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ȼȼȿȾȿɇɂȿ 

 

Аɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ  

Ɍɟɯɧɨɥɨɝɢɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɩɪɨɝɪɟɫɫɢɜɧɵɯ 

ɫɩɨɫɨɛɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɚɝɨɬɨɜɨɤ ɢɡ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ, ɨɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɨɞɧɨɪɨɞɧɨɫɬɢ ɡɚɝɨɬɨɜɨɤ, ɭɜɟɥɢɱɢɜɚɟɬ ɜɵɯɨɞ ɝɨɞɧɨɝɨ ɩɪɨɤɚɬɚ ɜ 

ɫɪɟɞɧɟɦ ɧɚ 7-10%, ɚ ɩɪɢ ɪɚɡɥɢɜɤɟ ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ ɧɚ 15-20%. Ɍɚɤɨɣ ɫɩɨɫɨɛ 

ɪɚɡɥɢɜɤɢ ɫɨɤɪɚɳɚɟɬ ɰɢɤɥ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɨɡɜɨɥɹɟɬ ɫɨɜɦɟɳɚɬɶ 

ɫɬɚɥɟɪɚɡɥɢɜɨɱɧɵɣ ɢ ɩɪɨɤɚɬɧɵɣ ɩɪɨɰɟɫɫ, ɚ ɬɚɤɠɟ ɩɨɥɧɨɫɬɶɸ ɦɟɯɚɧɢɡɢɪɨɜɚɬɶ ɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɭɥɭɱɲɚɟɬ ɭɫɥɨɜɢɹ ɬɪɭɞɚ, ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬ 

ɜɵɛɪɨɫɵ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

ȼ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɰɟɩɨɱɤɟ ɦɚɲɢɧɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ (ɆɇɅɁ) 

ɧɚɯɨɞɢɬɫɹ ɦɟɠɞɭ ɫɬɚɥɟɩɥɚɜɢɥɶɧɵɦ ɚɝɪɟɝɚɬɨɦ ɢ ɩɪɨɤɚɬɧɵɦ ɫɬɚɧɨɦ, ɩɨɷɬɨɦɭ ɨɬ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɟё ɪɚɛɨɬɵ ɡɚɜɢɫɢɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɫɟɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 

ɥɢɧɢɢ, ɚ ɬɚɤɠɟ ɤɚɱɟɫɬɜɨ ɢ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɤɨɧɟɱɧɨɣ ɩɪɨɞɭɤɰɢɢ. 

ɋɨɛɥɸɞɟɧɢɟ ɩɪɚɜɢɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɜɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɆɇɅɁ 

ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɡɚɝɨɬɨɜɤɢ ɢ ɞɥɹ ɛɟɡɚɜɚɪɢɣɧɨɣ ɪɚɛɨɬɵ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɥɢɹɟɬ ɧɚ 

ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɟ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ.  

 ɂɡɭɱɟɧɢɟɦ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɟ, ɜ 

ɋɨɜɟɬɫɤɨɦ ɋɨɸɡɟ, ɚ ɩɨɡɞɧɟɟ ɜ ɩɨɫɬɫɨɜɟɬɫɤɢɯ ɫɬɪɚɧɚɯ, ɡɚɧɢɦɚɥɢɫɶ ɬɚɤɢɟ 

ɢɡɜɟɫɬɧɵɟ ɭɱёɧɵɟ ɤɚɤ Ƚ.ɉ. ɂɜɚɧɰɨɜ, Ⱥ.ɂ. ȼɟɣɧɢɤ, ȼ.ɋ. Ɋɭɬɟɫ, Ɇ.ə. Ȼɪɨɜɦɚɧ, ȼ.ɘ. 

Ⱥɜɞɨɧɢɧ, Ȼ.Ɍ. Ȼɨɪɢɫɨɜ, ȼ.Ⱥ. ȿɮɢɦɨɜ, ȼ.Ⱥ. ȿɦɟɥɶɹɧɨɜ, ɘ.Ⱥ. ɋɚɦɨɣɥɨɜɢɱ, Ⱦ.ɉ. 

ȿɜɬɟɟɜ, ȿ.Ɇ. Ʉɢɬɚɟɜ, Ɋ.Ɍ. ɋɥɚɞɤɨɲɬɟɟɜ, ȼ.Ɇ. ɇɢɫɤɨɜɫɤɢɯ, Ʌ.ɋ. Ɋɭɞɨɣ, ȼ.ɂ. 

Ⱦɨɠɞɢɤɨɜ, Ⱥ.ɂ. ɐɚɩɥɢɧ, ȼ.ɂ. Ɍɢɦɨɲɩɨɥɶɫɤɢɣ, Ⱥ.ɇ. Шɢɱɤɨɜ, ɇ.ȼ. Ɍɟɥɢɧ, Ⱦ.Ⱥ. 

Ⱦɸɞɤɢɧ, Ⱥ.ɇ. ɋɦɢɪɧɨɜ, ȼ.Ɇ. ɉɚɪɲɢɧ, Ȼ.ə. Ʌɸɛɨɜ, ɇ.ɂ. Шɟɫɬɚɤɨɜ, ɘ.Ⱥ. 

Ʉɚɥɹɝɢɧ,  Ⱥ.Ⱦ. Ⱥɤɢɦɟɧɤɨ, Ɇ.ɋ. Ȼɨɣɱɟɧɤɨ, Ⱥ.ȼ. Ɍɪɟɬɶɹɤɨɜ, Ȼ.ɂ. Ʉɪɚɫɧɨɜ, ȼ.Ⱥ. 

Ʉɚɪɥɢɤ, Ⱥ.Ⱥ. ɐɟɥɢɤɨɜ, Ɂ.Ʉ. Ʉɚɛɚɤɨɜ, Ⱥ.ɂ. Ɇɚɧɨɯɢɧ, Ʌ.ɇ. ɋɨɪɨɤɢɧ, ȼ.ɂ. Ʌɟɛɟɞɟɜ, 

Ⱥ.Ʌ. Ʉɭɡɶɦɢɧɨɜ ɢ ɞɪ. ɋɪɟɞɢ ɡɚɪɭɛɟɠɧɵɯ ɭɱёɧɵɯ ɢɡɭɱɚɸɳɢɯ ɬɟɩɥɨɮɢɡɢɤɭ 
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ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɦɢ ɹɜɥɹɸɬɫɹ Ɂ. ɘɧɯɚɧɫ, Ɇ. Ɏɥɟɦɢɧɝɫ, 

Ȼ. Ⱦɠ. Ɍɨɦɚɫ – ɞɢɪɟɤɬɨɪ ɤɨɧɫɨɪɰɢɭɦɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ, Ⱦɠ. ɋɟɧɝɭɩɬɚ, Ⱦɠ. 

Ȼɟɧɬɫɦɚɧ, Ɇ. Ɋɚɭɞɟɧɫɤɢ, Ʉ. Ȼɟɪɧɯɚɪɞ, ɘ. Ȼɚɫɬ, Ȼ. ɋɚɪɥɟɪ, Ɇ. Ȼɟɥɥɟɬ, Ɇ. Ɋɚɩɩɚɡ, 

ɂ.ȼ. ɋɚɦɚɪɚɫɟɤɟɪɚ, Ⱦ.Ɇ. ɋɬɟɮɚɧɟɫɤɭ, ȼ. ȼɨɥɱɢɧɫɤɢɣ ɢ ɞɪɭɝɢɟ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɦɚɫɲɬɚɛɧɵɯ ɭɪɨɜɧɹɯ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɪɚɛɨɬɚɯ ȿ.Ⱥ. Ȼɪɟɧɟɪɚ, ɉ.ɇ. ȼɚɛɢɳɟɜɢɱɚ, Ɏ.ȼ. ɇɟɞɨɩɟɤɢɧɚ, ȼ.ȼ. 

Ȼɟɥɨɭɫɨɜɚ, ȼ.ɉ. ɋɤɪɢɩɨɜɚ, Ⱦ.ȿ. Ɍɟɦɤɢɧɚ, Ⱥ.Ɋ. ɍɦɚɧɰɟɜɚ, Ʉ. Ȼɟɤɤɟɪɦɚɧɚ, Ɋ. 

Ʉɨɛɚɹɲɢ, Ⱦ.ɋ. Ʌɚɧɝɟɪɚ, Ƚ.Ȼ. Ɇɚɤɮɚɞɟɧɚ, Ɋ.Ɏ. ɋɟɤɟɪɤɢ, Ɋ. Ɍɪɢɜɟɪɞɢ, Ⱥ.Ⱥ. ȼɟɥɥɟɪɚ 

ɢ ɞɪ. ɂɫɫɥɟɞɨɜɚɧɢɹɦ ɞɢɧɚɦɢɤɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫ ɩɥɨɫɤɢɦ 

ɮɪɨɧɬɨɦ ɢ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɨɣ ɧɚ ɪɚɡɥɢɱɧɵɯ ɷɬɚɩɚɯ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɩɨɫɜɹɳɟɧɵ 

ɪɚɛɨɬɵ ȼ.Ⱥ. ɀɭɪɚɜɥɟɜɚ, Ⱦ. ȼ. Ⱥɥɟɤɫɚɧɞɪɨɜɚ, ȼ. Ʉɭɪɰɚ, ȼ.ȼ. Ɇɚɧɫɭɪɨɜɚ ɢ ɞɪɭɝɢɯ. 

ɉɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɢ ɪɚɡɜɢɬɢɟ ɬɟɯɧɨɥɨɝɢɢ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ 

ɢɡɭɱɚɟɬɫɹ ɜ ɪɚɛɨɬɚɯ ȿɦɟɥɶɹɧɨɜɚ, ȼ.Ƚ. Ʌɢɫɢɟɧɤɨ, Ʌ.ȼ. Ȼɭɥɚɧɨɜɚ, Ⱥ.ȼ. Ʉɭɤɥɟɜɚ, 

ɘ.Ⱥ. Ʉɚɥɹɝɢɧɚ ɢ ɞɪ. 

ɇɚɱɚɥɨ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɛɵɥɨ ɩɨɥɨɠɟɧɨ 

ɜ 1856 ɝɨɞɭ ɚɧɝɥɢɣɫɤɢɦ ɢɧɠɟɧɟɪɨɦ-ɢɡɨɛɪɟɬɚɬɟɥɟɦ Ƚɟɧɪɢ Ȼɟɫɫɟɦɟɪɨɦ, ɤɨɬɨɪɵɣ 

ɡɚɩɚɬɟɧɬɨɜɚɥ ɫɯɟɦɭ ɪɚɡɥɢɜɤɢ ɦɟɬɚɥɥɚ ɦɟɠɞɭ ɞɜɭɦɹ ɜɪɚɳɚɸɳɢɦɢɫɹ ɜɚɥɤɚɦɢ. Ⱦɨ 

ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɦɧɨɠɟɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɟɞɥɨɠɟɧɵ 

ɪɚɡɥɢɱɧɵɟ ɪɟɲɟɧɢɹ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɲɢɧ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɢ ɫɩɨɫɨɛɚɯ 

ɪɚɡɥɢɜɤɢ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɜɫё ɟɳё ɨɫɬɚɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɡɚɞɚɱ, ɚ ɜɦɟɫɬɟ ɫ ɪɚɡɜɢɬɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ 

ɜɨɡɧɢɤɚɸɬ ɧɨɜɵɟ.  ɋɪɟɞɢ ɧɢɯ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɜɵɯ ɜɡɚɢɦɨɫɜɹɡɟɣ ɦɟɠɞɭ 

ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɦɚɲɢɧɵ ɢ ɧɟɩɪɟɪɵɜɧɵɦ ɫɥɢɬɤɨɦ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɢ ɡɨɧɟ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ), ɦɟɬɨɞɵ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫɥɢɬɤɚ ɜ 

ɆɇɅɁ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ ɪɚɡɥɢɜɤɢ, ɤɨɝɞɚ ɢɡɦɟɧɹɸɬɫɹ ɫɤɨɪɨɫɬɶ ɪɚɡɥɢɜɤɢ 

ɢ ɩɚɪɚɦɟɬɪɵ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɢɡ ɩɪɨɦɤɨɜɲɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ. 

 Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɯ ɢ ɜɚɠɧɵɯ ɡɚɞɚɱ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɟё ɫɬɪɭɤɬɭɪɧɨɣ ɨɞɧɨɪɨɞɧɨɫɬɢ. 

ɉɨɥɭɱɟɧɢɟ ɨɞɧɨɪɨɞɧɨɝɨ ɫɥɢɬɤɚ ɡɚɬɪɭɞɧɟɧɨ ɜɫɥɟɞɫɬɜɢɟ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɣ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɪɚɡɧɵɯ ɡɨɧɚɯ, ɭɫɚɞɤɢ, ɥɢɤɜɚɰɢɢ ɩɪɢɦɟɫɟɣ, ɮɨɪɦɵ ɫɟɱɟɧɢɹ ɢ 
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ɪɚɡɦɟɪɨɜ ɫɥɢɬɤɚ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ 

ɜɵɫɬɭɩɚɟɬ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ. ȼ ɰɟɥɹɯ 

ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɜɨɞɹɬɫɹ ɪɚɛɨɬɵ ɩɨ ɫɨɜɦɟɳɟɧɢɸ 

ɩɪɨɰɟɫɫɨɜ ɪɚɡɥɢɜɤɢ ɢ ɝɨɪɹɱɟɣ ɩɪɨɤɚɬɤɢ. Ɉɞɧɚ ɢɡ ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɷɬɨɦ ɩɪɨɛɥɟɦ 

ɫɜɹɡɚɧɚ ɫ ɧɟɜɨɡɦɨɠɧɨɫɬɶɸ ɢɧɫɩɟɤɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɨɤ ɢ ɡɚɱɢɫɬɤɢ ɬɪɟɳɢɧ, 

ɤɚɤ ɷɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɪɚɡɨɦɤɧɭɬɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɰɢɤɥɟ, ɱɬɨ ɩɪɟɞɴɹɜɥɹɟɬ 

ɞɨɫɬɚɬɨɱɧɨ ɠёɫɬɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɨɛɥɸɞɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɵɯ 

ɪɟɠɢɦɨɜ ɪɚɡɥɢɜɤɢ [114].  

Ɇɟɬɨɞ ɧɚɬɭɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɢɡɭɱɟɧɢɹ ɬɟɩɥɨɜɵɯ 

ɩɪɨɰɟɫɫɨɜ ɜ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɟ ɬɪɟɛɭɟɬ ɡɚɬɪɚɬ ɛɨɥɶɲɢɯ ɪɟɫɭɪɫɨɜ, ɤ ɬɨɦɭ ɠɟ 

ɨɧ ɧɟɞɨɫɬɚɬɨɱɟɧ ɞɥɹ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɪɟɚɥɶɧɵɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɩɪɨɰɟɫɫɨɦ. ɉɪɢ 

ɷɬɨɦ ɫɨɜɪɟɦɟɧɧɵɣ ɭɪɨɜɟɧɶ ɪɚɡɜɢɬɢɹ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɢ ɗȼɆ ɞɟɥɚɟɬ 

ɱɢɫɥɟɧɧɵɣ ɩɨɞɯɨɞ ɜ ɪɟɲɟɧɢɢ ɬɟɩɥɨɜɵɯ ɡɚɞɚɱ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ 

ɧɚɢɛɨɥɟɟ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ. Ɉɧ ɧɟ ɢɦɟɟɬ ɨɝɪɚɧɢɱɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ 

ɧɟɥɢɧɟɣɧɨɫɬɶɸ [6, 43, 115, 141, 171], ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɚɧɚɥɢɬɢɱɟɫɤɨɦ 

ɪɟɲɟɧɢɢ. ɋ ɤɚɠɞɵɦ ɝɨɞɨɦ ɫɬɨɢɦɨɫɬɶ ɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɧɢɠɚɟɬɫɹ, ɚ 

ɜɨɡɦɨɠɧɨɫɬɢ ɧɟɭɤɥɨɧɧɨ ɪɚɫɬɭɬ. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɦɨɠɟɬ ɜɨ ɦɧɨɝɢɯ 

ɫɥɭɱɚɹɯ ɡɚɦɟɧɹɬɶ ɫɨɛɨɣ ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɧɚɬɭɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ, ɩɪɨɜɨɞɢɦɵɟ ɩɪɢ 

ɪɚɡɪɚɛɨɬɤɟ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɧɨɜɵɯ ɆɇɅɁ, ɚ ɬɚɤɠɟ ɜɨ ɜɪɟɦɹ ɩɭɫɤɨ-ɧɚɥɚɞɨɱɧɵɯ 

ɪɚɛɨɬ. 

ɉɨɫɤɨɥɶɤɭ ɢɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɚɯ 

ɡɚɱɚɫɬɭɸ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ, ɜ ɤɚɱɟɫɬɜɟ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɫɢɫɬɟɦ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ 

ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɩɪɨɝɧɨɡɧɨɟ 

ɭɩɪɚɜɥɟɧɢɟ – ɞɟɥɚɹ ɩɪɨɝɧɨɡ ɧɚ ɛɭɞɭɳɟɟ ɪɚɡɜɢɬɢɟ ɬɟɩɥɨɜɨɝɨ ɩɪɨɰɟɫɫɚ, ɩɨɞɛɢɪɚɬɶ 

ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɟ ɜ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɭɩɪɚɜɥɹɸɳɢɟ ɩɚɪɚɦɟɬɪɵ. 

ɉɪɢ ɬɚɤɨɦ ɩɨɞɯɨɞɟ ɬɪɟɛɭɟɬɫɹ, ɱɬɨɛɵ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɵɩɨɥɧɹɥɨɫɶ, 

ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɛɵɫɬɪɟɟ ɪɟɠɢɦɚ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɚ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɥɨɠɧɨɫɬɶ ɪɚɫɱёɬɚ ɩɨ ɦɨɞɟɥɢ ɞɨɥɠɧɚ ɭɱɢɬɵɜɚɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ 

ɦɨɳɧɨɫɬɶ ɤɨɦɩɶɸɬɟɪɧɨɣ ɬɟɯɧɢɤɢ. 
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Сɜɹɡɶ ɪɚɛɨɬɵ ɫ ɧɚɭɱɧɵɦɢ ɩɪɨɝɪɚɦɦɚɦɢ, ɩɥɚɧɚɦɢ, ɬɟɦɚɦɢ 

Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɝɨɫɛɸɞɠɟɬɧɵɯ ɬɟɦɵ ɂɧɫɬɢɬɭɬɚ 

ɩɪɢɤɥɚɞɧɨɣ ɦɚɬɟɦɚɬɢɤɢ ɢ ɦɟɯɚɧɢɤɢ «ɋɨɜɪɟɦɟɧɧɵɟ ɚɥɝɟɛɪɚɢɱɟɫɤɢɟ, ɥɨɝɢɱɟɫɤɢɟ ɢ 

ɷɜɨɥɸɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɜɟɪɢɮɢɤɚɰɢɢ, ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɭɩɪɚɜɥɟɧɢɹ ɞɢɫɤɪɟɬɧɵɦɢ 

ɢ ɧɟɩɪɟɪɵɜɧɵɦɢ ɫɢɫɬɟɦɚɦɢ» (№ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ 0109U002770), 

«Ɋɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨɜ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɢ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɫ ɪɚɫɩɪɟɞɟɥёɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ 

ɨɛɴɟɤɬɨɜ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ ɢ ɷɧɟɪɝɟɬɢɤɢ» (№ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ 

0112U000025), «Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɢ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɚɧɚɥɢɡɚ, ɨɛɭɱɟɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɜ ɮɢɡɢɱɟɫɤɢɯ ɢ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɚɯ» (№ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ 0117D000130). 

Цɟɥɶ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ  
Ɋɚɡɜɢɬɢɟ ɬɟɨɪɢɢ ɢ ɦɟɬɨɞɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ 

ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɢ ɨɰɟɧɤɢ ɬɟɩɥɨɜɵɯ 

ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɥɢɬɤɨɜ ɢ ɪɚɡɪɚɛɨɬɤɢ ɧɚɭɱɧɵɯ ɨɫɧɨɜ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɬɟɩɥɨɜɵɟ ɩɪɨɰɟɫɫɵ ɜ ɬɟɯɧɨɥɨɝɢɹɯ ɧɟɩɪɟɪɵɜɧɨɣ 

ɪɚɡɥɢɜɤɢ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɢ ɤɨɦɩɶɸɬɟɪɧɵɟ ɦɨɞɟɥɢ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɢ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɆɇɅɁ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɜ ɪɚɛɨɬɟ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɢ ɪɟɲɟɧɵ 

ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

 ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ;  

 ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ 

ɩɨɥɨɠɟɧɢɹ ɜ ɧёɦ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ; 

 ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɧɨɡɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɰɢɨɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɨɯɥɚɠɞɟɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ; 

 ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɞɟɧɢɹ ɝɪɚɧɢɰ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɤɪɢɫɬɚɥɥɢɡɭɸɳɟɦɫɹ 

ɦɟɬɚɥɥɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɧɚɦɢɤɢ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ; 
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 ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɮɨɪɫɭɧɨɤ ɜ ɁȼɈ; 

 ɨɩɪɟɞɟɥɟɧɢɟ ɱɢɫɥɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɥɭɠɢɬɶ 

ɤɪɢɬɟɪɢɹɦɢ ɤɚɱɟɫɬɜɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ; 

 ɨɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɩɪɨɞɭɤɰɢɢ ɪɟɠɢɦɨɜ ɪɚɫɯɨɞɚ 

ɜɨɞɵ ɜ ɁȼɈ ɩɪɢ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɚɯ; 

 ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɬɟɩɥɨɜɵɯ ɪɟɠɢɦɨɜ ɧɚ ɮɨɪɦɢɪɭɸɳɭɸɫɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ 

ɫɬɪɭɤɬɭɪɭ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ. 

 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ, 

ɧɚɬɭɪɧɵɯ ɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ɇɟɬɨɞɚɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɢ 

ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɬɟɩɥɨɜɵɟ ɩɪɨɰɟɫɫɵ 

ɨɯɥɚɠɞɟɧɢɹ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɟ, ɜɨ ɜɪɟɦɹ ɟɝɨ ɞɜɢɠɟɧɢɹ ɜ 

ɨɛɥɚɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɜ ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ), ɚ ɬɚɤɠɟ 

ɬɟɩɥɨɜɵɟ ɩɪɨɰɟɫɫɵ ɜ ɪɚɛɨɱɟɣ ɫɬɟɧɤɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɞɚɧɧɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɆɇɅɁ ɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ ɦɨɞɟɥɟɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɭɫɥɨɜɢɹɦɢ 

ɪɟɚɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɪɨɜɟɪɤɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɬɟɨɪɢɢ ɢ ɦɟɬɨɞɨɜ 

ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɰɢɨɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ȼ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɨɪɫɭɧɨɤ ɁȼɈ ɞɥɹ 

ɜɵɪɚɛɨɬɤɢ ɦɟɬɨɞɨɜ ɢɯ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɜ ɞɢɧɚɦɢɤɟ ɩɪɨɰɟɫɫɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ. ɋɨɨɬɜɟɬɫɬɜɢɟ 

ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɝɧɨɡɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɚɥɶɧɵɯ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɫɬɪɭɤɬɭɪ ɫɥɢɬɤɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ 

ɩɪɨɬɟɤɚɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɜɟɪɹɥɨɫɶ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɝɞɟ ɛɵɥɢ 

ɫɩɟɰɢɚɥɶɧɨ ɩɨɞɝɨɬɨɜɥɟɧɵ ɬɟɦɩɥɟɬɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɚɟɦɵɯ ɫɬɪɭɤɬɭɪ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɪɚɛɨɬɵ 

1. ȼɩɟɪɜɵɟ ɪɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ 

ɩɨ ɭɫɥɨɜɢɹɦ ɋɬɟɮɚɧɚ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɦ ɨɬɞɟɥɶɧɨ ɞɥɹ ɥɢɤɜɢɞɭɫɚ ɢ ɫɨɥɢɞɭɫɚ, 
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ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɝɟɨɦɟɬɪɢɸ ɞɜɭɯɮɚɡɧɨɣ ɨɛɥɚɫɬɢ, ɚ ɬɚɤɠɟ 

ɫɤɨɪɨɫɬɢ ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦ ɢ ɝɪɚɧɢɰ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɢ ɝɪɚɞɢɟɧɬɵ 

ɬɟɦɩɟɪɚɬɭɪ ɜɛɥɢɡɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. 

2. ȼɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɪɚɫɱёɬɚ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ, 

ɡɚɞɚɧɧɨɝɨ ɭɫɥɨɜɢɟɦ ɋɬɟɮɚɧɚ, ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɭɡɥɚɯ ɜɛɥɢɡɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɨ 

ɫɩɟɰɢɚɥɶɧɨɦɭ ɪɚɜɧɨɦɟɪɧɨɦɭ ɲɚɛɥɨɧɭ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɞɥɹ 

ɪɚɫɱёɬɚ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɬɨɬ ɠɟ ɲɚɝ ɩɨ ɜɪɟɦɟɧɢ, ɱɬɨ ɢ ɞɥɹ ɨɫɧɨɜɧɨɣ ɹɜɧɨɣ 

ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ ɪɚɫɱёɬɚ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ. 

3. ȼɵɩɨɥɧɟɧɨ ɫɢɫɬɟɦɧɨɟ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɦɨɞɟɥɟɣ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫ 

ɪɚɫɱёɬɨɦ ɝɪɚɧɢɰ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɨ ɭɫɥɨɜɢɹɦ ɋɬɟɮɚɧɚ, ɩɨ ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɨɣ 

ɦɨɞɟɥɢ, ɩɨ ɦɟɬɨɞɭ ɜɜɟɞɟɧɢɹ ɮɭɧɤɰɢɢ ɫɨɫɬɚɜɚ ɝɟɬɟɪɨɝɟɧɧɨɣ ɦɟɫɢ, ɚ ɬɚɤɠɟ ɩɨ 

ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ ɧɨɜɨɦɭ ɦɟɬɨɞɭ ɧɚɯɨɠɞɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɜɧɭɬɪɢ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ. ɉɪɨɜɟɞёɧɧɵɣ ɚɧɚɥɢɡ ɩɨɡɜɨɥɹɟɬ ɜɵɛɪɚɬɶ ɧɚɢɛɨɥɟɟ 

ɩɨɞɯɨɞɹɳɢɣ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɢ ɦɟɬɨɞ ɭɱёɬɚ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɩɪɢ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɤɭɳɟɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɨɛɥɚɫɬɢ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɫɥɢɬɤɚ, ɫɨɞɟɪɠɚɳɟɣ ɨɞɧɨɜɪɟɦɟɧɧɨ ɠɢɞɤɭɸ ɢ ɬɜёɪɞɭɸ ɮɚɡɵ ɦɟɬɚɥɥɚ. 

4. ɉɨɥɭɱɢɥɢ ɪɚɡɜɢɬɢɟ ɦɟɬɨɞɵ ɞɢɚɝɧɨɫɬɢɤɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɱɚɫɬɢ ɫɥɢɬɤɚ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɫɨɪɬɨɜɨɣ ɆɇɅɁ, 

ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɩɪɨɝɧɨɡɧɨɣ ɦɨɞɟɥɢ, ɜɤɥɸɱɚɸɳɟɣ ɪɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ 

ɭɪɚɜɧɟɧɢɹ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫ ɭɫɥɨɜɢɹɦɢ ɋɬɟɮɚɧɚ ɢ 

ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɬɪɟɬɶɟɝɨ ɪɨɞɚ, ɜ ɤɨɬɨɪɵɯ ɜɜɟɞɟɧɚ ɫɩɟɰɢɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɬ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɤɢ ɤ ɨɯɥɚɠɞɚɸɳɟɣ 

ɜɨɞɟ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɢɡ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, 

ɢɬɨɝɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ, ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɤɨɪɨɱɤɢ ɡɚɝɨɬɨɜɤɢ ɤ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ 

ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɵ ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɤɭɳɢɯ ɡɧɚɱɟɧɢɣ 

ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɢ ɟё ɪɚɫɯɨɞɚ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɝɢɥɶɡɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 

5. ȼɩɟɪɜɵɟ ɨɩɪɟɞɟɥɟɧɵ ɫɪɟɞɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɭɱɚɫɬɤɚɯ 

ɜɥɢɹɧɢɹ ɫɟɤɰɢɣ ɁȼɈ ɤɚɤ ɱɢɫɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ, 
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ɨɛɨɫɧɨɜɚɧɚ ɪɚɰɢɨɧɚɥɶɧɨɫɬɶ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ 

ɢɡɦɟɧɟɧɢɹɦ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ ɢ ɧɚ ɢɯ ɛɚɡɟ 

ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɨɰɟɧɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɥɢɬɤɚ, ɤɚɤ ɧɚ ɷɬɚɩɟ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɬɚɤ ɢ ɜ ɩɪɨɰɟɫɫɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɆɇɅɁ. 

6. ȼɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɦɢɧɢɦɢɡɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɪɚɡɦɟɳɟɧɢɹ ɮɨɪɫɭɧɨɤ ɜɞɨɥɶ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɡɚɤɥɸɱɚɸɳɚɹɫɹ ɜ ɧɚɯɨɠɞɟɧɢɢ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɢ 

ɨɩɪɟɞɟɥɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨ 

ɲɢɪɢɧɟ ɫɥɹɛɨɜɨɣ ɆɇɅɁ ɩɭɬɟɦ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫ 

ɭɱɟɬɨɦ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɫɥɢɬɤɟ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

7. ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɜ 

ɁȼɈ ɩɭɬёɦ ɡɚɦɟɧɵ ɚɥɝɨɪɢɬɦɨɜ ɪɚɡɨɦɤɧɭɬɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ/ɢɥɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɩɪɨɝɧɨɡɧɵɦɢ ɪɚɫɱёɬɚɦɢ, ɞɚɸɳɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɫɬɪɨɝɨɝɨ ɫɨɛɥɸɞɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɜɬɨɪɢɱɧɵɦ 

ɨɯɥɚɠɞɟɧɢɟɦ ɜ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɚɯ ɪɚɡɥɢɜɤɢ, ɚ ɬɚɤɠɟ ɢɦɢɬɚɰɢɨɧɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɆɇɅɁ. 

8. Ɋɚɡɪɚɛɨɬɚɧɚ ɧɨɜɚɹ ɦɟɬɨɞɢɤɚ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɢ ɚɧɚɥɢɡɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɤɪɢɜɵɯ 

ɫɤɨɪɨɫɬɢ ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɧɚ 

ɝɪɚɧɢɰɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɩɪɟɞɟɥɹɬɶ ɪɟɠɢɦɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɆɇɅɁ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɫɬɪɭɤɬɭɪɵ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ. 

 

ɉɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

1. Ɋɚɡɪɚɛɨɬɚɧ ɫɩɨɫɨɛ ɜɵɱɢɫɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ ɜ ɡɚɞɚɱɟ ɋɬɟɮɚɧɚ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱёɬɵ ɛɵɫɬɪɟɟ, ɱɟɦ ɜ 

ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɱɬɨ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
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ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɫɢɫɬɟɦɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɩɪɨɰɟɫɫɨɦ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ. 

2. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɫɱёɬɚ ɩɨɥɨɠɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɫɥɨɜɢɣ ɋɬɟɮɚɧɚ ɩɨɡɜɨɥɹɸɳɚɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɨ ɜɪɟɦɹ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚɛɥɸɞɚɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 

ɜ ɥɸɛɵɯ ɬɨɱɤɚɯ ɢ ɩɨɥɨɠɟɧɢɟ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɜ ɥɸɛɨɦ ɫɟɱɟɧɢɢ. 

3. ɉɪɨɜɟɞɟɧɨ ɫɢɫɬɟɦɧɨɟ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɩɨɥɹ ɫ ɧɚɥɢɱɢɟɦ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɜɵɛɢɪɚɬɶ ɫɬɪɭɤɬɭɪɭ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɧɚɢɛɨɥɟɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɬɪɟɛɨɜɚɧɢɹɦ ɤɨɧɤɪɟɬɧɨɣ 

ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɞɥɹ ɩɪɨɝɧɨɡɧɵɯ ɦɨɞɟɥɟɣ, 

ɜɵɱɢɫɥɟɧɢɟ ɩɪɨɢɡɜɨɞɧɵɯ ɩɪɢ ɪɚɫɱёɬɚɯ ɫɤɨɪɨɫɬɟɣ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ 

ɢɥɢ ɢɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɡɚɦɟɳɚɸɳɟɟ ɧɚɬɭɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ. 

4. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɩɪɨɝɧɨɡɧɚɹ ɦɨɞɟɥɶ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɞɚɧɧɵɯ ɫɢɫɬɟɦɵ 

ɞɢɚɝɧɨɫɬɢɤɢ ɨ ɬɟɤɭɳɢɯ ɡɧɚɱɟɧɢɹɯ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ, ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɤɨɪɨɱɤɢ 

ɡɚɝɨɬɨɜɤɢ ɤ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɵ 

ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɤɭɳɢɯ ɡɧɚɱɟɧɢɣ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɢ ɟё ɪɚɫɯɨɞɚ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɝɢɥɶɡɵ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɩɨɡɜɨɥɹɟɬ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɨɩɪɟɞɟɥɹɬɶ ɬɟɩɥɨɜɨɟ 

ɫɨɫɬɨɹɧɢɟ ɫɥɢɬɤɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɢ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 

5. ɉɪɨɜɟɞёɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɮɨɪɦɵ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɢ 

ɝɥɭɛɢɧɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɧɚɦɢɤɢ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ ɩɨɡɜɨɥɹɸɬ 

ɜɵɪɚɛɚɬɵɜɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɨɞɛɨɪɭ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ, ɚ ɬɚɤɠɟ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɆɇɅɁ, ɫ 

ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɧɚɢɛɨɥɟɟ ɫɬɪɨɝɨɦ ɫɨɛɥɸɞɟɧɢɢ 

ɬɪɟɛɨɜɚɧɢɣ ɤ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɪɟɠɢɦɭ ɪɚɡɥɢɜɤɢ. 

6. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɥɨɠɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ 

ɜɧɭɬɪɢ ɫɥɢɬɤɚ ɦɨɠɟɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɪɟɚɥɶɧɵɦ ɩɪɨɰɟɫɫɨɦ 

ɪɚɡɥɢɜɤɢ ɢ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɬɨɥɳɢɧɭ ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɨɛɨɥɨɱɤɢ ɫɥɢɬɤɚ ɢ 

ɞɥɢɧɭ ɠɢɞɤɨɣ ɮɚɡɵ ɜɞɨɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɢ, ɚ ɬɚɤɠɟ ɫɤɨɪɨɫɬɢ ɩɪɨɞɜɢɠɟɧɢɹ 
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ɢɡɨɬɟɪɦ ɢ ɝɪɚɧɢɰ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɢ ɝɪɚɞɢɟɧɬɵ ɬɟɦɩɟɪɚɬɭɪ ɜɛɥɢɡɢ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ ɢ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɬɶ ɨɩɟɪɚɬɢɜɧɵɟ ɪɟɲɟɧɢɹ ɩɨ 

ɢɡɦɟɧɟɧɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ.  

7. ɇɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɨɞɨɛɪɚɧɵ ɬɚɤɢɟ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜ ɁȼɈ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɧɚɢɦɟɧɶɲɢɦ ɬɟɪɦɢɱɟɫɤɢɦ ɧɚɩɪɹɠɟɧɢɹɦ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɨɛɟɫɩɟɱɢɜɚɬɶ ɧɚɢɥɭɱɲɟɟ ɜɨɡɦɨɠɧɨɟ ɤɚɱɟɫɬɜɨ ɦɟɬɚɥɥɚ, ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɦɚɲɢɧɨɣ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ. 

8. Ɉɩɪɟɞɟɥɟɧɵ ɩɪɢɝɨɞɧɵɟ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɩɪɨɰɟɫɫɨɦ 

ɪɚɡɥɢɜɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɧɚɢɛɨɥɟɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɤ ɢɡɦɟɧɟɧɢɹɦ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ (ɪɚɫɯɨɞɨɜ ɨɯɥɚɠɞɚɸɳɟɣ 

ɜɨɞɵ) ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɨɛɟɫɩɟɱɟɧɢɹ 

ɤɚɱɟɫɬɜɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ. 

9. ɇɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɧɨɡɧɨɣ ɦɨɞɟɥɢ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ 

ɨɩɪɟɞɟɥɹɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɁȼɈ ɩɪɢ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɚɯ 

ɜ ɪɚɡɥɢɜɤɟ. 

10. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɩɪɨɝɧɨɡɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ ɢ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ, ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɪɟɠɢɦɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɆɇɅɁ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɫɬɪɭɤɬɭɪɵ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ. 

 Ɋɟɡɭɥɶɬɚɬɵ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɲɥɢ 

ɩɪɨɜɟɪɤɭ ɜ ɩɪɨɦɵɲɥɟɧɧɨ-ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɁȺɈ «ɄɈɊȺȾ» (Ɇɨɫɤɜɚ), 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɂɧɫɬɢɬɭɬɚ ɦɟɬɚɥɥɭɪɝɢɢ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɉɨɥɶɫɤɨɣ 

ɚɤɚɞɟɦɢɢ ɧɚɭɤ, ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɤɨɧɰɟɪɧɚ ɩɪɨɢɡɜɨɞɫɬɜ «ɉɨɥɶɫɤɚɹ 

ɦɟɞɶ» ɢ ɧɚ ȿɧɚɤɢɟɜɫɤɨɦ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɦ ɡɚɜɨɞɟ, ɜɧɟɞɪɟɧɵ ɢɥɢ ɪɟɤɨɦɟɧɞɨɜɚɧɵ 

ɤ ɜɧɟɞɪɟɧɢɸ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɁȺɈ "ɄɈɊȺȾ",  ɜ ɫɬɚɥɟɥɢɬɟɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ȿɧɚɤɢɟɜɫɤɨɝɨ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɡɚɜɨɞɚ, ɚ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɨɪɝɚɧɢɡɚɰɢɹɦɢ, ɡɚɧɢɦɚɸɳɢɦɢɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ ɢ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɆɇɅɁ, 

ɚɜɬɨɦɚɬɢɡɚɰɢɟɣ ɢ ɪɚɡɪɚɛɨɬɤɨɣ ɪɟɠɢɦɨɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɆɇɅɁ. 
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Ⱦɨɤɭɦɟɧɬɵ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ ɜɧɟɞɪɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ: 

1. Ⱥɤɬ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ «Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ ɫɥɹɛɚ» ɁȺɈ "ɄɈɊȺȾ", Ɇɨɫɤɜɚ, ɊɎ, 

2012. 

2. Ⱥɤɬ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ «Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ 

ɢ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɫɨɪɬɨɜɨɣ ɡɚɝɨɬɨɜɤɢ», Ɏɢɥɢɚɥ №2 

ȿɧɚɤɢɟɜɫɤɢɣ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ ɡɚɜɨɞ ɁȺɈ «ȼɌɋ», ȿɧɚɤɢɟɜɨ, 2018. 

ɉɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ: 
• ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɫ 

ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɩɨ ɭɫɥɨɜɢɹɦ ɋɬɟɮɚɧɚ, 

ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɦ ɨɬɞɟɥɶɧɨ ɞɥɹ ɥɢɤɜɢɞɭɫɚ ɢ ɫɨɥɢɞɭɫɚ; 

• ɦɟɬɨɞɢɤɚ ɪɚɫɱёɬɚ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɡɚɞɚɧɧɨɝɨ 

ɭɫɥɨɜɢɟɦ ɋɬɟɮɚɧɚ, ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɭɡɥɚɯ ɜɛɥɢɡɢ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɩɨ 

ɫɩɟɰɢɚɥɶɧɨɦɭ ɪɚɜɧɨɦɟɪɧɨɦɭ ɲɚɛɥɨɧɭ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɞɥɹ 

ɪɚɫɱёɬɚ ɩɨɥɨɠɟɧɢɹ ɫɜɨɛɨɞɧɨɣ ɝɪɚɧɢɰɵ ɬɨɬ ɠɟ ɲɚɝ ɩɨ ɜɪɟɦɟɧɢ, ɱɬɨ ɢ ɞɥɹ 

ɨɫɧɨɜɧɨɣ ɹɜɧɨɣ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ ɪɚɫɱёɬɚ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ; 

• ɩɪɨɝɧɨɡɧɚɹ ɦɨɞɟɥɶ ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ 

ɆɇɅɁ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɫɥɢɬɤɟ ɜɧɭɬɪɢ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ; 

• ɤɪɢɬɟɪɢɢ ɤɚɱɟɫɬɜɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ;  

• ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ (ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɚɢɥɭɱɲɟɝɨ ɤɚɱɟɫɬɜɚ 

ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɦɟɬɚɥɥɚ) ɪɚɡɦɟɳɟɧɢɹ ɮɨɪɫɭɧɨɤ ɜɞɨɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ; 

• ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɜ ɁȼɈ ɞɥɹ ɩɪɨɝɧɨɡɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɬɟɩɥɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɩɪɢ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɚɯ 

ɪɚɡɥɢɜɤɢ;  
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• ɦɟɬɨɞɢɤɚ ɩɪɨɝɧɨɡɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɧɚɦɢɤɢ ɬɟɩɥɨɜɨɝɨ ɩɪɨɰɟɫɫɚ 

ɪɚɡɥɢɜɤɢ. 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɫɨɢɫɤɚɬɟɥɹ 

Ⱦɢɫɫɟɪɬɚɧɬɨɦ ɥɢɱɧɨ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɢɤɚ ɢ ɚɥɝɨɪɢɬɦɵ ɪɚɫɱёɬɚ ɩɨɥɨɠɟɧɢɹ 

ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ, ɡɚɞɚɧɧɨɝɨ ɭɫɥɨɜɢɟɦ ɋɬɟɮɚɧɚ, ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɭɡɥɚɯ ɜɛɥɢɡɢ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɩɨɡɜɨɥɹɸɳɢɟ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɞɥɹ ɪɚɫɱёɬɚ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ 

ɬɨɬ ɠɟ ɲɚɝ ɩɨ ɜɪɟɦɟɧɢ, ɱɬɨ ɢ ɞɥɹ ɨɫɧɨɜɧɨɣ ɹɜɧɨɣ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ 

ɪɚɫɱёɬɚ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰ ɞɜɭɯɮɚɡɧɨɣ 

ɡɨɧɵ ɩɨ ɭɫɥɨɜɢɹɦ ɋɬɟɮɚɧɚ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɦ ɨɬɞɟɥɶɧɨ ɞɥɹ ɥɢɤɜɢɞɭɫɚ ɢ 

ɫɨɥɢɞɭɫɚ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɝɟɨɦɟɬɪɢɸ ɞɜɭɯɮɚɡɧɨɣ ɨɛɥɚɫɬɢ, ɚ 

ɬɚɤɠɟ ɫɤɨɪɨɫɬɢ ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦ ɢ ɝɪɚɧɢɰ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɢ ɝɪɚɞɢɟɧɬɵ 

ɬɟɦɩɟɪɚɬɭɪ ɜɛɥɢɡɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. ɂɫɫɥɟɞɨɜɚɧɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɝɥɭɛɢɧɵ 

ɠɢɞɤɨɣ ɥɭɧɤɢ ɢ ɮɨɪɦɵ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɤ ɢɡɦɟɧɟɧɢɹɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ, 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ, 

ɩɨɡɜɨɥɹɸɳɚɹ ɜɵɪɚɛɚɬɵɜɚɬɶ ɫɬɪɚɬɟɝɢɸ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɪɚɡɥɢɜɤɢ, 

ɧɚɩɪɚɜɥɟɧɧɭɸ ɧɚ ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ 

ɡɚɝɨɬɨɜɤɢ. Ɋɚɡɪɚɛɨɬɚɧɵ ɤɪɢɬɟɪɢɢ ɤɚɱɟɫɬɜɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ. ɋɚɦɨɫɬɨɹɬɟɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɵ ɚɥɝɨɪɢɬɦɵ ɢ ɫɨɡɞɚɧɨ 

ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɪɚɫɱёɬɨɜ ɩɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ 

ɪɚɛɨɬɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɦɨɞɟɥɹɦ. 

 

Аɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ  

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɧɚ 5-ɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ 

ɤɨɧɮɟɪɟɧɰɢɢ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ «Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɢ ɢɦɢɬɚɰɢɨɧɧɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɆɈȾɋ’2010» (Ʉɢɟɜ, 2010); 13-ɣ, 14-ɣ ɢ 15-ɣ 

ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɹɯ «Ɇɨɞɟɥɢɪɨɜɚɧɢɟ, 

ɢɞɟɧɬɢɮɢɤɚɰɢɹ, ɫɢɧɬɟɡ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ»   (Ɇɨɫɤɜɚ – Ⱦɨɧɟɰɤ, 2010, 2011 ɢ 

2012); the 18th conference on applied and industrial mathematics CAIM 2010 (Iasi, 
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Romania, 2010); Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɛɥɟɦɵ 

ɦɚɬɟɦɚɬɢɤɢ ɢ ɟё ɩɪɢɥɨɠɟɧɢɹ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɧɚɭɤɚɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɬɟɯɧɨɥɨɝɢɹɯ» (ɏȺɊɖɄɈȼ, 2011); Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 

“ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɢ ɩɪɨɛɥɟɦɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ 

ɢɧɬɟɥɥɟɤɬɚ ISDMCI '2011”, (ȿɜɩɚɬɨɪɢɹ, 2011); ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 

«ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜɧɟɩɟɱɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ ɱɭɝɭɧɚ ɢ ɫɬɚɥɢ» 

ɩɨɫɜɹɳɟɧɧɨɣ 140-ɥɟɬɢɸ ȾɆɁ (Ⱦɨɧɟɰɤ, 2011); XIII International Scientific 

Conference "New Technologies and Achievements in Metallurgy and Material 

Engineering" (Częstochowa, Polska, 2012); 20th Conference on applied and industrial 

mathematics CAIM 2012, (Chisinau, Republic of Moldova, 2012); 22nd International 

conference on metallurgy and materials (Brno, Czech Republic, 2013); 15th IFAC 

symposium on Control, Optimization and Automation in Mining, Minerals and Metals 

Processing (MMM2013), (San Diego, California, 2013); V Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ "Ɇɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ" 

(Ⱦɨɧɟɰɤ, 2013); Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɋɨɜɪɟɦɟɧɧɚɹ 

ɢɧɮɨɪɦɚɬɢɤɚ: ɩɪɨɛɥɟɦɵ, ɞɨɫɬɢɠɟɧɢɹ, ɢ ɩɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ», ɩɨɫɜɹɳɟɧɧɚɹ 90-

ɥɟɬɢɸ ɚɤɚɞɟɦɢɤɚ ȼ.Ɇ. Ƚɥɭɲɤɨɜɚ. (Ʉɢɟɜ, 2013); 54th International Scientific 

Conference “Solidification and Crystallization of Metals 2013” (Kielce-Cedzyna, 

Poland, 2013); ICIPE2014 8th International Conference on Inverse Problems in 

Engineering, (Krakow, Poland, 2014); 8th European Continuous Casting Conference 

(Graz, Austria, 2014); METEC & 2nd ESTAD 2015 European Steel Technology and 

Application Days (Dusseldorf, Germany, 2015); Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-

ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ "Ɇɚɬɟɦɚɬɢɤɚ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 

ɩɪɨɰɟɫɫɚɯ",  (ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, Ɋɨɫɫɢɹ, 2015); XIX ɢ ɏɏ Ɇɟɠɞɭɧɚɪɨɞɧɵɯ ɧɚɭɱɧɨ-

ɩɪɚɤɬɢɱɟɫɤɢɯ ɤɨɧɮɟɪɟɧɰɢɹɯ «Ɇɟɬɚɥɥɭɪɝɢɹ: ɬɟɯɧɨɥɨɝɢɢ, ɢɧɧɨɜɚɰɢɢ, ɤɚɱɟɫɬɜɨ» 

(ɇɨɜɨɤɭɡɧɟɰɤ, Ɋɨɫɫɢɹ, 2015 ɢ 2017); XVI  International Scientific Conference 

„Quality Assurance In Foundry “ (Arłamów, Poland, 2016); XV Ɇɢɧɫɤɨɦ 

ɦɟɠɞɭɧɚɪɨɞɧɨɦ ɮɨɪɭɦɟ ɩɨ ɬɟɩɥɨɦɚɫɫɨɨɛɦɟɧɭ (Ɇɢɧɫɤ, 2016); 18th International 

Conference on Crystal Growth and Epitaxy ICCGE-18 (Nagoya, Japan, 2016); 57 th 

International Scientific Conference "Solidification and Crystallization of Metals 2016" 
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(Kielce - Cedzyna, Poland, 2016); XVII Międzynarodowa Konferencja Naukowa 

"Zapewnienie jakości w odlewnictwie i spawalnictwie" (Grand Hotel Permon, 

Słowacja, 2017), ɏVII ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɋɨɜɪɟɦɟɧɧɵɟ 

ɩɪɨɛɥɟɦɵ ɷɥɟɤɬɪɨɦɟɬɚɥɥɭɪɝɢɢ ɫɬɚɥɢ» (ɋɬɚɪɵɣ Ɉɫɤɨɥ, ɊɎ, 2017), International 

Scientific Conference on "Achievements in Mechanical and Materials Engineering" 

AMME`2017 (Gliwice - Wisła, Poland, 2017)., ɧɚɭɱɧɵɯ ɫɟɦɢɧɚɪɚɯ ɂɉɆɆ, ɨɬɞɟɥɚ 

ɬɟɨɪɢɢ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɫɬɟɦ ɂɉɆɆ, ɤɚɮɟɞɪɵ Ɍɟɯɧɢɱɟɫɤɨɣ ɬɟɩɥɨɮɢɡɢɤɢ 

ȾɨɧɇɌɍ. 

ɉɭɛɥɢɤɚɰɢɢ. Ɉɫɧɨɜɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɢɫɫɟɪɬɚɰɢɢ ɢɡɥɨɠɟɧɵ ɜ 48 ɪɚɛɨɬɚɯ (ɢɡ 

ɧɢɯ 22 ɧɚɩɢɫɚɧɨ ɛɟɡ ɫɨɚɜɬɨɪɨɜ, 1 ɦɨɧɨɝɪɚɮɢɹ, 16 ɫɬɚɬɟɣ ɜ ɠɭɪɧɚɥɚɯ, ɜɯɨɞɹɳɢɯ ɜ 

ɩɟɪɟɱɟɧɶ ɪɟɰɟɧɡɢɪɭɟɦɵɯ ɢɡɞɚɧɢɣ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɣ ȼȺɄ ɞɥɹ ɩɭɛɥɢɤɚɰɢɢ 

ɦɚɬɟɪɢɚɥɨɜ ɞɢɫɫɟɪɬɚɰɢɢ ɧɚ ɫɨɢɫɤɚɧɢɟ ɭɱɟɧɨɣ ɫɬɟɩɟɧɢ ɞɨɤɬɨɪɚ ɧɚɭɤ, 16 ɬɟɡɢɫɨɜ 

ɞɨɤɥɚɞɨɜ ɧɚ ɧɚɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ). 

Сɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ.  Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ 

ɜɜɟɞɟɧɢɹ, ɫɟɦɢ ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɹ, ɫɩɢɫɤɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢ 

ɩɪɢɥɨɠɟɧɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 327 ɫɬɪɚɧɢɰɚɯ ɨɫɧɨɜɧɨɝɨ ɬɟɤɫɬɚ ɢ ɫɨɞɟɪɠɢɬ 131 

ɪɢɫɭɧɨɤ, 7 ɬɚɛɥɢɰ, 348 ɛɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ, ɢ 2 ɩɪɢɥɨɠɟɧɢɹ.  
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ȽɅȺȼȺ 1 

 

ɈȻɁɈɊ ɆȿɌɈȾɈȼ ɆȺɌȿɆȺɌɂɑȿɋɄɈȽɈ ɆɈȾȿɅɂɊɈȼȺɇɂə ɌȿɉɅɈȼЫɏ 

ɉɊɈɐȿɋɋɈȼ ȼ ɇȿɉɊȿɊЫȼɇɈɆ ɋɅɂɌɄȿ ɂ ɄɊɂɋɌȺɅɅɂɁȺɌɈɊȿ 

 

 

 

Ƚɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɨɦɭ ɨɛɡɨɪɭ ɦɟɬɨɞɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɫɩɨɫɨɛɨɜ ɧɚɛɥɸɞɟɧɢɹ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ 

ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɟ ɢ ɫɬɟɧɤɚɯ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɦɚɲɢɧɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ 

ɡɚɝɨɬɨɜɨɤ (ɆɇɅɁ). ȼ ɩɟɪɜɨɦ ɩɚɪɚɝɪɚɮɟ ɧɚɫɬɨɹɳɟɣ ɝɥɚɜɵ ɩɪɢɜɨɞɢɬɫɹ ɤɪɚɬɤɚɹ 

ɢɫɬɨɪɢɱɟɫɤɚɹ ɫɩɪɚɜɤɚ ɨ ɪɚɡɜɢɬɢɢ ɬɟɯɧɨɥɨɝɢɢ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ. ȼɨ ɜɬɨɪɨɦ 

ɩɚɪɚɝɪɚɮɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɢ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɨɫɧɨɜɧɵɟ ɩɪɢёɦɵ ɢ ɦɟɬɨɞɵ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ 

ɡɚɝɨɬɨɜɤɟ. Ɍɪɟɬɢɣ ɩɚɪɚɝɪɚɮ ɩɨɫɜɹɳёɧ ɨɛɡɨɪɭ ɢ ɚɧɚɥɢɡɭ ɦɟɬɨɞɨɜ ɧɚɛɥɸɞɟɧɢɹ 

ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɆɇɅɁ. ȼ ɱɟɬɜёɪɬɨɦ 

ɩɚɪɚɝɪɚɮɟ ɞɚёɬɫɹ ɨɛɡɨɪ ɦɟɬɨɞɢɤ ɧɚɛɥɸɞɟɧɢɹ ɝɥɭɛɢɧɵ ɢ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ (ɩɟɪɟɯɨɞɧɵɯ) ɩɪɨɰɟɫɫɚɯ. ȼ ɩɹɬɨɦ 

ɩɚɪɚɝɪɚɮɟ ɢɡɥɚɝɚɸɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɩɪɢёɦɵ ɢ ɩɨɞɯɨɞɵ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 

ɡɨɧɵ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɆɇɅɁ. ɒɟɫɬɨɣ ɩɚɪɚɝɪɚɮ ɫɨɞɟɪɠɢɬ ɨɛɡɨɪ ɢ 

ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɷɮɮɟɤɬɢɜɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɦɢ 

ɩɪɨɰɟɫɫɚɦɢ ɜ ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɆɇɅɁ. ȼ ɫɟɞɶɦɨɦ ɩɚɪɚɝɪɚɮɟ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ ɩɪɨɬɟɤɚɧɢɹ ɬɟɩɥɨɜɵɯ 

ɩɪɨɰɟɫɫɨɜ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɟɝɨ ɦɚɤɪɨɫɬɪɭɤɬɭɪɵ. ȼɨɫɶɦɨɣ 

ɩɚɪɚɝɪɚɮ ɫɨɞɟɪɠɢɬ ɩɨɫɬɚɧɨɜɤɭ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ 

ɪɚɛɨɬɵ.  
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1.1. Ʉɪɚɬɤɚɹ ɢɫɬɨɪɢɱɟɫɤɚɹ ɫɩɪɚɜɤɚ ɨ ɪɚɡɜɢɬɢɢ ɬɟɯɧɨɥɨɝɢɢ ɧɟɩɪɟɪɵɜɧɨɣ 

ɪɚɡɥɢɜɤɢ 

 

ɂɞɟɹ ɪɚɡɥɢɜɤɢ ɦɟɬɚɥɥɚ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɪɟɠɢɦɟ ɩɪɢɧɚɞɥɟɠɢɬ ɚɧɝɥɢɣɫɤɨɦɭ 

ɢɧɠɟɧɟɪɭ-ɢɡɨɛɪɟɬɚɬɟɥɸ Ƚɟɧɪɢ Ȼɟɫɫɟɦɟɪɭ. ȼ 1856 ɝɨɞɭ ɢɦ ɛɵɥɚ ɡɚɩɚɬɟɧɬɨɜɚɧɚ 

ɫɯɟɦɚ ɪɚɡɥɢɜɤɢ ɦɟɬɚɥɥɚ ɦɟɠɞɭ ɞɜɭɦɹ ɜɪɚɳɚɸɳɢɦɢɫɹ ɜɚɥɤɚɦɢ (ɪɢɫ.1.1). Ⱦɨ 

ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɨɫɜɨɟɧɢɹ ɨɫɬɚɜɚɥɨɫɶ ɩɨɱɬɢ ɫɬɨ ɥɟɬ. Ɂɚ ɷɬɨ ɜɪɟɦɹ ɛɵɥɨ ɜɵɞɜɢɧɭɬɨ 

ɦɧɨɠɟɫɬɜɨ ɢɞɟɣ ɢ ɪɚɡɪɚɛɨɬɚɧɵ ɤɨɧɰɟɩɰɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɪɬɨɜɨɣ 

ɆɇɅɁ ɫ ɡɚɬɪɚɜɤɨɣ (1886 ɝ.), ɆɇɅɁ ɫ ɩɨɪɟɡɤɨɣ (1889 ɝ.), ɡɚɝɢɛ-ɪɚɡɝɢɛ ɫɨɪɬɨɜɨɣ 

ɡɚɝɨɬɨɜɤɢ (1915 ɝ.), ɩɨɝɪɭɠɧɨɣ ɫɬɚɤɚɧ (1933 ɝ.), ɩɨɞɨɝɪɟɜ ɩɪɨɦɤɨɜɲɚ, ɨɬɫɟɱɤɚ 

ɲɥɚɤɚ, ɜɬɨɪɢɱɧɨɟ ɨɯɥɚɠɞɟɧɢɟ (1938 ɝ.) ɢ ɦɧɨɝɨɟ ɞɪɭɝɨɟ [159].  

 

 

Ɋɢɫɭɧɨɤ 1.1. ɋɯɟɦɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ Ƚɟɧɪɢ Ȼɟɫɫɟɦɟɪɚ. 

 

ɉɟɪɜɵɟ ɩɨɥɭɩɪɨɦɵɲɥɟɧɧɵɟ (ɩɢɥɨɬɧɵɟ) ɭɫɬɚɧɨɜɤɢ ɩɨɹɜɢɥɢɫɶ ɫɪɚɡɭ ɩɨɫɥɟ 

ɨɤɨɧɱɚɧɢɹ ɜɬɨɪɨɣ ɦɢɪɨɜɨɣ ɜɨɣɧɵ ɜ ɧɟɫɤɨɥɶɤɢɯ ɜɟɞɭɳɢɯ ɢɧɞɭɫɬɪɢɚɥɶɧɵɯ 

ɫɬɪɚɧɚɯ. ȼ ɋɋɋɊ ɩɟɪɜɚɹ ɨɩɵɬɧɚɹ ɭɫɬɚɧɨɜɤɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 

ɬɢɩɚ ɉɇ-1-2 ɐɇɂɂɑɟɪɆɟɬ ɛɵɥɚ ɫɨɨɪɭɠɟɧɚ ɜ 1945 ɝ. ɢ ɩɪɟɞɧɚɡɧɚɱɚɥɚɫɶ ɞɥɹ 

ɨɬɥɢɜɤɢ ɡɚɝɨɬɨɜɨɤ ɤɪɭɝɥɨɝɨ ɢ ɤɜɚɞɪɚɬɧɨɝɨ ɫɟɱɟɧɢɹ. Ɂɚɬɟɦ ɨɩɵɬɧɚɹ ɦɚɲɢɧɚ 
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ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɬɢɩɚ ɛɵɥɚ ɫɨɨɪɭɠɟɧɚ ɜ 1946 ɝ. ɧɚ ɡɚɜɨɞɟ ɜ ɝɨɪɨɞɟ Ʌɨɭ Ɇɭɪ 

(ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ), ɜ 1948 ɝ. – ɧɚ ɮɢɪɦɟ «Ȼɚɛɤɨɤ ɢ ɍɢɥɤɨɤɫ» (Ȼɢɜɟɪ Ɏɨɥɟ, ɋɒȺ), 

ɜ 1950 ɝ. – ɧɚ ɮɢɪɦɟ Mannesmann AG (Ⱦɭɣɫɛɭɪɝ, Ƚɟɪɦɚɧɢɹ). ȼ 1951 ɝ. ɧɚ ɡɚɜɨɞɟ 

«Ʉɪɚɫɧɵɣ Ɉɤɬɹɛɪɶ» ɛɵɥɚ ɩɭɳɟɧɚ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɚɹ ɭɫɬɚɧɨɜɤɚ 

ɩɨɥɭɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ. 

ɉɪɨɦɵɲɥɟɧɧɨɟ ɨɫɜɨɟɧɢɟ ɆɇɅɁ ɧɚɱɚɥɨɫɶ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ 

1955 ɝ. ɜ əɩɨɧɢɢ ɢ ɋɋɋɊ. Ɍɨɝɞɚ ɧɚ ɡɚɜɨɞɟ «Ʉɪɚɫɧɨɟ ɋɨɪɦɨɜɨ» ɡɚɪɚɛɨɬɚɥɚ ɩɟɪɜɚɹ 

ɆɇɅɁ, ɫɨɡɞɚɧɧɚɹ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɚɤɚɞɟɦɢɤɚ ɂ. ɉ. Ȼɚɪɞɢɧɚ. 

30 ɢɸɧɹ 1960 ɝɨɞɚ ɧɚ Ⱦɨɧɟɰɤɨɦ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɦ ɡɚɜɨɞɟ ɛɵɥɚ ɩɭɳɟɧɚ 

ɤɪɭɩɧɟɣɲɚɹ ɜ ɦɢɪɟ ɧɚ ɬɨ ɜɪɟɦɹ ɍɇɊɋ (ɭɫɬɚɧɨɜɤɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ) 

ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɬɢɩɚ [160]. 

ɋɟɝɨɞɧɹ ɆɇɅɁ ɭɫɩɟɲɧɨ ɪɚɛɨɬɚɸɬ ɛɨɥɟɟ ɱɟɦ ɜ 90 ɫɬɪɚɧɚɯ ɦɢɪɚ, ɢ ɢɯ ɨɛɳɟɟ 

ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɜɵɲɚɟɬ 2100 ɟɞɢɧɢɰ. ɉɪɨɝɪɟɫɫ ɜ ɩɪɢɦɟɧɟɧɢɢ ɬɟɯɧɨɥɨɝɢɢ 

ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɹɪɤɢɦ ɹɜɥɟɧɢɟɦ ɜ ɫɢɫɬɟɦɟ 

ɬɟɯɧɨɥɨɝɢɣ ɱɟɪɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ ɜ ɦɢɪɟ (ɪɢɫ. 1.2). Ɍɚɤ, ɟɳɟ ɜ 1970 ɝ. ɬɨɥɶɤɨ 4,5% 

ɫɬɚɥɢ ɪɚɡɥɢɜɚɥɨɫɶ ɧɚ ɆɇɅɁ, ɚ ɜ 1987 ɝ. ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɜɵɫɢɥ 50%. ȼ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɨɥɹ ɫɬɚɥɢ, ɪɚɡɥɢɜɚɟɦɨɣ ɧɚ ɆɇɅɁ, ɩɪɟɜɵɲɚɟɬ 95-97% ɩɨ 

ɦɢɪɨɜɵɦ ɩɨɤɚɡɚɬɟɥɹɦ [159]. ȼ ɋɒȺ ɜ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɧɢɯ ɥɟɬ ɜɵɩɭɫɤ ɫɬɚɥɢ 

ɫɨɫɬɚɜɥɹɥ ɩɨɪɹɞɤɚ 85 ɦɥɧ ɬɨɧɧ ɜ ɝɨɞ, ɢɡ ɧɢɯ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 98% ɫɨɫɬɚɜɢɥɚ ɞɨɥɹ 

ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ. ȼ Ʉɢɬɚɟ ɜ 2013 ɝɨɞɭ ɢɡ 779 ɬ. ɜɫɟɣ ɩɪɨɢɡɜɟɞɟɧɧɨɣ ɫɬɚɥɢ 

ɧɟɩɪɟɪɵɜɧɵɦ ɫɩɨɫɨɛɨɦ ɛɵɥɨ ɨɬɥɢɬɨ 767 ɬ., ɱɬɨ ɬɚɤɠɟ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 98%. ȼ 

Ɋɨɫɫɢɢ ɧɚ ɧɟɩɪɟɪɵɜɧɭɸ ɪɚɡɥɢɜɤɭ ɫɬɚɥɢ ɩɪɢɯɨɞɢɬɫɹ ɥɢɲɶ 80% [154]. ɉɪɨɰɟɧɬ 

ɩɪɨɢɡɜɨɞɢɦɵɯ ɧɟɩɪɟɪɵɜɧɵɦ ɫɩɨɫɨɛɨɦ ɡɚɝɨɬɨɜɨɤ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɨɰɟɧɢɜɚɬɶ 

ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ, ɨɞɧɚɤɨ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ ɫɨɯɪɚɧɹɸɳɭɸɫɹ ɬɟɧɞɟɧɰɢɸ ɭɜɟɥɢɱɟɧɢɹ 

ɞɟɮɢɰɢɬɚ ɥɚɬɭɧɧɵɯ, ɛɪɨɧɡɨɜɵɯ, ɦɟɞɧɵɯ, ɚɥɸɦɢɧɢɟɜɵɯ ɢ ɩɪɨɱɢɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ 

ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɜ ɨɛɳɟɦɢɪɨɜɨɦ ɦɚɫɲɬɚɛɟ (ɩɨ ɞɚɧɧɵɦ ɫɚɣɬɚ 

metaltorg.ru [286]). 

  

https://ru.wikipedia.org/wiki/Mannesmann_AG
https://ru.wikipedia.org/wiki/%D0%94%D1%83%D0%B9%D1%81%D0%B1%D1%83%D1%80%D0%B3
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B0%D1%81%D0%BD%D0%BE%D0%B5_%D0%A1%D0%BE%D1%80%D0%BC%D0%BE%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D1%80%D0%B4%D0%B8%D0%BD,_%D0%98%D0%B2%D0%B0%D0%BD_%D0%9F%D0%B0%D0%B2%D0%BB%D0%BE%D0%B2%D0%B8%D1%87
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Ɋɢɫɭɧɨɤ 1.2. Ɇɢɪɨɜɵɟ ɨɛɴёɦɵ ɫɬɚɥɢ, ɪɚɡɥɢɜɚɟɦɨɣ ɧɚ ɆɇɅɁ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɨɛɳɢɦ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɫɬɚɥɢ ɜ ɩɟɪɢɨɞ ɫ 1970 ɩɨ 2010 ɝɨɞɵ  

(ɩɨ ɞɚɧɧɵɦ ɫɚɣɬɚ www.uas.su) 

 

 

1.2. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 

ɢ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɆɇɅɁ 

 

ɋɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɪɚɡɥɢɱɧɵɯ ɢɧɠɟɧɟɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ.  ȼɫɟ ɨɧɢ 

ɜɟɫɶɦɚ ɞɨɪɨɝɨɫɬɨɹɳɢ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɢɯ ɪɟɡɭɥɶɬɚɬɵ ɢɦɟɸɬ ɨɝɪɨɦɧɭɸ 

ɩɪɚɤɬɢɱɟɫɤɭɸ ɰɟɧɧɨɫɬɶ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, 

ɩɨɡɜɨɥɹɸɳɢɯ ɡɚɦɟɧɢɬɶ ɧɚɬɭɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɢɦɢɬɚɰɢɨɧɧɵɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ. 

ɇɚɛɥɸɞɚɬɶ ɡɚ ɬɟɩɥɨɜɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɡɚ 

ɩɪɨɰɟɫɫɚɦɢ, ɩɪɨɢɫɯɨɞɹɳɢɦɢ ɜɧɭɬɪɢ ɫɥɢɬɤɚ ɢ ɜ ɫɬɟɧɤɚɯ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɫ 

ɩɨɦɨɳɶɸ ɤɚɤɨɝɨ-ɥɢɛɨ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɪɚɣɧɟ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ ɧɟ 

ɬɨɥɶɤɨ ɢɡ-ɡɚ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɧɨ ɬɚɤɠɟ ɢ ɩɨɬɨɦɭ, ɱɬɨ ɷɬɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɦɨɠɟɬ 

ɜɧɨɫɢɬɶ ɫɭɳɟɫɬɜɟɧɧɵɟ ɢɫɤɚɠɟɧɢɹ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɬɨɣ ɨɛɥɚɫɬɢ, ɤɭɞɚ ɨɧɨ 

ɩɨɦɟɳɚɟɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɡɚɦɟɧɢɦɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɫɬɚɧɨɜɢɬɫɹ ɚɩɩɚɪɚɬ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
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Ⱦɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ 

ɪɚɡɥɢɱɧɵɟ ɩɨ ɩɨɥɧɨɬɟ ɢ ɫɥɨɠɧɨɫɬɢ ɨɩɢɫɚɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ. Ɉɫɧɨɜɧɵɦ 

ɮɚɤɬɨɪɨɦ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɩɨɥɧɨɬɭ ɢ ɬɨɱɧɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 

ɹɜɥɹɟɬɫɹ ɰɟɥɶ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɍɚɤɨɜɵɦɢ ɰɟɥɹɦɢ ɦɨɝɭɬ ɛɵɬɶ: 

1) ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɪɨɰɟɫɫɚ; 

2) ɪɚɡɪɚɛɨɬɤɚ ɤɨɧɫɬɪɭɤɰɢɢ ɆɇɅɁ ɢ/ɢɥɢ ɫɢɫɬɟɦɵ ɟё ɭɩɪɚɜɥɟɧɢɹ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ; 

3) ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɞɟɥɢ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ. 

ɋɭɳɟɫɬɜɭɸɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɦɟɬɨɞɚ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ: 

1) ɪɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ ɧɚ ɛɚɡɟ ɮɢɡɢɱɟɫɤɢɯ ɡɚɤɨɧɨɜ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ, 

(ɧɚɩɪɢɦɟɪ, ɡɚɤɨɧɨɜ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɢɥɢ ɡɚɤɨɧɨɜ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ); 

2) ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɦɨɦɟɧɬ ɪɚɡɪɚɛɨɬɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɩɨ 

ɭɪɨɜɧɸ ɫɥɨɠɧɨɫɬɢ ɦɨɞɟɥɟɣ ɞɥɹ ɢɡɭɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɹɜɥɟɧɢɣ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜɨ 

ɜɪɟɦɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ  [1, 30, 33, 41, 59, 63, 67, 80, 128, 140, 151, 174, 202, 

215, 243, 292, 301, 304, 311, 320, 324]. 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ – ɨɩɪɟɞɟɥɟɧɢɸ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ ɦɟɠɞɭ ɠɢɞɤɢɦ ɢ ɬɜёɪɞɵɦ ɦɟɬɚɥɥɨɦ – ɭɞɟɥɹɟɬɫɹ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɜ 

ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɩɪɟɞɥɚɝɚɸɳɢɯ ɨɛɲɢɪɧɵɣ ɞɢɚɩɚɡɨɧ ɩɨɞɯɨɞɨɜ ɨɬ 

ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɵɯ ɢɧɠɟɧɟɪɧɵɯ ɮɨɪɦɭɥ ɞɨ ɫɥɨɠɧɟɣɲɢɯ ɚɥɝɨɪɢɬɦɨɜ ɪɚɫɱёɬɨɜ ɩɨ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɦɨɞɟɥɹɦ ɫ ɫɢɫɬɟɦɚɦɢ ɧɟɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɱɚɫɬɧɵɯ 

ɩɪɨɢɡɜɨɞɧɵɯ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɧɚɯɨɠɞɟɧɢɹ ɬɨɥɳɢɧɵ ɬɜёɪɞɨɣ ɤɨɪɨɱɤɢ 

ɫɥɢɬɤɚ Ʌɢɫɢɟɧɤɨ ȼ.Ƚ. ɢ ɋɚɦɨɣɥɨɜɢɱ ɘ.Ⱥ. [103] ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞ Ʌɟɣɛɟɧɡɨɧɚ–

ȼɟɣɧɢɤɚ. Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɤɨɧɚ ɡɚɬɜɟɪɞɟɜɚɧɢɹ 𝜉 = 𝜉ሺܧ, ,ܥ ,ݖ 𝜏ሻ ɢ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ܶ = ܶሺݔ, ,ݕ ,ݖ 𝜏ሻ  ɜɡɚɢɦɨɫɜɹɡɚɧɨ: ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ 

ɡɚɜɢɫɢɬ ɨɬ ɝɪɚɞɢɟɧɬɨɜ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɨɛɟ ɫɬɨɪɨɧɵ ɝɪɚɧɢɰɵ, ɚ ɩɨɥɟ ɬɟɦɩɟɪɚɬɭɪ, 

ɬ. ɟ. ɢ ɩɨɥɟ ɝɪɚɞɢɟɧɬɨɜ ɬɟɦɩɟɪɚɬɭɪɵ — ɨɬ ɬɨɥɳɢɧɵ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɫɥɨɹ ɪɚɫɩɥɚɜɚ. 

Ɉɞɧɚɤɨ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɩɨɞɦɟɬɢɥɢ [186], ɱɬɨ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɥɟ 

ɬɟɦɩɟɪɚɬɭɪ ɜ ɬɜɟɪɞɨɣ ɨɛɨɥɨɱɤɟ ɫɥɢɬɤɚ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ, ɩɪɢɱɟɦ ɡɚɤɨɧ 



25 

 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɫɟɱɟɧɢɸ ɬɜɟɪɞɨɣ ɤɨɪɤɢ ɧɟ ɡɚɜɢɫɢɬ (ɢɥɢ 

ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨ ɡɚɜɢɫɢɬ) ɨɬ ɭɫɥɨɜɢɣ ɧɚ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɟ. ȼ ɧɚɢɛɨɥɟɟ 

ɩɨɥɧɨɦ ɜɢɞɟ ɷɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɛɵɥɨ ɭɱɬɟɧɨ Ⱥ.ɂ. ȼɟɣɧɢɤɨɦ, ɤɨɬɨɪɨɦɭ ɭɞɚɥɨɫɶ 

ɩɨɥɭɱɢɬɶ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɫɥɨɠɧɵɟ ɪɚɫɱёɬɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ. ȼɟɣɧɢɤ ɪɚɡɞɟɥɢɥ 

ɩɪɨɰɟɫɫ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɨɬɥɢɜɤɢ ɧɚ ɪɹɞ ɷɬɚɩɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɟɪɢɨɞ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɧɚɱɢɧɚɟɬɫɹ ɥɢɲɶ ɩɨɫɥɟ ɫɧɹɬɢɹ ɩɟɪɟɝɪɟɜɚ 

ɪɚɫɩɥɚɜɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɩɪɨɫɬɢɬɶ ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ.  

Ⱦɨɩɭɫɤɚɹ ɨɬɫɭɬɫɬɜɢɟ ɩɟɪɟɝɪɟɜɚ ɠɢɞɤɨɣ ɮɚɡɵ, Ⱥ.ɂ. ȼɟɣɧɢɤ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬ 

ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɟ ɩɨɥɟ ɬɟɦɩɟɪɚɬɭɪ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ: ܶ = ௞ܶ − ( ௞ܶ − 𝑝ܶ) ቀͳ − ௫𝜉ቁ௡
 ɩɪɢ Ͳ ≤ ݔ ≤ 𝜉, ܶ = ௞ܶ = ɩɪɢ 𝜉 ݐݏ݊݋ܿ ≤ ݔ ≤ ܵ଴, 

ɝɞɟ ɤɨɨɪɞɢɧɚɬɚ ݔ ɨɬɫɱɢɬɵɜɚɟɬɫɹ ɨɬ ɨɯɥɚɠɞɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ, 𝜉 = 𝜉ሺ𝜏ሻ – 

ɬɨɥɳɢɧɚ ɬɜёɪɞɨɣ ɤɨɪɨɱɤɢ, ʹܵ଴ – ɩɨɥɧɚɹ ɬɨɥɳɢɧɚ ɩɥɨɫɤɨɝɨ ɫɥɢɬɤɚ ɩɪɢ ɟɝɨ 

ɞɜɭɯɫɬɨɪɨɧɧɟɦ ɫɢɦɦɟɬɪɢɱɧɨɦ ɨɯɥɚɠɞɟɧɢɢ, ௞ܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

ɦɟɬɚɥɥɚ, ܶ – ɫɪɟɞɧɟɦɚɫɫɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɬɜɟɪɞɟɜɲɟɣ ɤɨɪɨɱɤɢ ɫɥɢɬɤɚ. 

ɉɪɢɦɟɪ ɨɞɧɨɣ ɢɡ ɫɚɦɵɯ ɩɪɨɫɬɵɯ ɦɨɞɟɥɟɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 

ɭɪɚɜɧɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧ ɜ [206]. Ɂɞɟɫɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɞɧɨɦɟɪɧɨɟ ɭɪɚɜɧɟɧɢɟ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɛɟɡ ɭɱёɬɚ ɦɚɫɫɨɩɟɪɟɧɨɫɚ, ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɭɱɢɬɵɜɚɸɬ 

ɬɨɥɶɤɨ ɤɨɧɜɟɤɬɢɜɧɭɸ ɬɟɩɥɨɨɬɞɚɱɭ, ɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɧɟ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɹɜɧɨ, ɚ ɞɨɥɢ ɬɜёɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɬɚɤ 

ɧɚɡɵɜɚɟɦɨɝɨ ɦɟɬɨɞɚ «ɪɚɡɦɚɡɵɜɚɧɢɹ» [171]. 

ȼ [1] ɜɵɩɨɥɧɟɧɚ ɩɨɫɬɚɧɨɜɤɚ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɥɢɱɧɵɯ ɩɨ ɭɪɨɜɧɸ ɫɥɨɠɧɨɫɬɢ 

ɨɞɧɨɦɟɪɧɵɯ ɡɚɞɚɱ ɧɚɯɨɠɞɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɢ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ. 

ɋɧɚɱɚɥɚ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɚɹ ɡɚɞɚɱɚ ɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɥɢɬɤɚ ɜ 

ɤɥɚɫɫɢɱɟɫɤɨɣ ɩɨɫɬɚɧɨɜɤɟ. Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɹɞ ɭɩɪɨɳɟɧɢɣ. ɇɟɥɢɧɟɣɧɵɟ 

ɭɫɥɨɜɢɹ ɥɢɧɟɚɪɢɡɭɸɬɫɹ. ɉɨɫɥɟ ɜɜɟɞɟɧɢɹ ɫɪɟɞɧɟɣ ɩɨ ɫɟɱɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɫɥɢɬɤɚ 

ɡɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ ɨɞɧɨɦɟɪɧɨɣ. Ⱦɟɥɚɟɬɫɹ ɞɨɩɭɳɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ 

ɩɚɪɚɦɟɬɪɵ ɹɜɥɹɸɬɫɹ ɤɨɧɫɬɚɧɬɚɦɢ. ɉɪɢɜɨɞɹɬɫɹ ɜɚɪɢɚɧɬɵ ɪɟɲɟɧɢɹ 

ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɞɚɱɢ ɩɨɫɪɟɞɫɬɜɨɦ ɜɜɟɞɟɧɢɹ ɫɩɟɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ 
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ɢɫɬɨɱɧɢɤɚ ɞɥɹ ɛɟɫɤɨɧɟɱɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɞɚɱɢ ɫ ɩɨɦɨɳɶɸ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ-Ʉɚɪɫɨɧɚ ɢ ɡɚɞɚɱɢ ɋɬɟɮɚɧɚ ɜ ɤɥɚɫɫɢɱɟɫɤɨɣ ɩɨɫɬɚɧɨɜɤɟ 

ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɹɜɧɨɣ ɫɯɟɦɵ. 

ȼ [104] ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɞɜɭɦɟɪɧɚɹ ɦɨɞɟɥɶ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ ɩɨɩɟɪɟɱɧɨɦ 

ɫɟɱɟɧɢɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ. ɇɚɥɢɱɢɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɭɱɢɬɵɜɚɟɬɫɹ 

ɩɨɫɪɟɞɫɬɜɨɦ ɜɜɟɞɟɧɢɹ ɜ ɨɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɥɚɝɚɟɦɨɝɨ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɜɧɭɬɪɟɧɧɟɦɭ ɢɫɬɨɱɧɢɤɭ ɬɟɩɥɚ. ɉɪɨɰɟɫɫ ɫɱɢɬɚɟɬɫɹ 

ɭɫɬɚɧɨɜɢɜɲɢɦɫɹ ɜɨ ɜɪɟɦɟɧɢ. Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɧɢɦɚɸɬɫɹ 

ɩɨɫɬɨɹɧɧɵɦɢ ɜɧɭɬɪɢ ɤɚɠɞɨɣ ɮɚɡɵ ɢ ɩɪɢɛɥɢɠɚɸɬɫɹ ɥɢɧɟɣɧɵɦɢ ɮɭɧɤɰɢɹɦɢ 

ɜɧɭɬɪɢ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɬɪɟɬɶɟɝɨ ɪɨɞɚ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫ 

ɭɱɟɬɨɦ ɫɩɟɰɢɮɢɤɢ ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɪɚɡɥɢɱɧɵɯ ɡɨɧɚɯ ɆɇɅɁ. 

 

 

1.2.1. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɟ ɫ 

ɤɥɚɫɫɢɱɟɫɤɢɦ ɭɫɥɨɜɢɟɦ ɋɬɟɮɚɧɚ 

 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɜ ɨɛɳɟɦ ɜɢɞɟ 

ɡɚɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ܿሺܶሻ𝜌ሺܶሻ (𝜕ܶ𝜕𝜏 + 𝐯gradܶ) = divሺߣgradܶሻ +  (1.1) ,ݑ

ɝɞɟ ܶ = ܶሺ𝜏, ,ݔ ,ݕ  ሻ – ɬɟɦɩɟɪɚɬɭɪɚ, 𝜏  - ɜɪɟɦɹ, ܿሺܶሻ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ, 𝜌ሺܶሻݖ

– ɩɥɨɬɧɨɫɬɶ, ߣ =  ሺܶሻ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, 𝐯 – ɜɟɤɬɨɪ ɫɤɨɪɨɫɬɢ ɫɩɥɨɲɧɨɣ ɫɪɟɞɵߣ

(ɦɟɬɚɥɥɚ), ݑ = ,ሺ𝜏ݑ ,ݔ ,ݕ  .ሻ – ɢɫɬɨɱɧɢɤ ɬɟɩɥɚݖ

Ɏɨɪɦɭɥɢɪɨɜɤɚ ɡɚɞɚɱɢ ɧɚɯɨɠɞɟɧɢɹ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɧɚɥɢɱɢɟɦ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ, ɜɤɥɸɱɚɸɳɚɹ ɭɫɥɨɜɢɹ ɋɬɟɮɚɧɚ, ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ 

ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɱёɬɤɨɣ ɝɪɚɧɢɰɵ ɦɟɠɞɭ ɞɜɭɦɹ ɮɚɡɚɦɢ ɨɞɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɚɹ 

ɩɪɨɯɨɞɢɬ ɩɨ ɢɡɨɬɟɪɦɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ (ɩɥɚɜɥɟɧɢɹ) ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ [41]. ɉɪɢ ɷɬɨɦ 

ɧɚ ɮɪɨɧɬɟ ɧɭɥɟɜɨɣ ɬɨɥɳɢɧɵ ɜɵɩɨɥɧɹɸɬɫɹ ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɟɳɟɫɬɜɚ ɬɟɦɩɟɪɚɬɭɪɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɟ ɋɬɟɮɚɧɚ – ɪɚɡɧɨɫɬɶ 

ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɩɨ ɨɛɟɢɦ ɫɬɨɪɨɧɚɦ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɩɪɹɦɨ 
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ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɫɤɨɪɨɫɬɢ ɩɪɨɞɜɢɠɟɧɢɹ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɫ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ, 

ɡɚɜɢɫɹɳɢɦɢ ɨɬ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɟɳɟɫɬɜɚ (ɭɫɥɨɜɢɟ ɬɟɩɥɨɜɨɝɨ 

ɛɚɥɚɧɫɚ) [121]. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɬɨɥɳɢɧɨɣ ɫɥɨɹ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɧɚ ɮɚɡɨɜɨɝɨ 

ɫɨɫɬɨɹɧɢɹ, ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɢ ɩɪɢɧɹɬɶ, ɱɬɨ ɝɪɚɧɢɰɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ – 

ɧɟɤɨɬɨɪɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɩɨɥɨɠɟɧɢɟ ɤɨɬɨɪɨɣ ɧɟɢɡɜɟɫɬɧɨ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɞɜɢɠɟɧɢɟ 

ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɡɚɞɚɸɬ ɭɫɥɨɜɢɟɦ ɋɬɟɮɚɧɚ: ߣሺܶሻ 𝜕ܶ𝜕݊̅|𝜉+ − ሺܶሻߣ 𝜕ܶ𝜕݊̅|𝜉− = 𝜌ሺߤ ௞ܶ௥ሻ (𝜕𝜉𝜕𝜏 + 𝐯 ⋅ grad𝜉) (1.2) 

ɝɞɟ 𝜉 – ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ, ߤ – ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, (Ⱦɠ/ɤɝ); ௞ܶ௥ – 

ɬɟɦɩɟɪɚɬɭɪɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ݊̅ – ɧɨɪɦɚɥɶ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɮɚɡ. 

ɍɫɥɨɜɢɹ ɋɬɟɮɚɧɚ ɞɨɫɬɚɬɨɱɧɨ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɡɚɞɚɱɚɯ ɨ ɡɚɬɜɟɪɞɟɜɚɧɢɢ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ. ɇɚɩɪɢɦɟɪ, ɜ [91] ɩɪɟɞɥɚɝɚɟɬɫɹ ɞɜɭɦɟɪɧɚɹ ɦɨɞɟɥɶ 

ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɫ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɬɪɟɬɶɟɝɨ ɪɨɞɚ 

ɜɞɨɥɶ ɜɫɟɝɨ ɫɥɢɬɤɚ. Ɂɚɞɚɱɚ ɜɤɥɸɱɚɟɬ ɭɫɥɨɜɢɹ ɋɬɟɮɚɧɚ, ɤɨɬɨɪɵɟ ɜ ɩɨɫɥɟɞɭɸɳɟɦ 

ɡɚɦɟɧɹɸɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ «ɫɝɥɚɠɟɧɧɨɣ» ɡɚɞɚɱɟɣ. 

Ɉɬɞɟɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɭɞɟɥɹɟɬɫɹ ɱɢɫɥɟɧɧɨɦɭ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ 

ɨ ɧɚɯɨɠɞɟɧɢɢ ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ ɢɥɢ ɡɚɞɚɱɢ ɋɬɟɮɚɧɚ. Ʉ ɦɟɬɨɞɚɦ ɪɟɲɟɧɢɹ 

ɨɬɧɨɫɹɬɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɵɟ ɦɟɬɨɞɵ [39, 40], ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ 

ɷɥɟɦɟɧɬɨɜ (FEM, Finite Element Method) ɢ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɨɛɴёɦɨɜ (FVM, Finite 

Volume (or control volume) Method) [238], ɚ ɬɚɤɠɟ ɜɚɪɢɚɰɢɨɧɧɨ-ɪɚɡɧɨɫɬɧɵɟ 

ɦɟɬɨɞɵ. ȼ [91] ɞɥɹ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɩɪɢɦɟɧɹɟɬɫɹ ɦɟɬɨɞ 

ɩɟɪɟɦɟɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ. ɉɪɢɦɟɧɹɸɬɫɹ ɬɪёɯɬɨɱɟɱɧɵɟ ɤɨɧɫɟɪɜɚɬɢɜɧɵɟ ɧɟɹɜɧɵɟ 

ɪɚɡɧɨɫɬɧɵɟ ɫɯɟɦɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɛɟɡɭɫɥɨɜɧɨ ɭɫɬɨɣɱɢɜɵɦɢ. 

ɉɨɥɭɱɟɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɢɫɬɟɦɚ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɫ ɬɪёɯɞɢɚɝɨɧɚɥɶɧɨɣ 

ɦɚɬɪɢɰɟɣ ɪɟɲɚɟɬɫɹ ɦɟɬɨɞɨɦ ɩɪɨɝɨɧɤɢ.  Ⱥɜɬɨɪɵ ɨɩɪɟɞɟɥɹɸɬ ɥɨɤɚɥɶɧɨ-ɦɝɧɨɜɟɧɧɨɟ 

ɡɧɚɱɟɧɢɟ ɤɨɨɪɞɢɧɚɬɵ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ɂɚɬɟɦ ɞɥɹ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ 

ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɥɢɤɜɢɞɭɫɚ ɢ ɫɨɥɢɞɭɫɚ 

ɧɚɯɨɞɢɬɫɹ ɩɭɬёɦ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɟɤɰɢɢ ɤɪɢɜɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɤɨɨɪɞɢɧɚɬɧɵɟ ɨɫɢ. 
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1.2.2. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɨɣ ɡɨɧɵ 

 

ɋɚɦɵɣ ɩɪɨɫɬɨɣ ɦɟɬɨɞ ɪɚɫɱёɬɚ ɜɵɞɟɥɟɧɢɹ ɬɟɩɥɚ ɜ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɟ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɦɧɨɝɢɯ ɪɚɛɨɬɚɯ, ɧɚɩɪɢɦɟɪ ɜ [222, 237, 302], ɝɞɟ ɜ ɨɛɥɚɫɬɢ 

ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɞɟɥɚɟɬɫɹ ɞɨɛɚɜɤɚ, ɭɱɢɬɵɜɚɸɳɚɹ ɫɤɪɵɬɭɸ ɬɟɩɥɨɬɭ ߤ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɫɥɚɝɚɟɦɨɟ ɤ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɟɩɥɨёɦɤɨɫɬɢ ɪɚɜɧɨ ɤɨɧɫɬɚɧɬɟ: ߤ/ሺ ௅ܶ − ௌܶሻ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɨɫɧɨɜɧɨɦ ɭɪɚɜɧɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨёɦɤɨɫɬɢ ɡɚɦɟɧɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɷɮɮɟɤɬɢɜɧɨɣ 

ɬɟɩɥɨёɦɤɨɫɬɢ 

ܿ௘௙ሺܶሻ = {ܿ, ܶ < ௌܶܿெ, ௌܶ ≤  ܶ ≤  ௅ܶ ,ܿ, ܶ > ௅ܶ  (1.3) 

ɝɞɟ ܿெ = ܿ + ሺ/ߤ ௅ܶ − ௌܶሻ. (1.4) 

ȼ ɛɨɥɟɟ ɩɨɡɞɧɢɯ ɪɚɛɨɬɚɯ ɜ ɨɫɧɨɜɧɨɦ ɭɪɚɜɧɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (1.1) 

ɦɨɞɟɥɢ ɩ. 1.2.1. ɜ ɤɨɷɮɮɢɰɢɟɧɬɟ ɬɟɩɥɨёɦɤɨɫɬɢ ɭɱɢɬɵɜɚɟɬɫɹ ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ܿ௘௙ሺܶሻ = ܿሺܶሻ − ߤ ∙ ݀ ௦݂݀ܶ  , (1.5) 

ɝɞɟ ௦݂ – ɞɨɥɹ ɠɢɞɤɨɣ ɮɚɡɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɨɞɧɨɦɭ ɢɡ ɫɥɟɞɭɸɳɢɯ ɡɚɤɨɧɨɜ. 

Ʌɢɧɟɣɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɨɥɢ ɬɜёɪɞɨɣ ɮɚɡɵ ɜɧɭɬɪɢ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ [304] 

௦݂ = ௅ܶ − ܶ௅ܶ − ௌܶ (1.6) 

ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɬɚɤ ɧɚɡɵɜɚɟɦɨɦ ɦɟɬɨɞɟ ɷɧɬɚɥɶɩɢɢ. ȼ ɦɟɬɨɞ ɷɧɬɚɥɶɩɢɢ 

ɩɪɟɞɥɨɠɟɧɧɨɦ [287], ɨɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ 

ɬɟɪɦɢɧɚɯ ɷɧɬɚɥɶɩɢɢ ܪ: 𝜌 𝜏��ܪ�� = ݀𝑖ݒሺܶ݀ܽݎ݃ߣሻ, (1.7) 

ɩɪɢ ɷɬɨɦ ɷɧɬɚɥɶɩɢɹ ܪ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

ܪ = {ܿܶ, ܶ < ௌܶܿܶ + ሺܶߤ − ௌܶሻ/ሺ ௅ܶ − ௌܶሻ, ௌܶ ≤  ܶ ≤  ௅ܶ .ܿܶ + ,ߤ ܶ > ௅ܶ  (1.8) 
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Ɇɟɬɨɞ ɷɧɬɚɥɶɩɢɢ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ.  

ɉɨɫɤɨɥɶɤɭ ɜ ɨɛɨɢɯ ɜɵɲɟɧɚɡɜɚɧɧɵɯ ɦɟɬɨɞɚɯ ɩɪɢ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱёɬɚɯ 

ɧɚɛɥɸɞɚɸɬɫɹ ɪɟɡɤɢɟ ɫɤɚɱɤɢ ɜ ɦɨɦɟɧɬɵ ɩɟɪɟɯɨɞɨɜ ɪɚɫɱёɬɧɵɯ ɭɡɥɨɜ ɫɟɬɤɢ ɱɟɪɟɡ 

ɝɪɚɧɢɰɭ ɞɜɭɯɮɚɡɧɨɣ ɢ ɨɞɧɨɮɚɡɧɵɯ ɨɛɥɚɫɬɟɣ, ɛɵɥɨ ɫɞɟɥɚɧɨ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ 

ɩɨɩɵɬɨɤ ɫɝɥɚɠɢɜɚɧɢɹ ɮɭɧɤɰɢɢ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨёɦɤɨɫɬɢ. 

ȼ [Pham85] ɩɪɟɞɥɚɝɚɟɬɫɹ ɝɢɛɪɢɞ ɩɪɟɞɵɞɭɳɢɯ ɞɜɭɯ ɦɟɬɨɞɨɜ ɢ ɫɩɟɰɢɚɥɶɧɚɹ 

ɬɪёɯɫɥɨɣɧɚɹ ɪɚɡɧɨɫɬɧɚɹ ɫɯɟɦɚ ɞɥɹ ɪɚɫɱёɬɨɜ, ɧɚ ɤɨɬɨɪɨɣ ɤɨɪɪɟɤɬɢɪɭɟɬɫɹ ɡɧɚɱɟɧɢɟ 

ɷɧɬɚɥɶɩɢɢ ɜ ɪɚɫɱёɬɧɨɦ ɭɡɥɟ ɫɟɬɤɢ. 

Ɇɟɬɨɞ Ɍɷɣɤɚ [318] ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɜ 1985 ɝɨɞɭ. Ɉɧ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɹɜɧɨɣ 

ɫɯɟɦɟ, ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɫɨɜɩɚɞɚɟɬ ɫ ɦɟɬɨɞɨɦ ɷɧɬɚɥɶɩɢɢ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 

ɫɩɨɫɨɛɚ ɪɚɫɱёɬɚ ɭɡɥɨɜ ɜɛɥɢɡɢ ɝɪɚɧɢɰ ɨɞɧɨɮɚɡɧɨɣ ɢ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧ. 

