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УȾɄ 004.0- 621.3 

Ʉɨɦɩɶɸɬɟɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɩɪɨɝɧɨɡ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ ɪɹɞɨɜ  
 

Ⱥ.ɂ. Ⱥɧɞɪюɯɢɧ, ȼ.C.Ɇɚɪɱɟɧɤɨ  

Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ⱦɨɧɟɰɤ,  
alexandruckin@ramber.ru 

  

Ⱥɧɞɪɸɯɢɧ A.ɂ., ȼ.Ⱥ.Ɇɚɪɱɟɧɤɨ. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɩɪɨɝɧɨɡ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ ɪɹɞɨɜ. ȼ ɪɚɛɨɬɟ 
ɜɵɩɨɥɧɟɧ ɨɛɡɨɪ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɨɥɭɱɟɧɢɹ хɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɩɪɨɝɧɨɡɚ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢх 
ɜɪɟɦɟɧɧɵх ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. ɉɨɫɬɪɨɟɧɚ ɩɪɨɝɪɚɦɦɧɚɹ ɫɢɫɬɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɟɧɢɹ ɫɜɨɣɫɬɜ  ɢ ɩɪɨɝɧɨɡɚ 
ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢх  ɪɹɞɨɜ(КɋɂКР). Wolfram Mathematica ɹɜɥɹɟɬɫɹ ɛɚɡɨɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ КɋɂКР. Ɉɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ  
ɭɞɟɥɟɧɨ  ɩɪɨɝɪɚɦɦɧɨɣ  ɪɟɚɥɢɡɚɰɢɢ ɬɚɤɢх  ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢх  ɪɹɞɨɜ, ɤɚɤ ɫɤɪɵɬɵɟ ɰɟɩɢ 
Мɚɪɤɨɜɚ ɢ ɜɟɣɜɥɟɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. ȼɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɢɡɜɟɫɬɧɨɝɨ ɮɚɤɬɚ, ɱɬɨ ɫɭɦɦɚ ɩɟɪɢɨɞɢɱɟɫɤɢх ɮɭɧɤɰɢɣ ɦɨɠɟɬ 
ɧɟ ɛɵɬɶ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɦɟɪɵ ɪɚɫɱɟɬɨɜ ɢ ɨɫɧɨɜɧɚɹ ɫɬɪɭɤɬɭɪɚ КɋɂКР. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɟ ɪɹɞɵ, ɩɪɨɝɧɨɡ, ɫɤɪɵɬɵɟ ɰɟɩɢ Мɚɪɤɨɜɚ, ɜɟɣɜɥɟɬ, Wolfram Mathematica.

 
ȼɜɟɞɟɧɢɟ 
 

Ʉɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɪɟɦɟɧɧɵɟ ɪɹɞ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɧɚɛɥюɞɟɧɢɣ, 
ɫɞɟɥɚɧɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɨ ɜɪɟɦɟɧɢ. ɉɪɢɪɨɞɚ 
ɷɬɢɯ ɧɚɛɥюɞɟɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɨɱɟɧɶ 
ɪɚɡɧɨɨɛɪɚɡɧɨɣ. С ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜɪɟɦɟɧɚ, ɜ 
ɤɨɬɨɪɵɟ ɛɵɥɢ ɫɞɟɥɚɧɵ ɧɚɛɥюɞɟɧɢɹ, ɦɨɝɭɬ ɛɵɬɶ 
ɪɟɝɭɥɹɪɧɨ ɢɥɢ ɧɟɪɟɝɭɥɹɪɧɨ ɪɚɡɧɟɫɟɧɵ ɢ ɛɨɥɟɟ 
ɬɨɝɨ, ɜɪɟɦɹ ɦɨɠɟɬ ɛɵɬɶ ɧɟɩɪɟɪɵɜɧɵɦ ɢɥɢ 
ɞɢɫɤɪɟɬɧɵɦ.  

ȼ ɩɟɪɜɭю ɨɱɟɪɟɞɶ  ɜ  ɪɚɛɨɬɟ ɦɵ 
ɮɨɤɭɫɢɪɭɟɦɫɹ ɧɚ ɨɩɢɫɚɧɢɢ ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ 
ɱɢɫɥɨɜɵɯ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ  ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ, 
ɧɚɛɥюɞɚɟɦɵɯ ɱɟɪɟɡ ɪɚɜɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ 
ɦɧɨɠɟɫɬɜɨ ɩɪɨɝɪɚɦɦɧɵɯ ɫɢɫɬɟɦ, ɜ ɤɨɬɨɪɵɯ 
ɪɟɚɥɢɡɨɜɚɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ 
ɩɪɨɝɧɨɡɚ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɢ 

ɩɨɫɥɟɞɧɢɟ ɩɪɟɞɫɬɚɜɥɹюɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɞɥɹ 
ɦɧɨɝɢɯ ɫɮɟɪ ɫɨɜɪɟɦɟɧɧɨɝɨ ɨɛɳɟɫɬɜɚ, ɤɚɤ ɛɢɡɧɟɫ, 
ɧɚɭɤɚ ɢ ɬ.ɩ. 

ȼ ɫɬɚɬɶɟ ɨɩɢɫɵɜɚɟɬɫɹ ɩɨɩɵɬɤɚ 
ɨɛɶɟɞɢɧɟɧɢɹ  ɫɨɜɪɟɦɟɧɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɨɫɬɭɩɚ 
ɤ ɞɚɧɧɵɦ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ ɫ ɩɨɦɨɳɶю ɂɧɬɟɪɧɟɬɚ 
ɢ ɛɨɝɚɬɫɬɜɨɦ ɭɠɟ ɫɭɳɟɫɬɜɭюɳɢɯ ɩɪɨɝɪɚɦɦɧɵɯ 
ɪɚɡɪɚɛɨɬɨɤ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɚɤɟɬɚɯ, ɜ ɱɚɫɬɧɨɫɬɢ 
Wolfram Mathematica.Ɍɚɤɠɟ ɜ ɪɚɛɨɬɟ ɩɨɫɬɪɨɟɧɵ 
ɫɨɛɫɬɜɟɧɧɵɟ ɦɨɞɟɥɢ ɩɪɨɝɧɨɡɚ 
ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. 

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚюɬɫɹ ɜɨɡɦɨɠɧɨɫɬɢ 
ɤɨɦɩɶюɬɟɪɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɨɝɧɨɡɚ 
ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɜ 
ɫɥɟɞɭюɳɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯμ 

ɚ) ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɩɪɨɝɧɨɡ  
ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɧɚ ɛɚɡɟ  
ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ; 

ɛ) ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɰɟɩɟɣ Ɇɚɪɤɨɜɚ ɞɥɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɨɝɧɨɡɚ  ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ 
ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ; 

ɜ) ɩɪɢɦɟɧɟɧɢɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 
ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɨɝɧɨɡɚ  ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ 
ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ 

ɉɪɚɤɬɢɱɟɫɤɨɣ ɡɚɞɚɱɟɣ ɜ ɪɚɛɨɬɟ ɹɜɥɹɥɨɫɶ 
ɩɨɫɬɪɨɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɣ ɨɛɨɥɨɱɤɢ ɤɨɦɩɶюɬɟɪɧɨɣ 
ɫɢɫɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ ɪɹɞɨɜ 
(ɄСɂɄɊ) ɧɚ ɛɚɡɟ ɫɢɫɬɟɦɵ АШХПrКЦ MКЭСОЦКЭТМК.  

Эɬɚ ɨɛɨɥɨɱɤɚ ɞɨɥɠɧɚ  ɨɛɟɫɩɟɱɢɬɶ ɜɜɨɞ 
ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɩɪɨɝɪɚɦɦɧɭю ɪɟɚɥɢɡɚɰɢю 
ɩɟɪɜɵɯ ɬɪɟɯ ɩɭɧɤɬɨɜ ɞɥɹ ɤɨɦɮɨɪɬɧɨɝɨ 
ɩɪɢɦɟɧɟɧɢɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɧɚɪɚɛɨɬɨɤ ɜ ɷɬɨɣ 
ɨɛɥɚɫɬɢ. 

 
Ⱥɤɬɭɚɥɶɧɨɫɬɶ. 
 

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɚɤɬɭɚɥɶɧɨɫɬɢ ɪɚɛɨɬɵ 
ɩɪɢɜɟɞɟɦ ɧɟɫɤɨɥɶɤɨ ɩɪɢɦɟɪɨɜ ɜɪɟɦɟɧɧɵɯ ɞɚɧɧɵɯ 
ɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɥɚɫɬɟɣ, ɤɨɬɨɪɵɟ 
ɧɨɫɹɬ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪД1-12]. 

Ɏɢɧɚɧɫɨɜɵɟ  ɞɚɧɧɵɟ. Ɏɢɧɚɧɫɵ - ɷɬɨ 
ɨɛɥɚɫɬɶ, ɜ ɤɨɬɨɪɨɣ ɜɪɟɦɟɧɧɵɟ ɪɹɞɵ ɟɫɬɟɫɬɜɟɧɧɨ 
ɜɨɡɧɢɤɚюɬ ɢɡ ɷɜɨɥюɰɢɢ ɢɧɞɟɤɫɨɜ ɢ ɰɟɧ. Ɇɵ 
ɩɪɢɜɟɞɟɦ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɪɢɦɟɪɚμ ɷɜɨɥюɰɢю 
ɢɡɜɟɫɬɧɨɝɨ ɮɨɧɞɨɜɨɝɨ ɢɧɞɟɤɫɚ Standard & Poor's ɢ 
ɟɝɨ ɨɛɴɟɦ ɛɢɪɠɟɜɵɯ ɨɩɟɪɚɰɢɣ.. ɇɚ ɪɢɫɭɧɤɟ 1 
ɩɨɤɚɡɚɧ ɥɨɝɚɪɢɮɦ ɞɨɯɨɞɚ  ɟɠɟɞɧɟɜɧɨɝɨ 
ɮɨɧɞɨɜɨɝɨ ɢɧɞɟɤɫɚ S & Pη00 ɡɚ ɩɟɪɢɨɞ ɫ ɹɧɜɚɪɹ 
1λη0 ɝɨɞɚ ɩɨ ɹɧɜɚɪɶ β014 ɝɨɞɚ. Ɉɛɪɚɬɢɬɟ 
ɜɧɢɦɚɧɢɟ, ɱɬɨ ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ ɫɨ ɜɪɟɦɟɧɟɦ 
ɪɚɫɬɟɬ, ɧɨ ɟɫɬɶ ɧɟɤɨɬɨɪɵɟ ɩɟɪɢɨɞɵ ɫɩɚɞɚ, ɤɨɬɨɪɵɟ 
ɨɛɵɱɧɨ ɨɛɨɡɧɚɱɚюɬɫɹ ɤɚɤ ɪɵɧɤɢ ɫ ɬɟɧɞɟɧɰɢɟɣ ɫ 
ɩɨɧɢɠɟɧɢv.  

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɷɬɢɯ ɢɧɞɟɤɫɨɜ ɨɛɵɱɧɨ 
ɩɪɢɯɨɞɢɬɫɹ ɪɚɫɫɦɚɬɪɢɜɚɬɶ  ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ 
ɞɨɯɨɞ , ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ  rt = log Pt /Pt-1 = 

logPt -logPt-1, ɝɞɟ Pt ɨɛɨɡɧɚɱɚɟɬ ɰɟɧɭ ɢɥɢ ɡɧɚɱɟɧɢɟ 
ɢɧɞɟɤɫɚ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t.  

Эɬɨɬ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ  ɪɢɫ.1. 
Уɤɚɠɟɦ ɧɚ  ɛɨɥɶɲɨɟ ɩɚɞɟɧɢɟ ɞɨɯɨɞɧɨɫɬɟɣ, 
ɩɪɨɢɡɨɲɟɞɲɟɦ ɜ ɨɤɬɹɛɪɟ 1λ87 ɝɨɞɚ, ɢ ɪɟɡɤɢɟ 
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ɢɡɦɟɧɟɧɢɹ ɜ ɬɟɱɟɧɢɟ β00λ ɝɨɞɚ.  
ɗɤɨɧɨɦɢɱɟɫɤɢɟ ɞɚɧɧɵɟ.ɇɚ ɪɢɫ. β 

ɩɨɤɚɡɚɧɚ ɟɠɟɦɟɫɹɱɧɚɹ ɡɚɧɹɬɨɫɬɶ ɜ СɒȺ ɜ ɫɮɟɪɟ 
ɢɫɤɭɫɫɬɜɚ, ɪɚɡɜɥɟɱɟɧɢɣ ɢ ɨɬɞɵɯɚ ɡɚ ɩɟɪɢɨɞ ɫ 
ɹɧɜɚɪɹ 1λλ0 ɝɨɞɚ ɩɨ ɞɟɤɚɛɪɶ β01β ɝɨɞɚ, 
ɢɡɦɟɪɟɧɧɚɹ ɜ ɬɵɫɹɱɚɯ ɱɟɥɨɜɟɤ. 

 
Ɋɢɫɭɧɨɤ 1. – Ʌɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɞɨɯɨɞ ɮɨɧɞɨɜɨɝɨ 

ɢɧɞɟɤɫɚ Standard & Poor's ɫ 1λη0 ɩɨ β014Д1Ж. 
 

Сɨɝɥɚɫɧɨ ɟɦɭ ɥɟɝɤɨ ɨɩɪɟɞɟɥɹюɬɫɹ  
ɫɟɡɨɧɧɚɹ ɤɚɪɬɢɧɚ ɢ ɜɟɪɯɧɢɣ ɬɪɟɧɞ. 

 
Ɋɢɫɭɧɨɤ β. – ȿɠɟɦɟɫɹɱɧɚɹ ɡɚɧɹɬɨɫɬɶ (ɜ ɬɵɫ.) ɜ 

СɒȺ ɜ ɫɮɟɪɟ ɢɫɤɭɫɫɬɜɚ, ɪɚɡɜɥɟɱɟɧɢɣ ɢ ɨɬɞɵɯɚ ɡɚ 
ɩɟɪɢɨɞ ɫ ɹɧɜɚɪɹ 1λλ0 ɝɨɞɚ ɩɨ ɞɟɤɚɛɪɶ β01β ɝɨɞɚД7] 

 

Ƚɟɥɢɨ-ɮɢɡɢɱɟɫɤɢɟ ɞɚɧɧɵɟ. ɇɚ ɪɢɫ.γ 
ɩɪɟɞɫɬɚɜɥɟɧ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɣ ɪɹɞ 
ɟɠɟɦɟɫɹɱɧɨɝɨ ɝɪɚɮɢɤɚ ɱɢɫɟɥ ȼɨɥɶɮɚ ɫ 1λ0θ  ɩɨ 
β01θ ɫɨɝɥɚɫɧɨ Д7].  

 
Ɋɢɫɭɧɨɤ γ. – ȿɠɟɦɟɫɹɱɧɵɣ ɝɪɚɮɢɤ ɱɢɫɟɥ 
ȼɨɥɶɮɚ ɫ 1λ0θ  ɩɨ β01θ 

           

Ɍɪɚɧɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ.  ɇɚ ɪɢɫɭɧɤɟ 4 
ɩɨɤɚɡɚɧɨ ɤɨɥɢɱɟɫɬɜɨ ɟɠɟɦɟɫɹɱɧɵɯ 
ɚɜɢɚɩɚɫɫɚɠɢɪɫɤɢɯ ɩɟɪɟɜɨɡɨɤ ɡɚ ɩɟɪɢɨɞ ɫ ɹɧɜɚɪɹ 
β004 ɝɨɞɚ ɩɨ ɞɟɤɚɛɪɶ β01γ ɝɨɞɚ Сɨɟɞɢɧɟɧɧɵɯ 
ɒɬɚɬɚɯ Ⱥɦɟɪɢɤɢ.  

 
Ɋɢɫɭɧɨɤ 4. –Ɉɛɶɟɦ  ɟɠɟɦɟɫɹɱɧɵɯ 

ɚɜɢɚɩɚɫɫɚɠɢɪɫɤɢɯ ɩɟɪɟɜɨɡɨɤ  ɜ СɒȺ ɫ ɹɧɜɚɪɹ 
β004 ɝɨɞɚ ɩɨ ɞɟɤɚɛɪɶ β01γД1] 

Ɉɩɹɬɶ ɩɨɞɱɟɪɤɢɜɚɟɦ ɫɟɡɨɧɧɨɟ ɩɨɜɟɞɟɧɢɟ 
ɷɬɨɣ ɫɟɪɢɢ, ɩɨɥɭɱɟɧɧɨɟ ɜɫɥɟɞɫɬɜɢɟ  ɡɢɦɧɟɝɨ ɢ 
ɥɟɬɧɟɝɨ ɫɟɡɨɧɨɜ. 

Ɍɚɤɠɟ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɨɢɡɨɲɥɨ ɩɚɞɟɧɢɟ 
ɜ β00λ ɝɨɞɭ, ɜɵɹɜɢɜ ɜɟɪɨɹɬɧɵɣ ɷɮɮɟɤɬ 
ɮɢɧɚɧɫɨɜɨɝɨ ɤɪɢɡɢɫɚ ɷɬɨɝɨ ɝɨɞɚ. 

ɋɨɰɢɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ. ɇɚ ɪɢɫ.η 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɫɟɪɢɢ ɟɠɟɦɟɫɹɱɧɵɯ 
ɨɛɫɥɟɞɨɜɚɧɢɣ ɧɚɦɟɪɟɧɢɣ ɜ ɨɬɧɨɲɟɧɢɢ 
ɝɨɥɨɫɨɜɚɧɢɹ ɜ Сɨɟɞɢɧɟɧɧɨɦ Ʉɨɪɨɥɟɜɫɬɜɟ ɡɚ 
ɩɟɪɢɨɞ ɫ ɢюɧɹ 1λ84 ɝɨɞɚ ɩɨ ɦɚɪɬ β01β ɝɨɞɚ. 

 
Ɋɢɫɭɧɨɤ η. –Ⱦɚɧɧɵɟ ɩɨ ɧɚɦɟɪɟɧɢɹɦ ɝɨɥɨɫɨɜɚɧɢɹ 
ɡɚ ɥɟɣɛɨɪɢɫɬɨɜ ɢ ɤɨɧɫɟɪɜɚɬɨɪɨɜ  ɫ ɢюɧɹ  1λ84 
ɝɨɞɚ ɩɨ ɦɚɪɬ β01β ɝɨɞɚД1Ж. 

 

Ɂɞɟɫɶ ɩɨɤɚɡɚɧɵ ɧɚɦɟɪɟɧɢɹ ɝɨɥɨɫɨɜɚɬɶ ɡɚ 
ɤɨɧɫɟɪɜɚɬɢɜɧɭю ɩɚɪɬɢю ɢ ɥɟɣɛɨɪɢɫɬɫɤɭю 
ɩɚɪɬɢю. Ɍɨɥɫɬɚɹ ɥɢɧɢɹ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɚɦɟɪɟɧɢɟ 
ɝɨɥɨɫɨɜɚɬɶ ɡɚ ɥɟɣɛɨɪɢɫɬɫɤɭю ɩɚɪɬɢɢ, ɚ 
ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɦɟɪɟɧɢɹɦ 
ɝɨɥɨɫɨɜɚɧɢɹ ɡɚ ɤɨɧɫɟɪɜɚɬɢɜɧɭю ɩɚɪɬɢю. 

Эɬɢ ɞɜɟ ɩɨɥɢɬɢɱɟɫɤɢɟ ɩɚɪɬɢɢ 
ɢɫɬɨɪɢɱɟɫɤɢ ɤɨɧɰɟɧɬɪɢɪɭюɬ ɛɨɥɶɲɨɣ ɩɪɨɰɟɧɬ 
ɝɨɥɨɫɨɜ ɢ ɦɵ ɧɚɛɥюɞɚɟɦ ɡɟɪɤɚɥɶɧɵɣ ɷɮɮɟɤɬ ɜ 
ɩɨɜɟɞɟɧɢɢ ɷɬɢɯ ɞɜɭɯ ɥɢɧɢɣ ɧɚ ɪɢɫɭɧɤɟ.. 

Ʉɪɨɦɟ ɬɨɝɨ, ɡɚ ɩɟɪɢɨɞ ɫ 1λλγ ɩɨ β00η ɝɨɞ 
ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɣ ɪɚɡɪɵɜ ɦɟɠɞɭ ɧɚɦɟɪɟɧɢɹɦɢ 
ɨɛɟɢɯ ɫɬɨɪɨɧ ɩɨ ɝɨɥɨɫɨɜɚɧɢю. ȼ ɬɟɱɟɧɢɟ ɷɬɨɝɨ 
ɩɟɪɢɨɞɚ ɥɟɣɛɨɪɢɫɬɫɤɚɹ ɩɚɪɬɢɹ ɩɨɤɚɡɵɜɚɟɬ ɛɨɥɟɟ 
ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɧɚɦɟɪɟɧɢɣ ɩɨ ɩɨɞɞɟɪɠɤɟ, 
ɧɟɠɟɥɢ ɱɟɦ  ɤɨɧɫɟɪɜɚɬɢɜɧɚɹ 

        Ⱥɧɚɥɨɝɢɱɧɵɟ ɤɜɚɡɢɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɪɹɞɵ 
ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɞɥɹ ɬɚɤɢɯ ɨɛɥɚɫɬɟɣ, ɤɚɤμ 
1)ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚюɳɟɣ ɫɪɟɞɵ;   
β)ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ; 
γ)ɛɢɨɦɟɞɢɰɢɧɫɤɢɟ ɞɚɧɧɵɟ; 
4)ɤɥɢɦɚɬɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ; 
η)ɞɚɧɧɵɟ ɜ ɨɛɥɚɫɬɢ ɷɧɟɪɝɟɬɢɤɢ ɢ ɞɪДβ-12].  

Сɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ ɪɹɞɨɜ ɬɟɫɧɟɣɲɢɦ ɨɛɪɚɡɨɦ 
ɫɜɹɡɚɧɨ ɫ ɧɚɛɥюɞɚɟɦɵɦɢ ɜ ɪɟɚɥɶɧɨɫɬɢ 
ɩɪɨɰɟɫɫɚɦɢ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨɛɥɟɦɧɵɯ ɨɛɥɚɫɬɹɯ.  
         Ʉ ɧɢɦ ɦɵ ɨɬɧɨɫɢɦ, ɤɚɤ ɭɠɟ ɭɤɚɡɚɧɨ, 
ɫɨɰɢɚɥɶɧɵɟ ɢ ɩɨɥɢɬɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɫ ɢɯ 
ɛɭɪɧɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ, ɤɚɤ  ɤɪɢɡɢɫɵ ɢ 
ɪɟɜɨɥюɰɢɢ, ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɢ ɮɢɧɚɧɫɨɜɵɟ 
ɩɪɨɰɟɫɫɵ, ɩɪɢɪɨɞɧɵɟ ɹɜɥɟɧɢɹ ɢ ɬ.ɩ. 
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         Ⱦɥɹ ɮɨɪɦɚɥɢɡɚɰɢɢ ɦɨɞɟɥɟɣ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ 
ɩɪɢɜɟɞɟɦ ɧɟɤɨɬɨɪɵɟ ɫɢɫɬɟɦɧɵɟ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 
ɫɨɨɛɪɚɠɟɧɢɹ.   

Ɋɚɫɫɦɨɬɪɢɦ ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ, 
ɩɨɪɨɠɞɟɧɧɵɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ 

Dx/ dt= F (x) 

ɢɥɢ ɫɨɨɬɜɟɬɫɬɜɭюɳɟɟ ɪɚɡɧɨɫɬɧɨɟ 
ɭɪɚɜɧɟɧɢɟ   

x (t+1) -x (t) = f (x (t)),  x ∈ R
n
.  

Ⱦɥɹ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɥюɛɨɣ 
ɩɨɫɬɨɹɧɧɨɣ Ь>0 ɢɦɟɟɬ ɦɟɫɬɨ ɫɥɟɞɭюɳɟɟ 
ɨɱɟɜɢɞɧɨɟ ɫɜɨɣɫɬɜɨ ɪɟɲɟɧɢɣ 

X (t+s, s, x0) = x (t, 0, x0) 

Эɬɨ ɫɜɨɣɫɬɜɨ ɫɩɪɚɜɟɞɥɢɜɨ ɢ ɜ ɫɥɭɱɚɟ 
ɛɨɥɟɟ ɨɛɳɢɯ ɨɩɢɫɚɧɢɣ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ (ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɯ ɮɚɡɨɜɵɯ ɩɪɨɫɬɪɚɧɫɬɜ ɢɥɢ 
ɧɟɥɢɧɟɣɧɵɯ ɨɩɟɪɚɬɨɪɨɜ, ɞɟɣɫɬɜɭюɳɢɯ ɜ ɷɬɢɯ 
ɩɪɨɫɬɪɚɧɫɬɜɚɯ). 

ɂɡ ɩɨɫɥɟɞɧɟɝɨ ɭɪɚɜɧɟɧɢɹ  ɫɥɟɞɭɟɬ, ɱɬɨ 
ɨɬɪɟɡɨɤ ɬɪɚɟɤɬɨɪɢɢ б (Э, б0), ɜɵɯɨɞɹɳɢɣ ɢɡ ɬɨɱɤɢ 
б0 ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ Э = 0, ɫɨɜɩɚɞɚɟɬ ɫ ɨɬɪɟɡɤɨɦ 
ɬɪɚɟɤɬɨɪɢɢ, ɢɫɯɨɞɹɳɢɦ ɢɡ ɬɨɱɤɢ б0 ɜ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ Э = Ĳ .  

ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ 
ɮɢɡɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ 
ɩɨɜɬɨɪɹюɬɫɹ, ɢ ɩɨɷɬɨɦɭ ɦɵ ɦɨɠɟɦ ɬɟɨɪɟɬɢɱɟɫɤɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɧɟɤɨɬɨɪɵɟ ɩɪɨɰɟɫɫɵ ɢ ɭɩɪɚɜɥɹɬɶ 
ɢɦɢ. Ɉɞɧɚɤɨ ɢɡ-ɡɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɧɟɭɫɬɨɣɱɢɜɨɫɬɟɣ (ɤɨɬɨɪɵɟ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ 
ɢɧɬɟɧɫɢɜɧɨ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɜ Д1Ж) ɭɩɨɦɹɧɭɬɨɟ 
ɜɵɲɟ ɫɨɜɩɚɞɟɧɢɟ ɱɚɫɬɨ ɜɨɡɦɨɠɧɨ ɜ ɞɨɫɬɚɬɨɱɧɨ 
ɦɚɥɵɯ ɜɪɟɦɟɧɧɵɯ ɢɧɬɟɪɜɚɥɚɯ (0, Ĳ) ɢ (Ь, Ь + Ĳ) 
ɬɨɥɶɤɨ.  

Ɇɵ ɨɩɢɫɵɜɚɟɦ ɧɟɤɨɬɨɪɵɟ ɩɨɞɯɨɞɵ ɤ 
ɩɪɨɝɧɨɡɭ ɢ ɤɨɧɬɪɨɥю, ɤɨɬɨɪɵɟ ɨɛɭɫɥɨɜɥɟɧɵ 
ɨɛɳɢɦɢ ɡɚɤɨɧɚɦɢ ɧɟɭɫɬɨɣɱɢɜɨɫɬɟɣ, ɜɨɡɧɢɤɚюɳɢɯ 

ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ.  
Эɬɢ ɩɨɞɯɨɞɵ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɜ ɪɚɦɤɚɯ 

«ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɚɬɟɦɚɬɢɤɢ», ɨɫɧɨɜɚɧɵ ɧɚ 
ɬɨɦ, ɱɬɨ ɦɵ ɧɟ ɩɵɬɚɟɦɫɹ ɫɬɪɨɢɬɶ, 
ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɢ ɚɧɚɥɢɡɢɪɨɜɚɬɶ 
ɩɪɢɛɥɢɠɟɧɧɵɟ ɦɨɞɟɥɢ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɵɯ 
ɪɟɚɥɶɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ, ɚ ɫɨɛɢɪɚɬɶ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɦɚɬɟɪɢɚɥ, 
ɫɜɹɡɚɧɧɵɣ ɫ ɪɟɚɥɶɧɵɦɢ ɦɨɞɟɥɹɦɢ, ɚ ɡɚɬɟɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɟɝɨ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢ 
ɩɨɫɬɪɨɟɧɢɹ ɤɨɧɬɪɨɥɹ.  

