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ɋɌɊɍɄɌɍɊɂɁȺɐɂə ȼ ɄɈɆɉɖɘɌȿɊɇɕɏ ɋȿɌəɏ ɇȺ ɆɈȾȿɅəɏ 
ȼɁȼȿɒȿɇɇɕɏ ɈȻɕɄɇɈȼȿɇɇɕɏ ȽɊȺɎɈȼ 
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Ɋɚɫɩɪɟɞɟɥɟɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɜɵɩɨɥ-

ɧɹɸɳɢɟ ɮɭɧɤɰɢɢ ɦɨɧɢɬɨɪɢɧɝɚ, ɤɨɧɬɪɨɥɹ ɢ ɭɩɪɚɜ-
ɥɟɧɢɹ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɨɛɴɟɤɬɚ-
ɦɢ, ɩɪɨɟɤɬɢɪɭɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɫɟɬɟɜɨɣ ɚɪɯɢɬɟɤɬɭ-
ɪɵ. ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɧɵɟ ɫɟɬɟɜɵɟ ɬɨɩɨ-
ɥɨɝɢɢ – ɲɢɧɚ, ɤɨɥɶɰɨ, ɡɜɟɡɞɚ, ɞɟɪɟɜɨ ɢ ɞɪɭɝɢɟ. 
ɇɚɪɹɞɭ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɩɪɨɜɨɞɧɵɦɢ ɫɟɬɹɦɢ 
ɫɬɚɥɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɬɶɫɹ ɛɟɫɩɪɨɜɨɞɧɵɟ ɫɟɬɢ, ɜ 
ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɞɥɹ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɢ ɩɨɞɜɢɠ-
ɧɵɯ ɨɛɴɟɤɬɨɜ [1]. 

ȼ ɤɥɚɫɫɟ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ ɜɫɺ ɛɨɥɶɲɢɣ ɢɧ-
ɬɟɪɟɫ ɩɪɨɹɜɥɹɟɬɫɹ ɤ ɫɟɧɫɨɪɧɵɦ ɫɟɬɹɦ, ɩɨɫɬɪɨɟɧ-
ɧɵɦ ɧɚ ɨɫɧɨɜɟ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɦɢɧɢɚɬɸɪɧɵɯ ɢ 
ɞɟɲɺɜɵɯ ɭɡɥɨɜ. Ʉɚɠɞɵɣ ɭɡɟɥ – ɷɬɨ ɩɪɨɝɪɚɦɦɧɨ-
ɚɩɩɚɪɚɬɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɫɨɞɟɪɠɚɳɟɟ ɛɥɨɤ ɚɜɬɨ-
ɧɨɦɧɨɝɨ ɩɢɬɚɧɢɹ, ɩɪɢɺɦɨɩɟɪɟɞɚɬɱɢɤ, ɩɪɨɰɟɫɫɨɪ, 
ɩɚɦɹɬɶ, ɫɟɧɫɨɪɵ (ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ, 
ɜɢɛɪɚɰɢɢ, ɨɫɜɟɳɺɧɧɨɫɬɢ, ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɢ ɞɪ.). 
ɇɟɤɨɬɨɪɵɟ ɭɡɥɵ ɧɟ ɫɨɞɟɪɠɚɬ ɫɟɧɫɨɪɵ ɢ ɜɵɩɨɥɧɹ-
ɸɬ ɮɭɧɤɰɢɢ ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ ɢɥɢ ɤɨɨɪɞɢɧɚɬɨɪɨɜ 
ɫɟɬɢ. Ɍɟɪɪɢɬɨɪɢɚɥɶɧɨ ɭɡɥɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ ɞɨ 100 ɦɟɬɪɨɜ ɢ ɫɚɦɨɫɬɨɹ-
ɬɟɥɶɧɨ ɨɪɝɚɧɢɡɭɸɬɫɹ ɜ ɟɞɢɧɭɸ ɫɟɬɶ, ɱɚɳɟ ɜɫɟɝɨ 
ɹɱɟɟɱɧɨɝɨ ɬɢɩɚ (ɩɨɞɨɛɢɟ ɪɵɛɨɥɨɜɧɨɣ ɫɟɬɢ). ɍɡɥɵ 
ɜ ɫɟɬɢ ɜɵɩɨɥɧɹɸɬ ɫɛɨɪ ɢ ɩɟɪɜɢɱɧɭɸ ɨɛɪɚɛɨɬɤɭ 
ɫɟɧɫɨɪɧɵɯ ɞɚɧɧɵɯ ɢ ɩɟɪɟɫɵɥɚɸɬ ɢɯ ɩɨ ɰɟɩɨɱɤɟ 
ɞɪɭɝ ɞɪɭɝɭ, ɞɨɫɬɢɝɚɹ ɭɡɥɨɜ ɤɨɨɪɞɢɧɚɬɨɪɨɜ (ɲɥɸ-
ɡɨɜ), ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫ ɫɟɪɜɟɪɨɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɫɟɧɫɨɪɧɚɹ ɫɟɬɶ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɛɨɥɟɟ 
ɬɟɫɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɤɨɦɩɶɸɬɟɪɨɦ ɢ 
ɪɟɚɥɶɧɵɦ ɦɢɪɨɦ. 

