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ȱɧɧɚ ɋɬɟɰɟɧɤɨ, Ɉɥɟɤɫɚɧɞɪ ɋɬɟɥɶɦɚɯ 

ɌȿɏɇɈɅɈȽȱə ȼɂɁɇȺɑȿɇɇə ȱɇɌȿɇɋɂȼɇɈɋɌȱ ȾɈɊɈɀɇɖɈȽɈ Ɋɍɏɍ  
ɁȺ ȾȺɇɂɆɂ ȼȱȾȿɈɊəȾɍ 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. Ɂɚɬɨɪɢ ɧɚ ɞɨɪɨɝɚɯ є ɜɟɥɢɱɟɡɧɨɸ ɩɪɨɛɥɟɦɨɸ ɞɥɹ ɜɫɿɯ ɭɱɚɫɧɢɤɿɜ ɞɨɪɨɠɧɶɨɝɨ 
ɪɭɯɭ ɿ ɩɪɢɱɢɧɨɸ ʀɯ є ɡɪɨɫɬɚɸɱɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɪɭɯɭ ɬɚ ɧɟɡɚɞɨɜɿɥɶɧɚ ɹɤɿɫɬɶ ɫɢɫɬɟɦ ɭɩɪɚɜɥɿɧɧɹ ɬɪɚɧɫɩɨɪɬɧɢɦ ɪɭɯɨɦ. 
ɋɢɫɬɟɦɢ, ɳɨ ɭɩɪɚɜɥɹɸɬɶ ɬɪɚɧɫɩɨɪɬɧɢɦɢ ɩɨɬɨɤɚɦɢ ɬɚ ɩɪɢɣɦɚɸɬɶ ɪɿɲɟɧɧɹ ɩɪɨ ɡɦɿɧɭ ɩɚɪɚɦɟɬɪɿɜ ɭɩɪɚɜɥɿɧɧɹ, ɦɚ-
ɸɬɶ ɨɬɪɢɦɭɜɚɬɢ ɞɨɫɬɨɜɿɪɧɿ ɬɚ ɚɤɬɭɚɥɶɧɿ ɞɚɧɿ ɩɪɨ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɬɪɚɮɿɤɭ. Ɍɨɦɭ ɨɞɧɢɦ ɿɡ ɧɚɣɜɚɠɥɢɜɿɲɢɯ ɡɚɜɞɚɧɶ є 
ɡɛɿɪ ɬɚ ɨɛɪɨɛɤɚ ɞɚɧɢɯ ɩɪɨ ɩɨɤɚɡɧɢɤɢ ɪɭɯɭ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ɍɫɟɪɟɞɧɟɧɿ ɡɚ ɞɨɛɭ (ɱɢ ɧɚɜɿɬɶ ɡɚ ɪɿɤ) ɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɪɭɯɭ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ 
ɦɨɠɭɬɶ ɡɚɛɟɡɩɟɱɢɬɢ ɹɤɿɫɧɿ ɨɰɿɧɤɢ ɩɚɪɚɦɟɬɪɿɜ ɭɩɪɚɜɥɿɧɧɹ ɞɥɹ ɭɫɟɪɟɞɧɟɧɢɯ ɡɧɚɱɟɧɶ, ɚɥɟ ɧɟ ɞɥɹ ɮɚɤɬɢɱɧɢɯ, ɨɫɨɛɥɢɜɨ ɜ 
ɭɦɨɜɚɯ ɜɟɥɢɤɢɯ ɤɨɥɢɜɚɧɶ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɬɪɚɮɿɤɭ ɩɪɨɬɹɝɨɦ ɞɨɛɢ. Ⱦɥɹ ɟɮɟɤɬɢɜɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɬɪɚɧɫɩɨɪɬɧɢɦɢ ɩɨɬɨ-
ɤɚɦɢ ɜɚɠɥɢɜɨ ɦɚɬɢ ɞɨɫɬɚɬɧɶɨ ɬɨɱɧɭ ɿɧɮɨɪɦɚɰɿɸ ɩɪɨ ɫɬɚɧ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ (ɣɨɝɨ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɬɚ ɡɚɜɚɧɬɚɠɟ-
ɧɿɫɬɶ) ɧɚ ɦɨɦɟɧɬ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ. ɍ ɰɶɨɦɭ ɞɨɫɥɿɞɠɟɧɧɿ ɩɨɫɬɚɜɥɟɧɨ ɡɚɜɞɚɧɧɹ ɪɨɡɪɨɛɢɬɢ ɬɟɯɧɨɥɨɝɿɸ ɜɢɡɧɚɱɟɧɧɹ 
ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ ɡɚ ɩɨɫɥɿɞɨɜɧɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ, ɳɨ ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɪɟɡɭɥɶ-
ɬɚɬɿ ɨɛɪɨɛɤɢ ɡɨɛɪɚɠɟɧɶ ɜɿɞɟɨɪɹɞɭ ɫɦɭɝɢ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ. 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. Ȼɭɥɢ ɪɨɡɝɥɹɧɭɬɿ ɧɚɭɤɨɜɿ ɩɭɛɥɿɤɚɰɿʀ, ɜ ɹɤɢɯ ɜɢɫɜɿɬɥɸɸɬɶɫɹ ɧɚɹɜɧɿ ɦɟ-
ɬɨɞɢ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ, ɬɚ ɡɪɨɛɥɟɧɨ ɜɢɫɧɨɜɨɤ, ɳɨ ɰɿ ɦɟɬɨɞɢ ɧɟ є ɞɨɫɬɚɬɧɶɨ ɬɨɱɧɢɦɢ ɞɥɹ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ʀɯ ɭ ɫɭɱɚɫɧɢɯ ɭɦɨɜɚɯ ɿ ɬɨɦɭ ɫɭɬɬєɜɨ ɨɛɦɟɠɭɸɬɶ ɪɨɡɜɢɬɨɤ ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɿɧɧɹ ɬɪɚɧɫ-
ɩɨɪɬɧɢɦ ɪɭɯɨɦ. 

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. Ⱥɧɚɥɿɡ ɜɿɞɟɨɪɹɞɭ ɡɨɛɪɚɠɟɧɶ ɧɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ ɪɚɧɿɲɟ 
ɞɥɹ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ. Ɇɟɬɨɸ ɰɶɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ є ɩɿɞɜɢɳɟɧɧɹ ɬɨɱɧɨɫɬɿ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɬɪɚɧɫɩɨɪ-
ɬɧɨɝɨ ɪɭɯɭ ɧɚ ɨɫɧɨɜɿ ɚɧɚɥɿɡɭ ɞɚɧɢɯ ɜɿɞɟɨɩɨɬɨɤɭ ɜ ɪɟɠɢɦɿ ɪɟɚɥɶɧɨɝɨ ɱɚɫɭ ɡɚ ɪɚɯɭɧɨɤ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɨɛɪɨɛɤɢ ɞɚɧɢɯ 
ɜɿɞɟɨɪɹɞɭ, ɨɬɪɢɦɚɧɢɯ ɡ ɤɚɦɟɪɢ ɜɿɞɟɨɫɩɨɫɬɟɪɟɠɟɧɧɹ ɫɦɭɝɢ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. ɉɪɟɞɫɬɚɜɥɟɧɢɣ ɦɟɬɨɞ ɜɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ TLCR ɡɚ ɞɚɧɢɦɢ, 
ɨɬɪɢɦɚɧɢɦɢ ɜ ɪɟɡɭɥɶɬɚɬɿ ɨɛɪɨɛɤɢ ɤɚɞɪɭ ɜɿɞɟɨɪɹɞɭ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɧɟɣɪɨɦɟɪɟɠɿ U-Net. ɉɨɫɥɿɞɨɜɧɿɫɬɶ ɭɩɨɪɹɞɤɨɜɚ-
ɧɢɯ ɭ ɱɚɫɿ ɡɧɚɱɟɧɶ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ ɩɟɪɟɬɜɨɪɸєɬɶɫɹ ɜ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɩɨɤɚɡɧɢɤɿɜ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɬɪɚɧɫɩɨɪ-
ɬɧɨɝɨ ɪɭɯɭ ɧɚ ɨɫɧɨɜɿ ɮɨɪɦɭɥɢ, ɹɤɚ ɨɬɪɢɦɚɧɚ ɜ ɪɟɡɭɥɶɬɚɬɿ ɞɨɫɥɿɞɠɟɧɧɹ. ɇɚɜɟɞɟɧɨ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ ɞɨɫɥɿɞɠɟɧɧɹ, 
ɹɤɟ ɞɨɜɨɞɢɬɶ ɜɢɫɨɤɭ ɬɨɱɧɿɫɬɶ ɜɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɿɜ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ. ɉɨɫɥɿɞɨɜɧɿɫɬɶ ɨɛɪɨɛɤɢ ɬɚ ɩɟɪɟɬɜɨɪɟɧɶ ɞɚɧɢɯ 
ɫɤɥɚɞɚɸɬɶ ɧɨɜɭ ɬɟɯɧɨɥɨɝɿɸ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ. 