ȼɨɡɧɢɤɧɨɜɟɧɢɟ ɧɟɭɫɬɨɣɱɢɜɨɫɬɟɣ 
ɩɨɞɱɢɧɹɟɬɫɹ ɧɟɤɨɬɨɪɵɦ ɨɛɳɢɦ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦ, 
ɭɱɟɬ ɤɨɬɨɪɵɯ ɩɪɢɜɨɞɢɬ ɤ ɧɟɤɨɬɨɪɵɦ ɨɛɳɢɦ 
ɩɪɢɧɰɢɩɚɦ ɬɟɨɪɢɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ 
ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ 
ɜɪɟɦɟɧɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ 
ɹɜɥɹюɬɫɹ ɨɛɴɟɤɬɨɦ ɢɡɭɱɟɧɢɹ ɜ ɪɚɛɨɬɟ. 

Сɟɣɱɚɫ ɹɫɧɨ, ɩɨɱɟɦɭ ɧɟɥɶɡɹ  ɫɨɫɬɚɜɢɬɶ 
ɩɪɨɝɧɨɡ ɩɨɝɨɞɵ ɛɨɥɟɟ ɱɟɦ ɧɚ  ɞɜɟ ɧɟɞɟɥɢ ɩɨ 
ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɦɭ ɪɹɞɭ ɧɚɛɥюɞɟɧɢɣ ɡɚ ɧɟɣ ? 

ȼ η0-60-ɟ ɝɨɞɵ ɩɪɨɲɥɨɝɨ  ɜɟɤɚ ɩɪɨɝɪɟɫɫ ɜ 
ɨɛɥɚɫɬɢ ɦɟɯɚɧɢɤɢ ɫɩɥɨɲɧɵɯ ɫɪɟɞ ɢ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɚɬɟɦɚɬɢɤɢ ɩɨɡɜɨɥɢɥ  
ɝɟɧɟɪɢɪɨɜɚɬɶ ɛɨɥɟɟ ɬɨɱɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 
ɦɨɞɟɥɢ ɚɬɦɨɫɮɟɪɧɵɯ ɢɡɦɟɧɟɧɢɣ, ɫɬɪɨɢɬɶ ɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɵɟ ɚɥɝɨɪɢɬɦɵ ɞɥɹ ɪɟɲɟɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɷɬɢɯ ɦɨɞɟɥɟɣ ɢ 
ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɷɬɢ ɚɥɝɨɪɢɬɦɵ ɫ ɩɨɦɨɳɶю ɛɨɥɟɟ 
ɛɵɫɬɪɨɞɟɣɫɬɜɭюɳɢɯ ɤɨɦɩɶюɬɟɪɨɜ. Ȼɥɚɝɨɞɚɪɹ 
ɷɬɨɦɭ ɩɪɨɪɵɜɭ ɩɨɥɭɱɢɥɨ ɲɢɪɨɤɨɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɦɧɟɧɢɟ, ɱɬɨ, ɫɞɟɥɚɜ ɧɟɤɨɬɨɪɵɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɫɢɥɢɹ ɜ ɷɬɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɦɵ 
ɦɨɠɟɦ ɫɞɟɥɚɬɶ ɩɪɨɝɧɨɡ ɩɨɝɨɞɵ ɧɚ ɦɧɨɝɢɟ ɧɟɞɟɥɢ, 
ɦɟɫɹɰɵ ɢ ɞɚɠɟ ɝɨɞɵ.  

Ɉɞɧɚɤɨ ɜɩɨɫɥɟɞɫɬɜɢɢ ɜɵɹɫɧɢɥɨɫɶ, ɱɬɨ 
ɞɥɢɬɟɥɶɧɵɣ ɩɪɨɝɧɨɡ ɩɨɝɨɞɵ ɜ ɩɪɢɧɰɢɩɟ 
ɧɟɜɨɡɦɨɠɟɧ. Эɬɨɬ ɮɚɤɬ ɛɵɥ ɬɟɨɪɟɬɢɱɟɫɤɢ 
ɭɫɬɚɧɨɜɥɟɧ ɜ ɪɚɛɨɬɚɯ Э. Ʌɨɪɟɧɰɚ ɢ ɟɝɨ 
ɩɨɫɥɟɞɨɜɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɨɛɧɚɪɭɠɢɥɢ 
ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ 
ɚɬɦɨɫɮɟɪɵ. Эɬɚ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɫɥɟɞɭɟɬ ɢɡ-ɡɚ 
ɫɢɥɶɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɪɟɲɟɧɢɣ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚюɳɢɯ 
ɚɬɦɨɫɮɟɪɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ  ɨɬ 
ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ.  

ɉɨɧɢɦɚɧɢɟ ɷɬɨɝɨ ɮɚɤɬɚ ɩɪɢɜɟɥɨ ɤ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɧɚɛɥюɞɟɧɢɹɦ ɜ ɪɚɦɤɚɯ 
ɧɨɜɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ, ɜ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ 
«ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɚɬɟɦɚɬɢɤɟ». 

ȼ ȿɜɪɨɩɟ ɧɚɤɨɩɥɟɧ ɛɨɥɶɲɨɣ ɦɚɬɟɪɢɚɥ 
ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥюɞɟɧɢɣ. Ɍɚɤɢɟ 
ɧɚɛɥюɞɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɪɟɝɭɥɹɪɧɨ ɜ ɬɟɱɟɧɢɟ 
ɦɧɨɝɢɯ ɞɟɫɹɬɢɥɟɬɢɣ. Ɋɚɫɫɦɨɬɪɢɦ ɧɚɛɥюɞɟɧɢɹ, 
ɧɚɩɪɢɦɟɪ, γ1 ɦɚɹ β014 ɝɨɞɚ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ 
ɪɟɝɢɨɧɟ ȿɜɪɨɩɵ. Ɂɚɬɟɦ ɦɵ ɜɵɛɢɪɚɟɦ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɝɨɞ (ɧɚɩɪɢɦɟɪ, β7μ ɬɚɤɨɣ, ɱɬɨ γ1 
ɦɚɹ 1λβ7μ ɜ ɷɬɨɦ ɪɚɣɨɧɟ ɧɚɛɥюɞɚɥɢɫɶ ɩɪɢɦɟɪɧɨ 
ɨɞɢɧɚɤɨɜɵɟ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 
(ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ, ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɫɢɥɚ 
ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɬɪɚ, ɨɛɥɚɱɧɨɫɬɶ ɢ ɬ. ɞ.).  

Эɬɢ ɩɚɪɚɦɟɬɪɵ ɢɫɩɨɥɶɡɭюɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 
ɧɚɱɚɥɶɧɵɯ (ɢ ɝɪɚɧɢɱɧɵɯ) ɭɫɥɨɜɢɣ ɞɥɹ ɪɟɲɟɧɢɣ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɚɬɦɨɫɮɟɪɧɨɣ 
ɦɨɞɟɥɢ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚюɬ ɡɚɤɨɧɵ ɦɟɯɚɧɢɤɢ 
ɫɩɥɨɲɧɵɯ ɫɪɟɞ. ɉɨɫɥɟɞɧɢɟ  ɜɫɟɝɞɚ ɫɩɪɚɜɟɞɥɢɜɵ 
ɞɥɹ ɥюɛɨɝɨ ɝɨɞɚ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɪɚɡɧɵɟ ɝɨɞɵ 
ɪɟɲɟɧɢɹ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ ɨɞɧɨɡɧɚɱɧɨ 
ɨɩɪɟɞɟɥɹюɬɫɹ ɧɚɱɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɬɚɤ ɤɚɤ 
ɭɪɚɜɧɟɧɢɹ ɢ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ γ0 ɢюɧɹ  β014 ɝ. ɢ 
γ0 ɢюɧɹ 1λβ7 ɫɨɜɩɚɞɚюɬ, ɦɵ ɫɱɢɬɚɟɦ, ɱɬɨ 
ɪɟɲɟɧɢɹ, ɨɩɢɫɵɜɚюɳɢɟ ɢɡɦɟɧɟɧɢɟ 
ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ (ɬɚɤɢɟ ɤɚɤ 
ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ, ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ ɢ ɬ. ɞ.) 
ɞɨɥɠɧɵ ɛɵɬɶ ɨɞɢɧɚɤɨɜɵ. Сɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ 
ɤɚɠɞɨɝɨ ɢɡ ɞɧɟɣ ɢɡ ɜɵɛɪɚɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ 
ɜɪɟɦɟɧɢ ɩɚɪɚɦɟɬɪɵ, ɤɨɬɨɪɵɟ ɧɚɛɥюɞɚɥɢɫɶ ɜ 
ɬɟɱɟɧɢɟ ɦɟɫɹɰɚ ɤ ɩɪɢɦɟɪɭ ɞɨɥɠɧɵ ɫɨɜɩɚɞɚɬɶ ɫ 
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ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶю. ɉɨɷɬɨɦɭ ɤɚɡɚɥɨɫɶ ɛɵ, ɱɬɨ 
ɩɨɝɨɞɧɵɟ ɭɫɥɨɜɢɹ 1 ɢюɧɹ β014 ɝ., ɧɚɩɪɢɦɟɪ, ɢ 1 
ɢюɧɹ 1λβ7μ ɞɨɥɠɧɵ ɛɵɬɶ ɨɱɟɧɶ ɛɥɢɡɤɢɦɢ ɞɪɭɝ ɤ 
ɞɪɭɝɭ. Ɉɞɧɚɤɨ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɵɜɚюɬ, ɱɬɨ 
ɬɚɤɨɟ ɫɨɜɩɚɞɟɧɢɟ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɧɚ ɜɪɟɦɟɧɧɵɯ 
ɢɧɬɟɪɜɚɥɚɯ, ɧɟ ɩɪɟɜɵɲɚюɳɢɯ ɞɜɭɯ ɧɟɞɟɥɶ.  

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɫɨɜɩɚɞɟɧɢɟ ɩɨɝɨɞɧɵɯ 
ɭɫɥɨɜɢɣ ɧɚ ɧɟɞɟɥю ɦɨɠɟɬ ɛɵɬɶ ɞɨɜɨɥɶɧɨ ɛɥɢɡɤɢɦ 
ɢ ɜ ɦɟɬɟɨɪɨɥɨɝɢɢ ɷɬɨɬ ɮɚɤɬ ɱɚɳɟ ɜɫɟɝɨ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɤɪɚɬɤɨɫɪɨɱɧɨɝɨ ɩɪɨɝɧɨɡɚ. ɇɨ 
ɪɟɡɭɥɶɬɚɬɵ ɧɚɛɥюɞɟɧɢɣ ɜɨ ɜɪɟɦɟɧɧɵɯ 
ɢɧɬɟɪɜɚɥɚɯ, ɩɪɟɜɵɲɚюɳɢɯ ɞɜɟ ɧɟɞɟɥɢ, ɫɢɥɶɧɨ 
ɪɚɫɯɨɞɹɬɫɹ. 

Эɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɧɟɛɨɥɶɲɚɹ 
ɞɢɜɟɪɝɟɧɰɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɧɚɱɚɥɶɧɵɟ 
ɦɨɦɟɧɬɵ ɧɚɛɥюɞɟɧɢɣ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɨɦɭ 
ɪɚɫɯɨɠɞɟɧɢю ɧɚɛɥюɞɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɭɠɟ ɱɟɪɟɡ 
ɞɜɟ ɧɟɞɟɥɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɠɟ ɟɫɥɢ 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɚɬɦɨɫɮɟɪɵ ɞɨɫɬɚɬɨɱɧɨ 
ɩɪɚɜɢɥɶɧɚ, ɢ ɤɨɦɩɶюɬɟɪɧɚɹ ɬɟɯɧɢɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ  
ɜɵɫɨɤɭю ɫɤɨɪɨɫɬɶ ɪɚɫɱɟɬɨɜ, ɟɞɢɧɫɬɜɟɧɧɵɦ 
ɪɟɡɭɥɶɬɚɬɨɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɚɜɢɥɶɧɵɣ ɩɪɨɝɧɨɡ 
ɩɨɝɨɞɵ ɧɚ ɞɜɟ ɧɟɞɟɥɢ ɧɟɜɨɡɦɨɠɟɧ.  

ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɜ əɩɨɧɢɢ  ɨɬɤɚɡɚɥɢɫɶ 
ɫɞɟɥɚɬɶ ɩɪɨɝɧɨɡ ɩɨɝɨɞɵ ɛɨɥɟɟ ɱɟɦ ɧɚ ɞɟɫɹɬɶ ɞɧɟɣ.  

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɝɧɨɡ ɩɨɜɟɞɟɧɢɹ ɪɵɧɤɚ ɤɚɤ 
ɚɧɚɥɨɝɚ ɩɪɨɝɧɨɡɚ ɩɨɝɨɞɵ. 

Ɇɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 
ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɫɨɨɬɜɟɬɫɬɜɭюɳɢɟ ɭɪɚɜɧɟɧɢɹ 
ɤɨɧɜɟɤɰɢɢ ɫɩɪɚɜɟɞɥɢɜɵ ɞɥɹ ɥюɛɨɝɨ ɜɪɟɦɟɧɧɨɝɨ 
ɢɧɬɟɪɜɚɥɚ, ɩɨɞɨɛɧɵɟ ɡɚɤɨɧɵ ɪɵɧɤɚ ɡɚɜɢɫɹɬ ɨɬ 
ɩɨɥɢɬɢɤɢ, ɮɢɧɚɧɫɨɜɵɯ ɨɛɫɬɨɹɬɟɥɶɫɬɜ ɢ 
ɫɬɪɟɦɥɟɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ɪɵɧɤɚ. ȼɫɟ ɨɧɢ ɨɞɢɧɚɤɨɜɵ 
ɬɨɥɶɤɨ ɧɚ ɤɨɪɨɬɤɨɦ ɜɪɟɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ДЭ0, TЖ 
(ɞɧɢ ɢɥɢ ɱɚɫɵ). əɫɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɩɟɪɟɦɟɧɧɵɯ 
ɜɟɥɢɱɢɧ ɪɵɧɤɚ бk (Э) ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɚɦ ɪɵɧɤɚ.  

Ʉɨɥɢɱɟɫɬɜɨ ɬɚɤɢɯ ɜɟɥɢɱɢɧ (ɢɫɩɨɥɶɡɭɹ 
ɫɪɚɜɧɟɧɢɟ ɫ ɩɨɝɨɞɨɣ) ɞɨɥɠɧɨ ɛɵɬɶ ɨɤɨɥɨ ɞɟɫɹɬɢ 
(k = 1, ..., 10). ȼ ɫɥɭɱɚɟ ɪɵɧɤɚ ɢɡɦɟɧɟɧɢɟ 
ɧɚɱɚɥɶɧɵɯ (ɢ ɝɪɚɧɢɱɧɵɯ) ɭɫɥɨɜɢɣ, ɩɨɞɨɛɧɵɯ ɬɟɦ, 
ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭюɬɫɹ ɞɥɹ ɩɪɨɝɧɨɡɚ ɩɨɝɨɞɵ, 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɢɥɭ ɫɦɟɧɵ ɩɟɪɟɦɟɧɧɵɯ ɧɚ 
ɨɩɪɟɞɟɥɟɧɧɨɦ «ɧɚɱɚɥɶɧɨɦ» ɜɪɟɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ 
ДЭ0, Э1Ж (Э1 ɧɚɦɧɨɝɨ ɦɟɧɶɲɟ ,ɱɟɦ T.) Эɬɨ ɩɨɡɜɨɥɹɟɬ 

ɫɞɟɥɚɬɶ ɧɟɤɨɬɨɪɵɣ ɚɧɚɥɨɝ «ɧɚɱɚɥɶɧɨɣ ɮɭɧɤɰɢɢ» 
ɞɥɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ 
ɡɚɩɚɡɞɵɜɚɧɢɟɦ.  

Ƚɢɩɨɬɟɡɵ. Сɭɳɟɫɬɜɭюɬ ɬɚɤɢɟ ɤɥɚɫɫɵ 
ɪɵɧɤɨɜ, ɱɬɨ «ɯɨɪɨɲɟɟ» ɫɨɜɩɚɞɟɧɢɟ ɜɫɟɯ 
ɧɚɛɥюɞɚɟɦɵɯ ɩɟɪɟɦɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɵɧɤɚ 
xk (Э) (Ф = 1, ..., σ) ɧɚ ɨɬɪɟɡɤɚɯ ДЭ0, Э1Ж ɢ ДЭ0 + Ĳ, Э1 + 
ȉЖ (Э1 + Ĳ <T) ɫɥɟɞɭɟɬ ɢɯ «ɯɨɪɨɲɟɟ» ɫɨɜɩɚɞɟɧɢɟ ɧɚ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɨɬɪɟɡɤɚɯ ДЭ1, Э1 + НЭЖ ɢ ДЭ1 + Ĳ,Э1 + Ĳ 
+ НЭЖ, ɜ ɤɨɬɨɪɵɯ Э1+ Ĳ + НЭ <T. «ɏɨɪɨɲɟɟ» ɨɡɧɚɱɚɟɬ 
ɧɟɤɨɬɨɪɨɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ «ɫɝɥɚɠɢɜɚɧɢɟ» ɢɥɢ 
ɭɫɪɟɞɧɟɧɢɟ ɜɟɥɢɱɢɧ бk(Э), ɱɬɨ ɚɧɚɥɨɝɢɱɧɨ, 
ɧɚɩɪɢɦɟɪ, ɬɨɦɭ, ɤɚɤ ɦɵ ɭɱɢɬɵɜɚɟɦ ɧɟɤɨɬɨɪɭю 

«ɫɪɟɞɧюю» ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, ɫɝɥɚɠɢɜɚɹ ɟɝɨ ɢɥɢ 
ɨɫɥɚɛɥɹɹ ɧɚ ɦɚɥɵɯ ɜɪɟɦɟɧɧɵɯ ɢɧɬɟɪɜɚɥɚɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɦɨɠɟɦ, ɩɨ-ɜɢɞɢɦɨɦɭ, 
ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɩɨɜɟɞɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɪɵɧɤɨɜ 
ɧɚ ɦɚɥɵɯ ɜɪɟɦɟɧɧɵɯ ɢɧɬɟɪɜɚɥɚɯ, ɢɥɢ ɩɨɝɨɞɵ, 
ɢɫɩɨɥɶɡɭɹ ɚɧɚɥɨɝɢɱɧɵɟ ɩɚɪɚɦɟɬɪɵ 
(ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɩɟɪɟɦɟɧɧɵɟ) ɩɪɟɞɵɞɭɳɢɯ 
ɧɚɛɥюɞɟɧɢɣ. Ɋɚɡɭɦɟɟɬɫɹ, ɷɬɚ ɝɢɩɨɬɟɡɚ ɧɭɠɞɚɟɬɫɹ 
ɜ ɩɪɨɜɟɪɤɟ ɤɨɧɤɪɟɬɧɵɯ ɦɧɨɝɨɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ 
ɪɵɧɤɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɵ ɞɨɥɠɧɵ  
ɭɞɚɱɧɨ ɜɵɛɪɚɬɶ  (ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɤɚɤ ɢ ɪɚɧɶɲɟ) 
ɜɪɟɦɟɧɧɵɟ ɦɚɫɲɬɚɛɵ (t, ȿ, t1, T, Ĳ, НЭ). 

 

  Ɉɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ 

 

ȼ ɪɚɛɨɬɟ  ɨɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ 
ɫɬɨɯɚɫɬɢɱɟɫɤɢɦ ɤɜɚɡɢɨɩɟɪɢɨɞɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɚɦ, 
ɤɨɬɨɪɵɟ ɧɚɛɥюɞɚюɬɫɹ ɜ ɞɢɫɤɪɟɬɧɵɟ ɜɪɟɦɟɧɚ ..., Э0, 

t1, t2, ..., ɜ ɨɬɥɢɱɢɟ ɨɬ ɧɟɩɪɟɪɵɜɧɨɝɨ ɜɪɟɦɟɧɢ. 
Ȼɨɥɶɲɢɧɫɬɜɨ ɦɨɞɟɥɟɣ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ 
ɥɢɬɟɪɚɬɭɪɟ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ, ɫɜɹɡɚɧɵ ɫ 
ɪɚɜɧɨɨɬɫɬɨɹɳɢɦɢ ɜɪɟɦɟɧɚɦɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɧɚɛɥюɞɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɢɫɚɧɵ ɤɚɤ двt: t ∈ Z} 

ɞɥɹ Э ∈ {..., - 2, -1,0,1,β, ...ж. Сɭɳɟɫɬɜɭюɬ ɦɨɞɟɥɢ 
ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɧɟɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 
ɢɧɬɟɪɜɚɥɨɜ ɜɪɟɦɟɧɢ, ɧɨ ɢɯ ɨɛɵɱɧɨ ɫɥɨɠɧɟɟ 
ɨɩɪɟɞɟɥɹɬɶ ɢ ɢɡɭɱɚɬɶ. Ɇɨɠɧɨ ɬɚɤɠɟ ɭɩɨɦɹɧɭɬɶ 
ɩɪɨɛɥɟɦɭ ɧɟɞɨɫɬɚюɳɢɯ ɞɚɧɧɵɯ, ɝɞɟ ɪɹɞ ɧɟ 
ɧɚɛɥюɞɚɟɬɫɹ ɩɪɢ ɧɟɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɹɯ Э. 

 
Ɉɫɧɨɜɧɵɟ ɨɩɪɟɞɟɥɟɧɢɹ ɢ 

ɫɜɨɣɫɬɜɚ.  
 

Ʌɢɧɟɣɧɵɣ ɩɪɨɰɟɫɫ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧ 
ɤɚɤ, 

yt = (B)t 

ɝɞɟ yt - ɧɚɛɥюɞɚɟɦɵɟ ɡɧɚɱɟɧɢɹ, (B) - 

ɥɢɧɟɣɧɵɣ ɮɢɥɶɬɪ ,  B –ɨɩɟɪɚɬɨɪ ɨɛɪɚɬɧɨɝɨ 
ɫɞɜɢɝɚ, ɚ t  - ɜɯɨɞɧɨɣ ɲɭɦ. ɇɚɩɨɦɧɢɦ, ɱɬɨ  B 

ɨɫɭɳɟɫɬɜɥɹɟɬ ɫɞɜɢɝ ɧɚ ɜɪɟɦɟɧɧɨɣ ɬɚɤɬ ɧɚɡɚɞ ɩɪɢ 
ɧɚɛɥюɞɟɧɢɢ, ɬɨ ɟɫɬɶ Byt = yt-1. 

Ɍɨɝɞɚ ɮɢɥɶɬɪ (B)  ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧ 
ɤɚɤ 

(B) =jB
j  

,
  
j(-,+),  ɝɞɟ    (j

 
)

2
 <+,  

 

j(-,+). 

Сɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɵ ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ 
ɧɚɛɥюɞɚɟɦɵɣ ɜɪɟɦɟɧɧɨɣ ɪɹɞ ɜ ɜɢɞɟ  

yt =j
 t-j     

 
j(-,+) 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɷɬɨɬ ɮɢɥɶɬɪ ɧɚɡɵɜɚɟɬɫɹ 
ɥɢɧɟɣɧɵɦ, ɬɚɤ ɤɚɤ ɨɧ ɧɟ ɫɨɞɟɪɠɢɬ ɧɟɥɢɧɟɣɧɵɯ 
ɫɥɚɝɚɟɦɵɯ, ɤɚɤ t-it-j. Эɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɝɨɜɨɪɢɬ 
ɧɚɦ ɨ ɬɨɦ, ɱɬɨ ɧɚɛɥюɞɚɟɦɨɟ ɡɧɚɱɟɧɢɟ ɜ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ t, yt, ɡɚɜɢɫɢɬ ɨɬ ɩɪɨɲɥɵɯ, ɧɚɫɬɨɹɳɢɯ ɢ 
ɛɭɞɭɳɢɯ ɡɧɚɱɟɧɢɣ ɜɯɨɞɧɨɝɨ ɲɭɦɚ, ɬ.ɟ.{..-3,  -2,  
-1, 0, 1, 2, 3…ж. 

ɋɬɚɰɢɨɧɚɪɧɨɫɬɶ. Эɬɨ ɜɚɠɧɟɣɲɟɟ 
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ɩɨɧɹɬɢɟ ɩɪɢ ɚɧɚɥɢɡɟ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ. ȼɨɨɛɳɟ 
ɝɨɜɨɪɹ, ɦɵ ɦɨɠɟɦ ɪɚɡɥɢɱɚɬɶ ɞɜɚ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ. ɉɟɪɜɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɨɟ 
ɜɧɢɦɚɧɢɟ ɨɛɪɚɳɚɟɬ  ɧɚ ɫɨɜɦɟɫɬɧɨɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɪɨɰɟɫɫɚ. 

ɋɬɪɨɝɚɹ ɫɬɚɰɢɨɧɚɪɧɨɫɬɶ. ɉɭɫɬɶ вh() = 

{yt1+h(),…, ytn+h() ж ɟɫɬɶ ɬɪɚɟɤɬɨɪɢɹ ɩɪɨɰɟɫɫɚ двt}  

М ɜɪɟɦɟɧɧɵɦɢ ɦɨɦɟɧɬɚɦɢ  дЭ1 + h,..,tn + h} Z. 

ɉɪɨɰɟɫɫ ɧɚɡɵɜɚɟɬɫɹ ɫɬɪɨɝɨ ɫɬɚɰɢɨɧɚɪɧɵɦ ɬɨɝɞɚ ɢ 
ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ вh ɨɞɢɧɚɤɨɜɵ ɢ 
ɧɟɡɚɜɢɫɢɦɵ ɨɬ h. 

ɋɥɚɛɚɹ ɫɬɚɰɢɨɧɚɪɧɨɫɬɶ. ɉɪɨɰɟɫɫ вt 

ɧɚɡɵɜɚɟɬɫɹ ɫɥɚɛɨ ɫɬɚɰɢɨɧɚɪɧɵɦ ɢɥɢ 
ɫɬɚɰɢɨɧɚɪɧɵɦ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɟɫɥɢ  

ɚ) ɨɧ ɢɦɟɟɬ ɩɨɫɬɨɹɧɧɨɟ ɫɪɟɞɧɟɟ;  
ɛ) ɨɧ ɢɦɟɟɬ ɤɨɧɟɱɧɵɣ ɢ ɩɨɫɬɨɹɧɧɵɣ 

ɜɬɨɪɨɣ ɦɨɦɟɧɬ(ɞɢɫɩɟɪɫɢɹ); 
(М) ɫɭɳɟɫɬɜɭɟɬ ɮɭɧɤɰɢɹ , ɬɚɤɚɹ ɱɬɨ (k) = 

Cov (yt, yt + |k|) ɞɥɹ ɥюɛɵɯ Э ɢ ɤ.  
Ʉɚɤ ɛɵɥɨ ɭɤɚɡɚɧɨ ɪɚɧɟɟ, ɫɬɚɰɢɨɧɚɪɧɨɫɬɶ 

ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɤɨɧɰɟɩɰɢɟɣ ɚɧɚɥɢɡɚ ɜɪɟɦɟɧɧɵɯ 
ɪɹɞɨɜ, ɢ ɷɬɨ  ɨɡɧɚɱɚɟɬ, ɱɬɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɩɪɨɰɟɫɫɚ ɨɫɬɚюɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɜɨ 
ɜɪɟɦɟɧɢ. ɇɚ ɩɪɚɤɬɢɤɟ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜɫɟ 
ɡɧɚɱɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɨɩɨɫɬɚɜɢɦɵ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ 
ɬɨɝɨ, ɜ ɤɚɤɨɟ ɜɪɟɦɹ ɨɧɢ ɧɚɛɥюɞɚɥɢɫɶ. ȼ ɫɜɨю 
ɨɱɟɪɟɞɶ, ɫɨɩɨɫɬɚɜɢɦɨɫɬɶ ɧɚɛɥюɞɟɧɢɹ ɩɨɡɜɨɥɹюɬ 
ɧɚɦ ɞɟɥɚɬɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɜɵɜɨɞɵ ɩɨ ɜɫɟɦɭ 
ɩɪɨɰɟɫɫɭ. ɉɪɨɰɟɫɫ ɦɨɠɟɬ ɛɵɬɶ ɫɬɪɨɝɨ 
ɫɬɚɰɢɨɧɚɪɧɵɦ, ɧɨ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɫɥɚɛɨ 
ɫɬɚɰɢɨɧɚɪɧɵɦ ɢ  ɧɚɨɛɨɪɨɬ. 