ɋɪɟɞɢ ɦɧɨɝɢɯ ɡɚɞɚɱ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɚɡɪɚɛɨɬɤɨɣ 
ɬɚɤɢɯ ɫɟɬɟɣ, ɜɫɟɝɞɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɡɚɞɚɱɢ ɫɬɪɭɤɬɭ-
ɪɢɡɚɰɢɢ, ɤɨɝɞɚ ɦɧɨɠɟɫɬɜɨ ɭɡɥɨɜ ɫɟɬɢ ɧɟɨɛɯɨɞɢɦɨ 
ɪɚɡɛɢɬɶ ɧɚ ɩɨɞɦɧɨɠɟɫɬɜɚ. ɍɡɥɵ ɤɚɠɞɨɝɨ ɩɨɞɦɧɨ-
ɠɟɫɬɜɚ ɫɜɹɡɵɜɚɸɬɫɹ ɫɨ ɫɜɨɢɦ ɰɟɧɬɪɨɦ. ȼ ɫɟɧɫɨɪ-
ɧɵɯ ɫɟɬɹɯ ɜ ɪɨɥɢ ɬɚɤɢɯ ɰɟɧɬɪɨɜ ɜɵɫɬɭɩɚɸɬ ɭɡɥɵ-
ɤɨɨɪɞɢɧɚɬɨɪɵ, ɚ ɞɥɹ ɧɢɯ ɰɟɧɬɪɚɦɢ ɹɜɥɹɸɬɫɹ ɫɟɪ-
ɜɟɪɚ. Ɂɚɞɚɱɚ ɪɚɡɛɢɟɧɢɹ ɦɧɨɠɟɫɬɜɚ ɨɛɴɟɤɬɨɜ ɫ ɡɚ-
ɞɚɧɧɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɤɨɦɩɚɤɬ-
ɧɵɟ ɩɨɞɦɧɨɠɟɫɬɜɚ ɪɚɫɫɦɨɬɪɟɧɚ ɜ ДβЖ. Ɇɟɬɨɞ ɪɟ-
ɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɨɫɧɨɜɚɧ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɤɨɦɩɚɤɬɧɵɯ ɦɧɨɠɟɫɬɜ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɜɵɞɟ-
ɥɹɸɬɫɹ ɫɤɨɩɥɟɧɢɹ ɨɛɴɟɤɬɨɜ. Ɉɛɴɟɤɬɵ ɫɤɨɩɥɟɧɢɹ 
ɫɨɫɬɚɜɥɹɸɬ ɩɨɞɦɧɨɠɟɫɬɜɚ ɢ ɩɨɞɤɥɸɱɚɸɬɫɹ ɤ ɰɟɧ-
ɬɪɭ. 

