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ɊȿɎȿɊȺɌ 

 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɢ ɚɥɝɨɪɢɬɦɵ 

ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɞɥɹ ɫɟɬɢ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ» ɫɨɞɟɪɠɢɬ 112 ɫɬɪɚɧɢɰ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 41 ɬɚɛɥɢɰ, 27 ɪɢɫɭɧɤɨɜ, 89 ɮɨɪɦɭɥ, 35 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ. 

ɄɅɘɑȿȼɕȿ ɋɅɈȼȺ: ɌȿɆɉȿɊȺɌɍɊɇɕɃ ɄɈɇɌɊɈɅɖ, 

ɂɁɆȿɊɂɌȿɅɖɇȺə ɋɏȿɆȺ, ɎɂɁɂɄɈ-ɆȺɌȿɆȺɌɂɑȿɋɄȺə ɆɈȾȿɅɖ, 

ɊȺȾɂɈɗɅȿɄɌɊɈɇɇȺə ȺɉɉȺɊȺɌɍɊȺ, ɌȿɊɆɈɊȿɁɂɋɌɈɊ,  ȺȽɊȿɋɋɂȼɇȺə 

ɋɊȿȾȺ, ɄɈɋɆɂɑȿɋɄɂɃ ȺɉɉȺɊȺɌ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɩɨɜɵɲɟɧɢɢ ɬɨɱɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɤɨɧɬɪɨɥɹ ɛɨɪɬɨɜɨɣ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɢ ɞɚɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

- ɪɚɡɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɱɢɫɥɟɧɧɨɝɨ ɦɟɬɨɞɚ ɚɧɚɥɢɡɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 

ɞɚɧɧɵɯ ɫ ɩɥёɧɨɱɧɵɯ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ ɷɥɟɤɬɪɨɧɧɵɯ ɩɥɚɬ; 

- ɪɚɡɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɚ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɧɨɣ ɫɟɬɢ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 

ɩɪɨɜɨɞɨɜ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɱɢɫɥɟɧɧɵɟ 

ɦɟɬɨɞɵ, ɦɟɬɨɞɵ ɷɥɟɤɬɪɨɬɟɯɧɢɤɢ, ɮɢɡɢɤɢ, ɪɚɞɢɨɷɥɟɤɬɪɨɧɢɤɢ, ɭɪɚɜɧɟɧɢɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ, ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ,  ɞɚɧɧɵɟ ɢɡ ɦɟɬɨɞɨɜ ɨɩɬɢɦɢɡɚɰɢɢ, 

ɦɚɬɟɦɚɬɢɤɨ-ɮɢɡɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

ɇɨɜɢɡɧɚ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɨɦ ɜɡɝɥɹɞɟ ɧɚ ɫɩɨɫɨɛɵ 

ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦ ɧɚ ɫɨɡɞɚɧɢɢ 

ɚɥɝɨɪɢɬɦɨɜ ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɧɬɪɨɥɹ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ 

ɚɩɩɚɪɚɬɭɪɵ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɨɧɤɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɨɜɨɞɧɢɤɨɜ 

ɞɥɹ ɪɚɫɱёɬɚ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɢ ɢɡɦɟɪɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɧɟɛɨɥɶɲɨɦ 

ɤɨɥɢɱɟɫɬɜɟ ɩɪɨɜɨɞɨɜ ɫ ɦɢɧɢɦɢɡɚɰɢɟɣ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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ȼȼȿȾȿɇɂȿ 

 

ɋ ɞɪɟɜɧɟɣɲɢɯ ɜɪɟɦёɧ ɱɟɥɨɜɟɤ ɢɡɭɱɚɥ ɨɤɪɭɠɚɸɳɢɣ ɟɝɨ ɦɢɪ. ȼ ɧɚɱɚɥɟ ɷɬɨ 

ɛɵɥɢ ɥɢɲɶ ɨɤɪɟɫɬɧɵɟ ɥɟɫɚ ɢ ɝɨɪɵ, ɩɨɥɹ ɢ ɪɟɤɢ, ɧɨ ɱɟɦ ɛɨɥɶɲɟ ɨɧ ɭɡɧɚɜɚɥ, ɬɟɦ 

ɫɢɥɶɧɟɟ ɫɬɚɧɨɜɢɥɚɫɶ ɟɝɨ «ɠɚɠɞɚ» ɩɨɡɧɚɧɢɹ. Ⱦɥɹ ɭɬɨɥɟɧɢɹ ɷɬɨɣ «ɠɚɠɞɵ» ɥɸɞɢ 

ɩɨɤɢɞɚɥɢ ɫɜɨɢ ɞɨɦɚ ɢ ɨɬɩɪɚɜɥɹɥɢɫɶ ɧɚ ɩɨɢɫɤɢ ɨɬɜɟɬɨɜ ɧɚ ɫɜɨɢ ɜɨɩɪɨɫɵ. ȼ ɤɨɧɰɟ 

ɤɨɧɰɨɜ ɜɟɫɶ ɞɨɫɬɭɩɧɵɣ ɧɚ ɬɨɬ ɦɨɦɟɧɬ ɦɢɪ ɛɵɥ ɩɨɥɧɨɫɬɶɸ ɢɫɫɥɟɞɨɜɚɧ, ɢ ɩɟɪɟɞ 

ɱɟɥɨɜɟɤɨɦ ɜɫɬɚɥɨ ɜɟɥɢɱɚɣɲɟɟ ɩɪɟɩɹɬɫɬɜɢɟ – ɨɤɟɚɧ. ɇɨ ɪɚɡɜɟ ɧɚɫɬɨɹɳɟɝɨ 

ɢɫɫɥɟɞɨɜɚɬɟɥɹ ɦɨɠɟɬ ɨɫɬɚɧɨɜɢɬɶ ɤɚɤɚɹ-ɬɨ ɩɪɟɝɪɚɞɚ? ɗɧɬɭɡɢɚɫɬɵ ɫɬɪɨɢɥɢ 

ɤɨɪɚɛɥɢ ɢ ɨɬɩɪɚɜɥɹɥɢɫɶ ɩɨɤɨɪɹɬɶ ɦɨɪɫɤɭɸ ɝɥɚɞɶ. Ɍɚɤ ɜ ɤɨɧɰɟ XV ɜɟɤɚ ɛɵɥɚ 

ɨɬɤɪɵɬɚ Ⱥɦɟɪɢɤɚ, ɚ ɜɫɟɝɨ ɱɟɪɟɡ 30 ɥɟɬ ɫɨɜɟɪɲɟɧɨ ɩɟɪɜɨɟ ɤɪɭɝɨɫɜɟɬɧɨɟ 

ɩɭɬɟɲɟɫɬɜɢɟ. ȼ 1605 ɝɨɞɭ ɨɬɤɪɵɥɢ Ⱥɜɫɬɪɚɥɢɸ, ɚ ɜ 1820 – Ⱥɧɬɚɪɤɬɢɞɭ. ȼ ɢɬɨɝɟ 

ɧɚ ɧɚɲɟɣ ɩɥɚɧɟɬɟ ɧɟ ɨɫɬɚɥɨɫɶ ɬɚɤɨɝɨ ɦɟɫɬɚ, ɝɞɟ ɛɵ ɧɟ ɫɬɭɩɚɥɚ ɧɨɝɚ ɱɟɥɨɜɟɤɚ. «ɇɨ 

ɧɟɭɠɟɥɢ ɷɬɨ ɤɨɧɟɰ? ɂ ɜɫё, ɱɬɨ ɦɨɠɧɨ ɢɫɫɥɟɞɨɜɚɬɶ, ɭɠɟ ɨɬɤɪɵɬɨ ɢ ɢɡɭɱɟɧɨ?» - 

ɩɨɞɭɦɚɥ ɱɟɥɨɜɟɤ, ɚ ɩɨɬɨɦ ɩɨɞɧɹɥ ɜɡɝɥɹɞ ɜ ɧɨɱɧɨɟ ɧɟɛɨ. Ʉɨɫɦɨɫ... Ȼɟɫɤɨɧɟɱɧɵɣ 

ɤɥɚɞɟɡɶ ɬɚɣɧ, ɤɨɬɨɪɵɟ ɬɨɥɶɤɨ ɢ ɠɞɭɬ ɬɨɝɨ, ɱɬɨɛɵ ɢɯ ɪɚɡɝɚɞɚɥɢ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɨɫɦɢɱɟɫɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ 

ɡɚɞɚɱ ɫɨɜɪɟɦɟɧɧɨɝɨ ɨɛɳɟɫɬɜɚ. ɇɨ ɞɥɹ ɭɫɩɟɲɧɨɝɨ ɨɫɜɨɟɧɢɹ ɨɤɨɥɨɡɟɦɧɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɱɟɥɨɜɟɱɟɫɬɜɭ ɧɟɨɛɯɨɞɢɦɵ ɧɚɞёɠɧɵɟ ɢ ɞɨɥɝɨɜɟɱɧɵɟ ɤɨɫɦɢɱɟɫɤɢɟ 

ɚɩɩɚɪɚɬɵ (ɄȺ). ɉɨɞɞɟɪɠɚɧɢɟ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɬɪɟɛɭɟɦɨɦ ɭɪɨɜɧɟ – ɷɬɨ 

ɜɚɠɧɟɣɲɚɹ ɢɧɠɟɧɟɪɧɚɹ, ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɢ ɧɚɭɱɧɚɹ ɡɚɞɚɱɚ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ 

ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɫɢɫɬɟɦɧɨɦ ɩɨɞɯɨɞɟ, ɩɪɢɦɟɧɹɟɦɨɦ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɛɨɪɬɨɜɨɣ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ (ɊɗȺ). 

Ɉɛɟɫɩɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɫɪɨɤɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɄȺ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ 

ɪɟɚɥɢɡɚɰɢɢ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɛɨɪɬɨɜɨɣ ɊɗȺ ɩɪɟɞɟɥɶɧɨ 

ɞɨɫɬɢɠɢɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞёɠɧɨɫɬɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɢ 

ɫɪɟɞɫɬɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɢɫɩɵɬɚɧɢɣ ɧɚ ɷɬɚɩɟ ɧɚɡɟɦɧɨɣ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɬɪɚɛɨɬɤɢ, ɚ ɬɚɤɠɟ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ 

ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɩɪɚɜɢɥɶɧɨɦɭ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɸ ɢɥɢ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɦɭ 

ɨɬɤɚɡɭ ɛɨɪɬɨɜɨɣ ɊɗȺ ɧɚ ɷɬɚɩɟ ɚɤɬɢɜɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɄȺ, ɩɨɦɨɝɚɸɬ ɞɨɫɬɢɱɶ 



6 

 

ɬɚɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. ɋɭɬɶ ɷɬɢɯ ɦɟɬɨɞɨɜ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɢ ɩɨɦɨɳɢ ɮɢɡɢɤɨ-

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɄȺ ɜ ɧɚɡɟɦɧɵɯ 

ɥɚɛɨɪɚɬɨɪɢɹɯ.  

Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɜɪɟɦɹ ɢ ɦɧɨɝɨɥɟɬɧɢɣ ɨɩɵɬ ɢɧɠɟɧɟɪɨɜ ɤɨɫɦɢɱɟɫɤɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ 

ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɟɝɨ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɢ 

ɧɚɞёɠɧɨɫɬɶ. ɋɨɜɪɟɦɟɧɧɚɹ ɛɨɪɬɨɜɚɹ ɊɗȺ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɚɹ ɧɚ ɛɨɪɬɭ ɤɨɫɦɢɱɟɫɤɢɯ 

ɤɨɪɚɛɥɟɣ ɢ ɫɩɭɬɧɢɤɨɜ, ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɬɨɥɶɤɨ ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 

ɞɢɚɩɚɡɨɧɟ. Ʉ ɛɨɥɶɲɢɧɫɬɜɭ ɨɬɤɚɡɨɜ ɊɗȺ ɩɪɢɜɨɞɹɬ ɪɚɡɥɢɱɧɵɟ ɬɟɪɦɢɱɟɫɤɢɟ 

ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɟ ɬɚɤɢɟ ɤɚɤ: 

- ɩɪɹɦɨɟ ɫɨɥɧɟɱɧɨɟ ɢɡɥɭɱɟɧɢɟ; 

- ɨɬɪɚɠёɧɧɨɟ ɫɨɥɧɟɱɧɨɟ ɢɡɥɭɱɟɧɢɟ ɨɬ ɩɥɚɧɟɬɵ; 

- ɫɨɛɫɬɜɟɧɧɨɟ ɢɡɥɭɱɟɧɢɟ ɩɥɚɧɟɬɵ; 

- ɫɬɨɥɤɧɨɜɟɧɢɟ ɄȺ ɫ ɦɨɥɟɤɭɥɚɦɢ ɝɚɡɚ ɜ ɜɟɪɯɧɢɯ ɫɥɨɹɯ ɚɬɦɨɫɮɟɪɵ; 

- ɪɟɡɤɨɟ ɩɚɞɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɄȺ, ɫɜɹɡɚɧɧɨɟ ɫ ɟɝɨ ɡɚɯɨɞɨɦ ɜ ɬɟɧɶ ɩɥɚɧɟɬɵ; 

- ɫɨɛɫɬɜɟɧɧɨɟ ɧɚɝɪɟɜɚɧɢɟ ɜɧɭɬɪɟɧɧɢɯ ɢɫɬɨɱɧɢɤɨɜ ɛɨɪɬɨɜɨɣ ɊɗȺ ɄȺ: 

ɩɪɢɛɨɪɨɜ, ɚɝɪɟɝɚɬɨɜ, ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ. 

ɑɚɳɟ ɜɫɟɝɨ ɨɬɤɚɡɵ ɊɗȺ, ɜɵɡɜɚɧɧɵɟ ɨɬɤɥɨɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 

ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ, ɩɪɢɜɨɞɹɬ ɤ ɢɡɦɟɧɟɧɢɸ ɪɚɡɥɢɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɧɢɠɟɧɢɸ ɪɟɫɭɪɫɚ ɚɩɩɚɪɚɬɭɪɵ ɢ ɪɚɡɥɢɱɧɵɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ 

ɧɚɪɭɲɟɧɢɹɦ. ɉɨɷɬɨɦɭ ɨɫɨɛɟɧɧɨ ɩɪɢɫɬɚɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɨɩɟɪɚɬɢɜɧɨɦɭ 

ɤɨɧɬɪɨɥɸ ɬɟɩɥɨɜɵɯ ɪɟɠɢɦɨɜ ɊɗȺ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɢɡɭɚɥɶɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɧɬɪɨɥɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɚɤɬɧɵɦɢ ɞɚɬɱɢɤɚɦɢ, ɤɨɬɨɪɵɟ 

ɪɚɡɦɟɳɚɸɬ ɧɚ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɦ ɢɡɞɟɥɢɢ ɢɥɢ ɩɟɱɚɬɧɨɣ ɩɥɚɬɟ. Ɍɚɤɢɦɢ 

ɞɚɬɱɢɤɚɦɢ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɬɟɪɦɨɪɟɡɢɫɬɨɪɵ, ɬɟɪɦɨɩɚɪɵ, ɞɟɬɟɤɬɨɪɵ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɪɚɡɥɢɱɧɵɟ ɪɟɡɢɫɬɢɜɧɨ-ɞɢɨɞɧɵɟ ɫɬɪɭɤɬɭɪɵ. ɇɨ 

ɬɪɭɞɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɬɱɢɤɨɜ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɥɸɛɨɣ ɞɚɬɱɢɤ ɬɪɟɛɭɟɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ (ɢɫɬɨɱɧɢɤɢ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɭɩɪɚɜɥɹɸɳɢɟ 

ɷɥɟɦɟɧɬɵ, ɩɨɬɪɟɛɢɬɟɥɢ), ɚ ɬɚɤɠɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ 
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ɩɪɨɜɨɞɧɢɤɨɜ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɫɥɨɠɧɟɧɢɸ ɫɯɟɦɵ ɤɨɧɬɪɨɥɹ ɜɫɟɝɨ ɤɪɢɬɢɱɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɉɨɱɬɢ ɜɫɟ ɢɡɜɟɫɬɧɵɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɯ ɞɟɧɶ ɜɢɞɵ ɄȺ ɫɨɞɟɪɠɚɬ ɫɩɟɰɢɚɥɶɧɵɟ 

ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢɥɢ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɹ, ɜɟɫ ɤɨɬɨɪɵɯ ɦɨɠɟɬ 

ɞɨɫɬɢɝɚɬɶ ɞɨ 30% ɜɟɫɚ ɚɩɩɚɪɚɬɚ. ȼɵɜɨɞ ɧɚ ɨɪɛɢɬɭ ɩɥɚɧɟɬɵ ɤɚɠɞɨɝɨ ɤɢɥɨɝɪɚɦɦɚ 

ɝɪɭɡɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɨɝɪɨɦɧɵɦɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɡɚɬɪɚɬɚɦɢ. ɋɧɢɠɟɧɢɟ ɜɟɫɚ 

ɬɟɪɦɨɪɟɝɭɥɢɪɭɸɳɢɯ ɫɢɫɬɟɦ ɢ ɩɨɜɵɲɟɧɢɟ ɧɚɞёɠɧɨɫɬɢ ɢɯ ɪɚɛɨɬɵ ɩɪɢ ɩɨɦɨɳɢ 

ɨɩɟɪɚɬɢɜɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɧɬɪɨɥɹ ɪɚɞɢɨɚɩɩɚɪɚɬɭɪɵ, ɚ ɜ ɱɚɫɬɧɨɫɬɢ 

ɨɛɧɚɪɭɠɟɧɢɟ ɩɟɪɟɝɪɟɜɚ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɛɨɪɬɨɜɨɣ ɊɗȺ ɹɜɥɹɟɬɫɹ 

ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. Ɋɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ ɡɚɬɪɭɞɧɹɟɬɫɹ ɧɟɜɨɡɦɨɠɧɨɫɬɶɸ 

ɩɪɹɦɨɝɨ ɜɢɡɭɚɥɶɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɩɥɨɜɢɡɢɨɧɧɵɯ ɩɪɢɛɨɪɨɜ. 

Ɋɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɜɨɡɪɚɫɬɚɸɳɟɝɨ ɢɧɬɟɪɟɫɚ ɤ ɩɪɨɛɥɟɦɚɦ 

ɬɟɩɥɨɜɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ ɄȺ ɢ ɫɪɟɞɫɬɜɚɦ ɟё ɨɛɟɫɩɟɱɟɧɢɹ. 

ɀёɫɬɤɢɟ ɜɟɫɨɜɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɢɜɨɞɹɬ ɤ ɬɨɦɭ, ɱɬɨ ɤɨɧɫɬɪɭɤɬɨɪɚɦ 

ɩɪɢɯɨɞɢɬɫɹ ɫɨɡɞɚɜɚɬɶ ɬɟɪɦɨɪɟɝɭɥɢɪɭɸɳɢɟ ɫɢɫɬɟɦɵ ɛɟɡ ɯɥɚɞɨ- ɢɥɢ 

ɬɟɪɦɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɡɚɩɚɫɨɜ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɫɚɦɵɟ 

ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ ɨɲɢɛɤɢ ɜ ɬɟɩɥɨɜɵɯ ɪɚɫɱёɬɚɯ ɜɵɡɵɜɚɸɬ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ 

ɬɟɩɥɨɜɵɟ ɪɟɠɢɦɵ ɄȺ ɧɟ ɛɭɞɭɬ ɜɵɞɟɪɠɚɧɵ ɜ ɬɪɟɛɭɟɦɵɯ ɩɪɟɞɟɥɚɯ. ɑɚɳɟ ɜɫɟɝɨ 

ɤɨɧɫɬɪɭɤɰɢɹ ɄȺ ɹɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɨɣ ɞɥɹ ɬɨɱɧɨɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɫɱёɬɚ 

ɬɟɩɥɨɜɵɯ ɪɟɠɢɦɨɜ. Ɍɨɝɞɚ ɞɥɹ ɩɪɨɜɟɪɤɢ ɪɚɫɱёɬɨɜ ɢ ɢɯ ɭɬɨɱɧɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɵ. 

Ɉɞɧɨ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɨɧɤɢɯ ɩɪɨɬɹɠɧɵɯ 

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɨɜɨɞɧɢɤɨɜ ɢɥɢ ɩɪɨɜɨɞɧɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɫɩɟɰɢɚɥɶɧɵɯ ɫɩɥɚɜɨɜ ɫ 

ɨɩɪɟɞɟɥёɧɧɵɦ ɥɨɤɚɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ, ɤɨɬɨɪɨɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ 

ɥɨɤɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɪɭɝɢɦ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɹɜɥɹɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɯɟɦ, ɫɨɞɟɪɠɚɳɢɯ ɜɢɪɬɭɚɥɶɧɵɟ ɩɟɪɟɤɥɸɱɚɬɟɥɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ 

ɞɢɨɞɧɵɦɢ ɫɬɪɭɤɬɭɪɚɦɢ. ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɪɟɚɥɢɹɯ ɞɚɬɱɢɤɢ ɜ ɫɟɬɟɜɨɦ ɢɫɩɨɥɧɟɧɢɢ 

ɨɬɥɢɱɚɸɬɫɹ ɫɥɨɠɧɨɣ ɬɟɯɧɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɟɣ, ɢɥɢ ɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 

ɧɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɡɚɞɚɧɧɭɸ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ.  
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ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɤɨɧɬɪɨɥɹ ɛɨɪɬɨɜɨɣ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɢ ɞɚɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

- ɪɚɡɪɚɛɨɬɚɬɶ ɢ ɢɫɫɥɟɞɨɜɚɬɶ ɱɢɫɥɟɧɧɵɣ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 

ɞɚɧɧɵɯ ɫ ɩɥёɧɨɱɧɵɯ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ ɷɥɟɤɬɪɨɧɧɵɯ ɩɥɚɬ; 

- ɪɚɡɪɚɛɨɬɚɬɶ ɢ ɢɫɫɥɟɞɨɜɚɬɶ ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɧɨɣ ɫɟɬɢ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 

ɩɪɨɜɨɞɨɜ.  

ɇɨɜɢɡɧɚ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɨɦ ɜɡɝɥɹɞɟ ɧɚ ɫɩɨɫɨɛɵ 

ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦ ɧɚ ɫɨɡɞɚɧɢɢ 

ɚɥɝɨɪɢɬɦɨɜ ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɧɬɪɨɥɹ ɊɗȺ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɨɧɤɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɨɜɨɞɧɢɤɨɜ ɞɥɹ ɪɚɫɱёɬɚ ɬɟɩɥɨɜɨɝɨ 

ɛɚɥɚɧɫɚ ɢ ɢɡɦɟɪɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɧɟɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɩɪɨɜɨɞɨɜ ɫ 

ɦɢɧɢɦɢɡɚɰɢɟɣ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɩɪɢɧɢɦɚɸɬɫɹ ɩɨɩɵɬɤɢ ɫɨɡɞɚɧɢɹ ɷɮɮɟɤɬɢɜɧɵɯ 

ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɟɬɟɣ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɚɬɱɢɤɨɜ ɞɥɹ ɛɨɪɬɨɜɨɣ ɊɗȺ ɄȺ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɧɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɜɨɞɧɢɤɨɜ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɥɚɞɚɸɳɢɯ ɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɤɨɧɬɪɨɥɹ ɩɪɢ ɩɨɦɨɳɢ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɫɯɟɦ ɫɨɟɞɢɧɟɧɢɹ ɢ ɚɥɝɨɪɢɬɦɨɜ 

ɨɛɪɚɛɨɬɤɢ ɢɡɦɟɪɟɧɢɣ.   
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1 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɥɹ ɬɟɪɦɨɪɟɡɢɫɬɨɪɧɨɣ ɫɟɬɢ ɢɡɦɟɪɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ 

 

1.1 ȼɨɡɞɟɣɫɬɜɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɧɚ ɤɨɫɦɢɱɟɫɤɢɟ ɚɩɩɚɪɚɬɵ 

 

1.1.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɤɨɫɦɨɫɟ 

 

ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɟ ɩɨɞ ɤɨɫɦɨɫɨɦ ɩɨɧɢɦɚɸɬ ɛɟɫɤɨɧɟɱɧɭɸ ɜɨ ɜɪɟɦɟɧɢ ɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ȼɫɟɥɟɧɧɭɸ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɫɨɤɨɬɨɱɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɬɟɥɟɫɤɨɩɨɜ 

ɩɨɡɜɨɥɹɟɬ ɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5 ɦɥɪɞ. 

ɫɜɟɬɨɜɵɯ ɥɟɬ ɨɬ Ɂɟɦɥɢ (ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 5∙1021 ɤɦ), ɚ ɫ ɢɡɨɛɪɟɬɟɧɢɟɦ 

ɪɚɞɢɨɬɟɥɟɫɤɨɩɨɜ ɷɬɨ ɪɚɫɫɬɨɹɧɢɟ ɭɜɟɥɢɱɢɥɨɫɶ ɜ ɞɜɚ ɪɚɡɚ. ɇɢɠɧɟɣ ɝɪɚɧɢɰɟɣ 

ɤɨɫɦɨɫɚ ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ 100 ɤɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ, ɫɬɨɢɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ 

ɡɟɦɧɚɹ ɚɬɦɨɫɮɟɪɚ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɫɮɟɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ 

ɧɚ ɜɵɫɨɬɟ 70 ɤɦ (ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 70 ɢ 100 ɤɦ ɧɚɡɵɜɚɟɬɫɹ ɩɟɪɟɯɨɞɧɨɣ 

ɨɛɥɚɫɬɶɸ). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɨɫɦɢɱɟɫɤɢɦ ɩɨɥёɬɨɦ, ɢɥɢ ɞɜɢɠɟɧɢɟɦ ɜ 

ɤɨɫɦɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɧɚɡɵɜɚɟɬɫɹ ɞɜɢɠɟɧɢɟ ɨɛɴɟɤɬɚ, ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɧɚ ɜɵɫɨɬɚɯ ɛɨɥɟɟ 100 ɤɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɲɟɣ ɩɥɚɧɟɬɵ (ɞɥɹ 

ɞɪɭɝɢɯ ɤɨɫɦɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɷɬɨ ɡɧɚɱɟɧɢɟ ɦɨɠɟɬ ɢɡɦɟɧɹɬɫɹ, ɬɚɤ ɤɚɤ ɨɧɨ ɡɚɜɢɫɢɬ 

ɨɬ ɦɧɨɝɢɯ ɩɚɪɚɦɟɬɪɨɜ: ɟɝɨ ɞɢɚɦɟɬɪɨɜ, ɧɚɥɢɱɢɢ ɚɬɦɨɫɮɟɪɵ, ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ ɢ 

ɞɪ.). ɇɚɛɥɸɞɚɟɦɚɹ ɱɚɫɬɶ ȼɫɟɥɟɧɧɨɣ ɩɨɡɜɨɥɹɟɬ ɭɱёɧɵɦ ɢɫɫɥɟɞɨɜɚɬɶ 

ɦɧɨɝɨɨɛɪɚɡɢɟ ɩɪɨɰɟɫɫɨɜ ɢ ɹɜɥɟɧɢɣ, ɩɪɨɬɟɤɚɸɳɢɯ ɜɨ ȼɫɟɥɟɧɧɨɣ. 

ɋɭɳɟɫɬɜɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɩɨɥɟɣ ɜ ɤɨɫɦɨɫɟ: ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ, 

ɦɚɝɧɢɬɧɵɯ, ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ; - ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɵɣ ɮɚɤɬ. Ⱦɟɣɫɬɜɢɹ ɷɬɢɯ ɩɨɥɟɣ 

ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɜ ɋɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɟ. Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɝɢɩɨɬɟɡɵ ɨ 

ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɨɛɪɚɡɨɜɚɧɢɹɯ – ɝɟɨɧɚɯ ɢ ɝɪɚɜɢɬɨɧɚɯ (ɤɜɚɧɬɚɯ 

ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ) [1]. Ʉ ɫɨɠɚɥɟɧɢɸ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɪɚɡɜɢɬɢɹ ɧɟɜɨɡɦɨɠɧɨ ɩɨɥɧɨɫɬɶɸ ɩɨɞɬɜɟɪɞɢɬɶ ɢɥɢ ɨɩɪɨɜɟɪɝɧɭɬɶ ɞɚɧɧɵɟ 

ɝɢɩɨɬɟɡɵ. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɫɬɚɧɨɜɥɟɧɨ ɧɚɥɢɱɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɭ ɡɜёɡɞ. Ɍɚɤ, ɭ 

ɋɨɥɧɰɚ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɩɪɹɠёɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɭ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɨɥɧɟɱɧɵɯ ɩɹɬɟɧ ɢ ɪɚɜɧɹɟɬɫɹ ɨɬ 4 ɞɨ 24∙105 Ⱥ/ɦ, ɚ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 

ɧɚɩɪɹɠёɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɋɨɥɧɰɚ – ɫɨɫɬɚɜɥɹɟɬ 4∙103 Ⱥ/ɦ. 

Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɦɚɝɧɢɬɨɩɟɪɟɦɟɧɧɵɟ ɡɜёɡɞɵ, ɹɪɤɢɦ ɢɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɦ 

ɹɜɥɹɟɬɫɹ ɡɜɟɡɞɚ ߙଶ ɫɨɡɜɟɡɞɢɹ Ƚɨɧɱɢɯ ɉɫɨɜ, ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɤɨɬɨɪɨɣ ɦɟɧɹɟɬɫɹ ɜ 

ɬɟɱɟɧɢɢ 4-5 ɡɟɦɧɵɯ ɫɭɬɨɤ ɨɬ +4∙105 ɞɨ -4∙105 Ⱥ/ɦ [2]. 

Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ Ƚɚɥɚɤɬɢɤɢ Ɇɥɟɱɧɨɣ ɉɭɬɶ ɢɦɟɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ 

ɜɟɥɢɱɢɧɭ (ɜɫɟɝɨ ɧɟɫɤɨɥɶɤɨ Ⱥ/ɦ); ɨɧɨ ɧɚɩɪɚɜɥɟɧɨ ɜɞɨɥɶ ɝɚɥɚɤɬɢɱɟɫɤɢɯ ɪɭɤɚɜɨɜ, 

ɢɦɟɸɳɢɯ ɩɪɨɬɹɠёɧɧɨɫɬɶ ɧɟɫɤɨɥɶɤɨ ɬɵɫɹɱ ɫɜɟɬɨɜɵɯ ɥɟɬ. ɇɟ ɫɦɨɬɪɹ ɧɚ 

ɧɟɛɨɥɶɲɭɸ ɜɟɥɢɱɢɧɭ ɭɱёɧɵɟ ɫɱɢɬɚɸɬ, ɱɬɨ ɨɧɨ ɫɵɝɪɚɥɨ ɛɨɥɶɲɭɸ ɪɨɥɶ ɜ 

ɤɨɧɮɢɝɭɪɚɰɢɢ ɢ ɷɜɨɥɸɰɢɢ Ƚɚɥɚɤɬɢɤɢ. 

Ɋɭɫɫɤɢɟ ɭɱёɧɵɟ Ȼ. ɉɨɧɬɟɤɨɪɜɨ ɢ ə. ɋɦɨɪɨɞɢɧɫɤɢɣ ɜɵɫɤɚɡɚɥɢ ɝɢɩɨɬɟɡɭ ɨ 

ɩɪɟɨɛɥɚɞɚɧɢɢ ɧɟɣɬɪɢɧɨ ɜɨ ȼɫɟɥɟɧɧɨɣ – ɫɚɦɨɣ ɩɪɨɧɢɤɚɸɳɟɣ ɱɚɫɬɢɰɵ. 

ȿɫɥɢ ɩɪɨɢɡɜɨɞɢɬɶ ɫɪɚɜɧɟɧɢɹ, ɬɨ ɧɚɲɚ Ƚɚɥɚɤɬɢɤɚ ɩɨɯɨɠɚ ɧɚ ɱɟɱɟɜɢɰɭ ɫ 

ɞɢɚɦɟɬɪɨɦ 100 ɢ ɬɨɥɳɢɧɨɣ ɜ ɰɟɧɬɪɟ 16 ɫɜɟɬɨɜɵɯ ɥɟɬ. Ɇɵ ɦɨɠɟɦ ɧɚɛɥɸɞɚɬɶ ɟё ɫ 

ɪɟɛɪɚ ɜ ɜɢɞɟ Ɇɥɟɱɧɨɝɨ ɉɭɬɢ. ȼ ɝɚɥɚɤɬɢɤɟ ɩɪɢɦɟɪɧɨ 150 ɦɢɥɥɢɚɪɞɨɜ ɡɜёɡɞ. ɇɚɲɚ 

ɡɜɟɡɞɚ – ɋɨɥɧɰɟ ɨɬɧɨɫɢɬɫɹ ɤ ɡɜёɡɞɚɦ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɤɥɚɫɫɚ G (ɠёɥɬɵɣ ɤɚɪɥɢɤ)[3]. 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɪɚɫɫɱɢɬɚɧɵ ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɧɟɛɟɫɧɵɯ ɬɟɥ ɜ 

ɤɨɫɦɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1.1.1. 

 

Ɍɚɛɥɢɰɚ 1.1.1.1 – Ɂɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɧɟɤɨɬɨɪɵɯ ɧɟɛɟɫɧɵɯ ɬɟɥ. 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ, ɤɦ/ɫ 

ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ (ɫɪɟɞɧɹɹ) Ɂɟɦɥɢ ɩɨ ɨɪɛɢɬɟ ɜɨɤɪɭɝ ɋɨɥɧɰɚ 29  
ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɋɨɥɧɰɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɜёɡɞ ɛɥɢɠɚɣɲɟɣ 
ɝɚɥɚɤɬɢɱɟɫɤɨɣ ɨɤɪɟɫɬɧɨɫɬɢ 

19  

ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɝɚɥɚɤɬɢɤɢ ɜ ɬɨɱɤɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɋɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɵ 250  
ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɚɥɚɤɬɢɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɮɨɧɚ ɪɟɥɢɤɬɨɜɨɝɨ 
ɢɡɥɭɱɟɧɢɹ 

160  

 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɫɫɬɨɹɧɢɣ ɜ ɤɨɫɦɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɫɩɨɥɶɡɭɸɬ 

ɧɟɫɤɨɥɶɤɨ ɟɞɢɧɢɰ.  ɋɚɦɨɣ ɦɚɥɟɧɶɤɨɣ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɚ.ɟ. – ɚɫɬɪɨɧɨɦɢɱɟɫɤɚɹ 

ɟɞɢɧɢɰɚ ɞɥɢɧɵ, ɪɚɜɧɚɹ ɫɪɟɞɧɟɦɭ ɪɚɫɫɬɨɹɧɢɸ ɨɬ Ɂɟɦɥɢ ɞɨ ɋɨɥɧɰɚ (ɷɬɭ ɟɞɢɧɢɰɭ 
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ɩɪɢɦɟɧɹɥɢ ɜ ɫɜɨɢɯ ɪɚɫɱёɬɚɯ ɬɚɤɢɟ ɢɡɜɟɫɬɧɵɟ ɚɫɬɪɨɧɨɦɵ ɤɚɤ ɂ.Ʉɟɩɥɟɪ ɢ 

ɇ.Ʉɨɩɟɪɧɢɤ). Ⱥɫɬɪɨɧɨɦɢɱɟɫɤɚɹ ɟɞɢɧɢɰɚ ɩɨɡɜɨɥɹɟɬ ɜɵɩɨɥɧɢɬɶ ɨɰɟɧɤɭ 

ɪɚɫɫɬɨɹɧɢɣ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ, ɠɚɥɶ ɱɬɨ ɷɬɨɝɨ ɧɟɥɶɡɹ ɫɤɚɡɚɬɶ ɨ ɫɚɦɨɣ ɟɞɢɧɢɰɵ 

ɢɡɦɟɪɟɧɢɹ (1.1.1.1): 

 ͳ ˃. ˈ. =  ͳͶͻ ͸ͲͲ ͲͲͲ ± ͵Ͳ ͲͲͲ ˍˏ                                                             ሺͳ.ͳ.ͳ.ͳሻ 
 

Ɍɨɱɧɨɫɬɶ ɤɨɬɨɪɨɣ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɰɟɥɟɣ ɤɨɫɦɨɧɚɜɬɢɤɢ ɞɨɥɠɧɚ ɛɵɬɶ 

ɭɜɟɥɢɱɟɧɚ ɞɨ 30 ɤɦ. ɇɚɪɹɞɭ ɫ ɚɫɬɪɨɧɨɦɢɱɟɫɤɨɣ ɟɞɢɧɢɰɟɣ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 

ɪɚɫɫɬɨɹɧɢɣ ɩɪɢɦɟɧɹɸɬ ɩɚɪɫɟɤɢ. 1 ɩɚɪɫɟɤ (ɩɤ) – ɷɬɨ ɪɚɫɫɬɨɹɧɢɟ ɨɬ Ɂɟɦɥɢ ɞɨ 

ɫɜɟɬɢɥɚ, ɤɨɬɨɪɨɟ ɨɛɥɚɞɚɟɬ ɝɨɞɢɱɧɵɦ ɩɚɪɚɥɚɤɫɨɦ ɜ 1 ɫɟɤɭɧɞɭ (ɭɝɨɥ, ɩɨɞ ɤɨɬɨɪɵɦ 

ɪɚɞɢɭɫ ɡɟɦɧɨɣ ɨɪɛɢɬɵ ɜɢɞɟɧ ɫɨ ɡɜɟɡɞɵ ɩɨɞ ɭɝɥɨɦ ɜ 1 ɫɟɤɭɧɞɭ). Ɂɧɚɱɟɧɢɟ ɩɚɪɫɟɤɚ 

ɜ ɪɚɡɧɵɯ ɟɞɢɧɢɰɚɯ ɢɡɦɟɪɟɧɢɹ ɪɚɫɫɬɨɹɧɢɹ ɩɪɢɜɟɞɟɧɨ ɜ (1.1.1.2). 

 ͳ ˒ˍ = ʹͲ͸ ʹ͸Ͷ,ͺ ˃. ˈ. = ͵,Ͳͺ͵͹ ∙ ͳͲଵଷ ˍˏ = ͵,ʹͷͻ ˔˅. ˎˈ˕                  ሺͳ.ͳ.ͳ.ʹሻ 
 

ɋɜɟɬɨɜɨɣ ɝɨɞ (ɫɜɟɬ.ɝɨɞ) – ɟɳё ɨɞɧɚ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɪɚɫɫɬɨɹɧɢɣ ɜ 

ɤɨɫɦɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɩɪɢɦɟɧɹɟɦɚɹ ɩɨɜɫɟɦɟɫɬɧɨ. 1 ɫɜɟɬɨɜɨɣ ɝɨɞ ɪɚɜɟɧ 

ɪɚɫɫɬɨɹɧɢɸ, ɤɨɬɨɪɨɟ ɩɪɟɨɞɨɥɟɟɬ ɫɜɟɬ ɡɚ 1 ɝɨɞ, ɟɫɥɢ ɧɚ ɟɝɨ ɩɭɬɢ ɧɟ ɜɫɬɪɟɬɢɬɫɹ 

ɩɪɟɩɹɬɫɬɜɢɣ. ȿɝɨ ɡɧɚɱɟɧɢɟ ɩɪɢɜɟɞɟɧɨ ɜ (1.1.1.3). 

 ͳ ˔˅ˈ˕. ˆˑˇ = ͻ,Ͷ͸Ͳ ∙ ͳͲଵଶ ˍˏ = Ͳ,͵Ͳ͸ͻ ˒ˍ = ͸͵ ʹͺͲ ˃. ˈ.                   ሺͳ.ͳ.ͳ.͵ሻ 
 

ȼ ɤɨɧɰɟ XVI ɧɚɱɚɥɟ XVII ɜɜ. ɩɪɨɢɡɨɲɥɚ ɪɟɜɨɥɸɰɢɹ ɜ ɚɫɬɪɨɧɨɦɢɢ. ȼ ɫɜɟɬ 

ɜɵɲɥɢ ɬɪɢ ɡɧɚɦɟɧɢɬɵɟ ɤɧɢɝɢ: ɜ 1543ɝ. «Ɉɛ ɨɛɪɚɳɟɧɢɢ ɧɟɛɟɫɧɵɯ ɫɮɟɪ» ɇɢɤɨɥɚɹ 

Ʉɨɩɟɪɧɢɤɚ; ɜ 1609ɝ. «Ɉ ɞɜɢɠɟɧɢɹɯ Ɇɚɪɫɚ» ɢ ɜ 1610ɝ. «Ɂɜёɡɞɧɵɣ ɜɟɫɬɧɢɤ» 

Ƚɚɥɢɥɟɨ Ƚɚɥɢɥɟɹ. Ɍɚɤɠɟ ɧɟɦɚɥɨɜɚɠɧɵɦ ɫɨɛɵɬɢɟɦ ɫɬɚɥɨ ɢɡɨɛɪɟɬɟɧɢɟ ɬɟɥɟɫɤɨɩɚ 

ɜ 1608 ɝ. ɦɚɫɬɟɪɨɦ ɩɨ ɢɡɝɨɬɨɜɥɟɧɢɸ ɨɱɤɨɜ Ƚɚɥɢɥɟɨ Ƚɚɥɢɥɟɟɦ. 

Ⱦɨ ɷɬɨɝɨ ɦɨɦɟɧɬɚ ɫɱɢɬɚɥɨɫɶ, ɱɬɨ ɫɢɫɬɟɦɚ ɨɩɢɫɚɧɢɹ ɦɢɪɚ ɉɬɨɥɟɦɟɹ ɢɫɬɢɧɧɨ 

ɜɟɪɧɚɹ. ɉɬɨɥɟɦɟɣ ɭɬɜɟɪɠɞɚɥ, ɱɬɨ Ɂɟɦɥɹ ɧɚɯɨɞɢɬɫɹ ɜ ɰɟɧɬɪɟ ȼɫɟɥɟɧɧɨɣ; ɧɟɛɟɫɧɵɟ 
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ɬɟɥɚ ɩɟɪɟɦɟɳɚɥɢɫɶ ɩɨ ɦɚɥɵɦ ɨɤɪɭɠɧɨɫɬɹɦ (ɷɩɢɰɢɤɥɚɦ), ɚ ɰɟɧɬɪ ɷɩɢɰɢɤɥɨɜ 

ɞɜɢɝɚɥɫɹ ɩɨ ɛɨɥɶɲɨɣ ɨɤɪɭɠɧɨɫɬɢ ɜɨɤɪɭɝ Ɂɟɦɥɢ. Ɉɞɧɚɤɨ ɜ ɷɬɨɣ ɤɚɪɬɢɧɟ ɦɢɪɚ ɛɵɥ 

ɨɞɢɧ ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɱёɬ: ɪɚɫɱёɬɵ ɩɨɤɚɡɵɜɚɥɢ, ɱɬɨ ɰɟɧɬɪ ɛɨɥɶɲɨɣ 

ɨɤɪɭɠɧɨɫɬɢ ɧɟ ɫɨɜɩɚɞɚɥ ɫ «ɰɟɧɬɪɨɦ ȼɫɟɥɟɧɧɨɣ» - Ɂɟɦɥёɣ (ɨɧ ɧɚɯɨɞɢɥɫɹ ɛɥɢɡɤɨ 

ɫ ɰɟɧɬɪɨɦ ɩɥɚɧɟɬɵ, ɧɨ ɨɧɢ ɧɟ ɫɨɜɩɚɞɚɥɢ). ɇ.Ʉɨɩɟɪɧɢɤ ɩɪɟɞɥɨɠɢɥ ɫɥɟɞɭɸɳɟɟ: 

ɋɨɥɧɰɟ ɛɵɥɨ ɩɨɦɟɳɟɧɨ ɜ ɰɟɧɬɪ ɫɢɫɬɟɦɵ, ɚ ɩɥɚɧɟɬɵ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɢɥɚɫɶ ɢ 

Ɂɟɦɥɹ - ɧɚ ɷɩɢɰɢɤɥɵ. ɋɥɟɞɭɸɳɢɣ ɲɚɝ ɜ ɫɬɚɧɨɜɥɟɧɢɢ ɚɫɬɪɨɧɨɦɢɢ ɫɞɟɥɚɥ 

ɂ.Ʉɟɩɥɟɪ. 

ɂɫɩɨɥɶɡɭɹ ɧɚɪɚɛɨɬɤɢ ɞɚɬɫɤɨɝɨ ɚɫɬɪɨɧɨɦɚ Ɍɢɯɨ Ȼɪɚɝɟ, ɤɨɬɨɪɵɣ ɜ 1609-1619 

ɝɝ. ɧɚɛɥɸɞɚɥ ɡɚ ɞɜɢɠɟɧɢɹɦɢ ɩɥɚɧɟɬ, ɚ ɜ ɱɚɫɬɧɨɫɬɢ Ɇɚɪɫɚ, ɂ. Ʉɟɩɥɟɪ ɢɡɨɛɪɚɡɢɥ 

ɩɨɥɨɠɟɧɢɹ Ɇɚɪɫɚ ɧɚ ɛɨɥɶɲɨɦ ɥɢɫɬɟ ɛɭɦɚɝɟ. Ɍɨ ɱɬɨ ɨɧ ɭɜɢɞɟɥ, ɡɚɫɬɚɜɢɥɨ ɭɱёɧɨɝɨ 

ɭɫɨɦɧɢɬɶɫɹ ɜ ɫɟɛɟ. ɇɚɛɥɸɞɟɧɢɟ ɧɟ ɬɨɥɶɤɨ ɛɟɡɨɝɨɜɨɪɨɱɧɨ ɨɩɪɨɜɟɪɝɚɥɨ 

ɝɟɨɰɟɧɬɪɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɉɬɨɥɟɦɟɹ, ɧɨ ɢ ɩɨɤɚɡɵɜɚɥɨ, ɱɬɨ ɫɢɫɬɟɦɚ Ʉɨɩɟɪɧɢɤɚ, 

ɫɬɨɪɨɧɧɢɤɨɦ ɤɨɬɨɪɨɣ ɛɵɥ ɫɚɦ Ʉɟɩɥɟɪ, ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɨɲɢɛɨɱɧɨɣ. Ɉɠɢɞɚɥɨɫɶ, 

ɱɬɨ ɩɭɬɶ ɨɛɪɚɳɟɧɢɹ Ɇɚɪɫɚ ɜɨɤɪɭɝ ɋɨɥɧɰɚ ɞɨɥɠɟɧ ɩɪɟɞɫɬɚɜɥɹɬɶ ɢɡ ɫɟɛɹ 

ɢɞɟɚɥɶɧɵɣ ɤɪɭɝ, ɧɨ ɜɨɩɪɟɤɢ ɨɠɢɞɚɧɢɹɦ ɩɨɥɭɱɢɥɚɫɶ ɫɨɜɟɪɲɟɧɧɨ ɢɧɚɹ ɮɢɝɭɪɚ – 

ɷɥɥɢɩɫ, ɤɨɬɨɪɵɣ ɢɦɟɥ ɧɟ ɨɞɢɧ ɰɟɧɬɪ, ɤɚɤ ɨɤɪɭɠɧɨɫɬɶ, ɚ ɞɜɚ ɮɨɤɭɫɚ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɩɥɚɧɟɬɵ ɞɜɢɠɭɬɫɹ ɩɨ ɷɥɥɢɩɬɢɱɟɫɤɢɦ ɨɪɛɢɬɚɦ, ɜ 

ɨɞɧɨɦ ɢɡ ɮɨɤɭɫɨɜ ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɨɠɟɧɨ ɋɨɥɧɰɟ. ɗɬɨɬ ɜɵɜɨɞ ɢɡɜɟɫɬɟɧ ɩɨɞ 

ɩɟɪɜɵɦ ɡɚɤɨɧɨɦ Ʉɟɩɥɟɪɚ. 

