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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɜ ɮɨɪɦɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 

ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɡɚɞɚɱ ɫɨ 

ɫɥɭɱɚɣɧɵɦɢ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ» ɫɨɞɟɪɠɢɬ 102 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 1 ɩɪɢɥɨɠɟɧɢɟ ɢ 40 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɑɂɋɅȿɇɇɕɃ ȼȿɊɈəɌɇɈɋɌɇɕɃ ȺɇȺɅɂɁ, ȺɊɂɎɆȿɌɂɑȿɋɄɂȿ 

ɈɉȿɊȺɐɂɂ, ɇȿɈɉɊȿȾȿɅȿɇɇɕȿ ȾȺɇɇɕȿ, ɋɅɍɑȺɃɇɕȿ ɉȿɊȿɆȿɇɇɕȿ, 

ɎɍɇɄɐɂə ɉɅɈɌɇɈɋɌɂ ȼȿɊɈəɌɇɈɋɌɂ, ɊȿɄɍɊɋɂȼɇɕȿ ȼɕɑɂɋɅȿɇɂə, 

ȼȿɊɈəɌɇɈɋɌɇɕȿ ɊȺɋɒɂɊȿɇɂə. 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨɫɜɹɳɟɧɚ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɟ, ɫɜɹɡɚɧɧɨɣ ɫ 

ɪɟɲɟɧɢɟɦ ɡɚɞɚɱ ɫ ɧɟɨɩɪɟɞɟɥɟɧɧɵɦɢ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ. ɉɪɢɫɭɬɫɬɜɢɟ 

ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜɨ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɪɢ ɪɟɲɟɧɢɢ ɦɧɨɝɢɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ 

ɫɨɡɞɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɨɜ, ɤɨɬɨɪɵɟ ɛɵ ɭɜɟɥɢɱɢɜɚɥɢ ɫɤɨɪɨɫɬɶ 

ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱ ɢ ɩɨɜɵɲɚɥɢ ɬɨɱɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ. 
ɐɟɥɶɸ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ, 

ɪɟɚɥɢɡɭɸɳɟɝɨ ɧɨɜɵɟ ɦɟɬɨɞɵ ɢ ɩɨɞɯɨɞɵ ɤ ɜɵɱɢɫɥɟɧɢɸ ɮɭɧɤɰɢɣ ɫɨ ɫɥɭɱɚɣɧɵɦɢ 

ɚɪɝɭɦɟɧɬɚɦɢ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɚɞɟɠɧɨɫɬɶ ɢ ɫɧɢɠɟɧɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɫɥɨɠɧɨɫɬɢ ɱɢɫɥɟɧɧɵɯ ɩɪɨɰɟɞɭɪ. 

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ: 

- ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɢ ɩɨɞɯɨɞɨɜ ɜ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɫɨ 

ɫɥɭɱɚɣɧɵɦɢ ɞɚɧɧɵɦɢ ɧɚ ɨɫɧɨɜɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ; 

- ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɚɧɚɥɢɡɚ ɜ 

ɡɚɞɚɱɚɯ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɣ ɨɬ ɫɥɭɱɚɣɧɵɯ ɚɪɝɭɦɟɧɬɨɜ; 

- ɪɚɡɪɚɛɨɬɤɚ ɪɟɤɭɪɫɢɜɧɨ – ɩɚɪɚɥɥɟɥɶɧɨɣ ɫɯɟɦɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ 

ɩɪɨɰɟɫɫɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢɣ; 

- ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ ɢ ɩɪɨɜɟɪɤɚ ɧɚ ɬɟɫɬɨɜɵɯ ɩɪɢɦɟɪɚɯ. 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ: 

- Ɋɚɡɪɚɛɨɬɚɧ ɩɪɨɝɪɚɦɦɧɵɣ ɦɨɞɭɥɶ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɫ ɫɥɭɱɚɣɧɵɦɢ 
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ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ; 

- ȼɵɩɨɥɧɟɧɨ ɬɟɫɬɢɪɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɦɨɞɭɥɹ. 
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ȼȼȿȾȿɇɂȿ 

 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɩɨɫɜɹɳɟɧɚ ɚɤɬɭɚɥɶɧɨɣ ɬɟɦɟ, ɫɜɹɡɚɧɧɨɣ ɫ ɜɨɩɪɨɫɚɦɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɧɚ ɨɫɧɨɜɟ 

ɦɟɬɨɞɨɜ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ 

ɚɧɚɥɢɡɚ.   

ɐɟɥɶɸ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɦɨɞɭɥɹ, ɪɟɚɥɢɡɭɸɳɟɝɨ ɧɨɜɵɟ ɦɟɬɨɞɵ ɢ ɩɨɞɯɨɞɵ ɤ ɜɵɱɢɫɥɟɧɢɸ ɮɭɧɤɰɢɣ ɫɨ 

ɫɥɭɱɚɣɧɵɦɢ ɚɪɝɭɦɟɧɬɚɦɢ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɚɞɟɠɧɨɫɬɶ ɢ ɫɧɢɠɟɧɢɟ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɥɨɠɧɨɫɬɢ ɱɢɫɥɟɧɧɵɯ ɩɪɨɰɟɞɭɪ.  

Ⱦɥɹ ɦɧɨɝɢɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɬɪɟɛɭɟɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɣ ɨɬ 

ɧɟɤɨɬɨɪɨɝɨ ɱɢɫɥɚ ɫɥɭɱɚɣɧɵɯ ɚɪɝɭɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɜɚɠɧɨɣ ɱɚɫɬɶɸ 

ɦɧɨɝɢɯ ɫɥɨɠɧɵɯ, ɦɧɨɝɨɦɟɪɧɵɯ, ɦɧɨɝɨɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 

ɦɨɞɟɥɟɣ, ɪɟɚɥɢɡɭɸɳɢɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɩɨɞɯɨɞ, ɫɜɹɡɚɧɧɵɣ ɫ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ 

ɢ ɨɛɪɚɛɨɬɤɨɣ ɞɚɧɧɵɯ ɛɨɥɶɲɢɯ ɨɛɴɟɦɨɜ. Ʉ ɬɚɤɢɦ ɡɚɞɚɱɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɪɹɞ 

ɡɚɞɚɱ ɰɢɮɪɨɜɨɣ ɷɤɨɧɨɦɢɤɢ, ɡɚɞɚɱɢ ɨɛɪɚɛɨɬɤɢ ɢ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ 

ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɡɟɦɥɢ, ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɢ ɬɚɤ ɞɚɥɶɲɟ. ȼ 

ɩɨɞɨɛɧɵɯ ɡɚɞɚɱɚɯ ɱɚɫɬɨ ɧɟɨɛɯɨɞɢɦɨ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢɫɫɥɟɞɨɜɚɬɶ 

ɦɨɞɟɥɢ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ, ɡɚɞɚɧɧɵɦɢ ɫɜɨɢɦɢ ɩɥɨɬɧɨɫɬɹɦɢ 

ɜɟɪɨɹɬɧɨɫɬɢ. ȼ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɢɯ ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɢɡɜɟɫɬɧɵ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɚɤɢɯ ɦɨɞɟɥɟɣ ɦɨɠɧɨ ɫɜɟɫɬɢ ɤ ɜɵɱɢɫɥɟɧɢɸ ɮɭɧɤɰɢɣ 

ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɚɪɝɭɦɟɧɬɚɦɢ. ɍɧɢɜɟɪɫɚɥɶɧɵɦ ɩɨɞɯɨɞɨɦ ɤ ɪɟɲɟɧɢɸ ɬɚɤɢɯ ɡɚɞɚɱ 

ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɤɨɬɨɪɵɣ ɞɚɜɧɨ ɢ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 

ɪɟɲɟɧɢɹ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɡɚɞɚɱ ɜ ɭɫɥɨɜɢɹɯ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ. ɉɪɢ ɜɫɟɯ ɟɝɨ 

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɚɱɟɫɬɜɚɯ ɷɬɨɬ ɦɟɬɨɞ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɧɟɞɨɫɬɚɬɤɨɜ. Ɉɞɢɧ ɢɡ 

ɫɚɦɵɯ ɫɭɳɟɫɬɜɟɧɧɵɯ ɟɫɬɶ ɧɢɡɤɚɹ ɫɤɨɪɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ ɢ ɛɨɥɶɲɨɣ ɨɛɴɟɦ 

ɜɵɱɢɫɥɟɧɢɣ, ɱɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɥɨɠɧɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ ɫ 

ɞɚɧɧɵɦɢ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ. Ɇɧɨɝɨɦɟɪɧɨɫɬɶ ɢ ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɦɚɫɫɢɜɨɜ 
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ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɭɜɟɥɢɱɢɜɚɸɬ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ 

ɫɥɨɠɧɨɫɬɶ ɱɢɫɥɟɧɧɵɯ ɩɪɨɰɟɞɭɪ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɫɤɚɡɵɜɚɟɬɫɹ, ɤɚɤ 

ɧɚ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɤɨɧɟɱɧɨɝɨ ɱɢɫɥɟɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɩɪɢ ɡɚɞɚɧɧɵɯ 

ɨɝɪɚɧɢɱɟɧɢɹɯ ɩɨ ɜɪɟɦɟɧɢ, ɬɚɤ ɢ ɧɚɞɟɠɧɨɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɞɭɪ ɜ 

ɨɬɧɨɲɟɧɢɢ ɬɨɱɧɨɫɬɢ ɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. ȼ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɪɟɲɟɧɢɟ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɜɨɡɦɨɠɧɨ ɧɚ ɨɫɧɨɜɟ ɩɪɢɦɟɧɟɧɢɹ ɚɤɬɢɜɧɨ 

ɪɚɡɜɢɜɚɸɳɟɝɨɫɹ ɩɨɞɯɨɞɚ, ɤɨɬɨɪɵɣ ɫɮɨɪɦɢɪɨɜɚɥɫɹ ɧɚ ɫɬɵɤɟ ɬɚɤɢɯ ɩɨɧɹɬɢɣ, ɤɚɤ 

ɩɚɪɚɥɥɟɥɶɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɢ ɩɚɪɚɥɥɟɥɶɧɵɟ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ. ȼ 

ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɨɞɯɨɞ ɤ ɜɵɱɢɫɥɟɧɢɸ ɮɭɧɤɰɢɣ ɨɬ ɫɥɭɱɚɣɧɵɯ ɚɪɝɭɦɟɧɬɨɜ, 

ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɬɟɯɧɢɤɭ ɛɵɫɬɪɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɨɫɧɨɜɚɧɧɭɸ ɧɚ ɢɞɟɟ 

ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɩɪɢɦɟɧɟɧɢɢ ɦɟɬɨɞɨɜ 

ɱɢɫɥɟɧɧɨɝɨ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɚɧɚɥɢɡɚ ɜ ɭɫɥɨɜɢɹɯ ɫɥɭɱɚɣɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ 

[6].  

Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ: 

- ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɢ ɩɨɞɯɨɞɨɜ ɜ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɫɨ 

ɫɥɭɱɚɣɧɵɦɢ ɞɚɧɧɵɦɢ ɧɚ ɨɫɧɨɜɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ; 

- ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɚɧɚɥɢɡɚ ɜ 

ɡɚɞɚɱɚɯ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɣ ɨɬ ɫɥɭɱɚɣɧɵɯ ɚɪɝɭɦɟɧɬɨɜ; 

- ɪɚɡɪɚɛɨɬɤɚ ɪɟɤɭɪɫɢɜɧɨ – ɩɚɪɚɥɥɟɥɶɧɨɣ ɫɯɟɦɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ 

ɩɪɨɰɟɫɫɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢɣ; 

- ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ ɢ ɩɪɨɜɟɪɤɚ ɧɚ ɬɟɫɬɨɜɵɯ ɩɪɢɦɟɪɚɯ. 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɝɥɚɜ. ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɩɪɢɜɨɞɢɬɫɹ ɚɧɚɥɢɡ 

ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɨɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɢ ɞɚɸɬɫɹ 

ɧɟɨɛɯɨɞɢɦɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɫɜɟɞɟɧɢɹ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ 

ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɱɢɫɥɟɧɧɨɝɨ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɩɪɢɜɨɞɹɬɫɹ 

ɨɫɧɨɜɧɵɟ ɬɟɨɪɟɦɵ ɢ ɭɬɜɟɪɠɞɟɧɢɹ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢɣ 

ɤ ɜɵɱɢɫɥɟɧɢɸ ɮɭɧɤɰɢɣ ɨɬ ɫɥɭɱɚɣɧɵɯ ɚɪɝɭɦɟɧɬɨɜ. ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɚɥɝɨɪɢɬɦɵ ɢ ɦɟɬɨɞɵ ɪɟɤɭɪɫɢɜɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɧɚ ɨɫɧɨɜɟ 

ɤɨɬɨɪɵɯ ɪɟɚɥɢɡɭɟɬɫɹ ɬɟɯɧɢɤɚ ɛɵɫɬɪɵɯ ɜɵɱɢɫɥɟɧɢɣ. Ɉɩɢɫɵɜɚɟɬɫɹ ɨɪɝɚɧɢɡɚɰɢɹ 
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ɪɟɤɭɪɫɢɜɧɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɜɵɱɢɫɥɟɧɢɹ 

ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢɣ.  Ɍɪɟɬɶɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɜɨɩɪɨɫɚɦ ɪɚɡɪɚɛɨɬɤɢ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ ɢ ɬɟɫɬɢɪɨɜɚɧɢɹ ɟɝɨ ɪɚɛɨɬɵ. 
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1 Аɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

 

1.1 Аɧɚɥɢɡ ɬɢɩɨɜ ɫɥɭɱɚɣɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ  
 

Ⱦɥɹ ɦɧɨɝɢɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɬɪɟɛɭɟɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɣ ɨɬ 

ɫɥɭɱɚɣɧɵɯ ɚɪɝɭɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɜɚɠɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɦɧɨɝɢɯ 

ɫɥɨɠɧɵɯ, ɦɧɨɝɨɦɟɪɧɵɯ, ɦɧɨɝɨɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, 

ɪɟɚɥɢɡɭɸɳɢɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɩɨɞɯɨɞ, ɫɜɹɡɚɧɧɵɣ ɫ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɢ 

ɨɛɪɚɛɨɬɤɨɣ ɞɚɧɧɵɯ ɛɨɥɶɲɢɯ ɨɛɴɟɦɨɜ. Ʉ ɬɚɤɢɦ ɡɚɞɚɱɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɪɹɞ 

ɡɚɞɚɱ ɰɢɮɪɨɜɨɣ ɷɤɨɧɨɦɢɤɢ, ɡɚɞɚɱɢ ɨɛɪɚɛɨɬɤɢ ɢ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ 

ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɡɟɦɥɢ, ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɢ ɬɚɤ ɞɚɥɶɲɟ. ȼ 

ɩɨɞɨɛɧɵɯ ɡɚɞɚɱɚɯ ɱɚɫɬɨ ɧɟɨɛɯɨɞɢɦɨ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢɫɫɥɟɞɨɜɚɬɶ 

ɦɨɞɟɥɢ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ, ɡɚɞɚɧɧɵɦɢ ɫɜɨɢɦɢ ɩɥɨɬɧɨɫɬɹɦɢ 

ɜɟɪɨɹɬɧɨɫɬɢ. ȼ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɢɯ ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɢɡɜɟɫɬɧɵ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɚɤɢɯ ɦɨɞɟɥɟɣ ɦɨɠɧɨ ɫɜɟɫɬɢ ɤ ɜɵɱɢɫɥɟɧɢɸ ɮɭɧɤɰɢɣ 

ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɚɪɝɭɦɟɧɬɚɦɢ. 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜ ɞɚɧɧɵɯ ɦɨɠɧɨ 

ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɤɚɤ ɷɥɢɚɬɨɪɧɭɸ ɢ ɷɩɢɫɬɟɦɢɫɬɢɱɟɫɤɭɸ. 

ȼɵɞɟɥɹɸɬ ɷɥɢɬɨɪɧɭɸ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɢɡɦɟɧɱɢɜɨɫɬɶɸ ɩɪɨɰɟɫɫɨɜ ɢ ɹɜɥɟɧɢɣ, ɢ ɷɩɢɫɬɟɦɢɱɟɫɤɭɸ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ, 

ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɥɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɢɥɢ ɧɟɯɜɚɬɤɨɣ ɡɧɚɧɢɣ ɨ ɫɢɫɬɟɦɟ ɢ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶɸ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɨɰɟɧɨɤ. 

ȼɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɜ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬɫɹ ɫɥɭɱɚɣɧɚɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ, 

ɡɚɞɚɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɜɟɪɨɹɬɧɨɫɬɧɵɦɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹɦɢ ɢɥɢ 

ɮɭɧɤɰɢɟɣ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɨɛɴɟɦ 

ɢɦɟɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɢ.  

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɵɞɟɥɹɸɬ ɞɜɚ ɜɢɞɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ: ɷɥɢɚɬɨɪɧɭɸ 

ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɦɟɧɱɢɜɨɫɬɶɸ ɩɪɨɰɟɫɫɨɜ ɢ ɹɜɥɟɧɢɣ ɢ 

ɞɨɫɬɚɬɨɱɧɵɦ ɨɛɴɟɦɨɦ ɢɧɮɨɪɦɚɰɢɢ, ɢ ɷɩɢɫɬɟɦɢɱɟɫɤɭɸ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ, 
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ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɥɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɞɚɧɧɵɯ ɢɥɢ ɧɟɯɜɚɬɤɨɣ ɡɧɚɧɢɣ ɨ 

ɫɢɫɬɟɦɟ, ɚ ɬɚɤɠɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶɸ ɢɯ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɨɰɟɧɨɤ. 

ɉɪɢɦɟɪɨɦ ɷɩɢɫɬɟɦɢɱɟɫɤɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɢɧɬɟɪɜɚɥɶɧɚɹ 

ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɨɫɬɨɹɧɢɟɦ ɧɟɩɨɥɧɨɝɨ ɢɥɢ 

ɱɚɫɬɢɱɧɨɝɨ ɡɧɚɧɢɹ ɨ ɢɧɬɟɪɟɫɭɸɳɟɦ ɧɚɫ ɡɧɚɱɟɧɢɢ, ɤɨɝɞɚ ɢɡɜɟɫɬɧɚ ɬɨɥɶɤɨ ɟɟ 

ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɤɚɤɨɦɭ-ɥɢɛɨ ɢɧɬɟɪɜɚɥɭ, ɬ. ɟ. ɦɵ ɦɨɠɟɦ ɡɚɞɚɬɶ ɩɪɟɞɟɥɵ ɢɯ 

ɢɡɦɟɧɟɧɢɹ ɢɥɢ ɝɪɚɧɢɰɵ ɜɟɪɨɹɬɧɵɯ ɡɧɚɱɟɧɢɣ ɷɬɨɣ ɜɟɥɢɱɢɧɵ. ɇɚɩɪɢɦɟɪ, 

ɢɧɬɟɪɜɚɥɶɧɚɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɢɡɦɟɪɟɧɢɢ ɨɛɴɟɦɨɜ ɩɪɨɞɚɠ, 

ɨɛɴɟɦɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɪɢɛɵɥɢ, ɨɰɟɧɤɟ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɢ ɞɪɭɝɢɯ 

ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɹɯ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨɛ ɢɧɬɟɪɜɚɥɶɧɨɦ 

ɯɚɪɚɤɬɟɪɟ ɪɹɞɚ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɫɥɭɠɚɬ ɨɫɧɨɜɨɣ ɩɪɢɧɹɬɢɹ 

ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ. 

 

1.2 Аɧɚɥɢɡ ɦɟɬɨɞɨɜ 

 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɚɠɞɨɦɭ ɬɢɩɭ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜ ɞɚɧɧɵɯ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɹ ɚɪɢɮɦɟɬɢɤɚ. Ɍɚɤ, ɞɥɹ ɢɧɬɟɪɜɚɥɶɧɵɯ ɞɚɧɧɵɯ ɪɚɡɪɚɛɨɬɚɧɚ 

ɢɧɬɟɪɜɚɥɶɧɚɹ ɚɪɢɮɦɟɬɢɤɚ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɢɧɬɟɪɜɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ. 

Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɢɧɬɟɪɜɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ – ɷɬɨ ɡɚɦɟɧɚ ɜɟɳɟɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ɢ 

ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɢ ɧɚɞ ɜɟɳɟɫɬɜɟɧɧɵɦɢ ɱɢɫɥɚɦɢ ɢɧɬɟɪɜɚɥɶɧɵɦɢ 

ɮɭɧɤɰɢɹɦɢ ɢ ɨɩɟɪɚɰɢɹɦɢ, ɩɪɟɨɛɪɚɡɭɸɳɢɦɢ ɢɧɬɟɪɜɚɥɵ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɷɬɢ 

ɱɢɫɥɚ. Ⱦɥɹ ɧɟɱɟɬɤɢɯ ɞɚɧɧɵɯ ɜ 1965 ɝɨɞɭ Ɂɚɞɟ ɩɪɟɞɥɨɠɢɥ ɬɟɨɪɢɸ ɧɟɱɟɬɤɢɯ 

ɦɧɨɠɟɫɬɜ, ɤɨɬɨɪɚɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɟɜɪɚɬɢɥɚɫɶ ɜ ɞɟɬɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɭɸ 

ɨɛɥɚɫɬɶ ɫ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɩɪɢɥɨɠɟɧɢɣ ɤ ɡɚɞɚɱɚɦ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ. 

ɇɟɱɟɬɤɚɹ ɚɪɢɮɦɟɬɢɤɚ ɫɬɪɨɢɬɫɹ ɧɚ ɬɚɤɢɯ ɩɨɧɹɬɢɹɯ, ɤɚɤ ɧɟɱɟɬɤɚɹ ɜɟɥɢɱɢɧɚ, 

ɫɬɟɩɟɧɶ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ, ɮɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ. ɋɥɭɱɚɣɧɚɹ 

ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɢ ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɧɚɞ ɫɥɭɱɚɣɧɵɦɢ ɱɢɫɥɚɦɢ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ. 
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Ɇɟɬɨɞɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢя ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ 

 

Ⱥɧɚɥɢɡ ɢ ɨɛɪɚɛɨɬɤɚ ɢɧɮɨɪɦɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 

ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ 

ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɨ ɦɧɨɝɢɯ ɪɚɛɨɬɚɯ ɫɨɜɪɟɦɟɧɧɵɯ 

ɚɜɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɩɨɫɜɹɳɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɸ ɫɢɫɬɟɦ ɜ ɭɫɥɨɜɢɹɯ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɬɫɹ ɩɨɞɯɨɞ, ɤɨɬɨɪɵɣ ɜ 

ɡɚɪɭɛɟɠɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɧɚɡɵɜɚɸɬ «propagation of uncertainty», ɥɢɛɨ 

«ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ» ɜ ɩɟɪɟɜɨɞɟ ɧɚ ɪɭɫɫɤɢɣ ɹɡɵɤ. Ⱥɧɚɥɢɡɢɪɭɹ 

ɫɨɞɟɪɠɚɬɟɥɶɧɵɣ ɫɦɵɫɥ ɷɬɨɝɨ ɩɨɧɹɬɢɹ ɜɵɞɟɥɹɸɬ ɨɞɢɧ ɜɚɠɧɵɣ ɚɫɩɟɤɬ 

ɩɪɨɰɟɞɭɪɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜ ɞɚɧɧɵɯ. Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ 

ɨɫɧɨɜɚɧ ɧɚ ɩɨɥɭɱɟɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɫɧɨɜɚɧɢɣ ɢɥɢ ɡɧɚɧɢɣ ɞɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ. ɂɧɚɱɟ ɝɨɜɨɪɹ, ɟɫɥɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɭɫɥɨɜɢɟ 

ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ ɞɚɧɧɵɯ ɢɥɢ ɩɨɥɧɨɝɨ ɨɬɫɭɬɫɬɜɢɹ ɷɦɩɢɪɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɚɧɢɣ ɞɥɹ ɜɵɞɜɢɠɟɧɢɹ ɢɞɟɣ ɢ ɩɪɟɞɩɨɥɨɠɟɧɢɣ ɨ 

ɤɚɤɨɦ-ɥɢɛɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɚɧɧɵɯ, ɬɨ ɫɭɳɟɫɬɜɭɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɢɬɶ (ɜ ɩɟɪ. propagate) ɫɭɳɟɫɬɜɭɸɳɭɸ 

ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɞɚɧɧɵɯ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɨɫɬɚɬɨɱɧɵɯ ɜɵɜɨɞɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ ɩɪɢɧɰɢɩɨɦ ɧɟɞɨɫɬɚɬɨɱɧɨɝɨ ɨɫɧɨɜɚɧɢɹ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ 

ɨɫɧɨɜɚɧɢɹ ɨɰɟɧɤɢ ɢɥɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɤɚɤɨɝɨ-ɥɢɛɨ ɜɯɨɞɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚ 

ɨɫɧɨɜɟ ɧɟɬɨɱɧɨɣ ɢɥɢ ɧɟɩɨɥɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɢɦɟɧɹɸɬ ɪɚɡɥɢɱɧɵɟ ɩɪɨɰɟɞɭɪɵ. 

ɉɪɢɦɟɪɨɦ ɦɨɠɟɬ ɫɬɚɬɶ ɪɚɫɫɦɨɬɪɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ 

ɢɦɟɸɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɷɧɬɪɨɩɢɸ, ɤɨɬɨɪɚɹ ɞɨɩɭɫɤɚɟɬɫɹ ɢɦɟɸɳɟɣɫɹ ɚɩɪɢɨɪɧɨɣ 

ɢɧɮɨɪɦɚɰɢɟɣ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɫɥɟɞɨɜɚɬɶ ɩɪɢɧɰɢɩɭ: ɜɵɛɢɪɚɬɶ ɬɢɩ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɥɢɱɟɫɬɜɭ ɢɦɟɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɢ ɢ 

ɨɫɬɚɜɚɬɶɫɹ ɜɟɪɧɵɦ ɢɦɟɸɳɟɣɫɹ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɢɧɮɨɪɦɚɰɢɢ, ɜɤɥɸɱɚɹ 

ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɩɪɨɛɟɥɵ. ɉɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɩɪɢɧɰɢɩɚ 

ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ ɥɢɛɨ ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɨɫɧɨɜɚɧɢɣ ɩɨɡɜɨɥɹɟɬ ɧɚɦ ɫɭɳɟɫɬɜɟɧɧɨ 

ɪɚɫɲɢɪɢɬɶ ɡɧɚɧɢɹ ɨ ɮɨɪɦɚɯ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ. 
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ɂɫɩɨɥɶɡɭɹ ɦɟɬɨɞ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɝɪɚɧɢɰ ɦɨɠɧɨ ɞɨɫɬɢɱɶ 

«ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ». Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ 

ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɫɥɟɞɭɸɳɟɦ: «ȿɫɬɶ ɧɟɱɬɨ, ɱɬɨ ɦɵ ɦɨɠɟɦ ɫɤɚɡɚɬɶ ɨ ɧɟɢɡɜɟɫɬɧɨɦ 

ɪɚɫɩɪɟɞɟɥɟɧɢɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɷɬɨ ɟɝɨ ɤɭɦɭɥɹɬɢɜɧɚɹ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɜɟɪɨɹɬɧɨɫɬɟɣ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɥɟɠɚɬɶ ɜ ɨɛɥɚɫɬɢ – ɹɳɢɤɟ ɢ ɛɵɬɶ ɨɝɪɚɧɢɱɟɧɧɚ 

ɧɭɥɟɦ ɢ ɟɞɢɧɢɰɟɣ ɨɬ ɦɢɧɢɦɭɦɚ/ɦɚɤɫɢɦɭɦɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɢ ɩɨ ɜɟɪɬɢɤɚɥɢ. 

ɂɫɬɢɧɧɚɹ ɠɟ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɤɚɤɨɣ ɛɵ ɨɧɚ ɧɢ ɹɜɥɹɥɚɫɶ, ɞɨɥɠɧɚ 

ɧɚɯɨɞɢɬɶɫɹ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ». ɗɬɚ ɢɞɟɹ ɩɨɫɬɪɨɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɝɪɚɧɢɰ 

ɨɤɚɡɚɥɚɫɶ ɨɱɟɧɶ ɩɪɨɞɭɤɬɢɜɧɨɣ. ȿɳɟ ɨɞɢɧ ɢɦɟɸɳɢɣɫɹ ɩɨɞɯɨɞ ɤ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜ ɞɚɧɧɵɯ – ɷɬɨ Ɉɛɥɚɤɚ ɇɟɣɦɚɣɟɪɚ, 

ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɧɚɦ ɧɟɩɨɥɧɭɸ ɫɬɨɯɚɫɬɢɱɟɫɤɭɸ ɢɧɮɨɪɦɚɰɢɸ ɩɪɟɞɫɬɚɜɢɬɶ 

ɩɨɧɹɬɧɵɦ, ɱɟɬɤɢɦ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɫɩɨɫɨɛɨɦ, ɤɨɬɨɪɵɣ 

ɩɨɡɜɨɥɹɟɬ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɧɚɲɭ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɢ ɨɛɥɚɞɚɟɬ ɱɟɬɤɨɣ 

ɫɟɦɚɧɬɢɤɨɣ. Ɍɚɤɠɟ ɨɧ ɜɵɫɬɭɩɚɟɬ ɩɨɫɪɟɞɧɢɤɨɦ ɦɟɠɞɭ ɫɚɦɢɦ ɩɨɧɹɬɢɟɦ 

ɧɟɱɟɬɤɨɝɨ ɦɧɨɠɟɫɬɜɚ ɢ ɟɝɨ ɜɟɪɨɹɬɧɨɫɬɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ.  

 

Ɇɟɬɨɞɵ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ. Ɇɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ 

 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɢɫɬɟɦ ɜ ɭɫɥɨɜɢɹɯ ɷɥɢɬɚɪɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɚɦɵɟ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɦɟɬɨɞɵ, ɨɩɢɪɚɸɳɢɟɫɹ ɧɚ ɬɟɨɪɢɸ 

ɜɟɪɨɹɬɧɨɫɬɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɬɚɤɢɟ ɩɨɞɯɨɞɵ, ɤɨɬɨɪɵɟ ɨɫɧɨɜɚɧɵ ɧɚ ɨɩɢɫɚɧɢɢ 

ɡɚɤɨɧɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɜɚɠɧɨ ɨɬɦɟɬɢɬɶ, 

ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɨɰɟɧɤɢ ɡɚɤɨɧɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɨɫɹɬ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɣ 

ɯɚɪɚɤɬɟɪ. Ɉɞɧɢɦ ɢɯ ɫɚɦɵɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɯ ɦɟɬɨɞɨɜ 

ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɜ ɭɫɥɨɜɢɹɯ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ. 

ɂɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɹɜɥɹɟɬɫɹ 

ɩɪɨɰɟɞɭɪɨɣ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɧɚɯɨɠɞɟɧɢɹ ɤɚɤɨɝɨ - 

ɥɢɛɨ ɩɨɤɚɡɚɬɟɥɹ ɩɨɞɜɟɪɝɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɢɦɢɬɚɰɢɨɧɧɵɯ 

ɩɪɨɝɨɧɨɜ ɩɪɢ ɩɨɦɨɳɢ ɤɨɦɩɶɸɬɟɪɚ. ȼɨ ɜɪɟɦɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɢɦɢɬɚɰɢɢ 
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ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɪɨɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɫɰɟɧɚɪɢɟɜ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɜ ɩɪɨɟɤɬɟ ɹɜɥɹɸɬɫɹ ɧɟɨɩɪɟɞɟɥɟɧɧɵɦɢ ɞɚɧɧɵɦɢ, ɜ 

ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨ ɜɪɟɦɹ ɚɧɚɥɢɡɚ ɩɪɢɯɨɞɢɬɫɹ ɩɨɥɚɝɚɬɶɫɹ ɧɚ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ. 

ɋɚɦ ɩɪɨɰɟɫɫ ɢɦɢɬɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɫɨ ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢɟɦ: ɫɥɭɱɚɣɧɵɣ ɜɵɛɨɪ 

ɡɧɚɱɟɧɢɣ ɢɡ ɨɩɪɟɞɟɥɟɧɧɵɯ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɧɟ ɞɨɥɠɟɧ ɧɚɪɭɲɚɬɶ 

ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɢɥɢ ɢɡɜɟɫɬɧɵɯ ɨɬɧɨɲɟɧɢɣ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ 

ɩɟɪɟɦɟɧɧɵɯ. ɇɟ ɫɦɨɬɪɹ ɧɚ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ, ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɢɦɟɟɬ 

ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ: Ɇɨɧɬɟ-Ʉɚɪɥɨ ɬɪɟɛɭɟɬ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɞɚɧɧɵɯ; ɧɟ 

ɪɚɫɩɪɨɫɬɪɚɧɹɟɬ ɱɚɫɬɢɱɧɨɟ ɧɟɡɧɚɧɢɟ ɧɢ ɩɪɢ ɤɚɤɨɣ ɱɚɫɬɨɬɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ; ɧɟ 

ɦɨɠɟɬ ɨɰɟɧɢɬɶ ɩɪɟɜɵɲɟɧɢɟ ɪɢɫɤɨɦ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɭɪɨɜɧɹ; ɧɟ ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɢɦɟɧɟɧ ɞɥɹ ɷɮɮɟɤɬɚ ɧɟ ɫɜɨɪɚɱɢɜɚɟɦɨɫɬɢ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɨɛɪɚɬɧɵɯ 

ɪɚɫɱɟɬɨɜ. 

