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3.Ɍɨɥɫɬɢɯɢɧɚ ȿ.Ⱥ., Ɍɨɥɫɬɢɯɢɧɚ Ʌ.ȼ. Ɇɧɨɝɨɰɟɥɟɜɚɹ ɜɟɪɨɹɬɧɨɫɬɧɚɹ ɤɨɪɪɟɤɰɢɹ ɪɟɠɢɦɚ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɧɚ ɦɧɨɠɟɫɬɜɟ Пɚɪɟɬɨ// ɗɥɟɤɬɪɢɱɟɫɬɜɨ. β01γ. №6. 1γ-18 ɫ. 

4.ɂɞɟɥɶɱɢɤ ȼ. ɂ. Ɋɚɫɱɟɬɵ ɢ ɨɩɬɢɦɢɡɚɰɢɹ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɢ ɫɢɫɬɟɦ. Ɇ.: 
ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1988. β88 ɫ. 

 
ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ: Ʌ. ȼ. Ɍɨɥɫɬɢɯɢɧɚ, ɤ.ɧ.ɬ., ɞɨɰɟɧɬ, ɤɚɮɟɞɪɚ Ƚɢɞɪɨɷɧɟɪɝɟɬɢɤɢ, 

ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɋɚɹɧɨ-
ɒɭɲɟɧɫɤɨɝɨ ɮɢɥɢɚɥɚ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɚɜɬɨɧɨɦɧɨɝɨ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ 
ɭɱɪɟɠɞɟɧɢɹ ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ «ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ». 

 
 
 
 
ɈɉɊȿȾȿɅȿɇɂȿ ɄɈɗɎɎɂɐɂȿɇɌɈȼ ɉɈɅɂɇɈɆɈȼ ɋɌȺɌɂɑȿɋɄɂɏ 

ɏȺɊȺɄɌȿɊɂɋɌɂɄ ɇȺȽɊɍɁɄɂ ɉɈ ɇȺɉɊəɀȿɇɂɘ ɇȺ ɈɋɇɈȼȿ 
ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɕɏ ȾȺɇɇɕɏ 

 
ɇ.Ʌ. Ȼɚɰɟɜɚ1, Ⱥ.ȼ. Пɚɧɤɪɚɬɨɜ1,  

Ⱥ.ɋ. Ɍɚɜɥɢɧɰɟɜ2, Ɉ.ɘ. Ɇɚɥɨɡɟɦɨɜɚ2 
1. ɎȽȺɈɍ ȼɈ ɇɂ ɌПɍ, ɗɇɂɇ, ɤɚɮɟɞɪɚ «ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɟɬɢ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ» 

β. ɎȽȺɈɍ ȼПɈ «ɍɪɎɍ ɢɦɟɧɢ ɩɟɪɜɨɝɨ Пɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɢ Ȼ.ɇ.ȿɥɶɰɢɧɚ», ɍɪɚɥɗɇɂɇ, 
ɤɚɮɟɞɪɚ «Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ» 

 
Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɨɬ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɦɟɞɥɟɧɧɵɯ 

ɢɡɦɟɧɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɧɚɡɵɜɚɟɬɫɹ ɫɬɚɬɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɧɚɝɪɭɡɤɢ (ɋɏɇ) ɩɨ 
ɧɚɩɪɹɠɟɧɢɸ Д1Ж. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɋɏɇ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɪɟɠɢɦ ɫ 
ɦɟɧɶɲɟɣ ɩɨɝɪɟɲɧɨɫɬɶɸ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɬɨɱɧɢɬɶ ɞɨɩɭɫɬɢɦɵɟ ɩɨ 
ɭɫɥɨɜɢɹɦ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɟɪɟɬɨɤɢ ɦɨɳɧɨɫɬɢ. 

Ɉɫɧɨɜɨɣ ɩɨɥɭɱɟɧɢɹ ɋɏɇ ɹɜɥɹɸɬɫɹ ɧɚɬɭɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ, ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɨɬɨɪɵɯ 
ɩɪɢɧɭɞɢɬɟɥɶɧɨ ɢɡɦɟɧɹɸɬ ɪɟɠɢɦ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɚ ɲɢɧɚɯ ɧɚɝɪɭɡɤɢ, ɮɢɤɫɢɪɭɹ ɩɪɢ ɷɬɨɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɡɦɟɧɟɧɢɹ ɦɨɳɧɨɫɬɢ. Пɨɫɥɟɞɧɢɣ ɪɚɡ ɬɚɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɜ Ɋɨɫɫɢɢ 
ɩɪɨɜɨɞɢɥɢɫɶ ɜ 70-ɯ, ɧɚɱɚɥɟ 80-ɯ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɨɫɬɪɨ ɫɬɨɢɬ ɜɨɩɪɨɫ 
ɨɛɧɨɜɥɟɧɢɹ ɷɬɢɯ ɞɚɧɧɵɯ.  

