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ɍȾɄ 004.λ 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ 

ȿ.Ⱦ. ɑɟɩɢɤɨɜɚ, ȿ.Ɉ. ɋɚɜɤɨɜɚ, Ɇ.ȼ. ɉɪɢɜɚɥɨɜ  
Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

 

 

  
ɑɟɩɢɤɨɜɚ ȿ.Ⱦ., ɋɚɜɤɨɜɚ ȿ.Ɉ., ɉɪɢɜɚɥɨɜ Ɇ.ȼ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɨɜ 
ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ. ȼɵɩоɥɧеɧ ɚɧɚɥɢɡ ɬɢɩов ɪеɤоɦеɧɞɚɬеɥɶɧɵɯ ɫɢɫɬеɦ ɢ 
ɚɥɝоɪɢɬɦов ɢɫɩоɥɶɡɭɸщɢɯɫɹ ɞɥɹ ɫɢɫɬеɦ ɫ ɤоɥɥɚɛоɪɚɬɢвɧоɣ ɮɢɥɶɬɪɚɰɢеɣ. Ɋɚɡɪɚɛоɬɚɧɚ 
ɚɥɝоɪɢɬɦɢɱеɫɤɚɹ ɱɚɫɬɶ ɝɢɛɪɢɞɧоɣ ɪеɤоɦеɧɞɚɬеɥɶɧоɣ ɫɢɫɬеɦɵ ɧɚ оɫɧове ɤоɥɥɚɛоɪɚɬɢвɧоɣ 
ɮɢɥɶɬɪɚɰɢɢ. ɉɪеɞɥоɠеɧо ɪеɲеɧɢе ɩɪоɛɥеɦɵ «ɯоɥоɞɧоɝо ɫɬɚɪɬɚ» ɞɥɹ ɬоɥɶɤо ɱɬо 
ɡɚɪеɝɢɫɬɪɢɪовɚвɲɢɯɫɹ ɩоɥɶɡовɚɬеɥеɣ ɢ ɞɥɹ ɧовɵɯ ɮɢɥɶɦов, ɞоɛɚвɥеɧɧɵɯ в ɫɢɫɬеɦɭ.  

 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ 

ɋɟɣɱɚɫ ɩɪɢɲɥɨ ɜɪɟɦɹ ɪɚɡɜɢɬɢɹ 
ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ (Ɋɋ). ɉɨɥɶɡɨɜɚɬɟɥɢ 
ɞɨɪɨɠɚɬ ɫɜɨɢɦ ɫɜɨɛɨɞɧɵɦ ɜɪɟɦɟɧɟɦ ɢ ɯɨɬɹɬ 
ɩɨɬɪɚɬɢɬɶ ɟɝɨ ɫ ɩɨɥɶɡɨɣ. ɗɬɨɦɭ ɫɩɨɫɨɛɫɬɜɭɸɬ 
ɫɢɫɬɟɦɵ ɪɟɤɨɦɟɧɞɚɰɢɣ, ɝɞɟ ɫɢɫɬɟɦɚ ɫɚɦɚ ɜɵɛɢɪɚɟɬ 
ɢ ɩɪɟɞɥɚɝɚɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɦɭɡɵɤɭ, ɮɢɥɶɦɵ, ɤɧɢɝɢ 
ɢ ɩɪɨɱɟɟ. Ɍɚɤɢɟ ɠɟ ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɸɬ ɦɚɝɚɡɢɧɵ, 
ɩɪɟɞɥɚɝɚɸɳɢɟ ɬɨɜɚɪɵ ɩɨɤɭɩɚɬɟɥɹɦ. ɉɨɞɛɨɪ 
ɬɨɜɚɪɨɜ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɹ 
ɩɨɞɯɨɞɹɳɭɸ ɩɪɨɞɭɤɰɢɸ ɢ ɧɟ ɩɨɬɟɪɹɬɶ ɩɨɤɭɩɚɬɟɥɹ.  

ɗɤɨɧɨɦɢɹ ɜɪɟɦɟɧɢ ɢ ɫɬɪɟɦɥɟɧɢɟ ɤ ɭɞɨɛɫɬɜɭ  
ɪɨɠɞɚɸɬ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ. Ⱦɥɹ 
ɪɚɡɪɚɛɨɬɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɬɚɤɨɣ 
ɫɢɫɬɟɦɵ ɧɭɠɧɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵμ 

 ɜɵɛɪɚɬɶ ɬɢɩ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ Ɋɋ; 
 ɫɪɚɜɧɢɬɶ ɚɥɝɨɪɢɬɦɵ ɢ ɜɵɛɪɚɬɶ ɧɚɢɛɨɥɟɟ 

ɛɵɫɬɪɵɣ, ɞɚɸɳɢɣ ɛɨɥɟɟ ɬɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
(ɦɨɞɢɮɢɤɚɰɢɸ ɚɥɝɨɪɢɬɦɚ); 

 ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɩɨɞɛɨɪɚ ɪɟɤɨɦɟɧɞɚɰɢɣ 
ɞɥɹ ɧɨɜɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ ɧɨɜɵɯ ɮɢɥɶɦɨɜ. 

Цɟɥɶ ɪɚɛɨɬɵ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɰɟɥɶɸ ɹɜɥɹɟɬɫɹ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɢɩɨɜ Ɋɋ, ɢɯ ɚɥɝɨɪɢɬɦɨɜ ɫ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢ ɬɨɱɧɨɫɬɢ 
ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 
ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɨɣ Web-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ, 
ɫɨɞɟɪɠɚɳɟɣ ɦɟɞɢɚ-ɤɨɧɬɟɧɬ, ɚ ɬɚɤɠɟ ɪɟɲɢɬɶ 
ɩɪɨɛɥɟɦɭ «ɯɨɥɨɞɧɨɝɨ ɫɬɚɪɬɚ» ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, 
ɬɨɥɶɤɨ ɱɬɨ ɩɪɨɲɟɞɲɢɯ ɪɟɝɢɫɬɪɚɰɢɸ ɢ ɧɨɜɵɯ 
ɮɢɥɶɦɨɜ, ɞɨɛɚɜɥɟɧɧɵɯ ɜ ɫɢɫɬɟɦɭ. 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ 

Ɋɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɬɢɩɵ Ɋɋ. 
Ɍɪɚɞɢɰɢɨɧɧɨ ɢɯ ɪɚɡɞɟɥɹɸɬ ɧɚ ɱɟɬɵɪɟ ɬɢɩɚ. 

Ʉɨɥɥɚɛɨɪɚɬɢɜɧɚɹ ɮɢɥɶɬɪɚɰɢɹ 

Ʉɨɥɥɚɛɨɪɚɬɢɜɧɚɹ ɮɢɥɶɬɪɚɰɢɹ 

(ɚɧɝɥ. collaborative filtering) ɜɵɪɚɛɚɬɵɜɚɟɬ 
ɪɟɤɨɦɟɧɞɚɰɢɢ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɦɨɞɟɥɢ 
ɩɪɟɞɲɟɫɬɜɭɸɳɟɝɨ ɩɨɜɟɞɟɧɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ. ɗɬɚ 
ɦɨɞɟɥɶ ɦɨɠɟɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧɚ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚ 
ɨɫɧɨɜɟ ɩɨɜɟɞɟɧɢɹ ɞɚɧɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ ɢɥɢ — ɱɬɨ 
ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ — ɫ ɭɱɟɬɨɦ ɩɨɜɟɞɟɧɢɹ ɞɪɭɝɢɯ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɫɨ ɫɯɨɞɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ Д1Ж.  