ɉɟɪɜɵɣ ɡɚɤɨɧ ɝɥɚɫɢɬ: «Ⱦɜɢɠɟɧɢɟ ɜɫɟɯ ɩɥɚɧɟɬ ɢ ɤɨɦɟɬ ɩɪɨɢɫɯɨɞɢɬ ɩɨ 

ɤɨɧɢɱɟɫɤɢɦ ɫɟɱɟɧɢɹɦ (ɷɥɥɢɩɫ, ɩɚɪɚɛɨɥɚ, ɝɢɩɟɪɛɨɥɚ), ɜ ɨɞɧɨɦ ɢɡ ɮɨɤɭɫɨɜ 

ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɨɠɟɧɨ ɋɨɥɧɰɟ». Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɮɨɪɦɭɥɢɪɨɜɤɚ ɷɬɨɝɨ ɡɚɤɨɧɚ 

ɩɪɢɜɟɞɟɧɚ ɜ (1.1.1.4). 

ݎ  = ͳ݌ + ݁ cos𝜑,                                                                                                 ሺͳ.ͳ.ͳ.Ͷሻ 
 

ɝɞɟ r – ɪɚɞɢɭɫ-ɜɟɤɬɨɪ ɢɡ ɮɨɤɭɫɚ, ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɢɬɫɹ ɋɨɥɧɰɟ; 
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      p – ɩɚɪɚɦɟɬɪ ɨɪɛɢɬɵ (ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɨɧ ɪɚɜɟɧ ɩɨɥɨɜɢɧɟ ɯɨɪɞɵ, ɩɪɨɜɟɞёɧɧɨɣ 

ɱɟɪɟɡ ɮɨɤɭɫ ɤɨɧɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɟɝɨ ɝɥɚɜɧɨɣ ɨɫɢ); 

      е – ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ ɤɨɧɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ (ɞɥɹ ɷɥɥɢɩɬɢɱɟɫɤɨɣ ɨɪɛɢɬɵ 

ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ ɪɚɜɟɧ ɨɬɧɨɲɟɧɢɸ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɰɟɧɬɪɚ ɷɥɥɢɩɫɚ ɤ ɟɝɨ ɛɨɥɶɲɟɣ 

ɩɨɥɭɨɫɢ); 

      𝜑 – ɭɝɨɥ ɦɟɠɞɭ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɨɦ ɢ ɝɥɚɜɧɨɣ ɨɫɶɸ ɨɪɛɢɬɵ, ɨɬɫɱɢɬɵɜɚɟɦɵɣ ɩɨ 

ɞɜɢɠɟɧɢɸ ɩɥɚɧɟɬɵ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɜ ɩɟɪɢɝɟɥɢɣ (ɛɥɢɠɚɣɲɭɸ 

ɬɨɱɤɭ ɬɪɚɟɤɬɨɪɢɢ ɤ ɮɨɤɭɫɭ, ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɢɬɫɹ ɋɨɥɧɰɟ). 

ȼɬɨɪɨɣ ɡɚɤɨɧ ɡɜɭɱɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: «ɉɥɨɳɚɞɢ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬ 

ɪɚɞɢɭɫ-ɜɟɤɬɨɪɵ ɩɥɚɧɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɋɨɥɧɰɚ, ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɜɪɟɦɟɧɚɦ ɞɜɢɠɟɧɢɹ ɩɨ ɨɪɛɢɬɚɦ ɷɬɢɯ ɩɥɚɧɟɬ». Ɍɚɤɠɟ ɷɬɨɬ 

ɡɚɤɨɧ ɢɡɜɟɫɬɟɧ ɤɚɤ «Ɂɚɤɨɧ ɩɥɨɳɚɞɟɣ». 

Ⱦɥɹ ɞɜɭɯ ɩɥɚɧɟɬ ɟɝɨ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (1.1.1.5):  

 ଵܸݎଵ cos 𝜃ଵ = ଶܸݎଶ cos 𝜃ଶ,                                                                                ሺͳ.ͳ.ͳ.ͷሻ 
 

ɝɞɟ 𝜃 – ɭɝɨɥ ɧɚɤɥɨɧɚ ɬɪɚɟɤɬɨɪɢɢ. 

Ɍɪɟɬɢɣ ɡɚɤɨɧ: «Ⱦɥɹ ɩɥɚɧɟɬ ɞɜɢɠɭɳɢɯɫɹ ɩɨ ɷɥɥɢɩɫɚɦ, ɤɜɚɞɪɚɬɵ ɜɪɟɦɟɧɢ 

ɨɛɪɚɳɟɧɢɹ ɨɬɧɨɫɹɬɫɹ, ɤɚɤ ɤɭɛɵ ɛɨɥɶɲɢɯ ɩɨɥɭɨɫɟɣ ɢɯ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɨɪɛɢɬ». 

ɗɬɨɬ ɡɚɤɨɧ ɢɡɜɟɫɬɟɧ ɜ ɚɫɬɪɨɧɨɦɢɢ ɤɚɤ «Ƚɚɪɦɨɧɢɱɟɫɤɢɣ ɡɚɤɨɧ». 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɜɢɞ ɬɪɟɬɶɟɝɨ ɡɚɤɨɧɚ Ʉɟɩɥɟɪɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ (1.1.1.6): 

 ܽଷܶଶ = ݂Ͷ𝜋ଶ ሺܯ +݉ሻ,                                                                                           ሺͳ.ͳ.ͳ.͸ሻ 
 

ɝɞɟ a – ɛɨɥɶɲɚɹ ɩɨɥɭɨɫɶ ɷɥɥɢɩɬɢɱɟɫɤɨɣ ɨɪɛɢɬɵ; 

      Т – ɩɟɪɢɨɞ ɨɞɧɨɝɨ ɩɨɥɧɨɝɨ ɨɛɪɚɳɟɧɢɹ ɩɥɚɧɟɬɵ ɜɨɤɪɭɝ ɋɨɥɧɰɚ; 

      f – ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɩɨɫɬɨɹɧɧɚɹ; 

     М – ɦɚɫɫɚ ɋɨɥɧɰɚ; 

     m – ɦɚɫɫɚ ɩɥɚɧɟɬɵ. 
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ȼ 1666 ɝɨɞɭ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɡɚɤɨɧɨɜ ɛɵɥ ɜɵɜɟɞɟɧ ɂɫɚɚɤɨɦ ɇɶɸɬɨɧɨɦ ɡɚɤɨɧ 

ɜɫɟɦɢɪɧɨɝɨ ɬɹɝɨɬɟɧɢɹ, ɫɬɚɜɲɢɦ ɧɟ ɬɨɥɶɤɨ ɤɪɚɟɭɝɨɥɶɧɵɦ ɤɚɦɧɟɦ ɧɶɸɬɨɧɨɜɫɤɨɝɨ 

ɦɢɪɨɜɨɡɡɪɟɧɢɹ, ɧɨ ɢ ɧɟɛɟɫɧɨɣ ɦɟɯɚɧɢɤɢ: «Ʌɸɛɵɟ ɞɜɚ ɬɟɥɚ ɩɪɢɬɹɝɢɜɚɸɬɫɹ ɞɪɭɝ ɤ 

ɞɪɭɝɭ ɫ ɫɢɥɨɣ, ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɢɯ ɦɚɫɫɚɦ ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ 

ɤɜɚɞɪɚɬɭ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɧɢɦɢ» (1.1.1.7): 

ܨ  = ݂݉ଵ݉ଶݎଶ .                                                                                                       ሺͳ.ͳ.ͳ.͹ሻ 
 

1.1.2 ɂɡɥɭɱɟɧɢɟ ɜ ɤɨɫɦɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 

 

Ɍɚɤ ɤɚɤ ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɩɟɪɟɝɪɟɜɚ ɢ ɨɬɤɚɡɚ ɄȺ ɹɜɥɹɟɬɫɹ ɪɚɞɢɚɰɢɹ, ɬɨ 

ɫɥɟɞɭɟɬ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɢɡɭɱɢɬɶ ɜɨɩɪɨɫ ɢɡɥɭɱɟɧɢɹ ɷɧɟɪɝɢɢ ɜ ɋɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɟ. 

ɋɨɥɧɰɟ – ɟɞɢɧɫɬɜɟɧɧɵɣ ɦɨɳɧɵɣ ɢɫɬɨɱɧɢɤ ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ ɜ ɧɚɲɟɣ 

ɩɥɚɧɟɬɚɪɧɨɣ ɫɢɫɬɟɦɟ. ȿɠɟɫɟɤɭɧɞɧɨ ɨɧɨ ɢɡɥɭɱɚɟɬ ɜ ɤɨɫɦɢɱɟɫɤɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ 

ɩɪɢɦɟɪɧɨ ͵,ͺ͸ ∙ ͳͲଶଷ ɤɜɬ ɷɧɟɪɝɢɢ. ȿɫɥɢ ɩɟɪɟɜɟɫɬɢ ɷɬɨ ɧɚ ɨɞɢɧ ɤɜɚɞɪɚɬɧɵɣ ɦɟɬɪ 

ɜɢɞɢɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɋɨɥɧɰɚ, ɬɨ ɩɨɥɭɱɢɦ 64000ɤɜɬ. ɇɚ ɨɪɛɢɬɟ Ɂɟɦɥɢ 

(ɪɚɫɫɬɨɹɧɢɟ 1 ɚ.ɟ.) ɩɥɨɬɧɨɫɬɶ ɫɨɥɧɟɱɧɨɝɨ ɥɭɱɢɫɬɨɝɨ ɩɨɬɨɤɚ ɨɫɥɚɛɟɜɚɟɬ ɞɨ 1396 ˅˕/ˏଶ, ɷɬɭ ɜɟɥɢɱɢɧɭ ɧɚɡɵɜɚɸɬ ɫɨɥɧɟɱɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɢ ɨɛɨɡɧɚɱɚɸɬ ܵ𝜃. ɇɨ ɤɚɤ 

ɩɨɤɚɡɵɜɚɸɬ ɧɚɛɥɸɞɟɧɢɹ, ɭɪɨɜɟɧɶ ɫɨɥɧɟɱɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜɫɟɝɞɚ ɢɡɦɟɧɹɟɬɫɹ, 

ɩɨɷɬɨɦɭ ɢ ɡɧɚɱɟɧɢɟ ɫɨɥɧɟɱɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɨɬɤɥɨɧɹɟɬɫɹ ɨɬ ɩɪɢɧɹɬɨɝɨ ɧɚ ±ʹ%. 

Ɍɚɤɠɟ ɧɟ ɫɬɨɢɬ ɡɚɛɵɜɚɬɶ ɨ ɫɟɡɨɧɧɵɯ ɜɚɪɢɚɰɢɹɯ ܵ𝜃, ɤɨɬɨɪɵɟ ɨɛɭɫɥɨɜɥɟɧɵ 

ɷɥɥɢɩɬɢɱɧɨɫɬɶɸ ɨɪɛɢɬɵ Ɂɟɦɥɢ, ɫɨɫɬɚɜɥɹɸɳɢɯ ±͵,ͷ%. ȼ ɩɟɪɢɝɟɥɢɢ ɫɨɥɧɟɱɧɚɹ 

ɩɨɫɬɨɹɧɧɚɹ ɪɚɜɧɚ 1444 ˅˕/ˏଶ, ɚ ɜ ɚɮɟɥɢɢ - 1349 ˅˕/ˏଶ [Ͷ].  
ɉɪɢ ɪɚɫɱёɬɚɯ ɬɟɩɥɨɜɵɯ ɪɟɠɢɦɨɜ ɄȺ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ ɫɪɟɞɧɹɹ 

ɹɪɤɨɫɬɶ ɋɨɥɧɰɚ ɪɚɜɧɹɟɬɫɹ 2020 ˅˕/˔ˏଶ, ɚ ɟɝɨ ɪɚɞɢɚɰɢɨɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

(ɬɟɦɩɟɪɚɬɭɪɚ ɚɛɫɨɥɸɬɧɨ ɱёɪɧɨɝɨ ɬɟɥɚ, ɢɦɟɸɳɟɝɨ ɭɝɥɨɜɨɣ ɪɚɡɦɟɪ ɋɨɥɧɰɚ ɢ 

ɫɨɡɞɚɸɳɟɝɨ ɜ ɜɚɤɭɭɦɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɤ ɩɚɞɚɸɳɢɦ ɥɭɱɚɦ, 

ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɨɫɜɟɳёɧɧɨɫɬɶ, ɪɚɜɧɭɸ ɫɨɥɧɟɱɧɨɣ) ɪɚɜɧɚ 5785°Ʉ.  
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ȼɨɤɪɭɝ ɋɨɥɧɰɚ ɧɚɯɨɞɢɬɫɹ ɜɟɱɧɨ ɦɟɧɹɸɳɚɹɫɹ ɫɜɟɬɹɳɚɹɫɹ ɤɨɪɨɧɚ ɫ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɤɨɥɨ 1000000°Ʉ ɢ ɞɢɚɦɟɬɪɨɦ, ɩɪɟɜɵɲɚɸɳɢɣ ɫɨɥɧɟɱɧɵɣ ɜ 2-3 

ɪɚɡɚ. Ʌɭɱɢɫɬɵɣ ɩɨɬɨɤ ɨɬ ɤɨɪɨɧɵ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ 900000 ɪɚɡ ɫɥɚɛɟɟ ɫɨɥɧɟɱɧɨɝɨ 

ɩɨɬɨɤɚ ɢ ɩɪɢɦɟɪɧɨ ɜ 2 ɪɚɡɚ ɫɥɚɛɟɟ ɫɜɟɬɚ ɩɨɥɧɨɣ Ʌɭɧɵ. ɉɨɷɬɨɦɭ ɞɥɹ ɪɚɫɱёɬɚ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɨɜ ɄȺ ɢɦ ɱɚɫɬɨ ɩɪɟɧɟɛɪɟɝɚɸɬ.  

Ɉɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɄȺ ɜɧɨɫɢɬ ɞɥɢɧɧɨɜɨɥɧɨɜɚɹ ɨɛɥɚɫɬɶ 

ɫɩɟɤɬɪɚ (0,38 – 3 ɦɤɦ), ɜ ɧɟɣ ɫɨɫɪɟɞɨɬɨɱɟɧɨ 92% ɜɫɟɣ ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ ɋɨɥɧɰɚ. 

Ʉɨɪɨɬɤɨɜɨɥɧɨɜɚɹ ɱɚɫɬɶ ɫɩɟɤɬɪɚ (0,2 – 0,38 ɦɤɦ) ɫɨɞɟɪɠɢɬ ɨɤɨɥɨ 7,4%. ɇɨ ɢɦɟɧɧɨ 

ɷɬɚ ɱɚɫɬɶ ɡɚɫɥɭɠɢɜɚɟɬ ɨɫɨɛɨɝɨ ɜɧɢɦɚɧɢɹ, ɬɚɤ ɤɚɤ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɚɹ ɪɚɞɢɚɰɢɹ 

ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɩɪɢɱɢɧ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɥɭɱɟɢɫɩɭɫɤɚɧɢɹ ɜɧɟɲɧɢɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɄȺ, ɤɨɬɨɪɵɟ ɢ ɨɩɪɟɞɟɥɹɸɬ ɢɯ ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ [5]. 

ɋɪɟɞɧɢɟ ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 

ɭɱɚɫɬɤɨɜ ɤɨɪɨɬɤɨɜɨɥɧɨɜɨɝɨ ɫɩɟɤɬɪɚ ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɪɚɛɨɬɚɯ ɏ. ɏɢɧɬɟɪɟɝɝɟɪɚ 

[6,7], ɞɥɹ ɨɛɥɚɫɬɢ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ λ > 3000A – ɜ ɪɚɛɨɬɟ Ⱦɠɨɧɫɨɧɚ [8], ɞɥɹ 

ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ – ɭ ɋ.Ʌ. Ɇɚɧɞɟɥɶɲɬɚɦɚ [9]. ȼ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɱɚɫɬɢ 

ɫɩɟɤɬɪɚ ɢɡɥɭɱɟɧɢɹ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɫɨɥɧɟɱɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɋɨɞɟɪɠɚɧɢɟ       ߛ-ɥɭɱɟɣ ɜ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɧɢɱɬɨɠɧɨ ɦɚɥɨ, ɩɨɷɬɨɦɭ ɢɯ ɜɥɢɹɧɢɟɦ ɧɚ ɄȺ 

ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 

ɂɡɥɭɱɟɧɢɟ ɨɬ ɩɥɚɧɟɬ ɦɨɠɧɨ ɪɚɡɛɢɬɶ ɧɚ ɞɜɚ ɜɢɞɚ. ɉɟɪɜɵɣ ɜɢɞ  - ɷɬɨ 

ɫɨɛɫɬɜɟɧɧɨɟ ɢɧɮɪɚɤɪɚɫɧɨɟ ɢɡɥɭɱɟɧɢɟ, ɫɨɫɬɨɹɳɟɟ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɩɨɝɥɨɳёɧɧɨɣ 

ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ ɢ ɩɟɪɟɢɡɥɭɱɚɟɦɨɣ ɩɥɚɧɟɬɨɣ ɜ ɞɥɢɧɧɨɜɨɥɧɨɜɨɦ ɞɢɚɩɚɡɨɧɟ 

ɫɩɟɤɬɪɚ. Ɍɚɤɠɟ ɫɸɞɚ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɢɡ ɧɟɞɪ ɩɥɚɧɟɬ. ȼɬɨɪɵɦ 

ɜɢɞɨɦ ɹɜɥɹɟɬɫɹ ɨɬɪɚɠёɧɧɨɟ ɨɬ ɩɥɚɧɟɬɵ ɫɨɥɧɟɱɧɨɟ ɢɡɥɭɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɡɚɜɢɫɢɬ ɨɬ 

ɨɬɪɚɠɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɩɪɨɫɬɟɣɲɟɣ ɱɢɫɥɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɤɨɬɨɪɨɣ 

ɩɪɢɧɢɦɚɸɬ ɫɮɟɪɢɱɟɫɤɨɟ ɚɥɶɛɟɞɨ [10]. 

ȼɟɥɢɱɢɧɚ ɫɮɟɪɢɱɟɫɤɨɝɨ ɚɥɶɛɟɞɨ ɪɚɜɧɹɟɬɫɹ ɨɬɧɨɲɟɧɢɸ ɩɨɥɧɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɪɚɫɫɟɹɧɧɨɣ ɩɨ ɜɫɟɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ (Ɏ), ɤɨ ɜɫɟɦɭ 

ɥɭɱɢɫɬɨɦɭ ɩɨɬɨɤɭ ɋɨɥɧɰɚ (ܵʘܨ௡), ɩɨɩɚɜɲɟɦɭ ɧɚ  ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɚɧɟɬɵ (1.1.2.1): 
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Ⱦɥɹ ɢɞɟɚɥɶɧɨɣ ɛɟɥɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɬɨ ɟɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɸɳɟɣ 

ɨɞɢɧɚɤɨɜɭɸ ɹɪɤɨɫɬɶ ɞɥɹ ɥɸɛɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ, ܣ˔˗ = ͳ. Ɍɚɤ ɤɚɤ ɬɚɤɢɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɜ ɩɪɢɪɨɞɟ ɧɟ ɜɫɬɪɟɱɚɟɬɫɹ, ɬɨ ɜɟɥɢɱɢɧɚ ɫɮɟɪɢɱɟɫɤɨɝɨ ɚɥɶɛɟɞɨ 

ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ ɩɚɞɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɭɝɥɚ ɟɝɨ ɩɚɞɟɧɢɹ. Ⱦɥɹ 

ɧɟɤɨɬɨɪɵɯ ɜɟɳɟɫɬɜ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɭɝɥɚ ɩɚɞɟɧɢɹ ɥɭɱɟɣ ɨɱɟɧɶ ɜɟɥɢɤɚ. ɇɚɩɪɢɦɟɪ, 

ɜ ɜɨɞɟ ɡɧɚɱɟɧɢɟ ܣ˔˗ ɦɟɧɹɟɬɫɹ ɨɬ 0,03 ɞɨ 0,45.  

Ɂɟɦɥɹ – ɷɬɨ ɨɩɬɢɱɟɫɤɢ ɧɟɨɞɧɨɪɨɞɧɚɹ ɢ ɢɡɦɟɧɱɢɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɞɥɹ 

ɫɨɥɧɟɱɧɵɯ ɥɭɱɟɣ. ɇɚɲɚ ɩɥɚɧɟɬɚ ɫ ɛɨɥɶɲɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɜɵɝɥɹɞɢɬ ɤɚɤ ɜɟɱɧɨ 

ɢɡɦɟɧɹɸɳɢɣɫɹ ɨɛɥɚɱɧɵɣ ɩɨɤɪɨɜ, ɤɨɬɨɪɵɣ ɫɤɪɵɜɚɟɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɦɚɬɟɪɢɤɨɜ 

ɢ ɦɨɪɟɣ. ȼɢɡɭɚɥɶɧɚɹ ɹɪɤɨɫɬɶ ɪɚɡɧɵɯ ɭɱɚɫɬɤɨɜ ɡɟɦɧɨɝɨ ɲɚɪɚ ɢɡɦɟɧɹɟɬɫɹ ɜ 

ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɜɢɞɢɦɨɝɨ ɢ ɧɟɜɢɞɢɦɨɝɨ ɫɩɟɤɬɪɚ. Ɉɬɪɚɠёɧɧɨɟ ɫɨɥɧɟɱɧɨɟ 

ɢɡɥɭɱɟɧɢɟ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɪɚɡɧɵɯ ɢɡɥɭɱɟɧɢɣ: 

- ɨɬɪɚɠёɧɧɨɝɨ ɨɬ ɨɛɥɚɱɧɨɝɨ ɩɨɤɪɨɜɚ; 

- ɨɬɪɚɠёɧɧɨɝɨ ɨɬ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ; 

- ɪɚɫɫɟɹɧɧɨɝɨ ɚɬɦɨɫɮɟɪɨɣ. 

ɉɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɧɢɡɤɢɦ ɨɪɛɢɬɚɦ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ Ɂɟɦɥɢ ɄȺ ɩɨɥɭɱɚɟɬ 

ɨɛɥɭɱɟɧɢɟ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɨɬ ɤɚɤɨɣ-ɬɨ ɨɩɪɟɞɟɥёɧɧɨɣ ɧɟɛɨɥɶɲɨɣ 

ɨɛɥɚɫɬɢ, ɞɥɹ ɤɨɬɨɪɨɣ ɡɧɚɱɟɧɢɟ ɦɟɫɬɧɨɝɨ ɚɥɶɛɟɞɨ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɬɫɹ 

ɨɬ ɫɮɟɪɢɱɟɫɤɨɝɨ ɚɥɶɛɟɞɨ ɩɥɚɧɟɬɵ. ɉɪɢɱɢɧɚ ɷɬɨɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɤɚɤ ɜ ɪɚɡɥɢɱɧɵɯ 

ɨɬɪɚɠɚɸɳɢɯ ɫɩɨɫɨɛɧɨɫɬɹɯ ɪɚɡɧɵɯ ɭɱɚɫɬɤɨɜ Ɂɟɦɥɢ, ɬɚɤ ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬɪɚɠɟɧɢɹ ɷɬɢɯ ɭɱɚɫɬɤɨɜ ɨɬ ɭɝɥɚ ɩɚɞɟɧɢɹ ɫɨɥɧɟɱɧɵɯ ɥɭɱɟɣ [11]. 

ɏɚɪɚɤɬɟɪ ɨɛɥɚɤɨɜ, ɢɯ ɩɥɨɬɧɨɫɬɶ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ Ɂɟɦɥɢ, 

ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢ ɢɯ ɚɥɶɛɟɞɨ, ɩɨɫɬɨɹɧɧɨ ɢɡɦɟɧɹɸɬɫɹ. ȿɫɥɢ ɩɪɢɧɹɬɶ, ɱɬɨ ɜɫɟ 

ɬɢɩɵ ɨɛɥɚɤɨɜ (ɩɥɨɬɧɵɟ, ɫɥɨɢɫɬɨ-ɤɭɱɟɜɵɟ, ɜɵɫɨɤɨɫɥɨɢɫɬɵɟ ɢ ɬ.ɞ.) ɪɚɜɧɨɜɟɪɨɹɬɧɵ 

ɢ ɢɯ ɫɪɟɞɧɟɟ ɚɥɶɛɟɞɨ ɪɚɜɧɨ 0,5. Ɉɛɥɚɤɚ ɡɚɧɢɦɚɸɬ 50% ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ, ɬɨ 

ɨɬɪɚɠёɧɧɨɟ ɨɬ ɧɢɯ ɢɡɥɭɱɟɧɢɟ ɫɨɫɬɚɜɢɬ 25%. ɋɪɟɞɧɟɟ ɚɥɶɛɟɞɨ ɞɥɹ ɜɨɞɵ – 0,09, 
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ɞɥɹ ɫɭɲɢ – 0,12. Ɍɨɝɞɚ ɚɥɶɛɟɞɨ ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɚɧɟɬɵ ɧɟ ɡɚɧɹɬɨɣ ɨɛɥɚɤɚɦɢ 

ɫɨɫɬɚɜɢɬ 0,1. Ⱥ ɜɦɟɫɬɟ ɫ ɨɛɥɚɤɚɦɢ 0,35. 

ɇɨ ɷɬɢ ɪɚɫɱёɬɵ ɹɜɥɹɸɬɫɹ ɨɱɟɧɶ ɩɪɢɛɥɢɠёɧɧɵɦɢ. Ɉɧɢ ɧɟ ɭɱɢɬɵɜɚɸɬ ɬɚɤɢɟ 

ɜɚɠɧɵɟ ɮɚɤɬɨɪɵ, ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɨɛɥɚɤɨɜ, ɜɨɞɵ, ɥɶɞɚ ɡɚɜɢɫɢɬ ɨɬ 

ɭɝɥɚ ɩɚɞɟɧɢɹ ɫɨɥɧɟɱɧɵɯ ɥɭɱɟɣ; ɪɚɫɫɟɢɜɚɧɢɟ ɢɡɥɭɱɟɧɢɹ ɧɚ ɱɚɫɬɢɰɚɯ ɩɵɥɢ, ɜɨɞɵ, 

ɥɶɞɚ ɢ ɦɨɥɟɤɭɥɚɯ ɜɨɡɞɭɯɚ ɜ ɚɬɦɨɫɮɟɪɟ; ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ. Ʉɚɤ ɠɟ ɬɨɝɞɚ 

ɩɪɨɢɡɜɨɞɢɬɶ ɢɡɦɟɪɟɧɢɹ ɚɥɶɛɟɞɨ? ɇɚɢɛɨɥɟɟ ɬɨɱɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɬɨɣ 

ɜɟɥɢɱɢɧɵ ɩɨɥɭɱɚɸɬ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɹɦɨɝɨ ɢɡɦɟɪɟɧɢɹ ɫ ɢɫɤɭɫɫɬɜɟɧɧɵɯ 

ɫɩɭɬɧɢɤɨɜ Ɂɟɦɥɢ. Ʉɪɨɦɟ ɬɨɝɨ ɢɡɦɟɪɟɧɢɹ ɫɨ ɫɩɭɬɧɢɤɨɜ ɩɨɤɚɡɚɥɢ ɫɢɥɶɧɭɸ 

ɡɚɜɢɫɢɦɨɫɬɶ ɚɥɶɛɟɞɨ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ: ɨɬɪɚɠɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɥɚɤɨɜ, 

ɦɨɪɟɣ ɢ ɫɭɲɢ ɧɨɫɢɬ ɫɩɟɤɬɪɚɥɶɧɨ-ɫɟɥɟɤɬɢɜɧɵɣ ɯɚɪɚɤɬɟɪ. ɇɚɢɛɨɥɶɲɟɟ 

ɪɚɫɫɟɢɜɚɧɢɟ ɢ ɨɬɪɚɠɟɧɢɟ ɢɦɟɸɬ ɜɨɥɧɵ ɜ ɫɢɧɟ-ɡɟɥёɧɨɣ ɱɚɫɬɢ ɫɩɟɤɬɪɚ (ɨɤɨɥɨ 

50%), ɜ ɨɫɬɚɥɶɧɨɣ ɜɢɞɢɦɨɣ ɨɛɥɚɫɬɢ (ɨɤɨɥɨ 40%), ɜ ɢɧɮɪɚɤɪɚɫɧɨɣ (ɞɨ 28%). 

ɍɥɶɬɪɚɮɢɨɥɟɬɨɜɚɹ ɨɛɥɚɫɬɶ ɩɨɱɬɢ ɩɨɥɧɨɫɬɶɸ ɩɨɝɥɨɳɚɟɬɫɹ ɨɡɨɧɨɜɵɦ ɫɥɨɟɦ [12].  

ɋɨɛɫɬɜɟɧɧɨɟ ɬɟɩɥɨɜɨɟ ɢɡɥɭɱɟɧɢɟ Ɂɟɦɥɢ ɫɨɫɬɨɢɬ ɢɡ ɢɡɥɭɱɟɧɢɹ ɚɬɦɨɫɮɟɪɵ, 

ɫɭɲɢ ɢ ɦɨɪɟɣ. Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ ɢɡɦɟɧɹɟɬɫɹ ɜ ɪɚɣɨɧɟ 150°Ʉ 

(190°Ʉ ɜ Ⱥɧɬɚɪɤɬɢɞɟ ɢ 340°Ʉ ɜ ɤɚɦɟɧɢɫɬɵɯ ɩɭɫɬɵɧɹɯ). Ɂɚɤɨɧ ɉɥɚɧɤɚ ɝɥɚɫɢɬ, ɱɬɨ 

ɦɚɤɫɢɦɭɦ ɢɡɥɭɱɟɧɢɹ ɚɛɫɨɥɸɬɧɨ ɱёɪɧɨɝɨ ɬɟɥɚ ɫ ɬɚɤɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 

ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɢɧɮɪɚɤɪɚɫɧɭɸ ɨɛɥɚɫɬɶ ɫ ɞɥɢɧɚɦɢ ɜɨɥɧɚɦɢ ɨɬ 8,7 ɦɤɦ ɞɨ 14,8ɦɤɦ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɪɟɞɧɹɹ ɢɡɥɭɱɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɞɥɹ ɜɫɟɣ ɩɥɚɧɟɬɵ ɪɚɜɧɹɟɬɫɹ 

ɩɪɢɦɟɪɧɨ 0,93 [13]. 

Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɢɡɥɭɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɞɟɪɠɢɜɚɟɬɫɹ ɨɛɥɚɤɚɦɢ. Ɍɨɥɶɤɨ 

ɨɤɨɥɨ 2,5% ɪɚɞɢɚɰɢɢ ɩɨɤɢɞɚɟɬ ɩɥɚɧɟɬɭ ɱɟɪɟɡ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɨɤɧɚ 

ɩɪɨɡɪɚɱɧɨɫɬɢ.  

ɋɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ȼɟɧɟɪɵ ɞɨ ɋɨɥɧɰɚ ɫɨɫɬɚɜɥɹɟɬ 0,62 ɚ.ɟ. 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɫɨɥɧɟɱɧɨɝɨ ɩɨɬɨɤɚ ɡɚ ɝɨɞ ɪɚɜɧɹɟɬɫɹ 2698 ˅˕/ˏଶ. ɂɡ-ɡɚ ɬɨɝɨ ɱɬɨ 

ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ ɨɪɛɢɬɵ ɨɱɟɧɶ ɧɟɛɨɥɶɲɨɣ (0,007), ɫɟɡɨɧɧɵɟ ɤɨɥɟɛɚɧɢɹ 

ɫɨɥɧɟɱɧɨɝɨ ɩɨɬɨɤɚ ɧɟɡɧɚɱɢɬɟɥɶɧɵ ɢ ɧɟ ɩɪɟɜɵɲɚɸɬ ±͵͸˅˕/ˏଶ. Ƚɨɞ ɧɚ ȼɟɧɟɪɟ 

ɞɥɢɬɫɹ 226 ɡɟɦɧɵɯ ɫɭɬɨɤ. Ⱥɬɦɨɫɮɟɪɚ ȼɟɧɟɪɵ ɨɞɧɨɪɨɞɧɚɹ ɢ ɩɥɨɬɧɚɹ, ɫɨɜɟɪɲɟɧɧɨ 

ɧɟɩɪɨɡɪɚɱɧɚɹ ɞɥɹ ɜɢɞɢɦɨɝɨ ɭɱɚɫɬɤɚ ɫɩɟɤɬɪɚ. ɍɱёɧɵɟ ɧɟ ɩɪɢɲɥɢ ɤ 
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ɟɞɢɧɨɝɥɚɫɧɨɦɭ ɦɧɟɧɢɸ ɨ ɡɧɚɱɟɧɢɢ ɫɮɟɪɢɱɟɫɤɨɝɨ ɚɥɶɛɟɞɨ ɩɥɚɧɟɬɵ, ɜ ɪɚɡɧɵɯ 

ɢɫɬɨɱɧɢɤɚɯ ɷɬɨ ɡɧɚɱɟɧɢɟ ɩɪɢɧɢɦɚɸɬ ɨɬ 0,73 ɞɨ 0,8. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ 

ɩɨɝɥɨɳɚɟɦɚɹ ȼɟɧɟɪɨɣ ɪɚɞɢɚɰɢɹ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɥɚɧɟɬɵ ɢ ɢɡɥɭɱɚɟɬɫɹ ɜ ɢɧɮɪɚɤɪɚɫɧɨɦ ɞɢɚɩɚɡɨɧɟ ɜɟɪɯɧɢɦɢ ɫɥɨɹɦɢ ɚɬɦɨɫɮɟɪɵ ɫ 

ɬɟɦɩɟɪɚɬɭɪɨɣ, ɪɚɜɧɨɣ ɩɪɢɦɟɪɧɨ 234°Ʉ. ɋɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ ɥɭɱɢɫɬɨɝɨ ɩɨɬɨɤɚ  

ɞɨɫɬɢɝɚɟɬ ɜ ɢɧɮɪɚɤɪɚɫɧɨɦ ɞɢɚɩɚɡɨɧɟ 173 ˅˕/ˏଶ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ȼɟɧɟɪɵ ɨɤɨɥɨ 490°ɋ, ɧɨ ɷɬɨ ɢɡɥɭɱɟɧɢɟ ɧɟ ɦɨɠɟɬ ɩɪɨɣɬɢ ɱɟɪɟɡ ɬɨɥɳɭ ɚɬɦɨɫɮɟɪɵ, 

ɬɟɦ ɫɚɦɵɦ ɫɨɡɞɚɜɚɹ ɩɚɪɧɢɤɨɜɵɣ ɷɮɮɟɤɬ [14]. 

ɋɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ Ɇɚɪɫɚ ɞɨ ɋɨɥɧɰɚ ɩɪɢɦɟɪɧɨ 1,52 ɚ.ɟ., ɢ ɩɨɷɬɨɦɭ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɨɥɧɟɱɧɨɝɨ ɩɨɬɨɤɚ ɜ ɪɚɡɵ ɦɟɧɶɲɟ ɡɟɦɧɨɣ ɢ ɫɨɫɬɚɜɥɹɟɬ 620 ˅˕/ˏଶ. 

ȼɵɬɹɧɭɬɨɫɬɶ ɨɪɛɢɬɵ Ɇɚɪɫɚ ɧɟɦɧɨɝɨ ɛɨɥɶɲɟ, ɱɟɦ ɭ Ɂɟɦɥɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɫɟɡɨɧɧɵɦ ɜɚɪɢɚɰɢɹɦ ɫɨɥɧɟɱɧɨɝɨ ɩɨɬɨɤɚ, ɪɚɜɧɵɦ ±ͳͳ͹˅˕/ˏଶ. ɋɪɟɞɧɟɟ 

ɩɥɚɧɟɬɚɪɧɨɟ ɚɥɶɛɟɞɨ Ɇɚɪɫɚ ɪɚɜɧɹɟɬɫɹ 0,15 [15]. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ Ɇɚɪɫɚ ɦɨɠɧɨ 

ɧɚɛɥɸɞɚɬɶ ɩɨɥɹɪɧɵɟ ɲɚɩɤɢ, ɫɨɫɬɨɹɳɢɟ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɢɡ ɤɪɢɫɬɚɥɥɨɜ ɥɶɞɚ CO2 

ɢɥɢ ɜɨɞɧɨɝɨ ɥɶɞɚ. ɋɮɟɪɢɱɟɫɤɨɟ ɚɥɶɛɟɞɨ ɷɬɢɯ ɦɟɫɬ ɞɨɫɬɢɝɚɟɬ 0,7. ɂɡ-ɡɚ ɬɨɝɨ, ɱɬɨ 

ɨɫɶ ɜɪɚɳɟɧɢɹ Ɇɚɪɫɚ ɧɚɤɥɨɧɟɧɚ ɤ ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ ɩɨɱɬɢ ɬɚɤɠɟ, ɤɚɤ ɢ ɨɫɶ 

Ɂɟɦɥɢ, ɬɨ ɧɚ Ɇɚɪɫɟ ɹɜɧɨ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɫɦɟɧɚ ɜɪɟɦёɧ ɝɨɞɚ, ɩɪɨɹɜɥɟɧɢɟ ɤɨɬɨɪɵɯ 

ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɜ ɢɡɦɟɧɟɧɢɢ ɪɚɡɦɟɪɨɜ ɩɨɥɹɪɧɵɯ ɲɚɩɨɤ ɢ ɹɪɤɨɫɬɢ ɧɟɤɨɬɨɪɵɯ 

ɱɚɫɬɟɣ ɩɥɚɧɟɬɵ. 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ Ɇɚɪɫɚ ɪɚɜɧɹɟɬɫɹ 260°Ʉ, ɩɨɥɹɪɧɵɯ 

ɨɛɥɚɫɬɟɣ 213°Ʉ, ɚ ɷɤɜɚɬɨɪɢɚɥɶɧɵɯ 290°Ʉ. Ɂɚ ɝɨɞ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ ɩɨɱɬɢ 687 

ɡɟɦɧɵɯ ɫɭɬɨɤ, ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɩɨɥɹɪɧɵɯ ɨɛɥɚɫɬɹɯ ɦɟɧɹɟɬɫɹ ɧɚ 110°, ɜ 

ɷɤɜɚɬɨɪɢɚɥɶɧɵɯ – ɧɚ 30° [16]. Ȼɥɚɝɨɞɚɪɹ ɧɚɛɥɸɞɟɧɢɹɦ ɍ. ɋɢɧɬɨɧɚ ɢ Ⱦɠ. ɋɬɪɨɧɝɚ 

ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ Ɇɚɪɫɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɲɢɪɨɬ ɢ 

ɦɨɦɟɧɬɨɜ ɦɚɪɫɢɚɧɫɤɢɯ ɫɭɬɨɤ. 

Ɍёɦɧɵɟ ɨɛɥɚɫɬɢ Ɇɚɪɫɚ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ 20° ɝɨɪɹɱɟɟ ɫɜɟɬɥɵɯ. 

Ɇɟɥɤɨɦɚɫɲɬɚɛɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɧɟ ɨɛɧɚɪɭɠɟɧɨ. ɋ 

ɩɨɦɨɳɶɸ ɪɚɞɢɨɦɟɬɪɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ Ɏ. Ʌɨɭ ɛɵɥ ɩɨɥɭɱɟɧ ɢɧɮɪɚɤɪɚɫɧɵɣ 

ɫɩɟɤɬɪ, ɭɤɚɡɵɜɚɸɳɢɣ ɧɚ ɫɟɥɟɤɬɢɜɧɨɟ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɩɥɚɧɟɬɨɣ. 
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Ʌɭɧɚ ɨɬɪɚɠɚɟɬ ɩɪɢɦɟɪɧɨ 7,3% ɩɚɞɚɸɳɢɯ ɧɚ ɧɟё ɫɨɥɧɟɱɧɵɯ ɥɭɱɟɣ. ɏɨɬɹ 

ɞɚɠɟ ɫɚɦɵɟ ɩɪɨɫɬɵɟ ɜɢɡɭɚɥɶɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ Ʌɭɧɚ ɢɦɟɟɬ ɛɨɥɟɟ 

ɫɜɟɬɥɵɟ (ɨɬɪɚɠɚɸɬ ɨɤɨɥɨ 18% ɥɭɱɟɣ) ɢ ɛɨɥɟɟ ɬёɦɧɵɟ (ɨɤɨɥɨ 5%) ɭɱɚɫɬɤɢ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɞɥɹ ɤɨɬɨɪɵɯ ɫɮɟɪɢɱɟɫɤɨɟ ɚɥɶɛɟɞɨ ɦɨɠɟɬ ɨɱɟɧɶ ɫɢɥɶɧɨ ɨɬɥɢɱɚɬɫɹ 

ɨɬ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ. ɋɚɦɨɟ ɫɜɟɬɥɨɟ ɦɟɫɬɨ ɧɚ Ʌɭɧɟ – ɷɬɨ ɩɨɜɟɪɯɧɨɫɬɶ ɤɪɚɬɟɪɚ 

Ⱥɪɢɫɬɚɪɯ, ɚɥɶɛɟɞɨ ɷɬɨɝɨ ɦɟɫɬɚ ɪɚɜɧɹɟɬɫɹ 0,176 ɢ ɩɨɱɬɢ ɜ 3,5 ɪɚɡɚ ɛɨɥɶɲɟ 

ɦɟɫɬɧɨɝɨ ɚɥɶɛɟɞɨ ɥɸɛɨɝɨ ɢɡ «ɦɨɪɟɣ». Ʌɭɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɥɚɞɚɟɬ ɨɞɧɨɣ ɨɱɟɧɶ 

ɜɚɠɧɨɣ ɢ ɩɪɢɦɟɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɜ ɋɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɟ: ɨɬɪɚɠёɧɧɵɟ ɫ ɧɟё 

ɫɨɥɧɟɱɧɵɟ ɥɭɱɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɧɚɩɪɚɜɥɟɧɢɹɦ ɤɪɚɣɧɟ ɧɟɪɚɜɧɨɦɟɪɧɨ, ɚ 

ɢɦɟɧɧɨ ɬɚɤ, ɱɬɨ ɩɪɢ ɥɸɛɨɦ ɭɝɥɟ ɩɚɞɟɧɢɹ ɥɭɱɟɣ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɫɜɟɬɚ ɨɬɪɚɠɚɟɬɫɹ 

ɨɛɪɚɬɧɨ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɋɨɥɧɰɚ. ɂɦɟɧɧɨ ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ Ʌɭɧɚ ɤɚɠɟɬɫɹ 

ɧɚɛɥɸɞɚɬɟɥɸ ɫ Ɂɟɦɥɢ ɩɥɨɫɤɢɦ, ɪɚɜɧɨɦɟɪɧɨ ɨɫɜɟɳёɧɧɵɦ ɞɢɫɤɨɦ. ɍɱёɧɵɟ 

ɫɱɢɬɚɸɬ, ɱɬɨ ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɱɪɟɡɜɵɱɚɣɧɨɣ ɢɡɪɵɬɨɫɬɶɸ, ɧɟɪɨɜɧɨɫɬɶɸ ɢ 

ɩɨɪɢɫɬɨɫɬɶɸ ɦɚɬɟɪɢɚɥɚ ɟё ɩɨɜɟɪɯɧɨɫɬɢ. Ɋɟɥɶɟɮ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɬɧɨɣ ɫɬɨɪɨɧɵ 

Ʌɭɧɵ ɫɢɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɜɢɞɢɦɨɣ ɫ Ɂɟɦɥɢ. ɋɧɢɦɤɢ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɨɥɹ 

«ɦɨɪɟɣ» ɧɚ ɨɛɪɚɬɧɨɣ ɫɬɨɪɨɧɟ ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ 10% ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɬɨ ɜ 2,5 

ɪɚɡɚ ɦɟɧɶɲɟ ɱɟɦ ɧɚ ɜɢɞɢɦɨɣ ɫɬɨɪɨɧɟ. ɇɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 

ɚɥɶɛɟɞɨ ɨɛɪɚɬɧɨɣ ɫɬɨɪɨɧɵ Ʌɭɧɵ ɧɟɦɧɨɝɨ ɜɵɲɟ ɚɥɶɛɟɞɨ ɜɢɞɢɦɨɣ. Ⱦɚɧɧɵɯ ɩɨ 

ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɫɟɣ ɥɭɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɢɧɮɪɚɤɪɚɫɧɨɦ ɞɢɚɩɚɡɨɧɟ 

ɩɨɱɬɢ ɧɟɬ [17].  

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɜɟɳёɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ Ʌɭɧɵ ɜ ɨɫɧɨɜɧɨɦ ɡɚɜɢɫɢɬ ɨɬ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɥɭɱɟɢɫɩɭɫɤɚɧɢɹ ɢ ɭɝɥɚ ɩɚɞɟɧɢɹ ɫɨɥɧɟɱɧɵɯ ɥɭɱɟɣ. ɉɨɷɬɨɦɭ, ɚ 

ɬɚɤɠɟ ɢɡ-ɡɚ ɨɱɟɧɶ ɧɢɡɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɥɭɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚ Ʌɭɧɟ 

ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɨɬɫɭɬɫɬɜɭɟɬ ɜɵɪɚɜɧɢɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪ.  

Ɇɟɪɤɭɪɢɣ – ɷɬɨ ɛɥɢɠɚɣɲɚɹ ɤ ɋɨɥɧɰɭ ɩɥɚɧɟɬɚ. Ⱦɟɧɶ ɧɚ Ɇɟɪɤɭɪɢɢ ɞɥɢɬɫɹ ͷͻ ± ͷ ɡɟɦɧɵɯ ɫɭɬɨɤ. ɉɟɪɢɨɞ ɨɛɪɚɳɟɧɢɹ ɜɨɤɪɭɝ ɋɨɥɧɰɚ ɪɚɜɟɧ ɩɨɱɬɢ 98 ɫɭɬɤɚɦ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɡɚɮɢɤɫɢɪɨɜɚɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɨɫɜɟɳёɧɧɨɣ ɫɬɨɪɨɧɟ 686°Ʉ. ɇɚ 

ɬɟɧɟɜɨɣ ɫɬɨɪɨɧɟ ɬɟɦɩɟɪɚɬɭɪɚ ɨɩɭɫɤɚɟɬɫɹ ɞɨ 143°Ʉ. ɂɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɚɬɦɨɫɮɟɪɵ 

ɜɵɪɚɜɧɢɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. ɋɮɟɪɢɱɟɫɤɨɟ ɚɥɶɛɟɞɨ Ɇɟɪɤɭɪɢɹ, ɤɚɤ ɢ 

ɚɥɶɛɟɞɨ Ʌɭɧɵ, ɨɤɨɥɨ 0,07. ȼɫɥɟɞɫɬɜɢɟ ɜɵɬɹɧɭɬɨɫɬɢ ɨɪɛɢɬɵ ɩɥɚɧɟɬɵ 
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ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɞɥɹ ɪɚɡɧɵɯ ɭɱɚɫɬɤɨɜ ɩɨɜɟɪɯɧɨɫɬɢ 

ɢɡɦɟɧɹɟɬɫɹ ɩɨɱɬɢ ɜɞɜɨɟ – ɨɬ 6250 ɞɨ 12560 ˅˕/ˏଶ.  

ɉɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɘɩɢɬɟɪɭ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɨɥɧɟɱɧɨɝɨ ɩɨɬɨɤɚ 

ɭɦɟɧɶɲɚɟɬɫɹ ɩɨɱɬɢ ɜ 26 ɪɚɡ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ Ɂɟɦɧɨɣ ɢ ɪɚɜɧɹɟɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 

52,8 ˅˕/ˏଶ. ɂɡ-ɡɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɫɨɛɫɬɜɟɧɧɨɟ ɢɡɥɭɱɟɧɢɟ ɘɩɢɬɟɪɚ 

ɜ ɬɪɢ ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ ɷɧɟɪɝɢɸ, ɩɨɥɭɱɚɟɦɭɸ ɢɦ ɨɬ ɋɨɥɧɰɚ.  

ɇɚ ɨɪɛɢɬɚɯ ɋɚɬɭɪɧɚ, ɍɪɚɧɚ, ɇɟɩɬɭɧɚ, ɉɥɭɬɨɧɚ ɫɨɥɧɟɱɧɨɟ ɢɡɥɭɱɟɧɢɟ ɫɥɚɛɟɟ 

ɱɟɦ ɧɚ Ɂɟɦɥɟ ɜ 90, 360, 900 ɢ 1500 ɪɚɡ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱥɥɶɛɟɞɨ ɝɚɡɨɜɵɯ ɝɢɝɚɧɬɨɜ 

ɪɚɜɧɹɟɬɫɹ ɚɥɶɛɟɞɨ ȼɟɧɟɪɵ, ɚ ɭ ɉɥɭɬɨɧɚ ɨɧɨ ɬɚɤɨɟ ɠɟ ɤɚɤ ɢ ɭ Ɇɚɪɫɚ [18]. 

 

1.1.3 ȼɨɡɞɟɣɫɬɜɢɟ ɤɨɫɦɢɱɟɫɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɚ хɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɢɫɤɭɫɫɬɜɟɧɧɵх ɚɩɩɚɪɚɬɨɜ 

 

ɇɢɡɤɨɟ ɞɚɜɥɟɧɢɟ ɜ ɤɨɫɦɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜɵɡɵɜɚɟɬ ɭɫɤɨɪɟɧɧɭɸ 

ɫɭɛɥɢɦɚɰɢɸ (ɩɟɪɟɯɨɞ ɜɟɳɟɫɬɜɚ ɢɡ ɬɜёɪɞɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɝɚɡɨɨɛɪɚɡɧɨɟ, ɦɢɧɭɹ 

ɠɢɞɤɨɟ) ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨёɜ ɦɚɬɟɪɢɚɥɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɄȺ [19] ɢ ɩɪɢɜɨɞɹ ɤ 

ɬɚɤɢɦ ɧɟɠɟɥɚɬɟɥɶɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ ɤɚɤ: ɩɨɬɟɪɹ ɦɚɫɫɵ ɦɚɬɟɪɢɚɥɚ, ɧɚɪɭɲɟɧɢɸ 

ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɢ ɬ.ɞ.  

ɉɨɦɢɦɨ ɜɚɤɭɭɦɚ ɜ ɤɨɫɦɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɧɨɠɟɫɬɜɨ ɪɚɡɧɨɨɛɪɚɡɧɵɯ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢ ɤɨɪɩɭɫɤɭɥɹɪɧɵɯ ɢɡɥɭɱɟɧɢɣ. ɗɧɟɪɝɢɹ ɫɜɹɡɢ ɦɟɠɞɭ 

ɦɨɥɟɤɭɥɚɦɢ ɢɥɢ ɚɬɨɦɚɦɢ ɦɚɬɟɪɢɚɥɨɜ ɄȺ ɦɨɠɟɬ ɛɵɬɶ ɦɟɧɶɲɟ ɷɧɟɪɝɢɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɢɞɨɜ ɢɡɥɭɱɟɧɢɣ. ɑɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 

ɭɫɢɥɟɧɢɸ ɷɮɮɟɤɬɚ ɫɭɛɥɢɦɚɰɢɢ. ɗɬɨ ɹɜɥɟɧɢɟ ɹɪɤɨ ɜɵɪɚɠɟɧɨ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ, 

ɤɨɬɨɪɵɟ ɢɧɬɟɧɫɢɜɧɨ ɩɨɝɥɨɳɚɸɬ ɢɡɥɭɱɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɨɤɫɢɞɚ ɠɟɥɟɡɚ (Fe2O3) 

ɢɥɢ ɨɤɫɢɞɚ ɰɢɧɤɚ (ZnO), ɩɨɝɥɨɳɚɸɳɢɯ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɟ ɢɡɥɭɱɟɧɢɟ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɭɛɥɢɦɚɰɢɢ ɬɟɪɦɨɪɟɝɭɥɢɪɭɸɳɢɯ ɩɨɤɪɵɬɢɣ ɩɪɨɢɡɜɨɞɢɥɨɫɶ 

ɜ ɜɚɤɭɭɦɟ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɤɨɬɨɪɨɝɨ ɞɨɫɬɢɝɚɥɚ 10–ɤɪɚɬɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. ȼ ɬɟɱɟɧɢɢ 

ɧɟɫɤɨɥɶɤɢɯ ɞɧɟɣ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɜɟɳɟɫɬɜɚ, ɜ ɫɨɫɬɚɜ 

ɤɨɬɨɪɵɯ ɜɯɨɞɢɥ ɮɬɨɪɢɫɬɵɣ ɷɬɢɥɟɧɨɜɵɣ ɩɪɨɩɢɥɟɧ, ɩɨɤɚɡɵɜɚɥɢ ɛɨɥɶɲɨɟ 
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ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɭɛɥɢɦɚɰɢɢ. Ȼɨɥɶɲɢɧɫɬɜɨ ɩɨɤɪɵɬɢɣ ɢ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ 

ɢɫɩɵɬɚɧɢɹɯ ɜ ɜɚɤɭɭɦɟ ɜ ɬɟɱɟɧɢɢ ɧɟɞɟɥɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 120°С ɬɟɪɹɥɨ ɡɚɦɟɬɧɭɸ 

ɱɚɫɬɶ ɫɜɨɟɝɨ ɜɟɫɚ. 

ɍɞɚɥɟɧɢɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜɵɯ ɢ ɨɤɫɢɞɧɵɯ ɩɥёɧɨɤ ɩɪɢ ɫɭɛɥɢɦɚɰɢɢ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨёɜ ɫ ɬɨɥɳɢɧɨɣ, ɤɪɚɬɧɨɣ ɞɥɢɧɟ ɜɨɥɧɵ ɢɡɥɭɱɟɧɢɹ, ɩɪɢɜɨɞɢɬ ɤ 

ɢɡɦɟɧɟɧɢɸ ɨɩɬɢɱɟɫɤɢɯ ɪɚɞɢɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɜɟɪɯɧɨɫɬɟɣ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɫɜɟɪɯɜɵɫɨɤɨɝɨ 

ɜɚɤɭɭɦɚ ɢ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɬɟɪɦɨɪɟɝɭɥɢɪɭɸɳɢɟ ɩɨɜɟɪɯɧɨɫɬɢ, 

ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɨɬɪɚɠɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɭ ɛɟɥɵɯ ɩɨɤɪɵɬɢɣ, ɩɪɢɱёɦ 

ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɪɚɫɤɢ ɩɨɞɜɟɪɠɟɧɵ ɢɡɦɟɧɟɧɢɹɦ ɛɨɥɶɲɟ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ. 

ɂɡ-ɡɚ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɛɥɢɡɤɢɯ ɤ ɚɛɫɨɥɸɬɧɨɦɭ ɧɭɥɸ, ɢ ɪɚɡɪɹɠɟɧɧɨɣ 

ɫɪɟɞɵ ɜ ɜɚɤɭɭɦɟ ɩɨɱɬɢ ɧɟɬ ɬɟɩɥɨɨɛɦɟɧɚ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɪɟɞɵ, ɚ ɩɟɪɟɞɚɱɚ 

ɬɟɩɥɚ ɩɪɨɢɫɯɨɞɢɬ ɩɭɬёɦ ɥɭɱɢɫɬɨɝɨ ɨɛɦɟɧɚ ɢɡɜɧɟ. Ɍɟɩɥɨɩɟɪɟɞɚɱɚ ɦɟɠɞɭ 

ɫɨɩɪɢɤɚɫɚɸɳɢɟɫɹ ɫɬɚɬɢɱɟɫɤɢɦɢ ɱɚɫɬɹɦɢ ɄȺ ɬɚɤɠɟ ɡɚɬɪɭɞɧɟɧɚ ɢɡ-ɡɚ 

ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜɚɤɭɭɦɧɵɯ ɩɪɨɦɟɠɭɬɤɨɜ ɦɟɠɞɭ ɧɢɦɢ. 

ȼɵɞɟɥɹɸɬ ɬɪɢ ɪɟɠɢɦɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ ɝɚɡɟ: ɜɹɡɤɨɫɬɧɵɣ, ɦɨɥɟɤɭɥɹɪɧɨ-

ɜɹɡɤɨɫɬɧɵɣ ɢ ɦɨɥɟɤɭɥɹɪɧɵɣ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɝɪɚɧɢɰ ɦɟɠɞɭ  ɷɬɢɦɢ ɪɟɠɢɦɚɦɢ ɧɟ ɫɭɳɟɫɬɜɭɟɬ. Ⱦɥɹ ɪɚɫɱёɬɨɜ ɢɫɩɨɥɶɡɭɸɬ 

ɛɟɡɪɚɡɦɟɪɧɵ ɤɪɢɬɟɪɢɣ Ʉɧɭɞɫɟɧɚ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ ɨɬɧɨɲɟɧɢɸ ɫɪɟɞɧɟɣ ɞɥɢɧɵ 

ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ l ɱɚɫɬɢɰ ɝɚɡɚ ɤ ɥɢɧɟɣɧɨɦɭ ɪɚɡɦɟɪɭ ɫɢɫɬɟɦɵ Lo (1.1.3.1): 

݊ܭ  = ௢ܮ݈                                                                                                                ሺͳ.ͳ.͵.ͳሻ 
 

Ƚɪɚɧɢɰɵ ɪɟɠɢɦɨɜ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: ݊ܭ < Ͳ,ͲͲͷ – ɞɥɹ 

ɜɹɡɤɨɫɬɧɨɝɨ; Ͳ,ͲͲͷ < ݊ܭ < ͷ – ɞɥɹ ɦɨɥɟɤɭɥɹɪɧɨ-ɜɹɡɤɨɫɬɧɨɝɨ ɢ ݊ܭ > ͷ ɞɥɹ 

ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɪɟɠɢɦɚ [20]. ɉɪɢ ɜɹɡɤɨɫɬɧɨɦ ɢ ɦɨɥɟɤɭɥɹɪɧɨ-ɜɹɡɤɨɫɬɧɨɦ 

ɪɟɠɢɦɚɯ ɬɟɱɟɧɢɹ ɝɚɡɚ ɬɟɩɥɨɨɛɦɟɧ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɩɟɪɟɞɚɱɢ ɬɟɩɥɚ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɤɨɧɜɟɤɰɢɟɣ ɢ ɢɡɥɭɱɟɧɢɟɦ; ɜ ɦɨɥɟɤɭɥɹɪɧɨɦ ɪɟɠɢɦɟ 
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ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɤɨɧɜɟɤɰɢɹ ɧɚɫɬɨɥɶɤɨ ɦɚɥɵ, ɱɬɨ ɢɦɢ ɩɪɟɧɟɛɪɟɝɚɸɬ, ɚ 

ɬɟɩɥɨɩɟɪɟɞɚɱɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɛɥɚɝɨɞɚɪɹ ɥɭɱɢɫɬɨɦɭ ɨɛɦɟɧɭ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɛɦɟɧɚ ɷɧɟɪɝɢɢ ɦɟɠɞɭ ɝɚɡɨɦ ɢ ɬɜёɪɞɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɧɚɡɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɟɪɦɢɱɟɫɤɨɣ ɚɤɤɨɦɨɞɚɰɢɢ ߙ௧, ɫɭɳɟɫɬɜɟɧɧɨ 

ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɫɨɫɬɨɹɧɢɹ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɄȺ. ɉɪɢɫɭɬɫɬɜɢɟ ɢɥɢ, ɧɚɨɛɨɪɨɬ, 

ɨɬɫɭɬɫɬɜɢɟ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ, ɨɤɢɫɧɵɯ ɩɥёɧɨɤ ɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɡɧɚɱɟɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɚɤɤɨɦɨɞɚɰɢɢ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɝɟɥɢɹ ɧɚ «ɱɢɫɬɨɦ» ɜɨɥɶɮɪɚɦɟ      ߙ௧ ≈ Ͳ,Ͳͳ͹, ɚ ɩɪɢ ɧɚɥɢɱɢɢ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɣ ɩɥёɧɤɢ ߙ௧ ≈ Ͳ,ͷ [21]. ɉɪɢ ɞɜɢɠɟɧɢɢ 

ɄȺ ɱɟɪɟɡ ɩɥɨɬɧɵɟ ɫɥɨɹ ɚɬɦɨɫɮɟɪɵ ɜɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɚɤɤɨɦɨɞɚɰɢɢ ɧɚ ɟɝɨ 

ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ ɨɱɟɧɶ ɫɭɳɟɫɬɜɟɧɧɨ, ɤɨɬɨɪɨɟ ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɩɵɥɟɧɢɸ ɦɚɬɟɪɢɚɥɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɄȺ. ȼ ɨɫɧɨɜɧɨɦ ɭɤɚɡɚɧɧɵɣ ɩɪɨɰɟɫɫ ɢɦɟɟɬ ɦɟɫɬɨ ɞɥɹ ɩɟɪɟɞɧɢɯ 

ɱɚɫɬɟɣ (ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ) ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ. ɋɥɨɣ ɪɚɫɩɵɥёɧɧɨɝɨ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɦɚɬɟɪɢɚɥɚ ɨɛɵɱɧɨ ɧɟɡɧɚɱɢɬɟɥɟɧ, ɧɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢ 

ɞɜɢɠɟɧɢɢ ɜ «ɫɨɥɧɟɱɧɨɦ ɜɟɬɪɟ» ɢɥɢ ɜ ɜɨɞɨɪɨɞɧɨɣ ɤɨɪɨɧɟ Ɂɟɦɥɢ ɩɪɨɢɫɯɨɞɢɬ 

ɞɢɮɮɭɡɢɹ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɫɥɨɢ ɦɚɬɟɪɢɚɥɚ (ɧɚɫɵɳɟɧɢɟ 

ɜɨɞɨɪɨɞɨɦ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 10%), ɱɬɨ ɧɟɫɨɦɧɟɧɧɨ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ 

ɨɩɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɚ. 

ɉɪɢ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɹɯ ɤɨɫɦɢɱɟɫɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ 

ɧɚɪɭɲɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɄȺ, ɱɬɨ ɨɛɹɡɚɬɟɥɶɧɨ ɩɪɢɜɟɞёɬ ɤ ɢɡɦɟɧɟɧɢɸ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ. ɗɬɨ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɹɜɥɟɧɢɹ 

ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɬɪɟɳɢɧ, ɢɧɬɟɪɤɪɢɫɬɚɥɥɢɬɧɨɣ ɤɨɪɪɨɡɢɢ. Ɍɚɤɠɟ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨёɜ ɩɪɨɢɫɯɨɞɢɬ ɭɯɭɞɲɟɧɢɟ ɨɛɴёɦɧɨ-

ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ. 

ȼ ɜɚɤɭɭɦɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɞɢɷɥɟɤɬɪɢɤɨɜ ɦɨɝɭɬ ɧɚɤɚɩɥɢɜɚɬɶɫɹ 

ɡɧɚɱɢɬɟɥɶɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɡɚɪɹɞɵ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ ɬɨɤɨɜ ɭɬɟɱɤɢ, ɤɨɬɨɪɵɟ ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɸɬ ɧɚ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɫɢɝɧɚɥɨɜ. 

ȼɫё ɪɚɫɫɦɨɬɪɟɧɧɨɟ ɜɵɲɟ ɨɬɧɨɫɢɬɫɹ ɤ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ 

ɜɚɤɭɭɦɚ ɢ ɨɤɨɥɨ ɤɨɫɦɢɱɟɫɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɚ ɄȺ, ɧɨ ɷɬɢ ɧɟɞɨɫɬɚɬɤɢ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɢ ɜ ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɤɥɸɱɟ: 
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- ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɞɭɜɧɵɯ ɢ ɜɫɩɟɧɢɜɚɸɳɢɯɫɹ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɤɨɫɦɨɫɟ; 

- ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɨɠɟɧɢɟɦ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɄȺ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɞɢɮɮɭɡɢɨɧɧɵɯ ɢ ɫɭɛɥɢɦɚɰɢɨɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ [22]; 

- ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɭɛɥɢɦɚɰɢɨɧɧɵɯ ɦɢɤɪɨɞɜɢɝɚɬɟɥɟɣ [23]. 

 

1.2 Ʉɨɧɬɪɨɥɶ ɬɟɦɩɟɪɚɬɭɪɵ ɛɨɪɬɨɜɨɣ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ 

 

1.2.1 ɇɚɡɧɚɱɟɧɢɟ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 

 

Ⱦɥɹ ɪɚɡɥɢɱɧɵɯ ɄȺ ɬɪɟɛɭɟɬɫɹ ɩɨɞɞɟɪɠɚɬɶ ɨɩɪɟɞɟɥёɧɧɵɣ ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ, 

ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɚɩɩɚɪɚɬɚ: 

- ɞɥɹ ɧɚɭɱɧɵɯ ɩɪɢɛɨɪɨɦ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɞɨɜɨɥɶɧɨ 

ɲɢɪɨɤɢɣ: Ͳ° ± ͳͲ°…ͶͲ° ± ͳͷ℃; 

- ɞɥɹ ɩɢɥɨɬɢɪɭɟɦɵɯ ɤɨɫɦɢɱɟɫɤɢɯ ɤɨɪɚɛɥɟɣ (ɄɄ) ɜ ɨɬɫɟɤɚɯ ɪɚɛɨɬɵ ɢ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɷɤɢɩɚɠɚ ɞɨɥɠɧɚ ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɪɚɣɨɧɟ ͳͺ ± ͷ℃; 
- ɜ ɞɪɭɝɢɯ ɨɬɫɟɤɚɯ ɄɄ ɢ ɨɬɫɟɤɚɯ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɄȺ - Ͳ…ͶͲ℃; 
- ɞɥɹ ɚɝɪɟɝɚɬɨɜ ɞɜɢɝɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ - ͷͲ…ͻͲ℃; 
- ɞɥɹ ɬɟɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɨɠɟɧɵ ɜɧɟ ɝɟɪɦɟɬɢɱɧɵɯ ɨɬɫɟɤɨɜ, 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɡɚɜɢɫɢɬ ɨɬ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɄȺ ɹɜɥɹɟɬɫɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɦ ɧɟɛɟɫɧɵɦ ɬɟɥɨɦ, ɤɨɬɨɪɨɟ ɩɨɫɬɨɹɧɧɨ 

ɧɚɯɨɞɢɬɫɹ ɜ ɬɟɩɥɨɨɛɦɟɧɟ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ, ɧɨ ɢɡ-ɡɚ ɱɪɟɡɜɵɱɚɣɧɨ 

ɪɚɡɪɹɠɟɧɧɨɣ ɦɟɠɩɥɚɧɟɬɧɨɣ ɫɪɟɞɵ ɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɄȺ ɫ ɤɨɫɦɢɱɟɫɤɢɦ 

ɩɪɨɫɬɪɚɧɫɬɜɨɦ ɢɫɤɥɸɱɚɟɬɫɹ. ȿɞɢɧɫɬɜɟɧɧɵɣ ɩɭɬɶ ɨɛɦɟɧɚ ɷɧɟɪɝɢɟɣ ɄȺ ɫ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ – ɷɬɨ ɩɨɝɥɨɳɟɧɢɟ ɢ ɢɫɩɭɫɤɚɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 

ɢɡɥɭɱɟɧɢɹ ɜ ɨɩɪɟɞɟɥёɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɫɩɟɤɬɪɚ. 

ɉɨɥɭɱɟɧɢɟ ɬɟɩɥɚ ɄȺ ɩɪɨɢɫɯɨɞɢɬ ɢ ɨɬ ɜɧɭɬɪɟɧɧɢɯ ɢɫɬɨɱɧɢɤɨɜ (ɩɪɢɛɨɪɨɜ, 

ɚɝɪɟɝɚɬɨɜ, ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ), ɢ ɨɬ ɜɧɟɲɧɢɯ [10]: 

- ɩɪɹɦɨɟ ɢɡɥɭɱɟɧɢɟ ɋɨɥɧɰɚ; 

- ɨɬɪɚɠёɧɧɨɟ ɢɡɥɭɱɟɧɢɟ ɨɬ ɧɟɛɟɫɧɵɯ ɨɛɴɟɤɬɨɜ; 

- ɫɨɛɫɬɜɟɧɧɨɟ ɢɡɥɭɱɟɧɢɟ ɧɟɛɟɫɧɵɯ ɨɛɴɟɤɬɨɜ; 
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- ɬɟɩɥɨ, ɜɵɞɟɥɹɸɳɟɟɫɹ ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɢ ɚɩɩɚɪɚɬɚ ɫ ɦɨɥɟɤɭɥɚɦɢ ɝɚɡɚ ɜ 

ɜɟɪɯɧɢɯ ɫɥɨɹɯ ɚɬɦɨɫɮɟɪɵ ɩɥɚɧɟɬɵ.  

ɉɪɢ ɧɚɯɨɠɞɟɧɢɢ ɄȺ ɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦ ɪɚɜɧɨɜɟɫɢɢ ɫ ɨɤɪɭɠɚɸɳɢɦ 

ɩɪɨɫɬɪɚɧɫɬɜɨɦ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ (1.2.1.1): 

 С݀ܶ݀ݐ = ܳ˅ː˖˕˓ + ܳ˔ˑˎːܣ௦ + ܳˑ˕˓ + ܳ˔ˑ˄ܣ˔ˑ˄ + ܳˏˑˎ − ܳˋˊˎ,                  ሺͳ.ʹ.ͳ.ͳሻ 
 

ɝɞɟ ܳ˔ˑ˄ – ɷɧɟɪɝɢɹ ɫɨɛɫɬɜɟɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ; 

      ܳ˅ː˖˕˓ – ɫɭɦɦɚɪɧɵɟ ɜɧɭɬɪɟɧɧɢɟ ɬɟɩɥɨɜɵɟ ɩɨɬɨɤɢ; 

      ܳ˔ˑˎː – ɩɪɹɦɨɣ ɫɨɥɧɟɱɧɵɣ ɩɨɬɨɤ, ɩɚɞɚɸɳɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɄȺ; 

      ܳˑ˕˓ – ɫɨɥɧɟɱɧɚɹ ɷɧɟɪɝɢɹ, ɨɬɪɚɠёɧɧɚɹ ɨɬ ɤɨɫɦɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ; 

      ܳˏˑˎ – ɬɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ, ɤɨɬɨɪɚɹ ɜɵɞɟɥɹɟɬɫɹ ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɢ ɄȺ ɫ 

ɨɬɞɟɥɶɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ɚɬɦɨɫɮɟɪɵ ɩɥɚɧɟɬɵ; 

      ܳˋˊˎ – ɷɧɟɪɝɢɹ, ɢɡɥɭɱɚɟɦɚɹ ɄȺ; 

 ;௦ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢܣ      

 ˑ˄ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɫɨɛɫɬɜɟɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ˔ܣ      

ɨɛɴɟɤɬɚ.  

Ɏɨɪɦɭɥɚ (1.2.1.1) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɞɜɢɠɟɧɢɢ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ 

ɬɟɩɥɨɜɵɟ ɩɨɬɨɤɢ ɢɡɦɟɧɹɸɬɫɹ ɜɨ ɜɪɟɦɟɧɢ. ɉɨɷɬɨɦɭ ɬɟɩɥɨɜɵɟ ɪɟɠɢɦɵ ɧɟ 

ɹɜɥɹɸɬɫɹ ɫɬɚɰɢɨɧɚɪɧɵɦɢ, ɚ ɢɯ ɪɚɫɱёɬɵ ɫɬɚɧɨɜɹɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ ɫɥɨɠɧɵɦɢ. 

ɋɨɥɧɟɱɧɵɟ ɬɟɩɥɨɜɵɟ ɩɨɬɨɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1.2.1.2): 

 ܳ˔ˑˎː = ܵ଴ܨெܣ௦,                                                                                                 ሺͳ.ʹ.ͳ.ʹሻ 
 

ɝɞɟ ܵ଴ – ɫɨɥɧɟɱɧɚɹ ɩɨɫɬɨɹɧɧɚɹ (ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚ ɩɥɨɳɚɞɶ ɜ 1 ɦ2, ɧɚɯɨɞɹɳɭɸɫɹ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɫɨɥɧɟɱɧɵɦ ɥɭɱɚɦ); 

 ெ – ɩɪɨɟɤɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɄȺ ɧɚ ɩɥɨɫɤɨɫɬɶ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɫɨɥɧɟɱɧɵɦܨ       

ɥɭɱɚɦ. 
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Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɨɬɨɤɚ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ S ɧɚ ɪɚɫɫɬɨɹɧɢɢ R ɨɬ ɋɨɥɧɰɚ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɨɪɦɭɥɚ (1.2.1.3): 

 ܵ = ܴ଴ଶܴଶ ܵ଴                                                                                                            ሺͳ.ʹ.ͳ.͵ሻ 
 

ȿɫɥɢ ɢɫɤɭɫɫɬɜɟɧɧɵɣ ɫɩɭɬɧɢɤ ɡɟɦɥɢ (ɂɋɁ) ɧɚɯɨɞɢɬɫɹ ɧɚ ɟё ɨɪɛɢɬɟ, ɬɨ 

ɧɟɤɨɬɨɪɭɸ ɱɚɫɬɶ ɜɪɟɦɟɧɢ ɨɧ ɧɚɯɨɞɢɬɫɹ ɜ ɬɟɧɢ. Ɍɨɝɞɚ ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ ɬɟɩɥɨɜɨɣ 

ɩɨɬɨɤ, ɩɨɩɚɞɚɸɳɢɣ ɧɚ ɂɋɁ ɪɚɜɟɧ (1.2.1.4): 

 ܳ˔ˑˎː.˔˓ = ܳ˔ˑˎː 𝑇−𝜏𝑇 ,                                                                                         ሺͳ.ʹ.ͳ.Ͷሻ  
 

 ɝɞɟ ܶ – ɩɟɪɢɨɞ ɨɛɪɚɳɟɧɢɹ ɂɋɁ ɜɨɤɪɭɝ Ɂɟɦɥɢ; 

       𝜏 – ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɜ ɬɟɧɢ Ɂɟɦɥɢ.   

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɚɹ ɜɵɞɟɥɹɟɬɫɹ ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɢ ɂɋɁ 

ɫ ɨɬɞɟɥɶɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ɜ ɚɬɦɨɫɮɟɪɟ, ɦɨɠɧɨ ɩɪɢɛɥɢɠёɧɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ 

ɮɨɪɦɭɥɟ (1.2.1.5): 

 ܳˏˑˎ = ݇  ଷʹͲͺͶ,                                                                                                  ሺͳ.ʹ.ͳ.ͷሻܸ݌
 

ɝɞɟ ݌ – ɩɥɨɬɧɨɫɬɶ ɚɬɦɨɫɮɟɪɵ; 

      ܸ – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɂɋɁ; 

      ݇ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɤɤɨɦɨɞɚɰɢɢ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɚɤɤɨɦɨɞɚɰɢɢ ɩɨɤɚɡɵɜɚɟɬ ɫɬɟɩɟɧɶ ɭɩɪɭɝɨɫɬɢ ɫɬɨɥɤɧɨɜɟɧɢɹ 

ɦɨɥɟɤɭɥ ɫ ɤɨɪɩɭɫɨɦ ɂɋɁ: ݇ = Ͳ, ɤɨɝɞɚ ɫɬɨɥɤɧɨɜɟɧɢɟ ɹɜɥɹɟɬɫɹ ɭɩɪɭɝɢɦ, ɬɨ ɟɫɬɶ 

ɛɟɡ ɩɪɟɜɪɚɳɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨɜɭɸ; ݇ = ͳ, ɟɫɥɢ ɩɪɨɢɫɯɨɞɢɬ 

ɩɨɥɧɵɣ ɩɟɪɟɯɨɞ ɜɫɟɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨɜɭɸ. 
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1.2.2 ɉɚɫɫɢɜɧɵɟ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 

 

Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɄȺ ɜ ɩɚɫɫɢɜɧɵɯ ɫɢɫɬɟɦɚɯ 

ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬ: 

- ɬɟɩɥɨɜɭɸ ɬɟɪɦɨɢɡɨɥɹɰɢɸ; 

- ɬɟɪɦɨɪɟɝɭɥɢɪɭɸɳɢɟ ɩɨɤɪɵɬɢɹ; 

- ɨɩɬɢɦɚɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɄȺ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɬɨɱɧɢɤɨɜ 

ɬɟɩɥɚ. 

Ɉɛɟɫɩɟɱɟɧɢɟ ɡɚɞɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɩɚɫɫɢɜɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɜɫɟɝɞɚ 

ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɨɫɬɨɹɧɫɬɜɟ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ. 

ɇɚ ɩɪɚɤɬɢɤɟ ɠɟ ɬɟɩɥɨɜɵɟ ɩɨɬɨɤɢ ɢɡ ɪɚɡɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɨɫɬɨɹɧɧɨ 

ɢɡɦɟɧɹɸɬɫɹ, ɞɚ ɢ ɪɚɡɥɢɱɧɵɟ ɜɟɥɢɱɢɧɵ, ɬɚɤɢɟ ɤɚɤ: ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɢɡɥɭɱɚɬɟɥɶɧɚɹ 

ɫɩɨɫɨɛɧɨɫɬɶ ɬɟɥɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ; ɛɟɪɭɬɫɹ ɫ 

ɨɩɪɟɞɟɥёɧɧɨɣ ɬɨɱɧɨɫɬɶɸ. ɉɪɢ ɬɚɤɢɯ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚɯ ɩɚɫɫɢɜɧɵɟ ɫɢɫɬɟɦɵ 

ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɟ ɦɨɝɭɬ ɨɛɟɫɩɟɱɢɬɶ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɄȺ ɡɚɞɚɧɧɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ, ɧɨ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɞɢɚɩɚɡɨɧ 

ɬɟɦɩɟɪɚɬɭɪ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɪɚɧɢɰɚɦɢ ɢɡɦɟɧɟɧɢɣ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ 

ɜɟɥɢɱɢɧ. 

ɉɚɫɫɢɜɧɵɟ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɟɥɶɡɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɄȺ, 

ɫɨɜɟɪɲɚɸɳɢɯ ɦɟɠɩɥɚɧɟɬɧɵɟ ɩɭɬɟɲɟɫɬɜɢɹ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɨɥёɬɟ ɤ ȼɟɧɟɪɟ 

ɫɨɥɧɟɱɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɛɭɞɟɬ ɦɟɧɹɬɶɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 1373…2679 ȼɬ/ɦ2; ɢ ɟɫɥɢ ɩɪɢ 

ɧɚɯɨɠɞɟɧɢɢ ɄȺ ɨɤɨɥɨ Ɂɟɦɥɢ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɩɨɤɪɵɬɢɹ ɨɛɟɫɩɟɱɚɬ ɟɦɭ 

ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɨɥɨ Ͳ℃, ɬɨ ɪɹɞɨɦ ɫ ȼɟɧɟɪɨɣ ɬɟɦɩɟɪɚɬɭɪɚ ɄȺ ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ 

45℃. ȿɫɥɢ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɜɡɹɬɶ ɩɨɥёɬ ɤ Ɇɚɪɫɭ, ɬɨ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ 

ɫɨɥɧɟɱɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɛɭɞɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɟɧ 1373…500 ȼɬ/ɦ2; ɢ ɩɪɢ 

ɨɛɟɫɩɟɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɨɥɨ Ɂɟɦɥɢ Ͳ℃, ɬɨ ɨɤɨɥɨ Ɇɚɪɫɚ ɬɟɦɩɟɪɚɬɭɪɚ ɄȺ 

ɭɩɚɞёɬ ɧɨ -71℃ [24]. 

ɉɚɫɫɢɜɧɵɟ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ ɧɚ ɨɛɴɟɤɬɚɯ, 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ.  
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1.2.3 Ⱥɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɄȺ 

 

ȼɦɟɫɬɟ ɫ ɩɚɫɫɢɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɚɤɬɢɜɧɵɟ ɦɟɬɨɞɵ. Ⱥɤɬɢɜɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɧɚɡɵɜɚɸɬɫɹ ɫɢɫɬɟɦɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɪɢɧɭɞɢɬɟɥɶɧɵɣ ɨɛɦɟɧ ɷɥɟɦɟɧɬɨɜ ɄȺ 

ɷɧɟɪɝɢɟɣ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. 

ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɄȺ ɜ ɤɨɫɦɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɡɚɜɢɫɢɬ ɨɬ: 

- ɨɪɢɟɧɬɚɰɢɢ ɄȺ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ; 

- ɜɧɭɬɪɟɧɧɟɝɨ ɬɟɩɥɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; 

- ɬɟɪɦɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɟɠɞɭ ɩɪɢɛɨɪɧɵɦ ɨɬɫɟɤɨɦ ɢ ɩɨɜɟɪɯɧɨɫɬɶɸ ɄȺ; 

- ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɄȺ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

«ɠɚɥɸɡɢ». 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɨɪɢɟɧɬɚɰɢɢ ɄȺ ɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ 

ɩɨɥɭɱɚɟɦɨɝɨ ɢ ɢɡɥɭɱɚɟɦɨɝɨ ɬɟɩɥɚ, ɧɨ ɷɬɨɬ ɦɟɬɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɝɪɚɧɢɱɟɧ ɩɪɚɤɬɢɱɟɫɤɢɦ ɩɪɢɦɟɧɟɧɢɟɦ, ɩɨɫɤɨɥɶɤɭ ɨɪɢɟɧɬɚɰɢɹ ɄȺ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦɢ ɪɟɲɚɟɦɵɦɢ ɡɚɞɚɱɚɦɢ. 

ȼɨɡɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɄȺ ɢɡɦɟɧɟɧɢɟɦ 

ɬɟɪɦɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɟɠɞɭ ɩɪɢɛɨɪɚɦɢ ɢ ɤɨɧɫɬɪɭɤɰɢɟɣ ɤɨɪɩɭɫɚ ɄȺ.  

ɉɪɢɧɭɞɢɬɟɥɶɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɄȺ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ ɦɨɠɟɬ 

ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ: 

- ɪɚɞɢɨɢɡɨɬɨɩɧɵɦɢ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɩɨɞɨɝɪɟɜɚɬɟɥɹɦɢ; 

- ɜɧɟɲɧɢɦɢ ɢ ɜɧɭɬɪɟɧɧɢɦɢ ɪɚɞɢɚɬɨɪɚɦɢ ɫ ɞɜɢɠɟɧɢɟɦ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 

ɦɟɠɞɭ ɧɢɦɢ. 

ȼ ɄȺ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬ ɢ ɚɤɬɢɜɧɵɟ, ɢ ɩɚɫɫɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɨɛɟɫɩɟɱɟɧɢɹ 

ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ. ɍɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɚɜɬɨɧɨɦɧɵɯ ɤɨɧɬɭɪɨɜ ɚɤɬɢɜɧɨɣ 

ɫɢɫɬɟɦɵ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɧɚɞёɠɧɨɫɬɢ. ȼ ɤɨɧɬɭɪɚɯ ɩɪɨɢɫɯɨɞɢɬ 

ɰɢɪɤɭɥɹɰɢɹ ɠɢɞɤɢɯ ɢɥɢ ɝɚɡɨɨɛɪɚɡɧɵɯ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ. ȿɫɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɧɟɫɤɨɥɶɤɨ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ, ɬɨ ɧɚ ɫɬɵɤɟ ɤɨɧɬɭɪɨɜ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤ. Ʉɚɤ ɩɪɢɦɟɪ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ ɦɨɠɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɝɟɪɦɟɬɢɱɟɫɤɢɣ 
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ɨɬɞɟɥ ɬɟɩɥɨɜɵɞɟɥɹɸɳɢɯ ɩɪɢɛɨɪɨɜ, ɬɟɩɥɨ ɨɬ ɤɨɬɨɪɨɝɨ ɩɟɪɟɞɚёɬɫɹ ɨɦɵɜɚɸɳɟɦɭ 

ɢɯ ɝɚɡɭ, ɤɨɬɨɪɵɣ ɨɯɥɚɠɞɚɟɬɫɹ ɜ ɠɢɞɤɨɫɬɧɨɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ.  

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɢ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɋɌɊ) 

ɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɥɨɳɚɞɢ 

ɪɚɞɢɚɬɨɪɨɜ. ɉɪɢ ɧɟɢɡɦɟɧɧɨɣ ɩɥɨɳɚɞɢ ɪɚɞɢɚɰɢɨɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨɳɶɸ: 

- ɢɡɦɟɧɟɧɢɹ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ; 

- ɩɟɪɟɩɭɫɤɚ ɧɟɤɨɬɨɪɨɣ ɱɚɫɬɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɱɟɪɟɡ ɛɚɣɩɚɫɧɭɸ (ɨɛɜɨɞɧɭɸ) 

ɥɢɧɢɸ; 

- ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɜɤɥɸɱɟɧɢɹ ɢ ɨɬɤɥɸɱɟɧɢɹ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. 

Ɇɟɯɚɧɢɱɟɫɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ 

ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɫɬɜɨɪɨɤ ɢɥɢ ɷɤɪɚɧɨɜ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ 

ɡɚɬɟɧɹɬɶ ɷɥɟɦɟɧɬɵ ɩɚɫɫɢɜɧɨɣ ɋɌɊ ɨɬ ɜɧɟɲɧɢɯ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ. ɀɚɥɸɡɢ – 

ɨɱɟɧɶ ɷɮɮɟɤɬɢɜɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɢ 

ɩɨɝɥɨɳɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɄȺ. ɋ ɢɯ ɩɨɦɨɳɶɸ ɜɵɩɨɥɧɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɚɹ 

ɪɟɝɭɥɢɪɨɜɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɄȺ. Ʉɨɧɫɬɪɭɤɰɢɹ ɠɚɥɸɡɢ ɡɚɜɢɫɢɬ ɨɬ ɪɟɲɚɟɦɨɣ 

ɡɚɞɚɱɢ ɄȺ, ɨɧɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɜ ɜɢɞɟ ɫɬɜɨɪɨɤ, ɛɚɪɚɛɚɧɚ ɫ ɩɪɨɪɟɡɹɦɢ ɢ 

ɞɪ. 

Ɉɯɥɚɠɞɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɄȺ ɞɨ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɩɟɰɢɚɥɶɧɵɯ ɫɢɫɬɟɦ ɢɡɥɭɱɚɬɟɥɟɣ ɢɥɢ ɚɤɬɢɜɧɵɯ ɫɢɫɬɟɦ 

ɨɯɥɚɠɞɟɧɢɹ. ɇɚ ɩɪɚɤɬɢɤɢ ɩɪɢɦɟɧɹɸɬ ɫɢɫɬɟɦɭ ɪɚɞɢɚɬɨɪɨɜ-ɢɡɥɭɱɚɬɟɥɟɣ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɝɨ ɚɡɨɬɚ ɜ ɪɚɣɨɧɟ 78 Ʉ. Ⱥɤɬɢɜɧɚɹ ɫɢɫɬɟɦɚ 

ɩɨɞɞɟɪɠɢɜɚɟɬ ɭɪɨɜɟɧɶ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɝɨ ɝɟɥɢɹ ɜ ɪɚɣɨɧɟ 4Ʉ, ɧɟɨɛɯɨɞɢɦɨɝɨ 

ɞɥɹ ɧɨɪɦɚɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ 

ɫɭɛɦɢɥɥɢɦɟɬɪɨɜɨɝɨ ɬɟɥɟɫɤɨɩɚ ɫɬɚɧɰɢɢ «ɋɚɥɸɬ». ɗɬɚ ɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ 

ɝɚɡɨɜɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ, ɞɜɭɯ ɯɨɥɨɞɢɥɶɧɵɯ ɦɚɲɢɧ, ɧɚɛɨɪɚ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ, 

ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɤɢ ɢ ɤɨɧɬɪɨɥɹ ɨɛɨɪɭɞɨɜɚɧɢɹ.  
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1.2.4 ɂɫɩɵɬɚɧɢɹ ɢ ɨɬɪɚɛɨɬɤɚ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɄȺ 

 

ɉɟɪɟɞ ɡɚɩɭɫɤɨɦ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɢ 

ɨɬɥɚɞɢɬɶ. ɇɚɪɹɞɭ ɫ ɞɪɭɝɢɦɢ ɢɫɩɵɬɚɧɢɹɦɢ ɨɞɧɨ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɦɟɫɬ 

ɡɚɧɢɦɚɟɬ ɨɬɪɚɛɨɬɤɚ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɄȺ. Ɋɚɛɨɬɵ ɩɪɨɜɨɞɹɬɫɹ ɩɨ ɪɚɡɥɢɱɧɵɦ 

ɧɚɩɪɚɜɥɟɧɢɹɦ. ɋɸɞɚ ɦɨɝɭɬ ɜɯɨɞɢɬɶ: 

- ɩɪɨɜɟɪɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɋɌɊ ɄȺ ɜ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɧɵɦ 

ɤ ɧɚɬɭɪɚɥɶɧɵɦ ɭɫɥɨɜɢɹɯ; 

- ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɄȺ ɜ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɹɯ, ɩɪɢ 

ɱɚɫɬɢɱɧɨɦ ɨɬɤɚɡɟ ɧɟɤɨɬɨɪɵɯ ɛɥɨɤɨɜ, ɭɡɥɨɜ, ɞɚɬɱɢɤɨɜ, ɢɡɦɟɧɟɧɢɢ ɫɥɭɱɚɣɧɵɦ 

ɨɛɪɚɡɨɦ ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɧɚɪɭɲɟɧɢɢ  ɝɟɪɦɟɬɢɱɧɨɫɬɢ, ɢɡɦɟɧɟɧɢɢ 

ɜɧɭɬɪɟɧɧɟɝɨ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɢ ɬ.ɞ.; 

- ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɟɚɥɢɡɭɟɦɨɝɨ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɄȺ, ɨɬɫɟɤɚ 

ɩɪɢɛɨɪɨɜ, ɷɥɟɦɟɧɬɨɜ ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ ɢ ɬ.ɞ.; 

- ɩɪɨɜɟɪɤɚ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɜ ɭɫɥɨɜɢɹɯ ɤɪɢɬɢɱɟɫɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ; 

- ɜɵɹɜɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɪɟɞɟɥɨɜ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ, ɛɨɪɬɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɨɞɜɢɠɧɵɯ ɷɥɟɦɟɧɬɨɜ; 

- ɨɬɪɚɛɨɬɤɚ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨɝɨ (ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɯɥɚɠɞɟɧɢɹ) 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɟɩɥɨɜɵɞɟɥɹɸɳɢɯ ɩɪɢɛɨɪɨɜ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɜɡɚɢɦɧɨɝɨ 

ɬɟɩɥɨɜɨɝɨ ɜɥɢɹɧɢɹ; 

- ɢɫɩɵɬɚɧɢɟ ɜɫɟɯ ɫɢɫɬɟɦ ɜ ɪɟɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ; 

- ɨɩɪɟɞɟɥɟɧɢɟ ɫɪɟɞɧɢɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ: ɷɮɮɟɤɬɢɜɧɨɟ 

ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɬɟɩɥɨёɦɤɨɫɬɶ ɢ ɬ.ɞ.; 

- ɩɪɨɜɟɪɤɚ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɪɚɫɱёɬɚ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɄȺ ɜ ɰɟɥɨɦ 

ɢɥɢ ɷɥɟɦɟɧɬɨɜ ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ 

ɪɚɫɱёɬɚ ɧɚ ɭɫɥɨɜɢɹ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ; 

- ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɟɮɨɪɦɚɰɢɣ ɄȺ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ. 
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Ɍɚɤɠɟ ɜɦɟɫɬɟ ɫ ɨɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɨɬɪɚɛɨɬɤɢ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ 

ɩɪɨɜɨɞɹɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɨɤɪɵɬɢɣ ɜɨ ɜɪɟɦɹ ɩɨɥёɬɚ 

ɢ ɥёɬɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ. 

Ɇɟɬɨɞɢɤɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɜɨɝɨ 

ɪɟɠɢɦɚ ɄȺ ɫɬɪɨɢɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɟɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, 

ɨɪɢɟɧɬɚɰɢɟɣ ɜ ɩɨɥёɬɟ, ɜɧɭɬɪɟɧɧɢɦ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟɦ, ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɬɨɱɧɨɫɬɢ 

ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ. 

ɉɪɟɞɩɨɥɨɠɢɦ, ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɬɶ ɚɩɩɚɪɚɬ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɫ 

ɩɨɞɜɢɠɧɵɦɢ ɜɵɫɬɭɩɚɸɳɢɦɢ ɱɚɫɬɹɦɢ. Ⱥɤɬɢɜɧɚɹ ɫɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɩɪɢɛɨɪɧɨɝɨ ɨɬɫɟɤɚ. Ɍɪɟɛɭɟɬɫɹ ɜɵɹɫɧɢɬɶ ɬɟɩɥɨɜɨɣ 

ɪɟɠɢɦ ɄȺ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɩɨɥёɬɟ ɪɹɞɨɦ ɫ Ɂɟɦɥёɣ. Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɄȺ ɫɨ  ɲɬɚɬɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ ɪɚɡɦɟɪɚɦɢ ɢ 

ɤɨɧɫɬɪɭɤɰɢɟɣ ɢɞɟɧɬɢɱɧɵɣ ɫ ɚɩɩɚɪɚɬɨɦ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɨɬɩɪɚɜɢɬɶɫɹ ɜ ɩɨɥёɬ. ɇɚ 

ɨɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɡɞɟ, ɝɞɟ, ɩɨ ɦɧɟɧɢɸ 

ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ, ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɟɩɥɨɜɨɟ ɩɨɥɟ ɚɩɩɚɪɚɬɚ. Ɍɚɤɠɟ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɢ ɞɪɭɝɢɟ ɞɚɬɱɢɤɢ: ɞɚɜɥɟɧɢɹ, ɧɚɩɪɹɠɟɧɢɹ ɛɚɬɚɪɟɣ, ɪɚɫɯɨɞɚ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ ɬ.ɞ.. ɄȺ ɬɳɚɬɟɥɶɧɨ ɨɱɢɳɚɟɬɫɹ ɨɬ ɜɫɟɜɨɡɦɨɠɧɵɯ ɡɚɝɪɹɡɧɟɧɢɣ. 

ɉɨɫɥɟ ɷɬɨɝɨ ɨɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɪɟɩɥɹɸɬ ɜ ɪɚɦɟ ɦɟɯɚɧɢɡɦɚ ɜɪɚɳɟɧɢɹ ɢ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɜ ɛɚɪɨɤɚɦɟɪɭ. ɇɚ ɫɥɟɞɭɸɳɟɦ ɲɚɝɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɜɟɪɤɚ ɪɚɛɨɬɵ 

ɛɨɪɬɨɜɨɣ ɚɩɩɚɪɚɬɭɪɵ ɢ ɫɢɫɬɟɦ ɢɡɦɟɪɟɧɢɹ ɤɨɧɬɪɨɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. Ⱦɚɥɟɟ ɜ 

ɤɚɦɟɪɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɟɨɛɯɨɞɢɦɨɟ ɞɚɜɥɟɧɢɟ ɢ ɩɪɨɢɡɜɨɞɹɬ ɨɯɥɚɠɞɟɧɢɟ 

ɤɪɢɨɝɟɧɧɵɯ ɷɤɪɚɧɨɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɝɨ ɚɡɨɬɚ. Ɍɟɩɟɪɶ ɦɨɠɧɨ ɧɚɱɢɧɚɬɶ 

ɷɤɫɩɟɪɢɦɟɧɬ [25]. 

