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ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧ ɫɪɚɜɧиɬɟɥɶɧɵɣ ɚɧɚɥиɡ ɫ ɫɨɜɪɟɦɟɧɧɵɦи ɚɧɚɥɨɝɚɦи ɷɮɮɟɤɬиɜɧɨɫɬи 
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɪɚɧɟɟ ɦɟɬɨɞɚ ɜɵɹɜɥɟɧиɹ ɪɟɡɭɥɶɬɚɬɨɜ ɤɥɨɧиɪɨɜɚɧиɹ ɜ ɰиɮɪɨɜɨɦ 
иɡɨɛɪɚɠɟɧии ɜ ɭɫɥɨɜиɹɯ ɟɝɨ ɩɨɫɬɨɛɪɚɛɨɬɤи. Ɍɟɨɪɟɬиɱɟɫɤиɣ ɛɚɡиɫ ɦɟɬɨɞɚ 
ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɝɟɨɦɟɬɪиɱɟɫɤɨɦ ɩɪɟɞɫɬɚɜɥɟɧии иɡɨɛɪɚɠɟɧиɹ и ɩɨɥɭɱɟɧɧɨɦ 
ɧɟɨɛɯɨɞиɦɨɦ ɭɫɥɨɜии ɩɪиɧɚɞɥɟɠɧɨɫɬи ɛɥɨɤɨɜ ɦɚɬɪиɰɵ иɡɨɛɪɚɠɟɧиɹ ɨɛɥɚɫɬɹɦ ɤɥɨɧɚ 
и ɩɪɨɨɛɪɚɡɚ. ȼ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧиɬɟɥɶɧɵɯ ɜɨɡɦɭщɚɸщиɯ ɜɨɡɞɟɣɫɬɜиɣ ɪɚɫɫɦɨɬɪɟɧɵ 
ɧɚиɛɨɥɟɟ ɱɚɫɬɨ иɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ «ɦɚɫɤиɪɨɜɤи» ɪɟɡɭɥɶɬɚɬɨɜ ɤɥɨɧиɪɨɜɚɧиɹ ɫɠɚɬиɟ 
иɡɨɛɪɚɠɟɧиɹ ɫ ɩɨɬɟɪɹɦи, ɧɚɥɨɠɟɧиɟ ɲɭɦɚ, ɪɚɡɦɵɬиɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɫɬɚɧɨɜɥɟɧɚ 

ɜɵɫɨɤɚɹ ɷɮɮɟɤɬиɜɧɨɫɬɶ ɚɥɝɨɪиɬɦиɱɟɫɤɨɣ ɪɟɚɥиɡɚɰии ɦɟɬɨɞɚ ɧɟɡɚɜиɫиɦɨ ɨɬ ɜиɞɚ и 
ɤɨɧɤɪɟɬɧɨɝɨ ɫɩɨɫɨɛɚ ɪɟɚɥиɡɚɰии ɩɪɨɝɪɚɦɦɧɨɝɨ ɫɪɟɞɫɬɜɚ, иɫɩɨɥɶɡɭɟɦɨɝɨ ɩɪи 
ɩɨɫɬɨɛɪɚɛɨɬɤɟ иɡɨɛɪɚɠɟɧиɹ, ɫиɥɵ ɜɨɡɦɭщɚɸщɟɝɨ ɜɨɡɞɟɣɫɬɜиɹ, ɨɬɧɨɫиɬɟɥɶɧɵɯ 
ɪɚɡɦɟɪɨɜ ɨɛɥɚɫɬɟɣ ɤɥɨɧɚ и ɩɪɨɨɛɪɚɡɚ, ɫɩɟɰиɮиɤи ɚɧɚɥиɡиɪɭɟɦɨɝɨ иɡɨɛɪɚɠɟɧиɹ. 
ɉɪиɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɜɵɱиɫɥиɬɟɥɶɧɵɯ ɷɤɫɩɟɪиɦɟɧɬɨɜ. 

Ключеɜые слоɜɚ: ɰиɮɪɨɜɨɟ иɡɨɛɪɚɠɟɧиɟ, ɤɥɨɧ, ɩɪɨɨɛɪɚɡ, ɩɨɫɬɨɛɪɚɛɨɬɤи 
иɡɨɛɪɚɠɟɧиɹ, ɜɨɡɦɭщɚɸщиɟ ɜɨɡɞɟɣɫɬɜиɹ, ɫɠɚɬиɟ ɫ ɩɨɬɟɪɹɦи, ɪɚɡɦɵɬиɟ, ɧɚɥɨɠɟɧиɟ 
ɲɭɦɚ 

Вɜеɞеɧие 

Ɉɞɧиɦ иɡ ɧɚиɛɨɥɟɟ ɲиɪɨɤɨ и ɱɚɫɬɨ иɫɩɨɥɶɡɭɟɦɵɯ ɩɪɨɝɪɚɦɦɧɵɯ иɧɫɬɪɭɦɟɧɬɨɜ 
ɩɪи ɧɟɚɜɬɨɪиɡɨɜɚɧɧɵɯ иɡɦɟɧɟɧиɹɯ – ɮɚɥɶɫиɮиɤɚɰиɹɯ ɰиɮɪɨɜɨɝɨ иɡɨɛɪɚɠɟɧиɹ (ЦИ) 

ɹɜɥɹɟɬɫɹ ɤɥɨɧиɪɨɜɚɧиɟ, ɪɟɚɥиɡɨɜɚɧɧɨɟ ɜɨ ɜɫɟɯ ɫɨɜɪɟɦɟɧɧɵɯ ɝɪɚɮиɱɟɫɤиɯ ɪɟɞɚɤɬɨɪɚɯ 

(AНШЛО PСШЭШsСШp, GТЦp и ɞɪ.). ɉɪи ɤɥɨɧиɪɨɜɚɧии ɨɞɧɚ ɨɛɥɚɫɬɶ иɡɨɛɪɚɠɟɧиɹ, 
ɧɚɡɵɜɚɟɦɚɹ ɩɪɨɨɛɪɚɡɨɦ, ɤɨɩиɪɭɟɬɫɹ и ɜɫɬɚɜɥɹɟɬɫɹ ɜ ɞɪɭɝɭɸ ɨɛɥɚɫɬɶ ɷɬɨɝɨ ɠɟ 
иɡɨɛɪɚɠɟɧиɹ, ɡɚɦɟɧɹɹ ɫɨɛɨɣ ɟɝɨ ɨɪиɝиɧɚɥɶɧɭɸ ɱɚɫɬɶ и ɨɛɪɚɡɭɹ ɤɥɨɧ ɩɪɨɨɛɪɚɡɚ. 
Ɉɩиɫɚɧɧɚɹ ɩɪɨɰɟɞɭɪɚ ɱɚɫɬɨ иɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɫ ЦИ ɭɛиɪɚɟɬɫɹ 
«ɧɟɠɟɥɚɬɟɥɶɧɵɣ» ɨɛɴɟɤɬ, иɡɦɟɧɹɟɬɫɹ ɜɡɚиɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧиɟ ɨɛɴɟɤɬɨɜ, ɞɭɛɥиɪɭɟɬɫɹ 
ɨɛɴɟɤɬ (ɨɛɴɟɤɬɵ).  