ɉɥɸɫɵ: Ɍɟɨɪɟɬɢɱɟɫɤɢ ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ. 
Ɇɢɧɭɫɵ: ȼɵɫɨɤɢɣ ɩɨɪɨɝ ɜɯɨɞɚμ ɧɟ ɡɧɚɹ ɧɢɱɟɝɨ ɨɛ 
ɢɧɬɟɪɟɫɚɯ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɪɟɤɨɦɟɧɞɚɰɢɢ 
ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɫɩɨɥɟɡɧɵ, ɦɧɨɝɢɟ ɩɨɥɶɡɨɜɚɬɟɥɢ 
ɛɭɞɭɬ ɩɪɨɫɬɨ ɫɪɚɡɭ ɭɯɨɞɢɬɶ Д2Ж. 

Ɋɋ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɤɨɧɬɟɧɬɟ (МontОnt-based) 

 ȼ ɤɨɧɬɟɧɬɧɵɯ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ 
ɜɵɜɨɞ ɨ ɩɨɥɟɡɧɨɫɬɢ Ю(h,s) ɬɨɜɚɪɚ s ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɹ 
h ɞɟɥɚɟɬɫɹ, ɢɫɯɨɞɹ ɢɡ ɩɨɥɟɡɧɨɫɬɢ (h,si), 

ɩɪɢɫɜɨɟɧɧɨɣ ɩɨɬɪɟɛɢɬɟɥɟɦ ɬɨɜɚɪɚɦ, ɫɯɨɞɧɵɦ ɫ 
ɬɨɜɚɪɨɦ s. ɇɚɩɪɢɦɟɪ, ɜ ɫɢɫɬɟɦɟ, ɪɟɤɨɦɟɧɞɭɸɳɟɣ 
ɮɢɥɶɦɵ, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɮɢɥɶɦɵ 
ɩɨɬɪɟɛɢɬɟɥɸ h, ɤɨɧɬɟɧɬɧɚɹ Ɋɋ ɩɵɬɚɟɬɫɹ ɧɚɣɬɢ 
ɫɯɨɞɫɬɜɨ ɦɟɠɞɭ ɮɢɥɶɦɚɦɢ, ɜɵɫɨɤɨ ɨɰɟɧɟɧɧɵɦɢ 
ɩɨɬɪɟɛɢɬɟɥɟɦ ɪɚɧɟɟ (ɨɛɳɢɟ ɚɤɬɟɪɵ, ɪɟɠɢɫɫɟɪɵ, 
ɠɚɧɪɵ ɢ ɬ.ɞ.) ɂ ɬɨɥɶɤɨ ɮɢɥɶɦɵ, ɨɛɥɚɞɚɸɳɢɟ 
ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɨɛɳɧɨɫɬɢ ɫ ɩɪɟɞɩɨɱɬɟɧɢɹɦɢ 
ɩɨɬɪɟɛɢɬɟɥɹ, ɛɭɞɭɬ ɪɟɤɨɦɟɧɞɨɜɚɧɵ Д3Ж. 

 ɉɥɸɫɵ: Ɇɨɠɧɨ ɞɟɥɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɞɚɠɟ 
ɧɟɡɧɚɤɨɦɵɦ ɩɨɥɶɡɨɜɚɬɟɥɹɦ, ɬɟɦ ɫɚɦɵɦ ɜɨɜɥɟɤɚɹ ɢɯ 
ɜ ɫɟɪɜɢɫ. ȼɨɡɦɨɠɧɨɫɬɶ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɬɟ ɨɛɴɟɤɬɵ, 
ɤɨɬɨɪɵɟ ɟɳɟ ɧɟ ɛɵɥɢ ɧɢɤɟɦ ɨɰɟɧɟɧɵ. Ɇɢɧɭɫɵ: 

Ɍɨɱɧɨɫɬɶ ɫɢɥɶɧɨ ɩɚɞɚɟɬ, ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢ ɧɟɦɧɨɝɨ 
ɜɨɡɪɚɫɬɚɟɬ.  

Ɋɋ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɡɧɚɧɢɹɯ (ФnoаlОdРО-
based) 



                                                        ɂɇɎɈɊɆȺɌɂɄȺ ɂ ɄɂȻȿɊɇȿɌɂɄȺ                                 № 2(4), 2016     

                                                                                                                                                   Ⱦɨɧɟɰɤ ȾɨɧɇɌɍ                                 
                                                                                                                              

                                          

58 

 

Ɋɟɤɨɦɟɧɞɚɰɢɢ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɡɧɚɧɢɹɯ ɨ 
ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ. ɑɚɫɬɨ ɩɪɟɞɵɞɭɳɢɣ ɬɢɩ 
(content-ЛКsОН) ɨɩɪɟɞɟɥɹɸɬ ɤɚɤ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ 
knowledge-ЛКsОН, ɝɞɟ ɡɧɚɧɢɹɦɢ ɹɜɥɹɸɬɫɹ ɫɜɟɞɟɧɢɹ ɨ 
ɬɨɜɚɪɟ, ɧɨ МШЧЭОЧЭ-ЛКsОН ɢɦɟɟɬ ɬɚɤɭɸ ɲɢɪɨɤɭɸ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ, ɱɬɨ ɢɦɟɟɬ ɫɦɵɫɥ ɜɵɧɨɫɢɬɶ ɟɝɨ 
ɜ ɨɬɞɟɥɶɧɵɣ ɬɢɩ. ɗɬɢ ɫɚɦɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɡɧɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɞɟɥɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɧɟ 
ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ «ɩɨɯɨɠɟɫɬɢ» ɱɟɝɨ-ɥɢɛɨ, ɚ ɫ ɛɨɥɟɟ 
ɫɥɨɠɧɵɦɢ ɭɫɥɨɜɢɹɦɢ Д2Ж. ɉɥɸɫɵ: ȼɨɡɦɨɠɧɨɫɬɶ 
ɢɫɤɥɸɱɢɬɶ ɫɢɬɭɚɰɢɸ ɪɟɤɨɦɟɧɞɚɰɢɢ ɬɨɜɚɪɨɜ ɭɠɟ 
ɧɟɚɤɬɭɚɥɶɧɵɯ ɞɥɹ ɞɚɧɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ. Ɇɢɧɭɫɵ: 

ȼɵɫɨɤɚɹ ɫɥɨɠɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɢ ɫɛɨɪɚ ɞɚɧɧɵɯ.  

Ƚɢɛɪɢɞɧɵɟ (СвЛrid) Ɋɋ 

Ʉɨɦɛɢɧɢɪɭɸɬ ɪɚɡɥɢɱɧɵɟ ɩɨɞɯɨɞɵ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɨɝɪɚɧɢɱɟɧɢɣ, ɫɜɨɣɫɬɜɟɧɧɵɯ 
ɤɚɠɞɨɣ ɫɢɫɬɟɦɟ.  

