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В ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞ ɨɛɧɚɪɭɠɟɧɢɹ ɧɚɪɭɲɟɧɢɣ ɰɟɥɨɫɬɧɨɫɬɢ ɰɢɮɪɨɜɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɫɬɟɝɚɧɨɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. В 
ɫɥɭɱɚɟ ɭɫɬɨɣɱɢɜɨɝɨ ɤ ɜɨɡɦɭɳɚɸɳɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɨɝɨ 
ɚɥɝɨɪɢɬɦɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɨɪɢɝɢɧɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɜ 
ɢɡɨɛɪɚɠɟɧɢɢ ɞɚɠɟ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɢɡɦɟɧɟɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɮɨɪɦɚɬɟ ɫ ɩɨɬɟɪɹɦɢ. 
Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɪɟɞɢ ɢɦɟɸɳɢɯɫɹ ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ 
ɧɚɪɭɲɟɧɢɣ ɰɟɥɨɫɬɧɨɫɬɢ ɜɵɞɟɥɢɬɶ ɤɨɧɤɪɟɬɧɵɣ – ɤɥɨɧɢɪɨɜɚɧɢɟ, ɜɵɹɜɢɬɶ ɤɥɨɧɢɪɨɜɚɧɧɭɸ 
ɨɛɥɚɫɬɶ ɢ ɟɟ ɩɪɨɨɛɪɚɡ, ɨɬɞɟɥɢɬɶ ɤɥɨɧ ɜ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɢɹ ɟɝɨ ɩɨɫɬɨɛɪɚɛɨɬɤɢ ɨɬ 
ɧɚɣɞɟɧɧɨɝɨ ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɩɪɨɨɛɪɚɡɚ, ɱɬɨ ɧɟ ɞɟɥɚɥɨɫɶ ɪɚɧɟɟ.  

Ʉɥɸчɟɜɵɟ ɫɥɨɜɚ: ɰɟɥɨɫɬɧɨɫɬɶ ɰɢɮɪɨɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɫɬɟɝɚɧɨɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, 
ɰɢɮɪɨɜɨɣ ɜɨɞɹɧɨɣ ɡɧɚɤ, ɤɥɨɧɢɪɨɜɚɧɢɟ, ɩɪɨɨɛɪɚɡ ɤɥɨɧɚ 

ȼɜɟɞɟɧɢɟ 

ɋɨɜɪɟɦɟɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɤɨɧɬɟɧɬɵ ɜɫɟ ɱɚɳɟ ɢɦɟɸɬ ɰɢɮɪɨɜɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ: 
ɰɢɮɪɨɜɵɟ ɢɡɨɛɪɚɠɟɧɢɹ (ɐɂ), ɜɢɞɟɨ (ɐВ), ɚɭɞɢɨ. ɉɪɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫ ɰɟɥɶɸ, ɨɬɥɢɱɧɨɣ 
ɨɬ ɪɚɡɜɥɟɤɚɬɟɥɶɧɨɣ, ɧɟɨɛɯɨɞɢɦɨ ɛɵɬɶ ɭɜɟɪɟɧɧɵɦɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɵɯ 
ɢɡɦɟɧɟɧɢɣ ɷɬɢɯ ɤɨɧɬɟɧɬɨɜ, ɱɬɨ ɞɟɥɚɟɬ ɡɚɞɚɱɭ ɩɪɨɜɟɪɤɢ ɢɯ ɰɟɥɨɫɬɧɨɫɬɢ ɱɪɟɡɜɵɱɚɣɧɨ 
ɚɤɬɭɚɥɶɧɨɣ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ. 

ɋɨɜɪɟɦɟɧɧɵɣ ɭɪɨɜɟɧɶ ɪɚɡɜɢɬɢɹ ІɌ-ɬɟɯɧɨɥɨɝɢɣ ɩɪɢɜɟɥ ɤ ɬɨɦɭ, ɱɬɨ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ 
ɮɚɥɶɫɢɮɢɤɚɰɢɢ ɐɂ ɫɪɟɞɫɬɜɚɦɢ ɝɪɚɮɢɱɟɫɤɢɯ ɪɟɞɚɤɬɨɪɨɜ, ɬɚɤɢɯ ɤɚɤ AНobО PСotosСop, Coral 
Droа ɢ ɞɪɭɝɢɟ, ɹɜɥɹɸɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ, ɩɪɢɜɨɞɹ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɬɨɞɨɜ ɩɚɫɫɢɜɧɨɣ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ. ɂ ɯɨɬɹ ɡɚɞɚɱɚ 
ɜɵɹɜɥɟɧɢɹ ɧɚɪɭɲɟɧɢɣ ɰɟɥɨɫɬɧɨɫɬɢ ɐɂ ɧɟ ɹɜɥɹɟɬɫɹ ɧɨɜɨɣ,  ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɟɟ 
ɪɟɲɟɧɢɹ ɩɨ ɬɟɦ ɢɥɢ ɢɧɵɦ ɩɪɢɱɢɧɚɦ ɧɟ ɹɜɥɹɸɬɫɹ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦɢ Д1-3].  