ɇɚ ɩɪɚɤɬиɤɟ ЦИ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧиɹ ɤɥɨɧиɪɨɜɚɧиɹ ɩɨɞɜɟɪɝɚɟɬɫɹ ɞɨɩɨɥɧиɬɟɥɶɧɵɦ 
ɜɨɡɦɭщɚɸщиɦ ɜɨɡɞɟɣɫɬɜиɹɦ – ɩɨɫɬɨɛɪɚɛɨɬɤɟ ɫ ɰɟɥɶɸ ɦɚɫɤиɪɨɜɤи ɪɟɡɭɥɶɬɚɬɨɜ 
ɤɥɨɧиɪɨɜɚɧиɹ, ɭɫɥɨɠɧɟɧиɹ ɩɪɨɰɟɫɫɚ ɟɝɨ ɨɛɧɚɪɭɠɟɧиɹ, ɜɵɡɜɚɧɧɨɝɨ иɡɦɟɧɟɧиɟɦ 
ɡɧɚɱɟɧиɣ ɩɚɪɚɦɟɬɪɨɜ ЦИ ɜ ɨɛɥɚɫɬɹɯ ɤɥɨɧɚ, ɩɪɨɨɛɪɚɡɚ. 

Ɂɚɞɚɱɚ ɜɵɹɜɥɟɧиɹ ɬɚɤɨɝɨ ɪɨɞɚ ɮɚɥɶɫиɮиɤɚɰии ɧɟ ɹɜɥɹɟɬɫɹ ɧɨɜɨɣ [1-3], ɨɞɧɚɤɨ 
ɫɭщɟɫɬɜɭɸщиɟ ɧɚ ɫɟɝɨɞɧɹɲɧиɣ ɞɟɧɶ ɦɟɬɨɞɵ ɧɟ ɨɛɟɫɩɟɱиɜɚɸɬ ɞɨɫɬɚɬɨɱɧɭɸ 
ɷɮɮɟɤɬиɜɧɨɫɬɶ ɟɟ ɪɟɲɟɧиɹ. Ⱦɚɠɟ ɜ ɭɫɥɨɜиɹɯ ɨɬɫɭɬɫɬɜиɹ ɞɨɩɨɥɧиɬɟɥɶɧɵɯ ɜɨɡɦɭщɟɧиɣ 
ɧɭɥɟɜɨɟ ɡɧɚɱɟɧиɟ ɨɲиɛɤи ɩɟɪɜɨɝɨ ɪɨɞɚ, ɤɨɝɞɚ ɨɬɫɭɬɫɬɜɭɟɬ ɩɪɨɩɭɫɤ 
ɮɚɥɶɫиɮиɰиɪɨɜɚɧɧɨɝɨ ЦИ, ɞɨɫɬиɝɚɟɬɫɹ ɥиɲɶ ɨɱɟɧɶ ɧɟɦɧɨɝиɦи ɚɥɝɨɪиɬɦɚɦи [3]. 

Ȼɨɥɶɲиɧɫɬɜɨ иɡ ɧиɯ ɜɵɹɜɥɹɸɬ ɨɛɥɚɫɬи ɤɥɨɧɚ/ɩɪɨɨɛɪɚɡɚ, ɤɨɝɞɚ ɨɧи ɫɨɫɬɚɜɥɹɸɬ  0.85–
1% ЦИ и ɛɨɥɟɟ Д3,4], ɨɤɚɡɵɜɚɹɫɶ ɧɟɫɨɫɬɨɹɬɟɥɶɧɵɦи ɜ ɫɥɭɱɚɟ ɦɚɥɵɯ ɨɬɧɨɫиɬɟɥɶɧɵɯ 
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ɪɚɡɦɟɪɨɜ ɨɛɥɚɫɬи ɮɚɥɶɫиɮиɤɚɰии. Ɍɪɟɛɭɟɬ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɪɟɲɟɧиɹ ɡɚɞɚɱɚ ɜɵɹɜɥɟɧиɹ 
ɪɟɡɭɥɶɬɚɬɨɜ ɤɥɨɧиɪɨɜɚɧиɹ ɜ ɭɫɥɨɜиɹɯ  ɡɧɚɱиɬɟɥɶɧɵɯ ɜɨɡɦɭщɚɸщиɯ ɜɨɡɞɟɣɫɬɜиɣ. 

ȼ [5] ɛɵɥ ɩɪɟɞɥɨɠɟɧ, ɚ ɜ [6] ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧ ɧɨɜɵɣ ɛɥɨɤɨɜɨ-ɨɪиɟɧɬиɪɨɜɚɧɧɵɣ 

ɦɟɬɨɞ KL  ɜɵɹɜɥɟɧиɹ ɪɟɡɭɥɶɬɚɬɨɜ ɤɥɨɧиɪɨɜɚɧиɹ ɜ ЦИ ɜ ɭɫɥɨɜиɹɯ ɟɝɨ ɩɨɫɬɨɛɪɚɛɨɬɤи, 
ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɝɟɨɦɟɬɪиɱɟɫɤɨɦ ɩɪɟɞɫɬɚɜɥɟɧии ЦИ, ɧɚ ɨɫɧɨɜɚɧии ɤɨɬɨɪɨɝɨ ɞɥɹ ɛɥɨɤɨɜ 
ɦɚɬɪиɰɵ иɡɨɛɪɚɠɟɧиɹ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɮɨɪɦɚɥɶɧɨɟ ɧɟɨɛɯɨɞиɦɨɟ ɭɫɥɨɜиɟ иɯ 
ɩɪиɧɚɞɥɟɠɧɨɫɬи ɨɛɥɚɫɬɹɦ ɤɥɨɧɚ и ɩɪɨɨɛɪɚɡɚ [5]. Иɫɯɨɞɹ иɡ ɬɟɨɪɟɬиɱɟɫɤиɯ ɨɫɧɨɜ 
ɦɟɬɨɞɚ, ɟɝɨ ɷɮɮɟɤɬиɜɧɨɫɬɶ ɞɨɥɠɧɚ ɩɪɟɜɨɫɯɨɞиɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɚɧɚɥɨɝи, ɧɟ ɞɨɥɠɧɚ 
ɡɚɜиɫɟɬɶ ɨɬ ɫɩɟɰиɮиɤи и ɫиɥɵ ɞɨɩɨɥɧиɬɟɥɶɧɵɯ ɜɨɡɦɭщɚɸщиɯ ɜɨɡɞɟɣɫɬɜиɣ, ɚ ɬɚɤɠɟ ɨɬ 
ɨɬɧɨɫиɬɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɤɥɨɧɚ и ɩɪɨɨɛɪɚɡɚ [6]. 

ɐелɶ сɬɚɬɶ и ɩосɬɚɧоɜɤɚ ɡɚɞɚɧиɣ 

Целью ɫɬɚɬɶи ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧиɟ ɚɧɚɥиɡɚ ɷɮɮɟɤɬиɜɧɨɫɬи ɪɚɛɨɬɵ 
ɚɥɝɨɪиɬɦиɱɟɫɤɨɣ ɪɟɚɥиɡɚɰии ɦɟɬɨɞɚ KL  ɜɵɹɜɥɟɧиɹ ɪɟɡɭɥɶɬɚɬɨɜ ɤɥɨɧиɪɨɜɚɧиɹ ɜ 
ɭɫɥɨɜиɹɯ ɞɨɩɨɥɧиɬɟɥɶɧɵɯ ɜɨɡɦɭщɚɸщиɯ ɜɨɡɞɟɣɫɬɜиɣ, ɜ ɬɨɦ ɱиɫɥɟ ɡɧɚɱиɬɟɥɶɧɵɯ. 

