
ȿɥɟɤɬɪɨɩɨɫɬɚɱɚɧɧɹ ɬɚ ɟɥɟɤɬɪɨɭɫɬɚɬɤɭвɚɧɧɹ 

 48 

6. ȽɈɋɌ 12.1.03-82. ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ. ɉɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢɤɨɫɧɨɜɟɧɢɹ 
ɢ ɬɨɤɨɜ ȼɜɟɞ. 1983-07-01. 

7. Ʉɟɦɩɨ Ʉ.Ƚ. Ɇɟɬɪɨɥɨɝɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɯɧɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ: ɫɩɪɚɜ. ɩɨɫɨɛɢɟ. – Ʉ.: Ɍɟ-
ɯɧɿɤɚ, 1987. – 128 ɫ.   

Ɋɟɤɨɦɟɧɞɨɜɚɧɨ ɞɨ ɞɪɭɤɭ ɩɪɨɮ. Ɋɚɡɭɦɧɢɦ Ю.Ɍ. 
 

 

 

 

ɍȾɄ 661.331:621.311 
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(ɍɤɪɚɢɧɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫ-
ɩɨɪɬɚ ɢɦɟɧɢ ɚɤ. ȼ.Ʌɚɡɚɪɹɧɚ) 

 

ɆȿɌɈȾɈɅɈȽɂə ɆɈȾȿɅɂɊɈȼȺɇɂə ɈɌɄɅɈɇȿɇɂɃ ɇȺɉɊəɀȿɇɂə ȼ ɉɈȾ-
ɋɂɋɌȿɆȺɏ ɌəȽɈȼɈȽɈ ɗɅȿɄɌɊɈɋɇȺȻɀȿɇɂə ɉɈɋɌɈəɇɇɈȽɈ ɌɈɄȺ 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɩɪɨɛɥɟɦɵ 
 

ɉɪɨɬɟɤɚɧɢɟ ɷɧɟɪɝɨɨɛɦɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɢɫɬɟɦɟ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢɦɟɟɬ ɫɥɭɱɚɣɧɵɣ ɧɟ-
ɫɬɚɰɢɨɧɚɪɧɵɣ ɯɚɪɚɤɬɟɪ, ɚ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɹɜɥɹɸɬɫɹ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚ-
ɦɢ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɥɭɱɚɣɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫɬɪɨɢɬɫɹ ɧɚ ɨɫɧɨɜɟ ɚɧɫɚɦɛɥɹ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ, ɚ ɫɜɨɣ-
ɫɬɜɚ ɨɩɢɫɵɜɚɸɬɫɹ ɜɟɪɨɹɬɧɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

Ɂɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɩɨɥɧɨɫɬɶɸ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɟɟ ɢɡɦɟɧɟɧɢɟ ɜɨ ɜɪɟɦɟɧɢ Д1Ж, ɬɨ 
ɟɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɨɞɧɨɡɧɚɱɧɨ ɩɪɢɦɟɧɟɧ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɢ ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɱɢɫɥɨɜɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ʉɪɨɦɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɬɚɤɠɟ ɩɪɢɦɟɧɹɸɬ-
ɫɹ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɢ ɫɩɟɤɬɪɚɥɶɧɵɟ ɮɭɧɤɰɢɢ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɫ ɩɨɪɹɞɤɨɦ ɧɟ ɛɨɥɶɲɟ 5, ɩɪɢ 
ɷɬɨɦ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ Д2Ж. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɥɨɠɧɭɸ ɡɚɞɚɱɭ, 
ɨɫɨɛɟɧɧɨ ɜ ɭɫɥɨɜɢɹɯ ɨɝɪɚɧɢɱɟɧɧɨɣ ɜɵɛɨɪɤɢ. ɇɚ ɫɟɝɨɞɧɹ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɟɞɢɧɨɣ ɦɟɬɨɞɨɥɨɝɢɢ, ɫɨɝɥɚɫɧɨ 

