵɬɢɹ 

Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜ ɩɨɞɪɚɡɞɟɥɟ 1.3, ɱɪɟɡɦɟɪɧɚɹ ɪɚɡɦɵɬɨɫɬɶ ɢɡɨɛɪɚɠɟɧɢɹ 

ɦɨɠɟɬ ɫɬɚɬɶ ɩɨɦɟɯɨɣ ɞɥɹ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɹ. ɇɨ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɫɚɦ 

ɮɚɤɬ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɟɝɨ ɩɚɪɚɦɟɬɪɵ ɦɨɝɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɢɧɬɟɪɟɫ ɢ 

ɹɜɥɹɬɶɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɩɪɟɞɦɟɬɨɦ ɚɧɚɥɢɡɚ. 

ɂɫɯɨɞɹ ɢɡ ɢɧɮɨɪɦɚɰɢɢ ɜ ɬɨɦ ɠɟ ɩɨɞɪɚɡɞɟɥɟ, ɪɚɡɦɵɬɢɟ ɦɨɠɟɬ ɛɵɬɶ ɞɜɭɯ 

ɜɢɞɨɜ: 

- ɜɫё ɢɡɨɛɪɚɠɟɧɢɟ ɪɚɡɦɵɬɨ ɪɚɜɧɨɦɟɪɧɨ ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ; 

- ɝɪɚɧɢɰɵ ɜɫɟɯ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɪɚɡɦɵɬɵ («ɫɦɚɡɚɧɵ») ɩɨ ɥɢɧɢɢ 

ɜɟɤɬɨɪɚ ɞɜɢɠɟɧɢɹ ɤɚɦɟɪɵ/ɫɧɢɦɚɟɦɨɣ ɩɥɨɫɤɨɫɬɢ ɜ ɨɛɨɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ [14]. 

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ, ɜ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɜɟɫɬɢ 

ɩɨɧɹɬɢɟ ɢɡɨɬɪɨɩɧɨɫɬɢ ɞɥɹ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ, ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɪɟɚɥɶɧɵɦ 

ɮɢɡɢɱɟɫɤɢɦ ɹɜɥɟɧɢɟɦ ɢɡɨɬɪɨɩɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɦɵɬɢɟ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ 

ɦɨɠɟɬ ɛɵɬɶ ɢɡɨɬɪɨɩɧыɦ – ɤɨɝɞɚ ɝɪɚɧɢɰɵ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɪɚɡɦɵɬɵ 

ɨɞɧɨɪɨɞɧɨ ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɢ аɧɢɡɨɬɪɨɩɧыɦ – ɤɨɝɞɚ ɝɪɚɧɢɰɵ ɪɚɡɦɵɬɵ ɜ 

ɧɚɩɪɚɜɥɟɧɢɢ ɫɦɚɡɵɜɚɧɢɹ, ɜɨɡɧɢɤɚɸɳɟɝɨ ɜɫɥɟɞɫɬɜɢɟ ɞɜɢɠɟɧɢɹ ɤɚɦɟɪɵ ɢ 

ɫɧɢɦɚɟɦɨɝɨ ɨɛɴɟɤɬɚ/ɩɥɨɫɤɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ. ɂɦɟɧɧɨ ɚɧɢɡɨɬɪɨɩɧɨɟ 

ɪɚɡɦɵɬɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ. 

ȼɟɥɢɱɢɧɭ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ ɬɨɦɭ, ɧɚɫɤɨɥɶɤɨ 

ɪɚɡɦɵɬɵ ɝɪɚɧɢɰɵ ɨɛɴɟɤɬɨɜ ɧɚ ɧёɦ. Ɍɨɝɞɚ ɫɬɟɩɟɧɶ ɪɚɡɦɵɬɨɫɬɢ ɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ, ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɹɪɤɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɤ ɞɥɢɧɟ ɭɱɚɫɬɤɚ, 

ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɷɬɨ ɢɡɦɟɧɟɧɢɟ: 

 

ܵ = ݓܫ∆   , (ͳ) 
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ɝɞɟ I – ɷɬɨ ɹɪɤɨɫɬɶ, w – ɲɢɪɢɧɚ ɩɟɪɟɯɨɞɚ.  

ȿɫɥɢ ɩɪɟɞɫɬɚɜɢɬɶ ɹɪɤɨɫɬɶ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɜɢɞɟ ɮɭɧɤɰɢɢ ɨɬ ɩɨɥɨɠɟɧɢɹ ɩɨ 

ɨɫɢ X, ɬɨ ɧɚɝɥɹɞɧɨ ɪɚɡɦɵɬɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɬɚɧɝɟɧɫ ɭɝɥɚ 

ɧɚɤɥɨɧɚ (ɪɢɫɭɧɨɤ 8) [4]. 

 

 

Ɋɢɫɭɧɨɤ 8 – ɉɪɨɮɢɥɶ ɪɟɡɤɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ [4] 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɨɰɟɧɤɢ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɫɜɨɞɢɬɫɹ ɤ ɚɧɚɥɢɡɭ 

ɝɪɚɮɢɤɨɜ ɢɡɦɟɧɟɧɢɹ ɹɪɤɨɫɬɢ ɩɨ ɡɚɞɚɧɧɵɦ ɫɬɪɨɤɚɦ ɢɡɨɛɪɚɠɟɧɢɹ 

(ɜɟɪɬɢɤɚɥɶɧɵɦ, ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɥɢɛɨ ɞɢɚɝɨɧɚɥɶɧɵɦ), ɢɥɢ ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɣ, 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦ ɥɢɧɢɹɦ ɝɪɚɧɢɰ ɨɛɴɟɤɬɨɜ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɢ 

ɩɨɦɨɳɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ – ɧɚɩɪɢɦɟɪ, ɞɟɬɟɤɬɨɪɚ ɝɪɚɧɢɰ Ʉɚɧɧɢ [6, 7, 

8].  

Ɉɞɧɚɤɨ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɫɢɬɭɚɰɢɹɯ ɚɥɝɨɪɢɬɦɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɝɪɚɧɢɰ 

ɹɜɥɹɸɬɫɹ ɧɟɩɪɢɦɟɧɢɦɵɦɢ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɜ ɤɚɞɪɟ ɧɟ ɜɫɟɝɞɚ ɩɪɢɫɭɬɫɬɜɭɸɬ 

ɨɛɴɟɤɬɵ, ɭ ɤɨɬɨɪɵɯ ɛɵ ɛɵɥɨ ɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɝɪɚɧɢɰɵ. ɉɪɢɦɟɪ ɬɚɤɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɛɵɥ ɩɨɞɝɨɬɨɜɥɟɧ ɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 9. 
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Ɋɢɫɭɧɨɤ 9 – ɉɪɢɦɟɪ ɪɚɡɦɵɬɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɛɟɡ ɱɟɬɤɢɯ ɨɛɴɟɤɬɨɜ 

ɇɚ ɩɪɢɜɟɞɟɧɧɨɦ ɪɢɫɭɧɤɟ ɢɡɨɛɪɚɠɟɧɚ ɪɚɡɦɵɬɚɹ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɞ 

ɭɝɥɨɦ ɜ 45 ɝɪɚɞɭɫɨɜ ɮɨɬɨɝɪɚɮɢɹ ɚɫɮɚɥɶɬɚ. Ɍɚɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ 

ɩɨɥɭɱɟɧɨ ɩɪɢ ɫɴɟɦɤɟ ɞɨɪɨɝɢ ɜ ɞɜɢɠɟɧɢɢ ɤɚɦɟɪɨɣ, ɡɚɤɪɟɩɥɟɧɧɨɣ ɧɚ 

ɬɪɚɧɫɩɨɪɬɧɨɦ ɫɪɟɞɫɬɜɟ (Ɍɋ). Ʉɚɤ ɜɢɞɧɨ, ɧɚ ɮɨɬɨɝɪɚɮɢɢ ɨɬɫɭɬɫɬɜɭɸɬ ɤɚɤɢɟ-

ɥɢɛɨ ɨɛɴɟɤɬɵ, ɭ ɤɨɬɨɪɵɯ ɛɵ ɛɵɥɨ ɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɝɪɚɧɢɰɵ. 

ɉɪɢ ɷɬɨɦ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɢɡɨɬɪɨɩɧɨɝɨ, ɩɥɚɜɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɹ 

ɹɪɤɨɫɬɢ ɝɪɚɧɢɰ ɨɛɴɟɤɬɨɜ ɩɪɢ ɚɧɢɡɨɬɪɨɩɧɨɦ ɪɚɡɦɵɬɢɢ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ, ɜɞɨɥɶ ɤɨɬɨɪɨɝɨ ɢɡɦɟɪɹɟɬɫɹ ɹɪɤɨɫɬɶ.  

Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɚɜɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɭɪɨɜɧɹ ɹɪɤɨɫɬɢ ɨɬ 

ɧɚɩɪɚɜɥɟɧɢɹ ɢɡɦɟɪɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɪɚɡɦɵɬɢɹ ɛɵɥɢ ɫɨɡɞɚɧɵ ɝɪɚɮɢɤɢ, 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 10, ɝɞɟ: ɚ) – ɢɡɨɛɪɚɠɟɧɢɟ ɛɟɡ ɪɚɡɦɵɬɢɹ, ɛ) – 

ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɢɡɨɬɪɨɩɧɵɦ ɪɚɡɦɵɬɢɟɦ, ɜ) – ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɚɧɢɡɨɬɪɨɩɧɵɦ 

ɪɚɡɦɵɬɢɟɦ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɜɨɫɩɪɢɹɬɢɹ ɝɪɚɮɢɤɢ ɹɪɤɨɫɬɢ 

ɢɧɜɟɪɬɢɪɨɜɚɧɵ ɩɨ ɜɟɪɬɢɤɚɥɢ. 

 



17 

 

 

Ɋɢɫɭɧɨɤ 10 – Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɹɪɤɨɫɬɢ ɞɥɹ ɪɚɡɧɵɯ ɜɢɞɨɜ ɪɚɡɦɵɬɢɹ 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɨɝɨ ɪɢɫɭɧɤɚ, ɭɪɨɜɟɧɶ ɹɪɤɨɫɬɢ ɦɟɧɹɟɬɫɹ ɛɨɥɟɟ ɩɥɚɜɧɨ, 

ɤɨɝɞɚ ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɥɢɧɢɢ, ɩɨ 

ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɡɚɦɟɪ ɭɪɨɜɧɹ ɹɪɤɨɫɬɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ 

ɥɢɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɧɚɩɪɚɜɥɟɧɢɸ ɪɚɡɦɵɬɢɹ. 

2.2 Ⱥɧɢɡɨɬɪɨɩɧɨɟ ɪɚɡɦɵɬɢɟ 

Ɋɚɫɫɦɨɬɪɢɦ ɚɧɢɡɨɬɪɨɩɧɨɟ ɪɚɡɦɵɬɢɟ ɩɨɞɪɨɛɧɟɟ. Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɛɵɥɨ 

ɫɨɡɞɚɧɨ ɢɡɨɛɪɚɠɟɧɢɟ (ɪɢɫɭɧɨɤ 11), ɩɪɟɞɫɬɚɜɥɹɸɳɟɟ ɭɩɪɨɳɟɧɧɭɸ ɢɦɢɬɚɰɢɸ 

ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɪɚɡɦɵɬɢɟɦ ɜ ɞɜɢɠɟɧɢɢ. Ɍɚɤɠɟ ɜɵɛɪɚɧɨ ɱɟɬɵɪɟ ɭɩɪɨɳɟɧɧɵɯ 

ɞɟɦɨɧɫɬɪɚɰɢɨɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɫɬɪɨɤ ɩɢɤɫɟɥɟɣ, ɩɨ ɤɨɬɨɪɵɦ 

ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɹɪɤɨɫɬɢ ɧɚ ɞɚɧɧɨɦ ɭɱɚɫɬɤɟ. 
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Ɋɢɫɭɧɨɤ 11 – Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɹɪɤɨɫɬɢ ɞɥɹ ɚɧɢɡɨɬɪɨɩɧɨɝɨ ɪɚɡɦɵɬɢɹ 

 

ȼɢɞɧɨ, ɱɬɨ ɭɪɨɜɟɧɶ ɹɪɤɨɫɬɢ ɧɚ ɝɪɚɮɢɤɟ № 2 ɦɟɧɹɟɬɫɹ ɛɨɥɟɟ ɩɥɚɜɧɨ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɝɪɚɮɢɤɚɦɢ ɩɨ ɞɪɭɝɢɦ ɧɚɩɪɚɜɥɟɧɢɹɦ, ɢɡ ɱɟɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ 

ɨ ɬɨɦ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɪɚɡɦɵɬɢɹ ɝɪɚɧɢɰ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɶɲɟɣ. 

ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɫɜɨɣɫɬɜɚ ɢɡɨɛɪɚɠɟɧɢɣ, ɪɚɡɦɵɬɵɯ ɜ ɞɜɢɠɟɧɢɢ, ɦɨɠɧɨ 

ɬɚɤɠɟ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɫɦɟɳɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɦɨɦɟɧɬ ɫɴɟɦɤɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɦɟɪɵ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɢɦɟɧɧɨ ɜ ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ – ɬ.ɟ., 

ɩɨɞ ɭɝɥɨɦ 45°. Ɍɚɤɠɟ, ɡɧɚɹ ɜɵɞɟɪɠɤɭ ɤɚɞɪɚ ɞɥɹ ɮɨɬɨ ɢɥɢ ɱɚɫɬɨɬɭ ɫɴёɦɤɢ 

ɤɚɞɪɨɜ ɞɥɹ ɜɢɞɟɨ, ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɫɧɢɦɚɟɦɨɣ ɨɛɥɚɫɬɢ ɢ ɪɚɡɪɟɲɟɧɢɟ 

ɢɡɨɛɪɚɠɟɧɢɹ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɩɪɢɦɟɪɧɨɣ ɷɤɪɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ 

ɤɚɦɟɪɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɧɢɦɚɟɦɨɣ ɨɛɥɚɫɬɢ, ɜɵɪɚɠɟɧɧɨɣ ɜ ɩɢɤɫɟɥɹɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɧɚɥɢɡ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɩɪɟɞɦɟɬ ɚɧɢɡɨɬɪɨɩɧɨɝɨ ɪɚɡɦɵɬɢɹ 

ɢɦɟɟɬ ɩɪɚɤɬɢɱɟɫɤɭɸ ɰɟɧɧɨɫɬɶ ɢ ɦɨɠɟɬ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɤɚɦɟɪɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɧɢɦɚɟɦɨɣ ɨɛɥɚɫɬɢ, ɱɬɨ ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ ɦɨɠɟɬ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɨɦɩɶɸɬɟɪɧɨɦ ɡɪɟɧɢɢ, ɧɚɩɪɢɦɟɪ, ɞɥɹ 

ɡɚɞɚɱɢ ɩɨɫɬɪɨɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɞɜɢɠɭɳɟɝɨɫɹ 

ɫɪɟɞɫɬɜɚ ɫ ɡɚɤɪɟɩɥɟɧɧɨɣ ɧɚ ɧёɦ ɜɢɞɟɨɤɚɦɟɪɨɣ. Ɍɚɤɠɟ ɚɧɚɥɢɡ ɚɧɢɡɨɬɪɨɩɧɨɝɨ 

ɪɚɡɦɵɬɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɟɧ ɜ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɞɜɢɠɟɬɫɹ ɧɟ ɫɚɦɚ ɤɚɦɟɪɚ ɢɥɢ 

ɫɧɢɦɚɟɦɚɹ ɩɥɨɫɤɨɫɬɶ ɩɨɥɧɨɫɬɶɸ, ɚ ɥɢɲɶ ɧɟɤɨɬɨɪɵɣ ɨɛɴɟɤɬ ɜ ɤɚɞɪɟ. ȼ ɞɚɧɧɨɦ 
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ɫɥɭɱɚɟ ɷɬɨ ɦɨɠɟɬ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɡɚɞɚɱɢ ɩɨɢɫɤɚ ɫɦɚɡɚɧɧɨɣ ɬɨɱɤɢ ɜ ɤɚɞɪɟ 

ɢ ɫɥɟɠɟɧɢɹ ɡɚ ɫɨɞɟɪɠɢɦɵɦ ɜ ɤɚɞɪɟ ɛɟɡ ɟɝɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. 

Ɉɞɧɚɤɨ ɞɚɧɧɚɹ ɡɚɞɚɱɚ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

Ɍɚɤɠɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɪɢɜɟɞɟɧɧɨɦ ɩɪɢɦɟɪɟ ɧɚɩɪɚɜɥɟɧɢɟ 

ɪɚɡɦɵɬɢɹ ɫɨɜɩɚɥɨ ɫ ɨɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ, ɜɞɨɥɶ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɢɥɫɹ ɚɧɚɥɢɡ 

ɭɪɨɜɧɹ ɹɪɤɨɫɬɢ. ȼ ɪɟɚɥɶɧɵɯ ɠɟ ɫɢɬɭɚɰɢɹɯ ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɡɦɵɬɢɹ ɩɨɱɬɢ ɜɫɟɝɞɚ 

ɛɭɞɟɬ ɥɟɠɚɬɶ ɜɧɟ ɧɚɩɪɚɜɥɟɧɢɣ, ɡɚɞɚɧɧɵɯ ɢɡɧɚɱɚɥɶɧɨ. Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ 

ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɚɡɵɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦ ɞɚɥɶɧɟɣɲɢɣ ɚɧɚɥɢɡ, ɱɟɦɭ 

ɩɨɫɜɹɳɟɧ ɨɞɢɧ ɢɡ ɞɚɥɶɧɟɣɲɢɯ ɩɨɞɪɚɡɞɟɥɨɜ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ. 