ɉɪи ɬɟɫɬиɪɨɜɚɧии ɚɥɝɨɪиɬɦиɱɟɫɤɨɣ ɪɟɚɥиɡɚɰии ɥɸɛɨɝɨ иɡ ɪɚɫɫɦɚɬɪиɜɚɟɦɵɯ ɜ 
ɪɚɛɨɬɟ ɦɟɬɨɞɨɜ ɷɮɮɟɤɬиɜɧɨɫɬɶ ɨɰɟɧиɜɚɥɚɫɶ ɞɜɭɦɹ ɤɨɥиɱɟɫɬɜɟɧɧɵɦи ɩɨɤɚɡɚɬɟɥɹɦи 
TPR (true positive rate)  и FPR (false positive rate) [3]:  

,
ЦИɪɨɜɚɧɧɵɯ ɮɚɥɶɫиɮиɰиɧɵɯ ɪɚɫɫɦɨɬɪɟɧ ɱиɫɥɨ ɨɛщɟɟ

ɪɨɜɚɧɧɵɟɮɚɥɶɫиɮиɰи ɤɚɤɵɯ ɨɩɪɟɞɟɥɟɧɧ ЦИ,ɜɚɧɧɵɯ ɮɚɥɶɮиɰиɪɨ ɜɨ-ɤɨɥ
TPR

 

ЦИɵɯ ɨɪиɝиɧɚɥɶɧɧɵɯ ɪɚɫɫɦɨɬɪɟɧ ɤɨɥиɱɟɫɬɜɨ ɨɛщɟɟ
ɨɜɚɧɧɵɟɮɚɥɶɫиɮиɰи ɤɚɤɵɯ ɨɩɪɟɞɟɥɟɧɧ ЦИ,ɵɯ ɨɪиɝиɧɚɥɶɧ ɤɨɥиɱɟɫɬɜɨ

FPR .  

 ɇɟɨɛɯɨɞиɦɨ ɨɬɦɟɬиɬɶ, ɱɬɨ ɩɨɤɚɡɚɬɟɥɶ FPR ɹɜɥɹɟɬɫɹ ɩɨɤɚɡɚɬɟɥɟɦ ɨɲиɛɨɤ 
ɜɬɨɪɨɝɨ ɪɨɞɚ иɥи «ɥɨɠɧɵɯ ɬɪɟɜɨɝ». 

Ⱦɚɥɟɟ ɞɥɹ ɩɨɤɚɡɚɬɟɥɹ TPRɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɮɚɥɶɫиɮиɰиɪɨɜɚɧɧɨɟ ЦИ ɨɩɪɟɞɟɥɟɧɨ 
ɤɚɤ ɮɚɥɶɫиɮиɰиɪɨɜɚɧɧɨɟ, ɟɫɥи ɜ ɧɟɦ ɨɛɧɚɪɭɠɟɧɨ ɧɚɥиɱиɟ ɨɛɥɚɫɬɟɣ ɤɥɨɧɚ и ɩɪɨɨɛɪɚɡɚ, 
ɩɪиɱɟɦ ɷɬи ɨɛɥɚɫɬи иɦɟɸɬ ɧɟɩɭɫɬɨɟ ɩɟɪɟɫɟɱɟɧиɟ ɫ ɪɟɚɥɶɧɵɦи ɤɥɨɧɨɦ и ɩɪɨɨɛɪɚɡɨɦ. 

Ɉɪиɝиɧɚɥɶɧɨɟ ЦИ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɮɚɥɶɫиɮиɰиɪɨɜɚɧɧɨɟ и ɭɱиɬɵɜɚɟɬɫɹ ɩɪи 
ɜɵɱиɫɥɟɧии ɩɨɤɚɡɚɬɟɥɹ FPR, ɟɫɥи ɜ ɧɟɦ ɮиɤɫиɪɭɟɬɫɹ ɧɚɥиɱиɟ ɨɛɥɚɫɬɟɣ ɤɥɨɧɚ, 
ɩɪɨɨɛɪɚɡɚ. 

Ⱦɥɹ ɞɨɫɬиɠɟɧиɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥи ɜ ɪɚɛɨɬɟ ɪɟɲɚɸɬɫɹ ɫɥɟɞɭɸщиɟ ɡɚɞɚɱи. 

1. ɉɪɨɜɟɫɬи ɫɪɚɜɧиɬɟɥɶɧɵɣ ɚɧɚɥиɡ ɷɮɮɟɤɬиɜɧɨɫɬи KL  ɜ ɭɫɥɨɜиɹɯ 
ɨɬɫɭɬɫɬɜиɹ ɩɨɫɬɨɛɪɚɛɨɬɤи ЦИ ɩɨɫɥɟ ɤɥɨɧиɪɨɜɚɧиɹ. 

2. Ɉɩɪɟɞɟɥиɬɶ ɯɚɪɚɤɬɟɪ ɜɨɡɦɭщɚɸщиɯ ɜɨɡɞɟɣɫɬɜиɣ, ɧɚиɛɨɥɟɟ ɱɚɫɬɨ 
иɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ «ɦɚɫɤиɪɨɜɤи» ɪɟɡɭɥɶɬɚɬɨɜ ɤɥɨɧиɪɨɜɚɧиɹ ɜ ЦИ. 

3. ɉɪɨɜɟɫɬи ɫɪɚɜɧиɬɟɥɶɧɵɣ ɚɧɚɥиɡ ɷɮɮɟɤɬиɜɧɨɫɬи KL  ɜ ɭɫɥɨɜиɹɯ ɧɚиɛɨɥɟɟ 
ɱɚɫɬɨ иɫɩɨɥɶɡɭɟɦɵɯ ɞɨɩɨɥɧиɬɟɥɶɧɵɯ ɜɨɡɦɭщɚɸщиɯ ɜɨɡɞɟɣɫɬɜиɣ ɫ ɫɨɜɪɟɦɟɧɧɵɦи 
ɚɧɚɥɨɝɚɦи. 

Ɉсɧоɜɧɚɹ чɚсɬɶ 

Ⱦɥɹ ɫɪɚɜɧиɬɟɥɶɧɨɝɨ ɚɧɚɥиɡɚ ɷɮɮɟɤɬиɜɧɨɫɬи ɦɟɬɨɞɚ KL  ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɪиɹ 
ɜɵɱиɫɥиɬɟɥɶɧɵɯ ɷɤɫɩɟɪиɦɟɧɬɨɜ, ɜ ɤɚɠɞɨɦ иɡ ɤɨɬɨɪɵɯ ɛɵɥи ɡɚɞɟɣɫɬɜɨɜɚɧɵ 400 
ɰɜɟɬɧɵɯ (ɰɜɟɬɨɜɚɹ ɫɯɟɦɚ RGB) ЦИ иɡ ɛɚɡɵ NRCS [7], ɹɜɥɹɸщɟɣɫɹ ɬɪɚɞиɰиɨɧɧɨɣ ɩɪи 
ɬɟɫɬиɪɨɜɚɧии ɚɥɝɨɪиɬɦɨɜ ɨɛɪɚɛɨɬɤи и ɚɧɚɥиɡɚ иɡɨɛɪɚɠɟɧиɣ, и 100 ЦИ, ɩɨɥɭɱɟɧɧɵɯ 
ɧɟɩɪɨɮɟɫɫиɨɧɚɥɶɧɵɦи ɰиɮɪɨɜɵɦи ɤɚɦɟɪɚɦи, ɪɚɡɦɟɪɨɦ 400400  ɩиɤɫɟɥɟɣ. Ⱦɚɥɟɟ 
ɬɚɤɨɟ ɦɧɨɠɟɫɬɜɨ ЦИ ɧɚɡɵɜɚɟɬɫɹ ɷɤɫɩɟɪиɦɟɧɬɚɥɶɧɵɦ ɦɧɨɠɟɫɬɜɨɦ (ɗɆ).  
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ȿɞиɧɫɬɜɟɧɧɵɦ ɨɝɪɚɧиɱɟɧиɟɦ ɧɚ ɪɚɛɨɬɭ ɦɟɬɨɞɚ KL  [6] ɹɜɥɹɟɬɫɹ ɩɪиɧɚɞɥɟɠɧɨɫɬɶ 
ɨɛɥɚɫɬи, ɧɟ ɩɪиɧɚɞɥɟɠɚщɟɣ ɩɟɪɟɫɟɱɟɧиɸ ɤɥɨɧɚ и ɩɪɨɨɛɪɚɡɚ, ɯɨɬɹ ɛɵ ɨɞɧɨɝɨ 