Ɋɚɫɫɦɨɬɪɢɦ ɟɳɟ ɨɞɢɧ ɦɟɬɨɞ, ɚɜɬɨɪɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ R.E. Moore, 

ɩɨɤɚɡɵɜɚɟɬ, ɤɚɤ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɨɜɨɤɭɩɧɭɸ ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɚɪɢɮɦɟɬɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ ɧɚɞ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ, ɤɨɝɞɚ ɫɥɭɱɚɣɧɵɟ 

ɜɟɥɢɱɢɧɵ ɹɜɥɹɸɬɫɹ ɨɛɴɟɞɢɧɟɧɢɟ ɧɟɩɟɪɟɫɟɤɚɸɳɢɯɫɹ ɢɧɬɟɪɜɚɥɨɜ, ɧɨ ɫ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɨɥɟɣ ɜɟɪɨɹɬɧɨɫɬɢ ɜɫɬɪɟɱɚɟɦɨɫɬɢ ɜ ɩɪɟɞɟɥɚɯ ɤɚɠɞɨɝɨ ɢɧɬɟɪɜɚɥɚ 

Ɇɭɪ ɢɫɩɨɥɶɡɭɟɬ ɬɨɥɶɤɨ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɝɪɭɩɩ ɢɥɢ ɨɧ ɜɫɟ-ɬɚɤɢ 

ɩɨɥɭɱɚɟɬ ɪɟɡɭɥɶɬɚɬɵ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɟɡɭɥɶɬɚɬɚɦ, ɩɨɥɭɱɟɧɧɵɦ 

ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɬɱɚɫɬɢ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ 

ɤɭɦɭɥɹɬɢɜɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɵɝɥɹɞɹɬ ɥɭɱɲɟ, ɱɟɦ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɥɨɬɧɨɫɬɢ, ɢɡ-ɡɚ ɫɝɥɚɠɢɜɚɸɳɟɝɨ ɷɮɮɟɤɬɚ ɢɧɬɟɝɪɚɰɢɢ.  

ɑɢɫɥɟɧɧɵɣ ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɚɧɚɥɢɡ (ɑȼȺ) ɹɜɥɹɟɬɫɹ ɟɳɟ ɨɞɧɢɦ ɫɩɨɫɨɛɨɦ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ 

ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ, ɤɨɝɞɚ ɢɦɟɸɳɢɟɫɹ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɨɰɟɧɤɢ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ 

ɢ ɩɚɪɚɦɟɬɪɨɜ ɧɨɫɹɬ ɧɟɨɩɪɟɞɟɥɟɧɧɵɣ ɯɚɪɚɤɬɟɪ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɰɟɥɢ, ɤɨɬɨɪɚɹ 

ɬɪɟɛɭɟɬ ɫɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜ ɞɚɧɧɵɯ ɢ 

ɩɨɥɭɱɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɜɯɨɞɧɵɯ 
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ɞɚɧɧɵɯ ɜ ɭɫɥɨɜɢɹɯ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɢ ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ 

ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɫɬɨɝɪɚɦɦɧɨɝɨ ɩɨɞɯɨɞɚ.  

ɂɞɟɹ ɝɢɫɬɨɝɪɚɦɦɧɨɝɨ ɩɨɞɯɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: ɧɚɪɹɞɭ ɫ 

ɨɛɳɢɦɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦɢ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɫɜɨɢɦɢ ɩɥɨɬɧɨɫɬɹɦɢ ɜ ɜɢɞɟ 

ɧɟɩɪɟɪɵɜɧɵɯ ɮɭɧɤɰɢɣ, ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ, ɩɥɨɬɧɨɫɬɶ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɝɢɫɬɨɝɪɚɦɦɭ.  

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɪɟɲɟɧɢɹ ɷɬɢɯ ɡɚɞɚɱ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɢɧɬɟɪɜɚɥɶɧɵɯ ɝɢɫɬɨɝɪɚɦɦ ɢ ɝɢɫɬɨɝɪɚɦɦ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. ȼ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ, 

ɤɨɝɞɚ ɨɬɫɭɬɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɡɚɞɚɸɬɫɹ ɨɰɟɧɤɢ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɧɢɡɭ ɢ 

ɫɜɟɪɯɭ. Ⱦɚɧɧɵɟ ɨɰɟɧɤɢ ɨɱɟɧɶ ɭɞɨɛɧɨ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ 

ɢɧɬɟɪɜɚɥɶɧɵɯ ɝɢɫɬɨɝɪɚɦɦ. ɇɚɡɵɜɚɬɶ ɝɢɫɬɨɝɪɚɦɦɭ ɢɧɬɟɪɜɚɥɶɧɨɣ ɩɪɢɧɹɬɨ ɬɨɦ 

ɫɥɭɱɚɟ, ɟɫɥɢ ɡɧɚɱɟɧɢɹ ɷɬɨɣ ɝɢɫɬɨɝɪɚɦɦɵ ɩɪɢɧɢɦɚɸɬ ɬɨɥɶɤɨ ɢɧɬɟɪɜɚɥɶɧɵɟ 

ɡɧɚɱɟɧɢɹ.  

ȼɦɟɫɬɟ ɫ ɬɟɦ ɞɥɹ ɢɧɬɟɪɜɚɥɶɧɵɯ ɝɢɫɬɨɝɪɚɦɦ ɜ ɪɚɦɤɚɯ ɑȼȺ ɩɪɟɞɥɨɠɟɧɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɫɬɨɝɪɚɦɦɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɬ.ɟ. ɷɬɨ ɝɢɫɬɨɝɪɚɦɦɵ, ɤɚɠɞɵɣ 

ɫɬɨɥɛɟɰ ɤɨɬɨɪɨɣ – ɝɢɫɬɨɝɪɚɦɦɚ.  

 

ɉɪɢɛɥɢɠɟɧɢɟ ɮɭɧɤɰɢɣ 

 

ɂɧɬɟɪɩɨɥɹɰɢɨɧɧɵɣ ɦɧɨɝɨɱɥɟɧ Ʌɚɝɪɚɧɠɚ  

ɉɭɫɬɶ ɢɡɜɟɫɬɧɵ ɡɧɚɱɟɧɢɹ ɧɟɤɨɬɨɪɨɣ ɮɭɧɤɰɢɢ ݂, ɡɚɞɚɧɧɨɣ ɧɚ ɨɬɪɟɡɤɟ [a,b] 

ɜ ݊ + ͳ  ɪɚɡɥɢɱɧɵɯ ɬɨɱɤɚɯ ܽ = ଴ݔ < ଵݔ < …ଶݔ < ௡ݔ = ܾ , ɤɨɬɨɪɵɟ ɨɛɨɡɧɚɱɢɦ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

௜ݔ  = ݂ሺݔ௜ሻ, ݅ = Ͳ,ͳ, … , ݊ 
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Ɇɧɨɠɟɫɬɜɨ ɬɨɱɟɤ {ݔ௜}  ɞɚɥɟɟ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɫɟɬɤɨɣ. ȼɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ 

ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɢ ݂ ɜ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɟ ݔ. ɉɨɫɬɪɨɢɦ 

ɞɥɹ ɷɬɨɝɨ ɚɥɝɟɛɪɚɢɱɟɫɤɢɣ ɦɧɨɝɨɱɥɟɧ ܮ௡ሺݔሻ ɫɬɟɩɟɧɢ n:  

௡ܮ  = ݂ሺݔ௜ሻ, ݅ = Ͳ,ͳ,… , ݊  (1) 

 

Ɍɚɤɨɣ ɦɧɨɝɨɱɥɟɧ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɦ , ɬɨɱɤɢ ix  ɭɡɥаɦɢ 

ɢɧɬɟɪɩɨɥɹɰɢɢ. Ɋɚɫɫɦɨɬɪɢɦ ɨɛɳɢɣ ɜɢɞ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɦɧɨɝɨɱɥɟɧɚ:  

 

0

( ) ( )
n

n ni i
i

L x p x f


    (2) 

 

ɝɞɟ  

 

0 1 1

0 1 1

( ) ( )( ) ( )
0 1

( ) ( )( ) ( )
i i n

ni
i i i i i i n

x x x x x x x x
p i n

x x x x x x x x
 

 

     
     

       (3) 

 

ɉɪɢɜɟɞɟɦ ɩɪɢɦɟɪɵ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɦɧɨɝɨɱɥɟɧɚ Ʌɚɝɪɚɧɠɚ. ɉɭɫɬɶ 

1n , ɬɨɝɞɚ  

 

01
1 0 1

0 1 1 0

( )
x xx x

L x f f
x x x x


  

    (4) 

 

ɉɪɢ 2n   

 

1 2
2 0

0 1 0 2

( )( )
( )

( )( )

x x x x
L x f

x x x x

 
 

 

0 2 0 1
1 2

1 0 1 2 2 0 2 1

( )( ) ( )( )

( )( ) ( )( )

x x x x x x x x
f f

x x x x x x x x

   
  

     
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ɉɨɝɪɟɲɧɨɫɬɶ ɢɧɬɟɪɩɨɥяɰɢɢ.  

 

Ɉɰɟɧɢɦ ɮɭɧɤɰɢɸ ܴ௡:  

 

( ) ( ) ( )n nR x f x L x     (5) 

 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ݂ ∈ 𝐶௡+ଵ , ɬ.ɟ. ݊ + ͳ  ɪɚɡ ɧɟɩɪɟɪɵɜɧɨ 

ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɚ. ɉɪɟɞɫɬɚɜɢɦ ܴ௡ሺݔሻ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ:  

 

( ) ( ) ( )n n nR x x r x    (6) 

 

ɝɞɟ  

 

0 1( ) ( )( ) ( )n nx x x x x … x x       (7) 

 

Ɂɚɮɢɤɫɢɪɭɟɦ ɩɪɨɢɡɜɨɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ix x x   ɢ ɪɚɫɫɦɨɬɪɢɦ ɫɥɟɞɭɸɳɭɸ 

ɮɭɧɤɰɢɸ ɨɬ t  :  

 

( ) ( ) ( ) ( ) ( )n n nt L t t r x f t      (8) 

 

ɗɬɚ ɮɭɧɤɰɢɹ ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɭɥɶ ɩɪɢ ݐ = ௜ݔ , ݐ = ݊ ɬ.ɟ. ɜ ݔ + ʹ ɬɨɱɤɚɯ.  

ɉɨ ɬɟɨɪɟɦɟ Ɋɨɥɥɹ ɩɪɨɢɡɜɨɞɧɚɹ ɩɨ t ɨɬ 𝜑 ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɭɥɶ ɩɨ ɤɪɚɣɧɟɣ 

ɦɟɪɟ ɜ ݊ + ͳ ɬɨɱɤɟ, ɜɬɨɪɚɹ ɩɪɨɢɡɜɨɞɧɚɹ ɪɚɜɧɚ ɧɭɥɸ ɜ n ɬɨɱɤɚɯ ɢ ɬ.ɞ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɫɭɳɟɫɬɜɭɟɬ ɬɨɱɤɚ 𝜉 ɬɚɤɚɹ, ɱɬɨ  𝜑ሺ௡+ଵሻሺ𝜉ሻ = Ͳ.  ɉɨɫɤɨɥɶɤɭ 
( 1) ( 1)( ) 0 ( ) ( 1)n n
n nL n       , ɩɨɥɭɱɚɟɦ  

 

( 1)( 1) ( ) ( ) 0n
n nn r x f       
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ,  

 

( 1)( )
( )

( 1)

n
n

n

f
r x

n



 
   

 

Ɉɫɬɚɬɨɱɧɵɣ ɱɥɟɧ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

 

( 1)( )
( ) ( )

( 1)

n
n

n n

f
R x x

n




 
   

 

ȿɫɥɢ ɢɡɜɟɫɬɧɚ ɨɰɟɧɤɚ 𝜑௡ሺ௡+ଵሻሺ𝜉ሻ ൑   ௡+ଵ, ɬɨܯ

 

( 1)( ) ( ) ( )
( 1)

n
n n

M
f x L x x

n
     

    (9) 

 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɨɰɟɧɤɭ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɢ ɥɢɧɟɣɧɨɣ 

ɢɧɬɟɪɩɨɥɹɰɢɢ n = 1. Ɂɚɦɟɬɢɦ, ɱɬɨ 𝜔ଶሺݔሻ = ሺݔ − ݔ଴ሻሺݔ −   ,ଵሻ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨݔ

 

0 1 0 1

2
2 0 1

[ ] [ ]
max ( ) max ( )( ) 4
x x x x

x x x x x h
 
         (10) 

 

ɝɞɟ ℎ = ଵݔ −   ,଴. Ɍɚɤɢɦ ɨɛɪɚɡɨɦݔ

 

0 1

2 2
1

[ ]
max ( ) ( )

4x x

M
f x L x h


      (11) 

 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɧɚɦ ɩɨɬɪɟɛɭɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɥɟɦɦɚ.  
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Ʌɟɦɦɚ 1. Пɭɫɬɶ ݂ ∈ 𝐶[ܽ, ܾ], 𝜉௜ ∈ [ܽ, ܾ] – ɩɪɨɢɡɜɨɥɶɧɵɟ ɬɨɱɤɢ, 

 ݅ = ͳ,ʹ, … , ݊. Ɍɨɝɞɚ ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɚɹ ɬɨɱɤɚ  𝜉 ∈ [ܽ, ܾ], ɱɬɨ   

 

1 2( ) ( ) ( )
( )nf f … f

f
n

     
   

 

ɉɪɨɫɬɟɣɲɢɟ ɮɨɪɦɭɥɵ ɱɢɫɥɟɧɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢя  

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɫɬɟɣɲɢɣ ɫɥɭɱɚɣ ɜɵɱɢɫɥɟɧɢɹ ɩɟɪɜɨɣ ɩɪɨɢɡɜɨɞɧɨɣ. ɉɨ 

ɨɩɪɟɞɟɥɟɧɢɸ,  

 

0

( ) ( )
( ) lim

x

f x x f x
f x

x 

    
  

 

Ɍɨɝɞɚ, ɡɚɞɚɜɲɢɫɶ ɤɨɧɟɱɧɵɦ ∆ݔ, ɩɨɥɨɠɢɦ  

 

( ) ( )
( )

f x x f x
f x

x

    
  

 

ɉɭɫɬɶ ݔ௜ = ଴ݔ + ݅ℎ, ℎ > Ͳ. Ɉɛɨɡɧɚɱɢɦ ௜݂ = ݂ሺݔ௜ሻ, ௜݂′ = ݂′ሺݔ௜ሻ ɢ ɬ.ɩ. 

ɇɟɫɥɨɠɧɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɫɩɪɚɜɟɞɥɢɜɵ ɫɥɟɞɭɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ:  

 

1 0
0 10 ( )

2

f f h
f x xf

h
          

 

2
1 1

1 10 ( )
2 6

f f h
f x xf

h
 



         
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2
(4)1 0 1

1 10 2

2
( )

12

f f f h
f x xf

h
 



         

 

Ɍɨɱɤɚ 𝜉  ɜ ɤɚɠɞɨɣ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɮɨɪɦɭɥ ɧɟɢɡɜɟɫɬɧɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɩɪɟɞɩɨɥɨɠɢɜ ɦɚɥɨɫɬɶ h, ɦɵ ɦɨɠɟɦ ɨɬɛɪɨɫɢɬɶ ɨɫɬɚɬɨɱɧɵɟ ɱɥɟɧɵ ɢ ɩɨɥɭɱɢɬɶ 

ɮɨɪɦɭɥɵ ɱɢɫɥɟɧɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ.  

Ɋɚɡɧɨɫɬɧɚɹ ɩɪɨɢɡɜɨɞɧɚɹ  

 

1 0
0

f f
f

h

     (12) 

 

ɰɟɧɬɪɚɥɶɧɚɹ ɪɚɡɧɨɫɬɶ   

 

1 1
0 2

f f
f

h
     (13) 

 

ɜɬɨɪɚɹ ɪɚɡɧɨɫɬɧɚɹ ɩɪɨɢɡɜɨɞɧɚɹ   

 

1 0 1
0 2

2f f f
f

h
       (14) 

 

Ɉɰɟɧɢɦ ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɢɜɟɞɟɧɧɵɯ ɮɨɪɦɭɥ:  

 

0 1

1 0
0 [ ]

max ( )
2 x x

f f h
f xf

h 

       

 

0 1

2
1 1

0 [ ]
max ( )

2 6 x x

f f h
f xf

h




        
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ɉɨɝɪɟɲɧɨɫɬɶ ɮɨɪɦɭɥɵ (12) ɢɦɟɟɬ ɩɟɪɜɵɣ ɩɨɪɹɞɨɤ ɨɬɧɨɫɢɬɟɥɶɧɨ h, ɚ 

ɩɨɝɪɟɲɧɨɫɬɶ ɮɨɪɦɭɥ (13), (14) ɢɦɟɟɬ ɜɬɨɪɨɣ ɩɨɪɹɞɨɤ ɨɬɧɨɫɢɬɟɥɶɧɨ h.  

 

ɉɪɢɦɟɧɟɧɢɟ ɢɧɬɟɪɩɨɥяɰɢɨɧɧɨɝɨ ɦɧɨɝɨɱɥɟɧɚ Ʌɚɝɪɚɧɠɚ. 

 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɪɢɛɥɢɠɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɨɢɡɜɨɞɧɵɯ ɢ ɩɨɫɬɪɨɟɧɢɹ 

ɮɨɪɦɭɥ ɱɢɫɥɟɧɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɣ ɦɧɨɝɨɱɥɟɧ Ʌɚɝɪɚɧɠɚ. Ⱦɥɹ ɷɬɨɝɨ ɩɨ ɢɡɜɟɫɬɧɵɦ ɡɧɚɱɟɧɢɹɦ 

ɮɭɧɤɰɢɢ f ɜ ɧɟɤɨɬɨɪɵɯ ɭɡɥɚɯ ݔ௜ ɫɬɪɨɹɬ ɦɧɨɝɨɱɥɟɧ ܮ௡ሺݔሻ ɢ ɩɨɥɚɝɚɸɬ  

 

( ) ( )( ) ( ) 0m m
nf x L x m n      

 

Ɍɟɨɪɟɦɚ 1. Пɭɫɬɶ ݂ ∈ 𝐶௞+ଵ[ݔ଴, ௡] . Тɨɝɞа ɫɭщɟɫɬɜɭɟɬ ɤɨɧɫɬаɧɬа Kݔ , ɧɟ 

ɡаɜɢɫɹщаɹ ɨɬ h ɢ ɮɭɧɤɰɢɢ f, ɬаɤаɹ, ɱɬɨ  

 

0 0

( ) ( ) 1 ( 1)

[ ] [ ]
max ( ) ( ) max ( )

n n

m m k m k
n

x x x x
f x L x Kh f x  

 
      

  

ɝɞɟ ܮ௡ሺݔሻ – ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɣ ɦɧɨɝɨɱɥɟɧ Ʌɚɝɪɚɧɠɚ ɞɥɹ ɮɭɧɤɰɢɢ f.   

 

ɋɩɥɚɣɧɵ 

 

ɉɭɫɬɶ ɧɚ ɨɬɪɟɡɤɟ [a,b] ɡɚɞɚɧɚ ɫɟɬɤɚ ܽ = ଴ݔ < ଵݔ < …ଶݔ < ௡ݔ = ܾ . Ⱦɥɹ 

ɰɟɥɨɝɨ ݇ ൒ Ͳ ɱɟɪɟɡ 𝐶௞[ܽ, ܾ] ɨɛɨɡɧɚɱɢɦ ɦɧɨɠɟɫɬɜɨ k ɪɚɡ ɧɟɩɪɟɪɵɜɧɨ 

ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɵɯ ɧɚ [a,b] ɮɭɧɤɰɢɣ.  

Ɉɩɪɟɞɟɥɟɧɢɟ. Ɏɭɧɤɰɢɹ s ɧɚɡɵɜɚɟɬɫɹ ɫɩɥаɣɧɨɦ ɫɬɟɩɟɧɢ n, ɞɟɮɟɤɬɚ v , ɟɫɥɢ ݏ ∈ 𝐶௡−𝑣[ܽ, ܾ], ɧɚ ɤɚɠɞɨɦ ɨɬɪɟɡɤɟ [ݔ௜ , [௜+ଵݔ  ɮɭɧɤɰɢɹ s ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɱɥɟɧɨɦ 

ɫɬɟɩɟɧɢ n.  
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ɉɪɨɫɬɟɣɲɢɦ ɩɪɢɦɟɪɨɦ ɫɩɥɚɣɧɚ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɚɹ 

ɢɧɬɟɪɩɨɥɹɰɢɹ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜ ɭɡɥɚɯ ɫɟɬɤɢ ݔ௜ ɡɚɞɚɧɵ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ ௜݂. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɤɚɠɞɨɦ ɨɬɪɟɡɤɟ [ݔ௜ ,  ௜+ଵ] ɦɵ ɦɨɠɟɦ ɩɨɫɬɪɨɢɬɶ ɥɢɧɟɣɧɭɸݔ

ɮɭɧɤɰɢɸ s(x) ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (4). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɵ ɩɨɫɬɪɨɢɥɢ 

ɧɟɩɪɟɪɵɜɧɭɸ ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɭɸ ɮɭɧɤɰɢɸ. Ɍɚɤɭɸ ɮɭɧɤɰɢɸ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 

ɫɩɥɚɣɧɨɦ ɩɟɪɜɨɣ ɫɬɟɩɟɧɢ. Ɏɨɪɦɭɥɚ (10) ɞɚɟɬ ɧɚɦ ɨɬɜɟɬ ɨ ɜɟɥɢɱɢɧɟ 

ɩɨɝɪɟɲɧɨɫɬɢ ɢɧɬɟɪɩɨɥɹɰɢɢ ɧɚ ɤɚɠɞɨɦ ɨɬɪɟɡɤɟ. Ⱦɚɥɟɟ, ɤɚɤ ɢ ɩɪɟɠɞɟ, ℎ =max | ௜+ଵݔ −   .௜ݔ
Ɍɟɨɪɟɦɚ 2. Пɭɫɬɶ ݂ ∈ 𝐶ଶ[ݔ଴, [௡ݔ . Тɨɝɞа ɫɭщɟɫɬɜɭɟɬ ɤɨɧɫɬаɧɬа K, ɧɟ 

ɡаɜɢɫɹщаɹ ɨɬ h ɢ ɮɭɧɤɰɢɢ f ɬаɤаɹ, ɱɬɨ 

  

( ) ( ) 2 (2)

[ ] [ ]
max ( ) ( ) max ( ) 0 1m m m

a b a b
f x s x Kh f x m

 
         (15) 

 

Ɋɚɫɫɦɨɬɪɢɦ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɧɚ ɩɪɚɤɬɢɤɟ ɷɪɦɢɬɨɜɵ 

ɤɭɛɢɱɟɫɤɢɟ ɫɩɥɚɣɧɵ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜ ɭɡɥɚɯ ɫɟɬɤɢ ݔ௜  ɡɚɞɚɧɵ ɡɧɚɱɟɧɢɹ 

ɮɭɧɤɰɢɢ ɢ ɟɟ ɩɪɨɢɡɜɨɞɧɵɯ ௜݂ , ௜݂′. Ɍɨɝɞɚ ɧɚ ɤɚɠɞɨɦ ɨɬɪɟɡɤɟ [ݔ௜ ,  ௜+ଵ] ɦɵ ɦɨɠɟɦݔ

ɩɨɫɬɪɨɢɬɶ ɤɭɛɢɱɟɫɤɢɣ ɩɨɥɢɧɨɦ s(x) ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ,  

 

2 3
0 1 2 3( )S x a a x a x a x     

 

ɢ ɞɥɹ ɩɨɥɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫɩɥɚɣɧɚ ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ  2 3a aܽ଴, ܽଵ, ܽଶ, ܽଷ – ɜɫɟɝɨ 4 ɧɟɢɡɜɟɫɬɧɵɯ. Ⱦɥɹ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ ɦɵ ɢɦɟɟɦ 4 ɭɪɚɜɧɟɧɢɹ:  

 

( )i is x f   

( )i is x f    

1 1( )i is x f     (16) 

1 1( )i is x f     
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ɉɪɢɜɟɞɟɦ ɞɥɹ ɩɪɢɦɟɪɚ ɜɢɞ ɜɬɨɪɨɝɨ ɭɪɚɜɧɟɧɢɹ ݔ′ݏ௜ = ௜݂:  
 

2
1 2 3i i ia a x a x f      

 

Ɋɟɲɢɜ ɷɬɭ ɫɢɫɬɟɦɭ, ɦɵ ɨɩɪɟɞɟɥɢɦ ɫɩɥɚɣɧ ɧɚ ɨɬɪɟɡɤɟ [ݔ௜,  ௜+ଵ]. Ɍɚɤɢɦ ɠɟݔ

ɨɛɪɚɡɨɦ ɦɵ ɦɨɠɟɦ ɩɨɫɬɪɨɢɬɶ ɫɩɥɚɣɧ ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɦ ɨɬɪɟɡɤɟ. ɍ ɷɬɨɝɨ 

ɩɨɞɯɨɞɚ ɟɫɬɶ ɨɞɢɧ ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ: ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɨɹɧɧɨ ɪɟɲɚɬɶ 

ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɩɥɚɣɧɚ. Ɉɤɚɡɵɜɚɟɬɫɹ, ɦɵ 

ɦɨɠɟɦ ɥɟɝɤɨ ɩɪɟɨɞɨɥɟɬɶ ɷɬɨ ɩɪɟɩɹɬɫɬɜɢɟ, ɞɨɫɬɚɬɨɱɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɧɚɲ ɫɩɥɚɣɧ ɜ 

ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ:   

0 0
( ) (( ) ) (( ) )i i iis x f x x h h x x hf         

1 1 1 1
(( ) ) (( ) )i i iif x x h h x x hf         (17) 

 

ȼɜɟɞɟɧɧɵɟ ɮɭɧɤɰɢɢ 𝜙଴, 𝜙଴̅̅̅̅ , 𝜙ଵ, 𝜙ଵ̅̅̅̅  ɨɩɪɟɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

 

0 0 0 0(0) 1 (0) 0 (1) 0 (0) 0            

0 0 0 0
(0) 0 (0) 1 (1) 0 (1) 0            

1 1 1 1(0) 0 (0) 0 (1) 1 (1) 0            

1 1 1 0
(0) 0 (0) 0 (1) 0 (1) 1            

 

Ʌɟɝɤɨ ɜɢɞɟɬɶ, ɱɬɨ ɦɵ ɦɨɠɟɦ ɧɚɣɬɢ ɷɬɢ ɮɭɧɤɰɢɢ ɤɚɤ ɤɭɛɢɱɟɫɤɢɟ 

ɩɨɥɢɧɨɦɵ, ɪɟɲɢɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ 

ɭɪɚɜɧɟɧɢɣ. ɉɪɢɜɟɞɟɦ ɜɢɞ ɷɬɢɯ ɮɭɧɤɰɢɣ:  

 

2 2
0 0
( ) (1 ) (1 2 ) ( ) (1 )x x t x x x         
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2 3 2
1 1
( ) (3 2 ) ( )x x x x x x        

 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɮɭɧɤɰɢɢ 𝜙଴, 𝜙଴̅̅̅̅ , 𝜙ଵ, 𝜙ଵ̅̅̅̅  ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɛɚɡɢɫ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɪɟɲɟɧɢɣ ɫɢɫɬɟɦɵ (17).  

Пɭɫɬɶ  ݂ ∈ 𝐶ସ[ݔ଴, ௡]. Тɨɝɞа ɫɭщɟɫɬɜɭɟɬ ɤɨɧɫɬаɧɬа Kݔ , ɧɟ ɡаɜɢɫɹщаɹ ɨɬ 

h ɢ ɮɭɧɤɰɢɢ f, ɬаɤаɹ, ɱnɬɨ  

 

( ) ( ) 4 (4)

[ ] [ ]
max ( ) ( ) max ( ) 0 1 2 3m m m

a b a b
f x S x Kh f x m

 
           (18) 

 

ɝɞɟ S(x) – ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɣ ɷɪɦɢɬɨɜ ɫɩɥɚɣɧ ɞɥɹ ɮɭɧɤɰɢɢ f.   

 

Эɤɫɬɪɚɩɨɥяɰɢя Ɋɢɱɚɪɞɫɨɧɚ ɢ ɩɪɚɜɢɥɨ Ɋɭɧɝɟ 

 

Ɉɞɧɨ ɢɡ ɩɟɪɜɵɯ ɩɪɚɜɢɥ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɩɨɝɪɟɲɧɨɫɬɢ ɛɵɥɨ 

ɩɪɟɞɥɨɠɟɧɨ Ʉ. Ɋɭɧɝɟ ɜ ɧɚɱɚɥɟ XX ɜɟɤɚ. ɗɬɨ ɩɪɚɜɢɥɨ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ 

ɫɧɚɱɚɥɚ ɜ ɨɛɥɚɫɬɢ ɤɜɚɞɪɚɬɭɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɡɚɬɟɦ ɜ ɪɚɡɧɨɫɬɧɵɯ ɦɟɬɨɞɚɯ ɢ 

ɦɟɬɨɞɟ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɗɬɨ ɩɪɚɜɢɥɨ ɨɫɧɨɜɚɧɨ ɧɚ ɞɟɤɨɦɩɨɡɢɰɢɢ 

ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ݑℎ ɤɚɤ ɫɭɦɦɵ [1]  

 

( )h k k mu u h v O h      (19) 

 

ɝɞɟ u ɟɫɬɶ ɢɫɤɨɦɨɟ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ, 

v – ɧɟɢɡɜɟɫɬɧɚɹ ɮɭɧɤɰɢɹ; 

h – ɦɚɥɵɣ ɩɚɪɚɦɟɬɪ ɞɢɫɤɪɟɬɢɡɚɰɢɢ, ɤɨɬɨɪɵɣ ɱɚɳɟ ɜɫɟɝɨ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ, 

ɤɚɤ ɲɚɝ ɪɚɡɧɨɫɬɧɨɣ ɫɟɬɤɢ.  

ɐɟɥɨɟ ɡɧɚɱɟɧɢɟ k ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɨɪɹɞɨɤ ɬɨɱɧɨɫɬɢ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ, 

ɢ m>0 ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɨɪɹɞɨɤ ɬɨɱɧɨɫɬɢ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɱɥɟɧɨɦ 
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ɩɨɝɪɟɲɧɨɫɬɢ ℎ௞ݒ . ɉɨɫɤɨɥɶɤɭ u ɢ v ɧɟ ɡɚɜɢɫɹɬ ɨɬ h, ɞɥɹ ɩɚɪɚɦɟɬɪɚ h/2 

ɫɩɪɚɜɟɞɥɢɜɨ ɪɚɡɥɨɠɟɧɢɟ:  

 

2 ( )
2

k
h k mh

u u v O h      
 

  (20) 

 

ȼɵɱɬɟɦ ɟɝɨ ɢɡ (20) ɢɡɛɚɜɥɹɹɫɶ ɨɬ u:  

 

2 (2 1) ( )
2

k
h h k k mh

u u v O h       
 

 

 

Ɉɬɫɸɞɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɝɥɚɜɧɵɣ ɱɥɟɧ ɩɨɝɪɟɲɧɨɫɬɢ:  

 

2
2

2 1

h h
h

k

u u
u u


 
  


  (21) 

 

ɉɨɫɤɨɥɶɤɭ ɜ ɮɨɪɦɭɥɟ (21) ɨɬɛɪɨɲɟɧ ɨɫɬɚɬɨɱɧɵɣ ɱɥɟɧ ɩɨɪɹɞɤɚ ܱሺℎ௞+௠ሻ, 
ɬɨ ɩɨɥɭɱɟɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɨɰɟɧɤɟ, ɧɨ ɩɪɢ 

ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɯ h ɞɚɟɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɜɟɥɢɱɢɧɟ ɩɨɝɪɟɲɧɨɫɬɢ ɱɢɫɥɟɧɧɨɝɨ 

ɪɟɲɟɧɢɹ.  

ɗɤɫɬɪɚɩɨɥɹɰɢɹ Ɋɢɱɚɪɞɫɨɧɚ ɹɜɥɹɟɬɫɹ ɨɛɳɢɦ ɦɟɬɨɞɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɚɦ ɧɢɡɤɨɝɨ ɩɨɪɹɞɤɚ [20].  

