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ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɪɨɛɥɟɦɵ ɪɚɡɪɚɛɨɬɤɢ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɫɢɫɬɟɦ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡ-
ɞɭɲɧɨɣ ɫɪɟɞɵ. ɉɪɟɞɥɨɠɟɧɚ  ɫɬɪɚɬɟɝɢɹ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɨɝɨ ɦɨɧɢɬɨ-
ɪɢɧɝɚ, ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɧɚ ɨɛɧɚɪɭɠɟɧɢɟ ɜɨɡɧɢɤɚɸɳɢɯ ɧɚɪɭɲɟɧɢɣ ɞɨ ɬɨɝɨ 
ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɫɢɬɭɚɰɢɹ ɩɪɢɨɛɪɟɬɟɬ ɤɚɬɚɫɬɪɨɮɢɱɟ-
ɫɤɢɣ ɯɚɪɚɤɬɟɪ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɨɛɧɚɪɭɠɟɧɢɹ 
ɢɡɦɟɧɟɧɢɣ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ, ɨɩɢɫɵɜɚɸɳɢɯ 
ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ  ɚɬɦɨɫɮɟɪɟ. 

 

 

ȼɜɟɞɟɧɢɟ. Ⱦɥɹ ɧɨɪɦɚɥɢɡɚɰɢɢ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ ɧɟɨɛɯɨ-
ɞɢɦɨ ɫɨɡɞɚɧɢɟ ɪɟɝɢɨɧɚɥɶɧɵɯ  ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɷɤɨɥɨɝɢɱɟ-
ɫɤɨɣ ɡɚɳɢɬɵ. ȼ ɫɨɫɬɚɜ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɞɨɥɠɧɵ ɜɯɨɞɢɬɶ ɩɨɞɫɢɫɬɟɦɵ ɦɨ-
ɧɢɬɨɪɢɧɝɚ ɚɬɦɨɫɮɟɪɵ, ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ, ɩɨɱɜ ɢ ɞɪɭɝɢɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɵ ɢ ɩɨɞɫɢɫɬɟɦɚ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ 
ɪɟɲɟɧɢɣ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɫɢɫɬɟɦɵ, ɜ ɨɫɧɨɜɧɨɦ, ɨɛɟɫɩɟɱɢɜɚɸɬ ɥɢɲɶ ɧɚ-
ɛɥɸɞɟɧɢɟ ɡɚ ɩɚɪɚɦɟɬɪɚɦɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɢɯ ɪɟɝɢɫɬɪɚɰɢɸ. Ⱦɥɹ 
ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɫɧɢɠɟɧɢɹ ɪɢɫɤɚ ɯɢɦɢɱɟɫɤɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ 

ɧɟɨɛɯɨɞɢɦɵ ɮɭɧɤɰɢɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɪɨɝɧɨɡɚ ɜɨɡɦɨɠɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ 
ɧɚɪɭɲɟɧɢɣ. ɋɪɟɞɢ ɡɚɞɚɱ, ɞɥɹ ɪɟɲɟɧɢɹ ɤɨɬɨɪɵɯ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɩɨɞɫɢɫ-
ɬɟɦɚ ɦɨɧɢɬɨɪɢɧɝɚ, ɜɚɠɧɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɟɬ ɡɚɞɚɱɚ ɩɪɟɞɭɩɪɟɠɞɚɸɳɟɝɨ 
ɤɨɧɬɪɨɥɹ: ɨɩɟɪɚɬɢɜɧɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ ɞɨ ɬɨɝɨ 
ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɫɢɬɭɚɰɢɹ ɩɪɢɨɛɪɟɬɟɬ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɣ 

ɢɥɢ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ. Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɟɞɭɩɪɟɠɞɚɸɳɟ-
ɝɨ ɤɨɧɬɪɨɥɹ ɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ ɧɟ-
ɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɩɟɰɢɚɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, 
ɜɤɥɸɱɚɸɳɟɝɨ:  

— ɩɨɫɬɪɨɟɧɢɟ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɡɚɝɪɹɡɧɢɬɟɥɟɣ ɜɨ ɜɪɟɦɟ-
ɧɢ ɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫ ɭɱɟɬɨɦ ɦɟɬɟɨɭɫɥɨɜɢɣ;  
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— ɨɛɧɚɪɭɠɟɧɢɟ ɬɟɤɭɳɢɯ ɢɡɦɟɧɟɧɢɣ ɜ ɩɪɨɰɟɫɫɟ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɩɪɢɜɟɫɬɢ ɩɪɨɰɟɫɫ ɤ ɜɵɯɨɞɭ ɡɚ ɧɨɪɦɭ.  

ɋɜɨɟɜɪɟɦɟɧɧɨɟ ɨɛɧɚɪɭɠɟɧɢɟ ɬɚɤɢɯ ɢɡɦɟɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɚɬɦɨ-
ɫɮɟɪɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɫɢ-

ɬɭɚɰɢɹɦ, ɩɨɡɜɨɥɢɬ ɩɪɢɧɹɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɪɟɲɟɧɢɹ ɩɨ ɢɯ ɩɪɟɞɭɩɪɟɠɞɟ-
ɧɢɸ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɨɫɬɨɹɧɢɹ ɫɪɟɞɵ.  

ɍɤɚɡɚɧɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɨ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨ-
ɞɨɜ ɩɨɫɬɪɨɟɧɢɹ ɜɟɤɬɨɪɧɵɯ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢɡɦɟɧɟɧɢɹ ɤɨɧ-

ɰɟɧɬɪɚɰɢɣ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜɨ ɜɪɟɦɟɧɢ ɢ ɚɥɝɨɪɢɬɦɨɜ ɨɛɧɚɪɭɠɟ-
ɧɢɹ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ, ɨɛɧɚɪɭɠɢɜɚɸɳɢɯ ɨɬɤɥɨɧɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɩɪɨ-
ɰɟɫɫɚ ɨɬ ɦɨɞɟɥɢ (Basseville, Nikiforov, 1993; Ƚɪɟɛɟɧɸɤ, 2008). 

Ɇɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɢɟ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɚɝɪɹɡɧɹɸ-

ɳɢɯ ɜɟɳɟɫɬɜ. Ɂɚɞɚɱɚ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɟɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɩɪɨɰɟɫɫɵ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ, 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɞɥɹ ɷɤɨɥɨɝɢɢ, ɱɚɫɬɧɨɫɬɢ ɞɥɹ ɩɪɟɞɭɩɪɟɠ-

ɞɟɧɢɹ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɝɨ ɦɟɬɨɞɨɜ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 
ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɪɚɫɫɟɹɧɢɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ, ɧɚɢ-

ɛɨɥɟɟ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɹɜɥɹɸɬɫɹ:  
1) ɝɚɭɫɫɨɜɫɤɢɟ ɢɥɢ ɞɢɫɩɟɪɫɢɨɧɧɵɟ ɦɨɞɟɥɢ ɪɚɫɫɟɹɧɢɹ; 
2) ɦɨɞɟɥɢ ɪɚɫɫɟɹɧɢɹ, ɛɚɡɢɪɭɸɳɢɟɫɹ ɧɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɡɚɤɨɧɚɯ ɫɨ-

ɯɪɚɧɟɧɢɹ; 
3) ɦɨɞɟɥɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɱɢɫɥɟɧɧɨɦ ɪɟɲɟɧɢɢ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟ-

ɧɢɣ ɫɨɯɪɚɧɟɧɢɹ ɜ ɢɯ ɨɪɢɝɢɧɚɥɶɧɨɦ ɜɢɞɟ (ɱɚɫɬɨ ɤɚɤ ɦɨɞɟɥɢ ɢɥɢ ɦɟɬɨɞɵ 

ɩɪɹɦɨɝɨ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ). Ɉɞɧɚɤɨ ɫɥɨɠɧɨɫɬɶ ɪɚɫɱɟɬɚ ɩɚɪɚ-
ɦɟɬɪɨɜ ɷɬɢɯ ɦɨɞɟɥɟɣ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɛɨɪɚ ɢ ɚɤɬɭɚɥɢɡɚɰɢɢ ɛɨɥɶɲɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɞɟɥɚɸɬ ɢɯ ɧɟɩɪɢɝɨɞɧɵɦɢ ɞɥɹ ɨɩɟɪɚ-
ɬɢɜɧɨɝɨ ɬɟɤɭɳɟɝɨ ɩɪɨɝɧɨɡɚ. Ⱦɥɹ ɰɟɥɟɣ ɬɟɤɭɳɟɝɨ ɩɪɨɝɧɨɡɚ ɲɢɪɨɤɨ ɢɫ-
ɩɨɥɶɡɭɸɬɫɹ ɦɨɞɟɥɢ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ, ɜ ɤɨɬɨɪɵɯ ɜɫɟ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠ-

ɞɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɢ ɞɪɭɝɢɦɢ ɮɚɤɬɨɪɚɦɢ, 

ɜɥɢɹɸɳɢɦɢ ɧɚ ɭɪɨɜɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɢɯ ɧɚɛɥɸ-

ɞɚɟɦɵɯ ɡɧɚɱɟɧɢɣ, ɚ ɞɟɣɫɬɜɢɟ ɧɟɧɚɛɥɸɞɚɟɦɵɯ ɮɚɤɬɨɪɨɜ ɨɩɢɫɵɜɚɟɬɫɹ 
ɦɨɞɟɥɶɸ ɫɥɭɱɚɣɧɵɯ ɜɨɡɦɭɳɟɧɢɣ (Roberson, Steyn, 1989). Ɇɨɞɟɥɢ ɢɡɦɟ-
ɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɚɝɪɹɡɧɢɬɟɥɟɣ ɜɨ ɜɪɟɦɟɧɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɬɨɥɶɤɨ ɧɚ 
ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɩɪɨɲɥɵɯ ɧɚɛɥɸɞɟɧɢɣ, ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɦɧɨɝɢɦɢ ɚɜɬɨɪɚɦɢ 

(Modarres, Khosravi, 2005; Xie-Kang Wanga and Wei-Zhen Lub, 2006). 