ȼɤɥɸɱɚɸɬ ɝɟɧɟɪɚɬɨɪ ɢɦɢɬɚɰɢɢ ɥɭɱɢɫɬɵɯ ɩɨɬɨɤɨɜ ɢ ɛɨɪɬɨɜɚɹ ɚɩɩɚɪɚɬɭɪɚ, 

ɫ ɩɨɦɨɳɶɸ ɦɟɯɚɧɢɡɦɚ ɜɪɚɳɟɧɢɹ ɨɪɢɟɧɬɢɪɭɸɬ ɄȺ ɨɬɧɨɫɢɬɟɥɶɧɨ ɋɨɥɧɰɚ ɢ 

ɩɥɚɧɟɬɵ. ɉɨɤɚɡɚɧɢɹ ɞɚɬɱɢɤɨɜ ɩɪɢɧɢɦɚɟɬ ɪɟɝɢɫɬɪɢɪɭɸɳɚɹ ɚɩɩɚɪɚɬɭɪɚ, 

ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɜɧɟ ɛɚɪɨɤɚɦɟɪɵ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚ ɡɚɜɢɫɢɬ ɨɬ 

ɭɫɥɨɜɢɣ ɩɨɥёɬɚ ɢ ɰɢɤɥɢɱɧɨɫɬɢ ɪɚɛɨɬɵ ɊɗȺ. ȿɫɥɢ ɜɪɟɦɹ ɩɨɥёɬɚ ɄȺ ɛɭɞɟɬ 

ɢɫɱɢɫɥɹɬɶɫɹ ɦɟɫɹɰɚɦɢ ɢɥɢ ɝɨɞɚɦɢ, ɬɨ ɩɪɨɜɟɪɤɚ ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɫɨɤɪɚɳёɧɧɵɣ 
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ɩɪɨɝɪɚɦɦɟ: ɢɦɢɬɢɪɭɸɬɫɹ ɪɟɠɢɦɵ, ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɟ ɢɥɢ ɷɤɫɬɪɟɦɚɥɶɧɵɟ 

ɞɥɹ ɞɚɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɨɜ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɪɟɠɢɦɨɜ ɄȺ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɟ ɢɡ ɧɢɯ: 

- ɧɚɢɛɨɥɟɟ ɩɨɥɧɚɹ ɢɦɢɬɚɰɢɹ ɨɤɪɭɠɚɸɳɢɯ ɭɫɥɨɜɢɣ ɤɨɫɦɢɱɟɫɤɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ, ɤɨɬɨɪɵɟ ɜɨɡɞɟɣɫɬɜɭɸɬ ɧɚ ɩɨɥɧɨɪɚɡɦɟɪɧɵɣ ɄȺ; 

- ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɧɟɲɧɸɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɄȺ; 

- ɢɦɢɬɚɰɢɹ ɪɟɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɣ ɧɚ ɜɧɟɲɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ 

ɄȺ; 

- ɦɚɫɲɬɚɛɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɄȺ ɜ ɬɨɠɞɟɫɬɜɟɧɧɵɯ ɨɤɪɭɠɚɸɳɢɯ 

ɭɫɥɨɜɢɹɯ; 

- ɦɚɫɲɬɚɛɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫ ɜɢɞɨɢɡɦɟɧёɧɧɵɦɢ ɨɤɪɭɠɚɸɳɢɦɢ 

ɭɫɥɨɜɢɹɦɢ; 

- ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɨɛɦɟɧɚ ɄȺ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ 

ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɨɬɞɟɥɶɧɵɯ ɜɢɞɨɜ 

ɜɨɡɞɟɣɫɬɜɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɧɚ ɨɩɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ ɄȺ. 

Ʉɚɠɞɵɣ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɦɟɬɨɞ ɢɦɟɟɬ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ. 

ɉɟɪɟɞ ɜɵɛɨɪɨɦ ɦɟɬɨɞɚ ɧɟɨɛɯɨɞɢɦɨ ɜɡɹɬɶ ɜ ɪɚɫɱёɬ ɤɨɧɫɬɪɭɤɰɢɸ ɄȺ, ɢɦɟɸɳɢɟɫɹ 

ɜ ɪɚɫɩɨɪɹɠɟɧɢɢ ɪɟɫɭɪɫɵ (ɤɚɤ ɜɪɟɦɟɧɧɵɟ, ɬɚɤ ɢ ɦɚɬɟɪɢɚɥɶɧɵɟ), ɩɪɟɞɫɬɚɜɥɹɬɶ 

ɫɬɟɩɟɧɶ ɬɨɱɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɨɛɟɫɩɟɱɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ. 

 

1.2.5 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɄȺ 

 

 Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɪɢɦɟɧɹɟɦɵɯ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪ ɜ ɄȺ ɹɜɥɹɟɬɫɹ ɫɨɱɟɬɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ  ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɚɩɩɚɪɚɬɚ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɡɦɟɪɟɧɢɣ 

ɬɟɦɩɟɪɚɬɭɪ ɜ ɪɚɡɥɢɱɧɵɯ ɭɡɥɚɯ ɟɝɨ ɦɚɤɟɬɚ. ɗɬɨɬ ɫɩɨɫɨɛ ɯɨɪɨɲɨ ɨɩɢɫɚɧ ɜ ɪɚɛɨɬɚɯ 

Ɇ. Ɍɚɭɫɷɣɧɬɚ [26]. Ɇɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɜɧɨɫɢɬɶ ɭɬɨɱɧɟɧɢɹ ɜ ɢɫɯɨɞɧɭɸ 
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ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ. ɇɢɠɟ ɛɭɞɭɬ ɤɪɚɬɤɨ ɨɩɢɫɚɧɵ ɨɫɧɨɜɧɵɟ ɷɬɚɩɵ ɦɟɬɨɞɚ 

ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɱёɬɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨɛ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɨɬɞɟɥɶɧɵɟ ɭɡɥɵ, ɝɞɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 

ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɫɬɨɹɧɧɨɣ. Ɍɚɤɢɦɢ ɭɡɥɚɦɢ ɜɵɛɢɪɚɸɬɫɹ ɤɪɭɩɧɵɟ ɢɥɢ ɦɟɥɤɢɟ 

ɞɟɬɚɥɢ ɄȺ, ɞɥɹ ɤɨɬɨɪɵɯ ɤɪɢɬɟɪɢɣ Ȼɢɨ (ɤɪɢɬɟɪɢɣ ɩɨɞɨɛɢɹ ɫɬɚɰɢɨɧɚɪɧɨɝɨ 

ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ ɧɚɝɪɟɬɵɦ ɢɥɢ ɨɯɥɚɠɞɟɧɧɵɦ ɬɜёɪɞɵɦ ɬɟɥɨɦ ɢ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɨɣ) ɞɨɫɬɚɬɨɱɧɨ ɦɚɥ (݅ܤ ൑ Ͳ,ͳ). 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɜɟɤɬɨɪ ⃗⃗ܯ , ɤɨɦɩɨɧɟɧɬɚɦɢ 

ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɜɟɥɢɱɢɧɵ (1.2.5.1): 

 

,௦ଵܣ  ,௦ଶܣ … , ;௦ேܣ ሺݍܥሻଵ, … , ሺݍܥሻே; 𝜀ଵ, 𝜀ଶ, … , 𝜀ே; ,ଵଵߙ ,ଵଶߙ … , ,ேே;  𝜀ଵଵߙ 𝜀ଵଶ, … 𝜀ேே                                                     ሺͳ.ʹ.ͷ.ͳሻ 
 

ɂɡɦɟɪɟɧɢɹ ɬɟɩɥɨёɦɤɨɫɬɟɣ ሺݍܥሻ, ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɥɭɱɢɫɬɨɝɨ ɨɛɦɟɧɚ 𝜀 ɢ 

ɞɪɭɝɢɯ ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɚ ⃗⃗ܯ  ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɩɟɪɜɨɟ ɚɩɪɢɨɪɧɨɟ 

ɩɪɢɛɥɢɠɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɉɟɪɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɨɛɨɡɧɚɱɢɦ ɤɚɤ ⃗⃗ܯ ଴. 

ɗɬɨ ɩɪɢɛɥɢɠɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɥɸɛɨɝɨ ɭɡɥɚ, ɪɟɲɢɜ 

ɫɢɫɬɟɦɭ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɢɡ ɭɫɥɨɜɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ɉɪɢ ɧɟɫɨɨɬɜɟɬɫɬɜɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɵɱɢɫɥɟɧɧɵɦ ɜɜɨɞɹɬɫɹ ɩɨɩɪɚɜɤɢ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ. Ɉɛɨɡɧɚɱɢɦ ɜɟɤɬɨɪ 

ɩɨɩɪɚɜɨɤ ɤ ɷɥɟɦɟɧɬɚɦ ɩɟɪɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɤɚɤ 𝑋 . Ɍɨɝɞɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 

(1.2.5.2): 

= ܯ⃗⃗  ଴ ܯ⃗⃗ + 𝑋                                                                                                         ሺͳ.ʹ.ͷ.ʹሻ 
 

Ɂɚɞɚɱɭ, ɜɤɥɸɱɚɸɳɭɸ ɜ ɫɟɛɹ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɚ ⃗⃗ܯ  ɩɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ «ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɟɣ». ɋɚɦɵɦ ɩɪɨɫɬɵɦ 

ɦɟɬɨɞɨɦ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɩɨɞɛɨɪɚ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɡɚɞɚɸɬɫɹ ɜɟɥɢɱɢɧɵ ɩɨɩɪɚɜɨɤ ɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
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ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɉɨɞɛɨɪ ɩɨɜɬɨɪɹɟɬɫɹ ɫɬɨɥɶɤɨ ɪɚɡ, ɩɨɤɚ ɧɟ ɫɨɜɩɚɞɭɬ 

ɜɵɱɢɫɥɟɧɧɵɟ ɢ ɢɡɦɟɪɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɇɚɣɞёɦ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɛɭɞɟɬ ɨɩɪɟɞɟɥɟɧɚ. 

ȼɦɟɫɬɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɠɞɨɝɨ ɭɡɥɚ ɫɪɚɜɧɢɦ 

ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ. 

ɉɨɫɬɪɨɢɦ ɮɭɧɤɰɢɸ (1.2.5.3): 

 

𝜓 = ∫∑| ௜݂ሺݐሻ|ଶ݀ݐ,ே
௜

௧𝑓
௧బ                                                                                        ሺͳ.ʹ.ͷ.͵ሻ 

 

ɝɞɟ ݐ଴ ɢ ݐ௙ – ɧɚɱɚɥɶɧɵɣ ɢ ɤɨɧɟɱɧɵɣ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɢɫɩɵɬɚɧɢɹ; 

      ௜݂ሺݐሻ – ɦɝɧɨɜɟɧɧɵɣ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɜ i-ɨɦ ɭɡɥɟ. 

Ɏɭɧɤɰɢɸ 𝜓 ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɮɭɧɤɰɢɸ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ⃗⃗ܯ  
(𝜓 = 𝜓ሺ⃗⃗ܯ  ሻ), ɬɚɤ ɢ ɤɚɤ ɮɭɧɤɰɢɸ ɩɨɩɪɚɜɨɤ 𝑋  (𝜓 = 𝜓ሺ𝑋  ሻ). Ɏɭɧɤɰɢɹ ௜݂ሺݐሻ – 

ɮɭɧɤɰɢɹ ɥɢɧɟɣɧɵɯ ɩɟɪɟɦɟɧɧɵɯ 𝜀௜, ܣ௦௜, ሺݍܥሻ௜, ߙ௜௝. 
Ɏɭɧɤɰɢɹ 𝜓ሺ𝑋  ሻ ɜɫɟɝɞɚ ɩɪɢɧɢɦɚɟɬ ɬɨɥɶɤɨ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ 

ɥɸɛɵɯ ɜɟɥɢɱɢɧ ɜɟɤɬɨɪɚ 𝑋 . ɉɪɢ ɫɨɨɬɜɟɬɫɬɜɢɢ ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɚ 𝑋  
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɮɭɧɤɰɢɹ ɛɭɞɟɬ ɢɦɟɬɶ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 𝜓ሺ𝑋  ሻ=0.  

ɂɬɚɤ, ɪɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ – ɷɬɨ ɜɵɱɢɫɥɟɧɢɟ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɢ 𝜓̅ሺ𝑋  ሻ, ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (1.2.5.4): 

 

{  
  
  𝜕𝜓̅ሺ𝑋  ሻ𝜕𝑋ଵ = Ͳ,𝜕𝜓̅ሺ𝑋  ሻ𝜕𝑋ଶ = Ͳ,…𝜕𝜓̅ሺ𝑋  ሻ𝜕𝑋ே = Ͳ.

                                                                                                      ሺͳ.ʹ.ͷ.Ͷሻ 
 

ɉɨ ɫɭɳɟɫɬɜɭ ɫɢɫɬɟɦɚ (1.2.5.4) – ɷɬɨ ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. 
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Ɋɚɫɫɦɨɬɪɢɦ ɧɚɝɥɹɞɧɵɣ ɩɪɢɦɟɪ, ɜ ɤɨɬɨɪɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ 

ɜɵɱɢɫɥɟɧɢɣ ɜɦɟɫɬɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. ɉɪɟɞɩɨɥɨɠɢɦ, ɢɫɫɥɟɞɭɟɦɚɹ 

ɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɬɪёɯ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɡɥɨɜ, ɤɨɬɨɪɵɟ ɨɤɪɭɠɟɧɵ ɨɛɳɟɣ 

ɫɮɟɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ. ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɩɨɜɟɪɯɧɨɫɬɢ ɭɡɥɨɜ ɨɞɢɧɚɤɨɜɚ ɞɥɹ ɜɫɟɯ 

ɭɡɥɨɜ ɢ ɪɚɜɧɚ: 𝜀ଵ = 𝜀ଶ = 𝜀ଷ = Ͳ,ͻ. ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɟɣ ɭɡɥɨɜ:               ܨଵ = ଷܨ = ͵ͲͲͲ ˔ˏଶ, ܨଶ = ͶͲͲͲͲ  ˔ˏଶ. Ɍɟɩɥɨёɦɤɨɫɬɶ ɭɡɥɨɜ: ሺݍܥሻଵ = ሺݍܥሻଷ =͵ͲͲ ˍˍ˃ˎ/℃, ሺݍܥሻଶ = ͶͲͲ ˍˍ˃ˎ/℃.  ɇɚɱɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɭɡɥɨɜ: ଵܶ =ͳʹ͵,͹Ͷ℃; ଶܶ = ͳʹ͵,Ͳ͸℃; ଷܶ = ͳʹʹ,͵ͺ℃. ɉɪɢɧɢɦɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɬɟɩɥɨɨɛɦɟɧɚ ɪɚɜɧɵɦɢ: ߙଵଶ = ଶଵߙ = ଵଷߙ = Ͳ,ͷ ˅˕/℃, ߙଷଶ = ଶଷߙ = Ͳ,ʹ ˅˕/℃. 

ȼɜɟɞёɦ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ ɜɧɟɲɧɢɟ ɬɟɩɥɨɜɵɟ ɩɨɬɨɤɢ ɨɬɫɭɬɫɬɜɭɸɬ ɞɨ 

ɨɩɪɟɞɟɥёɧɧɨɝɨ ɜɪɟɦɟɧɢ  ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɬɫɭɬɫɬɜɭɟɬ ɩɨɝɥɨɳёɧɧɚɹ ɭɡɥɚɦɢ 

ɷɧɟɪɝɢɹ: ଵܲ = ଶܲ = ଷܲ = Ͳ,Ͳ. 
ȼ ɨɩɪɟɞɟɥёɧɧɵ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ (ݐ = Ͳ) ɛɵɥ ɜɤɥɸɱɟɧ ɢɦɢɬɚɬɨɪ ɫɨɥɧɟɱɧɨɝɨ 

ɢɡɥɭɱɟɧɢɹ ɢ ɫɢɫɬɟɦɚ ɧɚɱɚɥɚ ɩɨɝɥɨɳɚɬɶ ɬɟɩɥɨ: ଵܲ = ʹ,Ͳ ˅˕, ଶܲ = ͳ,Ͳ ˅˕, ଷܲ = Ͳ,Ͳ. 

Ɉɪɢɟɧɬɚɰɢɹ ɄȺ ɧɚ ɦɨɦɟɧɬ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɚ ɩɨɫɬɨɹɧɧɚ, ɤɚɤ ɢ ɩɚɞɚɸɳɢɣ 

ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɨɷɬɨɦɭ ɜ ɬɟɱɟɧɢɢ ɜɫɟɝɨ ɜɪɟɦɟɧɢ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɚ (26 ɱɚɫɨɜ) 

ɩɨɝɥɨɳɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɨɫɬɚɜɚɥɚɫɶ ɩɨɫɬɨɹɧɧɨɣ. Ɇɟɬɨɞ Ɋɭɧɝɟ Ʉɭɬɬɚ ɩɨɡɜɨɥɹɟɬ 

ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɭɡɥɨɜ ௜ܶሺݐሻ ɢ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨ ɜɪɟɦɟɧɢ ܶ̇௜ሺݐሻ. 
Ɂɚɞɚɧɧɵɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ (26 ɱɚɫɨɜ) ɪɚɡɨɛɶёɦ ɧɚ N ɱɚɫɬɟɣ (ܰ = ʹ͸). ɉɨɥɭɱɚɟɬɫɹ 

ɬɪɢ ɫɢɫɬɟɦɵ 2N ɜɟɥɢɱɢɧ (1.2.5.5): 

 

௜ܶሺݐଵሻ, ௜ܶሺݐଶሻ,… , ௜ܶሺݐேሻ; 𝑖̇ܶሺݐଵሻ, 𝑖̇ܶሺݐଶሻ,… , 𝑖̇ܶሺݐேሻ   ݅ = ͳ,ʹ,͵…             ሺͳ.ʹ.ͷ.ͷሻ 
 

Ɍɟɩɟɪɶ ɜɟɥɢɱɢɧɵ (1.2.5.5) ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ 

ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢɦɟɟɬ ɜɢɞ (1.2.6.6) ɢ ɫɨɫɬɨɢɬ ɢɡ 12 

ɜɟɥɢɱɢɧ. 

= ܯ⃗⃗  ሺ ܯ⃗⃗ ଵܲ, ଶܲ, ଷܲ, ሺݍܥሻଵ, ሺݍܥሻଶ, ሺݍܥሻଷ, 𝜀ଵ, 𝜀ଶ, 𝜀ଷ, ,ଷଵߙ ,ଶଵߙ  ଷଶሻ              ሺͳ.ʹ.ͷ.͸ሻߙ
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Ɇɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɧɟɢɡɜɟɫɬɧɵɯ ɪɚɜɧɨ 12. ɇɟɢɡɜɟɫɬɧɵɟ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ 

ɩɪɢ ɪɟɲɟɧɢɢ ɫɢɫɬɟɦɵ (1.2.5.4). ɉɨɩɪɚɜɤɢ ɡɚɜɢɫɹɬ ɨɬ ɧɟɢɡɜɟɫɬɧɵɯ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ (1.2.5.7): 

            𝑋ଵ = ∆ ଵܲ,           𝑋ସ = ∆ሺݍܥሻଵ,            𝑋଻ = ∆𝜀ଵ,             𝑋ଵ଴ = ଷଵ,                     𝑋ଶߙ∆ = ∆ ଶܲ,           𝑋ହ = ∆ሺݍܥሻଶ,           𝑋଼ = ∆𝜀ଶ,             𝑋ଵଵ = ଶଵ,        ሺͳ.ʹ.ͷ.͹ሻ            𝑋ଷߙ∆ = ∆ ଷܲ,           𝑋଺ = ∆ሺݍܥሻଷ,           𝑋ଽ = ∆𝜀ଷ,             𝑋ଵଶ =  ଷଶߙ∆

 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɧɨɪɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɪɚɛɨɬɟ [26] ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɗȼɆ. 

ɉɪɨɝɪɚɦɦɚ ɩɨɡɜɨɥɢɥɚ ɞɥɹ ɥɸɛɵɯ ɤɨɦɛɢɧɚɰɢɣ ɧɟɢɡɜɟɫɬɧɵɯ ɨɰɟɧɢɜɚɬɶ 

ɱɢɫɥɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɣ ɢ ɩɪɨɜɟɪɹɬɶ ɨɩɪɟɞɟɥёɧɧɨɫɬɶ ɫɢɫɬɟɦɵ, ɛɟɡ 

ɤɨɬɨɪɨɣ ɧɟɜɨɡɦɨɠɧɨ ɛɵɥɨ ɛɵ ɪɟɲɢɬɶ ɫɚɦɭ ɫɢɫɬɟɦɭ.  

ɋɩɨɫɨɛ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɢ ɧɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɧɟ ɛɭɞɭɬ ɩɪɢɜɟɞɟɧɵ ɜ ɷɬɨɣ 

ɪɚɛɨɬɟ ɩɨ ɩɪɢɱɢɧɟ ɬɨɝɨ, ɱɬɨ ɰɟɥɶɸ ɢɡɥɨɠɟɧɢɟ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɛɵɥɨ ɩɨɤɚɡɚɬɶ 

ɩɪɢɦɟɧɹɟɦɵɟ ɫɩɨɫɨɛɵ ɤɨɧɬɪɨɥɹ ɛɨɪɬɨɜɨɣ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɚ ɧɟ 

ɩɪɢɜɟɫɬɢ ɪɚɫɱёɬɵ ɝɨɫɩɨɞɢɧɚ Ɇ. Ɍɚɭɫɷɣɧɬɚ. ɋ ɟɝɨ ɜɵɱɢɫɥɟɧɢɹɦɢ ɦɨɠɧɨ 

ɨɡɧɚɤɨɦɢɬɶɫɹ ɜ ɦɨɧɨɝɪɚɮɢɢ [26]. Ʉɭɞɚ ɛɨɥɟɟ ɩɨɥɟɡɧɵɦɢ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɜɵɜɨɞɵ, ɫɞɟɥɚɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɱɢɫɥɟɧɢɣ: 

- ȼɜɟɞёɧɧɵɟ ɩɨɩɪɚɜɤɢ ɨɤɚɡɚɥɢɫɶ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ, ɱɟɦ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɱɥɟɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

- ɉɨɝɪɟɲɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɣ ɧɟ ɩɪɟɜɵɲɚɥɨ ɡɧɚɱɟɧɢɟ 0,001. 

- ɋɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɧɟɢɡɜɟɫɬɧɵɦɢ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ 

ɦɨɝɭɬ ɛɵɬɶ ɧɚɣɞɟɧɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ. ɗɬɨ ɝɨɜɨɪɢɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɬɢɦɢɡɚɰɢɢ 

ɦɟɬɨɞɚ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ Ʌɚɝɪɚɧɠɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 

ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɢ ݂ሺ𝑋 ሻ. 
- ȼ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɩɪɢ ɪɟɲɟɧɢɢ ɫɢɫɬɟɦɵ, ɩɨɥɭɱɚɥɢɫɶ ɡɧɚɱɟɧɢɹ ɧɟ 

ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨɜɢɸ Ͳ ൑ 𝜀 ൑ ͳ, ɩɪɢɯɨɞɢɥɨɫɶ ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɡɚɧɨɜɨ ɢ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɪɭɝɭɸ ɤɨɦɛɢɧɚɰɢɸ ɧɟɢɡɜɟɫɬɧɵɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɩɢɫɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ 

ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɨɜ ɄȺ, ɧɨ ɨɧ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɝɪɨɦɨɡɞɤɢɦ ɜ ɩɥɚɧɟ ɪɚɫɱёɬɧɨɣ 
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ɛɚɡɵ, ɨɫɧɨɜɚɧ ɧɚ ɰɟɥɨɦ ɪɹɞɟ ɞɨɩɭɳɟɧɢɣ, ɤɨɬɨɪɵɟ ɧɟɜɨɡɦɨɠɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɜ 

ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. ɇɨ ɧɟɫɦɨɬɪɹ ɧɚ ɨɩɢɫɚɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɞɚɧɧɵɣ ɦɟɬɨɞ 

ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɩɟɪɜɵɯ ɷɬɚɩɚɯ ɬɟɫɬɢɪɨɜɚɧɢɹ ɄȺ.  
 

1.3 Ⱦɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ 

 

1.3.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɞɚɬɱɢɤɚх ɬɟɦɩɟɪɚɬɭɪɵ 

 

ɉɟɪɟɣɞёɦ ɤ ɪɚɫɫɦɨɬɪɟɧɢɸ ɞɚɬɱɢɤɨɜ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. Ɋɚɡɥɢɱɚɸɬ 

ɫɥɟɞɭɸɳɢɟ ɧɚɡɧɚɱɟɧɢɹ ɞɚɬɱɢɤɨɜ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɨɧɬɪɨɥɶɧɨ-

ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ: 

ɚ) ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɦɩɟɪɚɬɭɪɵ: 

- ɩɨɪɬɚɬɢɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

- ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ; 

- ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ; 

- ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

ɛ)  ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ: 

- ɞɪɟɣɮɚ ɝɟɧɟɪɚɬɨɪɚ ɜ ɫɨɬɨɜɵɯ ɬɟɥɟɮɨɧɚɯ; 

- ɬɟɦɩɟɪɚɬɭɪɵ ɯɨɥɨɞɧɨɝɨ ɫɩɚɹ ɬɟɪɦɨɩɚɪ. 

ɜ) ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ 

- ɡɚɪɹɞɨɦ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ; 

- ɩɪɨɰɟɫɫɨɦ ɭɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɚɬɱɢɤɨɜ ɹɜɥɹɸɬɫɹ ɧɟɥɢɧɟɣɧɵɦɢ. 

Ɋɟɡɢɫɬɢɜɧɵɟ ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ (ɊȾɌ) ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɢɡɦɟɪɹɸɬ 

ɬɟɦɩɟɪɚɬɭɪɭ, ɧɨ ɬɪɟɛɭɸɬ ɜɧɟɲɧɟɝɨ ɬɨɤɚ ɜɨɡɛɭɠɞɟɧɢɹ. Ɍɟɪɦɢɫɬɨɪɵ ɧɚɢɛɨɥɟɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ, ɧɨ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɫɚɦɵɟ ɧɟɥɢɧɟɣɧɵɟ. ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ 

ɞɚɬɱɢɤɢ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɞɚɬɱɢɤɚɦɢ, ɧɨ ɢɦɟɸɬ ɭɡɤɢɣ 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɩɪɢɦɟɧɟɧɢɹ. 

ȼ ɬɚɛɥɢɰɟ 1.3.1.1 ɩɪɢɜɟɞɟɧɵ ɧɟɤɨɬɨɪɵɟ ɬɢɩɵ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɚɬɱɢɤɨɜ. 
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Ɍɚɛɥɢɰɚ 1.3.1.1 – Ɍɢɩɵ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɚɬɱɢɤɨɜ 

Ɍɟɪɦɨɩɚɪɵ ɊȾɌ Ɍɟɪɦɢɫɬɨɪɵ 
ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ 
ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɋɚɦɵɣ ɲɢɪɨɤɢɣ 
ɞɢɚɩɚɡɨɧ 

ɬɟɦɩɟɪɚɬɭɪ  
-184°ɋ ɞɨ +2300°ɋ 

Ⱦɢɚɩɚɡɨɧ  
-200°ɋ ɞɨ +850°ɋ 

Ⱦɢɚɩɚɡɨɧ  
0°ɋ ɞɨ +100°ɋ 

Ⱦɢɚɩɚɡɨɧ  
-55°ɋ ɞɨ +150°ɋ 

ȼɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɢ 
ɩɨɜɬɨɪɹɟɦɨɫɬɶ 

ȼɵɫɨɤɚɹ 
ɥɢɧɟɣɧɨɫɬɶ  ɇɢɡɤɚɹ ɥɢɧɟɣɧɨɫɬɶ         

Ʌɢɧɟɣɧɨɫɬɶ 1°ɋ 
Ɍɨɱɧɨɫɬɶ 1°ɋ 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ 
ɤɨɦɩɟɧɫɚɰɢɢ 

ɯɨɥɨɞɧɨɝɨ ɫɩɚɹ                 

Ɍɪɟɛɭɟɬ ɜɧɟɲɧɟɝɨ 
ɜɨɡɛɭɠɞɟɧɢɹ 

Ɍɪɟɛɭɟɬ ɜɧɟɲɧɟɝɨ 
ɜɨɡɛɭɠɞɟɧɢɹ 

Ɍɪɟɛɭɟɬ ɜɧɟɲɧɟɝɨ 
ɜɨɡɛɭɠɞɟɧɢɹ 

ɇɢɡɤɨɟ ɜɵɯɨɞɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ            

ɇɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ 
ȼɵɫɨɤɚɹ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 

Ɍɢɩɨɜɨɣ ɜɵɯɨɞɧɨɣ 
ɫɢɝɧɚɥ: 10ɦȼ/Ʉ, 

20ɦȼ/Ʉ ɢɥɢ 1ɦȺ/Ʉ 
 

1.3.2 Ɍɟɪɦɨɩɚɪɵ 

 

Ɍɟɪɦɨɩɚɪɵ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɵɟ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɨɪɨɝɢɟ ɞɚɬɱɢɤɢ, 

ɤɨɬɨɪɵɟ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ, ɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 

ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɞɨ 2300°ɋ ɢ ɜ ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞɚɯ ɬɟɪɦɨɩɚɪɵ ɹɜɥɹɸɬɫɹ 

ɧɟɡɚɦɟɧɢɦɵɦɢ. ɇɨ ɨɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɨɧɢ 

ɞɚɸɬ ɧɚ ɜɵɯɨɞɟ ɦɢɥɥɢɜɨɥɶɬɧɵɟ ɫɢɝɧɚɥɵ, ɩɨɷɬɨɦɭ ɬɪɟɛɭɟɬɫɹ ɬɨɱɧɨɟ ɭɫɢɥɟɧɢɟ 

ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɢɯ ɨɛɪɚɛɨɬɤɢ. ȿɳё ɨɞɧɢɦ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɤɨɦɩɟɧɫɚɰɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɯɨɥɨɞɧɨɝɨ ɫɩɚɹ. Ɉɛɵɱɧɨ ɬɟɪɦɨɩɚɪɵ ɞɨɜɨɥɶɧɨ ɥɢɧɟɣɧɵ. 

ɂɡɝɨɬɨɜɥɟɧɢɟ ɬɟɪɦɨɩɚɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡ ɪɚɡɧɵɯ ɦɟɬɚɥɥɨɜ: ɠɟɥɟɡɚ, ɪɨɞɢɹ, 

ɩɥɚɬɢɧɵ, ɜɨɥɶɮɪɚɦɚ, ɪɟɧɢɹ, ɦɟɞɢ; ɢ ɫɩɥɚɜɨɜ: ɚɥɸɦɟɥɹ (ɧɢɤɟɥɹ ɢ ɚɥɸɦɢɧɢɹ), 

ɯɪɨɦɟɥɹ (ɧɢɤɟɥɹ ɢ ɯɪɨɦɚ), ɤɨɧɫɬɚɧɬɚɧɚ (ɦɟɞɢ ɢ ɧɢɤɟɥɹ) ɢ ɞɪ.. 

Ɉɡɧɚɤɨɦɢɦɫɹ ɫ ɨɫɧɨɜɚɦɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɬɟɪɦɨɩɚɪ. ɉɪɢ ɫɨɟɞɢɧɟɧɢɢ 

ɞɜɭɯ ɪɚɡɧɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ ɚɛɫɨɥɸɬɧɨɝɨ ɧɭɥɹ 

ɩɨɹɜɥɹɟɬɫɹ ɦɟɠɞɭ ɧɢɦɢ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ, ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɬɟɪɦɨ ɗȾɋ 

(ɪɢɫɭɧɨɤ 1.3.2.1, ɚ). Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɜɭɯ ɫɩɚɟɜ (ɪɢɫɭɧɨɤ 1.3.2.1, ɛ) 

ɧɟɨɛɯɨɞɢɦɨ ɫɨɟɞɢɧɢɬɶ ɞɜɚ ɬɟɪɦɨɩɚɪɧɵɯ ɩɪɨɜɨɞɚ ɫ ɨɛɨɢɯ ɤɨɧɰɨɜ.  ȿɫɥɢ 

ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɨɢɯ ɫɩɚɟɜ ɪɚɡɥɢɱɧɚ, ɬɨ ɜ ɰɟɩɢ ɩɨɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ ɗȾɋ 

ɢ ɧɚɱɢɧɚɟɬ ɬɟɱɶ ɬɨɤ. ɉɪɢ ɪɚɡɪɵɜɟ ɨɞɧɨɝɨ ɢɡ ɩɪɨɜɨɞɨɜ ɧɚɩɪɹɠɟɧɢɟ ɜ ɬɨɱɤɟ 
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ɪɚɡɪɵɜɚ ɛɭɞɟɬ ɪɚɜɧɨ  ɜɟɥɢɱɢɧɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɬɟɪɦ ɗȾɋ ɜ ɰɟɩɢ, ɤɨɬɨɪɨɟ 

ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɚɫɱёɬɚ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɞɜɭɯ ɫɩɚɟɜ (ɪɢɫɭɧɨɤ 

1.3.2.1, ɜ) [27].  

Ɍɟɪɦɨɩɚɪɚ ɢɡɦɟɪɹɟɬ ɪɚɡɧɢɰɭ ɬɟɦɩɟɪɚɬɭɪ ɞɜɭɯ ɫɩɚɟɜ, ɚ ɧɟ ɚɛɫɨɥɸɬɧɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ ɨɞɧɨɝɨ ɢɡ ɧɢɯ. Ɂɚɦɟɪ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɜɨɞɢɬɫɹ ɬɨɥɶɤɨ, ɟɫɥɢ 

ɢɡɜɟɫɬɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɞɪɭɝɨɝɨ ɫɩɚɹ, ɤɨɬɨɪɵɣ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɨɩɨɪɧɨɝɨ ɢɥɢ 

ɯɨɥɨɞɧɨɝɨ ɫɩɚɹ. 

ȿɫɥɢ ɩɨɞɤɥɸɱɢɬɶ ɜɨɥɶɬɦɟɬɪ ɤ ɰɟɩɢ ɬɟɪɦɨɩɚɪ (ɪɢɫɭɧɨɤ 1.3.2.1, ɝ), ɬɨ ɜ 

ɦɟɫɬɚɯ ɩɨɞɤɥɸɱɟɧɢɹ ɩɪɨɢɡɨɣɞёɬ ɨɛɪɚɡɨɜɚɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɬɟɪɦɨɩɚɪ, 

ɫɨɫɬɨɹɳɢɯ ɢɡ ɩɪɨɜɨɞɨɜ ɜɨɥɶɬɦɟɬɪɚ ɢ ɩɪɨɜɨɞɨɜ ɰɟɩɢ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 

ɩɨɹɜɥɟɧɢɸ ɨɲɢɛɨɤ ɢɡɦɟɪɟɧɢɹ. ɉɨɷɬɨɦɭ ɬɚɤ ɜɚɠɧɨ, ɱɬɨɛɵ ɜɫɟ ɩɚɪɵ ɜ ɰɟɩɢ ɫ 

ɬɟɪɦɨɩɚɪɨɣ ɢɦɟɥɢ ɨɞɧɭ ɬɟɦɩɟɪɚɬɭɪɭ, ɤɪɨɦɟ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɤɨɧɬɚɤɬɨɜ ɬɟɪɦɨɩɚɪ. 

 

 
Ɋɢɫɭɧɨɤ 1.3.2.1 – Ɉɫɧɨɜɵ ɪɚɛɨɬɵ ɬɟɪɦɨɩɚɪɵ 

 

Ⱦɥɹ ɬɟɪɦɨɩɚɪ ɧɟ ɬɪɟɛɭɟɬɫɹ ɜɧɟɲɧɟɟ ɜɨɡɛɭɠɞɟɧɢɟ. Ɉɛɵɱɧɨ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɜɚ ɫɩɚɹ: Т1 - ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɫɩɚɣ ɢ Т2 – ɨɩɨɪɧɵɣ (ɯɨɥɨɞɧɵɣ) 

ɫɩɚɣ. ȿɫɥɢ Т1 = T2, ɬɨ V1 = V2 ɢ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ V = 0. ȼɵɯɨɞɧɵɟ 
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ɧɚɩɪɹɠɟɧɢɹ ɬɟɪɦɨɩɚɪ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɨɩɨɪɧɨɝɨ ɫɩɚɹ 

ɩɪɢ 0°ɋ (ɪɢɫɭɧɨɤ 1.3.2.2). 

 

 
Ɋɢɫɭɧɨɤ 1.3.2.2 – Ʉɥɚɫɫɢɱɟɫɤɚɹ ɫɯɟɦɚ ɤɨɦɩɟɧɫɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɯɨɥɨɞɧɨɝɨ ɫɩɚɹ 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɪɦɨɩɚɪɚ ɞɚёɬ ɧɚɩɪɹɠɟɧɢɟ 0ȼ, ɟɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ 

ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɫɩɚɹ 0°ɋ. ɇɨ ɧɟɨɛɹɡɚɬɟɥɶɧɨ, ɱɬɨɛɵ ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɫɩɚɹ 

ɛɵɥɚ ɪɚɜɧɨ 0°ɋ. Ɇɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɪɭɝɨɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɚɬɱɢɤ ɞɥɹ 

ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɯɨɥɨɞɧɨɝɨ ɫɩɚɹ , ɟɝɨ ɫɢɝɧɚɥ ɛɭɞɟɬ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ 

ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɯɨɥɨɞɧɨɝɨ ɫɩɚɹ ɢ ɢɞɟɚɥɶɧɨɣ 

ɜɟɥɢɱɢɧɨɣ, ɡɚ ɤɨɬɨɪɭɸ ɛɟɪёɬɫɹ 0°ɋ. ɉɪɢɦɟɪ ɬɚɤɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɯɟɦɵ 

ɩɪɢɜɟɞёɧ ɧɚ ɪɢɫɭɧɤɟ 1.3.2.3. 
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Ɋɢɫɭɧɨɤ 1.3.2.3 – ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɬɱɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ 

ɯɨɥɨɞɧɨɝɨ ɫɩɚɹ 

 

1.3.3 Ɋɟɡɢɫɬɢɜɧɵɟ ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ 

 

ɍ ɊȾɌ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɧɹɟɬɫɹ ɫ ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɚɤ ɢ ɭ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ. ɊȾɌ ɢɡɝɨɬɨɜɥɹɸɬɫɹ ɢɡ ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɩɥɚɬɢɧɧɨɝɨ ɩɪɨɜɨɞɚ, 

ɤɨɬɨɪɵɣ ɧɚɦɚɬɵɜɚɟɬɫɹ ɧɚ ɤɟɪɚɦɢɱɟɫɤɢɣ ɤɚɪɤɚɫ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɞɚɬɱɢɤɚ 

ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ 100Ω ɞɨ 1000Ω. ɊȾɌ ɬɨɱɧɟɟ ɢ ɥɢɧɟɣɧɟɟ ɬɟɪɦɨɩɚɪ. ɊȾɌ – 

ɩɚɫɫɢɜɧɵɟ ɞɚɬɱɢɤɢ, ɩɨɷɬɨɦɭ ɢɦ ɬɪɟɛɭɟɬɫɹ ɧɚɥɢɱɢɟ ɬɨɤɚ ɜɨɡɦɭɳɟɧɢɹ. Ɉɞɢɧ ɢɡ 

ɝɥɚɜɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɊȾɌ – ɷɬɨ ɫɚɦɨɪɚɡɨɝɪɟɜ. Ɉɧ ɩɪɨɹɜɥɹɟɬɫɹ, ɤɨɝɞɚ ɬɨɤ ɬɟɱёɬ 

ɱɟɪɟɡ ɞɚɬɱɢɤ, ɬɟɦ ɫɚɦɵɦ ɧɚɝɪɟɜɚɹ ɩɨɫɥɟɞɧɢɣ, ɢɡ-ɡɚ ɷɬɨɝɨ ɩɨɹɜɥɹɟɬɫɹ ɨɲɢɛɤɚ 

ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨɷɬɨɦɭ, ɩɪɢ ɪɚɡɪɚɛɨɬɤɢ ɫɯɟɦ ɫɨɩɪɹɠɟɧɢɹ ɫ ɊȾɌ ɧɭɠɧɨ 

ɭɱɢɬɵɜɚɬɶ ɜɟɥɢɱɢɧɭ ɫɚɦɨɪɚɡɨɝɪɟɜɚ. ɇɚ ɩɪɚɤɬɢɤɟ ɨɧɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 

ɩɨɥɨɜɢɧɭ ɝɪɚɞɭɫɚ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɨɲɢɛɤɢ ɫɚɦɨɪɚɡɨɝɪɟɜɚ ɧɟɨɛɯɨɞɢɦɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɟ ɬɨɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 

Ɉɛɵɱɧɨ, ɩɨɞɤɥɸɱɟɧɢɟ ɊȾɌ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɦɨɫɬɨɜɨɣ ɫɯɟɦɟ. ȼɵɯɨɞ ɦɨɫɬɚ 

ɭɫɢɥɢɜɚɟɬɫɹ. ɇɚ ɪɢɫɭɧɤɟ 1.3.3.1 ɢɡɨɛɪɚɠёɧ 100Ω ɩɥɚɬɢɧɨɜɵɣ ɊȾɌ, ɤɨɬɨɪɵɣ 

ɩɢɬɚɟɬɫɹ ɨɬ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ 400ɦɤȺ. ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɞɚɬɱɢɤɚ ɤɜɚɧɬɭɟɬɫɹ Ⱥɐɉ. 

ɂɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜɨɡɛɭɠɞɟɧɢɹ ɧɟ ɜɥɢɹɟɬ ɧɚ ɬɨɱɧɨɫɬɶ ɫɯɟɦɵ, ɬɚɤ ɤɚɤ ɜɯɨɞɧɨɟ ɢ 

ɨɩɨɪɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢɡɦɟɪɹɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɨɛɪɚɡɨɦ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ Ⱥɐɉ ɫ 
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ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ ɢ ɜɫɬɪɨɟɧɧɵɦ ɭɫɢɥɢɬɟɥɟɦ ɢɫɤɥɸɱɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɧɨɪɦɢɪɭɸɳɟɣ ɰɟɩɢ [28]. 

 

 
Ɋɢɫɭɧɨɤ 1.3.3.1 –  ɉɪɢɦɟɪ ɩɨɞɤɥɸɱɟɧɢɹ ɩɥɚɬɢɧɨɜɨɝɨ ɊȾɌ ɤ Ⱥɉɐ 

 

1.3.4 Ɍɟɪɦɢɫɬɨɪɵ 

 

Ɍɟɪɦɢɫɬɨɪɵ – ɷɬɨ ɧɟɞɨɪɨɝɢɟ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɪɟɡɢɫɬɨɪɵ. 

ɂɯ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɢɡ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɦɟɸɳɢɯ ɢ 

ɩɨɥɨɠɢɬɟɥɶɧɵɣ, ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. ɇɚ ɪɢɫɭɧɤɟ 

1.3.4.1 ɢɡɨɛɪɚɠɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɪɦɢɫɬɨɪɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ɍɟɪɦɢɫɬɨɪ – ɫɚɦɨɟ ɧɟɥɢɧɟɣɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɢɡ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ, ɧɨ ɢ ɭ ɧɟɝɨ 

ɫɚɦɚɹ ɜɵɫɨɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ [29]. 
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Ɋɢɫɭɧɨɤ 1.3.4.1 – Ɂɚɜɢɫɢɦɨɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɪɦɢɫɬɨɪɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

 

Ɍɚɤ ɤɚɤ ɬɟɪɦɢɫɬɨɪɵ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ, ɨɧɢ ɹɜɥɹɸɬɫɹ 

ɧɟɡɚɦɟɧɢɦɵɦɢ ɜ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. ɇɨ ɧɟ ɫɬɨɢɬ 

ɡɚɛɵɜɚɬɶ, ɱɬɨ ɬɟɪɦɢɫɬɨɪ ɞɨɫɬɚɬɨɱɧɨ ɧɟ ɥɢɧɟɟɧ (ɪɢɫɭɧɨɤ 1.3.4.2). ɉɨɷɬɨɦɭ 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ ɥɢɧɟɚɪɢɡɚɰɢɸ ɜɫɟɯ ɜɟɥɢɱɢɧ ɬɟɦɩɟɪɚɬɭɪɵ, ɢ ɩɨ ɷɬɨɣ 

ɩɪɢɱɢɧɟ ɬɟɪɦɢɫɬɨɪɵ ɩɪɢɦɟɧɹɸɬɫɹ ɬɨɥɶɤɨ ɜ ɭɡɤɨɦ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɪɟɧɢɣ. 

 

 
Ɋɢɫɭɧɨɤ 1.3.4.2 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɪɦɢɫɬɨɪɚ 

ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

 

ɋɚɦɵɦ ɩɪɨɫɬɵɦ ɫɩɨɫɨɛɨɦ ɥɢɧɟɚɪɢɡɚɰɢɢ ɬɟɪɦɢɫɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɤɚ 

ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɲɭɧɬɢɪɭɸɳɟɝɨ ɪɟɡɢɫɬɨɪɚ. ȼɟɥɢɱɢɧɚ ɷɬɨɝɨ ɪɟɡɢɫɬɨɪɚ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1.3.4.1): 
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ܴ = ܴ𝑇మ(ܴ𝑇భ + ܴ𝑇య) − ʹܴ𝑇భܴ𝑇యܴ𝑇భ + ܴ𝑇య − ʹܴ𝑇మ ,                                                                    ሺͳ.͵.Ͷ.ͳሻ 
 

ɝɞɟ ܴ𝑇భ- ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɪɦɢɫɬɨɪɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ଵܶ, ɧɢɠɧɢɣ ɩɪɟɞɟɥ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɞɢɚɩɚɡɨɧɚ; 

        ܴ𝑇య - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɪɦɢɫɬɨɪɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ଷܶ, ɜɟɪɯɧɢɣ ɩɪɟɞɟɥ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɞɢɚɩɚɡɨɧɚ; 

        ܴ𝑇మ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɪɦɢɫɬɨɪɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ଶܶ, ɫɪɟɞɧɹɹ ɬɨɱɤɚ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɞɢɚɩɚɡɨɧɚ. 

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɬɟɪɦɢɫɬɨɪɚ 10 ɄΩ, ܴ𝑇భ = 32650Ω ɩɪɢ 0°ɋ; ܴ𝑇మ = 6532Ω ɩɪɢ 
35°ɋ ɢ ܴ𝑇య = 1752Ω ɩɪɢ 70°ɋ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɟɥɢɱɢɧɟ R = 5.17 KΩ (ɪɢɫɭɧɨɤ 
1.3.4.3). 