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ɍ ɰɶɨɦɭ ɞɨɫɥɿɞɠɟɧɧɿ ɪɨɡɪɨɛɥɟɧɚ ɬɟɯɧɨɥɨɝɿɹ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɞɨɪɨɠ-
ɧɶɨɝɨ ɪɭɯɭ ɡɚ ɞɚɧɢɦɢ ɜɿɞɟɨɪɹɞɭ, ɳɨ ɧɚɞɯɨɞɹɬɶ ɿɡ ɜɿɞɟɨɤɚɦɟɪɢ ɫɩɨɫɬɟɪɟɠɟɧɧɹ, ɳɨ ɡɚɛɟɡɩɟɱɭє ɧɚɛɚɝɚɬɨ ɜɢɳɭ ɬɨɱɧɿɫɬɶ 
ɨɰɿɧɤɢ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɪɭɯɭ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɧɚ ɞɿɥɹɧɰɿ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ, ɧɿɠ ɿɫɧɭɸɱɿ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɚɧɚɥɿɡ ɡɨɛɪɚɠɟɧɶ; ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɪɭɯɭ; ɩɨɤɚɡɧɢɤ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ ɬɪɚɧɫɩɨɪɬ-
ɧɨɝɨ ɪɭɯɭ; TLCR. 

Ɋɢɫ.: 6. Ȼɿɛɥ.: 15. 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. Ɂɚɬɨɪɢ ɧɚ ɞɨɪɨɝɚɯ є ɜɟɥɢɱɟɡɧɨɸ ɩɪɨɛɥɟɦɨɸ ɞɥɹ ɜɫɿɯ 
ɭɱɚɫɧɢɤɿɜ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ ɿ ɩɪɢɱɢɧɨɸ ʀɯ є ɡɪɨɫɬɚɸɱɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɪɭɯɭ, ɧɢɡɶɤɚ ɩɪɨɩɭɫ-
ɤɧɚ ɫɩɪɨɦɨɠɧɿɫɬɶ ɬɪɚɧɫɩɨɪɬɧɢɯ ɲɥɹɯɿɜ ɬɚ, ɜɨɞɧɨɱɚɫ, ɧɟɡɚɞɨɜɿɥɶɧɚ ɹɤɿɫɬɶ ɫɢɫɬɟɦ ɭɩɪɚɜ-
ɥɿɧɧɹ ɬɪɚɧɫɩɨɪɬɧɢɦ ɪɭɯɨɦ. ȱɧɬɟɧɫɢɜɧɿɫɬɶ ɪɭɯɭ є ɧɚɣɜɚɠɥɢɜɿɲɢɦ ɮɚɤɬɨɪɨɦ, ɳɨ ɜɩɥɢɜɚє ɧɚ 
ɛɟɡɩɟɤɭ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ. Ƀɨɝɨ ɡɧɚɱɟɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɩɪɢ ɩɥɚɧɭɜɚɧɧɿ ɿ ɩɪɨɜɟɞɟɧɧɿ 
ɞɨɪɨɠɧɶɨ-ɛɭɞɿɜɟɥɶɧɢɯ ɪɨɛɿɬ ɧɚ ɚɜɬɨɦɨɛɿɥɶɧɢɯ ɞɨɪɨɝɚɯ, ɪɨɡɪɨɛɰɿ ɩɥɚɧɿɜ ɿ ɡɚɯɨɞɿɜ ɿɡ ɪɨɡɜɢ-
ɬɤɭ ɞɨɪɨɠɧɶɨʀ ɦɟɪɟɠɿ, ɜɢɡɧɚɱɟɧɧɿ ɨɛɫɹɝɭ ɿɧɜɟɫɬɢɰɿɣ ɭ ɞɨɪɨɠɧɸ ɝɚɥɭɡɶ [1]. ɋɢɫɬɟɦɢ, ɳɨ 
ɭɩɪɚɜɥɹɸɬɶ ɬɪɚɧɫɩɨɪɬɧɢɦɢ ɩɨɬɨɤɚɦɢ ɬɚ ɩɪɢɣɦɚɸɬɶ ɪɿɲɟɧɧɹ ɩɪɨ ɡɦɿɧɭ ɩɚɪɚɦɟɬɪɿɜ ɭɩɪɚɜ-
ɥɿɧɧɹ, ɦɚɸɬɶ ɨɬɪɢɦɭɜɚɬɢ ɞɨɫɬɨɜɿɪɧɿ ɬɚ ɚɤɬɭɚɥɶɧɿ ɞɚɧɿ ɩɪɨ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɬɪɚɮɿɤɭ. Ɍɨɦɭ ɨɞ-
ɧɢɦ ɿɡ ɧɚɣɜɚɠɥɢɜɿɲɢɯ ɡɚɜɞɚɧɶ є ɡɛɿɪ ɞɚɧɢɯ, ɨɫɤɿɥɶɤɢ ɜɿɞ ɩɪɚɜɢɥɶɧɨɫɬɿ ɜɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡ-
ɧɢɤɿɜ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ ɡɚɥɟɠɢɬɶ ɹɤɿɫɬɶ ɪɨɛɨɬɢ ɫɢɫɬɟɦɢ ɡɚɝɚɥɨɦ.  

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ɉɨɫɿɛɧɢɤ ɡ ɩɪɨєɤɬɭɜɚɧɧɹ ɞɨɪɿɝ ɜɤɚɡɭє ɧɚ 10 %-ɢɣ ɬɟɦɩ ɡɪɨɫ-
ɬɚɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɪɭɯɭ ɞɥɹ ɜɫɿɯ ɧɚɰɿɨɧɚɥɶɧɢɯ ɚɜɬɨɦɨɛɿɥɶɧɢɯ ɞɨɪɿɝ ɳɨɪɿɱɧɨ [2]. ȼɿɞɩɨ-
ɜɿɞɧɿɫɬɶ ɰɶɨɝɨ ɡɧɚɱɟɧɧɹ ɮɚɤɬɢɱɧɨɦɭ ɡɧɚɱɟɧɧɸ ɬɟɦɩɭ ɡɪɨɫɬɚɧɧɹ ɦɨɠɟ ɛɭɬɢ ɨɰɿɧɟɧɚ ɥɢɲɟ 
ɡɚ ɭɦɨɜɢ, ɳɨ ɚɧɚɥɿɡ ɬɟɦɩɭ ɡɪɨɫɬɚɧɧɹ ɜɢɤɨɧɭєɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɮɚɤɬɢɱɧɢɯ ɞɚɧɢɯ ɩɪɨ ɬɪɚɮɿɤ, 
ɨɫɤɿɥɶɤɢ ɡɪɨɫɬɚɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɬɪɚɮɿɤɭ ɧɟ є ɪɿɜɧɨɦɿɪɧɢɦ ɧɚ ɪɿɡɧɢɯ ɞɿɥɹɧɤɚɯ ɬɪɚɧɫɩɨ-
ɪɬɧɨɝɨ ɪɭɯɭ. Ɍɨɦɭ ɜɢɦɨɝɚ ɫɜɨєɱɚɫɧɢɯ ɞɚɧɢɯ ɩɪɨ ɬɪɚɮɿɤ ɬɚ ʀɯ ɧɚɥɟɠɧɢɣ ɚɧɚɥɿɡ ɞɥɹ ɞɨɫɹɝ-
ɧɟɧɧɹ ɞɨɫɬɨɜɿɪɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɭɯɭ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɨɬɨɤɭ є ɧɟɨɛɯɿɞɧɨɸ. ɍɫɟɪɟɞɧɟɧɿ 