Ɉɛɴɟɞɢɧɢɦ ɞɜɟ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ, ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ 

ɨɲɢɛɤɭ ɩɨɪɹɞɤɚ ℎ௞. ɍɦɧɨɠɚɹ (20) ɧɚ ʹ௞ ɢ ɜɵɱɢɬɚɹ ɢɡ (19), ɩɨɥɭɱɚɟɦ  

 

22 1
( )

2 1 2 1

k
h h k m

k k
u u u O h    

   
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ɇɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 

 

ȼ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɠɟɥɚɬɟɥɶɧɨ ɩɨ ɞɚɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɫɬɪɨɢɬɶ 

ɨɰɟɧɤɭ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɟɣ, ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɵ ɱɚɳɟ ɜɫɟɝɨ ɩɪɢɛɟɝɚɸɬ ɤ 

ɩɨɫɬɪɨɟɧɢɸ ɝɢɫɬɨɝɪɚɦɦɵ. ɉɪɨɰɟɞɭɪɚ ɟɟ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɫɬɚ ɢ ɫɨɫɬɨɢɬ ɢɡ 

ɫɥɟɞɭɸɳɢɯ ɲɚɝɨɜ. ȼ ɨɛɥɚɫɬɢ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɢɡɦɟɪɹɟɦɨɣ ɜɟɥɢɱɢɧɵ X  

ɫɬɪɨɢɬɫɹ ɫɟɬɤɚ 𝜔 = ݅|௜ݔ} = ͳ,ʹ, … , ݊}. Ɉɩɪɟɞɟɥɹɟɬɫɹ, ɫɤɨɥɶɤɨ ɜɵɛɨɪɨɱɧɵɯ 

ɡɧɚɱɟɧɢɣ ݉௜ ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ N ɨɤɚɡɚɥɨɫɶ ɜ ɤɚɠɞɨɦ ɢɧɬɟɪɜɚɥɟ ሺݔ௜−ଵ,   .[௜ݔ
ɇɚɞ ɤɚɠɞɵɦ ɢɡ ɢɧɬɟɪɜɚɥɨɜ ɫɬɪɨɢɬɫɹ ɜɟɪɬɢɤɚɥɶɧɵɣ ɩɪɹɦɨɭɝɨɥɶɧɢɤ c 

ɩɥɨɳɚɞɶɸ ௠𝑖𝑁 . ȼɵɫɨɬɚ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ௜ܲ = ௠𝑖𝑁ሺ௫𝑖−௫𝑖−భሻ. ɉɨɥɭɱɟɧɧɚɹ ɫɨɜɨɤɭɩɧɨɫɬɶ 

ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ɢ ɧɚɡɵɜɚɟɬɫɹ ɝɢɫɬɨɝɪɚɦɦɨɣ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ ɝɢɫɬɨɝɪɚɦɦɚ – 

ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɚɹ ɮɭɧɤɰɢɹ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɜɨɟɣ ɫɟɬɤɨɣ 𝜔, ɡɧɚɱɟɧɢɹɦɢ { ௜ܲ}, 
ɩɪɢɧɢɦɚɸɳɚɹ ɧɚ ɤɚɠɞɨɦ ɢɧɬɟɪɜɚɥɟ ሺݔ௜−ଵ,   .௜]  ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ ௜ܲݔ

Ɉɫɧɨɜɚɧɢɟɦ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɢɫɬɨɝɪɚɦɦɵ ݌ℎሺݔሻ  ɜ ɤɚɱɟɫɬɜɟ ɨɰɟɧɤɢ 

ɧɟɢɡɜɟɫɬɧɨɣ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ݌ሺݔሻ  ɹɜɥɹɟɬɫɹ ɤɭɫɨɱɧɨ-ɢɧɬɟɝɪɚɥɶɧɚɹ 

ɫɯɨɞɢɦɨɫɬɶ ݌ℎሺݔሻ ɤ ݌ሺݔሻ, ɤɨɬɨɪɚɹ ɫɥɟɞɭɟɬ ɢɡ ɬɨɝɨ, ɱɬɨ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɱɚɫɬɨɬɚ ௠𝑖𝑁  

ɫɨɛɵɬɢɹ ܺ ∈ ሺݔ௜−ଵ,     ௜݌ ௜] ɫɯɨɞɢɬɫɹ ɤ ɟɝɨ ɜɟɪɨɹɬɧɨɫɬɢݔ
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Ɍɚɤɨɣ ɫɯɨɞɢɦɨɫɬɢ ɜ ɪɹɞɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɥɭɱɚɟɜ ɨɤɚɡɵɜɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ; 

ɨɞɧɚɤɨ ɜɫɟɝɞɚ ɠɟɥɚɬɟɥɶɧɨ ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɭɥɭɱɲɢɬɶ ɨɰɟɧɤɭ ɩɪɢ ɡɚɞɚɧɧɵɯ 

ɨɝɪɚɧɢɱɟɧɢɹɯ. ɇɟɫɤɨɥɶɤɨ ɮɚɤɬɨɪɨɜ ɜɥɢɹɟɬ ɧɚ ɤɚɱɟɫɬɜɨ ɝɢɫɬɨɝɪɚɦɦɵ: ɨɛɴɟɦ 

ɜɵɛɨɪɤɢ N ɜɟɥɢɱɢɧɚ ɢɧɬɟɪɜɚɥɨɜ ɝɪɭɩɩɢɪɨɜɤɢ. ȼɫɟ ɨɫɥɨɠɧɹɟɬɫɹ ɟɳɟ ɢ ɬɟɦ, ɱɬɨ 

ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɡɚɜɢɫɢɬ ɨɬ ɧɟɢɡɜɟɫɬɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɭ ɞɨ 

ɨɩɵɬɚ ɢɫɬɢɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ p(x). ɉɨɷɬɨɦɭ ɧɚ ɩɪɚɤɬɢɤɟ 

ɝɢɫɬɨɝɪɚɦɦɵ ɫɬɪɨɹɬ ɫ ɧɟɤɨɬɨɪɵɦ ɭɱɟɬɨɦ ɫɜɨɣɫɬɜ ɩɨɥɭɱɟɧɧɨɣ ɜɵɛɨɪɤɢ, 
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ɧɚɩɪɢɦɟɪ, ɜɟɥɢɱɢɧɚ ɢɧɬɟɪɜɚɥɚ ɝɪɭɩɩɢɪɨɜɤɢ ɜɵɛɢɪɚɟɬɫɹ ɬɚɤ, ɱɬɨɛɵ ɧɟ ɫɝɥɚɞɢɬɶ 

ɫɭɳɟɫɬɜɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Ɉɛɴɟɦ ɜɵɛɨɪɤɢ ɫɜɹɡɵɜɚɸɬ ɫ ɬɟɦ, 

ɱɬɨɛɵ ɜ ɹɱɟɣɤɟ ɫ ɧɚɢɦɟɧɶɲɢɦ ɱɢɫɥɨɦ ɢɡɦɟɪɟɧɢɣ ɢɯ ɧɚɫɱɢɬɵɜɚɥɨɫɶ ɧɟ ɦɟɧɟɟ 

ɩɹɬɢ. Ɋɚɡɦɟɳɟɧɢɟ ɢɧɬɟɪɜɚɥɨɜ ɫɜɹɡɵɜɚɸɬ ɫ ɩɨɥɨɠɟɧɢɟɦ ɧɚɢɦɟɧɶɲɟɝɨ ɢ 

ɧɚɢɛɨɥɶɲɟɝɨ ɜɵɛɨɪɨɱɧɵɯ ɡɧɚɱɟɧɢɣ, ɢ ɬ. ɩ. Ɉɬɦɟɬɢɦ ɬɚɤɠɟ, ɱɬɨ ɧɚ ɤɚɱɟɫɬɜɨ 

ɝɢɫɬɨɝɪɚɦɦɵ ɜɥɢɹɟɬ ɢ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ [27].  

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɝɢɫɬɨɝɪɚɦɦɵ ɦɨɠɟɬ ɛɵɬɶ 

ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɜ ɧɟɫɤɨɥɶɤɢɯ ɜɚɪɢɚɧɬɚɯ, ɨɞɧɚɤɨ ɟɟ ɪɟɲɟɧɢɟ, ɫɜɹɡɚɧɨ ɫ 

ɬɪɭɞɧɨɫɬɹɦɢ, ɬɚɤ ɱɬɨ ɤɨɧɤɪɟɬɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɥɢɲɶ ɩɪɢ 

ɧɟɤɨɬɨɪɵɯ ɱɚɫɬɧɵɯ ɩɪɟɞɩɨɥɨɠɟɧɢɹɯ.  

Ɉɫɧɨɜɧɨɣ ɬɪɭɞɧɨɫɬɶɸ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɝɢɫɬɨɝɪɚɦɦɵ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ 

ɪɚɡɛɢɟɧɢɹ  . Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɢɧɬɟɪɜɚɥɵ ሺݔ௜−ଵ, [௜ݔ  ɜɵɛɢɪɚɬɶ ɬɚɤ, ɱɬɨɛɵ ɜ 

ɤɚɠɞɵɣ ɢɡ ɧɢɯ ɩɨɩɚɞɚɥɨ ɨɞɢɧɚɤɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɱɥɟɧɨɜ ɜɵɛɨɪɤɢ (5-10, ɟɫɥɢ N 

ɩɨɪɹɞɤɚ 100). ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ N ɤɨɥɢɱɟɫɬɜɨ ɱɥɟɧɨɜ ɜɵɛɨɪɤɢ ɜ ɤɚɠɞɨɦ 

ɢɧɬɟɪɜɚɥɟ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɜɚɬɶ. ȿɫɥɢ ɨɛɨɡɧɚɱɢɬɶ ℎ௠௔௫ ɞɥɢɧɭ ɧɚɢɛɨɥɶɲɟɝɨ 

ɢɧɬɟɪɜɚɥɚ, ɬɨ ℎ௠௔௫  ɢɝɪɚɟɬ ɪɨɥɶ ɩɚɪɚɦɟɬɪɚ ɪɟɝɭɥɹɪɢɡɚɰɢɢ ɩɪɢ ɨɰɟɧɢɜɚɧɢɢ 

ɩɥɨɬɧɨɫɬɢ ɩɨ ɝɢɫɬɨɝɪɚɦɦɟ. ɉɪɢ ܰ ՜ ∞ , ℎ௠௔௫  ɞɨɥɠɟɧ ɭɦɟɧɶɲɚɬɶɫɹ 

ɫɨɝɥɚɫɨɜɚɧɧɨ ɫ ɪɨɫɬɨɦ N.  

ɉɪɚɜɢɥɨ ɋɬёɪɞɠɟɫɚ – ɷɦɩɢɪɢɱɟɫɤɨɟ ɩɪɚɜɢɥɨ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɢɧɬɟɪɜɚɥɨɜ, ɧɚ ɤɨɬɨɪɵɟ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚɛɥɸɞɚɟɦɵɣ ɞɢɚɩɚɡɨɧ 

ɢɡɦɟɧɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɝɢɫɬɨɝɪɚɦɦɵ ɩɥɨɬɧɨɫɬɢ ɟё 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ɇɚɡɜɚɧɨ ɩɨ ɢɦɟɧɢ ɚɦɟɪɢɤɚɧɫɤɨɝɨ ɫɬɚɬɢɫɬɢɤɚ Ƚɟɪɛɟɪɬɚ 

ɋɬёɪɞɠɟɫɚ (Herbert Arthur Sturges, 1882–1958). Ʉɨɥɢɱɟɫɬɜɨ ɢɧɬɟɪɜɚɥɨɜ n 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ:  

 ݊ = ͳ +  [ଶܰ݃݋݈]
 

Ɉɛɨɫɧɨɜɚɧɢɟ ɩɪɚɜɢɥɚ ɫɥɟɞɭɟɬ ɢɡ ɩɪɢɦɟɪɚ. ɉɨɫɬɪɨɢɦ ɝɢɫɬɨɝɪɚɦɦɭ ɫɨ 

ɫɬɨɥɛɰɚɦɢ, ɤɚɠɞɵɣ ɲɢɪɢɧɨɣ 1 ɢ ɩɨ ɰɟɧɬɪɭ ɬɨɱɤɢ ݅ = Ͳ,ͳ, … , ݇ − ͳ. 
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ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ i-ɣ ɫɬɨɥɛɟɰ ɢɦɟɟɬ ɜɵɫɨɬɭ ɪɚɜɧɭɸ ɛɢɧɨɦɢɚɥɶɧɨɦɭ 

ɤɨɷɮɮɢɰɢɟɧɬɭ 𝐶௜௞−ଵ = ቀ݇ − ͳ݅ ቁ . ɋ ɪɨɫɬɨɦ k, ɝɢɫɬɨɝɪɚɦɦɚ ɩɪɢɧɢɦɚɟɬ ɮɨɪɦɭ 

ɧɨɪɦɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɫ ɫɪɟɞɧɢɦ (k −1)/2 ɢ ɞɢɫɩɟɪɫɢɟɣ (k −1)/4. Ɉɛɳɢɣ ɪɚɡɦɟɪ 

ɜɵɛɨɪɤɢ ɜɵɬɟɤɚɟɬ ɢɡ ɛɢɧɨɦɢɚɥɶɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ  
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ɢɡ ɤɨɬɨɪɨɝɨ ɩɪɚɜɢɥɨ ɋɬёɪɞɠɟɫɚ ɜɵɬɟɤɚɟɬ ɧɟɦɟɞɥɟɧɧɨ.  

 

əɞɟɪɧɵɟ ɨɰɟɧɤɢ ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨяɬɧɨɫɬɢ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɵ ɩɨɫɬɪɨɟɧɢɹ ɹɞɟɪɧɵɯ ɨɰɟɧɨɤ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɜɩɥɨɬɶ ɞɨ ɫɟɪɟɞɢɧɵ 50-ɯ ɝɨɞɨɜ ɜ ɤɚɱɟɫɬɜɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɩɨɞɯɨɞɚ 

ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɝɢɫɬɨɝɪɚɦɦɚ. ɉɟɪɜɵɟ ɜɚɠɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 

ɹɞɟɪɧɵɯ ɨɰɟɧɨɤ ɞɥɹ ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɪɚɛɨɬɚɯ 

Ɇ.Ɋɨɡɟɧɛɥɚɬɬɚ, ɗ.ɉɚɪɡɟɧɚ ɢ ɇ. ɑɟɧɰɨɜɚ.  

ȼ ɨɛɳɟɦ ɜɢɞɟ ɹɞɟɪɧɚɹ ɨɰɟɧɤɚ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ ɜ ɜɢɞɟ  
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ɝɞɟ  

( ) ( )hK t K t h h   . 

 

Ɉɛɨɡɧɚɱɢɦ  
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h i

x
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    

 

ɝɞɟ 𝜉 ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɫ ɮɭɧɤɰɢɟɣ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ f(x).  

Ɍɨɝɞɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ  
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Ɂɧɚɱɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ, ɤɚɤ  
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Ɂɚɦɟɬɢɦ, ɱɬɨ  
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ɉɭɫɬɶ ɹɞɪɨ K  ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ  
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( ) 1 ( ) 0K d K d    
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Ɉɛɨɡɧɚɱɢɦ  
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Ɍɨɝɞɚ  
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Ɉɩɪɟɞɟɥɢɦ ( )hf x ݂ℎሺݔሻ 
 ݂ℎሺݔሻ = ݂̂]ܧ ሺݔሻℎ ] = ݂ሺݔሻ + 𝜎ଶℎଶ݂′′ሺݔሻ/ʹ + ܱሺℎସሻ.                     (22) 

 

ɢ  ݂ଶℎሺݔሻ 
 

  ݂ଶℎሺݔሻ = ݂̂]ܧ ሺݔሻଶℎ ] = ݂ሺݔሻ + 𝜎ସℎଶ݂′′ሺݔሻ/ʹ + ܱሺℎସሻ. (23) 

 

Ⱦɚɥɟɟ ɨɰɟɧɢɦ  
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ȼ ɢɬɨɝɟ ɩɨɥɭɱɢɦ  
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Ȼɟɡ ɨɝɪɚɧɢɱɟɧɢɹ ɨɛɳɧɨɫɬɢ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ, ɱɬɨ [7]  
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ɉɪɢɦɟɧɢɦ ɷɤɫɬɪɚɩɨɥɹɰɢɸ Ɋɢɱɚɪɞɫɨɧɚ ɤ ݂ℎሺݔሻ ɢ ݂ଶℎሺݔሻ. Ⱦɚɥɟɟ ɭɦɧɨɠɢɦ 

(23) ɧɚ 1/4 ɢ ɜɵɱɬɟɦ ɪɟɡɭɥɶɬɚɬ ɢɡ (24) ɂɫɤɥɸɱɚɹ  𝜎ଶℎଶ݂′′ሺݔሻ/ʹ ɢɡ (23) ɢ (24), 

ɦɵ ɩɨɥɭɱɢɦ 
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Ɂɚɦɟɬɢɦ, ɱɬɨ ɦɵ ɩɨɫɬɪɨɢɥɢ ɩɪɢɛɥɢɠɟɧɢɟ ɤ ɮɭɧɤɰɢɢ f(x) 
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ɫ ɬɨɱɧɨɫɬɶɸ ܱሺℎସሻ.  
ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɢɦɟɧɹɹ ɩɪɚɜɢɥɨ Ɋɭɧɝɟ, ɦɵ ɦɨɠɟɦ ɩɨɥɭɱɢɬɶ ɨɰɟɧɤɭ  
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h h
f f f
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       (26) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɹ ɷɤɫɬɪɚɩɨɥɹɰɢɸ Ɋɢɱɚɪɞɫɨɧɚ, ɩɨɥɭɱɟɧɵ 

ɩɪɢɛɥɢɠɟɧɢɟ ɤ ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɫ ɬɨɱɧɨɫɬɶɸ ܱሺℎସሻ. Ⱦɚɥɟɟ ɷɬɨ 

ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɩɥɚɣɧɨɜɵɯ ɚɩɩɪɨɤɫɢɦɚɰɢɣ ɷɦɩɢɪɢɱɟɫɤɢɯ 

ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ. 
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1.3 ɑɢɫɥɟɧɧɵɟ ɜɟɪɨяɬɧɨɫɬɧɵɣ ɚɧɚɥɢɡ  
 

1.3.1 ɇɚɡɧɚɱɟɧɢɟ ɑȼА 

 

ɑȼȺ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɨɞɯɨɞɨɜ. Ɉɧ ɨɩɟɪɢɪɭɟɬ 

ɫ ɩɥɨɬɧɨɫɬɹɦɢ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɢɫɬɨɝɪɚɦɦɚɦɢ, ɚ 

ɬɚɤɠɟ ɤɭɫɨɱɧɨ-ɩɨɥɢɧɨɦɢɚɥɶɧɵɦɢ ɢ ɞɢɫɤɪɟɬɧɵɦɢ ɮɭɧɤɰɢɹɦɢ. 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɢɦɟɸɳɢɯɫɹ ɫɩɨɫɨɛɨɜ ɨɩɢɫɚɧɢɹ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ 

ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜ ɞɚɧɧɵɯ. Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɮɨɪɦɭɥɵ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬɫɹ ɜ 

ɪɚɦɤɚɯ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɢ, ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɵɜɚɸɬ ɜɵɩɨɥɧɟɧɢɟ 

ɩɪɨɫɬɟɣɲɢɯ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɧɚɞ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ. ɇɚ 

ɩɪɚɤɬɢɤɟ ɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɵɯ ɩɪɨɰɟɞɭɪ ɥɢɛɨ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ, 

ɥɢɛɨ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɬɪɭɞɧɟɧɨ. ɇɚɥɢɱɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢ ɪɚɫɱɟɬɚɯ ɭɱɢɬɵɜɚɬɶ ɢ 

ɩɨɥɭɱɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɜ ɜɢɞɟ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɫ ɩɨɫɬɪɨɟɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ 

ɜɟɪɨɹɬɧɨɫɬɢ.  

ɋɪɚɜɧɟɧɢɟ ɩɨɞɯɨɞɨɜ ɢɧɬɟɪɜɚɥɶɧɨɣ ɦɚɬɟɦɚɬɢɤɢ ɢ ɱɢɫɥɟɧɧɵɯ ɨɩɟɪɚɰɢɣ 

ɧɚɞ ɩɥɨɬɧɨɫɬɹɦɢ ɜɟɪɨɹɬɧɨɫɬɢ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ 

ɡɧɚɱɢɦɵɟ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɡɚɧɢɦɚɸɬ ɥɢɲɶ ɧɟɛɨɥɶɲɭɸ ɱɚɫɬɶ 

ɩɨɥɭɱɟɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ. ɉɨɷɬɨɦɭ, ɜ ɬɚɤɢɯ ɫɥɭɱɚɹɯ, ɝɪɚɧɢɰɵ ɪɟɲɟɧɢɣ ɦɚɥɨ 

ɢɧɮɨɪɦɚɬɢɜɧɵ. ɑɚɫɬɨ ɩɪɢ ɪɚɛɨɬɟ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ 

ɜɵɱɢɫɥɟɧɢɟɦ ɥɢɲɶ ɧɟɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ: ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɨɠɢɞɚɧɢɟ ɢ ɞɢɫɩɟɪɫɢɹ [17].  

ɑɢɫɥɟɧɧɵɟ ɨɩɟɪɚɰɢɢ ɧɚɞ ɩɥɨɬɧɨɫɬɹɦɢ ɜɟɪɨɹɬɧɨɫɬɢ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ 

ɩɨɡɜɨɥɹɸɬ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɞɧɹɬɶ ɬɨɱɧɨɫɬɶ ɪɚɫɱɟɬɨɜ ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨ 

ɧɟɛɨɥɶɲɨɦ ɨɛɴɟɦɟ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɛɨɥɶɲɢɧɫɬɜɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɚɪɢɮɦɟɬɢɤ ɧɚɞ 

ɧɟɨɩɪɟɞɟɥɟɧɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ (ɢɧɬɟɪɜɚɥɶɧɚɹ ɚɪɢɮɦɟɬɢɤɚ, ɚɪɢɮɦɟɬɢɤɚ 
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ɧɟɱɟɬɤɢɯ ɡɧɚɱɟɧɢɣ), ɚɪɢɮɦɟɬɢɤɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɩɨɧɹɬɢɹ 

ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɮɭɧɤɰɢɣ, ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɞɥɹ 

ɧɟɡɚɜɢɫɢɦɵɯ, ɬɚɤ ɢ ɞɥɹ ɡɚɜɢɫɢɦɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɤɪɚɣɧɟ 

ɚɤɬɭɚɥɶɧɵɦ ɞɥɹ ɪɹɞɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ. 

ɋɪɚɜɧɟɧɢɟ ɬɚɤɢɯ ɩɨɞɯɨɞɨɜ, ɤɚɤ ɢɧɬɟɪɜɚɥɶɧɚɹ ɦɚɬɟɦɚɬɢɤɢ ɢ ɱɢɫɥɟɧɧɵɟ 

ɨɩɟɪɚɰɢɣ ɧɚɞ ɩɥɨɬɧɨɫɬɹɦɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɧɚɝɥɹɞɧɨ 

ɞɨɤɚɡɵɜɚɟɬ ɬɨ, ɱɬɨ ɡɧɚɱɢɦɵɦ ɧɚ ɩɪɚɤɬɢɤɟ ɩɥɨɬɧɨɫɬɹɦ ɜɟɪɨɹɬɧɨɫɬɟɣ ɨɬɧɨɫɹɬɫɹ ɤ 

ɧɟɛɨɥɶɲɨɣ ɱɚɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɬɚɤɢɯ 

ɫɥɭɱɚɹɯ ɝɪɚɧɢɰɵ ɪɟɲɟɧɢɣ ɨɱɟɧɶ ɦɚɥɨ ɢɧɮɨɪɦɚɬɢɜɧɵ. Ɉɱɟɧɶ ɱɚɫɬɨ ɜɨ ɜɪɟɦɹ 

ɪɚɛɨɬɵ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ ɜɵɱɢɫɥɟɧɢɟɦ ɥɢɲɶ 

ɧɟɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ: ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɢ ɞɢɫɩɟɪɫɢɢ. 

Ɇɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɨɞɯɨɞɨɜ ɭɱɟɬɚ ɫɥɭɱɚɣɧɨɝɨ ɯɚɪɚɤɬɟɪɚ 

ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ. ɉɪɢ ɜɫɟɯ ɟɝɨ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɚɱɟɫɬɜɚɯ ɷɬɨɬ ɦɟɬɨɞ ɨɛɥɚɞɚɟɬ 

ɪɹɞɨɦ ɧɟɞɨɫɬɚɬɤɨɜ. Ɉɞɢɧ ɢɡ ɫɚɦɵɯ ɫɭɳɟɫɬɜɟɧɧɵɯ ɟɝɨ ɧɟɞɨɫɬɚɬɤɨɜ – ɧɢɡɤɚɹ 

ɫɤɨɪɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ. ȼ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɷɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɜɨɡɦɨɠɧɵɦ, ɱɢɫɥɟɧɧɵɟ ɨɩɟɪɚɰɢɢ ɧɚɞ ɩɥɨɬɧɨɫɬɹɦɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ɫɥɭɱɚɣɧɵɯ 

ɜɟɥɢɱɢɧ ɩɨɡɜɨɥɹɸɬ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɬɨɱɧɨɫɬɶ ɪɚɫɱɟɬɨɜ ɩɪɢ 

ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɦ ɨɛɴɟɦɟ ɜɵɱɢɫɥɟɧɢɣ. 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɨɩɟɪɚɰɢɣ ɧɚɞ ɱɢɫɥɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, 

ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɩɪɟɞɦɟɬ ɚɪɢɮɦɟɬɢɤɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ 

ɨɫɧɨɜɚɧɢɹɦɢ. Ɏɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ – ɷɬɨ ɨɞɢɧ ɢɡ ɫɩɨɫɨɛɨɜ ɨɩɢɫɚɧɢɹ 

ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜ ɞɚɧɧɵɯ. Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ 

ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɢ ɢɦɟɸɬɫɹ ɭɠɟ ɝɨɬɨɜɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ 

ɮɨɪɦɭɥɵ ɜɵɩɨɥɧɟɧɢɹ ɫɚɦɵɯ ɩɪɨɫɬɟɣɲɢɯ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɧɚɞ 

ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ. ɇɚ ɩɪɚɤɬɢɤɟ – ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɵɯ ɩɪɨɰɟɞɭɪ ɥɢɛɨ 

ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɬɪɭɞɧɟɧɨ, ɥɢɛɨ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɧɟɜɨɡɦɨɠɧɨ. 
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1.3.2 ɑȼА – ɚɪɢɮɦɟɬɢɤɚ 

 

ɑȼȺ – ɚɪɢɮɦɟɬɢɤɚ ɧɚɱɚɥɚ ɪɚɡɪɚɛɚɬɵɜɚɬɶɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɝɢɫɬɨɝɪɚɦɦɧɵɯ ɦɨɞɟɥɟɣ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɚɧɧɵɯ ɢ ɩɨɥɭɱɢɥɚ ɧɚɡɜɚɧɢɟ 

ɝɢɫɬɨɝɪɚɦɦɧɨɣ ɚɪɢɮɦɟɬɢɤɢ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɚɪɢɮɦɟɬɢɤɢ ɛɵɥɨ ɫɮɨɪɦɭɥɢɪɨɜɚɧɨ ɩɨɧɹɬɢɟ ɝɢɫɬɨɝɪɚɦɦɧɨɣ 

ɩɟɪɟɦɟɧɧɨɣ (ɝɢɫɬɨɝɪɚɦɦɧɨɟ ɱɢɫɥɨ) ɢ ɪɚɡɪɚɛɨɬɚɧɵ ɱɢɫɥɟɧɧɵɟ ɩɪɨɰɟɞɭɪɵ 

ɝɢɫɬɨɝɪɚɦɦɧɨɣ ɚɪɢɮɦɟɬɢɤɢ. ɋɚɦɚ ɢɞɟɹ ɝɢɫɬɨɝɪɚɦɦɧɨɝɨ ɩɨɞɯɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɬɨɦ, ɱɬɨ ɩɨɦɢɦɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɜ ɜɢɞɟ 

ɧɟɩɪɟɪɵɜɧɵɯ ɮɭɧɤɰɢɣ, ɦɨɠɧɨ ɬɚɤɠɟ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ, 

ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɝɢɫɬɨɝɪɚɦɦɭ [16]. 

ɂɡ ɜɫɟɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɜɢɞɨɜ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɧɚɫ ɢɧɬɟɪɟɫɭɸɬ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɨɩɟɪɚɰɢɢ ɧɚɞ ɞɜɭɦɹ ɢ ɛɨɥɟɟ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ. 

ɇɚɩɪɢɦɟɪ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɧɟɤɨɬɨɪɭɸ ɚɪɢɮɦɟɬɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ ∗ ∈ 

{+, ↑, −, /, ·,} ɧɚɞ ɞɜɭɦɹ ɞɢɫɤɪɟɬɧɵɦɢ ɧɟɡɚɜɢɫɢɦɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ξ ɢ η, ɤɨɬɨɪɵɟ 

ɩɪɢɧɢɦɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ݔ௜  ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ ݌௜  ɢ ݕ௜  ɫ 

ɜɟɪɨɹɬɧɨɫɬɶɸ ݍ௜. Ɋɟɡɭɥɶɬɚɬ – ɷɬɨ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ψ, ɤɨɬɨɪɚɹ ɩɪɢɧɢɦɚɟɬ ɜɫɟ 

ɜɨɡɦɨɠɧɵɟ ɡɧɚɱɟɧɢɹ ݔ௜ ௜ݕ ∗  ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ ݌௜ݍ௜ . Ɍɚɤ ɤɚɤ ɫɭɳɟɫɬɜɭɟɬ 

ɜɟɪɨɹɬɧɨɫɬɶ «ɤɨɦɛɢɧɚɬɨɪɧɨɝɨ ɜɡɪɵɜɚ», ɬɨ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɜ ɞɪɭɝɢɟ ɬɢɩɵ, ɧɚɩɪɢɦɟɪ, ɝɢɫɬɨɝɪɚɦɦɵ. 

Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɞɜɭɯ ɧɟɩɪɟɪɵɜɧɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ (x1, x2) ɫ 

ɩɥɨɬɧɨɫɬɶɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ p(x1, x2). Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ, 

ɩɨɥɭɱɟɧɧɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɞɟɣɫɬɜɢɣ ɧɚɞ ɫɥɭɱɚɣɧɵɦɢ 

ɜɟɥɢɱɢɧɚɦɢ, ɫɭɳɟɫɬɜɭɸɬ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɮɨɪɦɭɥɵ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ 

ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ݌௫భ+௫మ  ɞɥɹ ɫɭɦɦɵ ɞɜɭɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ x1 + x2 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ 
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ሻݔ௫భ+௫మሺ݌ =  ∫ ݔሺ݌ − ,ݒ ݒሻ݀ݒ = ∫ ,ݒሺ݌ ݔ − ∞,ݒሻ݀ݒ
−∞

∞
−∞  (27) 

 

ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ݌௫భ/௫మ  ɞɥɹ ɱɚɫɬɧɨɝɨ ɞɜɭɯ ɫɥɭɱɚɣɧɵɯ 

ɜɟɥɢɱɢɧ x1/x2 

 

ሻݔ௫భ/௫మሺ݌ =  ∫ ,ݒݔሺ݌ݒ ݒሻ݀ݒ − ∫ ,ݒሺ݌ݒ ∞,ݒሻ݀ݒݔ
−∞

∞
−∞  (28) 

 

ɉɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ݌௫భ௫మ ɞɥɹ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɜɭɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ 

x1x2 ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 

 

ሻݔ௫భ௫మሺ݌ =  ∫ሺͳ/ݒሻ݌ሺݒ/ݔ, ݒሻ݀ݒ − ∫ሺͳ/ݒሻ݌ሺݒ, ∞,ݒሻ݀ݒ/ݔ
−∞

∞
−∞  (29) 

 

ɇɨ ɞɥɹ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɷɬɢ ɮɨɪɦɭɥɵ ɧɟ ɜɫɟɝɞɚ ɭɞɨɛɧɵ. ɇɚ ɩɪɢɦɟɪɟ 

ɨɩɟɪɚɰɢɢ ɫɥɨɠɟɧɢɹ ɩɪɨɞɟɦɨɧɫɬɪɢɪɭɟɦ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɪɚɡɪɚɛɨɬɤɢ 

ɝɢɫɬɨɝɪɚɦɦɧɵɯ ɨɩɟɪɚɰɢɣ. ɉɭɫɬɶ z = x1 + x2, ɧɨɫɢɬɟɥɢ x1 – [a1, a2], x2 – [b1, b2], 

p(x1, x2) – ɷɬɨ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɫɥɭɱɚɣɧɨɝɨ ɜɟɤɬɨɪɚ (x1, 

x2). Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤ [a1, a2] × [b1, b2] – ɷɬɨ ɧɚɲ ɧɨɫɢɬɟɥɶ ɩɥɨɬɧɨɫɬɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ p(x1, x2), ɤɨɬɨɪɵɣ  ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 7.  
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Ɋɢɫɭɧɨɤ 1 – ɉɨɫɬɪɨɟɧɢɟ ɝɢɫɬɨɝɪɚɦɦɵ ɫɭɦɦɵ ɞɜɭɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ 

 

ɉɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ z ɧɚ ɢɧɬɟɪɜɚɥɟ [a1 + b1, a2 + b2] ɨɬɥɢɱɧɚ ɨɬ ɧɭɥɹ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ zi, i = 0, 1, ... , n – ɷɬɨ ɬɨɱɤɢ ɞɟɥɟɧɢɹ ɧɚɲɟɝɨ ɢɧɬɟɪɜɚɥɚ ɧɚ n 

ɨɬɪɟɡɤɨɜ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɩɚɞɚɧɢɹ ɜɟɥɢɱɢɧɵ z ɜ ɧɚɲ 

ɢɧɬɟɪɜɚɥ [zi, zi+ 1] ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

௜ݖሺ݌  < ݖ < ௜+ଵሻݖ = ,ଵݔሺ݌∬    ଶݔଵ݀ݔଶሻ݀ݔ
Ω𝒊  (30) 

 

ɝɞɟ Ωi = {( x1, x2)|zi ≤ x1 + x2 ≤ zi+ 1}. ɂ ɨɤɨɧɱɚɬɟɥɶɧɨ pzi ɢɦɟɟɬ ɜɢɞ 

௭𝑖݌  = ,ଵݔሺ݌∬  ௜+ଵݖଶ/ሺݔଵ݀ݔଶሻ݀ݔ −  .௜ሻݖ
Ω𝒊  (31) 

 

Ɋɚɫɫɦɨɬɪɟɧɧɵɣ ɜɵɲɟ ɩɨɞɯɨɞ ɨɛɨɛɳɚɟɬɫɹ ɧɚ ɫɥɭɱɚɣ ɛɨɥɶɲɟɝɨ ɱɢɫɥɚ 

ɩɟɪɟɦɟɧɧɵɯ. Ⱦɨɩɭɫɬɢɦ ɧɚɦ ɬɪɟɛɭɟɬɫɹ ɧɚɣɬɢ ɝɢɫɬɨɝɪɚɦɦɭ pz ɫɭɦɦɵ 
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z = a1x1 + a2x2 + ... + anxn, (32) 

 

ɢ ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ p(x1, x2, ..., xn) – ɷɬɨ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ 

ɫɥɭɱɚɣɧɨɝɨ ɜɟɤɬɨɪɚ (x1, x2, ...,xn). Ɍɨɝɞɚ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɩɚɞɚɧɢɹ z ɜ ɢɧɬɟɪɜɚɥ (zi , 

zi+ 1) ɛɭɞɟɬ ɪɚɜɧɚ 

 ܲሺݖ௜ < ݖ < ௜+ଵሻݖ = ∫… ,ଵݔሺ݌∫ ,ଶݔ … , ௡ݔ݀…ଶݔଵ݀ݔ௡ሻ݀ݔ , 
Ω𝑖  (33) 

 

ɝɞɟ 

 Ω௜ = {(ݔଵ, ,ଶݔ … , ܽ > ௜ݖ|(௡ݔ ଵݔଵ  +  ܽଶݔଶ + . . . + ܽ௡ݔ௡  <  ௜+ଵ}, pziݖ 

 

ɢɦɟɟɬ ɜɢɞ 

 ܲሺݖ௜ሻ = ∫… ,ଵݔሺ݌∫ ,ଶݔ … , ௜+ଵݖ௡/ሺݔ݀…ଶݔଵ݀ݔ௡ሻ݀ݔ −  ,௜ሻݖ
Ω𝑖  (34) 

 

Ɋɚɫɫɦɨɬɪɢɦ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɨɩɟɪɚɰɢɸ max(x, y). ȼɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, 

ɱɬɨ max(x, y) < z ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ F: 

 

ሻݖሺܨ =  ∫ ௫ܲሺ𝜉ሻ݀𝜉 − ∫ ௬ܲሺ𝜉ሻ݀𝜉,z
−∞

z
−∞  (35) 

 

ɂɫɩɨɥɶɡɭɹ ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ F, ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɝɢɫɬɨɝɪɚɦɦɭ ɞɥɹ 

max(x, y) ɧɚ ɫɟɬɤɟ {zi}. Ɍɨɝɞɚ pi = F(zi+ 1) − F(zi) [13].  
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1.3.3 Ʉɭɫɨɱɧɨ-ɩɨɥɢɧɨɦɢɚɥɶɧɵɟ ɦɨɞɟɥɢ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɤɭɫɨɱɧɨ-ɩɨɥɢɧɨɦɢɚɥɶɧɵɟ ɦɨɞɟɥɢ ɞɥɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 

ɷɦɩɢɪɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ. ɩɪɟɠɞɟ ɜɫɟɝɨ ɷɬɨ:  

- ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɟ ɮɭɧɤɰɢɢ (ɝɢɫɬɨɝɪɚɦɦɵ);  

- ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɵɟ ɮɭɧɤɰɢɢ (ɱɚɫɬɨɬɧɵɟ ɩɨɥɢɝɨɧɵ);  

- ɤɭɫɨɱɧɨ-ɤɭɛɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ (ɫɩɥɚɣɧɵ).  

