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ɉɊȿȾИɋЛɈВИȿ 

 

ɇɚɭɱɧɨɦɭ ɫɨɬɪɭɞɧɢɤɭ, ɬɟɯɧɨɥɨɝɭ-ɦɟɬɚɥɥɭɪɝɭ ɡɚɱɚɫɬɭɸ ɩɪɢɯɨɞɢɬɫɹ 

ɪɟɲɚɬɶ ɡɚɞɚɱɢ ɩɨ ɩɥɚɧɢɪɨɜɚɧɢɸ, ɩɪɨɜɟɞɟɧɢɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ, ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɧɠɟɧɟɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɋɚɡɜɢɬɢɟ 

ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ 

ɢɧɠɟɧɟɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɪɚɫɲɢɪɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɨɜɪɟɦɟɧɧɨɣ 

ɤɨɦɩɶɸɬɟɪɧɨɣ ɬɟɯɧɢɤɢ ɩɨɡɜɨɥɹɸɬ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɢɫɫɥɟɞɨɜɚɬɟɥɸ ɨɛɳɢɟ 

ɩɨɞɯɨɞɵ, ɦɟɬɨɞɵ ɢ ɩɪɨɰɟɞɭɪɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɟɝɨ  ɪɟɡɭɥɶɬɚɬɨɜ.  

Аɜɬɨɪɵ ɫɬɚɜɢɥɢ ɩɟɪɟɞ ɫɨɛɨɣ ɰɟɥɶɸ ɢɡɥɨɠɢɬɶ ɜɨɩɪɨɫɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɧɠɟɧɟɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ 

ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɫɬɭɩɧɨɣ ɢ ɩɨɧɹɬɧɨɣ ɮɨɪɦɟ. Дɥɹ ɩɨɧɢɦɚɧɢɹ ɧɟ ɬɪɟɛɭɟɬɫɹ 

ɫɜɟɞɟɧɢɣ, ɜɵɯɨɞɹɳɢɯ ɡɚ ɪɚɦɤɢ ɨɛɵɱɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɢɧɠɟɧɟɪɚ. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɱɢɬɚɬɟɥɶ ɜɥɚɞɟɟɬ ɷɥɟɦɟɧɬɚɪɧɵɦɢ ɨɫɧɨɜɚɦɢ ɬɟɨɪɢɢ 

ɜɟɪɨɹɬɧɨɫɬɟɣ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ. Ɇɟɫɬɨ ɞɚɧɧɨɝɨ ɭɱɟɛɧɨɝɨ ɩɨɫɨɛɢɹ 

ɫɪɟɞɢ ɞɪɭɝɢɯ ɤɧɢɝ ɢ ɪɭɤɨɜɨɞɫɬɜ ɩɨ ɦɟɬɨɞɚɦ ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ 

ɪɟɡɭɥɶɬɚɬɨɜ ɢɧɠɟɧɟɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɠɟɥɚɧɢɟɦ ɞɚɬɶ 

ɞɨɫɬɭɩɧɨɟ ɞɥɹ ɢɧɠɟɧɟɪɨɜ-ɦɟɬɚɥɥɭɪɝɨɜ ɢɡɥɨɠɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɬɟɨɪɢɢ, ɧɟ 

ɩɟɪɟɝɪɭɠɟɧɧɵɯ ɫɬɪɨɝɢɦɢ  ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɜɵɜɨɞɚɦɢ. Иɧɨɝɞɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɟɡɧɵɯ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ, 

ɩɪɢɯɨɞɢɬɫɹ  ɠɟɪɬɜɨɜɚɬɶ ɫɬɪɨɝɨɫɬɶɸ ɢɡɥɨɠɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɩɪɢɧɰɢɩɨɜ. 

Ɉɞɧɚɤɨ ɬɚɤɢɟ ɤɨɦɩɪɨɦɢɫɫɧɵɟ ɪɟɲɟɧɢɹ ɩɪɢɧɢɦɚɥɢɫɶ ɬɨɥɶɤɨ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, 

ɤɨɝɞɚ ɢɯ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɩɨɞɬɜɟɪɠɞɚɥɚɫɶ ɩɪɚɤɬɢɤɨɣ. Ȼɨɥɟɟ ɬɪɟɛɨɜɚɬɟɥɶɧɵɣ 

ɱɢɬɚɬɟɥɶ ɦɨɠɟɬ ɨɛɪɚɬɢɬɶɫɹ ɤ ɫɩɟɰɢɚɥɶɧɨɣ ɥɢɬɟɪɚɬɭɪɟ, ɭɤɚɡɚɧɧɨɣ ɜ ɤɨɧɰɟ ɤɧɢɝɢ.

В ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɢɧɠɟɧɟɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ɧɟ ɦɵɫɥɢɦɚ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɦɩɶɸɬɟɪɨɜ ɢ ɩɚɤɟɬɨɜ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ. 

ɉɪɢ ɬɨɦ ɜɩɟɱɚɬɥɹɸɳɟɦ ɪɚɡɧɨɨɛɪɚɡɢɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɚɤɟɬɨɜ, ɤɨɬɨɪɵɦ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɨɜɪɟɦɟɧɧɵɣ ɦɢɪɨɜɨɣ ɢ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɪɵɧɨɤ (ɩɨ 

ɨɮɢɰɢɚɥɶɧɵɦ ɞɚɧɧɵɦ Ɇɟɠɞɭɧɚɪɨɞɧɨɝɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ, ɱɢɫɥɨ 

ɪɚɡɥɢɱɧɵɯ ɧɚɢɦɟɧɨɜɚɧɢɣ ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɵɯ ɧɚ ɪɵɧɤɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɚɤɟɬɨɜ 

ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɬɵɫɹɱɟ!), ɢɧɠɟɧɟɪɭ-ɢɫɫɥɟɞɨɜɚɬɟɥɸ ɜɚɠɧɨ ɭɦɟɬɶ ɩɪɚɜɢɥɶɧɨ 

ɫɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɧɚ ɷɬɨɦ ɪɵɧɤɟ, ɩɪɚɜɢɥɶɧɨ ɩɨɧɢɦɚɬɶ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɤɥɚɫɫɚ ɡɚɞɚɱ. Кɨɦɩɶɸɬɟɪɧɵɟ 

ɦɟɬɨɞɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɧɠɟɧɟɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 
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ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɵ ɧɚ ɩɪɢɦɟɪɚɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ ɩɚɤɟɬɚ Microsoft Excel (ɜ ɫɨɫɬɚɜɟ Microsoft Office) ɢ ɦɨɳɧɨɣ 

ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 

STATISTICA. Ƚɥɭɛɨɤɨɟ ɨɫɜɨɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɩɚɤɟɬɨɜ 

ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɩɪɨɦɟɠɭɬɤɚ ɜɪɟɦɟɧɢ, ɩɪɢ ɷɬɨɦ ɭ ɩɨɥɶɡɨɜɚɬɟɥɹ ɦɨɠɟɬ 

ɜɨɡɧɢɤɧɭɬɶ ɢɥɥɸɡɢɹ ɨɫɜɨɟɧɢɹ ɫɚɦɨɣ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɢ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɫɬɚɬɢɫɬɢɤɢ. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɩɨɧɢɦɚɬɶ, ɱɬɨ ɢɧɫɬɪɭɦɟɧɬ ɧɟ ɡɚɦɟɧɹɟɬ 

ɤɨɦɩɟɬɟɧɬɧɨɫɬɶ ɢ ɩɪɨɮɟɫɫɢɨɧɚɥɢɡɦ. Кɨɦɩɶɸɬɟɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟ ɡɚɦɟɧɭ 

ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɢɧɬɟɥɥɟɤɬɚ, ɚ ɥɢɲɶ ɟɝɨ ɭɫɢɥɢɬɟɥɶ. ɇɢɤɚɤɢɟ ɹɪɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ 

ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ (ɪɚɫɤɪɵɜɚɸɳɢɟɫɹ ɨɤɧɚ, 

ɤɨɧɬɟɤɫɬɧɨɟ ɦɟɧɸ, ɤɧɨɩɤɢ ɢ ɬ.ɞ.) ɧɟ ɨɫɜɨɛɨɠɞɚɸɬ ɩɨɥɶɡɨɜɚɬɟɥɹ ɤɨɦɩɶɸɬɟɪɚ ɨɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɡɭɱɟɧɢɹ ɢ ɩɨɧɢɦɚɧɢɹ ɫɭɬɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, 

ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɜ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ.  

ɉɨɫɬɪɨɟɧɢɟ ɤɧɢɝɢ ɢɦɟɟɬ ɛɥɨɱɧɭɸ ɫɬɪɭɤɬɭɪɭ. В ɤɚɠɞɨɣ ɝɥɚɜɟ ɩɨɫɥɟ  

ɢɡɥɨɠɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɪɚɫɫɦɨɬɪɟɧɵ ɬɢɩɨɜɵɟ ɩɪɢɦɟɪɵ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱ. ɇɚɥɢɱɢɟ ɞɨɫɬɚɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɢɦɟɪɨɜ ɩɨɡɜɨɥɹɟɬ  ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɤɧɢɝɭ ɧɟ ɬɨɥɶɤɨ ɤɚɤ ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ, ɧɨ ɢ ɤɚɤ ɢɧɫɬɪɭɦɟɧɬ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 

ɫɟɦɢɧɚɪɫɤɢɯ ɡɚɧɹɬɢɣ. 

Кɧɢɝɚ ɧɚɩɢɫɚɧɚ ɩɪɟɩɨɞɚɜɚɬɟɥɹɦɢ ɤɚɮɟɞɪɵ «Ɍɟɩɥɨɮɢɡɢɤɚ ɢ 

ɢɧɮɨɪɦɚɬɢɤɚ ɜ ɦɟɬɚɥɥɭɪɝɢɢ» ȽɈɍ ВɉɈ ɍɪɚɥɶɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ – ɍɉИ ɩɪɨɮ., ɞ-ɦ ɬɟɯɧ. ɧɚɭɤ ɇ.А.ɋɩɢɪɢɧɵɦ ɇ.А., 

ɞɨɰ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ В.В.Ʌɚɜɪɨɜɵɦ, ɞɨɰ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ А.Ɋ.Ȼɨɧɞɢɧɵɦ А.Ɋ., 

ɩɪɨɮ., ɞ-ɦ ɬɟɯɧ. ɧɚɭɤ В.И.Ʌɨɛɚɧɨɜɵɦ. 

Аɜɬɨɪɵ ɩɪɢɡɧɚɬɟɥɶɧɵ ɤɨɥɥɟɤɬɢɜɭ ɤɚɮɟɞɪɵ «Ɍɟɩɥɨɮɢɡɢɤɚ ɢ ɷɤɨɥɨɝɢɢ 

ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ» Ɇɨɫɤɨɜɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɢɧɫɬɢɬɭɬɚ  

ɫɬɚɥɢ ɢ ɫɩɥɚɜɨɜ (ɡɚɜ. ɤɚɮɟɞɪɨɣ ɡɚɫɥɭɠɟɧɧɵɣ ɞɟɹɬɟɥɶ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ ɊɎ, 

ɩɪɨɮɟɫɫɨɪ, ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ В.А.Кɪɢɜɚɧɞɢɧ, ɪɟɰɟɧɡɟɧɬ - ɩɪɨɮɟɫɫɨɪ, 

ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ ɋ.А.Кɪɭɩɟɧɧɢɤɨɜ) ɢ ɞɨɤɬɨɪɭ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, 

ɩɪɨɮɟɫɫɨɪɭ Ɇɚɝɧɢɬɨɝɨɪɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

Вɞɨɜɢɧɭ К.ɇ. ɡɚ ɰɟɧɧɵɟ ɡɚɦɟɱɚɧɢɹ, ɫɞɟɥɚɧɧɵɟ ɩɪɢ  ɪɟɰɟɧɡɢɪɨɜɚɧɢɢ ɤɧɢɝɢ. 

Аɜɬɨɪɵ ɩɪɨɫɹɬ ɱɢɬɚɬɟɥɟɣ ɫɜɨɢ ɨɬɡɵɜɵ ɧɚɩɪɚɜɥɹɬɶ ɩɨ ɚɞɪɟɫɭ: 620002, 

ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ɇɢɪɚ, 19, ɍɪɚɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ 

ɭɧɢɜɟɪɫɢɬɟɬ–ɍɉИ.  
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1. ɗɄɋɉȿɊИɆȿɇɌ ɄАɄ ɉɊȿȾɆȿɌ ИɋɋЛȿȾɈВАɇИə 

 

1.1. ɉɨɧяɬɢе  ɷɤɫɩеɪɢɦеɧɬа 

 

 

 Вɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ ɧɚɭɱɧɨɣ ɢ ɩɪɚɤɬɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɫɨɜɪɟɦɟɧɧɨɝɨ 

ɱɟɥɨɜɟɤɚ ɡɧɚɱɢɬɟɥɶɧɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɡɭɱɟɧɢɹ ɪɚɡ-

ɥɢɱɧɵɯ ɨɛɴɟɤɬɨɜ ɢ ɩɪɨɰɟɫɫɨɜ ɨɤɪɭɠɚɸɳɟɝɨ ɧɚɫ ɦɢɪɚ. Ɍɚɤ, ɜ ɦɟɬɚɥɥɭɪɝɢɢ ɜɫɟ 

ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚɯɨɞɹɬ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɟ-

ɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɬɟɨɪɢɢ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɦɟɯɚɧɢɤɢ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɨɜ, ɮɢ-

ɡɢɤɢ ɦɟɬɚɥɥɨɜ, ɮɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɞɪɭɝɢɯ 

ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɞɢɫɰɢɩɥɢɧ. Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɟɨɪɟ-

ɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɤɨɧɤɪɟɬɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ, 

ɨɫɨɛɟɧɧɨ ɜ ɭɫɥɨɜɢɹɯ ɞɟɣɫɬɜɭɸɳɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɢɧɠɟɧɟɪɭ ɡɚɱɚɫɬɭɸ ɩɪɢɯɨ-

ɞɢɬɫɹ ɫɬɚɥɤɢɜɚɬɶɫɹ ɫ ɡɚɞɚɱɚɦɢ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɵɯ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ 

ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɩɪɨɜɟɞɟɧɢɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

ɋ ɨɛɳɟɮɢɥɨɫɨɮɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬ (ɨɬ ɥɚɬɢɧɫɤɨɝɨ experimen-

tium – ɩɪɨɛɚ, ɨɩɵɬ) – ɷɬɨ ɱɭɜɫɬɜɟɧɧɨ-ɩɪɟɞɦɟɬɧɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ ɜ ɧɚɭɤɟ; ɜ ɛɨɥɟɟ 

ɭɡɤɨɦ ɫɦɵɫɥɟ – ɨɩɵɬ, ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɟ ɨɛɴɟɤɬɚ ɩɨɡɧɚɧɢɹ, ɩɪɨɜɟɪɤɚ ɝɢɩɨɬɟɡ ɢ 

ɬ.ɞ. 

В ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɬɟɪɦɢɧɭ ɷɤɫɩɟɪɢɦɟɧɬ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɥɟ-

ɞɭɸɳɟɟ ɨɩɪɟɞɟɥɟɧɢɟ – ɫɢɫɬɟɦɚ ɨɩɟɪɚɰɢɣ, ɜɨɡɞɟɣɫɬɜɢɣ ɢ (ɢɥɢ) ɧɚɛɥɸɞɟɧɢɣ, 

ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɩɨɥɭɱɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɛɴɟɤɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

əɜɥɹɹɫɶ ɢɫɬɨɱɧɢɤɨɦ ɩɨɡɧɚɧɢɹ ɢ ɤɪɢɬɟɪɢɟɦ ɢɫɬɢɧɧɨɫɬɢ ɬɟɨɪɢɣ ɢ ɝɢɩɨɬɟɡ, 

ɷɤɫɩɟɪɢɦɟɧɬ ɢɝɪɚɟɬ ɨɱɟɧɶ ɜɚɠɧɭɸ ɪɨɥɶ  ɤɚɤ ɜ ɧɚɭɤɟ, ɬɚɤ ɢ ɜ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢ-

ɤɟ. Эɤɫɩɟɪɢɦɟɧɬɵ ɫɬɚɜɹɬɫɹ  ɜ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɥɚɛɨɪɚɬɨɪɢɹɯ ɢ ɧɚ ɞɟɣɫɬɜɭɸ-

ɳɟɦ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɜ ɦɟɞɢɰɢɧɫɤɢɯ ɤɥɢɧɢɤɚɯ ɢ ɧɚ ɨɩɵɬɧɵɯ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧ-

ɧɵɯ ɩɨɥɹɯ, ɜ ɤɨɫɦɨɫɟ ɢ ɜ ɝɥɭɛɢɧɚɯ ɨɤɟɚɧɚ.  

ɏɨɬɹ ɨɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɱɟɧɶ ɪɚɡɧɨɨɛɪɚɡɧɵ, ɦɟɬɨɞɵ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɦɟɸɬ ɦɧɨɝɨ ɨɛɳɟɝɨ: 



1. ɗɄɋɉЕɊИɆЕɇɌ ɄАɄ ɉɊЕȾɆЕɌ ИɋɋЛЕȾɈВАɇИə 

9 

− ɤɚɤɢɦ ɛɵ ɩɪɨɫɬɵɦ ɧɢ ɛɵɥ ɷɤɫɩɟɪɢɦɟɧɬ, ɜɧɚɱɚɥɟ ɜɵɛɢɪɚɸɬ ɩɥɚɧ ɟɝɨ ɩɪɨɜɟ-

ɞɟɧɢɹ; 

− ɫɬɪɟɦɹɬɫɹ ɫɨɤɪɚɬɢɬɶ ɱɢɫɥɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ 

ɭɦɟɧɶɲɢɬɶ ɨɛɴɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚ; 

− ɫɬɚɪɚɸɬɫɹ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɯɨɞ ɷɤɫɩɟɪɢɦɟɧɬɚ; 

− ɩɵɬɚɸɬɫɹ ɢɫɤɥɸɱɢɬɶ ɜɥɢɹɧɢɟ ɫɥɭɱɚɣɧɵɯ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ; 

− ɨɰɟɧɢɜɚɸɬ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɬɨɱɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ; 

− ɢ ɧɚɤɨɧɟɰ, ɜ ɩɪɨɰɟɫɫɟ ɥɸɛɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɚɧɚɥɢɡɢɪɭɸɬ ɩɨɥɭɱɟɧɧɵɟ ɪɟ-

ɡɭɥɶɬɚɬɵ ɢ ɫɬɪɟɦɹɬɫɹ ɞɚɬɶ ɢɯ ɢɧɬɟɪɩɪɟɬɚɰɢɸ, ɩɨɫɤɨɥɶɤɭ ɛɟɡ ɷɬɨɝɨ ɪɟɲɚɸɳɟ-

ɝɨ ɷɬɚɩɚ ɜɟɫɶ ɩɪɨɰɟɫɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟ ɢɦɟɟɬ ɫɦɵɫɥɚ. 

К ɫɨɠɚɥɟɧɢɸ, ɡɚɱɚɫɬɭɸ ɪɚɛɨɬɚ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɚ ɧɚɫɬɨɥɶɤɨ ɯɚɨɬɢɱɧɚ ɢ 

ɧɟɨɪɝɚɧɢɡɨɜɚɧɧɚ, ɚ ɟɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɚɤ ɦɚɥɚ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɧɟ 

ɜ ɫɨɫɬɨɹɧɢɢ ɨɩɪɚɜɞɚɬɶ ɞɚɠɟ ɬɟɯ ɫɪɟɞɫɬɜ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɢɡɪɚɫɯɨɞɨɜɚɧɵ ɧɚ ɩɪɨ-

ɜɟɞɟɧɢɟ ɨɩɵɬɨɜ. ɉɨɷɬɨɦɭ ɜɨɩɪɨɫɵ ɨɪɝɚɧɢɡɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ 

ɧɚ ɟɝɨ ɩɪɨɜɟɞɟɧɢɟ ɢ ɨɛɪɚɛɨɬɤɭ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɹɜɥɹɸɬɫɹ ɜɟɫɶɦɚ ɢ 

ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɵɦɢ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɨɛɪɚɛɨɬɤɢ ɟɝɨ ɪɟ-

ɡɭɥɶɬɚɬɨɜ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɫɬɚɬɢɫɬɢɤɢ, ɩɨɡɜɨɥɹɸɬ ɫɭɳɟɫɬɜɟɧɧɨ (ɡɚɱɚɫɬɭɸ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ) ɫɨɤɪɚɬɢɬɶ ɱɢɫɥɨ 

ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ. Ɂɧɚɧɢɟ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɢɯ ɦɟɬɨɞɨɜ 

ɞɟɥɚɟɬ ɪɚɛɨɬɭ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɚ ɛɨɥɟɟ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɣ ɢ ɨɪɝɚɧɢɡɨɜɚɧɧɨɣ, 

ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ ɤɚɤ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɟɝɨ ɬɪɭɞɚ, ɬɚɤ ɢ ɧɚɞɟɠɧɨɫɬɶ 

ɩɨɥɭɱɚɟɦɵɯ ɢɦ ɪɟɡɭɥɶɬɚɬɨɜ. 

Кɚɤ ɢ ɥɸɛɚɹ ɞɪɭɝɚɹ ɧɚɭɱɧɚɹ ɞɢɫɰɢɩɥɢɧɚ, ɨɪɝɚɧɢɡɚɰɢɹ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɦɟɸɬ ɫɜɨɸ ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɧɭɸ, ɜɨ ɦɧɨɝɨɦ ɪɟɝɥɚɦɟɧɬɢɪɭɟɦɭɸ 

ɫɬɚɧɞɚɪɬɚɦɢ (ȽɈɋɌ 15895-77, ȽɈɋɌ 16504-81, ȽɈɋɌ 24026-80), ɬɟɪɦɢɧɨɥɨɝɢɸ, 

ɞɥɹ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɡɧɚɤɨɦɫɬɜɚ ɫ ɤɨɬɨɪɨɣ ɦɵ ɪɚɫɫɦɨɬɪɢɦ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɜɢ-

ɞɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ. 
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1.2. Клаɫɫɢɮɢɤаɰɢя вɢɞɨв ɷɤɫɩеɪɢɦеɧɬалɶɧɵɯ ɢɫɫлеɞɨваɧɢɣ 

 

ɉɪɟɠɞɟ ɜɫɟɝɨ ɨɬɦɟɬɢɦ, ɱɬɨ ɥɸɛɨɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɪɨɜɟɞɟɧɢɟ 

ɬɟɯ ɢɥɢ ɢɧɵɯ ɨɩɵɬɨɜ.  

Ɉɩɵɬ – ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɹɜɥɟɧɢɹ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢ-

ɹɯ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɝɢɫɬɪɚɰɢɢ ɟɝɨ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɉɨ ɰɟɥɢ ɩɪɨɜɟɞɟɧɢɹ ɢ ɮɨɪɦɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

ɷɤɫɩɟɪɢɦɟɧɬ ɞɟɥɹɬ ɧɚ ɤɚɱɟɫɬɜɟɧɧɵɣ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ. 

 Кɚɱɟɫɬɜɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ  ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɬɨɥɶɤɨ ɫɚɦ ɮɚɤɬ ɫɭɳɟɫɬɜɨɜɚ-

ɧɢɹ ɤɚɤɨɝɨ-ɥɢɛɨ ɹɜɥɟɧɢɹ, ɧɨ ɩɪɢ ɷɬɨɦ ɧɟ ɞɚɟɬ ɧɢɤɚɤɢɯ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɯɚɪɚɤɬɟ-

ɪɢɫɬɢɤ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ʌɸɛɨɣ ɷɤɫɩɟɪɢɦɟɧɬ, ɤɚɤɢɦ ɛɵ ɫɥɨɠɧɵɦ ɨɧ ɧɢ 

ɛɵɥ, ɜɫɟɝɞɚ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɟɝɨ ɪɟɡɭɥɶɬɚɬɨɜ, ɮɨɪɦɭɥɢɪɨɜɤɨɣ 

ɜɵɜɨɞɨɜ, ɜɵɞɚɱɟɣ ɪɟɤɨɦɟɧɞɚɰɢɣ. Эɬɚ ɢɧɮɨɪɦɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɜ ɜɢ-

ɞɟ ɝɪɚɮɢɤɨɜ, ɱɟɪɬɟɠɟɣ, ɬɚɛɥɢɰ, ɮɨɪɦɭɥ, ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɢɥɢ ɫɥɨɜɟɫɧɵɯ 

ɨɩɢɫɚɧɢɣ. Кɚɱɟɫɬɜɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɤɚɤ ɪɚɡ ɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɢɦɟɧɧɨ ɫɥɨ-

ɜɟɫɧɨɟ ɨɩɢɫɚɧɢɟ ɟɝɨ ɪɟɡɭɥɶɬɚɬɨɜ.  

ɉример 1.1. ȿɫɥɢ ɜɡɹɬɶ ɞɜɚ ɤɭɫɤɚ ɫɬɚɥɶɧɨɣ ɩɪɨɜɨɥɨɤɢ ɞɢɚɦɟɬɪɨɦ 5,0 ɦɦ, 

ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɩɨɫɥɟ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɧɟ ɢɦɟɥ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚ-

ɛɨɬɤɢ (ɩрɨвɨɥɨɤɚ 5,0-II ȽɈɋɌ 3282-74), ɚ ɜɬɨɪɨɣ ɩɪɨɲɟɥ ɨɩɟɪɚɰɢɢ ɨɬɠɢɝɚ (ɩрɨ-

вɨɥɨɤɚ 5,0-Ɉ-ɋ ȽɈɋɌ 3282-74), ɢ ɩɨɞɜɟɪɝɧɭɬɶ ɢɯ ɧɟɫɤɨɥɶɤɢɦ ɩɟɪɟɝɢɛɚɦ, ɬɨ ɥɟɝ-

ɤɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɬɟɪɦɢɱɟɫɤɢ ɧɟ ɨɛɪɚɛɨɬɚɧɧɵɣ ɦɟɬɚɥɥ ɪɚɡɪɭɲɚɟɬɫɹ ɪɚɧɶɲɟ 

(ɩɪɢ ɦɟɧɶɲɟɦ ɱɢɫɥɟ ɩɟɪɟɝɢɛɨɜ), ɬ.ɟ. ɢɦɟɟɬ ɦɟɧɶɲɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ. 

Ɉɞɧɚɤɨ ɫɥɨɜɟɫɧɨɟ ɨɩɢɫɚɧɢɟ – ɧɟ ɫɚɦɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɢ ɢɧɮɨɪɦɚɬɢɜɧɵɣ 

ɫɩɨɫɨɛ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɩɨɫɤɨɥɶɤɭ ɨɧ ɧɟ ɩɨɡɜɨɥɹɟɬ 

ɞɚɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɪɟɤɨɦɟɧɞɚɰɢɣ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɫɜɨɣɫɬɜɚ ɨɛɴɟɤɬɚ ɜ 

ɢɧɵɯ ɭɫɥɨɜɢɹɯ. ɉɨɷɬɨɦɭ ɜ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɨɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɱɢɫɥɨɦ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ. 

 Кɨɥɢɱɟɫɬɜɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ  ɧɟ ɬɨɥɶɤɨ ɮɢɤɫɢɪɭɟɬ ɮɚɤɬ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 

ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɹɜɥɟɧɢɹ, ɧɨ, ɤɪɨɦɟ ɬɨɝɨ, ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟ-
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ɠɞɭ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɹɜɥɟɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦɢ ɯɚɪɚɤɬɟ-

ɪɢɫɬɢɤɚɦɢ ɫɩɨɫɨɛɨɜ ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

В ɭɫɥɨɜɢɹɯ ɩɪɢɦɟɪɚ 1.1, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɟɪɟɜɟɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬ ɢɡ ɪɚɡ-

ɪɹɞɚ "ɤɚɱɟɫɬɜɟɧɧɵɣ" ɜ "ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ", ɧɟɨɛɯɨɞɢɦɨ: 

− ɨɩɪɟɞɟɥɢɬɶ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɩɢɫɚɬɶ ɬɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɨɬɠɢɝɚ ɢ ɬɟ 

ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ, ɤɨɬɨɪɵɟ ɩɨ ɩɪɟɞɩɨɥɨɠɟɧɢɸ ɦɨɝɭɬ ɩɨɜɥɢɹɬɶ ɧɚ ɩɥɚɫɬɢɱ-

ɧɨɫɬɶ ɫɬɚɥɢ (ɧɚɩɪɢɦɟɪ: ɬɟɦɩɟɪɚɬɭɪɚ ɨɬɠɢɝɚ, ºɋ; ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ, ºɋ/ɱ, 

ɮɚɤɬɢɱɟɫɤɢɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ, ɢɡ ɤɨɬɨɪɨɣ ɢɡɝɨɬɨɜɥɟɧɚ ɩɪɨɜɨɥɨɤɚ ɢ 

ɬ.ɞ.); 

− ɜɵɛɪɚɬɶ ɬɭ ɢɥɢ ɢɧɭɸ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɩɥɚɫɬɢɱɧɨɫɬɢ ɦɟɬɚɥɥɚ 

(ɧɚɩɪɢɦɟɪ, ɱɢɫɥɨ ɩɟɪɟɝɢɛɨɜ ɩɪɨɜɨɥɨɤɢ ɤ ɦɨɦɟɧɬɭ ɟɟ ɪɚɡɪɭɲɟɧɢɹ ɩɨ ȽɈɋɌ 

1579-93); 

− ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɡɚɜɢɫɢ-

ɦɨɫɬɶ ɦɟɠɞɭ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɩɪɨɜɨɥɨɤɢ ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɨɰɟɫɫɚ ɬɟɪɦɨɨɛɪɚ-

ɛɨɬɤɢ, ɫ ɭɱɟɬɨɦ ɬɟɯ ɜɨɡɦɨɠɧɵɯ ɤɨɥɟɛɚɧɢɣ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɤɨɬɨɪɵɟ ɞɨ-

ɩɭɫɬɢɦɵ ɞɥɹ ɞɚɧɧɨɣ ɦɚɪɤɢ ɫɬɚɥɢ. 

Иɬɚɤ, ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɪɟɠɞɟ ɜɫɟɝɨ ɩɪɟɞɩɨɥɚɝɚɟɬ ɤɨɥɢɱɟɫɬ-

ɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɜɫɟɯ ɬɟɯ ɫɩɨɫɨɛɨɜ ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɴɟɤɬ ɢɫɫɥɟ-

ɞɨɜɚɧɢɹ, ɨɬ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɟɝɨ ɩɨɜɟɞɟɧɢɟ – ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɢɫɚɧɢɟ  ɜɫɟɯ 

ɮɚɤɬɨɪɨɜ. 

Ɏɚɤɬɨɪ – ɩɟɪɟɦɟɧɧɚɹ ɜɟɥɢɱɢɧɚ, ɩɨ ɩɪɟɞɩɨɥɨɠɟɧɢɸ ɜɥɢɹɸɳɚɹ ɧɚ ɪɟɡɭɥɶ-

ɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ɇɚɩɪɢɦɟɪ, ɜ ɤɚɱɟɫɬɜɟ ɮɚɤɬɨɪɨɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɢɥɥɸɫɬɪɚɬɢɜɧɨɝɨ ɷɤɫ-

ɩɟɪɢɦɟɧɬɚ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɨɬɠɢɝɚ, ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ, ɩɪɨɰɟɧɬ-

ɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɢɥɢ ɥɸɛɨɝɨ ɞɪɭɝɨɝɨ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɚ, ɪɟɝɥɚɦɟɧ-

ɬɢɪɨɜɚɧɧɨɝɨ ɞɥɹ ɞɚɧɧɨɣ ɦɚɪɤɢ ɫɬɚɥɢ. 

В ɨɬɞɟɥɶɧɨɦ ɤɨɧɤɪɟɬɧɨɦ ɨɩɵɬɟ ɤɚɠɞɵɣ ɮɚɤɬɨɪ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɨɞɧɨ ɢɡ 

ɜɨɡɦɨɠɧɵɯ ɫɜɨɢɯ ɡɧɚɱɟɧɢɣ – ɭɪɨɜɟɧɶ ɮɚɤɬɨɪɚ. 

ɍɪɨɜɟɧɶ ɮɚɤɬɨɪɚ – ɮɢɤɫɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɮɚɤɬɨɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚ-

ɱɚɥɚ ɨɬɫɱɟɬɚ. 
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ɇɚɩɪɢɦɟɪ, ɨɞɧɢɦ ɭɪɨɜɧɟɦ ɬɚɤɨɝɨ ɮɚɤɬɨɪɚ, ɤɚɤ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ 

ɨɬɠɢɝɟ, ɦɨɠɟɬ ɛɵɬɶ 50 ºɋ/ɱ, ɞɪɭɝɢɦ – 100 ºɋ/ɱ ɢ ɬ.ɞ. 

Ɏɢɤɫɢɪɨɜɚɧɧɵɣ ɧɚɛɨɪ ɭɪɨɜɧɟɣ ɜɫɟɯ ɮɚɤɬɨɪɨɜ ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɨɩɵ-

ɬɟ ɤɚɤ ɪɚɡ ɢ ɨɩɪɟɞɟɥɹɟɬ ɨɞɧɨ ɢɡ ɜɨɡɦɨɠɧɵɯ ɫɨɫɬɨɹɧɢɣ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ.  

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɩɵɬɨɜ ɨɱɟɧɶ ɦɧɨɝɨɟ ɡɚɜɢɫɢɬ ɨɬ ɬɨɝɨ, ɧɚɫɤɨɥɶɤɨ ɚɤɬɢɜɧɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪ ɦɨɠɟɬ "ɜɦɟɲɢɜɚɬɶɫɹ" ɜ ɢɫɫɥɟɞɭɟɦɨɟ ɹɜɥɟɧɢɟ, ɢɦɟɟɬ ɨɧ ɢɥɢ 

ɧɟɬ ɜɨɡɦɨɠɧɨɫɬɶ  ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɬɟ ɭɪɨɜɧɢ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɞɥɹ ɧɟɝɨ ɢɧɬɟɪɟɫ. 

ɋ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɫɟ ɮɚɤɬɨɪɵ ɦɨɠɧɨ ɪɚɡɛɢɬɶ ɧɚ ɬɪɢ ɝɪɭɩɩɵ: 

− ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ ɢ ɭɩɪɚɜɥɹɟɦɵɟ – ɷɬɨ ɮɚɤɬɨɪɵ, ɞɥɹ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɧɟ ɬɨɥɶ-

ɤɨ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɢɯ ɭɪɨɜɟɧɶ, ɧɨ ɟɳɟ ɢ ɡɚɞɚɬɶ ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɨɩɵ-

ɬɟ ɥɸɛɨɟ ɟɝɨ ɜɨɡɦɨɠɧɨɟ ɡɧɚɱɟɧɢɟ; 

− ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ, ɧɨ ɧɟɭɩɪɚɜɥɹɟɦɵɟ ɮɚɤɬɨɪɵ – ɷɬɨ ɮɚɤɬɨɪɵ, ɭɪɨɜɧɢ ɤɨɬɨ-

ɪɵɯ ɦɨɠɧɨ ɬɨɥɶɤɨ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ, ɚ ɜɨɬ ɡɚɞɚɬɶ ɜ ɤɚɠɞɨɦ ɨɩɵɬɟ ɢɯ ɨɩɪɟɞɟ-

ɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ; 

− ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɟ – ɷɬɨ ɮɚɤɬɨɪɵ, ɭɪɨɜɧɢ ɤɨɬɨɪɵɯ ɧɟ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɷɤɫɩɟ-

ɪɢɦɟɧɬɚɬɨɪɨɦ ɢ ɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɨɧ ɞɚɠɟ ɦɨɠɟɬ ɢ ɧɟ ɩɨɞɨɡɪɟɜɚɬɶ. 

В ɩɪɢɦɟɪɟ 1.1 ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɢ ɭɩɪɚɜɥɹɟɦɵɯ ɮɚɤɬɨɪɨɜ ɦɨɠ-

ɧɨ ɨɱɟɧɶ ɜɟɪɨɹɬɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɨɬɠɢɝɚ ɢ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ 

ɩɪɨɜɨɥɨɤɢ. А ɜɨɬ ɮɚɤɬɢɱɟɫɤɨɟ ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɯɢɦɢɱɟɫɤɢɯ 

ɷɥɟɦɟɧɬɨɜ ɫɬɚɥɢ, ɩɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɩɨɩɚɞɟɬ ɜ ɝɪɭɩɩɭ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ, ɧɨ ɧɟ-

ɭɩɪɚɜɥɹɟɦɵɯ ɮɚɤɬɨɪɨɜ. Дɟɥɨ ɡɞɟɫɶ ɜ ɬɨɦ, ɱɬɨ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɟɳɟ  ɦɨɠɟɬ ɢ 

ɭɞɚɫɬɫɹ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɬɶ (ɩɟɪɟɩɢɫɚɜ ɟɝɨ ɢɡ ɩɚɫɩɨɪɬɚ ɩɥɚɜɤɢ ɢɥɢ ɢɡ ɫɨɩɪɨɜɨɞɢ-

ɬɟɥɶɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ ɞɚɧɧɭɸ ɩɚɪɬɢɸ ɩɪɨɜɨɥɨɤɢ), ɧɨ ɜɨɬ ɡɚɞɚɬɶ, ɜ ɭɫɥɨɜɢɹɯ 

ɪɟɚɥɶɧɨɝɨ ɞɟɣɫɬɜɭɸɳɟɝɨ ɫɬɚɥɟɩɥɚɜɢɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɞɥɹ ɤɚɠɞɨɝɨ ɨɩɵɬɚ 

ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɧɨɟ ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ, ɧɚɩɪɢɦɟɪ, ɭɝɥɟɪɨɞɚ – ɡɚɞɚɱɚ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɵɩɨɥɧɢɦɚɹ. ɇɚɤɨɧɟɰ, ɤ ɝɪɭɩɩɟ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ ɜ 

ɷɬɨɦ ɩɪɢɦɟɪɟ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɦɚɫɫɭ ɩɪɢɱɢɧ, ɩɨ ɤɨɬɨɪɵɦ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶɫɹ ɩɥɚ-

ɫɬɢɱɧɨɫɬɶ ɦɟɬɚɥɥɚ (ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɞɟɮɨɪɦɚɰɢɢ ɦɟɬɚɥɥɚ ɩɨ ɞɥɢɧɟ ɛɭɧɬɚ 

ɩɪɨɜɨɥɨɤɢ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɤɚɬɤɢ ɢɥɢ ɩɪɢ ɜɨɥɨɱɟɧɢɢ, ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ 



1. ɗɄɋɉЕɊИɆЕɇɌ ɄАɄ ɉɊЕȾɆЕɌ ИɋɋЛЕȾɈВАɇИə 

13 

ɯɪɚɧɟɧɢɹ ɦɟɬɚɥɥɚ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɟɝɨ ɩɨɜɵɲɟɧɧɨɣ ɤɨɪɪɨɡɢɢ, ɢ ɬ.ɞ. ɢ ɬ.ɩ., ɧɚ 

ɫɤɨɥɶɤɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɯɜɚɬɢɬ ɮɚɧɬɚɡɢɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹ).  

В ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɟɨɛɯɨɞɢɦɨ ɧɟ ɬɨɥɶɤɨ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ 

ɭɪɨɜɧɢ ɜɫɟɯ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ, ɧɨ ɢ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɭɫɬɚɧɚɜɥɢɜɚɬɶ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɢɫɚɧɢɟ ɬɨɝɨ ɫɜɨɣɫɬɜɚ (ɨɬɤɥɢɤɚ) ɢɫɫɥɟɞɭɟɦɨɝɨ ɹɜɥɟɧɢɹ, ɤɨɬɨ-

ɪɨɟ ɢɡɭɱɚɟɬ (ɧɚɛɥɸɞɚɟɬ)  ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪ. ɉɪɢɱɟɦ ɩɨɫɤɨɥɶɤɭ ɧɚ ɨɛɴɟɤɬ ɢɫɫɥɟ-

ɞɨɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɫɟɝɞɚ ɜɥɢɹɟɬ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɟɤɨɧ-

ɬɪɨɥɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ, ɱɬɨ ɜɧɨɫɢɬ ɜ ɩɨɥɭɱɚɟɦɵɟ ɪɟɡɭɥɶɬɚɬɵ ɧɟɤɨɬɨɪɵɣ ɷɥɟ-

ɦɟɧɬ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɡɧɚɱɟɧɢɟ ɨɬɤɥɢɤɚ, ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɨɩɵɬɟ, ɧɟɜɨɡ-

ɦɨɠɧɨ ɩɪɟɞɫɤɚɡɚɬɶ ɡɚɪɚɧɟɟ. ɉɨɷɬɨɦɭ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɹɜɥɟɧɢɹ 

ɩɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɧɚɛɨɪɟ ɭɪɨɜɧɟɣ ɜɫɟɯ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɮɚɤ-

ɬɨɪɨɜ ɜɫɟɝɞɚ ɛɭɞɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɪɚɡɥɢɱɧɵɦ ɡɧɚɱɟɧɢɹɦ ɨɬɤɥɢɤɚ, ɬ.ɟ. ɨɬɤɥɢɤ – ɷɬɨ 

ɜɫɟɝɞɚ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ. 

Ɉɬɤɥɢɤ – ɧɚɛɥɸɞɚɟɦɚɹ ɫɥɭɱɚɣɧɚɹ ɩɟɪɟɦɟɧɧɚɹ, ɩɨ ɩɪɟɞɩɨɥɨɠɟɧɢɸ ɡɚɜɢ-

ɫɹɳɚɹ ɨɬ ɮɚɤɬɨɪɨɜ. 

Ɉɬɤɥɢɤɨɦ ɜ ɭɫɥɨɜɢɹɯ ɩɪɢɦɟɪɚ 1.1 ɹɜɥɹɟɬɫɹ ɩɥɚɫɬɢɱɧɨɫɬɶ ɫɬɚɥɶɧɨɣ ɩɪɨ-

ɜɨɥɨɤɢ (ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɝɢɛɨɜ ɤ ɦɨɦɟɧɬɭ ɪɚɡɪɭɲɟɧɢɹ). ɉɪɢɱɟɦ ɞɚɠɟ ɟɫɥɢ ɜɡɹɬɶ 

ɤɭɫɤɢ ɩɪɨɜɨɥɨɤɢ ɨɬ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɦɨɬɤɚ (ɬ.ɟ. ɦɟɬɚɥɥ ɨɞɧɨɣ ɩɥɚɜɤɢ – ɨɞɢɧɚɤɨ-

ɜɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɢɦɟɸɳɢɣ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɪɟɠɢɦ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 

ɨɞɢɧɚɤɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬɠɢɝɚ ɢ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ), ɬɨ ɢ ɩɪɢ ɷɬɨɦ ɞɥɹ ɤɚ-

ɠɞɨɝɨ ɤɭɫɤɚ ɩɪɨɜɨɥɨɤɢ ɦɵ ɩɨɥɭɱɢɦ ɪɚɡɧɵɟ (ɯɨɬɹ ɢ ɨɱɟɧɶ ɛɥɢɡɤɢɟ ɞɪɭɝ ɤ ɞɪɭɝɭ) 

ɡɧɚɱɟɧɢɹ ɩɥɚɫɬɢɱɧɨɫɬɢ ɦɟɬɚɥɥɚ. 

И ɧɚɤɨɧɟɰ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣ-

ɬɢ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɨɬɤɥɢɤɨɦ ɢ ɮɚɤɬɨɪɚɦɢ – ɮɭɧɤɰɢɸ ɨɬɤɥɢɤɚ. ɉɪɢɱɟɦ ɩɨ-

ɫɤɨɥɶɤɭ ɨɬɤɥɢɤ – ɷɬɨ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɬɨ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨ-

ɫɬɟɣ, ɟɝɨ ɦɨɠɧɨ ɡɚɞɚɬɶ ɨɞɧɢɦ ɢɡ ɩɚɪɚɦɟɬɪɨɜ ɫɜɨɟɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɧɚɩɪɢɦɟɪ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ. 

Ɏɭɧɤɰɢɹ ɨɬɤɥɢɤɚ – ɡɚɜɢɫɢɦɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɨɬɤɥɢɤɚ ɨɬ 

ɮɚɤɬɨɪɨɜ. 

В ɩɪɢɦɟɪɟ ɫ ɩɪɨɜɨɥɨɤɨɣ – ɷɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ 

ɜɟɥɢɱɢɧɵ ɩɥɚɫɬɢɱɧɨɫɬɢ ɫɬɚɥɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɠɢɝɚ, ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɢ 

ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɦɟɬɚɥɥɚ. 
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ɋ ɭɱɟɬɨɦ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜɵɲɟ ɞɟɥɟɧɢɹ ɮɚɤɬɨɪɨɜ ɧɚ ɬɪɢ ɝɪɭɩɩɵ, ɮɭɧɤɰɢɸ 

ɨɬɤɥɢɤɚ ɜ ɫɚɦɨɦ ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 

My = f (xi, hj) + εį ,        (1.1) 

ɝɞɟ My  – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɨɬɤɥɢɤɚ; xi – ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ ɢ 

ɭɩɪɚɜɥɹɟɦɵɟ ɮɚɤɬɨɪɵ; hj  – ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ, ɧɨ ɧɟɭɩɪɚɜɥɹɟɦɵɟ ɮɚɤɬɨɪɵ; εį – 

ɨɲɢɛɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɭɱɢɬɵɜɚɸɳɚɹ ɜɥɢɹɧɢɟ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ. 

ɉɨ ɬɨɦɭ, ɤɚɤɨɣ ɝɪɭɩɩɨɣ ɮɚɤɬɨɪɨɜ ɪɚɫɩɨɥɚɝɚɟɬ ɢɫɫɥɟɞɨɜɚɬɟɥɶ, ɤɨɥɢɱɟɫɬ-

ɜɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɟɳɟ ɧɚ ɞɜɚ ɜɢɞɚ. ȿɫɥɢ ɜ 

ɪɚɫɩɨɪɹɠɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɚ ɧɟɬ ɭɩɪɚɜɥɹɟɦɵɯ ɮɚɤɬɨɪɨɜ, ɬɨ ɬɚɤɨɣ ɷɤɫɩɟɪɢ-

ɦɟɧɬ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɩɚɫɫɢɜɧɨɝɨ. 

ɉɚɫɫɢɜɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ – ɷɤɫɩɟɪɢɦɟɧɬ, ɩɪɢ ɤɨɬɨɪɨɦ ɭɪɨɜɧɢ ɮɚɤɬɨɪɨɜ ɜ 

ɤɚɠɞɨɦ ɨɩɵɬɟ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɢɫɫɥɟɞɨɜɚɬɟɥɟɦ, ɧɨ ɧɟ ɡɚɞɚɸɬɫɹ. 

ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɩɚɫɫɢɜɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɧɟ ɢɦɟɟɬ ɜɨɡ-

ɦɨɠɧɨɫɬɶ ɡɚɞɚɬɶ ɭɪɨɜɟɧɶ ɧɢ ɨɞɧɨɝɨ ɢɡ ɮɚɤɬɨɪɨɜ, ɬɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɩɵɬɨɜ 

ɟɦɭ ɨɫɬɚɟɬɫɹ ɥɢɲɶ "ɩɚɫɫɢɜɧɨ" ɧɚɛɥɸɞɚɬɶ ɡɚ ɹɜɥɟɧɢɟɦ ɢ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɪɟ-

ɡɭɥɶɬɚɬɵ. ɉɥɚɧɢɪɨɜɚɧɢɟ ɩɚɫɫɢɜɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ 

ɱɢɫɥɚ ɨɩɵɬɨɜ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɬɟɥɸ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨ-

ɫɬɚɜɥɟɧɧɨɣ ɩɟɪɟɞ ɧɢɦ ɡɚɞɚɱɢ, ɚ ɤɨɧɟɱɧɨɣ ɰɟɥɶɸ ɩɚɫɫɢɜɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ 

ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ ɜ ɜɢɞɟ 

My = f (hj) + εį.         (1.2) 

ȿɫɥɢ ɠɟ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɟ ɬɨɥɶɤɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 

ɮɚɤɬɨɪɵ, ɧɨ ɢ ɭɩɪɚɜɥɹɬɶ ɢɦɢ, ɬɨ ɬɚɤɨɣ ɷɤɫɩɟɪɢɦɟɧɬ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɚɤɬɢɜɧɨɝɨ. 

Аɤɬɢɜɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ – ɷɤɫɩɟɪɢɦɟɧɬ, ɜ ɤɨɬɨɪɨɦ ɭɪɨɜɧɢ ɮɚɤɬɨɪɨɜ ɜ ɤɚɠ-

ɞɨɦ ɨɩɵɬɟ ɡɚɞɚɸɬɫɹ ɢɫɫɥɟɞɨɜɚɬɟɥɟɦ. 

ɉɨɫɤɨɥɶɤɭ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ "ɚɤɬɢɜɧɨ" 

ɜɦɟɲɢɜɚɬɶɫɹ ɜ ɢɫɫɥɟɞɭɟɦɨɟ ɹɜɥɟɧɢɟ, ɬɨ ɟɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɚɤɬɢɜɧɵɣ ɷɤɫɩɟɪɢ-

ɦɟɧɬ ɜɫɟɝɞɚ ɩɪɟɞɩɨɥɚɝɚɟɬ ɤɚɤɨɣ-ɥɢɛɨ ɩɥɚɧ ɟɝɨ ɩɪɨɜɟɞɟɧɢɹ. 

ɉɥɚɧ ɷɤɫɩɟɪɢɦɟɧɬɚ – ɫɨɜɨɤɭɩɧɨɫɬɶ ɞɚɧɧɵɯ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɱɢɫɥɨ, ɭɫɥɨ-

ɜɢɹ ɢ ɩɨɪɹɞɨɤ ɪɟɚɥɢɡɚɰɢɢ ɨɩɵɬɨɜ. 
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ɉɨɷɬɨɦɭ ɚɤɬɢɜɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɜɫɟɝɞɚ ɞɨɥɠɟɧ ɧɚɱɢɧɚɬɶɫɹ ɫ ɩɥɚɧɢɪɨɜɚ-

ɧɢɹ. 

ɉɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ – ɜɵɛɨɪ ɩɥɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɭɞɨɜɥɟɬɜɨ-

ɪɹɸɳɟɝɨ ɩɨɫɬɚɜɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. 

К ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɚɤɬɢɜɧɨɝɨ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚ, ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɫɬɟɩɟɧɶ ɬɨɱɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ 

ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɫɪɨɤɢ ɢ ɫɪɟɞɫɬɜɚ, ɢɦɟɸɳɢɟɫɹ ɜ ɪɚɫɩɨɪɹɠɟɧɢɢ 

ɢɫɫɥɟɞɨɜɚɬɟɥɹ, ɢ ɬ.ɞ. 

ɐɟɥɶɸ ɚɤɬɢɜɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɦɨɠɟɬ ɛɵɬɶ ɥɢɛɨ ɨɩɪɟɞɟɥɟɧɢɟ ɮɭɧɤɰɢɢ 

ɨɬɤɥɢɤɚ ɜ ɜɢɞɟ 

My = f (xi) + εį,         (1.3) 

ɥɢɛɨ ɩɨɢɫɤ ɬɚɤɨɝɨ ɫɨɱɟɬɚɧɢɹ ɭɪɨɜɧɟɣ ɭɩɪɚɜɥɹɟɦɵɯ ɮɚɤɬɨɪɨɜ xi, ɩɪɢ ɤɨɬɨɪɨɦ 

ɞɨɫɬɢɝɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɟ (ɷɤɫɬɪɟɦɚɥɶɧɨɟ – ɦɢɧɢɦɚɥɶɧɨɟ ɢɥɢ ɦɚɤɫɢɦɚɥɶɧɨɟ) 

ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ. В ɷɬɨɦ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ ɷɤɫɩɟɪɢɦɟɧɬ ɧɨɫɢɬ ɟɳɟ 

ɧɚɡɜɚɧɢɟ ɩɨɢɫɤɨɜɨɝɨ (ɷɤɫɬɪɟɦɚɥɶɧɨɝɨ) ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɜ ɫɥɭɱɚɟ ɫ ɪɚɡɪɭɲɟɧɢɟɦ ɩɪɨɜɨɥɨɤɢ ɦɵ ɛɵ ɩɨɫɬɚɜɢɥɢ ɩɟ-

ɪɟɞ ɫɨɛɨɣ ɰɟɥɶɸ ɧɚɣɬɢ ɬɚɤɨɟ ɫɨɱɟɬɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɠɢɝɚ ɢ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠ-

ɞɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɩɥɚɫɬɢɱɧɨɫɬɶ ɦɟɬɚɥɥɚ ɛɵɥɚ ɛɵ  ɦɚɤɫɢɦɚɥɶɧɨɣ, ɬɨ ɧɚɲ ɷɤɫ-

ɩɟɪɢɦɟɧɬ ɫɬɚɥ ɛɵ ɩɨɢɫɤɨɜɵɦ. 

И ɧɚɤɨɧɟɰ, ɩɨ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɞɟɧɢɹ ɪɚɡɥɢɱɚɸɬ ɥɚɛɨɪɚɬɨɪɧɵɣ ɢ ɩɪɨ-

ɦɵɲɥɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬɵ. 

 Ʌɚɛɨɪɚɬɨɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ. В ɥɚɛɨɪɚɬɨɪɢɢ ɦɟɧɶɲɟ ɜɥɢɹɧɢɟ ɫɥɭɱɚɣɧɵɯ 

ɩɨɝɪɟɲɧɨɫɬɟɣ, ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɛɨɥɶɲɚɹ "ɫɬɟɪɢɥɶɧɨɫɬɶ" ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ 

ɨɩɵɬɨɜ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢ ɛɨɥɟɟ ɬɳɚɬɟɥɶɧɚɹ ɩɨɞɝɨɬɨɜ-

ɤɚ, ɨɞɧɢɦ ɫɥɨɜɨɦ,  ɜɵɲɟ "ɤɭɥɶɬɭɪɚ ɷɤɫɩɟɪɢɦɟɧɬɚ". Кɚɤ ɩɪɚɜɢɥɨ, ɜ ɥɚɛɨɪɚɬɨɪ-

ɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪ ɦɨɠɟɬ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɨɩɵɬ "ɨɞɢɧɚɤɨɜɨ" ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɥɭɱɲɟ, ɱɟɦ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Эɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ 

ɭɫɥɨɜɢɹɯ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɧɟɤɨɬɨɪɨɝɨ ɮɚɤɬɚ ɧɚ ɡɚɜɨɞɟ ɩɨɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ 

ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɨɩɵɬɨɜ, ɱɟɦ ɜ ɥɚɛɨɪɚɬɨɪɢɢ. Дɪɭɝɨɟ ɜɚɠɧɨɟ ɨɬɥɢɱɢɟ – ɷɬɨ 

ɛɨɥɶɲɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɚɪɶɢɪɨɜɚɬɶ (ɢɡɦɟɧɹɬɶ) ɭɪɨɜɧɢ ɮɚɤɬɨɪɨɜ. Кɨɝɞɚ ɜ ɥɚɛɨ-

ɪɚɬɨɪɢɢ ɢɫɫɥɟɞɭɟɬɫɹ ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ, ɬɟɦɩɟɪɚɬɭɪɭ ɩɨ ɠɟɥɚɧɢɸ ɦɨɠɧɨ ɦɟ-
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ɧɹɬɶ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ, ɚ ɜ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɟɱɚɯ, ɧɚɩɪɨɬɢɜ, ɟɫɥɢ ɟɟ ɢ 

ɦɨɠɧɨ ɦɟɧɹɬɶ, ɬɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɭɡɤɨɦ ɞɢɚɩɚɡɨɧɟ ɢ ɫ ɛɨɥɶɲɟɣ ɨɫɬɨɪɨɠ-

ɧɨɫɬɶɸ. 

 ɉɪɨɦɵɲɥɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ. В ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɨɛɟɫɩɟɱɢɬɶ ɭɫ-

ɥɨɜɢɹ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɡɧɚɱɢɬɟɥɶɧɨ ɬɪɭɞɧɟɟ. ɍɫɥɨɠɧɹɸɬɫɹ ɢɡɦɟ-

ɪɟɧɢɹ ɢ ɫɛɨɪ ɢɧɮɨɪɦɚɰɢɢ, ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɨɛɴɟɤɬ ɢɫɫɥɟɞɨ-

ɜɚɧɢɹ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɨɤɚɡɵɜɚɸɬ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɩɨɦɟɯɢ (ɪɟɡɤɨ 

ɜɨɡɪɚɫɬɚɟɬ ɱɢɫɥɨ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ), ɩɨɷɬɨɦɭ ɜ ɩɪɨɦɵɲɥɟɧɧɨɦ ɷɤɫ-

ɩɟɪɢɦɟɧɬɟ ɨɫɨɛɟɧɧɨ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɩɟɰɢɚɥɶɧɵɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ 

ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ. Кɪɨɦɟ ɬɨɝɨ, ɧɚ ɪɟɚɥɶɧɨɦ  ɞɟɣɫɬɜɭɸɳɟɦ ɩɪɨɢɡ-

ɜɨɞɫɬɜɟ ɜɫɟɝɞɚ ɠɟɥɚɬɟɥɶɧɨ ɩɨ ɜɨɡɦɨɠɧɨ ɦɟɧɶɲɟɦɭ ɱɢɫɥɭ ɢɡɦɟɪɟɧɢɣ ɩɨɥɭɱɢɬɶ 

ɧɚɢɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. 

 

Кɨɧɬɪɨлɶɧɵе вɨɩɪɨɫɵ 

 

1. Чɬɨ ɬɚɤɨɟ ɷɤɫɩɟɪɢɦɟɧɬ? Кɚɤɨɜɚ ɟɝɨ ɪɨɥɶ ɜ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ? 

2. Кɚɤɢɟ ɨɛɳɢɟ ɱɟɪɬɵ ɢɦɟɸɬ ɧɚɭɱɧɵɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɢɡɭɱɟ-

ɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɹɜɥɟɧɢɣ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ? 

3. ɉɪɢɜɟɞɢɬɟ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɜɢɞɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɢɫɯɨɞɹ ɢɡ ɰɟɥɢ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɮɨɪɦɵ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ, 

ɚ ɬɚɤɠɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ.  

4. В ɱɟɦ ɡɚɤɥɸɱɚɸɬɫɹ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɨɬɥɢɱɢɹ ɚɤɬɢɜɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɨɬ ɩɚɫɫɢɜɧɨɝɨ?  

5. ɉɨɹɫɧɢɬɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɢ ɩɪɨɦɵɲɥɟɧɧɨ-

ɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

6. В ɱɟɦ ɨɬɥɢɱɢɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɢ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɨɜ? 

7. Дɚɣɬɟ ɨɩɪɟɞɟɥɟɧɢɹ ɫɥɟɞɭɸɳɢɦ ɬɟɪɦɢɧɚɦ: ɨɩɵɬ, ɮɚɤɬɨɪ, ɭɪɨɜɟɧɶ ɮɚɤ-

ɬɨɪɚ, ɨɬɤɥɢɤ, ɮɭɧɤɰɢɹ ɨɬɤɥɢɤɚ, ɩɥɚɧ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ.  



 

2. ɄɊАɌɄИȿ ɋВȿȾȿɇИə ИɁ ɌȿɈɊИИ ВȿɊɈəɌɇɈɋɌȿɃ  
И ɆАɌȿɆАɌИɑȿɋɄɈɃ ɋɌАɌИɋɌИɄИ 

 

2.1. ɋлуɱаɣɧɵе велɢɱɢɧɵ ɢ ɩаɪаɦеɬɪɵ ɢɯ ɪаɫɩɪеɞелеɧɢɣ 

 

 ɉɨɫɤɨɥɶɤɭ ɢɡ-ɡɚ ɜɥɢɹɧɢɹ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ ɨɬɤɥɢɤ – ɷɬɨ ɜɫɟ-

ɝɞɚ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɲɢɪɨɤɨ ɢɫ-

ɩɨɥɶɡɭɟɬɫɹ ɚɩɩɚɪɚɬ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ, ɩɨɷɬɨ-

ɦɭ ɧɚɩɨɦɧɢɦ ɧɟɤɨɬɨɪɵɟ ɨɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɷɬɨɝɨ ɪɚɡɞɟɥɚ ɦɚɬɟ-

ɦɚɬɢɤɢ. 

ɋɥɭɱɚɣɧɨɟ ɫɨɛɵɬɢɟ – ɫɨɛɵɬɢɟ, ɪɟɚɥɢɡɚɰɢɸ ɤɨɬɨɪɨɝɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ 

ɤɨɦɩɥɟɤɫɟ ɭɫɥɨɜɢɣ ɧɟɜɨɡɦɨɠɧɨ ɡɚɪɚɧɟɟ ɩɪɟɞɫɤɚɡɚɬɶ. 

ɇɚɩɪɢɦɟɪ, ɪɟɚɥɢɡɚɰɢɸ ɬɚɤɨɝɨ ɫɨɛɵɬɢɹ, ɤɚɤ ɩɹɬɶ ɨɫɬɚɧɨɜɨɤ ɞɨɦɟɧɧɨɣ ɩɟ-

ɱɢ ɜ ɬɟɱɟɧɢɟ ɦɟɫɹɰɚ, ɧɟɜɨɡɦɨɠɧɨ ɩɪɟɞɫɤɚɡɚɬɶ ɡɚɪɚɧɟɟ, ɩɨɫɤɨɥɶɤɭ ɨɫɬɚɧɨɜɨɤ 

ɦɨɠɟɬ ɛɵɬɶ ɢ ɬɪɢ, ɢ ɫɟɦɶ, ɢ ɱɟɬɵɪɟ, ɢ ɬ.ɞ. 

ɋɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ – ɜɟɥɢɱɢɧɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɤɚɤɨɟ-ɥɢɛɨ 

ɡɧɚɱɟɧɢɟ ɢɡ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɢ ɫ ɤɨɬɨɪɨɣ ɫɜɹɡɚɧɨ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɟ. 

ɋɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɦɨɠɟɬ ɛɵɬɶ ɞɢɫɤɪɟɬɧɨɣ ɢɥɢ ɧɟɩɪɟɪɵɜɧɨɣ. 

Дɢɫɤɪɟɬɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ – ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ 

ɩɪɢɧɢɦɚɬɶ ɡɧɚɱɟɧɢɹ ɬɨɥɶɤɨ ɢɡ ɤɨɧɟɱɧɨɝɨ ɢɥɢ ɫɱɟɬɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɞɟɣɫɬɜɢɬɟɥɶ-

ɧɵɯ ɱɢɫɟɥ.  

ɇɟɩɪɟɪɵɜɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ  - ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ 

ɩɪɢɧɢɦɚɬɶ ɥɸɛɵɟ ɡɧɚɱɟɧɢɹ ɢɡ ɤɨɧɟɱɧɨɝɨ ɢɥɢ ɛɟɫɤɨɧɟɱɧɨɝɨ ɢɧɬɟɪɜɚɥɚ. 

ȿɫɥɢ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɧɚɛɨɪɟ ɭɪɨɜɧɟɣ ɜɫɟɯ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ 

ɩɪɨɜɟɫɬɢ n  ɢɡɦɟɪɟɧɢɣ ɨɬɤɥɢɤɚ X, ɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɭɞɟɬ ɩɨɥɭɱɟɧ ɪɹɞ ɯɨɬɹ ɢ 

ɛɥɢɡɤɢɯ, ɧɨ ɨɬɥɢɱɚɸɳɢɯɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɡɧɚɱɟɧɢɣ:  

( ,n..., ,2 ,1i  x i = )         (2.1) 

ɝɞɟ xi – i -ɟ ɢɡɦɟɪɟɧɢɟ ɜɟɥɢɱɢɧɵ X;  

x1, x2,..., xn – ɪɟɚɥɢɡɚɰɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ X. 
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ɉример 2.1. В ɪɟɡɭɥɶɬɚɬɟ ɢɡɭɱɟɧɢɹ ɪɚɛɨɬɵ ɞɨɦɟɧɧɨɣ ɩɟɱɢ ɧɚ ɩɪɨɬɹɠɟ-

ɧɢɢ ɩɨɥɭɬɨɪɚ ɥɟɬ ɛɵɥɨ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɫɥɟɞɭɸɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɟɟ ɨɫɬɚɧɨɜɨɤ 

ɜ ɬɟɱɟɧɢɟ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ (ɬɚɛɥ. 2.1). 

Ɍɚɛɥɢɰɚ 2.1 

ɑиɫɥɨ ɨɫтɚɧɨвɨɤ ɞɨɦеɧɧɨɣ ɩечи ɩɨ ɦеɫяɰɚɦ 
(ɨɛщее чиɫɥɨ ɧɚɛɥɸɞеɧиɣ n = 18) 

 

Ɇɟɫɹɰ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Чɢɫɥɨ 
ɨɫɬɚɧɨ-
ɜɨɤ 

3 4 3 5 5 5 6 4 6 5 5 2 4 6 7 5 6 7 

 

В ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ ɱɢɫɥɨ ɨɫɬɚɧɨɜɨɤ ɞɨɦɟɧɧɨɣ ɩɟɱɢ ɜ ɬɟɱɟɧɢɟ ɦɟɫɹɰɚ - 

ɷɬɨ ɞɢɫɤɪɟɬɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ. В ɩɟɪɜɨɦ  ɢɡ n = 18 ɢɡɦɟɪɟɧɢɣ ɷɬɨɣ ɜɟɥɢ-

ɱɢɧɵ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɡɧɚɱɟɧɢɟ x1 = 3, ɜɨ ɜɬɨɪɨɦ – x2 = 4 ɢ ɬ.ɞ., ɞɨ x18 = 7. ɉɪɢ-

ɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥ. 2.1 ɡɧɚɱɟɧɢɹ – ɷɬɨ ɪɟɚɥɢɡɚɰɢɹ ɬɚɤɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɤɚɤ 

ɱɢɫɥɨ ɨɫɬɚɧɨɜɨɤ ɞɨɦɟɧɧɨɣ ɩɟɱɢ ɜ ɬɟɱɟɧɢɟ ɦɟɫɹɰɚ. 

Кɚɠɞɨɦɭ ɡɧɚɱɟɧɢɸ ɞɢɫɤɪɟɬɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ X  (ɥɸɛɨɦɭ ɢɡ ɫɨɛɵ-

ɬɢɣ А,  ɤɨɝɞɚ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ X ɩɪɢɧɢɦɚɟɬ ɤɚɤɨɟ-ɥɢɛɨ ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɧɨɟ 

ɡɧɚɱɟɧɢɟ x), ɦɨɠɧɨ ɩɨɫɬɚɜɢɬɶ ɜ  ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɥɟɞɭɸɳɟɟ ɨɬɧɨɲɟɧɢɟ: 

,
n

m
W =          (2.2) 

ɝɞɟ m – ɱɢɫɥɨ ɧɚɛɥɸɞɟɧɢɣ, ɜ ɤɨɬɨɪɵɯ ɞɢɫɤɪɟɬɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ X ɨɤɚɡɚ-

ɥɚɫɶ ɪɚɜɧɚ x; n – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɧɚɛɥɸɞɟɧɢɣ. Вɟɥɢɱɢɧɭ W ɧɚɡɵɜɚɸɬ ɱɚɫɬɨ-

ɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫɨɛɵɬɢɹ А. 

В ɩɪɢɦɟɪɟ 2.1, ɜ ɲɟɫɬɢ ɧɚɛɥɸɞɟɧɢɹɯ: i = 4, 5, 6, 10, 11 ɢ 16, ɤɨɥɢɱɟɫɬɜɨ 

ɨɫɬɚɧɨɜɨɤ ɞɨɦɟɧɧɨɣ ɩɟɱɢ ɜ ɬɟɱɟɧɢɟ ɦɟɫɹɰɚ X ɨɤɚɡɚɥɨɫɶ ɪɚɜɧɵɦ ɩɹɬɢ (X = 5), 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɚɫɬɨɬɚ ɪɟɚɥɢɡɚɰɢɢ ɬɚɤɨɝɨ ɫɨɛɵɬɢɹ, ɤɚɤ ɩɹɬɶ ɨɫɬɚɧɨɜɨɤ, ɪɚɜɧɚ 

6/18 =  0,33. Чɚɫɬɨɬɵ ɪɟɚɥɢɡɚɰɢɣ ɞɥɹ ɞɪɭɝɢɯ ɫɨɛɵɬɢɣ (ɞɜɟ, ɬɪɢ, ɱɟɬɵɪɟ ɢ ɬ.ɞ. 

ɨɫɬɚɧɨɜɤɢ) ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2.2. 
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Ɍɚɛɥɢɰɚ 2.2 

ɑɚɫтɨтɚ ɨɫтɚɧɨвɨɤ ɞɨɦеɧɧɨɣ ɩечи 

Чɢɫɥɨ ɨɫɬɚɧɨɜɨɤ x 2 3 4 5 6 7 

Кɨɥɢɱɟɫɬɜɨ ɧɚɛɥɸɞɟɧɢɣ m, ɜ ɤɨɬɨ-
ɪɵɯ ɪɟɚɥɢɡɨɜɚɥɨɫɶ ɫɨɛɵɬɢɟ X = x  

1 2 3 6 4 2 

Чɚɫɬɨɬɚ ɪɟɚɥɢɡɚɰɢɢ, W = m / n 0,06 0,11 0,17 0,33 0,22 0,11 

 

ȿɫɥɢ ɩɪɨɞɨɥɠɢɬɶ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɪɚɛɨɬɨɣ ɞɨɦɟɧɧɨɣ ɩɟɱɢ ɜ ɬɟɱɟɧɢɟ ɟɳɟ 

ɩɨɥɭɬɨɪɚ ɥɟɬ, ɬɨ, ɤɨɧɟɱɧɨ ɠɟ, ɫɨɜɟɪɲɟɧɧɨ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ, ɱɬɨ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 

ɫɥɟɞɭɸɳɢɯ ɜɨɫɟɦɧɚɞɰɚɬɢ ɦɟɫɹɰɟɜ ɩɹɬɶ ɨɫɬɚɧɨɜɨɤ ɛɭɞɟɬ ɫɧɨɜɚ ɡɚɪɟɝɢɫɬɪɢɪɨ-

ɜɚɧɨ ɪɨɜɧɨ ɜ 6 ɫɥɭɱɚɹɯ ɢɡ 18 ɧɚɛɥɸɞɟɧɢɣ, ɚ ɱɚɫɬɨɬɚ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɫɨɛɵɬɢɹ 

ɨɩɹɬɶ ɨɤɚɠɟɬɫɹ ɪɚɜɧɨɣ 0,33. Ɉɞɧɚɤɨ ɩɪɢ ɜɨɡɪɚɫɬɚɧɢɢ ɱɢɫɥɚ ɩɨɜɬɨɪɟɧɢɣ ɨɞɧɨɝɨ 

ɢ ɬɨɝɨ ɠɟ ɤɨɦɩɥɟɤɫɚ ɭɫɥɨɜɢɣ ɱɚɫɬɨɬɚ ɪɟɚɥɢɡɚɰɢɢ ɬɚɤɨɝɨ ɫɨɛɵɬɢɹ, ɤɚɤ, ɧɚɩɪɢ-

ɦɟɪ, ɩɹɬɶ ɨɫɬɚɧɨɜɨɤ ɩɟɱɢ ɜ ɬɟɱɟɧɢɟ ɦɟɫɹɰɚ, ɛɭɞɟɬ ɩɪɢɧɢɦɚɬɶ ɜɫɟ ɛɨɥɟɟ ɢ ɛɨ-

ɥɟɟ ɭɫɬɨɣɱɢɜɨɟ ɡɧɚɱɟɧɢɟ. Ɍɚɤ, ɟɫɥɢ ɩɨɞɫɱɢɬɚɬɶ ɱɚɫɬɨɬɭ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɝɨ 

ɫɨɛɵɬɢɹ ɡɚ 36 ɦɟɫɹɰɟɜ, ɬɨ ɨɧɚ ɭɠɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɬɨɝɨ 

ɡɧɚɱɟɧɢɹ, ɤɨɬɨɪɨɟ ɡɚɬɟɦ ɦɨɠɧɨ ɛɭɞɟɬ ɩɨɥɭɱɢɬɶ ɡɚ ɱɟɬɵɪɟ ɫ ɩɨɥɨɜɢɧɨɣ ɝɨɞɚ 

(ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɡɚ ɜɫɟ ɷɬɨ ɜɪɟɦɹ ɧɚɛɥɸɞɟɧɢɣ ɜ ɪɚɛɨɬɟ ɞɨɦɟɧɧɨɣ ɩɟɱɢ ɧɟ 

ɩɪɨɢɡɨɣɞɟɬ ɧɢɤɚɤɢɯ ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ). 

ɉɪɟɞɟɥ, ɤ ɤɨɬɨɪɨɦɭ ɫɬɪɟɦɢɬɫɹ ɨɬɧɨɲɟɧɢɟ m/n ɩɪɢ ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ ɜɨɡ-

ɪɚɫɬɚɧɢɢ ɱɢɫɥɚ ɨɩɵɬɨɜ n, ɧɚɡɵɜɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶɸ ɫɥɭɱɚɣɧɨɝɨ ɫɨɛɵɬɢɹ. 

Вɟɪɨɹɬɧɨɫɬɶ P(А) ɫɨɛɵɬɢɹ А – ɱɢɫɥɨ ɨɬ ɧɭɥɹ ɞɨ ɟɞɢɧɢɰɵ, ɤɨɬɨɪɨɟ ɩɪɟɞ-

ɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɟɞɟɥ ɱɚɫɬɨɬɵ ɪɟɚɥɢɡɚɰɢɢ ɫɨɛɵɬɢɹ А ɩɪɢ ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ 

ɱɢɫɥɟ ɩɨɜɬɨɪɟɧɢɣ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɤɨɦɩɥɟɤɫɚ ɭɫɥɨɜɢɣ. 

Дɥɹ ɞɢɫɤɪɟɬɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɦɨɠɧɨ ɭɤɚɡɚɬɶ ɜɟɪɨɹɬɧɨɫɬɶ, ɫ ɤɨɬɨ-

ɪɨɣ ɨɧɚ ɩɪɢɧɢɦɚɟɬ ɤɚɠɞɨɟ ɢɡ ɫɜɨɢɯ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɧɟɱɧɨɝɨ ɢɥɢ ɫɱɟɬɧɨ-

ɝɨ ɦɧɨɠɟɫɬɜɚ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɢɫɟɥ. Дɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ 

ɡɚɞɚɸɬ ɜɟɪɨɹɬɧɨɫɬɶ ɟɟ ɩɨɩɚɞɚɧɢɹ ɜ ɨɞɢɧ ɢɡ ɡɚɞɚɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɨɛɥɚɫɬɢ ɟɟ 

ɨɩɪɟɞɟɥɟɧɢɹ (ɩɨɫɤɨɥɶɤɭ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɨɧɚ ɩɪɢɦɟɬ ɤɚɤɨɟ-ɥɢɛɨ ɤɨɧɤɪɟɬ-

ɧɨɟ ɫɜɨɟ ɡɧɚɱɟɧɢɟ, ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ). 

ɉɨɥɧɨɫɬɶɸ ɫɜɨɣɫɬɜɚ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɨɩɢɫɵɜɚɸɬɫɹ ɡɚɤɨɧɨɦ ɟɟ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ, ɩɨɞ ɤɨɬɨɪɵɦ ɩɨɧɢɦɚɸɬ ɫɜɹɡɶ ɦɟɠɞɭ ɜɨɡɦɨɠɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɫɥɭ-

ɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɢɦ ɜɟɪɨɹɬɧɨɫɬɹɦɢ.  
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 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ – ɮɭɧɤɰɢɹ, ɤɨɬɨɪɚɹ ɨɞɧɨɡɧɚɱɧɨ ɨɩ-

ɪɟɞɟɥɹɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɩɪɢɧɢɦɚɟɬ ɡɚɞɚɧɧɨɟ ɡɧɚ-

ɱɟɧɢɟ ɢɥɢ ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɧɟɤɨɬɨɪɨɦɭ ɡɚɞɚɧɧɨɦɭ ɢɧɬɟɪɜɚɥɭ. 

В ɦɚɬɟɦɚɬɢɤɟ ɢɫɩɨɥɶɡɭɸɬ ɞɜɚ ɫɩɨɫɨɛɚ ɨɩɢɫɚɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɫɥɭɱɚɣ-

ɧɵɯ ɜɟɥɢɱɢɧ: ɢɧɬɟɝɪɚɥɶɧɵɣ (ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ) ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ 

(ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ). 

Ɏɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ F(x)– ɮɭɧɤɰɢɹ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɞɥɹ ɜɫɟɯ ɞɟɣɫɬɜɢ-

ɬɟɥɶɧɵɯ ɯ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɏ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ ɧɟ 

ɛɨɥɶɲɟ, ɱɟɦ ɯ. 

 ( ) ( )xXPxF ≤= .        (2.3) 

Ɏɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ F(x) ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɫɜɨɣɫɬɜɚ (ɪɢɫ.2.1, ɚ): 

1. ȿɟ ɨɪɞɢɧɚɬɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɟ ɯ1, ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ X ɛɭɞɟɬ ɦɟɧɶɲɟ, ɱɟɦ 

ɯ1, ɬ.ɟ.  F(x1) = P(ɏ ≤ x1). 

2. Ɏɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ, ɡɚɤɥɸɱɟɧɧɨɟ ɦɟɠɞɭ ɧɭ-

ɥɟɦ ɢ ɟɞɢɧɢɰɟɣ: 

( ) .10 ≤≤ xF        (2.4) 

3. Ɏɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ ɩɪɢ ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ 

ɭɦɟɧɶɲɟɧɢɢ ɯ ɢ ɫɬɪɟɦɢɬɫɹ ɤ ɟɞɢɧɢɰɟ ɩɪɢ ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ ɜɨɡɪɚɫɬɚ-

ɧɢɢ ɯ, ɬɨ ɟɫɬɶ 

  ( ) ( )   .1xFlim  ,0xFlim
xx

==
+∞→−∞→

     (2.5) 

4. Ɏɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɧɨɬɨɧɧɨ ɜɨɡɪɚɫɬɚɸ-

ɳɭɸ ɤɪɢɜɭɸ, ɬɨ ɟɫɬɶ 

   F(x2)>F(x1), ɟɫɥɢ ɯ2>ɯ1.      (2.5ɚ)

5. ȿɟ ɩɪɢɪɚɳɟɧɢɟ ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɦ ɨɬɪɟɡɤɟ (ɯ1; ɯ2) ɪɚɜɧɨ ɜɟɪɨɹɬɧɨɫɬɢ 

ɬɨɝɨ, ɱɬɨ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ X ɩɨɩɚɞɟɬ ɜ ɞɚɧɧɵɣ ɢɧɬɟɪɜɚɥ: 

( ) ( ) )( )( )(   211212 xXxPxXPxXPxFxF ≤<=≤−≤=− .  (2.6) 
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Ɋɚɫɫɦɨɬɪɢɦ, ɤɚɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢɦɟɸɬ  ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɢɫ-

ɤɪɟɬɧɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ. ɉɭɫɬɶ ɏ – ɞɢɫɤɪɟɬɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɩɪɢɧɢ-

ɦɚɸɳɚɹ ɜɨɡɦɨɠɧɵɟ ɡɧɚɱɟɧɢɹ ɯ1, ɯ2,…, ɯn ɫ ɜɟɪɨɹɬɧɨɫɬɹɦɢ p1, p2, …, pn . Ɏɭɧɤ-

ɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɷɬɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɏ ɪɚɜɧɚ  

( ) ∑=≤=
kx

kpxXPxF ,)(

ɝɞɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɭɦɦɢɪɨɜɚɧɢɟ ɜɟɪɨɹɬɧɨɫɬɟɣ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ 

ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɏ, ɦɟɧɶɲɢɯ ɱɟɦ ɯ. Ɍɚɤɚɹ ɮɭɧɤɰɢɹ ɜɫɟɝɞɚ ɪɚɡɪɵɜɧɚɹ, ɫɬɭ-

ɩɟɧɱɚɬɚɹ (ɪɢɫ.2.1, ɛ): ɨɬ −∞  ɞɨ  ɯ1 ɜɤɥɸɱɢɬɟɥɶɧɨ ɮɭɧɤɰɢɹ ɪɚɜɧɚ ɧɭɥɸ, ɜ ɬɨɱɤɟ ɯ1 

ɩɪɨɢɫɯɨɞɢɬ ɫɤɚɱɨɤ ɧɚ ɜɟɥɢɱɢɧɭ p1, ɢ ɮɭɧɤɰɢɹ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɞɨ ɯ2 ɜɤɥɸ-

ɱɢɬɟɥɶɧɨ ɢ ɬ.ɞ., ɬɨ ɟɫɬɶ ɜɨɡɦɨɠɧɵɦ ɡɧɚɱɟɧɢɹɦ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɫɨɨɬɜɟɬɫɬ-

ɜɭɸɬ ɫɤɚɱɤɢ ɮɭɧɤɰɢɢ, ɪɚɜɧɵɟ ɜɟɪɨɹɬɧɨɫɬɹɦ ɷɬɢɯ ɡɧɚɱɟɧɢɣ. ɉɨɫɥɟɞɧɢɣ ɫɤɚɱɨɤ 

ɧɚ pn  ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɨɱɤɟ ɯn, ɢ ɮɭɧɤɰɢɹ ɪɚɜɧɚ ɟɞɢɧɢɰɟ ɨɬ ɯn ɞɨ +∞. Ɍɚɤɢɦ ɨɛɪɚ-

ɡɨɦ, ɫɭɦɦɚ ɜɫɟɯ ɫɤɚɱɤɨɜ ɪɚɜɧɚ ɟɞɢɧɢɰɟ.  

 ɉɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ f(x) – ɩɟɪɜɚɹ ɩɪɨɢɡɜɨɞɧɚɹ (ɟɫɥɢ ɨɧɚ ɫɭɳɟɫɬɜɭ-

ɟɬ) ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

( ) ( )
.

dx

xdF
xf =         (2.7) 
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 ɉɥɨɬɧɨɫɬɶ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ f(x) ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɫɜɨɣɫɬɜɚ 

(ɪɢɫ.2.2): 

 

f(x) 

Mx M0 Me x1 x2 dx

f(x) 

x 

 

 

 

 

 

 

 

 

Ɋɢɫ.2.2. Ⱦиɮɮереɧɰиɚɥɶɧɵɣ ɡɚɤɨɧ рɚɫɩреɞеɥеɧия – 
 ɩɥɨтɧɨɫтɶ рɚɫɩреɞеɥеɧия f(x) 

 

1. ɉɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɹɜɥɹɟɬɫɹ ɧɟɨɬɪɢɰɚɬɟɥɶɧɨɣ 

ɮɭɧɤɰɢɟɣ, ɬ.ɟ.  

( ) .0≥xf          (2.8) 

Эɬɨ ɫɜɨɣɫɬɜɨ ɫɩɪɚɜɟɞɥɢɜɨ, ɬɚɤ ɤɚɤ F(x)  ɟɫɬɶ ɧɟɭɛɵɜɚɸɳɚɹ ɮɭɧɤɰɢɹ. 

2. Ɏɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɏ ɪɚɜɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦɭ 

ɢɧɬɟɝɪɚɥɭ ɨɬ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɜ ɩɪɟɞɟɥɚɯ (−∞, 

ɯ): 

( ) . )(∫
∞−

=
x

dxxfxF        (2.9) 

3. Вɟɪɨɹɬɧɨɫɬɶ ɫɨɛɵɬɢɹ,  ɫɨɫɬɨɹɳɚɹ ɜ ɬɨɦ, ɱɬɨ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɏ 

ɩɪɢɦɟɬ ɡɧɚɱɟɧɢɟ, ɡɚɤɥɸɱɟɧɧɨɟ ɜ ɩɨɥɭɢɧɬɟɪɜɚɥɟ [x1 ,x2 ], ɪɚɜɧɚ ɨɩɪɟ-

ɞɟɥɟɧɧɨɦɭ ɢɧɬɟɝɪɚɥɭ ɨɬ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɧɚ 

ɷɬɨɦ  ɩɨɥɭɢɧɬɟɪɜɚɥɟ: 

( ) ( ) ( ) .dx )x(fxFxFxXxP
2

1

x

x

1221 ∫=−=≤<    (2.10) 
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4. Иɧɬɟɝɪɚɥ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɨɦ ɢɧɬɟɪɜɚɥɟ 

(-∞, + ∞) ɪɚɜɟɧ ɟɞɢɧɢɰɟ:  

( ) ( ) ,1=+∞≤<∞−=∫
+∞

∞−

XPdxxf     (2.11) 

ɬɚɤ ɤɚɤ ɩɨɩɚɞɚɧɢɟ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɜ ɢɧɬɟɪɜɚɥ −∞ < ɏ< + ∞ ɟɫɬɶ ɞɨɫɬɨɜɟɪ-

ɧɨɟ ɫɨɛɵɬɢɟ. 

В ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɨɫɧɨ-

ɜɵɜɚɹɫɶ ɧɚ ɬɟɯ ɢɥɢ ɢɧɵɯ ɩɪɟɞɩɨɥɨɠɟɧɢɹɯ (ɝɢɩɨɬɟɡɚɯ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɨɣɫɬɜ ɢɫ-

ɫɥɟɞɭɟɦɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɭɞɚɟɬɫɹ ɡɚɩɢɫɚɬɶ ɮɭɧɤɰɢɸ ɟɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

(ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɤ ɩɟɪɜɭɸ ɩɪɨɢɡɜɨɞɧɭɸ ɨɬ 

ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ) ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɧɟɤɨɬɨɪɵɯ ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɤɨɬɨɪɚɹ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɚɤ ɧɚɡɵ-

ɜɚɟɦɨɦɭ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ƚɚɭɫɫɚ), 

ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 

( )

,
2

1
)(

2

2

2

2
dxexF

x Mx

x

x

x

∫
∞−

−
−

= σ

πσ
    (2.12) 

ɚ ɞɥɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɢɦɟɸɳɟɣ, ɧɚɩɪɢɦɟɪ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ Вɟɣɛɭ-

ɥɚ-Ƚɧɟɞɟɧɤɨ (ɢɫɩɨɥɶɡɭɟɦɨɟ ɞɥɹ ɨɩɢɫɚɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɫɥɭɱɚɟ 

ɯɪɭɩɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɦɟɬɚɥɥɚ, ɚ ɬɚɤɠɟ ɜ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɦɧɨɝɨɰɢɤɥɨɜɭɸ ɭɫɬɚ-

ɥɨɫɬɶ), ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ: 

,e1)x(F

b

H

c

xx
⎟
⎠
⎞

⎜
⎝
⎛ −

−

−=  ɩɪɢ ɏ>ɯɧ,  

F(x) = 0, ɩɪɢ ɏ ≤ ɯɧ.     (2.13) 

В ɮɭɧɤɰɢɹɯ (2.12) ɢ (2.13) ɤɨɧɫɬɚɧɬɵ Mx, σx
2 ɢ ɫ, b, ɯɧ ɹɜɥɹɸɬɫɹ ɩɚɪɚɦɟɬ-

ɪɚɦɢ ɪɚɫɩɪɟɞɟɥɟɧɢɣ, ɩɪɢɱɟɦ ɩɟɪɜɨɟ ɢɡ ɷɬɢɯ ɞɜɭɯ ɜɵɪɚɠɟɧɢɣ ɨɬɧɨɫɢɬɫɹ ɤ ɞɜɭɯ-

ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦɭ ɜɢɞɭ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɚ ɜɬɨɪɨɟ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, – ɤ 

ɬɪɟɯɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦɭ. 

ɉɚɪɚɦɟɬɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ – ɩɨɫɬɨɹɧɧɚɹ, ɨɬ ɤɨɬɨɪɨɣ ɡɚɜɢɫɢɬ ɮɭɧɤɰɢɹ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ. 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɫɥɢ ɢɡɜɟɫɬɟɧ ɜɢɞ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɤɚɤɢɦ-ɥɢɛɨ 

ɨɛɪɚɡɨɦ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɬɨɦɭ ɢɥɢ ɢɧɨɦɭ 

ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ), ɬɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɞɧɨɡɧɚɱɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɫɥɭ-

ɱɚɣɧɭɸ ɜɟɥɢɱɢɧɭ, ɞɨɫɬɚɬɨɱɧɨ ɡɚɞɚɬɶ ɬɨɥɶɤɨ ɥɢɲɶ ɩɚɪɚɦɟɬɪɵ ɟɟ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɹ. 

Вɚɠɧɟɣɲɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɡɚɞɚɸɳɢɦɢ ɫɥɭɱɚɣɧɭɸ ɜɟɥɢ-

ɱɢɧɭ ɏ, ɹɜɥɹɸɬɫɹ ɟɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ Mx (ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɰɟɧɬɪ ɪɚɫ-

ɫɟɢɜɚɧɢɹ) ɢ ɞɢɫɩɟɪɫɢɹ σx
2 (ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɬɟɩɟɧɶ ɪɚɫɫɟɢɜɚɧɢɹ). 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ Mx – ɫɪɟɞɧɟɟ ɜɡɜɟɲɟɧɧɨɟ ɩɨ ɜɟɪɨɹɬɧɨɫɬɹɦ 

ɡɧɚɱɟɧɢɟ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ. 

 Дɥɹ ɞɢɫɤɪɟɬɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɨɩɪɟɞɟ-

ɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

,       ∑=
i

iix pxM         (2.14) 

ɝɞɟ ɯi – ɡɧɚɱɟɧɢɹ ɞɢɫɤɪɟɬɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɚ  pi = P(X= ɯi). 

ȿɫɥɢ ɜ ɭɫɥɨɜɢɹɯ ɩɪɢɦɟɪɚ 2.1 ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ pi ≈ Wi (ɫɦ. ɬɚɛɥ. 2.2), 

ɬɨ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɬɚɤɨɣ ɞɢɫɤɪɟɬɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɤɚɤ 

ɱɢɫɥɨ ɨɫɬɚɧɨɜɨɤ ɞɨɦɟɧɧɨɣ ɩɟɱɢ ɜ ɬɟɱɟɧɢɟ ɦɟɫɹɰɚ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɥɟɞɭɸɳɟɟ 

ɡɧɚɱɟɧɢɟ: 

Mx = 2·0,06 + 3·0,11 + 4·0,17 + 5·0,33 + 6·0,22 + 7·0,11 =  4,87. 

Дɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɨɩɪɟ-

ɞɟɥɹɟɬɫɹ ɢɧɬɟɝɪɚɥɨɦ 

( ) , dxxxfM x ∫
+∞

∞−

=        (2.15) 

ɝɞɟ f(x) – ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ.  

Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɫɦɵɫɥ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ 

ɧɟɩɪɟɪɵɜɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ – ɷɬɨ ɚɛɫɰɢɫɫɚ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɮɢɝɭɪɵ ɩɨɞ 

ɤɪɢɜɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ f(x). ɋɤɚɡɚɧɧɨɟ ɩɪɨɢɥɥɸɫɬɪɢɪɭɟɦ ɧɚ ɪɢɫ. 2.2, 

ɝɞɟ ɜɢɞɧɨ, ɱɬɨ ɩɪɨɢɡɜɟɞɟɧɢɟ f(x)dx ɟɫɬɶ ɩɥɨɳɚɞɶ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɭɱɚɫɬɤɚ ɩɨɞ 

ɤɪɢɜɨɣ f(x), ɚ x – ɚɛɫɰɢɫɫɚ ɷɬɨɝɨ ɭɱɚɫɬɤɚ, ɬ.ɟ. ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ. 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɧɬɟɝɪɚɥ (2.15) ɞɚɟɬ ɚɛɫɰɢɫɫɭ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɜɫɟɣ ɩɥɨɳɚɞɢ 

ɮɢɝɭɪɵ ɩɨɞ ɤɪɢɜɨɣ f(x). 

Кɪɨɦɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɰɟɧɬɪ ɪɚɫɫɟɢɜɚɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢ-

ɧɵ ɦɨɠɧɨ ɟɳɟ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɬɚɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɟɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɤɚɤ 

ɦɨɞɚ ɢ ɦɟɞɢɚɧɚ. 

Ɇɨɞɚ Ɇɨ – ɡɧɚɱɟɧɢɟ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɥɨɤɚɥɶɧɨɦɭ 

ɦɚɤɫɢɦɭɦɭ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɢɥɢ 

ɥɨɤɚɥɶɧɨɦɭ ɦɚɤɫɢɦɭɦɭ ɜɟɪɨɹɬɧɨɫɬɢ ɞɥɹ ɞɢɫɤɪɟɬɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ. 

Дɥɹ ɩɪɢɦɟɪɚ 2.1 (ɫɦ. ɬɚɛɥ. 2.2), ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ pi ≈ Wi, ɦɨɞɚ Ɇɨ ɱɢɫɥɚ 

ɨɫɬɚɧɨɜɨɤ ɞɨɦɟɧɧɨɣ ɩɟɱɢ ɪɚɜɧɚ 5, ɩɨɫɤɨɥɶɤɭ ɢɦɟɧɧɨ ɷɬɨɦɭ ɡɧɚɱɟɧɢɸ ɞɚɧɧɨɣ 

ɞɢɫɤɪɟɬɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɨɤɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ ɜɟɪɨɹɬɧɨ-

ɫɬɢ, ɪɚɜɧɵɣ 0,33. 

Ɇɟɞɢɚɧɚ Ɇе – ɡɧɚɱɟɧɢɟ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɮɭɧɤɰɢɹ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ ½ , ɢɥɢ ɢɦɟɟɬ ɦɟɫɬɨ «ɫɤɚɱɨɤ» ɫɨ ɡɧɚɱɟɧɢɹ, 

ɦɟɧɶɲɟɝɨ ɱɟɦ ½, ɞɨ ɡɧɚɱɟɧɢɹ, ɛɨɥɶɲɟɝɨ ɱɟɦ ½. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɟɞɢɚɧɚ 

ɟɫɬɶ ɬɚɤɨɟ ɡɧɚɱɟɧɢɟ ɧɟɩɪɟɪɵɜɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɏ, ɤɨɬɨɪɨɟ ɞɟɥɢɬ ɩɨɩɨ-

ɥɚɦ ɩɥɨɳɚɞɶ ɩɨɞ ɤɪɢɜɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ f(x). 

В ɩɪɢɦɟɪɟ 2.1, ɟɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɬ ɱɟɬɵ-

ɪɟɯ ɨɫɬɚɧɨɜɨɤ F(4) (ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɱɢɫɥɨ ɨɫɬɚɧɨɜɨɤ ɞɨɦɟɧɧɨɣ ɩɟɱɢ ɜ ɬɟ-

ɱɟɧɢɟ ɦɟɫɹɰɚ ɛɭɞɟɬ ɧɟ ɛɨɥɟɟ ɱɟɬɵɪɟɯ) ɪɚɜɧɚ 0,06 + 0,11 + 0,17 = 0,34 , ɚ ɮɭɧɤ-

ɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ F(5) = 0,34 + 0,33 = 0,67, ɬɨ ɦɟɞɢɚɧɨɣ Ɇе ɬɚɤɨɣ ɞɢɫɤɪɟɬɧɨɣ 

ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɤɚɤ ɱɢɫɥɨ ɨɫɬɚɧɨɜɨɤ ɞɨɦɟɧɧɨɣ ɩɟɱɢ ɜ ɬɟɱɟɧɢɟ ɦɟɫɹɰɚ, 

ɛɭɞɟɬ ɡɧɚɱɟɧɢɟ Ɇе = 5. 

Дɢɫɩɟɪɫɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ σx
2 – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɫɥɭɱɚɣ-

ɧɨɣ ɜɟɥɢɱɢɧɵ   (ɏ - Mx)
2. 

Дɥɹ ɞɢɫɤɪɟɬɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɞɢɫɩɟɪɫɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸ-

ɳɢɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɜɵɪɚɠɟɧɢɟɦ: 

( ) .)(
1

22 ∑
=

⋅−=
n

i

ixix xpMxσ        (2.16) 

В ɩɪɢɦɟɪɟ 2.1 (ɨɩɹɬɶ ɠɟ, ɟɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ pi ≈ Wi) ɡɧɚɱɟɧɢɟ ɞɢɫ-

ɩɟɪɫɢɢ ɱɢɫɥɚ ɨɫɬɚɧɨɜɨɤ ɞɨɦɟɧɧɨɣ ɩɟɱɢ ɪɚɜɧɨ: 

σx
2  = (2 – 4,87)2·0,06  + (3 – 4,87)2·0,11 + (4 – 4,87)2·0,17 +  
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+ (5 – 4,87)2·0,33 + (6 – 4,87)2·0,22 +  (7 – 4,87)2·0,11 = 1,7931. 

Дɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɞɢɫɩɟɪɫɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟ-

ɧɢɟɦ 

( ) ,)(
22

dxxfMx xx ⋅−= ∫
+∞

∞−

σ       (2.17) 

ɝɞɟ ɯ – ɡɧɚɱɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɏ; f(ɯ) – ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟ-

ɞɟɥɟɧɢɹ; Mx – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ. 

Дɢɫɩɟɪɫɢɹ ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ ɤɜɚɞɪɚɬɚ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɫɥɭɱɚɣɧɨɣ 

ɜɟɥɢɱɢɧɵ, ɚ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɜɚɞɪɚɬɧɨɝɨ ɤɨɪɧɹ ɢɡ ɞɢɫɩɟɪɫɢɢ ɧɚɡɵɜɚ-

ɟɬɫɹ ɫɪɟɞɧɢɦ ɤɜɚɞɪɚɬɢɱɧɵɦ ɨɬɤɥɨɧɟɧɢɟɦ. 

ɋɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ σx
 – ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɣ ɤɜɚɞɪɚɬɧɵɣ ɤɨ-

ɪɟɧɶ ɢɡ ɞɢɫɩɟɪɫɢɢ. 

.2

xx σσ +=         (2.18) 

Дɥɹ ɩɪɢɦɟɪɚ 2.1 ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɱɢɫɥɚ ɨɫɬɚɧɨɜɨɤ ɞɨ-

ɦɟɧɧɨɣ ɩɟɱɢ ɜ ɬɟɱɟɧɢɟ ɦɟɫɹɰɚ ɪɚɜɧɨ .34,17931,1 =+=xσ  

В ɡɚɤɥɸɱɟɧɢɟ ɷɬɨɝɨ ɪɚɡɞɟɥɚ ɞɚɞɢɦ ɨɩɪɟɞɟɥɟɧɢɟ ɟɳɟ ɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɤɨɬɨɪɵɣ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɤɜɚɧɬɢɥɶ. 

Кɜɚɧɬɢɥɶ ɩɨɪɹɞɤɚ P, ɯр – ɡɧɚɱɟɧɢɟ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɞɥɹ ɤɨɬɨɪɨɝɨ 

ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ P ɢɥɢ ɢɦɟɟɬ ɦɟɫɬɨ «ɫɤɚɱɨɤ» ɫɨ 

ɡɧɚɱɟɧɢɹ, ɦɟɧɶɲɟɝɨ ɱɟɦ P, ɞɨ ɡɧɚɱɟɧɢɹ, ɛɨɥɶɲɟɝɨ ɱɟɦ P: 

F(xp) = P.         (2.19) 

Иɡ ɷɬɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɜɚɧɬɢɥɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɦɟɞɢɚɧɚ Ɇе – ɷɬɨ ɤɜɚɧɬɢɥɶ 

ɩɨɪɹɞɤɚ ½, ɬ.ɟ. Ɇе = ɯ0,5. 

Вɟɪɨɹɬɧɨɫɬɶ ɩɨɩɚɞɚɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɏ ɜ ɢɧɬɟɪɜɚɥ [ ɯP1, ɯP2 ] ɪɚɜ-

ɧɚ 

( ) ( ) .PPxFxF)xX(P)xX(P)xXx(P 121P2P1P2P2P1P −=−=≤−≤=≤<   (2.20) 

В ɩɪɢɦɟɪɟ 2.1 ɤɜɚɧɬɢɥɶ ɩɨɪɹɞɤɚ 0,95 ɱɢɫɥɚ ɨɫɬɚɧɨɜɨɤ ɞɨɦɟɧɧɨɣ ɩɟɱɢ 

ɫɤɨɪɟɟ ɜɫɟɝɨ ɪɚɜɟɧ ɫɟɦɢ  ɯ 0,95 =  7, ɩɨɫɤɨɥɶɤɭ F(6) ≈ 0,06 + 0,11 + 0,17 + 0,33 + 

0,22 = 0,89, ɚ F(7) ≈ 0,89 + 0,11 = 1,00. 
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2.2. ɇɨɪɦалɶɧɵɣ ɡаɤɨɧ ɪаɫɩɪеɞелеɧɢя 

 

 Ɏɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ F(x) ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɟɣ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟ-

ɥɟɧɢɹ f(x)  ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɟɤɨɬɨɪɭɸ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɫɜɨɣɫɬɜ ɢɫ-

ɫɥɟɞɭɟɦɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ (ɨɬɤɥɢɤɚ), ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɨɣ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɜ 

ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɨɷɬɨɦɭ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬ-

ɤɢ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ ɬɚɤɢɯ ɮɭɧɤɰɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɤɨɬɨ-

ɪɵɟ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɥɢ ɛɵ ɧɚɛɥɸɞɚɟɦɵɟ ɡɧɚɱɟ-

ɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɚ ɫ ɞɪɭɝɨɣ – ɛɵɥɢ ɛɵ ɭɞɨɛɧɵ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɫɬɚɬɢ-

ɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. ɉɪɢ ɷɬɨɦ ɜɢɞ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ 

ɜɵɛɢɪɚɬɶ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɮɢɡɢɱɟɫɤɨɣ ɩɪɢɪɨɞɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɹɜɥɟɧɢɹ, ɬ.ɤ. ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɫɤɥɸɱɚɸɬɫɹ ɜɨɡɦɨɠɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɢ ɪɚɫɩɪɨ-

ɫɬɪɚɧɟɧɢɢ ɧɚɣɞɟɧɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɡɚ ɩɪɟɞɟɥɵ ɢɡɭɱɚɟɦɨɝɨ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ 

ɢɧɬɟɪɜɚɥɚ ɜɚɪɶɢɪɨɜɚɧɢɹ (ɢɡɦɟɧɟɧɢɹ) ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ (ɨɬɤɥɢɤɚ). 

Иɡ ɜɫɟɯ ɢɡɭɱɟɧɧɵɯ ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɩɪɢ ɨɛɪɚ-

ɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɱɚɳɟ ɜɫɟɝɨ ɨɩɟɪɢɪɭɸɬ ɫɨ 

ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɧɨɪɦɚɥɶɧɨɟ (Ƚɚɭɫɫɨ-

ɜɨ) ɪɚɫɩɪɟɞɟɥɟɧɢɟ (ɪɢɫ.2.3). ɇɟ ɜɞɚɜɚɹɫɶ ɜ ɩɨɞɪɨɛɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵ-

ɤɥɚɞɤɢ, ɨɬɦɟɬɢɦ, ɱɬɨ, ɫɨɝɥɚɫɧɨ ɰеɧтрɚɥɶɧɨɣ ɩреɞеɥɶɧɨɣ теɨреɦе ɦɚɬɟɦɚɬɢ-

ɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ, «ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɨɪɦɢɪɨɜɚɧ-

ɧɨɣ ɫɭɦɦɵ n ɧɟɡɚɜɢɫɢɦɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ, ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɩɨ ɩɪɨɢɡɜɨɥɶ-

ɧɨɦɭ ɡɚɤɨɧɭ, ɫɬɪɟɦɢɬɫɹ ɤ ɧɨɪɦɚɥɶɧɨɦɭ, ɤɨɝɞɚ n ɫɬɪɟɦɢɬɫɹ ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ». 

ɇɟɨɛɯɨɞɢɦɵɟ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɷɬɚ ɬɟɨɪɟɦɚ ɨɤɚɡɵɜɚɟɬɫɹ ɫɩɪɚɜɟɞɥɢɜɨɣ, 

ɫɨɫɬɨɹɬ ɜ ɬɨɦ, ɱɬɨ ɪɚɡɥɢɱɧɵɟ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ ɞɨɥɠɧɵ ɢɦɟɬɶ ɤɨɧɟɱɧɵɟ 

ɞɢɫɩɟɪɫɢɢ ɢ ɞɢɫɩɟɪɫɢɹ ɥɸɛɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɧɟ ɞɨɥɠɧɚ ɛɵɬɶ ɫɥɢɲɤɨɦ 

ɛɨɥɶɲɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɢɫɩɟɪɫɢɹɦɢ ɞɪɭɝɢɯ.  

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɷɬɚ ɬɟɨɪɟɦɚ ɢɦɟɟɬ ɨɱɟɧɶ 

ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ, ɩɨɫɤɨɥɶɤɭ ɨɬɤɥɢɤ ɫɬɚɧɨɜɢɬɫɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɨɣ ɜ ɪɟ-

ɡɭɥɶɬɚɬɟ ɜɥɢɹɧɢɹ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ, ɱɢɫɥɨ ɤɨɬɨɪɵɯ ɫɤɨɪɟɟ ɜɫɟɝɨ 

ɫɬɪɟɦɢɬɫɹ ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ. Кɪɨɦɟ ɬɨɝɨ, ɟɫɥɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɩɵɬɨɜ ɜɫɟ ɧɚɢ-

ɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɟ ɮɚɤɬɨɪɵ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ, ɬɨ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɬɤɥɢɤ ɤɚɠ-

ɞɨɝɨ ɢɡ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɫɥɢɲɤɨɦ ɛɨɥɶɲɢɦ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɚɥɶɧɵɦɢ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɦɢ ɮɚɤɬɨɪɚɦɢ. Дɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɬɚ 

ɞɢɫɩɟɪɫɢɹ (ɪɚɫɫɟɢɜɚɧɢɟ) ɨɬɤɥɢɤɚ, ɤɨɬɨɪɭɸ ɜɵɡɵɜɚɟɬ ɤɚɤɨɣ-ɥɢɛɨ ɢɡ ɧɟɤɨɧɬɪɨ-
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ɥɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ, ɧɟ ɞɨɥɠɧɚ ɫɢɥɶɧɨ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɞɢɫɩɟɪɫɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ 

ɜɥɢɹɧɢɟɦ ɨɫɬɚɥɶɧɵɯ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ. В ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɮɚɤɬɨɪ, 

ɞɢɫɩɟɪɫɢɹ ɨɬ ɤɨɬɨɪɨɝɨ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɞɪɭɝɢɯ, ɨɛɹɡɚɬɟɥɶɧɨ ɞɨɥɠɟɧ 

ɛɵɬɶ ɩɟɪɟɜɟɞɟɧ ɜ ɪɚɡɪɹɞ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ. 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɫɥɢ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɭɱɬɟɧɵ ɜɫɟ ɧɚɢɛɨ-

ɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɟ ɮɚɤɬɨɪɵ ɢ ɡɚɬɟɦ, ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɩɵɬɨɜ, ɨɧɢ ɤɨɧɬɪɨɥɢɪɭ-

ɸɬɫɹ, ɬɨ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ 

ɨɬɤɥɢɤ ɧɟ ɞɨɥɠɟɧ ɩɪɨɬɢɜɨɪɟɱɢɬɶ ɧɨɪɦɚɥɶɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ.  

Ɋɢɫ.2.3. ɉɥɨтɧɨɫтɶ рɚɫɩреɞеɥеɧия (ɚ,ɝ) и ɮɭɧɤɰия рɚɫɩреɞеɥеɧия (ɛ,в)  
ɩри ɧɨрɦɚɥɶɧɨɦ ɡɚɤɨɧе рɚɫɩреɞеɥеɧия ɫɥɭчɚɣɧɵɯ веɥичиɧ 

Кɚɤ ɩɪɚɜɢɥɨ, ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɩɨɞɱɢɧɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ 

ɫɬɚɥɢ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɧɨɝɢɯ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɚɝɪɟɝɚɬɨɜ, 

ɫɨɫɬɚɜɵ ɫɵɪɶɹ, ɬɨɩɥɢɜɚ, ɫɩɥɚɜɨɜ, ɦɚɫɫɵ ɫɥɢɬɤɨɜ, ɨɬɥɢɬɵɯ ɜ ɨɞɧɨɬɢɩɧɵɟ ɢɡ-

ɥɨɠɧɢɰɵ, ɫɥɭɱɚɣɧɵɟ ɨɲɢɛɤɢ ɢɡɦɟɪɟɧɢɣ ɢ ɬ.ɩ., ɩɨɷɬɨɦɭ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶ-

ɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɩɪɟɠɞɟ ɜɫɟɝɨ ɩɪɟɞɩɨɥɚɝɚɸɬ ɢɦɟɧɧɨ ɧɨɪ-

ɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɬɤɥɢɤɚ. 
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 Ȼɨɥɶɲɢɧɫɬɜɨ ɞɪɭɝɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ  ɜ ɦɚɬɟɦɚɬɢ-

ɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɟ (ɋɬɶɸɞɟɧɬɚ, Ɏɢɲɟɪɚ, ɉɢɪɫɨɧɚ, Кɨɯɪɟɧɚ, ɚ ɬɚɤɠɟ ɪɚɫɩɪɟɞɟ-

ɥɟɧɢɹ, ɩɨ ɤɨɬɨɪɵɦ ɫɨɫɬɚɜɥɟɧɵ ɪɚɡɥɢɱɧɵɟ ɤɪɢɬɟɪɢɚɥɶɧɵɟ ɬɚɛɥɢɰɵ), ɩɨɥɭɱɟɧɵ 

ɧɚ ɨɫɧɨɜɟ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

 ɇɟɥɶɡɹ, ɨɞɧɚɤɨ, ɚɛɫɨɥɸɬɢɡɢɪɨɜɚɬɶ ɡɧɚɱɟɧɢɟ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɹ. ɇɟ ɜɫɟ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. Ɍɟɦ ɧɟ 

ɦɟɧɟɟ ɧɚ ɩɪɚɤɬɢɤɟ, ɟɫɥɢ ɹɜɥɟɧɢɟ ɩɨɞɜɟɪɠɟɧɨ ɞɟɣɫɬɜɢɸ ɦɧɨɝɢɯ ɫɥɭɱɚɣɧɵɯ ɮɚɤ-

ɬɨɪɨɜ, ɢɯ ɫɭɦɦɚɪɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɜɩɨɥɧɟ ɨɩɪɚɜɞɚɧɧɨ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫ ɩɨɦɨ-

ɳɶɸ ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ. 

Кɚɤ ɭɠɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ, ɞɥɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɤɨɬɨɪɚɹ ɧɟ ɩɪɨɬɢɜɨɪɟ-

ɱɢɬ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ, ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (2.12) ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɟɣ 

ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
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ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɜɭɦɹ ɩɚɪɚɦɟɬɪɚɦɢ: Ɇx – ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ ɢ σx
2 – 

ɞɢɫɩɟɪɫɢɟɣ. 

Ɉɬɦɟɬɢɦ ɧɟɤɨɬɨɪɵɟ ɫɜɨɣɫɬɜɚ ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

 1. Кɪɢɜɚɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɢɦɦɟɬɪɢɱɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɧɚɱɟɧɢɹ 

Ɇx, ɧɚɡɵɜɚɟɦɨɝɨ ɢɧɨɝɞɚ ɰɟɧɬɪɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

 2. ɉɪɢ ɛóɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ σx
2 ɤɪɢɜɚɹ f(x) ɛɨɥɟɟ ɩɨɥɨɝɚɹ, ɬ.ɟ. σx

2 ɹɜɥɹɟɬɫɹ 

ɦɟɪɨɣ ɜɟɥɢɱɢɧɵ ɪɚɫɫɟɢɜɚɧɢɹ ɡɧɚɱɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɨɤɨɥɨ ɡɧɚɱɟɧɢɣ 

Ɇx. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɩɚɪɚɦɟɬɪɚ σx
2 ɤɪɢɜɚɹ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɠɢɦɚ-

ɟɬɫɹ ɜɞɨɥɶ ɨɫɢ Ɉɏ ɢ ɜɵɬɹɝɢɜɚɟɬɫɹ ɜɞɨɥɶ f(x). 

 3. Ɇɚɤɫɢɦɭɦ ɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɜɵɪɚɠɟɧɢɟɦ 

,
2

1

2
max

x

f
πσ

=         (2.22) 

ɱɬɨ ɩɪɢ σx
2=1 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ ɩɪɢɦɟɪɧɨ 0,4. 

 4. Дɥɹ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ, ɦɨɞɚ ɢ 

ɦɟɞɢɚɧɚ ɫɨɜɩɚɞɚɸɬ: 
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.MMM eox ==         (2.23) 

 В ɪɹɞɟ ɫɥɭɱɚɟɜ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɧɟ ɫɚɦɚ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɏ, ɚ ɟɟ ɨɬ-

ɤɥɨɧɟɧɢɟ ɨɬ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ: 

.MXY −=          (2.24) 

 Ɍɚɤɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ Y ɧɚɡɵɜɚɟɬɫɹ ɰɟɧɬɪɢɪɨɜɚɧɧɨɣ.  

Ɉɬɧɨɲɟɧɢɟ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɏ ɤ ɟɟ ɫɪɟɞɧɟɦɭ ɤɜɚɞɪɚɬɢɱɧɨɦɭ ɨɬɤɥɨ-

ɧɟɧɢɸ  

x

X
V

σ
=           (2.25) 

ɧɚɡɵɜɚɟɬɫɹ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɨɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɧɬɪɢɪɨɜɚɧɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ – ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ 

ɞɚɧɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɨɣ ɢ ɟɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ, ɚ ɧɨɪɦɢɪɨɜɚɧ-

ɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ – ɨɬɧɨɲɟɧɢɟ ɞɚɧɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɤ ɟɟ ɫɪɟɞɧɟ-

ɦɭ ɤɜɚɞɪɚɬɢɱɧɨɦɭ ɨɬɤɥɨɧɟɧɢɸ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟ-

ɥɢɱɢɧɵ ɪɚɜɧɨ ɧɭɥɸ,  My = 0, ɚ ɞɢɫɩɟɪɫɢɹ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ 

ɪɚɜɧɚ ɟɞɢɧɢɰɟ, σV 2 = 1. 

 ɉɪɢɜɟɞɟɧɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ – ɰɟɧɬɪɢɪɨɜɚɧɧɚɹ ɢ ɧɨɪɦɢɪɨɜɚɧɧɚɹ 

ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ 

.
x

xMX
Z

σ
−

=         (2.26) 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɢ ɞɢɫɩɟɪɫɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢ-

ɧɵ Z ɪɚɜɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɭɥɸ, Mz= 0, ɢ ɟɞɢɧɢɰɟ, σz 
2 = 1. 

ɇɨɪɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫ ɩɚɪɚɦɟɬɪɚɦɢ Mz= 0 ɢ σz 
2 = 1 ɧɚɡɵɜɚɟɬɫɹ 

ɫɬɚɧɞɚɪɬɧɵɦ (ɧɨɪɦɢɪɨɜɚɧɧɵɦ).

Дɥɹ ɩɪɢɜɟɞɟɧɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɧɨɪɦɚɥɶɧɨɟ ɫɬɚɧɞɚɪɬɧɨɟ  ɪɚɫɩɪɟ-

ɞɟɥɟɧɢɟ ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

( )zdze
2

1
)z(F

z

2

z2

Φ=
π

= ∫
∞−

−

,      (2.27) 
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( )ze
2

1
)z(f 2

z2

φ=⋅
π

=
−

.      (2.28) 

Ƚɪɚɮɢɤɢ ɷɬɢɯ ɮɭɧɤɰɢɣ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 2.3 ɜ, ɝ, ɩɪɢɱɟɦ 

Ɏ( –z) = 1 – Ɏ(z),        (2.29) 

).z()z( φ=−φ          (2.30) 

ɉɨɤɚɠɟɦ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɫɨɨɬɧɨɲɟɧɢɹ (2.29). Ɋɚɫɫɦɨɬɪɢɦ ɝɪɚɮɢɤ ɩɥɨɬ-

ɧɨɫɬɢ  ɫɬɚɧɞɚɪɬɧɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɫɦ. ɪɢɫ. 2.3,ɝ). Ɉɛɨɡɧɚɱɢɦ 

ɩɥɨɳɚɞɶ ɩɨɞ ɧɢɦ ɥɟɜɟɟ ɬɨɱɤɢ – z ɱɟɪɟɡ S1; ɩɥɨɳɚɞɶ ɦɟɠɞɭ –z ɢ z – ɱɟɪɟɡ  S2, 

ɨɫɬɚɜɲɭɸɫɹ ɩɥɨɳɚɞɶ (ɩɪɚɜɟɟ z) – ɱɟɪɟɡ S3. Ɍɨɝɞɚ, ɜɨ-ɩɟɪɜɵɯ, ɢɡ ɫɢɦɦɟɬɪɢɱɧɨ-

ɫɬɢ ɝɪɚɮɢɤɚ ɩɥɨɬɧɨɫɬɢ ɫɥɟɞɭɟɬ, ɱɬɨ S1 = S3. Вɨ-ɜɬɨɪɵɯ, S1+S2 +S3 =1 ɢɥɢ S1+(S1 

+S2)=1 (ɜɫɹ ɩɥɨɳɚɞɶ ɩɨɞ ɝɪɚɮɢɤɨɦ ɩɥɨɬɧɨɫɬɢ ɪɚɜɧɚ ɟɞɢɧɢɰɟ). ɉɨ ɫɦɵɫɥɭ 

ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ S1 = Ɏ(-z), S1+S2 = Ɏ(z). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, Ɏ(-z) + Ɏ(z) 

=1, ɨɬɤɭɞɚ ɢ ɫɥɟɞɭɟɬ  ɪɚɜɟɧɫɬɜɨ (2.29).  

Ɂɧɚɱɟɧɢɹ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɮɭɧɤɰɢɢ (2.27) ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

(ɮɭɧɤɰɢɢ Ʌɚɩɥɚɫɚ) ɢ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟ-

ɞɟɥɟɧɢɹ (2.28) ɬɚɛɭɥɢɪɨɜɚɧɵ ɢ ɩɪɢɜɟɞɟɧɵ ɜ ɪɚɡɥɢɱɧɵɯ ɭɱɟɛɧɢɤɚɯ ɢ ɫɩɪɚɜɨɱɧɢ-

ɤɚɯ ɩɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɟ (ɧɚɢɛɨɥɟɟ ɩɨɞɪɨɛɧɵɟ ɬɚɛɥɢɰɵ ɫɦ. [11]). В 

ɫɩɢɫɤɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ Microsoft Excel ɢɦ ɫɨɨɬɜɟɬ-

ɫɬɜɭɸɬ ɇɈɊɆɊАɋɉ(x; 0; 1; ИɋɌИɇА) ɢɥɢ ɇɈɊɆɋɌɊАɋɉ(z) – ɞɥɹ (2.27) ɢ 

ɇɈɊɆɊАɋɉ(x; 0; 1; ɅɈɀɖ) – ɞɥɹ (2.28). 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢ ɮɭɧɤɰɢɹ Ʌɚɩɥɚɫɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɥɨɳɚɞɶ ɩɨɞ ɤɪɢɜɨɣ f(z) ɜ 

ɢɧɬɟɪɜɚɥɟ  ɨɬ −∞ ɞɨ ɧɟɤɨɬɨɪɨɣ ɤɨɧɤɪɟɬɧɨɣ ɜɟɥɢɱɢɧɵ z. 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɢɧɨɝɞɚ ɜɦɟɫɬɨ ɮɭɧɤɰɢɢ Ɏ(z) ɬɚɛɭɥɢɪɭɟɬɫɹ ɮɭɧɤɰɢɹ Ɏ0(z): 

( ) dzez

z z

∫
−

=Φ
0

2
0

2

2

1

π , 

ɪɚɜɧɚɹ ɩɥɨɳɚɞɢ ɩɨɞ ɝɪɚɮɢɤɨɦ ɫɬɚɧɞɚɪɬɧɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɹ ɨɬ 0 ɞɨ z  (ɫɦ. ɪɢɫ.2.3, ɝ).  

В ɫɢɥɭ ɫɢɦɦɟɬɪɢɢ  
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2/1
2

1
0

2

2

=∫
∞−

−
dze

z

π . 

ɉɨɷɬɨɦɭ ɦɟɠɞɭ ɮɭɧɤɰɢɹɦɢ ɢ  ɫɭɳɟɫɬɜɭɟɬ ɩɪɨɫɬɚɹ ɡɚɜɢɫɢɦɨɫɬɶ  

Ɏ(z)= ½+ Ɏ0(z). 

Ɏɭɧɤɰɢɹ Ɏ0(z) ɧɟɱɟɬɧɚ: 

Ɏ0(-z) = - Ɏ0(z). 

В ɫɚɦɨɦ ɞɟɥɟ, 

Ɏ0(-z) = Ɏ(-z) – ½ = 1 - Ɏ(z) – ½ = ½-(1/2+ Ɏ0(-z)) = - Ɏ0(z). 

В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (2.19) ɤɜɚɧɬɢɥɶ zр ɩɨɪɹɞɤɚ р, ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɧɨɪɦɚɥɶ-

ɧɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ - ɷɬɨ ɬɚɤɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɜɟɞɟɧɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢ-

ɱɢɧɵ Z, ɞɥɹ ɤɨɬɨɪɨɝɨ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (2.27) ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ Ɋ: 

Ɏ(zp) = P.         (2.31) 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɜɚɧɬɢɥɢ zр ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɚɬɶ ɡɚɞɚɱɭ, ɨɛɪɚɬɧɭɸ ɡɚ-

ɞɚɱɟ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ Ʌɚɩɥɚɫɚ, ɬ.ɟ. ɩɨ ɢɡɜɟɫɬɧɨɦɭ ɡɧɚɱɟɧɢɸ Ɋ 

ɷɬɨɣ ɮɭɧɤɰɢɢ (2.27) ɧɚɯɨɞɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɟɦɭ ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ zр. Дɥɹ 

ɷɬɨɝɨ ɦɨɠɧɨ ɥɢɛɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɚɛɭɥɢɪɨɜɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɮɭɧɤɰɢɢ Ʌɚ-

ɩɥɚɫɚ (ɧɚɩɪɢɦɟɪ, ɩɨɫɤɨɥɶɤɭ Ɏ(1,64) = 0,94950, ɚ Ɏ(1,65) = 0,9505, ɬɨ z0,95 ≈ 

1,645 ), ɥɢɛɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɚɛɥɢɰɚɦɢ ɞɥɹ ɮɭɧɤɰɢɢ, ɨɛɪɚɬɧɨɣ ɮɭɧɤɰɢɢ Ʌɚɩ-

ɥɚɫɚ, ɬ.ɟ. ɬɚɛɭɥɢɪɨɜɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɤɜɚɧɬɢɥɟɣ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɧɨɪɦɚɥɶɧɨ-

ɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɫɦ. [11] ɢɥɢ ɩɪɢɥɨɠɟɧɢɟ). Ɉɩɪɟɞɟɥɟɧɢɟ ɤɜɚɧɬɢɥɢ zp ɜ 

ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰɚɯ Microsoft Excel ɫɜɨɞɢɬɫɹ ɤ ɜɵɱɢɫɥɟɧɢɸ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 

ɮɭɧɤɰɢɢ ɇɈɊɆɈȻɊ(Ɋ; 0; 1) ɢɥɢ ɇɈɊɆɋɌɈȻɊ(Ɋ) (ɧɚɩɪɢɦɟɪ, ɇɈɊɆɈȻɊ(0,95; 0; 

1) = ɇɈɊɆɋɌɈȻɊ(0,95) = 1,644853). 

Дɥɹ ɤɜɚɧɬɢɥɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ  ɫɩɪɚɜɟɞɥɢɜɨ 

ɫɥɟɞɭɸɳɟɟ ɪɚɜɟɧɫɬɜɨ: 

z1 – p = - zp.         (2.32) 

Ɋɚɫɫɦɨɬɪɢɦ ɝɪɚɮɢɤ ɩɥɨɬɧɨɫɬɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

(ɪɢɫ.2.4). ɉɥɨɳɚɞɶ ɩɨɞ ɝɪɚɮɢɤɨɦ ɥɟɜɟɟ ɤɜɚɧɬɢɥɢ zp ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɪɚɜɧɚ p.  

Ɂɧɚɱɢɬ, ɩɥɨɳɚɞɶ ɩɪɚɜɟɟ  ɷɬɨɣ  ɬɨɱɤɢ ɪɚɜɧɚ 1 – p. Ɍɚɤɚɹ ɠɟ  ɩɥɨɳɚɞɶ ɪɚɫɩɨɥɨ-

ɠɟɧɚ ɥɟɜɟɟ ɬɨɱɤɢ z1 –p  Иɬɚɤ, ɩɥɨɳɚɞɢ ɥɟɜɟɟ z1 –p  ɢ ɩɪɚɜɟɟ zp  ɪɚɜɧɵ. ɉɨɫɤɨɥɶɤɭ 
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ɝɪɚɮɢɤ ɫɢɦɦɟɬɪɢɱɟɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɨɪɞɢɧɚɬ, ɢɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɷɬɢ ɬɨɱɤɢ 

ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɨɞɢɧɚɤɨɜɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ  ɧɭɥɹ. 

 

1-p 1-p 

φ(z) 

 

 

 

 

 

z1-p zp z 

Ɋɢɫ. 2.4. Ʉвɚɧтиɥɶ ɫтɚɧɞɚртɧɨɝɨ ɧɨрɦɚɥɶɧɨɝɨ рɚɫɩреɞеɥеɧия 
 

Ɂɧɚɹ ɤɜɚɧɬɢɥɶ zр ɩɨɪɹɞɤɚ р ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟ-

ɞɟɥɟɧɢɹ (Mz = 0 ɢ σz 
2 = 1), ɜɫɟɝɞɚ ɦɨɠɧɨ ɧɚɣɬɢ ɤɜɚɧɬɢɥɶ xр ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɩɨɪɹɞɤɚ р ɞɥɹ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫ ɩɪɨɢɡɜɨɥɶɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ Mx ɢ 
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( ) ( ) ( ) 1  2)  1(  −Φ=Φ−−Φ= εεε .     (2.33) 

Ɍɚɤ, ɩɪɢ δ = σx (ε =1)  ɩɨɥɭɱɚɟɦ, ɱɬɨ  ( ) ,112)( −Φ=−≤<+ xxxx MXMP σσ  ɚ 

ɩɨɫɤɨɥɶɤɭ ɩɨ ɬɚɛɥɢɰɚɦ (ɧɚɩɪɢɦɟɪ, ɫɦ. ɬɚɛɥ. [11) Ɏ(1) = 0,84135 (ɢɥɢ ɜ Microsoft 

Excel ɇɈɊɆɊАɋɉ(1;0;1;ИɋɌИɇА) = ɇɈɊɆɋɌɊАɋɉ(1) = 0,84135), ɬɨ ɞɥɹ ɫɥɭ-

ɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɫ ɧɨɪɦɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ 

ɨɧɚ ɩɪɢɦɟɬ ɬɚɤɨɟ ɡɧɚɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɧɟ ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɟɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨ-

ɝɨ ɨɠɢɞɚɧɢɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɨ ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ, ɪɚɜɧɚ 

2⋅0,84135–1=0,68. Иɧɵɦɢ ɫɥɨɜɚɦɢ, ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɪɢɦɟɪɧɨ 

2/3 ɜɫɟɯ ɡɧɚɱɟɧɢɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ (ɨɬɤɥɢɤɚ) ɥɟɠɢɬ ɜ ɢɧɬɟɪɜɚɥɟ Mx  ± σx.  

Аɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɩɨɞɫɱɢɬɚɬɶ, ɱɬɨ ɢɧɬɟɪɜɚɥɭ Mx  ± 1,96σx ≈ Mx  ± 2σx ɫɨ-

ɨɬɜɟɬɫɬɜɭɟɬ ɜɟɪɨɹɬɧɨɫɬɶ 0,95 (Ɏ(1,96) = 0,975002), ɚ ɢɧɬɟɪɜɚɥɭ Mx  ± 3σx - 0,997 

(Ɏ(3) = 0,99865). Ɉɬɦɟɬɢɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨ, ɱɬɨ 90% ɡɧɚɱɟɧɢɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢ-

ɱɢɧɵ ɥɟɠɚɬ ɜ ɞɢɚɩɚɡɨɧɟ Mx  ± 1,64σx  (Ɏ(1,64) = 0,949497). 

 ɋɥеɞɨвɚтеɥɶɧɨ, ɨтɥичие ɤɚɤɨɝɨ-ɥиɛɨ иɡ ɡɧɚчеɧиɣ ɫɥɭчɚɣɧɨɣ веɥичиɧɵ 

ɫ ɧɨрɦɚɥɶɧɵɦ ɡɚɤɨɧɨɦ рɚɫɩреɞеɥеɧия ɨт ее ɦɚтеɦɚтичеɫɤɨɝɨ ɨɠиɞɚɧия ɧе 

ɩревɨɫɯɨɞит ɭтрɨеɧɧɨɝɨ ɫреɞɧеɝɨ ɤвɚɞрɚтичɧɨɝɨ ɨтɤɥɨɧеɧия ɫ верɨятɧɨ-

ɫтɶɸ 0,997. Эɬɨ ɫɜɨɣɫɬɜɨ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɟ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ «ɩɪɚ-

ɜɢɥɨ ɬɪɟɯ ɫɢɝɦ».  

Чɟɦ ɛɨɥɶɲɟ ɜɟɥɢɱɢɧɚ ɢɧɬɟɪɜɚɥɚ Mx  ± δ, ɬɟɦ ɫ ɛɨɥɶɲɟɣ ɜɟɪɨɹɬɧɨɫɬɶɸ 

ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ X ɩɨɩɚɞɚɟɬ ɜ ɷɬɨɬ ɢɧɬɟɪɜɚɥ. 

 Ɋɚɫɫɦɨɬɪɢɦ ɧɟɛɨɥɶɲɨɣ ɩɪɢɦɟɪ. 

 ɉример 2.2. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɫɨɞɟɪɠɚɧɢɹ 

ɤɪɟɦɧɢɹ ɜ ɱɭɝɭɧɟ ɪɚɜɧɨ MSi=0,6%, ɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ σSi=0,15%. 

В ɷɬɨɦ ɫɥɭɱɚɟ  ɦɵ ɦɨɠɟɦ ɛɵɬɶ ɭɜɟɪɟɧɵ ɜ ɬɨɦ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɮɚɤɬɢɱɟɫɤɢ ɢɡɦɟ-

ɪɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɤɪɟɦɧɢɹ ɜ ɱɭɝɭɧɟ ɛɭɞɟɬ ɧɚɯɨɞɢɬɶɫɹ 

ɜ ɢɧɬɟɪɜɚɥɚɯ: 

0,6 ± 1,00⋅0,15 = 0,6±0,15 ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 0,68; 

0,6 ± 1,64⋅0,15 = 0,6±0,25 ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 0,90; 

0,6 ± 1,96⋅0,15 = 0,6±0,29 ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 0,95; 

0,6 ± 3,00⋅0,15 = 0,6±0,45 ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 0,997, 
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ɬ.ɟ. ɢɡ 1000 ɩɪɨɛ ɬɨɥɶɤɨ 3 ɩɪɨɛɵ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɤɪɟɦɧɢɹ ɜ ɱɭɝɭɧɟ ɛɭɞɭɬ ɜɵɯɨ-

ɞɢɬɶ ɢɡ ɞɢɚɩɚɡɨɧɚ ɨɬ 0,15 ɞɨ 1,05%. 

 Ɂɚɦɟɬɢɦ, ɨɞɧɚɤɨ: ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɩɪɢɦɟɪɚ 2.2 ɦɵ ɩɪɟɞɩɨɥɚɝɚɥɢ, ɱɬɨ 

ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɪɟɦɧɢɹ ɜ ɱɭɝɭɧɟ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɬɨ, ɱɬɨ ɧɚɦ ɢɡɧɚɱɚɥɶɧɨ ɛɵɥɢ ɢɡɜɟɫɬɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɨɠɢɞɚɧɢɟ Mx ɢ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ σx ɷɬɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, 

ɬ.ɟ. ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɛɨɥɶɲɨɟ (ɜ ɩɪɟɞɟɥɟ ɛɟɫɤɨɧɟɱɧɨɟ) ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ. Кɚɤ 

ɠɟ ɪɚɛɨɬɚɬɶ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫ-

ɩɟɪɢɦɟɧɬɚ, ɤɨɝɞɚ ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ ɜɟɫɶɦɚ ɨɝɪɚɧɢɱɟɧɨ? К ɪɚɫɫɦɨɬɪɟɧɢɸ ɦɟɬɨ-

ɞɨɥɨɝɢɢ ɪɟɲɟɧɢɹ ɩɨɞɨɛɧɵɯ ɡɚɞɚɱ ɦɵ ɢ ɩɟɪɟɣɞɟɦ ɜ ɫɥɟɞɭɸɳɟɦ ɪɚɡɞɟɥɟ.  