 ɋɬɟɰɟɧɤɨ ȱ. ȼ., ɋɬɟɥɶɦɚɯ Ɉ. ɉ., 2020 



Ɍȿɏɇȱɑɇȱ ɇȺɍɄɂ ɌȺ ɌȿɏɇɈɅɈȽȱȲ № 2 (20), 2020 
 

TECHNICAL SCIENCES AND TECHNOLOGIES 

117 

ɡɚ ɞɨɛɭ (ɱɢ ɧɚɜɿɬɶ ɡɚ ɪɿɤ) ɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɪɭɯɭ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɦɨɠɭɬɶ ɡɚ-
ɛɟɡɩɟɱɢɬɢ ɹɤɿɫɧɿ ɨɰɿɧɤɢ ɩɚɪɚɦɟɬɪɿɜ ɭɩɪɚɜɥɿɧɧɹ ɞɥɹ ɭɫɟɪɟɞɧɟɧɢɯ ɡɧɚɱɟɧɶ, ɚɥɟ ɧɟ ɞɥɹ ɮɚ-
ɤɬɢɱɧɢɯ, ɨɫɨɛɥɢɜɨ ɜ ɭɦɨɜɚɯ ɜɟɥɢɤɢɯ ɤɨɥɢɜɚɧɶ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɬɪɚɮɿɤɭ ɩɪɨɬɹɝɨɦ ɞɨɛɢ. Ⱦɥɹ 
ɟɮɟɤɬɢɜɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɬɪɚɧɫɩɨɪɬɧɢɦɢ ɩɨɬɨɤɚɦɢ ɜɚɠɥɢɜɨ ɦɚɬɢ ɞɨɫɬɚɬɧɶɨ ɬɨɱɧɭ ɿɧɮɨ-
ɪɦɚɰɿɸ ɩɪɨ ɫɬɚɧ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ (ɣɨɝɨ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɬɚ ɡɚɜɚɧɬɚɠɟɧɿɫɬɶ) ɧɚ ɦɨɦɟɧɬ 
ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ. ɋɭɱɚɫɧɢɣ ɬɟɯɧɿɱɧɢɣ ɩɪɨɝɪɟɫ ɭ ɝɚɥɭɡɿ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɡɨɪɭ ɬɚ ɪɨɡɝɚ-
ɥɭɠɟɧɚ ɦɟɪɟɠɚ ɤɚɦɟɪ ɜɿɞɟɨɫɩɨɫɬɟɪɟɠɟɧɧɹ, ɹɤɿ ɜɠɟ ɡɞɿɣɫɧɸɸɬɶ ɡɣɨɦɤɭ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ 
ɭ ɜɟɥɢɤɢɯ ɦɿɫɬɚɯ, ɫɬɜɨɪɸɸɬɶ ɭɦɨɜɢ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɩɪɨɛɥɟɦɢ ɧɟɬɨɱɧɢɯ ɞɚɧɢɯ ɩɪɨ ɿɧɬɟɧ-
ɫɢɜɧɿɫɬɶ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ. ɍ ɰɶɨɦɭ ɞɨɫɥɿɞɠɟɧɧɿ ɩɨɫɬɚɜɥɟɧɨ ɡɚɜɞɚɧɧɹ ɪɨɡɪɨɛɢɬɢ ɬɟɯɧɨ-
ɥɨɝɿɸ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ ɡɚ ɩɨɫɥɿɞɨɜɧɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɩɨɤɚɡ-
ɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ, ɳɨ ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɪɟɡɭɥɶɬɚɬɿ ɨɛɪɨɛɤɢ ɡɨɛɪɚɠɟɧɶ ɜɿɞɟɨɪɹɞɭ ɫɦɭɝɢ 
ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ. 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. ȱɫɧɭɸɬɶ ɪɿɡɧɿ ɦɟɬɨɞɢ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢ-
ɜɧɨɫɬɿ ɪɭɯɭ ɧɚ ɚɜɬɨɦɨɛɿɥɶɧɢɯ ɞɨɪɨɝɚɯ. Ⱦɨ ɧɢɯ ɧɚɥɟɠɚɬɶ ɤɨɧɬɚɤɬɧɨ-ɦɟɯɚɧɿɱɧɿ, ɦɚɝɧɿɬɧɨ-

ɿɧɞɭɤɬɢɜɧɿ, ɜɿɡɭɚɥɶɧɿ, ɤɨɦɛɿɧɨɜɚɧɿ ɦɟɬɨɞɢ ɬɚ ɿɧ. ȼ ɍɤɪɚʀɧɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɨɬɨɤɭ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɜɿɡɭɚɥɶɧɢɣ ɨɛɥɿɤ [3]. ɉɿɫɥɹ ɜɢɡɧɚɱɟɧɧɹ ɝɨɞɢɧɧɨʀ 
ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɪɭɯɭ, ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɨɩɪɚɜɤɨɜɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ ɜɢɡɧɚɱɚɸɬɶ ɫɟɪɟɞɧɶɨɪɿɱɧɭ 
ɞɨɛɨɜɭ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɪɭɯɭ. 

Ⱦɥɹ ɬɨɝɨ ɳɨɛ ɟɮɟɤɬɢɜɧɨ ɭɩɪɚɜɥɹɬɢ ɫɢɬɭɚɰɿєɸ ɧɚ ɞɨɪɨɡɿ, ɫɢɫɬɟɦɚɦ ɭɩɪɚɜɥɿɧɧɹ ɧɟɨɛ-
ɯɿɞɧɨ ɨɬɪɢɦɭɜɚɬɢ ɚɤɬɭɚɥɶɧɿ ɞɚɧɿ ɡɚ ɧɟɜɟɥɢɤɿ ɩɪɨɦɿɠɤɢ ɱɚɫɭ. Ɍɚɤɢɣ ɩɨɤɚɡɧɢɤ, ɹɤ ɫɟɪɟɞ-
ɧɶɨɪɿɱɧɚ ɞɨɛɨɜɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɪɭɯɭ, ɧɟ ɞɚє ɦɨɠɥɢɜɨɫɬɿ ɨɰɿɧɢɬɢ ɫɢɬɭɚɰɿɸ ɧɚ ɞɨɪɨɡɿ ɜ ɤɨɧ-
ɤɪɟɬɧɢɣ ɦɨɦɟɧɬ ɱɚɫɭ, ɬɨɦɭ ɳɨ ɪɨɡɩɨɞɿɥ ɤɿɥɶɤɨɫɬɿ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɧɚ ɞɿɥɹɧɰɿ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɪɭɯɭ ɧɟ є ɪɿɜɧɨɦɿɪɧɢɦ ɩɪɨɬɹɝɨɦ ɞɨɛɢ. 

ɍ ɪɨɛɨɬɿ [4] ɚɜɬɨɪɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɞɚɧɿ GPS. ȱɧɮɨɪ-
ɦɚɰɿɹ ɧɚɞɯɨɞɢɬɶ ɭ ɪɟɠɢɦɿ ɪɟɚɥɶɧɨɝɨ ɱɚɫɭ ɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɹɤ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɩɚɪ ɡɧɚɱɟɧɶ 
ɮɿɡɢɱɧɨʀ ɤɨɨɪɞɢɧɚɬɢ ɬɚ ɩɨɪɹɞɤɨɜɨɝɨ ɧɨɦɟɪɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ. Ⱦɥɹ ɛɿɥɶɲ ɬɨɱɧɨɝɨ 
ɜɢɡɧɚɱɟɧɧɹ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɫɩɨɫɿɛ ɩɨɛɭɞɨɜɢ ɚɤɬɭɚɥɶɧɢɯ ɨɰɿɧɨɤ ɬɪɚɧɫɩɨɪɬɧɢɯ ɩɨɬɨɤɿɜ ɡɚ 
ɞɚɧɢɦɢ ɡ GPS, ɳɨ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ ɟɬɚɩɿɜ: ɩɪɨєɤɬɭɜɚɧɧɹ ɞɚɧɢɯ ɧɚ ɝɪɚɮ ɜɭɥɢɱɧɨ-ɞɨɪɨ-
ɠɧɶɨʀ ɦɟɪɟɠɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɨɛɦɟɠɟɧɶ, ɳɨ ɧɚɤɥɚɞɚɸɬɶɫɹ ɩɨɫɬɭɩɚɥɶɧɢɦ ɬɚ ɦɚɪɲɪɭɬɧɢɦ 
ɪɭɯɨɦ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ, ɬɚ ɪɨɡɪɚɯɭɧɨɤ ɲɜɢɞɤɨɫɬɿ ɩɨɬɨɤɭ, ɫɟɪɟɞɧɶɨɝɨ ɱɚɫɭ ɩɪɨɯɨ-
ɞɠɟɧɧɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ ɱɟɪɟɡ ɫɟɝɦɟɧɬ ɦɟɪɟɠɿ (ɜɟɥɢɱɢɧɚ, ɡɜɨɪɨɬɧɚ ɞɨ ɲɜɢɞɤɨɫɬɿ 
ɩɨɬɨɤɭ), ɳɿɥɶɧɨɫɬɿ ɩɨɬɨɤɭ ɬɚ ɜɟɥɢɱɢɧɢ ɩɨɬɨɤɭ ɩɨ ɨɬɪɢɦɚɧɢɯ ɨɰɿɧɤɚɯ ɪɨɡɬɚɲɭɜɚɧɧɹ. ɇɟ-
ɞɨɥɿɤɨɦ ɬɚɤɨɝɨ ɦɟɬɨɞɭ є ɧɟɬɨɱɧɿɫɬɶ ɜɢɡɧɚɱɟɧɧɹ ɤɨɨɪɞɢɧɚɬ ɱɟɪɟɡ ɩɨɯɢɛɤɢ ɧɚɜɿɝɚɰɿɣɧɢɯ 
ɫɢɫɬɟɦ. ɍ ɪɟɡɭɥɶɬɚɬɿ ɨɬɪɢɦɚɧɿ ɞɚɧɿ ɦɨɠɭɬɶ ɧɟ ɡɛɿɝɚɬɢɫɹ ɡ ɪɨɡɬɚɲɭɜɚɧɧɹɦ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɡɚɫɨɛɭ ɜ ɪɟɚɥɶɧɨɫɬɿ ɬɚ ɩɪɢɡɜɟɫɬɢ ɞɨ ɧɟɩɪɚɜɢɥɶɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɡɚɝɚɥɨɦ. 

ɍ ɪɨɛɨɬɿ [5] ɞɥɹ ɨɛɥɿɤɭ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɩɨɜɧɨɰɿɧɧɢɣ ɩɪɢɥɚɞ 
«ȼɿɞɟɨɞɟɬɟɤɬɨɪ ȱɇɎɈɉɊɈ». ɉɪɢɥɚɞ ɮɿɤɫɭє ɪɿɡɧɨɦɚɧɿɬɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɨɪɨɠɧɶɨɝɨ 
ɪɭɯɭ, ɫɟɪɟɞ ɹɤɢɯ ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɚɜɬɨɦɨɛɿɥɿɜ, ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɪɭɯɭ, ɿɧɬɟɪɜɚɥ ɦɿɠ 
ɚɜɬɨɦɨɛɿɥɹɦɢ. ɇɚ ɪɢɫ. 1 ɧɚɜɟɞɟɧɨ ɩɪɢɤɥɚɞ ɪɨɛɨɬɢ ɫɢɫɬɟɦɢ, ɧɚɞɚɧɢɣ ɨɮɿɰɿɣɧɢɦ ɫɚɣɬɨɦ 
ɜɢɪɨɛɧɢɤɚ ɩɪɢɥɚɞɭ. Ɂɚɹɜɥɟɧɚ ɦɨɠɥɢɜɿɫɬɶ ɡɛɨɪɭ ɿɧɮɨɪɦɚɰɿʀ ɨɞɧɨɱɚɫɧɨ ɡ 8 ɩɨɥɿɫ ɞɨɪɨɝɢ. 
ɍ ɤɨɦɩɥɟɤɬɿ ɿɡ ɫɚɦɢɦ ɩɪɢɥɚɞɨɦ ɣɞɟ ɩɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ ɡ ɝɪɚɮɿɱɧɢɦ ɿɧɬɟɪɮɟɣɫɨɦ, ɚ 
ɬɚɤɨɠ ɩɭɥɶɬ ɞɥɹ ɧɚɥɚɲɬɭɜɚɧɧɹ ɜɿɪɬɭɚɥɶɧɢɯ ɫɟɧɫɨɪɿɜ. ɉɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ ɞɨɡɜɨɥɹє 
ɛɭɞɭɜɚɬɢ ɝɪɚɮɿɤɢ ɬɚ ɡɜɿɬɢ ɡɚ ɡɿɛɪɚɧɢɦɢ ɞɚɧɢɦɢ. Ⱥɥɝɨɪɢɬɦɢ ɜɢɡɧɚɱɟɧɧɹ ɬɚ ɫɬɚɬɢɫɬɢɱɧɿ 
ɞɚɧɿ ɬɨɱɧɨɫɬɿ ɚɥɝɨɪɢɬɦɭ ɪɨɡɪɨɛɧɢɤ ɧɟ ɧɚɞɚє. ɇɟɞɨɥɿɤɨɦ ɫɢɫɬɟɦɢ є ɜɢɫɨɤɚ ɜɚɪɬɿɫɬɶ ɬɚ ɧɟ-
ɨɛɯɿɞɧɿɫɬɶ ɜɫɬɚɧɨɜɥɟɧɧɹ ɩɪɢɥɚɞɭ ɜ ɦɿɫɰɹɯ ɞɨɫɥɿɞɠɟɧɧɹ ɧɚ ɫɩɟɰɿɚɥɶɧɨ ɜɿɞɜɟɞɟɧɭ ɜɢɫɨɬɭ, 
ɡɚɦɿɫɬɶ ɜɢɤɨɪɢɫɬɚɧɧɹ ɤɚɦɟɪ. 
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Ɋɢɫ. 1. ɉɪɢɤɥɚɞ ɪɨɛɨɬɢ ɫɢɫɬɟɦɢ «ȱɇɎɈɉɊɈ» 
Ⱦɠɟɪɟɥɨ: [11]. 
ɍ ɪɨɛɨɬɿ [6] ɚɜɬɨɪɢ ɩɪɨɩɨɧɭɸɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɜɿɡɭɚɥɶɧɢɣ ɨɛɥɿɤ, ɚ ɜɠɟ ɩɨɬɿɦ, 

ɫɩɢɪɚɸɱɢɫɶ ɧɚ ɮɚɤɬɢɱɧɿ ɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ, ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɭ 
ɜɢɝɥɹɞɿ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɡɚɥɟɠɧɨɫɬɿ, ɳɨ ɜɪɚɯɨɜɭє ɦɿɫɹɰɶ, ɞɟɧɶ ɬɢɠɧɹ, ɱɚɫ ɞɨɛɢ, ɚ ɬɚɤɨɠ 
ɫɜɹɬɤɨɜɢɣ ɞɟɧɶ ɱɢ ɧɿ. Ⱦɥɹ ɨɰɿɧɤɢ ɚɞɟɤɜɚɬɧɨɫɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɦɟɬɨɞɭ ɚɜɬɨɪɢ ɜɢɤɨɪɢɫ-
ɬɚɥɢ F-ɤɪɢɬɟɪɿɣ Ɏɿɲɟɪɚ. ɇɟɞɨɥɿɤɨɦ є ɧɟɨɛɯɿɞɧɿɫɬɶ ɩɨɜɬɨɪɧɨɝɨ ɩɪɨɜɟɞɟɧɧɹ ɜɿɡɭɚɥɶɧɨɝɨ 
ɨɛɥɿɤɭ ɱɟɪɟɡ ɧɟɜɟɥɢɤɢɣ ɩɪɨɦɿɠɨɤ ɱɚɫɭ, ɬɨɦɭ ɳɨ ɤɿɥɶɤɿɫɬɶ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɧɚ ɞɨɪɨ-
ɝɚɯ ɩɨɫɬɿɣɧɨ ɡɪɨɫɬɚє ɿ ɞɚɧɿ, ɹɤɿ ɨɬɪɢɦɚɧɿ ɪɚɧɿɲɟ, ɜɠɟ ɛɭɞɭɬɶ ɧɟ ɚɤɬɭɚɥɶɧɢɦɢ. Ɍɚɤɨɠ ɧɟ 
ɜɪɚɯɨɜɭɸɬɶɫɹ ɟɤɫɬɪɟɧɿ ɫɢɬɭɚɰɿʀ, ɧɚɩɪɢɤɥɚɞ, ɚɜɚɪɿɹ ɱɢ ɧɟɫɩɪɚɜɧɿɫɬɶ ɫɜɿɬɥɨɮɨɪɭ. 

ɍ ɪɨɛɨɬɿ [7] ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɚɜɬɨɦɨɛɿɥɿɜ ɡɚ ɨɬɪɢɦɚɧɢɦɢ ɡɨɛɪɚɠɟɧɧɹɦɢ ɿɡ ɫɭɩɭɬɧɢɤɚ 
ɫɩɨɫɬɟɪɟɠɟɧɧɹ Ɂɟɦɥɿ «Radarsat-2» ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɡɜɨɪɨɬɧɢɣ ɪɨɡɛɿɪ – ɮɿɡɢɱɧɟ ɹɜɢɳɟ, 
ɩɪɢ ɹɤɨɦɭ ɫɜɿɬɥɨ ɜɿɞ ɫɩɚɥɚɯɭ ɜɿɞɲɬɨɜɯɭєɬɶɫɹ ɧɚɡɚɞ ɜ ɨɛ’єɤɬɢɜ, ɜɢɤɥɢɤɚɸɱɢ ɹɫɤɪɚɜɿ 
ɩɥɹɦɢ ɦɿɠ ɫɩɚɥɚɯɨɦ ɬɚ ɨɫɧɨɜɧɢɦ ɩɪɟɞɦɟɬɨɦ [8]. Ⱥɜɬɨɪɢ ɫɬɜɟɪɞɠɭɸɬɶ, ɳɨ ɬɚɤɢɣ ɦɟɬɨɞ 
ɞɨɡɜɨɥɹє ɩɪɚɜɢɥɶɧɨ ɜɢɹɜɥɹɬɢ ɞɨ 90 % ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ, ɳɨ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɜɢɤɨɪɢ-
ɫɬɨɜɭɜɚɬɢ ɣɨɝɨ ɞɥɹ ɦɨɧɿɬɨɪɢɧɝɭ ɬɪɚɮɿɤɭ. Ɍɚɤɢɣ ɫɩɨɫɿɛ ɦɚє ɫɭɬɬєɜɢɣ ɧɟɞɨɥɿɤ, ɚ ɫɚɦɟ, ɬɪɚ-
ɧɫɩɨɪɬɧɢɣ ɡɚɫɿɛ, ɪɨɡɦɿɪɢ ɹɤɨɝɨ ɦɟɧɲɿ, ɧɿɠ ɪɨɡɲɢɪɟɧɧɹ ɡɨɛɪɚɠɟɧɧɹ, ɜɚɠɤɨ ɜɢɹɜɥɹɬɢ. 