ȼ [295] ɩɪɢɜɨɞɢɬɫɹ ɭɪɚɜɧɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɪɚɜɢɥɭ ɪɵɱɚɝɚ (Lever Arm 

Rule) ɞɥɹ ɪɚɜɧɨɜɟɫɧɨɣ ɦɨɞɟɥɢ ɡɚɬɜɟɪɞɟɜɚɧɢɹ (equilibrium solidification model) 

௦݂ = ͳͳ − ݇଴ (ܶ − ௅ܶܶ − ெܶ) (1.9) 

ɝɞɟ ݇଴ = cA,ScA,L , cA,S , cA,L ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɢɡ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ 

(ɪɢɫ.1.3), ɚ ɜ [292] ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɥɢ ɬɜёɪɞɨɣ ɮɚɡɵ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ: 

௦݂ = ͳ − (ܶ − ௌܶ௅ܶ − ௌܶ)ଶ. (1.10) 

ɉɪɢ ɪɚɫɱёɬɚɯ ɜ ɫɩɥɚɜɚɯ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɬɫɹ ɦɨɞɟɥɶ ɒɚɣɥɹ 

(Scheil model) [293, 328] 

௦݂ = ͳ − (ܶ − ெܶ௅ܶ − ெܶ) ଵ௞బ−ଵ. (1.11) 

 

ȼ [304] ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɢɧɬɟɝɪɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨёɦɤɨɫɬɢ, 

ɜɵɩɨɥɧɟɧɨ ɟɝɨ ɫɪɚɜɧɟɧɢɟ ɫ ɦɟɬɨɞɨɦ Ɏɚɦɚ ɢ ɦɟɬɨɞɨɦ Ɍɷɣɤɚ. ɉɪɢɜɟɞɟɧɵ 

ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɞɥɹ ɹɜɧɨɣ ɢ ɧɟɹɜɧɨɣ ɫɯɟɦ, ɩɨɤɚɡɚɧɨ ɧɚ ɝɪɚɮɢɤɚɯ, ɧɚɫɤɨɥɶɤɨ 

ɭɞɚёɬɫɹ ɫɝɥɚɞɢɬɶ ɫɤɚɱɤɢ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɦ ɢɥɢ ɢɧɵɦ ɫɩɨɫɨɛɨɦ.  
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ȼ [150] ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɩɨɫɨɛ ɫɝɥɚɠɢɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨёɦɤɨɫɬɢ ɫ 

ɩɨɦɨɳɶɸ ɢɧɬɟɝɪɚɥɚ ɜɟɪɨɹɬɧɨɫɬɢ. 

 

 

Ɋɢɫɭɧɨɤ 1.3. Ɏɪɚɝɦɟɧɬ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɛɢɧɚɪɧɨɝɨ ɫɩɥɚɜɚ 

 

ɇɚɢɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɨɣ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ 

ɨɩɢɫɚɧɨ ɜ [30]. 

Ⱦɨɫɬɨɢɧɫɬɜɚ ɦɨɞɟɥɢ ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɨɣ ȾɎɁ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɨɧɚ ɩɨɡɜɨɥɹɟɬ 

ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɥɢɬɤɚ, ɧɨ ɢ ɯɚɪɚɤɬɟɪ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɥɢɤɜɢɪɭɸɳɢɯ ɩɪɢɦɟɫɟɣ [133].  

ɇɟɞɨɫɬɚɬɤɚɦɢ ɦɨɞɟɥɢ ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɨɣ ȾɎɁ ɹɜɥɹɸɬɫɹ ɧɟɜɨɡɦɨɠɧɨɫɬɶ 

ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɨɬɞɟɥɶɧɵɯ ɩɪɢɦɟɫɟɣ ɜ ɫɥɢɬɤɟ. Ɋɨɥɶ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɦɨɞɟɥɢ ɫɜɨɞɢɬɫɹ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɧɨɫɭ ɩɨɥɨɠɟɧɢɹ 

ɬɟɨɪɢɢ ɨɛ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦ ɯɚɪɚɤɬɟɪɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɞɢɮɮɭɡɢɨɧɧɨɦ ɫɥɨɟ ɧɚ ɜɫɸ ȾɎɁ [ȿɮ76]. ɉɪɢ ɱɢɫɥɟɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɦɨɞɟɥɢ 

ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɨɣ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɩɪɢɯɨɞɢɬɫɹ ɩɪɟɞɩɨɥɚɝɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ 

ɫɟɱɟɧɢɹ ɠɢɞɤɨɣ ɮɚɡɵ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɞɧɨɣ ɤɚɤɨɣ-ɥɢɛɨ 
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ɩɪɢɦɟɫɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɪɟɚɥɶɧɨɫɬɢ ɥɢɤɜɢɪɭɟɬ ɦɧɨɠɟɫɬɜɨ ɤɨɦɩɨɧɟɧɬɨɜ 

ɪɚɫɩɥɚɜɚ, ɩɪɢɱɟɦ ɫɬɟɩɟɧɶ ɥɢɤɜɚɰɢɢ ɤɚɠɞɨɣ ɢɡ ɧɢɯ ɡɚɜɢɫɢɬ ɨɬ ɚɤɬɢɜɧɨɫɬɢ 

ɨɫɬɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɩɥɚɜɚ [59, 153]. 

 

 

1.2.3. Ɇɟɬɨɞɵ ɭɱёɬɚ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɦɟɬɚɥɥɨɜ 

ɢ ɫɩɥɚɜɨɜ 

 

ɉɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɥɚɜɨɜ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɢ ɡɚ ɫɱёɬ 

ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ (ɨɫɨɛɟɧɧɨ ɜ ɠɢɞɤɨɣ ɮɚɡɟ). ȼ ɫɥɭɱɚɟ ɩɪɟɧɟɛɪɟɠɟɧɢɹ ɧɚɥɢɱɢɟɦ 

ɩɟɪɟɯɨɞɧɨɣ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ( ௅ܶ = ௌܶ = ௞ܶ௥) ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɫɬɚɜɢɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [148]. ɍɪɚɜɧɟɧɢɟ ɞɢɮɮɭɡɢɢ ɞɥɹ ɬɜёɪɞɨɣ ɮɚɡɵ ɢɦɟɟɬ 

ɜɢɞ: 𝜕ܥ−𝜕𝜏 = ݀𝑖ݒሺܦ− ∙  ሻ, (1.12)−ܥ݀ܽݎ݃

ɞɥɹ ɠɢɞɤɨɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɱɢɬɵɜɚɸɬɫɹ ɤɨɧɜɟɤɬɢɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɩɟɪɟɧɨɫɚ 

ɬɟɩɥɚ: 𝜕ܥ+𝜕𝜏 + divሺ𝐯ܥ+ሻ = divሺܦ+ ∙ gradܥ+ሻ (1.13) 

ɝɞɟ ܥ ,−ܦ ,+ܦ+ ɢ ܥ− - ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɠɢɞɤɨɣ ɢ 

ɬɜёɪɞɨɣ ɮɚɡɚɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɩɨɥɚɝɚɸɬ ɪɚɡɪɵɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ ɧɚ ɝɪɚɧɢɰɟ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ܥ− = ݇஼ܥ+ ,  ሺݔ, ,ݕ ሻݖ א 𝜉.   (1.14) 

ɝɞɟ ݇஼ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɢ. 

ɍɫɥɨɜɢɟɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɝɪɚɧɢɰɭ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 𝜉, ɹɜɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ ܶሺ𝜏, ,ݔ ,ݕ ሻݖ = ௞ܶ௥ .     (1.15) 

ɂɡ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɭɫɥɨɜɢɹ ɫɨɩɪɹɠɟɧɢɹ ɞɥɹ 

ɩɨɬɨɤɨɜ (𝐯 = Ͳ ɧɚ 𝜉 ɜ ɭɪɚɜɧɟɧɢɢ (1.13)): [ܦ 𝜕஼𝜕௡⃗ + v𝜉ܥ] = Ͳ,  ሺݔ, ,ݕ ሻݖ א 𝜉,   (1.16) 
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ɝɞɟ v𝜉 – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɨ ɧɨɪɦɚɥɢ, ɤɜɚɞɪɚɬɧɵɟ 

ɫɤɨɛɤɢ [ ] ɨɛɨɡɧɚɱɚɸɬ ɡɞɟɫɶ ɫɤɚɱɨɤ ɩɪɢ ɩɟɪɟɯɨɞɟ ɝɪɚɧɢɰɵ ɤɨɧɬɚɤɬɚ. ɇɚɩɪɢɦɟɪ [݂] =   ݂ ሺ˘ + Ͳ, ˖, ሻݖ −  ݂ ሺ˘ − Ͳ, ˖,  .ሻݖ

ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ (1.14), ɷɬɨ ɭɫɥɨɜɢɟ ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɜɢɞɟ  [ܦ 𝜕஼𝜕௡⃗ ] = −v𝜉ሺͳ − ݇஼ሻܥ+,  ሺݔ, ,ݕ ሻݖ א 𝜉.  (1.17) 

ɇɚ ɝɪɚɧɢɰɚɯ ɪɚɫɱёɬɧɵɯ ɨɛɥɚɫɬɟɣ ɬɚɤɠɟ ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ 

(ɪɚɜɟɧɫɬɜɨ ɧɭɥɸ ɩɨɬɨɤɨɜ) [148, ɫɬɪ.55]. 

Ⱦɥɹ ɜɫɟɣ ɪɚɫɱёɬɧɨɣ ɨɛɥɚɫɬɢ ɡɚɞɚɸɬɫɹ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɜ ɜɢɞɟ ɩɨɥɹ 

ɬɟɦɩɟɪɚɬɭɪ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 

Ɍɟɦɩɟɪɚɬɭɪɵ ɥɢɤɜɢɞɭɫɚ ɢ ɫɨɥɢɞɭɫɚ, ɜɨɨɛɳɟ ɝɨɜɨɪɹ, ɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɹɦɢ, 

ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɟɳɟɫɬɜɚ ɧɚ ɷɬɢɯ ɝɪɚɧɢɰɚɯ ௅ܶሺܥ௅ሻ, ௌܶሺܥௌሻ, ɝɞɟ ܥ௅ ɢ ܥௌ ɦɟɧɹɸɬɫɹ ɜɨ ɜɪɟɦɟɧɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ɉɞɧɚɤɨ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɦɨɞɟɥɢ ɡɚɱɚɫɬɭɸ ɩɨɥɚɝɚɸɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɜ ɠɢɞɤɨɣ ɮɚɡɟ ɢ ɜ ɬɜёɪɞɨɣ ɮɚɡɚɯ ɪɚɜɧɵɦɢ ɤɨɧɫɬɚɧɬɚɦ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɩɨɫɬɨɹɧɧɵɦɢ ɡɧɚɱɟɧɢɹ  ௅ܶ ɢ  ௌܶ (ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɜ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɭɸɳɟɣ ɩɪɚɜɢɥɨ 

ɪɵɱɚɝɚ ɢ ɦɨɞɟɥɢ ɒɚɣɥɹ) [293]. 

 

1.2.4. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ 

ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɱɚɫɬɢ ɧɚ ɩɨɥɟ ɬɟɦɩɟɪɚɬɭɪ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 

 

ȼ ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɜɟɤɬɢɜɧɵɣ ɩɟɪɟɧɨɫ ɬɟɩɥɚ. 

Ɉɫɧɨɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɷɬɨɝɨ ɩɟɪɟɧɨɫɚ – ɞɜɢɠɟɧɢɟ ɫɚɦɨɝɨ ɫɥɢɬɤɚ ɜ ɦɚɲɢɧɟ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ. ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɪɚɫɱёɬɧɚɹ ɨɛɥɚɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɩɪɢɜɹɡɚɧɧɨɣ ɤ ɆɇɅɁ, ɩɟɪɟɧɨɫ ɬɟɩɥɚ ɜɦɟɫɬɟ ɫ ɞɜɢɠɭɳɢɦɫɹ 

ɫɥɢɬɤɨɦ ɭɱɢɬɵɜɚɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɭɪɚɜɧɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɜɢɞɟ ɫɥɚɝɚɟɦɨɝɨ 

ɪɚɜɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɸ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɧɚ ɱɚɫɬɧɭɸ ɩɪɨɢɡɜɨɞɧɭɸ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɜ ɭɪɚɜɧɟɧɢɢ (1.1) 𝐯gradܶ = ݒ 𝜕்𝜕௭.      (1.18) 
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ȼɧɭɬɪɢ ɠɢɞɤɨɣ ɮɚɡɵ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ, 

ɤɨɬɨɪɨɟ ɬɚɤɠɟ ɨɫɭɳɟɫɬɜɥɹɟɬ ɤɨɧɜɟɤɬɢɜɧɵɣ ɩɟɪɟɧɨɫ ɬɟɩɥɚ. Ⱦɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ 

ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɱɚɫɬɢ ɫɥɢɬɤɚ ɜɥɢɹɟɬ ɧɚ ɫɬɪɭɤɬɭɪɭ ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɡɚɝɨɬɨɜɤɢ, 

ɩɨɫɤɨɥɶɤɭ ɜɦɟɫɬɟ ɫ ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ ɩɟɪɟɧɨɫɹɬɫɹ ɪɚɡɥɢɱɧɵɟ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɟ 

ɜɤɥɸɱɟɧɢɹ, ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɫɥɨɦ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɢ ɞɚɠɟ ɧɟɤɨɬɨɪɨɟ 

ɪɚɡɦɵɜɚɧɢɟ ɡɚɬɜɟɪɞɟɜɲɟɣ ɤɨɪɨɱɤɢ ɫɥɢɬɤɚ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 

(ɩɨɫɥɟɞɧɟɟ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɤɨɦ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɝɪɭɠɧɨɝɨ ɫɬɚɤɚɧɚ). Ɂɚɞɚɱɢ 

ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ ɩɨɬɨɤɨɜ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɱɚɫɬɢ ɫɥɢɬɤɚ ɧɚ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɟɝɨ ɫɬɪɭɤɬɭɪɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɪɚɛɨɬɚɯ [220, 242, 296, 324].  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɨɩɢɫɚɧɨ ɜɨ 

ɦɧɨɝɢɯ ɪɚɛɨɬɚɯ, ɧɚɩɪɢɦɟɪ, [165, 320]. 

Ƚɢɞɪɨɞɢɧɚɦɢɤɚ ɠɢɞɤɨɣ ɥɭɧɤɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɭɱɢɬɵɜɚɟɬɫɹ ɜ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ [13, 59, 125, 129, 130, 131, 133, 134, 152, 194, 207, 320]. ȼ 

[61] ɜ ɨɛɳɟɣ ɩɨɫɬɚɧɨɜɤɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɤɪɢɫɬɚɥɥɢɡɚɰɢɸ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɤɚɤ ɪɟɡɭɥɶɬɚɬ 

ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɬɟɩɥɨɜɵɯ, ɞɢɮɮɭɡɢɨɧɧɵɯ ɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ 

ɹɜɥɟɧɢɣ. ɇɚɢɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɝɢɞɪɨɞɢɧɚɦɢɤɭ ɠɢɞɤɨɣ 

ɥɭɧɤɢ, ɢɡɥɨɠɟɧɵ ɜ [127, 128, 215, 245, 297]. ȼɤɥɸɱɟɧɢɟ ɜ ɪɚɫɫɦɨɬɪɟɧɢɟ ɭɪɚɜɧɟɧɢɣ 

ɞɢɧɚɦɢɤɢ ɠɢɞɤɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɜ ɫɥɭɱɚɹɯ ɢɡɭɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ 

ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ [223], ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɩɨɝɪɭɠɧɨɝɨ ɫɬɚɤɚɧɚ, ɩɪɨɰɟɫɫɨɜ ɪɚɡɦɵɜɚɧɢɹ ɡɚɪɨɠɞɚɸɳɟɣɫɹ ɤɨɪɨɱɤɢ ɜɛɥɢɡɢ 

ɦɟɧɢɫɤɚ [301] ɢ ɞɪ. (ɪɢɫ.1.4).  

ȼ [10] ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɧɟɫɬɚɰɢɨɧɚɪɧɚɹ ɡɚɞɚɱɚ ɋɬɟɮɚɧɚ ɜ ɩɪɨɞɨɥɶɧɨɦ 

ɫɟɱɟɧɢɢ ɫɥɢɬɤɚ, ɜɤɥɸɱɚɸɳɚɹ ɧɟ ɬɨɥɶɤɨ ɧɟɥɢɧɟɣɧɵɟ ɭɪɚɜɧɟɧɢɹ 

ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ, ɧɨ ɢ ɭɪɚɜɧɟɧɢɹ ɇɚɜɶɟ-ɋɬɨɤɫɚ, ɤɨɬɨɪɵɟ ɨɬɪɚɠɚɸɬ ɞɜɢɠɟɧɢɟ 

ɩɨɬɨɤɨɜ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɜɧɭɬɪɢ ɠɢɞɤɨɣ ɮɚɡɵ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɣ 

ɦɟɬɨɞ ɧɚɯɨɠɞɟɧɢɹ ɫɜɨɛɨɞɧɨɣ ɝɪɚɧɢɰɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɭɫɥɨɜɢɣ ɋɬɟɮɚɧɚ, 

ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɦɟɬɨɞɟ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ ɢ ɩɟɪɟɫɬɪɨɣɤɟ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɣ 

ɫɟɬɤɢ. 
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Ɋɢɫɭɧɨɤ 1.4. Ƚɢɞɪɨɞɢɧɚɦɢɤɚ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜɧɭɬɪɢ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ 
[320]. 

 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɹɳɟɣ ɫɪɟɞɵ ɛɚɡɢɪɭɸɬɫɹ ɧɚ 

ɫɥɟɞɭɸɳɢɯ ɭɪɚɜɧɟɧɢɹɯ. ɍɪɚɜɧɟɧɢɟ ɧɟɩɪɟɪɵɜɧɨɫɬɢ, ɫɥɟɞɭɸɳɟɟ ɢɡ ɡɚɤɨɧɚ 

ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ: 𝜕𝜌𝜕𝜏 + divሺ𝜌 ∙ 𝐯ሻ = Ͳ,    (1.19) 

ɝɞɟ 𝜌 – ɩɥɨɬɧɨɫɬɶ, 𝐯 = ሺݑ, ,ݒ  ሻ – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ. ȼ ɦɨɞɟɥɢݓ

ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ (ɬɚɤɨɟ ɞɨɩɭɳɟɧɢɟ ɞɟɥɚɟɬɫɹ ɩɪɢ ɫɤɨɪɨɫɬɹɯ ɞɜɢɠɟɧɢɹ 

ɫɪɟɞɵ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɢɯ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ) ɭɪɚɜɧɟɧɢɟ (1.19) ɩɪɢɧɢɦɚɟɬ ɜɢɞ div 𝐯 = Ͳ.       (1.20) 

ɍɪɚɜɧɟɧɢɹ ɇɚɜɶɟ-ɋɬɨɤɫɚ, ɨɩɢɫɵɜɚɸɳɢɟ ɞɜɢɠɟɧɢɟ ɜɹɡɤɨɣ ɫɪɟɞɵ [323, 324, 

341], ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɜɢɞ ɢɦɟɸɬ ɜ ɫɥɭɱɚɟ ɨɞɧɨɪɨɞɧɨɣ ɧɟɫɠɢɦɚɟɦɨɣ ɫɪɟɞɵ: 
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 𝜌 ቀ𝜕𝐯𝜕𝜏 + 𝐯 ׏𝐯ቁ = ݌׏− + 𝜂Δ𝐯 + 𝜌𝐟,    (1.21) 

ɝɞɟ 𝜂 – ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ, ݌ – ɞɚɜɥɟɧɢɟ, 𝐟 = ሺ ௫݂, ௬݂ , ௭݂ሻ – ɜɟɤɬɨɪ ɦɚɫɫɨɜɵɯ ɫɢɥ. 

ȼ ɫɥɭɱɚɟ ɠɟ ɭɱёɬɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɢ ɫɠɢɦɚɟɦɨɫɬɢ ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ 

ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɥɨɠɧɹɟɬɫɹ. 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɠɢɞɤɨɫɬɢ ɜ ɫɥɭɱɚɟ ɧɟɫɠɢɦɚɟɦɨɣ ɫɪɟɞɵ ɢɦɟɟɬ 

ɜɢɞ: ܿ𝑝𝜌 ቀ𝜕்𝜕𝜏 + 𝐯 ܶ׏ቁ = ݀𝑖ݒሺ݇ܶ׏ሻ + 𝜂Φ,    (1.22) 

ɝɞɟ ܿ𝑝 – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, 𝜂Φ – ɷɧɟɪɝɢɹ 

ɞɢɫɫɢɩɚɰɢɢ ɡɚ ɫɱёɬ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ:  Φ = ʹ [ቀ𝜕௨𝜕௫ቁଶ + ቀ𝜕௩𝜕௬ቁଶ + ቀ𝜕௪𝜕௭ቁଶ] + ቀ𝜕௨𝜕௬ + 𝜕௩𝜕௫ቁଶ + ቀ𝜕௨𝜕௭ + 𝜕௪𝜕௫ቁଶ + ቀ𝜕௪𝜕௬ + 𝜕௩𝜕௭ቁଶ
.    (1.23) 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (1.20)-(1.22) ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɜɹɡɤɨɣ ɨɞɧɨɪɨɞɧɨɣ ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ. 

ɇɟɢɡɜɟɫɬɧɵɦɢ ɜ ɧɟɣ ɹɜɥɹɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ܶ, ɫɤɨɪɨɫɬɶ 𝐯 ɢ ɞɚɜɥɟɧɢɟ ݌. ɗɬɚ 

ɫɢɫɬɟɦɚ ɞɨɩɨɥɧɹɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɝɪɚɧɢɱɧɵɦɢ ɢ ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. 

ɉɨɫɤɨɥɶɤɭ ɬɚɤɢɟ ɡɚɞɚɱɢ ɬɪɟɛɭɸɬ ɛɨɥɶɲɢɯ ɪɚɫɱёɬɧɵɯ ɦɨɳɧɨɫɬɟɣ, ɩɨɫɬɨɹɧɧɨ 

ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ ɫɨɤɪɚɳɟɧɢɸ ɧɟɨɛɯɨɞɢɦɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɧɚɩɪɢɦɟɪ, ɩɭɬёɦ 

ɡɚɦɟɧɵ ɭɫɪɟɞɧёɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɧɟɤɨɬɨɪɵɯ ɩɟɪɟɦɟɧɧɵɯ ɢɥɢ ɜɜɟɞɟɧɢɟɦ 

ɡɚɦɟɳɚɸɳɢɯ ɮɭɧɤɰɢɣ, ɬɪɟɛɭɸɳɢɯ ɪɟɲɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɤɨɬɨɪɵɟ 

ɡɚɱɚɫɬɭɸ ɹɜɥɹɸɬɫɹ ɧɟɬɨɱɧɵɦɢ [322]. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ [313] ɩɪɟɞɥɚɝɚɟɬɫɹ ɡɚɦɟɧɢɬɶ 

ɭɪɚɜɧɟɧɢɹ ɇɚɜɶɟ-ɋɬɨɤɫɚ ɭɪɚɜɧɟɧɢɹɦɢ ɞɜɢɠɟɧɢɹ, ɨɫɧɨɜɚɧɧɵɦɢ ɧɚ ɡɚɤɨɧɟ 

Ɇɚɤɫɜɟɥɥɚ ɭɩɪɭɝɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɭɪɚɜɧɟɧɢɟɦ ɫɨɫɬɨɹɧɢɹ ɫɠɢɦɚɟɦɨɣ ɫɪɟɞɵ ɫ 

ɭɱёɬɨɦ ɡɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɹ ɨɬ ɩɥɨɬɧɨɫɬɢ. 

Ɂɚɞɚɱɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɝɢɞɪɨɞɢɧɚɦɢɤɭ, ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɝɪɨɦɨɡɞɤɢɟ 

ɜɵɱɢɫɥɟɧɢɹ, ɬɟɦ ɛɨɥɟɟ, ɟɫɥɢ ɜ ɧɢɯ ɭɱɢɬɵɜɚɟɬɫɹ ɬɚɤɠɟ ɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɶ [14, 140]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɩɪɨɝɧɨɡɧɵɟ ɦɨɞɟɥɢ, ɬ.ɟ. ɬɚɤɢɟ, ɤɨɬɨɪɵɟ 

ɩɨɡɜɨɥɹɸɬ ɩɪɨɢɡɜɨɞɢɬɶ ɜɵɱɢɫɥɟɧɢɹ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɛɵɫɬɪɟɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɥɚɫɫ ɡɚɞɚɱ, ɜ ɤɨɬɨɪɵɯ ɞɢɧɚɦɢɤɨɣ ɠɢɞɤɨɝɨ 

ɦɟɬɚɥɥɚ ɜɧɭɬɪɢ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ, ɩɨɫɤɨɥɶɤɭ ɨɧɚ: 
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1. ɧɟ ɢɦɟɟɬ ɫɤɨɥɶ-ɥɢɛɨ ɡɚɦɟɬɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɝɥɭɛɢɧɭ ɠɢɞɤɨɣ ɥɭɧɤɢ; ɜ [23] 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɭɱёɬɚ ɞɢɧɚɦɢɤɢ ɠɢɞɤɨɫɬɢ ɥɭɧɤɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɸɬ ɧɚ ɨɛɳɭɸ ɪɚɫɱёɬɧɭɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɡɚɬɜɟɪɞɟɜɚɧɢɹ.  

2. ɧɟ ɢɦɟɟɬ ɫɤɨɥɶ-ɥɢɛɨ ɡɚɦɟɬɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜ ɛɥɢɡɤɢɯ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɨɹɯ ɡɚɝɨɬɨɜɤɢ ɜ ɁȼɈ; 

3. ɜ ɫɥɭɱɚɟ ɪɚɡɥɢɜɤɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɢɯ ɫɩɥɚɜɨɜ ɬɟɯɧɨɥɨɝɢɹ ɬɚɤɨɜɚ, ɱɬɨ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɨɬɨɤɢ ɤɪɚɣɧɟ ɦɚɥɵ ɢ ɧɟ ɜɥɢɹɸɬ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ 

ɫɥɢɬɤɚ.  

ɇɟɫɦɨɬɪɹ ɧɚ ɜɵɫɨɤɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɦɨɳɧɨɫɬɢ ɢ ɫɨɜɪɟɦɟɧɧɨɟ 

ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɣ ɞɢɧɚɦɢɤɢ ɠɢɞɤɨɫɬɢ, ɪɚɫɱɟɬ ɩɨɬɨɤɚ 

ɠɢɞɤɨɫɬɢ ɜɧɭɬɪɢ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ (ɫɨɩɪɹɠɟɧɧɵɣ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ 

ɪɚɫɱёɬɨɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɩɪɨɞɜɢɠɟɧɢɹ ɮɪɨɧɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ) ɨɫɬɚɟɬɫɹ 

ɤɪɚɣɧɟ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ [226]. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɩɪɨɛɥɟɦɚɦɢ ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ 

ɤɨɪɪɟɤɬɧɨɟ ɡɚɞɚɧɢɟ ɮɭɧɤɰɢɢ ɜɹɡɤɨɫɬɢ, ɚ ɬɚɤɠɟ ɭɱёɬɚ ɜ ɦɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɵɯ 

ɩɪɨɰɟɫɫɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɚɥɢɫɬɢɱɧɨɣ ɤɚɪɬɢɧɵ ɧɚɩɪɚɜɥɟɧɢɣ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɩɨɬɨɤɨɜ. Ɍɚɤɠɟ ɩɪɨɛɥɟɦɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɩɨɬɨɤɨɦ ɢ 

ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɨɣ. ɂɡ-ɡɚ ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɞɟɧɞɪɢɬɨɜ [240] ɢ ɪɚɜɧɨɨɫɧɵɯ ɡɟɪɟɧ 

[241], ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ ɦɨɞɟɥɢɪɨɜɚɬɶ ɩɨɝɪɚɧɢɱɧɵɣ ɫɥɨɣ ɜɛɥɢɡɢ ɥɢɤɜɢɞɭɫɚ ɜ 

ɩɟɪɟɯɨɞɧɨɦ ɪɟɠɢɦɟ, ɩɨɫɤɨɥɶɤɭ ɨɧ ɢɦɟɟɬ ɨɱɟɧɶ ɫɥɨɠɧɭɸ ɮɨɪɦɭ, ɤɨɬɨɪɚɹ 

ɢɡɦɟɧɹɟɬɫɹ ɫɨ ɜɪɟɦɟɧɟɦ, ɢ ɜ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɞɥɹ ɪɚɫɱёɬɨɜ ɬɪɟɛɭɟɬɫɹ ɚɞɚɩɬɢɜɧɚɹ 

ɫɟɬɤɚ. 

ɇɚɤɨɧɟɰ ɜɚɠɧɟɣɲɟɣ ɢɡ ɩɪɨɛɥɟɦ ɨɫɬɚёɬɫɹ ɜɚɥɢɞɚɰɢɹ ɩɨɥɭɱɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ. ɏɨɬɹ ɧɟɤɨɬɨɪɵɟ ɫɩɨɫɨɛɵ ɧɚɛɥɸɞɟɧɢɹ ɩɨɬɨɤɨɜ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ 

ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɜ [205], ɩɪɨɛɥɟɦɚ ɩɪɨɜɟɞɟɧɢɹ ɬɚɤɨɝɨ ɪɨɞɚ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɢ 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɚɯ ɨɫɬɚёɬɫɹ ɨɬɤɪɵɬɨɣ, ɢ ɡɚɱɚɫɬɭɸ ɩɪɢɯɨɞɢɬɫɹ 

ɩɨɥɚɝɚɬɶɫɹ ɧɚ ɮɢɡɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɫ ɢɦɢɬɚɰɢɟɣ ɦɟɬɚɥɥɚ ɞɪɭɝɢɦ ɜɟɳɟɫɬɜɨɦ 

(ɧɚɩɪɢɦɟɪ, ɜɨɞɨɣ) ɞɥɹ ɤɚɥɢɛɪɨɜɤɢ ɩɨɬɨɤɨɜ [161, 224, 225]. 
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1.2.5. Ɇɨɞɟɥɶ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɦɟɬɨɞɨɦ ɡɚɞɚɧɢɹ 

ɮɭɧɤɰɢɢ ɫɨɫɬɚɜɚ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɦɟɫɢ 

 

ȼ [34] ɩɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ ɦɨɞɟɥɶ ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 

ɚɝɪɟɝɚɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ 

ɩɪɨɬɹɠɟɧɧɨɣ ɨɛɥɚɫɬɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ.  

ɉɨɫɤɨɥɶɤɭ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɭɠɟ ɧɟ ɨɞɧɭ ɩɨɞɜɢɠɧɭɸ ɝɪɚɧɢɰɭ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɚ ɞɜɟ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɡɚɤɥɸɱɟɧɚ ɞɜɭɯɮɚɡɧɚɹ ɡɨɧɚ, 

ɩɚɪɚɦɟɬɪɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɡɚɞɚɱɭ ɋɬɟɮɚɧɚ, ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ. Ⱥɜɬɨɪɨɦ 

ɩɪɟɞɥɚɝɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɧɚɥɢɱɢɟ 

ɧɨɜɨɝɨ ɨɛɴɟɤɬɚ, ɬ. ɟ. ɞɜɭɯɮɚɡɧɭɸ ɡɨɧɭ, ɜɜɟɫɬɢ ɧɟɢɡɜɟɫɬɧɭɸ ɮɭɧɤɰɢɸ – ɫɨɫɬɚɜ 

ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɦɟɫɢ. 

Ɉɛɥɚɫɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 𝛺 ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɬɪɢ ɩɨɞɨɛɥɚɫɬɢ: 𝛺ଶ — ɨɛɥɚɫɬɶ, 

ɡɚɧɹɬɚɹ ɠɢɞɤɢɦ ɜɟɳɟɫɬɜɨɦ, 𝛺ଵ — ɨɛɥɚɫɬɶ, ɡɚɧɹɬɚɹ ɷɬɢɦ ɠɟ ɜɟɳɟɫɬɜɨɦ ɜ ɬɜɟɪɞɨɦ 

ɫɨɫɬɨɹɧɢɢ, ɢ 𝛺଴ — ɩɪɨɦɟɠɭɬɨɱɧɚɹ ɩɟɪɟɯɨɞɧɚɹ ɡɨɧɚ, ɡɚɧɢɦɚɟɦɚɹ ɠɢɞɤɨɣ ɢ 

ɬɜɟɪɞɨɣ ɮɚɡɚɦɢ ɨɞɧɨɜɪɟɦɟɧɧɨ (ɪɢɫ. 1.5). Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɨɛɥɚɫɬɹɯ 𝛺ଵ, 𝛺ଶ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɪɟɲɟɧɢɹ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɨɦɢɦɨ 

ɫɬɚɧɞɚɪɬɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɧɚ ɧɟɩɨɞɜɢɠɧɵɯ ɝɪɚɧɢɰɚɯ ɦɨɞɟɥɢɪɭɟɦɨɣ 

ɨɛɥɚɫɬɢ 𝛺 ɡɚɞɚɸɬɫɹ ɟɳɟ ɭɫɥɨɜɢɹ ɧɚ ɧɟɢɡɜɟɫɬɧɵɯ ɝɪɚɧɢɰɚɯ ɡɨɧɵ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ 𝛺଴. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨ ɜɫɟɣ ɩɟɪɟɯɨɞɧɨɣ ɨɛɥɚɫɬɢ ɢɡɜɟɫɬɧɚ, ɩɨɫɬɨɹɧɧɚ ɢ 

ɪɚɜɧɚ ܶ∗. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ ɩɟɪɟɦɟɳɟɧɢɟ ɫɚɦɨɣ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ. 

ȼ ɠɢɞɤɨɣ ɢ ɬɜёɪɞɨɣ ɮɚɡɚɯ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɤɥɚɫɫɢɱɟɫɤɨɦɭ ɭɪɚɜɧɟɧɢɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (1) ɫ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɟɦ ɜɬɨɪɨɝɨ 

ɪɨɞɚ – ɢɡɜɟɫɬɧɵɦ ɬɟɩɥɨɜɵɦ ɩɨɬɨɤɨɦ ɜ ɬɨɱɤɟ ܣ (ɪɢɫ. 1.5) ɫɨ ɫɬɨɪɨɧɵ ɠɢɞɤɨɣ ɮɚɡɵ 

ɢ ɜ ɬɨɱɤɟ ܤ – ɫɨ ɫɬɨɪɨɧɵ ɬɜёɪɞɨɣ ɮɚɡɵ. ɇɚ ɭɱɚɫɬɤɟ ሺܣ,  ሻ ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɫɨɫɬɚɜ′ܣ

ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɦɟɫɢ ɢɡ ɭɪɚɜɧɟɧɢɹ ∫ 𝜌ଶܿଶ[ܶሺݎ,  𝜏 + ∆𝜏ሻ − ݎ݀[∗ܶ = ′𝜂஺஺ߤ− ∫ 𝜌ሺ𝜂ሻ݀ݎ஺஺′ ,  (1.24) 
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ɝɞɟ 𝜂 – ɦɚɫɫɨɜɚɹ ɞɨɥɢ ɬɜёɪɞɨɣ ɮɚɡɵ ɜ ሺܣ′, ,′ܣሻ 𝜌ሺ𝜂) – ɩɥɨɬɧɨɫɬɶ ɞɜɭɯɮɚɡɧɨɣ ɫɦɟɫɢ ɜ ሺܣ   .ሻܣ 

Ⱦɨɥɹ ɬɜёɪɞɨɣ ɮɚɡɵ 𝜂ଵ ɜ ሺܣ′,  ሻ ɨɩɪɟɞɟɥɹɟɬɫɹ′ܤ

ɢɡ ɱɢɫɥɟɧɧɨɝɨ ɚɧɚɥɨɝɚ ɭɪɚɜɧɟɧɢɹ  ∫ 𝜌ሺ𝜂ଵሻ݀ݎ஻′஺′ = ∫ 𝜌ሺ𝜂ሻ݀ݎ஺஺′ + ∫ 𝜌ሺ𝜂଴ሻ݀ݎ஻′஺ , 

  (1.25) 

ɝɞɟ 𝜂଴, 𝜂ଵ - ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɬɜёɪɞɨɣ ɮɚɡɵ ɜ 

ɩɪɟɞɵɞɭɳɢɣ ɢ ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ ɦɨɦɟɧɬɵ 

ɜɪɟɦɟɧɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ܤ′
 ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 

ɡɧɚɱɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ܤ ɫɨ ɫɬɨɪɨɧɵ 

ɬɜёɪɞɨɣ ɮɚɡɵ ɢ ɭɪɚɜɧɟɧɢɹ 

,ܤሺݍ−  𝜏ሻ∆𝜏 = ሺͳߤ− − 𝜂଴ሻ ∫ 𝜌ሺ𝜂଴ሻ݀ݎ.஻஻′    (1.26) 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɜ ɬɨɦ, ɱɬɨ ɧɟ ɬɪɟɛɭɟɬɫɹ ɫɝɥɚɠɢɜɚɧɢɹ ɪɚɡɪɵɜɨɜ 

ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɝɪɚɧɢɰɚɯ ɡɨɧɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ (ɫɝɥɚɠɢɜɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɬɟɩɥɨɟɦɤɨɫɬɢ). ɇɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, 

ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɢ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɩɨɫɬɨɹɧɧɚ, ɢ ɧɟ ɭɱɢɬɵɜɚɟɬ ɢɧɬɟɪɜɚɥ 

ɫɨɥɢɞɭɫ-ɥɢɤɜɢɞɭɫ. 

 

 

1.2.6. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɝɧɨɡɧɵɦ ɦɨɞɟɥɹɦ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɞɟɬɫɹ ɢɧɬɟɧɫɢɜɧɚɹ ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ (ɋȺɍ) ɦɚɲɢɧɚɦɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ (ɆɇɅɁ). Ɉɞɧɢɦ ɢɡ 

ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɋȺɍ ɆɇɅɁ ɧɚ ɨɫɧɨɜɟ 

ɞɨɫɬɚɬɨɱɧɨ ɧɨɜɨɝɨ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ – ɩɪɨɝɧɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɜ ɢɧɨɫɬɪɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɚɯ MBPC – model based predictive control ɢɥɢ MPC – model predictive 

control, ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɠɟ ɟɳё ɪɨɫɫɢɣɫɤɢɣ ɜɚɪɢɚɧɬ ɩɟɪɟɜɨɞɚ MPC – ɭɩɪɚɜɥɟɧɢɟ ɫ 

ɩɪɨɝɧɨɡɢɪɭɸɳɢɦɢ ɦɨɞɟɥɹɦɢ [42]). 

 Ɋɢɫɭɧɨɤ 1.5. ɋɯɟɦɚ ɪɚɫɱёɬɚ ɨɞɧɨɝɨ 
ɲɚɝɚ ɩɨ ɜɪɟɦɟɧɢ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ 

ɩɪɨɬɹɠɟɧɧɨɣ ɡɨɧɵ ɮɚɡɨɜɨɝɨ 
ɩɟɪɟɯɨɞɚ 
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ɉɪɨɝɧɨɡɧɨɟ ɭɩɪɚɜɥɟɧɢɟ – ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 

ɦɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɜɵɛɨɪɚ ɡɧɚɱɟɧɢɣ ɭɩɪɚɜɥɹɸɳɢɯ 

ɩɚɪɚɦɟɬɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɩɪɨɝɧɨɡɢɪɭɟɦɨɟ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ ɦɚɤɫɢɦɚɥɶɧɨ 

ɛɥɢɡɤɢɦ ɤ ɡɚɞɚɧɧɨɦɭ. 

ɗɬɨɬ ɩɨɞɯɨɞ ɧɚɱɚɥ ɪɚɡɜɢɜɚɬɶɫɹ ɜ ɧɚɱɚɥɟ 60-ɯ ɝɨɞɨɜ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɰɟɫɫɚɦɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɜ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɦ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ 

[42]. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɮɟɪɚ ɩɪɢɦɟɧɟɧɢɹ MPC-ɦɟɬɨɞɨɜ ɫɬɪɟɦɢɬɟɥɶɧɨ 

ɪɚɫɲɢɪɹɟɬɫɹ, ɨɯɜɚɬɵɜɚɹ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɯɢɦɢɱɟɫɤɨɣ 

ɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɢɧɞɭɫɬɪɢɢ, ɥɟɝɤɨɣ ɢ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ 

ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɷɧɟɪɝɟɬɢɤɢ ɢ ɬ. ɞ. 

Ɋɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɩɪɨɰɟɫɫɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɩɨɡɜɨɥɢɬ ɜɧɟɞɪɢɬɶ 

ɩɪɨɝɪɟɫɫɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢɫɩɨɥɶɡɭɸɳɢɟ ɦɟɬɨɞ ɩɪɨɝɧɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜ ɋȺɍ 

ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɨɰɟɫɫɚɦɢ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ. 

Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɪɚɡɪɚɛɨɬɚɧɨ 

ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɪɚɡɥɢɱɧɵɯ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɢɧɠɟɧɟɪɧɵɯ 

ɩɪɨɝɪɚɦɦɧɵɯ ɩɚɤɟɬɨɜ – CAE-ɫɢɫɬɟɦ (Computer-aided engineering). ɇɚɢɛɨɥɟɟ 

ɢɡɜɟɫɬɧɵɦɢ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ ANSYS - ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɩɪɨɝɪɚɦɦɧɚɹ ɫɢɫɬɟɦɚ 

ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ (ɆɄɗ) ɚɧɚɥɢɡɚ, ɫɭɳɟɫɬɜɭɸɳɚɹ ɢ ɪɚɡɜɢɜɚɸɳɚɹɫɹ ɧɚ 

ɩɪɨɬɹɠɟɧɢɢ ɩɨɫɥɟɞɧɢɯ 30 ɥɟɬ, COMSOL Multiphysics ɢ Abaqus, ɚ ɬɚɤɠɟ 

ɭɡɤɨɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ, ɬɚɤɢɟ ɤɚɤ, ɧɚɩɪɢɦɟɪ, ProCast - 

ɢɧɫɬɪɭɦɟɧɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɣ, 

ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɢ ɬɟɫɬɢɪɭɟɬɫɹ ɭɠɟ 25 ɥɟɬ. ɗɬɢ ɩɪɢɤɥɚɞɧɵɟ ɩɚɤɟɬɵ ɩɨɡɜɨɥɹɸɬ 

ɞɟɥɚɬɶ ɪɚɫɱɟɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɭɱɟɧɢɟɦ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɬɟɥ, ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɢ ɬ.ɞ. ɢ ɦɨɝɭɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɨɜɵɯ ɚɝɪɟɝɚɬɨɜ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ 

ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶɸ, ɧɟɤɨɬɨɪɵɟ ɛɨɥɟɟ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɧɚ ɫɩɟɰɢɚɥɶɧɵɟ ɡɚɞɚɱɢ. Ʉ ɢɯ 

ɞɨɫɬɨɢɧɫɬɜɚɦ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɛɨɥɶɲɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɯɨɪɨɲɭɸ ɩɪɟɡɟɧɬɚɛɟɥɶɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ 

https://ru.wikipedia.org/wiki/%D0%9C%D0%9A%D0%AD
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
https://www.comsol.ru/
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ɪɟɡɭɥɶɬɚɬɨɜ, ɤɨɬɨɪɭɸ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɪɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ. ɇɟɞɨɫɬɚɬɤɚɦɢ ɹɜɥɹɸɬɫɹ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɜ ɩɨɫɬɚɧɨɜɤɚɯ ɡɚɞɚɱ, 

ɫɥɨɠɧɨɫɬɶ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ – ɞɥɹ ɪɚɛɨɬɵ ɫ ɬɚɤɢɦɢ ɩɚɤɟɬɚɦɢ ɬɪɟɛɭɟɬɫɹ ɞɥɢɬɟɥɶɧɚɹ 

ɫɩɟɰɢɚɥɶɧɚɹ ɩɨɞɝɨɬɨɜɤɚ ɜɵɫɨɤɨɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɤɚɞɪɨɜ, ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɟɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɫɤɨɪɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ, ɧɟ 

ɩɨɡɜɨɥɹɸɳɚɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɜ ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ. 

Ⱥɥɝɨɪɢɬɦɵ, ɢɫɩɨɥɶɡɭɸɳɢɟɫɹ ɜ CAE-ɫɢɫɬɟɦɚɯ, ɡɚɱɚɫɬɭɸ ɧɟɢɡɜɟɫɬɧɵ, ɱɬɨ ɧɟ ɞɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɢɯ ɦɨɞɟɪɧɢɡɢɪɨɜɚɬɶ ɢɥɢ, ɧɚɩɪɢɦɟɪ, ɡɚɞɚɜɚɬɶ 

ɧɟɫɬɚɧɞɚɪɬɧɵɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ [154] ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ 

ɚɞɚɩɬɚɰɢɹ CAE-ɫɢɫɬɟɦ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɜɵɛɨɪɚ ɫɯɟɦɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɨɪɫɭɧɨɤ 

ɁȼɈ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɨɛɲɢɪɧɵɟ ɬɪɭɞɨɡɚɬɪɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɫɨ ɫɥɨɠɧɨɫɬɶɸ ɩɟɪɟɜɨɞɚ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɫɟɤɰɢɣ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɞɚɧɧɵɯ ɩɨ 

ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɨɯɥɚɠɞɚɸɳɢɯ ɮɨɪɫɭɧɨɤ, ɚ 

ɬɚɤɠɟ ɞɚɧɧɵɯ ɩɨ ɫɢɫɬɟɦɟ ɩɪɢɧɢɦɚɟɦɵɯ ɞɨɩɭɳɟɧɢɣ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɟɞɢɧɢɰɵ 

ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ. Ɍɚɤɢɟ ɬɪɭɞɨɡɚɬɪɚɬɵ ɡɚɱɚɫɬɭɸ 

ɩɪɟɜɵɲɚɸɬ ɪɚɡɪɚɛɨɬɤɭ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ. 

 ɍɱɢɬɵɜɚɹ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɜɦɟɫɬɨ 

ɡɚɤɭɩɤɢ CAE-ɫɢɫɬɟɦ ɩɪɟɞɩɪɢɹɬɢɹɦ ɜɵɝɨɞɧɟɟ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɪɚɡɪɚɛɨɬɚɬɶ 

ɩɪɢɤɥɚɞɧɵɟ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɪɟɲɟɧɢɹ ɤɨɧɤɪɟɬɧɵɯ ɡɚɞɚɱ ɫɢɥɚɦɢ ɫɜɨɢɯ 

ɫɩɟɰɢɚɥɢɫɬɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɜ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɟ ɫ ɧɚɥɢɱɢɟɦ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɚ 

ɬɚɤɠɟ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɜ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɚɯ ɨɛɨɪɭɞɨɜɚɧɢɹ ɆɇɅɁ. ɉɪɢ ɷɬɨɦ ɜ 

ɡɚɞɚɱɚɯ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɨɝɧɨɡɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɩɪɨɰɟɫɫɨɦ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ, 

ɤɥɸɱɟɜɵɦɢ ɹɜɥɹɸɬɫɹ ɪɟɲɟɧɢɹ, ɫɧɢɦɚɸɳɢɟ ɩɪɨɛɥɟɦɵ ɨɝɪɚɧɢɱɟɧɢɹ ɲɚɝɚ ɩɨ 

ɜɪɟɦɟɧɢ ɪɚɫɱёɬɚ ɢ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɩɪɨɢɡɜɨɞɧɵɯ. 
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1.3. Ⱥɧɚɥɢɡ ɦɟɬɨɞɨɜ ɧɚɛɥɸɞɟɧɢɹ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ 

ɆɇɅɁ 

 

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɚɲɢɧɵ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ (ɆɇɅɁ) ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ 

ɹɜɥɹɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ [88]. Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɨɞɨɨɯɥɚɠɞɚɟɦɭɸ ɮɨɪɦɭ 

[109], ɜ ɤɨɬɨɪɭɸ ɡɚɥɢɜɚɟɬɫɹ ɠɢɞɤɢɣ ɦɟɬɚɥɥ ɢ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɬɜɟɪɞɨɣ 

ɤɨɪɨɱɤɢ ɩɨ ɩɟɪɢɦɟɬɪɭ ɫɟɱɟɧɢɹ ɡɚɝɨɬɨɜɤɢ. Ɍɟɩɥɨɬɚ, ɜɵɞɟɥɹɸɳɚɹɫɹ ɩɪɢ 

ɨɯɥɚɠɞɟɧɢɢ ɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ, ɨɬɜɨɞɢɬɫɹ ɱɟɪɟɡ ɦɟɬɚɥɥɢɱɟɫɤɭɸ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɦɟɞɧɭɸ ɫɬɟɧɤɭ [86, 158]. Ɂɚɬɜɟɪɞɟɜɲɚɹ ɩɨ ɩɟɪɢɦɟɬɪɭ ɡɚɝɨɬɨɜɤɚ ɜɵɬɹɝɢɜɚɟɬɫɹ ɢɡ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɡɚɥɢɜɤɟ (ɱɚɳɟ ɜɫɟɝɨ ɧɢɠɧɟɣ) ɱɚɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɜ ɡɨɧɭ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ). 

Ʉɪɢɫɬɚɥɥɢɡɚɬɨɪɵ ɆɇɅɁ ɪɚɛɨɬɚɸɬ ɜ ɭɫɥɨɜɢɹɯ ɰɢɤɥɢɱɟɫɤɢɯ ɢɧɬɟɧɫɢɜɧɵɯ 

ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ, ɢɧɬɟɧɫɢɜɧɨɝɨ ɢɡɧɨɫɚ, ɰɢɤɥɢɱɟɫɤɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 

ɧɚɩɪɹɠɟɧɢɣ, ɪɚɡɧɵɯ ɬɢɩɨɜ ɷɪɨɡɢɢ ɢ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 293...863 Ʉ. ɋɪɨɤ 

ɫɥɭɠɛɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɫɪɨɤɚ ɫɥɭɠɛɵ ɞɪɭɝɢɯ ɫɦɟɧɧɵɯ 

ɞɟɬɚɥɟɣ. Ɉɬɤɚɡɵ ɩɪɢɜɨɞɹɬ ɤ ɩɪɨɫɬɨɹɦ, ɚɜɚɪɢɹɦ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɜɥɢɹɸɬ ɧɚ 

ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɬɪɭɞɚ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɜɵɲɟɧɢɟ 

ɫɪɨɤɚ ɫɥɭɠɛɵ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɩɪɢ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɥɢɬɶɹ 

ɹɜɥɹɟɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ ɜɚɠɧɨɣ ɢ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɥɢɬɶɟ 

ɡɚɝɨɬɨɜɨɤ ɦɚɥɨɝɨ ɫɟɱɟɧɢɹ ɫ ɪɚɡɦɟɪɨɦ ɝɪɚɧɢ ɞɨ 6-8 ɦɦ [47].  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɝɢɥɶɡɵ ɢɥɢ ɫɛɨɪɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɧɚ ɛɚɡɟ ɩɥɢɬ. ȼ ɨɛɨɢɯ 

ɜɚɪɢɚɧɬɚɯ ɪɚɛɨɱɚɹ ɱɚɫɬɶ ɜɵɩɨɥɧɹɟɬɫɹ ɢɡ ɪɚɮɢɧɢɪɨɜɚɧɧɨɣ ɦɟɞɢ, ɥɢɛɨ ɢɡ 

ɪɚɡɥɢɱɧɵɯ ɫɩɥɚɜɨɜ ɫ ɫɟɪɟɛɪɨɦ, ɯɪɨɦɨɦ ɢ ɰɢɪɤɨɧɢɟɦ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɫɜɨɣɫɬɜ ɢ ɫɪɨɤɚ ɫɥɭɠɛɵ ɧɚ ɜɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɛɨɱɟɣ 

ɱɚɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɧɚɧɨɫɹɬ ɫɩɟɰɢɚɥɶɧɵɟ ɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ 

ɧɢɤɟɥɹ ɢɥɢ ɯɪɨɦɚ.  

ȼ ɯɨɞɟ ɩɪɟɛɵɜɚɧɢɹ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɨɬ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɨɬɜɨɞɢɬɫɹ 20-30% 

ɬɟɩɥɚ. Ɍɟɩɥɨɜɨɣ ɪɟɠɢɦ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɞɨɥɠɟɧ ɛɵɬɶ ɨɪɝɚɧɢɡɨɜɚɧ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
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ɱɬɨɛɵ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɬɨɥɳɢɧɚ ɨɛɨɥɨɱɤɢ ɫɥɢɬɤɚ ɛɵɥɚ ɛɵ 

ɞɨɫɬɚɬɨɱɧɚ, ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɩɨɪɵɜ ɦɟɬɚɥɥɚ, ɬ.ɟ. ɤɨɪɨɱɤɚ ɞɨɥɠɧɚ ɜɵɞɟɪɠɚɬɶ 

ɮɟɪɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ. ȼɚɠɧɨɣ 

ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɩɪɢɥɢɩɚɧɢɹ ɦɟɬɚɥɥɚ ɤ ɜɧɭɬɪɟɧɧɟɣ ɫɬɟɧɤɟ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. ȼ ɨɫɧɨɜɧɨɦ ɷɬɚ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɫɢɫɬɟɦ ɤɚɱɚɧɢɹ ɢ 

ɫɦɚɡɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 

Ɍɟɩɥɨɜɵɟ ɩɪɨɰɟɫɫɵ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɆɇɅɁ ɡɚɜɢɫɹɬ ɜ ɨɫɧɨɜɧɨɦ ɨɬ 

ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ, ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɬɭɩɚɸɳɟɝɨ ɪɚɫɩɥɚɜɚ, ɪɚɫɯɨɞɚ ɢ 

ɧɚɝɪɟɜɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɢ ɟё ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɤɚɧɚɥɚɦ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ, 

ɪɚɫɯɨɞɚ ɲɥɚɤɨɨɛɪɚɡɭɸɳɟɣ ɫɦɟɫɢ, ɱɚɫɬɨɬɵ ɤɚɱɚɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɭɪɨɜɧɹ 

ɦɟɬɚɥɥɚ. ɍɫɥɨɜɢɹ ɬɟɩɥɨɫɴёɦɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɟɝɨ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɢёɦɚɦɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ʉ 

ɢɯ ɱɢɫɥɭ ɨɬɧɨɫɹɬɫɹ ɤɨɧɭɫɧɨɫɬɶ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɦɚɬɟɪɢɚɥ ɪɚɛɨɱɢɯ ɫɬɟɧɨɤ, ɜɢɞ 

ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɪɚɛɨɱɢɯ ɫɬɟɧɨɤ, ɫɩɨɫɨɛ ɢɯ ɧɚɧɟɫɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 

ɫɜɨɣɫɬɜɚ. Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɥɢɹɧɢɹ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɵɲɟ ɮɚɤɬɨɪɨɜ ɧɚ ɬɟɩɥɨɨɛɦɟɧ 

ɫɥɢɬɤɚ ɫ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɦ ɩɪɢ ɢɯ ɢɡɦɟɧɟɧɢɢ ɢɡɭɱɟɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ, ɩɨɷɬɨɦɭ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɩɥɨɫɴɟɦɚ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ [90]. 

ɍɫɪɟɞɧёɧɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɩɟɪɟɩɚɞɭ ɬɟɦɩɟɪɚɬɭɪ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɤɚɧɚɥɨɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. Ɇɟɬɨɞ 

ɤɚɥɨɪɢɦɟɬɪɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɬɟɩɥɨɫɴёɦ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɟɝɨ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɝɪɨɦɨɡɞɤɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 

ɧɟɨɛɯɨɞɢɦɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ. ɋɭɳɟɫɬɜɭɟɬ ɪɹɞ ɫɢɫɬɟɦ, ɜɤɥɸɱɚɸɳɢɯ ɮɭɧɤɰɢɢ 

ɨɰɟɧɤɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɬɟɪɦɨɞɚɬɱɢɤɨɜ.  

Ɉɞɧɨɣ ɢɡ ɫɚɦɵɯ ɢɡɜɟɫɬɧɵɯ ɢ ɬɢɩɢɱɧɵɯ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ «Ʉɪɢɫɬɚɥɥɢɡɚɬɨɪ» 

[98], ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɫɥɹɛɨɜɵɯ ɆɇɅɁ. ɋɢɫɬɟɦɚ 

ɨɛɴɟɞɢɧɹɟɬ ɧɟɫɤɨɥɶɤɨ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɢ ɭɩɪɚɜɥɹɸɳɢɯ 

ɩɨɞɫɢɫɬɟɦ, ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɜɨɤɪɭɝ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɆɇɅɁ. ɇɟɞɨɫɬɚɬɤɚɦɢ 

ɷɬɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɸɬɫɹ ɨɝɪɚɧɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɢ ɪɚɡɦɟɪɨɜ ɬɟɪɦɨɞɚɬɱɢɤɨɜ, 
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ɜɵɫɨɤɢɟ ɡɚɬɪɚɬɵ ɧɚ ɤɚɛɟɥɶɧɭɸ ɪɚɡɜɨɞɤɭ ɢ ɟё ɡɚɳɢɬɭ ɨɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ 

ɜɨɡɞɟɣɫɬɜɢɣ.  

Ⱦɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɩɨɤɚɡɚɥɢ ɫɟɛɹ ɬɟɯɧɨɥɨɝɢɢ, ɩɪɢɦɟɧɹɸɳɢɟ ɜɨɥɨɤɨɧɧɵɟ ɫɜɟɬɨɜɨɞɵ, 

ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɭɩɪɨɳɚɟɬɫɹ ɦɨɧɬɚɠ ɢ ɷɤɫɩɥɭɚɬɚɰɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɣ 

ɱɚɫɬɢ ɫɢɫɬɟɦɵ ɞɢɚɝɧɨɫɬɢɤɢ, ɩɨɜɵɲɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɢɡɦɟɪɟɧɢɹ, ɚ ɡɧɚɱɢɬ ɢ 

ɪɚɡɪɟɲɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ. Ɇɟɬɨɞ ɤɨɧɬɪɨɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɵ 

ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ ɨɫɧɨɜɚɧ ɧɚ ɭɝɥɭɛɥɟɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɫɢɝɧɚɥɚ 

ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɧɵɯ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫɥɢɬɤɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ 

ɢ ɫɬɟɧɨɤ ɫɚɦɨɝɨ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɪɚɡɪɚɛɨɬɚɧɨ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ 

ɪɚɡɥɢɱɧɵɯ ɩɨ ɭɪɨɜɧɸ ɫɥɨɠɧɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ. 

ɂɦɟɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɨɫɜɹɳɟɧɧɵɯ ɜɵɛɨɪɭ 

ɪɚɰɢɨɧɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ (ɩɪɨɮɢɥɶ, ɬɨɥɳɢɧɚ 

ɫɬɟɧɨɤ, ɜɧɭɬɪɟɧɧɟɟ ɩɨɤɪɵɬɢɟ) ɢ ɧɚɱɚɥɶɧɨɣ ɧɚɫɬɪɨɣɤɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ (ɜɢɞ ɢ ɪɚɫɯɨɞ ɫɦɚɡɤɢ ɢɥɢ ɒɈɋ, ɨɩɬɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɦɟɬɚɥɥɚ, 

ɪɚɫɯɨɞ ɩɟɪɜɢɱɧɨɣ ɜɨɞɵ ɢ ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɬ.ɞ.) [158, 90].  

Ɉɞɧɚɤɨ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɦɨɠɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɫɭɳɟɫɬɜɟɧɧɚɹ 

ɜɚɪɢɚɰɢɹ ɦɧɨɝɢɯ ɡɧɚɱɟɧɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɨɬɤɥɨɧɟɧɢɸ 

ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ, ɨɬ ɧɨɪɦɵ, ɢɡɦɟɧɟɧɢɸ ɨɬɜɨɞɢɦɨɝɨ 

ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɡɞɚɧɢɸ ɭɫɥɨɜɢɣ, ɜ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ 

ɚɜɚɪɢɣɧɵɟ ɫɢɬɭɚɰɢɢ ɢɥɢ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɞɟɮɟɤɬɵ ɡɚɝɨɬɨɜɨɤ. ɉɨɷɬɨɦɭ ɤɪɚɣɧɟ 

ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɨɩɟɪɚɬɢɜɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ.  
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1.3.1. Ɇɟɬɨɞ ɢɡɦɟɪɟɧɢɹ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ (Ⱥɋɍ Ɍɉ) ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɯ ɆɇɅɁ ɢɡɦɟɪɹɸɬ ɢ 

ɪɟɝɢɫɬɪɢɪɭɸɬ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ. 

Ɂɚɱɚɫɬɭɸ ɷɬɢ ɢɡɦɟɪɟɧɢɹ ɹɜɥɹɸɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɬɟɤɭɳɟɦ ɬɟɩɥɨɜɨɦ ɫɨɫɬɨɹɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɜ ɧɟɦ ɡɚɝɨɬɨɜɤɢ. 

ȼɟɥɢɱɢɧɚ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɞɚёɬ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɤɨɥɢɱɟɫɬɜɟ ɬɟɩɥɚ, ɨɬɜɟɞёɧɧɨɦ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ, ɡɚɜɢɫɹɳɟɦ ɜ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɬ ɩɥɨɬɧɨɫɬɢ ɤɨɧɬɚɤɬɚ ɤɨɪɤɢ ɡɚɝɨɬɨɜɤɢ ɫ ɝɢɥɶɡɨɣ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɩɨ ɟё ɜɵɫɨɬɟ [158, 58].  Ɉɞɧɢɦ ɢɡ ɧɟɞɨɫɬɚɬɤɨɜ ɩɪɢ ɩɪɚɤɬɢɱɟɫɤɨɦ 

ɩɪɢɦɟɧɟɧɢɢ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɪɟɞɧɟɧɧɨɦɭ 

ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ ɱɟɪɟɡ ɬɟɩɥɨɨɛɦɟɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɤ ɜɨɞɟ. ȼ 

ɨɛɳɟɦ ɫɥɭɱɚɟ ɬɟɩɥɨɫɴёɦ ɹɜɥɹɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɵɦ, ɧɚɢɛɨɥɟɟ ɹɪɤɨ ɷɬɨ ɩɪɨɹɜɥɹɟɬɫɹ 

ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚɯ ɫɥɹɛɨɜɵɯ ɆɇɅɁ ɢ ɢɡɧɨɲɟɧɧɵɯ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚɯ [90]. 

 

1.3.2. Ɇɟɬɨɞ ɤɚɥɨɪɢɦɟɬɪɢɪɨɜɚɧɢɹ 

 

Ɉɞɧɢɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɹ ɜɵɲɟɭɩɨɦɹɧɭɬɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ 

ɤɚɥɨɪɢɦɟɬɪɢɪɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɬɨ ɟɫɬɶ ɪɚɡɛɢɟɧɢɟ ɨɯɥɚɠɞɚɸɳɢɯ ɤɚɧɚɥɨɜ, 

ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɨɩɪɟɞɟɥɟɧɧɵɟ ɭɱɚɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɪɹɞ ɫɟɤɰɢɣ ɫ ɨɬɞɟɥɶɧɵɦɢ 

ɩɨɞɜɨɞɚɦɢ ɢ ɨɬɜɨɞɚɦɢ ɜɨɞɵ, ɪɟɝɢɫɬɪɚɰɢɟɣ ɟɟ ɪɚɫɯɨɞɚ ɢ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ [58]. 

Ɍɚɤ ɟɳɟ ɜ 80-ɵɟ ɝɨɞɵ ɫɨɬɪɭɞɧɢɤɚɦɢ Ʌɢɩɟɰɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ 

ɩɪɨɜɨɞɢɥɢɫɶ ɧɟɫɤɨɥɶɤɨ ɫɟɪɢɣ ɢɫɩɵɬɚɧɢɣ ɪɚɡɥɢɱɧɵɯ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ 

ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ ɪɚɞɢɚɥɶɧɵɯ ɆɇɅɁ. ɂɫɫɥɟɞɨɜɚɥɚɫɶ ɬɟɩɥɨɜɚɹ ɪɚɛɨɬɚ 

ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɢ ɪɚɞɢɚɥɶɧɵɯ, ɫ ɝɥɚɞɤɨɣ ɢ ɪɢɮɥɟɧɨɣ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, 

ɛɪɨɧɡɨɜɵɦɢ ɫɬɟɧɤɚɦɢ ɢ ɞɪ. ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ. Ⱥɧɚɥɢɡɢɪɨɜɚɥɨɫɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɬɟɩɥɨɨɬɜɨɞɚ ɩɨ ɩɟɪɢɦɟɬɪɭ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ. ȼɩɟɪɜɵɟ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ 

ɨɫɨɛɟɧɧɨɫɬɢ ɬɟɩɥɨɨɬɜɨɞɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɞɥɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 

ɆɇɅɁ (ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ). ɉɪɢ ɷɬɨɦ ɲɢɪɨɤɢɟ ɝɪɚɧɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 
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ɪɚɡɛɢɜɚɥɢ ɧɚ ɫɟɤɰɢɢ ɲɢɪɢɧɨɣ 0,16 ɦ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɤɚɠɞɚɹ ɫɟɤɰɢɹ 

ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ ɱɟɬɵɪɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɚɧɚɥɚ ɢ ɨɞɢɧ ɨɬɜɨɞɹɳɢɣ ɩɚɬɪɭɛɨɤ ɞɥɹ 

ɫɥɢɜɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ.  

ɍɡɤɢɟ ɝɪɚɧɢ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɤɚɤ ɨɬɞɟɥɶɧɵɟ ɫɟɤɰɢɢ ɲɢɪɢɧɨɣ 0,246 ɦ ɫ 

ɩɹɬɶɸ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɤɚɧɚɥɚɦɢ. ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ 

ɜɵɯɨɞɟ ɢɡ ɫɟɤɰɢɣ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɦɟɬɪɨɜ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, 

ɫɨɟɞɢɧɟɧɧɵɯ ɫ ɷɥɟɤɬɪɨɧɧɵɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɦɨɫɬɨɦ ɫ ɩɪɟɞɟɥɚɦɢ ɢɡɦɟɪɟɧɢɣ 

0-50 °ɋ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɢɡɦɟɪɹɥɚɫɶ ɫ ɩɨɦɨɳɶɸ 

ɞɜɭɯ ɞɚɬɱɢɤɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɩɨɞɜɨɞɹɳɟɦ ɤɨɥɥɟɤɬɨɪɟ. ɉɨ ɩɪɢɱɢɧɟ 

ɝɪɨɦɨɡɞɤɨɫɬɢ ɢ ɫɥɨɠɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɬɚɤɨɣ ɩɨɞɯɨɞ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɬɨɥɶɤɨ 

ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ. 

Ȼɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥ ɦɟɬɨɞ ɤɨɧɬɪɨɥɹ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɝɢɥɶɡ ɢɥɢ 

ɫɛɨɪɧɵɯ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ. ɉɪɢ ɷɬɨɦ ɜ ɫɬɟɧɤɚɯ ɪɚɡɦɟɳɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɬɟɪɦɨɞɚɬɱɢɤɨɜ, ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɟɬ ɥɢɛɨ ɜɵɧɨɫɢɬɶ 

ɤɨɫɜɟɧɧɨɟ ɫɭɠɞɟɧɢɟ ɨ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɚɯ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ (ɧɚɩɪɢɦɟɪ, 

ɥɨɤɚɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɬɟɧɤɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɱɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɝɨɜɨɪɢɬ ɨ ɩɪɢɥɢɩɚɧɢɢ ɤɨɪɤɢ ɦɟɬɚɥɥɚ) ɥɢɛɨ ɩɭɬɟɦ ɩɟɪɟɫɱɟɬɚ ɨɩɪɟɞɟɥɢɬɶ 

ɥɨɤɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. Ɍɚɤɠɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɧɚɦɟɬɢɥɚɫɶ ɬɟɧɞɟɧɰɢɹ, ɤɨɝɞɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɢɫɬɟɦ ɤɨɦɩɥɟɤɫɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ 

ɬɟɪɦɨɞɚɬɱɢɤɚɦɢ ɨɫɧɚɳɚɸɬɫɹ ɫɟɪɢɣɧɵɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɵ, ɧɚɩɪɢɦɟɪ, ɩɭɬɟɦ 

ɩɪɢɜɚɪɢɜɚɧɢɹ ɢɥɢ ɩɪɢɠɢɦɚ ɬɟɪɦɨɞɚɬɱɢɤɨɜ ɤ ɬɟɩɥɨɨɛɦɟɧɧɵɦ ɩɨɜɟɪɯɧɨɫɬɹɦ [158]. 

 

 

1.3.3. ɋɢɫɬɟɦɚ «Ʉɪɢɫɬɚɥɥɢɡɚɬɨɪ» 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɫɢɫɬɟɦ, ɜɤɥɸɱɚɸɳɢɯ ɮɭɧɤɰɢɢ ɨɰɟɧɤɢ 

ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɬɟɪɦɨɞɚɬɱɢɤɨɜ. Ɉɞɧɨɣ ɢɡ ɫɚɦɵɯ ɢɡɜɟɫɬɧɵɯ ɢ 

ɬɢɩɢɱɧɵɯ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ «Ʉɪɢɫɬɚɥɥɢɡɚɬɨɪ» [98], ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɫɥɹɛɨɜɵɯ ɆɇɅɁ. ɋɢɫɬɟɦɚ ɨɛɴɟɞɢɧɹɟɬ ɧɟɫɤɨɥɶɤɨ 
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ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɨɞɫɢɫɬɟɦ, ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ 

ɜɨɤɪɭɝ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɆɇɅɁ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɱɧɭɸ 

ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɫɬɚɛɢɥɢɡɚɰɢɸ ɭɪɨɜɧɹ ɦɟɬɚɥɥɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɆɇɅɁ, 

ɩɪɟɰɢɡɢɨɧɧɨɟ ɢɡɦɟɪɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɠɟɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɩɨ ɬɪɟɦ 

ɥɢɧɟɣɧɵɦ ɨɫɹɦ ɤɨɨɪɞɢɧɚɬ ɢ ɩɨ ɬɪɟɦ ɭɝɥɚɦ ɜɨɤɪɭɝ ɷɬɢɯ ɨɫɟɣ, ɩɪɟɰɢɡɢɨɧɧɨɟ 

ɢɡɦɟɪɟɧɢɟ ɫɢɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɦ ɢ ɫɥɢɬɤɨɦ ɢ, ɨɫɧɨɜɚɧɧɵɣ 

ɧɚ ɷɬɨɦ, ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬɵ ɲɥɚɤɨɨɛɪɚɡɭɸɳɟɣ ɫɦɟɫɢ, ɢɡɦɟɪɟɧɢɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɫɬɟɧɤɚɦ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɩɪɟɞɭɩɪɟɠɞɟɧɢɟ 

ɩɟɪɫɨɧɚɥɚ ɨ ɩɪɢɥɢɩɚɧɢɢ ɤɨɪɨɱɤɢ ɫɥɢɬɤɚ.  

Ʉɨɦɩɥɟɤɫ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɦɟɸɳɟɣɫɹ 

ɆɇɅɁ ɡɚ ɫɱɟɬ ɬɟɯɧɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɩɨɜɵɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ ɢɥɢ 

ɪɨɫɬɚ ɤɚɱɟɫɬɜɚ ɩɪɨɞɭɤɰɢɢ ɡɚ ɫɱɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɭɥɭɱɲɟɧɢɹ ɫɨɫɬɨɹɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ. Ɂɚ ɫɱɟɬ ɜɨɡɪɨɫɲɟɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ ɢ ɩɨɹɜɥɟɧɢɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɫɧɢɠɚɟɬɫɹ ɚɜɚɪɢɣɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ ɆɇɅɁ. 

«Ʉɪɢɫɬɚɥɥɢɡɚɬɨɪ» ɢ ɩɨɞɨɛɧɵɟ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɜ ɪɟɚɥɶɧɨɦ 

ɜɪɟɦɟɧɢ ɝɪɚɮɢɤɢ ɫ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɬɪɟɯɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 

ɫɬɟɧɤɚɯ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɞɥɹ ɤɚɠɞɨɝɨ ɭɪɨɜɧɹ ɬɟɪɦɨɩɚɪ. ɉɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ 

ɨɬɤɥɚɞɵɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ – ɜɪɟɦɹ, ɜ ɝɥɭɛɢɧɭ ɭɯɨɞɢɬ 

ɪɚɡɜɟɪɧɭɬɨɟ ɜ ɩɪɹɦɭɸ ɥɢɧɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɩɟɪɢɦɟɬɪɭ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. ɉɨɥɭɱɟɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɤɪɚɲɟɧɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟё 

ɬɟɦɩɟɪɚɬɭɪɵ. ȿɫɥɢ ɧɚ ɝɪɚɮɢɤɟ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨɟ ɥɨɤɚɥɶɧɨɟ 

ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɢɫɬɟɦɚ ɩɪɟɞɭɩɪɟɠɞɚɟɬ ɨ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɪɢɥɢɩɚɧɢɹ 

ɤɨɪɨɱɤɢ ɫɥɢɬɤɚ ɤ ɫɬɟɧɤɟ. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɢɚɝɧɨɫɬɢɤɢ 

ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ «Ʉɪɢɫɬɚɥɥɢɡɚɬɨɪ» ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

Ɍɚɛɥɢɰɟ 1.1. 
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Ɍɚɛɥɢɰɚ 1.1. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɢɚɝɧɨɫɬɢɤɢ 

ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ «Ʉɪɢɫɬɚɥɥɢɡɚɬɨɪ»  

 ɉɨɤɚɡɚɬɟɥɶ Значение 

Ɋɚɡɦɟɪɵ ɫɟɱɟɧɢɹ ɬɢɩɨɜɨɝɨ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɦɦ 

(ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɫ ɞɪɭɝɢɦɢ 

ɪɚɡɦɟɪɚɦɢ) 

(150…330) ɯ 

(500…2400) 

ɑɢɫɥɨ ɬɟɪɦɨɩɚɪ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɦɟɞɧɵɟ ɩɥɢɬɵ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɲɬ. 
ɞɨ 120 

ȼɪɟɦɹ ɨɬ ɦɨɦɟɧɬɚ ɩɨɞɚɱɢ ɩɪɟɞɭɩɪɟɠɞɚɸɳɟɝɨ ɫɢɝɧɚɥɚ ɨ 

ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɪɢɥɢɩɚɧɢɹ ɤɨɪɨɱɤɢ ɫɥɢɬɤɚ ɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɭ 

ɞɨ ɧɚɱɚɥɚ ɩɪɨɪɵɜɚ, ɫ 

ɧɟ ɦɟɧɟɟ 40 

   

ɇɚ ɪɢɫɭɧɤɟ 1.6. ɩɨɤɚɡɚɧɨ ɜɵɹɜɥɟɧɧɨɟ ɩɪɢɥɢɩɚɧɢɟ ɤɨɪɨɱɤɢ ɫɥɢɬɤɚ ɤ ɫɬɟɧɤɟ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ - «ɩɨɞɜɢɫɚɧɢɟ». Ʉɚɠɞɨɟ ɢɡ ɬɪɟɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɨɛɴёɦɧɵɯ 

ɢɡɨɛɪɚɠɟɧɢɣ ɨɬɨɛɪɚɠɚɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 

ɭɪɨɜɧɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ (ɜɟɪɯɧɟɟ ɢɡɨɛɪɚɠɟɧɢɟ – 150 ɦɦ ɨɬ ɤɪɨɦɤɢ ɦɟɞɧɵɯ 

ɩɥɚɫɬɢɧ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɫɪɟɞɧɟɟ – 300 ɦɦ, ɧɢɠɧɟɟ – 450 ɦɦ). ɉɨɞɬɜɟɪɠɞɟɧɢɟɦ 

ɜɨɡɧɢɤɧɨɜɟɧɢɹ «ɩɨɞɜɢɫɚɧɢɹ» ɹɜɥɹɸɬɫɹ ɭɱɚɫɬɤɢ ɫ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ (ɤɪɚɫɧɵɣ 

ɰɜɟɬ, ɞɥɹ ɱɟɪɧɨ-ɛɟɥɨɝɨ ɪɢɫɭɧɤɚ – ɛɨɥɟɟ ɬɟɦɧɵɣ ɰɜɟɬ), ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɝɥɭɛɢɧɟ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɜ ɫɪɟɞɧɟɦ ɢ ɧɢɠɧɟɦ ɫɥɨɟ ɬɟɪɦɨɩɚɪ. ȼɨɡɦɨɠɧɵɦ ɪɟɲɟɧɢɟɦ ɩɪɢ 

ɩɨɥɭɱɟɧɢɢ ɫɢɝɧɚɥɚ ɬɚɤɨɝɨ ɪɨɞɚ ɹɜɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ, 

ɩɪɢɜɨɞɹɳɟɟ ɤ ɭɫɢɥɟɧɢɸ ɨɯɥɚɠɞɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ, «ɡɚɥɟɱɢɜɚɧɢɸ» ɦɟɫɬɚ ɪɚɡɪɵɜɚ 

ɤɨɪɨɱɤɢ ɢ ɟё ɭɬɨɥɳɟɧɢɸ. 

 

 

 

Ɋɢɫɭɧɨɤ 1.6. Ɍɪёɯɦɟɪɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɬɟɧɤɢ 
ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɞɥɹ ɬɪёɯ ɭɪɨɜɧɟɣ ɬɟɪɦɨɩɚɪ 
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Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ ɞɢɚɝɧɨɫɬɢɤɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɩɪɢ ɩɨɦɨɳɢ ɬɟɪɦɨɞɚɬɱɢɤɨɜ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɢ 

ɪɚɡɦɟɪɵ ɨɝɪɚɧɢɱɟɧɵ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɬɟɪɦɨɞɚɬɱɢɤɢ ɛɟɡ ɨɫɨɛɵɯ ɡɚɬɪɚɬ ɧɚ 

ɞɨɪɚɛɨɬɤɭ ɫɟɪɢɣɧɵɯ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɱɚɫɬɨ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɨɥɶɤɨ ɜ 

ɬɟɯ ɬɨɱɤɚɯ, ɝɞɟ ɢɦɟɸɬɫɹ ɢɥɢ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɦɟɳɟɧɵ ɩɪɢɠɢɦɧɵɟ ɜɢɧɬɵ. 

ɍɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɬɟɪɦɨɞɚɬɱɢɤɨɜ ɫɜɹɡɚɧɨ ɫ ɜɵɫɨɤɢɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚ 

ɤɚɛɟɥɶɧɭɸ ɪɚɡɜɨɞɤɭ. Ɍɟɪɦɨɞɚɬɱɢɤɢ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɹɦ, 

ɜɨɡɧɢɤɚɸɳɢɦ, ɧɚɩɪɢɦɟɪ, ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɬɨɪɦɨɡɹɳɢɯ ɫɢɫɬɟɦɚɯ ɢɥɢ ɜ 

ɦɟɲɚɥɤɚɯ. Ⱦɥɹ ɡɚɳɢɬɵ ɬɟɪɦɨɞɚɬɱɢɤɨɜ, ɜɤɥɸɱɚɹ ɢɯ ɤɚɛɟɥɶɧɭɸ ɪɚɡɜɨɞɤɭ, 

ɧɟɨɛɯɨɞɢɦɵ ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. ɉɪɢ ɪɟɝɭɥɹɪɧɨ 

ɩɪɨɜɨɞɢɦɨɣ ɡɚɦɟɧɟ ɦɟɞɧɵɯ ɩɥɚɫɬɢɧ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɨɛɧɨɜɥɹɬɶ 

ɤɚɛɟɥɶɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɩɪɢɱɟɦ ɧɚɪɹɞɭ ɫ ɛɨɥɶɲɨɣ ɬɪɭɞɨɟɦɤɨɫɬɶɸ ɦɨɝɭɬ ɢɦɟɬɶ 

ɦɟɫɬɨ ɨɲɢɛɨɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ. 

 

 

1.3.4. ɂɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɩɨɦɨɳɢ ɜɨɥɨɤɨɧɧɵɯ ɫɜɟɬɨɜɨɞɨɜ 

 

ȼ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɧɚɡɜɚɧɧɵɟ ɩɪɨɛɥɟɦɵ ɪɟɲɚɸɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɥɹ 

ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɥɨɤɨɧɧɵɯ ɫɜɟɬɨɜɨɞɨɜ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɩɪɨɩɭɫɤɚɟɬɫɹ ɫɜɟɬ 

ɥɚɡɟɪɚ ɢ ɜ ɪɹɞɟ ɫɩɟɰɢɚɥɶɧɨ ɜɵɞɟɥɟɧɧɵɯ ɬɨɱɟɤ ɢɡɦɟɪɟɧɢɹ ɩɨ ɞɥɢɧɟ ɫɜɟɬɨɜɨɞɚ 

ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɜɚɪɢɚɰɢɹ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ [136]. ɉɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɢɟ ɡɚɬɪɚɬɵ ɧɚ 

ɤɚɛɟɥɶɧɭɸ ɪɚɡɜɨɞɤɭ, ɱɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɪɦɨɞɚɬɱɢɤɨɜ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɨɛɯɨɞɢɦɵ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɟ ɬɪɭɞɨɡɚɬɪɚɬɵ ɢ ɪɚɫɯɨɞɵ ɧɚ 

ɭɫɬɚɧɨɜɤɭ ɜɨɥɨɤɨɧ ɜ ɦɟɞɧɨɣ ɩɥɚɫɬɢɧɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. Ɍɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɫɜɟɬɨɜɨɞɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɜɵɫɨɤɨɟ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɡɪɟɲɟɧɢɟ, ɱɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɪɦɨɞɚɬɱɢɤɨɜ ɜ ɨɬɜɟɪɫɬɢɹɯ. 

ɋɬɟɤɥɨɜɨɥɨɤɨɧɧɚɹ ɥɢɧɢɹ ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ, ɧɚɩɪɢɦɟɪ, ɛɨɥɟɟ ɫɨɬɧɢ ɬɟɪɦɨɷɥɟɦɟɧɬɨɜ 

ɜɦɟɫɬɟ ɫ ɤɚɛɟɥɟɦ. 
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ɇɚ ɪɢɫ.1.7. ɢɡɨɛɪɚɠɟɧ ɩɪɢɦɟɪ, ɜ ɤɨɬɨɪɨɦ ɜɨɥɨɤɨɧɧɵɣ ɫɜɟɬɨɜɨɞ (2) ɜ ɮɨɪɦɟ 

ɦɟɚɧɞɪɚ ɭɫɬɚɧɨɜɥɟɧ ɦɟɠɞɭ ɤɚɧɚɥɚɦɢ ɨɯɥɚɠɞɟɧɢɹ (4) ɫ ɡɚɞɧɟɣ ɫɬɨɪɨɧɵ ɦɟɞɧɨɣ 

ɩɥɚɫɬɢɧɵ (1) ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɜ ɩɚɡɚɯ (6). ȼɨɥɨɤɨɧɧɵɣ ɫɜɟɬɨɜɨɞ (2) ɢɦɟɟɬ 

ɧɟɫɤɨɥɶɤɨ ɬɨɱɟɤ ɢɡɦɟɪɟɧɢɹ (3). Ɍɨɱɟɤ ɢɡɦɟɪɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɫɭɳɟɫɬɜɟɧɧɨ 

ɛɨɥɶɲɟ. ȼ ɩɪɢɠɢɦɧɵɟ ɜɢɧɬɵ (5) ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɬɟɪɦɨɞɚɬɱɢɤɢ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɪɦɨɞɚɬɱɢɤɨɜ ɜ ɩɪɢɠɢɦɧɵɯ ɜɢɧɬɚɯ ɜ ɦɟɞɧɨɣ ɩɥɚɫɬɢɧɟ 

ɢɦɟɸɬɫɹ ɡɨɧɵ, ɧɟ ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɞɚɬɱɢɤɨɜ. Ɋɚɫɩɨɥɨɠɟɧɢɟ 

ɜɨɥɨɤɨɧɧɵɯ ɫɜɟɬɨɜɨɞɨɜ (2), ɤɚɤ ɷɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 1.7., ɫɧɢɦɚɟɬ ɷɬɭ ɩɪɨɛɥɟɦɭ ɢ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɩɨɥɧɵɣ ɤɨɧɬɪɨɥɶ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɦɟɞɧɨɣ ɩɥɚɫɬɢɧɟ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ (1). Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɜ ɨɞɧɨɦ ɩɚɡɭ 

ɦɨɠɧɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɧɟɫɤɨɥɶɤɨ ɜɨɥɨɤɨɧɧɵɯ ɫɜɟɬɨɜɨɞɨɜ. 

 

 

 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɡɚ ɫɱёɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɬ ɨɞɧɨɣ ɞɨ ɞɜɭɯ ɫɬɟɤɥɨɜɨɥɨɤɨɧɧɵɯ 

ɥɢɧɢɣ, ɢɥɢ ɜɨɥɨɤɨɧɧɵɯ ɫɜɟɬɨɜɨɞɨɜ, ɦɨɝɭɬ ɛɵɬɶ ɡɚɦɟɧɟɧɵ ɜɦɟɫɬɟ ɫ ɤɚɛɟɥɶɧɨɣ 

ɪɚɡɜɨɞɤɨɣ 60-120 ɬɟɪɦɨɞɚɬɱɢɤɨɜ. Ʉɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɢɡɦɟɪɟɧɢɹ ɜ ɩɪɢɧɰɢɩɟ 

ɨɝɪɚɧɢɱɟɧɨ ɬɨɥɶɤɨ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɫɢɫɬɟɦɵ ɪɟɝɢɫɬɪɚɰɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ.  

Ɋɢɫɭɧɨɤ 1.7. ɋɯɟɦɚ ɭɤɥɚɞɤɢ 
ɫɜɟɬɨɜɨɞɚ ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ 
ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɫɥɹɛɨɜɨɣ ɆɇɅɁ 
(1 – ɡɚɞɧɹɹ ɫɬɨɪɨɧɚ ɦɟɞɧɨɣ 
ɩɥɚɫɬɢɧɵ, 2 – ɜɨɥɨɤɨɧɧɵɣ 
ɫɜɟɬɨɜɨɞ, 3 – ɬɨɱɤɢ ɢɡɦɟɪɟɧɢɹ, 4 – 

ɤɚɧɚɥ ɨɯɥɚɠɞɟɧɢɹ, 5 – ɩɪɢɠɢɦɧɨɣ 
ɜɢɧɬ, 6 – ɩɚɡ) 
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ɉɚɪɚɦɟɬɪɵ ɫɜɟɬɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɫɜɟɬɨɜɨɞɚ, ɫɨɛɪɚɧɧɵɟ ɜɨɥɨɤɨɧɧɵɦɢ 

ɫɜɟɬɨɜɨɞɚɦɢ, ɮɢɤɫɢɪɭɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɪɟɝɢɫɬɪɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɩɟɪɟɫɱɢɬɵɜɚɸɬɫɹ ɢ ɨɬɧɨɫɹɬɫɹ ɤ ɪɚɡɧɵɦ ɦɟɫɬɚɦ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. Ɉɛɪɚɛɨɬɤɚ 

ɞɚɧɧɵɯ ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ, ɧɚɩɪɢɦɟɪ, ɩɨ ɢɡɜɟɫɬɧɨɦɭ ɫɩɨɫɨɛɭ ɜɨɥɨɤɨɧɧɨɣ 

ɪɟɲɟɬɤɢ Ȼɪɷɝɝɚ (Faser-Bragg-Gitter) (FBG). ɉɪɢ ɷɬɨɦ ɜ ɫɩɨɫɨɛɟ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɜɟɬɨɜɨɞɵ, ɩɨɥɭɱɚɸɳɢɟ ɡɚɞɚɜɚɟɦɵɟ ɬɨɱɤɢ ɢɡɦɟɪɟɧɢɹ ɫ 

ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɜɚɪɢɚɰɢɟɣ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɢɥɢ ɪɟɲɟɬɤɢ ɫ ɬɚɤɢɦɢ 

ɜɚɪɢɚɰɢɹɦɢ. ɗɬɚ ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɜɚɪɢɚɰɢɹ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ 

ɬɨɦɭ, ɱɬɨ ɫɜɟɬɨɜɨɞ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɞɥɢɧ ɜɨɥɧ ɜ 

ɬɨɱɤɚɯ ɢɡɦɟɪɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɟ ɡɟɪɤɚɥɨ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɨɱɤɟ ɢɡɦɟɪɟɧɢɹ ɞɥɢɧɚ ɜɨɥɧɵ Ȼɪɷɝɝɚ ɢɡɦɟɧɹɟɬɫɹ, 

ɩɪɢɱɟɦ ɨɬɪɚɠɚɟɬɫɹ ɢɦɟɧɧɨ ɨɧɚ. ɋɜɟɬ, ɧɟ ɜɵɩɨɥɧɹɸɳɢɣ ɭɫɥɨɜɢɹ Ȼɪɷɝɝɚ, ɩɨɞɞɚɟɬɫɹ 

ɜɨɡɞɟɣɫɬɜɢɸ ɪɟɲɟɬɤɢ Ȼɪɷɝɝɚ ɧɟ ɫɭɳɟɫɬɜɟɧɧɨ. Ɂɚɬɟɦ ɪɚɡɧɵɟ ɫɢɝɧɚɥɵ ɪɚɡɥɢɱɧɵɯ 

ɬɨɱɟɤ ɢɡɦɟɪɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɩɨɡɧɚɧɵ ɧɚ ɨɫɧɨɜɟ ɪɚɡɧɨɫɬɢ ɜɪɟɦɟɧ ɩɪɨɛɟɝɚ. 

Ⱦɟɬɚɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ ɬɚɤɢɯ ɜɨɥɨɤɨɧɧɵɯ ɪɟɲɟɬɨɤ Ȼɪɷɝɝɚ, ɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɭɫɬɪɨɣɫɬɜ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɨɛɳɟɢɡɜɟɫɬɧɵ. Ɍɨɱɧɨɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɪɚɡɪɟɲɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɚ ɤɨɥɢɱɟɫɬɜɨɦ ɡɚɞɚɜɚɟɦɵɯ ɬɨɱɟɤ ɢɡɦɟɪɟɧɢɹ. 

Ɋɚɡɦɟɪ ɬɨɱɤɢ ɢɡɦɟɪɟɧɢɹ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 1-5 ɦɦ. 

Ɍɚɤɠɟ ɜ ɩɨɪɹɞɤɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɢɡɦɟɪɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɚɤɠɟ ɫɩɨɫɨɛ «Optical-Frequency-Domain-Reflectometry» (ɫɩɨɫɨɛ 

OFDR) ɢɥɢ ɫɩɨɫɨɛ «Optical-Time-Domain-Reflectometry» (ɫɩɨɫɨɛ OTDR). Ɉɛɚ ɷɬɢɯ 

ɫɩɨɫɨɛɚ ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɩɪɢɧɰɢɩɟ ɨɩɬɨɜɨɥɨɤɨɧɧɨɝɨ ɨɛɪɚɬɧɨɝɨ ɪɚɦɚɧɨɜɫɤɨɝɨ 

ɪɚɫɫɟɹɧɢɹ. Ɂɚɬɟɦ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ, 

ɩɨɥɭɱɟɧɧɵɟ ɫɢɫɬɟɦɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ, ɩɟɪɟɞɚɸɬɫɹ ɜ 

ɩɪɨɰɟɫɫɨɪ, ɤɨɬɨɪɵɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɦɨɠɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɪɚɡɥɢɜɤɢ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, 

ɫɤɨɪɨɫɬɶ ɪɚɡɥɢɜɤɢ ɢɥɢ ɨɯɥɚɠɞɟɧɢɟ ɢ/ɢɥɢ ɞɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ. 
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1.3.5. Ʉɨɧɬɪɨɥɶ ɜɟɥɢɱɢɧɵ ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɵ ɡɚɡɨɪɚ ɦɟɠɞɭ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɥɢɬɤɚ ɢ ɫɬɟɧɤɨɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 

 

ȼɥɢɹɧɢɟ ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ ɧɚ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɡɚɬɜɟɪɞɟɜɚɸɳɟɦ 

ɪɚɫɩɥɚɜɟ, ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɟɧɨ ɜ [126]. ȼ [22, 210] ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɩɨɫɨɛ 

ɞɢɚɝɧɨɫɬɢɤɢ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɭɝɥɭɛɥɟɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɫɢɝɧɚɥɚ 

ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ.  ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɞɟɤɜɚɬɧɨɟ ɫɪɚɜɧɟɧɢɟ 

ɪɚɛɨɬɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɚɤɢɯ ɜɟɥɢɱɢɧ ɤɚɤ 

ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ 

 ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɤɨɪɤɢ ɡɚɝɨɬɨɜɤɢ ɤ ɜɧɭɬɪɟɧɧɟɣ ,(ݍ̅)

ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ. Ɉɫɨɛɵɣ ɭɩɨɪ ɫɞɟɥɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɵ 

ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ:    𝛿э˗ = 𝛼̅ˊߣ − 𝛼ˎ (1.27) 

ɝɞɟ ߣˊ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɝɚɡɨɜɨɣ ɩɪɨɫɥɨɣɤɢ, ȼɬ/(ɦ∙Ʉ); 𝛼̅ – ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɤɨɪɤɢ ɡɚɝɨɬɨɜɤɢ ɤ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɢɥɶɡɵ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ȼɬ/(ɦ2Ʉ); 𝛼ˎ – ɤɨɷɮɮɢɰɢɟɧɬ ɥɭɱɢɫɬɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɤɨɪɤɢ 

ɡɚɝɨɬɨɜɤɢ ɤ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɢɥɶɡɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ȼɬ/(ɦ2Ʉ). 

ȼɟɥɢɱɢɧɚ 𝛼ˎ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡɜɟɫɬɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ, 

ɨɩɢɫɵɜɚɸɳɢɯ ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɨɛɦɟɧ. ɇɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɟё ɨɩɪɟɞɟɥɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ Тп ɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɢɥɶɡɵ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ Тɫɬ ɦɨɝɭɬ ɛɵɬɶ ɧɚɣɞɟɧɵ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɡɚɜɢɫɢɦɨɫɬɟɣ, ɫɩɪɚɜɟɞɥɢɜɵɯ ɞɥɹ ɫɬɚɰɢɨɧɚɪɧɨɣ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɱɟɪɟɡ ɪɹɞ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɬɟɪɦɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ. 

ɉɪɢɦɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɵ ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ ɨɬ ɩɟɪɟɩɚɞɚ 

ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɩɪɢ ɟё ɡɚɮɢɤɫɢɪɨɜɚɧɧɨɦ ɪɚɫɯɨɞɟ ɩɪɢɜɟɞёɧ ɧɚ 

ɪɢɫ. 1.8. (ɡɚɝɨɬɨɜɤɚ 130ɯ130 ɦɦ, ɪɚɫɯɨɞ ɩɟɪɜɢɱɧɨɣ ɜɨɞɵ 30ɤɝ/ɫ, ɦɚɬɟɪɢɚɥ ɝɢɥɶɡɵ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ – ɦɟɞɶ, ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɝɢɥɶɡɵ 0,01 ɦ).  
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Ɋɢɫɭɧɨɤ 1.8.   Ɂɚɜɢɫɢɦɨɫɬɶ 

ɜɟɥɢɱɢɧɵ ɷɮɮɟɤɬɢɜɧɨɣ 

ɬɨɥɳɢɧɵ  ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ 

ɨɬ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ 

 

Ʉɨɧɬɪɨɥɶ ɜɟɥɢɱɢɧɵ ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɵ ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ ɜ ɪɟɠɢɦɟ 

ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɩɪɢ ɩɨɦɨɳɢ Ⱥɋɍ Ɍɉ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɫɥɟɞɭɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɢ: 

– ɨɩɟɪɚɬɢɜɧɵɣ ɤɨɧɬɪɨɥɶ ɢɡɧɨɫɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɢɥɶɡ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɢɡɦɟɧɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ ɜɟɥɢɱɢɧɵ ɷɮ; 

– ɩɪɚɤɬɢɱɟɫɤɚɹ ɩɪɨɜɟɪɤɚ ɫɨɨɬɜɟɬɫɬɜɢɹ ɤɨɧɭɫɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɭɫɚɞɤɟ 

ɡɚɝɨɬɨɜɨɤ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɫɪɟɞɧɢɯ ɭɪɨɜɧɟɣ ɷɮ ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ 

ɫɨɱɟɬɚɧɢɣ ɩɪɨɮɢɥɟɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɦɚɪɨɤ ɫɬɚɥɢ ɫ ɨɩɬɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ 

ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɵ ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɢɡ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɨɩɵɬɚ; 

– ɜɵɛɨɪ ɧɚɢɥɭɱɲɢɯ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɞɥɹ ɭɫɥɨɜɢɣ ɤɨɧɤɪɟɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɚɫɫɢɜɨɜ ɢɧɮɨɪɦɚɰɢɢ; 

– ɭɫɬɚɧɨɜɥɟɧɢɟ ɜɡɚɢɦɨɫɜɹɡɢ ɢɡɧɨɫɚ ɝɢɥɶɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɞɟɮɟɤɬɚ ɪɨɦɛɢɱɧɨɫɬɢ (ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɫɨɜɦɟɫɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɵɯ ɪɟɠɢɦɚɯ ɪɚɡɥɢɜɤɢ, ɦɚɪɤɚɯ ɫɬɚɥɢ, ɤɨɧɭɫɧɨɫɬɢ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ, ɜɟɥɢɱɢɧɚɯ ɷɮɮɟɤɬɢɜɧɵɯ ɬɨɥɳɢɧ ɝɚɡɨɜɵɯ ɡɚɡɨɪɨɜ ɢ ɞɚɧɧɵɯ ɨ 

ɪɨɦɛɢɱɧɨɫɬɢ ɡɚɝɨɬɨɜɨɤ ɩɪɢ ɩɨɦɨɳɢ ɚɩɩɚɪɚɬɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ 

ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɞɢɚɝɧɨɫɬɢɤɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɫɨɪɬɨɜɵɯ 

ɆɇɅɁ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɨɩɪɟɞɟɥɟɧɢɢ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɬɚɤɢɯ ɜɟɥɢɱɢɧ 
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ɤɚɤ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɢɬɨɝɨɜɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɤɨɪɨɱɤɢ ɡɚɝɨɬɨɜɤɢ ɤ ɜɧɭɬɪɟɧɧɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɤɭɳɢɯ ɡɧɚɱɟɧɢɣ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɢ ɟё 

ɪɚɫɯɨɞɚ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɝɢɥɶɡɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ.   

 

1.3.6. Ɇɟɬɨɞɢɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 

 

ɉɨɫɤɨɥɶɤɭ ɢɡɦɟɪɹɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɜ ɨɛɥɚɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 

ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ, ɚ ɞɚɧɧɵɟ ɢɡɦɟɪɟɧɢɣ ɦɨɝɭɬ ɛɵɬɶ ɡɚɦɟɧɟɧɵ ɪɚɫɱɟɬɚɦɢ ɩɨ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɩɪɟɞɦɟɬɨɦ ɜɧɢɦɚɧɢɹ 

ɧɟ ɬɨɥɶɤɨ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɋȺɍ, ɧɨ ɢ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. Ɇɟɬɨɞɢɤɢ 

ɪɚɫɱёɬɨɜ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɪɚɛɨɱɟɣ ɫɬɟɧɤɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

[87]. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫɥɢɬɤɚ ɜɧɭɬɪɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 

ɪɚɡɪɚɛɨɬɚɧɨ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɪɚɡɥɢɱɧɵɯ ɩɨ ɭɪɨɜɧɸ ɫɥɨɠɧɨɫɬɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ [1]. ɋɭɳɟɫɬɜɭɸɬ ɨɞɧɨɦɟɪɧɵɟ [206], ɞɜɭɦɟɪɧɵɟ [104, 

239, 243], ɬɪёɯɦɟɪɧɵɟ [299, 264], ɫɬɚɰɢɨɧɚɪɧɵɟ [Ⱥɜɞ05] ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ [239], ɫ 

ɭɱɟɬɨɦ [239] ɢɥɢ ɛɟɡ ɭɱɟɬɚ [206] ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɟɪɟɧɨɫɚ ɬɟɩɥɨɬɵ, ɫ 

ɨɩɪɟɞɟɥɟɧɢɟɦ ɢɥɢ ɛɟɡ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ [1] ɢ 

ɬ.ɞ. ȼ [264] ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɪёɯɦɟɪɧɚɹ ɧɟɫɬɚɰɢɨɧɚɪɧɚɹ ɦɨɞɟɥɶ ɞɥɹ ɫɥɢɬɤɚ 

ɤɜɚɞɪɚɬɧɨɝɨ ɫɟɱɟɧɢɹ, ɝɞɟ ɬɟɩɥɨɩɟɪɟɧɨɫ ɜɦɟɫɬɟ ɫ ɞɜɢɠɭɳɟɣɫɹ ɫɪɟɞɨɣ ɭɱɬɟɧ ɫ 

ɩɨɦɨɳɶɸ ɧɚɥɢɱɢɹ ɜ ɭɪɚɜɧɟɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɥɚɝɚɟɦɨɝɨ – ɭɫɥɨɜɧɨɝɨ 

ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ. 

ȼ [177] ɪɚɡɪɚɛɨɬɚɧɚ ɧɟɫɬɚɰɢɨɧɚɪɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ 

ɤɨɧɜɟɤɬɢɜɧɨ-ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɩɟɪɟɧɨɫɚ ɬɟɩɥɨɬɵ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɟ ɢ ɩɪɨɰɟɫɫɚ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɫɬɟɧɤɚɯ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɪɚɫɫɦɚɬɪɢɜɚɸɳɚɹ ɞɜɭɦɟɪɧɨɟ 

ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɢ ɝɪɚɧɢɰɭ ɪɚɡɞɟɥɚ ɮɚɡ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɢ ɫɬɟɧɨɤ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɲɢɪɨɤɨɝɨ ɫɥɹɛɚ, ɤɨɬɨɪɨɟ ɩɚɪɚɥɥɟɥɶɧɨ 

ɭɡɤɢɦ ɝɪɚɧɹɦ ɢ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɫɪɟɞɢɧɭ ɲɢɪɨɤɢɯ ɝɪɚɧɟɣ (ɪɢɫ. 1.9). 
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Ɋɢɫɭɧɨɤ 1.9. Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 1 – ɠɢɞɤɚɹ ɮɚɡɚ; 2 – ɬɜёɪɞɚɹ ɮɚɡɚ; 3 

– ɫɬɟɧɤɚ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ; 4 – ɨɯɥɚɠɞɚɸɳɚɹ ɜɨɞɚ; 5 – ɡɟɪɤɚɥɨ ɪɚɫɩɥɚɜɚ; l – 

ɩɨɥɭɬɨɥɳɢɧɚ ɫɥɢɬɤɚ; d – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ ɞɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ 
ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɨɛɪɚɳёɧɧɨɣ ɤ ɜɨɞɟ. 

 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɞɥɹ ɭɱɚɫɬɤɚ ɫɥɢɬɤɚ ɜɧɭɬɪɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɜ 

ɞɜɭɦɟɪɧɨɣ ɦɨɞɟɥɢ [177] ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ݒ 𝜕ܶሺݔ, ݖ��ሻݖ = ͳܿሺܶሻ𝜌ሺܶሻ { ݔ�𝜕� ሺܶሻߣ] [ݔ��ܶ�� + ݖ�𝜕� ሺܶሻߣ]  (1.28) {[ݖ��ܶ��

ɝɞɟ ݒ – ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ, ɦ/ɫ; ܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɠɢɞɤɨɣ ɢ ɬɜёɪɞɨɣ 

ɮɚɡɚɯ, Ʉ; ܿ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ ɦɟɬɚɥɥɚ, Ⱦɠ/(ɤɝ·Ʉ); 𝜌 – ɩɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3; ߣ – 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ȼɬ/(ɦ·Ʉ). 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɧɭɬɪɢ ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ: 𝜕𝜕ݔ ሺܶሻߣ] [ݔ��ܶ�� + ݖ�𝜕� ሺܶሻߣ] [ݖ��ܶ�� = Ͳ,ݖ଴ < ݖ < ܼ,݈ < ݔ < ݀.  (1.29) 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɧɚ ɡɟɪɤɚɥɟ ɪɚɫɩɥɚɜɚ ɨɬɪɚɠɚɸɬ ɩɨɬɟɪɸ ɬɟɩɥɚ ɡɚ ɫɱёɬ 

ɢɡɥɭɱɟɧɢɹ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɤɨɧɜɟɤɰɢɹ ɢɝɪɚɟɬ ɡɞɟɫɶ ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ. ɇɚ ɨɫɢ 
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ɫɥɢɬɤɚ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɫɱɢɬɚɟɬɫɹ ɪɚɜɧɵɦ ɧɭɥɸ. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɦɟɠɞɭ 

ɫɥɢɬɤɨɦ ɢ ɫɬɟɧɤɨɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɭɱɢɬɵɜɚɸɬ ɬɟɩɥɨɩɟɪɟɞɚɱɭ ɱɟɪɟɡ ɡɚɡɨɪ, 

ɡɚɩɨɥɧɟɧɧɵɣ ɫɦɟɫɶɸ ɜɨɡɞɭɯɚ ɢ ɲɥɚɤɨɜɨɝɨ ɝɚɪɧɢɫɚɠɚ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɩɪɢ ݔ = ݈  λሺܶ, ሻݖ ∂்∂௫|௫=௟ = λʒ.ЗδЗ (ܶ|௫=௟+δЗ − ܶ|௫=௟) + 𝜎௡ [ቀ்|𝑥=೗+δЗଵ଴଴ ቁସ − ቀ்|𝑥=೗ଵ଴଴ ቁସ]Ͳ ≤ ݖ ≤ ܼ   (1.30) 

ɝɞɟ ߣʒ.З – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɜ ɡɚɡɨɪɟ, ܶ|௫=௟, ܶ|௫=௟+δˊ – 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɥɢɬɤɚ ɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 𝛿З – 

ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ, 𝜎௡ – ɩɪɢɜɟɞёɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɢɡɥɭɱɟɧɢɹ, ʑ˕ ሺˏଶКସሻ⁄ . ɂ ɚɧɚɥɨɝɢɱɧɨ ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɭɫɥɨɜɢɹ ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɤɨɧɬɚɤɬɢɪɭɸɳɟɣ ɫɨ ɫɥɢɬɤɨɦ. 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɧɚ ɨɫɬɚɥɶɧɵɯ ɭɱɚɫɬɤɚɯ 

ɭɱɢɬɵɜɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɯɚɪɚɤɬɟɪ ɬɟɩɥɨɩɟɪɟɞɚɱɢ. Ɍɟɦɩɟɪɚɬɭɪɚ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɤɚɧɚɥɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɨɩɢɫɵɜɚɟɬɫɹ ɛɚɥɚɧɫɨɜɵɦ 

ɭɪɚɜɧɟɧɢɟɦ. ɂɡɜɟɫɬɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɤɚɧɚɥ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɟё ɧɚɱɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɧɭɬɪɢ ɤɚɧɚɥɚ. 

Ƚɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ ɡɚɞɚёɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɦ ɭɫɥɨɜɢɟɦ ɋɬɟɮɚɧɚ. Ⱦɥɹ ɜɫɟɯ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɡɚɞɚɸɬɫɹ ɭɫɥɨɜɢɹ ɨɞɧɨɡɧɚɱɧɨɫɬɢ. ɉɨɫɬɚɜɥɟɧɧɚɹ 

ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ. 

ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ, ɩɨɹɜɢɜɲɢɟɫɹ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ, ɩɨɡɜɨɥɹɸɬ 

ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɫɥɨɠɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɜɫё ɛɨɥɶɲɟɟ 

ɱɢɫɥɨ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɜɥɢɹɬɶ ɧɚ ɩɪɨɰɟɫɫ ɢ 

ɫɨɡɞɚɜɚɬɶ ɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɦɨɞɟɥɢ. 

 

1.4. Ɇɟɬɨɞɢɤɢ ɧɚɛɥɸɞɟɧɢɹ ɝɥɭɛɢɧɵ ɢ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɫɥɢɬɤɚ 

 

Ɉɞɧɢɦɢ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɹɜɥɹɸɬɫɹ 

ɝɥɭɛɢɧɚ ɠɢɞɤɨɣ ɥɭɧɤɢ ɢ ɬɨɥɳɢɧɚ ɡɚɬɜɟɪɞɟɜɲɟɣ ɤɨɪɨɱɤɢ, ɪɚɫɩɪɟɞɟɥёɧɧɚɹ ɤɚɤ ɩɨ 
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ɞɥɢɧɟ, ɬɚɤ ɢ ɩɨ ɩɟɪɢɦɟɬɪɭ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ ɫɥɢɬɤɚ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɹɯ, ɬ.ɟ. 

ɜ ɰɟɥɨɦ ɮɨɪɦɚ ɠɢɞɤɨɣ ɥɭɧɤɢ. Ɂɧɚɱɟɧɢɟ ɝɥɭɛɢɧɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɨɝɪɚɧɢɱɢɜɚɟɬ 

ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ, ɩɨɫɤɨɥɶɤɭ ɩɪɨɯɨɠɞɟɧɢɟ ɫɥɢɬɤɚ ɫ 

ɠɢɞɤɨɣ ɫɟɪɞɰɟɜɢɧɨɣ ɜ ɡɨɧɭ ɩɨɪɟɡɤɢ ɩɪɢɜɨɞɢɬ ɤ ɚɜɚɪɢɢ ɧɚ ɆɇɅɁ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɝɥɭɛɢɧɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɩɪɢ ɪɟɲɟɧɢɢ 

ɩɪɨɛɥɟɦɵ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɆɇɅɁ. Ɍɨɥɳɢɧɚ ɬɜёɪɞɨɣ ɤɨɪɨɱɤɢ 

ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɫɥɢɬɤɚ ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɧɚ ɭɱɚɫɬɤɚɯ 

ɪɚɫɩɪɹɦɥɟɧɢɹ ɜ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɆɇɅɁ, ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɦɹɝɤɨɝɨ 

ɨɛɠɚɬɢɹ ɢ ɩɪ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɥɢɬɤɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɧɨɜɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɭɫɥɨɜɢɹɯ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɩɪɨɜɨɞɢɥɢɫɶ ɫ 

ɩɨɦɨɳɶɸ ɪɚɡɥɢɱɧɵɯ ɢɧɠɟɧɟɪɧɵɯ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ [62, 167]. 

Ɋɭɫɫɤɢɣ ɦɟɬɚɥɥɭɪɝ Ⱥ.ɋ. Ʌɚɜɪɨɜ ɟɳɟ ɜ 1866 ɝɨɞɭ ɩɪɟɞɥɨɠɢɥ ɨɩɪɟɞɟɥɹɬɶ 

ɬɨɥɳɢɧɭ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɦɟɬɚɥɥɚ ɜ ɨɬɥɢɜɤɟ ɢɥɢ ɫɥɢɬɤɟ ɤ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɦɨɦɟɧɬɭ 

ɜɪɟɦɟɧɢ ɩɭɬɟɦ ɜɵɥɢɜɚɧɢɹ ɠɢɞɤɨɣ ɫɟɪɞɰɟɜɢɧɵ ɪɚɫɩɥɚɜɚ [52]. Ⱥɤɚɞɟɦɢɤ ɇ.Ɍ. 

Ƚɭɞɰɨɜ ɜ 1936 ɝ. ɩɪɟɞɥɨɠɢɥ ɨɩɪɟɞɟɥɹɬɶ ɨɤɨɧɱɚɧɢɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɫɥɨɹ ɦɟɬɚɥɥɚ ɫ 

ɩɨɦɨɳɶɸ ɬɟɪɦɨɩɚɪɵ [52]. ɗɬɢ ɦɟɬɨɞɵ ɞɨ ɫɢɯ ɩɨɪ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɦɟɬɚɥɥɭɪɝɢɢ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɨ ɦɟɪɟ ɪɨɫɬɚ ɬɨɥɳɢɧɵ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɫɥɨɹ ɫɥɢɬɤɚ, 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ ɭ ɮɪɨɧɬɚ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɪɚɫɲɢɪɟɧɢɸ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ (ȾɎɁ). ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɞɢɧɚɦɢɤɢ ɪɚɡɜɢɬɢɹ ȾɎɁ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɨɫɬɚ ɞɟɧɞɪɢɬɨɜ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 

ɜ ɟё ɩɪɟɞɟɥɚɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɞɜɟ ɡɨɧɵ: ɬɜёɪɞɨ-ɠɢɞɤɭɸ (ɫ ɩɪɟɨɛɥɚɞɚɧɢɟɦ 

ɬɜёɪɞɨɣ ɮɚɡɵ) ɢ ɠɢɞɤɨ-ɬɜёɪɞɭɸ (ɫ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɠɢɞɤɨɣ ɮɚɡɵ). ɉɨɥɨɠɟɧɢɟ 

ɠɢɞɤɨ-ɬɜёɪɞɨɣ ɡɨɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ “ɝɪɚɧɢɰɟɣ ɜɵɥɢɜɚɟɦɨɫɬɢ” (ɪɢɫ. 1.10), ɬɨ ɟɫɬɶ 

ɤɨɧɬɭɪɨɦ ɨɛɨɥɨɱɤɢ, ɤɨɬɨɪɚɹ ɨɫɬɚɟɬɫɹ ɩɨɫɥɟ ɜɵɥɢɜɚɧɢɹ ɠɢɞɤɨɣ ɫɟɪɞɰɟɜɢɧɵ 

ɫɥɢɬɤɚ [157]. 
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Ɋɢɫɭɧɨɤ 1. 10. ɋɯɟɦɚ ɨɛɥɚɫɬɟɣ ɢ ɡɨɧ ɜ ɡɚɬɜɟɪɞɟɜɚɸɳɟɦ ɫɥɢɬɤɟ [157]. 

1 – ɧɚɱɚɥɨ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ, 2 – ɝɪɚɧɢɰɚ 136ɚɧɢɹ, 3 – ɝɪɚɧɢɰɚ ɜɵɥɢɜɚɟɦɨɫɬɢ, 4 – 

ɝɪɚɧɢɰɚ ɥɢɤɜɢɞɭɫɚ, 5 – ɡɨɧɚ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɩɟɪɟɦɟɳɟɧɢɣ, 6 – ɡɨɧɚ ɥɨɤɚɥɶɧɵɯ 

ɩɟɪɟɦɟɳɟɧɢɣ, 7 – ɡɨɧɚ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɩɟɪɟɦɟɳɟɧɢɣ. 

 

ɋɭɳɟɫɬɜɟɧɧɵɣ ɩɪɨɝɪɟɫɫ ɜ ɢɡɭɱɟɧɢɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɬɥɢɜɨɤ ɢ 

ɜɫɟɯ ɬɢɩɨɜ ɫɥɢɬɤɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɟɩɪɟɪɵɜɧɨɥɢɬɵɯ, ɛɵɥ ɞɨɫɬɢɝɧɭɬ ɜ 50-ɵɟ–60-

ɵɟ ɝɝ. ɩɪɨɲɥɨɝɨ ɜɟɤɚ ɫ ɩɨɹɜɥɟɧɢɟɦ ɦɟɬɨɞɚ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɢɡɨɬɨɩɨɜ [155, 145 ɢ 

ɞɪ.].  

ȼ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɢɧɚɦɢɤɢ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɤ 

ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɫɮɨɪɦɢɪɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɩɨɞɯɨɞɵ. ɉɟɪɜɨɟ ɩɨɥɧɨɟ 

ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨ ɩɪɨɦɟɪɡɚɧɢɢ ɜɥɚɠɧɨɝɨ ɝɪɭɧɬɚ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɚɜɫɬɪɢɣɫɤɢɦ 

ɦɚɬɟɦɚɬɢɤɨɦ Ⱦ. ɋɬɟɮɚɧɨɦ ɜ 1889 ɝɨɞɭ [52]. Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɢɦɟɟɬ ɜɢɞ:  ݔ =  𝜏       (1.31)√ܭ

ɝɞɟ ݔ – ɬɨɥɳɢɧɚ ɩɪɨɦɟɪɡɲɟɝɨ ɝɪɭɧɬɚ ɤ ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ 𝜏 ɨɬ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ; ܭ 

– ɷɦɩɢɪɢɱɟɫɤɚɹ ɤɨɧɫɬɚɧɬɚ. 
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«Ɂɚɤɨɧ ɤɜɚɞɪɚɬɧɨɝɨ ɤɨɪɧɹ» (1.31) ɦɟɬɚɥɥɭɪɝɢ ɢɫɩɨɥɶɡɭɸɬ ɨɱɟɧɶ ɲɢɪɨɤɨ ɩɪɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦɚɯ. ɉɪɢ ɷɬɨɦ 

ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɧɚɯɨɞɹɬ ɷɦɩɢɪɢɱɟɫɤɭɸ ɜɟɥɢɱɢɧɭ K, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ 

ɨɬ ɜɢɞɚ ɩɪɨɰɟɫɫɚ.  

ɍɪɚɜɧɟɧɢɟ Ⱦ. ɋɬɟɮɚɧɚ (1.31) ɞɥɹ ɩɨɞɚɜɥɹɸɳɟɝɨ ɛɨɥɶɲɢɧɫɬɜɚ ɫɥɭɱɚɟɜ 

ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɪɚɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɩɪɢɛɥɢɠɟɧɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɨɧɨ ɩɨɥɭɱɟɧɨ ɞɥɹ 

ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: ɚ) ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɥɚ ɩɨɫɬɨɹɧɧɚ, ɛ) ɞɥɢɧɚ ɬɟɥɚ 

ɛɟɫɤɨɧɟɱɧɚ, ɜ) ɮɪɨɧɬ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɩɥɨɫɤɢɣ, ɢɥɢ, ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɢɦɟɟɬ 

ɧɭɥɟɜɭɸ ɬɨɥɳɢɧɭ (ɬ.ɟ. ɨɬɫɭɬɫɬɜɭɟɬ ɩɟɪɟɯɨɞɧɚɹ ɞɜɭɯɮɚɡɧɚɹ ɡɨɧɚ).  

ȼɬɨɪɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɪɨɞɜɢɠɟɧɢɹ ɮɪɨɧɬɚ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɜ ɨɛɵɱɧɵɯ ɢ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɵɯ ɡɚɝɨɬɨɜɤɚɯ ɩɪɟɞɥɨɠɢɥ Ȼ.Ȼ. Ƚɭɥɹɟɜ [51]. ȼ ɟɝɨ ɪɚɛɨɬɚɯ 

ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɨɪɢɸ ɩɨɞɨɛɢɹ ɹɜɥɟɧɢɣ ɢ ɩɪɢɦɟɧɢɬɶ ɭɪɚɜɧɟɧɢɟ: ݔ ܴ⁄ = ݂ሺܨ଴ሻ,     (1.32) 

ɝɞɟ ݔ - ɬɨɥɳɢɧɚ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɦɟɬɚɥɥɚ, ɦ; ܴ - ɩɨɥɨɜɢɧɚ ɬɨɥɳɢɧɵ ɫɥɢɬɤɚ, ɦ; ܨ଴ – 

ɤɪɢɬɟɪɢɣ Ɏɭɪɶɟ ܨ଴ = ܽ𝜏 ܴଶ⁄ ,      (1.33) ܽ - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬɚɥɥɚ, ɦ2/ɫ; 𝜏 - ɜɪɟɦɹ ɨɬ ɧɚɱɚɥɚ 

ɩɪɨɰɟɫɫɚ, ɫ. 

Ɉɛɪɚɛɨɬɤɚ ɢɦɟɸɳɢɯɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɨɛɵɱɧɵɦ 

ɢ ɧɟɩɪɟɪɵɜɧɵɦ ɫɥɢɬɤɚɦ ɩɨ ɮɨɪɦɭɥɟ (1.32) ɩɪɢɜɟɞɟɧɚ ɜ [155], ɝɞɟ ɫɞɟɥɚɧ ɜɵɜɨɞ ɨ 

ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɢ ɦɟɠɞɭ ɪɚɫɱёɬɧɵɦɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. 

Ɍɪɟɬɶɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɨɬɥɢɜɨɤ ɩɪɢɧɚɞɥɟɠɢɬ ɇ.ɂ. 

ɏɜɨɪɢɧɨɜɭ [192]. Ɉɧ ɜɜɟɥ ɩɨɧɹɬɢɟ ɩɪɢɜɟɞɟɧɧɨɣ ɬɨɥɳɢɧɵ ɨɬɥɢɜɤɢ R଴ ɢ ɫɜɹɡɚɥ ɟё 

ɫɨ ɜɪɟɦɟɧɟɦ ɩɨɥɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɦɟɬɚɥɥɚ 𝜏଴: ܴ଴ = 𝑉/ܵ,      (1.34)  𝜏଴ =  ଴√ܴ଴ ,     (1.35)ܭ

ɝɞɟ 𝑉 – ɨɛɴɟɦ ɨɬɥɢɜɤɢ, ɦ3; ܵ – ɩɥɨɳɚɞɶ ɟɟ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɦ2; ܭ଴ – 

ɤɨɧɫɬɚɧɬɚ. 
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ȼ ɪɚɛɨɬɟ [145] ɝɥɭɛɢɧɭ ɥɭɧɤɢ ܮ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɟ ɨɩɪɟɞɟɥɹɥɢ ɫ 

ɩɨɦɨɳɶɸ ɡɚɥɢɜɤɢ ɜ ɠɢɞɤɭɸ ɫɟɪɞɰɟɜɢɧɭ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɫɜɢɧɰɚ. 

ȼ [167] ɩɪɢɜɟɞɟɧɵ ɮɨɪɦɭɥɵ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɝɥɭɛɢɧɵ ɠɢɞɤɨɣ ɮɚɡɵ ܮ ɜ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɵɯ ɡɚɝɨɬɨɜɤɚɯ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɫɥɢɬɤɨɜ ɲɢɪɢɧɨɣ ɞɨ 

1200 ɦɦ ܮ =  Ͳ,Ͳʹͻ · ܽଶ ·  (1.36)     ݒ

ɝɞɟ ܮ ɢɡɦɟɪɹɟɬɫɹ ɜ ɦɦ; ܽ – ɫɬɨɪɨɧɚ ɤɜɚɞɪɚɬɚ, ɢɥɢ ɬɨɥɳɢɧɚ ɫɥɹɛɚ, ɫɦ; ݒ – ɫɤɨɪɨɫɬɶ 

ɜɵɬɹɝɢɜɚɧɢɹ ɡɚɝɨɬɨɜɤɢ, ɦɦ/ɦɢɧ. 

Ʉɪɨɦɟ ɷɬɨɝɨ ɜ ɪɚɛɨɬɟ [167] ɩɪɢɜɟɞɟɧɵ ɧɨɦɨɝɪɚɦɦɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɥɭɛɢɧɵ 

ɥɭɧɤɢ ɠɢɞɤɨɣ ɫɬɚɥɢ ɜ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ 

ɪɚɡɥɢɜɤɢ ɢ ɮɨɪɦɵ ɫɥɢɬɤɚ (ɤɜɚɞɪɚɬɧɵɣ ɢɥɢ ɩɪɹɦɨɭɝɨɥɶɧɵɣ). 

ȼ [156] ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɥɭɱɟɧɨ ɭɪɚɜɧɟɧɢɟ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɥɭɛɢɧɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ  ɩɪɢɜɟɞɟɧɧɨɣ ɬɨɥɳɢɧɵ 

ɫɥɢɬɤɚ ܴ଴ ɢ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ ɦɟɬɚɥɥɚ ܮ = expሺͲ,ͺͳ ∙ ሻܴ଴ଶ    (1.37) ܴ଴ݒ = ௔௕ଶሺ௔+௕ሻ     (1.38) 

ɝɞɟ ܽ, ܾ – ɫɬɨɪɨɧɵ ɫɥɹɛɚ, ɦ. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɭɸ ɜɚɠɧɨɫɬɶ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ 

ɝɥɭɛɢɧɵ ɢ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ, ɜ ɥɢɬɟɪɚɬɭɪɟ ɜɫɬɪɟɱɚɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ ɢ ɨɛɨɛɳɟɧɢɣ ɩɨ ɷɬɢɦ ɜɨɩɪɨɫɚɦ. 

ɉɨɫɤɨɥɶɤɭ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɨɛɭɫɥɨɜɥɟɧɨ ɬɪɟɛɨɜɚɧɢɹɦɢ 

ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɜɵɩɭɫɤɚɟɦɨɣ 

ɩɪɨɞɭɤɰɢɢ, ɦɧɨɝɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɭɩɪɚɜɥɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɨɣ 

ɫɬɚɥɢ ɩɨɫɜɹɳɟɧɵ ɭɩɪɚɜɥɟɧɢɸ ɝɥɭɛɢɧɨɣ ɠɢɞɤɨɣ ɮɚɡɵ [281] ɢɥɢ ɩɪɨɰɟɫɫɚɦɢ, 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɜɢɫɹɳɢɦɢ ɨɬ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ (ɧɚɩɪɢɦɟɪ, ɦɹɝɤɨɝɨ 

ɨɛɠɚɬɢɹ). ɉɪɢ ɷɬɨɦ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɡɭɱɟɧɢɹ ɪɟɚɤɰɢɢ ɝɥɭɛɢɧɵ ɢ 

ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɧɚ ɪɚɡɥɢɱɧɵɟ ɢɡɦɟɧɟɧɢɹ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ 

ɪɚɡɥɢɜɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɝɧɨɡɧɨɣ ɦɨɞɟɥɢ ɧɭɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
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ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɤ ɩɚɪɚɦɟɬɪɚɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 

ɤɨɬɨɪɵɟ ɜ ɫɢɥɭ ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɡɚɞɚɧɵ ɧɟɬɨɱɧɨ. 

Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ [144] ɨɬɦɟɱɚɸɬ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɬɟɨɪɢɢ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɹɜɥɹɸɬɫɹ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɣ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɢ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ ɧɚ ɞɢɧɚɦɢɤɭ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɫɢɧɬɟɡ ɫɢɫɬɟɦ, 

ɦɚɥɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɦɚɥɵɦ ɢɡɦɟɧɟɧɢɹɦ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɜɹɡɚɧ ɫ ɢɡɭɱɟɧɢɟɦ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɧɚ 

ɩɨɜɟɞɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ [185].  

ȼ ɪɚɛɨɬɟ [317] ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɪɢɦɟɧɟɧɢɟ ɭɩɪɨɳɟɧɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɚɧɚɥɢɡɚ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɪɨɰɟɫɫɭ 

ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ ɚɧɚɥɢɡ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ (ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɬɭɩɚɸɳɟɝɨ 

ɪɚɫɩɥɚɜɚ) ɛɵɥ ɩɪɨɜɟɞɟɧ ɜ ɪɚɛɨɬɟ [316]. ȼ [251] ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɮɭɧɤɰɢɢ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɟɩɟɧɢ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɜɯɨɞɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ (ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɢ ɜ ɤɚɠɞɨɣ ɫɟɤɰɢɢ 

ɡɨɧɵ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ)) ɧɚ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɥɢɬɤɚ. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜ ɪɚɛɨɬɟ [294] ɢɫɫɥɟɞɭɟɬɫɹ ɜɥɢɹɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɧɟɲɧɟɣ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

Ɉɞɧɚɤɨ, ɤɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɚɞɟɤɜɚɬɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɆɇɅɁ, ɩɪɢ ɫɢɧɬɟɡɟ ɋȺɍ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɨɣ 

ɫɬɚɥɢ, ɚ ɬɚɤɠɟ ɩɪɢ ɢɡɭɱɟɧɢɢ ɜɨɩɪɨɫɚ ɨɛ ɭɜɟɥɢɱɟɧɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɆɇɅɁ 

ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɝɥɭɛɢɧɵ ɢ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɨɬ 

ɞɪɭɝɢɯ – ɜɨɡɦɭɳɚɸɳɢɯ ɢ ɭɩɪɚɜɥɹɸɳɢɯ – ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ. 

 ɂɧɮɨɪɦɚɰɢɸ ɨ ɫɬɟɩɟɧɢ ɜɥɢɹɧɢɹ ɨɞɧɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɡɭɱɚɟɦɨɣ ɫɢɫɬɟɦɵ ɧɚ 

ɞɪɭɝɢɟ ɞɚɸɬ ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ [144], ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɬɨɪɵɯ 

ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɚɧɧɵɟ ɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɟ. ɗɬɢ 

ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɥɢɛɨ ɫ ɩɨɦɨɳɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɥɢɛɨ ɩɭɬɟɦ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɧɚ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɉɨɫɤɨɥɶɤɭ ɚɧɚɥɢɡ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢɦɟɟɬ ɨɫɨɛɟɧɧɨ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɧɚ ɷɬɚɩɟ ɫɢɧɬɟɡɚ ɋȺɍ, ɧɚ 



61 

 

ɩɪɚɤɬɢɤɟ ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ. 

 

1.5. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɮɨɪɫɭɧɨɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ ɆɇɅɁ 

 

ɉɪɢ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɟ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɞɟɮɟɤɬɨɜ 

ɡɚɝɨɬɨɜɨɤ ɹɜɥɹɸɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɬɪɟɳɢɧɵ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ [188]. ɍɞɚɥɟɧɢɟ 

ɬɚɤɢɯ ɬɪɟɳɢɧ ɦɟɬɨɞɚɦɢ ɨɝɧɟɜɨɣ ɥɢɛɨ ɦɟɯɚɧɢɱɟɫɤɨɣ ɡɚɱɢɫɬɤɢ ɬɪɟɛɭɟɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ. Ʉ ɬɨɦɭ ɠɟ, ɧɟ ɜɫɟɝɞɚ ɭɞɚɟɬɫɹ ɨɛɧɚɪɭɠɢɬɶ ɢ 

ɢɫɩɪɚɜɢɬɶ ɜɫɟ ɬɪɟɳɢɧɵ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɪɢ ɩɪɨɤɚɬɤɟ ɫɥɢɬɤɨɜ ɨɧɢ 

ɬɪɚɧɫɮɨɪɦɢɪɭɸɬɫɹ ɜ ɞɟɮɟɤɬɵ ɥɢɫɬɚ. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɢ ɪɚɡɜɢɬɢɟ ɬɪɟɳɢɧ ɜ ɫɥɢɬɤɚɯ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ 

ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ, ɩɪɟɜɵɲɚɸɳɢɯ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ [138]. Ɉɫɧɨɜɧɨɣ 

ɩɪɢɱɢɧɨɣ ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɜ ɬɜɟɪɞɨɣ ɨɛɨɥɨɱɤɟ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ 

ɡɚɝɨɬɨɜɤɢ ɹɜɥɹɟɬɫɹ ɩɪɟɜɵɲɟɧɢɟ ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 

ɝɪɚɞɢɟɧɬɨɜ, ɤɨɬɨɪɨɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɨɡɧɢɤɚɟɬ ɢɡ-ɡɚ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɬɟɩɥɨɨɬɜɨɞɚ 

ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ. ɍɦɟɧɶɲɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɬɪɟɳɢɧ 

ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɥɨɜɢɣ ɪɚɜɧɨɦɟɪɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜ 

ɁȼɈ. 

ȼɨɩɪɨɫɚɦ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɬɟɩɥɨɨɬɜɨɞɚ ɩɨɫɜɹɳɟɧɨ ɦɧɨɠɟɫɬɜɨ 

ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɨɞɯɨɞɚ. ȼ ɩɟɪɜɨɦ, 

ɩɨɫɬɚɜɥɟɧɧɭɸ ɡɚɞɚɱɭ ɪɟɲɚɸɬ ɫ ɩɨɡɢɰɢɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɩɨ ɡɨɧɚɦ 

ɁȼɈ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɟɟ ɤɨɧɫɬɪɭɤɰɢɢ [124, 213]. ȼɨ ɜɬɨɪɨɦ ɩɨɞɯɨɞɟ ɩɪɨɢɡɜɨɞɹɬ 

ɩɨɞɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɁȼɈ ɢ ɮɨɪɫɭɧɨɤ [100, 37]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɆɇɅɁ ɢ ɪɚɡɪɚɛɨɬɤɟ ɟё ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɜɵɛɨɪɚ ɬɢɩɨɜ ɮɨɪɫɭɧɨɤ, ɩɨɞɚɸɳɢɯ ɜɨɞɨ-ɜɨɡɞɭɲɧɭɸ 

ɫɦɟɫɶ, ɢ ɫɩɨɫɨɛɚ ɢɯ ɪɚɫɫɬɚɧɨɜɤɢ ɜ ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ). Ɍɪɟɛɭɟɬɫɹ 

ɩɨɞɨɛɪɚɬɶ ɩɚɪɚɦɟɬɪɵ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɫɜɟɫɬɢ ɤ 
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ɦɢɧɢɦɭɦɭ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɜɵɡɜɚɧɧɵɟ ɧɟɪɚɜɧɨɦɟɪɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ 

ɫɥɢɬɤɚ. 

Ɂɚɞɚɱɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ 

ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫɥɢɬɤɚ, ɪɚɫɫɦɨɬɪɟɧɵ ɜ [89, 108, 110, 199]. ȼ [189, 230] 

ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɨɪɨɲɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɥɹɛɨɜɨɣ ɡɚɝɨɬɨɜɤɢ ɜ ɁȼɈ ɢ ɩɪɟɞɥɚɝɚɸɬɫɹ ɜɨɡɦɨɠɧɵɟ ɩɭɬɢ ɩɨɜɵɲɟɧɢɹ 

ɪɚɜɧɨɦɟɪɧɨɫɬɢ ɬɟɩɥɨɨɬɜɨɞɚ ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ 

ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɹ. 

ɇɟɤɨɬɨɪɵɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ ɨɪɝɚɧɢɡɚɰɢɹ ɮɨɪɫɭɧɨɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ ɜ ɁȼɈ ɜɥɢɹɟɬ ɧɟ ɬɨɥɶɤɨ ɧɚ ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ ɢ 

ɩɨɞɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨёɜ ɡɚɝɨɬɨɜɤɢ, ɧɨ ɢ ɧɚ ɟё ɦɚɤɪɨɫɬɪɭɤɬɭɪɭ. ȼ [198] 

ɭɬɜɟɪɠɞɚɟɬɫɹ, ɱɬɨ ɪɚɫɩɨɥɨɠɟɧɢɟ ɮɨɪɫɭɧɨɤ ɢ ɪɚɫɯɨɞɵ ɜɨɞɵ ɜ ɧɢɯ ɜɥɢɹɸɬ ɧɚ 

ɦɚɤɪɨɫɬɪɭɤɬɭɪɭ ɡɚɝɨɬɨɜɤɢ. ɉɪɢɜɨɞɢɬɫɹ ɩɪɢɦɟɪ, ɤɨɝɞɚ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ 

ɦɨɞɟɪɧɢɡɚɰɢɹ ɆɇɅɁ, ɧɚ ɤɨɬɨɪɨɣ ɪɚɡɥɢɜɚɟɬɫɹ ɤɪɭɝɥɚɹ ɡɚɝɨɬɨɜɤɚ ɞɢɚɦɟɬɪɨɦ 156 

ɦɦ (ɪɢɫ. 1.11). «Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɛɵɥɨ ɭɞɟɥɟɧɨ ɪɚɫɩɨɥɨɠɟɧɢɸ ɢ ɪɚɫɯɨɞɧɵɦ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɮɨɪɫɭɧɨɤ ɜɫɟɯ ɬɢɩɨɜ ɜɨ ɜɫɟɯ ɡɨɧɚɯ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɱɬɨ 

ɩɪɢɜɟɥɨ ɤ ɭɥɭɱɲɟɧɢɸ ɦɚɤɪɨɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥɥɚ».  

 

 

 

Ɋɢɫɭɧɨɤ 1.11. ɉɪɨɞɨɥɶɧɵɟ ɬɟɦɩɥɟɬɵ (ɫɬɚɥɶ Ⱦ) [198]. 

ɚ) ɞɨ ɦɨɞɟɪɧɢɚɰɢɢ; ɛ) ɩɨɫɥɟ ɦɨɞɟɪɧɢɡɚɰɢɢ. 
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1.5.1. Ɇɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨɞ ɮɨɪɫɭɧɤɚɦɢ 

 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɬɨɱɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɩɨɫɬɨɹɧɧɨ 

ɪɚɫɬɭɬ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɡɚɜɢɫɹɬ ɨɬ 

ɩɪɚɜɢɥɶɧɨɝɨ ɜɵɛɨɪɚ ɦɨɞɟɥɢ, ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ ɨɬ ɟё ɚɞɟɤɜɚɬɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɵɦ 

ɭɫɥɨɜɢɟɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɡɚɱɚɫɬɭɸ ɧɟ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɢɫɱɟɪɩɵɜɚɸɳɢɦ 

ɢɫɬɨɱɧɢɤɨɦ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɭɫɥɨɜɢɹɯ ɨɞɧɨɡɧɚɱɧɨɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɩɨɫɥɟɞɧɟɟ 

ɜɪɟɦɹ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɪɟɲɟɧɢɸ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, 

ɜ ɤɨɬɨɪɵɯ ɩɨ ɢɦɟɸɳɟɣɫɹ (ɡɚɱɚɫɬɭɸ ɜɟɫɶɦɚ ɨɝɪɚɧɢɱɟɧɧɨɣ) ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɩɨɥɟ ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɴɟɤɬɚ, ɜ 

ɱɚɫɬɧɨɫɬɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ. 

ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɨɡɧɚɱɚɟɬ ɩɪɢɜɟɞɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɨɞɟɥɢ ɹɜɥɟɧɢɹ 

(ɨɛɴɟɤɬɚ) ɫ ɫɚɦɢɦ ɮɢɡɢɱɟɫɤɢɦ ɹɜɥɟɧɢɟɦ (ɨɛɴɟɤɬɨɦ). ȼ ɫɥɭɱɚɟ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɪɟɱɶ ɢɞёɬ ɨɛ ɨɩɪɟɞɟɥɟɧɢɢ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɬɟɩɥɨɜɨɝɨ 

ɨɛɴɟɤɬɚ, ɤɨɬɨɪɵɟ ɛɵ ɞɟɥɚɥɢ ɟё ɢɞɟɧɬɢɱɧɨɣ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦɭ ɬɟɩɥɨɜɨɦɭ ɨɛɴɟɤɬɭ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ ɨɡɧɚɱɚɟɬ ɨɩɪɟɞɟɥɟɧɢɟ 

ɬɚɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɛɭɞɟɬ 

ɢɞɟɧɬɢɱɟɧ ɪɟɚɥɶɧɨ ɫɭɳɟɫɬɜɭɸɳɟɦɭ ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ ɧɚ ɝɪɚɧɢɰɟ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɬɜёɪɞɨɝɨ ɬɟɥɚ ɢ ɨɤɪɭɠɚɸɳɟɣ ɟɝɨ ɫɪɟɞɵ. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɜ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱɚɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ 

ɢɞɟɧɬɢɮɢɤɚɰɢɹ, ɩɨɫɤɨɥɶɤɭ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɝɞɚ ɜɯɨɞɧɵɟ ɜɟɥɢɱɢɧɵ ɧɨɫɹɬ 

ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɞɭɪɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ 

ɧɚɥɢɱɢɟ ɧɟɤɨɬɨɪɵɯ ɚɩɪɢɨɪɧɵɯ ɢ ɚɩɨɫɬɟɪɢɨɪɧɵɯ ɫɜɟɞɟɧɢɣ ɨɛ ɢɫɫɥɟɞɭɟɦɨɦ 

ɨɛɴɟɤɬɟ. Ʉ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɬɧɨɫɹɬɫɹ ɫɜɟɞɟɧɢɹ ɨ ɞɢɧɚɦɢɱɟɫɤɢɯ ɢ 

ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ, ɨ ɟё ɥɢɧɟɣɧɨɫɬɢ ɢɥɢ 

ɧɟɥɢɧɟɣɧɨɫɬɢ, ɞɢɫɤɪɟɬɧɨɫɬɢ ɢɥɢ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɢ ɬ.ɩ. ȼ ɪɨɥɢ ɚɩɨɫɬɟɪɢɨɪɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɨɛɵɱɧɨ ɜɵɫɬɭɩɚɸɬ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɤɚɤɢɯ-ɥɢɛɨ ɩɪɨɹɜɥɟɧɢɣ 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. Ɍɨɱɧɨɫɬɶ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ 
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ɨɬ ɤɚɱɟɫɬɜɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɭɫɥɨɜɢɹɦɢ ɬɟɩɥɨɜɨɝɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɨɰɟɫɫɚ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɫɥɢɬɤɟ ɆɇɅɁ ɤɚɠɞɵɣ 

ɪɚɡ ɨɫɬɚёɬɫɹ ɨɬɤɪɵɬɵɦ ɜɨɩɪɨɫ ɜɵɛɨɪɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ (ɄɌ) ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɜ ɁȼɈ. ɋɜɹɡɚɧɨ ɷɬɨ ɫ ɬɟɦ, ɱɬɨ ɧɚ ɜɟɥɢɱɢɧɭ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɬɟɩɥɨɨɬɞɚɱɢ ɜɥɢɹɟɬ ɦɧɨɠɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɧɚɱɟɧɢɟ ɄɌ 

ɦɨɠɟɬ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɨ ɢɡɦɟɧɹɬɶɫɹ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ 

ɤɨɨɪɞɢɧɚɬɚɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɪɚɫɩɪɟɞɟɥёɧɧɨɝɨ 

ɩɚɪɚɦɟɬɪɚ. 

Ɂɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɢɫɬɟɦ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ (ɋɊɉ) 

ɫɨɫɬɨɹɬ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɮɭɧɤɰɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɨ 

ɤɨɨɪɞɢɧɚɬɚɦ ɢɥɢ ɜɨ ɜɪɟɦɟɧɢ, ɩɨ ɢɦɟɸɳɢɦɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ. ȼ 

ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɪɟɲɟɧɢɸ ɡɚɞɚɱ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɋɊɉ ɭɞɟɥɹɟɬɫɹ ɜɧɢɦɚɧɢɟ 

ɦɧɨɝɢɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ [5, 12, 95, 112, 119, 120]. 

Ɂɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɋɊɉ ɨɬɧɨɫɹɬɫɹ ɤ ɤɥɚɫɫɭ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ 

ɹɜɥɹɸɬɫɹ ɧɟɤɨɪɪɟɤɬɧɵɦɢ ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɫɦɵɫɥɟ. ɉɨɞ ɤɨɪɪɟɤɬɧɨɫɬɶɸ ɜ 

ɤɥɚɫɫɢɱɟɫɤɨɦ ɫɦɵɫɥɟ ɩɨɧɢɦɚɟɬɫɹ ɤɨɪɪɟɤɬɧɨɫɬɶ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɩɨ Ⱥɞɚɦɚɪɭ, 

ɬ.ɟ. ɜɵɩɨɥɧɟɧɢɟ ɬɪɟɯ ɭɫɥɨɜɢɣ: ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ, ɟɝɨ 

ɟɞɢɧɫɬɜɟɧɧɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ (ɢɥɢ ɧɟɩɪɟɪɵɜɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɜɯɨɞɧɵɯ 

ɞɚɧɧɵɯ). ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ ɬɪɟɬɶɟ ɭɫɥɨɜɢɟ – ɭɫɥɨɜɢɟ 

ɭɫɬɨɣɱɢɜɨɫɬɢ. ȼ 3-ɦ ɪɚɡɞɟɥɟ ɧɚ ɩɪɢɦɟɪɟ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ, ɤɚɤ ɦɚɥɵɦ ɢɡɦɟɧɟɧɢɹɦ 

ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɛɨɥɶɲɢɟ ɨɬɤɥɨɧɟɧɢɹ ɜ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ. 

Ⱥ.ɇ. Ɍɢɯɨɧɨɜɵɦ ɛɵɥɨ ɜɜɟɞɟɧɨ ɧɨɜɨɟ ɩɨɧɹɬɢɟ ɭɫɥɨɜɧɨɣ ɤɨɪɪɟɤɬɧɨɫɬɢ [170], ɜ 

ɤɨɬɨɪɨɦ ɫɭɠɚɟɬɫɹ ɤɥɚɫɫ ɞɨɩɭɫɬɢɦɵɯ ɪɟɲɟɧɢɣ, ɢ ɪɟɱɶ ɢɞёɬ ɧɟ ɩɪɨɫɬɨ ɨ ɪɟɲɟɧɢɢ, ɚ 

ɨ ɪɟɲɟɧɢɢ, ɩɪɢɧɚɞɥɟɠɚɳɟɦ ɧɟɤɨɬɨɪɨɦɭ ɤɥɚɫɫɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɟɤɨɬɨɪɵɯ 

ɫɥɭɱɚɹɯ ɞɨɫɬɢɝɚɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ ɪɟɲɟɧɢɣ.  

Ɂɚɞɚɱɚ ɧɚɡɵɜɚɟɬɫɹ ɭɫɥɨɜɧɨ ɤɨɪɪɟɤɬɧɨɣ (ɢɥɢ ɤɨɪɪɟɤɬɧɨ ɩɨɫɬɚɜɥɟɧɧɨɣ ɩɨ 

Ɍɢɯɨɧɨɜɭ), ɟɫɥɢ: 

1) ɚɩɪɢɨɪɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫɭɳɟɫɬɜɭɟɬ ɜ ɧɟɤɨɬɨɪɨɦ 

ɤɥɚɫɫɟ; 
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2) ɜ ɷɬɨɦ ɤɥɚɫɫɟ ɪɟɲɟɧɢɟ ɟɞɢɧɫɬɜɟɧɧɨ; 

3) ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɧɟɩɪɟɪɵɜɧɨ ɡɚɜɢɫɢɬ ɨɬ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ. 

Ɇɟɬɨɞɵ ɪɟɲɟɧɢɹ ɧɟɤɨɪɪɟɤɬɧɵɯ ɡɚɞɚɱ, ɨɩɢɪɚɸɳɢɟɫɹ ɧɚ ɫɭɠɟɧɢɟ ɦɧɨɠɟɫɬɜɚ 

ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ, ɨɝɪɚɧɢɱɟɧɵ ɜ ɩɪɢɦɟɧɟɧɢɢ, ɬ.ɤ. ɱɚɫɬɨ ɩɪɢɯɨɞɢɬɫɹ ɢɦɟɬɶ ɞɟɥɨ 

ɫ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟɤɨɪɪɟɤɬɧɵɦɢ ɡɚɞɚɱɚɦɢ. Ⱥ.ɇ. Ɍɢɯɨɧɨɜɵɦ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ 

ɪɟɲɟɧɢɹ ɭɫɥɨɜɧɨ ɤɨɪɪɟɤɬɧɵɯ ɡɚɞɚɱ, ɩɨɥɭɱɢɜɲɢɣ ɧɚɡɜɚɧɢɟ ɦɟɬɨɞɚ ɪɟɝɭɥɹɪɢɡɚɰɢɢ 

Ɍɢɯɨɧɨɜɚ [170]. Ɉɧ ɨɫɧɨɜɚɧ ɧɚ ɩɟɪɟɯɨɞɟ ɨɬ ɢɫɯɨɞɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɤ ɡɚɞɚɱɟ 

ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɫɬɚɛɢɥɢɡɢɪɭɟɦɵɦ ɫɥɚɝɚɟɦɵɦ. 

Ⱥɧɚɥɢɡ ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɨɫɬɢ ɋɊɉ ɤɚɤ ɤɨɪɪɟɤɬɧɨɫɬɢ ɜ ɫɦɵɫɥɟ Ɍɢɯɨɧɨɜɚ ɩɪɨɜɟɞёɧ 

ɜ [180]. 

Ɇɟɬɨɞɵ ɪɟɲɟɧɢɹ ɈɁɌ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɵ ɧɚ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɢ 

ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɢɥɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ, ɤɨɬɨɪɵɟ ɨɩɢɪɚɸɬɫɹ ɧɚ ɩɨɥɨɠɟɧɢɹ ɬɟɨɪɢɢ 

ɜɟɪɨɹɬɧɨɫɬɟɣ ɢ ɢɫɩɨɥɶɡɭɸɬ ɫɥɭɱɚɣɧɭɸ ɢɧɮɨɪɦɚɰɢɸ. Ʉɚɠɞɵɣ ɢɡ ɷɬɢɯ ɤɥɚɫɫɨɜ ɜ 

ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɠɧɨ ɪɚɡɛɢɬɶ ɧɚ ɩɪɹɦɵɟ (ɦɟɬɨɞɵ ɨɛɪɚɳɟɧɢɹ ɦɨɞɟɥɟɣ) [170] ɢ 

ɷɤɫɬɪɟɦɚɥɶɧɵɟ [5]. ɗɤɫɬɪɟɦɚɥɶɧɵɟ ɦɟɬɨɞɵ ɜɤɥɸɱɚɸɬ ɦɟɬɨɞɵ ɦɢɧɢɦɢɡɚɰɢɢ, 

ɪɟɝɭɥɹɪɢɡɚɰɢɢ ɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ. Ɉɧɢ ɩɪɟɞɩɨɥɚɝɚɸɬ ɧɚɥɢɱɢɟ ɮɭɧɤɰɢɨɧɚɥɚ, 

ɨɰɟɧɢɜɚɸɳɟɝɨ ɜɟɥɢɱɢɧɭ ɨɬɤɥɨɧɟɧɢɹ (ɧɟɜɹɡɤɭ) ɪɚɫɱёɬɧɵɯ ɞɚɧɧɵɯ ɨɬ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ. 

ȼ [120] ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɩɨɫɨɛ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɟɪɟɦɟɧɧɵɯ ɜɨ ɜɪɟɦɟɧɢ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ ɞɥɹ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɞɚɱɢ ɧɟɥɢɧɟɣɧɨɣ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬɨɞɨɦ ɨɩɬɢɦɚɥɶɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɮɢɥɶɬɪɚɰɢɢ. 

ɂɫɩɨɥɶɡɭɟɦɵɣ ɡɞɟɫɶ ɚɥɝɨɪɢɬɦ ɞɢɫɤɪɟɬɧɨɝɨ ɮɢɥɶɬɪɚ Ʉɚɥɦɚɧɚ ɩɪɟɞɩɨɥɚɝɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɜɚɬɶ ɪɚɫɲɢɪɟɧɧɵɣ ɜɟɤɬɨɪ ɫɨɫɬɨɹɧɢɹ, ɱɬɨ ɜɵɡɜɚɧɨ ɫɩɟɰɢɮɢɤɨɣ 

ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ, ɜ ɤɨɬɨɪɨɣ ɧɚɪɹɞɭ ɫ ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ ɝɪɚɧɢɱɧɵɯ 

ɭɫɥɨɜɢɣ ɩɪɨɢɫɯɨɞɢɬ ɩɚɪɚɥɥɟɥɶɧɚɹ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ. 

ȼ [12] ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɟɞɥɚɝɚɸɬɫɹ ɦɟɬɨɞ 

ɬɨɱɧɨɣ ɩɨɞɝɨɧɤɢ, ɦɟɬɨɞ ɪɟɝɪɟɫɫɢɢ ɢ ɦɟɬɨɞ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ. 

ȼ [119] ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ: 
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1) ɦɟɬɨɞ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɨɞɛɨɪɚ ɄɌ ɩɪɢ ɩɨɦɨɳɢ ɚɧɚɥɨɝɨɜɵɯ ɫɪɟɞɫɬɜ, 

ɧɚɩɪɢɦɟɪ, ɭɫɬɪɨɣɫɬɜ, ɜ ɤɨɬɨɪɵɯ ɬɟɩɥɨɜɨɣ ɩɪɨɰɟɫɫ ɦɨɞɟɥɢɪɭɟɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ 

ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ; 

2) ɫɩɨɫɨɛ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɩɪɢ ɛɨɥɶɲɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɬɟɩɥɨɨɛɦɟɧɚ ɩɭɬёɦ ɨɩɪɟɞɟɥɟɧɢɹ ɮɢɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ  𝛼𝜑 (ɢɥɢ 

ɮɢɤɬɢɜɧɨɝɨ ɜɧɟɲɧɟɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ͳ/𝛼𝜑) ɧɚ ɧɟɤɨɬɨɪɨɣ ɭɫɥɨɜɧɨɣ 

ɝɪɚɧɢɰɟ, ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 𝛿 ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ; 

3) ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ ɄɌ ɜ ɜɢɞɟ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɨɣ ɮɭɧɤɰɢɢ ɦɟɬɨɞɨɦ 

ɢɬɟɪɚɰɢɣ. 

Ɋɟɲɟɧɢɟ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ 

ɫɬɚɥɢ ɨɫɥɨɠɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. ɉɨɫɬɚɧɨɜɤɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ 

ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫ ɭɱёɬɨɦ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɜ 

[18 – 20]. 

ȼ [176] ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɚɥɝɨɪɢɬɦɵ ɧɚɱɚɥɶɧɨɣ ɧɚɫɬɪɨɣɤɢ ɄɌ ɤɚɤ 

ɪɚɫɩɪɟɞɟɥёɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɤɨɝɞɚ ɜ ɪɚɫɩɨɪɹɠɟɧɢɢ ɢɦɟɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ, ɜ ɤɨɬɨɪɵɯ ɢɡɦɟɪɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ, ɢ 

ɨɩɟɪɚɬɢɜɧɨɣ ɧɚɫɬɪɨɣɤɢ, ɤɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɦɟɪɹɟɬɫɹ ɬɨɥɶɤɨ ɜ ɨɞɧɨɣ ɬɨɱɤɟ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ. 

Ʉɪɨɦɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɫɭɳɟɫɬɜɭɸɬ ɬɚɤɠɟ ɢɧɠɟɧɟɪɧɵɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɜɧɟɲɧɟɝɨ ɬɟɩɥɨɨɛɦɟɧɚ (ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ, ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɭɱɢɫɬɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɢɥɢ 

ɤɨɦɩɥɟɤɫɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ) [1, 92, 104, 167, 200, 201, 239, 289, 

303]. ɇɚɩɪɢɦɟɪ, ɜ [1] ɦɚɫɫɢɜ ɤɨɧɜɟɤɬɢɜɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ 

ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɜ ɜɢɞɟ ɮɭɧɤɰɢɢ: 𝛼̅௝,௠ = ,ݒ)݂  ௝), (1.39)ܮ

ɝɞɟ ݒ – ɫɤɨɪɨɫɬɶ ɪɚɡɥɢɜɤɢ, ܮ௝ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɦɟɧɢɫɤɚ ɦɟɬɚɥɥɚ ɞɨ ɫɟɪɟɞɢɧɵ j-ɨɣ 

ɡɨɧɵ ɨɯɥɚɠɞɟɧɢɹ. 

ɉɪɢ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ: 
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 𝛼௝ሺ𝜏ሻ = 𝛼ଵ௝ + (𝛼ଶ௝ − 𝛼ଵ௝) ∙ [ͳ − ቆ𝜏′′ − 𝜏𝜏П ቇ௞]భೖ, 𝜏П = 𝜏′′ − 𝜏′, ɩɪɢ 𝜏′ ≤ 𝜏 ≤ 𝜏′′ 
(1.40) 

ɝɞɟ ݇ =1,5 – ɩɪɢ ɫɧɢɠɟɧɢɢ ɫɤɨɪɨɫɬɢ; ݇ =1,25 – ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɫɤɨɪɨɫɬɢ; 𝜏′ ɢ 𝜏′′ – 

ɜɪɟɦɹ ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

Ɉɞɧɚɤɨ ɢɧɠɟɧɟɪɧɵɟ ɦɟɬɨɞɵ ɢɦɟɸɬ ɫɥɢɲɤɨɦ ɭɡɤɨɟ ɩɪɢɦɟɧɟɧɢɟ, ɩɨɷɬɨɦɭ ɜ 

ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɫɟ ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɚɸɬ ɦɟɬɨɞɵ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɭɬɟɦ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ. 

 

 

1.5.2. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ   ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ 

 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɦɚɲɢɧɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ (ɆɇɅɁ) 

ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɜɵɛɨɪɚ ɬɢɩɨɜ ɮɨɪɫɭɧɨɤ, ɩɨɞɚɸɳɢɯ ɜɨɞɨ-ɜɨɡɞɭɲɧɭɸ ɫɦɟɫɶ, ɢ 

ɫɩɨɫɨɛɚ ɢɯ ɪɚɫɫɬɚɧɨɜɤɢ ɜ ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ). Ɍɪɟɛɭɟɬɫɹ 

ɩɨɞɨɛɪɚɬɶ ɩɚɪɚɦɟɬɪɵ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɫɜɟɫɬɢ ɤ 

ɦɢɧɢɦɭɦɭ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɜɵɡɜɚɧɧɵɟ ɧɟɪɚɜɧɨɦɟɪɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ 

ɫɥɢɬɤɚ.  

ȼ [189] ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɨɪɨɲɟɧɢɹ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɹɛɨɜɨɣ ɡɚɝɨɬɨɜɤɢ ɜ ɁȼɈ ɢ ɩɪɟɞɥɚɝɚɸɬɫɹ ɜɨɡɦɨɠɧɵɟ ɩɭɬɢ 

ɩɨɜɵɲɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɫɬɢ ɬɟɩɥɨɨɬɜɨɞɚ ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ 

ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɹ. Ɉɞɧɚɤɨ ɩɪɢ ɫɨɜɪɟɦɟɧɧɵɯ ɜɨɡɦɨɠɧɨɫɬɹɯ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɬɟɯɧɢɤɢ ɧɚɢɛɨɥɟɟ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɩɭɬɟɦ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɡɚɬɜɟɪɞɟɜɚɸɳɟɣ ɤɨɪɨɱɤɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 

ɹɜɥɹɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ. ɉɨɥɟ ɬɟɦɩɟɪɚɬɭɪ ɦɨɠɟɬ ɛɵɬɶ 

ɜɵɱɢɫɥɟɧɨ ɩɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɝɨ ɢɥɢ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ 
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ɩɪɨɰɟɫɫɚ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɫ ɧɚɥɢɱɢɟɦ ɤɨɧɜɟɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɪɢ ɢɡɜɟɫɬɧɵɯ 

ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɪɚɡɥɢɜɚɟɦɨɣ ɦɚɪɤɢ ɦɟɬɚɥɥɚ, ɬɟɦɩɟɪɚɬɭɪɟ 

ɩɨɫɬɭɩɚɸɳɟɝɨ ɪɚɫɩɥɚɜɚ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɆɇɅɁ, ɫɤɨɪɨɫɬɢ 

ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚɯ ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɁȼɈ. Ʉɨɷɮɮɢɰɢɟɧɬɵ 

ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɚɢɛɨɥɶɲɭɸ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ, ɜ ɬɨ 

ɠɟ ɜɪɟɦɹ ɢɯ ɢɡɭɱɟɧɢɸ ɩɨɫɜɹɳɟɧɨ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɪɚɛɨɬ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ (ɄɌ) ɜɞɨɥɶ ɜɫɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɹɯ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɢ ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɮɨɪɫɭɧɨɤ ɩɪɨɜɨɞɢɦɵɟ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜ Heat Transfer and 

Fluid Flow Laboratory Ɍɟɯɧɢɱɟɫɤɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ Ȼɪɧɨ (ɑɟɯɢɹ) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

[312]. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɬɟɩɥɨɨɬɜɨɞ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɭɱɚɫɬɤɚɯ, ɧɚɤɪɵɜɚɟɦɵɯ ɮɚɤɟɥɨɦ ɮɨɪɫɭɧɤɢ. Ɇɟɬɨɞɵ 

ɨɩɪɟɞɟɥɟɧɢɹ ɄɌ ɨɩɢɫɚɧɵ, ɧɚɩɪɢɦɟɪ, ɜ [229, 244, 291, 305].  

ɉɪɨɢɡɜɨɞɢɬɟɥɢ ɮɨɪɫɭɧɨɤ, ɬɚɤɢɟ ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɮɢɪɦɚ Lechler, ɬɚɤɠɟ 

ɩɪɨɜɨɞɹɬ ɥɚɛɨɪɚɬɨɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɞɚɧɧɵɟ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ 

ɄɌ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɮɨɪɫɭɧɤɨɣ ɢ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɥɢɬɤɚ, 

ɪɚɫɯɨɞɚ ɜɨɞɵ ɢ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɮɨɪɫɭɧɨɤ. 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɞɚɧɧɨɣ ɮɢɪɦɨɣ «Siemens-VAI» ɤɨɧɫɬɪɭɤɰɢɹ ɡɨɧɵ ɜɬɨɪɢɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ «SIMETAL 3D Sprays» [143] ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɬɨɱɧɨɝɨ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɮɨɪɫɭɧɨɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɤɭɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ 

ɪɚɡɥɢɜɤɢ, ɱɬɨ ɮɚɤɬɢɱɟɫɤɢ ɩɟɪɟɧɨɫɢɬ ɩɪɨɛɥɟɦɭ ɜɵɛɨɪɚ ɩɨɡɢɰɢɣ ɮɨɪɫɭɧɨɤ ɫ ɷɬɚɩɚ 

ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɧɚ ɷɬɚɩ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɦɨɠɧɨɫɬɶ 

ɩɟɪɟɦɟɳɟɧɢɹ ɮɨɪɫɭɧɨɤ ɜɨ ɜɪɟɦɹ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ ɜɟɞёɬ ɤ ɡɚɞɚɱɟ ɩɪɨɝɧɨɡɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɫɭɧɨɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢɯ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 
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1.5.3. Ʉɪɢɬɟɪɢɣ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɪɚɡɦɟɳɟɧɢɹ ɮɨɪɫɭɧɨɤ 

 

ɋɯɟɦɚ ɪɚɡɦɟɳɟɧɢɹ ɮɨɪɫɭɧɨɤ ɜ ɁȼɈ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɜɥɢɹɟɬ ɧɚ 

ɜɟɥɢɱɢɧɵ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɟ. ɇɟɨɛɯɨɞɢɦɚ ɦɟɬɨɞɢɤɚ 

ɦɢɧɢɦɢɡɚɰɢɢ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ  ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɦ ɫɥɹɛɟ ɩɭɬɟɦ 

ɨɩɬɢɦɢɡɚɰɢɢ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɡɚ ɫɱɟɬ ɩɨɞɛɨɪɚ ɬɢɩɨɜ ɢ ɫɩɨɫɨɛɚ 

ɪɚɫɫɬɚɧɨɜɤɢ ɮɨɪɫɭɧɨɤ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɜɨɡɧɢɤɚɸɳɢɯ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢɦɟɧɹɟɬɫɹ ɦɟɬɨɞ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ [187]. ɑɬɨɛɵ ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫ 

ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɢɧɢɦɢɡɚɰɢɢ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɪɚɡɦɟɳɟɧɢɹ ɮɨɪɫɭɧɨɤ ɜ 

ɁȼɈ, ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ ɜɨɡɦɨɠɧɵɟ ɜɥɢɹɧɢɹ ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɨɪɫɭɧɨɤ ɧɚ 

ɪɚɡɥɢɱɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪɚ ɧɚɩɪɹɠɟɧɢɣ ɢ ɜɵɪɚɛɨɬɚɬɶ ɤɪɢɬɟɪɢɣ 

ɨɩɬɢɦɚɥɶɧɨɫɬɢ. 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟ ɜɫɟ ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪɚ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ 

ɦɨɝɭɬ ɛɵɬɶ ɦɢɧɢɦɢɡɢɪɨɜɚɧɵ. ɇɨɪɦɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɟɪɦɢɱɟɫɤɢɯ 

ɧɚɩɪɹɠɟɧɢɣ ɫɜɹɡɚɧɚ ɫ ɧɨɪɦɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɧɚɩɪɚɜɥɟɧɧɨɣ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ 

(ɇɅɁ). ɗɬɚ ɫɨɫɬɚɜɥɹɸɳɚɹ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɥɨɬɧɨɫɬɶɸ 

ɨɬɜɨɞɢɦɨɝɨ ɨɬ ɫɥɹɛɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɭɦɟɧɶɲɟɧɚ ɛɟɡ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɭɦɟɧɶɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɍɇɊɋ.  

ɉɪɨɞɨɥɶɧɚɹ ɤɚɫɚɬɟɥɶɧɚɹ (ɬ.ɟ. ɧɚɩɪɚɜɥɟɧɧɚɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɹɛɚ ɜɞɨɥɶ ɨɫɢ 

ɪɚɡɥɢɜɤɢ) ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɫɜɹɡɚɧɚ ɫ ɧɚɥɢɱɢɟɦ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɹɛɚ ɩɪɨɞɨɥɶɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ. ɗɬɚ ɤɨɦɩɨɧɟɧɬɚ 

ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɟɫɩɥɨɲɧɨɫɬɶɸ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɮɚɤɟɥɵ ɮɨɪɫɭɧɨɤ ɧɟ ɨɛɪɚɡɭɸɬ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɩɨɥɹ ɩɨ ɞɥɢɧɟ ɍɇɊɋ, ɚ ɪɚɡɞɟɥɹɸɬɫɹ ɪɨɥɢɤɚɦɢ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɧɨɪɦɚɥɶɧɨɣ 

ɤɚɫɚɬɟɥɶɧɚɹ ɩɪɨɞɨɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɚ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɟɬ ɛɵɬɶ 

ɫɨɤɪɚɳɟɧɚ ɛɟɡ ɭɳɟɪɛɚ ɞɥɹ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ [230] ɨɩɢɫɚɧ ɫɩɨɫɨɛ 

ɫɨɤɪɚɳɟɧɢɹ ɷɬɨɣ ɤɨɦɩɨɧɟɧɬɵ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ. Ɂɚɦɟɧɚ ɩɥɨɫɤɨɮɚɤɟɥɶɧɵɯ 
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ɮɨɪɫɭɧɨɤ ɧɚ ɨɛɴёɦɧɨɮɚɤɟɥɶɧɵɟ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɩɪɢɛɥɢɠɟɧɢɟɦ ɫɨɩɟɥ ɮɨɪɫɭɧɨɤ ɤ 

ɫɥɢɬɤɭ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɬɨɥɳɢɧɭ ɮɚɤɟɥɨɜ ɢɥɢ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɩɹɬɧɚ 

ɨɪɨɲɟɧɢɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɪɚɡɥɢɜɤɢ, ɱɬɨ ɫɨɤɪɚɳɚɟɬ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ.  Ɉɞɧɚɤɨ ɛɟɡ ɪɚɞɢɤɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɤɨɧɫɬɪɭɤɰɢɢ 

ɩɨɞɞɟɪɠɤɢ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ ɫɥɹɛɚ, ɛɟɡ ɨɬɤɚɡɚ ɨɬ ɪɨɥɢɤɨɜɨɣ ɩɪɨɜɨɞɤɢ, 

ɩɪɨɞɨɥɶɧɵɟ ɤɚɫɚɬɟɥɶɧɵɟ ɬɟɪɦɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɫɜɟɞɟɧɵ ɤ ɧɭɥɸ.  

Ʉɚɫɚɬɟɥɶɧɚɹ ɩɨɩɟɪɟɱɧɚɹ (ɬ.ɟ. ɧɚɩɪɚɜɥɟɧɧɚɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɹɛɚ ɩɨɩɟɪɟɤ 

ɨɫɢ ɪɚɡɥɢɜɤɢ) ɤɨɦɩɨɧɟɧɬɚ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɫɜɹɡɚɧɚ ɫ ɩɨɩɟɪɟɱɧɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɨɡɧɢɤɚɸɳɟɣ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜɫɥɟɞɫɬɜɢɟ 

ɧɟɫɨɜɟɪɲɟɧɫɬɜɚ ɮɨɪɫɭɧɨɤ ɁȼɈ, ɬ.ɟ. ɧɟɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ (ɄɌ) ɩɨ ɲɢɪɢɧɟ ɫɥɹɛɚ.  Ɇɢɧɢɦɢɡɚɰɢɹ ɤɚɫɚɬɟɥɶɧɨɣ 

ɩɨɩɟɪɟɱɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜɩɨɥɧɟ ɨɫɭɳɟɫɬɜɢɦɚ ɛɟɡ 

ɫɨɤɪɚɳɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ ɢ ɧɢɤɚɤ ɧɟ ɫɜɹɡɚɧɚ ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɤɨɧɫɬɪɭɤɰɢɢ 

ɩɨɞɞɟɪɠɤɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ. ɂɦɟɧɧɨ ɭɦɟɧɶɲɟɧɢɸ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɩɨɩɟɪɟɱɧɨɣ ɤɚɫɚɬɟɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɩɭɬɟɦ ɩɨɞɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɮɨɪɫɭɧɨɤ ɢ ɨɩɬɢɦɚɥɶɧɵɯ ɫɩɨɫɨɛɨɜ ɢɯ ɪɚɫɫɬɚɧɨɜɤɢ ɢ 

ɩɨɫɜɹɳɟɧɚ ɞɚɧɧɚɹ ɪɚɛɨɬɚ.  

ɉɨɩɟɪɟɱɧɚɹ ɤɚɫɚɬɟɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɚ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɤɫɢɦɚɥɶɧɚ 

ɬɚɦ, ɝɞɟ ɧɚɢɛɨɥɟɟ ɜɟɥɢɤɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ, ɬ.ɟ. ɜ ɩɥɨɫɤɨɫɬɹɯ ɮɚɤɟɥɨɜ 

ɮɨɪɫɭɧɨɤ ɢɥɢ, ɱɬɨ ɬɨ ɠɟ ɫɚɦɨɟ, ɜ ɫɟɪɟɞɢɧɚɯ ɦɟɠɪɨɥɢɤɨɜɵɯ ɡɚɡɨɪɨɜ. ɉɨɷɬɨɦɭ 

ɡɚɞɚɱɚ ɦɢɧɢɦɢɡɚɰɢɢ ɷɬɨɣ ɤɨɦɩɨɧɟɧɬɵ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɫɜɨɞɢɬɫɹ ɤ 

ɨɛɟɫɩɟɱɟɧɢɸ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɩɟɪɢɦɟɬɪɭ ɤɚɠɞɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɟɱɟɧɢɹ ɫɥɹɛɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɩɥɨɫɤɨɫɬɹɯ ɨɫɟɣ ɮɨɪɫɭɧɨɤ, ɚ ɨɩɬɢɦɚɥɶɧɵɦ 

ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɬɚɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɄɌ ɩɨ ɩɟɪɢɦɟɬɪɭ ɫɟɱɟɧɢɹ, ɤɨɬɨɪɨɟ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɫɬɨɹɧɧɭɸ ɩɨ ɩɟɪɢɦɟɬɪɭ ɬɟɦɩɟɪɚɬɭɪɭ. 

ȼ [154] ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɮɨɪɦɭɥɢɪɭɟɬɫɹ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɭɫɬɶ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 

ɧɚɩɪɚɜɥɟɧɢɸ ɟё ɞɜɢɠɟɧɢɹ ɩɪɨɜɟɞɟɧɚ ɭɫɥɨɜɧɚɹ ɥɢɧɢɹ. Ɍɟɦɩɟɪɚɬɭɪɭ ɩɨɜɟɪɯɧɨɫɬɢ 

ɡɚɝɨɬɨɜɤɢ ɜɞɨɥɶ ɷɬɨɣ ɥɢɧɢɢ ɨɩɪɟɞɟɥɹɸɬ ɤɚɤ ɩɨɩɟɪɟɱɧɵɣ ɬɟɩɥɨɜɨɣ ɩɪɨɮɢɥɶ ɝɪɚɧɢ. 

Ɋɚɫɫɦɚɬɪɢɜɚɸɬ ɩɨɩɟɪɟɱɧɵɣ ɬɟɩɥɨɜɨɣ ɩɪɨɮɢɥɶ ɜ ɞɢɫɤɪɟɬɧɨɦ ɜɢɞɟ ɤɚɤ ɧɚɛɨɪ 
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ɬɟɦɩɟɪɚɬɭɪ ɜ ɬɨɱɤɚɯ ݔ௜, 𝑖 =  ͳ. . . ݊, ݊ – ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɱɟɬɧɵɯ ɬɨɱɟɤ ɧɚ ɥɢɧɢɢ. ɋ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤ ɩɨɩɟɪɟɱɧɨɦɭ ɬɟɩɥɨɜɨɦɭ ɩɪɨɮɢɥɸ ɝɪɚɧɢ 

ɜɵɞɜɢɝɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ: ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ 

ɚɛɫɨɥɸɬɧɵɯ ɩɟɪɟɩɚɞɨɜ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ; 

ɫɢɦɦɟɬɪɢɱɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɪɨɮɢɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɪɟɞɢɧɵ ɝɪɚɧɢ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɨɩɨɥɧɟɧɚ ɬɪɟɛɨɜɚɧɢɟɦ ɤ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɩɪɨɮɢɥɸ 

ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ, ɤɨɬɨɪɨɟ ɜ ɮɨɪɦɚɥɢɡɨɜɚɧɧɨɣ ɮɨɪɦɟ ɢɦɟɟɬ ɜɢɞ [154] 

ܬ = ଵܣ ∙ ∑ ௜ݐ) − ∑ ௜ܶ௠௜=ଵ݉ − ݈ + ͳ)ଶ௠௜=ଵ( ∑ ௜ܶ௠௜=ଵ݉ − ݈ + ͳ)ଶ + ଶܣ ||∑ ௜ܶݔ௜௡௜=ଵ∑ ௜ܶ௡௜=ଵ − ݓݓʹ ||, (1.41) 

 

ɝɞɟ ܣଵ, ܣଶ – ɜɟɫɨɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɩɨɞɛɢɪɚɟɦɵɟ ɷɦɩɢɪɢɱɟɫɤɢ, ݓ – ɲɢɪɢɧɚ 

ɫɥɢɬɤɚ. ɉɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɨɰɟɧɢɜɚɟɬ ɫɭɦɦɚɪɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 

ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɨɱɤɚɯ ɩɪɨɮɢɥɹ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɨɛɥɚɫɬɟɣ ɭɝɥɨɜ 

ɡɚɝɨɬɨɜɤɢ (ɭɱɬɟɧɨ ɢɧɞɟɫɤɚɦɢ ݉, ݈) ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɚɜɧɨɦɟɪɧɨɫɬɶ 

ɬɟɩɥɨɜɨɝɨ ɩɪɨɮɢɥɹ (ɪɢɫ.1.12). 

 

 

Ɋɢɫɭɧɨɤ 1.12. Ƚɪɚɮɢɱɟɫɤɢɣ ɫɦɵɫɥ ɡɧɚɱɟɧɢɹ ɩɟɪɜɨɝɨ ɫɥɚɝɚɟɦɨɝɨ ɤɪɢɬɟɪɢɹ ܬ. 
 

ȼɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɢɦɦɟɬɪɢɱɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɪɨɮɢɥɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɝɪɚɧɢ ɩɭɬɟɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɨɱɤɚɯ ɤɚɤ ɢɯ 

ɦɚɫɫɵ ɢ ɜɵɱɢɫɥɟɧɢɹ ɫɦɟɳɟɧɢɹ ɰɟɧɬɪɚ «ɬɟɩɥɨɜɨɣ» ɦɚɫɫɵ [154] ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɫɟɪɟɞɢɧɵ ɝɪɚɧɢ (ɪɢɫ. 1.13). 
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Ɋɢɫɭɧɨɤ 1.13. Ƚɪɚɮɢɱɟɫɤɢɣ ɫɦɵɫɥ ɡɧɚɱɟɧɢɹ ɜɬɨɪɨɝɨ ɫɥɚɝɚɟɦɨɝɨ ɤɪɢɬɟɪɢɹ ܬ. 
 

ɂɡ (4) ɩɨɥɭɱɟɧɚ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɢ ɜɵɩɨɥɧɟɧɚ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚ-

ɰɢɢ ɞɥɹ ɩɨɢɫɤɚ ɩɨɥɨɠɟɧɢɹ ɮɨɪɫɭɧɨɤ ɜ ɫɟɤɰɢɹɯ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ.  

ɉɭɫɬɶ ɜɫɟ ɫɟɤɰɢɢ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫɨɞɟɪɠɚɬ ܭ ɪɹɞɨɜ ɮɨɪɫɭɧɨɤ, ɜ 

ɤɚɠɞɨɦ k-ɦ ɪɹɞɭ ɫɨɞɟɪɠɢɬɫɹ  ݊௞ ɮɨɪɫɭɧɨɤ ɢ ɢɯ ɩɨɥɨɠɟɧɢɟ ɡɚɞɚɧɨ ɜɟɤɬɨɪɨɦ 

ɤɨɨɪɞɢɧɚɬ 𝑋௞ሺݔ௞ଵ, ,௞ଶݔ … ,  ௞ ɩɨɡɢɰɢɸ ɜɵɯɨɞɚ ɢɡ ɡɨɧɵ ɞɟɣɫɬɜɢɹݖ  ௞௡ೖሻ . Ɉɛɨɡɧɚɱɢɦݔ

k-ɝɨ ɪɹɞɚ (ɪɢɫ. 1.14), ௭ܶೖሺݐଵ௭ೖ , ଶ௭ೖݐ , … ,  ௠௭ೖሻ – ɜɟɤɬɨɪ ɬɟɦɩɟɪɚɬɭɪ  ɬɨɱɟɤݐ

ɩɨɩɟɪɟɱɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɪɨɮɢɥɹ ɜ ɩɨɡɢɰɢɢ  ݖ௞, ݉ – ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɩɨ ɲɢ-

ɪɢɧɟ ɡɚɝɨɬɨɜɤɢ, ݓ – ɲɢɪɢɧɚ ɡɚɝɨɬɨɜɤɢ. Ɍɨɝɞɚ ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɢɧɢɦɚɟɬ ɜɢɞ:  

ɬɪɟɛɭɟɬɫɹ ɧɚɣɬɢ ɬɚɤɨɟ ɦɧɨɠɟɫɬɜɨ ɜɟɤɬɨɪɨɜ  𝑋 = { 𝑋ଵ…𝑋௞}, ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ 

ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɤɬɨɪ ɤɨɨɪɞɢɧɚɬ ɮɨɪɫɭɧɨɤ ɜ ɨɞɧɨɦ ɦɟɠɪɨɥɢɤɨɜɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ, ɤɨɨɪɞɢɧɚɬɵ ɮɨɪɫɭɧɨɤ ɹɜɥɹɸɬɫɹ ɚɪɝɭɦɟɧɬɚɦɢ ɮɭɧɤɰɢɢ ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɡɚɝɨɬɨɜɤɢ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɣ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɧɚɯɨɠɞɟɧɢɹ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ 

ɡɚɝɨɬɨɜɤɢ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɳɢɟɧɬɚ 

ɬɟɩɥɨɨɬɞɚɱɢ ɩɨɞ ɮɨɪɫɭɧɤɚɦɢ [300]) , ɞɥɹ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɵɣ 

ɤɪɢɬɟɪɢɣ ܬሺ ௭ܶೖሺ𝑋௞ሻሻ → ݉𝑖݊, ͳ ≤ ݇ ≤  (1.42) ܭ

ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɨɝɪɚɧɢɱɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɫɥɨɜɢɸ ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ 

ɮɨɪɫɭɧɨɤ ɢ ɧɟɞɨɩɭɳɟɧɢɸ ɩɨɩɚɞɚɧɢɹ ɪɚɫɩɵɥɹɟɦɨɣ ɢɦɢ ɜɨɞɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɜ 

ɨɩɪɟɞɟɥёɧɧɵɟ ɨɛɥɚɫɬɢ ɭɝɥɨɜ ɫɥɢɬɤɚ. 
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Ɋɢɫɭɧɨɤ 1. 14. ɋɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ [154] 

 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɨɦɨɳɢ ɚɩɩɚɪɬɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 

ɫɨɜɪɟɦɟɧɧɵɯ ɜɨɡɦɨɠɧɨɫɬɹɯ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɩɨɹɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɡɚɬɜɟɪɞɟɜɚɸɳɟɣ 

ɤɨɪɨɱɤɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ. 
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1.6. ɋɨɜɪɟɦɟɧɧɵɟ ɩɨɞɯɨɞɵ ɤ ɷɮɮɟɤɬɢɜɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɬɟɩɥɨ-

ɬɟɯɧɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɜ ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɆɇɅɁ 

 

Ɉɫɧɨɜɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ ɡɨɧɵ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ) 

ɦɚɲɢɧɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ (ɆɇɅɁ) ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɭɫɥɨɜɢɣ 

ɞɥɹ ɩɪɨɞɨɥɠɟɧɢɹ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɡɚɝɨɬɨɜɤɢ ɩɨɫɥɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɩɪɢ 

ɞɨɫɬɢɠɟɧɢɢ ɡɚɞɚɧɧɨɝɨ ɭɪɨɜɧɹ ɤɚɱɟɫɬɜɚ. ɁȼɈ ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ [158]: 

– ɩɨɞɞɟɪɠɤɚ ɫɥɢɬɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ; 

– ɢɫɤɥɸɱɟɧɢɟ ɜɵɩɭɱɢɜɚɧɢɹ ɫɥɢɬɤɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɮɟɪɪɨɫɬɚɬɢɱɟɫɤɨɝɨ 

ɞɚɜɥɟɧɢɹ; 

– ɨɛɟɫɩɟɱɟɧɢɟ ɡɚɞɚɧɧɨɝɨ ɬɟɩɥɨɨɬɜɨɞɚ ɢ ɟɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ ɢ ɫɨɪɬɚɦɟɧɬɚ ɪɚɡɥɢɜɚɟɦɨɣ ɫɬɚɥɢ; 

– ɫɨɯɪɚɧɟɧɢɟ ɫɬɚɛɢɥɶɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɢ ɢ ɩɪɨɱɧɨɫɬɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ. 

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɬɟɯɧɨɥɨɝɢɣ ɧɟɩɪɟɪɵɜɧɨɣ 

ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ ɹɜɥɹɟɬɫɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ Ⱥɋɍ Ɍɉ ɆɇɅɁ [35]. Ɂɚɞɚɱɚ 

ɭɩɪɚɜɥɟɧɢɹ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɫɢɫɬɟɦ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɢ ɟɟ ɬɟɩɥɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɫɨɫɬɨɢɬ ɢɡ 

ɞɜɭɯ ɜɚɠɧɟɣɲɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ [174]: 

– ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɰɢɨɧɚɥɶɧɵɯ (ɨɩɬɢɦɚɥɶɧɵɯ) ɩɚɪɚɦɟɬɪɨɜ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɩɨɥɹ ɢ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɢɯ ɞɨɫɬɢɱɶ; 

– ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɞɞɟɪɠɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɜ ɬɟɱɟɧɢɟ ɪɟɚɥɶɧɨɝɨ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

 

1.6.1. Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɰɢɨɧɚɥɶɧɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɁȼɈ 

 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɡɚɝɨɬɨɜɤɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɟɨɛɯɨɞɢɦɨ 

ɢɡɛɟɝɚɬɶ ɩɟɪɟɯɨɞɨɜ ɬɟɦɩɟɪɚɬɭɪ ɱɟɪɟɡ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ 
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ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ (ɪɢɫ. 1.15), ɩɨɫɤɨɥɶɤɭ ɷɬɨɬ ɩɪɨɰɟɫɫ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɪɟɡɤɨɣ ɫɦɟɧɨɣ ɨɛɴёɦɚ ɢ ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ. 

 

Ɋɢɫɭɧɨɤ 1. 15. Ɏɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲёɬɨɤ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ 
ɠɟɥɟɡɚ [52]. 

 

Ɍɪɚɞɢɰɢɨɧɧɨ ɪɚɰɢɨɧɚɥɶɧɵɦɢ ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ ɬɚɤɨɣ ɧɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɩɪɢ ɟё 

ɩɟɪɟɦɟɳɟɧɢɢ ɜ ɁȼɈ ɥɢɛɨ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ, ɥɢɛɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ 

[158]. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɟɞɩɨɱɬɟɧɢɟ ɨɬɞɚɟɬɫɹ ɩɨɫɥɟɞɧɟɦɭ ɜɚɪɢɚɧɬɭ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɬɚɤɨɦ ɭɪɨɜɧɟ, ɱɬɨɛɵ 

ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɱɟɪɟɡ ɤɨɪɤɭ ɡɚɝɨɬɨɜɤɢ ɢ ɬɟɩɥɨɨɬɜɨɞ ɨɬ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ ɛɵɥɢ 

ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵ. ɉɪɢɧɹɬɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɵɣ ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɜ ɁȼɈ ɫɨɫɬɚɜɥɹɟɬ 1000-1100°ɋ. Ʉɨɧɤɪɟɬɧɵɣ 

ɜɵɛɨɪ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɜɢɫɢɬ ɨɬ ɦɚɪɤɢ ɫɬɚɥɢ, ɬɢɩɚ ɆɇɅɁ ɢ 

ɬ.ɞ. 
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ȼ ɪɚɛɨɬɟ [167] ɩɪɟɞɥɨɠɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɦɟɬɨɞɢɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ 

ɨɩɪɟɞɟɥɢɬɶ ɪɚɰɢɨɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɥɹɛɨɜɵɯ 

ɆɇɅɁ, ɭɫɬɚɧɨɜɥɟɧɢɟ ɤɨɬɨɪɵɯ ɨɛɟɫɩɟɱɢɬ ɪɚɜɧɵɣ ɬɟɦɩ ɫɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ 

ɬɨɥɳɢɧɟ ɡɚɬɜɟɪɞɟɜɲɟɣ ɡɚɝɨɬɨɜɤɢ. ȼ ɨɫɧɨɜɟ ɦɟɬɨɞɢɤɢ ɥɟɠɢɬ ɭɩɪɨɳɟɧɧɨɟ ɪɟɲɟɧɢɟ 

ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ.  ȼ ɪɚɛɨɬɟ [22] ɩɪɟɞɥɨɠɟɧ ɚɧɚɥɨɝɢɱɧɵɣ 

ɜɚɪɢɚɧɬ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɩɨɫɨɛɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫɨɪɬɨɜɨɣ ɆɇɅɁ. ɋɭɬɶ ɟɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɭɫɬɚɧɨɜɥɟɧɢɢ ɬɚɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ 

ɡɚɝɨɬɨɜɤɢ ɜ ɁȼɈ, ɩɪɢ ɤɨɬɨɪɨɦ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɨɬɜɨɞɢɦɵɣ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ 

ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɪɚɜɧɹɟɬɫɹ ɫɭɦɦɟ 

ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɜɵɞɟɥɹɸɳɟɝɨɫɹ ɧɚ ɮɪɨɧɬɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ, ɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɨɯɥɚɠɞɟɧɢɸ ɭɠɟ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɦɚɫɫɢɜɚ ɦɟɬɚɥɥɚ ɫ ɡɚɞɚɧɧɨɣ 

ɫɤɨɪɨɫɬɶɸ.  

ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ ɨɬɜɨɞɢɬɶ 

ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ, ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

ሺ𝜏ሻݍ = ݇ʹ√𝜏 ∙ (ܽ − ʹ݇√𝜏)𝜌ˉ ∙ ܽߤ + [ܽଶ − (ܽ − ʹ݇√𝜏)ଶ] ∙ 𝜌˕ ∙ ˔ˏ ∙ 4ܽݐ∆  
(1.43) 

ɝɞɟ ݇ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɜɟɪɞɟɜɚɧɢɹ, ɦɫ-0,5; ܽ – ɲɢɪɢɧɚ ɝɪɚɧɢ ɡɚɝɨɬɨɜɤɢ, ɦ; ߤ – 

ɬɟɩɥɨɬɚ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɫɬɚɥɢ, Ⱦɠ/ɤɝ; ˉ – ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ, ɤɝ/ɦ3; ˕ – 

ɩɥɨɬɧɨɫɬɶ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɦɟɬɚɥɥɚ, ɤɝ/ɦ3; ܿˏ – ɫɪɟɞɧɹɹ ɬɟɩɥɨɟɦɤɨɫɬɶ 

ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɦɟɬɚɥɥɚ, Ⱦɠ/(ɤɝɄ); t – ɡɚɞɚɧɧɚɹ ɫɤɨɪɨɫɬɶ ɫɩɚɞɚ ɫɪɟɞɧɟɦɚɫɫɨɜɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɬɚɥɥɚ ɜ ɁȼɈ, K/ɫ. 

ȼ ɪɚɛɨɬɟ [57] ɩɨɤɚɡɚɧɨ ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɰɢɨɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɯɥɚɠɞɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨ-

ɫɤɨɪɨɫɬɧɵɯ ɪɟɠɢɦɨɜ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɞɚɧɧɵɯ ɨ ɫɨɱɟɬɚɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɧɚ ɷɬɨɦ 

ɭɱɚɫɬɤɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɢ ɆɇɅɁ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ 

ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɦɚɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɬɟɦɩ ɡɚɬɜɟɪɞɟɜɚɧɢɹ. 
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ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɜɵɛɨɪɚ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜ ɁȼɈ. ɉɪɢ ɡɚɞɚɧɢɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɬɟɩɥɨɨɛɦɟɧɚ 

ɜɵɛɢɪɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɯɥɚɠɞɟɧɢɹ ɩɨ ɫɟɤɬɨɪɚɦ ɁȼɈ, ɩɨɥɭɱɟɧɧɵɟ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ (ɢ ɩɪɟɠɞɟ ɜɫɟɝɨ, ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ) ɚɧɚɥɢɡɢɪɭɸɬɫɹ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɱɟɝɨ 

ɜɵɛɢɪɚɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɣ ɜɚɪɢɚɧɬ, ɚ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɞɥɹ ɤɨɬɨɪɵɯ ɨɧ 

ɛɵɥ ɩɨɥɭɱɟɧ, ɫɱɢɬɚɸɬɫɹ ɪɚɰɢɨɧɚɥɶɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɯɥɚɠɞɟɧɢɹ [174]. ɉɪɢɦɟɪ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɚɤɨɝɨ ɦɟɬɨɞɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɡɚɞɚɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɡɚɝɨɬɨɜɤɢ ɜ ɁȼɈ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1.16 [78]. ɉɪɢ ɧɚɤɨɩɥɟɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɟɣ ɢ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɪɚɡɥɢɜɤɢ, ɰɟɥɟɫɨɨɛɪɚɡɧɚ ɢɯ ɨɛɪɚɛɨɬɤɚ ɩɪɢ ɩɨɦɨɳɢ ɢɧɫɬɪɭɦɟɧɬɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɫɬɚɬɢɫɬɢɤɢ ɢ ɩɨɥɭɱɟɧɢɟ ɷɦɩɢɪɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɟɣ ɫɜɹɡɶ 

ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɚɦɢ ɪɚɡɥɢɜɤɢ ɢ ɬɪɟɛɭɟɦɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɨɯɥɚɠɞɟɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 1.16. Ɍɟɩɥɨɨɬɜɨɞ ɨɬ ɫɥɢɬɤɚ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ. 1 – ɩɥɨɬɧɨɫɬɶ 
ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɆɇɅɁ ɩɨ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɢɧɫɬɪɭɤɰɢɢ, 2 – ɪɟɤɨɦɟɧɞɭɟɦɚɹ ɫɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɬɟɩɥɨɨɬɜɨɞɚ, 
3 – ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ (2) ɪɟɤɨɦɟɧɞɭɟɦɚɹ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ. 
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ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɜɬɨɪɢɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɦɟɬɨɞ, ɛɚɡɢɪɭɸɳɢɣɫɹ ɧɚ ɬɚɛɥɢɱɧɵɯ 

ɞɚɧɧɵɯ ɢɡɦɟɧɟɧɢɹ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ, ɪɚɡɦɟɪɨɜ 

ɡɚɝɨɬɨɜɤɢ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɬɚɥɢ. ɉɪɢ ɷɬɨɦ ɪɚɡɥɢɜɚɟɦɵɟ ɫɬɚɥɢ ɪɚɡɥɢɜɚɸɬɫɹ 

ɧɚ ɪɹɞ ɝɪɭɩɩ ɢ ɜ ɤɚɠɞɨɣ ɢɡ ɧɢɯ ɬɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɡɚɝɨɬɨɜɤɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: ܩ = ܽ଴ + ܽଵݒ + ܽଶݒଶ (1.44) 

ɝɞɟ ܽ଴, ܽଵ, ܽଶ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɢɧɨɦɚ (ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɥɢ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ), ݒ – 

ɫɤɨɪɨɫɬɶ ɪɚɡɥɢɜɤɢ. 

 Ⱦɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɡɚɞɚɧɢɹ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɬɟɩɥɨɨɛɦɟɧɚ ɧɟɨɛɯɨɞɢɦɨ 

ɧɚɥɢɱɢɟ ɨɞɧɨɡɧɚɱɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ 

ɡɚɝɨɬɨɜɤɢ ɜ ɁȼɈ ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɪɚɛɨɬɵ ɁȼɈ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɟɥɢɱɢɧɵ: ɩɥɨɬɧɨɫɬɶ 

ɨɪɨɲɟɧɢɹ ݃௙, ɦ3/(ɦ2ɱ), ɪɚɫɯɨɞ ɨɯɥɚɞɢɬɟɥɹ ܩ, ɥ/ɦɢɧ, ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɨɯɥɚɞɢɬɟɥɹ ݃, ɥ/ɤɝ.  ɉɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ ɪɚɧɟɟ ɛɵɥɨ ɩɪɢɧɹɬɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɭɫɪɟɞɧɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɫɟɤɬɨɪɚɯ ɁȼɈ [174].  ȼ 

ɩɪɚɤɬɢɤɟ ɫɥɹɛɨɜɵɯ ɆɇɅɁ ɜ ɨɫɧɨɜɧɨɦ ɨɩɟɪɢɪɭɸɬ ɫ ɜɟɥɢɱɢɧɨɣ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ 

ɤɚɠɞɵɣ ɫɟɤɬɨɪ, ɤɨɬɨɪɚɹ ɥɢɛɨ ɜɵɱɢɫɥɹɟɬɫɹ ɜ ɪɚɦɤɚɯ ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟɧɢɹ, ɥɢɛɨ 

ɜɜɨɞɢɬɫɹ ɬɟɯɧɨɥɨɝɨɦ ɜɪɭɱɧɭɸ ɧɚ ɨɫɧɨɜɚɧɢɢ ɟɝɨ ɨɩɵɬɚ. ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ 

ɨɯɥɚɞɢɬɟɥɹ ɭɞɨɛɟɧ ɞɥɹ ɚɧɚɥɢɡɚ ɪɟɠɢɦɚ ɨɯɥɚɠɞɟɧɢɹ (ɦɹɝɤɨɟ, ɠɟɫɬɤɨɟ). Ɉɫɨɛɨɟ 

ɜɧɢɦɚɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɭɞɟɥɟɧɨ ɜ ɪɚɛɨɬɟ [57]. Ɉɞɧɨɣ ɢɡ ɫɚɦɵɯ 

ɩɪɨɫɬɵɯ ɢ ɬɢɩɢɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɜɹɡɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɬɟɩɥɨɨɬɞɚɱɢ ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɯɥɚɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟ: 𝛼 = ݇ ∙ ݃௙ (1.45) 

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɜɵɪɚɠɟɧɢɹɯ ɬɢɩɚ (1.45) ɡɚɜɢɫɹɬ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɮɨɪɫɭɧɨɤ ɢ ɩɚɪɚɦɟɬɪɨɜ ɢɫɬɟɱɟɧɢɹ ɨɯɥɚɞɢɬɟɥɹ. Ɉɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ ɮɨɪɫɭɧɨɤ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ «ɩɨɞɜɢɠɧɨɣ ɮɨɪɫɭɧɤɢ» 



79 

 

[208]. ɇɚɛɨɪ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɥɹ ɜɡɚɢɦɧɨɝɨ ɩɟɪɟɫɱɟɬɚ ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ ɜɬɨɪɢɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ ɩɪɢɜɟɞɟɧ ɜ ɪɚɛɨɬɟ [22]. 

 

1.6.2. Ʉɪɢɬɟɪɢɢ ɤɚɱɟɫɬɜɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 

 

ɉɨɧɹɬɢɟ «ɤɚɱɟɫɬɜɨ ɦɟɬɚɥɥɚ» ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɫɬɪɭɤɬɭɪɵ ɫɥɢɬɤɚ, ɬɨɱɧɨɫɬɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ, 

ɮɢɡɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ 

ɡɚɝɨɬɨɜɤɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɩɨɥɚɝɚɬɶ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɧɟ ɬɨɥɶɤɨ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɫɥɢɬɤɚ, ɧɨ ɢ ɨ ɝɪɚɞɢɟɧɬɚɯ (ɜɟɥɢɱɢɧɚɯ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ) 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɬɪɟɳɢɧ ɜ ɡɚɬɜɟɪɞɟɜɲɟɦ ɦɟɬɚɥɥɟ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɬɨɝɞɚ, ɤɨɝɞɚ 

ɜɵɩɨɥɧɹɟɬɫɹ ɯɨɬɹ ɛɵ ɨɞɧɨ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ [1, 10, 78, 81]: σ > σдˑ˒,  ε > εдˑ˒,  ε′ > ε′дˑ˒, (1.46) 

ɝɞɟ σ, ε, ε′ – ɬɟɤɭɳɢɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɞɟɮɨɪɦɚɰɢɢ ɢɥɢ ɫɤɨɪɨɫɬɢ 

ɞɟɮɨɪɦɚɰɢɢ ɞɥɹ ɤɚɤɨɣ-ɥɢɛɨ ɨɛɥɚɫɬɢ ɡɚɝɨɬɨɜɤɢ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ 

ɟɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ; σдˑ˒, εдˑ˒, ε′дˑ˒ – ɩɪɟɞɟɥɶɧɨ 

ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɞɟɮɨɪɦɚɰɢɢ ɢɥɢ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɞɥɹ 

ɤɚɤɨɣ-ɥɢɛɨ ɨɛɥɚɫɬɢ ɡɚɝɨɬɨɜɤɢ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 

ɦɟɬɚɥɥɚ ɢ ɥɨɤɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɥɹ ɪɚɫɱёɬɚ ɷɬɢɯ ɜɟɥɢɱɢɧ ɬɪɟɛɭɟɬɫɹ 

ɢɧɮɨɪɦɚɰɢɹ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɫɥɢɬɤɚ ɢ ɨ ɝɪɚɞɢɟɧɬɚɯ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ, ɚ ɬɚɤɠɟ ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 

ɝɪɚɞɢɟɧɬɨɜ ɜɨ ɜɪɟɦɟɧɢ [64]. 

ȼ [79, 80] ɞɥɹ ɚɧɚɥɢɡɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɚɦɢ ɨɯɥɚɠɞɟɧɢɹ ɆɇɅɁ ɩɪɟɞɥɚɝɚɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɤɪɢɬɟɪɢɢ ɤɚɱɟɫɬɜɚ. 

ɉɟɪɜɵɣ ɤɪɢɬɟɪɢɣ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɬɟɩɥɨɨɬɜɨɞɚ ɜ 

ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɜɧɭɬɪɢ ɡɚɬɜɟɪɞɟɜɲɟɣ ɤɨɪɨɱɤɢ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɬɚɤ: 
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ଵܬ  = ∫ ∫∫√ ௫ܶଶ + ௬ܶଶ௕
𝜉

௔
𝜉

𝐻
଴  (1.47) ݖ݀ ݕ݀ ݔ݀

ɝɞɟ ܪ – ɞɥɢɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ, ܽ, ܾ  – ɪɚɡɦɟɪɵ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 

ɫɥɢɬɤɚ, 𝜉 – ɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɜ ɬɪёɯɦɟɪɧɨɣ ɦɨɞɟɥɢ, ௫ܶ, ௬ܶ, – 

ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɧɚɩɪɚɜɥɟɧɢɹɦ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦ ɨɫɢ 

ɫɥɢɬɤɚ. 

ȼɬɨɪɨɣ ɤɪɢɬɟɪɢɣ 

ଶܬ = ∫ ∫∫| ௫ܶ௭|௕
𝜉

௔
𝜉

𝐻
଴  (1.48) ݖ݀ ݕ݀ ݔ݀

ɜɜɨɞɢɬɫɹ ɢɫɯɨɞɹ ɢɡ ɪɟɤɨɦɟɧɞɚɰɢɣ ɨ ɠɟɥɚɬɟɥɶɧɨ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɣ 

ɩɪɹɦɨɥɢɧɟɣɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɪɢɜɵɯ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ 

ɡɚɬɜɟɪɞɟɜɚɸɳɟɣ ɱɚɫɬɢ ɫɥɢɬɤɚ. 

Ɍɪɟɬɢɣ ɤɪɢɬɟɪɢɣ 

ଷܬ = ∬| ௭ܶ|ௌ݀ܵ,ௌ  (1.49) 

ɨɩɪɟɞɟɥɹɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɞɨɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ ɧɚ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

(ܵ – ɩɥɨɳɚɞɶ ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ). 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɥɢɬɤɢ, ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ ɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɦɟɧɶɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɤɪɢɬɟɪɢɟɜ, ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɤɚɱɟɫɬɜɨɦ. 

Ɉɞɧɚɤɨ ɜ ɧɚɫɬɨɹɳɟɦ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ 

ɨɬɥɢɱɢɟ ɨɬ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɞɥɹ ɁȼɈ ɬɚɤɚɹ ɮɨɪɦɭɥɢɪɨɜɤɚ ɞɨɩɭɫɤɚɟɬ ɪɟɡɤɢɟ 

ɥɨɤɚɥɶɧɵɟ ɭɜɟɥɢɱɟɧɢɹ ɡɧɚɱɟɧɢɣ ɩɪɨɢɡɜɨɞɧɵɯ, ɤɨɬɨɪɵɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɬɪɚɡɹɬɫɹ 

ɧɚ ɡɧɚɱɟɧɢɢ ɢɧɬɟɝɪɚɥɚ, ɧɨ ɩɪɢ ɷɬɨɦ ɛɭɞɭɬ ɤɪɚɣɧɟ ɧɟɠɟɥɚɬɟɥɶɧɵ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɭɫɥɨɜɢɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɫɥɢɬɤɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɨɛɯɨɞɢɦɚ ɜɵɪɚɛɨɬɤɚ ɧɨɜɵɯ ɤɪɢɬɟɪɢɟɜ ɤɚɱɟɫɬɜɚ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ 

ɩɚɪɚɦɟɬɪɚɦ ɬɟɩɥɨɜɨɝɨ ɩɪɨɰɟɫɫɚ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨɣ 
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ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ, ɚ ɬɚɤɠɟ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɪɟɚɝɢɪɭɸɳɢɯ ɧɚ 

ɢɡɦɟɧɟɧɢɟ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ. 

 

 

1.6.3. ɍɩɪɚɜɥɟɧɢɟ ɪɚɫɯɨɞɚɦɢ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɁȼɈ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɯɨɞɨɜ ɨɯɥɚɠɞɚɸɳɟɣ 

ɜɨɞɵ ɜ ɁȼɈ ɆɇɅɁ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ: ɪɚɡɨɦɤɧɭɬɨɟ ɢ 

ɞɢɧɚɦɢɱɟɫɤɨɟ, ɤɨɬɨɪɨɟ ɬɚɤɠɟ ɜ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɹɜɥɹɟɬɫɹ 

ɪɚɡɨɦɤɧɭɬɵɦ, ɟɫɥɢ ɧɟ ɢɫɩɨɥɶɡɭɟɬ ɞɚɧɧɵɟ ɢɡɦɟɪɟɧɢɣ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ 

ɭɩɪɚɜɥɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ.  

Ɋɚɡɨɦɤɧɭɬɨɟ ɭɩɪɚɜɥɟɧɢɟ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɭɩɪɚɜɥɟɧɢɹ ɧɟ 

ɭɱɢɬɵɜɚɸɬɫɹ ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɫɬɪɨɢɬɫɹ ɬɨɥɶɤɨ ɧɚ ɨɫɧɨɜɟ 

ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɝɨ ɩɪɚɜɢɥɚ ɪɟɚɝɢɪɨɜɚɧɢɹ ɧɚ ɜɯɨɞɹɳɢɟ ɫɢɝɧɚɥɵ, ɢ ɜ ɩɨɫɥɟɞɭɸɳɟɦ 

ɧɟ ɤɨɪɪɟɤɬɢɪɭɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɚɤɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɭɩɪɚɜɥɹɟɦɵɯ 

ɩɚɪɚɦɟɬɪɨɜ. 

Ⱥɥɝɨɪɢɬɦɵ ɪɚɡɨɦɤɧɭɬɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɩɨɥɚɝɚɸɬ ɭɫɬɚɧɨɜɤɭ ɪɚɫɯɨɞɨɜ 

ɜɨɞɵ ɜɨ ɜɫɟɯ ɫɟɤɰɢɹɯ ɁȼɈ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɤɭɳɟɣ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ. 

ȼɚɠɧɟɣɲɢɦ ɷɬɚɩɨɦ ɪɚɡɪɚɛɨɬɤɢ ɬɚɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɹɜɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 

ɩɨɞɛɨɪ ɡɧɚɱɟɧɢɣ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɨɡɦɭɳɚɸɳɢɯ 

ɩɚɪɚɦɟɬɪɨɜ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɪɚɡɪɚɛɨɬɱɢɤɢ ɆɇɅɁ ɨɩɪɟɞɟɥɹɸɬ ɜɟɥɢɱɢɧɵ 

ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɟɣ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɜ 

ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ. 

ɉɪɢɦɟɪɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɞɨɛɪɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɚɡɨɦɤɧɭɬɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɢɧɫɬɪɭɤɰɢɹ ɩɨ ɪɟɠɢɦɚɦ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ Ⱥɋɍ ɆɇɅɁ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫ. 1.17. ȼ ɧɟɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɣ ɝɪɭɩɩɵ ɦɚɪɨɤ ɫɬɚɥɟɣ ɞɚɧɵ 

ɝɪɚɮɢɤɢ ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɧɚ ɤɚɠɞɭɸ ɫɟɤɰɢɸ ɁȼɈ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ 

ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ.  
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ɉɨɫɤɨɥɶɤɭ ɜ ɬɚɤɨɦ ɜɢɞɟ ɪɚɡɨɦɤɧɭɬɨɟ ɭɩɪɚɜɥɟɧɢɟ ɞɚɟɬ ɧɢɡɤɨɟ ɤɚɱɟɫɬɜɨ ɩɪɢ 

ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɚɯ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɞɟɬɫɹ ɚɤɬɢɜɧɚɹ ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɨɜ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

Ⱦɢɧɚɦɢɱɟɫɤɢɦ (ɡɞɟɫɶ ɢɞёɬ ɪɟɱɶ ɬɨɥɶɤɨ ɨ ɪɚɛɨɬɚɯ, ɤɚɫɚɸɳɢɯɫɹ ɜɬɨɪɢɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ ɆɇɅɁ) ɧɚɡɵɜɚɸɬ ɭɩɪɚɜɥɟɧɢɟ, ɤɨɝɞɚ ɧɟɤɨɬɨɪɵɦ ɨɛɪɚɡɨɦ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɨɠɟɧɢɟ ɭɱɚɫɬɤɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ (ɧɚɩɪɢɦɟɪ, ɫɪɟɞɧɢɣ ɬɟɩɥɨɨɬɜɨɞ ɢɥɢ 

ɫɪɟɞɧɟɦɚɫɫɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ), ɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɷɬɨɝɨ, ɪɟɝɭɥɢɪɭɟɬɫɹ ɪɚɫɯɨɞ 

ɜɨɞɵ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɟɤɰɢɢ. 

ȼ [123] ɨɩɢɫɚɧ ɚɥɝɨɪɢɬɦ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɜɵɱɢɫɥɟɧɢɢ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ 

ɩɟɪɟɦɟɳɟɧɢɹ ɫɥɢɬɤɚ ɞɥɹ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɁȼɈ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɣ ɢɧɮɨɪɦɚɰɢɢ 

ɜɧɨɫɢɬɫɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɜ ɪɚɫɯɨɞɵ ɜɨɞɵ, ɨɩɪɟɞɟɥёɧɧɵɟ ɚɥɝɨɪɢɬɦɨɦ ɪɚɡɨɦɤɧɭɬɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 1.17. ɉɪɢɦɟɪ ɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɭɫɬɚɧɨɜɥɟɧɢɸ ɪɚɫɯɨɞɨɜ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ. 
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ɈɈɈ «ɍɪɚɥɦɚɲ-Ɇɟɬɨɛɨɪɭɞɨɜɚɧɢɟ» ɪɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 

ɤɚɱɟɫɬɜɨɦ ɡɚɝɨɬɨɜɨɤ ɜɤɥɸɱɚɸɳɚɹ ɩɨɞɫɢɫɬɟɦɭ «Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ȾɋȼɈ)» [2]. ɋɢɫɬɟɦɚ ȾɋȼɈ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɦɨɞɟɥɢ 

«EKSPRESS», ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ ɡɚɝɨɬɨɜɤɢ ɜɞɨɥɶ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɤɚɧɚɥɚ ɆɇɅɁ, ɨɬɫɥɟɠɢɜɚɟɬ ɬɨɥɳɢɧɭ ɤɨɪɤɢ ɢ ɝɥɭɛɢɧɭ ɠɢɞɤɨɣ 

ɥɭɧɤɢ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɦɚɲɢɧɵ. Ȼɵɫɬɪɨɞɟɣɫɬɜɢɟ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ 

ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɛɟɡ ɪɟɲɟɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɫɢɫɬɟɦɵ.  

ȼ  [342] ɩɪɟɞɥɨɠɟɧ ɫɥɟɞɭɸɳɢɣ ɚɥɝɨɪɢɬɦ: ɬɟɦɩɟɪɚɬɭɪɚ ɫɥɢɬɤɚ ɜɵɱɢɫɥɹɟɬɫɹ 

ɩɨ ɨɞɧɨɦɟɪɧɨɣ ɦɨɞɟɥɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɩɨɫɥɟ ɱɟɝɨ ɩɨ ɪɚɡɧɨɫɬɢ ɡɚɞɚɧɧɨɣ ɢ 

ɜɵɱɢɫɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɣ 

ɜɨɞɵ ɧɚ  ɨɫɧɨɜɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɡɚɤɨɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

ȼ [22] ɩɪɟɞɥɨɠɟɧɚ ɦɨɞɢɮɢɤɚɰɢɹ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶ ɧɟ ɡɚɞɚɧɧɨɣ ɢ ɪɚɫɫɱɢɬɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪ ɜ ɤɚɤɨɣ-ɥɢɛɨ 

ɨɛɥɚɫɬɢ ɡɚɝɨɬɨɜɤɢ, ɚ ɡɚɞɚɧɧɨɣ ɢ ɢɡɦɟɪɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɜ 

ɤɨɧɰɟ ɫɟɤɬɨɪɨɜ ɁȼɈ. ȼ ɨɫɧɨɜɟ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɥɟɠɢɬ ɫɥɟɞɭɸɳɚɹ ɥɨɝɢɱɟɫɤɚɹ 

ɰɟɩɨɱɤɚ:  

– ɧɚ ɨɫɧɨɜɚɧɢɢ ɜɟɥɢɱɢɧɵ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɬɟɩɥɨɜɨɝɨ 

ɛɚɥɚɧɫɚ ɤɨɪɨɱɤɢ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɦɟɬɚɥɥɚ ɜ ɩɪɟɞɟɥɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɟɤɬɨɪɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɪɪɟɤɬɢɪɭɸɳɭɸ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ:  ∆ݍ = ∆ܶʹ ∙ 𝛿˔˓ ∙ 𝜌 ∙ ܿ ∙  ௦ (1.50)ܮݒ

ɝɞɟ ܮ௦ – ɞɥɢɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɟɤɬɨɪɚ;  𝛿˔˓ – ɫɪɟɞɧɹɹ ɬɨɥɳɢɧɚ ɤɨɪɨɱɤɢ ɦɟɬɚɥɥɚ 

ɜ ɩɪɟɞɟɥɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɟɤɬɨɪɚ; 𝜌, ܿ – ɩɥɨɬɧɨɫɬɶ ɢ ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɟɬɚɥɥɚ 

ɬɜɟɪɞɨɣ ɤɨɪɨɱɤɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ݒ – ɫɤɨɪɨɫɬɶ ɪɚɡɥɢɜɤɢ ɦɟɬɚɥɥɚ; 

– ɩɪɢ ɩɨɦɨɳɢ ɡɚɤɨɧɚ ɇɶɸɬɨɧɚ-Ɋɢɯɦɚɧɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɨɬ 

ɤɨɪɪɟɤɬɢɪɭɸɳɟɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɤ ɞɨɛɚɜɨɱɧɨɦɭ ɡɧɚɱɟɧɢɸ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ, ɚ ɨɬ ɧɟɝɨ ɤ ɤɨɪɪɟɤɬɢɪɭɸɳɟɦɭ ɡɧɚɱɟɧɢɸ ɩɥɨɬɧɨɫɬɢ 

ɨɪɨɲɟɧɢɹ ∆݃௙ 
 
ɢ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ ɫɟɤɬɨɪ; 
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– ɨɬ ɤɨɪɪɟɤɬɢɪɭɸɳɟɣ ɩɥɨɬɧɨɫɬɢ ɨɪɨɲɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɮɨɪɦɭɥ ɩɟɪɟɯɨɞɹɬ ɤ 

ɤɨɪɪɟɤɬɢɪɭɸɳɟɦɭ ɪɚɫɯɨɞɭ ɜɨɞɵ ɧɚ ɫɟɤɬɨɪ. 

 Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɬɚɤɨɝɨ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ ɜ ɤɨɦɩɥɟɤɬɟ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 

ɫɪɟɞɫɬɜ Ⱥɋɍ Ɍɉ ɆɇɅɁ ɞɨɥɠɧɵ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɩɪɢɛɨɪɵ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɬɚɤɢɟ ɢɡɦɟɪɟɧɢɹ ɪɟɚɥɢɡɭɸɬɫɹ 

ɩɪɢ ɩɨɦɨɳɢ ɩɢɪɨɦɟɬɪɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɦɟɠɞɭ ɫɟɤɬɨɪɚɦɢ ɁȼɈ. ɉɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɢɪɨɦɟɬɪɨɜ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɜɨɩɪɨɫ ɦɢɧɢɦɢɡɚɰɢɢ ɩɨɝɪɟɲɧɨɫɬɢ 

ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ (ɢɡɦɟɪɹɟɬɫɹ ɭɫɥɨɜɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 

ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɦɭ ɬɟɥɭ) ɢ ɟё ɩɟɪɟɫɱɟɬɚ ɧɚ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɪɟɚɥɶɧɨɝɨ ɬɟɥɚ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɥɢɱɢɹ ɨɤɚɥɢɧɵ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ, ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɡɚ 

ɫɱɟɬ ɩɨɝɥɨɳɟɧɢɹ ɢ ɪɚɫɫɟɹɧɢɹ, ɢ ɬ.ɞ. Ɂɧɚɱɢɬɟɥɶɧɵɟ ɦɟɬɨɞɢɱɟɫɤɢɟ ɫɥɨɠɧɨɫɬɢ ɦɨɝɭɬ 

ɜɨɡɧɢɤɚɬɶ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɫɬɟɩɟɧɢ ɱɟɪɧɨɬɵ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ 

(ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɣ ɢɥɢ ɢɧɬɟɝɪɚɥɶɧɨɣ).  ɂɞɟɚɥɶɧɵɦ ɫ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɬɨɱɤɢ 

ɡɪɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɩɢɪɨɦɟɬɪɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɤɨɧɰɟ 

ɫɟɤɬɨɪɨɜ ɁȼɈ ɧɚɩɪɨɬɢɜ ɤɚɠɞɨɣ ɝɪɚɧɢ. Ɉɞɧɚɤɨ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɥɶɧɨɣ ɆɇɅɁ 

ɪɚɡɦɟɳɟɧɢɟ ɩɢɪɨɦɟɬɪɨɜ ɧɚɩɪɨɬɢɜ ɛɨɤɨɜɵɯ ɝɪɚɧɟɣ ɡɚɝɨɬɨɜɨɤ ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟɜɨɡɦɨɠɧɨ ɢɡ-ɡɚ ɦɚɥɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɪɭɱɶɹɦɢ. ɉɨɷɬɨɦɭ ɦɨɠɧɨ 

ɭɫɬɚɧɨɜɢɬɶ ɩɢɪɨɦɟɬɪɵ ɧɚɩɪɨɬɢɜ ɝɪɚɧɟɣ ɦɚɥɨɝɨ ɢ ɛɨɥɶɲɨɝɨ ɪɚɞɢɭɫɚ ɢɥɢ ɠɟ 

ɨɝɪɚɧɢɱɢɬɶɫɹ ɢɯ ɭɫɬɚɧɨɜɤɨɣ ɧɚɩɪɨɬɢɜ ɝɪɚɧɢ ɦɚɥɨɝɨ ɪɚɞɢɭɫɚ. 

Ɍɚɤɠɟ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɭɩɪɚɜɥɟɧɢɹ ɬɟɩɥɨɜɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɜ ɁȼɈ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɨɩɟɪɚɬɢɜɧɚɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɟɤɬɨɪɨɜ 

ɁȼɈ. ɉɪɢ ɨɬɤɥɨɧɟɧɢɢ ɧɚɡɜɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ ɧɨɪɦɵ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɡɚɫɨɪɟɧɢɢ 

ɮɨɪɫɭɧɨɤ ɢɡɦɟɧɹɟɬɫɹ ɨɛɳɟɟ ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɡɚɝɨɬɨɜɤɢ ɢ 

ɜɨɡɧɢɤɚɟɬ ɫɭɳɟɫɬɜɟɧɧɚɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɟё ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ. ɇɟɤɨɬɨɪɵɟ 

ɜɨɡɦɨɠɧɵɟ ɚɫɩɟɤɬɵ ɜɥɢɹɧɢɹ ɡɚɫɨɪɟɧɢɹ ɮɨɪɫɭɧɨɤ ɢ ɫɦɟɳɟɧɢɹ ɨɯɥɚɠɞɚɸɳɢɯ 

ɤɨɥɥɟɤɬɨɪɨɜ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɫɨɪɬɨɜɨɣ ɡɚɝɨɬɨɜɤɢ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɜ ɪɚɛɨɬɟ [208].  

ȼ ɧɟɣ ɬɚɤɠɟ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɡɚɫɨɪɟɧɧɵɯ 

ɮɨɪɫɭɧɨɤ ɪɚɛɨɬɚɸɳɟɣ ɆɇɅɁ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɩɨɫɬɪɨɟɧɢɟ ɫɟɦɟɣɫɬɜɚ 
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ɧɚɩɨɪɧɨ-ɪɚɫɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɥɹ ɤɚɠɞɨɝɨ ɫɟɤɬɨɪɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ 

ɤɪɢɜɵɦɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɪɚɡɧɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɨɬɤɪɵɬɵɯ ɮɨɪɫɭɧɨɤ ɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɬɨɱɤɢ ɫ ɬɟɤɭɳɢɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɞɚɜɥɟɧɢɹ ɢ 

ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ ɫɟɤɬɨɪ (P,Q), ɉɪɢ ɷɬɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɚɤɚɹ ɤɪɢɜɚɹ ɧɚɢɛɨɥɟɟ 

ɩɪɢɛɥɢɠɟɧɚ ɤ ɞɚɧɧɨɣ ɬɨɱɤɟ, ɱɬɨ ɫɥɭɠɢɬ ɭɤɚɡɚɧɢɟɦ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɡɚɫɨɪɟɧɧɵɯ 

ɮɨɪɫɭɧɨɤ (ɪɢɫ. 1.18).  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɰɢɨɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɬɨɪɢɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɯ ɞɨɫɬɢɝɚɬɶ ɡɚɞɚɧɧɨɟ ɬɟɩɥɨɜɨɟ ɫɨɫɬɨɹɧɢɟ 

ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɡɚɝɨɬɨɜɤɢ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɦɨɝɭɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɨɞɧɚɤɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥ ɦɟɬɨɞ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ɉɪɢ ɷɬɨɦ ɨɛɵɱɧɨ ɩɪɨɜɨɞɹɬɫɹ ɨɛɴɟɦɧɵɟ ɫɟɪɢɢ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ 

ɜɚɪɢɚɰɢɟɣ ɩɚɪɚɦɟɬɪɨɜ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢ ɚɧɚɥɢɡɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ 

ɡɚɝɨɬɨɜɨɤ, ɜɵɛɢɪɚɸɬɫɹ ɥɭɱɲɢɟ ɧɚɛɨɪɵ ɩɚɪɚɦɟɬɪɨɜ ɨɯɥɚɠɞɟɧɢɹ ɢ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɢɯ ɨɛɪɚɛɨɬɤɚ ɦɟɬɨɞɚɦɢ ɫɬɚɬɢɫɬɢɤɢ. 

 

 

Ɋɢɫɭɧɨɤ 1.18. ɋɟɦɟɣɫɬɜɨ 

ɧɚɩɨɪɧɨ-ɪɚɫɯɨɞɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɟɤɬɨɪɚ ɁȼɈ 

ɞɥɹ ɪɚɡɥɢɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɪɚɛɨɬɚɸɳɢɯ ɮɨɪɫɭɧɨɤ. 1 – 40 

ɮɨɪɫɭɧɨɤ; 2 – 45;  

3 – 50; 4 – 65; 5 –  72 

 

Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɪɚɫɯɨɞɚɦɢ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɁȼɈ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɦ ɢ ɷɮɮɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɩɪɨɝɧɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ.  ȿɝɨ 
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ɩɪɟɢɦɭɳɟɫɬɜɚ: ɜɨɡɦɨɠɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɫɬɪɨɝɨɝɨ ɫɨɛɥɸɞɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɪɟɠɢɦɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ, ɜɨɡɦɨɠɧɨɫɬɶ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ 

ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɆɇɅɁ ɢ ɪɚɡɪɚɛɨɬɤɢ ɋȺɍ ɜɬɨɪɢɱɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ. Ʉ ɟɝɨ 

ɩɪɨɛɥɟɦɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɫɥɨɠɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 

ɫɥɨɠɧɨɫɬɶ ɤɚɥɢɛɪɨɜɤɢ ɦɨɞɟɥɢ ɢ ɡɚɞɚɱɭ ɨɛɟɫɩɟɱɟɧɢɹ ɬɚɤɨɣ ɫɤɨɪɨɫɬɢ ɪɚɫɱɟɬɨɜ ɩɨ 

ɦɨɞɟɥɢ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɚɥɝɨɪɢɬɦɭ ɩɪɨɝɧɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜ 

ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 

ȼɚɠɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɨɩɟɪɚɬɢɜɧɚɹ ɞɢɚɝɧɨɫɬɢɤɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɫɟɤɬɨɪɨɜ ɁȼɈ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɤɨɧɰɟɩɰɢɢ ɫɟɦɟɣɫɬɜɚ ɧɚɩɨɪɧɨ-ɪɚɫɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɟɤɬɨɪɨɜ ɜɬɨɪɢɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ ɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɣ ɬɨɱɤɢ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ɪɚɫɯɨɞɚ 

ɢ ɞɚɜɥɟɧɢɹ ɨɯɥɚɞɢɬɟɥɹ. 

 

 

1.7. Ɇɟɬɨɞɵ ɢɡɭɱɟɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɨɛɪɚɡɨɜɚɧɢɹ ɦɚɤɪɨɫɬɪɭɤɬɭɪɵ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 

 

ɋɬɪɭɤɬɭɪɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɤɚɱɟɫɬɜɚ ɡɚɝɨɬɨɜɤɢ ɢɥɢ ɩɪɨɮɢɥɹ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ 

ɞɚɜɥɟɧɢɟɦ (ɩɪɨɤɚɬɤɨɣ, ɤɨɜɤɨɣ, ɩɪɟɫɫɨɜɚɧɢɟɦ). ɋɜɨɣɫɬɜɚ ɫɥɢɬɤɚ (ɩɥɚɫɬɢɱɧɨɫɬɶ, 

ɩɪɨɱɧɨɫɬɶ ɢ ɬ. ɩ.) ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɹɦɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɚɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɹɦɢ ɪɚɡɥɢɜɤɢ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɬɚɥɥɚ. 

ȼ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɟ ɜɵɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ 

ɡɨɧɵ (ɪɢɫ. 1.19): ɤɨɪɤɨɜɚɹ (ɡɨɧɚ ɦɟɥɤɢɯ ɪɚɜɧɨɨɫɧɵɯ ɤɪɢɫɬɚɥɥɨɜ, ɤɨɬɨɪɚɹ 

ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɨɬɜɨɞɟ ɬɟɩɥɚ ɜ ɩɟɪɜɵɣ ɦɨɦɟɧɬ ɤɚɫɚɧɢɹ ɠɢɞɤɨɝɨ 

ɦɟɬɚɥɥɚ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ [84]); ɡɨɧɚ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ (ɢɥɢ 

ɞɟɧɞɪɢɬɨɜ, ɦɨɠɟɬ ɩɨɞɪɚɡɞɟɥɹɬɶɫɹ ɧɚ ɱɚɫɬɢ, ɫɨɞɟɪɠɚɳɢɟ ɦɟɥɤɢɟ ɢ ɤɪɭɩɧɵɟ 

ɤɪɢɫɬɚɥɥɵ, ɤɨɬɨɪɵɟ ɪɚɫɬɭɬ ɨɬ ɤɨɪɤɨɜɨɣ ɡɨɧɵ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ 

ɨɬɜɨɞɭ ɬɟɩɥɚ (ɪɢɫ 1.20); ɡɨɧɚ ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɪɚɜɧɨɨɫɧɵɯ ɤɪɢɫɬɚɥɥɨɜ; 

ɦɨɧɨɤɪɢɫɬɚɥɥ (ɦɨɠɟɬ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɜɞɨɥɶ ɨɫɢ ɫɥɢɬɤɚ (ɪɢɫ. 1.21)). 
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Ɋɢɫɭɧɨɤ 1.19. Ɇɚɤɪɨɫɬɪɭɤɬɭɪɚ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ. 1 - ɫɬɟɧɤɚ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, 2 - ɦɟɥɤɢɟ ɪɚɜɧɨɨɫɧɵɟ 

ɤɪɢɫɬɚɥɥɵ (ɤɨɪɤɨɜɚɹ ɡɨɧɚ), 3 - 

ɫɬɨɥɛɱɚɬɵɟ ɤɪɢɫɬɚɥɥɵ (ɞɟɧɞɪɢɬɵ), 4 - 

ɪɚɜɧɨɨɫɧɵɟ ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ 

ɤɪɢɫɬɚɥɥɵ [95]. 

 

 

Ɋɢɫɭɧɨɤ 1.20. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɤɪɭɩɧɵɯ ɢ ɦɟɥɤɢɯ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ 

(ɞɟɧɞɪɢɬɨɜ) ɜ ɫɬɚɥɶɧɨɦ ɫɥɢɬɤɟ [330] 

 

Ɋɢɫɭɧɨɤ 1. 21. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɜ ɦɚɤɪɨɫɬɪɭɤɬɭɪɟ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ [306] 
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ɇɚ ɦɚɤɪɨɫɬɪɭɤɬɭɪɭ ɧɟɩɪɟɪɵɜɧɵɯ ɫɥɢɬɤɨɜ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ 

ɟɝɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ, ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɥɢɜɚɟɦɨɝɨ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɦɟɬɚɥɥɚ, ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɬɟɩɥɨɨɬɜɨɞɚ [85].  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ 

ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɡɨɧɵ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ (ɞɟɧɞɪɢɬɨɜ) ɢ ɡɚɜɢɫɢɬ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 

ɭɝɥɟɪɨɞɚ [146, 193, 196]. ɍɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ ɩɪɢɜɨɞɢɬ [111] ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɡɨɧɵ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ ɪɚɡɥɢɜɤɢ. 

ɍɦɟɧɶɲɟɧɢɟ ɩɨɩɟɪɟɱɧɨɝɨ ɪɚɡɦɟɪɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ 

ɭɫɥɨɜɢɹɯ ɨɬɜɨɞɚ ɬɟɩɥɚ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɥɶɱɟɧɢɸ ɡɟɪɧɚ ɜ ɟɝɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧɚɯ [146, 193, 196]. 

ɉɪɨɰɟɫɫ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɜ ɤɪɢɫɬɚɥɥɢɡɭɸɳɟɦɫɹ ɫɥɢɬɤɟ ɬɚɤɠɟ 

ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɟɝɨ ɦɚɤɪɨɫɬɪɭɤɬɭɪɵ [129]. 

Ɂɨɧɚ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɢ ɰɟɧɬɪɚɥɶɧɚɹ ɡɨɧɚ ɪɚɜɧɨɨɫɧɵɯ 

ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɢɦɟɸɬ ɪɚɡɦɟɪɵ ɪɚɡɥɢɱɧɵɟ ɤɚɤ ɜ ɩɨɩɟɪɟɱɧɨɦ, ɬɚɤ 

ɢ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ [11]. 

Ɇɧɨɝɨɨɛɪɚɡɢɟ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ ɩɨɥɭɱɚɸɳɢɯɫɹ ɮɚɡɨɜɵɯ ɫɬɪɭɤɬɭɪ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɪɚɜɧɨɜɟɫɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ. Ⱦɨɫɬɚɬɨɱɧɨ ɩɨɥɧɵɣ ɨɛɡɨɪ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɞɚɧ ɜ ɪɚɛɨɬɟ [212]. Ɍɚɦ, ɜ ɱɚɫɬɧɨɫɬɢ, ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɵ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɬɪɟɯɦɟɪɧɵɯ ɞɟɧɞɪɢɬɧɵɯ 

ɫɬɪɭɤɬɭɪ, ɩɪɢ ɧɚɩɪɚɜɥɟɧɧɨɦ ɪɨɫɬɟ ɜɟɪɲɢɧɵ ɞɟɧɞɪɢɬɨɜ ɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɛɨɤɨɜɵɯ 

ɜɟɬɜɟɣ, ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɵ ɩɪɢ ɹɱɟɢɫɬɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

ȼ ɪɚɛɨɬɟ [45] ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧ ɪɟɠɢɦ ɞɜɢɠɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɜ 

ɩɟɪɟɨɯɥɚɠɞɟɧɧɵɣ ɛɢɧɚɪɧɵɣ ɪɚɫɩɥɚɜ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ. Ⱦɚɧ ɚɧɚɥɢɡ 

ɭɪɚɜɧɟɧɢɣ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɢ ɩɪɢɜɟɞɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 

ɝɪɚɧɢɰɟ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɫ ɩɟɪɟɨɯɥɚɠɞɟɧɧɵɦ ɪɚɫɩɥɚɜɨɦ. 

ȼ ɪɚɦɤɚɯ ɤɨɧɰɟɩɰɢɢ ɩɨɧɹɬɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɤɚɤ ɤɨɧɝɥɨɦɟɪɚɬɚ ɞɟɧɞɪɢɬɨɜ ɢ 

ɪɚɫɩɥɚɜɚ ɞɥɹ ɨɩɢɫɚɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 

ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɣ ɢ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɣ ɩɨɞɯɨɞɵ. Ɍɟɨɪɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ 
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ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ȼ. Ɍ. Ȼɨɪɢɫɨɜɵɦ ɢ ɪɚɡɜɢɬɚ 

ȼ. Ⱥ. ɀɭɪɚɜɥёɜɵɦ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɫɨɯɪɚɧɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɟ [31, 60]. 

ɉɨ ɦɟɪɟ ɪɨɫɬɚ ɬɨɥɳɢɧɵ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɫɥɨɹ ɫɥɢɬɤɚ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ 

ɭ ɮɪɨɧɬɚ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɲɢɪɟɧɢɸ ɡɨɧɵ 

ɞɜɭɯɮɚɡɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɪɚɡɜɢɬɢɹ 

ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɨɫɬɚ ɞɟɧɞɪɢɬɨɜ ɜ ɞɜɭɯɮɚɡɧɨɣ ɨɛɥɚɫɬɢ 

ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜ ɟё ɩɪɟɞɟɥɚɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɞɜɟ ɡɨɧɵ: ɬɜёɪɞɨ-ɠɢɞɤɭɸ (ɫ 

ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɬɜɟɪɞɨɣ ɮɚɡɵ) ɢ ɠɢɞɤɨ-ɬɜɟɪɞɭɸ (ɫ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɠɢɞɤɨɣ ɮɚɡɵ). 

ɉɨɥɨɠɟɧɢɟ ɠɢɞɤɨ-ɬɜɟɪɞɨɣ ɡɨɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ “ɝɪɚɧɢɰɟɣ ɜɵɥɢɜɚɟɦɨɫɬɢ”, ɬɨ ɟɫɬɶ 

ɤɨɧɬɭɪɨɦ ɨɛɨɥɨɱɤɢ, ɤɨɬɨɪɚɹ ɨɫɬɚɟɬɫɹ ɩɨɫɥɟ ɜɵɥɢɜɚɧɢɹ ɠɢɞɤɨɣ ɫɟɪɞɰɟɜɢɧɵ 

ɫɥɢɬɤɚ [157]. 

Ɍɨɥɳɢɧɚ ɡɨɧɵ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɡɚɜɢɫɢɬ ɨɬ 

ɩɟɪɟɝɪɟɜɚ ɦɟɬɚɥɥɚ, ɬɚɤ ɤɚɤ ɱɟɦ ɛɨɥɶɲɟ ɩɟɪɟɝɪɟɜ ɦɟɬɚɥɥɚ, ɬɟɦ ɞɨɥɶɲɟ ɝɪɚɞɢɟɧɬ 

ɬɟɦɩɟɪɚɬɭɪ ɫɨɯɪɚɧɹɟɬɫɹ ɨɬ ɨɫɢ ɫɥɢɬɤɚ ɤ ɩɟɪɢɮɟɪɢɢ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɟɦ ɞɨɥɶɲɟ 

ɫɨɯɪɚɧɹɟɬɫɹ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɬɟɩɥɨɨɬɜɨɞɚ ɢ ɬɟɦ ɛɨɥɶɲɟ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɡɨɧɵ 

ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ [308]. 

ɉɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɟɪɟɨɯɥɚɠɞɟɧɧɨɝɨ ɪɚɫɩɥɚɜɚ ɪɚɫɬɭɳɢɣ ɰɟɧɬɪ ɜɫɥɟɞɫɬɜɢɟ 

ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɫɬɟɩɟɧɧɨ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ 

ɪɚɫɬɭɳɢɣ ɞɜɭɯɮɚɡɧɵɣ ɚɝɪɟɝɚɬ. ɉɪɨɰɟɫɫ ɜɵɯɨɞɢɬ ɧɚ ɫɬɚɰɢɨɧɚɪɧɵɣ ɪɟɠɢɦ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɮɪɨɧɬ ɚɝɪɟɝɚɬɚ ɞɜɢɠɟɬɫɹ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɚ ɨɤɨɥɨ ɮɪɨɧɬɚ 

ɮɨɪɦɢɪɭɟɬɫɹ ɫɬɚɰɢɨɧɚɪɧɚɹ ɜɧɭɬɪɟɧɧɹɹ ɫɬɪɭɤɬɭɪɚ [45]. 

ȼ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɠɢɞɤɨɫɬɢ ɭ ɨɫɢ ɫɬɚɧɨɜɢɬɫɹ ɛɥɢɡɤɨɣ ɤ 

ɬɟɦɩɟɪɚɬɭɪɟ ɟё ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪ ɜ ɠɢɞɤɨɣ ɫɟɪɞɰɟɜɢɧɟ ɫɥɢɬɤɚ 

ɫɬɚɧɨɜɢɬɫɹ ɛɥɢɡɤɢɦ ɧɭɥɸ, ɢ ɪɨɫɬ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɩɪɟɤɪɚɳɚɟɬɫɹ. 

ɇɚɱɢɧɚɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɪɟɬɶɟɣ ɫɬɪɭɤɬɭɪɧɨɣ ɡɨɧɵ ɫɥɢɬɤɚ - ɡɨɧɵ ɤɪɭɩɧɵɯ, 

ɪɚɜɧɨɨɫɧɵɯ, ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ. ȼ ɥɢɬɟɪɚɬɭɪɟ ɱɚɫɬɨ ɦɨɠɧɨ 

ɜɫɬɪɟɬɢɬɶ ɭɬɜɟɪɠɞɟɧɢɹ, ɱɬɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɩɟɪɟɨɯɥɚɠɞɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜɛɥɢɡɢ 

ɮɪɨɧɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɨɟ ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ 

ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɡɚɪɨɞɵɲɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɫɩɨɫɨɛɧɵɯ ɤ ɪɨɫɬɭ, ɬ.ɟ. 
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ɩɪɨɢɫɯɨɞɢɬ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɨɛɴɟɦɧɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ. ɗɬɢ ɤɪɢɫɬɚɥɥɵ ɪɚɫɬɭɬ 

ɪɚɜɧɨɦɟɪɧɨ ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɢ ɞɨɫɬɢɝɚɸɬ ɛɨɥɶɲɨɣ ɜɟɥɢɱɢɧɵ, ɩɨɫɤɨɥɶɤɭ ɜ 

ɫɜɨɟɦ ɪɨɫɬɟ ɨɧɢ ɧɟ ɦɟɲɚɸɬ ɞɪɭɝ ɞɪɭɝɭ. ɉɪɨɬɹɠɟɧɧɨɫɬɶ ɞɚɧɧɨɣ ɡɨɧɵ ɪɚɫɬɟɬ ɫ 

ɭɦɟɧɶɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɥɢɜɤɢ [308]. 

ɉɟɪɟɯɨɞ ɨɬ ɡɨɧɵ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɤ ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦ ɪɚɜɧɨɨɫɧɵɦ 

ɫɜɹɡɚɧ ɫ ɜɟɥɢɱɢɧɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɜ ɠɢɞɤɨɣ ɱɚɫɬɢ ɫɥɢɬɤɚ ɭ ɮɪɨɧɬɚ 

ɡɚɬɜɟɪɞɟɜɚɧɢɹ. ɍɤɚɡɚɧɧɵɣ ɩɟɪɟɯɨɞ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɷɬɢɦ ɝɪɚɞɢɟɧɬɨɦ 

ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ 

ɡɨɧɵ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɜɨɡɪɚɫɬɚɟɬ. ȿɫɥɢ ɠɟ ɡɚɥɢɜɤɚ ɦɟɬɚɥɥɚ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɩɪɢ ɨɱɟɧɶ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɬɨ ɡɨɧɚ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 

ɨɛɪɚɡɭɟɬɫɹ [157]. 

Ɍɪɚɞɢɰɢɨɧɧɨ ɜɵɞɟɥɟɧɢɟ ɡɨɧ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɬɟɨɪɟɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɫɜɹɡɚɧɧɨɣ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɩɨɜɟɞɟɧɢɹ ɪɚɡɞɟɥɚ ɮɚɡ ɠɢɞɤɢɣ-ɬɜёɪɞɵɣ 

ɦɟɬɚɥɥ ɢ ɜɨɡɦɨɠɧɵɦɢ ɭɱɚɫɬɤɚɦɢ ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ [246]. ɉɨɡɞɧɟɟ ɛɵɥɚ 

ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɨɪɢɹ ɭɱɢɬɵɜɚɸɳɚɹ ɜɥɢɹɧɢɟ ɤɨɧɜɟɤɰɢɢ ɧɚ ɫɟɝɪɟɝɚɰɢɸ [236]. ȼɦɟɫɬɟ 

ɫ ɬɟɦ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɫɬɪɭɤɬɭɪɧɵɟ ɡɨɧɵ ɜ ɡɚɬɜɟɪɞɟɜɚɸɳɟɦ ɫɥɢɬɤɟ ɮɨɪɦɢɪɭɸɬɫɹ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɦɟɯɚɧɢɡɦɨɜ ɧɚɩɪɚɜɥɟɧɧɨɣ ɢ ɧɟɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ [233, 332, 

214, 338]. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɡɚɝɨɬɨɜɤɢ ɩɨɞɜɟɪɝɚɥɨɫɶ 

ɞɟɬɚɥɶɧɨɦɭ ɚɧɚɥɢɡɭ [314, 233, 284, 266, 329, 343]. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɥɹ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɜ ɤɭɡɧɟɱɧɨɦ ɫɥɢɬɤɟ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɤɚɤ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ ɜ [333].  ɉɨɥɟ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɦɨɞɟɥɢɪɭɟɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɱɢɫɥɟɧɢɹ ɩɨɥɹ 

ɬɟɦɩɟɪɚɬɭɪ [334]. 

Ⱦɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɫɦɨɬɪɟɧɵ ɞɜɚ ɨɫɧɨɜɧɵɯ ɷɬɚɩɚ: 

ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚɱɚɥɨ ɪɚɡɥɢɜɤɢ, ɢ ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ 

ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɣ ɪɟɠɢɦ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɧɚɱɚɥɚ 

ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɡɥɢɜɤɟ ɜ ɢɡɥɨɠɧɢɰɭ 

[Ȼɟɥ85]. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɤɨɬɨɪɨɟ ɫɪɚɜɧɟɧɢɟ ɦɟɠɞɭ ɩɪɨɰɟɫɫɚɦɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

ɫɬɚɬɢɱɧɨɝɨ ɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɨɜ ɫɩɪɚɜɟɞɥɢɜɨ. 
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1.8. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ɉɨɫɤɨɥɶɤɭ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɚɱɟɫɬɜɭ ɧɟɩɪɟɪɵɜɧɨɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ ɤɚɤ ɜ ɱёɪɧɨɣ, 

ɬɚɤ ɢ ɰɜɟɬɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ ɪɚɫɬɭɬ ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ, ɜɨɡɧɢɤɚɟɬ ɪɹɞ ɡɚɞɚɱ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɦɚɤɫɢɦɚɥɶɧɨ ɫɬɪɨɝɢɦ ɫɨɛɥɸɞɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɨɜ. 

ɇɚɢɥɭɱɲɢɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ ɧɚɛɥɸɞɟɧɢɹ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ 

ɡɚɝɨɬɨɜɤɢ ɢ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɪɚɡɪɚɛɨɬɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 

ɦɨɞɟɥɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɥɢɬɤɚ. Ɇɧɨɠɟɫɬɜɨ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɨ ɡɚɞɚɱɟ ɋɬɟɮɚɧɚ, 

ɪɚɡɪɚɛɨɬɚɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɨɣ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɫ 

ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɭɱёɬɚ ɞɨɥɢ ɬɜёɪɞɨɣ ɮɚɡɵ ɜ ɩɟɪɟɯɨɞɧɨɣ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɟ ɢ 

ɞɢɮɮɭɡɢɢ ɪɚɫɩɥɚɜɥɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬ, ɚ ɬɚɤɠɟ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɞɢɧɚɦɢɤɭ 

ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɱɚɫɬɢ ɫɥɢɬɤɚ. ɉɨɫɬɨɹɧɧɨ ɜɟɞёɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 

ɧɨɜɵɯ ɦɨɞɟɥɟɣ, ɤɚɤ ɧɚɩɪɢɦɟɪ, ɩɪɟɞɥɨɠɟɧɧɚɹ Ⱥ.ɂ. Ȼɨɪɨɞɢɧɵɦ ɜ 2011-ɦ ɝɨɞɭ, 

ɦɨɞɟɥɶ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɦɟɬɨɞɨɦ ɜɜɟɞɟɧɢɹ ɜ ɫɢɫɬɟɦɭ 

ɭɪɚɜɧɟɧɢɣ ɮɭɧɤɰɢɢ ɫɨɫɬɚɜɚ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɦɟɫɢ ɢ ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ 

ɩɨɫɬɨɹɧɫɬɜɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɞɜɭɯɮɚɡɧɨɣ ɨɛɥɚɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢ 

ɪɟɲɟɧɢɢ ɤɨɧɤɪɟɬɧɨɣ ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɜɵɛɨɪɚ ɫɬɪɭɤɬɭɪɵ 

ɦɨɞɟɥɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɪɨɝɧɨɡɧɵɦ ɦɨɞɟɥɹɦ. ɉɪɢ ɷɬɨɦ 

ɬɚɤɠɟ ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɹ 

ɬɟɦɩɟɪɚɬɭɪ ɫ ɧɚɥɢɱɢɟɦ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɫɧɢɦɚɸɳɢɯ ɩɪɨɛɥɟɦɵ ɨɝɪɚɧɢɱɟɧɢɹ 

ɲɚɝɚ ɩɨ ɜɪɟɦɟɧɢ ɪɚɫɱёɬɚ ɢ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɩɪɨɢɡɜɨɞɧɵɯ. 

ɉɪɨɰɟɫɫ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɫɥɢɬɤɚ ɧɚɱɢɧɚɟɬɫɹ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɆɇɅɁ, ɝɞɟ 

ɬɟɩɥɨɜɵɟ ɩɪɨɰɟɫɫɵ ɡɚɜɢɫɹɬ ɜ ɨɫɧɨɜɧɨɦ ɨɬ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ, ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɨɫɬɭɩɚɸɳɟɝɨ ɪɚɫɩɥɚɜɚ, ɪɚɫɯɨɞɚ ɢ ɧɚɝɪɟɜɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɢ ɟё 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɤɚɧɚɥɚɦ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ, ɪɚɫɯɨɞɚ ɲɥɚɤɨɨɛɪɚɡɭɸɳɟɣ 

ɫɦɟɫɢ, ɱɚɫɬɨɬɵ ɤɚɱɚɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɭɪɨɜɧɹ ɦɟɬɚɥɥɚ. ɍɫɥɨɜɢɹ ɬɟɩɥɨɫɴёɦɚ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɟɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɢёɦɚɦɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
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ɆɇɅɁ, ɫɧɢɠɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ ɢ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ 

ɡɚɝɨɬɨɜɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɞɟɧɢɟ ɨɩɟɪɚɬɢɜɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ Ⱥɋɍ Ɍɉ 

ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɯ ɆɇɅɁ ɢɡɦɟɪɹɸɬ ɢ ɪɟɝɢɫɬɪɢɪɭɸɬ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɪɟɞɧёɧɧɵɣ ɬɟɩɥɨɜɨɣ 

ɩɨɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɩɟɪɟɩɚɞɭ ɬɟɦɩɟɪɚɬɭɪ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɢ 

ɜɵɯɨɞɟ ɤɚɧɚɥɨɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. ɋɭɳɟɫɬɜɭɟɬ ɪɹɞ ɫɢɫɬɟɦ, ɜɤɥɸɱɚɸɳɢɯ ɮɭɧɤɰɢɢ 

ɨɰɟɧɤɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɬɟɪɦɨɞɚɬɱɢɤɨɜ. Ⱦɨɫɬɚɬɨɱɧɨ 

ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɩɨɤɚɡɚɥɢ ɫɟɛɹ 

ɬɟɯɧɨɥɨɝɢɢ, ɩɪɢɦɟɧɹɸɳɢɟ ɜɨɥɨɤɨɧɧɵɟ ɫɜɟɬɨɜɨɞɵ. Ɇɟɬɨɞ ɤɨɧɬɪɨɥɹ ɷɮɮɟɤɬɢɜɧɨɣ 

ɬɨɥɳɢɧɵ ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ ɨɫɧɨɜɚɧ ɧɚ ɭɝɥɭɛɥɟɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 

ɫɢɝɧɚɥɚ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ 

ɩɪɨɰɟɫɫɨɜ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫɥɢɬɤɚ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɢ ɫɬɟɧɨɤ ɫɚɦɨɝɨ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɪɚɡɪɚɛɨɬɚɧɨ ɞɨɫɬɚɬɨɱɧɨ 

ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɪɚɡɥɢɱɧɵɯ ɩɨ ɭɪɨɜɧɸ ɫɥɨɠɧɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ. 

Ɉɞɧɚɤɨ ɞɥɹ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɪɟɚɥɶɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ, ɚ ɬɚɤɠɟ ɞɥɹ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɋȺɍ) ɧɟɨɛɯɨɞɢɦɚ 

ɪɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫɥɢɬɤɚ ɢ ɫɬɟɧɨɤ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱёɬ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɛɵɫɬɪɟɟ 

ɪɟɠɢɦɚ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 

ɉɨɫɤɨɥɶɤɭ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɨɛɭɫɥɨɜɥɟɧɨ ɬɪɟɛɨɜɚɧɢɹɦɢ 

ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɜɵɩɭɫɤɚɟɦɨɣ 

ɩɪɨɞɭɤɰɢɢ, ɦɧɨɝɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɭɩɪɚɜɥɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɨɣ 

ɫɬɚɥɢ ɩɨɫɜɹɳɟɧɵ ɭɩɪɚɜɥɟɧɢɸ ɝɥɭɛɢɧɨɣ ɠɢɞɤɨɣ ɮɚɡɵ ɢɥɢ ɩɪɨɰɟɫɫɚɦɢ, 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɜɢɫɹɳɢɦɢ ɨɬ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ (ɧɚɩɪɢɦɟɪ, ɦɹɝɤɨɝɨ 

ɨɛɠɚɬɢɹ). ɉɪɢ ɷɬɨɦ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɡɭɱɟɧɢɹ ɪɟɚɤɰɢɢ ɝɥɭɛɢɧɵ ɢ 

ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɧɚ ɢɡɦɟɧɟɧɢɹ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ. Ʉɪɨɦɟ 

ɬɨɝɨ, ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɝɧɨɡɧɨɣ ɦɨɞɟɥɢ ɧɭɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 
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ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɤ ɩɚɪɚɦɟɬɪɚɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɤɨɬɨɪɵɟ ɜ ɫɢɥɭ 

ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɡɚɞɚɧɵ ɧɟɬɨɱɧɨ. ɂɧɮɨɪɦɚɰɢɸ ɨ ɫɬɟɩɟɧɢ 

ɜɥɢɹɧɢɹ ɨɞɧɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɡɭɱɚɟɦɨɣ ɫɢɫɬɟɦɵ ɧɚ ɞɪɭɝɢɟ ɞɚɸɬ ɮɭɧɤɰɢɢ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɞɚɧɧɵɟ ɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɟ. ɗɬɢ ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɥɢɛɨ ɫ 

ɩɨɦɨɳɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɥɢɛɨ ɩɭɬɟɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɧɚ 

ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɉɨɫɤɨɥɶɤɭ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢɦɟɟɬ ɨɫɨɛɟɧɧɨ ɛɨɥɶɲɨɟ 

ɡɧɚɱɟɧɢɟ ɧɚ ɷɬɚɩɟ ɫɢɧɬɟɡɚ ɋȺɍ, ɧɚ ɩɪɚɤɬɢɤɟ ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɧɚɢɛɨɥɟɟ 

ɱɚɫɬɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɧɟɨɛɯɨɞɢɦɚ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɡɚɝɨɬɨɜɤɢ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɆɇɅɁ ɢ ɪɚɡɪɚɛɨɬɤɟ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ, ɚ ɬɚɤɠɟ ɦɨɠɟɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɩɚɪɚɥɥɟɥɶɧɨ ɫ 

ɪɟɚɥɶɧɵɦ ɩɪɨɰɟɫɫɨɦ ɪɚɡɥɢɜɤɢ ɢ ɩɨɡɜɨɥɢɬ ɩɪɢɧɢɦɚɬɶ ɨɩɟɪɚɬɢɜɧɵɟ ɪɟɲɟɧɢɹ ɩɨ 

ɢɡɦɟɧɟɧɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɡɨɧɵ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ) 

ɫɥɢɬɤɚ, ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɨɪɝɚɧɢɡɚɰɢɢ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. Ⱦɥɹ ɟё ɪɟɲɟɧɢɹ 

ɧɟɨɛɯɨɞɢɦɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɚɤ ɩɚɪɚɦɟɬɪ 

ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɜɵɛɨɪɚ ɬɢɩɚ ɮɨɪɫɭɧɨɤ ɢ ɪɚɡɦɟɳɟɧɢɹ ɢɯ ɜ ɁȼɈ. 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ   ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ. Ⱦɥɹ ɬɨɝɨ 

ɱɬɨɛɵ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ ɪɚɧɟɟ ɤɪɢɬɟɪɢɸ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɩɨɞ ɮɨɪɫɭɧɤɚɦɢ ɜ ɁȼɈ ɪɟɲɚɬɶ ɡɚɞɚɱɭ 

ɨɩɬɢɦɢɡɚɰɢɢ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɚ ɩɪɨɝɧɨɡɧɚɹ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ 

ɩɨɡɜɨɥɢɬ ɩɪɨɜɨɞɢɬɶ ɬɚɤɭɸ ɨɩɬɢɦɢɡɚɰɢɸ ɧɟ ɬɨɥɶɤɨ ɧɚ ɷɬɚɩɟ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ, ɧɨ 

ɢ ɧɚ ɆɇɅɁ, ɢɦɟɸɳɢɯ ɪɟɝɭɥɢɪɨɜɤɭ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɮɨɪɫɭɧɨɤ, ɜɨ ɜɪɟɦɹ 

ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ.  

Ɉɬɞɟɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ ɹɜɥɹɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɪɚɫɯɨɞɨɜ ɜɨɞɵ 

ɜ ɁȼɈ. Ɍɪɚɞɢɰɢɨɧɧɨ ɪɚɰɢɨɧɚɥɶɧɵɦɢ ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ ɬɚɤɨɣ ɧɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɩɪɢ ɟɟ 

ɩɟɪɟɦɟɳɟɧɢɢ ɜ ɁȼɈ ɥɢɛɨ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ, ɥɢɛɨ ɩɨɫɬɟɩɟɧɧɨ ɫɧɢɠɚɟɬɫɹ. 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɜɵɛɨɪɚ ɬɚɤɢɯ ɱɢɫɥɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫɥɢɬɤɚ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɷɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɢ 

ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɛɭɞɭɬ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɭɩɪɚɜɥɹɸɳɢɦ ɩɚɪɚɦɟɬɪɚɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɩɪɨɰɟɫɫɚ. 

 Ɉɞɧɢɦ ɢɡ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɯ ɦɟɬɨɞɨɜ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɜɬɨɪɢɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɦɟɬɨɞ, ɛɚɡɢɪɭɸɳɢɣɫɹ ɧɚ ɬɚɛɥɢɱɧɵɯ 

ɞɚɧɧɵɯ ɢɡɦɟɧɟɧɢɹ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ, ɪɚɡɦɟɪɨɜ 

ɡɚɝɨɬɨɜɤɢ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɬɚɥɢ. ɋɭɳɟɫɬɜɭɸɬ ɬɚɤɠɟ ɞɢɧɚɦɢɱɟɫɤɢɟ 

ɫɩɨɫɨɛɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɫɯɨɞɨɜ ɜɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ «ɢɫɬɨɪɢɢ ɞɜɢɠɟɧɢɹ» 

ɫɟɱɟɧɢɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ, ɤɨɬɨɪɵɟ ɜ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɫɬɟɩɟɧɢ ɭɱɢɬɵɜɚɸɬ 

ɫɩɟɰɢɮɢɤɭ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɜɵɛɨɪɚ ɪɚɰɢɨɧɚɥɶɧɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜ ɁȼɈ ɜ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɚɯ 

ɧɟɨɛɯɨɞɢɦɚ ɩɪɨɝɧɨɡɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɧɚɢɥɭɱɲɢɦ 

ɨɛɪɚɡɨɦ ɫɨɛɥɸɞɚɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɯ ɢ ɜɚɠɧɵɯ ɡɚɞɚɱ ɩɪɢ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɟё ɫɬɪɭɤɬɭɪɧɨɣ 

ɨɞɧɨɪɨɞɧɨɫɬɢ. Ɉɞɧɚɤɨ ɩɨɥɭɱɟɧɢɟ ɨɞɧɨɪɨɞɧɨɝɨ ɫɥɢɬɤɚ ɡɚɬɪɭɞɧɟɧɨ ɜɫɥɟɞɫɬɜɢɟ 

ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɪɚɡɧɵɯ ɡɨɧɚɯ, ɭɫɚɞɤɢ, ɥɢɤɜɚɰɢɢ ɩɪɢɦɟɫɟɣ, 

ɮɨɪɦɵ ɫɟɱɟɧɢɹ ɢ ɪɚɡɦɟɪɨɜ ɫɥɢɬɤɚ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɨɞɧɢɦ ɢɡ 

ɜɚɠɧɟɣɲɢɯ ɜɵɫɬɭɩɚɟɬ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ. ɇɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɭɝɥɭɛɥёɧɧɨɦ 

ɚɧɚɥɢɡɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫɥɢɬɤɚ, ɚ ɬɚɤɠɟ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ, 

ɩɨɡɜɨɥɹɸɳɢɟ ɩɪɟɞɫɤɚɡɵɜɚɬɶ ɫɬɪɭɤɬɭɪɭ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ. Ⱦɥɹ 

ɜɵɪɚɛɨɬɤɢ ɪɟɠɢɦɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɨɥɭɱɢɬɶ ɨɩɪɟɞɟɥёɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ɫɥɢɬɤɚ, ɚ 

ɬɚɤɠɟ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɨɣ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɩɪɨɰɟɫɫɟ ɧɟɨɛɯɨɞɢɦɚ 

ɩɪɨɝɧɨɡɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɩɪɟɞɟɥɹɬɶ ɫɤɨɪɨɫɬɶ 

ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ ɫɨɥɢɞɭɫ ɜɧɭɬɪɢ ɡɚɝɨɬɨɜɤɢ, ɚ ɬɚɤɠɟ ɜɵɱɢɫɥɹɬɶ 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɝɪɚɞɢɟɧɬɵ ɜɛɥɢɡɢ ɝɪɚɧɢɰ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɜ ɫɥɨɠɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɨɩɪɚɜɞɚɧɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɜ ɨɮɥɚɣɧ 

ɪɟɠɢɦɟ, ɩɨɫɤɨɥɶɤɭ ɫ ɭɫɩɟɯɨɦ ɡɚɦɟɧɹɟɬ ɧɚɬɭɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ. Ɉɞɧɚɤɨ ɞɥɹ 
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ɢɧɬɟɝɪɚɰɢɢ ɦɨɞɟɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɚɥɝɨɪɢɬɦɵ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɬɪɟɛɭɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɧɨɡɧɨɣ ɦɨɞɟɥɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ 

ɫɥɢɬɤɚ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɞɨɫɬɢɱɶ ɩɪɟɜɵɲɚɸɳɟɣ ɬɟɦɩ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 

ɫɤɨɪɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɚɥɝɨɪɢɬɦɨɜ ɩɪɨɝɧɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜ ɪɚɦɤɚɯ 

ɪɚɡɪɚɛɨɬɤɢ ɋȺɍ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɟɞɢɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɩɪɨɰɟɫɫɨɜ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ ɢ ɬɟɩɥɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɨɤ. 

ȼ ɫɜɹɡɢ ɫ ɜɵɲɟɫɤɚɡɚɧɧɵɦ, ɚ ɬɚɤɠɟ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɞɭɪ ɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɧɢɟ ɬɚɤɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɦ ɤɨɦɩɶɸɬɟɪɧɵɯ ɦɨɞɟɥɟɣ, ɤɨɬɨɪɵɟ ɛɵ ɚɞɟɤɜɚɬɧɨ ɨɬɨɛɪɚɠɚɥɢ 

ɬɪɟɛɭɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɢ ɨɩɟɪɚɬɢɜɧɨ ɪɟɚɝɢɪɨɜɚɥɢ ɧɚ ɢɡɦɟɧɟɧɢɹ ɬɟɱɟɧɢɹ 

ɩɪɨɰɟɫɫɚ. 
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ȽɅȺȼȺ 2 

 

ɋɂɋɌȿɆɇЫɃ ȺɇȺɅɂɁ ɆȺɌȿɆȺɌɂɑȿɋɄɂɏ ɆɈȾȿɅȿɃ 

ɌȿɆɉȿɊȺɌɍɊɇɈȽɈ ɉɈɅə ɂ ȽɊȺɇɂɐЫ ɎȺɁɈȼɈȽɈ ɉȿɊȿɏɈȾȺ ȼ 

ɇȿɉɊȿɊЫȼɇɈɆ ɋɅɂɌɄȿ 

 

ȼ ɝɥɚɜɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ 

ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɟɬɚɥɥɚ ɢɥɢ ɫɩɥɚɜɚ ɜ ɬɜёɪɞɨɟ. 

ȼ ɩɟɪɜɨɦ ɩɚɪɚɝɪɚɮɟ ɢɡɥɚɝɚɟɬɫɹ ɮɨɪɦɚɥɢɡɚɰɢɹ ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ, 

ɩɟɪɟɱɢɫɥɹɸɬɫɹ ɢ ɨɛɨɫɧɨɜɵɜɚɸɬɫɹ ɞɨɩɭɳɟɧɢɹ, ɫɞɟɥɚɧɧɵɟ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ. ȼɨ ɜɬɨɪɨɦ ɩɚɪɚɝɪɚɮɟ ɩɪɢɜɨɞɹɬɫɹ ɜɢɞɵ ɭɪɚɜɧɟɧɢɣ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ. ȼ 

ɬɪɟɬɶɟɦ ɩɚɪɚɝɪɚɮɟ ɞɚɧɵ ɩɪɢɧɰɢɩɵ ɩɨɫɬɪɨɟɧɢɹ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɵɯ ɚɧɚɥɨɝɨɜ 

ɭɪɚɜɧɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɩɪɨɢɡɜɨɞɧɵɟ, ɫ ɭɤɚɡɚɧɢɟɦ ɩɨɪɹɞɤɨɜ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɢ 

ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɪɚɫɱёɬɧɨɝɨ ɲɚɝɚ ɩɨ ɜɪɟɦɟɧɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ. ȼ 

ɱɟɬɜёɪɬɨɦ ɩɚɪɚɝɪɚɮɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɡɚɞɚɧɢɹ ɩɨɥɨɠɟɧɢɹ 

ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɤɪɢɫɬɚɥɥɢɡɭɸɳɟɦɫɹ ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɟ, ɤɨɬɨɪɵɟ 

ɩɪɢɦɟɧɹɥɢɫɶ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ, ɩɨɫɬɚɜɥɟɧɧɵɯ ɜ ɞɚɧɧɨɦ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɦ 

ɢɫɫɥɟɞɨɜɚɧɢɢ. ɉɹɬɵɣ ɩɚɪɚɝɪɚɮ ɩɨɫɜɹɳёɧ ɫɪɚɜɧɢɬɟɥɶɧɨɦɭ ɚɧɚɥɢɡɭ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. 
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2.1. Ɏɨɪɦɚɥɢɡɚɰɢɹ ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜɧɭɬɪɢ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 

 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɡɭɱɚɸɬɫɹ ɬɟɩɥɨɜɵɟ ɩɪɨɰɟɫɫɵ ɜɧɭɬɪɢ ɫɥɢɬɤɚ ɩɪɢ 

ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɟ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɧɚ ɡɚɝɨɬɨɜɤɢ ɤɪɭɝɥɨɝɨ, 

ɤɜɚɞɪɚɬɧɨɝɨ ɢ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɣ. 

ɉɪɨɰɟɫɫ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɫɥɢɬɤɟ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɜ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ, ɞɜɢɠɭɳɟɣɫɹ ɜɦɟɫɬɟ ɫɨ ɫɥɢɬɤɨɦ, ɬɚɤ ɢ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, 

ɩɪɢɜɹɡɚɧɧɨɣ ɤ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɲɢɧɵ, ɬ.ɟ. ɧɟɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɆɇɅɁ.   

ɉɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɫɜɹɡɚɧɧɨɣ ɫɨ ɫɥɢɬɤɨɦ, ɤ 

ɧɟɩɨɞɜɢɠɧɨɣ, ɫɜɹɡɚɧɧɨɣ ɫ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɦ, ɩɪɨɢɡɜɨɞɧɚɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ 

ɜɪɟɦɟɧɢ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 𝜕ܶ𝜕𝜏 = ݒ ݖ��ܶ�� + 𝜕 𝐻ܶ𝜕𝜏𝐻 . (2.1) 

ɂɧɞɟɤɫ «ɧ» ɜ ɩɪɨɢɡɜɨɞɧɨɣ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɟɪɟɦɟɧɧɵɟ ɜɡɹɬɵ ɜ ɧɟɩɨɞɜɢɠɧɨɣ 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. ȼ ɫɬɚɰɢɨɧɚɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ 𝜕 𝐻்𝜕𝜏𝐻 = Ͳ [92]. 

Ʉɜɚɞɪɚɬɧɵɣ ɢ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɫɥɢɬɤɢ ɦɨɞɟɥɢɪɭɸɬɫɹ ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. Ⱦɥɹ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɨɥɹɪɧɵɟ ɢ 

ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɤɨɨɪɞɢɧɚɬɵ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɫɥɭɱɚɹɯ ɨɞɧɨɦɟɪɧɨɣ 

ɦɨɞɟɥɢ ɞɥɹ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɪɭɝɥɨɝɨ ɫɥɢɬɤɚ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ 

ɭɱɢɬɵɜɚɸɬ, ɱɬɨ ɨɧ ɤɪɭɝɥɵɣ.  

ɇɚ ɪɢɫ. 2.1. ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɲɢɧɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ 

ɡɚɝɨɬɨɜɨɤ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɫɥɹɛɨɜɨɣ ɆɇɅɁ. 
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Ɋɢɫɭɧɨɤ 2.1. ɋɯɟɦɚ ɦɚɲɢɧɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ (ɆɇɅɁ).  

1– ɠɢɞɤɚɹ ɮɚɡɚ, 2 – ɬɜёɪɞɚɹ ɮɚɡɚ, 3 – ɬɨɱɤɚ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ 

ɫɥɢɬɤɚ, 4 – ɮɨɪɫɭɧɤɢ, ɪɚɫɩɵɥɹɸɳɢɟ ɜɨɞɨ-ɜɨɡɞɭɲɧɭɸ ɫɦɟɫɶ, 5 – ɨɛɠɢɦɧɵɟ ɢ 

ɩɪɢɜɨɞɧɵɟ ɪɨɥɢɤɢ, 6 – ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ. 
 

ȼ [167] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɲɢɪɨɤɢɯ ɫɥɹɛɨɜ ɜɛɥɢɡɢ ɨɫɢ ɫɥɢɬɤɚ ɬɟɩɥɨɩɟɪɟɞɚɱɟɣ 

ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɭɡɤɢɦ ɝɪɚɧɹɦ ɫɥɢɬɤɚ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɬɨɝɞɚ, 

ɤɨɝɞɚ ɫɨɨɬɧɨɲɟɧɢɟ ɲɢɪɨɤɨɣ ɢ ɭɡɤɨɣ ɝɪɚɧɟɣ ɧɟ ɦɟɧɟɟ 4. ɉɪɢ ɷɬɨɦ ɞɨɩɭɳɟɧɢɢ 

ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɞɜɭɦɟɪɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɝɨ ɢ 

ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜɧɭɬɪɢ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ 

ɡɚɝɨɬɨɜɤɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɜɭɦɟɪɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɞɥɹ: 

- ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜɧɭɬɪɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 

ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ, ɩɪɨɯɨɞɹɳɟɦ ɜɛɥɢɡɢ ɨɫɢ ɫɥɢɬɤɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɲɢɪɨɤɢɦ 

ɝɪɚɧɹɦ; 

- ɢɡɭɱɟɧɢɹ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɩɨ ɲɢɪɨɤɢɦ ɝɪɚɧɹɦ ɢ 

ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɜɟɪɞɨɣ ɨɛɨɥɨɱɤɢ ɫɥɢɬɤɚ ɜɞɨɥɶ ɲɢɪɨɤɢɯ ɝɪɚɧɟɣ; 
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- ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɨɯɥɚɠɞɟɧɢɹ ɧɚ ɞɢɧɚɦɢɤɭ ɨɫɧɨɜɧɨɣ 

ɱɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫɥɢɬɤɚ; 

- ɞɥɹ ɨɰɟɧɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɫɧɨɜɧɨɣ ɱɚɫɬɢ ɫɥɢɬɤɚ ɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɨɣ ɨɰɟɧɤɢ ɩɪɢ ɜɵɪɚɛɨɬɤɟ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɜ ɫɢɫɬɟɦɟ 

ɭɩɪɚɜɥɟɧɢɹ ɨɯɥɚɠɞɟɧɢɟɦ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ. 

Ɍɪёɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ɹɜɥɹɟɬɫɹ ɟɳɟ ɛɨɥɟɟ ɩɨɥɧɨɣ. ȼ ɱɚɫɬɧɨɫɬɢ, ɨɧɚ ɧɟɨɛɯɨɞɢɦɚ 

ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɨɯɥɚɠɞɟɧɢɹ ɜ ɭɝɥɚɯ ɫɥɢɬɤɚ. ɉɪɢ ɭɱёɬɟ ɧɟɫɢɦɦɟɬɪɢɱɧɨɫɬɢ 

ɬɟɩɥɨɨɛɦɟɧɚ ɢ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɬɪёɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɢɡɭɱɚɬɶ ɞɟɮɨɪɦɚɰɢɢ 

ɫɥɢɬɤɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɧɚɪɭɲɟɧɢɹɯ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ. Ɉɞɧɚɤɨ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɞɜɭɦɟɪɧɨɣ, ɞɥɹ ɪɚɫɱёɬɨɜ ɩɨ ɬɪёɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɬɪɟɛɭɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɛóɥɶɲɢɟ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɦɨɳɧɨɫɬɢ. 

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɚɡɥɢɜɤɢ ɫɬɚɥɟɣ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɜёɪɞɨɣ 

ɤɨɪɨɱɤɢ ɫɥɢɬɤɚ ɧɚɱɢɧɚɟɬɫɹ ɧɚ ɭɪɨɜɧɟ ɦɟɧɢɫɤɚ ɢ ɠɢɞɤɢɣ ɦɟɬɚɥɥ ɧɟ ɤɚɫɚɟɬɫɹ 

ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ [160, 78]. Ⱦɥɹ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢɡ-ɡɚ ɨɬɥɢɱɢɹ 

ɬɟɯɧɨɥɨɝɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɆɇɅɁ ɷɬɨ ɭɫɥɨɜɢɟ ɩɨɞɥɟɠɢɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ 

ɭɬɨɱɧɟɧɢɸ. 

ɂɡ-ɡɚ ɲɟɪɨɯɨɜɚɬɨɫɬɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɬɜɟɪɞɟɜɚɸɳɟɝɨ ɫɥɢɬɤɚ ɢ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɨɛɪɚɳёɧɧɵɯ ɤ ɫɥɢɬɤɭ, ɤɨɧɬɚɤɬ ɦɟɠɞɭ ɧɢɦɢ ɧɟ ɦɨɠɟɬ 

ɫɱɢɬɚɬɶɫɹ ɢɞɟɚɥɶɧɵɦ [321]. ɇɨ ɧɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɨɧɫɬɪɭɤɰɢɢ ɫɨɜɪɟɦɟɧɧɵɯ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɜɵɩɨɥɧɹɸɬɫɹ ɫ ɭɱёɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɜёɪɞɨɣ 

ɤɨɪɨɱɤɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɫ ɬɟɦ, ɱɬɨɛɵ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɜɟɥɢɱɢɧɭ ɡɚɡɨɪɚ 

ɦɟɠɞɭ ɫɥɢɬɤɨɦ ɢ ɫɬɟɧɤɚɦɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. ɉɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɜɟɫɬɢ ɜ 

ɪɚɫɫɦɨɬɪɟɧɢɟ ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ ɷɮɮɟɤɬɢɜɧɭɸ (ɭɫɪɟɞɧёɧɧɭɸ) ɜɟɥɢɱɢɧɭ ɡɚɡɨɪɚ 

ɦɟɠɞɭ ɫɥɢɬɤɨɦ ɢ ɫɬɟɧɤɨɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɭɱɢɬɵɜɚɬɶ ɬɟɩɥɨɨɬɞɚɱɭ ɨɬ ɫɥɢɬɤɚ ɤ 

ɫɬɟɧɤɚɦ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɡɚ ɫɱɟɬ ɤɨɧɜɟɤɰɢɢ ɢ ɢɡɥɭɱɟɧɢɹ ɱɟɪɟɡ ɷɬɨɬ ɡɚɡɨɪ, 

ɡɚɩɨɥɧɟɧɧɵɣ ɫɦɟɫɶɸ ɜɨɡɞɭɯɚ ɢ ɲɥɚɤɨɜɨɝɨ ɝɚɪɧɢɫɚɠɚ. 

Ʉɪɨɦɟ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ, ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ 

ɩɪɢɧɢɦɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɞɨɩɭɳɟɧɢɹ: 

1. Ɂɚɯɜɚɬ ɜɨɡɞɭɯɚ ɫɬɪɭёɣ ɦɟɬɚɥɥɚ ɩɪɢ ɫɜɨɛɨɞɧɨɦ ɩɚɞɟɧɢɢ ɧɟ 

ɭɱɢɬɵɜɚɟɬɫɹ.  
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2. Ɍɪɟɧɢɟ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɫɥɢɬɤɚ ɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɧɟ 

ɭɱɢɬɵɜɚɟɬɫɹ. 

3. ȼɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ 

ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɚɦɩɥɢɬɭɞɚ ɤɚɱɚɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɚ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɲɚɝɨɦ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɭ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɤɨɬɨɪɵɣ 

ɜɵɛɢɪɚɟɬɫɹ ɞɥɹ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱёɬɨɜ ɜ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɟ. 

4. Ʉɪɢɫɬɚɥɥɢɡɚɬɨɪ – ɧɟɞɟɮɨɪɦɢɪɭɟɦɨɟ ɬɟɥɨ. 

5. ɉɟɪɟɦɟɲɢɜɚɧɢɟ ɜ ɠɢɞɤɨɣ ɮɚɡɟ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ [ɋɬɨ03]. 

6. ȿɫɥɢ ɪɚɡɥɢɜɤɚ ɩɪɨɜɨɞɢɬɫɹ ɩɨɞ ɲɥɚɤɨɦ, ɬɨ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɜɟɪɯɧɟɣ 

ɝɪɚɧɢɰɵ ɦɟɬɚɥɥɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɫɱɢɬɚɟɬɫɹ ɪɚɜɧɵɦ ɧɭɥɸ, ɩɪɢ ɨɬɤɪɵɬɨɦ ɠɟ 

ɡɟɪɤɚɥɟ ɪɚɫɩɥɚɜɚ ɭɱɢɬɵɜɚɸɬɫɹ ɩɨɬɟɪɢ ɬɟɩɥɚ ɨɬ ɡɟɪɤɚɥɚ ɬɨɥɶɤɨ ɡɚ ɫɱёɬ ɢɡɥɭɱɟɧɢɹ, 

ɩɨɫɤɨɥɶɤɭ ɤɨɧɜɟɤɰɢɹ ɩɪɢ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɢɝɪɚɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ [167]. 

7. ɉɨɥɟ ɬɟɦɩɟɪɚɬɭɪ ɫɥɢɬɤɚ ɫɢɦɦɟɬɪɢɱɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɵɯ 

ɫɟɱɟɧɢɣ, ɩɪɨɯɨɞɹɳɢɯ ɱɟɪɟɡ ɨɫɶ ɢ (ɞɥɹ ɫɨɪɬɨɜɵɯ ɢ ɫɥɹɛɨɜɵɯ ɡɚɝɨɬɨɜɨɤ) ɰɟɧɬɪɵ 

ɝɪɚɧɟɣ ɫɥɢɬɤɚ, ɩɨɷɬɨɦɭ ɜ ɞɜɭɦɟɪɧɵɯ ɦɨɞɟɥɹɯ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɞɧɚ 

ɩɨɥɭɩɥɨɫɤɨɫɬɶ, ɚ ɜ ɬɪёɯɦɟɪɧɵɯ ɨɞɧɚ ɤɨɨɪɞɢɧɚɬɧɚɹ ɱɟɬɜɟɪɬɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɷɬɨ ɜɵɪɚɠɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɨɫɢ ɫɥɢɬɤɚ ɫɱɢɬɚɟɬɫɹ ɪɚɜɧɵɦ ɧɭɥɸ. 

8. ɉɟɪɟɯɨɞ ɤ ɞɜɭɦɟɪɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɫɥɹɛɨɜɨɣ ɡɚɝɨɬɨɜɤɢ ɜ ɫɥɭɱɚɟ 

ɜɵɪɚɛɨɬɤɢ ɪɚɰɢɨɧɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɨɯɥɚɠɞɟɧɢɹ ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɬɟɩɥɨɜɨɣ 

ɩɨɬɨɤ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɭɡɤɢɦ ɝɪɚɧɹɦ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥ. Ɍɚɤ 

ɩɨɫɬɭɩɚɸɬ ɜ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɜ ɫɥɢɬɤɚɯ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɲɢɪɨɤɚɹ ɝɪɚɧɶ 

ɯɨɬɹ ɛɵ ɜɞɜɨɟ ɛɨɥɶɲɟ ɭɡɤɨɣ [Ʉɪɚ75]. 

  

 

2.2. ɍɪɚɜɧɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɝɪɚɧɢɱɧɵɟ ɢ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ 

ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 

 

ɋɯɟɦɚ ɦɨɞɟɥɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 2.2. ɍɪɚɜɧɟɧɢɟ 

ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɞɥɹ ɫɥɢɬɤɚ ɜ ɨɛɳɟɦ ɜɢɞɟ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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 ܿሺܶሻ𝜌ሺܶሻ (𝜕ܶ𝜕𝜏 + 𝐯gradܶ) = divሺߣgradܶሻ +  (2.2) ,ݑ

ɝɞɟ ܶ = ܶሺ𝜏, ,ݔ ,ݕ  – ሻ – ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ;  ܿሺܶሻ – ɬɟɩɥɨёɦɤɨɫɬɶ, Ⱦɠ/(ɤɝ·Ʉ); 𝜌ሺܶሻݖ

ɩɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3; ߣ =  ሺܶሻ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ȼɬ/(ɦ·Ʉ); 𝐯 – ɜɟɤɬɨɪ ɫɤɨɪɨɫɬɢߣ

ɫɩɥɨɲɧɨɣ ɫɪɟɞɵ (ɦɟɬɚɥɥɚ), ɦ/ɫɟɤ; ݑ = ,ሺ𝜏ݑ ,ݔ ,ݕ  .ሻ – ɢɫɬɨɱɧɢɤ ɬɟɩɥɚ, Ⱦɠݖ

ɉɪɢ ɫɞɟɥɚɧɧɵɯ ɜɵɲɟ ɞɨɩɭɳɟɧɢɹɯ ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, 

ɩɪɢɜɹɡɚɧɧɨɣ ɤ ɆɇɅɁ, ɞɥɹ ɬɪёɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ 

ɫɥɢɬɤɟ, ɞɜɢɠɭɳɟɦɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ ݖ ɢɦɟɟɬ ɜɢɞ:  𝜕ܶሺ𝜏, ,ݔ ,ݕ ሻ𝜕𝜏ݖ + ሺ𝜏ሻݒ 𝜕ܶሺ𝜏, ,ݔ ,ݕ ݖ��ሻݖ == ͳܿሺܶሻ𝜌ሺܶሻ { ݔ�𝜕� ሺܶሻߣ] [ݔ��ܶ�� + ݕ�𝜕� ሺܶሻߣ] [ݕ��ܶ�� + ݖ�𝜕� ሺܶሻߣ]  (2.3) {[ݖ��ܶ��

ɝɞɟ ݒሺ𝜏ሻ – ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ, ɦ/ɫ. 

 

 

 

Ɋɢɫɭɧɨɤ 2.2. ɋɯɟɦɚ ɦɨɞɟɥɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ 
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Гɪаɧɢɱɧɵɟ ɭɫɥɨɜɢя: 

1. ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɨɯɥɚɠɞɟɧɢɟ ɫɢɦɦɟɬɪɢɱɧɨ, ɬɨ ɟɫɬɶ ɧɚ ɨɫɢ ɫɥɢɬɤɚ ɩɪɢ ݔ = Ͳ: 𝜕்𝜕௫|௫=଴ = Ͳ,         
𝜕்𝜕௬|௬=଴ = Ͳ.  (2.4) 

2. Ⱦɥɹ ɫɬɚɥɟɣ ɡɧɚɱɟɧɢɟ ݖ = Ͳ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɪɨɜɧɸ ɦɟɧɢɫɤɚ. Ɂɞɟɫɶ 

ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɡɟɪɤɚɥɚ ɪɚɫɩɥɚɜɚ. ɉɭɫɬɶ ɩɨɥɭɬɨɥɳɢɧɚ 

ɫɬɪɭɢ ɩɨɫɬɭɩɚɸɳɟɝɨ ɪɚɫɩɥɚɜɚ ɪɚɜɧɚ ݌; ܽ, ܾ – ɯɚɪɚɤɬɟɪɧɵɟ ɪɚɡɦɟɪɵ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ; ߜଵ ɢ ߜଶ – ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɡɚɡɨɪɚ ɩɨ ɲɢɪɨɤɨɣ ɢ ɭɡɤɨɣ 

ɝɪɚɧɹɦ. Ɍɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɭɪɨɜɧɟ ɦɟɧɢɫɤɚ ɩɪɢ ݔ ∈ [Ͳ,  ɫɱɢɬɚɟɬɫɹ ɪɚɜɧɨɣ [݌

ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɫɬɭɩɚɸɳɟɝɨ ɪɚɫɩɥɚɜɚ. ɇɚ ɡɟɪɤɚɥɟ ɪɚɫɩɥɚɜɚ ɞɥɹ ݔ ∈ ሺ݌, ܽ − ݕ ,ଵሻߜ ∈ሺ݌, ܾ −  .ଶሻ ɬɟɩɥɨɨɛɦɟɧ ɭɱɢɬɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦߜ

ȿɫɥɢ ɪɚɡɥɢɜɤɚ ɩɪɨɜɨɞɢɬɫɹ ɩɨɞ ɲɥɚɤɨɦ, ɬɨ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɜɟɪɯɧɟɣ 

ɝɪɚɧɢɰɵ ɦɟɬɚɥɥɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɫɱɢɬɚɟɬɫɹ ɪɚɜɧɵɦ ɧɭɥɸ: 𝜕்𝜕௭|௭=଴ = Ͳ.     (2.5) 

ȿɫɥɢ ɡɟɪɤɚɥɨ ɪɚɫɩɥɚɜɚ ɨɬɤɪɵɬɨ, ɬɨ, ɩɨɫɤɨɥɶɤɭ ɨɫɧɨɜɧɵɟ ɩɨɬɟɪɢ ɬɟɩɥɚ ɨɬ 

ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɩɨɥɭɱɚɸɬɫɹ ɡɚ ɫɱёɬ ɢɡɥɭɱɟɧɢɹ [167], ɚ ɤɨɧɜɟɤɰɢɹ ɢɝɪɚɟɬ 

ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɜ ɩɟɪɟɞɚɱɟ ɬɟɩɥɚ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɪɚɡɥɢɜɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɟ 

ɩɨɞ ɲɥɚɤɨɦ, ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɠɢɞɤɨɣ ɫɬɚɥɢ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɭɪɚɜɧɟɧɢɟɦ −λሺܶሻ ∂்∂௭ = 𝐶௡ [ቀ்ˑ ˍ˓.˔˓.భଵ଴଴ ቁସ − ቀ  𝑎்ଵ଴଴ቁସ],   (2.6) 

ɝɞɟ 𝐶௡ – ɩɪɢɜɟɞёɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ, ሺʑ˕ ˏଶКସ⁄ ሻ; ௔ܶ – ɚɛɫɨɥɸɬɧɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɥɭɱɚɸɳɟɣ ɠɢɞɤɨɣ ɫɬɚɥɢ; ܶˑ ˍ˓.˔˓.ଵ – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɉɪɢɱёɦ 𝐶௡ = ଵభ𝐶భ+ భ𝐶మ − భ𝐶య,    (2.7) 

ɝɞɟ Cଵ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ ɠɢɞɤɨɣ ɫɬɚɥɢ, ሺʑ˕ ˏଶКସ⁄ ሻ; Cଶ – ɤɨɷɮɮɢɰɢɟɧɬ 

ɢɡɥɭɱɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ሺʑ˕ ˏଶКସ⁄ ሻ; Cଷ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ 

ɚɛɫɨɥɸɬɧɨ ɱёɪɧɨɝɨ ɬɟɥɚ, (≈5,6703) ሺʑ˕ ˏଶКସ⁄ ሻ [82]. 

3. Ɇɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɥɢɬɤɚ ɢ ɫɬɟɧɤɨɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɨɛɪɚɡɭɟɬɫɹ ɡɚɡɨɪ, 

ɡɚɩɨɥɧɟɧɧɵɣ ɲɥɚɤɨɜɵɦ ɝɚɪɧɢɫɫɚɠɟɦ ɫ ɜɨɡɞɭɲɧɵɦɢ ɜɤɥɸɱɟɧɢɹɦɢ. Ɍɟɩɥɨɨɬɞɚɱɚ 
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ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɤ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɱɟɪɟɡ 

ɷɬɨɬ ɡɚɡɨɪ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɜ ɜɢɞɟ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɬɪɟɬɶɟɝɨ ɪɨɞɚ: 

- ɩɨ ɲɢɪɨɤɨɣ ɝɪɚɧɢ (ɪɢɫ. 2.2): ߣሺܶሻ ௫=௔−𝛿భ|ݔ��ܶ�� = ଵߜЗߣ (ܶ|௫=௔ − ܶ|௫=௔−𝛿భ) + 𝜎௡ [ቆܶ|௫=௔ͳͲͲ ቇସ − ቆܶ|௫=௔−𝛿భͳͲͲ ቇସ]Ͳ < ݕ ≤ ܾ − ,ଶߜ Ͳ < ݖ ≤ ܼ,  (2.8) 

- ɩɨ ɭɡɤɨɣ ɝɪɚɧɢ (ɪɢɫ. 2.2): ߣሺܶሻ ௬=௕−𝛿మ|ݕ��ܶ�� = ଶߜЗߣ (ܶ|௬=௕ − ܶ|௬=௕−𝛿మ) + 𝜎௡ [ቆܶ|௬=௕ͳͲͲ ቇସ − ቆܶ|௬=௕−𝛿మͳͲͲ ቇସ]Ͳ < ݔ ≤ ܽ − ,ଵߜ Ͳ < ݖ ≤ ܼ,  (2.9) 

ɝɞɟ ܽ, ܾ – ɯɚɪɚɤɬɟɪɧɵɟ ɪɚɡɦɟɪɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ (ɜɨɨɛɳɟ ɝɨɜɨɪɹ, ɡɚɜɢɫɹɬ ɨɬ 

ɜɵɫɨɬɵ ܽሺݖሻ,  ܾሺݖሻ); ߜଵ – ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɡɚɡɨɪɚ ɩɨ ɲɢɪɨɤɨɣ ɝɪɚɧɢ, ߜଵ = ,ݕଵሺߜ ଶߜ ,ଶ – ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɡɚɡɨɪɚ ɩɨ ɭɡɤɨɣ ɝɪɚɧɢߜ ;ሻݖ = ,ݔଶሺߜ  З – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɦɟɫɢ ɜ ɡɚɡɨɪɟ, ȼɬ/(ɦ·Ʉ); ܶ|௫=௔−𝛿భ, ܶ|௫=௔, ܶ|௬=௕−𝛿మ, ܶ|௬=௕ – ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɥɢɬɤɚ ɢߣ ;ሻݖ

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɩɨ ɲɢɪɨɤɨɣ ɢ ɭɡɤɨɣ ɝɪɚɧɹɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, Ʉ; 𝜎௡ – ɩɪɢɜɟɞёɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ, ሺʑ˕ ˏଶКସ⁄ ሻ. 