 

Кɨɧɬɪɨлɶɧɵе вɨɩɪɨɫɵ 

 

1. Чɬɨ ɬɚɤɨɟ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ? В ɱɟɦ ɡɚɤɥɸɱɚɸɬɫɹ ɨɬɥɢɱɢɹ ɞɢɫɤɪɟɬɧɨɣ ɨɬ 

ɧɟɩɪɟɪɵɜɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ? ɉɪɢɜɟɞɢɬɟ ɩɪɢɦɟɪɵ. 

2. Кɚɤɢɟ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɨɩɢɫɚɧɢɹ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɣ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ? 

3. ɋ ɤɚɤɨɣ ɰɟɥɶɸ ɢɫɩɨɥɶɡɭɸɬ ɡɚɤɨɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɞɚɧɧɵɯ ɷɤɫ-

ɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ?  

4. ɉɨɱɟɦɭ ɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɩɪɢɦɟɧɢɦ ɜ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɨɣ ɩɪɚɤɬɢɤɟ? 

5. Кɚɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢ ɫɜɨɣɫɬɜɚ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟ-

ɥɟɧɢɹ?  

6. Дɚɣɬɟ ɨɩɪɟɞɟɥɟɧɢɹ ɫɥɟɞɭɸɳɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ: ɰɟɧ-

ɬɪɢɪɨɜɚɧɧɚɹ, ɧɨɪɦɢɪɨɜɚɧɧɚɹ ɢ ɩɪɢɜɟɞɟɧɧɚɹ.  
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3. ɉɊȿȾВАɊИɌȿЛɖɇАə ɈȻɊАȻɈɌɄА  
ɗɄɋɉȿɊИɆȿɇɌАЛɖɇɕɏ ȾАɇɇɕɏ 

 

 ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɢ ɧɚɛɥɸɞɟɧɢɣ ɧɟɨɛ-

ɯɨɞɢɦɚ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜ ɞɚɥɶɧɟɣɲɟɦ, ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɷɦɩɢɪɢɱɟɫɤɢɯ ɡɚɜɢɫɢ-

ɦɨɫɬɟɣ (ɮɭɧɤɰɢɣ ɨɬɤɥɢɤɚ), ɫ ɧɚɢɛɨɥɶɲɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɬɚɬɢ-

ɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢ ɤɨɪɪɟɤɬɧɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. 

 ɋɨɞɟɪɠɚɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɨɫɬɨɢɬ ɜ ɨɬɫɟɢɜɚɧɢɢ ɝɪɭɛɵɯ 

ɩɨɝɪɟɲɧɨɫɬɟɣ ɢ ɨɰɟɧɤɟ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ. Дɪɭɝɢɦɢ ɜɚɠ-

ɧɵɦɢ ɦɨɦɟɧɬɚɦɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɹɜɥɹɸɬɫɹ ɩɪɨɜɟɪɤɚ ɫɨɨɬ-

ɜɟɬɫɬɜɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɹ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬ-

ɪɨɜ ɷɬɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ȿɫɥɢ ɝɢɩɨɬɟɡɚ ɨ ɬɨɦ, ɱɬɨ ɨɬɤɥɢɤ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ 

ɧɨɪɦɚɥɶɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ, ɨɤɚɠɟɬɫɹ ɧɟɩɪɢɟɦɥɟɦɨɣ, ɬɨ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɢɬɶ, 

ɤɚɤɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɞɱɢɧɹɸɬɫɹ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ ɢɥɢ, ɟɫɥɢ ɷɬɨ ɜɨɡ-

ɦɨɠɧɨ, ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɨɩɵɬɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤ ɧɨɪɦɚɥɶɧɨɦɭ ɜɢɞɭ. 

 

3.1. Вɵɱɢɫлеɧɢе ɩаɪаɦеɬɪɨв ɷɦɩɢɪɢɱеɫɤɢɯ ɪаɫɩɪеɞелеɧɢɣ. 

Ɍɨɱеɱɧɨе ɨɰеɧɢваɧɢе 

 

Ɋɚɫɫɦɨɬɪɟɧɢɟ ɜɨɩɪɨɫɨɜ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɧɚɱɧɟɦ ɫ 

ɩɪɨɫɬɟɣɲɟɣ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɨɬɤɥɢɤ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɭɪɨɜɧɹɯ 

ɜɫɟɯ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ ɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɩɵɬɨɜ (ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɥɢɹ-

ɧɢɹ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ) ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɩɨɥɭɱɚɟɬ ɯɨɬɹ ɢ ɛɥɢɡɤɢɟ, ɧɨ 

ɨɬɥɢɱɧɵɟ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɪɟɡɭɥɶɬɚɬɵ. 

ɉример 3.1. ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɪɟɥɶɫɨɜ ɲɢɪɨɤɨɣ ɤɨɥɟɢ 

ɬɢɩɚ Ɋ65 (ɩɨ ȽɈɋɌ 18267-82) ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɬɪɢ ɡɧɚɱɟɧɢɹ ɬɜɟɪɞɨ-

ɫɬɢ ɇВ (ɩɨ ȽɈɋɌ 9012-59) ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ 

ɪɟɥɶɫɚ (ɧɚ ɨɛɨɢɯ ɤɨɧɰɚɯ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɧɟ ɛɨɥɟɟ 1 ɦ ɨɬ ɬɨɪɰɨɜ ɢ ɜ ɫɪɟɞɧɟɣ ɱɚɫ-

ɬɢ ɪɟɥɶɫɚ): 351, 370 ɢ 365.  

ɉɨɩɵɬɚɟɦɫɹ ɧɚɣɬɢ ɨɬɜɟɬ ɧɚ ɜɨɩɪɨɫ – ɱɟɦɭ ɪɚɜɧɚ ɬɜɟɪɞɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɤɚɬɚɧɢɹ ɞɚɧɧɨɝɨ ɪɟɥɶɫɚ? 
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ɇɚ ɩɟɪɜɵɣ ɜɡɝɥɹɞ ɪɟɲɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɧɟ ɜɵɡɵɜɚɟɬ ɧɢɤɚɤɢɯ 

ɨɫɨɛɵɯ ɩɪɨɛɥɟɦ, ɢ ɧɚɱɢɧɚɸɳɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ, ɧɟ ɨɫɨɛɟɧɧɨ ɢɫɤɭɲɟɧɧɵɟ ɜ ɨɛ-

ɥɚɫɬɢ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ, ɫɤɨɪɟɟ ɜɫɟɝɨ ɨɬɜɟɬɹɬ, 

ɱɬɨ ɬɜɟɪɞɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɪɟɥɶɫɚ ɪɚɜɧɚ (ɇВ1 – ɩɟɪɜɵɣ ɜɚɪɢɚɧɬ ɨɬ-

ɜɟɬɚ) 

ɇВ1 = (351 + 370 + 365)/3 = 362,00 , 

ɬ.ɟ. ɛɭɞɟɬ ɧɚɣɞɟɧɨ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ (ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɚɪɢɮ-

ɦɟɬɢɱɟɫɤɨɟ) ɢɡ ɬɪɟɯ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɨɬɤɥɢɤɚ. 

Ɉɞɧɚɤɨ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ ɦɨɠɧɨ ɭɫɪɟɞɧɹɬɶ ɢ ɞɪɭɝɢɦɢ ɫɩɨɫɨɛɚɦɢ. ɇɚɩɪɢ-

ɦɟɪ, ɦɨɠɧɨ ɩɨɞɫɱɢɬɚɬɶ ɫɪɟɞɧɟɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ (ɇВ2 – ɜɬɨɪɨɣ ɜɚɪɢɚɧɬ ɨɬɜɟɬɚ): 

=⋅⋅= 3
2 365370351HB 361,91, 

ɢɥɢ ɧɚɣɬɢ ɫɪɟɞɧɟɟ, ɬɨɥɶɤɨ ɦɟɠɞɭ ɦɢɧɢɦɚɥɶɧɵɦ (351) ɢ ɦɚɤɫɢɦɚɥɶɧɵɦ 

(370) ɡɧɚɱɟɧɢɹɦɢ – ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ ɫɟɪɟɞɢɧɭ ɪɚɡɦɚɯɚ (ɇВ3 – ɬɪɟɬɢɣ ɜɚɪɢɚɧɬ 

ɨɬɜɟɬɚ): 

ɇВ3 = (351 + 370)/2 = 360,50, 

ɢɥɢ, ɪɚɫɩɨɥɨɠɢɜ ɜɫɟ ɡɧɚɱɟɧɢɹ ɜ ɜɨɡɪɚɫɬɚɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 351, 

365, 370, ɜɡɹɬɶ ɫɪɟɞɧɢɣ ɱɥɟɧ ɩɨɥɭɱɟɧɧɨɝɨ ɪɹɞɚ – ɫɪɟɞɧɢɣ ɱɥɟɧ ɜɚɪɢɚɰɢɨɧɧɨɝɨ 

ɪɹɞɚ (ɇВ4 – ɱɟɬɜɟɪɬɵɣ ɜɚɪɢɚɧɬ ɨɬɜɟɬɚ): 

ɇВ4 = 365,00. 

Ɇɨɠɧɨ ɩɪɢɞɭɦɚɬɶ ɢ ɤɚɤɢɟ-ɥɢɛɨ ɞɪɭɝɢɟ ɫɩɨɫɨɛɵ (ɧɚɩɪɢɦɟɪ, ɨɱɟɧɶ «ɨɪɢɝɢ-

ɧɚɥɶɧɨɣ» ɦɨɠɟɬ ɛɵɬɶ ɢɞɟɹ ɟɳɟ ɪɚɡ ɭɫɪɟɞɧɢɬɶ ɜɫɟ ɱɟɬɵɪɟ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟ-

ɧɢɹ), ɨɞɧɚɤɨ ɨɫɬɚɧɨɜɢɦɫɹ ɩɨɤɚ ɬɨɥɶɤɨ ɧɚ ɷɬɢɯ ɱɟɬɵɪɟɯ ɜɚɪɢɚɧɬɚɯ ɨɬɜɟɬɚ ɧɚ ɩɨ-

ɫɬɚɜɥɟɧɧɵɣ ɩɟɪɟɞ ɧɚɦɢ ɜɨɩɪɨɫ.  

Ɇɵ ɜɢɞɢɦ, ɱɬɨ, ɧɟ ɩɪɢɜɥɟɤɚɹ ɧɢɤɚɤɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɧɚɦ 

ɩɨɤɚ ɞɨɫɬɚɬɨɱɧɨ ɬɪɭɞɧɨ ɨɛɨɫɧɨɜɚɬɶ ɬɨɬ ɢɥɢ ɢɧɨɣ ɜɚɪɢɚɧɬ, ɧɚ ɤɨɬɨɪɨɦ ɛɵɥɨ ɛɵ 

ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɨɫɬɚɧɨɜɢɬɶɫɹ. 

Ɍɚɤ, ɟɫɥɢ ɜɵɛɢɪɚɬɶ ɬɨɬ ɨɬɜɟɬ, ɤɨɬɨɪɵɣ ɩɨɬɪɟɛɭɟɬ ɨɬ ɧɚɫ ɦɟɧɶɲɟɝɨ ɤɨɥɢ-

ɱɟɫɬɜɨ ɜɵɱɢɫɥɟɧɢɣ, ɬɨ ɬɨɝɞɚ ɥɭɱɲɟ ɜɫɟɝɨ ɨɬɞɚɬɶ ɩɪɟɞɩɨɱɬɟɧɢɟ ɡɧɚɱɟɧɢɸ 

ɇВ4=365,00 (ɜɨɨɛɳɟ ɧɟ ɬɪɟɛɭɟɬ ɧɢɤɚɤɢɯ ɪɚɫɱɟɬɨɜ). Ɉɞɧɚɤɨ ɩɨɞɨɛɧɨɟ ɨɛɨɫɧɨɜɚ-

ɧɢɟ ɜɪɹɞ ɥɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɞɨɫɬɚɬɨɱɧɨ ɧɚɞɟɠɧɵɦ ɢ ɭɛɟɞɢɬɟɥɶɧɵɦ.  
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ɉɨɷɬɨɦɭ ɞɚɜɚɣɬɟ ɨɫɬɚɧɨɜɢɦɫɹ ɢ ɡɚɞɭɦɚɟɦɫɹ ɨ ɬɨɦ, ɩɨɱɟɦɭ ɜɨɨɛɳɟ ɦɵ 

ɫɬɨɥɤɧɭɥɢɫɶ ɫ ɩɨɞɨɛɧɨɣ ɫɢɬɭɚɰɢɟɣ. 

Вɟɞɶ ɟɫɥɢ ɛɵ, ɧɚɩɪɢɦɟɪ, ɧɚɦ ɧɭɠɧɨ ɛɵɥɨ ɧɚɣɬɢ ɨɬɜɟɬ ɧɚ ɜɨɩɪɨɫ, ɤɚɤɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɯɨɞɨɜ ɩɪɢ ɩɪɨɤɚɬɤɟ ɞɚɧɧɨɝɨ ɩɪɨɮɢɥɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɞɜɭɯ-

ɜɚɥɤɨɜɵɯ ɪɟɥɶɫɨɜɵɯ ɤɚɥɢɛɪɚɯ, ɢ ɦɵ ɩɨ ɯɨɞɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨ-

ɫɥɟɞɢɥɢ ɡɚ ɬɪɟɦɹ ɪɚɡɥɢɱɧɵɦɢ ɪɚɫɤɚɬɚɦɢ, ɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɨ ɛɵ ɩɨɥɭɱɟɧɨ 

ɬɪɢ ɚɛɫɨɥɸɬɧɨ ɨɞɢɧɚɤɨɜɵɯ ɡɧɚɱɟɧɢɹ (ɞɨɩɭɫɬɢɦ, ɩɹɬɶ). В ɩɨɞɨɛɧɨɣ ɫɢɬɭɚɰɢɢ ɧɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɱɢɬɚɬɶ ɧɢ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ, ɧɢ ɫɪɟɞɧɟɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ, ɧɢ 

ɫɟɪɟɞɢɧɭ ɪɚɡɦɚɯɚ, ɧɢ ɧɚɯɨɞɢɬɶ ɫɪɟɞɧɢɣ ɱɥɟɧ ɜɚɪɢɚɰɢɨɧɧɨɝɨ ɪɹɞɚ ɢ ɬ.ɞ., ɩɨ-

ɫɤɨɥɶɤɭ ɦɨɠɧɨ ɫɪɚɡɭ ɭɤɚɡɚɬɶ ɬɨ ɤɨɥɢɱɟɫɬɜɨ ɪɟɥɶɫɨɜɵɯ ɤɚɥɢɛɪɨɜ, ɤɨɬɨɪɵɟ ɩɪɨ-

ɯɨɞɢɬ ɪɚɫɤɚɬ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɤɚɬɤɢ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɟɠɞɭ ɬɚɤɢɦɢ ɜɟɥɢɱɢɧɚɦɢ, ɤɚɤ ɱɢɫɥɨ ɪɟɥɶɫɨɜɵɯ ɤɚɥɢɛ-

ɪɨɜ ɢ ɬɜɟɪɞɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ, ɟɫɬɶ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɪɚɡɧɢɰɚ, 

ɤɨɬɨɪɚɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɟɪɜɚɹ ɢɡ ɞɜɭɯ ɧɚɡɜɚɧɵɯ ɜɟɥɢɱɢɧ ɹɜɥɹɟɬɫɹ ɞɟ-

ɬɟɪɦɢɧɢɪɨɜɚɧɧɨɣ, ɚ ɜɬɨɪɚɹ – ɫɥɭɱɚɣɧɨɣ. И ɟɫɥɢ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɢɫɚɬɶ ɞɟ-

ɬɟɪɦɢɧɢɪɨɜɚɧɧɭɸ ɜɟɥɢɱɢɧɭ, ɞɨɫɬɚɬɨɱɧɨ ɭɤɚɡɚɬɶ ɨɞɧɨ ɟɟ ɡɧɚɱɟɧɢɟ (ɧɚɩɪɢɦɟɪ, 

ɱɢɫɥɨ ɪɟɥɶɫɨɜɵɯ ɤɚɥɢɛɪɨɜ ɪɚɜɧɨ ɩɹɬɢ), ɬɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ 

ɧɭɠɧɨ ɡɧɚɬɶ ɟɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ. Дɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɞɥɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɧɟ-

ɞɨɫɬɚɬɨɱɧɨ ɭɤɚɡɚɬɶ ɬɨɥɶɤɨ ɥɢɲɶ ɤɚɤɨɟ-ɥɢɛɨ ɟɟ ɡɧɚɱɟɧɢɟ (ɢɥɢ ɤɨɦɛɢɧɚɰɢɸ ɟɟ 

ɡɧɚɱɟɧɢɣ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ), ɚ ɧɭɠɧɨ ɡɚɩɢ-

ɫɚɬɶ ɮɭɧɤɰɢɸ, ɤɨɬɨɪɚɹ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɫɥɭɱɚɣɧɚɹ 

ɜɟɥɢɱɢɧɚ ɩɪɢɧɢɦɚɟɬ ɡɚɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢɥɢ ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɧɟɤɨɬɨɪɨɦɭ ɡɚɞɚɧ-

ɧɨɦɭ ɢɧɬɟɪɜɚɥɭ. 

ɉɨɷɬɨɦɭ ɨɬɜɟɬ ɧɚ ɜɨɩɪɨɫ ɩɪɢɦɟɪɚ 3.1  ɧɚɞɨ ɧɚɱɢɧɚɬɶ ɧɟ ɫ ɩɨɢɫɤɚ ɤɚɤɢɯ-

ɥɢɛɨ ɜɚɪɢɚɧɬɨɜ ɭɫɪɟɞɧɟɧɢɹ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ, ɚ ɩɪɟɠɞɟ ɜɫɟɝɨ ɫ ɤɨɧɫɬɚɬɚɰɢɢ ɬɨ-

ɝɨ ɮɚɤɬɚ, ɱɬɨ ɬɜɟɪɞɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ ɪɟɥɶɫɚ – ɷɬɨ ɫɥɭчɚɣɧɚя 

веɥичиɧɚ!!! 

Дɚɥɟɟ ɧɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɜɟɪɞɨɫɬɶ - ɷɬɨ ɧɟɩɪɟɪɵɜɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢ-

ɱɢɧɚ, ɩɨɫɤɨɥɶɤɭ (ɟɫɥɢ, ɧɚɩɪɢɦɟɪ, ɪɟɥɶɫɵ ɨɬɜɟɱɚɸɬ ɬɪɟɛɨɜɚɧɢɹɦ ɩɟɪɜɨɝɨ ɤɥɚɫ-

ɫɚ) ɨɧɚ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɥɸɛɵɟ ɡɧɚɱɟɧɢɹ ɢɡ ɤɨɧɟɱɧɨɝɨ ɢɧɬɟɪɜɚɥɚ 

(ɇВ=341…388, ɫɦ. ɩɭɧɤɬ 1.4 ȽɈɋɌ 18267-82). 
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ɉɨɫɥɟ ɷɬɨɝɨ ɦɨɠɧɨ ɜɵɞɜɢɧɭɬɶ ɝɢɩɨɬɟɡɭ (ɩɪɟɞɩɨɥɨɠɟɧɢɟ), ɱɬɨ ɬɚɤɚɹ ɫɥɭ-

ɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɤɚɤ ɬɜɟɪɞɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ ɪɟɥɶɫɚ, ɧɟ 

ɞɨɥɠɧɚ ɩɪɨɬɢɜɨɪɟɱɢɬɶ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ.  ɋɨɝɥɚɫɧɨ ɰɟɧ-

ɬɪɚɥɶɧɨɣ ɩɪɟɞɟɥɶɧɨɣ ɬɟɨɪɟɦɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ, ɞɚɧɧɭɸ ɝɢɩɨɬɟɡɭ 

ɫɤɨɪɟɟ ɜɫɟɝɨ ɦɨɠɧɨ ɛɭɞɟɬ ɩɪɢɧɹɬɶ ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ, ɩɨɫɤɨɥɶɤɭ ɨɩɵɬɧɵɟ ɞɚɧ-

ɧɵɟ ɜ ɩɪɢɦɟɪɟ 3.1 ɩɨɥɭɱɟɧɵ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɬɜɟɪɞɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɯ ɬɨɱɤɚɯ ɩɨ 

ɞɥɢɧɟ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɪɟɥɶɫɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɟ ɮɚɤ-

ɬɨɪɵ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɞɚɧɧɨɝɨ ɦɟɬɚɥɥɚ ɧɚ ɜɫɟɯ 

ɫɬɚɞɢɹɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ (ɩɨɥɭɱɟɧɢɟ ɦɟɬɚɥɥɚ, ɩɪɨɤɚɬɤɚ, ɬɟɪɦɢɱɟɫɤɚɹ 

ɨɛɪɚɛɨɬɤɚ), ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɧɚ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɭɪɨɜɧɹɯ. Кɪɨɦɟ ɬɨɝɨ, ɨɬɤɥɢɤ 

(ɬɜɟɪɞɨɫɬɶ ɦɟɬɚɥɥɚ) ɫɬɚɧɨɜɢɬɫɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɨɣ ɬɨɥɶɤɨ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɜɥɢɹɧɢɹ ɦɚɥɨɡɧɚɱɢɦɵɯ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ, ɱɢɫɥɨ ɤɨɬɨɪɵɯ ɧɚ ɪɚɡɥɢɱ-

ɧɵɯ ɷɬɚɩɚɯ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɰɢɤɥɚ, ɩɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɫɬɪɟɦɢɬɫɹ ɤ ɛɟɫɤɨ-

ɧɟɱɧɨɫɬɢ. 

Иɬɚɤ, ɜ ɤɚɱɟɫɬɜɟ ɨɬɜɟɬɚ ɧɚ ɜɨɩɪɨɫ ɩɪɢɦɟɪɚ 3.1 ɦɵ ɦɨɠɟɦ ɫɤɚɡɚɬɶ, ɱɬɨ 

ɬɜɟɪɞɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ ɪɟɥɶɫɚ – ɷɬɨ ɧɟɩɪɟɪɵɜɧɚɹ ɫɥɭɱɚɣ-

ɧɚɹ ɜɟɥɢɱɢɧɚ, ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɬɨɪɨɣ ɫɤɨɪɟɟ ɜɫɟɝɨ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ 
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Ɍɟɩɟɪɶ, ɤɚɡɚɥɨɫɶ ɛɵ, ɬɨɥɶɤɨ ɨɫɬɚɥɨɫɶ ɩɨɞɫɱɢɬɚɬɶ ɩɨ (2.15) ɦɚɬɟɦɚɬɢɱɟ-

ɫɤɨɟ ɨɠɢɞɚɧɢɟ ɆɇВ ɢ ɩɨ (2.17) – ɞɢɫɩɟɪɫɢɸ σɇВ2, ɬ.ɟ. ɞɜɚ ɩɚɪɚɦɟɬɪɚ ɷɬɨɣ ɫɥɭ-

ɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɢ ɭ ɧɚɫ ɩɨɹɜɢɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɹɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, 

ɱɬɨ ɬɜɟɪɞɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ ɪɟɥɶɫɚ ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɧɟɤɨɬɨɪɨ-

ɦɭ ɡɚɞɚɧɧɨɦɭ ɢɧɬɟɪɜɚɥɭ (ɧɚɩɪɢɦɟɪ,  ɇВ = 341…388). 

Ɉɞɧɚɤɨ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɦɵ ɩɨɩɚɞɚɟɦ ɜ ɤɚɤɨɣ -ɬɨ ɡɚɦɤɧɭɬɵɣ ɤɪɭɝ: ɜɟɞɶ 

ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɡɚɩɢɫɚɬɶ ɮɭɧɤɰɢɸ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ 

ɨɩɪɟɞɟɥɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɢ ɞɢɫɩɟɪɫɢɸ; ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɷɬɢɯ ɞɜɭɯ 

ɩɚɪɚɦɟɬɪɨɜ ɧɭɠɧɨ ɡɧɚɬɶ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɫɦ. (2.15) ɢ (2.17)), ɚ ɩɥɨɬ-

ɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ - ɷɬɨ ɩɟɪɜɚɹ ɩɪɨɢɡɜɨɞɧɚɹ ɨɬ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɫɦ. 
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(2.7)), ɬ.ɟ. ɜ ɢɬɨɝɟ, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɣɬɢ ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɧɭɠɧɨ ɡɧɚɬɶ 

ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

Вɵɯɨɞ ɢɡ ɩɨɞɨɛɧɨɝɨ ɡɚɦɤɧɭɬɨɝɨ ɤɪɭɝɚ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧ ɬɨɥɶɤɨ ɥɢɲɶ 

ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɛɭɞɟɬ ɨɩɪɟɞɟɥɟɧɚ ɩɪɢɱɢɧɚ, ɩɨ ɤɨɬɨɪɨɣ ɦɵ ɜ ɧɟɝɨ ɩɨɩɚɞɚɟɦ. 

Иɬɚɤ, ɧɚɦ ɧɟɨɛɯɨɞɢɦɚ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɩɪɢɱɟɦ ɞɥɹ ɧɚɱɚɥɚ ɩɭɫɬɶ 

ɯɨɬɹ ɛɵ ɨɞɧɨ ɢɡ ɟɟ ɡɧɚɱɟɧɢɣ, ɧɚɩɪɢɦɟɪ F(341). ɉɨ ɨɩɪɟɞɟɥɟɧɢɸ (2.3) – ɷɬɨ ɜɟ-

ɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɇВ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ ɧɟ ɛɨɥɟɟ 341. 

В ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɟɪɨɹɬɧɨɫɬɶ ɞɚɧɧɨɝɨ ɫɨɛɵɬɢɹ F(341) = Ɋ(ɇВ ≤ 341) ɟɫɬɶ ɩɪɟɞɟɥ 

ɱɚɫɬɨɬɵ ɪɟɚɥɢɡɚɰɢɢ ɫɨɛɵɬɢɹ ɇВ ≤ 341 (ɨɬɧɨɲɟɧɢɟ ɱɢɫɥɚ ɧɚɛɥɸɞɟɧɢɣ, ɜ ɤɨɬɨ-

ɪɵɯ ɬɜɟɪɞɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ ɪɟɥɶɫɚ ɨɤɚɡɚɥɚɫɶ ɧɟ ɛɨɥɟɟ  341, 

ɤ ɨɛɳɟɦɭ ɤɨɥɢɱɟɫɬɜɭ ɧɚɛɥɸɞɟɧɢɣ) ɩри ɧеɨɝрɚɧичеɧɧɨɦ чиɫɥе ɩɨвтɨреɧиɣ ɨɞ-

ɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɤɨɦɩɥɟɤɫɚ ɭɫɥɨɜɢɣ. 

А ɜɨɬ ɧɟɨɝɪɚɧɢɱɟɧɧɵɦ ɱɢɫɥɨɦ ɩɨɜɬɨɪɟɧɢɣ (ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶɸ) 

ɜ ɭɫɥɨɜɢɹɯ ɩɪɢɦɟɪɚ 3.1 ɦɵ ɤɚɤ ɪɚɡ ɢ ɧɟ ɪɚɫɩɨɥɚɝɚɟɦ, ɩɨɫɤɨɥɶɤɭ ɢɦɟɟɬɫɹ ɬɨɥɶɤɨ 

ɥɢɲɶ ɬɪɢ ɭɱɚɫɬɤɚ (ɫɟɱɟɧɢɹ) ɪɟɥɶɫɚ (ɬɪɢ ɧɚɛɥɸɞɚɟɦɵɯ ɟɞɢɧɢɰɵ), ɜ ɤɨɬɨɪɵɯ ɨɩ-

ɪɟɞɟɥɟɧɚ ɬɜɟɪɞɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ (ɬɪɢ ɪɟɡɭɥɶɬɚɬɚ ɧɚɛɥɸɞɟ-

ɧɢɹ). 

ɇɚɛɥɸɞɚɟɦɚɹ ɟɞɢɧɢɰɚ – ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɢɥɢ ɭɫɥɨɜɧɵɣ ɩɪɟɞɦɟɬ, ɧɚɞ ɤɨ-

ɬɨɪɵɦ ɩɪɨɜɨɞɹɬ ɫɟɪɢɸ ɧɚɛɥɸɞɟɧɢɣ. 

Ɋɟɡɭɥɶɬɚɬ ɧɚɛɥɸɞɟɧɢɹ – ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɜɨɣɫɬɜ ɟɞɢɧɢɰɵ, ɩɨɥɭɱɟɧɧɚɹ 

ɨɩɵɬɧɵɦ ɩɭɬɟɦ. 

Ƚɟɧɟɪɚɥɶɧɚɹ ɫɨɜɨɤɭɩɧɨɫɬɶ – ɦɧɨɠɟɫɬɜɨ ɜɫɟɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɟɞɢɧɢɰ. 

Дɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɝɟɧɟɪɚɥɶɧɚɹ ɫɨɜɨɤɭɩɧɨɫɬɶ - ɷɬɨ ɬɚɤɨɟ ɜɨɨɛɪɚɠɚɟɦɨɟ, ɜ 

ɩɪɟɞɟɥɟ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɩɪɟɞɦɟɬɨɜ, ɧɚɞ ɤɨɬɨɪɵɦɢ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ 

ɧɚɛɥɸɞɟɧɢɹ ɩɪɢ ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ ɱɢɫɥɟ ɩɨɜɬɨɪɟɧɢɣ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɤɨɦɩɥɟɤɫɚ 

ɭɫɥɨɜɢɣ. 

В ɩɪɢɦɟɪɟ 3.1 ɩɨɞ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɦɨɠɧɨ ɩɨɧɢɦɚɬɶ, ɞɨɩɭɫ-

ɬɢɦ, ɜɫɟ ɭɱɚɫɬɤɢ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɪɟɥɶɫɚ, ɜ ɤɨɬɨɪɵɯ ɜ ɩɪɢɧɰɢɩɟ ɦɨɠɧɨ ɛɵɥɨ ɛɵ 

ɡɚɦɟɪɢɬɶ ɬɜɟɪɞɨɫɬɶ, ɥɢɛɨ ɜɨɨɛɳɟ ɜɫɟ ɪɟɥɶɫɵ Ɋ65, ɤɨɬɨɪɵɟ ɤɨɝɞɚ-ɥɢɛɨ ɢɡɝɨ-

ɬɚɜɥɢɜɚɥɢɫɶ ɢɥɢ ɟɳɟ ɛɭɞɭɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɩɨ ȽɈɋɌ 18267-82. 
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В ɪɚɫɩɨɪɹɠɟɧɢɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹ, ɤɨɧɟɱɧɨ ɠɟ, ɧɢɤɨɝɞɚ ɧɟɬ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨ-

ɜɨɤɭɩɧɨɫɬɢ, ɢ ɨɧ ɦɨɠɟɬ ɢɡɭɱɚɬɶ ɬɨɥɶɤɨ ɟɟ ɱɚɫɬɶ – ɜɵɛɨɪɤɭ, ɩɪɢɱɟɦ ɜɫɟɝɞɚ ɨɝɪɚ-

ɧɢɱɟɧɧɨɝɨ ɨɛɴɟɦɚ. 

Вɵɛɨɪɤɚ – ɥɸɛɨɟ ɤɨɧɟɱɧɨɟ ɩɨɞɦɧɨɠɟɫɬɜɨ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

Ɉɛɴɟɦ – ɤɨɥɢɱɟɫɬɜɨ ɟɞɢɧɢɰ ɜ ɜɵɛɨɪɤɟ. 

ɉɨ ɜɵɛɨɪɤɟ ɧɟɜɨɡɦɨɠɧɨ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɧɢ ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟ-

ɥɟɧɢɹ, ɧɢ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɧɢ ɩɚɪɚɦɟɬɪɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɧɚɩɪɢɦɟɪ, 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɢɥɢ ɞɢɫɩɟɪɫɢɸ) ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɩɨɫɤɨɥɶɤɭ ɞɥɹ 

ɷɬɨɝɨ ɩɨɬɪɟɛɭɟɬɫɹ ɧɟɨɝɪɚɧɢɱɟɧɧɨɟ (ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɨɟ) ɤɨɥɢɱɟɫɬɜɨ ɪɟɡɭɥɶɬɚ-

ɬɨɜ ɧɚɛɥɸɞɟɧɢɣ, ɬ.ɟ. ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɬɶ ɜɫɸ ɝɟɧɟɪɚɥɶɧɭɸ ɫɨɜɨɤɭɩɧɨɫɬɶ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɦɟɹ ɤɨɧɟɱɧɨɟ ɩɨɞɦɧɨɠɟɫɬɜɨ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ 

(ɜɵɛɨɪɤɭ), ɦɵ ɞɨɥɠɧɵ ɥɢɛɨ ɜɨɨɛɳɟ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɩɨɢɫɤɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɫ-

ɫɥɟɞɭɟɦɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɥɢɛɨ ɭɞɨɜɥɟɬɜɨɪɢɬɶɫɹ ɥɢɲɶ ɧɟɤɨɬɨɪɵɦɢ ɩɪɢ-

ɛɥɢɠɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɟɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɬ.ɟ. ɩɪɨ-

ɜɟɫɬɢ ɨɰɟɧɢɜɚɧɢɟ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ. 

Ɉɰɟɧɢɜɚɧɢɟ – ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɧɟɢɡɜɟɫɬɧɨɝɨ ɩɚɪɚ-

ɦɟɬɪɚ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɧɚɛɥɸɞɟɧɢɣ. 

Иɞɟɹ ɨɰɟɧɢɜɚɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɜɩɨɥɧɟ ɩɨɧɹɬɧɚ ɢɡ ɫɨɨɛɪɚɠɟɧɢɣ ɨɛɵɱɧɨɣ 

ɠɢɬɟɣɫɤɨɣ ɩɪɚɤɬɢɤɢ. Вɟɞɶ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ, ɧɚɩɪɢɦɟɪ, ɤɭɩɢɬɶ ɩɚɪɭ ɤɢɥɨɝɪɚɦɦ 

ɹɛɥɨɤ, ɭ ɧɚɫ ɧɢɤɨɝɞɚ ɧɟ ɜɨɡɧɢɤɚɟɬ ɠɟɥɚɧɢɟ ɫɴɟɫɬɶ ɜɫɟ ɢɦɟɸɳɢɟɫɹ ɭ ɞɚɧɧɨɝɨ 

ɩɪɨɞɚɜɰɚ ɮɪɭɤɬɵ (ɢɡɭɱɢɬɶ ɜɫɸ ɝɟɧɟɪɚɥɶɧɭɸ ɫɨɜɨɤɭɩɧɨɫɬɶ), ɦɵ ɩɪɨɛɭɟɦ ɞɨɥɶɤɭ 

ɬɨɥɶɤɨ ɥɢɲɶ ɨɞɧɨɝɨ ɹɛɥɨɤɚ (ɢɫɫɥɟɞɭɟɦ ɜɵɛɨɪɤɭ), ɨɩɪɟɞɟɥɹɟɦ ɟɟ ɜɤɭɫ (ɨɰɟɧɢ-

ɜɚɟɦ) ɢ ɩɪɢɧɢɦɚɟɦ ɪɟɲɟɧɢɟ, ɫɬɨɢɬ ɧɚɦ ɢɥɢ ɧɟɬ ɩɨɤɭɩɚɬɶ ɢɦɟɧɧɨ ɷɬɢ ɹɛɥɨɤɢ.  

Иɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɩɪɢ ɨɰɟɧɢɜɚɧɢɢ, ɤɚɤ ɢ ɩɪɢ ɩɪɨɜɟɪɤɟ ɥɸɛɵɯ ɩɪɟɞɩɨ-

ɥɨɠɟɧɢɣ (ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ), ɤɚɫɚɸɳɢɯɫɹ ɧɟɢɡɜɟɫɬɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɤɨɧɟɱɧɨ ɠɟ, ɦɨɝɭɬ ɛɵɬɶ ɥɢɲɶ ɬɨɥɶɤɨ ɬɟ ɪɟɡɭɥɶɬɚɬɵ ɧɚ-

ɛɥɸɞɟɧɢɣ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ (ɧɚ ɜɵɛɨɪɤɟ ɨɝ-

ɪɚɧɢɱɟɧɧɨɝɨ ɨɛɴɟɦɚ).  ɉɪɢɱɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɞɚɧɧɵɯ ɨɛɵɱɧɨ ɧɚɱɢɧɚɟɬɫɹ  ɫ ɩɨɞɫɱɟɬɚ ɬɟɯ ɢɥɢ ɢɧɵɯ ɮɭɧɤɰɢɣ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ 

ɧɚɛɥɸɞɟɧɢɣ (ɫɬɚɬɢɫɬɢɤ). 
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ɋɬɚɬɢɫɬɢɤɚ – ɮɭɧɤɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɞɥɹ ɨɰɟɧ-

ɤɢ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ (ɢɥɢ) ɞɥɹ ɩɪɨɜɟɪɤɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ. 

ɉɨ ɜɵɛɨɪɤɟ ɧɟɜɨɡɦɨɠɧɨ ɧɚɣɬɢ ɩɚɪɚɦɟɬɪɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟ-

ɥɢɱɢɧɵ (ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ ɛɟɫɤɨɧɟɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɟɡɭɥɶɬɚɬɨɜ 

ɧɚɛɥɸɞɟɧɢɣ – ɢɡɭɱɟɧɢɟ ɜɫɟɣ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ), ɩɨɷɬɨɦɭ, ɢɦɟɹ ɜ ɫɜɨ-

ɟɦ ɪɚɫɩɨɪɹɠɟɧɢɢ ɜɫɟɝɞɚ ɨɝɪɚɧɢɱɟɧɧɵɣ ɨɛɴɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɢɫ-

ɫɥɟɞɨɜɚɬɟɥɸ ɨɫɬɚɟɬɫɹ ɞɨɜɨɥɶɫɬɜɨɜɚɬɶɫɹ ɬɨɥɶɤɨ ɥɢɲɶ ɩɨɥɭɱɟɧɢɟɦ ɧɟɤɨɬɨɪɵɯ 

ɨɰɟɧɨɤ. 

Ɉɰɟɧɤɚ – ɫɬɚɬɢɫɬɢɤɚ, ɹɜɥɹɸɳɚɹɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɨɰɟɧɢɜɚɧɢɹ ɧɟɢɡɜɟɫɬɧɨɝɨ 

ɩɚɪɚɦɟɬɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

Дɥɹ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɩɚɪɚɦɟɬɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɥɨɠɟɧɨ 

ɧɟɫɤɨɥɶɤɨ ɨɰɟɧɨɤ. 

В ɩɪɢɦɟɪɟ 3.1 ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɱɟɬɵɪɟ ɪɚɡɥɢɱɧɵɯ ɨɰɟɧɤɢ ɞɥɹ ɬɚɤɨɝɨ ɩɚ-

ɪɚɦɟɬɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɜɟɪɞɨɫɬɢ, ɤɚɤ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɞɚɧɧɨɣ ɫɥɭ-

ɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ (ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ, ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ, ɫɟɪɟɞɢɧɚ ɪɚɡɦɚɯɚ ɢ ɫɪɟɞɧɢɣ ɱɥɟɧ ɜɚɪɢɚɰɢɨɧɧɨɝɨ ɪɹɞɚ). 

ɉɨɷɬɨɦɭ ɩɪɢ ɨɰɟɧɢɜɚɧɢɢ ɜɫɟɝɞɚ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɜɵɛɨɪɚ ɧɚɢɥɭɱɲɟɣ 

ɨɰɟɧɤɢ ɢɡ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɨɰɟɧɨɤ ɞɚɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ. 

ɉɪɢɱɟɦ, ɤɨɝɞɚ ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɬɟ ɢɥɢ ɢɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɩɨ ɤɨɬɨɪɵɦ 

ɨɰɟɧɤɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɫɱɢɬɚɬɶ ɧɚɢɥɭɱɲɟɣ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɭɱɢɬɵɜɚɟɬɫɹ ɬɨɬ ɮɚɤɬ, 

ɱɬɨ ɥɸɛɚɹ ɨɰɟɧɤɚ – ɷɬɨ ɬɚɤɠɟ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ. 

Вɟɞɶ ɟɫɥɢ ɛɵ ɜ ɭɫɥɨɜɢɹɯ ɩɪɢɦɟɪɚ 3.1 ɛɵɥɨ ɛɵ ɧɚɣɞɟɧɨ, ɞɨɩɭɫɬɢɦ, ɜɵɛɨ-

ɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɬɜɟɪɞɨɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ ɤɚ-

ɤɨɝɨ-ɥɢɛɨ ɞɪɭɝɨɝɨ ɪɟɥɶɫɚ, ɬɨ, ɤɨɧɟɱɧɨ ɠɟ, ɫɨɜɟɪɲɟɧɧɨ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ, ɱɬɨ ɨɧɨ 

ɨɩɹɬɶ ɨɤɚɡɚɥɨɫɶ ɛɵ ɪɚɜɧɨ ɢɦɟɧɧɨ 362,00 ɟɞɢɧɢɰɚɦ ɩɨ Ȼɪɢɧɟɥɥɸ. 

Иɡ ɬɟɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɱɬɨ ɥɸɛɚɹ ɨɰɟɧɤɚ Θ* ɤɚɤɨɝɨ-ɥɢɛɨ ɩɚɪɚɦɟɬɪɚ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ Θ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɬɨɠɟ ɟɫɬɶ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɤ ɨɰɟɧɤɚɦ 

ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɫɨɫɬɨɹɬɟɥɶɧɨɫɬɢ, ɧɟɫɦɟɳɟɧɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨ-

ɫɬɢ. 

ɋɨɫɬɨɹɬɟɥɶɧɚɹ ɨɰɟɧɤɚ – ɨɰɟɧɤɚ, ɫɯɨɞɹɳɚɹɫɹ ɩɨ ɜɟɪɨɹɬɧɨɫɬɢ ɤ ɡɧɚɱɟɧɢɸ 

ɨɰɟɧɢɜɚɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɪɢ ɛɟɡɝɪɚɧɢɱɧɨɦ ɜɨɡɪɚɫɬɚɧɢɢ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ. 
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∞→

n
n

        (3.1) 

ɝɞɟ Θ - ɨɰɟɧɢɜɚɟɦɵɣ ɩɚɪɚɦɟɬɪ; Θ* - ɨɰɟɧɤɚ; n  - ɨɛɴɟɦ ɜɵɛɨɪɤɢ. 

Иɧɵɦɢ ɫɥɨɜɚɦɢ, ɞɥɹ  ɫɨɫɬɨɹɬɟɥɶɧɨɣ ɨɰɟɧɤɢ Θ*ɨɬɤɥɨɧɟɧɢɟ ɟɟ ɨɬ Θ ɧɚ  

ɦɚɥɭɸ ɜɟɥɢɱɢɧɭ ε ɢ ɛɨɥɟɟ ɫɬɚɧɨɜɢɬɫɹ ɦɚɥɨɜɟɪɨɹɬɧɵɦ ɩɪɢ ɛɨɥɶɲɨɦ ɨɛɴɟɦɟ 

ɜɵɛɨɪɤɢ.  

Вɩɨɥɧɟ ɟɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɢɧɬɟɪɟɫɭɸɬ 

ɬɟ ɨɰɟɧɤɢ, ɤɨɬɨɪɵɟ ɯɨɬɹ ɛɵ ɜ ɩɪɟɞɟɥɟ (ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɧɚɛɥɸɞɟɧɢɣ) ɞɚɜɚɥɢ ɢɦ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɢɧɬɟɪɟɫɭɸɳɢɣ ɢɯ 

ɩɚɪɚɦɟɬɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɬ.ɟ. ɱɬɨɛɵ ɨɰɟɧɤɢ ɩɪɟɠɞɟ ɜɫɟɝɨ ɛɵɥɢ ɫɨɫɬɨɹɬɟɥɶɧɵ-

ɦɢ. Ɉɞɧɚɤɨ  ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɢɯɨɞɢɬɫɹ ɨɰɟɧɢɜɚɬɶ  ɧɟɢɡ-

ɜɟɫɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɩɪɢ ɦɚɥɵɯ ɨɛɴɟɦɚɯ ɜɵɛɨɪɤɢ.  

ȿɫɬɟɫɬɜɟɧɧɵɦ ɹɜɥɹɟɬɫɹ  ɬɪɟɛɨɜɚɧɢɟ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɤɨɬɨɪɨɝɨ ɨɰɟɧɤɚ ɧɟ 

ɞɚɟɬ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɫɬɨɪɨɧɭ ɡɚɜɵɲɟɧɢɹ (ɢɥɢ ɡɚɧɢɠɟɧɢɹ) ɢɫ-

ɬɢɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ Θ . 

ɇɟɫɦɟɳɟɧɧɚɹ ɨɰɟɧɤɚ – ɨɰɟɧɤɚ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɤɨɬɨɪɨɣ ɪɚɜɧɨ 

ɡɧɚɱɟɧɢɸ ɨɰɟɧɢɜɚɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ: 

M(Θ*)=Θ.         (3.2) 

ɍɞɨɜɥɟɬɜɨɪɟɧɢɟ ɬɪɟɛɨɜɚɧɢɸ ɧɟɫɦɟɳɟɧɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɭɫɬɪɚɧɢɬɶ ɫɢɫ-

ɬɟɦɚɬɢɱɟɫɤɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɚ, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ ɨɛɴɟɦɚ ɜɵ-

ɛɨɪɤɢ n ɢ ɜ ɫɥɭɱɚɟ ɫɨɫɬɨɹɬɟɥɶɧɨɫɬɢ ɨɰɟɧɤɢ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ ɩɪɢ n→∞.  

Эɮɮɟɤɬɢɜɧɚɹ ɨɰɟɧɤɚ – ɧɟɫɦɟɳɟɧɧɚɹ ɨɰɟɧɤɚ, ɢɦɟɸɳɚɹ ɧɚɢɦɟɧɶɲɭɸ ɞɢɫ-

ɩɟɪɫɢɸ ɢɡ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɧɟɫɦɟɳɟɧɧɵɯ ɨɰɟɧɨɤ ɞɚɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ. 

( ){ } min*
2 =Θ−ΘM

        (3.3) 

ɢɥɢ 

( ){ } ( ){ },**
22 Θ−Θ≤Θ−Θ iMM

      (3.4) 

ɝɞɟ Θi* – ɥɸɛɚɹ ɞɪɭɝɚɹ ɨɰɟɧɤɚ. 

Иɧɵɦɢ ɫɥɨɜɚɦɢ, ɞɢɫɩɟɪɫɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɚ ɜ ɧɟɤɨɬɨɪɨɦ 

ɤɥɚɫɫɟ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɫɪɟɞɢ ɞɢɫɩɟɪɫɢɣ ɜɫɟɯ ɨɰɟɧɨɤ ɢɡ ɪɚɫɫɦɚɬɪɢɜɚɟ-

ɦɨɝɨ ɤɥɚɫɫɚ ɧɟɫɦɟɳɟɧɧɵɯ ɨɰɟɧɨɤ. 
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Иɡ ɜɫɟɯ ɫɨɫɬɨɹɬɟɥɶɧɵɯ ɢ ɧɟɫɦɟɳɟɧɧɵɯ ɨɰɟɧɨɤ ɫɥɟɞɭɟɬ ɩɪɟɞɩɨɱɟɫɬɶ ɬɚ-

ɤɭɸ, ɤɨɬɨɪɚɹ ɨɤɚɡɵɜɚɟɬɫɹ ɧɚɢɛɨɥɟɟ ɛɥɢɡɤɨɣ ɤ ɨɰɟɧɢɜɚɟɦɨɦɭ ɩɚɪɚɦɟɬɪɭ (ɷɮ-

ɮɟɤɬɢɜɧɨɣ), ɨɞɧɚɤɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɟ ɨɰɟɧɤɢ ɧɟ ɜɫɟ-

ɝɞɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɦ ɩɟɪɟɱɢɫɥɟɧɧɵɦ  ɜɵɲɟ ɬɪɟɛɨɜɚɧɢ-

ɹɦ. 

ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɜɵɛɪɚɥ ɢ ɩɨɞɫɱɢɬɚɥ ɫɨɫɬɨɹɬɟɥɶɧɭɸ, ɧɟ-

ɫɦɟɳɟɧɧɭɸ ɢ ɷɮɮɟɤɬɢɜɧɭɸ ɨɰɟɧɤɢ ɢɧɬɟɪɟɫɭɸɳɟɝɨ ɟɝɨ ɩɚɪɚɦɟɬɪɚ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɹ ɢɫɫɥɟɞɭɟɦɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɩɟɪɜɨɟ ɢ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨɟ, ɱɬɨ ɨɧ ɦɨ-

ɠɟɬ ɫɞɟɥɚɬɶ, ɬɚɤ ɷɬɨ ɩɪɢɧɹɬɶ ɡɧɚɱɟɧɢɟ ɨɰɟɧɤɢ ɤɚɤ ɧɟɢɡɜɟɫɬɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚ-

ɦɟɬɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɬ.ɟ. ɜɵɩɨɥɧɢɬɶ ɬɨɱɟɱɧɨɟ ɨɰɟɧɢɜɚɧɢɟ. 

Ɍɨɱɟɱɧɨɟ ɨɰɟɧɢɜɚɧɢɟ – ɫɩɨɫɨɛ ɨɰɟɧɢɜɚɧɢɹ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɬɨɦ, ɱɬɨ 

ɡɧɚɱɟɧɢɟ ɨɰɟɧɤɢ ɩɪɢɧɢɦɚɸɬ ɤɚɤ ɧɟɢɡɜɟɫɬɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɬɨɱɟɱɧɵɟ ɨɰɟɧɤɢ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɩɪɟ-

ɞɟɥɟɧɢɹ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɧɟ ɩɪɨɬɢɜɨɪɟɱɚɳɟɣ ɧɨɪɦɚɥɶ-

ɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

Вɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ x  – ɫɭɦɦɚ ɡɧɚɱɟɧɢɣ ɪɚɫɫɦɚɬɪɢ-

ɜɚɟɦɨɣ ɜɟɥɢɱɢɧɵ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɹ ɜɵɛɨɪɤɢ, ɞɟɥɟɧɧɚɹ 

ɧɚ ɟɟ ɨɛɴɟɦ.   

n, ..., 2, 1,=i  ,
1

1

∑
=

=
n

i

ix
n

x
       (3.5) 

ɝɞɟ n – ɨɛɴɟɦ ɜɵɛɨɪɤɢ;  ɯi– ɪɟɡɭɥɶɬɚɬ ɢɡɦɟɪɟɧɢɹ i-ɣ ɟɞɢɧɢɰɵ. 

В ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɟ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɚɪɢɮ-

ɦɟɬɢɱɟɫɤɨɟ ɹɜɥɹɟɬɫɹ ɧɚɢɥɭɱɲɟɣ (ɫɨɫɬɨɹɬɟɥɶɧɨɣ, ɧɟɫɦɟɳɟɧɧɨɣ ɢ ɷɮɮɟɤɬɢɜɧɨɣ) 

ɨɰɟɧɤɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɩɨɞɱɢɧɹɸɳɟɣɫɹ ɧɨɪ-

ɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

В ɩɪɢɦɟɪɟ 3.1, ɞɚɠɟ ɟɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɬɜɟɪɞɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ ɪɟɥɶɫɚ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, 

ɢɡ ɱɟɬɵɪɟɯ ɩɨɥɭɱɟɧɧɵɯ ɨɰɟɧɨɤ ɩɪɟɞɩɨɱɬɟɧɢɟ ɫɥɟɞɭɟɬ ɨɬɞɚɬɶ ɡɧɚɱɟɧɢɸ                

ɇВ1 = (351 + 370 + 365)/3 = 362,00 (ɜɵɛɨɪɨɱɧɨɦɭ ɫɪɟɞɧɟɦɭ ɚɪɢɮɦɟɬɢɱɟɫɤɨɦɭ) 

ɤɚɤ ɧɚɢɥɭɱɲɟɣ ɨɰɟɧɤɟ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɞɚɧɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢ-
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ɱɢɧɵ. Ɍɪɢ ɞɪɭɝɢɟ ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɜ ɷɬɨɦ ɩɪɢɦɟɪɟ ɨɰɟɧɤɢ ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ ɫɨ-

ɫɬɨɹɬɟɥɶɧɵɦɢ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ. Ɉɞɧɚɤɨ ɫɪɟɞɧɟɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ 

=⋅⋅= 3
2 365370351HB  361,91 – ɷɬɨ ɫɦɟɳɟɧɧɚɹ ɨɰɟɧɤɚ (ɨɧɚ ɛɭɞɟɬ ɧɚɢɥɭɱɲɟɣ 

ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɩɨɞɱɢɧɹɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɨɦɭ ɥɨɝɚ-

ɪɢɮɦɢɱɟɫɤɢ ɧɨɪɦɚɥɶɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ, ɬ.ɟ. ɤɨɝɞɚ ɡɚɤɨɧɭ Ƚɚɭɫɫɚ ɩɨɞɱɢɧɹɟɬ-

ɫɹ ɧɟ ɫɚɦɚ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɚ ɟɟ ɥɨɝɚɪɢɮɦ). ɋɟɪɟɞɢɧɚ ɪɚɡɦɚɯɚ 

ɇВ3=(351+370)/2=360,50 ɢ ɫɪɟɞɧɢɣ ɱɥɟɧ ɜɚɪɢɚɰɢɨɧɧɨɝɨ ɪɹɞɚ ɇВ4 = 365,00 – ɷɬɨ 

ɯɨɬɹ ɢ ɧɟɫɦɟɳɟɧɧɵɟ ɨɰɟɧɤɢ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ, ɧɨ ɢɯ ɷɮɮɟɤɬɢɜ-

ɧɨɫɬɶ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɟ, ɦɟɧɶɲɟ, ɱɟɦ ɭ ɜɵɛɨɪɨɱɧɨɝɨ 

ɫɪɟɞɧɟɝɨ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ (ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ). 

Вɵɛɨɪɨɱɧɚɹ ɞɢɫɩɟɪɫɢɹ  ɢɥɢ - ɫɭɦɦɚ ɤɜɚɞɪɚɬɨɜ ɨɬɤɥɨɧɟɧɢɣ ɜɵɛɨ-

ɪɨɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ ɨɬ ɢɯ ɜɵɛɨɪɨɱɧɨɝɨ ɫɪɟɞɧɟɝɨ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ 

ɜ ɜɵɛɨɪɤɟ, ɞɟɥɟɧɧɚɹ ɧɚ n-1 ɢɥɢ ɧɚ n. 
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Ɉɰɟɧɤɢ ɢ  ɹɜɥɹɸɬɫɹ ɫɨɫɬɨɹɬɟɥɶɧɵɦɢ, ɧɟɫɦɟɳɟɧɧɵɦɢ ɢ, ɜ ɫɥɭɱɚɟ 

ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɵɦɢ ɨɰɟɧɤɚɦɢ ɞɢɫ-

ɩɟɪɫɢɢ σ

2

xS
o
2

xS

2.  

Дɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɜɵɪɚɠɟɧɢɟ (3.6) ɦɨɠɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɤ ɜɢɞɭ 
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В ɭɫɥɨɜɢɹɯ ɩɪɢɦɟɪɚ 3.1 ɜɵɛɨɪɨɱɧɚɹ ɞɢɫɩɟɪɫɢɹ ɬɜɟɪɞɨɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ ɪɟɥɶɫɚ ɪɚɜɧɚ 
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( ) ( ) 00,97365370351
3

1
365370351

13

1 22222 =⎥⎦
⎤

⎢⎣
⎡ ++−++

−
=HBS . 

Вɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ  ɢɥɢ  – ɩɨɥɨɠɢ-

ɬɟɥɶɧɵɣ ɤɜɚɞɪɚɬɧɵɣ ɤɨɪɟɧɶ ɢɡ ɜɵɛɨɪɨɱɧɨɣ ɞɢɫɩɟɪɫɢɢ:  

xS
o

xS

oo
2

xx SS +=
  ɢɥɢ       (3.9) 

.SS 2

xx +=          (3.10) 

В ɩɪɢɦɟɪɟ 3.1  .85,997Sx =+=  

Ɂɧɚɹ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ x  ɢ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ 

ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ , ɦɨɠɧɨ ɩɨɞɫɱɢɬɚɬɶ ɦɟɪɭ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɢɡɦɟɧɱɢ-

ɜɨɫɬɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ – 

xS

ɜɵɛɨɪɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ν - ɩɨ ɮɨɪ-

ɦɭɥɟ 

,
x

S x=ν
         (3.11) 

ɢɥɢ, ɜ ɩɪɨɰɟɧɬɚɯ, 

%.100⋅=
x

S xν
        (3.12) 

Дɥɹ ɩɪɢɦɟɪɚ 3.1 ɜɵɛɨɪɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɬɜɟɪɞɨɫɬɢ ɪɚɜɟɧ 

ν=9,85/362 = 0,027, ɢɥɢ 2,7%. 

Чɟɪɟɡ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ x  ɢ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ 

ɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ  ɦɨɝɭɬ ɛɵɬɶ ɫɞɟɥɚɧɵ ɬɨɱɟɱɧɵɟ ɨɰɟɧɤɢ ɞɥɹ ɥɸ-

ɛɵɯ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɟɪɨɹɬɧɨɫɬɢ ɩɨɩɚɞɚɧɢɹ 

ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɜ ɥɸɛɨɣ ɢɡ ɡɚɞɚɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ. 

xS

Ɍɚɤ, ɞɥɹ ɤɚɤɨɝɨ - ɥɢɛɨ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, 

ɩɨɫɤɨɥɶɤɭ 

( ) ),()()()(
σσσσ

xxxx MxMx
ZP

MxMX
PxXPxF

−
Φ=

−
≤=

−
≤

−
=≤=

 (3.13) 
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3. ɉɊЕȾВАɊИɌЕЛɖɇАə ɈȻɊАȻɈɌɄА ɗɄɋɉЕɊИɆЕɇɌАЛɖɇɕɏ ȾАɇɇɕɏ 

ɜ ɤɚɱɟɫɬɜɟ ɬɨɱɟɱɧɨɣ ɨɰɟɧɤɢ F(x) ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ    

 
( ) ).(

xS

xx
xF

−
∗ −

Φ=
        (3.14) 

Ɍɨɱɟɱɧɭɸ ɨɰɟɧɤɭ ɜɟɪɨɹɬɧɨɫɬɢ ɩɨɩɚɞɚɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɏ ɫ ɧɨɪ-

ɦɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɥɸɛɨɣ ɢɡ ɡɚɞɚɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ (ɯ1, ɯ2) ɦɨɠ-

ɧɨ ɧɚɣɬɢ ɩɨ ɮɨɪɦɭɥɟ 

( ) ).()( 12
21

xx S

xx

S

xx
xXxP

−−
∗ −

Φ−
−

Φ=≤<      (3.15) 

В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (2.32) ɬɨɱɟɱɧɚɹ ɨɰɟɧɤɚ ɤɜɚɧɬɢɥɢ xр ɩɨɪɹɞɤɚ р ɞɥɹ ɧɨɪ-

ɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɜɧɚ 

.          (3.16) 
xpp Szxx +=

−∗

В ɩɪɢɦɟɪɟ 3.1 ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɩɨɥɭɱɟɧɨ ɬɨɥɶɤɨ ɞɜɚ ɡɧɚɱɟɧɢɹ ɬɜɟɪɞɨ-

ɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ ɪɟɥɶɫɚ (ɧɚ ɨɛɨɢɯ ɤɨɧɰɚɯ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɧɟ 

ɛɨɥɟɟ 1 ɦ ɨɬ ɬɨɪɰɨɜ): 351 ɢ 370, ɚ ɬɪɟɬɶɟ ɢɫɩɵɬɚɧɢɟ (ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ) ɟɳɟ ɧɟ 

ɩɪɨɜɨɞɢɥɨɫɶ.  

Ɉɰɟɧɢɦ ɩɪɢ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɨɫɥɟ ɢɡɦɟɪɟɧɢɹ ɬɜɟɪ-

ɞɨɫɬɢ ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɪɟɥɶɫɚ ɟɟ ɡɧɚɱɟɧɢɟ ɨɤɚɠɟɬɫɹ ɧɢɠɟ, ɱɟɦ 341, ɬ.ɟ. ɜɟɪɨɹɬ-

ɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɪɟɬɶɟɝɨ ɢɫɩɵɬɚɧɢɹ ɪɟɥɶɫ ɩɨɩɚɞɟɬ ɜɨ ɜɬɨɪɨɣ ɤɥɚɫɫ 

(ɞɥɹ ɤɨɬɨɪɨɝɨ ɬɜɟɪɞɨɫɬɶ  ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ ɦɨɠɟɬ ɥɟɠɚɬɶ ɜ ɞɢɚ-

ɩɚɡɨɧɟ 311…341) ɢɥɢ ɟɝɨ ɩɪɢɞɟɬɫɹ ɩɨɞɜɟɪɝɧɭɬɶ ɩɨɜɬɨɪɧɨɣ ɨɞɧɨɤɪɚɬɧɨɣ ɬɟɪɦɢ-

ɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ (ɡɚɤɚɥɤɟ ɢ ɨɬɩɭɫɤɭ). 

Кɪɨɦɟ ɬɨɝɨ, ɨɰɟɧɢɦ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɬɜɟɪɞɨɫɬɢ 

ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɪɟɥɶɫɚ ɨɧ ɛɭɞɟɬ ɩɨ - ɩɪɟɠɧɟɦɭ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨɜɚɧɢɹɦ 

ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɩɨ ɩɭɧɤɬɭ 1.4 ȽɈɋɌ 18267-82 (ɇВ = 341…388). 

ȿɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɬɜɟɪɞɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ ɪɟɥɶ-

ɫɚ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɬɨ ɧɚɢɥɭɱɲɢɦɢ ɬɨɱɟɱ-

ɧɵɦɢ ɨɰɟɧɤɚɦɢ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɢ ɞɢɫɩɟɪɫɢɢ ɷɬɨɣ ɫɥɭɱɚɣɧɨɣ 

ɜɟɥɢɱɢɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (3.5) ɢ (3.8)  ɛɭɞɭɬ ɡɧɚɱɟɧɢɹ  

5,360)370351(
2

1
=+=HBx , 
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3. ɉɊЕȾВАɊИɌЕЛɖɇАə ɈȻɊАȻɈɌɄА ɗɄɋɉЕɊИɆЕɇɌАЛɖɇɕɏ ȾАɇɇɕɏ 

( ) ( ) 5,180370351
2

1
370351

12

1 2222 =⎥⎦
⎤

⎢⎣
⎡ +−+

−
=HBS , 

ɚ ɩɨ (3.10) ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɨɫɬɚɜɢɬ 

435,135,180 =+=xS  . 

Ɍɨɝɞɚ ɩɨ (3.14) ɩɨɥɭɱɚɟɦ, ɱɬɨ 

( ) ( ) ( ).45,1)
435,13

5,360341
(341341 −Φ=

−
Φ=≤=

∗∗

HBPF  

ɉɨɫɤɨɥɶɤɭ ɫɨɝɥɚɫɧɨ (2.29) Ɏ(-1,45) = 1 - Ɏ(1,45), ɬɨ ɩɨ ɬɚɛɥɢɰɚɦ ɞɥɹ 

ɮɭɧɤɰɢɢ Ʌɚɩɥɚɫɚ (ɫɦ. ɩɪɢɥ. ɉ1) ɧɚɯɨɞɢɦ Ɏ(1,45) = 0,92647, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

Ɏ(-1,45) = 1 - 0,92647 ≈ 0,07.  ( ) =
∗

341F

В ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰɚɯ Microsoft Excel ɞɥɹ ɩɨɞɨɛɧɵɯ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɭɧɤɰɢɸ ɇɈɊɆɋɌɊАɋɉ. 

ɇɈɊɆɋɌɊАɋɉ((341-ɋɊɁɇАɑ(351;370))/ɋɌАɇȾɈɌɄЛɈɇ(351;370)) = 0,07333 , 

ɝɞɟ ɋɊɁɇАɑ(351;370) ɢ ɋɌАɇȾɈɌɄЛɈɇ(351;370) –  ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ 

ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɵɛɨɪɨɱɧɨɝɨ ɫɪɟɞɧɟɝɨ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ  ɡɧɚ-

ɱɟɧɢɹ ɢ ɜɵɛɨɪɨɱɧɨɝɨ ɫɪɟɞɧɟɝɨ ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ.  

Ɍɨɱɧɨ ɬɚɤɨɟ ɠɟ ɡɧɚɱɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɱɟɪɟɡ ɮɭɧɤɰɢɸ ɇɈɊɆ-

ɊАɋɉ. 

ɇɈɊɆАɋɉ(341;ɋɊɁɇАɑ(351;370);ɋɌАɇȾɈɌɄЛɈɇ(351;370);ИɋɌИɇА)=0,0733. 

Иɬɚɤ, ɬɨɱɟɱɧɨɣ ɨɰɟɧɤɨɣ (ɩɨɥɭɱɟɧɧɨɣ ɩɨ ɞɜɭɦ ɜɵɛɨɪɨɱɧɵɦ ɡɧɚɱɟɧɢɹɦ 351 

ɢ 370) ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɇВ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ 

ɪɟɥɶɫɚ ɨɬ ɡɧɚɱɟɧɢɹ 341 ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ  Дɪɭɝɢɦɢ 

ɫɥɨɜɚɦɢ, ɬɨɱɟɱɧɚɹ ɨɰɟɧɤɚ ɜɟɪɨɹɬɧɨɫɬɢ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɬɜɟɪɞɨɫɬɢ ɜ 

ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɪɟɥɶɫɚ ɟɟ ɡɧɚɱɟɧɢɟ ɨɤɚɠɟɬɫɹ ɦɟɧɶɲɟ 341, ɪɚɜɧɚ 0,07.  Иɥɢ, ɟɫɥɢ 

ɩɪɨɜɟɞɟɧɨ ɞɜɚ ɢɫɩɵɬɚɧɢɹ ɧɚ ɨɛɨɢɯ ɤɨɧɰɚɯ ɪɟɥɶɫɚ ɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ 351 ɢ 

370, ɬɨ ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ, ɜɨɡɦɨɠɧɨ, ɬɨɥɶɤɨ ɫɟɦɶ 

ɪɟɥɶɫɨɜ ɢɡ ɫɬɚ ɩɪɢɞɟɬɫɹ ɩɟɪɟɜɟɫɬɢ ɜɨ ɜɬɨɪɨɣ ɤɥɚɫɫ ɢɥɢ ɩɨɞɜɟɪɝɧɭɬɶ ɩɨɜɬɨɪɧɨɣ 

ɨɞɧɨɤɪɚɬɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. 

( ) ( ) .07,0341341 =≤=
∗∗

HBPF
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3. ɉɊЕȾВАɊИɌЕЛɖɇАə ɈȻɊАȻɈɌɄА ɗɄɋɉЕɊИɆЕɇɌАЛɖɇɕɏ ȾАɇɇɕɏ 

Дɥɹ ɨɰɟɧɤɢ ɜɟɪɨɹɬɧɨɫɬɢ ɬɨɝɨ, ɱɬɨ ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɜ ɫɪɟɞ-

ɧɟɣ ɱɚɫɬɢ ɪɟɥɶɫ ɩɨ-ɩɪɟɠɧɟɦɭ ɛɭɞɟɬ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɩɟɪɜɨɝɨ ɤɥɚɫ-

ɫɚ, ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ (3.15) ɢ ɩɨɥɭɱɢɦ 

( ) ( ) ( .45,105,2)
435,13

5,360341
()

435,13

5,360388
(388341 −Φ−Φ= )−

Φ−
−

Φ=≤<
∗

HBP  

Ɂɧɚɱɟɧɢɟ Ɏ(-1,45) ≈ 0,07 ɧɚɦɢ ɛɵɥɨ ɭɠɟ ɧɚɣɞɟɧɨ, ɚ Ɏ(2,05) ≈ 0,98 (ɩɨ 

ɬɚɛɥɢɰɚɦ [11], ɜ ɬɚɛɥ. ɉ.1 ɢɥɢ ɜ Microsoft Excel ɇɈɊɆɋɌɊАɋɉ(2,05) = 

0,979818). 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ,  ɬ.ɟ. 91% ɜɫɟɯ ɪɟɥɶ-

ɫɨɜ, ɩɨɫɥɟ ɢɡɦɟɪɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ, ɛɭɞɭɬ ɩɨ-ɩɪɟɠɧɟɦɭ ɨɬɜɟɱɚɬɶ 

ɬɪɟɛɨɜɚɧɢɹɦ ɩɭɧɤɬɚ 1.4 ȽɈɋɌ 18267-82 (ɇВ = 341…388), ɟɫɥɢ ɧɚ ɢɯ ɤɨɧɰɚɯ ɭɠɟ 

ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ 351 ɢ 370. 

( ) ,91,007,098,0388341 =−≈≤<
∗

HBP

Дɨɛɚɜɢɦ, ɱɬɨ ɡɧɚɱɟɧɢɹ 341 ɢ 388 ɹɜɥɹɸɬɫɹ ɨɰɟɧɤɚɦɢ ɤɜɚɧɬɢɥɟɣ ɩɨɪɹɞɤɚ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 0,07 ɢ 0,98, ɬ.ɟ. ɚ  ɢ ɟɫɥɢ, ɞɨɩɭɫɬɢɦ, ɧɟ-

ɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ ɤɜɚɧɬɢɥɶ ɩɨɪɹɞɤɚ 0,99, ɬɨ ɩɨ ɮɨɪɦɭɥɟ (3.16) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

ɫɥɟɞɭɸɳɟɟ ɡɧɚɱɟɧɢɟ: 

,34107,0 =
∗

HB ,38898,0 =
∗

HB

,80,391435,13326,25,360453,135,360 99.099.0 =⋅+=+=
∗

zHB  

ɝɞɟ z0,99 – ɤɜɚɧɬɢɥɶ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɪɹɞɤɚ 

0,99 –  ɦɨɠɧɨ ɧɚɣɬɢ ɩɨ ɬɚɛɥɢɰɚɦ [11], ɜ ɬɚɛɥ. ɉ.2 ɢɥɢ ɜ Microsoft Excel ɫ ɢɫɩɨɥɶ-

ɡɨɜɚɧɢɟɦ ɮɭɧɤɰɢɢ ɇɈɊɆɋɌɈȻɊ(0,99) = 2,326342 , ɚ ɬɚɤɠɟ ɇɈɊɆɈȻɊ(0,99;0;1) 

= 2,326342. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɫɥɢ ɧɚ ɨɛɨɢɯ ɤɨɧɰɚɯ ɪɟɥɶɫɚ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ 351 ɢ 

370, ɬɨ ɫɤɨɪɟɟ ɜɫɟɝɨ ɬɨɥɶɤɨ ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ ɢɡ ɫɬɚ ɬɜɟɪɞɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚ-

ɬɚɧɢɹ ɝɨɥɨɜɤɢ ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɛɨɥɶɲɟ 391,8. 

Ɉɞɧɚɤɨ ɜɫɟ ɩɨɫɥɟɞɧɢɟ ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɩɪɢɦɟɪɟ 3.1 ɜɵɜɨɞɵ ɢ ɡɚɤɥɸɱɟɧɢɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɰɟɧɨɤ ɪɚɡɥɢɱɧɵɯ ɜɟɪɨɹɬɧɨɫɬɟɣ ɧɟ ɫɥɟɞɭɟɬ ɩɨɧɢɦɚɬɶ ɜ ɛɭɤɜɚɥɶ-

ɧɨɦ ɫɦɵɫɥɟ ɫɥɨɜɚ. Ɍɚɤ, ɟɫɥɢ ɛɵ ɭɞɚɥɨɫɶ ɫɨɛɪɚɬɶ ɞɚɧɧɵɟ ɩɨ ɬɜɟɪɞɨɫɬɢ ɜ ɫɪɟɞ-

ɧɟɣ ɱɚɫɬɢ ɧɚ ɫɬɚ ɪɟɥɶɫɚɯ, ɭ ɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɹ ɷɬɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɤɚɱɟɫɬɜɚ ɩɨ 

ɤɨɧɰɚɦ ɫɨɫɬɚɜɥɹɥɢ ɛɵ ɪɨɜɧɨ 351 ɢ 370, ɬɨ,  ɤɨɧɟɱɧɨ ɠɟ, ɫɨɜɟɪɲɟɧɧɨ ɧɟ ɨɛɹɡɚ-

ɬɟɥɶɧɨ, ɱɬɨ ɢɦɟɧɧɨ ɬɨɥɶɤɨ ɧɚ ɨɞɧɨɦ ɪɟɥɶɫɟ ɢɡ ɫɬɚ ɬɜɟɪɞɨɫɬɶ ɨɤɚɡɚɥɚɫɶ ɛɵ 
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ɛɨɥɶɲɟ, ɱɟɦ 391,8. Ɍɚɤɨɟ ɫɨɛɵɬɢɟ ɜɩɨɥɧɟ ɦɨɝɥɨ ɛɵ ɛɵɬɶ ɨɬɦɟɱɟɧɨ ɢ ɧɚ ɞɜɭɯ, ɢ 

ɧɚ ɬɪɟɯ ɢ ɬ.ɞ. ɪɟɥɶɫɚɯ ɥɢɛɨ ɜɨɨɛɳɟ ɧɢ ɪɚɡɭ ɧɟ ɜɫɬɪɟɬɢɬɶɫɹ. 

Дɟɥɨ ɡɞɟɫɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ, ɜɨ-ɩɟɪɜɵɯ, ɞɚɠɟ ɟɫɥɢ ɛɵ ɧɚɦ ɭɞɚ-

ɥɨɫɶ ɧɚɣɬɢ ɫɚɦɭ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɜɟɪɨɹɬɧɨɫɬɶ ɤɚɤɨɝɨ-ɥɢɛɨ ɫɨɛɵɬɢɹ (ɢɡɭɱɢɬɶ ɜɫɸ 

ɝɟɧɟɪɚɥɶɧɭɸ ɫɨɜɨɤɭɩɧɨɫɬɶ), ɚ ɧɟ ɟɟ ɨɰɟɧɤɭ (ɩɨɥɭɱɟɧɧɭɸ ɩɨ ɜɵɛɨɪɤɟ ɨɝɪɚɧɢɱɟɧ-

ɧɨɝɨ ɨɛɴɟɦɚ), ɬɨ ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɮɚɤɬɢɱɟɫɤɚɹ ɱɚɫɬɨɬɚ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɫɨɛɵ-

ɬɢɹ ɜɩɨɥɧɟ ɦɨɝɥɚ ɛɵ ɨɬɥɢɱɚɬɶɫɹ (ɯɨɬɹ ɢ ɧɟ ɨɱɟɧɶ ɫɢɥɶɧɨ) ɨɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɟɣ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɜɟɪɨɹɬɧɨɫɬɢ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɟɫɥɢ ɫɬɨ ɪɚɡ ɩɨɞɛɪɨɫɢɬɶ "ɢɞɟ-

ɚɥɶɧɭɸ" ɦɨɧɟɬɭ, ɬɨ ɫɨɜɟɪɲɟɧɧɨ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ, ɱɬɨ ɪɨɜɧɨ ɜ 50 ɫɥɭɱɚɹɯ ɜɵɩɚ-

ɞɟɬ "ɨɪɟɥ", ɚ ɜ ɨɫɬɚɥɶɧɵɯ 50 - "ɪɟɲɤɚ". ɏɨɬɹ ɬɨ, ɱɬɨ ɜɨ ɜɫɟɯ 100 ɫɥɭɱɚɹɯ ɜɵɩɚ-

ɞɟɬ "ɨɪɟɥ" ɢ ɧɢ ɪɚɡɭ - "ɪɟɲɤɚ", ɦɵ ɜɪɹɞ ɥɢ ɭɜɢɞɢɦ (ɟɫɥɢ ɬɨɬ, ɤɬɨ ɩɨɞɛɪɚɫɵɜɚɟɬ 

ɦɨɧɟɬɭ, ɧɟ ɮɚɤɢɪ ɢɥɢ ɮɨɤɭɫɧɢɤ, ɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɞɨɛɧɨɝɨ ɫɨɛɵɬɢɹ ɪɚɜɧɚ 

(0,5)100 = 8⋅10-31). 

И, ɜɨ-ɜɬɨɪɵɯ, ɟɫɥɢ ɜ ɧɚɲɟɦ ɪɚɫɩɨɪɹɠɟɧɢɢ ɢɦɟɸɬɫɹ ɬɨɥɶɤɨ ɥɢɲɶ ɤɚɤɚɹ-

ɥɢɛɨ ɬɨɱɟɱɧɚɹ ɨɰɟɧɤɚ, ɬɨ ɜɨɨɛɳɟ ɫɨɜɟɪɲɟɧɧɨ ɧɟɜɨɡɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɧɚɫɤɨɥɶɤɨ 

ɛɥɢɡɤɨ ɨɧɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɰɟɧɢɜɚɟɦɨɝɨ ɟɸ ɩɚɪɚɦɟɬɪɚ. Ɍɚɤ, ɧɚ-

ɩɪɢɦɟɪ, ɟɫɥɢ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɬɜɟɪɞɨɫɬɢ ɧɚ ɤɨɧɰɚɯ ɪɟɥɶɫɚ 

351 ɢ 370 ɨɧ ɢ ɩɨɫɥɟ ɢɡɦɟɪɟɧɢɹ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɛɭɞɟɬ ɨɬɜɟɱɚɬɶ 

ɩɭɧɤɬɭ 1.4 ȽɈɋɌ 18267-82 ɨɰɟɧɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟɦ 0,91, ɬɨ ɧɚ ɫɚɦɨɦ ɞɟɥɟ (ɞɥɹ 

ɜɫɟɣ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ, ɬ.ɟ. ɞɥɹ ɜɫɟɯ ɪɟɥɶɫɨɜ Ɋ65, ɜɵɩɭɫɤɚɟɦɵɯ ɩɨ 

ȽɈɋɌ 18267-82) ɷɬɚ ɜɟɪɨɹɬɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɪɚɜɧɚ ɢ 0,85, ɢ 0,95 ɢ ɬ.ɞ.  

ɉɨ ɡɧɚɱɟɧɢɸ ɬɨɱɟɱɧɨɣ ɨɰɟɧɤɢ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɨɩɪɟɞɟ-

ɥɢɬɶ, ɯɨɬɹ ɛɵ ɜ ɤɚɤɨɦ ɞɢɚɩɚɡɨɧɟ ɧɚɯɨɞɢɬɫɹ ɨɰɟɧɢɜɚɟɦɵɣ ɟɸ ɩɚɪɚɦɟɬɪ. Эɬɨɬ 

ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɬɨɱɟɱɧɨɝɨ ɨɰɟɧɢɜɚɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɤɨɦɩɟɧɫɢɪɨɜɚɧ 

ɨɰɟɧɢɜɚɧɢɟɦ ɫ ɩɨɦɨɳɶɸ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ. 

 

3.2. Ɉɰеɧɢваɧɢе ɫ ɩɨɦɨɳɶɸ ɞɨвеɪɢɬелɶɧɨɝɨ ɢɧɬеɪвала 

 

В ɨɬɥɢɱɢɟ ɨɬ ɬɨɱɟɱɧɨɣ ɨɰɟɧɤɢ, ɢɧɬɟɪɜɚɥɶɧɚɹ ɨɰɟɧɤɚ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 

ɜɟɪɨɹɬɧɨɫɬɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɬɨɱɧɨɫɬɢ ɨɰɟɧɢɜɚɧɢɹ ɧɟɢɡɜɟɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ. 

Иɞɟɹ ɨɰɟɧɢɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɬɨɦ, ɱɬɨɛɵ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɟɱɧɨɣ ɨɰɟɧɤɢ ɩɨɩɵɬɚɬɶɫɹ  ɩɨɫɬɪɨɢɬɶ ɬɚɤɨɣ ɢɧɬɟɪ-
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ɜɚɥ (ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ), ɤɨɬɨɪɵɣ ɫ ɧɟɤɨɬɨɪɨɣ, ɨɬɥɢɱɧɨɣ ɨɬ ɧɭɥɹ, ɜɟɪɨɹɬ-

ɧɨɫɬɶɸ (ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ) ɧɚɤɪɵɥ ɛɵ ɨɰɟɧɢɜɚɟɦɵɣ ɩɚɪɚɦɟɬɪ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ. 

Дɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ – ɢɧɬɟɪɜɚɥ, ɤɨɬɨɪɵɣ ɫ ɡɚɞɚɧɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ 

ɧɚɤɪɨɟɬ ɧɟɢɡɜɟɫɬɧɨɟ ɡɧɚɱɟɧɢɟ ɨɰɟɧɢɜɚɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

Дɨɜɟɪɢɬɟɥɶɧɚɹ ɜɟɪɨɹɬɧɨɫɬɶ – ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧ-

ɬɟɪɜɚɥ ɧɚɤɪɨɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ, ɨɰɟɧɢɜɚɟɦɨɝɨ ɩɨ ɜɵɛɨ-

ɪɨɱɧɵɦ ɞɚɧɧɵɦ. 

Ɉɰɟɧɢɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ – ɫɩɨɫɨɛ ɨɰɟɧɤɢ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɫ ɡɚɞɚɧɧɨɣ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɝɪɚɧɢɰɵ ɞɨ-

ɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ. 

 ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɞɥɹ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɚ Θ ɭɞɚɥɨɫɶ ɧɚɣɬɢ ɞɜɟ ɮɭɧɤɰɢɢ 

Θ1*(x1, x2, ..., xn) ɢ Θ2*(x1, x2, ..., xn), ɬɚɤɢɟ, ɱɬɨ ɩɪɢ ɜɫɟɯ (x1, x2, ..., xn) ɢ ɩɪɢ ɥɸɛɵɯ 

ɡɧɚɱɟɧɢɹɯ Θ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ  

( ) ( ){ } .1nx,...,2x,1x*
2nx,...,2x,1x*

1P

;*
2

*
1

α−=Θ≤Θ≤Θ

Θ<Θ
   (3.17) 

 Эɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ Θ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧ-

ɬɟɪɜɚɥɟ ɡɧɚɱɟɧɢɣ (Θ1*;Θ2*) ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ P. 

 Иɧɬɟɪɜɚɥ (Θ1*;Θ2*) ɤɚɤ ɪɚɡ ɢ ɧɚɡɵɜɚɸɬ ɞɨɜɟɪɢɬɟɥɶɧɵɦ ɢɧɬɟɪɜɚɥɨɦ ɞɥɹ 

ɧɟɢɡɜɟɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ Θ, ɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɟɦɭ ɜɟɪɨɹɬɧɨɫɬɶ P{Θ1*≤Θ≤Θ2*}  - 

ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ (ɢɥɢ ɧɚɞɟɠɧɨɫɬɶɸ) P=1-α, ɝɞɟ α - ɭɪɨɜɟɧɶ ɡɧɚɱɢ-

ɦɨɫɬɢ. ȿɫɥɢ, ɤ ɩɪɢɦɟɪɭ, α = 0,05, ɬɨ ɫɬɪɨɢɬɫɹ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɫ ɞɨɜɟ-

ɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ 0,95 (ɢɥɢ 95-ɩɪɨɰɟɧɬɧɵɣ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ). 

 Чɚɫɬɨ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɧɚɯɨɞɢɬɫɹ ɤɚɤ ɢɧɬɟɪɜɚɥ, ɫɢɦɦɟɬɪɢɱɧɵɣ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɟɱɧɨɣ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɚ. Дɥɹ ɫɢɦɦɟɬɪɢɱɧɨɝɨ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ 

ɢɧɬɟɪɜɚɥɚ ɟɝɨ ɲɢɪɢɧɚ 2δ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɟɦ 

{ } ,1*P α−=δ≤Θ−Θ
       (3.18) 

ɝɞɟ *Θ  – ɬɨɱɟɱɧɚɹ ɨɰɟɧɤɚ ɩɚɪɚɦɟɬɪɚ Θ.  
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ɉɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ α (ɜɟɪɨɹɬɧɨɫɬɢ ɬɨɝɨ, ɱɬɨ ɞɨɜɟɪɢɬɟɥɶɧɵɣ 

ɢɧɬɟɪɜɚɥ ɧɟ ɧɚɤɪɨɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ) ɱɟɦ ɦɟɧɶɲɟ δ, ɬɟɦ 

ɬɨɱɧɟɟ ɨɰɟɧɢɜɚɟɬɫɹ Θ. 

 Вɟɪɨɹɬɧɨɫɬɧɨɟ ɭɬɜɟɪɠɞɟɧɢɟ P{Θ1*≤Θ≤Θ2*} ɧɟ ɫɥɟɞɭɟɬ ɩɨɧɢɦɚɬɶ ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɱɬɨ ɩɚɪɚɦɟɬɪ Θ ɟɫɬɶ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɤɨɬɨɪɚɹ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ P 

ɩɨɩɚɞɟɬ ɜ ɢɧɬɟɪɜɚɥ  ɦɟɠɞɭ Θ1* ɢ Θ2*.   

Ʌɸɛɨɣ ɩɚɪɚɦɟɬɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Θ (ɜ ɨɬɥɢɱɢɟ ɨɬ ɟɝɨ ɨɰɟɧɨɤ) – ɷɬɨ ɞɟɬɟɪ-

ɦɢɧɢɪɨɜɚɧɧɚɹ ɜɟɥɢɱɢɧɚ, ɧɟɢɡɜɟɫɬɧɚɹ ɧɚɦ, ɧɨ ɢɦɟɸɳɚɹ ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɧɨɟ, 

ɮɢɤɫɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ (ɤɨɬɨɪɨɟ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɬɟɨɪɟɬɢɱɟɫɤɢ, ɦɨɠɟɬ ɛɵɬɶ 

ɧɚɣɞɟɧɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɜɫɟɣ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ). Ƚɪɚɧɢɰɵ Θ1* ɢ Θ2*  

(ɤɚɤ ɧɟɤɨɬɨɪɵɟ ɮɭɧɤɰɢɢ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ) ɟɫɬɶ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢ-

ɧɵ. ɉɨɷɬɨɦɭ ɭɬɜɟɪɠɞɟɧɢɟ P{Θ1*≤Θ≤Θ2*} = P ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɥɹ ɞɚɧɧɨɝɨ ɞɨɜɟɪɢ-

ɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ (Θ1*;Θ2*) ɜɟɪɨɹɬɧɨɫɬɶ ɫɨɞɟɪɠɚɬɶ ɡɧɚɱɟɧɢɟ Θ ɪɚɜɧɚ P.  

Ɋɚɫɫɦɨɬɪɟɧɢɟ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɢɧɬɟɪɜɚɥɶɧɵɯ ɨɰɟɧɨɤ ɞɥɹ ɨɫɧɨɜɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɱɧɟɦ ɫ ɩɨɫɬɪɨɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ 

ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ, ɬɚɤ ɤɚɤ ɢɦɟɧɧɨ ɬɚɤɢɟ ɡɚɞɚɱɢ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ 

ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ. 

 

3.2.1. ɉɨɫɬрɨеɧие ɞɨɜериɬеɥɶɧɨɝɨ иɧɬерɜɚɥɚ ɞɥя мɚɬемɚɬичеɫɤɨɝɨ ɨɠиɞɚ-

ɧия  
 

Кɚɤ ɭɠɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ, ɧɚɢɥɭɱɲɟɣ (ɫɨɫɬɨɹɬɟɥɶɧɨɣ, ɧɟɫɦɟɳɟɧɧɨɣ ɢ ɷɮ-

ɮɟɤɬɢɜɧɨɣ) ɬɨɱɟɱɧɨɣ ɨɰɟɧɤɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ 

ɏ ɫ ɧɨɪɦɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɟɟ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ 

ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ x . ɉɨɷɬɨɦɭ ɡɚ ɨɫɧɨɜɭ ɩɨɫɬɪɨɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ 

ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɨɛɵɱɧɨ ɜɵɛɢɪɚɟɬɫɹ ɢɦɟɧɧɨ ɷɬɚ ɬɨɱɟɱɧɚɹ ɨɰɟɧ-

ɤɚ ɞɚɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ. Ɂɚɞɚɱɚ ɩɨɥɭɱɟɧɢɹ ɢɧɬɟɪɜɚɥɶɧɨɣ ɨɰɟɧɤɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɢɫɤɟ ɝɪɚɧɢɰ ) ;( δδ +− xx ɬɚɤɨɝɨ ɢɧɬɟɪɜɚɥɚ, ɤɨɬɨɪɵɣ ɫ ɡɚɞɚɧɧɨɣ 

ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ PMx ɧɚɤɪɨɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɦɚɬɟɦɚɬɢ-

ɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ Mx (ɪɢɫ.3.1). 
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Ɋɢɫ.3.1. ɉɨɫтрɨеɧие ɞɨверитеɥɶɧɨɝɨ иɧтервɚɥɚ  
ɞɥя ɦɚтеɦɚтичеɫɤɨɝɨ ɨɠиɞɚɧия  

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɥɸɛɨɣ ɢɧɬɟɪɜɚɥɶɧɨɣ ɨɰɟɧɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɥɹ ɦɚɬɟɦɚ-

ɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɣ ɬɨɱɟɱɧɨɣ ɨɰɟɧɤɢ 

(ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ), ɤɨɬɨɪɚɹ ɛɟɪɟɬɫɹ ɡɚ ɨɫɧɨɜɭ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶ-

ɧɨɝɨ ɢɧɬɟɪɜɚɥɚ. 

В ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɟ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɚɪɢɮ-

ɦɟɬɢɱɟɫɤɨɟ x  ɢɡ  n ɧɟɡɚɜɢɫɢɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, 

ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɨɪɦɚɥɶɧɨ ɫ ɩɚɪɚɦɟɬɪɚɦɢ Mx ɢ σx
2, ɬɚɤɠɟ ɩɨɞɱɢɧɹɟɬɫɹ ɧɨɪ-

ɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫ ɩɚɪɚɦɟɬɪɚɦɢ: 

M( x ) = Mx ,         (3.19) 

σ2( x ) = σx
2 /n.        (3.20) 

ɉɨɞɬɜɟɪɞɢɬɶ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɪɚɜɟɧɫɬɜɚ (3.19) ɦɨɠɧɨ ɯɨɬɹ ɛɵ ɬɟɦ, ɱɬɨ 

ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ - ɷɬɨ ɧɟɫɦɟɳɟɧɧɚɹ ɨɰɟɧɤɚ ɦɚɬɟɦɚɬɢɱɟ-

ɫɤɨɝɨ ɨɠɢɞɚɧɢɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ (ɫɦ. (3.2)), ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɨɠɢɞɚɧɢɟ ɷɬɨɣ ɨɰɟɧɤɢ (ɜɵɛɨɪɨɱɧɨɝɨ ɫɪɟɞɧɟɝɨ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ) ɪɚɜɧɨ ɡɧɚɱɟ-

ɧɢɸ ɨɰɟɧɢɜɚɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ (ɦɚɬɟɦɚɬɢɱɟɫɤɨɦɭ ɨɠɢɞɚɧɢɸ). 

ɋɨɨɬɧɨɲɟɧɢɟ (3.20) ɧɟ ɞɨɥɠɧɨ, ɢɧɬɭɢɬɢɜɧɨ, ɜɵɡɵɜɚɬɶ ɧɢ ɤɚɤɢɯ ɫɟɪɶɟɡɧɵɯ 

ɜɨɡɪɚɠɟɧɢɣ: ɜɟɞɶ ɟɫɥɢ ɩɨɞɫɱɢɬɚɬɶ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɩɨ 

ɧɟɫɤɨɥɶɤɢɦ ɜɵɛɨɪɤɚɦ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɨɛɴɟɦɚ, ɚ ɡɚɬɟɦ ɧɚɣɬɢ ɞɢɫɩɟɪɫɢɸ ɩɨɥɭ-

ɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ, ɬɨ ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɪɚɡɛɪɨɫ (ɞɢɫɩɟɪɫɢɹ) 

ɜɵɛɨɪɨɱɧɵɯ ɫɪɟɞɧɢɯ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɛɭɞɟɬ ɦɟɧɶɲɟ, ɱɟɦ ɪɚɡɛɪɨɫ (ɞɢɫɩɟɪɫɢɹ) 

ɫɚɦɢɯ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ. 

ɉɪɨɤɨɦɦɟɧɬɢɪɭɟɦ ɷɬɨ ɩɨɥɨɠɟɧɢɟ ɫɥɟɞɭɸɳɢɦ ɢɥɥɸɫɬɪɚɬɢɜɧɵɦ ɱɢɫɥɨ-

ɜɵɦ ɦɚɬɟɪɢɚɥɨɦ (ɜ ɩɪɨɞɨɥɠɟɧɢɟ ɩɪɢɦɟɪɚ 3.1). ɇɚ ɤɚɠɞɨɦ ɞɜɚɞɰɚɬɨɦ ɩɨ ɯɨɞɭ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɪɟɥɶɫɟ Ɋ65 (ɩɨ ȽɈɋɌ 18267-82) ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸ-

ɳɢɟ ɡɧɚɱɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ: 
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ɩɟɪɜɵɣ ɪɟɥɶɫ   – 351, 370, 365 ( 362=HBx , ); 972 =HBS

ɞɜɚɞɰɚɬɶ ɩɟɪɜɵɣ ɪɟɥɶɫ  – 375, 369, 345 ( 363=HBx , ); 2522 =HBS

ɫɨɪɨɤ ɩɟɪɜɵɣ ɪɟɥɶɫ  – 348, 363, 369 ( 360=HBx , ). 1172 =HBS

ȿɫɥɢ ɬɟɩɟɪɶ ɩɨ (3.8) ɨɰɟɧɢɬɶ ɞɢɫɩɟɪɫɢɸ ɬɚɤɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɤɚɤ 

HB, ɬɨ ɩɨɥɭɱɢɦ 

( ) ( ) 33,2360363362
3

1
360363362

13

1 22222
__ =⎥⎦

⎤
⎢⎣
⎡ ++−++

−
=

HB

S . 

Кɚɤ ɜɢɞɧɨ ɢɡ ɷɬɨɝɨ ɱɢɫɥɨɜɨɝɨ ɩɪɢɦɟɪɚ, ɜɵɛɨɪɨɱɧɚɹ ɞɢɫɩɟɪɫɢɹ ɫɪɟɞɧɢɯ 

ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ - 2,33 ɩɨ ɬɪɟɦ ɜɵɛɨɪɤɚɦ (ɨɛɴɟɦɨɦ 3) ɩɨɱɬɢ ɧɚ ɩɨɪɹɞɨɤ ɦɟɧɶ-

ɲɟ ɬɟɯ ɜɵɛɨɪɨɱɧɵɯ ɞɢɫɩɟɪɫɢɣ (97, 252 ɢ 117), ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɫɚɦɢ ɨɩɵɬɧɵɟ 

ɞɚɧɧɵɟ. 

Дɥɹ ɛɨɥɟɟ ɫɬɪɨɝɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ (3.20) ɧɚɩɨɦɧɢɦ, ɱɬɨ ɟɫɥɢ 

ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ Y = X1 ± X2 - ɹɜɥɹɟɬɫɹ ɫɭɦɦɨɣ ɢɥɢ ɪɚɡɧɨɫɬɶɸ ɞɜɭɯ ɧɟɡɚɜɢ-

ɫɢɦɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ X1 ɢ X2, ɬɨ ɫɩɪɚɜɟɞɥɢɜɨ ɪɚɜɟɧɫɬɜɨ 

.222

21 xxy σσσ +=
        (3.21) 

Кɪɨɦɟ ɬɨɝɨ, ɞɢɫɩɟɪɫɢɹ ɩɪɨɢɡɜɟɞɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɩɟɪɟɦɟɧɧɨɣ X ɢ ɩɨɫɬɨ-

ɹɧɧɨɣ ɜɟɥɢɱɢɧɵ (ɤɨɧɫɬɚɧɬɵ) C ɪɚɜɧɚ 

( ) .222

xCxC σσ ⋅=⋅
        (3.22) 

 Ɂɚɤɨɧ ɫɥɨɠɟɧɢɹ ɞɢɫɩɟɪɫɢɣ ɫɩɪɚɜɟɞɥɢɜ ɩɪɢ ɥɸɛɨɦ ɱɢɫɥɟ ɫɥɚɝɚɟɦɵɯ. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ  ∑
=

=
n

i

ix
n

x
1

1 ɢ  – ɞɢɫɩɟɪɫɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ X, ɚ ɬɚɤɠɟ ɫɨ-

ɨɬɧɨɲɟɧɢɹ (3.21) ɢ (3.22), ɩɨɥɭɱɚɟɦ: 

2

xσ

,)(
1
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2
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2

2
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2
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⎜
⎝
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ɱɬɨ ɢ ɬɪɟɛɨɜɚɥɨɫɶ ɞɨɤɚɡɚɬɶ, ɩɪɢɱɟɦ 
n

x

1
)x(

_

⋅= σσ . 
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 ȿɫɥɢ ɡɚɪɚɧɟɟ ɢɡɜɟɫɬɧɚ ɞɢɫɩɟɪɫɢɹ σx
2, ɬɨ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɞɥɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ Mx ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ. ȿɝɨ ɝɪɚɧɢɰɵ 

ɦɨɠɧɨ ɧɚɣɬɢ, ɧɚɩɪɢɦɟɪ, ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

ɉɨɫɤɨɥɶɤɭ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ X  ɩɨɞɱɢɧɹɟɬɫɹ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ ɫ ɩɚɪɚɦɟɬɪɚɦɢ M( x ) = Mx  ɢ σ2( x ) = σx
2/n , ɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɟɣ 

ɩɪɢɜɟɞɟɧɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ 

n

MX

x

xMX
Z

x

x

/)(

)(
_

__

σσ

−
=

−
=

−

,       (3.23) 

ɢɦɟɟɬ ɧɨɪɦɢɪɨɜɚɧɧɵɣ ɫɬɚɧɞɚɪɬɧɵɣ ɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

[ɫɦ.(2.27)]. 

Кɜɚɧɬɢɥɶ px  ɩɨɪɹɞɤɚ P ɬɚɤɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɤɚɤ X , ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɚɧɚɥɨɝɢɱɧɨ (2.32ɚ) ɢ ɫ ɭɱɟɬɨɦ ɫɨɨɬɧɨɲɟɧɢɣ (3.19) ɢ (3.20) ɪɚɜɧɚ: 

.)()(
___

n
zMxzxMx x

pxpp

σ
σ +=+=

 

Дɚɥɟɟ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (2.20) 

.  )(  122
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zMPxxxP x
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PxPP −=⎟⎟
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ȿɫɥɢ ɜ ɩɨɫɥɟɞɧɟɦ ɫɨɨɬɧɨɲɟɧɢɢ ɧɟɪɚɜɟɧɫɬɜɨ, ɫɬɨɹɳɟɟ ɩɨɞ ɡɧɚɤɨɦ ɜɟɪɨ-

ɹɬɧɨɫɬɢ, ɪɚɡɪɟɲɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ Mx, ɬɨ ɩɨɥɭɱɢɦ 

.  121

_

2

_

PP
n

zxM
n

zxP x

Px

x

P −=⎟⎟
⎠

⎞
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⎝

⎛
−<<−

σσ
    (3.24) 

ȿɫɥɢ 
,2

_

n
zMx x

Px

σ
+<

 ɬɨ n
zxM x

Px

σ
2

_

+−<−  ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, n
zxM x

Px

σ
2

_

−>
,  

ɢ,  ɚɧɚɥɨɝɢɱɧɨ,  ɟɫɥɢ 
,1

_

n
zMx x

Px

σ
+>

 ɬɨ 
,1

_

n
zxM x

Px

σ
+−>−

 

ɢ,  ɫɥɟɞɨɜɚɬɟɥɶɧɨ,  n
zxM x

Px

σ
1

_

−<
. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɜɵɩɨɥɧɹɟɬɫɹ ɧɟɪɚɜɟɧɫɬɜɨ  
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n
zxM

n
zx x

Px

x

P

σσ
1

_

2

_

−<<−
  ,      (3.25) 

ɛɭɞɟɬ P = P2 – P1 = 1- α. 

ȿɫɥɢ ɞɥɹ ɩɪɢɦɟɪɚ ɩɪɢɧɹɬɶ P1= 0,025 ɢ P2 = 0,975 (P=0,975–0,025 =0,95;       

α=0,05), ɬɨ, ɩɨɫɤɨɥɶɤɭ (ɫɦ. (2.32)) z0,025 = z1-0,975 = - z0,975 ,ɚ z0,975  = 1,96 (ɩɨ ɬɚɛɥɢ-

ɰɚɦ [11], ɬɚɛɥ. ɉ.2 ɢɥɢ  ɢɫɩɨɥɶɡɭɹ ɇɈɊɆɋɌɈȻɊ(0,975) = 1,959961), ɩɨɥɭɱɢɦ 

,95,0)96,196,1(
__

=+<<−
n

xM
n

xP x

x

x σσ
     (3.26) 

ɬ.ɟ. ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɨɦ ɢɡɜɥɟɱɟɧɢɢ ɜɵɛɨɪɨɤ (ɨɛɴɟɦɨɦ n ɤɚɠɞɚɹ) ɢɡ ɧɨɪ-

ɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ (ɫ ɩɚɪɚɦɟɬɪɚɦɢ Mx ɢ σx
2) 

ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɚɧɧɵɦ ɜɵɛɨɪɤɚɦ ɢɧ-

ɬɟɪɜɚɥɨɜ (3.26), ɩɪɢɱɟɦ ɩɪɢɦɟɪɧɨ 95% ɷɬɢɯ ɢɧɬɟɪɜɚɥɨɜ ɛɭɞɭɬ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ 

(ɧɚɤɪɵɜɚɬɶ) ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ Mx. 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚ-

ɧɢɹ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ P1= α/2 ɢ P2 = 1 – α/2, ɬ.ɟ. ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɫɢɦɦɟɬɪɢɱɧɵɟ 

ɝɪɚɧɢɰɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɛɨɪɨɱɧɨɝɨ ɫɪɟɞɧɟɝɨ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ. В ɢɧɠɟɧɟɪɧɵɯ 

ɩɪɢɥɨɠɟɧɢɹɯ ɞɥɹ ɡɧɚɱɟɧɢɣ α ɨɛɵɱɧɨ ɜɵɛɢɪɚɸɬ α = 0,1 ɢɥɢ α = 0,05, ɪɟɠɟ α = 

0,01, ɬ.ɟ. ɫɬɪɨɹɬ ɬɚɤɢɟ ɞɨɜɟɪɢɬɟɥɶɧɵɟ ɢɧɬɟɪɜɚɥɵ, ɤɨɬɨɪɵɟ ɜ 90 ɢɥɢ 95% (ɪɟɠɟ 

99%) ɫɥɭɱɚɟɜ ɧɚɤɪɵɜɚɸɬ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ. 

ɋ ɭɱɟɬɨɦ ɫɨɨɬɧɨɲɟɧɢɹ (2.32) z α/2= - z1- α/2, ɩɨ (3.25) ɩɨɥɭɱɚɟɦ, ɱɬɨ ɜɟɪɨɹɬ-

ɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɧɟɪɚɜɟɧɫɬɜɚ 

n
zxM

n
zx x

x

x σσ
αα 2/1

_

2/1

_

−− +<<−
        (3.27) 

ɪɚɜɧɚ P = 1 – α/2 - α/2  = 1- α. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɧɬɟɪɜɚɥ (3.27) ɹɜɥɹɟɬɫɹ ɞɨɜɟɪɢɬɟɥɶɧɵɦ ɢɧɬɟɪɜɚɥɨɦ 

ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ Mx ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɫ ɧɨɪɦɚɥɶɧɵɦ ɡɚɤɨɧɨɦ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɩɨɫɬɪɨɟɧɧɵɦ ɫ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ P = 1- α. Ƚɪɚɧɢɰɵ 
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ɷɬɨɝɨ ɢɧɬɟɪɜɚɥɚ ɪɚɜɧɵ n
zx xσ

α 2/1

_

−−
 ɢ n

zx xσ
α 2/1

_

−+
,  ɚ ɩɨɥɨɜɢɧɚ ɟɝɨ ɲɢɪɢɧɵ 

(ɫɦ. ɪɢɫ.3.1)  n
z xσδ α 2/1−=

. 

ɉример 3.2. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ  ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɛɚɡɨɣ ɞɚɧɧɵɯ 

ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɮɚɣɥɨɜ ɪɹɞɚ ɞɟɣɫɬɜɭɸɳɢɯ ɢ ɪɚɡ-

ɪɚɛɚɬɵɜɚɟɦɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. В ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɫɦɨɬɪɟ-

ɧɵ n = 49 ɮɚɣɥɨɜ ɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɞɚɧɧɵɟ: ɫɪɟɞɧɹɹ  ɜɟɥɢɱɢɧɚ ɮɚɣɥɚ 

 ɤɛɚɣɬ, σ(x) =11. ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ M
55

_

=x
x; 

ɨɛɴɟɦ ɜɵɛɨɪɤɢ n, ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ, ɱɬɨɛɵ ɬɨɱɧɨɫɬɶ ɫɬɚɬɢɫɬɢɱɟ-

ɫɤɢɯ ɜɵɜɨɞɨɜ δ ≤ 2, ɢ  ɜɟɥɢɱɢɧɭ ɡɚɩɢɫɢ R ɧɚ ɮɢɡɢɱɟɫɤɨɦ ɭɪɨɜɧɟ ɯɪɚɧɟɧɢɹ ɞɚɧ-

ɧɵɯ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɪɚɡɦɟɳɟɧɢɟ ɮɚɣɥɨɜ ɫ  ɧɚɞɟɠɧɨɫɬɶɸ Ɋ=0,95.  

Вɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɫɨɨɬɧɨɲɟɧɢɟɦ (3.26), ɪɚɫɫɱɢɬɚɟɦ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧ-

ɬɟɪɜɚɥ: 

,
49

11
96,155

49

11
96,155 +<<− хM

 

51,9≤ Mx≤ 58,1. 

Дɥɢɧɚ ɡɚɩɢɫɢ R = 55 + 1,96 *11 ≈ 77 ɤɛɚɣɬ. 

ɇɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɜɵɛɨɪɤɢ ɞɥɹ δ = 2 ɫɨɫɬɚɜɢɬ 

.116
2

11
96,1

2

≈⎟
⎠
⎞

⎜
⎝
⎛=n  

ɇɚ ɩɪɚɤɬɢɤɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ (ɧɚɩɪɢɦɟɪ, ɨɬɛɨɪɚ ɩɪɨɛ ɲɢɯ-

ɬɵ, ɱɭɝɭɧɚ, ɫɬɚɥɢ ɢ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ) ɤɨɧɟɱɧɨ ɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 10…30. ɉɪɢ ɬɚ-

ɤɨɦ ɦɚɥɨɦ ɱɢɫɥɟ ɧɚɛɥɸɞɟɧɢɣ ɮɚɤɬɢɱɟɫɤɚɹ ɞɢɫɩɟɪɫɢɹ σx
2 ɧɟɢɡɜɟɫɬɧɚ, ɩɨɷɬɨɦɭ 

ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ Mx 

ɢɫɩɨɥɶɡɭɸɬ ɜɵɛɨɪɨɱɧɭɸ ɞɢɫɩɟɪɫɢɸ Sx
2. 

В ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢɜɟɞɟɧɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɚɧɚɥɨɝɢɱɧɚɹ (3.23), 
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        (3.27ɚ) 

ɝɞɟ Sx – ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ 

ɮɨɪɦɭɥɟ (3.10), ɢɦɟɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɨɬɥɢɱɧɨɟ ɨɬ ɧɨɪɦɚɥɶɧɨɝɨ. Ɏɭɧɤɰɢɹ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ t (3.27) ɢɦɟɟɬ ɜɢɞ 
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ɝɞɟ Ƚ(ɭ) – ɝɚɦɦɚ-ɮɭɧɤɰɢɹ, ɹɜɥɹɸɳɚɹɫɹ ɨɛɨɛɳɟɧɢɟɦ ɩɨɧɹɬɢɹ ɮɚɤɬɨɪɢɚɥɚ 

ɢ ɨɛɥɚɞɚɸɳɚɹ ɪɟɤɭɪɪɟɧɬɧɵɦ ɫɜɨɣɫɬɜɨɦ: Ƚ(y + 1) = yȽ(y) (ɞɥɹ ɰɟɥɵɯ ɱɢɫɟɥ n 

ɫɩɪɚɜɟɞɥɢɜɨ Ƚ(n + 1) = n! ɫɦ. [1]); m – ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ, ɨɩɪɟɞɟɥɹɟɦɨɟ 

ɪɚɡɧɨɫɬɶɸ ɦɟɠɞɭ ɨɛɴɟɦɨɦ ɜɵɛɨɪɤɢ n ɢ ɱɢɫɥɨɦ ɩɚɪɚɦɟɬɪɨɜ, ɨɰɟɧɢɜɚɟɦɵɯ ɩɨ 

ɜɵɛɨɪɤɟ; ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ m = n-1  (ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ t ɩɨ (3.27) ɧɟɨɛ-

ɯɨɞɢɦɨ ɨɰɟɧɢɬɶ ɨɞɢɧ ɩɚɪɚɦɟɬɪ Sx). 

Чɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m – ɷɬɨ ɩɨɧɹɬɢɟ, ɤɨɬɨɪɨɟ ɭɱɢɬɵɜɚɟɬ ɜ ɫɬɚɬɢɫɬɢ-

ɱɟɫɤɢɯ ɫɢɬɭɚɰɢɹɯ ɫɜɹɡɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɫɜɨɛɨɞɭ ɢɡɦɟɧɟɧɢɹ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢ-

ɱɢɧ. ɉɨɷɬɨɦɭ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɜɵɱɢɫɥɹɟɬɫɹ ɤɚɤ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɱɢɫɥɨɦ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ n ɢ ɱɢɫɥɨɦ ɫɜɹɡɟɣ f, ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ ɫɜɨɛɨɞɭ ɢɡɦɟ-

ɧɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ. Ɍɚɤ, ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɜɵɛɨɪɨɱɧɨɣ ɞɢɫɩɟɪɫɢɢ  ɩɨ 

ɮɨɪɦɭɥɟ (3.6) ( ) )1(
1

22 −−=∑
=

nxxS
n

i

ix  ɧɚɛɥɸɞɚɟɬɫɹ ɨɞɧɚ ɫɜɹɡɶ, ɨɩɪɟɞɟɥɹɟɦɚɹ 

ɭɪɨɜɧɟɦ ɜɵɛɨɪɨɱɧɨɝɨ ɫɪɟɞɧɟɝɨ ∑
=

=
n

i

ix
n

x
1

1
, ɩɨɷɬɨɦɭ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ 

ɜɵɛɨɪɨɱɧɨɣ ɞɢɫɩɟɪɫɢɢ ɛɭɞɟɬ ɪɚɜɧɨ m = n - 1, ɚ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɜɵɛɨɪɨɱɧɨɣ 

ɞɢɫɩɟɪɫɢɢ, ɧɚɣɞɟɧɧɨɣ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ (3.7)  ( ) nMxS
n

i

xix ∑
=

−=
1

22~
, ɱɢɫɥɨ ɫɬɟɩɟ-

ɧɟɣ ɫɜɨɛɨɞɵ ɪɚɜɧɨ ɱɢɫɥɭ ɢɫɩɵɬɚɧɢɣ m = n, ɬɚɤ ɤɚɤ Mx ɨɩɪɟɞɟɥɟɧɨ ɧɟɡɚɜɢɫɢɦɵɦ 

ɫɩɨɫɨɛɨɦ. 

ɉɨɧɹɬɢɟ ɨ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ ɩɨɹɫɧɢɦ ɟɳɟ ɧɚ ɩɪɢɦɟɪɟ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ 

ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ. Дɨɩɭɫɬɢɦ, ɱɬɨ ɦɵ ɢɦɟɟɦ ɫɢɫɬɟɦɭ ɢɡ n ɥɢ-

ɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɫ n ɧɟɢɡɜɟɫɬɧɵɦɢ x1, x2, ..., xn. Ɉɱɟɜɢɞɧɨ, 
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ɪɟɲɟɧɢɟ ɬɚɤɨɣ ɫɢɫɬɟɦɵ (ɩɪɢ ɥɢɧɟɣɧɨɣ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɭɪɚɜɧɟɧɢɣ) ɛɭɞɟɬ ɟɞɢɧ-

ɫɬɜɟɧɧɵɦ, ɬ.ɟ. ɬɚɤɚɹ ɫɢɫɬɟɦɚ ɧɟ ɛɭɞɟɬ ɢɦɟɬɶ ɧɢ ɨɞɧɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ. ɇɨ ɟɫ-

ɥɢ ɞɥɹ n ɧɟɢɡɜɟɫɬɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɦɵ ɢɦɟɟɦ ɬɨɥɶɤɨ ɨɞɧɨ ɭɪɚɜɧɟɧɢɟ, ɬɨ ɞɥɹ 

ɨɞɧɨɡɧɚɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ x1, x2, ..., xn ɞɨɥɠɧɨ  ɛɵɬɶ ɧɚɥɨɠɟɧɨ ɟɳɟ m = n - 1 

ɭɫɥɨɜɢɣ (ɭɪɚɜɧɟɧɢɣ), ɬ.ɟ. ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ 

ɛɭɞɟɬ ɪɚɜɧɨ n - 1. 

ɇɚɤɨɧɟɰ, ɟɫɥɢ ɩɨ ɜɵɛɨɪɤɟ ɨɛɴɟɦɨɦ n ɛɭɞɭɬ ɫɞɟɥɚɧɵ ɨɰɟɧɤɢ ɪɨɜɧɨ ɞɥɹ n 

(ɥɢɧɟɣɧɨ ɧɟɡɚɜɢɫɢɦɵɯ) ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɬɨ ɪɚɫɱɟɬ n + 1 ɨɰɟɧɤɢ ɧɟ 

ɛɭɞɟɬ ɧɟɫɬɢ ɧɢɤɚɤɨɣ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɫɥɭɱɚɣɧɨɣ 

ɜɟɥɢɱɢɧɵ (ɜɫɟ n ɜɵɛɨɪɨɱɧɵɯ ɡɧɚɱɟɧɢɣ x1, x2, ..., xn ɛɭɞɭɬ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɟ-

ɧɵ ɱɟɪɟɡ n ɨɰɟɧɨɤ ɩɚɪɚɦɟɬɪɨɜ), ɩɨɫɤɨɥɶɤɭ ɩɨɫɥɟ ɨɰɟɧɤɢ n ɩɚɪɚɦɟɬɪɨɜ ɱɢɫɥɨ 

ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m = n - n ɭɠɟ ɨɤɚɠɟɬɫɹ ɪɚɜɧɵɦ ɧɭɥɸ.  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ (3.28), ɡɚɜɢɫɹɳɟɟ ɬɨɥɶɤɨ ɨɬ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ (ɨɞ-

ɧɨɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ), ɧɚɡɵɜɚɸɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɋɬɶɸɞɟɧɬɚ, ɢɥɢ t–

ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ. 

ɉɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ ɜɵɪɚɠɚɟɬɫɹ ɮɨɪɦɭɥɨɣ 
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 ɩɪɢɱɟɦ ɦɧɨɠɢɬɟɥɢ ɩɪɢ 
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⎠

⎞
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⎝

⎛
+  ɜ f(t) ɜɵɛɪɚɧɵ ɬɚɤ, ɱɬɨɛɵ ɩɥɨɳɚɞɶ ɩɨɞ 

ɥɸɛɨɣ ɤɪɢɜɨɣ f(t) ɪɚɜɧɹɥɚɫɶ ɟɞɢɧɢɰɟ. 

ɋɬɶɸɞɟɧɬ – ɩɫɟɜɞɨɧɢɦ ɍ.ɋ. Ƚɨɫɫɟɬɚ (1876-1937) – ɯɢɦɢɤɚ, ɪɚɛɨɬɚɜɲɟɝɨ ɜ 

ɨɞɧɨɣ ɢɡ ɩɢɜɨɜɚɪɟɧɧɵɯ ɮɢɪɦ Вɟɥɢɤɨɛɪɢɬɚɧɢɢ. Ɉɧ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɪɚɡɪɚɛɨɬɚɥ 

ɫɬɚɬɢɫɬɢɤɭ ɦɚɥɵɯ ɜɵɛɨɪɨɤ. ɉɨɫɤɨɥɶɤɭ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɢɤɟ ɱɚɳɟ ɜɫɟɝɨ ɢɫ-

ɫɥɟɞɭɸɬɫɹ ɧɟɛɨɥɶɲɢɟ ɩɨ ɨɛɴɟɦɭ ɜɵɛɨɪɤɢ (ɦɟɧɟɟ 30), ɬɨ ɪɚɛɨɬɚ ɋɬɶɸɞɟɧɬɚ 

ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ. 

ɇɚ ɪɢɫ. 3.2 ɩɪɢɜɟɞɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɋɬɶɸɞɟɧɬɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟ-

ɧɢɣ m. ɉɪɢ n→∞ (ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɢ n≥30) ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɋɬɶɸɞɟɧɬɚ ɩɟɪɟɯɨɞɢɬ ɜ 

ɫɬɚɧɞɚɪɬɧɨɟ ɧɨɪɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫ ɟɞɢɧɢɱɧɨɣ ɞɢɫɩɟɪɫɢɟɣ.  
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Дɥɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ t (3.27), ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (2.20), ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ, 

ɱɬɨ 

122121 )
/
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()( PPt

nS
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tPtttP P

x

x

PPP −=≤
−

<=≤< ,    (3.30) 

ɝɞɟ tP1 ɢ tP2 – ɡɧɚɱɟɧɢɹ ɤɜɚɧɬɢɥɟɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ t ɩɨɪɹɞɤɚ p1 ɢ p2 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ȿɫɥɢ ɜ ɫɨɨɬɧɨɲɟɧɢɢ (3.30), ɚɧɚɥɨɝɢɱɧɨ (3.24), ɪɚɡɪɟɲɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ 

Mx ɧɟɪɚɜɟɧɫɬɜɨ, ɫɬɨɹɳɟɟ ɩɨɞ ɡɧɚɤɨɦ ɜɟɪɨɹɬɧɨɫɬɢ,  ɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɞɨɜɟɪɢ-

ɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɩɪɢɧɹɬɶ ɫɢɦɦɟɬɪɢɱɧɵɟ 

ɝɪɚɧɢɰɵ P1= α/2 ɢ P2 = 1 – α/2, ɬɨ ɩɨɥɭɱɢɦ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɧɟɪɚ-
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ɪɚɜɧɚ P =  1 - α , ɝɞɟ tα,m – ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɋɬɶɸɞɟɧɬɚ (ɡɧɚɱɟɧɢɟ 

ɤɜɚɧɬɢɥɢ ɫɬɚɬɢɫɬɢɤɢ t (3.27) ɩɨɪɹɞɤɚ P = 1 - α /2 ɞɥɹ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m 

= n –1). 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɧɬɟɪɜɚɥ (3.31) ɹɜɥɹɟɬɫɹ ɞɨɜɟɪɢɬɟɥɶɧɵɦ ɢɧɬɟɪɜɚɥɨɦ 

ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ Mx ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɫ ɧɨɪɦɚɥɶɧɵɦ ɡɚɤɨɧɨɦ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɩɨɫɬɪɨɟɧɧɵɦ ɫ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ P = 1- α, ɩɪɢ ɧɟ-

ɢɡɜɟɫɬɧɨɦ ɡɧɚɱɟɧɢɢ ɝɟɧɟɪɚɥɶɧɨɣ ɞɢɫɩɟɪɫɢɢ σx
2. 

Ɂɧɚɱɟɧɢɹ tα,m ɬɚɛɭɥɢɪɨɜɚɧɵ (ɫɦ., ɧɚɩɪɢɦɟɪ, [11] ɢɥɢ ɬɚɛɥ. ɉ.6), ɢɯ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɬɚɤɠɟ, ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ ɋɌɖɘȾɊАɋ-

ɉɈȻɊ ɢɡ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ Microsoft Excel, ɩɪɢɱɟɦ ɩɪɢ m > 30 tα,m ≈ z1- α/2. 

Ɍɚɤ, ɩɪɢ α = 0,05 ɢ m = 31 ɋɌɖɘȾɊАɋɉɈȻɊ(0,05;31) = 2,039515 , ɚ ɇɈɊɆ-

ɋɌɈȻɊ(1-0,05/2) = 1,959961. 

ȿɫɥɢ ɜ ɩɪɢɦɟɪɟ 3.1 ɩɨ ɬɪɟɦ ( n = 3, m = n-1=3 -1=2) ɜɵɛɨɪɨɱɧɵɦ ɡɧɚɱɟɧɢ-

ɹɦ 351, 370 ɢ 365 (ɩɟɪɜɵɣ ɪɟɥɶɫ - 362=HBx ; ) ɛɵɥɨ ɛɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ 

α = 0,05 ɩɨɫɬɪɨɢɬɶ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ 

ɬɜɟɪɞɨɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ ɪɟɥɶɫɚ, ɬɨ, ɟɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 

ɬɜɟɪɞɨɫɬɶ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɢ ɩɨɫɤɨɥɶɤɭ 

t

85,9=HBS

0,05,2 ≈ 4,3 (ɋɌɖɘȾɊАɋɉɈȻɊ(0,05;2) = 4,302656), ɨɧ ɨɤɚɡɚɥɫɹ ɛɵ ɪɚɜɧɵɦ 
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3

85,9
3,4362

3

85,9
3,4362 +<<− HBM , ɢɥɢ 45,24362 ±=HBM . 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɧɬɟɪɜɚɥ [337,55; 386,45] ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 1 – 0,05 = 0,95 

ɧɚɤɪɵɜɚɟɬ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɬɜɟɪɞɨɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜ-

ɤɢ ɪɟɥɶɫɚ. 
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Ɋɢɫ. 3.2. ɉɥɨтɧɨɫтɶ (ɚ) и ɮɭɧɤɰия (ɛ) t-рɚɫɩреɞеɥеɧия ɋтɶɸɞеɧтɚ 
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3.2.2. ɉɨɫɬрɨеɧие ɞɨɜериɬеɥɶɧɨɝɨ иɧɬерɜɚɥɚ ɞɥя ɞиɫɩерɫии 

 

 ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɞɥɹ ɞɢɫɩɟɪɫɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ  χ2 (ɱɢɬɚɟɬɫɹ: "ɯɢ-ɤɜɚɞɪɚɬ"),  

,
1 2

1
2

2

2

x

n

i xx

i S
nxx

⋅
−

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
=∑

= σσ
χ

       (3.32) 

ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɉɢɪɫɨɧɚ (ɩɨ ɢɦɟɧɢ ɚɧɝ-

ɥɢɣɫɤɨɝɨ ɦɚɬɟɦɚɬɢɤɚ ɢ ɛɢɨɥɨɝɚ К.ɉɢɪɫɨɧɚ), ɢɥɢ χ2–ɪɚɫɩɪɟɞɟɥɟɧɢɟ ("ɯɢ-

ɤɜɚɞɪɚɬ-ɪɚɫɩɪɟɞɟɥɟɧɢɟ"). 

ɉɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ χ2 ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟ-

ɧɢɟɦ  

( ) ( ) ( ) ,0     ,e
2m2

1
f 2

2

1

2

2m
2

2/m

2
2

∞≤χ≤⋅χ⋅
Γ⋅

=χ χ−
−

    (3.33) 

ɝɞɟ Ƚ(m/2) – ɝɚɦɦɚ – ɮɭɧɤɰɢɹ; m – ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ (ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɞɨ-

ɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ m = n-1). 

 ɇɚ ɪɢɫ.3.3 ɩɪɢɜɟɞɟɧɵ ɤɪɢɜɵɟ f(χ2) ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ m. Эɬɢ ɤɪɢ-

ɜɵɟ ɚɫɢɦɦɟɬɪɢɱɧɵ, ɩɪɢɱɟɦ ɚɫɢɦɦɟɬɪɢɹ ɨɫɨɛɟɧɧɨ ɪɟɡɤɨ ɜɵɪɚɠɟɧɚ ɩɪɢ ɦɚɥɵɯ 

ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɚ m. Ɍɚɤ, ɩɪɢ m =1 ɢ χ2=0 ɤɪɢɜɚɹ ɭɯɨɞɢɬ ɜ ɛɟɫɤɨɧɟɱɧɨɫɬɶ, ɚ 

ɩɪɢ m = 2 ɢ χ2=0 ɨɧɚ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɪɚɜɧɨɝɨ 0,5.  ɉɪɢ m>2 

ɤɪɢɜɵɟ ɢɦɟɸɬ ɦɚɤɫɢɦɭɦ ɩɪɢ χ2
max = m - 2. ɉɪɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ m (m>30) χ2-

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɟɪɟɯɨɞɢɬ ɜ ɧɨɪɦɚɥɶɧɨɟ ɫɨ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɟɦ 12)( 2 −= mf χ  

ɢ ɞɢɫɩɟɪɫɢɟɣ σ2=1. 

Дɥɹ ɩɨɫɬɪɨɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɞɥɹ ɞɢɫɩɟɪɫɢɢ ɪɚɫɫɦɨɬɪɢɦ 

ɫɨɨɬɧɨɲɟɧɢɟ 

12

222 )(
21

PPP PP −=≤< χχχ       (3.34) 

ɢ ɫ ɭɱɟɬɨɦ (3.32) ɪɟɲɢɦ ɫɬɨɹɳɟɟ ɜ ɫɤɨɛɤɚɯ ɧɟɪɚɜɟɧɫɬɜɨ ɨɬɧɨɫɢɬɟɥɶɧɨ σx
2 : 
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ɟɫɬɶ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɞɥɹ ɞɢɫɩɟɪɫɢɢ σx
2 ɫ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨ-

ɫɬɶɸ P= P2 - P1=1-α. 
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Кɚɤ ɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɨɠɢɞɚɧɢɹ ɜ ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɹɯ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ P1=α/2 ɢ P2=1-α/2, ɚ α 

ɜɵɛɢɪɚɸɬ ɪɚɜɧɵɦ 0,1 ɢɥɢ 0,05, ɪɟɠɟ 0,01. 

Кɜɚɧɬɢɥɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɉɢɪɫɨɧɚ ɧɚɯɨɞɹɬ ɩɨ ɬɚɛɥɢɰɚɦ (ɫɦ. [11] ɢɥɢ 

ɬɚɛɥ. ɉ.3), ɚ ɜ Microsoft Excel ɞɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ ɏИ2ɈȻɊ. 

Ƚɪɚɧɢɰɵ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɞɥɹ ɫɪɟɞɧɟɝɨ ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɨɬɤɥɨ-

ɧɟɧɢɹ σx ɧɚɯɨɞɹɬɫɹ ɩɭɬɟɦ ɢɡɜɥɟɱɟɧɢɹ ɤɜɚɞɪɚɬɧɨɝɨ ɤɨɪɧɹ ɢɡ ɡɧɚɱɟɧɢɣ ɞɨɜɟɪɢ-

ɬɟɥɶɧɵɯ ɝɪɚɧɢɰ ɞɥɹ ɞɢɫɩɟɪɫɢɢ. 

В ɩɪɢɦɟɪɟ 3.1 ɩɨ ɬɪɟɦ ɜɵɛɨɪɨɱɧɵɦ ɡɧɚɱɟɧɢɹɦ 351, 370 ɢ 365,  

ɩɪɢ α = 0,05 (P

972 =HBS

1=0,05/2=0,025 ɢ P2=1-0,05/2=0,975; ɏИ2ɈȻɊ(0,025;2) = 7,377779 

ɢ ɏИ2ɈȻɊ(0,975;2) = 0,050636) ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɞɥɹ ɞɢɫɩɟɪɫɢɢ ɬɜɟɪ-

ɞɨɫɬɢ ɫɨɫɬɚɜɢɬ 

05,0

13
97

38,7

13
97 2 −

<<
− σ , ɢɥɢ ɩɨɫɥɟ ɜɵɱɢɫɥɟɧɢɣ , ɚ ɞɨɜɟɪɢ-

ɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɞɥɹ ɫɪɟɞɧɟɝɨ ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɛɭɞɟɬ ɪɚɜɟɧ 

388026 2 << σ

625 <<σ . 

 

3.2.3. Ɉɩреɞеɥеɧие ɧеɨɛхɨɞимɨɝɨ ɤɨɥичеɫɬɜɚ ɨɩɵɬɨɜ  

ɩри ɩɨɫɬрɨеɧии иɧɬерɜɚɥɶɧɨɣ  ɨɰеɧɤи ɞɥя мɚɬемɚɬичеɫɤɨɝɨ ɨɠиɞɚɧия 

 

 ɍɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɢɡɦɟɪɟɧɢɣ (ɱɢɫɥɚ ɩɪɨɛ, ɨɛɪɚɡɰɨɜ ɢ ɬ.ɩ.), ɤɚɤ ɜɢɞ-

ɧɨ ɢɡ ɜɵɪɚɠɟɧɢɣ (3.27) ɢ (3.31) ɞɚɠɟ ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɢɯ ɬɨɱɧɨɫɬɢ (σx = const), 

ɦɨɠɟɬ ɭɜɟɥɢɱɢɬɶ ɞɨɜɟɪɢɬɟɥɶɧɭɸ ɜɟɪɨɹɬɧɨɫɬɶ P ɢɥɢ ɫɭɡɢɬɶ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧ-

ɬɟɪɜɚɥ ±δ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢɡɦɟɪɹɟɦɨɣ ɜɟɥɢɱɢɧɵ 

(ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ).  

 ɇɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɡɦɟɪɟɧɢɣ (ɨɛɪɚɡɰɨɜ, ɩɪɨɛ ɢ ɬ.ɩ.) n ɞɥɹ ɞɨɫɬɢ-

ɠɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɢ δ ɩɪɢ ɡɚɞɚɧɧɨɣ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ Ɋ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɡɚɪɚɧɟɟ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɢɡɜɟɫɬɧɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 

ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ σx, ɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ (ɢɡɦɟɪɟɧɢɹ) 

ɩɨɞɱɢɧɹɸɬɫɹ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ.  
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 Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɪɢ ɷɬɢɯ ɞɨɩɭɳɟɧɢɹɯ ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ ɦɨɠɧɨ ɨɩɪɟɞɟ-

ɥɢɬɶ ɢɡ ɜɵɪɚɠɟɧɢɹ (3.27)  
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,     (3.37) 

ɝɞɟ ε = σx /δ. 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ n ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɪɟɛɭɟɦɨɣ ɞɨɜɟɪɢ-

ɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ Ɋ =1- α ɢ ɨɬɧɨɫɢɬɟɥɶɧɵɦ (ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɪɟɞɧɟɤɜɚɞ-

ɪɚɬɢɱɧɨɦɭ ɨɬɤɥɨɧɟɧɢɸ) ɡɧɚɱɟɧɢɟɦ ɩɨɥɨɜɢɧɵ ɲɢɪɢɧɵ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚ-

ɥɚ δ, ɬ.ɟ. ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɢɡɦɟɪɹɟɦɨɣ ɜɟɥɢɱɢɧɵ. Ɍɚɤ, ɩɪɢ 

Ɋ=0,95, z0,975 = 1,96 ɢ ɩɪɢ δ=σx ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ ɪɚɜɧɨ 4. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɟɨɛ-

ɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɜ 2 ɪɚɡɚ, ɬ.ɟ. ɫɭɠɟɧɢɢ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ 

ɞɨ ɜɟɥɢɱɢɧɵ δ=(1/2)σx, ɧɟɨɛɯɨɞɢɦɨɟ ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ ɫɨɫɬɚɜɢɬ 16. ɇɟɬɪɭɞɧɨ 

ɡɚɦɟɬɢɬɶ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨɟ ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɱɧɨɫɬɢ ɜɨɡɪɚɫ-

ɬɚɟɬ ɜ ɤɜɚɞɪɚɬɢɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. 

 Кɚɤ ɩɪɚɜɢɥɨ, ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɨɲɢɛɤɢ (σx) 

ɧɟɢɡɜɟɫɬɧɨ, ɚ ɢɦɟɟɬɫɹ ɬɨɥɶɤɨ ɟɟ ɨɰɟɧɤɚ (Sx). В ɷɬɨɦ ɫɥɭɱɚɟ ɫɥɟɞɭɟɬ ɜɨɫɩɨɥɶɡɨ-

ɜɚɬɶɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ (3.31), ɬ.ɟ. ɤɪɢɬɟɪɢɟɦ ɋɬɶɸɞɟɧɬɚ, ɢ ɧɟɨɛɯɨɞɢɦɨɟ ɱɢɫɥɨ 

ɢɡɦɟɪɟɧɢɣ ɨɩɪɟɞɟɥɹɬɶ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ  
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ɝɞɟ ε = Sx/δ. 