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɩɥɸɫɵ ɢ ɦɢɧɭɫɵ ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɜɵɛɨɪ ɜ ɩɨɥɶɡɭ ɝɢɛɪɢɞɧɵɯ ɫɢɫɬɟɦ. Ⱦɥɹ 
ɧɚɲɟɣ ɡɚɞɚɱɢ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ 
ɤɨɥɥɚɛɨɪɚɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ, ɢ ɩɪɟɞɥɨɠɢɦ ɫɜɨё 
ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ «ɯɨɥɨɞɧɨɝɨ ɫɬɚɪɬɚ» ɞɥɹ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ ɧɨɜɵɯ ɮɢɥɶɦɨɜ. 

Ɋɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɚɥɝɨɪɢɬɦɵ, ɤɨɬɨɪɵɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɦɟɬɨɞɚ. 

Ⱥɥɝɨɪɢɬɦ ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬɟ 
ɤɨɪɪɟɥɹɰɢɢ.  

ȼ Д4Ж ɩɪɟɞɥɨɠɟɧɨ ɫɥɟɞɭɸɳɟɟ ɪɟɲɟɧɢɟ 
ɡɚɞɚɱɢ ɤɨɥɥɚɛɨɪɚɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ. 

ɂɦɟɟɬɫɹ ɜɟɤɬɨɪ ɩɪɟɞɩɨɱɬɟɧɢɣ ɞɥɹ ɤɚɠɞɨɝɨ 
ɩɨɥɶɡɨɜɚɬɟɥɹ (ɫɬɪɨɤɢ ɦɚɬɪɢɰɵ R) ɢ ɜɟɤɬɨɪ ɨɰɟɧɨɤ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɞɥɹ ɤɚɠɞɨɝɨ ɩɪɨɞɭɤɬɚ (ɫɬɨɥɛɰɵ 
ɦɚɬɪɢɰɵ R). ɉɪɟɠɞɟ ɜɫɟɝɨ ɨɫɬɚɜɢɦ ɜ ɷɬɢɯ ɜɟɤɬɨɪɚɯ 
ɬɨɥɶɤɨ ɬɟ ɷɥɟɦɟɧɬɵ, ɞɥɹ ɤɨɬɨɪɵɯ ɧɚɦ ɢɡɜɟɫɬɧɵ 
ɡɧɚɱɟɧɢɹ ɜ ɨɛɨɢɯ ɜɟɤɬɨɪɚɯ, ɬ.ɟ. ɨɫɬɚɜɢɦ ɬɨɥɶɤɨ ɬɟ 
ɩɪɨɞɭɤɬɵ, ɤɨɬɨɪɵɟ ɨɰɟɧɢɥɢ ɨɛɚ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɢɥɢ 
ɬɨɥɶɤɨ ɬɟɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɨɛɚ ɨɰɟɧɢɥɢ 
ɞɚɧɧɵɣ ɩɪɨɞɭɤɬ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɦ ɩɪɨɫɬɨ ɧɭɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ, ɧɚɫɤɨɥɶɤɨ ɩɨɯɨɠɢ ɞɜɚ ɜɟɤɬɨɪɚ 
ɜɟɳɟɫɬɜɟɧɧɵɯ ɱɢɫɟɥ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 
ɩɨɞɫɱɢɬɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ  

 

wi,j  =  ,        (1) 

ɝɞɟ  — ɫɪɟɞɧɢɣ ɪɟɣɬɢɧɝ, ɜɵɫɬɚɜɥɟɧɧɵɣ 

ɩɨɥɶɡɨɜɚɬɟɥɟɦ Т. ɂɧɨɝɞɚ ɩɨɥɶɡɭɸɬɫɹ ɬɚɤ 
ɧɚɡɵɜɚɟɦɨɣ «ɤɨɫɢɧɭɫɧɨɣ ɩɨɯɨɠɟɫɬɶɸ», ɢɫɩɨɥɶɡɭɹ 
ɤɨɫɢɧɭɫ ɭɝɥɚ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ  

  

wi,j  =  .   (2) 

ɇɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɤɨɫɢɧɭɫ ɯɨɪɨɲɨ ɪɚɛɨɬɚɥ, 

ɠɟɥɚɬɟɥɶɧɨ ɜɫё ɪɚɜɧɨ ɫɧɚɱɚɥɚ ɜɵɱɟɫɬɶ ɫɪɟɞɧɟɟ ɩɨ 
ɤɚɠɞɨɦɭ ɜɟɤɬɨɪɭ, ɬɚɤ ɱɬɨ ɜ ɪɟɚɥɶɧɨɫɬɢ ɷɬɨ ɬɚ ɠɟ 
ɫɚɦɚɹ ɦɟɬɪɢɤɚ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɷɬɢɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɫɯɨɠɟɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɛɥɢɡɢɬɶ 
ɧɨɜɵɣ ɪɟɣɬɢɧɝ ɤɚɤ ɫɪɟɞɧɢɣ ɪɟɣɬɢɧɝ ɞɚɧɧɨɝɨ 
ɩɨɥɶɡɨɜɚɬɟɥɹ ɩɥɸɫ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɫɪɟɞɧɟɝɨ 
ɪɟɣɬɢɧɝɨɜ ɞɪɭɝɢɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɜɡɜɟɲɟɧɧɵɯ 
ɷɬɢɦɢ ɫɚɦɵɦɢ ɜɟɫɚɦɢ  

  

. (3) 

Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ ɩɨɢɫɤɚ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ 
ɚɜɬɨɪ ɪɚɛɨɬɵ Д4Ж ɩɪɟɞɥɚɝɚɟɬ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ Ф-d-

ɞɟɪɟɜɶɹɦɢ ɢɥɢ ɥɨɤɚɥɶɧɨ-ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ 
ɯɟɲɢɪɨɜɚɧɢɟɦ (ХШМКХХв sensitive hashing).  

ɉɥɸɫɨɦ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɹɜɥɹɟɬɫɹ 
ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɚɹ ɪɟɚɥɢɡɚɰɢɹ. Ɉɞɧɚɤɨ ɷɬɨɬ 
ɚɥɝɨɪɢɬɦ ɹɜɥɹɟɬɫɹ ɭɫɬɚɪɟɜɲɢɦ, ɧɚ ɟɝɨ ɨɫɧɨɜɟ 
ɪɚɛɨɬɚɥɢ ɩɟɪɜɵɟ Ɋɋ, ɫɟɣɱɚɫ ɠɟ ɫɭɳɟɫɬɜɭɸɬ ɞɪɭɝɢɟ 
ɚɥɝɨɪɢɬɦɵ, ɤɨɬɨɪɵɟ  ɛɵɫɬɪɟɟ ɫɩɪɚɜɥɹɸɬɫɹ ɫɨ ɫɜɨɟɣ 
ɡɚɞɚɱɟɣ ɢ ɞɚɸɬ ɛɨɥɟɟ ɬɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. 