ɤɨɬɨɪɨɣ ɜɨɡɦɨɠɧɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɫɜɨɣɫɬɜɚ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɥɸɛɨɝɨ ɬɢɩɚ, ɢɫɩɨɥɶɡɭɹ ɟɝɨ ɢɧɞɢ-
ɜɢɞɭɚɥɶɧɭɸ ɪɟɚɥɢɡɚɰɢɸ. Ɉɛɨɛɳɟɧɧɵɣ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɭɤɚɡɚɧɧɨɣ ɡɚɞɚɱɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜɨ ɜɜɟɞɟɧɢɢ 
ɝɢɩɨɬɟɡɵ ɨ ɫɩɟɰɢɮɢɱɟɫɤɨɦ ɯɚɪɚɤɬɟɪɟ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ, ɤɨɬɨɪɵɣ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 
ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɞɟɣɫɬɜɢɹ ɧɟɤɨɬɨɪɵɯ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɫɬɚɰɢɨɧɚɪɧɵɣ ɫɥɭɱɚɣɧɵɣ ɩɪɨɰɟɫɫ. 
ɉɪɢ ɬɚɤɨɦ ɩɨɞɯɨɞɟ, ɨɛɵɱɧɨ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɧɵɟ ɜɢɞɵ ɦɨɞɟɥɟɣ, ɤɨɬɨɪɵɟ ɤɨɦɛɢɧɢɪɭɸɬ ɢɥɢ ɨɛɨɛɳɚɸɬ 
ɞɥɹ ɧɚɢɛɨɥɶɲɟɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɪɟɚɥɶɧɵɦ ɮɢɡɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚ-
ɧɟɧɢɟ ɞɥɹ ɨɩɢɫɚɧɢɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɬɟɯɧɢɤɟ ɩɨɥɭɱɢɥɚ ɚɞɞɢɬɢɜɧɚɹ ɦɨɞɟɥɶ ɜɢɞɚ Д3Ж : 

                                   ttMtx                                                                             (1) 

 

ɝɞɟ  tM  – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ, ɤɨɬɨɪɨɟ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ;  t  – ɫɬɚɰɢɨɧɚɪɧɵɣ ɧɨɪɦɚɥɶɧɵɣ 
ɩɪɨɰɟɫɫ ɫ ɢɡɜɟɫɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 

ȿɫɥɢ ɭ ɧɚɫ ɟɫɬɶ n ɪɟɚɥɢɡɚɰɢɣ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɫɥɭɱɚɣɧɨɝɨ ɩɪɨɰɟɫɫɚ       txtxtx n,, 21 , ɬɨ, ɢɡɦɟɪɢɜ 
ɜ ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɢ ɭɫɪɟɞɧɢɜ ɢɯ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɨɰɟɧɤɭ ɦɚɬɟ-
ɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ: 
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                                                                        (2) 

 

Ɇɧɨɝɨɤɪɚɬɧɨɟ ɩɨɜɬɨɪɟɧɢɟ ɚɧɚɥɨɝɢɱɧɵɯ ɨɩɵɬɨɜ ɜ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ ɞɥɹ ɪɚɡɧɵɯ ɦɨɦɟɧɬɨɜ t ɞɚɟɬ 
ɪɹɞ ɞɢɫɤɪɟɬɧɵɯ ɡɧɚɱɟɧɢɣ  1tm*

x , ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɫɥɟ ɢɧɬɟɪɩɨɥɹɰɢɢ ɩɨɥɭɱɢɬɶ ɮɭɧɤɰɢɸ  1tm*
x . ȼ ɛɨɥɶ-

ɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ 
ɫɥɭɱɚɣɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨ ɨɞɧɨɣ ɪɟɚɥɢɡɚɰɢɢ. Ɋɟɲɟɧɢɟ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɫɝɥɚɠɢɜɚ-
ɧɢɹ Д2Ж. Ɉɛɨɛɳɟɧɢɟ ɷɬɨɝɨ ɦɟɬɨɞɚ ɧɚ ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ ɩɪɨɰɟɫɫɵ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɥɨɜɢɣ ɩɪɢɦɟɧɢɦɨɫɬɢ 
ɜɵɩɨɥɧɟɧɵ ɉɭɝɚɱɟɜɵɦ ȼ.ɋ. Д1Ж. ɉɪɨɰɟɞɭɪɚ ɫɝɥɚɠɢɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɥɢɧɢɢ, ɨɪɞɢɧɚɬɵ 
ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɸɬɫɹ  ɤɚɤ : 
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           tmtxtmtxty xxz
                                               (3) 