Аɤɬɭɚɥɶɧɨɣ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɜɵɹɜɥɟɧɢɹ ɨɛɥɚɫɬɟɣ ɤɥɨɧɢɪɨɜɚɧɢɹ 
ɐɂ. ȿɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɪɟɲɟɧɢɟ ɩɨɥɭɱɟɧɨ ɜ ɫɥɭɱɚɟ ɫɨɯɪɚɧɟɧɢɹ ɢɡɦɟɧɟɧɧɨɝɨ ɐɂ  ɜ 
ɮɨɪɦɚɬɟ ɛɟɡ ɩɨɬɟɪɶ, ɧɚɩɪɢɦɟɪ, ɜ Д4], ɧɨ ɩɪɟɞɥɨɠɟɧɧɵɣ ɡɞɟɫɶ ɦɟɬɨɞ ɨɤɚɡɵɜɚɟɬɫɹ 
ɧɟɷɮɮɟɤɬɢɜɧɵɦ, ɟɫɥɢ ɩɨɫɥɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɤɥɨɧɢɪɨɜɚɧɢɹ ɐɂ ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɮɨɪɦɚɬɟ ɫ 
ɩɨɬɟɪɹɦɢ, ɱɬɨ ɜɧɨɫɢɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɜ ɢɡɨɛɪɚɠɟɧɢɟ. 

ɑɚɫɬɨ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɤɥɨɧɢɪɨɜɚɧɧɨɣ ɨɛɥɚɫɬɢ ɢ ɟɟ ɩɪɨɨɛɪɚɡɚ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ 
ɬɨɱɧɨɟ ɭɫɬɚɧɨɜɥɟɧɢɟ «ɱɬɨ ɟɫɬɶ ɱɬɨ». Аɥɝɨɪɢɬɦ ɨɬɞɟɥɟɧɢɹ ɤɥɨɧɚ ɨɬ ɩɪɨɨɛɪɚɡɚ ɫɨɜɫɟɦ 
ɧɟɞɚɜɧɨ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɜ Д5], ɨɞɧɚɤɨ ɨɫɧɨɜɨɣ ɷɬɨɝɨ ɚɥɝɨɪɢɬɦɚ ɹɜɥɹɟɬɫɹ ɜɵɹɜɥɟɧɢɟ 
ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɫɬɨɛɪɚɛɨɬɤɢ ɤɥɨɧɢɪɨɜɚɧɧɨɣ ɨɛɥɚɫɬɢ (ɟɟ ɤɨɧɬɭɪɚ) – ɪɚɡɦɵɬɢɹ, ɛɟɡ ɧɚɥɢɱɢɹ 
ɤɨɬɨɪɨɝɨ ɩɪɟɞɥɨɠɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɹɜɥɹɟɬɫɹ ɧɟɪɚɛɨɱɢɦ. 
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ɐɟɥɶ ɫɬɚɬɶɢ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɧɢɣ 

ɋɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ (ɋА), ɜɧɟɞɪɹɸɳɢɟ ɰɢɮɪɨɜɵɟ ɜɨɞɹɧɵɟ ɡɧɚɤɢ (ɐВɁ) ɜ 
ɰɢɮɪɨɜɵɟ ɤɨɧɬɟɧɬɵ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɜɟɪɤɢ 
ɢɯ ɚɭɬɟɧɬɢɱɧɨɫɬɢ ɢ ɰɟɥɨɫɬɧɨɫɬɢ. В ɫɜɹɡɢ ɫ ɷɬɢɦ 

Цɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɜɵɹɜɥɟɧɢɹ (ɨɛɥɚɫɬɟɣ) ɧɚɪɭɲɟɧɢɣ 
ɰɟɥɨɫɬɧɨɫɬɢ ɐɂ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɐВɁ, ɷɮɮɟɤɬɢɜɧɨɝɨ, ɜ ɬɨɦ ɱɢɫɥɟ, ɜ 
ɭɫɥɨɜɢɹɯ ɫɨɯɪɚɧɟɧɢɹ ɢɡɦɟɧɟɧɧɨɝɨ ɐɂ ɜ ɮɨɪɦɚɬɟ ɫ ɩɨɬɟɪɹɦɢ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɩɪɢ 
ɜɵɹɜɥɟɧɧɨɦ ɤɥɨɧɢɪɨɜɚɧɢɢ ɨɬɞɟɥɢɬɶ ɤɥɨɧ ɨɬ ɟɝɨ ɩɪɨɨɛɪɚɡɚ ɜ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɢɹ ɤɚɤɨɣ-ɥɢɛɨ 
ɩɨɫɬɨɛɪɚɛɨɬɤɢ ɨɛɥɚɫɬɢ ɤɥɨɧɢɪɨɜɚɧɢɹ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɜ ɪɚɛɨɬɟ ɪɟɲɚɸɬɫɹ ɡɚɞɚɱɢ: 

 ɨɩɪɟɞɟɥɟɧɢɹ ɫɜɨɣɫɬɜ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ/ɚɥɝɨɪɢɬɦɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ 
ɞɥɹ ɩɨɝɪɭɠɟɧɢɹ ɐВɁ ɜ ɐɂ, ɫ ɭɱɟɬɨɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɨɡɦɨɠɧɵɯ ɚɬɚɤ ɧɚ ɩɨɥɭɱɟɧɧɨɟ 

ɫɬɟɝɚɧɨɫɨɨɛɳɟɧɢɟ; 
 ɨɩɪɟɞɟɥɟɧɢɹ ɚɥɮɚɜɢɬɚ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɐВɁ; 
 ɨɩɪɟɞɟɥɟɧɢɹ ɫɩɨɫɨɛɚ ɜɵɹɜɥɟɧɢɹ ɨɛɥɚɫɬɢ ɤɥɨɧɢɪɨɜɚɧɢɹ ɜ ɫɥɭɱɚɟ ɧɟɫɨɜɩɚɞɟɧɢɹ 

ɫɟɬɨɤ ɪɚɡɛɢɟɧɢɹ ɦɚɬɪɢɰɵ ɐɂ ɞɥɹ ɤɥɨɧɚ ɢ ɨɛɥɚɫɬɢ ɩɪɨɨɛɪɚɡɚ; 
 ɨɬɞɟɥɟɧɢɹ ɤɥɨɧɚ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɟɝɨ ɩɨɫɬɨɛɪɚɛɨɬɤɢ ɨɬ ɩɪɨɨɛɪɚɡɚ. 