 

 

Ɋɢɫɭɧɨɤ 1.3.4.3 – Ʌɢɧɟɚɪɢɡɚɰɢɹ ɬɟɪɦɢɫɬɨɪɚ ɩɪɢ ɩɨɞɤɥɸɱɟɧɢɢ 

ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɪɟɡɢɫɬɨɪɚ 5.17 ɄΩ 

 

1.3.5 ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ 

 

ɋɚɦɭɸ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɢ ɥɢɧɟɣɧɨɫɬɶ ɢɦɟɸɬ ɢɧɬɟɝɪɚɥɶɧɵɟ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ. ɂɯ ɝɥɚɜɧɵɣ ɧɟɞɨɫɬɚɬɨɤ – ɷɬɨ ɭɡɤɢɣ 

ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɨɬ -55°ɋ ɞɨ +150°ɋ. Ⱦɚɬɱɢɤɢ ɨɛɨɪɭɞɨɜɚɧɵ 
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ɜɫɬɪɨɟɧɧɵɦɢ ɭɫɢɥɢɬɟɥɹɦɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɦ ɦɚɫɲɬɚɛɢɪɨɜɚɬɶ ɜɵɯɨɞɧɵɟ 

ɫɢɝɧɚɥɵ.  

Ɏɢɡɢɱɟɫɤɢɣ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɞɚɬɱɢɤɚ ɨɫɧɨɜɚɧ ɧɚ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɪɹɦɨɦ p-n ɩɟɪɟɯɨɞɟ. 

Ⱦɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɱɟɧɶ ɛɥɢɡɤɚ ɤ ɥɢɧɟɣɧɨɣ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɞɚɬɱɢɤɢ, 

ɤɨɬɨɪɵɟ ɧɟ ɬɪɟɛɭɸɬ ɫɥɨɠɧɵɯ ɫɯɟɦ ɤɨɪɪɟɤɰɢɢ. ɇɚ ɩɪɚɤɬɢɤɟ ɜ ɤɚɱɟɫɬɜɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɢɨɞɵ, ɢɥɢ ɜɤɥɸɱɟɧɧɵɟ ɩɨ ɫɯɟɦɟ 

ɞɢɨɞɚ ɬɪɚɧɡɢɫɬɨɪɵ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɬɟɤɚɧɢɟ 

ɫɬɚɛɢɥɶɧɨɝɨ ɬɨɤɚ ɱɟɪɟɡ ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ. ȼɵɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ ɹɜɥɹɟɬɫɹ 

ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɞɚɬɱɢɤɟ. 

ɋɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ p-n ɩɟɪɟɯɨɞɨɦ, ɨɬɥɢɱɚɸɬɫɹ ɧɢɡɤɨɣ ɬɨɱɧɨɫɬɶɸ ɢ 

ɛɨɥɶɲɢɦ ɪɚɡɛɪɨɫɨɦ ɩɚɪɚɦɟɬɪɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ 

ɪɚɛɨɬɵ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɨɜ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

ɜɵɩɭɫɤɚɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɬɢɩɨɜ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɞɚɬɱɢɤɨɜ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɜ 

ɫɜɨɟɣ ɨɫɧɨɜɟ ɜɵɲɟɨɩɢɫɚɧɧɵɣ ɩɪɢɧɰɢɩ, ɧɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɫɧɚɳɟɧɧɵɯ ɰɟɩɹɦɢ, 

ɭɫɬɪɚɧɹɸɳɢɦɢ ɧɟɝɚɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɫɲɢɪɹɸɳɢɦɢ 

ɮɭɧɤɰɢɨɧɚɥ ɩɪɢɛɨɪɨɜ (ɪɢɫɭɧɨɤ 1.3.5.1). 

 

 

Ɋɢɫɭɧɨɤ 1.3.5.1 – ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ 
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1.3.6 Ɍɟɪɦɨɪɟɥɟ ɢ ɪɟɝɭɥɹɬɨɪɵ ɫ ɭɫɬɚɧɨɜɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

 

ȿɫɥɢ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɚɬɱɢɤ ɩɨɞɤɥɸɱɢɬɶ ɤ ɤɨɦɩɚɪɚɬɨɪɭ, ɬɨ ɩɨɥɭɱɢɬɫɹ 

ɬɟɪɦɨɪɟɥɟ. Ɍɟɪɦɨɪɟɥɟ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɪɨɝɚ. ȼ 

ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɬɟɪɦɨɪɟɥɟ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ADT05 (ɪɢɫɭɧɨɤ 1.3.6.1), ɝɞɟ 

ɛɥɚɝɨɞɚɪɹ ɜɧɟɲɧɟɦɭ ɪɟɡɢɫɬɨɪɭ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɤɥɸɱɟɧɢɹ ɫ 

ɬɨɱɧɨɫɬɶɸ ɜ 2°ɋ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ -40°ɋ ɞɨ +150°ɋ. ADT05 ɫɨɡɞɚɧ ɞɥɹ ɪɚɛɨɬɵ 

ɫ ɨɞɧɨɩɨɥɹɪɧɵɦ ɩɢɬɚɧɢɟɦ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ +2.7ȼ ɞɨ +7ȼ.  

 

 
Ɋɢɫɭɧɨɤ 1.3.6.1 – Ɍɟɪɦɨɫɬɚɬɢɪɭɸɳɢɣ ɩɟɪɟɤɥɸɱɚɬɟɥɶ ADT05 

 

1.4 ɋɭɳɟɫɬɜɭɸɳɢɟ ɪɟɲɟɧɢɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɭɱɚɫɬɤɨɜ ɄȺ 

 

ɉɟɪɟɞ ɫɨɡɞɚɧɢɟɦ ɚɥɝɨɪɢɬɦɨɜ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɛɨɪɬɨɜɨɣ 

ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɪɚɫɫɦɨɬɪɢɦ ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɩɨɫɨɛɵ 

ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɄȺ. Ɍɚɤ ɤɚɤ ɛɨɥɶɲɢɧɫɬɜɨ ɪɟɡɭɥɶɬɚɬɨɜ 

ɪɚɛɨɬɵ ɧɚɞ ɞɚɧɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɫɬɪɨɝɨ ɡɚɫɟɤɪɟɱɟɧɵ, ɬɨ ɧɢɠɟ ɛɭɞɭɬ ɩɪɢɜɟɞɟɧɵ 

ɧɟɤɨɬɨɪɵɟ ɪɟɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɭɞɚɥɨɫɶ ɨɛɧɚɪɭɠɢɬɶ. 

ɉɟɪɜɨɟ ɪɟɲɟɧɢɟ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɝɪɭɩɩɨɣ ɭɱёɧɵɯ: Ȼɚɲɤɢɪɨɜɨɣ Ⱥ.Ƚ., 

ȿɜɞɨɤɢɦɨɜɵɦ ɘ.Ʉ. Ʉɪɚɟɜɵɦ ȼ.ȼ., ɇɚɬɮɭɥɨɜɵɦ Ɏ.ɏ. [30]. ɋɩɨɫɨɛ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɬɹɠёɧɧɨɝɨ 

ɨɛɴɟɤɬɚ ɫɥɨɠɧɨɣ ɮɨɪɦɵ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɬɨɬɢɩɚ ɢɡɨɛɪɟɬɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 

ɩɨɥɶɫɤɚɹ ɫɢɫɬɟɦɚ ɦɧɨɝɨɬɨɱɟɱɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ N 267058, ɤɥ. G 01 K, 
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1991, ɤɨɬɨɪɚɹ ɫɨɞɟɪɠɢɬ ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɟɪɟɯɨɞɚɯ. ɇɟɞɨɫɬɚɬɨɤ ɩɪɨɬɨɬɢɩɚ – ɷɬɨ ɧɚɥɢɱɢɟ ɛɨɥɶɲɨɝɨ 

ɱɢɫɥɚ ɩɪɨɜɨɞɨɜ. 

ȼ ɪɚɛɨɬɟ ɭɫɬɪɨɣɫɬɜɨ ɢɡɦɟɪɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɤɥɸɱɚɟɬ ɜ 

ɫɟɛɹ ɪɟɝɭɥɢɪɭɟɦɵɣ ɢɫɬɨɱɧɢɤ ɧɚɩɪɹɠɟɧɢɹ  ɢ ɢɫɬɨɱɧɢɤ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ, 

ɬɟɪɦɨɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɫɨɟɞɢɧɟɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɢ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ Ɍ-ɫɯɟɦɵ ɫ ɪɟɡɢɫɬɨɪɚɦɢ  R ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦɢ ɞɢɨɞɚɦɢ. 

Ɇɟɠɞɭ ɩɟɪɜɵɦ ɢ ɩɨɫɥɟɞɧɢɦ ɬɟɪɦɨɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɨɞɤɥɸɱёɧ 

ɢɫɬɨɱɧɢɤ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ȿ, ɩɟɪɟɞ ɩɟɪɜɵɦ ɬɟɪɦɨɱɭɜɫɬɜɢɬɟɥɶɧɵɦ 

ɷɥɟɦɟɧɬɨɦ ɩɨɞɤɥɸɱɟɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɫɬɨɱɧɢɤ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ, 

ɪɟɝɭɥɢɪɭɟɦɵɣ ɢɫɬɨɱɧɢɤ ɧɚɩɪɹɠɟɧɢɹ ɢ ɢɡɦɟɪɢɬɟɥɶ ɚɦɩɥɢɬɭɞɵ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. 

ɇɚ ɪɢɫɭɧɤɟ 1.4.1 ɩɨɤɚɡɚɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ.  

 

 
Ɋɢɫɭɧɨɤ 1.4.1 - ɋɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɢɡɦɟɪɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

 

ɍɫɬɪɨɣɫɬɜɨ ɫɨɞɟɪɠɢɬ:  

- N ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧёɧɧɵɯ ɬɟɪɦɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ1n; 

- ɢɫɬɨɱɧɢɤ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 2; 

- ɢɫɬɨɱɧɢɤ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ 3; 
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- ɪɟɝɭɥɢɪɭɟɦɵɣ ɢɫɬɨɱɧɢɤ ɧɚɩɪɹɠɟɧɢɹ 4; 

- ɢɡɦɟɪɢɬɟɥɶ ɚɦɩɥɢɬɭɞɵ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ 5; 

- ɪɟɝɢɫɬɪɚɬɨɪ 6. 

Ɋɚɛɨɬɚ ɭɫɬɪɨɣɫɬɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɇɚ ɜɯɨɞ 

ɬɟɪɦɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɫɬɭɩɚɟɬ ɫɭɦɦɚɪɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫ 2 ɢ 3. 

ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ 4 ɢɡɦɟɧɹɟɬɫɹ ɨɬ 0 ɞɨ Е, ɝɞɟ Е – ɧɚɩɪɹɠɟɧɢɟ ɢɫɬɨɱɧɢɤɚ 2, 

ɜɤɥɸɱɟɧɧɨɝɨ ɜɫɬɪɟɱɧɨ ɫ 4, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɜɞɨɥɶ ɰɟɩɨɱɤɢ ɬɟɪɦɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ 

ɷɥɟɦɟɧɬɨɜ 1 ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɥɢɧɟɣɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ. ɉɪɢ 

ɢɡɦɟɧɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ 4 ɡɧɚɱɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɵɦ ɧɭɥɸ ɧɚ ɜɯɨɞɟ 

ɤɚɠɞɨɝɨ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɥɟɱɚ Ɍ-ɫɯɟɦɵ. ȼ ɷɬɨɬ ɦɨɦɟɧɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɫɬɪɟɱɧɵɯ ɞɢɨɞɨɜ  D1 ɢ D2 ɦɢɧɢɦɚɥɶɧɨ ɢ ɬɨɤ ɜ ɰɟɩɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

n-ɵɦ ɬɟɪɦɨɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɷɥɟɦɟɧɬɨɦ. ɂɡɦɟɪɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ 

ɜ ɰɟɩɢ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɬɨɱɤɚɯ ɭɫɬɚɧɨɜɤɢ 

ɬɟɪɦɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ.  

ɇɟɞɨɫɬɚɬɨɤ ɷɬɨɝɨ ɫɩɨɫɨɛɚ - ɷɬɨ ɧɢɡɤɚɹ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɬɨɪɚɹ 

ɜɵɡɜɚɧɚ ɢɡɦɟɧɟɧɢɟɦ ɜɟɥɢɱɢɧɵ ɢɡɦɟɪɹɟɦɨɝɨ ɬɨɤɚ ɜɫɥɟɞɫɬɜɢɟ ɞɪɟɣɮɚ ɩɚɪɚɦɟɬɪɨɜ 

ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɬɚɪɟɧɢɢ ɷɥɟɦɟɧɬɨɜ, 

ɧɢɡɤɚɹ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ, ɚ ɬɚɤɠɟ ɧɟɜɵɫɨɤɢɣ ɜɟɪɯɧɢɣ ɩɪɟɞɟɥ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɪɟɧɢɣ, ɨɝɪɚɧɢɱɟɧɧɵɣ ɩɪɟɞɟɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɪ-n ɩɟɪɟɯɨɞɚ. 

Ⱦɪɭɝɨɟ ɪɟɲɟɧɢɟ [31] ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨ 

ɦɧɨɠɟɫɬɜɟ ɬɨɱɟɤ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. Ɂɚɞɚɱɟɣ ɢɡɨɛɪɟɬɟɧɢɹ ɹɜɥɹɥɨɫɶ 

ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɢ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɢ, ɚ ɬɚɤɠɟ ɪɚɫɲɢɪɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɪɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ. 

ɋɩɨɫɨɛ ɫɨɫɬɨɢɬ ɜ ɩɨɦɟɳɟɧɢɟ ɜ ɬɨɱɤɢ ɬɟɪɦɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɦɧɨɠɟɫɬɜɚ ɞɚɬɱɢɤɨɜ, ɤɨɬɨɪɵɟ ɫɨɟɞɢɧɟɧɵ ɩɚɪɚɥɥɟɥɶɧɨ ɞɜɭɯɩɪɨɜɨɞɧɨɣ ɥɢɧɢɟɣ, 

ɩɨɞɚɱɢ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɯɨɞ ɨɞɧɨɣ ɥɢɧɢɢ ɢ ɫɧɹɬɢɢ ɪɟɝɢɫɬɪɚɬɨɪɨɦ 

ɡɧɚɱɟɧɢɣ ɜɯɨɞɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. ȼ ɤɚɱɟɫɬɜɟ ɞɚɬɱɢɤɨɜ ɬɟɦɩɟɪɚɬɭɪɵ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɤɜɚɪɰɟɜɵɟ ɩɶɟɡɨɪɟɡɨɧɚɧɫɧɵɟ ɞɚɬɱɢɤɢ. Ɋɟɝɢɫɬɪɚɬɨɪ ɜɤɥɸɱɚɟɬ ɜ 

ɫɟɛɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧёɧɧɭɸ ɫɯɟɦɭ ɫɨɝɥɚɫɨɜɚɧɢɹ, ɪɟɝɢɫɬɪɚɬɨɪ ɚɦɩɥɢɬɭɞɵ 
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ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɚɧɚɥɢɡɚɬɨɪɚ ɫɩɟɤɬɪɚ ɢ ɛɥɨɤɚ ɨɛɪɚɛɨɬɤɢ ɢ ɢɧɞɢɤɚɰɢɢ. ȼ 

ɤɚɱɟɫɬɜɟ ɫɢɝɧɚɥɚ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɛɟɪёɬɫɹ ɫɢɝɧɚɥ ɫɨ ɫɩɟɤɬɪɨɦ, ɤɨɬɨɪɵɣ 

ɩɟɪɟɤɪɵɜɚɟɬ ɱɚɫɬɨɬɧɵɣ ɞɢɚɩɚɡɨɧ ɞɚɬɱɢɤɨɜ. ɉɨɫɥɟ ɪɟɝɢɫɬɪɚɰɢɢ ɜɯɨɞɧɨɝɨ 

ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɜɵɱɢɫɥɹɟɬɫɹ ɟɝɨ ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ, ɩɨ ɩɨɥɨɠɟɧɢɸ ɟɝɨ 

ɦɚɤɫɢɦɭɦɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɟɡɨɧɚɧɫɧɵɟ ɱɚɫɬɨɬɵ ɤɜɚɪɰɟɜɵɯ ɞɚɬɱɢɤɨɜ ɢ ɩɨ 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɢɡɜɟɫɬɧɵɦ ɢɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɣɞɟɧɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ 

ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɵ ɞɚɬɱɢɤɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɤɨɦɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɬɨɱɤɚɯ. 

ɋɯɟɦɚ  ɭɫɬɪɨɣɫɬɜɚ, ɪɟɚɥɢɡɭɸɳɟɝɨ ɞɚɧɧɵɣ ɫɩɨɫɨɛ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 

1.4.2. 

 

 
Ɋɢɫɭɧɨɤ 1.4.2 – ɋɯɟɦɚ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

 

ɍɫɬɪɨɣɫɬɜɨ ɫɨɞɟɪɠɢɬ N ɤɜɚɪɰɟɜɵɯ ɩɶɟɡɨɪɟɡɨɧɚɧɫɧɵɯ ɞɚɬɱɢɤɨɜ 11…1N, 

ɞɜɭɯɩɪɨɜɨɞɧɭɸ ɥɢɧɢɸ 2, ɝɟɧɟɪɚɬɨɪ 3, ɪɟɝɢɫɬɪɚɬɨɪ 4, ɫɨɞɟɪɠɚɳɟɝɨ ɫɯɟɦɭ 

ɫɨɝɥɚɫɨɜɚɧɢɹ 5, ɪɟɝɢɫɬɪɚɬɨɪ ɚɦɩɥɢɬɭɞɵ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ 6, ɚɧɚɥɢɡɚɬɨɪ ɫɩɟɤɬɪɚ 

7, ɛɥɨɤ ɨɛɪɚɛɨɬɤɢ ɢ ɢɧɞɢɤɚɰɢɢ 8. Ʉɨɥɢɱɟɫɬɜɨ ɬɟɪɦɨ-ɞɚɬɱɢɤɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɧɟɨɛɯɨɞɢɦɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɬɨɱɟɤ ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɶɟɡɨɪɟɧɚɧɫɧɵɯ ɞɚɬɱɢɤɨɜ ɬɟɦɩɟɪɚɬɭɪɵ ɚɜɬɨɪɵ ɨɛɴɹɫɧɹɸɬ 

ɧɚɥɢɱɢɟɦ ɪɹɞɚ ɩɪɟɢɦɭɳɟɫɬɜ, ɤɨɬɨɪɵɦɢ ɧɟ ɨɛɥɚɞɚɸɬ ɞɪɭɝɢɟ ɜɢɞɵ ɞɚɬɱɢɤɨɜ, ɚ 

ɢɦɟɧɧɨ: 
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- ɪɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ ɨɬ -50 ɞɨ + 370oɋ; 

- ɩɨɜɵɲɟɧɧɚɹ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɱɚɫɬɨɬɧɵɯ ɫɢɝɧɚɥ ɜɵɯɨɞɚ; 

- ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ (ɞɨ 0,1%). 

Ⱥɜɬɨɪɨɦ ɫɥɟɞɭɸɳɟɝɨ ɪɟɲɟɧɢɹ ɹɜɥɹɟɬɫɹ Ʉɨɜɬɭɧ ȼ.ɋ. [32]. ɂɡɨɛɪɟɬɟɧɢɟ 

ɛɵɥɨ ɫɨɡɞɚɧɨ ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɄȺ. Ɂɚɞɚɱɚ ɢɡɨɛɪɟɬɟɧɢɹ 

ɫɨɫɬɨɢɬ ɜ ɩɪɨɞɥɟɧɢɢ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɄȺ ɩɨɫɪɟɞɫɬɜɨɦ ɭɦɟɧɶɲɟɧɢɹ ɪɚɫɯɨɞɚ 

ɪɟɫɭɪɫɚ ɛɨɪɬɨɜɨɣ ɊɗȺ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɜɤɥɸɱɟɧɢɣ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɟё 

ɪɚɛɨɬɵ ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɦ ɩɨɥёɬɟ. 

ɇɚ ɪɢɫɭɧɤɟ 1.4.3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɬɟɩɥɨɜɨɣ ɫɢɫɬɟɦɵ 

ɢɡɨɛɪɟɬɟɧɢɹ. 

 

 
Ɋɢɫɭɧɨɤ 1.4.3 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɬɟɩɥɨɜɨɣ ɫɢɫɬɟɦɵ ɩɪɢɛɨɪɚ 
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ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɪɚɫɲɢɮɪɨɜɤɚ ɛɥɨɤɨɜ ɫɯɟɦɵ: 

1 - ɨɫɧɨɜɚɧɢɟ ɩɪɢɛɨɪɚ; 

2 - ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ; 

3 - ɨɩɨɪɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ; 

4 - ɫɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ; 

5 - ɨɩɨɪɚ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ; 

6 - ɊɗȺ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ; 

7 - ɤɨɠɭɯ ɩɪɢɛɨɪɚ; 

8 - ɩɪɨɤɥɚɞɤɢ ɞɥɹ ɤɨɠɭɯɚ; 

9 - ɤɨɪɩɭɫ ɩɪɢɛɨɪɚ; 

10 - ɨɩɨɪɚ ɤɨɪɩɭɫɚ; 

11 - ɫɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɫɧɨɜɚɧɢɹ; 

12 - ɊɗȺ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɫɧɨɜɚɧɢɹ; 

13 - ɷɤɪɚɧɧɨ-ɜɚɤɭɭɦɧɚɹ ɬɟɩɥɨɢɡɨɥɹɰɢɹ; 

14 - ɬɟɩɥɨɩɪɨɜɨɞɹɳɚɹ ɩɚɫɬɚ; 

15 - ɜɟɪɯɧɹɹ ɨɛɤɥɚɞɤɚ ɪɚɞɢɚɰɢɨɧɧɨɣ ɩɚɧɟɥɢ; 

16 - ɧɢɠɧɹɹ ɨɛɤɥɚɞɤɚ ɪɚɞɢɚɰɢɨɧɧɨɣ ɩɚɧɟɥɢ; 

17 - ɧɚɩɨɥɧɢɬɟɥɶ ɪɚɞɢɚɰɢɨɧɧɨɣ ɩɚɧɟɥɢ; 

18 - ɬɟɩɥɨɜɵɟ ɬɪɭɛɤɢ; 

19 - ɬɟɪɦɨɞɚɬɱɢɤ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ 

ɷɥɟɦɟɧɬɚ; 

20 - ɬɟɪɦɨɞɚɬɱɢɤ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɫɧɨɜɚɧɢɹ; 

21 - ɬɟɪɦɨɞɚɬɱɢɤ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɭɫɬɚɧɨɜɤɢ ɩɪɢɛɨɪɚ. 

ȼɵɞɟɥɹɟɦɨɟ ɜ ɬɟɪɦɨɪɟɝɭɥɢɪɭɟɦɵɯ ɬɟɩɥɨ ɨɬɜɨɞɢɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɟ 1, 

ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɨɟ ɚɥɸɦɢɧɢɟɜɵɦ ɤɨɠɭɯɨɦ 7, ɤɨɬɨɪɵɣ ɡɚɤɪɟɩɥёɧ ɧɚ 1 ɱɟɪɟɡ 

ɬɟɤɫɬɨɥɢɬɨɜɵɟ ɩɪɨɤɥɚɞɤɢ 8. Ɉɫɧɨɜɚɧɢɟ 1 ɤɪɟɩɢɬɫɹ ɧɚ ɤɨɪɩɭɫɟ ɩɪɢɛɨɪɚ 9 

ɩɨɫɪɟɞɫɬɜɨɦ ɬɟɩɥɨɢɡɨɥɢɪɭɸɳɢɯ ɨɩɨɪ 10. Ɍɟɩɥɨ ɫ ɨɫɧɨɜɚɧɢɹ 1 ɨɬɜɨɞɢɬɫɹ ɫ 

ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 11 ɧɚ ɤɨɪɩɭɫ 9, ɧɚ ɤɨɬɨɪɨɦ ɭɫɬɚɧɨɜɥɟɧɚ 

ɊɗȺ 12, ɧɟ ɬɪɟɛɭɸɳɚɹ ɬɨɱɧɨɝɨ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɹ. Ʉɨɠɭɯ 7 ɫ ɤɨɪɩɭɫɨɦ 9 ɡɚɤɪɵɬ 

ɫɧɚɪɭɠɢ ɗȼɌɂ 13, ɤɨɬɨɪɵɣ ɡɚɳɢɳɚɟɬ ɢɡɨɛɪɟɬɟɧɢɟ ɨɬ ɜɧɟɲɧɢɯ ɬɟɩɥɨɜɵɯ 



51 

 

ɩɨɬɨɤɨɜ. Ɍɟɩɥɨ ɢɡ ɤɨɪɩɭɫɚ 9 ɱɟɪɟɡ ɡɚɩɨɥɧɟɧɧɵɣ  ɬɟɩɥɨɩɪɨɜɨɞɹɳɟɣ ɩɚɫɬɨɣ 14 

ɡɚɡɨɪ ɩɟɪɟɞɚёɬɫɹ ɧɚ ɨɛɤɥɚɞɤɭ 15 ɪɚɞɢɚɰɢɨɧɧɨɣ ɩɚɧɟɥɢ. ɉɚɧɟɥɶ ɫɨɞɟɪɠɢɬ 

ɜɟɪɯɧɸɸ 15 ɢ ɧɢɠɧɸɸ 16 ɨɛɤɥɚɞɤɢ ɫ ɡɚɩɨɥɧɟɧɧɵɦ ɦɟɠɞɭ ɧɢɦɢ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ 

17, ɜɧɭɬɪɢ ɤɨɬɨɪɨɝɨ ɩɪɨɥɨɠɟɧɵ ɬɟɩɥɨɜɵɟ ɬɪɭɛɵ 18. 

ȼɵɜɨɞ ɧɚ ɪɚɛɨɱɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɞɚɬɱɢɤɚɦ 19. 

ɇɚɝɪɟɜɚɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ (ɇɗ) ɹɜɥɹɸɬɫɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ 

ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɟ ɜɦɟɫɬɟ ɫ ɞɚɬɱɢɤɚɦɢ 19 ɫɨɟɞɢɧɟɧɵ ɜ ɫɢɫɬɟɦɭ 

ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɟɪɟɡ ɭɫɢɥɢɬɟɥɶ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ ɛɥɨɤɟ 6 ɢ 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɦɨɳɧɨɫɬɢ ɜ ɇɗ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɬɟɪɦɨɞɚɬɱɢɤɨɜ. 

ɋɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 11 ɭɩɪɚɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɡɧɚɱɟɧɢɣ 

ɞɚɬɱɢɤɨɜ 20, ɤɨɬɨɪɵɟ ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ 1 ɢ ɩɨɞɤɥɸɱɟɧɵ ɤ ɜɯɨɞɧɵɦ 

ɰɟɩɹɦ ɪɟɝɭɥɹɬɨɪɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɛɥɨɤɟ 12. 

Ɍɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɦɢɤɪɨɨɯɥɚɞɢɬɟɥɢ – ɷɬɨ ɢɫɩɨɥɧɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ 

ɫɢɫɬɟɦɵ, ɨɧɢ ɪɚɫɩɨɥɨɠɟɧɵ ɦɟɠɞɭ ɨɫɧɨɜɚɧɢɟɦ 1 ɢ ɤɨɪɩɭɫɨɦ 9 ɫ ɯɨɪɨɲɢɦ 

ɨɛɨɸɞɧɵɦ ɬɟɩɥɨɜɵɦ ɤɨɧɬɚɤɬɨɦ. ȼ ɡɨɧɟ ɭɫɬɚɧɨɜɤɢ ɩɪɢɛɨɪɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɟ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɩɨɤɚɡɚɧɢɹɦ ɬɟɪɦɨɞɚɬɱɢɤɨɜ 21, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɜɟɪɯɧɟɣ 

ɨɛɤɥɚɞɤɟ 15. ɉɨɞɜɨɞ ɢ ɨɬɜɨɞ ɬɟɩɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: ɩɨ 

ɬɟɩɥɨɜɵɦ ɬɪɭɛɚɦ ɢ ɱɟɪɟɡ ɧɢɠɧɸɸ ɨɛɤɥɚɞɤɭ 16 ɪɚɞɢɚɰɢɨɧɧɨɣ ɩɚɧɟɥɢ. 
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ȼɵɜɨɞɵ ɤ ɝɥɚɜɟ 1 

 

ȼ ɤɚɱɟɫɬɜɟ ɪɟɡɭɥɶɬɚɬɚ ɧɚɩɢɫɚɧɢɹ ɩɟɪɜɨɣ ɝɥɚɜɵ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 

ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

- ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɡɧɚɧɢɹ ɜ ɢɫɫɥɟɞɭɟɦɨɣ 

ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ; 

- ɪɚɫɫɦɨɬɪɟɧɵ ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɄȺ ɢ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɟɝɨ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ; 

- ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɞɚɬɱɢɤɨɜ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ; 

- ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɛɨɬɵ, ɩɪɟɞɥɨɠɟɧɧɵɟ ɞɪɭɝɢɦɢ ɚɜɬɨɪɚɦɢ ɢ ɢɦɟɸɳɢɟ 

ɨɛɳɭɸ ɰɟɥɶ ɫ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɟɣ. 

 ɉɪɨɞɟɥɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɥɹ 

ɬɟɪɦɢɫɬɨɪɧɨɣ ɫɟɬɢ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɚɥɝɨɪɢɬɦɵ ɚɧɚɥɢɡɚ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɊɗȺ ɄȺ, ɤɨɬɨɪɵɟ ɨɩɢɫɚɧɵ ɜ ɝɥɚɜɚɯ 2 ɢ 3. 
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2 ɑɢɫɥɟɧɧɵɣ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɬɟɦɩɟɪɚɬɭɪɧɵх ɞɚɧɧɵх ɫ ɩɥёɧɨɱɧɵх 
ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ ɷɥɟɤɬɪɨɧɧɵх ɩɥɚɬ 

 

2.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ɉɬɤɚɡɵ ɛɨɪɬɨɜɨɣ ɊɗȺ, ɜɵɡɜɚɧɧɵɟ ɨɬɤɥɨɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 

ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ, ɫɨɫɬɚɜɥɹɸɬ ɩɨɱɬɢ 80% ɨɬ ɜɫɟɯ ɨɬɤɚɡɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɄȺ 

ɢ ɩɪɢɜɨɞɹɬ ɤ ɫɧɢɠɟɧɢɸ ɪɟɫɭɪɫɚ ɚɩɩɚɪɚɬɭɪɵ ɢ ɪɚɡɥɢɱɧɵɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ 

ɧɚɪɭɲɟɧɢɹɦ. ɉɨɷɬɨɦɭ ɨɫɨɛɟɧɧɨ ɩɪɢɫɬɚɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɨɩɟɪɚɬɢɜɧɨɦɭ 

ɤɨɧɬɪɨɥɸ ɬɟɩɥɨɜɵɯ ɪɟɠɢɦɨɜ ɊɗȺ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɢɡɭɚɥɶɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɧɬɪɨɥɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɚɤɬɧɵɦɢ ɞɚɬɱɢɤɚɦɢ, ɤɨɬɨɪɵɟ 

ɪɚɡɦɟɳɚɸɬ ɧɚ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɦ ɢɡɞɟɥɢɢ ɢɥɢ ɩɟɱɚɬɧɨɣ ɩɥɚɬɟ. 

ɂɡ ɜɫɟɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɚɬɱɢɤɨɜ, ɨɩɢɫɚɧɧɵɯ ɜ ɩɭɧɤɬɟ 1.3 

ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ, ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɯɟɦɟ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɵ. ȼɨ-ɩɟɪɜɵɯ, ɢɡ-ɡɚ ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɧɚɛɥɸɞɚɟɦɨɣ ɜ ɬɟɪɦɨɪɟɡɢɫɬɨɪɟ. ȼɨ-ɜɬɨɪɵɯ, ɪɟɚɥɢɡɚɰɢɹ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɜ ɜɢɞɟ ɬɨɧɤɢɯ ɩɪɨɬɹɠёɧɧɵɯ 

ɩɪɨɜɨɞɧɢɤɨɜ ɢɡ ɫɩɟɰɢɚɥɶɧɵɯ ɫɩɥɚɜɨɜ ɢɥɢ ɦɟɬɚɥɥɨɜ. ȼ-ɬɪɟɬɶɢɯ, ɬɨɱɧɨɫɬɶ 

ɢɡɦɟɪɟɧɢɹ ɞɨɫɬɢɝɚɟɬ ɫɨɬɵɯ ɞɨɥɟɣ ɝɪɚɞɭɫɚ. 

 ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɚ ɢɞɟɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɬɹɠёɧɧɵɯ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɧɵɯ ɩɥёɧɨɤ ɜ ɜɢɞɟ ɫɟɬɢ ɞɥɹ ɚɧɚɥɢɡɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɨɛɴɟɤɬɚ 

ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɋɚɫɫɦɨɬɪɢɦ ɩɟɱɚɬɧɭɸ ɩɥɚɬɭ, ɤɚɤ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɩɪɹɦɨɭɝɨɥɶɧɭɸ 

ɫɬɪɭɤɬɭɪɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɨɩɪɟɞɟɥёɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɹɱɟɟɤ, ɫ ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ 

ɧɚ ɧɟɣ ɬɨɧɤɢɦɢ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɩɪɨɜɨɞɧɢɤɚɦɢ, ɥɨɤɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɤɨɬɨɪɵɯ ɫɬɪɨɝɨ ɡɚɜɢɫɢɬ ɨɬ ɥɨɤɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɹɱɟɣɤɢ. ɂɡɦɟɪɟɧɢɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɬɹɠёɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ-ɬɟɪɦɨɫɨɩɪɨɬɢɜɥɟɧɢɣ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɧɟ ɜ ɤɚɠɞɨɣ ɹɱɟɣɤɢ ɨɬɞɟɥɶɧɨ, ɚ ɜ ɨɛɳɟɦ ɞɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɢ ɜɟɪɬɢɤɚɥɶɧɵɯ 

ɭɱɚɫɬɤɨɜ ɩɥɚɬɵ. Ɍɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɢɡɢɱɟɫɤɢɟ, ɤɚɱɟɫɬɜɟɧɧɵɟ ɢ ɥɨɝɢɱɟɫɤɢɟ 

ɫɨɨɛɪɚɠɟɧɢɹ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɩɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɜɵɱɢɫɥɟɧɢɹ ɩɟɪɟɝɪɟɜɚ 

ɹɱɟɟɤ ɢ ɧɚɯɨɠɞɟɧɢɹ ɢɯ ɬɟɦɩɟɪɚɬɭɪɵ.  
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ȼ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɥɨɝɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ 

ɫɥɟɞɭɸɳɟɟ: 

- ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɹɱɟɣɤɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɦ; 

- ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɹɱɟɣɤɟ ɩɨɦɢɦɨ ɷɥɟɦɟɧɬɨɜ ɜ ɫɚɦɨɣ ɹɱɟɣɤɟ ɜɥɢɹɟɬ 

ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɫɟɞɧɢɯ ɹɱɟɟɤ; 

- ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɪɚɡɦɟɪ ɹɱɟɟɤ ɛɟɪёɬɫɹ ɨɞɢɧɚɤɨɜɵɦ; 

- ɩɪɢ ɩɟɪɟɝɪɟɜɟ ɥɸɛɨɝɨ ɷɥɟɦɟɧɬɚ ɩɪɢɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɞɪɭɝɢɯ 

ɷɥɟɦɟɧɬɚɯ ɩɥɚɬɵ ɬɚɤɠɟ ɧɟ ɨɬɪɢɰɚɬɟɥɶɧɵɣ; 

- ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɝɥɚɠɢɜɚɟɬɫɹ ɢɡ-ɡɚ ɩɟɪɟɞɚɱɢ ɬɟɩɥɚ ɦɟɠɞɭ 

ɫɨɫɟɞɧɢɦɢ ɷɥɟɦɟɧɬɚɦɢ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɮɨɪɦɭɥɢɪɨɜɤɚ ɷɬɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɩɪɢɜɨɞɢɬ ɤ 

ɧɟɜɵɪɨɠɞɟɧɧɨɣ ɫɢɫɬɟɦɟ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ 

ɹɱɟɣɤɢ ɩɟɪɟɝɪɟɜɚ ɢ ɬɟɦɩɟɪɚɬɭɪɭ ɜɫɟɯ ɹɱɟɟɤ ɩɥɚɬɵ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɢ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ ɩɪɢɦɟɧɢɦɨɫɬɶ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɭɱɚɫɬɤɨɜ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɢ ɧɚɯɨɠɞɟɧɢɢ ɦɟɫɬ 

ɩɟɪɟɝɪɟɜɚ. 

 

2.2 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 

 

ɉɭɫɬɶ ɢɦɟɟɬɫɹ ɩɪɹɦɨɭɝɨɥɶɧɚɹ ɩɥɚɬɚ ɪɚɡɦɟɪɨɦ ݏ ×  ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ ɭ ,݌

ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧɨ ɜ ɥɟɜɨɦ ɧɢɠɧɟɦ ɭɝɥɭ. Ɋɚɡɨɛɶёɦ ɟё ɧɚ ɪɚɜɧɵɟ 

ɩɪɹɦɨɭɝɨɥɶɧɵɟ ɹɱɟɣɤɢ, ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɛɭɞɟɬ ɪɚɜɧɨ ݊ × ݉ ɫ ɩɨɦɨɳɶɸ 

ɭɫɥɨɜɧɨ ɩɪɨɜɟɞёɧɧɵɯ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɢ ɜɟɪɬɢɤɚɥɶɧɵɯ ɥɢɧɢɣ (ɪɢɫɭɧɨɤ 2.2.1). 
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Ɋɢɫɭɧɨɤ 2.2.1 – ɉɪɹɦɨɭɝɨɥɶɧɚɹ ɩɥɚɬɚ ɪɚɡɦɟɪɧɨɫɬɶɸ ݏ ×  ݌

 

Ɍɟɩɥɨɜɨɣ ɤɨɧɬɪɨɥɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɧɚɧɟɫёɧɧɵɯ ɧɚ ɩɥɚɬɭ 

ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɬɨɧɤɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɥɨɫɨɤ, ɫɞɟɥɚɧɧɵɯ ɢɡ 

ɫɩɟɰɢɚɥɶɧɨɝɨ ɫɩɥɚɜɚ ɢ ɩɪɨɯɨɞɹɳɢɯ ɱɟɪɟɡ ɫɟɪɟɞɢɧɵ ɹɱɟɟɤ 𝑥௜,௝. ɋɩɥɚɜ ɜɵɛɢɪɚɟɬɫɹ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɥɨɤɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɨɫɤɢ ܴ௟௢௖ ɫɭɳɟɫɬɜɟɧɧɨ 

ɡɚɜɢɫɟɥɨ ɨɬ ɥɨɤɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɹɱɟɣɤɢ ௟ܶ௢௖ (2.2.1). 

 ܴ௟௢௖ = ሺܨ ௟ܶ௢௖ሻ,                                                                                                      ሺʹ.ʹ.ͳሻ 
 

ɝɞɟ ܨሺ ௟ܶ௢௖ሻ – ɫɬɪɨɝɨ ɦɨɧɨɬɨɧɧɚɹ ɮɭɧɤɰɢɹ. 

Ɍɨɝɞɚ ɧɚɣɞɹ ɨɛɪɚɬɧɭɸ ɤ ɧɟɣ ɮɭɧɤɰɢɸ, ɦɨɠɧɨ ɛɭɞɟɬ ɨɩɪɟɞɟɥɢɬɶ ɥɨɤɚɥɶɧɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ (2.2.2): 

 

௟ܶ௢௖ =  ଵሺܴ௟௢௖ሻ                                                                                                    ሺʹ.ʹ.ʹሻ−ܨ
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɩɨɥɚɝɚɟɦɨɟ ɪɟɲɟɧɢɟ ɛɭɞɟɬ ɧɚɩɪɚɜɥɟɧɨ ɧɚ 

ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɠɞɨɣ ɹɱɟɣɤɢ ܴ௟௢௖, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ 

ɩɨɥɭɱɟɧɚ ɥɨɤɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɷɬɨɣ ɹɱɟɣɤɢ (2.2.2). 

Ʉɨɧɬɪɨɥɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɢɡɦɟɪɟɧɢɹ ɫɢɥɵ 

ɬɨɤɚ I ɜɨ ɜɫɟɣ ɰɟɩɢ ɢ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɞɥɹ ɤɚɠɞɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɢ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɥɨɫɤɢ, ɩɨɥɭɱɟɧɧɵɯ ɜɵɱɢɬɚɧɢɟɦ ɫɨɫɟɞɧɢɯ 

ɢɡɦɟɪɟɧɧɵɯ  ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ܧ௜ , ݅ = ͳ,… ,݉ + ݊. ɉɨ ɡɚɤɨɧɭ Ɉɦɚ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɭɱɚɫɬɤɨɜ. Ɉɛɨɡɧɚɱɢɦ ɥɨɤɚɥɶɧɵɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɹɱɟɟɤ ɤɚɤ 𝑥௜,௝, ɬɨɝɞɚ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ܴ ℎ,௜ 
ɢ ɜɟɪɬɢɤɚɥɶɧɵɯ ܴ 𝑣௝ ɭɱɚɫɬɤɨɜ ɛɭɞɭɬ ɜɵɱɢɫɥɹɬɶɫɹ ɤɚɤ ɫɭɦɦɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɹɱɟɟɤ, 

ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɩɪɨɯɨɞɹɬ ɞɚɧɧɵɟ ɭɱɚɫɬɤɢ. Ɍɨɝɞɚ ɛɭɞɟɬ ɫɩɪɚɜɟɞɥɢɜɚ ɫɥɟɞɭɸɳɚɹ 

ɫɢɫɬɟɦɚ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɫ n ɭɪɚɜɧɟɧɢɹɦɢ ɞɥɹ ɜɟɪɬɢɤɚɥɶɧɵɯ 

ɭɱɚɫɬɤɨɜ ɢ m ɭɪɚɜɧɟɧɢɹɦɢ ɞɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ (2.2.3): 

 

{   
   
  𝑥ଵ,ଵ + 𝑥ଶ,ଵ +⋯+ 𝑥௠,ଵ = ܴ𝑣,ଵ,𝑥ଵ,ଶ + 𝑥ଶ,ଶ +⋯+ 𝑥௠,ଶ = ܴ𝑣,ଶ,…𝑥ଵ,௡ + 𝑥ଶ,௡ +⋯+ 𝑥௠,௡ = ܴ𝑣,௡,𝑥ଵ,ଵ + 𝑥ଵ,ଶ +⋯+ 𝑥ଵ,௡ = ܴℎ,ଵ,𝑥ଶ,ଵ + 𝑥ଶ,ଶ +⋯+ 𝑥ଶ,௡ = ܴℎ,ଶ,…𝑥௠,ଵ + 𝑥௠,ଶ +⋯+ 𝑥௠,௡ = ܴℎ,௠ .

                                                                     ሺʹ.ʹ.͵ሻ 
 

Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɫɢɥɶɧɨ ɧɟɞɨɨɩɪɟɞɟɥɟɧɚ ɩɪɢ ݊,݉ > ʹ, ɬɚɤ ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ 

ɧɟɢɡɜɟɫɬɧɵɯ ɪɚɜɧɨ ݊݉, ɚ ɤɨɥɢɱɟɫɬɜɨ ɭɪɚɜɧɟɧɢɣ ݊ +݉. 

 

2.3 Ⱥɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

 

ɉɪɟɞɫɬɚɜɢɦ ɫɢɫɬɟɦɭ (2.2.3) ɜ ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ (2.3.1): 

ݎܯ  = ݂,                                                                                                                    ሺʹ.͵.ͳሻ 
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ɝɞɟ ܯ – ɦɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɢ 𝑥௜,௝; 
 ;ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ ɢɫɤɨɦɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ – ݎ       

       ݂ – ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ ɢɡɜɟɫɬɧɨɣ ɩɪɚɜɨɣ ɱɚɫɬɢ. 

ɉɪɚɜɚɹ ɱɚɫɬɶ ɭɩɨɪɹɞɨɱɟɧɚ ɥɟɤɫɢɤɨɝɪɚɮɢɱɟɫɤɢɦ ɨɛɪɚɡɨɦ (ɜɟɪɬɢɤɚɥɶɧɵɟ 

ɭɱɚɫɬɤɢ ɜɚɠɧɟɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ). ɉɪɢ ɬɚɤɨɦ ɭɩɨɪɹɞɨɱɢɜɚɧɢɢ ɦɚɬɪɢɰɚ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ (2.3.2) ɫ ɨɩɭɳɟɧɧɵɦɢ 

ɧɭɥɟɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ: 

 

 

 

 

                                                                                                                   (2.3.2) 

 

 

 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɢ ɫɨɜɦɟɫɬɧɨɫɬɢ ɫɢɫɬɟɦɵ (2.3.1) ɞɨɦɧɨɠɢɦ ɟё ɩɪɚɜɭɸ ɢ 

ɥɟɜɭɸ ɱɚɫɬɶ ɧɚ ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɧɭɸ ɦɚɬɪɢɰɭ (2.3.2), ɬɨɝɞɚ ɩɨɥɭɱɢɦ (2.3.3): 

ݎܯ𝑇ܯ  =  𝑇݂                                                                                                        ሺʹ.͵.͵ሻܯ
 

ɂɫɩɨɥɶɡɭɹ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞ Ƚɚɭɫɫɚ ɤ ɫɢɫɬɟɦɟ (2.3.3) ɛɭɞɟɬ ɩɨɥɭɱɟɧɨ ɨɞɧɨ 

ɢɡ ɞɨɩɭɫɬɢɦɵɯ ɪɟɲɟɧɢɣ. ɇɨ ɷɬɨ ɛɭɞɟɬ ɥɢɲɶ ɱɚɫɬɧɨɟ ɪɟɲɟɧɢɟ ɢɡ ɛɟɫɤɨɧɟɱɧɨɝɨ 

ɱɢɫɥɚ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɹɱɟɣɤɢ ɜɥɢɹɸɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɫɟɞɧɢɯ ɫ ɧɟɣ ɹɱɟɟɤ. Ⱦɨɛɚɜɢɦ ɤ ɩɨɥɭɱɟɧɧɨɦɭ ɪɟɲɟɧɢɸ ɦɚɬɪɢɰɭ 

ɭɡɥɨɜ ߙ ɪɚɡɦɟɪɧɨɫɬɶɸ ݊ − ͳ ×݉ − ͳ ɹɞɪɨɦ ɨɩɟɪɚɬɨɪɚ M, ɹɜɥɹɸɳɟɝɨɫɹ ɟё 

ɥɢɧɟɣɧɨɣ ɨɛɨɥɨɱɤɨɣ ɢ ɢɦɟɸɳɟɣ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.3.1. 
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+ - 

- + 
 

Ɋɢɫɭɧɨɤ 2.3.1 – ȼɢɞ ɹɞɪɚ  

 

Ɂɞɟɫɶ ɧɟ ɛɭɞɟɬ ɩɪɢɜɟɞɟɧɨ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ ɬɨɝɨ, ɱɬɨ ɞɚɧɧɨɟ ɹɞɪɨ 

ɟɞɢɧɫɬɜɟɧɧɚɹ ɥɢɧɟɣɧɚɹ ɨɛɨɥɨɱɤɚ ɨɩɟɪɚɬɨɪɚ М. 

Ɍɨɝɞɚ ɥɸɛɨɟ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ (2.3.3) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɦɦɭ ɱɚɫɬɧɨɝɨ 

ɪɟɲɟɧɢɹ х ɫ ɥɢɧɟɣɧɨɣ ɤɨɦɛɢɧɚɰɢɟɣ ɜɟɤɬɨɪɨɜ ɹɞɪɚ. Ɉɛɳɢɣ ɜɢɞ ɫɯɟɦɵ ɫ 

ɞɨɛɚɜɥɟɧɢɟɦ ɭɡɥɨɜ ɩɪɢɜɟɞёɧ ɧɚ ɪɢɫɭɧɤɟ 2.3.2. 