 

2.3 ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ RGB ɜ HSV 

Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜ ɩɨɞɪɚɡɞɟɥɟ 1.4, RGB ɹɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɨɦ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɰɢɮɪɨɜɵɯ ɤɚɦɟɪɚɯ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɡɧɚɱɟɧɢɣ ɹɪɤɨɫɬɢ ɢɡ 

ɤɨɪɬɟɠɟɣ ɞɥɹ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɹ ɜ ɰɜɟɬɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ HSV ɧɟɨɛɯɨɞɢɦɨ 

ɤɨɧɜɟɪɬɢɪɨɜɚɬɶ ɢɡɨɛɪɚɠɟɧɢɹ ɢɡ RGB ɜ ɞɚɧɧɵɣ ɮɨɪɦɚɬ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢɡ RGB ɜ HSV ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ [15, 16]: 

௠𝑎𝑥ܥ  = maxሺܴ′, ,′ܩ  (ʹ) ,ሻ′ܤ

௠௜௡ܥ  = minሺܴ′, ,′ܩ  (͵) ,ሻ′ܤ

 ∆= ௠𝑎𝑥ܥ −  ௠௜௡ , (Ͷ)ܥ
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ܪ =
{   
   
  Ͳ଴, ∆ = Ͳ ͸Ͳ × ቆܩ′ − ∆′ܤ ͸ቇ݀݋݉ , ௠𝑎𝑥ܥ = ܴ′͸Ͳ × ቆܤ′ − ܴ′∆ + ʹቇ , ௠𝑎𝑥ܥ = ͸Ͳ ′ܩ × ቆܴ′ − ∆′ܩ + Ͷቇ , ௠𝑎𝑥ܥ = ′ܤ

, (ͷ) 

 

ܵ = { Ͳ, ௠𝑎𝑥ܥ = Ͳ∆ܥ௠𝑎𝑥 , ௠𝑎𝑥ܥ ≠ Ͳ, (͸) 

 𝑉 =  ௠𝑎𝑥 (͹)ܥ

 

2.4 ɉɨɢɫɤ ɥɨɤɚɥɶɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɧɚ ɝɪɚɮɢɤɚɯ ɹɪɤɨɫɬɢ 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɫɪɚɜɧɟɧɢɹ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ 

ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɞɟɧɢɟ ɱɢɫɥɟɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ ɫɬɟɩɟɧɶ 

ɩɥɚɜɧɨɫɬɢ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ. Ȼɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɝɢɩɨɬɟɡɚ ɨ ɬɨɦ, ɱɬɨ ɞɥɹ ɪɟɲɟɧɢɹ 

ɷɬɨɣ ɡɚɞɚɱɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɧɵɦ ɚɧɚɥɢɡ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ ɧɚ ɩɪɟɞɦɟɬ 

ɥɨɤɚɥɶɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ.  

Ƚɪɚɮɢɤɢ ɹɪɤɨɫɬɢ ɫɬɪɨɹɬɫɹ ɢɡ ɡɧɚɱɟɧɢɣ ɹɪɤɨɫɬɢ ɩɢɤɫɟɥɟɣ ɜɞɨɥɶ 

ɢɡɦɟɪɹɟɦɵɯ ɧɚɩɪɚɜɥɟɧɢɣ, ɬ.ɟ., ɹɜɥɹɸɬɫɹ ɬɚɛɥɢɱɧɵɦɢ ɮɭɧɤɰɢɹɦɢ, ɚ ɧɟ 

ɡɚɞɚɧɧɵɦɢ ɚɧɚɥɢɬɢɱɟɫɤɢ. Ⱥ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɢɫɤ ɷɤɫɬɪɟɦɭɦɨɜ ɬɚɤɢɯ ɮɭɧɤɰɢɣ 

ɩɭɬɟɦ ɚɧɚɥɢɡɚ ɩɪɨɢɡɜɨɞɧɨɣ ɮɭɧɤɰɢɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟ ɩɨɞɯɨɞɢɬ [17]. 

ɇɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɟɪɟɛɨɪ ɡɧɚɱɟɧɢɣ.  Ɉɞɧɚɤɨ ɩɪɨɫɬɨɣ ɩɟɪɟɛɨɪ ɩɭɬɟɦ 

ɨɬɦɟɬɤɢ ɬɨɱɟɤ ɷɤɫɬɪɟɦɭɦɚ ɜɨ ɜɫɟɯ ɦɟɫɬɚɯ ɧɚ ɝɪɚɮɢɤɟ, ɝɞɟ ɟɝɨ ɜɨɡɪɚɫɬɚɧɢɟ 

ɫɦɟɧɹɟɬɫɹ ɭɛɵɜɚɧɢɟɦ (ɢ ɧɚɨɛɨɪɨɬ) ɬɚɤɠɟ ɧɟ ɩɨɞɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ ɧɚɥɢɱɢɹ ɧɚ 

ɢɡɨɛɪɚɠɟɧɢɹɯ ɰɢɮɪɨɜɨɝɨ ɲɭɦɚ, ɫɩɨɫɨɛɧɨɝɨ ɫɨɡɞɚɬɶ ɩɨɦɟɯɢ ɞɥɹ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ 

ɜ ɜɢɞɟ ɥɨɠɧɵɯ ɬɨɱɟɤ ɷɤɫɬɪɟɦɭɦɚ. 
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ɉɨɞɯɨɞɹɳɢɣ ɫɩɨɫɨɛ – ɚɥɝɨɪɢɬɦ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ, ɧɚɯɨɞɹɳɢɣ 

ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɨɛɪɚɛɨɬɤɟ ɝɪɚɮɢɤɨɜ ɫɢɝɧɚɥɨɜ ɢ ɫɬɚɬɢɫɬɢɤɟ. Ƚɥɚɜɧɵɣ 

ɩɪɢɧɰɢɩ ɚɥɝɨɪɢɬɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ – ɬ.ɟ., ɞɥɹ ɤɚɠɞɨɝɨ 

ɡɧɚɱɟɧɢɹ – ɛɟɪɟɬɫɹ ɫɭɦɦɚ ɡɚɞɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɡɧɚɱɟɧɢɣ, ɤɨɬɨɪɨɟ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɨɤɧɚ, ɢ ɞɟɥɢɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ ɷɬɨɝɨ ɨɤɧɚ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɭɫɪɟɞɧɟɧɢɟ ɬɟɤɭɳɟɝɨ ɡɧɚɱɟɧɢɹ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɡɚɞɚɧɧɵɦ 

ɜɟɥɢɱɢɧɨɣ ɨɤɧɚ ɱɢɫɥɨɦ ɡɧɚɱɟɧɢɣ. ɂɡɦɟɧɹɹ ɜɟɥɢɱɢɧɭ ɨɤɧɚ ɭɫɪɟɞɧɟɧɢɹ, ɦɨɠɧɨ 

ɩɨɥɭɱɢɬɶ ɛɨɥɶɲɭɸ ɢɥɢ ɦɟɧɶɲɭɸ ɫɬɟɩɟɧɶ ɫɝɥɚɠɢɜɚɧɢɹ, ɞɥɹ ɱɟɝɨ ɨɛɵɱɧɨ 

ɞɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ [18, 19]. Ɉɞɧɚɤɨ ɨɫɧɨɜɧɨɣ ɩɪɢɧɰɢɩ ɞɚɧɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɧɵɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ.  

ɍɫɪɟɞɧɹɹ ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ ɩɢɤɫɟɥɟɣ ɜ ɧɟɤɨɬɨɪɨɦ ɞɢɚɩɚɡɨɧɟ, ɦɨɠɧɨ ɢɡɛɟɠɚɬɶ 

ɨɩɪɟɞɟɥɟɧɢɹ ɨɲɢɛɨɱɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɢɡ-ɡɚ ɲɭɦɚ ɧɚ 

ɢɡɨɛɪɚɠɟɧɢɢ ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ ɦɨɝɭɬ ɜ ɧɟɤɨɬɨɪɵɯ ɦɟɫɬɚɯ ɢɡɦɟɧɹɬɶɫɹ 

ɧɟɞɨɫɬɚɬɨɱɧɨ ɨɞɧɨɪɨɞɧɨ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɥɢɧɢɹ ɝɪɚɮɢɤɚ ɦɨɠɟɬ ɜɨɡɪɚɫɬɚɬɶ ɢ 

ɭɛɵɜɚɬɶ ɫ ɩɨɦɟɯɚɦɢ, ɱɬɨ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɳɟɣ ɤɚɪɬɢɧɟ ɢɡɦɟɧɟɧɢɹ ɭɪɨɜɧɹ 

ɹɪɤɨɫɬɢ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɱɟɤ ɥɨɤɚɥɶɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ 

ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɦɟɪɵ ɩɥɚɜɧɨɫɬɢ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ 

ɦɨɠɧɨ ɛɵ ɛɵɥɨ ɫɪɚɜɧɢɜɚɬɶ ɝɪɚɮɢɤɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɩɨ ɪɚɡɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɜɚ ɝɪɚɮɢɤɚ ɹɪɤɨɫɬɢ, ɫɨɡɞɚɧɧɵɟ ɞɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ 

ɪɚɡɥɢɱɧɨɝɨ ɭɪɨɜɧɹ ɫɬɟɩɟɧɢ ɫɦɚɡɚɧɧɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ (ɪɢɫɭɧɨɤ 12). ɇɚ ɞɚɧɧɨɦ 

ɪɢɫɭɧɤɟ ɝɪɚɮɢɤ n1 ɩɨɫɬɪɨɟɧ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɝɢɩɨɬɟɬɢɱɟɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, 

ɜɞɨɥɶ ɤɨɬɨɪɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɧɚɢɛɨɥɟɟ ɩɥɚɜɧɨɟ ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧɹ ɹɪɤɨɫɬɢ. 

Ƚɪɚɮɢɤ n2 ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɦɟɧɟɟ ɩɥɚɜɧɨɟ ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧɹ ɹɪɤɨɫɬɢ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɜɵɦ ɝɪɚɮɢɤɨɦ. 
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Ɋɢɫɭɧɨɤ 12 – ɋɪɚɜɧɟɧɢɟ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ ɪɚɡɦɵɬɢɹ 

 

ɇɚ ɩɪɢɜɟɞɟɧɧɵɯ ɝɪɚɮɢɤɚɯ ɨɬɦɟɱɟɧɵ ɭɠɟ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɨɱɤɢ ɥɨɤɚɥɶɧɵɯ 

ɷɤɫɬɪɟɦɭɦɨɜ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɷɤɫɬɪɟɦɭɦɨɜ ɞɥɹ ɝɪɚɮɢɤɚ 

n1 ɩɪɟɜɵɲɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɷɤɫɬɪɟɦɭɦɨɜ ɞɥɹ ɬɚɤɨɣ ɠɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 

ɧɚ ɝɪɚɮɢɤɟ n2. ɂɡ ɱɟɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɞɚɧɧɵɟ ɨɛ 

ɷɤɫɬɪɟɦɭɦɚɯ ɝɪɚɮɢɤɨɜ ɫɜɹɡɚɧɵ ɫɨ ɫɬɟɩɟɧɶɸ ɩɥɚɜɧɨɫɬɢ ɝɪɚɮɢɤɨɜ. 

ȼ ɫɥɟɞɭɸɳɟɣ ɝɥɚɜɟ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɵɯ ɨɛ ɷɤɫɬɪɟɦɭɦɚɯ ɝɪɚɮɢɤɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɱɢɫɥɟɧɧɨɣ 

ɜɟɥɢɱɢɧɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣ ɫɬɟɩɟɧɶ ɝɥɚɞɤɨɫɬɢ ɝɪɚɮɢɤɚ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ 

ɫɬɟɩɟɧɶ ɪɚɡɦɵɬɢɹ ɩɨ ɚɧɚɥɢɡɢɪɭɟɦɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ. 

 

2.5 ɉɨɥɭɱɟɧɢɟ ɱɢɫɥɟɧɧɨɣ ɜɟɥɢɱɢɧɵ ɫɬɟɩɟɧɢ ɪɚɡɦɵɬɢɹ 

Ⱦɥɹ ɩɟɪɟɜɨɞɚ ɞɚɧɧɵɯ ɨɛ ɷɤɫɬɪɟɦɭɦɚɯ ɜ ɱɢɫɥɟɧɧɭɸ ɮɨɪɦɭ ɦɨɠɧɨ 

ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɧɟɫɤɨɥɶɤɢɦɢ ɫɩɨɫɨɛɚɦɢ – ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɫɬɨ ɨɛɳɟɟ 
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ɤɨɥɢɱɟɫɬɜɨ ɷɤɫɬɪɟɦɭɦɨɜ ɧɚ ɜɫɟɦ ɩɪɨɬɹɠɟɧɢɢ ɝɪɚɮɢɤɚ ɢɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɫɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɬɨɱɤɚɦɢ ɷɤɫɬɪɟɦɭɦɨɜ. ɋɚɦɨ ɫɪɟɞɧɟɟ ɬɚɤɠɟ ɦɨɠɟɬ 

ɛɵɬɶ ɧɟɫɤɨɥɶɤɢɯ ɜɢɞɨɜ, ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɦɵɟ ɢɡ ɤɨɬɨɪɵɯ – 

ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ, ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɢ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɫɪɟɞɧɟɟ ɜɡɜɟɲɟɧɧɨɟ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɱɢɫɥɟɧɧɨɣ ɜɟɥɢɱɢɧɵ ɫɬɟɩɟɧɢ ɪɚɡɦɵɬɢɹ ɡɞɟɫɶ ɢ ɜ 

ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɛɨɡɧɚɱɟɧɢɟ B. 

Ⱥɪɢɮɦɟɬɢɱɟɫɤɨɟ ɫɪɟɞɧɟɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɦɦɭ ɜɫɟɯ ɡɧɚɱɟɧɢɣ, 

ɞɟɥɟɧɧɨɟ ɧɚ ɢɯ ɤɨɥɢɱɟɫɬɜɨ. Ɍɨɝɞɚ ɩɪɟɞɩɨɥɚɝɚɟɦɚɹ ɮɨɪɦɭɥɚ ɜɟɥɢɱɢɧɵ ɫɬɟɩɟɧɢ 

ɪɚɡɦɵɬɢɹ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

ܤ  = ݔ̅ = ௜݅ݔ∑  (ͺ) 

 

Ƚɟɨɦɟɬɪɢɱɟɫɤɨɟ ɫɪɟɞɧɟɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɢɡɜɟɞɟɧɢɟ ɜɫɟɯ ɡɧɚɱɟɧɢɣ, 

ɢɡ ɤɨɬɨɪɨɝɨ ɜɡɹɬ ɤɨɪɟɧɶ ɫɬɟɩɟɧɢ, ɪɚɜɧɨɣ ɤɨɥɢɱɟɫɬɜɭ ɡɧɚɱɟɧɢɣ. Ɍɨɝɞɚ 

ɩɪɟɞɩɨɥɚɝɚɟɦɚɹ ɮɨɪɦɭɥɚ ɜɟɥɢɱɢɧɵ ɫɬɟɩɟɧɢ ɪɚɡɦɵɬɢɹ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

ܤ  = ݔ̅ = ଵݔ√ ∗ ଶݔ ∗ …∗ ௡𝑛ݔ  (ͻ) 

 

Ⱥɪɢɮɦɟɬɢɱɟɫɤɨɟ ɫɪɟɞɧɟɟ ɜɡɜɟɲɟɧɧɨɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɨɛɳɟɧɢɟ 

ɫɪɟɞɧɟɝɨ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ. ȼ ɪɚɫɱɟɬɵ ɞɨɛɚɜɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɜɟɫɨɜ ɱɢɫɟɥ – 

ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ, ɧɚɫɤɨɥɶɤɨ ɬɨ ɢɥɢ ɢɧɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ 

ɜɥɢɹɧɢɟ ɧɚ ɤɨɧɟɱɧɵɣ ɪɟɡɭɥɶɬɚɬ ɫɪɟɞɧɟɝɨ. ɉɪɢ ɷɬɨɦ ɫɭɦɦɚ ɜɫɟɯ ɜɟɫɨɜ ɧɟ ɦɨɠɟɬ 

ɛɵɬɶ ɪɚɜɧɨɣ ɧɭɥɸ, ɯɨɬɹ ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ (ɧɨ ɧɟ ɜɫɟ) ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶ ɧɭɥɟɜɨɟ 

ɡɧɚɱɟɧɢɟ [20]. Ɍɨɝɞɚ ɩɪɟɞɩɨɥɚɝɚɟɦɚɹ ɮɨɪɦɭɥɚ ɜɟɥɢɱɢɧɵ ɫɬɟɩɟɧɢ ɪɚɡɦɵɬɢɹ 

ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

ܤ  = ݔ̅ = ௜ݔ∑ ௜݂∑ ௜݂  
(ͳͲ) 
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ȼ ɢɫɫɥɟɞɭɟɦɵɯ ɫɥɭɱɚɹɯ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɱɢɫɥɟɧɧɨɣ ɜɟɥɢɱɢɧɵ ɪɚɡɦɵɬɢɹ B ɜ 

ɤɚɱɟɫɬɜɟ ɭɫɪɟɞɧɹɟɦɵɯ ɡɧɚɱɟɧɢɣ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɡɧɚɱɟɧɢɹ ɪɚɫɫɬɨɹɧɢɣ 

ɦɟɠɞɭ ɬɨɱɤɚɦɢ ɷɤɫɬɪɟɦɭɦɨɜ ɜ ɩɢɤɫɟɥɹɯ. 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ, ɤɚɤɨɣ ɢɦɟɧɧɨ ɫɩɨɫɨɛ ɩɨɞɯɨɞɢɬ ɥɭɱɲɟ 

ɜɫɟɝɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨ ɬɨɱɧɨ ɨɩɪɟɞɟɥɹɸɳɟɣ ɫɬɟɩɟɧɶ ɪɚɡɦɵɬɢɹ 

ɱɢɫɥɟɧɧɨɣ ɜɟɥɢɱɢɧɵ. Ⱦɥɹ ɷɬɨɝɨ ɜ 4 ɝɥɚɜɟ ɛɭɞɟɬ ɩɪɨɢɡɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ 

ɨɛɡɨɪ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜɫɟɦɢ ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɞɚɧɧɨɦ ɩɨɞɪɚɡɞɟɥɟ 

ɫɩɨɫɨɛɚɦɢ. 

ȼ ɫɥɭɱɚɟ ɫ ɨɛɵɱɧɵɦ ɩɨɞɫɱɟɬɨɦ ɤɨɥɢɱɟɫɬɜɚ ɷɤɫɬɪɟɦɭɦɨɜ ɧɚ ɝɪɚɮɢɤɟ 

ɫɬɟɩɟɧɶ ɪɚɡɦɵɬɢɹ ɜɞɨɥɶ ɷɬɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɛɭɞɟɬ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 

ɩɨɥɭɱɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ, ɬɚɤ ɤɚɤ ɱɟɦ ɦɟɧɶɲɟ ɧɚ ɝɪɚɮɢɤɟ ɜɫɬɪɟɱɚɟɬɫɹ ɬɨɱɟɤ 

ɩɟɪɟɝɢɛɚ, ɬɟɦ ɨɧ ɛɨɥɟɟ ɩɥɚɜɧɵɣ. 

ȼ ɫɥɭɱɚɟ ɫ ɪɚɫɱɟɬɨɦ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɫɬɟɩɟɧɶ ɪɚɡɦɵɬɢɹ ɛɭɞɟɬ ɩɪɹɦɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɞɚɧɧɨɦɭ ɡɧɚɱɟɧɢɸ, ɬ.ɤ. ɱɟɦ ɛɨɥɶɲɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 

ɬɨɱɤɚɦɢ ɷɤɫɬɪɟɦɭɦɚ, ɬɟɦ ɝɪɚɮɢɤ ɛɨɥɟɟ ɩɥɚɜɧɵɣ. 