 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɭɫɥɨɜɢɣ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ ɞɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ 
ɫɝɥɚɠɢɜɚɸɳɟɣ ɤɪɢɜɨɣ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɩɟɪɚɰɢɹ ɫɝɥɚɠɢɜɚɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟ-
ɫɬɜɨɦ ɦɟɬɨɞɨɜ, ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ  ɦɟɬɨɞ ɫɤɨɥɶɡɹɳɟɣ ɫɪɟɞɧɟɣ : 
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ɂɧɬɟɧɫɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɤɨɦɩɶɸɬɟɪɧɨɣ ɬɟɯɧɢɤɢ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɨɫɭɳɟɫɬɜ-
ɥɹɬɶ ɚɧɚɥɢɡ ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɪɟɚɥɢɡɨɜɵɜɚɹ ɫɥɨɠɧɵɟ ɚɥɝɨɪɢɬɦɵ ɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɵɱɢɫ-
ɥɟɧɢɣ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫɨɝɥɚɫɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɩɪɨɰɟɞɭɪ Д4Ж. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ 
ɫɟɝɨɞɧɹ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɟɞɢɧɨɣ ɦɟɬɨɞɨɥɨɝɢɢ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɚɧɚɥɢɡɚ ɜɪɟɦɟɧɧɵɯ 
ɪɹɞɨɜ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɦɟɯ ɞɥɹ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɫɢɬɭɚɰɢɣ Д5Ж, ɩɨɷɬɨɦɭ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨ-
ɞɨɥɨɝɢɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬɤɥɨɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɜ ɡɚɞɚɱɚɯ ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɬɹɝɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɢ ɜɨɫɬɪɟɛɨɜɚɧɧɨɣ ɩɪɨɛɥɟɦɨɣ.  

ɐɟɥɶɸ ɷɬɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɜɢɬɢɟ ɩɨɞɯɨɞɨɜ ɤ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɨɬɤɥɨɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɨɫɧɨ-
ɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɬɤɥɨɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɲɢɧɚɯ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ 

 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɡɦɟɧɟɧɢɣ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (įUt) ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɨɞɟɥɶ ɜɢɞɚ (1), ɜ ɤɨɬɨ-
ɪɨɣ Ɇ(Э) ɩɪɟɞɫɬɚɜɥɹɟɬ ɬɪɟɧɞ Ɍ, ɚ İ(Э) ɫɬɚɰɢɨɧɚɪɧɵɣ ɧɨɪɦɚɥɶɧɵɣ ɩɪɨɰɟɫɫ ɫ ɩɚɪɚɦɟɬɪɚɦɢ, ɨɩɪɟɞɟɥɟɧɧɵɦɢ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɢɹ ɫɬɚɧɞɚɪɬɧɵɯ ɩɪɨɰɟɞɭɪ ɚɜɬɪɨɪɟɝɪɟɫɫɢɢ ɢ ɩɪɨɢɧɬɟɝɪɢɪɨɜɚɧɧɨɝɨ ɫɤɨɥɶɡɹɳɟɝɨ 
ɫɪɟɞɧɟɝɨ (ȺɊɉɋɋ).  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɨɥɭɱɟɧɢɹ ɦɨɞɟɥɢ įUt  ɪɚɫɫɦɨɬɪɢɦ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ 35 ɤȼ ɧɚ ɩɨɞɫɬɚɧɰɢɢ 
«ȼ». ȼɪɟɦɟɧɧɨɣ ɪɹɞ ɹɜɥɹɟɬɫɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɦ, ɱɬɨ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɪɢɫ. 1. Ɍɨ ɠɟ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, 
ɚɧɚɥɢɡɢɪɭɹ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɮɭɧɤɰɢɸ (ɪɢɫ. 2). Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ ɨɱɟɧɶ 
ɦɟɞɥɟɧɧɨ ɭɦɟɧɶɲɚɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɞɜɢɝɚ. 