ɉɪɢ ɬɚɤɨɦ ɩɨɞɯɨɞɟ ɨɛɴɟɤɬɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 
ɜ ɤɚɱɟɫɬɜɟ ɜɟɪɲɢɧ ɬɨɩɨɥɨɝɢɱɟɫɤɨɝɨ ɝɪɚɮɚ, ɜ ɤɨɬɨ-
ɪɨɦ ɜɫɟ ɜɟɪɲɢɧɵ «ɫɜɹɡɚɧɵ» ɦɟɠɞɭ ɫɨɛɨɣ. Ɍɚɤɚɹ 
ɦɨɞɟɥɶ ɜ ɜɢɞɟ ɩɨɥɧɨɝɨ ɝɪɚɮɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɟ-
ɬɹɦ ɹɜɥɹɟɬɫɹ ɢɡɛɵɬɨɱɧɨɣ, ɬ.ɤ. ɜ ɩɪɨɜɨɞɧɵɯ ɫɟɬɹɯ 
ɪɺɛɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɪɨɜɨɞɚɦ, ɚ ɜ ɛɟɫɩɪɨɜɨɞɧɵɯ 

ɢ ɫɟɧɫɨɪɧɵɯ ɫɟɬɹɯ ɪɺɛɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɚɥɢɱɢɸ 
ɪɚɞɢɨɫɜɹɡɢ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɭɡɥɚɦɢ ɫɟɬɢ. ɉɨɷɬɨ-
ɦɭ ɜ ɡɚɞɚɱɚɯ ɫɬɪɭɤɬɭɪɢɡɚɰɢɢ ɧɚ ɫɟɬɹɯ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɨɞɟɥɶ ɜɡɜɟɲɟɧɧɨɝɨ ɨɛɵɤɧɨɜɟɧɧɨɝɨ 
ɝɪɚɮɚ. ȼɟɫ ɪɟɛɪɚ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɨɠɟɬ ɨɬɪɚɠɚɬɶ 
ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɭɡɥɚɦɢ ɫɟɬɢ, ɨɛɴɺɦ ɩɟɪɟɞɚɜɚɟ-
ɦɵɯ ɞɚɧɧɵɯ, ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɧɚɥɚ ɢ 
ɬ.ɩ. 

ɐɟɥɶɸ ɫɬɪɭɤɬɭɪɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɪɚɡɛɢɟɧɢɟ 
ɦɧɨɠɟɫɬɜɚ ɭɡɥɨɜ ɜ ɫɟɬɢ ɧɚ ɩɨɞɦɧɨɠɟɫɬɜɚ ɬɚɤ, ɱɬɨ-
ɛɵ ɜɧɭɬɪɢ ɩɨɞɦɧɨɠɟɫɬɜɚ ɭɡɥɵ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɥɢ 
ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ ɱɟɦ ɦɟɠɞɭ ɭɡɥɚɦɢ, ɪɚɫɩɨɥɨ-
ɠɟɧɧɵɦɢ ɜ ɪɚɡɧɵɯ ɩɨɞɦɧɨɠɟɫɬɜɚɯ. Ɂɞɟɫɶ ɦɵ ɢɦɟ-
ɟɦ ɞɟɥɨ ɫ ɢɡɜɟɫɬɧɨɣ ɡɚɞɚɱɟɣ ɪɚɡɪɟɡɚɧɢɹ ɝɪɚɮɚ ɧɚ 
ɦɢɧɢɦɚɥɶɧɨ ɫɜɹɡɚɧɧɵɟ ɩɨɞɝɪɚɮɵ. ɒɢɪɨɤɚɹ ɢɡ-
ɜɟɫɬɧɨɫɬɶ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɧɟ ɞɚɺɬ ɩɨɜɨɞɚ ɞɥɹ ɪɚɞɨ-
ɫɬɢ, ɬ.ɤ. ɯɨɪɨɲɢɯ ɦɟɬɨɞɨɜ ɟɺ ɪɟɲɟɧɢɹ, ɨɫɨɛɟɧɧɨ 
ɞɥɹ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɧɨɫɬɟɣ, ɧɟɬ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɪɟɡɚɧɢɹ ɜɡɜɟɲɟɧɧɨɝɨ 
ɝɪɚɮɚ ɜ ɞɨɤɥɚɞɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɮ-
ɮɟɤɬ ɨɛɨɫɨɛɥɟɧɢɹ ɩɨɞɦɧɨɠɟɫɬɜ ɜɟɪɲɢɧ, ɫɮɨɪɦɢ-
ɪɨɜɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɚɤɬɧɵɯ ɩɨɞɝɪɚɮɨɜ. Ⱦɚɧ-
ɧɵɣ ɷɮɮɟɤɬ ɛɵɥ ɨɛɧɚɪɭɠɟɧ ɜ ɪɚɛɨɬɟ ДγЖ. ȼ ɧɟɣ 
ɩɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɦɩɚɤɬɧɵɯ 
ɩɨɞɝɪɚɮɨɜ ɢ ɩɨɥɭɱɟɧɢɹ ɧɚ ɢɯ ɨɫɧɨɜɟ ɢɧɜɚɪɢɚɧɬɨɜ. 