Ⱥɥɝɨɪɢɬɦ ɧɚɢɜɧɵɯ ɫɟɬɟɣ Ȼɚɣɟɫɚ 

Ɍɟɨɪɟɦɚ Ȼɚɣɟɫɚ — ɨɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɬɟɨɪɟɦ 
ɷɥɟɦɟɧɬɚɪɧɨɣ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ, ɤɨɬɨɪɚɹ 
ɨɩɪɟɞɟɥɹɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɧɚɫɬɭɩɥɟɧɢɹ ɫɨɛɵɬɢɹ ɜ 
ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɧɚ ɨɫɧɨɜɟ ɧɚɛɥɸɞɟɧɢɣ ɢɡɜɟɫɬɧɚ 
ɥɢɲɶ ɧɟɤɨɬɨɪɚɹ ɱɚɫɬɢɱɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɨɛɵɬɢɹɯ.  

ɋɨɝɥɚɫɧɨ Д5Ж ɭɫɥɨɜɧɚɹ ɜɟɪɨɹɬɧɨɫɬɶ P(A|H) 

ɫɨɛɵɬɢɹ A ɩɪɢ ɭɫɥɨɜɢɢ ɧɚɫɬɭɩɥɟɧɢɹ ɫɨɛɵɬɢɹ H 

ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  
 

,  (4) 

ɝɞɟ P (A) ɢ P(H) – ɷɬɨ ɜɟɪɨɹɬɧɨɫɬɢ ɤɚɠɞɨɝɨ ɫɨɛɵɬɢɹ 
ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ, ɚ P (A,H) ɹɜɥɹɟɬɫɹ ɫɨɜɦɟɫɬɧɨɣ 
ɜɟɪɨɹɬɧɨɫɬɶɸ A ɢ H. Ɂɧɚɱɢɬ, ɫɨɜɦɟɫɬɧɭɸ 
ɜɟɪɨɹɬɧɨɫɬɶ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ (5)μ 

   (5) 

Ɍɨɝɞɚ ɬɟɨɪɟɦɚ Ȼɚɣɟɫɚ ɢɦɟɟɬ ɜɢɞ  
 

   (6) 

ɉɟɪɟɩɢɲɟɦ ɬɟɨɪɟɦɭ Ȼɚɣɟɫɚ ɜ ɞɪɭɝɢɯ 
ɨɛɨɡɧɚɱɟɧɢɹɯ  

 

   (7) 

— ɷɬɨ ɬɨ, ɱɬɨ ɦɵ ɯɨɬɢɦ ɧɚɣɬɢ, 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɟɣ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ 
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ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɦɵ ɩɪɢɧɹɥɢ ɜɨ ɜɧɢɦɚɧɢɟ ɞɚɧɧɵɟ; 
ɷɬɨ ɧɚɡɵɜɚɟɬɫɹ ɚɩɨɫɬɟɪɢɨɪɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ. ȼ 
ɢɫɬɨɱɧɢɤɟ Д6Ж ɝɨɜɨɪɢɬɫɹ, ɱɬɨ ɷɬɭ ɜɟɪɨɹɬɧɨɫɬɶ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɧɚɩɪɹɦɭɸ ɧɟ ɧɚɣɬɢ, ɢ ɡɞɟɫɶ ɤɚɤ ɪɚɡ ɢ 
ɧɭɠɧɚ ɬɟɨɪɟɦɚ Ȼɚɣɟɫɚ.  — ɷɬɨ ɬɚɤ 

ɧɚɡɵɜɚɟɦɨɟ ɩɪɚɜɞɨɩɨɞɨɛɢɟ, ɜɟɪɨɹɬɧɨɫɬɶ ɞɚɧɧɵɯ 
ɩɪɢ ɭɫɥɨɜɢɢ ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ; 
ɷɬɨ ɤɚɤ ɪɚɡ ɧɚɣɬɢ ɨɛɵɱɧɨ ɥɟɝɤɨ, ɫɨɛɫɬɜɟɧɧɨ, 
ɤɨɧɫɬɪɭɤɰɢɹ ɦɨɞɟɥɢ ɨɛɵɱɧɨ ɜ ɬɨɦ ɢ ɫɨɫɬɨɢɬ, ɱɬɨɛɵ 
ɡɚɞɚɬɶ ɮɭɧɤɰɢɸ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. Ⱥ   — 

ɚɩɪɢɨɪɧɚɹ ɜɟɪɨɹɬɧɨɫɬɶ, ɨɧɚ ɹɜɥɹɟɬɫɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɨɪɦɚɥɢɡɚɰɢɟɣ ɧɚɲɟɣ ɢɧɬɭɢɰɢɢ ɨ 
ɩɪɟɞɦɟɬɟ, ɮɨɪɦɚɥɢɡɚɰɢɟɣ ɬɨɝɨ, ɱɬɨ ɦɵ ɡɧɚɥɢ 
ɪɚɧɶɲɟ, ɟɳё ɞɨ ɜɫɹɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

Ⱥɥɝɨɪɢɬɦ SVD 

SVD (Singular Value Decomposition), 

ɩɟɪɟɜɨɞɢɬɫɹ ɤɚɤ ɫɢɧɝɭɥɹɪɧɨɟ ɪɚɡɥɨɠɟɧɢɟ ɦɚɬɪɢɰɵ. 
ȼ ɬɟɨɪɟɦɟ ɨ ɫɢɧɝɭɥɹɪɧɨɦ ɪɚɡɥɨɠɟɧɢɢ 
ɭɬɜɟɪɠɞɚɟɬɫɹ, ɱɬɨ ɭ ɥɸɛɨɣ ɦɚɬɪɢɰɵ � ɪɚɡɦɟɪɚ ݊×݉ 

ɫɭɳɟɫɬɜɭɟɬ ɪɚɡɥɨɠɟɧɢɟ ɜ ɩɪɨɢɡɜɟɞɟɧɢɟ ɬɪɟɯ 
ɦɚɬɪɢɰμ ܷ,D ɢ ܸܶ  

 

A = U * D * ܸܶ . (8) 
 

Ɇɚɬɪɢɰɵ ܷ ɢ ܸ ɨɪɬɨɝɨɧɚɥɶɧɵɟ, ɚ D — 

ɞɢɚɝɨɧɚɥɶɧɚɹ (ɯɨɬɹ ɢ ɧɟ ɤɜɚɞɪɚɬɧɚɹ). Ⱥɥɝɨɪɢɬɦ 
ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨɣ, ɧɨ ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ 
ɩɪɟɞɫɤɚɡɵɜɚɬɶ ɨɰɟɧɤɢ. ɋ ɟɝɨ ɩɨɦɨɳɶɸ ɦɵ ɦɨɠɟɦ 
ɩɨ ɢɫɬɨɪɢɢ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɜɵɹɜɥɹɬɶ ɫɤɪɵɬɵɟ 
ɩɪɢɡɧɚɤɢ ɨɛɴɟɤɬɨɜ ɢ ɢɧɬɟɪɟɫɵ ɩɨɥɶɡɨɜɚɬɟɥɟɣ.  