 Сɬɪɨɝɢɣ ɩɪɨɰɟɫɫ ɛɟɥɨɝɨ ɲɭɦɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɧɟɡɚɜɢɫɢɦɵɯ ɢ ɢɞɟɧɬɢɱɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 
ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ, ɚ ɫɥɚɛɵɣ ɛɟɥɵɣ ɲɭɦ – 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɵɯ 
ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɫ ɧɭɥɟɜɵɦ ɫɪɟɞɧɢɦ ɢ 
ɩɨɫɬɨɹɧɧɨɣ ɤɨɧɟɱɧɨɣ ɞɢɫɩɟɪɫɢɟɣ, ɬ.ɟ. ɫ ɮɭɧɤɰɢɟɣ 
ɚɜɬɨɤɨɜɚɪɢɚɰɢɢ , ɭɞɨɜɥɟɬɜɨɪɹюɳɟɣ ɭɫɥɨɜɢɹɦ 
(0) < ɢ (h) = 0 ɞɥɹ  С 0. 

Ɉɛɪɚɬɢɦɨɫɬɶ. Ʌɢɧɟɣɧɵɣ ɩɪɨɰɟɫɫ  
ɨɛɪɚɬɢɦ, ɟɫɥɢ ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɨɣ ɮɢɥɶɬɪ f (B), ɱɬɨ 
ɦɵ ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ  

f(B)yt =fj yt-j=t
  
,
  
j(-,+), 

Ɏɢɥɶɬɪ  (B) ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 
ɨɛɪɚɬɧɵɣ ɤ ɮɢɥɶɬɪɭ (B), ɟɫɥɢ 

f(B)(B) = 1. Ɂɚɦɟɬɢɦ, ɱɬɨ ɨɛɪɚɬɢɦɵɣ 
ɜɪɟɦɟɧɧɨɣ ɪɹɞ вt ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɤɚɤ  

yt =S
- 
+ S

+ 
+t

  
, 

ɝɞɟ S
- 

=fj yt-j
  

,
  

j(-,-1),  ɚ S
+
=fj yt-j

  
,
  

j(1, +). 

ɉɪɢɱɢɧɧɨɫɬɶ. Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ 
ɨɩɢɫɚɧɢɹ ɫɥɭɱɚɣɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫ ɞɢɫɤɪɟɬɧɵɦ 
ɜɪɟɦɟɧɟɦ ɹɜɥɹɟɬɫɹ ɟɝɨ ɡɚɩɢɫɶ ɜ ɜɢɞɟ ɮɢɥɶɬɪɚɰɢɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɟɥɨɝɨ ɲɭɦɚ дt

  
}, 

yt = (.. -2,   -1,  0,1, 2,..) 

ɝɞɟ  - ɢɡɦɟɪɢɦɚɹ ɮɭɧɤɰɢɹ, ɬ. ɟ. 
ɪɟɡɭɥɶɬɢɪɭюɳɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ дyt } ɯɨɪɨɲɨ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɫɥɭɱɚɣɧɵɣ ɩɪɨɰɟɫɫ.  

ɉɪɟɞɩɨɥɨɠɢɦ ɬɟɩɟɪɶ, ɱɬɨ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɲɭɦɚ дtж ɝɟɧɟɪɢɪɭɟɬɫɹ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɤɚɤ ɧɚɛɥюɞɚɟɦɵɣ ɩɪɨɰɟɫɫд yt ж, ɬɚɤ 
ɱɬɨ ɜ ɥюɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t, ɝɟɧɟɪɢɪɭɟɦɚɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɲɭɦɚ (.. -2,   -1,  0,1, 2,.. t

  
)  

ɢ ɧɚɛɥюɞɚɟɦɵɣ ɩɪɨɰɟɫɫ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɤɚɤ (..y -

2,y -1, y0,y 1, y2,.. yt
  
)   

ȼ ɷɬɨɦ ɤɨɧɬɟɤɫɬɟ ɩɪɨɰɟɫɫ дytж ɹɜɥɹɟɬɫɹ 
ɩɪɢɱɢɧɧɵɦ, ɢ ɟɝɨ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɤɚɤ 

yt =  (..y -2,y -1, y0,y 1, y2,.. yt
  
) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɭɡɚɥɶɧɵɣ ɩɪɨɰɟɫɫ 
ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɩɪɨɲɥɨɝɨ ɢ ɧɚɫɬɨɹɳɟɝɨ ɲɭɦɚ ɢ 
ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɛɭɞɭɳɢɯ ɡɧɚɱɟɧɢɣ ɲɭɦɚ. Эɬɨ 
ɜɚɠɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɩɪɨɨɰɟɫɫɚ дytж, ɱɬɨ ɨɡɧɚɱɚɟɬ, 
ɱɬɨ ɬɨɥɶɤɨ ɩɪɨɲɥɵɟ ɢɥɢ ɧɵɧɟɲɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ  
ɦɨɝɭɬ ɩɨɜɥɢɹɬɶ ɧɚ ɧɟɝɨ. ȿɫɥɢ ɩɪɨɰɟɫɫ ɧɟ ɹɜɥɹɟɬɫɹ 
ɩɪɢɱɢɧɧɵɦ, ɧɚɩɪɢɦɟɪ, yt =t + 2+ t + 1  -  t., ɬɨɝɞɚ 
ɛɭɞɭɳɢɟ  ɫɨɛɵɬɢɹ  t + 2, t +1 ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ 
ɜɥɢɹɧɢɟ ɧɚ ɟɝɨ ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ. ɏɨɬɹ ɷɬɨɬ 
ɩɪɨɰɟɫɫ ɧɟ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɧɵɦ, ɦɵ ɜɫɟ ɟɳɟ 
ɦɨɠɟɦ  ɩɪɟɞɫɤɚɡɵɜɚɬɶ ɟɝɨ. Ɍɚɤ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɥɭɱɲɢɣ ɥɢɧɟɣɧɵɣ ɩɪɨɝɧɨɡ  yt ɡɚɞɚɟɬɫɹ  
ɜɵɪɚɠɟɧɢɟɦ 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ. 
Ɋɚɫɫɦɨɬɪɢɦ ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ двtж ɢ 
ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɟɝɨ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ȝt = M 

(yt). ȿɫɥɢ ɷɬɨɬ ɩɪɨɰɟɫɫ ɹɜɥɹɟɬɫɹ ɝɚɭɫɫɨɜɫɤɢɦ, ɬɨ 
ɟɝɨ ɦɨɠɧɨ ɪɚɡɥɨɠɢɬɶ ɚɞɞɢɬɢɜɧɨ, ɤɚɤ вt = ȝt + Șt, 

ɝɞɟ Șt - ɫɥɭɱɚɣɧɵɣ ɩɪɨɰɟɫɫ ɫ ɧɭɥɟɜɵɦ ɫɪɟɞɧɢɦ 
ɡɧɚɱɟɧɢɟɦ. ɑɬɨɛɵ ɭɤɚɡɚɬɶ ɩɪɨɰɟɫɫ двtж, ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ȝt ɛɨɥɟɟ  ɤɨɧɤɪɟɬɧɨ. ɇɚɩɪɢɦɟɪ, ɞɥɹ 
ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫɪɟɞɧɟɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ 
ɩɨɫɬɨɹɧɧɵɦ ɜɨ ɜɪɟɦɟɧɢ, ɬɚɤ ɱɬɨ ȝt = ȝ ɞɥɹ ɜɫɟɯ Э. 
ȼ ɛɨɥɟɟ ɨɛɳɟɦ ɫɦɵɫɥɟ ɫɪɟɞɧɟɟ ɦɨɠɟɬ ɛɵɬɶ 
ɡɚɞɚɧɨ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɶю, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ 

ɜɪɟɦɟɧɢ ȝt = β0 + β1Э + ··· + βpt
p
 ɢɥɢ ɡɚɜɢɫɢɬ ɨɬ 

ɞɪɭɝɢɯ ɤɨɜɚɪɢɚɧɬɨɜ ȝt = β0 + β1x1Э + ··· + βpxpt. 

 Сɬɚɰɢɨɧɚɪɧɨɫɬɶ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ 
ɫɨɯɪɚɧɹюɬɫɹ ɜɨ ɜɪɟɦɟɧɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɫɪɟɞɧɟɟ ɢ 
ɞɢɫɩɟɪɫɢɹ ɪɹɞɨɜ ɩɨɫɬɨɹɧɧɵ ɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɧɚɛɥюɞɟɧɢɹ ɨɬ ɩɪɨɲɥɵɯ ɡɧɚɱɟɧɢɣ 
ɨɫɬɚɟɬɫɹ ɬɨɣ ɠɟ ɫɚɦɨɣ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɦɨɦɟɧɬɚ, ɜ 
ɤɨɬɨɪɵɣ ɨɧɚ ɨɰɟɧɢɜɚɟɬɫɹ. 

Ɍɨ ɟɫɬɶ ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ 
ɬɚɤɚɹ ɮɭɧɤɰɢɹ Ȗ, ɱɬɨ 

(h) = Cov (yt, yt + h). 

Сɭɳɟɫɬɜɨɜɚɧɢɟ ɷɬɨɣ ɮɭɧɤɰɢɢ, ɨɛɨɡɧɚɱɚɟɦɨɣ 
ɤɚɤ ɮɭɧɤɰɢɹ ɚɜɬɨɤɨɜɚɪɢɚɰɢɢ, ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɤɨɜɚɪɢɚɰɢɹ ɦɟɠɞɭ ɧɚɛɥюɞɟɧɢɹɦɢ вt ɢ вt + С ɧɟ 
ɡɚɜɢɫɢɬ ɨɬ Э.  

Сɬɚɰɢɨɧɚɪɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɤɥюɱɟɜɵɦ 
ɞɨɩɭɳɟɧɢɟɦ ɜ ɚɧɚɥɢɡɟ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɞɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɜɵɜɨɞɨɜ ɢ 
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ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ.  
Ⱥɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ (ȺɄɎ)  

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤμ 
ρ (С) = Ȗ (С)/ Ȗ (0).                                    (1)  

Эɦɩɢɪɢɱɟɫɤɢɟ ɨɰɟɧɤɢ ȺɄɎ ɞɚюɬɫɹ ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɦɢ ɨɰɟɧɤɚɦɢ ɦɨɦɟɧɬɨɜμ 

ρ k = Ȗ (k)/ Ȗ  (0),           (2) 

ɝɞɟ Ȗ (k) = (yt - My) (yt + k - My) /n ,  t=1,n-k. 

ɇɟɫɬɚɰɢɨɧɚɪɧɨɫɬɶ. Ɇɧɨɝɢɟ ɪɟɚɥɶɧɵɟ 
ɜɪɟɦɟɧɧɵɟ ɪɹɞɵ ɨɬɨɛɪɚɠɚюɬ ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ 
ɮɭɧɤɰɢɢ, ɬɚɤɢɟ ɤɚɤ ɬɪɟɧɞɵ ɢɥɢ ɫɟɡɨɧɧɨɫɬɶ. 
Уɱɢɬɵɜɚɹ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɦɟɬɨɞɨɥɨɝɢɣ ɚɧɚɥɢɡɚ 
ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɨɫɧɨɜɚɧɨ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ 
ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ, ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɦɟɬɨɞɨɜ, 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɞɚɧɧɵɯ ɜ ɫɬɚɰɢɨɧɚɪɧɵɟ. Сɪɟɞɢ 
ɷɬɢɯ ɩɨɞɯɨɞɨɜ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭюɬɫɹ ɫɬɚɛɢɥɢɡɚɰɢɹ 
ɞɢɫɩɟɪɫɢɢ, ɨɰɟɧɤɚ ɬɪɟɧɞɚ ɫ ɩɨɦɨɳɶю ɥɢɧɟɣɧɨɣ 
ɪɟɝɪɟɫɫɢɢ ɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɪɹɞɚ.  

Ɇɧɨɝɢɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɬɟɫɬɵ ɢ 
ɢɧɬɟɪɜɚɥɵ ɨɫɧɨɜɚɧɵ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ 
ɧɨɪɦɚɥɶɧɨɫɬɢ. ɉɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɧɨɪɦɚɥɶɧɨɫɬɢ 
ɱɚɫɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɫɬɵɦ, ɦɚɬɟɦɚɬɢɱɟɫɤɢ 
ɤɨɪɪɟɤɬɧɵɦ ɢ ɦɨɳɧɵɦ ɢɫɩɵɬɚɧɢɹɦ ɩɨ ɫɪɚɜɧɟɧɢю 
ɫ ɬɟɫɬɚɦɢ, ɤɨɬɨɪɵɟ ɧɟ ɞɟɥɚюɬ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ 
ɧɨɪɦɚɥɶɧɨɫɬɢ. Ʉ ɫɨɠɚɥɟɧɢю, ɦɧɨɝɢɟ ɪɟɚɥɶɧɵɟ 
ɧɚɛɨɪɵ ɞɚɧɧɵɯ ɧɚ ɫɚɦɨɦ ɞɟɥɟ ɧɟ ɹɜɥɹюɬɫɹ 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɨɪɦɚɥɶɧɵɦɢ. Ɉɞɧɚɤɨ 
ɫɨɨɬɜɟɬɫɬɜɭюɳɟɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɧɚɛɨɪɚ ɞɚɧɧɵɯ 
ɦɨɠɟɬ ɱɚɫɬɨ ɩɪɢɜɨɞɢɬɶ ɤ ɧɚɛɨɪɭ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɣ 
ɢɦɟɟɬ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢɦɟɪɧɨ ɤɚɤ 

ɧɨɪɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ. Эɬɨ ɩɨɜɵɲɚɟɬ 
ɩɪɢɦɟɧɢɦɨɫɬɶ ɢ ɩɨɥɟɡɧɨɫɬɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 
ɦɟɬɨɞɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ 
ɧɨɪɦɚɥɶɧɨɫɬɢ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ BШб-Cox - ɷɬɨ ɨɫɨɛɟɧɧɨ 
ɩɨɥɟɡɧɨɟ ɫɟɦɟɣɫɬɜɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ДpalmaЖ. Ɉɧɨ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤμ 

T (Y) = (Y
Ȝ
-1) / Ȝ 

ɝɞɟ В - ɩɟɪɟɦɟɧɧɚɹ ɨɬɤɥɢɤɚ, ɚ Ȝ - 

ɩɚɪɚɦɟɬɪ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. ɉɪɢ Ȝ = 0 ɜɦɟɫɬɨ 
ɢɫɩɨɥɶɡɭɟɦɨɣ ɜɵɲɟ ɮɨɪɦɭɥɵ ɛɟɪɟɬɫɹ 
ɧɚɬɭɪɚɥɶɧɵɣ ɥɨɝɚɪɢɮɦ . 

Ɍɚɤ ɫɬɚɛɢɥɢɡɚɰɢɹ ɞɢɫɩɟɪɫɢɢ ɨɛɵɱɧɨ 
ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɚɧɧɵɯ BШб-

Cox. 

Ʌɢɧɟɣɧɵɟ ɦɨɞɟɥɢ - ɷɬɨ ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ 
ɭɞɚɥɟɧɢɹ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɬɪɟɧɞɚ ɢɡ ɞɚɧɧɵɯ. 
Эɬɚ ɦɨɞɟɥɶ ɪɟɝɪɟɫɫɢɢ ɨɛɵɱɧɨ ɜɤɥюɱɚɟɬ ɜ ɫɟɛɹ 
ɦɧɨɝɨɱɥɟɧ ɨɬ Э, ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɤɨɦɩɨɧɟɧɬɵ ɢɥɢ 
ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɞɪɭɝɢɟ ɷɥɟɦɟɧɬɵ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɦɨɞɟɥɶ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ ɤɚɤ 

 yt = β0 + β1x1t + ··· + βpxpt + Șt = Бβ + Ș, 
ɝɞɟ ɦɚɬɪɢɰɚ Б = (1, б1t, ..., xpt) ɹɜɥɹюɬɫɹ 

ɤɨɜɚɪɢɚɰɢɨɧɧɨɣ , ɚ ɜɟɤɬɨɪ Ș = (Ș1, Ș2, ..., Șn) 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɨɲɢɛɤɢ. 
Ʉɨɷɮɮɢɰɢɟɧɬɵ (β0, β1, ..., βp) ɦɨɝɭɬ ɛɵɬɶ 

ɩɨɥɭɱɟɧɵ, ɧɚɩɪɢɦɟɪ, ɨɰɟɧɤɚɦɢ ɩɨ ɦɟɬɨɞɭ 
ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ (ɆɇɄ).  Сɨɝɥɚɫɧɨ 
ɩɨɫɥɟɞɧɟɝɨ ɦɵ  ɨɩɪɟɞɟɥɹɟɦ  β = (БX) - 1

Xв. ɉɨɫɥɟ 
ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɪɟɝɪɟɫɫɢɢ  ɢɫɫɥɟɞɭɟɦɵɣ ɞɚɥɟɟ 
ɪɹɞ Оt  ɩɨɥɭɱɚɟɬɫɹ ɩɭɬɟɦ ɭɞɚɥɟɧɢɹ ɪɟɝɪɟɫɫɢɨɧɧɨɣ 
ɱɚɫɬɢ ɢɡ ɪɹɞɚ двt}, et = yt - β0 - β1x1t - · · ·  - βpxpt. 

ȼɩɨɫɥɟɞɫɬɜɢɢ ɤ ɷɬɨɣ ɪɟɡɭɥɶɬɢɪɭюɳɟɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɦɟɬɨɞɵ 
ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ. ȼɨ ɦɧɨɝɢɯ ɩɪɢɥɨɠɟɧɢɹɯ 
ɪɟɝɪɟɫɫɢɨɧɧɵɟ ɮɨɪɦɵ ɹɜɥɹюɬɫɹ ɥɢɛɨ 
ɩɨɥɢɧɨɦɚɦɢ, ɥɢɛɨ ɝɚɪɦɨɧɢɱɟɫɤɢɦɢ ɮɭɧɤɰɢɹɦɢ, 
ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɟ ɫɟɡɨɧɧɨɝɨ ɩɨɜɟɞɟɧɢɹ, 

Yt = (αjЬТЧ (ωjЭ) + βj МШЬ (ωjЭ)) + Șt, j=1,m 

ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬɵ αj ɢ βj ɧɟɢɡɜɟɫɬɧɵ, ɧɨ 
ɱɚɫɬɨɬɵ ωj ɨɛɵɱɧɨ ɫɱɢɬɚюɬɫɹ ɢɡɜɟɫɬɧɵɦɢ ɢɥɢ 
ɩɨɥɭɱɚɟɦ ɢɯ  ɢɡ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ .  

Ⱦɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ. Ⱦɪɭɝɨɣ ɩɨɞɯɨɞ ɞɥɹ 
ɭɫɬɪɚɧɟɧɢɹ ɬɪɟɧɞɚ  ɜ ɞɚɧɧɵɯ - ɷɬɨ 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɨɞɧɚɤɨ, 
ɨɫɧɨɜɧɨɣ ɬɪɟɧɞ ɫɱɢɬɚɟɬɫɹ ɧɟɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɦ 
ɢɥɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɦ. ȼ ɪɚɦɤɚɯ ɷɬɨɝɨ ɩɨɞɯɨɞɚ 
ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɚɧɧɵɟ ɝɟɧɟɪɢɪɭюɬɫɹ ɢ 
ɢɧɬɟɝɪɢɪɭюɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɧɟɤɨɬɨɪɨɝɨ 
ɫɬɨɯɚɫɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɧɚɩɪɢɦɟɪ, 

yt =Șk, k=1,t 

ɝɞɟ Șt - ɫɬɚɰɢɨɧɚɪɧɵɣ ɩɪɨɰɟɫɫ ɫ 
ɩɨɫɬɨɹɧɧɨɣ ɞɢɫɩɟɪɫɢɟɣ ɫ ɧɭɥɟɜɵɦ ɫɪɟɞɧɢɦ 
ɡɧɚɱɟɧɢɟɦ. 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɢɮɮɟɪɟɧɰɢɪɭɹ двt}, 

ɩɨɥɭɱɚɟɦ ɪɹɞ дгt}  

zt = yt -yt-1 = Șt, 

Ɉɛɳɟɣ ɩɪɨɛɥɟɦɨɣ ɷɬɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ 
ɪɟɲɟɧɢɟ, ɤɨɝɞɚ ɫɥɟɞɭɟɬ ɩɪɟɤɪɚɳɚɬɶ 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ. Сɥɟɞɭɟɬ ɭɱɟɫɬɶ ɞɜɚ 
ɨɫɧɨɜɧɵɯ ɚɫɩɟɤɬɚ. ȼɨ-ɩɟɪɜɵɯ, 
ɩɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ  
ɞɨɥɠɧɚ ɜɵɝɥɹɞɟɬɶ ɫɬɚɰɢɨɧɚɪɧɨɣ ɢ ɜɨ-ɜɬɨɪɵɯ, ɟɟ 
ɞɢɫɩɟɪɫɢɹ ɧɟ ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ ɞɢɫɩɟɪɫɢɢ 
ɧɚɱɚɥɶɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ɇɟɫɨɪɚɡɦɟɪɧɨɟ 
ɭɜɟɥɢɱɟɧɢɟ ɞɢɫɩɟɪɫɢɢ ɜ ɪɟɡɭɥɶɬɢɪɭюɳɟɣ ɫɟɪɢɢ 
ɦɨɠɟɬ ɭɤɚɡɵɜɚɬɶ ɧɚ ɱɪɟɡɦɟɪɧɭю 
ɞɢɮɮɟɪɟɧɰɢɚɰɢю.  

Ⱦɪɭɝɚɹ ɞɢɥɟɦɦɚ ɡɚɤɥюɱɚɟɬɫɹ ɜ ɜɵɛɨɪɟ 
ɦɟɠɞɭ ɩɨɫɬɪɨɟɧɢɟɦ ɪɟɝɪɟɫɫɢɢ ɢɥɢ 
ɞɢɮɮɟɪɟɧɰɢɚɰɢɟɣ. ɇɟɫɦɨɬɪɹ ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɨɛɳɢɯ 
ɭɤɚɡɚɧɢɣ ɩɨ ɷɬɨɦɭ ɩɨɜɨɞɭ, ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ 
ɥюɛɨɣ ɢɡ ɷɬɢɯ ɦɟɬɨɞɨɜ ɢ ɩɨɫɦɨɬɪɟɬɶ, ɞɚюɬ ɥɢ ɨɧɢ 
ɚɞɟɤɜɚɬɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɥɢ ɧɟɬ. 

ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɩɪɨɰɟɫɫ вt ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɦɨɞɟɥɢ вЭ = β0 + β1t + wt ɫ ɛɟɥɵɦ 
ɲɭɦɨɦ wt, ɬɨ ɜɵɩɨɥɧɹɹ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ, 
ɩɨɥɭɱɚɟɦ гt = yt - yt-1 = β1 + wt - wt-1. Ⱦɢɫɩɟɪɫɢɹ 
ɪɹɞɚ гt ɜ ɞɜɚ ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ ɞɢɫɩɟɪɫɢю ɢɫɯɨɞɧɵɯ 
ɞɚɧɧɵɯ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɟɩɪɚɜɢɥɶɧɨɦ 
ɩɪɢɦɟɧɟɧɢɢ  ɩɪɨɰɟɞɭɪɵ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ. 
ɉɨɦɢɦɨ ɩɨɞɨɛɧɵɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɫɭɳɟɫɬɜɭɟɬ 
ɦɧɨɝɨ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ 
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ɞɨɫɬɢɠɟɧɢɹ ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ. С ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, 
ɫɭɳɟɫɬɜɭюɬ ɦɟɬɨɞɨɥɨɝɢɢ, ɩɨɡɜɨɥɹюɳɢɟ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɛɪɚɛɚɬɵɜɚɬɶ ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ 
ɞɚɧɧɵɟ ɛɟɡ ɬɪɚɧɫɮɨɪɦɚɰɢɢ. Ɉɞɧɢɦ ɢɡ ɩɪɢɦɟɪɨɜ 
ɷɬɢɯ ɦɟɬɨɞɨɜ ɹɜɥɹюɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɥɨɤɚɥɶɧɨ-

ɫɬɚɰɢɨɧɚɪɧɵɟ ɦɨɞɟɥɢ. 
Ȼɟɥɵɣ ɲɭɦ. ɉɪɨɰɟɫɫ ɛɟɥɨɝɨ ɲɭɦɚ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɭɥɟɜɵɯ 
ɫɪɟɞɧɢɯ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ. 
ȿɫɥɢ ɷɬɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɝɚɭɫɫɨɜɨɣ, 
ɬɨ ɩɪɨɰɟɫɫ ɬɚɤɠɟ ɧɟɡɚɜɢɫɢɦ.  

Ɏɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɩɪɨɰɟɞɭɪɨɣ ɚɧɚɥɢɡɚ 
ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ, ɹɜɥɹɟɬɫɹ ɥɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɛɟɥɵɦ ɲɭɦɨɦ, ɢɥɢ ɨɧɚ ɢɦɟɟɬ 
ɛɨɥɟɟ ɫɥɨɠɧɨɟ ɩɨɜɟɞɟɧɢɟ. Уɱɢɬɵɜɚɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ в1, ..., yn, ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ 
ɪɚɜɧɚ H0μ двt} - ɛɟɥɵɣ ɲɭɦ ɩɨ ɫɪɚɜɧɟɧɢю ɫ H1μ 
{yt} - ɧɟ ɛɟɥɵɣ ɲɭɦ. Ɂɞɟɫɶ ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɬɢɬɶ 
ɜɧɢɦɚɧɢɟ, ɱɬɨ ɩɪɨɜɟɪɤɚ H0 ɦɨɠɟɬ ɛɵɬɶ 
ɡɚɬɪɭɞɧɟɧɚ ɩɨ ɦɧɨɝɢɦ ɩɪɢɱɢɧɚɦ. ɇɚɩɪɢɦɟɪ, 
ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɩɪɨɰɟɫɫɚ ɧɟ ɹɜɥɹɟɬɫɹ 
ɩɨɫɬɨɹɧɧɵɦ, ɟɝɨ ɞɢɫɩɟɪɫɢɹ ɧɟ ɹɜɥɹɟɬɫɹ 
ɩɨɫɬɨɹɧɧɨɣ ɢ ɬ.ɞ,  

ɉɪɨɰɟɞɭɪɵ ɬɟɫɬɢɪɨɜɚɧɢɹ ɛɟɥɨɝɨ ɲɭɦɚ 
ɨɛɵɱɧɨ ɧɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚюɬ ɩɪɨɜɟɪɤɭ 
ɧɟɡɚɜɢɫɢɦɨɫɬɢ, ɟɫɥɢ ɬɨɥɶɤɨ ɫɟɪɢю ɧɟ ɫɱɢɬɚюɬ 
ɝɚɭɫɫɨɜɨɣ. ȼɚɠɧɨ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɨɩɪɟɞɟɥɟɧɢɟ 
ɛɟɥɨɝɨ ɲɭɦɚ ɨɬɧɨɫɢɬɫɹ ɬɨɥɶɤɨ ɤ 
ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ.  

ȼ ɱɚɫɬɧɨɫɬɢ, ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫ ɤɨɪɪɟɥɢɪɨɜɚɧɧɵɦɢ 
ɤɜɚɞɪɚɬɚɦɢ ɩɨ-ɩɪɟɠɧɟɦɭ ɹɜɥɹɟɬɫɹ ɛɟɥɵɦ ɲɭɦɨɦ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɨɩɪɟɞɟɥɟɧɢɟɦ. Ʉɚɤ 
ɩɪɚɜɢɥɨ, ɷɬɨ ɨɬɧɨɫɢɬɫɹ ɤ ɮɢɧɚɧɫɨɜɵɦ ɜɪɟɦɟɧɧɵɦ 
ɪɹɞɚɦμ ɞɨɯɨɞɧɨɫɬɶ ɱɚɫɬɨ ɧɟ ɤɨɪɪɟɥɢɪɭɟɬ, ɧɨ 
ɜɨɥɚɬɢɥɶɧɨɫɬɶ ɢɥɢ ɤɜɚɞɪɚɬ ɩɪɢɛɵɥɢ ɱɚɫɬɨ 
ɤɨɪɪɟɥɢɪɭюɬɫɹ.  