ɉɭɫɬɶ ɤɨɦɩɨɧɟɧɬɵ ɷɬɨɝɨ ɪɟɲɟɧɢɹ ɛɭɞɭɬ ɨɛɨɡɧɚɱɟɧɵ ɤɚɤ ݑ௜,௝. Ɍɨɝɞɚ 

ɢɦɟɟɬɫɹ 9 ɪɚɜɟɧɫɬɜ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɹɱɟɣɤɢ ɧɚ ɩɥɚɬɟ (ɡɞɟɫɶ ɢ ɞɚɥɶɲɟ 

ɜ ɪɚɛɨɬɟ ɚɥɝɨɪɢɬɦɚ ɩɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ ɩɥɚɬɚ ɢɦɟɟɬ ɤɜɚɞɪɚɬɧɵɣ ɜɢɞ ɢ ɪɚɡɦɟɪɨɦ   ݊ × ݊). 
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Ɋɢɫɭɧɨɤ 2.3.2 – ɋɯɟɦɚ ɫ ɭɡɥɚɦɢ ߙ 

 

Ⱦɟɜɹɬɶ ɜɚɪɢɚɧɬɨɜ ɪɚɫɩɨɥɨɠɟɧɢɟ ɹɱɟɣɤɢ ɧɚ ɩɥɚɬɟ ɢ ɮɨɪɦɭɥɵ ɧɚɯɨɠɞɟɧɢɹ ݑ 

ɞɥɹ ɤɚɠɞɨɝɨ ɜɚɪɢɚɧɬɚ: 

- ɜɟɪɯɧɢɣ ɥɟɜɵɣ ɭɝɨɥ (2.3.4): 

଴,଴ݑ  = 𝑥଴,଴ +  ଴,଴                                                                                            ሺʹ.͵.Ͷሻߙ
 

- ɜɟɪɯɧɢɣ ɩɪɚɜɵɣ ɭɝɨɥ (2.3.5): 

଴,௡−ଵݑ  = 𝑥଴,௡−ଵ −  ଴,௡−ଶ                                                                              ሺʹ.͵.ͷሻߙ
 

- ɧɢɠɧɢɣ ɥɟɜɵɣ ɭɝɨɥ (2.3.6): 

௡−ଵ,଴ݑ  = 𝑥௡−ଵ,଴ −  ௡−ଶ,଴                                                                               ሺʹ.͵.͸ሻߙ
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- ɧɢɠɧɢɣ ɩɪɚɜɵɣ ɭɝɨɥ (2.3.7): 

௡−ଵ,௡−ଵݑ  = 𝑥௡−ଵ,௡−ଵ +  ௡−ଶ,௡−ଶ                                                                 ሺʹ.͵.͹ሻߙ
 

- ɜ ɜɟɪɯɧɟɣ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ (2.3.8): 

଴,௝ݑ  = 𝑥଴,௝ + ଴,௝ߙ −  ଴,௝−ଵ                                                                             ሺʹ.͵.ͺሻߙ
 

- ɜ ɥɟɜɨɣ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ (2.3.9): 

௜,଴ݑ  = 𝑥௜,଴ + ௜,଴ߙ −  ௜−ଵ,଴                                                                              ሺʹ.͵.ͻሻߙ
 

- ɜ ɩɪɚɜɨɣ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ (2.3.10): 

௜,௡−ଵݑ  = 𝑥௜,௡−ଵ + ௜−ଵ,௡−ଶߙ −  ௜,௡−ଶ                                                          ሺʹ.͵.ͳͲሻߙ
 

- ɜ ɧɢɠɧɟɣ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ (2.3.11): 

௡−ଵ,௝ݑ  = 𝑥௡−ଵ,௝ + ௡−ଶ,௝−ଵߙ − ௡−ଶ,௝ߙ                                                         ሺʹ.͵.ͳͳሻ 
 

- ɜ ɥɸɛɨɣ ɱɚɫɬɢ ɜɧɭɬɪɢ ɩɥɚɬɵ (2.3.12): 

௜,௝ݑ  = 𝑥௜,௝ + ௜,௝ߙ + ௜−ଵ,௝−ଵߙ − ௜−ଵ,௝ߙ −  ௜,௝−ଵ                                        ሺʹ.͵.ͳʹሻߙ
 

ȼɫɬɚёɬ ɜɨɩɪɨɫ ɨ ɜɵɱɢɫɥɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ߙ௜,௝. ɇɚɫ ɢɧɬɟɪɟɫɭɟɬ 

ɭɫɬɚɧɨɜɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɩɟɪɟɝɪɟɜɚ ɩɥɚɬɵ, ɬ.ɟ. ɤɨɧɤɪɟɬɧɨɣ ɹɱɟɣɤɢ, ɝɞɟ ɫɥɭɱɢɥɫɹ 

ɩɟɪɟɝɪɟɜ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɟё ɩɪɢɦɟɪɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɞɚɬɶ 

ɤɨɧɫɬɪɭɤɬɨɪɚɦ ɤɥɸɱ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɜɨɡɦɨɠɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɟɪɟɝɪɟɜɚ. Ⱦɥɹ 
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ɨɩɪɟɞɟɥёɧɧɨɫɬɢ ɛɭɞɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɬɟɪɦɨɪɟɡɢɫɬɨɪɧɚɹ ɩɥёɧɤɚ ɫ ɩɨɜɵɲɟɧɢɟɦ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɜɨɡɪɚɫɬɚɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ.  

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɜɜɟɞёɦ ɞɜɚ ɥɨɝɢɱɟɫɤɢɯ ɞɨɩɭɳɟɧɢɹ: 

- ɢɡ-ɡɚ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɦɟɠɞɭ 

ɹɱɟɣɤɚɦɢ ɥɨɤɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ (ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɥɨɤɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ) 

ɪɚɡɝɥɚɠɢɜɚɟɬɫɹ, ɩɨɷɬɨɦɭ ɛɨɥɶɲɢɟ ɩɟɪɟɩɚɞɵ ɬɟɦɩɟɪɚɬɭɪ (ɫɨɩɪɨɬɢɜɥɟɧɢɣ) ɜ 

ɫɨɫɟɞɧɢɯ ɹɱɟɣɤɚɯ ɧɟɞɨɩɭɫɬɢɦɵ; 

- ɬɚɤ ɤɚɤ ɢɫɫɥɟɞɭɸɬɫɹ ɢɦɟɧɧɨ ɪɟɠɢɦɵ ɩɟɪɟɝɪɟɜɚ, ɬɨ ɨɬɪɢɰɚɬɟɥɶɧɵɟ 

ɤɨɦɩɨɧɟɧɬɵ ݑ௜,௝ ɬɚɤɠɟ ɫɱɢɬɚɸɬɫɹ ɧɟɜɨɡɦɨɠɧɵɦɢ. 

ȼɜɟɞёɦ ɮɭɧɤɰɢɨɧɚɥ F, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɦɦɭ ɤɜɚɞɪɚɬɨɜ 

ɪɚɡɧɨɫɬɢ ɞɥɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɩɥɚɬɵ (2.3.13): 

 

ሻߙሺܨ = ∑∑ሺݑ௜+ଵ,௝ − ௜,௝ሻଶ௡ݑ
௝=ଵ

௡−ଵ
௜=ଵ +∑∑ሺݑ௜,௝+ଵ − ௜,௝ሻଶ௡−ଵݑ

௝=ଵ
௡
௜=ଵ                          ሺʹ.͵.ͳ͵ሻ 

 

Ɇɢɧɢɦɢɡɢɪɭɟɦ ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɩɨɫɪɟɞɫɬɜɨɦ ɧɚɯɨɠɞɟɧɢɹ ɱɚɫɬɧɵɯ 

ɩɪɨɢɡɜɨɞɧɵɯ 𝜕ܨሺߙሻ/𝜕ߙ௜,௝ ɢ ɩɪɢɪɚɜɧɢɜɚɧɢɢ ɢɯ ɤ ɧɭɥɸ. ɉɨɥɭɱɢɦ ɫɢɫɬɟɦɭ 

ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɪɚɡɦɟɪɧɨɫɬɶɸ (n - 1)(n - 1) (ɮɨɪɦɭɥɚ 

2.3.14). 

 

{  
   
଴,଴ߙ��ሻߙሺܨ��  = Ͳ;      𝜕ܨሺߙሻ𝜕ߙ଴,ଵ = Ͳ;      … 𝜕ܨሺߙሻ𝜕ߙ௡−ଶ,௡−ଶ = Ͳ.

                                                                                                 ሺʹ.͵.ͳͶሻ 
 

Ɋɟɲɢɜ ɫɢɫɬɟɦɭ (2.3.14) ɫ ɧɟɜɵɪɨɠɞɟɧɧɨɣ ɦɚɬɪɢɰɟɣ, ɩɨɥɭɱɢɦ 

ɤɨɷɮɮɢɰɢɟɧɬɵ  ߙ௜,௝. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɭɡɥɚ 

ɜɵɪɚɠɟɧɢɟ 𝜕ܨሺߙሻ/𝜕ߙ௜,௝ ɩɪɢɧɢɦɚɟɬ ɨɞɧɭ ɢɡ 9 ɮɨɪɦ. Ɋɚɫɫɦɨɬɪɢɦ ɜɫɟ ɢɡ ɧɢɯ. 
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Ⱦɟɜɹɬɶ ɜɚɪɢɚɧɬɨɜ ɪɚɫɩɨɥɨɠɟɧɢɟ ɭɡɥɚ ɧɚ ɩɥɚɬɟ ɢ ɮɨɪɦɭɥɵ ɧɚɯɨɠɞɟɧɢɹ  𝜕ܨሺߙሻ/𝜕ߙ௜,௝   ɞɥɹ ɤɚɠɞɨɝɨ ɜɚɪɢɚɧɬɚ: 

- ɜɟɪɯɧɢɣ ɥɟɜɵɣ ɭɡɟɥ (2.3.15): 

଴,଴ߙ��ሻߙሺܨ��  = ͶͲߙ଴,଴ − ʹ͸ߙ଴,ଵ − ʹ͸ߙଵ,଴ + Ͷߙ଴,ଶ + ͳ͸ߙଵ,ଵ + Ͷߙଶ,଴ − 

ଵ,ଶߙʹ−  − ଶ,ଵߙʹ + ͺ𝑥଴,଴ − ͳͲ𝑥଴,ଵ − ͳͲ𝑥ଵ,଴ + ʹ𝑥଴,ଶ + ͳʹ𝑥ଵ,ଵ +            (2.3.15) 

 + ʹ𝑥ଶ,଴ − ʹ𝑥ଵ,ଶ − ʹ𝑥ଶ,ଵ 

 

- ɜɟɪɯɧɢɣ ɩɪɚɜɵɣ ɭɡɟɥ (2.3.16): 

଴,௡−ଶߙ��ሻߙሺܨ��              = Ͷߙ଴,௡−ସ − ʹ͸ߙ଴,௡−ଷ − ଵ,௡−ସߙʹ + ͶͲߙ଴,௡−ଶ +            +ͳ͸ߙଵ,௡−ଷ − ʹ͸ߙଵ,௡−ଶ − ଶ,௡−ଷߙʹ + Ͷߙଶ,௡−ଶ − ʹ𝑥଴,௡−ଷ +                      ሺʹ.͵.ͳ͸ሻ             +ͳͲ𝑥଴,௡−ଶ + ʹ𝑥ଵ,௡−ଷ − ͺ𝑥଴,௡−ଵ − ͳʹ𝑥ଵ,௡−ଶ + ͳͲ𝑥ଵ,௡−ଵ +             +ʹ𝑥ଶ,௡−ଶ − ʹ𝑥ଶ,௡−ଵ 

 

- ɧɢɠɧɢɣ ɥɟɜɵɣ ɭɡɟɥ (2.3.17): 

௡−ଶ,଴ߙ��ሻߙሺܨ��              = Ͷߙ௡−ସ,଴ − ௡−ସ,ଵߙʹ − ʹ͸ߙ௡−ଷ,଴ + ͳ͸ߙ௡−ଷ,ଵ +           +ͶͲߙ௡−ଶ,଴ − ௡−ଷ,ଶߙʹ − ʹ͸ߙ௡−ଶ,ଵ + Ͷߙ௡−ଶ,ଵ − ʹ𝑥௡−ଷ,଴ +                       ሺʹ.͵.ͳ͹ሻ            +ʹ𝑥௡−ଷ,ଵ + ͳͲ𝑥௡−ଶ,଴ − ͳʹ𝑥௡−ଶ,ଵ − ͺ𝑥௡−ଵ,଴ + ʹ𝑥௡−ଶ,଴ +            +ͳͲ𝑥௡−ଵ,ଵ − ʹ𝑥௡−ଵ,ଶ 
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- ɧɢɠɧɢɣ ɩɪɚɜɵɣ ɭɡɟɥ (2.3.18): 

௡−ଶ,௡−ଶߙ��ሻߙሺܨ��              = Ͷߙ௡−ସ,௡−ଶ − ௡−ଷ,௡−ସߙʹ − ௡−ସ,௡−ଷߙʹ + ͳ͸ߙ௡−ଷ,௡−ଷ +  +Ͷߙ௡−ଶ,௡−ସ − ʹ͸ߙ௡−ଷ,௡−ଶ − ʹ͸ߙ௡−ଶ,௡−ଷ + ͶͲߙ௡−ଶ,௡−ଶ −                     (2.3.18)            −ʹ𝑥௡−ଷ,௡−ଶ − ʹ𝑥௡−ଶ,௡−ଷ + ʹ𝑥௡−ଷ,௡−ଵ + ͳʹ𝑥௡−ଶ,௡−ଶ +            +ʹ𝑥௡−ଵ,௡−ଷ − ͳͲ𝑥௡−ଶ,௡−ଵ − ͳͲ𝑥௡−ଵ,௡−ଶ + ͺ𝑥௡−ଵ,௡−ଵ 

 

- ɜɟɪɯɧɢɣ ɰɟɧɬɪɚɥɶɧɵɣ ɭɡɟɥ (2.3.19): 

଴,௝ߙ��ሻߙሺܨ��              = ͶͶߙ଴,௝ − ʹ͸ߙ଴,௝−ଵ + ͳ͸ߙଵ,௝−ଵ − ʹ͸ߙ଴,௝+ଵ −            −ʹͺߙଵ,௝ − ଶ,௝−ଵߙʹ + Ͷߙଶ,௝ + ͳ͸ߙଵ,௝+ଵ − ଶ,௝+ଵߙʹ +           +[Ͷߙ଴,௝+ଵ − [ଵ,௝+ଶߙʹ + [Ͷߙ଴,௝−ଵ − [ଵ,௝−ଶߙʹ − ʹ𝑥଴.௝−ଵ +                        ሺʹ.͵.ͳͻሻ            +ͳͲ𝑥଴,௝ + ʹ𝑥ଵ,௝−ଵ − ͳͲ𝑥଴,௝+ଵ − ͳʹ𝑥ଵ,௝ + ʹ𝑥଴,௝+ଶ +            +ͳʹ𝑥ଵ,௝+ଵ + ʹ𝑥ଶ,௝ − ʹ𝑥ଵ,௝+ଶ − ʹ𝑥ଶ,௝+ଵ 

 

- ɥɟɜɵɣ ɰɟɧɬɪɚɥɶɧɵɣ ɭɡɟɥ (2.3.20): 

௜,଴ߙ��ሻߙሺܨ��              = ͳ͸ߙ௜−ଵ,ଵ − ʹ͸ߙ௜−ଵ,଴ + ͶͶߙ௜,଴ − ௜−ଵ,ଶߙʹ − ͺߙ௜,ଵ −            −ʹ͸ߙ௜+ଵ,଴ + Ͷߙ௜,ଶ + ͳ͸ߙ௜+ଵ,ଵ − ௜+ଵ,ଶߙʹ + [Ͷߙ௜+ଶ,଴ − [௜+ଶ,ଵߙʹ +          ሺʹ.͵.ʹͲሻ            +[Ͷߙ௜−ଶ,଴ − [௜−ଶ,ଵߙʹ − ʹ𝑥௜−ଵ,଴ + ʹ𝑥௜−ଵ,ଵ + ͳͲ𝑥௜,଴ − ͳʹ𝑥௜,ଵ −            −ͳͲ𝑥௜+ଵ,଴ + ʹ𝑥௜,ଶ + ͳʹ𝑥௜+ଵ,ଵ + ʹ𝑥௜+ଶ,଴ − ʹ𝑥௜+ଵ,ଶ − ʹ𝑥௜+ଶ,ଵ 
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- ɩɪɚɜɵɣ ɰɟɧɬɪɚɥɶɧɵɣ ɭɡɟɥ (2.3.21): 

௜,௡−ଶߙ��ሻߙሺܨ��              = ͳ͸ߙ௜−ଵ,௡−ଷ − ௜−ଵ,௡−ସߙʹ + Ͷߙ௜,௡−ସ − ʹ͸ߙ௜−ଵ,௡−ଶ −            −ʹͺߙ௜,௡−ଷ + ͶͶߙ௜,௡−ଶ + ͳ͸ߙ௜+ଵ,௡−ଷ − ʹ͸ߙ௜+ଵ,௡−ଶ − ௜+ଵ,௡−ସߙʹ +            +[Ͷߙ௜+ଶ,௡−ଶ − [௜+ଶ,௡−ଷߙʹ + [Ͷߙ௜−ଶ,௡−ଶ − [௜−ଶ,௡−ଷߙʹ −                          ሺʹ.͵.ʹͳሻ            −ʹ𝑥௜−ଵ,௡−ଶ − ʹ𝑥௜,௡−ଷ + ʹ𝑥௜−ଵ,௡−ଵ + ͳʹ𝑥௜,௡−ଶ + ʹ𝑥௜+ଵ,௡−ଷ −            −ͳͲ𝑥௜,௡−ଵ − ͳʹ𝑥௜+ଵ,௡−ଶ + ͳͲ𝑥௜+ଵ,௡−ଵ + ʹ𝑥௜+ଵ,௡−ଶ − ʹ𝑥௜+ଶ,௡−ଵ 

 

- ɧɢɠɧɢɣ ɰɟɧɬɪɚɥɶɧɵɣ ɭɡɟɥ (2.3.22): 

௡−ଶ,௝ߙ��ሻߙሺܨ��              = Ͷߙ௡−ସ,௝ − ௡−ସ,௝−ଵߙʹ + ͳ͸ߙ௡−ଷ,௝−ଵ − ௡−ସ,௝+ଵߙʹ −            −ʹͺߙ௡−ଷ,௝ − ʹ͸ߙ௡−ଶ,௝−ଵ + ͳ͸ߙ௡−ଷ,௝+ଵ + ͶͶߙ௡−ଶ,௝ −           −ʹ͸ߙ௡−ଶ,௝+ଵ + [Ͷߙ௡−ଶ,௝+ଶ − [௡−ଷ,௝+ଶߙʹ + [Ͷߙ௡−ଶ,௝−ଶ −                        ሺʹ.͵.ʹʹሻ            −ʹߙ௡−ଷ,௝−ଶ] − ʹ𝑥௡−ଷ,௝ − ʹ𝑥௡−ଶ,௝−ଵ + ʹ𝑥௡−ଷ,௝+ଵ + ͳʹ𝑥௡−ଶ,௝ +            +ʹ𝑥௡−ଵ,௝−ଵ − ͳʹ𝑥௡−ଶ,௝+ଵ − ͳͲ𝑥௡−ଵ,௝ + ʹ𝑥௡−ଶ,௝+ଶ +            +ͳͲ𝑥௡−ଵ,௝+ଵ − ʹ𝑥௡−ଵ,௝+ଶ 

 

- ɥɸɛɨɣ ɜɧɭɬɪɟɧɧɢɣ ɭɡɟɥ (2.3.23): 

௜,௝ߙ��ሻߙሺܨ��              = ͳ͸ߙ௜−ଵ,௝−ଵ − ʹͺߙ௜−ଵ,௝ − ʹͺߙ௜,௝−ଵ + ͳ͸ߙ௜−ଵ,௝+ଵ +            +Ͷͺߙ௜,௝ + ͳ͸ߙ௜+ଵ,௝−ଵ − ʹͺߙ௜,௝+ଵ − ʹͺߙ௜+ଵ,௝ + ͳ͸ߙ௜+ଵ,௝+ଶ +            +[Ͷߙ௜,௝+ଶ − ௜−ଵ,௝+ଶߙʹ − [௜+ଵ,௝+ଶߙʹ + [Ͷߙ௜+ଵ,௝ − ௜+ଶ,௝−ଵߙʹ [௜+ଶ,௝+ଵߙʹ−            − + [Ͷߙ௜,௝−ଶ − ௜−ଵ,௝−ଶߙʹ − [௜+ଵ,௝−ଶߙʹ + [Ͷߙ௜−ଶ,௝ −              ሺʹ.͵.ʹ͵ሻ            −ʹߙ௜−ଶ,௝−ଵ − [௜−ଶ,௝+ଵߙʹ − ʹ𝑥௜−ଵ,௝ − ʹ𝑥௜,௝−ଵ + ʹ𝑥௜−ଵ,௝+ଵ +            +ͳʹ𝑥௜,௝ + ʹ𝑥௜+ଵ,௝−ଵ − ͳʹ𝑥௜,௝+ଵ − ͳʹ𝑥௜+ଵ,௝ + ʹ𝑥௜,௝+ଶ +            +ͳʹ𝑥௜+ଵ,௝+ଵ + ʹ𝑥௜+ଶ,௝ − ʹ𝑥௜+ଵ,௝+ଶ − ʹ𝑥௜+ଶ,௝+ଵ 
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ɋɥɚɝɚɟɦɵɟ ɜ ɤɜɚɞɪɚɬɧɵɯ ɫɤɨɛɤɚɯ […] ɦɨɝɭɬ ɨɩɭɫɤɚɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɹɱɟɣɤɢ, ɬɟɦ ɫɚɦɵɦ ɭɩɪɨɳɚɹ ɮɨɪɦɭɥɵ (2.3.19 – 2.3.23). 

ȼɵɩɢɫɚɜ ɜɫɟ ɩɪɨɢɡɜɨɞɧɵɟ ɩɨ ɫɭɳɟɫɬɜɭɸɳɢɦ ɭɡɥɚɦ ߙ௜,௝, ɦɨɠɧɨ ɧɚɣɬɢ 

ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɭɡɥɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɭɪɚɜɧɟɧɢɟɦ (2.3.24) ɜ ɦɚɬɪɢɱɧɨɣ 

ɮɨɪɦɟ: 

ߙܣ  = ܴ,                                                                                                                  ሺʹ.͵.ʹͶሻ 
 

ɝɞɟ ܣ – ɦɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɫɬɨɹɳɢɯ ɩɟɪɟɞ ߙ௜,௝; 
 ;ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ ɧɟɢɡɜɟɫɬɧɵɯ ɭɡɥɨɜ – ߙ      

      ܴ – ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ ɫɭɦɦɵ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɧɚɣɞɟɧɧɵɯ ɢɡ ɮɨɪɦɭɥ 2.3.15-

2.3.24. 

Ɇɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ܣ ɪɚɡɦɟɪɧɨɫɬɶɸ ሺ݊ − ͳሻଶ × ሺ݊ − ͳሻଶ ɜɵɝɥɹɞɢɬ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (2.3.25): 

 

ܣ = (  
଴,଴𝛼బ,బߙ  ଴,ଵ𝛼బ,బߙ             ଴,଴𝛼బ,భߙ௡−ଵ,௡−ଵ𝛼బ,బߙ         …           ଴,ଶ𝛼బ,బߙ         ଴,ଵ𝛼బ,భߙ             ଴,଴𝛼𝑛−భ,𝑛−భߙ…௡−ଵ,௡−ଵ𝛼బ,భߙ         …           ଴,ଶ𝛼బ,భߙ         ଴,ଵ𝛼𝑛−భ,𝑛−భߙ      (௡−ଵ,௡−ଵ𝛼𝑛−భ,𝑛−భߙ   …  ଴,ଶ𝛼𝑛−భ,𝑛−భߙ   

        ሺʹ.͵.ʹͷሻ 
 

Ɋɟɲɚɹ ɫɢɫɬɟɦɭ (2.3.24) ɥɸɛɵɦ ɢɡɜɟɫɬɧɵɦ ɦɟɬɨɞɨɦ, ɧɚɩɪɢɦɟɪ Ƚɚɭɫɫɨɦ, 

ɜɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɹ ɭɡɥɨɜ. ɉɨɞɫɬɚɜɥɹɟɦ ɧɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɵ 2.3.4-

2.3.12 ɧɚɯɨɞɢɦ ɢɫɤɨɦɵɟ ݑ௜,௝. ɇɨ ɧɚɣɞɟɧɧɵɟ ɪɟɲɟɧɢɹ ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ 

ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, ɱɬɨ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɮɢɡɢɱɟɫɤɨɦɭ ɫɦɵɫɥɭ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɢɬɶ ɦɟɬɨɞ ɦɧɨɠɢɬɟɥɟɣ 

Ʌɚɝɪɚɧɠɚ. Ⱦɨɩɨɥɧɢɦ ɮɭɧɤɰɢɨɧɚɥ (2.3.13) ɫɥɚɝɚɟɦɵɦɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 

ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɤɨɦɩɨɧɟɧɬɚɦ (2.3.26) ݑ. 
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,ߙሺ∗ܨ 𝜆ሻ = ሻߙሺܨ −∑𝜆௜ߛ௜ሺߙሻ𝑞
௜=ଵ ,                                                                      ሺʹ.͵.ʹ͸ሻ 

 

ɝɞɟ ݍ – ɤɨɥɢɱɟɫɬɜɨ ɤɨɦɩɨɧɟɧɬ ݑ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ; 

      𝜆௜ – ɦɧɨɠɢɬɟɥɢ Ʌɚɝɪɚɧɠɚ; 

 .ሻ – ɮɭɧɤɰɢɢ ɨɝɪɚɧɢɱɟɧɢɹߙ௜ሺߛ      

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɝɪɚɧɢɱɟɧɢɹ ߛ௜ሺߙሻ – ɷɬɨ ɩɪɚɜɚɹ ɱɚɫɬɶ ɮɨɪɦɭɥ 2.3.4-2.3.12, 

ɬ.ɟ. ɤɨɦɩɨɧɟɧɬɵ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɭɡɥɚɦɢ. 

Ɍɟɩɟɪɶ ɧɚɯɨɞɹɬɫɹ ɧɨɜɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɡɥɨɜ ߙ௜,௝ ɢ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ ݑ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɭɧɤɰɢɨɧɚɥɚ (2.3.26) ɢɡ ɫɢɫɬɟɦɵ (2.3.27): 

ଵଵܣ)  ଶଵܣଵଶܣ (ଶଶܣ = (ଶݑଵݑ) = ( ଵ݂݂ଶ),                                                                            ሺʹ.͵.ʹ͹ሻ 
 

ɝɞɟ ܣଵଵ – ɢɫɯɨɞɧɚɹ ɦɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ܣ; 

 ଶଵ – ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɦɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɬɨɞɚ ɦɧɨɠɢɬɟɥɟɣ Ʌɚɝɪɚɧɠɚܣ      

ɪɚɡɦɟɪɧɨɫɬɶɸ ݍ × ሺ݊ − ͳሻଶ; 
ଶଵ ɪɚɡɦɟɪɧɨɫɬɶɸ ሺ݊ܣ ଵଶ – ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɧɚɹܣ       − ͳሻଶ ×  ;ݍ
ݍ ଶଶ – ɧɭɥɟɜɚɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɧɨɫɬɶɸܣ       ×  ;ݍ

 ;ଵ – ɜɟɤɬɨɪ ɫɬɨɥɛɟɰ ɪɟɲɟɧɢɣ uݑ      

,ଶ – ɜɟɤɬɨɪ ɫɬɨɥɛɟɰ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɦɧɨɠɢɬɟɥɹɦ Ʌɚɝɪɚɧɠɚ: ሺ𝜆ଵݑ       . . , 𝜆௦ሻ𝑇. 

ɉɨɥɭɱɟɧɧɨɟ ɪɟɲɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɧɚ ɨɬɪɢɰɚɬɟɥɶɧɨɫɬɶ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ ݑ௜,௝. ȿɫɥɢ ɜ ɪɟɲɟɧɢɢ ɢɦɟɟɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ, ɬɨ ɦɟɬɨɞ 

ɦɧɨɠɢɬɟɥɟɣ Ʌɚɝɪɚɧɠɚ ɩɪɢɦɟɧɹɟɬɫɹ ɩɨɜɬɨɪɧɨ ɫ ɞɨɩɨɥɧɟɧɢɟɦ ɦɚɬɪɢɰ ܣଶଵ, ܣଵଶ ɢ ݑଶ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɷɥɟɦɟɧɬ. Ɇɟɬɨɞ ɩɪɢɦɟɧɹɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɜ ɤɨɧɟɱɧɨɦ 

ɪɟɲɟɧɢɢ ɧɟ ɨɫɬɚɧɭɬɫɹ ɬɨɥɶɤɨ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ݑ௜,௝. 
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2.4 ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ 

 

ɉɭɫɬɶ ɭɪɚɜɧɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɩɪɨɮɢɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɹɱɟɟɤ 

ɧɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɚɬɟ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (2.4.1): 

௜,௝ݎ  = ܴ଴ + ܴଵ sin ቆ𝜋ሺ݅ − ͳሻሺ݊ − ͳሻ ቇ ݊݅ݏ ቆ𝜋ሺ݆ − ͳሻሺ݊ − ͳሻ ቇଶ ,                                           ሺʹ.Ͷ.ͳሻ 
 

ɝɞɟ ܴ଴, ܴଵ – ɤɨɧɫɬɚɧɬɵ; 

 ;௜,௝ – ɥɨɤɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɹɱɟɣɤɢ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ i, jݎ       

       ݊ – ɪɚɡɦɟɪɧɨɫɬɶ ɩɥɚɬɵ. 

Ƚɪɚɮɢɤ ɨɛɳɟɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɜɟɞёɧ ɧɚ ɪɢɫɭɧɤɟ 2.4.1. 

 

 
Ɋɢɫɭɧɨɤ 2.4.1 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɹɱɟɟɤ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɚɬɵ 
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ɋɨɝɥɚɫɧɨ ɚɥɝɨɪɢɬɦɭ, ɤɨɦɩɨɧɟɧɬɵ (2.4.1) ɧɟɢɡɜɟɫɬɧɵ, ɚ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ 

ɞɥɹ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ ɹɜɥɹɸɬɫɹ ɫɭɦɦɵ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɢ ɜɟɪɬɢɤɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ 

(2.4.2): 

 

ܴ𝑣,௜ ௜,௝௡ݎ∑=
௜=ଵ , ܴ௚,௝ ௜,௝௡ݎ∑=

௝=ଵ                                                                               ሺʹ.Ͷ.ʹሻ 
 

ɇɚ ɹɡɵɤɟ ɋɢ# ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɪɟɚɥɢɡɭɸɳɟɟ 

ɚɥɝɨɪɢɬɦ, ɨɩɢɫɚɧɧɵɣ ɜ ɩɭɧɤɬɟ 2.3 ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɥɚɬ ɥɸɛɨɣ ɪɚɡɦɟɪɧɨɫɬɢ. 

ɇɢɠɟ ɛɭɞɭɬ ɩɪɨɜɟɞɟɧɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɞɥɹ ɩɥɚɬ ɪɚɡɧɨɣ 

ɪɚɡɦɟɪɧɨɫɬɢ: ͷ × ͷ, ͹ × ͹ ɢ ͳͲ × ͳͲ.  

 

2.4.1 ɗɤɫɩɟɪɢɦɟɧɬ ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɥɚɬɵ ɪɚɡɦɟɪɧɨɫɬɶɸ 𝟓 × 𝟓 

 

ɉɪɟɞɩɨɥɨɠɢɦ ɢɫɯɨɞɧɚɹ ɩɥɚɬɚ ɛɵɥɚ ɪɚɡɛɢɬɚ ɧɚ 25 ɹɱɟɟɤ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɹɱɟɟɤ ɢɦɟɟɬ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.4.1.1. 
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Ɋɢɫɭɧɨɤ 2.4.1.1 - Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɹɱɟɟɤ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɚɬɵ 

ɪɚɡɦɟɪɧɨɫɬɶɸ ͷ × ͷ ɹɱɟɟɤ 

 

ȼ ɬɚɛɥɢɰɟ 2.4.1.1 ɩɪɢɜɟɞɟɧɵ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɞɥɹ 

ɤɚɠɞɨɣ ɹɱɟɣɤɢ. 

 

Ɍɚɛɥɢɰɚ 2.4.1.1 – Ɍɟɫɬɢɪɭɟɦɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

i\j 0 1 2 3 4 ∑݃ 

0 0 0 0 0 0 0 

1 0 0,354 0,707 0,354 0 1,414 

2 0 0,5 1 0,5 0 2 

3 0 0,354 0,707 0,354 0 1,414 

  0 1,207 2,414 1,207 0 ݒ∑ 0 0 0 0 0 0 4

 

əɱɟɣɤɚ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɡɢɰɢɢ 

(2,2). Ɇɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ܯ ɩɪɢ 𝑥௜,௝ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.4.1.2. 
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Ɋɢɫɭɧɨɤ 2.4.1.2 – Ɇɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ɇ 

 

Ɇɚɬɪɢɰɚ ɭɡɥɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ A ɞɥɹ ɩɥɚɬɵ ɪɚɡɦɟɪɧɨɫɬɶɸ ͷ × ͷ 

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.4.1.3. 

 

 
Ɋɢɫɭɧɨɤ 2.4.1.3 – Ɇɚɬɪɢɰɚ ɭɡɥɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

 

ȼɵɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɭɡɥɨɜ ߙ௜,௝  ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.4.1.4. 
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Ɋɢɫɭɧɨɤ 2.4.1.4 – ȼɵɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɭɡɥɨɜ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɚɥɝɨɪɢɬɦɚ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ 

ɦɧɨɠɢɬɟɥɟɣ Ʌɚɝɪɚɧɠɚ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 2.4.1.2. 

 

Ɍɚɛɥɢɰɚ 2.4.1.2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɚɥɝɨɪɢɬɦɚ 

i\j 0 1 2 3 4 

0 -0,193 0,048 0,29 0,048 -0,193 

1 0,09 0,331 0,573 0,331 0,09 

2 0,207 0,448 0,69 0,448 0,207 

3 0,09 0,331 0,573 0,331 0,09 

4 -0,193 0,048 0,29 0,048 -0,193 

 

Ʉɚɤ ɜɢɞɧɨ ɹɱɟɣɤɚ ɫ ɡɧɚɱɟɧɢɟɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɩɪɟɞɟɥɟɧɚ 

ɜɟɪɧɨ, ɧɨ ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɫɨɞɟɪɠɢɬ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɱɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ ɫɚɦɨɣ ɩɪɢɪɨɞɟ, ɩɨɷɬɨɦɭ ɩɪɢɦɟɧɢɦ ɤ 

ɩɨɥɭɱɟɧɧɨɦɭ ɪɟɲɟɧɢɸ ɦɟɬɨɞ ɦɧɨɠɢɬɟɥɟɣ Ʌɚɝɪɚɧɠɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.4.1.3. 

 

Ɍɚɛɥɢɰɚ 2.4.1.3 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

i\j 0 1 2 3 4 

0 0 0 0 0 0 

1 0 0,347 0,72 0,347 0 

2 0 0,513 0,975 0,513 0 

3 0 0,347 0,72 0,347 0 

4 0 0 0 0 0 
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ɉɨɫɥɟ ɩɪɢɦɟɧɟɧɢɸ ɦɟɬɨɞɚ ɦɧɨɠɢɬɟɥɟɣ Ʌɚɝɪɚɧɠɚ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɭɫɬɪɚɧɟɧɵ, ɩɨɡɢɰɢɹ ɹɱɟɣɤɢ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 

(ɜɨɡɦɨɠɧɨɝɨ ɩɟɪɟɝɪɟɜɚ) ɧɟ ɢɡɦɟɧɢɥɚɫɶ. Ɋɚɫɫɱɢɬɚɟɦ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɨɲɢɛɤɭ 

ɨɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 𝜀 ɩɨ ɮɨɪɦɭɥɟ (2.4.1.1): 

 𝜀 = |𝑥 − 𝑥 |𝑥 ∙ ͳͲͲ%,                                                                                          ሺʹ.Ͷ.ͳ.ͳሻ 
 

ɝɞɟ 𝑥 – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɹɱɟɣɤɢ ɫɦɨɞɟɥɢɪɨɜɚɧɧɨɟ; 

      𝑥 – ɩɨɥɭɱɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɹɱɟɣɤɢ. 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɹɱɟɟɤ 

ɩɟɪɟɝɪɟɜɚ ɫɨɫɬɚɜɢɥɚ 2,524%. 

 

2.4.2 ɗɤɫɩɟɪɢɦɟɧɬ ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɥɚɬɵ ɪɚɡɦɟɪɧɨɫɬɶɸ 𝟕 × 𝟕 

 

Ɋɚɡɨɛɶёɦ ɷɥɟɤɬɪɨɧɧɭɸ ɩɥɚɬɭ ɧɚ 49 ɹɱɟɟɤ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

ɹɱɟɟɤ ɢɦɟɟɬ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.4.2.1. 
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Ɋɢɫɭɧɨɤ 2.4.2.1 - Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɹɱɟɟɤ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɚɬɵ 

ɪɚɡɦɟɪɧɨɫɬɶɸ ͹ × ͹ ɹɱɟɟɤ 

 

ȼ ɬɚɛɥɢɰɟ 2.4.2.1 ɩɪɢɜɟɞɟɧɵ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɞɥɹ 

ɤɚɠɞɨɣ ɹɱɟɣɤɢ. 

 

Ɍɚɛɥɢɰɚ 2.4.2.1 – Ɍɟɫɬɢɪɭɟɦɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

i\j 0 1 2 3 4 5 6 ∑݃ 

0 0 0 0 0 0 0 0 0 

1 0 0,125 0,375 0,5 0,375 0,125 0 1,5 

2 0 0,217 0,65 0,866 0,65 0,217 0 2,598 

3 0 0,25 0,75 1 0,75 0,25  0 3 

4 0 0,217 0,65 0,866 0,65 0,217 0 2,598 

5 0 0,125 0,375 0,5 0,375 0,125 0 1,5 

  0 0,933 2,799 3,732 2,799 0,933 0 ݒ∑ 0 0 0 0 0 0 0 0 6
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əɱɟɣɤɚ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɡɢɰɢɢ 

(3,3). Ɂɞɟɫɶ ɧɟ ɛɭɞɟɬ ɩɪɢɜɨɞɢɬɶɫɹ ɜɢɞ ɦɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ܯ ɢ ɦɚɬɪɢɰɵ 

ɭɡɥɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ A ɢɡ-ɡɚ ɢɯ ɝɪɨɦɨɡɞɤɨɫɬɢ ɞɥɹ ɬɚɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɹɱɟɟɤ. 

ɉɨɷɬɨɦɭ ɩɪɢɜɟɞёɦ ɫɪɚɡɭ ɜɵɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɭɡɥɨɜ ߙ௜,௝, ɤɨɬɨɪɵɟ ɩɨɤɚɡɚɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 2.4.2.2. 

 

 
Ɋɢɫɭɧɨɤ 2.4.2.2 - ȼɵɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɭɡɥɨɜ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɚɥɝɨɪɢɬɦɚ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ 

ɦɧɨɠɢɬɟɥɟɣ Ʌɚɝɪɚɧɠɚ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 2.4.2.2. 

 

Ɍɚɛɥɢɰɚ 2.4.2.2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɚɥɝɨɪɢɬɦɚ 

i\j 0 1 2 3 4 5 6 

0 -0,228 -0,095 0,171 0,305 0,171 -0,095 -0,228 

1 -0,014 0,119 0,386 0,519 0,386 0,119 -0,014 

2 0,143 0,276 0,543 0,676 0,543 0,276 0,143 

3 0,2 0,333 0,6 0,733 0,6 0,333 0,2 

4 0,143 0,276 0,543 0,676 0,543 0,276 0,143 

5 -0,014 0,119 0,386 0,519 0,386 0,119 -0,014 

6 -0,228 -0,095 0,171 0,305 0,171 -0,095 -0,228 

 

Ʉɚɤ ɜɢɞɧɨ ɹɱɟɣɤɚ ɫ ɡɧɚɱɟɧɢɟɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɩɪɟɞɟɥɟɧɚ 

ɜɟɪɧɨ, ɧɨ ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɫɨɞɟɪɠɢɬ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 
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ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɱɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ ɫɚɦɨɣ ɩɪɢɪɨɞɟ, ɩɨɷɬɨɦɭ ɩɪɢɦɟɧɢɦ ɤ 

ɩɨɥɭɱɟɧɧɨɦɭ ɪɟɲɟɧɢɸ ɦɟɬɨɞ ɦɧɨɠɢɬɟɥɟɣ Ʌɚɝɪɚɧɠɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.4.2.3. 

 

Ɍɚɛɥɢɰɚ 2.4.2.3 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

i\j 0 1 2 3 4 5 6 

0 0 0 0 0 0 0 0 

1 0 0,098 0,385 0,534 0,385 0,098 0 

2 0 0,228 0,645 0,852 0,645 0,228 0 

3 0 0,281 0,738 0,961 0,738 0,281 0 

4 0 0,228 0,645 0,852 0,645 0,228 0 

5 0 0,098 0,385 0,534 0,385 0,098 0 

6 0 0 0 0 0 0 0 

 

ɉɨɫɥɟ ɩɪɢɦɟɧɟɧɢɸ ɦɟɬɨɞɚ ɦɧɨɠɢɬɟɥɟɣ Ʌɚɝɪɚɧɠɚ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɭɫɬɪɚɧɟɧɵ, ɩɨɡɢɰɢɹ ɹɱɟɣɤɢ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 

(ɜɨɡɦɨɠɧɨɝɨ ɩɟɪɟɝɪɟɜɚ) ɧɟ ɢɡɦɟɧɢɥɚɫɶ. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ ɨɩɪɟɞɟɥɟɧɢɹ 

ɥɨɤɚɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɹɱɟɟɤ ɩɟɪɟɝɪɟɜɚ ɫɨɫɬɚɜɢɥɚ 3,874%. 

 

2.4.3 ɗɤɫɩɟɪɢɦɟɧɬ ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɥɚɬɵ ɪɚɡɦɟɪɧɨɫɬɶɸ ૚૙ × ૚૙ 

 

Ɋɚɡɨɛɶёɦ ɷɥɟɤɬɪɨɧɧɭɸ ɩɥɚɬɭ ɧɚ 100 ɹɱɟɟɤ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

ɹɱɟɟɤ ɢɦɟɟɬ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.4.3.1. 
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Ɋɢɫɭɧɨɤ 2.4.3.1 - Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɹɱɟɟɤ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɚɬɵ 

ɪɚɡɦɟɪɧɨɫɬɶɸ ͳͲ × ͳͲ ɹɱɟɟɤ 

 

ȼ ɬɚɛɥɢɰɟ 2.4.3.1 ɩɪɢɜɟɞɟɧɵ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɞɥɹ 

ɤɚɠɞɨɣ ɹɱɟɣɤɢ. 

 

Ɍɚɛɥɢɰɚ 2.4.3.1 – Ɍɟɫɬɢɪɭɟɦɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

i\j 0 1 2 3 4 5 6 7 8 9 ∑݃ 

0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0,04 0,141 0,257 0,332 0,332 0,257 0,141 0,04 0 1,539 

2 0 0,075 0,266 0,482 0,623 0,623 0,482 0,266 0,075 0 2,893 

3 0 0,101 0,358 0,65 0,84 0,84 0,65 0,358 0,101 0 3,897 

4 0 0,115 0,407 0,739 0,955 0,955 0,739 0,407 0,115 0 4,432 

5 0 0,115 0,407 0,739 0,955 0,955 0,739 0,407 0,115 0 4,432 

6 0 0,101 0,358 0,65 0,84 0,84 0,65 0,358 0,101 0 3,897 

7 0 0,075 0,266 0,482 0,623 0,623 0,482 0,266 0,075 0 2,893 

8 0 0,04 0,141 0,257 0,332 0,332 0,257 0,141 0,04 0 1,539 

  0 0,663 2,343 4,253 5,5 5,5 4,253 2,343 0,663 0 ݒ∑ 0 0 0 0 0 0 0 0 0 0 0 9
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əɱɟɣɤɢ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɯɨɞɹɬɫɹ ɜ ɩɨɡɢɰɢɢ 

(4,4); (4,5); (5,4); (5,5). Ɂɞɟɫɶ ɧɟ ɛɭɞɟɬ ɩɪɢɜɨɞɢɬɶɫɹ ɜɢɞ ɦɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ܯ, ɦɚɬɪɢɰɵ ɭɡɥɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ A ɢ ɦɚɬɪɢɰɵ ɜɵɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɭɡɥɨɜ ߙ௜,௝  ɢɡ-ɡɚ ɢɯ ɝɪɨɦɨɡɞɤɨɫɬɢ ɞɥɹ ɬɚɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɹɱɟɟɤ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɚɥɝɨɪɢɬɦɚ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ 

ɦɧɨɠɢɬɟɥɟɣ Ʌɚɝɪɚɧɠɚ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 2.4.3.2. 

 

Ɍɚɛɥɢɰɚ 2.4.3.2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɚɥɝɨɪɢɬɦɚ 

i\j 0 1 2 3 4 5 6 7 8 9 

0 -0,255 -0,189 -0,021 0,17 0,295 0,295 0,17 -0,021 -0,189 -0,255 

1 -0,101 -0,035 0,133 0,324 0,449 0,449 0,324 0,133 -0,035 -0,101 

2 0,034 0,1 0,268 0,459 0,584 0,584 0,459 0,268 0,1 0,034 

3 0,135 0,201 0,369 0,56 0,685 0,685 0,56 0,369 0,201 0,135 

4 0,188 0,254 0,422 0,613 0,738 0,738 0,613 0,422 0,254 0,188 

5 0,188 0,254 0,422 0,613 0,738 0,738 0,613 0,422 0,254 0,188 

6 0,135 0,201 0,369 0,56 0,685 0,685 0,56 0,369 0,201 0,135 

7 0,034 0,1 0,268 0,459 0,584 0,584 0,459 0,268 0,1 0,034 

8 -0,101 -0,035 0,133 0,324 0,449 0,449 0,324 0,133 -0,035 -0,101 

9 -0,255 -0,189 -0,021 0,17 0,295 0,295 0,17 -0,021 -0,189 -0,255 

 

Ʉɚɤ ɜɢɞɧɨ ɹɱɟɣɤɢ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɨɩɪɟɞɟɥɟɧɵ ɜɟɪɧɨ, ɧɨ ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɫɨɞɟɪɠɢɬ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɱɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ ɫɚɦɨɣ ɩɪɢɪɨɞɟ, ɩɨɷɬɨɦɭ ɩɪɢɦɟɧɢɦ ɤ 

ɩɨɥɭɱɟɧɧɨɦɭ ɪɟɲɟɧɢɸ ɦɟɬɨɞ ɦɧɨɠɢɬɟɥɟɣ Ʌɚɝɪɚɧɠɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.4.3.3. 
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Ɍɚɛɥɢɰɚ 2.4.3.3 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

i\j 0 1 2 3 4 5 6 7 8 9 

0 0 0 0 0 0 0 0 0 0 0 

1 0 0,003 0,122 0,272 0,372 0,372 0,272 0,122 0,003 0 

2 0 0,06 0,257 0,488 0,641 0,641 0,488 0,257 0,06 0 

3 0 0,118 0,366 0,643 0,822 0,822 0,643 0,366 0,118 0 

4 0 0,151 0,426 0,724 0,915 0,915 0,724 0,426 0,151 0 

5 0 0,151 0,426 0,724 0,915 0,915 0,724 0,426 0,151 0 

6 0 0,118 0,366 0,643 0,822 0,822 0,643 0,366 0,118 0 

7 0 0,06 0,257 0,488 0,641 0,641 0,488 0,257 0,06 0 

8 0 0,003 0,122 0,272 0,372 0,372 0,272 0,122 0,003 0 

9 0 0 0 0 0 0 0 0 0 0 

 

ɉɨɫɥɟ ɩɪɢɦɟɧɟɧɢɸ ɦɟɬɨɞɚ ɦɧɨɠɢɬɟɥɟɣ Ʌɚɝɪɚɧɠɚ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɭɫɬɪɚɧɟɧɵ, ɩɨɡɢɰɢɢ ɹɱɟɟɤ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 

(ɜɨɡɦɨɠɧɨɝɨ ɩɟɪɟɝɪɟɜɚ) ɧɟ ɢɡɦɟɧɢɥɢɫɶ. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ ɨɩɪɟɞɟɥɟɧɢɹ 

ɥɨɤɚɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɹɱɟɟɤ ɩɟɪɟɝɪɟɜɚ ɫɨɫɬɚɜɢɥɚ 4,179%. 
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ȼɵɜɨɞ ɤ  ɝɥɚɜɟ 2 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɩɢɫɚɧɢɟ ɜɬɨɪɨɣ ɝɥɚɜɵ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɢ ɢɫɫɥɟɞɨɜɚɧ 

ɱɢɫɥɟɧɧɵɣ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɫ ɩɥёɧɨɱɧɵɯ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ 

ɷɥɟɤɬɪɨɧɧɵɯ ɩɥɚɬ, ɪɚɛɨɬɚɸɳɢɣ ɫ ɨɩɪɟɞɟɥёɧɧɨɣ ɬɨɱɧɨɫɬɶɸ.  

ɋɮɨɪɦɭɥɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɚɟɬ ɫ ɩɪɢɪɚɳɟɧɢɹɦɢ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, 

ɤɨɬɨɪɵɟ ɥɢɧɟɣɧɨ ɡɚɜɢɫɢɦɵ ɨɬ ɢɡɦɟɪɹɟɦɵɯ ɩɪɢɪɚɳɟɧɢɣ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 

ɫɟɝɦɟɧɬɚɯ ɰɟɩɢ. ɑɬɨ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɤɚɤ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɩɪɢɪɚɳɟɧɢɹ ɜɫɟɯ  

ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɬɚɤ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ, ɷɬɨ ɞɚёɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɲɚɬɶ ɞɪɭɝɭɸ 

ɡɚɞɚɱɭ ɨɛɧɚɪɭɠɟɧɢɹ ɞɟɮɟɤɬɨɜ: ɨɩɪɟɞɟɥɟɧɢɟ ɧɟɪɚɛɨɬɚɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɩɥɚɬɵ. 

Ɂɞɟɫɶ ɨɬɫɭɬɫɬɜɢɟ ɪɚɫɫɟɹɧɢɹ ɦɨɳɧɨɫɬɢ ɧɚ ɧɟɪɚɛɨɬɚɸɳɟɦ ɷɥɟɦɟɧɬɟ ɩɪɢɜɨɞɢɬ ɤ 

ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ ɩɪɢɪɚɳɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɲɬɚɬɧɨɣ ɫɢɬɭɚɰɢɟɣ 

ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤ ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ ɩɪɢɪɚɳɟɧɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɩɥɚɬɵ. 

ɍɦɧɨɠɚɹ ɩɪɢɪɚɳɟɧɢɹ ɩɪɚɜɨɣ ɱɚɫɬɢ ɧɚ -1, ɩɪɢɯɨɞɢɦ ɤ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɨɦɭ ɪɚɧɟɟ 

ɚɥɝɨɪɢɬɦɭ ɫ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɪɟɲɟɧɢɹɦɢ, ɧɨ ɭɠɟ ɞɥɹ ɥɨɤɚɥɢɡɚɰɢɢ 

ɧɟɪɚɛɨɬɚɸɳɢɯ ɭɡɥɨɜ. 
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3 Ⱥɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵх ɬɟɪɦɨɪɟɡɢɫɬɨɪɧɨɣ ɫɟɬɢ ɢɡɦɟɪɟɧɢɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɪɨɜɨɞɨɜ 

 

3.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɫ ɫɢɫɬɟɦ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɄȺ ɞɨɫɬɢɝɚɟɬ ɨɤɨɥɨ 

30% ɜɟɫɚ ɜɫɟɝɨ ɚɩɩɚɪɚɬɚ. Ⱦɥɹ ɜɵɜɨɞɚ ɧɚ ɨɪɛɢɬɭ ɢɥɢ ɜ ɤɨɫɦɢɱɟɫɤɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ 

ɤɚɠɞɨɝɨ ɤɢɥɨɝɪɚɦɦɚ ɩɨɥɟɡɧɨɝɨ ɜɟɫɚ ɧɟɨɛɯɨɞɢɦɨ ɡɚɬɪɚɬɢɬɶ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɬɨɩɥɢɜɚ. ɀёɫɬɤɢɟ ɜɟɫɨɜɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɡɚɫɬɚɜɥɹɸɬ ɤɨɧɫɬɪɭɤɬɨɪɨɜ ɭɦɟɧɶɲɚɬɶ 

ɢɥɢ ɫɨɜɫɟɦ ɨɬɤɚɡɵɜɚɬɶɫɹ ɨɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɯɥɚɞɨ- ɢ ɬɟɪɦɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ 

ɡɚɩɚɫɨɜ. ɑɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɬɨɦɭ, ɱɬɨ ɫɚɦɵɟ ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ 

ɨɲɢɛɤɢ ɜ ɪɚɫɱёɬɚɯ ɬɟɩɥɨɜɵɯ ɪɟɠɢɦɨɜ ɄȺ ɫɬɚɜɹɬ ɩɨɞ ɭɝɪɨɡɭ ɜɵɩɨɥɧɟɧɢɟ 

ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. ɋɧɢɠɟɧɢɟ ɜɟɫɚ ɬɟɪɦɨɪɟɝɭɥɢɪɭɸɳɢɯ ɫɢɫɬɟɦ, ɚ ɜ ɱɚɫɬɧɨɫɬɢ 

ɫɢɫɬɟɦ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɄȺ ɢ ɨɛɧɚɪɭɠɟɧɢɹ 

ɩɟɪɟɝɪɟɜɚ ɢɥɢ ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɛɨɪɬɨɜɨɣ ɊɗȺ, ɩɨɡɜɨɥɹɟɬ 

ɫɧɢɡɢɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɡɟɦɧɨɣ ɝɪɚɜɢɬɚɰɢɢ ɢ ɜɵɯɨɞ ɜ 

ɨɬɤɪɵɬɵɣ ɤɨɫɦɨɫ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɟɫɚ ɄȺ, ɱɬɨ ɨɩɹɬɶ ɠɟ 

ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɨɛɴёɦ ɯɪɚɧɢɥɢɳɚ ɬɨɩɥɢɜɚ ɢɥɢ ɭɥɭɱɲɢɬɶ ɨɞɧɭ ɢɡ ɞɪɭɝɢɯ 

ɫɢɫɬɟɦ ɚɩɩɚɪɚɬɚ. Ɉɞɧɢɦ ɢɯ ɫɩɨɫɨɛɨɦ ɫɧɢɠɟɧɢɹ ɜɟɫɚ ɫɢɫɬɟɦɵ 

ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɢɡɚɰɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

(ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ, ɢɫɬɨɱɧɢɤɨɜ ɬɨɤɚ, ɢɡɦɟɪɢɬɟɥɟɣ ɧɚɩɪɹɠɟɧɢɹ ɢ ɞɪ.) ɫɢɫɬɟɦ 

ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ɍɚɤɠɟ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɩɪɢɜɨɞɢɬ ɤ 

ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɫɥɨɠɧɨɫɬɟɣ ɜ ɪɟɚɥɢɡɚɰɢɢ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɄȺ. ɉɨɷɬɨɦɭ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɫɟɬɟɣ ɫ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɪɨɜɨɞɨɜ ɞɥɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɴɟɤɬɨɜ ɧɚɲɥɨ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 

ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɢ ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞɚɯ. ȼ ɬɚɤɢɯ ɫɟɬɹɯ ɨɞɧɨ ɢɡɦɟɪɟɧɢɟ ɞɥɹ ɚɧɚɥɢɡɚ 

ɛɨɥɶɲɨɝɨ ɨɛɴёɦɚ ɞɚɧɧɵɯ ɱɚɳɟ ɜɫɟɝɨ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɚɪɢɚɰɢɟɣ 

ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɦɩɶɸɬɟɪɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ 

ɩɨɫɥɟɞɭɸɳɟɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. 
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ȼ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɚ ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɫɟɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɬɪɟɦɹ 

ɫɨɟɞɢɧɢɬɟɥɶɧɵɦɢ ɩɪɨɜɨɞɚɦɢ, ɢɫɬɨɱɧɢɤɨɦ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ 

ɢɫɬɨɱɧɢɤɨɦ ɩɢɥɨɨɛɪɚɡɧɨɝɨ ɫɢɝɧɚɥɚ. ɂɡɦɟɪɟɧɢɟ ɬɨɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɜ 

ɨɞɧɨɦ ɢɡ ɩɪɨɜɨɞɨɜ ɩɪɢ ɩɨɦɨɳɢ ɚɦɩɟɪɦɟɬɪɚ. Ⱦɥɹ ɪɚɫɱёɬɚ ɬɟɦɩɟɪɚɬɭɪ ɬɪɟɛɭɟɦɵɯ 

ɷɥɟɦɟɧɬɨɜ ɄȺ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɤɨɦɩɶɸɬɟɪɧɵɣ ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ 

ɩɨɥɭɱɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɤɭɳɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɚ ɨɬ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ. ɂɫɬɨɱɧɢɤ ɩɢɥɨɨɛɪɚɡɧɨɝɨ ɫɢɝɧɚɥɚ 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɫɨɡɞɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɩɢɬɚɧɢɹ, ɩɪɢɜɨɞɹɳɢɯ ɤ 

ɩɟɪɟɤɥɸɱɟɧɢɸ ɫɨɫɬɨɹɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɟɬɢ ɩɪɢ ɩɨɦɨɳɢ ɩɟɪɟɯɨɞɚ ɧɟɤɨɬɨɪɵɯ 

ɞɢɨɞɨɜ ɢɡ ɡɚɤɪɵɬɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɨɬɤɪɵɬɨɟ. ɉɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɪɚɛɨɬɵ 

ɚɥɝɨɪɢɬɦɚ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɜɵɱɢɫɥɟɧɧɵɦɢ ɫ ɨɩɪɟɞɟɥёɧɧɨɣ 

ɬɨɱɧɨɫɬɶɸ ɢɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɜ ɤɚɱɟɫɬɜɟ ɧɚɱɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɞɥɹ 

ɞɚɥɶɧɟɣɲɟɝɨ ɭɬɨɱɧɟɧɢɹ ɩɪɢ ɧɟɭɞɨɜɥɟɬɜɨɪɟɧɢɢ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɢ.  

 

3.2 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɢɡɦɟɪɢɬɟɥɶɧɭɸ ɫɯɟɦɭ, ɩɨɤɚɡɚɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 3.2.1. 

ɉɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ܧଵ ɹɜɥɹɟɬɫɹ ɨɩɨɪɧɵɦ ɢ ɩɨɞɞɚёɬɫɹ ɧɚ ɫɟɬɶ ɞɟɥɢɬɟɥɟɣ 

ɧɚɩɪɹɠɟɧɢɹ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɪɟɡɢɫɬɨɪɨɜ ܴ଴, ܴଵ, … , ܴ௡. ɉɢɥɨɨɛɪɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ܧଶ ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɨɦɟɠɭɬɤɟ ɨɬ 0 ɞɨ ܧଵ ɢ ɩɨɞɚёɬɫɹ ɧɚ ɨɛɳɢɣ ɤɨɧɬɚɤɬ n ɩɚɪ ɞɢɨɞ-

ɬɟɪɦɨɪɟɡɢɫɬɨɪ ܦଵ + ଵܶ, ଶܦ + ଶܶ, … , ௡ܦ + ௡ܶ, ɩɨɞɤɥɸɱɟɧɧɵɯ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ 

ɞɟɥɢɬɟɥɹɦɢ ɧɚɩɪɹɠɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 3.2.1 – ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɫɯɟɦɚ 

 

ɂɫɤɨɦɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɹɜɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ ଵܶ, ଶܶ, … , ௡ܶ. Ɍɟɪɦɨɪɟɡɢɫɬɨɪɵ ɩɪɢɤɪɟɩɥɟɧɵ ɧɟɤɨɬɨɪɵɦ 

ɫɩɨɫɨɛɨɦ ɧɚ ɷɥɟɦɟɧɬɵ, ɬɟɦɩɟɪɚɬɭɪɭ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɪɢɬɶ. Ɍɚɤ ɤɚɤ 

ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɪɦɨɪɟɡɢɫɬɨɪɚ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ  ɟɝɨ ɬɟɤɭɳɟɦɭ 

ɫɨɩɪɨɬɢɜɥɟɧɢɸ, ɬɨ ɡɧɚɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɨɠɧɨ ɩɨ ɝɪɚɮɢɤɭ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɣɬɢ 

ɢɫɤɨɦɭɸ ɬɟɦɩɟɪɚɬɭɪɭ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ଵܶ, ଶܶ, … , ௡ܶ ɢɫɩɨɥɶɡɭɸɬɫɹ ɡɚɞɚɧɧɵɟ 

ɡɧɚɱɟɧɢɹ ܧଵ,  ଶ ɢ ɢɡɦɟɪɹɟɦɵɣ ɩɨ ɩɨɤɚɡɚɧɢɹɦ ɚɦɩɟɪɦɟɬɪɚ A ɬɨɤ I. Ⱥɦɩɟɪɦɟɬɪܧ

ɜɨɡɦɨɠɧɨ ɡɚɦɟɧɢɬɶ ɧɚ ɜɨɥɶɬɦɟɬɪ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɢɡɦɟɪɹɟɬɫɹ ɩɚɞɟɧɢɟ 

ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɪɟɡɢɫɬɨɪɟ ܴ଴.  

Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɪɟɚɥɢɡɚɰɢɹ ɫɯɟɦɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɩɚɤɬɧɨɝɨ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɪɨɟɤ ܦ௜ + ௜ܶ + ܴ௜, ɤɨɬɨɪɵɟ ɫɨɟɞɢɧɟɧɵ ɫ ɞɜɭɦɹ 

ɩɪɨɜɨɞɚɦɢ ɩɨ ɜɫɟɣ ɞɥɢɧɟ, ɩɥɨɳɚɞɢ ɢɥɢ ɨɛɴёɦɭ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. Ɍɪɟɬɢɣ 

ɩɪɨɜɨɞ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɞɚɱɢ ɨɩɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɤɨɧɰɟ ɢɡɦɟɪɢɬɟɥɶɧɨɣ 

ɫɟɬɢ. 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɩɪɢɦɟɧɹɸɬɫɹ ɢɞɟɚɥɶɧɵɟ ɞɢɨɞɵ, ɬɨ ɟɫɬɶ ɞɢɨɞɵ, 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɬɨɪɵɯ ɜ ɡɚɤɪɵɬɨɦ ɫɨɫɬɨɹɧɢɢ ɫɬɪɟɦɢɬɫɹ ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ, ɚ ɜ 

ɨɬɤɪɵɬɨɦ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɨ ɧɭɥɸ, ɬɚɤɠɟ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɜɪɟɦɹ ɨɬɤɪɵɬɢɹ 

ɞɢɨɞɚ, ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɬɤɪɵɬɢɟ ɩɪɨɢɫɯɨɞɢɬ ɦɝɧɨɜɟɧɧɨ ɢ ɧɚɩɪɹɠɟɧɢɟ 

ɨɬɤɪɵɬɢɹ ɪɚɜɧɨ 0. ȼ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɡɧɚɱɟɧɢɟ ɩɢɥɨɨɛɪɚɡɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ܧଶ ɪɚɜɧɨ 0, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɫɟ ɞɢɨɞɵ ɡɚɤɪɵɬɵ, ɜ ɷɬɨɬ ɦɨɦɟɧɬ ɦɨɠɧɨ 



83 

 

ɩɨɫɱɢɬɚɬɶ ɬɨɤɢ ݅଴, ݅ଵ. Ⱦɚɥɟɟ ܧଶ ɧɚɱɢɧɚɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ, ɢ ɜ ɨɩɪɟɞɟɥɟɧɧɵɣ 

ɦɨɦɟɧɬ ɛɥɢɠɚɣɲɢɣ ɤ ɪɟɡɢɫɬɨɪɭ ܴ଴ ɞɢɨɞ ɨɬɤɪɵɜɚɟɬɫɹ. ɉɨ ɩɟɪɜɨɦɭ ɡɚɤɨɧɭ 

Ʉɢɪɯɝɨɮɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɷɬɨɬ ɞɢɨɞ ɢ ɬɟɪɦɨɪɟɡɢɫɬɨɪ, 

ɩɨɞɤɥɸɱёɧɧɵɣ ɤ ɧɟɦɭ, ɢ ɧɚɯɨɞɢɬɫɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɚɧɧɨɝɨ ɬɟɪɦɨɪɟɡɢɫɬɨɪɚ. ɇɚ 

ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɡɧɚɱɟɧɢɟ ɩɢɥɨɨɛɪɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɟ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɨɬɤɪɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɞɢɨɞ. Ɍɚɤ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɜɨɝɨ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɚ ɡɚ ɬɚɤɨɣ ɤɨɪɨɬɤɢɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɧɟ ɦɨɝɥɚ ɫɢɥɶɧɨ 

ɢɡɦɟɧɢɬɫɹ, ɬɨ ɢ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɨɠɟ, ɡɧɚɱɢɬ ɢɫɩɨɥɶɡɭɟɦ ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɥɹ ɪɚɫɱёɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɬɨɪɨɝɨ ɬɟɪɦɨɪɟɡɢɫɬɨɪɚ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ ɜɵɱɢɫɥɹɟɦ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ.  

 

3.3 Ⱥɥɝɨɪɢɬɦ ɪɚɫɱёɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ 

 

Ɉɛɨɡɧɚɱɢɦ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɪɟɡɢɫɬɨɪɨɜ ܴ௜, ɞɢɨɞɨɜ ܦ௜ ɢ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ ௜ܶ ɬɚɤɠɟ, ɤɚɤ ɢ ɷɥɟɦɟɧɬɵ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɯɟɦɵ. Ɂɚɮɢɤɫɢɪɭɟɦ 

ɧɚɩɪɹɠɟɧɢɹ ܧଵ,  ଶ ɢ ɷɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɜɵɩɢɲɟɦ ɩɟɪɜɵɣ ɡɚɤɨɧ Ʉɢɪɯɝɨɮɚ ɞɥɹܧ

ɬɨɤɨɜ ɜ ɭɡɥɚɯ  ݇ = ͳ,ʹ,… , ݊ ɢ ɩɨɬɟɧɰɢɚɥɚɦɢ ଵܷ, ܷଶ, … , ܷ௡. ɉɨɥɭɱɢɦ ɫɢɫɬɟɦɭ 

(3.3.1): 

 

{ −݅଴ + ݅ଵ + ݅௡+ଵ = Ͳ,−݅ଵ + ݅ଶ + ݅௡+ଶ = Ͳ,…−݅௡−ଵ + ݅௡ + ݅ଶ௡ = Ͳ.                                                                                       ሺ͵.͵.ͳሻ 
 

Ɍɨɤ, ɤɨɬɨɪɵɣ ɜɯɨɞɢɬ ɜ ɭɡɟɥ ݇ ɫɨ ɫɬɨɪɨɧɵ ݇ + ͳ ɭɡɥɚ, ɨɛɨɡɧɚɱɢɦ ɱɟɪɟɡ ݅௞, ɚ 

ɬɨɤ, ɤɨɬɨɪɵɣ ɜɯɨɞɢɬ ɫɨ ɫɬɨɪɨɧɵ ݇-ɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɩɚɪɵ ܦ௜ + ௜ܶ, ɤɚɤ ݅௡+௞. 

ȼɵɯɨɞɹɳɢɣ ɢɡ ݇-ɝɨ ɭɡɥɚ ɬɨɤ ɛɭɞɟɬ ɨɛɨɡɧɚɱɚɬɶɫɹ ݅௞−ଵ ɢ ɩɢɫɚɬɶɫɹ ɫɨ ɡɧɚɤɨɦ «-». 

Ɍɨɤ ݅଴ ɜɵɯɨɞɢɬ ɢɡ ɩɟɪɜɨɝɨ ɭɡɥɚ ɜ ɫɬɨɪɨɧɭ ɡɚɡɟɦɥɟɧɢɹ. ȼɵɛɨɪ ɡɧɚɤɨɜ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɩɪɚɜɢɥɭ Ʉɢɪɯɝɨɮɚ: ɜɯɨɞɹɳɢɟ ɜ ɭɡɟɥ ɫɨ ɡɧɚɤɨɦ «+», 

ɜɵɯɨɞɹɳɢɟ - ɫɨ ɡɧɚɤɨɦ «-»; ɢ ɩɨɹɫɧɹɟɬɫɹ ɧɚ ɪɢɫɭɧɤɟ 3.2.1. ȼɵɩɢɲɟɦ ɡɚɤɨɧ Ɉɦɚ 

ɞɥɹ ɤɚɠɞɨɝɨ ɬɨɤɚ (3.3.2): 
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{  
   
   
  
   
   
  ݅଴ = ଵܷܴ଴ ,݅ଵ = ܷଶ − ଵܷܴଵ ,…݅௞ = ܷ௞+ଵ − ܷ௞ܴ௞ ,…݅௡−ଵ = ܷ௡ − ܷ௡−ଵܴ௡−ଵ ,݅௡ = ଵܧ − ܷ௡ܴ௡ ,݅௡+ଵ = ଶܧ − ଵܷଵܶ + ଵܦ ,…݅௡+௞ = ଶܧ − ܷ௞௞ܶ + ௞ܦ ,…݅ଶ௡ = ଶܧ − ܷ௡௡ܶ + ௡ܦ ,

                                                                                            ሺ͵.͵.ʹሻ 

 

ɝɞɟ ܷ௞ – ɩɨɬɟɧɰɢɚɥ ɜ ݇-ɨɦ ɭɡɥɟ; 

       ܴ௞ –  ɪɟɡɢɫɬɨɪ, ɩɨɞɤɥɸɱɟɧɧɵɣ ɦɟɠɞɭ ݇-ɵɦ ɢ ݇ + ͳ ɭɡɥɚɦɢ; 

       ௞ܶ +  .௞ – ɩɚɪɚ ɬɟɪɦɨɪɟɡɢɫɬɨɪ ɢ ɞɢɨɞ, ɜɯɨɞɹɳɢɯ ɜ ݇-ɵɣ ɭɡɟɥܦ

Ɂɚɦɟɧɢɦ ɬɨɤɢ ɜ (3.3.1) ɡɧɚɱɟɧɢɹɦɢ ɢɡ (3.3.2). Ɋɟɡɭɥɶɬɚɬ ɷɬɢɯ ɞɟɣɫɬɜɢɣ 

ɩɨɤɚɡɚɧ ɜ ɫɢɫɬɟɦɟ (3.3.3): 

 

{   
   − ଵܷܴ଴ + ܷଶ − ଵܷܴଵ + ଶܧ − ଵܷଵܶ + ଵܦ = Ͳ,               −ܷଶ − ଵܷܴଵ + ܷଷ − ܷଶܴଶ + ଶܧ − ܷଶଶܶ + ଶܦ = Ͳ,     …−ܷ௡ − ܷ௡−ଵܴ௡−ଵ + ଵܧ − ܷ௡ܴ௡ + ଶܧ − ܷ௡௡ܶ + ௡ܦ = Ͳ.

                                                     ሺ͵.͵.͵ሻ 
 

ɉɪɢɜɟɞёɦ ɩɨɞɨɛɧɵɟ ɱɥɟɧɵ ɢ ɩɟɪɟɧɟɫёɦ ɢɫɬɨɱɧɢɤɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɪɚɜɭɸ 

ɱɚɫɬɶ (3.3.4): 
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{   
   ଵܷ ( ͳܴ଴ + ͳܴଵ + ͳଵܶ + (ଵܦ − ܷଶ ͳܴଵ = ଶܧ ͳଵܶ + ଵ,                                ܷଶܦ ( ͳܴଵ + ͳܴଶ + ͳଶܶ + (ଶܦ − ଵܷ ͳܴଵ − ܷଷ ͳܴଶ = ଶܧ ͳଶܶ + ଶ,                …ܷ௡ܦ ( ͳܴ௡−ଵ + ͳܴ௡ + ͳ௡ܶ + (௡ܦ − ܷ௡−ଵ ͳܴ௡−ଵ = ଶܧ ͳ௡ܶ + ௡ܦ + ଵܧ ͳܴ௡ .

         ሺ͵.͵.Ͷሻ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɦɟɟɦ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɫ 

ɬɪёɯɞɢɚɝɨɧɚɥɶɧɨɣ ɦɚɬɪɢɰɟɣ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ ܷଶ, ܷଷ, … , ܷ௡. Ɇɚɬɪɢɰɚ 

ɹɜɥɹɟɬɫɹ ɧɟɪɚɡɥɨɠɢɦɨɣ, ɢɦɟɟɬ ɞɢɚɝɨɧɚɥɶɧɨɟ ɩɪɟɨɛɥɚɞɚɧɢɟ, ɨɫɨɛɟɧɧɨ ɹɪɤɨ 

ɜɵɪɚɠɟɧɧɨɟ ɜ ɩɟɪɜɨɣ ɢ ɩɨɫɥɟɞɧɟɣ ɫɬɪɨɤɟ, ɧɟɜɵɪɨɠɞɟɧɧɚɹ ɢ ɩɪɢ ɥɸɛɵɯ 

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ܧଵ,  .ଶ ɩɨɬɟɧɰɢɚɥɵ ௜ܷ ɬɚɤɠɟ ɛɭɞɭɬ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢܧ

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜɫɟ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ (3.3.4), ɤɪɨɦɟ ɩɨɫɥɟɞɧɟɝɨ, ɦɨɠɧɨ 

ɡɚɩɢɫɚɬɶ ɜ ɨɛɳɟɣ ɮɨɪɦɟ (3.3.5): 

 ܷ௞ ( ͳܴ௞−ଵ + ͳܴ௞ + ͳ௞ܶ + ௞)−ܷ௞−ଵܦ ͳܴ௞−ଵ − ܷ௞+ଵ ͳܴ௞ = ଶܧ ͳ௞ܶ + ௞ܦ           ሺ͵.͵.ͷሻ 
 

ɉɨɤɚɠɟɦ ɨɫɧɨɜɧɭɸ ɢɞɟɸ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɧɚ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɯɟɦɟ, 

ɫɨɫɬɨɹɳɟɣ ɢɡ ɬɪёɯ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ (ɪɢɫɭɧɨɤ 3.3.1). 

 

 
Ɋɢɫɭɧɨɤ 3.3.1 – ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɫɯɟɦɚ ɞɥɹ ɬɪёɯ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ 



86 

 

Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ i ɬɨɤ, ɤɨɬɨɪɵɣ ɩɪɨɬɟɤɚɟɬ ɬɨɥɶɤɨ ɱɟɪɟɡ ɞɟɥɢɬɟɥɢ 

ɧɚɩɪɹɠɟɧɢɹ (3.3.6): 

 ݅ = ଵܴ଴ܧ + ܴଵ + ܴଶ + ܴଷ                                                                                        ሺ͵.͵.͸ሻ 
 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɩɢɥɨɨɛɪɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ܧଶ ɢɦɟɟɦ 4 ɜɚɪɢɚɧɬɚ 

ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɱɟɪɟɡ ɢɡɦɟɪɢɬɟɥɶɧɭɸ ɫɯɟɦɭ: 

- ɟɫɥɢ ܧଶ < ଵܷ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɥɭɱɚɟɬɫɹ, ɱɬɨ ܧଶ < ܷଶ ɢ ܧଶ < ܷଷ. Ɍɨ ɟɫɬɶ 

ɜɫɟ ɞɢɨɞɵ ɡɚɤɪɵɬɵ ɢ ɱɟɪɟɡ ɚɦɩɟɪɦɟɬɪ ɩɪɨɣɞёɬ ɬɨɤ, ɜɵɱɢɫɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ 

(3.3.7): 

 ݅ − ݅ˑ˄˓ସ − ݅ˑ˄˓ହ − ݅ˑ˄˓଺ = 𝐼ଵ                                                                            ሺ͵.͵.͹ሻ 
 

- ɟɫɥɢ ܷଶ > ଶܧ ൒ ଵܷ, ɡɧɚɱɢɬ ɢ ܧଶ < ܷଷ. Ɍɨɝɞɚ ɬɨɤ, ɩɪɨɬɟɤɚɟɦɵɣ ɱɟɪɟɡ 

ɚɦɩɟɪɦɟɬɪ ɛɭɞɟɬ ɪɚɜɟɧ (3.3.8): 

 ݅ + ݅ˑ˄˓ସ − ݅ˑ˄˓ହ − ݅ˑ˄˓଺ = 𝐼ଶ                                                                             ሺ͵.͵.ͺሻ 
 

- ɟɫɥɢ ܷଷ > ଶܧ ൒ ܷଶ, ɡɧɚɱɢɬ ɢ ܧଶ > ଵܷ. ɑɟɪɟɡ ɚɦɩɟɪɦɟɬɪ ɩɪɨɬɟɤɚɟɬ ɬɨɤ 

(3.3.9): 

 ݅ + ݅ˑ˄˓ସ + ݅ˑ˄˓ହ − ݅ˑ˄˓଺ = 𝐼ଷ                                                                              ሺ͵.͵.ͻሻ 
 

- ɟɫɥɢ  ܧଶ ൒ ܷଷ, ɬɨɝɞɚ ܧଶ > ܷଶ > ଵܷ. Ɍɨɤ ɪɚɜɟɧ (3.3.10): 

 ݅ + ݅ˑ˄˓ସ + ݅ˑ˄˓ହ + ݅ˑ˄˓଺ = 𝐼ସ                                                                           ሺ͵.͵.ͳͲሻ 
 

ɉɨɥɭɱɚɟɦ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ (3.3.11): 
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{  
  ݅ − ݅ˑ˄˓ସ − ݅ˑ˄˓ହ − ݅ˑ˄˓଺ = 𝐼ଵ,݅ + ݅ˑ˄˓ସ − ݅ˑ˄˓ହ − ݅ˑ˄˓଺ = 𝐼ଶ,݅ + ݅ˑ˄˓ସ + ݅ˑ˄˓ହ − ݅ˑ˄˓଺ = 𝐼ଷ,݅ + ݅ˑ˄˓ସ + ݅ˑ˄˓ହ + ݅ˑ˄˓଺ = 𝐼ସ.                                                                       ሺ͵.͵.ͳͳሻ 
 

Ɇɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɢɫɬɟɦɵ (3.3.11) ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 

(ɪɢɫɭɧɨɤ 3.3.2). 

 

 
Ɋɢɫɭɧɨɤ 3.3.2 – Ɇɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɨɤɨɜ 

 

Ɉɩɪɟɞɟɥɢɬɟɥɶ ɷɬɨɣ ɦɚɬɪɢɰɵ ɪɚɜɟɧ 8, ɷɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɫɢɫɬɟɦɚ 

(3.3.11) ɧɟɜɵɪɨɠɞɟɧɧɚɹ ɢ ɢɦɟɟɬ ɟɞɢɧɫɬɜɟɧɧɨɟ ɪɟɲɟɧɢɟ. ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ ɜɵɜɨɞɨɜ 

ɦɨɠɧɨ ɫ ɭɜɟɪɟɧɧɨɫɬɶɸ ɫɤɚɡɚɬɶ, ɱɬɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɬɨɤɨɜ, 

ɩɪɨɯɨɞɹɳɢɯ ɱɟɪɟɡ ɬɟɪɦɨɪɟɡɢɫɬɨɪɵ ɩɪɢ ɡɚɤɪɵɬɵɯ ɢ ɨɬɤɪɵɬɵɯ ɫɨɫɬɨɹɧɢɹɯ 

ɜɨɡɦɨɠɧɨ. 

Ɂɚɩɢɲɟɦ ɩɟɪɜɵɣ ɡɚɤɨɧ Ʉɢɪɯɝɨɮɚ ɞɥɹ ɭɡɥɨɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɯɟɦɵ. 

ɉɨɥɭɱɚɟɬɫɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (3.3.12): 

 

{݅ଵ + ݅ସ − ݅଴ = Ͳ,݅ହ + ݅ଶ − ݅ଵ = Ͳ,݅଺ + ݅ଷ − ݅ଶ = Ͳ.                                                                                                ሺ͵.͵.ͳʹሻ 
 

ɉɨ ɡɚɤɨɧɭ Ɉɦɚ ɜɵɪɚɡɢɦ ɷɬɢ ɬɨɤɢ (3.3.13): 
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{  
   
  
   
   
 ݅଴ = ଵܷܴ଴ ,݅ଵ = ܷଶ − ଵܷܴଵ ,݅ଶ = ܷଷ − ܷଶܴଶ ,݅ଷ = ଵܧ − ܷଷܴଷ ,݅ସ = ଶܧ − ଵܷଵܶ + ଵܦ ,݅ହ = ଶܧ − ܷଶଶܶ + ଶܦ ,݅଺ = ଶܧ − ܷଷଷܶ + ଷܦ .

                                                                                                    ሺ͵.͵.ͳ͵ሻ 

 

ɉɨɞɫɬɚɜɢɦ ɜɵɪɚɠɟɧɧɵɟ ɜ (3.3.13) ɡɧɚɱɟɧɢɹ ɜ (3.3.12) ɢ ɩɪɢɜɟɞёɦ 

ɩɨɞɨɛɧɵɟ. ɉɨɥɭɱɢɦ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (3.3.14): 

 

{   
   ଵܷ ( ͳܴ଴ + ͳܴଵ + ͳଵܶ + (ଵܦ − ܷଶ ͳܴଵ = ଶܧ ͳଵܶ + ଵ,                 ܷଶܦ ( ͳܴଵ + ͳܴଶ + ͳଶܶ + (ଶܦ − ଵܷ ͳܴଵ − ܷଷ ͳܴଶ = ଶܧ ͳଶܶ + ଶܦ ,ܷଷ ( ͳܴଶ + ͳܴଷ + ͳଷܶ + (ଷܦ − ܷଶ ͳܴଶ = ଶܧ ͳଷܶ + ଷܦ + ଵܧ ͳܴଷ .

                      ሺ͵.͵.ͳͶሻ 
 

Ʉɚɤ ɭɠɟ ɝɨɜɨɪɢɥɨɫɶ ɜɵɲɟ ɪɚɫɫɦɨɬɪɢɦ ɢɞɟɚɥɶɧɵɟ ɞɢɨɞɵ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɤɨɬɨɪɵɯ ɜ ɨɬɤɪɵɬɨɦ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨ ɧɭɥɸ, ɚ ɜ ɡɚɤɪɵɬɨɦ - ∞. Ɍɨɝɞɚ ɫɢɫɬɟɦɚ 

(3.3.14) ɩɪɢɦɟɬ ɜɢɞ (3.3.15): 

 

{   
   ଵܷ ( ͳܴ଴ + ͳܴଵ + ͳܶଵ) − ܷଶ ͳܴଵ = ଶܧ ͳܶଵ,                 ܷଶ ( ͳܴଵ + ͳܴଶ + ͳܶଶ) − ଵܷ ͳܴଵ − ܷଷ ͳܴଶ = ଶܧ ͳܶଶ ,ܷଷ ( ͳܴଶ + ͳܴଷ + ͳܶଷ) − ܷଶ ͳܴଶ = ଶܧ ͳܶଷ + ଵܧ ͳܴଷ .

                                          ሺ͵.͵.ͳͷሻ 
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Ɍɪёɯɞɢɚɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢɰɚ ɫɢɫɬɟɦɵ (3.3.15) ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 3.3.1. 

 

Ɍɚɛɥɢɰɚ 3.3.1 – Ɍɪёɯɞɢɚɝɨɧɚɥɶɧɚ ɦɚɬɪɢɰɚ 

 ଵܷ ܷଶ ܷଷ = 

ଵܷ 
ͳܴ଴ + ͳܴଵ + ͳܶଵ − ͳܴଵ 0 ܧଶ ͳܶଵ 

ܷଶ − ͳܴଵ 
ͳܴଵ + ͳܴଶ + ͳܶଶ − ͳܴଶ ܧଶ ͳܶଶ 

ܷଷ 0 − ͳܴଷ 
ͳܴଶ + ͳܴଷ + ͳܶଷ ܧଶ ͳܶଷ + ଵܧ ͳܴଷ 

 

ɉɪɢ ɡɚɤɪɵɬɵɯ ɞɢɨɞɚɯ ܦଶ ˋ ܦଷ ɫɢɫɬɟɦɚ (3.3.15) ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ 

(3.3.16): 

 

{   
   ଵܷ ( ͳܴ଴ + ͳܴଵ + ͳܶଵ) − ܷଶ ͳܴଵ = ଶܧ ͳܶଵ,                 ܷଶ ( ͳܴଵ + ͳܴଶ) − ଵܷ ͳܴଵ − ܷଷ ͳܴଶ = Ͳ,                 ܷଷ ( ͳܴଶ + ͳܴଷ) − ܷଶ ͳܴଶ = ଵܧ ͳܴଷ.                         

                                          ሺ͵.͵.ͳ͸ሻ 
 

ȼɵɪɚɡɢɦ ɢɡ (3.3.16) ɢɧɬɟɪɟɫɭɸɳɟɟ ɧɚɫ ɡɧɚɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɜɨɝɨ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɚ(3.3.17): 

 

ଵܶ = ଶܧ − ଵܷଵܷ ቀ ͳܴ଴ + ͳܴଵቁ − ܷଶ ͳܴଵ                                                                              ሺ͵.͵.ͳ͹ሻ 
 

ȼ ɷɬɨɦ ɭɪɚɜɧɟɧɢɢ ଵܷ ɢɡɜɟɫɬɧɨ, ɬɚɤ ɤɚɤ ɹɜɥɹɟɬɫɹ ɢɡɦɟɪɟɧɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ 

– ɩɚɞɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɪɟɡɢɫɬɨɪɟ ܴ଴. ɉɨɥɭɱɚɟɬɫɹ, ɱɬɨ ɜ ɷɬɨɦ ɭɪɚɜɧɟɧɢɢ 

ɢɦɟɟɦ 2 ɧɟɢɡɜɟɫɬɧɵɯ: ɢɫɤɨɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ଵܶ ɢ ɩɨɬɟɧɰɢɚɥ ܷଶ. Ɍɚɤ ɤɚɤ ɩɪɢ 

ɡɚɤɪɵɬɵɯ ɞɢɨɞɚɯ ܦଶ ˋ ܦଷ ɬɨɤ ɱɟɪɟɡ ɷɬɢ ɞɢɨɞɵ ɧɟ ɢɞёɬ, ɬɨ ܷଶ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 

ɫ ɩɨɦɨɳɶɸ ɞɟɥɢɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ ɦɟɠɞɭ ɩɨɬɟɧɰɢɚɥɚɦɢ ܧଵ ˋ ଵܷ (3.3.18): 
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ܷଶ = ܴଵሺܧଵ − ଵܷሻܴଵ + ܴଶ + ܴଷ                                                                                             ሺ͵.͵.ͳͺሻ 
 

ɉɨɞɫɬɚɜɢɜ ɷɬɨ ɡɧɚɱɟɧɢɟ ɜ (3.3.17) ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɩɟɪɜɨɝɨ ɬɟɪɦɨɪɟɡɢɫɬɨɪɚ ଵܶ. 

ɉɪɢ ɨɬɤɪɵɬɵɯ ɞɢɨɞɚɯ ܦଵ ˋ ܦଶ ɫɢɫɬɟɦɚ (3.3.15) ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɤ ɜɢɞɭ 

(3.3.19): 

 

{   
   ଵܷ ( ͳܴ଴ + ͳܴଵ + ͳܶଵ) − ܷଶ ͳܴଵ = ଶܧ ͳܶଵ,                 ܷଶ ( ͳܴଵ + ͳܴଶ + ͳܶଶ) − ଵܷ ͳܴଵ − ܷଷ ͳܴଶ = ଶܧ ͳܶଶ ,ܷଷ ( ͳܴଶ + ͳܴଷ) − ܷଶ ͳܴଶ = ଵܧ ͳܴଷ.                         

                                          ሺ͵.͵.ͳͻሻ 
 

ɂɡ ɜɬɨɪɨɝɨ ɭɪɚɜɧɟɧɢɹ ɜɵɪɚɠɚɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɬɨɪɨɝɨ ɬɟɪɦɨɪɟɡɢɫɬɨɪɚ ܶ ଶ 

(3.3.20): 

 

ଶܶ = ଶܧ − ܷଶܷଶ ቀ ͳܴଵ + ͳܴଶቁ − ଵܷ ͳܴଵ − ܷଷ ͳܴଶ                                                              ሺ͵.͵.ʹͲሻ 
 

ɂɡɦɟɪɹɟɬɫɹ ɧɨɜɨɟ ɡɧɚɱɟɧɢɟ ଵܷ, ɞɥɹ ɪɚɫɱёɬɚ ܷଶ ɢɫɩɨɥɶɡɭɟɦ, ɧɚɣɞɟɧɧɨɟ ɧɚ 

ɩɪɟɞɵɞɭɳɟɦ ɷɬɚɩɟ ɚɥɝɨɪɢɬɦɚ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɪɜɨɝɨ ɬɟɪɦɨɪɟɡɢɫɬɨɪɚ ଵܶ ɩɨ 

ɮɨɪɦɭɥɟ (3.3.21): 

 ܷଶ = ܴଵ ଵܷ ( ͳܴ଴ + ͳܴଵ + ͳܶଵ) − ଶܧ ܴଵܶଵ                                                               ሺ͵.͵.ʹͳሻ 
 

Ɍɚɤ ɤɚɤ ɬɨɤ ɧɟ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɞɢɨɞ ܦଷ, ɬɨ ɩɨɬɟɧɰɢɚɥ ܷଷ ɦɨɠɧɨ ɧɚɣɬɢ 

ɞɟɥɢɬɟɥɟɦ ɧɚɩɪɹɠɟɧɢɹ ɦɟɠɞɭ ɩɨɬɟɧɰɢɚɥɚɦɢ ܧଵ ˋ ܷଶ (3.3.22): 
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ܷଷ = ሺܧଵ − ܷଶሻܴଶܴଶ + ܴଷ                                                                                               ሺ͵.͵.ʹʹሻ 
 

ɉɨɞɫɬɚɜɥɹɟɦ, ɧɚɣɞɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ɜ (3.3.21) ɢ (3.3.22) ɜ (3.3.20) ɢ 

ɨɩɪɟɞɟɥɹɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɬɨɪɨɝɨ ɬɟɪɦɨɪɟɡɢɫɬɨɪɚ ଶܶ. 

ɉɪɢ ɨɬɤɪɵɬɢɢ ɞɢɨɞɚ ܦଷ ɢɡ ɫɢɫɬɟɦɵ (3.3.15) ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɫɥɟɞɧɟɝɨ ɬɟɪɦɨɪɟɡɢɫɬɨɪɚ ଷܶ (2.2.23): 

 

ଷܶ = ଶܧ − ܷଷܷଷ ቀ ͳܴଶ + ͳܴଷቁ − ܷଶ ͳܴଶ − ଵܧ ͳܴଷ .                                                            ሺ͵.͵.ʹ͵ሻ 
 

Ɍɚɤ ɤɚɤ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ ଵܶ ɢ ଶܶ ɭɠɟ ɨɩɪɟɞɟɥɟɧɵ, ɬɨ ܷଶ 

ɜɵɱɢɫɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ (3.3.21), ɚ ܷଷ ɢɡ ɜɬɨɪɨɝɨ ɭɪɚɜɧɟɧɢɹ. ɉɨɥɭɱɚɟɦ (3.3.24): 

 ܷଷ = ܴଶ ଶܷ ( ͳܴଵ + ͳܶଶ + ͳܴଶ) − ଵܷ ܴଶܴଵ − ଶܧ ܴଶଶܶ                                               ሺ͵.͵.ʹͶሻ 
 

ɉɨɞɫɬɚɜɥɹɟɦ ɧɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (3.3.23) ɢ ɜɵɱɢɫɥɹɟɦ 

ɡɧɚɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɫɥɟɞɧɟɝɨ ɬɟɪɦɨɪɟɡɢɫɬɨɪɚ ଷܶ.  

Ⱦɚɥɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ ɩɨ ɢɡɜɟɫɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɟɪɟɜɨɞɹɬɫɹ ɜ ɬɟɦɩɟɪɚɬɭɪɭ. ɐɟɥɶ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɞɨɫɬɢɝɧɭɬɚ. 

ɉɪɢ ɛɨɥɶɲɟɦ ɱɢɫɥɟ ɬɪɨɟɤ ܦ௞ + ௞ܶ + ܴ௞ ɪɚɫɱёɬ ௞ܶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɚɧɚɥɨɝɢɱɧɨ ɩɨ ɧɚɪɚɫɬɚɧɢɸ ɢɧɞɟɤɫɚ ݇ ɞɥɹ ɨɬɤɪɵɬɢɹ ɞɢɨɞɚ ܦ௞. Ʉ ɷɬɨɦɭ ɦɨɦɟɧɬɭ 

ɭɠɟ ɜɵɱɢɫɥɟɧɵ ଵܶ, … , ௞ܶ−ଵ. 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɬɨɞ, ɤɨɬɨɪɵɣ ɫ ɯɨɪɨɲɟɣ 

ɬɨɱɧɨɫɬɶɸ ɪɚɛɨɬɚɟɬ ɫ ɬɪёɯɞɢɚɝɨɧɚɥɶɧɵɦɢ ɦɚɬɪɢɰɚɦɢ); - ɦɟɬɨɞ ɩɪɨɝɨɧɤɢ. 
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3.3.1 Ɇɟɬɨɞ ɩɪɨɝɨɧɤɢ 

 

ȼɩɟɪɜɵɟ ɨ ɦɟɬɨɞɟ ɩɪɨɝɨɧɤɢ ɢɥɢ ɚɥɝɨɪɢɬɦɟ Ɍɨɦɚɫɚ ɡɚɝɨɜɨɪɢɥɢ ɜ ɧɚɱɚɥɟ 

1952 ɝɨɞɚ. Ɉɧ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɧɟɡɚɜɢɫɢɦɨ ɭɱёɧɵɦɢ ɢɡ ɪɚɡɧɵɯ ɫɬɪɚɧ. ȼ ɋɋɋɊ 

ɦɟɬɨɞ ɨɬɤɪɵɥɢ ɂ.Ɇ. Ƚɟɥɶɮɚɧɞ, Ɉ.ȼ. Ʌɨɤɭɰɟɟɜɫɤɢɣ, ȼ.ɋ. ȼɥɚɞɢɦɢɪɨɜ, Ⱥ.ɋ. 