 ɉɪɢ ɪɚɫɱɟɬɚɯ ɩɨ ɷɬɨɦɭ ɭɪɚɜɧɟɧɢɸ ɫɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɡɧɚɱɟɧɢɟ 

ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ α, ɧɨ ɢ ɨɬ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m, 

ɩɨɫɥɟɞɧɢɟ ɠɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɱɢɫɥɨɦ ɢɡɦɟɪɟɧɢɣ. В ɫɜɹɡɢ ɫ ɷɬɢɦ ɭɪɚɜɧɟɧɢɟ 

(3.38) ɫɥɟɞɭɟɬ ɪɟɲɚɬɶ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ. В ɤɚɱɟɫɬɜɟ 

ɧɚɱɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɦɨɠɧɨ ɡɚɞɚɬɶ, ɜ ɱɚɫɬɧɨɫɬɢ, ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ, ɪɚɫɫɱɢ-

ɬɚɧɧɵɯ ɩɨ ɮɨɪɦɭɥɟ (3.37). Ɍɚɤ, ɟɫɥɢ ɪɟɲɢɬɶ ɩɨɫɥɟɞɧɟɟ ɭɪɚɜɧɟɧɢɟ ɦɟɬɨɞɨɦ ɩɨ-

ɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ, ɬɨ ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɩɪɢ P=0,95 (α=0,05) ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɫ ɬɨɱɧɨɫɬɶɸ δ=Sx ɬɪɟɛɭɟɬɫɹ 7 ɢɡɦɟɪɟ-

ɧɢɣ, ɚ ɫ ɬɨɱɧɨɫɬɶɸ δ=0,5Sx – 19. ɋ ɩɨɜɵɲɟɧɢɟɦ ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɢ ɪɚɡɥɢɱɢɟ 
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ɜ ɱɢɫɥɟ ɢɡɦɟɪɟɧɢɣ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ ɫɨɨɬɧɨɲɟɧɢɹɦ (3.37) ɢ (3.38), ɭɦɟɧɶɲɚɟɬ-

ɫɹ ɢ, ɤɚɤ ɩɨɤɚɡɵɜɚɸɬ ɪɚɫɱɟɬɵ, ɩɪɢ ɜɟɥɢɱɢɧɟ δ≤0,2Sx ɨɧɢ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚ-

ɸɬ. 

В ɩɪɢɦɟɪɟ 3.1 ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ 

ɬɜɟɪɞɨɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɝɨɥɨɜɤɢ ɪɟɥɶɫɚ ɫɨɫɬɚɜɢɥ δ = 24,45 (ε =9,85/ 

24,45≈ 0,4), ɢ ɟɫɥɢ ɛɵ ɧɚɦ ɛɵɥɨ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɬɜɟɪɞɨɫɬɶ ɫ ɬɨɱɧɨɫɬɶɸ 

±10ɇВ (ε ≈ 1), ɬɨ ɞɥɹ ɷɬɨɝɨ ɩɨɬɪɟɛɨɜɚɥɨɫɶ ɛɵ ɟɳɟ, ɤɚɤ ɦɢɧɢɦɭɦ, ɱɟɬɵɪɟ ɢɡɦɟ-

ɪɟɧɢɹ (ɤɪɨɦɟ ɭɠɟ ɬɪɟɯ ɢɦɟɸɳɢɯɫɹ). Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɪɢ ε = 1 ɢ P=0,95 (α=0,05), 

ɤɚɤ ɭɠɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ, ɩɨ (3.38) ɩɨɥɭɱɚɟɬɫɹ ( ) 4)96,1(1 222

2/05,01 ≈=⋅≥ −zn , ɡɚɬɟɦ 

ɩɪɢ m = 4-1 = 3 t0,05,2 ≈ 3 (ɋɌɖɘȾɊАɋɉɈȻɊ(0,05;3) = 3,182449), ɩɨ (3.27) ɩɨɥɭ-

ɱɚɟɦ ; ɧɚ ɫɥɟɞɭɸɳɟɣ ɢɬɟɪɚɰɢɢ t9122

3,05,0 ≈⋅≥ tn 0,05,8 ≈ 2,3 (ɋɌɖɘȾɊАɋ-

ɉɈȻɊ(0,05;8) = 2,306006), n ≥ 2,32 ≈5 ɢ ɡɚɬɟɦ t0,05,4 ≈ 2,8 (ɋɌɖɘȾɊАɋ-

ɉɈȻɊ(0,05;4) = 2,776451), n ≥ 2,82 ≈7.  

Кɨɥɢɱɟɫɬɜɨ ɨɩɵɬɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɵɯ ɢɧɬɟɪ-

ɜɚɥɨɜ ɞɥɹ  ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɩɪɢ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ δ/Sx ɢ P, ɩɪɢɜɟɞɟ-

ɧɵ ɜ ɬɚɛɥ. 3.1 (ɞɥɹ P=0,95 ɜ ɫɤɨɛɤɚɯ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ 

ɮɨɪɦɭɥɟ (3.37)). 

Ɍɚɛɥɢɰɚ 3.1 

ɇеɨɛɯɨɞиɦɨе ɤɨɥичеɫтвɨ иɡɦереɧиɣ ɩри ɩɨɫтрɨеɧии 
 ɞɨверитеɥɶɧɨɝɨ иɧтервɚɥɚ ɞɥя ɦɚтеɦɚтичеɫɤɨɝɨ ɨɠиɞɚɧия 

 

δ/Sx P=0,90 P=0,95 P=0,99 

1 5 7 (4) 11 

0,5 13 19 (16) 31 

0,4 19 27 (24) 46 

0,3 32 46 (48) 78 

0,1 273 387 (384) 668 

 

 

3.3. ɋɬаɬɢɫɬɢɱеɫɤɢе ɝɢɩɨɬеɡɵ 

 

Кɚɤ ɭɠɟ ɜɢɞɧɨ ɢɡ ɢɡɥɨɠɟɧɧɨɝɨ ɜɵɲɟ ɦɚɬɟɪɢɚɥɚ, ɩɪɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɦ ɨɰɟ-

ɧɢɜɚɧɢɢ (ɬ.ɟ. ɩɪɢ ɩɪɢɛɥɢɠɟɧɧɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ) ɞɥɹ ɨɛɨɫ-
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ɧɨɜɚɧɢɹ (ɫɨɫɬɨɹɬɟɥɶɧɨɫɬɢ, ɧɟɫɦɟɳɟɧɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ) ɜɵɛɨɪɚ ɬɨɣ ɢɥɢ 

ɢɧɨɣ ɨɰɟɧɤɢ ɧɟɢɡɜɟɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɯɨɞɢɬɫɹ ɜɵɫɤɚɡɵɜɚɬɶ 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ, ɧɚɩɪɢɦɟɪ, ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɧɨɪɦɚɥɶ-

ɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Кɪɨɦɟ ɬɨɝɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɫɟɯ ɢɦɟɸɳɢɯɫɹ ɜɵɛɨ-

ɪɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɢ ɪɚɫɱɟɬɟ ɨɰɟɧɨɤ, ɬɚɤ ɢɥɢ ɢɧɚɱɟ, ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɫɪɟɞɢ 

ɧɢɯ ɧɟɬ ɝɪɭɛɵɯ ɨɲɢɛɨɤ (ɪɟɡɤɨ ɜɵɞɟɥɹɸɳɢɯɫɹ ɡɧɚɱɟɧɢɣ). ɋ ɟɳɟ ɛɨɥɶɲɢɦ ɤɨɥɢ-

ɱɟɫɬɜɨɦ ɪɚɡɥɢɱɧɵɯ ɩɪɟɞɩɨɥɨɠɟɧɢɣ (ɝɢɩɨɬɟɡ) ɩɪɢɯɨɞɢɬɫɹ ɫɬɚɥɤɢɜɚɬɶɫɹ, ɤɨɝɞɚ 

ɧɟɨɛɯɨɞɢɦɨ ɧɟ ɬɨɥɶɤɨ ɨɩɪɟɞɟɥɹɬɶ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ, ɧɨ ɢ ɫɪɚɜɧɢɜɚɬɶ ɢɯ 

ɦɟɠɞɭ ɫɨɛɨɣ, ɢ ɬɟɦ ɛɨɥɟɟ, ɤɨɝɞɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɬɪɨɢɬɫɹ ɮɭɧɤ-

ɰɢɹ ɨɬɤɥɢɤɚ. 

ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɝɢɩɨɬɟɡɚ – ɥɸɛɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɤɚɫɚɸɳɟɟɫɹ ɧɟɢɡɜɟɫɬ-

ɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ. 

ɇɚɩɪɢɦɟɪ, ɫɩɟɰɢɚɥɢɫɬɚ ɢɧɬɟɪɟɫɭɟɬ, ɭɞɚɥɨɫɶ ɥɢ ɞɨɛɢɬɶɫɹ ɩɨɜɵɲɟɧɢɹ ɦɟ-

ɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɨɤɚɬɵɲɟɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɨɛɠɢ-

ɝɚ. Ɉɧ ɦɨɠɟɬ  ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɭɸ ɝɢɩɨɬɟɡɭ: "Ɇɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ 

ɨɤɚɬɵɲɟɣ ɭɜɟɥɢɱɢɥɚɫɶ". Эɬɚ ɝɢɩɨɬɟɡɚ (ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ) ɛɭɞɟɬ ɩɨɞɥɟɠɚɬɶ ɩɪɨ-

ɜɟɪɤɟ ɜ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ. Кɪɨɦɟ ɬɨɝɨ, ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɢ ɥɸɛɭɸ 

ɞɪɭɝɭɸ (ɚɥɶɬɟɪɧɚɬɢɜɧɭɸ) ɝɢɩɨɬɟɡɭ, ɧɚɩɪɢɦɟɪ: "Иɡɦɟɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱ-

ɧɨɫɬɢ ɧɟ ɩɪɨɢɡɨɲɥɨ" ɢɥɢ "Ɇɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ ɨɤɚɬɵɲɟɣ, ɧɚɨɛɨɪɨɬ, ɞɚɠɟ 

ɭɦɟɧɶɲɢɥɚɫɶ".  

ɉɪɨɰɟɫɫ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɧɚɡɵɜɚɟɬɫɹ ɩɪɨɜɟɪɤɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɝɢɩɨ-

ɬɟɡɵ. ɉɨɫɤɨɥɶɤɭ ɦɵ ɜɵɞɜɢɝɚɥɢ ɝɢɩɨɬɟɡɭ, ɨɩɢɪɚɹɫɶ ɬɨɥɶɤɨ ɧɚ ɫɥɭɱɚɣɧɵɟ ɜɵɛɨ-

ɪɨɱɧɵɟ ɡɧɚɱɟɧɢɹ,  ɧɚɲɢ ɜɵɜɨɞɵ ɛɭɞɭɬ ɧɨɫɢɬɶ ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɯɚɪɚɤɬɟɪ, ɬɨ ɟɫɬɶ  

ɦɵ ɧɟ ɦɨɠɟɦ ɞɚɬɶ ɬɨɱɧɨɝɨ ɨɬɜɟɬɚ: ɞɚ ɢɥɢ ɧɟɬ. Ɇɨɠɧɨ  ɛɭɞɟɬ ɥɢɲɶ ɫ ɧɟɤɨɬɨɪɨɣ 

ɞɨɥɟɣ ɭɜɟɪɟɧɧɨɫɬɢ (ɫ ɧɟɤɨɬɨɪɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ) ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɞɚɧɧɵɟ ɧɟ ɩɪɨ-

ɬɢɜɨɪɟɱɚɬ (ɢɥɢ ɩɪɨɬɢɜɨɪɟɱɚɬ) ɩɪɟɞɩɨɥɨɠɟɧɢɸ. 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɝɢɩɨɬɟɡɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ. 

1. Ƚɢɩɨɬɟɡɵ ɨ ɩɚɪɚɦɟɬɪɚɯ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Эɬɢ ɝɢɩɨɬɟɡɵ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɡɧɚɱɟɧɢɢ ɧɟɤɨɬɨɪɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɹ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ.  ɉɭɫɬɶ, ɧɚɩɪɢɦɟɪ, ɜɵɫɤɚɡɵɜɚɟɬɫɹ ɝɢ-

ɩɨɬɟɡɚ ɨ ɬɨɦ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ (ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ, ɞɢɫɩɟɪɫɢɢ) ɜ 

ɞɜɭɯ ɜɵɛɨɪɤɚɯ ɪɚɜɧɵ ɦɟɠɞɭ ɫɨɛɨɣ. Ɉɛɵɱɧɨ ɝɢɩɨɬɟɡɵ ɨ ɩɚɪɚɦɟɬɪɚɯ 
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ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɠɧɨ ɜɵɞɜɢɝɚɬɶ, ɪɚɫɩɨɥɚɝɚɹ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ 

ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɢɥɢ ɢɦɟɹ ɜɟɫɨɦɵɟ ɨɫɧɨɜɚ-

ɧɢɹ ɫɱɢɬɚɬɶ ɢɡɜɟɫɬɧɵɦ ɟɟ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

2. Ƚɢɩɨɬɟɡɵ ɨ ɜɢɞɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Эɬɨ ɛɨɥɟɟ ɨɛɳɢɟ ɝɢɩɨɬɟɡɵ, ɨɧɢ ɜɵ-

ɞɜɢɝɚɸɬɫɹ ɜ ɭɫɥɨɜɢɹɯ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨ-

ɜɨɤɭɩɧɨɫɬɢ. ɉɨ ɜɵɛɨɪɤɟ ɜɵɞɜɢɝɚɟɬɫɹ ɝɢɩɨɬɟɡɚ ɨ ɬɨɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɥɢ  ɞɚɧɧɵɟ, ɧɚɩɪɢɦɟɪ, ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Ɂɚɦɟɬɢɦ, 

ɱɬɨ ɩɪɨɜɟɪɤɚ ɝɢɩɨɬɟɡɵ ɨ ɧɨɪɦɚɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɠɟɬ ɩɨɦɨɱɶ 

ɩɪɢ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɟ ɜɵɛɨɪɤɢ: ɟɫɥɢ ɫɥɭɱɚɣɧɭɸ ɜɟɥɢɱɢɧɭ ɞɨɫɬɚ-

ɬɨɱɧɨ ɭɜɟɪɟɧɧɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ, ɬɨ ɤ ɧɟɣ  

ɩɪɢɦɟɧɢɦɵ ɜɫɟ ɬɟɨɪɟɦɵ ɨ ɧɨɪɦɚɥɶɧɵɯ  ɜɟɥɢɱɢɧɚɯ, ɜ ɱɚɫɬɧɨɫɬɢ ɢɦɟ-

ɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɪɨɢɬɶ  ɞɨɜɟɪɢɬɟɥɶɧɵɟ ɢɧɬɟɪɜɚɥɵ ɞɥɹ ɩɚɪɚɦɟɬ-

ɪɨɜ. 

ɇɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɇ0 – ɝɢɩɨɬɟɡɚ, ɩɨɞɥɟɠɚɳɚɹ ɩɪɨɜɟɪɤɟ. Эɬɨ ɝɢɩɨɬɟɡɚ, 

ɢɦɟɸɳɚɹ  ɧɚɢɛɨɥɟɟ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɩɪɨɜɨɞɢɦɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ. ɇɭɥɟɜɭɸ 

ɝɢɩɨɬɟɡɭ ɜɵɞɜɢɝɚɸɬ ɢ ɡɚɬɟɦ ɩɪɨɜɟɪɹɸɬ ɫ ɩɨɦɨɳɶɸ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɤɪɢɬɟɪɢɟɜ ɫ 

ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɨɫɧɨɜɚɧɢɣ ɞɥɹ ɟɟ ɨɬɤɥɨɧɟɧɢɹ ɢ ɩɪɢɧɹɬɢɹ  ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ 

ɝɢɩɨɬɟɡɵ. 

Аɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɇ1 – ɤɚɠɞɚɹ ɞɨɩɭɫɬɢɦɚɹ ɝɢɩɨɬɟɡɚ, ɨɬɥɢɱɧɚɹ ɨɬ 

ɧɭɥɟɜɨɣ. Ɉɛɵɱɧɨ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ  ɝɢɩɨɬɟɡɵ ɩɪɢɧɢɦɚɸɬ ɝɢɩɨɬɟɡɭ 

ɜɬɨɪɭɸ ɩɨ ɡɧɚɱɢɦɨɫɬɢ ɩɨɫɥɟ ɨɫɧɨɜɧɨɣ. 

ɉɪɟɞɩɨɥɨɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɤɚɫɚɟɬɫɹ ɧɟɢɡɜɟɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɹ, ɤɨɝɞɚ ɜɢɞ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɡɜɟɫɬɟɧ (ɧɚɩɪɢɦɟɪ, ɡɚɤɨɧ Ƚɚɭɫɫɚ), ɧɚɡɵɜɚɟɬɫɹ 

ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɝɢɩɨɬɟɡɨɣ, ɚ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɢɞ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɧɟɢɡɜɟɫɬɟɧ, ɧɚɡɵɜɚɟɬɫɹ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɝɢɩɨɬɟɡɨɣ. 

Ɂɚɞɚɱɚ ɢɫɫɥɟɞɨɜɚɬɟɥɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ 

ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɜɵɛɨɪɤɟ, ɩɪɢɧɹɬɶ ɬɭ ɢɥɢ ɢɧɭɸ ɝɢɩɨɬɟɡɭ ɨɬɧɨ-

ɫɢɬɟɥɶɧɨ ɫɜɨɣɫɬɜ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ, ɢɫɩɨɥɶɡɭɹ ɩɪɢ ɷɬɨɦ ɤɚɤɨɣ-ɥɢɛɨ 

ɫɩɨɫɨɛ (ɤɪɢɬɟɪɢɣ) ɩɪɨɜɟɪɤɢ ɜɵɫɤɚɡɚɧɧɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ. 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɤɪɢɬɟɪɢɣ – ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɟɧɧɵɣ ɫɩɨɫɨɛ ɩɪɨɜɟɪɤɢ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ. 
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Кɪɢɬɟɪɢɢ ɞɥɹ ɩɪɨɜɟɪɤɢ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ ɧɚɡɵɜɚɸɬɫɹ ɩɚɪɚɦɟɬɪɢ-

ɱɟɫɤɢɦɢ, ɚ ɞɥɹ ɩɪɨɜɟɪɤɢ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɟɩɚɪɚ-

ɦɟɬɪɢɱɟɫɤɢɦɢ. 

ȿɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɩɪɟɠɞɟ ɱɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɨɬ ɢɥɢ ɢɧɨɣ ɩɚɪɚɦɟɬɪɢɱɟ-

ɫɤɢɣ ɤɪɢɬɟɪɢɣ, ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪ ɞɨɥɠɟɧ ɧɚɣɬɢ ɫɩɨɫɨɛ ɭɛɟɞɢɬɶɫɹ ɜ ɬɨɦ, ɫɨɝɥɚ-

ɫɭɟɬɫɹ ɢɥɢ ɧɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɫɫɥɟɞɭɟɦɨɣ ɢɦ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɫ ɬɟɦ ɢɥɢ 

ɢɧɵɦ ɬɟɨɪɟɬɢɱɟɫɤɢɦ (ɧɚɩɪɢɦɟɪ, ɧɨɪɦɚɥɶɧɵɦ) ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ. 

Кɪɢɬɟɪɢɣ ɫɨɝɥɚɫɢɹ – ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɤɪɢɬɟɪɢɣ ɞɥɹ ɩɪɨɜɟɪɤɢ ɝɢɩɨɬɟɡɵ ɨ 

ɫɨɝɥɚɫɢɢ (ɪɚɜɟɧɫɬɜɟ) ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɢɫɫɥɟɞɭɟɦɨɣ ɫɨɜɨ-

ɤɭɩɧɨɫɬɢ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɢɥɢ ɝɢɩɨɬɟɡɵ ɨ ɫɨɝɥɚɫɢɢ ɪɚɫɩɪɟɞɟ-

ɥɟɧɢɣ ɜ ɞɜɭɯ ɢ ɛɨɥɟɟ ɫɨɜɨɤɭɩɧɨɫɬɹɯ. 

Кɚɤ ɢ ɩɪɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɦ ɨɰɟɧɢɜɚɧɢɢ, ɥɸɛɨɣ ɤɪɢɬɟɪɢɣ ɦɨɠɟɬ ɛɵɬɶ ɩɨ-

ɫɬɪɨɟɧ ɬɨɥɶɤɨ ɧɚ ɨɫɧɨɜɟ ɬɟɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ, ɤɨɬɨɪɵɟ ɢɦɟɸɬɫɹ ɜ ɪɚɫ-

ɩɨɪɹɠɟɧɢɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹ, ɬ.ɟ. ɩɭɬɟɦ ɜɵɱɢɫɥɟɧɢɹ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɚɬɢɫɬɢɤɢ. А 

ɤɚɤ ɭɠɟ ɪɚɧɧɟɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ, ɥɸɛɚɹ ɫɬɚɬɢɫɬɢɤɚ ɤɚɤ ɧɟɤɨɬɨɪɚɹ ɮɭɧɤɰɢɹ ɫɥɭ-

ɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ (ɮɭɧɤɰɢɹ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ) ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɫɥɭ-

ɱɚɣɧɨɣ ɜɟɥɢɱɢɧɨɣ. 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɝɢɩɨɬɟɡɵ ɜɫɟɝɞɚ ɧɨɫɹɬ ɜɟɪɨɹɬɧɨɫɬɧɵɣ 

ɯɚɪɚɤɬɟɪ. Эɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɚɬɢɫɬɢɤɟ ɢ 

ɩɪɢɧɢɦɚɹ ɧɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ (ɥɢɛɨ ɨɬɜɟɪɝɚɹ ɷɬɭ ɝɢɩɨɬɟɡɭ ɢ ɜ 

ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ ɩɪɢɧɢɦɚɹ ɚɥɶɬɟɪɧɚɬɢɜɧɭɸ), ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɦɨɠɟɬ ɫɨɜɟɪɲɢɬɶ 

ɨɲɢɛɤɢ. ɋɢɬɭɚɰɢɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɩɪɨɜɟɪɤɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ, ɩɪɟɞ-

ɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ.3.2. 

1. Ƚиɩɨтеɡɚ ɇ0  верɧɚ, и ɨɧɚ ɧе ɨтверɝɚетɫя, ɬ.ɟ.  ɩɪɢɧɹɬɨɟ ɪɟɲɟɧɢɟ ɨɬ-

ɪɚɠɚɟɬ  ɢɫɬɢɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɜɟɪɧɚɹ ɝɢɩɨɬɟɡɚ. 

2. Ƚиɩɨтеɡɚ ɇ0  верɧɚ, ɧɨ ɨɧɚ ɨтверɝɚетɫя, ɬ.ɟ. ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɞɨɩɭɳɟɧɚ 

ɨɲɢɛɤɚ  ɩɟɪɜɨɝɨ ɪɨɞɚ. Ɉɲɢɛɤɚ ɩɟɪɜɨɝɨ ɪɨɞɚ – ɨɲɢɛɤɚ, ɡɚɤɥɸɱɚɸɳɚɹɫɹ ɜ 

ɬɨɦ, ɱɬɨ ɨɬɜɟɪɝɚɸɬ ɧɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɷɬɚ ɝɢɩɨɬɟɡɚ ɜɟɪɧɚ. Вɟɪɨɹɬɧɨɫɬɶ ɷɬɨɝɨ ɫɨɛɵɬɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ  ɪɚɜɧɚ  

ɭɪɨɜɧɸ ɡɧɚɱɢɦɨɫɬɢ α. ɍɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ α – ɜɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɩɟɪ-

ɜɨɝɨ ɪɨɞɚ. Ɍɚɤ ɤɚɤ ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ  ɡɚɞɚɟɬɫɹ ɩɪɨɢɡɜɨɥɶɧɨ, ɦɨɠɧɨ 
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ɫɧɢɡɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɩɟɪɜɨɝɨ ɪɨɞɚ ɞɨ ɫɤɨɥɶ ɭɝɨɞɧɨ  ɧɢɡɤɨɝɨ ɭɪɨɜ-

ɧɹ. 

3. Ƚиɩɨтеɡɚ ɇ0 ɧеверɧɚ, и  ɨɧɚ ɨтверɝɚетɫя. Ɉɩɹɬɶ ɩɪɢɧɹɬɨɟ ɪɟɲɟɧɢɟ ɨɬ-

ɪɚɠɚɟɬ  ɢɫɬɢɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɢ  ɨɬɜɟɪɝɚɟɬɫɹ ɧɟɜɟɪɧɚɹ ɝɢɩɨɬɟɡɚ. 

4. Ƚиɩɨтеɡɚ ɇ0 ɧеверɧɚ, ɧɨ  ɨɧɚ  ɧе ɨтверɝɚетɫя. В ɷɬɨɦ ɫɥɭɱɚɟ ɞɨɩɭɳɟɧɚ 

ɨɲɢɛɤɚ ɜɬɨɪɨɝɨ ɪɨɞɚ. Ɉɲɢɛɤɚ ɜɬɨɪɨɝɨ ɪɨɞɚ – ɨɲɢɛɤɚ, ɡɚɤɥɸɱɚɸɳɚɹɫɹ ɜ 

ɬɨɦ, ɱɬɨ ɩɪɢɧɢɦɚɸɬ ɧɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɷɬɚ ɝɢɩɨɬɟɡɚ ɧɟɜɟɪɧɚ. ȿɫɥɢ ɜɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɜɬɨɪɨɝɨ ɪɨɞɚ ɨɛɨɡɧɚɱɢɬɶ 

ɤɚɤ β, ɬɨ ɜɟɥɢɱɢɧɚ 1 – β ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɦɨɳɧɨɫɬɶ ɤɪɢɬɟɪɢɹ. Ɇɨɳɧɨɫɬɶ 

ɤɪɢɬɟɪɢɹ – ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɟɫɥɢ ɜɟɪɧɚ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ, ɬɨ 

ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɛɭɞɟɬ ɨɬɜɟɪɝɧɭɬɚ. 

Ɍɚɛɥɢɰɚ 3.2 

Вɨɡɦɨɠɧɵе иɫɯɨɞɵ ɩри ɩрɨверɤе ɫтɚтиɫтичеɫɤиɯ ɝиɩɨтеɡ 

Ɏɚɤɬɢɱɟɫɤɚɹ 
ɫɢɬɭɚɰɢɹ 

ɇ0 - ɩɪɢɧɢɦɚɟɬɫɹ ɇ0 - ɨɬɜɟɪɝɚɟɬɫɹ 

ɇ0 - ɜɟɪɧɚ ɉɪɚɜɢɥɶɧɨɟ ɪɟɲɟɧɢɟ Ɉɲɢɛɤɚ ɩɟɪɜɨɝɨ ɪɨɞɚ (α) 

ɇ0 – ɧɟ ɜɟɪɧɚ Ɉɲɢɛɤɚ ɜɬɨɪɨɝɨ ɪɨɞɚ (β) ɉɪɚɜɢɥɶɧɨɟ ɪɟɲɟɧɢɟ 

 

Ɂɧɚɱɟɧɢɹ ɩɪɢɦɟɧɹɟɦɨɣ ɞɥɹ ɞɚɧɧɨɝɨ ɤɪɢɬɟɪɢɹ ɫɬɚɬɢɫɬɢɤɢ, ɩɪɢ ɤɨɬɨɪɵɯ 

ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ ɨɬɜɟɪɝɚɟɬɫɹ ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ, ɨɛɪɚɡɭɸɬ ɬɚɤ 

ɧɚɡɵɜɚɟɦɭɸ ɤɪɢɬɢɱɟɫɤɭɸ ɨɛɥɚɫɬɶ. 

Кɪɢɬɢɱɟɫɤɚɹ ɨɛɥɚɫɬɶ ω – ɨɛɥɚɫɬɶ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ: ɟɫɥɢ ɡɧɚ-

ɱɟɧɢɹ ɩɪɢɦɟɧɹɟɦɨɣ ɫɬɚɬɢɫɬɢɤɢ ɩɪɢɧɚɞɥɟɠɚɬ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ, ɬɨ ɨɬɜɟɪɝɚɸɬ ɧɭ-

ɥɟɜɭɸ ɝɢɩɨɬɟɡɭ; ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɟɟ ɩɪɢɧɢɦɚɸɬ. 

ɉɪɢɜɟɞɟɧɧɵɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɦɟɱɚɸɬ ɫɚɦɭɸ ɩɪɨɫɬɭɸ ɮɨɪɦɭ  ɩɪɨɜɟɪɤɢ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ. Дɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɹɫɧɢɬɶ ɫɭɳɧɨɫɬɶ ɷɬɨɝɨ ɦɟɬɨɞɚ, ɩɪɟɞ-

ɩɨɥɨɠɢɦ, ɱɬɨ  ɜɵɛɨɪɨɱɧɚɹ ɜɟɥɢɱɢɧɚ Θ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɧɟɫɦɟɳɟɧɧɭɸ 

ɨɰɟɧɤɭ ɩɚɪɚɦɟɬɪɚ Θ0, ɢɦɟɟɬ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ f(Θ). ȿɫɥɢ ɝɢɩɨɬɟɡɚ, ɫɨ-

ɫɬɨɹɳɚɹ ɜ ɬɨɦ, ɱɬɨ Θ=Θ0 , ɜɟɪɧɚ, ɬɨ ɮɭɧɤɰɢɹ f(Θ)  ɞɨɥɠɧɚ ɩɨɩɚɞɚɬɶ ɜ ɫɪɟɞɧɸɸ 

ɨɛɥɚɫɬɶ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ.3.4. Вɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɚɪɚɦɟɬɪ Θ ɧɟ ɛɭɞɟɬ 

ɩɪɟɜɵɲɚɬɶ  ɧɢɠɧɟɝɨ ɭɪɨɜɧɹ Θ1-α/2,ɫɨɫɬɚɜɢɬ 
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( ) ( ) .2/dfP
2/1

2/1 α=ΘΘ=Θ≤Θ ∫
α−Θ

∞−
α−   

Вɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɚɪɚɦɟɬɪ Θ ɩɪɟɜɵɫɢɬ ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ Θα/2, ɪɚɜɧɚ 

( ) ( ) .2/dfP

2/

2/1 α=ΘΘ=Θ>Θ ∫
∞

Θ
α−

α

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɚɪɚɦɟɬɪ Θ ɜɵɣɞɟɬ ɡɚ ɩɪɟɞɟɥɵ 

ɢɧɬɟɪɜɚɥɚ [Θ1-α/2; Θα/2 ], ɫɨɫɬɚɜɥɹɟɬ α. Ɍɟɩɟɪɶ ɩɪɢɦɟɦ  ɜɟɥɢɱɢɧɭ α ɦɚɥɨɣ, ɱɬɨɛɵ 

ɩɨɩɚɞɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Θ ɡɚ ɩɪɟɞɟɥɵ ɢɧɬɟɪɜɚɥɚ [Θ1-α/2; Θα/2 ]  ɛɵɥɨ ɦɚɥɨɜɟɪɨɹɬ-

ɧɨ. ȿɫɥɢ ɩɨɫɥɟ ɢɡɜɥɟɱɟɧɢɹ ɜɵɛɨɪɤɢ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ Θ ɨɤɚɠɟɬɫɹ, ɱɬɨ 

ɨɧɚ ɜɵɯɨɞɢɬ ɡɚ ɩɪɟɞɟɥɵ ɢɧɬɟɪɜɚɥɚ [Θ1-α/2; Θα/2 ] ɢ ɩɨɩɚɞɚɟɬ ɜ ɤɪɢɬɢɱɟɫɤɭɸ ɨɛ-

ɥɚɫɬɶ, ɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɟɫɬɶ ɫɟɪɶɟɡɧɵɟ ɨɫɧɨɜɚɧɢɹ ɩɨɞɜɟɪɝɧɭɬɶ ɫɨɦɧɟɧɢɸ ɫɩɪɚ-

ɜɟɞɥɢɜɨɫɬɶ ɩɪɨɜɟɪɹɟɦɨɣ ɝɢɩɨɬɟɡɵ Θ = Θ0. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɟɫɥɢ ɩɚɪɚɦɟɬɪ Θ 

ɩɨɩɚɞɚɟɬ ɜ ɢɧɬɟɪɜɚɥ [Θ1-α/2; Θα/2 ], ɬɨ  ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɬ ɫɟɪɶɟɡɧɵɯ ɨɫɧɨɜɚɧɢɣ 

ɩɨɞɜɟɪɝɚɬɶ ɫɨɦɧɟɧɢɸ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɩɪɨɜɟɪɹɟɦɨɣ ɝɢɩɨɬɟɡɵ, ɢ ɝɢɩɨɬɟɡɭ ɪɚ-

ɜɟɧɫɬɜɚ Θ = Θ0 ɦɨɠɧɨ ɩɪɢɧɹɬɶ. Кɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ.3.4, ɨɲɢɛɤɚ ɩɟɪɜɨɝɨ ɪɨɞɚ ɞɨ-

ɩɭɫɤɚɟɬɫɹ, ɟɫɥɢ ɝɢɩɨɬɟɡɚ ɜɟɪɧɚ, ɚ ɩɚɪɚɦɟɬɪ Θ ɩɨɩɚɞɚɟɬ ɜ ɨɛɥɚɫɬɶ ɨɬɤɥɨɧɟɧɢɹ 

ɝɢɩɨɬɟɡɵ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɞɨɩɭɫɬɢɬɶ ɨɲɢɛɤɭ ɩɟɪɜɨɝɨ ɪɨɞɚ 

ɪɚɜɧɚ α, ɬ.ɟ. ɭɪɨɜɧɸ ɡɧɚɱɢɦɨɫɬɢ ɤɪɢɬɟɪɢɹ. 

 

ɉɥɨɳɚɞɶ = 1-α 

Ɉɛɥɚɫɬɶ 
ɨɬɤɥɨɧɟɧɢɹ

Ɉɛɥɚɫɬɶ ɩɪɢɧɹɬɢɹ 
Ɉɛɥɚɫɬɶ 
ɨɬɤɥɨɧɟɧɢɹ 

ɉɥɨɳɚɞɶ = α/2 ɉɥɨɳɚɞɶ = α/2 

f(Θ) 
 

 

 

 

 

 

 

 

 

 Θ1-α/2 Θ0 Θα/2

Ɋɢɫ. 3.4. Ɉɛɥɚɫти ɩриɧятия и ɨтɤɥɨɧеɧия ɝиɩɨтеɡɵ 
ɩри ɩрɨверɤе ɝиɩɨтеɡ 
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Дɥɹ ɬɨɝɨ ɱɬɨɛɵ ɧɚɣɬɢ, ɤɚɤɨɜɚ ɜɟɪɨɹɬɧɨɫɬɶ ɞɨɩɭɫɬɢɬɶ ɨɲɢɛɤɭ ɜɬɨɪɨɝɨ ɪɨ-

ɞɚ, ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɨɩɪɟɞɟɥɟɧɧɭɸ ɜɟɥɢɱɢɧɭ ɨɬɤɥɨɧɟɧɢɹ ɢɫɬɢɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɨɬ ɝɢɩɨɬɟɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ, ɤɨɬɨɪɨɟ ɬɪɟɛɭɟɬɫɹ  ɨɩɪɟɞɟɥɢɬɶ. ɉɪɟɞ-

ɩɨɥɨɠɢɦ, ɧɚɩɪɢɦɟɪ, ɱɬɨ ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɪɚɜɧɨ Θ0+d ɢɥɢ Θ0-d, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ.3.5. ȿɫɥɢ, ɫɨɝɥɚɫɧɨ ɝɢɩɨɬɟɡɟ, Θ=Θ0, ɚ 

ɜ  ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ Θ=Θ0 ±d, ɬɨ  ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ Θ ɩɨɩɚɞɚɟɬ ɜ ɨɛɥɚɫɬɶ 

ɩɪɢɧɹɬɢɹ ɝɢɩɨɬɟɡɵ, ɬ.ɟ. ɜ ɢɧɬɟɪɜɚɥ [Θ1-α/2; Θα/2 ],  ɫɨɫɬɚɜɥɹɟɬ β. Эɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 

ɜɟɪɨɹɬɧɨɫɬɶ ɞɨɩɭɫɬɢɬɶ ɨɲɢɛɤɭ ɜɬɨɪɨɝɨ ɪɨɞɚ ɩɪɢ ɜɵɹɜɥɟɧɢɢ ɨɬɤɥɨɧɟɧɢɹ ±d ɨɬ 

ɝɢɩɨɬɟɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ Θ  ɪɚɜɧɚ β. 

 

 

ɉɥɨɳɚɞɶ =β

ɉɥɨɳɚɞɶ = 

1-β 

ɉɥɨɳɚɞɶ = 

1-β 

ɉɥɨɳɚɞɶ =β

f(Θ) 
 

 

 

 

 

 

 

 Θ0-d Θ0+d Θ1-α/2 Θ0 Θα/2

 
Ɋɢɫ. 3.5. Ɉɛɥɚɫти ɩриɧятия и ɨтɤɥɨɧеɧия ɝиɩɨтеɡɵ, ɫɨɨт-
ветɫтвɭɸщие ɨɲиɛɤе втɨрɨɝɨ рɨɞɚ ɩри ɩрɨверɤе ɝиɩɨтеɡɵ  

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɥɸɛɨɦ ɡɚɞɚɧɧɨɦ ɨɛɴɟɦɟ ɜɵɛɨɪɤɢ ɜɟɪɨɹɬɧɨɫɬɶ ɞɨɩɭɫ-

ɬɢɬɶ ɨɲɢɛɤɭ ɩɟɪɜɨɝɨ ɪɨɞɚ ɦɨɠɧɨ ɫɨɤɪɚɬɢɬɶ, ɭɦɟɧɶɲɢɜ ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ α.  

Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɞɨɩɭɳɟɧɢɹ ɨɲɢɛɤɢ ɜɬɨɪɨɝɨ ɪɨɞɚ 

(ɫɧɢɠɚɟɬɫɹ ɦɨɳɧɨɫɬɶ ɤɪɢɬɟɪɢɹ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɟɥɶɡɹ 

ɞɨɛɢɬɶɫɹ  ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ  ɜɟɪɨɹɬɧɨɫɬɟɣ α ɢ β ɨɞɧɨɜɪɟɦɟɧɧɨ. ɉɨɫɬɭ-

ɩɚɸɬ ɨɛɵɱɧɨ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɮɢɤɫɢɪɭɸɬ ɜɟɪɨɹɬɧɨɫɬɶ α ɨɲɢɛɤɢ ɩɟɪɜɨɝɨ 

ɪɨɞɚ, ɚ ɡɚɬɟɦ ɞɨɛɢɜɚɸɬɫɹ ɦɢɧɢɦɭɦɚ ɜɟɪɨɹɬɧɨɫɬɢ β ɨɲɢɛɤɢ ɜɬɨɪɨɝɨ ɪɨɞɚ. Ɂɚ 

ɫɱɟɬ ɱɟɝɨ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ β ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ α? Ɂɚ ɫɱɟɬ ɩɪɚ-

ɜɢɥɶɧɨɝɨ ɜɵɛɨɪɚ  ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ: ɩɪɢ ɡɚɞɚɧɧɨɣ ɚɥɶɬɟɪɧɚɬɢɜɟ ɇ1  ɤɪɢɬɢ-

ɱɟɫɤɭɸ ɨɛɥɚɫɬɶ ɜɵɛɢɪɚɸɬ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɡɧɚɱɟɧɢɟ β (ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɢ-

ɧɹɬɶ ɧɟɜɟɪɧɭɸ ɝɢɩɨɬɟɡɭ) ɛɵɥɨ ɧɚɢɦɟɧɶɲɢɦ  ɢɡ ɜɨɡɦɨɠɧɵɯ.  Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚ-
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ɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɩɨɫɬɪɨɟɧɢɢ ɧɚɢɛɨɥɟɟ ɦɨɳɧɨɝɨ ɤɪɢɬɟɪɢɹ  (1- β) ɩɪɢ ɡɚɞɚɧɧɨɦ 

ɭɪɨɜɧɟ ɡɧɚɱɢɦɨɫɬɢ α. 

Ɋɚɡɥɢɱɚɸɬ ɨɞɧɨɫɬɨɪɨɧɧɢɟ ɢ ɞɜɭɫɬɨɪɨɧɧɢɟ ɤɪɢɬɢɱɟɫɤɢɟ ɨɛɥɚɫɬɢ. Ɋɚɡɥɢɱ-

ɧɵɟ ɜɚɪɢɚɧɬɵ ɨɛɥɚɫɬɟɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 3.6. 

ȿɫɥɢ ɯɨɬɹɬ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɨɞɧɚ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɫɬɪɨɝɨ ɛɨɥɶɲɟ ɢɥɢ 

ɫɬɪɨɝɨ ɦɟɧɶɲɟ ɞɪɭɝɨɣ, ɬɨ ɢɫɩɨɥɶɡɭɸɬ ɨɞɧɨɫɬɨɪɨɧɧɸɸ ɤɪɢɬɢɱɟɫɤɭɸ ɨɛɥɚɫɬɶ 

(ɪɢɫ.3.6.ɚ,ɛ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɞɚɧɧɨɝɨ ɫɥɭɱɚɹ  ɇ0: Θ = Θ0 ; 

       ɇ1
(1) : Θ < Θ0; 

ɇ1
(2) Θ > Θ0 . 

ȿɫɥɢ  ɩɪɨɜɟɪɹɸɬ ɤɚɤ ɩɨɥɨɠɢɬɟɥɶɧɵɟ, ɬɚɤ ɢ  ɨɬɪɢɰɚɬɟɥɶɧɵɟ  ɪɚɫɯɨɠɞɟɧɢɹ 

ɦɟɠɞɭ  ɢɡɭɱɚɟɦɵɦɢ ɜɟɥɢɱɢɧɚɦɢ, ɬɨ ɢɫɩɨɥɶɡɭɸɬ ɞɜɭɫɬɨɪɨɧɧɢɟ ɤɪɢɬɢɱɟɫɤɢɟ ɨɛ-

ɥɚɫɬɢ (ɪɢɫ.3.6,ɜ) 

ɇ0 : Θ = Θ0 ; 

     ɇ1
(3): Θ ≠ Θ0 . 

ɉɨɞɜɨɞɹ ɢɬɨɝ ɜɫɟɦɭ ɜɵɲɟɫɤɚɡɚɧɧɨɦɭ, ɚɥɝɨɪɢɬɦ ɩɪɨɜɟɪɤɢ ɥɸɛɨɣ ɫɬɚɬɢ-

ɫɬɢɱɟɫɤɨɣ ɝɢɩɨɬɟɡɵ ɜ ɫɚɦɨɦ ɨɛɳɟɦ ɫɥɭɱɚɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 

1) ɮɨɪɦɭɥɢɪɨɜɚɧɢɟ ɧɭɥɟɜɨɣ ɝɢɩɨɬɟɡɵ ɇ0; 

2) ɜɵɛɨɪ ɨɞɧɨɣ ɢɡ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɝɢɩɨɬɟɡ ɇ1
(1) , ɇ1

(2) , ɇ1
(3) ; 

3) ɩɨɢɫɤ ɤɪɢɬɟɪɢɹ, ɩɨ ɤɨɬɨɪɨɦɭ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɪɟɧɚ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɚɹ ɧɭ-

ɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɇ0; 

4) ɪɚɫɱɟɬ ɡɧɚɱɟɧɢɹ ɫɬɚɬɢɫɬɢɤɢ, ɩɪɢɦɟɧɹɟɦɨɣ ɞɥɹ ɞɚɧɧɨɝɨ ɤɪɢɬɟɪɢɹ; 

5) ɜɵɛɨɪ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α; 

6) ɩɨɫɬɪɨɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ω ɩɪɢ ɜɵɛɪɚɧɧɨɦ ɭɪɨɜɧɟ ɡɧɚɱɢɦɨɫɬɢ α; 

7) ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɹ: ɟɫɥɢ ɡɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤɢ ɩɨɩɚɥɨ ɜ ɤɪɢɬɢɱɟɫɤɭɸ ɨɛɥɚɫɬɶ 

– ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɨɬɜɟɪɝɚɟɬɫɹ, ɩɪɢ ɷɬɨɦ ɜɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ (ɩɟɪɜɨɝɨ ɪɨ-

ɞɚ) ɧɟ ɩɪɟɜɵɲɚɟɬ ɜɵɛɪɚɧɧɵɣ ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ; ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ – 

ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɩɪɢɧɢɦɚɟɬɫɹ. 
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ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɯɚɧɢɡɦɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ ɫɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, 

ɱɬɨ ɞɚɠɟ ɜ ɫɥɭɱɚɟ ɩɪɢɧɹɬɢɹ ɧɭɥɟɜɨɣ ɝɢɩɨɬɟɡɵ ɜ 100α% ɜɵɜɨɞ ɛɭɞɟɬ ɨɲɢɛɨɱ-

ɧɵɦ ɜ ɫɜɹɡɢ ɫɨ ɜɫɟɝɞɚ ɢɦɟɸɳɟɣɫɹ ɜɟɪɨɹɬɧɨɫɬɶɸ ɫɨɜɟɪɲɢɬɶ ɨɲɢɛɤɭ ɩɟɪɜɨɝɨ 

ɪɨɞɚ. ɉɪɢɱɟɦ ɟɫɥɢ ɡɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤɢ ɧɟ ɩɨɩɚɞɚɟɬ ɜ ɤɪɢɬɢɱɟɫɤɭɸ ɨɛɥɚɫɬɶ, ɬɨ 

ɩɪɟɠɞɟ, ɱɟɦ ɩɪɢɧɹɬɶ ɧɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ, ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ 

ɨɲɢɛɤɢ ɜɬɨɪɨɝɨ ɪɨɞɚ, ɬ.ɟ. ɪɚɫɫɱɢɬɚɬɶ ɦɨɳɧɨɫɬɢ ɤɪɢɬɟɪɢɹ. ȿɫɥɢ ɠɟ ɟɝɨ ɜɟɥɢɱɢɧɚ 

ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ, ɬɪɟɛɭɟɬɫɹ ɭɜɟ-

ɥɢɱɟɧɢɟ ɨɛɴɟɦɚ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ (ɨɞɧɚɤɨ ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɡɚɱɚɫɬɭɸ ɭɠɟ ɧɟ ɢɦɟɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɭɜɟɥɢɱɢɬɶ ɨɛɴɟɦ ɜɵ-

ɛɨɪɤɢ, ɬɨ ɨɧɢ ɨɛɵɱɧɨ ɩɪɨɩɭɫɤɚɸɬ ɞɚɧɧɵɣ ɩɭɧɤɬ). 

ɚ ɛ ɜ 

f(Θ) 

α 

Ɉɛɥɚɫɬɶ 
ɩɪɢɧɹɬɢɹ Ɉɛɥɚɫɬɶ 

ɨɬɤɥɨɧɟɧɢɹ 

кɪ
ɩɪ,αΘ  

f(Θ)

α 

Ɉɛɥɚɫɬɶ  
ɩɪɢɧɹɬɢɹ 

Ɉɛɥɚɫɬɶ
ɨɬɤɥɨɧɟɧɢɹ

кɪ
ɥɟв,αΘ

f(Θ)

α/2

Ɉ
ɛɥ
ɚɫ
ɬɶ

  

ɩɪ
ɢɧ
ɹɬ
ɢɹ

Ɉɛɥɚɫɬɶ 
ɨɬɤɥɨɧɟɧɢɹ 

кɪ
2/ɥɟв,αΘ кɪ

2/ɩɪ,αΘ

Ɉɛɥɚɫɬɶ 
ɨɬɤɥɨɧɟɧɢɹ 

α/2

Ɋɢɫ. 3.6. Ʉритичеɫɤие ɨɛɥɚɫти ɩɥɨтɧɨɫти рɚɫɩреɞеɥеɧия: 
ɚ – ɩрɚвɨɫтɨрɨɧɧяя, ɛ – ɥевɨɫтɨрɨɧɧяя, в – ɞвɭɫтɨрɨɧɧяя 

3.4. Ɉɬɫев ɝɪуɛɵɯ ɩɨɝɪеɲɧɨɫɬеɣ 

 

Чɚɫɬɨ ɞɚɠɟ ɬɳɚɬɟɥɶɧɨ ɩɨɫɬɚɜɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɦɨɝɭɬ ɞɚɜɚɬɶ ɧɟɨɞ-

ɧɨɪɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɫɤɨɥɶɤɭ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɦɨɝɭɬ ɢɡɦɟɧɢɬɶɫɹ ɭɫɥɨ-

ɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ. ȿɫɥɢ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪ ɩɨ ɤɚɤɢɦ-ɥɢɛɨ ɩɪɢɱɢɧɚɦ ɧɟ 

ɭɥɨɜɢɥ ɷɬɢɯ ɢɡɦɟɧɟɧɢɣ, ɧɚɛɥɸɞɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɚɡɧɵɦ ɭɪɨɜɧɹɦ ɮɚɤ-

ɬɨɪɨɜ, ɛɭɞɭɬ ɩɪɢɧɚɞɥɟɠɚɬɶ ɤ ɪɚɡɧɵɦ ɝɟɧɟɪɚɥɶɧɵɦ ɫɨɜɨɤɭɩɧɨɫɬɹɦ. Дɚɧɧɵɟ, ɫɨ-

ɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɡɦɟɧɢɜɲɢɦɫɹ ɭɫɥɨɜɢɹɦ, ɧɚɡɵɜɚɸɬ ɝɪɭɛɵɦɢ ɩɨɝɪɟɲɧɨɫɬɹɦɢ 

(ɨɲɢɛɤɚɦɢ) ɢɥɢ ɪɟɡɤɨ ɜɵɞɟɥɹɸɳɢɦɢɫɹ (ɚɧɨɦɚɥɶɧɵɦɢ) ɡɧɚɱɟɧɢɹɦɢ. Ƚɪɭɛɵɟ ɩɨ-

ɝɪɟɲɧɨɫɬɢ ɩɨɹɜɥɹɸɬɫɹ ɬɚɤɠɟ ɩɪɢ ɧɟɩɪɚɜɢɥɶɧɨɣ ɡɚɩɢɫɢ ɩɨɤɚɡɚɧɢɣ ɩɪɢɛɨɪɨɜ. 
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В ɥɢɬɟɪɚɬɭɪɟ ɩɪɢɜɨɞɹɬɫɹ ɫɜɟɞɟɧɢɹ ɨ ɬɨɦ, ɱɬɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧ-

ɧɵɟ ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ ~ 10% ɚɧɨɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ. Ɉɞɧɚɤɨ ɷɬɢ 10% ɦɨɝɭɬ ɞɚɬɶ 

ɫɢɥɶɧɨɟ ɫɦɟɳɟɧɢɟ ɩɪɢ ɨɰɟɧɤɟ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɨɫɨɛɟɧɧɨ ɞɥɹ ɞɢɫ-

ɩɟɪɫɢɢ, ɬɚɤ ɤɚɤ ɨɲɢɛɤɢ ɡɚɦɟɬɧɨ ɨɬɤɥɨɧɹɸɬɫɹ ɨɬ ɨɫɧɨɜɧɨɣ ɝɪɭɩɩɵ ɡɧɚɱɟɧɢɣ, ɚ ɧɚ 

ɞɢɫɩɟɪɫɢɸ ɨɫɨɛɟɧɧɨ ɫɢɥɶɧɨ ɜɥɢɹɸɬ ɤɪɚɣɧɢɟ ɱɥɟɧɵ ɜɚɪɢɚɰɢɨɧɧɨɝɨ ɪɹɞɚ (ɜɚ-

ɪɢɚɰɢɨɧɧɵɣ ɪɹɞ – ɪɟɡɭɥɶɬɚɬɵ ɧɚɛɥɸɞɟɧɢɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɜɨɡɪɚɫɬɚɸɳɟɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ x1≤ x2≤ x3 ... ≤ xi …≤xn). 

В ɫɥɭɱɚɟ ɨɬɫɟɜɚ ɝɪɭɛɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ (ɨɲɢɛɨɤ) ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɮɨɪɦɭ-

ɥɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

ɇ0 :"ɋɪɟɞɢ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ (ɜɵɛɨɪɨɱɧɵɯ, ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ) ɧɟɬ 

ɪɟɡɤɨ ɜɵɞɟɥɹɸɳɢɯɫɹ (ɚɧɨɦɚɥɶɧɵɯ) ɡɧɚɱɟɧɢɣ ". 

Аɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɨɣ ɦɨɠɟɬ ɛɵɬɶ  

ɥɢɛɨ ɇ1
(1): "ɋɪɟɞɢ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ ɟɫɬɶ ɬɨɥɶɤɨ ɨɞɧɚ ɝɪɭɛɚɹ ɨɲɢɛɤɚ",  

ɥɢɛɨ ɇ1
(2): "ɋɪɟɞɢ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ ɟɫɬɶ ɞɜɟ ɢɥɢ ɛɨɥɟɟ ɝɪɭɛɵɯ ɨɲɢɛ-

ɤɢ". 

В ɥɢɬɟɪɚɬɭɪɟ ɦɨɠɧɨ ɜɫɬɪɟɬɢɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɤɪɢɬɟɪɢɟɜ 

ɞɥɹ ɨɬɫɟɜɚ ɝɪɭɛɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɧɚɛɥɸɞɟɧɢɣ. Ɉɛɵɱɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɵ ɢɦɟ-

ɸɬ ɞɟɥɨ ɫ ɜɵɛɨɪɤɚɦɢ ɧɟɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ (ɬ.ɟ. ɤɨɝɞɚ ɝɟɧɟɪɚɥɶɧɚɹ ɞɢɫɩɟɪɫɢɹ σx
2 

ɧɟɢɡɜɟɫɬɧɚ ɢ ɨɰɟɧɢɜɚɟɬɫɹ ɩɨ ɨɩɵɬɧɵɦ ɞɚɧɧɵɦ ɱɟɪɟɡ ɜɵɛɨɪɨɱɧɭɸ ɞɢɫɩɟɪɫɢɸ 

Sx
2), ɩɪɢɱɟɦ ɢɦɟɧɧɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɚɧɨɦɚɥɶɧɵɟ ɞɚɧɧɵɟ ɢɦɟɸɬ ɛɨɥɶɲɨɣ ɜɟɫ. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɦɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

ɹɜɥɹɸɬɫɹ ɤɪɢɬɟɪɢɣ ɇ.В. ɋɦɢɪɧɨɜɚ (ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɇ1
(1) ) ɢ ɤɪɢɬɟɪɢɣ Дɢɤɫɨɧɚ 

(ɩɪɢɦɟɧɢɦ ɤɚɤ ɩɪɢ ɇ1
(1) , ɬɚɤ ɢ ɩɪɢ ɇ1

(2) ). 

3.4.1. Ʉриɬериɣ ɇ.В. ɋмирɧɨɜɚ 

 

ȿɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɟɫɬɶ ɬɨɥɶɤɨ ɨɞɧɨ ɚɧɨɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ (ɚɥɶɬɟɪɧɚɬɢɜ-

ɧɚɹ ɝɢɩɨɬɟɡɚ ɇ1
(1) ), ɬɨ ɨɧɨ ɛɭɞɟɬ ɤɪɚɣɧɢɦ ɱɥɟɧɨɦ ɜɚɪɢɚɰɢɨɧɧɨɝɨ ɪɹɞɚ. ɉɨɷɬɨɦɭ 

ɩɪɨɜɟɪɹɬɶ ɜɵɛɨɪɤɭ ɧɚ ɧɚɥɢɱɢɟ ɨɞɧɨɣ ɝɪɭɛɨɣ ɨɲɢɛɤɢ ɟɫɬɟɫɬɜɟɧɧɨ ɩɪɢ ɩɨɦɨɳɢ 

ɫɬɚɬɢɫɬɢɤɢ 

xs

xx
u 1

_

1

−
= ,         (3.39) 
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ɟɫɥɢ ɫɨɦɧɟɧɢɟ ɜɵɡɵɜɚɟɬ ɩɟɪɜɵɣ ɱɥɟɧ ɜɚɪɢɚɰɢɨɧɧɨɝɨ ɪɹɞɚ , 

ɢɥɢ  

i
i

xx min1 =

x

n
n

s

xx
u

_

−
= ,         (3.40) 

ɟɫɥɢ ɫɨɦɧɢɬɟɥɟɧ ɦɚɤɫɢɦɚɥɶɧɵɣ ɱɥɟɧ ɜɚɪɢɚɰɢɨɧɧɨɝɨ ɪɹɞɚ . i
i

n xx max=

Эɬɨɬ ɤɪɢɬɟɪɢɣ ɜɩɟɪɜɵɟ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɇ.В. ɋɦɢɪɧɨɜɵɦ. Ɉɧ ɢɫɫɥɟɞɨɜɚɥ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɚɬɢɫɬɢɤ [(3.39), (3.40)] ɢ ɫɨɫɬɚɜɢɥ ɬɚɛɥɢɰɵ ɩɪɨɰɟɧɬɧɵɯ ɬɨɱɟɤ 

uα,n (ɤɜɚɧɬɢɥɢ ɩɨɪɹɞɤɚ р = 1 – α) ɞɥɹ α = 0,1; 0,05; 0,01 ɩɪɢ 3 ≤ n ≤ 20 [11]. 

ɉɪɢ ɜɵɛɪɚɧɧɨɦ ɭɪɨɜɧɟ ɡɧɚɱɢɦɨɫɬɢ α ɤɪɢɬɢɱɟɫɤɚɹ ɨɛɥɚɫɬɶ ɞɥɹ ɤɪɢɬɟɪɢɹ 

ɇ.В. ɋɦɢɪɧɨɜɚ ɫɬɪɨɢɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 

u1 > uα,n ɢɥɢ un > uα,n ,       (3.41) 

 

ɝɞɟ uα,n – ɷɬɨ ɬɚɛɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ (ɫɦ. [6] ɢɥɢ ɬɚɛɥ. ɉ.7). 

В ɫɥɭɱɚɟ ɟɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɫɥɟɞɧɟɟ ɭɫɥɨɜɢɟ (ɫɬɚɬɢɫɬɢɤɚ ɩɨɩɚɞɚɟɬ ɜ 

ɤɪɢɬɢɱɟɫɤɭɸ ɨɛɥɚɫɬɶ), ɬɨ ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɨɬɤɥɨɧɹɟɬɫɹ, ɬ.ɟ. ɜɵɛɪɨɫ x1 ɢɥɢ xn ɧɟ 

ɫɥɭɱɚɟɧ ɢ ɧɟ ɯɚɪɚɤɬɟɪɟɧ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɞɚɧɧɵɯ, ɚ ɨɩɪɟɞɟ-

ɥɹɟɬɫɹ ɢɡɦɟɧɢɜɲɢɦɢɫɹ ɭɫɥɨɜɢɹɦɢ ɢɥɢ ɝɪɭɛɵɦɢ ɨɲɢɛɤɚɦɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 

ɨɩɵɬɨɜ. В ɷɬɨɦ ɫɥɭɱɚɟ ɡɧɚɱɟɧɢɟ x1 ɢɥɢ xn ɢɫɤɥɸɱɚɸɬ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ, ɚ ɧɚɣ-

ɞɟɧɧɵɟ ɪɚɧɟɟ ɨɰɟɧɤɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɤɨɪɪɟɤɬɢɪɨɜɤɟ ɫ ɭɱɟɬɨɦ ɨɬɛɪɨɲɟɧɧɨɝɨ ɪɟ-

ɡɭɥɶɬɚɬɚ. 

3.4.2. Ʉриɬериɣ Ⱦиɤɫɨɧɚ 

 

В ɤɪɢɬɟɪɢɢ Дɢɤɫɨɧɚ ɩɪɢɦɟɧɹɟɬɫɹ ɫɬɚɬɢɫɬɢɤɚ: 

• ɟɫɥɢ ɩɨɞɨɡɪɢɬɟɥɶɧɚɹ «ɱɭɠɟɪɨɞɧɚɹ» ɬɨɱɤɚ ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟ-

ɧɢɟ, 

1

,

+

−

−
−

=
jn

inn
ji

xx

xx
r ,        (3.42) 

• ɟɫɥɢ ɩɨɞɨɡɪɢɬɟɥɶɧɚɹ «ɱɭɠɟɪɨɞɧɚɹ» ɬɨɱɤɚ ɢɦɟɟɬ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟ-

ɧɢɟ, 
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1

11
,

xx

xx
r

jn

i
ji −

−
=

−

+ ,        (3.43) 

ɝɞɟ xn, xn-i, xj+1 – ɱɥɟɧɵ ɜɚɪɢɚɰɢɨɧɧɨɝɨ ɪɹɞɚ x1≤ x2≤ x3 ... ≤ xi …≤xn. 

Дɢɤɫɨɧɨɦ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ r10, r11, r12, r20, r21 ɢ r22 ɢ ɩɨ-

ɫɬɪɨɟɧɵ ɬɚɛɥɢɰɵ ɞɥɹ α = 0,1; 0,05; 0,01 ɢ 0,005 ɩɪɢ 3 ≤ n ≤ 30 [11]. 

ɋɬɚɬɢɫɬɢɤɚ 

1

1

10
xx

xx
r

n

nn

−
−

= −   

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɪɨɜɟɪɤɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɥɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɥɟɧɚ ɜɚɪɢɚɰɢ-

ɨɧɧɨɝɨ ɪɹɞɚ (ɨɞɧɚ ɝɪɭɛɚɹ ɨɲɢɛɤɚ, ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɇ1
(1) ) ɩɪɢ 3 ≤ n ≤ 7. 

ȿɫɥɢ  ɩɪɢ ɬɨɦ ɠɟ ɨɛɴɟɦɟ ɜɵɛɨɪɤɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɧɚɥɢɱɢɟ ɞɜɭɯ ɢ ɛɨɥɟɟ ɪɟɡɤɨ 

ɜɵɞɟɥɹɸɳɢɯɫɹ ɡɧɚɱɟɧɢɣ (ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɇ1
(2) ), ɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɬɚ-

ɬɢɫɬɢɤɚ r20. 

ɋɬɚɬɢɫɬɢɤɢ ɤɪɢɬɟɪɢɹ Дɢɤɫɨɧɚ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ ɞɪɭɝɢɯ ɨɛɴɟɦɚɯ ɜɵɛɨɪ-

ɤɢ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 3.3. 

Ɍɚɛɥɢɰɚ 3.3 
ɋтɚтиɫтиɤи ɤритерия Ⱦиɤɫɨɧɚ, иɫɩɨɥɶɡɭеɦɵе 

ɩри рɚɡɥичɧɵɯ ɨɛɴеɦɚɯ вɵɛɨрɤи n 
 

Чɢɫɥɨ ɝɪɭɛɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ Ɉɛɴɟɦ ɜɵɛɨɪɤɢ 

n ɨɞɧɚ ɞɜɟ ɢ ɛɨɥɟɟ 

3…7 

8…10 

11…13 

14…30 

r10 

r11 

r21 

r22

r20 

r20 

r21 

r22

 

Кɪɢɬɢɱɟɫɤɚɹ ɨɛɥɚɫɬɶ ɜ ɤɪɢɬɟɪɢɢ Дɢɤɫɨɧɚ ɜɵɝɥɹɞɢɬ ɚɧɚɥɨɝɢɱɧɨ ɤɪɢɬɟɪɢɸ 

ɇ.В. ɋɦɢɪɧɨɜɚ  ɢ ɜɤɥɸɱɚɟɬ ɡɧɚɱɟɧɢɹ 

rij > (rij) α,n,         (3.44) 

ɝɞɟ (rij) α,n – ɬɚɛɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ (ɫɦ. [11] ɢɥɢ ɬɚɛɥ. ɉ.8). 

Ɋɚɫɫɦɨɬɪɢɦ ɧɟɛɨɥɶɲɨɣ ɩɪɢɦɟɪ. 

ɉример 3.3. ɉɢɪɨɦɟɬɪɨɦ ɢɡɦɟɪɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɬɨ-

ɝɨ ɬɟɥɚ (ɧɚɩɪɢɦɟɪ, ɩɪɨɤɚɬɵɜɚɟɦɨɣ ɡɚɝɨɬɨɜɤɢ, ɩɪɢɱɟɦ ɛɭɞɟɦ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ 
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3. ɉɊЕȾВАɊИɌЕЛɖɇАə ɈȻɊАȻɈɌɄА ɗɄɋɉЕɊИɆЕɇɌАЛɖɇɕɏ ȾАɇɇɕɏ 

ɬɟɦɩɟɪɚɬɭɪɚ ɟɟ ɜɢɞɢɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɨɞɢɧɚɤɨɜɚ). Ȼɵɥɨ ɩɪɨɜɟ-

ɞɟɧɨ ɲɟɫɬɶ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ T °ɋ, ɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: 

925, 930, 950, 975, 990, 1080 (n = 6, ɩɪɢɱɟɦ, ɤɚɤ ɜɢɞɧɨ, ɜɫɟ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ 

ɜ ɜɨɡɪɚɫɬɚɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɬ.ɟ. ɜ ɜɢɞɟ ɜɚɪɢɚɰɢɨɧɧɨɝɨ ɪɹɞɚ T1=925 ≤ 

T2=930 ≤ T3 =950... ≤T6=1080). Ɇɨɠɧɨ ɥɢ ɡɧɚɱɟɧɢɟ T6=1080 ɫɱɢɬɚɬɶ ɝɪɭɛɨɣ ɩɨ-

ɝɪɟɲɧɨɫɬɶɸ, ɩɨɥɭɱɟɧɧɨɣ, ɞɨɩɭɫɬɢɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟɩɪɚɜɢɥɶɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ 

ɩɨɤɚɡɚɧɢɣ ɩɢɪɨɦɟɬɪɚ?  

Дɥɹ ɨɬɜɟɬɚ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜ ɷɬɨɦ ɩɪɢɦɟɪɟ ɜɨɩɪɨɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵ-

ɱɢɫɥɢɦ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɫɫɥɟɞɭɟɦɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ T 

(ɩɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɨɧɚ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ):  

ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟT  ɢ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ 

ɨɬɤɥɨɧɟɧɢɟ ST: 

;9756/)1080990975950930925(
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1
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=
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В ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰɚɯ Microsoft Excel ɞɥɹ ɷɬɢɯ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ ɛɵɥɨ 

ɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɜɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɋɊɁɇАɑ 

(925;930;950;975;990;1080) =975 ɢ ɋɌАɇȾɈɌɄЛɈɇ (925;930;950;975;990;1080)= 

57,27128. 

Ɍɟɩɟɪɶ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɩɪɟɞɥɨɠɟɧɧɵɦ ɜɵɲɟ ɚɥɝɨɪɢɬɦɨɦ ɩɪɨɜɟɪɤɢ ɫɬɚɬɢ-

ɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ. 

1. Ɏɨɪɦɭɥɢɪɭɟɦ ɧɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ ɇ0: "ɋɪɟɞɢ ɡɧɚɱɟɧɢɣ 925; 930; 950; 975; 990; 

1080 ɧɟɬ ɝɪɭɛɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ". 

2. Иɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ ɩɪɢɦɟɪɚ 3.2, ɜɵɛɢɪɚɟɦ ɫɥɟɞɭɸɳɭɸ ɚɥɶɬɟɪɧɚɬɢɜɧɭɸ ɝɢ-

ɩɨɬɟɡɭ ɇ1
(1) : "Ɂɧɚɱɟɧɢɟ 1080 ɹɜɥɹɟɬɫɹ (ɨɞɧɨɣ) ɝɪɭɛɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ". 

3.  ɋɮɨɪɦɭɥɢɪɨɜɚɧɧɚɹ ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɇ0 ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɪɟɧɚ ɩɨ ɥɸɛɨɦɭ 

ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɷɬɨɦ ɪɚɡɞɟɥɟ ɤɪɢɬɟɪɢɟɜ, ɬ.ɟ. ɤɚɤ ɩɨ ɤɪɢɬɟɪɢɸ ɇ.В. ɋɦɢɪ-
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ɧɨɜɚ, ɬɚɤ ɢ ɩɨ ɤɪɢɬɟɪɢɸ Дɢɤɫɨɧɚ (ɯɨɬɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɦɨɝɭɬ ɛɵɬɶ ɧɚɣɞɟɧɵ ɢ 

ɞɪɭɝɢɟ ɤɪɢɬɟɪɢɢ). Дɥɹ ɧɚɱɚɥɚ ɨɫɬɚɧɨɜɢɦɫɹ ɧɚ ɤɪɢɬɟɪɢɢ ɇ.В. ɋɦɢɪɧɨɜɚ. 

4. Ɂɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤɢ ɤɪɢɬɟɪɢɹ ɇ.В. ɋɦɢɪɧɨɜɚ ɜ ɩɪɢɦɟɪɟ 3.2 ɪɚɜɧɨ (ɫɦ. 

(3.40)) 
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5. ɍɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ α ɩɪɢɦɟɦ ɪɚɜɧɵɦ 0,05. 

6. ɉɨ ɬɚɛɥ. ɉ.7 ɩɪɢ α = 0,05 ɢ n = 6 ɧɚɯɨɞɢɦ u0,05;6 = 1,82, ɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

(3.41) ɫɬɪɨɢɦ ɤɪɢɬɢɱɟɫɤɭɸ ɨɛɥɚɫɬɶ ω: u6 > u0,05;6, ɬ.ɟ. u6 > 1,82. 

7. ɉɪɢɧɢɦɚɟɦ ɪɟɲɟɧɢɟ: ɩɨɫɤɨɥɶɤɭ ɡɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤɢ (1,83 > 1,82) ɩɨɩɚɥɨ ɜ 

ɤɪɢɬɢɱɟɫɤɭɸ  ɨɛɥɚɫɬɶ – ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɨɬɜɟɪɝɚɟɬɫɹ, ɢ ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ 

ɩɪɢɧɢɦɚɟɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ, ɬ.ɟ. ɡɧɚɱɟɧɢɟ 1080 ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 

0,95 (ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ, ɧɟ ɩɪɟɜɵɲɚɟɬ 0,05) ɩɨ ɤɪɢɬɟɪɢɸ ɇ.В. ɋɦɢɪɧɨɜɚ 

ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɝɪɭɛɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ. 

Иɧɬɟɪɟɫɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɟɫɥɢ ɛɵ ɧɚ ɷɬɚɩɟ 5 ɦɵ ɩɪɢɧɹɥɢ α = 0,01, ɩɨ ɬɚɛ-

ɥɢɰɚɦ ɤɪɢɬɟɪɢɹ ɇ.В. ɋɦɢɪɧɨɜɚ u0,01;6 = 1,94 ɢ ɩɨɞɫɱɢɬɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢ-

ɤɢ ɩɪɢ ɷɬɨɦ ɭɪɨɜɧɟ  ɡɧɚɱɢɦɨɫɬɢ , ɬɨ ɨɧɨ ɧɟ ɩɨɩɚɥɨ ɛɵ ɜ ɤɪɢɬɢɱɟɫɤɭɸ ɨɛɥɚɫɬɶ 

(1,83<1,94). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ α = 0,01 ɦɵ ɧɟ ɦɨɠɟɦ ɨɬɜɟɪɝɧɭɬɶ ɧɭɥɟɜɭɸ ɝɢ-

ɩɨɬɟɡɭ, ɬ.ɟ. ɩɨ ɤɪɢɬɟɪɢɸ ɇ.В. ɋɦɢɪɧɨɜɚ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 0,99 (ɧɚɞɟɠɧɨɫɬɶɸ, 

ɞɨɫɬɨɜɟɪɧɨɫɬɶɸ) ɦɵ ɧɟ ɦɨɠɟɦ ɫɤɚɡɚɬɶ, ɱɬɨ ɡɧɚɱɟɧɢɟ 1080 ɹɜɥɹɟɬɫɹ ɝɪɭɛɨɣ ɩɨ-

ɝɪɟɲɧɨɫɬɶɸ. 

В ɡɚɜɟɪɲɟɧɢɟ ɞɚɧɧɨɝɨ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ, ɤɚɤ ɛɵ ɜɵɝɥɹɞɟɥɢ ɧɚɲɢ ɪɚɫ-

ɱɟɬɵ, ɟɫɥɢ ɧɚ ɷɬɚɩɟ 3 ɦɵ ɛɵ ɨɫɬɚɧɨɜɢɥɢɫɶ ɧɚ ɤɪɢɬɟɪɢɢ Дɢɤɫɨɧɚ. 

4. ɉɪɢ n = 6 ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɟ, ɱɬɨ ɢɦɟɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɚ ɝɪɭɛɚɹ ɩɨ-

ɝɪɟɲɧɨɫɬɶ, ɜ ɤɪɢɬɟɪɢɢ Дɢɤɫɨɧɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɬɚɬɢɫɬɢɤɚ r10 (ɫɦ. ɬɚɛɥ. 3.3), 

ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɣ ɜ ɩɪɢɦɟɪɟ 3.2 (ɫɦ. (3.43)): 
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5. ɍɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ α ɩɪɢɦɟɦ ɪɚɜɧɵɦ 0,05. 

6. ɉɨ ɬɚɛɥ. ɉ.8 ɩɪɢ α = 0,05 ɢ n = 6 ɧɚɯɨɞɢɦ (r10) 0,05;6 = 0,560, ɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢ-

ɟɦ (3.44) ɫɬɪɨɢɦ ɤɪɢɬɢɱɟɫɤɭɸ ɨɛɥɚɫɬɶ ω: r10 > (r10) 0,05;6, ɬ.ɟ. r10> 0,560. 
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7. ɉɪɢɧɢɦɚɟɦ ɪɟɲɟɧɢɟ: ɩɨɫɤɨɥɶɤɭ ɡɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤɢ (0,581 > 0,560) ɩɨɩɚɥɨ ɜ 

ɤɪɢɬɢɱɟɫɤɭɸ  ɨɛɥɚɫɬɶ – ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɨɬɜɟɪɝɚɟɬɫɹ, ɢ ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ 

ɩɪɢɧɢɦɚɟɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ, ɬ.ɟ. ɡɧɚɱɟɧɢɟ 1080 ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 0,95  ɢ ɩɨ 

ɤɪɢɬɟɪɢɸ Дɢɤɫɨɧɚ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɝɪɭɛɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ. 

Ɂɚɦɟɬɢɦ, ɨɞɧɚɤɨ, ɤɚɤ ɢ ɩɨ ɤɪɢɬɟɪɢɸ ɇ.В. ɋɦɢɪɧɨɜɚ, ɜɵɫɤɚɡɚɬɶ ɩɨɞɨɛɧɨɟ ɭɬɜɟɪ-

ɠɞɟɧɢɟ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 0,99 ɩɨ ɤɪɢɬɟɪɢɸ Дɢɤɫɨɧɚ ɦɵ ɧɟ ɢɦɟɟɦ ɩɪɚɜɚ, ɩɨɫɤɨɥɶ-

ɤɭ ɩɨ ɬɚɛɥɢɰɚɦ (r10) 0,01;6 = 0,698. 

 

3.5. ɋɪавɧеɧɢе ɞвуɯ ɪяɞɨв ɧаɛлɸɞеɧɢɣ 

 

 ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢ ɚɧɚɥɢɡɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚ-

ɧɢɣ ɱɚɫɬɨ ɩɪɢɯɨɞɢɬɫɹ ɫɪɚɜɧɢɜɚɬɶ ɞɜɟ ɩɚɪɬɢɢ ɢɡɞɟɥɢɣ, ɩɨɤɚɡɚɧɢɹ ɞɜɭɯ ɢɥɢ ɧɟ-

ɫɤɨɥɶɤɢɯ ɩɪɢɛɨɪɨɜ, ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɨɞɧɨɬɢɩɧɵɯ ɚɝɪɟɝɚɬɨɜ, 

ɫɪɚɜɧɢɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɜɭɯ ɩɪɨɛ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬ.ɞ. Вɨɬ ɧɟɤɨɬɨ-

ɪɵɟ ɩɪɢɦɟɪɵ ɩɨɞɨɛɧɵɯ ɫɢɬɭɚɰɢɣ. 

1. ɇɟɨɛɯɨɞɢɦɨ ɫɪɚɜɧɢɬɶ ɩɨɤɚɡɚɧɢɹ ɞɜɭɯ ɩɪɢɛɨɪɨɜ, ɢɡɦɟɪɹɸɳɢɯ ɨɞɧɭ ɢ ɬɭ 

ɠɟ ɜɟɥɢɱɢɧɭ, ɤɨɝɞɚ ɷɬɢɦɢ ɪɚɛɨɱɢɦɢ ɫɪɟɞɫɬɜɚɦɢ ɢɡɦɟɪɟɧɢɣ ɩɨɥɭɱɟɧɨ ɞɜɚ ɪɹɞɚ 

ɧɚɛɥɸɞɟɧɢɣ ɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ. Ɉɞɢɧɚɤɨɜɚ ɥɢ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɨɞɧɨɝɨ ɢ ɬɨɝɨ 

ɠɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɚɪɚɦɟɬɪɚ ɪɚɡɧɵɦɢ ɩɪɢɛɨɪɚɦɢ? 

 2. Ɍɪɟɛɭɟɬɫɹ ɩɨɜɟɪɢɬɶ ɪɚɛɨɱɟɟ ɫɪɟɞɫɬɜɨ ɢɡɦɟɪɟɧɢɹ (ɬ.ɟ. ɨɩɪɟɞɟɥɢɬɶ, ɧɟ 

ɜɵɯɨɞɹɬ ɥɢ ɩɨɝɪɟɲɧɨɫɬɢ ɟɝɨ ɢɡɦɟɪɟɧɢɣ ɡɚ ɩɪɟɞɟɥɵ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɡɧɚ-

ɱɟɧɢɣ) ɫ ɩɨɦɨɳɶɸ ɨɛɪɚɡɰɨɜɨɝɨ ɫɪɟɞɫɬɜɚ ɢɡɦɟɪɟɧɢɹ. Ɋɚɜɧɨ ɥɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɨɠɢɞɚɧɢɟ ɩɨɤɚɡɚɧɢɣ ɞɚɧɧɨɝɨ ɩɪɢɛɨɪɚ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɢɡɦɟɪɹɟɦɨɝɨ 

ɩɚɪɚɦɟɬɪɚ? 

 3. Дɜɚ ɚɝɪɟɝɚɬɚ ɜɵɩɭɫɤɚɸɬ ɨɞɧɭ ɢ ɬɭ ɠɟ ɩɪɨɞɭɤɰɢɸ. ɇɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ 

ɜɵɜɨɞ ɨ ɬɨɦ, ɤɚɤɨɣ ɢɡ ɧɢɯ ɥɭɱɲɟ ɢɥɢ ɯɭɠɟ ɜ ɤɚɤɨɦ-ɥɢɛɨ ɫɦɵɫɥɟ. 

 Ɋɟɲɟɧɢɟ ɩɨɞɨɛɧɵɯ ɡɚɞɚɱ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɚɤɠɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɩɩɚ-

ɪɚɬɚ ɩɪɨɜɟɪɤɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ. Вɟɞɶ ɟɫɥɢ ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɛɵ 

ɫɪɚɜɧɢɬɶ ɞɜɟ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ X ɢ Y, ɢɦɟɸɳɢɟ ɧɨɪɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɟ, ɩɪɢ ɢɡɜɟɫɬɧɵɯ ɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɠɢɞɚɧɢɹɯ ɢ ɞɢɫɩɟɪɫɢɹɯ Mx; σx
2 ɢ My; 

σy
2, ɬɨ ɜɨɩɪɨɫ, ɨɱɟɜɢɞɧɨ, ɪɟɲɚɥɫɹ ɛɵ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ. Дɜɟ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢ-
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ɱɢɧɵ ɫ ɧɨɪɦɚɥɶɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɪɚɜɧɵ ɦɟɠɞɭ ɫɨɛɨɣ (ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɬ.ɟ. ɢɦɟɸɬ ɨɞɧɭ ɢ ɬɭ ɠɟ ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ F(X) = F(Y) 

ɢɥɢ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ f(X) = f(Y)), ɤɨɝɞɚ ɪɚɜɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɢɯ ɦɚɬɟɦɚ-

ɬɢɱɟɫɤɢɟ ɨɠɢɞɚɧɢɹ (Mx = My) ɢ ɞɢɫɩɟɪɫɢɢ (σx
2 = σy

2), ɩɨɫɤɨɥɶɤɭ ɬɨɥɶɤɨ ɷɬɢ ɞɜɚ 

ɩɚɪɚɦɟɬɪɚ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɸɬ ɧɨɪɦɚɥɶɧɨɟ (ɞɜɭɯɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ) ɪɚɫɩɪɟ-

ɞɟɥɟɧɢɟ (ɫɦ. (2.12) ɢɥɢ (2.21)). 

Ɉɞɧɚɤɨ, ɤɚɤ ɷɬɨ ɭɠɟ ɧɟɨɞɧɨɤɪɚɬɧɨ ɪɚɧɟɟ ɨɬɦɟɱɚɥɨɫɶ, ɥɸɛɨɣ ɢɡ ɩɚɪɚɦɟɬ-

ɪɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ Θ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧ ɥɢɲɶ ɩɨ ɜɫɟɣ 

ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ, ɬ.ɟ. ɬɨɥɶɤɨ ɬɟɨɪɟɬɢɱɟɫɤɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɛɟɫɤɨɧɟɱ-

ɧɨ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɩɵɬɨɜ. ɉɪɚɤɬɢɱɟɫɤɢ, ɩɨ ɜɵɛɨɪɤɟ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɨɛɴɟ-

ɦɚ, ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɦɨɠɟɬ ɨɩɪɟɞɟɥɢɬɶ ɬɨɥɶɤɨ ɩɪɢɛɥɢɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬ-

ɪɚ – ɟɝɨ ɨɰɟɧɤɭ Θ*. ɉɪɢ ɷɬɨɦ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɨɰɟɧɤɚ Θ* ɫɨɜɩɚɞɟɬ ɫɨ ɡɧɚ-

ɱɟɧɢɟɦ ɨɰɟɧɢɜɚɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ Θ, ɨɱɟɧɶ ɦɚɥɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɚɠɟ ɟɫɥɢ 

ɪɚɜɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɩɚɪɚɦɟɬɪɵ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɞɜɭɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ (Θx =  

Θy ), ɬɨ ɢɯ ɨɰɟɧɤɢ ɫɤɨɪɟɟ ɜɫɟɝɨ ɧɟ ɛɭɞɭɬ ɨɞɢɧɚɤɨɜɵɦɢ (Θx* ≠ Θy*). 

ɉɨɷɬɨɦɭ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɞɜɭɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɨɛɵɱɧɨ ɩɪɢɯɨɞɢɬɫɹ ɜɵ-

ɫɤɚɡɵɜɚɬɶ ɢ ɩɪɨɜɟɪɹɬɶ ɧɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ ɇ0: Θx = Θy, ɩɪɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɝɢɩɨ-

ɬɟɡɚɯ ɬɢɩɚ ɇ1
(1): Θx <  Θy ɢɥɢ ɇ1

(2): Θx > Θy. ɇ1
(3): Θx ≠ Θy, 

3.5.1. ɋрɚɜɧеɧие ɞɜɭх ɞиɫɩерɫиɣ  

 

 ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɢɡɦɟɪɟɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɱɚɫɬɨ ɜɨɡɧɢɤɚɟɬ ɡɚɞɚ-

ɱɚ ɫɪɚɜɧɟɧɢɹ ɫɬɟɩɟɧɢ ɪɚɡɛɪɨɫɚ (ɞɢɫɩɟɪɫɢɣ) ɢɫɫɥɟɞɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ (ɫɥɭɱɚɣ-

ɧɵɯ ɜɟɥɢɱɢɧ). 

ɉɪɨɜɟɪɤɚ ɝɢɩɨɬɟɡɵ ɨ ɪɚɜɟɧɫɬɜɟ ɞɢɫɩɟɪɫɢɣ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ, ɬɚɤ 

ɤɚɤ ɢɡɦɟɪɹɟɦɚɹ ɞɢɫɩɟɪɫɢɟɣ ɜɟɥɢɱɢɧɚ ɪɚɫɫɟɹɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɬɚɤɢɟ ɢɫɤɥɸɱɢ-

ɬɟɥɶɧɨ ɜɚɠɧɵɟ ɩɨɤɚɡɚɬɟɥɢ, ɤɚɤ ɬɨɱɧɨɫɬɶ ɦɚɲɢɧ, ɩɪɢɛɨɪɨɜ, ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɟɯ-

ɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɤɚɱɟɫɬɜɨ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɬ.ɞ. ɉɨɷɬɨɦɭ, ɧɚɩɪɢɦɟɪ, 

ɨ ɩɪɟɢɦɭɳɟɫɬɜɚɯ ɬɨɣ ɢɥɢ ɢɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɥɢ ɨ ɤɚɱɟɫɬɜɟ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤ-

ɰɢɢ ɜɵɜɨɞ ɦɨɠɧɨ ɱɚɫɬɨ ɫɞɟɥɚɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɪɚɜɧɟɧɢɹ ɞɢɫɩɟɪɫɢɣ ɬɟɯ ɩɚɪɚ-

ɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɢɯ ɯɚɪɚɤɬɟɪɢɡɭɸɬ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɟɛɭɟɬɫɹ ɭɫɬɚɧɨɜɢɬɶ, ɹɜɥɹɸɬɫɹ ɥɢ  ɜɵɛɨɪɨɱɧɵɟ ɞɢɫɩɟɪ-

ɫɢɢ S1
2 ≠ S2

2  ɫɨ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ  m1  ɢ m2 ɡɧɚɱɢɦɨ ɨɬɥɢɱɚɸɳɢɦɢɫɹ ɢɥɢ ɠɟ 

ɨɧɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɜɵɛɨɪɤɢ, ɜɡɹɬɵɟ ɢɡ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨ-

ɫɬɢ ɢɥɢ ɢɡ ɝɟɧɟɪɚɥɶɧɵɯ ɫɨɜɨɤɭɩɧɨɫɬɟɣ ɫ ɪɚɜɧɵɦɢ ɞɢɫɩɟɪɫɢɹɦɢ (σ1
2 = σ2

2
 = σ2). 

В ɷɬɨɦ ɫɥɭɱɚɟ ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɜ ɜɢɞɟ H0: σ1
2 = σ2

2= σ2
 , ɬ.ɟ. 

ɦɟɠɞɭ ɞɜɭɦɹ ɝɟɧɟɪɚɥɶɧɵɦɢ ɞɢɫɩɟɪɫɢɹɦɢ ɪɚɡɥɢɱɢɹ ɧɟɬ ɩɪɢ ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ 

ɡɧɚɱɢɦɨɫɬɢ α.  

Дɥɹ ɩɪɨɜɟɪɤɢ ɷɬɨɣ ɝɢɩɨɬɟɡɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɪɢɬɟɪɢɣ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɢ Ɏɢɲɟɪɚ, ɡɚɜɢɫɹɳɟɦ ɬɨɥɶɤɨ ɨɬ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m1  ɢ m2. 

Аɧɚɥɢɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ ɢɦɟɟɬ ɜɢɞ 

F=(S1
2 /σ1

2 )/( S2
2 /σ2

2 ) = (S1
2 /S2

2 )/(σ2
2 /σ1

2 ).    (3.44ɚ) 

ɉɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ  ɜɟɥɢɱɢɧɵ Fm1, m2 , ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫ. 3.7, 

ɟɫɬɶ ɮɭɧɤɰɢɹ  
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   (3.44ɛ) 

 

ɇɚɞɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɜɨɡɪɚɫɬɚɧɢɹ ɢ ɭɛɵɜɚɧɢɹ ɮɭɧɤɰɢɢ, ɚ ɬɚɤ-

ɠɟ ɜɟɥɢɱɢɧɚ ɢ ɩɨɥɨɠɟɧɢɟ ɦɚɤɫɢɦɭɦɚ ɡɚɜɢɫɹɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ m1  ɢ  m2. 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ  ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ Fm1, m2 ɨɩɪɟɞɟɥɹɟɬ-

ɫɹ ɱɟɪɟɡ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

( )∫
∞−

=
F

dfFF .)( ξξ         (3.44ɜ) 

 

ɋɭɳɟɫɬɜɭɸɬ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɬɚɛɥɢɰɵ ɤɚɤ ɫ ɬɚɛɭɥɢɪɨɜɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ 

ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ɏɢɲɟɪɚ ɞɥɹ ɩɪɢɧɹɬɨɝɨ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ, ɬɚɤ ɢ ɫ ɬɚ-

ɛɭɥɢɪɨɜɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɤɜɚɧɬɢɥɟɣ ɷɬɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɫɦ. ɬɚɛɥ. ɉ.4 ɢ 

ɉ.5). 
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Ɋɢɫ. 3.7. ɉɥɨтɧɨɫтɶ (ɚ) и ɮɭɧɤɰия (ɛ) F-рɚɫɩреɞеɥеɧия  
(чɚɫтɧɵɣ ɫɥɭчɚɣ ɩри m1=20 

 

 

ɉɨɫɤɨɥɶɤɭ ɩɨ ɭɫɥɨɜɢɸ ɧɭɥɶ–ɝɢɩɨɬɟɡɵ σ1
2 = σ2

2, ɬɨ ɜɵɪɚɠɟɧɢɟ ɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɜɵɛɨɪɨɱɧɵɯ ɞɢɫɩɟɪɫɢɣ 

F=S1
2 /S2

2  , 

ɝɞɟ S1
2 > S2

2 . 
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ȿɫɥɢ ɩɪɢ ɩɪɨɜɟɪɤɟ ɧɭɥɟɜɨɣ ɝɢɩɨɬɟɡɵ H0: σ1
2 = σ2

2 = σ2 ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ 

ɹɜɥɹɟɬɫɹ ɝɢɩɨɬɟɡɚ H1
(1): σ1

2 > σ2
2, ɬɨ ɩɪɢɦɟɧɹɸɬ ɨɞɧɨɫɬɨɪɨɧɧɟɟ ɧɟɪɚɜɟɧɫɬɜɨ 

F=S1
2 /S2

2 > Fα,m1,m2. 

Дɥɹ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɵ H1
(2): σ1

2 ≠ σ2
2, ɤɨɝɞɚ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ 

ɝɟɧɟɪɚɥɶɧɵɦɢ ɞɢɫɩɟɪɫɢɹɦɢ ɧɟɢɡɜɟɫɬɧɨ, ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɞɢɫɩɟɪɫɢɹɦɢ ɫɱɢɬɚɸɬ 

ɡɧɚɱɢɦɵɦ, ɟɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ 

F=S1
2 /S2

2 > F(α/2),m1,m2. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɫɜɨɞɢɬɫɹ ɤ ɫɥɟɞɭɸɳɟɦɭ. 

ɉɭɫɬɶ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɜɵɛɨɪɨɤ ɨɛɴɟɦɨɦ n1 

ɢ n2 ɢɡ ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɨɜɨɤɭɩɧɨɫɬɟɣ ɩɨɞɫɱɢɬɚɧɵ ɨɰɟɧɤɢ ɞɢɫɩɟɪ-

ɫɢɣ S1
2 ɢ S2

2, ɩɪɢɱɟɦ S1
2 > S2

2. Ɍɪɟɛɭɟɬɫɹ ɩɪɨɜɟɪɢɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ (ɧɭɥɟɜɭɸ 

ɝɢɩɨɬɟɡɭ ɇ0) ɨ ɬɨɦ, ɱɬɨ ɭɤɚɡɚɧɧɵɟ ɜɵɛɨɪɤɢ ɩɪɢɧɚɞɥɟɠɚɬ ɝɟɧɟɪɚɥɶɧɵɦ ɫɨɜɨɤɭɩ-

ɧɨɫɬɹɦ ɫ ɪɚɜɧɵɦɢ ɞɢɫɩɟɪɫɢɹɦɢ. 

В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɛɳɢɦ ɚɥɝɨɪɢɬɦɨɦ ɩɪɨɜɟɪɤɢ ɥɸɛɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɝɢ-

ɩɨɬɟɡɵ: 

1. ɇ0: σ1
2 = σ2

2 = σ2. 

2. Вɨɡɦɨɠɧɨ ɞɜɚ ɜɚɪɢɚɧɬɚ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɵ: 

ɇ1
(1): σ1

2 ≠ σ2
2; 

ɇ1
(2): σ1

2 > σ2
2. 

ɉɪɟɞɩɨɥɨɠɢɬɶ ɜɚɪɢɚɧɬ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɵ ɇ1
(3) : σ1

2 < σ2
2, ɤɨɧɟɱɧɨ 

ɠɟ, ɜɨɡɦɨɠɧɨ, ɧɨ ɜɪɹɞ ɥɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ  S1
2 > S2

2.. 

3. Иɫɩɨɥɶɡɭɟɬɫɹ F-ɤɪɢɬɟɪɢɣ (ɤɪɢɬɟɪɢɣ Ɏɢɲɟɪɚ) – ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɞɜɭɯ ɞɢɫɩɟɪ-

ɫɢɣ (ɛɨɥɶɲɟɣ ɤ ɦɟɧɶɲɟɣ), F - ɫɬɚɬɢɫɬɢɤɚ ɩɨɷɬɨɦɭ ɢɦɟɟɬ ɜɢɞ 

2

2

2

.1

S

S
F = ,         (3.45) 

ɝɞɟ S1
2 > S2

2. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ F ɜɫɟɝɞɚ ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ. 

4. Вɵɛɢɪɚɟɬɫɹ ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ α. 
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5. Ƚɪɚɧɢɰɵ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɩɨ ɬɚɛɥɢɰɚɦ ɤɜɚɧɬɢɥɟɣ F - 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɫɦ. [11] ɢɥɢ ɬɚɛɥ. ɉ.4, ɉ.5, ɚ ɜ Microsoft Excel ɞɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶ-

ɡɭɟɬɫɹ ɮɭɧɤɰɢɹ FɊАɋɉɈȻɊ) ɞɥɹ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m1 = n1 -1 ɢ m2 = n2 - 1 

ɢ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ  

• ɩɪɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɟ ɇ1
(1): σ1

2 ≠ σ2
2  ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ ɪɚɜɟɧ 

α/2 ɢ ɤɪɢɬɢɱɟɫɤɚɹ ɨɛɥɚɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ ; 
21 ,),2/( mmFF α>

• ɩɪɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɟ ɇ1
(2): σ1

2 > σ2
2 ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ ɪɚɜɟɧ α 

ɢ ɤɪɢɬɢɱɟɫɤɚɹ ɨɛɥɚɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ . 
21 ,, mmFF α>

6. ɇɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ ɩɪɢɧɢɦɚɸɬ, ɬ.ɟ. ɩɨɥɚɝɚɸɬ, ɱɬɨ σ1
2 = σ2

2 = σ2 ɩɪɢ ɜɵɩɨɥɧɟ-

ɧɢɢ ɨɞɧɨɝɨ ɢɡ ɧɟɪɚɜɟɧɫɬɜ (ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɝɢɩɨɬɟɡ): 

•   ɩɪɢ ɇ
21 ,),2/( mmFF α≤ 1

(1) σ1
2 ≠ σ2

2; 

•    ɩɪɢ ɇ
21 ,, mmFF α≤ 1

(2): σ1
2 > σ2

2. 

В ɫɥɭɱɚɟ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɧɭɥɟɜɨɣ ɝɢɩɨɬɟɡɵ, ɩɨ ɞɜɭɦ ɜɵɛɨɪɨɱɧɵɦ ɞɢɫ-

ɩɟɪɫɢɹɦ ɩɪɨɢɡɜɨɞɹɬ ɨɰɟɧɤɭ ɨɛɳɟɣ ɝɟɧɟɪɚɥɶɧɨɣ ɞɢɫɩɟɪɫɢɢ σ  
2

2

)1()1(

21

2

22

2

112

−+
−+−

=
nn

SnSn
S ,       (3.46) 

ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ. 

 ɉɪɨɢɥɥɸɫɬɪɢɪɭɟɦ ɩɪɢɦɟɧɟɧɢɟ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ ɧɚ ɫɥɟɞɭɸɳɟɦ ɩɪɢɦɟ-

ɪɟ.  

ɉример 3.4. ɉɪɨɜɨɞɹɬɫɹ ɢɡɦɟɪɟɧɢɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢ-

ɧɵ (ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ, ɫɨɫɬɚɜɚ ɝɚɡɚ ɢ ɬ.ɩ.). ɉɟɪɜɵɦ (ɫɬɚɪɵɦ) ɢɡɦɟɪɢɬɟɥɶ-

ɧɵɦ ɩɪɢɛɨɪɨɦ ɜɵɩɨɥɧɟɧɨ 200 ɢɡɦɟɪɟɧɢɣ, ɤɨɬɨɪɵɟ ɞɚɥɢ ɜɵɛɨɪɨɱɧɭɸ ɞɢɫɩɟɪ-

ɫɢɸ S1
2 = 3,82, ɚ ɜɬɨɪɵɦ (ɧɨɜɵɦ) ɫɞɟɥɚɧɨ ɬɨɥɶɤɨ 15 ɢɡɦɟɪɟɧɢɣ ɩɪɢ ɜɵɛɨɪɨɱɧɨɣ 

ɞɢɫɩɟɪɫɢɢ S2
2 = 2,00. Ɇɨɠɧɨ ɥɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɪɚɡɛɪɨɫ ɜ ɩɨɤɚɡɚɧɢɹɯ ɧɨɜɨɝɨ ɩɪɢ-

ɛɨɪɚ ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ, ɱɟɦ ɭ ɫɬɚɪɨɝɨ?  

1. ɋɮɨɪɦɭɥɢɪɭɟɦ ɧɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ ɨ ɪɚɜɟɧɫɬɜɟ ɞɢɫɩɟɪɫɢɣ ɇ0: σ1
2 =σ2

2 = 

σ2. 

2. Вɵɛɟɪɟɦ ɚɥɶɬɟɪɧɚɬɢɜɧɭɸ ɟɣ ɝɢɩɨɬɟɡɭ ɇ1: σ1
2 > σ2

2.  
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3. Вɨɫɩɨɥɶɡɭɟɦɫɹ ɤɪɢɬɟɪɢɟɦ Ɏɢɲɟɪɚ ɢ ɪɚɫɫɱɢɬɚɟɦ ɫɬɚɬɢɫɬɢɤɭ ɷɬɨɝɨ ɤɪɢ-

ɬɟɪɢɹ F = 3,82/2,00 = 1,91. 

4. Дɥɹ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α = 0,05 ɫɬɪɨɢɦ ɤɪɢɬɢɱɟɫɤɭɸ ɨɛɥɚɫɬɶ ɩɪɢ m1 = 

200-1 = 199 ɢ m2 = 15-1 = 14; F0,05;199;14 = 2,16 (ɫɦ.[11] ɢɥɢ FɊАɋ-

ɉɈȻɊ(0,05;199;14) = 2,159361).  

5. ɉɨɞɫɱɢɬɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤɢ (F=1,91) ɧɟ ɩɨɩɚɞɚɟɬ ɜ ɤɪɢɬɢɱɟɫɤɭɸ 

ɨɛɥɚɫɬɶ (1,91 < 2,16), ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɇ0: σ1
2 = σ2

2 = σ2 ɩɪɢɧɢ-

ɦɚɟɬɫɹ, ɬ.ɟ. ɩɨ ɢɦɟɸɳɢɦɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɧɟɬ ɞɨɫɬɚɬɨɱɧɵɯ ɨɫɧɨ-

ɜɚɧɢɣ ɫɱɢɬɚɬɶ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɧɨɜɨɝɨ ɩɪɢɛɨɪɚ ɬɨɱɧɟɟ, ɱɟɦ ɫɬɚɪɨɝɨ. 

 Кɚɤ ɢɡɦɟɧɢɬɫɹ ɧɚɲ ɜɵɜɨɞ, ɟɫɥɢ ɦɵ ɭɜɟɥɢɱɢɦ ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ ɧɨɜɵɦ 

ɩɪɢɛɨɪɨɦ ɞɨ 50 ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ  ɜɵɛɨɪɨɱɧɚɹ ɞɢɫɩɟɪɫɢɹ ɟɝɨ ɩɨɤɚɡɚɧɢɣ ɩɪɢ 

ɷɬɨɦ ɧɟ ɢɡɦɟɧɢɬɫɹ? 

 Ɍɚɛɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ ɩɪɢ ɷɬɨɦ ɪɚɜɧɨ F0,05;199;49 = 1,49, ɢ 

ɡɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤɢ ɩɨɩɚɞɟɬ ɜ ɤɪɢɬɢɱɟɫɤɭɸ ɨɛɥɚɫɬɶ 1,91 > 1,49, ɫɥɟɞɨɜɚɬɟɥɶ-

ɧɨ, ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɚ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɇ1: σ1
2 > 

σ2
2, ɬ.ɟ. ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɧɨɜɵɦ ɩɪɢɛɨɪɨɦ ɬɨɱɧɟɟ, ɱɟɦ ɫɬɚɪɵɦ. 

3.5.2. ɉрɨɜерɤɚ ɨɞɧɨрɨɞɧɨɫɬи ɧеɫɤɨɥɶɤих ɞиɫɩерɫиɣ  

 

Кɪɢɬɟɪɢɣ Ɏɢɲɟɪɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɬɨɥɶɤɨ ɞɜɭɯ ɞɢɫɩɟɪɫɢɣ, 

ɨɞɧɚɤɨ ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɢɯɨɞɢɬɫɹ ɫɪɚɜɧɢɜɚɬɶ ɦɟɠɞɭ ɫɨɛɨɣ ɬɪɢ ɢ ɛɨɥɟɟ ɞɢɫɩɟɪ-

ɫɢɣ. 

ɉɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɞɢɫɩɟɪɫɢɣ ɪɹɞɚ ɫɨɜɨɤɭɩɧɨɫɬɟɣ ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɡɚ-

ɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜɫɟ k ɫɨɜɨɤɭɩɧɨɫɬɟɣ, ɢɡ ɤɨɬɨɪɵɯ ɜɡɹɬɵ ɜɵɛɨɪɤɢ, ɢɦɟɸɬ 

ɪɚɜɧɵɟ ɞɢɫɩɟɪɫɢɢ. 

1. ɇ0: σ1
2 = σ2

2 = σ3
2 = … = σk

2 =σ2, 

ɬ.ɟ. ɩɪɨɜɟɪɤɟ ɩɨɞɥɟɠɢɬ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɜɫɟ ɷɦɩɢɪɢɱɟɫɤɢɟ ɞɢɫɩɟɪɫɢɢ 

S1
2, S2

2, ..., Sk
2 ɨɬɧɨɫɹɬɫɹ ɤ ɜɵɛɨɪɤɚɦ ɢɡ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɝɟɧɟ-

ɪɚɥɶɧɨɣ ɞɢɫɩɟɪɫɢɟɣ σ2. 

 ɉɭɫɬɶ ɫɪɟɞɢ ɧɟɫɤɨɥɶɤɢɯ ɫɟɪɢɣ ɢɡɦɟɪɟɧɢɣ ɨɛɧɚɪɭɠɟɧɚ ɬɚɤɚɹ, ɜɵɛɨɪɨɱɧɚɹ 

ɞɢɫɩɟɪɫɢɹ ɤɨɬɨɪɨɣ S2
max ɡɚɦɟɬɧɨ ɛɨɥɶɲɟ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ. Ɂɚɞɚɱɚ ɡɚɤɥɸɱɚɟɬɫɹ 
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ɜ ɬɨɦ, ɱɬɨɛɵ ɜɵɹɫɧɢɬɶ, ɦɨɠɧɨ ɥɢ ɫɱɢɬɚɬɶ ɨɬɥɢɱɢɟ ɜɵɞɟɥɟɧɧɨɣ ɞɢɫɩɟɪɫɢɢ S2
max 

ɫɭɳɟɫɬɜɟɧɧɵɦ. Дɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɛɪɚ-

ɧɚ ɤɚɤ 

2. ɇ1: σ2
max > σ2. 

3. ɉɪɢ ɪɚɜɧɨɦ ɨɛɴɟɦɟ n1 = n2 = n3
 = … = nk

 = n  ɜɫɟɯ k ɜɵɛɨɪɨɤ ɦɨɠɟɬ 

ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɤɪɢɬɟɪɢɣ Кɨɯɪɟɧɚ (ɜ ɪɹɞɟ ɤɧɢɝ ɩɢɲɟɬɫɹ - 

Кɨɱɪɟɧɚ). 

 4. ɋɬɚɬɢɫɬɢɤɚ ɤɪɢɬɟɪɢɹ Кɨɯɪɟɧɚ G ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ S2
max ɤ 

ɫɭɦɦɟ ɜɫɟɯ ɜɵɛɨɪɨɱɧɵɯ ɞɢɫɩɟɪɫɢɣ:  

.

1

2

max
2

∑
=

=
k

i

iS

S
G

          (3.47) 

 5. В ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɬɚɛɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɤɪɢɬɟɪɢɹ, ɤɨɬɨɪɨɟ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨ-

ɞɵ m =  n – 1 ɢ ɱɢɫɥɚ ɫɪɚɜɧɢɜɚɟɦɵɯ ɞɢɫɩɟɪɫɢɣ k – Gα;m;k   (ɫɦ. [11] ɢɥɢ ɬɚɛɥ. 

ɉ.9). 

 6. Кɪɢɬɢɱɟɫɤɚɹ ɨɛɥɚɫɬɶ ɫɬɪɨɢɬɫɹ ɤɚɤ G ≥ Gα;m;k. 

7. ɉɪɢ G < Gα;m;k ɝɢɩɨɬɟɡɚ ɇ0: σ1
2 = σ2

2 = σ3
2 = … = σk

2 =σ2 ɩɪɢɧɢɦɚɟɬɫɹ ɜ 

ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ, ɬ.ɟ. ɨɬɥɢɱɢɟ ɜɵɞɟɥɟɧɧɨɣ ɞɢɫɩɟɪɫɢɢ S2
max  ɫɱɢɬɚɟɬɫɹ ɧɟɫɭɳɟ-

ɫɬɜɟɧɧɵɦ. 

 В ɫɥɭɱɚɟ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɨɞɧɨɪɨɞɧɨɫɬɢ ɞɢɫɩɟɪɫɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɨɰɟɧɤɭ 

ɨɛɨɛɳɟɧɧɨɣ ɞɢɫɩɟɪɫɢɢ σ2 : 

k

S

S

k

i

i∑
== 1

2

2

.         (3.48) 

 ɉример 3.5. ɒɟɫɬɶɸ (k = 6) ɩɪɢɛɨɪɚɦɢ ɩɪɨɢɡɜɟɞɟɧɨ ɩɨ ɫɟɦɶ ɢɡɦɟɪɟɧɢɣ 

(n = 7) ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɩɚɪɚɦɟɬɪɚ, ɩɪɢ ɷɬɨɦ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɛɨɪɨɱɧɵɟ 

ɞɢɫɩɟɪɫɢɢ  Si
2: 3,82; 1,7; 1,3; 0,92; 0,78; 0,81. Ɇɨɠɧɨ ɥɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɪɚɡɛɪɨɫ ɩɨ-

ɤɚɡɚɧɢɣ ɩɟɪɜɨɝɨ ɩɪɢɛɨɪɚ (S2
max=3,82) ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɟɬ ɪɚɡɛɪɨɫɵ ɩɨɤɚ-

ɡɚɧɢɣ ɨɫɬɚɥɶɧɵɯ ɩɹɬɢ ɩɪɢɛɨɪɨɜ? 

 87



 3. ɉɊЕȾВАɊИɌЕЛɖɇАə ɈȻɊАȻɈɌɄА ɗɄɋɉЕɊИɆЕɇɌАЛɖɇɕɏ ȾАɇɇɕɏ 
 

1. ɇɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɇ0: σ1
2 = σ2

2 = σ3
2 = σ4

2 = σ5
2 = σ6

2 = σ2. 

2. Аɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɇ1: σ2
max > σ2. 

3. ɉɨɫɤɨɥɶɤɭ (n1 = n2 = n3
 = n4 = n5 = n6 = 7) ɜɫɟ ɲɟɫɬɶ ɜɵɛɨɪɨɤ ɢɦɟɸɬ ɨɞɢ-

ɧɚɤɨɜɵɣ ɨɛɴɟɦ, ɬɨ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɤɪɢɬɟɪɢɣ Кɨɯɪɟɧɚ. 

4. Ɂɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤɢ ɞɚɧɧɨɝɨ ɤɪɢɬɟɪɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ 

(3.47) ɫɨɫɬɚɜɢɬ:  

.409,0
33,9

82,3

81,078,092,03,17,182,3

82,3
==

+++++
=G

 

 5. Ɍɚɛɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɤɪɢɬɟɪɢɹ ɞɥɹ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α = 0,05, 

ɩɪɢ ɱɢɫɥɟ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɞɢɫɩɟɪɫɢɣ m = 7-1 = 6 ɢ ɱɢɫɥɟ 

ɫɪɚɜɧɢɜɚɟɦɵɯ ɞɢɫɩɟɪɫɢɣ k = 6, ɪɚɜɧɨ G0,05;6;6=0,418 (ɬɚɛɥ.ɉ.9). 

 6. Ɍɚɤ ɤɚɤ G < Gα;m;n, ɨɬɤɥɨɧɟɧɢɟ ɞɢɫɩɟɪɫɢɢ S2
max = 3,82 ɨɬ ɨɫɬɚɥɶɧɵɯ 

ɧɟɥɶɡɹ (ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 0,95) ɩɪɢɡɧɚɬɶ ɫɭɳɟɫɬɜɟɧɧɵɦ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɫɟ 

ɞɢɫɩɟɪɫɢɢ ɨɞɧɨɪɨɞɧɵ (ɬ.ɟ. ɪɚɡɛɪɨɫɵ ɜ ɩɨɤɚɡɚɧɢɹɯ ɜɫɟɯ ɲɟɫɬɢ ɩɪɢɛɨɪɨɜ ɩɪɢ-

ɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵ).  

Ɉɰɟɧɤɚ ɨɛɨɛɳɟɧɧɨɣ ɞɢɫɩɟɪɫɢɢ:  

.56,1
6

33,91

2

2 ===
∑
=

k

S

S

k

i
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Кɪɢɬɟɪɢɣ Кɨɯɪɟɧɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɨɥɶɤɨ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɜɫɟ 

ɫɪɚɜɧɢɜɚɟɦɵɟ ɞɢɫɩɟɪɫɢɢ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɨɟ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m = n –1 

(ɨɞɢɧɚɤɨɜɵɟ ɨɛɴɟɦɵ ɜɵɛɨɪɨɤ n1 = n2 = n3
 = … = nk

 = n). ȿɫɥɢ ɠɟ ɱɢɫɥɨ ɢɡɦɟɪɟ-

ɧɢɣ n ɜ ɪɚɡɥɢɱɧɵɯ ɫɟɪɢɹɯ ɧɟɨɞɢɧɚɤɨɜɨ, ɬɨ ɞɥɹ ɩɪɨɜɟɪɤɢ ɨɞɧɨɪɨɞɧɨɫɬɢ ɞɢɫɩɟɪ-

ɫɢɣ ɦɨɠɧɨ ɜɵɛɪɚɬɶ, ɧɚɩɪɢɦɟɪ, ɤɪɢɬɟɪɢɣ Ȼɚɪɬɥɟɬɚ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫ ɩɪɨ-

ɰɟɞɭɪɨɣ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɠɧɨ ɩɨɡɧɚɤɨɦɢɬɶɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɩɨ ɬɟɨɪɢɢ ɜɟɪɨ-

ɹɬɧɨɫɬɢ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɟ (ɫɦ. ɧɚɩɪɢɦɟɪ, [9,10]). 

 

3.5.3. ɉрɨɜерɤɚ ɝиɩɨɬеɡ ɨ чиɫɥɨɜɵх ɡɧɚчеɧиях мɚɬемɚɬичеɫɤих ɨɠиɞɚɧиɣ 
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Чɚɫɬɨ ɞɥɹ ɪɟɲɟɧɢɹ ɜɨɩɪɨɫɚ ɨ ɫɨɨɬɜɟɬɫɬɜɢɢ ɩɪɨɢɡɜɟɞɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ 

ɨɩɪɟɞɟɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ (ɧɚɩɪɢɦɟɪ, ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ ɢɥɢ Ɍɍ) ɩɪɢ ɜɵɹɜ-

ɥɟɧɢɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɥɢ ɧɨɜɨɝɨ ɦɚ-

ɬɟɪɢɚɥɚ ɢ ɬ.ɞ. ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨ ɜɵɛɨɪɨɱɧɵɦ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɹɦ 

ɢɫɫɥɟɞɭɟɦɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɦ ɝɟɧɟ-

ɪɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɠɢɞɚɧɢɣ.  

ɉɪɢ ɷɬɨɦ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɡɚɞɚɱɚ ɫɪɚɜɧɟɧɢɹ ɧɟɢɡɜɟɫɬɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟ-

ɫɤɨɝɨ ɨɠɢɞɚɧɢɹ M1, ɞɥɹ ɤɨɬɨɪɨɝɨ ɩɨɥɭɱɟɧɚ ɨɰɟɧɤɚ ɱɟɪɟɡ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ 

1x , ɫ ɤɨɧɤɪɟɬɧɵɦ ɱɢɫɥɨɜɵɦ ɡɧɚɱɟɧɢɟɦ M (ɧɚɩɪɢɦɟɪ, ɫ ɢɡɜɟɫɬɧɵɦ ɦɚɬɟɦɚɬɢɱɟ-

ɫɤɢɦ ɨɠɢɞɚɧɢɟɦ) ɢɥɢ ɡɚɞɚɱɚ ɫɪɚɜɧɟɧɢɹ ɞɜɭɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɠɢɞɚɧɢɣ M1 ɢ 

M2, ɨɰɟɧɟɧɧɵɦ ɩɨ ɞɜɭɦ ɜɵɛɨɪɨɱɧɵɦ ɫɪɟɞɧɢɦ 1x  ɢ 2x . 

В ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɜ ɤɚɱɟɫɬɜɟ ɧɭɥɟɜɨɣ ɝɢɩɨɬɟɡɵ ɜɵɞɜɢɝɚɟɬɫɹ ɩɪɟɞɩɨɥɨ-

ɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɨɰɟɧɟɧɧɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ M1 ɪɚɜɧɨ ɢɡɜɟɫɬɧɨɦɭ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɦɭ ɨɠɢɞɚɧɢɸ M.  

1. ɇ0: M1 =  M . 

2. Аɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɦɨɠɟɬ ɛɵɬɶ ɜ ɬɪɟɯ ɜɚɪɢɚɧɬɚɯ: 

 ɇ1
(1): M1 >  M;  ɇ1

(2): M1 <  M;  ɇ1
(3): M1 ≠  M. 

3. ȿɫɥɢ ɝɟɧɟɪɚɥɶɧɚɹ ɞɢɫɩɟɪɫɢɹ σ2 ɧɟɢɡɜɟɫɬɧɚ ɢ ɞɥɹ ɧɟɟ, ɩɨ ɬɨɣ ɠɟ ɫɚɦɨɣ 

ɜɵɛɨɪɤɟ, ɱɬɨ ɢ ɞɥɹ 1 , ɫɞɟɥɚɧɚ ɨɰɟɧɤɚ Sx

ɚ). 

2, ɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ t-ɤɪɢɬɟɪɢɣ (ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬ

4. t - ɫɬɚɬɢɫɬɢɤɚ ɢɦɟɟɬ ɜɢɞ 

.n
S

Mx
t ⋅

−
=

         (3.49) 

5. Кɚɤ ɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ, ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɨɠɢɞɚɧɢɹ (ɫɦ. ɪɚɡɞɟɥ 3.2.1) ɜɵɛɢɪɚɟɬɫɹ ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ  α. 

6. Дɥɹ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m = n –1 (ɫ ɤɨɬɨɪɵɦ ɫɞɟɥɚɧɚ ɨɰɟɧɤɚ ɞɢɫ-

ɩɟɪɫɢɢ) ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɝɪɚɧɢɰɵ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɩɨ ɬɚɛɥɢɱɧɵɦ ɡɧɚɱɟɧɢ-

ɹɦ ɤɜɚɧɬɢɥɟɣ t-ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɫɦ., ɧɚɩɪɢɦɟɪ, [11] ɢɥɢ ɬɚɛɥ. ɉ.6), ɢɥɢ ɢɯ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ, ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ ɋɌɖɘȾɊАɋɉɈȻɊ ɢɡ 

ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ Microsoft Excel. 
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7. ɇɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ ɩɪɢɧɢɦɚɸɬ, ɬ.ɟ. ɩɨɥɚɝɚɸɬ, ɱɬɨ M1 =  M ɩɪɢ ɜɵɩɨɥɧɟ-

ɧɢɢ ɧɟɪɚɜɟɧɫɬɜ: 

• ɞɥɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɝɢɩɨɬɟɡ ɇ1
(1): M1 >  M ɢ ɇ1

(2): M1 <  M   mtt ,2α≤ ; 

• ɞɥɹ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɵ ɇ1
(3): M1 ≠  M     mtt ,α≤ . 

ɉɨɹɜɥɟɧɢɟ ɜ ɩɨɫɥɟɞɧɢɯ ɧɟɪɚɜɟɧɫɬɜɚɯ ɜɟɥɢɱɢɧ α ɢ 2α ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ 

ɬɚɛɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɨɛɵɱɧɨ ɷɬɢ ɬɚɛɥɢ-

ɰɵ (ɫɦ. ɬɚɛɥ. ɉ.6) ɩɪɢɜɨɞɹɬɫɹ ɞɥɹ ɞɜɭɫɬɨɪɨɧɧɟɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ, 

ɬ.ɟ. ɩɨɞ ɩɨɧɢɦɚɟɬɫɹ ɜɟɥɢɱɢɧɚ, ɤɨɬɨɪɚɹ ɩɪɢ mt ,α ∞→m  ɛɭɞɟɬ ɫɬɪɟɦɢɬɶɫɹ ɤ 

ɤɜɚɧɬɢɥɢ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɪɹɞɤɚ 1- α/2 

2/1, αα −=→ pm Zt . 

ɉɨɷɬɨɦɭ, ɪɚɛɨɬɚɹ ɫ ɬɚɛɥɢɰɚɦɢ ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ, ɧɟɩɥɨɯɨ ɞɟɥɚɬɶ ɩɪɨ-

ɜɟɪɤɭ, ɩɨɤɚɡɵɜɚɸɳɭɸ ɞɥɹ ɤɚɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɨɞɧɨɫɬɨɪɨɧɧɟɝɨ ɢɥɢ ɞɜɭɫɬɨ-

ɪɨɧɧɟɝɨ) ɨɧɢ ɫɨɫɬɚɜɥɟɧɵ. Ɍɚɤ, ɩɨ ɬɚɛɥ. ɉ.6  

960,1965,1 975,02/05,01500;05,0 =≈= =−=pZt ,  

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɬɨ ɞɜɭɫɬɨɪɨɧɧɢɟ ɩɪɟɞɟɥɵ  ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ. 

Аɧɚɥɨɝɢɱɧɚɹ ɫɢɬɭɚɰɢɹ ɫɜɹɡɚɧɚ ɢ ɫ ɮɭɧɤɰɢɟɣ ɋɌɖɘȾɊАɋ-

ɉɈȻɊ(ɜерɨяɬɧɨɫɬɶ;ɫɬеɩеɧи_ɫɜɨɛɨɞɵ), ɝɞɟ ɜерɨяɬɧɨɫɬɶ – ɷɬɨ ɜɟɪɨɹɬɧɨɫɬɶ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɞɜɭɫɬɨɪɨɧɧɟɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɋɬɶɸɞɟɧɬɚ. 

ɉример 3.6. ɉɪɢ ɩɪɨɜɟɪɤɟ Ɋh-ɦɟɬɪɚ ɫ ɩɨɦɨɳɶɸ ɷɬɚɥɨɧɧɨɝɨ ɪɚɫɬɜɨɪɚ, 

ɢɦɟɸɳɟɝɨ Ɋh=9,0, ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: 8,7; 9,2; 9,1; 9,0; 9,4; 9,6; 

9,7; 8,9; 8,8; 8,7; 9,8; 9,3; 9,8; 8,8, ɬ.ɟ. n = 14. Ɉɛɥɚɞɚɟɬ ɥɢ Ɋh-ɦɟɬɪ ɫɢɫɬɟɦɚɬɢɱɟ-

ɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ?  

 Дɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɫɫɱɢɬɚɟɦ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞ-

ɧɟɟ x  ɢ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ S ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ 

ɩɨɤɚɡɚɧɢɹ Ɋh-ɦɟɬɪɚ ɧɟ ɩɪɨɬɢɜɨɪɟɱɚɬ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ 

ɫɪɟɞɢ ɧɢɯ ɧɟɬ ɝɪɭɛɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ (ɫɦ. ɮɨɪɦɭɥɵ (3.5), (3.8) ɢ (3.10)):
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В ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰɚɯ Microsoft Excel ɞɥɹ ɩɨɞɨɛɧɵɯ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ 

ɛɵɥɨ ɛɵ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦɢ ɬɪɟɦɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɮɭɧɤɰɢɹɦɢ: 

ɋɊɁɇАɑ(8,7; 9,2; 9,1; 9; 9,4; 9,6; 9,7; 8,9; 8,8; 8,7; 9,8; 9,3; 9,8; 8,8) = 9,2; 

ȾИɋɉ(8,7; 9,2; 9,1; 9; 9,4; 9,6; 9,7; 8,9; 8,8; 8,7; 9,8; 9,3; 9,8; 8,8) = 0,164615; 

ɋɌАɇȾɈɌɄЛɈɇ(8,7; 9,2; 9,1; 9; 9,4; 9,6; 9,7; 8,9; 8,8; 8,7; 9,8; 9,3; 9,8; 8,8) = 

0,4057. 

Дɚɥɟɟ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɩɢɫɚɧɧɵɦ ɜɵɲɟ ɚɥɝɨɪɢɬɦɨɦ: 

1. Вɵɞɜɢɝɚɟɬɫɹ ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɨ ɬɨɦ, ɱɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ 

ɩɨɤɚɡɚɧɢɣ Ɋh-ɦɟɬɪɚ ɪɚɜɧɨ Ɋh ɷɬɚɥɨɧɧɨɝɨ ɪɚɫɬɜɨɪɚ (ɧɟ ɢɦɟɸɬ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣ 

ɩɨɝɪɟɲɧɨɫɬɢ) ɇ0: M1=  9 . 

2. Аɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɜɵɛɢɪɚɟɬɫɹ ɜ ɜɢɞɟ ɇ1: M1 ≠ 9, ɩɨɫɤɨɥɶɤɭ ɩɨ-

ɤɚɡɚɧɢɹ Ɋh-ɦɟɬɪɚ ɧɟ ɞɨɥɠɧɵ ɤɚɤ ɡɚɜɵɲɚɬɶ, ɬɚɤ ɢ ɡɚɧɢɠɚɬɶ ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ 

Ɋh ɪɚɫɬɜɨɪɚ. 

3. Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɟ ɝɟɧɟɪɚɥɶɧɨɣ ɞɢɫɩɟɪɫɢɢ σ2 ɩɨɤɚɡɚɧɢɣ Ɋh-ɦɟɬɪɚ ɧɟɢɡ-

ɜɟɫɬɧɨ, ɚ ɢɦɟɟɬɫɹ ɬɨɥɶɤɨ ɟɟ ɨɰɟɧɤɚ S2 = 0,1646, ɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ t-ɤɪɢɬɟɪɢɣ 

(ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ). 

4. t - ɫɬɚɬɢɫɬɢɤɚ ɢɦɟɟɬ ɜɢɞ (ɫɦ. (3.49)) 

.84,114
4057,0

92,9
=⋅

−
=⋅

−
= n

S

Mx
t

 

5. Вɵɛɢɪɚɟɬɫɹ (ɨɛɵɱɧɵɣ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ  ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ) 

ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ  α = 0,05. 

6. ɉɪɢ ɷɬɨɦ ɭɪɨɜɧɟ ɡɧɚɱɢɦɨɫɬɢ, ɱɢɫɥɟ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m = n –1 = 13 ɢ 

ɞɥɹ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɵ ɇ1: M1 ≠ 9 ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɝɪɚɧɢɰɵ ɤɪɢɬɢɱɟɫɤɨɣ 
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ɨɛɥɚɫɬɢ ɩɨ ɬɚɛɥɢɱɧɵɦ ɡɧɚɱɟɧɢɹɦ ɤɜɚɧɬɢɥɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ t0,05;13 = 

2,16 ɢɥɢ ɢɯ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɭɧɤɰɢɟɣ ɋɌɖɘȾɊАɋ-

ɉɈȻɊ(0,05;13) = 2,160368 ɢɡ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ Microsoft Excel. 

7. ɉɨɫɤɨɥɶɤɭ ɪɚɫɫɱɢɬɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤɢ t = 1,84 ɧɟ ɩɨɩɚɞɚɟɬ ɜ 

ɤɪɢɬɢɱɟɫɤɭɸ ɨɛɥɚɫɬɶ (1,84 < 2,16), ɬɨ ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 

ɪɚɛɨɱɟɣ, ɬ.ɟ. ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ M1 = 9 (ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɨɤɚɡɚɧɢɹ Ɋh-

ɦɟɬɪɚ ɢɦɟɸɬ ɫɢɫɬɟɦɚɬɢɱɟɫɤɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɦɟɧɶɲɟ ɱɟɦ 0,05).  

 В ɡɚɞɚɱɟ ɫɪɚɜɧɟɧɢɹ ɞɜɭɯ ɧɟɢɡɜɟɫɬɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɠɢɞɚɧɢɣ M1 ɢ M2 

ɩɪɟɠɞɟ ɜɫɟɝɨ ɪɚɫɫɦɨɬɪɢɦ ɫɢɬɭɚɰɢɸ, ɤɨɝɞɚ ɢɫɫɥɟɞɭɟɦɵɟ ɜɵɛɨɪɤɢ, ɩɨ ɤɨɬɨɪɵɦ 

ɞɟɥɚɸɬɫɹ ɨɰɟɧɤɢ ɞɥɹ M1 ɢ M2, ɧɟɡɚɜɢɫɢɦɵ ɦɟɠɞɭ ɫɨɛɨɣ. 

ȿɫɥɢ ɞɥɹ ɞɜɭɯ ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɝɟɧɟɪɚɥɶɧɵɯ ɫɨɜɨɤɭɩɧɨɫɬɟɣ ɫ 

ɧɟɢɡɜɟɫɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ M1, σ1
2 ɢ M2, σ2

2 ɩɨɥɭɱɟɧɵ ɧɟɡɚɜɢɫɢɦɵɟ ɜɵɛɨɪɤɢ 

ɨɛɴɟɦɨɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ n1 ɢ n2, ɬɨ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɜɵɛɨɪɨɱɧɵɯ ɫɪɟɞɧɢɯ 1x  ɢ 2x  

ɜɵɞɜɢɝɚɟɬɫɹ ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɨ ɪɚɜɟɧɫɬɜɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɠɢɞɚɧɢɣ: 

1. ɇ0: M1 =  M2 . 

2. ɉɪɢ ɷɬɨɦ ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɬɪɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɝɢɩɨɬɟɡɵ:  

ɇ1
(1): M1 > M2;  ɇ1

(2): M1 < M2; ɇ1
(3): M1 ≠ M2. 

3. Кɚɤ ɢ ɜ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɜɵɲɟ ɫɢɬɭɚɰɢɢ ɫɪɚɜɧɟɧɢɹ ɫ ɢɡɜɟɫɬɧɵɦ ɦɚɬɟɦɚ-

ɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ, ɢɫɩɨɥɶɡɭɟɬɫɹ t-ɤɪɢɬɟɪɢɣ. 

4. Вɢɞ t-ɫɬɚɬɢɫɬɢɤɢ ɡɚɜɢɫɢɬ ɨɬ ɬɨɝɨ, ɪɚɜɧɵ  σ1
2 = σ2

2 = σ2 ɥɢɛɨ ɧɟ ɪɚɜɧɵ        

σ1
2 ≠ σ2

2 ɦɟɠɞɭ ɫɨɛɨɣ ɝɟɧɟɪɚɥɶɧɵɟ ɞɢɫɩɟɪɫɢɢ (ɞɥɹ ɨɬɜɟɬɚ ɧɚ ɷɬɨɬ ɜɨɩɪɨɫ ɦɨɠɧɨ 

ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ, ɧɚɩɪɢɦɟɪ, ɪɚɫɫɦɨɬɪɟɧɧɵɦ ɜɵɲɟ ɤɪɢɬɟɪɢɟɦ Ɏɢɲɟɪɚ). 

В ɩɟɪɜɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɞɢɫɩɟɪɫɢɢ ɧɟ ɢɦɟɸɬ ɡɧɚɱɢɦɨɝɨ ɨɬɥɢɱɢɹ, ɫɬɚɬɢ-

ɫɬɢɤɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

21
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nn
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xx
t
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−
=   -        (3.50) 

- ɞɜɭɯɜɵɛɨɪɨɱɧɵɣ t-ɤɪɢɬɟɪɢɣ ɫ ɪɚɜɧɵɦɢ ɞɢɫɩɟɪɫɢɹɦɢ, ɝɞɟ S – ɨɛɨɛɳɟɧ-

ɧɨɟ ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ (ɫɦ. (3.46)): 
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Вɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɞɢɫɩɟɪɫɢɢ ɡɧɚɱɢɦɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ,       

σ1
2 ≠ σ2

2 , ɫɬɚɬɢɫɬɢɤɚ ɢɦɟɟɬ ɜɢɞ 
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ɞɜɭɯɜɵɛɨɪɨɱɧɵɣ t-ɤɪɢɬɟɪɢɣ ɫ ɧɟɪɚɜɧɵɦɢ ɞɢɫɩɟɪɫɢɹɦɢ. 

5. В ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɹ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ ɜɵɛɢɪɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɣ 

ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ  α. 

6. Ƚɪɚɧɢɰɵ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ  ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɨ ɬɚɛɥɢɱɧɵɦ ɡɧɚɱɟ-

ɧɢɹɦ ɤɜɚɧɬɢɥɟɣ t-ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɫɦ., ɧɚɩɪɢɦɟɪ, [11] ɢɥɢ ɬɚɛɥ. ɉ.6]) ɥɢɛɨ ɢɯ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ ɋɌɖɘȾɊАɋ-

ɉɈȻɊ ɢɡ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ Microsoft Excel. ɉɪɢ ɷɬɨɦ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨ-

ɞɵ m  ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 

ɞɥɹ σ1
2 = σ2

2 = σ2   ɤɚɤ m = n1 + n2 – 2; 

ɞɥɹ σ1
2 ≠ σ2

2   
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7. ɇɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ ɩɪɢɧɢɦɚɸɬ, ɬ.ɟ. ɩɨɥɚɝɚɸɬ, ɱɬɨ M1 = M2 ɩɪɢ ɜɵɩɨɥɧɟ-

ɧɢɢ ɧɟɪɚɜɟɧɫɬɜ: 

• ɞɥɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɝɢɩɨɬɟɡ ɇ1
(1): M1 > M2 ; ɇ1

(2): M1 < M2  mtt ,2α≤ ; 

• ɞɥɹ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɵ ɇ1
(3):  M1 ≠ M2   mtt ,α≤ . 

ɉример 3.7. ɉɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɩɪɨɛ ɨɤɚ-

ɬɵɲɟɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɬɚɪɨɣ ɢ ɞɜɭɯ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɨɛɠɢɝɚ. ɏɨɥɨɞɧɚɹ 

ɩɪɨɱɧɨɫɬɶ ɨɤɚɬɵɲɟɣ ɨɛɵɱɧɨ ɨɰɟɧɢɜɚɟɬɫɹ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɧɚ ɪɚɡɞɚɜɥɢɜɚɧɢɟ 

(ɤɇ/ɨɤɚɬɵɲ). Ɉɛɵɱɧɨ ɩɪɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɡɞɚɜɥɢɜɚɧɢɹ ɧɟ 

ɦɟɧɟɟ 20 ɨɤɚɬɵɲɟɣ ɪɚɡɦɟɪɨɦ 12-15 ɦɦ.  

Дɥɹ ɢɥɥɸɫɬɪɚɰɢɢ  ɩɪɨɰɟɞɭɪɵ  ɩɪɨɜɟɪɤɢ ɝɢɩɨɬɟɡ ɨ ɱɢɫɥɨɜɵɯ ɡɧɚɱɟɧɢɹɯ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɠɢɞɚɧɢɣ ɛɭɞɟɦ  ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɢɦɟɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫ-
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ɫɥɟɞɨɜɚɬɶ ɜɫɟɝɨ ɩɨ 8 ɨɤɚɬɵɲɟɣ ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɬɟɯɧɨɥɨɝɢɣ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚ-

ɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 3.4.  

Ɍɚɛɥɢɰɚ 3.4 
Ɋеɡɭɥɶтɚтɵ иɫɩɵтɚɧиɣ ɩрɨчɧɨɫти ɨɤɚтɵɲеɣ,  

иɡɝɨтɨвɥеɧɧɵɯ ɩɨ рɚɡɧɵɦ теɯɧɨɥɨɝияɦ, ɤɇ/ɨɤɚтɵɲ 
 

ɇɨɦɟɪ 
ɨɤɚɬɵɲɚ 

ɋɬɚɪɚɹ  
ɬɟɯɧɨɥɨɝɢɹ x0i  

ɇɨɜɚɹ  
ɬɟɯɧɨɥɨɝɢɹ,  
ɜɚɪɢɚɧɬ 1 x1i

ɇɨɜɚɹ  
ɬɟɯɧɨɥɨɝɢɹ,  
ɜɚɪɢɚɧɬ 2 x2i

x∆i = x1i – x2i

1 2,11 2,21 2,21 0 

2 2,12 2,26 2,22 0,04 

3 1,97 2,19 2,08 0,11 

4 2,10 2,21 2,19 0,02 

5 2,17 2,27 2,24 0,03 

6 2,12 2,24 2,21 0,03 

7 1,93 2,14 2,06 0,08 

8 2,28 2,32 2,31 0,01 

x  2,10 2,23 2,19 0,04 

S2 0,0120 0,003029 0,0068 0,001371 

 

Ɇɨɠɧɨ ɥɢ ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɧɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ 

ɩɨ ɜɚɪɢɚɧɬɭ 1 ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɩɪɨɱɧɨɫɬɶ ɨɤɚɬɵɲɟɣ? 