Ʉɚɤ ɩɪɚɜɢɥɨ, ɬɟɫɬ ɛɟɥɨɝɨ ɲɭɦɚ ɭɱɢɬɵɜɚɟɬ 
ɨɩɪɟɞɟɥɹɟɦɵɟ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ r1, ..., rL ɫ rk =  ρk, 

ɝɞɟ  ρk ɡɚɞɚɟɬɫɹ ɮɨɪɦɭɥɨɣ (1) ɢ (β).  
Ɍɟɫɬ BШб-LУЮЧР, ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɚɹ 

ɩɪɨɰɟɞɭɪɚ ɩɪɨɜɟɪɤɢ, ɹɜɥɹɟɬɫɹ ɥɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɛɟɥɵɦ ɲɭɦɨɦ ɢɥɢ ɧɟɬ, ɦɨɠɟɬ 
ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ  ɤɚɤ  

QL = n (n + 2) r
2

k/(n-m), m=1,n-1 

ɢ ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɫɬɚɬɢɫɬɢɤɚ QL 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢю χ2
 ɫ L ɫɬɟɩɟɧɹɦɢ 

ɫɜɨɛɨɞɵ. 
Ɉɫɧɨɜɧɵɟ ɦɨɞɟɥɢ ɜɪɟɦɟɧɧɵɯ     

ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ ɪɹɞɨɜ 
 

Ɇɨɞɟɥɶ ɚɜɬɨɪɟɝɪɟɫɫɢɢ ɢ ɫɤɨɥɶɡɹɳɟɝɨ 
ɫɪɟɞɧɟɝɨ (autoregressive moving-average model, 

ARMA). Ɇɨɞɟɥɢ ARMA ɹɜɥɹюɬɫɹ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦɢ ɢɧɫɬɪɭɦɟɧɬɚɦɢ ɞɥɹ ɚɧɚɥɢɡɚ 
ɤɪɚɬɤɨɫɪɨɱɧɵɯ  ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ. Ɇɨɠɧɨ 
ɩɨɤɚɡɚɬɶ, ɱɬɨ ɷɬɨɬ ɤɥɚɫɫ ɦɨɞɟɥɟɣ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬ 

ɥюɛɨɣ ɥɢɧɟɣɧɵɣ ɫɬɚɰɢɨɧɚɪɧɵɣ ɩɪɨɰɟɫɫ ɫ 
ɧɟɩɪɟɪɵɜɧɨɣ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɶю. Ʉɪɨɦɟ 
ɬɨɝɨ, ɢɦɟɟɬɫɹ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɱɢɫɥɟɧɧɵɯ ɢ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ ɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɦɨɞɟɥɟɣ ARMA. Ɉɧɢ ɨɱɟɧɶ 
ɩɨɥɟɡɧɵ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ, ɞɟɦɨɧɫɬɪɢɪɭюɳɢɯ ɫɥɚɛɭю 
ɡɚɜɢɫɢɦɨɫɬɶ.  

С ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɵɟ 
ɞɪɨɛɧɨ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɟ ɫɨ ɫɤɨɥɶɡɹɳɢɦ ɫɪɟɞɧɢɦ 
ɩɪɨɰɟɫɫɵ (ARFIMA) ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭюɬɫɹ ɞɥɹ 
ɞɚɧɧɵɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɞɟɦɨɧɫɬɪɢɪɭюɳɢɯ 
ɞɨɥɝɨɜɪɟɦɟɧɧɭю ɡɚɜɢɫɢɦɨɫɬɶ. ɉɪɨɰɟɫɫ ARMA (Щ, 
q) двЭж ɦɨɠɟɬ ɛɵɬɶ ɡɚɞɚɧ ɞɢɫɤɪɟɬɧɨ-ɜɪɟɦɟɧɧɵɦ 
ɭɪɚɜɧɟɧɢɟɦ, 

φ (B) вt = ș (B) εt, 

 

ɝɞɟ, φ(B) = 1-φ1B - · · ·  - φpB
p
 - 

ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɵɣ ɦɧɨɝɨɱɥɟɧ ɨɬ ɨɩɟɪɚɬɨɪɚ 
ɨɛɪɚɬɧɨɝɨ ɫɞɜɢɝɚ B, ș(B) = 1 + ș1B + ··· + șqB

q 
- 

ɩɨɥɢɧɨɦ ɫ ɡɧɚɱɟɧɢɟɦ ɩɨɞɜɢɠɧɨɝɨ ɫɪɟɞɧɟɝɨ, ɤɨɪɧɢ 
ɤɨɬɨɪɨɝɨ ɨɬɥɢɱɚюɬɫɹ ɨɬ ɤɨɪɧɟɣ ɭɪɚɜɧɟɧɢɹ φ(B). 
Ɋɹɞ дεt} - ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɛɟɥɨɝɨ ɲɭɦɚ ɫ 
ɧɭɥɟɜɵɦ ɫɪɟɞɧɢɦ ɢ ɞɢɫɩɟɪɫɢɟɣ σ2. ɉɨɞɱɟɪɤɧɟɦ, 
ɱɬɨ ɩɪɨɰɟɫɫ ɚɜɬɨɪɟɝɪɟɫɫɢɢ AR (Щ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɦɨɞɟɥɢ ARMA (Щ, 0). С ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɦɨɞɟɥɢ 
ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ MA (q) ɹɜɥɹɟɬɫɹ ɱɚɫɬɧɵɦ 
ɫɥɭɱɚɟɦ ARMA (0, q). 

Ɇɵ ɮɨɤɭɫɢɪɭɟɦ ɫɜɨɟ ɜɧɢɦɚɧɢɟ ɧɚ 
ɨɩɪɟɞɟɥɟɧɧɨɦ ɤɥɚɫɫɟ ɥɢɧɟɣɧɵɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ, 
ɧɚɡɵɜɚɟɦɵɯ ɞɥɢɬɟɥɶɧɨɣ ɩɚɦɹɬɶю ɢɥɢ ɩɪɨɰɟɫɫɚɦɢ, 
ɡɚɜɢɫɹɳɢɦɢ ɨɬ ɞɚɥɶɧɟɝɨ ɪɚɫɫɬɨɹɧɢɹ. Сɭɳɟɫɬɜɭɟɬ 
ɧɟɫɤɨɥɶɤɨ ɨɩɪɟɞɟɥɟɧɢɣ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɷɬɨɝɨ 
ɬɢɩɚ ɜ ɥɢɬɟɪɚɬɭɪɟ. Ɉɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɚɫɩɟɤɬɨɜ 
ɫɜɹɡɚɧ ɫ ɨɰɟɧɤɨɣ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɩɪɨɰɟɫɫɚ. 
ȿɫɥɢ ɮɭɧɤɰɢɹ ɚɜɬɨɤɨɜɚɪɢɚɰɢɢ ɫɬɚɰɢɨɧɚɪɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɫɭɦɦɢɪɭɟɦɚ, ɬɨ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ 
ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɤɨɪɧю ɢɡ Ч, ɝɞɟ Ч - ɪɚɡɦɟɪ 
ɜɵɛɨɪɤɢ. Эɬɨ ɢɦɟɟɬ ɦɟɫɬɨ, ɧɚɩɪɢɦɟɪ, ɞɥɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɧɟɡɚɜɢɫɢɦɵɯ ɢ ɨɞɢɧɚɤɨɜɨ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɢɥɢ 
ɦɚɪɤɨɜɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. Ƚɨɜɨɪɹɬ, ɱɬɨ ɷɬɢ ɩɪɨɰɟɫɫɵ 
ɢɦɟюɬ ɤɨɪɨɬɤɭю ɩɚɦɹɬɶ. ɇɚɨɛɨɪɨɬ, ɩɪɨɰɟɫɫ ɢɦɟɟɬ 
ɞɥɢɬɟɥɶɧɭю ɩɚɦɹɬɶ, ɟɫɥɢ ɟɝɨ ɚɜɬɨɤɨɜɚɪɢɚɰɢɢ ɧɟ 
ɹɜɥɹюɬɫɹ ɚɛɫɨɥюɬɧɨ ɫɭɦɦɢɪɭɟɦɵɦɢ. ȼ 
ɞɚɥɶɧɟɣɲɟɦ ɦɵ ɞɚɞɢɦ ɤɪɚɬɤɢɣ ɨɛɡɨɪ ɷɬɢɯ 
ɤɥɚɫɫɨɜ ɦɨɞɟɥɟɣ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ. 

Ɋɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɦɟɬɨɞɨɥɨɝɢɢ ɞɥɹ 
ɨɰɟɧɤɢ ɦɨɞɟɥɟɣ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ. 

Сɭɳɟɫɬɜɭɟɬ ɰɟɥɵɣ ɪɹɞ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɯ 
ɦɟɬɨɞɨɜ, ɬɚɤɢɯ ɤɚɤ ɦɟɬɨɞ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɩɪɚɜɞɨɛɨɞɨɛɢɹ ɢ ɟɝɨ ɪɚɡɥɢɱɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ 
ɮɨɪɦɭɥɢɪɨɜɤɢ, ɬɚɤɢɟ ɤɚɤ ɪɚɡɥɨɠɟɧɢɟ ɏɨɥɟɰɤɨɝɨ 
ɢɥɢ  ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ ɜ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ. 
С ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɢɦɟюɬɫɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ  
ɦɟɬɨɞɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɜɤɥюɱɚɹ, 
ɧɚɩɪɢɦɟɪ, ɩɨɞɯɨɞ Уɢɬɬɥɚ, ɦɟɬɨɞ ɫɤɨɥɶɡɹɳɟɝɨ 
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ɫɪɟɞɧɟɝɨ ɢ ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ. 
Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ  ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɚɧɚɥɢɡɚ 

ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɰɟɧɤɢ 
ɫɪɟɞɧɟɝɨ ɢ ȺɄɎ ɪɹɞɚ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ ɤɚɤ 
ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɞɟɥɢ. 

ɉɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɢ. Ɋɟɚɥɶɧɵɟ 
ɜɪɟɦɟɧɧɵɟ ɪɹɞɵ ɢɦɟюɬ ɪɹɞ ɫɜɨɢɯ ɨɬɥɢɱɢɬɟɥɶɧɵɯ 
ɫɜɨɣɫɬɜ. Сɪɟɞɢ ɧɢɯ ɜɚɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɛɭɞɟɬ ɥɢ 
ɪɹɞ ɫɬɚɰɢɨɧɚɪɧɵɦ ɢɥɢ ɧɟɬ.  

ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɦɵ ɦɨɠɟɦ ɩɟɪɟɣɬɢ ɤ 
ɷɬɚɩɭ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɨɫɦɨɬɪɟɜ ɧɚ ɫɬɪɭɤɬɭɪɭ 
ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ, ɤɨɧɤɪɟɬɧɵɣ ɩɪɢɦɟɪ AɄɎ ɢ 
ɑAɄɎ (ɱɚɫɬɢɱɧɚɹ AɄɎ). ɂɫɯɨɞɹ ɢɡ ɷɬɢɯ ɨɰɟɧɨɤ 
ɦɨɦɟɧɬɚ, ɫɬɚɰɢɨɧɚɪɧɵɟ ɦɨɞɟɥɢ ɬɚɤɢɟ ɤɚɤ, ɦɨɞɟɥɢ 
ARMA ɢɥɢ ARFIMA ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɥɨɠɟɧɵ ɢ 
ɪɟɚɥɢɡɨɜɚɧɵ.  

С ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɟɫɥɢ ɪɹɞ ɨɬɨɛɪɚɠɚɟɬ 
ɪɹɞ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɦɵ ɦɨɠɟɦ 
ɩɪɢɦɟɧɢɬɶ ɩɪɨɰɟɞɭɪɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɫɬɚɰɢɨɧɚɪɧɨɣ ɫɟɪɢɢ. Сɪɟɞɢ ɷɬɢɯ 
ɩɪɨɰɟɞɭɪ, ɤɨɬɨɪɵɟ ɦɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɩɟɪɟɫɦɨɬɪɟɥɢ ɩɭɬɟɦ ɞɟɤɨɦɩɨɡɢɰɢɢ ɞɚɧɧɵɯ ɫ 
ɩɨɦɨɳɶю ɫɪɟɞɫɬɜ ɦɟɬɨɞɨɜ ɪɟɝɪɟɫɫɢɢ ɢ 
ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɞɚɧɧɵɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ. ȿɫɥɢ 
ɪɟɝɪɟɫɫɢɨɧɧɚɹ ɦɨɞɟɥɶ ɯɨɪɨɲɚ, ɦɵ ɦɨɠɟɦ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɨɫɬɚɬɤɢ ɤɚɤ ɪɹɞɵ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ 
ɛɵɬɶ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ. ȿɫɥɢ ɩɪɨɢɫɯɨɞɢɬ 
ɞɢɮɮɟɪɟɧɰɢɚɰɢɹ, ɦɵ ɦɨɠɟɦ ɩɪɢɦɟɧɢɬɶ ɦɨɞɟɥɶ 
ARIMA. 

ȿɫɥɢ ɪɹɞ ɩɨɤɚɡɵɜɚɟɬ ɫɟɡɨɧɧɨɟ ɩɨɜɟɞɟɧɢɟ, 
ɬɨɝɞɚ ɦɵ ɦɨɠɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɚɪɦɨɧɢɱɟɫɤɭю 
ɪɟɝɪɟɫɫɢю ɢɥɢ ɦɨɞɟɥɢ SARIMA. 

Сɩɟɰɢɮɢɤɚɰɢɹ ɦɨɞɟɥɢ ɨɛɵɱɧɨ ɫɜɹɡɚɧɚ ɫ 
ɜɵɛɨɪɨɦ ɤɥɚɫɫɚ ɬɚɤɢɯ  ɩɪɨɰɟɫɫɨɜ, ɤɚɤ ARIMA (Щ, 
Н, q) ɢɥɢ SARIMA (Щ, Н, q) (P, D, Q). 

Эɬɢ ɦɨɞɟɥɢ ɦɨɝɭɬ ɛɵɬɶ ɜɵɛɪɚɧɵ ɫɨɝɥɚɫɧɨ 
ɚɧɚɥɢɡɚ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ȺɄɎ ɢɥɢ 
ɱɚɫɬɢɱɧɵɯ ȺɄɎ (PACF). Сɟɣɱɚɫ ɨɛɳɟɩɪɢɧɹɬɨ 
ɪɚɫɫɦɨɬɪɟɬɶ ɜɥɨɠɟɧɧɨɟ ɫɟɦɟɣɫɬɜɨ ɦɨɞɟɥɟɣ ɢ 
ɡɚɬɟɦ ɨɰɟɧɢɬɶ ɜɫɟ ɦɨɞɟɥɢ  ɤɥɚɫɫɚ. ɇɚɩɪɢɦɟɪ, 
ARMA (Щ, q) ɫ ɩɨɪɹɞɤɨɦ Щ,q = 0, 1, β, γ. 

ɉɨɫɤɨɥɶɤɭ ɦɨɞɟɥɢ ɹɜɥɹюɬɫɹ 
ɜɥɨɠɟɧɧɵɦɢ, ɦɵ ɦɨɠɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɤɪɢɬɟɪɢɢ, ɬɚɤɢɟ ɤɚɤ AIC ɢɥɢ 
BIC, ɞɥɹ ɜɵɛɨɪɚ ɩɨɞɯɨɞɹɳɢɯ ɡɧɚɱɟɧɢɣ Щ, q. 

Ɉɩɬɢɦɚɥɶɧɨɫɬɶ ɦɨɞɟɥɟɣ. Ɍɟɨɪɟɬɢɱɟɫɤɢ, 
ɟɫɥɢ ɥɢɧɟɣɧɵɣ ɩɪɨɰɟɫɫ ɢɦɟɟɬ ɧɟɩɪɟɪɵɜɧɵɣ 
ɫɩɟɤɬɪ, ɬɨ ɦɵ ɜɫɟɝɞɚ ɦɨɠɟɦ ɧɚɣɬɢ  ɡɧɚɱɟɧɢɹ Щ ɢ q, 
ɬɚɤ ɱɬɨ ARMA (Щ, q)  ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɟɝɨ 
ɚɩɩɪɨɤɫɢɦɢɪɭɟɬ. Сɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɩɪɚɤɬɢɤɟ ɦɵ 
ɜɫɟɝɞɚ ɦɨɠɟɦ ɨɩɢɪɚɬɶɫɹ ɧɚ ɷɬɨɬ ɤɥɚɫɫ ɩɪɨɰɟɫɫɨɜ 
ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɧɟɣɧɨɝɨ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ.  

Ɉɞɧɚɤɨ ɷɬɨɬ ɨɛɳɢɣ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ 
ɪɟɡɭɥɶɬɚɬ ɧɟ ɝɚɪɚɧɬɢɪɭюɬ, ɱɬɨ ɡɧɚɱɟɧɢɹ Щ ɢ q 
ɦɚɥɵ. Ɏɚɤɬɢɱɟɫɤɢ, ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɞɨɜɨɥɶɧɨ 
ɛɨɥɶɲɢɦɢ. 

ɇɚɥɢɱɢɟ ARMA-ɦɨɞɟɥɢ ɫ ɛɨɥɶɲɢɦɢ 

ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɵɦɢ ɢ ɫɤɨɥɶɡɹɳɢɦɢ ɫɪɟɞɧɢɦɢ 
ɡɚɤɚɡɚɦɢ ɦɨɠɟɬ ɛɵɬɶ ɝɪɨɦɨɡɞɤɢɦ ɤɚɤ ɫ 
ɱɢɫɥɟɧɧɨɣ, ɬɚɤ ɢ ɫ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ. 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ Щ = γ0 ɢ q = β8. Эɬɚ 
ɦɨɞɟɥɶ ɦɨɠɟɬ ɯɨɪɨɲɨ ɩɨɞɯɨɞɢɬɶ ɞɥɹ ɧɚɛɨɪɚ 
ɞɚɧɧɵɯ, ɧɨ ɨɧɚ ɬɪɟɛɭɟɬ ɱɢɫɥɟɧɧɨɝɨ ɪɚɫɱɟɬɚ η8 
ɩɚɪɚɦɟɬɪɨɜ ɢ ɩɪɨɜɟɪɤɢ, ɱɬɨ ɨɧɚ  ɹɜɥɹɟɬɫɹ 
ɫɬɚɰɢɨɧɚɪɧɨɣ ɢ ɨɛɪɚɬɢɦɨɣ. 

Ɉɛɵɱɧɨ ɠɟɥɚɬɟɥɶɧɨ, ɱɬɨɛɵ ɩɨɞɯɨɞɹɳɚɹ 
ɦɨɞɟɥɶ Э ɛɵɥɚ ɨɩɬɢɦɚɥɶɧɨɣ, ɬɨ ɟɫɬɶ ɡɧɚɱɟɧɢɹ  Щ, q 
ɛɵɥɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤɢ. ȼ ɷɬɨɦ ɫɦɵɫɥɟ, ɟɫɬɶ 
ɜɵɛɨɪ ɦɟɠɞɭ ɤɚɱɟɫɬɜɨɦ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɦɨɞɟɥɢ, 
ɤɨɬɨɪɨɟ ɨɛɵɱɧɨ ɬɪɟɛɭɟɬ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ Щ ɢ q, 
ɢ  ɩɪɨɫɬɨɬɨɣ ɦɨɞɟɥɢ, ɤɨɬɨɪɚɹ ɬɪɟɛɭɟɬ  
ɧɟɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɩɚɪɚɦɟɬɪɨɜ Щ ɢ q. 

Эɬɨɬ ɜɵɛɨɪ ɨɛɵɱɧɨ ɜɵɩɨɥɧɹɟɬɫɹ  ɫ 
ɩɨɦɨɳɶю ɢɧɮɨɪɦɚɬɢɜɧɵɯ ɤɪɢɬɟɪɢɟɜ, ɤɨɬɨɪɚɹ 
ɲɬɪɚɮɭюɬ ɦɨɞɟɥɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɱɢɫɥɨɦ 
ɨɰɟɧɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ. Ɉɧɢ ɪɚɫɫɦɚɬɪɢɜɚюɬɫɹ 
ɧɢɠɟ. 

Ʉɪɢɬɟɪɢɢ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɢ Ⱥɤɚɢɤɟ ɢ 
Шɜɚɪɰɚ. ɂɧɮɨɪɦɚɰɢɨɧɧɵɣ ɤɪɢɬɟɪɢɣ Ⱥɤɚɢɤɟ 
(ȺIC) ɞɥɹ ɤɪɚɬɤɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ Ⱥɤɚɢɤɟμ 

 

AIC = -2 log L() + 2r,   

 ɝɞɟ,  - ɨɰɟɧɤɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɩɪɚɜɞɨɩɨɞɨɛɢɹ, r - ɱɢɫɥɨ ɨɰɟɧɨɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɦɨɞɟɥɢ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɦɨɞɟɥɢ  ARMA (Щ, q) 
ɢɦɟɟɦ  r = Щ + q + 1. 

ɂɧɮɨɪɦɚɰɢɨɧɧɵɣ ɤɪɢɬɟɪɢɣ ɒɜɚɪɰɚ ɢɥɢ 
ɛɚɣɟɫɨɜɫɤɢɣ ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɤɪɢɬɟɪɢɣ (ȻɂɄ) 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ 

 

BIC = -2 log L() + r log n.  

   

Ɂɚɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɪɚɡɦɟɪɚ ɜɵɛɨɪɤɢ Ч> 8 
BIC ɝɨɪɚɡɞɨ ɛɨɥɟɟ  ɫɬɪɨɝɨ ɧɚɤɚɡɵɜɚɟɬ ɡɚ 
ɭɜɟɥɢɱɟɧɢɟ  ɱɢɫɥɚ ɩɚɪɚɦɟɬɪɨɜ ɜ ɦɨɞɟɥɢ, ɩɨ 
ɫɪɚɜɧɟɧɢю ɫ AIC. 

Ɉɰɟɧɤɚ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ. Ɉɰɟɧɤɚ 
ɫɪɟɞɧɟɝɨ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɡɚɞɚɱɟɣ  ɚɧɚɥɢɡɚ ɜɪɟɦɟɧɧɵɯ 
ɪɹɞɨɜ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɢɦɟɟɬɫɹ ɧɟɫɤɨɥɶɤɨ 
ɨɰɟɧɨɤ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ, ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ 
ɪɚɫɫɦɚɬɪɢɜɚюɬɫɹ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɜɵɛɨɪɤɢ ɢɥɢ 
ɧɚɢɥɭɱɲɚɹ  ɧɟɫɦɟɳɟɧɧɚɹ ɥɢɧɟɣɧɚɹ ɨɰɟɧɤɚ 
(ɇɇɅɈ). 

ɂɦɟɹ ɜɵɛɨɪɤɭ Вn = (y1, y2, ..., yn)  ɢɡ 
ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫɨ ɫɪɟɞɧɢɦ ȝ ɢ 
ɞɢɫɩɟɪɫɢɟɣ D, ɫɪɟɞɧɟɟ  ɜɵɛɨɪɨɱɧɨɟ ɡɧɚɱɟɧɢɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ  ȝ = 1 /Ч yt ,Э= 1, Ч, ɢɥɢ ȝ =(I.Вt 

)/Ч, ɝɞɟ I = (1,1, ..., 1) , ɚ ɞɥɹ ɇɇɅɈ   ȝ = (ID-1
I) 

-

1
1D-1

Yn. (-ɡɧɚɤ ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɢɹ). 
Ɋɚɡɧɨɨɛɪɚɡɧɨɟ ɩɨɜɟɞɟɧɢɟ ɷɬɢɯ  ɞɜɭɯ 

ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɯ ɨɰɟɧɨɤ ɤɪɢɬɢɱɟɫɤɢ ɡɚɜɢɫɢɬ ɨɬ 
ɩɚɦɹɬɢ ɩɪɨɰɟɫɫɚ. Ⱦɥɹ ɩɪɨɰɟɫɫɚ ɫ ɦɚɥɨɣ ɩɚɦɹɬɶю, 
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ɬɚɤɨɝɨ ɤɚɤ ARMA-ɦɨɞɟɥɶ, ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 
ɜɵɛɨɪɤɢ ɢ ɇɇɅɈ ɫɯɨɞɹɬɫɹ ɤ ɢɫɬɢɧɧɨɦɭ ɫɪɟɞɧɟɦɭ 
ɫɨ ɫɤɨɪɨɫɬɶю τ (Ч-1). Ⱥɧɚɥɨɝɢɱɧɚ ɨɰɟɧɤɚ ɞɥɹ ɢɯ 
ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɞɢɫɩɟɪɫɢɢ. ȼ ɷɬɨɦ ɫɦɵɫɥɟ 
ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɜɵɛɨɪɤɢ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɣ 
ɨɰɟɧɤɨɣ.  

С ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɞɥɹ ɫɢɥɶɧɨ ɡɚɜɢɫɢɦɨɝɨ 
ɩɪɨɰɟɫɫɚ ɫ ɛɨɥɶɲɨɣ ɩɚɦɹɬɶю ɫ ɩɚɪɚɦɟɬɪɨɦ Н 
ɫɤɨɪɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ ɨɛɟɢɯ ɨɰɟɧɨɤ ɪɚɜɧɚ τ (Ч2d-1

). 

ɉɨɫɤɨɥɶɤɭ Н>0, ɷɬɚ ɫɤɨɪɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ 
ɦɟɞɥɟɧɧɟɟ, ɱɟɦ ɞɥɹ ɫɥɭɱɚɹ ɤɨɪɨɬɤɨɣ ɩɚɦɹɬɢ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɟ ɞɢɫɩɟɪɫɢɢ ɫɪɟɞɧɟɝɨ 
ɡɧɚɱɟɧɢɹ ɜɵɛɨɪɤɢ ɢ ɇɇɅɈ ɹɜɥɹюɬɫɹ ɪɚɡɥɢɱɧɵɦɢ, 
ɩɨɞɪɚɡɭɦɟɜɚɹ, ɱɬɨ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɜɵɛɨɪɤɢ ɧɟ 
ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɣ ɨɰɟɧɤɨɣ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɦɨɝɭɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ 
ɫɥɟɞɭюɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹμ 

 

√n(yn -ȝ) → σ (0, Я),   

   

ɝɞɟ, Я = βπП (0) = Ȗ (С) , С( +∞, -∞). 
Ⱥɧɚɥɨɝɢɱɧɨ ɞɥɹ ɇɇɅɈ ɢɦɟɟɦ  
 

√n ( ȝn -ȝ) → σ (0, Я).   

  

Ɂɚɦɟɬɢɦ, ɱɬɨ ɞɥɹ  ɩɪɨɰɟɫɫɚ  ARMA (Щ, q) 
ɢɦɟɟɦ Я = σ2

 еș(1)е 2 /еφ (1)е 2. 
Ⱦɥɹ ɩɪɨɰɟɫɫɨɜ ɫ ɛɨɥɶɲɨɣ ɩɚɦɹɬɶю Ч 1/2-d

 

(yn -ȝ) → σ (0, а)μ 
 

ɢ а = σ2
 еș (1)е 2

 /еφ (1)|2
 Γ (1-2d)/( d ( 1 + 

βН) Γ (Н) Γ (1-d)),   

 

ɚ ɞɥɹ ɇɇɅɈ ɢɦɟɟɦ Ч 1/ 2-d
 (ȝn -ȝ) → σ (0, 

а), ɝɞɟ а = σ2
 еș (1)е 2 /еφ (1)е2  ( Γ (1-βН) Γ (β-βН))/ Γ 

(1-d) 
2 
. 

Ɉɰɟɧɤɚ ɚɜɬɨɤɨɜɚɪɢɚɰɢɣ. Ⱦɥɹ 
ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɚɜɬɨɤɨɜɚɪɢɚɧɬɵ ɨɛɵɱɧɨ 
ɨɰɟɧɢɜɚюɬɫɹ ɫ ɩɨɦɨɳɶю ɨɰɟɧɤɢ ɦɨɦɟɧɬɨɜ. Ɍɨ 
ɟɫɬɶ, ɢɦɟɹ ɜɵɛɨɪɤɭ В n = (y1, y2, ..., yn)  ɢɡ 
ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫɨ ɫɪɟɞɧɢɦ ȝ ɢ 
ɞɢɫɩɟɪɫɢɟɣ D, ɨɛɵɱɧɚɹ ɨɰɟɧɤɚ ɚɜɬɨɤɨɜɚɪɢɚɰɢɢ 
ɩɪɢ ɡɚɩɚɡɞɵɜɚɧɢɢ С, ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣμ 

 

(h)=(yt -y) (yt + h - y)/n, t=1,n-h. 