ɂɬɚɤ, ɱɬɨɛɵ ɩɪɟɞɫɤɚɡɚɬɶ ɨɰɟɧɤɭ 
ɩɨɥɶɡɨɜɚɬɟɥɹ ܷ ɞɥɹ ɮɢɥɶɦɚ �, ɦɵ ɛɟɪɟɦ ɧɟɤɨɬɨɪɵɣ 
ɜɟɤɬɨɪ ݌� (ɧɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ) ɞɥɹ ɞɚɧɧɨɝɨ 
ɩɨɥɶɡɨɜɚɬɟɥɹ ɢ ɜɟɤɬɨɪ ɞɥɹ ɞɚɧɧɨɝɨ ɮɢɥɶɦɚ ݍ�. ɂɯ 
ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɢ ɛɭɞɟɬ ɧɭɠɧɵɦ ɧɚɦ 
ɩɪɟɞɫɤɚɡɚɧɢɟɦ  

 

  (9) 

 

Ɉɞɧɚɤɨ ɦɵ ɧɟ ɦɨɠɟɦ ɧɚɣɬɢ S↑D-ɪɚɡɥɨɠɟɧɢɟ 
ɦɚɬɪɢɰɵ, ɬ.ɤ. ɦɵ ɧɟ ɡɧɚɟɦ ɫɚɦɭ ɦɚɬɪɢɰɭ. ɇɨ ɦɵ 
ɯɨɬɢɦ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɷɬɨɣ ɢɞɟɟɣ ɢ ɩɪɢɞɭɦɚɬɶ 
ɦɨɞɟɥɶ ɩɪɟɞɫɤɚɡɚɧɢɹ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ 
ɫɯɨɞɧɵɦ ɫ S↑D ɨɛɪɚɡɨɦ. ɏɨɪɨɲɢɦ ɨɛɪɚɡɰɨɦ ɬɚɤɨɣ 
ɦɨɞɟɥɢ ɹɜɹɟɬɫɹ ɦɨɞɟɥɶ, ɨɩɢɫɚɧɧɚɹ ɜ ɛɥɨɝɟ 
ɤɨɦɩɚɧɢɢ SЮrПТЧРЛТrН Д7Ж. 

ȼɜɟɞɟɦ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɛɚɡɨɜɵɟ ɩɪɟɞɢɤɬɨɪɵ 
bi,a, ɤɨɬɨɪɵɟ ɫɤɥɚɞɵɜɚɸɬɫɹ ɢɡ ɛɚɡɨɜɵɯ ɩɪɟɞɢɤɬɨɪɨɜ 
ɨɬɞɟɥɶɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ bi, ɢ ɨɬɞɟɥɶɧɵɯ 
ɩɪɨɞɭɤɬɨɜ ba, ɚ ɬɚɤɠɟ ɩɪɨɫɬɨ ɨɛɳɟɝɨ ɫɪɟɞɧɟɝɨ 
ɪɟɣɬɢɧɝɚ ɩɨ ɛɚɡɟ Ⴍ  

 

bi,a, =ȝ+bi + ba    (10) 
 

ɝɞɟ Ⴍ — ɫɪɟɞɧɢɣ ɪɟɣɬɢɧɝ ɩɨ ɛɚɡɟ; bi — 

ɫɪɟɞɧɢɣ ɪɟɣɬɢɧɝ ɤɚɠɞɨɝɨ i ɩɨɥɶɡɨɜɚɬɟɥɹ; ba — 

ɫɪɟɞɧɢɣ ɪɟɣɬɢɧɝ ɤɚɠɞɨɝɨ ɚ ɩɪɨɞɭɤɬɚ. 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɥɶɤɨ ɛɚɡɨɜɵɯ 

ɩɪɟɞɢɤɬɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɬɚɤɢɟ Ⴍ, bi, ba, ɞɥɹ 
ɤɨɬɨɪɵɯ bi, a ɥɭɱɲɟ ɜɫɟɝɨ ɩɪɢɛɥɢɠɚɸɬ ɢɦɟɸɳɢɟɫɹ 
ɪɟɣɬɢɧɝɢ. Ɂɚɬɟɦ ɦɨɠɧɨ ɛɭɞɟɬ ɞɨɛɚɜɢɬɶ ɫɨɛɫɬɜɟɧɧɨ 
ɮɚɤɬɨɪɵ. ɉɨɫɤɨɥɶɤɭ ɬɟɩɟɪɶ, ɤɨɝɞɚ ɫɞɟɥɚɧɚ 
ɩɨɩɪɚɜɤɚ ɧɚ ɛɚɡɨɜɵɟ ɩɪɟɞɢɤɬɨɪɵ, ɨɫɬɚɬɤɢ ɛɭɞɭɬ 
ɫɪɚɜɧɢɦɵ ɦɟɠɞɭ ɫɨɛɨɣ, ɜɩɨɥɧɟ ɜɨɡɦɨɠɧɨ ɛɭɞɟɬ 
ɩɨɥɭɱɢɬɶ ɪɚɡɭɦɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɮɚɤɬɨɪɨɜ 

 

, (11) 
 

ɝɞɟ va — ɜɟɤɬɨɪ ɮɚɤɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ 
ɩɪɨɞɭɤɬ a; ui — ɜɟɤɬɨɪ ɮɚɤɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ 
ɩɨɥɶɡɨɜɚɬɟɥɹ i. 

ɋ ɭɱёɬɨɦ (10) ɮɨɪɦɭɥɢɪɨɜɤɚ ɢɫɯɨɞɧɨɣ 
ɡɚɞɚɱɢ ɩɪɢɧɢɦɚɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞμ ɧɟɨɛɯɨɞɢɦɨ 
ɧɚɣɬɢ ɧɚɢɥɭɱɲɢɟ ɩɪɟɞɢɤɬɨɪɵ, ɤɨɬɨɪɵɟ 
ɩɪɢɛɥɢɠɚɸɬ ɜɟɥɢɱɢɧɭ  .  

Ʌɭɱɲɢɦɢ ɛɭɞɭɬ ɬɟ ɩɪɟɞɢɤɬɨɪɵ, ɤɨɬɨɪɵɟ 
ɞɚɸɬ ɦɢɧɢɦɚɥɶɧɭɸ ɨɲɢɛɤɭ, ɨɩɪɟɞɟɥɹɟɦɭɸ ɩɨ 
ɮɨɪɦɭɥɟ  

 

 L(ȝ,bi,ba,va,ui)=ʜ(i,a)∈D(ri,aʝ )2 

=ʜ(i,a)∈D (ri,a –ȝ–bi–ba–  )2  
(12) 

 

Ɏɭɧɤɰɢɸ L(Ⴍ, bi, ba, va, ui) ɦɢɧɢɦɢɡɢɪɭɟɦ 
ɦɟɬɨɞɨɦ ɝɪɚɞɢɟɧɬɧɨɝɨ ɫɩɭɫɤɚμ ɛɟɪɟɦ ɱɚɫɬɧɵɟ 
ɩɪɨɢɡɜɨɞɧɵɟ ɩɨ ɤɚɠɞɨɦɭ ɚɪɝɭɦɟɧɬɭ ɢ ɞɜɢɝɚɟɦɫɹ ɜ 
ɫɬɨɪɨɧɭ, ɨɛɪɚɬɧɭɸ ɧɚɩɪɚɜɥɟɧɢɸ ɷɬɢɯ ɱɚɫɬɧɵɯ 
ɩɪɨɢɡɜɨɞɧɵɯ. Ⱦɥɹ ɤɨɦɩɟɧɫɢɪɨɜɚɧɢɹ ɷɮɮɟɤɬɚ 
ɩɟɪɟɨɛɭɱɟɧɢɹ ɞɨɛɚɜɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪ 
ɪɟɝɭɥɹɪɢɡɚɰɢɢ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɧɚɤɥɚɞɵɜɚɟɬɫɹ 
ɲɬɪɚɮ ɡɚ ɫɥɢɲɤɨɦ ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɨɛɭɱɚɟɦɵɯ 
ɩɟɪɟɦɟɧɧɵɯ. Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ Д8Ж, ɞɥɹ ɷɬɨɝɨ 
ɦɨɠɧɨ ɩɪɨɫɬɨ ɞɨɛɚɜɢɬɶ ɜ ɮɭɧɤɰɢɸ ɨɲɢɛɤɢ ɫɭɦɦɭ 
ɤɜɚɞɪɚɬɨɜ ɜɫɟɯ ɮɚɤɬɨɪɨɜ ɢ ɩɪɟɞɢɤɬɨɪɨɜ μ 