 

Plot oП ЯКrТКЛlО: ȼɨɥɨɜɟць1
Cases: 1 through 8000
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Autocorrelation Function

ȼɨɥɨɜɟць1
(Standard errors are white-noise estimates)

 Conf. Limit
-1,0 -0,5 0,0 0,5 1,0
0

 15 +,968 ,0076

 14 +,970 ,0076

 13 +,972 ,0076

 12 +,974 ,0076

 11 +,976 ,0076

 10 +,977 ,0076

  9 +,979 ,0076

  8 +,981 ,0076

  7 +,983 ,0076

  6 +,984 ,0076

  5 +,986 ,0076

  4 +,987 ,0076

  3 +,989 ,0076

  2 +,991 ,0076

  1 +,994 ,0076

Lag Corr. S.E.
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  Q p

 
Ɋɢɫ. 1. ɂɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ 35 ɤȼ  

ɧɚ ɲɢɧɚɯ ɬɹɝɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ 
Ɋɢɫ. 2. Ⱥɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ 

ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 
 

 

ȼɵɞɟɥɹɹ ɢɡ ɷɬɨɝɨ ɪɹɞɚ ɬɪɟɧɞ ɩɨɥɭɱɢɦ: 
 

293625,121202,15426,0 23  tttT
U  

      

Ⱦɥɹ ɩɪɟɜɪɚɳɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɪɹɞɚ ɜ ɫɬɚɰɢɨɧɚɪɧɵɣ ɪɹɞ ɜɨɡɶɦɟɦ ɪɚɡɧɢɰɭ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɩɨ ɥɚɝɭ 1 
ɨɬ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɹɞɚ. ɉɨɥɭɱɟɧɧɵɣ ɫɬɚɰɢɨɧɚɪɧɵɣ ɜɪɟɦɟɧɧɨɣ ɪɹɞ (ɪɢɫ. 3) ɦɨɠɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ 
ɦɨɞɟɥɶɸ ȺɊɉɋɋ (ɦɨɞɟɥɶ ɚɜɬɨɪɟɝɪɟɫɫɢɢ ɢ ɩɪɨɢɧɬɟɝɪɢɪɨɜɚɧɧɨɝɨ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ). 
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ɇɚ ɪɢɫ. 4 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɪɹɞɚ ɡɚɬɭɯɚɟɬ ɢ ɢɦɟɟɬ ɜɵ-
ɛɪɨɫɵ ɧɚ ɥɚɝɟ 1 (ɨɫɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɛɥɢɡɤɢ ɤ ɧɭɥɸ). ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɦɢ ɤɪɢɬɟɪɢɹɦɢ 
ɦɨɠɧɨ ɞɨɩɭɫɬɢɬɶ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɞɥɹ ɚɧɚɥɢɡɚ ɢ ɩɪɨɝɧɨɡɚ ɟɫɬɶ ɦɨɞɟɥɶ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ. Ⱦɥɹ 
ɭɬɨɱɧɟɧɢɹ ɷɬɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɪɚɫɫɦɨɬɪɢɦ ɨɰɟɧɤɢ ɱɚɫɬɧɵɯ ɚɜɬɨɤɨɪɪɟɥɹɰɢɣ. 
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Autocorrelation Function

ȼɨɥɨɜɟць1: D(-1)
(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,006 ,0076
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 13 +,009 ,0076

 12 +,013 ,0076

 11 -,010 ,0076

 10 +,001 ,0076
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  8 +,009 ,0076

  7 +,005 ,0076

  6 +,011 ,0076

  5 -,009 ,0076

  4 -,022 ,0076

  3 -,031 ,0076

  2 -,024 ,0076

  1 -,292 ,0076

Lag Corr. S.E.
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Ɋɢɫ. 3. ɉɪɟɨɛɪɚɡɨɜɚɧɧɵɣ ɢɫɯɨɞɧɵɣ ɪɹɞ ɢɡɦɟɧɟɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ 
Ɋɢɫ. 4. Ⱥɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧ-