Ɇɨɞɟɥɶ ɫɟɬɢ ɩɪɟɞɫɬɚɜɢɦ ɝɪɚɮɨɦ G = (E, U) ɫ 
ɦɧɨɠɟɫɬɜɨɦ ɜɟɪɲɢɧ E = {ei}, i ο 1, β,…, n ɢ ɦɧɨ-
ɠɟɫɬɜɨɦ ɪɺɛɟɪ U = {uijж. Ɋɟɛɪɭ uij = (ei, ej) ɫɬɚɜɢɬɫɹ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɜɟɫ rij > 0. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɝɪɚɮ G 
ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɦɚɬɪɢɰɟɣ ɜɟɫɨɜ ɪɺɛɟɪ 

ijR r . 

Ʉɨɦɩɚɤɬɧɨɫɬɶ ɩɨɞɝɪɚɮɚ Gs = (Es, Us) ɝɪɚɮɚ G 
ɛɭɞɟɦ ɨɰɟɧɢɜɚɬɶ ɜɟɥɢɱɢɧɨɣ Ks ɪɚɜɧɨɣ ɫɭɦɦɟ ɜɟ-
ɫɨɜ ɪɺɛɟɪ ij su U . ɋɜɹɡɧɵɣ ɩɨɞɝɪɚɮ 

( , ), , ,g g g g g g
i i i i i i iG E U E E e E E g    , 

ɧɚɡɵɜɚɟɬɫɹ ɤɨɦɩɚɤɬɧɵɦ, ɟɫɥɢ ɡɚɦɟɧɚ ɥɸɛɵɯ 
ɜɟɪɲɢɧ ɢɡ ɦɧɨɠɟɫɬɜɚ \g

i iE e  ɧɚ ɜɟɪɲɢɧɵ ɢɡ 

ɦɧɨɠɟɫɬɜɚ \ g
iE E  ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɨɰɟɧɤɢ 

ɤɨɦɩɚɤɬɧɨɫɬɢ g
iK . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɦɩɚɤɬɧɵɣ 

ɩɨɞɝɪɚɮ g
iG  ɜɫɟɝɞɚ ɮɨɪɦɢɪɭɟɬɫɹ ɞɥɹ ɡɚɞɚɧɧɨɣ 

ɜɟɪɲɢɧɵ ei ɢ ɦɨɳɧɨɫɬɢ g. 
ɗɮɮɟɤɬ ɨɛɨɫɨɛɥɟɧɢɹ ɩɨɞɦɧɨɠɟɫɬɜ ɜɟɪɲɢɧ 

ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ, ɟɫɥɢ ɦɧɨɠɟɫɬɜɨ ɤɨɦɩɚɤɬɧɵɯ 
ɩɨɞɝɪɚɮɨɜ { }, 1,2,...,g

iG i n , ɜɢɡɭɚɥɶɧɨ ɨɬɨɛɪɚ-
ɡɢɬɶ ɧɚ ɦɧɨɠɟɫɬɜɟ ɜɟɪɲɢɧ ɝɪɚɮɚ G. ɇɚ ɪɢɫ. 1 ɩɪɢ-
ɜɟɞɺɧ ɩɪɢɦɟɪ ɝɪɚɮɚ G, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɦɚɬɪɢɰɟɣ 
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ɜɟɫɨɜ R, ɢ ɩɨɤɚɡɚɧɨ ɨɬɨɛɪɚɠɟɧɢɟ ɤɨɦɩɚɤɬɧɵɯ ɩɨɞ-
ɝɪɚɮɨɜ 3