 

   b*, q*, p* = arg min =ʜ(i,a) (ri,a –ȝ–bi–ba–  )2 
+          

Ȝ(ʜibi
2+ʜaba

2
 + ||qa||

2
 +||pa||

2
), (13) 

 

ɝɞɟ Ⴌ — ɩɚɪɚɦɟɬɪ ɪɟɝɭɥɹɪɢɡɚɰɢɢ.  
ȿɫɥɢ ɜɡɹɬɶ ɭ ɮɭɧɤɰɢɢ ɨɲɢɛɤɢ ɜ ɮɨɪɦɭɥɟ 

(12) ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɩɨ ɤɚɠɞɨɣ ɢɡ 
ɨɩɬɢɦɢɡɢɪɭɟɦɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɩɨɥɭɱɢɦ ɩɪɨɫɬɵɟ 
ɩɪɚɜɢɥɚ ɞɥɹ ɝɪɚɞɢɟɧɬɧɨɝɨ (ɫɬɨɯɚɫɬɢɱɟɫɤɨɝɨ) ɫɩɭɫɤɚ  

 

bi = bi + γ(ei a, −Ȝbi ),   

ba = ba + γ(ei a, −Ȝba ),   

qa,j=qa,j+γ(ei,api,j−Ȝqa,j),    

      pi,j=pi,j+γ(ei,api,j−Ȝpi,j),    (14) 
 

ɞɥɹ ɜɫɟɯ j, ɝɞɟ ei,a = ri,a – — ɨɲɢɛɤɚ ɧɚ ɞɚɧɧɨɦ 
ɬɟɫɬɨɜɨɦ ɩɪɢɦɟɪɟ, ɚ γ — ɫɤɨɪɨɫɬɶ ɨɛɭɱɟɧɢɹ 

Ⱦɥɹ ɤɨɦɩɟɧɫɢɪɨɜɚɧɢɹ ɷɮɮɟɤɬɚ ɩɟɪɟɨɛɭɱɟɧɢɹ 
ɞɨɛɚɜɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪ ɪɟɝɭɥɹɪɢɡɚɰɢɢ. ɂɧɵɦɢ 
ɫɥɨɜɚɦɢ, ɧɚɤɥɚɞɵɜɚɟɬɫɹ ɲɬɪɚɮ ɡɚ ɫɥɢɲɤɨɦ 
ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɨɛɭɱɚɟɦɵɯ ɩɟɪɟɦɟɧɧɵɯ ДλЖ. 
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ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɢɫɬɨɱɧɢɤɚ Д7Ж, SVD 

ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɛɵɫɬɪɵɦ ɚɥɝɨɪɢɬɦɨɦ Ɋɋ. 
ɋɭɳɟɫɬɜɭɸɬ ɬɪɢ ɟɝɨ ɪɚɡɧɨɜɢɞɧɨɫɬɢμ SVD, SVD++, 

ЭТЦОS↑D. ɉɪɢ ɷɬɨɦ SVD ɧɟɦɧɨɝɨ ɩɪɨɢɝɪɵɜɚɟɬ ɜ 
ɫɤɨɪɨɫɬɢ ɞɜɭɦ ɞɪɭɝɢɦ. ȼ ɫɬɚɬɶɟ ɨɩɢɫɵɜɚɥɚɫɶ 
ɪɟɚɥɢɡɚɰɢɹ SVD++, ɟɝɨ ɦɵ ɢ ɩɪɟɞɥɚɝɚɟɦ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɧɚɲɟɣ ɫɢɫɬɟɦɟ. 

Ɋɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ «ɯɨɥɨɞɧɨɝɨ ɫɬɚɪɬɚ» 

ɉɪɨɛɥɟɦɚ «ɯɨɥɨɞɧɨɝɨ ɫɬɚɪɬɚ» ɞɟɥɢɬɫɹ ɧɚ 
«ɯɨɥɨɞɧɵɣ ɫɬɚɪɬ» ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ «ɯɨɥɨɞɧɵɣ 
ɫɬɚɪɬ» ɞɥɹ ɮɢɥɶɦɨɜ. Ɋɚɫɫɦɨɬɪɢɦ ɪɟɲɟɧɢɟ ɨɛɨɢɯ 
ɜɚɪɢɚɧɬɨɜ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɢɫɬɨɱɧɢɤ Д10Ж, 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɨɛɫɬɜɟɧɧɨɟ ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ. 

«ɏɨɥɨɞɧɵɣ ɫɬɚɪɬ» ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ. ɗɬɚ 
ɩɪɨɛɥɟɦɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɬɨɥɶɤɨ ɱɬɨ 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɜɲɢɦɫɹ ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɧɟɱɟɝɨ 
ɩɨɪɟɤɨɦɟɧɞɨɜɚɬɶ, ɬɚɤ ɤɚɤ ɨɧɢ ɧɟ ɭɫɩɟɥɢ ɜɵɫɬɚɜɢɬɶ 
ɨɰɟɧɨɤ ɮɢɥɶɦɚɦ. Ʌɨɝɢɱɧɨ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ ɨɰɟɧɨɤ 
ɩɨɥɶɡɨɜɚɬɟɥɶ ɩɨɫɬɚɜɢɬ, ɬɟɦ ɬɨɱɧɟɟ ɫɢɫɬɟɦɚ ɛɭɞɟɬ 
ɜɵɞɚɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɜɨɡɶɦёɦ ɧɚɛɨɪ ɨɛɵɱɧɵɯ 
ɛɚɡɨɜɵɯ ɞɚɧɧɵɯ ɩɪɢ ɪɟɝɢɫɬɪɚɰɢɢ – ɜɨɡɪɚɫɬ 
ɩɨɥɶɡɨɜɚɬɟɥɹ (ɢɡ ɞɚɬɵ ɟɝɨ ɪɨɠɞɟɧɢɹ), 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɢ ɟɝɨ ɝɟɧɞɟɪɧɭɸ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ. ɋɢɫɬɟɦɚ ɞɨɥɠɧɚ ɨɫɭɳɟɫɬɜɢɬɶ 
ɩɨɞɛɨɪ ɜɟɤɬɨɪɨɜ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ 
ɫɯɨɠɟɟ ɝɟɨɩɨɥɨɠɟɧɢɟ (ɨɞɧɭ ɢ ɬɭ ɠɟ ɫɬɪɚɧɭ, ɨɞɢɧ ɢ 
ɬɨɬ ɠɟ ɪɟɝɢɨɧ), ɬɚɤɨɣ ɠɟ ɩɨɥ ɢ ɜɯɨɞɹɬ ɜ ɬɟ ɠɟ 
ɜɨɡɪɚɫɬɧɵɟ ɪɚɦɤɢ. ȼɨɡɪɚɫɬɧɵɟ ɪɚɦɤɢ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɩɨɞɟɥɢɬɶ ɧɚ ɩɪɨɦɟɠɭɬɤɢμ ɞɨ 12 ɥɟɬ, 12-18, 18-25, 