 

2.6 ɍɬɨɱɧɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɦɵɬɢɹ 

ȼ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɦ ɦɟɬɨɞɟ ɫɧɚɱɚɥɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɝɪɚɮɢɤɢ 

ɹɪɤɨɫɬɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɜɞɨɥɶ 6 ɡɚɞɚɧɧɵɯ ɢɡɧɚɱɚɥɶɧɨ ɧɚɩɪɚɜɥɟɧɢɣ – 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɝɪɚɞɭɫɧɨɦ ɤɪɭɝɟ ɫ ɪɚɜɧɵɦɢ ɩɪɨɦɟɠɭɬɤɚɦɢ ɜ 30%. Ⱦɚɧɧɨɟ 

ɱɢɫɥɨ ɧɚɩɪɚɜɥɟɧɢɣ ɛɵɥɨ ɜɵɛɪɚɧɨ ɤɚɤ ɨɩɬɢɦɚɥɶɧɨɟ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ, ɟɫɥɢ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɜɚɞɪɚɬɧɵɣ ɮɨɪɦɚɬ ɪɚɡɦɟɪɚ ɢɡɨɛɪɚɠɟɧɢɹ, ɞɚɧɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɧɚɩɪɚɜɥɟɧɢɣ ɩɨɡɜɨɥɹɟɬ ɫɨɫɬɚɜɢɬɶ ɫɨɩɨɫɬɚɜɢɦɵɟ ɩɨ ɞɥɢɧɟ ɝɪɚɮɢɤɢ. 

Ⱦɚɧɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 13. 
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Ɋɢɫɭɧɨɤ 13 – ɂɡɧɚɱɚɥɶɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ 

 

Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɜ ɩɪɢɦɟɪɟ, ɪɚɫɫɦɨɬɪɟɧɧɨɦ ɜ ɩɨɞɪɚɡɞɟɥɟ 

2.2, ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɡɦɵɬɢɹ ɛɵɥɨ ɜɵɛɪɚɧɨ ɬɚɤɨɟ, ɱɬɨɛɵ ɨɧɨ ɫɨɜɩɚɥɨ ɫ ɨɞɧɢɦ ɢɡ 

ɱɟɬɵɪɟɯ ɡɚɞɚɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɥɹ ɚɧɚɥɢɡɚ ɹɪɤɨɫɬɢ. Ɉɞɧɚɤɨ ɜ ɪɟɚɥɶɧɨɦ 

ɚɧɚɥɢɡɟ ɬɚɤɢɟ ɫɢɬɭɚɰɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɦɚɥɨɜɟɪɨɹɬɧɵɦɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɧɟɨɛɯɨɞɢɦ ɦɟɬɨɞ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɚɧɢɡɨɬɪɨɩɧɨɝɨ 

ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ.  

ɉɪɟɞɥɚɝɚɟɬɫɹ ɞɜɚ ɦɟɬɨɞɚ ɞɥɹ ɭɬɨɱɧɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɚɧɢɡɨɬɪɨɩɧɨɝɨ 

ɪɚɡɦɵɬɢɹ ɩɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɜɟɥɢɱɢɧ ɪɚɡɦɵɬɨɫɬɢ ɞɥɹ ɜɫɟɯ ɡɚɞɚɧɧɵɯ ɢɡɧɚɱɚɥɶɧɨ 

ɧɚɩɪɚɜɥɟɧɢɣ – ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɣ ɩɨɢɫɤ ɩɨɞɯɨɞɹɳɟɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɫ ɜɜɟɞɟɧɢɟɦ 

ɜ ɚɧɚɥɢɡ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɢ аɩɩɪɨɤɫɢɦацɢя. 

ɉɨɷɬɚɩɧɨɟ ɨɩɢɫɚɧɢɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɨɢɫɤɚ: 

1. ȼɵɛɢɪɚɸɬɫɹ ɞɜɚ ɫɨɫɟɞɧɢɯ ɧɚɩɪɚɜɥɟɧɢɹ ɫ ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɶɸ 

ɪɚɡɦɵɬɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɚɥɶɧɵɦɢ.  

2. ɉɨɫɟɪɟɞɢɧɟ ɦɟɠɞɭ ɜɵɛɪɚɧɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɫɬɪɨɢɬɫɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ, ɜɞɨɥɶ ɤɨɬɨɪɨɝɨ ɬɚɤɠɟ ɢɡɦɟɪɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɪɚɡɦɵɬɢɹ. 

3. ɉɨɥɭɱɟɧɧɚɹ ɫɬɟɩɟɧɶ ɪɚɡɦɵɬɢɹ ɞɥɹ ɧɨɜɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ 

ɞɜɭɦɹ ɩɪɟɞɵɞɭɳɢɦɢ. ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɨɧɚ ɦɟɧɶɲɟ ɥɸɛɨɣ ɢɡ ɧɢɯ, ɜ ɤɚɱɟɫɬɜɟ 

ɢɬɨɝɨɜɨɣ ɜɟɥɢɱɢɧɵ ɜɵɛɢɪɚɟɬɫɹ ɧɚɢɛɨɥɶɲɟɟ ɢɡ ɞɜɭɯ ɡɧɚɱɟɧɢɣ ɫɬɟɩɟɧɟɣ, 
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ɨɩɪɟɞɟɥɟɧɧɵɯ ɧɚ ɩɟɪɜɨɦ ɲɚɝɟ ɚɥɝɨɪɢɬɦɚ, ɢ ɜ ɤɚɱɟɫɬɜɟ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɚɡɵɜɚɧɢɹ 

ɜɵɛɢɪɚɟɬɫɹ ɧɚɩɪɚɜɥɟɧɢɟ, ɩɪɢ ɚɧɚɥɢɡɟ ɤɨɬɨɪɨɝɨ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɞɚɧɧɨɟ 

ɡɧɚɱɟɧɢɟ. 

4. ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɩɨɥɭɱɟɧɧɚɹ ɫɬɟɩɟɧɶ ɪɚɡɦɵɬɢɹ ɛɨɥɶɲɟ, ɱɟɦ ɞɜɟ 

ɩɪɟɞɵɞɭɳɢɟ ɢɥɢ ɪɚɜɧɚ ɨɞɧɨɣ ɢɡ ɧɢɯ, ɨɧɚ ɩɨɞɫɬɚɜɥɹɟɬɫɹ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 

ɚɧɚɥɢɡɚ ɜɦɟɫɬɨ ɧɚɩɪɚɜɥɟɧɢɹ, ɩɪɢ ɚɧɚɥɢɡɟ ɤɨɬɨɪɨɝɨ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɧɚɢɦɟɧɶɲɟɟ 

ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ɪɚɡɦɵɬɢɹ. Ⱦɚɥɟɟ, ɟɫɥɢ ɩɪɢɪɨɫɬ ɦɟɠɞɭ ɧɚɢɛɨɥɶɲɢɦ 

ɡɧɚɱɟɧɢɟɦ ɢɡ ɞɜɭɯ ɢɡɧɚɱɚɥɶɧɵɯ ɢ ɧɨɜɵɦ ɩɪɟɜɵɲɚɟɬ ɡɚɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ 

ɬɨɱɧɨɫɬɢ, ɚɥɝɨɪɢɬɦ ɩɟɪɟɯɨɞɢɬ ɧɚ ɩɟɪɜɵɣ ɲɚɝ, ɩɪɢɧɢɦɚɹ ɨɛɧɨɜɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 

ɤɚɤ ɢɡɧɚɱɚɥɶɧɵɟ. ȿɫɥɢ ɡɚɞɚɧɧɚɹ ɬɨɱɧɨɫɬɶ ɞɨɫɬɢɝɚɟɬɫɹ, ɚɥɝɨɪɢɬɦ ɡɚɜɟɪɲɚɟɬɫɹ. 

Ⱦɟɦɨɧɫɬɪɚɰɢɹ ɝɪɚɮɢɱɟɫɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɞɨɛɚɜɥɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɧɚɩɪɚɜɥɟɧɢɹ ɞɥɹ ɚɧɚɥɢɡɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 14. 

 

 

Ɋɢɫɭɧɨɤ 14 – Ⱦɟɦɨɧɫɬɪɚɰɢɹ ɞɨɛɚɜɥɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ   

 

Ⱦɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɫɬɟɩɟɧɢ ɪɚɡɦɵɬɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɜɟɥɢɱɢɧɵ, ɩɪɹɦɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɟ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɹɦ, ɪɚɫɫɱɢɬɚɧɧɵɦ ɧɚ ɨɫɧɨɜɟ ɪɚɫɫɬɨɹɧɢɣ 

ɦɟɠɞɭ ɬɨɱɤɚɦɢ ɷɤɫɬɪɟɦɭɦɨɜ ɧɚ ɝɪɚɮɢɤɚɯ ɹɪɤɨɫɬɢ, ɩɨɫɬɪɨɟɧɧɵɯ ɩɨ ɨɬɦɟɱɟɧɧɵɦ 

ɧɚɩɪɚɜɥɟɧɢɹ. ɍɫɥɨɜɧɵɟ ɡɧɚɱɟɧɢɹ ɞɚɧɧɵɯ ɜɟɥɢɱɢɧ ɛɵɥɢ ɜɵɛɪɚɧɵ ɫɩɟɰɢɚɥɶɧɨ 
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ɞɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ. Ɍɚɤɠɟ ɛɵɥɨ ɜɵɛɪɚɧɨ ɭɫɥɨɜɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɱɧɨɫɬɢ ɚɧɚɥɢɡɚ, 

ɪɚɜɧɨɟ 5. 

Ʉɚɤ ɜɢɞɧɨ, ɧɚɢɛɨɥɶɲɢɟ ɫɬɟɩɟɧɢ ɪɚɡɦɵɬɢɹ ɞɥɹ ɩɪɢɜɟɞɟɧɧɨɝɨ ɪɢɫɭɧɤɚ ɭ 

ɧɚɩɪɚɜɥɟɧɢɣ 5 ɢ 6. ɋɥɟɞɭɹ ɜɵɲɟɩɪɢɜɟɞɟɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ, ɛɵɥɨ ɩɨɫɬɪɨɟɧɨ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ – 7. ȼ ɯɨɞɟ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ ɛɵɥɨ ɩɨɥɭɱɟɧɨ 

ɡɧɚɱɟɧɢɟ ɫɬɟɩɟɧɢ ɪɚɡɦɵɬɢɹ ɞɥɹ ɞɚɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɨɟ ɩɪɟɜɵɫɢɥɨ 

ɨɬɦɟɱɟɧɧɵɟ ɪɚɧɟɟ ɡɧɚɱɟɧɢɹ. ɂ, ɬɚɤ ɤɚɤ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɧɚɢɛɨɥɶɲɢɦ ɢɡ 

ɢɡɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɢ ɩɨɥɭɱɟɧɧɵɦ ɦɟɧɶɲɟ ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɢ, ɞɚɥɶɧɟɣɲɢɣ 

ɚɧɚɥɢɡ ɧɟ ɧɭɠɟɧ, ɢ ɧɚɩɪɚɜɥɟɧɢɟ 7 ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɨɤɨɧɱɚɬɟɥɶɧɵɦ 

ɧɚɩɪɚɜɥɟɧɢɟɦ, ɜɞɨɥɶ ɤɨɬɨɪɨɝɨ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɫɦɚɡɵɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ. 

ȼɬɨɪɨɣ ɫɩɨɫɨɛ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɦ ɜɵɱɢɫɥɟɧɢɢ ɧɚɩɪɚɜɥɟɧɢɹ 

ɫɦɚɡɵɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɢɦɟɸɳɢɯɫɹ ɡɧɚɱɟɧɢɣ ɨ ɫɬɟɩɟɧɹɯ ɪɚɡɦɵɬɢɹ ɞɥɹ 

ɢɡɧɚɱɚɥɶɧɨ ɡɚɞɚɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ. ɗɬɨ ɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ, ɟɫɥɢ ɜɜɟɫɬɢ ɝɪɚɮɢɤ 

ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧɵ ɪɚɡɦɵɬɢɹ ɨɬ ɝɪɚɞɭɫɚ ɧɚɩɪɚɜɥɟɧɢɹ ɢ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ 

ɟɝɨ. 

Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ – ɧɚɭɱɧɵɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɡɧɚɱɟɧɢɣ 

ɮɭɧɤɰɢɢ ɩɨ ɡɚɞɚɧɧɨɦɭ ɨɝɪɚɧɢɱɟɧɧɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɢɡɜɟɫɬɧɵɯ ɬɨɱɟɤ ɩɭɬɟɦ 

ɩɪɢɛɥɢɠɟɧɢɹ ɡɧɚɱɟɧɢɣ ɤɪɢɜɨɣ ɤ ɷɬɢɦ ɬɨɱɤɚɦ [21]. 

Ⱦɥɹ ɩɪɟɞɵɞɭɳɟɝɨ ɩɪɢɦɟɪɚ ɨɬɦɟɬɢɦ ɬɨɱɤɢ (ɪɢɫɭɧɨɤ 15) ɧɚ ɝɪɚɮɢɤɟ, ɜ 

ɤɨɬɨɪɨɦ ɨɬɪɚɠɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɜɟɫɬɧɵɯ ɡɧɚɱɟɧɢɣ ɫɬɟɩɟɧɢ ɪɚɡɦɵɬɢɹ ɨɬ ɭɝɥɨɜ 

ɧɚɩɪɚɜɥɟɧɢɣ, ɜɞɨɥɶ ɤɨɬɨɪɵɯ ɨɧɢ ɛɵɥɢ ɡɚɦɟɪɟɧɵ.  
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Ɋɢɫɭɧɨɤ 15 – Ƚɪɚɮɢɤ ɬɚɛɥɢɱɧɨɣ ɮɭɧɤɰɢɢ ɡɚɜɢɫɢɦɨɫɬɢ ɫɬɟɩɟɧɢ ɪɚɡɦɵɬɢɹ ɨɬ 

ɭɝɥɚ ɢɡɦɟɪɹɟɦɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 

Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɹ ɪɚɡɦɵɬɢɹ ɹɜɥɹɸɬɫɹ ɬɨɱɧɵɦɢ ɢ ɮɢɤɫɢɪɨɜɚɧɧɵɦɢ ɞɥɹ 

ɡɚɞɚɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɚɩɩɪɨɤɫɢɦɚɰɢɢ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɜ ɪɟɡɭɥɶɬɢɪɭɸɳɟɦ ɝɪɚɮɢɤɟ ɜɯɨɞɧɵɟ ɬɨɱɤɢ ɫɨɯɪɚɧɹɸɬ ɫɜɨɟ ɡɧɚɱɟɧɢɟ. 

Ⱦɥɹ ɷɬɨɣ ɡɚɞɚɱɢ ɛɵɥɚ ɜɵɛɪɚɧɚ ɢɧɬɟɪɩɨɥɹɰɢɹ ɦɧɨɝɨɱɥɟɧɨɦ Ʌɚɝɪɚɧɠɚ, ɤɨɬɨɪɚɹ 

ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɚɩɩɪɨɤɫɢɦɚɰɢɢ, ɩɪɢ ɤɨɬɨɪɨɦ ɬɚɛɥɢɰɚ ɡɧɚɱɟɧɢɣ 

ɩɪɢɛɥɢɠɟɧɢɹ ɞɨɥɠɧɚ ɢɦɟɬɶ ɬɟ ɠɟ ɡɧɚɱɟɧɢɹ, ɱɬɨ ɢ ɭ ɢɡɧɚɱɚɥɶɧɨɣ ɮɭɧɤɰɢɢ [22]. 

ɉɪɢɦɟɪ ɪɟɡɭɥɶɬɚɬɚ ɢɧɬɟɪɩɨɥɹɰɢɢ ɝɪɚɮɢɤɚ ɫ ɪɢɫɭɧɤɚ 15 ɩɪɢɜɟɞɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 16. ɉɪɢɛɥɢɠɟɧɧɚɹ ɮɭɧɤɰɢɹ ɜɵɞɟɥɟɧɚ ɫɜɟɬɥɵɦ ɰɜɟɬɨɦ. 
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Ɋɢɫɭɧɨɤ 16 – Ɋɟɡɭɥɶɬɚɬ ɩɪɢɛɥɢɠɟɧɢɹ ɮɭɧɤɰɢɢ ɦɟɬɨɞɨɦ ɢɧɬɟɪɩɨɥɹɰɢɢ 

 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɮɭɧɤɰɢɢ ɩɪɢɛɥɢɠɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɬɨɱɤɭ 

ɝɪɚɞɭɫɚ, ɜ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ɪɚɡɦɵɬɢɹ. 

Ⱦɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɝɪɚɞɭɫɚ ɢ ɛɭɞɟɬ ɭɝɥɨɦ ɧɚɩɪɚɜɥɟɧɢɹ, ɜɞɨɥɶ ɤɨɬɨɪɨɝɨ 

ɩɪɨɢɡɨɲɥɨ ɫɦɚɡɵɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ. 

 

2.7 ɉɨɥɭɱɟɧɢɟ ɦɚɬɪɢɰɵ ɹɪɤɨɫɬɢ 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɹ 

ɹɪɤɨɫɬɢ ɩɢɤɫɟɥɟɣ ɢɡɨɛɪɚɠɟɧɢɹ, ɧɚɯɨɞɹɳɢɟɫɹ ɧɚ ɡɚɞɚɧɧɨɣ ɞɥɹ ɚɧɚɥɢɡɚ ɩɪɹɦɨɣ. 

Ⱦɥɹ ɱɟɝɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɧɟɨɛɯɨɞɢɦɚ ɦɚɬɪɢɰɚ, ɫɨɞɟɪɠɚɳɚɹ ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ 

ɞɥɹ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɹ ɢɡɨɛɪɚɠɟɧɢɹ, ɢɥɢ ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ ɬ.ɧ. ɦɚɬɪɢɰɚ ɹɪɤɨɫɬɢ.  