1. ɋɮɨɪɦɭɥɢɪɭɟɦ ɧɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ ɇ0: M1 =  M0 . 

2. ɉɨɫɤɨɥɶɤɭ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɧɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨ ɜɚɪɢɚɧɬɭ 1 ɩɨɡɜɨ-

ɥɢɬ ɩɨɜɵɫɢɬɶ ɩɪɨɱɧɨɫɬɶ ɨɤɚɬɵɲɟɣ, ɬɨ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɜɵɛɢɪɚɟɬɫɹ ɜ 

ɜɢɞɟ ɇ1: M1 > M0. 

3. Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɜɵɛɨɪɤɢ ɜɡɹɬɵ ɢɡ ɝɟɧɟɪɚɥɶɧɵɯ ɫɨɜɨɤɭɩɧɨɫɬɟɣ ɫ 

ɧɨɪɦɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Дɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɜɚɪɢɚɧɬ ɫɬɚ-

ɬɢɫɬɢɤɢ ɞɥɹ t – ɤɪɢɬɟɪɢɹ, ɫɪɚɜɧɢɦ ɦɟɠɞɭ ɫɨɛɨɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɢɫɩɟɪɫɢɢ. 

Дɥɹ ɷɬɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɧɭɥɟɜɨɣ ɝɢɩɨɬɟɡɵ ɩɪɢɦɟɦ ɇ0: σ1
2 = σ0

2 = σ2. В ɩɪɟɞɩɨɥɨ-

ɠɟɧɢɢ, ɱɬɨ ɧɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɬɚɤɠɟ ɫɧɢɡɢɬɶ ɢ ɪɚɡɛɪɨɫ ɜ ɡɧɚɱɟɧɢɹɯ 

ɩɪɨɱɧɨɫɬɢ (ɬ.ɟ. ɢɦɟɬɶ ɢ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ), ɜ ɤɚɱɟɫɬ-

ɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɵ ɩɪɢɦɟɦ ɇ1: σ1
2 < σ0

2. 

ɋɬɚɬɢɫɬɢɤɚ F-ɤɪɢɬɟɪɢɹ (ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ) ɩɪɢ ɷɬɨɦ ɪɚɜɧɚ                

F=0,0120/0,003029 = 3,96, ɢ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɩɪɢ α = 0,05 

ɧɚɯɨɞɢɦ F0,05;8-1;8-1 = 3,79 (ɩɨ ɬɚɛɥɢɰɚɦ ɥɢɛɨ ɜ Microsoft Excel ɱɟɪɟɡ FɊАɋ-
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ɉɈȻɊ(0,05;7;7) = 3,787051). ɉɨɫɤɨɥɶɤɭ 3,96 > 3,79, ɬɨ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ ɛɨɥɶɲɟɣ 

ɱɟɦ 0,95 ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ, ɱɬɨ σ1
2 < σ0

2. 

4.  t - ɫɬɚɬɢɫɬɢɤɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɞɨɥɠɧɚ ɢɦɟɬɶ ɜɢɞ ( ɫɦ. (3.51)) 

00,3

8

0120,0

8

003029,0

10,223,2
=

+

−
=t . 

5. Кɚɤ ɨɛɵɱɧɨ, ɜɵɛɟɪɟɦ ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ α = 0,05. 

6. Дɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɪɚɫɫɱɢɬɚɟɦ ɱɢɫɥɨ ɫɬɟɩɟɣ ɫɜɨɛɨ-

ɞɵ: 

20,0

8

0120,0

8

03029,0
8

03029,0

=
+

=c ; 
( )

0,096883
18

20,01

18

20,01
22

=
−

−
+

−
=

m
; m = 10,3. 

Ɍɚɛɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ t2*0,05;10=1,81 (ɋɌɖɘȾɊАɋɉɈȻɊ(0,1;10) = 1,812462). 

7. ɉɨɫɤɨɥɶɤɭ ɪɚɫɫɱɢɬɚɧɧɨɟ ɪɚɧɟɟ ɡɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤɢ ɩɨɩɚɞɚɟɬ ɜ ɤɪɢɬɢ-

ɱɟɫɤɭɸ ɨɛɥɚɫɬɶ 3,00 > 1,81, ɬɨ ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɇ0: M1 =  M0 ɞɨɥɠɧɚ ɛɵɬɶ ɨɬ-

ɜɟɪɝɧɭɬɚ, ɬ.ɟ. ɧɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨ ɜɚɪɢɚɧɬɭ 1 ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵ-

ɫɢɬɶ ɩɪɨɱɧɨɫɬɶ ɨɤɚɬɵɲɟɣ. 

Вɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɩɨɞɨɛɧɨɝɨ ɭɬɜɟɪɠɞɟɧɢɹ (ɨɲɢɛɤɢ ɩɟɪɜɨɝɨ ɪɨɞɚ, ɡɚ-

ɤɥɸɱɚɸɳɟɣɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɬɜɟɪɝɚɸɬ ɧɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ ɇ0: M1 = M0, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 

ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɷɬɚ ɝɢɩɨɬɟɡɚ ɜɟɪɧɚ), ɬ.ɟ. ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ α ɩɪɢ ɷɬɨɦ 

ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɤɚɤ  ɋɌɖɘȾɊАɋɉ(3,00;10;1) = 0,006672. ɉɪɢ ɪɚɫɱɟɬɟ ɡɧɚɱɟɧɢɹ 

ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɟɬɫɹ: ɧɚɣɞɟɧɧɚɹ 

ɜ ɩɭɧɤɬɟ 4 ɫɬɚɬɢɫɬɢɤɚ t = 3,00; ɨɩɪɟɞɟɥɟɧɧɨɟ ɜ ɩɭɧɤɬɟ 6 ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ 

m ≈10 ɢ ɬɚɤɨɣ ɩɚɪɚɦɟɬɪ, ɤɚɤ ɱɢɫɥɨ ɜɨɡɜɪɚɳɚɟɦɵɯ "ɯɜɨɫɬɨɜ" ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

"ɏɜɨɫɬɵ" = 1, ɢ ɮɭɧɤɰɢɹ ɋɌɖɘȾɊАɋɉ ɜɨɡɜɪɚɳɚɟɬ ɨɞɧɨɫɬɨɪɨɧɧɟɟ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɟ, ɩɨɫɤɨɥɶɤɭ ɛɵɥɚ ɩɪɢɧɹɬɚ ɨɞɧɨɫɬɨɪɨɧɧɹɹ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɇ1: M1 > 

M0.

Дɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɣɞɟɧɧɨɝɨ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α = 

0,0067 ɜ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰɚɯ ɜ Microsoft Excel ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɬɚ-

ɤɚɹ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ, ɤɚɤ ɌɌȿɋɌ. Ɉɧɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩ-
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ɪɟɞɟɥɢɬɶ, ɧɚɫɤɨɥɶɤɨ ɜɟɪɨɹɬɧɨ, ɱɬɨ ɞɜɟ ɜɵɛɨɪɤɢ ɜɡɹɬɵ ɢɡ ɝɟɧɟɪɚɥɶɧɵɯ ɫɨɜɨɤɭɩ-

ɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɨɞɧɨ ɢ ɬɨ ɠɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ: 

ɌɌȿɋɌ({2,21;2,26;2,19;2,21;2,27;2,24;2,14;2,32};{2,11;2,12;1,97;2,10;2,17;2,12;1,93

;2,28};1;3)=0,006459. 

В ɤɚɱɟɫɬɜɟ ɚɪɝɭɦɟɧɬɨɜ ɮɭɧɤɰɢɢ ɌɌȿɋɌ, ɤɪɨɦɟ ɫɚɦɢɯ ɜɵɛɨɪɨɱɧɵɯ ɡɧɚɱɟ-

ɧɢɣ (ɤɨɬɨɪɵɟ ɫɬɨɹɬ ɜ ɮɢɝɭɪɧɵɯ ɫɤɨɛɤɚɯ), ɢɫɩɨɥɶɡɭɟɬɫɹ ɟɳɟ ɬɚɤɢɟ ɞɜɚ ɩɚɪɚɦɟɬ-

ɪɚ, ɤɚɤ "ɏɜɨɫɬɵ" = 1 (ɞɥɹ ɨɞɧɨɫɬɨɪɨɧɧɟɣ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɵ) ɢ "Ɍɢɩ"  - 

ɷɬɨ ɜɢɞ ɢɫɩɨɥɧɹɟɦɨɝɨ t-ɬɟɫɬɚ. В ɞɚɧɧɨɦ ɫɥɭɱɚɟ "Ɍɢɩ" = 3, ɩɨɫɤɨɥɶɤɭ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɨɜɟɫɬɢ ɞɜɭɯɜɵɛɨɪɨɱɧɵɣ t-ɬɟɫɬ ɫ ɧɟɪɚɜɧɵɦɢ ɞɢɫɩɟɪɫɢɹɦɢ. ɉɨɥɭɱɟɧɧɨɟ ɜ ɞɚɧ-

ɧɨɦ ɫɥɭɱɚɟ ɡɧɚɱɟɧɢɟ t-ɬɟɫɬɚ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɜɟɧɫɬɜɚ ɦɚɬɟɦɚ-

ɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɩɪɨɱɧɨɫɬɢ ɨɤɚɬɵɲɟɣ ɩɨ ɧɨɜɨɣ (ɜɚɪɢɚɧɬ 1) ɢ ɫɬɚɪɨɣ ɬɟɯɧɨ-

ɥɨɝɢɢ ɢɯ ɨɛɠɢɝɚ ɨɱɟɧɶ ɦɚɥɚ (ɫɨɫɬɚɜɥɹɟɬ ɬɨɥɶɤɨ 0,6%), ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɨɜɚɹ 

ɬɟɯɧɨɥɨɝɢɹ ɩɨ ɜɚɪɢɚɧɬɭ 1 ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɣ, 

ɱɟɦ ɫɬɚɪɚɹ. 

В ɩɪɨɞɨɥɠɟɧɢɟ ɩɪɢɦɟɪɚ 3.7 ɨɬɜɟɬɢɦ ɧɚ ɜɨɩɪɨɫ: ɟɫɬɶ ɢɥɢ ɧɟɬ ɤɚɤɨɟ-ɥɢɛɨ 

ɡɧɚɱɢɦɨɟ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɞɜɭɦɹ ɧɨɜɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ ɨɛɠɢɝɚ (ɩɨ ɜɚɪɢɚɧɬɭ 1 ɢ 

2) ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɜɵɲɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɨɤɚɬɵɲɟɣ? 

1. В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɛɳɢɦ ɚɥɝɨɪɢɬɦɨɦ ɩɪɨɜɟɪɤɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ 

ɫɮɨɪɦɭɥɢɪɭɟɦ ɇ0: M1 = M2. 

2. ɉɨɫɤɨɥɶɤɭ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɛɟ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɪɚɜɧɨɡɧɚɱɧɵ 

ɦɟɠɞɭ ɫɨɛɨɣ, ɬɨ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɜɵɛɢɪɚɟɬɫɹ ɜ ɜɢɞɟ ɇ1: M1 ≠ M2. 

3. Дɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɬɢɩ t – ɬɟɫɬɚ, ɫɪɚɜɧɢɦ ɦɟɠɞɭ ɫɨɛɨɣ ɞɢɫ-

ɩɟɪɫɢɢ ɇ0: σ1
2 = σ2

2 = σ2 ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɨɛɟ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɞɚɸɬ ɨɞɢ-

ɧɚɤɨɜɵɣ ɪɚɡɛɪɨɫ ɜ ɡɧɚɱɟɧɢɹɯ ɩɪɨɱɧɨɫɬɢ, ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɜɵɛɢɪɚɟɬɫɹ  

ɜ ɜɢɞɟ ɇ1: σ1
2 ≠σ2

2. 

ɋɬɚɬɢɫɬɢɤɚ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ ɩɪɢ ɷɬɨɦ ɪɚɜɧɚ F = 0,0068/0,003029 = 2,25 

(ɜ ɱɢɫɥɢɬɟɥɟ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ ɜɫɟɝɞɚ ɞɨɥɠɧɚ ɫɬɨɹɬɶ ɛɨɥɶɲɚɹ ɞɢɫɩɟɪɫɢɹ), ɚ 

ɩɨɫɤɨɥɶɤɭ ɩɪɢ α = 0,05 F(0,05/2);8-1;8-1 = 4,99 (ɫɦ. ɬɚɛɥ. ɉ.5)  ɢ F < F(0,05/2);8-1;8-1 (2,25 <  

4,99), ɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ σ1
2 = σ2

2 = σ2. 

S – ɨɛɨɛɳɟɧɧɨɟ ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɬɨɝɞɚ ɛɭɞɟɬ ɪɚɜɧɨ 

(ɫɦ.(3.46)) 
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07,0
288

0068,0)18(003029,0)18(
=

−+
−+−

=S . 

4. ɉɨɫɤɨɥɶɤɭ ɞɢɫɩɟɪɫɢɢ ɧɟ ɢɦɟɸɬ ɡɧɚɱɢɦɨɝɨ ɨɬɥɢɱɢɹ, ɫɬɚɬɢɫɬɢɤɚ t – ɤɪɢ-

ɬɟɪɢɹ ɩɪɢɧɢɦɚɟɬ ɜɢɞ (ɫɦ. (3.50)) 

14,1

8

1

8

1
07,0

19,223,2
=

+

−
=t  . 

5. Вɵɛɢɪɚɟɦ ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ α = 0,05 ɢ ɨɩɪɟɞɟɥɹɟɦ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ 

ɫɜɨɛɨɞɵ m = 8 + 8 – 2 = 14. 

6. Дɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɧɚɯɨɞɢɦ ɬɚɛɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ 

t0,05;14=2,15 (ɋɌɖɘȾɊАɋɉɈȻɊ(0,05;14) = 2,144789). 

7. ɉɨɫɤɨɥɶɤɭ ɪɚɫɫɱɢɬɚɧɧɨɟ ɪɚɧɟɟ ɡɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤɢ ɧɟ ɩɨɩɚɞɚɟɬ ɜ ɤɪɢ-

ɬɢɱɟɫɤɭɸ ɨɛɥɚɫɬɶ 1,14 < 2,15, ɬɨ ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɇ0: M1 =  M2 ɩɪɢɧɢɦɚɟɬɫɹ ɜ 

ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ, ɬ.ɟ. ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɤɚɤ ɩɨ ɜɚɪɢɚɧɬɭ 1, ɬɚɤ ɢ ɩɨ ɜɚɪɢɚɧɬɭ 2 

ɪɚɜɧɨɡɧɚɱɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɜɵɲɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ 

ɨɤɚɬɵɲɟɣ. 

Вɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ (ɩɟɪɜɨɝɨ ɪɨɞɚ) ɩɪɢ ɷɬɨɦ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɜɟɥɢɱɢɧɨɣ 

ɋɌɖɘȾɊАɋɉ(1,14;14;2) = 0,272934, ɬ.ɟ. ɟɫɥɢ ɛɵ ɦɵ ɜ ɩɨɞɨɛɧɵɯ ɫɢɬɭɚɰɢɹɯ ɨɬ-

ɜɟɪɝɚɥɢ ɧɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ, ɬɨ ɩɪɢɦɟɪɧɨ ɜ 27 ɫɥɭɱɚɹɯ ɢɡ 100 ɦɵ ɩɨɫɬɭɩɚɥɢ ɧɟ-

ɜɟɪɧɨ. В ɞɚɧɧɨɦ ɫɥɭɱɚɟ "ɏɜɨɫɬɵ" = 2, ɢ ɮɭɧɤɰɢɹ ɋɌɖɘȾɊАɋɉ ɜɨɡɜɪɚɳɚɟɬ 

ɞɜɭɫɬɨɪɨɧɧɟɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɩɨɫɤɨɥɶɤɭ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɛɵɥɚ ɩɪɢɧɹ-

ɬɚ ɜ ɜɢɞɟ ɇ1: M1 ≠ M2, ɚ ɧɟ ɜ ɜɢɞɟ ɇ1: M1 > M2.

Дɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɣɞɟɧɧɨɝɨ ɧɚɦɢ ɡɧɚɱɟɧɢɹ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α = 0,27 

ɜ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰɚɯ Microsoft Excel ɬɚɤɠɟ ɦɨɝɥɚ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɮɭɧɤ-

ɰɢɹ  

ɌɌȿɋɌ({2,21;2,26;2,19;2,21;2,27;2,24;2,14;2,32};{2,21;2,22;2,08;2,19;2,24;2,

21;2,06;2,31};2;2)= 0,272934. 

В ɞɚɧɧɨɦ ɫɥɭɱɚɟ "ɏɜɨɫɬɵ" = 2 (ɞɥɹ ɞɜɭɫɬɨɪɨɧɧɟɣ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟ-

ɡɵ) ɢ "Ɍɢɩ" = 2, ɩɨɫɤɨɥɶɤɭ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɜɭɯɜɵɛɨɪɨɱɧɵɣ t-ɬɟɫɬ ɫ ɪɚɜɧɵɦɢ ɞɢɫ-

ɩɟɪɫɢɹɦɢ. 
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И ɧɚɤɨɧɟɰ, ɜ ɡɚɞɚɱɟ ɫɪɚɜɧɟɧɢɹ ɞɜɭɯ ɧɟɢɡɜɟɫɬɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɠɢɞɚ-

ɧɢɣ M1 ɢ M2 ɪɚɫɫɦɨɬɪɢɦ ɫɢɬɭɚɰɢɸ, ɤɨɝɞɚ ɢɫɫɥɟɞɭɟɦɵɟ ɜɵɛɨɪɤɢ ɡɚɜɢɫɢɦɵ ɦɟɠ-

ɞɭ ɫɨɛɨɣ. 

t-ɤɪɢɬɟɪɢɣ ɞɥɹ ɡɚɜɢɫɢɦɵɯ ɜɵɛɨɪɨɤ ɨɱɟɧɶ ɩɨɥɟɡɟɧ ɜ ɬɟɯ ɞɨɜɨɥɶɧɨ ɱɚɫɬɨ 

ɜɨɡɧɢɤɚɸɳɢɯ ɧɚ ɩɪɚɤɬɢɤɟ ɫɢɬɭɚɰɢɹɯ, ɤɨɝɞɚ ɜɚɠɧɵɣ ɢɫɬɨɱɧɢɤ ɜɧɭɬɪɢɝɪɭɩɩɨɜɨɣ 

ɜɚɪɢɚɰɢɢ (ɪɚɡɛɪɨɫɚ ɢɥɢ ɨɲɢɛɤɢ) ɦɨɠɟɬ ɛɵɬɶ ɥɟɝɤɨ ɨɩɪɟɞɟɥɟɧ ɢ ɢɫɤɥɸɱɟɧ ɢɡ 

ɚɧɚɥɢɡɚ. Эɬɨ ɨɬɧɨɫɢɬɫɹ ɤ ɷɤɫɩɟɪɢɦɟɧɬɚɦ, ɜ ɤɨɬɨɪɵɯ ɞɜɟ ɫɪɚɜɧɢɜɚɟɦɵɟ ɝɪɭɩɩɵ 

ɩɨɥɭɱɟɧɵ ɧɚ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɫɨɜɨɤɭɩɧɨɫɬɢ ɧɚɛɥɸɞɟɧɢɣ (ɫɭɛɴɟɤɬɨɜ), ɤɨɬɨɪɵɟ 

ɬɟɫɬɢɪɨɜɚɥɢɫɶ ɞɜɚɠɞɵ (ɧɚɩɪɢɦɟɪ, ɞɨ ɢ ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɨɤɚɬɚ, ɞɨ ɢ 

ɩɨɫɥɟ ɜɚɤɭɭɦɢɪɨɜɚɧɢɹ ɫɬɚɥɢ, ɢɡɦɟɪɟɧɢɹ, ɩɪɨɢɡɜɨɞɢɦɵɟ ɧɚ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɩɚɪ-

ɬɢɹɯ ɩɪɨɞɭɤɰɢɢ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢɥɢ ɪɚɡɥɢɱɧɵɦɢ ɩɪɢɛɨɪɚɦɢ ɢ ɬ.ɞ.). В 

ɩɨɞɨɛɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɜɧɭɬɪɢɝɪɭɩɩɨɜɨɣ ɢɡɦɟɧɱɢɜɨɫɬɢ 

(ɜɚɪɢɚɰɢɢ) ɜ ɨɛɟɢɯ ɝɪɭɩɩɚɯ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɚ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɪɚɡɥɢ-

ɱɢɹɦɢ ɫɭɛɴɟɤɬɨɜ (ɪɚɡɥɢɱɢɹɦɢ ɜ ɫɜɨɣɫɬɜɚɯ ɨɬɞɟɥɶɧɵɯ ɩɪɨɤɚɬɚɧɧɵɯ ɩɨɥɨɫ, ɤɚɠ-

ɞɨɣ ɤɨɧɤɪɟɬɧɨɣ ɩɥɚɜɤɢ ɢɥɢ ɩɚɪɬɢɢ ɩɪɨɞɭɤɰɢɢ). ȿɫɥɢ ɬɚ ɠɟ ɫɚɦɚɹ ɜɵɛɨɪɤɚ ɬɟɫ-

ɬɢɪɭɟɬɫɹ ɞɜɚɠɞɵ, ɬɨ ɦɨɠɧɨ ɥɟɝɤɨ ɢɫɤɥɸɱɢɬɶ ɷɬɭ ɱɚɫɬɶ ɜɚɪɢɚɰɢɢ. Вɦɟɫɬɨ ɢɫɫɥɟ-

ɞɨɜɚɧɢɹ ɤɚɠɞɨɣ ɝɪɭɩɩɵ ɨɬɞɟɥɶɧɨ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɪɨɫɬɨ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ 

ɞɜɭɦɹ ɢɡɦɟɪɟɧɢɹɦɢ ɞɥɹ ɤɚɠɞɨɝɨ ɫɭɛɴɟɤɬɚ (ɧɚɩɪɢɦɟɪ, ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɨɞɧɢ ɢ ɬɟ 

ɠɟ ɩɥɚɜɤɢ "ɞɨ ɜɚɤɭɭɦɢɪɨɜɚɧɢɹ " ɢ "ɩɨɫɥɟ ɜɚɤɭɭɦɢɪɨɜɚɧɢɹ "). Вɵɱɢɬɚɹ ɩɟɪɜɵɟ 

ɡɧɚɱɟɧɢɹ ɢɡ ɜɬɨɪɵɯ (ɞɥɹ ɤɚɠɞɨɝɨ ɫɭɛɴɟɤɬɚ: ɩɪɨɤɚɬɚɧɧɨɣ ɩɨɥɨɫɵ, ɩɥɚɜɤɢ ɢɥɢ 

ɩɚɪɬɢɢ ɩɪɨɞɭɤɰɢɢ) ɢ ɚɧɚɥɢɡɢɪɭɹ ɡɚɬɟɦ ɬɨɥɶɤɨ ɷɬɢ "ɱɢɫɬɵɟ (ɩɚɪɧɵɟ) ɪɚɡɧɨɫɬɢ", 

ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɤɥɸɱɢɬɶ ɬɭ ɱɚɫɬɶ ɜɚɪɢɚɰɢɢ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɪɟ-

ɡɭɥɶɬɚɬɨɦ ɪɚɡɥɢɱɢɹ ɜ ɢɫɯɨɞɧɵɯ ɭɪɨɜɧɹɯ ɢɧɞɢɜɢɞɭɭɦɨɜ. Иɦɟɧɧɨ ɬɚɤ ɢ ɩɪɨɜɨɞɹɬ-

ɫɹ ɜɵɱɢɫɥɟɧɢɹ ɜ t-ɤɪɢɬɟɪɢɢ ɞɥɹ ɡɚɜɢɫɢɦɵɯ ɜɵɛɨɪɨɤ. В ɫɪɚɜɧɟɧɢɢ ɫ t-ɤɪɢɬɟɪɢɟɦ 

ɞɥɹ ɧɟɡɚɜɢɫɢɦɵɯ ɜɵɛɨɪɨɤ ɬɚɤɨɣ ɩɨɞɯɨɞ ɞɚɟɬ ɜɫɟɝɞɚ "ɥɭɱɲɢɣ" ɪɟɡɭɥɶɬɚɬ (ɤɪɢ-

ɬɟɪɢɣ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ). 

Ɋɟɚɥɢɡɚɰɢɹ t-ɤɪɢɬɟɪɢɹ ɞɥɹ ɡɚɜɢɫɢɦɵɯ ɜɵɛɨɪɨɤ ɧɚɱɢɧɚɟɬɫɹ ɫ ɬɨɝɨ, ɱɬɨ 

ɫɬɪɨɢɬɫɹ ɧɨɜɚɹ ɜɵɛɨɪɤɚ ɢɡ n = n1 = n2 ɷɥɟɦɟɧɬɨɜ (ɩɚɪɧɵɟ ɧɚɛɥɸɞɟɧɢɹ), ɨɩɪɟ-

ɞɟɥɹɟɦɚɹ ɤɚɤ ɪɚɡɧɨɫɬɶ ɡɧɚɱɟɧɢɣ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɜɵɛɨɪɨɤ: x∆i = x1i – x2i ɢ ɩɨ ɧɟɣ 

ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɨɰɟɧɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ∆x  ɢ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɝɨ 

ɨɬɤɥɨɧɟɧɢɹ S∆: 
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1. Вɵɞɜɢɝɚɟɬɫɹ ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɨ ɬɨɦ, ɱɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ 

ɪɚɡɧɨɫɬɢ ɪɚɜɧɨ ɧɭɥɸ ɇ0: M∆ = 0. 

2. Кɚɤ ɢ ɞɥɹ ɫɥɭɱɚɹ ɧɟɡɚɜɢɫɢɦɵɯ ɜɵɛɨɪɨɤ, ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɬɪɢ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɝɢɩɨɬɟɡɵ:  

ɇ1
(1): M∆ > 0; ɇ1

(2): M∆ < 0; ɇ1
(3): M∆ ≠ 0; 

3. Иɫɩɨɥɶɡɭɟɬɫɹ t-ɤɪɢɬɟɪɢɣ ɞɥɹ ɡɚɜɢɫɢɦɵɯ ɜɵɛɨɪɨɤ (ɩɚɪɧɵɣ). 

4. ɋɬɚɬɢɫɬɢɤɚ ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ, ɭɱɢɬɵɜɚɹ, ɱɬɨ M∆= 0, ɩɪɢɦɟɬ ɜɢɞ (ɫɦ. 

(3.49))  
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      (3.52) 

5. В ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɹ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ ɜɵɛɢɪɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɣ 

ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ  α. Чɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɞɥɹ ɡɚɜɢɫɢɦɵɯ ɜɵɛɨɪɨɤ ɪɚɜɧɨ 

m= n – 1. 

6. Ƚɪɚɧɢɰɵ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ  ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ 

ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɵ ɩɨ ɡɧɚɱɟɧɢɹɦ ɤɜɚɧɬɢɥɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ t 

α; m ɢɥɢ t 2α; m.  

7. ɇɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ ɩɪɢɧɢɦɚɸɬ, ɬ.ɟ. ɩɨɥɚɝɚɸɬ, ɱɬɨ M∆ = 0 ɩɪɢ ɜɵɩɨɥɧɟ-

ɧɢɢ ɧɟɪɚɜɟɧɫɬɜ: 

• ɞɥɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɝɢɩɨɬɟɡ ɇ1
(1): M∆ > 0; ɇ1

(2): M∆ < 0  mtt ,2α≤ ; 

• ɞɥɹ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɵ ɇ1
(3): M∆ ≠ 0   

 mtt ,α≤ . 

ȿɳɟ ɪɚɡ ɨɛɪɚɬɢɦɫɹ ɤ ɱɢɫɥɨɜɨɦɭ ɦɚɬɟɪɢɚɥɭ ɩɪɢɦɟɪɚ 3.7 ɢ ɩɟɪɟɮɨɪɦɭɥɢ-

ɪɭɟɦ ɭɫɥɨɜɢɹ ɡɚɞɚɱɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɤɚɤ ɩɨ ɜɚɪɢɚɧɬɭ 1, ɬɚɤ ɢ ɩɨ ɜɚɪɢɚɧɬɭ 

2 ɛɵɥɢ ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɞɥɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɧɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɩɨɥɭɱɟɧɧɵɟ 

ɞɜɚɠɞɵ ɧɚ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɩɚɪɬɢɹɯ ɨɤɚɬɵɲɟɣ, ɧɨ ɢɡɦɟɪɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɜɵɩɨɥ-

ɧɟɧɵ ɩɨ ɞɜɭɦ ɪɚɡɥɢɱɧɵɦ ɦɟɬɨɞɢɤɚɦ. 
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Ɇɨɠɧɨ ɥɢ ɫɤɚɡɚɬɶ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɩɪɨɱɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ 

ɧɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨ ɪɚɡɥɢɱɧɵɦ ɦɟɬɨɞɢɤɚɦ ɧɚ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɩɚɪɬɢɹɯ ɨɤɚɬɵ-

ɲɟɣ, ɧɟ ɢɦɟɸɬ ɡɧɚɱɢɦɨɝɨ ɪɚɡɥɢɱɢɹ? 

ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɡɚɞɚɱɢ ɜɵɛɨɪɤɢ ɩɨ ɜɚɪɢɚɧɬɭ 1 ɢ 2 ɫɬɚɧɨ-

ɜɹɬɫɹ ɡɚɜɢɫɢɦɵɦɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ (ɡɧɚɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɨɤɚɬɵɲɟɣ ɩɨ ɤɚɠɞɨɣ ɢɡ 

ɜɨɫɶɦɢ ɩɚɪɬɢɣ ɩɪɨɢɡɜɟɞɟɧɵ ɞɜɚɠɞɵ, ɧɨ ɩɪɨ ɪɚɡɧɵɦ ɦɟɬɨɞɢɤɚɦ), ɬɨ ɞɥɹ ɪɟɲɟ-

ɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɨɩɢɫɚɧɧɵɦ ɜɵɲɟ ɩɚɪɧɵɦ t-ɤɪɢɬɟɪɢɟɦ. 

Ɋɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ x∆i, ∆x  ɢ S2
∆ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 3.4 (ɫɦ. ɩɨɫɥɟɞ-

ɧɢɣ ɫɬɨɥɛɟɰ). 

037,0001371,0 ==∆S  . 

1. Вɵɞɜɢɝɚɟɦ ɧɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ ɇ0: M∆ = 0. 

2. ɉɨɫɤɨɥɶɤɭ ɦɟɠɞɭ ɞɜɭɦɹ ɦɟɬɨɞɢɤɚɦɢ ɧɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɧɢɤɚɤɨɝɨ ɪɚɡ-

ɥɢɱɢɹ, ɬɨ ɚɥɶɬɟɪɧɚɬɢɜɧɭɸ ɝɢɩɨɬɟɡɭ ɜɵɛɢɪɚɟɦ ɜ ɜɢɞɟ ɇ1: M∆ ≠ 0 

3. Иɫɩɨɥɶɡɭɟɬɫɹ t-ɤɪɢɬɟɪɢɣ ɞɥɹ ɡɚɜɢɫɢɦɵɯ ɜɵɛɨɪɨɤ (ɩɚɪɧɵɣ). 

4. ɋɬɚɬɢɫɬɢɤɚ ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ  

.055,38
037,0

04,0
=⋅=⋅=

∆

∆ n
S

x
t  

5. Вɵɛɢɪɚɟɦ ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ α = 0,05 ɢ ɨɩɪɟɞɟɥɹɟɦ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ 

ɫɜɨɛɨɞɵ m = 8 - 1 = 7. 

6. Дɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɧɚɯɨɞɢɦ ɬɚɛɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ 

t0,05;7=2,37 (ɋɌɖɘȾɊАɋɉɈȻɊ(0,05;7) = 2,364623). 

7. ɉɨɫɤɨɥɶɤɭ ɪɚɫɫɱɢɬɚɧɧɨɟ ɪɚɧɟɟ ɡɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤɢ ɩɨɩɚɞɚɟɬ ɜ ɤɪɢɬɢ-

ɱɟɫɤɭɸ ɨɛɥɚɫɬɶ 3,06 > 2,37, ɬɨ ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɇ0: M1 = 0 ɨɬɜɟɪɝɚɟɬɫɹ, ɢ ɜ ɤɚ-

ɱɟɫɬɜɟ ɪɚɛɨɱɟɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɹɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɭɸ ɇ1: M∆ ≠ 0, ɬ.ɟ. ɦɟɬɨɞɢɤɢ 

ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɩɨ ɜɚɪɢɚɧɬɭ 1 ɢ ɩɨ ɜɚɪɢɚɧɬɭ 2 ɞɚɸɬ ɡɧɚɱɢɦɨ ɪɚɡɥɢɱɧɵɟ 

ɪɟɡɭɥɶɬɚɬɵ ɧɚ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɩɚɪɬɢɹɯ ɢ ɞɥɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɧɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ 

ɨɬɠɢɝɚ ɨɤɚɬɵɲɟɣ. 

Вɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɩɟɪɜɨɝɨ ɪɨɞɚ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɥɹɟɬ ("ɏɜɨɫɬɵ" = 2, ɩɨ-

ɫɤɨɥɶɤɭ ɇ1: M1 ≠ 0) ɋɌɖɘȾɊАɋɉ(3,055;7;2) = 0,018453, ɬ.ɟ., ɨɬɜɟɪɝɚɹ ɜ ɚɧɚɥɨ-
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ɝɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɧɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ, ɦɵ ɩɪɢɦɟɪɧɨ ɬɨɥɶɤɨ ɜ ɨɞɧɨɦ ɢɥɢ ɞɜɭɯ ɫɥɭ-

ɱɚɹɯ ɢɡ 100 ɛɭɞɟɦ ɞɨɩɭɫɤɚɬɶ ɨɲɢɛɤɭ.  

ɇɚɣɞɟɧɧɚɹ ɨɰɟɧɤɚ α = 0,018 ɜ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰɚɯ Microsoft Excel ɦɨ-

ɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɭɧɤɰɢɢ ɌɌȿɋɌ.  

ɌɌȿɋɌ({2,21;2,26;2,19;2,21;2,27;2,24;2,14;2,32};{2,21;2,22;2,08;2,19;2,24;2,21;2,06

;2,31};2;1)= 0,018452. 

ɉɨɫɥɟɞɧɢɣ ɩɚɪɚɦɟɬɪ  ɜ ɷɬɨɣ ɮɭɧɤɰɢɢ "Ɍɢɩ" = 1 (ɩɚɪɧɵɣ t-ɬɟɫɬ). 

ȿɫɥɢ ɫɪɚɜɧɢɬɶ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɩɪɢɦɟɪɟ 3.7 ɩɨ t-ɬɟɫɬɭ ɧɚ ɞɜɭɯ 

ɫɨɜɟɪɲɟɧɧɨ ɨɞɢɧɚɤɨɜɵɯ ɜɵɛɨɪɤɚɯ (ɜɚɪɢɚɧɬ 1 ɢ 2) ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɷɬɢ ɜɵɛɨɪɤɢ 

ɧɟɡɚɜɢɫɢɦɵ (ɞɜɭɯɜɵɛɨɪɨɱɧɵɣ t-ɬɟɫɬ ɫ ɪɚɜɧɵɦɢ ɞɢɫɩɟɪɫɢɹɦɢ) ɢ ɡɚɜɢɫɢɦɵ (ɩɚɪ-

ɧɵɣ t-ɬɟɫɬ), ɬɨ ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ ɨɧɢ ɞɚɸɬ ɫɨɜɟɪɲɟɧɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ ɪɟ-

ɡɭɥɶɬɚɬɵ. Кɨɝɞɚ ɧɚ ɜɵɛɨɪɤɢ ɩɨ ɜɚɪɢɚɧɬɭ 1 ɢ 2 ɦɵ ɫɦɨɬɪɟɥɢ ɤɚɤ ɧɚ ɧɟɡɚɜɢɫɢ-

ɦɵɟ, ɦɵ ɧɟ ɜɢɞɟɥɢ ɪɚɡɥɢɱɢɹ ɜ ɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɠɢɞɚɧɢɹɯ, ɧɨ ɩɪɢ ɭɫɥɨɜɢɢ 

ɡɚɜɢɫɢɦɨɫɬɢ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɠɢɞɚɧɢɹɯ ɭɞɚɥɨɫɶ ɭɫɬɚɧɨɜɢɬɶ ɡɧɚɱɢɦɵɟ ɪɚɫ-

ɯɨɠɞɟɧɢɹ. Эɬɨɬ ɱɢɫɥɨɜɨɣ ɦɚɬɟɪɢɚɥ ɩɨɞɬɜɟɪɠɞɚɟɬ ɪɚɧɟɟ ɭɠɟ ɜɵɫɤɚɡɚɧɧɨɟ ɩɨ-

ɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ t-ɤɪɢɬɟɪɢɣ ɞɥɹ ɡɚɜɢɫɢɦɵɯ ɜɵɛɨɪɨɤ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɱɭɜɫɬɜɢ-

ɬɟɥɶɧɵɦ. 

ɉɨɫɤɨɥɶɤɭ ɦɟɬɨɞɢɤɚ ɩɚɪɧɨɝɨ t-ɬɟɫɬɚ ɩɨɥɧɨɫɬɶɸ ɩɨɜɬɨɪɹɟɬ ɚɥɝɨɪɢɬɦ ɫɪɚɜ-

ɧɟɧɢɹ ɧɟɢɡɜɟɫɬɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ M1 ɫ ɤɨɧɤɪɟɬɧɵɦ ɱɢɫɥɨɜɵɦ ɡɧɚ-

ɱɟɧɢɟɦ M, ɬɨ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɌɌȿɋɌ ɜ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰɚɯ Microsoft 

Excel ɩɪɢɦɟɧɢɦɚ ɢ ɞɥɹ  ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɨ ɫɨɨɬɜɟɬɫɬɜɢɢ ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɷɤɫɩɟɪɢ-

ɦɟɧɬɟ ɜɵɛɨɪɨɱɧɨɝɨ ɫɪɟɞɧɟɝɨ 1x  ɢɡɜɟɫɬɧɨɦɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦɭ ɨɠɢɞɚɧɢɸ. 

Ɍɚɤ, ɞɥɹ ɩɪɢɦɟɪɚ 3.6 (ɨ ɧɚɥɢɱɢɢ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɩɨɤɚɡɚɧɢɹɯ Ɋh-ɦɟɬɪɚ). 

ɌɌȿɋɌ({8,7;9,2;9,1;9;9,4;9,6;9,7;8,9;8,8;8,7;9,8;9,3;9,8;8,8};{9;9;9;9;9;9;9;9;9;9;9;9;9

;9};2;1) = 0,088025,  ɱɬɨ ɩɪɢ ɧɚɣɞɟɧɧɨɦ ɜ ɷɬɨɦ ɩɪɢɦɟɪɟ ɡɧɚɱɟɧɢɢ ɫɬɚɬɢɫɬɢɤɢ t  = 

1,84, ɱɢɫɥɟ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ  m = 14 – 1 = 13 ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɝɢɩɨɬɟɡɟ ɇ1: M1 

≠ 9 ("ɏɜɨɫɬɵ" = 2) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɋɌɖɘȾɊАɋɉ(1,84;13;2) = 0,088706. ɉɨɥɭɱɟɧ-

ɧɨɟ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɌɌȿɋɌ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɧɚɥɢɱɢɹ  

 101



3. ɉɊЕȾВАɊИɌЕЛɖɇАə ɈȻɊАȻɈɌɄА ɗɄɋɉЕɊИɆЕɇɌАЛɖɇɕɏ ȾАɇɇɕɏ 
 

ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɭ Ɋh-ɦɟɬɪɚ ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧɚ ɜɟɥɢɱɢɧɨɣ 1 – 

0,089 = 0,91 (ɦɟɧɶɲɟɣ, ɱɟɦ 0,95, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɨɝɨ ɦɵ ɡɚɤɥɚɞɵɜɚɥɢ, ɜɵɛɢɪɚɹ 

ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ α = 0,05). 

В ɡɚɤɥɸɱɟɧɢɟ ɷɬɨɝɨ ɪɚɡɞɟɥɚ ɟɳɟ ɪɚɡ ɩɨɞɱɟɪɤɧɟɦ, ɱɬɨ ɜɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ 

ɜɵɲɟ ɤɪɢɬɟɪɢɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɨɥɶɤɨ ɞɥɹ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ, ɧɟ 

ɩɪɨɬɢɜɨɪɟɱɚɳɢɯ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

Ƚɚɭɫɫɚ). Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ t-ɤɪɢɬɟɪɢɸ ɞɥɹ ɡɚɜɢɫɢɦɵɯ ɜɵɛɨɪɨɤ 

ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨɩɚɪɧɵɟ ɪɚɡɧɨɫɬɢ ɞɨɥɠɧɵ ɛɵɬɶ ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɵ. 

ȿɫɥɢ ɷɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ (ɨ ɬɨɦ, ɤɚɤ ɟɝɨ ɦɨɠɧɨ ɩɪɨɜɟɪɢɬɶ, 

ɫɦɨɬɪɢ ɫɥɟɞɭɸɳɢɣ ɪɚɡɞɟɥ), ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɨɞɧɢɦ ɢɡ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɤɪɢɬɟɪɢɟɜ (ɫɦ. ɧɚɩɪɢɦɟɪ, [10]). 

 

3.6. Кɪɢɬеɪɢɢ ɫɨɝлаɫɢя.  

ɉɪɨвеɪɤа ɝɢɩɨɬеɡ ɨ вɢɞе ɮуɧɤɰɢɢ ɪаɫɩɪеɞелеɧɢя 

 
 

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɪɚɧɟɟ ɦɟɬɨɞɵ ɨɰɟɧɢɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɢ ɤɪɢɬɟɪɢɢ ɞɥɹ ɩɪɨɜɟɪɤɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ 

ɩɪɟɞɩɨɥɚɝɚɥɢ, ɱɬɨ ɢɡɜɟɫɬɧɚ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ – 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ Ƚɚɭɫɫɚ). Ɉɞɧɚɤɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɜɢɞ ɡɚɤɨɧɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɝɢɩɨɬɟɬɢɱɟɫɤɢɦ ɢ ɫɚɦ ɩɨ ɫɟɛɟ ɬɪɟɛɭɟɬ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ 

ɩɨɞɬɜɟɪɠɞɟɧɢɹ.  

ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ, ɧɨ ɜɟɫɶɦɚ ɩɪɢɛɥɢɠɟɧɧɵɦ ɦɟɬɨɞɨɦ ɩɪɨɜɟɪɤɢ 

ɫɨɝɥɚɫɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɬɟɦ ɢɥɢ ɢɧɵɦ ɡɚɤɨɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɹɜɥɹɟɬɫɹ ɝɪɚɮɢɱɟɫɤɢɣ ɦɟɬɨɞ. Ɉɧ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɰɟɧɤɟ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɟɟ ɫ ɮɭɧɤɰɢɟɣ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ 

ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɡɚɤɨɧɚ. ȿɫɥɢ ɩɨɫɬɪɨɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɬɨɱɤɢ ɥɟɠɚɬ 

ɜɛɥɢɡɢ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɝɪɚɮɢɤɚ, ɬɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɜ ɨɩɵɬɚɯ 

ɞɚɧɧɵɟ ɧɟ ɩɪɨɬɢɜɨɪɟɱɚɬ ɜɵɛɪɚɧɧɨɦɭ ɬɟɨɪɟɬɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

Ƚɪɚɮɢɱɟɫɤɢɣ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɫɭɛɴɟɤɬɢɜɧɵɦ ɢ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɩɪɚɤɬɢɤɟ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɩɪɢ ɪɟɲɟɧɢɢ 

ɩɨɞɨɛɧɵɯ ɡɚɞɚɱ.  
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Ȼɨɥɟɟ ɨɛɴɟɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɢɞɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɫɬɪɨɹɬɫɹ ɧɚ ɚɩɩɚɪɚɬɟ ɩɪɨɜɟɪɤɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ - 

ɤɪɢɬɟɪɢɹɯ ɫɨɝɥɚɫɢɹ.  

ɇɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɇ0:-  

ɢɫɫɥɟɞɭɟɦɚɹ ɝɟɧɟɪɚɥɶɧɚɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɩɪɟɞɩɨɥɚɝɚɟɦɨɦɭ 

ɬɟɨɪɟɬɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ 

ɨɛɵɱɧɨ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɤɚɤ ɇ1: ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɢɦɟɟɬ ɥɸɛɨɟ ɞɪɭɝɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɨɬɥɢɱɧɨɟ ɨɬ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ.  

Ɋɚɡɪɚɛɨɬɚɧɨ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɤɪɢɬɟɪɢɟɜ ɫɨɝɥɚɫɢɹ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɤɚɤ 

ɫɜɨɟɣ ɦɨɳɧɨɫɬɶɸ, ɬɚɤ ɢ ɨɛɴɟɦɨɦ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɢɯ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ. Ɋɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ, ɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɫɬɚɧɨɜɢɦɫɹ 

ɧɚ ɤɪɢɬɟɪɢɹɯ ɫɨɝɥɚɫɢɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɛɨɥɶɲɢɯ ɨɛɴɟɦɚɯ ɜɵɛɨɪɤɢ. 

Кɨɝɞɚ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪ ɪɚɫɩɨɥɚɝɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɵɦ 

ɤɨɥɢɱɟɫɬɜɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ (n > 100), ɬɨ ɢɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ 

ɨɛɪɚɛɨɬɤɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɝɪɭɩɩɢɪɨɜɤɢ, ɤɨɬɨɪɚɹ ɩɪɨɜɨɞɢɬɫɹ ɜ ɫɥɟɞɭɸɳɟɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 

 1. ɇɚɯɨɞɹɬ ɧɚɢɛɨɥɶɲɟɟ (xmax) ɢ ɧɚɢɦɟɧɶɲɟɟ (xmin) ɜɵɛɨɪɨɱɧɵɟ ɡɧɚɱɟɧɢɹ 

ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɢ ɜɵɱɢɫɥɹɸɬ ɟɟ ɪɚɡɦɚɯ R= xmax-xmin.  

 2. Ɋɚɡɦɚɯ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɪɚɡɛɢɜɚɸɬ ɧɚ k ɪɚɜɧɵɯ ɢɧɬɟɪɜɚɥɨɜ. 

Кɨɥɢɱɟɫɬɜɨ ɢɧɬɟɪɜɚɥɨɜ k ɜɵɛɢɪɚɸɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ. 

ɇɚɩɪɢɦɟɪ, ɩɪɢ n >100 ɟɝɨ ɡɧɚɱɟɧɢɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɧɢɦɚɬɶ ɪɚɜɧɵɦ k=9÷15 

(ɩɪɢ n <100 k=7). Чɢɫɥɨ ɢɧɬɟɪɜɚɥɨɜ k ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢ ɩɨ ɮɨɪɦɭɥɟ 

ɒɬɸɪɝɟɫɚ k=1+3,32lg(n) ɫ ɨɤɪɭɝɥɟɧɢɟɦ ɩɨɥɭɱɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɞɨ ɛɥɢɠɚɣɲɟɣ 

ɰɟɥɨɣ ɜɟɥɢɱɢɧɵ. 

 3. Ɉɩɪɟɞɟɥɹɸɬ ɲɢɪɢɧɭ ɢɧɬɟɪɜɚɥɚ h=R/k, ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɫɱɟɬɨɜ 

ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɨɤɪɭɝɥɹɸɬ ɜ ɥɸɛɭɸ ɫɬɨɪɨɧɭ, ɧɟɫɤɨɥɶɤɨ ɭɜɟɥɢɱɢɜɚɹ ɢɥɢ 

ɭɦɟɧɶɲɚɹ ɩɪɢ ɷɬɨɦ ɪɚɡɦɚɯ ɜɚɪɶɢɪɨɜɚɧɢɹ R.  

 4. ɍɫɬɚɧɚɜɥɢɜɚɸɬ ɝɪɚɧɢɰɵ ɢɧɬɟɪɜɚɥɨɜ ɢ ɩɨɞɫɱɢɬɵɜɚɸɬ ɱɢɫɥɨ ɩɨɩɚɞɚɧɢɣ 

ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɜ ɤɚɠɞɵɣ ɢɡ ɜɵɛɪɚɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ im , 1≤i≤k. 
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 5. Ɉɩɪɟɞɟɥɹɸɬ ɱɚɫɬɨɬɭ ɩɨɩɚɞɚɧɢɣ ɞɥɹ ɤɚɠɞɨɝɨ ɢɧɬɟɪɜɚɥɚ ɤɚɤ Pi= im /n. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɨɞɨɛɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɦɨɝɭɬ ɛɵɬɶ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ (ɩɨɞɨɛɧɭɸ, 

ɧɚɩɪɢɦɟɪ, ɬɚɛɥ. 3.5).  

 

 

Ɍɚɛɥɢɰɚ 3.5 

ɉɨɫтрɨеɧие рɚɫɩреɞеɥеɧия ɷɤɫɩериɦеɧтɚɥɶɧɵɯ ɞɚɧɧɵɯ 
 

Иɧɬɟɪɜɚɥ 

Чɢɫɥɨ ɡɚɦɟɪɨɜ 
ɜ ɤɚɠɞɨɦ 

ɢɧɬɟɪɜɚɥɟ m i

Чɚɫɬɨɬɚ ɩɨɩɚɞɚɧɢɹ 
ɜ ɢɧɬɟɪɜɚɥ 

Pi= m i/n 

x1 ÷ x2 m 1 m 1/n 

x2 ÷ x3 m 2 m 2/n 

... ... ... 

xi ÷ xi+1 m i m i/n 

... ... ... 

xk ÷ xk+1 m k m k/n 

ɉɪɨɜɟɪɤɚ  
nm

k

i

i =∑
=1

  1
1

=∑
=

k

i

iP   

  

 Ƚɪɚɮɢɱɟɫɤɨɣ ɮɨɪɦɨɣ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ 

ɹɜɥɹɟɬɫɹ ɝɢɫɬɨɝɪɚɦɦɚ (ɪɢɫ.3.8). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɝɢɫɬɨɝɪɚɦɦ 

ɫɥɟɞɭɸɳɚɹ: 

 1. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɨɪɞɢɧɚɬɵ hiPif = , ɝɞɟ Pi – ɜɟɪɨɹɬɧɨɫɬɶ 

ɩɨɹɜɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɜ i-ɦ ɢɧɬɟɪɜɚɥɟ.  

 2. В ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ fi=f(x) ɧɚ ɲɢɪɢɧɟ ɢɧɬɟɪɜɚɥɚ h ɨɬɤɥɚɞɵɜɚɸɬ 

ɜɟɥɢɱɢɧɵ fi ɤɚɤ ɜɵɫɨɬɵ ɢ ɫɬɪɨɹɬɫɹ ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ. 

 Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɥɨɳɚɞɶ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ  

n

im
iP

h

iP
hifhiS ==⋅=⋅=        (3.53) 

ɪɚɜɧɚ ɨɬɧɨɲɟɧɢɸ ɱɢɫɥɚ ɨɩɵɬɨɜ mi, ɩɪɢ ɤɨɬɨɪɵɯ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɨɤɚɡɚɥɚɫɶ 

ɜɧɭɬɪɢ ɷɬɨɝɨ ɢɧɬɟɪɜɚɥɚ, ɤ ɨɛɳɟɦɭ ɱɢɫɥɭ ɨɩɵɬɨɜ n.  
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 ɉɥɨɳɚɞɶ ɜɫɟɣ ɝɢɫɬɨɝɪɚɦɦɵ 1
k

1i
iP

k

1i
iSS =

=
=

=
= ∑∑ . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɥɨɳɚɞɶ, 

ɨɝɪɚɧɢɱɟɧɧɚɹ ɝɢɫɬɨɝɪɚɦɦɨɣ, ɪɚɜɧɚ ɟɞɢɧɢɰɟ. 

 3. ɉɨɫɬɪɨɟɧɢɟ ɝɢɫɬɨɝɪɚɦɦɵ ɢɧɬɟɝɪɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɜɟɪɨɹɬɧɨɫɬɟɣ: ∑
=

=
k

1i
iP)x(F . 

f(x)

h x 

P1+P2

P1

1,0

F(x)
 

 

 

 

 

 

x 
 

Ɋиɫ.3.8. Ʉ ɩɨɫтрɨеɧиɸ ɝиɫтɨɝрɚɦɦɵ ɫɥɭчɚɣɧɨɣ веɥичиɧɵ  

 

 В ɞɚɥɶɧɟɣɲɟɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɪɚɜɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɫ ɧɟɤɨɬɨɪɵɦ ɜɢɞɨɦ 

ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Дɥɹ ɷɬɨɣ ɰɟɥɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ 

ɤɪɢɬɟɪɢɢ ɫɨɝɥɚɫɢɹ: χ2 (ɯɢ-ɤɜɚɞɪɚɬ) ɉɢɪɫɨɧɚ, Кɨɥɦɨɝɨɪɨɜɚ–ɋɦɢɪɧɨɜɚ ɢ ɞɪ. 

Ʉритериɣ  ɉирɫɨɧɚ 

Ɋɚɫɫɦɨɬɪɢɦ ɦɟɬɨɞɢɤɭ ɩɪɨɜɟɪɤɢ ɝɢɩɨɬɟɡɵ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ 

ɤɪɢɬɟɪɢɸ χ2 ɉɢɪɫɨɧɚ. Эɬɨɬ ɤɪɢɬɟɪɢɣ ɤɪɨɦɟ ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ 

ɢɧɬɟɪɜɚɥɚ ɞɥɹ ɞɢɫɩɟɪɫɢɢ ɧɟɪɟɞɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɪɨɜɟɪɤɢ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɞɚɧɧɵɦ ɜɵɛɨɪɤɢ ɫ ɧɟɤɨɬɨɪɨɣ ɬɟɨɪɟɬɢɱɟɫɤɨɣ 

ɩɥɨɬɧɨɫɬɶɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ.  

 В ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɟ ɤɪɢɬɟɪɢɹ χ2 ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɫɜɨɣɫɬɜ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ (ɫɬɚɧɞɚɪɬɧɨɝɨ) ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

ɇɚɩɨɦɧɢɦ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ ɤɪɢɜɨɣ ɩɥɨɬɧɨɫɬɢ  ɫɬɚɧɞɚɪɬɧɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɦɟɟɬ ɜɢɞ 
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 Ɉɬɥɢɱɢɟ ɨɰɟɧɤɢ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ P ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɡɚɤɨɧɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ P* ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɜɟɥɢɱɢɧɨɣ  

( ,2*iPiP
k

1i
iC2 −

=
=χ ∑ )

        (3.55) 

ɝɞɟ Pi ɢ Pi* – ɨɰɟɧɤɚ ɢ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɞɥɹ i-ɝɨ 

ɢɧɬɟɪɜɚɥɚ; Ci – ɜɟɫɨɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɤɨɬɨɪɵɟ ɫ ɛɨɥɶɲɢɦ ɜɟɫɨɦ ɭɱɢɬɵɜɚɸɬ 

ɨɬɤɥɨɧɟɧɢɹ ɞɥɹ ɦɟɧɶɲɢɯ Pi.  

 ɉɢɪɫɨɧ ɜɵɛɪɚɥ ɜɟɫɨɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

*iP

n
iC =

.         (3.56) 

ɉɢɪɫɨɧ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ ɬɚɤɨɦ ɜɵɛɨɪɟ Ci ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ χ2 ɫɥɚɛɨ 

ɡɚɜɢɫɢɬ ɨɬ n ɢ P(x), ɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɱɢɫɥɨɦ ɪɚɡɪɹɞɨɜ k.  
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 Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɢɞɟɚɥɶɧɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ 

ɉɢɪɫɨɧɚ ɛɭɞɟɬ ɪɚɜɧɨ ɧɭɥɸ, ɬ.ɤ. Pi= Pi*. 

 В ɜɵɪɚɠɟɧɢɢ (3.55) ɫɬɨɢɬ ɫɭɦɦɚ ɤɜɚɞɪɚɬɨɜ k ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ, ɨɞɧɚɤɨ 

ɨɧɢ ɧɟ ɹɜɥɹɸɬɫɹ ɧɟɡɚɜɢɫɢɦɵɦɢ, ɬɚɤ ɤɚɤ ɧɚ ɧɢɯ ɧɚɤɥɚɞɵɜɚɟɬɫɹ ɧɟɤɨɬɨɪɨɟ ɱɢɫɥɨ 

ɫɜɹɡɟɣ. Ɉɞɧɨɣ ɢɡ ɬɚɤɢɯ ɫɜɹɡɟɣ ɹɜɥɹɟɬɫɹ ɬɪɟɛɨɜɚɧɢɟ, ɱɬɨɛɵ ɩɥɨɳɚɞɶ ɩɨɞ ɤɪɢɜɨɣ 
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ɨɰɟɧɤɢ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɜɧɹɥɚɫɶ ɟɞɢɧɢɰɟ: .1
k

1i
iP =

=
∑  Иɧɨɝɞɚ ɬɪɟɛɭɸɬ, 

ɱɬɨɛɵ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ x  ɫɨɜɩɚɞɚɥɨ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ Mx, ɚ 

ɜɵɛɨɪɨɱɧɚɹ ɞɢɫɩɟɪɫɢɹ Sx
2 – ɫ ɞɢɫɩɟɪɫɢɟɣ σx

2. ɉɨɷɬɨɦɭ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ 

ɫɜɨɛɨɞɵ ɱɚɳɟ ɜɫɟɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ  

m = k - 2.         (3.58) 

 Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ɉɢɪɫɨɧɚ χ2
α;m ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ (ɫɦ. ɬɚɛɥ.ɉ.3) ɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɤɟɬɨɜ ɩɪɢɤɥɚɞɧɵɯ 

ɩɪɨɝɪɚɦɦ ɩɪɢ ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ ɡɧɚɱɢɦɨɫɬɢ α ɢ ɱɢɫɥɟ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m (ɫɦ. 

ɮɭɧɤɰɢɸ ɏИ2ɈȻɊ(α;m) ɢɡ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ Microsoft Excel).  

Аɥɝɨɪɢɬɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɪɢɬɟɪɢɹ ɉɢɪɫɨɧɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. 

 1. Вɵɞɜɢɝɚɸɬɫɹ ɧɭɥɶ-ɝɢɩɨɬɟɡɚ ɇ0: "Ɉɬɥɢɱɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

ɨɬ ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɟ ɫɭɳɟɫɬɜɟɧɧɨ" ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɟɣ 

ɝɢɩɨɬɟɡɚ ɇ1: "Ɉɬɥɢɱɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɬ ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨ, ɬ.ɟ. ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɧɟ ɩɨɞɱɢɧɹɸɬɫɹ 

ɡɚɤɨɧɭ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ". 

 2. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ ɢ ɩɪɟɞɩɨɥɨɠɟɧɢɸ 

ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ 

ɤɪɢɬɟɪɢɹ ɉɢɪɫɨɧɚ χ2.  

 3. Ɉɩɪɟɞɟɥɹɸɬ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m, ɡɚɞɚɸɬɫɹ ɭɪɨɜɧɟɦ 

ɡɧɚɱɢɦɨɫɬɢ α ɢ ɨɩɪɟɞɟɥɹɸɬ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ɉɢɪɫɨɧɚ χ2
∝;m. 

 4. ȿɫɥɢ χ2<χ2
∝;m, ɬɨ ɧɭɥɶ-ɝɢɩɨɬɟɡɚ ɇ0 ɨ ɧɨɪɦɚɥɶɧɨɦ ɡɚɤɨɧɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɬɫɹ ɫ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ P=1-α. 

В ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɧɭɥɶ-ɝɢɩɨɬɟɡɚ ɨɬɜɟɪɝɚɟɬɫɹ ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ 

ɝɢɩɨɬɟɡɚ ɇ1.  

 Ɉɬɦɟɬɢɦ ɜɚɠɧɵɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɤɪɢɬɟɪɢɹ χ2.  

 ȿɫɥɢ ɩɪɢ ɧɟɤɨɬɨɪɨɦ ɱɢɫɥɟ ɢɡɦɟɪɟɧɢɣ ɤɪɢɬɟɪɢɣ χ2 >χ2
∝;m, ɧɨ ɫɨɦɧɟɧɢɹ ɜ 

ɧɨɪɦɚɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ, ɬɨ ɫɥɟɞɭɟɬ, ɟɫɥɢ ɢɦɟɟɬɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶ, ɭɜɟɥɢɱɢɬɶ ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɢ ɩɨɜɬɨɪɢɬɶ ɚɧɚɥɢɡ 

ɩɨ ɷɬɨɦɭ ɠɟ ɤɪɢɬɟɪɢɸ.  
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 Чɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m=k-2 ɨɬɧɨɫɢɬɫɹ ɤ ɬɚɤɨɦɭ ɫɥɭɱɚɸ, ɤɨɝɞɚ ɨɛɚ 

ɩɚɪɚɦɟɬɪɚ ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɢɡɦɟɪɟɧɢɣ, ɬ.ɟ. ɤɨɝɞɚ ɜɦɟɫɬɨ ɬɨɱɧɵɯ ɢɡɦɟɪɟɧɢɣ ɡɧɚɱɟɧɢɣ Mx ɢ σx ɩɪɢɦɟɧɹɸɬ ɢɯ 

ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ (ɨɰɟɧɤɢ) x  ɢ Sx. ȿɫɥɢ ɠɟ ɡɧɚɱɟɧɢɟ Mx ɬɨɱɧɨ ɢɡɜɟɫɬɧɨ 

(ɧɚɩɪɢɦɟɪ, ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɷɬɚɥɨɧɚ), ɬɨ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɪɚɜɧɨ k=n-1; 

ɟɫɥɢ ɢɡɜɟɫɬɧɵ ɨɛɚ ɩɚɪɚɦɟɬɪɚ Mx ɢ σx, ɬɨ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɪɚɜɧɨ k=n. ɇɚ 

ɩɪɚɤɬɢɤɟ ɬɚɤɚɹ ɫɢɬɭɚɰɢɹ ɜɫɬɪɟɱɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɟɞɤɨ, ɢ ɩɨɷɬɨɦɭ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɧɟ ɦɟɧɟɟ ɩɹɬɢ ɠɟɥɚɬɟɥɶɧɨ ɛɪɚɬɶ ɱɢɫɥɨ 

ɢɧɬɟɪɜɚɥɨɜ ɧɟ ɦɟɧɟɟ ɫɟɦɢ (ɢɧɨɝɞɚ ɞɟɜɹɬɢ). 

Ʉритериɣ Ʉɨɥɦɨɝɨрɨвɚ–ɋɦирɧɨвɚ 

 Ɋɚɫɫɦɨɬɪɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɪɢɬɟɪɢɹ Кɨɥɦɨɝɨɪɨɜɚ–ɋɦɢɪɧɨɜɚ ɞɥɹ 

ɩɪɨɜɟɪɤɢ ɝɢɩɨɬɟɡɵ ɧɨɪɦɚɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ. Дɚɧɧɚɹ 

ɩɪɨɰɟɞɭɪɚ ɬɚɤɠɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɨɫɬɪɨɟɧɢɟ ɬɚɛɥɢɰɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɫ ɝɪɭɩɩɢɪɨɜɤɨɣ ɞɚɧɧɵɯ ɜ 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɱɢɫɥɨ ɪɚɡɪɹɞɨɜ k. Дɨɩɨɥɧɢɬɟɥɶɧɨ ɜ ɬɚɛɥɢɰɭ ɧɟɨɛɯɨɞɢɦɨ 

ɜɤɥɸɱɢɬɶ ɫɥɟɞɭɸɳɢɟ ɤɨɥɨɧɤɢ: 

− ɤɨɥɨɧɤɭ ɫ ɧɚɤɨɩɢɬɟɥɶɧɨɣ ɫɭɦɦɨɣ ∑
=

i

1p
pm  ɞɥɹ ɤɚɠɞɨɝɨ i-ɝɨ ɢɧɬɟɪɜɚɥɚ 

ɫɝɪɭɩɩɢɪɨɜɚɧɧɵɯ ɞɚɧɧɵɯ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ ɬɚɛɥ.3.6.  

Ɍɚɛɥɢɰɚ 3.6 

ɉрɨɰеɞɭрɚ вɵчиɫɥеɧия ɤритерия Ʉɨɥɦɨɝɨрɨвɚ–ɋɦирɧɨвɚ 
 

Иɧɬɟɪɜɚɥ 

Чɢɫɥɨ 
ɡɚɦɟɪɨɜ 
ɜ ɤɚɠɞɨɦ 
ɢɧɬɟɪɜɚɥɟ 

m i

∑
=

i

1p
pm  

Ɍɟɨɪɟɬɢɱɟɫ-
ɤɚɹ 

ɜɟɪɨɹɬɧɨɫɬɶ 
Pi* 

∑
=

i

p

pPn
1

*  ∑
=

∑
=

−
i

1p

*
pPn

i

1p

 pm 

 

x1 ÷ x2 m 1 m 1 P1* *
1nP  ⏐m 1- ⏐ *

1nP

x2 ÷ x3 m 2 m 1+ m 2 P2* n( + ) *
1P *

2P
⏐ ( m 1+ m 2)- 

-n( + )⏐ *
1P *

2P

... ... … … … … 

xi ÷ xi+1 m i
∑
=

i

1p
pm  Pi* ,

i

1p

*
pPn ∑

=
 ∑

=
∑
=

−
i

1p

*
pPn

i

1p

 pm 

 

... ... … … … … 
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xk ÷ xk+1 m k
∑
=

k

1p
pm  Pk* ,

k

1p

*
pPn ∑

=
 ∑

=
∑
=

−
k

1p

*
pPn

k

1p

 pm 

− ɤɨɥɨɧɤɭ ɫ ɧɚɤɨɩɢɬɟɥɶɧɨɣ ɫɭɦɦɨɣ  ɝɞɟ Ɋ* – ɬɟɨɪɟɬɢɱɟɫɤɚɹ 

ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɩɚɞɚɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɜ i-ɣ ɢɧɬɟɪɜɚɥ, ɡɧɚɱɟɧɢɹ 

ɤɨɬɨɪɨɣ, ɤɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɬɚɛɭɥɢɪɨɜɚɧɵ ɢ ɩɪɢɜɨɞɹɬɫɹ ɜ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɫɩɪɚɜɨɱɧɢɤɚɯ.  

,
i

1p

*
pPn ∑

=

 ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɬɚɛɥ.3.6 ɜɵɱɢɫɥɹɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 

ɤɪɢɬɟɪɢɹ ɫɨɝɥɚɫɢɹ Кɨɥɦɨɝɨɪɨɜɚ–ɋɦɢɪɧɨɜɚ: 

.

  max
1

*

1

n

Pnm

D

i

p

p

i

p

p ∑∑
==

−

=       (3.58ɚ) 

Дɚɥɟɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Кɨɥɦɨɝɨɪɨɜɚ–ɋɦɢɪɧɨɜɚ 

ɫɪɚɜɧɢɜɚɸɬ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦ Dn;α, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɸɬ ɢɡ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 

ɬɚɛɥɢɰ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɛɴɟɦɨɦ ɜɵɛɨɪɤɢ n ɢ ɬɪɟɛɭɟɦɵɦ ɭɪɨɜɧɟɦ ɡɧɚɱɢɦɨɫɬɢ 

α (ɫɦ. ɬɚɛɥ. ɉ.10). ȿɫɥɢ D<Dn;α , ɬɨ ɝɢɩɨɬɟɡɚ ɨ ɧɨɪɦɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ 

ɪɟɡɭɥɶɬɚɬɨɜ ɡɚɦɟɪɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ P=1-α. 

Кɪɢɬɟɪɢɣ ɫɨɝɥɚɫɢɹ Кɨɥɦɨɝɨɪɨɜɚ–ɋɦɢɪɧɨɜɚ ɞɥɹ ɩɪɨɜɟɪɤɢ ɧɨɪɦɚɥɶɧɨɫɬɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ ɜɯɨɞɢɬ ɜ ɩɚɤɟɬ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ STATISTICA, ɫ ɤɨɬɨɪɵɦ ɦɵ ɩɨɡɧɚɤɨɦɢɦɫɹ ɜ ɝɥɚɜɟ 7.  

 Ɋɚɫɫɦɨɬɪɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɤɪɢɬɟɪɢɟɜ χ2 ɉɢɪɫɨɧɚ ɢ 

Кɨɥɦɨɝɨɪɨɜɚ–ɋɦɢɪɧɨɜɚ ɞɥɹ ɨɰɟɧɤɢ ɧɨɪɦɚɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɵɯ ɧɚ 

ɫɥɟɞɭɸɳɟɦ ɩɪɢɦɟɪɟ. 

 ɉример 3.8. В ɬɚɛɥ. 3.7 ɩɪɢɜɟɞɟɧɨ ɫɨɞɟɪɠɚɧɢɟ ɤɪɟɦɧɢɹ ɜ ɱɭɝɭɧɟ ɩɪɢ 

ɜɵɩɥɚɜɤɟ ɩɟɪɟɞɟɥɶɧɨɝɨ ɱɭɝɭɧɚ ɜ ɞɨɦɟɧɧɨɣ ɩɟɱɢ, ɤɨɬɨɪɨɟ ɢɡɦɟɧɹɟɬɫɹ ɜ 

ɩɪɟɞɟɥɚɯ ɨɬ 0,32 ɞɨ 0,95%. Вɫɟɝɨ ɛɵɥɨ ɨɬɨɛɪɚɧɨ 50 ɩɪɨɛ ɱɭɝɭɧɚ. 

Ɍɪɟɛɭɟɬɫɹ ɨɰɟɧɢɬɶ, ɩɨɞɱɢɧɹɟɬɫɹ ɥɢ ɫɨɞɟɪɠɚɧɢɟ ɤɪɟɦɧɢɹ ɜ ɩɪɨɛɚɯ 

ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ? ȿɫɥɢ ɞɚ, ɨɩɪɟɞɟɥɢɬɶ ɦɟɞɢɚɧɭ, ɦɨɞɭ, 

ɫɪɟɞɧɟɟ, ɜɵɛɨɪɨɱɧɭɸ ɞɢɫɩɟɪɫɢɸ, ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɞɥɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ, ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ. Дɥɹ ɜɵɱɢɫɥɟɧɢɣ 
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ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɮɭɧɤɰɢɹɦɢ ɢɡ ɷɥɟɤɬɪɨɧɧɨɣ ɬɚɛɥɢɰɵ Microsoft 

Excel.  

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɱɢɫɥɢɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ 

ɋɊɁɇАɑ, ȾИɋɉ ɢ ɋɌАɇȾɈɌɄЛɈɇ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ x , ɜɵɛɨɪɨɱɧɭɸ 

ɞɢɫɩɟɪɫɢɸ Sx
2 ɢ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ Sx, ɤɨɬɨɪɵɟ ɨɤɚɡɚɥɢɫɶ ɪɚɜɧɵ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ x =0,65, Sx
2=0,01853 ɢ Sx=0,1361. 

Ɍɚɛɥɢɰɚ 3.7  

ɋɨɞерɠɚɧие ɤреɦɧия в чɭɝɭɧе ɩɨ реɡɭɥɶтɚтɚɦ ɨтɛɨрɚ 50 ɩрɨɛ 
 

ɇɨɦɟɪ 
ɩɪɨɛɵ 

1 2 3 4 5 6 7 8 9 10 

[Si],% 0,32 0,35 0,45 0,43 0,41 0,51 0,52 0,53 0,57 0,58

ɇɨɦɟɪ 
ɩɪɨɛɵ 

11 12 13 14 15 16 17 18 19 20 

[Si],% 0,59 0,56 0,56 0,58 0,54 0,57 0,61 0,62 0,63 0,64

ɇɨɦɟɪ 
ɩɪɨɛɵ 

21 22 23 24 25 26 27 28 29 30 

[Si],% 0,65 0,66 0,67 0,68 0,69 0,61 0,65 0,62 0,63 0,67

ɇɨɦɟɪ 
ɩɪɨɛɵ 

31 32 33 34 35 36 37 38 39 40 

[Si],% 0,65 0,62 0,68 0,71 0,72 0,78 0,75 0,72 0,79 0,72

ɇɨɦɟɪ 
ɩɪɨɛɵ 

41 42 43 44 45 46 47 48 49 50 

[Si],% 0,73 0,72 0,79 0,73 0,84 0,82 0,87 0,90 0,95 0,93

  

 ɉɪɢɦɟɦ ɱɢɫɥɨ ɢɧɬɟɪɜɚɥɨɜ ɪɚɜɧɵɦ 7. Ɍɨɝɞɚ ɜɟɥɢɱɢɧɚ ɢɧɬɟɪɜɚɥɚ 

ɫɨɫɬɚɜɢɬ h=(0,95-0,32)/7=0,09=0,1. Ɋɟɡɭɥɶɬɚɬɵ ɝɪɭɩɩɢɪɨɜɤɢ ɢɫɯɨɞɧɵɯ 

ɞɚɧɧɵɯ ɢ ɜɵɱɢɫɥɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 3.8.  

Ɍɚɛɥɢɰɚ 3.8 

ɉрɨɰеɞɭрɚ вɵчиɫɥеɧия ɤритерия χ2 ɉирɫɨɧɚ ɩɨ ɞɚɧɧɵɦ ɩриɦерɚ 3.8 
 

Иɧɬɟɪɜɚɥ 

xi-1÷xi
im  F( ) ix Pi

*=F(xi)-F(xi-1) nPi
* im -

nPi
*

( )
inP

2
*inPim2

i

−
=χ

0,3÷0,4 2 0,033 0,033 1,7 0,4 0,07 

0,4÷0,5 3 0,135 0,102 5,1 -2,1 0,87 

0,5÷0,6 11 0,356 0,221 11,1 -0,1 0,00 

0,6÷0,7 17 0,642 0,286 14,3 2,7 0,51 

0,7÷0,8 11 0,864 0,222 11,1 -0,1 0,00 
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0,8÷0,9 4 0,967 0,103 5,2 -1,2 0,26 

0,9÷1,0 2 0,995 0,028 1,4 0,6 0,26 

Вɵɱɢɫɥɟɧɢɟ F(xi) ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ 

ɇɈɊɆɊАɋɉ. В ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɢɧɬɟɪɜɚɥɚ 0,3÷0,4 ɧɚɯɨɞɢɦ 

ɇɈɊɆɊАɋɉ(0,4; ɋɊɁɇАɑ(B4:B53); ɋɌАɇȾɈɌɄЛɈɇ(B4:B53);ИɋɌИɇА)=0,033. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɨɫɤɨɥɶɤɭ ɫɪɟɞɢ ɚɪɝɭɦɟɧɬɨɜ ɮɭɧɤɰɢɢ ɇɈɊɆɊАɋɉ ɟɫɬɶ ɫɪɟɞɧɟɟ 

ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɢ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ, ɬɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɚɤɠɟ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɜɫɬɪɨɟɧɧɵɦɢ ɮɭɧɤɰɢɹɦɢ 

ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ Microsoft Excel ɋɊɁɇАɑ() ɢ ɋɌАɇȾɈɌɄЛɈɇ(). В 

ɩɨɤɚɡɚɧɧɨɦ ɩɪɢɦɟɪɟ ɩɨɥɚɝɚɟɦ, ɱɬɨ ɞɚɧɧɵɟ 50 ɨɩɵɬɨɜ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɤɪɟɦɧɢɹ 

ɜ ɱɭɝɭɧɟ  ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɥɢɫɬɟ ɷɥɟɤɬɪɨɧɧɨɣ ɬɚɛɥɢɰɵ ɜ ɹɱɟɣɤɚɯ ɨɬ B4 ɞɨ B53. 

Аɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɥɢ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɤɚɠɞɨɝɨ ɢɧɬɟɪɜɚɥɚ, 

ɪɟɡɭɥɶɬɚɬɵ ɨɬɪɚɠɟɧɵ ɜ ɬɚɛɥ. 3.8. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ɉɢɪɫɨɧɚ 

, ɚ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɩɪɢ ɭɪɨɜɧɟ ɡɧɚɱɢɦɨɫɬɢ α=0,05 ɢ ɱɢɫɥɟ 

ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m

96,1
1

22 ==∑
=

k

i

iχχ

1=7-2=5 ɫɨɫɬɚɜɥɹɟɬ χ2
0,05;5=11,07 (ɏИ2ɈȻɊ(0,05;5)= 

11,07048), ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɫɶɦɚ ɭɜɟɪɟɧɧɨ ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ 

ɤɪɟɦɧɢɹ ɜ ɩɪɨɛɚɯ ɱɭɝɭɧɚ ɩɨɞɱɢɧɹɟɬɫɹ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

ɉɪɟɞɥɚɝɚɟɦ ɱɢɬɚɬɟɥɹɦ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɨɰɟɧɢɬɶ ɞɨɜɟɪɢɬɟɥɶɧɵɣ 

ɢɧɬɟɪɜɚɥ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ. Ɂɞɟɫɶ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɤɚɤ 

ɩɨɤɚɡɵɜɚɸɬ ɪɚɫɱɟɬɵ, ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 95% ɪɚɜɟɧ 

0,030. ɍɱɢɬɵɜɚɹ ɛɥɢɡɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤ ɧɨɪɦɚɥɶɧɨɦɭ ɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ 

ɱɢɫɥɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ, ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɷɥɟɤɬɪɨɧɧɵɦɢ 

ɬɚɛɥɢɰɚɦɢ Microsoft Excel (ɮɭɧɤɰɢɹ ȾɈВȿɊИɌ), ɬ.ɟ. ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɫɪɟɞɧɟɟ 

ɫɨɞɟɪɠɚɧɢɟ ɤɪɟɦɧɢɹ ɜ ɱɭɝɭɧɟ (ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ) ɥɟɠɢɬ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 

0,62% ɞɨ 0,68%. 

 ɉɪɨɰɟɞɭɪɚ ɩɪɨɜɟɪɤɢ ɝɢɩɨɬɟɡɵ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɵɯ ɢɡ 

ɩɪɢɦɟɪɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɪɢɬɟɪɢɹ Кɨɥɦɨɝɨɪɨɜɚ–ɋɦɢɪɧɨɜɚ (D) ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɜ ɬɚɛɥ.3.9. 
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Ɍɚɛɥɢɰɚ 3.9 
ɉрɨɰеɞɭрɚ вɵчиɫɥеɧия ɤритерия Ʉɨɥɦɨɝɨрɨвɚ–ɋɦирɧɨвɚ 

ɩɨ ɞɚɧɧɵɦ ɩриɦерɚ 3.8 
 

Иɧɬɟɪɜɚɥ 

xi-1÷xi
im  

∑
=

i

1p
pm

 

F(xi) 
Pi

*=F(xi)-
-F(xi-1) 

nPi
* ∑

=

i

1p

*
pPn

 
∑
=

−∑
=

i

1p

*
pPn

i

1p
pm  

0,3÷0,4 2 2 0,033 0,033 1,7 1,7 0,4 

0,4÷0,5 3 5 0,135 0,102 5,1 6,8 1,8 

0,5÷0,6 11 16 0,356 0,221 11,1 17,8 1,8 

0,6÷0,7 17 33 0,642 0,286 14,3 32,1 0,9 

0,7÷0,8 11 44 0,864 0,222 11,1 43,2 0,8 

0,8÷0,9 4 48 0,967 0,103 5,2 48,4 0,3 

0,9÷1,0 2 50 0,995 0,028 1,4 49,8 0,3 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɷɬɨɣ ɬɚɛɥɢɰɵ ɨɩɪɟɞɟɥɹɟɦ ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ ɢɡ ɩɨɫɥɟɞɧɟɣ ɤɨɥɨɧɤɢ ɢ ɩɨ ɧɟɦɭ ɪɚɫɫɱɢɬɵɜɚɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ D: 

.036,0
50

8,1
  max

1

*

1
==

−

=
∑∑
==

n

Pnm

D

i

p

p

i

p

p

 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ɫɪɚɜɧɢɜɚɟɦ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦ 

D50;0,05 =0,177, ɜɡɹɬɵɦ ɢɡ ɬɚɛɥ. ɉ.10 ɫ ɭɱɟɬɨɦ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ n=50 ɢ ɭɪɨɜɧɟɦ 

ɡɧɚɱɢɦɨɫɬɢ α=0,05. Вɟɥɢɱɢɧɚ D50;0,05 >D, ɩɨɷɬɨɦɭ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɬɨɬ ɠɟ ɜɵɜɨɞ, 

ɱɬɨ ɢ ɪɚɧɟɟ: ɝɢɩɨɬɟɡɚ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɹ 

ɫɨɞɟɪɠɚɧɢɹ ɤɪɟɦɧɢɹ ɜ ɱɭɝɭɧɟ ɩɪɢɧɢɦɚɟɬɫɹ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 95%. 

ɉример 3.9. В ɬɚɛɥ. 3.10 ɩɪɢɜɟɞɟɧɨ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɚ ɠɟɥɟɡɚ ɜ ɲɥɚɤɟ 

ɩɟɪɟɞ ɪɚɫɤɢɫɥɟɧɢɟɦ ɦɟɬɚɥɥɚ ɩɪɢ ɜɵɩɥɚɜɤɟ ɫɬɚɥɢ ɦɚɪɤɢ 0,8 Кɉ ɜ 200 -ɬɨɧɧɨɣ 

ɦɚɪɬɟɧɨɜɫɤɨɣ ɩɟɱɢ, ɪɚɛɨɬɚɸɳɟɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɢɫɥɨɪɨɞɚ ɞɥɹ 

ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɢ ɩɪɹɦɨɝɨ ɨɤɢɫɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɜɚɧɧɵ. Вɫɟɝɨ 

ɨɬɨɛɪɚɧɨ 56 ɩɪɨɛ ɲɥɚɤɚ. 
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Ɍɚɛɥɢɰɚ 3.10 
Иɫɯɨɞɧɵе ɞɚɧɧɵе ɤ ɩриɦерɭ 3.9 
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14 6 15 

15 6 21 

16 2 23 

17 8 31 

18 6 37 
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26 1 55 

30 1 56 

31 0 56 
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 Иɡ ɬɚɛɥ. 3.10 ɜɢɞɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɚ ɠɟɥɟɡɚ ɜ ɲɥɚɤɟ ɤɨɥɟɛɥɟɬɫɹ 

ɨɬ 10 ɞɨ 31%. ɉɪɢɦɟɦ ɱɢɫɥɨ ɢɧɬɟɪɜɚɥɨɜ ɪɚɜɧɵɦ k=7. Ɍɨɝɞɚ ɜɟɥɢɱɢɧɚ 

ɢɧɬɟɪɜɚɥɚ ɫɨɫɬɚɜɢɬ h=(31-10)/7=3. Ɋɟɡɭɥɶɬɚɬɵ ɝɪɭɩɩɢɪɨɜɤɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ 

ɜɵɱɢɫɥɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 3.11. Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ɉɢɪɫɨɧɚ 

ɫɨɫɬɚɜɢɥɨ χ2=3,861. ȿɝɨ ɫɥɟɞɭɟɬ ɫɪɚɜɧɢɬɶ ɫ ɬɚɛɥɢɱɧɵɦ ɡɧɚɱɟɧɢɟɦ χ2
α;m ɞɥɹ 5% 

-ɧɨɝɨ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ, ɤɨɬɨɪɨɟ ɩɪɢ ɱɢɫɥɟ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ, ɪɚɜɧɨɦ m=5, 

ɫɨɫɬɚɜɥɹɟɬ χ2
0,05;5=11,07. 
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Ɍɚɛɥɢɰɚ 3.11 

ɉрɨɰеɞɭрɚ вɵчиɫɥеɧия ɤритерия χ2  ɩɨ ɞɚɧɧɵɦ ɩриɦерɚ 3.9 
 

Иɧɬɟɪɜɚɥ 

xi-1÷xi

im  F(xi) Pi=F(xi)- 
F(xi-1) 

nPi mi-nPi ( )m nPi i−
  

( )
χ i

i i

i

m nP

nP

2
2

=
−

10÷13 6 0,0326 
0,137 

0,104 5,824 0,176 0,031 0,005 

13÷16 15 0,366 0,229 12,824 2,176 4,735 0,369 

16÷19 16 0,658 0,292 16,352 0,352 0,124 0,008 

19÷22 10 0,876 0,218 12,208 2,208 4,875 0,399 

22÷25 6 0,972 0,096 5,376 0,624 0,389 0,072 

25÷28 2 0,996 0,024 1,344 0,656 0,430 0,320 

28÷31 1 1,000 0,004 0,224 0,776 0,602 2,688 

ɋɭɦɦɚ 56 - - - - - Σ=3,861 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ ɧɟ ɩɪɨɬɢɜɨɪɟɱɚɬ ɝɢɩɨɬɟɡɟ ɨ ɬɨɦ, ɱɬɨ 

ɫɨɞɟɪɠɚɧɢɟ FeO ɜ ɤɨɧɟɱɧɨɦ ɲɥɚɤɟ ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ ɧɨɪɦɚɥɶɧɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Ɉɰɟɧɢɬɟ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɦɨɞɭ, ɦɟɞɢɚɧɭ, ɞɨɜɟɪɢɬɟɥɶɧɵɣ 

ɢɧɬɟɪɜɚɥ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɩɪɢ ɜɟɪɨɹɬɧɨɫɬɹɯ 90, 95 ɢ 99,7%. 

 

3.7. ɉɪеɨɛɪаɡɨваɧɢе ɪаɫɩɪеɞелеɧɢɣ ɤ ɧɨɪɦалɶɧɨɦу  

 

 ȿɫɥɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶ, ɢɫɩɨɥɶɡɨɜɚɜ ɦɟɬɨɞɵ, ɢɡɥɨɠɟɧɧɵɟ ɜ ɩɪɟɞɵɞɭɳɟɦ 

ɩɚɪɚɝɪɚɮɟ, ɭɛɟɞɢɥɫɹ, ɱɬɨ ɝɢɩɨɬɟɡɚ ɧɨɪɦɚɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɟ ɦɨɠɟɬ 

ɛɵɬɶ ɩɪɢɧɹɬɚ, ɬɨ ɜɩɨɥɧɟ ɦɨɠɟɬ ɛɵɬɶ, ɱɬɨ ɫ ɩɨɦɨɳɶɸ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ 

ɭɞɚɫɬɫɹ ɬɚɤ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɱɬɨ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɛɭɞɟɬ 

ɩɨɞɱɢɧɹɬɶɫɹ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Дɥɹ ɩɨɹɫɧɟɧɢɹ ɢɞɟɢ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɪɚɫɫɦɨɬɪɢɦ ɤɚɱɟɫɬɜɟɧɧɵɣ ɩɪɢɦɟɪ. ɉɭɫɬɶ ɤɪɢɜɚɹ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ f(x) ɢɦɟɟɬ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫ. 3.9,ɚ, ɬ.ɟ. ɢɦɟɸɬɫɹ 

ɨɱɟɧɶ ɤɪɭɬɚɹ ɥɟɜɚɹ ɜɟɬɜɶ ɢ ɩɨɥɨɝɚɹ ɩɪɚɜɚɹ. Ɍɚɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɬɥɢɱɚɟɬɫɹ 

ɨɬ ɧɨɪɦɚɥɶɧɨɝɨ.  

 Дɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɚɠɞɨɟ ɧɚɛɥɸɞɟɧɢɟ 

ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ).xlg(x =′  

ɉɪɢ ɷɬɨɦ ɥɟɜɚɹ ɜɟɬɜɶ ɤɪɢɜɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɢɥɶɧɨ ɪɚɫɬɹɝɢɜɚɟɬɫɹ, ɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɢɧɢɦɚɟɬ ɩɪɢɛɥɢɠɟɧɧɨ ɧɨɪɦɚɥɶɧɵɣ ɜɢɞ (ɪɢɫ.3.9,ɛ). ȿɫɥɢ ɩɪɢ 
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ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɩɨɥɭɱɚɸɬɫɹ ɡɧɚɱɟɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɦɟɠɞɭ 0 ɢ 1, ɬɨ ɜɫɟ 

ɧɚɛɥɸɞɚɟɦɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɨɜ ɢ ɜɨ ɢɡɛɟɠɚɧɢɟ ɩɨɥɭɱɟɧɢɹ 

ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɭɦɧɨɠɢɬɶ ɧɚ 10 ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɫɬɟɩɟɧɢ, ɱɬɨɛɵ ɜɫɟ ɜɧɨɜɶ ɩɨɥɭɱɟɧɧɵɟ, ɩɪɟɨɛɪɚɡɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɛɵɥɢ 

ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ, ɬ.ɟ. ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ  ).a10xlg(x ⋅=′′

 

 
)xlg(x =′

Ɋɢɫ. 3.9. ɉреɨɛрɚɡɨвɚɧие ɮɭɧɤɰии f(x) ɤ ɧɨрɦɚɥɶɧɨɦɭ рɚɫɩреɞеɥеɧиɸ 

ɛ ɚ 

  

 

 

 

 

 

 

 

 

 

 Аɫɢɦɦɟɬɪɢɱɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫ ɨɞɧɨɣ ɜɟɪɲɢɧɨɣ ɩɪɢɜɨɞɢɬɫɹ ɤ 

ɧɨɪɦɚɥɶɧɨɦɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ).axlg(x ±=′  В ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ ɦɨɠɧɨ 

ɩɪɢɦɟɧɹɬɶ ɢ ɞɪɭɝɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ:  

 ɚ) ɨɛɪɚɬɧɚɹ ɜɟɥɢɱɢɧɚ ;x1x =′  

 ɛ) ɨɛɪɚɬɧɨɟ ɡɧɚɱɟɧɢɟ ɤɜɚɞɪɚɬɧɵɯ ɤɨɪɧɟɣ .x1x =′   

 ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ "ɨɛɪɚɬɧɚɹ ɜɟɥɢɱɢɧɚ" ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ "ɫɢɥɶɧɵɦ". 

ɋɪɟɞɧɟɟ ɩɨɥɨɠɟɧɢɟ ɦɟɠɞɭ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɢ "ɨɛɪɚɬɧɨɣ 

ɜɟɥɢɱɢɧɨɣ" ɡɚɧɢɦɚɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ "ɨɛɪɚɬɧɨɟ ɡɧɚɱɟɧɢɟ ɤɜɚɞɪɚɬɧɵɯ ɤɨɪɧɟɣ".  

 Дɥɹ ɧɨɪɦɚɥɢɡɚɰɢɢ ɫɦɟɳɟɧɧɨɝɨ ɜɩɪɚɜɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɠɚɬ, ɧɚɩɪɢɦɟɪ, 

ɫɬɟɩɟɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ  ɉɪɢ ɷɬɨɦ ɞɥɹ a ɩɪɢɧɢɦɚɸɬ ɡɧɚɱɟɧɢɹ: ɚ=1,5 

ɩɪɢ ɭɦɟɪɟɧɧɨɦ ɢ ɚ=2 ɩɪɢ ɫɢɥɶɧɨ ɜɵɪɚɠɟɧɧɨɦ ɩɪɚɜɨɦ ɫɦɟɳɟɧɢɢ. Ɋɟɤɨɦɟɧɞɭɟɦ 

ɱɢɬɚɬɟɥɸ ɩɪɢɞɭɦɚɬɶ ɬɚɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɭɞɨɜɥɟɬɜɨɪɹɥɢ ɛɵ 

ɢɫɫɥɟɞɨɜɚɬɟɥɹ ɜ ɬɨɦ ɢɥɢ ɢɧɨɦ ɫɥɭɱɚɟ.  

.axx =′
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3. ɉɊЕȾВАɊИɌЕЛɖɇАə ɈȻɊАȻɈɌɄА ɗɄɋɉЕɊИɆЕɇɌАЛɖɇɕɏ ȾАɇɇɕɏ 
 

 

Кɨɧɬɪɨлɶɧɵе вɨɩɪɨɫɵ 

 

1. Кɚɤɢɟ ɡɚɞɚɱɢ ɪɟɲɚɸɬ ɜ ɯɨɞɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ? 

2. Чɬɨ ɬɚɤɨɟ ɝɟɧɟɪɚɥɶɧɚɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɢ ɜɵɛɨɪɤɚ? 

3. Чɬɨ ɬɚɤɨɟ ɬɨɱɟɱɧɨɟ ɨɰɟɧɢɜɚɧɢɟ? ɉɟɪɟɱɢɫɥɢɬɟ ɬɨɱɟɱɧɵɟ ɨɰɟɧɤɢ 

ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɫɥɭɱɚɣɧɨɣ 

ɜɟɥɢɱɢɧɵ. 

4. В ɱɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɨɫɧɨɜɧɚɹ ɢɞɟɹ ɨɰɟɧɢɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ 

ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ? ɋ ɩɨɦɨɳɶɸ ɤɚɤɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɩɪɨɢɫɯɨɞɢɬ 

ɩɨɫɬɪɨɟɧɢɟ ɞɨɜɟɪɢɬɟɥɶɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɢ 

ɞɢɫɩɟɪɫɢɢ? 

5. В ɱɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɫɭɳɧɨɫɬɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ? Чɬɨ ɬɚɤɨɟ 

ɧɭɥɟɜɚɹ ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɝɢɩɨɬɟɡɵ? 

6. ɋ ɩɨɦɨɳɶɸ ɤɚɤɢɯ ɤɪɢɬɟɪɢɟɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɬɫɟɜ ɝɪɭɛɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ? 

7. Кɚɤɢɟ ɡɚɞɚɱɢ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɞɜɭɯ ɪɹɞɨɜ ɧɚɛɥɸɞɟɧɢɣ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ? ɋ ɩɨɦɨɳɶɸ ɤɚɤɢɯ ɤɪɢɬɟɪɢɟɜ ɨɧɢ ɪɟɲɚɸɬɫɹ? 

8. Чɬɨ ɬɚɤɨɟ ɤɪɢɬɟɪɢɣ ɫɨɝɥɚɫɢɹ? Кɚɤɨɜɚ ɨɫɧɨɜɧɚɹ ɢɞɟɹ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɩɪɢ ɩɪɨɜɟɪɤɟ ɝɢɩɨɬɟɡ ɨ ɜɢɞɟ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ?  

9. В ɱɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɚɥɝɨɪɢɬɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɪɢɬɟɪɢɹ ɉɢɪɫɨɧɚ ɞɥɹ 

ɩɪɨɜɟɪɤɢ ɝɢɩɨɬɟɡɵ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ? 

10. Кɚɤɨɜɚ ɩɪɨɰɟɞɭɪɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɪɢɬɟɪɢɹ Кɨɥɦɨɝɨɪɨɜɚ-ɋɦɢɪɧɨɜɚ 

ɞɥɹ ɩɪɨɜɟɪɤɢ ɝɢɩɨɬɟɡɵ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ? 
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4. АɇАЛИɁ ɊȿɁɍЛɖɌАɌɈВ ɉАɋɋИВɇɈȽɈ ɗɄɋɉȿɊИɆȿɇɌА.  

ɗɆɉИɊИɑȿɋɄИȿ ɁАВИɋИɆɈɋɌИ  

 

4.1. Хаɪаɤɬеɪɢɫɬɢɤа вɢɞɨв ɫвяɡеɣ ɦеɠɞу ɪяɞаɦɢ ɧаɛлɸɞеɧɢɣ 

 

 ɇɚ ɩɪɚɤɬɢɤɟ ɫɚɦɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɛɨɥɶɲɢɧɫɬɜɚ ɜɟɥɢɱɢɧ ɜɵ-

ɡɵɜɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɨɧɢ ɧɟ ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ, ɚ ɢɡɦɟɧɹɸɬɫɹ ɜ ɮɭɧɤɰɢɢ ɨɬ 

ɢɡɦɟɧɟɧɢɹ ɞɪɭɝɢɯ ɜɟɥɢɱɢɧ. В ɷɬɨɦ ɫɥɭɱɚɟ ɰɟɥɶɸ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɹɜ-

ɥɹɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɢɟ ɜɢɞɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ y
)

=f(X). Дɥɹ ɷɬɨɝɨ 

ɞɨɥɠɧɵ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɩɪɟɞɟɥɹɬɶɫɹ ɤɚɤ ɡɧɚɱɟɧɢɹ X, ɬɚɤ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ 

ɡɧɚɱɟɧɢɹ y
)

, ɚ ɡɚɞɚɱɟɣ ɷɤɫɩɟɪɢɦɟɧɬɚ ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɢɫɫɥɟɞɭɟɦɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. Ɏɚɤɬɢɱɟɫɤɢ ɪɟɱɶ ɢɞɟɬ ɨɛ ɭɫɬɚɧɨɜɥɟɧɢɢ ɫɜɹ-

ɡɢ ɦɟɠɞɭ ɞɜɭɦɹ ɪɹɞɚɦɢ ɧɚɛɥɸɞɟɧɢɣ (ɢɡɦɟɪɟɧɢɣ). 

 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɜɹɡɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɭɤɚɡɚɧɢɟ ɜɢɞɚ ɦɨɞɟɥɢ ɢ ɨɩɪɟɞɟɥɟ-

ɧɢɟ ɟɟ ɩɚɪɚɦɟɬɪɨɜ. В ɬɟɨɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɟɡɚɜɢɫɢɦɵɟ ɩɚɪɚɦɟɬɪɵ X=(x1, ..., 

xk) ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɮɚɤɬɨɪɚɦɢ, ɚ ɡɚɜɢɫɢɦɵɟ ɩɟɪɟɦɟɧɧɵɟ y – ɨɬɤɥɢɤɚɦɢ. Кɨ-

ɨɪɞɢɧɚɬɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ x1, x2, ..., xi, ..., xk ɧɚɡɵɜɚɟɬɫɹ ɮɚɤɬɨɪ-

ɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɨɦ. Эɤɫɩɟɪɢɦɟɧɬ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɜɢɞɚ ɮɭɧɤɰɢɢ  

),(xfy =)
          (4.1) 

ɝɞɟ x – ɫɤɚɥɹɪ, ɧɚɡɵɜɚɟɬɫɹ ɨɞɧɨɮɚɤɬɨɪɧɵɦ. Эɤɫɩɟɪɢɦɟɧɬ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ 

ɮɭɧɤɰɢɢ ɜɢɞɚ 

y
)

 =f(X),         (4.1ɚ) 

ɝɞɟ X=(x1, x2, ..., xi, ..., xk) – ɜɟɤɬɨɪ – ɦɧɨɝɨɮɚɤɬɨɪɧɵɦ. 

 Ƚɟɨɦɟɬɪɢɱɟɫɤɢɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ ɜ ɮɚɤɬɨɪɧɨɦ ɩɪɨ-

ɫɬɪɚɧɫɬɜɟ ɹɜɥɹɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɬɤɥɢɤɚ. ɉɪɢ ɨɞɧɨɮɚɤɬɨɪɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ 

(k=1) ɩɨɜɟɪɯɧɨɫɬɶ ɨɬɤɥɢɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɥɢɧɢɸ ɧɚ ɩɥɨɫɤɨɫɬɢ, ɩɪɢ ɞɜɭɯ-

ɮɚɤɬɨɪɧɨɦ (k=2) – ɩɨɜɟɪɯɧɨɫɬɶ ɜ ɬɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 

 

 ɋɜɹɡɢ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨɨɛɪɚɡɧɵɦɢ ɢ ɫɥɨɠɧɵ-

ɦɢ. Ɉɛɵɱɧɨ ɜɵɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɫɜɹɡɟɣ. 
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 4. АɇАЛИɁ ɊЕɁɍЛɖɌАɌɈВ ɉАɋɋИВɇɈȽɈ ɗɄɋɉЕɊИɆЕɇɌА…  
 

 Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɹɡɢ (ɢɥɢ ɡɚɜɢɫɢɦɨɫɬɢ) – ɷɬɨ ɬɚɤɢɟ ɫɜɹɡɢ, ɤɨɝɞɚ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɜɟɥɢɱɢɧɵ X ɞɪɭɝɚɹ ɜɟɥɢɱɢɧɚ y  ɢɡɦɟɧɹɟɬɫɹ ɬɚɤ, ɱɬɨ ɤɚɠɞɨɦɭ ɡɧɚɱɟ-

ɧɢɸ xi ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɜɟɪɲɟɧɧɨ ɨɩɪɟɞɟɥɟɧɧɨɟ (ɨɞɧɨɡɧɚɱɧɨɟ) ɡɧɚɱɟɧɢɟ yi 

(ɪɢɫ.4.1,ɚ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɜɵɛɪɚɬɶ ɜɫɟ ɭɫɥɨɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɚɛɫɨɥɸɬɧɨ 

ɨɞɢɧɚɤɨɜɵɦɢ, ɬɨ, ɩɨɜɬɨɪɹɹ ɢɫɩɵɬɚɧɢɹ, ɩɨɥɭɱɢɦ ɨɞɧɭ ɢ ɬɭ ɠɟ ɡɚɜɢɫɢɦɨɫɬɶ, ɬ.ɟ. 

ɤɪɢɜɵɟ ɢɞɟɚɥɶɧɨ ɫɨɜɩɚɞɭɬ ɞɥɹ ɜɫɟɯ ɢɫɩɵɬɚɧɢɣ. 

 К ɫɨɠɚɥɟɧɢɸ, ɬɚɤɢɟ ɭɫɥɨɜɢɹ ɜ ɪɟɚɥɶɧɨɫɬɢ ɧɟ ɜɫɬɪɟɱɚɸɬɫɹ. ɇɚ ɩɪɚɤɬɢɤɟ 

ɧɟ ɭɞɚɟɬɫɹ ɩɨɞɞɟɪɠɢɜɚɬɶ ɩɨɫɬɨɹɧɫɬɜɨ ɭɫɥɨɜɢɣ (ɧɚɩɪɢɦɟɪ, ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɲɢɯɬɵ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɦɟɬɚɥ-

ɥɭɪɝɢɱɟɫɤɢɯ ɩɟɱɚɯ). ɉɪɢ ɷɬɨɦ ɜɥɢɹɧɢɟ ɤɚɠɞɨɝɨ ɫɥɭɱɚɣɧɨɝɨ ɮɚɤɬɨɪɚ ɜ ɨɬɞɟɥɶɧɨ-

ɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɦɚɥɨ, ɨɞɧɚɤɨ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɨɧɢ ɫɭɳɟɫɬɜɟɧɧɨ ɦɨɝɭɬ ɩɨɜɥɢɹɬɶ 

ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ. В ɷɬɨɦ ɫɥɭɱɚɟ ɝɨɜɨɪɹɬ ɨ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ (ɜɟɪɨɹɬ-

ɧɨɫɬɧɨɣ) ɫɜɹɡɢ ɦɟɠɞɭ ɩɟɪɟɦɟɧɧɵɦɢ. 

a ɛ ɜ  

 

Ɋɢɫ.4.1. Виɞɵ ɫвяɡеɣ: ɚ – ɮɭɧɤɰиɨɧɚɥɶɧɚя ɫвяɡɶ, вɫе тɨчɤи 
ɥеɠɚт ɧɚ ɥиɧии; ɛ – ɫвяɡɶ ɞɨɫтɚтɨчɧɨ теɫɧɚя, тɨчɤи 
ɝрɭɩɩирɭɸтɫя вɨɡɥе ɥиɧии реɝреɫɫии, ɧɨ ɧе вɫе ɨɧи ɥеɠɚт 
ɧɚ ɧеɣ; в – ɫвяɡɶ ɫɥɚɛɚя 

 

 ɋɬɨɯɚɫɬɢɱɧɨɫɬɶ ɫɜɹɡɢ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɨɞɧɚ ɫɥɭɱɚɣɧɚɹ ɩɟɪɟɦɟɧɧɚɹ y  

ɪɟɚɝɢɪɭɟɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɞɪɭɝɨɣ X ɢɡɦɟɧɟɧɢɟɦ ɫɜɨɟɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

(ɫɦ. ɪɢɫ. 4.1, ɛ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɜɢɫɢɦɚɹ ɩɟɪɟɦɟɧɧɚɹ ɩɪɢɧɢɦɚɟɬ ɧɟ ɨɞɧɨ ɤɨɧ-

ɤɪɟɬɧɨɟ ɡɧɚɱɟɧɢɟ, ɚ ɧɟɤɨɬɨɪɨɟ ɢɡ ɦɧɨɠɟɫɬɜɚ ɡɧɚɱɟɧɢɣ. ɉɨɜɬɨɪɹɹ ɢɫɩɵɬɚɧɢɹ, 

ɦɵ ɛɭɞɟɦ ɩɨɥɭɱɚɬɶ ɞɪɭɝɢɟ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ, ɢ ɨɞɧɨɦɭ ɢ ɬɨɦɭ ɠɟ ɡɧɚ-

ɱɟɧɢɸ X ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɚɥɢɡɚɰɢɹɯ ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ 

 118



 4. АɇАЛИɁ ɊЕɁɍЛɖɌАɌɈВ ɉАɋɋИВɇɈȽɈ ɗɄɋɉЕɊИɆЕɇɌА…  
 

y ɜ ɢɧɬɟɪɜɚɥɟ [xmin; xmax]. Иɫɤɨɦɚɹ ɡɚɜɢɫɢɦɨɫɬɶ y
)

 =f(X) ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ 

ɥɢɲɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɨɜɦɟɫɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ X ɢ y. 

 ɇɚ ɪɢɫ. 4.1, ɛ – ɷɬɨ ɤɪɢɜɚɹ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɪɨɯɨɞɹɳɚɹ ɩɨ ɰɟɧɬɪɭ ɩɨɥɨɫɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ (ɦɚɬɟɦɚɬɢɱɟɫɤɨɦɭ ɨɠɢɞɚɧɢɸ), ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɢ ɧɟ 

ɥɟɠɚɬɶ ɧɚ ɢɫɤɨɦɨɣ ɤɪɢɜɨɣ y
)

 =f(X), ɚ ɡɚɧɢɦɚɸɬ ɧɟɤɨɬɨɪɭɸ ɩɨɥɨɫɭ ɜɨɤɪɭɝ ɧɟɟ. 

Эɬɢ ɨɬɤɥɨɧɟɧɢɹ ɜɵɡɜɚɧɵ ɩɨɝɪɟɲɧɨɫɬɹɦɢ ɢɡɦɟɪɟɧɢɣ, ɧɟɩɨɥɧɨɬɨɣ ɦɨɞɟɥɢ ɢ ɭɱɢ-

ɬɵɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ, ɫɥɭɱɚɣɧɵɦ ɯɚɪɚɤɬɟɪɨɦ ɫɚɦɢɯ ɢɫɫɥɟɞɭɟɦɵɯ ɩɪɨɰɟɫɫɨɜ ɢ 

ɞɪɭɝɢɦɢ ɩɪɢɱɢɧɚɦɢ. 

Аɧɚɥɢɡ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɥɢɱɧɵɦ ɩɨɫɬɚɧɨɜɤɚɦ ɡɚɞɚɱ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɭɩɪɨɳɟɧɧɨ ɦɨɠɧɨ ɤɥɚɫ-

ɫɢɮɢɰɢɪɨɜɚɬɶ  ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

1) ɡɚɞɚɱɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ – ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɥɢɱɢɹ  ɜɡɚɢɦɨ-

ɫɜɹɡɟɣ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɩɟɪɟɦɟɧɧɵɯ ; 

2) ɡɚɞɚɱɢ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ – ɡɚɞɚɱɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɭɫɬɚɧɨɜɥɟɧɢɟɦ  ɚɧɚ-

ɥɢɬɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɟɠɞɭ ɩɟɪɟɦɟɧɧɵɦ y ɢ ɨɞɧɢɦ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ 

ɩɟɪɟɦɟɧɧɵɦɢ  x1, x2, ..., xi, ..., xk, ɤɨɬɨɪɵɟ ɧɨɫɹɬ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ  ɯɚɪɚɤɬɟɪ; 

3) ɡɚɞɚɱɢ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ – ɡɚɞɚɱɢ, ɜ ɤɨɬɨɪɵɯ ɩɟɪɟɦɟɧɧɵɟ x1, x2, ..., xi, 

..., xk  ɢɦɟɸɬ ɤɚɱɟɫɬɜɟɧɧɵɣ ɯɚɪɚɤɬɟɪ, ɚ ɢɫɫɥɟɞɭɟɬɫɹ ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 

ɫɬɟɩɟɧɶ  ɢɯ ɜɥɢɹɧɢɹ  ɧɚ ɩɟɪɟɦɟɧɧɨɟ y.  

 ɋɬɨɯɚɫɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɮɨɪɦɨɣ, ɬɟɫɧɨɬɨɣ ɫɜɹɡɢ ɢ 

ɱɢɫɥɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ.  

 Ɏɨɪɦɚ ɫɜɹɡɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɜɢɞ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ y
)

=f(X) ɢ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɪɟɝɪɟɫɫɢɢ. ȿɫɥɢ ɭɪɚɜɧɟɧɢɟ ɫɜɹɡɢ ɥɢɧɟɣɧɨɟ, ɬɨ 

ɢɦɟɟɦ ɥɢɧɟɣɧɭɸ ɦɧɨɝɨɦɟɪɧɭɸ ɪɟɝɪɟɫɫɢɸ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɜɢɫɢɦɨɫɬɶ y
)

 ɨɬ X 

ɨɩɢɫɵɜɚɟɬɫɹ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɜ k-ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ: 

,
1

0 j

k

j

j xbby ∑
=

+=)          (4.2) 

ɝɞɟ b0, ..., bj, ..., bk – ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ. Дɥɹ ɩɨɹɫɧɟɧɢɹ ɫɭɳɟɫɬɜɚ ɢɫ-

ɩɨɥɶɡɭɟɦɵɯ ɦɟɬɨɞɨɜ ɨɝɪɚɧɢɱɢɦɫɹ ɫɧɚɱɚɥɚ ɫɥɭɱɚɟɦ, ɤɨɝɞɚ x – ɫɤɚɥɹɪ. В ɨɛɳɟɦ 
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ɫɥɭɱɚɟ ɜɢɞɵ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜ ɬɟɯɧɢɤɟ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨɨɛɪɚɡ-

ɧɵ: ɩɨɤɚɡɚɬɟɥɶɧɵɟ , ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɟ 1b
x0by = )xlg(0by =  ɢ ɬ.ɞ. 

 Ɂɚɦɟɬɢɦ, ɱɬɨ ɡɚɞɚɱɚ ɜɵɛɨɪɚ ɜɢɞɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ – ɡɚɞɚɱɚ 

ɧɟɮɨɪɦɚɥɢɡɭɟɦɚɹ, ɬɚɤ ɤɚɤ ɨɞɧɚ ɢ ɬɚ ɠɟ ɤɪɢɜɚɹ ɧɚ ɞɚɧɧɨɦ ɭɱɚɫɬɤɟ ɩɪɢɦɟɪɧɨ ɫ 

ɨɞɢɧɚɤɨɜɨɣ ɬɨɱɧɨɫɬɶɸ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɫɚɦɵɦɢ ɪɚɡɥɢɱɧɵɦɢ ɚɧɚɥɢɬɢɱɟ-

ɫɤɢɦɢ ɜɵɪɚɠɟɧɢɹɦɢ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ ɜɚɠɧɵɣ ɩɪɚɤɬɢɱɟɫɤɢɣ ɜɵɜɨɞ. Дɚɠɟ ɜ ɧɚɲ 

ɜɟɤ ɤɨɦɩɶɸɬɟɪɨɜ ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɹ ɨ ɜɵɛɨɪɟ ɬɨɣ ɢɥɢ ɢɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɨɫɬɚɟɬɫɹ ɡɚ ɢɫɫɥɟɞɨɜɚɬɟɥɟɦ.  Ɍɨɥɶɤɨ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪ ɡɧɚɟɬ, ɞɥɹ ɱɟɝɨ 

ɛɭɞɟɬ ɜ ɞɚɥɶɧɟɣɲɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɷɬɚ ɦɨɞɟɥɶ, ɧɚ ɨɫɧɨɜɟ ɤɚɤɢɯ ɩɨɧɹɬɢɣ ɛɭ-

ɞɭɬ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶɫɹ ɟɟ ɩɚɪɚɦɟɬɪɵ. 

 Кɪɚɣɧɟ ɠɟɥɚɬɟɥɶɧɨ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɢɞ ɮɭɧɤ-

ɰɢɢ y
)

=f(X) ɜɵɛɢɪɚɬɶ, ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ ɟɟ ɫɨɨɬɜɟɬɫɬɜɢɹ ɮɢɡɢɱɟɫɤɨɣ ɩɪɢɪɨɞɟ 

ɢɡɭɱɚɟɦɵɯ ɹɜɥɟɧɢɣ ɢɥɢ ɢɦɟɸɳɢɦɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɨɛ ɨɫɨɛɟɧɧɨɫɬɹɯ ɩɨɜɟɞɟ-

ɧɢɹ ɢɫɫɥɟɞɭɟɦɨɣ ɜɟɥɢɱɢɧɵ. К ɫɨɠɚɥɟɧɢɸ, ɬɚɤɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɧɟ ɜɫɟɝɞɚ ɢɦɟɟɬ-

ɫɹ, ɬɚɤ ɤɚɤ ɷɤɫɩɟɪɢɦɟɧɬɵ ɱɚɳɟ ɜɫɟɝɨ ɩɪɨɜɨɞɹɬɫɹ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟɞɨɫɬɚ-

ɬɨɱɧɨ ɢɥɢ ɧɟɩɨɥɧɨ ɢɡɭɱɟɧɧɵɯ ɹɜɥɟɧɢɣ. 

 ɉɪɢ ɢɡɭɱɟɧɢɢ ɡɚɜɢɫɢɦɨɫɬɢ y
)

=f(x) 

ɨɬ ɨɞɧɨɝɨ ɮɚɤɬɨɪɚ ɩɪɢ ɡɚɪɚɧɟɟ ɧɟɢɡ-

ɜɟɫɬɧɨɦ ɜɢɞɟ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ ɞɥɹ ɩɪɢ-

ɛɥɢɠɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɜɢɞɚ ɭɪɚɜɧɟ-

ɧɢɹ ɪɟɝɪɟɫɫɢɢ ɩɨɥɟɡɧɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɩɨɫɬɪɨɢɬɶ ɷɦɩɢɪɢɱɟɫɤɭɸ ɥɢɧɢɸ ɪɟɝɪɟɫ-

ɫɢɢ (ɪɢɫ.4.2). Дɥɹ ɷɬɨɝɨ ɜɟɫɶ ɞɢɚɩɚɡɨɧ 

ɢɡɦɟɧɟɧɢɹ x ɪɚɡɛɢɜɚɸɬ ɧɚ ɪɚɜɧɵɟ ɢɧ-

ɬɟɪɜɚɥɵ ∆x. Вɫɟ ɬɨɱɤɢ, ɩɨɩɚɜɲɢɟ ɜ ɞɚɧ-

ɧɵɣ ɢɧɬɟɪɜɚɥ ∆xj, ɨɬɧɨɫɹɬ ɤ ɟɝɨ ɫɟɪɟɞɢ-

ɧɟ jx . Дɥɹ ɷɬɨɝɨ ɩɨɞɫɱɢɬɵɜɚɸɬ ɱɚɫɬɧɵɟ 

ɫɪɟɞɧɢɟ ɞɥɹ ɤɚɠɞɨɝɨ ɢɧɬɟɪɜɚɥɚ:  

 

Ɋɢɫ.4.2. Ʉ ɩɨɫтрɨеɧиɸ 

ɷɦɩиричеɫɤɨɣ ɥиɧии реɝреɫɫии 

.
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Ɂɞɟɫɶ nj – ɱɢɫɥɨ ɬɨɱɟɤ ɜ ɢɧɬɟɪɜɚɥɟ ∆xj, ɩɪɢɱɟɦ , ɝɞɟ k* – ɱɢɫɥɨ ɢɧɬɟɪ-

ɜɚɥɨɜ ɪɚɡɛɢɟɧɢɹ;  n – ɨɛɴɟɦ ɜɵɛɨɪɤɢ. 

n
*k

1j
jn =

=
∑

 Ɂɚɬɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɹɸɬ ɬɨɱɤɢ )jy;jx(  ɨɬɪɟɡɤɚɦɢ ɩɪɹɦɨɣ. ɉɨ-

ɥɭɱɟɧɧɚɹ ɥɨɦɚɧɚɹ ɧɚɡɵɜɚɟɬɫɹ ɷɦɩɢɪɢɱɟɫɤɨɣ ɥɢɧɢɟɣ ɪɟɝɪɟɫɫɢɢ. ɉɨ ɜɢɞɭ ɷɦɩɢ-

ɪɢɱɟɫɤɨɣ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ ɦɨɠɧɨ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɨɞɨɛɪɚɬɶ ɜɢɞ ɭɪɚɜ-

ɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ y
)

=f(x). 

 ɉɨɞ ɬɟɫɧɨɬɨɣ ɫɜɹɡɢ ɩɨɧɢɦɚɟɬɫɹ ɫɬɟɩɟɧɶ ɛɥɢɡɨɫɬɢ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ɤ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ, ɬ.ɟ. ɩɨɤɚɡɚɬɟɥɶ ɬɟɫɧɨɬɵ ɝɪɭɩɩɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɢɧɹɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɦɨɞɟɥɢ (ɫɦ. ɪɢɫ. 

4.1,ɛ,ɜ). В ɞɚɥɶɧɟɣɲɟɦ ɭɬɨɱɧɢɦ ɷɬɨ ɩɨɥɨɠɟɧɢɟ. 

  

4.2. Ɉɩɪеɞелеɧɢе ɤɨɷɮɮɢɰɢеɧɬɨв уɪавɧеɧɢя ɪеɝɪеɫɫɢɢ 

  

Ȼɭɞɟɦ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɜɢɞ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɭɠɟ ɜɵɛɪɚɧ ɢ ɬɪɟɛɭɟɬɫɹ 

ɨɩɪɟɞɟɥɢɬɶ ɬɨɥɶɤɨ ɤɨɧɤɪɟɬɧɵɟ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɷɬɨɝɨ 

ɭɪɚɜɧɟɧɢɹ b= . Ɉɬɦɟɬɢɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ, ɱɬɨ ɟɫɥɢ ɜɵɛɨɪ ɜɢɞɚ 

ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ, ɤɚɤ ɷɬɨ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, – ɩɪɨɰɟɫɫ ɧɟɮɨɪɦɚɥɶɧɵɣ ɢ ɧɟ 

ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɧɨɫɬɶɸ ɩɟɪɟɞɚɧ ɤɨɦɩɶɸɬɟɪɭ, ɬɨ ɪɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɵ-

ɛɪɚɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ – ɨɩɟɪɚɰɢɹ ɞɨɫɬɚɬɨɱɧɨ ɮɨɪɦɚɥɶɧɚɹ ɢ ɟɟ ɫɥɟɞɭ-

ɟɬ ɪɟɲɚɬɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɶɸɬɟɪɚ. Эɬɨ ɬɪɭɞɧɵɣ ɢ ɭɬɨɦɢɬɟɥɶɧɵɣ ɪɚɫɱɟɬ, 

ɜ ɤɨɬɨɪɨɦ ɱɟɥɨɜɟɤ ɧɟ ɡɚɫɬɪɚɯɨɜɚɧ ɨɬ ɨɲɢɛɨɤ, ɚ ɤɨɦɩɶɸɬɟɪ ɜɵɩɨɥɧɢɬ ɟɝɨ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɛɵɫɬɪɟɟ ɢ ɤɚɱɟɫɬɜɟɧɧɟɟ. 

}kb,...,jb,...,0b{

 ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɨɞɯɨɞɚ ɤ ɧɚɯɨɠɞɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ bj. Вɵ-

ɛɨɪ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɢɡ ɧɢɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɰɟɥɹɦɢ ɢ ɡɚɞɚɱɚɦɢ, ɫɬɨɹɳɢɦɢ ɩɟɪɟɞ 

ɢɫɫɥɟɞɨɜɚɬɟɥɟɦ, ɬɨɱɧɨɫɬɶɸ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɢɯ ɤɨɥɢɱɟɫɬɜɨɦ ɢ ɬ.ɞ. 

 ɉɟɪɜɵɣ ɩɨɞɯɨɞ – ɢɧɬɟɪɩɨɥɢɪɨɜɚɧɢɟ. Ȼɚɡɢɪɭɟɬɫɹ ɧɚ ɭɞɨɜɥɟɬɜɨɪɟɧɢɢ ɭɫ-

ɥɨɜɢɸ, ɱɬɨɛɵ ɮɭɧɤɰɢɹ y
)

=(X,b) ɫɨɜɩɚɞɚɥɚ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɜ 

ɧɟɤɨɬɨɪɵɯ ɬɨɱɤɚɯ, ɜɵɛɪɚɧɧɵɯ ɜ ɤɚɱɟɫɬɜɟ ɨɩɨɪɧɵɯ (ɨɫɧɨɜɧɵɯ, ɝɥɚɜɧɵɯ) yi. 
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 В ɷɬɨɦ ɫɥɭɱɚɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ k+1 ɧɟɢɡɜɟɫɬɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ bj 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɢɫɬɟɦɚ  ɭɪɚɜɧɟɧɢɣ  

 

f(xi, b0, ..., bj, ...., bk) = yi,    1≤i≤n.      (4.4) 

 

В ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɱɢɫɥɨ ɧɟɡɚɜɢɫɢɦɵɯ ɭɪɚɜɧɟɧɢɣ ɫɢɫɬɟɦɵ ɪɚɜɧɨ ɱɢɫɥɭ 

ɨɩɨɪɧɵɯ ɬɨɱɟɤ, ɜ ɩɪɟɞɟɥɟ – n ɩɨɫɬɚɜɥɟɧɧɵɯ ɨɩɵɬɨɜ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɞɥɹ ɨɩ-

ɪɟɞɟɥɟɧɢɹ k+1 ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɧɟ ɦɟɧɟɟ k+1 ɧɟɡɚɜɢɫɢɦɵɯ ɭɪɚɜɧɟ-

ɧɢɣ. ɇɨ ɟɫɥɢ ɱɢɫɥɨ n ɩɨɫɬɚɜɥɟɧɧɵɯ ɨɩɵɬɨɜ ɢ ɱɢɫɥɨ ɧɟɡɚɜɢɫɢɦɵɯ ɭɪɚɜɧɟɧɢɣ 

ɪɚɜɧɨ ɱɢɫɥɭ ɢɫɤɨɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ k+1, ɬɨ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɛɵɬɶ 

ɟɞɢɧɫɬɜɟɧɧɨ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɨɱɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɭɱɚɣɧɵɦ ɡɧɚɱɟɧɢɹɦ ɢɫ-

ɯɨɞɧɵɯ ɞɚɧɧɵɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɩɪɟɞɟɥɶɧɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɱɢɫɥɨ ɤɨɷɮɮɢɰɢ-

ɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɪɚɜɧɨ 

ɱɢɫɥɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ 

n=k+1, ɜɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɬɨɱɤɢ ɛɭɞɭɬ ɫɨɜɩɚɞɚɬɶ ɫ ɢɯ ɪɚɫ-

ɱɟɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ. ɋɥɟɞɭɟɬ 

ɡɚɦɟɬɢɬɶ, ɱɬɨ ɞɨɛɢɜɚɬɶɫɹ ɬɚɤɨɝɨ 

ɬɨɱɧɨɝɨ ɫɨɜɩɚɞɟɧɢɹ ɩɭɬɟɦ ɡɧɚɱɢ-

ɬɟɥɶɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɤɨ-

ɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫ-

ɫɢɢ ɱɚɫɬɨ ɩɪɨɫɬɨ ɧɟɪɚɡɭɦɧɨ, ɩɨ-

ɫɤɨɥɶɤɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟ-

ɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɫ ɛɨɥɶɲɟɣ 

ɢɥɢ ɦɟɧɶɲɟɣ ɩɨɝɪɟɲɧɨɫɬɶɸ, ɢ 

ɬɚɤɚɹ ɮɭɧɤɰɢɹ ɦɨɠɟɬ ɩɪɨɫɬɨ ɧɟ ɨɬɪɚɠɚɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɢɡɦɟɧɟ-

ɧɢɹ ɢɫɫɥɟɞɭɟɦɨɣ ɜɟɥɢɱɢɧɵ ɜ ɫɢɥɭ ɜɥɢɹɧɢɹ ɩɨɦɟɯ (ɜɨɡɦɭɳɟɧɢɣ) (ɪɢɫ.4.3).  

y 

1 

2 

x 

Ɋɢɫ.4.3. Аɩɩрɨɤɫиɦɚɰия ɮɭɧɤɰии 
ɫ  ɛɨɥɶɲиɦ (1) и ɧеɛɨɥɶɲиɦ (2) чиɫɥɨɦ 
ɤɨɷɮɮиɰиеɧтɨв bi

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ ɫɜɨɞɢɬɫɹ ɤ ɪɟɲɟɧɢɸ ɫɢɫɬɟɦɵ 

k+1 ɭɪɚɜɧɟɧɢɣ ɫ k+1 ɧɟɢɡɜɟɫɬɧɵɦɢ. Ɉɫɧɨɜɧɚɹ ɫɥɨɠɧɨɫɬɶ ɬɚɤɨɝɨ ɪɟɲɟɧɢɹ ɫɜɹ-

ɡɚɧɚ ɫ ɧɟɥɢɧɟɣɧɨɫɬɶɸ ɫɢɫɬɟɦɵ, ɯɨɬɹ ɜ ɩɪɢɧɰɢɩɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɦɩɶɸɬɟ-

ɪɚ ɨɧɚ ɩɪɟɨɞɨɥɢɦɚ.  
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 ɉɪɢ ɱɢɫɥɟ ɨɩɵɬɨɜ n  ɛɨɥɶɲɟɦ, ɱɟɦ k+1 ɢɫɤɨɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɱɢɫɥɨ 

ɧɟɡɚɜɢɫɢɦɵɯ ɭɪɚɜɧɟɧɢɣ ɫɢɫɬɟɦɵ ɢɡɛɵɬɨɱɧɨ. Иɡɛɵɬɨɱɧɨɫɬɶ ɢɧɮɨɪɦɚɰɢɢ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨ-ɪɚɡɧɨɦɭ. 

 ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ k+1 ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɜɟɪɹɟɬɫɹ 

ɤɚɱɟɫɬɜɨ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɭɬɟɦ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ ɢ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɜ ɨɫɬɚɜɲɢɯɫɹ, ɧɟɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɬɨɱɤɚɯ. ȿɫɥɢ ɨɛɧɚɪɭɠɟɧɧɵɟ 

ɦɟɠɞɭ ɧɢɦɢ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɟɜɵɲɚɸɬ ɞɨɩɭɫɬɢɦɵɟ ɩɨ ɭɫɥɨɜɢɸ ɬɨɱɧɨɫɬɢ, ɬɨ 

ɩɪɨɰɟɞɭɪɭ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ bj ɦɨɠɧɨ ɩɨɜɬɨɪɢɬɶ, ɩɪɢɧɹɜ ɜ ɤɚɱɟɫɬɜɟ 

ɨɩɨɪɧɵɯ (ɨɫɧɨɜɧɵɯ) ɞɪɭɝɢɟ ɬɨɱɤɢ.  

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ ɜ ɪɚɡɧɵɯ ɤɨɦɛɢɧɚɰɢɹɯ ɦɨɠɧɨ ɫɨɫɬɚ-

ɜɢɬɶ ɧɟɫɤɨɥɶɤɨ ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɜ ɨɬɞɟɥɶɧɨɫɬɢ ɞɚɫɬ ɫɜɨɟ 

ɪɟɲɟɧɢɟ. ɇɨ ɦɟɠɞɭ ɫɨɛɨɣ ɨɧɢ ɛɭɞɭɬ ɧɟɫɨɜɦɟɫɬɢɦɵɦɢ. Кɚɠɞɨɟ ɪɟɲɟɧɢɟ ɛɭɞɟɬ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɫɜɨɢɦ ɡɧɚɱɟɧɢɹɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ bj. ȿɫɥɢ ɜɫɟ ɢɯ ɩɨɫɬɪɨɢɬɶ ɧɚ 

ɝɪɚɮɢɤɟ, ɬɨ ɩɨɥɭɱɢɦ ɰɟɥɵɣ ɩɭɱɨɤ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɯ ɤɪɢɜɵɯ. 

 Эɬɨ ɨɬɤɪɵɜɚɟɬ ɩɪɢ n>k+1 ɫɨɜɟɪɲɟɧɧɨ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ. Вɨ-ɩɟɪɜɵɯ, 

ɷɬɨɬ ɩɭɱɨɤ ɤɪɢɜɵɯ ɩɨɤɚɡɵɜɚɟɬ ɮɨɪɦɭ ɢ ɲɢɪɢɧɭ ɨɛɥɚɫɬɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɩɪɨ-

ɜɟɞɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. Вɨ-ɜɬɨɪɵɯ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɡɜɟɞɟɧɨ ɭɫɪɟɞɧɟɧɢɟ ɜɫɟɯ 

ɧɚɣɞɟɧɧɵɯ ɤɪɢɜɵɯ ɢ ɩɨɥɭɱɟɧɧɚɹ ɭɫɪɟɞɧɟɧɧɚɹ ɤɪɢɜɚɹ ɛɭɞɟɬ ɝɨɪɚɡɞɨ ɬɨɱɧɟɟ ɢ 

ɞɨɫɬɨɜɟɪɧɟɟ ɨɩɢɫɵɜɚɬɶ ɢɫɫɥɟɞɭɟɦɨɟ ɹɜɥɟɧɢɟ, ɬɚɤ ɤɚɤ ɨɧɚ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟ-

ɩɟɧɢ ɨɫɜɨɛɨɠɞɟɧɚ ɨɬ ɫɥɭɱɚɣɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɩɪɢɜɨɞɢɜɲɢɯ ɤ ɪɚɡɛɪɨɫɭ ɨɬ-

ɞɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ. ɉɨɹɫɧɢɦ ɫɭɬɶ ɷɬɨɝɨ ɩɨɞɯɨɞɚ ɧɚ ɩɪɢɦɟɪɟ 

ɞɜɭɯ ɦɟɬɨɞɨɜ.  

 1. Ɇɟɬɨɞ ɢɡɛɪɚɧɧɵɯ ɬɨɱɟɤ (ɪɢɫ. 4.4). ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɜɵ-

ɞɜɢɝɚɸɬ ɝɢɩɨɬɟɡɭ ɨ ɜɢɞɟ (ɮɨɪɦɟ) ɡɚɜɢɫɢɦɨɫɬɢ f(X). ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɨɧɚ ɥɢ-

ɧɟɣɧɚɹ, ɬ.ɟ. ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɫɜɹɡɶ – ɷɬɨ ɥɢɧɟɣɧɚɹ ɨɞɧɨɦɟɪɧɚɹ ɪɟɝɪɟɫɫɢɹ  

.x1b0by +=)
         (4.5) 
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 Вɵɛɢɪɚɸɬ ɞɜɟ ɧɚɢɛɨɥɟɟ ɯɚ-

ɪɚɤɬɟɪɧɵɟ, ɩɨ ɦɧɟɧɢɸ ɢɫɫɥɟɞɨɜɚɬɟ-

ɥɹ, ɬɨɱɤɢ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɢ ɩɪɨɯɨɞɢɬ 

ɥɢɧɢɹ ɪɟɝɪɟɫɫɢɢ (ɪɢɫ. 4.4). Ɂɚɞɚɱɚ 

ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ b0 ɢ b1 ɜ 

ɷɬɨɦ ɫɥɭɱɚɟ ɬɪɢɜɢɚɥɶɧɚ. ȿɫɥɢ ɩɪɟɞ-

ɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ 

ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ, ɬɨ ɫɨɨɬɜɟɬ-

ɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɸɬ ɱɢɫɥɨ ɢɡɛɪɚɧ-

ɧɵɯ ɬɨɱɟɤ. ɇɟɞɨɫɬɚɬɤɢ ɬɚɤɨɝɨ ɩɨɞɯɨ-

ɞɚ ɨɱɟɜɢɞɧɵ, ɬɚɤ ɤɚɤ ɢɡɛɪɚɧɧɵɟ ɬɨɱ-

ɤɢ ɜɵɛɢɪɚɸɬɫɹ ɫɭɛɴɟɤɬɢɜɧɨ, ɚ ɩɨ-

ɞɚɜɥɹɸɳɚɹ ɱɚɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟ-

ɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ (ɤɨɷɮɮɢɰɢɟɧɬɨɜ) ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ, ɯɨɬɹ ɟɟ ɦɨɠɧɨ ɢɫ-

ɩɨɥɶɡɨɜɚɬɶ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ ɨɰɟɧɤɢ ɧɚɞɟɠɧɨɫɬɢ ɩɨɥɭɱɟɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ.  