Ɉɫɧɨɜɧɚɹ чɚɫɬɶ 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɰɜɟɬɧɨɟ ɐɂ. ɉɭɫɬɶ F  - ɷɬɨ ɨɞɧɚ ɢɡ ɦɚɬɪɢɰ ɟɝɨ ɮɨɪɦɚɥɶɧɨɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ (ɨɞɧɚ ɢɡ ɰɜɟɬɨɜɵɯ ɦɚɬɪɢɰ, ɟɫɥɢ ɐɂ ɯɪɚɧɢɬɫɹ, ɧɚɩɪɢɦɟɪ, ɜ ɫɯɟɦɟ RGB; 
ɦɚɬɪɢɰɚ ɹɪɤɨɫɬɢ ɜ ɫɯɟɦɟ YUV). Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɤɨɧɬɪɨɥɹ ɧɚɪɭɲɟɧɢɣ 
ɰɟɥɨɫɬɧɨɫɬɢ ɐɂ ɦɚɬɪɢɰɚ F  ɪɚɡɦɟɪɚ nn  ɪɚɡɛɢɜɚɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ ɨɛɪɚɡɨɦ ɧɚ 

 ll ɛɥɨɤɢ, ɨɛɨɡɧɚɱɚɟɦɵɟ ɞɚɥɟɟ ijB ,  lnji ,...,1,  , ɝɞɟ    - ɨɩɟɪɚɰɢɹ ɜɵɞɟɥɟɧɢɹ ɰɟɥɨɣ 

ɱɚɫɬɢ ɚɪɝɭɦɟɧɬɚ. Кɚɠɞɵɣ ɛɥɨɤ ijB  ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɤɜɚɞɪɚɬɧɵɟ mm ɩɨɞɛɥɨɤɢ gh

ijB , ɝɞɟ 
mlhg ,...,1,   (ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ l  ɤɪɚɬɧɨ m ) (ɪɢɫ.1). Ⱦɥɹ ɐɂ ɝɟɧɟɪɢɪɭɟɬɫɹ 

ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɫɟɤɪɟɬɧɵɣ ɤɥɸɱ ɜ ɜɢɞɟ ɞɜɭɦɟɪɧɨɣ     lnln ɦɚɬɪɢɰɵ K , ɫ 
ɷɥɟɦɟɧɬɚɦɢ  lnjik ij ,...,1,,  . Эɥɟɦɟɧɬɵ  r

ijk 2...222,...,2,1,0 210  , ɝɞɟ r  - 

ɤɨɥɢɱɟɫɬɜɨ mm ɩɨɞɛɥɨɤɨɜ ɛɥɨɤɚ ijB . Кɥɸɱ K  ɢɝɪɚɟɬ ɪɨɥɶ ɐВɁ, ɩɨɝɪɭɠɚɟɦɨɝɨ ɩɪɢ 
ɩɨɦɨɳɢ ɋА ɜ ɨɪɢɝɢɧɚɥɶɧɨɟ ɐɂ (ɜ ɦɚɬɪɢɰɭ F ). ɉɪɟɞɥɨɠɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɚɥɮɚɜɢɬɚ ɞɥɹ 
ɷɥɟɦɟɧɬɨɜ ɐВɁ ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɜɟɥɢɱɢɬɶ ɟɝɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɨɛɳɟɢɫɩɨɥɶɡɭɟɦɵɦ Д6] ɛɢɧɚɪɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ.  

В ɤɚɠɞɵɣ ɛɥɨɤ B  ɩɪɨɢɫɯɨɞɢɬ ɩɨɝɪɭɠɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ K  ɩɨɫɥɟ ɟɝɨ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɞɜɨɢɱɧɨɣ ɫɢɫɬɟɦɟ ɫɱɢɫɥɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ r  

ɪɚɡɪɹɞɨɜ (ɧɚɩɪɢɦɟɪ, ɟɫɥɢ ɨɱɟɪɟɞɧɨɟ ɡɧɚɱɟɧɢɟ 2ijk , ɚ 4r , ɬɨ ijk  ɤɨɞɢɪɭɟɬɫɹ ɜ ɜɢɞɟ: 

0010). Кɚɠɞɵɣ ɩɨɞɛɥɨɤ gh

ijB  ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɝɪɭɠɟɧɢɹ ɜ ɧɟɝɨ ɨɞɧɨɝɨ ɛɢɬɚ ɞɜɨɢɱɧɨɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ijk . Ɍɚɤɚɹ ɛɥɨɱɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɫɬɟɝɚɧɨɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (ɋɉ) ɐɂ, 
ɩɨɦɢɦɨ ɜɫɟɝɨ ɩɪɨɱɟɝɨ, ɨɛɟɫɩɟɱɢɬ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɫɬɟɝɚɧɨɦɟɬɨɞ ɧɚɥɢɱɢɟɦ ɜɧɭɬɪɟɧɧɟɝɨ 
ɩɚɪɚɥɥɟɥɢɡɦɚ Д7], ɱɬɨ ɩɪɢ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɡɜɨɥɢɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ 
ɪɚɛɨɬɵ ɦɟɬɨɞɚ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ 
ɪɟɚɥɢɡɚɰɢɟɣ. ɇɚɥɢɱɢɟ ɜɧɭɬɪɟɧɧɟɝɨ ɩɚɪɚɥɥɟɥɢɡɦɚ ɨɛɟɫɩɟɱɢɬ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɜɵɹɜɥɟɧɢɹ ɧɚɪɭɲɟɧɢɣ ɰɟɥɨɫɬɧɨɫɬɢ ɞɥɹ ɐВ. 
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Ɋɢɫ. 1. Ɋɚɡɛɢɟɧɢɟ  ll ɛɥɨɤɚ ijB  ɧɚ mm ɩɨɞɛɥɨɤɢ gh

ijB  

 