25-40, 40-55, ɫɬɚɪɲɟ 55. ɉɨɫɥɟ ɷɬɨɝɨ ɛɭɞɭɬ 
ɨɬɨɛɪɚɧɵ ɮɢɥɶɦɵ ɤɨɬɨɪɵɦ ɞɚɧɧɵɟ ɩɨɥɶɡɨɜɚɬɟɥɢ 
ɩɨɫɬɚɜɢɥɢ ɦɚɤɫɢɦɚɥɶɧɵɟ ɨɰɟɧɤɢ ɢ ɩɪɟɞɥɨɠɟɧɵ ɤ 
ɩɪɨɫɦɨɬɪɭ ɞɚɧɧɨɦɭ, ɬɨɥɶɤɨ ɱɬɨ ɜɨɲɟɞɲɟɦɭ ɜ 
ɫɢɫɬɟɦɭ ɩɨɥɶɡɨɜɚɬɟɥɸ. ɉɨɫɥɟ ɩɪɨɫɬɚɜɥɟɧɢɹ 
ɫɨɛɫɬɜɟɧɧɵɯ ɨɰɟɧɨɤ ɷɬɢ ɞɚɧɧɵɟ ɛɭɞɭɬ ɡɚɦɟɧɹɬɶɫɹ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɥɝɨɪɢɬɦɚ SDV++. 

ɉɪɨɛɥɟɦɚ «ɯɨɥɨɞɧɨɝɨ ɫɬɚɪɬɚ» ɞɥɹ ɧɨɜɵɯ 
ɮɢɥɶɦɨɜ, ɞɨɛɚɜɥɟɧɧɵɯ ɜ ɫɢɫɬɟɦɭ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɬɨɦ, ɱɬɨ ɭ ɷɬɢɯ ɮɢɥɶɦɨɜ ɩɨɤɚ ɟɳё ɧɟɬ ɪɟɣɬɢɧɝɨɜɵɯ 
ɨɰɟɧɨɤ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɯ ɧɟɤɨɦɭ ɪɟɤɨɦɟɧɞɨɜɚɬɶ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɫɥɟɞɭɟɬ 
ɩɪɨɜɟɫɬɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨ-ɪɟɝɪɟɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ 
ɞɥɹ ɬɚɤɢɯ ɞɚɧɧɵɯ, ɤɚɤ ɠɚɧɪɵ, ɚɤɬёɪɵ ɢ ɪɟɠɢɫɫёɪɵ. 
Ⱦɥɹ ɪɟɤɨɦɟɧɞɚɰɢɣ ɧɨɜɵɯ ɮɢɥɶɦɨɜ ɧɭɠɧɨ ɜɵɞɟɥɢɬɶ 
ɬɟ ɢɡ ɧɢɯ, ɤɨɬɨɪɵɟ ɧɚɢɛɨɥɟɟ ɤɨɪɪɟɥɢɪɭɸɬ ɩɨ ɜɵɲɟ 
ɧɚɡɜɚɧɧɵɦ ɞɚɧɧɵɦ ɫ ɬɟɦ, ɱɬɨ ɩɪɟɞɩɨɱɢɬɚɟɬ 
ɩɨɥɶɡɨɜɚɬɟɥɶ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨ ɩɨɞɨɛɪɚɧɧɵɦ 
ɧɨɜɢɧɤɚɦ ɫɢɫɬɟɦɵ ɫɥɟɞɭɟɬ ɜɵɜɨɞɢɬɶ ɩɟɪɟɞ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɥɝɨɪɢɬɦɚ SVD++. 

ȼɵɜɨɞɵ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɬɢɩɨɜ 
ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ Web-

ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ ɩɨɞɛɨɪɚ ɮɢɥɶɦɨɜ, ɛɵɥ 
ɜɵɛɪɚɧ ɝɢɛɪɢɞɧɵɣ ɦɟɬɨɞ, ɞɚɸɳɢɣ ɧɚɢɛɨɥɟɟ 
ɬɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. Ɇɟɬɨɞ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 
ɤɨɥɥɚɛɨɪɚɬɢɜɧɭɸ ɮɢɥɶɬɪɚɰɢɸ ɢ ɫɨɛɫɬɜɟɧɧɭɸ 

ɪɚɡɪɚɛɨɬɤɭ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɩɨɞɛɨɪɚ ɦɟɞɢɚ-

ɤɨɧɬɟɧɬɚ ɞɥɹ ɧɨɜɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɫɢɫɬɟɦɵ. ɉɨɫɥɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɨɜ ɤɨɥɥɚɛɨɪɚɬɢɜɧɨɣ 
ɮɢɥɶɬɪɚɰɢɢ ɛɵɥ ɜɵɛɪɚɧ ɚɥɝɨɪɢɬɦ SVD++, ɤɨɬɨɪɵɣ 
ɹɜɥɹɟɬɫɹ ɦɨɞɢɮɢɤɚɰɢɟɣ ɫɚɦɨɝɨ ɛɵɫɬɪɨɝɨ ɢ ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ SVD, ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɞɥɹ 
ɪɚɡɪɟɠɟɧɧɵɯ ɦɚɬɪɢɰ ɪɟɣɬɢɧɝɨɜ. ɉɪɟɞɥɨɠɟɧɨ 
ɪɟɲɟɧɢɟ ɞɥɹ ɩɪɨɛɥɟɦɵ «ɯɨɥɨɞɧɨɝɨ ɫɬɚɪɬɚ» ɧɨɜɵɯ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɡɚɤɥɸɱɚɸɳɟɟɫɹ ɜ ɩɨɞɛɨɪɟ ɮɢɥɶɦɨɜ 
ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɧɚ ɨɫɧɨɜɟ ɝɟɨɩɨɥɨɠɟɧɢɹ ɢ 
ɜɨɡɪɚɫɬɧɨɣ ɤɚɬɟɝɨɪɢɢ, ɢ ɧɨɜɵɯ ɮɢɥɶɦɨɜ, 
ɡɚɤɥɸɱɚɸɳɟɟɫɹ ɜ ɩɨɞɛɨɪɟ ɧɚɢɛɨɥɟɟ 
ɤɨɪɪɟɥɢɪɨɜɚɧɧɵɯ ɩɨ ɠɚɧɪɭ ɫ ɩɪɟɞɩɨɱɢɬɚɟɦɵɦɢ 
ɠɚɧɪɚɦɢ ɩɨɥɶɡɨɜɚɬɟɥɹ.  