    

Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɞɥɹ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ  
С ɷɬɚ ɨɰɟɧɤɚ ɹɜɥɹɟɬɫɹ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ 
ɧɟɫɦɟɳɟɧɧɨɣ  ХТЦ n(h) (С) ɩɪɢ Ч. 

ȿɫɥɢ ɚɜɬɨɤɨɜɚɪɢɚɰɢɢ ɩɪɨɰɟɫɫɚ ɚɛɫɨɥюɬɧɨ 
ɫɭɦɦɢɪɭɟɦɵ 

 

√n(n(h) -(С)) → σ (0, Я),  

   

ɝɞɟ, Я = (Ч- 3) ((h)
2
 +( (j) 2

 + (j - h) (j + 

h)), j( +∞, -∞). 
Ⱥɧɚɥɨɝɢɱɧɵɟ ɜɵɪɚɠɟɧɢɹ ɦɨɠɧɨ ɧɚɣɬɢ 

ɞɥɹ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ AɄɎ. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ ɦɵ ɢɦɟɟɦμ 

 

√n(n(h) -(С)) → σ (0, а),  

  

ɝɞɟ а ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ Ȼɚɪɬɥɟɬɚμ 
 

w= (1+ ((h)
2
 ) (j) 

2
 + (j) (j+2h) + 

4(h)  (j)(j + h)),  j( +∞, -∞).  

 

Ɉɰɟɧɤɚ ɦɨɦɟɧɬɨɜ. Ɉɛɵɱɧɨ  ɨɰɟɧɤɚ 
ɦɨɦɟɧɬɨɜ ɨɫɧɨɜɚɧ ɧɚ ɫɪɚɜɧɟɧɢɢ ɜɵɛɨɪɤɢ AɄɎ ɫ 
ɟɟ  ɬɟɨɪɟɬɢɱɟɫɤɢɦ  ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ.  ɂɦɟɹ 
ɜɵɛɨɪɤɭ В n = (y1, y2, ..., yn)  ɢɡ ɫɬɚɰɢɨɧɚɪɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɫɨ ɫɪɟɞɧɢɦ ȝ ɢ ɞɢɫɩɟɪɫɢɟɣ D ɢ ɦɨɞɟɥɶ 
ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ  ɫ AɄɎ ɫ p(С) , ɡɚɩɢɲɟɦ 
ɭɪɚɜɧɟɧɢɹ ɦɨɦɟɧɬɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ  ɡɧɚɱɟɧɢɣ Сμ 

p(h)= (h).    

 Ɋɟɲɟɧɢɟ ɷɬɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ p    

ɹɜɥɹɟɬɫɹ ɢɫɬɢɧɧɨɣ ɨɰɟɧɤɨɣ Щ. 
Ⱥɧɚɥɨɝɢɱɧɨ, ɷɬɢ ɭɪɚɜɧɟɧɢɹ ɦɨɠɧɨ 

ɡɚɩɢɫɚɬɶ ɜ ɬɟɪɦɢɧɚɯ ɬɢɩɨɜɵɯ ɚɜɬɨɤɨɪɪɟɥɹɰɢɣμ 
 

p(h)= (h).    

  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ 
ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɭю   ɦɨɞɟɥɶ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ AR 
(1), ɬ.ɟ.  ɦɨɞɟɥɶ  ɜɢɞɚ вt =yt-1 + t.  Ɍɨɝɞɚ ȺɄɎ 
ɨɩɪɟɞɟɥɹɟɬɫɹ  ɮɨɪɦɭɥɨɣ   (h) =|h|

  . Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɦɵ ɦɨɠɟɦ ɩɪɨɜɟɫɬɢ ɨɰɟɧɤɭ ɞɥɹ   ɧɚ 
ɨɫɧɨɜɟ ɭɪɚɜɧɟɧɢɟ  p(1)= (1), ɩɨɥɭɱɚɹ  =(1). 

Ⱦɥɹ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɵɯ ɦɨɞɟɥɟɣ 
ɢɥɢ ɦɨɞɟɥɟɣ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ MA(Щ) 
ɩɪɢɦɟɪɵ ɨɰɟɧɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ Д1Ж. 

Ɉɰɟɧɤɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ. 
ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ двt }  - ɫɬɚɰɢɨɧɚɪɧɵɣ ɝɚɭɫɫɨɜ 
ɩɪɨɰɟɫɫ М ɧɭɥɟɜɵɦ ɫɪɟɞɧɢɦ. Ɏɭɧɤɰɢɹ 
ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ  ɮɨɪɦɭɥɨɣμ 

 

L () = -1/2 Log det D  - 1/2Y D
-1

 Y, 

  

ɝɞɟ, В = (в1, y2, ..., yn), D = VКr (В) ɢ  

ɹɜɥɹɟɬɫɹ ɜɟɤɬɨɪɨɦ ɩɚɪɚɦɟɬɪɨɜ. 
ȼɢɞ ɮɨɪɦɭɥɵ ɨɩɪɟɞɟɥɹɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɜɵɱɢɫɥɟɧɢɹ ɞɟɬɟɪɦɢɧɚɧɬɚ ɢ ɨɛɪɚɬɧɨɣ  ɦɚɬɪɢɰɵ 
ɞɢɫɩɟɪɫɢɢ-ɤɨɜɚɪɢɚɰɢɢ D ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɚɤɫɢɦɭɦɚ  ɮɭɧɤɰɢɢ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ 
ɩɪɚɜɞɨɩɨɞɨɛɢɹ. Эɬɢ ɪɚɫɱɟɬɵ ɦɨɝɭɬ ɛɵɬɶ 
ɩɪɨɜɟɞɟɧɵ ɫ ɩɨɦɨɳɶю ɪɚɡɥɨɠɟɧɢɹ ɏɨɥɟɰɤɨɝɨ  
ɞɥɹ ɦɚɬɪɢɰ,  ɚɥɝɨɪɢɬɦɚ Ⱦɭɪɛɢɧɚ-Ʌɟɜɢɧɫɨɧɚ ɢ ɞɪ. 

Ɇɟɬɨɞ ɞɟɤɨɦɩɨɡɢɰɢɢ ɏɨɥɟɰɤɨɝɨ. 

Уɱɢɬɵɜɚɹ, ɱɬɨ ɦɚɬɪɢɰɚ  D ɹɜɥɹɟɬɫɹ 
ɫɢɦɦɟɬɪɢɱɧɨɣ  ɢ  ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɦɚɬɪɢɰɟɣ, ɟɟ  ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟμ 

D = WW,   



                                   

                                

                                           ɂɇɎɈɊɆȺɌɂɄȺ ɂ ɄɂȻȿɊɇȿɌɂɄȺ                    №  2(8), 2017 

Ⱦɨɧɟɰɤ ȾɨɧɇɌУ 

                                                                                                                              

                                          

 

 
13 

 ɝɞɟ, А - ɜɟɪɯɧɹɹ ɬɪɟɭɝɨɥɶɧɚɹ ɦɚɬɪɢɰɚ. 
Сɨɝɥɚɫɧɨ ɷɬɨɦɭ ɪɚɡɥɨɠɟɧɢю ɏɨɥɟɰɤɨɝɨ, 

ɨɩɪɟɞɟɥɢɬɟɥɶ  D   ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ  ɩɨ ɮɨɪɦɭɥɟμ 
det D = (det W)

2
 =(wjj)

2 
  

 ɝɞɟ, аjj ɨɛɨɡɧɚɱɚɟɬ У-ɣ ɞɢɚɝɨɧɚɥɶɧɵɣ 
ɷɥɟɦɟɧɬ ɦɚɬɪɢɰɵ А. Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɪɚɬɧɚɹ 
ɦɚɬɪɢɰɚ  D 

-1
 ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ , ɤɚɤ D 

-1
=W 

-1
 (W

-1
). 

Ⱥɥɝɨɪɢɬɦ Ⱦɭɪɛɢɧɚ-Ʌɟɜɢɧɫɨɧɚ. 

Ɋɚɡɥɨɠɟɧɢɟ ɏɨɥɟɰɤɨɝɨ ɦɨɠɟɬ ɛɵɬɶ 
ɧɟɷɮɮɟɤɬɢɜɧɵɦ ɞɥɹ  ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɢ 
ɪɚɡɪɚɛɨɬɚɧɵ ɛɨɥɟɟ ɛɵɫɬɪɵɟ ɦɟɬɨɞɵ ɜɵɱɢɫɥɟɧɢɹ 
ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɢ 
ɨɞɧɢɦ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ ɚɥɝɨɪɢɬɦ Ⱦɭɪɛɢɧɚ-

Ʌɟɜɢɧɫɨɧɚ. 
Ⱥɥɝɨɪɢɬɦ Ⱦɭɪɛɢɧɚ-Ʌɟɜɢɧɫɨɧɚ ɢɫɩɨɥɶɡɭɟɬ  

ɫɬɪɭɤɬɭɪɭ Ɍɟɩɥɢɰɚ ɦɚɬɪɢɰɵ ɞɢɫɩɟɪɫɢɢ-

ɤɨɜɚɪɢɚɰɢɢ D. 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ y1 = 0 ɢ yt + 1 = t1yt 

+.. + tty1, t = 1,n-1, ɹɜɥɹюɬɫɹ ɨɞɧɨɲɚɝɨɜɵɦɢ  
ɩɪɨɝɧɨɡɚɦɢ ɩɪɨɰɟɫɫɚ двt ж ɧɚ ɨɫɧɨɜɟ ɤɨɧɟɱɧɨɝɨ 
ɩɪɨɲɥɨɝɨ(в1, y2, ..., yn-1)  , ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɪɟɝɪɟɫɫɢɢ  tj   ɡɚɞɚюɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢμ 
tt = [vt-1]

-1
((t)+S),  ɝɞɟ S=t-1,j (t-j), j=1,t-1, 

tj   =t-1,j   -tt t-1,t-j  ,   j=1,t-1, 

v0 =(0), 

vt = vt-1 (1-(tt)
2
), j     j=1,t-1. 

Ʉɪɨɦɟ ɬɨɝɨ, ɟɫɥɢ Оt = yt -yt ɟɫɬɶ ɨɲɢɛɤɚ 
ɩɪɟɞɫɤɚɡɚɧɢɹ ɢ О = (О1,..,en), ɬɨ E = LВ, ɝɞɟ L - 

ɧɢɠɧɹɹ ɬɪɟɭɝɨɥɶɧɚɹ ɦɚɬɪɢɰɚ. Эɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ 
L ɨɩɪɟɞɟɥɹɟɦ ɫɥɟɞɭюɳɢɦ ɨɛɪɚɡɨɦμ Хij=-i-1,n-j ɩɪɢ 
iУ ɢ Т>1. Ⱦɢɚɝɨɧɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ Хii=1 ɞɥɹ Т=1,Ч. 
Ɉɬɫюɞɚ D    ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ,  ɤɚɤ D = 

LIVL, ɝɞɟ IV   ɟɫɬɶ ɞɢɚɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢɰɚ ɫ 
ɷɥɟɦɟɧɬɚɦɢ  (Я0,  vt ,.. vn-1). 

ɉɨɷɬɨɦɭ НОЭ D = vjj, ɝɞɟ У=0,Ч-1 ɢ В D 
-1

Y= 

eIV
-1

e. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɥɨɝɚɪɢɮɦɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ 
ɩɪɚɜɞɨɩɨɞɨɛɢɹ  ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɤɚɤ 

 

L () = -1/2 Log (vt-1)   - 1/2(et)
2
/ vt-1, 

   

ɢ ɝɪɚɧɢɰɵ ɫɭɦɦɢɪɨɜɚɧɢɹ Э=1,Ч. 
ȼɪɟɦɟɧɧɚɹ  ɫɥɨɠɧɨɫɬɶ ɷɬɨɝɨ ɚɥɝɨɪɢɬɦɚ 

ɞɥɹ ɥɢɧɟɣɧɨɣ ɫɬɚɰɢɨɧɚɪɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɪɚɜɧɚ  τ (Ч2). Ⱦɥɹ ɧɟɤɨɬɨɪɵɯ ɦɚɪɤɨɜɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ, ɬɚɤɢɯ ɤɚɤ ɫɟɦɟɣɫɬɜɨ ARMA, 
ɜɪɟɦɟɧɧɚɹ  ɫɥɨɠɧɨɫɬɶ ɚɥɝɨɪɢɬɦ Ⱦɚɪɛɢɧɚ-

Ʌɟɜɢɧɫɨɧɚ ɦɨɠɟɬ ɛɵɬɶ τ (Ч). Ʉ ɫɨɠɚɥɟɧɢю, ɷɬɨ 
ɫɨɤɪɚɳɟɧɢɟ ɱɢɫɥɚ ɨɩɟɪɚɰɢɣ ɧɟɜɨɡɦɨɠɧɨ ɞɥɹ 
ɦɨɞɟɥɟɣ ARFIMA, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɧɟ ɦɚɪɤɨɜɫɤɢɟ. 

Ɉɰɟɧɤɚ ɞɨɥɝɨɫɪɨɱɧɵɯ  ɩɪɨɰɟɫɫɨɜ. Ɂɞɟɫɶ 
ɦɵ ɨɛɫɭɞɢɦ  ɧɟɤɨɬɨɪɵɟ ɫɩɟɰɢɚɥɶɧɵɟ ɦɟɬɨɞɵ, 
ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɞɥɹ ɪɟɲɟɧɢɹ ɨɰɟɧɤɢ ɞɨɥɝɨɫɪɨɱɧɵɯ 
ɡɚɜɢɫɢɦɵɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ. Сɪɟɞɢ ɷɬɢɯ ɦɟɬɨɞɨɜ 
ɦɵ ɦɨɠɟɦ ɜɵɞɟɥɢɬɶ ɩɪɨɰɟɞɭɪɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɩɪɢɛɥɢɠɟɧɢɹɯ 
ɚɜɬɨɪɟɝɪɟɫɫɢɢ (AR)  ɢ ɦɟɬɨɞɚ ɫɤɨɥɶɡɹɳɟɝɨ 
ɫɪɟɞɧɟɝɨ (MA), ɪɟɝɪɟɫɫɢю ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ 
ɩɟɪɢɨɞɨɝɪɚɦɦɵ, ɢɡɦɟɧɟɧɧɭю ɦɚɫɲɬɚɛɧɭю 
ɫɬɚɬɢɫɬɢɤɭ (R / S), ɚɧɚɥɢɡ ɡɚɜɢɫɢɦɨɫɬɢ ɢ ɚɧɚɥɢɡ ɧɚ 
ɨɫɧɨɜɟ ɜɟɣɜɥɟɬ-ɦɟɬɨɞɚ. 

Ⱥɜɬɨɪɟɝɪɟɫɫɢɨɧɧɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ. Ɍɚɤ 
ɤɚɤ ɜɵɱɢɫɥɟɧɢɟ ɬɨɱɧɵɯ ɨɰɟɧɨɤ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɩɪɚɜɞɨɛɨɞɨɛɢɹ (MLȿ)  ɬɪɟɛɭɟɬ  ɛɨɥɶɲɢɯ  
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ, ɦɧɨɝɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ 
ɪɚɫɫɦɨɬɪɟɥɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɵɯ 
ɩɪɢɛɥɢɠɟɧɢɣ  ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɪɚɫɱɟɬɚ ɨɰɟɧɨɤ 
ɩɚɪɚɦɟɬɪɨɜ. ɉɭɫɬɶ двt: t Гж ɩɪɨɰɟɫɫ ɞɥɢɬɟɥɶɧɨɣ 
ɩɚɦɹɬɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɵɦ 
ɪɚɫɲɢɪɟɧɢɟɦμ 

yt = t +k1 ()yt-1 +k2 ()yt-2 +k3 ()yt-3 +…  ,
  ɝɞɟ, Фj () – ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɚɩɩɪɨɫɢɦɚɰɢɢ. ɉɨɫɤɨɥɶɤɭ ɧɚ ɩɪɚɤɬɢɤɟ  ɞɨɫɬɭɩɧɨ 
ɥɢɲɶ ɤɨɧɟɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɚɛɥюɞɟɧɢɣ (в1, y2, ..., 

yn) , ɪɚɫɫɦɚɬɪɢɜɚɟɦ  ɭɫɟɱɟɧɧɭю ɦɨɞɟɥɶ ɞɥɹ Ц <Э 

n: 

 

yt = t +k1 ()yt-1 +k2 ()yt-2   … +Фm ()yt-m.

   

Ɍɨɝɞɚ ɩɪɢɛɥɢɡɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ n  ɩɨɥɭɱɚɟɬɫɹ 
ɩɭɬɟɦ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɢμ 

 

L1 () =( yt - (k1 ()yt-1 +k2 ()yt-2   … +Фm ()yt-m)
2     

t = m+1,n.  

Ɇɧɨɝɢɟ ɪɚɡɪɚɛɨɬɤɢ  ɦɨɝɭɬ ɛɵɬɶ ɫɞɟɥɚɧɵ 
ɧɚ ɷɬɨɣ ɛɚɡɨɜɨɣ ɫɬɪɭɤɬɭɪɟ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ 
ɥɭɱɲɢɟ ɨɰɟɧɤɢ. Ɉɰɟɧɨɱɧɵɣ ɤɪɢɬɟɪɢɣ, 
ɨɩɪɟɞɟɥɹɟɦɵɣ  ɦɚɤɫɢɦɢɡɚɰɢɟɣ ɚɩɩɪɨɤɫɢɦɚɰɢɹ 
ɮɭɧɤɰɢɢ ɝɚɭɫɫɨɜɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɧɚɡɵɜɚɟɬɫɹ  
ɨɰɟɧɤɨɣ ɤɜɚɡɢɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 
(QMLE). 

Ɇɟɬɨɞ ɨɩɢɫɚɧɢɹ ɢ ɨɰɟɧɤɢ ɜ ɩɟɪɟɦɟɧɧɵɯ 
ɫɨɫɬɨɹɧɢɹ. Эɬɚ ɨɛɳɚɹ ɦɟɬɨɞɨɥɨɝɢɹ ɦɨɠɟɬ ɬɚɤɠɟ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɨɛɪɚɛɨɬɤɢ 
ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ. ɇɚɩɪɢɦɟɪ, 
ɪɚɫɫɦɚɬɪɢɜɚɹ ɭɩɪɨɳɟɧɧɭю ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɭю  
ɦɨɞɟɥɶ ɩɨɪɹɞɤɚ Ц  (AR (Ц)), ɩɨɥɭɱɚɟɦμ 

yt = k1yt-1 +k2yt-2 +…+Фmyt-m +t.  

   

Ɉɬɫюɞɚ, ɦɵ ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ ɫɥɟɞɭюɳɭю 
ɫɢɫɬɟɦɭ ɜ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹμ 

 

xt + 1 = Fxt + H t + 1,    yt = Gxt,  

    

ɝɞɟ, ɫɨɫɬɨɹɧɢɟ ɡɚɞɚɟɬɫɹ ɜɟɤɬɨɪɨɦ бt = [yt, 

yt-1,…, в t-m + 2, y t-m + 1] . 
Ɇɚɬɪɢɰɚ ɩɟɪɟɯɨɞɚ  F ɢɦɟɟɬ ɩɟɪɜɭю 

ɫɬɪɨɤɭ ɪɚɜɧɭю (Ф1,k2,..,km), ɷɥɟɦɟɧɬɵ Пi,i-1=1 ɞɥɹ 
Т=β,Ц. ȼɫɟ ɨɫɬɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɪɚɜɧɵ ɧɭɥю. 

Ɇɚɬɪɢɰɚ ɧɚɛɥюɞɟɧɢɣ G = (1 0 0… 0). 
Ɇɚɬɪɢɰɚ ɲɭɦɚ ɫɨɫɬɨɹɧɢɹ ɞɚɟɬɫɹ ɮɨɪɦɭɥɨɣ ɇ = (1 
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0 0… 0) . Ⱦɢɫɩɟɪɫɢɹ ɲɭɦɚ ɧɚɛɥюɞɟɧɢɹ R = 0, 
ɤɨɜɚɪɢɚɰɢɹ ɦɟɠɞɭ ɲɭɦɨɦ ɫɨɫɬɨɹɧɢɹ ɢ ɲɭɦɨɦ 
ɧɚɛɥюɞɟɧɢɹ S = 0, ɚ ɤɨɜɚɪɢɚɰɢɨɧɧɚɹ ɞɢɫɩɟɪɫɢɹ 
ɦɚɬɪɢɰɚ ɫɨɫɬɨɹɧɢɹ Q  ɢɦɟɟɬ ɜɫɟ ɧɭɥɟɜɵɟ 
ɷɥɟɦɟɧɬɵ, ɤɪɨɦɟ q1,1=

2
. 

ɋɤɨɥɶɡɹɳɢɟ ɫɪɟɞɧɢɟ ɚɩɩɪɨɤɫɢɦɚɰɢɢ. 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɨɣ ɦɟɬɨɞɨɥɨɝɢɟɣ ɩɪɢɛɥɢɠɟɧɢɣ 
ɚɜɬɨɪɟɝɪɟɫɫɢɢ ɹɜɥɹɟɬɫɹ ɭɫɟɱɟɧɢɟ ɪɚɫɲɢɪɟɧɢɹ 
АШХН ɩɪɨɰɟɫɫɚ ɫ ɞɥɢɧɧɨɣ ɩɚɦɹɬɶю. Ⱦɜɚ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɷɬɨɬ ɩɨɞɯɨɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣμ 

ɚ) ɥɟɝɤɭю ɪɟɚɥɢɡɚɰɢю ɪɟɤɭɪɫɢɜɧɵɯ 
ɮɢɥɶɬɪɨɜ  Ʉɚɥɦɚɧɚ; 

ɛ) ɩɪɨɫɬɨɬɚ ɚɧɚɥɢɡɚ ɬɟɨɪɟɬɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ML ɩɨ ɨɰɟɧɤɚɦ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɟɫɥɢ ɜɪɟɦɟɧɧɵɟ ɪɹɞɵ ɫ 
ɛɨɥɶɲɨɣ ɩɚɦɹɬɶю ɪɚɡɥɢɱɚюɬɫɹ, ɬɨ 
ɪɟɡɭɥɶɬɢɪɭюɳɟɟ ɫɤɨɥɶɡɹɳɟɟ ɫɪɟɞɧɟɟ ɭɫɟɱɟɧɢɟ 
ɢɦɟɟɬ ɦɟɧɶɲɭю ɞɢɫɩɟɪɫɢю ɨɲɢɛɨɤ, ɱɟɦ 
ɩɪɢɛɥɢɠɟɧɢɟ ɚɜɬɨɪɟɝɪɟɫɫɢɟɣ. 

Ʉɚɭɡɚɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚ 
ARFIMA (p; d; q) {ytж ɡɚɞɚɟɬɫɹ ɮɨɪɦɭɥɨɣ     вt = 

jεЭ−У, j=0,, ɧɨ ɦɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɟɟ ɩɪɢɛɥɢɠɟɧɢɟ 
yt = jεЭ−У, У=0,Ц. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɵ ɜɦɟɫɬɨ 
MA() ɦɨɞɟɥɢ ɪɚɛɨɬɚɟɦ ɫ MA(Ц) ɦɨɞɟɥɶю. 
Ʉɚɧɨɧɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɞɟɥɢ MA (Ц)  
ɦɨɞɟɥɶю ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ ɞɚɟɬɫɹ 
ɫɨɨɬɧɨɲɟɧɢɹɦɢμ 

 

xt + 1 = Fxt + H t, yt = Gxt+t,  

   

ɝɞɟ, xt = Дв(ЭеЭ−1) в(Э + 1еЭ−1) ··· в(Э + 
Ц−1еЭ−1)Ж, ɚ в(Э + УеЭ−1) = MДвt+j|yЭ−1,yЭ−β,· · ·]. 

Ɇɚɬɪɢɰɵ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ ɜ ɩɟɪɟɦɟɧɧɵɯ 
ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɵ  

 

G =( 1 0 · · ·  0 ), H = [1· · ·m ],  

    

ɚ F ɢɦɟɟɬ ɜɫɟ ɷɥɟɦɟɧɬɵ ɪɚɜɧɵ ɧɭɥю, 
ɤɪɨɦɟ Пi,i+1=1 ɞɥɹ Т=1,Ц-1. 

Ȼɚɣɟɫɨɜɫɤɚɹ ɨɰɟɧɤɚ. Ɋɚɫɫɦɨɬɪɢɦ 
ɧɟɤɨɬɨɪɵɟ ɩɪɢɦɟɧɟɧɢɹ ɛɚɣɟɫɨɜɫɤɨɣ ɦɟɬɨɞɨɥɨɝɢɢ 
ɞɥɹ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ. ȼ ɧɚɲɟɦ 
ɫɥɭɱɚɟ ɨɩɢɲɟɦ ɛɚɣɟɫɨɜɫɤɢɣ ɩɨɞɯɨɞ ɞɥɹ ɚɧɚɥɢɡɚ 
ɩɪɨɰɟɫɫɨɜ ARMA ɢ ARFIMA ɫ ɩɨɦɨɳɶю 
ɦɚɪɤɨɜɫɤɨɣ ɰɟɩɢ (MCMC), ɜɚɠɧɨɝɨ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɨɛɪɚɡɰɨɜ  ɚɩɨɫɬɟɪɢɨɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɦɵ ɨɩɢɫɵɜɚɟɦ ɩɪɢɥɨɠɟɧɢɹ ɚɥɝɨɪɢɬɦɚ 
Ɇɟɬɪɨɩɨɥɢɫɚ-Ƚɚɫɬɢɧɝɫɚ ɢ ɫɷɦɩɥɟɪɚ Ƚɢɛɛɫɚ ɞɥɹ 
ɩɪɨɰɟɫɫɨɜ ɫ ɞɥɢɧɧɨɣ ɩɚɦɹɬɶю. Ɋɟɚɥɢɡɚɰɢɹ ɷɬɢɯ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɞɭɪ ɩɪɨɢɥɥюɫɬɪɢɪɨɜɚɧɚ ɧɚ 
ɩɪɢɦɟɪɟ ɛɚɣɟɫɨɜɫɤɨɣ ɨɰɟɧɤɢ ɫɬɚɰɢɨɧɚɪɧɨɝɨ 
ɝɚɭɫɫɨɜɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. ȼɚɠɧɵɦɢ ɩɪɢ ɷɬɨɦ  
ɹɜɥɹюɬɫɹ ɬɚɤɢɟ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɜɨɩɪɨɫɵ, ɤɚɤ 
ɜɵɛɨɪ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɣ. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɚɧɧɵɟ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ В = 
(y1, ..., yn)  ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɭю ɦɨɞɟɥɶ, 

ɨɩɢɫɵɜɚɟɦɭю ɩɚɪɚɦɟɬɪɨɦ ș. ɉɭɫɬɶ П (веș) - 

ɮɭɧɤɰɢɹ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɦɨɞɟɥɢ ɢ π(ș) - 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɥɹ ɩɚɪɚɦɟɬɪɚ. 
Сɨɝɥɚɫɧɨ ɬɟɨɪɟɦɟ Ȼɚɣɟɫɚ, ɷɦɩɢɪɢɱɟɫɤɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ș ɫ ɭɱɟɬɨɦ ɞɚɧɧɵɯ В 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨμ 

π (ș е В)  П (В е ș) π (ș).   