ɧɨɝɨ ɪɹɞɚ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 
 

ɂɡ ɪɢɫ. 5 ɜɢɞɧɨ, ɱɬɨ ɱɚɫɬɧɚɹ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɚɹ 
ɮɭɧɤɰɢɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɡɚɬɭɯɚɟɬ. ɗɬɨ ɞɚɟɬ ɨɫɧɨɜɚ-
ɧɢɟ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɢɫɯɨɞɧɵɣ ɜɪɟɦɟɧɧɨɣ ɪɹɞ ɦɨɠɧɨ 
ɨɩɢɫɚɬɶ ɦɨɞɟɥɶɸ ɫɤɨɥɶɡɹɳɟɝɨ ɩɪɨɢɧɬɟɝɪɢɪɨɜɚɧɧɨɝɨ 
ɫɪɟɞɧɟɝɨ ɜɢɞɚ ȺɊɉɋɋ(0,1,1): ɩɨɪɹɞɨɤ ɪɚɡɧɢɰɵ Н ɪɚɜ-
ɧɹɟɬɫɹ 1, ɱɢɫɥɨ ɩɚɪɚɦɟɬɪɨɜ ɚɜɬɨɪɟɝɪɟɫɫɢɢ Щ ɪɚɜɧɹɟɬɫɹ 
0, ɱɢɫɥɨ ɩɚɪɚɦɟɬɪɨɜ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ q ɪɚɜɧɹɟɬ-
ɫɹ 1. 

ɉɨɫɤɨɥɶɤɭ ɦɨɞɟɥɶ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɚ, ɱɢɫɥɨ ɟɟ 
ɩɚɪɚɦɟɬɪɨɜ ɢɡɜɟɫɬɧɨ, ɦɨɠɧɨ ɝɟɧɟɪɢɪɨɜɚɬɶ ɪɟɚɥɢɡɚɰɢɢ 
ɪɚɡɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɚ-
ɪɚɦɟɬɪɨɜ. Ⱥɧɚɥɢɡ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɢɡ 
ɭɤɚɡɚɧɧɵɯ ɦɨɞɟɥɟɣ ɦɨɞɟɥɶ ȺɊɉɋɋ(0,1,1) ɧɚɢɛɨɥɟɟ 
ɚɞɟɤɜɚɬɧɚ. Ɉɫɬɚɬɤɢ İ(Э) ɪɚɡɧɢɰɵ ɦɟɠɞɭ ɧɚɛɥɸɞɚɟɦɵ-
ɦɢ ɡɧɚɱɟɧɢɹɦɢ ɪɹɞɚ ɢ ɨɰɟɧɟɧɧɵɦɢ ɫ ɩɨɦɨɳɶɸ ɦɨɞɟ-
ɥɢ (ɪɢɫ. 6), ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɪɚɤɬɢɱɟɫɤɢ ɧɨɪɦɚɥɶɧɨ 
(ɪɢɫ. 7), ɬɨ ɟɫɬɶ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɝɟɧɟɪɚɬɨɪɨɦ, 
ɤɨɬɨɪɵɣ ɞɚɟɬ ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ, ɩɫɟɜɞɨɫɥɭ-
ɱɚɣɧɵɟ ɱɢɫɥɚ.  

 
Plot oП ЯКrТКЛlО: ȼɨɥɨɜɟць1
ARIMA (0,1,1) residuals;

Cases: 2 through 8001
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HТstogrКЦ (35000_2 ɫɭɬɨɤ 13Я*17280c)
ɨɫɬV1 CC = 17279*5,9769*ЧorЦКl(x; -0,0218; 26,1593)
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Ɋɢɫ. 6. Ɇɨɞɟɥɶ ȺɊɉɋɋ(0,1,1) Ɋɢɫ. 7. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɨɫɬɚɬɤɨɜ ɪɚɡɧɢɰɵ ɦɟɠɞɭ 
ɧɚɛɥɸɞɚɟɦɵɦ ɢ ɫɦɨɞɟɥɢɪɨɜɚɧɧɵɦ ɪɹɞɚɦɢ 

 

Partial Autocorrelation Function

ȼɨɥɨɜɟць1: D(-1)
(Standard errors assume AR order of k-1)

-1,0 -0,5 0,0 0,5 1,0
0

 15 +,006 ,0076

 14 +,020 ,0076

 13 +,019 ,0076

 12 +,012 ,0076

 11 -,004 ,0076

 10 +,009 ,0076

  9 +,010 ,0076

  8 +,007 ,0076

  7 -,004 ,0076

  6 -,017 ,0076

  5 -,049 ,0076

  4 -,067 ,0076

  3 -,082 ,0076

  2 -,119 ,0076

  1 -,292 ,0076

Lag Corr. S.E.