Ɉɫɧɨɜɧɵɟ ɲɚɝɢ ɦɟɬɨɞɚ ɫɥɟɞɭɸɳɢɟ.  
Ɉɪɝɚɧɢɡɚɰɢɹ ɫɬɟɝɚɧɨɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 

1. Ɋɚɡɛɢɬɶ ɦɚɬɪɢɰɭ ɐɂ F  ɧɚ ɧɟɩɟɪɟɫɟɤɚɸɳɢɟɫɹ  ll ɛɥɨɤɢ ijB ,  lnji ,...,1,  .  

2. ɋɮɨɪɦɢɪɨɜɚɬɶ     lnln ɦɚɬɪɢɰɭ ɫɟɤɪɟɬɧɨɝɨ ɤɥɸɱɚ K , ɤɨɬɨɪɚɹ ɩɟɪɟɞɚɟɬɫɹ 
ɚɞɪɟɫɚɬɭ ɩɨ ɡɚɳɢɳɟɧɧɨɦɭ ɤɚɧɚɥɭ ɫɜɹɡɢ. 

3. Ⱦɥɹ ɤɚɠɞɨɝɨ ɨɱɟɪɟɞɧɨɝɨ ɛɥɨɤɚ ,ijB  lnji ,...,1,  : 

            3.1. Ɋɚɡɛɢɬɶ ijB  ɫɬɚɧɞɚɪɬɧɵɦ ɨɛɪɚɡɨɦ ɧɚ r  ɧɟɩɟɪɟɫɟɤɚɸɳɢɯɫɹ mm ɩɨɞɛɥɨɤɨɜ 
gh

ijB , ɝɞɟ mlhg ,...,1,  . 

            3.2.ɉɪɟɞɫɬɚɜɢɬɶ ɨɱɟɪɟɞɧɨɣ ɩɨɝɪɭɠɚɟɦɵɣ ɜ ijB  ɷɥɟɦɟɧɬ ijk  ɦɚɬɪɢɰɵ ɤɥɸɱɚ K  ɜ 

ɜɢɞɟ: 
rppp ...21
, ɝɞɟ   ripi ,1,1,0  . 

            3.3. Ⱦɥɹ ɤɚɠɞɨɝɨ ɩɨɞɛɥɨɤɚ gh

ijB , ɭɱɚɫɬɜɭɸɳɟɝɨ ɜ ɩɪɨɰɟɫɫɟ ɋɉ, ɩɨɝɪɭɡɢɬɶ ɜ ɧɟɝɨ 
ɨɱɟɪɟɞɧɨɣ ɷɥɟɦɟɧɬ 

rppp ...21
, ɢɫɩɨɥɶɡɭɹ ɞɥɹ ɷɬɨɝɨ ɧɟɤɨɬɨɪɵɣ  ɋА, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ 

ɧɚɞɟɠɧɨɫɬɶ ɜɨɫɩɪɢɹɬɢɹ ɩɨɥɭɱɚɟɦɨɝɨ ɐɂ-ɫɬɟɝɚɧɨɫɨɨɛɳɟɧɢɹ ɫ ɦɚɬɪɢɰɟɣ )(S
F . 

Ɉɪɝɚɧɢɡɚɰɢɹ ɞɟɤɨɞɢɪɨɜɚɧɢɹ. 

1. Ɋɚɡɛɢɬɶ ɦɚɬɪɢɰɭ ɜɨɡɦɨɠɧɨ ɢɡɦɟɧɟɧɧɨɝɨ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɫɵɥɤɢ ɢɥɢ ɯɪɚɧɟɧɢɹ 
ɐɂ F  (ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ F )(S

F ) ɧɚ ɧɟɩɟɪɟɫɟɤɚɸɳɢɟɫɹ  ll ɛɥɨɤɢ ijB ,  lnji ,...,1,  . 

Кɚɠɞɵɣ ɛɥɨɤ ijB  ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɞɟɤɨɞɢɪɨɜɚɧɢɹ ɢɡ ɧɟɝɨ 1 ɜɨɡɦɨɠɧɨ ɢɡɦɟɧɟɧɧɨɝɨ 
ɷɥɟɦɟɧɬɚ ijk  ɦɚɬɪɢɰɵ ɤɥɸɱɚ K . 

2. Ⱦɥɹ ɤɚɠɞɨɝɨ ɨɱɟɪɟɞɧɨɝɨ ɛɥɨɤɚ ,ijB  lnji ,...,1,  , ɡɚɞɟɣɫɬɜɨɜɚɧɧɨɝɨ ɜ ɋɉ: 

             2.1. Ɋɚɡɛɢɬɶ ijB  ɫɬɚɧɞɚɪɬɧɵɦ ɨɛɪɚɡɨɦ ɧɚ r  ɧɟɩɟɪɟɫɟɤɚɸɳɢɯɫɹ mm ɩɨɞɛɥɨɤɨɜ 
gh

ijB , ɝɞɟ mlhg ,...,1,  . 