ȼɫɟ ɤɭɫɨɱɧɨ-ɩɨɥɢɧɨɦɢɚɥɶɧɵɟ ɮɭɧɤɰɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɟɬɤɨɣ 𝜔 = ௜ݔ} , ݅ =Ͳ,ͳ,… , ݊}, ɝɞɟ ݊ ൒ ʹ – ɰɟɥɨɟ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɦɚɫɫɢɜɚɦɢ ܨ = { ௜݂ , ݅ = ͳ, … , ݊}. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɢɫɬɨɝɪɚɦɦɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɟɬɤɨɣ 𝜔 = ௜ݔ} , ݅ = Ͳ,ͳ, … , ݊} ɢ 

ɦɚɫɫɢɜɨɜ  ܲ = ௜݌} , ݅ = ͳ,… , ݊}.  ɇɚ ɤɚɠɞɨɦ ɨɬɪɟɡɤɟ [ݔ௜−ଵ, ௜ሻݔ  ɝɢɫɬɨɝɪɚɦɦɚ 

ɩɪɢɧɢɦɚɟɬ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ ݌௜.  
ɑɚɫɬɨɬɧɵɣ ɩɨɥɢɝɨɧ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɟɬɤɨɣ 𝜔   ݂ = { ௜݂, ݅ = Ͳ,ͳ,… , ݊}.  ɇɚ 

ɤɚɠɞɨɦ ɨɬɪɟɡɤɟ [ݔ௜−ଵ,   ௜ሻ ɱɚɫɬɨɬɧɵɣ ɩɨɥɢɝɨɧ ɡɚɞɚɟɬɫɹ ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣݔ

 

1
1

1 1

( ) i i
i i

i i i i

x x x x
l x f f

x x x x



 

 
  

   

 

Ʉɭɛɢɱɟɫɤɢɣ ɫɩɥɚɣɧ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɟɬɤɨɣ 𝜔  ɢ ɞɜɭɦɹ ɦɚɫɫɢɜɚɦɢ ݂ ={ ௜݂, ݅ = Ͳ,ͳ,… , ݊} ɢ  ݉ = {݉௜ , ݅ = Ͳ,ͳ, … , ݊}. ɇɚ ɤɚɠɞɨɦ ɨɬɪɟɡɤɟ [ݔ௜−ଵ,  ௜ሻ ɫɩɥɚɣɧݔ

ɡɚɞɚɟɬɫɹ ɤɭɛɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ  

 

1 0 1 1 0 1( ) ( ) ( ) ( ) ( )i i i is x f t f t hm t hm t          

 

2 2
0 0( ) (1 ) (1 2 ) ( ) (1 )x x t x x x         

 

2 3 2
1 1( ) (3 2 ) ( )x x x x x x        
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Ɋɚɫɫɦɨɬɪɢɦ ɜɨɩɪɨɫ ɩɨɫɬɪɨɟɧɢɹ ɫɩɥɚɣɧɚ s , ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɝɨ ݂̂௖௢௥ሺݔሻ, 
ɬɚɤ ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɚɫɶ ɨɰɟɧɤɚ  

 

4f s Ch     

 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɩɨɫɬɪɨɟɧɧɵɯ ɹɞɟɪɧɵɯ ɨɰɟɧɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 

ɫɨɨɬɧɨɲɟɧɢɹ  

 

4ˆ[ ( ) ( )] ( )
cor

M f x x O hf    

 

ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɬɨɱɧɟɟ ɫɬɚɧɞɚɪɬɧɵɯ ɹɞɟɪɧɵɯ ɨɰɟɧɨɤ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɩɪɹɦɵɟ ɜɵɱɢɫɥɟɧɢɹ ݂̂௖௢௥ሺݔሻ  ɜ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɟ x ɬɪɟɛɭɸɬ ɡɧɚɱɢɬɟɥɶɧɵɯ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ [15].  

Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɩɨɫɬɪɨɢɦ ɜ ɨɛɥɚɫɬɢ [a,b] ɧɨɫɢɬɟɥɹ ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ 

ɜɟɪɨɹɬɧɨɫɬɢ f(x) ɫɟɬɤɢ 𝜔௭ = ௜ݖ} = ܽ + ݅ℎ௭, ݅ = Ͳ,… , ௭ܰ}, 𝜔௫ = ௜ݔ} = ܽ + ݅ℎ௫ , ݅ =Ͳ, … , ௫ܰ}.  
ɇɚ ɫɟɬɤɟ 𝜔௭ ɜɵɱɢɫɥɢɦ ɡɧɚɱɟɧɢɹ ௜݂ = ݂̂௖௢௥ሺݖ௜ሻ. ɋɩɥɚɣɧ s ɛɭɞɟɦ ɫɬɪɨɢɬɶ ɧɚ  

ɫɟɬɤɟ 𝜔௫.  Ʉɪɚɟɜɵɟ ɭɫɥɨɜɢɹ ɜɵɛɟɪɟɦ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ ݏሺܽሻ = Ͳ, ሺܽሻ′ݏ = Ͳ ሺܾሻݏ , = Ͳ, ሺܾሻ′ݏ = Ͳ 

 

2

1

( ( ) ) min
zN

i i
i

s z f


     (36) 

 

ȼ ɫɥɭɱɚɟ ɤɭɛɢɱɟɫɤɢɯ ɫɩɥɚɣɧɨɜ, ɤɚɤ ɤɥɚɫɫɢɱɟɫɤɢɯ ɬɚɤ, ɢ ɷɪɦɢɬɨɜɵɯ, 

ɡɚɞɚɱɚ (10) ɫɜɨɞɢɬɫɹ ɤ ɪɟɲɟɧɢɸ ɩɹɬɢɞɢɚɝɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ 

ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ.  

Ⱦɥɹ ɤɭɛɢɱɟɫɤɢɯ ɫɩɥɚɣɧɨɜ ɫɩɪɚɜɟɞɥɢɜɚ ɫɥɟɞɭɸɳɚɹ ɨɰɟɧɤɚ  
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4 (4)
xf s Kh f         (37) 

 

ɝɞɟ K  – ɤɨɧɫɬɚɧɬɚ, ɧɟ ɡɚɜɢɫɹɳɚɹ ɨɬ ℎ௫.  

Ɂɚɞɚɱɭ ɦɨɠɧɨ ɭɩɪɨɫɬɢɬɶ, ɟɫɥɢ ɜɵɱɢɫɥɢɬɶ ɜ ɭɡɥɚɯ ɫɟɬɤɢ 𝜔௫  ɡɧɚɱɟɧɢɹ ݂̂௜ . 
Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɧɚɱɟɧɢɹ ݂̂௖௢௥ሺݖ௜ሻ  ɢ ɩɪɨɰɟɞɭɪɵ 

ɫɝɥɚɠɢɜɚɧɢɹ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɤɥɚɫɫɢɱɟɫɤɢɯ ɤɭɛɢɱɟɫɤɢɯ ɫɩɥɚɣɧɨɜ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ, ɦɟɬɨɞ ɜɡɜɟɲɟɧɧɨɣ ɥɨɤɚɥɶɧɨɣ 

ɪɟɝɪɟɫɫɢɢ, ɮɢɥɶɬɪ ɋɚɜɢɰɤɨɝɨ–Ƚɨɥɟɹ. ɋɥɟɞɭɟɬ ɫɬɪɟɦɢɬɶɫɹ, ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɢɫɶ 

ɨɰɟɧɤɢ  

 

4ˆ ( ) ( )i xi
f x O hf    

 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɫɬɪɨɟɧɢɟ ɫɩɥɚɣɧɚ ɫɜɨɞɢɬɫɹ ɤ ɪɟɲɟɧɢɸ ɬɪɟɯ 

ɞɢɚɝɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɢ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɚ 

ɨɰɟɧɤɚ (10).  

ȼ ɢɬɨɝɟ ɤɭɛɢɱɟɫɤɢɣ ɫɩɥɚɣɧ ɧɚ ɨɬɪɟɡɤɚɯ  [ݔ௝−ଵ, ,[௝ݔ ݆ = ͳ,… , ݊ ɢɦɟɟɬ ɞɜɚ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ [8]:  

 

3 3
1 1( ) ( ) (6 ) ( ) (6 )j j j j j js x M x x h M x x h         

 

2 2
1 1 1( 6)( ) ( 6)( )j j j j j j j j j jf M h x x h f M h x x h              (38) 

 

ɢɥɢ  

 

2 2 2 2
1 1 1( ) ( ) ( ) ( ) ( )j j j j j j j js x m x x x x h m x x x x h            

 

2 3 2 3
1 1 1( ) (2( ) ) ( ) (2( ) )j j j j j j j j j jf x x x x h h f x x x x h h              (39) 



 
 

41 

ɝɞɟ  

 

( ) ( ) ( )j j j j j jM s x m s x f f x       

 

Ⱦɥɹ ɷɪɦɢɬɨɜɵɯ ɤɭɛɢɱɟɫɤɢɯ ɫɩɥɚɣɧɨɜ ɜ ɭɡɥɚɯ ɫɟɬɤɢ x  ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɱɢɫɥɢɬɶ ݂̂௜  ɢ ɡɧɚɱɟɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ݂′̂௜ . Ȼɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɢɥɶɬɪ 

ɋɚɜɢɰɤɨɝɨ–Ƚɨɥɟɹ ɫ ɤɭɛɢɱɟɫɤɢɦɢ ɩɨɥɢɧɨɦɚɦɢ [6]. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɥɹ 

ɩɨɫɬɪɨɟɧɢɹ ɷɪɦɢɬɨɜɵɯ ɤɭɛɢɱɟɫɤɢɯ ɫɩɥɚɣɧɨɜ ɞɨɫɬɚɬɨɱɧɨ ɥɨɤɚɥɶɧɵɯ 

ɜɵɱɢɫɥɟɧɢɣ. ɇɚ ɤɚɠɞɨɦ ɢɧɬɟɪɜɚɥɟ ,௝−ଵݔ] ,[௝ݔ ݆ = ͳ, … , ݊ ɷɬɢ ɫɩɥɚɣɧɵ 

ɩɪɟɞɫɬɚɜɢɦɵ ɜ ɜɢɞɟ 

  

1 1 11( ) (( ) ) (( ) )j j j j jjs x f v x x h w x x hf          

(( ) ) (( ) )j j j j jjf v x x h w x x hf         

 

ɝɞɟ  

 

2 2( ) ( 1) (2 1) ( ) ( 1)v x x x w x x x            . 

 

Аɪɢɮɦɟɬɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɧɚɞ ɤɭɫɨɱɧɨ-ɩɨɥɢɧɨɦɢɚɥɶɧɵɦɢ ɦɨɞɟɥяɦɢ 

 

Ɋɟɚɥɢɡɚɰɢɹ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɧɚɞ ɞɜɭɦɹ ɫɥɭɱɚɣɧɵɦɢ 

ɜɟɥɢɱɢɧɚɦɢ x, y, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɤɭɫɨɱɧɨ-ɩɨɥɢɧɨɦɢɚɥɶɧɵɦɢ ɦɨɞɟɥɹɦɢ, 

ɨɫɧɨɜɚɧɚ ɧɚ ɪɚɛɨɬɟ ɫ ɢɯ ɫɨɜɦɟɫɬɧɨɣ ɮɭɧɤɰɢɟɣ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ p(x,y).  

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ x, y ɹɜɥɹɸɬɫɹ ɧɟɡɚɜɢɫɢɦɵɦɢ ɢ 

ɢɦɟɸɬ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɤɭɛɢɱɟɫɤɢɦɢ ɫɩɥɚɣɧɚɦɢ, ݏ௫ ݏ௬. 

ɋɨɜɦɟɫɬɧɭɸ ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ݌ሺݔ, ሻݕ = ௬ݏ ௫ݏ  ɉɨɫɤɨɥɶɤɭ ɤɭɛɢɱɟɫɤɢɣ ɫɩɥɚɣɧ ɧɚ ɤɚɠɞɨɦ ɨɬɪɟɡɤɟ ɫɟɬɤɢ 
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ɩɪɟɞɫɬɚɜɥɹɟɬ ɤɭɛɢɱɟɫɤɢɣ ɩɨɥɢɧɨɦ, ɬɨ p(x,y) ɜ ɫɥɭɱɚɟ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɝɪɚɥɨɜ 

(37)–(39) ɛɭɞɟɬ ɤɭɫɨɱɧɨ-ɩɨɥɢɧɨɦɢɚɥɶɧɨɣ ɮɭɧɤɰɢɟɣ ɲɟɫɬɨɣ ɫɬɟɩɟɧɢ. ɇɚɢɛɨɥɟɟ 

ɭɞɨɛɧɵɦɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɭɬ ɤɜɚɞɪɚɬɭɪɵ Ƚɚɭɫɫɚ ɫ ɱɟɬɵɪɶɦɹ ɜɧɭɬɪɟɧɧɢɦɢ 

ɭɡɥɚɦɢ, ɤɨɬɨɪɵɟ ɬɨɱɧɵ ɧɚ ɩɨɥɢɧɨɦɚɯ ɫɟɞɶɦɨɣ ɫɬɟɩɟɧɢ [21].  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ, ɪɚɫɫɦɨɬɪɢɦ ɩɨɫɬɪɨɟɧɢɟ ɫɩɥɚɣɧɚ, 

ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɝɨ ݌௫భ+௫మ .  Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɜ ɨɛɥɚɫɬɢ ɧɨɫɢɬɟɥɹ ݌௫భ+௫మ 
ɩɨɫɬɪɨɢɦ ɫɟɬɤɭ  𝜔 = ,଴ݔ} ,ଵݔ … , {௡ݔ  ɢ ɜɵɱɢɫɥɢɦ ɡɧɚɱɟɧɢɹ ௜݂ = ௜ሻݔ௫భ+௫మሺ݌ . 

ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ௜݂  ɢ ɤɪɚɟɜɵɟ ɭɫɥɨɜɢɹ ݏ′ሺݔ଴ሻ = Ͳ ௡ሻݔሺ′ݏ , = Ͳ  ɧɚ ɫɟɬɤɟ 𝜔 

ɩɨɫɬɪɨɢɦ ɤɭɛɢɱɟɫɤɢɣ ɫɩɥɚɣɧ s. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɩɪɚɜɟɞɥɢɜɚ ɨɰɟɧɤɚ  

 

1 2 1 2

( ) ( ) 4 (4) 1 2 3x x x xp s Kh p   
           

 

Ⱦɚɥɟɟ ɜɵɱɢɫɥɢɦ  

 

norm ( )s x dx   

 

ɟɫɥɢ norm 1 , ɬɨ ݏሺݔሻ: =   .ሻ/normݔሺݏ

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ x, y ɹɜɥɹɸɬɫɹ ɡɚɜɢɫɢɦɵɦɢ, 

ɫɨɜɦɟɫɬɧɭɸ ɮɭɧɤɰɢɸ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɹɬɶ ɨɬɞɟɥɶɧɨɣ 

ɩɪɨɰɟɞɭɪɨɣ. 

 

1.4 ȼɟɪɨяɬɧɨɫɬɧɵɟ ɪɚɫɲɢɪɟɧɢя 

 

ȼɚɠɧɵɦ ɩɨɧɹɬɢɟɦ ɱɢɫɥɟɧɧɨɝɨ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɚɧɚɥɢɡɚ ɹɜɥɹɟɬɫɹ ɩɨɧɹɬɢɟ 

ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. ȼ ɪɚɦɤɚɯ ɝɢɫɬɨɝɪɚɦɦɧɨɝɨ ɩɨɞɯɨɞɚ ɨɩɪɟɞɟɥɢɦ 

ɩɨɧɹɬɢɟ ɝɢɫɬɨɝɪɚɦɦɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɪɚɫɫɦɨɬɪɢɦ ɡɚɞɚɱɭ 

ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɭɧɤɰɢɢ ɧɟɫɤɨɥɶɤɢɯ ɫɥɭɱɚɣɧɵɯ ɚɪɝɭɦɟɧɬɨɜ. 
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ɉɭɫɬɶ ɢɦɟɟɬɫɹ ɫɢɫɬɟɦɚ ɧɟɩɪɟɪɵɜɧɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ݔଵ, … , ௡ݔ  ɫ 

ɩɥɨɬɧɨɫɬɶɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ,ଵݔሺ݌ … , ௡ሻݔ . ɋɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ z ɫɜɹɡɚɧɚ ɫ ሺݔଵ, … ,   :௡ሻ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸݔ

 

1( )nz f x x    

 

Ɍɨɝɞɚ ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ z, ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ 

ɜɟɪɨɹɬɧɨɫɬɧɵɦ ɪɚɫɲɢɪɟɧɢɟɦ ɮɭɧɤɰɢɢ f. 

ɇɚ ɨɫɧɨɜɟ ɩɨɧɹɬɢɹ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɨɩɪɟɞɟɥɢɦ ɝɢɫɬɨɝɪɚɦɦɧɨɟ 

ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ. ɉɭɫɬɶ, ɝɢɫɬɨɝɪɚɦɦɚ F ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɟɬɤɨɣ {ݖ௜|݅ =Ͳ, … , ݊} . Ɉɩɪɟɞɟɥɢɦ ɨɛɥɚɫɬɶ Ω௜ = {ሺݔଵ, … , ௜ݖ|௡ሻݔ < ݂ሺݔଵ, … , ௡ሻݔ < {௜+ଵݖ . Ɍɨɝɞɚ 

ɡɧɚɱɟɧɢɟ ɝɢɫɬɨɝɪɚɦɦɵ ܨ௜ ɧɚ ɨɬɪɟɡɤɟ [ݖ௜,   ௜+ଵ] ɢɦɟɟɬ ɜɢɞ [4]ݖ

 

1 1 1( ) ( )
i

i n n i iF p d d z z    
       (40) 

 

Ƚɢɫɬɨɝɪɚɦɦɭ F , ɩɨɫɬɪɨɟɧɧɭɸ ɩɨ (40), ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɜɟɪɨɹɬɧɨɫɬɧɵɦ 

ɝɢɫɬɨɝɪɚɦɦɧɵɦ ɪɚɫɲɢɪɟɧɢɟɦ f [9].  

Ⱦɚɥɟɟ ɩɨɫɬɪɨɢɦ ɝɢɫɬɨɝɪɚɦɦɧɵɟ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɪɚɫɲɢɪɟɧɢɹ ɞɥɹ 

ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɧɚɞ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ. ɉɭɫɬɶ P – ɝɢɫɬɨɝɪɚɦɦɚ 

ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ݖ = ݔ ∗ ,ݕ  ɝɞɟ ∗ ∈ {+,−,∙,/, ՛} . Ɍɨɝɞɚ ɜɟɥɢɱɢɧɚ ௜ܲ  ɧɚ 

ɢɧɬɟɪɜɚɥɟ [ݖ௜ ,   ௜+ଵ] ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟݖ

 

1 2 1 2 1( ) ( )
i

i i iP p x x dx dx z z
      

 

ɝɞɟ 

 

1 2 1 2 1{( ) }i i ix x z x x z       .  
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Ɉɩɟɪɚɰɢɹ max(x,y). ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ F 

 

( ) ( ) ( )
z z

x yF z P d P d   
 

    

 

ɉɭɫɬɶ ݂ሺݔଵ, … , ௡ሻݔ  – ɪɚɰɢɨɧɚɥɶɧɚɹ ɮɭɧɤɰɢɹ, ɬɨɝɞɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 

ɝɢɫɬɨɝɪɚɦɦɵ F ɡɚɦɟɧɢɦ ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɧɚ ɝɢɫɬɨɝɪɚɦɦɧɵɟ, ɚ 

ɩɟɪɟɦɟɧɧɵɟ ,ଵݔ ,ଶݔ … , ௡ݔ – ɢɯ ɝɢɫɬɨɝɪɚɦɦɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ. ɉɨɥɭɱɟɧɧɭɸ 

ɝɢɫɬɨɝɪɚɦɦɭ F ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ – ɟɫɬɟɫɬɜɟɧɧɵɦ ɝɢɫɬɨɝɪɚɦɦɧɵɦ ɪɚɫɲɢɪɟɧɢɟɦ.  

Ɍɟɨɪɟɦɚ 3. ɉɭɫɬɶ ݂ሺݔଵ, … , ௡ሻݔ  – ɪɚɰɢɨɧɚɥɶɧɚɹ ɮɭɧɤɰɢɹ, ɤɚɠɞɚɹ 

ɩɟɪɟɦɟɧɧɚɹ ɤɨɬɨɪɨɣ ɜɫɬɪɟɱɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɪɚɡ ɢ ݔଵ, … , ௡ݔ   – ɧɟɡɚɜɢɫɢɦɵɟ 

ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ. Ɍɨɝɞɚ ɟɫɬɟɫɬɜɟɧɧɨɟ ɝɢɫɬɨɝɪɚɦɦɧɨɟ ɪɚɫɲɢɪɟɧɢɟ 

ɚɩɩɪɨɤɫɢɦɢɪɭɟɬ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɫ ɬɨɱɧɨɫɬɶɸ ܱሺℎ𝛼ሻ. 
Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ ɩɪɨɜɟɞɟɦ ɩɨ ɢɧɞɭɤɰɢɢ. Ⱦɥɹ ݊ = ʹ  ɭɬɜɟɪɠɞɟɧɢɟ 

ɫɩɪɚɜɟɞɥɢɜɨ (10). ɉɭɫɬɶ ɫɩɪɚɜɟɞɥɢɜɨ ɞɥɹ ݊ = ݇  ɢ ɝɢɫɬɨɝɪɚɦɦɚ ܨ௞ 

ɚɩɩɪɨɤɫɢɦɢɪɭɟɬ ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɮɭɧɤɰɢɢ ݂ሺݔଵ, … , ௞ሻݔ  ɫ ɧɟɤɨɬɨɪɨɣ 

ɬɨɱɧɨɫɬɶɸ ܱሺℎ𝛼ሻ . ɉɨɤɚɠɟɦ, ɱɬɨ ɷɬɨ ɫɩɪɚɜɟɞɥɢɜɨ ɢ ɞɥɹ ݊ = ݇ + ͳ . 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ܨ௞+ଵ = ௞ܨ ∗  ௞+ଵ, ɧɨݔ

 

1 1 1 1 1 1( ) ( ( )) supp { }k k k k k k kF f x x x F f x x x Ch x
            . 

 

Ɍɟɨɪɟɦɚ ɞɨɤɚɡɚɧɚ.  
Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ, ɤɨɬɨɪɵɣ ɢɥɥɸɫɬɪɢɪɭɟɬ Ɍɟɨɪɟɦɭ 1. ɉɭɫɬɶ ɮɭɧɤɰɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ  

 

( ) 1 ( 1)( 1)f x y xy x y x y        . 

 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɬɨɥɶɤɨ ɜɬɨɪɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɮɭɧɤɰɢɢ ɜ ɜɢɞɟ ɩɪɨɢɡɜɟɞɟɧɢɹ 

ɞɜɭɯ ɫɨɦɧɨɠɢɬɟɥɟɣ ɩɨɩɚɞɚɟɬ ɩɨɞ ɭɫɥɨɜɢɟ Ɍɟɨɪɟɦɵ 1 ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
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ɟɫɬɟɫɬɜɟɧɧɨɟ ɝɢɫɬɨɝɪɚɦɦɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɛɭɞɟɬ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ 

ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɫ ɧɟɤɨɬɨɪɨɣ ɬɨɱɧɨɫɬɶɸ ܱሺℎ𝛼ሻ.  
Ɍɟɨɪɟɦɚ 1 ɥɟɝɤɨ ɨɛɨɛɳɚɟɬɫɹ ɧɚ ɫɥɟɞɭɸɳɢɣ ɫɥɭɱɚɣ.  

Ɍɟɨɪɟɦɚ 4. ɉɭɫɬɶ ɞɥɹ ɮɭɧɤɰɢɢ ݂ሺݔଵ, … , ௡ሻݔ  ɜɨɡɦɨɠɧɚ ɡɚɦɟɧɚ 

ɩɟɪɟɦɟɧɧɵɯ, ɬɚɤɚɹ ɱɬɨ ݂ሺݖଵ, … , ௞ሻݖ  – ɪɚɰɢɨɧɚɥɶɧɚɹ ɮɭɧɤɰɢɹ ɨɬ ɩɟɪɟɦɟɧɧɵɯ ݖଵ, … ,  ௜ – ɮɭɧɤɰɢɢ ɨɬ ɦɧɨɠɟɫɬɜɚݖ ௞, ɭɞɨɜɥɟɬɜɨɪɹɸɳɚɹ ɭɫɥɨɜɢɹɦ ɬɟɨɪɟɦɵ 1 ɢݖ

ɩɟɪɟɦɟɧɧɵɯ ݔ௜ , ݅ ∈ ௜݀݊ܫ , ɩɪɢɱɟɦ ɦɧɨɠɟɫɬɜɚ ݀݊ܫ௜  ɩɨɩɚɪɧɨ ɧɟ ɩɟɪɟɫɟɤɚɸɬɫɹ. 

ɉɭɫɬɶ ɞɥɹ ɤɚɠɞɨɣ ݖ௜  ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ. Ɍɨɝɞɚ 

ɟɫɬɟɫɬɜɟɧɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ݂ሺݖଵ, … , ௞ሻݖ  ɛɭɞɟɬ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɜɟɪɨɹɬɧɨɫɬɧɨɟ 

ɪɚɫɲɢɪɟɧɢɟ ݂ሺݔଵ, … ,   .௡ሻݔ
ɉɪɢɦɟɪ 1. ɉɭɫɬɶ ݂ሺݔଵ, ଶሻݔ = ሺ−ݔଵଶ + ଵሻݔ sin ଵݖ ଶ.Ɍɨɝɞɚݔ = ሺ−ݔଵଶ + ଵሻݔ  ɢ ݖଶ = sin .ଶݔ  Ɂɚɦɟɬɢɦ, ɱɬɨ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɪɚɫɲɢɪɟɧɢɹ 

ɮɭɧɤɰɢɣ ݖଵ, ଶݖ , ɝɞɟ ݂ = ,ଵݖ ଶݖ  – ɪɚɰɢɨɧɚɥɶɧɚɹ ɮɭɧɤɰɢɹ, ɩɨɩɚɞɚɸɳɚɹ ɩɨɞ 

ɭɫɥɨɜɢɹ ɬɟɨɪɟɦɵ 1. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɟ ɟɫɬɟɫɬɜɟɧɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɛɭɞɟɬ 

ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ݂ሺݔଵ,   .ଶሻݔ
Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɞɥɹ ݂ሺݔଵ, … , ௡ሻݔ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ 

ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ f, ɧɨ ɧɟ ɭɞɚɟɬɫɹ ɩɨɫɬɪɨɢɬɶ ɡɚɦɟɧɭ ɩɟɪɟɦɟɧɧɵɯ 

ɫɨɝɥɚɫɧɨ ɬɟɨɪɟɦɟ 2. ɉɭɫɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɬɨɥɶɤɨ ݔଵ ɜɫɬɪɟɱɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ 

ɪɚɡ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɟɫɥɢ ɩɨɞɫɬɚɜɢɬɶ ɜɦɟɫɬɨ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ݔଵ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɭɸ t, ɬɨ ɞɥɹ ɮɭɧɤɰɢɢ ݂ሺݐ, ,ଶݔ … , ௡ሻݔ  ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ 

ɟɫɬɟɫɬɜɟɧɧɨɟ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ. ɉɭɫɬɶ t – ɞɢɫɤɪɟɬɧɚɹ ɫɥɭɱɚɣɧɚɹ 

ɜɟɥɢɱɢɧɚ, ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɚɹ ݔଵ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: t ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ ݐ௜ 
ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ ௜ܲ  ɢ ɩɭɫɬɶ ɞɥɹ ɤɚɠɞɨɣ ݂ሺݐ௜ , ,ଶݔ … , ௡ሻݔ  ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ 

ɟɫɬɟɫɬɜɟɧɧɨɟ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ 𝜑௜. Ɍɨɝɞɚ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ f 

ɮɭɧɤɰɢɢ ݂ሺݔଵ, … , ௡ሻݔ  ɦɨɠɧɨ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɩɥɨɬɧɨɫɬɶɸ ɜɟɪɨɹɬɧɨɫɬɢ 𝜑 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

 

1

( ) ( )
n

i i
i

P   


   
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ɉɪɢɦɟɪ 2. ɉɭɫɬɶ  ݂ሺݔଵ, ଶሻݔ = ݕଶݔ +  ɝɞɟ x,y – ɪɚɜɧɨɦɟɪɧɵɟ ɫɥɭɱɚɣɧɵɟ ,ݔ

ɜɟɥɢɱɢɧɵ, ɡɚɞɚɧɧɵɟ ɧɚ [0,1]. Ɂɚɦɟɧɢɦ x ɞɢɫɤɪɟɬɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɨɣ t, {ݐ௜ |ݐ௜ = ሺ݅ − Ͳ.ͷሻ/݊, ݅ = ͳ,ʹ,… , ݊}, ௜ܲ = ͳ/݊. Ⱦɚɥɟɟ ɜɵɱɢɫɥɢɦ ɟɫɬɟɫɬɜɟɧɧɵɟ 

ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɪɚɫɲɢɪɟɧɢɹ 𝜑௜. ɋɪɚɜɧɟɧɢɟ 𝜑 ɢ f, ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ݂ሺݔ, ,ሻݕ  ɩɨɤɚɡɚɥɨ ɯɨɪɨɲɟɟ ɩɪɢɛɥɢɠɟɧɢɟ. ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɚ ɧɨɪɦɚ ݈ଶ 
ɪɚɡɧɨɫɬɢ 𝜑 ɢ f ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ n. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ 

ɜ ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ 𝜑 ɚɩɩɪɨɤɫɢɦɢɪɭɟɬ f ɫ ɩɨɪɹɞɤɨɦ 𝛼 = ͳ.Ͷͻͻͺ.  

   

Ɍɚɛɥɢɰɚ 1 – ɉɨɝɪɟɲɧɨɫɬɶ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢɣ 

n 2f     

10 1.2887825282E-03 

20 4.5592973952E-04 

40 1.6120775967E-04 

80 5.6996092139E-05 

16

0 

2.0151185588E-05 

 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɱɢɫɥɨ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 

ݔ  ∗ ݕ  ɢɦɟɟɬ ɩɨɪɹɞɨɤ ܱሺ݊ଶሻ, ɝɞɟ n – ɪɚɡɦɟɪɧɨɫɬɶ ɫɟɬɤɢ ɝɢɫɬɨɝɪɚɦɦ. 

Ƚɢɫɬɨɝɪɚɦɦɚ, ɤɚɤ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɚɹ ɮɭɧɤɰɢɹ, ɩɪɢɛɥɢɠɚɟɬ ɩɥɨɬɧɨɫɬɶ 

ɜɟɪɨɹɬɧɨɫɬɢ ɫ ɬɨɱɧɨɫɬɶɸ (1 )O n . Ɉɞɧɚɤɨ, ɤɚɤ ɧɟɬɪɭɞɧɨ ɜɢɞɟɬɶ, ɭɠɟ ɫɪɟɞɧɢɟ 

ɬɨɱɤɢ ɝɢɫɬɨɝɪɚɦɦ ɩɪɢɛɥɢɠɚɸɬ ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɫ ɬɨɱɧɨɫɬɶɸ ܱሺͳ/݊ଶሻ. 
Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ (40), ɧɢɠɧɹɹ ɨɰɟɧɤɚ ɫɤɨɪɨɫɬɢ ɫɯɨɞɢɦɨɫɬɢ ɝɢɫɬɨɝɪɚɦɦɧɵɯ 

ɪɚɫɲɢɪɟɧɢɣ ɤ ɜɟɪɨɹɬɧɨɫɬɧɵɦ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ 𝛼 = ͳ . Ɋɟɚɥɶɧɨ ɷɬɨ ɡɧɚɱɟɧɢɟ 

ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ. ɑɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɬɟɨɪɟɦɵ 1. 

ɩɪɢ ɩɪɚɜɢɥɶɧɨɦ ɫɨɝɥɚɫɨɜɚɧɢɢ ɫɟɬɨɤ ɝɢɫɬɨɝɪɚɦɦ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɛɨɥɟɟ ɬɨɧɤɢɯ 

ɫɩɨɫɨɛɨɜ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɝɢɫɬɨɝɪɚɦɦɧɵɟ ɪɚɫɲɢɪɟɧɢɹ ɢɦɟɸɬ ɫɤɨɪɨɫɬɶ 

ɫɯɨɞɢɦɨɫɬɢ 𝛼 ≈ ʹ. Ⱦɚɥɟɟ ɫɪɚɜɧɢɦ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-
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Ʉɚɪɥɨ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɢɦɟɟɬ ɫɯɨɞɢɦɨɫɬɶ ܱሺͳ/√ܰሻ, ɝɞɟ N – 

ɱɢɫɥɨ ɩɨɜɬɨɪɨɜ [3]. Ƚɢɫɬɨɝɪɚɦɦɧɵɟ ɪɚɫɲɢɪɟɧɢɹ ɢɦɟɸɬ ɫɤɨɪɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ ܱሺͳ/݊𝛼ሻ.  
ɉɭɫɬɶ ɧɟɨɛɯɨɞɢɦɨ ɞɨɫɬɢɝɧɭɬɶ ɬɨɱɧɨɫɬɢ 𝜀, ɱɢɫɥɨ ɨɩɟɪɚɰɢɣ ɦɟɬɨɞɚ Ɇɨɧɬɟ-

Ʉɚɪɥɨ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɢɬ ܱሺ𝜀−ଶሻ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɝɢɫɬɨɝɪɚɦɦɧɵɦɢ ɪɚɫɲɢɪɟɧɢɹɦɢ ܱሺ𝜀−ଶ/𝛼ሻ , ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɝɢɫɬɨɝɪɚɦɦɧɚɹ ɚɪɢɮɦɟɬɢɤɚ ɩɪɢ 𝛼 > ͳɷɮɮɟɤɬɢɜɧɟɣ 

ɦɟɬɨɞɚ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɩɪɢɦɟɪɧɨ ɜ ܱሺ𝜀−ଶሺଵ−ଵ/𝛼ሻሻ ɪɚɡ.  