 
Ɋɢɫ. 5. ɑɚɫɬɧɚɹ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ 
ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɪɹɞɚ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 
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ȼɵɩɨɥɧɹɹ ɨɩɢɫɚɧɧɵɟ ɜɵɲɟ ɩɪɟɜɪɚɳɟɧɢɹ ɞɥɹ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɨɬɤɥɨɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ, ɨɩɪɟɞɟɥɢɦ 
ɢɯ ɬɪɟɧɞɵ ɜ ɜɢɞɟ ɩɨɥɢɧɨɦɢɚɥɶɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 3-ɝɨ ɩɨɪɹɞɤɚ ɞɥɹ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ U  ɨɬ ɧɨɦɢ-
ɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɫɜɟɞɟɦ ɜ ɬɚɛɥ. 1. - 3.  

 

Ɍɚɛɥɢɰɚ 1 
Ɍɪɟɧɞɵ ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɬɢ 110 ɤȼ 

№ 
ɩɨɪ 

Ɍɹɝɨɜɚɹ ɩɨɞɫɬɚɧɰɢɹ TδU 

1 «Ʌ» 986264,636656,45790,0 23  ttt  

2 «ɋ» 1281519,15644,10126,0 23  ttt  

3 «Ɉ» 769817,191194,25678,0 23  ttt  

                                                                                                                                                           

                                     Ɍɚɛɥɢɰɚ 2 
Ɍɪɟɧɞɵ ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɬɢ 35 ɤȼ 

№
 ɩɨɪ 

Ɍɹɝɨɜɚɹ ɩɨɞɫɬɚɧɰɢɹ TδU 

1 «Ʌ» 340996,121682,4036,0 23  ttt
 

2 «ɇ» 3278831,12711,4224,0 23  ttt
 

3 «Ȼ» 1924886,34785,2193,0 23  ttt
 

 

Ɍɚɛɥɢɰɚ 3 
Ɍɪɟɧɞɵ ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɬɢ 10 ɤȼ 

№ ɩɨɪ Ɍɹɝɨɜɚɹ ɩɨɞɫɬɚɧɰɢɹ TδU 

1 «ɋ» 520257,1281,1058,0 23  ttt  

2 «ɇ» 23775,29194,10013,0 23  ttt  

3 «Ɉɫ» 340153,24936,4233,0 23  ttt  

4 «ɑ» 294781,19644,10408,0 23  ttt  

5 «Ɉ» 579329,23934,2078,0 23  ttt  

 

ɇɚ ɩɪɢɦɟɪɟ ɨɞɧɨɣ ɬɹɝɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ ɞɥɹ ɨɞɧɨɝɨ ɢɡ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɩɨɤɚɠɟɦ ɝɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢ-
ɦɨɫɬɢ ɬɪɟɧɞɨɜ ɢ ɢɫɯɨɞɧɵɯ ɜɪɟɦɟɧɧɵɯ ɪɟɚɥɢɡɚɰɢɣ, ɢɫɯɨɞɧɵɟ ɪɟɚɥɢɡɚɰɢɢ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɟ ɜɪɟɦɟɧɧɵɟ 
ɪɹɞɵ, ɚ ɬɚɤɠɟ ɨɰɟɧɢɦ ɚɞɟɤɜɚɬɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɩɨɦɟɯ.  

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɜɵɩɨɥɧɹɥɨɫɶ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɥɭɱɟɧɧɵɯ ɮɨɪɦɭɥ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 
ɫɥɭɱɚɣɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɭɬɟɦ ɪɨɡɵɝɪɵɲɚ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɜɟɥɢɱɢ-
ɧɵ ɫ ɞɚɥɶɧɟɣɲɢɦ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟɦ ɤ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫ ɪɟɡɭɥɶɬɢɪɭɸɳɢɦɢ ɩɚɪɚ-
ɦɟɬɪɚɦɢ (ɩɪɢɦɟɪ ɞɥɹ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɹ 10 ɤȼ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥ. 4). Ɋɟɡɭɥɶɬɢɪɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɨɩɪɟɞɟ-
ɥɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɛɳɟɧɧɨɣ ɬɟɨɪɟɦɵ ɑɟɛɵɲɟɜɚ Д6Ж. 