ɍ ɪɨɛɨɬɿ [9] ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɡɨɛɪɚɠɟɧɧɹ ɡ ɜɿɞɟɨɤɚɦɟɪ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɬɚ 
ɲɜɢɞɤɨɫɬɿ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ. Ɉɛ’єɤɬɢ, ɳɨ ɪɨɡɩɿɡɧɚɧɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɟɝɦɟɧɬɚɰɿʀ ɡɨ-
ɛɪɚɠɟɧɧɹ ɤɥɚɫɢɮɿɤɭɸɬɶɫɹ ɜ ɬɚɤɿ ɝɪɭɩɢ: ɦɨɬɨɰɢɤɥ, ɥɟɝɤɨɜɢɣ ɚɜɬɨɦɨɛɿɥɶ, ɜɚɧɬɚɠɧɢɣ ɚɜ-
ɬɨɦɨɛɿɥɶ, ɜɟɥɢɤɨɜɚɝɨɜɢɣ ɬɪɚɧɫɩɨɪɬɧɢɣ ɡɚɫɿɛ (heavy vehicle) ɬɚ ɧɟɜɿɞɨɦɚ ɝɪɭɩɚ. ɋɟɝɦɟɧ-
ɬɨɜɚɧɿ ɡɨɛɪɚɠɟɧɧɹ ɩɨɪɿɜɧɸɸɬɶɫɹ, ɜɪɚɯɨɜɭɸɱɢ ɩɨɥɨɠɟɧɧɹ ɚɜɬɨɦɨɛɿɥɿɜ, ɤɨɠɧɢɣ ɡɛɿɝ 
ɜɢɡɧɚɱɚє ɨɞɢɧ ɬɪɚɧɫɩɨɪɬɧɢɣ ɡɚɫɿɛ. ɋɟɝɦɟɧɬɚɰɿɹ ɡɨɛɪɚɠɟɧɶ ɜɢɤɨɧɭєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɦɟɬɨɞɭ, ɡɚɫɧɨɜɚɧɨɦɭ ɧɚ ɧɟɣɪɨɧɧɿɣ ɚɪɯɿɬɟɤɬɭɪɿ [10]. 
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Ɉɬɠɟ, ɧɚɹɜɧɿ ɦɟɬɨɞɢ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɪɭɯɭ ɧɟ є ɞɨɫɬɚɬɧɶɨ 
ɬɨɱɧɢɦɢ ɞɥɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ʀɯ ɭ ɫɭɱɚɫɧɢɯ ɭɦɨɜɚɯ ɿ ɫɭɬɬєɜɨ ɨɛɦɟɠɭɸɬɶ ɪɨɡɜɢɬɨɤ ɿɧɮɨɪɦɚ-
ɰɿɣɧɢɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɿɧɧɹ ɬɪɚɧɫɩɨɪɬɧɢɦ ɪɭɯɨɦ. 

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. Ⱥɧɚɥɿɡ ɜɿɞɟɨɪɹɞɭ ɡɨɛɪɚɠɟɧɶ 
ɧɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ ɪɚɧɿɲɟ ɞɥɹ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɞɨɪɨɠ-
ɧɶɨɝɨ ɪɭɯɭ. Ⱦɥɹ ɣɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɨɬɪɿɛɧɨ ɜɢɪɿɲɢɬɢ ɩɪɨɛɥɟɦɭ ɜɢɛɨɪɭ ɨɛɥɚɫɬɿ ɫɦɭɝɢ 
ɪɭɯɭ, ɪɨɡɪɨɛɢɬɢ ɚɥɝɨɪɢɬɦɢ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɬɚ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ ɿɡ ɫɟ-
ɝɦɟɧɬɨɜɚɧɢɯ ɤɚɞɪɿɜ, ɹɤɿ ɛɭɥɢ ɨɬɪɢɦɚɧɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɧɟɣɪɨɦɟɪɟɠɿ U-Net. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ. Ɇɟɬɨɸ ɰɶɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ є ɩɿɞɜɢɳɟɧɧɹ ɬɨɱɧɨɫɬɿ ɜɢɡɧɚɱɟɧɧɹ 
ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɪɭɯɭ ɧɚ ɨɫɧɨɜɿ ɚɧɚɥɿɡɭ ɞɚɧɢɯ ɜɿɞɟɨɩɨɬɨɤɭ ɜ ɪɟɠɢɦɿ ɪɟɚɥɶ-
ɧɨɝɨ ɱɚɫɭ ɡɚ ɪɚɯɭɧɨɤ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɨɛɪɨɛɤɢ ɞɚɧɢɯ ɜɿɞɟɨɪɹɞɭ, ɨɬɪɢɦɚɧɢɯ ɿɡ ɤɚɦɟɪɢ ɜɿ-
ɞɟɨɫɩɨɫɬɟɪɟɠɟɧɧɹ ɫɦɭɝɢ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ ɜɢɡɧɚɱɚє ɩɨɬɨɱɧɟ ɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ 
ɪɭɯɭ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɧɚ ɰɿɣ ɫɦɭɡɿ. Ɉɫɧɨɜɭ ɧɨɜɨʀ ɬɟɯɧɨɥɨɝɿʀ ɫɬɚɧɨɜɥɹɬɶ ɚɥɝɨɪɢɬɦ 
ɨɛɪɨɛɤɢ ɡɨɛɪɚɠɟɧɶ ɡ ɦɟɬɨɸ ɜɢɹɜɥɟɧɧɹ ɧɚɹɜɧɨɫɬɿ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɭ ɜɢɡɧɚɱɟɧɿɣ ɞɿ-
ɥɹɧɰɿ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ, ɦɟɬɨɞ ɜɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ ɫɦɭɝɢ ɞɨɪɨɠɧɶɨɝɨ 
ɪɭɯɭ TLCR ɬɚ ɦɟɬɨɞ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɡɚ ɩɨɫɥɿɞɨɜɧɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɩɨɤɚɡɧɢɤɚ 
ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ ɫɦɭɝɢ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. Ⱦɥɹ ɪɟɚɥɿɡɚɰɿʀ ɬɟɯɧɨɥɨɝɿʀ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɶ ɬɚɤɿ ɩɪɢɫɬɪɨʀ: ɤɚɦɟɪɚ ɜɿɞɟɨɫɩɨɫɬɟɪɟɠɟɧɧɹ, ɤɨɦɩ’ɸɬɟɪ. 

ɉɪɨɰɟɫ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɪɭɯɭ ɡɚ ɜɿɞɟɨɪɹɞɨɦ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɬɚ-
ɤɢɯ ɟɬɚɩɿɜ: 

1) ɡɛɿɪ ɞɚɧɢɯ ɿɡ ɤɚɦɟɪɢ ɜɿɞɟɨɫɩɨɫɬɟɪɟɠɟɧɧɹ; 
2) ɩɟɪɟɬɜɨɪɟɧɧɹ ɜɿɞɟɨ ɜ ɩɨɫɥɿɞɨɜɧɢɣ ɧɚɛɿɪ ɡɨɛɪɚɠɟɧɶ;  
3) ɫɟɝɦɟɧɬɚɰɿɹ ɡɨɛɪɚɠɟɧɶ ɞɥɹ ɜɢɞɿɥɟɧɧɹ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ; 
4) ɪɨɡɩɨɞɿɥ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɩɨ ɫɦɭɝɚɯ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ; 
5) ɜɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ TLCR ɞɥɹ ɨɤɪɟɦɨʀ ɫɦɭɝɢ ɪɭɯɭ ɧɚ ɤɨɠɧɨɦɭ 

ɡɨɛɪɚɠɟɧɧɿ; 
6) ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɡ ɩɨɤɚɡɧɢɤɿɜ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ; 
7) ɜɢɡɧɚɱɟɧɧɹ ɡɚɝɚɥɶɧɨɝɨ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ; 
8) ɡɚɩɢɫ ɩɨɤɚɡɧɢɤɿɜ ɭ ɛɚɡɭ ɞɚɧɢɯ; 
ɉɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɬɚɤɢɯ ɦɨɞɭɥɿɜ: 
1) ɦɨɞɭɥɶ ɡɛɨɪɭ ɞɚɧɢɯ; 
2) ɦɨɞɭɥɶ ɨɛɪɨɛɤɢ ɡɨɛɪɚɠɟɧɶ (ɫɟɝɦɟɧɬɚɰɿɹ); 
3) ɦɨɞɭɥɶ ɜɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ; 
4) ɦɨɞɭɥɶ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ; 
ɉɪɢ ɪɨɡɪɨɛɰɿ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɶ ɬɚɤɿ ɿɧɫɬɪɭɦɟɧɬɢ: ɦɨɜɚ 