             2.2. ɂɡ ɤɚɠɞɨɝɨ ɩɨɞɛɥɨɤɚ gh
ijB , ɭɱɚɫɬɜɭɸɳɟɝɨ ɜ ɋɉ, ɢɡɜɥɟɱɶ ɨɱɟɪɟɞɧɨɣ ɛɢɬ 

ɢɧɮɨɪɦɚɰɢɢ 
s

p , ɢɫɩɨɥɶɡɭɹ ɞɥɹ ɷɬɨɝɨ ɋА, ɤɨɬɨɪɵɣ ɩɪɢɦɟɧɹɥɫɹ ɧɚ ɷɬɚɩɟ ɩɨɝɪɭɠɟɧɢɹ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɐɂ. Вɫɟ ɢɡɜɥɟɱɟɧɧɵɟ ɛɢɬɵ, ɜɵɫɬɪɨɟɧɧɵɟ ɜ ɩɨɪɹɞɤɟ, ɨɩɪɟɞɟɥɹɟɦɨɦ 
ɫɟɤɪɟɬɧɵɦ ɤɥɸɱɨɦ ɚɥɝɨɪɢɬɦɚ, ɨɩɪɟɞɟɥɹɬ ɞɜɨɢɱɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 

r
ppp ...

21
 ɷɥɟɦɟɧɬɚ ijk . 
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3. Еɫɥɢ ɫɭɳɟɫɬɜɭɟɬ ɷɥɟɦɟɧɬ ɦɚɬɪɢɰɵ K , ɞɥɹ ɤɨɬɨɪɨɝɨ ijij kk  , ɬɨ           

ɰɟɥɨɫɬɧɨɫɬɶ ɐɂ ɧɚɪɭɲɟɧɚ, ɚ ɧɟɫɨɜɩɚɞɟɧɢɹ ɜ K  ɞɚɞɭɬ ɜɨɡɦɨɠɧɨɫɬɶ ɥɨɤɚɥɢɡɨɜɚɬɶ ɷɬɢ 
ɨɛɥɚɫɬɢ,  ɢɧɚɱɟ  ɰɟɥɨɫɬɧɨɫɬɶ ɐɂ ɧɟ ɧɚɪɭɲɟɧɚ, ɩɟɪɟɯɨɞ ɧɚ ɲɚɝ 8. 

4. Еɫɥɢ ɰɟɥɶɸ ɚɧɚɥɢɡɚ ɐɂ ɛɵɥɨ ɜɵɹɜɥɟɧɢɟ ɥɢɲɶ ɮɚɤɬɚ ɧɚɪɭɲɟɧɢɹ ɟɝɨ 
ɰɟɥɨɫɬɧɨɫɬɢ, ɬɨ ɩɟɪɟɯɨɞ ɧɚ ɲɚɝ 8, ɢɧɚɱɟ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɨɜɟɪɢɬɶ, ɹɜɥɹɟɬɫɹ ɥɢ 
ɜɵɹɜɥɟɧɧɚɹ ɨɛɥɚɫɬɶ ɤɥɨɧɢɪɨɜɚɧɧɨɣ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɟɟ ɠɟ ɜ ɚɧɚɥɢɡɢɪɭɟɦɨɦ ɐɂ, ɬ.ɟ. 
ɧɚɣɬɢ ɟɟ ɩɪɨɨɛɪɚɡ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜ ɦɚɬɪɢɰɟ K , ɫɨɫɬɚɜɥɟɧɧɨɣ ɢɡ ɞɟɤɨɞɢɪɨɜɚɧɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ijk , ɧɚɣɬɢ ɨɛɥɚɫɬɶ ɟɟ ɷɥɟɦɟɧɬɨɜ, ɚɧɚɥɨɝɢɱɧɭɸ ɜɵɹɜɥɟɧɧɨɣ ɧɟɨɪɢɝɢɧɚɥɶɧɨɣ. 
ȿɫɥɢ ɨɛɥɚɫɬɶ ɧɚɣɞɟɧɚ, ɩɟɪɟɯɨɞ ɧɚ ɲɚɝ 8. 

ɑɚɫɬɧɵɣ ɫɥɭɱɚɣ ɢɥɥɸɫɬɪɚɰɢɢ ɲɚɝɚ 4 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ.2. Ɉɞɧɚɤɨ ɬɚɤɨɣ ɫɥɭɱɚɣ, ɚ 
ɢɦɟɧɧɨ, ɤɨɝɞɚ ɫɟɬɤɚ ɪɚɡɛɢɟɧɢɹ ɤɥɨɧɢɪɨɜɚɧɧɨɣ ɨɛɥɚɫɬɢ ɢ ɟɟ ɩɪɨɨɛɪɚɡɚ ɧɚ ɛɥɨɤɢ ɛɭɞɟɬ 
ɫɨɜɩɚɞɚɬɶ, ɹɜɥɹɟɬɫɹ ɦɚɥɨɜɟɪɨɹɬɧɵɦ. ɑɚɳɟ ɜɫɟɝɨ ɞɚɠɟ ɜ ɫɥɭɱɚɟ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɨɛɥɚɫɬɢ 
ɤɥɨɧɚ ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɫɥɭɱɚɣ, ɢɥɥɸɫɬɪɚɰɢɹ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ.3 (ɤɪɚɫɧɵɦ 
ɜɵɞɟɥɟɧɚ ɨɛɥɚɫɬɶ ɤɥɨɧɚ, ɡɟɥɟɧɵɦ ɰɜɟɬɨɦ – ɩɪɨɨɛɪɚɡ), ɤɨɝɞɚ ɛɥɨɤɢ (ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɢ 
ɪɚɫɩɨɥɨɠɟɧɢɟ) ɜ ɩɪɟɞɟɥɚɯ ɨɛɥɚɫɬɢ ɤɥɨɧɚ ɧɟ ɛɭɞɭɬ ɧɚɩɪɹɦɭɸ ɨɬɜɟɱɚɬɶ ɛɥɨɤɚɦ ɩɪɨɨɛɪɚɡɚ. 
Ɍɨɝɞɚ ɩɨɢɫɤ ɩɪɨɨɛɪɚɡɚ ɜ ɐɂ ɛɭɞɟɬ ɡɚɬɪɭɞɧɟɧ, ɩɨɫɤɨɥɶɤɭ ɬɨɱɧɨɝɨ ɫɨɜɩɚɞɟɧɢɹ ɱɚɫɬɟɣ ɤɥɸɱɚ 
ɞɥɹ ɤɥɨɧɚ ɢ ɩɪɨɨɛɪɚɡɚ ɜ ɚɧɚɥɢɡɢɪɭɟɦɨɦ ɐɂ ɧɚɛɥɸɞɚɬɶɫɹ ɧɟ ɛɭɞɟɬ. В ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɰɟɫɫ 
ɚɧɚɥɢɡɚ ɐɂ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɨɞɨɥɠɟɧ. 

 

                                     ɚ                                       ɛ                                     ɜ 

Ɋɢɫ. 2. Вɵɹɜɥɟɧɢɟ ɤɥɨɧɢɪɨɜɚɧɧɨɣ ɨɛɥɚɫɬɢ ɢ ɟɟ ɩɪɨɨɛɪɚɡɚ ɜ ɐɂ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɞɟɤɨɞɢɪɨɜɚɧɧɨɣ ɦɚɬɪɢɰɵ ɤɥɸɱɚ 

 

5. Вɵɞɟɥɟɧɧɚɹ ɧɟɨɪɢɝɢɧɚɥɶɧɚɹ ɨɛɥɚɫɬɶ ɞɨɥɠɧɚ ɫɨɞɟɪɠɚɬɶ ɧɟɤɨɬɨɪɵɟ ɛɥɨɤɢ 
ɰɟɥɢɤɨɦ. ɂɡ ɬɚɤɢɯ ɛɥɨɤɨɜ ɩɪɨɢɡɜɟɫɬɢ ɞɟɤɨɞɢɪɨɜɚɧɢɟ ɱɚɫɬɢ ɤɥɸɱɚ (ɪɢɫ.2(ɛ)). ɋ ɭɱɟɬɨɦ 
ɬɨɝɨ, ɱɬɨ ɛɥɨɤɢ, ɧɚɯɨɞɹɳɢɟɫɹ ɧɚ ɝɪɚɧɢɰɟ ɨɛɥɚɫɬɢ, ɦɨɝɭɬ ɥɢɲɶ ɱɚɫɬɢɱɧɨ ɜɯɨɞɢɬɶ ɜ  
ɤɥɨɧɢɪɨɜɚɧɧɭɸ ɨɛɥɚɫɬɶ, ɭɞɚɥɢɬɶ ɢɡ ɜɵɞɟɥɟɧɧɨɣ ɨɛɥɚɫɬɢ ɤɥɸɱɚ ɡɧɚɱɟɧɢɹ, ɥɟɠɚɳɢɟ ɧɚ ɟɟ 
ɝɪɚɧɢɰɟ. ɉɟɪɟɣɬɢ ɧɚ ɲɚɝ 4. ȿɫɥɢ ɚɧɚɥɨɝ ɧɟɨɪɢɝɢɧɚɥɶɧɨɣ ɱɚɫɬɢ ɐɂ ɧɚɣɞɟɧ, ɬɨ ɨɧ ɹɜɥɹɟɬɫɹ 
ɩɪɨɨɛɪɚɡɨɦ ɜɵɹɜɥɟɧɧɨɣ ɧɟɨɪɢɝɢɧɚɥɶɧɨɣ ɱɚɫɬɢ ɐɂ - ɤɥɨɧɚ. ɉɟɪɟɯɨɞ ɧɚ ɲɚɝ 8.  

6. ɉɟɪɟɛɨɪ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɪɚɫɩɨɥɨɠɟɧɢɣ ɫɟɬɤɢ ɪɚɡɛɢɟɧɢɹ ɜ ɩɪɟɞɟɥɚɯ 
ɜɵɞɟɥɟɧɧɨɣ ɧɟɨɪɢɝɢɧɚɥɶɧɨɣ ɨɛɥɚɫɬɢ Цɂ. ɉɪɨɢɡɜɟɫɬɢ ɫɞɜɢɝ ɫɟɬɤɢ ɪɚɡɛɢɟɧɢɹ ɧɚ 1 ɩɢɤɫɟɥɶ. 
ɉɟɪɟɯɨɞ ɧɚ ɲɚɝ 5. 
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7. ȿɫɥɢ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɜɚɪɢɚɧɬɵ ɫɟɬɤɢ ɪɚɡɛɢɟɧɢɹ ɫ ɲɚɝɨɦ ɜ ɨɞɢɧ ɩɢɤɫɟɥɶ 
ɩɪɨɜɟɪɟɧɵ, ɩɪɢ ɷɬɨɦ ɩɪɨɨɛɪɚɡ ɧɟɨɪɢɝɢɧɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɧɟ ɨɛɧɚɪɭɠɟɧ, ɬɨ ɨɧɚ ɧɟ ɹɜɥɹɟɬɫɹ 
ɤɥɨɧɢɪɨɜɚɧɧɨɣ ɨɛɥɚɫɬɶɸ. 

8. Вɵɯɨɞ. 