qq ɛɥɨɤɚ, ɞɥɹ ɤɨɬɨɪɨɝɨ 16q . ɗɬɨ ɝɨɜɨɪиɬ ɨ ɩɪиɧɰиɩиɚɥɶɧɨɣ ɜɨɡɦɨɠɧɨɫɬи 
ɷɮɮɟɤɬиɜɧɨɣ ɪɚɛɨɬɵ ɦɟɬɨɞɚ ɩɪи ɜɵɹɜɥɟɧии ɨɛɥɚɫɬɟɣ ɤɥɨɧɚ/ɩɪɨɨɛɪɚɡɚ ɦɚɥɵɯ 
ɨɬɧɨɫиɬɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ. ȼ ɫиɥɭ ɷɬɨɝɨ ɜɟɡɞɟ ɜ ɪɚɛɨɬɟ ɩɪи ɩɪɨɜɟɞɟɧии ɜɵɱиɫɥиɬɟɥɶɧɵɯ 
ɷɤɫɩɟɪиɦɟɧɬɨɜ ɨɛɥɚɫɬи ɤɥɨɧɚ и ɩɪɨɨɛɪɚɡɚ ɫɨɫɬɚɜɥɹɸɬ %85.0  ЦИ: ɤɚɤ ɩɪɚɜиɥɨ, ɨɬ 
0.098% ɞɨ 0.39% ЦИ, ɯɨɬɹ иɫɩɨɥɶɡɨɜɚɥиɫɶ и ɨɛɥɚɫɬи ɤɥɨɧɚ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɛɵɥ 
ɦɟɧɶɲɟ 0.098% иɡɨɛɪɚɠɟɧиɹ.  

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɷɤɫɩɟɪиɦɟɧɬɚ ЦИ ɩɨɞɜɟɪɝɚɥиɫɶ ɤɥɨɧиɪɨɜɚɧиɸ ɫ ɩɨɫɥɟɞɭɸщиɦ 
ɫɨɯɪɚɧɟɧиɟɦ ɜ ɮɨɪɦɚɬɟ ɛɟɡ ɩɨɬɟɪɶ (Tif). Ɍɚɤиɦ ɨɛɪɚɡɨɦ, ɞɨɩɨɥɧиɬɟɥɶɧɵɟ 
ɜɨɡɦɭщɚɸщиɟ ɜɨɡɞɟɣɫɬɜиɹ ɨɬɫɭɬɫɬɜɨɜɚɥи. 

Ⱥɧɚɥиɡиɪɨɜɚɥɚɫɶ ɦɚɬɪиɰɚ ɨɞɧɨɣ ɰɜɟɬɨɜɨɣ ɫɨɫɬɚɜɥɹɸщɟɣ ЦИ, ɤɨɬɨɪɚɹ ɜɵɛиɪɚɥɚɫɶ 
ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ. Ⱥɧɚɥиɡ ɩɪɨɜɨɞиɥɫɹ ɫ иɫɩɨɥɶɡɨɜɚɧиɟɦ 1616 ɛɥɨɤɨɜ. ɉɨɤɚɡɚɬɟɥɶ 
TPR  ɜ ɷɬиɯ ɭɫɥɨɜиɹɯ ɞɚɥ ɦɚɤɫиɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɡɧɚɱɟɧиɟ – TPR=100%, ɡɧɚɱɟɧиɟ 

ɩɨɤɚɡɚɬɟɥɹ FPR, ɩɨɥɭɱɟɧɧɨɟ ɩɪи ɚɧɚɥиɡɟ ɫ ɩɨɦɨщɶɸ ɦɟɬɨɞɚ KL  ɨɪиɝиɧɚɥɶɧɵɯ ЦИ иɡ 
ɗɆ, ɹɜɥɹɟɬɫɹ ɫɪɚɜɧиɦɵɦ ɫ ɥɭɱɲиɦи ɩɨ ɷɬɨɦɭ ɩɨɤɚɡɚɬɟɥɸ ɫɨɜɪɟɦɟɧɧɵɦи ɚɧɚɥɨɝɚɦи. 

Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧиɬɟɥɶɧɨɝɨ ɚɧɚɥиɡɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. 

Ɍɚɛлиɰɚ 1.  

Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧиɬɟɥɶɧɨɝɨ ɚɧɚɥиɡɚ ɷɮɮɟɤɬиɜɧɨɫɬи ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ KL  и 
ɫɨɜɪɟɦɟɧɧɵɯ ɚɧɚɥɨɝɨɜ ɜ ɭɫɥɨɜиɹɯ ɨɬɫɭɬɫɬɜиɹ ɩɨɫɬɨɛɪɚɛɨɬɤи ɤɥɨɧиɪɨɜɚɧɧɨɝɨ ЦИ 

Ɇɟɬɨɞ TPR  (%) FPR (%) 

Fridrich (2003)[1] 89 84 

Lowe (2004)[8] 74 4 

Popescu and Farid (2004)[2] 87 86 

Pan and Lyu (2010)[9] 83 8.8 

Amerini(2011)[3] 100 8 

Mishra (2013)[4] 73.6 3.6 

Hashmi et al. (2014)[10] 80 10 

Diaa et al. (2016)[11] 96 2.9 

KL  100 4.8 

 

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɷɤɫɩɟɪиɦɟɧɬɚ ɩɪɨɜɨɞиɥɫɹ ɫɪɚɜɧиɬɟɥɶɧɵɣ ɚɧɚɥиɡ 
ɚɥɝɨɪиɬɦиɱɟɫɤɨɣ ɪɟɚɥиɡɚɰии ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ KL  ɫ ɫɨɜɪɟɦɟɧɧɵɦи ɚɧɚɥɨɝɚɦи ɜ 
ɭɫɥɨɜиɹɯ ɞɨɩɨɥɧиɬɟɥɶɧɵɯ ɜɨɡɦɭщɚɸщиɯ ɜɨɡɞɟɣɫɬɜиɣ (ȼȼ). Ɋɚɫɫɦɨɬɪиɦ ɧɚиɛɨɥɟɟ 
ɱɚɫɬɨ иɫɩɨɥɶɡɭɟɦɵɟ ɩɪи ɦɚɫɤиɪɨɜɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɤɥɨɧиɪɨɜɚɧиɹ ȼȼ: ɫɠɚɬиɟ ɫ ɩɨɬɟɪɹɦи, 
ɧɚɥɨɠɟɧиɟ ɲɭɦɚ, ɪɚɡɦɵɬиɟ ЦИ. 

Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧиɬɟɥɶɧɨɝɨ ɚɧɚɥиɡɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɫ ɫɨɜɪɟɦɟɧɧɵɦи 
ɚɧɚɥɨɝɚɦи ɜ ɭɫɥɨɜиɹɯ ɫɠɚɬиɹ ɫ ɩɨɬɟɪɹɦи (ɫɨɯɪɚɧɟɧиɹ ɤɥɨɧиɪɨɜɚɧɧɨɝɨ ЦИ ɜ ɮɨɪɦɚɬɟ 
jpОР ɫ ɪɚɡɥиɱɧɵɦи ɤɨɷɮɮиɰиɟɧɬɚɦи ɤɚɱɟɫɬɜɚ QF) ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪиɫ. 1 (ɞɥɹ ɦɟɬɨɞɨɜ, 
ɨɬɥиɱɧɵɯ ɨɬ KL , ɞɚɧɧɵɟ ɨɛ иɯ ɷɮɮɟɤɬиɜɧɨɫɬи ɛɪɚɥиɫɶ иɡ ɫɨɨɬɜɟɬɫɬɜɭɸщиɯ ɫɬɚɬɟɣ).  

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜиɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɪɟɜɨɫɯɨɞɫɬɜɟ ɩɨ ɷɮɮɟɤɬиɜɧɨɫɬи ɫ 
ɬɨɱɤи ɡɪɟɧиɹ TPRɪɚɡɪɚɛɨɬɚɧɧɵɦ ɦɟɬɨɞɨɦ KL  ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɨɜɪɟɦɟɧɧɵɯ 
ɚɧɚɥɨɝɨɜ. ɉɪи ɷɬɨɦ ɫ ɭɦɟɧɶɲɟɧиɟɦ QF  ɷɮɮɟɤɬиɜɧɨɫɬɶ KL  ɩɚɞɚɟɬ ɨɱɟɧɶ 
ɧɟɡɧɚɱиɬɟɥɶɧɨ: ɩɪи ɭɦɟɧɶɲɟɧии QF  ɜ 5 ɪɚɡ (ɫ 100 ɞɨ 20) ɡɧɚɱɟɧиɟ TPRɭɦɟɧɶɲиɥɨɫɶ 
ɥиɲɶ ɧɚ 7.1% (ɫ 99.2% ɞɨ 92.1%). ɇɟɨɛɯɨɞиɦɨ ɨɬɦɟɬиɬɶ, ɱɬɨ ɞɥɹ 40QF  ɬɟɫɬиɪɨɜɚɧиɟ 
ɫɨɜɪɟɦɟɧɧɵɯ ɚɧɚɥɨɝɨɜ ɩɪɚɤɬиɱɟɫɤи ɧɟ ɩɪɨɜɨɞиɬɫɹ. Иɫɤɥɸɱɟɧиɟ иɡ ɪɚɫɫɦɨɬɪɟɧɧɵɯ 
ɦɟɬɨɞɨɜ ɫɨɫɬɚɜɥɹɟɬ AЦОrТЧТ (2011), ɞɥɹ ɤɨɬɨɪɨɝɨ ɩɪɨɜɨɞиɥɨɫɶ ɬɟɫɬиɪɨɜɚɧиɟ ɜ ɭɫɥɨɜиɹɯ 
ɫɠɚɬиɹ ɫ 20QF . ȼ ɷɬиɯ ɭɫɥɨɜиɹɯ ɦɟɬɨɞ KL  ɩɪɟɜɨɫɯɨɞиɬ AЦОrТЧТ (2011) ɧɚ 5.6% ɩɨ 
ɡɧɚɱɟɧиɸ  TPR. Ɍɟɫɬиɪɨɜɚɧиɟ ɜ ɭɫɥɨɜиɹɯ ɫɠɚɬиɹ ɫ 5QF  ɧи ɨɞɧɨɝɨ иɡ ɫɨɜɪɟɦɟɧɧɵɯ 
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ɚɧɚɥɨɝɨɜ ɧɟ ɩɪɨɜɨɞиɥɨɫɶ ɜɨɨɛщɟ, ɱɬɨ ɦɨɠɟɬ ɝɨɜɨɪиɬɶ ɨɛ иɯ ɧɟɫɨɫɬɨɹɬɟɥɶɧɨɫɬи ɜ 
ɞɚɧɧɵɯ ɭɫɥɨɜиɹɯ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ TPR=69.3% (ɪиɫ.1). 

Ȼɨɥɶɲиɧɫɬɜɨ ɫɭщɟɫɬɜɭɸщиɯ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɜɵɹɜɥɟɧиɹ ɪɟɡɭɥɶɬɚɬɨɜ 
ɤɥɨɧиɪɨɜɚɧиɹ ɬɟɫɬиɪɭɸɬɫɹ ɥиɲɶ ɜ ɭɫɥɨɜиɹɯ 50QF (ɪиɫ.1). Ⱦɥɹ 50QF  

ɪɚɡɪɚɛɨɬɚɧɧɵɣ KL   ɩɪɟɜɨɫɯɨɞиɬ AЦОrТЧТ (2011) – ɥɭɱɲиɣ иɡ ɚɧɚɥɨɝɨɜ ɜ ɷɬиɯ ɭɫɥɨɜиɹɯ 
ɧɚ 2.6% ɩɨ ɩɨɤɚɡɚɬɟɥɸ TPR. Ⱦɥɹ ɧɚиɛɨɥɟɟ ɱɚɫɬɨ иɫɩɨɥɶɡɭɟɦɨɝɨ ɩɪи ɫɠɚɬии ɜ ɮɨɪɦɚɬɟ 
JpОР ɡɧɚɱɟɧиɹ ɤɨɷɮɮиɰиɟɧɬɚ ɤɚɱɟɫɬɜɚ 75QF  ɚɥɝɨɪиɬɦиɱɟɫɤɚɹ ɪɟɚɥиɡɚɰиɹ KL  

ɩɪɟɜɨɫɯɨɞиɬ ɥɭɱɲиɣ иɡ ɚɧɚɥɨɝɨɜ MКСЦШШН ОЭ КХ. (2016) ɩɨ ɩɨɤɚɡɚɬɟɥɸ TPRɧɚ 4.5%. 
Ɇɚɤɫиɦɚɥɶɧɨɟ ɩɪɟɜɨɫɯɨɞɫɬɜɨ KL  ɧɚɞ ɪɚɫɫɦɨɬɪɟɧɧɵɦи ɚɧɚɥɨɝɚɦи ɧɚɛɥɸɞɚɟɬɫɹ ɜ 
ɭɫɥɨɜиɹɯ 60QF  ɞɥɹ Diaa ОЭ КХ. (2016) и ɫɨɫɬɚɜɥɹɟɬ 6.7%. ɉɪи ɷɬɨɦ ɨɛɥɚɫɬи ɤɥɨɧɚ ɞɥɹ 
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɜɫɟɝɞɚ ɩɪи ɟɝɨ ɬɟɫɬиɪɨɜɚɧии иɦɟɥи ɦɚɥɵɟ ɨɬɧɨɫиɬɟɥɶɧɵɟ 
ɪɚɡɦɟɪɵ (ɦɟɧɶɲɟ 0.85% ЦИ), ɜ ɨɬɥиɱиɟ ɨɬ ɦɟɬɨɞɨɜ-ɚɧɚɥɨɝɨɜ.  

 

Ɋис. 1. Ɂɚɜиɫиɦɨɫɬɶ ɡɧɚɱɟɧиɹ TPRɨɬ ɡɧɚɱɟɧиɹ ɤɨɷɮɮиɰиɟɧɬɚ ɤɚɱɟɫɬɜɚ QF , 

иɫɩɨɥɶɡɭɟɦɨɝɨ ɩɪи ɫɠɚɬии ЦИ ɩɨɫɥɟ ɤɥɨɧиɪɨɜɚɧиɹ ɞɥɹ ɪɚɡɥиɱɧɵɯ ɦɟɬɨɞɨɜ: 1 - KL ; 2 - 

Lin et al. (2009) [12]; 3 - Bayram et al. (2009) [13]; 4 - Huang et al. (2011) [14]; 5 - Liu et al. 