4. ɉɨɫɥɟ ɜɵɯɨɞɚ ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɩɨɜɟɪɯɧɨɫɬɶ ɫɥɢɬɤɚ ɨɯɥɚɠɞɚɟɬɫɹ ɜɨɞɨ-

ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɶɸ. Ɍɟɩɥɨɨɬɞɚɱɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɜ ɜɢɞɟ 

ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɬɪɟɬɶɟɝɨ ɪɨɞɚ: ߣሺܶሻ ௫=௔−𝛿భ|ݔ��ܶ�� = 𝛼ሺ⃗ݐ, ݇⃗⃗, 𝐺⃗, ܲ⃗⃗ሻ ⋅ (ܶˑ .˔.−ܶ|௫=௔−𝛿భ) + 𝜎௡(ܶˑ .˔.ସ − ሺܶ|௫=௔−𝛿భሻସ)            

ሺܶሻߣ ௬=௕−𝛿మ|ݕ��ܶ�� = 𝛼ଶሺ𝐺ଵሻ ⋅ (ܶˑ .˔.−ܶ|௬=௕−𝛿మ) + 𝜎௡(ܶˑ .˔.ସ − ሺܶ|௬=௕−𝛿మሻସ)            

(2.10) 

ɝɞɟ 𝛼 – ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ, ⃗ݐ – ɜɟɤɬɨɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɬɢɩɵ 

ɮɨɪɫɭɧɨɤ, ݇⃗⃗ – ɤɨɨɪɞɢɧɚɬɵ ɮɨɪɫɭɧɨɤ, 𝐺⃗ – ɪɚɫɯɨɞɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ܲ⃗⃗ – 

ɞɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ, TО.С. – ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, l – ɩɨɥɭɬɨɥɳɢɧɚ 

ɫɥɢɬɤɚ, 𝜎௡ – ɩɪɢɜɟɞёɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ. 
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5. ɉɪɢ ݖ =  ɬɟɩɥɨɜɨɣ (௦ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɦɟɧɢɫɤɚ ɞɨ ɦɟɫɬɚ ɩɨɪɟɡɤɢ ɫɥɢɬɤɚݖ) ௦ݖ

ɩɨɬɨɤ ɫɱɢɬɚɟɬɫɹ ɪɚɜɧɵɦ ɧɭɥɸ: 𝜕்𝜕௭|௭=௭ೞ = Ͳ.      (2.11) 

ɇаɱаɥɶɧɵɟ ɭɫɥɨɜɢя: ɡɚɞɚɧɵ ɡɧɚɱɟɧɢɹ ɞɥɹ ɜɫɟɝɨ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɩɪɢ 𝜏 = Ͳ  ܶሺͲ, ,ݔ ,ݕ ሻݖ = ଴ܶሺݔ, ,ݕ  ሻ. (2.12)ݖ

 

 

 

2.3. Ʉɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɵɟ ɚɧɚɥɨɝɢ ɭɪɚɜɧɟɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ 

ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ 

 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ, 

ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ [147]: 

- ɨɛɥɚɫɬɶ ɧɟɩɪɟɪɵɜɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɡɚɦɟɧɹɟɬɫɹ ɤɨɧɟɱɧɵɦ 

ɦɧɨɠɟɫɬɜɨɦ ɬɨɱɟɤ, ɧɚɡɵɜɚɟɦɵɦ ɫɟɬɤɨɣ; 

- ɜɦɟɫɬɨ ɮɭɧɤɰɢɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɚɪɝɭɦɟɧɬɚ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɮɭɧɤɰɢɢ 

ɞɢɫɤɪɟɬɧɨɝɨ ɚɪɝɭɦɟɧɬɚ, ɨɩɪɟɞɟɥёɧɧɵɟ ɜ ɭɡɥɚɯ ɫɟɬɤɢ ɢ ɧɚɡɵɜɚɟɦɵɟ ɫɟɬɨɱɧɵɦɢ 

ɮɭɧɤɰɢɹɦɢ; 

- ɩɪɨɢɡɜɨɞɧɵɟ, ɜɯɨɞɹɳɢɟ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɡɚɦɟɧɹɸɬɫɹ 

(ɚɩɩɪɨɤɫɢɦɢɪɭɸɬɫɹ) ɩɪɨ ɩɨɦɨɳɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɚɡɧɨɫɬɧɵɯ ɨɬɧɨɲɟɧɢɣ, ɬ.ɟ. 

ɥɢɧɟɣɧɵɯ ɤɨɦɛɢɧɚɰɢɣ ɡɧɚɱɟɧɢɣ ɫɟɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɜ ɧɟɫɤɨɥɶɤɢɯ ɭɡɥɚɯ; 

- ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɡɚɦɟɧɹɸɬɫɹ ɚɥɝɟɛɪɚɢɱɟɫɤɢɦɢ (ɫɢɫɬɟɦɨɣ 

ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ); 

- ɧɚɱɚɥɶɧɵɟ ɢ ɤɪɚɟɜɵɟ ɭɫɥɨɜɢɹ ɡɚɦɟɧɹɸɬɫɹ ɪɚɡɧɨɫɬɧɵɦɢ ɧɚɱɚɥɶɧɵɦɢ ɢ 

ɤɪɚɟɜɵɦɢ ɭɫɥɨɜɢɹɦɢ ɞɥɹ ɫɟɬɨɱɧɨɣ ɮɭɧɤɰɢɢ. 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɪɚɡɧɨɫɬɧɚɹ ɡɚɞɚɱɚ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɡɪɟɲɢɦɨɣ (ɪɟɲɟɧɢɟ 

ɡɚɞɚɱɢ ɫɭɳɟɫɬɜɭɟɬ), ɫɨɝɥɚɫɨɜɚɧɧɨɣ (ɩɨɝɪɟɲɧɨɫɬɶɸ ɚɩɩɪɨɤɫɢɦɚɰɢɢ - ɪɚɡɧɨɫɬɶ 

ɦɟɠɞɭ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɢ ɟɝɨ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɵɦ ɚɧɚɥɨɝɨɦ 

ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ, ɬɚɤɚɹ ɪɚɡɧɨɫɬɧɚɹ ɫɯɟɦɚ ɬɚɤɠɟ ɧɚɡɵɜɚɟɬɫɹ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɣ 
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ɢɥɢ ɫɨɝɥɚɫɨɜɚɧɧɨɣ [6]), ɤɨɪɪɟɤɬɧɨɣ (ɪɟɲɟɧɢɟ ɪɚɡɧɨɫɬɧɨɣ ɡɚɞɚɱɢ ɫɭɳɟɫɬɜɭɟɬ ɢ 

ɟɞɢɧɫɬɜɟɧɧɨ ɩɪɢ ɥɸɛɵɯ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɟɫɥɢ ɪɚɡɧɨɫɬɧɚɹ ɫɯɟɦɚ ɭɫɬɨɣɱɢɜɚ. ɉɨɞ 

ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɡɞɟɫɶ ɩɨɧɢɦɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɫɟɬɨɱɧɵɯ ɮɭɧɤɰɢɣ, ɤɨɬɨɪɵɟ 

ɩɨɥɭɱɚɸɬɫɹ ɩɪɢ ɧɟɤɨɬɨɪɨɦ ɪɚɡɛɢɟɧɢɢ ɨɛɥɚɫɬɢ, ɜ ɤɨɬɨɪɨɣ ɢɳɟɬɫɹ ɪɟɲɟɧɢɟ [147]). 

Ʉɪɨɦɟ ɬɨɝɨ ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɹ ɫɯɨɞɢɦɨɫɬɢ ɢ ɬɨɱɧɨɫɬɢ. ɋɯɟɦɚ 

ɧɚɡɵɜɚɟɬɫɹ ɫɯɨɞɹɳɟɣɫɹ, ɟɫɥɢ ɩɪɢ ɢɡɦɟɥɶɱɟɧɢɢ ɲɚɝɚ (h → 0) ɫɟɬɨɱɧɨɟ ɪɟɲɟɧɢɟ 

ɫɬɪɟɦɢɬɫɹ ɤ ɬɨɱɧɨɦɭ: ݑℎ →  ,Ɋɚɡɧɨɫɬɧɚɹ ɫɯɟɦɚ ɦɨɠɟɬ ɛɵɬɶ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɣ .ݑ

ɧɨ ɧɟ ɫɯɨɞɹɳɟɣɫɹ. ȿɫɥɢ ݑ − ℎݑ = ܱሺℎ𝑝ሻ, ɬɨ ɝɨɜɨɪɹɬ, ɱɬɨ ɩɨɪɹɞɨɤ ɫɯɨɞɢɦɨɫɬɢ 

ɪɚɜɟɧ  ɪ. Ɍɨɱɧɨɫɬɶ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɨɥɠɧɚ ɛɵɬɶ 

ɩɪɢɟɦɥɟɦɨɣ ɢ ɞɚɜɚɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɫɜɟɞɟɧɢɹ ɨ ɬɨɦ, ɫ ɤɚɤɨɣ ɬɨɱɧɨɫɬɶ ɦɨɠɧɨ 

ɩɪɢɛɥɢɡɢɬɶ ɩɪɢ ɩɨɦɨɳɢ ɷɬɨɝɨ ɦɟɬɨɞɚ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ. Ɉɛɵɱɧɨ ɬɪɟɛɭɟɬɫɹ 

ɨɰɟɧɤɚ ɩɨɝɪɟɲɧɨɫɬɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɪɨɢɡɜɨɞɧɵɯ ɧɚ ɫɟɬɤɟ, ɬ.ɟ. ɜ ɧɟɤɨɬɨɪɨɣ 

ɫɟɬɨɱɧɨɣ ɧɨɪɦɟ ‖ ⋅ ‖ℎ. Ƚɨɜɨɪɹɬ, ɱɬɨ ɫɯɟɦɚ ɢɦɟɟɬ m-ɣ ɩɨɪɹɞɨɤ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɧɚ 

ɫɟɬɤɟ, ɟɫɥɢ ɫɟɬɨɱɧɚɹ ɧɨɪɦɚ  ɪɚɡɧɨɫɬɢ ɬɨɱɧɨɝɨ ɢ ɪɚɡɧɨɫɬɧɨɝɨ ɪɟɲɟɧɢɣ ɪɚɜɧɚ ܱሺℎ௠ሻ. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɭɪɚɜɧɟɧɢɹ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɟɝɨ 

ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɵɯ ɚɧɚɥɨɝɨɜ, ɢɡ ɤɨɬɨɪɵɯ ɨɛɵɱɧɨ ɧɟɥɶɡɹ ɜɵɛɪɚɬɶ ɧɚɢɥɭɱɲɢɣ ɫɨ 

ɜɫɟɯ ɬɨɱɟɤ ɡɪɟɧɢɹ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ 

ɪɚɡɧɨɫɬɟɣ ɧɚɞɨ ɫɬɪɟɦɢɬɶɫɹ ɤ ɩɪɚɜɢɥɶɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɭɪɚɜɧɟɧɢɣ ɩɨɫɬɚɜɥɟɧɧɨɣ 

ɡɚɞɚɱɢ, ɚ ɜɨ ɜɬɨɪɭɸ ɨɱɟɪɟɞɶ ɜɵɛɪɚɬɶ «ɧɚɢɥɭɱɲɭɸ» ɫɯɟɦɭ, ɬ.ɟ. ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɟё, 

ɭɱɢɬɵɜɚɹ ɟё ɬɨɱɧɨɫɬɶ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɭɞɨɛɫɬɜɨ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɧɚ ЭȼɆ 

ɢ ɬ.ɞ. 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɫɥɢɬɤɟ (2.2) ɜ ɧɟɞɢɜɟɪɝɟɧɬɧɨɣ ɮɨɪɦɟ ɢɦɟɟɬ 

ɜɢɞ: 𝜕ܶሺ𝜏, ,ݔ ,ݕ ሻ𝜕𝜏ݖ + ሺ𝜏ሻݒ 𝜕ܶሺ𝜏, ,ݔ ,ݕ ݖ��ሻݖ = ͳܿሺܶሻ𝜌ሺܶሻ ×× ݔ��ߣ��} ⋅ ݔ��ܶ�� + ሺܶሻߣ ⋅ 𝜕ଶܶ𝜕ݔଶ + ݕ��ߣ�� ⋅ ݕ��ܶ�� + ሺܶሻߣ ⋅ 𝜕ଶܶ𝜕ݕଶ + ݖ��ߣ�� ⋅ ݖ��ܶ�� + ሺܶሻߣ ⋅ 𝜕ଶܶ𝜕ݖଶ} (2.13) 

Ɉɛɥɚɫɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɪɢɫ. 2.2) ɪɚɡɛɢɜɚɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨɣ ɤɨɧɟɱɧɨ-

ɪɚɡɧɨɫɬɧɨɣ ɫɟɬɤɨɣ. əɜɧɚɹ ɫɯɟɦɚ ɫɬɪɨɢɬɫɹ ɧɚ ɞɟɜɹɬɢɬɨɱɟɱɧɨɦ ɲɚɛɥɨɧɟ: 
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௜ܶ,௝,௞௧+ଵ − ௜ܶ,௝,௞௧∆𝜏 + ݒ ௜ܶ,௝,௞௧ − ௜ܶ,௝,௞−ଵ௧∆ݖ =
= ͳܿ௜,௝𝜌௜,௝ ሺߣ} ௜ܶ,௝,௞௧ ሻ ௜ܶ+ଵ,௝,௞௧ − ʹ ௜ܶ,௝,௞௧ + ௜ܶ−ଵ,௝,௞௧ሺ∆ݔሻଶ + ሺߣ ௜ܶ,௝,௞௧ ሻ − ሺߣ ௜ܶ−ଵ,௝,௞௧ ሻ∆ݔ ⋅ ௜ܶ,௝,௞௧ − ௜ܶ−ଵ,௝,௞௧∆ݔ +
)ߣ+ ௜ܶ,௝,௞௧ ) ௜ܶ,௝+ଵ,௞௧ − ʹ ௜ܶ,௝,௞௧ + ௜ܶ,௝−ଵ,௞௧ሺ∆ݕሻଶ + )ߣ ௜ܶ,௝,௞௧ ) − )ߣ ௜ܶ,௝−ଵ,௞௧ ݕ∆( ⋅ ௜ܶ,௝,௞௧ − ௜ܶ,௝−ଵ,௞௧∆ݕ +
+ ሺߣ ௜ܶ,௝,௞௧ ሻ ௜ܶ,௝,௞+ଵ௧ − ʹ ௜ܶ,௝,௞௧ + ௜ܶ,௝,௞−ଵ௧ሺ∆ݖሻଶ + ሺߣ ௜ܶ,௝,௞௧ ሻ − ሺߣ ௜ܶ,௝,௞−ଵ௧ ሻ∆ݖ ⋅ ௜ܶ,௝,௞௧ − ௜ܶ,௝,௞−ଵ௧∆ݖ }

 

 (2.14) 

ɉɨɝɪɟɲɧɨɫɬɶ  ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɨ ɬɚɤɨɣ ɫɯɟɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɲɚɝɚɦɢ ɫɟɬɤɢ ɩɨ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ ɢ ɢɦɟɟɬ ɩɨɪɹɞɨɤ ܱ[∆𝜏, ሺ∆ݔሻଶ, ሺ∆ݕሻଶ,  .[ݖ∆
ȼɟɥɢɱɢɧɵ ɬɟɩɥɨёɦɤɨɫɬɢ, ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɦɟɬɚɥɥɚ ɢ ɟɝɨ ɫɨɫɬɚɜɚ. Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɚɥɟɣ, ɞɥɹ ɤɨɬɨɪɵɯ 

ɜɵɩɨɥɧɹɥɨɫɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, 

ɩɪɢɜɟɞɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. 

Ƚɪɚɧɢɱɧɨɦɭ ɭɫɥɨɜɢɸ (2.4) ɫɬɚɜɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɭɪɚɜɧɟɧɢɟ ͵ ଴ܶ,௝,௞௧ = Ͷ ଵܶ,௝,௞௧ − ଶܶ,௝,௞௧ ,    (2.15) 

ɚɧɚɥɨɝɢɱɧɨ ɞɥɹ ɜɬɨɪɨɝɨ ɭɪɚɜɧɟɧɢɹ ɜ ɭɫɥɨɜɢɢ (2.4) ɢ ɞɥɹ ɭɫɥɨɜɢɣ (2.5). 

ɍɫɥɨɜɢɸ (2.6) ɫɬɚɜɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɭɪɚɜɧɟɧɢɟ −ߣሺ ௜ܶ,଴,௞௧ ሻ ଷ ೔்,బ,ೖ೟ −ସ ೔்,భ,ೖ೟ + ೔்,మ,ೖ೟ଶሺ∆௭ሻ = 𝐶௡ [ቀ்ˑ ˍ˓.˔˓.రଵ଴଴ ቁସ − ቀ்೔,బଵ଴଴ቁସ]  (2.16)  

ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ܱ[ሺ∆ݖሻଶ]. 
Ƚɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ ɢ (2.8) ɫɬɚɜɹɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɥɟɞɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ: ߣሺ 𝑁ܶ,௝,௞௧ ሻ 𝑁்−మ,ೕ,ೖ೟ −ସ 𝑁்−భ,ೕ,ೖ೟ +ଷ 𝑁்,ೕ,ೖ೟ଶሺ∆௫ሻ =               = ఒʒ.З𝛿З ( 𝑁ܶ,௝,௞௧ − 𝑁ܶ+ଵ,௝,௞௧ ) + 𝜎௡ [( 𝑁்+భ,ೕ,ೖ೟ଵ଴଴ )ସ − ( 𝑁்,ೕ,ೖ೟ଵ଴଴ )ସ]  (2.17) 

ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ܱ[ሺ∆ݔሻଶ], 𝑁ܶ+ଵ,௝,௞௧  – ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɨɱɤɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɨɛɪɚɳɟɧɧɨɣ ɤ ɫɥɢɬɤɭ. 
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ȼɚɠɧɟɣɲɢɦ ɦɨɦɟɧɬɨɦ ɩɪɢ ɪɟɲɟɧɢɢ ɦɚɪɲɟɜɵɯ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɩɨɧɹɬɢɟ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɚɡɧɨɫɬɧɵɯ ɫɯɟɦ. Ɋɚɡɧɨɫɬɧɚɹ ɫɯɟɦɚ ɧɚɡɵɜɚɟɬɫɹ ɭɫɬɨɣɱɢɜɨɣ, ɟɫɥɢ ɧɚ 

ɤɚɠɞɨɦ ɲɚɝɟ ɩɨ ɦɚɪɲɟɜɨɣ ɤɨɨɪɞɢɧɚɬɟ ɥɸɛɚɹ ɨɲɢɛɤɚ (ɩɨɝɪɟɲɧɨɫɬɶ ɨɤɪɭɝɥɟɧɢɹ, 

ɩɨɝɪɟɲɧɨɫɬɶ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɢ ɩɪ.) ɧɟ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɝɨ ɲɚɝɚ ɤ 

ɞɪɭɝɨɦɭ [6]. 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɹɜɧɵɟ ɤɨɧɟɱɧɨ-

ɪɚɡɧɨɫɬɧɵɟ ɫɯɟɦɵ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɭɫɥɨɜɧɨ ɭɫɬɨɣɱɢɜɵɦɢ, ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ 

ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɥɨɜɢɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɬɢɯ ɫɯɟɦ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɱɢɫɥɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɲɚɝ ɩɨ ɦɚɪɲɟɜɨɣ ɤɨɨɪɞɢɧɚɬɟ, ɤɨɬɨɪɵɣ 

ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧ ɲɚɝɨɜ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ. 

ɉɨɞɪɨɛɧɨ ɦɟɬɨɞɢɤɚ ɜɵɱɢɫɥɟɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɜɟɥɢɱɢɧɭ ɪɚɫɱёɬɧɨɝɨ ɲɚɝɚ 

ɩɨ ɜɪɟɦɟɧɢ ɨɩɢɫɚɧɚ ɜ [78]. ɉɪɢɦɟɧɢɜ ɷɬɭ ɦɟɬɨɞɢɤɭ, ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɟɟ ɭɫɥɨɜɢɟ 

ɭɫɬɨɣɱɢɜɨɫɬɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɟɟ  ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɲɚɝ ɩɨ ɜɪɟɦɟɧɢ 

        𝛥𝜏 < ௖೘೔೙𝜌೘೔೙ሺ𝛥௫ሻమሺ𝛥௬ሻమሺ𝛥௭ሻమଶఒ೘𝑎𝑥ሺሺ𝛥௫ሻమሺ𝛥௬ሻమ+ሺ𝛥௬ሻమሺ𝛥௭ሻమ+ሺ𝛥௫ሻమሺ𝛥௭ሻమሻ+𝑣೘𝑎𝑥ሺ𝛥௫ሻమሺ𝛥௬ሻమ𝛥௭·௖೘𝑎𝑥𝜌೘𝑎𝑥,    (2.18) 

ɝɞɟ ܿ௠௜௡ ɢ ܿ௠௔௫ – ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ 

ɦɟɬɚɥɥɚ ɜɨ ɜɫɟɦ ɦɨɞɟɥɢɪɭɟɦɨɦ ɞɢɚɩɚɡɨɧɟ, 𝜌௠௜௡ ɢ 𝜌௠௔௫ – ɦɢɧɢɦɚɥɶɧɨɟ ɢ 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ, ߣ௠௔௫ – ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɚɥɢ ɜ ɦɨɞɟɥɢɪɭɟɦɨɦ ɞɢɚɩɚɡɨɧɟ; ݒ௠௔௫ – ɫɤɨɪɨɫɬɶ 

ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɜ ɦɨɞɟɥɢɪɭɟɦɨɦ ɞɢɚɩɚɡɨɧɟ. 

 

 

2.4. Ɇɟɬɨɞɵ ɡɚɞɚɧɢɹ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ 

ɤɪɢɫɬɚɥɥɢɡɭɸɳɟɦɫɹ ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɟ 

 

ȼ ɞɚɧɧɨɦ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɩɨɫɨɛɵ ɡɚɞɚɧɢɹ 

ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ. Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, 

ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɥɢɬɤɚ. 

ɋɪɟɞɢ ɨɫɧɨɜɧɵɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɦɨɞɟɥɢ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɡɚɞɚɱɟ ɋɬɟɮɚɧɚ, ɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɨɣ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɫ ɪɚɡɥɢɱɧɵɦɢ 
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ɫɩɨɫɨɛɚɦɢ ɭɱёɬɚ ɞɨɥɢ ɬɜёɪɞɨɣ ɮɚɡɵ ɜ ɩɟɪɟɯɨɞɧɨɣ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɟ ɢ ɞɢɮɮɭɡɢɢ. 

ɉɨɫɬɨɹɧɧɨ ɜɟɞёɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɦɨɞɟɥɟɣ. ɇɚɩɪɢɦɟɪ, ɩɪɟɞɥɨɠɟɧɧɚɹ Ⱥ.ɂ. 

Ȼɨɪɨɞɢɧɵɦ ɜ 2011-ɦ ɝɨɞɭ, ɦɨɞɟɥɶ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ 

ɦɟɬɨɞɨɦ ɜɜɟɞɟɧɢɹ ɜ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɮɭɧɤɰɢɢ ɫɨɫɬɚɜɚ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɦɟɫɢ ɢ 

ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɩɨɫɬɨɹɧɫɬɜɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɞɜɭɯɮɚɡɧɨɣ 

ɨɛɥɚɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢ ɪɟɲɟɧɢɢ ɤɨɧɤɪɟɬɧɨɣ ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɜɨɡɧɢɤɚɟɬ 

ɩɪɨɛɥɟɦɚ ɜɵɛɨɪɚ ɫɬɪɭɤɬɭɪɵ ɦɨɞɟɥɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɤ 

ɩɪɨɝɧɨɡɧɵɦ ɦɨɞɟɥɹɦ. ɉɪɢ ɷɬɨɦ ɬɚɤɠɟ ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ 

ɫɩɨɫɨɛɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɫ ɧɚɥɢɱɢɟɦ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, 

ɫɧɢɦɚɸɳɢɯ ɩɪɨɛɥɟɦɵ ɨɝɪɚɧɢɱɟɧɢɹ ɲɚɝɚ ɩɨ ɜɪɟɦɟɧɢ ɪɚɫɱёɬɚ ɢ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ 

ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɩɪɨɢɡɜɨɞɧɵɯ. 

 

 

2.4.1. Ɂɚɞɚɱɚ ɋɬɟɮɚɧɚ 

 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ ɪɟɡɤɢɣ ɩɟɪɟɯɨɞ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɬɜёɪɞɨɟ, ɬɨ ɟɫɬɶ 

ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ ɧɟ ɢɦɟɟɬ ɬɨɥɳɢɧɵ, ɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɤɨɬɨɪɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ, ɩɨ ɨɞɧɭ ɫɬɨɪɨɧɭ ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɬɫɹ ɠɢɞɤɢɣ ɦɟɬɚɥɥ, ɚ ɩɨ ɞɪɭɝɭɸ – 

ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɜɲɢɣɫɹ.  ɉɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɦɟɠɞɭ ɠɢɞɤɨɣ ɢ ɬɜɟɪɞɨɣ ɮɚɡɚɦɢ 

ɦɟɬɚɥɥɚ (ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ) ɡɚɞɚёɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɭɫɥɨɜɢɹɦɢ. 

ɍɫɥɨɜɢɟ ɪɚɜɟɧɫɬɜɚ ɬɟɦɩɟɪɚɬɭɪ ܶሺ𝜏, ,ݔ ,ݕ −ሻ|𝜉ݖ = ܶሺ𝜏, ,ݔ ,ݕ +ሻ|𝜉ݖ = ௞ܶ௥,  (2.19) 

ɢ ɭɪɚɜɧɟɧɢɟ, ɨɩɢɫɵɜɚɸɳɟɟ ɞɜɢɠɟɧɢɟ ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ ɦɟɠɞɭ ɠɢɞɤɨɣ ɢ 

ɬɜɟɪɞɨɣ ɮɚɡɚɦɢ ɦɟɬɚɥɥɚ (ɭɫɥɨɜɢɟ ɋɬɟɮɚɧɚ) ߣሺܶሻ 𝜕ܶ𝜕݊̅|𝜉+ − ሺܶሻߣ 𝜕ܶ𝜕݊̅|𝜉− = 𝜌ሺߤ ௞ܶ௥ሻ (𝜕𝜉𝜕𝜏 + ݒ ⋅ 𝜕𝜉𝜕ݖ)Ͳ ≤ ݖ ≤ ,௦ݖ , (2.20) 

ɝɞɟ 𝜉 – ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ ɟɫɬɶ ɮɭɧɤɰɢɹ ɬɪёɯ ɩɟɪɟɦɟɧɧɵɯ ݔ = 𝜉ሺ𝜏, ,ݕ  – ߤ ,ሻݖ

ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, (Ⱦɠ/ɤɝ); ௞ܶ௥ – ɬɟɦɩɟɪɚɬɭɪɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
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(ɫɪɟɞɧɹɹ ɢɡ ɢɧɬɟɪɜɚɥɚ ɥɢɤɜɢɞɭɫ – ɫɨɥɢɞɭɫ), ݊̅ – ɧɨɪɦɚɥɶ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ 

ɮɚɡ, ݖ௦ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɦɟɧɢɫɤɚ ɞɨ ɦɟɫɬɚ ɩɨɪɟɡɤɢ ɫɥɢɬɤɚ. 

Ɂɚɞɚɸɬɫɹ ɧɚɱɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ 𝜉ሺͲ, ,ݕ ሻݖ = 𝜉଴ሺݕ,  ሻ    (2.21)ݖ

ɢ «ɝɪɚɧɢɱɧɨɟ» ɭɫɥɨɜɢɟ ɞɥɹ ɮɭɧɤɰɢɢ 𝜉: 𝜉ሺ𝜏, ,ݕ ሻ|௭=଴ݖ = 𝜉ሺݕሻ.    (2.22) 

Ɂɚɞɚɱɚ ɋɬɟɮɚɧɚ ɫɨɫɬɨɢɬ ɜ ɧɚɯɨɠɞɟɧɢɢ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɢ ɩɨɥɨɠɟɧɢɹ 

ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ ɢɡ ɭɫɥɨɜɢɣ (2.3)-(2.6), (2.8)-(2.12) ɢ (2.19)-(2.22). ȼ ɬɚɤɨɣ 

ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɚ ɧɟ ɩɨɞɞɚёɬɫɹ ɚɧɚɥɢɬɢɱɟɫɤɨɦɭ ɪɟɲɟɧɢɸ.  

 

 

2.4.2. ɑɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫ ɭɫɥɨɜɢɟɦ ɋɬɟɮɚɧɚ 

 

Ⱦɥɹ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɋɬɟɮɚɧɚ ɜ ɩɨɫɬɚɧɨɜɤɟ (2.3)-(2.6), (2.8)-(2.12) 

ɢ (2.19)-(2.22) ɩɪɢɦɟɧɹɥɫɹ  ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ, ɚɧɚɥɨɝɢɱɧɵɣ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɜ [177]. Ⱦɨ ɧɚɱɚɥɚ ɪɚɫɱёɬɨɜ ɡɚɞɚёɬɫɹ ɧɚɱɚɥɶɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ 

ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɢ ɧɚɱɚɥɶɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ. 

Ʉɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɭɪɚɜɧɟɧɢɣ (2.3)-(2.6) ɢ (2.8)-(2.12) 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩ. 2.3. Эɬɢɦ ɫɩɨɫɨɛɨɦ ɜɵɱɢɫɥɹɥɢɫɶ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɜ 

ɪɟɝɭɥɹɪɧɵɯ ɭɡɥɚɯ, ɬ.ɟ. ɜ ɬɚɤɢɯ ɬɨɱɤɚɯ ɫɟɬɤɢ, ɞɥɹ ɤɨɬɨɪɵɯ ɜɫɟ ɬɨɱɤɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɲɚɛɥɨɧɚ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ ɧɚɯɨɞɹɬɫɹ ɜɧɭɬɪɢ ɨɞɧɨɣ 

ɮɚɡɵ. ȿɫɥɢ ɠɟ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɵɣ ɲɚɛɥɨɧ ɞɥɹ ɞɚɧɧɨɣ ɬɨɱɤɢ «ɪɚɡɪɟɡɚɟɬɫɹ» 

ɝɪɚɧɢɰɟɣ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɬɨ ɬɚɤɚɹ ɬɨɱɤɚ ɧɚɡɵɜɚɟɬɫɹ ɩɪɢɝɪɚɧɢɱɧɵɦ ɭɡɥɨɦ. 

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɞɥɹ ɪɚɫɱёɬɨɜ ɜ ɩɪɢɝɪɚɧɢɱɧɨɦ ɭɡɥɟ ɩɪɢɦɟɧɹɸɬ ɭɦɟɧɶɲɟɧɢɟ 

ɲɚɝɨɜ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɭ ɢ ɧɟɪɚɜɧɨɦɟɪɧɵɟ ɲɚɛɥɨɧɵ, ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɲɚɝ 

ɪɚɫɱёɬɚ ɩɨ ɜɪɟɦɟɧɢ ɫɨɤɪɚɳɚɟɬɫɹ. ɉɪɢ ɫɬɪɟɦɥɟɧɢɢ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 

ɩɪɢɝɪɚɧɢɱɧɵɦ ɭɡɥɨɦ ɢ ɝɪɚɧɢɰɟɣ ɪɚɡɞɟɥɚ ɮɚɡ ɤ ɧɭɥɸ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ 

ɲɚɝ ɪɚɫɱёɬɚ ɩɨ ɜɪɟɦɟɧɢ ɬɚɤɠɟ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ, ɱɬɨ ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ 

ɱɢɫɥɟɧɧɵɟ ɪɚɫɱёɬɵ. Ⱦɥɹ ɩɪɨɝɧɨɡɧɵɯ ɠɟ ɦɨɞɟɥɟɣ ɠɟɥɚɬɟɥɶɧɨ ɫɨɯɪɚɧɟɧɢɟ 

ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ ɪɚɫɱёɬɧɨɝɨ ɲɚɝɚ ɩɨ ɜɪɟɦɟɧɢ. 
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Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɦɟɬɨɞ. 

Ƚɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ ɜɧɭɬɪɢ ɨɫɧɨɜɧɨɣ ɫɟɬɤɢ ɨɬɨɛɪɚɠɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɭɡɥɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ ɬɨɱɤɚɯ ɟё ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɩɨɩɟɪɟɱɧɵɦɢ 

ɥɢɧɢɹɦɢ ɪɚɡɧɨɫɬɧɨɣ ɫɟɬɤɢ (ɪɢɫ. 2.3). ɂɡɜɟɫɬɧɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɷɬɢɯ ɭɡɥɚɯ 

ɪɚɜɧɚ ɬɟɦɩɟɪɚɬɭɪɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɂɫɩɨɥɶɡɭɹ ɷɬɭ ɢɧɮɨɪɦɚɰɢɸ, ɦɨɠɧɨ ɧɚɣɬɢ 

ɧɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ. 

 

 

 

Ɋɢɫɭɧɨɤ 2.3. Ƚɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ ɜ ɨɫɧɨɜɧɨɣ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɣ ɫɟɬɤɟ 

 

ɉɨɫɥɟ ɡɚɦɟɧɵ ɜ ɭɫɥɨɜɢɹɯ ɋɬɟɮɚɧɚ (2.20) ɩɪɨɢɡɜɨɞɧɵɯ ɤɨɧɟɱɧɵɦɢ 

ɪɚɡɧɨɫɬɹɦɢ, ɩɨɥɭɱɚɟɬɫɹ ɫɜɹɡɶ ɩɨɥɨɠɟɧɢɹ ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜ 

ɩɪɢɝɪɚɧɢɱɧɵɯ ɭɡɥɚɯ. 

ɉɨɫɤɨɥɶɤɭ ɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɢ ɬɟɦɩɟɪɚɬɭɪ ɜ ɩɪɢɝɪɚɧɢɱɧɵɯ ɭɡɥɚɯ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɬɞɟɥɶɧɨ ɞɥɹ ɞɜɭɯ ɱɚɫɬɟɣ ɝɪɚɧɢɰɵ ɜ ɨɞɧɨɣ ɱɟɬɜɟɪɬɢ ɫɟɱɟɧɢɹ (ɪɢɫ. 

2.4), ɞɥɹ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɹɬɫɹ ɪɚɫɱёɬɵ, ɩɪɢɜɟɞёɦ ɡɞɟɫɶ ɭɩɪɨɳёɧɧɵɣ ɜɚɪɢɚɧɬ 

ɦɟɬɨɞɢɤɢ.  ɉɭɫɬɶ ɢɡɜɟɫɬɧɨ ɩɪɢɛɥɢɠɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ {𝜉௝௞}. 

Ɍɨɝɞɚ {𝜉௝௞+ଵ} – ɧɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ.. 𝜉௝௞+ଵ – ɜɟɥɢɱɢɧɵ, 

ɤɨɬɨɪɵɟ ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ. ȼɪɟɦɟɧɧɨ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɩɪɢɝɪɚɧɢɱɧɵɣ ɭɡɟɥ ɫɟɬɤɢ 
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ɫɥɟɜɚ ɨɬ 𝜉௝௞+ଵ ɢɦɟɟɬ ɧɨɦɟɪ ݅, ݆, ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɷɬɨɦ ɭɡɥɟ ɜɜɟɞёɧɧɨɣ 

ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɣ ɫɟɬɤɢ ɪɚɜɧɨ ௜ܶ,௝.  

 

Ɋɢɫɭɧɨɤ 2.4. ɉɨɥɨɠɟɧɢɟ ɫɜɨɛɨɞɧɨɣ ɝɪɚɧɢɰɵ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɱɟɬɜɟɪɬɢ ɫɥɢɬɤɚ. 

 

ɑɬɨɛɵ ɜɵɱɢɫɥɢɬɶ ɩɪɨɢɡɜɨɞɧɭɸ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɧɨɪɦɚɥɢ ɜ ɬɨɱɤɟ 𝜉௝௞+ଵ, 

ɜɜɨɞɹɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɡɥɵ, ɤɨɬɨɪɵɟ ɜɦɟɫɬɟ ɫ ɬɨɱɤɨɣ  𝜉௝௞+ଵ 

ɨɛɪɚɡɭɸɬ ɪɚɜɧɨɦɟɪɧɵɣ ɩɹɬɢɬɨɱɟɱɧɵɣ ɲɚɛɥɨɧ ɫ ɲɚɝɚɦɢ ݍ ɢ ℎ ɪɚɜɧɵɦɢ ɲɚɝɚɦ 

ɨɫɧɨɜɧɨɣ ɫɟɬɤɢ (ɪɢɫ. 2.5). 

 

 

 

Ɋɢɫɭɧɨɤ 2.5. ɒɚɛɥɨɧ ɞɥɹ ɩɟɪɟɫɱёɬɚ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ. 
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Ɍɨɝɞɚ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɵɣ ɚɧɚɥɨɝ ɭɪɚɜɧɟɧɢɹ (2.20) ɢɦɟɟɬ ɜɢɞ ߣ ቆ√ቀ௎మ−்ೖೝ∆௫ ቁଶ + ቀ௎ర−்ೖೝ∆௭ ቁଶ − √ቀ௎భ−்ೖೝ∆௫ ቁଶ + ቀ௎య−்ೖೝ∆௭ ቁଶቇ == ߤ ⋅ 𝜌 ⋅ (𝜉ೕೖ+భ−𝜉ೕೖ∆𝜏 + ݒ 𝜉ೕೖ+భ−𝜉ೕ−భೖ+భ∆௭ )   (2.23) 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɬɨɱɤɚɯ 𝜉௝௞+ଵ ɢ 𝜉௝−ଵ௞+ଵ ɪɚɜɧɚ ɬɟɦɩɟɪɚɬɭɪɟ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɬɟɦɩɟɪɚɬɭɪɭ ଵܷ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɭɡɥɟ ݔ ɭɤɚɡɚɧɧɨɝɨ ɲɚɛɥɨɧɚ 

(ɪɢɫ. 2.6) ɦɨɠɧɨ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ ɩɪɢɛɥɢɡɢɬɶ ɩɨɥɢɧɨɦɨɦ Ʌɚɝɪɚɧɠɚ 

2-ɣ ɫɬɟɩɟɧɢ: 

ଵܷ = ௞ܶ௥ ⋅ ሺ௫−௫೔+భ,ೕሻሺ௫−௫೔+మ,ೕሻሺ𝜉ೕೖ+భ−௫೔+భ,ೕሻሺ𝜉ೕೖ+భ−௫೔+మ,ೕሻ + ௜ܶ+ଵ,௝ ⋅ ሺ௫−𝜉ೕೖ+భሻሺ௫−௫೔+మ,ೕሻሺ௫೔+భ,ೕ−𝜉ೕೖ+భሻሺ௫೔+భ,ೕ−௫೔+మ,ೕሻ +                                                              + ௜ܶ+ଶ,௝ ⋅ ሺ௫−𝜉ೕೖ+భሻሺ௫−௫೔+భ,ೕሻሺ௫೔+మ,ೕ−𝜉ೕೖ+భሻሺ௫೔+మ,ೕ−௫೔+భ,ೕሻ         (2.24) 

 

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ܷଶ, ܷଷ, ܷସ ɜ ɨɫɬɚɥɶɧɵɯ ɭɡɥɚɯ 

ɲɚɛɥɨɧɚ. ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɩɨɥɭɱɟɧɧɵɯ ɜɵɪɚɠɟɧɢɣ ɜ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɵɣ 

ɚɧɚɥɨɝ ɭɫɥɨɜɢɹ ɋɬɟɮɚɧɚ (2.23), ɩɨɥɭɱɚɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɫɢɫɬɟɦɚ ɧɟɥɢɧɟɣɧɵɯ 

ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ: 

𝜉௝௞+ଵ = 𝜉௝௞ + 𝛥𝜏 ఒఓ𝜌 {ቆ√ቀ௎మ−்ೖೝ∆௫ ቁଶ + ቀ௎ర−்ೖೝ∆௭ ቁଶ −
                        − √ቀ௎భ−்ೖೝ∆௫ ቁଶ + ቀ௎య−்ೖೝ∆௭ ቁଶቇ − ݒ 𝜉ೕೖ+భ−𝜉ೕ−భೖ+భ∆௭ }        (2.25) 

ɉɨɥɭɱɟɧɧɚɹ ɫɢɫɬɟɦɚ ɪɟɲɚɟɬɫɹ ɦɟɬɨɞɨɦ ɢɬɟɪɚɰɢɣ. ɂɬɟɪɚɰɢɢ ɩɪɨɜɨɞɹɬɫɹ ɞɨ 

ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɨ ɭɫɥɨɜɢɟ |𝜉௝௞+ଵ − 𝜉௝௞| ≤  .ଵߝ

ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɜɵɱɢɫɥɟɧɵ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɪɢɝɪɚɧɢɱɧɵɯ ɭɡɥɚɯ, 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɟɪɟɫɱёɬ ɬɟɦɩɟɪɚɬɭɪ ɜ ɪɟɝɭɥɹɪɧɵɯ ɭɡɥɚɯ. Ɂɚɬɟɦ ɭɬɨɱɧɹɟɬɫɹ 

ɩɨɥɨɠɟɧɢɟ ɮɪɨɧɬɚ 𝜉ଶ ɢ ɬ.ɞ. ɋɯɟɦɚɬɢɱɧɨ ɷɬɨɬ ɩɪɨɰɟɫɫ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 

ɥɨɝɢɱɟɫɤɨɣ ɰɟɩɨɱɤɢ: 
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 (𝜉ሺ଴ሻ, ܶሺ଴ሻ) → ܶሺଵሻ˓ег˖ˎя˓ːые → 𝜉ሺଵሻ → ܶሺଵሻ˒˓иг˓аːичː → ܶሺଶሻ˓ег˖ˎя˓ː → 𝜉ሺଶሻ →. .. 
 

 

Ɋɢɫɭɧɨɤ 2.6. ɏɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɜɨɡɥɟ 

ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ. 

 

ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɫɯɨɞɢɦɨɫɬɢ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜɵɛɢɪɚɟɬɫɹ 

ɫɥɟɞɭɸɳɢɣ: ݉ܽݔ௜,௝ | ௜ܶ,௝ሺ௞ሻ − ௜ܶ,௝ሺ௞+ଵሻ| <  (2.26)    ,ߝ

ɝɞɟ ε – ɡɚɞɚɧɧɚɹ ɬɨɱɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ. 

Ɉɬɞɟɥɶɧɨɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɬɪɟɛɭɸɬ ɞɜɚ ɨɫɨɛɵɯ ɫɥɭɱɚɹ: ɪɚɫɱёɬ ɩɨɥɨɠɟɧɢɹ 

ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɧɚ ɭɪɨɜɧɟ ɦɟɧɢɫɤɚ ɢ ɧɚ ɭɪɨɜɧɟ ɬɨɱɤɢ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ 

ɡɚɬɜɟɪɞɟɜɚɧɢɹ, ɡɚ ɤɨɬɨɪɨɣ ɜ ɫɥɢɬɤɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɬɨɥɶɤɨ ɬɜёɪɞɚɹ ɮɚɡɚ, ɢ 

ɤɨɨɪɞɢɧɚɬɵ ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɝɥɭɛɢɧɵ ɠɢɞɤɨɣ ɮɚɡɵ. 

Ɉɩɢɫɚɧɧɵɟ ɜɵɲɟ ɫɩɨɫɨɛɵ ɜ ɷɬɢɯ ɫɥɭɱɚɹɯ ɧɟɩɪɢɦɟɧɢɦɵ ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɨɱɧɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɜɧɭɬɪɟɧɧɢɯ ɭɡɥɨɜ ɜ ɬɜёɪɞɨɣ ɢɥɢ ɠɢɞɤɨɣ ɮɚɡɚɯ. Ⱦɥɹ ɪɚɫɱёɬɨɜ ɜ ɬɚɤɢɯ 

ɬɨɱɤɚɯ ɩɪɢɦɟɧɹɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ. 

Ⱦɥɹ ɪɚɫɱёɬɨɜ ɧɚ ɭɪɨɜɧɟ ɦɟɧɢɫɤɚ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɪɚɧɟɟ ɫɩɨɫɨɛɨɦ 

ɧɟɞɨɫɬɚɬɨɱɧɨ ɭɡɥɨɜ ɜ ɬɜёɪɞɨɣ ɮɚɡɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɵɩɨɥɧɹɟɬɫɹ 

ɭɫɥɨɜɢɟ ݈ − 𝜉௝ <  ɞɥɹ ɩɟɪɟɫɱёɬɚ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɜ ɤɚɱɟɫɬɜɟ ܷଶ ,ݍ
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ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɧɚɱɟɧɢɟ 𝑁ܶ,௝ ɢ ɪɚɜɧɨɦɟɪɧɵɣ ɲɚɛɥɨɧ ɫ ɭɦɟɧɶɲɟɧɧɵɦ ɲɚɝɨɦ ɩɨ 

ɤɨɨɪɞɢɧɚɬɟ ݔ, ɪɚɜɧɵɦ ݈ − 𝜉௝ . 

Ⱦɥɹ ɪɚɫɱёɬɨɜ ɧɚ ɭɪɨɜɧɟ ɬɨɱɤɢ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɧɟɞɨɫɬɚɬɨɱɧɨ 

ɪɟɝɭɥɹɪɧɵɯ ɭɡɥɨɜ ɜɧɭɬɪɢ ɠɢɞɤɨɣ ɮɚɡɵ. ɉɨɷɬɨɦɭ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɟɫɥɢ ɧɚ ɲɚɝɟ ݆ ɩɨ 

ɞɥɢɧɟ ɫɥɢɬɤɚ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 𝜉ଵ ɢ 𝜉ଶ ɫɬɚɥɨ ɦɟɧɶɲɟ ɡɚɞɚɧɧɨɣ ɡɚɪɚɧɟɟ ɜɟɥɢɱɢɧɵ, 

ɬɨ ɞɚɥɟɟ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɧɟɤɨɬɨɪɨɝɨ ɧɟɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɲɚɝɨɜ (ɩɨ ɞɥɢɧɟ ɫɥɢɬɤɚ) 

ɧɚɯɨɞɢɬɫɹ ɬɨɱɤɚ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ. Ʉɨɨɪɞɢɧɚɬɵ ɷɬɨɣ ɬɨɱɤɢ 

ɨɩɪɟɞɟɥɹɸɬɫɹ, ɢɫɯɨɞɹ ɢɡ ɨɛɳɟɝɨ ɩɨɜɟɞɟɧɢɹ 𝜉ଵ ɢ 𝜉ଶ. Ⱦɥɹ ɞɨɨɩɪɟɞɟɥɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪ ɜ ɧɟɪɟɝɭɥɹɪɧɵɯ ɭɡɥɚɯ ɜɧɭɬɪɢ ɠɢɞɤɨɣ ɮɚɡɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨ ɫɜɨɣɫɬɜɨ, 

ɱɬɨ ɩɪɨɢɡɜɨɞɧɚɹ ɩɨ ɧɨɪɦɚɥɢ ɤ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɫɨ ɫɬɨɪɨɧɵ ɠɢɞɤɨɣ ɮɚɡɵ ɜ 

ɷɬɨɦ ɦɟɫɬɟ ɨɱɟɧɶ ɛɥɢɡɤɚ ɤ ɧɭɥɸ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨ ɜɧɭɬɪɟɧɧɢɯ 

ɩɪɢɝɪɚɧɢɱɧɵɯ ɭɡɥɚɯ ɫɱɢɬɚɟɬɫɹ ɪɚɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

 

 

2.4.3. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɦɟɬɨɞɨɦ ɡɚɞɚɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨёɦɤɨɫɬɢ 

 

Ʉɜɚɡɢɪɚɜɧɨɜɟɫɧɚɹ ɦɨɞɟɥɶ ɜɤɥɸɱɚɟɬ ɜ ɨɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɜɵɞɟɥɟɧɢɟ\ɩɨɝɥɨɳɟɧɢɟ ɬɟɩɥɚ ɜ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɟ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɷɬɨ 

ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɜ ɭɪɚɜɧɟɧɢɢ (2.2) ɜɦɟɫɬɨ ɭɞɟɥɶɧɨɣ 

ɬɟɩɥɨёɦɤɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɮɮɟɤɬɢɜɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ ܿ௘௙ሺܶሻ = ܿሺܶሻ − ߤ ∙ ௗ௙ೞௗ் ,    (2.27) 

ɝɞɟ 𝑓௦ – ɞɨɥɹ ɬɜёɪɞɨɣ ɮɚɡɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ ɥɢɤɜɢɞɭɫɚ ɪɚɜɧɚ ɧɭɥɸ, ɧɢɠɟ 

ɫɨɥɢɞɭɫɚ – ɪɚɜɧɚ ɟɞɢɧɢɰɟ, ɚ ɜ ɢɧɬɟɪɜɚɥɟ [ ௌܶ,  𝐿ܶ] ɦɨɠɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɥɢɧɟɣɧɨɣ  

ɩɚɪɚɛɨɥɢɱɟɫɤɨɣ ɢɥɢ ɞɪɭɝɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

ȼ ɫɥɭɱɚɟ ɡɚɞɚɧɢɹ ɞɨɥɢ ɬɜёɪɞɨɣ ɮɚɡɵ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ 𝑓௦ = ሺ 𝐿ܶ − ܶሻ/ሺ 𝐿ܶ − ௌܶ ሻ,    (2.28) 

ɢɦɟɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨёɦɤɨɫɬɢ 
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 ܿэ˗ሺܶሻ = {ܿሺܶሻ, ܶ < ௦ܶܿሺܶሻ + ఓ𝐿்−்𝑆 , ௌܶ ≤ ܶ ≤ 𝐿ܶܿሺܶሻ, ܶ > 𝐿ܶ    (2.28) 

 

ɉɪɢ ɪɚɫɱёɬɚɯ ɩɨ ɷɬɨɣ ɦɨɞɟɥɢ ɩɪɨɢɫɯɨɞɹɬ ɪɟɡɤɢɟ ɫɤɚɱɤɢ ɪɟɡɭɥɶɬɚɬɨɜ 

ɜɵɱɢɫɥɹɟɦɵɯ ɬɟɦɩɟɪɚɬɭɪ ɜ ɪɚɫɱёɬɧɨɦ ɭɡɥɟ ɫɟɬɤɢ ɜ ɦɨɦɟɧɬɵ ɟɝɨ ɩɟɪɟɯɨɞɚ ɝɪɚɧɢɰ 

ɞɜɭɯɮɚɡɧɨɣ ɢ ɨɞɧɨɮɚɡɧɨɣ ɡɨɧ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɨɩɪɟɞɟɥɟɧɢɢ 

ɝɪɚɧɢɰ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɭɡɥɚ ɢɡ ɠɢɞɤɨɣ ɮɚɡɵ ɜ ɞɜɭɯɮɚɡɧɭɸ 

ɨɛɥɚɫɬɶ, ɜ ɧёɦ ɧɚɱɢɧɚɟɬ «ɜɵɞɟɥɹɬɶɫɹ ɬɟɩɥɨ» ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɪɟɡɤɨ ɫɨɤɪɚɳɚɟɬɫɹ 

ɫɤɨɪɨɫɬɶ ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫ (ɧɚ ɪɢɫ. 2.7 ɤɪɚɫɧɚɹ ɤɪɢɜɚɹ). ɉɪɢ 

ɩɟɪɟɯɨɞɟ ɭɡɥɚ ɢɡ ɞɜɭɯɮɚɡɧɨɣ ɨɛɥɚɫɬɢ ɜ ɬɜёɪɞɭɸ ɮɚɡɭ ɜɵɞɟɥɟɧɢɟ ɬɟɩɥɚ ɜ ɧёɦ 

ɩɪɟɤɪɚɳɚɟɬɫɹ, ɢɡ-ɡɚ ɱɟɝɨ ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɤɨɪɨɫɬɶ ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ 

ɫɨɥɢɞɭɫ (ɧɚ ɪɢɫ. 2.7 ɫɢɧɹɹ ɤɪɢɜɚɹ). 

 

 

Ɋɢɫɭɧɨɤ 2.7. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɝɪɚɧɢɰ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɩɨ 

ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɨɣ ɦɨɞɟɥɢ ɧɚ ɪɚɡɧɨɫɬɧɨɣ ɫɟɬɤɟ ɫ ɤɪɭɩɧɵɦ ɲɚɝɨɦ. 

 

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɦɟɬɨɞɵ ɫɝɥɚɠɢɜɚɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɝɪɚɧɢɰɚɯ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɩɨɡɜɨɥɹɸɬ ɥɢɲɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ 

ɢɫɩɪɚɜɢɬɶ ɫɢɬɭɚɰɢɸ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ ɡɚɬɪɭɞɧɟɧɨ ɜɵɱɢɫɥɟɧɢɟ ɝɪɚɞɢɟɧɬɨɜ ɢ ɞɪɭɝɢɯ 

ɜɟɥɢɱɢɧ, ɫɜɹɡɚɧɧɵɯ ɫ ɱɢɫɥɟɧɧɵɦ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɱɟɦ ɦɟɧɶɲɟ 
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ɢɧɬɟɪɜɚɥ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɨɥɢɞɭɫɚ ɢ ɥɢɤɜɢɞɭɫɚ, ɬɟɦ ɫɢɥɶɧɟɟ ɧɟɨɛɯɨɞɢɦɨ 

ɢɡɦɟɥɶɱɚɬɶ ɫɟɬɤɭ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɢɦ ɨɛɴёɦɚɦ ɜɵɱɢɫɥɟɧɢɣ ɢ ɧɟɩɪɢɟɦɥɟɦɨ 

ɞɥɹ ɩɪɨɝɧɨɡɧɵɯ ɦɨɞɟɥɟɣ. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɚɹ ɦɨɞɟɥɶ ɧɟ 

ɩɨɞɯɨɞɢɬ ɞɥɹ ɪɚɫɱёɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɱɢɫɬɵɯ ɦɟɬɚɥɥɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɨɬɫɭɬɫɬɜɭɟɬ 

ɢɧɬɟɪɜɚɥ ɥɢɤɜɢɞɭɫ-ɫɨɥɢɞɭɫ, ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɨɩɪɟɞɟɥёɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ, ɚ ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɟɫɤɨɧɟɱɧɨ ɬɨɧɤɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ. 

 

 

2.4.4. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɫ 

ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɦɟɬɨɞɨɦ 

ɡɚɞɚɧɢɹ ɮɭɧɤɰɢɢ ɫɨɫɬɚɜɚ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɦɟɫɢ 

 

Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɜɵɱɢɫɥɟɧɢɹ ɩɨ ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɋɬɟɮɚɧɚ ɢ ɦɨɞɟɥɢ [33]. 

Ɍɟɩɥɨɩɟɪɟɧɨɫ ɜ ɫɥɢɬɤɟ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɪɚɡɥɢɜɤɟ ɢ ɧɟ ɦɟɧɹɸɳɢɯɫɹ 

ɭɫɥɨɜɢɹɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ, ɬ.ɟ. ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ 

ɢɡɨɛɚɪɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ, ɨɩɢɫɵɜɚɟɬɫɹ ɫɬɚɰɢɨɧɚɪɧɵɦ 

ɬɪɟɯɦɟɪɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɨɟ ɢɦɟɟɬ ɜɢɞ [191]: 

 qTuc  .     (2.29) 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɬɟɩɥɨɜɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɠɢɞɤɨɣ ɱɚɫɬɢ ɫɥɢɬɤɚ ɨɬɫɭɬɫɬɜɭɟɬ, 

ɚ ɷɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɤɨɧɜɟɤɰɢɹ ɜ (2.29) ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶɸ ɩɪɨɬɹɠɤɢ ɜɫɟɝɨ 

ɫɥɢɬɤɚ ݒ, ɬ.ɟ. ɜ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɜ ɤɨɬɨɪɨɣ ɨɫɶ z ɧɚɩɪɚɜɥɟɧɚ 

ɜɟɪɬɢɤɚɥɶɧɨ ɜɧɢɡ,  ),0,0( vu  . 

ɉɪɢɧɢɦɚɹ ɜ ɪɚɫɱɟɬ ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɮɨɪɦɭ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɥɢɬɤɚ ɢ 

ɭɱɢɬɵɜɚɹ ɟɝɨ ɜɵɬɹɧɭɬɨɫɬɶ ɜ ɨɞɧɨɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ (ɩɨ ɨɫɢ ܱݕ, ɪɢɫ. 2.8), ɡɚɦɟɧɢɦ 

ɪɟɚɥɶɧɨɟ ɬɟɥɨ ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ ɩɥɚɫɬɢɧɨɣ ɬɨɥɳɢɧɨɣ 2R, ɱɬɨ ɩɨɡɜɨɥɢɬ ɩɨɧɢɡɢɬɶ 

ɪɚɡɦɟɪɧɨɫɬɶ ɡɚɞɚɱɢ ɞɨ ɞɜɭɯ. 

ɋɥɟɞɭɸɳɟɟ ɭɩɪɨɳɟɧɢɟ ɡɚɞɚɱɢ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ ɤɨɧɜɟɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɩɪɟɜɨɫɯɨɞɢɬ 
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ɤɨɧɞɭɤɬɢɜɧɭɸ [191, 153]. ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɭɪɚɜɧɟɧɢɟ ɦɟɧɹɟɬ ɫɜɨɣ ɬɢɩ ɫ 

ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɧɚ ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ. 

ȼɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɩɟɪɟɤɪɵɜɚɸɬ ɩɨɝɪɟɲɧɨɫɬɶ, ɜɵɡɜɚɧɧɭɸ 

ɡɚɦɟɧɨɣ ɜ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɪɟɚɥɶɧɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɌɎɏ) 

ɫɬɚɥɢ, ɹɜɥɹɸɳɢɯɫɹ ɮɭɧɤɰɢɹɦɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɢɯ ɫɪɟɞɧɢɦɢ ɩɨɫɬɨɹɧɧɵɦɢ 

ɜɟɥɢɱɢɧɚɦɢ. 

 

Ɋɢɫɭɧɨɤ 2.8. ɉɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ ɫɥɹɛɚ (ɲɢɪɨɤɨɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ). 

 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɲɟɧɚɡɜɚɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɭɪɚɜɧɟɧɢɟ (2.29) ɩɪɢɦɟɬ ɜɢɞ: 
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.     (2.30) 

ɉɟɪɟɯɨɞɹ ɤ ɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɫɜɹɡɚɧɧɨɣ ɫɨ ɫɤɨɪɨɫɬɶɸ 

ɞɜɢɠɟɧɢɹ ɫɥɢɬɤɚ ( vz  ), ɩɨɥɭɱɢɦ ɧɟɫɬɚɰɢɨɧɚɪɧɨɟ ɨɞɧɨɦɟɪɧɨɟ ɭɪɚɜɧɟɧɢɟ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ: 
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,      (2.31) 

ɪɟɲɟɧɢɟɦ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɜɫɟɝɨ ɫɥɢɬɤɚ ),( vxTT  . 



118 

 

Ʉɨɨɪɞɢɧɚɬɚ ɜɵɯɨɞɚ ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ Lz   ɫɜɹɡɚɧɚ ɫɨ ɜɪɟɦɟɧɟɦ ɩɪɨɬɹɠɤɢ 

ɫɥɢɬɤɚ ɱɟɪɟɡ ɧɟɝɨ – vL /*  . 

ɉɨɫɬаɧɨɜɤа ɡаɞаɱɢ. ɍɪɚɜɧɟɧɢɟ (2.11), ɨɩɢɫɵɜɚɸɳɟɟ ɬɟɩɥɨɩɟɪɟɧɨɫ ɜ ɫɥɢɬɤɟ, 

ɞɨɩɨɥɧɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ: ɭɫɥɨɜɢɟɦ ɫɢɦɦɟɬɪɢɢ ɡɚɞɚɱɢ 

0



x

T
 ɩɪɢ  0x      (2.32)  

ɢ ɭɫɥɨɜɢɟɦ ɬɟɩɥɨɨɛɦɟɧɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ 

)( q
x

T





  ɩɪɢ Rx  .   (2.33) 

ɇɚɱɚɥɶɧɨɟ ɭɫɥɨɜɢɟ ɡɚɞɚɟɬɫɹ ɜ ɜɢɞɟ: 

0)0,( TxT  ,     (2.34) 

ɩɪɢɱɟɦ ɨɬɫɱɟɬ ɜɪɟɦɟɧɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɦɨɦɟɧɬɚ ɡɚɥɢɜɤɢ ɫɬɚɥɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ. 

Ɍɟɩɥɨɩɟɪɟɧɨɫ ɜ ɫɥɢɬɤɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɚɝɪɟɝɚɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɜɟɳɟɫɬɜɚ, ɱɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɬɜɟɪɞɨɣ ɤɨɪɨɱɤɢ ɫɨ ɫɬɨɪɨɧɵ ɤɨɧɬɚɤɬɚ 

ɫɥɢɬɤɚ ɫ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɦ ɫ ɦɨɦɟɧɬɚ ɞɨɫɬɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɥɢɬɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. 

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɪɚɡɥɢɱɧɵɯ ɩɨɞɯɨɞɚ ɤ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɩɪɨɰɟɫɫɚ ɩɟɪɟɯɨɞɚ 

ɜɟɳɟɫɬɜɚ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɬɜёɪɞɨɟ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ). ɉɟɪɜɵɣ – ɤɨɝɞɚ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 

ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ, ɹɜɥɹɸɳɟɣɫɹ ɢɡɨɬɟɪɦɨɣ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 

ɮɚɡɨɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ. ɉɨɥɨɠɟɧɢɟ ɷɬɨɣ ɝɪɚɧɢɰɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 

ɢɞɟɚɥɶɧɨɝɨ ɤɨɧɬɚɤɬɚ ɞɜɭɯ ɮɚɡ (ɜ ɨɞɧɨɦɟɪɧɨɦ ɫɥɭɱɚɟ):  
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   (2.35) 

Ʉɪɚɟɜɚɹ ɡɚɞɚɱɚ ɫ ɬɚɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɧɚ ɩɨɞɜɢɠɧɨɣ ɝɪɚɧɢɰɟ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ ɩɨɥɭɱɢɥɚ ɧɚɡɜɚɧɢɟ ɡɚɞɚɱɢ ɋɬɟɮɚɧɚ, ɚ ɭɫɥɨɜɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɜ 

ɩɪɢɜɟɞɟɧɧɨɦ ɜɢɞɟ – ɭɫɥɨɜɢɟ ɋɬɟɮɚɧɚ. 

Ɇɟɠɞɭ ɬɟɦ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ɡɚ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɭɤɚɡɵɜɚɸɬ ɧɚ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɞɜɭɯɮɚɡɧɨɣ ɛɭɮɟɪɧɨɣ ɡɨɧɵ 
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ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ [169]. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ, ɜ ɤɨɬɨɪɨɣ ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɤɚɤ ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɪɚɜɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɥɚɫɫɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɋɬɟɮɚɧɚ 

ɧɚɡɵɜɚɟɬɫɹ ɨɛɨɛɳɟɧɧɨɣ ɩɨɫɬɚɧɨɜɤɨɣ [1]. ɋɨɫɬɨɹɧɢɟ ɞɜɭɯɮɚɡɧɨɣ ɫɦɟɫɢ ɜ ɷɬɨɣ 

ɡɨɧɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɟ ɫɨɫɬɚɜɨɦ (ɧɚɩɪɢɦɟɪ, ɦɚɫɫɨɜɨɣ ɞɨɥɟɣ ɬɜɟɪɞɨɣ ɮɚɡɵ), ɚ ɟɟ 

ɩɨɥɨɠɟɧɢɟ – ɞɜɭɦɹ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ ɟɟ ɢɡɨɬɟɪɦɢɱɟɫɤɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ: 

ɥɢɤɜɢɞɭɫɨɦ ɫɨ ɫɬɨɪɨɧɵ ɠɢɞɤɨɣ ɮɚɡɵ ɢ ɫɨɥɢɞɭɫɨɦ ɫɨ ɫɬɨɪɨɧɵ ɬɜɟɪɞɨɣ. Ɋɚɡɥɢɱɢɟ 

ɜ ɦɨɞɢɮɢɤɚɰɢɹɯ ɬɚɤɨɣ ɨɛɨɛɳɟɧɧɨɣ ɩɨɫɬɚɧɨɜɤɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɡɚɦɵɤɚɸɳɟɦ 

ɡɚɞɚɱɭ ɭɫɥɨɜɢɢ, ɨɩɪɟɞɟɥɹɸɳɟɦ ɫɨɫɬɚɜ ɞɜɭɯɮɚɡɧɨɣ ɫɦɟɫɢ. 

Ɇɨɞɟɥɶ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɦɟɬɨɞɨɦ ɡɚɞɚɧɢɹ 

ɮɭɧɤɰɢɢ ɫɨɫɬɚɜɚ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɦɟɫɢ ɨɩɢɫɚɧɚ ɜ ɩ. 1.2.5. ɉɪɟɢɦɭɳɟɫɬɜɚ ɞɚɧɧɨɣ 

ɦɨɞɟɥɢ ɜ ɬɨɦ, ɱɬɨ ɧɟ ɬɪɟɛɭɟɬɫɹ ɫɝɥɚɠɢɜɚɧɢɹ ɪɚɡɪɵɜɨɜ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɝɪɚɧɢɰɚɯ 

ɡɨɧɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ (ɫɝɥɚɠɢɜɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, 

ɬɟɩɥɨɟɦɤɨɫɬɢ). ɇɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ 

ɜɧɭɬɪɢ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɩɨɫɬɨɹɧɧɚ, ɢ ɧɟ ɭɱɢɬɵɜɚɟɬ ɢɧɬɟɪɜɚɥ ɫɨɥɢɞɭɫ-ɥɢɤɜɢɞɭɫ 

Ɂɚɞɚɱɚ ɨ ɧɚɯɨɠɞɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɜ ɫɥɢɬɤɟ ɡɚ ɜɪɟɦɹ ɟɝɨ 

ɩɪɨɯɨɠɞɟɧɢɹ ɱɟɪɟɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɪɟɲɚɟɬɫɹ ɤɚɤ ɜ ɤɥɚɫɫɢɱɟɫɤɨɣ ɩɨɫɬɚɧɨɜɤɟ 

ɋɬɟɮɚɧɚ, ɬɚɤ ɢ ɜ ɨɛɨɛɳɟɧɧɨɣ ɩɨɫɬɚɧɨɜɤɟ, ɢɞɟɹ ɤɨɬɨɪɨɣ ɢɡɥɨɠɟɧɚ ɜ [33, 34]. 

ȼ [33, 34] ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ *
T  ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɨɫɬɵɜɚɧɢɟ ɠɢɞɤɨɝɨ ɹɞɪɚ ɫɥɢɬɤɚ. ɉɪɢ ɷɬɨɦ 

ɥɢɤɜɢɞɭɫ, ɤɚɤ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ ɬɨɱɟɤ ɧɚɱɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɫɨɜɩɚɞɚɟɬ 

ɫ ɢɡɨɬɟɪɦɨɣ *
T  ɠɢɞɤɨɣ ɫɬɚɥɢ. Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ 

ɩɟɪɟɦɟɳɚɸɳɢɣɫɹ ɥɢɤɜɢɞɭɫ, ɭɦɟɧɶɲɚɟɬ ɷɧɬɚɥɶɩɢɸ ɱɚɫɬɢ ɫɥɢɬɤɚ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ 

ɡɚ ɦɚɥɵɣ ɨɬɪɟɡɨɤ ɜɪɟɦɟɧɢ ɩɪɨɲɥɚ ɢɡɨɬɟɪɦɚ *
T . Эɬɨ ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ 

ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɭɦɟɧɶɲɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɡɚ ɫɱɟɬ ɩɨɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɱɚɫɬɢ 

ɫɥɢɬɤɚ ɞɨ *
T  ɢ ɢɡɦɟɧɟɧɢɹ ɷɧɬɚɥɶɩɢɢ, ɫɜɹɡɚɧɧɨɝɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɟɝɨ ɚɝɪɟɝɚɬɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ, ɩɪɢɱɟɦ ɜ ɬɜɟɪɞɨɟ ɫɨɫɬɨɹɧɢɟ ɩɟɪɟɯɨɞɢɬ ɧɟ ɜɟɫɶ ɨɯɥɚɠɞɟɧɧɵɣ ɞɨ 

ɬɟɦɩɟɪɚɬɭɪɵ *
T  ɦɟɬɚɥɥ, ɚ ɥɢɲɶ ɧɟɤɨɬɨɪɚɹ ɟɝɨ ɱɚɫɬɶ, ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɤɨɬɨɪɨɣ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɛɚɥɚɧɫɨɜɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ. ɉɪɨɞɜɢɠɟɧɢɟ 
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ɥɢɤɜɢɞɭɫɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ ɫɥɢɬɤɚ ɦɟɧɹɟɬ ɧɟ ɬɨɥɶɤɨ ɩɨɥɨɠɟɧɢɟ ɞɜɭɯɮɚɡɧɨɣ 

ɡɨɧɵ, ɧɨ ɢ ɟɟ ɫɨɫɬɚɜ. ɉɪɨɞɜɢɠɟɧɢɟ ɫɨɥɢɞɭɫɚ (ɬɨɠɟ ɜ ɫɬɨɪɨɧɭ ɰɟɧɬɪɚ ɫɥɢɬɤɚ) 

ɜɵɡɜɚɧɨ ɬɟɩɥɨɨɬɜɨɞɨɦ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɨɤɨɧɱɚɬɟɥɶɧɨɣ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɠɢɞɤɨɣ ɮɚɡɵ ɡɨɧɵ. ɍɦɟɧɶɲɟɧɢɟ ɩɟɪɟɯɨɞɧɨɣ ɨɛɥɚɫɬɢ ɡɚ ɫɱɟɬ 

ɩɪɨɞɜɢɠɟɧɢɹ ɫɨɥɢɞɭɫɚ ɧɚ ɫɨɫɬɚɜ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɧɟ ɜɥɢɹɟɬ. Ʉɪɚɟɜɵɟ ɡɚɞɚɱɢ, 

ɨɩɪɟɞɟɥɹɸɳɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ ɜ ɠɢɞɤɨɦ ɹɞɪɟ ɢ ɬɜɟɪɞɨɣ ɨɛɨɥɨɱɤɟ, ɪɟɲɚɸɬɫɹ 

ɫɨɜɦɟɫɬɧɨ, ɬɚɤ ɤɚɤ ɨɫɬɵɜɚɧɢɟ ɠɢɞɤɨɝɨ ɹɞɪɚ ɫɥɢɬɤɚ ɨɩɪɟɞɟɥɹɟɬ ɦɟɧɹɸɳɭɸɫɹ ɜɨ 

ɜɪɟɦɟɧɢ ɦɚɫɫɨɜɭɸ ɞɨɥɸ ɬɜɟɪɞɨɣ ɮɚɡɵ η ɜ ɡɨɧɟ, ɚ ɨɫɬɵɜɚɧɢɟ ɫɥɢɬɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɨɤɨɧɱɚɬɟɥɶɧɭɸ ɤɪɢɫɬɚɥɥɢɡɚɰɢɸ (1-η) ɞɨɥɢ ɠɢɞɤɨɣ ɮɚɡɵ. 

Ɉ ɦɟɬɨɞɟ ɪɟɲɟɧɢя. Ⱦɥɹ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɧɨɜɨɣ 

ɦɨɞɟɥɢ [34, 33] ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟɹɜɧɵɣ ɪɚɡɧɨɫɬɧɵɣ ɦɟɬɨɞ ɉɟɬɭɯɨɜɚ [137]. Ɍɚɤ ɤɚɤ 

ɡɚɞɚɱɚ, ɪɟɲɚɟɦɚɹ ɜ ɫɬɚɬɶɟ ɧɟɥɢɧɟɣɧɚɹ ɜ ɫɢɥɭ ɩɨɞɜɢɠɧɨɫɬɢ ɝɪɚɧɢɰ ɪɚɫɱɟɬɧɨɣ 

ɨɛɥɚɫɬɢ, ɬɨ ɞɥɹ ɟё ɪɟɲɟɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɦɟɬɨɞ ɩɪɨɫɬɨɣ ɢɬɟɪɚɰɢɢ. Ⱦɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɨɱɟɪɟɞɧɨɝɨ ɲɚɝɚ ɩɨ ɜɪɟɦɟɧɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɦɟɬɨɞ 

ɥɨɜɥɢ ɮɪɨɧɬɚ ɜ ɭɡɟɥ ɫɟɬɤɢ [36, 94]. 

ɉɪɢɦɟɪ ɱɢɫɥɟɧɧɨɝɨ ɪаɫɱɟɬа. Ɋɚɫɱёɬ ɩɪɨɢɡɜɨɞɢɥɫɹ ɞɥɹ ɫɤɨɪɨɫɬɢ 

ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ v = 1 ɦ/ɦɢɧ. ȿɳё ɨɞɢɧ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ ɡɚɞɚɱɢ – 

ɩɨɥɭɲɢɪɢɧɚ ɫɥɢɬɤɚ R = 100 ɦɦ. 

ȼ ɪɚɫɱёɬɚɯ ɩɪɢɧɹɬɵ ɛɵɥɢ ɫɥɟɞɭɸɳɢɟ ɌɎɏ: 

 ɩɥɨɬɧɨɫɬɶ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ρ2 = 6080 ɤɝ/ɦ3; 

 ɩɥɨɬɧɨɫɬɶ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ρ1 = 7030 ɤɝ/ɦ3; 

 ɬɟɩɥɨɟɦɤɨɫɬɶ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɫ2 = 687 Ⱦɠ/(ɤɝ ɝɪɚɞ); 

 ɬɟɩɥɨɟɦɤɨɫɬɶ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɫ1 = 686 Ⱦɠ/(ɤɝ ɝɪɚɞ); 

 ɬɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ γ = 220 ɤȾɠ/ɤɝ; 

 ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ T.* = 1480 ⁰C; 

 ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ߣଶ = 28 ȼɬ/(ɦ ɝɪɚɞ); 

 ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ߣଵ = 27 ȼɬ/(ɦ ɝɪɚɞ). 

ɋɬɟɩɟɧɶ ɩɟɪɟɝɪɟɜɚ ɠɢɞɤɨɣ ɫɬɚɥɢ, ɩɨɫɬɭɩɚɸɳɟɣ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɩɪɢɧɹɬɚ 

ɪɚɜɧɨɣ 50 ⁰C, ɬ. ɟ. ɜ (4) T0 = T * + 50 = 1530 ⁰C. 
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Ɉɩɪɟɞɟɥɹɸɳɢɦ ɜ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ (2.33). 

Ɍɟɩɥɨɜɚɹ ɪɚɛɨɬɚ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɨɛɵɱɧɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɪɟɞɧɟɣ qɫɪ  ɢ 

ɥɨɤɚɥɶɧɨɣ q(τ) ɩɥɨɬɧɨɫɬɹɦɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɨ ɜɵɫɨɬɟ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 

Ⱥɧɚɥɢɡ ɢɦɟɸɳɢɯɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɞɚɧɧɵɯ ɩɨɤɚɡɵɜɚɟɬ ɨɬɫɭɬɫɬɜɢɟ ɫɨɝɥɚɫɨɜɚɧɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɷɬɢɯ ɜɟɥɢɱɢɧɚɯ. Ɍɚɤ, ɜ [132] ɩɪɢɜɨɞɢɬɫɹ ɩɨɥɭɱɟɧɧɚɹ ɩɪɢ 

ɨɛɪɚɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɫɥɹɛɨɜ ɫɥɟɞɭɸɳɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɚɹ 

ɮɨɪɦɭɥɚ, ɨɬɪɚɠɚɸɳɚɹ ɜɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ ɢ ɜɵɫɨɬɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɧɚ 

ɫɪɟɞɧɸɸ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ: 

)69.2exp(93.1)365.0exp(9.1 vLqɫɪ  , Ɇȼɬ/ɦ2. (2.35) 

Ɂɚɜɢɫɢɦɨɫɬɶ (2.35) ɫɩɪɚɜɟɞɥɢɜɚ ɞɥɹ ɞɢɚɩɚɡɨɧɚ ɫɤɨɪɨɫɬɟɣ v = 0.6÷1.3 ɦ/ɦɢɧ ɢ 

ɞɥɢɧ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ L = 0.75÷1.2 ɦ. Ɍɚɦ ɠɟ ɞɥɹ ɲɢɪɨɤɢɯ ɫɬɟɧɨɤ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɨɬɥɢɜɤɢ ɫɥɹɛɨɜ ɫɨ ɫɤɨɪɨɫɬɶɸ 1ɦ/ɦɢɧ, 

ɩɪɢɜɨɞɢɬɫɹ ɢ ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɥɨɤɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ: 

503.0)13.3exp(12.1)(  q , Ɇȼɬ/ɦ2.  (2.36) 

Ɋɚɫɫɱɢɬɚɜ qɫɪ ɩɨ ɮɨɪɦɭɥɟ (2.35) ɩɨ ɭɫɥɨɜɢɹɦ ɞɚɧɧɨɝɨ ɩɪɢɦɟɪɚ ɢ ɫɪɟɞɧɸɸ 

ɢɧɬɟɝɪɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɡɚɞɚɧɧɨɝɨ ɮɨɪɦɭɥɨɣ (2.36), ɩɨɥɭɱɢɦ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 1.188 ɢ 0.849 Ɇȼɬ/ɦ2 – ɪɚɫɯɨɠɞɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 40%. 

ȼ [107] ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɤɚɤ ɫɚɦɢɦ 

ɚɜɬɨɪɨɦ, ɬɚɤ ɢ ɜɡɹɬɵɯ ɢɦ ɢɡ ɞɪɭɝɢɯ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɥɨɤɚɥɶɧɚɹ 

ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɡɚɞɚɟɬɫɹ ɜ 

ɫɥɟɞɭɸɳɟɦ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɜɢɞɟ: 
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  , (2.37) 

ɝɞɟ *5.0  ɫɪq . 

ɇɚ ɪɢɫ. 2.9 ɩɪɢɜɟɞɟɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ q(τ), ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɷɬɢɦ ɮɨɪɦɭɥɚɦ 

(2.36) ɢ (2.37), ɩɪɢɱɟɦ ɞɥɹ ɤɨɪɪɟɤɬɧɨɫɬɢ ɫɪɚɜɧɟɧɢɹ qmax ɜ (2.37) ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 

q(0) = 1.623 Ɇȼɬ/ɦ2 ɢɡ (6), ɚ qɫɪ = 0.849 Ɇȼɬ/ɦ2. ɋɪɟɞɧɟɢɧɬɟɝɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ 

ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ (2.37) ɪɚɜɧɚ 0.837 Ɇȼɬ/ɦ2. 
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Ɋɢɫɭɧɨɤ 2.9. ɉɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ: ɫɩɥɨɲɧɚɹ 

ɥɢɧɢɹ – ɚɩɩɪɨɤɫɢɦɚɰɢɹ [132], ɩɭɧɤɬɢɪɧɚɹ – ɞɚɧɧɵɟ, ɩɪɢɜɟɞёɧɧɵɟ ɜ [107]. 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɜ 

ɝɪɚɧɢɱɧɨɦ ɭɫɥɨɜɢɢ (2.33) ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɡɚɞɚɜɚɥɚɫɶ ɩɨ ɮɨɪɦɭɥɚɦ ɢ (2.36), ɢ 

(2.37). ɉɪɨɜɟɞɟɧɧɵɟ ɱɢɫɥɟɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɨɛɟɢɯ ɮɨɪɦɭɥ, ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ. 

ɇɚ ɪɢɫ. 2.10 ɩɪɢɜɟɞɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɫɥɢɬɤɚ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɤɥɚɫɫɢɱɟɫɤɨɣ ɩɨɫɬɚɧɨɜɤɟ ɋɬɟɮɚɧɚ (ɪɢɫ. 2.10a) ɢ ɜ 

ɨɛɨɛɳɟɧɧɨɣ ɩɨɫɬɚɧɨɜɤɟ [33, 34] (ɪɢɫ. 2.10b). ɇɚ ɪɢɫ. 2.10a ɫɪɟɞɧɹɹ ɢɡɨɬɟɪɦɚ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɚ ɧɚ ɪɢɫ. 2.10b ɡɚɲɬɪɢɯɨɜɚɧɧɚɹ 

ɨɛɥɚɫɬɶ – ɡɨɧɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɤɨɬɨɪɨɣ ɪɚɜɧɚ 

1480 ⁰ɋ. 
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Ɋɢɫɭɧɨɤ 2.10. ɂɡɨɬɟɪɦɵ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɫɥɢɬɤɚ ɫ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 1520, 

1480 ɢ 1300 ⁰ɋ. 

 

Ɉɬɥɢɱɢɟ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɦɟɠɞɭ ɞɜɭɦɹ ɪɚɡɧɵɦɢ ɩɨɞɯɨɞɚɦɢ ɤ ɬɟɩɥɨɩɟɪɟɧɨɫɭ ɜ 

ɫɥɢɬɤɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ (z = 1 ɦ) ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 2.11. 

 

Ɋɢɫɭɧɨɤ 2.11. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɥɢɬɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ: 1 – ɡɚɞɚɱɚ 

ɋɬɟɮɚɧɚ, 2 – ɩɨɫɬɚɧɨɜɤɚ [33, 34]. 



124 

 

ɉɨɥɨɠɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɝɪɚɧɢɰ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜɨ 

ɜɪɟɦɟɧɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 2.12. 

 

 

Ɋɢɫɭɧɨɤ 2.12. Ƚɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɫɩɥɚɜɚ: ɫɩɥɨɲɧɵɟ – ɝɪɚɧɢɰɵ ɡɨɧɵ 

ɩɟɪɟɯɨɞɚ (ɥɢɤɜɢɞɭɫ ɢ ɫɨɥɢɞɭɫ) ɢ ɩɭɧɤɬɢɪɧɚɹ – ɥɢɧɢɹ ɪɚɡɞɟɥɚ ɮɚɡ ɩɨ ɋɬɟɮɚɧɭ. 

 

ɂɡ ɪɢɫ. 2.10–2.12 ɜɢɞɧɨ, ɱɬɨ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɬɨɥɳɢɧɚ ɬɜɟɪɞɨɣ 

ɤɨɪɨɱɤɢ ɫɥɢɬɤɚ ɫɨɫɬɚɜɥɹɟɬ 20 ɦɦ ɜ ɤɥɚɫɫɢɱɟɫɤɨɣ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɋɬɟɮɚɧɚ ɢ 

24 ɦɦ ɜ ɩɨɫɬɚɧɨɜɤɟ [33, 34], ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɭɸ ɩɪɨɱɧɨɫɬɶ ɨɛɨɥɨɱɤɢ ɜ 

ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜɚɯ ɡɨɧɵ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜ ɦɚɲɢɧɚɯ ɇɅɁ [132, 

153]. 

ȼ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɚɯ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɬɨɥɳɢɧɵ ɨɛɨɥɨɱɤɢ δ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɡɚɜɢɫɢɦɨɫɬɶ: vLKK /*   . Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

ɭɫɬɚɧɨɜɥɟɧɨ [132], ɱɬɨ ɞɥɹ ɫɥɹɛɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɬɨɥɳɢɧɨɣ 200 ɦɦ ɫɪɟɞɧɹɹ 

ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 23,5÷26,3 ɦɦ·ɦɢɧ-0,5. 

ɉɨɞɫɱɢɬɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɞɚɧɧɨɝɨ ɩɪɢɦɟɪɚ ɢɦɟɟɬ 

ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: ɜ ɡɚɞɚɱɟ ɋɬɟɮɚɧɚ K = 20 ɦɦ·ɦɢɧ-0,5, ɚ ɩɨ ɦɨɞɟɥɢ [33, 34] – K 

= 24 ɦɦ·ɦɢɧ-0,5. 
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2.4.5. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɦɟɬɨɞɨɦ ɡɚɞɚɧɢɹ ɭɫɥɨɜɢɣ 

ɋɬɟɮɚɧɚ ɞɥɹ ɝɪɚɧɢɰ ɨɞɧɨɮɚɡɧɨɣ ɢ ɞɜɭɯɮɚɡɧɨɣ ɨɛɥɚɫɬɟɣ 

 

ɋɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɩɪɟɞɵɞɭɳɟɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ 

ɩɨɫɬɨɹɧɫɬɜɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ. Ȼɨɥɟɟ ɬɨɱɧɵɦ, ɯɨɬɹ ɜɨɡɦɨɠɧɨ 

ɢ ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, ɛɭɞɟɬ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɜɧɭɬɪɢ 

ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɫɩɪɟɞɟɥɟɧɚ ɥɢɧɟɣɧɨ. Ɍɨɝɞɚ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɢɡ 

ɭɫɥɨɜɢɣ ɋɬɟɮɚɧɚ ɞɥɹ ɝɪɚɧɢɰ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɢ ɞɥɹ ɜɧɭɬɪɟɧɧɢɯ ɬɨɱɟɤ ɜɨɡɦɨɠɧɨɣ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢɜɨɞɢɬɫɹ ɤ ɫɢɫɬɟɦɟ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ (ɨɫɬɚɸɬɫɹ ɭɫɥɨɜɢɹ ɋɬɟɮɚɧɚ 

ɞɥɹ ɝɪɚɧɢɰ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ). ɂɡ ɷɬɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜ ɞɜɚ ɷɬɚɩɚ: ɧɚ ɩɟɪɜɨɦ ɮɪɨɧɬɟ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ 

ɧɟɤɨɬɨɪɚɹ ɱɚɫɬɶ ɪɚɫɩɥɚɜɚ, ɧɚ ɜɬɨɪɨɦ ɨɫɬɚɜɲɚɹɫɹ (ɪɢɫ. 2.13). Ɍɨɝɞɚ ɱɚɫɬɶ ɫɤɪɵɬɨɣ 

ɬɟɩɥɨɬɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɵɞɟɥɢɬɫɹ ɧɚ ɩɟɪɜɨɦ ɮɪɨɧɬɟ, ɢ ɨɫɬɚɜɲɚɹɫɹ ɱɚɫɬɶ – ɧɚ 

ɜɬɨɪɨɦ. 

ȿɫɥɢ ɜ ɤɚɤɢɟ-ɬɨ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɪɢɫɭɬɫɬɜɭɸɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɢɡ ɢɧɬɟɪɜɚɥɚ ɥɢɤɜɢɞɭɫ (Tl) – ɫɨɥɢɞɭɫ (Ts), ɬɨ ɭɱɚɫɬɤɢ ɫ ɬɚɤɢɦɢ 

ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɹɜɥɹɸɬɫɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɨɣ. ɇɚ ɝɪɚɧɢɰɚɯ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ 

ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ ɪɚɜɟɧɫɬɜɚ ɬɟɦɩɟɪɚɬɭɪ 

lll
TxTxT 


),(),(   , sss

TxTxT 


),(),(     (2.38) ܶሺ𝜏, ,ݔ ,ݕ −ሻ|௟ݖ = ܶሺ𝜏, ,ݔ ,ݕ +ሻ|௟ݖ = ௟ܶ, ܶሺ𝜏, ,ݔ ,ݕ −ሻ|௦ݖ = ܶሺ𝜏, ,ݔ ,ݕ +ሻ|௦ݖ = ௦ܶ   (2.39) 

ɝɞɟ l – ɝɪɚɧɢɰɚ ɦɟɠɞɭ ɠɢɞɤɨɣ ɮɚɡɨɣ ɢ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɨɣ, l+ – ɫɨ ɫɬɨɪɨɧɵ ɠɢɞɤɨɣ 

ɮɚɡɵ (ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɥɢɤɜɢɞɭɫɚ), l– – ɫɨ ɫɬɨɪɨɧɵ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ (ɧɢɠɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɥɢɤɜɢɞɭɫɚ); ɚɧɚɥɨɝɢɱɧɨ s – ɝɪɚɧɢɰɚ ɦɟɠɞɭ ɬɜёɪɞɨɣ ɮɚɡɨɣ ɢ 

ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɨɣ, s– – ɫɨ ɫɬɨɪɨɧɵ ɬɜёɪɞɨɣ ɮɚɡɵ (ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɥɢɞɭɫɚ), s+ 

– ɫɨ ɫɬɨɪɨɧɵ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ (ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɥɢɞɭɫɚ). 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜ ɞɜɚ ɷɬɚɩɚ: ɩɟɪɜɵɣ ɮɪɨɧɬ – 

ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɧɟɤɨɬɨɪɚɹ ɱɚɫɬɶ ɪɚɫɩɥɚɜɚ, ɜɬɨɪɨɣ – ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɨɫɬɚɜɲɚɹɫɹ 

ɱɚɫɬɶ ɪɚɫɩɥɚɜɚ (ɪɢɫ. 2.13). Ɍɨɝɞɚ ɱɚɫɬɶ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

ɜɵɞɟɥɢɬɫɹ ɧɚ ɩɟɪɜɨɦ ɮɪɨɧɬɟ, ɢ ɨɫɬɚɜɲɚɹɫɹ ɱɚɫɬɶ – ɧɚ ɜɬɨɪɨɦ. 
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ɉɨɥɨɠɟɧɢɟ ɥɢɤɜɢɞɭɫɚ ɬɨɝɞɚ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɭɫɥɨɜɢɟɦ ɋɬɟɮɚɧɚ: ߣሺܶሻ 𝜕்𝜕௡̅|௟− − ሺܶሻߣ 𝜕்𝜕௡̅|௟+ = ௟𝜌௟ߤ ቀ𝜕௟𝜕𝜏 + ሺ𝜏ሻݒ ⋅ 𝜕௟𝜕௭ቁ           (2.40) 

ɜ ɨɞɧɨɦɟɪɧɨɦ ɫɥɭɱɚɟ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɩɪɢɜɹɡɚɧɧɨɣ ɤ ɫɥɢɬɤɭ: ߣሺܶሻ 𝜕்𝜕௫|௟− − ሺܶሻߣ 𝜕்𝜕௫|௟+ = ௟𝜌௟ߤ 𝜕௟𝜕𝜏            (2.41) 

ɝɞɟ ߤ௟ – ɱɚɫɬɶ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɜɵɞɟɥɹɸɳɚɹɫɹ ɧɚ ɮɪɨɧɬɟ 

ɥɢɤɜɢɞɭɫɚ, 𝜌௟  – ɩɥɨɬɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɥɢɤɜɢɞɭɫɚ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɥɨɠɟɧɢɟ ɫɨɥɢɞɭɫɚ ɡɚɞɚёɬɫɹ ɭɫɥɨɜɢɟɦ: ߣሺܶሻ 𝜕்𝜕௡̅|௦− − ሺܶሻߣ 𝜕்𝜕௡̅|௦+ = ௦𝜌௦ߤ ቀ𝜕௦𝜕𝜏 + ሺ𝜏ሻݒ ⋅ 𝜕௦𝜕௭ቁ           (2.42) 

ɜ ɨɞɧɨɦɟɪɧɨɦ ɫɥɭɱɚɟ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɩɪɢɜɹɡɚɧɧɨɣ ɤ ɫɥɢɬɤɭ: ߣሺܶሻ 𝜕்𝜕௫|௦− − ሺܶሻߣ 𝜕்𝜕௫|௦+ = ௦𝜌௦ߤ 𝜕௦𝜕𝜏            (2.43) 

ɝɞɟ ߤ௦  = ௟ߤ  – ߤ   –  ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ, 𝜌௦ – ߤ , 

ɩɥɨɬɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɥɢɞɭɫɚ. Ɂɚɞɚɧɵ ɧɚɱɚɥɶɧɵɟ ɩɨɥɨɠɟɧɢɹ ɥɢɤɜɢɞɭɫɚ ɢ 

ɫɨɥɢɞɭɫɚ. 

 

 

Ɋɢɫɭɧɨɤ 2.13. Ɍɪɢ ɜɨɡɦɨɠɧɵɯ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɢɦ 

ɬɟɦɩɟɪɚɬɭɪɚ 
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2.5. ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 

 

ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɝɪɚɮɢɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱёɬɚ ɩɨ ɩɟɪɟɱɢɫɥɟɧɧɵɦ ɦɨɞɟɥɹɦ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2.14, 2.15. Ɋɚɫɱёɬɧɵɟ ɝɪɚɧɢɰɵ ȾɎɁ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɦɟɬɨɞɚ ɡɚɞɚɧɢɹ ɮɭɧɤɰɢɢ ɫɨɫɬɚɜɚ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɦɟɫɢ ɜ ɫɜɨёɦ ɩɪɨɞɜɢɠɟɧɢɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɨɩɟɪɟɠɚɸɬ ɝɪɚɧɢɰɭ, ɩɨɥɭɱɟɧɧɭɸ ɢɡ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɭɫɥɨɜɢɹ ɋɬɟɮɚɧɚ. 

ȼ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɷɬɨɬ ɞɟɮɟɤɬ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɦɟɬɨɞɟ ɫ ɭɫɥɨɜɢɹɦɢ 

ɋɬɟɮɚɧɚ ɞɥɹ ɞɜɭɯ ɝɪɚɧɢɰ ȾɎɁ, ɩɨɫɤɨɥɶɤɭ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɩɨɫɬɨɹɧɫɬɜɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ȾɎɁ ɜ ɦɟɬɨɞɟ ɡɚɞɚɧɢɹ ɮɭɧɤɰɢɢ ɫɨɫɬɚɜɚ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɦɟɫɢ ɹɜɥɹɟɬɫɹ 

ɛɨɥɟɟ ɝɪɭɛɵɦ, ɱɟɦ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɥɢɧɟɣɧɨɦ ɯɚɪɚɤɬɟɪɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ȾɎɁ ɜ ɦɨɞɟɥɢ ɫ ɭɫɥɨɜɢɹɦɢ ɋɬɟɮɚɧɚ ɞɥɹ ɞɜɭɯ ɝɪɚɧɢɰ ȾɎɁ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɩɨɫɨɛɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɩɨɥɨɠɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ, ɚ ɬɚɤɠɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɷɬɢɯ 

ɫɩɨɫɨɛɨɜ ɞɥɹ ɪɟɲɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 

 

 

Ɋɢɫɭɧɨɤ 2.14. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱёɬɚ ɩɨ ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɋɬɟɮɚɧɚ, 

ɩɨ ɦɟɬɨɞɭ ɡɚɞɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨёɦɤɨɫɬɢ ɢ ɩɨ ɦɨɞɟɥɢ ɫ ɡɚɞɚɧɢɟɦ ɭɫɥɨɜɢɣ 

ɋɬɟɮɚɧɚ ɞɥɹ ɝɪɚɧɢɰ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ. 
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Ɋɢɫɭɧɨɤ 2.15. ɋɪɚɜɧɟɧɢɟ 

ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱёɬɚ ɩɨ 

ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɋɬɟɮɚɧɚ ɢ 

ɩɨ ɦɟɬɨɞɭ ɡɚɞɚɧɢɹ ɮɭɧɤɰɢɢ 

ɫɨɫɬɚɜɚ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɦɟɫɢ. 