  

ɚ ɛ 

Ɋɢɫ. 3. ɉɪɢɦɟɪ ɜɨɡɦɨɠɧɨɝɨ ɧɟɫɨɜɩɚɞɟɧɢɹ ɫɟɬɨɤ ɪɚɡɛɢɟɧɢɹ ɨɛɥɚɫɬɢ ɤɥɨɧɢɪɨɜɚɧɢɹ ɢ 
ɩɪɨɨɛɪɚɡɚ: ɚ – ɨɪɢɝɢɧɚɥɶɧɨɟ ɐɂ; ɛ – ɐɂ, ɩɨɞɜɟɪɝɧɭɬɨɟ ɨɛɪɚɛɨɬɤɟ 

 

Ɂɚɦɟɱɚɧɢɟ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɟɞɥɚɝɚɟɦɵɣ ɦɟɬɨɞ ɨɛɟɫɩɟɱɢɜɚɥ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ 
ɧɚɪɭɲɟɧɢɸ ɰɟɥɨɫɬɧɨɫɬɢ, ɨɯɜɚɬɵɜɚɸɳɟɦɭ ɐɂ ɰɟɥɢɤɨɦ (ɧɚɥɨɠɟɧɢɟ ɲɭɦɚ, ɫɠɚɬɢɟ ɫ 
ɩɨɬɟɪɹɦɢ, ɮɢɥɶɬɪɚɰɢɹ ɐɂ), ɩɨɝɪɭɠɟɧɢɟ ɷɥɟɦɟɧɬɨɜ K  ɧɚ ɲɚɝɟ 3.3 ɨɪɝɚɧɢɡɚɰɢɢ ɋɉ ɞɨɥɠɧɨ 
ɩɪɨɢɫɯɨɞɢɬɶ ɧɟɭɫɬɨɣɱɢɜɵɦ ɤ ɜɨɡɦɭɳɚɸɳɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ ɫɬɟɝɚɧɨɚɥɝɨɪɢɬɦɨɦ. Ⱦɥɹ 
ɨɪɝɚɧɢɡɚɰɢɢ ɜɵɹɜɥɟɧɢɹ ɨɛɥɚɫɬɟɣ ɧɚɪɭɲɟɧɢɣ ɰɟɥɨɫɬɧɨɫɬɢ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɧɚ ɐɂ ɥɨɤɚɥɶɧɨ 
(ɨɛɥɚɫɬɢ ɥɨɤɚɥɶɧɨ ɩɪɨɜɟɞɟɧɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɚɬɚɤ, ɜ ɱɚɫɬɧɨɫɬɢ, ɤɥɨɧɢɪɨɜɚɧɢɹ), 
ɚɥɝɨɪɢɬɦ ɩɨɝɪɭɠɟɧɢɹ ɷɥɟɦɟɧɬɨɜ K  ɞɨɥɠɟɧ ɛɵɬɶ ɭɫɬɨɣɱɢɜɵɦ ɤ ɚɬɚɤɚɦ ɩɪɨɬɢɜ ɜɫɬɪɨɟɧɧɨɝɨ 
ɫɨɨɛɳɟɧɢɹ. В ɷɬɨɦ ɫɥɭɱɚɟ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɢɬ ɨɬɞɟɥɹɬɶ ɨɛɥɚɫɬɶ ɤɥɨɧɚ ɨɬ 
ɩɪɨɨɛɪɚɡɚ ɩɪɢ ɢɦɟɸɳɟɦ ɦɟɫɬɨ ɤɥɨɧɢɪɨɜɚɧɢɢ ɢ ɜ ɭɫɥɨɜɢɹɯ ɨɬɫɭɬɫɬɜɢɹ ɤɚɤɨɣ-ɥɢɛɨ 
ɩɨɫɬɨɛɪɚɛɨɬɤɢ ɨɛɥɚɫɬɢ ɤɥɨɧɚ; ɤɪɨɦɟ ɬɨɝɨ ɫ ɭɱɟɬɨɦ ɩɪɟɞɥɨɠɟɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɋɉ, 

ɤɥɨɧɢɪɨɜɚɧɢɟ ɛɭɞɟɬ ɜɵɹɜɥɹɬɶɫɹ ɢ ɜ ɫɥɭɱɚɟ ɫɨɯɪɚɧɟɧɢɹ ɢɡɦɟɧɟɧɧɨɝɨ ɐɂ ɫ ɩɨɬɟɪɹɦɢ, ɱɬɨ, 
ɤɚɤ ɦɨɠɧɨ ɫɭɞɢɬɶ ɩɨ ɢɫɬɨɱɧɢɤɚɦ, ɞɨɫɬɭɩɧɵɦ  ɢɡ ɨɬɤɪɵɬɨɣ ɩɟɱɚɬɢ, ɧɟ ɞɟɥɚɥɨɫɶ ɪɚɧɟɟ. 

ȼɵɜɨɞɵ 

Ɋɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɨɛɧɚɪɭɠɟɧɢɹ ɧɚɪɭɲɟɧɢɣ ɰɟɥɨɫɬɧɨɫɬɢ ɰɢɮɪɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, 
ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɋɉ ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɜɨɣɫɬɜ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɩɨɝɪɭɠɟɧɢɹ ɐВɁ ɫɬɟɝɚɧɨɚɥɝɨɪɢɬɦɚ ɜɵɹɜɥɹɬɶ ɤɚɤ ɪɟɡɭɥɶɬɚɬɵ 
ɢɡɦɟɧɟɧɢɣ ɐɂ ɰɟɥɢɤɨɦ (ɧɚɥɨɠɟɧɢɟ ɲɭɦɚ, ɫɠɚɬɢɟ ɫ ɩɨɬɟɪɹɦɢ, ɮɢɥɶɬɪɚɰɢɹ), ɬɚɤ ɢ  ɨɛɥɚɫɬɢ 
ɥɨɤɚɥɶɧɵɯ ɧɚɪɭɲɟɧɢɣ ɰɟɥɨɫɬɧɨɫɬɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɨɛɥɚɫɬɢ ɤɥɨɧɢɪɨɜɚɧɢɹ. В ɨɬɥɢɱɢɟ ɨɬ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɚɧɚɥɨɝɨɜ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɩɨɡɜɨɥɹɟɬ ɨɛɧɚɪɭɠɢɜɚɬɶ 
ɪɟɡɭɥɶɬɚɬɵ ɤɥɨɧɢɪɨɜɚɧɢɹ ɜ ɐɂ, ɫɨɯɪɚɧɟɧɧɵɯ ɜ ɮɨɪɦɚɬɚɯ ɫ ɩɨɬɟɪɹɦɢ, ɚ ɬɚɤɠɟ ɨɬɞɟɥɹɬɶ 
ɤɥɨɧ ɨɬ ɨɛɥɚɫɬɢ ɩɪɨɨɛɪɚɡɚ ɜ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɢɹ ɤɚɤɨɣ-ɥɢɛɨ ɩɨɫɬɨɛɪɚɛɨɬɤɢ ɤɥɨɧɚ.  