 

Ɋɢɫ.4.4. Ɇетɨɞ иɡɛрɚɧɧɵɯ тɨчеɤ: 
× – иɡɛрɚɧɧɵе тɨчɤи 

 2. Ɇɟɬɨɞ ɦɟɞɢɚɧɧɵɯ ɰɟɧɬɪɨɜ. ɋɭɳɧɨɫɬɶ ɷɬɨɝɨ ɦɟɬɨɞɚ ɩɨɹɫɧɹɟɬ ɪɢɫ.4.5. 

Ɉɛɜɟɞɟɧɧɨɟ ɤɨɧɬɭɪɨɦ ɩɨɥɟ ɬɨɱɟɤ ɞɟɥɹɬ 

ɧɚ ɧɟɫɤɨɥɶɤɨ ɱɚɫɬɟɣ, ɱɢɫɥɨ ɤɨɬɨɪɵɯ 

ɪɚɜɧɨ ɱɢɫɥɭ ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɷɮɮɢɰɢ-

ɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ. В ɤɚɠɞɨɣ ɢɡ 

ɷɬɢɯ ɱɚɫɬɟɣ ɧɚɯɨɞɹɬ ɦɟɞɢɚɧɧɵɣ ɰɟɧɬɪ, 

ɬ.ɟ. ɩɟɪɟɫɟɱɟɧɢɟ ɜɟɪɬɢɤɚɥɢ ɢ ɝɨɪɢɡɨɧ-

ɬɚɥɢ ɫɥɟɜɚ ɢ ɫɩɪɚɜɚ, ɜɵɲɟ ɢ ɧɢɠɟ ɤɨɬɨ-

ɪɵɯ ɨɤɚɡɵɜɚɟɬɫɹ ɪɚɜɧɨɟ ɱɢɫɥɨ ɬɨɱɟɤ. 

Ɂɚɬɟɦ ɱɟɪɟɡ ɷɬɢ ɦɟɞɢɚɧɧɵɟ ɰɟɧɬɪɵ 

ɩɪɨɜɨɞɹɬ ɩɥɚɜɧɭɸ ɤɪɢɜɭɸ ɢ ɢɡ ɪɟɲɟɧɢɹ 

ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɨɩɪɟɞɟɥɹɸɬ ɤɨɷɮ-

ɮɢɰɢɟɧɬɵ ɪɟɝɪɟɫɫɢɢ bj. Ɍɚɤ, ɜ ɫɥɭɱɚɟ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ (4.5) ɩɨɥɟ ɞɟɥɢɬɫɹ 

ɧɚ ɞɜɟ ɝɪɭɩɩɵ. Ɉɩɪɟɞɟɥɹɸɬ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ IIy ,IIx ;Iy ,Ix  ɞɥɹ ɤɚɠɞɨɣ ɢɡ 

ɝɪɭɩɩ, ɚ ɧɟɢɡɜɟɫɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ b0, b1 ɨɩɪɟɞɟɥɹɸɬ ɢɡ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ 

ɭɪɚɜɧɟɧɢɣ:  

Iy  

y 

IIy

Ix IIx x 

Ɋɢɫ.4.5. Ɇетɨɞ ɦеɞиɚɧɧɵɯ тɨчеɤ 
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.

;

10

10

IIII

II

xbby

xbby

+=

+=
         (4.5ɚ) 

 ȿɫɥɢ ɩɪɢ ɜɵɛɨɪɟ ɜɢɞɚ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɱɢɫɥɨ ɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ bj 

ɨɤɚɠɟɬɫɹ ɛɨɥɶɲɟ ɱɢɫɥɚ ɭɪɚɜɧɟɧɢɣ (ɢɦɟɸɳɢɯɫɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ) k+1>n, 

ɫɢɫɬɟɦɚ (4.4) ɧɟ ɛɭɞɟɬ ɢɦɟɬɶ ɨɞɧɨɡɧɚɱɧɨɝɨ ɪɟɲɟɧɢɹ. В ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨ 

ɥɢɛɨ ɭɦɟɧɶɲɢɬɶ ɱɢɫɥɨ ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ k+1, ɥɢɛɨ ɭɜɟɥɢɱɢɬɶ 

ɱɢɫɥɨ ɨɩɵɬɨɜ n.  

 Вɬɨɪɨɣ ɩɨɞɯɨɞ – ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. ɍɫɪɟɞɧɟɧɢɟ ɧɟɫɨɜɦɟɫɬɢ-

ɦɵɯ ɪɟɲɟɧɢɣ ɢɡɛɵɬɨɱɧɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ n>k+1 ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɨɞɨɥɟɧɨ 

ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ, ɤɨɬɨɪɵɣ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɟɳɟ Ʌɟɠɚɧɞɪɨɦ ɢ 

Ƚɚɭɫɫɨɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ – ɷɬɨ «ɧɨɜɢɧɤɚ» ɩɨɱɬɢ 

200-ɥɟɬɧɟɣ ɞɚɜɧɨɫɬɢ. ɋɟɝɨɞɧɹ, ɛɥɚɝɨɞɚɪɹ ɜɨɡɦɨɠɧɨɫɬɹɦ ɤɨɦɩɶɸɬɟɪɨɜ, ɷɬɨɬ ɦɟ-

ɬɨɞ ɜɫɬɭɩɢɥ, ɩɨ ɫɭɳɟɫɬɜɭ, ɜ ɩɨɥɨɫɭ ɫɜɨɟɝɨ «ɪɟɧɟɫɫɚɧɫɚ».  

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ bj ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɨɫɧɨɜɚ-

ɧɨ ɧɚ ɜɵɩɨɥɧɟɧɢɢ ɬɪɟɛɨɜɚɧɢɹ, ɱɬɨɛɵ ɫɭɦɦɚ ɤɜɚɞɪɚɬɨɜ ɨɬɤɥɨɧɟɧɢɣ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɬɨɱɟɤ ɨɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɣ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɛɵɥɚ ɦɢɧɢ-

ɦɚɥɶɧɚ. Ɂɚɦɟɬɢɦ, ɱɬɨ, ɜ ɩɪɢɧɰɢɩɟ, ɦɨɠɧɨ ɨɩɟɪɢɪɨɜɚɬɶ ɢ ɫɭɦɦɨɣ ɞɪɭɝɢɯ ɱɟɬɧɵɯ 

ɫɬɟɩɟɧɟɣ ɷɬɢɯ ɨɬɤɥɨɧɟɧɢɣ, ɧɨ ɬɨɝɞɚ ɜɵɱɢɫɥɟɧɢɹ ɛɭɞɭɬ ɫɥɨɠɧɟɟ. Ɉɞɧɚɤɨ ɪɭɤɨɜɨ-

ɞɫɬɜɨɜɚɬɶɫɹ ɫɭɦɦɨɣ ɨɬɤɥɨɧɟɧɢɣ ɧɟɥɶɡɹ, ɬɚɤ ɤɚɤ ɨɧɚ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɦɚɥɨɣ ɩɪɢ 

ɛɨɥɶɲɢɯ ɨɬɤɥɨɧɟɧɢɹɯ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɡɧɚɤɚ. 

 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɡɚɩɢɫɶ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜɵɲɟ ɬɪɟɛɨɜɚɧɢɹ ɢɦɟɟɬ ɜɢɞ 

,
b

min2]iy)kb,...,jb,...,1b,0b
n

1i

,ix(f[)kb,...,jb,...,1b,0b(Ф
j

→−
=

= ∑    (4.6) 

ɝɞɟ n – ɱɢɫɥɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɢɧɬɟɪɜɚɥɟ ɢɡɦɟɧɟ-

ɧɢɹ ɚɪɝɭɦɟɧɬɚ x. 

 ɇɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɢ Ɏ(b0,b1,...,bj,...,bk) ɹɜɥɹɟɬɫɹ 

ɜɵɩɨɥɧɟɧɢɟ ɪɚɜɟɧɫɬɜɚ 

kj0   ,0jb /Ф ≤≤=∂∂         (4.7) 

ɢɥɢ 
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.kj0     ,0
jb 
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∑     (4.7ɚ) 

 ɉɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɢɦ 

.0
n

1i jb 

)ix(f 
iy

jb 

)ix(f 
)kb,...,jb,...,1b,0b

n
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,ix(f[ =
= ∂

∂
−

∂
∂

=
∑∑     (4.8) 

 ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (4.8) ɫɨɞɟɪɠɢɬ ɫɬɨɥɶɤɨ ɠɟ ɭɪɚɜɧɟɧɢɣ, ɫɤɨɥɶɤɨ ɧɟɢɡ-

ɜɟɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ b0, b1,..., bk ɜɯɨɞɢɬ ɜ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ, ɢ ɧɚɡɵɜɚɟɬ-

ɫɹ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɟ ɫɢɫɬɟɦɨɣ ɧɨɪɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ.  

ɉɨɫɤɨɥɶɤɭ Ɏ≥0 ɩɪɢ ɥɸɛɵɯ b0, ..., bk, ɜɟɥɢɱɢɧɚ Ɏ ɨɛɹɡɚɬɟɥɶɧɨ ɞɨɥɠɧɚ 

ɢɦɟɬɶ ɯɨɬɹ ɛɵ ɨɞɢɧ ɦɢɧɢɦɭɦ. ɉɨɷɬɨɦɭ ɟɫɥɢ ɫɢɫɬɟɦɚ ɧɨɪɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 

ɢɦɟɟɬ ɟɞɢɧɫɬɜɟɧɧɨɟ ɪɟɲɟɧɢɟ, ɨɧɨ ɢ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɭɦɨɦ ɞɥɹ ɷɬɨɣ ɜɟɥɢɱɢɧɵ. 

 Ɋɚɫɱɟɬ ɪɟɝɪɟɫɫɢɨɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ 

ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɩɪɢ ɥɸɛɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɩɨ ɥɸ-

ɛɨɦɭ ɡɚɤɨɧɭ. 

 

4.3. Ɉɩɪеɞелеɧɢе ɬеɫɧɨɬɵ ɫвяɡɢ ɦеɠɞу ɫлуɱаɣɧɵɦɢ велɢɱɢɧаɦɢ 

 

 Ɉɩɪɟɞɟɥɢɜ ɭɪɚɜɧɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɞɚɬɶ 

ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɬɟɫɧɨɬɵ ɫɜɹɡɢ ɦɟɠɞɭ ɞɜɭɦɹ ɪɹɞɚɦɢ ɧɚɛɥɸɞɟɧɢɣ. Ʌɢɧɢɢ 

ɪɟɝɪɟɫɫɢɢ, ɩɪɨɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫ. 4.1, ɛ, ɜ, ɨɞɢɧɚɤɨɜɵ, ɨɞɧɚɤɨ ɧɚ ɪɢɫ. 4.1, ɛ ɬɨɱɤɢ 

ɡɧɚɱɢɬɟɥɶɧɨ ɛɥɢɠɟ (ɬɟɫɧɟɟ) ɪɚɫɩɨɥɨɠɟɧɵ ɤ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ, ɱɟɦ ɧɚ ɪɢɫ. 4.1, ɜ. 

 ɉɪɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨɦ ɚɧɚɥɢɡɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɮɚɤɬɨɪɵ ɢ ɨɬɤɥɢɤɢ 

ɧɨɫɹɬ ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɩɨɞɱɢɧɹɸɬɫɹ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ.  

 Ɍɟɫɧɨɬɭ ɫɜɹɡɢ ɦɟɠɞɭ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɤɨɪɪɟɥɹɰɢ-

ɨɧɧɵɦ ɨɬɧɨɲɟɧɢɟɦ ρxy. Ɉɫɬɚɧɨɜɢɦɫɹ ɩɨɞɪɨɛɧɟɟ ɧɚ ɮɢɡɢɱɟɫɤɨɦ ɫɦɵɫɥɟ ɞɚɧɧɨ-

ɝɨ ɩɨɤɚɡɚɬɟɥɹ. Дɥɹ ɷɬɨɝɨ ɜɜɟɞɟɦ ɧɨɜɵɟ ɩɨɧɹɬɢɹ. 

 Ɉɫɬɚɬɨɱɧɚɹ ɞɢɫɩɟɪɫɢɹ  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɚɡɛɪɨɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

ɧɚɛɥɸɞɚɟɦɵɯ ɬɨɱɟɤ ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɤɚ-

ɡɚɬɟɥɶ ɨɲɢɛɤɢ ɩɪɟɞɫɤɚɡɚɧɢɹ ɩɚɪɚɦɟɬɪɚ y ɩɨ ɭɪɚɜɧɟɧɢɸ ɪɟɝɪɟɫɫɢɢ (ɪɢɫ. 4.6): 

2

ɨɫɬ yS
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    (4.9) 

ɝɞɟ l=k+1 – ɱɢɫɥɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɦɨɞɟɥɢ. 

 

 

 

 

 

 

 

Ɋɢɫ.4.6. Ʉ ɨɩреɞеɥеɧиɸ ɞиɫɩерɫиɣ 

Ɉɛɳɚɹ ɞɢɫɩɟɪɫɢɹ (ɞɢɫɩɟɪɫɢɹ ɜɵɯɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ)  ɯɚɪɚɤɬɟɪɢɡɭɟɬ 

ɪɚɡɛɪɨɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɚɛɥɸɞɚɟɦɵɯ ɬɨɱɟɤ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟ-

ɧɢɹ 

2
yS

y , ɬ.ɟ. ɥɢɧɢɢ ɋ (ɫɦ. ɪɢɫ. 4.6): 

 ,]yy[
1n

1
S

n

1i

2

i

2

y ∑
=

−
−

=        (4.10) 

ɝɞɟ .y
n

1
y 

n

1i

i∑
=

=  

 ɋɪɟɞɧɢɣ ɤɜɚɞɪɚɬ ɨɬɤɥɨɧɟɧɢɹ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ ɨɬ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɥɢ-

ɧɢɢ Cy =  (ɫɦ. ɪɢɫ. 4.6): 

.
n

1i

2]y)kb,...,1b,0b,ix(f[
1n

1n

1i

2]yiy[
1n

12*
yS ∑

=
−

−
=∑

=
−

−
= )

    (4.11) 

 Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɨɛɳɚɹ ɞɢɫɩɟɪɫɢɹ S2
y (ɫɭɦɦɚ ɤɜɚɞɪɚɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ y ) ɪɚɜɧɚ ɨɫɬɚɬɨɱɧɨɣ ɞɢɫɩɟɪɫɢɢ  (ɫɭɦɦɟ ɤɜɚɞɪɚɬɨɜ ɨɬ-

ɧɨɫɢɬɟɥɶɧɨ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ) ɩɥɸɫ ɫɪɟɞɧɢɣ ɤɜɚɞɪɚɬ ɨɬɤɥɨɧɟɧɢɹ ɥɢɧɢɢ ɪɟɝɪɟɫ-

ɫɢɢ S

2
ɨɫɬ yS

y*
2 (ɫɭɦɦɚ ɤɜɚɞɪɚɬɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɪɟɝɪɟɫɫɢɟɣ). 
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.2*
yS2

ɨɫɬ yS2
yS +=          (4.11ɚ) 

 Ɋɚɡɛɪɨɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɚɛɥɸɞɚɟɦɵɯ ɬɨɱɟɤ ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɢɧɢɢ ɪɟɝ-

ɪɟɫɫɢɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɟɡɪɚɡɦɟɪɧɨɣ ɜɟɥɢɱɢɧɨɣ – ɜɵɛɨɪɨɱɧɵɦ ɤɨɪɪɟɥɹɰɢɨɧ-

ɧɵɦ ɨɬɧɨɲɟɧɢɟɦ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬ ɞɨɥɸ, ɤɨɬɨɪɭɸ ɩɪɢɜɧɨɫɢɬ ɜɟɥɢɱɢɧɚ ɏ ɜ 

ɨɛɳɭɸ ɢɡɦɟɧɱɢɜɨɫɬɶ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ Y.  

yS

*
yS

2
yS

2*
yS

2
yS

2
ɨɫɬ yS2

yS*
xy ==

−
=ρ .      (4.12) 

 ɉɪɨɚɧɚɥɢɡɢɪɭɟɦ ɫɜɨɣɫɬɜɚ ɷɬɨɝɨ ɩɨɤɚɡɚɬɟɥɹ. 

 1. В ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɫɜɹɡɶ ɹɜɥɹɟɬɫɹ ɧɟ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ, ɚ ɮɭɧɤɰɢɨɧɚɥɶ-

ɧɨɣ, ɤɨɪɪɟɥɹɰɢɨɧɧɨɟ ɨɬɧɨɲɟɧɢɟ ɪɚɜɧɨ 1, ɬɚɤ ɤɚɤ ɜɫɟ ɬɨɱɤɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ 

ɩɨɥɹ ɨɤɚɡɵɜɚɸɬɫɹ ɧɚ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ, ɨɫɬɚɬɨɱɧɚɹ ɞɢɫɩɟɪɫɢɹ ɪɚɜɧɚ , 

ɚ  (ɪɢɫ. 4.7, ɚ). 

02
ɨɫɬ yS =

2
yS2*

yS =

 2. Ɋɚɜɟɧɫɬɜɨ ɧɭɥɸ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ɭɤɚɡɵɜɚɟɬ ɧɚ ɨɬɫɭɬɫɬɜɢɟ 

ɤɚɤɨɣ-ɥɢɛɨ ɬɟɫɧɨɬɵ ɫɜɹɡɢ ɦɟɠɞɭ ɜɟɥɢɱɢɧɚɦɢ x ɢ y ɞɥɹ ɞɚɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɪɟɝ-

ɪɟɫɫɢɢ, ɩɨɫɤɨɥɶɤɭ ɪɚɡɛɪɨɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɪɟɞɧɟɝɨ 

ɡɧɚɱɟɧɢɹ ɢ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ ɨɞɢɧɚɤɨɜ, ɬ.ɟ.  (ɪɢɫ. 4.7, ɛ). 2
ɨɫɬ yS2

yS =
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ɚ – ɮɭɧɤɰиɨɧɚɥɶɧɚя ɫвяɡɶ; ɛ – ɨтɫɭтɫтвие ɫвяɡи 

 

 3. Чɟɦ ɛɥɢɠɟ ɪɚɫɩɨɥɨɠɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɤ ɥɢɧɢɢ ɪɟɝɪɟɫ-

ɫɢɢ, ɬɟɦ ɬɟɫɧɟɟ ɫɜɹɡɶ, ɬɟɦ ɦɟɧɶɲɟ ɨɫɬɚɬɨɱɧɚɹ ɞɢɫɩɟɪɫɢɹ ɢ ɬɟɦ ɛɨɥɶɲɟ ɤɨɪɪɟ-

ɥɹɰɢɨɧɧɨɟ ɨɬɧɨɲɟɧɢɟ.  

 ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɨɪɪɟɥɹɰɢɨɧɧɨɟ ɨɬɧɨɲɟɧɢɟ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜ ɩɪɟɞɟ-

ɥɚɯ ɨɬ 0 ɞɨ 1. 

 ɍɱɢɬɵɜɚɹ, ɱɬɨ ɞɥɹ ɤɨɦɩɶɸɬɟɪɨɜ ɢɦɟɸɬɫɹ ɩɚɤɟɬɵ ɩɪɨɝɪɚɦɦ ɞɥɹ ɫɬɚɬɢɫɬɢ-

ɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɪɚɫɫɦɨɬɪɢɦ ɦɟɬɨɞɨɥɨɝɢɸ ɷɬɨɝɨ 

ɩɨɞɯɨɞɚ ɧɚ ɩɪɢɦɟɪɟ ɩɪɨɫɬɟɣɲɢɯ ɥɢɧɟɣɧɵɯ ɢ ɨɞɧɨɦɟɪɧɵɯ ɡɚɞɚɱ (ɫɦ. ɭɪɚɜɧɟɧɢɟ 

(4.5)). Иɞɟɨɥɨɝɢɹ ɪɟɲɟɧɢɹ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɡɚɞɚɱ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɟ ɨɬɥɢɱɚɟɬɫɹ. 

Ȼɨɥɟɟ ɬɨɝɨ, ɤɚɤ ɦɵ ɭɜɢɞɢɦ ɜ ɞɚɥɶɧɟɣɲɟɦ, ɦɧɨɝɢɟ ɧɟɥɢɧɟɣɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 

ɦɨɠɧɨ ɫɜɟɫɬɢ ɤ ɥɢɧɟɣɧɵɦ.  

 

4.4. Ʌɢɧеɣɧая ɪеɝɪеɫɫɢя ɨɬ ɨɞɧɨɝɨ ɮаɤɬɨɪа 

 

 ɍɪɚɜɧɟɧɢɟ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ ɧɚ ɩɥɨɫɤɨɫɬɢ ɜ ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ 

ɢɦɟɟɬ ɜɢɞ ɜɵɪɚɠɟɧɢɹ (4.5).  

 Ɂɚɞɚɱɭ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɚɧɚɥɢɬɢɱɟɫɤɢ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

.
b,b

min2)]ix1b0b
n

1i

(iy[)1b,0b(Ф
10

→+
=

−= ∑      (4.13) 

 Дɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ, ɤɚɤ ɢɡɜɟɫɬɧɨ ɢɡ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɧɟ-

ɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɮɭɧɤɰɢɢ Ɏ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɚɦ b0, b1 

ɢ ɩɪɢɪɚɜɧɹɬɶ ɢɯ ɧɭɥɸ: 
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)1b,0b(Ф 
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∂
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∂
      (4.14) 

 ɋɢɫɬɟɦɚ ɧɨɪɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ (4.8) ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢɦɟɬ ɜɢɞ 
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   (4.15) 

Ɋɟɲɟɧɢɟ ɷɬɨɣ ɫɢɫɬɟɦɵ ɨɬɧɨɫɢɬɟɥɶɧɨ b0 ɢ b1 ɞɚɟɬ 
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ɬ.ɟ. ɞɥɹ ɪɚɫɱɟɬɚ  b0 ɢ b1 ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ   ( ) .2
ix ,iyix ,iy ,ix ∑∑ ∑∑

 Кɨɷɮɮɢɰɢɟɧɬ b0 (ɫɜɨɛɨɞɧɵɣ ɱɥɟɧ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ) ɝɟɨɦɟɬɪɢɱɟɫɤɢ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ ɞɨ ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɥɢ-

ɧɢɢ ɪɟɝɪɟɫɫɢɢ ɫ ɨɫɶɸ ɨɪɞɢɧɚɬ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ b1 ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɬɚɧɝɟɧɫ ɭɝɥɚ 

ɧɚɤɥɨɧɚ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ ɤ ɨɫɢ OX. 

 ȿɫɥɢ ɠɟ ɨɩɪɟɞɟɥɹɸɬ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɜ ɜɢɞɟ 

,2x11bx1b0by ++=)
  

ɬɨ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ b0, b1, b11 ɛɭɞɟɬ ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
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      (4.16ɛ) 

 Иɡ ɭɪɚɜɧɟɧɢɣ (4.15) ɢ (4.16ɛ) ɜɵɬɟɤɚɟɬ ɩɪɚɜɢɥɨ ɡɚɩɢɫɢ ɥɸɛɵɯ ɫɢɫɬɟɦ 

ɧɨɪɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ: ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɢɫɚɬɶ ɫɬɨɥɶɤɨ ɭɪɚɜɧɟɧɢɣ ɜ ɫɢɫɬɟɦɟ, 
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ɫɤɨɥɶɤɨ ɧɟɢɡɜɟɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɨɞɟɪɠɢɬɫɹ ɜ ɢɫɤɨɦɨɦ ɭɪɚɜɧɟɧɢɢ, ɜɫɹɤɢɣ 

ɪɚɡ ɫɭɦɦɢɪɭɹ ɩɪɨɢɡɜɟɞɟɧɢɹ ɱɥɟɧɨɜ ɢɫɯɨɞɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɧɚ ɩɟɪɟɦɟɧɧɭɸ ɩɪɢ 

ɢɫɤɨɦɨɦ ɤɨɷɮɮɢɰɢɟɧɬɟ. 

 Ɉɰɟɧɤɭ ɫɢɥɵ ɥɢɧɟɣɧɨɣ ɫɜɹɡɢ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɨ ɜɵɛɨɪɨɱɧɨɦɭ (ɷɦɩɢɪɢɱɟ-

ɫɤɨɦɭ) ɤɨɷɮɮɢɰɢɟɧɬɭ ɩɚɪɧɨɣ ɤɨɪɪɟɥɹɰɢɢ rxy. Вɵɛɨɪɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟ-

ɥɹɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ. 

 1. Кɚɤ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ɞɥɹ ɥɢɧɟɣɧɨɝɨ ɭɪɚɜ-

ɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ.  

 ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ xbby 10 += , 

,2
xS2

1
b2]x1b0bix

n

1i
1b0b[

1n

12*
yS =−−

=
+

−
= ∑      (4.17) 

ɜɟɥɢɱɢɧɚ ɨɬɧɨɲɟɧɢɹ yS*
yS  ɛɭɞɟɬ ɪɚɜɧɚ 

,yS/xS1bxyr =          (4.18) 

ɝɞɟ Sx ɢ Sy – ɜɵɛɨɪɨɱɧɵɟ ɫɪɟɞɧɢɟ ɤɜɚɞɪɚɬɢɱɧɵɟ ɨɬɤɥɨɧɟɧɢɹ. 

 2. Кɚɤ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢ-

ɱɢɧ, ɨɬɧɟɫɟɧɧɨɟ ɤ ɩɪɨɢɡɜɟɞɟɧɢɸ ɢɯ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɯ ɨɬɤɥɨɧɟɧɢɣ: 
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=     (4.19) 

 ɉɨɤɚɠɟɦ, ɱɬɨ ɞɜɟ ɩɨɫɥɟɞɧɢɟ ɮɨɪɦɭɥɵ ɷɤɜɢɜɚɥɟɧɬɧɵ. Дɥɹ ɷɬɨɝɨ ɩɪɟɨɛɪɚ-

ɡɭɟɦ ɜɵɪɚɠɟɧɢɟ (4.19) ɤ ɜɢɞɭ 

.ySxS)1n(xyr
n

1i

)yiy)(xix( −=
=

−−∑   

 ɉɨɞɫɬɚɜɥɹɹ ɩɨɫɥɟɞɧɟɟ ɜɵɪɚɠɟɧɢɟ ɜ ɮɨɪɦɭɥɭ (4.16ɚ), ɢɦɟɟɦ 
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 Кɚɤ ɩɪɚɜɢɥɨ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚɯɨɞɹɬ Sx, Sy, y ,x  ɢ ɪɚɫ-

ɫɱɢɬɵɜɚɸɬ rxy ɩɨ ɮɨɪɦɭɥɟ (4.19), ɚ ɡɚɬɟɦ, ɢɫɩɨɥɶɡɭɹ ɷɬɢ ɜɟɥɢɱɢɧɵ, ɨɩɪɟɞɟɥɹɸɬ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ: 

.x1by=0b    ;xS/ySxyr1b −=        (4.20) 

 Кɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ rxy ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ -1≤ rxy ≤+1. 

 ɉɨɥɨɠɢɬɟɥɶɧɚɹ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɯɚɪɚɤɬɟɪɢ-

ɡɭɟɬ ɬɚɤɭɸ ɫɬɨɯɚɫɬɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɜɟɥɢɱɢɧɚɦɢ, ɤɨɝɞɚ ɫ ɜɨɡɪɚɫɬɚ-

ɧɢɟɦ ɨɞɧɨɣ ɢɡ ɧɢɯ ɞɪɭɝɚɹ ɜ ɫɪɟɞɧɟɦ ɬɚɤɠɟ ɛɭɞɟɬ ɜɨɡɪɚɫɬɚɬɶ. ɉɪɢ ɨɬɪɢɰɚɬɟɥɶ-

ɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɨɞɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɞɪɭɝɚɹ ɜ ɫɪɟɞɧɟɦ 

ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ. Чɟɦ ɛɥɢɠɟ ɡɧɚɱɟɧɢɟ rxy ɤ ɟɞɢɧɢɰɟ, ɬɟɦ ɬɟɫɧɟɟ ɫɬɚɬɢɫɬɢɱɟ-

ɫɤɚɹ ɫɜɹɡɶ. 

 Ɉɬɦɟɬɢɦ ɟɳɟ ɪɚɡ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɢɦɨɫɬɢ ɜɵɛɨɪɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɤɨɪɪɟɥɹɰɢɢ ɞɥɹ ɨɰɟɧɤɢ ɬɟɫɧɨɬɵ ɫɜɹɡɢ. 

1. Кɨɷɮɮɢɰɢɟɧɬ ɩɚɪɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɡɧɚɱɟɧɢɣ y ɢ x ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɨɞ-

ɧɨɮɚɤɬɨɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɬɟɫɧɨɬɭ ɝɪɭɩɩɢɪɨɜɚɧɢɹ ɞɚɧ-

ɧɵɯ ɥɢɲɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɹɦɨɣ (ɧɚɩɪɢɦɟɪ, ɥɢɧɢɹ A ɧɚ ɪɢɫ. 4.8, a). 

ɉɪɢ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ (ɪɢɫ.4.8, ɛ) ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ 

rxy ɛɭɞɟɬ ɨɰɟɧɢɜɚɬɶ ɬɟɫɧɨɬɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɟɤɨɬɨɪɨɣ ɩɪɹɦɨɣ, ɨɛɨɡɧɚɱɟɧɧɨɣ ɛɭɤɜɨɣ А, ɱɬɨ, ɟɫɬɟɫɬɜɟɧɧɨ, ɧɟɫɟɬ 

ɦɚɥɨ ɫɜɟɞɟɧɢɣ ɨ ɬɟɫɧɨɬɟ ɢɯ ɝɪɭɩɩɢɪɨɜɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɤɨɦɨɣ 

ɤɪɢɜɨɣ ).(xfy =)
 

2. Кɨɷɮɮɢɰɢɟɧɬ ɩɚɪɧɨɣ ɜɵɛɨɪɨɱɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɢɦɟɟɬ ɱɟɬɤɢɣ ɮɢɡɢɱɟ-

ɫɤɢɣ ɫɦɵɫɥ ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ ɞɜɭɦɟɪɧɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ, ɬ.ɟ. ɤɨɝɞɚ ɞɥɹ ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ ɏ, ɧɚɩɪɢɦɟɪ ɯ1, ɯ2, ɯ3, 

ɫɭɳɟɫɬɜɭɟɬ ɫɨɜɨɤɭɩɧɨɫɬɶ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɭ ɢ ɧɚɨɛɨɪɨɬ, ɚ 

ɞɢɫɩɟɪɫɢɹ ɡɚɜɢɫɢɦɨɣ ɩɟɪɟɦɟɧɧɨɣ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɡɧɚɱɟɧɢɹ ɚɪɝɭɦɟɧɬɚ 

ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ (ɪɢɫ. 4.9).  
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Ɋɢɫ.4.8. Ʉ ɩɨɧятиɸ ɤɨɷɮɮиɰиеɧтɚ ɩɚрɧɨɣ ɤɨрреɥяɰии 

 

 Дɚɠɟ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɷɬɢɯ, ɜɨɨɛɳɟ ɝɨɜɨɪɹ ɞɨɫɬɚɬɨɱɧɨ ɠɟɫɬɤɢɯ ɭɫɥɨɜɢɣ, 

ɧɟ ɜɫɹɤɨɟ ɡɧɚɱɟɧɢɟ ɜɵɛɨɪɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚ-

ɬɨɱɧɵɦ ɞɥɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɜɵɜɨɞɨɜ ɨ ɧɚɥɢɱɢɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨ 

ɧɚɞɟɠɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɮɚɤɬɨɪɨɦ ɢ ɨɬɤɥɢɤɨɦ. ɇɚɞɟɠɧɨɫɬɶ ɫɬɚ-

ɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɫɥɚɛɟɜɚɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ (n). 

Ɍɚɤ, ɩɪɢ n=2 ɱɟɪɟɡ ɞɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɬɨɱɤɢ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɬɨɥɶɤɨ ɨɞɧɭ 

ɩɪɹɦɭɸ ɢ ɡɚɜɢɫɢɦɨɫɬɶ ɛɭɞɟɬ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ, ɩɪɢ ɷɬɨɦ ɜɵɛɨɪɨɱɧɵɣ ɤɨɷɮɮɢ-

ɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɪɚɜɟɧ ɟɞɢɧɢɰɟ (rxy=1). Ɉɞɧɚɤɨ ɷɬɨ ɧɟ ɨɡɧɚɱɚɟɬ ɧɚɞɟɠɧɨɫɬɶ 

ɩɨɥɭɱɟɧɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɫɢɥɭ ɜɟɫɶɦɚ ɢ ɜɟɫɶɦɚ ɨɝ-

ɪɚɧɢɱɟɧɧɨɝɨ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ. Ɂɧɚɱɢɬ, ɜɵɱɢɫɥɹɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɩɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ɞɜɭɯ ɧɚɛɥɸɞɟɧɢɣ ɛɟɫɫɦɵɫɥɟɧɧɨ, ɬɚɤ ɤɚɤ ɨɧ ɡɚɜɟɞɨɦɨ ɛɭɞɟɬ ɪɚɜɟɧ 

ɟɞɢɧɢɰɟ, ɢ ɷɬɨ ɛɭɞɟɬ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟ ɫɜɨɣɫɬɜɚɦɢ ɩɟɪɟɦɟɧɧɵɯ ɢ ɢɯ ɜɡɚɢɦɧɵɦ 

ɨɬɧɨɲɟɧɢɟɦ, ɚ ɬɨɥɶɤɨ ɱɢɫɥɨɦ ɧɚɛɥɸɞɟɧɢɣ. 
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 В ɫɜɹɡɢ ɫ ɷɬɢɦ 

ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɪɤɚ ɬɨɝɨ, 

ɧɚɫɤɨɥɶɤɨ ɡɧɚɱɢɦɨ ɨɬɥɢ-

ɱɚɟɬɫɹ ɜɵɛɨɪɨɱɧɵɣ ɤɨ-

ɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ 

rxy ɨɬ ɟɝɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨ-

ɝɨ ɡɧɚɱɟɧɢɹ rxy
*. ɉɪɢ ɞɨɫ-

ɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦ ɨɛɴɟ-

ɦɟ ɜɵɛɨɪɤɢ n→∞ rxy
*=rxy. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɟɛɭɟɬ-

ɫɹ ɩɪɨɜɟɪɤɚ ɡɧɚɱɢɦɨɫɬɢ ɜɵɛɨɪɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɚɪɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɢ 

ɨɰɟɧɤɚ ɟɝɨ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ.  

xbby 10 +=А ȼ

 Дɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɢɦɨɫɬɢ rxy ɫɮɨɪɦɭɥɢɪɭɟɦ ɧɭɥɶ-ɝɢɩɨɬɟɡɭ ɇ0: rxy
*=0, 

ɬ.ɟ. ɤɨɪɪɟɥɹɰɢɹ ɨɬɫɭɬɫɬɜɭɟɬ. Дɥɹ ɷɬɨɝɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ t-ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ 

2)(1

2
  

xy

xy

r

n
rt

−

−
=         (4.21) 

ɢ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɩɪɢ ɱɢɫɥɟ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ n-2.  

 ȿɫɥɢ t≥tα;n-2 ɩɪɢ ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ ɡɧɚɱɢɦɨɫɬɢ α, ɬɨ ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ ɨɬ-

ɤɥɨɧɹɟɬɫɹ, ɚ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɇ1: rxy
* ≠ 0, ɨ ɬɨɦ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪ-

ɪɟɥɹɰɢɢ ɫɭɳɟɫɬɜɟɧɟɧ, ɩɪɢɧɢɦɚɟɬɫɹ.  

 Ɉɩɪɟɞɟɥɟɧɢɟ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ. ɉɪɢ 

ɦɚɥɵɯ ɨɛɴɟɦɚɯ ɜɵɛɨɪɤɢ (n<20) ɦɨɠɧɨ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɩɨɫɬɪɨɟɧɢɟ ɞɨɜɟɪɢɬɟɥɶ-

ɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɞɥɹ rxy
* , ɤɨɬɨɪɨɟ ɨɫɧɨɜɚɧɨ ɧɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ Ɋ.Ɏɢɲɟɪɚ. Ɉɧ 

ɩɪɟɞɥɨɠɢɥ ɬɚɤɨɟ ɧɟɥɢɧɟɣɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ rxy, ɩɪɢ ɤɨɬɨɪɨɦ ɡɚɤɨɧ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɬɨɣ ɨɰɟɧɤɢ, ɜɨɨɛɳɟ ɝɨɜɨɪɹ, ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɵɣ, ɩɪɚɤɬɢɱɟɫɤɢ 

ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɧɨɪɦɚɥɶɧɨɦɭ. Эɬɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

xy

xy

r

r
Z

−

+
=

1

1
ln
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1* .        (4.22) 

 ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ z* ɡɚɜɢɫɢɬ ɨɬ ɱɢɫ-

ɥɚ ɨɩɵɬɨɜ  

x 

Ɋɢɫ.4.9. Ʉ ɩɨɧятиɸ ɤɨɷɮɮиɰиеɧтɚ ɩɚрɧɨɣ  
ɤɨрреɥяɰии в ɫɥɭчɚе ɞвɭɦерɧɨɝɨ  
ɧɨрɦɚɥɶɧɨɝɨ рɚɫɩреɞеɥеɧия ɩɚрɚɦетрɨв

Syi=const 

С

x1 x2 x3 
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3
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         (4.23) 

ɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɨɱɟɧɶ ɛɥɢɡɤɨ ɤ ɱɢɫɥɭ, ɩɨɥɭɱɚɸɳɟɦɭɫɹ ɩɨɫɥɟ ɩɨɞ-

ɫɬɚɧɨɜɤɢ ɜ ɮɨɪɦɭɥɭ (4.22) ɜɦɟɫɬɨ rxy ɢɫɬɢɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟ-

ɥɹɰɢɢ rxy
*. Эɬɢ ɫɜɨɣɫɬɜɚ ɜɟɥɢɱɢɧɵ Z* ɩɨɡɜɨɥɹɸɬ ɩɪɨɫɬɨ ɨɰɟɧɢɬɶ, ɜ ɤɚɤɢɯ ɩɪɟɞɟ-

ɥɚɯ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ, ɟɫɥɢ ɩɨ n 

ɨɩɵɬɚɦ ɩɨɥɭɱɟɧɵ ɧɟɤɨɬɨɪɵɟ ɡɧɚɱɟɧɢɹ ɟɝɨ ɜɵɛɨɪɨɱɧɨɝɨ ɡɧɚɱɟɧɢɹ (ɨɰɟɧɤɢ) rxy. 

ȿɫɥɢ ɝɪɚɧɢɱɧɨɟ ɡɧɚɱɟɧɢɟ rxy ɢɦɟɟɬ ɬɨɬ ɠɟ ɡɧɚɤ, ɱɬɨ ɢ rxy*, ɬɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɜ 

ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɱɬɨ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɫɜɹɡɶ ɦɟɠɞɭ ɩɟɪɟɦɟɧɧɵɦɢ ɞɨɫɬɨ-

ɜɟɪɧɚ.  

 ɉример 4.1. ɉɪɢ ɨɛɪɚɛɨɬɤɟ n=17 ɩɚɪ ɞɚɧɧɵɯ x ɢ y ɜɵɛɨɪɨɱɧɵɣ ɤɨɷɮɮɢ-

ɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɫɨɫɬɚɜɢɥ rxy= – 0,94, ɬ.ɟ. ɜɟɥɢɱɢɧɚ y ɫɜɹɡɚɧɚ ɫ x ɞɨɫɬɚɬɨɱɧɨ 

ɫɢɥɶɧɨɣ ɩɪɢɱɢɧɧɨɣ ɫɜɹɡɶɸ, ɛɥɢɡɤɨɣ ɤ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. Ɍɪɟɛɭɟɬɫɹ 

ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɢɦɨɫɬɶ ɢ ɧɚɣɬɢ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɜɵɛɨɪɨɱɧɨɝɨ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ. 

 Ɉɩреɞеɥеɧие ɡɧɚчиɦɨɫти ɤɨɷɮɮиɰиеɧтɚ rxy
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Кɪɢɬɟɪɢɣ ɋɬɶɸɞɟɧɬɚ t0,05;15=2,13 (ɋɌɖɘȾɊАɋɉɈȻɊ (0,05;15)=2,13145).  

 ɉɨɫɤɨɥɶɤɭ t>tα;n-2, ɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɫɭɳɟɫɬɜɟɧɟɧ. 

 Ɉɩреɞеɥеɧие ɞɨверитеɥɶɧɨɝɨ иɧтервɚɥɚ. ɉɨ ɮɨɪɦɭɥɚɦ (4.22) ɢ (4.23) 

ɨɩɪɟɞɟɥɢɦ ɜɟɥɢɱɢɧɭ Z*: 

738,1
94,01

94,01
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ɢ ɟɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ:  

.267,0
317

1

Z
S * =

−
=  

 Ɂɚɞɚɞɢɦɫɹ ɜɟɪɨɹɬɧɨɫɬɶɸ ɬɨɝɨ, ɱɬɨ ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ Z ɨɬɥɢɱɚɟɬɫɹ ɨɬ 

ɜɵɱɢɫɥɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ Z* ɧɟ ɛɨɥɟɟ ɱɟɦ 

ɧɚ δZ. ɍɱɢɬɵɜɚɹ ɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Z, ɢɦɟɟɦ ɩɪɢ ɜɟɪɨɹɬɧɨɫɬɢ: 

90%:   δZ=1,64⋅SZ =1,67⋅0,267=0,438; 

95%:   δZ=1,96⋅0,267=0,523; 

99,7%:  δZ=3,00⋅0,267=0,801. 
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 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ Z ɥɟɠɢɬ ɜ ɩɪɟɞɟɥɚɯ Z1 ≤ Z ≤ Z2, ɝɞɟ ɫ 

ɜɟɪɨɹɬɧɨɫɬɶɸ, ɧɚɩɪɢɦɟɪ, 90%, Z1= -1,738-0,438= -2,176 ɢ Z2= -1,738+0,438= -

1,300. Дɥɹ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɟɪɨɹɬɧɨɫɬɟɣ ɡɧɚɱɟɧɢɹ Z1 ɢ Z2 ɫɨɫɬɚɜɹɬ: 

90%:   Z1= – 2,176, Z2= –1,300; 

95%:   Z1= – 2,261, Z2= –1,215; 

99,7%:  Z1= – 2,539, Z2= –0,937. 

 Эɬɢɦ ɡɧɚɱɟɧɢɹɦ Z1 ɢ Z2 ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ, ɩɨɥɭ-

ɱɟɧɧɵɟ ɢɡ ɮɨɪɦɭɥɵ (4.22). Чɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢ-

ɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ ɢɡ ɮɨɪɦɭɥɵ (4.22), ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɢɧɫɬɪɭɦɟɧɬɨɦ 

«ɉɨɞɛɨɪ ɩɚɪɚɦɟɬɪɚ» ɢɡ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ Microsoft Excel (ɦɟɧɸ «ɋɟɪ-

ɜɢɫ/ɉɨɞɛɨɪ ɩɚɪɚɦɟɬɪɚ…»). В ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ ɪɟɲɟɧɢɟ: 

90%:   r1= -0,97, r2= -0,86, ɬ.ɟ.  -0,97≤rxy≤-0,86; 

95%:   r1= -0,98, r2= -0,84, ɬ.ɟ.  -0,98≤rxy≤-0,84; 

99,7%:  r1= -0,99, r2= -0,73, ɬ.ɟ.  -0,99≤rxy≤-0,73. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɨɜɟɪɢɬɟɥɶɧɵɟ ɢɧɬɟɪɜɚɥɵ ɩɨɞɬɜɟɪɠɞɚɸɬ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɭɸ 

ɩɪɢɱɢɧɧɭɸ ɫɜɹɡɶ ɦɟɠɞɭ ɚɧɚɥɢɡɢɪɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ.  

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɫɜɹɡɶ ɦɟɠɞɭ ɢɫ-

ɫɥɟɞɭɟɦɵɦɢ ɫɥɭɱɚɣɧɵɦɢ ɩɟɪɟɦɟɧɧɵɦɢ ɢ ɨɰɟɧɢɜɚɟɬ ɬɟɫɧɨɬɭ ɷɬɨɣ ɫɜɹɡɢ. 

 

4.5. Ɋеɝɪеɫɫɢɨɧɧɵɣ аɧалɢɡ 

 

 ɇɢɠɟ ɢɡɥɚɝɚɸɬɫɹ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ, ɩɪɢɦɟ-

ɧɟɧɢɟ ɤɨɬɨɪɨɝɨ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ ɫɜɹɡɚɧɨ ɫ ɦɟɧɶɲɢɦ 

ɱɢɫɥɨɦ ɨɝɪɚɧɢɱɟɧɢɣ, ɱɟɦ ɩɪɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨɦ ɚɧɚɥɢɡɟ. Кɚɤ ɢ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ 

ɚɧɚɥɢɡ, ɪɟɝɪɟɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɨɫɬɪɨɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫ-

ɫɢɢ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɭɸ ɨɰɟɧɤɭ ɪɟ-

ɡɭɥɶɬɚɬɨɜ. ȿɫɥɢ ɜ ɪɟɝɪɟɫɫɢɨɧɧɨɦ ɚɧɚɥɢɡɟ ɪɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɟɞɟɬɫɹ ɬɟɦɢ 

ɠɟ ɦɟɬɨɞɚɦɢ, ɧɚɩɪɢɦɟɪ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ, ɬɨ ɟɝɨ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɩɪɟɞɩɨ-

ɫɵɥɤɢ ɬɪɟɛɭɸɬ ɞɪɭɝɢɯ ɫɩɨɫɨɛɨɜ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɪɟɡɭɥɶɬɚɬɨɜ. 

 ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢɦɟɦ ɫɥɟɞɭɸɳɢɟ ɞɨɩɭɳɟɧɢɹ:  

 1) ɜɯɨɞɧɨɣ ɩɚɪɚɦɟɬɪ x ɢɡɦɟɪɹɟɬɫɹ ɫ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨɣ ɨɲɢɛɤɨɣ. ɉɨ-

ɹɜɥɟɧɢɟ ɨɲɢɛɤɢ ɜ ɨɩɪɟɞɟɥɟɧɢɢ y ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɜ ɩɪɨɰɟɫɫɟ ɧɟ ɜɵɹɜ-
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ɥɟɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɢ ɫɥɭɱɚɣɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɧɟ ɜɨɲɟɞɲɢɯ ɜ ɭɪɚɜɧɟɧɢɟ ɪɟɝ-

ɪɟɫɫɢɢ; 

 2) ɪɟɡɭɥɶɬɚɬɵ ɧɚɛɥɸɞɟɧɢɣ y1, y2,..., yi,..., yn ɧɚɞ ɜɵɯɨɞɧɨɣ ɜɟɥɢɱɢɧɨɣ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɟɡɚɜɢɫɢɦɵɟ ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɫɥɭɱɚɣɧɵɟ ɜɟ-

ɥɢɱɢɧɵ; 

 3) ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɨɛɴɟɦɨɦ ɜɵɛɨɪɤɢ n ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ 

ɤɚɠɞɵɣ ɨɩɵɬ ɩɨɜɬɨɪɟɧ m* ɪɚɡ, ɜɵɛɨɪɨɱɧɵɟ ɞɢɫɩɟɪɫɢɢ S1
2,..., Si

2,..., Sn
2 ɞɨɥɠɧɵ 

ɛɵɬɶ ɨɞɧɨɪɨɞɧɵ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɢɡɦɟɪɟɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɜɨɡɧɢɤɚɟɬ 

ɡɚɞɚɱɚ ɫɪɚɜɧɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɷɤɫ-

ɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɦɨɠɧɨ ɫɪɚɜɧɢɜɚɬɶ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɢɯ ɞɢɫɩɟɪɫɢɢ 

ɨɞɧɨɪɨɞɧɵ. Эɬɨ ɨɡɧɚɱɚɟɬ, ɤɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ (ɫɦ. ɩ. 3.5.1 ɢ 3.5.2), ɩɪɢɧɚɞɥɟɠ-

ɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɤ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ. 

ɇɚɩɨɦɧɢɦ: ɨɞɧɨɪɨɞɧɨɫɬɶ ɞɢɫɩɟɪɫɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɫɪɟɞɢ ɫɪɚɜɧɢ-

ɜɚɟɦɵɯ ɞɢɫɩɟɪɫɢɣ ɧɟɬ ɬɚɤɢɯ, ɤɨɬɨɪɵɟ ɫ ɡɚɞɚɧɧɨɣ ɧɚɞɟɠɧɨɫɬɶɸ ɩɪɟɜɵɲɚɥɢ ɛɵ 

ɜɫɟ ɨɫɬɚɥɶɧɵɟ, ɬ.ɟ. ɛɵɥɚ ɛɵ ɛɨɥɶɲɚɹ ɨɲɢɛɤɚ. ɉɪɢ ɨɞɢɧɚɤɨɜɨɦ ɱɢɫɥɟ ɩɚɪɚɥ-

ɥɟɥɶɧɵɯ ɨɩɵɬɨɜ ɨɞɧɨɪɨɞɧɨɫɬɶ ɞɢɫɩɟɪɫɢɢ, ɤɚɤ ɦɵ ɭɠɟ ɩɨɤɚɡɚɥɢ, ɦɨɠɧɨ ɨɰɟɧɢɬɶ 

ɩɨ ɤɪɢɬɟɪɢɸ Кɨɯɪɟɧɚ, ɚ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɞɜɭɯ ɞɢɫɩɟɪɫɢɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɨɫɩɨɥɶ-

ɡɨɜɚɬɶɫɹ F-ɤɪɢɬɟɪɢɟɦ Ɏɢɲɟɪɚ (ɫɦ. ɩɪɢɦɟɪɵ 3.4–3.5). 

 ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɧɚɣɞɟɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɫɬɚ-

ɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ. Эɬɨɬ ɚɧɚɥɢɡ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ: ɩɪɨɜɟɪɹ-

ɟɬɫɹ ɡɧɚɱɢɦɨɫɬɶ ɜɫɟɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɚɞɟɤɜɚɬɧɨɫɬɶ ɭɪɚɜɧɟ-

ɧɢɹ. 
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4.5.1. ɉрɨɜерɤɚ ɚɞеɤɜɚɬɧɨɫɬи мɨɞеɥи 

 

 ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɢɯɨɞɢɬɫɹ ɮɨɪɦɚɥɢɡɨɜɚɬɶ ɫɜɹɡɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɹɜ-

ɥɟɧɢɹ (ɩɪɨɰɟɫɫɚ), ɢɡ-ɡɚ ɱɟɝɨ ɜɨɡɦɨɠɧɚ ɩɨɬɟɪɹ ɧɟɤɨɬɨɪɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɛɴ-

ɟɤɬɟ. Иɧɨɝɞɚ ɧɟɤɨɬɨɪɵɟ ɫɜɹɡɢ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ. В ɬɨ ɠɟ ɜɪɟɦɹ ɨɫɧɨɜɧɨɟ ɬɪɟɛɨ-

ɜɚɧɢɟ ɤ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɟɟ ɩɪɢɝɨɞɧɨɫɬɢ ɞɥɹ ɪɟɲɟɧɢɹ 

ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɩɪɨɰɟɫɫɭ. Ɋɟɝɪɟɫɫɢɨɧɧɭɸ ɦɨɞɟɥɶ ɧɚɡɵ-

ɜɚɸɬ ɚɞɟɤɜɚɬɧɨɣ, ɟɫɥɢ ɩɪɟɞɫɤɚɡɚɧɧɵɟ ɩɨ ɧɟɣ ɡɧɚɱɟɧɢɹ ɭ ɫɨɝɥɚɫɭɸɬɫɹ  ɫ ɪɟ-

ɡɭɥɶɬɚɬɚɦɢ ɧɚɛɥɸɞɟɧɢɣ. Ɍɚɤ, ɩɨɫɬɪɨɢɜ ɦɨɞɟɥɶ ɜ ɜɢɞɟ ɥɢɧɟɣɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 

ɪɟɝɪɟɫɫɢɢ, ɦɵ ɯɨɬɢɦ, ɜ ɱɚɫɬɧɨɫɬɢ, ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɧɢɤɚɤɢɟ ɞɪɭɝɢɟ ɦɨɞɟɥɢ ɧɟ ɞɚ-

ɞɭɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɥɭɱɲɟɧɢɹ ɜ ɨɩɢɫɚɧɢɢ ɩɪɟɞɫɤɚɡɚɧɢɹ ɡɧɚɱɟɧɢɣ ɭ. В ɨɫɧɨɜɟ 

ɩɪɨɰɟɞɭɪɵ ɩɪɨɜɟɪɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɨɞɟɥɢ ɥɟɠɚɬ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ɫɥɭɱɚɣ-

ɧɵɟ ɨɲɢɛɤɢ ɧɚɛɥɸɞɟɧɢɣ ɹɜɥɹɸɬɫɹ ɧɟɡɚɜɢɫɢɦɵɦɢ, ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵ-

ɦɢ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɫ ɧɭɥɟɜɵɦɢ ɫɪɟɞɧɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɢ ɨɞɢɧɚɤɨɜɵɦɢ 

ɞɢɫɩɟɪɫɢɹɦɢ.  

 ɋɮɨɪɦɭɥɢɪɭɟɦ ɧɭɥɶ-ɝɢɩɨɬɟɡɭ ɇ0: "ɍɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɚɞɟɤɜɚɬɧɨ".  

Аɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ ɇ1: "ɍɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɧɟɚɞɟɤɜɚɬɧɨ". 

Дɥɹ ɩɪɨɜɟɪɤɢ ɷɬɢɯ ɝɢɩɨɬɟɡ ɩɪɢɧɹɬɨ ɢɫɩɨɥɶɡɨɜɚɬɶ F-ɤɪɢɬɟɪɢɣ Ɏɢɲɟɪɚ.  

 ɉɪɢ ɷɬɨɦ ɨɛɳɭɸ ɞɢɫɩɟɪɫɢɸ (ɞɢɫɩɟɪɫɢɸ ɜɵɯɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ) Sy
2 ɫɪɚɜ-

ɧɢɜɚɸɬ ɫ ɨɫɬɚɬɨɱɧɨɣ ɞɢɫɩɟɪɫɢɟɣ  Sy ɨɫɬ
2.  

 ɇɚɩɨɦɧɢɦ, ɱɬɨ 
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 (4.24) 

ɝɞɟ l=k+1 – ɱɢɫɥɨ ɱɥɟɧɨɜ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɝɨ ɩɨɥɢɧɨɦɚ, ɚ k – ɱɢɫɥɨ ɮɚɤɬɨɪɨɜ. 

Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ (4.5) k=1, l=2. 

 В ɞɚɥɶɧɟɣɲɟɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ F-ɤɪɢɬɟɪɢɹ  
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,2

ɨɫɬ 

2

yy SSF =          (4.25) 

ɤɨɬɨɪɵɣ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɤɚɡɵɜɚɟɬ, ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ 

ɩɪɟɞɫɤɚɡɵɜɚɟɬ ɪɟɡɭɥɶɬɚɬɵ ɨɩɵɬɨɜ ɥɭɱɲɟ, ɱɟɦ ɫɪɟɞɧɟɟ .
1

1

constCy
n

y
n

i

i === ∑
=

 

 ȿɫɥɢ F>Fα;m1;m2, ɬɨ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɚɞɟɤɜɚɬɧɨ. Чɟɦ ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɟ 

F  ɩɪɟɜɵɲɚɟɬ Fα;m1;m2  ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ α ɢ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m1=n-1, 

m2=n-l, ɬɟɦ ɷɮɮɟɤɬɢɜɧɟɟ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ. 

 Ɋɚɫɫɦɨɬɪɢɦ ɬɚɤɠɟ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɜ ɤɚɠɞɨɣ i-ɣ ɬɨɱɤɟ xi ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚ-

ɞɟɠɧɨɫɬɢ ɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟ ɨɞɧɨ, ɚ m* ɩɚɪɚɥɥɟɥɶɧɵɯ ɢɡɦɟ-

ɪɟɧɢɣ (ɩɪɢɦɟɦ ɞɥɹ ɩɪɨɫɬɨɬɵ, ɱɬɨ m* ɨɞɢɧɚɤɨɜɨ ɞɥɹ ɤɚɠɞɨɝɨ ɮɚɤɬɨɪɚ). Ɍɨɝɞɚ 

ɱɢɫɥɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɜɟɥɢɱɢɧɵ ɭ ɫɨɫɬɚɜɢɬ nΣ=n⋅m*.  

 В ɷɬɨɦ ɫɥɭɱɚɟ ɨɰɟɧɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɨɞɟɥɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: 

 1) ɨɩɪɟɞɟɥɹɟɬɫɹ *
*

1

myy
m

j

iji ∑
=

=  – ɫɪɟɞɧɟɟ ɢɡ ɫɟɪɢɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɩɵɬɨɜ 

ɩɪɢ x=xi, ɝɞɟ yij – ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɭ ɩɪɢ x=xi ɜ j-ɦ ɫɥɭɱɚɟ; 

 2) ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ iy
)

 ɩɨ ɭɪɚɜɧɟɧɢɸ ɪɟɝɪɟɫɫɢɢ ɩɪɢ 

x=xi; 

 3) ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɢɫɩɟɪɫɢɹ ɚɞɟɤɜɚɬɧɨɫɬɢ  
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ɝɞɟ n – ɱɢɫɥɨ ɡɧɚɱɟɧɢɣ xi; l – ɱɢɫɥɨ ɱɥɟɧɨɜ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɝɨ ɩɨɥɢɧɨɦɚ (ɤɨ-

ɷɮɮɢɰɢɟɧɬɨɜ bi), ɞɥɹ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ l=2; 

 4) ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɛɨɪɨɱɧɚɹ ɞɢɫɩɟɪɫɢɹ Y ɩɪɢ x=xi:  
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 5) ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɢɫɩɟɪɫɢɹ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ  
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 Чɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɷɬɨɣ ɞɢɫɩɟɪɫɢɢ ɪɚɜɧɨ m=n(m*-1); 

 6) ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ 

.SSF 2

вɨɫɩ
2

аɞ=   

 7) ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɠɟ ɤɪɢɬɟɪɢɹ Fα;m1;m2,  

ɝɞɟ m1=n-l;  m2= n (m*-1);  

 8) ɟɫɥɢ F≤Fα;m1;m2, ɬɨ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɚɞɟɤɜɚɬɧɨ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ 

– ɧɟɬ. 

 

4.5.2. ɉрɨɜерɤɚ ɡɧɚчимɨɫɬи ɤɨэɮɮиɰиеɧɬɨɜ ɭрɚɜɧеɧия реɝреɫɫии 

 

 ɇɚɞɟɠɧɨɫɬɶ ɨɰɟɧɨɤ bi ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɢɯ 

ɞɨɜɟɪɢɬɟɥɶɧɵɦɢ ɢɧɬɟɪɜɚɥɚɦɢ ∆bi, ɜ ɤɨɬɨɪɵɯ ɫ ɡɚɞɚɧɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɧɚɯɨ-

ɞɢɬɫɹ ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ. 

 ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɨ ɩɨɫɬɪɨɢɬɶ ɞɨɜɟɪɢɬɟɥɶɧɵɟ ɢɧɬɟɪɜɚɥɵ ɞɥɹ ɩɚɪɚɦɟɬɪɨɜ 

ɥɢɧɟɣɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ, ɬ.ɟ. ɤɨɷɮɮɢɰɢɟɧɬɨɜ b0 ɢ b1. ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨ-

ɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ x=xi ɢɦɟɟɬɫɹ ɪɚɫɩɪɟ-

ɞɟɥɟɧɢɟ ɫɨ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɟɦ ix1b0biy +=)
 ɢ ɞɢɫɩɟɪɫɢɟɣ  Иɧɵɦɢ 

ɫɥɨɜɚɦɢ, ɞɟɥɚɟɬɫɹ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ Y ɪɚɫɩɪɟɞɟɥɟɧɚ ɧɨɪ-

ɦɚɥɶɧɨ ɩɪɢ ɤɚɠɞɨɦ ɡɧɚɱɟɧɢɢ x

.2
вɨɫɩS2

y
S

i
=

i, ɚ ɞɢɫɩɟɪɫɢɹ  ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɢɡɦɟɧɟɧɢɹ 

x ɩɨɫɬɨɹɧɧɚ:  (ɫɦ. ɪɢɫ. 4.9). 

2
y

S
i

const2
y

S
i
=

 Дɥɹ ɥɢɧɟɣɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ i-ɝɨ ɤɨɷɮɮɢ-

ɰɢɟɧɬɚ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ  ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɡɚɤɨɧɭ ɧɚɤɨɩɥɟɧɢɹ ɨɲɢ-

ɛɨɤ 

ibS
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∂
=         (4.26) 

 ɉɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ , ɩɨɥɭɱɢɦ 2
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1i
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n
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2
i

xn
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вɨɫɩS
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1
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=

⋅
=

∑∑

       (4.27ɚ) 

0bS  ɢ  ɧɚɡɵɜɚɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɬɚɧɞɚɪɬɧɨɣ ɨɲɢɛɤɨɣ ɫɜɨɛɨɞɧɨɝɨ ɱɥɟɧɚ 

ɢ ɫɬɚɧɞɚɪɬɧɨɣ ɨɲɢɛɤɨɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɝɪɟɫɫɢɢ. 

1bS

 ɉɪɨɜɟɪɤɚ ɡɧɚɱɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɤɪɢɬɟɪɢɸ ɋɬɶɸ-

ɞɟɧɬɚ. ɉɪɢ ɷɬɨɦ ɩɪɨɜɟɪɹɟɬɫɹ ɧɭɥɶ-ɝɢɩɨɬɟɡɚ ɇ0: bi=0, ɬ.ɟ. i-ɣ ɤɨɷɮɮɢɰɢɟɧɬ ɝɟɧɟ-

ɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɪɢ ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ ɡɧɚɱɢɦɨɫɬɢ α ɨɬɥɢɱɟɧ ɨɬ ɧɭɥɹ. 

 ɉɨɫɬɪɨɢɦ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝ-

ɪɟɫɫɢɢ 

,; iblni Stb ⋅=∆ −α          (4.28) 

ɝɞɟ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɜ ɤɪɢɬɟɪɢɢ ɋɬɶɸɞɟɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɨɨɬɧɨɲɟ-

ɧɢɸ n-l. ɉɨɬɟɪɹ l=k+1 ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɜɫɟ ɤɨɷɮɮɢɰɢɟɧ-

ɬɵ bi ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɱɬɨ ɫɥɟɞɭɟɬ ɢɡ ɭɪɚɜɧɟɧɢɣ (4.16) ɢ 

(4.16ɚ). 

 Ɍɨɝɞɚ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɞɥɹ ∆bi ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫ-

ɫɢɢ ɫɨɫɬɚɜɢɬ (bi-∆bi; bi+∆bi). Чɟɦ ɭɠɟ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ, ɬɟɦ ɫ ɛɨɥɶɲɟɣ 

ɭɜɟɪɟɧɧɨɫɬɶɸ ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɡɧɚɱɢɦɨɫɬɢ ɷɬɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ. 
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 ɇɟɨɛɯɨɞɢɦɨ ɜɫɟɝɞɚ ɩɨɦɧɢɬɶ ɪɚɛɨɱɟɟ ɩɪɚɜɢɥɨ: "ȿɫɥɢ ɚɛɫɨɥɸɬɧɚɹ ɜɟɥɢ-

ɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɝɪɟɫɫɢɢ ɛɨɥɶɲɟ, ɱɟɦ ɟɝɨ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ, ɬɨ 

ɷɬɨɬ ɤɨɷɮɮɢɰɢɟɧɬ ɡɧɚɱɢɦ".  

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ⏐bi⏐>⏐∆bi⏐, ɬɨ bi ɤɨɷɮɮɢɰɢɟɧɬ ɡɧɚɱɢɦ, ɜ ɩɪɨɬɢɜɧɨɦ 

ɫɥɭɱɚɟ – ɧɟɬ.  

 ɇɟɡɧɚɱɢɦɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɫɤɥɸɱɚɸɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ, ɚ ɨɫ-

ɬɚɜɲɢɟɫɹ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɫɱɢɬɵɜɚɸɬɫɹ ɡɚɧɨɜɨ, ɬɚɤ ɤɚɤ ɨɧɢ ɡɚɜɢɫɢɦɵ ɢ ɜ 

ɮɨɪɦɭɥɵ ɞɥɹ ɢɯ ɪɚɫɱɟɬɚ (4.16) ɢ (4.16ɚ) ɜɯɨɞɹɬ ɪɚɡɧɨɢɦɟɧɧɵɟ ɩɟɪɟɦɟɧɧɵɟ. 

 

4.6. Ʌɢɧеɣɧая ɦɧɨɠеɫɬвеɧɧая ɪеɝɪеɫɫɢя  

 

 ɉɪɢ ɢɡɭɱɟɧɢɢ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɪɟɝɪɟɫɫɢɢ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɝɪɚɮɢɱɟɫɤɨɣ ɢɧ-

ɬɟɪɩɪɟɬɚɰɢɢ ɦɧɨɝɨɮɚɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ 

ɬɚɤɨɣ ɫɢɬɭɚɰɢɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɡɚɩɢɫɵɜɚɟɬ ɩɨɤɚɡɚɧɢɹ ɩɪɢɛɨɪɨɜ ɨ ɫɨɫɬɨɹɧɢɢ 

ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ y ɢ ɜɫɟɯ ɮɚɤɬɨɪɨɜ xi , ɨɬ ɤɨɬɨɪɵɯ ɨɧɚ ɡɚɜɢɫɢɬ. Ɋɟɡɭɥɶɬɚɬ ɢɫ-

ɫɥɟɞɨɜɚɧɢɣ – ɷɬɨ ɦɚɬɪɢɰɚ ɧɚɛɥɸɞɟɧɢɣ.  

.

nk x ... njx ... n2x  n1x  ny 

. . . . . . . . . . . . . .  

ikx ... ijx  ... i2x   i1x   iy 

. . . . . . . . . . . . . .  

2kx ... 2jx ... 22x  21x  2y 

1kx ... 1jx ... 12x  11x  1y 

       (4.29) 

Ɂɞɟɫɶ n – ɱɢɫɥɨ ɨɩɵɬɨɜ; k – ɱɢɫɥɨ ɮɚɤɬɨɪɨɜ; xij – ɡɧɚɱɟɧɢɟ j-ɝɨ ɮɚɤɬɨɪɚ ɜ i-ɦ 

ɨɩɵɬɟ; yi – ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɞɥɹ i-ɝɨ ɨɩɵɬɚ. 

 Ɂɚɞɚɱɚ ɥɢɧɟɣɧɨɣ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɪɟɝɪɟɫɫɢɢ ɫɨɫɬɨɢɬ ɜ ɩɨɫɬɪɨɟɧɢɢ ɝɢɩɟɪ-

ɩɥɨɫɤɨɫɬɢ ɜ (k+1)-ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɨɬɤɥɨɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ yi 

ɨɬ ɤɨɬɨɪɨɣ ɛɵɥɢ ɛɵ ɦɢɧɢɦɚɥɶɧɵɦɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ 

ɤɜɚɞɪɚɬɨɜ. Иɥɢ, ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧ-

ɬɨɜ b0, ..., bj, ..., bk ɜ ɥɢɧɟɣɧɨɦ ɩɨɥɢɧɨɦɟ  

,
k

1j
jxjb0by ∑

=
+=)  
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ɦɢɧɢɦɢɡɢɪɭɸɳɢɟ ɜɵɪɚɠɟɧɢɟ 

( ) .min)]......([
jb

nk

n

i

kijji

n

i

ii xbxbxbbyyyФ →+++++−=−= ∑∑ 2
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2)
 (4.30)  

 ɉɪɨɰɟɞɭɪɚ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ b0, ..., bj, ..., bk ɜ ɩɪɢɧɰɢɩɟ ɧɟ 

ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɨɞɧɨɦɟɪɧɨɝɨ ɫɥɭɱɚɹ, ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɪɚɧɟɟ, ɢ ɩɨɷɬɨɦɭ ɡɞɟɫɶ ɧɟ 

ɩɪɢɜɨɞɢɬɫɹ. 

 Дɥɹ ɨɰɟɧɤɢ ɬɟɫɧɨɬɵ ɫɜɹɡɢ ɦɟɠɞɭ ɮɭɧɤɰɢɟɣ ɨɬɤɥɢɤɚ y
)

 ɢ ɧɟɫɤɨɥɶɤɢɦɢ 

ɮɚɤɬɨɪɚɦɢ x1, x2, ..., xj, ..., xk ɢɫɩɨɥɶɡɭɸɬ ɤɨɷɮɮɢɰɢɟɧɬ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɤɨɪɪɟɥɹ-

ɰɢɢ R, ɤɨɬɨɪɵɣ ɜɫɟɝɞɚ ɩɨɥɨɠɢɬɟɥɟɧ ɢ ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0 ɞɨ 1. Чɟɦ 

ɛɨɥɶɲɟ R, ɬɟɦ ɤɚɱɟɫɬɜɟɧɧɟɟ ɩɪɟɞɫɤɚɡɚɧɢɹ ɞɚɧɧɨɣ ɦɨɞɟɥɶɸ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɫ 

ɬɨɱɤɢ ɡɪɟɧɢɹ ɛɥɢɡɨɫɬɢ ɟɟ ɤ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ. ɉɪɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɥɢɧɟɣɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ R=1. 

 Ɋɚɫɱɟɬɵ ɨɛɵɱɧɨ ɧɚɱɢɧɚɸɬ ɫ ɜɵɱɢɫɥɟɧɢɹ ɩɚɪɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟ-

ɥɹɰɢɢ, ɩɪɢ ɷɬɨɦ ɜɵɱɢɫɥɹɸɬɫɹ ɞɜɚ ɬɢɩɚ ɩɚɪɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ: 

 1) 
j
 – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɬɟɫɧɨɬɭ ɫɜɹɡɢ ɦɟɠɞɭ ɮɭɧɤɰɢɟɣ 

ɨɬɤɥɢɤɚ 

yxr

y
)

 ɢ ɨɞɧɢɦ ɢɡ ɮɚɤɬɨɪɨɜ xj; 

 2) 
uj

 – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɩɨɤɚɡɵɜɚɸɳɢɟ ɬɟɫɧɨɬɭ ɫɜɹɡɢ ɦɟɠɞɭ ɨɞɧɢɦ ɢɡ 

ɮɚɤɬɨɪɨɜ x

xxr

j ɢ ɮɚɤɬɨɪɨɦ xu (j, u =1÷k). 

 ȿɫɥɢ ɨɞɢɧ ɢɡ ɤɨɷɮɮɢɰɢɟɧɬɨɜ  ɨɤɚɠɟɬɫɹ ɪɚɜɧɵɦ 1, ɬɨ ɷɬɨ  ɨɡɧɚɱɚ-

ɟɬ, ɱɬɨ ɮɚɤɬɨɪɵ x

ujxxr

j ɢ xu  ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ. Ɍɨɝɞɚ ɰɟɥɟɫɨɨɛ-

ɪɚɡɧɨ ɨɞɢɧ ɢɡ ɧɢɯ ɢɫɤɥɸɱɢɬɶ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ, ɩɪɢɱɟɦ ɨɫɬɚɜɥɹɸɬ ɬɨɬ ɮɚɤɬɨɪ, ɭ 

ɤɨɬɨɪɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɥɶɲɟ. 
jyxr

 ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɹ ɜɫɟɯ ɩɚɪɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ ɦɨɠɧɨ ɩɨ-

ɫɬɪɨɢɬɶ ɦɚɬɪɢɰɭ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ: 
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 1 ... r ... r  r  r 

. . . . . . . . . . . . . . . . . .  

r ...  1   ...  r  r  r 

. . . . . . . . . . . . . . . . . .  

r ... r ...    1   r  r 

r ...  r ... r     1    r 

r ...  r ...  r   r      1 

j2k1kk

j2j1jj

22122

11211

kj21

xxxx

xxxx

xxxx

xxxx

yxyxyxyx

k

k

k

k

xxxy

xxxy

xxjxy

xxjxy

       (4.31) 

 

 Ɉɞɧɚɤɨ ɩɚɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɧɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɬɟɫɧɨɬɭ 

ɫɜɹɡɢ, ɬɚɤ ɤɚɤ ɨɧɢ  ɜɵɱɢɫɥɹɸɬɫɹ ɩɪɢ ɫɥɭɱɚɣɧɨ ɢɡɦɟɧɹɸɳɢɯɫɹ ɡɧɚɱɟɧɢɹɯ ɞɪɭɝɢɯ 

ɮɚɤɬɨɪɨɜ. Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɬɪɟɯ ɢ ɛɨɥɟɟ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɥɸɛɨɣ ɩɚɪɵ ɢɡ ɷɬɢɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɦɨɝɭɬ  ɧɟ 

ɞɚɬɶ ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɫɬɟɩɟɧɢ ɫɜɹɡɢ ɦɟɠɞɭ ɜɫɟɦɢ ɫɥɭɱɚɣɧɵɦɢ ɜɟ-

ɥɢɱɢɧɚɦɢ. Эɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɧɚ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɢɫ-

ɫɥɟɞɭɟɦɨɣ ɩɚɪɵ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɢ ɞɪɭɝɢɟ ɪɚɫ-

ɫɦɚɬɪɢɜɚɟɦɵɟ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ. Эɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɞɟɥɚɟɬ ɧɟɨɛɯɨɞɢɦɵɦ 

ɜɜɟɞɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɩɚɪɨɣ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ 

ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɞɪɭɝɢɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ  ɡɚɮɢɤɫɢɪɨɜɚɧɵ. В ɷɬɨɦ 

ɫɥɭɱɚɟ ɝɨɜɨɪɹɬ ɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɦ ɚɧɚɥɢɡɟ ɱɚɫɬɧɵɯ ɫɜɹɡɟɣ. Иɫɩɨɥɶɡɭɹ ɦɚɬɪɢɰɭ 

(4.31), ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɱɚɫɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ, ɤɨɬɨɪɵɟ ɩɨɤɚɡɵ-

ɜɚɸɬ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɨɞɧɨɝɨ ɢɡ ɮɚɤɬɨɪɨɜ xj ɧɚ ɮɭɧɤɰɢɸ ɨɬɤɥɢɤɚ y
)

 ɩɪɢ ɭɫɥɨ-

ɜɢɢ, ɱɬɨ ɨɫɬɚɥɶɧɵɟ ɮɚɤɬɨɪɵ ɨɫɬɚɸɬɫɹ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɭɪɨɜɧɟ. Ɏɨɪɦɭɥɚ ɞɥɹ ɜɵ-

ɱɢɫɥɟɧɢɹ ɱɚɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ ɢɦɟɟɬ ɜɢɞ 

,jjD11Dj1Dx,...,x,...,x,yxr
kj21

⋅=       (4.32) 

ɝɞɟ D1j – ɨɩɪɟɞɟɥɢɬɟɥɶ ɦɚɬɪɢɰɵ, ɨɛɪɚɡɨɜɚɧɧɨɣ ɢɡ ɦɚɬɪɢɰɵ (4.31) ɜɵɱɟɪɤɢɜɚɧɢ-

ɟɦ 1-ɣ ɫɬɪɨɤɢ ɢ  j-ɝɨ ɫɬɨɥɛɰɚ. Ɉɩɪɟɞɟɥɢɬɟɥɢ D11 ɢ Djj ɜɵɱɢɫɥɹɸɬ ɚɧɚɥɨɝɢɱɧɨ. 

Кɚɤ ɢ ɩɚɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɱɚɫɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɢɡɦɟɧɹɸɬɫɹ 

ɨɬ -1 ɞɨ +1. 

 Ɂɧɚɱɢɦɨɫɬɶ ɢ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɱɚɫɬɧɨɣ ɤɨɪ-

ɪɟɥɹɰɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɚɤ ɠɟ, ɤɚɤ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɚɪɧɨɣ ɤɨɪɪɟɥɹɰɢɢ, 

ɬɨɥɶɤɨ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 
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m = n -k*-2,          (4.33) 

ɝɞɟ k*=k-1 – ɩɨɪɹɞɨɤ ɱɚɫɬɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɚɪɧɨɣ ɤɨɪɪɟɥɹɰɢɢ. 

Дɥɹ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɢ 

 ɢɫɩɨɥɶɡɭɸɬ ɦɚɬɪɢɰɭ (4.31): 
kj21 x,...,x,...,x,yxR

,11D/D1x,...,x,...,x,yxR
kj21

−=       (4.34) 

ɝɞɟ D – ɨɩɪɟɞɟɥɢɬɟɥɶ ɦɚɬɪɢɰɵ (4.31). 

 Ɇɧɨɠɟɫɬɜɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɞɚɟɬ ɨɰɟɧɤɭ ɬɟɫɧɨɬɵ ɫɜɹɡɢ 

ɦɟɠɞɭ  ɭ ɢ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɜɫɟɯ ɩɟɪɟɦɟɧɧɵɯ x1, x2, ..., xj, ..., xk . 

 ȿɫɥɢ ɱɢɫɥɨ ɨɩɵɬɨɜ n ɫɪɚɜɧɢɦɨ ɫ ɱɢɫɥɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ l=k+1, ɫɜɹɡɢ 

ɨɤɚɡɵɜɚɸɬɫɹ ɩɪɟɭɜɟɥɢɱɟɧɧɵɦɢ. ɉɨɷɬɨɦɭ ɫɥɟɞɭɟɬ ɢɫɤɥɸɱɢɬɶ ɫɢɫɬɟɦɚɬɢɱɟɫɤɭɸ 

ɩɨɝɪɟɲɧɨɫɬɶ, ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɤɨɬɨɪɨɣ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. ȿɫɥɢ ɪɚɡɧɨɫɬɶ 

n ɢ l ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ, ɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɢ R ɛɭɞɟɬ 

ɜɨɡɪɚɫɬɚɬɶ ɢ ɩɪɢ n-l=0 ɨɤɚɠɟɬɫɹ ɪɚɜɧɵɦ R=+1, ɚ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɩɪɟɜɪɚ-

ɬɢɬɫɹ ɜ ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɝɢɩɟɪɩɥɨɫɤɨɫɬɢ, ɤɨɬɨɪɚɹ ɩɪɨɣɞɟɬ ɱɟɪɟɡ ɜɫɟ 

n ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ. Ɉɞɧɚɤɨ ɹɫɧɨ, ɱɬɨ ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ ɩɟɪɟɦɟɧɧɵɯ 

ɩɪɨɰɟɫɫɚ ɩɪɢ ɷɬɨɦ ɧɟ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶɫɹ. В ɫɜɹɡɢ ɫ ɷɬɢɦ ɬɪɟɛɭɟɬɫɹ ɨɰɟɧɤɚ ɡɧɚ-

ɱɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɢ. 

 Ɂɧɚɱɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ 

ɤɪɢɬɟɪɢɸ ɋɬɶɸɞɟɧɬɚ: 

1,-k-n=m   ;t
S

R
t m;

R
α≥=  

ɝɞɟ RS  – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɤɨɪ-

ɪɟɥɹɰɢɢ, ɪɚɫɫɱɢɬɵɜɚɟɦɚɹ ɩɨ ɜɵɪɚɠɟɧɢɸ  

 .1kn)2R1(RS −−−=         (4.35) 

 Ɂɧɚɱɢɦɨɫɬɶ R ɦɨɠɧɨ ɩɪɨɜɟɪɢɬɶ ɬɚɤɠɟ ɩɨ ɤɪɢɬɟɪɢɸ Ɏɢɲɟɪɚ 

.
k)R1(

)1kn(R
F

2

2

−
−−

=          (4.36) 
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 ȿɫɥɢ ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ F ɩɪɟɜɵɲɚɟɬ ɬɟɨɪɟɬɢɱɟɫɤɨɟ Fα;m1;m2, ɬɨ ɝɢɩɨɬɟ-

ɡɭ ɨ ɪɚɜɟɧɫɬɜɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɧɭɥɸ ɨɬɜɟɪɝɚɸɬ ɢ 

ɫɜɹɡɶ ɫɱɢɬɚɸɬ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɨɣ. Ɍɟɨɪɟɬɢɱɟɫɤɨɟ (ɬɚɛɥɢɱɧɨɟ) ɡɧɚɱɟɧɢɟ 

ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α ɢ ɱɢɫɥɚ 

ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m1 = n-k-1 ɢ m2=k . 

 ȿɫɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɨɤɚɡɚɥɫɹ ɧɟɨɠɢɞɚɧɧɨ 

ɦɚɥɵɦ, ɯɨɬɹ ɚɩɪɢɨɪɧɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɦɟɠɞɭ ɜɵɯɨɞɨɦ y ɢ ɜɯɨɞɚɦɢ x1,...,xk ɞɨɥɠ-

ɧɚ ɫɭɳɟɫɬɜɨɜɚɬɶ ɞɨɫɬɚɬɨɱɧɨ ɬɟɫɧɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɫɜɹɡɶ, ɬɨ ɜɨɡɦɨɠɧɵɦɢ 

ɩɪɢɱɢɧɚɦɢ ɬɚɤɨɝɨ ɹɜɥɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɫɥɟɞɭɸɳɢɟ: 

 ɚ) ɪɹɞ ɫɭɳɟɫɬɜɟɧɧɵɯ ɮɚɤɬɨɪɨɜ ɧɟ ɭɱɬɟɧ, ɢ ɫɥɟɞɭɟɬ ɜɤɥɸɱɢɬɶ ɜ ɪɚɫɫɦɨɬ-

ɪɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɷɬɢ ɫɭɳɟɫɬɜɟɧɧɵɟ ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ; 

 ɛ) ɥɢɧɟɣɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɥɨɯɨ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɧɟɥɢ-

ɧɟɣɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ),...,( 1 kxxfy =)
, ɢ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɠɟ 

ɧɟɥɢɧɟɣɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɦɟɬɨɞɚɦɢ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ; 

 ɜ) ɪɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɣɨɧɟ 

ɷɤɫɬɪɟɦɭɦɚ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ – ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɥɟɞɭɟɬ ɪɚɫɲɢɪɢɬɶ ɞɢɚɩɚɡɨɧ ɢɡ-

ɦɟɧɟɧɢɹ ɜɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɚ ɬɚɤɠɟ ɩɟɪɟɣɬɢ ɤ ɧɟɥɢɧɟɣɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ.  

 

4.7. ɇелɢɧеɣɧая ɪеɝɪеɫɫɢя 

 

 Иɫɩɨɥɶɡɭɹ ɩɨɞɯɨɞɵ, ɢɡɥɨɠɟɧɧɵɟ ɪɚɧɟɟ, ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɩɪɚɤɬɢɱɟɫɤɢ 

ɥɸɛɵɟ ɮɨɪɦɵ ɧɟɥɢɧɟɣɧɨɣ ɫɜɹɡɢ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɜ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɨɱɟɧɶ 

ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɥɢɧɟɚɪɢɡɭɸɳɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 

В ɬɚɛɥ. 4.1 ɩɪɢɜɟɞɟɧɵ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɳɢɟɫɹ ɩɚɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɢ ɥɢ-

ɧɟɚɪɢɡɭɸɳɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɟɦɟɧɧɵɯ. Кɚɱɟɫɬɜɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɪɟɡɭɥɶ-

ɬɚɬɨɜ ɩɪɨɜɟɪɹɸɬ ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ '.x '1b'0by ⋅+=)   

 

Ɍɚɛɥɢɰɚ 4.1 

Ɏɭɧɤɰии и ɥиɧеɚриɡɭɸщие ɩреɨɛрɚɡɨвɚɧия 
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Ʌɢɧɟɚɪɢɡɭɸɳɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɩɟɪɟɦɟɧɧɵɯ 

Вɵɪɚɠɟɧɢɹ ɞɥɹ 
ɜɟɥɢɱɢɧ b0 ɢ b1

№ 
ɩ/ɩ 

Ɏɭɧɤɰɢɹ 

y′ x′ b0′ b1′ 
1 x/1b0by +=  y 1/x b0 b1

2 )x1b0b/(1y +=  1/y x b0 b1

3 )x1b0b/(xy +=  x/y x b0 b1

4 x
1b0by =  lg(y) x lg(b0) lg(b1) 

5 xb
e0by 1⋅=  ln(y) x ln(b0) b1

6 )xe1b0b/(1y −+=  1/y e-x b0 b1

7 1b
x0by =  lg(y) lg(x) lg(b0) b1

8 )xlg(1b0by +=  y lg(x) b0 b1

9 )x1b/(0by +=  1/y x b1/b0 1/b0

10 )x1b/(x0by +=  1/y 1/x b1/b0 1/b0

11 x/b
e0by 1=  ln(y) 1/x ln(b0) b1

12 nx1b0by +=  y xn b0 b1

 

 ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ b0′ ɢ b1′, ɬɚɤ ɠɟ ɤɚɤ ɜ ɫɥɭɱɚɟ ɥɢɧɟɣɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɞɧɨɝɨ ɮɚɤɬɨɪɚ, ɜɵɩɨɥɧɹɸɬ ɨɛɪɚɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɬ.ɟ. ɩɨ 

b0′ ɢ b1′ ɨɩɪɟɞɟɥɹɸɬ b0 ɢ b1. Аɧɚɥɨɝɢɱɧɵɣ ɩɨɞɯɨɞ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬ ɢ ɩɪɢ 

ɦɧɨɠɟɫɬɜɟɧɧɨɦ ɧɟɥɢɧɟɣɧɨɦ ɪɟɝɪɟɫɫɢɨɧɧɨɦ ɚɧɚɥɢɡɟ.  

 

Кɨɧɬɪɨлɶɧɵе вɨɩɪɨɫɵ 

1. В ɱɟɦ ɡɚɤɥɸɱɚɸɬɫɹ ɫɭɳɧɨɫɬɶ ɢ ɨɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ, ɪɟɝɪɟɫ-

ɫɢɨɧɧɨɝɨ ɢ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ? 

2. Кɚɤɢɟ ɩɨɞɯɨɞɵ ɢɫɩɨɥɶɡɭɸɬ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝ-

ɪɟɫɫɢɢ?  

3. ɋɮɨɪɦɭɥɢɪɭɣɬɟ ɢɫɯɨɞɧɵɟ ɩɨɥɨɠɟɧɢɹ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. 

4. ɋ ɩɨɦɨɳɶɸ ɤɚɤɨɝɨ ɩɚɪɚɦɟɬɪɚ ɨɰɟɧɢɜɚɟɬɫɹ ɬɟɫɧɨɬɚ ɫɜɹɡɢ ɦɟɠɞɭ ɫɥɭɱɚɣɧɵɦɢ 

ɜɟɥɢɱɢɧɚɦɢ? ɉɨɹɫɧɢɬɟ ɮɢɡɢɱɟɫɤɭɸ ɫɭɬɶ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ. 

5. Кɚɤ ɨɰɟɧɢɜɚɟɬɫɹ ɚɞɟɤɜɚɬɧɨɫɬɶ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ?  
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7. Чɬɨ ɧɚɡɵɜɚɟɬɫɹ ɦɧɨɠɟɫɬɜɟɧɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɤɨɪɪɟɥɹɰɢɢ? 

8. Кɚɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɛɥɚɞɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ? 

9. Кɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ ɡɧɚɱɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟ-

ɧɢɹ ɪɟɝɪɟɫɫɢɢ? 

10. В ɱɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɥɢɧɟɣɧɨɣ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɪɟɝɪɟɫɫɢɢ? 



 

5. ɈɐȿɇɄА ɉɈȽɊȿɒɇɈɋɌȿɃ ɊȿɁɍЛɖɌАɌɈВ  

ɇАȻЛɘȾȿɇИɃ 

 

5.1. Ɉɰеɧɤа ɩɨɝɪеɲɧɨɫɬеɣ ɨɩɪеɞелеɧɢя велɢɱɢɧ ɮуɧɤɰɢɣ 

 

 ɉɪɢ ɢɡɥɨɠɟɧɢɢ ɦɚɬɟɪɢɚɥɨɜ, ɤɚɫɚɸɳɢɯɫɹ ɨɰɟɧɤɢ ɩɨɝɪɟɲɧɨɫɬɟɣ ɪɟɡɭɥɶɬɚ-

ɬɨɜ ɧɚɛɥɸɞɟɧɢɣ, ɛɭɞɟɦ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢɞɟɪɠɢɜɚɬɶɫɹ  ɦɟɬɨɞɨɥɨɝɢɢ ɪɟɲɟɧɢɢ 

ɷɬɢɯ ɡɚɞɚɱ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ [2]. 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɝɪɟɲɧɨɫɬɢ ɜɟɥɢɱɢɧ ɮɭɧɤɰɢɣ ɩɨ ɢɡɜɟɫɬ-

ɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɯ ɚɪɝɭɦɟɧɬɨɜ (ɮɚɤɬɨɪɨɜ) ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɨɰɟɧɤɟ 

ɬɨɱɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɪɟɡɭɥɶɬɚɬɨɜ ɬɚɤ 

ɧɚɡɵɜɚɟɦɵɯ ɤɨɫɜɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ. ɉɨɞ ɤɨɫɜɟɧɧɵɦ ɢɡɦɟɪɟɧɢɟɦ ɩɨɧɢɦɚɟɬɫɹ ɬɚ-

ɤɨɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɡɧɚɱɟɧɢɟ ɢɫɤɨɦɨɣ ɜɟɥɢɱɢɧɵ y ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɢɡ-

ɜɟɫɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɟɟ ɨɬ ɞɪɭɝɢɯ ɜɟɥɢɱɢɧ ɯ1, ɯ2, ..., ɯɤ, ɢɡɦɟɪɟɧɧɵɯ ɞɪɭɝɢɦ ɫɩɨ-

ɫɨɛɨɦ, ɬ.ɟ.  

),kx ,...,ix ,...,2x ,1x(fy =)
       (5.1) 

ɝɞɟ ɯ1, ɯ2, ..., ɯi,..., ɯɤ – ɚɪɝɭɦɟɧɬɵ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. В 

ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɦ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ y ɨɛɭ-

ɫɥɨɜɥɟɧɵ ɥɢɲɶ ɧɟɬɨɱɧɨɫɬɶɸ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɟɥɢɱɢɧ ɯ1, ɯ2, ..., ɯi,..., ɯɤ, 

ɜɯɨɞɹɳɢɯ ɩɨɞ ɡɧɚɤ ɮɭɧɤɰɢɢ. 

 Ɉɛɨɡɧɚɱɢɦ ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ i-ɝɨ ɩɚɪɚɦɟɬɪɚ ɱɟɪɟɡ xi, ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 

– ɱɟɪɟɡ ix , ɚ ɚɛɫɨɥɸɬɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɟɝɨ ɢɡɦɟɪɟɧɢɹ – ɱɟɪɟɡ ∆ɯi. Ɋɚɡɥɨɠɢɦ 

ɮɭɧɤɰɢɸ f(x1, x2, ..., xk) ɜ ɪɹɞ Ɍɟɣɥɨɪɚ, ɫɨɯɪɚɧɹɹ ɱɥɟɧɵ ɫ ɧɭɥɟɜɨɣ ɢ ɩɟɪɜɵɦɢ 

ɫɬɟɩɟɧɹɦɢ ɩɨɝɪɟɲɧɨɫɬɟɣ: 

,ix

xx

k

1i ix 

)kx,...,ix,...,1x(f 
)kx,...,ix,...,1x(f)kx,...,ix,...,1x(f

ii

∆⋅
==

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂

∂
+= ∑  

ɝɞɟ ɜɫɟ ɩɪɨɢɡɜɨɞɧɵɟ 

ii xxix 

)kx,...,ix,...,1x(f 

=
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂

∂
 ɜɵɱɢɫɥɟɧɵ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ixix = . 
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 ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ∆yi – ɷɬɨ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɮɭɧɤɰɢɢ, ɨɛɭɫɥɨɜ-

ɥɟɧɧɵɟ ɩɨɝɪɟɲɧɨɫɬɶɸ i-ɝɨ ɚɪɝɭɦɟɧɬɚ xi. 

 Дɨɜɟɪɢɬɟɥɶɧɚɹ ɜɟɪɨɹɬɧɨɫɬɶ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɜɟɥɢɱɢɧɟ ∆yi, ɱɢɫɥɟɧɧɨ 

ɪɚɜɧɚ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ, ɫ ɤɨɬɨɪɨɣ ɧɚɣɞɟɧɚ ɩɨɝɪɟɲɧɨɫɬɶ ∆xi.  

 Дɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɜɦɟɫɬɨ ɫɨɨɬɧɨɲɟɧɢɹ (5.2) ɢɫɩɨɥɶɡɭɸɬ 

ɜɵɪɚɠɟɧɢɟ 

.x
x 

)fln(
x

x 

f 

f

1
i

i

i

i

*

y i
∆

∂
∂

=∆
∂
∂

=∆        (5.3) 

 ɋɨɨɬɧɨɲɟɧɢɹ (5.2) ɢ (5.3) ɩɪɢɦɟɧɢɦɵ ɞɥɹ ɪɚɫɱɟɬɚ ɤɚɤ ɫɥɭɱɚɣɧɵɯ, ɬɚɤ ɢ 

ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ. 

 Ɉɛɳɚɹ ɚɛɫɨɥɸɬɧɚɹ (∆yΣ) ɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ (∆Σ
*) ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ 

ɮɭɧɤɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɧɚɣɞɟɧɵ ɫ ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɣ  

( ) ;
k

1i

2
iyy ∑

=
∆±=Σ∆         (5.4) 

.
k

1i

2
*
yi* ∑

=
⎟
⎠
⎞⎜

⎝
⎛∆±=Σ∆         (5.5) 

 ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜɫɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɢɦɟɸɬ ɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ.  

 Чɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ, ɜɯɨɞɹɳɢɟ ɜ ɫɨɨɬɧɨɲɟɧɢɹ (5.2) ɢ (5.3), ɧɟ ɜɫɟɝɞɚ 

ɦɨɝɭɬ ɛɵɬɶ ɧɚɣɞɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢ. Чɚɫɬɨ ɧɟ ɭɞɚɟɬɫɹ ɪɚɡɪɟɲɢɬɶ ɢɫɤɨɦɭɸ ɡɚɞɚ-

ɱɭ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɤɨɦɨɣ ɜɟɥɢɱɢɧɵ y ɜ ɹɜɧɨɦ ɜɢɞɟ. В ɷɬɢɯ ɫɥɭɱɚɹɯ ɩɨɥɟɡɧɨ ɢɫ-

ɩɨɥɶɡɨɜɚɬɶ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ.  
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 ɉример 5.1. Ɋɚɫɫɦɨɬɪɢɦ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ 

ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɫɬɚɧɞɚɪɬɧɵɦ ɫɭɠɚɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ. ɉɪɢ ɷɬɨɦ ɛɭɞɟɦ ɫɱɢɬɚɬɶ, 

ɱɬɨ ɫɥɭɱɚɣɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɨɝɪɟɲɧɨɫɬɢ ɨɬɫɭɬɫɬɜɭɟɬ, ɚ ɩɨɩɪɚɜɤɚ ɧɚ ɫɠɢɦɚɟ-

ɦɨɫɬɶ ɩɨɬɨɤɚ ɪɚɜɧɚ ɟɞɢɧɢɰɟ.  

 Ɍɨɝɞɚ ɫ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɜɟɳɟɫɬ-

ɜɚ 

,2)(2 0210 hFppFG ρεαρεα =−=       (5.6) 

ɝɞɟ F0 – ɩɥɨɳɚɞɶ ɫɭɠɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ; ε – ɩɨɩɪɚɜɨɱɧɵɣ ɦɧɨɠɢɬɟɥɶ ɧɚ ɫɠɢ-

ɦɚɟɦɨɫɬɶ ɜɟɳɟɫɬɜɚ, ɪɚɫɯɨɞ ɤɨɬɨɪɨɝɨ ɢɡɦɟɪɹɟɬɫɹ (ε =1); ρ – ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ 

ɩɟɪɟɞ ɫɭɠɚɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ; h – ɩɟɪɟɩɚɞ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɫɭɠɚɸ-

ɳɟɦ ɭɫɬɪɨɣɫɬɜɟ, α - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ. 

 Иɫɩɨɥɶɡɭɹ ɫɨɨɬɧɨɲɟɧɢɹ (5.2) ɢ (5.4), ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɮɨɪɦɭɥɵ ɞɥɹ 

ɪɚɫɱɟɬɚ ɚɛɫɨɥɸɬɧɨɣ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɯɨɞɚ: 
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 ɍɱɬɟɦ ɞɚɥɟɟ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɨɜ. В ɫɨɨɬɜɟɬɫɬ-

ɜɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ ρ=p/RT, ɝɞɟ p ɢ T – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɚɛɫɨɥɸɬ-

ɧɨɟ ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɩɟɪɟɞ ɫɭɠɚɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ, R – ɭɧɢɜɟɪ-

ɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ. Аɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ 

ɩɨɬɨɤɚ ɛɟɡ ɭɱɟɬɚ ɩɨɝɪɟɲɧɨɫɬɢ ɝɚɡɨɜɨɣ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɢɬ  
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ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ  

.
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T
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 Ɍɨɝɞɚ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɨ-

ɜɨɝɨ ɩɨɬɨɤɚ ɛɭɞɟɬ 
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 Ɂɞɟɫɶ p, T, h – ɡɧɚɱɟɧɢɹ ɢɡɦɟɪɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ; ∆p, ∆T, ∆h – ɢɯ ɚɛɫɨ-

ɥɸɬɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ. Чɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ∆p, ∆T, ∆h ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ 

ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɢ ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ ɫ ɭɱɟɬɨɦ ɤɥɚɫɫɚ ɬɨɱ-

ɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢɛɨɪɨɜ ɞɥɹ ɢɡɦɟɪɟɧɢɹ p ɢ h. ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ T 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɢɞɚ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɬɟɦɩɟɪɚɬɭɪɵ. 

 Аɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɨɜɨɝɨ ɩɨɬɨ-

ɤɚ 

,*
GGG ∆=∆          (5.12) 

ɝɞɟ G – ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɚ, ɢɡɦɟɪɟɧɧɨɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫ-

ɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɚ ɛɭɞɟɬ ɪɚɜɧɨ 

.GGGɢсɬ ∆±= ,         (5.13) 

 

5.2. Ɉɛɪаɬɧая ɡаɞаɱа ɬеɨɪɢɢ ɷɤɫɩеɪɢɦеɧɬалɶɧɵɯ ɩɨɝɪеɲɧɨɫɬеɣ 

 

 ɐɟɥɶɸ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜɟɥɢɱɢɧ-

ɚɪɝɭɦɟɧɬɨɜ, ɟɫɥɢ ɢɡɜɟɫɬɧɵ ɩɨɝɪɟɲɧɨɫɬɢ ɮɭɧɤɰɢɣ ɢ ɜɢɞ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢ-

ɫɢɦɨɫɬɢ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɪɟɲɟɧɢɢ ɬɚɤɢɯ ɡɚɞɚɱ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɜɵɛɨɪɟ ɬɨɝɨ ɢɥɢ 

ɢɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɢɥɢ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɢɫɤɨɦɨɣ 

ɜɟɥɢɱɢɧɵ, ɩɨɡɜɨɥɹɸɳɢɯ ɧɚɣɬɢ ɡɧɚɱɟɧɢɟ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨ-

ɝɪɟɲɧɨɫɬɶɸ. 
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 Ɉɛɪɚɬɧɚɹ ɡɚɞɚɱɚ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɹɜɥɹɟɬɫɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ, ɩɨɫɤɨɥɶɤɭ 

ɢɦɟɟɬɫɹ ɨɞɧɨ ɭɪɚɜɧɟɧɢɟ ɫ k ɧɟɢɡɜɟɫɬɧɵɦɢ. Иɧɚɱɟ ɝɨɜɨɪɹ, ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɭɫɥɨ-

ɜɢɸ ɡɚɞɚɱɢ ɦɨɠɧɨ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɤɨɦɛɢɧɚɰɢɹɯ ɡɧɚɱɟɧɢɣ ɩɨɝɪɟɲɧɨɫɬɟɣ ɚɪɝɭ-

ɦɟɧɬɨɜ.[2].  

 Ɉɱɟɧɶ ɱɚɫɬɨ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɪɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɨɤɚɡɵɜɚɟɬɫɹ 

ɜɨɡɦɨɠɧɵɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ ɩɪɢɧɰɢɩɚ ɪɚɜɧɵɯ ɜɥɢɹɧɢɣ. Ɉɧ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɧɚɤɥɚɞɵɜɚɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ 

ɬɪɟɛɨɜɚɧɢɟ, ɱɬɨɛɵ ɜɫɟ ɱɥɟɧɵ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɜɵɪɚɠɟɧɢɣ (5.4) ɢ (5.5) ɨɤɚɡɵɜɚɥɢ 

ɨɞɢɧɚɤɨɜɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɨɝɪɟɲɧɨɫɬɢ ɮɭɧɤɰɢɢ.  

 ɉɪɢɦɟɧɹɹ ɩɪɢɧɰɢɩ ɪɚɜɧɵɯ ɜɥɢɹɧɢɣ ɤ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɮɭɧɤ-

ɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɫɨɨɬɧɨɲɟɧɢɟɦ (5.5), ɩɨɥɭɱɢɦ  [2] 
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 ɋ ɭɱɟɬɨɦ (5.3) ɥɟɝɤɨ ɩɨɥɭɱɢɬɶ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɛɫɨɥɸɬɧɵɯ 

∆xi ɢ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ∆xi
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 В ɞɚɥɶɧɟɣɲɟɦ ɦɨɝɭɬ ɢɦɟɬɶ ɦɟɫɬɨ ɬɪɢ ɜɨɡɦɨɠɧɵɯ ɫɥɭɱɚɹ:  

− ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜɫɟɯ ɚɪɝɭɦɟɧɬɨɜ ɬɚɤɨɜɵ, ɱɬɨ ɥɟɠɚɬ ɜ ɩɪɟɞɟɥɚɯ ɬɨɱ-

ɧɨɫɬɢ, ɞɨɫɬɭɩɧɨɣ ɩɪɢ ɢɡɦɟɪɟɧɢɹɯ ɫ ɩɨɦɨɳɶɸ ɢɦɟɸɳɢɯɫɹ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟ-

ɧɢɣ; 

− ɡɧɚɱɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɧɚɫɬɨɥɶɤɨ ɦɚɥɵ, ɱɬɨ ɨɛɟɫɩɟɱɢɬɶ ɫɨɨɬɜɟɬ-

ɫɬɜɭɸɳɭɸ ɬɨɱɧɨɫɬɶ ɫ ɩɨɦɨɳɶɸ ɢɦɟɸɳɢɯɫɹ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɣ ɧɟ ɩɪɟɞɫɬɚɜ-

ɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ;  
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− ɡɧɚɱɟɧɢɹ ɜɫɟɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɦɚɥɵ, ɢ ɨɛɟɫɩɟɱɢɬɶ ɬɚɤɭɸ ɬɨɱɧɨɫɬɶ ɧɟɜɨɡɦɨɠ-

ɧɨ. 

 В ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɪɨɛɥɟɦ ɧɟ ɜɨɡɧɢɤɚɟɬ ɢ ɩɨɫɬɚɜɥɟɧɧɚɹ ɡɚɞɚɱɚ ɢɦɟɟɬ 

ɪɟɲɟɧɢɟ. Вɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɩɪɟɠɞɟ ɜɫɟɝɨ ɫɥɟɞɭɟɬ ɩɨɩɵɬɚɬɶɫɹ ɪɟɲɢɬɶ ɡɚɞɚɱɭ 

ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɬɟɯ ɚɪɝɭɦɟɧɬɨɜ, ɭ ɤɨɬɨɪɵɯ ɨɤɚɡɚɥɨɫɶ ɧɟɜɨɡɦɨɠ-

ɧɵɦ ɨɛɟɫɩɟɱɢɬɶ ɬɪɟɛɭɟɦɭɸ ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɩɪɢ ɨɞɧɨɜɪɟ-

ɦɟɧɧɨɦ ɭɦɟɧɶɲɟɧɢɢ ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɫɬɚɥɶɧɵɯ ɚɪɝɭɦɟɧɬɨɜ.  

 ȿɫɥɢ ɷɬɨɬ ɩɭɬɶ ɧɟ ɞɚɟɬ ɩɪɢɟɦɥɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɬɨ ɨɫɬɚɟɬɫɹ ɨɞɢɧ ɜɵ-

ɯɨɞ, ɫɜɹɡɚɧɧɵɣ ɫ ɩɨɢɫɤɨɦ ɞɪɭɝɨɝɨ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ x. Эɬɨɬ ɜɵɯɨɞ 

ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɨ ɜɨɡɦɨɠɧɵɦ ɢ ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ 

ɜɫɟɯ ɚɪɝɭɦɟɧɬɨɜ ɧɚɫɬɨɥɶɤɨ ɦɚɥɵ, ɱɬɨ ɨɛɟɫɩɟɱɢɬɶ ɬɪɟɛɭɟɦɭɸ ɢɯ ɬɨɱɧɨɫɬɶ ɫ ɩɨ-

ɦɨɳɶɸ ɢɦɟɸɳɢɯɫɹ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɣ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. ɉɪɢ ɜɵ-

ɛɨɪɟ ɞɪɭɝɨɝɨ ɦɟɬɨɞɚ ɢɡɦɟɪɟɧɢɣ ɦɟɧɹɟɬɫɹ ɜɢɞ ɮɭɧɤɰɢɢ y
)

=f(X), ɚ ɫɥɟɞɨɜɚɬɟɥɶ-

ɧɨ, ɦɟɧɹɸɬɫɹ ɚɪɝɭɦɟɧɬɵ ɢ ɡɧɚɱɟɧɢɹ ɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ. 

 ɉример 5.2. ɉɭɫɬɶ ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɨɛɴɟɦ ɰɢɥɢɧɞɪɚ ɞɢɚɦɟɬɪɨɦ 

d=20 ɦɦ ɢ ɜɵɫɨɬɨɣ h=50 ɦɦ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ∆V
*=0,01. ɇɚɣɞɟɦ 

ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɜɟɥɢɱɢɧ d ɢ h, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɬɨɦɭ ɠɟ ɡɧɚɱɟɧɢɸ 

ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ, ɩɪɢ ɤɨɬɨɪɵɯ ɢɫɯɨɞɧɚɹ ɡɚɞɚɱɚ ɛɭɞɟɬ ɪɚɡɪɟɲɟɧɚ. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɨɛɴɟɦ ɰɢɥɢɧɞɪɚ 
4

h2d
V

π
=  ɢ ɩɪɢɧɹɜ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɨɪ-

ɦɚɥɶɧɵɦ, ɫ ɩɨɦɨɳɶɸ ɫɨɨɬɧɨɲɟɧɢɹ (5.16) ɧɚɣɞɟɦ  
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5.3.Ɉɩɪеɞелеɧɢе ɧаɢвɵɝɨɞɧеɣɲɢɯ уɫлɨвɢɣ ɷɤɫɩеɪɢɦеɧɬа  

 ɉɨɞ ɧɚɢɜɵɝɨɞɧɟɣɲɢɦɢ ɭɫɥɨɜɢɹɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɧɢɦɚɸɬɫɹ ɬɚɤɢɟ, ɞɥɹ 

ɤɨɬɨɪɵɯ ɩɨɝɪɟɲɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ 

ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ ɢɦɟɟɬ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ. 
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 5. ɈɐЕɇɄА ɉɈȽɊЕɒɇɈɋɌЕɃ ɊЕɁɍЛɖɌАɌɈВ ɇАȻЛɘȾЕɇИɃ 

 Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɩɭɬɟɦ ɨɬɵɫɤɚɧɢɹ ɦɢ-

ɧɢɦɭɦɚ ɮɭɧɤɰɢɢ (5.5)[2]. 

 ɍɫɥɨɜɢɹ ɷɤɫɬɪɟɦɭɦɚ ɩɨɝɪɟɲɧɨɫɬɢ ∆Σ
* ɢɦɟɸɬ ɜɢɞ 
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 Ɋɚɫɤɪɵɜɚɹ ɜɟɥɢɱɢɧɭ ∆Σ
* ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɹɦɢ (5.3) ɢ (5.5), ɫɢɫ-

ɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (5.18) ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɮɨɪɦɟ  
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   (5.19) 

 ɋɢɫɬɟɦɚ (5.19) ɫɨɫɬɨɢɬ ɢɡ n ɭɪɚɜɧɟɧɢɣ ɢ ɫɨɞɟɪɠɢɬ n ɧɟɢɡɜɟɫɬɧɵɯ. ȿɫɥɢ 

ɪɟɲɟɧɢɟ ɷɬɨɣ ɫɢɫɬɟɦɵ ɫɭɳɟɫɬɜɭɟɬ, ɬɨ ɦɨɠɧɨ ɧɚɣɬɢ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɥɢ-

ɱɢɧ x1, x2, ..., xn, ɩɪɢ ɤɨɬɨɪɵɯ ɩɨɝɪɟɲɧɨɫɬɶ ∆Σ
* ɩɪɢɧɢɦɚɟɬ ɷɤɫɬɪɟɦɚɥɶɧɨɟ ɡɧɚɱɟ-

ɧɢɟ.  

 Дɚɥɶɧɟɣɲɢɣ ɚɧɚɥɢɡ ɧɚɩɪɚɜɥɟɧ ɧɚ ɩɨɥɭɱɟɧɢɟ ɨɬɜɟɬɚ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɢ 

ɧɚɣɞɟɧɧɵɣ ɷɤɫɬɪɟɦɭɦ ɦɢɧɢɦɭɦɭ ɜɟɥɢɱɢɧɵ ∆Σ
*. ɋ ɷɬɨɣ ɰɟɥɶɸ ɜɵɱɢɫɥɹɸɬɫɹ ɡɧɚ-

ɱɟɧɢɹ ɜɬɨɪɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 
2

ix 

*2

∂
Σ∆∂

 ɩɪɢ ɧɚɣɞɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɟɪɟɦɟɧɧɵɯ xi. 

 ȿɫɥɢ ɜɬɨɪɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɨɤɚɠɭɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ, ɬɨ ɷɬɨ ɫɨɨɬɜɟɬɫɬ-

ɜɭɟɬ ɦɢɧɢɦɭɦɭ ɜɟɥɢɱɢɧɵ ∆Σ
*. 
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 5. ɈɐЕɇɄА ɉɈȽɊЕɒɇɈɋɌЕɃ ɊЕɁɍЛɖɌАɌɈВ ɇАȻЛɘȾЕɇИɃ 

 

Кɨɧɬɪɨлɶɧɵе вɨɩɪɨɫɵ 

 

1. Чɬɨ ɬɚɤɨɟ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧ ɮɭɧɤɰɢɣ?  

2. ɋ ɤɚɤɨɣ ɰɟɥɶɸ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨɝɪɟɲɧɨɫɬɶ? 

3. Кɚɤɢɟ ɜɢɞɵ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜɵ ɡɧɚɟɬɟ? Кɚɤ ɨɧɢ ɨɩɪɟɞɟɥɹɸɬɫɹ? 

4. В ɱɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɰɟɥɶ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɬɟɨɪɢɢ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ? 

5. Чɬɨ ɩɨɧɢɦɚɸɬ ɩɨɞ ɜɵɪɚɠɟɧɢɟɦ «ɧɚɢɜɵɝɨɞɧɟɣɲɢɟ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚ»?  

6. Кɚɤɨɜɚ ɨɫɧɨɜɧɚɹ ɢɞɟɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨɢɫɤɚ ɧɚɢɜɵ-

ɝɨɞɧɟɣɲɢɯ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ?  
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6. ɆȿɌɈȾɕ ɉЛАɇИɊɈВАɇИə ɗɄɋɉȿɊИɆȿɇɌɈВ.  
ЛɈȽИɑȿɋɄИȿ ɈɋɇɈВɕ 

6.1. Ɉɫɧɨвɧɵе ɨɩɪеɞелеɧɢя ɢ ɩɨɧяɬɢя 

 

 Ɋɚɧɟɟ ɦɵ ɪɚɫɫɦɚɬɪɢɜɚɥɢ ɩɚɫɫɢɜɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ, ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɫɬɚ-

ɬɢɫɬɢɤɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧ-

ɧɵɯ. ɇɚ ɫɬɚɞɢɢ ɩɨɫɬɚɧɨɜɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɧɚ ɧɟ ɩɪɢɦɟɧɹɥɚɫɶ. ɉɪɢ ɚɤɬɢɜɧɨɦ ɠɟ 

ɷɤɫɩɟɪɢɦɟɧɬɟ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɫɬɚɬɢɫɬɢɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɠɟ ɧɚ ɫɬɚɞɢɢ ɩɨɫɬɚ-

ɧɨɜɤɢ ɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

 ɉɚɫɫɢɜɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɧɚɤɨɩɥɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ “ɜ 

ɪɟɠɢɦɟ ɧɨɪɦɚɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ", ɧɨ ɷɬɨ ɬɪɟɛɭɟɬ ɦɧɨɝɨ ɜɪɟɦɟɧɢ ɢ ɡɚɬɪɚɬ. ɉɨ-

ɷɬɨɦɭ ɩɪɟɞɥɚɝɚɟɬɫɹ "ɧɟ ɠɞɚɬɶ ɦɢɥɨɫɬɟɣ ɨɬ ɩɪɢɪɨɞɵ", ɚ ɚɤɬɢɜɧɨ ɜɦɟɲɢɜɚɬɶɫɹ ɜ 

ɯɨɞ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ: «ɪɚɡɛɚɥɬɵɜɚɬɶ» («ɩɨɤɚɱɢɜɚɬɶ») ɟɝɨ ɬɢɯɨɧɶɤɨ, 

ɧɨ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨ, ɢ ɛɵɫɬɪɨ ɧɚɤɚɩɥɢɜɚɬɶ ɩɪɢ ɷɬɨɦ ɢɧɮɨɪɦɚɰɢɸ. ɉɪɨɝɪɚɦɦɚ 

ɩɨɤɚɱɢɜɚɧɢɹ ɤɚɤ ɪɚɡ ɢ ɡɚɞɚɟɬɫɹ ɩɥɚɧɨɦ. ɋɚɦ ɦɟɬɨɞ ɩɥɚɧɢɪɨɜɚɧɢɹ ɦɨɠɟɬ ɢɡɦɟ-

ɧɹɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɡɚɞɚɱɢ, ɧɨ ɩɪɢɧɰɢɩ ɩɨɤɚɱɢɜɚɧɢɹ ɨɫɬɚɟɬɫɹ. 

 Ɍɟɨɪɢɹ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚɱɚɥɚɫɶ ɫ ɪɚɛɨɬ ɡɧɚɦɟɧɢɬɨɝɨ ɚɧɝ-

ɥɢɣɫɤɨɝɨ ɭɱɟɧɨɝɨ Ɋ.Ɏɢɲɟɪɚ ɜ 30-ɯ ɝɨɞɚɯ XX ɫɬɨɥɟɬɢɹ,  ɢɫɩɨɥɶɡɨɜɚɜɲɟɝɨ ɟɟ ɞɥɹ 

ɪɟɲɟɧɢɹ ɚɝɪɨɛɢɨɥɨɝɢɱɟɫɤɢɯ ɡɚɞɚɱ. В ɞɚɥɶɧɟɣɲɟɦ ɷɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɛɵɥɨ ɪɚɡ-

ɜɢɬɨ ɜ ɩɹɬɢɞɟɫɹɬɵɯ ɝɨɞɚɯ ɜ ɋɒА Дɠ.Ȼɨɤɫɨɦ ɢ ɟɝɨ ɫɨɬɪɭɞɧɢɤɚɦɢ. Ɉɬɟɱɟɫɬɜɟɧ-

ɧɵɟ ɭɱɟɧɵɟ ɬɚɤɠɟ ɜɧɟɫɥɢ ɛɨɥɶɲɨɣ ɜɤɥɚɞ ɜ ɪɚɡɜɢɬɢɟ ɬɟɨɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ, 

ɩɪɟɞɥɨɠɢɜ ɪɹɞ ɧɨɜɵɯ ɦɟɬɨɞɨɜ, ɚ ɢɧɠɟɧɟɪɵ-ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɜɫɟ ɲɢɪɟ ɩɪɢɦɟɧɹ-

ɸɬ ɷɬɢ ɦɟɬɨɞɵ ɧɚ ɩɪɚɤɬɢɤɟ. 

 ɉɨɞ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɬɟɨɪɢɟɣ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɭɞɟɦ ɩɨɧɢ-

ɦɚɬɶ ɧɚɭɤɭ ɨ ɫɩɨɫɨɛɚɯ ɫɨɫɬɚɜɥɟɧɢɹ ɷɤɨɧɨɦɢɱɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɩɥɚɧɨɜ, 

ɤɨɬɨɪɵɟ  ɩɨɡɜɨɥɹɸɬ ɢɡɜɥɟɤɚɬɶ ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɛɴɟɤɬɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨ ɫɩɨɫɨɛɚɯ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɨ ɫɩɨɫɨɛɚɯ ɨɛɪɚɛɨɬɤɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬ-

ɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɚ ɬɚɤɠɟ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɨɜ. 

 

 

 157



 6. ɆЕɌɈȾɕ ɉЛАɇИɊɈВАɇИə ɗɄɋɉЕɊИɆЕɇɌɈВ. ЛɈȽИɑЕɋɄИЕ ɈɋɇɈВɕ 

 ɉɪɢɧɹɬɚɹ ɬɟɪɦɢɧɨɥɨɝɢɹ — ɷɬɨ ɥɢɛɨ ɩɟɪɟɜɨɞ ɬɟɪɦɢɧɨɜ ɫ ɚɧɝɥɢɣɫɤɨɝɨ, ɥɢ-

ɛɨ ɩɪɨɫɬɨ ɢɯ ɩɟɪɟɧɨɫ ɜ ɨɪɢɝɢɧɚɥɟ, ɢ ɷɬɨ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ ɩɪɢ ɱɬɟɧɢɢ 

ɥɢɬɟɪɚɬɭɪɵ ɩɨ ɬɟɨɪɢɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

 Иɫɬɢɧɧɵɣ ɜɢɞ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ y=f(x1, ..., xi, ..., xk) ɞɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɱɚɳɟ 

ɜɫɟɝɨ ɧɟɢɡɜɟɫɬɟɧ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ-

ɤɥɢɤɚ ɢɫɩɨɥɶɡɭɸɬ ɭɪɚɜɧɟɧɢɟ  
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ɝɞɟ xi, xu – ɩɟɪɟɦɟɧɧɵɟ ɮɚɤɬɨɪɵ ɩɪɢ i=1, ..., k; u=1, ..., k; i≠u; 
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∂β  – ɤɨɷɮɮɢɰɢɟɧɬɵ. 

 Эɬɨ ɭɪɚɜɧɟɧɢɟ ɹɜɥɹɟɬɫɹ ɪɚɡɥɨɠɟɧɢɟɦ ɜ ɪɹɞ Ɍɟɣɥɨɪɚ ɧɟɢɡɜɟɫɬɧɨɣ ɮɭɧɤ-

ɰɢɢ ɨɬɤɥɢɤɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ ɫ xi=xi0. 

 ɇɚ ɩɪɚɤɬɢɤɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɛɪɚɛɨɬɤɚ ɞɚɧ-

ɧɵɯ ɩɨ ɦɟɬɨɞɭ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. Эɬɨɬ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɨɰɟɧɤɭ b 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ β, ɢ ɞɚɧɧɵɣ ɩɨɥɢɧɨɦ ɡɚɦɟɧɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɜɢɞɚ  
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ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɦɨɞɟɥɶɸ (ɦɨɞɟɥɶɸ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ). 

В ɷɬɨɦ ɜɵɪɚɠɟɧɢɢ y
)

 ɨɡɧɚɱɚɟɬ ɦɨɞɟɥɶɧɨɟ, ɬ.ɟ. ɪɚɫɫɱɢɬɵɜɚɟɦɨɟ ɩɨ ɭɪɚɜɧɟɧɢɸ 

ɦɨɞɟɥɢ, ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɚ. Кɨɷɮɮɢɰɢɟɧɬɵ ɪɟɝɪɟɫɫɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɨ ɢ ɫɥɭɠɚɬ ɞɥɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, 

ɬ.ɟ.  

 .  ,  ,  ,00 iiiiiuiuii bbbb ββββ →→→→  

 В ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɦɨɞɟɥɢ ɱɥɟɧɵ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ xixu, xi
2 ɯɚɪɚɤɬɟɪɢɡɭɸɬ 

ɤɪɢɜɢɡɧɭ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɤɥɢɤɚ. Чɟɦ ɛɨɥɶɲɟ ɤɪɢɜɢɡɧɚ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɬɟɦ 

ɛɨɥɶɲɟ ɜ ɦɨɞɟɥɢ ɪɟɝɪɟɫɫɢɢ ɱɥɟɧɨɜ ɜɵɫɲɟɣ ɫɬɟɩɟɧɢ. ɇɚ ɩɪɚɤɬɢɤɟ ɱɚɳɟ ɜɫɟɝɨ 

ɫɬɪɟɦɹɬɫɹ ɨɝɪɚɧɢɱɢɬɶɫɹ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɶɸ. 

 ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɚɤɬɢɜɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 
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 1) ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɫɯɟɦɚ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɬ.ɟ. ɜɵɩɨɥɧɹɟɬɫɹ 

ɩɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɨɛɵɱɧɨ ɬɪɟɛɭ-

ɟɬɫɹ ɫ ɧɚɢɦɟɧɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ ɢ ɫ ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɶɸ ɥɢɛɨ  ɩɨɫɬɪɨɢɬɶ 

ɪɟɝɪɟɫɫɢɨɧɧɭɸ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ, ɥɢɛɨ  ɨɩɪɟɞɟɥɢɬɶ ɟɝɨ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ;  

 2) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɟɚɥɢɡɚɰɢɹ ɨɩɵɬɚ ɩɨ ɡɚɪɚɧɟɟ ɫɨɫɬɚɜɥɟɧɧɨɦɭ ɢɫɫɥɟ-

ɞɨɜɚɬɟɥɟɦ ɩɥɚɧɭ, ɬ.ɟ. ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɚɦ ɚɤɬɢɜɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ; 

 3) ɜɵɩɨɥɧɹɟɬɫɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ, ɢɯ ɚɧɚɥɢɡ ɢ ɩɪɢɧɹɬɢɟ 

ɪɟɲɟɧɢɣ.  

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ – ɷɬɨ ɩɪɨɰɟɞɭɪɚ ɜɵɛɨɪɚ ɭɫ-

ɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ, ɢɯ ɤɨɥɢɱɟɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɵɯ ɢ ɞɨɫɬɚɬɨɱɧɵɯ ɞɥɹ ɪɟ-

ɲɟɧɢɹ ɡɚɞɚɱ ɫ ɩɨɫɬɚɜɥɟɧɧɨɣ ɬɨɱɧɨɫɬɶɸ. 

 Иɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɨɪɢɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ: 

 1) ɦɢɧɢɦɢɡɚɰɢɸ, ɬ.ɟ. ɩɪɟɞɟɥɶɧɨɟ ɫɨɤɪɚɳɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɝɨ ɱɢɫɥɚ ɨɩɵ-

ɬɨɜ; 

 2) ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɜɚɪɶɢɪɨɜɚɧɢɟ ɜɫɟɯ ɮɚɤɬɨɪɨɜ; 

 3) ɜɵɛɨɪ ɱɟɬɤɨɣ ɫɬɪɚɬɟɝɢɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɧɢɦɚɬɶ ɨɛɨɫɧɨɜɚɧɧɵɟ ɪɟ-

ɲɟɧɢɹ ɩɨɫɥɟ ɤɚɠɞɨɣ ɫɟɪɢɢ ɨɩɵɬɨɜ; 

 4) ɦɢɧɢɦɢɡɚɰɢɸ ɨɲɢɛɨɤ ɷɤɫɩɟɪɢɦɟɧɬɚ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɢɚɥɶ-

ɧɵɯ ɩɪɨɜɟɪɨɤ. 

 Дɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɧɟɤɨɬɨɪɵɯ ɢɡ ɷɬɢɯ ɩɨɥɨɠɟɧɢɣ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɬɚɜɲɢɦ 

ɭɠɟ ɤɥɚɫɫɢɱɟɫɤɢɦ ɩɪɢɦɟɪɨɦ ɢɡ ɤɧɢɝɢ В.В.ɇɚɥɢɦɨɜɚ, Ɍ.И.Ƚɨɥɢɤɨɜɨɣ [7].  

6.2. ɉɪɢɦеɪ ɯɨɪɨɲеɝɨ ɢ ɩлɨɯɨɝɨ ɷɤɫɩеɪɢɦеɧɬа  

 

 Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ – ɜɡɜɟɲɢɜɚɧɢɟ ɬɪɟɯ ɨɛɴɟɤɬɨɜ A, B, C ɧɚ ɚɧɚɥɢɬɢɱɟ-

ɫɤɢɯ ɜɟɫɚɯ. ɉɟɪɜɵɣ – ɬɪɚɞɢɰɢɨɧɧɵɣ – ɩɨɞɯɨɞ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-

ɧɨɟ ɜɡɜɟɲɢɜɚɧɢɟ ɤɚɠɞɨɝɨ ɢɡ ɨɛɪɚɡɰɨɜ. Иɫɫɥɟɞɨɜɚɬɟɥɶ ɜɧɚɱɚɥɟ ɞɟɥɚɟɬ ɯɨɥɨ-

ɫɬɨɟ ɜɡɜɟɲɢɜɚɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɭɥɟɜɨɣ ɬɨɱɤɢ ɜɟɫɨɜ, ɚ ɡɚɬɟɦ ɩɨ ɨɱɟɪɟɞɢ 

ɜɡɜɟɲɢɜɚɟɬ ɤɚɠɞɵɣ ɢɡ ɨɛɪɚɡɰɨɜ. Эɬɨ ɩɪɢɦɟɪ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɨɞɧɨɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɬ.ɟ. ɡɞɟɫɶ ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɢɡɭɱɚɟɬ ɪɟɚɤɰɢɸ ɧɚ 
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ɩɨɜɟɞɟɧɢɟ ɤɚɠɞɨɝɨ ɢɡ ɮɚɤɬɨɪɨɜ ɜ ɨɬɞɟɥɶɧɨɫɬɢ. Ɍɪɚɞɢɰɢɨɧɧɚɹ ɫɯɟɦɚ ɜɡɜɟɲɢɜɚ-

ɧɢɹ ɬɪɟɯ ɨɛɴɟɤɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥ. 6.1. 

Ɇɚɫɫɚ ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ ɨɰɟɧɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɞɜɭɯ ɨɩɵɬɨɜ: 

ɬɨɝɨ ɨɩɵɬɚ, ɜ ɤɨɬɨɪɨɦ ɧɚ ɜɟɫɵ ɛɵɥ ɩɨɥɨɠɟɧ ɢɡɭɱɚɟɦɵɣ ɨɛɴɟɤɬ, ɢ ɯɨɥɨɫɬɨɝɨ 

ɨɩɵɬɚ. ɇɚɩɪɢɦɟɪ, ɦɚɫɫɚ ɨɛɴɟɤɬɚ A: mА=y1-y0. Кɚɤ ɨɛɵɱɧɨ, ɨɲɢɛɤɚ ɜɡɜɟɲɢɜɚɧɢɹ 

ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɧɟɡɚɜɢɫɢɦɨɣ ɨɬ ɜɡɜɟɲɢɜɚɟɦɨɣ ɜɟɥɢɱɢɧɵ, ɚɞɞɢɬɢɜɧɨɣ ɢ ɢɦɟɸ-

ɳɟɣ ɨɞɧɨ ɢ ɬɨ ɠɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ. Ɍɨɝɞɚ ɞɢɫɩɟɪɫɢɹ ɢɡɦɟɪɟɧɢɹ ɜɟɫɚ ɨɛɪɚɡɰɚ 

ɫɥɟɞɭɸɳɚɹ: 

,222
y

2
y

2
A 01

σ=σ+σ=σ          (6.3) 

ɝɞɟ σ2 — ɞɢɫɩɟɪɫɢɹ ɥɸɛɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ. Ɍɚɤɢɦɢ ɠɟ ɛɭɞɭɬ ɢ ɞɢɫɩɟɪɫɢɢ ɜɟɫɨɜ 

ɨɛɪɚɡɰɨɜ B ɢ C.  

Ɍɚɛɥɢɰɚ 6.1 
Ɍрɚɞиɰиɨɧɧɨе ɩрɨвеɞеɧие ɷɤɫɩериɦеɧтɚ* 

ɇɨɦɟɪ 
ɨɩɵɬɚ 

А В ɋ 
Ɋɟɡɭɥɶɬɚɬ 
ɜɡɜɟɲɢɜɚɧɢɹ 

1 -1 -1 -1 y0

2 +1 -1 -1 y1

3 -1 +1 -1 y2

4 -1 -1 +1 y3

*) Кɨɝɞɚ ɨɛɪɚɡɟɰ ɤɥɚɞɟɬɫɹ ɧɚ ɜɟɫɵ, ɜ ɬɚɛɥɢɰɟ ɫɬɚɜɢɬɫɹ +1, ɤɨɝɞɚ ɨɧ ɧɚ ɜɟɫɚɯ ɨɬɫɭɬ-
ɫɬɜɭɟɬ, ɬɨ -1. 

 

 ɉɪɢɜɟɞɟɦ ɬɟɩɟɪɶ ɬɨɬ ɠɟ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨ ɧɟɫɤɨɥɶɤɨ ɢɧɨɣ ɫɯɟɦɟ, ɡɚɞɚɜɚɟ-

ɦɨɣ ɦɚɬɪɢɰɟɣ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥ.6.2.  

Ɍɚɛɥɢɰɚ 6.2  
ɉɥɚɧирɨвɚɧие ɷɤɫɩериɦеɧтɚ ɩри вɡвеɲивɚɧии треɯ ɨɛɴеɤтɨв

ɇɨɦɟɪ 
ɨɩɵɬɚ 

А В ɋ 
Ɋɟɡɭɥɶɬɚɬ 
ɜɡɜɟɲɢɜɚɧɢɹ 

1 +1 -1 -1 y1

2 -1 +1 -1 y2

3 -1 -1 +1 y3

4 +1 +1 +1 y4

  

В ɩɟɪɜɵɯ ɬɪɟɯ ɨɩɵɬɚɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɡɜɟɲɢɜɚɸɬ ɨɛɴɟɤɬɵ A, B, C, ɜ 

ɩɨɫɥɟɞɧɟɦ ɨɩɵɬɟ ɬɨɠɟ ɜɡɜɟɲɢɜɚɸɬ ɨɛɴɟɤɬɵ A, B, C, ɧɨ ɜɫɟ ɬɪɢ ɨɛɴɟɤɬɚ ɜɦɟɫɬɟ, 

ɚ "ɯɨɥɨɫɬɨɟ" ɜɡɜɟɲɢɜɚɧɢɟ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ. 
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 Ʌɟɝɤɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɦɚɫɫɚ ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ ɛɭɞɟɬ ɡɚɞɚɜɚɬɶɫɹ ɮɨɪɦɭɥɚɦɢ 
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        (6.4) 

 Ɇɚɫɫɚ ɨɛɴɟɤɬɚ A, ɜɵɱɢɫɥɟɧɧɚɹ ɩɨ ɩɪɢɜɟɞɟɧɧɨɣ ɜɵɲɟ ɮɨɪɦɭɥɟ, ɨɤɚɡɵɜɚ-

ɟɬɫɹ ɧɟ ɢɫɤɚɠɟɧɧɨɣ ɦɚɫɫɚɦɢ ɜɟɫɨɜ ɨɛɴɟɤɬɨɜ B ɢ C, ɬɚɤ ɤɚɤ ɦɚɫɫɚ ɤɚɠɞɨɝɨ ɢɡ 

ɧɢɯ ɜɯɨɞɢɬ ɜ ɮɨɪɦɭɥɭ ɞɥɹ ɦɚɫɫɵ А ɞɜɚɠɞɵ ɫ ɪɚɡɧɵɦɢ ɡɧɚɤɚɦɢ. 

 ɇɚɣɞɟɦ ɬɟɩɟɪɶ ɞɢɫɩɟɪɫɢɸ, ɫɜɹɡɚɧɧɭɸ ɫ ɨɲɢɛɤɨɣ ɜɡɜɟɲɢɜɚɧɢɹ, ɩɨ ɧɨɜɨɣ 

ɫɯɟɦɟ ɩɨɫɬɚɧɨɜɤɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ: 
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 Аɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɧɚɯɨɞɢɦ: 

   .22
C

  ,22
B

σ=σσ=σ

 Ɇɵ ɜɢɞɢɦ, ɱɬɨ ɩɪɢ ɧɨɜɨɣ ɫɯɟɦɟ ɞɢɫɩɟɪɫɢɹ ɜɡɜɟɲɢɜɚɧɢɹ ɩɨɥɭɱɚɟɬɫɹ 

ɜɞɜɨɟ ɦɟɧɶɲɟ, ɱɟɦ ɩɪɢ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɯɟɦɟ, ɯɨɬɹ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɧɚ ɜɡɜɟɲɢ-

ɜɚɧɢɟ ɬɪɟɯ ɨɛɴɟɤɬɨɜ ɡɚɬɪɚɱɢɜɚɥɨɫɶ ɩɨ ɱɟɬɵɪɟ ɨɩɵɬɚ. 