ɉɭɫɬɶ ),,(ˆ
1 kttt yyY …=  — ɜɟɤɬɨɪ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢɡɦɟɪɹɟɦɵɯ ɡɚɝɪɹɡɧɹɸ-

Гребенюк Е. А. — МКО – 2009, т. 2, стр. 242–251

Grebenuk E. A. — MCE – 2009, v. 2, pp. 242–251

243



ɳɢɯ ɜɟɳɟɫɬɜ, ),,(ˆ
1 lttt xxX …=  — ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ 

ɭɫɥɨɜɢɣ, ɢɡɦɟɪɟɧɧɵɯ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɢɡɦɟɧɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɨ ɜɪɟɦɟɧɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɨ ɜ ɜɢɞɟ ɚɜɬɨɪɟɝɪɟɫɫɢɨɧ-

ɧɨɣ ɦɨɞɟɥɢ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɥɚɝɚɦɢ — ADL (autoregressive 

distributed lag) ɦɨɞɟɥɢ: 

0 1 1

1

ˆ ˆ ˆ( ) ( ) .
l

p q

t p t t q t t

j

Y A A L A L Y B L B L X
=

= Λ + + + + + +Ε∑… …  (1) 

Ɂɞɟɫɶ kkpiAi ×= ,,,1,0, …  — ɦɚɬɪɢɰɚ, lkqjB j ×= ,,1,0, …  — ɦɚɬɪɢɰɚ, 

L — ɨɩɟɪɚɬɨɪ ɫɞɜɢɝɚ: 11 , −− == tttt xLxyLy , ),,(ˆ
1 tkttE εε …=  — ɫɥɭɱɚɣ-

ɧɨɟ ɜɨɡɦɭɳɟɧɢɟ, ( ) kiVarE titi ,,1,,0 2 …=== σεε , Λ  — ɜɟɤɬɨɪ ɤɨɧ-

ɫɬɚɧɬ. ȼ ɩɪɨɰɟɫɫɟ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ ɡɚɞɚɧɧɨɦ 

ɪɟɝɢɨɧɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɬɪɭɤɬɭɪɚ ɦɨɞɟɥɢ (1) (ɧɚɛɨɪɵ ɨɛɴɹɫɧɹɸɳɢɯ ɩɟ-
ɪɟɦɟɧɧɵɯ, ɩɨɪɹɞɤɢ ɦɨɞɟɥɢ), ɜɵɱɢɫɥɹɸɬɫɹ ɟɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢ ɩɪɨɜɟɪɹ-
ɟɬɫɹ ɚɞɟɤɜɚɬɧɨɫɬɶ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɬɟɨɪɨɥɨɝɢɱɟ-
ɫɤɢɯ ɭɫɥɨɜɢɣ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɢɫɬɨɱɧɢɤɨɜ ɡɚɝɪɹɡɧɟɧɢɹ ɦɨɞɟɥɶ, ɩɨ-
ɫɬɪɨɟɧɧɚɹ ɧɚ ɭɱɚɫɬɤɟ ɩɪɨɰɟɫɫɚ, ɦɨɠɟɬ ɛɵɬɶ ɥɢɛɨ ɱɢɫɬɨ ɚɜɬɨɪɟɝɪɟɫɫɢɨɧ-

ɧɨɣ, ɥɢɛɨ ɱɢɫɬɨ ɪɟɝɪɟɫɫɢɨɧɧɨɣ, ɥɢɛɨ ɢɦɟɬɶ ɫɦɟɲɚɧɧɵɣ ɯɚɪɚɤɬɟɪ.  
ȿɫɥɢ ɦɨɞɟɥɶ ɚɞɟɤɜɚɬɧɚ ɩɪɨɰɟɫɫɭ, ɬɨ ɧɚ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 1+t , ɩɨ 

ɧɚɛɥɸɞɟɧɢɹɦ, ɩɨɥɭɱɟɧɧɵɦ ɞɨ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ t  ɜɤɥɸɱɢɬɟɥɶɧɨ, ɦɨɠɟɬ 
ɛɵɬɶ ɜɵɱɢɫɥɟɧ ɩɪɨɝɧɨɡ ɤɨɧɰɟɧɬɪɚɰɢɣ P

ttY ,1
ˆ
+ : 

)()(ˆ
111

1

0,1 qtqtptpt

P

tt XBXBYAYAAIY −+−
−

+ ++++−= ……Λ .  (2) 

ɗɬɨɬ ɩɪɨɝɧɨɡ ɹɜɥɹɟɬɫɹ ɩɪɨɝɧɨɡɨɦ ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɫɪɟɞɧɟɤɜɚɞɪɚ-
ɬɢɱɧɨɣ ɨɲɢɛɤɨɣ. ɉɪɨɝɧɨɡ ɧɚ 2, 3 ɢ ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɲɚɝɨɜ ɜɵɱɢɫɥɹɸɬɫɹ 
ɩɨɞɫɬɚɧɨɜɤɨɣ ɜ ɮɨɪɦɭɥɭ (2) ɡɧɚɱɟɧɢɣ ɩɪɨɝɧɨɡɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɧɚ-
ɛɥɸɞɟɧɢɹɦ ɞɨ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ t , ɢ ɫɚɦɢɯ ɧɚɛɥɸɞɟɧɢɣ. 

Ɂɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɚɝɪɹɡɧɢɬɟɥɟɣ ɩɨɫɬɭɩɚɸɬ ɧɚ ɜɯɨɞ ɦɨɞɟɥɢ, 

ɩɨ ɤɨɬɨɪɨɣ ɜɵɱɢɫɥɹɟɬɫɹ ɩɪɨɝɧɨɡ. ȿɫɥɢ ɫɜɨɣɫɬɜɚ ɩɪɨɰɟɫɫɚ ɢɡɦɟɧɢɥɢɫɶ, 
ɬɨ ɢɡɦɟɧɹɟɬɫɹ ɢ ɟɝɨ ɦɨɞɟɥɶ. ȿɫɥɢ ɢɡɦɟɧɟɧɢɹ ɢɦɟɸɬ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɜɨ 
ɜɪɟɦɟɧɢ, ɬɨ ɩɪɨɰɟɫɫ ɧɟ ɫɪɚɡɭ ɜɵɯɨɞɢɬ ɡɚ ɧɨɪɦɭ, ɢ ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɨɛɧɚ-
ɪɭɠɟɧɢɟ ɮɚɤɬɚ ɧɚɥɢɱɢɹ ɢɡɦɟɧɟɧɢɣ ɩɨɡɜɨɥɢɬ ɩɪɟɞɭɩɪɟɞɢɬɶ ɚɜɚɪɢɣɧɭɸ 

ɫɢɬɭɚɰɢɸ ɢɥɢ ɩɪɢɧɹɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɭɩɪɚɜɥɟɧɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɞɨ ɬɨɝɨ 
ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɟɟ ɪɚɡɜɢɬɢɟ ɩɪɢɦɟɬ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ.  

ɇɚɥɢɱɢɟ ɢɡɦɟɧɟɧɢɣ ɜ ɩɪɨɰɟɫɫɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɨ ɧɚ ɨɫɧɨɜɟ 
ɚɧɚɥɢɡɚ ɨɬɤɥɨɧɟɧɢɣ ɩɪɨɰɟɫɫɚ ɨɬ ɦɨɞɟɥɢ. ɇɚɫ ɛɭɞɭɬ ɢɧɬɟɪɟɫɨɜɚɬɶ ɬɚɤɢɟ 
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ɢɡɦɟɧɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɜɵɯɨɞɭ ɩɚɪɚɦɟɬɪɨɜ ɡɚ 
ɧɨɪɦɭ. Ɍɚɤ ɤɚɤ ɡɞɟɫɶ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɦɨɞɟɥɢ ɢɡɦɟɧɟɧɢɣ ɞɢɧɚɦɢɤɢ ɧɚ-
ɛɥɸɞɚɟɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ, ɬ.ɟ. ɚɜɬɨɪɟɝɪɟɫɫɢɨɧɧɨɣ ɱɚɫɬɢ ɦɨɞɟɥɢ (1), ɬɨ 
ɚɧɚɥɢɡ ɢɡɦɟɧɟɧɢɣ ɩɪɨɜɨɞɢɬɫɹ ɧɚ ɦɨɞɟɥɢ ɛɟɡ ɪɟɝɪɟɫɫɨɪɨɜ ɜɢɞɚ: 

tt

p

pt YLALAAY ΕΛ ++++= ˆ)(ˆ
10 … . (3) 

1) ɍɜɟɥɢɱɟɧɢɟ ɫɪɟɞɧɟɝɨ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 1+= ptt  ɞɥɹ ɨɬɞɟɥɶɧɵɯ 
ɤɨɦɩɨɧɟɧɬ ɩɪɨɰɟɫɫɚ: 

it

k

i

p

j

jitijtiiiit yaDy ελλλ ++⋅−+= −
1 1

'

1 1)( . (4) 

Ɂɞɟɫɶ
⎩
⎨
⎧

+<
+≥

=
1,0

1,1
1

p

p

ttɟɫɥɢ
ttɟɫɥɢ

tD , { } { }kiiii m …… ,2,1,,, 21 ⊆∈  — ɤɨɦ-

ɩɨɧɟɧɬɵ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɚɝɪɹɡɧɢɬɟɥɟɣ, ɞɥɹ ɤɨɬɨɪɵɯ ɭɜɟɥɢɱɢɥɨɫɶ ɫɪɟɞ-

ɧɟɟ, { }'

ija  — ɤɨɦɩɨɧɟɧɬɵ ɦɚɬɪɢɰ jA . 

2) Ɇɨɞɟɥɶ ɢɡɦɟɧɟɧɢɹ ɞɢɫɩɟɪɫɢɢ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 1+= ptt  ɞɥɹ 
ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬ ɩɪɨɰɟɫɫɚ:  

'

1 1

'

1 1

, ɟɫɥɢ 1,

, ɟɫɥɢ 1.
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i ij it j it p

i j

it pk

i ij it j it p

i j

a y t t

y

a y t t

λ ε

λ η
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⎧
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∑∑
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 (5) 

Ɂɞɟɫɶ 2

0)var( σε =ti , ,)var( 2

0

2 σση >=it
{ } kiiii m …… ,2,1,,, 21 ⊆∈  

— ɤɨɦɩɨɧɟɧɬɵ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɚɝɪɹɡɧɢɬɟɥɟɣ, ɞɥɹ ɤɨɬɨɪɵɯ ɭɜɟɥɢɱɢɥɚɫɶ 
ɞɢɫɩɟɪɫɢɹ, { }'

ija  ɤɚɤ ɜ (4). 