ɉɪɨɢɥɥɸɫɬɪɢɪɭɟɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɝɢɫɬɨɝɪɚɦɦɧɨɣ ɚɪɢɮɦɟɬɢɤɢ ɧɚ 

ɱɢɫɥɟɧɧɨɦ ɩɪɢɦɟɪɟ. 

ɉɪɢɦɟɪ 3. ɉɭɫɬɶ ɬɪɟɛɭɟɬɫɹ ɧɚɣɬɢ ɫɭɦɦɭ ɬɪɟɯ ɪɚɜɧɨɦɟɪɧɨ 

ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɧɚ [0,1] ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ. ȼɵɱɢɫɥɟɧɢɹ ɩɪɢ ݊ = ͵Ͳ ɩɨɤɚɡɚɥɢ, 

ɱɬɨ ɨɲɢɛɤɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɱɢɫɥɟɧɧɵɯ ɨɩɟɪɚɰɢɣ ɝɢɫɬɨɝɪɚɦɦɧɨɣ 

ɚɪɢɮɦɟɬɢɤɢ ɜ ɧɨɪɦɟ ݈ଶ  ɫɨɫɬɚɜɥɹɟɬ 1.1680ȿ-03. Ɉɲɢɛɤɚ ɦɟɬɨɞɚ Ɇɨɧɬɟ-Ʉɚɪɥɨ 

ɩɪɢ ɱɢɫɥɟ ɛɪɨɫɚɧɢɣ ܰ = ͳͲହ ɪɚɜɧɚ 5.4601E-03, ɚ ɩɪɢ ɱɢɫɥɟ ɛɪɨɫɚɧɢɣ ܰ = ͳͲ଺ – 

2.0284ȿ-03, ɱɬɨ ɫɪɚɜɧɢɦɨ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɝɢɫɬɨɝɪɚɦɦɧɨɣ ɚɪɢɮɦɟɬɢɤɢ. ɉɪɢ 

ɷɬɨɦ ɱɢɫɥɨ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɝɢɫɬɨɝɪɚɦɦɧɨɣ ɚɪɢɮɦɟɬɢɤɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɪɹɞɤɨɦ ͵Ͳଶ ɢɥɢ ͳͲଷ, ɚ ɦɟɬɨɞɚ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɜɟɥɢɱɢɧɨɣ ɩɨɪɹɞɤɚ ͳͲ଺. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ ɝɢɫɬɨɝɪɚɦɦɧɚɹ ɚɪɢɮɦɟɬɢɤɚ 

ɷɮɮɟɤɬɢɜɧɟɣ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɩɪɢɦɟɪɧɨ ɜ ɬɵɫɹɱɭ ɪɚɡ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɪɹɞɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɚɬɶ ɫɢɫɬɟɦɵ 

ɥɢɧɟɣɧɵɯ ɢ ɧɟɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ. Ɇɟɬɨɞɵ ɢɯ ɪɟɲɟɧɢɣ ɪɚɫɫɦɨɬɪɟɧɵ ɜ ɪɚɛɨɬɟ 

[38].  

ȼ ɫɥɭɱɚɟ ɧɚɯɨɠɞɟɧɢɹ ɤɨɪɧɹ ɨɞɧɨɦɟɪɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ݂ሺݔ, ݇ሻ = Ͳ, ɝɞɟ k – 

ɫɥɭɱɚɣɧɵɣ ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɤɨɪɟɧɶ ɥɨɤɚɥɢɡɨɜɚɧ ɧɚ 

ɨɬɪɟɡɤɟ [a,b], 𝜙௭  – ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ݂ሺݔ, ݇ሻ , ݖ  ∈ [ܽ, ܾ] . Ɍɨɝɞɚ, ܲሺݖሻ 
ɟɫɬɶ ɜɟɪɨɹɬɧɨɫɬɶ, ɱɬɨ ɤɨɪɟɧɶ ɥɟɠɢɬ ɥɟɜɟɟ (ɩɪɚɜɟɟ) ɬɨɱɤɢ z:  

 

0
( ) ( )zP z d  


  .  (41) 
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1.5 Ɉɫɧɨɜɧɚя ɬɟɨɪɟɦɚ ɨ ɜɟɪɨяɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢяɯ 

 

Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɩɪɨɛɥɟɦ, ɫ ɤɨɬɨɪɵɦɢ ɫɬɚɥɤɢɜɚɟɬɫɹ ɑȼȺ, 

ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ.  

ɇɚɱɧɟɦ ɫ ɨɛɳɟɝɨ ɫɥɭɱɚɹ, ɤɨɝɞɚ ሺݔଵ, … , ௡ሻݔ  - ɫɢɫɬɟɦɚ ɧɟɩɪɟɪɵɜɧɵɯ 

ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɫ ɫɨɜɦɟɫɬɧɵɦɢ ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ݌ሺݔଵ, … , ௡ሻ ɢ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ zݔ  ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ݂ሺݔଵ, … ,   ௡ሻݔ
ݖ  = ݂ሺݔଵ, … ,  ௡ሻ  (42)ݔ

 

ɉɨɞ ɜɟɪɨɹɬɧɨɫɬɧɵɦ ɪɚɫɲɢɪɟɧɢɟɦ ɮɭɧɤɰɢɢ f ɦɵ ɢɦɟɟɦ ɜ ɜɢɞɭ ɮɭɧɤɰɢɸ 

ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ z.  

Ɉɩɪɟɞɟɥɟɧɢɟ. ɇɨɫɢɬɟɥɶ f, supp( f ), ɹɜɥɹɟɬɫɹ ɦɧɨɠɟɫɬɜɨɦ ɬɨɱɟɤ ݔ ∈ ܴ, ɝɞɟ 

f ɨɬɥɢɱɧɚ ɨɬ ɧɭɥɹ  

 

supp( ) { ( ) 0}f x R f x      

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɰɟɞɭɪɭ ɜɵɱɢɫɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢɣ ɞɥɹ 

ɨɞɧɨɦɟɪɧɨɝɨ ɫɥɭɱɚɹ. ɉɭɫɬɶ ɡɚɞɚɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ  

ݖ  = ݂ሺݔሻ 
 

ɝɞɟ x – ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ. ɉɭɫɬɶ x – ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ x ɫ ɧɨɫɢɬɟɥɟɦ [ݔ, [ݔ . Ⱦɚɥɟɟ { ሻݖ௜ሺݔ ∈ ,ݔ] ݅|[ݔ = ͳ, … , ݊ } 

ɹɜɥɹɸɬɫɹ ɤɨɪɧɹɦɢ ɭɪɚɜɧɟɧɢɹ ݖ = ݂ሺݔሻ.  
ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɮɭɧɤɰɢɸ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ f ɫɥɭɱɚɣɧɨɣ 

ɜɟɥɢɱɢɧɵ z ɤɚɤ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ݂ሺ∙, ሻݔ  ɮɭɧɤɰɢɢ ݂ሺݔሻ. Ⱦɥɹ 

ɜɵɱɢɫɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɦɵ ɢɫɩɨɥɶɡɭɟɦ  
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1

( ( ))
( )

( ( ))

n
i

i i

x x
f x

f x




  
   

 

ɉɪɢɦɟɪ 4. ɪɚɫɫɦɨɬɪɢɦ ɮɭɧɤɰɢɸ ݖ = ݔ + ݐ  ɝɞɟ t ɜɟɳɟɫɬɜɟɧɧɨɟ ɱɢɫɥɨ. 

Ɍɨɝɞɚ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɪɚɫɲɢɪɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ  

 

( ) ( )f x t x t       

 

ȿɫɥɢ ݖ = ݔݐ  ɢ ݐ > Ͳ , ɬɨɝɞɚ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɪɚɫɲɢɪɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ  

 

1
( ) ( )f x t x

t t

      

 

Ɍɟɨɪɟɦɚ 5. ɉɭɫɬɶ ݂ሺ∙, ,ଵݔ ,ଶݔ … , ௡ሻݔ  ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ݂ሺݔଵ, ௡ሻݔ…ଶݔ ɢ ɞɥɹ ɜɫɟɯ ɜɟɳɟɫɬɜɟɧɧɵɯ t ɮɭɧɤɰɢɹ ݂ሺ∙, ,ݐ ,ଶݔ … , ௡ሻݔ  ɟɫɬɶ 

ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɮɭɧɤɰɢɢ ݂ሺݐ, ,ଶݔ … ,  ௡ሻ. Ɍɨɝɞɚݔ

 ݂ሺݖ, ,ଵݔ ,ଶݔ … , ௡ሻݔ = ∫ ሻݐଵሺݔ ݂ሺݖ, ,ݐ ,ଶݔ … ,  (43)                    ݐ௡ሻ݀ݔ

 

Ɂɚɦɟɱɚɧɢɟ. Ɍɟɨɪɟɦɚ 6 ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɤɭɪɫɢɜɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ 

ɨɛɳɟɣ ɮɨɪɦɵ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢɣ ɢ ɪɟɞɭɤɰɢɢ ɤ ɜɵɱɢɫɥɟɧɢɸ 

ɨɞɧɨɦɟɪɧɨɝɨ ɫɥɭɱɚɹ.  

Ɋɚɫɫɦɨɬɪɢɦ ɜɵɱɢɫɥɟɧɢɟ ɢɧɬɟɝɪɚɥɚ (43). Ⱦɥɹ ɩɪɨɫɬɨɬɵ ɦɵ ɩɪɟɞɫɬɚɜɥɹɟɦ 

(43) ɤɚɤ ɤɜɚɞɪɚɬɭɪɭ  

 

1 2 1 2
1

( ) ( ) ( ) ( )
m

n nl l l
l

t f z t … dt t f z t …x x x x x x


           
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Ⱦɚɥɟɟ, ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ݂ሺݖ, ,ଵݐ ,ଶݔ … , ௡ሻݔ  ɦɵ ɦɨɠɟɦ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɱɢɫɥɨɜɵɟ ɤɜɚɞɪɚɬɭɪɵ ɢ ɬ. ɞ. ȼ ɨɛɳɟɦ, ɷɬɨ NP-hard ɩɪɨɛɥɟɦɚ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ 

ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ. ɇɚ ɧɢɠɧɟɦ ɭɪɨɜɧɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɜɟɪɨɹɬɧɨɫɬɧɵɟ 

ɪɚɫɲɢɪɟɧɢɹ ɬɨɥɶɤɨ ɞɥɹ ɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ. Ɉɛɪɚɬɢɬɟ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɜɫɟ 

ɜɵɱɢɫɥɟɧɢɹ ɧɚ ɤɚɠɞɨɦ ɭɪɨɜɧɟ ɧɟɡɚɜɢɫɢɦɵ ɢ ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ 

ɨɞɧɨɜɪɟɦɟɧɧɨ [33].  

 

 

Ɋɢɫɭɧɨɤ 4 – Ⱦɟɪɟɜɨ ɩɚɪɚɥɥɟɥɶɧɨɣ ɪɟɤɭɪɫɢɢ  

 

ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɨ Ⱦɟɪɟɜɨ ɩɚɪɚɥɥɟɥɶɧɨɣ ɪɟɤɭɪɫɢɜɧɨɣ, ɨɪɝɚɧɢɡɚɰɢɹ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ.  

ɉɭɫɬɶ x,y ɫɢɫɬɟɦɚ ɞɜɭɯ ɧɟɩɪɟɪɵɜɧɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɫ ɮɭɧɤɰɢɹɦɢ 

ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ x,y.  

ɉɥɨɬɧɨɫɬɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɧɚɞ 

ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ, ɢɦɟɸɬ ɜɢɞ  

 

( )( ) ( ) ( )
x

x
x y x t y t dt      
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ɟɫɥɢ  suppሺݔሻ[ݔ, ݔ ɢ [ݔ > Ͳ ɬɨɝɞɚ  

 

1
( )( ) ( ) ( )

x

x
xy x t y dt

t t

    

 

( )( ) ( ) ( )
x

x
y x tx t y t dt     

 

ɗɬɢ ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɩɨɥɧɨɫɬɶɸ ɫɨɜɩɚɞɚɸɬ ɫ ɤɥɚɫɫɢɱɟɫɤɢɦɢ 

ɨɩɟɪɚɰɢɹɦɢ ɧɚɞ ɮɭɧɤɰɢɹɦɢ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ.  

ɉɭɫɬɶ ݂ሺݔଵ, … , ௡ሻݔ – ɪɚɰɢɨɧɚɥɶɧɚɹ ɮɭɧɤɰɢɹ. ɑɬɨɛɵ ɩɨɫɬɪɨɢɬɶ 

ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɪɚɫɲɢɪɟɧɢɹ f, ɦɵ ɡɚɦɟɧɹɟɦ ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ 

ɚɪɢɮɦɟɬɢɱɟɫɤɢɦɢ ɨɩɟɪɚɰɢɹɦɢ ɧɚɞ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ, ɚ ɩɟɪɟɦɟɧɧɵɟ ݔଵ, ,ଶݔ … , ௡ݔ ɡɚɦɟɧɹɸɬɫɹ ɮɭɧɤɰɢɹɦɢ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ. ɂɦɟɟɬ ɫɦɵɫɥ 

ɧɚɡɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɪɚɫɲɢɪɟɧɢɹ f ɤɚɤ ɟɫɬɟɫɬɜɟɧɧɨɟ 

ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ [33].  

ɋɥɭɱɚɣ 1. [7] ɉɭɫɬɶ ݔଵ, … , ,ଵݔ௡ ɧɟɡɚɜɢɫɢɦɵɟ ɫɥɭɱɚɣɧɵɟ ɩɟɪɟɦɟɧɧɵɟ. ȿɫɥɢ ݂ሺݔ … , ௡ሻݔ  ɹɜɥɹɟɬɫɹ ɪɚɰɢɨɧɚɥɶɧɵɦ ɜɵɪɚɠɟɧɢɟɦ, ɝɞɟ ɤɚɠɞɚɹ ɩɟɪɟɦɟɧɧɚɹ ݔ௜ 
ɜɫɬɪɟɱɚɟɬɫɹ ɧɟ ɛɨɥɟɟ ɨɞɧɨɝɨ ɪɚɡɚ, ɬɨ ɟɫɬɟɫɬɜɟɧɧɨɟ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ 

ɚɩɩɪɨɤɫɢɦɢɪɭɟɬ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ.  

ɋɥɭɱɚɣ 2. [7] ɉɭɫɬɶ ɮɭɧɤɰɢɹ ݂ሺݔଵ, … , ௡ሻݔ  ɦɨɠɟɬ ɛɵɬɶ ɡɚɦɟɧɨɣ 

ɩɟɪɟɦɟɧɧɵɯ, ɩɪɢɜɟɞɟɧɚ ɤ ɜɢɞɭ ɱɬɨ ݂ሺݖଵ, … , ௞ሻݖ  ɹɜɥɹɟɬɫɹ ɪɚɰɢɨɧɚɥɶɧɨɣ 

ɮɭɧɤɰɢɟɣ ɨɬ ɩɟɪɟɦɟɧɧɵɯ ݖଵ, … , ௞ݖ ,  ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɭɫɥɨɜɢɹɦ ɫɥɭɱɚɹ 1. 

ɉɟɪɟɦɟɧɧɚɹ ݖ௜ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ݔ௜, ݅ ∈  .௜ ɜɡɚɢɦɧɨ ɧɟ ɩɟɪɟɫɟɤɚɸɬɫɹ݀݊ܫ ௜. ɢ݀݊ܫ

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɝɨ ݖ௜ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ. 

Ɍɨɝɞɚ ɟɫɬɟɫɬɜɟɧɧɨɟ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ݂ሺݖଵ, … , ௞ሻݖ ɛɭɞɟɬ 

ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ.  
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ɉɪɢɦɟɪ 5. ɉɭɫɬɶ ݂ሺݔଵ, ଶሻݔ = ሺ−ݔଵଶ + ଵሻݔ sin ଵݖ  ଶ иݔ = ሺ−ݔଵଶ + ଶݖ ,ଵሻݔ = sin .ଶݔ  Ɉɛɪɚɬɢɬɟ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɜɟɪɨɹɬɧɨɫɬɧɭɸ 

ɪɚɫɲɢɪɟɧɢɹ ɞɥɹ ɮɭɧɤɰɢɣ ݖଵ, ݂ ଶ, ɚ ɡɚɬɟɦ ɜɵɱɢɫɥɢɬɶݖ = ଵݖ ∗  ଶ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹݖ

ɪɚɰɢɨɧɚɥɶɧɨɣ ɮɭɧɤɰɢɟɣ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɣ ɭɫɥɨɜɢɹɦ ɫɥɭɱɚɹ 1. ɂɬɚɤ, 

ɟɫɬɟɫɬɜɟɧɧɨɟ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɛɭɞɟɬ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ 

ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɞɥɹ ɮɭɧɤɰɢɢ ݂ሺݔଵ,   ଶሻݔ
 

Ɉɞɧɨɦɟɪɧɵɣ ɫɥɭɱɚɣ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɰɟɞɭɪɭ ɜɵɱɢɫɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢɣ ɞɥɹ 

ɨɞɧɨɦɟɪɧɨɝɨ ɫɥɭɱɚɹ. Ⱦɚɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ  

ݖ  = ݂ሺݔሻ 
 

ɝɞɟ x ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ. 

ɉɭɫɬɶ x ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ x ɧɚ [ݔ,  .[ݔ
ȼ ɞɚɥɶɧɟɣɲɟɦ {ݎ௜ሺݖሻ ∈ ,ݔ] ݅|[ݔ = ͳ, … , ݊}  ɹɜɥɹɸɬɫɹ ɤɨɪɧɹɦɢ ɭɪɚɜɧɟɧɢɹ ݖ =݂ሺݔሻ.  

ɋɥɟɞɭɹ ɨɫɧɨɜɧɨɦɭ ɦɟɬɨɞɭ (1) ɥɟɝɤɨ ɩɨɫɬɪɨɢɬɶ ɨɛɨɛɳɟɧɢɟ ɜɵɪɚɠɟɧɢɹ (2). 

Ɇɵ ɦɨɠɟɦ ɩɪɟɞɫɬɚɜɢɬɶ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɪɚɫɲɢɪɟɧɢɹ ݂ሺ∙,   ሻ ɜ ɜɢɞɟݔሻ ɮɭɧɤɰɢɢ ݂ሺݔ

 

݂ሺ𝜉, ሻݔ = ∑ ௜ሺ𝜉ሻሻ௡ݎ௜ሺ𝜉ሻሻ݂′ሺݎሺݔ
௜=ଵ  

 

ɉɪɢɦɟɪ 6. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɩɨɫɬɪɨɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɧɨɣ 

ɮɭɧɤɰɢɢ ɪɚɫɲɢɪɟɧɢɣ  

 

2 0 0f ax bx a b        
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x ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɩɨ [0,2] ɩɨ ɬɪɟɭɝɨɥɶɧɨɦɭ ɡɚɤɨɧɭ 

 

if [0 1)
( )

2 if [1 2]

 


 
  

     
x  

 

ɞɚɥɟɟ 

 

2 2

1 2

4 4
( ) ( )

2 2

az b b az b b
r z r z

a a

   
      

 

ɤɨɪɧɢ ݖ = ݂ሺݎ௜ሻ. ȼɵɛɟɪɢɬɟ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɤɨɪɟɧɶ ݎሺ𝜉ሻ = ଶሺ𝜉ሻݎ = √ସ𝛼𝜉+௕మ−௕ଶ𝛼 , ɢ  

 

2 2[ ] 2 4ax bx ax b az b       

 

ȼ ɢɬɨɝɟ 

 

2( ) ( ( )) 4r a b      f x x  

 

ɩɭɫɬɶ ܽ = Ͳ ɢ ܾ = Ͳ  

 

1 2 if [0 1)
( )

1 1 2 if [1 4]




 

     
     

f x  
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Чɢɫɥɟɧɧɵɣ ɩɨɞɯɨɞ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɱɢɫɥɟɧɧɵɣ ɩɨɞɯɨɞ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɧɵɯ 

ɪɚɫɲɢɪɟɧɢɣ ɮɭɧɤɰɢɢ݂ሺݔሻ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɦɵ ɫɬɪɨɢɦ [ݔ,  ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ [ݔ

ɜɟɪɨɹɬɧɨɫɬɢ ɯ ɫɟɬɤɢ {𝜉௜|𝜉௜ ∈ ,ݔ] ,[ݔ ݅ = Ͳ,ͳ,ʹ, … , ݊} ɢ ɜɵɱɢɫɥɹɟɦ ௜ݖ} = ݂ሺ𝜉௜ሻ, ݅ =Ͳ,ͳ,ʹ, … , ݊}. Ⱦɚɥɟɟ ɦɵ ɭɫɬɚɧɚɜɥɢɜɚɟɦ 

 

( )
( )

( ( )
i

z i
i

f z
f





 

x
 

 

ɂ ɢɫɩɨɥɶɡɭɹ ሺݖ௜ , ௭݂ሺݖ௜ሻ, ɩɨɫɬɪɨɢɦ ɤɭɫɨɱɧɨ-ɩɨɥɢɧɨɦɢɚɥɶɧɭɸ 

ɢɧɬɟɪɩɨɥɹɰɢɸ [39]. 

ɂɬɚɤ, ɞɥɹ ɩɪɢɦɟɪɚ 1. [0,2], 𝜉௜ = ݅/ͳͲ, ݅ = Ͳ,ͳ, … ,ʹͲ.  ɋ ܽ = ͳ, ܾ = Ͳ  ɦɵ 

ɩɨɥɭɱɚɟɦ 

 

2 ( 10)
( ( )) ( 10) 0 1 20

5i z i

iz f z i i …
i

            
x

 

 

 

Ɋɢɫɭɧɨɤ 2 – ȼɟɪɨɹɬɧɨɫɬɧɵɟ ɪɚɫɲɢɪɟɧɢɹ ݂ሺ∙,  ሻݔ
 

Ɋɢɫɭɧɨɤ 2 ɩɨɤɚɡɵɜɚɟɬ ɮɭɧɤɰɢɸ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ݂ሺ∙,  ሻ ɢɡ ɩɪɢɦɟɪɚݔ

1. ȼ ɨɬɥɢɱɢɟ ɨɬ ɨɛɳɟɝɨ ɩɨɞɯɨɞɚ, ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɤɚɬɶ ɤɨɪɧɢ ɭɪɚɜɧɟɧɢɹ.  
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Дɜɭɦɟɪɧɵɣ ɫɥɭɱɚɣ 

 

ɉɭɫɬɶ ሺݔ, ሻݕ  ɛɭɞɟɬ ɫɢɫɬɟɦɨɣ ɧɟɩɪɟɪɵɜɧɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɫ 

ɫɨɜɦɟɫɬɧɨɣ ɮɭɧɤɰɢɟɣ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ݌ሺݔ, ሻݕ  ɢ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ z 

ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ݂ሺݔ,    ሻݕ
ݖ  = ݂ሺݔ,  ሻݕ
 

ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɮɭɧɤɰɢɸ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ

z . Ɉɩɪɟɞɟɥɢɦ 

 

{( ) ( )}z x y z f x y       

 

ɢ ܨ௭ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ z  

 

( )
z

zF p x y dxdy


   

 

ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ z  

 

z z

d
f F

dz
   

 

Ʉɚɤ ɫɥɟɞɫɬɜɢɟ 

 

( )
z

z

d d
F p x y dxdy

dz dz 
    
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0

( ) ( )
lim z dz z

dz

p x y dxdy p x y dxdy

dz
 



   
 

 

0

( )
lim z dz z

dz

p x y dxdy

dz
 







 

 

ɉɪɟɞɩɨɥɨɠɢɦ ɱɬɨ ݀ݔ = Ͳ ɬɨɝɞɚ  

 

ydz dyf   

 

ɢ 

 

ydS dxdy dxdz f        

 

ɇɚɤɨɧɟɰ ɩɨɥɭɱɚɟɦ 

 

( )
( )

( )z
z

y

p x y
f z dx

x yf




    

 

ɝɞɟ 

 

{( ) ( )} {( ( ))}z x y z f x y x y x          

 

ɉɭɫɬɶ 

 

( ( ))
( )

( ( ))y
y

p t y
tf

y tf





 
    
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ɬɨɝɞɚ ݂ሺݐ,   .ሻ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟݕ

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɱɟɬ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ௭݂  ɫɜɨɞɢɬɫɹ ɤ 

ɜɵɱɢɫɥɟɧɢɸ ɢɧɬɟɝɪɚɥɚ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢɣ ݂ሺݐ,   .ሻݕ
ɉɪɢɦɟɪ 7. Ɋɚɫɫɦɨɬɪɢɦ ɩɨɫɬɪɨɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɞɥɹ 

ɮɭɧɤɰɢɢ 

 

2 2z x y xy    

 

ɉɭɫɬɶ t ɪɟɚɥɶɧɨɟ, ɩɪɟɞɩɨɥɨɠɢɦݕ = ݐ  ɢ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɞɥɹ 

ɮɭɧɤɰɢɢ 

 

2 2
xz x t xt    

 

ɗɬɨ 

 

4( ) ( ( )) 4x t t tz        x  

 

ɝɞɟ  

 

4( ) ( 4 ) (2 )t t b t      . 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɞɥɹ z ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ 

ɜɢɞɟ 

 

4( ) ( ) ( ) ( ) ( ( )) 4xt t dt t t t dtz          z xy y  (44) 
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2 Ɍɟɯɧɢɤɚ ɪɟɤɭɪɫɢɜɧɵɯ ɜɵɱɢɫɥɟɧɢɣ  

 

2.1  Ɋɟɤɭɪɫɢɜɧɵɟ ɡɚɞɚɱɢ ɢ ɜɵɱɢɫɥɟɧɢя  

 

ɉɨɧɹɬɢɟ ɪɟɤɭɪɫɢɢ ɫɜɹɡɚɧɨ ɫ ɫɢɬɭɚɰɢɟɣ, ɤɨɝɞɚ ɧɚ ɧɚɥɢɱɢɟ ɜ ɨɩɪɟɞɟɥɟɧɢɢ 

ɨɛɴɟɤɬɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɫɵɥɤɢ ɧɚ ɫɚɦ ɨɛɴɟɤɬ ɢɥɢ ɩɪɨɹɜɥɟɧɢɟ ɫɜɨɣɫɬɜ 

ɫɚɦɨɩɨɜɬɨɪɟɧɢɹ (ɩɪɢ ɷɬɨɦ ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɚɥɚɹ ɱɚɫɬɶ ɨɛɴɟɤɬɚ ɩɨɞɨɛɧɚ ɜɫɟɦɭ 

ɨɛɴɟɤɬɭ ɜ ɰɟɥɨɦ). Ɉɛɳɢɣ ɫɥɭɱɚɣ ɩɪɨɹɜɥɟɧɢɹ ɪɟɤɭɪɫɢɜɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ 

ɫɮɨɪɦɭɥɢɪɨɜɚɧ ɤɚɤ ɧɚɥɢɱɢɟ ɰɢɤɥɢɱɟɫɤɢɯ ɜɡɚɢɦɧɵɯ ɨɛɪɚɳɟɧɢɣ ɜ ɨɩɪɟɞɟɥɟɧɢɢ 

ɨɛɴɟɤɬɚ, ɤɨɬɨɪɵɟ ɜ ɢɬɨɝɟ ɡɚɦɵɤɚɸɬɫɹ ɧɚ ɫɚɦ ɨɛɴɟɤɬ. 

Ɋɟɤɭɪɫɢɜɧɨɫɬɶ ɜ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɩɪɨɹɜɥɹɟɬɫɹ, ɟɫɥɢ ɪɟɲɟɧɢɟ ɞɥɹ 

ɨɛɳɟɝɨ ɫɥɭɱɚɹ ɫɜɨɞɢɬɫɹ ɤ ɚɧɚɥɨɝɢɱɧɵɦ ɡɚɞɚɱɚɦ ɞɥɹ ɦɟɧɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ. ȼ ɬɚɤɨɦ ɤɨɧɬɟɤɫɬɟ ɩɨɞ ɪɟɤɭɪɫɢɟɣ ɩɨɧɢɦɚɸɬ ɩɪɢɟɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɫɜɟɞɟɧɢɹ ɪɟɲɟɧɢɹ ɧɟɤɨɬɨɪɨɣ ɡɚɞɚɱɢ ɤ ɪɟɲɟɧɢɸ 

ɫɨɜɨɤɭɩɧɨɫɬɢ «ɛɨɥɟɟ ɩɪɨɫɬɵɯ» ɡɚɞɚɱ ɬɚɤɨɝɨ ɠɟ ɤɥɚɫɫɚ ɢ ɩɨɥɭɱɟɧɢɸ ɧɚ ɷɬɨɣ 

ɨɫɧɨɜɟ ɪɟɲɟɧɢɹ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ. 

Ɋɟɤɭɪɫɢɹ ɜ ɲɢɪɨɤɨɦ ɫɦɵɫɥɟ – ɷɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɤɬɚ ɩɨɫɪɟɞɫɬɜɨɦ 

ɫɫɵɥɤɢ ɧɚ ɫɟɛɹ. Ɋɟɤɭɪɫɢɹ ɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ – ɷɬɨ ɩɨɲɚɝɨɜɨɟ ɪɚɡɛɢɟɧɢɟ 

ɡɚɞɚɱɢ ɧɚ ɩɨɞɡɚɞɚɱɢ, ɩɨɞɨɛɧɵɟ ɢɫɯɨɞɧɨɣ. 

Ɋɟɤɭɪɫɢɜɧɵɣ ɚɥɝɨɪɢɬɦ – ɷɬɨ ɚɥɝɨɪɢɬɦ, ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɬɨɪɨɝɨ 

ɫɨɞɟɪɠɢɬɫɹ ɩɪɹɦɨɣ ɢɥɢ ɤɨɫɜɟɧɧɵɣ ɜɵɡɨɜ ɷɬɨɝɨ ɠɟ ɚɥɝɨɪɢɬɦɚ. 

ȼ ɹɡɵɤɚɯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɩɪɨɰɟɞɭɪɧɨɣ ɩɚɪɚɞɢɝɦɵ ɩɪɟɞɭɫɦɨɬɪɟɧɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɤɭɪɫɢɜɧɵɯ ɮɭɧɤɰɢɣ ɜ ɪɟɲɟɧɢɢ ɡɚɞɚɱ [26]. 

Ɏɭɧɤɰɢɹ ɧɚɡɵɜɚɟɬɫɹ ɪɟɤɭɪɫɢɜɧɨɣ, ɟɫɥɢ ɜ ɫɜɨɟɦ ɬɟɥɟ ɨɧɚ ɫɨɞɟɪɠɢɬ 

ɨɛɪɚɳɟɧɢɟ ɤ ɫɚɦɨɣ ɫɟɛɟ ɫ ɢɡɦɟɧɟɧɧɵɦ ɧɚɛɨɪɨɦ ɩɚɪɚɦɟɬɪɨɜ. ɉɪɢ ɷɬɨɦ 

ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɳɟɧɢɣ ɤɨɧɟɱɧɨ, ɬɚɤ ɤɚɤ ɜ ɢɬɨɝɟ ɪɟɲɟɧɢɟ ɫɜɨɞɢɬɫɹ ɤ ɛɚɡɨɜɨɦɭ 

ɫɥɭɱɚɸ, ɤɨɝɞɚ ɨɬɜɟɬ ɨɱɟɜɢɞɟɧ.  
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ȼ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ ɜɵɞɟɥɹɸɬ ɩɪɹɦɭɸ ɢ ɤɨɫɜɟɧɧɭɸ ɪɟɤɭɪɫɢɸ. ɉɪɹɦɚɹ 

ɪɟɤɭɪɫɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɨɛɪɚɳɟɧɢɟ ɪɟɤɭɪɫɢɜɧɨɣ ɮɭɧɤɰɢɢ 

ɤ ɫɟɛɟ, ɧɨ ɫ ɢɧɵɦ ɧɚɛɨɪɨɦ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ.  

Ʉɨɫɜɟɧɧɚɹ (ɜɡɚɢɦɧɚɹ) ɪɟɤɭɪɫɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

ɜɡɚɢɦɧɵɯ ɜɵɡɨɜɨɜ ɧɟɫɤɨɥɶɤɢɯ ɮɭɧɤɰɢɣ, ɨɪɝɚɧɢɡɨɜɚɧɧɚɹ ɜ ɜɢɞɟ ɰɢɤɥɢɱɟɫɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ ɧɚ ɬɟɥɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɮɭɧɤɰɢɢ, ɧɨ ɫ ɢɧɵɦ ɧɚɛɨɪɨɦ ɩɚɪɚɦɟɬɪɨɜ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɪɟɤɭɪɫɢɜɧɵɦɢ ɦɟɬɨɞɚɦɢ ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɫɥɟɞɭɸɳɢɟ 

ɷɬɚɩɵ, ɨɛɪɚɡɭɸɳɢɟ ɪɟɤɭɪɫɢɜɧɭɸ ɬɪɢɚɞɭ: 

- ɩɚɪɚɦɟɬɪɢɡɚɰɢɹ – ɜɵɞɟɥɹɸɬ ɩɚɪɚɦɟɬɪɵ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 

ɨɩɢɫɚɧɢɹ ɭɫɥɨɜɢɹ ɡɚɞɚɱɢ, ɚ ɡɚɬɟɦ ɜ ɪɟɲɟɧɢɢ; 

- ɛɚɡɚ ɪɟɤɭɪɫɢɢ – ɨɩɪɟɞɟɥɹɸɬ ɬɪɢɜɢɚɥɶɧɵɣ ɫɥɭɱɚɣ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɪɟɲɟɧɢɟ ɨɱɟɜɢɞɧɨ, ɬɨ ɟɫɬɶ ɧɟ ɬɪɟɛɭɟɬɫɹ ɨɛɪɚɳɟɧɢɟ ɮɭɧɤɰɢɢ ɤ ɫɟɛɟ; 

- ɞɟɤɨɦɩɨɡɢɰɢɹ – ɜɵɪɚɠɚɸɬ ɨɛɳɢɣ ɫɥɭɱɚɣ ɱɟɪɟɡ ɛɨɥɟɟ ɩɪɨɫɬɵɟ 

ɩɨɞɡɚɞɚɱɢ ɫ ɢɡɦɟɧɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ.  

ɐɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɪɟɤɭɪɫɢɢ ɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ 

ɨɛɭɫɥɨɜɥɟɧɚ ɫɩɟɰɢɮɢɤɨɣ ɡɚɞɚɱ, ɜ ɩɨɫɬɚɧɨɜɤɟ ɤɨɬɨɪɵɯ ɹɜɧɨ ɢɥɢ ɨɩɨɫɪɟɞɨɜɚɧɨ 

ɭɤɚɡɵɜɚɟɬɫɹ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɜɟɞɟɧɢɹ ɡɚɞɚɱɢ ɤ ɩɨɞɡɚɞɚɱɚɦ, ɚɧɚɥɨɝɢɱɧɵɦ ɫɚɦɨɣ 

ɡɚɞɚɱɟ. ɉɪɢ ɷɬɨɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɤɭɪɫɢɜɧɨɝɨ ɢɥɢ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɫɩɨɫɨɛɨɜ 

ɪɟɲɟɧɢɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɯɨɞɟ ɚɧɚɥɢɡɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 

ɩɪɨɝɪɚɦɦɵ ɧɚ ɪɚɡɥɢɱɧɵɯ ɧɚɛɨɪɚɯ ɞɚɧɧɵɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɤɭɪɫɢɹ ɧɟ 

ɹɜɥɹɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɫɩɨɫɨɛɨɦ ɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ. ȿɟ ɫɥɟɞɭɟɬ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɜɚɪɢɚɧɬ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɚɥɝɨɪɢɬɦɨɜ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱ [20]. 

ɉɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɤɭɪɫɢɜɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɱɚɫɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɜɨɡɦɨɠɧɵɦ ɡɚ ɫɱɟɬ ɩɟɪɟɫɦɨɬɪɚ ɷɬɚɩɨɜ ɬɪɢɚɞɵ. ɇɚɩɪɢɦɟɪ, ɜɜɟɞɟɧɢɟ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɟ ɨɝɨɜɨɪɟɧɧɵɯ ɜ ɭɫɥɨɜɢɢ ɡɚɞɚɱɢ, ɜ ɪɟɚɥɢɡɚɰɢɢ 

ɞɟɤɨɦɩɨɡɢɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɞɪɭɝɢɟ ɫɨɨɬɧɨɲɟɧɢɹ, ɚ ɬɚɤɠɟ ɦɨɠɧɨ 

ɨɪɝɚɧɢɡɨɜɚɬɶ ɪɚɫɲɢɪɟɧɢɟ ɛɚɡɨɜɵɯ ɫɥɭɱɚɟɜ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ. Ɉɛɥɚɫɬɶ ɩɚɦɹɬɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɯɪɚɧɟɧɢɹ ɜɫɟɯ 
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ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɥɨɤɚɥɶɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɩɪɢ ɤɚɠɞɨɦ ɫɥɟɞɭɸɳɟɦ 

ɪɟɤɭɪɫɢɜɧɨɦ ɨɛɪɚɳɟɧɢɢ, ɨɛɪɚɡɭɟɬ ɪɟɤɭɪɫɢɜɧɵɣ ɫɬɟɤ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɬɟɤɭɳɟɝɨ 

ɨɛɪɚɳɟɧɢɹ ɮɨɪɦɢɪɭɟɬɫɹ ɥɨɤɚɥɶɧɵɣ ɫɥɨɣ ɞɚɧɧɵɯ ɫɬɟɤɚ (ɩɪɢ ɷɬɨɦ ɫɨɜɩɚɞɚɸɳɢɟ 

ɢɞɟɧɬɢɮɢɤɚɬɨɪɵ ɪɚɡɧɵɯ ɫɥɨɟɜ ɫɬɟɤɚ ɧɟɡɚɜɢɫɢɦɵ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɢ ɧɟ 

ɨɬɨɠɞɟɫɬɜɥɹɸɬɫɹ). Ɂɚɜɟɪɲɟɧɢɟ ɜɵɱɢɫɥɟɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɪɟɞɫɬɜɨɦ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɞɚɧɧɵɯ ɤɚɠɞɨɝɨ ɫɥɨɹ ɜ ɩɨɪɹɞɤɟ, ɨɛɪɚɬɧɨɦ 

ɪɟɤɭɪɫɢɜɧɵɦ ɨɛɪɚɳɟɧɢɹɦ. ȼ ɫɢɥɭ ɩɨɞɨɛɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɤɨɥɢɱɟɫɬɜɨ 

ɪɟɤɭɪɫɢɜɧɵɯ ɨɛɪɚɳɟɧɢɣ ɨɝɪɚɧɢɱɟɧɨ ɪɚɡɦɟɪɨɦ ɨɛɥɚɫɬɢ ɩɚɦɹɬɢ, ɜɵɞɟɥɹɟɦɨɣ 

ɩɨɞ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɞ. ɉɪɢ ɡɚɩɨɥɧɟɧɢɢ ɜɫɟɣ ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɣ ɨɛɥɚɫɬɢ ɩɚɦɹɬɢ 

ɩɨɩɵɬɤɚ ɜɵɡɨɜɚ ɫɥɟɞɭɸɳɟɝɨ ɪɟɤɭɪɫɢɜɧɨɝɨ ɨɛɪɚɳɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɨɲɢɛɤɟ 

ɩɟɪɟɩɨɥɧɟɧɢɹ ɫɬɟɤɚ. 

ɉɪɢɦɟɪɨɦ ɪɟɤɭɪɫɢɜɧɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ Ɂɚɞɚɱɚ ɨ ɏɚɧɨɣɫɤɢɯ ɛɚɲɧɹɯ. 

ɏɚɧɨɣɫɤɚɹ ɛɚɲɧɹ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɩɨɩɭɥɹɪɧɵɯ ɝɨɥɨɜɨɥɨɦɨɤ XIX ɜɟɤɚ. 

Ⱦɚɧɵ ɬɪɢ ɫɬɟɪɠɧɹ, ɧɚ ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɧɚɧɢɡɚɧɵ n ɤɨɥɟɰ, ɩɪɢɱɟɦ ɤɨɥɶɰɚ 

ɨɬɥɢɱɚɸɬɫɹ ɪɚɡɦɟɪɨɦ ɢ ɥɟɠɚɬ ɦɟɧɶɲɟɟ ɧɚ ɛɨɥɶɲɟɦ. Ɂɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, 

ɱɬɨɛɵ ɩɟɪɟɧɟɫɬɢ ɩɢɪɚɦɢɞɭ ɢɡ n ɤɨɥɟɰ ɡɚ ɧɚɢɦɟɧɶɲɟɟ ɱɢɫɥɨ ɯɨɞɨɜ ɫ ɨɞɧɨɝɨ 

ɫɬɟɪɠɧɹ ɧɚ ɞɪɭɝɨɣ. Ɂɚ ɨɞɢɧ ɪɚɡ ɪɚɡɪɟɲɚɟɬɫɹ ɩɟɪɟɧɨɫɢɬɶ ɬɨɥɶɤɨ ɨɞɧɨ ɤɨɥɶɰɨ, 

ɩɪɢɱёɦ ɧɟɥɶɡɹ ɤɥɚɫɬɶ ɛɨɥɶɲɟɟ ɤɨɥɶɰɨ ɧɚ ɦɟɧɶɲɟɟ.  

ɋɭɳɟɫɬɜɭɟɬ ɞɪɟɜɧɟɢɧɞɢɣɫɤɚɹ ɥɟɝɟɧɞɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ ɜ ɝɨɪɨɞɟ 

Ȼɟɧɚɪɟɫɟ ɩɨɞ ɤɭɩɨɥɨɦ ɝɥɚɜɧɨɝɨ ɯɪɚɦɚ, ɜ ɬɨɦ ɦɟɫɬɟ, ɝɞɟ ɧɚɯɨɞɢɬɫɹ ɰɟɧɬɪ Ɂɟɦɥɢ, 

ɧɚ ɛɪɨɧɡɨɜɨɣ ɩɥɨɳɚɞɤɟ ɫɬɨɹɬ ɬɪɢ ɚɥɦɚɡɧɵɯ ɫɬɟɪɠɧɹ. ȼ ɞɟɧɶ ɫɨɬɜɨɪɟɧɢɹ ɦɢɪɚ 

ɧɚ ɨɞɢɧ ɢɡ ɷɬɢɯ ɫɬɟɪɠɧɟɣ ɛɵɥɨ ɧɚɞɟɬɨ 64 ɤɨɥɶɰɚ. Ȼɨɝ ɩɨɪɭɱɢɥ ɠɪɟɰɚɦ 

ɩɟɪɟɧɟɫɬɢ ɤɨɥɶɰɚ ɫ ɨɞɧɨɝɨ ɫɬɟɪɠɧɹ ɧɚ ɞɪɭɝɨɣ, ɢɫɩɨɥɶɡɭɹ ɬɪɟɬɢɣ ɜ ɤɚɱɟɫɬɜɟ 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ. ɀɪɟɰɵ ɨɛɹɡɚɧɵ ɫɨɛɥɸɞɚɬɶ ɭɫɥɨɜɢɹ: ɩɟɪɟɧɨɫɢɬɶ ɡɚ ɨɞɢɧ ɪɚɡ 

ɬɨɥɶɤɨ ɨɞɧɨ ɤɨɥɶɰɨ; ɤɨɥɶɰɨ ɦɨɠɧɨ ɤɥɚɫɬɶ ɬɨɥɶɤɨ ɧɚ ɤɨɥɶɰɨ ɛɨɥɶɲɟɝɨ ɪɚɡɦɟɪɚ 

ɢɥɢ ɧɚ ɩɭɫɬɨɣ ɫɬɟɪɠɟɧɶ.  

ɋɨɝɥɚɫɧɨ ɥɟɝɟɧɞɟ, ɤɨɝɞɚ, ɫɨɛɥɸɞɚɹ ɜɫɟ ɭɫɥɨɜɢɹ, ɠɪɟɰɵ ɩɟɪɟɧɟɫɭɬ ɜɫɟ 64 

ɤɨɥɶɰɚ, ɧɚɫɬɭɩɢɬ ɤɨɧɟɰ ɫɜɟɬɚ. Ⱦɥɹ 64 ɤɨɥɟɰ ɷɬɨ 18 446 744 073 709 551 615 
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ɩɟɪɟɤɥɚɞɵɜɚɧɢɣ, ɢ, ɟɫɥɢ ɭɱɟɫɬɶ ɫɤɨɪɨɫɬɶ ɨɞɧɨ ɩɟɪɟɤɥɚɞɵɜɚɧɢɟ ɜ ɫɟɤɭɧɞɭ, 

ɩɨɥɭɱɢɬɫɹ ɨɤɨɥɨ 584 542 046 091 ɥɟɬ, ɬɨ ɟɫɬɶ ɚɩɨɤɚɥɢɩɫɢɫ ɧɚɫɬɭɩɢɬ ɧɟɫɤɨɪɨ. 

Ɂɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

ɦɢɧɢɦɚɥɶɧɨɣ ɞɥɢɧɵ ɩɟɪɟɧɨɫɚ ɤɨɥɟɰ. Ɋɟɲɟɧɢɟɦ ɡɚɞɚɱɢ ɛɭɞɟɦ ɫɱɢɬɚɬɶ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɧɨɫɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɜɢɞ: 

A®B, A®C, B®A, B®C, C®A, C®B. ȿɫɥɢ ɤɨɥɶɰɨ ɜɫɟɝɨ ɨɞɧɨ, ɬɨ ɡɚɞɚɱɚ 

ɪɟɲɚɟɬɫɹ ɡɚ ɨɞɢɧ ɩɟɪɟɧɨɫ A®ȼ. Ⱦɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɞɜɭɯ ɤɨɥɟɰ ɬɪɟɛɭɟɬɫɹ 

ɜɵɩɨɥɧɢɬɶ ɬɪɢ ɞɟɣɫɬɜɢɹ: A®C, A®ȼ, C®B. Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɞɥɹ ɬɪɟɯ ɤɨɥɟɰ 

ɫɨɞɟɪɠɢɬ ɫɟɦɶ ɞɟɣɫɬɜɢɣ, ɞɥɹ ɱɟɬɵɪɟɯ – 15. ɇɚɩɢɲɟɦ ɪɟɤɭɪɫɢɜɧɭɸ ɮɭɧɤɰɢɸ, 

ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬ ɪɟɲɟɧɢɟ ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɱɢɫɥɚ ɤɨɥɟɰ. ɉɚɪɚɦɟɬɪɢɡɚɰɢɹ. 

Ɏɭɧɤɰɢɹ ɢɦɟɟɬ ɱɟɬɵɪɟ ɩɚɪɚɦɟɬɪɚ, ɩɟɪɜɵɣ ɩɚɪɚɦɟɬɪ – ɱɢɫɥɨ ɩɟɪɟɧɨɫɢɦɵɯ 

ɤɨɥɟɰ, ɜɬɨɪɨɣ ɩɚɪɚɦɟɬɪ – ɫɬɪɟɠɟɧɶ, ɧɚ ɤɨɬɨɪɵɣ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɧɚɧɢɡɚɧɵ 

ɤɨɥɶɰɚ. Ɍɪɟɬɢɣ ɩɚɪɚɦɟɬɪ ɮɭɧɤɰɢɢ – ɫɬɟɪɠɟɧɶ, ɧɚ ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬɫɹ ɩɟɪɟɧɟɫɬɢ 

ɤɨɥɶɰɚ, ɢ, ɧɚɤɨɧɟɰ, ɱɟɬɜɟɪɬɵɣ ɩɚɪɚɦɟɬɪ – ɫɬɟɪɠɟɧɶ, ɤɨɬɨɪɵɣ ɪɚɡɪɟɲɟɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ. Ȼɚɡɚ ɪɟɤɭɪɫɢɢ. ɉɟɪɟɧɨɫ ɨɞɧɨɝɨ 

ɫɬɟɪɠɧɹ. Ⱦɟɤɨɦɩɨɡɢɰɢɹ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɟɪɟɧɨɫɚ ɤɨɥɟɰ. 

 

Ɋɢɫɭɧɨɤ 3 – ɋɯɟɦɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ ɏɚɧɨɣɫɤɢɯ ɛɚɲɧɹɯ ɞɥɹ ɱɟɬɵɪɟɯ ɤɨɥɟɰ 
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Ʉɥɸɱɟɜɵɦɢ ɬɟɪɦɢɧɚɦɢ ɹɜɥɹɸɬɫɹ  

Ȼɚɡɚ ɪɟɤɭɪɫɢɢ – ɷɬɨ ɬɪɢɜɢɚɥɶɧɵɣ ɫɥɭɱɚɣ, ɩɪɢ ɤɨɬɨɪɨɦ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ 

ɨɱɟɜɢɞɧɨ, ɬɨ ɟɫɬɶ ɧɟ ɬɪɟɛɭɟɬɫɹ ɨɛɪɚɳɟɧɢɟ ɮɭɧɤɰɢɢ ɤ ɫɟɛɟ. 

Ⱦɟɤɨɦɩɨɡɢɰɢɹ – ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɨɛɳɟɝɨ ɫɥɭɱɚɹ ɱɟɪɟɡ ɛɨɥɟɟ ɩɪɨɫɬɵɟ 

ɩɨɞɡɚɞɚɱɢ ɫ ɢɡɦɟɧɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 

Ʉɨɫɜɟɧɧɚɹ (ɜɡɚɢɦɧɚɹ) ɪɟɤɭɪɫɢɹ – ɷɬɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜɡɚɢɦɧɵɯ 

ɜɵɡɨɜɨɜ ɧɟɫɤɨɥɶɤɢɯ ɮɭɧɤɰɢɣ, ɨɪɝɚɧɢɡɨɜɚɧɧɚɹ ɜ ɜɢɞɟ ɰɢɤɥɢɱɟɫɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 

ɧɚ ɬɟɥɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɮɭɧɤɰɢɢ, ɧɨ ɫ ɢɧɵɦ ɧɚɛɨɪɨɦ ɩɚɪɚɦɟɬɪɨɜ. 

ɉɚɪɚɦɟɬɪɢɡɚɰɢɹ – ɷɬɨ ɜɵɞɟɥɟɧɢɟ ɢɡ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɩɚɪɚɦɟɬɪɨɜ, 

ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɩɢɫɚɧɢɹ ɭɫɥɨɜɢɹ ɡɚɞɚɱɢ ɢ ɪɟɲɟɧɢɹ. 

ɉɪɹɦɚɹ ɪɟɤɭɪɫɢɹ– ɷɬɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɨɛɪɚɳɟɧɢɟ ɪɟɤɭɪɫɢɜɧɨɣ 

ɮɭɧɤɰɢɢ ɤ ɫɟɛɟ, ɧɨ ɫ ɢɧɵɦ ɧɚɛɨɪɨɦ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ. 

Ɋɟɤɭɪɫɢɜɧɚɹ ɬɪɢɚɞɚ – ɷɬɨ ɷɬɚɩɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɪɟɤɭɪɫɢɜɧɵɦ ɦɟɬɨɞɨɦ. 

Ɋɟɤɭɪɫɢɜɧɚɹ ɮɭɧɤɰɢɹ – ɷɬɨ ɮɭɧɤɰɢɹ, ɤɨɬɨɪɚɹ ɜ ɫɜɨɟɦ ɬɟɥɟ ɫɨɞɟɪɠɢɬ 

ɨɛɪɚɳɟɧɢɟ ɤ ɫɚɦɨɣ ɫɟɛɟ ɫ ɢɡɦɟɧɟɧɧɵɦ ɧɚɛɨɪɨɦ ɩɚɪɚɦɟɬɪɨɜ. 

Ɋɟɤɭɪɫɢɜɧɵɣ ɚɥɝɨɪɢɬɦ – ɷɬɨ ɚɥɝɨɪɢɬɦ, ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɬɨɪɨɝɨ 

ɫɨɞɟɪɠɢɬɫɹ ɩɪɹɦɨɣ ɢɥɢ ɤɨɫɜɟɧɧɵɣ ɜɵɡɨɜ ɷɬɨɝɨ ɠɟ ɚɥɝɨɪɢɬɦɚ. 

Ɋɟɤɭɪɫɢɜɧɵɣ ɫɬɟɤ – ɷɬɨ ɨɛɥɚɫɬɶ ɩɚɦɹɬɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɯɪɚɧɟɧɢɹ 

ɜɫɟɯ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɥɨɤɚɥɶɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɩɪɢ ɤɚɠɞɨɦ ɫɥɟɞɭɸɳɟɦ 

ɪɟɤɭɪɫɢɜɧɨɦ ɨɛɪɚɳɟɧɢɢ. 

Ɋɟɤɭɪɫɢɹ ɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ– ɷɬɨ ɩɨɲɚɝɨɜɨɟ ɪɚɡɛɢɟɧɢɟ ɡɚɞɚɱɢ ɧɚ 

ɩɨɞɡɚɞɚɱɢ, ɩɨɞɨɛɧɵɟ ɢɫɯɨɞɧɨɣ. 

Ɋɟɤɭɪɫɢɹ ɜ ɲɢɪɨɤɨɦ ɫɦɵɫɥɟ– ɷɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɤɬɚ ɩɨɫɪɟɞɫɬɜɨɦ 

ɫɫɵɥɤɢ ɧɚ ɫɟɛɹ. 

ɐɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɪɟɤɭɪɫɢɢ ɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ 

ɨɛɭɫɥɨɜɥɟɧɚ ɫɩɟɰɢɮɢɤɨɣ ɡɚɞɚɱ, ɜ ɩɨɫɬɚɧɨɜɤɟ ɤɨɬɨɪɵɯ ɹɜɧɨ ɢɥɢ ɨɩɨɫɪɟɞɨɜɚɧɨ 

ɭɤɚɡɵɜɚɟɬɫɹ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɜɟɞɟɧɢɹ ɡɚɞɚɱɢ ɤ ɩɨɞɡɚɞɚɱɚɦ, ɚɧɚɥɨɝɢɱɧɵɦ ɫɚɦɨɣ 

ɡɚɞɚɱɟ. ɉɪɢ ɷɬɨɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɤɭɪɫɢɜɧɨɝɨ ɢɥɢ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɫɩɨɫɨɛɨɜ 

ɪɟɲɟɧɢɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɯɨɞɟ ɚɧɚɥɢɡɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 
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ɩɪɨɝɪɚɦɦɵ ɧɚ ɪɚɡɥɢɱɧɵɯ ɧɚɛɨɪɚɯ ɞɚɧɧɵɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɤɭɪɫɢɹ ɧɟ 

ɹɜɥɹɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɫɩɨɫɨɛɨɦ ɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ. ȿɟ ɫɥɟɞɭɟɬ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɜɚɪɢɚɧɬ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɚɥɝɨɪɢɬɦɨɜ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱ [35]. 

ɉɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɤɭɪɫɢɜɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɱɚɫɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɜɨɡɦɨɠɧɵɦ ɡɚ ɫɱɟɬ ɩɟɪɟɫɦɨɬɪɚ ɷɬɚɩɨɜ ɬɪɢɚɞɵ. ɇɚɩɪɢɦɟɪ, ɜɜɟɞɟɧɢɟ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɟ ɨɝɨɜɨɪɟɧɧɵɯ ɜ ɭɫɥɨɜɢɢ ɡɚɞɚɱɢ, ɜ ɪɟɚɥɢɡɚɰɢɢ 

ɞɟɤɨɦɩɨɡɢɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɞɪɭɝɢɟ ɫɨɨɬɧɨɲɟɧɢɹ, ɚ ɬɚɤɠɟ ɦɨɠɧɨ 

ɨɪɝɚɧɢɡɨɜɚɬɶ ɪɚɫɲɢɪɟɧɢɟ ɛɚɡɨɜɵɯ ɫɥɭɱɚɟɜ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ. 

Ɉɛɥɚɫɬɶ ɩɚɦɹɬɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɯɪɚɧɟɧɢɹ ɜɫɟɯ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɡɧɚɱɟɧɢɣ ɥɨɤɚɥɶɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɩɪɢ ɤɚɠɞɨɦ ɫɥɟɞɭɸɳɟɦ ɪɟɤɭɪɫɢɜɧɨɦ 

ɨɛɪɚɳɟɧɢɢ, ɨɛɪɚɡɭɟɬ ɪɟɤɭɪɫɢɜɧɵɣ ɫɬɟɤ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɬɟɤɭɳɟɝɨ ɨɛɪɚɳɟɧɢɹ 

ɮɨɪɦɢɪɭɟɬɫɹ ɥɨɤɚɥɶɧɵɣ ɫɥɨɣ ɞɚɧɧɵɯ ɫɬɟɤɚ (ɩɪɢ ɷɬɨɦ ɫɨɜɩɚɞɚɸɳɢɟ 

ɢɞɟɧɬɢɮɢɤɚɬɨɪɵ ɪɚɡɧɵɯ ɫɥɨɟɜ ɫɬɟɤɚ ɧɟɡɚɜɢɫɢɦɵ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɢ ɧɟ 

ɨɬɨɠɞɟɫɬɜɥɹɸɬɫɹ). Ɂɚɜɟɪɲɟɧɢɟ ɜɵɱɢɫɥɟɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɪɟɞɫɬɜɨɦ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɞɚɧɧɵɯ ɤɚɠɞɨɝɨ ɫɥɨɹ ɜ ɩɨɪɹɞɤɟ, ɨɛɪɚɬɧɨɦ 

ɪɟɤɭɪɫɢɜɧɵɦ ɨɛɪɚɳɟɧɢɹɦ [31]. ȼ ɫɢɥɭ ɩɨɞɨɛɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɤɨɥɢɱɟɫɬɜɨ 

ɪɟɤɭɪɫɢɜɧɵɯ ɨɛɪɚɳɟɧɢɣ ɨɝɪɚɧɢɱɟɧɨ ɪɚɡɦɟɪɨɦ ɨɛɥɚɫɬɢ ɩɚɦɹɬɢ, ɜɵɞɟɥɹɟɦɨɣ 

ɩɨɞ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɞ. ɉɪɢ ɡɚɩɨɥɧɟɧɢɢ ɜɫɟɣ ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɣ ɨɛɥɚɫɬɢ ɩɚɦɹɬɢ 

ɩɨɩɵɬɤɚ ɜɵɡɨɜɚ ɫɥɟɞɭɸɳɟɝɨ ɪɟɤɭɪɫɢɜɧɨɝɨ ɨɛɪɚɳɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɨɲɢɛɤɟ 

ɩɟɪɟɩɨɥɧɟɧɢɹ ɫɬɟɤɚ. 

 

2.2 Ɋɟɤɭɪɫɢɜɧɵɟ ɮɭɧɤɰɢɢ 

 

ɉɨ ɫɭɬɢ ɢɧɞɭɤɰɢɹ, ɪɟɤɭɪɫɢɹ ɢ ɪɟɤɭɪɪɟɧɬɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ – ɷɬɨ ɨɞɢɧ ɢ 

ɬɨɬ ɠɟ ɦɟɬɨɞ, ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɚɡɥɢɱɧɵɦ ɨɛɥɚɫɬɹɦ ɢ ɧɨɫɢɬ ɪɚɡɥɢɱɧɵɟ 

ɧɚɡɜɚɧɢɹ  
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ɉɨɞ ɢɧɞɭɤɰɢɟɣ ɩɨɧɢɦɚɟɬɫɹ ɦɟɬɨɞ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɭɬɜɟɪɠɞɟɧɢɣ, ɤɨɬɨɪɵɣ 

ɫɬɪɨɢɬɫɹ ɧɚ ɛɚɡɟ ɢɧɞɭɤɰɢɢ ɩɪɢ n=0,1, ɡɚɬɟɦ ɭɬɜɟɪɠɞɟɧɢɟ ɩɨɥɚɝɚɟɬɫɹ 

ɩɪɚɜɢɥɶɧɵɦ ɩɪɢ n=n b ɢ ɩɪɨɜɨɞɢɬɫɹ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ ɞɥɹ n+1. 

ɉɨɞ ɪɟɤɭɪɫɢɟɣ ɩɨɧɢɦɚɟɬɫɹ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɮɭɧɤɰɢɢ ɱɟɪɟɡ ɟё 

ɩɪɟɞɵɞɭɳɢɟ ɢ ɪɚɧɟɟ ɨɩɪɟɞɟɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛ ɨɪɝɚɧɢɡɚɰɢɢ 

ɜɵɱɢɫɥɟɧɢɣ, ɩɪɢ ɤɨɬɨɪɨɦ ɮɭɧɤɰɢɹ ɜɵɡɵɜɚɟɬ ɫɚɦɚ ɫɟɛɹ ɫ ɞɪɭɝɢɦ ɚɪɝɭɦɟɧɬɨɦ. 

Ɍɟɪɦɢɧ ɪɟɤɭɪɪɟɧɬɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɫɜɹɡɚɧ ɫ ɚɦɟɪɢɤɚɧɫɤɢɦ ɧɚɭɱɧɵɦ 

ɫɬɢɥɟɦ ɢ ɨɩɪɟɞɟɥɹɟɬ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ ɮɭɧɤɰɢɢ ɫ ɩɨɦɨɳɶɸ ɪɟɤɭɪɫɢɢ. 

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɤɭɪɫɢɜɧɨ ɡɚɞɚɧɧɵɯ ɮɭɧɤɰɢɣ ɹɜɥɹɟɬɫɹ 

ɩɨɥɭɱɟɧɢɟ f(n) ɜ ɹɜɧɨɣ ɢɥɢ ɤɚɤ ɟɳɟ ɝɨɜɨɪɹɬ «ɡɚɦɤɧɭɬɨɣ» ɮɨɪɦɟ, ɬ.ɟ. ɜ ɜɢɞɟ 

ɚɧɚɥɢɬɢɱɟɫɤɢ ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɢ.  

Ɋɟɤɭɪɫɢɜɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɨɜ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɫɨɜɪɟɦɟɧɧɵɯ ɹɡɵɤɨɜ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɩɨɞɞɟɪɠɢɜɚɸɬ 

ɦɟɯɚɧɢɡɦ ɪɟɤɭɪɫɢɜɧɨɝɨ ɜɵɡɨɜɚ, ɤɨɝɞɚ ɮɭɧɤɰɢɹ, ɤɚɤ ɷɥɟɦɟɧɬ ɫɬɪɭɤɬɭɪɵ ɹɡɵɤɚ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɜɨɡɜɪɚɳɚɸɳɚɹ ɜɵɱɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨ ɫɜɨɟɦɭ ɢɦɟɧɢ, 

ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɫɚɦɚ ɫɟɛɹ ɫ ɞɪɭɝɢɦ ɚɪɝɭɦɟɧɬɨɦ. ɗɬɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ 

ɧɚɩɪɹɦɭɸ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɜɵɱɢɫɥɟɧɢɟ ɪɟɤɭɪɫɢɜɧɨ ɨɩɪɟɞɟɥɟɧɧɵɯ ɮɭɧɤɰɢɣ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɜ ɫɢɥɭ ɬɟɡɢɫɚ ɑɟɪɱɚ–Ɍɶɸɪɢɧɝɚ ɚɩɩɚɪɚɬ ɪɟɤɭɪɫɢɜɧɵɯ ɮɭɧɤɰɢɣ 

ɑɟɪɱɚ ɪɚɜɧɨɦɨɳɟɧ ɦɚɲɢɧɟ Ɍɶɸɪɢɧɝɚ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɥɸɛɨɣ ɪɟɤɭɪɫɢɜɧɵɣ 

ɚɥɝɨɪɢɬɦ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ ɢɬɟɪɚɰɢɨɧɧɨ [23]. 

Ⱥɧɚɥɢɡ ɬɪɭɞɨɟɦɤɨɫɬɢ ɪɟɤɭɪɫɢɜɧɵɯ ɪɟɚɥɢɡɚɰɢɣ ɚɥɝɨɪɢɬɦɨɜ, ɨɱɟɜɢɞɧɨ, 

ɫɜɹɡɚɧ ɤɚɤ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɨɩɟɪɚɰɢɣ, ɜɵɩɨɥɧɹɟɦɵɯ ɩɪɢ ɨɞɧɨɦ ɜɵɡɨɜɟ ɮɭɧɤɰɢɢ, 

ɬɚɤ ɢ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɬɚɤɢɯ ɜɵɡɨɜɨɜ. Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɨɪɨɠɞɚɟɦɨɣ 

ɞɚɧɧɵɦ ɚɥɝɨɪɢɬɦɨɦ ɰɟɩɨɱɤɢ ɪɟɤɭɪɫɢɜɧɵɯ ɜɵɡɨɜɨɜ ɧɚɡɵɜɚɟɬɫɹ ɞɟɪɟɜɨɦ 

ɪɟɤɭɪɫɢɜɧɵɯ ɜɵɡɨɜɨɜ. Ȼɨɥɟɟ ɞɟɬɚɥɶɧɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɱɟɬɚ ɡɚɬɪɚɬ ɤɚɤ ɧɚ ɨɪɝɚɧɢɡɚɰɢɸ ɜɵɡɨɜɚ ɮɭɧɤɰɢɢ ɢ ɩɟɪɟɞɚɱɢ 

ɩɚɪɚɦɟɬɪɨɜ, ɬɚɤ ɢ ɧɚ ɜɨɡɜɪɚɬ ɜɵɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢ ɩɟɪɟɞɚɱɭ ɭɩɪɚɜɥɟɧɢɹ ɜ 

ɬɨɱɤɭ ɜɵɡɨɜɚ. 
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Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɧɟɤɨɬɨɪɚɹ ɜɟɬɜɶ ɞɟɪɟɜɚ ɪɟɤɭɪɫɢɜɧɵɯ ɜɵɡɨɜɨɜ 

ɨɛɪɵɜɚɟɬɫɹ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɬɚɤɨɝɨ ɡɧɚɱɟɧɢɹ ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɮɭɧɤɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɪɟɤɭɪɫɢɹ ɷɤɜɢɜɚɥɟɧɬɧɚ ɤɨɧɫɬɪɭɤɰɢɢ ɰɢɤɥɚ, ɜ ɤɨɬɨɪɨɦ ɤɚɠɞɵɣ ɩɪɨɯɨɞ ɟɫɬɶ 

ɜɵɩɨɥɧɟɧɢɟ ɪɟɤɭɪɫɢɜɧɨɣ ɮɭɧɤɰɢɢ ɫ ɡɚɞɚɧɧɵɦ ɩɚɪɚɦɟɬɪɨɦ. 

Ⱦɟɪɟɜɨ ɪɟɤɭɪɫɢɜɧɵɯ ɜɵɡɨɜɨɜ ɦɨɠɟɬ ɢɦɟɬɶ ɢ ɛɨɥɟɟ ɫɥɨɠɧɭɸ ɫɬɪɭɤɬɭɪɭ, 

ɟɫɥɢ ɧɚ ɤɚɠɞɨɦ ɜɵɡɨɜɟ ɩɨɪɨɠɞɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɨɛɪɚɳɟɧɢɣ. 