 

Ɍɚɛɥɢɰɚ 2.1. Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɦɨɞɟɥɟɣ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ. 
ɇɚɡɜɚɧɢɟ ɉɪɟɢɦɭɳɟɫɬɜɚ ɇɟɞɨɫɬɚɬɤɢ Ɋɟɤɨɦɟɧɞɚɰɢɢ 

Ʉɥɚɫɫɢɱɟɫɤɚɹ 
ɡɚɞɚɱɚ ɋɬɟɮɚɧɚ 

ɞɚёɬ ɝɥɚɞɤɨɟ ɪɟɲɟɧɢɟ 
ɧɚ ɫɟɬɤɟ ɫ ɤɪɭɩɧɵɦ 
ɲɚɝɨɦ, ɛɨɥɶɲɚɹ 
ɫɤɨɪɨɫɬɶ ɪɚɫɱёɬɨɜ, 
ɬɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɩɪɢ ɪɚɫɱёɬɚɯ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɱɢɫɬɵɯ ɦɟɬɚɥɥɨɜ 

ɱɟɦ ɛɨɥɶɲɢɣ 
ɞɢɚɩɚɡɨɧ ɥɢɤɜɢɞɭɫ-

ɫɨɥɢɞɭɫ ɢɦɟɟɬ ɫɩɥɚɜ, 
ɬɟɦ ɧɢɠɟ ɬɨɱɧɨɫɬɶ 
ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 

ɩɨɞɯɨɞɢɬ ɞɥɹ ɩɪɨɝɧɨɡɧɵɯ 
ɦɨɞɟɥɟɣ, ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ, 
ɞɨɩɭɫɤɚɸɳɢɯ 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɟ 
ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɥɨɠɟɧɢɹ 
ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 

Ɇɨɞɟɥɶ 
ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɨɣ 
ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ 

ɩɪɨɫɬɨɬɚ ɜɵɱɢɫɥɟɧɢɣ, 
ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ 
ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ 
ɚɞɟɤɜɚɬɧɨɫɬɢ 
ɪɟɡɭɥɶɬɚɬɨɜ 

ɪɟɡɤɢɟ ɫɤɚɱɤɢ 
ɜɵɱɢɫɥɹɟɦɵɯ 
ɬɟɦɩɟɪɚɬɭɪ ɩɪɢ 
ɩɟɪɟɯɨɞɚɯ ɝɪɚɧɢɰ 
ɱɟɪɟɡ ɪɚɫɱёɬɧɵɟ 
ɭɡɥɵ, ɧɟɜɨɡɦɨɠɧɨɫɬɶ 
ɜɵɱɢɫɥɟɧɢɹ ɜɟɥɢɱɢɧ, 
ɫɜɹɡɚɧɧɵɯ ɫ 
ɩɪɨɢɡɜɨɞɧɵɦɢ 

ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɪɟɠɢɦɟ 
ɨɮɥɚɣɧ ɧɚ ɫɟɬɤɚɯ ɫ ɦɟɥɤɢɦ 
ɲɚɝɨɦ; ɧɟɩɪɢɟɦɥɟɦɚ ɞɥɹ 
ɩɪɨɝɧɨɡɧɵɯ ɦɨɞɟɥɟɣ; 
ɧɟɩɪɢɝɨɞɧɚ ɞɥɹ ɪɚɫɱёɬɨɜ 
ɩɪɢ ɭɡɤɨɦ ɞɢɚɩɚɡɨɧɟ 
ɥɢɤɜɢɞɭɫ-ɫɨɥɢɞɭɫ 

Ɇɟɬɨɞ ɡɚɞɚɧɢɹ 
ɮɭɧɤɰɢɢ ɫɨɫɬɚɜɚ 
ɝɟɬɟɪɨɝɟɧɧɨɣ 
ɫɦɟɫɢ 

ɧɟ ɬɪɟɛɭɟɬɫɹ 
ɫɝɥɚɠɢɜɚɧɢɹ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɧɚ 
ɝɪɚɧɢɰɚɯ ɡɨɧɵ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 

ɛɨɥɶɲɚɹ 
ɩɨɝɪɟɲɧɨɫɬɶ, 
ɫɜɹɡɚɧɧɚɹ ɫ 
ɩɪɟɞɩɨɥɨɠɟɧɢɟɦ ɨ 
ɬɨɦ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ 
ɜɧɭɬɪɢ ɞɜɭɯɮɚɡɧɨɣ 
ɡɨɧɵ ɩɨɫɬɨɹɧɧɚ 

ɩɨɞɯɨɞɢɬ ɞɥɹ ɪɚɫɱёɬɨɜ ɩɪɢ 
ɭɡɤɨɦ ɞɢɚɩɚɡɨɧɟ ɥɢɤɜɢɞɭɫ-

ɫɨɥɢɞɭɫ 

Ɇɟɬɨɞ ɡɚɞɚɧɢɹ 
ɭɫɥɨɜɢɣ ɋɬɟɮɚɧɚ 
ɞɥɹ ɝɪɚɧɢɰ 
ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ 

ɝɥɚɞɤɨɟ ɪɟɲɟɧɢɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɝɨ 
ɚɧɚɥɨɝɚ ɩɨɫɬɚɜɥɟɧɧɨɣ 
ɡɚɞɚɱɢ ɧɚ ɪɚɡɧɨɫɬɧɨɣ 
ɫɟɬɤɟ ɫ ɥɸɛɵɦ ɲɚɝɨɦ 
ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɭ 

 

ɩɨɝɪɟɲɧɨɫɬɶ 
ɜɵɱɢɫɥɟɧɢɣ 
ɫɜɹɡɚɧɧɚɹ ɫ 
ɩɪɟɞɩɨɥɨɠɟɧɢɟɦ ɨ 
ɥɢɧɟɣɧɨɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜ 
ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɟ 

ɩɪɢɝɨɞɟɧ ɞɥɹ ɩɪɨɝɧɨɡɧɨɣ 
ɦɨɞɟɥɢ, ɪɚɫɫɱɢɬɵɜɚɸɳɟɣ 
ɬɟɩɥɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɧɚ 
ɝɨɪɢɡɨɧɬɟ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɫɨ ɫɤɨɪɨɫɬɶɸ ɜ ɧɟɫɤɨɥɶɤɨ 
ɪɚɡ ɩɪɟɜɵɲɚɸɳɟɣ ɪɟɠɢɦ 
ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 
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2.6. ȼɵɜɨɞɵ  

 

ȼ ɝɥɚɜɟ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɫɭɳɟɫɬɜɭɸɳɢɟ ɢ ɜɧɨɜɶ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɦɟɬɨɞɵ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ. 

Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɚɫɱёɬɨɜ, ɩɪɨɢɡɜɨɞɢɦɵɯ ɩɨ ɦɨɞɟɥɹɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, 

ɜɤɥɸɱɚɸɳɢɦ ɭɫɥɨɜɢɹ ɋɬɟɮɚɧɚ, ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɪɚɫɱёɬɚ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ 

ɪɚɡɞɟɥɚ ɮɚɡ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɭɡɥɚɯ ɜɛɥɢɡɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ 

ɪɚɜɧɨɦɟɪɧɨɦɭ ɲɚɛɥɨɧɭ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɬɨɬ ɠɟ ɲɚɝ ɩɨ ɜɪɟɦɟɧɢ, 

ɱɬɨ ɢ ɞɥɹ ɨɫɧɨɜɧɨɣ ɹɜɧɨɣ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ, ɩɪɢɦɟɧɹɟɦɨɣ ɩɪɢ ɪɚɫɱёɬɚɯ 

ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ. Ɋɚɡɪɚɛɨɬɚɧ ɫɩɨɫɨɛ ɜɵɱɢɫɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɡɚɞɚɱɟ ɋɬɟɮɚɧɚ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱёɬɵ ɜ 

ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɛɵɫɬɪɟɟ, ɱɟɦ ɜ ɪɟɚɥɶɧɨɦ ɪɟɠɢɦɟ ɜɪɟɦɟɧɢ, ɱɬɨ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɫɢɫɬɟɦɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɩɪɨɰɟɫɫɨɦ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ. 

Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ 

ɡɚɝɨɬɨɜɤɢ ɫ ɧɚɥɢɱɢɟɦ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɫɥɨɜɢɣ ɋɬɟɮɚɧɚ ɢ 

ɧɨɜɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɩɨɡɜɨɥɹɸɳɢɣ 

ɪɚɫɫɱɢɬɵɜɚɬɶ ɬɨɥɳɢɧɭ ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɨɛɨɥɨɱɤɢ ɫɥɢɬɤɚ ɢ ɞɥɢɧɭ ɠɢɞɤɨɣ ɮɚɡɵ 

ɜɞɨɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɢ, ɚ ɬɚɤɠɟ ɫɤɨɪɨɫɬɢ ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦ ɢ ɝɪɚɧɢɰ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɢ ɝɪɚɞɢɟɧɬɵ ɬɟɦɩɟɪɚɬɭɪ ɜɛɥɢɡɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɪɢ 

ɫɬɚɰɢɨɧɚɪɧɵɯ ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɠɢɦɚɯ ɪɚɡɥɢɜɤɢ. 

ɉɪɨɜɟɞɟɧɨ ɫɢɫɬɟɦɧɨɟ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫ 

ɪɚɫɱёɬɨɦ ɝɪɚɧɢɰ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɨ ɭɫɥɨɜɢɹɦ ɋɬɟɮɚɧɚ, ɩɨ ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɨɣ 

ɦɨɞɟɥɢ, ɩɨ ɦɟɬɨɞɭ ɜɜɟɞɟɧɢɹ ɮɭɧɤɰɢɢ ɫɨɫɬɚɜɚ ɝɟɬɟɪɨɝɟɧɧɨɣ ɦɟɫɢ, ɚ ɬɚɤɠɟ ɩɨ 

ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ ɧɨɜɨɦɭ ɦɟɬɨɞɭ ɧɚɯɨɠɞɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɜɧɭɬɪɢ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɜɵɛɢɪɚɬɶ ɫɬɪɭɤɬɭɪɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɧɚɢɛɨɥɟɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɬɪɟɛɨɜɚɧɢɹɦ ɤɨɧɤɪɟɬɧɨɣ ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ, ɜ 

ɱɚɫɬɧɨɫɬɢ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɞɥɹ ɩɪɨɝɧɨɡɧɵɯ ɦɨɞɟɥɟɣ, ɜɵɱɢɫɥɟɧɢɟ ɩɪɨɢɡɜɨɞɧɵɯ ɩɪɢ 

ɪɚɫɱёɬɚɯ ɫɤɨɪɨɫɬɟɣ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɢɥɢ ɢɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, 

ɡɚɦɟɳɚɸɳɟɟ ɧɚɬɭɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ. 
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ȽɅȺȼȺ 3 

 

ɉɊɈȽɇɈɁɇȺə ɆɈȾȿɅɖ ȾɅə ɈɉɊȿȾȿɅȿɇɂə ɊȺɐɂɈɇȺɅɖɇɕɏ 

ɉȺɊȺɆȿɌɊɈȼ ɈɏɅȺɀȾȿɇɂə ɄɊɂɋɌȺɅɅɂɁȺɌɈɊȺ 

 

 

 

ȼ ɝɥɚɜɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɬɟɩɥɨɜɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɡɨɧɟ 

ɩɟɪɜɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɆɇɅɁ – ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɟɬɨɞɵ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɫ ɢɯ ɩɨɦɨɳɶɸ ɪɚɰɢɨɧɚɥɶɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɨɯɥɚɠɞɟɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. ȼ ɩɟɪɜɨɦ ɩɚɪɚɝɪɚɮɟ ɞɚɧɚ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɡɭɱɚɟɦɵɯ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ 

ɆɇɅɁ. ȼɨ ɜɬɨɪɨɦ ɩɚɪɚɝɪɚɮɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 

ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɢ ɫɬɟɧɨɤ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. Ɇɨɞɟɥɶ ɭɱɢɬɵɜɚɟɬ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɧɚɥɢɱɢɟ ɡɚɡɨɪɚ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɥɢɬɤɚ ɢ ɫɬɟɧɤɨɣ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɯɚɪɚɤɬɟɪ ɜɨɞɹɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ.  ȼ ɬɪɟɬɶɟɦ 

ɩɚɪɚɝɪɚɮɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨ 

ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɦɨɞɟɥɹɦ. ȼ ɱɟɬɜёɪɬɨɦ ɩɚɪɚɝɪɚɮɟ ɢɡɥɨɠɟɧɵ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ 

ɪɚɰɢɨɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɯɥɚɠɞɟɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. ɉɹɬɵɣ ɩɚɪɚɝɪɚɮ 

ɫɨɞɟɪɠɢɬ ɜɵɜɨɞɵ ɩɨ ɝɥɚɜɟ. 

 

  



131 

 

3.1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ 

 

Ʉɪɢɫɬɚɥɥɢɡɚɬɨɪ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɢɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɆɇɅɁ. Ɉɧ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɨɞɨɨɯɥɚɠɞɚɟɦɭɸ ɮɨɪɦɭ [109], ɜ ɤɨɬɨɪɭɸ ɡɚɥɢɜɚɟɬɫɹ ɠɢɞɤɢɣ 

ɦɟɬɚɥɥ ɢ ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɬɜɟɪɞɨɣ ɤɨɪɨɱɤɢ ɩɨ ɩɟɪɢɦɟɬɪɭ ɫɟɱɟɧɢɹ 

ɡɚɝɨɬɨɜɤɢ (ɪɢɫ 3.1). Ɍɟɩɥɨɬɚ, ɜɵɞɟɥɹɸɳɚɹɫɹ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ, 

ɨɬɜɨɞɢɬɫɹ ɱɟɪɟɡ ɦɟɬɚɥɥɢɱɟɫɤɭɸ, ɤɚɤ ɩɪɚɜɢɥɨ, ɦɟɞɧɭɸ ɫɬɟɧɤɭ [86, 158]. 

Ɂɚɬɜɟɪɞɟɜɲɚɹ ɩɨ ɩɟɪɢɦɟɬɪɭ ɡɚɝɨɬɨɜɤɚ ɜɵɬɹɝɢɜɚɟɬɫɹ ɢɡ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɡɚɥɢɜɤɟ 

(ɱɚɳɟ ɜɫɟɝɨ ɧɢɠɧɟɣ) ɱɚɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɜ ɡɨɧɭ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ). 

 

Ɋɢɫɭɧɨɤ 3.1. ɋɯɟɦɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɜɧɭɬɪɢ 

ɜɨɞɨɨɯɥɚɠɞɚɟɦɨɝɨ  ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɩɨ ɜɵɯɨɞɭ ɢɡ ɧɟɝɨ 

 

ȼ ɡɨɧɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɨɬɜɨɞɢɬɫɹ ɨɬ 10% ɞɨ 30% ɜɫɟɝɨ ɬɟɩɥɚ, ɨɬɜɨɞɢɦɨɝɨ ɨɬ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɜ ɆɇɅɁ [160]. Ɍɟɩɥɨ ɨɬ ɫɥɢɬɤɚ ɱɟɪɟɡ ɦɟɞɧɵɟ ɫɬɟɧɤɢ 

ɩɟɪɟɞɚёɬɫɹ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɟ. Ɉɯɥɚɠɞɚɸɳɚɹ ɜɨɞɚ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɞɜɢɠɟɬɫɹ ɩɨ 
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ɤɚɧɚɥɚɦ ɜɧɭɬɪɢ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɨɬ ɧɢɠɧɟɝɨ ɤɨɥɥɟɤɬɨɪɚ ɤ ɜɟɪɯɧɟɦɭ, ɢ 

ɨɬɛɢɪɚɹ ɬɟɩɥɨ ɨɬ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɩɥёɧɨɱɧɨɝɨ ɪɟɠɢɦɚ 

ɤɢɩɟɧɢɹ ɢ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɡɚɫɨɪɟɧɢɹ ɤɚɧɚɥɨɜ ɧɚɤɢɩɶɸ, ɜɨɞɚ ɞɜɢɠɟɬɫɹ ɫ ɛɨɥɶɲɨɣ 

ɫɤɨɪɨɫɬɶɸ (ɞɥɹ ɫɥɹɛɚ ɫɟɱɟɧɢɟɦ 200ɯ1000 ɫɤɨɪɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 8,3 

ɦ/ɫ). Ɍɟɩɥɨɜɨɣ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɤɚɧɚɥɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ 

ɧɚ ɜɵɯɨɞɟ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 4,5 – 9,6ɨɋ. Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ 

ɫɥɹɛɨɜɨɣ ɆɇɅɁ ɫɨɫɬɚɜɥɹɟɬ 300-350 ɦ3/ɱɚɫ. 

Ɍɟɩɥɨɫɴёɦ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤ, ɱɬɨɛɵ ɧɚ ɭɪɨɜɧɟ ɦɟɧɢɫɤɚ, 

ɠɢɞɤɢɣ ɦɟɬɚɥɥ, ɤɨɫɧɭɜɲɢɫɶ ɦɟɞɧɨɣ ɫɬɟɧɤɢ, ɫɪɚɡɭ ɠɟ ɤɪɢɫɬɚɥɥɢɡɨɜɚɥɫɹ. Ⱦɥɹ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɥɨɫɤɨɝɨ ɫɥɢɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ [167], ɱɬɨ ɠɢɞɤɢɣ 

ɦɟɬɚɥɥ ɧɟ ɤɚɫɚɟɬɫɹ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. Ɂɚɬɜɟɪɞɟɜɚɧɢɟ ɧɚɱɢɧɚɟɬɫɹ ɭɠɟ ɧɚ 

ɜɵɩɭɤɥɨɣ ɱɚɫɬɢ ɦɟɧɢɫɤɚ (ɪɢɫ. 3.2), ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɦɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ, ɧɚɩɪɢɦɟɪ ɜ [160, 227]. 

Ɂɚɬɜɟɪɞɟɜɚɸɳɢɣ ɪɚɫɩɥɚɜ ɫɨɞɟɪɠɢɬ ɬɪɢ ɨɫɧɨɜɧɵɟ ɡɨɧɵ – ɬɜёɪɞɭɸ, ɠɢɞɤɭɸ ɢ 

ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɦɟɠɞɭ ɧɢɦɢ ɞɜɭɯɮɚɡɧɭɸ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɫɦɟɫɢ ɡɚɬɜɟɪɞɟɜɲɢɯ 

ɤɪɢɫɬɚɥɥɨɜ ɢ ɠɢɞɤɨɣ ɮɚɡɵ. ȼ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɥɢɤɜɢɞɭɫɚ – ɫɨɥɢɞɭɫɚ 

ɧɚɛɥɸɞɚɟɬɫɹ ɡɚɪɨɠɞɟɧɢɟ ɢ ɪɨɫɬ ɤɪɢɫɬɚɥɥɨɜ. ɇɚ ɪɢɫ. 3.2. ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ 

ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɜɛɥɢɡɢ ɦɟɧɢɫɤɚ, ɩɪɢɜɟɞёɧɧɵɟ ɜ [160].  

ɉɨ ɞɥɢɧɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɜɵɞɟɥɹɟɬɫɹ ɞɜɟ ɯɚɪɚɤɬɟɪɧɵɟ ɡɨɧɵ [104]. ȼ ɜɟɪɯɧɟɣ 

ɱɚɫɬɢ ɤɨɧɬɚɤɬ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɥɢɬɤɚ ɢ ɫɬɟɧɤɨɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɧɚɢɛɨɥɟɟ 

ɩɥɨɬɧɵɣ. ɗɬɭ ɡɨɧɭ ɦɨɠɧɨ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ ɡɨɧɭ ɩɨɜɵɲɟɧɧɨɝɨ ɬɟɩɥɨɫɴёɦɚ. ɉɨ 

ɦɟɪɟ ɩɪɨɞɜɢɠɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɢ ɭɜɟɥɢɱɟɧɢɹ ɬɨɥɳɢɧɵ ɬɜёɪɞɨɣ ɤɨɪɨɱɤɢ ɜ ɫɜɹɡɢ ɫ 

ɭɫɚɞɤɨɣ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɦɟɬɚɥɥɚ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɥɢɬɤɚ 

ɭɦɟɧɶɲɚɟɬɫɹ, ɢ ɦɟɠɞɭ ɫɬɟɧɤɚɦɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɫɥɢɬɤɨɦ ɩɨɹɜɥɹɟɬɫɹ ɡɚɡɨɪ, 

ɡɚɩɨɥɧɟɧɧɵɣ ɫɦɟɫɶɸ ɲɥɚɤɨɜɨɝɨ ɝɚɪɧɢɫɫɚɠɚ ɢ ɜɨɡɞɭɯɚ ɢ ɭɯɭɞɲɚɸɳɢɣ 

ɬɟɩɥɨɨɬɞɚɱɭ. Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɜɵɩɨɥɧɹɸɬɫɹ 

ɫ ɭɱёɬɨɦ ɭɫɚɞɤɢ ɦɟɬɚɥɥɚ. Ɉɞɧɚɤɨ ɩɨɥɧɨɫɬɶɸ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɡɚɡɨɪɚ ɧɟ ɭɞɚёɬɫɹ. 

Ɉɫɬɚɸɬɫɹ ɦɢɤɪɨɡɚɡɨɪɵ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɥɢɬɤɚ ɢ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. ɉɨɷɬɨɦɭ ɜ ɪɚɫɱёɬɚɯ ɜɜɨɞɹɬ ɩɨɧɹɬɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɵ 

ɡɚɡɨɪɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɝɪɚɧɢɰɟ ɫɥɢɬɤɚ ɢ 
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ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɫɪɟɞɢɧɵ ɲɢɪɨɤɨɣ ɝɪɚɧɢ 

ɫɥɢɬɤɚ ɦɟɠɞɭ ɫɬɟɧɤɚɦɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɚɝɨɬɨɜɤɢ ɜɫɟɝɞɚ 

ɫɭɳɟɫɬɜɭɟɬ ɢɦɟɧɧɨ ɜɵɲɟɭɩɨɦɹɧɭɬɵɣ ɦɢɤɪɨɡɚɡɨɪ, ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɤɨɬɨɪɨɦɭ ɧɟ 

ɩɨɡɜɨɥɹɟɬ ɮɟɪɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɩɥɨɬɧɨ ɩɪɢɠɢɦɚɸɳɟɟ ɬɜɟɪɞɭɸ ɨɛɨɥɨɱɤɭ ɤ 

ɫɬɟɧɤɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 

 

 

Ɋɢɫɭɧɨɤ 3.2. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɜɛɥɢɡɢ ɦɟɧɢɫɤɚ, (ºɋ): I – ɫɵɩɭɱɚɹ 

ɲɥɚɤɨɨɛɪɚɡɭɸɳɚɹ ɫɦɟɫɶ, II – ɠɢɞɤɢɣ ɲɥɚɤ, III – ɠɢɞɤɚɹ ɫɬɚɥɶ, IV – ɬɜёɪɞɚɹ 

ɤɨɪɨɱɤɚ, V – ɫɬɟɧɤɚ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ [160]. 

 

 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɜɟɪɯɧɟɣ ɤɪɨɦɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɞɨ ɭɪɨɜɧɹ ɠɢɞɤɨɣ ɫɬɚɥɢ 

ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 150 – 250ɦɦ. ɉɨɞɞɟɪɠɚɧɢɟ ɭɪɨɜɧɹ ɦɟɬɚɥɥɚ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɹɜɥɹɟɬɫɹ ɨɬɞɟɥɶɧɨɣ, ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ. ȼ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɫɨɡɞɚɧɵ ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɪɨɜɧɹ ɦɟɬɚɥɥɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ 

ɭɫɬɚɧɨɜɤɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɤɢ (ɍɇɊɋ), ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɭɞɟɪɠɢɜɚɬɶ 

ɡɚɞɚɧɧɵɣ ɭɪɨɜɟɧɶ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 1ɦɦ. 

Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɪɢɥɢɩɚɧɢɹ ɫɥɢɬɤɚ ɤ ɜɧɭɬɪɟɧɧɢɦ ɩɨɜɟɪɯɧɨɫɬɹɦ ɫɬɟɧɨɤ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɫɨɜɟɪɲɚɟɬ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ ɜɞɨɥɶ ɨɫɢ 

ɫɥɢɬɤɚ. Ⱥɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɫɨɜɪɟɦɟɧɧɵɯ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɫɨɫɬɚɜɥɹɟɬ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 2 – 4 ɦɦ. 
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Ɍɟɩɥɨɜɨɣ ɪɟɠɢɦ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ [104] ɞɨɥɠɟɧ ɛɵɬɶ ɨɪɝɚɧɢɡɨɜɚɧ ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɬɨɥɳɢɧɚ ɡɚɬɜɟɪɞɟɜɲɟɣ ɨɛɨɥɨɱɤɢ 

ɫɥɢɬɤɚ ɛɵɥɚ ɛɵ ɞɨɫɬɚɬɨɱɧɚ, ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɩɪɨɪɵɜ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ. ɉɪɢ ɷɬɨɦ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɟɩɥɨɨɬɜɨɞɚ ɩɨ ɩɟɪɢɦɟɬɪɭ ɢ ɞɥɢɧɟ ɫɥɢɬɤɚ ɞɨɥɠɧɨ 

ɛɵɬɶ ɬɚɤɢɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɨɬɫɭɬɫɬɜɢɟ ɧɟɞɨɩɭɫɬɢɦɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɤɨɬɨɪɵɟ 

ɦɨɝɥɢ ɛɵ ɩɪɢɜɟɫɬɢ ɤ ɩɨɹɜɥɟɧɢɸ ɬɪɟɳɢɧ. 

ɂɡɭɱɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ ɡɚɝɨɬɨɜɤɨɣ ɢ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɦ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ, ɬ.ɤ. ɨɬ ɧɢɯ ɡɚɜɢɫɢɬ ɫɤɨɪɨɫɬɶ 

ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɢ ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ ɩɨɞɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨёɜ 

ɡɚɝɨɬɨɜɤɢ. 

 

3.2. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 

 

ɉɪɨɰɟɫɫ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɩɪɢɜɹɡɚɧɧɨɣ ɤ ɤɨɧɫɬɪɭɤɰɢɢ 

ɆɇɅɁ (ɪɢɫ.3.3). Ʉɨɧɜɟɤɬɢɜɧɨ-ɤɨɧɞɭɤɬɢɜɧɵɣ ɩɟɪɟɧɨɫ ɬɟɩɥɨɬɵ ɜ ɧɟɩɪɟɪɵɜɧɨɦ 

ɫɥɢɬɤɟ ɜɧɭɬɪɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɨɩɢɫɵɜɚɟɬɫɹ ɧɟɥɢɧɟɣɧɵɦ ɧɟɫɬɚɰɢɨɧɚɪɧɵɦ 

ɭɪɚɜɧɟɧɢɟɦ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ (2.3).  

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɪɚɡɥɢɜɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɞ ɲɥɚɤɨɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɡɟɪɤɚɥɚ ɪɚɫɩɥɚɜɚ ɫɱɢɬɚɟɬɫɹ ɪɚɜɧɵɦ ɧɭɥɸ. 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɨɯɥɚɠɞɟɧɢɟ ɫɢɦɦɟɬɪɢɱɧɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɨɫɟɜɵɯ 

ɩɪɨɞɨɥɶɧɵɯ ɫɟɱɟɧɢɣ ɫɥɢɬɤɚ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɡɚɩɢɫɵɜɚɸɬɫɹ ɤɚɤ ɪɚɜɟɧɫɬɜɨ 

ɧɭɥɸ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ (2.4). 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɜɧɭɬɪɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 

ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɫ ɭɱɟɬɨɦ ɧɚɥɢɱɢɹ ɡɚɡɨɪɚ ɦɟɠɞɭ ɫɥɢɬɤɨɦ ɢ ɫɬɟɧɤɚɦɢ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. Ɂɚɡɨɪ ɨɛɪɚɡɭɟɬɫɹ ɡɚ ɫɱɟɬ ɲɟɪɨɯɨɜɚɬɨɫɬɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɢ 

ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. ɑɚɫɬɢɱɧɨ ɨɧ ɡɚɩɨɥɧɟɧ ɲɥɚɤɨɜɵɦ 

ɝɚɪɧɢɫɚɠɟɦ, ɱɚɫɬɢɱɧɨ -- ɝɚɡɨɜɵɦɢ ɜɤɥɸɱɟɧɢɹɦɢ. ȿɫɥɢ ɩɪɟɞɫɬɚɜɢɬɶ ɜɟɥɢɱɢɧɭ ɢ 

ɫɨɞɟɪɠɢɦɨɟ ɡɚɡɨɪɚ ɜ ɜɢɞɟ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɜɨɡɦɨɠɧɵɦ, ɜɜɨɞɹɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɷɮɮɟɤɬɢɜɧɵɟ (ɨɫɪɟɞɧёɧɧɵɟ) ɜɟɥɢɱɢɧɚ 

ɡɚɡɨɪɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ȼ ɫɥɭɱɚɟ ɧɚɥɢɱɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨ 
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ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɜɟɥɢɱɢɧɵ ɡɚɡɨɪɚ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ, 

ɩɨɫɬɨɹɧɧɭɸ 𝛿 (ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɡɚɡɨɪɚ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɥɢɬɤɚ ɢ 

ɫɬɟɧɤɨɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ) ɜ ɫɥɟɞɭɸɳɟɦ ɭɪɚɜɧɟɧɢɢ ɡɚɦɟɧɹɸɬ ɮɭɧɤɰɢɟɣ. 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɜɞɨɥɶ ɲɢɪɨɤɨɣ ɝɪɚɧɢ ɢɦɟɸɬ ɜɢɞ: 𝜆ሺܶሻ ௫=௟|ݔ��ܶ�� = 𝜆𝑔𝛿 ሺܶ|௫=௟+𝛿 − ܶ|௫=௟ሻ + 𝜎௡ [ቆܶ|௫=௟+𝛿ͳͲͲ ቇସ − ቆܶ|௫=௟ͳͲͲ ቇସ]Ͳ < ݕ ≤ ,ݓ Ͳ < ݖ ≤ 𝑍,  (3.1) 

ɝɞɟ 𝜆𝑔 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɦɟɫɢ ɲɥɚɤɨɜɨɝɨ ɝɚɪɧɢɫɚɠɚ ɢ ɜɨɡɞɭɯɚ ɜ 

ɡɚɡɨɪɟ, ܶ|௫=௟ –  ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ, ܶ|௫=௟+𝛿 – ɬɟɦɩɟɪɚɬɭɪɚ 

ɤɚɫɚɸɳɟɣɫɹ ɫɥɢɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, 𝜎௡ – ɩɪɢɜɟɞёɧɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ. Ⱥɧɚɥɨɝɢɱɧɨ ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɭɫɥɨɜɢɹ ɞɥɹ ɭɡɤɨɣ ɝɪɚɧɢ 

ɫɥɢɬɤɚ. 

 

 

Ɋɢɫɭɧɨɤ 3.3. ɋɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɨɛɥɚɫɬɢ.  

1 - ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɫɥɢɬɤɚ, 2 - ɲɢɪɨɤɚɹ ɫɬɟɧɤɚ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, 3 - 

ɭɡɤɚɹ ɫɬɟɧɤɚ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, 4 - ɮɨɪɫɭɧɤɢ, ɩɨɞɚɸɳɢɟ ɜɨɞɨ-ɜɨɡɞɭɲɧɭɸ 

ɫɦɟɫɶ, 5 - ɨɩɨɪɧɨ-ɩɪɢɜɨɞɧɵɟ ɪɨɥɢɤɢ. 
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ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɫɬɟɧɤɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɭɱɢɬɵɜɚɟɬ 

ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɚ ɫɬɟɧɤɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

[179]: 𝜕ܶሺ𝜏, ,ݔ ሻ𝜕𝜏ݖ = ͳܿ௠ሺܶሻ𝜌௠ሺܶሻ { ݔ�𝜕� [𝜆௠ሺܶሻ [ݔ��ܶ�� + ݖ�𝜕� [𝜆௠ሺܶሻ ଴ݖ{[ݖ��ܶ�� < ݖ < 𝑍, ݈ + 𝛿 < ݔ < ݈ + 𝛿 + ݀,  (3.2) 

ɝɞɟ 𝜆௠ሺܶሻ, ܿ௠ሺܶሻ, 𝜌௠ሺܶሻ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɬɟɩɥɨёɦɤɨɫɬɶ, ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ 

ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ; ݀ – ɬɨɥɳɢɧɚ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɞɨ ɜɨɞɹɧɵɯ 

ɤɚɧɚɥɨɜ. ݈, ݓ – ɯɚɪɚɤɬɟɪɧɵɟ ɪɚɡɦɟɪɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ (ɪɢɫ. 3.3); ݖ଴ – ɜɵɫɨɬɚ 

ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɧɚɞ ɭɪɨɜɧɟɦ ɪɚɫɩɥɚɜɚ; ݖ ∈ ሺͲ, 𝑍ሻ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɱɚɫɬɤɭ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɨɛɪɚɳɟɧɧɨɣ ɤ ɫɥɢɬɤɭ ɧɢɠɟ ɭɪɨɜɧɹ ɦɟɧɢɫɤɚ, ݖ ∈ ሺݖ଴, Ͳሻ – ɭɱɚɫɬɤɭ ɜɵɲɟ ɭɪɨɜɧɹ ɦɟɧɢɫɤɚ. 

Ⱥɧɚɥɨɝɢɱɧɨ ɡɚɞɚёɬɫɹ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɞɪɭɝɨɣ ɫɬɟɧɤɢ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ: 

- ɩɨɜɟɪɯɧɨɫɬɶ, ɨɛɪɚɳɟɧɧɚɹ ɤ ɜɨɞɟ: 𝜆௠ሺܶሻ ௫=௟+𝛿+ௗ|ݔ��ܶ�� = 𝛼вሺ вܶ − ܶ|௫=௟+𝛿+ௗሻ,𝜆௠ሺܶሻ ௬=௪+𝛿+ௗ|ݕ��ܶ�� = 𝛼в( вܶ − ܶ|௬=௪+𝛿+ௗ), ݖ଴ < ݖ < 𝑍, 
(3.3) 

ɝɞɟ 𝛼в – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɤ ɜɨɞɟ; вܶ – 

ɬɟɦɩɟɪɚɬɭɪɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɤɚɧɚɥɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ; 

- ɧɚ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫɬɟɧɨɤ: 𝜆௠ሺܶሻ 𝜕𝑇𝜕௭|௭=𝑍 = 𝛼ଶ(ܶˑ к˓.˔˓.ଶ − ܶ|௭=𝑍),   ݈ < ݔ < ݀, − 𝜆௠ሺܶሻ 𝜕𝑇𝜕௭|௭=௭బ = 𝛼ଷ(ܶˑ к˓.˔˓.ଷ − ܶ|௭=௭బ),  ݈ < ݔ < ݀, (3.4) 

ɝɞɟ 𝛼ଶ, 𝛼ଷ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ; ܶˑ к˓.˔˓.ଶ,ଷ– ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
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- ɬɟɩɥɨɩɟɪɟɞɚɱɚ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɥɢɬɤɚ ɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɬɟɧɤɢ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ: 𝜆௠ሺܶሻ ௫=௟+𝛿|ݔ��ܶ�� = 𝜆Г.З𝛿 ሺܶ|௫=௟ − ܶ|௫=௟+𝛿ሻ + 𝜎௡ [ቆܶ|௫=௟ͳͲͲ ቇସ − ቆܶ|௫=௟+𝛿ͳͲͲ ቇସ], Ͳ < ݖ ≤ 𝑍, (3.5) 

ɝɞɟ 𝜆Г.З – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɦɟɫɢ ɜ ɡɚɡɨɪɟ; 𝜎௡ – ɩɪɢɜɟɞёɧɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɥɢɬɤɚ ɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ; 

- ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɧɚɞ ɭɪɨɜɧɟɦ ɪɚɫɩɥɚɜɚ:  −𝜆௠ሺܶሻ ௫=௟+𝛿|ݔ��ܶ�� =
= 𝛼ସ(ܶˑ к˓.˔˓.ଵ − ܶ|௫=௟+𝛿) + 𝐶௡ [(ܶˑ к˓.˔˓.ଵͳͲͲ )ସ − ቆܶ|௫=௟+𝛿ͳͲͲ ቇସ] ݖ଴ < ݖ < Ͳ 

(3.6) 

ɝɞɟ ܶˑ к˓.˔˓.ଵ   –  ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ; 𝐶௡ - ɩɪɢɜɟɞɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɢɡɥɭɱɟɧɢɹ ɨɬ ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɧɚɞ ɭɪɨɜɧɟɦ ɪɚɫɩɥɚɜɚ. 

ɍɫɥɨɜɢɹ (3.4) – (3.6) ɞɥɹ ɞɪɭɝɨɣ ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɡɚɞɚɸɬɫɹ ɚɧɚɥɨɝɢɱɧɨ. 

 Тɟɦɩɟɪаɬɭɪа ɨхɥаɠɞающɟɣ вɨɞы в ɤаɧаɥɟ ɤɪɢɫɬаɥɥɢɡаɬɨɪа ɨɩɢɫɵɜɚɟɬɫɹ 

ɫɥɟɞɭɸɳɢɦ ɛɚɥɚɧɫɨɜɵɦ ɭɪɚɜɧɟɧɢɟɦ: 

Ȼɚɥɚɧɫɨɜɨɟ ɭɪɚɜɧɟɧɢɟ ɨɩɢɫɵɜɚɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ 

ɜɨɞɵ ɜ ɤɚɧɚɥɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ: ܿвܵвݒв 𝜕𝑇вሺ𝜏,௭ሻ𝜕௭ = ̝ܲ 𝛼ଵሺ вܶሺ𝜏, ሻݖ − ܶ|௫=ௗሻ − вܲː𝛼вːሺ вܶሺ𝜏, ሻݖ − вܶːሻ (3.7) 

ɝɞɟ ܿв − ɨɛɴёɦɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ ɜɨɞɵ, Ⱦɠ/(Ʉɦ3); ܵв − ɫɟɱɟɧɢɟ ɞɥɹ ɩɪɨɯɨɞɚ ɜɨɞɵ,  

ɦ2; ݒв −ɫɤɨɪɨɫɬɶ ɜɨɞɵ, ɦ/ɫɟɤ; ௖ܲ − ɩɟɪɢɦɟɬɪ ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɦ; вܲː − 

ɩɟɪɢɦɟɬɪ ɜɧɟɲɧɟɣ ɫɬɟɧɤɢ; αвː − ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɜɨɞɵ ɤ ɜɧɟɲɧɟɣ 

ɫɬɟɧɤɟ, вܶː – ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɟɲɧɟɣ ɫɬɟɧɤɢ. 

ɂɡɜɟɫɬɧɨ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɯɨɞɟ ɜ ɤɚɧɚɥ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɜ ɥɸɛɨɣ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ: вܶሺͲ, 𝑍ሻ = вܶвሺ𝜏ሻ     (3.8) 
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ɢ ɟё ɧɚɱɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɧɭɬɪɢ ɤɚɧɚɥɚ: вܶሺͲ, ሻݖ = вܶ଴ሺݖሻ     (3.9) 

Ɂɚɞɚɧɵ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɜɫɟɝɨ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɫɥɢɬɤɚ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɢ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ: ܶሺͲ, ,ݔ ,ݕ ሻݖ = ଴ܶሺݔ, ,ݕ  ሻ.                                  (3.10)ݖ

 

ɉɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɦɟɠɞɭ ɠɢɞɤɨɣ ɢ ɬɜɟɪɞɨɣ ɮɚɡɚɦɢ ɦɟɬɚɥɥɚ (ɝɪɚɧɢɰɵ 

ɪɚɡɞɟɥɚ ɮɚɡ) ɞɥɹ ɫɥɹɛɚ ɡɚɞɚɸɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɋɬɟɮɚɧɚ (ɩ. 2.4.1) 

ɩɨɫɤɨɥɶɤɭ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ ɫɥɹɛɚ ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ 

ɮɨɪɫɭɧɨɤ ɜ ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢ ɢɧɬɟɪɟɫ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɩɨɞɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨёɜ ɫɥɹɛɚ. 

Ⱦɥɹ ɫɨɪɬɨɜɨɣ ɡɚɝɨɬɨɜɤɢ ɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɡɚɞɚёɬɫɹ ɭɫɥɨɜɢɹɦɢ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɩ. 2.4.5, ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɫɨɪɬɨɜɨɣ ɡɚɝɨɬɨɜɤɢ ɜ ɞɚɥɶɧɟɣɲɟɦ 

ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɨɩɟɪɚɬɢɜɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɝɥɭɛɢɧɵ ɢ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ. 

ɂɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɡɚɬɜɟɪɞɟɜɲɚɹ ɩɨ ɩɟɪɢɦɟɬɪɭ ɡɚɝɨɬɨɜɤɚ ɜɵɬɹɝɢɜɚɟɬɫɹ ɜ 

ɡɨɧɭ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ), ɝɞɟ ɩɪɨɞɨɥɠɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɵɣ ɨɬɛɨɪ ɬɟɩɥɚ 

ɞɨ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ. Ɍɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɜ ɁȼɈ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ 

ɫɥɟɞɭɸɳɢɯ ɝɥɚɜɚɯ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. 

Ʉɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɢ ɚɥɝɨɪɢɬɦ ɧɚɯɨɠɞɟɧɢɹ ɧɟɢɡɜɟɫɬɧɨɣ 

ɝɪɚɧɢɰɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩ. 2.3.  

ɍɪɚɜɧɟɧɢɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɧɭɬɪɢ ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ (3.2) ɫɬɚɜɢɬɫɹ 

ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɥɟɞɭɸɳɚɹ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ: 𝑇ೖ+భ,೔,ೕ−𝑇ೖ,೔,ೕ𝛥𝜏 == ଵ௖ೖ,೔,ೕ𝜌ೖ,೔,ೕ {𝜆௞,௜,௝ 𝑇ೖ,೔+భ,ೕ−ଶ𝑇ೖ,೔,ೕ+𝑇ೖ,೔−భ,ೕሺ𝛥ݔሻమ + 𝜆ೖ,೔,ೕ−𝜆ೖ,೔−భ,ೕ𝛥ݔ ⋅ 𝑇ೖ,೔,ೕ−𝑇ೖ,೔−భ,ೕ𝛥ݔ ++ 𝜆௞,௜,௝ 𝑇ೖ,೔,ೕ+భ−ଶ𝑇ೖ,೔,ೕ+𝑇ೖ,೔,ೕ−భሺ𝛥ݖሻమ + 𝜆ೖ,೔,ೕ−𝜆ೖ,೔,ೕ−భ𝛥ݖ ⋅ 𝑇ೖ,೔,ೕ−𝑇ೖ,೔,ೕ−భ𝛥ݖ }    (3.11) 

ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ܱ[𝛥𝜏, ሺ𝛥ݔሻଶ , ሺ𝛥ݖሻଶ]. 
Ɋɚɡɧɨɫɬɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ (3.3) 

ɜɵɛɢɪɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 



139 

 𝜆௞,௜,௝ 𝑇ೖ,𝑁+𝐾−భ,ೕ−ସ𝑇ೖ,𝑁+𝐾,ೕ+ଷ𝑇ೖ,𝑁+𝐾+భ,ೕଶ𝛥ݔ = 𝛼ଵ ቀ ௩ܶೖ,ೕ − ௞ܶ,𝑁+𝐾+ଵ,௝ቁ (3.12) 

Ⱥɧɚɥɨɝɢɱɧɨ ɡɚɩɢɫɵɜɚɸɬɫɹ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɵɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɞɪɭɝɢɯ ɝɪɚɧɢɰ 

ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 

Ȼɚɥɚɧɫɨɜɨɦɭ ɭɪɚɜɧɟɧɢɸ (11)(2.54) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɪɚɜɧɟɧɢɟ ܿвܵвݒв 𝑇вೖ,ೕ−𝑇вೖ,ೕ−భ𝛥ݖ = ௖ܲ𝛼ଵ ቀ вܶೖ,ೕ − ௞ܶ,𝑁+𝐾+ଵ,௝ቁ − вܲː𝛼вː( ௞ܶ,𝑁+𝐾+ଵ,௝ − вܶː) (3.13) 

ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ܱ[𝛥ݖ]. 
ɭɫɥɨɜɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɟɟ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɲɚɝ 

ɩɨ ɜɪɟɦɟɧɢ 𝛥𝜏 < ௖೘೔೙𝜌೘೔೙ሺ𝛥௫ሻమሺ𝛥௭ሻమଶ𝜆೘𝑎𝑥ሺሺ𝛥௫ሻమ+ሺ𝛥௭ሻమሻ+௩ೖሺ𝛥௫ሻమ𝛥௭·௖೘𝑎𝑥𝜌೘𝑎𝑥,        (3.14) 

ɝɞɟ 𝛥ݔ ɢ 𝛥ݖ – ɲɚɝɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɨɪɞɢɧɚɬ. 
 

 

3.3. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫɬɟɧɨɤ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɫɥɢɬɤɚ ɜɧɭɬɪɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 

 

Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ 

ɩɪɨɢɡɜɨɞɢɬɶ ɨɰɟɧɤɭ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɥɢɬɤɚ. Ɋɟɡɭɥɶɬɚɬɵ ɞɚɸɬ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪ ɢ ɬɨɥɳɢɧɟ ɬɜɟɪɞɨɣ ɤɨɪɨɱɤɢ ɜ 

ɪɚɡɥɢɱɧɵɯ ɫɟɱɟɧɢɹɯ ɡɚɝɨɬɨɜɤɢ. Ɍɟɦɩɟɪɚɬɭɪɚ ɢ ɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ 

ɨɬɨɛɪɚɠɚɸɬɫɹ ɜ ɜɢɞɟ ɰɜɟɬɨɜɵɯ ɞɢɚɝɪɚɦɦ ɢ ɪɚɡɥɢɱɧɵɯ ɝɪɚɮɢɤɨɜ (ɪɢɫ. 3.4 – 3.7). 

ɇɚ ɪɢɫ. 3.6 ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɜɧɭɬɪɢ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢ ɡɚɞɚɧɧɨɣ 

ɤɨɧɫɬɪɭɤɰɢɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɭɝɥɚɯ ɫɥɢɬɤɚ ɫɧɢɠɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ 

ɛɵɫɬɪɟɟ, ɱɟɦ ɧɚ ɜɫɟɣ ɨɫɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ, ɱɬɨ ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɞɚɧɧɵɦ, ɩɨɥɭɱɟɧɧɵɦ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɧɧɚɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɢ ɁȼɈ. 
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Ɋɢɫɭɧɨɤ 3.4. Ɍɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɜ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɹɯ ɫɥɹɛɨɜɨɣ ɡɚɝɨɬɨɜɤɢ 

 

 

 

 

Ɋɢɫɭɧɨɤ 3.5. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɥɢɬɤɚ ɢ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɩɨɥɨɠɟɧɢɟ 

ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ (ɱɟɬɜɟɪɬɶ). 
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Ɋɢɫɭɧɨɤ 3.6. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɲɢɪɨɤɨɣ ɝɪɚɧɢ ɫɥɢɬɤɚ ɜɧɭɬɪɢ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 

 

Ɋɢɫɭɧɨɤ 3.7. ȼɢɡɭɚɥɢɡɚɰɢɹ ɪɚɫɱёɬɨɜ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɡɚɝɨɬɨɜɤɢ ɢ ɫɬɟɧɨɤ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɫɨɪɬɨɜɨɣ ɆɇɅɁ ȿɆɁ 
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3.4. Ɉɩɟɪɚɬɢɜɧɚɹ ɞɢɚɝɧɨɫɬɢɤɚ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ 

 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɨɩɟɪɚɬɢɜɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ 

ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ [15], ɩɨɫɤɨɥɶɤɭ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɵ ɆɇɅɁ ɪɚɛɨɬɚɸɬ ɜ ɭɫɥɨɜɢɹɯ ɰɢɤɥɢɱɟɫɤɢɯ ɢɧɬɟɧɫɢɜɧɵɯ 

ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ, ɢɧɬɟɧɫɢɜɧɨɝɨ ɢɡɧɨɫɚ, ɰɢɤɥɢɱɟɫɤɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 

ɧɚɩɪɹɠɟɧɢɣ, ɪɚɡɧɵɯ ɬɢɩɨɜ ɷɪɨɡɢɢ ɢ ɛɨɥɶɲɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ [159]. ȼ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɢɫɬɟɦɵ Ⱥɋɍ Ɍɉ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɯ ɆɇɅɁ ɢɡɦɟɪɹɸɬ ɢ 

ɪɟɝɢɫɬɪɢɪɭɸɬ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ. 

Ɋɟɡɭɥɶɬɚɬ ɷɬɨɝɨ ɢɡɦɟɪɟɧɢɹ ɡɚɱɚɫɬɭɸ ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ 

ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɟɤɭɳɟɦ ɬɟɩɥɨɜɨɦ ɫɨɫɬɨɹɧɢɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɜ 

ɧёɦ ɡɚɝɨɬɨɜɤɢ [282]. Ɉɞɧɢɦ ɢɡ ɧɟɞɨɫɬɚɬɤɨɜ ɚɧɚɥɢɡɚ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɹɜɥɹɟɬɫɹ ɬɨ, 

ɱɬɨ ɨɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɪɟɞɧɟɧɧɨɦɭ ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ ɱɟɪɟɡ ɬɟɩɥɨɨɛɦɟɧɧɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɤ ɜɨɞɟ. ȼ ɪɟɚɥɶɧɨɫɬɢ ɠɟ ɬɟɩɥɨɫɴɟɦ ɧɟɪɚɜɧɨɦɟɪɧɨ 

ɪɚɫɩɪɟɞɟɥёɧ ɜɞɨɥɶ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ [94]. Ɉɞɧɢɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɹ ɷɬɨɣ 

ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɤɚɥɨɪɢɦɟɬɪɢɪɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɬɨ ɟɫɬɶ ɪɚɡɛɢɟɧɢɟ 

ɨɯɥɚɠɞɚɸɳɢɯ ɤɚɧɚɥɨɜ, ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɨɩɪɟɞɟɥɟɧɧɵɟ ɭɱɚɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɪɹɞ 

ɫɟɤɰɢɣ ɫ ɨɬɞɟɥɶɧɵɦɢ ɩɨɞɜɨɞɚɦɢ ɢ ɨɬɜɨɞɚɦɢ ɜɨɞɵ, ɪɟɝɢɫɬɪɚɰɢɟɣ ɟё ɪɚɫɯɨɞɚ ɢ 

ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ [15]. ɇɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɝɪɨɦɨɡɞɤɨɫɬɶ ɢ 

ɫɥɨɠɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ.  

Ɍɚɤɠɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɦɟɬɢɥɚɫɶ ɬɟɧɞɟɧɰɢɹ, ɤɨɝɞɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɢɫɬɟɦ 

ɤɨɦɩɥɟɤɫɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɪɚɛɨɬɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɬɟɪɦɨɞɚɬɱɢɤɚɦɢ ɨɫɧɚɳɚɸɬɫɹ 

ɫɟɪɢɣɧɵɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɵ, ɧɚɩɪɢɦɟɪ, ɩɭɬɟɦ ɩɪɢɜɚɪɢɜɚɧɢɹ ɢɥɢ ɩɪɢɠɢɦɚ 

ɬɟɪɦɨɞɚɬɱɢɤɨɜ ɤ ɬɟɩɥɨɨɛɦɟɧɧɵɦ ɩɨɜɟɪɯɧɨɫɬɹɦ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ [159]. 

ɋɭɳɟɫɬɜɭɟɬ ɪɹɞ ɫɢɫɬɟɦ, ɜɤɥɸɱɚɸɳɢɯ ɮɭɧɤɰɢɢ ɨɰɟɧɤɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ 

ɩɨɦɨɳɢ ɬɟɪɦɨɞɚɬɱɢɤɨɜ. Ɉɞɧɨɣ ɢɡ ɫɚɦɵɯ ɢɡɜɟɫɬɧɵɯ ɢ ɬɢɩɢɱɧɵɯ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ 

«Ʉɪɢɫɬɚɥɥɢɡɚɬɨɪ» ɇɉɉ «ɌȿɏɇɈȺɉ», ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ 

ɫɥɹɛɨɜɵɯ ɆɇɅɁ.  
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ɇɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ ɞɢɚɝɧɨɫɬɢɤɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɩɪɢ 

ɩɨɦɨɳɢ ɬɟɪɦɨɞɚɬɱɢɤɨɜ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɢ ɪɚɡɦɟɪɵ ɨɝɪɚɧɢɱɟɧɵ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɬɟɪɦɨɞɚɬɱɢɤɢ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɹɦ, 

ɜɨɡɧɢɤɚɸɳɢɦ, ɧɚɩɪɢɦɟɪ, ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɬɨɪɦɨɡɹɳɢɯ ɫɢɫɬɟɦɚɯ ɢɥɢ ɜ 

ɦɟɲɚɥɤɚɯ. Ɍɚɤɠɟ ɞɥɹ ɡɚɳɢɬɵ ɬɟɪɦɨɞɚɬɱɢɤɨɜ, ɜɤɥɸɱɚɹ ɢɯ ɤɚɛɟɥɶɧɭɸ ɪɚɡɜɨɞɤɭ, 

ɧɟɨɛɯɨɞɢɦɵ ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. 

ȼ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɧɚɡɜɚɧɧɵɟ ɩɪɨɛɥɟɦɵ ɪɟɲɚɸɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɥɹ 

ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɥɨɤɨɧɧɵɯ ɫɜɟɬɨɜɨɞɨɜ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɩɪɨɩɭɫɤɚɟɬɫɹ ɫɜɟɬ 

ɥɚɡɟɪɚ ɢ ɜ ɪɹɞɟ ɫɩɟɰɢɚɥɶɧɨ ɜɵɞɟɥɟɧɧɵɯ ɬɨɱɟɤ ɢɡɦɟɪɟɧɢɹ ɩɨ ɞɥɢɧɟ ɫɜɟɬɨɜɨɞɚ 

ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɜɚɪɢɚɰɢɹ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ [136], ɨɞɧɚɤɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɚɤɨɣ ɩɨɞɯɨɞ ɟɳё ɧɟ ɩɨɥɭɱɢɥ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ.  

ȿɳё ɨɞɢɧ ɫɩɨɫɨɛ ɞɢɚɝɧɨɫɬɢɤɢ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɜ [210], ɨɫɧɨɜɚɧ ɧɚ 

ɭɝɥɭɛɥёɧɧɨɣ ɪɚɫɱёɬɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɫɢɝɧɚɥɚ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ.  ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɞɟɤɜɚɬɧɨɟ ɫɪɚɜɧɟɧɢɟ ɪɚɛɨɬɵ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɚɤɢɯ ɜɟɥɢɱɢɧ ɤɚɤ ɫɪɟɞɧɹɹ 

ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ( q ), 

ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ( k ), ɫɪɟɞɧɢɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɤɨɪɤɢ ɡɚɝɨɬɨɜɤɢ ɤ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ( ), ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ (ɷɮ). ȼ ɷɬɨɣ ɪɚɛɨɬɟ 

ɩɪɟɞɥɨɠɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɨɩɪɟɞɟɥɹɬɶ 

ɡɧɚɱɟɧɢɹ ɧɚɡɜɚɧɧɵɯ ɜɟɥɢɱɢɧ. ȼ ɱɚɫɬɧɨɫɬɢ, ɤɨɧɬɪɨɥɶ ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɵ 

ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɨɩɟɪɚɬɢɜɧɵɣ 

ɤɨɧɬɪɨɥɶ ɢɡɧɨɫɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɢɥɶɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ, ɩɪɨɜɟɪɤɭ 

ɫɨɨɬɜɟɬɫɬɜɢɹ ɤɨɧɭɫɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɭɫɚɞɤɟ ɡɚɝɨɬɨɜɨɤ, ɜɵɛɨɪ ɧɚɢɥɭɱɲɢɯ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɞɥɹ ɭɫɥɨɜɢɣ ɤɨɧɤɪɟɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɭɫɬɚɧɨɜɥɟɧɢɟ 

ɜɡɚɢɦɨɫɜɹɡɢ ɢɡɧɨɫɚ ɝɢɥɶɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɞɟɮɟɤɬɚ 

ɪɨɦɛɢɱɧɨɫɬɢ. 
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  ȼɫɟ ɧɚɡɜɚɧɧɵɟ ɫɩɨɫɨɛɵ ɞɢɚɝɧɨɫɬɢɤɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɚɝɨɬɨɜɤɢ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɩɨɡɜɨɥɹɸɬ ɜ ɧɟɤɨɬɨɪɨɣ ɦɟɪɟ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɭɫɥɨɜɢɹ 

ɬɟɩɥɨɨɛɦɟɧɚ, ɨɞɧɚɤɨ ɫɚɦɢ ɩɨ ɫɟɛɟ ɧɟ ɞɚɸɬ ɨɬɜɟɬɚ ɧɚ ɜɨɩɪɨɫ ɨ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɤɨɪɨɱɤɢ ɡɚɝɨɬɨɜɤɢ ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ. 

ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɛɵɥɨ ɜɵɫɤɚɡɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɪɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɞɥɹ ɡɚɞɚɧɢɹ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɬɟɩɥɨɨɛɦɟɧɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɤɨɪɨɱɤɢ ɡɚɝɨɬɨɜɤɢ. Ɉɞɧɚɤɨ ɩɪɨɜɟɞɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɞɚɥɨ ɪɟɡɭɥɶɬɚɬɵ, ɧɟ ɫɨɝɥɚɫɭɸɳɢɟɫɹ ɫ ɪɟɚɥɶɧɵɦ ɯɨɞɨɦ 

ɩɪɨɰɟɫɫɚ: ɤɨɪɨɱɤɚ, ɨɛɪɚɡɨɜɚɜɲɚɹɫɹ ɜ ɪɚɣɨɧɟ ɦɟɧɢɫɤɚ ɬɭɬ ɠɟ ɩɨɞɩɥɚɜɥɹɟɬɫɹ, ɢ 

ɭɫɬɨɣɱɢɜɨɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɨɪɤɢ ɧɚɱɢɧɚɟɬɫɹ ɫ ɝɥɭɛɢɧɵ ɩɨɪɹɞɤɚ 200ɦɦ ɨɬ 

ɦɟɧɢɫɤɚ. ɉɪɢɱɢɧɚ ɷɬɨɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɚɝɨɬɨɜɤɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɜ ɪɟɚɥɶɧɨɫɬɢ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ 

ɩɨɬɨɤɚ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɨɫɯɨɞɢɬ ɫɪɟɞɧɟɟ ɞɥɹ ɜɫɟɝɨ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɡɧɚɱɟɧɢɟ 

ɷɬɨɣ ɜɟɥɢɱɢɧɵ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɱɚɥɨ ɭɫɬɨɣɱɢɜɨɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɪɨɱɤɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɩɵɬɤɚ ɡɚɞɚɧɢɹ ɫɪɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɨ ɜɫɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɧɟ ɩɪɚɜɨɦɨɱɧɚ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢɦɟɟɬ ɦɚɤɫɢɦɭɦ ɜ ɪɚɣɨɧɟ ɦɟɧɢɫɤɚ 

ɢɥɢ ɧɚ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɧɢɯ ɝɨɪɢɡɨɧɬɚɯ. Ɂɚɬɟɦ ɨɧɚ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɢɦɟɟɬ 

ɦɢɧɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢ ɜɵɯɨɞɟ ɡɚɝɨɬɨɜɤɢ ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. ɇɟɨɛɯɨɞɢɦɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɤɨɣ ɫɩɨɫɨɛ ɡɚɞɚɧɢɹ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɤɨɬɨɪɵɣ ɛɵ ɭɱɢɬɵɜɚɥ ɷɬɭ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ. 

Ⱥɧɚɥɢɡ ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ ɭɱёɬɚ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ 

ɩɨɬɨɤɚ ɩɨ ɜɵɫɨɬɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɬɟɩɥɨɨɛɦɟɧɚ ɜ 

ɩɨɥɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɧɚɢɛɨɥɟɟ ɩɪɚɜɢɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɬɪɟɬɶɟɝɨ ɪɨɞɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ. ȼ ɤɚɱɟɫɬɜɟ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɟɪɟɩɚɞɚ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɧɢɰɭ ɬɟɦɩɟɪɚɬɭɪ 

ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɤɢ ɡɚɝɨɬɨɜɤɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɢ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ. Ɍɚɤɨɣ 

ɩɨɞɯɨɞ ɩɨɡɜɨɥɢɬ ɞɨɫɬɢɱɶ ɭɦɟɧɶɲɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɨ ɦɟɪɟ 

ɩɟɪɟɦɟɳɟɧɢɹ ɪɚɫɱɟɬɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ. 
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ɇɚɡɜɚɧɧɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɭɦɧɨɠɚɟɬɫɹ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ 

ɩɟɪɟɞɚɱɭ ɬɟɩɥɨɬɵ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɤ ɨɯɥɚɠɞɚɸɳɟɣ 

ɜɨɞɟ.   

ȼɟɥɢɱɢɧɵ (ɩɪɟɞɥɨɠɟɧɧɵɟ ɜ ɪɚɛɨɬɟ [210]) ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ (݇̅) ɢ ɫɪɟɞɧɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ 

ɤɨɪɤɢ ɡɚɝɨɬɨɜɤɢ ɤ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 𝛼̅ ɧɟ ɦɨɝɭɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɷɬɨɣ ɰɟɥɢ. Ɍɚɤ ɤɚɤ ݇̅ ɨɩɢɫɵɜɚɟɬ ɩɟɪɟɞɚɱɭ ɬɟɩɥɨɬɵ ɨɬ 

ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɤɢ ɡɚɝɨɬɨɜɤɢ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɤɨɬɨɪɨɣ ɪɚɜɧɚ 

ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɥɢɞɭɫɚ. Ⱥ 𝛼̅ ɨɩɢɫɵɜɚɟɬ ɩɟɪɟɞɚɱɭ ɬɟɩɥɨɬɵ ɨɬ ɧɚɪɭɠɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɤɢ ɡɚɝɨɬɨɜɤɢ ɤ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɚɝɨɬɨɜɤɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɫɬɟɦɵ ɞɢɚɝɧɨɫɬɢɤɢ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɟɞɥɨɠɟɧɨ 

ɜɜɟɫɬɢ ɩɨɧɹɬɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɬ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɤɢ ɤ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɟ: ݇̅˒ˑв = ͳͳk˔˓ + ˔˓
k

 

ɝɞɟ ݇˔˓ – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ, 

ȼɬ/(ɦ2Ʉ);  ˔˓  – ɫɪɟɞɧɹɹ ɬɨɥɳɢɧɚ ɤɨɪɤɢ ɦɟɬɚɥɥɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ, ɦ; ɤ –  

ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤɨɪɤɢ ɡɚɝɨɬɨɜɤɢ ɩɪɢ ɟɟ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ, 

ȼɬ/(ɦɄ). ݇˔˓ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɢɝɧɚɥɚɦ ɞɚɬɱɢɤɨɜ ɫɢɫɬɟɦɵ ɞɢɚɝɧɨɫɬɢɤɢ (ɬɟɤɭɳɢɯ 

ɡɧɚɱɟɧɢɣ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɢ ɟɟ 

ɪɚɫɯɨɞɚ.), ɩɨ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ. Ɂɧɚɱɟɧɢɟ ˔˓  ɜ ɩɟɪɜɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ ɡɚɞɚɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɨɩɵɬɚ ɢ ɦɨɠɟɬ ɛɵɬɶ 

ɨɬɤɨɪɪɟɤɬɢɪɨɜɚɧɨ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Ⱦɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɤɢ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɥɹ ɫɨɪɬɨɜɨɣ 

ɡɚɝɨɬɨɜɤɢ ɫ ɪɚɡɦɟɪɨɦ ɫɟɱɟɧɢɹ 150ɯ150 ɦɦ. ȼ ɪɚɫɱёɬɚɯ ɩɪɢɧɹɬɚ ɜɵɫɨɬɚ ɫɥɢɬɤɚ 

ɜɧɭɬɪɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 0,862 ɦ, ɫɤɨɪɨɫɬɶ ɪɚɡɥɢɜɤɢ 3,58 ɦ/ɦɢɧ. Ɋɚɛɨɱɢɣ ɪɚɫɯɨɞ 

ɜɨɞɵ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 2000 ɥ/ɦɢɧ, ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ 24,2ɋ. 
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 Ⱦɥɹ ɡɚɞɚɧɢɹ ɩɨɜk  ɢɫɩɨɥɶɡɨɜɚɧɵ ɭɫɪɟɞɧɟɧɧɵɟ ɞɚɧɧɵɟ ɨ ɪɚɫɯɨɞɟ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɢ ɩɟɪɟɩɚɞɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ 

ɜɨɞɵ ɧɚ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɬɪɟɧɞɚ ɞɚɧɧɵɯ ɧɚ ɪɭɱɶɟ ɫɨɪɬɨɜɨɣ 

ɆɇɅɁ. Ɉɩɪɟɞɟɥɟɧɧɨɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɡɧɚɱɟɧɢɟ ɩɨɜk  ɫɨɫɬɚɜɥɹɟɬ 1320 ȼɬ/(ɦ2·Ʉ). 

 

 

 

Ɋɢɫɭɧɨɤ 3.8. Ɍɨɥɳɢɧɚ ɤɨɪɨɱɤɢ ɫɥɢɬɤɚ ɩɨ ɜɵɫɨɬɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 6 ɢ ɪɢɫ. 7,  ɯɨɪɨɲɨ 

ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɣ 

ɪɚɡɪɚɛɨɬɤɢ ɜ ɫɢɫɬɟɦɚɯ Ⱥɋɍ Ɍɉ ɆɇɅɁ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɞɥɹ 

ɨɬɫɥɟɠɢɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ  ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫɥɢɬɤɚ 

ɜɧɭɬɪɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɚ ɬɚɤɠɟ ɬɨɥɳɢɧɵ ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɜ ɧёɦ ɬɜёɪɞɨɣ 

ɤɨɪɨɱɤɢ.  
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Ɋɢɫɭɧɨɤ 3.9. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɩɨ ɰɟɧɬɪɭ ɝɪɚɧɢ ɢ ɭɝɥɭ 

 

 

3.5. Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɰɢɨɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɯɥɚɠɞɟɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 

 

Ʉɪɢɫɬɚɥɥɢɡɚɬɨɪ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɭɡɥɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ 

ɪɚɰɢɨɧɚɥɶɧɭɸ ɪɚɛɨɬɭ ɦɚɲɢɧɵ ɧɟɩɪɟɪɵɜ-ɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ(ɆɇɅɁ) ɢ 

ɨɩɬɢɦɚɥɶɧɨɟ ɤɚɱɟɫɬɜɨ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ. ȼ ɧёɦ ɡɚ ɫɱɟɬ ɨɬɜɨɞɚ ɬɟɩɥɚ ɨɬ 

ɪɚɫɩɥɚɜɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɨɣ (ɨɬ10 % ɞɨ 30 % ɜɫɟɝɨ ɬɟɩɥɚ) ɩɪɨɢɫɯɨɞɢɬ 

ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɟ ɡɚɝɨɬɨɜɤɢ [58]. 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɢ ɜɟɥɢɱɢɧɵ ɩɟɪɟɝɪɟɜɚ ɧɚɞ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɭɦɟɧɶɲɚɟɬɫɹ ɬɨɥɳɢɧɚ ɡɚɬɜɟɪɞɟɜɲɟɣ ɤɨɪɤɢ ɦɟɬɚɥɥɚ 

ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. ɏɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɧɟɛɨɥɶɲɨɣ ɜɟɥɢɱɢɧɟ 

ɩɟɪɟɝɪɟɜɚ ɫɬɚɥɢ ɧɚɞ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚɱɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɜɟɫɶ ɩɟɪɟɝɪɟɜ ɭɫɩɟɜɚɟɬ 

ɫɧɹɬɶɫɹ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɥɳɢɧɵ ɤɨɪɨɱɤɢ ɧɚ 

ɜɵɯɨɞɟ ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɧɭɠɧɨ ɫɧɢɠɚɬɶ ɢɥɢ ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬ-ɤɚ ɢɡ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɢɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɦɟɬɚɥɥɚ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɤɨɜɲɟ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɟɥɢɱɢɧɵ ɨɬɜɨɞɢɦɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢɥɢ ɧɚɩɪɹɦɭɸ 

ɤɨɪɪɟɥɢɪɭɟɦɨɣ ɫ ɧɢɦ ɜɟɥɢɱɢɧɵ ɦɨɠɧɨ ɜɵɧɨɫɢɬɶ ɫɭɠɞɟɧɢɟ ɨɛ ɨɩɬɢɦɚɥɶɧɨɫɬɢ 

ɩɪɨɰɟɫɫɚ ɬɟɩɥɨɨɬɜɨɞɚ ɢɥɢ ɟɝɨ ɨɬɤɥɨɧɟɧɢɹɯ ɨɬ ɧɨɪɦɵ (ɧɟɪɚɜɧɨɦɟɪɧɨɟ, 

ɧɟɞɨɫɬɚɬɨɱɧɨɟ ɢɥɢ   ɱɪɟɡɦɟɪɧɨɟ ɨɯɥɚɠɞɟɧɢɟ) [22]. 
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3.6. ȼɵɜɨɞɵ 

 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɬɪɟɯɦɟɪɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɢ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 

ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɨɰɟɧɤɭ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɥɢɬɤɚ ɜ ɪɚɡɥɢɱɧɵɟ 

ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɞɥɹ ɡɚɞɚɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɁȼɈ, ɦɚɪɤɢ 

ɪɚɡɥɢɜɚɟɦɨɣ ɫɬɚɥɢ, ɫɤɨɪɨɫɬɟɣ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɢ ɪɟɠɢɦɨɜ ɨɯɥɚɠɞɟɧɢɹ. 

Ɇɨɞɟɥɶ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɪɚɡɪɚɛɨɬɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɦɨɝɭɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɦɚɲɢɧ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ 

ɡɚɝɨɬɨɜɨɤ (ɆɇɅɁ), ɞɥɹ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ ɷɬɚɩɟ ɫɢɧɬɟɡɚ ɫɢɫɬɟɦ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɋȺɍ), ɚ ɬɚɤɠɟ ɜ ɩɪɨɰɟɫɫɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɋȺɍ 

ɆɇɅɁ. 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɡɚɝɨɬɨɜɤɢ, ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɫɢɫɬɟɦɵ ɞɢɚɝɧɨɫɬɢɤɢ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. Ⱦɥɹ ɡɚɞɚɧɢɹ ɝɪɚɧɢɱɧɵɯ 

ɭɫɥɨɜɢɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɫɥɨɜɢɹ ɬɪɟɬɶɟɝɨ ɪɨɞɚ, ɜ ɤɨɬɨɪɵɯ ɡɚɞɟɣɫɬɜɨɜɚɧɚ ɜɟɥɢɱɢɧɚ 

ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɬ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɤɢ ɤ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɟ. 

Ɍɟɫɬɢɪɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɤɢ ɫ ɨɛɪɚɛɨɬɤɨɣ ɞɚɧɧɵɯ ɨɬ ɞɚɬɱɢɤɨɜ ɫɢɫɬɟɦɵ Ⱥɋɍ Ɍɉ 

ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɪɟɡɭɥɶɬɚɬɵ, ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɳɢɟɫɹ ɫ ɢɦɟɸɳɢɦɫɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɦɚɬɟɪɢɚɥɨɦ. 
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ȽɅȺȼȺ 4 

 

ɂɁɆȿɇȿɇɂə ɎɈɊɆɕ ɀɂȾɄɈɃ ɅɍɇɄɂ ɉɊɂ ȼȺɊɖɂɊɈȼȺɇɂɂ 

ɉȺɊȺɆȿɌɊɈȼ ɉɊɈɐȿɋɋȺ ɇȿɉɊȿɊɕȼɇɈɃ ɊȺɁɅɂȼɄɂ 

 

 

 

ȼ ɝɥɚɜɟ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ ɧɚ 

ɮɨɪɦɭ ɢ ɝɥɭɛɢɧɭ ɠɢɞɤɨɣ ɥɭɧɤɢ ɜɧɭɬɪɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ. ȼ ɩɟɪɜɨɦ ɩɚɪɚɝɪɚɮɟ 

ɨɩɢɫɚɧɵ ɩɪɨɰɟɫɫɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɩɨɥɨɠɟɧɢɟ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɢ ɝɥɭɛɢɧɭ 

ɠɢɞɤɨɣ ɥɭɧɤɢ ɜ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɟ. ȼɬɨɪɨɣ ɩɚɪɚɝɪɚɮ ɩɨɫɜɹɳёɧ 

ɩɪɚɤɬɢɱɟɫɤɢɦ ɚɫɩɟɤɬɚɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ 

ɫɥɹɛɚ ɢ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ. ȼ ɬɪɟɬɶɟɦ ɩɚɪɚɝɪɚɮɟ ɢɡɥɚɝɚɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ 

ɧɚ ɮɨɪɦɭ ɢ ɝɥɭɛɢɧɭ ɠɢɞɤɨɣ ɥɭɧɤɢ ɫɥɹɛɨɜɨɣ ɡɚɝɨɬɨɜɤɢ. ȼ ɱɟɬɜёɪɬɨɦ ɩɚɪɚɝɪɚɮɟ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɟɚɤɰɢɢ ɮɨɪɦɵ ɢ ɝɥɭɛɢɧɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɧɚ 

ɢɡɦɟɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ ɞɥɹ 

ɫɨɪɬɨɜɨɣ ɡɚɝɨɬɨɜɤɢ. ɉɹɬɵɣ ɩɚɪɚɝɪɚɮ ɫɨɞɟɪɠɢɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ 

ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɫɨɪɬɨɜɨɣ ɡɚɝɨɬɨɜɤɢ. ȼ ɲɟɫɬɨɦ 

ɩɪɢɜɟɞɟɧɵ ɜɵɜɨɞɵ ɩɨ ɝɥɚɜɟ.  
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4.1. ɉɪɨɰɟɫɫɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɩɨɥɨɠɟɧɢɟ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɢ ɝɥɭɛɢɧɭ 

ɠɢɞɤɨɣ ɥɭɧɤɢ ɜ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɟ 

 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɚɲɢɧ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ (ɆɇɅɁ), ɫɢɧɬɟɡ 

ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɋȺɍ) ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɨɣ ɫɬɚɥɢ, ɚ ɬɚɤɠɟ 

ɪɚɡɪɚɛɨɬɤɚ ɚɞɟɤɜɚɬɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɩɟɪɜɵɯ ɞɜɭɯ 

ɰɟɥɟɣ, ɬɪɟɛɭɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɨɞɧɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɧɚ ɢɡɦɟɧɟɧɢɟ 

ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ. ɇɚɥɢɱɢɟ ɬɚɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ ɝɥɭɛɨɤɨɦɭ 

ɩɨɧɢɦɚɧɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɚɡɪɚɛɨɬɤɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɭɱɢɬɵɜɚɸɳɢɯ ɜɫɟ ɜɚɠɧɵɟ ɞɟɬɚɥɢ. Ɍɚɤɠɟ ɷɬɨ ɦɨɠɟɬ 

ɫɥɭɠɢɬɶ ɨɛɨɫɧɨɜɚɧɢɟɦ ɨɬɤɚɡɚ ɨɬ ɭɱɟɬɚ ɜ ɦɨɞɟɥɢ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɵɯ 

ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɢɧɬɟɪɟɫɭɸɳɢɟ ɪɚɡɪɚɛɨɬɱɢɤɚ ɩɪɨɰɟɫɫɵ ɢ ɩɚɪɚɦɟɬɪɵ. Ʉɪɨɦɟ 

ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɝɥɭɛɢɧɵ ɢ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ ɫɥɢɬɤɚ ɧɚ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɧɟɩɪɟɪɵɜɧɨɣ 

ɪɚɡɥɢɜɤɢ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɭɜɟɥɢɱɟɧɢɹ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɆɇɅɁ. 

ɍɩɪɚɜɥɟɧɢɟ ɪɟɚɥɶɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɪɚɡɥɢɱɧɨɝɨ ɜɢɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɜ ɭɫɥɨɜɢɹɯ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɫɚɦɵɦɢ ɪɚɡɧɨɨɛɪɚɡɧɵɦɢ 

ɩɪɢɱɢɧɚɦɢ, ɧɚɩɪɢɦɟɪ, ɧɚɥɢɱɢɟɦ ɧɟɬɨɱɧɨ ɡɚɞɚɧɧɵɯ ɜɧɟɲɧɢɯ ɜɨɡɦɭɳɟɧɢɣ, 

ɩɨɝɪɟɲɧɨɫɬɹɦɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɩɪɨɝɪɚɦɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɨɲɢɛɤɚɦɢ ɜ ɤɚɧɚɥɟ 

ɢɡɦɟɪɟɧɢɣ, ɡɚɩɚɡɞɵɜɚɧɢɟɦ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɢ ɬ.ɞ. ȼɫɥɟɞɫɬɜɢɟ 

ɷɬɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɦɨɠɟɬ ɧɟ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɪɟɚɥɶɧɨɦɭ ɨɛɴɟɤɬɭ, ɞɥɹ 

ɨɩɢɫɚɧɢɹ ɤɨɬɨɪɨɝɨ ɨɧɚ ɫɥɭɠɢɬ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ, ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ 

ɨɩɢɫɵɜɚɸɳɟɣ ɪɟɚɥɶɧɵɣ ɨɛɴɟɤɬ ɢɥɢ ɩɪɨɰɟɫɫ, ɧɟɨɛɯɨɞɢɦɚ ɟɟ ɢɞɟɧɬɢɮɢɤɚɰɢɹ. 

Ɉɞɧɨɣ ɢɡ ɡɚɞɚɱ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɹɜɥɹɟɬɫɹ ɚɞɚɩɬɚɰɢɹ, ɬ.ɟ. ɫɩɨɫɨɛɧɨɫɬɶ ɦɨɞɟɥɢ ɤ 

ɫɚɦɨɧɚɫɬɪɨɣɤɟ ɩɨ ɜɧɨɜɶ ɩɨɫɬɭɩɚɸɳɢɦ ɞɚɧɧɵɦ ɜ ɩɪɨɰɟɫɫɟ ɟɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɪɟɚɥɶɧɵɦ ɩɪɨɰɟɫɫɨɦ. ɉɪɢ ɷɬɨɦ ɜɨɡɧɢɤɚɸɬ ɪɚɡɥɢɱɧɵɟ ɩɨɞɡɚɞɚɱɢ, 

ɫɜɹɡɚɧɧɵɟ ɫ ɚɧɚɥɢɡɨɦ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɜɨɡɦɭɳɟɧɢɣ. ȼɫɟ ɷɬɢ ɡɚɞɚɱɢ ɹɜɥɹɸɬɫɹ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɜ ɬɟɨɪɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ [55]. 
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ɉɨɫɤɨɥɶɤɭ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɨɛɭɫɥɨɜɥɟɧɨ ɬɪɟɛɨɜɚɧɢɹɦɢ 

ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ, 

ɦɧɨɝɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɭɩɪɚɜɥɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɨɣ ɫɬɚɥɢ 

ɩɨɫɜɹɳɟɧɵ ɭɩɪɚɜɥɟɧɢɸ ɝɥɭɛɢɧɨɣ ɠɢɞɤɨɣ ɮɚɡɵ [281] ɢɥɢ ɩɪɨɰɟɫɫɚɦɢ, 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɜɢɫɹɳɢɦɢ ɨɬ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ (ɧɚɩɪɢɦɟɪ, ɦɹɝɤɨɝɨ 

ɨɛɠɚɬɢɹ). ɉɪɢ ɷɬɨɦ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɡɭɱɟɧɢɹ ɪɟɚɤɰɢɢ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɧɚ ɪɚɡɥɢɱɧɵɟ ɢɡɦɟɧɟɧɢɹ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɭɠɧɨ 

ɜɵɹɫɧɢɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɤ ɩɚɪɚɦɟɬɪɚɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ, ɤɨɬɨɪɵɟ ɜ ɫɢɥɭ ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɡɚɞɚɧɵ ɧɟɬɨɱɧɨ. 

Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ [144] ɨɬɦɟɱɚɸɬ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɬɟɨɪɢɢ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɹɜɥɹɸɬɫɹ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɣ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɢ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ ɧɚ ɞɢɧɚɦɢɤɭ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɫɢɧɬɟɡ ɫɢɫɬɟɦ, 

ɦɚɥɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɦɚɥɵɦ ɢɡɦɟɧɟɧɢɹɦ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɜɹɡɚɧ ɫ ɢɡɭɱɟɧɢɟɦ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɧɚ 

ɩɨɜɟɞɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ [185]. 

ȼ [317] ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɪɢɦɟɧɟɧɢɟ ɭɩɪɨɳɟɧɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɚɧɚɥɢɡɚ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɪɨɰɟɫɫɭ 

ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ ɚɧɚɥɢɡ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ (ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɬɭɩɚɸɳɟɝɨ 

ɪɚɫɩɥɚɜɚ) ɛɵɥ ɩɪɨɜɟɞɟɧ ɜ ɪɚɛɨɬɟ [316]. ȼ  [251] ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɮɭɧɤɰɢɢ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɟɩɟɧɢ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɜɯɨɞɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ (ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɢ ɜ ɤɚɠɞɨɣ ɫɟɤɰɢɢ 

ɡɨɧɵ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ)) ɧɚ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɥɢɬɤɚ. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜ ɪɚɛɨɬɟ [294] ɢɫɫɥɟɞɭɟɬɫɹ ɜɥɢɹɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɧɟɲɧɟɣ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

Ɉɞɧɚɤɨ, ɤɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɚɞɟɤɜɚɬɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɆɇɅɁ, ɩɪɢ ɫɢɧɬɟɡɟ ɋȺɍ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɨɣ 

ɫɬɚɥɢ, ɚ ɬɚɤɠɟ ɩɪɢ ɢɡɭɱɟɧɢɢ ɜɨɩɪɨɫɚ ɨɛ ɭɜɟɥɢɱɟɧɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɆɇɅɁ 
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ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɝɥɭɛɢɧɵ ɢ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɨɬ 

ɞɪɭɝɢɯ – ɜɨɡɦɭɳɚɸɳɢɯ ɢ ɭɩɪɚɜɥɹɸɳɢɯ – ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɧɚ ɮɨɪɦɭ ɠɢɞɤɨɣ ɥɭɧɤɢ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ ɫɥɹɛɚ. 

ɂɧɮɨɪɦɚɰɢɸ ɨ ɫɬɟɩɟɧɢ ɜɥɢɹɧɢɹ ɨɞɧɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɡɭɱɚɟɦɨɣ ɫɢɫɬɟɦɵ ɧɚ 

ɞɪɭɝɢɟ ɞɚɸɬ ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ [144], ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɬɨɪɵɯ 

ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɚɧɧɵɟ ɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɟ. ɗɬɢ 

ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɥɢɛɨ ɫ ɩɨɦɨɳɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɥɢɛɨ ɩɭɬɟɦ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɧɚ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɉɨɫɤɨɥɶɤɭ ɚɧɚɥɢɡ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢɦɟɟɬ ɨɫɨɛɟɧɧɨ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɧɚ ɷɬɚɩɟ ɫɢɧɬɟɡɚ ɋȺɍ, ɧɚ 

ɩɪɚɤɬɢɤɟ ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ [185]. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɛɪɚɧɚ 

ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ ɫɥɹɛɚ, ɚɧɚɥɨɝ 

ɤɨɬɨɪɨɣ ɭɫɬɚɧɨɜɥɟɧ ɜ ɉȺɈ «Ɇɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ ɤɨɦɛɢɧɚɬ “Ⱥɡɨɜɫɬɚɥɶ”» 

(Ɇɚɪɢɭɩɨɥɶ, ɍɤɪɚɢɧɚ). ɉɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ ɦɨɞɟɥɢ ɩɪɢɜɟɞɟɧɨ ɜ ɪɚɛɨɬɟ [177]. 

 

4.2. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ ɫɥɹɛɚ ɢ 

ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ  

 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ ɫɥɹɛɚ 

ɭɱɢɬɵɜɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɬɚɥɥɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ʉɨɧɜɟɤɬɢɜɧɨ-ɤɨɧɞɭɤɬɢɜɧɵɣ ɩɟɪɟɧɨɫ ɬɟɩɥɚ ɜ ɫɥɢɬɤɟ ɢ ɬɟɩɥɨɨɛɦɟɧ ɜ ɫɬɟɧɤɚɯ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɨɩɢɫɵɜɚɸɬɫɹ ɧɟɥɢɧɟɣɧɵɦɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɜ 

ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ. Ⱦɥɹ ɱɚɫɬɢ ɫɥɢɬɤɚ, ɧɚɯɨɞɹɳɟɣɫɹ ɜɧɭɬɪɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, 

ɡɚɞɚɧɵ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɯɚɪɚɤɬɟɪɭ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ 

ɪɚɡɥɢɜɤɟ ɩɨɞ ɲɥɚɤɨɦ ɢ ɧɚɥɢɱɢɢ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɥɢɬɤɚ ɢ ɫɬɟɧɤɨɣ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɡɚɡɨɪɚ, ɡɚɩɨɥɧɟɧɧɨɝɨ ɱɚɫɬɢɱɧɨ ɲɥɚɤɨɜɵɦ ɝɚɪɧɢɫɚɠɟɦ, ɱɚɫɬɢɱɧɨ 

– ɝɚɡɨɦ. Ⱦɥɹ ɜɫɟɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɡɚɞɚɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɭɫɥɨɜɢɹ 
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ɨɞɧɨɡɧɚɱɧɨɫɬɢ (ɝɪɚɧɢɱɧɵɟ ɢ ɧɚɱɚɥɶɧɵɟ). ɋɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɩɪɢɜɹɡɚɧɚ ɤ ɆɇɅɁ 

(ɪɢɫ. 4.1), ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ ɧɚɯɨɞɢɬɫɹ ɧɚ ɭɪɨɜɧɟ ɦɟɧɢɫɤɚ. 

 

Ɋɢɫɭɧɨɤ 4.1. ɋɯɟɦɚ ɦɨɞɟɥɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ ɫɥɹɛɚ: 1 – ɭɪɨɜɟɧɶ ɦɟɧɢɫɤɚ; 2 – ɝɪɚɧɢɰɚ ɦɟɠɞɭ ɬɜɟɪɞɨɣ ɢ 

ɠɢɞɤɨɣ ɮɚɡɚɦɢ 

 

Ʉɨɧɜɟɤɬɢɜɧɨ-ɤɨɧɞɭɤɬɢɜɧɵɣ ɩɟɪɟɧɨɫ ɬɟɩɥɚ ɞɥɹ ɫɥɢɬɤɚ ɜ ɁȼɈ ɆɇɅɁ 

ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɟɦ: 
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ɝɞɟ τ – ɜɪɟɦɹ; T = T(τ, x, z) – ɬɟɦɩɟɪɚɬɭɪɚ; v(τ) – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɫɥɢɬɤɚ; c(T) – 

ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ; ρ(T) – ɩɥɨɬɧɨɫɬɶ; Ȝ(T) – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɡɥɢɜɚɟɦɨɝɨ 

ɦɟɬɚɥɥɚ. 

ɉɨɥɨɠɟɧɢɟ ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ x = ξ(z) ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 

ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ ɬɟɦɩɟɪɚɬɭɪ ɢ ɭɫɥɨɜɢɹ ɋɬɟɮɚɧɚ 

( , ) ( , ) krT x z T x z T   ,     (4.2) 
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ɝɞɟ n  – ɧɨɪɦɚɥɶ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɮɚɡ; ȝ – ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ; 

Tkr – ɬɟɦɩɟɪɚɬɭɪɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɫɪɟɞɧɹɹ ɢɡ ɢɧɬɟɪɜɚɥɚ ɥɢɤɜɢɞɭɫ–ɫɨɥɢɞɭɫ); ξ – 

ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ. 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɜ ɁȼɈ ɭɱɢɬɵɜɚɸɬ ɫɥɨɠɧɵɣ ɦɟɯɚɧɢɡɦ ɬɟɩɥɨɨɬɜɨɞɚ 

ɜɫɥɟɞɫɬɜɢɟ ɤɨɧɜɟɤɰɢɢ ɢ ɢɡɥɭɱɟɧɢɹ ɬɟɩɥɚ: 

( ) ( ( ), )( ) ( ( ) )4 4
m I m m I mx l x l

x l
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T G z T T C T T
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      

 ,   (4.4) 

ɝɞɟ α(Gm(τ), z), Cm ɢ TIm – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ, 

ɩɪɢɜɟɞɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɢ ɬɟɦɩɟɪɚɬɭɪɚ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ m-ɣ ɫɟɤɰɢɢ ɁȼɈ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; l – ɩɨɥɭɬɨɥɳɢɧɚ ɫɥɢɬɤɚ (x 

= l – ɬɨɱɤɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ); Gm(τ) – ɪɚɫɯɨɞ ɜɨɞɵ ɜ m-ɣ ɫɟɤɰɢɢ ɁȼɈ. Ɂɚɞɚɧɵ 

ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɢ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. 

ɇɟɥɢɧɟɣɧɚɹ ɤɪɚɟɜɚɹ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ. ɉɨɥɨɠɟɧɢɟ 

ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɦɟɬɨɞɭ [249]. 

Ⱦɥɹ ɛɚɡɨɜɵɯ ɪɚɫɱɟɬɨɜ ɩɪɢɧɹɬɵ: ɬɨɥɳɢɧɚ ɫɥɹɛɚ 0,2 ɦ; ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ 

ɫɥɢɬɤɚ v = 1 ɦ/ɦɢɧ; ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɫɬɭɩɚɸɳɟɝɨ ɪɚɫɩɥɚɜɚ 1550°ɋ; 

ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɢɧɹɬɵ ɞɥɹ ɫɬɚɥɢ 40ɏ, ɩɪɨɰɟɧɬɧɵɣ ɫɨɫɬɚɜ ɤɨɬɨɪɨɣ 

(ȽɈɋɌ 4543–71): C 0,36–0,44; Si 0,17–0,37; Mn 0,5–0,8; Ni ɞɨ 0,3; S ɞɨ 0,035; P ɞɨ 

0,035; Cr 0,8–1,1; Cu ɞɨ 0,3. 
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4.3. ɂɫɫɥɟɞɨɜɚɧɢɟ ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ ɧɚ ɮɨɪɦɭ ɢ ɝɥɭɛɢɧɭ ɠɢɞɤɨɣ ɥɭɧɤɢ 

ɫɥɹɛɨɜɨɣ ɡɚɝɨɬɨɜɤɢ 

 

4.3.1. Ɏɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

 

Фɭɧɤɰɢя ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɚɪɚɦɟɬɪɚ a ɩɨ ɩɚɪɚɦɟɬɪɭ b ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

ɩɪɨɢɡɜɨɞɧɚɹ ɮɭɧɤɰɢɢ ɫɨɫɬɨɹɧɢɹ a ɩɨ ɩɚɪɚɦɟɬɪɭ b [55]. Ɉɩɪɟɞɟɥɟɧɢɟ ɮɭɧɤɰɢɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɩɨɪɹɞɤɨɜ ɞɚɧɨ ɜ ɪɚɛɨɬɟ [144]. ȼ ɧɟɣ ɢɫɫɥɟɞɭɸɬɫɹ 

ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɪɚɡɥɢɱɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ 

ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɩɪɟɞɟɥɹɸɳɟɣ ɝɪɭɩɩɵ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɬɚɤɠɟ 

ɜɵɱɢɫɥɹɸɬɫɹ ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ. 

Ɉɛɨɡɧɚɱɢɦ p – ɩɚɪɚɦɟɬɪ, ɜɥɢɹɧɢɟ ɢɡɦɟɧɟɧɢɣ ɤɨɬɨɪɨɝɨ ɧɭɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Δp – ɟɝɨ ɢɡɦɟɧɟɧɢɹ. Ɍɨɝɞɚ ɮɭɧɤɰɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɥɨɠɟɧɢɹ 

ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ – ɷɬɨ ɩɪɟɞɟɥ ɨɬɧɨɲɟɧɢɹ ɪɚɡɧɨɫɬɢ ɡɧɚɱɟɧɢɣ ɩɨɥɨɠɟɧɢɹ 

ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɧɚ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɦɟɧɢɫɤɚ ɤ Δp ɩɪɢ Δp→0. 

ɉɨɫɤɨɥɶɤɭ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɱɢɫɥɟɧɧɚɹ, ɜɵɱɢɫɥɹɟɬɫɹ ɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɫɧɚɱɚɥɚ ɩɪɢ ɡɧɚɱɟɧɢɢ p, ɚ ɡɚɬɟɦ ɩɪɢ 

p + Δp. ɉɭɫɬɶ ɧɚ ɧɟɤɨɬɨɪɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɦɟɧɢɫɤɚ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ξ1 ɢ ξ2 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Δξ = ξ2 – ξ1. Ɉɬɧɨɲɟɧɢɟ Δξ/Δp ɟɫɬɶ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 

ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ∂ξ/∂p ɜ ɷɬɨɣ ɬɨɱɤɟ. 

 

 

4.3.2. Ɋɟɚɤɰɢɹ ɮɨɪɦɵ ɢ ɝɥɭɛɢɧɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɧɚ ɜɚɪɶɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ 

ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ 

 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɫɬɚɪɚɸɬɫɹ 

ɩɨɞɞɟɪɠɢɜɚɬɶ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɨɛɭɫɥɨɜɥɟɧɧɨɦ ɭɪɨɜɧɟ. Ɉɞɧɚɤɨ 

ɩɨ ɬɟɯɧɢɱɟɫɤɢɦ ɩɪɢɱɢɧɚɦ ɫɤɨɪɨɫɬɶ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜ ɧɟɤɨɬɨɪɨɦ ɞɢɚɩɚɡɨɧɟ. 
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Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢɯɨɞɢɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɢ ɧɚ ɧɟɛɨɥɶɲɨɟ ɜɪɟɦɹ ɫɧɢɠɚɬɶ ɧɨɪɦɚɬɢɜɧɨ 

ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ 

(ɡɚɦɟɧɚ ɩɨɝɪɭɠɧɨɝɨ ɫɬɚɤɚɧɚ ɢ ɬ.ɩ.). ɉɪɢ ɢɡɦɟɧɟɧɢɹɯ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ 

ɦɟɧɹɟɬɫɹ ɢ ɝɥɭɛɢɧɚ ɠɢɞɤɨɣ ɥɭɧɤɢ. ɇɟɤɨɬɨɪɵɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɞɟɥɚɸɬɫɹ 

ɩɨɩɵɬɤɢ ɪɚɡɪɚɛɨɬɚɬɶ ɚɥɝɨɪɢɬɦɵ ɭɩɪɚɜɥɟɧɢɹ ɝɥɭɛɢɧɨɣ ɠɢɞɤɨɣ ɥɭɧɤɢ ɩɭɬɟɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɁȼɈ [281]. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ, ɧɚɫɤɨɥɶɤɨ 

ɫɢɥɶɧɨ ɧɚ ɮɨɪɦɭ ɠɢɞɤɨɣ ɥɭɧɤɢ ɜɥɢɹɸɬ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɢ 

ɧɚɫɤɨɥɶɤɨ – ɪɟɠɢɦɵ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 

ɇɚ ɪɢɫ. 4.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ, ɨɬɪɚɠɚɸɳɢɟ ɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɹɯ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ. Ɏɭɧɤɰɢɢ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ∂ξ/∂v (ɪɢɫ. 4.3) ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚɢɛɨɥɶɲɚɹ ɪɟɚɤɰɢɹ 

ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɬɨɱɤɟ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ, ɬ.ɟ. ɝɥɭɛɢɧɚ ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɠɢɞɤɨɣ ɥɭɧɤɢ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ. 