ɩɪɨɝɪɚɦɭɜɚɧɧɹ python, ɛɚɡɚ ɞɚɧɢɯ sqlite, ɬɚ ɛɿɛɥɿɨɬɟɤɢ tensorflow, opencv, numpy, pyside. 
Ⱦɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɡɛɿɪ ɞɚɧɢɯ ɿɡ ɜɿɞɟɨɤɚɦɟɪ ɛɭɥɨ ɩɪɨɜɟɞɟɧɨ ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɚɣɬɚ 

videoprobki.ua. Ⱦɥɹ ɨɛɪɨɛɤɢ ɡɨɛɪɚɠɟɧɶ ɪɟɚɥɿɡɨɜɚɧɨ ɧɟɣɪɨɦɟɪɟɠɭ U-Net. ɇɟɣɪɨɦɟɪɟɠɚ 
ɜɢɪɿɲɭє ɡɚɞɚɱɭ ɫɟɝɦɟɧɬɚɰɿʀ, ɳɨ ɞɨɡɜɨɥɹє ɜɢɞɿɥɢɬɢ ɩɿɤɫɟɥɿ, ɹɤɿ ɦɚɸɬɶ ɫɩɿɥɶɧɿ ɜɿɡɭɚɥɶɧɿ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ [12]. Ɂɚɡɜɢɱɚɣ ɬɚɤɿ ɧɟɣɪɨɦɟɪɟɠɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɞɥɹ ɨɛɪɨɛɤɢ ɛɿɨɦɟɞɢɱ-
ɧɢɯ ɡɨɛɪɚɠɟɧɶ, ɨɫɤɿɥɶɤɢ ɞɥɹ ɧɚɜɱɚɧɧɹ ɧɟ ɩɨɬɪɿɛɧɚ ɜɟɥɢɤɚ ɤɿɥɶɤɿɫɬɶ ɞɚɧɢɯ [13]. Ɋɟɡɭɥɶɬɚɬ 
ɨɛɪɨɛɤɢ ɡɨɛɪɚɠɟɧɧɹ ɫɦɭɝɢ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ ɧɟɣɪɨɦɟɪɟɠɟɸ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 2.  

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɪɭɯɭ ɧɟɨɛɯɿɞɧɨ ɫɩɨɱɚɬɤɭ ɡɧɚɣɬɢ ɤɨ-
ɟɮɿɰɿєɧɬ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ ɫɦɭɝɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɪɭɯɭ (TLCR), ɳɨ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ ɮɨɪ-
ɦɭɥɨɸ (1) [12]: ܴܶܥܮ = ∑ ௏೔೔∈Α|஺| ,     (1) 

ɞɟ i – ɿɧɞɟɤɫ ɩɿɤɫɟɥɹ ɨɛɥɚɫɬɿ Α; |ܣ|– ɤɿɥɶɤɿɫɬɶ ɩɿɤɫɟɥɿɜ ɨɛɥɚɫɬɿ 𝛢; Vi – ɡɧɚɱɟɧɧɹ ɿ-ɨɝɨ ɩɿɤɫɟɥɹ. 
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ɉɪɢ ɜɢɡɧɚɱɟɧɧɿ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ ɜɚɠɥɢɜɨ ɩɪɚɜɢɥɶɧɨ ɜɢɞɿɥɢɬɢ ɨɛɥɚɫɬɶ, ɳɨ 
ɜɿɞɩɨɜɿɞɚє ɫɦɭɡɿ ɪɭɯɭ. Ⱥɜɬɨɦɨɛɿɥɿ, ɳɨ ɩɪɨʀɠɞɠɚɸɬɶ ɩɨ ɫɭɫɿɞɧɿɦ ɫɦɭɝɚɦ ɞɨɪɨɠɧɶɨɝɨ 
ɪɭɯɭ, ɡɚɥɟɠɧɨ ɜɿɞ ɝɟɨɦɟɬɪɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɚ ɪɚɤɭɪɫɭ ɤɚɦɟɪɢ ɦɨɠɭɬɶ ɛɭɬɢ ɡɚɪɚɯɨɜɚɧɿ 
ɹɤ ɚɜɬɨɦɨɛɿɥɿ, ɳɨ ɪɭɯɚɸɬɶɫɹ ɩɨ ɞɨɫɥɿɞɠɭɜɚɧɿɣ ɨɛɥɚɫɬɿ. Ɋɚɤɭɪɫ ɤɚɦɟɪɢ ɧɟ ɡɚɜɠɞɢ ɞɨɡɜɨ-
ɥɹє ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɪɹɦɨɤɭɬɧɢɤ ɹɤ ɨɛɥɚɫɬɶ 𝛢, ɳɨ ɜɿɞɩɨɜɿɞɚє ɱɚɫɬɢɧɿ ɫɦɭɝɢ ɪɭɯɭ ɡ ɮɨ-
ɪɦɭɥɢ (1). Ȼɭɥɨ ɜɢɪɿɲɟɧɨ ɜɞɨɫɤɨɧɚɥɢɬɢ ɚɥɝɨɪɢɬɦ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɛɭɞɶ-ɹɤɢɣ ɱɨɬɢɪɢɤɭ-
ɬɧɢɤ ɡɚɦɿɫɬɶ ɩɪɹɦɨɤɭɬɧɢɤɚ. ɉɪɢɤɥɚɞ ɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ. 3. 

 
Ɋɢɫ. 2. Ɋɟɡɭɥɶɬɚɬ ɨɛɪɨɛɤɢ ɡɨɛɪɚɠɟɧɧɹ ɫɦɭɝɢ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ ɦɟɪɟɠɿ U-NET 

 
Ɋɢɫ. 3. Ɉɛɥɚɫɬɶ, ɜɢɞɿɥɟɧɚ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ ɫɦɭɝɢ  

ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ 
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Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɬɚ ɫɭɦɢ ɡɧɚɱɟɧɶ ɩɿɤɫɟɥɿɜ ɭ ɜɢɞɿɥɟɧɿɣ ɨɛɥɚɫɬɿ ɫɦɭɝɢ ɪɭɯɭ, 
ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɬɚɤɢɣ ɚɥɝɨɪɢɬɦ: 

– ɇɚ ɩɟɪɲɨɦɭ ɤɪɨɰɿ ɫɬɜɨɪɸєɬɶɫɹ ɡɨɛɪɚɠɟɧɧɹ ɬɚɤɨɝɨ ɠ ɪɨɡɦɿɪɭ, ɹɤ ɿ ɨɪɢɝɿɧɚɥɶɧɟ, ɬɚ ɪɨɡ-
ɦɿɳɭєɦɨ ɧɚ ɧɶɨɦɭ ɮɿɝɭɪɭ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɞɨɫɥɿɞɠɭɜɚɧɿɣ ɨɛɥɚɫɬɿ ɫɦɭɝɢ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ.  

– ɇɚ ɞɪɭɝɨɦɭ ɤɪɨɰɿ ɧɚɛɥɢɠɟɧɨ ɜɢɡɧɚɱɚєɬɶɫɹ ɩɪɹɦɨɤɭɬɧɢɤ 1 ɧɚɜɤɨɥɨ ɮɿɝɭɪɢ ɡɚ ɞɨɩɨ-
ɦɨɝɨɸ ɮɭɧɤɰɿʀ boundingRect ɛɿɛɥɿɨɬɟɤɢ opencv [14] ɬɚ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɧɟɣɪɨɦɟɪɟɠɿ ɜɢ-
ɪɿɡɚєɬɶɫɹ ɡ ɨɛɪɨɛɥɟɧɨɝɨ ɡɨɛɪɚɠɟɧɧɹ ɞɪɭɝɢɣ ɩɪɹɦɨɤɭɬɧɢɤ 2.  

– ɇɚ ɧɚɫɬɭɩɧɨɦɭ ɤɪɨɰɿ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɨɩɟɪɚɰɿɹ ɤɨɧ'ɸɧɤɰɿɹ ɞɥɹ ɩɪɹɦɨɤɭɬɧɢɤɿɜ 1 ɬɚ 2, 

ɪɟɡɭɥɶɬɚɬɨɦ ɹɤɨʀ є ɩɪɹɦɨɤɭɬɧɢɤ 3 (ɪɢɫ. 4). 
– Ʉɿɥɶɤɿɫɬɶ ɩɿɤɫɟɥɿɜ ɜ ɨɛɪɚɧɿɣ ɨɛɥɚɫɬɿ ɜɢɡɧɚɱɚєɬɶɫɹ ɧɚ ɱɟɬɜɟɪɬɨɦɭ ɤɪɨɰɿ ɤɿɥɶɤɿɫɬɸ 

ɧɟɧɭɥɶɨɜɢɯ ɩɿɤɫɟɥɿɜ ɭ ɩɪɹɦɨɤɭɬɧɢɤɭ 1. 
– ɇɚ ɨɫɬɚɧɧɶɨɦɭ ɤɪɨɰɿ ɡɧɚɯɨɞɢɬɶɫɹ ɫɭɦɚ ɡɧɚɱɟɧɶ ɩɿɤɫɟɥɿɜ ɭ ɩɪɹɦɨɤɭɬɧɢɤɭ 3 ɡɚ ɞɨɩɨ-

ɦɨɝɨɸ ɮɭɧɤɰɿʀ sumElems. 