 Ȼɨɥɟɟ ɤɨɧɤɪɟɬɧɨ, ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ 
ɜɪɟɦɟɧɧɨɣ ɪɹɞ ɫɥɟɞɭɟɬ ɦɨɞɟɥɢ ARFIMA (Щ, Н, q), 
ɨɩɢɫɵɜɚɟɦɨɣ φ (B) (вt -ȝ) = ș (B) (1-B) 

-dεt, ɝɞɟ 
ɦɧɨɝɨɱɥɟɧɵ φ (B) = 1 + φ1B + ··· + φpB

p
 ɢ ș (B) = 1 

+ ș1B + ··· + șpB
q
 ɧɟ ɢɦɟюɬ ɨɛɳɢɯ ɤɨɪɧɟɣ, ɚ дεt} - 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɛɟɥɨɝɨ ɲɭɦɚ ɫ ɧɭɥɟɜɵɦ 
ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɟɦ ɢ ɞɢɫɩɟɪɫɢɟɣ σ2. Ɉɛɨɡɧɚɱɢɦ 
Cd = {d: yt ɫɬɚɰɢɨɧɚɪɧɨ ɢ ɨɛɪɚɬɢɦɨж, Cφ = дφ1, ..., 

φp: yt ɫɬɚɰɢɨɧɚɪɧɨж, ɚ Cș = дș1, ..., șq: yt ɨɛɪɚɬɢɦɨж. 
Ⱦɥɹ ɷɬɨɣ ɦɨɞɟɥɢ ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ ɦɨɠɟɬ ɛɵɬɶ 
ɡɚɩɢɫɚɧ ɤɚɤμ 

 

Θ = (Н, φ1, ..., φp, ș1, ..., șq, ȝ, σ2
),  

  

ɢ ɬɨɝɞɚ  ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ ɦɨɠɟɬ 
ɛɵɬɶ ɜɵɪɚɠɟɧɨ ɤɚɤμ 

 

Θ = Cd × Cφ × Cș × IR × (0, ∞).  

  

ɂɧɨɝɞɚ, ɱɬɨɛɵ ɭɩɪɨɫɬɢɬɶ ɫɩɟɰɢɮɢɤɚɰɢю 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɭ 
ɩɚɪɚɦɟɬɪɨɜ Θ, ɦɨɠɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɧɚɡɧɚɱɟɧɢɹ ɩɪɟɞɵɞɭɳɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɩɨɞɦɧɨɠɟɫɬɜɚɦ ɩɚɪɚɦɟɬɪɨɜ. 
ɇɚɩɪɢɦɟɪ, ɦɵ ɦɨɠɟɦ ɩɪɟɞɩɨɥɚɝɚɬɶ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (U) 

ɞɥɹ Н, φ1, ..., φp ɢ ș1 ..., șq, ɬ. ɟ. Π (Н) = U (Cd), π (φ1, 

..., φp) = U (Cφ) ɢ π (ș1, ..., șq) = U(Cș). Ʉɪɨɦɟ ɬɨɝɨ, 
ɦɵ ɦɨɠɟɦ ɩɪɟɞɩɨɥɚɝɚɬɶ ɧɟɜɟɪɧɵɦ ɩɪɟɠɧɟɟ ȝ, π 
(ȝ)  1 ɢ ɩɪɟɞɲɟɫɬɜɭюɳɟɟ π (σ2) ɞɥɹ σ2. С ɷɬɢɦ 
ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ș 
ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɨ π(ș)π(σ2). Ɉɩɵɬɧɨɟ  
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ș ɡɚɞɚɟɬɫɹμ 

 

π (ș е В) П (В е ș) π (σ2
).   

  

ɉɨɦɢɦɨ ɪɚɫɱɟɬɚ ɷɬɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, 
ɨɛɵɱɧɨ ɜɚɠɧɵ ɨɩɪɟɞɟɥɟɧɢɹ ɨɰɟɧɨɤ Ȼɚɣɟɫɚ ɞɥɹ ș. 
ɇɚɩɪɢɦɟɪ, ɦɨɠɟɦ ɪɚɫɫɦɨɬɪɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ș ɬɚɤ, ɱɬɨɛɵ ɩɨɫɥɟɞɭюɳɢɟ 
ɩɨɬɟɪɢ ɛɵɥɢ ɦɢɧɢɦɚɥɶɧɵɦɢ. 

ɬɨ ɟɫɬɶ, ɟɫɥɢ L (ș, В) - ɮɭɧɤɰɢɹ ɩɨɬɟɪɶ, 
ɬɨμ 

ș = КrРЦТЧ  L (ș, В) π (ș е В) НВ.  

 ȼ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ ɩɪɢ ɤɜɚɞɪɚɬɢɱɧɵɯ 
ɩɨɬɟɪɹɯ L (ș, В) = ееș-Y||

2
 ɦɵ ɢɦɟɟɦ, ɱɬɨ ɨɰɟɧɤɚ ș 

ɹɜɥɹɟɬɫɹ ɨɩɵɬɧɵɦ ɫɪɟɞɧɢɦ ș = M ДșеВЖ. 
ɉɨɥɭɱɟɧɢɟ ɥюɛɨɣ ɢɡ ɷɬɢɯ ɜɟɥɢɱɢɧ ɬɪɟɛɭɟɬ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. ȼɨ ɦɧɨɝɢɯ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɫɢɬɭɚɰɢɹɯ ɪɚɫɱɟɬ ɷɬɢɯ ɢɧɬɟɝɪɚɥɨɜ ɦɨɠɟɬ ɛɵɬɶ 
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ɱɪɟɡɜɵɱɚɣɧɨ ɪɚɡɧɵɦ. ɑɬɨɛɵ ɨɛɨɣɬɢ ɷɬɭ ɩɪɨɛɥɟɦɭ, 
ɜ ɛɚɣɟɫɨɜɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ 
ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɥɨɝɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ, ɱɢɫɥɟɧɧɨɟ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-

Ʉɚɪɥɨ, ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɩɪɢɛɥɢɠɟɧɢɟ Ʌɚɩɥɚɫɚ ɢ 
ɦɟɬɨɞɵ Ɇɚɪɤɨɜɫɤɨɣ ɰɟɩɢ ɢ Ɇɨɧɬɟ-Ʉɚɪɥɨ 
(MCMC). Ɇɵ ɫɨɫɪɟɞɨɬɨɱɢɦɫɹ ɧɚ ɦɟɬɨɞɚɯ MCMC. 

Ɇɚɪɤɨɜɫɤɚɹ ɰɟɩɶ ɢ ɦɟɬɨɞ Ɇɨɧɬɟ-

Ʉɚɪɥɨ. Ⱥɥɝɨɪɢɬɦ MCMC ɫɨɡɞɚɟɬ ɨɛɪɚɡɟɰ 
ɩɪɟɞɫɬɚɜɥɹюɳɟɝɨ ɢɧɬɟɪɟɫ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɦɟɬɨɞɨɦ, ɤɨɬɨɪɵɣ ɨɛɴɟɞɢɧɹɟɬ ɦɟɬɨɞɵ Ɇɨɧɬɟ-

Ʉɚɪɥɨ ɢ ɰɟɩɢ Ɇɚɪɤɨɜɚ. Ɋɚɫɫɦɨɬɪɢɦ, ɧɚɩɪɢɦɟɪ, 
ɱɬɨ ɦɵ ɯɨɬɢɦ ɩɨɥɭɱɢɬɶ ɨɛɪɚɡɟɰ ɡɚɞɧɟɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ π (șеВ). Ⱦɜɭɦɹ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɦɢ 
ɩɪɨɰɟɞɭɪɚɦɢ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɹɜɥɹюɬɫɹ ɚɥɝɨɪɢɬɦ 
Metropolis-HКЬЭТЧРЬ ɢ ɫɷɦɩɥɟɪȽɢɛɛɫɚ. 

Ɍɪɟɧɞɵ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɞɚɧɧɵɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ 
ɹɜɥɹюɬɫɹ ɧɚɥɢɱɢɟ ɜɨɡɪɚɫɬɚюɳɢɯ ɢɥɢ 
ɭɦɟɧɶɲɚюɳɢɯɫɹ ɬɪɟɧɞɨɜ ɧɚɪɹɞɭ ɫ ɢɯ ɪɚɡɪɵɜɚɦɢ. 
Ɉɫɧɨɜɧɨɣ ɜɨɩɪɨɫ, ɤɨɬɨɪɵɣ ɜɨɡɧɢɤɚɟɬ, ɫɨɫɬɨɢɬ ɜ 
ɬɨɦ, ɹɜɥɹюɬɫɹ ɥɢ ɷɬɢ ɬɟɧɞɟɧɰɢɢ ɪɟɡɭɥɶɬɚɬɨɦ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɛɚɡɨɜɨɝɨ ɲɚɛɥɨɧɚ ɢɥɢ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɤɨɩɥɟɧɢю ɫɥɭɱɚɣɧɵɯ ɲɭɦɨɜ  ɫ 
ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. Ʉɨɧɟɱɧɨ, ɧɚɛɥюɞɚɟɦɵɟ 
ɜɪɟɦɟɧɧɵɟ ɪɹɞɵ ɦɨɝɭɬ ɛɵɬɶ ɪɟɡɭɥɶɬɚɬɨɦ 
ɤɨɦɛɢɧɚɰɢɣ ɷɬɢɯ ɞɜɭɯ ɢɥɢ ɞɪɭɝɢɯ ɛɨɥɟɟ ɫɥɨɠɧɵɯ 
ɦɟɯɚɧɢɡɦɨɜ ɝɟɧɟɪɚɰɢɢ ɞɚɧɧɵɯ. Ɇɵ ɫɟɣɱɚɫ 
ɪɚɫɫɦɨɬɪɢɦ ɞɜɚ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɯ ɩɨɞɯɨɞɚ ɤ 
ɩɨɧɢɦɚɧɢю ɢ ɦɨɞɟɥɢɪɨɜɚɧɢю ɬɪɟɧɞɨɜμ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɚɹ ɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɹ 
ɦɟɬɨɞɨɥɨɝɢɢ. 

Ⱦɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɬɪɟɧɞɵ. ɉɪɢ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɦ ɩɨɞɯɨɞɟ ɧɚɛɥюɞɚɟɦɵɣ 
ɩɪɨɰɟɫɫ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɨɛɵɱɧɨ 
ɧɟɢɡɜɟɫɬɧɨɝɨ ɨɫɧɨɜɧɨɝɨ ɲɚɛɥɨɧɚ П (Э) ɢ ɲɭɦɚ εЭ,  

yt = П (Э) + εt. 

ɑɬɨɛɵ ɨɰɟɧɢɬɶ ɬɪɟɧɞ, ɮɭɧɤɰɢю П(Э) 
ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɱɟɪɟɡ ɧɟɤɨɬɨɪɵɣ ɜɟɤɬɨɪ 
ɩɚɪɚɦɟɬɪɨɜ β. ɇɚɩɪɢɦɟɪ, ɦɵ ɦɨɠɟɦ ɧɚɩɢɫɚɬɶ П (Э) 
= β0 + β1xt1 + β2xt2 + ··· + βpxtp, ɝɞɟ бt1, xt2, ..., xtp - 

ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɤɨɜɚɪɢɚɬɵ. ȼ ɱɚɫɬɧɨɫɬɢ, 
ɭɫɬɚɧɚɜɥɢɜɚɹ бtj = t

j, ɦɵ ɦɨɠɟɦ ɝɟɧɟɪɢɪɨɜɚɬɶ 
ɩɨɥɢɧɨɦɢɚɥɶɧɵɣ ɬɪɟɧɞ ɢɥɢ ɩɨɥɢɧɨɦɢɚɥɶɧɭю 
ɪɟɝɪɟɫɫɢю. С ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɟɫɥɢ xtj = ОбЩ (ıУ), ɬɨ 
ɩɨɥɭɱɟɧɧɚɹ ɦɨɞɟɥɶ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɝɚɪɦɨɧɢɱɟɫɤɨɣ 
ɪɟɝɪɟɫɫɢɢ.  

Ⱦɪɭɝɨɣ ɫɩɨɫɨɛ ɡɚɞɚɧɢɹ ɮɭɧɤɰɢɢ П (Э) 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɥɨɤɚɥɶɧɵɟ ɩɨɥɢɧɨɦɵ, ɬɚɤ 
ɱɬɨ ɬɪɟɧɞ ɞɨɫɬɚɬɨɱɧɨ ɝɢɛɤɢɣ, ɱɬɨɛɵ ɮɢɤɫɢɪɨɜɚɬɶ 
ɤɪɚɬɤɨɫɪɨɱɧɵɟ ɢɡɦɟɧɟɧɢɹ ɞɚɧɧɵɯ. ȼ ɷɬɨɦ 
ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɩɨɞɯɨɞɟ ɬɪɟɧɞ ɩɪɨɰɟɫɫɚ вt 

ɥɨɤɚɥɶɧɨ ɨɰɟɧɢɜɚɟɬɫɹ ɤɚɤ  yt = wj yt + j, j(-

Ц,+M) ɩɪɢ Э = Ц + 1, ..., σ -Ц. Ɉɩɬɢɦɚɥɶɧɵɟ ɜɟɫɚ 
wj ɨɛɵɱɧɨ ɩɨɥɭɱɚюɬɫɹ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ 
ɤɭɛɢɱɟɫɤɢɯ ɦɧɨɝɨɱɥɟɧɨɜ ɞɥɹ ɨɰɟɧɤɢ ɡɚɜɢɫɢɦɨɫɬɢ 
ɜ ɪɹɞ вt. 

ɋɬɨɯɚɫɬɢɱɟɫɤɢɟ ɬɪɟɧɞɵ. ȿɫɥɢ 
ɨɫɧɨɜɧɨɣ ɬɪɟɧɞ ɫɱɢɬɚɟɬɫɹ ɫɬɨɯɚɫɬɢɱɟɫɤɢɦ, 
ɧɚɛɥюɞɚɟɦɵɣ ɩɪɨɰɟɫɫ вt ɨɛɵɱɧɨ ɩɨɧɢɦɚɟɬɫɹ ɤɚɤ 
ɪɟɡɭɥɶɬɚɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɥɭɱɚɣɧɵɯ ɭɞɚɪɨɜ, 

 yt = ε1 + ε2 + ··· + εt, ɝɞɟ εt - ɛɟɥɵɣ ɲɭɦ 
ɢɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɟɡɚɜɢɫɢɦɵɯ ɫɥɭɱɚɣɧɵɯ 
ɩɟɪɟɦɟɧɧɵɯ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɞɚɧɧɚɹ 
ɫɟɪɢɹ ɭɞɨɜɥɟɬɜɨɪɹɟɬ вt -yt-1 = (1-B) yt = Δεt. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ 
ɬɪɟɧɞɨɜɵɣ ɩɪɨɰɟɫɫ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹμ 

Δd
yt = εt,    

ɝɞɟ Н - ɢɡɜɟɫɬɧɵɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɩɨɪɹɞɨɤ, ɚ εt 

- ɫɬɚɰɢɨɧɚɪɧɵɣ ɩɪɨɰɟɫɫ. 
Ʉɚɤ ɩɪɚɜɢɥɨ, ɩɪɨɰɟɫɫ, ɭɞɨɜɥɟɬɜɨɪɹюɳɢɣ 

ɷɬɨɦɭ ɭɪɚɜɧɟɧɢю, ɧɚɡɵɜɚɟɬɫɹ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɦ 
ɩɪɨɰɟɫɫɨɦ ɩɨɪɹɞɤɚ Н, I (Н). ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ εt - 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢɡ Т.Т.Н. (ɬ.ɟ. ɫɥɭɱɚɣɧɵɟ 
ɜɟɥɢɱɢɧɵ ɫ ɧɭɥɟɜɵɦ ɫɪɟɞɧɢɦ ɢ ɞɢɫɩɟɪɫɢɹ σ2

).  

Ⱦɢɫɩɟɪɫɢɹ ɩɪɨɰɟɫɫɚ I(Н)  ɪɚɜɧɚ VКr(вt) = 

Эσ2. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɣ ɩɪɨɰɟɫɫ 
ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɨɣ ɜɚɪɢɚɬɢɜɧɨɫɬɶю, ɩɨɫɤɨɥɶɤɭ Э 
ɫɬɪɟɦɢɬɫɹ ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ. ɇɚɩɪɨɬɢɜ, ɩɪɢ ɬɟɯ ɠɟ 
ɭɫɥɨɜɢɹɯ ɞɢɫɩɟɪɫɢɹ ɩɪɨɰɟɫɫɚ ɫ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɦ ɬɪɟɧɞɨɦ ɪɚɜɧɚ VКr (вЭ) = σ. 
ȿɫɬɟɫɬɜɟɧɧɨ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜɚɪɢɚɬɢɜɧɨɫɬɶ ɧɟ 
ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɣ. ȼ ɷɬɨɦ ɫɦɵɫɥɟ ɜɚɠɧɨ 
ɩɪɨɜɟɪɢɬɶ, ɨɛɥɚɞɚɟɬ ɥɢ ɩɪɨɰɟɫɫ ɟɞɢɧɢɱɧɵɦ 
ɤɨɪɧɟɦ, ɬɨ ɟɫɬɶ ɨɧ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɦɭ ɩɪɨɰɟɫɫɭ. 

ɉɪɨɰɟɫɫɵ  ȺɊɂɆȺ. Ⱥɜɬɨɪɟɝɪɟɫɫɢɨɧɧɵɣ 
ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɣ ɫɨ ɫɤɨɥɶɡɹɳɢɦ ɫɪɟɞɧɢɦ 
ɩɪɨɰɟɫɫ ARIMA (Щ, Н, q) вt ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɭɪɚɜɧɟɧɢɟɦμ 

 (B) Δd
yt = ș (B) εt,   

 ɝɞɟ,  (B) - ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɵɣ ɦɧɨɝɨɱɥɟɧ 
ɩɨɪɹɞɤɚ Щ, ɚ ș(B) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɧɨɝɨɱɥɟɧ 
ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ ɩɨɪɹɞɤɚ q,  (B) ɢ ș (B) ɧɟ 
ɢɦɟюɬ ɨɛɳɢɯ ɤɨɪɧɟɣ, ɚ εt - ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɛɟɥɨɝɨ ɲɭɦɚ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɨɰɟɫɫ Δd

yt  

ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɦɨɞɟɥɢ ARMA (Щ, q). 
 

 

Ɇɨɞɟɥɢ ɫɤɪɵɬɵɯ ɰɟɩɟɣ Ɇɚɪɤɨɜɚ 
 

Сɚɦɵɣ ɩɪɨɫɬɨɣ ɫɩɨɫɨɛ ɨɛɪɚɛɨɬɤɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɧɵɯ ɞɚɧɧɵɯ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, 
ɱɬɨɛɵ ɩɪɨɫɬɨ ɢɝɧɨɪɢɪɨɜɚɬɶ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɧɵɟ ɚɫɩɟɤɬɵ ɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 
ɧɚɛɥюɞɟɧɢɹ ɤɚɤ  ɧɟɡɚɜɢɫɢɦɵɟ ɨɞɢɧɚɤɨɜɨ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ  
ɫɨɨɬɜɟɬɫɬɜɭюɳɢɟ ɪɢɫɭɧɤɭ θ. Ɉɞɧɚɤɨ ɩɪɢ ɬɚɤɨɦ 
ɩɨɞɯɨɞɟ ɧɟɜɨɡɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɧɵɟ ɹɜɥɟɧɢɹ ɜ ɞɚɧɧɵɯ, ɬɚɤɢɟ 
ɤɚɤ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɧɚɛɥюɞɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ 
ɛɥɢɡɤɢ ɞɪɭɝ ɤ ɞɪɭɝɭ ɜɨ ɜɪɟɦɟɧɢ. 
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Ɋɢɫɭɧɨɤ θ – Ɇɨɞɟɥɶ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 

ɧɚɛɥюɞɟɧɢɹ 

 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɦɵ ɧɚɛɥюɞɚɟɦ 
ɞɜɨɢɱɧɭю ɩɟɪɟɦɟɧɧɭю, ɨɛɨɡɧɚɱɚюɳɭю, ɛɵɥ ɥɢ ɜ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɞɟɧɶ ɞɨɠɞɟɦ ɢɥɢ ɧɟɬ. Уɱɢɬɵɜɚɹ 
ɜɪɟɦɟɧɧɵɟ ɪɹɞɵ ɧɟɞɚɜɧɢɯ ɧɚɛɥюɞɟɧɢɣ ɡɚ ɷɬɨɣ 
ɩɟɪɟɦɟɧɧɨɣ, ɦɵ ɯɨɬɢɦ ɩɪɟɞɫɤɚɡɚɬɶ, ɛɭɞɟɬ ɥɢ 
ɞɨɠɞɶ ɧɚ ɫɥɟɞɭюɳɢɣ ɞɟɧɶ. ȿɫɥɢ ɦɵ 
ɨɛɪɚɛɚɬɵɜɚɟɦ ɞɚɧɧɵɟ ɤɚɤ ɧɟɡɚɜɢɫɢɦɵɟ ɨɞɢɧɚɤɨɜɨ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ, ɬɨ 
ɟɞɢɧɫɬɜɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ, ɤɨɬɨɪɭю ɦɵ ɦɨɠɟɦ 
ɢɡɜɥɟɱɶ ɢɡ ɞɚɧɧɵɯ, ɹɜɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ 
ɱɚɫɬɨɬɚ ɞɨɠɞɥɢɜɵɯ ɞɧɟɣ. ɇɨ ɧɚ ɩɪɚɤɬɢɤɟ, ɦɵ 
ɡɧɚɟɦ, ɱɬɨ  ɜɟɪɨɹɬɧɨɫɬɶ ɫɟɪɢɢ ɞɨɠɞɥɢɜɵɯ ɞɧɟɣ 
ɬɟɧɞɟɧɰɢɹ ɫɧɢɠɚɟɬɫɹ  ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɞɧɟɣ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɛɥюɞɟɧɢɟ, ɢɞɟɬ ɥɢ ɫɟɝɨɞɧɹ 
ɞɨɠɞɶ, - ɷɬɨ ɡɧɚɱɢɬɟɥɶɧɚɹ ɩɨɦɨɳɶ ɜ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ, ɛɭɞɟɬ ɥɢ ɡɚɜɬɪɚ ɞɨɠɞɶ. ɑɬɨɛɵ 
ɜɵɪɚɡɢɬɶ ɬɚɤɢɟ ɷɮɮɟɤɬɵ ɜ ɜɟɪɨɹɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ, 
ɨɞɧɢɦ ɢɡ ɩɪɨɫɬɟɣɲɢɯ ɫɩɨɫɨɛɨɜ ɧɚɦ ɫɞɟɥɚɬɶ ɷɬɨ 
ɹɜɥɹɟɬɫɹ ɪɚɫɫɦɨɬɪɟɧɢɟ ɦɚɪɤɨɜɫɤɨɣ ɦɨɞɟɥɢ. 

Ȼɟɡ ɨɝɪɚɧɢɱɟɧɢɹ ɨɛɳɧɨɫɬɢ ɦɵ ɦɨɠɟɦ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɚɜɢɥɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɥɹ 
ɜɵɪɚɠɟɧɢɹ ɫɨɜɦɟɫɬɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚɛɥюɞɟɧɢɣ ɜ ɜɢɞɟμ 

 

ɪ (б1, ..., xn) =ɪ (ɯ е б1, ..., ɯn-1), n=1,N. 

   

ȿɫɥɢ ɦɵ ɬɟɩɟɪɶ ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɤɚɠɞɨɟ 
ɢɡ ɭɫɥɨɜɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɧɟ 
ɡɚɜɢɫɢɬ ɨɬ ɜɫɟɯ ɩɪɟɞɵɞɭɳɢɯ ɧɚɛɥюɞɟɧɢɣ, ɤɪɨɦɟ 
ɩɨɫɥɟɞɧɟɝɨ, ɦɵ ɩɨɥɭɱɚɟɦ ɰɟɩɶ Ɇɚɪɤɨɜɚ ɩɟɪɜɨɝɨ 
ɩɨɪɹɞɤɚ, ɤɨɬɨɪɚɹ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 7. 

 

 
Ɋɢɫɭɧɨɤ 7 – Ɇɚɪɤɨɜɫɤɚɹ ɰɟɩɨɱɤɚ 

ɧɚɛɥюɞɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ 

 

Сɨɜɦɟɫɬɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɥɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ σ ɧɚɛɥюɞɟɧɢɣ ɩɨ ɷɬɨɣ 
ɦɨɞɟɥɢ ɞɚɟɬɫɹ ɮɨɪɦɭɥɨɣμ 

 

ɪ (б1, ..., бn) = ɪ (б1) ɪ (ɯn еɯn-1), n=2,N 

   

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɦɵ ɢɫɩɨɥɶɡɭɟɦ 
ɬɚɤɭю ɦɨɞɟɥɶ ɞɥɹ ɩɪɟɞɫɤɚɡɚɧɢɹ ɫɥɟɞɭюɳɟɝɨ 
ɧɚɛɥюɞɟɧɢɹ, ɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɨɝɧɨɡɨɜ ɛɭɞɟɬ 
ɡɚɜɢɫɟɬɶ ɨɬ ɬɨɝɨ, ɱɬɨ ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɫɬɨ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɧɚɛɥюɞɟɧɢɟɦ ɢ ɧɟ ɛɭɞɟɬ 

ɡɚɜɢɫɟɬɶ ɨɬ ɜɫɟɯ ɩɪɟɞɵɞɭɳɢɯ ɧɚɛɥюɞɟɧɢɣ. 
ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɩɪɢɦɟɧɟɧɢɣ ɬɚɤɢɯ 

ɦɨɞɟɥɟɣ ɭɫɥɨɜɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Щ(бn|xn-1), 

ɨɩɪɟɞɟɥɹюɳɢɟ ɦɨɞɟɥɶ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɩɪɟɞɩɨɥɨɠɟɧɢю ɨ ɫɬɚɰɢɨɧɚɪɧɨɦ ɜɪɟɦɟɧɧɨɦ ɪɹɞɭ. 
Ɇɨɞɟɥɶ ɬɨɝɞɚ ɢɡɜɟɫɬɧɚ ɤɚɤ ɨɞɧɨɪɨɞɧɚɹ ɰɟɩɶ 
Ɇɚɪɤɨɜɚ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɭɫɥɨɜɧɵɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɚɜɢɫɹɬ ɨɬ ɧɚɫɬɪɚɢɜɚɟɦɵɯ 
ɩɚɪɚɦɟɬɪɨɜ (ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɛɵɬɶ 
ɜɵɜɟɞɟɧɵ ɢɡ ɧɚɛɨɪɚ ɞɚɧɧɵɯ ɨɛɭɱɟɧɢɹ), ɬɨ ɜɫɟ 
ɭɫɥɨɜɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɰɟɩɨɱɤɟ ɛɭɞɭɬ ɢɦɟɬɶ 
ɨɞɧɢ ɢ ɬɟ ɠɟ ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ. ɏɨɬɹ ɷɬɨ 
ɛɨɥɟɟ ɨɛɳɚɹ, ɱɟɦ ɦɨɞɟɥɶ ɧɟɡɚɜɢɫɢɦɨɫɬɢ, ɨɧɚ ɩɨ-

ɩɪɟɠɧɟɦɭ ɨɱɟɧɶ ɨɝɪɚɧɢɱɟɧɚ. 
Ⱦɥɹ ɦɧɨɝɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɧɵɯ 

ɧɚɛɥюɞɟɧɢɣ ɦɵ ɨɠɢɞɚɟɦ, ɱɬɨ ɬɟɧɞɟɧɰɢɢ ɜ 
ɞɚɧɧɵɯ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɩɪɟɞɵɞɭɳɢɦ ɧɚɛɥюɞɟɧɢɹɦ 
ɩɪɟɞɨɫɬɚɜɹɬ ɜɚɠɧɭю ɢɧɮɨɪɦɚɰɢю ɞɥɹ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɥɟɞɭюɳɟɝɨ ɡɧɚɱɟɧɢɹ. Ɉɞɢɧ ɢɡ 
ɫɩɨɫɨɛɨɜ ɩɨɡɜɨɥɢɬɶ ɛɨɥɟɟ ɪɚɧɧɢɦ ɧɚɛɥюɞɟɧɢɹɦ 
ɢɦɟɬɶ ɜɥɢɹɧɢɟ - ɩɟɪɟɣɬɢ ɤ ɦɚɪɤɨɜɫɤɢɦ ɰɟɩɹɦ 
ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ. ȿɫɥɢ ɦɵ ɞɨɩɭɫɬɢɦ, ɱɬɨ 
ɩɪɟɞɫɤɚɡɚɧɢɹ ɛɭɞɭɬ ɡɚɜɢɫɟɬɶ ɢ ɨɬ ɩɪɟɞɵɞɭɳɟɝɨ 
ɡɧɚɱɟɧɢɹ, ɦɵ ɩɨɥɭɱɢɦ ɰɟɩɶ Ɇɚɪɤɨɜɚ ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɭю ɧɚ ɪɢɫɭɧɤɟ 8. 