ɑɟɦ ɧɢɠɟ ɫɤɨɪɨɫɬɧɨɣ ɪɟɠɢɦ, ɬɟɦ ɛɨɥɶɲɟ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɥɢɹɸɬ ɧɚ ɝɥɭɛɢɧɭ 

ɢ ɮɨɪɦɭ ɠɢɞɤɨɣ ɥɭɧɤɢ. 

 

Ɋɢɫɭɧɨɤ 4.2. ɂɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɨɬ 0,6 ɞɨ 1,2 ɦ/ɦɢɧ  
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Ɋɢɫɭɧɨɤ 4.3. Ɏɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ 

ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɨɬ 0,6 ɞɨ 1,2 ɦ/ɦɢɧ  

  

 

4.3.3. Ɋɟɚɤɰɢɹ ɮɨɪɦɵ ɢ ɝɥɭɛɢɧɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɧɚ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫɥɢɬɤɚ 

 

ɍɩɪɚɜɥɹɸɳɢɦ ɩɚɪɚɦɟɬɪɨɦ ɜ ɫɢɫɬɟɦɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɆɇɅɁ 

ɹɜɥɹɟɬɫɹ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɪɚɡɥɢɱɧɵɯ ɫɟɤɰɢɹɯ ɁȼɈ [260]. ɉɨɫɤɨɥɶɤɭ 

ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɨɛɥɟɦ ɹɜɥɹɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɝɥɭɛɢɧɨɣ ɠɢɞɤɨɣ ɥɭɧɤɢ ɩɪɢ 

ɫɧɢɠɟɧɢɢ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ, ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɫɪɚɜɧɟɧɢɟ ɮɨɪɦɵ ɥɭɧɤɢ 

ɩɪɢ ɛɚɡɨɜɨɦ ɪɟɠɢɦɟ ɢ ɪɟɠɢɦɟ ɫɧɢɠɟɧɧɨɣ ɫɤɨɪɨɫɬɢ. ɇɚ ɪɢɫ. 4.4 ɩɪɟɞɫɬɚɜɥɟɧ 

ɛɚɡɨɜɵɣ ɪɟɠɢɦ (ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɢ ɨɯɥɚɠɞɟɧɢɹ), ɚ ɬɚɤɠɟ ɪɟɠɢɦ 

ɩɨɧɢɠɟɧɧɨɣ ɞɨ 0,6 ɦ/ɦɢɧ ɫɤɨɪɨɫɬɢ ɞɥɹ ɧɟɢɡɦɟɧɟɧɧɨɝɨ (ɛɚɡɨɜɨɝɨ) ɢ ɞɥɹ 

ɦɚɤɫɢɦɚɥɶɧɨ ɢ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɯ ɪɟɠɢɦɨɜ ɨɯɥɚɠɞɟɧɢɹ. Ⱥɧɚɥɢɡ 

ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɞɚɧɧɨɣ ɫɢɬɭɚɰɢɢ ɜ ɩɪɢɧɰɢɩɟ ɧɟɜɨɡɦɨɠɧɨ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ 

ɜɥɢɹɧɢɟ ɫɧɢɠɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɧɚ ɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɧɟɧɢɹ ɪɟɠɢɦɚ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 4.4. ɉɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ: 1 – ɫɤɨɪɨɫɬɶ 

ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ 1 ɦ/ɦɢɧ ɢ 2 – 0,6 ɦ/ɦɢɧ ɩɪɢ ɛɚɡɨɜɨɦ ɪɟɠɢɦɟ ɨɯɥɚɠɞɟɧɢɹ; 3 ɢ 

4 – ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ 0,6 ɦ/ɦɢɧ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 

ɪɚɫɯɨɞɟ ɜɨɞɵ ɜɨ ɜɫɟɯ ɫɟɤɰɢɹɯ ɁȼɈ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

 

 

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɜɥɢɹɧɢɟ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɮɭɧɤɰɢɢ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ∂ξ/∂G (ɪɢɫ. 4.5). ɍɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɫ 0,6 ɞɨ 1,2 ɦ/ɦɢɧ ɜɟɞɟɬ ɤ 

ɩɨɜɵɲɟɧɢɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɤɚɤ ɦɢɧɢɦɭɦ, ɜɞɜɨɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɛɨɥɶɲɢɯ 

ɫɤɨɪɨɫɬɹɯ ɜɵɬɹɝɢɜɚɧɢɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɝɥɭɛɢɧɵ ɢ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɜɨɡɦɨɠɧɚ 

ɜ ɛɨɥɟɟ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ. 
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Ɋɢɫɭɧɨɤ 4.5. ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɤ ɢɡɦɟɧɟɧɢɹɦ ɪɚɫɯɨɞɚ 

ɜɨɞɵ ɜ ɁȼɈ ɩɪɢ ɜɚɪɢɚɰɢɹɯ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɨɬ 0,6 ɞɨ 1,2 ɦ/ɦɢɧ  

 

 

4.3.4. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɝɥɭɛɢɧɭ ɢ ɮɨɪɦɭ ɠɢɞɤɨɣ ɥɭɧɤɢ 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢяɧɢя ɬɨɥщɢɧɵ ɫɥɢɬɤа ɧɚ ɮɨɪɦɭ ɠɢɞɤɨɣ ɥɭɧɤɢ ɩɨɤɚɡɵɜɚɟɬ, 

ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɜɟɪɞɨɣ ɤɨɪɨɱɤɢ ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɨɣ ɞɥɹ ɪɚɡɧɵɯ 

ɡɧɚɱɟɧɢɣ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ. ɂɡ ɝɪɚɮɢɤɨɜ ɢɡɦɟɧɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ ɞɥɹ ɫɥɢɬɤɨɜ ɪɚɡɥɢɱɧɨɣ ɬɨɥɳɢɧɵ (ɪɢɫ. 4.6) ɜɢɞɧɨ, ɱɬɨ ɬɜɟɪɞɚɹ ɤɨɪɨɱɤɚ 

ɜɟɞɟɬ ɫɟɛɹ ɨɞɢɧɚɤɨɜɨ, ɮɨɪɦɚ ɠɢɞɤɨɣ ɥɭɧɤɢ ɧɟ ɦɟɧɹɟɬɫɹ, ɩɪɨɢɫɯɨɞɢɬ ɥɢɲɶ ɟɟ 

ɩɚɪɚɥɥɟɥɶɧɵɣ ɩɟɪɟɧɨɫ, ɚ ɩɨɥɨɠɟɧɢɟ ɬɨɱɤɢ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɳɢɧɨɣ ɫɥɢɬɤɚ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɡɞɟɫɶ ɧɟ ɩɪɢɜɨɞɹɬɫɹ, ɩɨɫɤɨɥɶɤɭ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɪɢɜɵɟ, ɛɥɢɡɤɢɟ ɤ ɤɨɧɫɬɚɧɬɟ, 

ɪɚɜɧɨɣ ɟɞɢɧɢɰɟ. 

Вɥɢяɧɢɟ ɜаɪɢаɰɢɣ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯаɪаɤɬɟɪɢɫɬɢɤ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ 

ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɦɨɝɥɚ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɋȺɍ ɆɇɅɁ ɧɟɨɛɯɨɞɢɦɚ 

ɝɚɪɚɧɬɢɹ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɨɱɧɨɫɬɢ ɨɬɨɛɪɚɠɟɧɢɹ ɪɟɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ʉɚɤ ɭɠɟ ɛɵɥɨ 
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ɫɤɚɡɚɧɨ ɜɵɲɟ, ɷɬɨɣ ɡɚɞɚɱɟɣ ɡɚɧɢɦɚɟɬɫɹ ɬɟɨɪɢɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɢɫɬɟɦ. ɉɨɫɤɨɥɶɤɭ 

ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɝɭɬ ɨɛɥɚɞɚɬɶ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ 

ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶɸ, ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɨɲɢɛɤɢ ɢɯ 

ɨɩɪɟɞɟɥɟɧɢɹ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ɇɚ ɪɢɫ. 4.7 ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ ɨɬɤɥɨɧɟɧɢɹ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɩɪɢ 

ɨɲɢɛɤɟ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɡɥɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ 

±10%. Ʉɚɤ ɜɢɞɧɨ, ɝɥɭɛɢɧɚ ɠɢɞɤɨɣ ɮɚɡɵ ɩɪɢ ɷɬɨɦ ɬɚɤɠɟ ɢɡɦɟɧɹɟɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ±9%. ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ∂ξ/∂Ȝ (ɪɢɫ. 4.8) ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɚ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɹɯ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɚɤɚɹ ɤɚɪɬɢɧɚ ɛɭɞɟɬ 

ɫɨɯɪɚɧɹɬɶɫɹ ɢ ɩɪɢ ɞɪɭɝɢɯ ɪɟɠɢɦɚɯ. 

 

 

Ɋɢɫɭɧɨɤ 4.6. ɉɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɞɥɹ ɫɥɢɬɤɨɜ ɬɨɥɳɢɧɨɣ ɨɬ 0,2 ɞɨ 

0,24 ɦ  
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Ɋɢɫɭɧɨɤ 4.7. Ⱦɢɚɩɚɡɨɧ ɨɬɤɥɨɧɟɧɢɣ ɪɚɫɱɟɬɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ 

ɮɚɡ ɨɬ ɛɚɡɨɜɨɝɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɡɥɢɜɚɟɦɨɝɨ 

ɦɟɬɚɥɥɚ: 1 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɫɬɚɥɢ 40X ɩɪɢ ɛɚɡɨɜɨɦ ɪɟɠɢɦɟ; 

2 ɢ 3 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɫɬɚɥɢ 40X, ɭɦɟɧɶɲɟɧɧɵɣ ɢ 

ɭɜɟɥɢɱɟɧɧɵɣ ɧɚ 3,3 ȼɬ/(ɦ·Ʉ) (±10%) 

 

 

Ɋɢɫɭɧɨɤ 4.8. ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɤ ɢɡɦɟɧɟɧɢɹɦ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɡɥɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ 

ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɨɬ 0,6 ɞɨ 1,2 ɦ/ɦɢɧ  
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Ⱥɧɚɥɢɡɢɪɭɹ ɯɚɪɚɤɬɟɪ ɜɯɨɠɞɟɧɢɹ ɜ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɪɭɝɢɯ 

ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɩɥɨɬɧɨɫɬɢ ɢ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ), ɦɨɠɧɨ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɨɲɢɛɤɢ ɜ ɢɯ ɨɩɪɟɞɟɥɟɧɢɢ ɛɭɞɭɬ ɫɤɚɡɵɜɚɬɶɫɹ ɧɚ ɪɚɫɱɟɬɚɯ 

ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ. 

Ɍɚɤɠɟ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɢɡɦɟɧɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɬɭɩɚɸɳɟɝɨ 

ɪɚɫɩɥɚɜɚ. Ɋɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɬɤɥɨɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɬɚɥɥɚ, ɡɚɥɢɜɚɟɦɨɝɨ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ, ɜ ɩɪɟɞɟɥɚɯ ±10°ɋ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨ ɜɥɢɹɸɬ ɧɚ ɝɥɭɛɢɧɭ ɢ 

ɮɨɪɦɭ ɠɢɞɤɨɣ ɥɭɧɤɢ.  

 

 

4.4. ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɟɚɤɰɢɹ ɮɨɪɦɵ ɢ ɝɥɭɛɢɧɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɧɚ ɢɡɦɟɧɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɪɚɡɥɢɜɤɢ ɞɥɹ ɫɨɪɬɨɜɨɣ ɡɚɝɨɬɨɜɤɢ 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɩɨ ɭɫɥɨɜɢɹɦ ɋɬɟɮɚɧɚ ɞɥɹ ɪɚɫɱёɬɚ ɩɨɥɨɠɟɧɢɹ 

ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ (ɩ. 2.4.5). 

Ɉɫɧɨɜɧɨɣ ɪɟɠɢɦ: 0,2 ɦ ɬɨɥɳɢɧɵ ɫɥɹɛɚ, ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɫɥɢɬɤɚ 3,5 ɦ/ɦɢɧ. 

Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɫɬɚɥɢ: ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 

4.1, ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɫɬɭɩɚɸɳɟɝɨ ɪɚɫɩɥɚɜɚ ɞɨ 1550 ° C. Ɋɟɠɢɦɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɢɧɫɬɪɭɤɰɢɹɦ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4.9. 

 
 

Ɍɚɛɥɢɰɚ 4.1. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ 
 

C Si Mn Ni S P Cr Cu 
0,36…0,44 0,17…0,37 0,5…0,8 ɞɨ 0,3 ɞɨ 0,035 ɞɨ 0,035 0,8…1,1 ɞɨ 0,3 
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Ɋɢɫɭɧɨɤ 4.9. ɋɨɥɢɞɭɫ (1) ɢ ɥɢɤɜɢɞɭɫ (2) ɩɪɢ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ 3,5 ɦ/ɦɢɧ 

 

 

Рɟаɤɰɢя ɧа ɢɡɦɟɧɟɧɢя ɫɤɨɪɨɫɬɢ ɪаɡɥɢɜɤɢ. ȼɨ ɜɪɟɦɹ ɩɪɨɰɟɫɫɚ ɥɢɬɶɹ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɨɞɞɟɪɠɢɜɚɬɶ ɫɤɨɪɨɫɬɶ ɢɡɜɥɟɱɟɧɢɹ ɫɥɢɬɤɚ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɭɪɨɜɧɟ. Ɉɞɧɚɤɨ ɩɨ ɬɟɯɧɢɱɟɫɤɢɦ ɩɪɢɱɢɧɚɦ 

ɫɤɨɪɨɫɬɶ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ. ɇɚɩɪɢɦɟɪ, ɧɟɨɛɯɨɞɢɦɨ ɫɨɤɪɚɬɢɬɶ ɧɨɪɦɚɬɢɜɧɭɸ 

ɫɤɨɪɨɫɬɶ ɜ ɬɟɱɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɜɪɟɦɟɧɢ ɞɥɹ ɧɟɨɛɯɨɞɢɦɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɨɩɟɪɚɰɢɣ (ɡɚɦɟɧɚ ɩɨɝɪɭɠɧɨɝɨ ɜɯɨɞɧɨɝɨ ɫɨɩɥɚ ɢ ɬ. ɞ.). ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ 

ɥɢɬɶɹ ɢɡɦɟɧɹɟɬɫɹ ɢ ɝɥɭɛɢɧɚ ɠɢɞɤɨɣ ɥɭɧɤɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɫɥɟɞɨɜɚɬɟɥɢ 

ɩɪɟɞɩɪɢɧɢɦɚɥɢ ɩɨɩɵɬɤɢ ɪɚɡɪɚɛɨɬɚɬɶ ɚɥɝɨɪɢɬɦɵ ɭɩɪɚɜɥɟɧɢɹ ɝɥɭɛɢɧɨɣ ɠɢɞɤɨɣ 

ɮɚɡɵ ɩɭɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɜɨɞɵ ɜ ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ 

[281]. ɑɬɨɛɵ ɪɟɲɢɬɶ ɷɬɭ ɩɪɨɛɥɟɦɭ, ɧɭɠɧɨ ɡɧɚɬɶ, ɧɚɫɤɨɥɶɤɨ ɫɤɨɪɨɫɬɶ ɪɚɡɥɢɜɤɢ 

ɜɥɢɹɟɬ ɧɚ ɮɨɪɦɭ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ ɫɨɥɢɞɭɫɚ ɢ ɤɚɤ ɜɥɢɹɸɬ ɧɚ ɧɟё ɪɟɠɢɦɵ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 

Ɋɢɫ. 4.10 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɪɚɮɢɤ, ɩɨɤɚɡɵɜɚɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɠɢɞɤɨɣ 

ɥɭɧɤɢ ɧɚ ɪɚɡɧɵɯ ɫɤɨɪɨɫɬɹɯ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ. ɇɚɢɛɨɥɶɲɢɣ ɨɬɤɥɢɤ, 

ɧɚɛɥɸɞɚɟɦɵɣ ɜ ɬɨɱɤɟ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɡɚɬɜɟɪɞɟɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɝɥɭɛɢɧɚ ɠɢɞɤɨɣ 

ɮɚɡɵ, ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ. 
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Ɋɢɫɭɧɨɤ 4.10. ɋɨɥɢɞɭɫ (1) ɢ ɥɢɤɜɢɞɭɫ (2) ɩɪɢ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ 4,5 ɦ / ɦɢɧ ɢ 

ɫɨɥɢɞɭɫ (3) ɢ ɥɢɤɜɢɞɭɫ (4) ɩɪɢ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ 2,5 ɦ / ɦɢɧ (ɩɪɢ ɬɨɦ ɠɟ ɪɟɠɢɦɟ 

ɨɯɥɚɠɞɟɧɢɹ) 
 

ɉɨɫɤɨɥɶɤɭ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɛɨɥɟɟ ɜɚɠɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ 

ɫɨɥɢɞɭɫɟ, ɧɢɠɟ ɦɵ ɛɭɞɟɦ ɨɛɪɚɳɚɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɝɪɚɧɢɰɭ ɪɚɡɞɟɥɚ ɮɚɡ ɦɟɠɞɭ 

ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɨɣ ɢ ɬɜɟɪɞɵɦ ɦɟɬɚɥɥɨɦ. 

Ɋɢɫ.4.11 ɩɨɤɚɡɵɜɚɟɬ ɧɚɫɤɨɥɶɤɨ ɫɤɨɪɨɫɬɶ ɪɚɡɥɢɜɤɢ ɜɥɢɹɟɬ ɧɚ ɮɨɪɦɭ ɝɪɚɧɢɰɵ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɫɨɥɢɞɭɫɚ ɩɪɢ ɬɨɦ ɠɟ ɪɟɠɢɦɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 

 

 

Ɋɢɫɭɧɨɤ 4.11. ɋɨɥɢɞɭɫ ɞɥɹ 2,5 ɦ / ɦɢɧ (1), 3,0 ɦ / ɦɢɧ (2), 3,5 ɦ / ɦɢɧ (3), 4,0 ɦ 

/ ɦɢɧ (4) ɢ 4,5 ɦ / ɦɢɧ (5) ɩɪɢ ɬɨɦ ɠɟ ɪɟɠɢɦɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ 

 
 

Рɟаɤɰɢя ɧа ɢɡɦɟɧɟɧɢя ɪɟɠɢɦа ɜɬɨɪɢɱɧɨɝɨ ɨɯɥаɠɞɟɧɢя. Ʉɨɧɬɪɨɥɶɧɵɟ 

ɩɚɪɚɦɟɬɪɵ ɜ ɫɢɫɬɟɦɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ - ɷɬɨ ɪɚɡɪɹɞɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ 

ɪɚɡɥɢɱɧɵɯ ɫɟɤɰɢɹɯ. Ɉɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɨɛɥɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ 

ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɝɥɭɛɢɧɭ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɹɝɤɨɣ ɡɨɧɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ 

ɤɚɫɬɢɧɝɚ. ɉɨɬɟɧɰɢɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɬɚɤɨɝɨ ɤɨɧɬɪɨɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 



165 

 

4.12. Ɇɵ ɦɨɠɟɦ ɜɢɞɟɬɶ, ɱɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɞɥɢɧɧɨɣ ɦɟɬɚɥɥɭɪɝɢɟɣ ɩɪɢ 

ɜɬɨɪɢɱɧɨɦ ɨɯɥɚɠɞɟɧɢɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ ɥɢɬɶɹ ɜɟɫɶɦɚ ɨɝɪɚɧɢɱɟɧɚ. Ɉɞɧɚɤɨ 

ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɥɢɬɶɹ ɨɤɨɧɱɚɬɟɥɶɧɚɹ ɮɨɪɦɚ 

ɝɪɚɧɢɰɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɪɟɝɭɥɢɪɨɜɤɚ ɝɥɭɛɢɧɵ ɞɨɫɬɭɩɧɵ ɜ ɛɨɥɟɟ ɲɢɪɨɤɨɦ 

ɞɢɚɩɚɡɨɧɟ. 
 

 

Ɋɢɫɭɧɨɤ 4.13. ɋɨɥɢɞɭɫ ɩɪɢ ɜɚɪɢɚɰɢɹɯ ɪɟɠɢɦɚ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɨɬ 

ɦɢɧɢɦɚɥɶɧɨɝɨ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɥɹ ɫɤɨɪɨɫɬɟɣ 2,5 ɦ/ɦɢɧ (1) ɢ 4,5 ɦ/ɦɢɧ (2) 

 

 

Вɥɢяɧɢɟ ɜаɪɢаɰɢɣ ɬɟɩɥɨɜɵɯ ɯаɪаɤɬɟɪɢɫɬɢɤ. Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ACS CCM ɧɟɨɛɯɨɞɢɦɨ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɨɩɪɟɞɟɥɟɧɧɭɸ 

ɬɨɱɧɨɫɬɶ ɨɬɨɛɪɚɠɟɧɢɹ ɪɟɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ʉɚɤ ɭɠɟ ɭɩɨɦɢɧɚɥɨɫɶ ɜɵɲɟ, ɷɬɨ 

ɡɚɞɚɱɢ ɬɟɨɪɢɢ ɫɢɫɬɟɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. ɉɨɫɤɨɥɶɤɭ ɧɚɢɛɨɥɟɟ ɧɟɨɩɪɟɞɟɥɟɧɧɵɟ 

ɦɨɝɭɬ ɢɦɟɬɶ ɬɟɩɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ 

ɨɲɢɛɨɤ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ɇɚ ɪɢɫ. 4.13 ɩɨɤɚɡɚɧɵ ɝɪɚɮɢɤɢ ɮɨɪɦɵ ɩɭɱɤɚ ɨɬɤɥɨɧɟɧɢɣ, ɤɨɝɞɚ ɨɲɢɛɤɚ ɜ 

ɨɩɪɟɞɟɥɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤɨɦɩɨɧɟɧɬɚ ɥɢɬɨɝɨ ɦɟɬɚɥɥɚ ɫɨɫɬɚɜɥɹɟɬ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ± 10%. Ʉɚɤ ɜɢɞɧɨ, ɝɥɭɛɢɧɚ ɠɢɞɤɨɣ ɮɚɡɵ ɬɚɤɠɟ ɢɡɦɟɧɹɟɬɫɹ ɜ 

ɞɢɚɩɚɡɨɧɟ ɨɤɨɥɨ ± 9%. 
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Ɋɢɫɭɧɨɤ 4.14. ɉɨɥɨɠɟɧɢɟ ɫɨɥɢɞɭɫɚ ɩɪɢ ɜɚɪɢɚɰɢɹɯ ɡɧɚɱɟɧɢɹ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɫɤɨɪɨɫɬɢ 3,5 ɦ/ɦɢɧ. Ɂɧɚɱɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɡ ɛɚɡɵ 

ɞɚɧɧɵɯ (1), -10% (2), ɢ +10% (3) 

 

Ⱥɧɚɥɢɡɢɪɭɹ ɩɪɢɪɨɞɭ ɜɯɨɞɹɳɢɯ ɜ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɪɭɝɢɯ 

ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (ɩɥɨɬɧɨɫɬɶ ɢ ɬɟɩɥɨɟɦɤɨɫɬɶ), ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɨɲɢɛɤɚ ɜ ɢɯ ɨɩɪɟɞɟɥɟɧɢɢ ɛɭɞɟɬ ɜɥɢɹɬɶ ɧɚ ɜɵɱɢɫɥɟɧɢɹ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ. 

Ȼɵɥɢ ɬɚɤɠɟ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ 

ɩɪɢɯɨɞɹɳɟɦ ɪɚɫɩɥɚɜɟ. Ɋɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɬɤɥɨɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɬɚɥɥɚ, 

ɜɥɢɜɚɟɦɨɝɨ ɜ ɮɨɪɦɭ, ɜ ɩɪɟɞɟɥɚɯ ± 10 ° C ɨɤɚɡɵɜɚɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɝɥɭɛɢɧɭ ɢ ɮɨɪɦɭ ɠɢɞɤɨɣ ɮɚɡɵ. 

 

 

4.5. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ 

ɫɨɪɬɨɜɨɣ ɡɚɝɨɬɨɜɤɢ 

 

ɉɪɟɞɥɨɠɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɚɞɚɩɬɢɪɨɜɚɧɚ ɤ ɭɫɥɨɜɢɹɦ, ɤɨɬɨɪɵɟ 

ɮɚɤɬɢɱɟɫɤɢ ɫɭɳɟɫɬɜɭɸɬ ɜ ɩɪɨɰɟɫɫɟ ɥɢɬɶɹ ɧɚ ɦɚɲɢɧɟ №2 ȿɧɚɤɢɟɜɫɤɨɝɨ 

ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɤɨɦɛɢɧɚɬɚ. Ⱥɥɝɨɪɢɬɦɵ ɛɵɥɢ ɨɩɢɫɚɧɵ ɜ [9] ɞɥɹ ɧɚɫɬɪɨɣɤɢ 

ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɭɩɚɸɳɟɣ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 

ɢɧɮɨɪɦɚɰɢɟɣ, ɩɨɥɭɱɟɧɧɨɣ ɨ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɢɡ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 

ɩɪɢɛɨɪɨɜ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɝɥɚɫɭɸɬɫɹ ɜ ɞɚɧɧɵɦɢ ɩɨɥɭɱɟɧɧɵɦɢ ɜ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. ɇɚ ɪɢɫ. 4.14 ɩɪɟɞɫɬɚɜɥɟɧ ɬɟɦɩɥɟɬ ɡɚɝɨɬɨɜɤɢ, 
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ɫɪɟɡɚɧɧɨɣ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 22,405ɦ ɨɬ ɦɟɧɢɫɤɚ ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ 3,98 

ɦ/ɦɢɧ ɢ ɛɚɡɨɜɨɦ ɪɟɠɢɦɟ ɨɯɥɚɠɞɟɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 4.15. Ɍɟɦɩɥɟɬ ɫɨɪɬɨɜɨɣ ɡɚɝɨɬɨɜɤɢ ɫ ɠɢɞɤɨɣ ɫɟɪɞɰɟɜɢɧɨɣ, 

ɩɪɨɲɟɞɲɟɣ ɜ ɡɨɧɭ ɩɨɪɟɡɤɢ.  

 

ɉɨɫɤɨɥɶɤɭ ɫɪɟɡ ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɨ ɫɥɢɬɤɭ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ 

ɠɢɞɤɨɣ ɮɚɡɵ ɜɧɭɬɪɢ, ɧɨɠɧɢɰɵ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɨ ɜ ɷɬɨɦ ɦɟɫɬɟ ɞɟɮɨɪɦɢɪɨɜɚɥɢ 

ɡɚɝɨɬɨɜɤɭ. ɇɚ ɩɨɥɭɱɟɧɧɵɣ ɫɪɟɡ ɧɚɧɟɫɟɧɚ ɫɟɬɤɚ (ɪɢɫ. 4.15), ɩɨ ɤɨɬɨɪɨɣ ɡɚɬɟɦ 

ɜɨɫɫɬɚɧɨɜɥɟɧɚ ɮɨɪɦɚ ɬɟɦɩɥɟɬɚ ɞɨ ɦɨɦɟɧɬɚ ɩɨɪɟɡɤɢ (ɪɢɫ. 4.16). 

 

 

Ɋɢɫɭɧɨɤ 4.16. ɋɟɬɤɚ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɨɪɦɵ ɬɟɦɩɥɟɬɚ  
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Ɂɨɧɚ ɜɵɥɢɜɚɧɢɹ ɨɬɦɟɱɟɧɚ ɧɚ ɚɞɚɩɬɢɪɨɜɚɧɧɨɣ ɫɟɬɤɟ, ɢ ɟё ɮɨɪɦɚ ɬɚɤɠɟ ɛɵɥɚ 

ɜɨɫɫɬɚɧɨɜɥɟɧɚ (ɪɢɫ. 4.17).  

 

               

Ɋɢɫɭɧɨɤ 4.17. ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɮɨɪɦɵ ɬɟɦɩɥɟɬɚ ɢ ɡɨɧɵ ɜɵɥɢɜɚɧɢɹ ɞɨ ɩɨɪɟɡɤɢ 

 

 

 

4.6. ȼɵɜɨɞɵ 

 

ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ 

ɫɬɚɥɢ ɧɚ ɝɥɭɛɢɧɭ ɢ ɮɨɪɦɭ ɠɢɞɤɨɣ ɥɭɧɤɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ. ɉɨɫɬɪɨɟɧɵ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ ɞɥɹ ɞɜɭɦɟɪɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɧɨɟ 

ɩɨɥɟ ɲɢɪɨɤɨɝɨ ɫɥɹɛɚ ɫ ɭɫɥɨɜɢɹɦɢ ɋɬɟɮɚɧɚ ɞɥɹ ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ. ɉɪɢɜɟɞɟɧɵ 

ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɥɢɹɧɢɹ ɜɚɪɢɚɰɢɣ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ, ɜɬɨɪɢɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ, ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ 

ɝɥɭɛɢɧɭ ɢ ɮɨɪɦɭ ɠɢɞɤɨɣ ɥɭɧɤɢ. 

ɂɫɫɥɟɞɨɜɚɧɚ ɪɟɚɤɰɢɹ ɭɩɪɚɜɥɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ – ɝɥɭɛɢɧɵ ɢ ɮɨɪɦɵ ɠɢɞɤɨɣ 

ɥɭɧɤɢ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ ɫɥɢɬɤɚ – ɧɚ ɢɡɦɟɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɭɩɪɚɜɥɹɸɳɢɯ ɢ 
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ɜɨɡɦɭɳɚɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. ɉɨɫɬɪɨɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɭɧɤɰɢɢ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. ɉɨɤɚɡɚɧɚ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ ɝɥɭɛɢɧɨɣ 

ɠɢɞɤɨɣ ɮɚɡɵ ɩɪɢ ɢɡɦɟɧɟɧɢɹɯ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɩɭɬɟɦ ɜɬɨɪɢɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 

(ɬɨɥɳɢɧɵ) ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɥɢɬɤɚ ɧɚ ɝɥɭɛɢɧɭ ɢ ɮɨɪɦɭ ɠɢɞɤɨɣ 

ɮɚɡɵ ɩɨɤɚɡɚɥɢ ɫɭɳɟɫɬɜɟɧɧɵɟ ɪɚɡɥɢɱɢɹ ɫ ɹɜɧɵɦ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɤ ɢɡɦɟɧɟɧɢɹɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɰɟɧɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɤɨɧɜɟɤɬɢɜɧɨ-ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɦ ɫɥɢɬɤɟ, ɚ ɬɚɤɠɟ ɞɥɹ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɩɨɜɵɲɟɧɢɹ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɆɇɅɁ. 
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ȽɅȺȼȺ 5 

 

ɆȿɌɈȾɂɄȺ ɊȺɋɑȿɌȺ ɈɉɌɂɆȺɅɖɇɕɏ ɉȺɊȺɆȿɌɊɈȼ 

ɎɈɊɋɍɇɈɑɇɈȽɈ ɈɏɅȺɀȾȿɇɂə 

 

 

ȼ ɝɥɚɜɟ ɪɚɫɫɦɨɬɪɟɧɵ ɡɚɞɚɱɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɫɱёɬɨɦ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜɨ ɜɬɨɪɢɱɧɨɣ ɡɨɧɟ ɆɇɅɁ. ȼ ɩɟɪɜɨɦ ɩɚɪɚɝɪɚɮɟ ɨɩɢɫɚɧɚ 

ɦɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨɞ 

ɮɚɤɟɥɨɦ ɮɨɪɫɭɧɤɢ, ɪɚɫɩɵɥɹɸɳɟɣ ɜɨɞɨɜɨɡɞɭɲɧɭɸ ɫɦɟɫɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ ɮɨɪɫɭɧɤɭ. ȼɨ ɜɬɨɪɨɦ ɩɚɪɚɝɪɚɮɟ ɢɡɥɨɠɟɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 

ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨ ɞɚɧɧɵɦ ɢɡɦɟɪɟɧɢɣ. Ɍɪɟɬɢɣ 

ɩɚɪɚɝɪɚɮ ɩɨɫɜɹɳёɧ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ   

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ.  ȼ 

ɱɟɬɜёɪɬɨɦ ɩɚɪɚɝɪɚɮɟ ɢɡɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ ɫɥɹɛɚ. ɉɹɬɵɣ ɩɚɪɚɝɪɚɮ ɫɨɞɟɪɠɢɬ 

ɜɵɜɨɞɵ ɩɨ ɝɥɚɜɟ. 
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5.1. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨɞ 

ɮɨɪɫɭɧɤɚɦɢ 

 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɜ ɤɚɠɞɨɣ ɫɟɤɰɢɢ 

ɦɟɠɞɭ ɪɨɥɢɤɚɦɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɮɨɪɫɭɧɤɢ ɞɥɹ ɩɨɞɚɱɢ ɨɯɥɚɞɢɬɟɥɹ ɜ ɜɢɞɟ 

ɜɨɞɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ. Ɏɨɪɫɭɧɤɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɨ ɧɟɫɤɨɥɶɤɭ ɲɬɭɤ ɜ ɤɚɪɤɚɫɵ, 

ɧɚɡɵɜɚɟɦɵɟ ɤɨɥɥɟɤɬɨɪɚɦɢ, ɤɨɬɨɪɵɟ ɜɵɩɨɥɧɹɸɬɫɹ ɜ ɜɢɞɟ ɫɨɟɞɢɧɟɧɧɵɯ 

ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛɪɚɡɨɦ ɬɪɭɛ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɥɭɠɚɬ ɞɥɹ ɩɨɞɜɨɞɚ ɜɨɞɵ ɢ ɜɨɡɞɭɯɚ 

ɤ ɮɨɪɫɭɧɤɚɦ. ȼ ɨɞɧɨ ɦɟɠɪɨɥɢɤɨɜɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɨ 

ɧɟɫɤɨɥɶɤɨ ɮɨɪɫɭɧɨɤ ɧɚ ɡɚɞɚɧɧɨɦ ɩɪɨɟɤɬɧɨɦ ɭɞɚɥɟɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɞɥɹ 

ɨɯɥɚɠɞɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɩɨ ɜɫɟɣ ɟɟ ɲɢɪɢɧɟ. Ʉɨɥɢɱɟɫɬɜɨ ɢ ɬɢɩɵ 

ɮɨɪɫɭɧɨɤ ɢɡɦɟɧɹɸɬɫɹ ɨɬ ɫɟɤɰɢɢ ɤ ɫɟɤɰɢɢ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ 

ɪɟɠɢɦɭ ɨɯɥɚɠɞɟɧɢɹ ɡɚɝɨɬɨɜɤɢ. Ɉɫɧɨɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɫɯɟɦɵ ɪɚɫɫɬɚɧɨɜɤɢ 

ɮɨɪɫɭɧɨɤ ɹɜɥɹɸɬɫɹ: ɤɨɥɢɱɟɫɬɜɨ ɮɨɪɫɭɧɨɤ, ɬɢɩ ɮɨɪɫɭɧɨɤ, ɞɨɩɭɫɬɢɦɵɣ ɞɢɚɩɚɡɨɧ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɫɯɨɞɚ ɨɯɥɚɞɢɬɟɥɹ, ɩɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ ɤɚɠɞɨɣ ɮɨɪɫɭɧɤɢ, ɭɝɨɥ 

ɪɚɫɤɪɵɬɢɹ ɮɚɤɟɥɚ ɮɨɪɫɭɧɤɢ [154]. ɂɡɝɨɬɨɜɥɟɧɢɟɦ ɮɨɪɫɭɧɨɤ ɞɥɹ ɆɇɅɁ ɡɚɧɢɦɚ- 

ɟɬɫɹ ɰɟɥɵɣ ɪɹɞ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, ɜ ɱɚɫɬɧɨɫɬɢ «Lehler», «Spraying Systems», 

«Ʉɨɪɚɞ», «ɍɪɚɥɦɚɲ – ɆɈ» 

Ʉɨɷɮɮɢɰɢɟɧɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɁȼɈ ɢɦɟɟɬ ɫɩɟɰɢɚɥɶɧɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ. ȿɝɨ ɜɟɥɢɱɢɧɚ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɯɨɞɚ ɜɨɞɵ ɢ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɨɪɫɭɧɨɤ, ɩɨɞɚɸɳɢɯ ɜɨɞɨ-ɜɨɡɞɭɲɧɭɸ ɫɦɟɫɶ, ɤɨɬɨɪɚɹ ɫ ɛɨɥɶɲɨɣ 

ɫɤɨɪɨɫɬɶɸ ɧɚɩɪɚɜɥɹɟɬɫɹ ɢɡ ɫɨɩɥɚ ɮɨɪɫɭɧɤɢ ɩɨ ɧɨɪɦɚɥɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ. 

Ȼɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɜɨɞɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɞɨɫɬɢɝɚɟɬɫɹ 

ɢɧɬɟɧɫɢɜɧɚɹ ɤɨɧɜɟɤɬɢɜɧɚɹ ɬɟɩɥɨɨɬɞɚɱɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɵɫɬɪɨɦɭ ɨɯɥɚɠɞɟɧɢɸ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ. 

ɉɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɨ ɜ [3]. Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 

ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢɦɟɧɹɥɫɹ 

ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɥɨɪɢɦɟɬɪ [46, 83], ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɧɚɝɪɟɜɚɬɟɥɶ ɫ 

ɩɪɢɤɪɟɩɥёɧɧɨɣ ɤ ɧɟɦɭ ɬɟɪɦɨɩɚɪɨɣ. 
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Ɂɚɞɚɱɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɭɫɩɟɲɧɨ ɪɟɲɚɸɬɫɹ ɭɠɟ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɢɥɟɬɢɣ. 

ɇɚɩɪɢɦɟɪ, ɨɞɧɢɦ ɢɡ ɬɢɩɢɱɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ 

ɮɨɪɫɭɧɨɤ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ «ɩɨɞɜɢɠɧɨɣ ɮɨɪɫɭɧɤɢ» [208]. ɋɬɚɥɶɧɚɹ ɩɥɢɬɚ ɫ 24 

ɬɟɪɦɨɷɥɟɦɟɧɬɚɦɢ, ɫ ɝɥɭɛɢɧɨɣ ɡɚɞɟɥɤɢ 2,5 ɦɦ ɧɚɝɪɟɜɚɟɬɫɹ ɜ ɩɟɱɢ ɢɧɟɪɬɧɵɦ ɝɚɡɨɦ 

ɞɨ 1200˚ɋ. ȼɟɪɯɧɹɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɚɫɬɢɧɵ ɢɡɨɥɢɪɨɜɚɧɚ, ɧɢɠɧɹɹ ɩɨɞɜɟɪɠɟɧɚ 

ɞɟɣɫɬɜɢɸ ɫɬɪɭɢ ɢɫɩɵɬɵɜɚɟɦɨɣ ɮɨɪɫɭɧɤɢ.  ɉɨɞɜɢɠɧɵɣ ɪɵɱɚɝ, ɧɚ ɤɨɬɨɪɨɦ 

ɡɚɤɪɟɩɥɟɧɚ ɮɨɪɫɭɧɤɚ, ɩɟɪɟɦɟɳɚɟɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɩɥɚɫɬɢɧɟ ɫ ɩɨɦɨɳɶɸ 

ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɤɨɦɩɶɸɬɟɪɨɦ ɷɥɟɤɬɪɨɦɨɬɨɪɚ. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɟɪɟɦɟɳɟɧɢɹ 

ɡɚɝɨɬɨɜɤɢ ɦɟɠɞɭ ɪɨɥɢɤɚɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɭɞɚɥɹɟɬɫɹ ɡɚɳɢɬɧɵɣ ɤɨɠɭɯ ɧɚɞ 

ɩɥɚɫɬɢɧɨɣ. Ɏɨɪɫɭɧɤɚ ɩɟɪɟɦɟɳɚɟɬɫɹ ɫɥɟɜɚ ɧɚɩɪɚɜɨ ɫ ɨɬɤɪɵɬɵɦ ɤɨɠɭɯɨɦ, ɜ 

ɨɛɪɚɬɧɭɸ ɫɬɨɪɨɧɭ ɫ ɡɚɤɪɵɬɵɦ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɫɬɢɧɵ ɢ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ 

ɢɡɦɟɪɹɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɫɬɢɧɵ ɬɟɥɚ ɧɟ ɞɨɫɬɢɝɧɟɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɯɥɚɠɞɚɸɳɟɣ ɫɪɟɞɵ. ɉɨɤɚɡɚɧɢɹ ɬɟɪɦɨɷɥɟɦɟɧɬɨɜ ɢ ɩɨɥɨɠɟɧɢɟ ɮɨɪɫɭɧɤɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɫɬɢɧɵ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɛɚɡɭ ɞɚɧɧɵɯ, ɤɨɬɨɪɚɹ ɡɚɬɟɦ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ.  

ɉɨɞɨɛɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ, ɤɨɬɨɪɵɟ 

ɞɥɹ ɨɩɪɟɞɟɥёɧɧɨɫɬɢ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɧɟɫɬɚɰɢɨɧɚɪɧɵɦɢ ɤɚɥɨɪɢɦɟɬɪɚɦɢ (ɫ ɰɟɥɶɸ 

ɨɬɥɢɱɚɬɶ ɢɯ ɨɬ ɫɬɚɰɢɨɧɚɪɧɵɯ ɤɚɥɨɪɢɦɟɬɪɨɜ, ɨ ɤɨɬɨɪɵɯ ɪɟɱɶ ɞɚɥɟɟ) ɛɟɡɭɫɥɨɜɧɨ 

ɦɨɝɥɢ ɛɵ ɫ ɭɫɩɟɯɨɦ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɬɟɩɥɨɨɬɞɚɱɢ ɢɥɢ, ɱɬɨ ɬɨ ɠɟ ɫɚɦɨɟ, ɩɪɢ ɦɚɥɵɯ ɩɥɨɬɧɨɫɬɹɯ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ. 

Ɉɞɧɚɤɨ ɩɪɢ ɧɚɛɥɸɞɚɟɦɵɯ ɜ ɁȼɈ ɩɥɨɬɧɨɫɬɹɯ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɨɤɨɥɨ ɨɞɧɨɝɨ 

ɦɟɝɚɜɚɬɬɚ ɧɚ ɤɜɚɞɪɚɬɧɵɣ ɦɟɬɪ ɝɪɚɞɢɟɧɬɵ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɯɥɚɠɞɚɸɳɟɣɫɹ 

ɧɚɝɪɟɬɨɣ ɩɥɚɫɬɢɧɟ ɫɬɨɥɶ ɜɟɥɢɤɢ, ɱɬɨ ɤɨɪɪɟɤɬɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɝɪɚɧɢɱɧɵɯ 

ɭɫɥɨɜɢɣ ɫɬɚɧɨɜɢɬɫɹ ɩɪɨɛɥɟɦɚɬɢɱɧɵɦ. 

Ɍɚɤ, ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɮɢɪɦɵ Spraying Systems Co., ɪɚɛɨɬɚɹ ɧɚ ɩɪɢɧɚɞɥɟɠɚɳɟɦ 

ɷɬɨɣ ɮɢɪɦɟ ɧɟɫɬɚɰɢɨɧɚɪɧɨɦ ɤɚɥɨɪɢɦɟɬɪɟ, ɩɨɥɭɱɢɥɢ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ  (ɨɱɟɜɢɞɧɨ, ɢɦɟɟɬɫɹ ɜ ɜɢɞɭ ɤɪɢɡɢɫ ɤɢɩɟɧɢɹ ɩɟɪɜɨɝɨ ɪɨɞɚ) ɞɥɹ ɜɨɞɵ 

270-400°ɋ, ɚ ɬɨɱɤɢ Ʌɟɣɞɟɧɮɪɨɫɬɚ – 520-700°ɋ [345, ɫɬɪ. 8], ɱɬɨ ɫɨɜɟɪɲɟɧɧɨ ɧɟ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɳɟɢɡɜɟɫɬɧɵɦ ɞɚɧɧɵɦ [102] 
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ɉɨɷɬɨɦɭ ɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ 

ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɩɥɨɬɧɨɫɬɹɯ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɫɬɚɰɢɨɧɚɪɧɵɟ 

ɤɚɥɨɪɢɦɟɬɪɵ, ɜ ɤɨɬɨɪɵɯ ɨɯɥɚɠɞɚɟɦɚɹ ɜ ɮɚɤɟɥɟ ɮɨɪɫɭɧɤɢ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɟɛɵɜɚɟɬ 

ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɛɥɚɝɨɞɚɪɹ ɩɨɫɬɨɹɧɧɨɦɭ ɩɨɞɜɨɞɭ ɷɧɟɪɝɢɢ ɢɡɜɧɟ – 

ɢɧɞɭɤɬɢɜɧɨɦɭ [346] ɢɥɢ ɩɪɹɦɨɦɭ ɪɟɡɢɫɬɢɜɧɨɦɭ ɧɚɝɪɟɜɭ [347]. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɫɬɚɰɢɨɧɚɪɧɵɯ ɤɚɥɨɪɢɦɟɬɪɨɜ ɹɜɥɹɸɬɫɹ ɢɯ 

ɦɚɥɵɟ ɪɚɡɦɟɪɵ ɢ ɥёɝɤɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɧɟɫɥɨɠɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɧɟ ɬɨɥɶɤɨ ɫɪɟɞɧɢɟ ɩɨ ɮɚɤɟɥɭ, ɧɨ ɢ ɥɨɤɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɬɟɩɥɨɨɬɞɚɱɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɬɪɨɢɬɶ ɷɩɸɪɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ. ɂɯ 

ɩɨɫɬɪɨɟɧɢɟ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ, ɟɫɥɢ ɫɬɚɜɢɬɫɹ ɰɟɥɶ ɧɟ ɩɪɨɫɬɨ ɨɯɥɚɞɢɬɶ ɦɟɬɚɥɥ, ɧɨ 

ɨɛɟɫɩɟɱɢɬɶ ɞɨɥɠɧɭɸ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɟɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɢɡɛɟɠɚɬɶ ɥɨɤɚɥɶɧɵɯ 

ɩɟɪɟɝɪɟɜɨɜ ɢ ɩɟɪɟɨɯɥɚɠɞɟɧɢɣ. ȼɟɞɭɳɢɟ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ ɤɨɪɩɨɪɚɰɢɢ 

ɪɚɫɩɨɥɚɝɚɸɬ ɬɚɤɢɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ [3].  

Ⱦɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɩɪɟɢɦɭɳɟɫɬɜ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɤɚɥɨɪɢɦɟɬɪɚ ɩɟɪɟɞ 

ɧɟɫɬɚɰɢɨɧɚɪɧɵɦ ɩɪɢɜɟɞёɦ ɪɟɡɭɥɶɬɚɬɵ ɬɟɫɬɨɜɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ – ɨɩɪɟɞɟɥɟɧɢɹ ɧɚ 

ɫɬɚɰɢɨɧɚɪɧɨɦ ɤɚɥɨɪɢɦɟɬɪɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɜɨɞɵ ɜ ɮɚɤɟɥɟ 

ɜɨɞɨɜɨɡɞɭɲɧɨɣ ɮɨɪɫɭɧɤɢ ɩɪɢ ɪɚɫɯɨɞɟ ɜɨɞɵ 0,25 ɦ3/ɱ (ɪɢɫ. 5.1). 

 

Ɋɢɫɭɧɨɤ 5.1.  Ʉ ɨɩɪɟɞɟɥɟɧɢɸ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
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ɂɡ ɪɢɫ. 5.1 ɹɜɧɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɤɪɢɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 110-

130 0ɋ, ɱɬɨ ɜɩɨɥɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɳɟɢɡɜɟɫɬɧɵɦ ɞɚɧɧɵɦ.   

 ȼɚɠɧɨ ɫɨɡɞɚɧɢɟ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 

ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ 

ɮɨɪɫɭɧɨɱɧɨɦ ɨɯɥɚɠɞɟɧɢɢ. ɗɬɨ ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɪɹɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɢɧɨɫɬɪɚɧɧɵɯ ɮɨɪɫɭɧɨɤ ɢ ɩɨɥɭɱɢɬɶ ɢɧɫɬɪɭɦɟɧɬ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɮɮɟɤɬɢɜɧɵɯ 

ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɮɨɪɫɭɧɨɤ. 

ȼ ɩɪɢɧɰɢɩɟ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ 

ɨɯɥɚɠɞɟɧɢɢ ɬɜɟɪɞɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɶɸ ɢɥɢ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɶɸ ɦɨɠɟɬ 

ɛɵɬɶ ɪɟɲɟɧɚ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɢɤɢ, ɨɩɢɫɚɧɧɨɣ ɜ [208]. ȼ ɪɚɦɤɚɯ ɷɬɨɣ ɦɟɬɨɞɢɤɢ 

ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɥɨɪɢɦɟɬɪ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ 

ɧɚɝɪɟɜɚɬɟɥɶ ɫ ɩɪɢɤɪɟɩɥёɧɧɨɣ ɤ ɧɟɦɭ ɬɟɪɦɨɩɚɪɨɣ [46]. 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɤɚɥɨɪɢɦɟɬɪɚ ɨɫɧɨɜɚɧ ɧɚ ɪɚɜɟɧɫɬɜɟ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ 

ɬɟɩɥɨɜɨɦ ɪɟɠɢɦɟ ɩɨɞɜɨɞɢɦɨɣ ɤ ɧɚɝɪɟɜɚɬɟɥɸ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɢ 

ɨɬɜɨɞɢɦɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ  

 𝐼2𝑅 = ሺ𝛼 + 𝛼0ሻሺ𝑇𝑤 − 𝑇0ሻ𝐹,                                        (5.1) 

 

ɝɞɟ I – ɫɢɥɚ ɬɨɤɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɧɚɝɪɟɜɚɬɟɥɶ, Ⱥ; 

R – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɟɜɚɬɟɥɹ, Ɉɦ, 

α – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ ɨɯɥɚɠɞɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚɬɟɥɹ, 

ȼɬ/ɦ2Ʉ, 

α0 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ ɧɟɨɯɥɚɠɞɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚɬɟɥɹ, 

ȼɬ/ɦ2Ʉ, 

Tw  ɢ T0 – ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɯɥɚɠɞɚɸɳɟɣ ɫɪɟɞɵ, 0ɋ 

F – ɩɥɨɳɚɞɶ ɧɚɝɪɟɜɚɬɟɥɹ, ɦ2. 

ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 5.2. 
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Ɋɢɫɭɧɨɤ 5.2.  ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɄɌ 

 

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɬɨɣ ɫɯɟɦɵ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ 

ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ 

ɨɯɥɚɠɞɟɧɢɢ ɜɨɞɨ-ɜɨɡɞɭɲɧɵɦɢ ɮɨɪɫɭɧɤɚɦɢ. Ɏɨɬɨ ɭɡɥɚ ɫɬɚɰɢɨɧɚɪɧɨɝɨ 

ɤɚɥɨɪɢɦɟɬɪɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 5.3, ɚ ɨɛɳɢɣ ɜɢɞ ɫɬɟɧɞɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɪɚɛɨɬɵ ɮɨɪɫɭɧɨɤ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 5.4. 

Ɏɨɪɫɭɧɤɚ ɫɨɟɞɢɧɟɧɚ ɫ ɪɟɫɢɜɟɪɨɦ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɢ ɜɨɞɹɧɵɦ ɧɚɫɨɫɨɦ ɩɪɢ 

ɩɨɦɨɳɢ ɝɢɛɤɢɯ ɲɥɚɧɝɨɜ ɢ ɫɧɚɛɠɟɧɚ ɦɟɯɚɧɢɡɦɨɦ, ɩɨɡɜɨɥɹɸɳɢɦ ɜɵɩɨɥɧɹɬɶ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɢ ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɹ. ȼɟɥɢɱɢɧɵ ɩɟɪɟɦɟɳɟɧɢɹ 

ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɫɩɟɰɢɚɥɶɧɵɯ ɤɨɨɪɞɢɧɚɬɧɢɤɨɜ. ɗɬɨ ɞɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɬɶ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɜ 

ɪɚɡɧɵɯ ɬɨɱɤɚɯ ɮɚɤɟɥɚ. 

 

 

Ɋɢɫɭɧɨɤ 5.3. ɋɬɚɰɢɨɧɚɪɧɚɹ ɭɫɬɚɧɨɜɤɚ 
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Ɋɢɫɭɧɨɤ 5.4. ɋɬɟɧɞ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɛɨɬɵ ɮɨɪɫɭɧɨɤ. 

 

ȼɢɞ ɤɪɢɜɨɣ, ɨɩɢɫɵɜɚɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɜɨɞɨɜɨɡɞɭɲɧɨɦ ɨɯɥɚɠɞɟɧɢɢ, ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 

5.5 [117, 83]. 

0

0,4

0,8

1,2

1,6

0 100 200 300 400 500

0
C

кВ
т/
м2
К

 

Ɋɢɫɭɧɨɤ 5.5. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɨɜɟɪɯɧɨɫɬɢ 
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 ɇɟɦɨɧɨɬɨɧɧɵɣ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɨɛɴɹɫɧɹɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɵɦɢ 

ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɪɟɠɢɦɟ ɤɢɩɟɧɢɹ, ɩɪɨɢɫɯɨɞɹɳɢɦɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. 

ȼɫɥɟɞɫɬɜɢɟ ɧɟɦɨɧɨɬɨɧɧɨɫɬɢ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ (ɢ 

ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ) ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ 

ɩɥɚɜɧɨɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚɬɟɥɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɨɞɜɨɞɢɦɨɣ 

ɦɨɳɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɨɯɥɚɠɞɟɧɢɟ ɧɚɝɪɟɜɚɬɟɥɹ ɞɨɥɠɧɨ ɧɚɱɚɬɶɫɹ ɜ ɨɛɥɚɫɬɢ 

ɬɟɦɩɟɪɚɬɭɪ ɫɩɪɚɜɚ ɨɬ ɦɚɤɫɢɦɭɦɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɜɟɫɬɢ ɮɨɪɫɭɧɤɭ ɧɚ 

ɬɪɟɛɭɟɦɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ, ɭɫɬɚɧɨɜɢɬɶ ɧɚɝɪɟɜɚɬɟɥɶ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɬɨɱɤɟ ɫɬɪɭɢ, 

ɡɚɬɟɦ ɨɬɫɟɱɶ ɫɬɪɭɸ ɨɬ ɧɚɝɪɟɜɚɬɟɥɹ, ɪɚɡɨɝɪɟɬɶ ɧɚɝɪɟɜɚɬɟɥɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 600-

7000ɋ ɢ ɭɛɪɚɬɶ ɨɬɫɟɤɚɸɳɭɸ ɩɥɚɫɬɢɧɭ, ɧɚɩɪɚɜɢɜ ɫɬɪɭɸ ɧɚ ɧɚɝɪɟɜɚɬɟɥɶ ɢ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɜɟɥɢɱɢɜɚɹ ɩɨɞɚɜɚɟɦɭɸ ɦɨɳɧɨɫɬɶ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ 

ɨɛɟɫɩɟɱɢɬɶ ɭɫɬɨɣɱɢɜɭɸ ɪɚɛɨɬɭ ɧɚɝɪɟɜɚɬɟɥɹ ɩɪɢ ɫɬɪɭɣɧɨɦ ɨɯɥɚɠɞɟɧɢɢ ɜ 

ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 700-12000ɋ. 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ 

ɜɵɱɢɫɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ 
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ɝɞɟ ɧ – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɧɚɝɪɟɜɚɬɟɥɹ, Ɉɦɦ; Lɧ – ɞɥɢɧɚ 

ɧɚɝɪɟɜɚɬɟɥɹ, ɦ; aɧ – ɲɢɪɢɧɚ ɧɚɝɪɟɜɚɬɟɥɹ, ɦ; bɧ – ɜɵɫɨɬɚ ɧɚɝɪɟɜɚɬɟɥɹ, ɦ. 

ɉɨɝɪɟɲɧɨɫɬɶ ɤɨɫɜɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ α ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [168]  ∆𝛼 = √ቀ𝜕𝛼𝜕𝐼 ቁ2 ሺ∆𝐼ሻ2 + ቀ 𝜕𝛼𝜕𝑇𝑤ቁ2 ሺ∆𝑇𝑤ሻ2 + ቀ 𝜕𝛼𝜕𝑇0ቁ2 ሺ∆𝑇0ሻ2  (5.3) 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɜɵɪɚɠɟɧɢɣ ɩɪɨɢɡɜɨɞɧɵɯ ɢ ɩɪɢɜɟɞɟɧɢɹ ɩɨɞɨɛɧɵɯ ∆𝛼 = 𝐼𝜌н௔н2௕нሺ𝑇𝑤−𝑇0ሻ √4ሺ∆𝐼ሻ2 + 𝐼2ሺ𝑇𝑤−𝑇0ሻ2 ሺሺ∆𝑇𝑤ሻ2 + ሺ∆𝑇0ሻ2ሻ,  (5.4) 

ɝɞɟ ΔI, ΔTw, ΔT0  –  ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɡɛɪɨɫɚ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɜɫɥɟɞɫɬɜɢɟ 

ɪɚɡɥɢɱɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɨɦ ɩɨɜɬɨɪɟɧɢɢ ɢɡɦɟɪɟɧɢɣ 

ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɜɟɥɢɱɢɧɵ. 

ΔI ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ - ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥɵ ɬɨɤɚ. Ⱦɥɹ ɬɨɤɨɜɵɯ 

ɤɥɟɳɟɣ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ 0,5 ɫ ɩɪɟɞɟɥɨɦ ɢɡɦɟɪɟɧɢɣ 200 Ⱥ ɷɬɨ 1 Ⱥ. 
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ɉɨɝɪɟɲɧɨɫɬɢ ɪɚɡɛɪɨɫɚ ɦɨɝɭɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɤɚɤ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɡɚ ɫɱɟɬ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 

ɧɟɫɤɨɥɶɤɢɯ ɡɧɚɱɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɟɥɢɱɢɧ, ɩɨɩɚɜɲɢɯ ɜ ɫɥɭɱɚɣɧɵɟ ɜɵɛɨɪɤɢ, 

ɬɚɤ ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɨɜ ɬɨɱɧɨɫɬɢ ɩɪɢɛɨɪɨɜ. 

Ⱥɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ ɨɰɟɧɢɜɚɟɬɫɹ 

ɱɟɪɟɡ ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

Аɬɤ )
100

(..

  , 

ɝɞɟ   –  ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ, %, ɭɤɚɡɚɧɧɵɣ ɧɚ ɩɚɧɟɥɢ ɩɪɢɛɨɪɚ; А=Аmax – ɩɪɟɞɟɥ 

ɢɡɦɟɪɟɧɢɹ ɞɥɹ ɫɬɪɟɥɨɱɧɵɯ ɩɪɢɛɨɪɨɜ, ɥɢɛɨ А – ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɦɚɝɚɡɢɧɨɜ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɢɧɞɭɤɬɢɜɧɨɫɬɢ, ɟɦɤɨɫɬɢ.  

ɋɨɡɞɚɧɧɵɣ ɫɬɟɧɞ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɬɜɟɪɞɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɳɟɥɟɜɵɦɢ ɜɨɞɨɜɨɡɞɭɲɧɵɦɢ 

ɮɨɪɫɭɧɤɚɦɢ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɧɟɨɛɯɨɞɢɦɵɯ ɤɚɤ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɫɚɦɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ, ɬɚɤ ɢ ɨɰɟɧɤɢ ɩɨɝɪɟɲɧɨɫɬɢ ɢɯ 

ɨɩɪɟɞɟɥɟɧɢɹ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɫɥɟɞɭɸɳɢɟ. 

1. ɉɨɩɟɪɟɱɧɵɟ ɪɚɡɦɟɪɵ ɧɚɝɪɟɜɚɬɟɥɹ  

A = 0.0039 ɦ 

b = 0.0009 ɦ (ɜɨɨɛɳɟ ɜɫɟ ɩɚɪɚɦɟɬɪɵ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɦɧɨɣ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ 

ɤ-ɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ,  ɥɟɠɚɬ ɜ ɦɚɤɪɨɫɟ step8) 

2. 𝜌н ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ (ɩɪɢ 1000 ɋ) 9,30E-07 Ɉɦ*ɦ ( [101]) 

3. ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 𝑇𝑤 – ɤɚɤ ɭ ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɨɣ (ɏȺ) 

ɬɟɪɦɨɩɚɪɵ ɩɪɢ 1000 ɋ. 

4. ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 𝑇0 – ɤɚɤ ɭ ɏȺ ɬɟɪɦɨɩɚɪɵ ɩɪɢ 20 ɋ. 

ɉɩ. 3 ɢ 4 ɬɚɤɨɜɵ ɩɨɬɨɦɭ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶɸ 16-ɛɢɬɧɨɝɨ Ⱥɐɉ, ɪɚɛɨɬɚɸɳɟɝɨ ɫ 

ɬɟɪɦɨɩɚɪɨɣ, ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɫɚɦɨɣ ɬɟɪɦɨɩɚɪɵ ɢ 

ɨɝɪɚɧɢɱɢɬɶɫɹ ɩɨɫɥɟɞɧɟɣ. 

Ⱦɚɧɧɵɟ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɝɪɟɲɧɨɫɬɢ ɌɏȺ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɡɹɬɵ ɢɡ [348]. 

http://temperatures.ru/pages/klassy_tochnosti_termopar
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5. ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɨɤɚ – ɬɨɤɨɜɵɟ ɤɥɟɳɢ ɤɥɚɫɫɚ 0,5 ɫ ɩɪɟɞɟɥɨɦ 200 

Ⱥ, ɢɬɨɝɨ 1Ⱥ. 

 

Ɍɚɛɥɢɰɚ 5.1. Ʉɥɚɫɫɵ ɞɨɩɭɫɤɚ ɢ ɞɢɚɩɚɡɨɧɵ ɢɡɦɟɪɟɧɢɣ ɞɥɹ 

ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɬɟɪɦɨɦɟɬɪɨɜ 

Ɉɛɨɡɧɚɱɟɧɢɟ 

ɩɪɨɦɵɲɥɟɧɧɨɝɨ 

ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

Ɉɛɨɡɧɚɱɟɧɢ

ɟ ɬɢɩɚ 

ɬɟɪɦɨɩɚɪɵ 

Ʉɥɚɫɫ 

ɞɨɩɭɫɤɚ 

Ⱦɢɚɩɚɡɨɧ 

ɢɡɦɟɪɟɧɢɣ 

ɉɪɟɞɟɥɵ 

ɞɨɩ. 

ɨɬɤɥɨɧɟɧɢɣ 

ɌɗȾɋ ɨɬ 

ɇɋɏ 

ɨɬ ɞɨ 

ɌɏȺ 

ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɚɹ 
K 

3 
-250 -167 0,015 | t | 

-167 40 2,5 

2 
-40 333 2,5 

333 1300 0,0075t 

1 
-40 375 1,5 

375 1000 0,004t 

 

ɉɪɢɦɟɪ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ ɭɫɬɚɧɨɜɥɟɧɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɬɟɩɥɨɨɬɞɚɱɢ ɩɨ ɮɚɤɟɥɭ ɜɨɞɨɜɨɡɞɭɲɧɨɣ ɮɨɪɫɭɧɤɚɦɢ ɞɥɹ ɪɚɡɧɵɯ ɬɢɩɨɜ ɮɨɪɫɭɧɨɤ ɢ 

ɪɚɫɯɨɞɨɜ ɨɯɥɚɞɢɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɚɯ 5.6 ɢ 5.7. Ɋɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ 

ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ ɜɞɨɥɶ ɦɚɥɨɣ ɢ ɛɨɥɶɲɨɣ 

ɞɢɚɝɨɧɚɥɟɣ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɮɚɤɟɥɚ ɮɨɪɫɭɧɤɢ «Ʉɨɪɚɞ» ɩɪɢ ɪɚɫɯɨɞɟ ɜɨɞɵ 0,5 ɦ3/ɱ, 

ɜɨɡɞɭɯɚ – 3,59 ɧɦ3/ɱ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 5.8.  

Ɇɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɫɥɭɱɚɹ 

ɦɢɧɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ, ɬ.ɟ. ɨɯɥɚɠɞɟɧɢɟ ɫɜɨɛɨɞɧɨɣ ɤɨɧɜɟɤɰɢɟɣ 

ɢ ɢɡɥɭɱɟɧɢɟɦ ɩɪɢ ɜɵɤɥɸɱɟɧɧɨɣ ɮɨɪɫɭɧɤɟ (α= α0). 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ 

ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɨɫɶɸ ɮɚɤɟɥɚ ɢ ɬɨɱɤɨɣ ɢɡɦɟɪɟɧɢɹ ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɬɢɩɚ ɮɨɪɫɭɧɤɢ, 

ɪɚɫɯɨɞɚ ɢ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɢ ɜɨɡɞɭɯɚ ɢ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɮɨɪɫɭɧɤɢ ɞɨ ɨɯɥɚɠɞɚɟɦɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ. 
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Ⱦɥɹ ɞɚɧɧɨɝɨ ɫɬɟɧɞɚ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɬɟɩɥɨɨɬɞɚɱɢ ɫɨɫɬɚɜɥɹɟɬ 5-10 %. 

 

 

Ɋɢɫɭɧɨɤ 5.6. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɞɥɹ ɮɨɪɫɭɧɤɢ 

«ɋɟɜɟɪɫɬɚɥɶ» ɢ ɪɚɫɯɨɞɚ ɜɨɞɵ 0,1 ɦ3/ɱ, ɜɨɡɞɭɯɚ – 31,53 ɧɦ3/ɱ 

 

 

Ɋɢɫɭɧɨɤ 5.7. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨɞ ɮɨɪɫɭɧɤɨɣ 

ɄɈɊȺȾ №28 ɩɪɢ ɪɚɫɯɨɞɟ ɜɨɞɵ 0,5ɦ3/ɱɚɫ, ɜɨɡɞɭɯɚ – 3,59 ɧɦ3/ɱ. 
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ɚ) 

 

 ɛ) 
 

Ɋɢɫɭɧɨɤ 5.8. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɢ ɨɰɟɧɤɚ 

ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ: ɚ – ɩɨ ɜɵɫɨɬɟ ɮɚɤɟɥɚ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ; ɛ – ɩɨ 

ɲɢɪɢɧɟ ɮɚɤɟɥɚ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ 
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5.2. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ 

 

ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɚɥɝɨɪɢɬɦɵ ɧɚɱɚɥɶɧɨɣ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɚ, ɤɨɝɞɚ ɜ 

ɪɚɫɩɨɪɹɠɟɧɢɢ ɢɦɟɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ, ɜ ɤɨɬɨɪɵɯ 

ɢɡɦɟɪɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ, ɢ ɨɩɟɪɚɬɢɜɧɨɣ ɧɚɫɬɪɨɣɤɢ, ɤɨɝɞɚ 

ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɦɟɪɹɟɬɫɹ ɬɨɥɶɤɨ ɜ ɨɞɧɨɣ ɬɨɱɤɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. 

ȼ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɩɪɢɜɹɡɚɧɧɨɣ ɤ ɧɟɩɨɞɜɢɠɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 

ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɆɇɅɁ, ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɟɩɥɨɜɨɟ ɩɨɥɟ ɞɜɢɠɭɳɟɝɨɫɹ ɫɬɚɥɶɧɨɝɨ 

ɫɥɢɬɤɚ ɢ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ.  

ɇɚ ɭɱɚɫɬɤɟ ɫɥɢɬɤɚ ɜɧɭɬɪɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɡɚɞɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟ 

ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɢ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ. ɇɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɡɚɞɚɸɬɫɹ 

ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ ɬɟɦɩɟɪɚɬɭɪ ɢ ɭɫɥɨɜɢɹ ɋɬɟɮɚɧɚ, ɚ ɬɚɤɠɟ ɝɪɚɧɢɱɧɨɟ ɢ ɧɚɱɚɥɶɧɨɟ 

ɭɫɥɨɜɢɹ. 

 Ⱦɥɹ ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɡɚɞɚɧɵ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ 

ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɯɚɪɚɤɬɟɪɭ ɬɟɩɥɨɨɛɦɟɧɚ ɧɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ 

ɝɪɚɧɢɰɵ [82, 172]. Ɍɟɦɩɟɪɚɬɭɪɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɤɚɧɚɥɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 

ɨɩɢɫɵɜɚɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɦ ɛɚɥɚɧɫɨɜɵɦ ɭɪɚɜɧɟɧɢɟɦ, ɢɡɜɟɫɬɧɚ ɬɟɦɩɟɪɚɬɭɪɚ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɤɚɧɚɥ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɟё ɧɚɱɚɥɶɧɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɧɭɬɪɢ ɤɚɧɚɥɚ. Ɂɚɞɚɧɚ ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ – ɧɟɩɪɟɪɵɜɧɚɹ 

ɮɭɧɤɰɢɹ ɧɚ ɜɫɟɣ ɨɛɥɚɫɬɢ ɫɥɢɬɤɚ ɢ ɫɬɟɧɤɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 

Ɍɪɟɛɭɟɬɫɹ ɩɨ ɢɦɟɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ 

ɨɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ αI(Gm(τ), φ), αE(Gm(τ), φ) ɜ ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ) ɆɇɅɁ. 

ɉɨɫɬɚɜɥɟɧɧɚɹ ɡɚɞɚɱɚ ɨɬɧɨɫɢɬɫɹ ɤ ɝɪɚɧɢɱɧɵɦ ɨɛɪɚɬɧɵɦ ɡɚɞɚɱɚɦ ɢ ɹɜɥɹɟɬɫɹ 

ɧɟɤɨɪɪɟɤɬɧɨɣ ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɫɦɵɫɥɟ. Ʉɨɪɪɟɤɬɧɨɫɬɶ ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɫɦɵɫɥɟ (ɢɥɢ 

ɤɨɪɪɟɤɬɧɨɫɬɶ ɩɨ Ⱥɞɚɦɚɪɭ) ɨɡɧɚɱɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɬɪёɯ ɭɫɥɨɜɢɣ: ɫɭɳɟɫɬɜɨɜɚɧɢɟ 

ɪɟɲɟɧɢɹ, ɟɝɨ ɟɞɢɧɫɬɜɟɧɧɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ (ɧɟɩɪɟɪɵɜɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ 

ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ). ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ ɬɪɟɬɶɟ ɭɫɥɨɜɢɟ, ɱɬɨ ɥɟɝɤɨ 

ɦɨɠɧɨ ɩɪɨɜɟɪɢɬɶ, ɢɫɩɨɥɶɡɭɹ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɦɟɬɨɞ ɩɪɹɦɨɝɨ 

ɨɛɪɚɳɟɧɢɹ [178]. 
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Ⱦɥɹ ɧɚɱɚɥɶɧɨɣ ɧɚɫɬɪɨɣɤɢ ɬɪɟɛɭɟɬɫɹ ɢɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɥɢɬɤɚ ɜ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɬɨɱɟɤ. Ɍɚɤɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨɛɵɱɧɨ 

ɩɨɥɭɱɚɸɬ ɜɨ ɜɪɟɦɹ ɩɭɫɤɨ-ɧɚɥɚɞɨɱɧɵɯ ɪɚɛɨɬ. ɉɪɢ ɧɚɥɢɱɢɢ ɷɬɢɯ ɞɚɧɧɵɯ ɡɚɞɚɱɭ 

ɜɧɭɬɪɟɧɧɟɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɦɨɠɧɨ ɪɟɲɚɬɶ ɤɚɤ ɡɚɞɚɱɭ Ⱦɢɪɢɯɥɟ ɢ ɡɚɬɟɦ ɭɠɟ 

ɩɪɢɫɬɭɩɚɬɶ ɤ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ. Ɂɚɞɚɱɚ Ⱦɢɪɢɯɥɟ 

ɪɟɲɚɟɬɫɹ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ, ɨɩɢɫɚɧɢɟ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɧɚɣɬɢ ɜɨ 

ɦɧɨɝɢɯ ɪɚɛɨɬɚɯ, ɧɚɩɪɢɦɟɪ, [115]. ȼɚɠɧɵɦ ɦɨɦɟɧɬɨɦ ɡɞɟɫɶ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɨɫɥɟ 

ɪɟɲɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɬɟɩɥɨɜɨɣ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ 

Ⱦɚɧɧɚɹ ɫɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɜɬɨɪɨɦɭ ɷɬɚɩɭ – ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɭɱɚɫɬɨɤ ɫɥɢɬɤɚ ɜɧɭɬɪɢ ɩɟɪɜɨɣ ɫɟɤɰɢɢ ɁȼɈ. Ʉɨɷɮɮɢɰɢɟɧɬ 

αI(Gm(τ), φ) ɢɦɟɟɬ ɫɩɟɰɢɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɭɱɚɫɬɤɟ, ɧɚɤɪɵɜɚɟɦɨɦ ɮɚɤɟɥɨɦ ɮɨɪɫɭɧɤɢ, ɟɝɨ ɫ ɞɨɫɬɚɬɨɱɧɨ 

ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ ɦɨɠɧɨ ɩɪɢɛɥɢɡɢɬɶ ɩɚɪɚɛɨɥɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ, 

ɤɨɬɨɪɚɹ  ɩɪɢɨɛɪɟɬɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɬɨɱɤɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɤɨɨɪɞɢɧɚɬɟ ɫɨɩɥɚ ɮɨɪɫɭɧɤɢ, ɚ ɧɚ ɨɫɬɚɥɶɧɵɯ ɭɱɚɫɬɤɚɯ – ɤɨɧɫɬɚɧɬɨɣ. ȼ ɨɞɧɨɣ 

ɫɟɤɰɢɢ ɭɫɬɚɧɨɜɥɟɧɵ ɨɞɧɨɬɢɩɧɵɟ ɮɨɪɫɭɧɤɢ, ɤɨɬɨɪɵɟ ɞɚɸɬ ɨɞɢɧɚɤɨɜɵɣ ɜɨɞɨ-

ɜɨɡɞɭɲɧɵɣ ɮɚɤɟɥ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ – ɨɞɧɚ ɢ ɬɚ ɠɟ 

ɩɚɪɚɛɨɥɚ, ɫɞɜɢɧɭɬɚɹ ɜɞɨɥɶ ɨɫɢ ɚɛɫɰɢɫɫ (ɪɢɫ. 5.9). 

 

 

Ɋɢɫɭɧɨɤ 5.9. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɥɢɬɤɚ ɜɧɭɬɪɢ ɨɞɧɨɣ ɫɟɤɰɢɢ. 
 

ɉɪɢɜɟɞёɦ ɜɫɟ ɭɱɚɫɬɤɢ ɩɨɞ ɮɨɪɫɭɧɤɚɦɢ ɤ ɧɚɱɚɥɭ ɤɨɨɪɞɢɧɚɬ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɱɬɨɛɵ ɜɟɪɲɢɧɚ ɤɚɠɞɨɣ ɩɚɪɚɛɨɥɵ ɧɚɯɨɞɢɥɚɫɶ ɧɚɞ ɧɚɱɚɥɨɦ ɤɨɨɪɞɢɧɚɬ. ȼɟɥɢɱɢɧɚ w 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɭɲɢɪɢɧɨɣ ɡɚɯɜɚɬɚ ɮɚɤɟɥɚ ɮɨɪɫɭɧɤɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɫɬɚёɬɫɹ 
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ɨɩɪɟɞɟɥɢɬɶ ɜɫɟɝɨ ɞɜɚ ɩɚɪɚɦɟɬɪɚ – αp ɢ αɫ. Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, αɫ = const, ɚ ɧɚ 

ɭɱɚɫɬɤɚɯ, ɩɨɞɜɟɪɝɚɸɳɢɯɫɹ ɩɪɢɧɭɞɢɬɟɥɶɧɨɦɭ ɨɯɥɚɠɞɟɧɢɸ, ɛɭɞɟɦ ɢɫɤɚɬɶ α() ɜ 

ɜɢɞɟ  

p

p

c
w




  2

2
)( .    (5.5) 

Ɋɚɫɫɦɨɬɪɢɦ ɫɧɚɱɚɥɚ ɭɱɚɫɬɤɢ, ɧɚ ɤɨɬɨɪɵɯ α(φ) =  αɫ = const. Ɉɛɨɡɧɚɱɢɦ 

ɦɧɨɠɟɫɬɜɨ ɭɡɥɨɜ φi, ɜ ɤɨɬɨɪɵɯ ɦɵ ɫɱɢɬɚɟɦ ɄɌ ɩɨɫɬɨɹɧɧɵɦ, Ʉ. Ɇɧɨɠɟɫɬɜɨ 

ɨɫɬɚɥɶɧɵɯ ɭɡɥɨɜ, ɝɞɟ ɄɌ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɩɚɪɚɛɨɥɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ, 

ɨɛɨɡɧɚɱɢɦ ȼ.  

Ɂɚɩɢɲɟɦ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɭɸ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɝɪɚɧɢɱɧɨɝɨ ɭɫɥɨɜɢɹ, ɢɡ 

ɤɨɬɨɪɨɝɨ ɫɥɟɞɭɟɬ ɮɨɪɦɭɥɚ ɞɥɹ ɧɟɜɹɡɤɢ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɧɚ ɝɪɚɧɢɰɟ. Ɍɟɩɟɪɶ 

ɬɪɟɛɭɟɬɫɹ ɧɚɣɬɢ ɜɟɥɢɱɢɧɭ  αɫ, ɱɬɨɛɵ ɫɭɦɦɚ ɤɜɚɞɪɚɬɨɜ ɧɟɜɹɡɨɤ ɛɵɥɚ ɦɢɧɢɦɚɥɶɧɨɣ. 

ɂɡ ɧɟɨɛɯɨɞɢɦɨɝɨ ɭɫɥɨɜɢɟ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɷɤɫɬɪɟɦɭɦɚ ɧɚɯɨɞɢɦ αc. 

Ⱦɚɥɟɟ ɤɚɠɞɨɦɭ ɭɡɥɭ  φi ɢɡ ɦɧɨɠɟɫɬɜɚ ȼ ɩɨɫɬɚɜɢɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɬɨɱɤɭ yi ɧɚ 

ɨɬɪɟɡɤɟ [-w, w] ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ |yi| ɪɚɜɧɹɥɨɫɶ ɪɚɫɫɬɨɹɧɢɸ ɨɬ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ φi ɞɨ ɤɨɨɪɞɢɧɚɬɵ ɛɥɢɠɚɣɲɟɣ ɮɨɪɫɭɧɤɢ pi. Ⱥɧɚɥɨɝɢɱɧɨ 

ɩɪɟɞɵɞɭɳɟɦɭ ɫɥɭɱɚɸ ɢɡ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ 

ɩɨɥɭɱɚɟɦ ɧɟɜɹɡɤɭ ɞɥɹ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɢ ɢɡ ɧɟɨɛɯɨɞɢɦɨɝɨ ɭɫɥɨɜɢɹ 

ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɷɤɫɬɪɟɦɭɦɚ ɧɚɯɨɞɢɦ αp. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɨɩɪɟɞɟɥёɧɧɵɯ ɩɪɢ ɩɨɦɨɳɢ ɆɇɄ ɡɧɚɱɟɧɢɹɯ αɫ ɢ αp 

ɜɵɩɨɥɧɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨɟ ɭɫɥɨɜɢɟ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɢ S. Ʌɟɝɤɨ 

ɩɪɨɜɟɪɢɬɶ, ɱɬɨ ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ S ɩɨ ɤɚɠɞɨɦɭ ɢɯ ɷɬɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɨɝɨ ɛɨɥɶɲɟ ɧɭɥɹ. 

ɇɚ ɪɢɫ.5.10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ. ȼ ɤɚɱɟɫɬɜɟ 

ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɦɨɞɟɥɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɞɚɧɧɵɟ ɩɪɨɰɟɫɫɚ 

ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ (ɞɥɹ ɦɚɪɤɢ ɫɬ 40), ɲɢɪɢɧɵ ɫɥɹɛɚ 1ɦ, ɩɨɥɭɬɨɥɳɢɧɵ 

ɫɥɹɛɚ l = 0,1ɦ  ɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɫɥɢɬɤɚ v = 1ɦ/ɦɢɧ. ɏɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ 

ɪɟɲɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɦɟɬɨɞɨɦ ɩɪɹɦɨɝɨ ɨɛɪɚɳɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɧɟɭɫɬɨɣɱɢɜɵɦ ɢ 

ɧɟɩɪɢɝɨɞɧɵɦ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ȼɬɨɪɚɹ ɤɪɢɜɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ 
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ɫɩɥɚɣɧ ɚɩɩɪɨɤɫɢɦɚɰɢɸ, ɤɨɬɨɪɚɹ ɩɨɥɭɱɟɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ.  

 

Ɋɢɫɭɧɨɤ 5.10. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ. 

1 – ɦɟɬɨɞɨɦ ɩɪɹɦɨɝɨ ɨɛɪɚɳɟɧɢɹ, 2 – ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,  ɧɚɣɞɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɩɥɚɣɧ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 

ɪɚɫɩɪɟɞɟɥёɧɧɨɝɨ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɞɜɢɠɭɳɟɝɨɫɹ ɫɥɢɬɤɚ, ɤɨɬɨɪɚɹ ɞɚёɬ ɦɢɧɢɦɚɥɶɧɨɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ 

ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɦɟɪɟɧɧɨɣ ɢ ɜɵɱɢɫɥɟɧɧɨɣ ɩɨ ɦɨɞɟɥɢ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ. 

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɫɟɤɰɢɣ 

ɡɨɧɵ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 

Ɉɰɟɧɤɚ ɩɚɪɚɦɟɬɪɨɜ  ɩɨ ɆɇɄ ɹɜɥɹɟɬɫɹ ɧɟɫɦɟɳёɧɧɨɣ, ɷɮɮɟɤɬɢɜɧɨɣ 

(ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɦɢɧɢɦɭɦ ɞɢɫɩɟɪɫɢɢ ɧɚ ɦɧɨɠɟɫɬɜɟ ɜɫɟɯ ɧɟɫɦɟɳёɧɧɵɯ ɨɰɟɧɨɤ),  

ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɧɨɪɦɚɥɶɧɨɣ ɢ ɫɨɫɬɨɹɬɟɥɶɧɨɣ (ɨɰɟɧɤɚ ɫɯɨɞɢɬɫɹ ɩɨ ɜɟɪɨɹɬɧɨɫɬɢ ɤ 

ɢɫɬɢɧɧɨɦɭ ɡɧɚɱɟɧɢɸ, ɩɪɢ ɤɨɥɢɱɟɫɬɜɟ ɢɡɦɟɪɟɧɢɣ, ɫɬɪɟɦɹɳɟɦɫɹ ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ) 

[142].  

Ɍɚɤɠɟ ɤ ɞɨɫɬɨɢɧɫɬɜɚɦ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɢ ɬɨ, ɱɬɨ ɩɪɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɚɧɨɦɚɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ 
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ɜɵɛɪɨɫɨɜ, ɨɲɢɛɤɚ ɨɰɟɧɤɢ ɩɨ ɆɇɄ ɛɭɞɟɬ ɩɪɟɧɟɛɪɟɠɢɬɟɥɶɧɨ ɦɚɥɚ. ɗɬɨ ɨɱɟɧɶ 

ɜɚɠɧɨ ɜ ɫɥɭɱɚɟ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ, ɬ.ɤ. ɧɚ ɭɱɚɫɬɤɚɯ 

ɩɨɤɪɵɬɵɯ ɨɤɚɥɢɧɨɣ  ɤɚɤ ɪɚɡ ɢ ɧɚɛɥɸɞɚɸɬɫɹ ɡɚɧɢɠɟɧɧɵɟ ɞɚɧɧɵɟ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɡɦɟɪɟɧɢɣ.  

 

5.3. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ   ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ 

 

ɉɪɢ ɢɡɜɟɫɬɧɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɪɚɡɥɢɜɚɟɦɨɣ ɦɚɪɤɢ ɦɟɬɚɥɥɚ, 

ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɫɬɭɩɚɸɳɟɝɨ ɪɚɫɩɥɚɜɚ, ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ, 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɆɇɅɁ (ɜ ɬ.ɱ. ɤɨɨɪɞɢɧɚɬɚɯ ɨɯɥɚɠɞɚɸɳɢɯ ɮɨɪɫɭɧɨɤ 

ɁȼɈ) ɢ ɤɨɷɮɮɢɰɢɟɧɬɚɯ ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɢ ɞɚɜɥɟɧɢɢ 

ɜɨɡɞɭɯɚ ɧɚ ɤɚɠɞɨɣ ɢɡ ɮɨɪɫɭɧɨɤ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɱɚɫɬɢ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɁȼɈ. 

Маɬɟɦаɬɢчɟɫɤая ɦɨɞɟɥɶ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɧɟɩɪɟɪɵɜɧɵɣ ɫɥɢɬɨɤ ɜ ɁȼɈ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɢ ɫɥɢɬɤɚ ɨɩɢɫɵɜɚɟɬɫɹ ɧɟɥɢɧɟɣɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɜ ɱɚɫɬɧɵɯ 

ɩɪɨɢɡɜɨɞɧɵɯ: 
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ɝɞɟ v – ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ, ),,,( zyxT   – ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ; 

ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɪɚɡɥɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ – c – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ,  – 

ɩɥɨɬɧɨɫɬɶ ɢ  – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ – ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɢ 

ɨɯɥɚɠɞɟɧɢɟ ɫɢɦɦɟɬɪɢɱɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ, ɩɨɷɬɨɦɭ ɩɪɨɰɟɫɫ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɧɨɣ ɱɟɬɜɟɪɬɢ (ɪɢɫ.5.11), ɚ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ 

ɧɚ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɹɯ ɢɦɟɸɬ ɜɢɞ: 
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ɇɚ ɝɪɚɧɢɰɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ – ɁȼɈ ɡɚɞɚɸɬɫɹ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɩɟɪɜɨɝɨ ɪɨɞɚ, 

ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɪɚɫɱɟɬɨɜ ɩɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 

 

 

Ɋɢɫɭɧɨɤ 5.11. ɑɟɬɜɟɪɬɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɥɢɬɤɚ ɧɚ ɨɞɧɨɦ ɢɡ ɭɪɨɜɧɟɣ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɨɪɫɭɧɨɤ. 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɡɚɞɚɧɵ ɭɫɥɨɜɢɟ ɪɚɜɟɧɫɬɜɚ 

ɬɟɦɩɟɪɚɬɭɪ: 

ɤɪTzyxTzyxT 
 

 ),,,(),,,(
   (5.8)

 

ɢ ɭɫɥɨɜɢɟ ɋɬɟɮɚɧɚ: 
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ɝɞɟ    – ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɤɪT – ɬɟɦɩɟɪɚɬɭɪɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

(ɫɪɟɞɧɹɹ ɢɡ ɢɧɬɟɪɜɚɥɚ ɥɢɤɜɢɞɭɫ – ɫɨɥɢɞɭɫ),  – ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ, n – ɧɨɪɦɚɥɶ ɤ 

ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɮɚɡ. 

Ɍɟɩɥɨɨɬɞɚɱɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɜ ɜɢɞɟ ɝɪɚɧɢɱɧɵɯ 

ɭɫɥɨɜɢɣ ɬɪɟɬɶɟɝɨ ɪɨɞɚ (ɩɨ ɲɢɪɨɤɨɣ ɝɪɚɧɢ): 

   ,),,,(),,,(),,,()( 44

.... zylTɌzylTɌPGkt
x

T
T ɋОnɋО

lx

 







 (5.10)
 

ɝɞɟ   – ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ, t


 – ɜɟɤɬɨɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ 

ɬɢɩɵ ɮɨɪɫɭɧɨɤ, k


– ɤɨɨɪɞɢɧɚɬɵ ɮɨɪɫɭɧɨɤ, G


 – ɪɚɫɯɨɞɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, P


 – 



188 

 

ɞɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ, TО.ɋ. – ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, l – ɩɨɥɭɬɨɥɳɢɧɚ 

ɫɥɢɬɤɚ, 
n  – ɩɪɢɜɟɞёɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ. Ⱥɧɚɥɨɝɢɱɧɨ ɡɚɞɚɸɬɫɹ 

ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɭɡɤɨɣ ɝɪɚɧɢ. Ɏɨɪɫɭɧɤɢ ɜɞɨɥɶ ɭɡɤɨɣ ɝɪɚɧɢ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɭɪɨɜɧɹɯ ɛɥɢɡɤɢɯ ɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɭ. ɇɚ ɭɱɚɫɬɤɚɯ, ɧɟ 

ɧɚɤɪɵɜɚɟɦɵɯ ɮɚɤɟɥɨɦ ɮɨɪɫɭɧɤɢ, ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ 

ɫɱɢɬɚɟɬɫɹ ɪɚɜɧɵɦ ɤɨɧɫɬɚɧɬɟ. 

Ɂɚɞɚɧɵ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɜɫɟɝɨ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɢ ɩɨɥɨɠɟɧɢɹ 

ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ:  

),,(),,,0( 0 zyxTzyxT  ,    (5.11) 

     ),(),,0( 0 zyzy   .     (5.12) 

Ⱦɥɹ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ  ɦɟɬɨɞ 

ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ. Ɋɚɫɱɟɬ ɩɨɥɨɠɟɧɢɹ ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 

ɩɪɨɜɨɞɢɥɫɹ ɩɨ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɚɥɝɨɪɢɬɦɚɦ. 

Ɋɚɡɪɚɛɨɬɚɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɩɨɡɜɨɥɹɸɳɟɟ ɩɪɨɜɨɞɢɬɶ ɪɚɫɱɟɬɵ ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɡɥɢɜɤɢ ɢ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 

Ɋɟɡɭɥɶɬаɬɵ чɢɫɥɟɧɧɵх ɷɤɫɩɟɪɢɦɟɧɬɨв. ȼɨ ɦɧɨɝɢɯ ɪɚɛɨɬɚɯ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɜɧɭɬɪɢ ɨɛɥɚɫɬɢ, ɧɚɤɪɵɜɚɟɦɨɣ ɮɚɤɟɥɨɦ ɮɨɪɫɭɧɤɢ, 

ɢɦɟɟɬ ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ [189] (ɪɢɫ. 5.12). Ȼɵɥ ɜɵɩɨɥɧɟɧ ɪɹɞ 

ɪɚɫɱɟɬɨɜ ɞɥɹ ɬɚɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɢ ɪɚɡɥɢɱɧɵɯ 

ɤɨɨɪɞɢɧɚɬ ɪɚɡɦɟɳɟɧɢɹ ɮɨɪɫɭɧɤɢ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɚɹ ɜ 

ɪɟɡɭɥɶɬɚɬɟ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 5.13. 

Ɋɚɫɱɟɬɵ, ɩɪɨɜɟɞёɧɧɵɟ ɞɥɹ ɮɨɪɫɭɧɨɤ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɩɟɪɜɵɯ ɫɟɤɰɢɹɯ ɁȼɈ, 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɷɬɢɯ ɫɟɤɰɢɹɯ ɭɝɥɵ ɫɥɢɬɤɚ ɢɦɟɸɬ ɩɨɧɢɠɟɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, 

ɩɨɷɬɨɦɭ ɩɨɞɜɟɪɝɚɬɶ ɢɯ ɩɪɢɧɭɞɢɬɟɥɶɧɨɦɭ ɨɯɥɚɠɞɟɧɢɸ ɧɟɥɶɡɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɮɨɪɫɭɧɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɫɩɨɥɨɠɟɧɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ  ɪɚɫɩɵɥɹɟɦɵɟ ɢɦɢ 

ɱɚɫɬɢɰɵ ɜɨɞɵ ɧɟ ɞɨɫɬɢɝɚɥɢ ɭɝɥɨɜ ɫɥɢɬɤɚ. 

ɉɨ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɦɨɞɟɥɢ ɦɨɠɧɨ ɪɚɫɫɱɢɬɵɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɫɥɢɬɤɚ ɜ ɫɥɭɱɚɟ 

ɩɪɨɢɡɜɨɥɶɧɨɝɨ (ɧɟ ɬɨɥɶɤɨ ɩɚɪɚɛɨɥɢɱɟɫɤɨɝɨ) ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
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ɬɟɩɥɨɨɬɞɚɱɢ (ɪɢɫ. 5.14ɚ), ɚ ɬɚɤɠɟ ɞɥɹ ɫɥɭɱɚɹ ɩɟɪɟɤɪɵɬɢɹ ɨɛɥɚɫɬɟɣ ɧɚɤɪɵɜɚɟɦɵɯ 

ɮɚɤɟɥɚɦɢ ɪɚɡɧɵɯ ɮɨɪɫɭɧɨɤ (ɪɢɫ 5.14ɛ). 

 

Ɋɢɫɭɧɨɤ 5.12. ɉɚɪɚɛɨɥɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ 

ɜɧɭɬɪɢ ɨɛɥɚɫɬɢ, ɧɚɤɪɵɜɚɟɦɨɣ ɮɚɤɟɥɨɦ ɮɨɪɫɭɧɤɢ. 

 

 

Ɋɢɫɭɧɨɤ 5.13. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɠɟɧɢɹ 

ɮɨɪɫɭɧɤɢ. 
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Ɋɢɫɭɧɨɤ 5.14. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɩɪɢ: ɚ) ɧɟɫɬɚɧɞɚɪɬɧɨɦ 

ɤɨɷɮɮɢɰɢɟɧɬɟ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨɞ ɮɨɪɫɭɧɤɨɣ, ɛ) ɩɟɪɟɤɪɵɬɢɢ ɨɛɥɚɫɬɟɣ ɞɟɣɫɬɜɢɹ 

ɮɨɪɫɭɧɨɤ.  

 

 

 

5.4. Ɋɚɫɱɟɬ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ ɫɥɹɛɚ 

 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɦɚɲɢɧɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ (ɆɇɅɁ) 

ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɜɵɛɨɪɚ ɬɢɩɨɜ ɮɨɪɫɭɧɨɤ, ɩɨɞɚɸɳɢɯ ɜɨɞɨ-ɜɨɡɞɭɲɧɭɸ ɫɦɟɫɶ, ɢ 

ɫɩɨɫɨɛɚ ɢɯ ɪɚɫɫɬɚɧɨɜɤɢ ɜ ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ). Ɍɪɟɛɭɟɬɫɹ 

ɩɨɞɨɛɪɚɬɶ ɩɚɪɚɦɟɬɪɵ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɫɜɟɫɬɢ ɤ 
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ɦɢɧɢɦɭɦɭ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɜɵɡɜɚɧɧɵɟ ɧɟɪɚɜɧɨɦɟɪɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ 

ɫɥɢɬɤɚ.  