ɉɨɞɯɨɞɹɳɢɟ ɞɥɹ ɷɬɨɣ ɡɚɞɚɱɢ ɡɧɚɱɟɧɢɹ ɫɨɞɟɪɠɚɬɫɹ ɜ ɤɨɪɬɟɠɚɯ, 

ɨɩɢɫɵɜɚɸɳɢɯ ɰɜɟɬ ɜ ɰɜɟɬɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ HSV. ɂɡ ɬɪɟɯ ɡɧɚɱɟɧɢɣ, 

ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɟɝɨ ɤɨɪɬɟɠɚɯ [H, S, V], ɝɞɟ Hue – ɨɬɬɟɧɨɤ, S – ɧɚɫɵɳɟɧɧɨɫɬɶ, V 

– ɡɧɚɱɟɧɢɟ ɰɜɟɬɚ ɢɥɢ ɹɪɤɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɨ ɬɪɟɬɶɟ – V. Ⱦɚɧɧɨɟ ɡɧɚɱɟɧɢɟ 

ɢɡɦɟɧɹɟɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ [0, 1], ɨɞɧɚɤɨ ɞɥɹ ɭɞɨɛɫɬɜɚ ɜɨɫɩɪɢɹɬɢɹ ɛɵɥɨ 
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ɩɪɟɞɥɨɠɟɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɟɝɨ ɜ ɢɧɬɟɪɜɚɥ [0, 100], ɝɞɟ 100 – ɦɚɤɫɢɦɚɥɶɧɵɣ 

ɭɪɨɜɟɧɶ ɹɪɤɨɫɬɢ, 0 – ɨɬɫɭɬɫɬɜɢɟ ɹɪɤɨɫɬɢ, ɱɟɪɧɵɣ ɰɜɟɬ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɦɚɬɪɢɰɭ 

ɹɪɤɨɫɬɢ I, ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ ɤɨɬɨɪɨɣ I[i, j] ɛɭɞɟɬ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɭɪɨɜɟɧɶ 

ɹɪɤɨɫɬɢ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɢɤɫɟɥɹ ɢɡɨɛɪɚɠɟɧɢɹ p[i, j]. ɉɪɢɦɟɪ ɬɚɤɨɣ 

ɦɚɬɪɢɰɵ, ɤɨɬɨɪɚɹ ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɪɚɫɤɪɚɲɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɡɧɚɱɟɧɢɹɦɢ 

ɹɪɤɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 17. 

 

 

Ɋɢɫɭɧɨɤ 17 – Ɋɚɫɤɪɚɲɟɧɧɚɹ ɦɚɬɪɢɰɚ ɹɪɤɨɫɬɢ 

2.8 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɪɚɡɦɵɬɢɹ 

ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɢɯ ɩɪɢɱɢɧɵ, ɧɚ ɨɫɧɨɜɟ ɱɟɝɨ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɩɨɧɹɬɢɟ ɢɡɨɬɪɨɩɧɨɫɬɢ ɞɥɹ ɪɚɡɦɵɬɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɨ ɜɜɟɞɟɧɨ ɞɜɚ ɩɨɧɹɬɢɹ 

– ɢɡɨɬɪɨɩɧɨɟ ɢ ɚɧɢɡɨɬɪɨɩɧɨɟ ɪɚɡɦɵɬɢɟ, ɪɚɜɧɨɦɟɪɧɨɟ ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɢ 

ɫɦɚɡɚɧɧɨɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɞɜɢɠɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɧɹɬɢɹ ɢɡɨɬɪɨɩɧɨɫɬɢ ɞɥɹ ɚɧɚɥɢɡɚ ɰɢɮɪɨɜɵɯ 

ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɟɞɥɨɠɟɧɨ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ. Ⱦɚɧɧɵɣ ɮɚɤɬ ɹɜɥɹɟɬɫɹ 

ɷɥɟɦɟɧɬɨɦ ɩɪɟɞɩɨɥɚɝɚɟɦɨɣ ɧɨвɢɡɧы ɢɫɫɥɟɞɨваɧɢя ɧɚɪɹɞɭ ɫ ɩɪɟɞɥɨɠɟɧɧɵɦ 
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ɦɟɬɨɞɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɚɡɚɧɧɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɨɝɨ 

ɩɨɧɹɬɢɹ. 

Ⱦɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ 

ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɦɚɬɪɢɰɵ ɹɪɤɨɫɬɢ ɢɡ ɡɧɚɱɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɤɨɪɬɟɠɚɯ 

ɱɢɫɟɥ, ɨɩɢɫɵɜɚɸɳɢɯ ɰɜɟɬɨɜɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ HSV. Ɂɧɚɱɟɧɢɹ ɢɡ ɷɬɨɣ ɦɚɬɪɢɰɵ 

ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ, ɢɡ ɤɨɬɨɪɵɯ, 

ɩɭɬɟɦ ɜɵɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɢ ɢɯ ɚɧɚɥɢɡɚ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

ɜɟɥɢɱɢɧɭ ɪɚɡɦɵɬɢɹ ɞɥɹ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ. 

Ɋɚɫɫɦɨɬɪɟɧɨ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɩɨɥɭɱɟɧɢɹ ɜɟɥɢɱɢɧɵ ɪɚɡɦɵɬɢɹ. 

ɋɪɚɜɧɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɚɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɪɚɫɫɦɨɬɪɟɧɨ ɜ ɝɥɚɜɟ 4. 

Ɍɚɤɠɟ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɞɜɚ ɫɩɨɫɨɛɚ ɭɬɨɱɧɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɦɵɬɢɹ 

ɩɨɫɥɟ ɚɧɚɥɢɡɚ ɩɪɟɞɨɩɪɟɞɟɥɟɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɥɹ ɚɧɚɥɢɡɚ. ɋɪɚɜɧɟɧɢɟ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɚɧɧɵɯ ɫɩɨɫɨɛɨɜ ɬɚɤɠɟ ɪɚɫɫɦɨɬɪɟɧɨ ɜ ɝɥɚɜɟ 4 ɞɚɧɧɨɣ ɪɚɛɨɬɵ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɟɲɟɧɢɹ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ 

ɞɚɧɧɨɣ ɝɥɚɜɟ, ɩɨɡɜɨɥɢɥɢ ɩɟɪɟɣɬɢ ɤ ɫɥɟɞɭɸɳɟɦɭ ɷɬɚɩɭ, ɚ ɢɦɟɧɧɨ ɤ 

ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɚɡɪɚɛɨɬɤɟ ɚɥɝɨɪɢɬɦɚ, ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɧɚɩɪɚɜɥɟɧɢɟ ɫɦɟɳɟɧɢɹ 

ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ, ɢɡɜɥɟɱɟɧɧɵɯ ɢɡ ɜɢɞɟɨɩɨɬɨɤɚ, ɢɥɢ ɧɚ 

ɨɫɧɨɜɟ ɨɛɪɚɛɨɬɤɢ ɫɦɚɡɚɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ. 
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3 Ɋɚɡɪɚɛɨɬɤɚ 

3.1 ȼɵɛɨɪ ɢɧɫɬɪɭɦɟɧɬɨɜ ɪɚɡɪɚɛɨɬɤɢ 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɨɩɢɫɵɜɚɟɦɵɯ ɜ ɝɥɚɜɟ 4, ɢɫɩɨɥɶɡɨɜɚɥɫɹ 

ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1– ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɛɨɱɟɣ ɫɬɚɧɰɢɢ 

ɇɚɡɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ (ɐɉ) Intel Core i5-9400f 
Ʉɨɥɢɱɟɫɬɜɨ ɹɞɟɪ ɐɉ 6 
Ȼɚɡɨɜɚɹ ɬɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ ɐɉ 2900 ɆȽɰ 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ ɐɉ 4100 ɆȽɰ 
Ɉɛɴɟɦ ɩɚɦɹɬɢ ɤɷɲɚ L3 9 Ɇɛ 
Ɉɛɴɟɦ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ 16 Ƚɛ 
Ɍɢɩ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ DDR4 
Ɍɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ 2666 Ɇɝɰ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɢɞɟɨɚɞɚɩɬɟɪɚ GeForce RTX 2060 
Ʉɨɞɨɜɨɟ ɧɚɡɜɚɧɢɟ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɨɪɚ (Ƚɉ) TU106 
Ȼɚɡɨɜɚɹ ɱɚɫɬɨɬɚ Ƚɉ 1365 ɆȽɰ 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ Ƚɉ 1680 ɆȽɰ 
Ɉɛɴɟɦ ɜɢɞɟɨɩɚɦɹɬɢ 6 Ƚɛ 
Ɍɢɩ ɜɢɞɟɨɩɚɦɹɬɢ GDDR6 

 

ȼ ɤɚɱɟɫɬɜɟ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ (əɉ) ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɵɛɪɚɬɶ Object 

Pascal. ȼ ɤɚɱɟɫɬɜɟ ɫɪɟɞɵ ɪɚɡɪɚɛɨɬɤɢ ɢ ɤɨɦɩɢɥɹɬɨɪɚ – Lazarus ɢ Free Pascal 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Ⱦɚɧɧɵɣ ɜɵɛɨɪ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɚɥɝɨɪɢɬɦ 

ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɭɥɹ ɜ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɟɦ 

ɩɪɨɝɪɚɦɦɧɨɦ ɩɪɨɞɭɤɬɟ – ɜ WayTracer, ɤɨɬɨɪɵɣ ɧɚɩɢɫɚɧ ɢɦɟɧɧɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɞɚɧɧɵɯ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ. Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨ ɞɚɧɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ 

ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɞɪɚɡɞɟɥɟ. 
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3.1 WayTracer 

Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɧɚ ɨɫɧɨɜɟ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ (ɉɈ) WayTracer, ɬɚɤ ɤɚɤ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɪɟɚɥɢɡɨɜɚɧɧɵɣ 

ɪɚɧɟɟ ɞɢɫɩɚɪɚɬɧɵɣ ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ [2]. 

Ⱦɚɧɧɨɟ ɉɈ ɜɵɩɨɥɧɹɟɬ ɡɚɞɚɱɭ ɩɨɫɬɪɨɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ Ɍɋ ɫ 

ɡɚɤɪɟɩɥɟɧɧɨɣ ɧɚ ɧɟɦ ɤɚɦɟɪɨɣ, ɫɧɢɦɚɸɳɟɣ ɞɨɪɨɠɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. Ⱦɚɧɧɚɹ 

ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɞɜɭɯ ɤɚɞɪɨɜ, ɢɞɭɳɢɯ ɩɨɞɪɹɞ, ɢɡɜɥɟɱɟɧɧɵɯ ɢɡ 

ɜɢɞɟɨɩɨɬɨɤɚ, ɢ ɩɨɢɫɤɚ ɜ ɧɢɯ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɨɛɥɚɫɬɟɣ ɩɢɤɫɟɥɟɣ. ɇɚ ɨɫɧɨɜɟ ɱɟɝɨ 

ɞɟɥɚɟɬɫɹ ɜɵɜɨɞ ɨ ɬɨɦ, ɜ ɤɚɤɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɢ ɧɚ ɤɚɤɨɟ ɪɚɫɫɬɨɹɧɢɟ, ɜɵɪɚɠɟɧɧɨɟ 

ɜ ɩɢɤɫɟɥɹɯ, ɩɪɨɢɡɨɲɥɨ ɫɦɟɳɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɤɚɞɪɟ. 

Ƚɥɚɜɧɨɟ ɨɤɧɨ ɩɪɨɝɪɚɦɦɵ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 18. 

 

 

Ɋɢɫɭɧɨɤ 18 – ɋɤɪɢɧɲɨɬ ɝɥɚɜɧɨɝɨ ɨɤɧɚ WayTracer 

 

Ɍɚɤɠɟ ɞɚɧɧɨɟ ɉɈ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɢɬɶ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɬɦɟɱɟɧɧɵɦɢ ɧɚ 

ɤɚɞɪɟ ɬɨɱɤɚɦɢ ɜ ɩɢɤɫɟɥɹɯ. ɉɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɞɝɨɬɨɜɤɟ ɜ ɜɢɞɟ ɩɨɦɟɳɟɧɢɹ 

ɜ ɤɚɞɪ ɫɴɟɦɤɢ ɨɛɴɟɤɬɚ ɫ ɢɡɜɟɫɬɧɵɦɢ ɪɟɚɥɶɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɦɨɠɧɨ ɡɚɞɚɬɶ 
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ɞɨɫɬɨɜɟɪɧɵɣ ɦɚɫɲɬɚɛ ɫɨɨɬɜɟɬɫɬɜɢɹ ɩɢɤɫɟɥɟɣ ɫɚɧɬɢɦɟɬɪɚɦ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 

ɨɤɧɟ (ɪɢɫɭɧɨɤ 19).  ɇɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɦɚɫɲɬɚɛɚ ɜɵɱɢɫɥɹɟɬɫɹ ɪɟɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ 

ɫɦɟɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɤɚɞɪɟ.  

 

 

Ɋɢɫɭɧɨɤ 19 – ɋɤɪɢɧɲɨɬ ɨɤɧɚ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɦɚɫɲɬɚɛɚ 

 

Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɹɜɥɹɟɬɫɹ ɫɩɢɫɨɤ ɤɚɞɪɨɜ ɫ ɨɬɦɟɱɟɧɧɵɦ 

ɫɦɟɳɟɧɢɟɦ ɢ ɫɤɨɪɨɫɬɶɸ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɠɞɨɝɨ ɩɪɟɞɵɞɭɳɟɝɨ ɤɚɞɪɚ (ɪɢɫɭɧɨɤ 

20). 
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Ɋɢɫɭɧɨɤ 20 – ɋɤɪɢɧɲɨɬ ɨɤɧɚ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ 

3.2 Ɉɩɢɫɚɧɢɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɢ ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɇɚ ɨɫɧɨɜɟ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɨ ɪɟɡɭɥɶɬɚɬɚɯ ɤɨɬɨɪɵɯ ɪɚɫɫɤɚɡɚɧɨ ɜ ɝɥɚɜɟ 2, ɛɵɥ 

ɪɚɡɪɚɛɨɬɚɧ ɨɛɳɢɣ ɚɥɝɨɪɢɬɦ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɧɚɩɪɚɜɥɟɧɢɟ ɫɦɟɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ. 

Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɲɚɝɨɜ: 

1. ɉɨɥɭɱɟɧɢɟ ɤɚɞɪɚ ɢɡ ɜɢɞɟɨɩɨɬɨɤɚ ɢɥɢ ɨɬɞɟɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ.   

2. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɰɜɟɬɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢɡɨɛɪɚɠɟɧɢɹ ɢɡ RGB ɜ HSV. 

3. ɉɨɥɭɱɟɧɢɟ ɡɧɚɱɟɧɢɣ ɹɪɤɨɫɬɢ ɢɡ ɤɨɪɬɟɠɟɣ HSV ɞɥɹ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɹ 

ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɫɨɫɬɚɜɥɟɧɢɟ ɟɝɨ ɦɚɬɪɢɰɵ ɹɪɤɨɫɬɢ ɢɡ ɷɬɢɯ ɡɧɚɱɟɧɢɣ. 

4. ɉɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ ɞɥɹ ɡɚɞɚɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɚɧɚɥɢɡɚ. 

5. ɇɚɯɨɠɞɟɧɢɟ ɷɤɫɬɪɟɦɭɦɨɜ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɮɢɤɨɜ ɢ ɜɵɱɢɫɥɟɧɢɟ 

ɜɟɥɢɱɢɧ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɫɬɟɩɟɧɶ ɪɚɡɦɵɬɢɹ ɞɥɹ ɞɚɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ. 

6. ɍɬɨɱɧɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ, ɜɞɨɥɶ ɤɨɬɨɪɨɝɨ ɛɵɥɨ ɨɫɭɳɟɫɬɜɥɟɧɨ 

ɫɦɚɡɵɜɚɧɢɟ. 

Ɋɚɡɪɚɛɨɬɤɚ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɪɨɯɨɞɢɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɞɚ ɉɈ 

WayTracer, ɬɚɤ ɤɚɤ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɚɥɝɨɪɢɬɦ ɹɜɥɹɟɬɫɹ ɷɥɟɦɟɧɬɨɦ ɪɚɫɲɢɪɟɧɢɹ 

ɟɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɢ ɦɨɞɢɮɢɤɚɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɦɨɞɭɥɟɣ, ɤɥɚɫɫɨɜ ɢ ɦɟɬɨɞɨɜ. 

 

3.2.1 ɉɨɥɭɱɟɧɢɟ ɢ ɩɨɞɝɨɬɨɜɤɚ ɢɡɨɛɪɚɠɟɧɢɹ 

Ⱦɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ 

ɩɨɞɫɱɟɬɚ ɥɨɤɚɥɶɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ ɪɚɡɦɵɬɢɹ 

ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɫɨɪɚɡɦɟɪɧɨɫɬɶ ɞɥɢɧɵ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɝɪɚɮɢɤɨɜ. 

ɉɨɷɬɨɦɭ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɞɥɹ ɚɧɚɥɢɡɚ, ɩɨɫɥɟ ɩɨɥɭɱɟɧɢɹ, ɢɡɨɛɪɚɠɟɧɢɟ 

ɨɛɪɟɡɚɬɶ ɞɨ ɩɪɨɩɨɪɰɢɣ ɤɜɚɞɪɚɬɚ. Ɍɨɝɞɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚɩɪɚɜɥɟɧɢɣ, 

ɜɵɛɪɚɧɧɵɯ ɜɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ, ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɚɹ 
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ɢɞɟɧɬɢɱɧɨɫɬɶ ɞɥɢɧɵ ɞɚɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɜɵɛɨɪɚɦɢ 

ɧɚɩɪɚɜɥɟɧɢɣ. 

ɉɨɫɥɟ ɨɛɪɟɡɤɢ ɢɡɨɛɪɚɠɟɧɢɹ, ɟɝɨ ɮɨɪɦɚɬ ɰɜɟɬɨɜɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɩɪɟɨɛɪɚɡɨɜɵɜɚɟɬɫɹ ɢɡ RGB ɜ HSV. ɂɡ ɤɨɪɬɟɠɟɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɩɨɥɭɱɟɧɧɨɟ 

ɰɜɟɬɨɜɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɛɟɪɭɬɫɹ ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ ɢ, ɩɭɬɟɦ ɭɦɧɨɠɟɧɢɹ ɢɯ ɧɚ 

100, ɩɪɢɜɨɞɹɬɫɹ ɤ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɧɚ ɢɧɬɟɪɜɚɥɟ [0, 100]. ɂɡ ɩɨɥɭɱɟɧɧɵɯ 

ɢɡɨɛɪɚɠɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬɫɹ ɦɚɬɪɢɰɚ ɹɪɤɨɫɬɢ. 

Ʉɥɚɫɫ ɞɥɹ ɯɪɚɧɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 

21.  

 

 

Ɋɢɫɭɧɨɤ 21 – Ʉɥɚɫɫ ɞɥɹ ɯɪɚɧɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɢɡɨɛɪɚɠɟɧɢɣ 

 

3.2.2 ɍɪɚɜɧɟɧɢɹ ɩɪɹɦɵɯ ɞɥɹ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɧɚɩɪɚɜɥɟɧɢɣ 

Ɉɛɳɢɣ ɜɢɞ ɭɪɚɜɧɟɧɢɹ ɩɪɹɦɨɣ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɮɨɪɦɭɥɟ (11). 

ݕ  = ݔ݇ + ܾ, (ͳͳ) 

 

ɝɞɟ k – ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ; 
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      b – ɩɚɪɚɦɟɬɪ, ɨɛɨɡɧɚɱɚɸɳɢɣ ɜɟɥɢɱɢɧɭ ɨɬɪɟɡɤɚ, ɨɬɫɟɤɚɟɦɨɝɨ ɩɪɹɦɨɣ ɧɚ ɨɫɢ 

Оɭ, ɫɱɢɬɚɹ ɨɬ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ [23]. 

ɉɪɢ ɷɬɨɦ, ɜ ɞɚɧɧɨɣ ɮɨɪɦɭɥɟ ɦɨɠɧɨ ɨɩɭɫɬɢɬɶ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ b, ɬɚɤ 

ɤɚɤ ɧɟɨɛɯɨɞɢɦɨ ɥɢɲɶ ɡɚɞɚɧɢɟ ɧɚɤɥɨɧɚ ɩɪɹɦɨɣ, ɤɨɬɨɪɚɹ ɫɬɪɨɢɬɫɹ ɢɡ ɰɟɧɬɪɚ 

ɢɡɨɛɪɚɠɟɧɢɹ. 

Ɂɧɚɱɟɧɢɟ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (12). 

 ݇ =  𝛼, (ͳʹ) ݃ݐ

 

ɝɞɟ 𝛼 – ɧɟɨɛɯɨɞɢɦɵɣ ɭɝɨɥ ɧɚɤɥɨɧɚ ɨɬ ɨɫɢ Ox [23]. 

ɉɪɢɧɢɦɚɹ ɡɧɚɱɟɧɢɹ ɭɝɥɨɜ 0, 30, 60, 90, 120 ɢ 150 ɝɪɚɞɭɫɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ ɧɚɩɪɚɜɥɟɧɢɹɦɢ, ɜɵɛɪɚɧɧɵɦɢ ɜɨ ɜɬɨɪɨɣ ɝɥɚɜɟ, ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɭɪɚɜɧɟɧɢɣ 

ɩɪɹɦɵɯ, ɜɞɨɥɶ ɤɨɬɨɪɵɯ ɨɧɢ ɛɭɞɭɬ ɩɨɫɬɪɨɟɧɵ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɮɨɪɦɭɥɵ: 

଴0ݕ  = ݔͲo݃ݐ = Ͳ, (ͳ͵) 

ଷ଴0ݕ  = ݔͲo͵݃ݐ = ͳ√͵ݔ, (ͳͶ) 

଺଴0ݕ  = ݔ͸Ͳo݃ݐ =  (ͳͷ) ,ݔ͵√

ଵଶ଴0ݕ  = ݔͳʹͲo݃ݐ =  (ͳ͸) ,ݔ͵√−
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ଵହ଴0ݕ = ݔͳͷͲo݃ݐ = − ͳ√͵ݔ 
(ͳ͹) 

 

Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɹ ɬɚɧɝɟɧɫɚ ɞɥɹ ɭɝɥɚ ɜ 90o ɧɟ ɫɭɳɟɫɬɜɭɟɬ, ɭɪɚɜɧɟɧɢɟ 

ɫɨɫɬɚɜɢɬɶ ɧɟɜɨɡɦɨɠɧɨ. ȼɦɟɫɬɨ ɷɬɨɝɨ ɞɥɹ ɞɚɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɜɟɪɬɢɤɚɥɶɧɚɹ ɥɢɧɢɹ ɜ ɬɨɱɤɟ x = 0. 

 

 

3.2.3 ɉɟɪɟɜɨɞ ɷɤɪɚɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɜ ɞɟɤɚɪɬɨɜɵ 

ȼ ɩɪɨɝɪɚɦɦɟ ɨɛɪɚɳɟɧɢɟ ɤ ɡɧɚɱɟɧɢɹɦ ɜ ɦɚɬɪɢɰɚɯ ɩɪɨɢɫɯɨɞɢɬ ɩɨ 

ɢɧɞɟɤɫɚɦ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬ.ɧ. ɷɤɪɚɧɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ (ɋɄ). ȼ 

ɞɚɧɧɨɣ ɋɄ, ɟɫɥɢ ɩɪɢɦɟɧɢɬɶ ɟɟ ɤ ɚɧɚɥɢɡɢɪɭɟɦɨɦɭ ɢɡɨɛɪɚɠɟɧɢɸ, ɧɚɱɚɥɨ 

ɤɨɨɪɞɢɧɚɬ ɥɟɠɢɬ ɜ ɥɟɜɨɦ ɜɟɪɯɧɟɦ ɭɝɥɭ. Ɂɧɚɱɟɧɢɹ ɤɨɨɪɞɢɧɚɬ y (ɢɥɢ i) ɢ x (ɢɥɢ j) 

ɜɨɡɪɚɫɬɚɸɬ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɜɧɢɡ ɢ ɧɚɩɪɚɜɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼɫɟ ɡɧɚɱɟɧɢɹ 

ɤɨɨɪɞɢɧɚɬ ɹɜɥɹɸɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ. 

Ɉɞɧɚɤɨ ɮɨɪɦɭɥɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɩɭɧɤɬɟ 3.2.2, ɢɫɩɨɥɶɡɭɸɬ ɡɧɚɱɟɧɢɹ 

ɤɨɨɪɞɢɧɚɬ ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɢɥɢ ɞɟɤɚɪɬɨɜɨɣ ɋɄ. ɉɪɹɦɨɭɝɨɥɶɧɚɹ ɋɄ ɧɚ 

ɩɥɨɫɤɨɫɬɢ ɨɛɪɚɡɭɟɬɫɹ ɞɜɭɦɹ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦɢ ɨɫɹɦɢ ɤɨɨɪɞɢɧɚɬ. 

Ɉɫɢ ɤɨɨɪɞɢɧɚɬ ɩɟɪɟɫɟɤɚɸɬɫɹ ɜ ɬɨɱɤɟ, ɤɨɬɨɪɚɹ ɧɚɡɵɜɚɟɬɫɹ ɧɚɱɚɥɨɦ ɤɨɨɪɞɢɧɚɬ, 

ɧɚ ɤɚɠɞɨɣ ɨɫɢ ɜɵɛɪɚɧɨ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ [24]. 

ɉɨɷɬɨɦɭ, ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɢɧɞɟɤɫɨɜ ɷɥɟɦɟɧɬɨɜ ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɨɪɦɭɥɵ (18) ɢ (19). 

пݔ  = ݆ − ݉ʹ, (ͳͺ) 

пݕ  = −݅ + ݉ʹ, (ͳͻ) 
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ɝɞɟ m – ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɧɞɟɤɫɚ ɲɢɪɢɧɵ/ɜɵɫɨɬɵ ɤɜɚɞɪɚɬɧɨɣ ɦɚɬɪɢɰɵ 

ɹɪɤɨɫɬɢ. 

 

3.2.4 ȼɵɱɢɫɥɟɧɢɟ ɜɟɥɢɱɢɧ ɪɚɡɦɵɬɢɹ 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ ɞɥɹ ɡɚɞɚɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ, 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɨɱɤɢ ɢɯ ɥɨɤɚɥɶɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ. ɍɤɪɭɩɧɟɧɧɚɹ ɛɥɨɤ-ɫɯɟɦɚ 

ɚɥɝɨɪɢɬɦɚ, ɪɟɲɚɸɳɟɝɨ ɷɬɭ ɡɚɞɚɱɭ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɝɥɚɜɧɨɝɨ ɩɪɢɧɰɢɩɚ ɚɥɝɨɪɢɬɦɚ 

ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ, ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 22. 
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Ɋɢɫɭɧɨɤ 22 – Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɷɤɫɬɪɟɦɭɦɨɜ ɝɪɚɮɢɤɚ ɹɪɤɨɫɬɢ 

 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɫɩɢɫɤɚ ɩɪɨɢɫɯɨɞɢɬ ɜɵɱɢɫɥɟɧɢɟ ɜɟɥɢɱɢɧɵ ɪɚɡɦɵɬɢɹ 

ɫɩɨɫɨɛɚɦɢ, ɨɩɢɫɚɧɧɵɦɢ ɜ ɩɨɞɪɚɡɞɟɥɟ 2.4 ɞɚɧɧɨɣ ɪɚɛɨɬɵ. ȼ ɤɚɱɟɫɬɜɟ ɜɟɫɨɜ 

ɡɧɚɱɟɧɢɣ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɦɟɬɨɞɨɦ ɫɪɟɞɧɟɝɨ ɜɡɜɟɲɟɧɧɨɝɨ ɛɵɥɨ ɩɪɢɧɹɬɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɱɚɫɬɨɬɭ ɜɫɬɪɟɱɚɟɦɨɫɬɢ ɡɧɚɱɟɧɢɣ, ɬɚɤ ɤɚɤ ɞɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɦɨɠɧɨ 

ɜɵɱɢɫɥɢɬɶ ɛɟɡ ɷɤɫɩɟɪɬɧɨɣ ɨɰɟɧɤɢ ɢɥɢ ɚɧɚɥɢɡɚ ɱɟɥɨɜɟɤɨɦ, ɜɫɥɟɞɫɬɜɢɟ ɤɨɬɨɪɨɝɨ 

ɛɵ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɬɟɯ ɢɥɢ ɢɧɵɯ ɡɧɚɱɟɧɢɣ ɧɚ ɪɟɡɭɥɶɬɚɬ. 

3.2.5 ɍɬɨɱɧɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɭɬɨɱɧɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɚɡɵɜɚɧɢɹ ɩɭɬɟɦ 

ɜɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɥɹ ɚɧɚɥɢɡɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 23. 

 

 

Ɋɢɫɭɧɨɤ 23 – Ȼɥɨɤ-ɫɯɟɦɚ ɩɨɢɫɤɚ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɚɡɵɜɚɧɢɹ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɥɹ ɚɧɚɥɢɡɚ 
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ɍɤɪɭɩɧɟɧɧɚɹ ɛɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɭɬɨɱɧɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɩɭɬɟɦ 

ɜɵɱɢɫɥɟɧɢɹ ɩɪɢɛɥɢɠɟɧɧɨɣ ɮɭɧɤɰɢɢ ɤ ɬɚɛɥɢɱɧɨɣ ɮɭɧɤɰɢɢ ɡɚɜɢɫɢɦɨɫɬɢ 

ɫɬɟɩɟɧɢ ɪɚɡɦɵɬɢɹ ɨɬ ɭɝɥɚ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 24. 

 

 

Ɋɢɫɭɧɨɤ 24 – Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɭɬɨɱɧɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɚɡɵɜɚɧɢɹ ɩɭɬɟɦ 

ɚɩɩɪɨɤɫɢɦɚɰɢɢ 

 

Ɉɫɭɳɟɫɬɜɥɟɧɢɟ ɚɩɩɪɨɤɫɢɦɚɰɢɢ, ɤɚɤ ɷɬɨ ɛɵɥɨ ɨɩɢɫɚɧɨ ɜ ɩɨɞɪɚɡɞɟɥɟ 2.5, 

ɩɪɨɢɫɯɨɞɢɬ ɩɭɬɟɦ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɦɧɨɝɨɱɥɟɧɚ Ʌɚɝɪɚɧɠɚ. 

Ɉɛɳɚɹ ɮɨɪɦɭɥɚ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɦɧɨɝɨɱɥɟɧɚ Ʌɚɝɪɚɧɠɚ ɜɵɝɥɹɞɢɬ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [25]: 
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𝐿ሺݔሻ ሻ௡ݔ௜݈௜ሺݕ∑=
௜=଴  

(ʹͲ) 

 

Ȼɚɡɢɫɧɵɟ ɩɨɥɢɧɨɦɵ ɩɪɢ ɷɬɨɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 

݈௜ሺݔሻ = ∏ ݔ − ௜ݔ௝ݔ − ௝௡ݔ
௝=଴,௝≠௜  

(ʹͳ) 

 

ɉɪɢ ɷɬɨɦ ɤɚɠɞɵɣ ɛɚɡɢɫɧɵɣ ɩɨɥɢɧɨɦ ɢɦɟɟɬ ɫɬɟɩɟɧɶ n, ɪɚɜɟɧ 1 ɩɪɢ j = i ɢ 

ɪɚɜɟɧ 0 ɜ ɨɫɬɚɥɶɧɵɯ ɫɥɭɱɚɹɯ. 

Ɍɚɤ ɤɚɤ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɬɚɛɥɢɱɧɨɣ ɮɭɧɤɰɢɢ ɡɚɜɢɫɢɦɨɫɬɢ ɫɬɟɩɟɧɢ 

ɪɚɡɦɵɬɢɹ ɨɬ ɭɝɥɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɲɟɫɬɶ ɬɨɱɟɤ (ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɡɚɞɚɧɧɵɯ 

ɢɡɧɚɱɚɥɶɧɨ ɧɚɩɪɚɜɥɟɧɢɣ ɞɥɹ ɚɧɚɥɢɡɚ), ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɣ ɦɧɨɝɨɱɥɟɧ ɜ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɱɥɟɧɨɦ ɩɹɬɨɣ ɫɬɟɩɟɧɢ, ɢ ɟɝɨ ɩɨɥɢɧɨɦɵ ɛɭɞɭɬ ɜɵɝɥɹɞɟɬɶ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 ݈଴ሺݔሻ = ݔ − ଴ݔଵݔ − ଵݔ ∗ ݔ − ଴ݔଶݔ − ଶݔ ∗ ݔ − ଴ݔଷݔ − ଷݔ ∗ ݔ − ଴ݔସݔ − ସݔ ∗ ݔ − ଴ݔହݔ −  (ʹʹ) ,ହݔ

 ݈ଵሺݔሻ = ݔ − ଵݔ଴ݔ − ଴ݔ ∗ ݔ − ଵݔଶݔ − ଶݔ ∗ ݔ − ଵݔଷݔ − ଷݔ ∗ ݔ − ଵݔସݔ − ସݔ ∗ ݔ − ଵݔହݔ −  (͵ʹ) ,ହݔ

 ݈ଶሺݔሻ = ݔ − ଶݔ଴ݔ − ଴ݔ ∗ ݔ − ଶݔଵݔ − ଵݔ ∗ ݔ − ଶݔଷݔ − ଷݔ ∗ ݔ − ଶݔସݔ − ସݔ ∗ ݔ − ଶݔହݔ −  ହ, (ʹͶ)ݔ

 ݈ଷሺݔሻ = ݔ − ଷݔ଴ݔ − ଴ݔ ∗ ݔ − ଷݔଵݔ − ଵݔ ∗ ݔ − ଷݔଶݔ − ଶݔ ∗ ݔ − ଷݔସݔ − ସݔ ∗ ݔ − ଷݔହݔ −  ହ, (ʹͷ)ݔ
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݈ସሺݔሻ = ݔ − ସݔ଴ݔ − ଴ݔ ∗ ݔ − ସݔଵݔ − ଵݔ ∗ ݔ − ସݔଶݔ − ଶݔ ∗ ݔ − ସݔଷݔ − ଷݔ ∗ ݔ − ସݔହݔ −  ହ, (ʹ͸)ݔ

 ݈ହሺݔሻ = ݔ − ହݔ଴ݔ − ଴ݔ ∗ ݔ − ହݔଵݔ − ଵݔ ∗ ݔ − ହݔଶݔ − ଶݔ ∗ ݔ − ହݔଷݔ − ଷݔ ∗ ݔ − ହݔସݔ −  ସݔ
(ʹ͹) 

 

3.3 Ȼɥɨɤ-ɫɯɟɦɚ ɨɫɧɨɜɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 

ɍɤɪɭɩɧɟɧɧɚɹ ɛɥɨɤ-ɫɯɟɦɚ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɫɨɫɬɚɜɥɟɧɧɚɹ ɧɚ 

ɨɫɧɨɜɟ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɝɥɚɜɟ 2, ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 25. 

 

 

Ɋɢɫɭɧɨɤ 25 - ɍɤɪɭɩɧɟɧɧɚɹ ɛɥɨɤ-ɫɯɟɦɚ ɨɫɧɨɜɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 
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3.4 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɵɥɢ ɨɩɢɫɚɧɵ ɢɧɫɬɪɭɦɟɧɬɵ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɩɪɨɞɭɤɬɚ, ɜɵɛɪɚɧɧɵɟ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

Ɍɚɤɠɟ ɛɵɥɨ ɩɪɢɜɟɞɟɧɨ ɨɩɢɫɚɧɢɟ ɉɈ WayTracer, ɪɟɚɥɢɡɭɸɳɟɝɨ 

ɩɪɟɞɥɨɠɟɧɧɵɣ ɪɚɧɟɟ ɞɢɫɩɚɪɚɬɧɵɣ ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ. Ⱦɚɧɧɨɟ 

ɉɈ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɹɜɥɹɟɬɫɹ ɪɚɫɲɢɪɟɧɢɟɦ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɞɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɩɪɨɟɤɬɚ. 

Ȼɵɥ ɪɚɡɪɚɛɨɬɚɧ ɨɛɳɢɣ ɚɥɝɨɪɢɬɦ, ɪɟɚɥɢɡɭɸɳɢɣ ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

ɧɚɢɛɨɥɶɲɟɣ ɫɦɚɡɚɧɧɨɫɬɢ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɞɟɥɚɟɬɫɹ ɜɵɜɨɞ ɨ 

ɧɚɩɪɚɜɥɟɧɢɢ ɫɦɟɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɤɚɞɪɟ. Ⱥ ɬɚɤɠɟ ɛɵɥɢ ɩɪɢɜɟɞɟɧɨ 

ɨɩɢɫɚɧɢɟ ɦɨɞɭɥɟɣ ɚɥɝɨɪɢɬɦɚ, ɪɟɚɥɢɡɭɸɳɢɯ ɮɭɧɤɰɢɢ ɪɚɫɱɟɬɚ ɫɬɟɩɟɧɢ ɪɚɡɦɵɬɢɹ 

ɞɥɹ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɢ ɩɨɥɭɱɟɧɢɹ ɢɬɨɝɨɜɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 

ɧɚɢɛɨɥɶɲɟɣ ɫɦɚɡɚɧɧɨɫɬɢ 

ɉɨɫɥɟ ɚɧɚɥɢɡɚ ɡɚɞɚɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɥɹ ɚɧɚɥɢɡɚ, ɭɬɨɱɧɟɧɢɟ 

ɧɚɩɪɚɜɥɟɧɢɹ ɧɚɢɛɨɥɶɲɟɣ ɫɦɚɡɚɧɧɨɫɬɢ ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɢɥɢ ɩɭɬɟɦ ɩɨɢɫɤɚ 

ɫ ɜɜɟɞɟɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ, ɢɥɢ ɚɩɩɪɨɤɫɢɦɚɰɢɟɣ ɡɧɚɱɟɧɢɹ 

ɮɭɧɤɰɢɢ ɡɚɜɢɫɢɦɨɫɬɢ ɫɬɟɩɟɧɢ ɪɚɡɦɵɬɢɹ ɨɬ ɭɝɥɚ ɢɡɦɟɪɟɧɢɹ ɢ ɩɨɢɫɤɚ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢɛɥɢɠɟɧɧɨɣ ɮɭɧɤɰɢɢ. 

Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ, ɨɩɢɫɚɧɧɚɹ ɜ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ, ɩɨɡɜɨɥɢɥɚ ɩɟɪɟɣɬɢ ɤ 

ɩɨɥɭɱɟɧɢɸ ɪɟɡɭɥɶɬɚɬɨɜ, ɨɩɢɫɚɧɧɵɯ ɜ ɫɥɟɞɭɸɳɟɦ ɪɚɡɞɟɥɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. 
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4 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

4.1 Ɇɚɬɟɪɢɚɥɵ ɞɥɹ ɚɧɚɥɢɡɚ 

Ȼɵɥ ɫɨɫɬɚɜɥɟɧ ɧɚɛɨɪ ɛɚɡɨɜɵɯ ɞɚɧɧɵɯ ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ, 

ɫɨɫɬɨɹɳɢɣ ɢɡ ɢɡɨɛɪɚɠɟɧɢɣ ɪɚɡɥɢɱɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɢ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɧɚɩɪɚɜɥɟɧɢɹ ɢ ɫɬɟɩɟɧɢ ɫɦɚɡɚɧɧɨɫɬɢ. ȼ ɞɚɧɧɵɣ ɧɚɛɨɪ ɜɨɲɥɢ ɤɚɤ 

ɪɟɚɥɶɧɵɟ ɫɦɚɡɚɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɦɟɳɟɧɢɹ ɤɚɦɟɪɵ 

ɜɨ ɜɪɟɦɹ ɫɴɟɦɤɢ, ɬɚɤ ɢ ɢɡɨɛɪɚɠɟɧɢɹ ɫɨ ɫɦɨɞɟɥɢɪɨɜɚɧɧɵɦ ɪɚɡɦɵɬɢɟɦ ɫ ɪɚɡɧɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ. ɑɚɫɬɶ ɞɚɧɧɨɝɨ ɧɚɛɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 26. 

 

 

Ɋɢɫɭɧɨɤ 26 – ɑɚɫɬɶ ɛɚɡɵ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ 

ɬɟɫɬɢɪɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ 
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4.2 Ɉɰɟɧɢɜɚɟɦɵɟ ɤɪɢɬɟɪɢɢ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɉɰɟɧɤɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɚɥɝɨɪɢɬɦɚ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ 

ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɨɰɟɧɤɢ ɟɝɨ ɞɨɫɬɨɢɧɫɬɜ ɢ ɧɟɞɨɫɬɚɬɤɨɜ. ɉɨ ɩɪɢɱɢɧɟ ɪɚɡɧɵɯ 

ɨɛɥɚɫɬɟɣ, ɰɟɥɟɣ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɪɚɡɥɢɱɧɵɯ ɩɪɢɤɥɚɞɧɵɯ ɫɰɟɧɚɪɢɟɜ 

ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɫɥɨɠɧɨ ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɫ 

ɟɞɢɧɵɦ ɫɬɚɧɞɚɪɬɨɦ. ɉɨɷɬɨɦɭ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɦɟɬɪɢɤɢ 

ɞɥɹ ɜɫɟɫɬɨɪɨɧɧɟɣ ɢɯ ɨɰɟɧɤɢ. ɑɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɨɤɚɡɚɬɟɥɢ ɨɰɟɧɤɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɥɝɨɪɢɬɦɚ – ɬɨɱɧɨɫɬɶ, ɥɨɠɧɵɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɰɟɧɤɚ 

ɫɨɨɬɜɟɬɫɬɜɢɹ [26]. 

Ɍɚɤɠɟ ɧɚɪɹɞɭ ɫ ɦɟɬɪɢɤɚɦɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. 

Ɍɚɤ ɤɚɤ ɜ ɬɟɫɬɨɜɨɦ ɧɚɛɨɪɟ ɞɚɧɧɵɯ ɟɫɬɶ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɢɡɧɚɱɚɥɶɧɨ 

ɢɡɜɟɫɬɧɵɦɢ ɢ ɡɚɞɚɧɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɪɚɡɦɵɬɢɹ, ɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 

ɬɨɱɧɨɫɬɶ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɭɬɟɦ ɜɵɱɢɫɥɟɧɢɹ ɨɬɧɨɲɟɧɢɹ ɜɵɱɢɫɥɟɧɧɨɝɨ 

ɝɪɚɞɭɫɚ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɚɡɵɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɤ ɡɚɞɚɧɧɨɦɭ ɢɡɧɚɱɚɥɶɧɨ, 

ɜɵɪɚɠɟɧɧɨɝɨ ɜ ɩɪɨɰɟɧɬɚɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɡɚɞɚɧɧɵɣ ɭɝɨɥ 

ɦɟɧɶɲɟ ɜɵɱɢɫɥɟɧɧɨɝɨ, ɮɨɪɦɭɥɚ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ 

ɪɚɡɦɵɬɢɹ ɛɭɞɟɬ ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

ݕ𝑟ܽܿݑܿܿܽ݊ܫ  = 𝜑вычˋслˈнныˌ − 𝜑ˊаˇанныˌ 
(ʹͺ) 

 

Ɉɞɧɚɤɨ ɩɨɥɭɱɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɨɤɚɡɚɬɶɫɹ ɦɟɧɶɲɟ, ɱɟɦ 

ɡɚɞɚɧɧɨɟ, ɞɥɹ ɞɚɧɧɨɝɨ ɫɥɭɱɚɹ ɮɨɪɦɭɥɚ ɛɭɞɟɬ ɫɥɟɞɭɸɳɟɣ: 

ݕ𝑟ܽܿݑܿܿܽ݊ܫ  = 𝜑ˊаˇанныˌ − 𝜑вычˋслˈнныˌ 
(ʹͻ) 

 



47 

 

 

 

4.3 ȼɥɢɹɧɢɟ ɪɚɡɦɟɪɚ ɨɤɧɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɤɫɬɪɟɦɭɦɨɜ ɝɪɚɮɢɤɨɜ 

ɹɪɤɨɫɬɢ ɧɚ ɪɚɛɨɬɭ ɚɥɝɨɪɢɬɦɚ 

Ʉɚɤ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɜ ɩɨɞɪɚɡɞɟɥɟ 2.3, ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɱɢɫɥɟɧɧɨɣ 

ɜɟɥɢɱɢɧɵ ɪɚɡɦɵɬɢɹ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɬɨɱɤɢ ɷɤɫɬɪɟɦɭɦɨɜ ɝɪɚɮɢɤɨɜ 

ɹɪɤɨɫɬɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɝɥɚɜɧɨɝɨ ɩɪɢɧɰɢɩɚ ɚɥɝɨɪɢɬɦɚ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ. 

Ⱦɥɹ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɪɚɡɦɟɪ ɨɤɧɚ ɭɫɪɟɞɧɟɧɢɹ. Ɍɚɤ 

ɤɚɤ ɞɥɹ ɚɧɚɥɢɡɚ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɪɚɡɥɢɱɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ, 

ɪɚɡɦɟɪ ɨɤɧɚ ɭɫɪɟɞɧɟɧɢɹ ɞɥɹ ɫɨɪɚɡɦɟɪɧɨɫɬɢ ɡɧɚɱɟɧɢɹ ɡɚɞɚɟɬɫɹ ɜ ɜɢɞɟ ɩɪɨɰɟɧɬɚ 

ɨɬ ɪɚɡɪɟɲɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɪɚɡɦɟɪɚ ɨɤɧɚ ɭɫɪɟɞɧɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɷɤɫɬɪɟɦɭɦɨɜ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ ɧɚ ɪɚɛɨɬɭ ɚɥɝɨɪɢɬɦɚ ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɬɚɛɥɢɰɚ 

ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɥɢɱɟɫɬɜɚ ɷɤɫɬɪɟɦɭɦɨɜ ɨɬ ɪɚɡɦɟɪɚ ɨɤɧɚ ɭɫɪɟɞɧɟɧɢɹ. Ⱦɥɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ ɜɡɹɬɨ ɢɡɨɛɪɚɠɟɧɢɟ ɪɚɡɦɟɪɨɦ 100ɯ100 ɩɢɤɫɟɥɟɣ ɫ 

ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɡɦɵɬɢɹ 0ɨ. Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɝɨ ɚɧɚɥɢɡɚ ɨɬɨɛɪɚɠɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 

 

Ɍɚɛɥɢɰɚ 2 – Ʉɨɥɢɱɟɫɬɜɨ ɧɚɣɞɟɧɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɟɪɚ ɨɤɧɚ 

ɭɫɪɟɞɧɟɧɢɹ  

ɍɝɨɥ ɧɚɩɪɚɜɥɟɧɢɹ  
ɞɥɹ ɚɧɚɥɢɡɚ, ɨ 

Ʉɨɥ-ɜɨ ɧɚɣɞɟɧɧɵɯ 
ɷɤɫɬɪɟɦɭɦɨɜ ɫ ɨɤɧɨɦ 

ɭɫɪɟɞɧɟɧɢɹ 1% 

Ʉɨɥ-ɜɨ ɧɚɣɞɟɧɧɵɯ 
ɷɤɫɬɪɟɦɭɦɨɜ ɫ ɨɤɧɨɦ 

ɭɫɪɟɞɧɟɧɢɹ 3% 

Ʉɨɥ-ɜɨ ɧɚɣɞɟɧɧɵɯ 
ɷɤɫɬɪɟɦɭɦɨɜ ɫ ɨɤɧɨɦ 

ɭɫɪɟɞɧɟɧɢɹ 5% 
0 29 15 13 
30 51 25 16 
60 66 30 24 
90 73 33 27 
120 62 27 22 
150 53 26 17 

 

ȼɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɨɤɧɚ ɭɫɪɟɞɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɨ ɷɤɫɬɪɟɦɭɦɨɜ ɞɥɹ 

ɪɚɡɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɭɦɟɧɶɲɚɟɬɫɹ ɧɟɫɨɪɚɡɦɟɪɧɨ. Ⱦɚɧɧɚɹ ɤɚɪɬɢɧɚ ɜɨɡɧɢɤɚɟɬ 

ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɧɚ ɨɞɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɝɪɚɮɢɤɚ ɞɥɹ ɪɚɡɧɵɯ 
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ɧɚɩɪɚɜɥɟɧɢɣ ɚɧɚɥɢɡɚ (ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɞɥɹ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ ɪɚɡɦɵɬɢɹ) 

ɢɡɧɚɱɚɥɶɧɨ ɫɨɞɟɪɠɢɬɫɹ ɪɚɡɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɱɟɤ ɷɤɫɬɪɟɦɭɦɚ. Ⱦɥɹ 

ɧɚɩɪɚɜɥɟɧɢɹ, ɫɨɜɩɚɞɚɸɳɟɝɨ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɡɦɵɬɢɹ, ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ 

ɷɤɫɬɪɟɦɭɦɚ ɦɨɠɟɬ ɛɵɬɶ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɧɚɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɨɟ 

ɟɦɭ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ.  

Ɋɟɡɭɥɶɬɚɬ ɫɝɥɚɠɢɜɚɧɢɹ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ ɞɥɹ ɧɚɩɪɚɜɥɟɧɢɹ, ɫɨɜɩɚɞɚɸɳɟɝɨ 

ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɡɦɵɬɢɹ, ɢ ɞɥɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɝɨ ɟɦɭ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ 

ɩɨɢɫɤɚ ɷɤɫɬɪɟɦɭɦɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ, 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 27. 

 

 

Ɋɢɫɭɧɨɤ 27 – Ƚɪɚɮɢɤɢ ɹɪɤɨɫɬɢ, ɫɝɥɚɠɟɧɧɵɟ ɪɚɡɥɢɱɧɨɣ ɜɟɥɢɱɢɧɨɣ ɫɤɨɥɶɡɹɳɟɝɨ 

ɫɪɟɞɧɟɝɨ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɨɪ ɱɪɟɡɦɟɪɧɨ ɛɨɥɶɲɨɝɨ ɨɤɧɚ ɭɫɪɟɞɧɟɧɢɹ ɜɥɢɹɟɬ ɧɚ 

ɪɚɫɱɟɬ ɜɟɥɢɱɢɧɵ ɪɚɡɦɵɬɢɹ. Ɉɧɚ ɫɬɚɧɨɜɢɬɫɹ ɦɟɧɟɟ ɜɵɪɚɠɟɧɧɨɣ, ɱɬɨ ɦɨɠɟɬ 

ɩɨɜɥɢɹɬɶ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɧɚɢɛɨɥɶɲɟɝɨ ɪɚɡɦɵɬɢɹ, ɚ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɧɚ ɤɚɱɟɫɬɜɨ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ. 

 

4.4 ɋɪɚɜɧɟɧɢɟ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɱɢɫɥɟɧɧɨɣ ɜɟɥɢɱɢɧɵ ɫɬɟɩɟɧɢ 

ɪɚɡɦɵɬɢɹ 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɱɢɫɥɟɧɧɨɣ ɜɟɥɢɱɢɧɵ ɪɚɡɦɵɬɢɹ 

ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɨɧɢ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɞɥɹ ɞɜɭɯ ɧɚɩɪɚɜɥɟɧɢɣ – ɜɞɨɥɶ 

ɢɡɜɟɫɬɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɚɡɵɜɚɧɢɹ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɨ 0ɨ) ɢ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɦɭ (90ɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). ɍɫɪɟɞɧɹɟɦɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɫɬɨɹɧɢɣ 

ɦɟɠɞɭ ɬɨɱɤɚɦɢ ɷɤɫɬɪɟɦɭɦɨɜ ɢɡɦɟɪɹɥɢɫɶ ɜ ɩɢɤɫɟɥɹɯ. 

ɇɚɢɛɨɥɟɟ ɦɚɥɟɧɶɤɢɟ ɡɧɚɱɟɧɢɹ ɪɚɫɫɬɨɹɧɢɣ ɢɦɟɸɬ ɧɚɢɦɟɧɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ 

ɪɟɡɭɥɶɬɚɬ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɜɵɡɜɚɧɵ ɰɢɮɪɨɜɵɦ ɲɭɦɨɦ. 

ɉɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ ɡɧɚɱɟɧɢɣ ɜɟɫɨɜ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɪɟɞɧɟɝɨ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ 

ɜɡɜɟɲɟɧɧɨɝɨ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɨɪɹɞɤɨɜɵɟ ɧɨɦɟɪɚ ɜɟɥɢɱɢɧɵ ɪɚɫɫɬɨɹɧɢɹ. 

Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɡɧɚɱɟɧɢɣ ɦɚɫɫɢɜɚ [1, 4, 7, 5] ɜɟɫɚ ɛɵ ɪɚɫɩɪɟɞɟɥɢɥɢɫɶ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: [1, 2, 4, 3]. 

Ⱦɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɛɵɥɢ ɩɨɫɱɢɬɚɧɵ ɞɥɹ ɧɚɛɨɪɚ ɢɡɨɛɪɚɠɟɧɢɣ ɢɡ 

ɫɮɨɪɦɢɪɨɜɚɧɧɨɣ ɬɟɫɬɨɜɨɣ ɛɚɡɵ ɢɡɨɛɪɚɠɟɧɢɣ ɨɞɢɧɚɤɨɜɨɝɨ ɪɚɡɦɟɪɚ ɫ 

ɨɞɢɧɚɤɨɜɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɪɚɡɦɵɬɢɹ, ɩɨɫɥɟ ɱɟɝɨ ɞɚɧɧɵɟ ɡɧɚɱɟɧɢɹ 

ɪɚɫɫɱɢɬɚɧɧɵɯ ɜɟɥɢɱɢɧ ɛɵɥɢ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 3. 

 

Ɍɚɛɥɢɰɚ 3 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɬɚɛɥɢɰɚ ɜɟɥɢɱɢɧ ɪɚɡɦɵɬɢɹ, ɩɨɥɭɱɟɧɧɵɯ 

ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ 

ɇɨɦɟɪ 
ɩɨɩɵɬɤɢ 

Ʉɨɥ-ɜɨ 
ɷɤɫɬɪɟɦɭɦɨɜ 

ɋɪɟɞɧɟɟ 
ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ 

ɋɪɟɞɧɟɟ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ 

ɋɪɟɞɧɟɟ 
ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ 

ɜɡɜɟɲɟɧɧɨɟ 
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ɞɥɹ 0ɨ ɞɥɹ 90ɨ ɞɥɹ 0ɨ ɞɥɹ 90ɨ ɞɥɹ 0ɨ ɞɥɹ 90ɨ ɞɥɹ 0ɨ ɞɥɹ 90ɨ 
1 30 66 3,56 1,5 3,02 1,36 4,54 1,83 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3 

ɇɨɦɟɪ 
ɩɨɩɵɬɤɢ 

Ʉɨɥ-ɜɨ 
ɷɤɫɬɪɟɦɭɦɨɜ 

ɋɪɟɞɧɟɟ 
ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ 

ɋɪɟɞɧɟɟ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ 

ɋɪɟɞɧɟɟ 
ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ 

ɜɡɜɟɲɟɧɧɨɟ 
ɞɥɹ 0ɨ ɞɥɹ 90ɨ ɞɥɹ 0ɨ ɞɥɹ 90ɨ ɞɥɹ 0ɨ ɞɥɹ 90ɨ ɞɥɹ 0ɨ ɞɥɹ 90ɨ 

2 28 56 3,64 1,82 2,67 1,59 5,65 2,43 
3 18 58 5,88 1,77 4,61 1,54 8,03 2,38 
4 33 54 3,09 1,9 2,34 1,62 4,87 2,58 
5 36 51 2,86 1,98 2,24 1,71 4,74 2,86 

 

ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɢɡ ɬɚɛɥɢɰɵ 3 ɛɵɥ ɪɚɫɫɱɢɬɚɧ ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɝɨ, 

ɧɚɫɤɨɥɶɤɨ ɜɵɪɚɠɟɧɧɨ ɬɨɬ ɢɥɢ ɢɧɨɣ ɫɩɨɫɨɛ ɜɵɱɢɫɥɟɧɢɹ ɫɪɟɞɧɟɝɨ ɩɨɤɚɡɵɜɚɟɬ 

ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɦɚɤɫɢɦɚɥɶɧɵɦ ɢ ɦɢɧɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɪɚɡɦɵɬɢɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɵɯ ɪɚɫɱɟɬɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.  