 

Ɍɚɛɥɢɰɚ 4 
ɉɚɪɚɦɟɬɪɵ ɡɚɤɨɧɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɫɬɚɬɤɨɜ ε(Э) ɨɬɤɥɨɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɲɢɧɚɯ 10 ɤȼ 

№
 ɩɨɪ 

Ɍɹɝɨɜɚɹ ɩɨɞɫɬɚɧɰɢɹ  ÕÌ   Õ  

«ɋ» -0,0116 25,5899 

«ɋɤ» -0,0185 25,592 

«ɇ» 0,0119 8,0615 

«Ɉɫ» 0,2353 10,7681 

«ɑ» 0,0047 23,306 

«Ɉ» 0,0484 29,963 

Ɋɟɡɭɥɶɬɢɪɭɸɳɟɟ 0,0450 9,024 

 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɬɢ 10 ɤȼ ɞɥɹ ɨɞɧɨɣ ɢɡ ɬɹɝɨɜɵɯ ɩɨɞɫɬɚɧɰɢɣ 
ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 8 (1 - ɢɫɯɨɞɧɵɣ ɪɹɞ; 2 - ɬɪɟɧɞ; 3 - ɦɨɞɟɥɶ). 
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y = -0.0013x3 - 1.194x2 + 29.75x + 237.32
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Ɋɢɫ. 8. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɬɤɥɨɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɲɢɧ 10 ɤȼ 

 

ɉɪɨɜɟɪɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɦɨɞɟɥɟɣ 
ɢ ɨɰɟɧɤɚ ɢɯ ɬɨɱɧɨɫɬɢ ɜɵɩɨɥɧɹɥɚɫɶ ɫɨɝɥɚɫɧɨ ɦɟ-
ɬɨɞɢɤ, ɨɩɢɫɚɧɧɵɯ ɜ Д5Ж. Ɉɫɧɨɜɨɣ ɢɯ ɩɪɢɦɟɧɟɧɢɹ 
ɹɜɥɹɟɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɩɪɨɜɟɪɤɚ ɝɢɩɨɬɟɡɵ ɬɨɠ-
ɞɟɫɬɜɟɧɧɨɫɬɢ ɡɚɤɨɧɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɚɥɶɧɨɝɨ ɢ 
ɫɦɨɞɟɥɢɪɨɜɚɧɧɨɝɨ ɪɹɞɨɜ. Ɉɫɧɨɜɨɣ ɩɪɨɜɟɪɤɢ ɹɜ-
ɥɹɟɬɫɹ ɧɟɩɪɟɜɵɲɟɧɢɟ ɧɟɤɨɬɨɪɨɣ ɤɪɢɬɢɱɟɫɤɨɣ 
ɨɰɟɧɤɢ ɪɚɫɯɨɠɞɟɧɢɹ ɫɪɚɜɧɢɜɚɟɦɵɯ ɡɧɚɱɟɧɢɣ ɦɟ-
ɪɵ D : 

 

D = sup{Fp(t) - Fɦ(Э)ж                   (5) 

 

ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɣ ɨɰɟɧɤɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬ-
ɫɹ ɤɪɢɬɟɪɢɣ ɋɦɢɪɧɨɜɚ. ȼɵɩɨɥɧɢɜ ɧɟɨɛɯɨɞɢɦɵɟ 
ɪɚɫɱɟɬɵ, ɩɨɥɭɱɚɟɦ DδUt = 0,25. ɇɚ ɪɢɫ. 9 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɩɪɨɜɟɪɤɢ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɨɬɤɥɨɧɟ-
ɧɢɹ ɧɚɩɪɹɠɟɧɢɹ. ȿɝɨ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɚɹ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɚɞɟɤɜɚɬɧɨɣ. Ⱥɞɟɤɜɚɬɧɨɫɬɶ 
ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ ɩɨɞɬɜɟɪɠɟɧɚ ɢ ɞɥɹ ɞɪɭɝɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. 