iG  ɧɚ ɦɧɨɠɟɫɬɜɟ ɜɟɪɲɢɧ E ɝɪɚɮɚ G. ɉɨɞ-
ɦɧɨɠɟɫɬɜɚ ɜɟɪɲɢɧ 3

iE  ɩɨɞɝɪɚɮɨɜ 3
iG  ɧɚ ɪɢɫɭɧ-

ɤɟ 1 

 
Ɋɢɫ. 1. ɉɪɢɦɟɪ ɝɪɚɮɚ ɢ ɨɬɨɛɪɚɠɟɧɢɟ ɟɝɨ ɤɨɦɩɚɤɬɧɵɯ ɩɨɞɝɪɚɮɨɜ 3

iG  

 
ɨɛɜɟɞɟɧɵ ɥɢɧɢɹɦɢ, ɩɨɦɟɱɟɧɧɵɦɢ ɜɟɪɲɢɧɚɦɢ ei, 
ɞɥɹ ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɦ-
ɩɚɤɬɧɵɟ ɩɨɞɝɪɚɮɵ 3

iG . 

ɇɚ ɪɢɫ. 1 ɜɢɞɧɨ, ɱɬɨ ɤɨɦɩɚɤɬɧɵɟ ɩɨɞɝɪɚɮɵ ɨɛ-
ɪɚɡɭɸɬ ɬɪɢ ɫɤɨɩɥɟɧɢɹ ɜɟɪɲɢɧ. Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ 
ɫɤɨɩɥɟɧɢɣ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 
ɩɨɞɦɧɨɠɟɫɬɜɚ ɜɟɪɲɢɧ ɪɚɡɛɢɟɧɢɹ, ɪɟɲɢɦ ɡɚɞɚɱɭ 
ɩɨɤɪɵɬɢɹ ɦɧɨɠɟɫɬɜɚ ɜɟɪɲɢɧ E ɩɨɞɦɧɨɠɟɫɬɜɚɦɢ 

, 1,2,...,g
jE j n . ɉɪɢɧɚɞɥɟɠɧɨɫɬɶ ɜɟɪɲɢɧ ei 

ɩɨɞɦɧɨɠɟɫɬɜɚɦ g
jE  ɩɪɟɞɫɬɚɜɢɦ ɦɚɬɪɢɰɟɣ 

ij n n
A a


 . ɗɥɟɦɟɧɬ a ij ο 1, ɟɫɥɢ ɜɟɪɲɢɧɚ 

g
i je E , a ij ο 0, ɟɫɥɢ g

i je E . ȼɜɟɞɺɦ ɩɟɪɟɦɟɧ-

ɧɭɸ xj ο 1, ɟɫɥɢ ɩɨɞɦɧɨɠɟɫɬɜɨ g
jE  ɜɯɨɞɢɬ ɜ ɪɟɲɟ-

ɧɢɟ, xj ο 0 ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ. 
Ɂɚɞɚɱɚ ɩɨɤɪɵɬɢɹ ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟμ 

1

/ min;
n

g
j j

j

x K


   

1

1, 1,2,..., .
n

ij j
j

a x i n


   

 
Ɋɢɫ. β. ɉɪɢɦɟɪ ɦɚɬɪɢɰɵ Ⱥ 

 
ɇɚ ɪɢɫɭɧɤɟ β ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɢɦɟɪɚ 

ɝɪɚɮɚ ɩɪɢɜɟɞɟɧɚ ɦɚɬɪɢɰɚ Ⱥ. ȼ ɧɟɣ ɡɚɲɬɪɢɯɨɜɚɧɵ 
ɫɬɨɥɛɰɵ, ɤɨɬɨɪɵɟ ɞɭɛɥɢɪɭɸɬ ɨɞɢɧ ɢɡ ɧɟɡɚɲɬɪɢ-
ɯɨɜɚɧɧɵɯ ɫɬɨɥɛɰɨɜ ɢ ɩɨɷɬɨɦɭ ɦɨɝɭɬ ɛɵɬɶ ɢɫɤɥɸ-
ɱɟɧɵ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ. ȼɧɢɡɭ ɦɚɬɪɢɰɵ ɩɪɢɜɟɞɟɧɵ 
ɨɰɟɧɤɢ ɤɨɦɩɚɤɬɧɨɫɬɢ 3