 

Ɋɢɫ. 4. Ɋɟɡɭɥɶɬɚɬ ɨɩɟɪɚɰɿʀ ɥɨɝɿɱɧɨɝɨ «ȱ» 

ɉɪɢ ɨɰɿɧɰɿ ɛɟɡɩɟɤɢ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ ɬɚ ɜ ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɿɧɧɹ ɬɪɚɧɫɩɨɪɬɧɢɦ ɪɭɯɨɦ 
ɱɚɫɬɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɦɚɤɫɢɦɚɥɶɧɟ (ɩɿɤɨɜɟ) ɚɛɨ ɫɟɪɟɞɧɶɨɪɿɱɧɟ ɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ. 
ɉɪɢ ɰɶɨɦɭ ɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɪɭɯɭ ɬɚ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ TLCR ɧɟɪɿɜɧɨɦɿɪɧɟ 
ɩɪɨɬɹɝɨɦ ɞɨɛɢ, ɳɨ ɣ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 5. Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɦɿɫɬɿ Ʉɢєɜɿ ɧɚ ɩɟɪɟ-
ɯɪɟɫɬɿ ɜɭɥɢɰɶ ɘɪɿɹ ȱɥɥєɧɤɚ ɬɚ Ɉɥɟɧɢ Ɍɟɥɿɝɢ. 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɤɨɥɢɜɚɧɧɹ ɡɧɚɱɟɧɶ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚ-
ɧɬɚɠɟɧɨɫɬɿ TLCR. Ɍɪɚɧɫɩɨɪɬɧɢɣ ɡɚɫɿɛ ɡɚɪɚɯɨɜɭєɬɶɫɹ, ɹɤɳɨ ɡɧɚɱɟɧɧɹ TLCR, ɳɨ ɜɢɡɧɚ-
ɱɟɧɟ ɡ ɩɨɬɨɱɧɨɝɨ ɤɚɞɪɭ ɛɿɥɶɲɟ, ɧɿɠ ɩɨɪɨɝɨɜɟ ɡɧɚɱɟɧɧɹ, ɚ ɬɚɤɨɠ ɡɧɚɱɟɧɧɹ TLCR ɡ ɩɨɩɟ-
ɪɟɞɧɶɨɝɨ ɤɚɞɪɭ ɦɟɧɲɟ, ɧɿɠ ɩɨɪɨɝɨɜɟ. Ⱦɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ 
ɜɚɠɥɢɜɨ ɳɨɛ ɜ ɞɨɫɥɿɞɠɭɜɚɧɿɣ ɨɛɥɚɫɬɿ ɛɭɥɨ ɧɟ ɛɿɥɶɲɟ ɨɞɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ. ȼ 
ɿɧɲɨɦɭ ɪɚɡɿ ɤɨɥɢɜɚɧɧɹ ɡɧɚɱɟɧɶ TLCR ɩɪɢ ɳɿɥɶɧɨɦɭ ɩɨɬɨɰɿ ɚɜɬɨɦɨɛɿɥɿɜ ɧɟ ɛɭɞɟ ɡɚɮɿɤɫɨ-
ɜɚɧɨ. Ɍɚɤɨɠ ɜɚɠɥɢɜɨ, ɳɨɛ ɞɨɫɥɿɞɠɭɜɚɧɚ ɨɛɥɚɫɬɶ ɧɟ ɛɭɥɚ ɡɚɧɚɞɬɨ ɦɚɥɚ, ɬɨɦɭ ɳɨ ɚɫɢɦɟɬ-
ɪɢɱɧɿɫɬɶ ɱɚɫɬɢɧ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ ɦɨɠɟ ɩɪɢɜɟɫɬɢ ɞɨ ɯɢɛɧɢɯ ɤɨɥɢɜɚɧɶ ɩɨɤɚɡɧɢɤɚ ɡɚ-
ɜɚɧɬɚɠɟɧɨɫɬɿ. ȱɧɬɟɧɫɢɜɧɿɫɬɶ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɪɭɯɭ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ ɮɨɪɦɭɥɨɸ: ܫሺܣሻ = ∑ {ͳ, ݂݅ ܽ௜ > ݇, ܽ௜−ଵ ൑ ݇Ͳ, ௡௜=ଶ݁ݏ݅ݓݎℎ݁ݐ݋         (2) 

ɞɟ a – ɦɚɫɢɜ ɡɧɚɱɟɧɶ ɤɨɟɮɿɰɿєɧɬɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ ɫɦɭɝɢ ɪɭɯɭ (TLCR), ɩɨɞɿɥɟɧɢɯ ɧɚ ɦɚɤ-
ɫɢɦɚɥɶɧɨ ɦɨɠɥɢɜɟ ɡɧɚɱɟɧɧɹ 255, k – ɩɨɪɨɝɨɜɟ ɡɧɚɱɟɧɧɹ. 
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Ɋɢɫ. 5. Ⱦɢɧɚɦɿɤɚ ɡɦɿɧɸɜɚɧɧɹ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ ɬɪɚɧɫɩɨɪɬɧɨʀ ɞɿɥɹɧɤɢ TLCR 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɚ ɩɨɯɢ-
ɛɤɚ, ɪɨɡɪɚɯɨɜɚɧɚ ɧɚ ɞɚɧɢɯ ɩɟɪɟɜɿɪɨɱɧɨʀ ɩɨɫɥɿɞɨɜɧɨɫɬɿ, ɹɤɚ ɜɿɞɨɦɚ ɬɚɤɨɠ ɹɤ ɤɪɢɬɟɪɿɣ ɪɟ-
ɝɭɥɹɪɧɨɫɬɿ [15]: 

ܭ  = ∑ ሺ௬೔𝑟೐𝑎೗−௬೔೘೚೏೐೗ሻమ೔ ∑ (௬೔𝑟೐𝑎೗)మ೔       (3) 

ɞɟ ݕ௜௥௘௔௟ – ɮɚɤɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ; ݕ௜௠௢ௗ௘௟ – ɨɛɱɢɫɥɸɜɚɧɟ ɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ. 
ȼɢɡɧɚɱɟɧɧɹ ɧɚɣɤɪɚɳɨɝɨ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɧɹ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɬɚɤɢɯ ɟɬɚɩɿɜ: 
1. ɉɪɨɜɟɞɟɧɧɹ ɜɿɡɭɚɥɶɧɨɝɨ ɨɛɥɿɤɭ ɬɚ ɜɢɡɧɚɱɟɧɧɹ ɮɚɤɬɢɱɧɨʀ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɬɪɚɧɫɩɨɪɬ-

ɧɨɝɨ ɪɭɯɭ ɡɚ 2 ɝɨɞɢɧɢ. Ʉɨɠɧɟ ɡɧɚɱɟɧɧɹ – ɰɟ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɡɚ 1 ɯɜɢɥɢɧɭ.  
2. ɉɨɞɿɥ ɞɚɧɢɯ ɧɚ ɞɜɿ ɱɚɫɬɢɧɢ: ɱɚɫɬɢɧɭ A (ɧɚɜɱɚɥɶɧɚ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɞɚɧɢɯ) ɬɚ ɱɚɫɬɢɧɭ 

B (ɩɟɪɟɜɿɪɨɱɧɚ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɞɚɧɢɯ). 
3. ȼɢɡɧɚɱɟɧɧɹ ɧɚɣɤɪɚɳɢɯ ɡɧɚɱɟɧɶ k (ɩɨɪɨɝɨɜɟ ɡɧɚɱɟɧɧɹ) ɡɚ ɞɨɩɨɦɨɝɨɸ ɤɪɢɬɟɪɿɸ, ɜɢ-

ɡɧɚɱɟɧɨɦɭ ɧɚ ɧɚɜɱɚɥɶɧɿɣ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɞɚɧɢɯ ɜ ɨɛɪɚɧɨɦɭ ɿɧɬɟɪɜɚɥɿ ɡɚ ɮɨɪɦɭɥɨɸ (3). ɉɪɢ 
ɰɶɨɦɭ ɨɛɪɚɧɨ ɿɧɬɟɪɜɚɥ ɜɿɞ 0,05 ɞɨ 0,5 ɡ ɤɪɨɤɨɦ 0,005. 

4. ȼɢɡɧɚɱɟɧɧɹ ɧɚɣɤɪɚɳɨɝɨ ɡɧɚɱɟɧɧɹ k ɡɚ ɞɨɩɨɦɨɝɨɸ ɤɪɢɬɟɪɿɸ, ɜɢɡɧɚɱɟɧɨɝɨ ɧɚ ɩɟɪɟ-
ɜɿɪɨɱɧɿɣ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɞɚɧɢɯ. 

Ⱦɥɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɨɬɪɢɦɚɧɨ ɧɚɣɤɪɚɳɟ ɩɨɪɨɝɨɜɟ ɡɧɚɱɟɧɧɹ k = 0,155, ɜɿɞɩɨɜɿ-
ɞɧɿ ɡɧɚɱɟɧɧɹ ɤɪɢɬɟɪɿɸ ɧɚ ɧɚɜɱɚɥɶɧɿɣ ɬɚ ɩɟɪɟɜɿɪɨɱɧɿɣ ɩɨɫɥɿɞɨɜɧɨɫɬɹɯ ɞɚɧɢɯ ɞɨɪɿɜɧɸɸɬɶ 
0,001375 ɬɚ 0,000064, ɳɨ ɫɜɿɞɱɢɬɶ ɩɪɨ ɞɨɫɬɚɬɧɶɨ ɜɢɫɨɤɭ ɬɨɱɧɿɫɬɶ ɦɨɞɟɥɿ. ɇɚ ɪɢɫ. 6 ɧɚɜɟɞɟɧɨ 
ɝɪɚɮɿɱɧɟ ɩɨɪɿɜɧɹɧɧɹ ɮɚɤɬɢɱɧɨʀ (ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ ɜ ɪɟɚɥɶɧɢɯ ɭɦɨɜɚɯ) ɬɚ ɨɛɱɢɫɥɟɧɨʀ ɿɧɬɟɧ-
ɫɢɜɧɨɫɬɿ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɪɭɯɭ (ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɬɟɯɧɨɥɨɝɿʀ).  
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Ɋɢɫ. 6. ɉɨɪɿɜɧɹɧɧɹ ɮɚɤɬɢɱɧɢɯ ɡɧɚɱɟɧɶ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɬɚ ɨɛɱɢɫɥɟɧɢɯ ɿɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 
ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɬɟɯɧɨɥɨɝɿʀ ɨɛɪɨɛɤɢ ɞɚɧɢɯ ɜɿɞɟɨɪɹɞɭ ɡɧɚɱɟɧɶ 

ȼɢɫɧɨɜɨɤ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ɍ ɰɶɨɦɭ ɞɨɫɥɿɞɠɟɧɧɿ ɪɨɡɪɨɛɥɟɧɚ ɬɟɯɧɨɥɨɝɿɹ ɜɢɡɧɚ-
ɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ ɡɚ ɞɚɧɢɦɢ ɜɿɞɟɨɪɹɞɭ, ɳɨ ɧɚɞɯɨɞɹɬɶ ɿɡ ɜɿɞɟɨɤɚɦɟɪɢ 
ɫɩɨɫɬɟɪɟɠɟɧɧɹ. ɍɞɨɫɤɨɧɚɥɟɧɢɣ ɚɥɝɨɪɢɬɦ ɜɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ ɬɪɚɧɫɩɨ-
ɪɬɧɨʀ ɞɿɥɹɧɤɢ TLCR ɧɚɞɚє ɦɨɠɥɢɜɿɫɬɶ ɜɪɚɯɨɜɭɜɚɬɢ ɬɿɥɶɤɢ ɚɜɬɨɦɨɛɿɥɿ, ɹɤɿ ɪɭɯɚɸɬɶɫɹ ɩɨ 
ɞɨɫɥɿɞɠɭɜɚɧɿɣ ɫɦɭɡɿ. Ɋɨɡɪɨɛɥɟɧɢɣ ɦɟɬɨɞ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ ɧɚ 
ɨɫɧɨɜɿ ɩɨɫɥɿɞɨɜɧɢɯ ɡɧɚɱɟɧɶ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ. ɉɨɫɥɿɞɨɜɧɿɫɬɶ ɨɛɪɨɛɤɢ ɬɚ ɩɟɪɟɬɜɨ-
ɪɟɧɶ ɞɚɧɢɯ ɫɤɥɚɞɚɸɬɶ ɧɨɜɭ ɬɟɯɧɨɥɨɝɿɸ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ, ɳɨ ɡɚ-
ɛɟɡɩɟɱɭє ɧɚɛɚɝɚɬɨ ɛɿɥɶɲ ɜɢɫɨɤɭ ɬɨɱɧɿɫɬɶ ɨɰɿɧɤɢ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɪɭɯɭ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ 
ɧɚ ɞɿɥɹɧɰɿ ɞɨɪɨɠɧɶɨɝɨ ɪɭɯɭ, ɧɿɠ ɿɫɧɭɸɱɿ. ȼɢɤɨɪɢɫɬɚɧɧɹ ɬɨɱɧɢɯ ɞɚɧɢɯ ɩɪɨ ɿɧɬɟɧɫɢɜɧɿɫɬɶ 
ɪɭɯɭ є ɜɚɠɥɢɜɢɦ ɮɚɤɬɨɪɨɦ, ɹɤɢɣ ɩɿɞɜɢɳɭє ɹɤɿɫɬɶ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɬɚ ɬɨɱɧɿɫɬɶ ɨɩɬɢɦɿɡɚ-
ɰɿʀ ɩɚɪɚɦɟɬɪɿɜ ɭɩɪɚɜɥɿɧɧɹ ɜ ɚɜɬɨɦɚɬɢɡɨɜɚɧɢɯ ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɿɧɧɹ ɞɨɪɨɠɧɿɦ ɪɭɯɨɦ. ɍ ɩɨ-
ɞɚɥɶɲɢɯ ɞɨɫɥɿɞɠɟɧɧɹɯ ɧɟɨɛɯɿɞɧɚ ɪɨɡɪɨɛɤɚ ɩɪɨɝɪɚɦɧɨɝɨ ɦɨɞɭɥɹ, ɹɤɢɣ ɚɜɬɨɦɚɬɢɡɭє ɡɛɿɪ 
ɫɬɚɬɢɫɬɢɱɧɢɯ ɞɚɧɢɯ, ɨɬɪɢɦɚɧɢɯ ɿɡ ɤɿɥɶɤɨɯ ɜɿɞɟɨɤɚɦɟɪ ɫɩɨɫɬɟɪɟɠɟɧɧɹ, ɬɚ ɪɟɚɥɿɡɭє ɚɥɝɨɪɢɬɦ 
ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɩɨɤɚɡɧɢɤɚ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɭɫɶɨɝɨ ɧɚɛɨɪɭ ɞɚɧɢɯ. 
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UDC 004.932 

Inna Stetsenko, Oleksandr Stelmakh  

TECHNOLOGY OF TRAFFIC INTENSITY EVALUATION ACCORDING  

TO THE VIDEO DATA 

Urgency of the research. Traffic jams are a major problem for all road users and increasing traffic intensity is the main 

reason for that along with unsatisfying quality of traffic control system. Systems that control transportation flow and make 

decisions about changing control parameters should receive reliable and actual traffic intensity data. Due to that fact, one of 

the most important tasks is collection and processing traffic data. 

Target setting. Averaged over the day (or even the year) value of the traffic intensity can provide high-quality estimates 

of the control parameters for averaged values, however not for actual values, especially when large fluctuations in traffic 

intensity during the day are occur. For effective traffic management, it is important to have sufficiently accurate information 

about the state of the road (its intensity and congestion) at the time of the decision. In this scientific research, the task is to 

develop a technology for the traffic intensity evaluation on the basis of successive values of the congestion ratio resulting from 

image processing of a video image of a traffic lane. 

Actual scientific researches and issues analysis. Scientific publications were reviewed, which highlight the existing meth-

ods for traffic intensity evaluation, and it was concluded that the existing methods are not accurate enough to use it in modern 

conditions and therefore significantly limit the development of traffic management information systems. 

Uninvestigated parts of general matters defining. Video data analysis has not been used previously for the automated 

evaluation of traffic intensity. 

The research objective. The purpose of this study is to increase the accuracy of determining traffic intensity on the basis 

of real-time analysis of video stream data by automatically processing video data obtained from a video surveillance camera 

of a traffic lane. 

The statement of basic material. The method for determining the TLCR congestion index from the data, obtained as a 

result of processing a frame of a video sequence using the U-Net neural network, is presented. The sequence of time-ordered 

values of the congestion indicator turns into a sequence of traffic intensity indicators on the basis of the formula obtained as a 

result of the research. Experimental research that proves the high accuracy of traffic indicators evaluation is represented. The 

sequence of data processing and transformations constitutes a new technology determining traffic intensity. 

Conclusions. In this research, the technology of traffic intensity evaluation according to the video data getting from a 

surveillance camera, which provides a much higher accuracy in evaluating the traffic intensity in a road area than existing 

ones, is developed. 

Keywords. Image analysis; traffic intensity; traffic lane congestion ratio; TLCR. 

Fig.: 6. References: 15.  
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