(2011) [15]; 6 – Amerini (2011) [3]; 7 - Mahmood et al. (2016) [16]; 8 - Diaa et al. (2016) 

[11] 

ɉɪɨɜɟɞɟɦ ɫɪɚɜɧиɬɟɥɶɧɵɣ ɚɧɚɥиɡ ɷɮɮɟɤɬиɜɧɨɫɬи KL  ɫ ɫɨɜɪɟɦɟɧɧɵɦи ɚɧɚɥɨɝɚɦи ɜ 
ɭɫɥɨɜиɹɯ ɧɚɥɨɠɟɧиɹ ɧɚ ЦИ ɩɨɫɥɟ ɤɥɨɧиɪɨɜɚɧиɹ ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ. ɋиɥɚ 
ɜɨɡɦɭщɚɸщɟɝɨ ɜɨɡɞɟɣɫɬɜиɹ ɤɨɥиɱɟɫɬɜɟɧɧɨ ɨɰɟɧиɜɚɟɬɫɹ ɡɞɟɫɶ ɪɚɡɧɨɫɬɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ 
иɫɤɚɠɟɧиɹ иɡɨɛɪɚɠɟɧиɹ «ɫиɝɧɚɥ-ɲɭɦ» SNR  [3]. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪиɦɟɧɬɚ, ɜ ɤɨɬɨɪɨɦ 
ɛɵɥи ɡɚɞɟɣɫɬɜɨɜɚɧɵ ЦИ иɡ ɗɆ, ɩɪиɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. Ⱦɥɹ ɦɟɬɨɞɨɜ, ɨɬɥиɱɧɵɯ ɨɬ KL , 

ɞɚɧɧɵɟ ɨɛ иɯ ɷɮɮɟɤɬиɜɧɨɫɬи ɛɪɚɥиɫɶ иɡ ɫɨɨɬɜɟɬɫɬɜɭɸщиɯ ɫɬɚɬɟɣ, ɟɫɥи иɧɮɨɪɦɚɰиɹ ɨ 
ɬɟɫɬиɪɨɜɚɧии ɦɟɬɨɞɚ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜиɹɯ ɨɬɫɭɬɫɬɜɨɜɚɥɚ, ɜ ɬɚɛɥ. 2. ɫɬɚɜиɥɫɹ 
ɩɪɨɱɟɪɤ.  

Ʉɚɤ ɜиɞɧɨ иɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɩɪɟɜɨɫɯɨɞиɬ ɫɜɨи 
ɚɧɚɥɨɝи ɩɨ ɷɮɮɟɤɬиɜɧɨɫɬи ɫ ɭɱɟɬɨɦ TPR  (ɦɚɤɫиɦɚɥɶɧɨ – ɧɚ 5.8% ɞɥɹ Amerini(2011) ɜ 
ɭɫɥɨɜиɹɯ dBSNR 50 ), ɩɪи ɷɬɨɦ ɹɜɥɹɹɫɶ ɫɨɫɬɨɹɬɟɥɶɧɵɦ ɞɚɠɟ ɜ ɬɟɯ ɭɫɥɨɜиɹɯ, ɜ 
ɤɨɬɨɪɵɯ ɫɭщɟɫɬɜɨɜɚɜɲиɟ ɞɨ ɧɟɝɨ ɦɟɬɨɞɵ ɜɨɨɛщɟ ɧɟ ɪɚɛɨɬɚɸɬ – ɩɪи dBSNR 5  

TPR=67.8%. ɇɟɨɛɯɨɞиɦ ɨɬɦɟɬиɬɶ, ɱɬɨ ɡɧɚɱɟɧиɹ TPR  ɩɪи ɭɦɟɧɶɲɟɧии SNR  ɨɬ 60 ɞɨ 20 
dB  ɩɪɚɤɬиɱɟɫɤи ɧɟ ɦɟɧɹɟɬɫɹ, иɦɟɹ ɜɵɫɨɤɨɟ ɡɧɚɱɟɧиɟ: %6.98TPR . 
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Ɍɚɛлиɰɚ 2. 

Ɂɧɚɱɟɧиɟ TPR (%) ɞɥɹ ɪɚɡɥиɱɧɵɯ ɦɟɬɨɞɨɜ ɜ ɭɫɥɨɜиɹɯ ɧɚɥɨɠɟɧиɹ ɧɚ ЦИ ɩɨɫɥɟ 
ɤɥɨɧиɪɨɜɚɧиɹ ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ, ɩɪиɜɨɞɹщɟɝɨ ɤ иɫɤɚɠɟɧиɸ иɡɨɛɪɚɠɟɧиɹ, 

ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɨɬɧɨɲɟɧиɟɦ «ɫиɝɧɚɥ-ɲɭɦ» SNR (dB) 

Ɇɟɬɨ
ɞ 

 

 

 

SNR  

(dB) 

Popesc

u and 

Farid 

(2004) 

[2] 

Lin  

et al. 

(2009) 

[12] 

Bayram 

et al. 

(2009) 

[13] 

Huang 

et al. 

(2011) 

[14] 

Ameri

ni  

(2011) 

[3] 

Liu  

et al. 

(2011) 

[15] 

Diaa  

et al. 

(2016) 

[11] 

Deoli 

et al. 

(2016) 

[17] 

Mahmoo

d et al. 

(2016) 

[16] 

KL  

60        100  99.8 

50     94.1     99.6 

40 75  96 95 93.7 98   98.5 99.6 

35 66 98 96 95  98 96 85 97.9 99.2 

30 46  95 91 92  96  96.5 98.8 

25 31  79 82   96  90 98.8 

20 26 98 79 71 82.4 97 94  80 98.6 

15      96 94   96.4 

10  94        94.4 

5          67.8 

 

Ⱦɚɧɧɵɟ ɩɨ ɫɪɚɜɧɟɧиɸ ɷɮɮɟɤɬиɜɧɨɫɬɟɣ ɪɚɡɥиɱɧɵɯ ɦɟɬɨɞɨɜ ɜ ɭɫɥɨɜиɹɯ Ƚɚɭɫɫɨɜɚ 
ɪɚɡɦɵɬиɹ иɡɨɛɪɚɠɟɧиɹ ɩɨɫɥɟ ɤɥɨɧиɪɨɜɚɧиɹ ɩɪиɜɟɞɟɧɵ ɜ ɬɚɛɥ. 3 (ɦɚɫɤɚ 55 ). Ɋɚɡɦɵɬиɟ 
ɩɨ Ƚɚɭɫɫɭ ɨɫɭщɟɫɬɜɥɹɥɨɫɶ ɫ иɫɩɨɥɶɡɨɜɚɧиɟɦ ɦɚɫɤи ɮиɥɶɬɪɚ ɧиɠɧиɯ ɱɚɫɬɨɬ Ƚɚɭɫɫɚ, 
ɮɨɪɦиɪɭɟɦɨɣ ɩɪи ɩɨɦɨщи ɮɭɧɤɰии fspecial (ɫɪɟɞɚ MКЭХКЛ), ɨɞɧиɦ иɡ ɩɚɪɚɦɟɬɪɨɜ 
ɤɨɬɨɪɨɣ, ɧɚɪɹɞɭ ɫ ɪɚɡɦɟɪɚɦи ɦɚɫɤи, ɹɜɥɹɟɬɫɹ  , ɤɨɬɨɪɵɣ ɡɚɞɚɟɬ ɫɪɟɞɧɟɤɜɚɞɪɚɬиɱɟɫɤɨɟ 
ɨɬɤɥɨɧɟɧиɟ ɪɚɫɩɪɟɞɟɥɟɧиɹ Ƚɚɭɫɫɚ, иɫɩɨɥɶɡɭɟɦɨɟ ɩɪи ɮɨɪɦиɪɨɜɚɧии ɦɚɫɤи ɮиɥɶɬɪɚ. 
Ʉɚɤ ɜиɞɧɨ, ɚɥɝɨɪиɬɦ, ɪɟɚɥиɡɭɸщиɣ ɦɟɬɨɞ KL , ɩɪɟɜɨɫɯɨɞиɬ ɫɨɜɪɟɦɟɧɧɵɟ ɚɧɚɥɨɝи ɩɨ 
ɷɮɮɟɤɬиɜɧɨɫɬи (ɫ ɭɱɟɬɨɦ ɩɨɤɚɡɚɬɟɥɹ TPR), ɜ ɬɨɦ ɱиɫɥɟ и ɥɭɱɲиɣ иɡ ɧиɯ MКСЦШШН ОЭ 
КХ.(2016), ɩɪиɱɟɦ ɩɨɫɥɟɞɧиɣ ɦɚɤɫиɦɚɥɶɧɨ ɧɚ 4% (ɜ ɭɫɥɨɜиɹɯ 2 ). 