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɚɤɬɭɚɥɢɡɚɰɢɢ ɚɥɶɛɨɦɨɜ ɋɏɇ ɨɛɭɫɥɨɜɥɟɧɚ ɟɳɟ ɢ ɬɟɦ, ɱɬɨ ɫɬɚɬɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ 
ɪɟɲɚɸɬɫɹ ɡɚɞɚɱɢ ɞɢɫɩɟɬɱɟɪɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɥɚɧɢɪɭɸɬɫɹ ɨɛɴɟɦɵ ɩɨɫɬɚɜɨɤ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɨɩɬɨɜɨɦ ɪɵɧɤɟ. 

Пɪɟɧɟɛɪɟɝɚɹ ɜɥɢɹɧɢɟɦ ɤɨɥɟɛɚɧɢɣ ɱɚɫɬɨɬɵ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ 
ɞɥɹ ɢɡɦɟɧɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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ɝɞɟ ɛɚɡU  – ɛɚɡɨɜɨɟ ɧɚɩɪɹɠɟɧɢɟ ɭɡɥɚ ɧɚɝɪɭɡɤɢ (ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ); 

ɛɚɡQ  – ɩɨɬɪɟɛɥɟɧɢɟ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɛɚɡɨɜɨɦɭ ɧɚɩɪɹɠɟɧɢɸ; 

210 ,, aaa  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɢɧɨɦɚ. 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɜɵɪɚɠɟɧɢɹ (1) ɫɩɪɚɜɟɞɥɢɜɚ ɢ ɞɥɹ ɚɤɬɢɜɧɨɣ 

ɦɨɳɧɨɫɬɢ. 



37 
 

ȼ ɫɬɚɬɶɟ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɢɧɨɦɨɜ ɋɏɇ ɩɪɢɜɟɞɟɧɚ ɬɨɥɶɤɨ 
ɞɥɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. 

Пɪɨɛɥɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɢɧɨɦɨɜ ɋɏɇ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ ɩɪɟɞɩɪɢɹɬɢɢ ɦɨɠɟɬ 
ɢɡɦɟɧɹɬɶɫɹ ɜ ɬɟɱɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɋɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɸ (1), ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ ɢɡɦɟɧɟɧɢɟ ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɛɚɡɨɜɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ДβЖ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɧɟɨɛɯɨɞɢɦɨ 
ɫɨɛɥɸɞɚɬɶ ɧɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɩɪɢɦɟɧɹɬɶ ɫɩɟɰɢɚɥɶɧɵɟ 
ɚɥɝɨɪɢɬɦɵ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. 

ȼ ɯɨɞɟ ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɋɏɇ ɛɵɥ ɩɪɨɜɟɞɟɧ ɷɤɫɩɟɪɢɦɟɧɬ ɧɚ ɜɬɨɪɨɣ 
ɫɟɤɰɢɢ ɲɢɧ 6ɤȼ ɩɨɞɫɬɚɧɰɢɢ γ5/6ɤȼ «ɋɢɛɤɚɛɟɥɶ» (ɝ. Ɍɨɦɫɤ) ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɢɧɨɦɚ (1): ɦɚɫɫɢɜɵ ɡɧɚɱɟɧɢɣ 
ɦɟɠɞɭɮɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɬɪɟɯɮɚɡɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɬɪɟɯɮɚɡɧɨɣ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ. 

Ƚɪɚɮɢɱɟɫɤɢ ɡɚɜɢɫɢɦɨɫɬɶ Q=f(U) ɩɨ ɞɚɧɧɵɦ ɚɤɬɢɜɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 1. 

 
Ɋɢɫ. 1. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ Q=f(U) 

ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢɧɹɬɨ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 
ɧɨɪɦɚɥɶɧɨɦɭ ɩɨɥɨɠɟɧɢɸ ɭɫɬɪɨɣɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɩɨɞ ɧɚɝɪɭɡɤɨɣ (ɊПɇ), ɬɨɝɞɚ 
ɤɚɠɞɨɟ ɢɡɦɟɪɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɦɨɠɧɨ ɩɟɪɟɜɟɫɬɢ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɟɞɢɧɢɰɵ ɩɨ 
ɮɨɪɦɭɥɟ: 

ɛɚɡ

i
i U

U
U * . (2) 

ɂɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɜɵɡɜɚɧɵ ɤɚɤ ɢɡɦɟɧɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ ɊПɇ, ɬɚɤ ɢ 
ɫɥɭɱɚɣɧɵɦ ɩɨɜɟɞɟɧɢɟɦ ɧɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ ɩɨɝɪɟɲɧɨɫɬɶɸ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɹ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ 
ɨɬɮɢɥɶɬɪɨɜɚɬɶ ɤɨɥɟɛɚɧɢɹ, ɤɨɬɨɪɵɟ ɧɟ ɫɜɹɡɚɧɵ ɫ ɢɡɦɟɧɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ ɊПɇ, ɜɵɩɨɥɧɹɟɬɫɹ 
ɩɪɨɜɟɪɤɚ ɩɨ ɭɫɥɨɜɢɸ: 

%1%100|| *1*  ii UU . (3) 
ɍɫɥɨɜɢɟ (γ) ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɩɪɢ ɩɟɪɟɤɥɸɱɟɧɢɢ ɨɬɩɚɟɤ ɊПɇ, ɬɚɤ ɤɚɤ ɨɞɧɚ 

ɫɬɭɩɟɧɶ ɩɪɢɜɨɞɚ ɊПɇ ɢɡɦɟɧɹɟɬ ɧɚɩɪɹɠɟɧɢɟ ɨɬ 1% ɢ ɛɨɥɟɟ Д1Ж. ȿɫɥɢ ɞɥɹ ɬɨɱɟɤ (i) ɢ (i+1) 
ɭɫɥɨɜɢɟ (γ) ɜɵɩɨɥɧɹɟɬɫɹ, ɬɨ ɩɚɪɚ ɬɨɱɟɤ ɨɫɬɚɜɥɹɟɬɫɹ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɢɧɨɦɚ. ɍɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨɜɢɸ (γ) ɢɡɦɟɪɟɧɢɹ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ β 
ɱɟɪɧɵɦ ɰɜɟɬɨɦ, ɢɡɦɟɪɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɚɧɧɨɦɭ ɭɫɥɨɜɢɸ, ɩɨɤɚɡɚɧɵ ɫɟɪɵɦ 
ɰɜɟɬɨɦ. 
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Ɋɢɫ. β. ȼɵɞɟɥɟɧɢɟ ɩɚɪ ɫɨɫɟɞɧɢɯ ɬɨɱɟɤ, ɧɚ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ 

ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɜɨɞ ɊПɇ ɞɥɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɫɤɥɸɱɟɧɢɹ ɩɚɪ ɬɨɱɟɤ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɛɚɡɨɜɚɹ ɦɨɳɧɨɫɬɶ 

ɦɟɧɹɟɬɫɹ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɧɚɱɟɧɢɹ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɷɮɮɟɤɬɚ ɧɚɝɪɭɡɤɢ KQj[4, 5], 
ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɞɥɹ ɩɚɪ ɬɨɱɟɤ ɩɨ ɮɨɪɦɭɥɟ: 

jj

jj

jj

jj
j QQ

UU

UU

QQ
KQ 


 





1

*1*

1*

1
. (4) 

ɇɚ ɪɢɫɭɧɤɟ γ ɱɟɪɧɵɦ ɰɜɟɬɨɦ ɩɨɤɚɡɚɧɵ ɢɡɦɟɪɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɫɬɚɜɥɟɧɵ ɞɥɹ 
ɞɚɥɶɧɟɣɲɢɯ ɜɵɱɢɫɥɟɧɢɣ ɩɨ ɭɫɥɨɜɢɸ (4) (ɬɨɱɤɢ 11, 15, 6, 7, β, 1β, γ). 

 
Ɋɢɫ. γ. Ɋɟɝɭɥɢɪɭɸɳɢɟ ɷɮɮɟɤɬɵ ɩɨ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɨɫɥɟ ɢɫɤɥɸɱɟɧɢɹ ɩɚɪ ɬɨɱɟɤ 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɢɧɨɦɨɜ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ, ɫɭɬɶ ɤɨɬɨɪɨɝɨ ɫɨɫɬɨɢɬ ɜ ɧɚɯɨɠɞɟɧɢɢ ɚɥɝɨɪɢɬɦɚ ɩɨɢɫɤɚ ɩɨ 
ɢɡɜɟɫɬɧɨɦɭ ɩɪɢɛɥɢɠɟɧɢɸ ɢɫɤɨɦɨɣ ɜɟɥɢɱɢɧɵ ɫɥɟɞɭɸɳɟɝɨ, ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ДγЖ. 

Пɟɪɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɫɬɪɨɢɬɫɹ ɧɚ ɪɚɫɱɟɬɟ ɡɧɚɱɟɧɢɣ ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ, ɩɨ ɤɨɬɨɪɨɣ 
ɞɚɥɟɟ ɜɵɱɢɫɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɢ ɡɧɚɱɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɢɧɨɦɚ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɡɧɚɱɟɧɢɣ ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɫɟɪɟɞɢɧ ɨɬɪɟɡɤɨɜ: 

2
;

2
1*1*

*
jj

cj
jj

cj
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Q
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U
 

. (5) 

ȼɵɛɨɪ ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ ɩɟɪɜɨɝɨ ɨɬɪɟɡɤɚ ɞɟɥɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ɜ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɫɪɟɞɧɹɹ ɦɨɳɧɨɫɬɶ ɷɬɨɝɨ ɨɬɪɟɡɤɚ ɪɚɜɧɚ 1 ɨ.ɟ. ɍɱɢɬɵɜɚɹ, ɱɬɨ 
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ɚɤɬɢɜɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɊПɇ ɢ ɧɚɩɪɹɠɟɧɢɢ, ɛɥɢɡɤɨɦ 
ɤ ɛɚɡɨɜɨɦɭ ɡɧɚɱɟɧɢɸ, ɬɚɤɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɢɫɬɢɧɧɵɦ, ɬɨɝɞɚ 

)0()0( cɛɚɡ QQ  . (6) 

Ɂɧɚɱɟɧɢɹ ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ ɩɨɫɥɟɞɭɸɳɢɯ ɨɬɪɟɡɤɨɜ ɩɨɥɭɱɚɸɬ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ 
ɦɨɳɧɨɫɬɶ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɦɟɠɞɭ ɩɚɪɚɦɢ ɬɨɱɟɤ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. 

Ɂɧɚɹ ɛɚɡɨɜɭɸ ɦɨɳɧɨɫɬɶ ɩɪɟɞɵɞɭɳɟɝɨ ɨɬɪɟɡɤɚ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɛɚɡɨɜɭɸ ɦɨɳɧɨɫɬɶ 
ɫɥɟɞɭɸɳɟɝɨ ɨɬɪɟɡɤɚ ɩɨ ɮɨɪɦɭɥɟ: 

1

)(|2
)1(| 
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Q . (7) 

Ɉɫɭɳɟɫɬɜɢɦ ɩɟɪɟɜɨɞ ɦɨɳɧɨɫɬɟɣ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɟɞɢɧɢɰɵ: 
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ɋɨɫɬɚɜɢɦ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ: 
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. (9) 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (9) ɨɬɧɨɫɢɬɫɹ ɤ ɩɟɪɟɨɩɪɟɞɟɥɟɧɧɵɦ ɫɢɫɬɟɦɚɦ ɥɢɧɟɣɧɵɯ 
ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ, ɜ ɤɨɬɨɪɵɯ ɱɢɫɥɨ ɭɪɚɜɧɟɧɢɣ ɛɨɥɶɲɟ ɱɢɫɥɚ ɧɟɢɡɜɟɫɬɧɵɯ. Ɋɟɲɟɧɢɟ 
ɫɢɫɬɟɦɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ДγЖ. Пɨɥɭɱɟɧɧɵɟ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɢɧɨɦɨɜ ɚ0, ɚ1, ɚ2 ɹɜɥɹɸɬɫɹ ɩɟɪɜɵɦ ɩɪɢɛɥɢɠɟɧɢɟɦ. 

Ⱦɚɥɟɟ ɢɫɩɨɥɶɡɭɟɦ ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ. ɂɫɯɨɞɹ ɢɡ ɩɪɟɞɩɨɥɨɠɟɧɢɹ 
ɨ ɬɨɦ, ɱɬɨ ɜ ɩɪɟɞɟɥɚɯ j-ɬɨɝɨ ɨɬɪɟɡɤɚ ɛɚɡɨɜɚɹ ɦɨɳɧɨɫɬɶ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ, ɦɨɠɧɨ 
ɪɚɫɫɱɢɬɚɬɶ ɡɧɚɱɟɧɢɹ ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɨɬɪɟɡɤɨɜ: 

cjcj
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UaUaa
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 . (10) 