 Ɂɚɞɚɞɢɦɫɹ ɜɨɩɪɨɫɨɦ: "В ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɬɨɱɧɨ-

ɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɞɜɚ ɪɚɡɚ?". 

 В ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɷɤɫɩɟɪɢɦɟɧɬ ɛɵɥ ɩɨɫɬɚɜɥɟɧ ɬɚɤ, ɱɬɨ ɤɚɠɞɭɸ ɦɚɫɫɭ ɦɵ 

ɩɨɥɭɱɚɥɢ ɥɢɲɶ ɢɡ ɞɜɭɯ ɜɡɜɟɲɢɜɚɧɢɣ. ɉɪɢ ɧɨɜɨɣ ɫɯɟɦɟ ɜɡɜɟɲɢɜɚɧɢɹ ɤɚɠɞɚɹ 

ɦɚɫɫɚ ɜɵɱɢɫɥɹɥɚɫɶ ɭɠɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɫɟɯ ɱɟɬɵɪɟɯ ɜɡɜɟɲɢɜɚɧɢɣ. Вɬɨɪɭɸ 

ɫɯɟɦɭ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɦɧɨɝɨɮɚɤɬɨɪɧɨɣ, ɩɨɫɤɨɥɶɤɭ ɡɞɟɫɶ ɨɩɟɪɢɪɭɸɬ ɜɫɟɦɢ ɮɚɤ-

ɬɨɪɚɦɢ ɬɚɤ, ɱɬɨ ɤɚɠɞɚɹ ɦɚɫɫɚ ɜɵɱɢɫɥɹɥɚɫɶ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɪɚɡɭ ɜɫɟɯ ɨɩɵɬɨɜ, 

ɩɪɨɜɟɞɟɧɧɵɯ ɜ ɞɚɧɧɨɣ ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, – ɜɨɬ ɝɥɚɜɧɚɹ ɩɪɢɱɢɧɚ ɭɦɟɧɶɲɟ-

ɧɢɹ ɞɢɫɩɟɪɫɢɢ ɜɞɜɨɟ. 

 ɇɟ ɩɨɞɭɦɚɣɬɟ, ɱɬɨ ɦɵ ɡɪɹ ɩɨɬɪɚɬɢɥɢ ɜɪɟɦɹ ɧɚ ɨɛɫɭɠɞɟɧɢɟ ɬɚɤɨɣ ɬɪɢɜɢ-

ɚɥɶɧɨɣ ɡɚɞɚɱɢ. Ɍɨɱɧɨ ɬɚɤɨɣ ɠɟ ɩɨɞɯɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɢɡɭɱɟɧɢɢ ɞɪɭɝɢɯ, ɛɨ-

ɥɟɟ ɫɥɨɠɧɵɯ ɡɚɞɚɱ. 
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 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɨɪɢɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɦɨ-

ɠɟɬ ɹɜɢɬɶɫɹ ɨɞɧɢɦ ɢɡ ɩɭɬɟɣ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɧɨɝɨ-

ɮɚɤɬɨɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 В ɩɥɚɧɢɪɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɩɥɚɧɵ ɩɟɪɜɨɝɨ 

ɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɨɜ. ɉɥɚɧɵ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɩɨɪɹɞɤɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɢɧɠɟɧɟɪ-

ɧɨɣ ɩɪɚɤɬɢɤɟ ɪɟɞɤɨ. В ɫɜɹɡɢ ɫ ɷɬɢɦ ɞɚɥɟɟ ɩɪɢɜɨɞɢɬɫɹ ɤɪɚɬɤɨɟ ɢɡɥɨɠɟɧɢɟ ɦɟɬɨ-

ɞɢɤɢ ɫɨɫɬɚɜɥɟɧɢɹ ɩɥɚɧɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ ɦɨɞɟɥɟɣ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞ-

ɤɨɜ.  

 ɉɨɞ ɩɥɚɧɚɦɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɩɨɧɢɦɚɸɬ ɬɚɤɢɟ ɩɥɚɧɵ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹ-

ɸɬ ɩɪɨɜɟɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬ ɞɥɹ ɨɬɵɫɤɚɧɢɹ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ, ɫɨɞɟɪɠɚɳɟɝɨ 

ɬɨɥɶɤɨ ɩɟɪɜɵɟ ɫɬɟɩɟɧɢ ɮɚɤɬɨɪɨɜ ɢ ɢɯ ɩɪɨɢɡɜɟɞɟɧɢɹ: 
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 ɉɥɚɧɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɟɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬ ɞɥɹ ɨɬɵɫɤɚɧɢɹ 

ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ, ɫɨɞɟɪɠɚɳɟɝɨ ɢ ɜɬɨɪɵɟ ɫɬɟɩɟɧɢ ɮɚɤɬɨɪɨɜ: 

...
1,1 1

2

0 ∑∑ ∑
≠
== =

++++=
k

ui
ui

uiiu

k

i

k

i

iiiii xxbxbxbby
)

 .      (6.7) 

 ɇɚɯɨɠɞɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɦɟɬɨɞɨɦ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɷɬɚɩɨɜ: 

− ɜɵɛɨɪ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ ɢ ɢɯ ɭɪɨɜɧɟɣ; 

− ɩɥɚɧɢɪɨɜɚɧɢɟ ɢ ɩɪɨɜɟɞɟɧɢɟ ɫɨɛɫɬɜɟɧɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚ; 

− ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ; 

− ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

 

6.3. ɉлаɧɢɪɨваɧɢе ɩеɪвɨɝɨ ɩɨɪяɞɤа 

 

  ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ ɩɨɥɢɧɨɦ ɩɟɪɜɨɣ 

ɫɬɟɩɟɧɢ. Ɍɚɤ, ɞɥɹ ɬɪɟɯɮɚɤɬɨɪɧɨɣ ɡɚɞɚɱɢ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ 

ɢɦɟɟɬ ɜɢɞ 
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 ɍɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ, ɩɨɥɭɱɚɟɦɨɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɪɢɜɟɞɟɧɧɨɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɢɦɟɟɬ ɜɢɞ 
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ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɟɝɪɟɫɫɢɢ b0, b1, ..., b3, ..., b123 ɹɜɥɹɸɬɫɹ ɨɰɟɧɤɚɦɢ ɞɥɹ ɬɟɨ-

ɪɟɬɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɪɟɫɫɢɢ, ɬ.ɟ. 

 .b  ,b  ,b 123123iuiuii β→β→β→   

 Чɥɟɧɵ, ɫɨɞɟɪɠɚɳɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɯ1ɯ2; ɯ2ɯ3 ɢ ɬ.ɞ., ɧɚɡɵɜɚɸɬ ɱɥɟɧɚɦɢ, 

ɨɬɪɚɠɚɸɳɢɦɢ ɩɨɩɚɪɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɮɚɤɬɨɪɨɜ, ɱɥɟɧɵ ɜɢɞɚ ɯ1ɯ2ɯ3 — ɱɥɟ-

ɧɚɦɢ ɬɪɨɣɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 

 

6.3.1. Вɵɛɨр ɨɫɧɨɜɧɵх ɮɚɤɬɨрɨɜ и их ɭрɨɜɧеɣ 

 

 В ɤɚɱɟɫɬɜɟ ɮɚɤɬɨɪɨɜ ɦɨɠɧɨ ɜɵɛɢɪɚɬɶ ɬɨɥɶɤɨ ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ ɢ ɭɩɪɚɜ-

ɥɹɟɦɵɟ ɩɟɪɟɦɟɧɧɵɟ, ɬ.ɟ. ɬɚɤɢɟ, ɤɨɬɨɪɵɟ ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɦɨɠɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ 

ɩɨɫɬɨɹɧɧɵɦɢ ɜ ɬɟɱɟɧɢɟ ɤɚɠɞɨɝɨ ɨɩɵɬɚ ɧɚ ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ. В ɱɢɫɥɨ ɮɚɤɬɨɪɨɜ 

ɞɨɥɠɧɵ ɛɵɬɶ ɜɤɥɸɱɟɧɵ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ, ɨɤɚɡɵɜɚɸɳɢɟ ɧɚɢɛɨɥɟɟ ɫɢɥɶɧɨɟ 

ɜɥɢɹɧɢɟ ɧɚ ɮɭɧɤɰɢɸ ɨɬɤɥɢɤɚ. ɇɟɨɛɯɨɞɢɦɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɜɫɸ ɡɚ-

ɦɚɧɱɢɜɨɫɬɶ ɢ ɨɱɟɜɢɞɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɚɤɬɢɜɧɨɝɨ ɫɩɥɚɧɢɪɨɜɚɧɧɨɝɨ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚ ɩɟɪɟɞ ɩɚɫɫɢɜɧɵɦ, ɜ ɟɝɨ ɩɪɢɦɟɧɟɧɢɢ ɢɦɟɟɬɫɹ ɰɟɥɵɣ ɪɹɞ ɬɪɭɞɧɨɫɬɟɣ, ɫɜɹ-

ɡɚɧɧɵɯ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɧɚ ɟɝɨ ɪɟɚɥɢɡɚɰɢɸ. Вɚɠɧɟɣɲɢɦ ɭɫɥɨ-

ɜɢɟɦ ɩɪɢɦɟɧɢɦɨɫɬɢ ɷɬɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹɟɬɫɹ ɭɩɪɚɜɥɹɟɦɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɩɨ ɤɚɠ-

ɞɨɦɭ ɢɡ ɜɵɛɪɚɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɬ.ɟ. ɜɨɡɦɨɠɧɨɫɬɶ ɧɟɡɚɜɢɫɢɦɨɝɨ ɢɡɦɟɧɟɧɢɹ ɤɚɠ-

ɞɨɝɨ ɢɡ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɟɝɨ ɧɚ ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ ɜ ɩɟɪɢɨɞ ɩɪɨɜɟ-

ɞɟɧɢɹ ɨɩɵɬɨɜ. 

 Дɥɹ ɤɚɠɞɨɝɨ ɮɚɤɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɭɤɚɡɚɬɶ ɬɨɬ ɢɧɬɟɪɜɚɥ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚ-

ɦɟɬɪɨɜ, ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɨɝɨ ɫɬɚɜɢɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ. Дɥɹ ɷɬɨɝɨ ɧɚ ɨɫɧɨɜɟ ɚɩɪɢ-

ɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɟ ɡɧɚɱɟɧɢɹ ɮɚɤɬɨɪɨɜ x10, 
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x20, ..., xi0, ..., xk0. Эɬɨɣ ɤɨɦɛɢɧɚɰɢɢ ɡɧɚɱɟɧɢɣ ɮɚɤɬɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɨɱɤɚ ɜ 

ɦɧɨɝɨɦɟɪɧɨɦ ɮɚɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɤɨɬɨɪɚɹ ɩɪɢɧɢɦɚɟɬɫɹ ɡɚ ɢɫɯɨɞɧɭɸ ɬɨɱ-

ɤɭ. Кɨɨɪɞɢɧɚɬɵ ɷɬɨɣ ɬɨɱɤɢ ɩɪɢɧɢɦɚɸɬɫɹ ɡɚ ɨɫɧɨɜɧɨɣ (ɧɭɥɟɜɨɣ) ɭɪɨɜɟɧɶ. 

 Иɧɬɟɪɜɚɥɨɦ ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ ɧɚɡɵɜɚɟɬɫɹ ɧɟɤɨɬɨɪɨɟ ɱɢɫɥɨ (ɤɚɠ-

ɞɨɟ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɮɚɤɬɨɪɚ), ɩɪɢɛɚɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɤ ɨɫɧɨɜɧɨɦɭ ɭɪɨɜ-

ɧɸ ɞɚɟɬ ɜɟɪɯɧɢɣ, ɚ ɜɵɱɢɬɚɧɢɟ – ɧɢɠɧɢɣ ɩɪɟɞɟɥɵ. Дɥɹ ɭɩɪɨɳɟɧɢɹ ɡɚɩɢɫɢ ɭɫɥɨ-

ɜɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɦɚɫɲɬɚɛɵ ɩɨ ɨɫɹɦ 

ɜɵɛɢɪɚɸɬɫɹ ɬɚɤ, ɱɬɨɛɵ ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ ɫɨɫɬɚɜɥɹɥ +1, ɧɢɠɧɢɣ -1, ɚ ɨɫɧɨɜɧɨɣ – 

0.  

 Дɥɹ ɮɚɤɬɨɪɨɜ ɫ ɧɟɩɪɟɪɵɜɧɨɣ ɨɛɥɚɫɬɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɷɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɫ 

ɩɨɦɨɳɶɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (ɤɨɞɢɪɨɜɚɧɢɹ) ɮɚɤɬɨɪɨɜ: 

.
ix

0ixix
iX

∆
−

=           (6.10) 

 В ɬɟɨɪɢɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɨ ɧɟɨɛ-

ɯɨɞɢɦɨɟ ɱɢɫɥɨ ɭɪɨɜɧɟɣ ɮɚɤɬɨɪɨɜ ɧɚ ɟɞɢɧɢɰɭ ɛɨɥɶɲɟ ɩɨɪɹɞɤɚ ɭɪɚɜɧɟɧɢɹ. 

 

6.3.2. ɉɥɚɧирɨɜɚɧие эɤɫɩеримеɧɬɚ 

 

 Ɋɚɫɫɦɨɬɪɢɦ ɫɧɚɱɚɥɚ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɮɭɧɤɰɢɹ ɨɬɤɥɢɤɚ ɥɢɧɟɣɧɨ ɡɚ-

ɜɢɫɢɬ ɨɬ ɬɪɟɯ ɧɟɡɚɜɢɫɢɦɵɯ ɮɚɤɬɨɪɨɜ. ɍɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɦɟ-

ɟɬ ɜɢɞ (6.9), ɚ ɩɥɚɧ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 6.3. 

Ɍɚɛɥɢɰɚ 6.3 
Ɍɚɛɥиɰɚ ɩɨɥɧɨɝɨ ɮɚɤтɨрɧɨɝɨ ɷɤɫɩериɦеɧтɚ ɞɥя треɯ ɮɚɤтɨрɨв 

 

ɇɨɦɟɪ ɉɥɚɧ Ɋɟɡɭɥɶɬɚɬ 
ɨɩɵɬɚ x0 x1 x2 x3 x1 x2 x1 x3 x2 x3 x1 x2 x3 yj

1 +1 -1 -1 -1 +1 +1 +1 -1 y1

2 +1 +1 -1 -1 -1 -1 +1 +1 y2

3 +1 -1 +1 -1 -1 +1 -1 +1 y3

4 +1 +1 +1 -1 +1 -1 -1 -1 y4

5 +1 -1 -1 +1 +1 -1 -1 +1 y5

6 +1 +1 -1 +1 -1 +1 -1 -1 y6

7 +1 -1 +1 +1 -1 -1 +1 -1 y7

8 +1 +1 +1 +1 +1 +1 +1 +1 y8
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 Ɂɞɟɫɶ ɞɨɛɚɜɥɟɧ ɫɬɨɥɛɟɰ ɮɢɤɬɢɜɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɯ0, ɧɭɠɧɵɣ ɞɥɹ ɨɰɟɧɤɢ 

ɫɜɨɛɨɞɧɨɝɨ ɱɥɟɧɚ b0. ɉɨɫɥɟ ɪɟɚɥɢɡɚɰɢɢ ɩɥɚɧɚ ɩɨɥɭɱɚɸɬ 8 ɭɪɚɜɧɟɧɢɣ ɫ 8 ɧɟɢɡ-

ɜɟɫɬɧɵɦɢ, ɢɯ ɪɟɲɟɧɢɟ ɢ ɞɚɫɬ ɨɰɟɧɤɭ ɜɫɟɯ 8 ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɪɟɫɫɢɢ b0, b1, ..., 

b3, b12, ..., b123. 

 ɉɥɚɧ, ɜ ɤɨɬɨɪɨɦ ɱɢɫɥɨ ɨɩɵɬɨɜ ɪɚɜɧɨ ɱɢɫɥɭ ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɷɮɮɢɰɢɟɧ-

ɬɨɜ, ɧɚɡɵɜɚɟɬɫɹ ɧɚɫɵɳɟɧɧɵɦ. 

 Ɂɚɦɟɬɢɦ, ɱɬɨ ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɫɟ ɬɨɱɤɢ ɫ "ɤɪɚɣɧɢɦɢ" ɤɨɨɪɞɢɧɚɬɚɦɢ, ɬ.ɟ. 

±1, ɢɥɢ, ɝɨɜɨɪɹ ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɤɨɦɛɢɧɚɰɢɢ ɜɵɛɪɚɧɧɵɯ ɭɪɨɜ-

ɧɟɣ. В ɫɚɦɨɦ ɞɟɥɟ, ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɤɨɦɛɢɧɚɰɢɣ 2k=8 (k – ɱɢɫɥɨ ɮɚɤɬɨɪɨɜ), ɢ 

ɦɵ ɜɫɟ ɢɯ ɢɫɩɨɥɶɡɨɜɚɥɢ. ȿɫɥɢ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɹɬɫɹ ɬɨɥɶɤɨ ɧɚ ɞɜɭɯ ɭɪɨɜ-

ɧɹɯ (ɩɪɢ ɞɜɭɯ ɡɧɚɱɟɧɢɹɯ ɮɚɤɬɨɪɨɜ) ɢ ɩɪɢ ɷɬɨɦ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɫɭɳɟ-

ɫɬɜɥɹɸɬɫɹ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɧɟɩɨɜɬɨɪɹɸɳɢɟɫɹ ɤɨɦɛɢɧɚɰɢɢ ɢɡ k ɮɚɤɬɨɪɨɜ, ɬɨ ɩɨ-

ɫɬɚɧɨɜɤɚ ɨɩɵɬɨɜ ɩɨ ɬɚɤɨɦɭ ɩɥɚɧɭ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɩɨɥɧɨɝɨ ɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚ (ɉɎЭ) ɢɥɢ 2k. 

 Иɧɵɦɢ ɫɥɨɜɚɦɢ, ɩɨɥɧɵɣ ɮɚɤɬɨɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ (ɉɎЭ) — ɷɬɨ ɷɤɫɩɟɪɢ-

ɦɟɧɬ, ɪɟɚɥɢɡɭɸɳɢɣ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɧɟɩɨɜɬɨɪɹɸɳɢɟɫɹ ɤɨɦɛɢɧɚɰɢɢ ɭɪɨɜɧɟɣ ɧɟ-

ɡɚɜɢɫɢɦɵɯ ɮɚɤɬɨɪɨɜ. 

 Кɨɞɢɪɨɜɚɧɧɵɣ ɩɥɚɧ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɦɨɠɟɬ ɛɵɬɶ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧ ɜ ɜɢɞɟ 

ɤɭɛɚ, ɜɨɫɟɦɶ ɜɟɪɲɢɧ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɨɫɟɦɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɬɨɱɟɤ (ɪɢɫ.6.1). 

 ɉɪɢ ɱɢɫɥɟ ɮɚɤɬɨɪɨɜ k=2 ɩɨɫɬɪɨɟɧɢɟ ɦɚɬɪɢɰɵ ɉɎЭ ɧɟ ɜɵɡɵɜɚɟɬ ɡɚɬɪɭɞ-

ɧɟɧɢɣ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɠɟ ɱɢɫɥɚ ɮɚɤɬɨɪɨɜ 

ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɧɟɤɨɬɨɪɵɯ ɫɩɟɰɢ-

ɚɥɶɧɵɯ ɩɪɢɟɦɚɯ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɪɢɰɵ. 

 

Ɋɢɫ.6.1. Ƚеɨɦетричеɫɤɨе  
иɡɨɛрɚɠеɧие ɉɎɗ 

 ɉɟɪɜɵɣ ɩɪɢɟɦ ɨɫɧɨɜɚɧ ɧɚ ɱɟɪɟɞɨɜɚɧɢɢ 

ɡɧɚɤɨɜ. В ɩɟɪɜɨɦ ɫɬɨɥɛɰɟ (ɞɥɹ ɯ1) ɡɧɚɤɢ ɱɟ-

ɪɟɞɭɸɬɫɹ ɩɨɨɱɟɪɟɞɧɨ. Вɨ ɜɬɨɪɨɦ (ɞɥɹ ɯ2) — 

ɱɟɪɟɡ 2, ɜ ɬɪɟɬɶɟɦ (ɞɥɹ ɯ3) — ɱɟɪɟɡ 4 ɢ ɬ.ɞ. ɩɨ 

ɫɬɟɩɟɧɹɦ ɞɜɨɣɤɢ 2k. Эɬɨɬ ɩɨɞɯɨɞ ɢ ɢɫɩɨɥɶɡɨ-

ɜɚɧ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɩɥɚɧɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ 

ɜ ɬɚɛɥ.6.3. 
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 Вɬɨɪɨɣ ɩɪɢɟɦ ɨɫɧɨɜɚɧ ɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɞɨɫɬɪɚɢɜɚɧɢɢ ɦɚɬɪɢɰɵ. Дɥɹ 

ɷɬɨɝɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɧɨɜɨɝɨ ɮɚɤɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɬɨɪɢɬɶ ɤɨɦɛɢɧɚɰɢɢ ɭɪɨɜ-

ɧɟɣ ɢɫɯɨɞɧɨɝɨ ɩɥɚɧɚ — ɫɧɚɱɚɥɚ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɧɨɜɨɝɨ ɮɚɤɬɨɪɚ ɧɚ ɜɟɪɯɧɟɦ 

ɭɪɨɜɧɟ, ɚ ɡɚɬɟɦ — ɧɚ ɧɢɠɧɟɦ. 

 Ɇɚɬɪɢɰɚ ɉɎЭ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ: 

 1) ɫɜɨɣɫɬɜɨ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ: ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ ɫɭɦɦɚ ɷɥɟɦɟɧɬɨɜ ɜɟɤɬɨɪ-

ɫɬɨɥɛɰɚ ɤɚɠɞɨɝɨ ɮɚɤɬɨɪɚ ɪɚɜɧɚ ɧɭɥɸ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɬɨɥɛɰɚ, ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɟɝɨ ɫɜɨɛɨɞɧɨɦɭ ɱɥɟɧɭ): 

,0
1

=∑
=

n

j

ijX            (6.11) 

ɝɞɟ i – ɧɨɦɟɪ ɮɚɤɬɨɪɚ; j – ɧɨɦɟɪ ɨɩɵɬɚ; 

 2) ɫɜɨɣɫɬɜɨ ɧɨɪɦɢɪɨɜɚɧɢɹ: ɫɭɦɦɚ ɤɜɚɞɪɚɬɨɜ ɷɥɟɦɟɧɬɨɜ ɤɚɠɞɨɝɨ ɫɬɨɥɛɰɚ 

ɪɚɜɧɚ ɱɢɫɥɭ ɨɩɵɬɨɜ: 

nX
n

j

ij =∑
=1

2
;          (6.12) 

 3) ɫɜɨɣɫɬɜɨ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ: ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɜɫɟɯ ɜɟɤɬɨɪ-

ɫɬɨɥɛɰɨɜ (ɫɭɦɦɚ ɩɨɱɥɟɧɧɵɯ ɩɪɨɢɡɜɟɞɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɥɸɛɵɯ ɞɜɭɯ ɜɟɤɬɨɪ-

ɫɬɨɥɛɰɨɜ ɦɚɬɪɢɰɵ) ɪɚɜɧɨ ɧɭɥɸ: 

u.i   ,0
1

≠=∑
=

n

j

ujij XX          (6.13) 

 ɉɥɚɧɵ, ɞɥɹ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬɫɹ ɫɜɨɣɫɬɜɨ 3, ɧɚɡɵɜɚɸɬ ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ. 

Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɫɜɨɣɫɬɜɭ ɪɟɡɤɨ ɭɦɟɧɶɲɚɸɬɫɹ ɬɪɭɞɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɫɱɟ-

ɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ. 

 ɉɨɫɤɨɥɶɤɭ ɪɟɡɭɥɶɬɚɬɵ ɧɚɛɥɸɞɟɧɢɣ ɨɬɤɥɢɤɚ ɧɨɫɹɬ ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ, 

ɩɪɢɯɨɞɢɬɫɹ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɩɥɚɧɚ ɩɪɨɜɨɞɢɬɶ ɧɟ ɨɞɢɧ, ɚ m* ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɩɵ-

ɬɨɜ (ɨɛɵɱɧɨ m*=2÷4), ɨɫɪɟɞɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɬɨɪɵɯ, ɤɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, 

ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɦɟɧɶɲɢɬɶ ɩɨɝɪɟɲɧɨɫɬɢ ɨɰɟɧɤɢ ɢɫɬɢɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɬɤɥɢɤɚ 

ɜ *m  ɪɚɡ.  

 В ɤɚɠɞɨɣ ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɚɧɞɨɦɢɡɢɪɭɟɬɫɹ, 

ɬ.ɟ. ɫ ɩɨɦɨɳɶɸ ɬɚɛɥɢɰ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɭɱɚɣɧɚɹ ɩɨɫɥɟɞɨɜɚ-
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ɬɟɥɶɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. Ɋɚɧɞɨɦɢɡɚɰɢɹ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɜɟɫɬɢ 

ɷɮɮɟɤɬ ɧɟɤɨɬɨɪɨɝɨ ɫɥɭɱɚɣɧɨɝɨ ɮɚɤɬɨɪɚ ɤ ɫɥɭɱɚɣɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ. Эɬɨ ɩɨɡɜɨ-

ɥɹɟɬ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟɧɢ ɢɫɤɥɸɱɢɬɶ ɩɪɟɞɜɡɹɬɨɫɬɶ ɢ ɫɭɛɴɟɤɬɢɜɢɡɦ ɢɫɫɥɟ-

ɞɨɜɚɬɟɥɹ.  

 

6.3.3. Ɉɩреɞеɥеɧие ɤɨэɮɮиɰиеɧɬɨɜ ɭрɚɜɧеɧия реɝреɫɫии 

 

 Вɨɫɩɨɥɶɡɭɟɦɫɹ ɫɜɨɣɫɬɜɚɦɢ ɉɎЭ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜ-

ɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ .2x2b1x1b0by ++=)
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 Вɨɫɩɨɥɶɡɭɟɦɫɹ ɫɜɨɣɫɬɜɚɦɢ ɉɎЭ: 

- (ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ)  ∑ = ;0j1X0b

- (ɧɨɪɦɢɪɨɜɚɧɢɹ)  ∑ = ;1nb2
j1X1b

- (ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ) ∑ = ;0j2Xj1X2b  

.
n

n

1j
j0Xjy

0b  ;
n

n

1j
j2Xjy

2b  ;
n

n

1j
j1Xjy

1b

∑∑∑
======       (6.15) 

 ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɥɸɛɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɨɩɪɟɞɟɥɹ-

ɸɬɫɹ ɫɤɚɥɹɪɧɵɦ ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɫɬɨɥɛɰɚ y ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɬɨɥɛɟɰ X. 

 Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧ-

ɬɵ, ɟɫɥɢ ɜ ɭɪɚɜɧɟɧɢɢ ɪɟɝɪɟɫɫɢɢ (6.6) ɭɱɢɬɵɜɚɸɬɫɹ ɥɢɧɟɣɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

(ɞɜɨɣɧɵɟ, ɬɪɨɣɧɵɟ): 
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( ) ( )

n

n

1j
j3X2X1Xjy

123b  ;
n

n

1j
j2X1Xjy

12b
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=

=
=

=  ɢ ɬ.ɞ.     (6.16) 

  

ɋɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɜɫɟ ɥɢɧɟɣɧɵɟ ɤɨɷɮɮɢɰɢ-

ɟɧɬɵ ɧɟɡɚɜɢɫɢɦɵ, ɬɚɤ ɤɚɤ ɜ ɮɨɪɦɭɥɵ ɞɥɹ ɢɯ ɪɚɫɱɟɬɚ (6.15), (6.16) ɜɯɨɞɹɬ ɫɜɨɢ 

ɨɞɧɨɢɦɟɧɧɵɟ ɩɟɪɟɦɟɧɧɵɟ. ɉɨɷɬɨɦɭ ɤɚɠɞɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɨɥɶ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɟɪɟɦɟɧɧɨɣ ɜ ɩɪɨɰɟɫɫɟ ɢɥɢ ɫɢɥɭ ɜɥɢɹɧɢɹ ɮɚɤɬɨɪɨɜ. Чɟɦ 

ɛɨɥɶɲɟ ɱɢɫɥɟɧɧɚɹ ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ, ɬɟɦ ɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ 

ɷɬɨɬ ɮɚɤɬɨɪ. ȿɫɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɢɦɟɟɬ ɡɧɚɤ ɩɥɸɫ, ɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɡɧɚɱɟɧɢɹ 

ɮɚɤɬɨɪɚ ɨɬɤɥɢɤ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɟɫɥɢ ɦɢɧɭɫ – ɭɦɟɧɶɲɚɟɬɫɹ. 

 В ɪɟɡɭɥɶɬɚɬɟ ɨɩɪɟɞɟɥɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɦɨɠɟɬ ɩɨɥɭɱɢɬɶɫɹ ɬɚɤ, 

ɱɬɨ ɨɞɢɧ (ɢɥɢ ɧɟɫɤɨɥɶɤɨ) ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɟ ɨɱɟɧɶ ɛɨɥɶɲɢɟ ɢ ɨɤɚɠɭɬɫɹ ɧɟɡɧɚ-

ɱɢɦɵɦɢ. Ɏɚɤɬɨɪɵ, ɢɦɟɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɧɟɡɧɚɱɢɦɨ ɨɬɥɢɱɚɸɳɢɟɫɹ ɨɬ ɧɭɥɹ, 

ɦɨɝɭɬ ɛɵɬɶ ɜɵɜɟɞɟɧɵ ɢɡ ɫɨɫɬɚɜɚ ɭɪɚɜɧɟɧɢɹ, ɬɚɤ ɤɚɤ ɢɯ ɜɥɢɹɧɢɟ ɧɚ ɩɚɪɚɦɟɬɪɵ 

ɨɬɤɥɢɤɚ ɛɭɞɟɬ ɨɬɧɟɫɟɧɨ ɤ ɨɲɢɛɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɍɱɢɬɵɜɚɹ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɶ 

ɩɥɚɧɚ, ɨɫɬɚɜɲɢɟɫɹ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɦɨɠɧɨ ɧɟ ɩɟɪɟɫɱɢɬɵ-

ɜɚɬɶ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɩɥɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɫɱɢɬɵɜɚɬɶ ɡɚɧɨɜɨ. 

 

6.3.4. ɋɬɚɬиɫɬичеɫɤиɣ ɚɧɚɥиɡ реɡɭɥɶɬɚɬɨɜ эɤɫɩеримеɧɬɚ 

 

 ɉɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɯɨɞɢɬ ɢɡ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ ɡɚɜɢ-

ɫɢɦɨɫɬɟɣ, ɩɨɷɬɨɦɭ ɩɨɥɭɱɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɩɨɞɜɟɪɝɚɸɬɫɹ ɬɳɚɬɟɥɶɧɨɦɭ ɫɬɚɬɢ-

ɫɬɢɱɟɫɤɨɦɭ ɚɧɚɥɢɡɭ ɫ ɰɟɥɶɸ ɢɡɜɥɟɱɶ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɦɚɤɫɢɦɭɦ 

ɢɧɮɨɪɦɚɰɢɢ ɢ ɭɛɟɞɢɬɶɫɹ ɜ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɨɥɭɱɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɢ ɟɟ ɬɨɱɧɨ-

ɫɬɢ. ɉɪɨɰɟɞɭɪɚ ɩɪɨɜɟɪɤɢ ɡɧɚɱɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɢ 

ɟɝɨ ɚɞɟɤɜɚɬɧɨɫɬɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɨɩɢɫɚɧɢɹ, ɞɚɧɧɨɝɨ ɜ ɩɚɪɚ-

ɝɪɚɮɚɯ 4.5.1 ɢ 4.5.2, ɩɨɷɬɨɦɭ ɨɫɬɚɧɨɜɢɦɫɹ ɬɨɥɶɤɨ ɧɚ ɨɬɞɟɥɶɧɵɯ ɦɨɦɟɧɬɚɯ. Кɚɤ 

ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɤɚɠɞɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɧɟɫɟɬ ɜ ɫɟɛɟ ɤɚɤɭɸ-ɬɨ ɩɨɝɪɟɲ-

ɧɨɫɬɶ, ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɢɡɜɨɞɹɬɫɹ ɞɥɹ ɤɚɠɞɨɣ ɫɬɪɨ-

ɤɢ ɬɚɛɥɢɰɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɩɨɜɬɨɪɟɧɢɹ ɨɩɵɬɨɜ  m* ɪɚɡ.  

 ɉɨɫɬɪɨɱɧɵɟ (ɜɵɛɨɪɨɱɧɵɟ) ɞɢɫɩɟɪɫɢɢ ɩɨɞɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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∑
==  – ɫɪɟɞɧɢɣ ɨɬɤɥɢɤ ɩɨ m* ɨɩɵɬɚɦ ɜ ɬɨɱɤɟ ɫ ɧɨɦɟɪɨɦ j. 

 Дɢɫɩɟɪɫɢɹ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ ɨɬɤɥɢɤɚ  ɟɫɬɶ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟ-

ɫɤɨɟ ɞɢɫɩɟɪɫɢɣ ɜɫɟɯ n ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɨɩɵɬɨɜ: 
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вɨсɩ         (6.18) 

 ɉɪɟɠɞɟ ɱɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɨɛɴɟɞɢɧɟɧɢɟ ɞɢɫɩɟɪɫɢɣ, ɫɥɟɞɭɟɬ ɭɛɟɞɢɬɶɫɹ ɜ 

ɢɯ ɨɞɧɨɪɨɞɧɨɫɬɢ. ɉɪɨɜɟɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ ɢɥɢ 

Кɨɯɪɟɧɚ (ɫɦ. ɝɥ. 3). Дɥɹ ɨɰɟɧɤɢ ɡɧɚɱɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɟɠɞɟ ɜɫɟɝɨ ɧɚɯɨ-

ɞɹɬ ɞɢɫɩɟɪɫɢɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɪɟɫɫɢɢ. ɍɱɢɬɵɜɚɹ ɫɜɨɣɫɬɜɚ 1-3 ɩɥɚɧɚ, ɩɪɟɞ-

ɫɬɚɜɥɟɧɧɨɝɨ ɜ ɬɚɛɥ. 6.3, ɢɡ ɜɵɪɚɠɟɧɢɣ (4.27) ɢ (4.27ɚ) ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ ɞɭɛɥɢɪɨ-

ɜɚɧɢɢ ɨɩɵɬɨɜ ɩɨ ɬɨɱɤɚɦ ɫ ɱɢɫɥɨɦ ɩɨɜɬɨɪɧɵɯ ɨɩɵɬɨɜ m* ɩɨɥɭɱɢɦ  

,
n*m

2
вɨɫɩS2

b
S =           (6.19) 

ɚ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɞɭɛɥɢɪɨɜɚɧɢɹ ɛɭɞɟɦ ɢɦɟɬɶ 

.
n

2
вɨɫɩS2

b
S =           (6.19ɚ) 

 ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɉɎЭ ɢɦɟɸɬ 

ɨɞɢɧɚɤɨɜɭɸ ɬɨɱɧɨɫɬɶ (ɞɢɫɩɟɪɫɢɸ). В ɷɬɨɦ ɡɚɤɥɸɱɚɟɬɫɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨɟ ɨɬɥɢ-

ɱɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɩɥɚɧɭ ɬɚɛɥ.6.3, ɨɬ ɤɨ-

ɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɩɚɫɫɢɜɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɨɦ (ɫɦ. ɩɚɪɚɝɪɚɮ 

4.5.2). ɉɥɚɧɵ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɬɨɪɵɯ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɨɩ-

ɪɟɞɟɥɹɸɬɫɹ ɫ ɨɞɢɧɚɤɨɜɨɣ ɞɢɫɩɟɪɫɢɟɣ, ɧɚɡɵɜɚɸɬɫɹ ɪɨɬɚɬɚɛɟɥɶɧɵɦɢ. В ɫɜɹɡɢ ɫ 

ɷɬɢɦ ɩɥɚɧ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɬɚɛɥ.6.3, ɹɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɨɪɬɨɝɨɧɚɥɶɧɵɦ, ɧɨ 

ɪɨɬɚɬɚɛɟɥɶɧɵɦ. В ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɜɟɪɤɚ ɡɧɚɱɢɦɨɫɬɢ ɤɚɠɞɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ t-ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ (ɫɦ. ɝɥ.4). ɋɬɚɬɢɫɬɢɱɟɫɤɢ 
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ɧɟɡɧɚɱɢɦɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɫɤɥɸɱɚɸɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ, ɚ ɨɫɬɚɥɶɧɵɟ ɤɨɷɮɮɢ-

ɰɢɟɧɬɵ ɩɪɢ ɷɬɨɦ ɧɟ ɩɟɪɟɫɱɢɬɵɜɚɸɬɫɹ. ɉɨɫɥɟ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɫɨ-

ɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɭɪɚɜɧɟɧɢɹ ɫɜɹɡɢ ɜɵɯɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ y ɢ ɩɟɪɟɦɟɧɧɵɯ Xi, 

ɜɤɥɸɱɚɸɳɟɝɨ ɬɨɥɶɤɨ ɡɧɚɱɢɦɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. 

 ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ ɩɪɟɠɞɟ ɜɫɟɝɨ ɩɪɨ-

ɜɟɪɢɬɶ ɟɝɨ ɩɪɢɝɨɞɧɨɫɬɶ ɢɥɢ ɚɞɟɤɜɚɬɧɨɫɬɶ. Дɥɹ ɷɬɨɝɨ ɞɨɫɬɚɬɨɱɧɨ ɨɰɟɧɢɬɶ ɨɬɤɥɨ-

ɧɟɧɢɟ ɜɵɯɨɞɧɨɣ ɜɟɥɢɱɢɧɵ y
)

, ɩɪɟɞɫɤɚɡɚɧɧɨɣ ɭɪɚɜɧɟɧɢɟɦ ɪɟɝɪɟɫɫɢɢ, ɨɬ ɪɟɡɭɥɶ-

ɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ y ɜ ɪɚɡɥɢɱɧɵɯ ɬɨɱɤɚɯ. 

 Ɋɚɫɫɟɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫ-

ɫɢɢ, ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɝɨ ɢɫɤɨɦɭɸ ɡɚɜɢɫɢɦɨɫɬɶ, ɦɨɠɧɨ, ɤɚɤ ɭɠɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ 

ɪɚɧɟɟ, ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɞɢɫɩɟɪɫɢɢ ɚɞɟɤɜɚɬɧɨɫɬɢ, ɨɰɟɧɤɚ ɤɨɬɨɪɨɣ, 

ɫɩɪɚɜɟɞɥɢɜɚɹ ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ ɱɢɫɥɟ ɞɭɛɥɢɪɭɸɳɢɯ ɨɩɵɬɨɜ, ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪ-
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         (6.20) 

Ɂɞɟɫɶ n – ɱɢɫɥɨ ɨɩɵɬɨɜ (ɜɚɪɢɚɧɬɨɜ); l=k+1, ɝɞɟ k – ɱɢɫɥɨ ɱɥɟɧɨɜ ɜ ɭɪɚɜɧɟɧɢɢ 

ɪɟɝɪɟɫɫɢɢ. 

 ɉɪɨɜɟɪɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ ɫɨɫɬɨɢɬ ɜ ɜɵɹɫɧɟɧɢɢ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɞɢɫ-

ɩɟɪɫɢɟɣ ɚɞɟɤɜɚɬɧɨɫɬɢ  ɢ ɞɢɫɩɟɪɫɢɟɣ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ  ɢ ɩɪɨɜɨɞɢɬ-

ɫɹ ɫ ɩɨɦɨɳɶɸ F-ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ, ɤɨɬɨɪɵɣ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 

ɤɚɤ 
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 ȿɫɥɢ ɜɵɱɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ɦɟɧɶɲɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ Fα;m1;m2 

ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m1=n-l, m2=n(m*-1), ɩɪɢ ɡɚɞɚɧɧɨɦ 

ɭɪɨɜɧɟ ɡɧɚɱɢɦɨɫɬɢ α, ɬɨ ɨɩɢɫɚɧɢɟ ɫɜɨɣɫɬɜ ɨɛɴɟɤɬɚ ɭɪɚɜɧɟɧɢɟɦ ɪɟɝɪɟɫɫɢɢ ɩɪɢ-

ɡɧɚɟɬɫɹ ɚɞɟɤɜɚɬɧɵɦ ɨɛɴɟɤɬɭ. Аɞɟɤɜɚɬɧɨɫɬɶ ɦɨɞɟɥɢ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ 

ɭɦɟɧɶɲɟɧɢɟɦ ɢɧɬɟɪɜɚɥɚ ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ, ɚ ɟɫɥɢ ɷɬɨ ɧɟ ɞɚɟɬ ɪɟɡɭɥɶɬɚ-

ɬɚ, ɬɨ ɩɟɪɟɯɨɞɨɦ ɤ ɩɥɚɧɭ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. 
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6.3.5. Ⱦрɨɛɧɵɣ ɮɚɤɬɨрɧɵɣ эɤɫɩеримеɧɬ 

 

 Вɨ ɦɧɨɝɢɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱɚɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɬɨɪɨɝɨ ɢ ɜɵɫɲɢɯ ɩɨ-

ɪɹɞɤɨɜ ɨɬɫɭɬɫɬɜɭɸɬ ɢɥɢ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɵ. Кɪɨɦɟ ɬɨɝɨ, ɧɚ ɩɟɪɜɵɯ ɷɬɚɩɚɯ ɢɫ-

ɫɥɟɞɨɜɚɧɢɹ ɱɚɫɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɥɢɲɶ ɥɢɧɟɣɧɭɸ 

ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɢɡɭɱɚɟɦɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɜɹɡɢ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɱɢɫɥɟ ɷɤɫɩɟɪɢ-

ɦɟɧɬɨɜ. Ɍɚɤ, ɞɥɹ ɬɪɟɯ ɮɚɤɬɨɪɨɜ ɜɦɟɫɬɨ ɭɪɚɜɧɟɧɢɹ (6.9) ɞɨɫɬɚɬɨɱɧɨ ɪɚɫɫɦɨɬɪɟɬɶ 

ɭɪɚɜɧɟɧɢɟ ɜɢɞɚ 

3x3b2x2b1x1b0by +++=)
        (6.22) 

ɢ ɨɩɪɟɞɟɥɢɬɶ ɬɨɥɶɤɨ ɱɟɬɵɪɟ ɤɨɷɮɮɢɰɢɟɧɬɚ. ɉɨɷɬɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɉɎЭ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɨɥɶɤɨ ɩɪɢ ɥɢɧɟɣɧɵɯ ɱɥɟɧɚɯ ɧɟɷɮɮɟɤɬɢɜɧɨ ɢɡ-ɡɚ 

ɪɟɚɥɢɡɚɰɢɢ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɨɩɵɬɨɜ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɛɨɥɶɲɨɦ ɱɢɫɥɟ ɮɚɤɬɨɪɨɜ k. 

 ȿɫɥɢ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɦɨɠɧɨ ɨɝɪɚɧɢɱɢɬɫɹ ɥɢɧɟɣɧɵɦ ɩɪɢɛɥɢɠɟɧɢɟɦ, 

ɬɨ ɜ ɉɎЭ ɨɤɚɡɵɜɚɟɬɫɹ ɦɧɨɝɨ "ɥɢɲɧɢɯ" ɨɩɵɬɨɜ. Ɍɚɤ, ɞɥɹ ɬɪɟɯ ɮɚɤɬɨɪɨɜ ɞɨɫɬɚ-

ɬɨɱɧɨ 4 ɨɩɵɬɚ, ɚ ɜ ɉɎЭ ɢɯ 8. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɫɬɶ ɱɟɬɵɪɟ "ɥɢɲɧɢɯ". Ɋɟɡɭɥɶɬɚ-

ɬɵ ɷɬɢɯ "ɥɢɲɧɢɯ" ɨɩɵɬɨɜ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɜɨɹɤɨ: ɜɨ-ɩɟɪɜɵɯ, ɫ ɢɯ ɩɨ-

ɦɨɳɶɸ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɬɨɱɧɵɟ ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɪɟɫɫɢɢ; ɜɨ-

ɜɬɨɪɵɯ, ɢɯ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɪɨɜɟɪɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɨɞɟɥɢ. Ɉɞɧɚɤɨ ɩɪɢ 

7 ɮɚɤɬɨɪɚɯ ɉɎЭ ɫɨɞɟɪɠɢɬ 27=128 ɨɩɵɬɨɜ, ɚ ɞɥɹ ɥɢɧɟɣɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɬɪɟɛɭɟɬ-

ɫɹ ɜɫɟɝɨ 8. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɫɬɚɟɬɫɹ 120 ɥɢɲɧɢɯ ɢ, ɤɨɧɟɱɧɨ, ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɢɯ ɜɫɟ ɪɟɚɥɢɡɨɜɚɬɶ, ɚ ɞɨɫɬɚɬɨɱɧɨ ɥɢɲɶ ɧɟɫɤɨɥɶɤɨ ɢɡ ɧɢɯ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɪɨ-

ɜɟɪɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɢ ɭɬɨɱɧɟɧɢɹ ɨɰɟɧɨɤ. 

 Дɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɉɎЭ ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɨɣ ɢɡɛɵɬɨɱɧɨɫɬɶɸ ɨɩɵɬɨɜ. В ɫɜɹ-

ɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ: “ɇɟɥɶɡɹ ɥɢ ɫɨɤɪɚɬɢɬɶ ɱɢɫɥɨ ɨɩɵɬɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɪɟɫɫɢɢ?”.  

 Ɍɚɤ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ (6.22) ɞɨɫɬɚɬɨɱɧɨ ɨɝɪɚ-

ɧɢɱɢɬɫɹ ɱɟɬɵɪɶɦɹ ɨɩɵɬɚɦɢ, ɟɫɥɢ ɜ ɉɎЭ 23 ɢɫɩɨɥɶɡɨɜɚɬɶ ɯ1ɯ2 ɜ ɤɚɱɟɫɬɜɟ ɩɥɚɧɚ 

ɞɥɹ ɯ3, ɬɨɝɞɚ ɦɚɬɪɢɰɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢɦɟɬ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ 

ɜ ɬɚɛɥ.6.4.  

 

 

 171



 6. ɆЕɌɈȾɕ ɉЛАɇИɊɈВАɇИə ɗɄɋɉЕɊИɆЕɇɌɈВ. ЛɈȽИɑЕɋɄИЕ ɈɋɇɈВɕ 

Ɍɚɛɥɢɰɚ 6.4 

Ⱦрɨɛɧɵɣ ɮɚɤтɨрɧɵɣ ɷɤɫɩериɦеɧт 

ɇɨɦɟɪ ɉɥɚɧ Ɋɟɡɭɥɶɬɚɬ  
ɨɩɵɬɚ x0 x1 x2 x3= x1x2 yj

1 +1 -1 -1 +1 y1

2 +1 +1 -1 -1 y2

3 +1 -1 +1 -1 y3

4 +1 +1 +1 +1 y4

 

 Ɂɚɦɟɬɢɦ, ɱɬɨ ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɧɟ ɜɫɟ ɬɨɱɤɢ ɫ "ɤɪɚɣɧɢɦɢ" ɤɨɨɪɞɢɧɚɬɚɦɢ, 

ɬ.ɟ. ±1, ɢɥɢ, ɝɨɜɨɪɹ ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɧɟ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɤɨɦɛɢɧɚɰɢɢ ɜɵɛɪɚɧɧɵɯ 

ɭɪɨɜɧɟɣ. ɇɚ ɫɚɦɨɦ ɞɟɥɟ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɤɨɦɛɢɧɚɰɢɣ 23=8, ɦɵ ɠɟ ɢɫɩɨɥɶɡɨɜɚ-

ɥɢ ɢɡ ɧɢɯ ɬɨɥɶɤɨ 4. Ɍɚɤɨɣ ɫɨɤɪɚɳɟɧɧɵɣ ɩɥɚɧ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɞɪɨɛɧɨɝɨ ɮɚɤɬɨɪ-

ɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ (ДɎЭ). 

ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɮɨɪɦɚɥɶɧɨɟ ɩɪɢɪɚɜɧɢɜɚɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ 

ɮɚɤɬɨɪɨɜ ɮɚɤɬɨɪɭ, ɧɟ ɜɯɨɞɹɳɟɦɭ ɜ ɷɬɨ ɩɪɨɢɡɜɟɞɟɧɢɟ, ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɩɨɥɚ-

ɝɚɸɳɟɣ ɢɞɟɟɣ ɦɟɬɨɞɚ ДɎЭ. В ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɩɨɥɨɜɢɧɚ 

ɉɎЭ 23, ɩɨɷɬɨɦɭ ɩɥɚɧ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɬɚɛɥ.6.4, ɧɚɡɵɜɚɟɬɫɹ ɩɨɥɭɪɟɩɥɢɤɨɣ ɨɬ 

ɉɎЭ 23. ɉɨɫɥɟ ɪɟɚɥɢɡɚɰɢɢ ɩɥɚɧɚ ɩɨɥɭɱɚɸɬ 4 ɭɪɚɜɧɟɧɢɹ ɫ 4 ɧɟɢɡɜɟɫɬɧɵɦɢ, ɢɯ 

ɪɟɲɟɧɢɟ ɢ ɞɚɫɬ ɨɰɟɧɤɭ ɜɫɟɯ ɱɟɬɵɪɟɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɪɟɫɫɢɢ bi. ɇɚɩɪɢɦɟɪ, 

ɦɚɬɪɢɰɚ ɢɡ 8 ɨɩɵɬɨɜ ɞɥɹ ɱɟɬɵɪɟɯɮɚɤɬɨɪɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɛɭɞɟɬ ɩɨɥɭɪɟɩɥɢ-

ɤɨɣ ɨɬ ɉɎЭ 24, ɚ ɞɥɹ ɩɹɬɢɮɚɤɬɨɪɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ — ɱɟɬɜɟɪɬɶɪɟɩɥɢɤɨɣ ɨɬ 25. 

 Дɥɹ ɬɨɝɨ ɱɬɨɛɵ ɞɪɨɛɧɚɹ ɪɟɩɥɢɤɚ ɩɪɟɞɫɬɚɜɥɹɥɚ ɫɨɛɨɣ ɨɪɬɨɝɨɧɚɥɶɧɵɣ 

ɩɥɚɧ, ɜ ɤɚɱɟɫɬɜɟ ɪɟɩɥɢɤɢ ɫɥɟɞɭɟɬ ɛɪɚɬɶ ɛɥɢɠɚɣɲɢɣ ɩɨɥɧɵɣ ɮɚɤɬɨɪɧɵɣ ɷɤɫɩɟ-

ɪɢɦɟɧɬ. ɉɪɢ ɷɬɨɦ ɱɢɫɥɨ ɨɩɵɬɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ ɱɢɫɥɚ  ɢɫɤɨɦɵɯ ɤɨɷɮ-

ɮɢɰɢɟɧɬɨɜ. 

 ȿɫɥɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɟɝɪɟɫɫɢɢ ɩɪɢ ɩɚɪɧɵɯ ɩɪɨɢɡɜɟɞɟɧɢɹɯ ɧɟ ɪɚɜɧɵ ɧɭ-

ɥɸ, ɬɨ ɧɚɣɞɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ bi ɛɭɞɭɬ ɫɦɟɲɚɧɧɵɦɢ ɨɰɟɧɤɚɦɢ ɢɯ ɬɟɨɪɟɬɢɱɟ-

ɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ βi. ɇɚ ɩɪɚɤɬɢɤɟ ɨɛɵɱɧɨ ɧɟ ɭɞɚɟɬɫɹ ɚɩɪɢɨɪɧɨ ɩɨɫɬɭɥɢɪɨ-

ɜɚɬɶ ɪɚɜɟɧɫɬɜɨ ɧɭɥɸ ɷɮɮɟɤɬɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɨɞɧɚɤɨ ɱɚɫɬɨ ɢɦɟɸɬɫɹ ɨɫɧɨɜɚ-

ɧɢɹ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɦɚɥɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɥɢɧɟɣɧɵɦɢ ɷɮɮɟɤɬɚ-

ɦɢ. Ɉɩɟɪɚɰɢɸ ɫɦɟɲɢɜɚɧɢɹ ɨɰɟɧɨɤ ɩɪɢɧɹɬɨ ɭɫɥɨɜɧɨ ɡɚɩɢɫɵɜɚɬɶ ɜ ɜɢɞɟ ɜɵɪɚ-

ɠɟɧɢɣ 
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,  ;  ; 123313222311 ββββββ +→+→+→ bbb       (6.23) 

ɝɞɟ β – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ.  

 Эɬɢ ɝɟɧɟɪɢɪɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɞɟɥɶɧɨ ɨɰɟɧɟɧɵ ɩɨ 

ɩɥɚɧɭ, ɜɤɥɸɱɚɸɳɟɦɭ ɜɫɟɝɨ ɱɟɬɵɪɟ ɨɩɵɬɚ, ɬɚɤ ɤɚɤ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɪɚɡɥɢɱɢɦɵ 

ɫɬɨɥɛɰɵ ɞɥɹ ɥɢɧɟɣɧɵɯ ɱɥɟɧɨɜ ɢ ɩɚɪɧɵɯ ɩɪɨɢɡɜɟɞɟɧɢɣ. ȿɫɥɢ, ɧɚɩɪɢɦɟɪ, ɜ ɞɨ-

ɩɨɥɧɟɧɢɟ ɤ ɫɬɨɥɛɰɚɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɬɚɛɥ. 6.4, ɜɵɱɢɫɥɢɬɶ ɟɳɟ ɫɬɨɥɛɰɵ ɞɥɹ 

ɩɪɨɢɡɜɟɞɟɧɢɹ ɯ1ɯ3, ɬɨ ɭɜɢɞɢɦ, ɱɬɨ ɷɥɟɦɟɧɬɵ ɷɬɨɝɨ ɫɬɨɥɛɰɚ ɜ ɬɨɱɧɨɫɬɢ ɪɚɜɧɵ 

ɷɥɟɦɟɧɬɚɦ ɫɬɨɥɛɰɚ ɯ2. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɤɪɚɳɟɧɢɟ ɱɢɫɥɚ ɨɩɵɬɨɜ ɩɪɢɜɨɞɢɬ ɤ 

ɩɨɥɭɱɟɧɢɸ ɫɦɟɲɚɧɧɵɯ ɨɰɟɧɨɤ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 

 Дɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ, ɤɚɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɦɟɲɚɧɵ, ɭɞɨɛɧɨ 

ɩɨɥɶɡɨɜɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦ ɩɪɢɟɦɨɦ: ɩɨɞɫɬɚɜɢɜ ɯ3 ɧɚ ɦɟɫɬɨ ɯ1ɯ2, ɩɨɥɭɱɢɦ ɫɨɨɬ-

ɧɨɲɟɧɢɟ ɯ3=ɯ1ɯ2, ɧɚɡɵɜɚɟɦɨɟ ɝɟɧɟɪɢɪɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ. 

 ɍɦɧɨɠɢɜ ɨɛɟ ɱɚɫɬɢ ɝɟɧɟɪɢɪɭɸɳɟɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɧɚ ɯ3, ɩɨɥɭɱɢɦ 
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2

3 == XXXX , ɬ.ɟ. 1 321 =XXX .      (6.24) 

 Эɬɨ ɩɪɨɢɡɜɟɞɟɧɢɟ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɤɨɧɬɪɚɫɬɚ. 

 ɍɦɧɨɠɢɜ ɩɨɨɱɟɪɟɞɧɨ ɨɩɪɟɞɟɥɹɸɳɢɣ ɤɨɧɬɪɚɫɬ ɧɚ ɯ1, ɯ2, ɯ3, ɧɚɯɨɞɢɦ 

.   ;  ; 2133123232

2

11 XXXXXXXXXXXX ====       (6.25) 

 ɉɨɥɭɱɟɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɹɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɢɫɬɟɦɚ ɫɦɟɲɚɧɧɵɯ ɨɰɟɧɨɤ, 

ɬ.ɟ. β1 ɫɦɟɲɚɧɚ ɫ β23, β2  – ɫ β13, ɚ β3  –  ɫ β12. 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ДɎЭ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɱɟɬɤɨɟ ɩɪɟɞ-

ɫɬɚɜɥɟɧɢɟ ɨ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɪɚɡɪɟɲɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɞɪɨɛɧɵɯ ɪɟɩɥɢɤ, ɬ.ɟ. 

ɨɩɪɟɞɟɥɢɬɶ ɡɚɪɚɧɟɟ, ɤɚɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɹɜɥɹɸɬɫɹ ɧɟɫɦɟɲɚɧɧɵɦɢ ɨɰɟɧɤɚɦɢ 

ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. Ɍɨɝɞɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɫɬɚɧɨɜɤɢ ɡɚ-

ɞɚɱɢ ɩɨɞɛɢɪɚɟɬɫɹ ɞɪɨɛɧɚɹ ɪɟɩɥɢɤɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɢɡɜɥɟɱɶ ɦɚɤɫɢ-

ɦɚɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

 ɇɚɩɪɢɦɟɪ, ɜ ɡɚɞɚɱɟ ɫ ɱɟɬɵɪɶɦɹ ɮɚɤɬɨɪɚɦɢ (k=4) ɜ ɤɚɱɟɫɬɜɟ ɝɟɧɟɪɢɪɭɸ-

ɳɟɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɦɨɠɧɨ ɜɡɹɬɶ ɯ4=ɯ1ɯ2ɯ3 ɢɥɢ ɥɸɛɨɣ ɢɡ ɷɮɮɟɤɬɨɜ ɞɜɨɣɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɧɚɩɪɢɦɟɪ ɯ4=ɯ1ɯ2. Ɍɚɛɥɢɰɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɚɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥ.6.5. 
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Ɍɚɛɥɢɰɚ 6.5 
ɉɥɚɧирɨвɚɧие ȾɎɗ 

 

ɇɨɦɟɪ ɉɥɚɧ Ƚɟɧɟɪɢɪɭɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ 

ɨɩɵɬɚ x0 x1 x2 x3 x4=x1x2x3 x4=x1x2

1 +1 -1 -1 -1 -1 +1 

2 +1 +1 -1 -1 +1 -1 

3 +1 -1 +1 -1 +1 -1 

4 +1 +1 +1 -1 -1 +1 

5 +1 -1 -1 +1 +1 +1 

6 +1 +1 -1 +1 -1 -1 

7 +1 -1 +1 +1 -1 -1 

8 +1 +1 +1 +1 +1 +1 

 

В ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɸɳɢɣ ɤɨɧɬɪɚɫɬ X4
2=X1X2X3X4=1. ɉɨɥɭɱɢɦ 

ɨɰɟɧɤɭ ɫɨɜɦɟɫɬɧɵɯ ɨɰɟɧɨɤ: 

;; 234114321 ββ +→= bXXXX   

;; 134224312 ββ +→= bXXXX   

;; 124334213 ββ +→= bXXXX   

;; 123443214 ββ +→= bXXXX   

;; 2314143241 ββ +→= bXXXX   

;; 3412124321 ββ +→= bXXXX   

.; 2413134231 ββ +→= bXXXX   

 В ɪɟɚɥɶɧɵɯ ɡɚɞɚɱɚɯ ɬɪɨɣɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɛɵɜɚɸɬ ɪɚɜɧɵɦɢ ɧɭɥɸ 

ɡɧɚɱɢɬɟɥɶɧɨ ɱɚɳɟ, ɱɟɦ ɞɜɨɣɧɵɟ. Ɂɧɚɱɢɬ, ɟɫɥɢ ɩɨ ɮɢɡɢɱɟɫɤɨɦɭ ɫɦɵɫɥɭ ɡɚɞɚɱɢ 

ɧɚɫ ɛɨɥɟɟ ɜɫɟɝɨ ɢɧɬɟɪɟɫɭɸɬ ɨɰɟɧɤɢ ɞɥɹ ɥɢɧɟɣɧɵɣ ɷɮɮɟɤɬɨɜ, ɫɥɟɞɭɟɬ ɢɫɩɨɥɶ-

ɡɨɜɚɬɶ ɝɟɧɟɪɢɪɭɸɳɟɟ ɫɨɨɬɧɨɲɟɧɢɟ X4= X1X2X3. 

 Вɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɸɳɢɣ ɤɨɧɬɪɚɫɬ ɜɵɪɚɠɚɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 

X4
2=X1X2X4=1; X1X2X4=1. 

 ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɭɸ ɫɢɫɬɟɦɭ ɨɰɟɧɨɤ:  

;  ; 2411421 ββ +→= bXXX  

;  ; 1422412 ββ +→= bXXX  
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;  ; 12343343213 ββ +→= bXXXXX  

;  ; 1244214 ββ +→= bXXX  

;  ; 234131343231 ββ +→= bXXXXX  

;  ; 134232343132 ββ +→= bXXXXX  

.  ; 123343432143 ββ +→= bXXXXX   

 ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɪɨɛɧɭɸ ɪɟɩɥɢɤɭ ɫ ɝɟɧɟɪɢɪɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ 

X4=X1X2 ɢɦɟɟɬ ɫɦɵɫɥ ɢɫɩɨɥɶɡɨɜɚɬɶ, ɟɫɥɢ ɧɚɫ ɛɨɥɟɟ ɜɫɟɝɨ ɢɧɬɟɪɟɫɭɸɬ ɤɨɷɮɮɢ-

ɰɢɟɧɬɵ β12, β23, β34. 

 Дɪɨɛɧɭɸ ɪɟɩɥɢɤɭ, ɜ ɤɨɬɨɪɨɣ Ɋ ɥɢɧɟɣɧɵɯ ɷɮɮɟɤɬɨɜ ɩɪɢɪɚɜɧɟɧɵ ɤ ɷɮɮɟɤ-

ɬɚɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɨɛɨɡɧɚɱɚɸɬ 2k-P. 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɥɚɧɵ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, ɨɩɬɢɦɚɥɶɧɵɟ ɞɜɭɯɭɪɨɜɧɟɜɵɟ 

ɩɥɚɧɵ ɉɎЭ 2k ɢ ДɎЭ 2k-P ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ: 

 1 – ɩɥɚɧɵ ɨɪɬɨɝɨɧɚɥɶɧɵ, ɩɨɷɬɨɦɭ ɜɫɟ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɫɬɵ; 

 2 – ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɟɡɚɜɢɫɢɦɨ ɨɞɢɧ ɨɬ ɞɪɭɝɨɝɨ; 

 3 – ɤɚɠɞɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɫɟɯ n ɨɩɵɬɨɜ; 

 4 – ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɟɝɪɟɫɫɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫ ɨɞɢɧɚɤɨɜɨɣ ɞɢɫɩɟɪɫɢ-

ɟɣ, ɬ.ɟ. ɷɬɢ ɩɥɚɧɵ ɨɛɥɚɞɚɸɬ ɢ ɫɜɨɣɫɬɜɨɦ ɪɨɬɚɬɚɛɟɥɶɧɨɫɬɢ. 

 

6.3.6. Ɋɚɡрɚɛɨɬɤɚ мɚɬемɚɬичеɫɤɨɣ мɨɞеɥи  

ɝиɞрɚɜɥичеɫɤɨɝɨ реɠимɚ меɬɨɞичеɫɤɨɣ ɩечи 
 

 В ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɪɚɡɪɚɛɨɬɤɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɱɟɬɵɪɟɯɡɨɧɧɨɣ ɦɟɬɨɞɢɱɟɫɤɨɣ ɩɟɱɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɬɟɨɪɢɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɨɩɵɬɨɜ ɢɫɩɨɥɶɡɭɟɦ ɦɟ-

ɬɨɞɢɤɭ ɩɪɨɜɟɞɟɧɢɹ ɞɪɨɛɧɨɝɨ ɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ (ДɎЭ) ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ 

ɞɜɭɯɭɪɨɜɧɟɜɵɦ ɜɚɪɶɢɪɨɜɚɧɢɟɦ ɮɚɤɬɨɪɨɜ. 

 ɉɟɪɟɞ ɪɚɡɪɚɛɨɬɤɨɣ ɩɥɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ ɨɫɧɨɜɟ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚ-

ɰɢɢ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɜɟɥɢɱɢɧɭ ɞɚɜɥɟɧɢɹ ɜ ɬɨɦɢɥɶɧɨɣ 

ɡɨɧɟ ɩɟɱɢ. К ɱɢɫɥɭ ɬɚɤɢɯ ɮɚɤɬɨɪɨɜ ɨɬɧɨɫɹɬɫɹ ɪɚɫɯɨɞɵ ɬɨɩɥɢɜɚ ɧɚ ɤɚɠɞɭɸ ɡɨɧɭ 

ɧɚɝɪɟɜɚ ɢ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɞɵɦɨɜɨɝɨ ɤɥɚɩɚɧɚ. Ɋɚɫɯɨɞɵ ɜɨɡɞɭɯɚ ɧɚ ɤɚɠɞɭɸ ɡɨɧɭ ɜ 
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ɤɚɱɟɫɬɜɟ ɮɚɤɬɨɪɨɜ ɧɟ ɮɢɝɭɪɢɪɨɜɚɥɢ, ɩɨɫɤɨɥɶɤɭ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɝɨɪɟɧɢɟɦ ɬɨ-

ɩɥɢɜɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɦɟɧɹɟɬ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɚɫɯɨɞɚ ɝɚɡɚ. 

 Ɉɛɨɡɧɚɱɢɦ ɮɚɤɬɨɪɵ: X1 — ɪɚɫɯɨɞ ɝɚɡɚ ɜ ɬɨɦɢɥɶɧɨɣ ɡɨɧɟ, ɦ3/ɱ; X2 — ɪɚɫ-

ɯɨɞ ɝɚɡɚ ɜɨ ɜɬɨɪɨɣ ɫɜɚɪɨɱɧɨɣ ɡɨɧɟ, ɦ3/ɱ; X3 — ɪɚɫɯɨɞ ɝɚɡɚ ɜ ɩɟɪɜɨɣ ɫɜɚɪɨɱɧɨɣ 

ɡɨɧɟ, ɦ3/ɱ; X4 — ɪɚɫɯɨɞ ɝɚɡɚ ɜ ɧɢɠɧɟɣ ɫɜɚɪɨɱɧɨɣ ɡɨɧɟ, ɦ3/ɱ; X5 — ɩɨɥɨɠɟɧɢɟ 

ɞɵɦɨɜɨɝɨ ɤɥɚɩɚɧɚ, % ɯɨɞɚ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ (ɪɢɫ.6.2). 

 

Ɋɢɫ.6.2. ɉɨɥɨɠеɧие ɮɚɤтɨрɨв (X1, ..., X5) и ɨтɤɥиɤɚ (Y) ɩри 
ɩрɨвеɞеɧии иɫɫɥеɞɨвɚɧия ɧɚ ɦетɨɞичеɫɤɨɣ ɩечи 
 

 Ɋɟɚɥɢɡɚɰɢɹ ɉɎЭ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɜɫɟɯ ɮɚɤɬɨɪɨɜ ɧɚ ɞɜɭɯ 

ɭɪɨɜɧɹɯ ɩɨɬɪɟɛɨɜɚɥɚ ɛɵ ɩɨɫɬɚɧɨɜɤɢ 25=32 ɨɩɵɬɨɜ. 

 Ȼɭɞɟɦ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɷɮɮɟɤɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɮɚɤɬɨɪɨɜ ɜ ɢɫɫɥɟ-

ɞɭɟɦɨɦ ɨɛɴɟɤɬɟ ɦɚɥɨɜɟɪɨɹɬɧɵ ɢ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɵ. Вɨɫɩɨɥɶɡɭɟɦɫɹ 1/4 ɪɟɩ-

ɥɢɤɨɣ ɉɎЭ, ɬ.ɟ. ДɎЭ ɬɢɩɚ 25-2, ɝɞɟ ɮɨɪɦɚɥɶɧɨ 2 ɮɚɤɬɨɪɚ ɡɚɦɟɧɟɧɵ ɫɨɨɬɜɟɬɫɬ-

ɜɭɸɳɢɦɢ ɩɪɨɢɡɜɟɞɟɧɢɹɦɢ ɨɫɬɚɥɶɧɵɯ ɮɚɤɬɨɪɨɜ (x4=x1 x2, x5=x1 x2 x3 ). Эɬɨ ɩɨɡɜɨ-

ɥɢɬ ɫɨɤɪɚɬɢɬɶ ɱɢɫɥɨ ɨɩɵɬɨɜ ɞɨ 23=8. ɍɪɨɜɧɢ ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ ɩɪɟɞɫɬɚɜ-

ɥɟɧɵ ɜ ɬɚɛɥ. 6.6. 

Ɍɚɛɥɢɰɚ 6.6 
ɍрɨвɧи вɚрɶирɨвɚɧия ɮɚɤтɨрɨв 

 

Ɏɚɤɬɨɪɵ ɍɪɨɜɧɢ 
ɮɚɤɬɨɪɨɜ X1, 

ɦ3/ɱ 
X2, 
ɦ3/ɱ 

X3, 
ɦ3/ɱ 

X4, 
ɦ3/ɱ 

X5, 
% ɯɨɞɚ ИɆ 

Ɉɫɧɨɜɧɨɣ (ɧɭɥɟɜɨɣ) 5250 3900 2650 1100 74 

ɇɢɠɧɢɣ 4000 3100 1750 700 50 

Вɟɪɯɧɢɣ 6500 4700 3500 1500 98 

Иɧɬɟɪɜɚɥ ɜɚɪɶɢɪɨɜɚɧɢɹ 1250 800 900 400 24 
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 В ɬɚɛɥ. 6.7 ɩɪɢɜɟɞɟɧɵ ɦɚɬɪɢɰɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ДɎЭ 25-2 ɢ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫ-

ɩɟɪɢɦɟɧɬɚ — ɡɧɚɱɟɧɢɹ ɜɵɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ (ɞɚɜɥɟɧɢɹ ɜ ɬɨɦɢɥɶɧɨɣ ɡɨɧɟ ɦɟ-

ɬɨɞɢɱɟɫɤɨɣ ɩɟɱɢ). 

 Дɥɹ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɩɨɥɶɡɭɟɦ ɦɟɬɨɞɢɤɭ, ɢɡɥɨ-

ɠɟɧɧɭɸ ɪɚɧɟɟ ɜ ɩɚɪɚɝɪɚɮɟ 4.5. 

 1. Ɋɚɫɱɟɬ ɩɨɫɬɪɨɱɧɵɯ ɫɪɟɞɧɢɯ: 

,
*m

*m jy...2 jy1 jy

jy
+++

=  

ɝɞɟ m* — ɱɢɫɥɨ ɩɨɜɬɨɪɧɵɯ ɨɩɵɬɨɜ (m*=2). ɇɚɩɪɢɦɟɪ, 

.55,2
2

)5,2()6,2(
1 −=

−+−
=y  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 6.7. 

Ɍɚɛɥɢɰɚ 6.7 

Ɇɚтриɰɚ ȾɎɗ 25-2 ɫ ɞвɭɦя ɩɚрɚɥɥеɥɶɧɵɦи ɨɩɵтɚɦи 

ɉɟɪɟɦɟɧɧɚɹ ɫɨɫɬɨɹɧɢɹ  
(ɨɬɤɥɢɤ), ɤɉɚ Ɏɚɤɬɨɪɵ (ɤɨɞɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ)

Ɉɩɵ
ɬ 1 

Ɉɩɵ
ɬ 2 

ɋɪɟɞ- 
ɧɟɟ 

Ɇɨ-
ɞɟɥɶ 

X0 X1 X2 X3 X4 X5 y1 Y2 j
y  jy

)
 

ɉɨɫɬɪɨɱɧɚɹ 

ɞɢɫɩɟɪɫɢɹ 

 2

jS

1 1 1 1 1 1 -2,5 -2,6 -2,55 -2,41 0,005 

1 -1 1 1 -1 -1 2,2 2,3 2,25 2,26 0,005 

1 1 -1 1 -1 -1 5,1 4,7 4,90 4,74 0,080 

1 -1 -1 1 1 1 -1,1 0,5 -0,30 0,08 1,280 

1 1 1 -1 1 -1 2,1 2,3 2,20 2,26 0,020 

1 -1 1 -1 -1 1 -2,0 -2,4 -2,20 -2,41 0,080 

1 1 -1 -1 -1 1 0,0 0,8 0,40 0,08 0,320 

1 -1 -1 -1 1 -1 4,2 5,1 4,65 4,74 0,405 

 

 2. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɫɬɪɨɱɧɵɯ (ɜɵɛɨɪɨɱɧɵɯ) ɞɢɫɩɟɪɫɢɣ: 

.005,0
12

))55,2(6,2())55,2(5,2(
  ;

1*

)(
22

2

1

*

1

2

2 =
−

−−−+−−−
=

−

−
=
∑
= S

m

yy

S

m

i

jji

j
 

 Аɧɚɥɨɝɢɱɧɨ S2
2=0,005; S3

2=0,08; S4
2=1,28; S5

2=0,02; S6
2=0,08; S7

2=0,32; 

S8
2=0,405. ɋɭɦɦɚ ɩɨɫɬɪɨɱɧɵɯ (ɜɵɛɨɪɨɱɧɵɯ) ɞɢɫɩɟɪɫɢɣ: 

SΣ
2=0,005+0,005+0,08+1,28+0,02+0,08+0,32+0,405=2,195. 
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 3. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɞɧɨɪɨɞɧɨɫɬɢ ɞɢɫɩɟɪɫɢɣ ɩɨ ɤɪɢɬɟɪɢɸ Кɨɯɪɟɧɚ: 

.5831,0
195,2

28,1
2

2

max ===
ΣS

S
G

j

эксɩ
 

 Дɚɥɟɟ ɩɨ ɬɚɛɥ. ɉ.9 ɧɚɯɨɞɢɦ Gα;m;n. Дɥɹ α=0,05, m=m*-1=2-1 ɢ n=8 ɡɧɚɱɟ-

ɧɢɟ G0,05;1;8=0,6798. ɉɨɫɤɨɥɶɤɭ Gɷɤɫɩ< Gɬɟɨɪ, ɬɨ ɞɢɫɩɟɪɫɢɢ ɨɞɧɨɪɨɞɧɵ. 

 4. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɭɪɚɜɧɟɧɢɢ ɪɟɝɪɟɫɫɢɢ: 

;169,1
8

65,44,02,22,23,09,425,255,21

0

0 =
++−+−++−

=
⋅

=
∑
=

n

xy

b

n

j

jj

 

;069,0
8

65,44,02,22,23,09,425,255,21

1

1 =
−+++++−−

=
⋅

=
∑
=

n

xy

b

n

j

jj

;244,1
8

65,44,02,22,23,09,425,255,21

2

2 −=
−−−++−+−
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∑
=

n

xy

b

n

j

jj

;094,0
8

65,44,02,22,23,09,425,255,21

3

3 −=
−−+−−++−

=
⋅

=
∑
=

n

xy

b

n

j

jj

;169,0
8

65,44,02,22,23,09,425,255,21

4

4 −=
+−++−−−−

=
⋅

=
∑
=

n

xy

b

n

j

jj

.331,2
8

65,44,02,22,23,09,425,255,21

5

5 −=
−+−−−−−−

=
⋅

=
∑
=

n

xy

b

n

j

jj

 

 5. ɉɪɨɜɟɪɤɚ ɡɧɚɱɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɪɟɫɫɢɢ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɩ-

ɪɟɞɟɥɢɦ ɞɢɫɩɟɪɫɢɸ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ (ɞɢɫɩɟɪɫɢɸ ɨɬɤɥɢɤɚ): 

.2744,0
8

195,2

n

S

n

S

S
2

n

1j

2

j

2

вɨɫɩ === Σ=
∑

  

 Дɢɫɩɟɪɫɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ 

.131,0SS   ;01715,0
28

2744,0

*mn

S
S 2

bb

2

вɨɫɩ2

b ===
⋅

=
⋅

=   

 ɇɚɯɨɞɢɦ ɡɧɚɱɟɧɢɟ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝ-

ɪɟɫɫɢɢ: 
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.  bSm;tjb ⋅α=∆

 Ɂɞɟɫɶ m=n(m*-1)=8(2-1)=8, ɬɨɝɞɚ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ɋɬɶɸ-

ɞɟɧɬɚ t0,05;8=2,31 (ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ, ɢɫɩɨɥɶɡɭɹ ɮɭɧɤɰɢɸ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ 

Microsoft Excel ɋɌɖɘȾɊАɋɉɈȻɊ(0,05;8)=2,31), ɨɬɤɭɞɚ ∆bj=2,31⋅0,131=0,303. Иɡ 

ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ∆bj ɫ ɚɛɫɨɥɸɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɤɨ-

ɷɮɮɢɰɢɟɧɬɨɜ ɦɨɞɟɥɢ ɫɥɟɞɭɟɬ, ɱɬɨ ⏐b1⏐=0,069<0,303; ⏐b3⏐=0,094<0,303 ɢ 

⏐b4⏐=0,169<0,303. Эɬɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɤɚɡɚɥɢɫɶ ɧɟɡɧɚɱɢɦɵ, ɚ ɨɫɬɚɥɶɧɵɟ ɡɧɚ-

ɱɢɦɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ 

y
)

=1,169-1,244X2-2,331X5. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɭɪɚɜɧɟɧɢɸ ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɟɥɢ 

iy
)

 ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥ. 6.7. 

 6. ɉɪɨɜɟɪɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɟɥɢ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɩɪɟɞɟ-

ɥɢɦ ɞɢɫɩɟɪɫɢɸ ɚɞɟɤɜɚɬɧɨɫɬɢ: 

.
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В ɧɚɲɟɦ ɫɥɭɱɚɟ m*=2; n=8; l=3, ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɦɟɟɦ 

[ +−−+−+−++−
−

= 22222

аɞ )08,03,0()74,49,4()66,225,2()41,255,2(
38

2
S  

.1386,0])74,465,4()08,04,0()41,22,2()26,22,2( 2222 =−+−++−+−+  

ɋ ɭɱɟɬɨɦ ɪɚɧɟɟ ɧɚɣɞɟɧɧɨɣ ɜɵɛɨɪɨɱɧɨɣ ɞɢɫɩɟɪɫɢɢ SΣ
2=2,195 ɨɩɪɟɞɟɥɹɟɦ ɞɢɫ-

ɩɟɪɫɢɸ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ: 

.274,0
8

195,2

n

S
S

2
2

вɨɫɩ === Σ  

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ ɫɥɟɞɭɸɳɟɟ: 

.505,0
2744,0

1386,0
2

вɨɫɩ

2

аɞ
экɫɩ ===

S

S
F  

Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ Fα;m1;m2 ɩɪɢ α=0,05 ɦɨɠɧɨ ɨɩɪɟɞɟ-

ɥɢɬɶ ɩɨ ɫɩɪɚɜɨɱɧɢɤɭ [11], ɬɚɛɥ. ɉ.4 ɢɥɢ ɫ ɩɨɦɨɳɶɸ ɜɫɬɪɨɟɧɧɨɣ ɮɭɧɤɰɢɢ ɷɥɟɤ-

 179



 6. ɆЕɌɈȾɕ ɉЛАɇИɊɈВАɇИə ɗɄɋɉЕɊИɆЕɇɌɈВ. ЛɈȽИɑЕɋɄИЕ ɈɋɇɈВɕ 

ɬɪɨɧɧɵɯ ɬɚɛɥɢɰ Microsoft Excel FɊАɋɉɈȻɊ. Дɥɹ m1=(n-l)=(8-3)=5 ɢ m2=n(m*-

1)=8(2-1)=8 ɡɧɚɱɟɧɢɟ F0,05;5;8=3,69  (FɊАɋɉɈȻɊ(0,05;5;8)=3,69). ɉɨɫɤɨɥɶɤɭ Fɷɤɫɩ< 

Fɬɟɨɪ, ɬɨ ɩɨɥɭɱɟɧɧɚɹ ɦɨɞɟɥɶ ɚɞɟɤɜɚɬɧɚ. 

 

6.4. ɉлаɧɵ вɬɨɪɨɝɨ ɩɨɪяɞɤа  

 

 Ɉɩɢɫɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɤɥɢɤɚ ɩɨɥɢɧɨɦɚɦɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɱɚɫɬɨ ɨɤɚ-

ɡɵɜɚɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɵɦ. Вɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚɹ ɚɩɩɪɨɤɫɢɦɚ-

ɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ, ɟɫɥɢ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɨɥɢɧɨɦɨɦ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

(6.7).  

 В ɷɬɨɦ ɫɥɭɱɚɟ ɬɪɟɛɭɟɬɫɹ, ɱɬɨɛɵ ɤɚɠɞɵɣ ɮɚɤɬɨɪ ɜɚɪɶɢɪɨɜɚɥɫɹ ɧɟ ɦɟɧɟɟ 

ɱɟɦ ɧɚ ɬɪɟɯ ɭɪɨɜɧɹɯ. В ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɥɧɵɣ ɮɚɤɬɨɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɫɨɞɟɪɠɢɬ 

ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɩɵɬɨɜ, ɪɚɜɧɨɟ 3k. Ɍɚɤ, ɩɪɢ k=3 ɢɯ 27, ɚ ɱɢɫɥɨ ɤɨ-

ɷɮɮɢɰɢɟɧɬɨɜ b – 10, ɩɪɢ k=5 ɱɢɫɥɨ ɨɩɵɬɨɜ 243, ɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 21. В ɫɜɹɡɢ ɫ 

ɷɬɢɦ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɉɎЭ ɞɥɹ ɩɥɚɧɨɜ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɧɟ ɬɨɥɶɤɨ ɫɥɨɠɧɨ, ɧɨ ɢ 

ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ. 

 ɋɨɤɪɚɬɢɬɶ ɱɢɫɥɨ ɨɩɵɬɨɜ ɦɨɠɧɨ, ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɬɚɤ ɧɚɡɵɜɚɟɦɵɦ ɤɨɦ-

ɩɨɡɢɰɢɨɧɧɵɦ ɢɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɩɥɚɧɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɵɦ Ȼɨɤɫɨɦ ɢ ɍɢɥɫɨ-

ɧɨɦ. Ɍɚɤ, ɩɪɢ ɞɜɭɯ ɮɚɤɬɨɪɚɯ ɦɨɞɟɥɶ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ y = f(x1,x2) ɜɬɨɪɨɝɨ ɩɨɪɹɞ-

ɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɜɟɪɯɧɨɫɬɶ ɜ ɜɢɞɟ ɰɢɥɢɧɞɪɚ, ɤɨɧɭɫɚ, ɷɥɥɢɩɫɚ ɢ ɬ.ɞ., 

ɨɩɢɫɵɜɚɟɦɭɸ ɜ ɨɛɳɟɦ ɜɢɞɟ ɭɪɚɜɧɟɧɢɟɦ 

 .2112

2

222

2

11122110 xxbxbxbxbxbby +++++=)
 

 Дɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɚɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɩɨɥɚɝɚɬɶ ɤɨɨɪɞɢɧɚ-

ɬɚɦɢ ɧɟ ɦɟɧɟɟ ɬɪɟɯ ɟɟ ɬɨɱɟɤ, ɬ.ɟ. ɮɚɤɬɨɪɵ x1 ɢ x2 ɞɨɥɠɧɵ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɧɟ ɦɟ-

ɧɟɟ ɱɟɦ ɧɚ ɬɪɟɯ ɭɪɨɜɧɹɯ. ɉɨɷɬɨɦɭ ɩɥɚɧ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɩɥɨɫɤɨɫɬɢ ɮɚɤɬɨɪɨɜ x1 ɢ 

x2 ɧɚ ɪɢɫ.6.3, ɚ ɧɟ ɦɨɠɟɬ ɫɨɫɬɨɹɬɶ ɥɢɲɶ ɢɡ ɨɩɵɬɨɜ 1, 2, 3, 4 ɉɎЭ 22, ɪɚɫɩɨɥɚ-

ɝɚɸɳɢɯɫɹ ɜ ɜɟɪɲɢɧɚɯ ɤɜɚɞɪɚɬɚ, ɤɚɤ ɷɬɨ ɛɵɥɨ ɞɥɹ ɦɨɞɟɥɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ. К 

ɧɢɦ ɞɨɥɠɧɵ ɛɵɬɶ ɞɨɛɚɜɥɟɧɵ ɨɩɵɬɵ (ɡɜɟɡɞɧɵɟ ɬɨɱɤɢ) 5, 6, 7, 8, ɪɚɫɩɨɥɨɠɟɧɧɵɟ 

ɧɚ ɨɫɹɯ x1 ɢ x2 ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ (±α;0), (0;±α) ɢ ɨɛɹɡɚɬɟɥɶɧɨ ɨɩɵɬ 9 ɜ ɰɟɧɬɪɟ 

ɤɜɚɞɪɚɬɚ, ɱɬɨɛɵ ɩɨ ɥɸɛɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ (5-9-6), (1-9-4) ɢ ɬ.ɞ. ɪɚɫɩɨɥɚɝɚɥɨɫɶ 

ɬɪɢ ɬɨɱɤɢ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɤɪɢɜɢɡɧɭ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 
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a ɛ 

2 1 

Ɋɢɫ. 6.3. ɉɥɚɧɵ втɨрɨɝɨ ɩɨряɞɤɚ ɩри k=2: 
ɚ — ɨртɨɝɨɧɚɥɶɧɵɣ; ɛ — рɨтɚтɚɛеɥɶɧɵɣ 

 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɹɞɪɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɩɥɚɧɚ ɫɨɫɬɚɜɥɹɟɬ 

ɩɪɢ k<5 ɉɎЭ 2k, ɚ ɩɪɢ k≥5 — ɞɪɨɛɧɭɸ ɪɟɩɥɢɤɭ ɨɬ ɧɟɝɨ. ȿɫɥɢ ɥɢɧɟɣɧɨɟ ɭɪɚɜɧɟ-

ɧɢɟ ɪɟɝɪɟɫɫɢɢ ɨɤɚɡɚɥɨɫɶ ɧɟɚɞɟɤɜɚɬɧɵɦ, ɧɟɨɛɯɨɞɢɦɨ: 

 1) ɞɨɛɚɜɢɬɶ 2⋅k ɡɜɟɡɞɧɵɯ ɬɨɱɟɤ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɹɯ 

ɮɚɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ (±α,0,0,...,0), (0,±α,0,...,0), ..., (0,0,...,±α), ɝɞɟ α — 

ɡɜɟɡɞɧɨɟ ɩɥɟɱɨ, ɢɥɢ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɡɜɟɡɞɧɨɣ ɬɨɱɤɢ;  

 2) ɩɪɨɜɟɫɬɢ n0 ɨɩɵɬɨɜ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɮɚɤɬɨɪɨɜ ɜ ɰɟɧɬɪɟ ɩɥɚɧɚ. 

 ɉɪɢ k ɮɚɤɬɨɪɚɯ ɨɛɳɟɟ ɱɢɫɥɨ ɨɩɵɬɨɜ ɜ ɦɚɬɪɢɰɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɩɥɚɧɚ 

ɫɨɫɬɚɜɢɬ 

n=2k + 2⋅k +n0 ɩɪɢ k<5, 

n=2k-1 + 2⋅k +n0 ɩɪɢ k≥5. 

 ɉɪɢ ɷɬɨɦ ɜɟɥɢɱɢɧɚ ɡɜɟɡɞɧɨɝɨ ɩɥɟɱɚ α ɢ ɱɢɫɥɨ ɨɩɵɬɨɜ ɜ ɰɟɧɬɪɟ ɩɥɚɧɚ n0 

ɡɚɜɢɫɢɬ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɜɢɞɚ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɩɥɚɧɚ. 

 Кɨɦɩɨɡɢɰɢɨɧɧɵɣ ɩɥɚɧ ɞɥɹ k=2 ɢ n0=1 ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ.6.8. 

 

Ɍɚɛɥɢɰɚ 6.8 

Ʉɨɦɩɨɡиɰиɨɧɧɵɣ ɩɥɚɧ втɨрɨɝɨ ɩɨряɞɤɚ 

ɇɨɦɟɪ Ɏ ɚ ɤ ɬ ɨ ɪ ɵ Ɋɟɡɭɥɶɬɚɬ 
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ɨɩɵɬɚ x0 x1 x2 x1x2 x1
2 x2

2 yj

1 +1 -1 -1 +1 +1 +1 y1

əɞɪɨ           2 +1 +1 -1 -1 +1 +1 y2

ɩɥɚɧɚ          3 +1 -1 +1 -1 +1 +1 y3

4 +1 +1 +1 +1 +1 +1 y4

5 +1 +α 0 0 α2 0 y5

Ɂɜɟɡɞ-         6 +1 -α 0 0 α2 0 y6

ɧɵɟ             7 +1 0 +α 0 0 α2 y7

ɬɨɱɤɢ           8 +1 0 -α 0 0 α2 y8

ɐɟɧɬɪ         9 
ɩɥɚɧɚ          

+1 0 0 0 0 0 y9

 

  Аɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɫɨɫɬɚɜɥɹɸɬɫɹ ɩɥɚɧɵ ɢ ɞɥɹ ɛɨɥɶɲɟɝɨ ɱɢɫɥɚ ɮɚɤ-

ɬɨɪɨɜ. 

 

6.4.1. Ɉрɬɨɝɨɧɚɥɶɧɵе ɩɥɚɧɵ ɜɬɨрɨɝɨ ɩɨряɞɤɚ  

 

 В ɨɛɳɟɦ ɜɢɞɟ ɩɥɚɧ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɬɚɛɥ.6.8, ɧɟɨɪɬɨɝɨɧɚɥɟɧ, ɬɚɤ ɤɚɤ 
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ijj xxxx
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22
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0 ui  ,0  ;0 .       (6.26)  

 ɉɪɢɜɟɞɟɦ ɟɝɨ ɤ ɨɪɬɨɝɨɧɚɥɶɧɨɦɭ ɜɢɞɭ, ɞɥɹ ɱɟɝɨ ɜɜɟɞɟɦ ɧɨɜɵɟ ɩɟɪɟɦɟɧ-

ɧɵɟ (ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ ɤɜɚɞɪɚɬɢɱɧɵɯ ɷɮɮɟɤɬɨɜ): 
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Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɛɭɞɟɬ ɡɚɩɢɫɚɧɨ ɤɚɤ  
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 Кɨɦɩɨɡɢɰɢɨɧɧɵɟ ɩɥɚɧɵ ɥɟɝɤɨ ɩɪɢɜɟɫɬɢ ɤ ɨɪɬɨɝɨɧɚɥɶɧɵɦ, ɜɵɛɢɪɚɹ ɡɜɟɡɞ-

ɧɨɟ ɩɥɟɱɨ α. В ɬɚɛɥ. 6.9 ɩɪɢɜɟɞɟɧɨ ɡɧɚɱɟɧɢɟ α ɞɥɹ ɪɚɡɥɢɱɧɨɝɨ ɱɢɫɥɚ ɮɚɤɬɨɪɨɜ 

k ɢ ɱɢɫɥɚ ɨɩɵɬɨɜ ɜ ɰɟɧɬɪɟ ɩɥɚɧɚ n0. 

Ɍɚɛɥɢɰɚ 6.9 

Ɂɧɚчеɧия ɡвеɡɞɧɵɯ ɩɥеч в ɨртɨɝɨɧɚɥɶɧɵɯ ɩɥɚɧɚɯ втɨрɨɝɨ ɩɨряɞɤɚ 
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Ɂɜɟɡɞɧɨɟ ɩɥɟɱɨ α ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɱɢɫɥɟ ɮɚɤɬɨɪɨɜ k Чɢɫɥɨ ɨɩɵɬɨɜ 
ɜ ɰɟɧɬɪɟ 
ɩɥɚɧɚ n0 k=2 k=3 k=4 k=5 * 

1 1,000 1,215 1,414 1,546 

2 1,077 1,285 1,471 1,606 

3 1,148 1,353 1,546 1,664 

4 1,214 1,414 1,606 1,718 

5 1,267 1,471 1,664 1,772 

6 1,320 1,525 1,718 1,819 

7 1,369 1,575 1,772 1,868 

8 1,414 1,623 1,819 1,913 

9 1,454 1,668 1,868 1,957 

10 1,498 1,711 1,913 2,000 

*) В ɹɞɪɟ ɩɨɥɭɪɟɩɥɢɤɢ 

 

 В ɱɚɫɬɧɨɫɬɢ, ɨɪɬɨɝɨɧɚɥɶɧɵɣ ɩɥɚɧ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɞɥɹ k=2 ɢ n0=1 ɩɪɟɞ-

ɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 6.10, ɚ ɟɝɨ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ – ɧɚ ɪɢɫ. 6.3, ɚ. 

 ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫ.6.3, ɚ ɢ ɜ ɬɚɛɥ. 6.10 ɩɪɹɦɨɭɝɨɥɶɧɵɣ (ɤɜɚɞɪɚɬɧɵɣ) 

ɩɥɚɧ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ ɦɨɞɟɥɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɪɚɛɨɬɨɫɩɨɫɨɛɟɧ, ɯɨɬɹ ɢ ɧɟ-

ɫɤɨɥɶɤɨ ɢɡɛɵɬɨɱɟɧ (9 ɨɩɵɬɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 6 ɤɨɷɮɮɢɰɢɟɧɬɨɜ). Ȼɥɚɝɨɞɚɪɹ 

ɬɪɟɦ ɢɡɛɵɬɨɱɧɵɦ ɨɩɵɬɚɦ, ɨɧ ɩɨɡɜɨɥɹɟɬ ɭɫɪɟɞɧɢɬɶ ɫɥɭɱɚɣɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɢ 

ɨɰɟɧɢɬɶ ɢɯ ɯɚɪɚɤɬɟɪ. 

Ɍɚɛɥɢɰɚ 6.10  

Ɉртɨɝɨɧɚɥɶɧɵɣ ɩɥɚɧ втɨрɨɝɨ ɩɨряɞɤɚ 

Ɏ ɚ ɤ ɬ ɨ ɪ ɵ ɇɨɦɟɪ 
ɨɩɵɬɚ x0 x1 x2 x1x2 x1

’ x2’ 

Ɋɟɡɭɥɶ- 
ɬɚɬ yj

1 +1 -1 -1 +1 +1/3 +1/3 y1

əɞɪɨ     2 +1 +1 -1 -1 +1/3 +1/3 y2

ɩɥɚɧɚ   3 +1 -1 +1 -1 +1/3 +1/3 y3

4 +1 +1 +1 +1 +1/3 +1/3 y4

5 +1 α=+1 0 0 +1/3 -2/3 y5

Ɂɜɟɡɞ-   6 +1 α=-1 0 0 +1/3 -2/3 y6

ɇɵɟ       7 +1 0 α=+1 0 -2/3 +1/3 y7

ɬɨɱɤɢ     8 +1 0 α=-1 0 -2/3 +1/3 y8

ɐɟɧɬɪ    9 
     ɩɥɚɧɚ       

+1 0 0 0 -2/3 -2/3 y9

 В ɷɬɨɣ ɬɚɛɥɢɰɟ .
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ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ b ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɟɡɚɜɢɫɢɦɨ ɨɞɢɧ ɨɬ ɞɪɭɝɨɝɨ ɩɨ ɮɨɪɦɭɥɚɦ  

Ɂɞɟɫɶ i – ɧɨɦɟɪ ɫɬɨɥɛɰɚ ɜ ɦɚɬɪɢɰɟ ɩɥɚɧɢɪɨɜɚɧɢɹ; j – ɧɨɦɟɪ ɫɬɪɨɤɢ; ɫɭɦɦɵ ɜ 

ɡɧɚɦɟɧɚɬɟɥɹɯ  ɪɚɡɥɢɱɧɵ ɞɥɹ ɥɢɧɟɣɧɵɯ, ɤɜɚɞɪɚɬɢɱɧɵɯ ɷɮɮɟɤɬɨɜ ɢ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɣ.  

 Дɢɫɩɟɪɫɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɫɥɟɞɭɸɳɢɟ: 

.)xx(SS   ;xS' S   ;xSS
n

1j

2

j uj iвɨɫɩ
22

biu
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1j

2
j i

'
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bii
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j iвɨɫɩ
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bi ∑∑∑
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===  (6.28) 

 ɋɥɟɞɭɟɬ ɨɫɨɛɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ, ɩɨɥɭ-

ɱɚɟɦɵɟ ɫ ɩɨɦɨɳɶɸ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɩɥɚɧɨɜ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɫ 

ɪɚɡɧɨɣ ɬɨɱɧɨɫɬɶɸ (ɫɦ. ɭɪɚɜɧɟɧɢɟ (6.28)), ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɩɥɚɧɵ 

ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɞɢɧɚɤɨɜɭɸ ɬɨɱɧɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɬ.ɟ. ɩɥɚɧ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɬɚɛɥ. 6.10, ɹɜɥɹɸɳɢɣɫɹ ɨɪɬɨɝɨɧɚɥɶɧɵɦ ɢ ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ 

ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ b, ɧɟ ɹɜɥɹɟɬɫɹ ɪɨɬɚɬɚɛɟɥɶɧɵɦ. 

 В ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɩɨ ɦɚɬɪɢɰɟ ɫ ɩɪɟɨɛɪɚɡɨɜɚɧɧɵɦɢ ɫɬɨɥɛɰɚɦɢ ɞɥɹ 

ɤɜɚɞɪɚɬɢɱɧɵɯ ɷɮɮɟɤɬɨɜ ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɜ ɜɢɞɟ  
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      (6.29)  

 Дɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤ ɨɛɵɱɧɨɣ ɮɨɪɦɟ ɡɚɩɢɫɢ ɫɥɟɞɭɟɬ ɩɟɪɟɣɬɢ ɨɬ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ b0’ ɤ ɤɨɷɮɮɢɰɢɟɧɬɭ b0, ɢɫɩɨɥɶɡɭɹ ɜɵɪɚɠɟɧɢɟ 

.''
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 00 ∑
=
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k

i

iii xbbb           (6.30) 

 ɉɪɢ ɷɬɨɦ ɞɢɫɩɟɪɫɢɹ ɷɬɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟ-

ɦɭ ɫɨɨɬɧɨɲɟɧɢɸ: 
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 В ɞɚɥɶɧɟɣɲɟɦ, ɡɧɚɹ ɞɢɫɩɟɪɫɢɸ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ, ɩɪɨɜɟɪɹɸɬ ɡɧɚɱɢ-

ɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɚɞɟɤɜɚɬɧɨɫɬɶ ɭɪɚɜɧɟɧɢɹ: 
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 Ɂɧɚɱɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ ɤɪɢɬɟɪɢɸ ɋɬɶɸɞɟɧɬɚ 

biii Sbt   = . Кɨɷɮɮɢɰɢɟɧɬ ɡɧɚɱɢɦ, ɟɫɥɢ , ɝɞɟ m – ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨ-

ɛɨɞɵ ɞɢɫɩɟɪɫɢɢ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ. 

m,tit α>

 Аɞɟɤɜɚɬɧɨɫɬɶ ɭɪɚɜɧɟɧɢɹ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ ɤɪɢɬɟɪɢɸ Ɏɢɲɟɪɚ 

.2
вɨɫɩS2

аɞSF =  ɍɪɚɜɧɟɧɢɟ ɚɞɟɤɜɚɬɧɨ, ɟɫɥɢ ɫɨɫɬɚɜɥɟɧɧɨɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ F-

ɨɬɧɨɲɟɧɢɟ ɦɟɧɶɲɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ: 2m;1m;FF α< , ɝɞɟ m1=n-l – ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ 

ɫɜɨɛɨɞɵ ɞɢɫɩɟɪɫɢɢ ɚɞɟɤɜɚɬɧɨɫɬɢ; m2 – ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɞɢɫɩɟɪɫɢɢ 

ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ; l – ɱɢɫɥɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɭɪɚɜɧɟɧɢɢ ɪɟɝɪɟɫɫɢɢ ɜɬɨɪɨɝɨ 

ɩɨɪɹɞɤɚ, ɪɚɜɧɨɟ ɱɢɫɥɭ ɫɨɱɟɬɚɧɢɣ ɢɡ k+2 ɩɨ 2, ɬ.ɟ.  

.
2

)1)(2( ++
=

kk
l          (6.32ɚ) 

6.4.2. Ɋɨɬɚɬɚɛеɥɶɧɵе ɩɥɚɧɵ ɜɬɨрɨɝɨ ɩɨряɞɤɚ  

 

 Кɚɤ ɦɵ ɭɫɬɚɧɨɜɢɥɢ, ɩɥɚɧ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɬɚɛɥ.6.10, 

ɧɟ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ ɪɨɬɚɬɚɛɟɥɶɧɨɫɬɢ. Ɋɨɬɚɬɚɛɟɥɶɧɵɦ ɧɚɡɵɜɚɸɬ ɩɥɚɧɢɪɨ-

ɜɚɧɢɟ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɞɢɫɩɟɪɫɢɹ ɨɬɤɥɢɤɚ (ɜɵɯɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ) y
)

 , ɩɪɟɞɫɤɚɡɚɧ-

ɧɨɝɨ ɭɪɚɜɧɟɧɢɟɦ ɪɟɝɪɟɫɫɢɢ, ɩɨɫɬɨɹɧɧɚ ɞɥɹ ɜɫɟɯ ɬɨɱɟɤ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɪɚɜɧɨɦ 

ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɰɟɧɬɪɚ ɷɤɫɩɟɪɢɦɟɧɬɚ. Эɤɫɩɟɪɢɦɟɧɬɚɬɨɪɭ ɡɚɪɚɧɟɟ ɧɟ ɢɡɜɟɫɬɧɨ, 

ɝɞɟ ɧɚɯɨɞɢɬɫɹ ɬɚ ɱɚɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɤɥɢɤɚ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɞɥɹ ɧɟɝɨ 

ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ, ɩɨɷɬɨɦɭ ɫɥɟɞɭɟɬ ɫɬɪɟɦɢɬɶɫɹ ɤ ɬɨɦɭ, ɱɬɨɛɵ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪ-

ɦɚɰɢɢ, ɫɨɞɟɪɠɚɳɟɟɫɹ ɜ ɭɪɚɜɧɟɧɢɢ ɪɟɝɪɟɫɫɢɢ, ɛɵɥɨ ɨɞɢɧɚɤɨɜɨ ɞɥɹ ɜɫɟɯ ɪɚɜɧɨ-

ɨɬɫɬɨɹɳɢɯ ɨɬ ɰɟɧɬɪɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɬɨɱɟɤ. Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɭɞɚɥɟɧɢɟ ɨɬ ɰɟɧɬɪɚ 

ɬɨɱɟɤ 5,6,7,8 ɜ 2 =1,414 ɪɚɡɚ ɦɟɧɶɲɟ, ɱɟɦ ɭɞɚɥɟɧɢɟ ɬɨɱɟɤ 1, 2, 3, 4 (ɫɦ. ɪɢɫ. 

6.3, ɚ), ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫ 

ɪɚɡɥɢɱɧɨɣ ɞɢɫɩɟɪɫɢɟɣ. Ȼɨɤɫ ɢ ɏɚɧɬɟɪ ɩɪɟɞɥɨɠɢɥɢ ɪɨɬɚɬɚɛɟɥɶɧɵɟ ɩɥɚɧɵ 2-ɝɨ 

ɩɨɪɹɞɤɚ. Дɥɹ ɬɨɝɨ ɱɬɨɛɵ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɩɥɚɧ ɛɵɥ ɪɨɬɚɬɚɛɟɥɶɧɵɦ, ɜɟɥɢɱɢɧɭ 

ɡɜɟɡɞɧɨɝɨ ɩɥɟɱɚ α ɜɵɛɢɪɚɸɬ ɢɡ ɭɫɥɨɜɢɹ 

42

k

=α   ɩɪɢ k<5   ɢ  4

1

2

−

=
k

α  ɩɪɢ k≥5    (6.32ɛ) 

ɢɥɢ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ  
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42

pk−

=α , 

ɝɞɟ k – ɱɢɫɥɨ ɮɚɤɬɨɪɨɜ; ɪ – ɞɪɨɛɧɨɫɬɶ ɪɟɩɥɢɤɢ (ɞɥɹ ɉɎЭ ɪ=0, ɞɥɹ ɩɨɥɭɪɟɩɥɢɤɢ 

ɪ=1, ɞɥɹ  ɱɟɬɜɟɪɬɶɪɟɩɥɢɤɢ ɪ=2 ɢ ɬ.ɞ.).  

Чɢɫɥɨ ɬɨɱɟɤ ɜ ɰɟɧɬɪɟ ɩɥɚɧɚ n0 ɭɜɟɥɢɱɢɜɚɸɬ. В ɬɚɛɥ. 6.11 ɩɪɢɜɟɞɟɧɵ ɡɧɚ-

ɱɟɧɢɹ α ɢ n0 ɞɥɹ ɪɚɡɥɢɱɧɨɝɨ ɱɢɫɥɚ ɧɟɡɚɜɢɫɢɦɵɯ ɮɚɤɬɨɪɨɜ. 

Ɍɚɛɥɢɰɚ 6.11 

Ɂɧɚчеɧия ɡвеɡɞɧɵɯ ɩɥеч и чиɫɥɚ тɨчеɤ в ɰеɧтре рɨтɚтɚɛеɥɶɧɵɯ ɩɥɚɧɨв 

Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɱɢɫɥɟ ɧɟɡɚɜɢɫɢɦɵɯ ɮɚɤɬɨɪɨɜ ɉɚɪɚɦɟɬɪ 
ɩɥɚɧɚ 2 3 4 5 6 6 6 7 7 

əɞɪɨ ɩɥɚɧɚ 22 23 24 25 25-1 26 26-1 27 27-1

Ɂɜɟɡɞɧɨɟ  
ɩɥɟɱɨ 

1,414 1,682 2,00 2,378 2,00 2,828 2,378 3,333 2,828

Чɢɫɥɨ ɬɨɱɟɤ ɜ 
ɰɟɧɬɪɟ ɩɥɚɧɚ n0

5 6 7 10 6 15 9 21 14 

  

ɉɨɹɫɧɢɦ ɢɞɟɸ ɜɵɛɨɪɚ ɡɧɚɱɟɧɢɹ ɡɜɟɡɞɧɨɝɨ ɩɥɟɱɚ α ɧɚ ɩɪɢɦɟɪɟ ɦɚɬɪɢɰɵ 

ɪɨɬɚɬɚɛɟɥɶɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɞɥɹ k=2, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ 

ɬɚɛɥ. 6.12.  

Ɋɚɡɦɟɳɟɧɢɟ ɬɨɱɟɤ ɷɬɨɝɨ ɩɥɚɧɚ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 6.3,ɛ. Дɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɪɨɬɚɬɚɛɟɥɶɧɨɫɬɢ ɬɨɱɟɤ 5, 6, 7, 8 ɧɟɨɛɯɨɞɢɦɨ ɭɞɚɥɢɬɶ ɢɯ ɨɬ ɰɟɧɬɪɚ ɩɥɚɧɚ ɧɚ 

ɪɚɫɫɬɨɹɧɢɟ α ɜ 2 =1,414 ɪɚɡ ɛɨɥɶɲɟɟ, ɱɟɦ ɭɞɚɥɟɧɢɟ ɬɨɱɟɤ 1, 2, 3, 4 ɨɬ ɨɫɟɣ ɯ2 

ɢ ɯ1. В ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɜɫɟ ɬɨɱɤɢ ɩɥɚɧɚ (ɬɚɛɥ. 6.12) ɨɤɚɡɵɜɚɸɬɫɹ ɥɟɠɚɳɢɦɢ ɧɚ 

ɨɤɪɭɠɧɨɫɬɢ. ɍɱɢɬɵɜɚɹ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɮɭɧɤɰɢɸ ɨɬɤɥɢɤɚ ɫɥɭ-

ɱɚɣɧɨɣ ɨɲɢɛɤɢ ɜ ɬɨɱɤɟ 9, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɫɬɚɜɢɬɶ ɜ ɷɬɨɣ ɬɨɱɤɟ ɩɥɚɧɚ ɧɟ ɨɞɢɧ, ɚ 

ɧɟɫɤɨɥɶɤɨ ɞɭɛɥɢɪɭɸɳɢɯ ɨɩɵɬɨɜ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɩɵɬɵ ɫ 9 ɞɨ 13) ɞɥɹ ɭɫɪɟɞ-

ɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 

ɪɟɡɭɥɶɬɚɬɨɜ ɜɫɟɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɰɟɥɨɦ. 

Ɍɚɛɥɢɰɚ 6.12 
Ɋɨтɚтɚɛеɥɶɧɵɣ ɩɥɚɧ втɨрɨɝɨ ɩɨряɞɤɚ 

 

Ɏ ɚ ɤ ɬ ɨ ɪ ɵ ɇɨɦɟɪ 
ɨɩɵɬɚ x0 x1 x2 x1x2 x1

2 x2
2

Ɋɟɡɭɥɶɬɚɬ 
yj

1 +1 -1 -1 +1 +1 +1 y1

əɞɪɨ           2 +1 +1 -1 -1 +1 +1 y2

ɩɥɚɧɚ         3 +1 -1 +1 -1 +1 +1 y3

4 +1 +1 +1 +1 +1 +1 y4

Ɂɜɟɡɞ-        5 +1 +1,414 0 0 2 0 y5
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ɧɵɟ            6 +1 -1,414 0 0 2 0 y6

ɬɨɱɤɢ          7 +1 0 +1,414 0 0 2 y7

8 +1 0 -1,414 0 0 2 y8

9 +1 0 0 0 0 0 y9

ɐɟɧɬɪ       10 +1 0 0 0 0 0 y10

 ɩɥɚɧɚ       11 +1 0 0 0 0 0 y11

12 +1 0 0 0 0 0 y12

13 +1 0 0 0 0 0 y13

  

ɍɱɢɬɵɜɚɹ ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɪɨɬɚɬɚɛɟɥɶɧɨɝɨ ɩɥɚɧɚ ɜ ɨɛɳɟɦ ɜɢɞɟ, 

ɦɨɠɧɨ ɬɚɤɠɟ ɩɨɥɭɱɢɬɶ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝ-

ɪɟɫɫɢɢ ɢ ɢɯ ɞɢɫɩɟɪɫɢɣ: 
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( )
( )
( ) .

n 2k

nnk

n 2k

nk
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=
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=λ       (XI) 

Ɂɞɟɫɶ n0 – ɱɢɫɥɨ ɨɩɵɬɨɜ ɜ ɰɟɧɬɪɟ ɩɥɚɧɚ; n1 – ɱɢɫɥɨ ɨɫɬɚɥɶɧɵɯ ɨɩɵɬɨɜ.  

Ɇɚɬɪɢɰɚ ɪɨɬɚɬɚɛɟɥɶɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɣ, 

ɬɚɤ ɤɚɤ 

u.i   ;0xx    ;0xx
2

uj

n
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2

ij
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n

1j

j0 ≠≠⋅≠⋅ ∑∑
==

       (6.33) 

 ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɫɥɢ ɤɚɤɨɣ-ɥɢɛɨ ɢɡ ɤɜɚɞɪɚɬɢɱɧɵɯ ɷɮɮɟɤɬɨɜ ɨɤɚɡɚɥɫɹ 

ɧɟɡɧɚɱɢɦɵɦ, ɬɨ ɩɨɫɥɟ ɟɝɨ ɢɫɤɥɸɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɧɟ-

ɨɛɯɨɞɢɦɨ ɩɟɪɟɫɱɢɬɚɬɶ ɡɚɧɨɜɨ.  

 ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɨɬɚɬɚɛɟɥɶɧɵɯ ɩɥɚɧɨɜ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɞɢɫɩɟɪɫɢɸ 

ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɨɩɵɬɚɦ ɜ ɰɟɧɬɪɟ ɩɥɚɧɚ. В ɫɜɹɡɢ ɫ 

ɷɬɢɦ ɩɪɢ ɩɪɨɜɟɪɤɟ ɚɞɟɤɜɚɬɧɨɫɬɢ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɨ ɪɨɬɚɬɚ-

ɛɟɥɶɧɨɦɭ ɩɥɚɧɭ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɩɨɫɬɭɩɚɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

 ɇɚɯɨɞɹɬ ɨɫɬɚɬɨɱɧɭɸ ɫɭɦɦɭ ɤɜɚɞɪɚɬɨɜ  
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          (6.34)  

ɫ ɱɢɫɥɨɦ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ  
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 ɉɨ ɨɩɵɬɚɦ ɜ ɰɟɧɬɪɟ ɩɥɚɧɚ ɨɩɪɟɞɟɥɹɸɬ ɫɭɦɦɭ ɤɜɚɞɪɚɬɨɜ ɜɨɫɩɪɨɢɡɜɨɞɢ-
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ɫ ɱɢɫɥɨɦ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m2 = n0 -1. 

 Дɚɥɟɟ ɧɚɯɨɞɹɬ ɫɭɦɦɭ ɤɜɚɞɪɚɬɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɧɟɚɞɟɤɜɚɬɧɨɫɬɶ  

S3
2 = S1

2 - S2
2 , ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɤɨɬɨɪɨɣ  
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 ɉɪɨɜɟɪɹɸɬ ɚɞɟɤɜɚɬɧɨɫɬɶ ɩɨ F-ɤɪɢɬɟɪɢɸ: 

.

2m/2
2

S

3m/2
3

S
F =           (6.36) 

 ɍɪɚɜɧɟɧɢɟ ɚɞɟɤɜɚɬɧɨ, ɟɫɥɢ F<Fα;m3;m2. 

 ȿɫɥɢ ɦɨɞɟɥɶ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɤɚɡɚɥɚɫɶ ɧɟɚɞɟɤɜɚɬɧɨɣ, ɫɥɟɞɭɟɬ ɩɨɜɬɨ-

ɪɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɵ ɧɚ ɦɟɧɶɲɟɦ ɢɧɬɟɪɜɚɥɟ ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ ɢɥɢ ɩɟɪɟ-

ɧɟɫɬɢ ɰɟɧɬɪ ɩɥɚɧɚ ɜ ɞɪɭɝɭɸ ɬɨɱɤɭ ɮɚɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. В ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨ-

ɝɞɚ ɚɞɟɤɜɚɬɧɨɫɬɶ ɦɨɞɟɥɢ ɩɨ-ɩɪɟɠɧɟɦɭ ɧɟ ɞɨɫɬɢɝɚɟɬɫɹ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɟɪɟɣɬɢ 

ɤ ɩɥɚɧɚɦ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ.  

 

6.4.3. Иɫɫɥеɞɨɜɚɧие ɩричиɧ ɨɛрɚɡɨɜɚɧия рɚɫɫɥɨеɧиɣ  

ɜ ɝɨрячеɤɚɬɚɧɵх ɥиɫɬɚх 
 

В ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɪɚɫ-

ɫɦɨɬɪɢɦ ɡɚɞɚɱɭ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɱɢɧ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɫɫɥɨɟɧɢɣ ɜ ɝɨɪɹɱɟɤɚɬɚ-

ɧɵɯ ɥɢɫɬɚɯ (ɡɚ ɨɫɧɨɜɭ ɱɢɫɥɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɡɹɬɵ ɞɚɧɧɵɟ ɢɡ ɤɧɢɝɢ1). 

Иɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɩɪɨɤɚɬɤɟ ɥɢɫɬɨɜ ɬɨɥɳɢɧɨɣ ɛɨɥɟɟ 12 ɦɦ ɩɨɹɜɥɟɧɢɟ 

ɛɪɚɤɚ ɫɜɹɡɚɧɨ ɛɨɥɶɲɟɣ ɱɚɫɬɶɸ ɫ ɞɟɮɟɤɬɚɦɢ, ɭɧɚɫɥɟɞɨɜɚɧɧɵɦɢ ɨɬ ɫɥɢɬɤɚ. ɇɚɢ-

ɛɨɥɟɟ ɫɟɪɶɟɡɧɵɦɢ ɞɟɮɟɤɬɚɦɢ ɬɨɥɫɬɨɝɨ ɥɢɫɬɚ ɹɜɥɹɸɬɫɹ ɪɚɫɫɥɨɟɧɢɹ, ɬɪɟɳɢɧɵ ɢ 

ɪɜɚɧɢɧɵ. 

ɋɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨ ɬɟɫɧɚɹ ɫɜɹɡɶ ɦɟɠɞɭ ɧɟɤɨɬɨɪɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 

ɜɵɩɥɚɜɤɢ ɫɬɚɥɢ ɢ ɩɨɪɚɠɟɧɧɨɫɬɶɸ ɥɢɫɬɨɜ ɪɚɫɫɥɨɟɧɢɹɦɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɭɥɶɬ-

ɪɚɡɜɭɤɨɜɨɣ ɞɟɮɟɤɬɨɫɤɨɩɢɢ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚ ɩɨɪɚɠɟɧɧɨɫɬɶ ɥɢɫɬɨɜ ɪɚɫ-

ɫɥɨɟɧɢɹɦɢ (ɤɨɬɨɪɚɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ 

ɟɞɢɧɢɰɚɯ ɩɨ ɩɥɨɳɚɞɢ ɪɚɫɫɥɨɟɧɢɣ, ɨɬɧɟɫɟɧɧɨɣ ɤ ɩɥɨɳɚɞɢ ɜɫɟɝɨ ɪɚɫɤɚɬɚ – Y, %) 

ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɸɬ ɬɚɤɢɟ ɞɜɚ ɮɚɤɬɨɪɚ, ɤɚɤ ɫɤɨɪɨɫɬɶ ɜɵɝɨɪɚɧɢɹ ɭɝ-

ɥɟɪɨɞɚ ɜ ɩɟɪɢɨɞ ɪɭɞɧɨɝɨ ɤɢɩɟɧɢɹ – x1, %/ɱ, ɢ ɜɪɟɦɹ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ – x2, ɦɢɧ. 

ɍɪɨɜɧɢ ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 6.13. 

Ɍɚɛɥɢɰɚ 6.13 

                                                           
1 ɉɚɪɲɢɧ В.А, Ɂɭɞɨɜ ȿ.Ƚ., Кɨɥɦɨɝɨɪɨɜ В.Ʌ. Дɟɮɨɪɦɢɪɭɟɦɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ. – Ɇ.:Ɇɟɬɚɥɥɭɪɝɢɹ, 
1979. 
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ɍрɨвɧи вɚрɶирɨвɚɧия ɮɚɤтɨрɨв 

Ɏɚɤɬɨɪɵ ɍɪɨɜɧɢ 
ɮɚɤɬɨɪɨɜ x1, %/ɱ x2, ɦɢɧ 

Ɉɫɧɨɜɧɨɣ (ɧɭɥɟɜɨɣ) 0,35 5,5 

ɇɢɠɧɢɣ 0,20 3,5 

Вɟɪɯɧɢɣ 0,50 7,5 

Иɧɬɟɪɜɚɥ ɜɚɪɶɢɪɨɜɚɧɢɹ 0,15 2,0 

 

Дɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɨɪɬɨɝɨɧɚɥɶɧɵɣ ɩɥɚɧ ɜɬɨɪɨ-

ɝɨ ɩɨɪɹɞɤɚ ɫ ɬɪɟɦɹ ɨɩɵɬɚɦɢ ɜ ɰɟɧɬɪɟ ɩɥɚɧɚ. ɉɨ ɬɚɛɥ. 6.9 ɩɪɢ ɱɢɫɥɟ ɮɚɤɬɨɪɨɜ 

k=2 ɢ n0 = 3 ɜɟɥɢɱɢɧɚ ɡɜɟɡɞɧɨɝɨ ɩɥɟɱɚ ɫɨɫɬɚɜɥɹɟɬ α = 1,148≈1,15, ɩɨɷɬɨɦɭ ɦɚɬ-

ɪɢɰɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɜɵɝɥɹɞɢɬ (ɬɚɛɥ.6.14) ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

Ɍɚɛɥɢɰɚ 6.14 

Ɉртɨɝɨɧɚɥɶɧɵɣ ɩɥɚɧ втɨрɨɝɨ ɩɨряɞɤɚ ɞɥя ɞвɭɯ ɮɚɤтɨрɨв  
и ɫ треɦя ɨɩɵтɚɦи в ɰеɧтре ɩɥɚɧɚ 

 

Ɏɚɤɬɨɪɵ 
(ɤɨɞɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ) 

Ɏɚɤɬɨɪɵ 
(ɧɚɬɭɪɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ) 

Ɉɬɤɥɢɤ  
 
 
 

x1 x2 x1, %/ɱ x2, ɦɢɧ yj, % 

1 -1 -1 0,20 3,5 0,36 

əɞɪɨ    2 +1 -1 0,50 3,5 0,51 

ɩɥɚɧɚ   3 -1 +1 0,20 7,5 1,33 

4 +1 +1 0,50 7,5 1,51 

5 α = +1,15 0 0,52 5,5 0,50 

Ɂɜɟɡɞ-  6 α = -1,15 0 0,18 5,5 0,31 

ɧɵɟ      7 0 α = +1,15 0,35 7,8 1,59 

ɬɨɱɤɢ    8 0 α = -1,15 0,35 3,2 0,45 

ɐɟɧɬɪ   9  0 0 0,35 5,5 0,30 

ɩɥɚɧɚ 10 0 0 0,35 5,5 0,29 

11 0 0 0,35 5,5 0,31 

 
Дɥɹ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɩɨɥɶɡɭɟɦ ɦɟɬɨɞɢɤɭ, ɢɡɥɨ-

ɠɟɧɧɭɸ ɪɚɧɟɟ ɜ ɩɚɪɚɝɪɚɮɟ 6.4.1. 

ɇɚɱɧɟɦ ɫ ɬɨɝɨ, ɱɬɨ ɤ ɤɨɞɢɪɨɜɚɧɧɵɦ ɡɧɚɱɟɧɢɹɦ x1 ɢ x2 ɜ ɢɫɯɨɞɧɭɸ ɬɚɛɥɢɰɭ 

ɩɥɚɧɚ (ɫɦ.ɬɚɛɥ.6.14) ɞɨɛɚɜɢɦ ɮɢɤɬɢɜɧɵɣ ɫɬɨɥɛɟɰ x0=1, ɚ ɬɚɤɠɟ ɞɨɩɨɥɧɢɬɟɥɶ-

ɧɵɟ ɫɬɨɥɛɰɵ x12=x1x2. 

11

11

1

2

1

2

1

'

1

∑
=−= j

j

jj

x

xx       ɢ      .
11

11

1

2

2

2

2

'

2

∑
=−= j

j

jj

x

xx  
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 ɉɨɫɤɨɥɶɤɭ 

 

,636,6)0(...)0()15,1()15,1()1()1()1()1( 22222222
11

1

2

2

11

1

2

1 =+++−+++++−+++−==∑∑
== j

j

j

j xx

ɬɨ 6,0
11

636,6 2

1

2

1

'

1 −≈−= jjj xxx , ɚɧɚɥɨɝɢɱɧɨ . 6,0
2

2

'

2 −≈ jj xx

В ɢɬɨɝɟ ɦɚɬɪɢɰɚ ɩɥɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɮɚɤɬɢɱɟɫɤɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫ-

ɩɟɪɢɦɟɧɬɚ yj, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ, ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ (ɬɚɛɥ.6.15): 

 

Ɍɚɛɥɢɰɚ 6.15 

Ɇɚтриɰɚ ɨртɨɝɨɧɚɥɶɧɨɝɨ ɩɥɚɧɚ втɨрɨɝɨ ɩɨряɞɤɚ в ɤɨɞирɨвɚɧɧɵɯ ɡɧɚчеɧияɯ 

Ɏ ɚ ɤ ɬ ɨ ɪ ɵ Ɋɟɡɭɥɶɬɚɬ ɇɨɦɟɪ 
ɨɩɵɬɚ x0 x1 x2 x12 x1' x2' yj

^

jy  

1 +1 -1 -1 +1 +0,4 +0,4 0,36 0,366 
əɞɪɨ    2 +1 +1 -1 -1 +0,4 +0,4 0,51 0,526 
ɩɥɚɧɚ   3 +1 -1 +1 -1 +0,4 +0,4 1,33 1,346 

4 +1 +1 +1 +1 +0,4 +0,4 1,51 1,506 

5 +1 +1,15 0 0 +0,7225 -0,6 0,50 0,507 
Ɂɜɟɡɞ-  6 +1 -1,15 0 0 +0,7225 -0,6 0,31 0,323 
ɧɵɟ      7 +1 0 +1,15 0 -0,6 +0,7225 1,59 1,587 
ɬɨɱɤɢ    8 +1 0 -1,15 0 -0,6 +0,7225 0,45 0,46 

ɐɟɧɬɪ   9  +1 0 0 0 -0,6 -0,6 0,30 0,296 
ɩɥɚɧɚ 10 +1 0 0 0 -0,6 -0,6 0,29 0,296 

11 +1 0 0 0 -0,6 -0,6 0,31 0,296 

В ɬɚɛɥ. 6.15 ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɨɰɟɧɨɤ ɨɬɤɥɢɤɚ , ɧɚɣɞɟɧɧɵɟ ɩɨ 

ɦɨɞɟɥɢ, ɩɨɫɬɪɨɟɧɧɨɣ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

^

jy

Дɥɹ ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ  

'

22

'

22

'

11

'

11121222110 ' xbxbxbxbxbby +++++=)
 

ɩɨ ɡɚɜɢɫɢɦɨɫɬɹɦ (6.27) ɫɮɨɪɦɢɪɭɟɦ ɟɳɟ ɞɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɚɛɥɢɰɵ            

(ɬɚɛɥ. 6.16, 6.17), ɜ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɢɦ ɪɟɡɭɥɶɬɚɬɵ ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɩɪɨɦɟ-

ɠɭɬɨɱɧɵɯ ɪɚɫɱɟɬɨɜ. 

Ɍɚɛɥɢɰɚ 6.16 

Ɍɚɛɥиɰɚ ɩрɨиɡвеɞеɧиɣ ɤɨɞирɨвɚɧɧɵɯ ɡɧɚчеɧиɣ ɮɚɤтɨрɨв 
 ɧɚ ɡɧɚчеɧия ɨтɤɥиɤɚ 
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ɉɪɨɢɡɜɟɞɟɧɢɹ ɮɚɤɬɨɪɨɜ ɧɚ ɨɬɤɥɢɤ ɇɨɦɟɪ 
ɨɩɵɬɚ x0⋅y x1⋅y x2⋅y x12⋅y x1'⋅y x2'⋅y 

1 0,36 -0,36 -0,36 0,36 0,144 0,144 

2 0,51 0,51 -0,51 -0,51 0,204 0,204 

3 1,33 -1,33 1,33 -1,33 0,532 0,532 

4 1,51 1,51 1,51 1,51 0,604 0,604 

5 0,5 0,575 0 0 0,36125 -0,3 

6 0,31 -0,3565 0 0 0,223975 -0,186 

7 1,59 0 1,8285 0 -0,954 1,148775 

8 0,45 0 -0,5175 0 -0,27 0,325125 

9 0,3 0 0 0 -0,18 -0,18 

10 0,29 0 0 0 -0,174 -0,174 

11 0,31 0 0 0 -0,186 -0,186 

Σ-ɫɭɦɦɚ 7,46 0,5485 3,281 0,03 0,305225 1,9319 

 
Ɍɚɛɥɢɰɚ 6.17 

Веɥичиɧɚ ɤвɚɞрɚтɨв ɤɨɞирɨвɚɧɧɵɯ ɡɧɚчеɧиɣ ɮɚɤтɨрɨв 

Кɜɚɞɪɚɬɵ ɮɚɤɬɨɪɨɜ ɇɨɦɟɪ 
ɨɩɵɬɚ (x0)

2 (x1)
2 (x2)

2 (x12)
2 (x1')

2 (x2')
2

1 1 1 1 1 0,16 0,16 

2 1 1 1 1 0,16 0,16 

3 1 1 1 1 0,16 0,16 

4 1 1 1 1 0,16 0,16 

5 1 1,3225 0 0 0,522006 0,36 

6 1 1,3225 0 0 0,522006 0,36 

7 1 0 1,3225 0 0,36 0,522006 

8 1 0 1,3225 0 0,36 0,522006 

9 1 0 0 0 0,36 0,36 

10 1 0 0 0 0,36 0,36 

11 1 0 0 0 0,36 0,36 

Σ-ɫɭɦɦɚ 11 6,645 6,645 4 3,484013 3,484013 

 

Иɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɢɡ ɫɬɪɨɤ «Σ-ɫɭɦɦɚ» ɜ ɷɬɢɯ ɞɜɭɯ ɬɚɛɥɢɰɚɯ, ɧɚɯɨɞɢɦ 

ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɪɟɫɫɢɢ: 

0,6781827,46/11'b0 == ; 

0,082543450,5485/6,6b1 == ; 

0,49375553,281/6,64b 2 == ; 

0,00750,03/4b12 == ; 

0,087607,4840130,305225/3'b11 == ; 
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0,554504840131,9319/3,4'b 22 == . 

Ɂɧɚɱɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɨɜɟɪɹɟɦ ɩɨ ɤɪɢɬɟɪɢɸ ɋɬɶɸɞɟɧɬɚ 

biii S b t = , ɞɥɹ ɱɟɝɨ ɧɚɯɨɞɢɦ ɞɢɫɩɟɪɫɢɸ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ S2
ɜɨɫɩ ɩɨ ɬɪɟɦ ɩɚ-

ɪɚɥɥɟɥɶɧɵɦ ɨɩɵɬɚɦ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɬɨɱɤɟ ɩɥɚɧɚ: 

( )
=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠

⎞
⎜
⎝

⎛
−

−
=

−

−
= ∑∑
∑

==

=

2
n

1i

i0

3

1i

2

i0

3

1i

2

0i0
2

ɩвɨɫ y
3

1
y

13

1

13

yy

S  

( ) ( ) 0,000131,029,030,0
3

1
)31,0()29,0()30,0(

2

1 2222 =⎥⎦
⎤

⎢⎣
⎡ ++−++=  

ɢ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ (6.28) ɞɢɫɩɟɪɫɢɢ ɢ ɫɪɟɞɧɢɟ ɤɜɚɞɪɚɬɢɱɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɩɨ 

ɤɚɠɞɨɦɭ ɢɡ ɤɨɷɮɮɢɰɢɟɧɬɨɜ: 

-62

'b 109,09091/110001,0S
0

⋅== ;       0,003015109,09091S -6

'b0
=⋅= ; 

-52

b

2

b 101,5/6,6450001,0SS
21

⋅=== ;        0,003879101,5SS -5

bb 21
=⋅== ; 

-52

b 102,5/40001,0S
12

⋅== ;   0,005102,5S -5

b12
=⋅= ; 

-52

'b

2

'b 1087,2/3,4840130001,0SS
2211

⋅=== ; 0,0053571087,2SS -5

'b'b 2211
=⋅== . 

Ɍɨɝɞɚ ɤɪɢɬɟɪɢɣ ɋɬɶɸɞɟɧɬɚ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɤɨɷɮɮɢɰɢɟɧɬɨɜ  ɫɨɫɬɚɜɢɬ: 

224,9,0030150,678182/0t 'b0
== ; 

21,2,0038790,082543/0t
1b == ; 

127,3,0038790,493755/0t
2b == ; 

1,5050,0075/0,0t
12b == ; 

16,3,0053570,087607/0t 'b11
== ; 

103,5,0053570,554504/0t 'b22
== . 

ɉɨɫɤɨɥɶɤɭ ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ t0,05;3-1=4,30 (ɋɌɖɘȾɊАɋɉɈȻɊ(0,05;2)= 

=4,302655725), ɬɨ ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜ ɭɪɚɜɧɟɧɢɢ ɪɟɝɪɟɫɫɢɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 

ɡɧɚɱɢɦɵɦɢ, ɤɪɨɦɟ b12. 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɤɨɧɱɚɬɟɥɶɧɨ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ 

ɜɢɞɟ 

'

2

'

121 x55,0x09,0x49,0x08,068,0y ⋅+⋅+⋅+⋅+=)
. 