3) Ɇɨɞɟɥɶ ɢɡɦɟɧɟɧɢɹ ɬɢɩɚ ɩɪɨɰɟɫɫɚ — ɨɬ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɤ ɧɟɫɬɚ-
ɰɢɨɧɚɪɧɨɦɭ: 
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1 1

1 1

, 1,

, 1.
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i ij it j it p
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Ɂɞɟɫɶ 1
1

' <∑
=

p

j

ijα , 1
1

=∑
=

p

j

ijα , { } { }kiiii m …… ,2,1,,, 21 ⊆∈  — ɤɨɦɩɨ-

ɧɟɧɬɵ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɚɝɪɹɡɧɢɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɜɫɥɟɞɫɬɜɢɟ ɢɡɦɟɧɟɧɢɣ ɫɬɚ-
ɥɢ ɨɩɢɫɵɜɚɬɶɫɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ. 

Ⱥɥɝɨɪɢɬɦɵ ɨɛɧɚɪɭɠɟɧɢɹ ɢɡɦɟɧɟɧɢɣ (4)–(6), ɩɪɢɜɨɞɹɳɢɯ ɤ 

ɜɵɯɨɞɭ ɩɪɨɰɟɫɫɚ ɡɚ ɧɨɪɦɭ. Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɢɡɦɟɧɟɧɢɣ ɫɜɨɣɫɬɜ ɩɪɨ-
ɰɟɫɫɚ, ɩɨɞɜɟɪɠɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɸ ɫɥɭɱɚɣɧɵɯ ɜɨɡɦɭɳɟɧɢɣ, ɩɨ ɬɟɤɭɳɢɦ 

ɧɚɛɥɸɞɟɧɢɹɦ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɚɥɝɨɪɢɬɦɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɚɧɚ-
ɥɢɡɚ (Siegmund, 1985). ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɨɱɟɪɟɞɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɚɥɝɨ-
ɪɢɬɦ ɚɧɚɥɢɡɢɪɭɟɬ ɟɝɨ ɢ ɩɪɢɧɢɦɚɟɬ ɪɟɲɟɧɢɟ ɨ ɧɚɥɢɱɢɢ ɥɢɛɨ ɨɬɫɭɬɫɬɜɢɢ 

ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ. Ɍɚɤɨɣ ɚɥɝɨɪɢɬɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɭɸ ɩɪɨɰɟɞɭɪɭ ɩɪɨɜɟɪɤɢ ɝɢɩɨɬɟɡ; ɩɪɨɜɟɪɹɟɬɫɹ ɝɢɩɨɬɟɡɚ 0H  «ɩɥɨɬɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɪɚɜɧɚ 1P », ɩɪɨɬɢɜ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɵ 1H  

«ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɪɚɜɧɚ 2P », ɝɞɟ 1P  ɢ 2P  ɪɚɡɥɢɱɚɸɬɫɹ 
ɫɜɨɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɢɫɩɨɥɶɡɭ-

ɸɬɫɹ ɤɪɢɬɟɪɢɢ: 

— )|(1 ptE <ττ  — ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɦɟɠɞɭ «ɥɨɠɧɵɦɢ ɬɪɟɜɨɝɚɦɢ», 

ɩɪɟɞɫɬɚɜɥɹɸɳɟɟ ɫɨɛɨɣ ɫɪɟɞɧɟɟ ɱɢɫɥɨ ɧɚɛɥɸɞɟɧɢɣ ɱɟɪɟɡ ɤɨɬɨɪɨɟ ɚɥɝɨ-
ɪɢɬɦ ɩɨɞɚɟɬ ɫɢɝɧɚɥ ɨ ɧɚɥɢɱɢɢ ɢɡɦɟɧɟɧɢɣ (ɨɬɜɟɪɠɟɧɢɢ ɝɢɩɨɬɟɡɵ 0H ), 

ɯɨɬɹ ɩɪɨɰɟɫɫ ɧɟ ɢɡɦɟɧɢɥɫɹ;  
— )|(2 pp ttE ≥− ττ  ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ ɜ ɨɛɧɚɪɭɠɟɧɢɢ — 

ɫɪɟɞɧɟɟ ɱɢɫɥɨ ɧɚɛɥɸɞɟɧɢɣ ɩɨɫɥɟ ɦɨɦɟɧɬɚ ɢɡɦɟɧɟɧɢɹ, ɱɟɪɟɡ ɤɨɬɨɪɨɟ ɚɥ-
ɝɨɪɢɬɦ ɩɨɞɚɟɬ ɫɢɝɧɚɥ ɨ ɧɚɥɢɱɢɢ ɢɡɦɟɧɟɧɢɣ.  