Ⱦɚɥɶɧɟɣɲɢɟ ɞɟɣɫɬɜɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɭɬɨɱɧɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɢɧɨɦɚ 
ɩɨɜɬɨɪɹɸɬɫɹ: ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ (8), ɡɧɚɱɟɧɢɹ ɢɡɦɟɪɟɧɧɵɯ ɦɨɳɧɨɫɬɟɣ ɩɟɪɟɜɨɞɹɬ ɜ 
ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɟɞɢɧɢɰɵ; ɡɚɬɟɦ ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ (9) ɭɬɨɱɧɹɸɬ ɤɨɷɮɮɢɰɢɟɧɬɵ ɚ0, ɚ1, ɚ2. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɧɟ ɭɱɢɬɵɜɚɟɬ ɭɫɥɨɜɢɹ 

1210  aaa . (11) 

ɩɨɷɬɨɦɭ ɫɬɚɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɝɭɬ ɭɞɚɥɹɬɶɫɹ ɨɬ ɬɨɱɤɢ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ (1;1) ɫ 
ɤɚɠɞɨɣ ɩɨɫɥɟɞɭɸɳɟɣ ɢɬɟɪɚɰɢɟɣ. ȼɨ ɢɡɛɟɠɚɧɢɟ ɷɬɨɝɨ ɞɨɫɬɚɬɨɱɧɨ ɤɚɠɞɵɣ ɪɚɡ ɭɦɧɨɠɚɬɶ 

ɩɨɥɭɱɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɚ ɜɟɥɢɱɢɧɭ
210

1

aaa   ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɤɚɠɞɨɣ ɧɨɜɨɣ 

ɢɬɟɪɚɰɢɟɣ ɭɬɨɱɧɹɬɶ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 
Ⱦɥɹ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɧɚɱɟɧɢɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɝɨ 

ɨɬɤɥɨɧɟɧɢɹ ɜɫɟɯ ɨɫɬɚɜɥɟɧɧɵɯ ɩɨɫɥɟ ɮɢɥɶɬɪɚɰɢɢ ɡɧɚɱɟɧɢɣ ɦɨɳɧɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 

  N

i
iii UaUaaQ
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22
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ɂɬɟɪɚɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɫɥɟɞɭɟɬ ɩɪɨɞɨɥɠɚɬɶ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɡɧɚɱɟɧɢɟ 
ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ. 

ȼ ɯɨɞɟ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɚɤɬɢɜɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ ɫɞɟɥɚɧɨ 66 ɢɬɟɪɚɰɢɣ ɞɥɹ 
ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ (ɞɥɹ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 155). 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɢɧɨɦɚ ɋɏɇ ɞɥɹ ɧɚɱɚɥɶɧɨɝɨ ɢ ɤɨɧɟɱɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɣ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɢɧɨɦɚ ɋɏɇ 

ɇɨɦɟɪ ɩɪɢɛɥɢɠɟɧɢɹ a0 a1 a2 Q  
0 -13,103 22,668 -8,628 0,138 
66 52,048 -108,651 57,599 0,016 

ɇɚ ɪɢɫɭɧɤɟ 4, ɚ), ɛ) ɩɨɤɚɡɚɧɵ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɟɣ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɫɬɚɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ 
ɤɜɚɞɪɚɬɨɜ. ɇɚ ɪɢɫɭɧɤɟ 4, ɚ) – ɪɟɡɭɥɶɬɚɬɵ ɩɟɪɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ, ɛ) – ɪɟɡɭɥɶɬɚɬɵ 66-ɨɣ 
ɢɬɟɪɚɰɢɢ. 

  
Ɋɢɫ. 4. ɋɏɇ ɩɨ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ: ɚ) – ɪɟɡɭɥɶɬɚɬɵ ɩɟɪɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ; ɛ) – 

ɪɟɡɭɥɶɬɚɬɵ ɧɚɢɛɨɥɟɟ ɬɨɱɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ 
Пɨ ɪɢɫɭɧɤɭ 4, ɚ) ɜɢɞɧɨ, ɱɬɨ ɮɨɪɦɚ ɋɏɇ ɩɨ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɚɹ ɩɪɢ 

ɞɨɫɬɚɬɨɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢɬɟɪɚɰɢɣ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɩɨɜɬɨɪɹɟɬ ɩɨɥɢɧɨɦ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ. 
Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɦɟɬɨɞɢɤɢ, ɫɪɚɜɧɢɜɚɥɢɫɶ ɫ ɪɟɡɭɥɶɬɚɬɚɦ, 
ɩɨɥɭɱɟɧɧɵɦɢ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɢɡɦɟɪɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɚɫɫɢɜɧɨɝɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚ. ȼ ɢɫɫɥɟɞɭɟɦɨɦ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɋɏɇ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɥɢ, 
ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɧɢɡɤɨɣ ɫɬɟɩɟɧɢ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɢɧɨɦɨɜ. 
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