iK  ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɞ-
ɝɪɚɮɨɜ. 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɨɤɪɵɬɢɹ ɞɥɹ ɦɚɬɪɢɰɵ Ⱥ 
ɜɤɥɸɱɚɟɬ 4 ɩɟɪɜɵɯ ɫɬɨɥɛɰɚ, ɤɨɬɨɪɵɟ ɨɛɨɫɚɛɥɢɜɚ-
ɸɬ γ ɫɤɨɩɥɟɧɢɹ ɜɟɪɲɢɧ. ɋɬɨɥɛɟɰ 7 ɨɤɚɡɚɥɫɹ ɢɡɛɵ-
ɬɨɱɧɵɦ, ɱɬɨ ɯɨɪɨɲɨ ɜɢɞɧɨ ɢ ɢɡ ɪɢɫ. 1. ȿɫɥɢ ɫɨɫɬɚɜ 
ɫɤɨɩɥɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɯ ɩɨɫɥɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɩɨɤɪɵɬɢɹ, ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɬɟɯɧɢ-
ɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɫɟɬɢ, ɬɨ ɫɨɫɬɚɜ 
ɫɤɨɩɥɟɧɢɣ ɭɬɨɱɧɹɟɬɫɹ ɩɭɬɺɦ ɨɛɴɟɞɢɧɟɧɢɹ ɦɟɥɤɢɯ 
ɫɤɨɩɥɟɧɢɣ ɢ ɪɚɡɛɢɟɧɢɹ ɤɪɭɩɧɵɯ. ɉɪɢ ɧɟɨɛɯɨɞɢ-
ɦɨɫɬɢ ɮɨɪɦɢɪɭɸɬɫɹ ɤɨɦɩɚɤɬɧɵɟ ɩɨɞɝɪɚɮɵ ɞɥɹ 
ɡɧɚɱɟɧɢɹ g>γ ɢ, ɪɟɲɚɹ ɡɚɞɚɱɭ ɩɨɤɪɵɬɢɹ, ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɧɨɜɵɣ ɫɨɫɬɚɜ ɫɤɨɩɥɟɧɢɣ. 

ɋɜɹɡɶ ɦɟɠɞɭ ɡɧɚɱɟɧɢɟɦ ɜɟɥɢɱɢɧɵ g ɢ ɫɬɟɩɟ-
ɧɶɸ ɩɪɨɹɜɥɟɧɢɹ ɷɮɮɟɤɬɚ ɨɛɨɫɨɛɥɟɧɢɹ ɩɨɞɦɧɨ-
ɠɟɫɬɜ ɪɚɡɧɨɣ ɦɨɳɧɨɫɬɢ ɩɨɤɚ ɧɟ ɭɫɬɚɧɨɜɥɟɧɚ. Ⱦɥɹ 
ɷɬɨɝɨ ɛɭɞɭɬ ɩɪɨɜɟɞɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ ɩɨɫɥɟ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɝɨ 
ɦɟɬɨɞɚ ɫɬɪɭɤɬɭɪɢɡɚɰɢɢ. Ɂɞɟɫɶ ɜɚɠɧɨ, ɱɬɨɛɵ ɡɧɚ-
ɱɟɧɢɹ g ɜ ɢɧɬɟɪɜɚɥɟ min maxg g g  , ɧɚ ɤɨɬɨɪɨɦ 
ɩɨɬɪɟɛɭɟɬɫɹ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɢɫɤ ɫɤɨɩɥɟɧɢɣ, ɛɵɥɢ 
ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ ɞɨɩɭɫɬɢɦɨɣ ɦɨɳɧɨɫɬɢ ɩɨɞ-
ɦɧɨɠɟɫɬɜ ɪɚɡɛɢɟɧɢɹ. 
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Introduction 
Nowadays video services (digital television, Inter-

net video etc.) are a common part of our live. Accord-
ing to Cisco [1] mobile video traffic was 51 percent of 
the entire global Internet traffic by the end of 2012 
and it is expected to be 66 percent by 2017. 

The demand on video and its quality is very high. 
Since the appearance of VoIP in 1984 video resolu-
ЭТШЧ СКЬ ТЧМЫОКЬОН ПЫШЦ QCIF (176×144 ЩТбОХЬ) ЭШ 
Full HD (1λβ0×10κ0). σШа ТЭ ТЬ ОЯШХЯТЧР ЭШ 4K 
(γκ40×β160) КЧН κK (76κ0×4γβ0) UHD. But the 
higher the resolution and quality is, the higher bitrate 
it takes. 