ȼ ɭɫɥɨɜɢɹɯ ɬɨɱɧɨ ɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 1θ  ɢ 2θ  ɞɨ ɢ ɩɨɫɥɟ ɢɡɦɟ-
ɧɟɧɢɹ ɫɜɨɣɫɬɜ ɢ ɧɟɢɡɜɟɫɬɧɨɝɨ ɦɨɦɟɧɬɚ ɢɡɦɟɧɟɧɢɹ pt  ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɜ 
(Page, 1954) ɚɥɝɨɪɢɬɦ ɤɭɦɭɥɹɬɢɜɧɵɯ ɫɭɦɦ, (CUSUM) ɨɛɥɚɞɚɟɬ ɨɩɬɢ-

ɦɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɜ ɫɦɵɫɥɟ ɤɪɢɬɟɪɢɹ ɦɢɧɢɦɢɡɚɰɢɢ ɫɪɟɞɧɟɣ ɡɚ-
ɞɟɪɠɤɢ ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɢ ɫɪɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɞɨ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ. ɍɫɥɨ-
ɜɢɹ, ɜ ɤɨɬɨɪɵɯ ɞɨɤɚɡɚɧɚ ɨɩɬɢɦɚɥɶɧɨɫɬɶ CUSUM ɹɜɥɹɸɬɫɹ ɫɥɢɲɤɨɦ ɠɟ-
ɫɬɤɢɦɢ. ɇɚɩɪɢɦɟɪ, ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɬɨɱɧɨ ɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɞɨ 
ɢɥɢ ɩɨɫɥɟ ɦɨɦɟɧɬɚ ɨɛɧɚɪɭɠɟɧɢɹ ɨɱɟɧɶ ɪɟɞɤɨ ɜɵɩɨɥɧɹɸɬɫɹ ɧɚ ɩɪɚɤɬɢɤɟ. 
ɉɨɷɬɨɦɭ ɛɵɥɢ ɩɪɟɞɩɪɢɧɹɬɵ ɡɧɚɱɢɬɟɥɶɧɵɟ ɭɫɢɥɢɹ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɚɥɝɨ-
ɪɢɬɦɨɜ ɬɟɤɭɳɟɝɨ ɨɛɧɚɪɭɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɛɵɬɶ ɩɨɥɟɡɧɵɦɢ ɞɥɹ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɰɟɥɟɣ. Ɉɛɧɚɪɭɠɟɧɢɟ ɢɡɦɟɧɟɧɢɣ (4)–(6) ɩɪɢ ɦɨɧɢɬɨɪɢɧɝɟ 
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ɩɪɨɰɟɫɫɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɝɨɪɢɬɦɨɜ ɬɟɤɭɳɟɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɜɤɥɸɱɚ-
ɟɬ ɫɥɟɞɭɸɳɢɟ ɲɚɝɢ: 

1) Ɉɰɟɧɢɜɚɟɬɫɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ (1) ɩɨ ɧɚɛɥɸɞɟɧɢɹɦ 

………… ,ˆ,,ˆ,ˆ,,ˆ,ˆ
1 kttkttt XXYYY −−− .Ɂɚɬɟɦ ɞɥɹ ɤɚɠɞɨɣ ɤɨɦɩɨɧɟɧɬɵ ɩɪɨɰɟɫɫɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɞɨɛɚɜɥɟɧɢɟɦ ɢ ɜɵɱɢɬɚɧɢɟɦ ɱɥɟɧɨɜ jtij y −α  ɚɜɬɨɪɟɝ-
ɪɟɫɫɢɨɧɧɨɣ ɱɚɫɬɢ ɤɚɠɞɚɹ ɤɨɦɩɨɧɟɧɬɚ ɦɨɞɟɥɢ (1) ɩɪɢɜɨɞɢɬɫɹ  ɤ ɜɢɞɭ: 
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10 ΔΔ . (7) 

2) ɉɨ ɧɚɛɥɸɞɟɧɢɹɦ qtttptt XXYYY −−−
ˆ,,ˆ,ˆ,ˆ,,ˆ

1 …… ΔΔ  ɢ ɜɵɱɢɫɥɟɧɧɵɦ 

ɡɧɚɱɟɧɢɹɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɨɞɟɥɢ (7) ɞɥɹ ɤɚɠɞɨɣ ɧɚɛɥɸɞɚɟɦɨɣ ɤɨɦɩɨ-
ɧɟɧɬɵ ɩɪɨɰɟɫɫɚ ɜɵɱɢɫɥɹɸɬɫɹ ɫɬɚɬɢɫɬɢɤɢ: (Bascompte, Solé, 1995). 
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ȼ ɨɬɫɭɬɫɬɜɢɟ ɢɡɦɟɧɟɧɢɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɷɬɢɯ ɫɬɚɬɢɫɬɢɤ 
ɪɚɜɧɨ ɧɭɥɸ. ȿɫɥɢ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɫɯɨɞɹɬ ɢɡɦɟɧɟɧɢɹ (4), ɬɨ ɭɜɟɥɢɱɢɜɚ-
ɸɬɫɹ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ 1T  ɢ 2T , ɚ ɞɢɫɩɟɪɫɢɹ ɢɯ ɧɟ ɦɟɧɹɟɬɫɹ. ɉɪɢ ɢɡɦɟ-
ɧɟɧɢɹɯ ɜɢɞɚ (5) ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɢɫɩɟɪɫɢɹ ɨɛɟɢɯ ɫɬɚɬɢɫɬɢɤ, ɩɪɢɱɟɦ ɜɵ-

ɩɨɥɧɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ: 
21 TVarTVar < . (8) 

ȼ ɫɥɭɱɚɟ ɢɡɦɟɧɟɧɢɣ (6) ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ 
1T  ɢ ɞɢɫɩɟɪɫɢɢ 1T  ɢ 2T , ɩɪɢ ɷɬɨɦ ɜɵɩɨɥɧɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ: 