ɇɚɩɪɚɜɥɟɧɢɟɦ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ 
ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɹɜɥɹɟɬɫɹ ɦɨɞɢɮɢɤɚɰɢɹ ɦɟɬɨɞɚ 
Singular Value Decomposition ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ 
ɬɨɱɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɱɬɨ ɩɥɚɧɢɪɭɟɬɫɹ ɞɨɫɬɢɝɧɭɬɶ 
ɡɚ ɫɱёɬ ɭɫɥɨɠɧёɧɧɨɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɚɜɢɥ 
ɛɚɡɨɜɵɯ ɩɪɟɞɢɤɬɨɪɨɜ. 
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ɑɟɩɢɤɨɜɚ ȿ.Ⱦ., ɋɚɜɤɨɜɚ ȿ.Ɉ., ɉɪɢɜɚɥɨɜ Ɇ.ȼ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɯ 
ɫɢɫɬɟɦ.ȼɵɩоɥɧеɧ ɚɧɚɥɢɡ ɬɢɩов ɪеɤоɦеɧɞɚɬеɥɶɧɵɯ ɫɢɫɬеɦ ɢ ɚɥɝоɪɢɬɦов ɢɫɩоɥɶɡɭɸщɢɯɫɹ ɞɥɹ ɫɢɫɬеɦ ɫ 
ɤоɥɥɚɛоɪɚɬɢвɧоɣ ɮɢɥɶɬɪɚɰɢеɣ. Ɋɚɡɪɚɛоɬɚɧɚ ɚɥɝоɪɢɬɦɢɱеɫɤɚɹ ɱɚɫɬɶ ɝɢɛɪɢɞɧоɣ ɪеɤоɦеɧɞɚɬеɥɶɧоɣ ɫɢɫɬеɦɵ 
ɧɚ оɫɧове ɤоɥɥɚɛоɪɚɬɢвɧоɣ ɮɢɥɶɬɪɚɰɢɢ. ɉɪеɞɥоɠеɧо ɪеɲеɧɢе ɩɪоɛɥеɦɵ «ɯоɥоɞɧоɝо ɫɬɚɪɬɚ» ɞɥɹ ɬоɥɶɤо ɱɬо 
ɡɚɪеɝɢɫɬɪɢɪовɚвɲɢɯɫɹ ɩоɥɶɡовɚɬеɥеɣ ɢ ɞɥɹ ɧовɵɯ ɮɢɥɶɦов, ɞоɛɚвɥеɧɧɵɯ в ɫɢɫɬеɦɭ. 

 

Ʉɥɸɱевɵе ɫɥовɚ. Ⱥɥɝоɪɢɬɦɵ ɪеɤоɦеɧɞɚɬеɥɶɧɵɯ ɫɢɫɬеɦ, ɝɢɛɪɢɞɧɵɣ ɦеɬоɞ, ɤоɥɥɚɛоɪɚɬɢвɧɚɹ 
ɮɢɥɶɬɪɚɰɢɹ, ɩɪоɛɥеɦɚ «ɯоɥоɞɧоɝо ɫɬɚɪɬɚ», ɩɪɢɦеɧеɧɢе ɚɥɝоɪɢɬɦɚ SVD (SТnРulКr VКluО DОМomposТtТon) в 
ɪеɤоɦеɧɞɚɬеɥɶɧɵɯ ɫɢɫɬеɦɚɯ. 

 

ɑɟɩɿɤɨɜɚ Ɉ.Ⱦ., ɋɚɜɤɨɜɚ Ɉ.Ƀ., ɉɪɢɜɚɥɨɜ Ɇ.ȼ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɚɥɝɨɪɢɬɦɿɜ ɪɟɤɨɦɟɧɞɚɰɿɣɧɢɯ 
ɫɢɫɬɟɦ. ȼɢɤоɧɚɧо ɚɧɚɥɿɡ ɬɢɩɿв ɪеɤоɦеɧɞɚɰɿɣɧɢɯ ɫɢɫɬеɦ ɿ ɚɥɝоɪɢɬɦɿв,що вɢɤоɪɢɫɬɭɸɬɶɫɹ ɞɥɹ ɫɢɫɬеɦ ɡ 
ɤоɥɥɚɛоɪɚɬɢвɧоɸ ɮɿɥɶɬɪɚɰɿєɸ. Ɋоɡɪоɛɥеɧо ɚɥɝоɪɢɬɦɿɱɧɭ ɱɚɫɬɢɧɭ ɝɿɛɪɢɞɧоʀ ɪеɤоɦеɧɞɚɰɿɣɧоʀ ɫɢɫɬеɦɢ ɧɚ 
оɫɧовɿ ɤоɥɥɚɛоɪɚɬɢвɧоʀ ɮɿɥɶɬɪɚɰɿʀ. Ɂɚɩɪоɩоɧовɚɧо вɢɪɿɲеɧɧɹ ɩɪоɛɥеɦɢ «ɯоɥоɞɧоɝо ɫɬɚɪɬɭ» ɞɥɹ  ɤоɪɢɫɬɭвɚɱɿв, 
що щоɣɧо ɡɚɪеєɫɬɪɭвɚɥɢɫɹ ɿ ɞɥɹ ɧовɢɯ ɮɿɥɶɦɿв, ɞоɞɚɧɢɯ в ɫɢɫɬеɦɭ. 
 

Ʉɥɸɱовɿ ɫɥовɚμ Ⱥɥɝоɪɢɬɦɢ ɪеɤоɦеɧɞɚɰɿɣɧɢɯ ɫɢɫɬеɦ, ɝɿɛɪɢɞɧɢɣ ɦеɬоɞ, ɤоɥɥɚɛоɪɚɬɢвɧɚ ɮɿɥɶɬɪɚɰɿɹ, 
ɩɪоɛɥеɦɚ «ɯоɥоɞɧоɝо ɫɬɚɪɬɭ», ɡɚɫɬоɫɭвɚɧɧɹ ɚɥɝоɪɢɬɦɭ SVD (SТnРulКr VКluО DОМomposТtТon) в ɪеɤоɦеɧɞɚɰɿɣɧɢɯ 
ɫɢɫɬеɦɚɯ. 

 

EХОЧК CСОpТФoЯК, EХОЧК SКЯФoЯК, MКФsТЦ PrТЯКХoЯ, RОsОКrМС oП rОМoЦЦОЧНОr sвstОЦs’ КХРorТtСЦs. Made 

analysis of the existing types of recommender systems and performed investigation of the algorithms used in the systems 

which are based on collaborative filtering approach. Developed set of the algorithms designed to be used in hybrid 

rОМommОnНОr sвstОm. ProposОН solutТon oП tСО “МolН stКrt proЛlОm” tСКt МoulН ЛО КpplТОН to ТnТtТКllв rОРТstОrОН usОrs 
and new films added to the system. 

 

Keywords: Algorithms of recommender systems, hybrid method, collaborative filtering, the problem of "cold start", 

using of the algorithm SVD (Singular Value Decomposition) in recommendation systems. 

 

Сɬɚɬɶɹ ɩоɫɬɭɩɢɥɚ в ɪеɞɚɤɰɢɸ 20.05.2016  
Ɋеɤоɦеɧɞовɚɧɚ ɤ ɩɭɛɥɢɤɚɰɢɢ ɞ-ɪоɦ ɬеɯɧ. ɧɚɭɤ ȼ.ɇ. ɉɚвɥɵɲоɦ 