Ɍɚɛлиɰɚ 3. 

Ɂɧɚɱɟɧиɟ TPR  (%)  ɜ ɭɫɥɨɜиɹɯ ɪɚɡɦɵɬиɹ ɩɨ Ƚɚɭɫɫɭ ЦИ ɩɨɫɥɟ ɤɥɨɧиɪɨɜɚɧиɹ ɞɥɹ 
ɪɚɡɥиɱɧɵɯ ɡɧɚɱɟɧиɣ ɩɚɪɚɦɟɬɪɚ ɝɚɭɫɫɨɜɚ ɮиɥɶɬɪɚ   ɫ ɦɚɫɤɨɣ 55  

    

Ɇɟɬɨɞ 

 

  

Fridrich 

(2003) 

[1] 

 

Huang  

et al.  

(2011) 

[14] 

Bayram  

et al.  

(2009) 

[13] 

Mahmood  

et al. 

(2016) 

[16] 

KL  

0.5 85 92 89 97 98.2 

1 84 91 88 96 97.0 

1.5 79 90 87 94 93.0 

2 74 85 76 89 92.6 

2.5 71 81 76 85 87.2 

3 71 80 74 83 85.6 

Выɜоɞы 

Ɍɚɤиɦ ɨɛɪɚɡɨɦ, ɫɟɪиɹ ɩɪɨɜɟɞɟɧɧɵɯ ɜɵɱиɫɥиɬɟɥɶɧɵɯ ɷɤɫɩɟɪиɦɟɧɬɨɜ ɩɨɞɬɜɟɪɞиɥɚ 
ɧɚ ɩɪɚɤɬиɤɟ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬиɜɧɨɫɬɶ ɦɟɬɨɞɚ KL  ɜɵɹɜɥɟɧиɹ ɪɟɡɭɥɶɬɚɬɨɜ ɤɥɨɧиɪɨɜɚɧиɹ 
ɤɚɤ ɩɪи ɧɚɥиɱии, ɬɚɤ и ɩɪи ɨɬɫɭɬɫɬɜии ɞɨɩɨɥɧиɬɟɥɶɧɵɯ ɜɨɡɦɭщɚɸщиɯ ɜɨɡɞɟɣɫɬɜиɣ. 
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ɋɪɚɜɧиɬɟɥɶɧɵɣ ɚɧɚɥиɡ ɷɮɮɟɤɬиɜɧɨɫɬи ɦɟɬɨɞɚ ɜɵɹɜɥɟɧиɹ ɪɟɡɭɥɶɬɚɬɨɜ 
ɤɥɨɧиɪɨɜɚɧиɹ ɜ ЦИ KL , ɩɪɨɜɟɞɟɧɧɵɣ ɜ ɭɫɥɨɜиɹɯ ɫɠɚɬиɹ ɫ ɩɨɬɟɪɹɦи, ɧɚɥɨɠɟɧиɹ 
ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ, ɪɚɡɦɵɬиɹ ЦИ, ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɝɨ иɡ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ȼȼ 
ɚɥɝɨɪиɬɦиɱɟɫɤɚɹ ɪɟɚɥиɡɚɰиɹ KL  ɩɪɟɜɨɫɯɨɞиɬ ɩɨ ɷɮɮɟɤɬиɜɧɨɫɬи ɫɨɜɪɟɦɟɧɧɵɟ ɚɧɚɥɨɝи, 
ɤɨɬɨɪɵɟ ɧɟ ɪɚɫɫɱиɬɚɧɵ ɧɚ ɪɚɛɨɬɭ ɜ ɭɫɥɨɜиɹɯ ɡɧɚɱиɬɟɥɶɧɵɯ ȼȼ (ɫɠɚɬиɟ ɫ 20QF , 

ɧɚɥɨɠɟɧиɟ ɲɭɦɚ, ɩɪиɜɨɞɹщɟɟ ɤ иɫɤɚɠɟɧиɸ иɡɨɛɪɚɠɟɧиɹ, ɨɰɟɧиɜɚɟɦɨɦɭ dBSNR 10 ), ɚ 
ɬɚɤɠɟ ɨɛɥɚɫɬɟɣ ɤɥɨɧɚ и ɩɪɨɨɛɪɚɡɚ ɦɚɥɵɯ ɨɬɧɨɫиɬɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ (<0.85% ЦИ). ȼ 
ɭɫɥɨɜиɹɯ ɫɠɚɬиɹ ɫ ɩɨɬɟɪɹɦи ɦɚɤɫиɦɚɥɶɧɨɟ ɩɪɟɜɨɫɯɨɞɫɬɜɨ KL  ɞɨɫɬиɝɚɟɬ 6.7%; ɜ 

ɭɫɥɨɜиɹɯ ɧɚɥɨɠɟɧиɹ ɲɭɦɚ 5.8%; ɜ ɭɫɥɨɜиɹɯ ɪɚɡɦɵɬиɹ  KL  ɩɪɟɜɨɫɯɨɞиɬ ɥɭɱɲиɣ иɡ 
ɚɧɚɥɨɝɨɜ ɦɚɤɫиɦɚɥɶɧɨ ɧɚ 4% ɨɬɧɨɫиɬɟɥɶɧɨ ɩɨɤɚɡɚɬɟɥɹ TPR . Ɂɧɚɱɟɧиɟ ɩɨɤɚɡɚɬɟɥɹ FPR 

ɫɪɚɜɧиɦɨ ɫ ɥɭɱɲиɦи иɡ ɫɨɜɪɟɦɟɧɧɵɯ ɚɧɚɥɨɝɨɜ.  
ɉɪи ɨɬɫɭɬɫɬɜии ɩɨɫɬɨɛɪɚɛɨɬɤи ɮɚɥɶɫиɮиɰиɪɨɜɚɧɧɨɝɨ ЦИ ɜɵɹɜɥɟɧиɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɤɥɨɧиɪɨɜɚɧиɹ ɩɪɨиɫɯɨɞиɬ ɜ 100% ЦИ. 
Ɍɚɤиɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ KL  ɩɨɡɜɨɥиɥ ɩɨɜɵɫиɬɶ ɷɮɮɟɤɬиɜɧɨɫɬɶ 