In this paper a general review of new video com-
pression standards HEVC, VP9 and Daala is held and 
their compression efficiency is compared. 

 
HEVC 
High Efficiency Video Coding is an evolution of 

current industrial H.264/AVC standard [2]. AVC was 
adopted in 2003 and determined the development of 
HD television. HEVC was developed to increase 
AVC compression efficiency by two times and en-
dorse the development of UHD systems. HEVC is 
expected to replace AVC in newly developed video 
systems. 

H.265/HEVC [3] is still a block-based DFT codec 
with the same general design. One of the main im-
provements is the increase of maximal block (called 
Largest Coding Unit - δCU) ЬТгО ПЫШЦ 16×16 ЭШ 
64×64 pixels. It aims to improve the efficiency of 
block partitioning on high resolution video sequences 
(bitrate savings are about 16% [4]). Larger blocks 
provoke the introduction of quad-tree partitioning 
with adaptive block sub-splitting and adaptive predic-
tion units and transform units partitioning. 

Additional 25 intra prediction directions were 
added to improve intra-frame coding efficiency. Also 
there came more motion vector prediction candidates 
and several other modifications to improve inter-
frame compression performance. 

 
VP9 
Superior video compression efficiency of HEVC 

is able to provide network usage savings, which 
should be of a great interest to Google YouTube video 
service. The development of free-to-use video com-
pression standard with the efficiency comparable to 

proprietary HEVC could become financially success-
ful. That came one of the reasons for Google to create 
VP9 [5] compression standard. 

Google VP9 basically shares common features 
with AVC coding like VP8 did. The main evolutional 
change is also the increase of largest block (called 
'ЬЮЩОЫ ЛХШМФ') ЬТгО ЮЩ ЭШ 64×64 ЩТбОХЬ КЧН ТЭЬ КНКЩЭТЯО 
sub-splitting. Motion vector prediction was improved, 
unlike intra prediction that still has only 10 modes.  

 
Daala 
Unlike HEVC and VP9, Daala [6] is being de-

signed to step aside common video compression tech-
niques. Among the key distinctive features there are 
lapped transforms instead of block-based DFT, lifting 
pre- and post-filtering instead of deblock filtering, 
frequency domain intra prediction, Time/Frequency 
Resolution Switching etc. 

The development of Daala codec is still in pro-
gress. It is designed patent free and might potentially 
become the next generation video codec in 5-10 years 
if the novel techniques would prove to be successful. 

 
Comparison results 
For comparison purposes open-source implemen-

tations of the reviewed codecs are used. HEVC com-
pression efficiency is measured with HM Test Model. 
Verification of coding parameters is done with Ele-
card HEVC Analyzer [7]. For AVC estimation JM 
reference encoder and Elecard StreamEye [7] are 
used. Both JM and HM utilize rate-distortion optimi-
zation (RDO) techniques to achieve quasi-optimal 
correlation between compression rate and quality. 
BШЭС ОЧМШНОЫ ТЦЩХОЦОЧЭКЭТШЧЬ КЫО ОЯКХЮКЭОН ТЧ “МШn-
ЬЭКЧЭ ЪЮКЧЭТгОЫ” mode. 
Table 1. Test video sequences 

Sequence Resolution Frame-rate, Hz 
BasketballDrill κγβ×4κ0 50 
Cactus 1λβ0×10κ0 50 
Traffic β560×1600 30 
Estimation of VP9 performance is carried out with 

the VPX encoder from The WebM Project as it is the 
only implementation of this standard. CodecVisa VP9 
Analyzer [8] is used for verification of compression 
ЩКЫКЦОЭОЫЬ. VPБ ОЧМШНОЫ ТЬ МШЧПТРЮЫОН аТЭС “МШn-
ЬЭЫКТЧОН ЪЮКХТЭв” ЦШНО КЧН ХТЦТЭОН ЪЮКЧЭТгКЭТШЧ Щa-
ЫКЦОЭОЫ ЭШ ОЦЮХКЭО “МШЧЬЭКЧЭ ЪЮКЧЭТгОЫ” ЦШНО. 