Ɇɟɯɚɧɢɡɦ ɜɵɡɨɜɚ ɮɭɧɤɰɢɢ ɢɥɢ ɩɪɨɰɟɞɭɪɵ ɜ ɹɡɵɤɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ 

ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɚɪɯɢɬɟɤɬɭɪɵ ɤɨɦɩɶɸɬɟɪɚ ɢ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. ȼ 

ɪɚɦɤɚɯ IBM PC ɫɨɜɦɟɫɬɢɦɵɯ ɤɨɦɩɶɸɬɟɪɨɜ ɷɬɨɬ ɦɟɯɚɧɢɡɦ ɪɟɚɥɢɡɨɜɚɧ ɱɟɪɟɡ 

ɩɪɨɝɪɚɦɦɧɵɣ ɫɬɟɤ. Ʉɚɤ ɩɟɪɟɞɚɜɚɟɦɵɟ ɜ ɩɪɨɰɟɞɭɪɭ ɢɥɢ ɮɭɧɤɰɢɸ ɮɚɤɬɢɱɟɫɤɢɟ 

ɩɚɪɚɦɟɬɪɵ, ɬɚɤ ɢ ɜɨɡɜɪɚɳɚɟɦɵɟ ɢɡ ɧɢɯ ɡɧɚɱɟɧɢɹ ɩɨɦɟɳɚɸɬɫɹ ɜ ɩɪɨɝɪɚɦɦɧɵɣ 

ɫɬɟɤ ɫɩɟɰɢɚɥɶɧɵɦɢ ɤɨɦɚɧɞɚɦɢ ɩɪɨɰɟɫɫɨɪɚ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɫɨɯɪɚɧɹɸɬɫɹ 

ɡɧɚɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɪɟɝɢɫɬɪɨɜ ɢ ɚɞɪɟɫ ɜɨɡɜɪɚɬɚ ɜ ɜɵɡɵɜɚɸɳɭɸ ɩɪɨɰɟɞɭɪɭ.  

Ⱥɧɚɥɢɡ ɬɪɭɞɨɟɦɤɨɫɬɢ ɪɟɤɭɪɫɢɜɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɜ ɱɚɫɬɢ ɬɪɭɞɨɟɦɤɨɫɬɢ 

ɫɚɦɨɝɨ ɪɟɤɭɪɫɢɜɧɨɝɨ ɜɵɡɨɜɚ ɦɨɠɧɨ ɜɵɩɨɥɧɹɬɶ ɪɚɡɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɤɚɤ ɮɨɪɦɢɪɭɟɬɫɹ ɢɬɨɝɨɜɚɹ ɫɭɦɦɚ ɷɥɟɦɟɧɬɚɪɧɵɯ ɨɩɟɪɚɰɢɣ. 
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3 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥя 

 

3.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɢ ɧɟɨɛɯɨɞɢɦɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɫɜɟɞɟɧɢя 

 

Ɋɚɫɫɦɨɬɪɢɦ ɡɚɞɚɱɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ 𝜉  ɫɭɦɦɵ n=4,6 ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɧɚ [0,1] 

ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢɣ. Ʉɚɤ 

ɢɡɜɟɫɬɧɨ ɫɭɦɦɵ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɧɚ [0,1] ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɢɦɟɟɬ 

ɮɭɧɤɰɢɸ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɂɪɜɢɧɚ-ɏɨɥɥɚ.  

Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɜɟɞɟɦ ɧɟɨɛɯɨɞɢɦɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ 

ɫɜɟɞɟɧɢɹ  

 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ Иɪɜɢɧɚ-Хɨɥɥɚ 

 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɂɪɜɢɧɚ-ɏɨɥɥɚ, ɧɚɡɜɚɧɧɨɟ ɜ ɱɟɫɬɶ Ⱦɠɨɡɟɮɚ Ɉɫɤɚɪɚ ɂɪɜɢɧɣ 

ɢ Ɏɢɥɢɩɩ ɏɨɥɥɚ, ɹɜɥɹɟɬɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɜɟɪɨɹɬɧɨɫɬɟɣ ɞɥɹ ɫɥɭɱɚɣɧɨɣ 

ɜɟɥɢɱɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɤɚɤ ɫɭɦɦɚ ɪɹɞɚ ɧɟɡɚɜɢɫɢɦɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ, 

ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɨɧɨ 

ɬɚɤɠɟ ɢɡɜɟɫɬɧɨ, ɤɚɤ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɭɦɦɵ. 

Ƚɟɧɟɪɚɰɢɹ ɩɫɟɜɞɨɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ, ɢɦɟɸɳɢɯ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 

ɧɨɪɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɢɧɨɝɞɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɭɬɟɦ ɜɵɱɢɫɥɟɧɢɹ ɫɭɦɦɵ 

ɱɢɫɥɚ ɩɫɟɜɞɨɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ, ɢɦɟɸɳɢɯ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ; ɨɛɵɱɧɨ 

ɪɚɞɢ ɩɪɨɫɬɨɬɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. ɂɡɦɟɧɟɧɢɟ ɦɚɫɲɬɚɛɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɂɪɜɢɧɚ-ɏɨɥɥɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɱɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɝɟɧɟɪɢɪɭɟɦɵɯ ɫɥɭɱɚɣɧɵɯ 

ɜɟɥɢɱɢɧ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɂɪɜɢɧɚ – ɏɨɥɥɚ - ɷɬɨ ɧɟɩɪɟɪɵɜɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɜɟɪɨɹɬɧɨɫɬɟɣ ɞɥɹ ɫɭɦɦɵ n ɧɟɡɚɜɢɫɢɦɵɯ ɢ ɨɞɢɧɚɤɨɜɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ U (0, 

1) ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ: 

 

https://en.wikipedia.org/wiki/Probability_distribution
https://en.wikipedia.org/wiki/Probability_distribution
https://en.wikipedia.org/wiki/Independent_and_identically_distributed
https://en.wikipedia.org/wiki/Independent_and_identically_distributed
https://en.wikipedia.org/wiki/Uniform_distribution_(continuous)
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ܺ = ∑ ௞ܷ௡
௞=ଵ  

 

Ɏɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ (ɤɭɫɨɱɧɨ-ɩɨɥɢɧɨɦɢɚɥɶɧɚɹ ɮɭɧɤɰɢɹ) 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

 

;ݔሺݔ݂ ݊ሻ = ͳʹሺ݊ − ͳሻ!∑ሺ−ͳሻ௞ሺ݊݇ሻሺݔ − ݇ሻ௡−ଵ݊݃ݏሺݔ − ݇ሻ௡
௞=଴  

 

ɝɞɟ sgnሺݔ −  ݇ሻ ɨɛɨɡɧɚɱɚɟɬ ɮɭɧɤɰɢɸ ɡɧɚɤɚ : 

 

ݔሺ݊݃ݏ − ݇ሻ = {−ͳ      ݔ < ݇Ͳ         ݔ = ݇ͳ         ݔ > ݇. 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɭɫɨɱɧɨ-ɩɨɥɢɧɨɦɢɚɥɶɧɚɹ ɮɭɧɤɰɢɹ 

ɹɜɥɹɟɬɫɹ ɫɩɥɚɣɧɨɦ ɫɬɟɩɟɧɢ ݊ −  ͳ  ɧɚɞ ɭɡɥɚɦɢ 0,1,…,n. Ɏɚɤɬɢɱɟɫɤɢ, 

ɞɥɹ x ɦɟɠɞɭ ɭɡɥɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ k ɢ k +1, ɤɭɫɨɱɧɨ-ɩɨɥɢɧɨɦɢɚɥɶɧɚɹ 

ɮɭɧɤɰɢɹ ɪɚɜɟɧ 

 

;ݔሺݔ݂ ݊ሻ = ͳሺ݊ − ͳሻ!∑ ௝ܽሺ݇, ݊ሻݔ௝௡−ଵ
௝=଴  

 

ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬɵ a, j ( k , n ) ɦɨɝɭɬ ɛɵɬɶ ɧɚɣɞɟɧɵ ɢɡ ɪɟɤɭɪɪɟɧɬɧɨɝɨ 

ɫɨɨɬɧɨɲɟɧɢɹ ɩɨ k 

 

௝ܽሺ݇, ݊ሻ = { 
 ͳ                                                                                       ݇ = Ͳ, ݆ = ݊ − ͳͲ                                                                                       ݇ = Ͳ, ݆ < ݊ − ͳ

௝ܽሺ݇ − ͳ, ݊ሻ + ሺ−ͳሻ௡+௞−௝−ଵ ቀ݊݇ቁ (݊ − ͳ݆ ) ݇௡−௝−ଵ                   ݇ > Ͳ 

https://en.wikipedia.org/wiki/Probability_density_function
https://en.wikipedia.org/wiki/Sign_function
https://en.wikipedia.org/wiki/Spline_(mathematics)
https://en.wikipedia.org/wiki/Recurrence_relation
https://en.wikipedia.org/wiki/Recurrence_relation
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Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɚɤɠɟ A188816 ɜ OEIS . Ʉɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ 

ɧɚɤɨɩɢɬɟɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ A188668 . 

ɋɪɟɞɧɟɟ ɢ ɞɢɫɩɟɪɫɢɹ ɹɜɥɹɸɬɫɹ ɩ / 2 ɢ ɩ / 12, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

- Ⱦɥɹ n = 1 X ɫɥɟɞɭɟɬ ɪɚɜɧɨɦɟɪɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ : 

 

௑݂ሺݔሻ = {ͳ     Ͳ ൑ ݔ ൑ ͳͲ     ݐ݋ℎ݁݁ݏ݅ݓݎ 

 

- Ⱦɥɹ n = 2 X ɫɥɟɞɭɟɬ ɬɪɟɭɝɨɥɶɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ : 

 

௑݂ሺݔሻ = { Ͳ           ݔ ൑ ݔ ൑ ͳʹ − ͳ     ݔ ൑ ݔ ൑ ʹ   
 

- Ⱦɥɹ n = 3 

 

௑݂ሺݔሻ = {  
  ͳʹ ଶ                                 Ͳݔ ൑ ݔ ൑ ͳͳʹ ሺ−ʹݔଶ + ͸ݔ − ͵ሻ     ͳ ൑ ݔ ൑ ʹͳʹ ሺݔ − ͵ሻଶ                      ʹ ൑ ݔ ൑ ͵ 

 

- Ⱦɥɹ n = 4 

 

௑݂ሺݔሻ =
{  
  ଵ଺ݔଷ                                                                   Ͳ ൑ ݔ ൑ ͳଵ଺ ሺ−͵ݔଷ + ͳʹݔଶ − ͳʹݔ + Ͷሻ                     ͳ ൑ ݔ ൑ ʹଵ଺ ሺ͵ݔଷ − ʹͶݔଶ + ͸Ͳݔ − ͶͶሻ                      ʹ ൑ ݔ ൑ ͵ଵ଺ ሺݔ − Ͷሻଷ                                                        ͵ ൑ ݔ ൑ Ͷ

                   (45) 

 

- Ⱦɥɹ n = 5 

https://oeis.org/A188816
https://en.wikipedia.org/wiki/On-Line_Encyclopedia_of_Integer_Sequences
https://oeis.org/A188668
https://en.wikipedia.org/wiki/Mean
https://en.wikipedia.org/wiki/Variance
https://en.wikipedia.org/wiki/Uniform_distribution_(continuous)
https://en.wikipedia.org/wiki/Triangular_distribution
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௑݂ሺݔሻ =
{   
  
    
 ͳʹͶ ସ                                                                                         Ͳݔ ൑ ݔ ൑ ͳͳʹͶ ሺ−Ͷݔସ + ʹͲݔଷ − ͵Ͳݔଶ + ʹͲݔ − ͷሻ                            ͳ ൑ ݔ ൑ ʹͳʹͶ ሺ͸ݔସ − ͸Ͳݔଷ + ʹͳͲݔଶ − ͵ͲͲݔ + ͳͷͷሻ                      ʹ ൑ ݔ ൑ ͵ͳʹͶ ሺ−Ͷݔସ + ͸Ͳݔଷ − ͵͵Ͳݔଶ + ͹ͺͲݔ − ͸ͷͷሻ                  ͵ ൑ ݔ ൑ ͶͳʹͶ ሺݔ − ͷሻସ                                                                              Ͷ ൑ ݔ ൑ ͷ

 

 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɫɭɦɦɵ n  ɪɚɜɧɨɦɟɪɧɨ 

ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ ɜ ɜɢɞɟ  

 

1 1 1 2 11
( ) ( ( 1) ( 2) )

( 1)
n n n

n n np x x C x C x
n

       
   (46) 

 

ɝɞɟ 𝐶௡௞ɤɨɷɮɮɢɰɢɟɧɬɵ ɛɢɧɨɦɢɚɥɶɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ. ɉɪɢ ɤɚɠɞɨɦ ɮɢɤɫɢɪɨɜɚɧɧɨɦ 

ɡɧɚɱɟɧɢɢ ɚɪɝɭɦɟɧɬɚ x  ɫɭɦɦɵ ɜ ɫɤɨɛɤɚɯ ɩɪɢɜɟɞɟɧɵ ɬɨɥɶɤɨ ɞɥɹ ɬɟɯ ɱɥɟɧɨɜ, ɞɥɹ 

ɤɨɬɨɪɵɯ ɜɟɥɢɱɢɧɚ ሺݔ − ݇ሻ, ݇ = ͳ,ʹ, … , ݊ ɧɟɨɬɪɢɰɚɬɟɥɶɧɚ.  

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ, ɤɨɝɞɚ n=6. Ɍɨɝɞɚ ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɢɦɟɟɬ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜ ɜɢɞɟ  

 

 
 

 
 
 

5 4 3 2

5 4 3 2

5 4 3 2

5 4

2

5

3 2

5 4 3

5 30 60 60 30 6 120,

10 120 540 1140 1170 474 120,

10 180 1260 4260 6930 4386

5 120 1140 5340 12270 10974

30 360 2160 6480 7776

120,

( )
120,

120,

120,

x x x x x

x x x x x

x x x x x

x x x x x

x x

x

x x

p

x

x

     

    

     

    

 





 

   







 
 
 
 
 
 

0, 1 ;

1, 2 ;

2, 3 ;

3, 4 ;

4, 5 ;

5, 6

x   

x

x

x

x

x .










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Чɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ. Ʉɜɚɞɪɚɬɭɪɧɵɟ ɮɨɪɦɭɥɵ  

 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢɧɬɟɝɪɚɥɨɜ ɜɢɞɚ 

 

( )
b

a
I f x dx  .  (47) 

 

ȼɜɟɞɟɦ ɩɨɧɹɬɢɟ ɤɜɚɞɪɚɬɭɪɧɨɣ ɮɨɪɦɭɥɵ.  

Ɉɩɪɟɞɟɥɟɧɢɟ. ɉɪɢɛɥɢɠɟɧɧɨɟ ɪɚɜɟɧɫɬɜɨ  

 

1

( ) ( )
nb

j ja
j

f x dx q f x


    (48) 

 

ɝɞɟ ݍ௝  – ɧɟɤɨɬɨɪɵɟ ɱɢɫɥɚ, ɧɚɡɵɜɚɟɦɵɟ ɜɟɫаɦɢ, ݔ௝   - ɧɟɤɨɬɨɪɵɟ ɬɨɱɤɢ ɨɬɪɟɡɤɚ 

[a,b], ɧɚɡɵɜɚɟɬɫɹ ɤɜɚɞɪɚɬɭɪɧɨɣ ɮɨɪɦɭɥɨɣ.  

Ƚɨɜɨɪɹɬ, ɱɬɨ ɤɜɚɞɪɚɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɬɨɱɧɚ ɞɥɹ ɦɧɨɝɨɱɥɟɧɨɜ ɫɬɟɩɟɧɢ m, 

ɟɫɥɢ ɩɪɢ ɡɚɦɟɧɟ f ɧɚ ɩɪɨɢɡɜɨɥɶɧɵɣ ɚɥɝɟɛɪɚɢɱɟɫɤɢɣ ɦɧɨɝɨɱɥɟɧ ɫɬɟɩɟɧɢ m 

ɩɪɢɛɥɢɠɟɧɧɨɟ ɪɚɜɟɧɫɬɜɨ (48) ɫɬɚɧɨɜɢɬɫɹ ɬɨɱɧɵɦ.  

Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɩɨɫɬɪɨɟɧɢɹ ɤɜɚɞɪɚɬɭɪɧɵɯ ɮɨɪɦɭɥ ɹɜɥɹɟɬɫɹ ɡɚɦɟɧɚ 

ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɣ ɮɭɧɤɰɢɢ f ɟɟ ɧɟɤɨɬɨɪɵɦ ɩɪɢɛɥɢɠɟɧɢɟɦ ɢɥɢ ɚɩɩɪɨɤɫɢɦɚɰɢɟɣ, 

ɨɬ ɤɨɬɨɪɨɣ ɞɨɫɬɚɬɨɱɧɨ ɥɟɝɤɨ ɜɵɱɢɫɥɢɬɶ ɢɧɬɟɝɪɚɥ. ɑɟɦ ɬɨɱɧɟɟ ɦɵ ɧɚɣɞɟɦ 

ɚɩɩɪɨɤɫɢɦɚɰɢɸ, ɬɟɦ ɬɨɱɧɟɟ ɦɵ ɜɵɱɢɫɥɢɦ ɢɧɬɟɝɪɚɥ.  

 

Ɏɨɪɦɭɥɚ ɩɪяɦɨɭɝɨɥɶɧɢɤɨɜ 

 

ȼ ɷɬɨɣ ɮɨɪɦɭɥɟ ɦɵ ɚɩɩɪɨɤɫɢɦɢɪɭɟɦ ɧɚɲɭ ɮɭɧɤɰɢɸ f ɩɨɫɬɨɹɧɧɵɦ 

ɡɧɚɱɟɧɢɟɦ, ɜɡɹɬɵɦ ɜ ɫɟɪɟɞɢɧɟ ɢɧɬɟɪɜɚɥɚ:  
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( ) ( ) (( ) 2)
b

a
f x dx b a f b a       (49) 

 

ɂɧɬɟɝɪɢɪɭɹ ɪɚɡɥɨɠɟɧɢɟ ɮɭɧɤɰɢɢ f ɜ ɪɹɞ Ɍɟɣɥɨɪɚ, ɧɟɫɥɨɠɧɨ ɭɛɟɞɢɬɶɫɹ, 

ɱɬɨ  

 

3( )
( ) ( ) (( ) 2) ( ) [ ]

24

b

a

b a
f x dx b a f b a f a b            (50) 

 

ɬ.ɟ. ɦɵ ɩɨɥɭɱɢɥɢ ɮɨɪɦɭɥɭ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ɫ ɨɫɬаɬɨɱɧɵɦ ɱɥɟɧɨɦ.  

 

Ɏɨɪɦɭɥɚ ɬɪɚɩɟɰɢɣ 

 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɬɨɣ ɮɨɪɦɭɥɵ ɦɵ ɡɚɦɟɧɹɟɦ ɮɭɧɤɰɢɸ f ɩɨɥɢɧɨɦɨɦ 

Ʌɚɝɪɚɧɠɚ ɩɟɪɜɨɣ ɫɬɟɩɟɧɢ, ɢɥɢ, ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɥɢɧɟɣɧɨɣ ɢɧɬɟɪɩɨɥɹɰɢɟɣ  

 

( ) ( )
( ) ( )

2

b

a

f a f b
f x dx b a


     (51) 

 

Ɉɫɬɚɬɨɱɧɵɣ ɱɥɟɧ ɞɥɹ ɮɨɪɦɭɥɵ ɬɪɚɩɟɰɢɣ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ 

ɜɢɞɟ: ሺܾ − ܽሻଷ/ͳʹ݂′′ሺ𝜉ሻ.  
Ɏɨɪɦɭɥɚ ɋɢɦɩɫɨɧɚ 

 

ɋɥɟɞɭɹ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɜɵɲɟ ɫɯɟɦɟ ɩɨɫɬɪɨɟɧɢɹ ɤɜɚɞɪɚɬɭɪɧɵɯ ɮɨɪɦɭɥ, 

ɩɟɪɟɣɞɟɦ ɨɬ ɥɢɧɟɣɧɨɣ ɢɧɬɟɪɩɨɥɹɰɢɢ ɤ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɦɭ ɦɧɨɝɨɱɥɟɧɭ 

Ʌɚɝɪɚɧɠɚ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ. Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜɵɲɟ, ɞɥɹ ɟɝɨ ɩɨɫɬɪɨɟɧɢɹ 

ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ ɜ ɬɪɟɯ ɬɨɱɤɚɯ. ɉɭɫɬɶ ɷɬɨ ɬɨɱɤɢ  ݔ−ଵ, ,଴ݔ  ଵݔ
ɢ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ −݂ଵ, ଴݂, ଵ݂,  ɞɚɥɟɟ ɞɥɹ ɩɪɨɫɬɨɬɵ 
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ɩɪɟɞɩɨɥɨɠɢɦ ℎ = ଴ݔ − ଵ−ݔ = ଵݔ − .଴ݔ Ɍɨɝɞɚ ɧɟɫɥɨɠɧɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ 

ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɣ ɦɧɨɝɨɱɥɟɧ Ʌɚɝɪɚɧɠɚ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ ɡɚɞɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ  

 

21 0 1 0 1
0 2

2

2 2

f f f f f
y f x x

h h
   

     

 

Ɉɬɫɸɞɚ ɥɟɝɤɨ ɧɚɯɨɞɢɦ  

 

1 0 1( 4 ) 3
h

h
ydx h f f f

      

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɨɪɦɭɥɚ ɋɢɦɩɫɨɧɚ, ɧɚɡɵɜɚɟɦɚɹ ɬɚɤɠɟ ɮɨɪɦɭɥɨɣ 

ɩɚɪɚɛɨɥ, ɢɦɟɟɬ ɜɢɞ  

 

1 0 1( ) ( 4 ) 3
h

h
f x dx h f f f

       (52) 

 

Ɉɫɬɚɬɨɱɧɵɣ ɱɥɟɧ ɞɥɹ ɮɨɪɦɭɥɵ ɋɢɦɩɫɨɧɚ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ 

ɜɢɞɟ: ℎହ/ͻͲ݂ସሺ𝜉ሻ.  
 

 

 

 

Уɫɥɨɠɧɟɧɧɵɟ ɤɜɚɞɪɚɬɭɪɧɵɟ ɮɨɪɦɭɥɵ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɨɫɬɚɬɨɱɧɵɯ ɱɥɟɧɨɜ, ɩɪɢ ɛɨɥɶɲɢɯ ɢɧɬɟɪɜɚɥɚɯ 

[a,b] ɬɨɱɧɨɫɬɶ ɤɜɚɞɪɚɬɭɪɧɵɯ ɮɨɪɦɭɥ ɦɨɠɟɬ ɛɵɬɶ ɧɢɡɤɨɣ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ 

ɬɨɱɧɨɫɬɢ ɩɪɢɦɟɧɹɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɩɪɢɟɦ: ɢɧɬɟɪɜɚɥ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 

ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɩɨɞɢɧɬɟɪɜɚɥɵ ɢ ɧɚ ɤɚɠɞɨɦ ɩɨɞɢɧɬɟɪɜɚɥɟ ɩɪɢɦɟɧɹɟɬɫɹ ɫɜɨɹ 

ɤɜɚɞɪɚɬɭɪɧɚɹ ɮɨɪɦɭɥɚ. Ɉɫɬɚɧɨɜɢɦɫɹ ɩɨɞɪɨɛɧɟɟ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɮɨɪɦɭɥɵ 
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ɬɪɚɩɟɰɢɣ. Ɋɚɡɨɛɶɟɦ ɢɧɬɟɪɜɚɥ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɧɚ ɩɨɞɢɧɬɟɪɜɚɥɵ [ݔ௜ ,  ௜+ଵ]ɬɚɤɢɦݔ

ɨɛɪɚɡɨɦ, ɱɬɨ  

 

0 1 2 1n i ia x x x x b h x x           

 

ɂɦɟɟɦ  

 

1 3
1( ) ( ) 2 12 ( )

i

i

x

i ix
f x dx h f f h f 

        (53) 

 

ɋɭɦɦɢɪɭɹ ɩɨ ɜɫɟɦ ɩɨɞɢɧɬɟɪɜɚɥɚɦ, ɩɨɥɭɱɚɟɦ ɭɫɥɨɠɧɟɧɧɭɸ ɮɨɪɦɭɥɭ 

ɬɪаɩɟɰɢɣ  

 

0 1 2 1( ) ( 2 2)
b тɪ

n n ha
f x dx h f f f … f f I          (54) 

 

ɫ ɨɫɬɚɬɨɱɧɵɦ ɱɥɟɧɨɦ ℎଶ ሺ௕−௔ሻଵଶ ݂′′ሺ𝜉ሻ . Ⱥɧɚɥɨɝɢɱɧɨ ɩɨɥɭɱɚɟɬɫɹ ɢ ɭɫɥɨɠɧɟɧɧɚɹ 

ɮɨɪɦɭɥɚ ɋɢɦɩɫɨɧɚ  

 

0 1 2 3 2 1 2( ) ( 4 2 4 4 ) 3
b С

n n ha
f x dx h f f f f … f f I         (55) 

 

ɫ ɨɫɬɚɬɨɱɧɵɦ ɱɥɟɧɨɦ ℎସ ሺ௔−௕ሻଵ8଴ ݂ସሺ𝜉ሻ.  
ɂɡ ɜɵɪɚɠɟɧɢɣ ɨɫɬɚɬɨɱɧɵɯ ɱɥɟɧɨɜ ɞɥɹ ɤɜɚɞɪɚɬɭɪɧɵɯ ɮɨɪɦɭɥ ɜɢɞɧɨ, ɱɬɨ 

ɮɨɪɦɭɥɵ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ɢ ɬɪɚɩɟɰɢɣ ɬɨɱɧɵ ɞɥɹ ɦɧɨɝɨɱɥɟɧɨɜ ɩɟɪɜɨɣ ɫɬɟɩɟɧɢ, 

ɮɨɪɦɭɥɚ ɋɢɦɩɫɨɧɚ – ɞɥɹ ɦɧɨɝɨɱɥɟɧɨɜ ɬɪɟɬɶɟɣ ɫɬɟɩɟɧɢ.  

ɉɨɝɪɟɲɧɨɫɬɶ ɮɨɪɦɭɥɵ ɬɪɚɩɟɰɢɣ ɢ ɮɨɪɦɭɥɵ ɋɢɦɩɫɨɧɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 

ɧɟɪɚɜɟɧɫɬɜɚɦ  
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2

[ ]

( )
max ( )

12
ɩɪ
h

a b

b a
I I h f x



       

 

4 4

[ ]

( )
max ( )

180
С
h

a b

b a
I I h f x




       

 

3.2 ɋɬɪɭɤɬɭɪɚ ɦɨɞɭɥя ɢ ɨɩɢɫɚɧɢɟ ɟɝɨ ɨɫɧɨɜɧɵɯ ɛɥɨɤɨɜ 

 

Ɇɨɞɭɥɶ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɡɚɞɚɱ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ, ɜ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɱɢɫɥɹɬɶ ɪɚɡɥɢɱɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɥɭɱɚɣɧɵɯ ɚɪɝɭɦɟɧɬɨɜ. 

Ɉɫɧɨɜɭ ɦɨɞɭɥɹ ɫɨɫɬɚɜɥɹɸɬ ɩɹɬɶ ɨɫɧɨɜɧɵɯ ɛɥɨɤɨɜ ɢ ɬɪɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ.   

 

 

 

 

Ɋɢɫɭɧɨɤ 5 – ɋɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ 
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Ɉɫɧɨɜɧɵɟ ɛɥɨɤɢ ɦɨɞɭɥɹ: 

Ȼ1 – ɉɨɫɬɪɨɟɧɢɟ ɤɭɫɨɱɧɨ-ɩɨɥɢɧɨɦɢɚɥɶɧɨɣ ɦɨɞɟɥɢ. 

Ȼ2 – ɉɨɫɬɪɨɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢɣ. 

Ȼ3 – Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɜɵɱɢɫɥɟɧɢɹ ɪɟɤɭɪɫɢɣ. 

Ȼ4 – Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ. 

Ȼ5 – Ȼɥɨɤ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɨɞɭɥɹ. 

ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɛɥɨɤɢ: 

Ɍ1 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɂɪɜɢɧɚ-ɏɨɥɥɚ. 

Ɍ2 – ɑɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ. Ʉɜɚɞɪɚɬɭɪɧɵɟ ɮɨɪɦɭɥɵ. 

Ɍ3 – ȼɟɪɨɹɬɧɨɫɬɧɚɹ ɚɪɢɮɦɟɬɢɤɚ. 

 

3.3 Ɉɪɝɚɧɢɡɚɰɢя ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥя 

 

Ɉɩɢɫɚɧɢɟ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɩɹɬɢ ɛɥɨɤ – 

ɫɯɟɦ. 

ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɫɧɨɜɧɨɟ ɬɟɥɨ ɩɪɨɝɪɚɦɦɵ. 
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Начало

xi:=1.999999;

s:=0; n:=10;

h:=1/n; i1:=0;

i1=n

да

s:=s*h/3;

writeln(s:12:8,pfr4(x

i):12:8);

Конец

Нет

t1:=2*i1*h; s:=s+ 

pftr(xi - t1)*pftr(t1);

t:=t1+h;

s:=s+ 4*pftr(xi - 

t)*pftr(t); t:=t1+2*h;

s:=s+ pftr(xi - 

t)*pftr(t);

i1:=i1+1;

 

Ɋɢɫɭɧɨɤ 6 – Ɉɫɧɨɜɧɨɟ ɬɟɥɨ ɩɪɨɝɪɚɦɦɵ 

 

ɇɚ ɪɢɫɭɧɤɟ 7 ɩɪɟɞɫɬɚɜɥɟɧɚ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ. 
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f1

a,b,x:real

(x>= a) and 

(x<=b)
f1:=1.0Да

f1:=0

Нет

Конец фунуции

 

Ɋɢɫɭɧɨɤ 7 – Ɏɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ 

 

ɇɚ ɪɢɫɭɧɤɟ 8 ɩɪɢɜɨɞɢɬɫɹ ɛɥɨɤ-ɫɯɟɦɚ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɝɪɚɥɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɜɚɞɪɚɬɭɪɧɵɯ ɮɨɪɦɭɥ ɧɚ ɩɪɢɦɟɪɟ ɮɨɪɦɭɥɵ ɋɢɦɩɫɨɧɚ. 
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pftr

x:real

(x < 1) and 

(x>= 0)
Да r:= x

Нет

(x >= 1) and 

(x <= 2)
Да r:= (2 - x)

Нет

(x < 0) or (x > 2) Да then r:= 0

Нет

pftr:=r;

Конец функции
 

Ɋɢɫɭɧɨɤ 8 – Ȼɥɨɤ-ɫɯɟɦɚ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɝɪɚɥɚ 

 

ɇɚ ɪɢɫɭɧɤɟ 9 ɩɨɤɚɡɚɧɚ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɂɪɜɢɧ-ɏɨɥɥɚ ɞɥɹ n=4. 
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pftr4

x:real

x < 0 Да r:=0;

Нет

(x >=0) and 

(x < 1)
Да r:= x3/6;

(x >=1) and 

(x < 2)
Даr:= -x3/2 +x2*2 - 2*x 

+2/3;

x2:=x*x;

x3:=x2*x;

(x >=2) and 

(x < 3)
Даr:= x3/2  -4*x2 + 

10*x -22/3;

(x >=3) and 

(x < 4)
Да r:= -x3/6 +x2*2 - 8*x 

+32/3;

Нет

x >= 4 Да r:=0;pftr4:=r;

Конец функции

Нет

Нет

Нет

Нет

Ɋɢɫɭɧɨɤ 9 – Ɏɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɂɪɜɢɧɚ-ɏɨɥɥɚ ɞɥɹ n=4 
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ɇɚ ɪɢɫɭɧɤɟ 10 ɩɪɢɜɨɞɢɬɫɹ ɛɥɨɤ-ɫɯɟɦɚ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɝɪɚɥɚ ɦɟɬɨɞɨɦ 

ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ. 

test1

xi:=2.0;

s:=0; n:=10;

h:=1/n;

i1=n Да s:=s*h*h*h;
writeln(s:8:4,

pfr4(xi):8:4);

Конец процедуры

Нет

i2=n

Нет

i3=n

Нет

t1:=(i1-0.5)*h;

t2:=(i2-0.5)*h;

t3:=(i3-0.5)*h;

i2:=i2+1;Да

i1:=i1+1; Да

s:=s+ 

f1(t1+t2+t3,1+t1+t2

+t3,xi);

i3:=i3+1;  

Ɋɢɫɭɧɨɤ 10 – ɉɪɨɰɟɞɭɪɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɦɟɬɨɞɨɦ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ 
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3.4 Ɋɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ ɩɪɨɝɪɚɦɦɵ ɧɚ яɡɵɤɟ PascalABC 

 

Ɋɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ ɩɪɨɝɪɚɦɦ – ɩɪɨɰɟɫɫ ɚɞɚɩɬɚɰɢɢ ɚɥɝɨɪɢɬɦɨɜ, 

ɡɚɩɢɫɚɧɧɵɯ ɜ ɜɢɞɟ ɩɪɨɝɪɚɦɦ, ɞɥɹ ɢɯ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɧɚ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ ɩɚɪɚɥɥɟɥɶɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ (ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɧɚ ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ). Ɂɚɤɥɸɱɚɟɬɫɹ ɥɢɛɨ ɜ 

ɩɟɪɟɩɢɫɵɜɚɧɢɢ ɩɪɨɝɪɚɦɦ ɧɚ ɫɩɟɰɢɚɥɶɧɵɣ ɹɡɵɤ, ɨɩɢɫɵɜɚɸɳɢɣ ɩɚɪɚɥɥɟɥɢɡɦ ɢ 

ɩɨɧɹɬɧɵɣ ɬɪɚɧɫɥɹɬɨɪɚɦ ɰɟɥɟɜɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ, ɥɢɛɨ ɤ ɜɫɬɚɜɤɟ 

ɫɩɟɰɢɚɥɶɧɨɣ ɪɚɡɦɟɬɤɢ (ɧɚɩɪɢɦɟɪ, ɢɧɫɬɪɭɤɰɢɣ MPI ɢɥɢ OpenMP). 

OpenMP – ɨɬɤɪɵɬɵɣ ɫɬɚɧɞɚɪɬ ɞɥɹ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɩɪɨɝɪɚɦɦ ɧɚ 

ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɵɯ ɫɢɫɬɟɦɚɯ ɫ ɨɛɳɟɣ ɩɚɦɹɬɶɸ (ɧɚɩɪɢɦɟɪ, ɧɚ ɦɧɨɝɨɹɞɟɪɧɵɯ 

ɩɪɨɰɟɫɫɨɪɚɯ).  