 

Ɍɚɛɥɢɰɚ 4 – Ʉɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ ɧɚɢɛɨɥɶɲɢɦɢ ɢ ɧɚɢɦɟɧɶɲɢɦɢ 

ɜɟɥɢɱɢɧɚɦɢ ɪɚɡɦɵɬɢɹ 

ɇɨɦɟɪ 
ɩɨɩɵɬɤɢ 

Ʉɨɷɮ. ɞɥɹ ɤɨɥ-
ɜɚ 

ɷɤɫɬɪɟɦɭɦɨɜ 

Ʉɨɷɮ. ɞɥɹ ɫɪɟɞɧɟɝɨ 
ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ 

Ʉɨɷɮ. ɞɥɹ ɫɪɟɞɧɟɝɨ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ 

Ʉɨɷɮ. ɞɥɹ ɫɪɟɞɧɟɝɨ 
ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ 

ɜɡɜɟɲɟɧɧɨɝɨ 
1 2,20 2,37 2,22 2,48 
2 2,00 2,00 1,68 2,33 
3 3,22 3,32 2,99 3,37 
4 1,64 1,63 1,44 1,89 
5 1,42 1,44 1,31 1,66 

 

Ʉɚɤ ɜɢɞɧɨ, ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɜɡɜɟɲɟɧɧɨɟ ɞɚɟɬ ɧɚɢɛɨɥɶɲɭɸ 

ɜɟɥɢɱɢɧɭ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɚ ɡɧɚɱɢɬ, ɩɨɤɚɡɵɜɚɟɬ ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧɧɨɟ ɪɚɡɥɢɱɢɟ 

ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ ɜɟɥɢɱɢɧɵ ɪɚɡɦɵɬɢɹ ɜ ɩɚɪɟ ɡɧɚɱɟɧɢɣ ɧɚɢɛɨɥɟɟ ɹɪɤɨ.  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɱɢɫɥɟɧɧɨɣ ɜɟɥɢɱɢɧɵ ɪɚɡɦɵɬɢɹ 

ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɦɟɧɧɨ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɜɡɜɟɲɟɧɧɨɟ 

ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɷɤɫɬɪɟɦɭɦɚɦɢ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ. 
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4.5 ɋɪɚɜɧɟɧɢɟ ɫɩɨɫɨɛɨɜ ɭɬɨɱɧɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ 

ȼ ɪɚɡɞɟɥɟ 2.6 ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɞɜɚ ɫɩɨɫɨɛɚ ɭɬɨɱɧɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ 

ɪɚɡɦɵɬɢɹ ɩɨɫɥɟ ɚɧɚɥɢɡɚ ɬɟɯ ɧɚɩɪɚɜɥɟɧɢɣ, ɱɬɨ ɡɚɞɚɧɵ ɢɡɧɚɱɚɥɶɧɨ. 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɬɨɱɧɨɫɬɢ ɷɬɢɯ ɫɩɨɫɨɛɨɜ ɛɵɥ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧ ɧɟɤɨɬɨɪɵɣ 

ɧɚɛɨɪ ɞɚɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ. ȼ ɞɚɧɧɵɣ ɧɚɛɨɪ 

ɛɵɥɢ ɜɤɥɸɱɟɧɵ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɪɚɡɥɢɱɧɵɦɢ ɢɡɧɚɱɚɥɶɧɨ ɡɚɞɚɧɧɵɦɢ 

ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɪɚɡɦɵɬɢɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɝɨ ɚɧɚɥɢɡɚ ɨɬɪɚɠɟɧɵ ɜ ɬɚɛɥɢɰɟ 5. 

Ɍɚɛɥɢɰɚ 5 – ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ 

ɭɬɨɱɧɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ 

ɇ
ɨɦɟɪ ɩɨɩɵ

ɬɤɢ 

Ɂɚɞɚɧɧɨɟ 
ɧɚɩɪɚɜɥɟɧɢɟ 
ɪɚɡɦɵɬɢɹ, ɨ 

Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ 
ɦɟɬɨɞɨɦ ɩɪɹɦɨɝɨ ɩɨɢɫɤɚ ɚɩɩɪɨɤɫɢɦɚɰɢɟɣ 

ɇɚɩɪɚɜɥɟɧɢɟ, 
ɨ 

ɉɨɝɪɟɲ-
ɧɨɫɬɶ 

ɪɟɡɭɥɶ-
ɬɚɬɚ, ɨ 

Ʉɨɥɢɱɟɫɬɜɨ 
ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɯ 

ɧɚɩɪɚɜɥɟɧɢɣ 

ɇɚɩɪɚɜɥɟɧɢɟ, 
ɨ 

ɉɨɝɪɟɲ-
ɧɨɫɬɶ 

ɪɟɡɭɥɶ-
ɬɚɬɚ, ɨ 

1 45 45 0 2 46,7 1,7 
2 64 67,5 3,5 3 65,97 1,97 
3 135 135 0 2 132,86 2,14 
4 17 18,75 1,75 4 18,9 1,9 
5 127 127,5 0,5 2 125,38 1,62 

 

Ʉɚɤ ɜɢɞɧɨ, ɨɛɚ ɩɪɟɞɥɨɠɟɧɧɵɯ ɫɩɨɫɨɛɚ ɞɚɸɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɫɯɨɠɢɟ 

ɪɟɡɭɥɶɬɚɬɵ. Ɉɞɧɚɤɨ ɞɥɹ ɫɩɨɫɨɛɚ ɩɪɹɦɨɝɨ ɩɨɢɫɤɚ ɩɨɞɯɨɞɹɳɟɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɫ 

ɜɜɟɞɟɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɜɹɡɚɧɨ ɭɜɟɥɢɱɟɧɢɟ ɫɥɨɠɧɨɫɬɢ ɪɚɫɱɟɬɨɜ, ɬɚɤ ɤɚɤ 

ɞɥɹ ɤɚɠɞɨɝɨ ɞɨɛɚɜɥɟɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɫɬɪɨɢɬɶ ɝɪɚɮɢɤɢ ɹɪɤɨɫɬɢ ɢ 

ɤɚɠɞɵɣ ɪɚɡ ɡɚɧɨɜɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɢɯ ɞɥɹ ɞɚɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ. ɑɟɦ ɬɨɱɧɟɟ 

ɬɪɟɛɭɟɬɫɹ ɪɟɡɭɥɶɬɚɬ, ɬɟɦ ɛɨɥɶɲɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ – ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɢ. ɂɫɯɨɞɹ ɢɡ 

ɷɬɨɝɨ, ɞɥɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɝɨ ɜɵɹɜɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɟɟ ɛɭɞɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɩɨɫɨɛ ɜɵɱɢɫɥɟɧɢɹ ɭɬɨɱɧɟɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ 

ɢɦɟɧɧɨ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɦɧɨɝɨɱɥɟɧɚ Ʌɚɝɪɚɧɠɚ. Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ, ɧɨ 
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ɜɵɱɢɫɥɢɬɟɥɶɧɨ ɡɚɬɪɚɬɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɩɨɢɫɤ. 

4.6 Ⱥɧɚɥɢɡ ɬɨɱɧɨɫɬɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɚɯ 

ɪɚɡɦɵɬɢɹ 

Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ 

ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɟɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɬɟɫɬɨɜɨɦ ɧɚɛɨɪɟ 

ɞɚɧɧɵɯ, ɨɩɪɟɞɟɥɟɧɧɵɯ ɜ ɩɨɞɪɚɡɞɟɥɟ 4.1. 

ȼɵɛɪɚɧɧɵɣ ɞɚɬɚɫɟɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɫ 

ɜɟɪɫɢɹɦɢ ɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɪɚɡɥɢɱɧɨɣ ɢɡɧɚɱɚɥɶɧɨ ɢɡɜɟɫɬɧɨɣ ɜɟɥɢɱɢɧɨɣ 

ɪɚɡɦɵɬɢɹ ɜ ɩɢɤɫɟɥɹɯ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɜɢɠɟɧɢɸ ɤɚɦɟɪɵ ɫ ɪɚɡɥɢɱɧɨɣ 

ɫɤɨɪɨɫɬɶɸ ɢɥɢ ɫɴɟɦɤɟ ɫ ɪɚɡɥɢɱɧɨɣ ɜɵɞɟɪɠɤɨɣ/ɱɚɫɬɨɬɨɣ ɡɚɩɢɫɢ ɤɚɞɪɨɜ ɞɥɹ 

ɮɨɬɨ ɢ ɜɢɞɟɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɥɹ ɞɚɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɛɵɥɢ ɩɨɫɱɢɬɚɧɵ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɨɝɨ, ɤɨɬɨɪɵɟ ɩɨɤɚɡɵɜɚɸɬ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɦɚɤɫɢɦɚɥɶɧɵɦ ɢ 

ɦɢɧɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɪɚɡɦɵɬɢɹ ɜɞɨɥɶ ɞɜɭɯ ɧɚɩɪɚɜɥɟɧɢɣ – ɫɨɜɩɚɞɚɸɳɟɦɭ ɫ 

ɡɚɞɚɧɧɵɦ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦ ɟɦɭ. 

ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ ɬɚɤɨɝɨ ɧɚɛɨɪɚ ɞɚɧɧɵɯ, 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 6. 

 

Ɍɚɛɥɢɰɚ 6 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɚɡɦɵɬɢɹ 

ɇɨɦɟɪ 
ɩɨɩɵɬɤɢ 

ȼɟɥɢɱɢɧɚ ɪɚɡɦɵɬɢɹ 
ɡɚɞɚɧɧɚɹ, px 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɡɧɢɰɵ ɜɟɥɢɱɢɧ ɪɚɡɦɵɬɢɹ ɞɥɹ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ 

1 30 2,48 
2 50 3,23 
3 100 6,84 
4 200 22,72 
5 300 28,9 
 

Ʉɚɤ ɜɢɞɧɨ, ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɢɡɜɟɫɬɧɨɣ ɫɦɚɡɚɧɧɨɫɬɢ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɧɢɰɵ ɦɟɠɞɭ ɜɟɥɢɱɢɧɚɦɢ ɪɚɡɦɵɬɢɹ ɞɥɹ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ 

ɧɚɩɪɚɜɥɟɧɢɣ ɬɨɥɶɤɨ ɪɚɫɬɭɬ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɜɟɥɢɱɟɧɢɟ ɫɦɚɡɚɧɧɨɫɬɢ ɧɚ 

ɢɡɨɛɪɚɠɟɧɢɢ ɩɪɢɜɨɞɢɬ ɥɢɲɶ ɤ ɭɜɟɥɢɱɟɧɢɸ ɬɨɱɧɨɫɬɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ.  
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4.7 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ 

ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɟɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɬɟɫɬɨɜɨɦ ɧɚɛɨɪɟ 

ɞɚɧɧɵɯ, ɨɩɪɟɞɟɥɟɧɧɵɯ ɜ ɩɨɞɪɚɡɞɟɥɟ 1.1. 

Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɜɵɛɪɚɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 7. 

 

Ɍɚɛɥɢɰɚ 7 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

ɇɨɦɟɪ ɩɨɩɵɬɤɢ 
Ɋɚɡɪɟɲɟɧɢɟ 

ɢɡɨɛɪɚɠɟɧɢɹ, px 

ȼɟɥɢɱɢɧɚ 
ɪɚɡɦɵɬɢɹ 

ɡɚɞɚɧɧɚɹ, px 

Ɉɩɪɟɞɟɥɟɧɧɚɹ 
ɱɢɫɥɟɧɧɚɹ 
ɜɟɥɢɱɢɧɚ 
ɪɚɡɦɵɬɢɹ 

ɇɚɩɪɚɜɥɟɧɢɟ 
ɪɚɡɦɵɬɢɹ, ɨ 

1 100 30 6,46 0 
2 100 10 3,42 46,78 
3 500 30 5,86 90 
4 500 100 7,92 127,91 
5 100 50 8,53 78,07 

 

4.8 ɇɟɞɨɫɬɚɬɤɢ ɚɥɝɨɪɢɬɦɚ 

Ɋɚɡɥɢɱɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɩɨɦɟɯɢ ɤɚɞɪɚ, ɬɚɤɢɟ ɤɚɤ ɝɪɹɡɶ ɧɚ ɨɛɴɟɤɬɢɜɟ, ɦɨɝɭɬ 

ɩɪɢɜɟɫɬɢ ɤ ɧɟɤɨɪɪɟɤɬɧɨɣ ɪɚɛɨɬɟ ɚɥɝɨɪɢɬɦɚ. Ɍɚɤ ɤɚɤ ɨɛɥɚɫɬɢ, ɧɚ ɤɨɬɨɪɵɯ ɧɟ 

ɫɨɞɟɪɠɢɬɫɹ ɪɚɡɦɵɬɢɹ, ɛɭɞɭɬ ɚɧɚɥɢɡɢɪɨɜɚɬɶɫɹ ɧɚɪɚɜɧɟ ɫ ɧɨɪɦɚɥɶɧɵɦɢ 

ɨɛɥɚɫɬɹɦɢ, ɭɱɚɫɬɜɭɹ ɜ ɩɨɫɬɪɨɟɧɢɢ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɶ. Ɂɚɞɚɱɚ ɭɥɭɱɲɟɧɢɹ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɥɝɨɪɢɬɦɚ ɩɟɪɟɞ ɩɨɦɟɯɚɦɢ ɜ ɤɚɞɪɟ, ɤɚɤ ɢ ɢɯ ɨɩɪɟɞɟɥɟɧɢɟ, 

ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɞɚɧɧɨɣ ɬɟɦɟ. 

Ɍɚɤɠɟ ɩɪɟɞɥɨɠɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɭɝɨɥ ɧɚɩɪɚɜɥɟɧɢɹ, ɧɨ 

ɩɪɢ ɷɬɨɦ ɩɨɥɭɱɟɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɫɦɚɡɵɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɞɜɭɧɚɩɪɚɜɥɟɧɧɵɦ – 

ɬ.ɟ., ɧɟɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜ ɤɚɤɭɸ ɢɦɟɧɧɨ ɫɬɨɪɨɧɭ ɢɡ ɞɜɭɯ ɜɨɡɦɨɠɧɵɯ ɩɨ 

ɧɚɣɞɟɧɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɳɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ. Ɉɞɧɚɤɨ ɜ 
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ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɚɥɝɨɪɢɬɦɨɦ, ɢɫɩɨɥɶɡɭɟɦɨɦ ɜ ɉɈ WayTracer, ɜɨɡɦɨɠɧɨ 

ɩɨɥɭɱɢɬɶ ɨɞɧɨɡɧɚɱɧɨɟ ɪɟɲɟɧɢɟ ɞɚɧɧɨɝɨ ɜɨɩɪɨɫɚ. ɉɪɢ ɷɬɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ 

ɚɥɝɨɪɢɬɦ ɩɨɡɜɨɥɹɟɬ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɬɚɤɢɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ 

ɨɫɧɨɜɧɨɣ ɚɥɝɨɪɢɬɦ WayTracer ɧɚɱɢɧɚɟɬ ɜɵɞɚɜɚɬɶ ɧɟɤɨɪɪɟɤɬɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɜɫɥɟɞɫɬɜɢɟ ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɣ ɫɦɚɡɚɧɧɨɫɬɢ.  

 

4.9 ɉɟɪɫɩɟɤɬɢɜɵ ɞɥɹ ɪɚɡɜɢɬɢɹ 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɹɜɥɹɟɬɫɹ ɞɨɩɨɥɧɟɧɢɟɦ ɢ ɪɚɫɲɢɪɟɧɢɟɦ 

ɮɭɧɤɰɢɨɧɚɥɚ ɚɥɝɨɪɢɬɦɚ ɉɈ WayTracer. Ⱦɚɥɶɧɟɣɲɢɟ ɩɟɪɫɩɟɤɬɢɜɵ ɡɚɤɥɸɱɚɸɬɫɹ 

ɜ ɪɚɡɜɢɬɢɢ ɞɚɧɧɨɝɨ ɉɈ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɧɨɜɵɯ ɮɭɧɤɰɢɣ ɢ ɦɟɬɨɞɨɜ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɰɢɮɪɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɨɞɧɨ ɢɡ 

ɜɨɡɦɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɥɹ ɪɚɡɜɢɬɢɹ – ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɢɝɨɞɧɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ 

ɞɥɹ ɚɧɚɥɢɡɚ ɩɭɬɟɦ ɜɵɱɢɫɥɟɧɢɹ ɟɝɨ ɷɧɬɪɨɩɢɢ, ɤɨɬɨɪɚɹ ɩɨɤɚɡɵɜɚɟɬ, ɧɚɫɤɨɥɶɤɨ 

ɢɡɨɛɪɚɠɟɧɢɟ ɯɚɨɬɢɱɧɨ. ȿɫɥɢ ɢɧɮɨɪɦɚɰɢɹ ɜ ɤɚɞɪɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɪɚɡɧɨɨɛɪɚɡɧɚ, 

ɚɥɝɨɪɢɬɦ ɫɪɚɜɧɟɧɢɹ ɪɟɝɢɨɧɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ WayTracer, ɚ ɬɚɤɠɟ 

ɩɪɟɞɥɨɠɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɚɡɵɜɚɧɢɹ ɦɨɠɟɬ ɞɚɜɚɬɶ 

ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɨɫɬɨɜɟɪɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. 

ɉɪɨɛɥɟɦɧɵɦ ɦɟɫɬɨɦ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɹɜɥɹɸɬɫɹ ɮɢɡɢɱɟɫɤɢɟ 

ɩɨɦɟɯɢ ɜ ɤɚɞɪɟ – ɬɚɤɢɟ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɝɪɹɡɶ ɧɚ ɨɛɴɟɤɬɢɜɟ, ɤɨɬɨɪɚɹ ɧɟ 

ɩɨɡɜɨɥɹɟɬ ɩɪɚɜɢɥɶɧɵɦ ɨɛɪɚɡɨɦ ɨɰɟɧɢɜɚɬɶ ɝɪɚɮɢɤɢ ɹɪɤɨɫɬɢ. ȼɨɡɦɨɠɧɨɟ 

ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɡɜɢɬɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɦɟɯ ɜ ɤɚɞɪɟ ɢ ɢɫɤɥɸɱɟɧɢɢ 

ɞɚɧɧɵɯ ɪɟɝɢɨɧɨɜ ɢɡ ɚɧɚɥɢɡɚ, ɢɥɢ ɭɱɟɬɚ ɢɯ ɨɫɨɛɟɧɧɵɦ ɨɛɪɚɡɨɦ. 

Ɍɚɤɠɟ ɩɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɦɨɠɟɬ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 

ɡɚɞɚɱ ɩɭɬɟɦ ɤɨɦɛɢɧɚɰɢɢ ɫ ɞɪɭɝɢɦɢ ɚɥɝɨɪɢɬɦɚɦɢ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ. 