 

 
Ɋɢɫɭɧɨɤ 8 – Ɇɚɪɤɨɜɫɤɚɹ ɰɟɩɨɱɤɚ 

ɧɚɛɥюɞɟɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

 

Сɨɜɦɟɫɬɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɥɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ σ ɧɚɛɥюɞɟɧɢɣ ɩɨ ɷɬɨɣ 
ɦɨɞɟɥɢ ɞɚɟɬɫɹ ɮɨɪɦɭɥɨɣμ 

 

ɪ (x1, ..., xn) = ɪ(б1) ɪ(ɯ1еɯ2) ɪ(ɯnеɯn-1, ɯn-1), n=3,N. 

  

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɦɵ ɦɨɠɟɦ 
ɪɚɫɫɦɨɬɪɟɬɶ ɪɚɫɲɢɪɟɧɢɹ ɤ ɰɟɩɢ Ɇɚɪɤɨɜɚ Ɇ-ɝɨ 
ɩɨɪɹɞɤɚ, ɜ ɤɨɬɨɪɨɣ ɭɫɥɨɜɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɥɹ 
ɤɨɧɤɪɟɬɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɡɚɜɢɫɢɬ ɨɬ ɩɪɟɞɵɞɭɳɢɯ 
M ɩɟɪɟɦɟɧɧɵɯ. Ɇɵ ɡɚɩɥɚɬɢɥɢ ɡɚ ɷɬɭ ɨɛɳɧɨɫɬɶ, 
ɩɨɫɤɨɥɶɤɭ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ ɜ ɦɨɞɟɥɢ 
ɬɟɩɟɪɶ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ 
ɧɚɛɥюɞɟɧɢɹ ɹɜɥɹюɬɫɹ ɞɢɫɤɪɟɬɧɵɦɢ ɩɟɪɟɦɟɧɧɵɦɢ 
ɫ K ɫɨɫɬɨɹɧɢɹɦɢ. Ɍɨɝɞɚ ɭɫɥɨɜɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
p(xn | xn-1) ɜ ɦɚɪɤɨɜɫɤɨɣ ɰɟɩɨɱɤɟ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ 
ɛɭɞɟɬ ɡɚɞɚɧɨ ɧɚɛɨɪɨɦ ɢɡ K-1 ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ 
ɤɚɠɞɨɝɨ ɢɡ K-ɫɨɫɬɨɹɧɢɣ бn-1, ɞɚюɳɢɦ ɨɛɳɟɟ 
ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ K (K -1). ɉɪɟɞɩɨɥɨɠɢɦ 
ɬɟɩɟɪɶ, ɱɬɨ ɦɵ ɪɚɫɩɪɨɫɬɪɚɧɢɦ ɦɨɞɟɥɶ ɧɚ ɰɟɩɶ 
Ɇɚɪɤɨɜɚ Ɇ-ɝɨ ɩɨɪɹɞɤɚ, ɬɚɤ ɱɬɨ ɫɨɜɦɟɫɬɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɪɨɢɬɫɹ ɢɡ ɭɫɥɨɜɢɣ Щ (бn | xn-M, ..., 

xn-1). ȿɫɥɢ ɩɟɪɟɦɟɧɧɵɟ ɞɢɫɤɪɟɬɧɵ, ɢ ɟɫɥɢ 
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ɭɫɥɨɜɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɛɳɢɦɢ 
ɭɫɥɨɜɧɵɦɢ ɬɚɛɥɢɰɚɦɢ ɜɟɪɨɹɬɧɨɫɬɢ, ɬɨ ɱɢɫɥɨ 
ɩɚɪɚɦɟɬɪɨɜ ɜ ɬɚɤɨɣ ɦɨɞɟɥɢ ɛɭɞɟɬ ɢɦɟɬɶ 
ɩɚɪɚɦɟɬɪɵ KM-1 

(K -1). ɉɨɫɤɨɥɶɤɭ ɷɬɨ ɜɵɪɚɠɟɧɢɟ 
ɪɚɫɬɟɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɫ M, ɷɬɨɬ ɩɨɞɯɨɞ ɹɜɧɨ 
ɧɟɰɟɥɟɫɨɨɛɪɚɡɟɧ ɞɥɹ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ M. 

Ⱦɥɹ ɧɟɩɪɟɪɵɜɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɦɵ ɦɨɠɟɦ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɢɧɟɣɧɨ-ɝɚɭɫɫɨɜɵɟ ɭɫɥɨɜɧɵɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɤɚɠɞɵɣ ɭɡɟɥ ɢɦɟɟɬ 
ɝɚɭɫɫɨɜɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 
ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ ɟɝɨ ɢɥɢ 
ɪɨɞɢɬɟɥɟɣ. Эɬɨ ɢɡɜɟɫɬɧɨ ɤɚɤ, ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɚɹ 
AR-ɦɨɞɟɥɶ. 

Ɇɵ ɦɨɠɟɦ ɜɜɟɫɬɢ  ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɫɤɪɵɬɵɟ ɩɟɪɟɦɟɧɧɵɟ, ɱɬɨɛɵ ɦɨɠɧɨ ɛɵɥɨ 
ɩɨɫɬɪɨɢɬɶ ɛɨɝɚɬɵɣ ɤɥɚɫɫ ɦɨɞɟɥɟɣ ɢɡ ɩɪɨɫɬɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɧɚɛɥюɞɟɧɢɹ бn 

ɜɜɨɞɢɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭюɳɚɹ ɫɤɪɵɬɚɹ ɩɟɪɟɦɟɧɧɚɹ гn 

(ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɧɨɝɨ ɬɢɩɚ ɢɥɢ ɢɧɨɣ 
ɪɚɡɦɟɪɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɛɥюɞɚɟɦɨɣ 
ɩɟɪɟɦɟɧɧɨɣ). 

ȿɫɥɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɷɬɢ ɫɤɪɵɬɵɟ 
ɩɟɪɟɦɟɧɧɵɟ ɨɛɪɚɡɭюɬ ɰɟɩɶ Ɇɚɪɤɨɜɚ, ɬɨ ɢɦɟɟɦ  
ɢɡɜɟɫɬɧɭю ɦɨɞɟɥɶ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɨɹɧɢɣ, 
ɤɨɬɨɪɚɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ λ. 

 

 
Ɋɢɫɭɧɨɤ λ – Ɇɚɪɤɨɜɫɤɚɹ ɰɟɩɨɱɤɚ ɞɥɹ 

ɫɤɪɵɬɵɯ ɩɟɪɟɦɟɧɧɵɯ 

 

Сɨɜɦɟɫɬɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɥɹ ɷɬɨɣ 
ɦɨɞɟɥɢ ɞɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦμ 

 

p (x1, ..., xN, z1, ..., zN) = ɪ (г1) [ɪ(гn |zn-1), 

n=2,N]ɪ(ɯk |zk) , k=1,N.    

 

Ɇɵ ɜɢɞɢɦ, ɱɬɨ ɜɫɟɝɞɚ ɫɭɳɟɫɬɜɭɟɬ ɩɭɬɶ, 
ɫɨɟɞɢɧɹюɳɢɣ ɥюɛɵɟ ɞɜɟ ɧɚɛɥюɞɚɟɦɵɟ 
ɩɟɪɟɦɟɧɧɵɟ бn ɢ бm ɱɟɪɟɡ ɫɤɪɵɬɵɟ ɩɟɪɟɦɟɧɧɵɟ, ɢ 
ɱɬɨ ɷɬɨɬ ɩɭɬɶ ɧɢɤɨɝɞɚ ɧɟ ɛɥɨɤɢɪɭɟɬɫɹ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɫɤɚɡɚɬɟɥɶɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ Щ (бn+1 | x1, ..., xn) ɞɥɹ ɧɚɛɥюɞɟɧɢɹ 
xn + 1 ɩɪɢ ɜɫɟɯ ɩɪɟɞɵɞɭɳɢɯ ɧɚɛɥюɞɟɧɢɹɯ ɧɟ ɢɦɟɟɬ 
ɧɢɤɚɤɢɯ ɭɫɥɨɜɧɵɯ ɫɜɨɣɫɬɜ ɧɟɡɚɜɢɫɢɦɨɫɬɢ, 
ɩɨɷɬɨɦɭ ɧɚɲɢ ɩɪɟɞɫɤɚɡɚɧɢɹ ɞɥɹ бn+1 ɡɚɜɢɫɹɬ ɨɬ 
ɜɫɟɯ ɩɪɟɞɵɞɭɳɢɯ ɧɚɛɥюɞɟɧɢɣ. 

Ɉɞɧɚɤɨ ɧɚɛɥюɞɚɟɦɵɟ ɩɟɪɟɦɟɧɧɵɟ ɧɟ 
ɭɞɨɜɥɟɬɜɨɪɹюɬ ɦɚɪɤɨɜɫɤɨɦɭ ɫɜɨɣɫɬɜɭ ɜ ɥюɛɨɦ 
ɩɨɪɹɞɤɟ. Сɭɳɟɫɬɜɭюɬ ɞɜɟ ɜɚɠɧɵɟ ɦɨɞɟɥɢ ɞɥɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚюɬɫɹ 
ɪɢɫɭɧɤɨɦ λ. 

ȿɫɥɢ ɫɤɪɵɬɵɟ ɩɟɪɟɦɟɧɧɵɟ ɞɢɫɤɪɟɬɧɵ, ɬɨ 

ɦɵ ɩɨɥɭɱɚɟɦ ɫɤɪɵɬɭю ɦɚɪɤɨɜɫɤɭю ɦɨɞɟɥɶ ɢɥɢ 
(HMM). ȿɫɥɢ ɢ ɫɤɪɵɬɵɟ, ɢ ɧɚɛɥюɞɚɟɦɵɟ 
ɩɟɪɟɦɟɧɧɵɟ ɹɜɥɹюɬɫɹ ɝɚɭɫɫɨɜɵɦɢ, ɬɨ ɦɵ ɢɦɟɟɦ 
ɥɢɧɟɣɧɭю ɞɢɧɚɦɢɱɟɫɤɭю ɫɢɫɬɟɦɭ. 

Ʉɚɤ ɭɤɚɡɚɧɨ ɪɚɧɟɟ, ɫɤɪɵɬɭю ɦɚɪɤɨɜɫɤɭю 
ɦɨɞɟɥɶ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ, ɤɚɤ ɤɨɧɤɪɟɬɧɵɣ 
ɷɤɡɟɦɩɥɹɪ ɦɨɞɟɥɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɨɹɧɢɣ ɧɚ 
ɪɢɫɭɧɤɟ λ, ɜ ɤɨɬɨɪɨɣ ɫɤɪɵɬɵɟ ɩɟɪɟɦɟɧɧɵɟ 
ɞɢɫɤɪɟɬɧɵ. Ɉɞɧɚɤɨ, ɟɫɥɢ ɦɵ ɪɚɫɫɦɨɬɪɢɦ ɨɞɢɧ 
ɜɪɟɦɟɧɧɨɣ ɫɪɟɡ ɦɨɞɟɥɢ, ɦɵ ɭɜɢɞɢɦ, ɱɬɨ ɨɧɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɟɪɨɹɬɧɨɫɬɧɨɦɭ ɫɦɟɲɚɧɧɨɦɭ 
ɪɚɫɩɪɟɞɟɥɟɧɢю ɫɦɟɫɢ ɫ ɩɥɨɬɧɨɫɬɹɦɢ ɤɨɦɩɨɧɟɧɬ, 
ɡɚɞɚɧɧɵɦɢ Щ(бег). ɉɨɷɬɨɦɭ ɟɝɨ ɦɨɠɧɨ ɬɚɤɠɟ 
ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɪɚɫɲɢɪɟɧɢɟ ɫɦɟɲɚɧɧɨɣ 
ɦɨɞɟɥɢ, ɜ ɤɨɬɨɪɨɣ ɜɵɛɨɪ ɤɨɦɩɨɧɟɧɬɚ ɫɦɟɫɢ ɞɥɹ 
ɤɚɠɞɨɝɨ ɧɚɛɥюɞɟɧɢɹ ɧɟ ɜɵɛɢɪɚɟɬɫɹ ɧɟɡɚɜɢɫɢɦɨ, ɚ 
ɡɚɜɢɫɢɬ ɨɬ ɜɵɛɨɪɚ ɤɨɦɩɨɧɟɧɬɚ ɞɥɹ ɩɪɟɞɵɞɭɳɟɝɨ 
ɧɚɛɥюɞɟɧɢɹ. HMM ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 
ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɪɟɱɢ, ɦɨɞɟɥɢɪɨɜɚɧɢɢ 
ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɹɡɵɤɚ, ɨɧ-ɥɚɣɧ ɪɚɫɩɨɡɧɚɜɚɧɢɟ 
ɪɭɤɨɩɢɫɧɨɝɨ ɜɜɨɞɚ, ɚɧɚɥɢɡɭ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɬɚɤɢɯ ɤɚɤ ɛɟɥɤɢ, ȾɇɄ ɢ ɬ.ɩ.. 
Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫɬɚɧɞɚɪɬɧɨɣ ɦɨɞɟɥɢ ɫɦɟɫɢ, 
ɫɤɪɵɬɵɟ ɩɟɪɟɦɟɧɧɵɟ ɹɜɥɹюɬɫɹ ɞɢɫɤɪɟɬɧɵɦɢ 
ɦɧɨɝɨɱɥɟɧɧɵɦɢ ɩɟɪɟɦɟɧɧɵɦɢ гn, ɨɩɢɫɵɜɚюɳɢɦɢ, 
ɤɚɤɚɹ ɤɨɦɩɨɧɟɧɬɚ ɫɦɟɫɢ ɨɬɜɟɱɚɟɬ ɡɚ 
ɝɟɧɟɪɢɪɨɜɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭюɳɟɝɨ ɧɚɛɥюɞɟɧɢɹ. 

Ɇɵ ɨɩɪɟɞɟɥɹɟɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɜɟɪɨɹɬɧɨɫɬɢ гn ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɨɹɧɢɹ 
ɩɪɟɞɵɞɭɳɟɣ ɫɤɪɵɬɨɣ ɩɟɪɟɦɟɧɧɨɣ гn-1 ɱɟɪɟɡ 
ɭɫɥɨɜɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪ (гn |zn-1). ɉɨɫɤɨɥɶɤɭ 
ɫɤɪɵɬɵɟ ɩɟɪɟɦɟɧɧɵɟ ɹɜɥɹюɬɫɹ K-ɦɟɪɧɵɦɢ 
ɞɜɨɢɱɧɵɦɢ ɩɟɪɟɦɟɧɧɵɦɢ, ɷɬɨ ɭɫɥɨɜɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɚɛɥɢɰɟ ɱɢɫɟɥ, 
ɤɨɬɨɪɭю ɦɵ ɨɛɨɡɧɚɱɚɟɦ A, ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɣ 
ɢɡɜɟɫɬɧɵ ɤɚɤ ɜɟɪɨɹɬɧɨɫɬɢ ɩɟɪɟɯɨɞɚ. Ɉɧɢ ɡɚɞɚюɬɫɹ 
Ajk ≡ Щ (гnk = 1 | zn-1, j = 1), ɚ ɬɚɤ, ɤɚɤ ɨɧɢ ɹɜɥɹюɬɫɹ 
ɜɟɪɨɹɬɧɨɫɬɹɦɢ, ɨɧɢ ɭɞɨɜɥɟɬɜɨɪɹюɬ ɭɫɥɨɜɢɹɦ 0 

Ajk1 ɢ  Ajk = 1,Ф=1,K,  ɬɚɤ ɱɬɨ ɦɚɬɪɢɰɚ A ɢɦɟɟɬ 
K (K-1) ɧɟɡɚɜɢɫɢɦɵɯ ɩɚɪɚɦɟɬɪɚ. 

Ɇɚɬɪɢɰɭ ɩɟɪɟɯɨɞɚ ɢɧɨɝɞɚ ɢɥɥюɫɬɪɢɪɭюɬ 
ɞɢɚɝɪɚɦɦɨɣ, ɪɢɫɭɹ ɫɨɫɬɨɹɧɢɹ ɤɚɤ ɭɡɥɵ ɧɚ 
ɞɢɚɝɪɚɦɦɟ ɩɟɪɟɯɨɞɚ ɫɨɫɬɨɹɧɢɹ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 10 ɞɥɹ ɫɥɭɱɚɹ K = γ. ɉɨɞɱɟɪɤɧɟɦ, ɱɬɨ 
ɭɡɥɵ ɧɟ ɹɜɥɹюɬɫɹ ɨɬɞɟɥɶɧɵɦɢ ɩɟɪɟɦɟɧɧɵɦɢ, ɚ 
ɫɨɫɬɨɹɧɢɹɦɢ ɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɩɨɷɬɨɦɭ ɦɵ 
ɩɨɤɚɡɚɥɢ ɫɨɫɬɨɹɧɢɹ ɤɚɤ ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ, ɚ ɧɟ 
ɤɪɭɠɤɢ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɢɦɟɟɦ  ɦɨɞɟɥɶ,  ɱɶɢ 
ɫɤɪɵɬɵɟ ɩɟɪɟɦɟɧɧɵɟ ɢɦɟюɬ ɬɪɢ ɜɨɡɦɨɠɧɵɯ 
ɫɨɫɬɨɹɧɢɹ. ɂɧɨɝɞɚ ɩɨɥɟɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɞɢɚɝɪɚɦɦɭ ɩɟɪɟɯɨɞɚ ɫɨɫɬɨɹɧɢɣ, ɩɨɤɚɡɚɧɧɭю ɧɚ 
ɪɢɫɭɧɤɟ 10, ɢ ɪɚɡɜɨɪɚɱɢɜɚɬɶ ɟɟ ɫɨ ɜɪɟɦɟɧɟɦ.  
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Ɋɢɫɭɧɨɤ 10 – Ⱦɢɚɝɪɚɦɦɚ ɩɟɪɟɯɨɞɚ ɞɥɹ 

ɦɨɞɟɥɢ ɫ Ʉ=γ. 
ɑɟɪɧɵɟ ɥɢɧɢɢ ɨɛɨɡɧɚɱɚюɬ ɷɥɟɦɟɧɬɵ 

ɩɟɪɟɯɨɞɧɨɣ ɦɚɬɪɢɰɵ Ajk. 

ȿɫɥɢ ɪɚɡɜɟɪɧɭɬɶ ɞɢɚɝɪɚɦɦɭ ɩɟɪɟɯɨɞɚ 
ɫɨɫɬɨɹɧɢɣ ɧɚ ɪɢɫ. 10 ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ, ɦɵ 
ɩɨɥɭɱɢɦ ɪɟɲɟɬɱɚɬɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɫɤɪɵɬɵɯ 
ɫɨɫɬɨɹɧɢɣ. Ʉɚɠɞɵɣ ɫɬɨɥɛɟɰ ɷɬɨɣ ɞɢɚɝɪɚɦɦɵ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɧɨɣ ɢɡ ɫɤɪɵɬɵɯ ɩɟɪɟɦɟɧɧɵɯ гn. 

Эɬɨ ɞɚɟɬ ɚɥɶɬɟɪɧɚɬɢɜɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 
ɩɟɪɟɯɨɞɨɜ ɦɟɠɞɭ ɫɤɪɵɬɵɦɢ ɫɨɫɬɨɹɧɢɹɦɢ, 
ɢɡɜɟɫɬɧɵɦɢ ɤɚɤ ɪɟɲɟɬɱɚɬɚɹ ɞɢɚɝɪɚɦɦɚ, ɢ 
ɤɨɧɤɪɟɬɧɚɹ ɞɢɚɝɪɚɦɦɚ  ɩɨɤɚɡɚɧɚ ɞɥɹ ɫɥɭɱɚɹ 
ɫɤɪɵɬɨɣ ɦɚɪɤɨɜɫɤɨɣ ɦɨɞɟɥɢ ɧɚ ɪɢɫɭɧɤɟ 11. 

 

 
Ɋɢɫɭɧɨɤ 11 – . Ɋɚɡɜɟɪɧɭɬɚɹ ɞɢɚɝɪɚɦɦɚ 

ɩɟɪɟɯɨɞɚ ɞɥɹ ɦɨɞɟɥɢ ɫ Ʉ=γ. 
 

Ɋɟɚɥɢɡɨɜɚɧɧɵɟ ɚɥɝɨɪɢɬɦɵ 
ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ 
ɫɤɪɵɬɵɯ ɰɟɩɟɣ Ɇɚɪɤɨɜɚ 

 

Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ 
ɬɪɟɣɞɢɧɝɚ ɧɚ ɪɵɧɤɟ ɚɤɰɢɣ ɹɜɥɹɟɬɫɹ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɰɟɧ. Ɉɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɨɛ ɨɬɤɪɵɬɢɢ ɢ ɡɚɤɪɵɬɢɢ 
ɩɨɡɢɰɢɢ ɢ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɰɟɧɨɜɵɯ 
ɪɢɫɤɨɜ.  

ɉɨɷɬɨɦɭ ɥюɛɚɹ ɬɨɪɝɨɜɚɹ ɫɢɫɬɟɦɚ ɧɚ 
ɮɨɧɞɨɜɨɦ ɪɵɧɤɟ ɫɨɫɬɨɢɬ ɢɡ γ ɨɫɧɨɜɧɵɯ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜμ ɛɥɨɤ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɰɟɧ ɢ ɜɵɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɤ ɨɬɤɪɵɬɢю / ɡɚɤɪɵɬɢю 
ɩɨɡɢɰɢɣ; ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɤɚɩɢɬɚɥɨɦ; ɛɥɨɤ 
ɭɩɪɚɜɥɟɧɢɹ ɪɢɫɤɚɦɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɫɥɟɞɭɟɦɵɯ ɞɚɧɧɵɯ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɡɧɚɱɟɧɢɹ ɤɨɬɢɪɨɜɨɤ ɢɧɞɟɤɫɚ Ⱦɨɭ-

Ⱦɠɨɧɫɚ ɡɚ β01θ ɝɨɞ. ɉɪɨɝɧɨɡ ɧɚ ɫɥɟɞɭюɳɢɣ 
ɜɪɟɦɟɧɧɨɣ ɢɧɬɟɪɜɚɥ (ɫɥɟɞɭюɳɢɣ ɞɟɧɶ) 
ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɧɚ ɨɫɧɨɜɟ ɫɥɟɞɭюɳɢɯ ɞɜɭɯ 
ɚɥɝɨɪɢɬɦɚ. 

 
Ⱥɥɝɨɪɢɬɦ Ⱥ. 
 

ɚ) Ɂɚɞɚɟɦ ɮɚɣɥ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ; 
ɛ) Ɉɩɪɟɞɟɥɹɟɦ ɤɨɥɢɱɟɫɬɜɨ ɢɫɯɨɞɧɵɯ 

ɬɨɱɟɤ (σ) ɢ ɱɢɫɥɨ ɫɨɫɬɨɹɧɢɣ (qЮКЧЭТЭвIЧЭОrЯ); 
Ƚɨɬɨɜɢɦ ɦɚɫɫɢɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ЩrОDКЭК) ɫ 
ɞɥɢɧɨɣ, ɪɚɜɧɨɣ ɤɨɥɢɱɟɫɬɜɭ ɢɫɯɨɞɧɵɯ ɬɨɱɟɤ, ɫШЧ 
– ɦɚɬɪɢɰɚ ɫ qЮКЧЭТЭвIЧЭОrЯ ɫɬɪɨɤ ɢ qЮКЧЭТЭвIЧЭОrЯ 
ɫɬɨɥɛɰɨɜ. ȼɵɩɨɥɧɹɟɦ  ɨɛɧɭɥɟɧɢɟ  ɦɚɬɪɢɰ. 

ɜ) ɉɟɪɟɦɟɧɧɚɹ quantityInterv 

ɨɩɪɟɞɟɥɹɟɬ ɤɨɥɢɱɟɫɬɜɨ ɢɧɬɟɪɜɚɥɨɜ, ɧɚ ɤɨɬɨɪɵɟ 
ɛɭɞɟɬ ɪɚɡɞɟɥɟɧɚ ɢɫɯɨɞɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɞɚɧɧɵɯ ɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɨɫɬɚɬɨɤ ɨɬ ɞɟɥɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜɚ ɢɫɯɨɞɧɵɯ ɬɨɱɟɤ σ ɧɚ ɱɢɫɥɨ 
ɫɨɫɬɨɹɧɢɣ Ф; 

ɝ) С ɩɨɦɨɳɶю ɰɢɤɥɚ ɨɩɪɟɞɟɥɹɟɦ 
ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ, ɩɨɩɚɜɲɢɯ ɜ ɤɚɠɞɵɣ ɢɧɬɟɪɜɚɥ, 
ɨɫɬɚɬɨɤ ɪɚɡɛɪɚɫɵɜɚɟɬɫɹ ɜ ɩɟɪɜɵɟ  ɢɧɬɟɪɜɚɥɨɜ; 

ɞ) Ⱦɚɥɟɟ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɝɪɚɧɢɰɵ 
ɢɧɬɟɪɜɚɥɨɜ ɢ ɜɵɩɨɥɧɹɟɦ ɪɚɡɛɪɨɫ ɜɵɯɨɞɧɵɯ 
ɞɚɧɧɵɯ ɫɨɝɥɚɫɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɦ  ɪɚɧɟɟ 
ɝɪɚɧɢɰɚɦ; 

ɟ) ȼɵɱɢɫɥɹɟɦ ɜɟɪɨɹɬɧɨɫɬɢ ɩɟɪɟɯɨɞɚ ɢɡ 
ɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ; 

ɠ) ȼɵɛɢɪɚɟɬɫɹ ɤɥɚɫɬɟɪ ɫɨɫɬɨɹɧɢɣ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ, ɬɨ ɟɫɬɶ ɝɪɭɩɩɚ ɫɨɫɟɞɧɢɯ 
ɫɨɫɬɨɹɧɢɣ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶю, ɧɚ 
ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɪɨɝɧɨɡɧɨɟ 
ɡɧɚɱɟɧɢɟ ɧɚ ɫɥɟɞɭюɳɢɣ ɜɪɟɦɟɧɧɨɣ ɢɧɬɟɪɜɚɥ ɢ 
ɜɟɪɨɹɬɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɤɭɪɫɚ ɚɤɰɢɣ. 

 
Ⱥɥɝɨɪɢɬɦ Ȼ 
 

ȼɨ ɜɬɨɪɨɦ ɜɚɪɢɚɧɬɟ ɪɚɫɱɟɬɚ ɜɟɫɶ 
ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɫɢɝɧɚɥɚμ 

ɚ) ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɢɧɬɟɪɜɚɥɵ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɲɢɪɢɧɵ (ТЧЭОrЯ), ɧɚɱɢɧɚɹ ɨɬ 
ɦɢɧɢɦɚɥɶɧɨɝɨ (MIσ) ɭɪɨɜɧɹ ɢ ɡɚɜɟɪɲɚɹ 
ɦɚɤɫɢɦɚɥɶɧɵɦ (MAБ), ɤɚɠɞɵɣ ɢɧɬɟɪɜɚɥ 
ɫɱɢɬɚɟɬɫɹ ɫɨɫɬɨɹɧɢɟɦ Ɇɚɪɤɨɜɫɤɨɣ ɰɟɩɢ, ɢ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɱɢɫɥɟɧɧɵɦ ɡɧɚɱɟɧɢɟɦ; 

ɛ) ɫɞɜɢɝ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɧɚ ɢɧɬɟɪɜɚɥɵ 
ɨɩɪɟɞɟɥɹɟɦ ɤɚɤ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɦɢɧɢɦɚɥɶɧɵɦ ɢ 
ɦɚɤɫɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦɢ ɪɚɡɞɟɥɟɧɧɭю ɧɚ 
ɱɢɫɥɨ ɫɨɫɬɨɹɧɢɣ; 

ɜ) ɨɩɪɟɞɟɥɹɟɦ ɧɚɱɚɥɶɧɨɟ ɢ ɤɨɧɟɱɧɨɟ 
ɡɧɚɱɟɧɢɟ ɢɧɬɟɪɜɚɥɨɜ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɜɤɥюɱɢɬɶ 
ɩɟɪɜɨɟ ɢ ɩɨɫɥɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɢɫɯɨɞɧɨɣ ɜɵɛɨɪɤɢ 
ɩɪɢ ɪɚɫɱɟɬɚɯ; 

ɝ) ɞɚɥɟɟ ɫ ɩɨɦɨɳɶю ɪɚɫɫɱɢɬɚɧɧɨɝɨ 
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ɪɚɧɟɟ ɫɞɜɢɝɚ ɨɩɪɟɞɟɥɹɟɦ ɝɪɚɧɢɰɵ ɢɧɬɟɪɜɚɥɨɜ, 
ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ, ɩɨɩɚɜɲɢɯ ɜ 
ɤɚɠɞɵɣ ɢɧɬɟɪɜɚɥ, ɧɚ ɨɫɧɨɜɟ ɷɬɨɣ ɢɧɮɨɪɦɚɰɢɢ 
ɨɩɪɟɞɟɥɹюɬɫɹ ɜɟɪɨɹɬɧɨɫɬɢ ɩɟɪɟɯɨɞɚ ɢɡ ɨɞɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ ɢ ɫɬɪɨɢɬɫɹ ɦɚɬɪɢɰɚ 
ɩɟɪɟɯɨɞɧɵɯ ɜɟɪɨɹɬɧɨɫɬɟɣ. Ⱦɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɫɥɟɞɭюɳɟɝɨ ɰɟɧɨɜɨɝɨ ɭɪɨɜɧɹ ɨɩɪɟɞɟɥɹɟɦ, ɜ 
ɤɚɤɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɩɚɥɨ ɷɬɨ ɡɧɚɱɟɧɢɟ, ɛɟɪɟɦ 
ɜɵɱɢɫɥɟɧɧɵɟ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɲɚɝɟ ɜɟɪɨɹɬɧɨɫɬɢ 
ɩɟɪɟɯɨɞɨɜ ɢɡ ɷɬɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɜɡɜɟɲɢɜɚɟɦ ɩɨ 
ɷɬɢɦ ɜɟɪɨɹɬɧɨɫɬɹɦ ɡɧɚɱɟɧɢɹ ɩɪɢɪɚɳɟɧɢɣ ɢ 
ɩɨɥɭɱɚɟɦ ɩɪɨɝɧɨɡɢɪɭɟɦɨɟ ɡɧɚɱɟɧɢɟ.ɉɪɢɦɟɪɵ 
ɪɚɫɱɟɬɨɜ ɜ ɫɢɫɬɟɦɟ ɄСɂɄɊ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɟ. 