Ʉɪɨɧɞɨɪɨɞ, ɬɚɤɠɟ ɭɫɬɚɧɨɜɢɜɲɢɯ ɭɫɬɨɣɱɢɜɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɢ ɢɫɩɨɥɶɡɨɜɚɜɲɢɯ ɟɝɨ 

ɞɥɹ ɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɡɚɞɚɱ [33]. 

ɉɨɞ ɩɪɨɝɨɧɤɨɣ ɩɨɧɢɦɚɟɬɫɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ Ƚɚɭɫɫɚ. Ɉɧ ɹɜɥɹɟɬɫɹ 

ɩɪɨɫɬɵɦ ɢ ɷɮɮɟɤɬɢɜɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ 

ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɫ ɬɪёɯɞɢɚɝɨɧɚɥɶɧɨɣ ɦɚɬɪɢɰɟɣ (ɪɢɫɭɧɨɤ 3.3.1.1). 

 

 
Ɋɢɫɭɧɨɤ 3.3.1.1 – Ɉɛɳɢɣ ɜɢɞ ɬɪёɯɞɢɚɝɨɧɚɥɶɧɨɣ ɦɚɬɪɢɰɵ 

 

Ɍɚɤɢɟ ɫɢɫɬɟɦɵ ɧɟɪɟɞɤɨ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɪɟɲɟɧɢɢ ɪɚɡɥɢɱɧɵɯ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɞɚɱ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ: ɩɪɢɛɥɢɠɟɧɢɟ ɮɭɧɤɰɢɣ 

ɫɩɥɚɣɧɚɦɢ ɢɥɢ ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɤɪɚɟɜɵɯ ɡɚɞɚɱ ɞɥɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 

ɭɪɚɜɧɟɧɢɣ. ɇɚ ɝɥɚɜɧɨɣ ɞɢɚɝɨɧɚɥɢ ɦɚɬɪɢɰɵ ɷɬɨɣ ɫɢɫɬɟɦɵ ɫɬɨɹɬ ɷɥɟɦɟɧɬɵ       

b1, b2, …, bn, ɧɚɞ ɧɟɣ – ɷɥɟɦɟɧɬɵ с1, с2,... , сn-1 ɩɨɞ ɧɟɣ – ɷɥɟɦɟɧɬɵ а2, а3,... 

, аn (ɨɛɵɱɧɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɝɥɚɜɧɨɣ ɞɢɚɝɨɧɚɥɢ bi ɧɟ ɪɚɜɧɵ ɧɭɥɸ). ȼɫɟ ɨɫɬɚɥɶɧɵɟ 

ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ ɪɚɜɧɵ ɧɭɥɸ. Ɇɟɬɨɞ ɩɪɨɝɨɧɤɢ ɩɪɨɹɜɥɹɟɬ ɫɥɚɛɭɸ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤɚɤ ɤ ɩɨɝɪɟɲɧɨɫɬɹɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɯɚɪɚɤɬɟɪɚ, ɬɚɤ ɢ ɤ 

ɩɨɝɪɟɲɧɨɫɬɹɦ ɡɚɞɚɧɢɹ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. 
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Ɇɟɬɨɞ ɩɪɨɝɨɧɤɢ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɷɬɚɩɨɜ – ɩɪɹɦɨɣ ɩɪɨɝɨɧɤɢ (ɚɧɚɥɨɝ 

ɩɪɹɦɨɝɨ ɯɨɞɚ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ) ɢ ɨɛɪɚɬɧɨɣ ɩɪɨɝɨɧɤɢ (ɚɧɚɥɨɝ ɨɛɪɚɬɧɨɝɨ ɯɨɞɚ 

ɦɟɬɨɞɚ Ƚɚɭɫɫɚ). 

ɉɪɟɨɛɪɚɡɭɟɦ ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ (ɪɢɫɭɧɨɤ 1) ɤ ɜɢɞɭ (3.3.1.1): 

 𝑥ଵ ଵ𝑥ଶߙ = +  ଵ,                                                                                                 (3.3.1.1)ߚ

 

ɝɞɟ ߙଵ = − ˔భ௕భ, ߚଵ = ݀ͳܾͳ. 
ɉɨɥɭɱɟɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 𝑥ଵ ɩɨɞɫɬɚɜɢɦ ɜɨ ɜɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ 

(3.3.1.2): 

ଵ𝑥ଶߙଶሺߙ  + ଵሻߚ + ܾଶ𝑥ଶ + ܿଶ𝑥ଷ = ݀ଶ                                                                      (3.3.1.2) 

 

ɉɪɟɨɛɪɚɡɭɟɦ ɩɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɤ ɜɢɞɭ (3.3.1.1): 

 𝑥ଶ ଶ𝑥ଷߙ = +  ଶ,                                                                                                        (3.3.1.3)ߚ

 

ɝɞɟ ߙଶ = − ˔మ௕మ+௔మఈభ, ߚଵ = ௗమ−௔మఉభ௕మ+௔మఈభ. 
ȼɵɪɚɠɟɧɢɟ (3.3.1.3) ɩɨɞɫɬɚɜɢɦ ɜ ɬɪɟɬɶɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ ɢ ɬɚɤ ɞɚɥɟɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ i-ɨɦ ɲɚɝɟ (1<i<m) i-ɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ 

ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɤ ɜɢɞɭ (3.3.1.4): 

 𝑥௜ ௜𝑥௜+ଵߙ = +  ௜,                                                                                                 (3.3.1.4)ߚ

 

ɝɞɟ ߙ௜ = − ˔𝑖௕𝑖+௔𝑖ఈ𝑖−భ, ߚଵ = ௗ𝑖−௔𝑖ఉ𝑖−భ௕𝑖+௔𝑖ఈ𝑖−భ. 
ɇɚ m-ɨɦ ɲɚɝɟ ɩɨɞɫɬɚɧɨɜɤɚ ɜ ɩɨɫɥɟɞɧɟɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ ɜɵɪɚɠɟɧɢɹ 

(3.3.1.5): 
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𝑥௠−ଵ ௠−ଵ𝑥௠ߙ = +              ௠−ଵ                                                                                     (3.3.1.5)ߚ

 

Ⱦɚёɬ (3.3.1.6): 

௠−ଵ𝑥௠ߙ௠ሺߙ  + ௠−ଵሻߚ + ܾ௠𝑥௠ = ݀௠                                                                   (3.3.1.6) 

 

ɂɡ ɭɪɚɜɧɟɧɢɹ (3.3.1.6) ɧɚɯɨɞɢɦ 𝑥௠: 

 𝑥௠ = ௠ߚ = ݀௠ − ܽ௠ߚ௠−ଵܾ௠ + ܽ௠ߙ௠−ଵ                                                                              ሺ͵.͵.ͳ.͹ሻ 
 

Ɂɧɚɱɟɧɢɹ ɨɫɬɚɜɲɢɯɫɹ 𝑥௜ i = m – 1, m – 2, … , 1 ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

(3.3.1.4). 

ȼɵɲɟɢɡɥɨɠɟɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɦɟɬɨɞɚ 

ɩɪɨɝɨɧɤɢ ɜ 2 ɷɬɚɩɚ. 

ɉɪɹɦɚɹ ɩɪɨɝɨɧɤɚ ɫɨɫɬɨɢɬ ɜ ɜɵɱɢɫɥɟɧɢɢ ɩɪɨɝɨɧɨɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ߙ௜ ɢ ߚ௜ (1 ൑ i ൑ m). ȿɫɥɢ i = 1, ɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 

(3.3.1.8): 

ଵߙ  = − ˔భఊభ, ߚଵ = ௗభఊభ ଵߛ , = ܾଵ                                                                             (3.3.1.8) 

 

ɉɪɢ 1 < i ൑ m – 1  - ɩɨ ɪɟɤɭɪɪɟɧɬɧɵɦ ɮɨɪɦɭɥɚɦ (3.3.1.9): 

௜ߙ  = − ˔𝑖ఊ𝑖, ߚଵ = ௗ𝑖−௔𝑖ఉ𝑖−భఊ𝑖 ௜ߛ , = ܾ௜ + ܽ௜ߙ௜−ଵ                                     (3.3.1.9) 

 

Ⱥ ɩɪɢ i = m ɜɵɱɢɫɥɹɟɬɫɹ ߚ௠ ɢ ɩɪɹɦɚɹ ɩɪɨɝɨɧɤɚ ɡɚɜɟɪɲɚɟɬɫɹ: 

௠ߚ  = ݀௠ − ܽ௠ߚ௠−ଵߛ௠ ௠ߛ    ,  = ܾ௠ + ܽ௠ߙ௠−ଵ                                         ሺ͵.͵.ͳ.ͳͲሻ 
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Ɉɛɪɚɬɧɚɹ ɩɪɨɝɨɧɤɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɯɨɠɞɟɧɢɢ ɧɟɢɡɜɟɫɬɧɵɯ. ɉɨɥɚɝɚɸɬ 𝑥௠ =  :௠. Ɉɫɬɚɥɶɧɵɟ ɧɟɢɡɜɟɫɬɧɵɟ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3.3.1.4)ߚ

 𝑥௜ ௜𝑥௜+ଵߙ = +  ௜, i = m – 1, m – 2, … , 1                                                               (3.3.1.4)ߚ

 

ȼɵɱɢɫɥɟɧɢɹ ɜɟɞɭɬɫɹ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɡɧɚɱɟɧɢɣ i. 

Ⱥɧɚɥɢɡ ɦɟɬɨɞɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɵɱɢɫɥɟɧɢɣ ɩɨ ɮɨɪɦɭɥɚɦ 

(3.3.18), (3.3.1.9), (3.3.1.10) ɢ (3.3.1.4) ɧɟɨɛɯɨɞɢɦɨ 8m ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ, 

ɚ ɜ ɦɟɬɨɞɟ Ƚɚɭɫɫɚ ɷɬɨ ɱɢɫɥɨ ɫɨɫɬɚɜɥɹɟɬ 
ଶଷ݉ଷ. Ɍɚɤɠɟ ɫɬɨɢɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ 

ɬɪёɯɞɢɚɝɨɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɟ ɦɚɬɪɢɰɵ ɫɢɫɬɟɦɵ ɞɥɹ ɟё ɯɪɚɧɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ 3m 

– 2 ɹɱɟɣɤɢ ɩɚɦɹɬɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɜ, ɨɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɪɚɜɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɢ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ ɗȼɆ ɦɟɬɨɞ ɩɪɨɝɨɧɤɢ ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɫɢɫɬɟɦɵ ɝɨɪɚɡɞɨ 

ɛɨɥɶɲɟɣ ɪɚɡɦɟɪɧɨɫɬɢ, ɱɟɦ ɦɟɬɨɞ Ƚɚɭɫɫɚ. 

Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨ ɦɟɬɨɞ ɩɪɨɝɨɧɤɢ, ɚ ɬɚɤɠɟ ɟɝɨ ɜɚɪɢɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɪɚɛɨɬɚɯ [34] ɢ [35]. 
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3.4 ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ  
 

Ɋɚɫɫɦɨɬɪɢɦ ɦɨɞɟɥɶɧɵɟ ɡɚɞɚɱɢ ɫ ɢɞɟɚɥɶɧɵɦɢ ɞɢɨɞɚɦɢ ɢ ɪɚɡɥɢɱɧɵɦɢ 

ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ, ɚ ɬɚɤɠɟ ɜ ɡɚɤɥɸɱɟɧɢɢ 

ɫɪɚɜɧɢɦ ɪɟɡɭɥɶɬɚɬɵ ɫ ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɫ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɯɟɦɵ, 

ɫɨɛɪɚɧɧɨɣ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ. ɋɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɚɤ ɪɟɡɢɫɬɨɪɨɜ, ɬɚɤ ɢ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶ ɥɸɛɵɟ ɡɧɚɱɟɧɢɹ ɨɬ ɨɱɟɧɶ ɦɚɥɟɧɶɤɢɯ ͳͲ−ଶɈɦ 

ɞɨ ɨɱɟɧɶ ɛɨɥɶɲɢɯ ͳͲଽ Ɉɦ, ɜɫё ɡɚɜɢɫɢɬ ɨɬ ɰɟɥɟɣ, ɩɪɟɫɥɟɞɭɟɦɵɯ ɭɱёɧɵɦɢ. 

ɉɨɷɬɨɦɭ ɜ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɞɥɹ 

ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ. Ⱥɥɝɨɪɢɬɦ ɛɵɥ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧ ɧɚ ɹɡɵɤɟ ɋ# ɜ 

Visual Studio. 

 

3.4.1 Ɉɞɢɧɚɤɨɜɵɟ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɪɟɡɢɫɬɨɪɨɜ ɢ 
ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ 

 

ɂɫɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.4.1.1: 

 

Ɍɚɛɥɢɰɚ 3.4.1.1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɫɯɟɦɵ 

ȼɟɥɢɱɢɧɚ Ɂɧɚɱɟɧɢɟ ܴ଴ 600 Ɉɦ ܴଵ 600 Ɉɦ ܴଶ 600 Ɉɦ ܴଷ 600 Ɉɦ 

ଵܶ 1000 Ɉɦ 

ଶܶ 1000 Ɉɦ 

ଷܶ 1000 Ɉɦ ܧଵ 5 ȼ 

 

Ⱦɥɹ ɪɚɫɱёɬɚ ɩɚɪɚɦɟɬɪɨɜ ɰɟɩɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɚɥɝɨɪɢɬɦ, ɨɩɢɫɚɧɧɵɣ ɜ ɩɭɧɤɬɟ 

3.3. ȼ ɬɟɫɬɨɜɵɯ ɪɚɫɱɟɬɚɯ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɢɞɟɚɥɶɧɵɟ ɞɢɨɞɵ: ɭ ɨɬɤɪɵɬɨɝɨ ɞɢɨɞɚ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɜɧɨ ɧɭɥɸ, ɚ ɭ ɡɚɤɪɵɬɨɝɨ – ɩɪɨɜɨɞɢɦɨɫɬɶ ɪɚɜɧɚ ɧɭɥɸ. ɋɬɨɢɬ 
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ɡɚɦɟɬɢɬɶ, ɱɬɨ ɷɬɢ ɭɫɥɨɜɢɹ ɩɥɨɯɨ ɜɵɩɨɥɧɹɸɬɫɹ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɩɚɞɟɧɢɢ 

ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɪɟɚɥɶɧɨɦ ɞɢɨɞɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɢɡɦɟɪɟɧɢɹɯ ɫɥɟɞɭɟɬ 

ɢɡɛɟɝɚɬɶ ɫɢɬɭɚɰɢɣ, ɛɥɢɡɤɢɯ ɤ ɬɨɱɤɚɦ ɩɟɪɟɤɥɸɱɟɧɢɹ ɞɢɨɞɨɜ.  

ɉɢɥɨɨɛɪɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ܧଶ ɢɡɦɟɧɹɥɨɫɶ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 0 ɞɨ 5ȼ ɫ ɲɚɝɨɦ 

0,1. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.4.1.2 – 3.4.1.5. 

 

Ɍɚɛɥɢɰɚ 3.4.1.2 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɞɢɨɞɵ ɧɚɯɨɞɹɬɫɹ ɜ ɡɚɤɪɵɬɨɦ ɫɨɫɬɨɹɧɢɢ 

№ ଵܷ ܷଶ ܷଷ ܧଶ 

1 1,25 2,5 3,75 0,2 

2 1,25 2,5 3,75 0,3 

3 1,25 2,5 3,75 0,4 

4 1,25 2,5 3,75 0,5 

5 1,25 2,5 3,75 0,6 

6 1,25 2,5 3,75 0,7 

 

ɋɬɨɥɛɟɰ № ɧɢɤɚɤ ɧɟ ɫɜɹɡɚɧ ɫ ɧɨɦɟɪɨɦ ɢɬɟɪɚɰɢɢ ɜɵɱɢɫɥɟɧɢɣ ɚɥɝɨɪɢɬɦɚ, 

ɡɞɟɫɶ ɨɧ ɩɪɢɜɨɞɢɬɫɹ ɞɥɹ ɭɞɨɛɧɨɝɨ ɨɛɪɚɳɟɧɢɹ ɤ ɤɚɤɨɣ-ɥɢɛɨ ɫɬɪɨɤɟ ɜ ɬɚɛɥɢɰɚɯ. 

 

Ɍɚɛɥɢɰɚ 3.4.1.3 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɞɢɨɞ ܦଵ ɨɬɤɪɵɬ 

№ ଵܷ ܷଶ ܷଷ ܧଶ 

7 1,359 2,572 3,786 1,6 

8 1,39 2,593 3,797 1,7 

9 1,421 2,614 3,807 1,8 

10 1,452 2,634 3,817 1,9 

11 1,483 2,655 3,828 2 

12 1,514 2,676 3,838 2,1 
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Ɍɚɛɥɢɰɚ 3.4.1.4 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɞɢɨɞɵ ܦଵ ɢ ܦଶ ɨɬɤɪɵɬɵ 

№ ଵܷ ܷଶ ܷଷ ܧଶ 

13 1,853 2,959 3,979 3,1 

14 1,895 3,007 4,004 3,2 

15 1,937 3,056 4,028 3,3 

16 1,978 3,104 4,052 3,4 

17 2,02 3,152 4,076 3,5 

18 2,062 3,201 4,1 3,6 

 

Ɍɚɛɥɢɰɚ 3.4.1.5 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɜɫɟ ɞɢɨɞɵ ɨɬɤɪɵɬɵ 

№ ଵܷ ܷଶ ܷଷ ܧଶ 

19 2,446 3,66 4,369 4,5 

20 2,491 3,718 4,414 4,6 

21 2,537 3,776 4,46 4,7 

22 2,582 3,834 4,505 4,8 

23 2,628 3,892 4,551 4,9 

24 2,673 3,95 4,596 5 

 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɛɵɥɢ ɜɵɛɪɚɧɵ ɬɪɢ 

ɫɢɬɭɚɰɢɢ ɫ ɪɚɡɧɵɦɢ ɫɨɫɬɨɹɧɢɹɦɢ ɞɢɨɞɨɜ ɞɥɹ ɪɚɫɱёɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ: 

ɚ) №8: ܧଵ = ͷВ; ܧଶ = ͳ,͹В; ଵܷ = ͳ,͵ͻВ (ɨɬɤɪɵɬ ܦଵ); 

ɛ) №17: ܧଵ = ͷВ; ܧଶ = ͵,ͷВ; ଵܷ = ʹ,ͲʹВ (ɨɬɤɪɵɬɵ ܦଵ ˋ ܦଶ); 

ɜ) №22: ܧଵ = ͷВ; ܧଶ = Ͷ,ͺВ; ଵܷ = ʹ,ͷͺʹВ (ɨɬɤɪɵɬɵ ܦଵ,  .(ଷܦ ˋ ଶܦ

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.4.1.6. 

 

Ɍɚɛɥɢɰɚ 3.4.1.6 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

Ɉɬɤɪɵɬɵɟ ɞɢɨɞɵ ܷଶ, В ܷଷ, В ௜ܶ, Оˏ ܶ̀ ˔˕, Оˏ ܦଵ 2,593 3,797 1000 1000 ܦଵ ˋ ܦଶ 3,152 4,076 1000,602 1000 ܦଵ,  ଷ 3,834 4,505 994,652 1000ܦ ˋ ଶܦ
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Ɋɚɫɫɱɢɬɚɟɦ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɨɲɢɛɤɭ ɪɚɫɱёɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ 𝜀 ɩɨ ɮɨɪɦɭɥɟ (2.4.1.1). Ɉɧɚ ɫɨɫɬɚɜɢɥɚ 0,595%. 

 

3.4.2 Ɋɚɡɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɪɟɡɢɫɬɨɪɨɜ ɢ 
ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ 

 

ɂɫɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.4.2.1: 

 

Ɍɚɛɥɢɰɚ 3.4.2.1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɫɯɟɦɵ 

ȼɟɥɢɱɢɧɚ Ɂɧɚɱɟɧɢɟ ܴ଴ 561 Ɉɦ ܴଵ 478 Ɉɦ ܴଶ 503 Ɉɦ ܴଷ 612 Ɉɦ 

ଵܶ 500 Ɉɦ 

ଶܶ 1000 Ɉɦ 

ଷܶ 1500 Ɉɦ ܧଵ 7 ȼ 

 

ɉɢɥɨɨɛɪɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ܧଶ ɢɡɦɟɧɹɥɨɫɶ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 0 ɞɨ 7ȼ ɫ ɲɚɝɨɦ 

0,1. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.4.2.2 – 3.4.2.5. 

 

Ɍɚɛɥɢɰɚ 3.4.2.2 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɞɢɨɞɵ ɧɚɯɨɞɹɬɫɹ ɜ ɡɚɤɪɵɬɨɦ ɫɨɫɬɨɹɧɢɢ 

№ ଵܷ ܷଶ ܷଷ ܧଶ 

1 1,823 3,377 5,011 0,7 

2 1,823 3,377 5,011 0,8 

3 1,823 3,377 5,011 0,9 

4 1,823 3,377 5,011 1 

5 1,823 3,377 5,011 1,1 

6 1,823 3,377 5,011 1,2 
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Ɍɚɛɥɢɰɚ 3.4.2.3 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɞɢɨɞ ܦଵ ɨɬɤɪɵɬ 

№ ଵܷ ܷଶ ܷଷ ܧଶ 

7 2,221 3,655 5,164 2,7 

8 2,266 3,687 5,181 2,8 

9 2,311 3,718 5,199 2,9 

10 2,357 3,75 5,216 3 

11 2,402 3,782 5,234 3,1 

12 2,448 3,814 5,251 3,2 

 

Ɍɚɛɥɢɰɚ 3.4.2.4 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɞɢɨɞɵ ܦଵ ɢ ܦଶ ɨɬɤɪɵɬɵ 

№ ଵܷ ܷଶ ܷଷ ܧଶ 

13 3,226 4,469 5,611 4,8 

14 3,278 4,522 5,64 4,9 

15 3,331 4,575 5,669 5 

16 3,384 4,627 5,698 5,1 

17 3,437 4,68 5,727 5,2 

18 3,49 4,733 5,756 5,3 

 

Ɍɚɛɥɢɰɚ 3.4.2.5 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɜɫɟ ɞɢɨɞɵ ɨɬɤɪɵɬɵ 

№ ଵܷ ܷଶ ܷଷ ܧଶ 

19 3,971 5,225 6,053 6,2 

20 4,026 5,284 6,096 6,3 

21 4,082 5,343 6,139 6,4 

22 4,137 5,402 6,182 6,5 

23 4,192 5,461 6,225 6,6 

24 4,247 5,521 6,268 6,7 

 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɛɵɥɢ ɜɵɛɪɚɧɵ ɬɪɢ 

ɫɢɬɭɚɰɢɢ ɫ ɪɚɡɧɵɦɢ ɫɨɫɬɨɹɧɢɹɦɢ ɞɢɨɞɨɜ ɞɥɹ ɪɚɫɱёɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ: 

ɚ) №10: ܧଵ = ͹В; ܧଶ = ͵В; ଵܷ = ʹ,͵ͷ͹В (ɨɬɤɪɵɬ ܦଵ); 

ɛ) №15: ܧଵ = ͹В; ܧଶ = ͷВ; ଵܷ = ͵,͵͵ͳВ (ɨɬɤɪɵɬɵ ܦଵ ˋ ܦଶ); 
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ɜ) №23: ܧଵ = ͹В; ܧଶ = ͸,͸В; ଵܷ = Ͷ,ͳͻʹȼ (ɨɬɤɪɵɬɵ ܦଵ,  .(ଷܦ ˋ ଶܦ

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.4.2.6. 

 

Ɍɚɛɥɢɰɚ 3.4.2.6 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

Ɉɬɤɪɵɬɵɟ ɞɢɨɞɵ ܷଶ, В ܷଷ, В ௜ܶ, Оˏ ܶ̀ ˔˕, Оˏ ܦଵ 3,75 5,216 499,534 500 ܦଵ ˋ ܦଶ 4,575 5,669 994,012 1000 ܦଵ,  ଷ 5,461 6,225 1484,873 1500ܦ ˋ ଶܦ

 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ ɪɚɫɱёɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ 𝜀 

ɫɨɫɬɚɜɢɥɚ 1,7%. 

 

3.4.3 Ȼɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɪɟɡɢɫɬɨɪɨɜ ɩɪɢ ɧɟɛɨɥɶɲɢх 
ɡɧɚɱɟɧɢɹх ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ 

 

ɂɫɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.4.3.1: 

 

Ɍɚɛɥɢɰɚ 3.4.3.1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɫɯɟɦɵ 

ȼɟɥɢɱɢɧɚ Ɂɧɚɱɟɧɢɟ ܴ଴ 12 ɤɈɦ ܴଵ 23 ɤɈɦ ܴଶ 34 ɤɈɦ ܴଷ 54 ɤɈɦ 

ଵܶ 4 ɤɈɦ 

ଶܶ 6 ɤɈɦ 

ଷܶ 8 ɤɈɦ ܧଵ 30 ȼ 

 

ɉɢɥɨɨɛɪɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ܧଶ ɢɡɦɟɧɹɥɨɫɶ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 0 ɞɨ 30ȼ ɫ ɲɚɝɨɦ 

0,1. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.4.3.2 – 3.4.3.5. 
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Ɍɚɛɥɢɰɚ 3.4.3.2 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɞɢɨɞɵ ɧɚɯɨɞɹɬɫɹ ɜ ɡɚɤɪɵɬɨɦ ɫɨɫɬɨɹɧɢɢ 

№ ଵܷ ܷଶ ܷଷ ܧଶ 

1 2,927 8,537 16,829 1,9 

2 2,927 8,537 16,829 2 

3 2,927 8,537 16,829 2,1 

4 2,927 8,537 16,829 2,2 

5 2,927 8,537 16,829 2,3 

6 2,927 8,537 16,829 2,4 

 

Ɍɚɛɥɢɰɚ 3.4.3.3 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɞɢɨɞ ܦଵ ɨɬɤɪɵɬ 

№ ଵܷ ܷଶ ܷଷ ܧଶ 

7 11,159 15,063 20,834 14,2 

8 11,232 15,121 20,87 14,3 

9 11,305 15,179 20,905 14,4 

10 11,378 15,237 20,941 14,5 

11 11,451 15,295 20,976 14,6 

12 11,524 15,353 21,012 14,7 

 

Ɍɚɛɥɢɰɚ 3.4.3.4 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɞɢɨɞɵ ܦଵ ɢ ܦଶ ɨɬɤɪɵɬɵ 

№ ଵܷ ܷଶ ܷଷ ܧଶ 

13 15,458 19,546 23,585 19,9 

14 15,535 19,637 23,641 20 

15 15,612 19,727 23,696 20,1 

16 15,689 19,817 23,751 20,2 

17 15,765 19,908 23,807 20,3 

18 15,842 19,998 23,862 20,4 
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Ɍɚɛɥɢɰɚ 3.4.3.5 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɜɫɟ ɞɢɨɞɵ ɨɬɤɪɵɬɵ 

№ ଵܷ ܷଶ ܷଷ ܧଶ 

19 22,448 27,799 28,903 29 

20 22,525 27,893 28,991 29,1 

21 22,602 27,988 29,079 29,2 

22 22,68 28,082 29,168 29,3 

23 22,757 28,177 29,256 29,4 

24 22,834 28,271 29,345 29,5 

 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɛɵɥɢ ɜɵɛɪɚɧɵ ɬɪɢ 

ɫɢɬɭɚɰɢɢ ɫ ɪɚɡɧɵɦɢ ɫɨɫɬɨɹɧɢɹɦɢ ɞɢɨɞɨɜ ɞɥɹ ɪɚɫɱёɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ: 

ɚ) №7: ܧଵ = ͵ͲВ; ܧଶ = ͳͶ,ʹВ; ଵܷ = ͳͳ,ͳͷͻВ (ɨɬɤɪɵɬ ܦଵ); 

ɛ) №14: ܧଵ = ͵ͲВ; ܧଶ = ʹͲВ; ଵܷ = ͳͷ,ͷ͵ͷВ (ɨɬɤɪɵɬɵ ܦଵ ˋ ܦଶ); 

ɜ) №20: ܧଵ = ͵ͲВ; ܧଶ = ʹͻ,ͳВ; ଵܷ = ʹʹ,ͷʹͷȼ (ɨɬɤɪɵɬɵ ܦଵ,  .(ଷܦ ˋ ଶܦ

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.4.3.6. 

 

Ɍɚɛɥɢɰɚ 3.4.3.6 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

Ɉɬɤɪɵɬɵɟ ɞɢɨɞɵ ܷଶ, В ܷଷ, В ௜ܶ, Оˏ ܶ̀ ˔˕, Оˏ ܦଵ 15,063 20,834 4000,381 4000 ܦଵ ˋ ܦଶ 19,637 23,641 5980,45 6000 ܦଵ,  ଷ 27,893 28,991 8049,13 8000ܦ ˋ ଶܦ

 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ ɪɚɫɱёɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ 𝜀 

ɫɨɫɬɚɜɢɥɚ 0,95%. 

 

3.4.4 ɋхɟɦɚ ɢɡ ɩɹɬɢ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ 

 

ɂɫɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.4.4.1: 
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Ɍɚɛɥɢɰɚ 3.4.4.1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɫɯɟɦɵ 

ȼɟɥɢɱɢɧɚ Ɂɧɚɱɟɧɢɟ ܴ଴ 478 Ɉɦ ܴଵ 461 Ɉɦ ܴଶ 468 Ɉɦ ܴଷ 475 Ɉɦ ܴସ 479 Ɉɦ ܴହ 461 Ɉɦ 

ଵܶ 458 Ɉɦ 

ଶܶ 477 Ɉɦ 

ଷܶ 469 Ɉɦ 

ସܶ 461 Ɉɦ 

ହܶ 470 Ɉɦ ܧଵ 7,2 ȼ 

 

ɉɢɥɨɨɛɪɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ܧଶ ɢɡɦɟɧɹɥɨɫɶ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 0 ɞɨ 7,2ȼ ɫ ɲɚɝɨɦ 

0,1. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.4.4.2 – 3.4.4.7. 

 

Ɍɚɛɥɢɰɚ 3.4.4.2 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɞɢɨɞɵ ɧɚɯɨɞɹɬɫɹ ɜ ɡɚɤɪɵɬɨɦ ɫɨɫɬɨɹɧɢɢ 

№ ଵܷ ܷଶ ܷଷ ܷସ ܷହ ܧଶ 

1 1,22 2,396 3,59 4,802 6,024 1,9 

2 1,22 2,396 3,59 4,802 6,024 2 

3 1,22 2,396 3,59 4,802 6,024 2,1 

4 1,22 2,396 3,59 4,802 6,024 2,2 

5 1,22 2,396 3,59 4,802 6,024 2,3 

6 1,22 2,396 3,59 4,802 6,024 2,4 

 

 

 

 

 

 



105 

 

Ɍɚɛɥɢɰɚ 3.4.4.3 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɞɢɨɞ ܦଵ ɨɬɤɪɵɬ 

№ ଵܷ ܷଶ ܷଷ ܷସ ܷହ ܧଶ 

7 1,536 2,65 3,781 4,928 6,086 1,9 

8 1,582 2,687 3,809 4,947 6,095 2 

9 1,628 2,724 3,837 4,966 6,104 2,1 

10 1,675 2,761 3,865 4,984 6,113 2,2 

11 1,721 2,799 3,893 5,003 6,122 2,3 

12 1,768 2,836 3,921 5,022 6,132 2,4 

 

Ɍɚɛɥɢɰɚ 3.4.4.4 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɞɢɨɞɵ ܦଵ ɢ ܦଶ ɨɬɤɪɵɬɵ 

№ ଵܷ ܷଶ ܷଷ ܷସ ܷହ ܧଶ 

13 2,609 3,725 4,589 5,465 6,349 4 

14 2,666 3,795 4,641 5,5 6,366 4,1 

15 2,724 3,865 4,694 5,535 6,383 4,2 

16 2,781 3,934 4,746 5,57 6,4 4,3 

17 2,838 4,004 4,798 5,604 6,417 4,4 

18 2,896 4,073 4,85 5,639 6,435 4,5 

 

Ɍɚɛɥɢɰɚ 3.4.4.5 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɞɢɨɞɵ ܦଵ,  ଷ ɨɬɤɪɵɬɵܦ ଶ ɢܦ

№ ଵܷ ܷଶ ܷଷ ܷସ ܷହ ܧଶ 

19 3,658 5,03 5,668 6,183 6,701 5,8 

20 3,719 5,109 5,745 6,233 6,726 5,9 

21 3,779 5,188 5,822 6,284 6,751 6 

22 3,839 5,267 5,898 6,335 6,776 6,1 

23 3,9 5,346 5,975 6,386 6,801 6,2 

24 3,96 5,424 6,052 6,437 6,826 6,3 
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Ɍɚɛɥɢɰɚ 3.4.4.6 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɞɢɨɞɵ ܦଵ, ,ଶܦ  ସ ɨɬɤɪɵɬɵܦ ଷ ɢܦ

№ ଵܷ ܷଶ ܷଷ ܷସ ܷହ ܧଶ 

25 4,142 5,662 6,284 6,595 6,903 6,6 

26 4,203 5,744 6,369 6,669 6,94 6,7 

27 4,265 5,826 6,455 6,744 6,976 6,8 

28 4,326 5,908 6,54 6,818 7,013 6,9 

29 4,388 5,99 6,626 6,892 7,049 7 

 

Ɍɚɛɥɢɰɚ 3.4.4.7 – ɑɚɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɤɨɝɞɚ ɜɫɟ ɞɢɨɞɵ ɨɬɤɪɵɬɵ 

№ ଵܷ ܷଶ ܷଷ ܷସ ܷହ ܧଶ 

30 4,449 6,073 6,712 6,969 7,091 7,1 

31 4,511 6,156 6,801 7,052 7,152 7,2 

 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɛɵɥɢ ɜɵɛɪɚɧɵ ɩɹɬɶ 

ɫɢɬɭɚɰɢɣ ɫ ɪɚɡɧɵɦɢ ɫɨɫɬɨɹɧɢɹɦɢ ɞɢɨɞɨɜ ɞɥɹ ɪɚɫɱёɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ: 

ɚ) №11: ܧଵ = ͹,ʹВ; ܧଶ = ʹ,͵В; ଵܷ = ͳ,͹ʹͳВ (ɨɬɤɪɵɬ ܦଵ); 

ɛ) №15: ܧଵ = ͹,ʹВ; ܧଶ = Ͷ,ʹВ; ଵܷ = ʹ,͹ʹͶВ (ɨɬɤɪɵɬɵ ܦଵ ˋ ܦଶ); 

ɜ) №23: ܧଵ = ͹,ʹВ; ܧଶ = ͸,ʹВ; ଵܷ = ͵,ͻВ (ɨɬɤɪɵɬɵ ܦଵ,  ;(ଷܦ ˋ ଶܦ

ɝ) №27: ܧଵ = ͹,ʹВ; ܧଶ = ͸,ͺВ; ଵܷ = Ͷ,ʹ͸ͷВ (ɨɬɤɪɵɬɵ ܦଵ, ,ଶܦ  ;(ସܦ ˋ ଷܦ

ɞ) №30: ܧଵ = ͹,ʹВ; ܧଶ = ͹,ͳВ; ଵܷ = Ͷ,ͶͶͻВ (ɨɬɤɪɵɬɵ ܦଵ, ,ଶܦ ,ଷܦ  .(ହܦ ˋ ସܦ

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.4.4.8. 

 

Ɍɚɛɥɢɰɚ 3.4.4.8 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

Ɉɬɤɪɵɬɵɟ ɞɢɨɞɵ ܷଶ, В ܷଷ, В ܷସ, В ܷହ, В ௜ܶ, Оˏ ܶ̀ ˔˕, Оˏ ܦଵ 2,799 3,893 5,003 6,122 458,787 458  ܦଵ ˋ ܦଶ 3,865 4,694 5,535 6,383 475,573 477  ܦଵ, ,ଵܦ  ଷ 5,346 5,975 6,386 6,801 466,732 469ܦ ˋ ଶܦ ,ଶܦ ,ଵܦ  ସ 5,826 6,455 6,744 6,976 446,236 461ܦ ˋ ଷܦ ,ଶܦ ,ଷܦ   ହ 6,073 6,712 6,969 7,091 493,022 470ܦ ˋ ସܦ
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Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ ɪɚɫɱёɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ 𝜀 

ɫɨɫɬɚɜɢɥɚ 9,05%. 

 

3.4.5 ɉɪɨɜɟɪɤɚ ɚɥɝɨɪɢɬɦɚ ɜ ɥɚɛɨɪɚɬɨɪɧɵх ɭɫɥɨɜɢɹх 

 

ɋɯɟɦɚ ɢɡ ɬɪёɯ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ ɛɵɥɚ ɫɨɛɪɚɧɚ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ 

ɤɨɦɚɧɞɨɣ ɤɨɥɥɟɝ-ɮɢɡɢɤɨɜ. Ɉɩɨɪɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨɞɞɚɜɚɥɨɫɶ ɧɚ ɞɟɥɢɬɟɥɶ 

ɧɚɩɪɹɠɟɧɢɹ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɱɟɬɵɪёɯ ɪɟɡɢɫɬɨɪɨɜ ɫ ɧɨɦɢɧɚɥɚɦɢ, ɭɤɚɡɚɧɧɵɦɢ ɜ 

ɬɚɛɥɢɰɟ 3.4.5.1. ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ ɬɨɱɟɱɧɵɟ ɝɟɪɦɚɧɢɟɜɵɟ ɞɢɨɞɵ Ⱦ2ȼ ɢ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɵ ɬɢɩɚ ɋɌ5-1. ɉɢɥɨɨɛɪɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢɡɦɟɧɹɥɨɫɶ ɜ ɢɧɬɟɪɜɚɥɟ 

ɨɬ 0 ɞɨ 7,2ȼ. 

 

Ɍɚɛɥɢɰɚ 3.4.5.1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɫɯɟɦɵ 

ȼɟɥɢɱɢɧɚ Ɂɧɚɱɟɧɢɟ ܴ଴ 1002 Ɉɦ ܴଵ 994 Ɉɦ ܴଶ 995 Ɉɦ ܴଷ 1002 Ɉɦ ܧଵ 7,2 ȼ 

 

ɋɪɚɜɧɟɧɢɟ ɜɟɥɢɱɢɧ, ɜɵɱɢɫɥɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɦ, ɢ ɢɡɦɟɪɟɧɧɵɯ ɧɚ ɫɯɟɦɟ 

ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɚɯ 3.4.5.2 ɢ 3.4.5.3. 

 

Ɍɚɛɥɢɰɚ 3.4.5.2 – Ɂɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ, ɩɨɥɭɱɟɧɧɵɟ ɨɩɵɬɧɵɦ ɩɭɬёɦ 

Ɉɬɤɪɵɬɵɟ ɞɢɨɞɵ ܧଵ, В ܧଶ, В ଵܷ, В ܷଶ, В ܷଷ, В ௜ܶ, Оˏ ܦଵ 7,1126 3,3454 1,9759 3,6698 - 1000 ܦଵ ˋ ܦଶ 7,1179 5,1261 2,2122 3,8905 5,4975 1000 ܦଵ,  ଷ 7,1238 6,9059 2,4756 4,1283 5,6144 1000ܦ ˋ ଶܦ

 

 

 



108 

 

Ɍɚɛɥɢɰɚ 3.4.5.3 – Ɂɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ, ɩɨɥɭɱɟɧɧɵɟ ɚɥɝɨɪɢɬɦɨɦ 

Ɉɬɤɪɵɬɵɟ ɞɢɨɞɵ ܧଵ, В ܧଶ, В ଵܷ, В ܷଶ, В ܷଷ, В ௜ܶ, Оˏ ܦଵ 7,2 3,4 1,9759 3,6725 5,45 933,77 ܦଵ ˋ ܦଶ 7,2 5,2 2,2122 3,8937 5,52 945,62 ܦଵ,  ଷ 7,2 6,9 2,4756 4,103 5,61 1074,97ܦ ˋ ଶܦ

 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ ɪɚɫɱёɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ 𝜀 

ɫɨɫɬɚɜɢɥɚ 19,558%. 

Ɍɚɤɚɹ ɛɨɥɶɲɚɹ ɨɲɢɛɤɚ ɫɜɹɡɚɧɚ ɩɪɟɠɞɟ ɜɫɟɝɨ ɫ ɬɟɦ, ɱɬɨ ɜ ɚɥɝɨɪɢɬɦɟ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɨɩɭɳɟɧɢɟ ɨɛ ɢɞɟɚɥɶɧɨɫɬɢ ɞɢɨɞɨɜ, ɧɚ ɩɪɚɤɬɢɤɟ ɠɟ ɨɧɢ ɬɚɤɢɦɢ ɧɟ 

ɹɜɥɹɸɬɫɹ – ɜ ɞɢɨɞɚɯ ɜɨɡɧɢɤɚɸɬ ɨɛɪɚɬɧɵɟ ɬɨɤɢ. 

 

ȼɵɜɨɞ ɤ  ɝɥɚɜɟ 3 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɩɢɫɚɧɢɟ ɬɪɟɬɶɟɣ ɝɥɚɜɵ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɢ ɢɫɫɥɟɞɨɜɚɧ 

ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɬɟɪɦɨɪɟɡɢɫɬɨɪɧɨɣ ɫɟɬɢ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫ 

ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɪɨɜɨɞɨɜ, ɪɚɛɨɬɚɸɳɢɣ ɫ ɨɩɪɟɞɟɥёɧɧɨɣ ɬɨɱɧɨɫɬɶɸ.  

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɪɟɚɥɶɧɵɯ ɫɯɟɦɚɯ ɜɨɥɶɬɚɦɩɟɪɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɢɨɞɨɜ ɧɟ ɧɚɫɬɨɥɶɤɨ ɢɞɟɚɥɶɧɵɟ, ɧɚɫɤɨɥɶɤɨ ɧɚɦ ɛɵ ɯɨɬɟɥɨɫɶ.   

ɂɡ-ɡɚ ɷɬɨɝɨ ɨɲɢɛɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ ɩɪɹɦɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɥɢɱɟɫɬɜɭ ɞɢɨɞɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɫɯɟɦɟ, ɬɚɤ ɤɚɤ ɨɛɪɚɬɧɵɟ 

ɬɨɤɢ ɫɭɦɦɚɪɧɨ ɦɨɝɭɬ ɞɚɬɶ ɫɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɢɫɚɧɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ. ɉɨɷɬɨɦɭ ɞɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɫɬɨɢɬ ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɧɚɱɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɧɟɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ 

ɭɪɚɜɧɟɧɢɣ, ɜ ɤɨɬɨɪɵɯ ɭɱɢɬɵɜɚɟɬɫɹ, ɱɬɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɢɨɞɨɜ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ 

ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɬɨɤɚ, ɧɨ ɢ ɨɬ ɚɦɩɥɢɬɭɞɵ ɧɚɩɪɹɠɟɧɢɹ ɢ ɞɚɠɟ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɷɬɨɦ 

ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɜɨɥɶɬɚɦɩɟɪɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɢɨɞɨɜ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɬɳɚɬɟɥɶɧɨ ɢɡɭɱɟɧɚ 

ɩɪɟɞɦɟɬɧɚɹ ɨɛɥɚɫɬɶ. Ɋɚɫɫɦɨɬɪɟɧɨ ɜɨɡɞɟɣɫɬɜɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɧɚ 

ɤɨɫɦɢɱɟɫɤɢɟ ɚɩɩɚɪɚɬɵ, ɜɢɞɵ ɢ ɩɨɫɥɟɞɫɬɜɢɹ ɢɡɥɭɱɟɧɢɹ ɢ ɪɚɞɢɚɰɢɢ ɧɚ ɊɗȺ. Ɍɚɤɠɟ 

ɩɨɞɪɨɛɧɨ ɨɛɴɹɫɧɟɧɨ ɧɚɡɧɚɱɟɧɢɟ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɟё ɪɚɛɨɬɵ, 

ɦɟɬɨɞɵ ɫɧɢɠɟɧɢɹ ɢ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɄȺ. 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɫɭɳɟɫɬɜɭɸɳɢɟ ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɪɚɫɫɦɨɬɪɟɧɵ 

ɢɡɜɟɫɬɧɵɟ ɪɟɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɧɬɪɨɥɹ ɛɨɪɬɨɜɨɣ ɊɗȺ ɄȺ. 

ɉɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ ɜɵɩɨɥɧɟɧɵ ɜ ɩɨɥɧɨɦ ɨɛɴёɦɟ. Ɋɚɡɪɚɛɨɬɚɧ ɢ 

ɢɫɫɥɟɞɨɜɚɧ ɱɢɫɥɟɧɧɵɣ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɫ ɩɥёɧɨɱɧɵɯ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ ɷɥɟɤɬɪɨɧɧɵɯ ɩɥɚɬ. Ɇɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɹɬɶ ɬɟɦɩɟɪɚɬɭɪɭ 

ɭɱɚɫɬɤɨɜ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɚɬɵ ɩɨɫɪɟɞɫɬɜɨɦ ɟё ɪɚɡɛɢɟɧɢɹ ɧɚ ɭɫɥɨɜɧɵɟ ɹɱɟɣɤɢ ɢ 

ɜɵɱɢɫɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɬɢɯ ɹɱɟɟɤ, ɚ ɬɚɤɠɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ 

ɥɸɛɨɣ ɹɱɟɣɤɢ ɫɨɫɟɞɧɢɯ ɹɱɟɟɤ. Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɚɟɬ ɫ ɨɩɪɟɞɟɥёɧɧɨɣ ɬɨɱɧɨɫɬɶɸ ɢ 

ɩɨɤɚɡɵɜɚɟɬ ɯɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɪɟɲɟɧɢɢ ɦɨɞɟɥɶɧɵɯ ɡɚɞɚɱ. 

Ɍɚɤɠɟ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɢ ɢɫɫɥɟɞɨɜɚɧ ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɧɨɣ ɫɟɬɢ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 

ɩɪɨɜɨɞɨɜ. ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɫɯɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɞɟɥɢɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ, 

ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ, ɩɚɪ ɞɢɨɞ-ɬɟɪɦɨɪɟɡɢɫɬɨɪ, ɞɜɭɯ ɢɫɬɨɱɧɢɤɨɜ 

ɧɚɩɪɹɠɟɧɢɹ, ɩɨɫɬɨɹɧɧɨɝɨ ɢ ɩɢɥɨɨɛɪɚɡɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ ɬɪёɯ ɩɪɨɜɨɞɨɜ. ȼ 

ɚɥɝɨɪɢɬɦɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɨɩɭɳɟɧɢɟ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɯɟɦɟ 

«ɢɞɟɚɥɶɧɵɯ» ɞɢɨɞɨɜ, ɤɨɬɨɪɵɯ ɧɚ ɩɪɚɤɬɢɤɟ ɫɭɳɟɫɬɜɭɟɬ, ɩɨɷɬɨɦɭ ɩɪɢ ɩɨɩɵɬɤɟ 

ɜɧɟɞɪɢɬɶ ɚɥɝɨɪɢɬɦ ɞɥɹ ɪɟɲɟɧɢɹ ɪɟɚɥɶɧɨɣ ɡɚɞɚɱɢ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɛɨɥɶɲɚɹ 

ɫɭɦɦɚɪɧɚɹ ɨɲɢɛɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɜ. 

Ɉɛɚ ɚɥɝɨɪɢɬɦɚ ɦɨɝɭɬ ɛɵɬɶ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɵ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ 

ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɤɨɧɤɪɟɬɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɜ ɨɩɪɟɞɟɥёɧɧɵɯ ɭɫɥɨɜɢɹɯ. 
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