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɤɚɦɟɪɵ ɩɪɢ ɫɴɟɦɤɟ ɫ 

ɞɢɧɚɦɢɱɧɨ ɦɟɧɹɸɳɢɦɫɹ ɨɫɜɟɳɟɧɢɟɦ ɜ ɤɚɞɪɟ – ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɝɢɨɧɨɜ ɫ 

ɪɚɡɥɢɱɧɵɦ ɭɪɨɜɧɟɦ ɨɫɜɟɳɟɧɢɹ ɩɭɬɟɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚɬɪɢɰɵ ɹɪɤɨɫɬɢ ɢ 

ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɬɪɚɫɬɧɨɫɬɢ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ ɜ ɪɚɡɧɵɯ ɭɱɚɫɬɤɚɯ ɢɡɨɛɪɚɠɟɧɢɹ. 
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ȿɳɟ ɨɞɧɢɦ ɜɚɪɢɚɧɬɨɦ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ ɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɞɚɧɧɨɣ ɬɟɦɟ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɢɡɚɰɢɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɞɥɹ 

ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɜɢɞɟɨ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. Ⱦɚɧɧɚɹ ɡɚɞɚɱɚ 

ɬɪɟɛɭɟɬ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɚɩɩɚɪɚɬɧɵɯ ɛɥɨɤɨɜ ɩɪɨɰɟɫɫɨɪɨɜ ɢ 

ɜɢɞɟɨɤɚɪɬ. 

 

4.10 Ⱥɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 

Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ 

ɤɨɧɮɟɪɟɧɰɢɢ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ «ɉɪɨɫɩɟɤɬ ɋɜɨɛɨɞɧɵɣ 

2021» (ɪɢɫɭɧɨɤ 28).  

 

 

Ɋɢɫɭɧɨɤ 28 – ɋɟɪɬɢɮɢɤɚɬ ɭɱɚɫɬɢɹ ɜ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫɬɭɞɟɧɬɨɜ, 

ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ «ɉɪɨɫɩɟɤɬ ɋɜɨɛɨɞɧɵɣ 2021» 
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4.11 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɢɹ ɜɟɥɢɱɢɧɵ 

ɪɚɡɦɵɬɢɹ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ – ɩɭɬɟɦ ɜɵɱɢɫɥɟɧɢɹ ɫɪɟɞɧɟɝɨ 

ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ, ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɢɥɢ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɟɧɧɨɝɨ 

ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɬɨɱɤɚɦɢ ɷɤɫɬɪɟɦɭɦɨɜ ɝɪɚɮɢɤɨɜ ɹɪɤɨɫɬɢ ɚɧɚɥɢɡɢɪɭɟɦɵɯ 

ɧɚɩɪɚɜɥɟɧɢɣ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɵɥ 

ɪɟɤɨɦɟɧɞɨɜɚɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɜɟɥɢɱɢɧɵ ɪɚɡɦɵɬɢɹ ɩɪɢ ɩɨɦɨɳɢ ɫɪɟɞɧɟɝɨ 

ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɟɧɧɨɝɨ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɫɩɨɫɨɛɵ ɭɬɨɱɧɟɧɢɹ 

ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɚɡɵɜɚɧɢɹ. Ȼɵɥ ɩɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɬɨɱɧɨɫɬɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɢɡɧɚɱɚɥɶɧɨ ɢɡɜɟɫɬɧɨɣ ɫɦɚɡɚɧɧɨɫɬɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɤɨɬɨɪɨɝɨ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɛɨɥɶɲɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɚɦɟɪɵ ɢ ɧɢɡɤɚɹ 

ɱɚɫɬɨɬɚ ɫɴɟɦɤɢ ɤɚɞɪɨɜ, ɜɫɥɟɞɫɬɜɢɟ ɤɨɬɨɪɵɯ ɜɨɡɧɢɤɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɫɦɚɡɚɧɧɨɫɬɢ, 

ɧɟ ɬɨɥɶɤɨ ɧɟ ɹɜɥɹɸɬɫɹ ɩɨɦɟɯɨɣ ɞɥɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ, ɧɨ ɢ ɧɚɨɛɨɪɨɬ ɩɨɦɨɝɚɸɬ 

ɭɬɨɱɧɢɬɶ ɟɝɨ ɪɚɛɨɬɭ ɩɭɬɟɦ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɯ ɜɟɥɢɱɢɧ 

ɪɚɡɦɵɬɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɚɧɧɵɣ ɮɚɤɬ ɩɨɡɜɨɥɹɟɬ ɭɞɟɲɟɜɢɬɶ ɫɬɨɢɦɨɫɬɶ 

ɧɟɨɛɯɨɞɢɦɨɣ ɮɨɬɨɚɩɩɚɪɚɬɭɪɵ, ɬɚɤ ɤɚɤ ɧɟ ɬɪɟɛɭɸɬɫɹ ɤɚɦɟɪɵ ɫ ɞɨɫɬɚɬɨɱɧɨ 

ɩɪɨɞɜɢɧɭɬɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɤɨɬɨɪɵɟ ɛɵ ɩɨɡɜɨɥɹɥɢ ɜɟɫɬɢ ɡɚɩɢɫɶ ɫ 

ɛɨɥɶɲɨɣ ɱɚɫɬɨɬɨɣ ɤɚɞɪɨɜ. 

Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɤɨɧɰɟɩɰɢɢ ɛɵɥɢ ɩɪɢɜɟɞɟɧɵ 

ɩɪɢɦɟɪɵ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɵɥɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ.  
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 ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɧɚɞ ɞɚɧɧɨɣ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɟɣ ɛɵɥɨ 

ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɢɯ ɜɥɢɹɧɢɟ 

ɚɧɚɥɢɡ ɢɡɨɛɪɚɠɟɧɢɣ, ɧɚ ɨɫɧɨɜɟ ɱɟɝɨ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɧɹɬɢɹ 

ɢɡɨɬɪɨɩɧɨɫɬɢ ɞɥɹ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɣ. ɇɚ ɨɫɧɨɜɟ ɫɜɨɣɫɬɜ ɞɚɧɧɨɝɨ ɩɨɧɹɬɢɹ 

ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɪɚɡɦɵɬɢɹ ɢ ɩɨɥɭɱɟɧɢɹ ɟɝɨ ɱɢɫɥɟɧɧɨɣ ɜɟɥɢɱɢɧɵ 

ɢ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɚɡɵɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ. ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ 

ɦɟɬɨɞɨɜ ɛɵɥɚ ɩɪɨɢɡɜɟɞɟɧɚ ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ, ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɧɚɩɪɚɜɥɟɧɢɟ 

ɫɦɟɳɟɧɢɹ ɜ ɤɚɞɪɟ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɤɚɦɟɪɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɧɢɦɚɟɦɨɣ 

ɨɛɥɚɫɬɢ. Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɤɨɧɰɟɩɰɢɢ ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ 

ɛɚɡɚ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɫɬɟɩɟɧɶɸ ɪɚɡɦɵɬɢɹ ɞɥɹ 

ɩɨɫɥɟɞɭɸɳɟɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 

ɩɨɞɬɜɟɪɠɞɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɝɥɚɜɟ 4.  

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɹɜɥɹɟɬɫɹ ɞɨɩɨɥɧɟɧɢɟɦ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɪɚɧɟɟ 

ɞɢɫɩɚɪɚɬɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɢɦɟɟɬ ɩɟɪɫɩɟɤɬɢɜɵ ɞɥɹ 

ɪɚɡɜɢɬɢɹ ɜ ɜɢɞɟ ɞɚɥɶɧɟɣɲɟɣ ɪɚɡɪɚɛɨɬɤɢ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ – ɟɝɨ ɨɩɬɢɦɢɡɚɰɢɢ, 

ɞɨɛɚɜɥɟɧɢɢ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɨɛɪɚɛɨɬɤɢ ɩɨɦɟɯ, ɤɨɬɨɪɵɟ 

ɦɨɝɭɬ ɦɟɲɚɬɶ ɤɨɪɪɟɤɬɧɨɣ ɪɚɛɨɬɟ ɚɥɝɨɪɢɬɦɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜɫɟ ɩɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ ɜ ɪɚɦɤɚɯ 

ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ, ɢ ɰɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ 

ɞɨɫɬɢɝɧɭɬɚ. 
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 ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

ɄɁ – ɤɨɦɩɶɸɬɟɪɧɨɟ ɡɪɟɧɢɟ 

Ɍɋ – ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ 

ɐɉ – ɰɟɧɬɪɚɥɶɧɵɣ ɩɪɨɰɟɫɫɨɪ 

Ƚɉ – ɝɪɚɮɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫɨɪ 

əɉ – ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

ɉɈ – ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 

ɋɄ – ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ 



59 

 

 ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 

 

1. Ȼɥɹɧɤɢɧɲɬɟɣɧ ɂ.Ɇ. Ɇɟɬɨɞ ɪɟɝɢɫɬɪɚɰɢɢ ɬɪɚɟɤɬɨɪɢɢ ɢ ɩɚɪɚɦɟɬɪɨɜ 

ɞɜɢɠɟɧɢɹ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ / ɂ.Ɇ.Ȼɥɹɧɤɢɧɲɬɟɣɧ, Ⱦ.Ⱥ.ɒɜɟɰ, 

ȼ.ɂ.Ƚɪɚɱɟɜ // ȼɟɫɬɧɢɤ ɂɪɤɭɬɫɤɨɝɨ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ Ɍɟɯɧɢɱɟɫɤɨɝɨ 

ɍɧɢɜɟɪɫɢɬɟɬɚ. – 2014. – №9 (92). – ɋ. 154–159. 

2. Ɇɨɢɫɟɟɜ Ⱥ.ȼ. ɩɨɫɬɪɨɟɧɢɟ ɫɦɟɳɟɧɢɹ ɫɧɢɦɚɸɳɟɣ ɤɚɦɟɪɵ ɩɨ 

ɚɷɪɨɮɨɬɨɫɧɢɦɤɚɦ / Ɇɨɢɫɟɟɜ Ⱥ.ȼ., ɒɜɟɰ Ⱦ.Ⱥ. // VI Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɚɹ 

ɤɨɧɮɟɪɟɧɰɢɹ «Ɋɟɝɢɨɧɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɡɟɦɥɢ». 

– 2019. – ɋ. 123–126. 

3. Lamb F. What is machine vision, and how can it help? [ɗɥɟɤɬɪɨɧɧɵɣ 

 ɪɟɫɭɪɫ]: – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.controleng.com/articles/what-is-machine-

vision-and-how-can-it-help/ (Ⱦɚɬɚ ɨɛɪɚɳɟɧɢɹ 04.03.2021) 

4. Ⱥɝɚɮɨɧɨɜ ȼ.ɘ., Ɏɨɦɟɧɤɨɜɚ Ɇ.Ⱥ. Ɇɟɬɨɞɵ ɛɟɡɷɬɚɥɨɧɧɨɣ ɨɰɟɧɤɢ 

ɪɟɡɤɨɫɬɢ ɢ ɞɟɬɚɥɢɡɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɹ // ȿɜɪɚɡɢɣɫɤɢɣ ɋɨɜɟɬ ɍɱёɧɵɯ. – 2017. – № 

4(37). – ɋ. 51–55. 

5. Ɇɨɧɢɱ ɘ.ɂ., ɋɬɚɪɨɜɨɣɬɨɜ ȼ.ȼ. Ɇɟɪɚ ɨɰɟɧɤɢ ɪɟɡɤɨɫɬɢ ɰɢɮɪɨɜɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ // Ⱦɨɤɥɚɞɵ ȻȽɍɂɊ. – 2011. – № 1 (55). – ɋ. 80–84. 

6. Ʉɨɥɶɰɨɜ ɉ.ɉ. Ɉɰɟɧɤɚ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ // Ʉɨɦɩɶɸɬɟɪɧɚɹ ɨɩɬɢɤɚ. 

– 2011. – Ɍ. 35. № 1. – ɋ. 95–102. 

7. Skrede O.J. Color images, color spaces and color image processing // 

University of Oslo. – 2017. – C. 95. 

8. ɉɭɯɨɜɚ ȿ. Ⱥ., Ⱥɧɞɪɟɟɜ ɘ. ɋ. Ʉɨɪɪɟɤɰɢɹ ɐɜɟɬɚ ɂɡɨɛɪɚɠɟɧɢɣ Ɇɟɬɨɞɨɦ 

ɉɪɢɜɟɞɟɧɢɹ Ƚɢɫɬɨɝɪɚɦɦɵ ɉɨ Ɂɚɤɨɧɭ ɇɨɪɦɚɥɶɧɨɝɨ Ɋɚɫɩɪɟɞɟɥɟɧɢɹ // ɂɡɜɟɫɬɢɹ 

Ɍɭɥɶɫɤɨɝɨ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ. Ɍɟɯɧɢɱɟɫɤɢɟ ɇɚɭɤɢ. – 2017. – № 6. 

– C. 335–347. 

9. ȼɚɥɢɟɜɚ ɇ. ɗ. Ɉɛɧɚɪɭɠɟɧɢɟ ɰɜɟɬɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ RGB ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɟɪɚɪɯɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ // ɂɧɮɨɪɦɚɰɢɨɧɧɨ-



60 

 

ɤɨɦɩɶɸɬɟɪɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɷɤɨɧɨɦɢɤɟ, ɨɛɪɚɡɨɜɚɧɢɢ ɢ ɫɨɰɢɚɥɶɧɨɣ ɫɮɟɪɟ. – 

2019. – № 2 (24). – C. 74–81. 

10. ɀɛɚɧɨɜɚ ȼ. Ʌ. ɋɢɫɬɟɦɚ ɰɜɟɬɨɞɟɥɟɧɢɹ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɛɥɢɡɤɢɦɢ ɤ 

XYZ // ɇɚɭɱɧɵɣ ȼɟɫɬɧɢɤ ɇɨɜɨɫɢɛɢɪɫɤɨɝɨ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ Ɍɟɯɧɢɱɟɫɤɨɝɨ 

ɍɧɢɜɟɪɫɢɬɟɬɚ. – 2019. – № 1 (74). – C. 167–180. 

11. Intel® Integrated Performance Primitives Developer Reference, Volume 2: 

Image Processing // Image Processing. – №2. 

12. Mohd Ali N., Md Rashid N. K. A., Mustafah Y. M. Performance 

Comparison between RGB and HSV Color Segmentations for Road Signs Detection 

// Applied Mechanics and Materials [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. URL: /AMM.393.550 

(Ⱦɚɬɚ ɨɛɪɚɳɟɧɢɹ: 06.06.2021). 

13. Bora D. J., Gupta A. K., Khan F. A. Comparing the Performance of 

L*A*B* and HSV // Color Spaces with Respect to Color Image Segmentation. – 

2015. – № 2 (5). 

14. Ʌɨɤɬɟɜ Ⱦ.Ⱥ. Ɉɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɢɠɭɳɢɯɫɹ ɨɛɴɟɤɬɨɜ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɪɚɡɦɵɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ // ȼɟɫɬɧɢɤ ɆȽɌɍ ɢɦ. 

ɇ. ɗ. Ȼɚɭɦɚɧɚ. ɋɟɪɢɹ «ɉɪɢɛɨɪɨɫɬɪɨɟɧɢɟ». – 2020. – № 2. – ɋ. 98-116. 

15. John Guild. The colorimetric properties of the spectrum // Philosophical 

Transactions of the Royal Society of London. – 1931. – Ɍ. A230. – ɋ. 149-187. 

16. Hakanen J. Accelerating image processing pipeline on mobile devices 

using GPU 2014 : Master of Science Thesis … Master’s Degree Programme in 

Information Technology / Jesse Hakanen, 2014. – 60 ɫ. 

17. ȼɨɡɪɚɫɬɚɧɢɟ, ɭɛɵɜɚɧɢɟ ɢ ɷɤɫɬɪɟɦɭɦɵ ɮɭɧɤɰɢɢ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: 

– Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://www.mathprofi.ru/vozrastanie_ubyvanie_ekstremumy_funkcii.html (Ⱦɚɬɚ 

ɨɛɪɚɳɟɧɢɹ: 06.06.2021) 

18. Ƚɪɟɲɢɥɨɜ Ⱥ. Ⱥ., ɋɬɚɤɭɧ ȼ. Ⱥ., ɋɬɚɤɭɧ Ⱥ. Ⱥ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 

ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɝɧɨɡɨɜ. // Ɇ.: Ɋɚɞɢɨ ɢ ɫɜɹɡɶ. – 1997. – 112 ɫ. 



61 

 

19. Ⱥɥɝɨɪɢɬɦ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: – Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ: https://habr.com/ru/post/134375/ (Ⱦɚɬɚ ɨɛɪɚɳɟɧɢɹ: 06.06.2021) 

20. ȼɢɞɵ ɫɪɟɞɧɢɯ ɜɟɥɢɱɢɧ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://econ.wikireading.ru/31306 (Ⱦɚɬɚ ɨɛɪɚɳɟɧɢɹ: 06.06.2021) 

21. ɑɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɢ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ [ɗɥɟɤɬɪɨɧɧɵɣ 

ɪɟɫɭɪɫ]: – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://books.ifmo.ru/file/pdf/1953.pdf (Ⱦɚɬɚ 

ɨɛɪɚɳɟɧɢɹ: 06.06.2021) 

22. ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɥɨɤɚɥɶɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɥɹ ɩɪɨɝɧɨɡɚ 

ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://chaos.phys.msu.ru/loskutov/PDF/Los_Kotl_Zhur.pdf (Ⱦɚɬɚ ɨɛɪɚɳɟɧɢɹ: 

06.06.2021) 

23. ɉɪɹɦɚɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɫɩɪɚɜɨɱɧɢɤ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɮɨɪɦɭɥ 

«ɉɪɢɤɥɚɞɧɚɹ ɦɚɬɟɦɚɬɢɤɚ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://www.pm298.ru/pryamaya2.php (Ⱦɚɬɚ ɨɛɪɚɳɟɧɢɹ: 06.06.2021) 

24. Ⱦɟɤɚɪɬɨɜɚ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ. Ɉɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɢ ɩɪɢɦɟɪɵ 

[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://function-

x.ru/geometry_coordinates_cartesian.html (Ⱦɚɬɚ ɨɛɪɚɳɟɧɢɹ: 06.06.2021) 

25. Ɍɵɧɤɟɜɢɱ Ɇ.Ⱥ. ɑɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ. Ƚɥɚɜɚ 7.6.1. 

ɂɧɬɟɪɩɨɥɹɰɢɨɧɧɵɣ ɦɧɨɝɨɱɥɟɧ Ʌɚɝɪɚɧɠɚ / ɑɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ. — 

Ʉɟɦɟɪɨɜɨ, 2002. – 23 ɫ.  

26. Luo C. [ɢ ɞɪ.]. Overview of Image Matching Based on ORB Algorithm / 

Journal of Physics: Conference Series. – 2019. 