Ɉɰɟɧɤɢ ɨɬɤɥɢɤɚ , ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɷɬɨɦɭ ɭɪɚɜɧɟɧɢɸ ɞɥɹ ɬɨɱɟɤ ɩɥɚɧɚ 

ɷɤɫɩɟɪɢɦɟɧɬɚ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 6.15. ɋɨɩɨɫɬɚɜɥɹɹ ɩɨɥɭɱɟɧɧɵɟ ɜɟɥɢɱɢɧɵ  ɫ 

ɨɩɵɬɧɵɦɢ ɞɚɧɧɵɦɢ y

^

jy

^

jy

j, ɧɚɯɨɞɢɦ ɞɢɫɩɟɪɫɢɸ ɚɞɟɤɜɚɬɧɨɫɬɢ, ɭɱɢɬɵɜɚɹ, ɱɬɨ ɱɢɫɥɨ 

ɡɧɚɱɢɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɭɪɚɜɧɟɧɢɢ ɪɟɝɪɟɫɫɢɢ ɪɚɜɧɨ ɩɹɬɢ: 

( ) ( ) ( )
( )

0,00019.
0,296-0,310

...1,346-1,3300,526-0,5100,366-0,360

6

1

511

)yy(

S
2

222

11

1j

2
^

jj

2

аɞ =
⎥
⎥
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⎤

⎢
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+++
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Аɞɟɤɜɚɬɧɨɫɬɶ ɭɪɚɜɧɟɧɢɹ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ ɤɪɢɬɟɪɢɸ Ɏɢɲɟɪɚ 
2

вɨɫɩ
2

аɞ SSF =  = 

=0,00019/0,0001=1,9. ɍɪɚɜɧɟɧɢɟ ɚɞɟɤɜɚɬɧɨ, ɩɨɫɤɨɥɶɤɭ ɫɨɫɬɚɜɥɟɧɧɨɟ ɬɚɤɢɦ ɨɛ-

ɪɚɡɨɦ F-ɨɬɧɨɲɟɧɢɟ ɦɟɧɶɲɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ 

(FɊАɋɉɈȻɊ(0,05;6;2)= 19,3294909), ɝɞɟ m19,3FF 22m;61m;05,0 =< == 1=11-5=6 – ɱɢɫɥɨ 

ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɞɢɫɩɟɪɫɢɢ ɚɞɟɤɜɚɬɧɨɫɬɢ; m2=3-1=2 – ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨ-

ɞɵ ɞɢɫɩɟɪɫɢɢ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ. 

В ɡɚɜɟɪɲɟɧɢɟ ɞɚɧɧɨɝɨ ɩɪɢɦɟɪɚ ɩɟɪɟɩɢɲɟɦ ɩɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɪɟɝ-

ɪɟɫɫɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ x1
2 ɢ x2

2, ɭɱɬɹ ɪɚɧɟɟ ɜɜɟɞɟɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɹ 

ɢ . 6,0xx
2

1

'

1 −≈ 6,0xx
2

2

'

2 −≈

.x55,0x09,0x49,0x08,029,0

x55,0x09,0x49,0x08,0)6,055,06,009,068,0(

)6,0x(55,0)6,0x(09,0x49,0x08,068,0y

2

2

2

121

2

2

2

121

2

2

2

121

⋅+⋅+⋅+⋅+=

=⋅+⋅+⋅+⋅+⋅−⋅−=

=−⋅+−⋅+⋅+⋅+=)

 

ɉɪɨɚɧɚɥɢɡɢɪɭɟɦ ɩɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɧɚ ɷɤɫɬɪɟɦɭɦ ɨɬɧɨɫɢɬɟɥɶɧɨ x1 ɢ 
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Ɋɟɲɚɹ ɞɜɚ ɩɨɫɥɟɞɧɢɯ ɫɨɨɬɧɨɲɟɧɢɹ, ɧɚɯɨɞɢɦ, ɱɬɨ ɷɤɫɬɪɟɦɭɦ ɛɭɞɟɬ ɞɨɫ-

ɬɢɝɚɬɶɫɹ ɜ ɬɨɱɤɟ ɫ ɤɨɞɢɪɨɜɚɧɧɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ x1 = -0,08/(2⋅0,09)= -0,44 ɢ                

x2=-0,55/(2⋅0,49)= -0,44, ɩɪɢ ɷɬɨɦ ɧɚɬɭɪɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɮɚɤɬɨɪɨɜ ɦɨɝɭɬ ɛɵɬɶ 

ɧɚɣɞɟɧɵ ɢɡ ɫɨɨɬɧɨɲɟɧɢɣ 

.44,0X
2

5,5X

;44,0X
15,0

35,0X

кɨɞ
2

ɧаɬ
2

кɨɞ
1

ɧаɬ
1

−==
−

−==
−

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɵɝɨɪɚɧɢɹ ɭɝɥɟɪɨɞɚ ɜ ɩɟɪɢɨɞ ɪɭɞɧɨɝɨ ɤɢ-

ɩɟɧɢɹ, ɪɚɜɧɨɣ 0,35-0,44⋅0,15= 0,28 %/ɱ, ɢ ɜɪɟɦɟɧɢ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ 5,5-0,44⋅2= 

4,6 ɦɢɧ ɩɨɪɚɠɟɧɧɨɫɬɶ ɥɢɫɬɨɜ ɪɚɫɫɥɨɟɧɢɹɦɢ ɛɭɞɟɬ ɦɢɧɢɦɚɥɶɧɨɣ, ɢ ɫɨɫɬɚɜɢɬ 

ɩɨɪɹɞɤɚ 0,16%. 

.16,0)44,0(55,0)44,0(09,0)44,0(49,0)44,0(08,029,0y 22 ≈−⋅+−⋅+−⋅+−⋅+=)
 

 

6.5. ɉлаɧɢɪɨваɧɢе ɷɤɫɩеɪɢɦеɧɬɨв ɩɪɢ ɩɨɢɫɤе ɨɩɬɢɦалɶɧɵɯ уɫлɨвɢɣ  

 

 Вɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɢ ɩɟɪɟɞ ɢɫɫɥɟɞɨɜɚɬɟɥɟɦ ɜɨɡɧɢɤɚ-

ɟɬ ɡɚɞɚɱɚ ɧɟ ɬɨɥɶɤɨ ɜɵɹɜɥɟɧɢɹ ɯɚɪɚɤɬɟɪɚ ɫɜɹɡɢ ɦɟɠɞɭ ɞɜɭɦɹ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ 

ɪɹɞɚɦɢ ɧɚɛɥɸɞɟɧɢɣ, ɧɨ ɢ ɧɚɯɨɠɞɟɧɢɹ ɬɚɤɢɯ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɮɚɤɬɨɪɨɜ, ɩɪɢ 

ɤɨɬɨɪɵɯ ɨɬɤɥɢɤ (ɜɵɯɨɞɧɨɣ ɩɚɪɚɦɟɬɪ) ɞɨɫɬɢɝɚɟɬ ɫɜɨɟɝɨ ɷɤɫɬɪɟɦɚɥɶɧɨɝɨ ɡɧɚɱɟ-

ɧɢɹ (ɦɚɤɫɢɦɭɦɚ ɢɥɢ ɦɢɧɢɦɭɦɚ). Эɤɫɩɟɪɢɦɟɧɬ, ɪɟɲɚɸɳɢɣ ɷɬɭ ɡɚɞɚɱɭ, ɧɚɡɵɜɚ-

ɟɬɫɹ ɷɤɫɬɪɟɦɚɥɶɧɵɦ. В ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɢ 

ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɬɚɤɢɟ ɤɨɨɪɞɢɧɚɬɵ 

ɷɤɫɬɪɟɦɚɥɶɧɨɣ ɬɨɱɤɢ (x1*, x2*, ..., xk*) ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɤɥɢɤɚ y=f(x1, x2, ..., xk), ɜ ɤɨ-

ɬɨɪɨɣ ɨɧɚ ɦɚɤɫɢɦɚɥɶɧɚ (ɦɢɧɢɦɚɥɶɧɚ): max y(x1, x2, ..., x k)=y(x1*, x2*, ..., xk*). 

 Ƚɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɨɛɴɟɤɬɚ y(x1, x2) ɩɪɢ 

ɞɜɭɯ ɮɚɤɬɨɪɚɯ x1, x2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 6.4 a, ɛ. Ɂɞɟɫɶ ɬɨɱɤɚ А ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɨɩɬɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ ɮɚɤɬɨɪɨɜ x1* ɢ x2*, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɦɚɤɫɢɦɭɦ ɮɭɧɤ-

ɰɢɢ ɨɬɤɥɢɤɚ ymax. Ɂɚɦɤɧɭɬɵɟ ɥɢɧɢɢ ɧɚ ɪɢɫ. 6.4, ɛ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɥɢɧɢɢ ɩɨɫɬɨɹɧ-

ɧɨɝɨ ɭɪɨɜɧɹ ɢ ɨɩɢɫɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɟɦ y=f(x1, x2)=B=const. 

 ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɞɨɜɨɥɶɧɨ ɱɚɫɬɨ ɜɨɡɧɢ-

ɤɚɟɬ ɜ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ. Ɍɚɤ, ɧɚ ɦɨɞɟɥɢ ɲɚɯɬɧɨɣ ɩɟɱɢ ɫ ɩɪɨɬɢɜɨɬɨɱɧɨ ɞɜɢ-
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ɠɭɳɢɦɫɹ ɩɥɨɬɧɵɦ ɩɪɨɞɭɜɚɟɦɵɦ ɫɥɨɟɦ, ɫɯɟɦɚ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫ.6.5, ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɩɨɥɨɠɟɧɢɟ ɮɭɪɦɵ ɩɨ ɜɵɫɨɬɟ ɩɟɱɢ H, ɟɟ ɞɢɚ-

ɦɟɬɪ D ɢ ɜɵɫɨɜ L, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɬɟɩɟɧɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩ-

ɥɨɜɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ. В ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɮɚɤɬɨɪɚɦɢ ɹɜɥɹɸɬɫɹ H, D, 

L, ɚ ɜ ɤɚɱɟɫɬɜɟ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ y(H, D, L,) ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɧɨ ɢɫ-

ɩɨɥɶɡɨɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɨɬɯɨɞɹɳɢɯ ɢɡ ɩɟɱɢ ɝɚɡɨɜ.  

 

 

ɚ 

ɛ 

Ɋɢɫ.6.4. ɉɨверɯɧɨɫтɶ ɨтɤɥиɤɚ (ɚ) и ɥиɧии рɚвɧɨɝɨ 
ɭрɨвɧя (ɛ): y=f(x1,x2)=B=const ɞɥя n=2 

 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɜɢɞ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɫɫɥɟɞɨɜɚɬɟɥɸ ɡɚɪɚɧɟɟ ɧɟɢɡ-

ɜɟɫɬɟɧ, ɬ.ɟ. ɨɬɫɭɬɫɬɜɭɟɬ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɚɞɟɤɜɚɬɧɨ ɨɩɢɫɵɜɚɸɳɚɹ ɞɚɧ-

ɧɵɣ ɩɪɨɰɟɫɫ. Ɍɪɟɛɭɟɬɫɹ ɫ ɧɚɢɦɟɧɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ (ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɱɢɫɥɟ 

ɨɩɵɬɨɜ) ɨɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ H*, L*, D*, ɩɪɢ ɤɨɬɨɪɵɯ ɬɟɦɩɟɪɚɬɭɪɚ 

ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ ɦɢɧɢɦɚɥɶɧɚ. 
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 Иɡɜɟɫɬɧɵɣ ɢɡ ɩɪɚɤɬɢɤɢ ɦɟɬɨɞ "ɩɪɨɛ" ɢ 

"ɨɲɢɛɨɤ", ɜ ɤɨɬɨɪɨɦ ɮɚɤɬɨɪɵ ɢɡɦɟɧɹɸɬɫɹ ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɨɩɵɬɚ, ɢɧɬɭɢɰɢɢ ɢɥɢ ɧɚɭɝɚɞ, ɩɪɢ 

ɨɛɵɱɧɨ ɢɦɟɸɳɟɦ ɦɟɫɬɨ ɡɧɚɱɢɬɟɥɶɧɨɦ ɱɢɫɥɟ 

ɮɚɤɬɨɪɨɜ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɨɰɟɫɫɨɜ ɜ ɦɟ-

ɬɚɥɥɭɪɝɢɢ ɡɚɱɚɫɬɭɸ ɨɤɚɡɵɜɚɟɬɫɹ ɦɚɥɨɷɮɮɟɤ-

ɬɢɜɧɵɦ ɜɫɥɟɞɫɬɜɢɟ ɜɟɫɶɦɚ ɫɥɨɠɧɨɣ ɡɚɜɢɫɢɦɨ-

ɫɬɢ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ ɨɬ ɮɚɤɬɨɪɨɜ.  

 Ɍɪɟɛɭɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɝɨ ɱɢɫɥɚ 

ɨɩɵɬɨɜ ɢ ɛɵɫɬɪɟɟ ɩɪɢɜɨɞɹɬ ɤ ɰɟɥɢ ɬɟ ɩɨɢɫɤɨ-

ɜɵɟ ɦɟɬɨɞɵ ɨɩɬɢɦɢɡɚɰɢɢ, ɝɞɟ ɲɚɝɨɜɨɟ ɜɚɪɶɢ-

ɪɨɜɚɧɢɟ ɮɚɤɬɨɪɚɦɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɰɟɥɟɧɚɩɪɚɜ-

ɥɟɧɧɨ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɩɥɚɧɭ. ɉɨɢɫɤɨɜɵɟ ɦɟɬɨɞɵ ɨɩɬɢɦɢɡɚɰɢɢ ɨɬɧɨɫɹɬɫɹ ɤ 

ɤɥɚɫɫɭ ɢɬɟɪɚɰɢɨɧɧɵɯ ɩɪɨɰɟɞɭɪ, ɩɪɢ ɷɬɨɦ ɜɟɫɶ ɩɪɨɰɟɫɫ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɲɚɝɢ, ɧɚ 

ɤɚɠɞɨɦ ɲɚɝɟ ɞɟɥɚɟɬɫɹ ɪɹɞ ɨɩɵɬɨɜ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɧɭɠɧɨ ɢɡɦɟ-

ɧɢɬɶ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɩɪɨɰɟɫɫ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɭɥɭɱɲɟɧɢɟ ɪɟɡɭɥɶɬɚɬɚ. 

ɉɪɢ ɷɬɨɦ ɧɚ ɤɚɠɞɨɦ ɨɱɟɪɟɞɧɨɦ ɲɚɝɟ ɩɨɥɭɱɚɟɦɚɹ ɢɧɮɨɪɦɚɰɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɞɥɹ ɜɵɛɨɪɚ ɩɨɫɥɟɞɭɸɳɟɝɨ ɲɚɝɚ. 

 

Ɋɢɫ. 6.5. ɋɯеɦɚ ɲɚɯтɧɨɣ ɩечи: 
1-1 -ɞɚтчиɤ теɦɩерɚтɭрɵ;  

1-2  – реɝиɫтрирɭɸщиɣ ɩриɛɨр 

 Ɋɚɡɪɚɛɨɬɚɧɨ ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɨɜ ɩɨɲɚɝɨɜɨɣ ɨɩɬɢɦɢɡɚɰɢɢ, ɤɨɬɨɪɵɟ ɩɨɞ-

ɪɨɛɧɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɪɚɡɞɟɥɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɚɬɟɦɚɬɢɤɢ – “Чɢɫɥɟɧɧɵɟ 

ɦɟɬɨɞɵ ɨɩɬɢɦɢɡɚɰɢɢ”. Ɇɵ ɠɟ ɪɚɫɫɦɨɬɪɢɦ ɬɨɥɶɤɨ ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ, ɷɮɮɟɤɬɢɜ-

ɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɬɨɪɵɯ ɜ ɩɪɨɦɵɲɥɟɧɧɨɦ ɢ ɥɚɛɨɪɚɬɨɪɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ 

ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɚɦ ɩɨɞɬɜɟɪɠɞɟɧɚ ɩɪɚɤɬɢɤɨɣ.  

 

6.5.1. Ɇеɬɨɞ ɩɨɤɨɨрɞиɧɚɬɧɨɣ ɨɩɬимиɡɚɰии  

 

 ɉɪɨɰɟɫɫ ɩɨɢɫɤɚ ɨɩɬɢɦɭɦɚ ɦɟɬɨɞɨɦ ɩɨɤɨɨɪɞɢɧɚɬɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɜ ɝɪɚ-

ɮɢɱɟɫɤɨɦ ɜɢɞɟ ɞɥɹ ɞɜɭɦɟɪɧɨɝɨ ɫɥɭɱɚɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ.6.6. ɉɨ ɷɬɨɦɭ ɦɟɬɨ-

ɞɭ ɜɵɛɢɪɚɟɬɫɹ ɩɪɨɢɡɜɨɥɶɧɚɹ ɬɨɱɤɚ Ɇ0 ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɟɟ ɤɨɨɪɞɢɧɚɬɵ. ɉɨɢɫɤ 

ɨɩɬɢɦɭɦɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɨɱɟɪɟɞɧɵɦ ɜɚɪɶɢɪɨɜɚɧɢɟɦ ɤɚɠɞɨɝɨ ɢɯ ɮɚɤɬɨɪɨɜ. 

ɉɪɢ ɷɬɨɦ ɫɧɚɱɚɥɚ ɢɡɦɟɧɹɸɬ ɨɞɢɧ ɮɚɤɬɨɪ (ɯ1) ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɨɫɬɚɥɶɧɵɯ 

(ɯ2=const) ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɩɪɟɤɪɚɳɚɟɬɫɹ ɩɪɢɪɨɫɬ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ (ɬɨɱɤɚ 
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Ɇ1). В ɞɚɥɶɧɟɣɲɟɦ ɢɡɦɟɧɹɟɬɫɹ ɞɪɭɝɨɣ ɮɚɤɬɨɪ (ɯ2) ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɨɫɬɚɥɶ-

ɧɵɯ (ɯ1=const), ɢ ɞɚɥɟɟ ɩɪɨɰɟɞɭɪɚ ɩɨɜɬɨɪɹɟɬɫɹ. 

 Дɚɧɧɵɣ ɦɟɬɨɞ ɜɟɫɶɦɚ 

ɩɪɨɫɬ, ɨɞɧɚɤɨ ɩɪɢ ɛɨɥɶɲɨɦ ɱɢɫ-

ɥɟ ɮɚɤɬɨɪɨɜ ɬɪɟɛɭɟɬɫɹ ɡɧɚɱɢ-

ɬɟɥɶɧɨɟ ɱɢɫɥɨ ɨɩɵɬɨɜ, ɱɬɨɛɵ 

ɞɨɫɬɢɱɶ ɤɨɨɪɞɢɧɚɬ ɨɩɬɢɦɭɦɚ. 

Ȼɨɥɟɟ ɬɨɝɨ,              ɩɪɢ ɧɟɤɨɬɨ-

ɪɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ y=f(x1,...,xk) 

ɷɬɨɬ ɦɟɬɨɞ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 

ɥɨɠɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ. ɇɚ ɪɢɫ.6.6 

ɩɨɤɚɡɚɧ ɨɞɢɧ ɢɡ ɬɚɤɢɯ ɱɚɫɬɧɵɯ 

ɫɥɭɱɚɟɜ, ɤɨɝɞɚ ɩɨɨɱɟɪɟɞɧɨɟ ɢɡ-

ɦɟɧɟɧɢɟ ɤɚɠɞɨɝɨ ɢɡ ɮɚɤɬɨɪɨɜ ɜ 

ɥɸɛɭɸ ɫɬɨɪɨɧɭ ɜɞɨɥɶ ɤɨɨɪɞɢ-

ɧɚɬɧɵɯ ɨɫɟɣ x1 ɢ x2 ɜɵɡɵɜɚɟɬ ɭɦɟɧɶɲɟɧɢɟ y. В ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɧɚɯɨɞɢɬɫɹ 

ɥɨɠɧɵɣ ɷɤɫɬɪɟɦɭɦ, ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɬɨɱɤɟ А′ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ 2x~;1x~ , ɜ ɬɨ ɜɪɟɦɹ 

ɤɚɤ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɭɦɚ ymax ɧɚɯɨɞɢɬɫɹ ɜ ɬɨɱɤɟ А ɫ ɤɨɨɪɞɢɧɚ-

ɬɚɦɢ x1* ɢ x2*. 

M0 

M1 

M2 
A′ 

 A

1x~

Ɋɢɫ.6.6. Ʉ ɦетɨɞɭ ɩɨɤɨɨрɞиɧɚтɧɨɣ  
ɨɩтиɦиɡɚɰии  

*

1x 1x

2x

B6>B5>B4

B1 

B2 

B3 

B4 

B5 

B6 

*

2x  

2x~  

 

 В ɞɚɥɶɧɟɣɲɟɦ ɪɚɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɟ ɦɟɬɨɞɵ. 

 

 

 

 

 

6.5.2. Ɇеɬɨɞ ɤрɭɬɨɝɨ ɜɨɫхɨɠɞеɧия 

 

 Иɡɜɟɫɬɧɨ, ɱɬɨ ɤɪɚɬɱɚɣɲɢɣ, ɧɚɢɛɨɥɟɟ ɤɨɪɨɬɤɢɣ ɩɭɬɶ — ɷɬɨ ɞɜɢɠɟɧɢɟ ɩɨ 

ɝɪɚɞɢɟɧɬɭ, ɬ.ɟ. ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɥɢɧɢɹɦ ɪɚɜɧɨɝɨ ɭɪɨɜɧɹ, ɧɚ ɤɨɬɨɪɵɯ ɮɭɧɤɰɢɹ 

ɨɬɤɥɢɤɚ ɩɪɢɧɢɦɚɟɬ ɩɨɫɬɨɹɧɧɵɟ ɡɧɚɱɟɧɢɹ y(x1, x2, ..., xk)=B. В ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢ 

ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɪɚɛɨɱɟɟ ɞɜɢɠɟɧɢɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɫɨɜɟɪɲɚɬɶ ɜ ɧɚɩɪɚɜ-

ɥɟɧɢɢ ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɨɝɨ ɜɨɡɪɚɫɬɚɧɢɹ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ, ɬ.ɟ. ɜ ɧɚɩɪɚɜɥɟɧɢɢ 

ɝɪɚɞɢɟɧɬɚ ɮɭɧɤɰɢɢ y. 
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 ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɝɪɚɞɢɟɧɬɧɨɝɨ ɦɟɬɨɞɚ, ɨɞɧɢɦ ɢɡ ɧɢɯ 

ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɤɪɭɬɨɝɨ ɜɨɫɯɨɠɞɟɧɢɹ. ɋɭɳɧɨɫɬɶ ɷɬɨɝɨ ɦɟɬɨɞɚ ɬɚɤɠɟ ɪɚɫɫɦɨɬ-

ɪɢɦ ɧɚ ɩɪɢɦɟɪɟ ɞɜɭɯɮɚɤɬɨɪɧɨɣ ɡɚɞɚɱɢ (ɪɢɫ.6.7).  

2x  

 

В ɷɬɨɦ ɫɥɭɱɚɟ ɲɚɝɨɜɨɟ ɞɜɢɠɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɧɚɢɫɤɨ-

ɪɟɣɲɟɝɨ ɜɨɡɪɚɫɬɚɧɢɹ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ, ɬ.ɟ. grad y(x1,x2). Ɉɞɧɚɤɨ ɧɚɩɪɚɜɥɟɧɢɟ 

ɤɨɪɪɟɤɬɢɪɭɸɬ ɧɟ ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɫɥɟɞɭɸɳɟɝɨ ɲɚɝɚ, ɚ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɜ ɧɟɤɨɬɨ-

ɪɨɣ ɬɨɱɤɟ ɧɚ ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɱɚɫɬɧɨɝɨ ɷɤɫɬɪɟɦɭɦɚ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ. 

 ɉɭɫɬɶ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ Ɇ0 ɤɚɤ ɰɟɧɬɪɚ ɩɥɚɧɚ ɩɨɫɬɚɜɥɟɧ ɉɎЭ 22. Кɨɨɪ-

ɞɢɧɚɬɵ ɨɬɞɟɥɶɧɵɯ ɨɩɵɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɨɱɤɚɦ 1-4. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɉɎЭ 

ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɣɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ.  

.2x2b1x1b0by ++=)
  

 Ƚɪɚɞɢɟɧɬ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ ɜ ɷɬɨɣ ɬɨɱɤɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ  

,j
2x 

 y
i

1x 

 y
= ygrad

rr
⋅

∂
∂

+⋅
∂
∂

       (6.37) 

ɝɞɟ j ,i
rr

— ɟɞɢɧɢɱɧɵɟ ɜɟɤɬɨɪɵ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ.  

 ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɞɜɢɠɟɧɢɹ ɩɨ ɝɪɚɞɢɟɧɬɭ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɧɹɬɶ ɮɚɤ-

ɬɨɪɵ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɢɯ ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɪɟɝɪɟɫɫɢɢ ɢ ɜ ɫɬɨɪɨɧɭ, ɫɨɨɬɜɟɬɫɬ-

ɜɭɸɳɭɸ ɡɧɚɤɭ ɤɨɷɮɮɢɰɢɟɧɬɚ. В ɩɪɨɰɟɫɫɟ ɩɨɢɫɤɚ ɞɜɢɝɚɸɬɫɹ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟ-

1x

14

10 12M1

9
11 8

13 7

N
1 36

5 M0 

2 4

Ɋɢɫ. 6.7. ɉрɨɰеɞɭрɚ ɨɩтиɦиɡɚɰии  ɦетɨɞɨɦ ɤрɭтɨɝɨ вɨɫɯɨɠɞеɧия 
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ɧɢɢ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɨɛɧɚɪɭɠɟɧ ɥɨɤɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ (ɬɨɱɤɚ Ɇ1 ɧɚ ɪɢɫ. 

6.7). В ɬɨɱɤɟ ɩɨɫɥɟɞɧɟɝɨ ɧɚɯɨɞɹɬ ɧɨɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɝɪɚɞɢɟɧɬɚ (ɧɚɩɪɚɜɥɟɧɢɟ 

Ɇ1N), ɨɫɭɳɟɫɬɜɥɹɹ ɨɩɹɬɶ ɠɟ ɉɎЭ, ɢ ɞɚɥɟɟ ɩɪɨɰɟɞɭɪɚ ɩɨɜɬɨɪɹɟɬɫɹ. ɋɬɪɟɥɤɚɦɢ 

ɧɚ ɪɢɫ. 6.7 ɩɨɤɚɡɚɧɚ ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ ɤ ɨɩɬɢɦɭɦɭ. 

 ɉɪɚɤɬɢɱɟɫɤɢ ɚɥɝɨɪɢɬɦ ɫɜɨɞɢɬɫɹ ɤ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɩɟ-

ɪɚɰɢɣ.  

 1. ɉɥɚɧɢɪɨɜɚɧɢɟ ɢ ɩɨɫɬɚɧɨɜɤɚ ɉɎЭ (ɢɥɢ ДɎЭ) ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ ɧɚ-

ɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ xi0. Ɋɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ bi ɥɢɧɟɣɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɝɪɚɞɢɟɧɬɚ.  

 2. Ɋɚɫɱɟɬ ɩɪɨɢɡɜɟɞɟɧɢɣ bi∆xi, ɝɞɟ ∆xi — ɢɧɬɟɪɜɚɥɵ ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨ-

ɪɨɜ ɩɪɢ ɉɎЭ (ДɎЭ).  

 3. Вɵɛɨɪ ɛɚɡɨɜɨɝɨ ɮɚɤɬɨɪɚ xi=xi0, ɭ ɤɨɬɨɪɨɝɨ .maxa ixib ==∆   

 4. Вɵɛɨɪ ɲɚɝɚ ɤɪɭɬɨɝɨ ɜɨɫɯɨɠɞɟɧɢɹ ɞɥɹ ɛɚɡɨɜɨɝɨ ɮɚɤɬɨɪɚ ha. 

 Эɬɨɬ ɜɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɦɟɸɳɟɣɫɹ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪ-

ɦɚɰɢɢ ɢɥɢ ɫ ɭɱɟɬɨɦ ɨɩɵɬɚ ɢɫɫɥɟɞɨɜɚɬɟɥɹ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɢɥɢ 

ɞɪɭɝɢɯ ɤɪɢɬɟɪɢɟɜ. Ɉɬɧɨɫɢɬɟɥɶɧɨ ɜɵɛɨɪɚ ɲɚɝɚ ɡɚɦɟɬɢɦ, ɱɬɨ ɫɥɢɲɤɨɦ ɦɚɥɵɣ ɲɚɝ 

ɩɨɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɱɢɫɥɚ ɨɩɵɬɨɜ ɩɪɢ ɞɜɢɠɟɧɢɢ ɤ ɨɩɬɢɦɭɦɭ, ɚ ɛɨɥɶɲɨɣ 

ɲɚɝ ɫɨɡɞɚɟɬ ɨɩɚɫɧɨɫɬɶ ɩɪɨɫɤɚɤɢɜɚɧɢɹ ɨɛɥɚɫɬɢ ɨɩɬɢɦɭɦɚ. 

 5. Ɋɚɫɱɟɬ ɲɚɝɨɜ ɢɡɦɟɧɟɧɢɹ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ ɩɨ ɮɨɪɦɭɥɟ  

.a/ah )ixib(ih ∆=         (6.38) 

 Эɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɜɟɥɢɱɢɧɚɦɢ ɲɚɝɨɜ ɢɡɦɟɧɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɮɚɤɬɨ-

ɪɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɜɢɠɟɧɢɟ ɩɨ ɝɪɚɞɢɟɧɬɭ ɜ ɮɚɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 

 6. ɋɨɫɬɚɜɥɟɧɢɟ ɩɥɚɧɚ ɞɜɢɠɟɧɢɹ ɩɨ ɝɪɚɞɢɟɧɬɭ. Дɥɹ ɷɬɨɝɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɲɚɝɨɜ ɢɡɦɟɧɟɧɢɹ ɮɚɤɬɨɪɨɜ ɢ ɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-

ɧɵɦ ɚɥɝɟɛɪɚɢɱɟɫɤɢɦ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɫ ɨɫɧɨɜɧɵɦ ɭɪɨɜɧɟɦ ɜ ɬɨɱɤɟ 

1,2,...=k  ,ikh0ixikx +=   

ɧɚɯɨɞɹɬ ɤɨɨɪɞɢɧɚɬɵ ɨɩɵɬɨɜ 5, 6, 7, 8, 9, 10 (ɫɦ.ɪɢɫ.6.7). Чɚɫɬɶ ɷɬɢɯ ɨɩɵɬɨɜ ɩɨ-

ɥɚɝɚɸɬ "ɦɵɫɥɟɧɧɵɦɢ". "Ɇɵɫɥɟɧɧɵɣ" ɨɩɵɬ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ ɩɪɟɞɫɤɚ-

ɡɚɧɧɵɯ (ɪɚɫɱɟɬɧɵɯ) ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ ɩɨ ɥɢɧɟɣɧɨɦɭ ɭɪɚɜɧɟɧɢɸ ɪɟɝ-
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ɪɟɫɫɢɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɨɛɴɟɦ ɪɟɚɥɶɧɵɯ ɨɩɵɬɨɜ, ɬ.ɟ. ɭɜɟɥɢɱɢɬɶ ɫɤɨ-

ɪɨɫɬɶ ɩɪɨɞɜɢɠɟɧɢɹ ɤ ɷɤɫɬɪɟɦɭɦɭ. ɉɪɢ "ɦɵɫɥɟɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ" ɩɟɪɟɜɨɞ ɤɨ-

ɨɪɞɢɧɚɬ ɜ ɤɨɞɢɪɨɜɚɧɧɭɸ ɮɨɪɦɭ ɢ ɩɨɞɫɬɚɧɨɜɤɚ ɢɯ ɜ ɭɪɚɜɧɟɧɢɟ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ 

ɞɨɥɠɧɚ ɩɨɞɬɜɟɪɞɢɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɜɨɡɪɚɫɬɚɧɢɟ y. Ɉɛɵɱɧɨ ɪɟɚɥɶɧɵɟ ɨɩɵɬɵ ɜ 

ɧɚɱɚɥɟ ɞɜɢɠɟɧɢɹ ɢɡ ɛɚɡɨɜɨɣ ɬɨɱɤɢ ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ ɝɪɚɞɢɟɧɬɚ ɫɬɚɜɹɬɫɹ ɱɟ-

ɪɟɡ 2-4 ɦɵɫɥɟɧɧɵɯ ɨɩɵɬɚ. Дɪɭɝɢɟ ɨɩɵɬɵ ɪɟɚɥɢɡɭɸɬ ɧɚ ɩɪɚɤɬɢɤɟ, ɨɩɪɟɞɟɥɹɹ ɩɨ-

ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɡɧɚɱɟɧɢɣ y ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɝɪɚɞɢɟɧɬɚ. Иɡ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ 

ɧɚɯɨɞɹɬ ɩɨɥɨɠɟɧɢɟ ɥɨɤɚɥɶɧɨɝɨ ɷɤɫɬɪɟɦɭɦɚ (ɬɨɱɤɚ Ɇ1 ɧɚ ɪɢɫ.6.7).  

 7. В ɨɤɪɟɫɬɧɨɫɬɢ ɥɨɤɚɥɶɧɨɝɨ ɷɤɫɬɪɟɦɭɦɚ ɫɬɚɜɹɬ ɧɨɜɭɸ ɫɟɪɢɸ ɨɩɵɬɨɜ 

(ɉɎЭ ɢɥɢ ДɎЭ) ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɨɜɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ 

ɪɟɝɪɟɫɫɢɢ ɢ ɧɨɜɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɝɪɚɞɢɟɧɬɚ (ɧɚɩɪɚɜɥɟɧɢɟ Ɇ1N ɧɚ ɪɢɫ.6.7). В 

ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɰɟɞɭɪɚ ɩɨɜɬɨɪɹɟɬɫɹ ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɫɥɟɞɭɸɳɟɝɨ ɥɨɤɚɥɶɧɨɝɨ 

ɷɤɫɬɪɟɦɭɦɚ ɢ ɬɚɤ ɞɚɥɟɟ ɜɩɥɨɬɶ ɞɨ ɨɩɪɟɞɟɥɟɧɢɹ ɨɤɪɟɫɬɧɨɫɬɢ ɤɨɨɪɞɢɧɚɬ ɦɚɤɫɢ-

ɦɭɦɚ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ, ɤɨɬɨɪɚɹ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɩɨɱɬɢ ɫɬɚɰɢɨɧɚɪɧɨɣ ɨɛɥɚɫɬɢ.  

  ɉɪɢɡɧɚɤɨɦ ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɣ ɨɛɥɚɫɬɢ ɹɜɥɹɟɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɧɟɡɧɚɱɢ-

ɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ bi. В ɩɨɱɬɢ ɫɬɚɰɢɨɧɚɪɧɨɣ ɨɛɥɚɫɬɢ ɫɬɚɧɨɜɹɬɫɹ ɡɧɚɱɢɦɵ 

ɷɮɮɟɤɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ ɤɜɚɞɪɚɬɢɱɧɵɟ ɷɮɮɟɤɬɵ. Ɂɞɟɫɶ ɬɪɟɛɭɟɬɫɹ ɩɟɪɟɯɨ-

ɞɢɬɶ ɨɬ ДɎЭ (ɟɫɥɢ ɨɧ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɪɚɧɟɟ) ɤ ɉɎЭ, ɚ ɟɫɥɢ ɢ ɷɬɨɝɨ ɨɤɚɠɟɬɫɹ ɧɟ-

ɞɨɫɬɚɬɨɱɧɨ, ɩɟɪɟɣɬɢ ɨɬ ɩɥɚɧɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɤ ɩɥɚɧɚɦ ɜɬɨɪɨɝɨ 

ɩɨɪɹɞɤɚ.  

 Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ ɡɚɞɚɱɚɯ, ɝɞɟ ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɤɨɨɪɞɢɧɚɬɵ ɧɟ ɦɚɤ-

ɫɢɦɭɦɚ, ɚ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ, ɡɧɚɤɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ bi ɫɥɟɞɭɟɬ ɩɨɦɟ-

ɧɹɬɶ ɧɚ ɨɛɪɚɬɧɵɟ. В ɷɬɨɦ ɫɥɭɱɚɟ ɞɜɢɠɟɧɢɟ ɜ ɮɚɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɫɭɳɟ-

ɫɬɜɥɹɟɬɫɹ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ, ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦɭ ɜɟɤɬɨɪɭ ɝɪɚɞɢɟɧɬɚ.  

 

6.5.3. ɋимɩɥеɤɫɧɵɣ меɬɨɞ ɩɥɚɧирɨɜɚɧия 

 

 Ɇɟɬɨɞ ɫɢɦɩɥɟɤɫɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɢɡɭ-

ɱɟɧɢɹ ɜɥɢɹɧɢɹ ɮɚɤɬɨɪɨɜ ɧɚɣɬɢ ɨɛɥɚɫɬɶ ɨɩɬɢɦɭɦɚ. В ɷɬɨɦ ɦɟɬɨɞɟ ɧɟ ɬɪɟɛɭɟɬɫɹ 

ɜɵɱɢɫɥɟɧɢɹ ɝɪɚɞɢɟɧɬɚ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ, ɩɨɷɬɨɦɭ ɨɧ ɨɬɧɨɫɢɬɫɹ ɤ ɛɟɡɝɪɚɞɢɟɧɬ-

ɧɵɦ ɦɟɬɨɞɚɦ ɩɨɢɫɤɚ ɨɩɬɢɦɭɦɚ. Дɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɣ ɩɥɚɧ ɷɤɫ-

ɩɟɪɢɦɟɧɬɚ ɜ ɜɢɞɟ ɫɢɦɩɥɟɤɫɚ.  
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 ɋɢɦɩɥɟɤɫ — ɷɬɨ ɩɪɨɫɬɟɣɲɢɣ ɜɵɩɭɤɥɵɣ ɦɧɨɝɨɝɪɚɧɧɢɤ, ɨɛɪɚɡɨɜɚɧɧɵɣ k+1 

ɜɟɪɲɢɧɚɦɢ ɜ k-ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɤɨɬɨɪɵɟ ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɩɪɹɦɵ-

ɦɢ ɥɢɧɢɹɦɢ. ɉɪɢ ɷɬɨɦ ɤɨɨɪɞɢɧɚɬɵ ɜɟɪɲɢɧ ɫɢɦɩɥɟɤɫɚ ɹɜɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹɦɢ 

ɮɚɤɬɨɪɨɜ ɜ ɨɬɞɟɥɶɧɵɯ ɨɩɵɬɚɯ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɜ ɞɜɭɯɮɚɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 

(ɧɚ ɩɥɨɫɤɨɫɬɢ) k=2 ɫɢɦɩɥɟɤɫ — ɥɸɛɨɣ ɬɪɟɭɝɨɥɶɧɢɤ, ɜ ɬɪɟɯɮɚɤɬɨɪɧɨɦ (ɬɪɟɯɦɟɪ-

ɧɨɦ) k=3 ɩɪɨɫɬɪɚɧɫɬɜɟ — ɬɟɬɪɚɷɞɪ ɢ ɬ.ɞ.  

 ɋɢɦɩɥɟɤɫ ɧɚɡɵɜɚɟɬɫɹ ɩɪɚɜɢɥɶɧɵɦ ɢɥɢ ɪɟɝɭɥɹɪɧɵɦ, ɟɫɥɢ ɜɫɟ ɪɚɫɫɬɨɹɧɢɹ 

ɦɟɠɞɭ ɨɛɪɚɡɭɸɳɢɦɢ ɟɝɨ ɜɟɪɲɢɧɚɦɢ ɪɚɜɧɵ (ɪɚɜɧɨɫɬɨɪɨɧɧɢɣ ɬɪɟɭɝɨɥɶɧɢɤ, ɩɪɚ-

ɜɢɥɶɧɵɣ ɬɟɬɪɚɷɞɪ ɢ ɞɪ.).  

 ɉɨɫɥɟ ɩɨɫɬɪɨɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɫɢɦɩɥɟɤɫɚ ɢ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ ɩɪɢ ɡɧɚɱɟ-

ɧɢɹɯ ɮɚɤɬɨɪɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɨɪɞɢɧɚɬɚɦ ɟɝɨ ɜɟɪɲɢɧ, ɚɧɚɥɢɡɢɪɭɸɬ ɪɟ-

ɡɭɥɶɬɚɬɵ ɢ ɜɵɛɢɪɚɸɬ ɜɟɪɲɢɧɭ ɫɢɦɩɥɟɤɫɚ, ɜ ɤɨɬɨɪɨɣ ɩɨɥɭɱɟɧɨ ɧɚɢɦɟɧɶɲɟɟ 

(ɧɚɢɯɭɞɲɟɟ) ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ. Дɥɹ ɞɜɢɠɟɧɢɹ ɤ ɨɩɬɢɦɭɦɭ ɧɟɨɛɯɨɞɢɦɨ 

ɩɨɫɬɚɜɢɬɶ ɨɩɵɬ ɜ ɧɨɜɨɣ ɬɨɱɤɟ, ɹɜɥɹɸɳɟɣɫɹ ɡɟɪɤɚɥɶɧɵɦ ɨɬɨɛɪɚɠɟɧɢɟɦ ɬɨɱɤɢ ɫ 

ɧɚɢɯɭɞɲɢɦ (ɦɢɧɢɦɚɥɶɧɵɦ) ɪɟɡɭɥɶɬɚɬɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɝɪɚɧɢ 

ɫɢɦɩɥɟɤɫɚ. ɇɚ ɪɢɫ.6.8 ɩɪɟɞɫɬɚɜɥɟɧɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɫɢɦɩɥɟɤɫ-

ɦɟɬɨɞɚ ɞɥɹ ɞɜɭɦɟɪɧɨɝɨ ɫɥɭɱɚɹ k=2.  
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Ɋɢɫ. 6.8. ɋɯеɦɚ ɞвиɠеɧия ɤ ɨɩтиɦɚɥɶɧɨɣ 
ɨɛɥɚɫти ɫиɦɩɥеɤɫɧɵɦ ɦетɨɞɨɦ 

 

 

 

 

 

 

 

 

 

 

ɉɨ ɢɬɨɝɚɦ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ 1, 2 ɢ 3 ɯɭɞɲɢɦ ɨɤɚɡɚɥɫɹ ɨɩɵɬ 3. ɋɥɟɞɭɸ-

ɳɢɣ ɨɩɵɬ ɫɬɚɜɢɬɫɹ ɜ ɬɨɱɤɟ 4, ɤɨɬɨɪɚɹ ɨɛɪɚɡɭɟɬ ɫ ɬɨɱɤɚɦɢ 1 ɢ 2 ɧɨɜɵɣ ɩɪɚɜɢɥɶ-
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ɧɵɣ ɫɢɦɩɥɟɤɫ. Дɚɥɟɟ ɫɨɩɨɫɬɚɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɨɩɵɬɨɜ 1, 2 ɢ 4. ɇɚɢɯɭɞɲɢɣ 

ɪɟɡɭɥɶɬɚɬ ɩɨɥɭɱɟɧ ɜ ɬɨɱɤɟ 1, ɩɨɷɬɨɦɭ ɨɧɚ ɜ ɧɨɜɨɦ ɫɢɦɩɥɟɤɫɟ ɡɚɦɟɧɹɟɬɫɹ ɡɟɪ-

ɤɚɥɶɧɵɦ ɨɬɨɛɪɚɠɟɧɢɟɦ (ɬɨɱɤɨɣ 5) ɢ ɬ.ɞ., ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬɚ ɩɨɱɬɢ ɫɬɚ-

ɰɢɨɧɚɪɧɚɹ ɨɛɥɚɫɬɶ. ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɯɨɬɹ ɷɬɨɬ ɩɭɬɶ ɢ ɡɢɝɡɚɝɨɨɛɪɚɡɟɧ, 

ɨɛɳɟɟ ɱɢɫɥɨ ɨɩɵɬɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɨɛɥɚɫɬɢ ɨɩɬɢɦɭɦɚ, ɦɨɠɟɬ 

ɛɵɬɶ ɧɟɛɨɥɶɲɢɦ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɩɪɨɜɨɞɢɬɶ k+1 ɨɩɵɬ ɩɪɢɯɨɞɢɬɫɹ ɥɢɲɶ ɜ ɧɚɱɚ-

ɥɟ, ɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɤɚɠɞɵɣ ɲɚɝ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟɦ ɬɨɥɶɤɨ ɨɞɧɨɝɨ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɩɵɬɚ, ɭɫɥɨɜɢɹ ɤɨɬɨɪɨɝɨ ɜɵɛɢɪɚɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɲɟɫɬ-

ɜɭɸɳɢɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɉɨɫɥɟ ɢɡɥɨɠɟɧɢɹ ɨɫɧɨɜɧɵɯ ɢɞɟɣ ɫɢɦɩɥɟɤɫɧɨɝɨ ɦɟɬɨɞɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɨɩ-

ɬɢɦɚɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɨɫɬɚɧɨɜɢɦɫɹ ɧɚ ɧɟɤɨɬɨɪɵɯ ɟɝɨ ɞɟɬɚɥɹɯ. Вɵɛɨɪ ɪɚɡ-

ɦɟɪɨɜ ɫɢɦɩɥɟɤɫɚ ɢ ɟɝɨ ɧɚɱɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜ ɢɡɜɟɫɬɧɨɣ ɫɬɟɩɟɧɢ ɩɪɨɢɡɜɨɥɟɧ. 

Дɥɹ ɩɨɫɬɪɨɟɧɢɹ ɧɚɱɚɥɶɧɨɝɨ ɫɢɦɩɥɟɤɫɚ ɡɧɚɱɟɧɢɹ ɜ ɤɚɠɞɨɦ ɨɩɵɬɟ ɢɫɯɨɞɧɨɝɨ 

ɫɢɦɩɥɟɤɫɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

,ixijC0ixijx ∆+=           (6.39) 

ɝɞɟ xi0 — ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɧɚɱɚɥɶɧɨɝɨ ɫɢɦɩɥɟɤɫɚ; ∆xi — ɢɧɬɟɪɜɚɥ ɜɚɪɶɢɪɨɜɚ-

ɧɢɹ i-ɝɨ ɮɚɤɬɨɪɚ; ɋij — ɤɨɞɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ i-ɝɨ ɮɚɤɬɨɪɚ ɞɥɹ j-ɝɨ ɨɩɵɬɚ, ɜɵ-

ɛɢɪɚɟɦɵɟ ɢɡ ɱɢɫɥɨɜɨɣ ɦɚɬɪɢɰɵ ɞɥɹ ɫɢɦɩɥɟɤɫɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɩɪɢɜɟɞɟɧɧɵɟ 

ɜ ɬɚɛɥ. 6.18. 

Ɍɚɛɥɢɰɚ 6.18 

 Ʉɨɷɮɮиɰиеɧтɵ ɋij ɞɥя вɵɛɨрɚ ɤɨɨрɞиɧɚт ɫиɦɩɥеɤɫɚ * 

ɇɨɦɟɪ Ɏɚɤɬɨɪɵ (→ i) 

ɨɩɵɬɚ (↓ j) x1 x2 x3 ... X k-1 Xk

1 k1 k2 k3 ... K k-1 Kk

2 -R1   ...  Kk

3 0 -R2  ...  Kk

4 0 0 -R3 ...  Kk

... ... ... ... ... ... Kk

k 0 0 0 0 R k-1 Kk

k+1 0 0 0 0 0 Rk

*
) 

k,1,2,...,=i  R  i ;
)1(2

;
)1(2

1

2

1

1

1

+
=

+
=

+
+

=
i

i

iii

i

i
ki

 

ɝɞɟ k – ɱɢɫɥɨ ɮɚɤɬɨɪɨɜ 

 ȿɫɥɢ, ɧɚɩɪɢɦɟɪ, ɧɟɨɛɯɨɞɢɦɨ ɫɨɫɬɚɜɢɬɶ ɫɢɦɩɥɟɤɫ-ɩɥɚɧ ɞɥɹ ɞɜɭɯ ɮɚɤɬɨ-

ɪɨɜ, ɬɨ ɜɧɚɱɚɥɟ ɫɬɚɜɹɬ ɬɪɢ ɨɩɵɬɚ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ: 
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 1-ɣ ɨɩɵɬ 

.2x2k20x21x

;1x1k10x11x

∆+=
∆+=

  

 2-ɣ ɨɩɵɬ 

.2x2k20x22x

;1x1R10x12x

∆+=
∆−=

  

 3-ɣ ɨɩɵɬ 

.2x2R20x23x

;010x13x

∆−=
+=

  

 ɋɢɦɩɥɟɤɫ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɩɨ ɷɬɢɦ ɮɨɪɦɭɥɚɦ, ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ.6.9.  

 

Ɋɢɫ. 6.9. ɋɯеɦɚ ɩɨɫтрɨеɧия ɧɚчɚɥɶɧɨɝɨ  ɫиɦɩɥеɤɫɚ 

 

Ɍɚɤ, ɟɫɥɢ x10=0 ɢ x20=0, ɚ ∆x1=∆x2=1, ɬɨ ɤɨɨɪɞɢɧɚɬɵ ɨɩɵɬɨɜ ɛɭɞɭɬ ɪɚɜɧɵ 

(ɫɦ. ɪɢɫ.6.10): ɨɩɵɬ 1 (0,5;0,289), ɨɩɵɬ 2 (-0,5; 0,289) ɢ ɨɩɵɬ 3 (0;-0,577), ɱɬɨ ɫɨ-

ɨɬɜɟɬɫɬɜɭɟɬ ɤɨɨɪɞɢɧɚɬɚɦ ɜɟɪɲɢɧ ɪɚɜɧɨɫɬɨɪɨɧɧɟɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ ɫ ɞɥɢɧɨɣ ɫɬɨ-

ɪɨɧɵ, ɪɚɜɧɨɣ 1. ɇɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚɯɨɞɢɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟ-

ɧɢɹ ɦɟɞɢɚɧ (ɛɢɫɫɟɤɬɪɢɫ). 

 Дɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɚ ɜ ɨɬɪɚɠɟɧɧɨɣ ɬɨɱɤɟ (ɤɨɨɪ-

ɞɢɧɚɬ ɧɨɜɨɣ ɜɟɪɲɢɧɵ ɫɢɦɩɥɟɤɫɚ) ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɨɪɦɭɥɚ 
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,j   ,
2 1

1

ɡiɡ

k

j

ijiɧ ixx
k

x ≠−= ∑
+

=

        (6.40) 

ɝɞɟ xiɧ — ɤɨɨɪɞɢɧɚɬɚ ɧɨɜɨɣ ɬɨɱɤɢ (ɧɨɜɨɣ ɜɟɪɲɢɧɵ) ɫɢɦɩɥɟɤɫɚ ɞɥɹ i-ɣ ɩɟɪɟɦɟɧ-

ɧɨɣ; xiɡ — ɤɨɨɪɞɢɧɚɬɚ ɡɚɦɟɧɹɟɦɨɣ ɬɨɱɤɢ (ɤɨɨɪɞɢɧɚɬɚ ɜɟɪɲɢɧɵ ɫɢɦɩɥɟɤɫɚ ɫ 

ɧɚɢɯɭɞɲɢɦ ɨɬɤɥɢɤɨɦ ɩɟɪɟɞ ɟɟ ɨɬɛɪɚɫɵɜɚɧɢɟɦ); ∑
+

=

1

1

1 k

j

ijx
k

 — ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɢɡ 

ɤɨɨɪɞɢɧɚɬ ɜɫɟɯ ɜɟɪɲɢɧ ɫɢɦɩɥɟɤɫɚ, ɤɪɨɦɟ ɡɚɦɟɧɹɟɦɨɣ. 

 Иɡɜɟɫɬɧɵ ɫɥɟɞɭɸɳɢɟ ɤɪɢɬɟɪɢɢ ɨɤɨɧɱɚɧɢɹ ɩɪɨɰɟɫɫɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 

ɨɬɪɚɠɟɧɢɹ ɧɚɢɯɭɞɲɢɯ ɜɟɪɲɢɧ ɢ ɩɨɫɬɚɧɨɜɤɢ ɨɱɟɪɟɞɧɵɯ ɨɩɵɬɨɜ ɜ ɧɨɜɵɯ ɜɟɪɲɢ-

ɧɚɯ:  

 1. Ɋɚɡɧɨɫɬɶ ɡɧɚɱɟɧɢɣ 

ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ ɜ ɜɟɪɲɢɧɚɯ 

ɫɢɦɩɥɟɤɫɚ ɫɬɚɧɨɜɢɬɫɹ ɦɟɧɶɲɟ 

ɪɚɧɟɟ ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ. Эɬɨ 

ɨɡɧɚɱɚɟɬ ɥɢɛɨ ɜɵɯɨɞ ɜ "ɩɨɱɬɢ 

ɫɬɚɰɢɨɧɚɪɧɭɸ" ɨɛɥɚɫɬɶ ɜɛɥɢɡɢ 

ɨɩɬɢɦɭɦɚ, ɥɢɛɨ ɞɨɫɬɢɠɟɧɢɟ 

ɭɱɚɫɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ 

constxxfy k == );...;( 1

)  ɜ ɜɢɞɟ "ɩɥɚ-

ɬɨ". В ɷɬɨɦ ɫɥɭɱɚɟ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɵɦɢ ɨɩɵɬɚɦɢ ɜ ɫɬɨɪɨɧɟ ɨɬ ɫɢɦɩɥɟɤɫɚ ɫɥɟɞɭɟɬ ɭɞɨɫɬɨɜɟɪɢɬɶɫɹ ɜ ɨɬɫɭɬɫɬ-

ɜɢɢ ɞɪɭɝɢɯ ɭɱɚɫɬɤɨɜ ɫ ɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨɣ ɤɪɢɜɢɡɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

 ɢ ɩɪɢɧɹɬɶ ɜɟɥɢɱɢɧɭ ɫ ɷɤɫɬɪɟɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɮɭɧɤɰɢɢ ɨɬɤɥɢ-

ɤɚ ɡɚ ɬɨɱɤɭ ɨɩɬɢɦɭɦɚ.  

);...;( 1 kxxfy =

 

Ɋɢɫ.6.10. Ʉɨɨрɞиɧɚтɵ верɲиɧ ɫиɦɩɥеɤɫɚ  

ɩри xi0=0,  ∆xi=1 и n=2 

 2. Ɉɬɪɚɠɟɧɢɟ ɥɸɛɨɣ ɢɡ ɜɟɪɲɢɧ ɫɢɦɩɥɟɤɫɚ ɩɨɫɥɟ ɨɞɧɨɤɪɚɬɧɨɝɨ ɤɚɱɚɧɢɹ 

ɩɪɢɜɨɞɢɬ ɤ ɟɝɨ ɜɨɡɜɪɚɬɭ ɜ ɩɪɟɠɧɟɟ ɩɨɥɨɠɟɧɢɟ. ɉɪɢ ɷɬɨɦ ɟɫɬɶ ɨɫɧɨɜɚɧɢɹ ɭɬɜɟɪ-

ɠɞɚɬɶ "ɧɚɤɪɵɬɢɟ" ɫɢɦɩɥɟɤɫɨɦ ɬɨɱɤɢ ɨɩɬɢɦɭɦɚ. 

 3. ɐɢɤɥɢɱɟɫɤɨɟ ɞɜɢɠɟɧɢɟ ɫɢɦɩɥɟɤɫɚ ɜɨɤɪɭɝ ɨɞɧɨɣ ɢɡ ɟɝɨ ɜɟɪɲɢɧ ɧɚ ɩɪɨ-

ɬɹɠɟɧɢɢ ɛɨɥɟɟ ɱɟɦ ɧɟɫɤɨɥɶɤɢɯ ɲɚɝɨɜ. ɉɨɞɨɛɧɚɹ ɫɢɬɭɚɰɢɹ ɢɦɟɟɬ ɦɟɫɬɨ, ɤɨɝɞɚ 

ɢɫɤɨɦɵɣ ɨɩɬɢɦɭɦ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜɧɭɬɪɢ ɨɛɥɚɫɬɢ, ɨɯɜɚɬɵɜɚɟɦɨɣ ɰɢɪɤɭɥɢɪɭɸ-

ɳɢɦ ɫɢɦɩɥɟɤɫɨɦ.  
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 В ɫɥɭɱɚɹɯ 2 ɢ 3 ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɭɦɟɧɶɲɢɬɶ ɪɚɡɦɟɪɵ ɫɢɦɩɥɟɤɫɚ, ɬ.ɟ. ɪɚɫ-

ɫɬɨɹɧɢɹ ɦɟɠɞɭ ɜɟɪɲɢɧɚɦɢ, ɢ ɩɪɨɞɨɥɠɢɬɶ ɩɨɢɫɤ ɞɨ ɠɟɥɚɟɦɨɝɨ ɭɬɨɱɧɟɧɢɹ ɤɨɨɪ-

ɞɢɧɚɬ ɢɫɤɨɦɨɝɨ ɨɩɬɢɦɭɦɚ.  

 Иɡɥɨɠɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɫɢɦɩɥɟɤɫɧɨɝɨ ɦɟɬɨɞɚ ɫɪɚɜɧɢɬɟɥɶɧɨ ɩɪɨɫɬ, ɨɧ ɞɨɫ-

ɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɟɧ, ɨɞɧɚɤɨ ɪɚɛɨɬɚɟɬ ɧɟɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ. ɋɭɳɟɫɬɜɭɟɬ ɟɝɨ 

ɦɨɞɢɮɢɤɚɰɢɹ, ɢɡɜɟɫɬɧɚɹ ɩɨɞ ɧɚɡɜɚɧɢɟɦ "ɦɟɬɨɞ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɢɦɩɥɟɤɫɚ", 

ɤɨɬɨɪɚɹ ɭɫɤɨɪɹɟɬ ɩɪɨɰɟɫɫ ɩɨɢɫɤɚ ɨɩɬɢɦɭɦɚ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɞɚɧɧɨɦ 

ɲɚɝɟ ɢɧɮɨɪɦɚɰɢɢ, ɧɚɤɨɩɥɟɧɧɨɣ ɧɚ ɩɪɟɞɵɞɭɳɢɯ ɲɚɝɚɯ.  

 ɋɭɳɧɨɫɬɶ ɦɟɬɨɞɚ ɩɨɢɫɤɚ ɩɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦɭ ɫɢɦɩɥɟɤɫɭ ɡɚɤɥɸɱɚɟɬɫɹ 

ɜ ɬɨɦ, ɱɬɨ ɩɪɢ ɨɬɪɚɠɟɧɢɢ ɧɚɢɯɭɞɲɟɣ ɜɟɪɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɝɪɚɧɢ ɪɚɡɦɟɪ ɫɢɦɩɥɟɤɫɚ ɧɟ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ, ɚ ɨɫɭɳɟɫɬ-

ɜɥɹɟɬɫɹ ɟɝɨ ɞɟɮɨɪɦɚɰɢɹ (ɪɚɫɬɹɠɟɧɢɟ ɢɥɢ ɫɠɚɬɢɟ). Дɥɹ ɩɨɹɫɧɟɧɢɹ ɫɭɳɟɫɬɜɚ 

ɦɟɬɨɞɚ ɜɜɟɞɟɦ ɤɨɨɪɞɢɧɚɬɭ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ix  ɨɫɬɚɥɶɧɵɯ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɧɚɢ-

ɯɭɞɲɟɣ) ɜɟɪɲɢɧ ɫɢɦɩɥɟɤɫɚ: 

.j   ; ɡ

1

1

ikxx
k

j

iji ≠=∑
+

=

  

Ɍɨɝɞɚ ɮɨɪɦɭɥɚ (6.40) ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɚ ɤ ɜɢɞɭ 

iɡxix2iɧx −=  

ɢɥɢ  

).iɡxix(ixiɧx~ −α+=   

 ɉɪɢ α=1 ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɟ (6.40) ɢ .iɧxiɧx~ =   

 Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: 

 yɡ — ɧɚɢɯɭɞɲɢɣ (ɦɢɧɢɦɚɥɶɧɵɣ) ɨɬɤɥɢɤ ɜ ɫɢɦɩɥɟɤɫɟ; 

 ymax — ɧɚɢɥɭɱɲɢɣ (ɦɚɤɫɢɦɚɥɶɧɵɣ) ɨɬɤɥɢɤ; 

 yɡ’ — ɨɬɤɥɢɤ, ɫɥɟɞɭɸɳɢɣ ɡɚ ɧɚɢɯɭɞɲɢɦ. 

 ɋɥɟɞɨɜɚɬɟɥɶɧɨ yɡ < ymax < yɡ’. 

 В ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ ɜ ɬɨɱɤɟ ɧɨɪɦɚɥɶɧɨɝɨ ɨɬɪɚ-

ɠɟɧɢɹ yɧ ɩɪɢ α=1 ɜɨɡɦɨɠɧɵ ɫɥɟɞɭɸɳɢɟ ɜɚɪɢɚɧɬɵ: 
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 1) ɟɫɥɢ yɡ < yɧ < ymax, ɬ.ɟ. xiɧ ɛɭɞɟɬ ɧɟɯɭɞɲɟɣ ɢ ɧɟɥɭɱɲɟɣ ɬɨɱɤɨɣ ɜ ɧɨɜɨɦ 

ɧɚɛɨɪɟ ɬɨɱɟɤ, ɬɨ xiɡ ɫɥɟɞɭɟɬ ɡɚɦɟɧɢɬɶ ɧɚ xiɧ ɫ α=1. В ɷɬɨɦ ɫɥɭɱɚɟ ɨɫɭɳɟɫɬɜɥɹɟɬ-

ɫɹ ɧɨɪɦɚɥɶɧɨɟ ɨɬɪɚɠɟɧɢɟ; 

 2) ɟɫɥɢ yɧ > ymax, ɬɨ xiɧ ɨɤɚɡɵɜɚɟɬɫɹ ɧɨɜɨɣ ɥɭɱɲɟɣ ɬɨɱɤɨɣ ɜ ɧɨɜɨɦ ɧɚɛɨɪɟ 

ɬɨɱɟɤ. В ɷɬɨɦ ɫɥɭɱɚɟ ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɫɬɹɠɟɧɢɹ ɩɪɢɡɧɚɟɬɫɹ “ɜɟɫɶɦɚ ɭɞɚɱɧɵɦ” ɢ 

ɫɢɦɩɥɟɤɫ ɪɚɫɬɹɝɢɜɚɟɬɫɹ ɜ ɧɨɪɦɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Дɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ 1<α<2 ɢ 

α ɧɚɡɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɪɚɫɬɹɠɟɧɢɹ; 

 3) ɟɫɥɢ yɡ < yɧ < yɡ’, ɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɨɬɪɚɠɟɧɢɹ ɩɪɢɡɧɚɟɬɫɹ ɩɪɚɜɢɥɶɧɵɦ, 

ɧɨ ɫɢɦɩɥɟɤɫ ɫɥɢɲɤɨɦ ɜɟɥɢɤ ɢ ɟɝɨ ɫɥɟɞɭɟɬ ɫɠɚɬɶ ɜɵɛɨɪɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɠɚ-

ɬɢɹ α ɢɡ ɞɢɚɩɚɡɨɧɚ 0<α<1; 

 4) ɟɫɥɢ yɧ < yɡ, ɬɨ ɞɚɠɟ ɧɚɩɪɚɜɥɟɧɢɟ ɨɬɪɚɠɟɧɢɹ ɜɵɛɪɚɧɨ ɧɟɜɟɪɧɨ ɢ ɫɥɟ-

ɞɭɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɫɠɚɬɢɟ ɜɵɛɨɪɨɦ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɤɨ-

ɷɮɮɢɰɢɟɧɬɚ α (-1<α<0). 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ 

ɤɚɠɞɨɦ ɲɚɝɟ ɫɥɟɞɭɟɬ ɜɧɚ-

ɱɚɥɟ ɧɨɪɦɚɥɶɧɨ ɨɬɪɚɡɢɬɶ 

ɧɚɢɯɭɞɲɭɸ ɜɟɪɲɢɧɭ ɫɢɦ-

ɩɥɟɤɫɚ (α=1), ɩɨɫɬɚɜɢɬɶ ɜ 

ɷɬɨɣ ɬɨɱɤɟ ɨɩɵɬ, ɨɩɪɟɞɟ-

ɥɢɬɶ yɧ, ɚ ɡɚɬɟɦ ɩɨɫɬɚɜɢɬɶ 

ɫɥɟɞɭɸɳɢɣ ɨɩɵɬ ɜ ɬɨɱɤɟ 

ɮɚɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɧx~ , ɤɨɨɪɞɢɧɚɬɵ ɤɨɬɨɪɨɣ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

(6.40) ɫ ɭɱɟɬɨɦ ɪɚɫɫɦɨɬ-

ɪɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ 1-4. 

 

Ɋɢɫ.6.11. Ʉ ɦетɨɞɭ ɞеɮɨрɦирɨвɚɧɧɨɝɨ ɫиɦɩɥеɤɫɚ 

 ɇɚ ɪɢɫ.6.11 ɩɨɤɚɡɚɧɵ ɬɨɱɤɚ 4 ɨɱɟɪɟɞɧɨɝɨ ɨɩɵɬɚ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɨɬɪɚɠɟ-

ɧɢɢ (α=1) ɧɚɢɯɭɞɲɟɣ ɜɟɪɲɢɧɵ 1, ɬɨɱɤɢ 5’, 5’’, 5’’’ ɩɨɫɥɟɞɭɸɳɢɯ ɨɩɵɬɨɜ ɞɥɹ ɫɥɭ-

ɱɚɟɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɫɬɹɠɟɧɢɹ (α=2), ɫɠɚɬɢɹ (α=0,5) ɢ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɫɠɚɬɢɹ 

(α=-0,5) ɫɢɦɩɥɟɤɫɚ. 
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 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɨɞ ɩɨɢɫɤɚ ɩɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦɭ ɫɢɦɩɥɟɤɫɭ ɨɛɥɚɞɚɟɬ 

ɩɨɜɵɲɟɧɧɨɣ ɝɢɛɤɨɫɬɶɸ, ɩɨɡɜɨɥɹɸɳɟɣ ɭɱɢɬɵɜɚɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ-

ɤɥɢɤɚ. 

ɉример 6.1 [18]. ɉɭɫɬɶ ɨɛɴɟɤɬ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɚɦɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 

ɭɪɚɜɧɟɧɢɸ 

.x3x30xx124y 2

22

2

11 −+−+=  

ɇɚɣɞɟɦ ɷɤɫɬɪɟɦɭɦ ɮɭɧɤɰɢɢ ɫɢɦɩɥɟɤɫ-ɦɟɬɨɞɨɦ. Вɵɛɟɪɟɦ ɨɫɧɨɜɧɨɣ ɭɪɨ-

ɜɟɧɶ ɮɚɤɬɨɪɨɜ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɩɨ ɧɟɤɨɬɨɪɵɦ ɞɚɧɧɵɦ ɷɤɫɬɪɟɦɭɦ ɧɚɯɨɞɢɬɫɹ 

ɜɛɥɢɡɢ ɡɧɚɱɟɧɢɣ x1 0=3 ɢ x2 0= -1, ɤɨɬɨɪɵɟ ɢ ɩɪɢɧɢɦɚɟɦ ɡɚ ɨɫɧɨɜɧɨɣ ɭɪɨɜɟɧɶ. 

Иɧɬɟɪɜɚɥ ɜɚɪɶɢɪɨɜɚɧɢɹ ɩɪɢɦɟɦ ɪɚɜɧɵɦ ∆x1=1 ɢ ∆x2=1,5. ɇɚɣɞɟɦ  

( ) ;5,0
1112

1
k1 =

+⋅⋅
=   ( ) ;5,0

112

1
R1 =

+⋅
=  

( ) ;289,0
1222

1
k 2 =

+⋅⋅
=   ( ) .577,0

122

2
R 2 =

+⋅
=  

ɇɚɯɨɞɢɦ ɤɨɨɪɞɢɧɚɬɵ ɩɟɪɜɵɯ ɬɪɟɯ ɨɩɵɬɨɜ, ɬɚɤ ɤɚɤ m+1=2+1=3. 

Вɟɪɲɢɧɚ 1:  x11 = 3+0,5⋅1=3,5; x21 = -1+0,289⋅1,5= -0,565; 

Вɟɪɲɢɧɚ 2:  x12 = 3-0,5⋅1=2,5; x22 = -1+0,289⋅1,5= -0,565; 

Вɟɪɲɢɧɚ 3:  x13 = 3+0=3;  x23 = -1-0,577⋅1,5= -1,865. 

 ɉɨɞɫɬɚɜɥɹɹ ɧɚɣɞɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɜɟɪɲɢɧ ɜ ɭɪɚɜɧɟɧɢɟ, ɩɨɥɭɱɢɥɢ ɫɥɟ-

ɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ ɨɩɵɬɚ: y1=15,84; y2=9,78; y3= -35,5. ɋɚɦɵɣ ɯɭɞɲɢɣ ɪɟɡɭɥɶ-

ɬɚɬ y3= -35,5. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɥɨɜɢɹ ɨɩɵɬɚ 3 ɫɥɟɞɭɟɬ ɡɚɦɟɧɢɬɶ. Ƚɟɨɦɟɬɪɢɱɟ-

ɫɤɚɹ ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 6.12. 

Вɵɱɢɫɥɹɟɦ ɤɨɨɪɞɢɧɚɬɵ ɜɟɪɲɢɧɵ 4.  

( )
;33

2

5,25,32
x14 =−

+
=  

( )
.735,0865,1

2

565,0565,02
x 24 =+

−−
=  Ɋɟɡɭɥɶɬɚɬ – y4=52,1. 

 ɋɪɚɜɧɢɜɚɹ ɪɟɡɭɥɶɬɚɬɵ y1, y2 ɢ y4, ɜɢɞɢɦ, ɱɬɨ ɯɭɞɲɢɣ ɪɟɡɭɥɶɬɚɬ y2. Вɵ-

ɱɢɫɥɹɟɦ ɤɨɨɪɞɢɧɚɬɵ ɜɟɪɲɢɧɵ 5: 

 x15 = 4; x25 = 0,735;  y5 = 57,1. 

Вɵɱɢɫɥɹɟɦ ɤɨɨɪɞɢɧɚɬɵ ɜɟɪɲɢɧɵ 6, ɡɚɦɟɧɹɹ ɜɟɪɲɢɧɭ 1: 
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 x16 = 3,5; x26 = 2,035;  y6 = 82,6. 

Дɚɥɟɟ ɩɨɥɭɱɢɦ ɜɟɪɲɢɧɵ 7 ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ (4,5;2,035); 8 (4;3,3); 9 (5;3,3);                 

10 (4,5;4,8); 11 (5,5;4,8) ɢ ɪɟɡɭɥɶɬɚɬɵ ɩɨɫɥɟɞɧɢɯ ɬɪɟɯ ɨɩɵɬɨɜ: 

 y9 = 105; y10 = 113;  y11 = 112,32. 

ɇɚɯɨɞɢɦ ɤɨɨɪɞɢɧɚɬɵ ɜɟɪɲɢɧɵ 12: 

( )
;55

2

5,55,42
x112 =−

+
=  

( )
;9,53,3

2

6,46,42
x 212 =−

+
=  y12 = 111. 

Кɚɤ ɜɢɞɧɨ, ɤɨɨɪɞɢɧɚɬɵ ɜɟɪɲɢɧɵ 12 ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɯɭɞɲɢɦ ɪɟɡɭɥɶɬɚɬɚɦ, ɱɟɦ 10 

ɢ 11. ɉɨɷɬɨɦɭ ɜɨɡɜɪɚɳɚɟɦɫɹ ɤ ɩɪɟɞɵɞɭɳɟɦɭ ɫɢɦɩɥɟɤɫɭ ɫ ɜɟɪɲɢɧɚɦɢ 9,10, 11 ɢ 

ɜɵɛɢɪɚɟɦ ɯɭɞɲɢɣ ɪɟɡɭɥɶɬɚɬ, ɧɟ ɨɛɪɚɳɚɹ ɜɧɢɦɚɧɢɹ ɧɚ ɨɩɵɬ 9. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɡɚɦɟɧɢɬɶ ɧɟɨɛɯɨɞɢɦɨ ɜɟɪɲɢɧɭ 10: 

x2

1      2                4       5       6      7      8 

161512, 17

2 1 

4 5 

6 7 

8 9 13

10 11 *

Ɍɨɱɤɚ ɷɤɫ-
ɬɪɟɦɭɦɚ 

14

3 

6 

5 

4 

3 

2 

1 

x1

Ɋɢɫ. 6.12. Ʉ реɲеɧиɸ ɩриɦерɚ 6.1 

( )
;65,4

2

5,552
x113 =−

+
=  

( )
;3,36,4

2

6,43,52
x 213 =−

−
=   y13 = 106. 

В ɧɨɜɨɦ ɫɢɦɩɥɟɤɫɟ 9 (5;3,3); 10 (5,5;4,6) ɢ 13 (6;3,3) ɯɭɞɲɢɣ ɪɟɡɭɥɶɬɚɬ ɭ ɨɩɵɬɚ 

9. Ɂɚɦɟɧɢɦ ɜɟɪɲɢɧɭ 9: 

( )
;5,65

2

65,52
x114 =−

+
=  

( )
;6,43,3

2

3,36,42
x 214 =−

+
=  y14 = 114,21. 
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Ɋɟɡɭɥɶɬɚɬɵ ɨɩɵɬɨɜ 11, 13 ɢ 14 ɫɥɟɞɭɸɳɢɟ: y11 = 112,32, y13 = 106 ɢ 

y14=114,21. Ɂɚɦɟɧɢɦ ɜɟɪɲɢɧɭ 13: 

( )
;66

2

5,65,52
x115 =−

+
=  

( )
;9,53,3

2

6,46,42
x 215 =−

+
=  y15 = 112. 

ɉɨɥɭɱɟɧ ɯɭɞɲɢɣ ɪɟɡɭɥɶɬɚɬ, ɱɟɦ ɜ ɨɩɵɬɚɯ 11 ɢ 14. ɉɨɷɬɨɦɭ ɡɚɦɟɧɹɟɦ 

ɨɩɵɬ 11: 

( )
;75,5

2

65,62
x116 =−

+
=  

( )
;9,56,4

2

9,56,42
x 216 =−

+
=  y16 = 111. 

Эɬɨ ɬɚɤɠɟ ɯɭɞɲɢɣ ɪɟɡɭɥɶɬɚɬ, ɩɨɷɬɨɦɭ ɜ ɫɢɦɩɥɟɤɫɟ 11, 14 ɢ 15 ɡɚɦɟɧɹɟɦ 

ɨɩɵɬ 14:  

( )
;55,6

2

65,52
x117 =−

+
=  

( )
.9,56,4

2

9,56,42
x 217 =−

+
=  

 Вɟɪɲɢɧɵ 17 ɢ 12 ɫɨɜɩɚɞɚɸɬ, y17 = y12 = 111. ɉɨɥɭɱɟɧ ɫɧɨɜɚ ɯɭɞɲɢɣ ɪɟ-

ɡɭɥɶɬɚɬ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɤɫɬɪɟɦɭɦ ɧɚɯɨɞɢɬɫɹ ɜɧɭɬɪɢ ɷɬɨɝɨ ɫɢɦɩɥɟɤɫɚ (ɫɦ. ɪɢɫ. 

6.12). Дɚɥɟɟ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ ɢɧɬɟɪɜɚɥ ɜɚɪɶɢɪɨɜɚɧɢɹ ɢ ɨɬ ɥɸɛɨɣ ɜɟɪɲɢɧɵ 

ɞɜɢɝɚɬɶɫɹ ɜɧɨɜɶ. ȿɫɥɢ ɠɟ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɲɚɝɚ ɜɚɪɶɢɪɨɜɚɧɢɹ ɪɟɡɭɥɶɬɚɬɵ ɭɫɬ-

ɪɚɢɜɚɸɬ, ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɡɚɞɚɱɭ ɪɟɲɟɧɧɨɣ.  

 ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɨɨɪɞɢɧɚɬɵ ɷɤɫɬɪɟɦɭɦɚ 

 x1≈6,5 ɢ x2≈4,6;   y=114,21.  

Иɫɬɢɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɷɤɫɬɪɟɦɭɦɚ 

 x1=6 ɢ x2=5;  y=115.  

Кɨɧɬɪɨлɶɧɵе вɨɩɪɨɫɵ 

1. Иɡ ɤɚɤɢɯ ɷɬɚɩɨɜ ɫɨɫɬɨɢɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɚɤɬɢɜɧɨɝɨ ɷɤɫɩɟ-

ɪɢɦɟɧɬɚ?  

2. ɋ ɤɚɤɨɣ ɰɟɥɶɸ ɢɫɩɨɥɶɡɭɸɬ ɬɟɨɪɢɸ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ? 

3. Иɡ ɤɚɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɜɵɛɢɪɚɸɬ ɨɫɧɨɜɧɵɟ ɮɚɤɬɨɪɵ, ɢɯ ɭɪɨɜɧɢ, ɚ ɬɚɤɠɟ ɢɧ-

ɬɟɪɜɚɥɵ ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɉɎЭ ɢ ДɎЭ? 

4. В ɱɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɨɫɧɨɜɧɚɹ ɢɞɟɹ ДɎЭ? 
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5. В ɱɟɦ ɡɚɤɥɸɱɚɸɬɫɹ ɩɪɢɱɢɧɵ ɧɟɚɞɟɤɜɚɬɧɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ? Кɚɤ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɰɟɧɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ? 

6. Кɚɤɨɜɵ ɩɪɢɧɰɢɩɵ ɪɨɬɚɬɚɛɟɥɶɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ? 

7. ɋ ɤɚɤɨɣ ɰɟɥɶɸ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɩɥɚɧɵ ɩɪɢɜɨɞɹɬ ɤ ɨɪɬɨɝɨɧɚɥɶɧɨɦɭ ɜɢɞɭ? 

8. В ɱɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɫɭɳɧɨɫɬɶ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɢ ɩɨɢɫɤɟ ɨɩɬɢ-

ɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ? Кɚɤɢɟ ɦɟɬɨɞɵ ɩɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɭɸɬ? 

9. ɇɚ ɱɟɦ ɨɫɧɨɜɚɧ ɦɟɬɨɞ ɩɨɤɨɨɪɞɢɧɚɬɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ? 

10. Иɡ ɤɚɤɢɯ ɷɬɚɩɨɜ ɫɨɫɬɨɢɬ ɚɥɝɨɪɢɬɦ ɨɩɬɢɦɢɡɚɰɢɢ ɦɟɬɨɞɨɦ ɤɪɭɬɨɝɨ ɜɨɫɯɨɠɞɟ-

ɧɢɹ? 

11. В ɱɟɦ ɡɚɤɥɸɱɚɸɬɫɹ ɨɫɧɨɜɧɚɹ ɢɞɟɹ ɦɟɬɨɞɚ ɫɢɦɩɥɟɤɫɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ?  
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7. ɄɈɆɉɖɘɌȿɊɇɕȿ ɆȿɌɈȾɕ ɋɌАɌИɋɌИɑȿɋɄɈɃ ɈȻɊАȻɈɌɄИ  
ɊȿɁɍЛɖɌАɌɈВ ИɇɀȿɇȿɊɇɈȽɈ ɗɄɋɉȿɊИɆȿɇɌА 

 
7.1. Ɉɛɳɢе ɡаɦеɱаɧɢя  

 
 В ɞɚɧɧɨɣ ɝɥɚɜɟ ɦɵ ɪɚɫɫɦɨɬɪɢɦ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɬɞɟɥɶɧɵɯ ɤɨɦ-

ɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ (ɩɚɤɟɬɨɜ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ, ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞ, ɤɨɦɩɶɸ-

ɬɟɪɧɵɯ ɫɢɫɬɟɦ) ɞɥɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɯɨɞɟ ɢɧɠɟɧɟɪ-

ɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɪɟɢɦɭɳɟɫɬɜɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɤɨɦɩɶɸɬɟɪɧɵɯ 

ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ ɨɱɟɜɢɞɧɵ, ɨɞɧɚɤɨ ɫɞɟɥɚɟɦ ɧɟɤɨɬɨɪɵɟ ɡɚɦɟɱɚɧɢɹ. 

 В ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɦɩɵ ɪɚɡɜɢɬɢɹ ɤɨɦɩɶɸɬɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɧɚɫɬɨɥɶɤɨ ɜɟ-

ɥɢɤɢ, ɱɬɨ ɫɨɡɞɚɜɚɟɦɵɟ ɚɩɩɚɪɚɬɧɵɟ ɢ ɩɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚ-

ɰɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ, ɫɨɜɟɪɲɟɧɫɬɜɭɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɫ ɤɚɠɞɵɦ ɦɟɫɹ-

ɰɟɦ, ɩɪɢɨɛɪɟɬɚɹ ɜɫɟ ɧɨɜɵɟ ɢ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ. ɋ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ɦɨɳɧɵɯ 

ɩɟɪɫɨɧɚɥɶɧɵɯ ɤɨɦɩɶɸɬɟɪɨɜ ɫɬɚɥɨ ɜɨɡɦɨɠɧɨ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ, ɤɨɬɨ-

ɪɵɟ ɪɚɧɶɲɟ ɫɱɢɬɚɥɢɫɶ ɨɱɟɧɶ ɬɪɭɞɨɟɦɤɢɦɢ ɜ ɜɵɱɢɫɥɟɧɢɹɯ. ɇɚ ɪɵɧɤɟ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɫɭɳɟɫɬɜɭɸɬ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɵɟ ɩɚɤɟɬɵ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ, ɩɪɨ-

ɮɟɫɫɢɨɧɚɥɶɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɧɚ ɨɛɪɚɛɨɬɤɭ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢ ɩɨɡɜɨ-

ɥɹɸɳɢɟ ɜɵɹɜɥɹɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɧɚ ɮɨɧɟ ɫɥɭɱɚɣɧɨɫɬɟɣ, ɞɟɥɚɬɶ ɨɛɨɫɧɨɜɚɧɧɵɟ ɜɵ-

ɜɨɞɵ ɢ ɩɪɨɝɧɨɡɵ, ɨɰɟɧɢɜɚɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɢɯ ɜɵɩɨɥɧɟɧɢɹ. Эɬɢ ɩɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɵ 

ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ, ɚ ɢɯ ɩɪɢɦɟɧɢɦɨɫɬɶ ɢ ɬɟɯɧɨɥɨɝɢɹ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ (ɦɟɬɚɥɥɭɪɝɢɹ, ɷɤɨɧɨɦɢ-

ɤɚ, ɦɟɞɢɰɢɧɚ ɢ ɞɪ.). 

 Ɍɟɧɞɟɧɰɢɟɣ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɹɜɥɹɟɬɫɹ ɨɛɴɟ-

ɞɢɧɟɧɢɟ (ɢɧɬɟɝɪɚɰɢɹ) ɮɭɧɤɰɢɣ ɨɬɞɟɥɶɧɵɯ ɩɚɤɟɬɨɜ ɩɪɨɝɪɚɦɦ (ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ, ɫɬɚ-

ɬɢɫɬɢɱɟɫɤɢɯ, ɬɟɤɫɬɨɜɵɯ, ɝɪɚɮɢɱɟɫɤɢɯ, ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɢ ɞɪ.) ɜ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ 

ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɟ ɤɨɦɩɶɸɬɟɪɧɵɟ ɫɪɟɞɵ. Эɬɚ ɨɫɨɛɟɧɧɨɫɬɶ ɧɚɢɛɨɥɟɟ ɱɟɬɤɨ ɩɪɨɫɥɟɠɢ-

ɜɚɟɬɫɹ ɫ ɜɵɯɨɞɨɦ ɧɨɜɵɯ ɜɟɪɫɢɣ ɩɨɩɭɥɹɪɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɤɨɝɞɚ ɜɨɡɦɨɠ-

ɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɝɪɚɦɦ ɪɚɫɲɢɪɹɸɬɫɹ ɡɚ ɫɱɟɬ ɜɤɥɸɱɟɧɢɹ ɜ ɧɢɯ ɧɨɜɵɯ ɮɭɧɤ-

ɰɢɣ. В ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɩɚɤɟɬ Microsoft Office, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ 

ɧɚɪɹɞɭ ɫɨ ɫɪɟɞɫɬɜɚɦɢ ɫɨɡɞɚɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɬɟɤɫɬɚ (Word), ɛɚɡ ɞɚɧɧɵɯ (Access), 

ɩɪɟɡɟɧɬɚɰɢɣ (Power Point) ɬɚɤɠɟ ɬɚɛɥɢɱɧɵɣ ɩɪɨɰɟɫɫɨɪ Excel, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ, ɜɨ-

ɨɛɳɟ ɝɨɜɨɪɹ, ɞɥɹ ɫɨɡɞɚɧɢɹ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ ɢ ɦɚɧɢɩɭɥɢɪɨɜɚɧɢɹ ɢɯ ɞɚɧɧɵɦɢ. В 

ɫɨɫɬɚɜ Microsoft Excel ɜɯɨɞɢɬ ɧɚɛɨɪ ɫɪɟɞɫɬɜ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ (ɩɚɤɟɬ ɚɧɚɥɢɡɚ), ɩɪɟɞ-

ɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɡɚɞɚɱ. Дɥɹ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ 
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 7. ɄɈɆɉɖɘɌЕɊɇɕЕ ɆЕɌɈȾɕ ɋɌАɌИɋɌИɑЕɋɄɈɃ ɈȻɊАȻɈɌɄИ … 

ɞɚɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɷɬɢɯ ɫɪɟɞɫɬɜ ɞɨɫɬɚɬɨɱɧɨ ɭɤɚɡɚɬɶ (ɨɬɦɟɬɢɬɶ) ɞɢɚɩɚɡɨɧ ɜɯɨɞɧɵɯ 

ɞɚɧɧɵɯ ɢɡ ɬɚɛɥɢɰɵ ɢ ɜɵɛɪɚɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɩɚɪɚɦɟɬɪɵ; ɪɚɫɱɟɬ ɛɭɞɟɬ ɩɪɨɜɟɞɟɧ ɫ 

ɩɨɦɨɳɶɸ ɩɨɞɯɨɞɹɳɟɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ, ɚ ɪɟɡɭɥɶɬɚɬ ɛɭɞɟɬ ɩɨɦɟɳɟɧ ɜ ɜɵ-

ɯɨɞɧɨɣ ɞɢɚɩɚɡɨɧ ɬɚɛɥɢɰɵ. Кɪɨɦɟ ɬɨɝɨ, ɫɩɟɰɢɚɥɶɧɵɟ ɫɪɟɞɫɬɜɚ ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɫɬɚ-

ɜɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ. Дɥɹ ɭɫɩɟɲɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɰɟɞɭɪ ɚɧɚɥɢɡɚ 

ɜ Microsoft Excel ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɫɬɚɬɢɫɬɢɱɟ-

ɫɤɢɯ ɪɚɫɱɟɬɨɜ, ɞɥɹ ɤɨɬɨɪɨɣ ɷɬɢ ɢɧɫɬɪɭɦɟɧɬɵ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ 

ɷɥɟɤɬɪɨɧɧɵɟ ɬɚɛɥɢɰɵ ɭɫɬɭɩɚɸɬ ɩɨ ɫɜɨɢɦ ɜɨɡɦɨɠɧɨɫɬɹɦ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦ ɩɚɤɟ-

ɬɚɦ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, ɢɡɭɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢ ɜɥɚɞɟɧɢɟ ɧɚɜɵɤɚ-

ɦɢ ɪɚɛɨɬɵ ɫ Microsoft Excel ɞɟɥɚɟɬ ɢɯ ɦɨɳɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɜ ɪɭɤɚɯ ɢɧɠɟɧɟɪɚ-

ɢɫɫɥɟɞɨɜɚɬɟɥɹ. 

Кɨɦɩɶɸɬɟɪɧɵɟ ɫɢɫɬɟɦɵ ɞɥɹ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ – ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɩɚɤɟɬɵ (ɋɉ) – 

ɹɜɥɹɸɬɫɹ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɧɚɭɤɨɟɦɤɢɦɢ ɩɪɨɝɪɚɦɦɚɦɢ, ɩɨɠɚɥɭɣ, ɧɚɢɛɨɥɟɟ 

ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɦɢ ɜ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɟ ɜ ɪɚɡɧɨ-

ɨɛɪɚɡɧɵɯ ɨɛɥɚɫɬɹɯ ɱɟɥɨɜɟɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɩɚɤɟɬ ɞɨɥɠɟɧ ɭɞɨɜ-

ɥɟɬɜɨɪɹɬɶ ɨɩɪɟɞɟɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɧɚ ɤɨɬɨɪɵɟ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɚɞɨ ɨɛɪɚ-

ɳɚɬɶ ɜɧɢɦɚɧɢɟ ɩɪɢ ɟɝɨ ɜɵɛɨɪɟ: 

• ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɫɬɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɩɪɨ-

ɛɥɟɦɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦ ɹɡɵɤɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɞɥɹ ɮɨɪɦɭɥɢɪɨɜɤɢ ɡɚɞɚɧɢɹ 

ɩɨɥɶɡɨɜɚɬɟɥɹ; 

• ɦɨɞɭɥɶɧɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɩɪɨ-

ɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɢ ɫɜɹɡɟɣ ɦɟɠɞɭ ɦɨɞɭɥɹɦɢ ɩɚɤɟɬɚ; 

• ɪɚɡɜɢɬɚɹ ɫɢɫɬɟɦɚ ɩɨɞɞɟɪɠɤɢ ɩɪɢ ɜɵɛɨɪɟ ɫɩɨɫɨɛɨɜ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, ɜɢɡɭ-

ɚɥɶɧɨɦ ɨɬɨɛɪɚɠɟɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɢɯ ɢɧɬɟɪɩɪɟɬɚɰɢɢ; 

• ɧɚɥɢɱɢɟ ɫɪɟɞɫɬɜ ɫɨɯɪɚɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɞɟɥɚɧɧɨɝɨ ɚɧɚɥɢɡɚ ɜ ɜɢɞɟ ɝɪɚ-

ɮɢɤɨɜ ɢ ɬɚɛɥɢɰ; 

• ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫ ɞɪɭɝɢɦ ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ. 

ɋɨɜɪɟɦɟɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, ɩɪɟɞɫɬɚɜ-

ɥɹɟɬ ɫɨɛɨɣ ɷɥɟɤɬɪɨɧɧɵɟ ɬɚɛɥɢɰɵ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɵɱɧɵɦɢ ɷɥɟɤ-

ɬɪɨɧɧɵɦ ɬɚɛɥɢɰɚɦɢ ɫɪɟɞɫɬɜɚɦɢ ɦɚɧɢɩɭɥɢɪɨɜɚɧɢɹ ɞɚɧɧɵɦɢ, ɧɨ ɫ ɞɨɫɬɚɬɨɱɧɨ ɦɨɳ-

ɧɵɦɢ ɦɟɬɨɞɚɦɢ ɪɚɫɱɟɬɨɜ ɩɨ ɷɬɢɦ ɞɚɧɧɵɦ. Ɉɛɳɚɹ ɬɟɯɧɨɥɨɝɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚ-

ɥɢɡɚ ɞɚɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɩɚɤɟɬɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ 

ɨɫɧɨɜɧɵɟ ɷɬɚɩɵ: 
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1) ɜɜɨɞ ɞɚɧɧɵɯ ɜ ɷɥɟɤɬɪɨɧɧɭɸ ɬɚɛɥɢɰɭ ɫ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɢ ɢɯ ɩɪɟɞɜɚɪɢ-

ɬɟɥɶɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɟɪɟɞ ɚɧɚɥɢɡɨɦ (ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɟ, ɩɨɫɬɪɨɟɧɢɟ 

ɧɟɨɛɯɨɞɢɦɵɯ ɜɵɛɨɪɨɤ, ɪɚɧɠɢɪɨɜɚɧɢɟ ɢ ɬ. ɞ.); 

2) ɜɢɡɭɚɥɢɡɚɰɢɹ ɞɚɧɧɵɯ ɩɪɢ ɩɨɦɨɳɢ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɬɢɩɚ ɝɪɚɮɢɤɨɜ; 

3) ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɞɯɨɞɹɳɢɯ ɦɟɬɨɞɨɜ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ; 

4) ɩɪɢɦɟɧɟɧɢɟ ɤɨɧɤɪɟɬɧɨɣ ɩɪɨɰɟɞɭɪɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ; 

5) ɜɵɜɨɞ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɢ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ ɫ ɱɢɫ-

ɥɟɧɧɨɣ ɢ ɬɟɤɫɬɨɜɨɣ ɢɧɮɨɪɦɚɰɢɟɣ; 

6) ɩɨɞɝɨɬɨɜɤɚ, ɩɟɱɚɬɶ ɢ ɫɨɯɪɚɧɟɧɢɟ ɨɬɱɟɬɚ. 

Дɥɹ ɪɚɫɱɟɬɧɨɝɨ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɜ ɋɉ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɬɞɟɥɶɧɵɟ ɛɢɛɥɢɨɬɟɤɢ 

ɦɨɞɭɥɟɣ. Ɇɨɞɭɥɶ ɋɉ – ɷɬɨ ɜɧɟɲɧɹɹ ɩɪɨɰɟɞɭɪɚ ɢɥɢ ɩɪɨɝɪɚɦɦɚ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢ-

ɪɨɜɚɧɢɹ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɚɹ ɧɟɤɨɬɨɪɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɨɝɪɚɧɢɱɟ-

ɧɢɹɦ, ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ: ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɫɩɨɫɨɛ ɚɜɚɪɢɣɧɨɝɨ 

ɡɚɜɟɪɲɟɧɢɹ ɪɚɛɨɬɵ ɦɨɞɭɥɹ; ɧɚ ɫɩɨɫɨɛɵ ɫɜɹɡɢ ɩɨ ɢɧɮɨɪɦɚɰɢɢ, ɧɚɩɪɢɦɟɪ ɧɚ ɞɨɩɭɫ-

ɬɢɦɨɫɬɶ ɩɟɪɟɦɟɧɧɵɯ ɜɧɟɲɧɟɝɨ ɬɢɩɚ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɛɳɟɣ ɨɛɥɚɫɬɢ ɩɚɦɹɬɢ; ɧɚ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɭɩɪɚɜɥɟɧɢɹ ɦɟɠɞɭ ɦɨɞɭɥɹɦɢ ɫ ɩɨɦɨɳɶɸ ɨɩɟɪɚɬɨɪɨɜ ɜɵɡɨɜɚ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɬɟɥɟ ɦɨɞɭɥɹ; ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɩɟɪɚɬɨɪɨɜ ɜɜɨɞɚ-ɜɵɜɨɞɚ. Ɉɬɦɟ-

ɬɢɦ ɧɚɢɛɨɥɟɟ ɬɢɩɨɜɵɟ ɪɚɫɱɟɬɧɵɟ ɦɨɞɭɥɢ ɫɨɜɪɟɦɟɧɧɵɯ ɫɬɚɬɢɱɟɫɤɢɯ ɩɚɤɟɬɨɜ, ɤɨɬɨ-

ɪɵɟ ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɢɦ ɧɚ ɫɥɟɞɭɸɳɢɟ ɬɪɢ ɝɪɭɩɩɵ:  

• ɨɩɢɫɚɬɟɥɶɧɚɹ ɫɬɚɬɢɫɬɢɤɚ ɢ ɪɚɡɜɟɞɨɱɧɵɣ ɚɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ; 

• ɫɬɚɬɢɫɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɟɣ; 

• ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɩɪɨɝɪɚɦɦɵ. 

Ɇɨɞɭɥɶ ɨɩɢɫɚɬɟɥɶɧɨɣ ɫɬɚɬɢɫɬɢɤɢ ɢ ɪɚɡɜɟɞɨɱɧɨɝɨ ɚɧɚɥɢɡɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɨ-

ɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ: 

• ɚɧɚɥɢɡ ɪɟɡɤɨ ɜɵɞɟɥɹɸɳɢɯɫɹ ɧɚɛɥɸɞɟɧɢɣ; 

• ɩɪɨɜɟɪɤɭ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɪɹɞɨɜ ɧɚɛɥɸɞɟɧɢɣ; 

• ɨɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɱɢɫɥɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɱɚɫɬɨɬɧɭɸ ɨɛɪɚɛɨɬɤɭ ɢɫ-

ɯɨɞɧɵɯ ɞɚɧɧɵɯ (ɩɨɫɬɪɨɟɧɢɟ ɝɢɫɬɨɝɪɚɦɦ, ɩɨɥɢɝɨɧɨɜ ɱɚɫɬɨɬ, ɜɵɱɢɫɥɟɧɢɟ ɜɵɛɨɪɨɱɧɵɯ 

ɫɪɟɞɧɢɯ, ɞɢɫɩɟɪɫɢɣ ɢ ɬ.ɞ.); 

• ɪɚɫɱɟɬ ɤɪɢɬɟɪɢɟɜ ɨɞɧɨɪɨɞɧɨɫɬɢ (ɫɪɟɞɧɢɯ, ɞɢɫɩɟɪɫɢɣ, ɡɚɤɨɧɨɜ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɹ ɢ ɬ.ɞ.); 

• ɨɩɪɟɞɟɥɟɧɢɟ ɤɪɢɬɟɪɢɟɜ ɫɨɝɥɚɫɢɹ (ɯɢ-ɤɜɚɞɪɚɬ, Кɨɥɦɨɝɨɪɨɜɚ–ɋɦɢɪɧɨɜɚ         

ɢ ɞɪ.);  

• ɫɬɚɬɢɫɬɢɱɟɫɤɨɟ ɨɰɟɧɢɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ;  
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• ɜɵɱɢɫɥɟɧɢɟ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɡɚɤɨɧɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨ-

ɫɬɟɣ (ɧɨɪɦɚɥɶɧɨɝɨ, ɉɭɚɫɫɨɧɚ, ɯɢ-ɤɜɚɞɪɚɬ ɢ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ); 

• ɜɢɡɭɚɥɢɡɚɰɢɸ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɦɧɨɝɨɦɟɪɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. 

Ɇɨɞɭɥɶ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɜɢɫɢɦɨɫɬɟɣ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɨɛɴ-

ɟɦɧɨɣ ɱɚɫɬɶɸ ɥɸɛɨɝɨ ɋɉ. Ɉɧ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɪɟɲɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ: 

• ɤɨɪɪɟɥɹɰɢɨɧɧɨ-ɪɟɝɪɟɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ;  

• ɞɢɫɩɟɪɫɢɨɧɧɵɣ ɚɧɚɥɢɡ; 

• ɩɥɚɧɢɪɨɜɚɧɢɟ ɪɟɝɪɟɫɫɢɨɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɜɵɛɨɪɨɱɧɵɯ ɨɛɫɥɟɞɨɜɚɧɢɣ    

ɢ ɞɪ. 

Вɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɩɪɨɝɪɚɦɦɵ ɪɚɫɲɢɪɹɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɚɤɟɬɨɜ 

ɢ ɪɟɚɥɢɡɭɸɬ, ɜ ɱɚɫɬɧɨɫɬɢ, ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɟ ɚɥɝɨɪɢɬɦɵ, ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɩɪɨɰɟɞɭ-

ɪɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɧɟɣɪɨɫɟɬɹɯ ɢ ɝɟɧɟɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɚɯ, ɡɚɞɚɱɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ ЭВɆ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɩɨɥɟɡɧɵɦɢ ɫɨɫɬɚɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ 

ɤɨɦɩɶɸɬɟɪɧɵɯ ɢɦɢɬɚɰɢɨɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɚɧɚɥɢɡɟ ɫɥɨɠɧɵɯ 

ɪɟɚɥɶɧɵɯ ɫɢɫɬɟɦ. 

В ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɢɫɬɨɱɧɢɤɨɜ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɢɫɩɨɥɶ-

ɡɨɜɚɧɢɸ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɚɤɟɬɨɜ ɤɚɤ ɜ ɜɢɞɟ ɤɧɢɝɨɩɟɱɚɬɧɵɯ ɢɡɞɚɧɢɣ, ɬɚɤ ɢ ɜ ɷɥɟɤ-

ɬɪɨɧɧɨɦ ɜɢɞɟ, ɤɨɬɨɪɵɟ ɪɚɡɦɟɳɟɧɵ ɧɚ ɫɚɣɬɚɯ ɜ ɫɟɬɢ Internet. Дɥɹ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɝɨ 

ɡɧɚɤɨɦɫɬɜɚ ɫ ɩɪɨɰɟɞɭɪɚɦɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɢɫ-

ɫɥɟɞɨɜɚɧɢɣ ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɵɦ ɱɢɬɚɬɟɥɹɦ ɦɨɠɧɨ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɫɩɟɰɢɚɥɶɧɵɣ ɫɩɪɚ-

ɜɨɱɧɢɤ [20]. ɇɢɠɟ ɜ ɬɚɛɥ. 7.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɚɞɪɟɫɚ ɪɟɫɭɪɫɨɜ Internet, ɧɚ ɤɨɬɨɪɵɯ 

ɪɚɫɩɨɥɨɠɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɧɟɤɨɬɨɪɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɩɚɤɟ-

ɬɚɦ.  

Ɍɚɛɥɢɰɚ 7.1 

ɋтɚтиɫтичеɫɤие ɩɚɤетɵ 

Аɞɪɟɫ 
ɇɚɡɜɚɧɢɟ  

ɩɪɨɝɪɚɦɦɵ 
Ɋɚɡɪɚɛɨɬɱɢɤ 

1 2 3 

www.statsoft.ru STATISTICA StatSoft Inc., ɋɒА 

www.spss.ru SPSS SPSS Inc., ɋɒА 

www.stat-graphics.com
STATGRAPHICS 

Plus 
Manugistics Inc., 

www.sas.com StatView SAS Institute Inc.,  

www.ncss.com NCSS NCSS Statistical Software,  

www.minitab.com Minitab Minitab Inc.  
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ɨɤɨɧчɚɧие тɚɛɥ. 7.1

1 2 3 

www.insightful.com S-PLUS Insightful Corp.  

statsoft.msu.ru STADIA ɇɉɈ «Иɧɮɨɪɦɚɬɢɤɚ ɢ ɤɨɦɩɶɸɬɟɪɵ», Ɋɨɫɫɢɹ 

www.softsite.ru Stat-Media ɐɟɧɬɪ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɫɢɫɬɟɦ «Ɇɟɬɨɞ», Ɋɨɫɫɢɹ 

www.megaputer.ru PolyAnalyst «Ɇɟɝɚɩɶɸɬɟɪ Иɧɬɟɥɥɢɞɠɟɧɫ», Ɋɨɫɫɢɹ 

 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɦɧɨɝɢɟ ɩɨɫɬɚɜɳɢɤɢ ɩɪɟɞɥɚɝɚɸɬ ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɩɪɨɛɧɵɟ ɢ ɞɟɦɨɧ-

ɫɬɪɚɰɢɨɧɧɵɟ ɜɟɪɫɢɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɪɨɝɪɚɦɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɬɟɦ, ɱɬɨ 

ɩɪɨɛɧɚɹ ɜɟɪɫɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɥɧɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɩɪɨɞɭɤɬ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦ 

ɫɪɨɤɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɚ ɞɟɦɨɧɫɬɪɚɰɢɨɧɧɚɹ ɜɟɪɫɢɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɚɩɨɦɢ-

ɧɚɟɬ ɷɥɟɤɬɪɨɧɧɭɸ ɩɪɟɡɟɧɬɚɰɢɸ. 

ɋɥɟɞɭɸɳɢɣ ɩɚɪɚɝɪɚɮ ɩɨɫɜɹɳɟɧ ɤɪɚɬɤɨɦɭ ɨɩɢɫɚɧɢɸ ɨɫɧɨɜɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 

ɮɭɧɤɰɢɣ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ Microsoft Excel ɫ ɤɨɦɦɟɧɬɚɪɢɹɦɢ ɩɨ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 

ɜ ɬɟɨɪɢɢ ɢɧɠɟɧɟɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-

ɧɵɯ ɞɚɧɧɵɯ ɢ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɷɬɢɯ ɮɭɧɤɰɢɣ ɢɫɩɨɥɶ-

ɡɨɜɚɥɢɫɶ ɧɚɦɢ ɜ ɩɪɟɞɵɞɭɳɢɯ ɝɥɚɜɚɯ ɞɚɧɧɨɝɨ ɩɨɫɨɛɢɹ ɩɪɢ ɢɡɥɨɠɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɢɯ ɪɚɡɞɟɥɨɜ ɬɟɨɪɢɢ ɢɧɠɟɧɟɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɢɥɥɸɫɬɪɚɰɢɢ ɩɪɢɦɟɪɨɜ. ɉɪɟɞɩɨ-

ɥɚɝɚɟɬɫɹ, ɱɬɨ ɱɢɬɚɬɟɥɶ ɭɠɟ ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɟ ɧɚɜɵɤɢ ɪɚɛɨɬɵ ɧɚ ɤɨɦɩɶɸɬɟɪɟ ɜ ɫɪɟɞɟ 

ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ Microsoft Excel, ɩɨɷɬɨɦɭ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɣ ɦɚɬɟɪɢɚɥ 

ɜ ɤɚɱɟɫɬɜɟ ɫɩɪɚɜɨɱɧɨɝɨ ɩɨɫɨɛɢɹ ɞɥɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ.  

Ɂɚɬɟɦ ɦɵ ɪɚɫɫɦɨɬɪɢɦ ɦɚɬɟɪɢɚɥ, ɩɨɫɜɹɳɟɧɧɵɣ ɡɧɚɤɨɦɫɬɜɭ ɫ ɜɨɡɦɨɠɧɨɫɬɹɦɢ 

ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 

STATISTICA. ɇɚɲ ɜɵɛɨɪ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ ɮɚɤɬɨɦ, ɱɬɨ ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɧɚ 

ɫɟɝɨɞɧɹ ɨɞɧɨɣ ɢɡ ɥɢɞɢɪɭɸɳɢɯ ɧɚ ɪɵɧɤɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɫɬɚɬɢɫɬɢɱɟ-

ɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. Кɪɨɦɟ ɷɬɨɝɨ, ɜɚɠɧɵɦ ɦɨɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɪɭɫɫɤɨɹ-

ɡɵɱɧɨɣ ɜɟɪɫɢɢ ɩɪɨɝɪɚɦɦɵ ɢ ɦɧɨɠɟɫɬɜɚ ɩɭɛɥɢɤɚɰɢɣ, ɩɨɫɜɹɳɟɧɧɵɯ ɷɬɨɦɭ ɩɚɤɟɬɭ, ɧɚ-

ɩɪɢɦɟɪ [21].  

 

7.2. ɋɬаɬɢɫɬɢɱеɫɤɢе ɮуɧɤɰɢɢ Microsoft Excel 

 

 ɉɚɤɟɬ Microsoft Excel ɧɟ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚ-

ɥɢɡɚ ɞɚɧɧɵɯ ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɩɚɤɟɬɚ STATISTICA. Ɉɞɧɚɤɨ ɢ ɧɚ ɛɚɡɟ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ 

ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɧɟɤɨɬɨɪɭɸ ɫɬɚɬɢɫɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɢɧ-
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ɠɟɧɟɪɧɵɯ ɡɚɞɚɱ. Ɏɭɧɤɰɢɢ, ɪɟɚɥɢɡɭɸɳɢɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɢ ɚɧɚɥɢ-

ɡɚ ɞɚɧɧɵɯ, ɜ Microsoft Excel ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɜɢɞɟ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɪɚɫɲɢ-

ɪɟɧɢɹ – ɧɚɞɫɬɪɨɣɤɢ «ɉɚɤɟɬ ɚɧɚɥɢɡɚ», ɤɨɬɨɪɚɹ ɜɯɨɞɢɬ ɜ ɩɨɫɬɚɜɤɭ ɞɚɧɧɨɝɨ ɩɪɨɝɪɚɦ-

ɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ɢ ɦɨɠɟɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɩɨ ɠɟɥɚɧɢɸ ɩɨɥɶɡɨɜɚɬɟɥɹ. 

 ɍɫɬɚɧɨɜɤɚ ɧɚɞɫɬɪɨɣɤɢ «ɉɚɤɟɬ ɚɧɚɥɢɡɚ» ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡ ɦɟɧɸ «ɋɟɪ-

ɜɢɫ/ɇɚɞɫɬɪɨɣɤɢ», ɩɨɫɥɟ ɱɟɝɨ ɜ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ «ɇɚɞɫɬɪɨɣɤɢ» (ɪɢɫ. 7.1) ɧɟɨɛɯɨɞɢɦɨ 

ɨɬɦɟɬɢɬɶ ɮɥɚɠɨɤ ɩɭɧɤɬɚ «ɉɚɤɟɬ ɚɧɚɥɢɡɚ» ɢ ɧɚɠɚɬɶ ɤɧɨɩɤɭ ɈК. 

 

 

ȿɫɥɢ ɩɪɨɰɟɫɫ ɭɫɬɚɧɨɜɤɢ ɡɚɜɟɪɲɟɧ ɭɫɩɟɲɧɨ, ɬɨ ɜ ɦɟɧɸ «ɋɟɪɜɢɫ» ɩɨɹɜɥɹɟɬɫɹ 

ɟɳɟ ɨɞɢɧ ɩɭɧɤɬ – Аɧɚɥɢɡ ɞɚɧɧɵɯ (ɪɢɫ. 7.2), ɚ ɬɚɤɠɟ ɩɪɢ ɫɨɡɞɚɧɢɢ ɮɨɪɦɭɥ ɫɬɚɧɨɜɢɬɫɹ 

ɞɨɫɬɭɩɧɨɣ ɧɨɜɚɹ ɝɪɭɩɩɚ ɮɭɧɤɰɢɣ – ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ. 

Ɋɢɫ. 7.1. ɍɫтɚɧɨвɤɚ ɩɚɤетɚ ɚɧɚɥиɡɚ в Microsoft Excel 

 

Ɋɢɫ. 7.2. Ɉɤɧɨ ɚɧɚɥиɡɚ ɞɚɧɧɵɯ, вɵɡɵвɚеɦɨе иɡ ɦеɧɸ 
 «ɋервиɫ/Аɧɚɥиɡ ɞɚɧɧɵɯ…» 
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В ɪɚɦɤɚɯ Microsoft Excel ɫ ɩɨɦɨɳɶɸ ɜɫɬɪɨɟɧɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɤɨɦɚɧɞ ɦɨɠɧɨ 

ɩɪɨɜɟɫɬɢ: 

• ɨɩɢɫɚɬɟɥɶɧɵɣ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ; 

• ɪɚɧɠɢɪɨɜɚɧɢɟ ɞɚɧɧɵɯ;  

• ɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɞɚɧɧɵɯ; 

• ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɞɚɧɧɵɯ; 

• ɪɟɝɪɟɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ ɢ ɞɪ. 

В ɬɚɛɥ. 7.2 ɩɪɢɜɟɞɟɧɵ ɜ ɚɥɮɚɜɢɬɧɨɦ ɩɨɪɹɞɤɟ ɧɟɤɨɬɨɪɵɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ 

ɮɭɧɤɰɢɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɶɡɨɜɚɬɟɥɸ ɪɟɚɥɢɡɨɜɚɬɶ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ ɧɟɩɨɫɪɟɞɫɬ-

ɜɟɧɧɨ ɧɚ ɥɢɫɬɟ ɷɥɟɤɬɪɨɧɧɨɣ ɬɚɛɥɢɰɵ. 

Ɍɚɛɥɢɰɚ 7.2 

ɋтɚтиɫтичеɫɤие ɮɭɧɤɰии ɩɚɤетɚ Microsoft Excel 

Ɏɭɧɤɰɢɹ ɇɚɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɢ ɟɟ ɚɪɝɭɦɟɧɬɵ 

1 2 

ВȿɊɈəɌɇɈɋɌɖ Вɨɡɜɪɚɳɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɢɡ ɢɧɬɟɪɜɚɥɚ ɧɚɯɨɞɢɬɫɹ 

ɜɧɭɬɪɢ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɨɜ. ȿɫɥɢ ɜɟɪɯɧɢɣ_ɩɪɟɞɟɥ ɧɟ ɡɚɞɚɧ, ɬɨ ɜɨɡɜɪɚ-

ɳɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɜ ɚɪɝɭɦɟɧɬɟ x_ɢɧɬɟɪɜɚɥ ɪɚɜɧɹ-

ɸɬɫɹ ɡɧɚɱɟɧɢɸ ɚɪɝɭɦɟɧɬɚ ɧɢɠɧɢɣ_ɩɪɟɞɟɥ. 

ВȿɊɈəɌɇɈɋɌɖ(x_ɢɧɬɟɪɜɚɥ; ɢɧɬɟɪɜɚɥ_ɜɟɪɨɹɬɧɨɫɬɟɣ; ɧɢɠɧɢɣ_ɩɪɟɞɟɥ; 

ɜɟɪɯɧɢɣ_ɩɪɟɞɟɥ). 

ȾИɋɉ Ɉɰɟɧɢɜɚɟɬ ɞɢɫɩɟɪɫɢɸ ɩɨ ɜɵɛɨɪɤɟ 

ȾИɋɉ(ɱɢɫɥɨ1; ɱɢɫɥɨ2; ...) 

ȾИɋɉɊ Вɵɱɢɫɥɹɟɬ ɞɢɫɩɟɪɫɢɸ ɞɥɹ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ 

ȾИɋɉɊ(ɱɢɫɥɨ1; ɱɢɫɥɨ2; ...) 

ȾɈВȿɊИɌ Вɨɡɜɪɚɳɚɟɬ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ  ɞɥɹ ɫɪɟɞɧɟɝɨ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨ-

ɤɭɩɧɨɫɬɢ 

ȾɈВȿɊИɌ(ɚɥɶɮɚ; ɫɬɚɧɞ_ɨɬɤɥ;ɪɚɡɦɟɪ) 

ɄВАȾɊɈɌɄЛ Вɨɡɜɪɚɳɚɟɬ ɫɭɦɦɭ ɤɜɚɞɪɚɬɨɜ ɨɬɤɥɨɧɟɧɢɣ ɬɨɱɟɤ ɞɚɧɧɵɯ ɨɬ ɢɯ ɫɪɟɞɧɟɝɨ 

ɄВАȾɊɈɌɄЛ(ɱɢɫɥɨ1; ɱɢɫɥɨ2;...) 

ɄВɉИɊɋɈɇ Вɨɡɜɪɚɳɚɟɬ ɤɜɚɞɪɚɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ ɞɥɹ ɬɨɱɟɤ ɞɚɧ-

ɧɵɯ ɜ ɚɪɝɭɦɟɧɬɚɯ ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_y ɢ ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_x 

ɄВɉИɊɋɈɇ(ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_y; ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_x) 

ɄɈɊɊȿЛ Вɨɡɜɪɚɳɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɢɧɬɟɪɜɚɥɚɦɢ ɹɱɟɟɤ ɦɚɫ-

ɫɢɜ1 ɢ ɦɚɫɫɢɜ2 

ɄɈɊɊȿЛ(ɦɚɫɫɢɜ1; ɦɚɫɫɢɜ2) 
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ɉрɨɞɨɥɠеɧие тɚɛɥ. 7.2

1 2 

ЛȽɊɎɉɊИȻЛ В ɪɟɝɪɟɫɫɢɨɧɧɨɦ ɚɧɚɥɢɡɟ ɜɵɱɢɫɥɹɟɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɭɸ ɤɪɢɜɭɸ, ɚɩɩɪɨɤ-

ɫɢɦɢɪɭɸɳɭɸ ɞɚɧɧɵɟ, ɢ ɜɨɡɜɪɚɳɚɟɬ ɦɚɫɫɢɜ ɡɧɚɱɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɣ ɷɬɭ 

ɤɪɢɜɭɸ. ɉɨɫɤɨɥɶɤɭ ɞɚɧɧɚɹ ɮɭɧɤɰɢɹ ɜɨɡɜɪɚɳɚɟɬ ɦɚɫɫɢɜ ɡɧɚɱɟɧɢɣ, ɨɧɚ 

ɞɨɥɠɧɚ ɜɜɨɞɢɬɶɫɹ ɤɚɤ ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɛɨɬɵ ɫ ɦɚɫɫɢɜɚɦɢ. ɍɪɚɜɧɟɧɢɟ 

ɤɪɢɜɨɣ ɫɥɟɞɭɸɳɟɟ: 

y = b⋅mx
 ɢɥɢ y = (b⋅(m1

x1
)⋅(m2

x2
)⋅…⋅(mn

xn
)) (ɩɪɢ ɧɚɥɢɱɢɢ ɧɟɫɤɨɥɶɤɢɯ ɡɧɚɱɟ-

ɧɢɣ x), ɝɞɟ ɡɚɜɢɫɢɦɵɟ ɡɧɚɱɟɧɢɹ y ɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɟɣ ɧɟɡɚɜɢɫɢɦɵɯ ɡɧɚ-

ɱɟɧɢɣ x. Ɂɧɚɱɟɧɢɹ m ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɚɧɢɟɦ ɞɥɹ ɜɨɡɜɟɞɟɧɢɹ ɜ ɫɬɟɩɟɧɶ x, 

ɚ ɡɧɚɱɟɧɢɹ b ɩɨɫɬɨɹɧɧɵ. Ɉɬɦɟɬɢɦ, ɱɬɨ y, x ɢ m ɦɨɝɭɬ ɛɵɬɶ ɜɟɤɬɨɪɚɦɢ. 

Ɏɭɧɤɰɢɹ ɅȽɊɎɉɊИȻɅ ɜɨɡɜɪɚɳɚɟɬ ɦɚɫɫɢɜ {mn;mn-1; ... ;m1; b}. 

ЛȽɊɎɉɊИȻЛ(ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_y; ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_x; ɤɨɧɫɬ; 

ɫɬɚɬɢɫɬɢɤɚ) 

ЛИɇȿɃɇ Ɋɚɫɫɱɢɬɵɜɚɟɬ ɫɬɚɬɢɫɬɢɤɭ ɞɥɹ ɪɹɞɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ 

ɤɜɚɞɪɚɬɨɜ, ɱɬɨɛɵ ɜɵɱɢɫɥɢɬɶ ɩɪɹɦɭɸ ɥɢɧɢɸ, ɤɨɬɨɪɚɹ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚ-

ɡɨɦ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬ ɢɦɟɸɳɢɟɫɹ ɞɚɧɧɵɟ. Ɏɭɧɤɰɢɹ ɜɨɡɜɪɚɳɚɟɬ ɦɚɫɫɢɜ, 

ɤɨɬɨɪɵɣ ɨɩɢɫɵɜɚɟɬ ɩɨɥɭɱɟɧɧɭɸ ɩɪɹɦɭɸ. ɉɨɫɤɨɥɶɤɭ ɜɨɡɜɪɚɳɚɟɬɫɹ ɦɚɫ-

ɫɢɜ ɡɧɚɱɟɧɢɣ, ɮɭɧɤɰɢɹ ɞɨɥɠɧɚ ɡɚɞɚɜɚɬɶɫɹ ɜ ɜɢɞɟ ɮɨɪɦɭɥɵ ɦɚɫɫɢɜɚ. 

ЛИɇȿɃɇ(ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_y; ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_x; ɤɨɧɫɬ; ɫɬɚɬɢ-

ɫɬɢɤɚ) 

ɆАɄɋ Вɨɡɜɪɚɳɚɟɬ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɢɡ ɧɚɛɨɪɚ ɡɧɚɱɟɧɢɣ 

ɆАɄɋ(ɱɢɫɥɨ1;ɱɢɫɥɨ2; ...) 

ɆȿȾИАɇА Вɨɡɜɪɚɳɚɟɬ ɦɟɞɢɚɧɭ ɡɚɞɚɧɧɵɯ ɱɢɫɟɥ 

ɆȿȾИАɇА(ɱɢɫɥɨ1; ɱɢɫɥɨ2; ...) 

ɆИɇ Вɨɡɜɪɚɳɚɟɬ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɜ ɫɩɢɫɤɟ ɚɪɝɭɦɟɧɬɨɜ 

ɆИɇ(ɱɢɫɥɨ1; ɱɢɫɥɨ2; ...) 

ɆɈȾА Вɨɡɜɪɚɳɚɟɬ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɳɟɟɫɹ ɢɥɢ ɩɨɜɬɨɪɹɸɳɟɟɫɹ ɡɧɚɱɟ-

ɧɢɟ ɜ ɦɚɫɫɢɜɟ ɢɥɢ ɢɧɬɟɪɜɚɥɟ ɞɚɧɧɵɯ 

ɆɈȾА(ɱɢɫɥɨ1; ɱɢɫɥɨ2; ...) 

ɇАɄЛɈɇ Вɨɡɜɪɚɳɚɟɬ ɧɚɤɥɨɧ ɥɢɧɢɢ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ ɞɥɹ ɬɨɱɟɤ ɞɚɧɧɵɯ ɜ ɚɪ-

ɝɭɦɟɧɬɚɯ ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_y ɢ ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_x. ɇɚɤɥɨɧ ɨɩɪɟ-

ɞɟɥɹɟɬɫɹ ɤɚɤ ɱɚɫɬɧɨɟ ɨɬ ɞɟɥɟɧɢɹ ɪɚɫɫɬɨɹɧɢɹ ɩɨ ɜɟɪɬɢɤɚɥɢ ɧɚ ɪɚɫɫɬɨɹ-

ɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ ɦɟɠɞɭ ɞɜɭɦɹ ɥɸɛɵɦɢ ɬɨɱɤɚɦɢ ɩɪɹɦɨɣ, ɬɨ ɟɫɬɶ ɧɚ-

ɤɥɨɧ – ɷɬɨ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ɜɞɨɥɶ ɩɪɹɦɨɣ 

ɇАɄЛɈɇ(ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_y; ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_x) 

ɇɈɊɆАЛИɁАɐИə Вɨɡɜɪɚɳɚɟɬ ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɯɚɪɚɤɬɟɪɢ-

ɡɭɟɦɨɝɨ ɫɪɟɞɧɢɦ ɢ ɫɬɚɧɞɚɪɬɧɵɦ ɨɬɤɥɨɧɟɧɢɟɦ 

ɇɈɊɆАЛИɁАɐИə(x; ɫɪɟɞɧɟɟ; ɫɬɚɧɞɚɪɬɧɨɟ_ɨɬɤɥ) 
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ɇɈɊɆɈȻɊ Вɨɡɜɪɚɳɚɟɬ ɨɛɪɚɬɧɨɟ ɧɨɪɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɥɹ ɭɤɚɡɚɧɧɨɝɨ ɫɪɟɞ-

ɧɟɝɨ ɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ 

ɇɈɊɆɈȻɊ(ɜɟɪɨɹɬɧɨɫɬɶ; ɫɪɟɞɧɟɟ; ɫɬɚɧɞɚɪɬɧɨɟ_ɨɬɤɥ) 

ɇɈɊɆɊАɋɉ Вɨɡɜɪɚɳɚɟɬ ɡɧɚɱɟɧɢɟ ɧɨɪɦɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɭɤɚɡɚɧ-

ɧɨɝɨ ɫɪɟɞɧɟɝɨ ɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ 

ɇɈɊɆɊАɋɉ(x; ɫɪɟɞɧɟɟ; ɫɬɚɧɞɚɪɬɧɨɟ_ɨɬɤɥ; ɢɧɬɟɝɪɚɥɶɧɚɹ) 

ɇɈɊɆɋɌɈȻɊ Вɨɡɜɪɚɳɚɟɬ ɨɛɪɚɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɹ u 

ɇɈɊɆɋɌɈȻɊ(ɜɟɪɨɹɬɧɨɫɬɶ) 

ɇɈɊɆɋɌɊАɋɉ Вɨɡɜɪɚɳɚɟɬ ɫɬɚɧɞɚɪɬɧɨɟ ɧɨɪɦɚɥɶɧɨɟ ɢɧɬɟɝɪɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ. Эɬɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɦɟɟɬ ɫɪɟɞɧɟɟ, ɪɚɜɧɨɟ ɧɭɥɸ, ɢ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ, 

ɪɚɜɧɨɟ ɟɞɢɧɢɰɟ. Эɬɚ ɮɭɧɤɰɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɦɟɫɬɨ ɬɚɛɥɢɰɵ ɞɥɹ ɫɬɚɧ-

ɞɚɪɬɧɨɣ ɧɨɪɦɚɥɶɧɨɣ ɤɪɢɜɨɣ 

ɇɈɊɆɋɌɊАɋɉ(u) 

ɈɌɊȿɁɈɄ Вɵɱɢɫɥɹɟɬ ɬɨɱɤɭ ɩɟɪɟɫɟɱɟɧɢɹ ɥɢɧɢɢ ɫ ɨɫɶɸ y, ɢɫɩɨɥɶɡɭɹ ɢɡɜɟɫɬ-

ɧɵɟ_ɡɧɚɱɟɧɢɹ_x ɢ ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_y 

ɈɌɊȿɁɈɄ(ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_x;ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_y) 

ɉИɊɋɈɇ Вɨɡɜɪɚɳɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ r (ɜɵɛɨɪɨɱɧɵɣ ɤɨɷɮɮɢ-

ɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ), ɛɟɡɪɚɡɦɟɪɧɵɣ ɢɧɞɟɤɫ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ -1,0 ɞɨ 1,0 

ɜɤɥɸɱɢɬɟɥɶɧɨ 

ɉИɊɋɈɇ(ɦɚɫɫɢɜ1; ɦɚɫɫɢɜ2) 

ɋɊȽȿɈɆ Вɨɡɜɪɚɳɚɟɬ ɫɪɟɞɧɟɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɣ ɦɚɫɫɢɜɚ ɢɥɢ ɢɧɬɟɪɜɚɥɚ 

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɱɢɫɟɥ 

ɋɊȽȿɈɆ(ɱɢɫɥɨ1; ɱɢɫɥɨ2; ...) 

ɋɊɁɇАɑ Вɨɡɜɪɚɳɚɟɬ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɫɜɨɢɯ ɚɪɝɭɦɟɧɬɨɜ 

ɋɊɁɇАɑ(ɱɢɫɥɨ1; ɱɢɫɥɨ2; ...) 

ɋɊɈɌɄЛ ɋɪɟɞɧɟɟ ɚɛɫɨɥɸɬɧɵɯ ɡɧɚɱɟɧɢɣ ɨɬɤɥɨɧɟɧɢɣ ɬɨɱɟɤ ɞɚɧɧɵɯ ɨɬ ɫɪɟɞɧɟɝɨ 

ɋɊɈɌɄЛ(ɱɢɫɥɨ1; ɱɢɫɥɨ2; ...) 

ɋɌАɇȾɈɌɄЛɈɇ Ɉɰɟɧɢɜɚɟɬ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɩɨ ɜɵɛɨɪɤɟ 

ɋɌАɇȾɈɌɄЛɈɇ(ɱɢɫɥɨ1; ɱɢɫɥɨ2; ...) 

ɋɌАɇȾɈɌɄЛɈɇɉ Вɵɱɢɫɥɹɟɬ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɩɨ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ 

ɋɌАɇȾɈɌɄЛɈɇɉ(ɱɢɫɥɨ1; ɱɢɫɥɨ2; ...) 

ɋɌɖɘȾɊАɋɉ Вɨɡɜɪɚɳɚɟɬ t-ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɋɬɶɸɞɟɧɬɚ 

ɋɌɖɘȾɊАɋɉ(x; ɫɬɟɩɟɧɢ_ɫɜɨɛɨɞɵ; ɯɜɨɫɬɵ) 

ɋɌɖɘȾɊАɋɉɈȻɊ Вɨɡɜɪɚɳɚɟɬ ɨɛɪɚɬɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɋɬɶɸɞɟɧɬɚ ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɱɢɫɥɚ 

ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ 

ɋɌɖɘȾɊАɋɉɈȻɊ(ɜɟɪɨɹɬɧɨɫɬɶ; ɫɬɟɩɟɧɢ_ɫɜɨɛɨɞɵ) 
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ɌȿɇȾȿɇɐИə Ɉɩɪɟɞɟɥɹɟɬ ɩɪɟɞɫɤɚɡɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɥɢɧɟɣɧɵɦ ɬɪɟɧ-

ɞɨɦ ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɦɚɫɫɢɜɚ (ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ) 

ɌȿɇȾȿɇɐИə(ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_y; ɢɡɜɟɫɬɧɵɟ_ɡɧɚɱɟɧɢɹ_x; ɧɨ-

ɜɵɟ_ɡɧɚɱɟɧɢɹ_x; ɤɨɧɫɬ) 

ɌɌȿɋɌ Вɨɡɜɪɚɳɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɤɪɢɬɟɪɢɸ ɋɬɶɸɞɟɧɬɚ 

ɌɌȿɋɌ(ɦɚɫɫɢɜ1; ɦɚɫɫɢɜ2; ɯɜɨɫɬɵ; ɬɢɩ) 

ɎИɒȿɊ Вɨɡɜɪɚɳɚɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɢɲɟɪɚ ɞɥɹ ɚɪɝɭɦɟɧɬɚ x 

ɎИɒȿɊ(x) 

ɎИɒȿɊɈȻɊ Вɨɡɜɪɚɳɚɟɬ ɨɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɢɲɟɪɚ 

ɎИɒȿɊɈȻɊ(y) 

ɏИ2ɈȻɊ Вɨɡɜɪɚɳɚɟɬ ɡɧɚɱɟɧɢɟ ɨɛɪɚɬɧɨɟ  ɤ ɨɞɧɨɫɬɨɪɨɧɧɟɣ ɜɟɪɨɹɬɧɨɫɬɢ ɪɚɫɩɪɟ-

ɞɟɥɟɧɢɹ χ2
 (ɯɢ-ɤɜɚɞɪɚɬ) 

ɏИ2ɈȻɊ(ɜɟɪɨɹɬɧɨɫɬɶ; ɫɬɟɩɟɧɢ_ɫɜɨɛɨɞɵ) 

ɏИ2ɊАɋɉ Вɨɡɜɪɚɳɚɟɬ ɨɞɧɨɫɬɨɪɨɧɧɸɸ ɜɟɪɨɹɬɧɨɫɬɶ (Ɋ) ɪɚɫɩɪɟɞɟɥɟɧɢɹ χ2
 (ɯɢ-

ɤɜɚɞɪɚɬ, ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɉɢɪɫɨɧɚ) 

ɏИ2ɊАɋɉ(x; ɫɬɟɩɟɧɢ_ɫɜɨɛɨɞɵ) 

ɑАɋɌɈɌА Вɵɱɢɫɥɹɟɬ ɱɚɫɬɨɬɭ ɩɨɹɜɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɜ ɢɧɬɟɪɜɚɥɟ ɡɧɚɱɟɧɢɣ ɢ ɜɨɡ-

ɜɪɚɳɚɟɬ ɦɚɫɫɢɜ ɰɢɮɪ 

ɑАɋɌɈɌА(ɦɚɫɫɢɜ_ɞɚɧɧɵɯ; ɦɚɫɫɢɜ_ɤɚɪɦɚɧɨɜ) 

ɗɄɋɐȿɋɋ Вɨɡɜɪɚɳɚɟɬ ɷɤɫɰɟɫɫ ɦɧɨɠɟɫɬɜɚ ɞɚɧɧɵɯ 

ɗɄɋɐȿɋɋ(ɱɢɫɥɨ1; ɱɢɫɥɨ2; ...) 

FɊАɋɉ Вɨɡɜɪɚɳɚɟɬ F-ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ (ɪɚɫɩɪɟɞɟɥɟɧɢɟ Ɏɢɲɟɪɚ) 

FɊАɋɉ(x;ɫɬɟɩɟɧɢ_ɫɜɨɛɨɞɵ1;ɫɬɟɩɟɧɢ_ɫɜɨɛɨɞɵ2) 

FɊАɋɉɈȻɊ Вɨɡɜɪɚɳɚɟɬ ɨɛɪɚɬɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ F-ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ 

(ɤɪɢɬɟɪɢɣ Ɏɢɲɟɪɚ) 

FɊАɋɉɈȻɊ(ɜɟɪɨɹɬɧɨɫɬɶ;ɫɬɟɩɟɧɢ_ɫɜɨɛɨɞɵ1;ɫɬɟɩɟɧɢ_ɫɜɨɛɨɞɵ2) 

 

7.3. Кɪаɬɤɨе ɨɩɢɫаɧɢе ɫɢɫɬеɦɵ STATISTICA 

 

STATISTICA – ɷɬɨ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɤɨɦɩɶɸɬɟɪɧɚɹ ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ ɪɚɡ-

ɪɚɛɨɬɤɢ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ, ɫɨɞɟɪɠɚɳɚɹ ɲɢɪɨɤɢɣ ɧɚɛɨɪ ɩɪɨɰɟɞɭɪ ɚɧɚ-

ɥɢɡɚ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɬɟɯɧɢɤɟ ɢ ɛɢɡɧɟɫɟ. Ɉɬɥɢɱɢɬɟɥɶɧɨɣ 

ɱɟɪɬɨɣ ɫɢɫɬɟɦɵ STATISTICA ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜ ɧɟɣ ɪɟɚɥɢɡɨɜɚɧ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ 

ɝɪɚɮɢɱɟɫɤɢ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɩɨɞɯɨɞ ɤ ɚɧɚɥɢɡɭ ɞɚɧɧɵɯ. ɋɦɵɫɥ ɩɨɞɯɨɞɚ ɫɨɫɬɨɢɬ ɜ 

ɬɨɦ, ɱɬɨɛɵ ɩɨɥɭɱɚɬɶ ɜɫɟɫɬɨɪɨɧɧɟɟ ɜɢɡɭɚɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɧɚ ɜɫɟɯ ɷɬɚ-
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ɩɚɯ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɧɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜɵɛɢɪɚɬɶ ɫɥɟɞɭɸ-

ɳɢɣ ɲɚɝ ɚɧɚɥɢɡɚ. Дɟɬɚɥɶɧɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɩɪɢɦɟɪɨɜ ɩɨɦɨɠɟɬ ɱɢɬɚɬɟɥɸ ɨɜɥɚɞɟɬɶ 

ɨɫɧɨɜɧɵɦɢ ɩɪɢɟɦɚɦɢ ɪɚɛɨɬɵ ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ ɢ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɟ ɜ ɫɜɨɟɣ ɢɧ-

ɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ. ɋɪɟɞɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɩɚɤɟɬɚ ɨɬɦɟɬɢɦ ɬɟ ɡɚɞɚɱɢ, ɫ ɪɟɲɟɧɢɟɦ ɤɨ-

ɬɨɪɵɯ ɩɪɢɯɨɞɢɬɫɹ ɫɬɚɥɤɢɜɚɬɶɫɹ ɜ ɫɜɨɟɣ ɩɪɚɤɬɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɢɧɠɟɧɟɪɭ-

ɦɟɬɚɥɥɭɪɝɭ: ɨɩɢɫɚɬɟɥɶɧɵɟ ɫɬɚɬɢɫɬɢɤɢ, ɚɧɚɥɢɡ ɦɧɨɝɨɦɟɪɧɵɯ ɬɚɛɥɢɰ, ɩɨɞɝɨɧɤɚ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɣ, ɦɧɨɝɨɦɟɪɧɚɹ ɪɟɝɪɟɫɫɢɹ, ɧɟɥɢɧɟɣɧɚɹ ɪɟɝɪɟɫɫɢɹ, ɞɢɫɩɟɪɫɢɨɧɧɵɣ ɢ ɤɨɜɚ-

ɪɢɚɰɢɨɧɧɵɣ ɚɧɚɥɢɡ. Дɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɫ-

ɩɨɥɶɡɭɸɬɫɹ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɝɪɚɮɢɤɢ: ɝɢɫɬɨɝɪɚɦɦɵ, ɞɢɚɝɪɚɦɦɵ ɪɚɫɫɟɹɧɢɹ, ɤɪɭɝɨɜɵɟ 

ɞɢɚɝɪɚɦɦɵ, ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɝɪɚɮɢɤɢ, ɝɪɚɮɢɤɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ. 