21 TVarTVar > .  (9) 

3) ɉɪɢ ɩɨɥɭɱɟɧɢɢ ɨɱɟɪɟɞɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɜɵɱɢɫɥɹɸɬɫɹ ɫɬɚɬɢɫɬɢ-

ɤɢ 1T  ɢ 2T , ɞɥɹ ɤɨɬɨɪɵɯ ɚɥɝɨɪɢɬɦɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ 
ɩɪɨɜɟɪɹɟɬɫɹ: 

− ɭɜɟɥɢɱɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɷɬɢɯ ɫɬɚɬɢɫɬɢɤ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɧɭɥɟɜɨɝɨ ɡɧɚɱɟɧɢɹ, 
− ɭɜɟɥɢɱɟɧɢɟ ɢɯ ɞɢɫɩɟɪɫɢɣ,  

− ɫɪɚɜɧɟɧɢɟ ɞɢɫɩɟɪɫɢɣ 1T  ɢ 2T . 

ɉɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɚɥɝɨɪɢɬɦɨɦ ɭɜɟɥɢɱɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢ-

ɞɚɧɢɹ ɢ ɩɨɫɬɨɹɧɧɨɣ ɞɢɫɩɟɪɫɢɢ ɞɢɚɝɧɨɫɬɢɪɭɟɬɫɹ ɢɡɦɟɧɟɧɢɟ (4), ɩɪɢ ɭɜɟ-

Гребенюк Е. А. — МКО – 2009, т. 2, стр. 242–251

Grebenuk E. A. — MCE – 2009, v. 2, pp. 242–251

247



ɥɢɱɟɧɢɢ ɞɢɫɩɟɪɫɢɢ, ɩɨɫɬɨɹɧɧɨɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɨɠɢɞɚɧɢɢ ɢ ɜɵɩɨɥɧɟ-
ɧɢɢ ɭɫɥɨɜɢɹ (8) — ɢɡɦɟɧɟɧɢɟ ɬɢɩɚ (5). ȿɫɥɢ, ɨɞɧɨɜɪɟɦɟɧɧɨ, ɭɜɟɥɢɱɢɜɚ-
ɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɛɟɢɯ ɫɬɚɬɢɫɬɢɤ ɢ ɢɯ ɞɢɫɩɟɪɫɢɹ, ɬɨ ɞɢɚɝɧɨɫɬɢɪɭɟɬ-
ɫɹ ɢɡɦɟɧɟɧɢɟ (6) ɩɟɪɟɯɨɞ ɩɪɨɰɟɫɫɚ ɜ ɧɟɫɬɚɰɢɨɧɚɪɧɨɟ ɫɨɫɬɨɹɧɢɟ. Ⱥɥɝɨ-
ɪɢɬɦɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɢɡɦɟɧɟɧɢɣ ɫɪɟɞɧɟɝɨ ɢ ɞɢɫɩɟɪ-
ɫɢɢ ɧɟɡɚɜɢɫɢɦɨɣ ɫɥɭɱɚɣɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɜɨ 
ɦɧɨɝɢɯ ɪɚɛɨɬɚɯ, ɧɚɩɪɢɦɟɪ (Han, Tsung, 2007; Basseville, Nikiforov, 

1993). ɉɨɫɤɨɥɶɤɭ ɬɨɱɧɚɹ ɨɰɟɧɤɚ ɭɜɟɥɢɱɟɧɢɹ ɫɪɟɞɧɟɝɨ ɢ ɞɢɫɩɟɪɫɢɢ ɩɨɫɥɟ 
ɢɡɦɟɧɟɧɢɣ ɧɟɢɡɜɟɫɬɧɚ, ɬɨ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɢɡɦɟɧɟɧɢɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɩɪɨɳɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ, ɜ ɤɨɬɨɪɵɯ ɜɦɟɫɬɨ ɢɡɜɟɫɬɧɵɯ 
ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɩɨɫɥɟ ɢɡɦɟɧɟɧɢɣ ɡɚɞɚɟɬɫɹ ɝɪɚɧɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚ-
ɪɚɦɟɬɪɚ, ɜɵɯɨɞ ɡɚ ɤɨɬɨɪɨɟ ɧɭɠɧɨ ɨɛɧɚɪɭɠɢɜɚɬɶ (Ƚɪɟɛɟɧɸɤ, 2003). ɉɨ-
ɤɚɡɚɧɨ, ɱɬɨ ɫɪɟɞɧɹɹ ɡɚɞɟɪɠɤɚ ɜ ɨɛɧɚɪɭɠɟɧɢɢ ɞɥɹ ɚɥɝɨɪɢɬɦɚ (3) ɫɬɪɟɦɢɬ-
ɫɹ ɤ ɫɜɨɟɦɭ ɨɩɬɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɡɚɞɚɧɧɵɯ ɝɪɚ-
ɧɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɤ ɮɚɤɬɢɱɟɫɤɢɦ. 