 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɬɤɥɨɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɲɢɧɚɯ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 
 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɨɥɭɱɟɧɢɹ ɦɨɞɟɥɢ δUt  ɪɚɫɫɦɨɬɪɢɦ ɢɡɦɟɧɟɧɢɟ ɨɬɤɥɨɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ 3,3 ɤȼ 
ɧɚ ɩɨɞɫɬɚɧɰɢɢ «ȼ» (ɪɢɫ. 10). ȼɪɟɦɟɧɧɨɣ ɪɹɞ ɹɜɥɹɟɬɫɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɦ, ɱɬɨ ɬɚɤɠɟ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, 
ɚɧɚɥɢɡɢɪɭɹ ɟɝɨ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɮɭɧɤɰɢɸ (ɪɢɫ. 11). Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ ɨɱɟɧɶ 
ɦɟɞɥɟɧɧɨ ɭɦɟɧɶɲɚɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɞɜɢɝɚ. ɗɬɨ ɞɚɟɬ ɧɚɦ ɨɫɧɨɜɚɧɢɟ ɩɪɢɦɟɧɢɬɶ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɨɬɤɥɨɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɲɢɧɚɯ 3,3 ɤȼ ɦɟɬɨɞɨɥɨɝɢɸ ɨɩɢɫɚɧɧɭɸ ɜɵɲɟ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ, ɦɨɞɟɥɢ-
ɪɨɜɚɧɢɹ ɢ ɩɪɨɜɟɪɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 5-6 ɢ ɧɚ ɪɢɫ. 10-13. 

 

Ɍɚɛɥɢɰɚ 5 
Ɍɪɟɧɞɵ ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɬɢ 3,3 ɤȼ 

№
 ɩɨɪ 

Ɍɹɝɨɜɚɹ ɩɨɞɫɬɚɧɰɢɹ  tfU  , ȼ; И, ɝɨɞ 

«Ʌ» 5,238743,5259,1043,0 23  ttt
 

«ɋ» 5,223718,26792,20753,0 23  ttt
 

«ɇ» 4,266928,16956,10534,0 23  ttt
 

«ȼ» 4,280652,3215,00046,0 23  ttt
 

 

Ɍɚɛɥɢɰɚ 6 
ɉɚɪɚɦɟɬɪɵ ɡɚɤɨɧɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɫɬɚɬɤɨɜ ɨɬɤɥɨɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɬɢ 3,3 ɤȼ 

№
 ɩɨɪ 

Ɍɹɝɨɜɚɹ ɩɨɞɫɬɚɧɰɢɹ  ÕÌ
 

 Õ
 

«Ʌ« -0,0026 13,6775 

«ɋ« -0,0072 9,5181 

«ɇ« -0,0000865 4,9168 

«ȼ« 0,0044 10,0448 

Ɋɟɡɭɥɶɬɢɪɭɸɳɟɟ -0,00137 5,017 
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Ɋɢɫ. 9. ɉɪɨɜɟɪɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɨɞɟɥɢ 
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Ɋɢɫ. 10. ɂɡɦɟɪɟɧɧɵɣ ɜɪɟɦɟɧɧɨɣ ɪɹɞ ɢɡɦɟɧɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɲɢɧɚɯ 3,3 ɤȼ 

Ɋɢɫ. 11. ȺɄɎ ɢɡɦɟɪɟɧɧɨɝɨ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ ɢɡɦɟɧɟ-
ɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɲɢɧɚɯ 3,3 ɤȼ 

 

y = -0.0046x3 + 0.215x2 - 3.6525x + 280.42
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Ɋɢɫ. 12. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɬɤɥɨɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɲɢɧ 3,3 ɤȼ 

 

 

ȼɵɜɨɞɵ 
 

Ɋɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɢɟ ɩɨɞɯɨɞɵ ɤ 
ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɨɬɤɥɨɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɨɫ-
ɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɚɤ ɜ 
ɩɨɞɫɢɫɬɟɦɟ ɩɟɪɟɦɟɧɧɨɝɨ, ɬɚɤ ɢ ɜ ɩɨɞɫɢɫɬɟɦɟ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɚɞ-
ɞɢɬɢɜɧɭɸ ɦɨɞɟɥɶ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɬɪɟɧɞɚ ɢ ɫɥɭ-
ɱɚɣɧɨɣ ɫɬɚɰɢɨɧɚɪɧɨɣ ɜɟɥɢɱɢɧɵ, ɩɨɥɭɱɚɟɦɨɣ 
ɝɟɧɟɪɚɬɨɪɨɦ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ ɫ ɧɨɪɦɚɥɶɧɵɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɢ ɡɚɞɚɧɧɵɦɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

 

 
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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