ɉɨɦɢɦɨ ɨɛɳɢɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɢ ɝɪɚɮɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɜ ɫɢɫɬɟɦɟ ɢɦɟɸɬɫɹ ɫɩɟ-

ɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɦɨɞɭɥɢ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɪɟɲɟɧɢɹ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɢ, ɜ ɱɚ-

ɫɬɧɨɫɬɢ, ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɚɞɚɱ: ɤɚɪɬɵ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ, ɚɧɚɥɢɡ ɩɪɨɰɟɫɫɨɜ ɢ ɩɥɚɧɢ-

ɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɋɚɛɨɬɚ ɫɨ ɜɫɟɦɢ ɦɨɞɭɥɹɦɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɚɦɤɚɯ ɟɞɢɧɨɝɨ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɜɵɛɢɪɚɬɶ ɨɞɢɧ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɩɪɟɞɥɨɠɟɧ-

ɧɵɯ ɢɧɬɟɪɮɟɣɫɨɜ ɩɨɥɶɡɨɜɚɬɟɥɹ. ɋ ɩɨɦɨɳɶɸ ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɜ ɫɢɫɬɟɦɟ STATISTICA 

ɦɨɳɧɵɯ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɹɡɵɤɚ ɦɚɤɪɨɤɨɦɚɧɞ, ɫɧɚɛɠɟɧɧɵɯ ɫɩɟɰɢɚɥɶɧɵ-

ɦɢ ɫɪɟɞɫɬɜɚɦɢ ɩɨɞɞɟɪɠɤɢ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɫɨɡɞɚɬɶ ɡɚɤɨɧɱɟɧɧɵɟ ɫɬɚɬɢɫɬɢɱɟ-

ɫɤɢɟ ɦɨɞɭɥɢ (ɩɪɨɰɟɞɭɪɵ) ɢ ɜɫɬɪɚɢɜɚɬɶ ɢɯ ɜ ɪɚɡɥɢɱɧɵɟ ɞɪɭɝɢɟ ɩɪɢɥɨɠɟɧɢɹ ɢɥɢ ɜɵ-

ɱɢɫɥɢɬɟɥɶɧɵɟ ɫɪɟɞɵ.  

ɉɪɨɝɪɚɦɦɚ ɢɫɩɨɥɶɡɭɟɬ ɫɬɚɧɞɚɪɬɧɵɣ ɢɧɬɟɪɮɟɣɫ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ. ɉɪɟɞɭ-

ɫɦɨɬɪɟɧɵ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɫɨ ɜɫɟɦɢ ɩɨɩɭɥɹɪɧɵɦɢ ɋɍȻД (ɜ ɬɨɦ ɱɢɫɥɟ ɫ 

MS Excel ɢ MS Access), ɪɚɛɨɬɚ ɫ ɭɞɚɥɟɧɧɵɦɢ ɛɚɡɚɦɢ ɞɚɧɧɵɯ, ɩɨɞɞɟɪɠɤɚ ɬɟɯɧɨɥɨɝɢɣ 

OLE, DDE ɢ ODBC. Вɫɬɪɨɟɧɧɵɟ ɝɪɚɮɢɱɟɫɤɢɣ ɢ ɬɟɤɫɬɨɜɵɣ ɪɟɞɚɤɬɨɪɵ ɩɨɡɜɨɥɹɸɬ ɩɭɛ-

ɥɢɤɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ Internet-ɫɬɪɚɧɢɰɚɯ. 

 

7.3.1. Ɉɛщɚя ɫɬрɭɤɬɭрɚ ɫиɫɬемɵ 

 

 ɋɢɫɬɟɦɚ STATISTICA ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬ:  

• ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɪɚɛɨɬɵ ɫ ɞɚɧɧɵɦɢ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɷɥɟɤɬɪɨɧɧɵɟ ɬɚɛɥɢɰɵ (Spreadsheet) ɞɥɹ ɜɜɨɞɚ ɢ ɡɚɞɚɧɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɚ 

ɬɚɤɠɟ ɫɩɟɰɢɚɥɶɧɵɯ ɬɚɛɥɢɰ (Scrollsheet) ɞɥɹ ɜɵɜɨɞɚ ɱɢɫɥɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚ-

ɥɢɡɚ. Дɥɹ ɫɥɨɠɧɨɣ (ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ) ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɜ STATISTICA ɢɦɟ-

ɟɬɫɹ ɦɨɞɭɥɶ ɍɩрɚвɥеɧие ɞɚɧɧɵɦи. Дɥɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɱɪɟɡɜɵɱɚɣɧɨ 
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ɛɨɥɶɲɢɯ ɦɚɫɫɢɜɨɜ ɞɚɧɧɵɯ ɢɦɟɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɣ ɢɧɫɬɪɭɦɟɧɬ Ɇеɧеɞɠер ɦеɝɚ-

ɮɚɣɥɨв, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɢ ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ 

ɞɚɧɧɵɯ ɩɟɪɟɞ ɜɜɨɞɨɦ ɢɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɷɥɟɤɬɪɨɧɧɭɸ ɬɚɛɥɢɰɭ STATISTICA; 

• ɦɨɳɧɨɣ ɝɪɚɮɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɢ ɪɟɡɭɥɶɬɚɬɨɜ ɫɬɚɬɢɫɬɢ-

ɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ; 

• ɧɚɛɨɪɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɨɞɭɥɟɣ, ɜ ɤɨɬɨɪɵɯ ɫɨɛɪɚɧɵ ɝɪɭɩɩɵ ɥɨɝɢɱɟɫɤɢ ɫɜɹɡɚɧɧɵɯ 

ɦɟɠɞɭ ɫɨɛɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɪɨɰɟɞɭɪ. В ɥɸɛɨɦ ɤɨɧɤɪɟɬɧɨɦ ɦɨɞɭɥɟ ɦɨɠɧɨ ɜɵ-

ɩɨɥɧɢɬɶ ɨɩɪɟɞɟɥɟɧɧɵɣ ɫɩɨɫɨɛ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɧɟ ɨɛɪɚɳɚɹɫɶ ɤ ɩɪɨɰɟ-

ɞɭɪɚɦ ɢɡ ɞɪɭɝɢɯ ɦɨɞɭɥɟɣ. Кɚɠɞɵɣ ɦɨɞɭɥɶ ɹɜɥɹɟɬɫɹ ɩɨɥɧɨɰɟɧɧɵɦ WINDOWS 

ɩɪɢɥɨɠɟɧɢɟɦ. ɉɨɷɬɨɦɭ ɩɨɥɶɡɨɜɚɬɟɥɶ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɪɚɛɨɬɵ 

ɤɚɤ ɫ ɨɞɧɢɦ, ɬɚɤ ɢ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɦɨɞɭɥɹɦɢ. ɉɟɪɟɤɥɸɱɚɬɶɫɹ ɦɟɠɞɭ ɧɢɦɢ ɦɨɠɧɨ 

ɤɚɤ ɦɟɠɞɭ ɨɛɵɱɧɵɦɢ WINDOWS ɩɪɢɥɨɠɟɧɢɹɦɢ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɦɛɢɧɚ-

ɰɢɢ ɤɥɚɜɢɲ [ALT]+[TAB] ɢɥɢ ɜɵɛɢɪɚɹ ɢɯ ɧɚ ɩɚɧɟɥɢ ɡɚɞɚɱ. Вɫɟ ɨɫɧɨɜɧɵɟ ɨɩɟɪɚɰɢɢ 

ɩɪɢ ɪɚɛɨɬɟ ɫ ɞɚɧɧɵɦɢ ɢ ɝɪɚɮɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɨɫɬɭɩɧɵ ɜ ɥɸɛɨɦ ɫɬɚɬɢɫɬɢ-

ɱɟɫɤɨɦ ɦɨɞɭɥɟ ɢ ɧɚ ɥɸɛɨɦ ɲɚɝɟ ɚɧɚɥɢɡɚ; 

• ɫɩɟɰɢɚɥɶɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚɪɢɹ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɨɬɱɟɬɨɜ. ɉɪɢ ɩɨɦɨɳɢ ɬɟɤɫɬɨɜɨɝɨ 

ɪɟɞɚɤɬɨɪɚ, ɜɫɬɪɨɟɧɧɨɝɨ ɜ ɫɢɫɬɟɦɭ, ɦɨɠɧɨ ɝɨɬɨɜɢɬɶ ɩɨɥɧɨɰɟɧɧɵɟ ɨɬɱɟɬɵ. В 

STATISTICA ɬɚɤɠɟ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɫɨɡɞɚɧɢɹ ɨɬɱɟɬɨɜ; 

• ɜɫɬɪɨɟɧɧɵɯ ɹɡɵɤɨɜ SCL ɢ STATISTICA BASIC, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɚɜɬɨɦɚɬɢɡɢɪɨ-

ɜɚɬɶ ɪɭɬɢɧɧɵɟ ɩɪɨɰɟɫɫɵ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɜ ɫɢɫɬɟɦɟ. 

 Вɫɟ ɫɬɪɭɤɬɭɪɧɵɟ ɤɨɦɩɨɧɟɧɬɵ STATISTICA ɧɚɫɬɨɥɶɤɨ ɬɟɫɧɨ ɢɧɬɟɝɪɢɪɨɜɚɧɵ 

ɦɟɠɞɭ ɫɨɛɨɣ, ɱɬɨ ɪɚɡɞɟɥɟɧɢɟ ɧɚ ɪɚɡɥɢɱɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɜɨ ɦɧɨɝɨɦ ɭɫɥɨɜɧɨ ɢ ɹɜɥɹ-

ɟɬɫɹ ɩɨɥɟɡɧɵɦ ɥɢɲɶ ɞɥɹ ɢɡɭɱɟɧɢɹ ɫɢɫɬɟɦɵ ɫ ɦɟɬɨɞɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ. 

 ɋɢɫɬɟɦɚ STАɌISɌIɋА ɪɚɛɨɬɚɟɬ ɫ ɱɟɬɵɪɶɦɹ ɪɚɡɥɢɱɧɵɦɢ ɬɢɩɚɦɢ ɞɨɤɭɦɟɧɬɨɜ, 

ɤɨɬɨɪɵɟ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɫɧɨɜɧɵɦ ɫɬɪɭɤɬɭɪɧɵɦ ɤɨɦɩɨɧɟɧɬɚɦ ɫɢɫɬɟɦɵ: 

• ɷɥɟɤɬɪɨɧɧɚɹ ɬɚɛɥɢɰɚ Spreadsheet,  ɤɨɬɨɪɚɹ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɜɜɨɞɚ ɢɫɯɨɞ-

ɧɵɯ ɞɚɧɧɵɯ ɢ ɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ; 

• ɷɥɟɤɬɪɨɧɧɚɹ ɬɚɛɥɢɰɚ Scrollsheet ɞɥɹ ɜɵɜɨɞɚ ɱɢɫɥɟɧɧɵɯ ɢ ɬɟɤɫɬɨɜɵɯ ɪɟɡɭɥɶɬɚ-

ɬɨɜ ɚɧɚɥɢɡɚ; 

• ɝɪɚɮɢɤ – ɞɨɤɭɦɟɧɬ ɜ ɫɩɟɰɢɚɥɶɧɨɦ ɝɪɚɮɢɱɟɫɤɨɦ ɮɨɪɦɚɬɟ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ 

ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɥɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ; 

• ɨɬɱɟɬ – ɞɨɤɭɦɟɧɬ ɜ ɮɨɪɦɚɬɟ RɌF (Ɋɚɫɲиреɧɧɵɣ теɤɫтɨвɨɣ ɮɨрɦɚт) ɞɥɹ ɜɵ-

ɜɨɞɚ ɬɟɤɫɬɨɜɨɣ ɢ ɝɪɚɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ. 
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В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɚɦɢ ɫɪɟɞɵ WINDOWS ɤɚɠɞɵɣ ɬɢɩ ɞɨɤɭɦɟɧɬɚ ɜɵ-

ɜɨɞɢɬɫɹ ɜ ɫɜɨɟɦ ɫɨɛɫɬɜɟɧɧɨɦ ɨɤɧɟ ɜ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ ɫɢɫɬɟɦɵ STАɌISɌIɋА. Кɚɤ 

ɬɨɥɶɤɨ ɷɬɨ ɨɤɧɨ ɫɬɚɧɨɜɢɬɫɹ ɚɤɬɢɜɧɵɦ, ɢɡɦɟɧɹɟɬɫɹ ɩɚɧɟɥɶ ɢɧɫɬɪɭɦɟɧɬɨɜ ɢ ɦɟɧɸ. В 

ɧɢɯ ɩɨɹɜɥɹɸɬɫɹ ɤɨɦɚɧɞɵ ɢ ɤɧɨɩɤɢ, ɞɨɫɬɭɩɧɵɟ ɞɥɹ ɚɤɬɢɜɧɨɝɨ ɞɨɤɭɦɟɧɬɚ. Иɦɟɟɬɫɹ ɧɟ-

ɫɤɨɥɶɤɨ ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ ɪɚɛɨɬɵ ɫ ɫɢɫɬɟɦɨɣ STАɌISɌIɋА. 

 

7.3.2. Вɨɡмɨɠɧɵе ɫɩɨɫɨɛɵ ɜɡɚимɨɞеɣɫɬɜия ɫ ɫиɫɬемɨɣ 

 

 ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɞɚɧɧɵɯ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɞɟɧ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɜ ɨɞɧɨɦ 

ɢɡ ɫɥɟɞɭɸɳɢɯ ɪɟɠɢɦɨɜ. 

 Иɧɬɟɪɚɤɬɢɜɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ. В ɷɬɨɦ ɫɥɭɱɚɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɫɢɫɬɟɦɨɣ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɜɵɛɨɪɚ ɪɚɡɥɢɱɧɵɯ ɤɨɦɚɧɞ ɢɡ ɦɟɧɸ. 

Эɬɨɬ ɫɩɨɫɨɛ ɪɚɛɨɬɵ ɩɪɢɦɟɧɹɟɬɫɹ ɨɛɵɱɧɨ ɧɚ ɷɬɚɩɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɞɚɧ-

ɧɵɯ. Иɧɬɟɪɚɤɬɢɜɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɫ ɫɢɫɬɟɦɨɣ ɭɞɨɛɟɧ ɧɚ ɷɬɚɩɟ ɜɵɛɨɪɚ ɦɚɬɟɦɚɬɢɱɟ-

ɫɤɨɣ ɦɨɞɟɥɢ ɹɜɥɟɧɢɹ ɢ ɦɟɬɨɞɚ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɜɵɛɨɪ ɫɞɟ-

ɥɚɧ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɜɵɩɨɥɧɟɧɢɹ ɪɭɬɢɧɧɵɯ ɡɚɞɚɱ 

ɨɛɪɚɛɨɬɤɢ ɫɩɟɰɢɚɥɶɧɵɟ ɦɚɤɪɨɤɨɦɚɧɞɵ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɢ ɜɫɬɪɨɟɧɧɵɟ ɜ ɫɢɫɬɟɦɭ 

ɹɡɵɤɢ (SCL ɢ STATISTICA BASIC). 

 Иɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɤɪɨɤɨɦɚɧɞ. В ɫɢɫɬɟɦɟ STATISTICA ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɡɚɩɢɫɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɨɦɚɧɞ ɜ ɨɞɧɭ ɦɚɤɪɨɤɨɦɚɧɞɭ. ɉɪɢ ɷɬɨɦ ɦɨɠɧɨ ɡɚɩɢɫɵ-

ɜɚɬɶ ɤɚɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚɠɚɬɢɣ ɤɥɚɜɢɲ ɧɚ ɤɥɚɜɢɚɬɭɪɟ, ɬɚɤ ɢ ɞɜɢɠɟɧɢɹ ɦɵɲɢ. 

Эɬɨ ɭɞɨɛɧɨɟ ɫɪɟɞɫɬɜɨ ɩɨɡɜɨɥɹɟɬ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɜɵɩɨɥɧɟɧɢɟ ɱɚɫɬɨ ɩɨɜɬɨɪɹɸ-

ɳɢɯɫɹ ɲɚɝɨɜ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. 

 ɉɪɢ ɩɨɦɨɳɢ ɜɫɬɪɨɟɧɧɨɝɨ ɤɨɦɚɧɞɧɨɝɨ ɹɡɵɤɚ ɫɢɫɬɟɦɵ STATISTICA (ɹɡɵɤ SCL – 

STATISTICA Command Language) ɩɨɥɶɡɨɜɚɬɟɥɶ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɹɬɶ ɫɬɚ-

ɬɢɫɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ ɜ ɩɚɤɟɬɧɨɦ ɪɟɠɢɦɟ.  

 ɉɪɢ ɩɨɦɨɳɢ ɜɫɬɪɨɟɧɧɨɝɨ ɩɪɨɰɟɞɭɪɧɨɝɨ ɹɡɵɤɚ STATISTICA BASIC ɩɨɥɶɡɨɜɚ-

ɬɟɥɶ ɦɨɠɟɬ ɧɚɩɢɫɚɬɶ ɫɜɨɢ ɫɨɛɫɬɜɟɧɧɵɟ ɩɪɨɰɟɞɭɪɵ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. Эɬɨ ɦɨɳɧɵɣ 

ɹɡɵɤ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɧɚ ɫɬɪɭɤɬɭɪɭ ɞɚɧɧɵɯ ɫɢɫɬɟɦɵ STATISTICA, ɫɨɞɟɪɠɢɬ ɛɨɥɶ-

ɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɩɟɰɢɚɥɶɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ (ɧɚɩɪɢɦɟɪ, 

ɜɵɱɢɫɥɟɧɢɟ ɜɫɟɜɨɡɦɨɠɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɢ ɬ.ɞ.). 
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7.3.3. Вɜɨɞ ɞɚɧɧɵх 

 

 Дɚɧɧɵɟ ɜ STATISTICA ɨɪɝɚɧɢɡɨɜɚɧɵ ɜ ɜɢɞɟ ɷɥɟɤɬɪɨɧɧɨɣ ɬɚɛɥɢɰɵ – 

Spreadsheet. Ɉɧɢ ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ ɤɚɤ ɱɢɫɥɟɧɧɭɸ, ɬɚɤ ɢ ɬɟɤɫɬɨɜɭɸ ɢɧɮɨɪɦɚɰɢɸ. 

Дɚɧɧɵɟ ɜ ɷɥɟɤɬɪɨɧɧɨɣ ɬɚɛɥɢɰɟ ɦɨɝɭɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɵɟ ɮɨɪɦɚɬɵ (ɧɚɩɪɢɦɟɪ, ɞɚɬɵ, 

ɜɪɟɦɟɧɢ ɢ ɞɪ.). Эɥɟɤɬɪɨɧɧɵɟ ɬɚɛɥɢɰɵ ɜ STATISTICA ɩɨɞɞɟɪɠɢɜɚɸɬ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ 

ɨɩɟɪɚɰɢɣ ɫ ɞɚɧɧɵɦɢ, ɬɚɤɢɟ ɤɚɤ: ɨɩɟɪɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɭɮɟɪɚ ɨɛɦɟɧɚ 

WINDOWS, ɨɩɟɪɚɰɢɢ ɫ ɜɵɞɟɥɟɧɧɵɦɢ ɛɥɨɤɚɦɢ ɡɧɚɱɟɧɢɣ (ɚɧɚɥɨɝɢɱɧɨ MS Excel). 

 Вɜɟɫɬɢ ɞɚɧɧɵɟ ɜ ɷɥɟɤɬɪɨɧɧɭɸ ɬɚɛɥɢɰɭ ɦɨɠɧɨ ɨɞɧɢɦ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɩɨɫɨɛɨɜ. 

 ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɜɟɫɬɢ ɢɯ ɜ ɷɥɟɤɬɪɨɧɧɭɸ ɬɚɛɥɢɰɭ ɫ ɤɥɚɜɢɚɬɭɪɵ. Дɥɹ ɚɜɬɨɦɚ-

ɬɢɡɚɰɢɢ ɪɭɱɧɨɝɨ ɜɜɨɞɚ ɞɚɧɧɵɯ ɜ STATISTICA ɢɦɟɸɬɫɹ ɪɚɡɜɢɬɵɟ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ 

ɫɪɟɞɫɬɜɚ. 

 Вɵɱɢɫɥɢɬɶ ɧɨɜɵɟ ɞɚɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɭɠɟ ɜɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɩɪɢ ɩɨɦɨɳɢ ɮɨɪ-

ɦɭɥ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɡɚɞɚɬɶ ɜ ɷɥɟɤɬɪɨɧɧɨɣ ɬɚɛɥɢɰɟ. ɉɪɢ ɷɬɨɦ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɛɵɫɬɪɨɝɨ ɞɨɫɬɭɩɚ ɤ ɛɨɥɶɲɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 

ɮɭɧɤɰɢɣ, ɞɨɩɭɫɤɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɬɨɪɨɜ. 

 Вɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɚɧɧɵɦɢ, ɩɨɞɝɨɬɨɜɥɟɧɧɵɦɢ ɜ ɞɪɭɝɨɦ ɩɪɢɥɨɠɟɧɢɢ. ɉɪɢ ɷɬɨɦ 

ɞɨɫɬɭɩɧɵ ɫɥɟɞɭɸɳɢɟ ɫɩɨɫɨɛɵ ɜɜɨɞɚ ɞɚɧɧɵɯ ɢɡ ɞɪɭɝɢɯ ɩɪɢɥɨɠɟɧɢɣ STATISTICA: 

• ɨɩɟɪɚɰɢɢ ɤɨɩɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ ɱɟɪɟɡ ɛɭɮɟɪ ɨɛɦɟɧɚ WINDOWS; 

• ɢɦɩɨɪɬ ɞɚɧɧɵɯ ɢɡ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɯ ɩɪɢɥɨɠɟɧɢɣ, ɧɚɩɪɢɦɟɪ ɷɥɟɤɬɪɨɧɧɵɯ 

ɬɚɛɥɢɰ, ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɛɚɡɚɦɢ ɞɚɧɧɵɯ ɢ ɞɪ.; 

• ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɯɚɧɢɡɦɚ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɜɹɡɢ DDE ɦɟɠɞɭ ɞɚɧɧɵɦɢ ɜ 

STATISTICA ɢ ɞɪɭɝɢɦ WINDOWS ɩɪɢɥɨɠɟɧɢɟɦ. В ɷɬɨɦ ɫɥɭɱɚɟ ɜɫɟ ɢɡɦɟɧɟɧɢɹ 

ɞɚɧɧɵɯ, ɜɧɟɫɟɧɧɵɟ ɩɨɡɞɧɟɟ ɜ ɢɫɬɨɱɧɢɤ (WINDOWS ɩɪɢɥɨɠɟɧɢɟ), ɛɭɞɭɬ ɚɜɬɨ-

ɦɚɬɢɱɟɫɤɢ (ɞɢɧɚɦɢɱɟɫɤɢ) ɨɬɪɚɠɟɧɵ ɜ ɮɚɣɥɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɫɢɫɬɟɦɵ 

STATISTICA. 

ɇɚ ɥɸɛɨɦ ɷɬɚɩɟ ɜɜɨɞɚ ɞɚɧɧɵɯ ɫɢɫɬɟɦɚ STATISTICA ɩɨɡɜɨɥɹɟɬ ɛɵɫɬɪɨ ɜɵɱɢɫ-

ɥɢɬɶ ɨɫɧɨɜɧɵɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɧɧɵɯ, ɨɬɨɛɪɚɡɢɬɶ ɢɯ ɝɪɚɮɢɱɟɫɤɢ ɢ 

ɩɟɪɟɣɬɢ ɤ ɫɬɚɬɢɫɬɢɱɟɫɤɨɦɭ ɚɧɚɥɢɡɭ. 
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7.3.4. Вɵɜɨɞ чиɫɥеɧɧɵх и ɬеɤɫɬɨɜɵх реɡɭɥɶɬɚɬɨɜ ɚɧɚɥиɡɚ 

 

 Чɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜ ɫɢɫɬɟɦɟ STATISTICA ɜɵɜɨ-

ɞɹɬɫɹ ɜ ɜɢɞɟ ɫɩɟɰɢɚɥɶɧɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ, ɤɨɬɨɪɵɟ ɧɚɡɵɜɚɸɬɫɹ ɬɚɛɥɢɰɚɦɢ ɜɵ-

ɜɨɞɚ ɪɟɡɭɥɶɬɚɬɨɜ – Scrollsheet. Ɍɚɛɥɢɰɵ Scrollsheet ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ ɥɸɛɭɸ ɢɧɮɨɪ-

ɦɚɰɢɸ (ɤɚɤ ɱɢɫɥɟɧɧɭɸ, ɬɚɤ ɢ ɬɟɤɫɬɨɜɭɸ) ɪɚɡɦɟɪɨɦ ɨɬ ɤɨɪɨɬɤɨɣ ɫɬɪɨɱɤɢ ɞɨ ɧɟɫɤɨɥɶɤɢɯ 

ɦɟɝɚɛɚɣɬɨɜ. 

 STATISTICA ɫɨɞɟɪɠɢɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɩɪɨɫɦɨɬɪɚ ɪɟ-

ɡɭɥɶɬɚɬɨɜ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɢɯ ɜɢɡɭɚɥɢɡɚɰɢɢ. Ɉɧɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɫɬɚɧ-

ɞɚɪɬɧɵɟ ɨɩɟɪɚɰɢɢ ɩɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ ɬɚɛɥɢɰɵ (ɜɫɬɚɜɤɚ, ɭɞɚɥɟɧɢɟ, ɨɩɟɪɚɰɢɢ ɧɚɞ 

ɛɥɨɤɚɦɢ, ɚɜɬɨɡɚɩɨɥɧɟɧɢɟ ɛɥɨɤɨɜ ɢ ɞɪ.), ɨɩɟɪɚɰɢɢ ɩɪɨɫɦɨɬɪɚ (ɩɨɞɜɢɠɧɵɟ ɝɪɚɧɢɰɵ 

ɫɬɨɥɛɰɨɜ, ɪɚɡɞɟɥɟɧɢɟ ɩɪɨɤɪɭɬɤɢ ɜ ɬɚɛɥɢɰɟ ɢ ɞɪ.), ɞɨɫɬɭɩ ɤ ɨɫɧɨɜɧɵɦ ɫɬɚɬɢɫɬɢɤɚɦ ɢ 

ɝɪɚɮɢɱɟɫɤɢɦ ɜɨɡɦɨɠɧɨɫɬɹɦ ɫɢɫɬɟɦɵ STATISTICA. ɉɪɢ ɜɵɜɨɞɟ ɰɟɥɨɝɨ ɪɹɞɚ ɪɟɡɭɥɶ-

ɬɚɬɨɜ (ɧɚɩɪɢɦɟɪ, ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɦɚɬɪɢɰɵ) STATISTICA ɨɬɦɟɱɚɟɬ ɡɧɚɱɢɦɵɟ ɤɨɷɮ-

ɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɰɜɟɬɨɦ. ɉɨɥɶɡɨɜɚɬɟɥɶ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɞɟɥɢɬɶ ɩɪɢ ɩɨ-

ɦɨɳɢ ɰɜɟɬɚ ɧɟɨɛɯɨɞɢɦɵɟ ɡɧɚɱɟɧɢɹ ɜ ɬɚɛɥɢɰɟ Scrollsheet. 

 ȿɫɥɢ ɩɨɥɶɡɨɜɚɬɟɥɸ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɞɟɬɚɥɶɧɵɣ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 

ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɬɨ ɦɨɠɧɨ ɫɨɯɪɚɧɢɬɶ ɬɚɛɥɢɰɭ Scrollsheet ɜ ɮɨɪɦɚɬɟ 

ɮɚɣɥɚ STATISTICA ɢ ɞɚɥɟɟ ɪɚɛɨɬɚɬɶ ɫ ɧɢɦ, ɤɚɤ ɫ ɨɛɵɱɧɵɦɢ ɞɚɧɧɵɦɢ. 

 Кɪɨɦɟ ɜɵɜɨɞɚ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɵɯ ɨɤɨɧ ɫ ɝɪɚɮɢɤɚɦɢ ɢ 

ɬɚɛɥɢɰɚɦɢ Scrollsheet, ɜ ɫɢɫɬɟɦɟ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɨɬɱɟɬɚ, ɜ ɨɤɧɨ ɤɨ-

ɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɜɵɜɟɞɟɧɚ ɜɫɹ ɷɬɚ ɢɧɮɨɪɦɚɰɢɹ – ɷɬɨ ɞɨɤɭɦɟɧɬ (ɜ ɮɨɪɦɚɬɟ RTF), 

ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɥɸɛɭɸ ɬɟɤɫɬɨɜɭɸ ɢɥɢ ɝɪɚɮɢɱɟɫɤɭɸ ɢɧɮɨɪɦɚɰɢɸ. В 

STATISTICA ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɫɨɡɞɚɧɢɹ ɨɬɱɟɬɚ, ɬɚɤ ɧɚɡɵɜɚɟɦɨ-

ɝɨ ɚɜɬɨɨɬɱɟɬɚ. ɉɪɢ ɷɬɨɦ ɥɸɛɚɹ ɬɚɛɥɢɰɚ Scrollsheet ɢɥɢ ɝɪɚɮɢɤ ɦɨɝɭɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 

ɛɵɬɶ ɧɚɩɪɚɜɥɟɧɵ ɜ ɨɬɱɟɬ. 

 

7.3.5. ɋɬɚɬиɫɬичеɫɤие ɩрɨɰеɞɭрɵ ɫиɫɬемɵ STATISTICA 

 

 ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɩɪɨɰɟɞɭɪɵ ɫɢɫɬɟɦɵ STATISTICA, ɤɚɤ ɭɠɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ,  

ɫɝɪɭɩɩɢɪɨɜɚɧɵ ɜ ɧɟɫɤɨɥɶɤɢɯ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɨɞɭɥɹɯ (ɪɢɫ. 7.3). 

В ɤɚɠɞɨɦ ɦɨɞɭɥɟ ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɨɩɪɟɞɟɥɟɧɧɵɣ ɫɩɨɫɨɛ ɨɛɪɚɛɨɬɤɢ, ɧɟ ɨɛɪɚɳɚɹɫɶ 

ɤ ɩɪɨɰɟɞɭɪɚɦ ɢɡ ɞɪɭɝɢɯ ɦɨɞɭɥɟɣ. ɇɢɠɟ ɩɪɢɜɨɞɢɬɫɹ ɤɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɨɬɞɟɥɶɧɵɯ ɫɬɚ-

ɬɢɫɬɢɱɟɫɤɢɯ ɦɨɞɭɥɟɣ, ɡɧɚɤɨɦɫɬɜɨ ɫ ɤɨɬɨɪɵɦɢ ɩɨɦɨɠɟɬ ɢɧɠɟɧɟɪɭ-ɢɫɫɥɟɞɨɜɚɬɟɥɸ ɜ 
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ɟɝɨ ɩɪɚɤɬɢɤɟ ɞɥɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ, ɚɧɚɥɢɡɚ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚ-

ɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ (ɩɪɨɦɵɲɥɟɧɧɨɝɨ, ɥɚɛɨɪɚɬɨɪɧɨɝɨ, ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɢ ɞɪ.).  

 Ɇɨɞɭɥɶ Ɉɫɧɨɜɧɵе ɫɬɚɬи-

ɫɬиɤи и ɬɚɛɥиɰɵ (Basic 

Statistics/Tables) ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 

ɩɪɨɰɟɞɭɪ: 

 Ɉɩиɫɚтеɥɶɧɵе ɫтɚтиɫти-

ɤи (Descriptive statistics). Ƚɪɭɩɩɚ 

ɩɪɨɢɡɜɨɞɢɬ ɜɵɱɢɫɥɟɧɢɟ ɩɪɚɤɬɢɱɟ-

ɫɤɢ ɜɫɟɯ ɨɩɢɫɚɬɟɥɶɧɵɯ ɫɬɚɬɢɫɬɢɤ, 

ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ, ɜɵɛɨ-

ɪɨɱɧɭɸ ɞɢɫɩɟɪɫɢɸ, ɫɬɚɧɞɚɪɬɧɨɟ 

ɨɬɤɥɨɧɟɧɢɟ, ɦɟɞɢɚɧɭ, ɦɨɞɭ, ɦɚɤ-

ɫɢɦɚɥɶɧɨɟ ɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟ-

ɧɢɹ, ɪɚɡɦɚɯ, ɞɨɜɟɪɢɬɟɥɶɧɵɟ ɢɧ-

ɬɟɪɜɚɥɵ ɞɥɹ ɫɪɟɞɧɟɝɨ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ ɨɩɢɫɚɬɟɥɶɧɵɟ ɫɬɚɬɢɫɬɢɤɢ. Ɂɞɟɫɶ ɠɟ ɩɪɟɞɭ-

ɫɦɨɬɪɟɧ ɲɢɪɨɤɢɣ ɜɵɛɨɪ ɤɪɢɬɟɪɢɟɜ ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɧɨɪɦɚɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

ɉɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɨɩɢɫɚɬɟɥɶɧɵɟ ɫɬɚɬɢɫɬɢɤɢ ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ ɞɥɹ ɞɚɧɧɵɯ, ɪɚɡ-

ɞɟɥɟɧɧɵɯ ɧɚ ɝɪɭɩɩɵ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɣ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɝɪɭɩɩɢɪɭɸɳɢɯ ɩɟɪɟɦɟɧɧɵɯ. 

Иɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɧɬɟɪɚɤɬɢɜɧɨɝɨ ɭɞɚɥɟɧɢɹ ɜɵɛɪɨɫɨɜ ɧɚ ɝɪɚɮɢɤɟ, ɜɵɞɟɥɟɧɢɟ ɢ 

ɦɚɪɤɢɪɨɜɤɚ ɧɟɨɛɯɨɞɢɦɵɯ ɩɨɞɦɧɨɠɟɫɬɜ ɧɚ ɝɪɚɮɢɤɟ, ɫɝɥɚɠɢɜɚɧɢɟ ɞɚɧɧɵɯ ɢ ɞɪɭɝɢɟ 

ɜɨɡɦɨɠɧɨɫɬɢ. 

Ɋɢɫ. 7.3. Ɉɫɧɨвɧɵе ɫтɚтиɫтичеɫɤие ɦɨ-
ɞɭɥи ɫиɫтеɦɵ STATISTICA 

 

 Ʉɨрреɥяɰиɨɧɧɵе ɦɚтриɰɵ (Correlation matrices). Дɚɧɧɚɹ ɝɪɭɩɩɚ ɜɤɥɸɱɚɟɬ 

ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɪɟɞɫɬɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɢɫɫɥɟɞɨɜɚɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɩɟɪɟ-

ɦɟɧɧɵɦɢ ɩɭɬɟɦ ɜɵɱɢɫɥɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɯ ɨɛɳɢɯ ɦɟɪ ɡɚɜɢɫɢɦɨɫɬɢ (ɤɨɷɮɮɢɰɢɟɧ-

ɬɨɜ ɤɨɪɪɟɥɹɰɢɢ).  

 t-ɤритерии ɞɥя ɡɚвиɫиɦɵɯ и ɧеɡɚвиɫиɦɵɯ вɵɛɨрɨɤ (t-test for independent and 

dependent samples). Эɬɚ ɝɪɭɩɩɚ ɩɪɨɰɟɞɭɪ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɩɪɨɜɟɪɤɭ ɢɫɬɢɧɧɨ-

ɫɬɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɛɥɸɞɚɟɦɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɩɭɬɟɦ 

ɜɵɩɨɥɧɟɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ ɬɟɫɬɨɜ. 

 Ɍɚɛɥиɰɵ чɚɫтɨт (Frequency tables). Ƚɪɭɩɩɚ ɩɨɡɜɨɥɹɸɬ ɫɬɪɨɢɬɶ ɬɚɛɥɢɰɵ ɱɚɫ-

ɬɨɬ ɢ ɝɢɫɬɨɝɪɚɦɦɵ ɜɵɛɪɚɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ. ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɦɨɠɧɨ 

ɪɚɡɛɢɜɚɬɶ ɧɚ ɤɥɚɫɫɵ ɢ ɝɪɭɩɩɢɪɨɜɚɬɶ ɩɪɨɢɡɜɨɥɶɧɵɦ ɨɛɪɚɡɨɦ. 
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 Ʉɚɥɶɤɭɥятɨр верɨятɧɨɫтɧɵɯ рɚɫɩреɞеɥеɧиɣ (Probability calculator). Дɚɧɧɚɹ 

ɝɪɭɩɩɚ ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɢɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɧɨɝɢɯ ɫɬɚɧɞɚɪɬɧɵɯ ɜɟɪɨɹɬɧɨɫɬɧɵɯ 

ɪɚɫɩɪɟɞɟɥɟɧɢɣ: ɧɨɪɦɚɥɶɧɨɝɨ, ɯɢ-ɤɜɚɞɪɚɬ, ɋɬɶɸɞɟɧɬɚ, F-ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɞɪ.  

 Ɇɨɞɭɥɶ Ɇɧɨɠеɫɬɜеɧɧɚя реɝреɫɫия (Multiple regression) ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɫ-

ɱɟɪɩɵɜɚɸɳɢɣ ɧɚɛɨɪ ɫɪɟɞɫɬɜ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɥɢɧɟɣɧɨɣ ɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɧɟɥɢɧɟɣ-

ɧɨɣ (ɜ ɱɚɫɬɧɨɫɬɢ, ɩɨɥɢɧɨɦɢɚɥɶɧɨɣ, ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ, ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɢ ɞɪ.) ɪɟɝ-

ɪɟɫɫɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɜɵɱɢɫɥɹɬɶ ɧɟɢɡɜɟɫɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɵɯ 

ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɪɟɝɪɟɫɫɢɨɧɧɵɯ ɦɨɞɟɥɹɯ.  

 Ɇɨɞɭɥɶ ɇеɥиɧеɣɧɨе ɨɰеɧиɜɚɧие (Nonlinear estimation) ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɨɰɟɧɢɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɵɟ ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɧɟɥɢɧɟɣɧɵɟ ɦɨɞɟɥɢ, 

ɨɫɭɳɟɫɬɜɢɬɶ ɩɨɞɝɨɧɤɭ ɤ ɧɚɛɥɸɞɚɟɦɵɦ ɞɚɧɧɵɦ ɤɪɢɜɨɣ, ɩɨ ɫɭɳɟɫɬɜɭ, ɥɸɛɨɝɨ ɬɢɩɚ. 

Вɚɠɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɞɚɧɧɨɝɨ ɦɨɞɭɥɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɩɪɨɝɪɚɦɦ ɧɟɥɢɧɟɣɧɨ-

ɝɨ ɨɰɟɧɢɜɚɧɢɹ, ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜ ɧɟɦ ɧɟ ɧɚɤɥɚɞɵɜɚɟɬɫɹ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɪɚɡɦɟɪ ɨɛ-

ɪɚɛɚɬɵɜɚɟɦɨɝɨ ɮɚɣɥɚ ɞɚɧɧɵɯ. Ɉɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɦɨɝɭɬ 

ɛɵɬɶ ɩɨɫɬɪɨɟɧɵ ɫ ɩɨɦɨɳɶɸ ɨɰɟɧɨɤ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ, ɦɟɬɨɞɚ ɦɚɤɫɢ-

ɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɢɥɢ ɡɚɞɚɧɧɨɣ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɮɭɧɤɰɢɢ ɩɨɬɟɪɶ. ɉɨɥɶɡɨɜɚ-

ɬɟɥɶ ɦɨɠɟɬ ɜɵɛɪɚɬɶ ɨɞɧɭ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɞɭɪ: ɤɜɚɡɢɧɶɸɬɨɧɨɜ-

ɫɤɢɣ ɦɟɬɨɞ, ɫɢɦɩɥɟɤɫ-ɦɟɬɨɞ ɢ ɞɪ. Кɪɨɦɟ ɬɨɝɨ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɫɚɦ ɨɩɪɟɞɟɥɢɬɶ 

ɥɸɛɨɣ ɬɢɩ ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ, ɧɚɛɪɚɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ ɜ ɪɟɞɚɤɬɨɪɟ 

ɫɢɫɬɟɦɵ. 

 Ɇɨɞɭɥɶ Ⱦиɫɩерɫиɨɧɧɵɣ ɚɧɚɥиɡ (ANOVA/MANOVA) ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟ-

ɧɢɬɶ ɫɬɟɩɟɧɶ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɢɡɦɟɪɹɟɦɵɟ ɞɚɧɧɵɟ ɢ ɜɵɞɟɥɢɬɶ 

ɫɪɟɞɢ ɧɢɯ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɟ (ɫɭɳɟɫɬɜɟɧɧɵɟ). Дɥɹ ɩɪɨɜɟɪɤɢ ɨɫɧɨɜɧɵɯ ɩɪɟɞɩɨɥɨ-

ɠɟɧɢɣ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɢɦɟɟɬɫɹ ɲɢɪɨɤɢɣ ɜɵɛɨɪ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɪɨɰɟɞɭɪ, ɜ 

ɱɚɫɬɧɨɫɬɢ ɤɪɢɬɟɪɢɢ Ɏɢɲɟɪɚ, Кɨɯɪɟɧɚ, Ȼɚɪɬɥɟɬɚ ɢ ɞɪ. 

 Ɇɨɞɭɥɶ Ɏɚɤɬɨрɧɵɣ ɚɧɚɥиɡ (Factor analysis) ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɮɚɤɬɨɪɧɵɣ 

ɚɧɚɥɢɡ, ɨɫɧɨɜɧɚɹ ɰɟɥɶ ɤɨɬɨɪɨɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɜɵɞɟɥɢɬɶ ɫɤɪɵɬɵɟ ɨɛɳɢɟ 

ɮɚɤɬɨɪɵ, ɬ.ɟ. ɜɨɡɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɨɛɴɟɤɬɚ, ɚ ɧɟ ɧɚ ɤɚɤɨɣ-ɬɨ ɨɞɢɧ ɩɚ-

ɪɚɦɟɬɪ ɢɥɢ ɝɪɭɩɩɭ. Вɵɞɟɥɹɟɦɵɟ ɨɛɳɢɟ ɮɚɤɬɨɪɵ ɨɩɪɟɞɟɥɹɸɬ ɫɜɹɡɢ ɦɟɠɞɭ ɧɚɛɥɸ-

ɞɚɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɛɴɟɤɬɚ.  

 Ɇɨɞɭɥɶ ɇеɩɚрɚмеɬричеɫɤɚя ɫɬɚɬиɫɬиɤɚ и ɩɨɞɝɨɧɤɚ рɚɫɩреɞеɥеɧия 

(Nonparametrics/Distribution) ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɪɚɜɧɢɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɛɥɸɞɚɟ-

ɦɵɯ ɜɟɥɢɱɢɧ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɪɚɡɥɢɱɧɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ. 

Иɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɨɝɧɚɬɶ ɤ ɞɚɧɧɵɦ ɧɨɪɦɚɥɶɧɨɟ, ɥɨɝɧɨɪɦɚɥɶɧɨɟ, ɷɤɫɩɨɧɟɧɰɢ-
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ɚɥɶɧɨɟ, ɯɢ-ɤɜɚɞɪɚɬ, ɩɭɚɫɫɨɧɨɜɫɤɨɟ ɢ ɞɪ. ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Ɍɨɱɧɨɫɬɶ ɩɨɞɝɨɧɤɢ ɨɰɟɧɢ-

ɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɪɚɡɥɢɱɧɵɯ ɤɪɢɬɟɪɢɟɜ (ɯɢ-ɤɜɚɞɪɚɬ, Кɨɥɦɨɝɨɪɨɜɚ–ɋɦɢɪɧɨɜɚ ɢ ɞɪ.).  

 Ɇɨɞɭɥɶ Аɧɚɥиɡ ɜремеɧɧɵх ряɞɨɜ и ɩрɨɝɧɨɡирɨɜɚɧие (Time 

Series/Forecasting) ɩɨɡɜɨɥɹɟɬ ɫɬɪɨɢɬɶ ɦɨɞɟɥɶ, ɨɩɢɫɵɜɚɸɳɭɸ ɪɹɞ ɞɚɧɧɵɯ, ɫɝɥɚɞɢɬɶ 

ɟɝɨ, ɫɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɛɭɞɭɳɢɟ ɡɧɚɱɟɧɢɹ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ ɧɚ ɨɫɧɨɜɟ ɧɚɛɥɸɞɚɟɦɵɯ 

ɞɨ ɞɚɧɧɨɝɨ ɦɨɦɟɧɬɚ, ɩɨɫɬɪɨɢɬɶ ɪɟɝɪɟɫɫɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɞɧɨɝɨ ɪɹɞɚ ɨɬ ɞɪɭɝɨɝɨ, 

ɩɪɨɜɟɫɬɢ ɫɩɟɤɬɪɚɥɶɧɵɣ ɢɥɢ Ɏɭɪɶɟ-ɚɧɚɥɢɡ ɪɹɞɚ ɢ ɬ.ɞ. Ɇɨɞɭɥɶ ɬɚɤɠɟ ɜɤɥɸɱɚɟɬ ɩɪɨ-

ɰɟɞɭɪɵ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ. 

 Вɨɡɦɨɠɧɨɫɬɢ ɫɢɫɬɟɦɵ STATISTICA ɞɚɥɟɤɨ ɧɟ ɢɫɱɟɪɩɵɜɚɸɬɫɹ ɩɟɪɟɱɢɫɥɟɧɧɵ-

ɦɢ ɜɵɲɟ ɦɨɞɭɥɹɦɢ. Кɪɨɦɟ ɧɢɯ, ɫɢɫɬɟɦɚ ɫɨɞɟɪɠɢɬ ɪɹɞ ɦɨɞɭɥɟɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ 

ɞɥɹ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɝɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɤɨɬɨɪɵɯ 

ɧɚ ɩɪɚɤɬɢɤɟ ɜɨɡɧɢɤɚɟɬ ɤɪɚɣɧɟ ɪɟɞɤɨ. 

 

7.3.6. ɋɬрɭɤɬɭрɚ ɞиɚɥɨɝɚ ɩɨɥɶɡɨɜɚɬеɥя ɜ ɫиɫɬеме STATISTICA 

 

 ɋɬɪɭɤɬɭɪɚ ɞɢɚɥɨɝɚ ɩɨɥɶɡɨɜɚɬɟɥɹ ɜ ɤɚɠɞɨɦ ɫɬɚɬɢɫɬɢɱɟɫɤɨɦ ɦɨɞɭɥɟ ɢɦɟɟɬ ɨɛ-

ɳɢɟ ɱɟɪɬɵ: 

1) ɩɨɫɥɟ ɜɵɛɨɪɚ ɢɡ ɩɟɪɟɤɥɸɱɚɬɟɥɹ ɦɨɞɭɥɟɣ (ɪɢɫ. 7.3) ɨɬɤɪɵɜɚɟɬɫɹ ɫɬɚɪɬɨɜɚɹ ɩɚ-

ɧɟɥɶ ɜɵɛɪɚɧɧɨɝɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɦɨɞɭɥɹ; 

2) ɞɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɤɪɵɬɶ ɮɚɣɥ ɞɚɧɧɵɯ ɢ ɜɵɛɪɚɬɶ ɩɟɪɟɦɟɧɧɵɟ ɞɥɹ ɚɧɚɥɢɡɚ ɢɡ 

ɨɬɤɪɵɬɨɝɨ ɮɚɣɥɚ; 

3) ɡɚɬɟɦ ɜɵɛɢɪɚɸɬɫɹ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɢ ɤɨɧɤɪɟɬɧɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɩɪɨɰɟɞɭɪɚ ɫ ɫɨ-

ɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɪɚɫɱɟɬɚ ɢɡ ɦɟɧɸ ɜ ɫɬɚɪɬɨɜɨɣ ɩɚɧɟɥɢ ɦɨɞɭɥɹ;  

4) ɞɚɥɟɟ ɡɚɩɭɫɤɚɟɬɫɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɩɪɨɰɟɞɭɪɚ. ȿɫɥɢ ɩɪɨɰɟɞɭɪɚ ɢɬɟɪɚɰɢɨɧɧɚɹ, ɬɨ 

ɫɢɫɬɟɦɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɩɪɨɫɦɨɬɪɟɬɶ ɪɟɡɭɥɶɬɚɬɵ ɜ ɩɨɹɜɢɜ-

ɲɟɦɫɹ ɧɚ ɷɤɪɚɧɟ ɨɤɧɟ ɢ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɞɨɛɚɜɢɬɶ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɞɥɹ ɭɜɟɥɢ-

ɱɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɰɟɧɨɤ; 

5) ɢɫɩɨɥɶɡɭɹ ɝɪɚɮɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɫɩɟɰɢɚɥɶɧɵɟ ɬɚɛɥɢɰɵ ɜɵɜɨɞɚ ɫ ɜɵɱɢɫ-

ɥɟɧɧɵɦɢ ɪɚɡɧɨɨɛɪɚɡɧɵɦɢ ɫɬɚɬɢɫɬɢɤɚɦɢ, ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɜɫɟɫɬɨɪɨɧɧɢɣ ɩɪɨ-

ɫɦɨɬɪ ɢ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ; 

6) ɜɵɛɢɪɚɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɲɚɝ ɚɧɚɥɢɡɚ. 

В ɫɥɨɠɧɨɦ ɩɪɨɟɤɬɟ ɫɥɟɞɭɟɬ ɪɚɛɨɬɚɬɶ ɫ ɪɚɡɥɢɱɧɵɦɢ ɦɨɞɭɥɹɦɢ, ɩɨɫɥɟɞɨɜɚ-

ɬɟɥɶɧɨ ɩɟɪɟɤɥɸɱɚɹɫɶ ɦɟɠɞɭ ɧɢɦɢ. 
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7.3.7. ɉримерɵ иɫɩɨɥɶɡɨɜɚɧия ɫиɫɬемɵ STATISTICA 

Ɋɚɫчет ɨɫɧɨвɧɵɯ ɯɚрɚɤтериɫтиɤ ɫɥɭчɚɣɧɵɯ веɥичиɧ 

 

 Ɂɚɩɭɫɤɚɟɦ ɫɢɫɬɟɦɭ STATISTICA ɢ ɜɵɛɢɪɚɟɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɦɨɞɭɥɶ Basic 

Statistics/Tables (Ɉɫɧɨвɧɵе ɫтɚтиɫтиɤи и тɚɛɥиɰɵ). ɋɨɡɞɚɟɦ ɧɨɜɵɣ ɮɚɣɥ ɢɫɯɨɞ-

ɧɵɯ ɞɚɧɧɵɯ, ɜɵɛɢɪɚɹ ɢɡ ɦɟɧɸ ɩɭɧɤɬ File/New data, ɢ ɩɪɢɫɜɚɢɜɚɟɦ ɟɦɭ ɩɪɨɢɡɜɨɥɶɧɨɟ 

ɢɦɹ, ɧɚɩɪɢɦɟɪ exampl1.sta.  

 Иɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɚɧɚɥɢɡɚ ɜɨɡɶɦɟɦ ɢɡ ɩɪɢɦɟɪɚ 3.8, ɜ ɤɨɬɨɪɨɦ ɩɪɢɜɟɞɟɧɵ 

ɪɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ 50 ɩɪɨɛ ɩɟɪɟɞɟɥɶɧɨɝɨ ɱɭɝɭɧɚ ɧɚ ɩɪɟɞɦɟɬ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɢɯ 

ɤɪɟɦɧɢɹ (ɬɚɛɥ. 3.7). Ɂɚɩɨɥɧɢɦ ɬɚɛɥɢɰɭ ɜ ɫɢɫɬɟɦɟ STATISTICA ɫ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵ-

ɦɢ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 7.4. Дɥɹ ɷɬɨɝɨ ɫɨɡɞɚɟɦ ɞɜɟ ɩɟɪɟɦɟɧɧɵɟ: ɩɟɪɜɚɹ ɫɨɞɟɪɠɢɬ 

ɧɨɦɟɪ ɩɪɨɛɵ ɱɭɝɭɧɚ (N_ɉɊɈȻɕ), ɜɬɨɪɚɹ – ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɪɟɦɧɢɹ ɜ ɱɭɝɭɧɟ 

ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɪɨɛɵ (SI_%). Ɋɚɡɦɟɪ ɬɚɛɥɢɰɵ ɜ ɫɢɫɬɟɦɟ ɩɨ ɭɦɨɥɱɚɧɢɸ ɩɪɢ-

ɧɹɬ 10 ɧɚ 10 (10 ɩɟɪɟɦɟɧɧɵɯ ɫ ɢɦɟɧɚɦɢ VAR1, VAR2, …, VAR10 ɢ 10 ɫɥɭɱɚɟɜ). Чɬɨɛɵ 

ɢɡɦɟɧɢɬɶ ɢɦɹ ɩɟɪɟɦɟɧɧɨɣ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɩɭɧɤɬ ɦɟɧɸ Edit/Variables/Current 

Specs ɢɥɢ ɧɚɠɚɬɶ ɤɨɦɛɢɧɚɰɢɸ ɤɥɚɜɢɲ [Ctrl]+[F2], ɚ ɡɚɬɟɦ ɜ ɞɢɚɥɨɝɟ ɭɤɚɡɚɬɶ ɧɭɠɧɨɟ 

ɢɦɹ.  

Ɋɢɫ.7.4. В рɚɛɨчеɦ ɨɤɧе ɫиɫтеɦɵ STATISTICA рɚɫɩɨɥɨɠеɧ ɮɚɣɥ 
 ɫ иɫɯɨɞɧɵɦи ɞɚɧɧɵɦи ɫɨɞерɠɚɧия ɤреɦɧия в чɭɝɭɧе 
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 ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɩɨɞɝɨɬɨɜɥɟɧ ɮɚɣɥ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɜɵɛɢɪɚɟɦ ɩɭɧɤɬ ɦɟɧɸ 

Analysis/Descriptive Statistics (Ɉɩиɫɚтеɥɶɧɚя ɫтɚтиɫтиɤɚ). В ɩɨɹɜɢɜɲɟɦɫɹ ɞɢɚɥɨɝɨ-

ɜɨɦ ɨɤɧɟ, ɜɢɞ ɤɨɬɨɪɨɝɨ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 7.5, ɫɥɟɞɭɟɬ ɜɵɛɪɚɬɶ ɩɟɪɟɦɟɧɧɭɸ ɞɥɹ ɚɧɚɥɢ-

ɡɚ ɧɚɠɚɬɢɟɦ ɤɧɨɩɤɢ Variables. Ɇɵ ɜɵɛɪɚɥɢ ɩɟɪɟɦɟɧɧɭɸ, ɫɨɞɟɪɠɚɳɭɸ ɞɚɧɧɵɟ ɨ ɩɪɨ-

ɰɟɧɬɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɤɪɟɦɧɢɹ ɜ ɱɭɝɭɧɟ, ɢɦɹ ɜɵɛɪɚɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɨɬɪɚɠɚɟɬɫɹ ɪɹ-

ɞɨɦ ɫ ɤɧɨɩɤɨɣ Variables. Дɢɚɥɨɝ Ɉɩиɫɚтеɥɶɧɚя ɫтɚтиɫтиɤɚ ɩɨɡɜɨɥɹɟɬ: 

− ɜɵɱɢɫɥɢɬɶ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɜɵɛɨɪɨɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (Statistics): 

Median&quartiles – ɦɟɞɢɚɧɚ ɢ ɤɜɚɪɬɢɥɢ, Conf. Limits for means – ɞɨɜɟɪɢɬɟɥɶɧɵɟ 

ɝɪɚɧɢɰɵ ɞɥɹ ɫɪɟɞɧɟɝɨ. В ɫɬɪɨɤɟ Alpha error ɦɨɠɧɨ ɡɚɞɚɬɶ ɬɪɟɛɭɟɦɵɣ ɭɪɨɜɟɧɶ 

ɡɧɚɱɢɦɨɫɬɢ. ɇɚɩɨɦɧɢɦ, ɱɬɨ ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ – ɷɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɧɟɩɪɚɜɢɥɶɧɨɝɨ 

ɨɬɜɟɪɠɟɧɢɹ ɝɢɩɨɬɟɡɵ, ɤɨɝɞɚ ɨɧɚ ɜɟɪɧɚ (ɩɨɞɪɨɛɧɟɟ ɫɦ. ɩ. 3.3). Ȼɨɥɟɟ ɪɚɫɲɢɪɟɧ-

ɧɵɣ ɧɚɛɨɪ ɫɬɚɬɢɫɬɢɤ ɞɥɹ ɪɚɫɱɟɬɚ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɧɚɠɚɬɢɟɦ ɤɧɨɩɤɢ More statistics 

(ɪɢɫ. 7.6): Mean – ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ, Sum – ɫɭɦɦɚ, Median – ɦɟɞɢɚɧɚ, 

Standard Deviation – ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ, Variance – ɞɢɫɩɟɪɫɢɹ, 

Minimum&maximum – ɦɢɧɢɦɭɦ ɢ ɦɚɤɫɢɦɭɦ, Range – ɪɚɡɦɚɯ, ɬ.ɟ. ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ 

ɦɚɤɫɢɦɭɦɨɦ ɢ ɦɢɧɢɦɭɦɨɦ, Skewness – ɤɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ, Kurtosis – ɤɨ-

ɷɮɮɢɰɢɟɧɬ ɷɤɫɰɟɫɫɚ:  
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− ɩɨɫɬɪɨɢɬɶ ɞɥɹ ɜɵɛɨɪɤɢ ɬɚɛɥɢɰɭ ɱɚɫɬɨɬ 

(Frequency Tables) ɢ ɝɢɫɬɨɝɪɚɦɦɭ ɱɚɫɬɨɬ 

(Histograms); ɨɬɦɟɬɢɜ ɩɭɧɤɬ Normal 

expected frequencies, ɦɨɠɧɨ ɧɚɧɟɫɬɢ ɧɚ ɝɢɫ-

ɬɨɝɪɚɦɦɭ ɤɪɢɜɭɸ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɹ ɢ ɜɢɡɭɚɥɶɧɨ ɨɰɟɧɢɬɶ ɫɨɨɬɜɟɬɫɬɜɢɟ ɢɫ-

ɯɨɞɧɵɯ ɞɚɧɧɵɯ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ; 

− ɩɪɨɜɟɪɢɬɶ ɝɢɩɨɬɟɡɭ ɨ ɧɨɪɦɚɥɶɧɨɫɬɢ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ ɧɚɛɥɸɞɚɟɦɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟ-

ɥɢɱɢɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɪɢɬɟɪɢɹ Кɨɥɦɨ-

ɝɨɪɨɜɚ–ɋɦɢɪɧɨɜɚ, ɜɵɛɢɪɚɹ ɟɝɨ ɜ ɪɚɡɞɟɥɟ 

Distribution. 

 Дɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɦɟɟɬɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɝɪɚ-

ɮɢɤɨɜ, ɜɵɡɵɜɚɟɦɵɯ ɧɚɠɚɬɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɟɣ ɤɧɨɩɤɢ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɷɤɪɚɧɚ. 

Ɋɢɫ.7.6. Ɇеɧɸ ɋтɚтиɫтиɤи 

 Ɋɟɡɭɥɶɬɚɬɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜɵɜɨɞɹɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɨɟ ɨɤɧɨ. Дɥɹ ɞɚɧ-

ɧɵɯ ɢɡ ɩɪɢɦɟɪɚ ɜɢɞ ɨɤɧɚ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 7.7, ɢɡ ɤɨɬɨɪɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ 

ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ (ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ) ɫɨɞɟɪɠɚɧɢɹ ɤɪɟɦɧɢɹ ɜ ɱɭɝɭɧɟ 

ɫɨɫɬɚɜɥɹɟɬ 0,6504%; ɜɵɛɨɪɨɱɧɚɹ ɞɢɫɩɟɪɫɢɹ 0,0185%; ɦɚɤɫɢɦɚɥɶɧɨɟ ɢ ɦɢɧɢɦɚɥɶɧɨɟ 

ɡɧɚɱɟɧɢɹ ɪɚɜɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 0,32 ɢ 0,95%; ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɪɟɦɧɢɹ 

ɜ ɱɭɝɭɧɟ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 95% ɥɟɠɢɬ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 0,6117 ɞɨ 0,6891%. Ɂɚɦɟɬɢɦ, ɱɬɨ 

ɷɬɢ ɞɚɧɧɵɟ ɛɥɢɡɤɢ ɤ ɪɟɡɭɥɶɬɚɬɚɦ, ɩɨɥɭɱɟɧɧɵɦ ɪɚɧɟɟ ɜ ɩɪɢɦɟɪɟ 3.8 ɫ ɩɨɦɨɳɶɸ ɩɚɤɟ-

ɬɚ Microsoft Excel, ɧɟɛɨɥɶɲɢɟ ɪɚɫɯɨɠɞɟɧɢɹ ɨɛɴɹɫɧɹɸɬɫɹ ɬɨɱɧɨɫɬɶɸ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɪɟɡɭɥɶɬɚɬɨɜ. 

 

 

 

 

 
Ɋɢɫ.7.7. Виɞ ɨɤɧɚ ɫ реɡɭɥɶтɚтɚɦи рɚɫчетɚ ɫтɚтиɫтиɤ иɡ ɩриɦерɚ 3.8 
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ɉрɨверɤɚ ɧɨрɦɚɥɶɧɨɫти рɚɫɩреɞеɥеɧия 

 

 ɉɪɨɜɟɪɢɦ ɝɢɩɨɬɟɡɭ ɨ ɧɨɪɦɚɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɵɯ ɢɡ ɩɪɢɦɟɪɚ. Дɥɹ 

ɷɬɨɝɨ ɜ ɨɤɧɟ ɞɢɚɥɨɝɚ Ɉɩиɫɚтеɥɶɧɵе ɫтɚтиɫтиɤи, ɩɨɤɚɡɚɧɧɨɝɨ ɧɚ ɪɢɫ. 7.5, ɨɬɦɟɬɢɦ 

ɦɵɲɶɸ ɩɭɧɤɬ K-S test and Lilliefors test normality (Ɍеɫт Ʉɨɥɦɨɝɨрɨвɚ–ɋɦирɧɨвɚ ɞɥя 

ɩрɨверɤи ɧɨрɦɚɥɶɧɨɫти) ɢ ɧɚɠɦɟɦ ɤɧɨɩɤɭ Histograms. В ɪɟɡɭɥɶɬɚɬɟ ɧɚ ɷɤɪɚɧɟ ɩɨɹ-

ɜɢɬɫɹ ɨɤɧɨ (ɪɢɫ. 7.8), ɧɚ ɤɨɬɨɪɨɦ ɢɡɨɛɪɚɠɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ ɩɟɪɟɦɟɧɧɨɣ SI_% ɢ ɞɨ-

ɩɨɥɧɢɬɟɥɶɧɨ ɧɚɧɟɫɟɧɚ ɥɢɧɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. В ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɝɢɫɬɨ-

ɝɪɚɦɦɵ ɩɨɤɚɡɚɧ ɪɚɫɫɱɢɬɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɬɟɫɬɚ Кɨɥɦɨɝɨɪɨɜɚ – ɋɦɢɪɧɨɜɚ – ɤɪɢɬɟɪɢɣ 

D (ɫɦ. ɩ. 3.6).  

 

K-S d=,036 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Ɋɢɫ.7.8. Ƚиɫтɨɝрɚɦɦɚ рɚɫɩреɞеɥеɧия ɫɨɞерɠɚɧия ɤреɦɧия в чɭɝɭɧе ɫ 
 реɡɭɥɶтɚтɚɦи ɩрɨверɤи ɝиɩɨтеɡɵ ɨ ɧɨрɦɚɥɶɧɨɫти рɚɫɩреɞеɥеɧия  

 

ɇɚɩɨɦɧɢɦ, ɱɬɨ ɤɪɢɬɟɪɢɣ D ɧɚɡɵɜɚɟɬɫɹ ɤɪɢɬɟɪɢɟɦ ɫɨɝɥɚɫɢɹ, ɩɨɫɤɨɥɶɤɭ ɨɧ ɩɪɨ-

ɜɟɪɹɟɬ, ɜ ɤɚɤɨɣ ɫɬɟɩɟɧɢ ɧɚɛɥɸɞɚɟɦɵɟ ɡɧɚɱɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 

ɮɭɧɤɰɢɟɣ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ: ɱɟɦ ɦɟɧɶɲɟ ɜɟɥɢɱɢɧɚ D, ɬɟɦ ɜ ɦɟɧɶɲɟɣ 

ɫɬɟɩɟɧɢ ɷɦɩɢɪɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 

ɧɨɪɦɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. В ɧɚɲɟɦ ɫɥɭɱɚɟ ɤɪɢɬɟɪɢɣ D=0,07934, ɫɥɟɞɨ-

ɜɚɬɟɥɶɧɨ, ɝɢɩɨɬɟɡɚ ɨ ɧɨɪɦɚɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɵɯ ɨ ɫɨɞɟɪɠɚɧɢɢ ɤɪɟɦɧɢɹ ɜ 
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ɱɭɝɭɧɟ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ. В ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɫɢɫɬɟɦɚ ɜɵɞɚɥɚ ɛɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 

ɫɨɨɛɳɟɧɢɟ ɢ ɜɵɞɟɥɢɥɚ ɛɵ ɞɚɧɧɵɣ ɤɪɢɬɟɪɢɣ ɨɬɥɢɱɢɬɟɥɶɧɵɦ ɰɜɟɬɨɦ. 

 

Ɋеɝреɫɫиɨɧɧɵɣ ɚɧɚɥиɡ 

 

 ɉɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦɵ STATISTICA ɞɥɹ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɪɚɫɫɦɨɬɪɢɦ ɧɚ 

ɩɪɢɦɟɪɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɡɚɢɦɨɫɜɹɡɢ ɫɪɟɞɧɟɦɟɫɹɱɧɨɝɨ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɤɨɤɫɚ ɢ ɫɨ-

ɨɬɜɟɬɫɬɜɭɸɳɟɣ ɜɟɥɢɱɢɧɵ ɭɞɟɥɶɧɨɝɨ ɜɵɯɨɞɚ ɲɥɚɤɚ ɩɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ ɨɞɧɨɣ ɢɡ ɞɨ-

ɦɟɧɧɵɯ ɩɟɱɟɣ ɈАɈ "Ɇɚɝɧɢɬɨɝɨɪɫɤɢɣ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ ɤɨɦɛɢɧɚɬ" (ɈАɈ ɆɆК), ɤɨɬɨ-

ɪɵɟ ɨɬɪɚɠɟɧɵ ɜ ɬɚɛɥ. 7.3. ɇɚɩɨɦɧɢɦ, ɱɬɨ ɡɚɞɚɱɚ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɫɨɫɬɨɢɬ ɜ 

ɬɨɦ, ɱɬɨɛɵ ɩɨ ɧɚɛɥɸɞɟɧɢɹɦ ɜɯɨɞɧɵɯ (X) ɢ ɜɵɯɨɞɧɵɯ (Y) ɩɚɪɚɦɟɬɪɨɜ: 

− ɩɨɫɬɪɨɢɬɶ ɪɟɝɪɟɫɫɢɨɧɧɭɸ ɦɨɞɟɥɶ (ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ), ɬ.ɟ. ɨɰɟɧɢɬɶ ɩɚɪɚɦɟɬɪɵ 

ɦɨɞɟɥɢ (ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ) ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ; 

− ɩɨɫɬɪɨɢɬɶ ɞɨɜɟɪɢɬɟɥɶɧɵɟ ɢɧɬɟɪɜɚɥɵ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɨɞɟɥɢ; 

− ɩɪɨɜɟɪɢɬɶ ɝɢɩɨɬɟɡɭ ɨ ɡɧɚɱɢɦɨɫɬɢ ɪɟɝɪɟɫɫɢɢ; 

− ɨɰɟɧɢɬɶ ɫɬɟɩɟɧɶ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɨɞɟɥɢ ɢ ɬ.ɞ. 

Иɡ ɬɟɨɪɢɢ ɞɨɦɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɪɚɫɯɨɞɚ ɤɨɤɫɚ ɡɚɜɢɫɢɬ 

ɨɬ ɜɵɯɨɞɚ ɲɥɚɤɚ, ɚ ɧɟ ɧɚɨɛɨɪɨɬ. ɉɨɷɬɨɦɭ ɡɚɜɢɫɢɦɨɣ ɩɟɪɟɦɟɧɧɨɣ Y ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ 

ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɤɨɤɫɚ, ɚ ɧɟɡɚɜɢɫɢɦɨɣ ɩɟɪɟɦɟɧɧɨɣ X – ɜɟɥɢɱɢɧɚ ɭɞɟɥɶ-

ɧɨɝɨ ɜɵɯɨɞɚ ɲɥɚɤɚ. Ɋɟɝɪɟɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ ɛɭɞɟɦ ɩɪɨɜɨɞɢɬɶ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ. 

Ɍɚɛɥɢɰɚ 7.3 

Ɏɚɤɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨ ɪɚɫɯɨɞɟ ɤɨɤɫɚ (К) ɢ 

ɜɵɯɨɞɟ ɲɥɚɤɚ (ɒ) ɧɚ ɨɞɧɨɣ ɢɡ ɞɨɦɟɧɧɵɯ ɩɟɱɟɣ ɈАɈ ɆɆК 

№ 

ɩ/ɩ 

К, 

ɤɝ/ɬ 

ɱɭɝɭɧɚ 

ɒ, 

ɤɝ/ɬ 

ɱɭɝɭɧɚ 

№ 

ɩ/ɩ 

К, 

ɤɝ/ɬ 

ɱɭɝɭɧɚ 

ɒ, 

ɤɝ/ɬ 

ɱɭɝɭɧɚ 

№ 

ɩ/ɩ 

К, 

ɤɝ/ɬ 

ɱɭɝɭɧɚ 

ɒ, 

ɤɝ/ɬ 

ɱɭɝɭɧɚ 

1 2 3 1 2 3 1 2 3 

1 391 250 31 403 241 61 393 251 

2 438 268 32 440 277 62 418 252 

3 408 260 33 416 253 63 426 270 

4 399 244 34 445 294 64 412 260 

5 424 272 35 384 249 65 419 277 

6 425 279 36 435 263 66 433 274 
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Ɉɤɨɧчɚɧие тɚɛɥ. 7.3

1 2 3 1 2 3 1 2 3 

7 395 243 37 389 254 67 387 245 

8 408 269 38 406 252 68 451 291 

9 425 262 39 384 238 69 398 253 

10 384 241 40 399 240 70 403 244 

11 424 267 41 419 256 71 425 259 

12 403 239 42 418 261 72 382 225 

13 409 242 43 398 262 73 397 244 

14 416 270 44 421 270 74 449 280 

15 410 254 45 398 257 75 385 256 

16 392 256 46 398 250 76 385 228 

17 403 244 47 438 271 77 386 218 

18 377 239 48 437 280 78 418 253 

19 419 262 49 411 264 79 408 256 

20 382 251 50 406 250 80 442 270 

21 430 267 51 409 269 81 406 243 

22 406 258 52 391 242 82 413 259 

23 379 240 53 399 252 83 436 266 

24 420 251 54 435 273 84 384 242 

25 389 256 55 420 260 85 429 275 

26 411 253 56 416 261 86 392 237 

27 419 275 57 420 276 87 390 259 

28 413 272 58 386 242 88 427 262 

29 392 235 59 390 220 89 398 242 

30 418 257 60 427 258 90 445 280 

 

 1. Вɨɫɩɨɥɶɡɭɟɦɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɨɞɭɥɟɦ Nonlinear estimation (ɇеɥиɧеɣɧɨе 

ɨɰеɧивɚɧие), ɜ ɤɨɬɨɪɨɦ ɫɨɡɞɚɞɢɦ ɧɨɜɵɣ ɮɚɣɥ exampl2.sta ɢ ɡɚɧɟɫɟɦ ɜ ɧɟɝɨ ɞɚɧɧɵɟ 

ɢɡ ɬɚɛɥ. 7.3. ɇɚ ɪɢɫ. 7.9 ɩɨɤɚɡɚɧ ɮɚɣɥ ɫ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ. ɉɟɪɟɦɟɧɧɵɟ, ɫɨɞɟɪ-

ɠɚɳɢɟ ɞɚɧɧɵɟ ɨɛ ɭɞɟɥɶɧɵɯ ɪɚɫɯɨɞɟ ɤɨɤɫɚ ɢ ɜɵɯɨɞɟ ɲɥɚɤɚ, ɨɛɨɡɧɚɱɟɧɵ ɫɨɨɬɜɟɬɫɬ-

ɜɟɧɧɨ KOKS ɢ SLAG.  
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 2. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɜ ɫɢɫɬɟɦɟ STATISTICA ɥɭɱɲɟ 

ɜɫɟɝɨ ɧɚɱɢɧɚɬɶ ɫ ɜɢɡɭɚɥɶɧɨɣ ɨɰɟɧɤɢ ɩɨɥɨɠɟɧɢɹ 

ɞɚɧɧɵɯ ɩɪɢ ɩɨɦɨɳɢ ɪɚɡɥɢɱɧɵɯ ɝɪɚɮɢɱɟɫɤɢɯ 

ɫɪɟɞɫɬɜ. ɉɨɫɤɨɥɶɤɭ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɢɡɭɱɚɟɬɫɹ 

ɡɚɜɢɫɢɦɨɫɬɶ ɬɢɩɚ Y=f(X), ɬɨ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɩɨ-

ɞɨɣɞɟɬ ɞɜɭɦɟɪɧɵɣ ɝɪɚɮɢɤ Scatterplots ɢɡ ɦɟɧɸ 

Graphs/Stats 2D Graphs. В ɩɨɹɜɢɜɲɟɦɫɹ ɞɢɚɥɨ-

ɝɨɜɨɦ ɨɤɧɟ (ɪɢɫ. 7.10) ɜɵɛɢɪɚɟɦ ɩɟɪɟɦɟɧɧɵɟ X 

ɢ Y ɧɚɠɚɬɢɟɦ ɤɧɨɩɤɢ Variables. Иɦɟɧɚ ɜɵɛɪɚɧ-

ɧɵɯ ɩɟɪɟɦɟɧɧɵɯ Var X (SLAG) ɢ Var Y (KOKS) 

ɨɬɨɛɪɚɠɚɸɬɫɹ ɜ ɨɤɧɟ ɞɢɚɥɨɝɚ. В ɷɬɨɦ ɨɤɧɟ ɞɨ-

ɩɨɥɧɢɬɟɥɶɧɨ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɬɢɩ ɝɪɚɮɢɤɚ 

(Graph Type) – Regular, ɦɨɞɟɥɶ ɨɰɟɧɢɜɚɧɢɹ (FIT) 

– ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɜɵɛɟɪɟɦ Off, ɫɬɢɥɶ ɝɪɚɮɢɤɚ 

(Style) – Normal, ɜɟɥɢɱɢɧɭ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧ-

ɬɟɪɜɚɥɚ ɢ ɬ.ɞ. ɉɨɫɥɟ ɧɚɠɚɬɢɹ ɤɧɨɩɤɢ OK ɧɚ ɷɤ-

ɪɚɧɟ ɜ ɨɬɞɟɥɶɧɨɦ ɨɤɧɟ ɩɨɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɧɵɣ 

ɝɪɚɮɢɤ. 

 3. Иɡ ɚɧɚɥɢɡɚ ɧɚɛɥɸɞɟɧɢɣ ɩɨɥɨɠɟɧɢɹ 

ɞɚɧɧɵɯ ɧɚ ɝɪɚɮɢɤɟ ɞɟɥɚɟɦ ɜɵɜɨɞ ɨ ɩɪɢɝɨɞɧɨɫɬɢ ɞɥɹ ɨɰɟɧɢɜɚɧɢɹ ɩɨɥɢɧɨɦɢɚɥɶɧɨɣ 

ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɦɨɞɟɥɢ. Ɉɬɦɟɬɢɦ ɜ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ (ɪɢɫ. 7.10) ɦɨɞɟɥɶ ɨɰɟɧɢɜɚɧɢɹ 

Polynomial ɢ ɧɚɠɦɟɦ ɤɧɨɩɤɭ ɈК. В ɪɟɡɭɥɶɬɚɬɟ ɩɨɹɜɢɬɫɹ ɨɬɞɟɥɶɧɨɟ ɨɤɧɨ ɫ ɝɪɚɮɢɤɨɦ, ɜ 

ɤɨɬɨɪɨɦ ɧɚ ɬɨɱɟɱɧɵɟ ɞɚɧɧɵɟ ɧɚɧɟɫɟɧɚ ɤɪɢɜɚɹ, ɩɨɞɨɛɪɚɧɧɚɹ ɩɨ ɦɟɬɨɞɭ ɧɚɢɦɟɧɶɲɢɯ 

ɤɜɚɞɪɚɬɨɜ ɢ ɨɩɢɫɵɜɚɟɦɚɹ ɦɧɨɝɨɱɥɟɧɨɦ 5-ɝɨ ɩɨɪɹɞɤɚ (ɪɢɫ. 7.11). ɍɪɚɜɧɟɧɢɟ ɦɧɨɝɨ-

ɱɥɟɧɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɡɚɝɨɥɨɜɤɟ ɝɪɚɮɢɤɚ ɢ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

Ɋɢɫ. 7.9. Ɏɚɣɥ иɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
ɞɥя реɝреɫɫиɨɧɧɨɝɨ ɚɧɚɥиɡɚ 
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Ɋɢɫ.7.10. Ɉɤɧɨ ɩɨɫтрɨеɧия ɝрɚɮиɤɨв ɞɥя ɩɨɞɝɨɧɤи ɦɨɞеɥи ɨɰеɧивɚɧия 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ.7.11. ɉɨɥиɧɨɦиɚɥɶɧɚя ɤривɚя 5-ɝɨ ɩɨряɞɤɚ, рɚɫɫчи-
тɚɧɧɚя ɩɨ ɦетɨɞɭ ɧɚиɦеɧɶɲиɯ ɤвɚɞрɚтɨв 
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 4. Дɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɟɝɪɟɫɫɢɨɧɧɭɸ ɦɨɞɟɥɶ, ɢɡ ɝɥɚɜɧɨɝɨ ɦɟɧɸ 

ɫɢɫɬɟɦɵ Analysis (Аɧɚɥиɡ) ɜɵɛɢɪɚɟɦ ɩɭɧɤɬ User-specified regression (Ɉɩреɞеɥяеɦɚя 

ɩɨɥɶɡɨвɚтеɥеɦ реɝреɫɫия). ɇɚ ɷɤɪɚɧɟ ɩɨɹɜɥɹɟɬɫɹ ɧɚɱɚɥɶɧɨɟ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ (ɪɢɫ. 

7.12), ɜ ɤɨɬɨɪɨɦ ɧɚɠɚɬɢɟɦ ɤɧɨɩɤɢ function to be estimated & loss function (ɮɭɧɤɰия 

ɨɰеɧивɚɧия и ɮɭɧɤɰия ɩɨтерɶ) ɦɨɠɧɨ ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥ ɡɚɞɚɬɶ ɮɭɧɤɰɢɸ, ɤɨɬɨɪɭɸ 

ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ ɮɭɧɤɰɢɸ ɩɨɬɟɪɶ.  

 

Ɋɢɫ. 7.12. ɇɚчɚɥɶɧɨе ɨɤɧɨ ɞиɚɥɨɝɚ ɩɨ ɨɰеɧɤе ɩɚрɚɦетрɨв  
ɨɩреɞеɥяеɦɨɣ ɩɨɥɶɡɨвɚтеɥеɦ реɝреɫɫиɨɧɧɨɣ ɤривɨɣ 

 

 

 

 

 

 

 

 

Ɋɚɫɫɦɨɬɪɢɦ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɭɞɟɥɶɧɵɦ 

ɪɚɫɯɨɞɨɦ ɤɨɤɫɚ (KOKS) ɢ ɭɞɟɥɶɧɵɦ ɜɵɯɨɞɨɦ ɲɥɚɤɚ (SLAG) ɜ ɜɢɞɟ ɩɨɥɢɧɨɦɚ 3-ɣ 

ɫɬɟɩɟɧɢ: 

KOKS=b0+b1*SLAG+b2*SLAG2+ b3*SLAG3. 

Ɏɭɧɤɰɢɹ ɩɨɬɟɪɶ ɩɨ ɭɦɨɥɱɚɧɢɸ ɡɚɞɚɟɬɫɹ ɜ ɜɢɞɟ ɤɜɚɞɪɚɬɚ ɨɬɤɥɨɧɟɧɢɹ ɧɚɛɥɸɞɚɟɦɵɯ 

ɨɬ ɩɪɟɞɫɤɚɡɚɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɦɨɞɟɥɢ ɡɧɚɱɟɧɢɣ (OBS-PRED)2. 

 5. ɇɚɠɚɬɢɟ ɤɥɚɜɢɲɢ ɈК ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɨɤɧɚ Model Estimation (Ɉɰеɧи-

вɚɧие ɦɨɞеɥи) ɞɥɹ ɜɵɛɨɪɚ ɦɟɬɨɞɚ ɢ ɧɚɱɚɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ 

ɪɟɝɪɟɫɫɢɢ (ɪɢɫ. 7.13). В ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɚ ɨɰɟɧɢɜɚɧɢɹ ɜɵɛɟɪɟɦ ɤɜɚɡɢɧɶɸɬɨɧɨɜɫɤɢɣ. В 

ɦɟɬɨɞɚɯ ɧɟɥɢɧɟɣɧɨɝɨ ɨɰɟɧɢɜɚɧɢɹ ɜɚɠɧɨ ɩɪɚɜɢɥɶɧɨ ɩɨɞɨɛɪɚɬɶ ɧɚɱɚɥɶɧɵɟ ɩɪɢɛɥɢ-

ɠɟɧɢɹ. ɇɟɢɡɜɟɫɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨɞɟɥɢ ɹɜɥɹɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɵ b0, b1, b2 ɢ b3. 

ɇɚɠɚɜ ɤɧɨɩɤɭ Start values (ɇɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ), ɜ ɩɨɹɜɢɜɲɟɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ 

ɜɜɟɞɟɦ ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, ɩɪɟɞɫɤɚɡɚɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɝɪɚɮɢɱɟ-

ɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ: b0=-73616, b1=1508, b2=-12 ɢ b3=0,049. ɇɚɠɚɬɢɟ ɤɥɚɜɢɲɢ ɈК 

ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɨɤɧɚ ɨɰɟɧɨɤ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɢɬɟɪɚɰɢɢ. 

ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɨɰɟɧɢɜɚɧɢɟ ɡɚɜɟɪɲɢɬɫɹ, ɜɧɢɡɭ ɨɤɧɚ ɩɨɹɜɢɬɫɹ ɫɨɨɛɳɟɧɢɟ Parameter 

estimation process converged (ɉɪɨɰɟɫɫ ɨɰɟɧɢɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɨɲɟɥɫɹ). 
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Ɋɢɫ. 7.13. Ɉɤɧɨ вɵɛɨрɚ ɦетɨɞɚ и ɧɚчɚɥɶɧɵɯ ɭɫтɚɧɨвɨɤ  
ɞɥя ɩɨɥɶɡɨвɚтеɥɶɫɤɨɣ реɝреɫɫии 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 6. Дɚɥɟɟ ɧɚɠɢɦɚɟɦ ɤɧɨɩɤɭ ɈК, ɩɨɫɥɟ ɱɟɝɨ ɨɬɤɪɵɜɚɟɬɫɹ ɨɤɧɨ Results (Ɋеɡɭɥɶ-

тɚтɵ), ɩɨɤɚɡɚɧɧɨɟ ɧɚ ɪɢɫ. 7.14. Ɉɤɧɨ ɪɟɡɭɥɶɬɚɬɨɜ ɢɦɟɟɬ ɫɥɟɞɭɸɳɭɸ ɫɬɪɭɤɬɭɪɭ: 

ɜɟɪɯɧɹɹ ɱɚɫɬɶ ɨɤɧɚ – ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ, ɧɢɠɧɹɹ ɫɨɞɟɪɠɢɬ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɤɧɨɩɤɢ, 

ɩɨɡɜɨɥɹɸɳɢɟ ɜɫɟɫɬɨɪɨɧɧɟ ɩɪɨɫɦɨɬɪɟɬɶ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 7.14. Ɉɤɧɨ реɡɭɥɶтɚтɨв ɨɰеɧивɚɧия ɩɚрɚɦетрɨв  
ɩɨɥɶɡɨвɚтеɥɶɫɤɨɣ реɝреɫɫии 
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Иɧɮɨɪɦɚɰɢɨɧɧɚɹ ɱɚɫɬɶ ɫɨɞɟɪɠɢɬ ɤɪɚɬɤɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɪɨɜɟɞɟɧɧɨɦ ɚɧɚ-

ɥɢɡɟ, ɚ ɢɦɟɧɧɨ: 

• Model is – ɜɢɞ ɦɨɞɟɥɢ ɨɰɟɧɢɜɚɧɢɹ. В ɧɚɲɟɦ ɫɥɭɱɚɟ 

KOKS=b0+b1*SLAG+b2*SLAG2+ b3*SLAG3; 

• Dependent variable – ɡɚɜɢɫɢɦɚɹ ɩɟɪɟɦɟɧɧɚɹ. В ɧɚɲɟɦ ɩɪɢɦɟɪɟ ɷɬɨ ɭɞɟɥɶɧɵɣ 

ɪɚɫɯɨɞ ɤɨɤɫɚ (KOKS); 

• Independent variables – ɤɨɥɢɱɟɫɬɜɨ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ. В ɩɪɢɦɟɪɟ ɧɟ-

ɡɚɜɢɫɢɦɚɹ ɩɟɪɟɦɟɧɧɚɹ ɨɞɧɚ – ɭɞɟɥɶɧɵɣ ɜɵɯɨɞ ɲɥɚɤɚ; 

• Loss function – ɜɢɞ ɮɭɧɤɰɢɢ ɩɨɬɟɪɶ; 

• Final value – ɩɨɫɥɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ, ɩɨ ɤɨɬɨɪɨɦɭ ɫɢɫɬɟɦɚ ɩɪɨɜɨɞɢɥɚ 

ɩɨɞɝɨɧɤɭ ɦɨɞɟɥɢ. 

 Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɤɧɨɩɤɢ ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɫɬɚɜɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɜ ɜɢɞɟ ɬɚɛɥɢɰ ɢ 

ɝɪɚɮɢɤɨɜ. Вɵɛɟɪɟɦ ɤɧɨɩɤɭ Parameter estimates (ɉɚрɚɦетрɵ ɨɰеɧивɚɧия), ɢ ɧɚ ɷɤɪɚ-

ɧɟ ɩɨɹɜɢɬɫɹ ɨɤɧɨ, ɜ ɤɨɬɨɪɨɦ ɨɬɪɚɠɟɧɵ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɨɞɟɥɢ 

(ɪɢɫ. 7.15). ɇɚɠɚɬɢɟ ɤɧɨɩɤɢ Fitted 2D function & observed vals (ɉɨɞɨɝɧɚɧɧɚя ɮɭɧɤɰия 

и ɧɚɛɥɸɞɚеɦɵе ɡɧɚчеɧия) ɜɵɜɨɞɢɬ ɧɚ ɷɤɪɚɧ ɝɪɚɮɢɤ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɤɪɢɜɨɣ, ɧɚɥɨ-

ɠɟɧɧɨɣ ɧɚ ɧɚɛɥɸɞɚɟɦɵɟ ɡɧɚɱɟɧɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ (ɪɢɫ. 7.16). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɦɨɞɟɥɢ ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɦɟɬ ɜɢɞ  

 

.000265,021035,0333,54803,4984 32
xxxy ⋅−⋅+⋅−=  

 

 7. Дɚɥɟɟ ɫɥɟɞɭɟɬ ɨɰɟɧɢɬɶ ɩɨɜɟɞɟɧɢɟ ɨɫɬɚɬɤɨɜ (residuals) ɦɨɞɟɥɢ, ɬ.ɟ. ɪɚɡɧɨ-

ɫɬɟɣ ɦɟɠɞɭ ɢɫɯɨɞɧɵɦɢ (ɧɚɛɥɸɞɚɟɦɵɦɢ) ɡɧɚɱɟɧɢɹɦɢ ɡɚɜɢɫɢɦɨɣ ɩɟɪɟɦɟɧɧɨɣ ɢ ɩɪɟɞ-

ɫɤɚɡɚɧɧɵɦɢ ɫ ɩɨɦɨɳɶɸ ɦɨɞɟɥɢ. Иɫɫɥɟɞɭɹ ɨɫɬɚɬɤɢ ɦɨɞɟɥɢ, ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɫɬɟɩɟɧɶ 

ɟɟ ɚɞɟɤɜɚɬɧɨɫɬɢ. ɋ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɤɧɨɩɨɤ ɜ ɞɚɧɧɨɦ ɨɤɧɟ (ɫɦ. ɪɢɫ. 7.14) 

ɦɨɠɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɨɫɬɚɬɤɢ ɤɚɤ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ, ɬɚɤ ɢ ɜ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛ-

ɥɢɰɚɯ. 

 

 

 

 

 

 Ɋɢɫ.7.15. Ɋеɡɭɥɶтɚтɵ рɚɫчетɚ ɤɨɷɮɮиɰиеɧтɨв реɝреɫɫиɨɧɧɨɣ ɦɨɞеɥи 
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Ɋɢɫ.7.16. Ƚрɚɮиɤ реɡɭɥɶтирɭɸщеɣ реɝреɫɫиɨɧɧɨɣ ɤривɨɣ, 
 ɧɚɥɨɠеɧɧɨɣ ɧɚ ɧɚɛɥɸɞɚеɦɵе иɫɯɨɞɧɵе ɞɚɧɧɵе  

 

 ɋɧɚɱɚɥɚ ɞɥɹ ɨɰɟɧɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɨɞɟɥɢ ɥɭɱɲɟ  ɜɫɟɝɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɢɡɭ-

ɚɥɶɧɵɟ ɦɟɬɨɞɵ ɢ ɡɚɬɟɦ, ɟɫɥɢ ɩɨɬɪɟɛɭɟɬɫɹ, ɩɟɪɟɣɬɢ ɤ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ. ɇɚɠɦɟɦ ɤɧɨɩ-

ɤɭ Normal Probability plot of residuals (Ƚрɚɮиɤ ɨɫтɚтɤɨв ɧɚ ɧɨрɦɚɥɶɧɨɣ верɨятɧɨɫт-

ɧɨɣ ɛɭɦɚɝе), ɢ ɜɵɛɪɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɹɜɢɬɫɹ ɧɚ ɷɤɪɚɧɟ ɜ ɨɬɞɟɥɶɧɨɦ ɨɤɧɟ (ɪɢɫ. 

7.17). Иɡ ɝɪɚɮɢɤɚ ɨɫɬɚɬɤɨɜ ɧɚ ɧɨɪɦɚɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɧɨɣ ɛɭɦɚɝɟ ɜɢɞɧɨ, ɱɬɨ ɨɧɢ ɞɨɫ-

ɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɥɨɠɚɬɫɹ ɧɚ ɩɪɹɦɭɸ, ɤɨɬɨɪɚɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ɉɨɷɬɨɦɭ ɝɢɩɨɬɟɡɚ ɨ ɧɨɪɦɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɨɲɢɛɨɤ ɩɪɢɧɢɦɚɟɬ-

ɫɹ. 

 Дɚɥɟɟ ɧɚɠɦɟɦ ɤɧɨɩɤɭ Predicted vs. residual values (Ɋɚɫɩреɞеɥеɧие ɨɫтɚтɤɨв), 

ɢ ɧɚ ɷɤɪɚɧɟ ɩɨɹɜɢɬɫɹ ɝɪɚɮɢɤ ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ (ɪɢɫ. 7.18). Иɡ ɷɬɨɝɨ ɝɪɚɮɢɤɚ ɜɢɞɧɨ, 

ɱɬɨ ɨɫɬɚɬɤɢ ɯɚɨɬɢɱɧɨ ɪɚɡɛɪɨɫɚɧɵ ɧɚ ɩɥɨɫɤɨɫɬɢ ɢ ɜ ɢɯ ɩɨɜɟɞɟɧɢɢ ɧɟɬ ɡɚɤɨɧɨɦɟɪɧɨ-

ɫɬɟɣ. ɇɟɬ ɨɫɧɨɜɚɧɢɹ ɝɨɜɨɪɢɬɶ, ɱɬɨ ɨɫɬɚɬɤɢ ɤɨɪɪɟɥɢɪɨɜɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ. ɋɥɟɞɨɜɚ-

ɬɟɥɶɧɨ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɪɟɝɪɟɫɫɢɨɧɧɚɹ ɦɨɞɟɥɶ ɞɨɫɬɚɬɨɱɧɨ ɚɞɟɤɜɚɬɧɨ ɨɩɢɫɵ-

ɜɚɟɬ ɞɚɧɧɵɟ. 
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Ɋɢɫ.7.17. Ƚрɚɮиɤ ɨɫтɚтɤɨв ɧɚ ɧɨрɦɚɥɶɧɨɣ верɨятɧɨɫтɧɨɣ ɛɭɦɚɝе 
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Ɋɢɫ.7.18. Ɋɚɫɩреɞеɥеɧие ɨɫтɚтɤɨв ɧɚ ɩɥɨɫɤɨɫти 
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Кɨɧɬɪɨлɶɧɵе вɨɩɪɨɫɵ 

 

1. Кɚɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɞɚɟɬ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɭ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɪɟɞɫɬɜ ɜɵɱɢɫɥɢ-

ɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ?  

2. Кɚɤɨɜɵ ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɝɪɚɦɦ ɩɨ ɨɛɪɚɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɞɚɧɧɵɯ? 

3. ɇɚ ɤɚɤɢɯ ɩɪɢɧɰɢɩɚɯ ɨɫɧɨɜɚɧɚ ɨɪɝɚɧɢɡɚɰɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɚɤɟɬɨɜ? 

4. Кɚɤɢɦ ɨɛɪɚɡɨɦ ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɩɨ ɨɰɟɧɤɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫ ɩɨ-

ɦɨɳɶɸ ɩɚɤɟɬɚ Microsoft Excel? 

5. Кɚɤ ɨɪɝɚɧɢɡɨɜɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫ ɩɚɤɟɬɨɦ Statistica? Кɚɤɢɟ ɨɫ-

ɧɨɜɧɵɟ ɦɨɞɭɥɢ ɨɧ ɜ ɫɟɛɹ ɜɤɥɸɱɚɟɬ? 

6. Кɚɤ ɨɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ, ɢɫɩɨɥɶɡɭɹ ɩɚɤɟɬ Statistica? 
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ɉɊИɅɈɀȿɇИȿ 
 Ɍɚɛɥɢɰɚ ɉ.1 

ɇɨɪɦɢɪɨɜɚɧɧɚɹ ɮɭɧɤɰɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɮɭɧɤɰɢɢ Ʌɚɩɥɚɫɚ) 

Ɏ z e

u
z

( ) =
−

du

−∞
∫

1

2

2

2

π
 

 ɋɨɬɵɟ ɞɨɥɢ Z 

Z 0 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 

0,0 0,5000 0,5040 0,5080 0,5120 0,5160 0,5199 0,5239 0,5279 0,5319 0,5359

0,1 0,5398 0,5438 0,5478 0,5517 0,5557 0,5596 0,5636 0,5675 0,5714 0,5753

0,2 0,5793 0,5832 0,5871 0,5910 0,5948 0,5987 0,6026 0,6064 0,6103 0,6141

0,3 0,6179 0,6217 0,6255 0,6293 0,6331 0,6368 0,6406 0,6443 0,6480 0,6517

0,4 0,6554 0,6591 0,6628 0,6664 0,6700 0,6736 0,6772 0,6808 0,6844 0,6879

0,5 0,6915 0,6950 0,6985 0,7019 0,7054 0,7088 0,7123 0,7157 0,7190 0,7224

0,6 0,7257 0,7291 0,7324 0,7357 0,7389 0,7422 0,7454 0,7486 0,7517 0,7549

0,7 0,7580 0,7611 0,7642 0,7673 0,7704 0,7734 0,7764 0,7794 0,7823 0,7852

0,8 0,7881 0,7910 0,7939 0,7967 0,7995 0,8023 0,8051 0,8078 0,8106 0,8133

0,9 0,8159 0,8186 0,8212 0,8238 0,8264 0,8289 0,8315 0,8340 0,8365 0,8389

1,0 0,8413 0,8438 0,8461 0,8485 0,8508 0,8531 0,8554 0,8577 0,8599 0,8621

1,1 0,8643 0,8665 0,8686 0,8708 0,8729 0,8749 0,8770 0,8790 0,8810 0,8830

1,2 0,8849 0,8869 0,8888 0,8907 0,8925 0,8944 0,8962 0,8980 0,8997 0,9015

1,3 0,9032 0,9049 0,9066 0,9082 0,9099 0,9115 0,9131 0,9147 0,9162 0,9177

1,4 0,9192 0,9207 0,9222 0,9236 0,9251 0,9265 0,9279 0,9292 0,9306 0,9319

1,5 0,9332 0,9345 0,9357 0,9370 0,9382 0,9394 0,9406 0,9418 0,9429 0,9441

1,6 0,9452 0,9463 0,9474 0,9484 0,9495 0,9505 0,9515 0,9525 0,9535 0,9545

1,7 0,9554 0,9564 0,9573 0,9582 0,9591 0,9599 0,9608 0,9616 0,9625 0,9633

1,8 0,9641 0,9649 0,9656 0,9664 0,9671 0,9678 0,9686 0,9693 0,9699 0,9706

1,9 0,9713 0,9719 0,9726 0,9732 0,9738 0,9744 0,9750 0,9756 0,9761 0,9767

2,0 0,9772 0,9778 0,9783 0,9788 0,9793 0,9798 0,9803 0,9808 0,9812 0,9817

2,1 0,9821 0,9826 0,9830 0,9834 0,9838 0,9842 0,9846 0,9850 0,9854 0,9857

2,2 0,9861 0,9864 0,9868 0,9871 0,9875 0,9878 0,9881 0,9884 0,9887 0,9890

2,3 0,9893 0,9896 0,9898 0,9901 0,9904 0,9906 0,9909 0,9911 0,9913 0,9916

2,4 0,9918 0,9920 0,9922 0,9925 0,9927 0,9929 0,9931 0,9932 0,9934 0,9936

2,5 0,9938 0,9940 0,9941 0,9943 0,9945 0,9946 0,9948 0,9949 0,9951 0,9952

2,6 0,9953 0,9955 0,9956 0,9957 0,9959 0,9960 0,9961 0,9962 0,9963 0,9964

2,7 0,9965 0,9966 0,9967 0,9968 0,9969 0,9970 0,9971 0,9972 0,9973 0,9974

2,8 0,9974 0,9975 0,9976 0,9977 0,9977 0,9978 0,9979 0,9979 0,9980 0,9981

2,9 0,9981 0,9982 0,9982 0,9983 0,9984 0,9984 0,9985 0,9985 0,9986 0,9986

3,0 0,9987 0,9987 0,9987 0,9988 0,9988 0,9989 0,9989 0,9989 0,9990 0,9990

 
ɉриɦечɚɧие. Ɏ(-z)=1-Ɏ(z) 
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Ɍɚɛɥɢɰɚ ɉ.2 

Кɜɚɧɬɢɥɢ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ zp ɩɨɪɹɞɤɚ P 

1

2

2

2

π
e du Ɋ

uz −

−∞
∫ =  

 
Ɍɵɫɹɱɧɵɟ ɞɨɥɢ Ɋ 

P 
0 1 2 3 4 5 6 7 8 9 

1 2 3 4 5 6 7 8 9 10 11 

0,50 0,000 0,003 0,005 0,008 0,010 0,013 0,015 0,018 0,020 0,023 

0,51 0,025 0,028 0,030 0,033 0,035 0,038 0,040 0,043 0,045 0,048 

0,52 0,050 0,053 0,055 0,058 0,060 0,063 0,065 0,068 0,070 0,073 

0,53 0,075 0,078 0,080 0,083 0,085 0,088 0,090 0,093 0,095 0,098 

0,54 0,100 0,103 0,105 0,108 0,111 0,113 0,116 0,118 0,121 0,123 

0,55 0,126 0,128 0,131 0,133 0,136 0,138 0,141 0,143 0,146 0,148 

0,56 0,151 0,154 0,156 0,159 0,161 0,164 0,166 0,169 0,171 0,174 

0,57 0,176 0,179 0,181 0,184 0,187 0,189 0,192 0,194 0,197 0,199 

0,58 0,202 0,204 0,207 0,210 0,212 0,215 0,217 0,220 0,222 0,225 

0,59 0,228 0,230 0,233 0,235 0,238 0,240 0,243 0,246 0,248 0,251 

0,60 0,253 0,256 0,259 0,261 0,264 0,266 0,269 0,272 0,274 0,277 

0,61 0,279 0,282 0,285 0,287 0,290 0,292 0,295 0,298 0,300 0,303 

0,62 0,305 0,308 0,311 0,313 0,316 0,319 0,321 0,324 0,327 0,329 

0,63 0,332 0,335 0,337 0,340 0,342 0,345 0,348 0,350 0,353 0,356 

0,64 0,358 0,361 0,364 0,366 0,369 0,372 0,375 0,377 0,380 0,383 

0,65 0,385 0,388 0,391 0,393 0,396 0,399 0,402 0,404 0,407 0,410 

0,66 0,412 0,415 0,418 0,421 0,423 0,426 0,429 0,432 0,434 0,437 

0,67 0,440 0,443 0,445 0,448 0,451 0,454 0,457 0,459 0,462 0,465 

0,68 0,468 0,470 0,473 0,476 0,479 0,482 0,485 0,487 0,490 0,493 

0,69 0,496 0,499 0,502 0,504 0,507 0,510 0,513 0,516 0,519 0,522 

0,70 0,524 0,527 0,530 0,533 0,536 0,539 0,542 0,545 0,548 0,550 

0,71 0,553 0,556 0,559 0,562 0,565 0,568 0,571 0,574 0,577 0,580 

0,72 0,583 0,586 0,589 0,592 0,595 0,598 0,601 0,604 0,607 0,610 

0,73 0,613 0,616 0,619 0,622 0,625 0,628 0,631 0,634 0,637 0,640 

0,74 0,643 0,646 0,650 0,653 0,656 0,659 0,662 0,665 0,668 0,671 

0,75 0,674 0,678 0,681 0,684 0,687 0,690 0,693 0,697 0,700 0,703 

0,76 0,706 0,710 0,713 0,716 0,719 0,722 0,726 0,729 0,732 0,736 

0,77 0,739 0,742 0,745 0,749 0,752 0,755 0,759 0,762 0,765 0,769 

0,78 0,772 0,776 0,779 0,782 0,786 0,789 0,793 0,796 0,800 0,803 

0,79 0,806 0,810 0,813 0,817 0,820 0,824 0,827 0,831 0,834 0,838 
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Ɉɤɨɧчɚɧие тɚɛɥ. ɉ.2

1 2 3 4 5 6 7 8 9 10 11 

0,80 0,842 0,845 0,849 0,852 0,856 0,860 0,863 0,867 0,871 0,874 

0,81 0,878 0,882 0,885 0,889 0,893 0,896 0,900 0,904 0,908 0,912 

0,82 0,915 0,919 0,923 0,927 0,931 0,935 0,938 0,942 0,946 0,950 

0,83 0,954 0,958 0,962 0,966 0,970 0,974 0,978 0,982 0,986 0,990 

0,84 0,994 0,999 1,003 1,007 1,011 1,015 1,019 1,024 1,028 1,032 

0,85 1,036 1,041 1,045 1,049 1,054 1,058 1,063 1,067 1,071 1,076 

0,86 1,080 1,085 1,089 1,094 1,098 1,103 1,108 1,112 1,117 1,122 

0,87 1,126 1,131 1,136 1,141 1,146 1,150 1,155 1,160 1,165 1,170 

0,88 1,175 1,180 1,185 1,190 1,195 1,200 1,206 1,211 1,216 1,221 

0,89 1,227 1,232 1,237 1,243 1,248 1,254 1,259 1,265 1,270 1,276 

0,90 1,282 1,287 1,293 1,299 1,305 1,311 1,317 1,323 1,329 1,335 

0,91 1,341 1,347 1,353 1,359 1,366 1,372 1,379 1,385 1,392 1,398 

0,92 1,405 1,412 1,419 1,426 1,433 1,440 1,447 1,454 1,461 1,468 

0,93 1,476 1,483 1,491 1,499 1,506 1,514 1,522 1,530 1,538 1,546 

0,94 1,555 1,563 1,572 1,580 1,589 1,598 1,607 1,616 1,626 1,635 

0,95 1,645 1,655 1,665 1,675 1,685 1,695 1,706 1,717 1,728 1,739 

0,96 1,751 1,762 1,774 1,787 1,799 1,812 1,825 1,838 1,852 1,866 

0,97 1,881 1,896 1,911 1,927 1,943 1,960 1,977 1,995 2,014 2,034 

0,98 2,054 2,075 2,097 2,120 2,144 2,170 2,197 2,226 2,257 2,290 

0,99 2,326 2,366 2,409 2,457 2,512 2,576 2,652 2,748 2,878 3,090 

ɉриɦечɚɧие. Z1-P= –ZP 
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Ɍɚɛɥɢɰɚ ɉ.3 

Кɜɚɧɬɢɥɢ  ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɉɢɪɫɨɧɚ (  ɪɚɫɩɪɟɞɟɥɟɧɢɹ) 2

,mαχ χ2

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α ɢ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m 
 

α 
m 

0,995 0,99 0,975 0,95 0,9 0,5 0,1 0,05 0,025 0,01 0,005

1 0,0000 0,0001 0,0009 0,0039 0,016 0,455 2,706 3,841 5,024 6,635 7,879
2 0,010 0,020 0,051 0,103 0,211 1,386 4,605 5,991 7,378 9,210 10,60
3 0,072 0,115 0,216 0,352 0,584 2,366 6,251 7,815 9,348 11,34 12,84
4 0,207 0,297 0,484 0,711 1,064 3,357 7,779 9,488 11,14 13,28 14,86
5 0,412 0,554 0,831 1,145 1,610 4,351 9,236 11,07 12,83 15,09 16,75
6 0,676 0,872 1,237 1,635 2,204 5,348 10,64 12,59 14,45 16,81 18,55
7 0,989 1,239 1,690 2,167 2,833 6,346 12,02 14,07 16,01 18,48 20,28
8 1,344 1,647 2,180 2,733 3,490 7,344 13,36 15,51 17,53 20,09 21,95
9 1,735 2,088 2,700 3,325 4,168 8,343 14,68 16,92 19,02 21,67 23,59
10 2,156 2,558 3,247 3,940 4,865 9,342 15,99 18,31 20,48 23,21 25,19
11 2,603 3,053 3,816 4,575 5,578 10,34 17,28 19,68 21,92 24,73 26,76
12 3,074 3,571 4,404 5,226 6,304 11,34 18,55 21,03 23,34 26,22 28,30
13 3,565 4,107 5,009 5,892 7,041 12,34 19,81 22,36 24,74 27,69 29,82
14 4,075 4,660 5,629 6,571 7,790 13,34 21,06 23,68 26,12 29,14 31,32
15 4,601 5,229 6,262 7,261 8,547 14,34 22,31 25,00 27,49 30,58 32,80
16 5,142 5,812 6,908 7,962 9,312 15,34 23,54 26,30 28,85 32,00 34,27
17 5,697 6,408 7,564 8,672 10,09 16,34 24,77 27,59 30,19 33,41 35,72
18 6,265 7,015 8,231 9,390 10,86 17,34 25,99 28,87 31,53 34,81 37,16
19 6,844 7,633 8,907 10,12 11,65 18,34 27,20 30,14 32,85 36,19 38,58
20 7,434 8,260 9,591 10,85 12,44 19,34 28,41 31,41 34,17 37,57 40,00
21 8,034 8,897 10,28 11,59 13,24 20,34 29,62 32,67 35,48 38,93 41,40
22 8,643 9,542 10,98 12,34 14,04 21,34 30,81 33,92 36,78 40,29 42,80
23 9,260 10,196 11,69 13,09 14,85 22,34 32,01 35,17 38,08 41,64 44,18
24 9,886 10,856 12,40 13,85 15,66 23,34 33,20 36,42 39,36 42,98 45,56
25 10,520 11,524 13,12 14,61 16,47 24,34 34,38 37,65 40,65 44,31 46,93
26 11,160 12,198 13,84 15,38 17,29 25,34 35,56 38,89 41,92 45,64 48,29
27 11,808 12,878 14,57 16,15 18,11 26,34 36,74 40,11 43,19 46,96 49,65
28 12,461 13,565 15,31 16,93 18,94 27,34 37,92 41,34 44,46 48,28 50,99
29 13,121 14,256 16,05 17,71 19,77 28,34 39,09 42,56 45,72 49,59 52,34
30 13,787 14,953 16,79 18,49 20,60 29,34 40,26 43,77 46,98 50,89 53,67
40 20,707 22,164 24,43 26,51 29,05 39,34 51,81 55,76 59,34 63,69 66,77
50 27,991 29,707 32,36 34,76 37,69 49,33 63,17 67,50 71,42 76,15 79,49
60 35,534 37,485 40,48 43,19 46,46 59,33 74,40 79,08 83,30 88,38 91,95
70 43,275 45,442 48,76 51,74 55,33 69,33 85,53 90,53 95,02 100,4 104,2
80 51,172 53,540 57,15 60,39 64,28 79,33 96,58 101,9 106,6 112,3 116,3
90 59,196 61,754 65,65 69,13 73,29 89,33 107,6 113,1 118,1 124,1 128,3
10 67,328 70,065 74,22 77,93 82,36 99,33 118,5 124,3 129,6 135,8 140,2

ɉриɦечɚɧие. Дɥɹ  m>100        2
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Ɍɚɛɥɢɰɚ ɉ.4 

Кɜɚɧɬɢɥɢ  ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ɏɢɲɟɪɚ (F-ɪɚɫɩɪɟɞɟɥɟɧɢɹ) 
21 ,, mmFα

ɞɥɹ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α=0,05 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ  mң ɢ m 2

 

m 1
m 2

1 2 3 4 5 6 7 8 9 10 12 15 30 40 60 120

1 161,4 199,5 215,7 224,6 230,2 234,0 236,8 238,9 240,5 241,9 243,9 245,9 250,1 251,1 252,2 253,3

2 18,5 19,0 19,1 19,2 19,3 19,3 19,3 19,3 19,3 19,4 19,4 19,4 19,4 19,4 19,4 19,4

3 10,1 9,55 9,28 9,12 9,01 8,94 8,89 8,85 8,81 8,79 8,74 8,70 8,62 8,59 8,57 8,55

4 7,71 6,94 6,59 6,39 6,26 6,16 6,09 6,04 6,00 5,96 5,91 5,86 5,75 5,72 5,69 5,66

5 6,61 5,79 5,41 5,19 5,05 4,95 4,88 4,82 4,77 4,74 4,68 4,62 4,50 4,46 4,43 4,40

6 5,99 5,14 4,76 4,53 4,39 4,28 4,21 4,15 4,10 4,06 4,00 3,94 3,81 3,77 3,74 3,70

7 5,59 4,74 4,35 4,12 3,97 3,87 3,79 3,73 3,68 3,64 3,57 3,51 3,38 3,34 3,30 3,27

8 5,32 4,46 4,07 3,84 3,69 3,58 3,50 3,44 3,39 3,35 3,28 3,22 3,08 3,04 3,01 2,97

9 5,12 4,26 3,86 3,63 3,48 3,37 3,29 3,23 3,18 3,14 3,07 3,01 2,86 2,83 2,79 2,75

10 4,96 4,10 3,71 3,48 3,33 3,22 3,14 3,07 3,02 2,98 2,91 2,85 2,70 2,66 2,62 2,58

11 4,84 3,98 3,59 3,36 3,20 3,09 3,01 2,95 2,90 2,85 2,79 2,72 2,57 2,53 2,49 2,45

12 4,75 3,89 3,49 3,26 3,11 3,00 2,91 2,85 2,80 2,75 2,69 2,62 2,47 2,43 2,38 2,34

13 4,67 3,81 3,41 3,18 3,03 2,92 2,83 2,77 2,71 2,67 2,60 2,53 2,38 2,34 2,30 2,25

14 4,60 3,74 3,34 3,11 2,96 2,85 2,76 2,70 2,65 2,60 2,53 2,46 2,31 2,27 2,22 2,18

15 4,54 3,68 3,29 3,06 2,90 2,79 2,71 2,64 2,59 2,54 2,48 2,40 2,25 2,20 2,16 2,11

16 4,49 3,63 3,24 3,01 2,85 2,74 2,66 2,59 2,54 2,49 2,42 2,35 2,19 2,15 2,11 2,06

17 4,45 3,59 3,20 2,96 2,81 2,70 2,61 2,55 2,49 2,45 2,38 2,31 2,15 2,10 2,06 2,01

18 4,41 3,55 3,16 2,93 2,77 2,66 2,58 2,51 2,46 2,41 2,34 2,27 2,11 2,06 2,02 1,97

19 4,38 3,52 3,13 2,90 2,74 2,63 2,54 2,48 2,42 2,38 2,31 2,23 2,07 2,03 1,98 1,93

20 4,35 3,49 3,10 2,87 2,71 2,60 2,51 2,45 2,39 2,35 2,28 2,20 2,04 1,99 1,95 1,90

21 4,32 3,47 3,07 2,84 2,68 2,57 2,49 2,42 2,37 2,32 2,25 2,18 2,01 1,96 1,92 1,87

22 4,30 3,44 3,05 2,82 2,66 2,55 2,46 2,40 2,34 2,30 2,23 2,15 1,98 1,94 1,89 1,84

23 4,28 3,42 3,03 2,80 2,64 2,53 2,44 2,37 2,32 2,27 2,20 2,13 1,96 1,91 1,86 1,81

24 4,26 3,40 3,01 2,78 2,62 2,51 2,42 2,36 2,30 2,25 2,18 2,11 1,94 1,89 1,84 1,79

25 4,24 3,39 2,99 2,76 2,60 2,49 2,40 2,34 2,28 2,24 2,16 2,09 1,92 1,87 1,82 1,77

26 4,23 3,37 2,98 2,74 2,59 2,47 2,39 2,32 2,27 2,22 2,15 2,07 1,90 1,85 1,80 1,75

27 4,21 3,35 2,96 2,73 2,57 2,46 2,37 2,31 2,25 2,20 2,13 2,06 1,88 1,84 1,79 1,73

28 4,20 3,34 2,95 2,71 2,56 2,45 2,36 2,29 2,24 2,19 2,12 2,04 1,87 1,82 1,77 1,71

29 4,18 3,33 2,93 2,70 2,55 2,43 2,35 2,28 2,22 2,18 2,10 2,03 1,85 1,81 1,75 1,70

30 4,17 3,32 2,92 2,69 2,53 2,42 2,33 2,27 2,21 2,16 2,09 2,01 1,84 1,79 1,74 1,68

40 4,08 3,23 2,84 2,61 2,45 2,34 2,25 2,18 2,12 2,08 2,00 1,92 1,74 1,69 1,64 1,58

60 4,00 3,15 2,76 2,53 2,37 2,25 2,17 2,10 2,04 1,99 1,92 1,84 1,65 1,59 1,53 1,47

120 3,92 3,07 2,68 2,45 2,29 2,18 2,09 2,02 1,96 1,91 1,83 1,75 1,55 1,50 1,43 1,35
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Ɍɚɛɥɢɰɚ ɉ.5 

Кɜɚɧɬɢɥɢ  ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ɏɢɲɟɪɚ (F-ɪɚɫɩɪɟɞɟɥɟɧɢɹ) 
21 ,, mmFα

ɞɥɹ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α=0,0Ң25 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ  mң ɢ m 2

 

m 1
m 2 1 2 3 4 5 6 7 8 9 10 12 15 30 40 60 120

1 647,8 799,5 864,2 899,6 921,8 937,1 948,2 956,6 963,3 968,6 976,7 984,9 1001 1006 1010 1014

2 38,5 39,0 39,1 39,2 39,3 39,3 39,3 39,3 39,3 39,4 39,4 39,4 39,4 39,4 39,4 39,4

3 17,4 16,0 15,4 15,1 14,8 14,7 14,6 14,5 14,4 14,4 14,3 14,2 14,0 14,0 13,9 13,9

4 12,2 10,6 9,98 9,60 9,36 9,20 9,07 8,98 8,90 8,84 8,75 8,66 8,46 8,41 8,36 8,31

5 10,0 8,43 7,76 7,39 7,15 6,98 6,85 6,76 6,68 6,62 6,52 6,43 6,23 6,18 6,12 6,07

6 8,81 7,26 6,60 6,23 5,99 5,82 5,70 5,60 5,52 5,46 5,37 5,27 5,07 5,01 4,96 4,90

7 8,07 6,54 5,89 5,52 5,29 5,12 4,99 4,90 4,82 4,76 4,67 4,57 4,36 4,31 4,25 4,20

8 7,57 6,06 5,42 5,05 4,82 4,65 4,53 4,43 4,36 4,30 4,20 4,10 3,89 3,84 3,78 3,73

9 7,21 5,71 5,08 4,72 4,48 4,32 4,20 4,10 4,03 3,96 3,87 3,77 3,56 3,51 3,45 3,39

10 6,94 5,46 4,83 4,47 4,24 4,07 3,95 3,85 3,78 3,72 3,62 3,52 3,31 3,26 3,20 3,14

11 6,72 5,26 4,63 4,28 4,04 3,88 3,76 3,66 3,59 3,53 3,43 3,33 3,12 3,06 3,00 2,94

12 6,55 5,10 4,47 4,12 3,89 3,73 3,61 3,51 3,44 3,37 3,28 3,18 2,96 2,91 2,85 2,79

13 6,41 4,97 4,35 4,00 3,77 3,60 3,48 3,39 3,31 3,25 3,15 3,05 2,84 2,78 2,72 2,66

14 6,30 4,86 4,24 3,89 3,66 3,50 3,38 3,29 3,21 3,15 3,05 2,95 2,73 2,67 2,61 2,55

15 6,20 4,77 4,15 3,80 3,58 3,41 3,29 3,20 3,12 3,06 2,96 2,86 2,64 2,59 2,52 2,46

16 6,12 4,69 4,08 3,73 3,50 3,34 3,22 3,12 3,05 2,99 2,89 2,79 2,57 2,51 2,45 2,38

17 6,04 4,62 4,01 3,66 3,44 3,28 3,16 3,06 2,98 2,92 2,82 2,72 2,50 2,44 2,38 2,32

18 5,98 4,56 3,95 3,61 3,38 3,22 3,10 3,01 2,93 2,87 2,77 2,67 2,44 2,38 2,32 2,26

19 5,92 4,51 3,90 3,56 3,33 3,17 3,05 2,96 2,88 2,82 2,72 2,62 2,39 2,33 2,27 2,20

20 5,87 4,46 3,86 3,51 3,29 3,13 3,01 2,91 2,84 2,77 2,68 2,57 2,35 2,29 2,22 2,16

21 5,83 4,42 3,82 3,48 3,25 3,09 2,97 2,87 2,80 2,73 2,64 2,53 2,31 2,25 2,18 2,11

22 5,79 4,38 3,78 3,44 3,22 3,05 2,93 2,84 2,76 2,70 2,60 2,50 2,27 2,21 2,14 2,08

23 5,75 4,35 3,75 3,41 3,18 3,02 2,90 2,81 2,73 2,67 2,57 2,47 2,24 2,18 2,11 2,04

24 5,72 4,32 3,72 3,38 3,15 2,99 2,87 2,78 2,70 2,64 2,54 2,44 2,21 2,15 2,08 2,01

25 5,69 4,29 3,69 3,35 3,13 2,97 2,85 2,75 2,68 2,61 2,51 2,41 2,18 2,12 2,05 1,98

26 5,66 4,27 3,67 3,33 3,10 2,94 2,82 2,73 2,65 2,59 2,49 2,39 2,16 2,09 2,03 1,95

27 5,63 4,24 3,65 3,31 3,08 2,92 2,80 2,71 2,63 2,57 2,47 2,36 2,13 2,07 2,00 1,93

28 5,61 4,22 3,63 3,29 3,06 2,90 2,78 2,69 2,61 2,55 2,45 2,34 2,11 2,05 1,98 1,91

29 5,59 4,20 3,61 3,27 3,04 2,88 2,76 2,67 2,59 2,53 2,43 2,32 2,09 2,03 1,96 1,89

30 5,57 4,18 3,59 3,25 3,03 2,87 2,75 2,65 2,57 2,51 2,41 2,31 2,07 2,01 1,94 1,87

40 5,42 4,05 3,46 3,13 2,90 2,74 2,62 2,53 2,45 2,39 2,29 2,18 1,94 1,88 1,80 1,72

60 5,29 3,93 3,34 3,01 2,79 2,63 2,51 2,41 2,33 2,27 2,17 2,06 1,82 1,74 1,67 1,58

120 5,15 3,80 3,23 2,89 2,67 2,52 2,39 2,30 2,22 2,16 2,05 1,94 1,69 1,61 1,53 1,43
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Ɍɚɛɥɢɰɚ ɉ.6 

Дɜɭɫɬɨɪɨɧɧɢɟ ɩɪɟɞɟɥɵ  ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ (t-ɪɚɫɩɪɟɞɟɥɟɧɢɹ) mt ,α

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α ɢ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ m 
 

α 
m 

0,1 0,05 0,025 0,01 0,005 

1 6,314 12,706 25,452 63,656 127,321 

2 2,920 4,303 6,205 9,925 14,089

3 2,353 3,182 4,177 5,841 7,453

4 2,132 2,776 3,495 4,604 5,598

5 2,015 2,571 3,163 4,032 4,773

6 1,943 2,447 2,969 3,707 4,317

7 1,895 2,365 2,841 3,499 4,029

8 1,860 2,306 2,752 3,355 3,833

9 1,833 2,262 2,685 3,250 3,690

10 1,812 2,228 2,634 3,169 3,581

11 1,796 2,201 2,593 3,106 3,497

12 1,782 2,179 2,560 3,055 3,428

13 1,771 2,160 2,533 3,012 3,372

14 1,761 2,145 2,510 2,977 3,326

15 1,753 2,131 2,490 2,947 3,286

16 1,746 2,120 2,473 2,921 3,252

17 1,740 2,110 2,458 2,898 3,222

18 1,734 2,101 2,445 2,878 3,197

19 1,729 2,093 2,433 2,861 3,174

20 1,725 2,086 2,423 2,845 3,153

21 1,721 2,080 2,414 2,831 3,135

22 1,717 2,074 2,405 2,819 3,119

23 1,714 2,069 2,398 2,807 3,104

24 1,711 2,064 2,391 2,797 3,091

25 1,708 2,060 2,385 2,787 3,078

26 1,706 2,056 2,379 2,779 3,067

27 1,703 2,052 2,373 2,771 3,057

28 1,701 2,048 2,368 2,763 3,047

29 1,699 2,045 2,364 2,756 3,038

30 1,697 2,042 2,360 2,750 3,030

40 1,684 2,021 2,329 2,704 2,971

60 1,671 2,000 2,299 2,660 2,915

120 1,658 1,980 2,270 2,617 2,860

500 1,648 1,965 2,248 2,586 2,820
 

ɉриɦечɚɧиие. Дɥɹ m >500   2/1, αα −=≈ pm Zt  
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Ɍɚɛɥɢɰɚ ɉ.7 
 

Кɪɢɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɤɪɢɬɟɪɢɹ ɇ.В. ɋɦɢɪɧɨɜɚ uαn ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ  

ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ n ɢ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α 

 

 uαn  
n 

α=0,10Ң α=0,05 α=0,01 

3 1,15 1,15 1,15 

4 1,42 1,46 1,49 

5 1,60 1,67 1,75 

6 1,73 1,82 1,94 

7 1,83 1,94 2,10 

8 1,91 2,03 2,22 

9 1,98 2,11 2,32 

10 2,03 2,18 2,41 

11 2,09 2,23 2,48 

12 2,13 2,29 2,55 

13 2,17 2,33 2,61 

14 2,21 2,37 2,66 

15 2,25 2,41 2,70 

16 2,28 2,44 2,75 

17 2,31 2,48 2,78 

18 2,34 2,50 2,82 

19 2,36 2,53 2,85 

20 2,38 2,53 2,88 

21 2,41 2,58 2,91 

22 2,43 2,60 2,94 

23 2,45 2,62 2,96 

24 2,47 2,64 2,99 

25 2,49 2,66 3,01 
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Ɍɚɛɥɢɰɚ ɉ.8 
Кɨɷɮɮɢɰɢɟɧɬɵ Дɢɤɫɨɧɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ n 

ɢ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α 
 

n α = 0,10 α = 0,05 α = 0,01 α = 0,005 ɋɬɚɬɢɫɬɢɤɚ 

3 0,886 0,941 0,988 0,994 

4 0,679 0,765 0,889 0,926 

5 0,557 0,642 0,780 0,821 

6 0,482 0,560 0,698 0,740 

7 0,434 0,507 0,637 0,680 

r10

8 0,479 0,554 0,683 0,725 

9 0,441 0,512 0,635 0,677 

10 0,409 0,477 0,597 0,639 

r11

4 0,935 0,967 0,992 0,996 

5 0,782 0,845 0,929 0,950 

6 0,670 0,736 0,836 0,865 

7 0,596 0,661 0,778 0,814 

8 0,545 0,607 0,710 0,746 

9 0,505 0,565 0,667 0,700 

10 0,474 0,531 0,632 0,664 

r20

11 0,517 0,576 0,679 0,713 

12 0,490 0,546 0,642 0,675 

13 0,467 0,521 0,615 0,649 

r21

14 0,492 0,546 0,641 0,674 

15 0,472 0,525 0,616 0,647 

16 0,454 0,507 0,595 0,624 

17 0,438 0,490 0,577 0,605 

18 0,424 0,475 0,561 0,589 

19 0,412 0,462 0,547 0,575 

20 0,401 0,450 0,535 0,562 

21 0,391 0,440 0,524 0,551 

22 0,382 0,430 0,514 0,541 

23 0,374 0,421 0,505 0,532 

24 0,367 0,413 0,497 0,524 

25 0,360 0,406 0,489 0,516 

26 0,354 0,399 0,486 0,508 

27 0,348 0,393 0,475 0,501 

28 0,342 0,387 0,469 0,495 

29 0,337 0,381 0,463 0,489 

30 0,332 0,376 0,457 0,483 

r22

 



 

 

Ɍɚɛɥɢɰɚ ɉ.9 

Кɜɚɧɬɢɥɢ  ɪɚɫɩɪɟɞɟɥɟɧɢɹ Кɨɯɪɟɧɚ ɞɥɹ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ 
21 ,, mmGα

 α = 0,05 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ mң ɢ m 2 

 

 m 1

m 2 1             2 3 4 5 6 7 8 9 10 16 36 144

2 0,9985             0,9750 0,9392 0,9057 0,8772 0,8534 0,8333 0,8159 0,8010 0,7880 0,7341 0,6602 0,5813

3 0,9669             0,8709 0,7977 0,7457 0,7071 0,6771 0,6530 0,6333 0,6167 0,6025 0,5466 0,4748 0,4031

4 0,9065             0,7679 0,6841 0,6287 0,5895 0,5598 0,5365 0,5175 0,5017 0,4884 0,4366 0,3720 0,3093

5 0,8412             0,6838 0,5981 0,5441 0,5065 0,4783 0,4564 0,4387 0,4241 0,4118 0,3645 0,3066 0,2513

6 0,7808             0,6161 0,5321 0,4803 0,4447 0,4184 0,3980 0,3817 0,3682 0,3568 0,3135 0,2612 0,2919

7 0,7271             0,5612 0,4800 0,4307 0,3974 0,3726 0,3535 0,3384 0,3259 0,3154 0,2756 0,2278 0,1833

8 0,6798             0,5157 0,4377 0,3910 0,3595 0,3362 0,3185 0,3043 0,2926 0,2829 0,2462 0,2022 0,1616

9 0,6385             0,4775 0,4027 0,3584 0,3286 0,3067 0,2901 0,2768 0,2659 0,2568 0,2226 0,1820 0,1446

10 0,6020             0,4450 0,3733 0,3311 0,3029 0,2823 0,2666 0,2541 0,2439 0,2355 0,2032 0,1655 0,1308

12 0,5410             0,3924 0,3264 0,2880 0,2626 0,2439 0,2299 0,2187 0,2098 0,2020 0,1737 0,1403 0,1100

15 0,4709             0,3346 0,2758 0,2419 0,2195 0,2034 0,1911 0,1815 0,1736 0,1671 0,1429 0,1144 0,0889

20 0,3894             0,2705 0,2205 0,1921 0,1735 0,1602 0,1501 0,1422 0,1357 0,1303 0,1108 0,0879 0,0675

24 0,3434             0,2354 0,1907 0,1656 0,1493 0,1374 0,1286 0,1216 0,1160 0,1113 0,0942 0,0743 0,0567

30 0,2929             0,1980 0,1593 0,1377 0,1237 0,1137 0,1061 0,1002 0,0958 0,0921 0,0771 0,0604 0,0457

40 0,2370             0,1576 0,1259 0,1082 0,0968 0,0887 0,0827 0,0780 0,0745 0,0713 0,0595 0,0462 0,0347

60 0,1737             0,1131 0,0895 0,0765 0,0682 0,0623 0,0583 0,0552 0,0520 0,0497 0,0711 0,0316 0,0245

120 0,0998             0,0632 0,0495 0,0419 0,0371 0,0337 0,0312 0,0292 0,0279 0,0266 0,0218 0,0168 0,0120

2
5
8
 



 
 

 
Ɍɚɛɥɢɰɚ ɉ.10 

Кɪɢɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ  ɤɪɢɬɟɪɢɹ Кɨɥɦɨɝɨɪɨɜɚ-ɋɦɢɪɧɨɜɚ 
 

n D0,10 D0,05 n D0,10 D0,05

3 0,636 0,708 23 0,247 0,275 

4 0,565 0,624 24 0,242 0,269 

5 0,509 0,563 25 0,238 0,264 

6 0,468 0,519 26 0,233 0,259 

7 0,436 0,483 27 0,229 0,254 

8 0,410 0,454 28 0,225 0,250 

9 0,387 0,430 29 0,221 0,246 

10 0,369 0,409 30 0,218 0,242 

11 0,352 0,391 31 0,214 0,238 

12 0,338 0,375 32 0,211 0,234 

13 0,325 0,361 33 0,208 0,231 

14 0,314 0,349 34 0,205 0,227 

15 0,304 0,338 35 0,202 0,224 

16 0,295 0,327 36 0,199 0,221 

17 0,286 0,318 37 0,196 0,218 

18 0,278 0,309 38 0,194 0,215 

19 0,271 0,301 39 0,191 0,213 

20 0,265 0,294 40 0,189 0,210 

21 0,259 0,287 50 0,170 0,177 

22 0,253 0,281 100 0,121 0,134 
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