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɚɥɝɨɪɢɬɦɚ, ɪɟɚɥɢɡɭɸɳɟɝɨ ɩɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟɝɨ 
ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɢɬɶ ɜɵɛɨɪ ɪɚɡɦɟɪɨɜ ɛɥɨɤɚ ( l ) ɢ ɩɨɞɛɥɨɤɚ ( m ), ɤɨɥɢɱɟɫɬɜɚ ɩɨɞɛɥɨɤɨɜ 
ɜ ɝɪɚɧɢɰɚɯ ɛɥɨɤɚ, ɧɚɞ ɱɟɦ ɫɟɣɱɚɫ ɪɚɛɨɬɚɸɬ ɚɜɬɨɪɵ. 
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ɍ ɪɨɛɨɬɿ ɩɪɨɩɨɧɭєɬɶɫɹ ɦɟɬɨɞ ɜɢɹɜɥɟɧɧɹ ɩɨɪɭɲɟɧɶ ɰɿɥɿɫɧɨɫɬɿ ɰɢɮɪɨɜɢɯ ɡɨɛɪаɠɟɧɶ, 
ɡаɫɧɨɜаɧɢɣ ɧа ɫɬɟɝаɧɨɩɟɪɟɬɜɨɪɟɧɧɿ ɨɪɢɝɿɧаɥɶɧɨɝɨ ɡɨɛɪаɠɟɧɧɹ. ɍ ɜɢɩаɞɤɭ ɫɬɿɣɤɨɝɨ ɞɨ 
ɡɛɭɪɧɢɯ ɞɿɣ ɜɢɤɨɪɢɫɬɨɜɭɜаɧɨɝɨ ɫɬɟɝаɧɨɝɪаɮɿɱɧɨɝɨ аɥɝɨɪɢɬɦɭ ɡаɛɟɡɩɟɱɭєɬɶɫɹ ɦɨɠɥɢɜɿɫɬɶ 
ɜɢɡɧаɱɟɧɧɹ ɧɟɨɪɢɝɿɧаɥɶɧɨʀ ɨɛɥаɫɬɿ ɜ ɡɨɛɪаɠɟɧɧɿ ɧаɜɿɬɶ ɩɪɢ ɡɛɟɪɟɠɟɧɧɿ ɡɦɿɧɟɧɨɝɨ 
ɡɨɛɪаɠɟɧɧɹ ɭ ɮɨɪɦаɬɿ ɡ ɜɬɪаɬаɦɢ. Ɋɨɡɪɨɛɥɟɧɢɣ ɦɟɬɨɞ ɞає ɦɨɠɥɢɜɿɫɬɶ ɫɟɪɟɞ ɧаɹɜɧɢɯ 
ɪɿɡɧɢɯ ɫɩɨɫɨɛɿɜ ɩɨɪɭɲɟɧɶ ɰɿɥɿɫɧɨɫɬɿ ɜɢɞɿɥɢɬɢ ɤɨɧɤɪɟɬɧɢɣ - ɤɥɨɧɭɜаɧɧɹ; ɜɢɹɜɢɬɢ 
ɤɥɨɧɨɜаɧɭ ɨɛɥаɫɬɶ ɿ ʀʀ ɩɪɨɨɛɪаɡ; ɜɿɞɨɤɪɟɦɢɬɢ ɤɥɨɧ ɭ ɜɢɩаɞɤɭ ɜɿɞɫɭɬɧɨɫɬɿ ɣɨɝɨ 
ɩɨɫɬɨɛɪɨɛɤɢ ɜɿɞ ɡɧаɣɞɟɧɨɝɨ ɨɪɢɝɿɧаɥɶɧɨɝɨ ɩɪɨɨɛɪаɡɭ, ɳɨ ɧɟ ɪɨɛɢɥɨɫɹ ɪаɧɿɲɟ.  
Ʉлючові словɚ: ɰɿɥɿɫɧɿɫɬɶ ɰɢɮɪɨɜɨɝɨ ɡɨɛɪаɠɟɧɧɹ, ɫɬɟɝаɧɨɩɟɪɟɬɜɨɪɟɧɧɹ, ɰɢɮɪɨɜɢɣ 
ɜɨɞɹɧɢɣ ɡɧаɤ, ɤɥɨɧɭɜаɧɧɹ, ɩɪɨɨɛɪаɡ ɤɥɨɧɭ 
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STEGANOGRAPHY ALGORITHM 
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In this paper we propose a method for identifying the changes of image completion based on 

stegano transformation of original image. In the case of using the steganography algorithm that 

resistant for disturbing influences proposed method provides the possibility of identifying non-

original areas of the image, even when image was saved in lossy formats. The developed 

method allows to allocate a specific method of image completion violations - cloning; identify 

the cloned area and its prototype; separate clone in the case of absence of post-processing from 

the original image that has not been done before. 

Keywords: image completion, stegano transformation, watermarking, clone stamp, prototype 

of clone 
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