 

Ɇɨɞɟɥɢ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɤɥɚɫɫɚ 
 

ȼɚɠɧɨɟ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ 
ɩɪɨɰɟɞɭɪɚɦɢ ɫɜɹɡɚɧɨ ɫ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦɢ ɢ 
ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦɢ ɦɨɞɟɥɹɦɢ. Ɇɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɞɚɧɧɵɟ ɤɚɤ ɢɫɯɨɞɹɳɢɟ ɢɡ ɦɨɞɟɥɢ, 
ɨɛɵɱɧɨ ɧɟɢɡɜɟɫɬɧɨɣ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɹɞɨɦ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɥɢ ɩɚɪɚɦɟɬɪɨɜ (ɩɚɪɚɞɢɝɦɚ 
Ɏɢɲɟɪɚ). ȼ ɷɬɨɦ ɤɨɧɬɟɤɫɬɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 
ɩɨ ɫɭɳɟɫɬɜɭ ɭɝɚɞɵɜɚɟɬ, ɤɚɤɢɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ 
ɫɨɡɞɚюɬ ɧɚɛɥюɞɚɟɦɵɟ ɞɚɧɧɵɟ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɷɬɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɦɨɞɟɥɶ ɢ ɨɰɟɧɢɬɶ 
ɫɨɨɬɜɟɬɫɬɜɭюɳɢɟ ɩɚɪɚɦɟɬɪɵ. ɉɪɢɦɟɪɚɦɢ ɷɬɢɯ 
ɩɪɨɰɟɞɭɪ ɹɜɥɹюɬɫɹ ɦɨɞɟɥɢ ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɨɝɨ 
ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ (ARMA). Ⱦɥɹ ɭɤɚɡɚɧɢɹ 
ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɦɨɠɧɨ ɩɪɟɞɨɫɬɚɜɢɬɶ 
ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ ș = (ș1, ..., șp) ɢ ɩɪɨɫɬɪɚɧɫɬɜɨ 
ɩɚɪɚɦɟɬɪɨɜ Θ, ɬɚɤɨɟ, ɱɬɨ ș ∈ Θ. Ɂɚɦɟɬɢɦ, ɱɬɨ 
ɪɚɡɦɟɪɧɨɫɬɶ ɩɚɪɚɦɟɬɪɚ ș ɤɨɧɟɱɧɚ ɢ ɪɚɜɧɚ Щ. ȼ 
ɤɚɱɟɫɬɜɟ ɢɥɥюɫɬɪɚɰɢɢ ɪɚɫɫɦɨɬɪɢɦ ɩɪɨɫɬɭю 
ɦɨɞɟɥɶ 

yt = εt + εt-1, 

ɝɞɟ дεt} - ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɛɟɥɨɝɨ 
ɲɭɦɚ, ɚ  - ɨɞɧɨɦɟɪɧɵɣ ɩɚɪɚɦɟɬɪ. Эɬɨ ɩɪɢɦɟɪ ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɯ ɦɨɞɟɥɟɣ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ. ȼ 
ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɞɟɥɶ ɦɨɠɟɬ ɛɵɬɶ ɡɚɞɚɧɚ 
ɞɜɭɦɟɪɧɵɦ ɜɟɤɬɨɪɨɦ ș = (, σ), ɝɞɟ σ - 

ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɛɟɥɨɝɨ ɲɭɦɚ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ ɡɚɞɚɟɬɫɹ Θ = (R, R+), ɝɞɟ 
R

+
 ɨɛɨɡɧɚɱɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɟɧɧɵɟ 

ɱɢɫɥɚ. Ɉɛɨɛɳɟɧɢɟ ɷɬɨɣ ɩɪɨɫɬɨɣ ɦɨɞɟɥɢ ɦɵ ɢɦɟɟɦ  
ɪɚɫɫɦɚɬɪɢɜɚɹ ɧɟɫɤɨɥɶɤɨ ɩɚɪɚɦɟɬɪɨɜ 

yt = εt + 1εt-1 + 2εt-2 + ·· ·  +qεt-q, 

ɤɨɬɨɪɚɹ ɨɛɨɡɧɚɱɚɟɬɫɹ ɤɚɤ ɦɨɞɟɥɶ 
ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ MA (q) . 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɚ ș = (1, 

2, ..., q, σ).  
ȿɳɟ ɛɨɥɟɟ ɨɛɳɟɟ ɪɚɫɲɢɪɟɧɢɟ ɩɨɡɜɨɥɹɟɬ 

ɤɨɷɮɮɢɰɢɟɧɬɚɦ j ɡɚɜɢɫɟɬɶ ɨɬ ɤɨɧɤɪɟɬɧɨɝɨ 
ɤɨɧɟɱɧɨɦɟɪɧɨɝɨ ɩɚɪɚɦɟɬɪɚ, j (ș) ɢ ɦɨɠɟɦ 
ɡɚɩɢɫɚɬɶ 

  

Yt= j (ș) εt-j  , j=0,+. 

 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɯɨɬɹ ɢɦɟɟɦ ɛɟɫɤɨɧɟɱɧɨɟ 
ɱɢɫɥɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ j (ș), ɦɨɞɟɥɶ ɛɭɞɟɬ  
ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ, ɬɚɤ ɤɚɤ ɨɧɢ ɡɚɜɢɫɹɬ ɨɬ 
ɤɨɧɟɱɧɨɦɟɪɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ș.  

ɇɚɤɥɚɞɵɜɚɧɢɟ ɫɭɛɴɟɤɬɢɜɧɨɣ 
ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɧɚ ɧɚɛɥюɞɚɟɦɵɟ ɞɚɧɧɵɟ 
ɱɪɟɜɚɬɨ ɧɟɩɪɚɜɢɥɶɧɵɦɢ ɜɵɜɨɞɚɦɢ ɢ ɧɚ ɷɬɨ 
ɨɛɪɚɳɚɥ ɜɧɢɦɚɧɢɟ ɂɜɚɯɧɟɧɤɨ ɜ ɫɜɹɡɢ ɫ 
ɪɚɡɪɚɛɨɬɤɨɣ ɦɟɬɨɞɚ ɆȽУȺ. 

Ⱦɚɥɟɟ ɦɵ ɩɪɢɜɨɞɢɦ ɩɪɢɦɟɪ ɢɡ ɪɚɛɨɬɵ 
Д1θЖ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɵɜɚɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ 
ɬɪɭɞɧɨɫɬɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ 
ɦɨɞɟɥɟɣ ɢ  ɜ ɱɚɫɬɧɨɫɬɢ ɨɛɳɭю ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ 
ɦɟɬɨɞɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɜɵɞɟɥɟɧɢɹ 
ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬ ɩɪɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 
ɩɚɪɚɦɟɬɪɨɜ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ.  

Ɍɚɤ ɫ ɩɨɦɨɳɶю ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ 
ɤɜɚɞɪɚɬɨɜ ɡɚɱɚɫɬɭю ɜɵɞɟɥɹюɬ ɨɫɧɨɜɧɭю 
ɩɟɪɢɨɞɢɱɟɫɤɭю ɤɨɦɩɨɧɟɧɬɭ ɢ ɞɚɥɟɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɨɩɪɟɞɟɥɹюɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɫɥɟɞɭюɳɢɯ ɩɨ ɜɚɠɧɨɫɬɢ ɩɟɪɢɨɞɢɱɟɫɤɢɯ 
ɫɨɫɬɚɜɥɹюɳɢɯ, ɞɥɹ ɤɨɬɨɪɵɯ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ 
ɹɜɥɹɟɬɫɹ ɜɪɟɦɟɧɧɨɣ ɪɹɞ, ɩɨɥɭɱɚɟɦɵɣ ɢɡ ɢɫɯɨɞɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɭɬɟɦ ɜɵɱɢɬɚɧɢɹ ɧɚɣɞɟɧɧɵɯ 
ɪɚɧɟɟ ɤɨɦɩɨɧɟɧɬ. 

Ɉɞɧɚɤɨ ɩɪɨɫɬɨɣ ɩɪɢɦɟɪ ɩɨɤɚɡɵɜɚɟɬ 
ɧɟɞɨɫɬɚɬɤɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɨɝɨ ɩɨɞɯɨɞɚ. Ɍɚɤ 
ɪɚɫɫɦɚɬɪɢɜɚɹ ɫɭɦɦɭ ɞɜɭɯ ɩɟɪɢɨɞɢɱɟɫɤɢɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ЬТn(x)+sin(x/3) ɧɚ ɪɢɫɭɧɤɟ 
1β, ɦɵ ɦɨɠɟɦ ɫɤɚɡɚɬɶ, ɱɬɨ ɨɧɚ ɹɜɥɹɟɬɫɹ 
ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɨɣ, ɧɨ ɧɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ Д17, 
ɫ. 219]. 

ɉɨɫɥɟɞɧɢɣ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɮɚɤɬ 
ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɧɚɯɨɠɞɟɧɢɹ ɬɨɱɧɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɥɢɧɟɣɧɨɣ ɤɨɦɛɢɧɚɰɢɟɣ ɫ 
ɩɟɪɢɨɞɢɱɟɫɤɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ. 

 

 
Ɋɢɫɭɧɨɤ 12 – Y(x)= sin(x)+sin(x/3) 

 

ȿɫɥɢ ɦɵ ɩɨɩɵɬɚɟɦɫɹ ɨɩɪɟɞɟɥɢɬɶ ɪɹɞ 
ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ В(б)=ЬТЧ(б)+ЬТЧ(б/γ) ɩɪɢ 
б=1,γ0 ɦɨɞɟɥɶю Y1(x)=A+Bcos(wx)+Csin(wx), 

ɩɨɥɭɱɢɦ ɫɥɟɞɭюɳɢɟ ɪɟɡɭɥɶɬɚɬɵ A = 0.0416901, B 



                                   

                                

                                           ɂɇɎɈɊɆȺɌɂɄȺ ɂ ɄɂȻȿɊɇȿɌɂɄȺ                    №  2(8), 2017 

Ⱦɨɧɟɰɤ ȾɨɧɇɌУ 

                                                                                                                              

                                          

 

 
20 

= 1.0068, C = -0.37931, w=1.0β41θ ɢ ɞɢɫɩɟɪɫɢɹ 
ɪɚɜɧɚ 14.η888. Ƚɪɚɮɢɤ ɨɲɢɛɤɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 
Y(x)-В1(б) ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1γɚ. 

ɇɚɯɨɞɢɦ ɞɚɥɟɟ ɞɥɹ ɪɹɞɚ ɡɧɚɱɟɧɢɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ В(б)-В1(б) ɩɚɪɚɦɟɬɪɵ ɟɟ 
ɦɨɞɟɥɢ Y2(x)=A2+B2*cos(w2x)+C2*sin(w2x). 

ɂɦɟɟɦ ɫɥɟɞɭюɳɢɟ ɪɟɡɭɥɶɬɚɬɵ A2= -0.0368, B2= 
0.00751, C2=0.9486, wβ=0.η7θ ɢ ɞɢɫɩɟɪɫɢɹ ɪɚɜɧɚ 
0.6668. Ƚɪɚɮɢɤ ɨɲɢɛɤɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ В(б)-
Y1(x)-Вβ(б) ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1γɛ.  

Ɂɚɦɟɬɢɦ, ɱɬɨ ɬɨɱɧɵɟ ɱɚɫɬɨɬɵ ɢɫɯɨɞɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɪɚɜɧɵ 1 ɢ 0.η77γη, ɚ ɫɥɟɞɭɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɦɟɬɨɞɢɤɟ, ɦɵ ɩɨɥɭɱɢɥɢ 1.0β41θ 
ɢ 0.η7θ ɫ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟɣ ɞɢɫɩɟɪɫɢɟɣ . Ɉɫɧɨɜɧɨɣ 
ɜɵɜɨɞ ɚɧɚɥɢɡɚ ɷɬɨɝɨ ɩɪɢɦɟɪɚ, ɱɬɨ ɫɥɟɞɭɹ 
ɭɤɚɡɚɧɧɨɦɭ ɜɵɲɟ ɩɨɞɯɨɞɭ, ɦɵ ɧɟ ɩɨɥɭɱɢɦ 
ɬɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬ ɞɥɹ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ (ɷɬɨ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɞɥɹ 
ɩɨɞɨɛɪɚɧɧɵɯ ɫɩɟɰɢɚɥɶɧɵɦ ɨɛɪɚɡɨɦ ɞɚɧɧɵɯ). 
 

 
Ɋɢɫɭɧɨɤ 1γ –Ɉɲɢɛɤɚμɚ) Y(x)-Y1(x) 

ɛ) Y(x)-Y1(x)-Y2(x) 

 

ȿɫɥɢ ɦɵ ɫɪɚɡɭ ɧɚɯɨɞɢɦ ɩɚɪɚɦɟɬɪɵ 
ɦɨɞɟɥɢ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɨɝɪɚɧɢɱɟɧɢɟɦ а>а2, 

A+B*cos(wx)+C*sin(wx)+B2*cos(w2x)+C2*sin(w2x

), ɬɨ ɩɨɥɭɱɚɟɦ ɩɨɱɬɢ ɢɞɟɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ  A=-

3.2576310
-11

, B=1.0, C=5.249810
-10

, w=1.0, 

B2=1.0, C2=-5.3102710
-9

, w2=0.η77γη ɢ ɞɢɫɩɟɪɫɢɹ 
ɪɚɜɧɚ 1.74λγλ10

-16
. 

Ƚɪɚɮɢɤ ɨɲɢɛɤɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 14 ɢ ɨɛɪɚɬɢɦ ɜɧɢɦɚɧɢɟ ɧɚ 
ɦɚɫɲɬɚɛ. 

 

 
Ɋɢɫɭɧɨɤ 14 – Ɉɲɢɛɤɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

 

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɞɥɹ ɪɚɡɥɢɱɟɧɢɹ 
ɤɨɦɩɨɧɟɧɬ ɫ ɱɚɫɬɨɬɚɦɢ а,а2 ɢɫɩɨɥɶɡɭɟɦ 
ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɚɦɩɥɢɬɭɞɚɦ B2

+C
2
>B1

2
+C1

2
 ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ 
A+B*cos(wx)+C*sin(wx)+B2*cos(w2x)+C2*sin(w2x

), ɫɪɚɡɭ ɩɪɢɜɟɞɟɦ ɫɪɚɜɧɟɧɢɟ ɨɲɢɛɨɤ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɧɚ ɪɢɫɭɧɤɟ 1η(ɜɬɨɪɚɹ ɥɢɧɢɹ-, 

ɝɪɚɮɢɤ Y(x)-Y1(x)-Y2(x) ɧɚ ɪɢɫ.1γɛ), ɫɨɝɥɚɫɧɨ 
ɤɨɬɨɪɨɦɭ ɪɚɡɥɢɱɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɧɟ ɬɚɤ 
ɫɭɳɟɫɬɜɟɧɧɨ. 

 

 
Ɋɢɫɭɧɨɤ 1η – Сɪɚɜɧɟɧɢɟ ɨɲɢɛɨɤ 

 

ȼɵɲɟɢɡɥɨɠɟɧɧɨɟ ɭɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɢɤɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 
ɜɵɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɩɟɪɢɨɞɢɱɟɫɤɢɯ 
ɫɨɫɬɚɜɥɹюɳɢɯ ɜɨɡɦɨɠɧɨ ɩɪɢ  ɯɨɪɨɲɟɦ ɡɧɚɧɢɢ 
ɫɩɟɰɢɮɢɤɢ ɩɪɨɛɥɟɦɧɨɣ ɨɛɥɚɫɬɢ . 

 
 

ȼɵɜɨɞɵ 

 

ȼ ɫɬɚɬɶɟ ɛɵɥ ɜɵɩɨɥɧɟɧ ɨɛɡɨɪ ɢ ɫɪɚɜɧɟɧɢɟ 
ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɨɥɭɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɢ ɩɪɨɝɧɨɡɚ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ  ɜɪɟɦɟɧɧɵɯ 
ɪɹɞɨɜ. 

ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ 
ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɤɨɦɩɶюɬɟɪɧɚɹ ɫɢɫɬɟɦɚ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɨɝɧɨɡɚ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ 
ɪɹɞɨɜ ɧɚ ɛɚɡɟ  ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɚɤɟɬɚ Wolfram 

Mathematica. Сɢɫɬɟɦɚ ɄСɂɄɊ ɨɛɴɟɞɢɧɹɟɬ ɜ ɫɟɛɟ 
ɭɠɟ ɫɭɳɟɫɬɜɭюɳɢɟ ɩɪɨɝɪɚɦɦɧɵɟ ɪɚɡɪɚɛɨɬɨɤ ɜ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɩɚɤɟɬɟ Wolfram Mathematica(ɤ 
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ɩɪɢɦɟɪɭ, ɜɟɣɜɥɟɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹД1γ-1ηЖ,18) ɢ 
ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɫɨɛɫɬɜɟɧɧɵɟ ɦɨɞɟɥɢ ɩɪɨɝɧɨɡɚ 
ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ. 

ȼ ɫɢɫɬɟɦɟ ɄСɂɄɊ ɪɟɚɥɢɡɨɜɚɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɫɚɦɵɯ ɩɨɫɥɟɞɧɢɯ ɞɚɧɧɵɯ 
ɨ ɛɨɥɟɟ ɱɟɦ 4 ɬɵɫɹɱɚɯ ɮɢɧɚɧɫɨɜɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 88 
ɬɵɫɹɱ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɚɧɢɣ. Ⱦɚɧɧɵɟ ɩɨɫɬɭɩɚюɬ 
ɱɟɪɟɡ ɂɧɬɟɪɧɟɬ, ɞɚɧɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɨɜɚɧɚ 
ɛɥɚɝɨɞɚɪɹ  ɤɨɧɫɬɪɭɤɰɢɢ ɫɜɟɪɯɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ – 

FТЧКЧМТКХDКЭК. Ⱦɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɢɬɶ ɞɚɧɧɵɟ ɩɨ ɚɤɰɢɹɦ, ɜɚɥюɬɧɵɦ ɤɭɪɫɚɦ, 
ɢɧɞɟɤɫɚɦ ɢ ɞɪɭɝɢɦ ɮɢɧɚɧɫɨɜɵɦ ɢɧɫɬɪɭɦɟɧɬɚɦ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɨɣ ɩɪɨɝɪɚɦɦɧɨɣ 
ɫɢɫɬɟɦɵ  ɩɨɡɜɨɥɹɟɬ ɪɚɡɧɨɫɬɨɪɨɧɧɟ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɢ ɫɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɫɚɦɵɟ 
ɚɤɬɭɚɥɶɧɵɟ ɞɚɧɧɵɟ ɪɚɡɥɢɱɧɵɯ ɦɢɪɨɜɵɯ 
ɤɨɦɩɚɧɢɣ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɪɚɡɥɢɱɧɵɦ ɩɪɟɞɩɪɢɹɬɢɹɦ 
ɢ ɮɢɪɦɚɦ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɞɢɧɚɦɢɤɭ ɢ ɤɭɪɫ 
ɫɜɨɟɝɨ ɪɚɡɜɢɬɢɹ. ɇɟɤɨɬɨɪɵɟ ɜɵɯɨɞɧɵɟ ɪɟɡɭɥɶɬɚɬɵ  
ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.1θ- 

Сɢɫɬɟɦɚ ɄСɂɄɊ ɦɨɠɟɬ ɛɵɬɶ 
ɚɞɚɩɬɢɪɨɜɚɧɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ 
ɞɚɧɧɵɯ ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɞɪɭɝɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ 
ɫɜɟɪɯɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ – WeatherData. 

ɉɪɢɜɟɞёɧɧɚɹ ɜɵɲɟ ɤɨɧɫɬɪɭɤɰɢɹ ɩɪɟɞɨɫɬɚɜɥɹɟɬ 
ɬɟɤɭɳɢɟ ɢ ɢɫɬɨɪɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨ ɩɨɝɨɞɟ ɫɨ ɜɫɟɯ 
ɫɬɚɧɞɚɪɬɧɵɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɩɨ 
ɜɫɟɦɭ ɦɢɪɭ. 

Сɢɫɬɟɦɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɲɢɪɟɧɚ ɞɥɹ 
ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɞɪɭɝɢɯ ɫɮɟɪ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɱɟɥɨɜɟɤɚ, ɤɚɤ ɫɨɰɢɚɥɶɧɵɟ, ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɢ ɬ.ɩ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1θ – Ɉɩɪɟɞɟɥɟɧɢɟ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ FinancialData ɜ ɫɢɫɬɟɦɟ ɄСɂɄɊ 
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Ɋɢɫɭɧɨɤ 17 – ȼɵɜɨɞ ɫɬɚɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɯ ɪɹɞɨɜ ɜ ɫɢɫɬɟɦɟ ɄСɂɄɊ ɞɥɹ ɞɜɭɯ 

ɪɚɡɧɵɯ ɤɨɦɩɚɧɢɣ 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 18 – Ɋɟɚɥɢɡɚɰɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɜɢɞɚ ɦɨɞɟɥɢ ɢ ɩɪɨɝɧɨɡ 
ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɪɹɞɚ ɜ ɫɢɫɬɟɦɟ ɄСɂɄɊ 
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Ɋɢɫɭɧɨɤ 1λ – ȼɵɜɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɢɞɚ ɦɨɞɟɥɢ ɢ ɩɪɨɝɧɨɡɚ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɪɹɞɚ ɜ 

ɫɢɫɬɟɦɟ ɄСɂɄɊ ɞɥɹ ɞɜɭɯ ɪɚɡɧɵɯ ɤɨɦɩɚɧɢɣ 

 

Ɋɢɫɭɧɨɤ β0 – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɪɹɞɚ ɧɚ ɛɚɡɟ ɰɟɩɢ Ɇɚɪɤɨɜɚ ɩɨ 
ɚɥɝɨɪɢɬɦɭ Ⱥ ɜ ɫɢɫɬɟɦɟ ɄСɂɄɊ ɞɥɹ ɞɜɭɯ ɪɚɡɧɵɯ ɤɨɦɩɚɧɢɣ 
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Ɋɢɫɭɧɨɤ β1 – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɪɹɞɚ ɧɚ ɛɚɡɟ ɰɟɩɢ Ɇɚɪɤɨɜɚ ɩɨ 
ɚɥɝɨɪɢɬɦɭ Ȼ ɜ ɫɢɫɬɟɦɟ ɄСɂɄɊ ɞɥɹ ɞɜɭɯ ɪɚɡɧɵɯ ɤɨɦɩɚɧɢɣ 

 

 

 

Ɋɢɫɭɧɨɤ ββ – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɪɹɞɚ ɧɚ ɛɚɡɟ ɜɟɣɜɥɟɬɧɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɫɢɫɬɟɦɟ ɄСɂɄɊ ɞɥɹ ɩɟɪɜɨɣ ɤɨɦɩɚɧɢɢ 
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Ɋɢɫɭɧɨɤ βγ – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɪɹɞɚ ɧɚ ɛɚɡɟ ɜɟɣɜɥɟɬɧɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɫɢɫɬɟɦɟ ɄСɂɄɊ ɞɥɹ ɜɬɨɪɨɣ ɤɨɦɩɚɧɢɢ 
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AnНrЮɫФТn A.I., V.S.Marchenko. Computer research and forecast of quasiperiodic series. In this work, we 

review the methods and algorithms of the study, obtain characteristics and forecast quasiperiodic time sequences. A 

software system for studying, determining the properties and prognosis of quasiperiodic series (CSIQS) is constructed. 

Wolfram Mathematica is the basis for building CSIQS. The main attention is paid to the software implementation of 

such models and methods of investigation of quasiperiodic series, such as hidden Markov chains and wavelet 

transformations. The well-known fact that the sum of periodic functions may not be a periodic function is considered. 

Examples of calculations and the basic structure of CSIQS are presented. 

Keywords: quasi-periodic series, forecast, hidden Markov chains, wavelet, Wolfram Mathematica. 

 

Аɧɞɪɸхɢɧ A.ɂ., ȼ.А.Мɚɪɱɟɧɤɨ. Кɨɦɩɶɸɬɟɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɩɪɨɝɧɨɡ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢх ɪɹɞɨɜ. ȼ 
ɪɚɛɨɬɟ ɜɵɩɨɥɧɟɧ ɨɛɡɨɪ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɨɥɭɱɟɧɢɹ хɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɩɪɨɝɧɨɡɚ 
ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢх ɜɪɟɦɟɧɧɵх ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. ɉɨɫɬɪɨɟɧɚ ɩɪɨɝɪɚɦɦɧɚɹ ɫɢɫɬɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɹ, 
ɨɩɪɟɞɟɥɟɧɢɹ ɫɜɨɣɫɬɜ  ɢ ɩɪɨɝɧɨɡɚ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢх  ɪɹɞɨɜ(КɋɂКР). Wolfram Mathematica ɹɜɥɹɟɬɫɹ ɛɚɡɨɣ ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ КɋɂКР. Ɉɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ  ɭɞɟɥɟɧɨ  ɩɪɨɝɪɚɦɦɧɨɣ  ɪɟɚɥɢɡɚɰɢɢ ɬɚɤɢх  ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨɜ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢх  ɪɹɞɨɜ, ɤɚɤ ɫɤɪɵɬɵɟ ɰɟɩɢ Мɚɪɤɨɜɚ ɢ ɜɟɣɜɥɟɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. ȼɵɩɨɥɧɟɧ 
ɚɧɚɥɢɡ ɢɡɜɟɫɬɧɨɝɨ ɮɚɤɬɚ, ɱɬɨ ɫɭɦɦɚ ɩɟɪɢɨɞɢɱɟɫɤɢх ɮɭɧɤɰɢɣ ɦɨɠɟɬ ɧɟ ɛɵɬɶ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ. 
ɉɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɦɟɪɵ ɪɚɫɱɟɬɨɜ ɢ ɨɫɧɨɜɧɚɹ ɫɬɪɭɤɬɭɪɚ КɋɂКР. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɟ ɪɹɞɵ, ɩɪɨɝɧɨɡ, ɫɤɪɵɬɵɟ ɰɟɩɢ Мɚɪɤɨɜɚ, ɜɟɣɜɥɟɬ, Wolfram 

Mathematica.
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