ɉɪɢɦɟɪ. Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɰɟɫɫ ɦɨɧɢɬɨɪɢɧɝɚ ɫɨɞɟɪɠɚɧɢɹ ɜ ɚɬɦɨ-
ɫɮɟɪɟ ɞɢɨɤɫɢɞɚ ɚɡɨɬɚ. Ƚɪɚɮɢɤ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1, ɝɨɪɢɡɨɧ-

ɬɚɥɶɧɚɹ ɥɢɧɢɹ - ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ ɡɚɝɪɹɡɧɢɬɟɥɹ, ɜɟɪɬɢɤɚɥɶɧɚɹ ɥɢɧɢɹ 
ɨɬɦɟɱɚɟɬ ɦɨɦɟɧɬ ɩɪɟɜɵɲɟɧɢɹ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ ɡɚɝɪɹɡɧɢɬɟɥɹ.  
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Ɋɢɫ. 1. 1 — ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɪɚɡɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ, 2 — ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɞɢɨɤɫɢɞɚ ɚɡɨɬɚ. 

Ɇɨɞɟɥɶ ɩɪɨɰɟɫɫɚ, ɩɨɫɬɪɨɟɧɧɚɹ ɫ ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ ɦɟɬɟɨɭɫɥɨɜɢɣ, 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 2. ȼɧɢɡɭ — ɝɪɚɮɢɤ ɨɬɤɥɨɧɟɧɢɣ ɩɪɨɰɟɫɫɚ ɨɬ ɦɨɞɟɥɢ. 
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Ɋɢɫ. 2. 1 — ɧɚɛɥɸɞɚɟɦɵɟ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ, 2 — ɡɧɚɱɟɧɢɹ, ɜɵɱɢɫɥɟɧɧɵɟ 
ɩɨ ɦɨɞɟɥɢ, 3 — ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɮɚɤɬɢɱɟɫɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɢ ɦɨɞɟɥɶɸ. 

ɇɚ ɪɢɫ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɧɢɬɨɪɢɧɝɚ ɨɬɤɥɨɧɟɧɢɣ ɨɬ 
ɦɨɞɟɥɢ. ȼɟɪɬɢɤɚɥɶɧɵɦɢ ɥɢɧɢɹɦɢ ɨɛɨɡɧɚɱɟɧɵ ɦɨɦɟɧɬɵ ɮɚɤɬɢɱɟɫɤɨɝɨ 
ɩɪɟɜɵɲɟɧɢɹ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ ɡɚɝɪɹɡɧɢɬɟɥɹ (N = 229) ɢ ɦɨɦɟɧɬ ɨɛ-

ɧɚɪɭɠɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɦɨɞɟɥɢ (N = 220). 
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Ɋɢɫ. 3. 1 — ɧɚɛɥɸɞɚɟɦɵɟ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ, 2 — ɪɟɲɚɸɳɚɹ ɮɭɧɤɰɢɹ 
ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ; 3 — ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɮɚɤɬɢɱɟɫɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɢ ɦɨ-
ɞɟɥɶɸ, 4 — ɩɨɪɨɝ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɢɝɧɚɥ ɨ ɧɟɫɨɨɬɜɟɬɫɬɜɢɢ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɭ, ɫɜɢɞɟ-
ɬɟɥɶɫɬɜɭɸɳɢɣ ɨ ɜɨɡɧɢɤɲɢɯ ɢɡɦɟɧɟɧɢɹɯ, ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɚɧ ɫɭɳɟɫɬɜɟɧ-

ɧɨ ɪɚɧɶɲɟ, ɱɟɦ ɩɪɨɢɡɨɣɞɟɬ ɮɚɤɬɢɱɟɫɤɢɣ ɜɵɯɨɞ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɧɨɪɦɭ. 

Ɂɚɤɥɸɱɟɧɢɟ. ɉɪɟɞɥɨɠɟɧɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɜɨɡ-
ɧɢɤɧɨɜɟɧɢɹ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɫɢɬɭɚɰɢɣ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ 
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ɨɛɧɚɪɭɠɟɧɢɢ ɢɡɦɟɧɟɧɢɣ ɜ ɩɪɨɰɟɫɫɚɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɡɚɝɪɹɡɧɢɬɟɥɟɣ, 

ɩɪɢɜɨɞɹɳɢɯ ɤ ɜɵɯɨɞɭ ɷɬɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɚ ɧɨɪɦɭ. ɉɪɟɞɥɨɠɟɧɧɵɟ ɚɥ-
ɝɨɪɢɬɦɢɱɟɫɤɢɟ ɩɪɨɰɟɞɭɪɵ ɜɤɥɸɱɚɸɬ ɨɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɫ ɩɨɦɨɳɶɸ 

ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢ ɨɛɧɚɪɭɠɟɧɢɟ ɢɡɦɟɧɟɧɢɣ ɩɨ ɨɬɤɥɨɧɟɧɢɹɦ 

ɩɪɨɰɟɫɫɚ ɨɬ ɦɨɞɟɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ CUSUM ɚɥɝɨɪɢɬɦɨɜ. 
 

 
ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 

 
Basseville M., Nikiforov I.V. Detection of abrupt changes — theory and application. 
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SOFTWARE OF ECOLOGICAL MONITORING: DETECTION OF 

STRUCTURAL SHIFTS IN METEOROLOGICAL 

PARAMETERS AND POLLUTION CONCENTRATIONS 

 

Grebenuk E. A. 

 

 

The paper is devoted to the problem of monitoring of pollutant concentration 

and preventing excessive contamination of the environment. Algorithms for 

sequential change detection in stationary and non-stationary processes were 

developed. The designed algorithms of monitoring were probed on real data 

of ozone concentration in troposphere. 
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