OpenMP ɪɟɚɥɢɡɭɟɬ ɩɚɪɚɥɥɟɥɶɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɫ ɩɨɦɨɳɶɸ 

ɦɧɨɝɨɩɨɬɨɱɧɨɫɬɢ: ɝɥɚɜɧɵɣ ɩɨɬɨɤ ɫɨɡɞɚɟɬ ɧɚɛɨɪ ɩɨɞɱɢɧɟɧɧɵɯ ɩɨɬɨɤɨɜ, ɢ ɡɚɞɚɱɚ 

ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɦɟɠɞɭ ɧɢɦɢ. 

OpenMP ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ ɞɢɪɟɤɬɢɜ ɤɨɦɩɢɥɹɬɨɪɚ, ɤɨɬɨɪɵɟ 

ɭɩɪɚɜɥɹɸɬ ɩɪɨɰɟɫɫɨɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɞɟɥɟɧɢɹ ɩɨɬɨɤɨɜ ɢ ɞɚɧɧɵɦɢ, 

ɬɪɟɛɭɟɦɵɦɢ ɞɥɹ ɪɚɛɨɬɵ ɷɬɢɯ ɩɨɬɨɤɨɜ. 

ȼ ɫɢɫɬɟɦɟ PascalABC.NET ɪɟɚɥɢɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ OpenMP: 

- Ʉɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɵ ɦɟɠɞɭ 

ɩɨɬɨɤɚɦɢ (ɞɢɪɟɤɬɢɜɵ parallel for ɢ parallel sections) 

- Ʉɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɩɨɬɨɤɨɜ (ɞɢɪɟɤɬɢɜɚ critical) 

Ⱦɢɪɟɤɬɢɜɵ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

{$omp directive-name [ɨɩɰɢɹ[[,] ɨɩɰɢɹ]...]} 

Ɂɞɟɫɶ $omp ɨɡɧɚɱɚɟɬ ɬɨ, ɱɬɨ ɷɬɨ ɞɢɪɟɤɬɢɜɚ OpenMP, directive-name – ɢɦɹ 

ɞɢɪɟɤɬɢɜɵ, ɧɚɩɪɢɦɟɪ parallel, ɩɨɫɥɟ ɱɟɝɨ ɦɨɝɭɬ ɛɵɬɶ ɨɩɰɢɢ. Ⱦɢɪɟɤɬɢɜɚ 

ɨɬɧɨɫɢɬɫɹ ɤ ɬɨɦɭ ɨɩɟɪɚɬɨɪɭ, ɩɟɪɟɞ ɤɨɬɨɪɵɦ ɨɧɚ ɧɚɯɨɞɢɬɫɹ. 
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ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɞ: 

 

program recurs00; 

Var xi,s,t,t1,t2,t3,h : real; 

    i,i1,i2,i3,n : integer; 

 

function f1(a,b,x:real):real; 

begin 

if (x>= a) and (x<=b) then f1:=1.0 else f1:=0; 

end;  

 

function pftr(x:real):real; 

Var r, t : real; 

    i,j : integer; 

begin 

if (x < 1) and (x>= 0) then r:= x; 

if (x >= 1) and (x <= 2) then r:= (2 - x); 

if (x < 0) or (x > 2) then r:= 0; 

pftr:=r; 

end;      

 

function pfr4(x:real):real; 

Var r, t, x2,x3 : real; 

    i,j : integer; 

begin 

 

x2:=x*x; 

x3:=x2*x; 
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if x < 0 then r:=0; 

if (x >=0) and (x < 1)  then r:= x3/6; 

if (x >=1) and (x < 2)  then r:= -x3/2 +x2*2 - 2*x +2/3; 

if (x >=2) and (x < 3)  then r:= x3/2  -4*x2 + 10*x -22/3; 

if (x >=3) and (x < 4)  then r:= -x3/6 +x2*2 - 8*x +32/3; 

if x >= 4 then r:=0; 

 

pfr4:=r; 

end; 

procedure test1; 

Var n : integer; 

begin 

xi:=2.0; 

s:=0; 

n:=10; 

h:=1/n; 

{$omp parallel for} 

for var i1:=1 to n do  

for var i2:=1 to n do  

for var i3:=1 to n do  

begin 

t1:=(i1-0.5)*h; 

t2:=(i2-0.5)*h; 

t3:=(i3-0.5)*h; 

s:=s+ f1(t1+t2+t3,1+t1+t2+t3,xi); 

end; 

s:=s*h*h*h; 

writeln(s:8:4,pfr4(xi):8:4); 

end; 
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procedure test2; 

begin 

var i1: integer; 

xi:=1.999999; 

s:=0; 

n:=10; 

h:=1/n; 

for i1:=0 to n do  

begin 

t1:=2*i1*h; 

s:=s+ pftr(xi - t1)*pftr(t1); 

t:=t1+h; 

s:=s+ 4*pftr(xi - t)*pftr(t); 

t:=t1+2*h; 

s:=s+ pftr(xi - t)*pftr(t); 

end; 

s:=s*h/3; 

writeln(s:12:8,pfr4(xi):12:8); 

end; 

 

begin 

test1; 

test2; 

end. 

 

3.5 Ɍɟɫɬɢɪɨɜɚɧɢɟ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥя 

 

ȼ ɤɚɱɟɫɬɜɟ ɬɟɫɬɨɜɨɝɨ ɩɪɢɦɟɪɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɜɵɱɢɫɥɟɧɢɹ 

ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɫɭɦɦɵ n=4,6 ɪɚɜɧɨɦɟɪɧɨ 
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ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɧɚ [0,1] ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɨɪɢɢ 

ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢɣ. Ʉɚɤ ɢɡɜɟɫɬɧɨ ɫɭɦɦɵ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 

ɧɚ [0,1] ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɢɦɟɟɬ ɮɭɧɤɰɢɸ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɂɪɜɢɧɚ-ɏɨɥɥɚ.  

ɉɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɧɚ [0,1] ɫɥɭɱɚɣɧɵɯ 

ɜɟɥɢɱɢɧ ɢɦɟɟɬ ɜɢɞ 

  

1 [0 1]

0 [0 1]

x
p

x

 
   

 

 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɨɩɟɪɚɰɢɸ ɫɥɨɠɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɫ ɧɟɤɨɬɨɪɨɣ 

ɜɟɳɟɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦ ɫɩɨɫɨɛɨɦ. ɉɭɫɬɶ f(x) 

ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ X, ɬɨɝɞɚ ௥݂ ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ 

ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ܺ +   :ݎ
 

( ) ( )rf x f x r    

 

ɉɨɫɥɟɞɧɟɟ ɪɚɜɟɧɫɬɜɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɧɨɫɢɬɟɥɶ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ܺ +  ݎ
ɫɞɜɢɧɭɬ ɧɚ r.  

ȿɫɥɢ X ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚ [0,1] ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɬɨ 

ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ܺ +   ݎ
 

1 [0 1 ]

0 [0 1 ]r

x r r
p

x r r

   
     

 

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɝɪɚɦɦɧɭɸ ɪɟɚɥɢɡɚɰɢɸ ɜɵɱɢɫɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ 

ɜɟɪɨɹɬɧɨɫɬɢ ܵ௠  ɫɭɦɦɵ m ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɧɚ [0,1] ɫɥɭɱɚɣɧɵɯ 

ɜɟɥɢɱɢɧ. ɋɨɝɥɚɫɧɨ ɬɟɨɪɟɦɟ ɨ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢɹɯ ɜɵɱɢɫɥɟɧɢɟ 
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ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ܵ௠ሺ𝜉ሻ  ɦɨɠɧɨ ɫɜɟɫɬɢ ɤ ɜɵɱɢɫɥɟɧɢɸ ɩɨɜɬɨɪɧɨɝɨ 

ɢɧɬɟɝɪɚɥɚ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɨɜɬɨɪɧɵɯ ɢɧɬɟɝɪɚɥɨɜ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɱɢɫɥɟɧɧɵɟ ɤɜɚɞɪɚɬɭɪɵ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ – ɦɟɬɨɞ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ. Ɋɟɚɥɢɡɚɰɢɹ 

ɱɢɫɥɟɧɧɵɯ ɤɜɚɞɪɚɬɭɪ ɜɵɪɚɠɚɟɬɫɹ ɜ ɜɢɞɟ ɜɥɨɠɟɧɧɵɯ m  ɰɢɤɥɨɜ. ɇɚ ɧɢɠɧɟɦ 

ɫɥɨɟ ɜɵɱɢɫɥɹɟɬɫɹ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ 𝑡݂ሺ𝜉ሻ, ɝɞɟ ݐ = ଵݐ + ଶݐ +⋯+   .௠ݐ

ɉɪɢɦɟɪ 8. Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɭɦɦɵ ɪɚɜɧɨɦɟɪɧɨ 

ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɧɚ ɢɧɬɟɪɜɚɥɟ [0,1] 

ݐ  = ଵݐ + ଶݐ + ଷݐ +  ସݐ
 

ɋɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 

11. 

 

Ɋɢɫɭɧɨɤ 11 – Ɉɪɝɚɧɢɡɚɰɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɞɥɹ ɬɟɫɬɨɜɨɝɨ ɩɪɢɦɟɪɚ 
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ɉɪɢɜɟɞɟɦ ɨɰɟɧɤɢ ɜɵɱɢɫɥɟɧɢɹ ɫɭɦɦɵ ɱɟɬɵɪɟɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɜ ɬɨɱɤɟ 

2.0: ܵସሺʹ.Ͳሻ . Ɍɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ܵସሺʹ.Ͳሻ = ʹ/͵ , ɩɪɢ ℎ = Ͳ.ͳ  ɡɧɚɱɟɧɢɟ 

ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɪɚɜɧɨ 0.6700, ɩɪɢ ℎ = Ͳ.Ͳͷ  – 0.66750. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɨɲɢɛɤɚ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɫɨɫɬɚɜɢɥɚ 𝜀ଵ = Ͳ.ͲͲ͵͵͵, ɜɨ ɜɬɨɪɨɦ – 

 𝜀ଵ = Ͳ.ͲͲͲͺ͵ . Ɉɰɟɧɢɦ ɩɨɪɹɞɨɤ ɫɯɨɞɢɦɨɫɬɢ 𝛼. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ 

ɜɵɩɨɥɧɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ 𝜀ሺℎሻ ≈ 𝐶ℎ𝛼 

Ɍɨɝɞɚ  

 

ln( ( )) ln( ) ln( ) 1 2i ih C h i        

 

Ɂɧɚɱɟɧɢɟ 𝛼 = ʹ.ͲͲͶ͵Ͷ, ɷɬɨ ɫɨɜɩɚɞɚɟɬ ɫ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɨɰɟɧɤɨɣ ɩɨɪɹɞɤɚ 

ɫɯɨɞɢɦɨɫɬɢ ɦɟɬɨɞɚ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ. 

 

 

Ɋɢɫɭɧɨɤ 12 – Ɋɟɡɭɥɶɬɚɬ ɜɵɱɢɫɥɟɧɢɣ 

 

ɉɪɢɦɟɪ 9. Ɋɚɫɱɟɬ NPV ɢ IRR. 

ɉɪɢɜɟɞɟɦ ɩɪɢɦɟɪ ɮɨɪɦɭɥ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɰɟɧɤɢ 

ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɩɪɟɞɩɪɢɹɬɢɹ, ɩɪɨɢɡɜɨɞɹɳɟɝɨ ɬɨɜɚɪɵ.  
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ɗɬɨ ɩɪɟɠɞɟ ɜɫɟɝɨ ɨɰɟɧɤɚ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ 𝐶ܨଶ , ɞɚɥɟɟ ɱɢɫɬɵɣ 

ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ NPV ɢ ɜɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ IRR.  

 𝐶ܨ௭ ௜ܩ∑= ௜ܲ௜ ሺͳ − 𝐴ܸீ ௜ሻ ௝௝ܧ∑− ሺͳ − 𝐴 𝐸ܸ௜ሻ −∑ܵ௞ ௞ܹܶௐ௞ −௞  

௣௣ܪ∑− (𝐴௣ + ுܶ௣) −∑ ௤ܶ −∑𝐶௡௡ ܴ௡ + ௭݊݅ܨ − ௭௤ݐݑ݋ܨ , 
 

ɝɞɟ ܩ௜ – ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɞɚɠ i-ɝɨ ɬɨɜɚɪɚ;  ௜ܲ – ɰɟɧɚ i-ɝɨ ɬɨɜɚɪɚ;  𝐴ܸீ ௜ – ɧɚɥɨɝ ɧɚ ɞɨɛɚɜɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ ɧɚ i-ɵɣ ɬɨɜɚɪ; ܧ௝ – ɪɚɫɯɨɞɵ j-ɝɨ ɜɢɞɚ; 𝐴 𝐸ܸ௝ – ɧɚɥɨɝ ɧɚ ɞɨɛɚɜɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ ɧɚ ɩɪɢɨɛɪɟɬɚɟɦɵɟ ɬɨɜɚɪɵ ɩɨ j-ɦɭ 

ɜɢɞɭ ɪɚɫɯɨɞɨɜ; ܵ௞ – ɱɢɫɥɟɧɧɨɫɬɶ ɩɟɪɫɨɧɚɥɚ k-ɨɣ ɤɚɬɟɝɨɪɢɢ; ௞ܹ – ɫɪɟɞɧɹɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɪɚɛɨɬɧɢɤɨɜ k-ɨɣ ɤɚɬɟɝɨɪɢɢ; ܶௐ௞– ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɱɢɫɥɟɧɢɣ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ ɩɨ k-ɨɣ ɤɚɬɟɝɨɪɢɢ 

ɪɚɛɨɬɧɢɤɨɜ; ܪ௣ – ɨɫɧɨɜɧɵɟ ɮɨɧɞɵ p-ɝɨ ɜɢɞɚ; 𝐴௣ – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ɩɨ p-ɦɭ ɜɢɞɭ ɨɫɧɨɜɧɵɯ ɮɨɧɞɨɜ; 

ுܶ௣  – ɫɬɚɜɤɚ ɧɚɥɨɝɚ, ɛɚɡɨɣ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɬɨɪɨɝɨ ɜɵɫɬɭɩɚɟɬ p-ɵɣ ɜɢɞ 

ɨɫɧɨɜɧɵɯ ɮɨɧɞɨɜ (ɧɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ); ௤ܶ– ɫɭɦɦɚ q-ɝɨ ɧɚɥɨɝɚ; 𝐶௟– ɫɭɦɦɚ l-ɝɨ ɤɪɟɞɢɬɚ; ܴ௟ – ɩɪɨɰɟɧɬ ɩɨ l-ɨɦɭ ɤɪɟɞɢɬɭ; ܶܲݎ௭– ɫɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ ɜ z-ɨɦ ɝɨɞɭ; ݊݅ܨ௭– ɩɪɨɱɢɟ ɨɩɟɪɚɰɢɨɧɧɵɟ, ɮɢɧɚɧɫɨɜɵɟ ɢ ɢɧɜɟɫɬɢɰɢɨɧɧɵɟ ɩɨɫɬɭɩɥɟɧɢɹ 

ɫɪɟɞɫɬɜ; 
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௭ݐݑ݋ܨ – ɩɪɨɱɢɟ ɨɩɟɪɚɰɢɨɧɧɵɟ, ɮɢɧɚɧɫɨɜɵɟ ɢ ɢɧɜɟɫɬɢɰɢɨɧɧɵɟ ɜɵɩɥɚɬɵ 

ɫɪɟɞɫɬɜ.  

NPV – ɷɬɨ ɫɭɦɦɚ ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɬɟɤɭɳɟɦɭ ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ ɱɢɫɬɵɯ 

ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ ɩɨ ɢɧɜɟɫɬɢɰɢɨɧɧɨɦɭ ɩɪɨɟɤɬɭ. Ⱦɚɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ:  
  ܸܰܲ =∑ 𝐶ܨ௭ሺͳ + ݀ሻଶ𝑇

௭=ଵ  

 

ɝɞɟ T – ɪɚɫɱɟɬɧɵɣ ɫɪɨɤ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɜ ɝɨɞɚɯ; 

d – ɫɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ.  

ɂɧɜɟɫɬɢɰɢɨɧɧɵɣ ɩɪɨɟɤɬ ɩɪɢɡɧɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ 

 ܸܰܲ > Ͳ.  

IRR – ɪɚɫɱɟɬɧɚɹ ɫɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɱɢɫɬɵɣ 

ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ (NPV) ɪɚɜɟɧ ɧɭɥɸ. IRR ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ  
  ∑ 𝐶ܨ௭ሺͳ + ሻଶ𝑇ܴܴܫ
௭=ଵ = Ͳ. 

 

ɂɧɜɟɫɬɢɰɢɨɧɧɵɣ ɩɪɨɟɤɬ ɩɪɢɡɧɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɜ ɫɥɭɱɚɟ ɟɫɥɢ ܴܴܫ > Ͳ.  

Ʉɚɤ ɩɪɚɜɢɥɨ, ɞɥɹ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɧɟɨɛɯɨɞɢɦɨ 

ɪɚɫɫɱɢɬɵɜɚɬɶ ɩɨɤɚɡɚɬɟɥɢ ɧɚ ɧɟɫɤɨɥɶɤɨ ɥɟɬ ɜɩɟɪɟɞ. ȼ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɣ 

ɪɵɧɨɱɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɬɚɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɧɚɩɪɢɦɟɪ, ɤɚɤ ܩ௜ , ௜ܲ , ɢɦɟɸɬ 

ɫɭɳɟɫɬɜɟɧɧɨ ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ. Ɉɞɧɚɤɨ ɩɪɢ ɪɚɫɱɟɬɚɯ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɢɫɩɨɥɶɡɭɸɬ ɬɨɥɶɤɨ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɨɰɟɧɤɢ. Ⱦɚɧɧɵɟ ɡɚɞɚɱɢ ɡɚɞɚɧɵ 

ɬɚɛɥɢɰɟɣ 2 

 

Ɍɚɛɥɢɰɚ 2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɡɚɞɚɱɢ 
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 Ƚɨɞ 0  Ƚɨɞ 1  Ƚɨɞ 2  Ƚɨɞ 3   

ɐɟɧɚ ɭɩɚɤɨɜɤɢ   $6,00  $6,05  $6,10   

Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɞɚɧɧɵɯ, 

ɲɬ.  

 802000  967000  1132000   

ȼɵɪɭɱɤɚ   $4 812 000  $5 850 350  $6 905 200   

ɋɟɛɟɫɬɨɢɦɨɫɬɶ   $2 646 600  $3 217 693  $3 797 860   

ȼɚɥɨɜɚɹ ɩɪɢɛɵɥɶ   $2 165 400  $2 632 658  $3 107 340   

Ɉɩɟɪɚɰɢɨɧɧɵɟ 

ɢɡɞɟɪɠɤɢ  

 $324 810  $394 899  $466 101   

ɑɢɫɬɵɣ ɞɨɯɨɞ ɞɨ 

ɧɚɥɨɝɨɜ  

 $1 840 590  $2 237 759  $2 641 239   

ɇɚɥɨɝɢ   $588 989  $716 083  $845 196   

ɋɬɚɪɬɨɜɵɟ ɢɧɜɟɫɬɢɰɢɢ  –$3 400 000     

ɑɢɫɬɵɣ ɞɨɯɨɞ  –$3 400 000  $1 251 601  $1 521 676  $1 796 043   

 

 

 

Ɋɢɫɭɧɨɤ 13 – ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ NPV 

 



 
 

91 

 

Ɋɢɫɭɧɨɤ 14 – Ɏɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ IRR 

 

ɇɚ ɪɢɫ. 13 ɢ ɪɢɫ. 14 ɩɪɢɜɟɞɟɧɵ ɝɢɫɬɨɝɪɚɦɦɵ NPV ɢ IRR ɞɥɹ 

ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɡɚɞɚɱɢ. ɂɡ ɚɧɚɥɢɡɚ ɝɢɫɬɨɝɪɚɦɦ NPV ɢ IRR ɜɢɞɧɨ, ɱɬɨ ɜɟɪɨɹɬɧɵ 

ɤɚɤ ɤɪɚɣɧɟ ɧɟɝɚɬɢɜɧɵɟ ɢɫɯɨɞɵ, ɬɚɤ ɢ ɜɨɡɦɨɠɧɚ ɡɧɚɱɢɬɟɥɶɧɚɹ ɩɪɢɛɵɥɶ ɜ 

ɫɪɚɜɧɟɧɢɢ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦ ɚɧɚɥɢɡɨɦ. ɉɪɢɜɟɞɟɧɧɵɣ ɩɪɢɦɟɪ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 

ɩɪɢɦɟɧɟɧɢɟ ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɩɨɞɯɨɞɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɪɚɫɫɦɨɬɪɟɧɧɚɹ ɜɵɲɟ 

ɨɪɝɚɧɢɡɚɰɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɟɪɨɹɬɧɨɫɬɧɵɯ 

ɪɚɫɲɢɪɟɧɢɣ ɩɨɡɜɨɥɹɟɬ ɥɢɰɭ, ɩɪɢɧɢɦɚɸɳɟɦɭ ɪɟɲɟɧɢɹ ɭɜɢɞɟɬɶ ɜɨɡɦɨɠɧɵɟ 

ɜɚɪɢɚɧɬɵ ɧɟɝɚɬɢɜɧɵɯ ɢɫɯɨɞɨɜ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ 

ɫɬɚɧɞɚɪɬɧɵɦ ɚɧɚɥɢɡɨɦ, ɤɨɬɨɪɵɣ ɞɚɟɬ ɬɨɥɶɤɨ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɨɬɜɟɬ.  
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ɁАɄɅɘɑȿɇɂȿ 

 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɦɨɞɭɥɶ ɪɟɚɥɢɡɭɟɬ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ 

ɜɵɱɢɫɥɟɧɢɸ ɮɭɧɤɰɢɣ ɨɬ ɫɥɭɱɚɣɧɵɯ ɚɪɝɭɦɟɧɬɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ 

ɬɟɯɧɢɤɭ ɛɵɫɬɪɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɨɫɧɨɜɚɧɧɭɸ ɧɚ ɢɞɟɟ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ 

ɢ ɩɪɢɦɟɧɟɧɢɢ ɱɢɫɥɟɧɧɨɝɨ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɚɧɚɥɢɡɚ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ ɨɬ 

ɫɥɭɱɚɣɧɵɯ ɚɪɝɭɦɟɧɬɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɞɧɨ ɢɡ ɨɫɧɨɜɧɵɯ ɩɨɧɹɬɢɣ ɱɢɫɥɟɧɧɨɝɨ 

ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɚɧɚɥɢɡɚ – ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɬɟɯɧɢɤɢ 

ɛɵɫɬɪɵɯ ɜɵɱɢɫɥɟɧɢɣ ɩɪɢɦɟɧɹɟɬɫɹ ɦɟɬɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɚɪɚɥɥɟɥɶɧɨ – 

ɪɟɤɭɪɫɢɜɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ. 

ɉɪɟɞɥɚɝɚɟɬɫɹ ɩɪɨɰɟɫɫ ɜɵɱɢɫɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɪɚɫɲɢɪɟɧɢɣ 

ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɪɟɤɭɪɫɢɜɧɨɝɨ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ 

ɩɪɟɞɫɬɚɜɢɬɶ ɟɝɨ ɤɚɤ ɬɟɯɧɢɤɭ ɛɵɫɬɪɵɯ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ ɡɚɞɚɱ ɜɵɱɢɫɥɟɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɮɭɧɤɰɢɣ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɚɪɝɭɦɟɧɬɚɦɢ. 

ɉɨɫɬɪɨɟɧɧɚɹ ɪɟɤɭɪɫɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɱɢɫɥɟɧɧɵɟ ɪɟɤɭɪɫɢɜɧɵɟ ɨɩɟɪɚɰɢɢ, 

ɤɨɝɞɚ ɡɧɚɱɟɧɢɟ ɤɚɠɞɨɝɨ ɨɱɟɪɟɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɫɬɪɭɤɬɭɪɵ ɡɚɜɢɫɢɬ ɨɬ ɡɧɚɱɟɧɢɣ 

ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɱɥɟɧɨɜ. ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ 

ɩɪɢɦɟɧɟɧɢɹ ɩɨɫɬɪɨɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɢɯ 

ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɱɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɷɬɢ ɡɚɞɚɱɢ ɦɨɠɧɨ ɨɛɪɚɛɚɬɵɜɚɬɶ 

ɩɚɪɚɥɥɟɥɶɧɨ. ȼ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɷɬɨ ɫɨɡɞɚɟɬ ɬɨɬ ɪɟɫɭɪɫ ɩɚɪɚɥɥɟɥɢɡɦɚ, ɤɨɬɨɪɵɣ 

ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɞɥɹ ɪɟɲɟɧɢɹ ɬɨɣ 

ɢɥɢ ɢɧɨɣ ɡɚɞɚɱɢ.  Ⱦɚɧɧɵɣ ɦɨɞɭɥɶ ɧɚɰɟɥɟɧ ɧɚ ɪɟɲɟɧɢɟ ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ 

ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ, ɧɚɩɪɢɦɟɪ, ɝɞɟ 

ɬɪɟɛɭɟɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɣ ɨɬ ɫɥɭɱɚɣɧɵɯ ɚɪɝɭɦɟɧɬɨɜ. ɇɚɩɪɢɦɟɪ, ɡɚɞɚɱɚ 

ɨɰɟɧɤɢ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ, ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 

ɩɨɤɚɡɚɬɟɥɟɣ NPV ɢ IRR, ɚ ɬɚɤɠɟ ɡɚɞɚɱɚ ɨɰɟɧɤɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɬɤɚɡɚ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ.  
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ǾȎȕȞȎȏȜȠȘȎ ȝȞȜȑȞȎȚȚțȜȑȜ ȚȜȒȡșя Ȓșя
ȚȜȒȓșȖȞȜȐȎțȖя ȕȎȒȎȥ ȟȜ ȟșȡȥȎȗțȩȚȖ 

ȐȣȜȒțȩȚȖ ȒȎțțȩȚȖ

ǺȓȞȘȜ А.Ǻ., КИ17-02-1Ǻ,

ȞȡȘȜȐȜȒȖȠȓșȪ 
ȒȜȤ, ȘȎțȒ.Ƞȓȣț.țȎȡȘ ǽȜȝȜȐȎ Ǽ. А.

КȞȎȟțȜяȞȟȘ 2019

ȂȓȒȓȞȎșȪțȜȓ ȑȜȟȡȒȎȞȟȠȐȓțțȜȓ ȎȐȠȜțȜȚțȜȓ
ȜȏȞȎȕȜȐȎȠȓșȪțȜȓ ȡȥȞȓȔȒȓțȖȓ

ȐȩȟȦȓȑȜ ȜȏȞȎȕȜȐȎțȖȭ
«ǿǶǯǶǾǿǸǶǷ ȂǳǲǳǾǮǹȊǻȉǷ ȁǻǶǰǳǾǿǶȀǳȀ»

ǶǻǿȀǶȀȁȀ ǸǼǿǺǶȅǳǿǸǶȃ Ƕ ǶǻȂǼǾǺǮȄǶǼǻǻȉȃ 
ȀǳȃǻǼǹǼǱǶǷ

ȄȓșȪ:
ǾȎȕȞȎȏȜȠȘȎ ȝȞȜȑȞȎȚȚțȜȑȜ ȚȜȒȡșȭ, ȞȓȎșȖȕȡȬȧȓȑȜ țȜȐȩȓ ȚȓȠȜȒȩ Ȗ 

ȝȜȒȣȜȒȩ Ș ȐȩȥȖȟșȓțȖȬ ȢȡțȘȤȖȗ ȟȜ ȟșȡȥȎȗțȩȚȖ ȎȞȑȡȚȓțȠȎȚȖ, ȘȜȠȜȞȩȓ 
ȜȏȓȟȝȓȥȖȐȎȬȠ țȎȒȓȔțȜȟȠȪ Ȗ ȟțȖȔȓțȖȓ ȐȩȥȖȟșȖȠȓșȪțȜȗ ȟșȜȔțȜȟȠȖ 
ȥȖȟșȓțțȩȣ ȝȞȜȤȓȒȡȞ. 

2

ǵȎȒȎȥȖ:
 ǶȟȟșȓȒȜȐȎȠȪ țȜȐȩȓ ȚȓȠȜȒȩ Ȗ ȝȜȒȣȜȒȩ Ȑ ȜȏșȎȟȠȖ ȞȓȦȓțȖȭ ȕȎȒȎȥ ȟȜ 

ȟșȡȥȎȗțȩȚȖ ȒȎțțȩȚȖ țȎ ȜȟțȜȐȓ ȥȖȟșȓțțȜȑȜ ȚȜȒȓșȖȞȜȐȎțȖȭ;

 ȝȞȖȚȓțȖȠȪ ȚȓȠȜȒȩ ȐȩȥȖȟșȖȠȓșȪțȜȑȜ ȐȓȞȜȭȠțȜȟȠțȜȑȜ ȎțȎșȖȕȎ Ȑ ȕȎȒȎȥȎȣ 
ȐȩȥȖȟșȓțȖȭ ȢȡțȘȤȖȗ ȜȠ ȟșȡȥȎȗțȩȣ ȎȞȑȡȚȓțȠȜȐ;

 ȞȎȕȞȎȏȜȠȎȠȪ ȞȓȘȡȞȟȖȐțȜ – ȝȎȞȎșșȓșȪțȩȓ ȟȣȓȚȩ ȐȩȥȖȟșȖȠȓșȪțȜȑȜ 
ȝȞȜȤȓȟȟȎ Ȓșȭ ȐȩȥȖȟșȓțȖȭ ȐȓȞȜȭȠțȜȟȠțȩȣ ȞȎȟȦȖȞȓțȖȗ;

 ȞȎȕȞȎȏȜȠȎȠȪ ȝȞȜȑȞȎȚȚțȩȗ ȚȜȒȡșȪ Ȗ ȝȞȜȐȓȞȖȠȪ țȎ ȠȓȟȠȜȐȩȣ 
ȝȞȖȚȓȞȎȣ.
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ǵȎȒȎȥȖ ȟȜ ȟșȡȥȎȗțȩȚȖ ȐȣȜȒțȩȚȖ 
ȒȎțțȩȚȖ

3

Рɢɫɭɧɨɤ 1 - Ɂɚɞɚɱɢ ɫɨ ɫɥɭɱɚɣɧыɦɢ ɜɯɨɞɧыɦɢ ɞɚɧɧыɦɢ

ǽȞȖȚȓȞ ȕȎȒȎȥȖ ȟȜ ȟșȡȥȎȗțȩȚȖ 
ȐȣȜȒțȩȚȖ ȒȎțțȩȚȖ


4



 
 

99 

ǰȓȞȜȭȠțȜȟȠțȩȓ ȞȎȟȦȖȞȓțȖȭ



7

ǼȟțȜȐțȎȭ ȠȓȜȞȓȚȎ ȐȓȞȜȭȠțȜȟȠțȩȣ 
ȞȎȟȦȖȞȓțȖȗ


8
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ǲȓȞȓȐȜ ȝȎȞȎșșȓșȪțȜȗ ȞȓȘȡȞȟȖȖ9

ǾȖȟȡțȜȘ 2 - ǲȓȞȓȐȜ ȝȎȞȎșșȓșȪțȜȗ ȞȓȘȡȞȟȖȖ 

ǼȏȧȎȭ ȟȣȓȚȎ ȚȜȒȡșȭ
ǼȟțȜȐțȩȓ ȏșȜȘȖ:

 ǯ1 – ǽȜȟȠȞȜȓțȖȓ ȘȡȟȜȥțȜ-

ȝȜșȖțȜȚȖȎșȪțȜȗ ȚȜȒȓșȖ.

 ǯ2 – ǽȜȟȠȞȜȓțȖȓ ȐȓȞȜȭȠțȜȟȠțȩȣ 
ȞȎȟȦȖȞȓțȖȗ.

 ǯ3 – ǼȞȑȎțȖȕȎȤȖȭ Ȗ ȐȩȥȖȟșȓțȖȭ 
ȞȓȘȡȞȟȖȗ.

 ǯ4 – ǮțȎșȖȕ ȞȓȕȡșȪȠȎȠȜȐ.

 ǯ5 – ǯșȜȘ ȐȖȕȡȎșȖȕȎȤȖȖ ȚȜȒȡșȭ.

ǲȜȝȜșțȖȠȓșȪțȩȓ ȏșȜȘȖ:

 Т1 – Рɚɫɩɪɟɞɟɥɟɧɢɟ ɂɪɜɢɧɚ-Хɨɥɥɚ.

 Т2 – Чɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ. 
Кɜɚɞɪɚɬɭɪɧыɟ ɮɨɪɦɭɥы.

 Т3 – Вɟɪɨяɬɧɨɫɬɧɚя ɚɪɢɮɦɟɬɢɤɚ.

10

Рɢɫɭɧɨɤ 3 - ǼȏȧȎȭ ȟȣȓȚȎ ȚȜȒȡșȭ

ǽȞȖȚȓȞ 1


11
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ǽȞȖȚȓȞ 2. ǾȎȟȥȓȠ NPV Ȗ IRR

ǱȜȒ 0 ǱȜȒ 1 ǱȜȒ 2 ǱȜȒ 3  

ȄȓțȎ ȡȝȎȘȜȐȘȖ $6,00 $6,05 $6,10  

КȜșȖȥȓȟȠȐȜ ȝȞȜȒȎțțȩȣ, ȦȠ. 802000 967000 1132000  

ǰȩȞȡȥȘȎ $4 812 000 $5 850 350 $6 905 200  

ǿȓȏȓȟȠȜȖȚȜȟȠȪ $2 646 600 $3 217 693 $3 797 860  

ǰȎșȜȐȎя ȝȞȖȏȩșȪ $2 165 400 $2 632 658 $3 107 340  

ǼȝȓȞȎȤȖȜțțȩȓ ȖȕȒȓȞȔȘȖ $324 810 $394 899 $466 101  

ȅȖȟȠȩȗ ȒȜȣȜȒ ȒȜ țȎșȜȑȜȐ $1 840 590 $2 237 759 $2 641 239  

ǻȎșȜȑȖ $588 989 $716 083 $845 196  

ǿȠȎȞȠȜȐȩȓ ȖțȐȓȟȠȖȤȖȖ –$3 400 000 

ȅȖȟȠȩȗ ȒȜȣȜȒ –$3 400 000 $1 251 601 $1 521 676 $1 796 043  

14

Тɚɛɥɢɰɚ 1 – ɂɫɯɨɞɧыɟ ɞȎțțȩȓ ȝȞȖȚȓȞȎ
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