ɨɛɧɚɪɭɠɟɧиɹ ɤɥɨɧиɪɨɜɚɧиɹ и, ɤɚɤ ɫɥɟɞɫɬɜиɟ, ɜ ɰɟɥɨɦ ɷɮɮɟɤɬиɜɧɨɫɬɶ ɜɵɹɜɥɟɧиɹ 
ɧɚɪɭɲɟɧиɹ ɰɟɥɨɫɬɧɨɫɬи ЦИ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɧɚ ɩɪɚɤɬиɤɟ ɩɭɬɟɦ ɩɪɟɞɫɬɚɜиɬɟɥɶɧɵɯ 
ɜɵɱиɫɥиɬɟɥɶɧɵɯ ɷɤɫɩɟɪиɦɟɧɬɨɜ. 
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ɉɈɊІВɇəɅɖɇɂɃ АɇАɅІɁ ȿФȿКɌɂВɇɈɋɌІ ɆȿɌɈȾɍ ВɂəВɅȿɇɇə ɊȿɁɍɅɖɌАɌІВ 
КɅɈɇɍВАɇɇə В ɍɆɈВАɏ ɉɈɋɌɈȻɊɈȻКɂ ɁɈȻɊАɀȿɇɇə 

ɋ.Ɇ. Ƚɪиɝɨɪɟɧɤɨ  

Ɉɞɟɫɶɤиɣ ɧɚɰɿɨɧɚɥɶɧиɣ ɩɨɥɿɬɟɯɧɿɱɧиɣ ɭɧɿɜɟɪɫиɬɟɬ, 
ɩɪɨɫɩ. ɒɟɜɱɟɧɤɨ, 1, Ɉɞɟɫɚ, 65044, ɍɤɪɚʀɧɚ; О-ЦКɿХ: sn_torchuk2012@mail.ru 

ɍ ɪɨɛɨɬɿ ɩɪɨɜɟɞɟɧиɣ ɩɨɪɿɜɧɹɥɶɧиɣ ɚɧɚɥɿɡ ɿɡ ɫɭɱɚɫɧиɦи ɚɧɚɥɨɝɚɦи ɟɮɟɤɬиɜɧɨɫɬɿ 
ɪɨɡɪɨɛɥɟɧɨɝɨ ɪɚɧɿɲɟ ɦɟɬɨɞɭ ɜиɹɜɥɟɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɤɥɨɧɭɜɚɧɧɹ ɜ ɰиɮɪɨɜɨɦɭ 
ɡɨɛɪɚɠɟɧɧɿ ɜ ɭɦɨɜɚɯ ɣɨɝɨ ɩɨɫɬɨɛɪɨɛɤи. Ɍɟɨɪɟɬиɱɧиɣ ɛɚɡиɫ ɦɟɬɨɞɭ ґɪɭɧɬɭєɬɶɫɹ ɧɚ 
ɝɟɨɦɟɬɪиɱɧɨɦɭ ɩɪɟɞɫɬɚɜɥɟɧɧɿ ɡɨɛɪɚɠɟɧɧɹ ɣ ɨɬɪиɦɚɧɿɣ ɧɟɨɛɯɿɞɧɿɣ ɭɦɨɜɿ ɧɚɥɟɠɧɨɫɬɿ 
ɛɥɨɤɿɜ ɦɚɬɪиɰɿ ɡɨɛɪɚɠɟɧɧɹ ɨɛɥɚɫɬɹɦ ɤɥɨɧɭ ɣ ɩɪɨɨɛɪɚɡɭ. ɍ ɹɤɨɫɬɿ ɞɨɞɚɬɤɨɜиɯ 
ɡɛɭɪɧиɯ ɞɿɣ ɪɨɡɝɥɹɧɭɬɿ ɧɚɣɛɿɥɶɲ ɱɚɫɬɨ ɜиɤɨɪиɫɬɨɜɭɜɚɧɿ ɞɥɹ «ɦɚɫɤɭɜɚɧɧɹ» 
ɪɟɡɭɥɶɬɚɬɿɜ ɤɥɨɧɭɜɚɧɧɹ: ɫɬиɫɤ ɡɨɛɪɚɠɟɧɧɹ ɿɡ ɜɬɪɚɬɚɦи, ɧɚɤɥɚɞɟɧɧɹ ɲɭɦɭ, ɪɨɡɦиɬɬɹ. 

ɍ ɪɟɡɭɥɶɬɚɬɿ ɜɫɬɚɧɨɜɥɟɧɚ ɜиɫɨɤɚ ɟɮɟɤɬиɜɧɿɫɬɶ ɚɥɝɨɪиɬɦɿɱɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɦɟɬɨɞɭ 
ɧɟɡɚɥɟɠɧɨ ɜɿɞ ɜиɞɭ ɣ ɤɨɧɤɪɟɬɧɨɝɨ ɫɩɨɫɨɛɭ ɪɟɚɥɿɡɚɰɿʀ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɫɨɛɭ, ɹɤиɣ 
ɜиɤɨɪиɫɬɨɜɭєɬɶɫɹ ɩɪи ɩɨɫɬɨɛɪɨɛɰɿ ɡɨɛɪɚɠɟɧɧɹ, ɫиɥи ɡɛɭɪɧɨʀ ɞɿʀ, ɜɿɞɧɨɫɧиɯ ɪɨɡɦɿɪɿɜ 
ɨɛɥɚɫɬɟɣ ɤɥɨɧɭ ɣ ɩɪɨɨɛɪɚɡɭ, ɫɩɟɰиɮɿɤи ɚɧɚɥɿɡɨɜɚɧɨɝɨ ɡɨɛɪɚɠɟɧɧɹ. ɇɚɜɟɞɟɧɨ 
ɪɟɡɭɥɶɬɚɬи ɨɛɱиɫɥɸɜɚɥɶɧиɯ ɟɤɫɩɟɪиɦɟɧɬɿɜ. 

Ключоɜі слоɜɚ: ɰиɮɪɨɜɟ ɡɨɛɪɚɠɟɧɧɹ, ɤɥɨɧ, ɩɪɨɨɛɪɚɡ, ɩɨɫɬɨɛɪɨɛɤɚ ɡɨɛɪɚɠɟɧɧɹ, 
ɡɛɭɪɧɿ ɞɿʀ, ɫɬиɫɤ ɿɡ ɜɬɪɚɬɚɦи, ɪɨɡɦɿɬɬɹ, ɧɚɤɥɚɞɚɧɧɹ ɲɭɦɭ. 

 

 

 

COMPARATIVE ANALYSIS THE EFFICIENCY OF THE METHOD FOR DETECTION THE 

RESULTS IN THE CLONING IMAGE POSTPROCESSING 

S.M. Grygorenko 

Odessa national polytechnic university, 

1, Shevchenko Ave., Odessa, 65044, Ukraine; e-ЦКɿХ: sn_torchuk2012@mail.ru 

The comparative analysis of the effectiveness the modern analogs for previously developed 

method of cloning results in the detection of the digital image in the conditions of post-

processing.The theoretical basis of the method is based on the geometric representation of 

the image and obtain the necessary supplies provided image matrix of blocks and areas 

clone prototype.As additional disturbances are considered the most frequently used for 

"masking" image compression cloning results with losses, noise, overlay, blur.In a result, it 

was set high performance algorithmic method implementation regardless of the type and 

the particular mode of implementation the software used in the post-processing of the 

image, the disturbance force, the relative sizes of areas and pre-image clone, the specificity 

of the analyzed image.There are presented results of computational experiments in this 

scientific work. 

Keywords: digital image, clone, the prototype, image post-processing, disturbing 

influences, lossy compression, blur, noise. 
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