ȼ [187, 189, 230] ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ 

ɨɪɨɲɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɹɛɨɜɨɣ ɡɚɝɨɬɨɜɤɢ ɜ ɁȼɈ ɢ ɩɪɟɞɥɚɝɚɸɬɫɹ ɜɨɡɦɨɠɧɵɟ 

ɩɭɬɢ ɩɨɜɵɲɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɫɬɢ ɬɟɩɥɨɨɬɜɨɞɚ ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ 

ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɹ. Ɉɞɧɚɤɨ ɩɪɢ ɫɨɜɪɟɦɟɧɧɵɯ ɜɨɡɦɨɠɧɨɫɬɹɯ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɬɟɯɧɢɤɢ ɧɚɢɛɨɥɟɟ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɩɭɬɟɦ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ 

ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɡɚɬɜɟɪɞɟɜɚɸɳɟɣ ɤɨɪɨɱɤɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 

ɹɜɥɹɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɚ ɦɟɬɨɞɢɤɚ ɦɢɧɢɦɢɡɚɰɢɢ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ  

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɦ ɫɥɹɛɟ ɩɭɬɟɦ ɨɩɬɢɦɢɡɚɰɢɢ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɡɚ ɫɱɟɬ 

ɩɨɞɛɨɪɚ ɬɢɩɨɜ ɢ ɫɩɨɫɨɛɚ ɪɚɫɫɬɚɧɨɜɤɢ ɮɨɪɫɭɧɨɤ.  

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɥɨɠɟɧɢɹ ɜɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟ ɜɫɟ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ 

ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɦɨɝɭɬ ɛɵɬɶ ɦɢɧɢɦɢɡɢɪɨɜɚɧɵ. ɇɨɪɦɚɥɶɧɚɹ 

ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɫɜɹɡɚɧɚ ɫ ɧɨɪɦɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ, ɧɚɩɪɚɜɥɟɧɧɨɣ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɩɨɜɟɪɯɧɨɫɬɢ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ (ɇɅɁ). ɗɬɚ ɫɨɫɬɚɜɥɹɸɳɚɹ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɥɨɬɧɨɫɬɶɸ ɨɬɜɨɞɢɦɨɝɨ ɨɬ ɫɥɹɛɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 

ɭɦɟɧɶɲɟɧɚ ɛɟɡ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɭɦɟɧɶɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɍɇɊɋ.  

Ʉɚɫɚɬɟɥɶɧɚɹ ɩɪɨɞɨɥɶɧɚɹ  (ɬ.ɟ. ɧɚɩɪɚɜɥɟɧɧɚɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɹɛɚ ɜɞɨɥɶ ɨɫɢ 

ɪɚɡɥɢɜɤɢ) ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɫɜɹɡɚɧɚ ɫ ɧɚɥɢɱɢɟɦ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɹɛɚ ɩɪɨɞɨɥɶɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ. ɗɬɚ ɤɨɦɩɨɧɟɧɬɚ 

ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɟɫɩɥɨɲɧɨɫɬɶɸ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɮɚɤɟɥɵ ɮɨɪɫɭɧɨɤ ɧɟ ɨɛɪɚɡɭɸɬ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɩɨɥɹ ɩɨ ɞɥɢɧɟ ɍɇɊɋ, ɚ ɪɚɡɞɟɥɹɸɬɫɹ ɪɨɥɢɤɚɦɢ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɧɨɪɦɚɥɶɧɨɣ 

ɤɚɫɚɬɟɥɶɧɚɹ ɩɪɨɞɨɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɚ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɟɬ ɛɵɬɶ 

ɫɨɤɪɚɳɟɧɚ ɛɟɡ ɭɳɟɪɛɚ ɞɥɹ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ [230] ɨɩɢɫɚɧ ɫɩɨɫɨɛ 

ɫɨɤɪɚɳɟɧɢɹ ɷɬɨɣ ɤɨɦɩɨɧɟɧɬɵ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ. Ɂɚɦɟɧɚ ɩɥɨɫɤɨɮɚɤɟɥɶɧɵɯ 

ɮɨɪɫɭɧɨɤ ɧɚ ɨɛɴёɦɧɨɮɚɤɟɥɶɧɵɟ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɩɪɢɛɥɢɠɟɧɢɟɦ ɫɨɩɟɥ ɮɨɪɫɭɧɨɤ ɤ 
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ɫɥɢɬɤɭ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɬɨɥɳɢɧɭ ɮɚɤɟɥɨɜ ɢɥɢ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɩɹɬɧɚ 

ɨɪɨɲɟɧɢɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɪɚɡɥɢɜɤɢ, ɱɬɨ ɫɨɤɪɚɳɚɟɬ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ.  Ɉɞɧɚɤɨ ɛɟɡ ɪɚɞɢɤɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɤɨɧɫɬɪɭɤɰɢɢ  

ɩɨɞɞɟɪɠɤɢ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ ɫɥɹɛɚ,  ɛɟɡ ɨɬɤɚɡɚ ɨɬ ɪɨɥɢɤɨɜɨɣ ɩɪɨɜɨɞɤɢ, 

ɩɪɨɞɨɥɶɧɵɟ ɤɚɫɚɬɟɥɶɧɵɟ  ɬɟɪɦɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɫɜɟɞɟɧɵ ɤ 

ɧɭɥɸ.  

Ʉɚɫɚɬɟɥɶɧɚɹ ɩɨɩɟɪɟɱɧɚɹ (ɬ.ɟ. ɧɚɩɪɚɜɥɟɧɧɚɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɹɛɚ ɩɨɩɟɪɟɤ 

ɨɫɢ ɪɚɡɥɢɜɤɢ) ɤɨɦɩɨɧɟɧɬɚ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɫɜɹɡɚɧɚ ɫ ɩɨɩɟɪɟɱɧɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɨɡɧɢɤɚɸɳɟɣ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜɫɥɟɞɫɬɜɢɟ 

ɧɟɫɨɜɟɪɲɟɧɫɬɜɚ ɮɨɪɫɭɧɨɤ ɁȼɈ, ɬ.ɟ. ɧɟɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ (ɄɌ) ɩɨ ɲɢɪɢɧɟ ɫɥɹɛɚ.  Ɇɢɧɢɦɢɡɚɰɢɹ ɤɚɫɚɬɟɥɶɧɨɣ 

ɩɨɩɟɪɟɱɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜɩɨɥɧɟ ɨɫɭɳɟɫɬɜɢɦɚ ɛɟɡ 

ɫɨɤɪɚɳɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ ɢ ɧɢɤɚɤ ɧɟ ɫɜɹɡɚɧɚ ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɤɨɧɫɬɪɭɤɰɢɢ  

ɩɨɞɞɟɪɠɤɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ. ɂɦɟɧɧɨ ɭɦɟɧɶɲɟɧɢɸ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɩɨɩɟɪɟɱɧɨɣ ɤɚɫɚɬɟɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɩɭɬɟɦ ɩɨɞɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɮɨɪɫɭɧɨɤ ɢ ɨɩɬɢɦɚɥɶɧɵɯ ɫɩɨɫɨɛɨɜ ɢɯ ɪɚɫɫɬɚɧɨɜɤɢ ɢ 

ɩɨɫɜɹɳɟɧɚ ɞɚɧɧɚɹ ɪɚɛɨɬɚ.  

ɉɨɩɟɪɟɱɧɚɹ ɤɚɫɚɬɟɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɚ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɤɫɢɦɚɥɶɧɚ 

ɬɚɦ, ɝɞɟ ɧɚɢɛɨɥɟɟ ɜɟɥɢɤɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ, ɬ.ɟ. ɜ ɩɥɨɫɤɨɫɬɹɯ ɮɚɤɟɥɨɜ 

ɮɨɪɫɭɧɨɤ ɢɥɢ, ɱɬɨ ɬɨ ɠɟ ɫɚɦɨɟ, ɜ ɫɟɪɟɞɢɧɚɯ ɦɟɠɪɨɥɢɤɨɜɵɯ ɡɚɡɨɪɨɜ. ɉɨɷɬɨɦɭ 

ɡɚɞɚɱɚ ɦɢɧɢɦɢɡɚɰɢɢ ɷɬɨɣ ɤɨɦɩɨɧɟɧɬɵ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɫɜɨɞɢɬɫɹ ɤ 

ɨɛɟɫɩɟɱɟɧɢɸ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɩɟɪɢɦɟɬɪɭ ɤɚɠɞɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɟɱɟɧɢɹ ɫɥɹɛɚ,  ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɩɥɨɫɤɨɫɬɹɯ ɨɫɟɣ ɮɨɪɫɭɧɨɤ, ɚ ɨɩɬɢɦɚɥɶɧɵɦ 

ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɬɚɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɄɌ ɩɨ ɩɟɪɢɦɟɬɪɭ ɫɟɱɟɧɢɹ, ɤɨɬɨɪɨɟ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɫɬɨɹɧɧɭɸ ɩɨ ɩɟɪɢɦɟɬɪɭ ɬɟɦɩɟɪɚɬɭɪɭ. Ɉɩɬɢɦɚɥɶɧɵɦ ɜɵɛɨɪɨɦ 

ɮɨɪɫɭɧɨɤ, ɢɯ ɪɚɫɫɬɚɧɨɜɤɢ ɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɬɚɤɨɣ ɜɵɛɨɪ, ɩɪɢ 

ɤɨɬɨɪɨɦ  ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɄɌ ɦɢɧɢɦɚɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɨɩɬɢɦɚɥɶɧɨɝɨ. 

ɉɪɟɞɥɚɝɚɟɦɚɹ ɦɟɬɨɞɢɤɚ ɜɵɛɨɪɚ ɮɨɪɫɭɧɨɤ ɩɨɤɚɡɚɧɚ ɧɚ ɩɪɢɦɟɪɟ ɲɢɪɨɤɨɣ 

ɝɪɚɧɢ ɫɥɹɛɨɜɨɣ ɇɅɁ, ɩɨɫɤɨɥɶɤɭ ɜɵɛɨɪ ɤɨɧɮɢɝɭɪɚɰɢɢ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ 
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ɞɥɹ ɲɢɪɨɤɨɣ ɝɪɚɧɢ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ (ɬɨɥɶɤɨ ɬɚɦ ɩɪɢɦɟɧɹɸɬɫɹ 

ɦɧɨɝɨɪɹɞɧɵɟ ɫɯɟɦɵ ɪɚɫɫɬɚɧɨɜɤɢ ɮɨɪɫɭɧɨɤ).  

Ɉɩɬɢɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɄɌ ɩɨ ɲɢɪɢɧɟ ɫɥɹɛɨɜɨɣ ɇɅɁ ɧɚɯɨɞɢɥɢ, ɪɟɲɚɹ 

ɨɛɪɚɬɧɭɸ ɡɚɞɚɱɭ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɫɥɢɬɤɟ ɫ 

ɩɨɦɨɳɶɸ ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɩɭɧɤɬɟ 2.1. ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

ɇɚ ɝɪɚɧɢɰɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ – ɁȼɈ ɡɚɞɚɸɬɫɹ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɩɟɪɜɨɝɨ ɪɨɞɚ, 

ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɪɚɫɱɟɬɨɜ ɩɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ 

ɢ ɨɯɥɚɠɞɟɧɢɟ ɫɢɦɦɟɬɪɢɱɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ, ɩɨɷɬɨɦɭ ɩɪɨɰɟɫɫ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɧɨɣ ɱɟɬɜɟɪɬɢ (ɪɢɫ. 5.11). 

Ɍɟɩɥɨɨɬɞɚɱɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɩɨ ɲɢɪɨɤɨɣ ɝɪɚɧɢ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɜ ɜɢɞɟ 

ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɬɪɟɬɶɟɝɨ ɪɨɞɚ: 
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 (5.13) 

ɝɞɟ    – ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɹɜɥɹɟɬɫɹ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦ ɩɨ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɩɚɪɚɦɟɬɪɨɦ ɢ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜɨ ɜɪɟɦɟɧɢ, TɈ.ɋ. – 

ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, l – ɩɨɥɭɬɨɥɳɢɧɚ ɫɥɢɬɤɚ, n   – ɩɪɢɜɟɞёɧɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ. Ⱥɧɚɥɨɝɢɱɧɨ ɡɚɞɚɸɬɫɹ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɭɡɤɨɣ 

ɝɪɚɧɢ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ. ɉɨɫɤɨɥɶɤɭ ɞɥɹ 

ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɫɢɥɶɧɨɝɨ ɪɚɡɨɝɪɟɜɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɩɨɞ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɦ ɧɚ 

ɩɟɪɜɨɦ ɢ ɜɬɨɪɨɦ ɭɪɨɜɧɹɯ ɭɫɬɚɧɨɜɥɟɧɵ ɮɨɪɫɭɧɤɢ ɡɨɧɵ ɩɨɞɛɨɹ, ɪɚɡɪɚɛɨɬɤɚ 

ɤɨɧɮɢɝɭɪɚɰɢɢ ɤɨɬɨɪɨɝɨ ɧɟ ɜɯɨɞɢɬ ɜ ɩɨɫɬɚɜɥɟɧɧɭɸ ɡɚɞɚɱɭ, ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɬɪɟɬɢɣ ɭɪɨɜɟɧɶ ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɨɪɫɭɧɨɤ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɜ 

ɨɛɥɚɫɬɢ ɩɟɪɜɵɯ ɞɜɭɯ ɭɪɨɜɧɟɣ ɩɨɞ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɦ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 5.15. ɇɚ 

ɝɪɚɮɢɤɚɯ ɜɢɞɟɧ ɨɬɛɨɪ ɬɟɩɥɚ ɧɚ ɥɢɧɢɹɯ ɤɚɫɚɧɢɹ ɩɟɪɜɵɯ ɬɪɟɯ ɪɨɥɢɤɨɜ ɢ ɜ ɨɛɥɚɫɬɹɯ 

ɜɨɞɨ-ɜɨɡɞɭɲɧɨɝɨ ɨɪɨɲɟɧɢɹ ɩɟɪɜɵɯ ɞɜɭɯ ɭɪɨɜɧɟɣ ɮɨɪɫɭɧɨɤ. 

Ƚɪɚɮɢɤ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɩɨ ɲɢɪɨɤɨɣ ɝɪɚɧɢ ɜ 

ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ) ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 5.16. Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɦɟɫɬɟ 

ɤɨɧɬɚɤɬɚ ɫɥɢɬɤɚ ɫ ɨɩɨɪɧɨ-ɩɪɢɜɨɞɧɵɦɢ ɪɨɥɢɤɚɦɢ ɫɧɢɠɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ 
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ɪɚɜɧɨɦɟɪɧɨ ɜɞɨɥɶ ɜɫɟɣ ɥɢɧɢɢ ɤɚɫɚɧɢɹ ɪɨɥɢɤɚ. ȼ ɡɨɧɟ ɩɨɞɛɨɹ (ɩɟɪɜɵɟ ɞɜɚ ɭɪɨɜɧɹ 

ɮɨɪɫɭɧɨɤ) ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɫ ɰɟɥɶɸ ɧɟɞɨɩɭɳɟɧɢɹ 

ɪɚɡɪɵɜɚ ɬɜёɪɞɨɣ ɤɨɪɨɱɤɢ ɫɥɢɬɤɚ. ɉɨɷɬɨɦɭ ɡɞɟɫɶ ɦɨɠɧɨ ɜɢɞɟɬɶ ɫɧɢɠɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜ ɭɝɥɚɯ ɫɥɢɬɤɚ, ɝɞɟ, ɜɨɨɛɳɟ ɝɨɜɨɪɹ, ɷɬɨ ɧɟ ɠɟɥɚɬɟɥɶɧɨ. Ɍɪɟɬɢɣ 

ɭɪɨɜɟɧɶ ɮɨɪɫɭɧɨɤ ɞɨɩɭɫɤɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɨɩɬɢɦɚɥɶɧɨɣ ɪɚɫɫɬɚɧɨɜɤɢ ɩɨ 

ɲɢɪɢɧɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɷɬɨɣ ɡɨɧɟ ɜɨɡɦɨɠɧɨ ɢɡɛɟɠɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 

ɱɪɟɡɦɟɪɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɭɝɥɨɜ ɫɥɢɬɤɚ, ɱɬɨ ɫɯɟɦɚɬɢɱɧɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 5.17. 

 

 

  

Ɋɢɫɭɧɨɤ 5. 15. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɩɨɞ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɦ ɩɪɢ ɨɬɛɨɪɟ ɬɟɩɥɚ ɪɨɥɢɤɚɦɢ ɢ ɩɟɪɜɵɦɢ ɞɜɭɦɹ ɭɪɨɜɧɹɦɢ 

ɮɨɪɫɭɧɨɤ: ɧɚ ɜɫɟɦ ɭɱɚɫɬɤɟ. 
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Ɋɢɫɭɧɨɤ 5.16. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɩɨɞ 
ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɦ ɩɪɢ ɨɬɛɨɪɟ ɬɟɩɥɚ ɪɨɥɢɤɚɦɢ ɢ ɩɟɪɜɵɦɢ ɞɜɭɦɹ ɭɪɨɜɧɹɦɢ 

ɮɨɪɫɭɧɨɤ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ.  1 – ɬɟɦɩɟɪɚɬɭɪɚ ɜɞɨɥɶ ɰɟɧɬɪɚ ɝɪɚɧɢ ɢ 2 – ɜɞɨɥɶ 
ɭɝɥɚ ɫɥɢɬɤɚ.   

 

Ɉɩɬɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɞɥɹ ɬɪɟɬɶɟɝɨ ɭɪɨɜɧɹ ɮɨɪɫɭɧɨɤ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɡɚɞɚɜɚɹ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɧɚ ɭɱɚɫɬɤɟ ɜɥɢɹɧɢɹ 

ɷɬɢɯ ɮɨɪɫɭɧɨɤ ɢ ɪɟɲɚɹ ɨɛɪɚɬɧɭɸ ɡɚɞɚɱɭ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɋɯɟɦɚ ɨɯɥɚɠɞɟɧɢɹ 

ɭɱɚɫɬɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 5.17. ɍɱɚɫɬɨɤ 7 (ɪɢɫ. 5.17) ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɭɱɚɫɬɤɨɦ 

ɜɥɢɹɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 5.17.  Ɉɯɥɚɠɞɟɧɢɟ ɫɥɢɬɤɚ ɦɟɠɞɭ ɜɬɨɪɵɦ ɢ ɬɪɟɬɶɢɦ ɪɨɥɢɤɚɦɢ.  
1 – ɥɢɧɢɹ ɤɚɫɚɧɢɹ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɜɬɨɪɨɝɨ ɪɨɥɢɤɚ, 2 – ɥɢɧɢɹ ɤɚɫɚɧɢɹ 

ɬɪɟɬɶɟɝɨ ɪɨɥɢɤɚ, 3, 4 – ɭɱɚɫɬɤɢ ɩɨɞ ɪɨɥɢɤɚɦɢ, 5 – ɭɝɨɥ ɫɥɢɬɤɚ, 6 – ɢɡɨɬɟɪɦɚ 
ɦɢɧɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, 7 – ɭɱɚɫɬɨɤ ɞɟɣɫɬɜɢɹ ɪɚɫɩɵɥɹɟɦɨɣ ɜɨɞɨ-ɜɨɡɞɭɲɧɨɣ 

ɫɦɟɫɢ. 
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ȼ [66] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɬɟɩɥɨɨɬɜɨɞɚ ɨɬ ɫɥɢɬɤɚ 

ɞɨɫɬɚɬɨɱɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɡɚɞɚɧɧɨɦ 

ɭɪɨɜɧɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɭɱɚɫɬɤɟ ɜɥɢɹɧɢɹ ɧɭɠɧɨ ɡɚɞɚɬɶ ɬɚɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, 

ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɬ ɧɟɨɛɯɨɞɢɦɨɟ ɡɧɚɱɟɧɢɟ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɫёɦ ɭɱɚɫɬɤɟ 

ɦɟɠɞɭ ɜɬɨɪɵɦ ɢ ɬɪɟɬɶɢɦ ɪɨɥɢɤɚɦɢ. Ɍɚɤɠɟ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ 

ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ, ɱɬɨ ɜ ɭɝɥɚɯ ɫɥɢɬɤɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ 

ɧɢɠɟ, ɱɟɦ ɧɚ ɨɫɬɚɥɶɧɵɯ ɭɱɚɫɬɤɚɯ, ɩɨɷɬɨɦɭ ɡɨɧɵ ɛɥɢɡɤɢɟ ɤ ɭɝɥɚɦ ɢɫɤɥɸɱɚɸɬɫɹ 

ɩɪɢ ɡɚɞɚɧɢɢ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɧɚɱɚɥɟ ɭɱɚɫɬɤɚ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ  ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɢɡɜɟɫɬɧɚ – ɧɚ ɪɢɫ. 5.18 ɩɨɤɚɡɚɧɨ ɟё 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɝɪɚɮɢɤ 1 ɹɜɥɹɟɬɫɹ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ ɝɪɚɮɢɤɚ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ 

ɧɚ ɪɢɫ. 5.19. ȼɨ ɜɫɟɯ ɩɨɫɥɟɞɭɸɳɢɯ ɫɟɱɟɧɢɹɯ ɧɚ ɭɱɚɫɬɤɟ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɡɚɞɚёɬɫɹ ɜ ɜɢɞɟ ɤɨɧɫɬɚɧɬɵ (ɝɪɚɮɢɤ 2, ɪɢɫ. 5.18). 

 

 

Ɋɢɫɭɧɨɤ 5.18.  Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ. 1 –  ɜ 

ɧɚɱɚɥɟ ɭɱɚɫɬɤɚ ɜɥɢɹɧɢɹ, 2 –  ɜ ɫɪɟɞɢɧɟ ɭɱɚɫɬɤɚ ɜɥɢɹɧɢɹ. 

 

ȼɢɞ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɦɨɠɧɨ ɡɚɞɚɜɚɬɶ 

ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ. ȿɫɥɢ ɩɨɬɪɟɛɨɜɚɬɶ ɧɟɩɪɟɪɵɜɧɨɫɬɶ ɢ ɦɢɧɢɦɢɡɚɰɢɸ 

ɩɪɨɢɡɜɨɞɧɨɣ ɜ ɷɬɨɦ ɠɟ ɧɚɩɪɚɜɥɟɧɢɢ, ɬɨ ɜɨɡɧɢɤɚɟɬ ɤɥɚɫɫɢɱɟɫɤɚɹ ɡɚɞɚɱɚ ɬɟɨɪɢɢ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ [Ƚɚ2000], ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ  ɢɡɨɩɟɪɢɦɟɬɪɢɱɟɫɤɚɹ ɡɚɞɚɱɚ, 

ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɢɡɜɟɫɬɧɨ – ɷɬɨ ɩɚɪɚɛɨɥɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ 
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ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɞɚɟɬɫɹ ɜ ɜɢɞɟ ɩɚɪɚɛɨɥɵ, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɨɣ ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɡɚɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɭɱɚɫɬɤɟ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɠɞɭ ɩɟɪɜɵɦ ɢ 

ɜɬɨɪɵɦ ɪɨɥɢɤɚɦɢ (ɪɢɫ. 5.20). 

ɉɨ ɢɡɜɟɫɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɭɱɚɫɬɤɟ, ɜɵɱɢɫɥɹɟɬɫɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɦɟɬɨɞɨɦ ɩɪɹɦɨɝɨ ɨɛɪɚɳɟɧɢɹ 

ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɝɨ ɚɧɚɥɨɝɚ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ (1) [175]. Ɋɟɡɭɥɶɬɚɬ ɜɵɱɢɫɥɟɧɢɣ 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 5.21 (ɤɪɢɜɚɹ 1). 

 

 

 

Ɋɢɫɭɧɨɤ 5.19. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɧɚ ɩɟɪɜɨɦ-ɬɪɟɬɶɟɦ ɭɪɨɜɧɹɯ 

ɮɨɪɫɭɧɨɤ: ɧɚ ɜɫɟɦ ɭɱɚɫɬɤɟ 
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Ɋɢɫɭɧɨɤ 5.20. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɧɚ ɩɟɪɜɨɦ-ɬɪɟɬɶɟɦ ɭɪɨɜɧɹɯ 

ɮɨɪɫɭɧɨɤ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ. 1 – ɬɟɦɩɟɪɚɬɭɪɚ ɜɞɨɥɶ ɰɟɧɬɪɚ ɝɪɚɧɢ ɢ 2 – ɜɞɨɥɶ 

ɭɝɥɚ ɫɥɢɬɤɚ. 

 

 

Ɋɢɫɭɧɨɤ 5.21. Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ ɬɪɟɬɶɟɦ ɭɪɨɜɧɟ ɭɫɬɚɧɨɜɤɢ 
ɮɨɪɫɭɧɨɤ. 1- ɬɪɟɛɭɟɦɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ; 2 – ɨɩɬɢɦɚɥɶɧɨɟ  ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɢ 

ɞɜɭɯɪɹɞɧɨɣ ɪɚɫɫɬɚɧɨɜɤɟ ɮɨɪɫɭɧɨɤ; 3- ɬɨ ɠɟ ɩɪɢ ɬɪɟɯɪɹɞɧɨɣ; 4- ɬɨ ɠɟ ɩɪɢ 
ɨɞɧɨɪɹɞɧɨɣ. 
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ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɪɚɫɩɪɟɞɟɥɟɧɧɨɝɨ ɄɌ ɩɨ ɮɚɤɟɥɭ ɮɨɪɫɭɧɨɤ 

ɪɚɡɥɢɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɫɬɟɧɞɚɯ ɁȺɈ «ɄɈɊȺȾ» [3]. ȼ ɯɨɞɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɫɬɟɧɞɟ ɮɨɪɫɭɧɨɤ ɤɚɤ ɫɨɛɫɬɜɟɧɧɨɣ ɪɚɡɪɚɛɨɬɤɢ, ɬɚɤ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɞɪɭɝɢɯ ɮɢɪɦ, ɛɵɥɚ ɫɨɡɞɚɧɚ ɛɚɡɚ ɞɚɧɧɵɯ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɛɨɥɟɟ ɫɨɬɧɢ ɜɨɞɹɧɵɯ ɢ ɜɨɞɨɜɨɡɞɭɲɧɵɯ ɮɨɪɫɭɧɨɤ. Ʉɚɠɞɚɹ ɫɬɪɨɤɚ ɛɚɡɵ ɫɨɞɟɪɠɢɬ 

ɞɚɧɧɵɟ ɨ ɲɢɪɢɧɟ ɮɚɤɟɥɚ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɄɌ ɩɨ ɲɢɪɢɧɟ ɮɚɤɟɥɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɢɩɚ ɮɨɪɫɭɧɤɢ, ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɨɯɥɚɠɞɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɪɚɫɯɨɞɚ ɜɨɞɵ, ɬ.ɨ. 

ɨɞɧɨɣ ɮɨɪɫɭɧɤɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɫɬɪɨɤ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɝɪɚɮɢɤɢ 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 5. 22. 

 

 

Ɋɢɫɭɧɨɤ 5.22. ȼɢɞ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɄɌ ɩɨ ɲɢɪɢɧɟ ɮɨɪɫɭɧɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɪɚɫɯɨɞɚ ɜɨɞɵ. 

 

 ɂɡɦɟɪɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɨɩɢɫɚɧɧɨɝɨ ɜ [3] ɫɬɟɧɞɚ ɡɧɚɱɟɧɢɟ ɄɌ ɜ ɨɬɫɭɬɫɬɜɢɢ 

ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɜ ɫɪɟɞɧɟɦ 150ȼɬ/ɦ2Ʉ. ɉɪɢ ɪɚɫɱɟɬɟ 

ɨɩɬɢɦɚɥɶɧɨɣ ɪɚɫɫɬɚɧɨɜɤɢ ɮɨɪɫɭɧɨɤ ɫɱɢɬɚɥɢ, ɱɬɨ ɄɌ ɡɚ ɝɪɚɧɢɰɚɦɢ ɮɚɤɟɥɚ ɪɚɜɟɧ 

ɷɬɨɣ ɜɟɥɢɱɢɧɟ, ɚ ɩɪɢ ɫɥɨɠɟɧɢɢ ɮɚɤɟɥɨɜ ɞɜɭɯ ɮɨɪɫɭɧɨɤ ɄɌ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ 

ɨɛɥɚɫɬɢ ɩɟɪɟɫɟɱɟɧɢɹ ɪɚɜɟɧ ɧɚɢɛɨɥɶɲɟɦɭ ɢɡ ɞɜɭɯ ɜɨɡɦɨɠɧɵɯ. ɉɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɁȺɈ «ɄɈɊȺȾ» ɩɨɞɨɛɧɚɹ ɦɟɬɨɞɢɤɚ  ɪɚɫɱɟɬɚ 

ɫɥɨɠɟɧɢɹ ɮɚɤɟɥɨɜ ɜɩɨɥɧɟ ɚɞɟɤɜɚɬɧɚ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɪɚɫɯɨɞɚɯ ɜɨɞɵ – ɨɤɨɥɨ 
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0,1ɦ3/ɱ ɧɚ ɮɨɪɫɭɧɤɭ. ɉɪɢ ɛɨɥɶɲɨɦ ɪɚɫɯɨɞɟ ɜɨɞɵ (ɨɤɨɥɨ 0,3ɦ3/ɱ) ɧɚ ɮɨɪɫɭɧɤɭ ɜ 

ɨɛɥɚɫɬɢ ɩɟɪɟɫɟɱɟɧɢɹ ɮɚɤɟɥɨɜ ɨɛɪɚɡɭɟɬɫɹ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɣ ɥɨɤɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ 

ɬɟɩɥɨɨɬɞɚɱɢ, ɱɬɨ ɛɵɥɨ ɭɱɬɟɧɨ ɩɪɢ ɪɚɫɱɟɬɚɯ. 

ȼɵɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɮɨɪɫɭɧɨɤ ɩɪɨɜɨɞɢɥɢ ɞɥɹ ɨɞɧɨ-, ɞɜɭɯ- ɢ ɬɪɟɯɪɹɞɧɨɣ 

ɪɚɫɫɬɚɧɨɜɤɢ. Ⱦɥɹ ɨɞɧɨɪɹɞɧɨɣ ɮɨɪɫɭɧɤɢ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɟ ɪɚɫɱɟɬɵ ɫɜɨɞɢɥɢɫɶ ɤ 

ɨɩɪɟɞɟɥɟɧɢɸ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɮɚɤɬɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɄɌ 

ɩɨ ɩɨɥɭɲɢɪɢɧɟ ɫɥɹɛɚ ɨɬ ɨɩɬɢɦɚɥɶɧɨɝɨ. ɋɬɪɨɤɭ ɛɚɡɵ ɞɚɧɧɵɯ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸɫɹ 

ɦɢɧɢɦɚɥɶɧɵɦ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɦ ɨɬɤɥɨɧɟɧɢɟɦ, ɫɱɢɬɚɥɢ ɨɩɬɢɦɚɥɶɧɵɦ 

ɜɚɪɢɚɧɬɨɦ ɬɢɩɚ ɮɨɪɫɭɧɤɢ, ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɫɥɹɛɚ ɢ ɪɚɫɯɨɞɚ ɜɨɞɵ. 

Ⱦɥɹ ɞɜɭɯɪɹɞɧɨɣ ɪɚɫɫɬɚɧɨɜɤɢ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɟ ɪɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢ, ɢɫɯɨɞɹ 

ɢɡ ɨɱɟɜɢɞɧɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɬɨɦ, ɱɬɨ ɨɛɟ ɮɨɪɫɭɧɤɢ ɜ ɪɹɞɭ ɞɨɥɠɧɵ ɛɵɬɶ 

ɨɞɧɨɝɨ ɬɢɩɚ ɢ ɪɚɛɨɬɚɬɶ ɜ ɨɞɧɨɦ ɪɟɠɢɦɟ. ɉɪɢ ɪɚɫɱɟɬɚɯ ɞɥɹ ɤɚɠɞɨɣ ɫɬɪɨɤɢ ɛɚɡɵ 

ɞɚɧɧɵɯ ɜɚɪɶɢɪɨɜɚɥɢ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɮɨɪɫɭɧɤɚɦɢ, ɨɩɪɟɞɟɥɹɹ ɨɩɬɢɦɚɥɶɧɨɟ, ɬ.ɟ. 

ɬɚɤɨɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɮɨɪɫɭɧɤɢ ɞɚɧɧɨɝɨ ɬɢɩɚ ɜ ɞɚɧɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɨɛɟɫɩɟɱɚɬ 

ɦɢɧɢɦɚɥɶɧɨɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɄɌ ɨɬ 

ɨɩɬɢɦɚɥɶɧɨɝɨ. Ɂɚɬɟɦ ɫɪɚɜɧɢɜɚɥɢ ɫɬɪɨɤɢ ɛɚɡɵ ɞɚɧɧɵɯ ɩɨ ɡɧɚɱɟɧɢɸ ɦɢɧɢɦɚɥɶɧɨɝɨ 

ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɢ ɜɵɛɢɪɚɥɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɢɡ 

ɦɢɧɢɦɚɥɶɧɵɯ. 

Ⱦɥɹ ɬɪɟɯɪɹɞɧɨɣ ɪɚɫɫɬɚɧɨɜɤɢ ɢɫɯɨɞɢɥɢ ɢɡ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɄɌ ɜ ɩɪɢɨɫɟɜɨɣ ɨɛɥɚɫɬɢ ɲɢɪɢɧɵ (400ɦɦ) ɫɥɹɛɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɰɟɧɬɪɚɥɶɧɨɣ 

ɮɨɪɫɭɧɤɨɣ, ɧɨ ɧɟ ɩɟɪɢɮɟɪɢɣɧɵɦɢ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɧɚ ɩɟɪɜɨɣ 

ɫɬɚɞɢɢ ɪɚɫɱɟɬɚ ɨɩɪɟɞɟɥɹɥɢ ɮɨɪɫɭɧɤɭ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɦɢɧɢɦɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɄɌ ɨɬ ɨɩɬɢɦɚɥɶɧɨɝɨ ɢɦɟɧɧɨ ɜ ɭɤɚɡɚɧɧɨɣ ɩɪɢɨɫɟɜɨɣ ɨɛɥɚɫɬɢ. 

ȼɵɛɪɚɜ ɨɩɬɢɦɚɥɶɧɭɸ ɰɟɧɬɪɚɥɶɧɭɸ ɮɨɪɫɭɧɤɭ, ɪɚɫɫɦɚɬɪɢɜɚɥɢ ɫɨɱɟɬɚɧɢɹ ɟɟ ɮɚɤɟɥɚ 

ɫ ɮɚɤɟɥɚɦɢ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɩɟɪɢɮɟɪɢɣɧɵɯ ɮɨɪɫɭɧɨɤ ɩɪɢ ɪɚɡɧɵɯ 

ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɰɟɧɬɪɚɥɶɧɨɣ ɮɨɪɫɭɧɤɢ ɞɨ ɩɟɪɢɮɟɪɢɣɧɨɣ, ɬɚɤɠɟ ɪɭɤɨɜɨɞɫɬɜɭɹɫɶ 

ɩɪɢ ɜɵɛɨɪɟ ɤɪɢɬɟɪɢɟɦ ɦɢɧɢɦɚɥɶɧɨɝɨ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɄɌ.  

 Ɉɩɢɫɚɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɜɵɛɨɪɚ ɛɵɥɢ ɪɟɚɥɢɡɨɜɚɧɵ ɧɚ ɹɡɵɤɟ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Visual Basic for Application, ɜɫɬɪɨɟɧɧɨɦ ɜ Microsoft Excel. 
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ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɮɨɪɫɭɧɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 

5.21 ɢ ɜ ɬɚɛɥ. 5.2. 

 

Ɍɚɛɥɢɰɚ 5.2. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɮɨɪɫɭɧɨɤ. 

Ʉɨɥɢɱɟɫɬɜɨ 

ɪɹɞɨɜ ɮɨɪɫɭɧɨɤ 

ɇɨɦɟɪ 

ɮɨɪɫɭɧɤ

ɢ 

Ɋɚɫɫɬɨɹɧɢ

ɟ ɞɨ ɫɥɹɛɚ, 

ɦɦ 

Ɋɚɫɯɨɞ 

ɜɨɞɵ, 

ɦ3/ɱ 

ɋɪɟɞɧɟ 

ɤɜɚɞɪɚɬɢɱɟɫɤɨ

ɟ ɨɬɤɥɨɧɟɧɢɟ, 

ȼɬ/ɦ2Ʉ 

Ɋɚɫɫɬɨɹɧɢɟ 

ɦɟɠɞɭ 

ɮɨɪɫɭɧɤɚɦɢ

, 

ɦɦ 

1 32 200 0,3 411 - 

2 32 200 0,3 149 950 

3 (ɰɟɧɬɪɚɥɶɧɚɹ 

ɮɨɪɫɭɧɤɚ) 
28 250 0,5 

139 624 3 

(ɩɟɪɢɮɟɪɢɣɧɵɟ 

ɮɨɪɫɭɧɤɢ) 

30 250 0,15 

  

 

 

5.5. ȼɵɜɨɞɵ  

 

ɇɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɨɣ  ɦɟɬɨɞɢɤɢ ɦɨɝɭɬ ɛɵɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɨɞɨɛɪɚɧɵ 

ɬɚɤɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜ ɁȼɈ, ɤɨɬɨɪɵɟ 

ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɧɚɢɦɟɧɶɲɢɦ ɬɟɪɦɢɱɟɫɤɢɦ ɧɚɩɪɹɠɟɧɢɹɦ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɨɛɟɫɩɟɱɢɜɚɬɶ ɧɚɢɥɭɱɲɟɟ ɜɨɡɦɨɠɧɨɟ ɤɚɱɟɫɬɜɨ ɦɟɬɚɥɥɚ, ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɦɚɲɢɧɨɣ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ.   

Ɋɚɫɫɦɨɬɪɟɧɚ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɫɭɧɨɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɫɥɹɛɨɜɨɣ ɡɚɝɨɬɨɜɤɢ. ɉɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ 

ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫɥɹɛɚ. ɋɮɨɪɦɭɥɢɪɨɜɚɧ ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɚɥɶɧɨɫɬɢ 
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ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢ ɪɚɡɪɚɛɨɬɚɧɵ ɚɥɝɨɪɢɬɦɵ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ 

ɡɚɞɚɱɢ ɞɥɹ ɢɦɟɸɳɟɣɫɹ ɛɚɡɵ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɫɭɧɨɤ. 

ɉɪɟɞɫɬɚɜɥɟɧɚ ɬɪɟɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɞɚɸɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɜɟɥɢɱɢɧ ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, 

ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ ɢ ɫɩɨɫɨɛɚ ɪɚɫɫɬɚɧɨɜɤɢ ɮɨɪɫɭɧɨɤ ɜ ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 

ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɦɨɝɭɬ ɛɵɬɶ ɩɨɞɨɛɪɚɧɵ ɬɚɤɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ 

ɩɚɪɚɦɟɬɪɵ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜ ɁȼɈ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 

ɧɚɢɦɟɧɶɲɢɦ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɧɚɩɪɹɠɟɧɢɹɦ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɛɟɫɩɟɱɢɜɚɬɶ 

ɧɚɢɥɭɱɲɢɣ ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɦɟɬɚɥɥɚ 

ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɦɚɲɢɧɨɣ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ. 
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ȽɅȺȼȺ 6 

 

ɈɉɊȿȾȿɅȿɇɂȿ ɊȺɐɂɈɇȺɅɖɇɕɏ ɊȿɀɂɆɈȼ ɊȺɋɏɈȾȺ 

ɈɏɅȺɀȾȺɘЩȿɃ ȼɈȾɕ ȼ ɁȼɈ 

 

 

ȼ ɝɥɚɜɟ ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɱɢɫɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ, ɢɫɫɥɟɞɨɜɚɧɚ ɢɯ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɢɡɦɟɧɟɧɢɸ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ. ȼ ɩɟɪɜɨɦ ɩɚɪɚɝɪɚɮɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞɢɤɚ 

ɨɰɟɧɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɥɢɬɤɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɤɚɤ 

ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɬɚɤ ɢ ɜ ɩɪɨɰɟɫɫɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɚɲɢɧɨɣ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ. ȼɨ ɜɬɨɪɨɦ 

ɩɚɪɚɝɪɚɮɟ ɢɡɥɚɝɚɸɬɫɹ ɩɪɢɧɰɢɩɵ ɩɪɨɝɧɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɬɟɩɥɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɜ ɁȼɈ. ȼ ɬɪɟɬɶɟɦ ɩɚɪɚɝɪɚɮɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɟɬɨɞɢɤɚ 

ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɰɢɨɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɜɨɣ ɪɚɛɨɬɵ ɁȼɈ ɫɥɹɛɨɜɵɯ ɆɇɅɁ. 

ɑɟɬɜёɪɬɵɣ ɩɚɪɚɝɪɚɮ ɫɨɞɟɪɠɢɬ ɜɵɜɨɞɵ ɩɨ ɝɥɚɜɟ. 

 

 

 

6.1. Ʉɪɢɬɟɪɢɢ ɤɚɱɟɫɬɜɚ 

 

Ɉɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɰɟɥɟɣ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ ɧɚ 

ɦɚɲɢɧɚɯ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ ɹɜɥɹɟɬɫɹ ɭɥɭɱɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɦɟɬɚɥɥɚ ɢ 

ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɰɟɧɬɚ ɜɵɩɭɫɤɚ ɝɨɞɧɨɣ ɩɪɨɞɭɤɰɢɢ. 

ɉɨɧɹɬɢɟ «ɤɚɱɟɫɬɜɨ ɦɟɬɚɥɥɚ» ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɫɬɪɭɤɬɭɪɵ ɫɥɢɬɤɚ, ɬɨɱɧɨɫɬɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ, 

ɮɢɡɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ɍɚɤ ɤɚɤ ɞɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ 
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ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɬɟɩɥɨɜɵɯ ɪɟɠɢɦɨɜ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɟ, ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɛɪɚɬɶ ɬɚɤɢɟ ɨɰɟɧɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɥɢɬɤɚ, ɤɨɬɨɪɵɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ 

ɤ ɢɡɦɟɧɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɢɝɨɞɧɵ 

ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɤɨɦɟɧɞɚɰɢɣ, ɫɜɹɡɚɧɧɵɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ 

ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɡɚɬɜɟɪɞɟɜɚɧɢɹ. Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɹɜɥɹɟɬɫɹ 

ɨɩɪɟɞɟɥɟɧɢɟ ɬɚɤɨɝɨ ɪɟɠɢɦɚ ɨɯɥɚɠɞɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɩɭɬɟɦ ɦɢɧɢɦɢɡɚɰɢɢ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɚɢɥɭɱɲɟɟ 

ɤɚɱɟɫɬɜɨ ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɦɟɬɚɥɥɚ, ɬɨ ɟɫɬɶ ɨɬɫɭɬɫɬɜɭɸɬ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɬɪɟɳɢɧɵ, 

ɢɫɤɚɠɟɧɢɹ ɩɪɨɮɢɥɹ ɢ ɩɪɨɱɢɟ ɞɟɮɟɤɬɵ. 

Ɉɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɰɟɥɟɣ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ ɧɚ 

ɦɚɲɢɧɚɯ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ (ɆɇɅɁ) ɹɜɥɹɟɬɫɹ ɭɥɭɱɲɟɧɢɟ ɤɚɱɟɫɬɜɚ 

ɦɟɬɚɥɥɚ ɢ ɭɜɟɥɢɱɟɧɢɟ ɜɵɩɭɫɤɚ ɝɨɞɧɨɣ ɩɪɨɞɭɤɰɢɢ. Ɋɚɡɜɢɬɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɫɨɡɞɚɧɢɟ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ (ɋȺɍ) ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ ɆɇɅɁ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɬɚɤɢɯ ɩɨɞɫɢɫɬɟɦ ɋȺɍ 

ɆɇɅɁ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɫɬɜɭɸɬ ɛɨɥɟɟ ɬɨɱɧɨɦɭ ɫɨɛɥɸɞɟɧɢɸ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɦɟɬɚɥɥɚ.  

ɂɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɜ ɨɛɥɚɫɬɢ ɋȺɍ ɆɇɅɁ ɜ ɪɚɡɥɢɱɧɵɯ ɫɬɪɚɧɚɯ ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ 

ɩɨ ɫɨɡɞɚɧɢɸ ɩɨɞɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ 

ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɫɬɚɥɶɧɨɦ ɫɥɢɬɤɟ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 

ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɹɯ ɜ 

ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɫɨɞɟɪɠɚɳɢɯ ɬɚɤɢɟ ɭɪɚɜɧɟɧɢɹ, 

ɩɪɢɦɟɧɹɸɬɫɹ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ. Ɋɟɡɭɥɶɬɚɬɨɦ ɪɟɲɟɧɢɹ ɹɜɥɹɟɬɫɹ ɦɚɫɫɢɜ ɱɢɫɟɥ 

(ɩɨɥɟ ɬɟɦɩɟɪɚɬɭɪ), ɪɚɡɦɟɪɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɡɦɟɪɧɨɫɬɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ɋɚɡɥɢɱɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɩɪɨɰɟɫɫɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɪɚɡɥɢɱɧɵɟ ɩɨɥɹ. ɂɡ ɛɟɫɤɨɧɟɱɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɱɢɫɥɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɹ 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɩɪɢɝɨɞɧɵɟ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɋȺɍ ɆɇɅɁ. 

Ⱦɚɧɧɚɹ ɱɚɫɬɶ ɪɚɛɨɬɵ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɬɟɩɥɨɜɵɯ ɪɟɠɢɦɨɜ ɩɪɢ 

ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɟ ɢ ɜɵɛɨɪɭ ɬɚɤɢɯ ɨɰɟɧɨɤ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɥɢɬɤɚ, 

ɤɨɬɨɪɵɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɢɡɦɟɧɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɢɝɨɞɧɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɤɨɦɟɧɞɚɰɢɣ, 
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ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧɧɵɯ ɫ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɡɚɬɜɟɪɞɟɜɚɧɢɹ 

ɦɟɬɚɥɥɚ. 

Ȼɭɞɟɦ ɫɱɢɬɚɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫɥɢɬɤɚ ɤɪɢɬɟɪɢɹɦɢ 

ɤɚчɟɫɬɜɚ, ɟɫɥɢ ɨɧɢ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵ, ɚ ɢɯ ɦɢɧɢɦɢɡɚɰɢɹ ɨɡɧɚɱɚɟɬ ɩɪɢɛɥɢɠɟɧɢɟ ɤ 

ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɨɦɭ ɞɥɹ ɤɚɱɟɫɬɜɚ ɇɅɁ ɬɟɩɥɨɜɨɦɭ ɪɟɠɢɦɭ. ɂɡ ɧɢɯ 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɞɨɫɬɚɬɨɱɧɨ ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɤ ɢɡɦɟɧɟɧɢɸ ɭɩɪɚɜɥɹɸɳɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɪɚɛɨɬɚ ɋȺɍ ɆɇɅɁ ɛɭɞɟɬ ɧɚɩɪɚɜɥɟɧɚ ɧɚ 

ɦɢɧɢɦɢɡɚɰɢɸ ɤɪɢɬɟɪɢɟɜ ɤɚɱɟɫɬɜɚ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɫɥɢɬɤɚ ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɩɪɟɞɦɟɬɨɦ ɜɧɢɦɚɧɢɹ ɦɧɨɝɢɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. Ⱦɥɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫɥɢɬɤɚ ɪɚɡɪɚɛɨɬɚɧɨ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ 

ɱɢɫɥɨ ɪɚɡɥɢɱɧɵɯ ɩɨ ɭɪɨɜɧɸ ɫɥɨɠɧɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ [1]. ɋɭɳɟɫɬɜɭɸɬ 

ɨɞɧɨɦɟɪɧɵɟ [206], ɞɜɭɦɟɪɧɵɟ [104, 239, 243], ɬɪɟɯɦɟɪɧɵɟ [139], ɫɬɚɰɢɨɧɚɪɧɵɟ [1] 

ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ [239], ɫ ɭɱɟɬɨɦ [239] ɢɥɢ ɛɟɡ ɭɱɟɬɚ [206] ɤɨɧɜɟɤɬɢɜɧɨɝɨ 

ɩɟɪɟɧɨɫɚ ɬɟɩɥɨɬɵ, ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɢɥɢ ɛɟɡ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ [1] ɢ ɬ.ɞ.  

ȼ ɪɚɛɨɬɟ [264] ɪɚɡɪɚɛɨɬɚɧɚ ɧɟɫɬɚɰɢɨɧɚɪɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ 

ɤɨɧɜɟɤɬɢɜɧɨ-ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɩɟɪɟɧɨɫɚ ɬɟɩɥɨɬɵ ɜ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɦ ɫɥɹɛɟ, 

ɩɪɨɢɡɜɨɞɢɦɨɦ ɧɚ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɆɇɅɁ, ɪɚɫɫɦɚɬɪɢɜɚɸɳɚɹ ɞɜɭɦɟɪɧɨɟ 

ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɢ ɝɪɚɧɢɰɭ ɪɚɡɞɟɥɚ ɮɚɡ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɲɢɪɨɤɨɝɨ ɫɥɹɛɚ, 

ɤɨɬɨɪɨɟ ɩɚɪɚɥɥɟɥɶɧɨ ɭɡɤɢɦ ɝɪɚɧɹɦ ɢ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɫɟɪɟɞɢɧɭ ɲɢɪɨɤɢɯ ɝɪɚɧɟɣ. 

Ɇɨɞɟɥɶ ɭɱɢɬɵɜɚɟɬ ɫɥɨɠɧɭɸ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɮɨɪɦɭ ɡɨɧɵ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ 

(ɁȼɈ), ɪɚɫɩɨɥɨɠɟɧɢɟ ɮɨɪɫɭɧɨɤ ɜ ɁȼɈ ɢ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɪɚɫɯɨɞɚ 

ɜɨɞɵ ɜ ɧɢɯ, ɚ ɬɚɤɠɟ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɦɟɬɚɥɥɚ. Ɍɟɩɥɨɩɟɪɟɧɨɫ ɜ ɫɥɢɬɤɟ ɜɧɭɬɪɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɧɚ ɩɪɹɦɨɥɢɧɟɣɧɵɯ 

ɭɱɚɫɬɤɚɯ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ 
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ɝɞɟ v(τ) – ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ; T(τ,x,z) – ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ; c(T) – 

ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ; ρ(T) – ɩɥɨɬɧɨɫɬɶ ɢ Ȝ(T) – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɡɥɢɜɚɟɦɨɝɨ 

ɦɟɬɚɥɥɚ.  

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɲɢɪɨɤɢɯ ɝɪɚɧɟɣ ɫɥɢɬɤɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ 

ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɫ ɭɱɟɬɨɦ ɧɚɥɢɱɢɹ ɡɚɡɨɪɚ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɥɢɬɤɚ ɢ ɫɬɟɧɤɚɦɢ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 

  Ɂ

Ɂ

4 4

Ɂ

Ɂ

( )
100 100

x l x l
nx l x l

x l

Ɍ ɌT
T Ɍ Ɍ ɋ

x

  
  



                    
, (6.2) 

0 < z ≤ Z, x = l,    (6.3) 

ɝɞɟ Ȝɡ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɲɥɚɤɨɜɨɝɨ ɝɚɪɧɢɫɚɠɚ ɜ ɡɚɡɨɪɟ ɫ ɭɱɟɬɨɦ 

ɨɛɪɚɡɨɜɚɧɢɹ ɲɟɪɨɯɨɜɚɬɨɫɬɟɣ [126]; įɡ – ɬɨɥɳɢɧɚ ɡɚɡɨɪɚ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɫɥɢɬɤɚ ɢ ɫɬɟɧɤɨɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ; 
x l

T
 , 

ɡx l
T

   – ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɥɢɬɤɚ 

ɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ɋn – ɩɪɢɜɟɞɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ, 

ɭɱɢɬɵɜɚɸɳɢɣ ɧɚɥɢɱɢɟ ɜ ɡɚɡɨɪɟ ɩɨɝɥɨɳɚɸɳɟ-ɢɡɥɭɱɚɸɳɟɣ ɫɪɟɞɵ (ɲɥɚɤɚ). 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɜ ɁȼɈ ɭɱɢɬɵɜɚɸɬ ɤɨɧɜɟɤɬɢɜɧɭɸ ɢ ɥɭɱɢɫɬɭɸ 

ɫɨɫɬɚɜɥɹɸɳɢɟ ɬɟɩɥɨɨɬɞɚɱɢ, ɚ ɬɚɤɠɟ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɨɪɫɭɧɨɤ ɢ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ 

ɧɢɯ. 

ɉɨɥɨɠɟɧɢɟ ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɡɚɞɚɟɬɫɹ ɭɫɥɨɜɢɹɦɢ ɪɚɜɟɧɫɬɜɚ 

ɬɟɦɩɟɪɚɬɭɪ ɢ ɭɫɥɨɜɢɹɦɢ ɋɬɟɮɚɧɚ ɞɥɹ ɞɜɭɦɟɪɧɨɝɨ ɫɥɭɱɚɹ: 

ɤɪ( , ) ( , )
( , , ) ( , , )

x z x z
T x z T x z T

    
    ,   (6.4) 

( , ) ( , )

( ) ( ) ( )ɤɪ
x z x z

T T
T T T

n n z
    

              
, 0 ≤ z ≤ Z,  (6.5) 

ɝɞɟ ξ – ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ x = ξ(τ,z); ȝ – ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ; Tɤɪ – 

ɬɟɦɩɟɪɚɬɭɪɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɫɪɟɞɧɹɹ ɢɡ ɢɧɬɟɪɜɚɥɚ ɥɢɤɜɢɞɭɫ – ɫɨɥɢɞɭɫ); n  – 

ɧɨɪɦɚɥɶ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɮɚɡ. Ⱥɧɚɥɨɝɢɱɧɨ ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɭɫɥɨɜɢɹ 

ɩɨɥɨɠɟɧɢɹ ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ ɧɚ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɚɯ. 

ɇɚ ɜɫɟɣ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɨɛɥɚɫɬɢ ɡɚɞɚɧɵ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ: 
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ξ(0,z) = ξ0(z);     (6.6) 

T(0,x,z) = T0(x,z); T(0,r,φ) = T0(r,φ).   (6.7) 

 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ ɩɨɞɨɛɪɚɧɚ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ. Ɋɚɡɪɚɛɨɬɚɧɵ ɚɥɝɨɪɢɬɦɵ 

ɪɟɲɟɧɢɹ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɣ ɡɚɞɚɱɢ ɢ ɜɵɩɨɥɧɟɧɚ ɢɯ ɪɟɚɥɢɡɚɰɢɹ ɧɚ ɹɡɵɤɟ ɋ++ ɜ 

ɫɪɟɞɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Builder 6. Ɋɚɫɱɟɬɵ ɩɪɨɜɟɞɟɧɵ ɞɥɹ ɲɢɪɨɤɨɝɨ ɫɥɹɛɚ 

ɬɨɥɳɢɧɨɣ 0,2 ɦ ɢɡ ɫɬɚɥɢ 40, ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ 1 ɦ/ɦɢɧ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɨɫɬɭɩɚɸɳɟɝɨ ɪɚɫɩɥɚɜɚ 1823 Ʉ. Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, ɪɟɡɭɥɶɬɚɬɨɦ ɪɟɲɟɧɢɹ 

ɹɜɥɹɟɬɫɹ ɱɢɫɥɨɜɨɣ ɦɚɫɫɢɜ. ɇɟɨɛɯɨɞɢɦɨ ɜɵɞɟɥɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɤ 

ɢɡɦɟɧɟɧɢɹɦ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧɧɨɝɨ ɦɚɫɫɢɜɚ, ɤɨɬɨɪɵɟ 

ɬɚɤɠɟ ɛɭɞɭɬ ɹɜɥɹɬɶɫɹ ɤɪɢɬɟɪɢɹɦɢ ɤɚɱɟɫɬɜɚ, ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɛɭɞɭɬ ɩɪɢɝɨɞɧɵ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɋȺɍ ɆɇɅɁ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɤɚɱɟɫɬɜɟɧɧɵɯ ɪɟɤɨɦɟɧɞɚɰɢɣ ɨ ɠɟɥɚɬɟɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɡɚɬɜɟɪɞɟɜɚɸɳɟɦ ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɟ ɜ ɪɚɛɨɬɟ [163] ɜɜɟɞɟɧɵ 

«ɤɪɢɬɟɪɢɢ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɦɟɬɚɥɥɚ» ɢ ɜɵɪɚɠɟɧɵ ɜ ɜɢɞɟ 

ɢɧɬɟɝɪɚɥɨɜ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɥɢɬɤɢ, ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ ɤɨɬɨɪɵɯ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɦɟɧɶɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɤɪɢɬɟɪɢɟɜ, ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɦ 

ɤɚɱɟɫɬɜɨɦ. Ɉɞɧɚɤɨ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɟ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɢɧɬɟɝɪɚɥɶɧɵɟ 

ɤɪɢɬɟɪɢɢ ɧɟ ɜɩɨɥɧɟ ɩɪɢɝɨɞɧɵ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɋȺɍ ɆɇɅɁ.  

ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɤɪɢɬɟɪɢɣ ɛɭɞɟɬ ɬɟɦ ɦɟɧɶɲɟ, ɱɟɦ ɦɟɧɶɲɟ ɪɚɡɧɨɫɬɶ 

ɬɟɦɩɟɪɚɬɭɪ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɰɟɧɬɪɚ ɫɥɢɬɤɚ (ɜ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ). 

ɉɪɨɜɟɪɢɦ ɷɬɨ ɫ ɩɨɦɨɳɶɸ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. ȼ ɬɟɪɦɢɧɚɯ ɜɜɟɞɟɧɧɨɣ ɜɵɲɟ 

ɞɜɭɦɟɪɧɨɣ ɦɨɞɟɥɢ ɤɪɢɬɟɪɢɣ ɢɦɟɟɬ ɜɢɞ: 
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Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɡɧɚɱɟɧɢɟ J1 ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ ɩɪɢ ɩɨɜɵɲɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ. ɂɡ ɝɪɚɮɢɤɨɜ, ɩɨɫɬɪɨɟɧɧɵɯ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 



208 
 

ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ (ɪɢɫ. 6.1), ɜɢɞɧɨ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ 

ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬɨ, ɤɨɝɞɚ ɪɚɫɯɨɞ ɜɨɞɵ ɜɨ ɜɫɟɯ ɫɟɤɰɢɹɯ ɁȼɈ ɛɭɞɟɬ ɪɚɜɟɧ ɧɭɥɸ.  

 

Ɋɢɫɭɧɨɤ 6.1. Ɂɧɚɱɟɧɢɹ ɤɪɢɬɟɪɢɹ J1 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɩɟɪɜɨɣ 

(1), ɜɬɨɪɨɣ (2) ɢ ɬɪɟɬɶɟɣ (3) ɫɟɤɰɢɹɯ ɁȼɈ. Ʉɪɢɬɟɪɢɣ J1 . Ɋɚɫɯɨɞ ɜɨɞɵ, 1·10–4 ɦ3/ɫ 

 

Ʉɪɨɦɟ ɬɨɝɨ, ɡɧɚɱɟɧɢɹ J1 ɦɨɝɭɬ ɛɵɬɶ ɨɞɢɧɚɤɨɜɵ ɞɥɹ ɛɥɚɝɨɩɪɢɹɬɧɨɝɨ ɢ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɨɜ. Ȼɥɚɝɨɩɪɢɹɬɧɵɦ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɫɱɢɬɚɟɬɫɹ ɪɟɠɢɦ, ɩɪɢ ɤɨɬɨɪɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɤɚɱɟɫɬɜɨ ɇɅɁ, ɚ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ – ɬɚɤɨɣ, ɤɨɬɨɪɵɣ ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɭɱɟɧɢɸ ɛɪɚɤɨɜɚɧɧɨɣ 

ɩɪɨɞɭɤɰɢɢ. ɗɬɨ ɩɨɥɨɠɟɧɢɟ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɝɪɚɮɢɤɚɦɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɧɚ ɪɢɫ. 6.2. Ɋɟɠɢɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɝɪɚɮɢɤɭ 2, ɚ, ɜɡɹɬ ɢɡ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɢɧɫɬɪɭɤɰɢɢ ɢ ɫɱɢɬɚɟɬɫɹ ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɦ. Ɋɟɠɢɦ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɝɪɚɮɢɤɭ 6.2, ɛ, ɩɨɞɨɛɪɚɧ ɬɚɤ, ɱɬɨɛɵ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ J1 ɛɵɥɨ 

ɬɚɤɨɟ ɠɟ, ɤɚɤ ɞɥɹ ɪɟɠɢɦɚ 6.2, ɚ, ɧɨ ɪɚɫɯɨɞ ɜɨɞɵ ɜ 8-ɣ ɫɟɤɰɢɢ ɡɚɧɢɠɟɧ, ɚ ɜ 9-ɣ – 

ɡɚɜɵɲɟɧ. Ɂɞɟɫɶ ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɩɨɫɥɟ 11-ɝɨ ɦɟɬɪɚ ɩɨ ɞɥɢɧɟ 

ɡɚɝɨɬɨɜɤɢ ɢɦɟɟɬ ɦɟɫɬɨ ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɣ ɩɨɜɬɨɪɧɵɣ ɪɚɡɨɝɪɟɜ. ɉɪɢ ɷɬɨɦ ɞɚɥɟɟ ɩɨ 

ɞɥɢɧɟ ɫɥɢɬɤɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɫɧɢɠɚɟɬɫɹ ɧɚɫɬɨɥɶɤɨ 
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ɫɢɥɶɧɨ, ɱɬɨ ɦɨɠɟɬ ɩɟɪɟɯɨɞɢɬɶ ɜ ɨɛɥɚɫɬɶ ɩɪɟɜɪɚɳɟɧɢɹ ɚɭɫɬɟɧɢɬɚ, ɚ ɬɚɤɢɟ 

ɩɟɪɟɯɨɞɵ ɩɪɢɜɨɞɹɬ ɤ ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, 

ɡɧɚɱɟɧɢɹ ɤɪɢɬɟɪɢɹ J1 ɞɥɹ ɨɛɨɢɯ ɪɟɠɢɦɨɜ ɪɚɜɧɵ.  

 

 

Ɋɢɫɭɧɨɤ 6.2. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɩɨ ɜɧɭɬɪɟɧɧɟɦɭ (––––) ɢ ɩɨ 

ɜɧɟɲɧɟɦɭ (· · · ·) ɪɚɞɢɭɫɚɦ: ɚ – ɪɟɠɢɦ ɨɯɥɚɠɞɟɧɢɹ ɩɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 

ɢɧɫɬɪɭɤɰɢɢ ɞɥɹ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɪɟɠɢɦɚ (ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɮɨɪɫɭɧɤɭ ɜ 8-ɣ ɢ 9-ɣ 

ɫɟɤɰɢɹɯ G8 = G9 = 1,053·10–4 ɦ3/ɫ); ɛ – ɪɚɫɯɨɞ ɜɨɞɵ ɩɨɧɢɠɟɧ ɜ 8-ɣ ɢ ɡɚɜɵɲɟɧ ɜ 

9-ɣ ɫɟɤɰɢɹɯ ɁȼɈ (G8 = 0,56·10–4 ɦ3/ɫ, G9 = 1,87·10–4 ɦ3/ɫ) 
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Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢ ɞɥɹ ɞɪɭɝɢɯ ɜɜɟɞɟɧɧɵɯ ɜ ɪɚɛɨɬɟ 

[163] ɢɧɬɟɝɪɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɧɬɟɝɪɚɥɶɧɵɟ ɤɪɢɬɟɪɢɢ ɧɟ 

ɩɨɞɯɨɞɹɬ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ, ɬɚɤ ɤɚɤ ɢɯ ɦɢɧɢɦɢɡɚɰɢɹ ɧɟ ɨɡɧɚɱɚɟɬ 

ɩɪɢɛɥɢɠɟɧɢɟ ɤ ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɨɦɭ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɪɟɠɢɦɭ. 

Аɧɚɥɢɡ ɞɪɭɝɢх ɩɨɤɚɡɚɬɟɥɟɣ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ. Ʉɪɨɦɟ ɢɧɬɟɝɪɚɥɶɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɪɨɰɟɫɫɚ ɬɚɤɠɟ ɫɥɭɠɚɬ ɫɪɟɞɧɟɦɚɫɫɨɜɚɹ, ɦɢɧɢɦɚɥɶɧɚɹ ɢ 

ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɥɢɬɤɚ ɜɧɭɬɪɢ ɤɚɠɞɨɣ ɫɟɤɰɢɢ, ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɜɟɥɢɱɢɧɵ ɬɟɩɥɨɨɬɜɨɞɚ, ɦɢɧɢɦɚɥɶɧɨɝɨ ɢɥɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɨɜ, ɝɥɭɛɢɧɚ ɠɢɞɤɨɣ ɥɭɧɤɢ ɢ ɞɪɭɝɢɟ. 

Ƚɥɭɛɢɧɚ ɠɢɞɤɨɣ ɥɭɧɤɢ ɞɨɥɠɧɚ ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɧɚ ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɭɪɨɜɧɟ. 

ȿɫɥɢ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɡɚɬɜɟɪɞɟɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚɞɨɥɝɨ ɞɨ ɬɨɱɤɢ ɜɵɩɪɹɦɥɟɧɢɹ 

ɫɥɢɬɤɚ, ɬɨ ɟɝɨ ɪɚɫɩɪɹɦɥɟɧɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɧɟɠɟɥɚɬɟɥɶɧɵɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ 

ɧɚɩɪɹɠɟɧɢɹɦɢ ɢ ɫɜɹɡɚɧɧɵɦɢ ɫ ɧɢɦɢ ɞɟɮɟɤɬɚɦɢ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɞɥɹ 

ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɆɇɅɁ ɧɭɠɧɨ ɭɜɟɥɢɱɢɜɚɬɶ ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ 

ɫɥɢɬɤɚ, ɱɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɝɥɭɛɢɧɵ ɠɢɞɤɨɣ ɥɭɧɤɢ, ɤɨɬɨɪɚɹ ɧɟ 

ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɦɚɤɫɢɦɚɥɶɧɭɸ ɞɥɢɧɭ. ȿɫɥɢ ɠɢɞɤɚɹ ɮɚɡɚ ɛɭɞɟɬ 

ɨɫɬɚɜɚɬɶɫɹ ɩɨɫɥɟ ɡɨɧɵ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɬɨ ɛɥɚɝɨɞɚɪɹ ɜɵɞɟɥɟɧɢɸ 

ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɩɨɜɬɨɪɧɵɣ ɪɚɡɨɝɪɟɜ 

ɡɚɬɜɟɪɞɟɜɲɢɯ ɫɥɨɟɜ. ɗɬɨ ɨɛɵɱɧɨ ɜɟɞɟɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɜɧɭɬɪɟɧɧɢɯ ɬɪɟɳɢɧ ɜɛɥɢɡɢ 

ɮɪɨɧɬɚ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɢ ɞɪɭɝɢɯ ɞɟɮɟɤɬɨɜ ɫɥɢɬɤɚ. ɉɨɩɚɞɚɧɢɟ ɠɟ ɫɥɢɬɤɚ ɫ ɠɢɞɤɨɣ 

ɫɟɪɞɰɟɜɢɧɨɣ ɜ ɜɚɥɤɢ ɬɹɧɭɳɢɯ ɤɥɟɬɟɣ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɯɚɪɚɤɬɟɪɧɵɯ 

ɜɧɭɬɪɟɧɧɢɯ ɬɪɟɳɢɧ [167], ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤ ɛɪɚɤɭ ɦɟɬɚɥɥɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ 

ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɣ ɝɥɭɛɢɧɟ ɥɭɧɤɢ ɠɢɞɤɚɹ ɮɚɡɚ ɦɨɠɟɬ ɩɨɩɚɫɬɶ ɜ ɡɨɧɭ ɝɚɡɨɜɨɣ 

ɪɟɡɤɢ, ɱɬɨ ɩɪɢɜɟɞɟɬ ɤ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ. Ɉɞɧɚɤɨ ɩɪɨɜɟɞɟɧɧɵɟ ɪɚɫɱɟɬɵ 

ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚ ɝɥɭɛɢɧɭ ɠɢɞɤɨɣ ɮɚɡɵ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɜɥɢɹɟɬ 

ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɢ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨ – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɬɨɪɢɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ. ɉɨɷɬɨɦɭ ɧɟɥɶɡɹ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɠɢɞɤɨɣ ɥɭɧɤɢ 

ɩɪɢ ɢɡɦɟɧɟɧɢɹɯ ɫɤɨɪɨɫɬɢ ɡɚ ɫɱɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜ ɁȼɈ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, 

ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɁȼɈ ɹɜɥɹɟɬɫɹ ɤɪɚɣɧɟ ɜɚɠɧɨɣ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɱɟɫɬɜɚ ɇɅɁ. Ɋɟɠɢɦ 

ɪɚɛɨɬɵ ɞɨɥɠɟɧ ɩɪɟɞɨɬɜɪɚɳɚɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɫɥɢɲɤɨɦ ɛɨɥɶɲɢɯ ɜɧɭɬɪɟɧɧɢɯ 
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ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɵɡɜɚɬɶ ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɪɟɳɢɧ 

ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ, ɧɚɪɭɲɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɡɚɝɨɬɨɜɤɢ, ɨɫɟɜɭɸ 

ɩɨɪɢɫɬɨɫɬɶ, ɥɢɤɜɚɰɢɸ ɢ ɩɪɨɱɢɟ ɞɟɮɟɤɬɵ ɫɥɢɬɤɚ [105]. ɑɪɟɡɦɟɪɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɨɯɥɚɠɞɟɧɢɹ ɝɪɚɧɢ ɫɥɢɬɤɚ ɢɥɢ ɟɟ ɭɱɚɫɬɤɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɨɝɢɛɭ ɝɪɚɧɢ ɜɧɭɬɪɶ ɢ 

ɨɛɪɚɡɨɜɚɧɢɸ ɜ ɝɨɪɹɱɢɯ ɫɥɨɹɯ ɦɟɬɚɥɥɚ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɩɪɢɜɨɞɹɳɢɯ ɤ 

ɬɪɟɳɢɧɚɦ [135]. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɨɯɥɚɠɞɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ 

ɢɧɬɟɧɫɢɜɧɵɦ, ɱɬɨɛɵ ɧɟ ɞɨɩɭɫɬɢɬɶ ɪɚɡɪɵɜɚ ɬɜɟɪɞɨɣ ɨɛɨɥɨɱɤɢ ɫɥɢɬɤɚ. ɗɬɨ ɜ 

ɨɫɨɛɟɧɧɨɫɬɢ ɨɬɧɨɫɢɬɫɹ ɤ ɫɟɤɰɢɹɦ ɁȼɈ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɞ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɦ, ɬɚɤ ɤɚɤ ɡɞɟɫɶ ɨɛɨɥɨɱɤɚ ɢɦɟɟɬ ɦɚɥɭɸ ɬɨɥɳɢɧɭ ɢ ɜɵɫɨɤɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɬɟɩɥɨɨɛɦɟɧɚ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɤɨɧɟɱɧɵɦ ɬɟɪɦɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɤɨɪɨɱɤɢ 

ɡɚɝɨɬɨɜɤɢ. 

ȼɵɞɟɪɠɢɜɚɬɶ ɫɪɟɞɧɟɦɚɫɫɨɜɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɤɚɤ ɢ ɝɥɭɛɢɧɭ ɠɢɞɤɨɣ ɥɭɧɤɢ, ɧɟ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, ɬɚɤ ɤɚɤ ɷɬɚ ɜɟɥɢɱɢɧɚ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɤ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ, ɱɟɦ ɤ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ. ɗɬɨ 

ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ ɢɡ-ɡɚ ɝɨɪɹɱɟɣ ɫɟɪɞɰɟɜɢɧɵ ɫɥɢɬɤɚ 

ɩɪɢɞɟɬɫɹ ɫɥɢɲɤɨɦ ɫɢɥɶɧɨ ɩɟɪɟɨɯɥɚɠɞɚɬɶ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɶ, ɱɬɨ ɩɪɢɜɟɞɟɬ ɤ 

ɩɨɜɵɲɟɧɧɵɦ ɬɟɪɦɢɱɟɫɤɢɦ ɧɚɩɪɹɠɟɧɢɹɦ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤ ɛɪɚɤɭ. ɂ ɧɚɨɛɨɪɨɬ – 

ɩɪɢ ɩɨɧɢɠɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ, ɱɬɨɛɵ ɭɞɟɪɠɚɬɶ ɫɪɟɞɧɟɦɚɫɫɨɜɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ ɦɟɬɚɥɥɚ ɧɚ ɬɪɟɛɭɟɦɨɦ ɭɪɨɜɧɟ, ɧɟɨɛɯɨɞɢɦɨ (ɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨ) 

ɫɧɢɠɚɬɶ ɪɚɫɯɨɞ ɜɨɞɵ ɞɨ ɦɢɧɢɦɭɦɚ, ɬɟɦ ɫɚɦɵɦ ɞɨɩɭɫɤɚɹ ɩɟɪɟɝɪɟɜ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱥ 

ɷɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢɜɟɞɟɬ ɤ ɩɨɜɬɨɪɧɨɦɭ ɪɚɡɨɝɪɟɜɭ ɡɚɬɜɟɪɞɟɜɲɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɥɢɬɤɚ ɢ ɜɨɡɦɨɠɧɨ ɞɚɠɟ ɤ ɩɪɨɪɵɜɭ ɟɝɨ ɬɜɟɪɞɨɣ ɨɛɨɥɨɱɤɢ.  

Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɣ, ɫɪɟɞɧɟɣ ɢ ɦɢɧɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɨɞɧɨɣ ɫɟɤɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 6.3. Ɇɨɠɧɨ 

ɜɵɞɟɥɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɟ ɞɢɚɩɚɡɨɧɵ ɢɡɦɟɧɟɧɢɹ ɪɚɫɯɨɞɚ ɜɨɞɵ, ɜ ɤɨɬɨɪɵɯ 

ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨ ɦɟɧɹɸɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɢɥɢ ɦɢɧɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. ɉɪɢ 

ɷɬɨɦ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɫɟɤɰɢɢ ɞɨɫɬɚɬɨɱɧɨ ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɤ ɢɡɦɟɧɟɧɢɹɦ 

ɪɚɫɯɨɞɚ ɜɨɞɵ ɜɨ ɜɫɟɦ ɪɚɛɨɱɟɦ ɞɢɚɩɚɡɨɧɟ. 
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Ɋɢɫɭɧɨɤ 6.3. ɂɡɦɟɧɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ (1), ɫɪɟɞɧɟɣ (2) ɢ ɦɢɧɢɦɚɥɶɧɨɣ (3) 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɜ ɩɟɪɜɨɣ ɫɟɤɰɢɢ ɁȼɈ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɯɨɞɚ 

ɜɨɞɵ. Ɍɟɦɩɟɪɚɬɭɪɚ, Ʉ. Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɮɨɪɫɭɧɤɭ, 1·10–4 ɦ3/ɫ 

 

ɇɢɡɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɢɧɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɦɚɥɵɯ ɪɚɫɯɨɞɚɯ 

ɜɨɞɵ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɢɧɢɦɭɦ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɱɚɫɬɭɸ 

ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɧɚɱɚɥɟ ɫɟɤɰɢɢ, ɢ ɪɟɲɚɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ ɧɟɝɨ ɨɤɚɡɵɜɚɟɬ ɪɚɫɯɨɞ 

ɜɨɞɵ ɜ ɩɪɟɞɵɞɭɳɟɣ ɫɟɤɰɢɢ (ɫɦ. ɪɢɫ. 2, ɛ). Ʉɨɝɞɚ ɠɟ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ 

ɩɪɟɜɵɲɚɟɬ ɧɟɤɨɬɨɪɨɟ ɡɧɚɱɟɧɢɟ, ɬɨɱɤɚ, ɜ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ, ɩɟɪɟɦɟɳɚɟɬɫɹ ɧɚ ɭɱɚɫɬɨɤ ɩɨɞ ɩɨɫɥɟɞɧɟɣ ɮɨɪɫɭɧɤɨɣ ɫɟɤɰɢɢ. Ɂɞɟɫɶ 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɱɟɧɶ ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɤ ɢɡɦɟɧɟɧɢɸ ɪɚɫɯɨɞɚ ɜɨɞɵ, ɷɬɢɦ ɢ 

ɨɛɴɹɫɧɹɟɬɫɹ ɪɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ ɞɢɧɚɦɢɤɢ ɦɢɧɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ.  

Мɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɧɚ 

ɨɞɧɨɦ ɢɡ ɭɱɚɫɬɤɨɜ, ɧɚ ɤɨɬɨɪɵɟ ɧɟ ɩɨɩɚɞɚɟɬ ɜɨɞɚ ɢɡ ɮɨɪɫɭɧɨɤ. ɑɟɦ ɛɨɥɶɲɟ ɪɚɫɯɨɞ 

ɜɨɞɵ, ɬɟɦ ɛɥɢɠɟ ɤ ɧɚɱɚɥɭ ɫɟɤɰɢɢ ɪɚɫɩɨɥɨɠɟɧ ɦɚɤɫɢɦɭɦ ɬɟɦɩɟɪɚɬɭɪɵ (ɫɦ. ɪɢɫ. 2). 

Ⱥ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɯ ɪɚɫɯɨɞɚɯ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ 

ɧɚɱɚɥɟ ɫɟɤɰɢɢ, ɩɟɪɟɞ ɩɟɪɜɨɣ ɮɨɪɫɭɧɤɨɣ, ɝɞɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɢɡɦɟɧɟɧɢɹɦ 
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ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɢɡɤɚɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɢɧɢɦɚɥɶɧɚɹ ɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɵ 

– ɩɨɤɚɡɚɬɟɥɢ ɧɟɫɬɚɛɢɥɶɧɵɟ ɢ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɋȺɍ.  

Ɍɟɦ ɛɨɥɟɟ ɧɟɥɶɡɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɤɚɡɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɚɤɨɣ-ɥɢɛɨ ɨɞɧɨɣ 

ɬɨɱɤɟ. ɂɡ ɪɢɫ. 6.2 ɜɢɞɧɨ, ɱɬɨ ɦɨɠɧɨ ɩɨɞɨɛɪɚɬɶ ɞɜɚ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɳɢɯɫɹ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɚ, ɞɥɹ ɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɞɧɨɣ ɫɩɟɰɢɚɥɶɧɨ 

ɜɵɛɪɚɧɧɨɣ ɬɨɱɤɟ (ɢ ɞɚɠɟ ɜ ɧɟɫɤɨɥɶɤɢɯ ɬɨɱɤɚɯ) ɛɭɞɭɬ ɫɨɜɩɚɞɚɬɶ. 

ɑɚɫɬɨ ɜ ɤɚɱɟɫɬɜɟ ɩɨɤɚɡɚɬɟɥɹ ɢɫɩɨɥɶɡɭɸɬ ɜɟɥɢчɢɧɭ ɬɟɩɥɨɨɬɜɨɞɚ ɨɬ ɫɥɢɬɤɚ. ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɫɬɪɟɦɹɬɫɹ ɭɫɬɚɧɨɜɢɬɶ ɬɚɤɨɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɁȼɈ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɵɣ ɢɥɢ ɪɚɜɧɨɦɟɪɧɨ ɭɛɵɜɚɸɳɢɣ ɬɟɩɥɨɨɬɜɨɞ ɩɨ ɞɥɢɧɟ 

ɫɥɢɬɤɚ [160]. Ɉɞɧɚɤɨ ɢɡ-ɡɚ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɨɛɟɫɩɟɱɢɬɶ ɪɚɜɧɨɦɟɪɧɵɣ 

ɬɟɩɥɨɨɬɜɨɞ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ (ɪɢɫ. 6.4).  

 

 

Ɋɢɫɭɧɨɤ 6.4. Ɍɟɩɥɨɨɬɜɨɞ ɨɬ ɫɥɢɬɤɚ 

ɉɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, 1·105 ȼɬ/ɦ2. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɦɟɧɢɫɤɚ, ɦ 

 

 

ȼɟɥɢɱɢɧɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧɚ ɫ 

ɜɟɥɢɱɢɧɨɣ ɦɚɤɫɢɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɟɣ 
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ɞɥɹ ɤɚɱɟɫɬɜɚ ɫɥɢɬɤɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɢɧɢɦɚɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ ɫ 

ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫɚ. ɉɨɞɪɨɛɧɨ ɞɢɧɚɦɢɤɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 

ɝɪɚɞɢɟɧɬɨɜ ɪɚɫɫɦɨɬɪɟɧɚ ɜ ɪɚɛɨɬɟ [64]. Ⱦɥɹ ɩɪɢɦɟɪɚ ɩɪɢɜɟɞɟɦ ɞɢɧɚɦɢɤɭ 

ɢɡɦɟɧɟɧɢɹ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɧɚ 

ɭɱɚɫɬɤɟ ɜɥɢɹɧɢɹ ɬɪɟɬɶɟɣ ɫɟɤɰɢɢ ɁȼɈ ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɪɚɫɯɨɞɚ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɨɬ ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ 

(ɪɢɫ. 6.5). ɂɡ ɝɪɚɮɢɤɚ ɜɢɞɧɨ, ɱɬɨ ɦɟɧɶɲɢɦ ɡɧɚɱɟɧɢɹɦ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɭɱɚɫɬɤɟ ɜɥɢɹɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɛóɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɝɪɚɞɢɟɧɬɚ. ɇɚ ɪɢɫ 6.5 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ, ɨɬɪɚɠɚɸɳɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ 

ɞɢɧɚɦɢɤɭ ɬɟɩɥɨɨɬɜɨɞɚ ɫ ɨɞɧɨɣ ɲɢɪɨɤɨɣ ɝɪɚɧɢ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɭɱɚɫɬɤɟ 

ɜɥɢɹɧɢɹ ɩɪɢ ɲɢɪɢɧɟ ɫɥɹɛɚ 1 ɦ. 

 

  

Ɋɢɫɭɧɨɤ 6.5. ɂɡɦɟɧɟɧɢɟ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ (1), 

ɜɟɥɢɱɢɧɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ (2) ɢ ɬɟɩɥɨɨɬɜɨɞɚ (3) ɧɚ 

ɭɱɚɫɬɤɟ ɜɥɢɹɧɢɹ ɬɪɟɬɶɟɣ ɫɟɤɰɢɢ ɁȼɈ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɯɨɞɚ ɜɨɞɵ 

 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɚɞɟɤɜɚɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɟɚɤɰɢɢ ɧɚ 

ɭɩɪɚɜɥɹɸɳɢɟ ɢ ɜɨɡɦɭɳɚɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ (ɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɢɹ ɬɪɟɛɨɜɚɧɢɹɦ) 

ɧɚ ɯɚɪɚɤɬɟɪ ɬɟɩɥɨɨɬɜɨɞɚ ɹɜɥɹɟɬɫɹ ɫɪɟɞɧɟɟ ɡɧачɟɧɢɟ ɬɟɦɩɟɪаɬɭɪы ɩɨвɟɪхɧɨɫɬɢ 
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ɫɥɢɬɤа ɧа ɧɟɤɨɬɨɪɨɦ ɭчаɫɬɤɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɫɪɟɞɧɢɟ 

ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɭɱɚɫɬɤɨɜ ɫɥɢɬɤɚ ɢ ɫ ɩɨɦɨɳɶɸ 

ɋȺɍ ɆɇɅɁ ɩɨɞɞɟɪɠɢɜɚɬɶ ɷɬɢ ɡɧɚɱɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ. ɉɪɢ 

ɷɬɨɦ ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɬɟɩɥɨɨɬɜɨɞɚ, ɚ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɞɞɟɪɠɚɧɢɟ ɫɪɟɞɧɟɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ ɭɪɨɜɧɟ ɩɨɡɜɨɥɢɬ ɢɡɛɟɠɚɬɶ ɩɨɜɬɨɪɧɨɝɨ 

ɪɚɡɨɝɪɟɜɚ ɡɚɬɜɟɪɞɟɜɲɟɣ ɤɨɪɨɱɤɢ ɫɥɢɬɤɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɚɥɟɟ, ɤɚɤɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɜɵɛɨɪ ɭɱɚɫɬɤɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ.  

Чɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪхɧɨɫɬɢ ɫɥɢɬɤɚ ɤ ɢɡɦɟɧɟɧɢɹɦ 

ɪɟɠɢɦɨɜ ɨхɥɚɠɞɟɧɢɹ ɢ ɤɪɢɬɟɪɢɢ ɤɚчɟɫɬɜɚ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɟɩɟɧɢ ɜɥɢɹɧɢɹ 

ɢɡɦɟɧɟɧɢɹ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ (ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɢ 

ɜ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɁȼɈ) ɧɚ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɥɢɬɤɚ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ 

ɝɪɚɮɢɤɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɨ ɩɚɪɚɦɟɬɪɚɦ [Ɋɨɡ81]. ɉɨɞ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɧɢɦɚɟɬɫɹ ɪɟɚɤɰɢɹ ɩɪɨɰɟɫɫɚ ɧɚ 10%-ɧɨɟ 

ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɚ. ɉɨɨɱɟɪɟɞɧɨ ɜɧɨɫɢɥɢɫɶ ɜɨɡɦɭɳɟɧɢɹ ɜ ɪɚɫɯɨɞɵ ɜɨɞɵ ɜ 

ɪɚɡɥɢɱɧɵɯ ɫɟɤɰɢɹɯ ɨɯɥɚɠɞɟɧɢɹ ɫɥɢɬɤɚ. ɇɚ ɪɢɫ. 6.6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɭɱɟɧɧɵɟ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɞɚɧɧɵɟ ɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ 

ɤ ɢɡɦɟɧɟɧɢɹɦ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɢ ɜ ɪɚɡɥɢɱɧɵɯ ɫɟɤɰɢɹɯ ɁȼɈ. 
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Ɋɢɫɭɧɨɤ 6.6.  ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɤ 

ɢɡɦɟɧɟɧɢɸ ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ: k – ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ; 1–9 – ɜ 1–9-ɣ 

ɫɟɤɰɢɹɯ ɁȼɈ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɋɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ, Ʉ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɦɟɧɢɫɤɚ, ɦ 

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɢɦɟɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɝɨ ɧɟɜɨɡɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɚɪɚɦɟɬɪɚ. ɗɬɨɬ ɮɚɤɬ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 

ɬɚɤɠɟ ɦɧɨɝɨɱɢɫɥɟɧɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɞɚɧɧɵɦɢ.  

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɪɨɰɟɫɫ ɞɨɫɬɚɬɨɱɧɨ 

ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɢɡɦɟɧɟɧɢɹɦ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɥɸɛɨɣ ɢɡ ɫɟɤɰɢɣ ɁȼɈ: 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɜɵɲɟ ɧɚ ɭɱɚɫɬɤɚɯ, ɧɚɯɨɞɹɳɢɯɫɹ ɜɧɭɬɪɢ ɡɨɧɵ ɞɟɣɫɬɜɢɹ 

ɮɨɪɫɭɧɤɢ. Ɏɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢɧɢɦɚɸɬ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɧɚ 

ɭɱɚɫɬɤɚɯ, ɤɨɬɨɪɵɟ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɤɨɨɪɞɢɧɚɬɚɦ ɩɨɫɥɟɞɧɢɯ 

ɮɨɪɫɭɧɨɤ ɜɫɟɯ ɫɟɤɰɢɣ ɁȼɈ.  

ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɤ ɢɡɦɟɧɟɧɢɹɦ ɪɚɫɯɨɞɚ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ (ɪɢɫ. 

6.7). ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɞɚɥɶɧɟɣɲɟɦ ɭɱɚɫɬɤɢ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɵɛɢɪɚɸɬɫɹ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɫɥɢɬɤɚ. 
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Ɋɢɫɭɧɨɤ 6.7. ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɤ ɢɡɦɟɧɟɧɢɸ 

ɪɚɫɯɨɞɚ ɜɨɞɵ ɜɨ ɜɬɨɪɨɣ ɫɟɤɰɢɢ ɁȼɈ ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ 1 ɦ/ɦɢɧ (1) 

ɢ 0,6 ɦ/ɦɢɧ (2). Ɋɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ, Ʉ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɦɟɧɢɫɤɚ, ɦ 

 

ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɨ ɮɭɧɤɰɢɹɯ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɵɞɟɥɹɸɬɫɹ ɭɱɚɫɬɤɢ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚ ɤɨɬɨɪɵɟ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɢɦɟɟɬ ɬɚ ɢɥɢ ɢɧɚɹ ɫɟɤɰɢɹ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. ɂɡ ɪɢɫ. 6.6 ɜɢɞɧɨ, ɱɬɨ ɭɱɚɫɬɤɢ ɜɥɢɹɧɢɹ ɫɟɤɰɢɣ ɦɨɝɭɬ 

ɩɟɪɟɤɪɵɜɚɬɶɫɹ, ɢ ɧɚɱɚɥɨ ɫɥɟɞɭɸɳɟɝɨ ɭɱɚɫɬɤɚ ɧɟ ɫɨɜɩɚɞɚɟɬ ɫ ɤɨɧɰɨɦ 

ɩɪɟɞɵɞɭɳɟɝɨ. 

Ɋɚɡɞɟɥɟɧɢɟ ɧɚ ɭɱɚɫɬɤɢ ɜɥɢɹɧɢɹ ɫɟɤɰɢɣ ɨɯɥɚɠɞɟɧɢɹ ɦɨɠɧɨ ɩɪɨɢɡɜɟɫɬɢ 

ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɬɚɤ, ɱɬɨɛɵ ɭɱɚɫɬɤɢ ɩɟɪɟɤɪɵɜɚɥɢɫɶ (ɪɢɫ. 

6.8). ɇɨ ɩɪɢ ɷɬɨɦ ɜ ɭɱɚɫɬɨɤ ɧɟ ɞɨɥɠɧɵ ɜɯɨɞɢɬɶ ɬɨɱɤɢ, ɧɚ ɤɨɬɨɪɵɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɟɤɰɢɹ ɧɟ ɢɦɟɟɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ, ɬɚɤ ɤɚɤ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

ɭɩɪɚɜɥɹɟɦɵɣ ɩɚɪɚɦɟɬɪ ɛɭɞɟɬ ɦɚɥɨ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ.  



218 
 

 

Ɋɢɫɭɧɨɤ 6.8. ɉɪɢɦɟɪ ɪɚɡɞɟɥɟɧɢɹ ɧɚ ɭɱɚɫɬɤɢ ɜɥɢɹɧɢɹ (ɮɪɚɝɦɟɧɬ ɪɢɫ. 6.6): 1–3 

– ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɢɡɦɟɧɟɧɢɸ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ 1-ɣ–3-ɣ ɫɟɤɰɢɹɯ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 4 – ɤɨɧɟɰ ɭɱɚɫɬɤɚ ɜɥɢɹɧɢɹ ɜɬɨɪɨɣ ɫɟɤɰɢɢ; 5 – ɧɚɱɚɥɨ ɭɱɚɫɬɤɚ 

ɜɥɢɹɧɢɹ ɬɪɟɬɶɟɣ ɫɟɤɰɢɢ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɜɟɪɯɧɨɫɬɶ ɫɥɢɬɤɚ ɜ ɁȼɈ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɭɱɚɫɬɤɢ ܷ𝑚 

ɜɥɢɹɧɢɹ m-ɣ ɫɟɤɰɢɢ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɭɱɚɫɬɤɚ ɜɥɢɹɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɪɢɬɟɪɢɣ 

ɭɩɪɚɜɥɟɧɢɹ:  𝐽𝑚 = ∑ (ܶ(𝜏𝑓 , ௜ݔ , ௝ݕ , (௞ݖ − 𝑚ܶ)2ሺ௫೔,௬ೕ,௭ೖሻ∈𝑈𝑚  

ɝɞɟ ሺݔ௜ , ௝ݕ , ௞ሻݖ ∈ ܷ𝑚 ɨɡɧɚɱɚɟɬ, ɱɬɨ ɬɨɱɤɚ ɩɨɜɟɪɯɧɨɫɬɢ (ݔ௜ , ௝ݕ ,  ௞)  ɩɪɢɧɚɞɥɟɠɢɬݖ

ɭɱɚɫɬɤɭ ɜɥɢɹɧɢɹ m-ɣ ɫɟɤɰɢɢ ܷ𝑚 , 𝜏𝑓 – ɜɪɟɦɹ, ɧɚ ɤɨɬɨɪɨɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɪɨɝɧɨɡ,  

𝑚ܶ – ɬɪɟɛɭɟɦɨɟ ɡɧɚɱɟɧɢɟ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɭɱɚɫɬɤɟ ɜɥɢɹɧɢɹ m-ɣ ɫɟɤɰɢɢ ܷ𝑚, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɟɥɢɱɢɧɵ 𝐽𝑚 ɹɜɥɹɸɬɫɹ кɪиɬеɪиями качеɫɬва. 

Ɂɚɞɚɱɚ ɋȺɍ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɨ ɬɟɤɭɳɢɦ ɩɚɪɚɦɟɬɪɚɦ ɩɪɨɰɟɫɫɚ  

ɜɵɱɢɫɥɢɬɶ ɬɚɤɨɣ ɪɚɫɯɨɞ ɜɨɞɵ ɜ m-ɣ ɫɟɤɰɢɢ ɁȼɈ, ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ 

ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨɛɵ ɜ ɫɥɟɞɭɸɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ (𝜏𝑓 = 𝜏 +  𝛥𝜏) ɩɨɥɭɱɢɬɶ 

ɬɪɟɛɭɟɦɭɸ ɬɟɦɩɟɪɚɬɭɪɭ 𝑚ܶ. 

 



219 
 

 

6.2. ɉɪɨɝɧɨɡɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɬɟɩɥɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 

 

Ɋɚɫɫɦɨɬɪɟɧɚ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ 

ɦɚɲɢɧɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ ɜ ɪɟɠɢɦɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ MPC (Model Predictive Control) – 

ɩɪɨɝɧɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. ɉɪɢɜɟɞɟɧɨ ɨɩɢɫɚɧɢɟ ɦɟɬɨɞɚ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɟɝɨ 

ɩɪɢɦɟɧɟɧɢɹ ɤ ɞɚɧɧɨɣ ɡɚɞɚɱɟ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

Ɉɞɧɨɣ ɢɡ ɡɚɞɚɱ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɋȺɍ) ɦɚɲɢɧɵ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ (ɆɇɅɁ) ɹɜɥɹɟɬɫɹ ɩɨɞɞɟɪɠɚɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 

ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɫɥɢɬɤɚ. ȼ ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ) ɞɥɹ ɷɬɨɣ ɰɟɥɢ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɞɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɪɚɫɯɨɞɨɦ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɤɚɠɞɨɣ 

ɫɟɤɰɢɢ. Ⱦɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɬɚɤɨɣ ɩɨɞɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɵ 

ɚɥɝɨɪɢɬɦɵ, ɤɨɬɨɪɵɟ ɜ ɦɚɫɲɬɚɛɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɹɸɬ ɜɟɥɢɱɢɧɵ 

ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ – ɬɪɟɛɭɟɦɨɝɨ ɧɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɪɚɫɯɨɞɚ ɜɨɞɵ, 

ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɬ ɧɚɢɥɭɱɲɢɣ ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɫɥɢɬɤɚ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɣ 

ɜɨɞɵ ɜ ɁȼɈ ɆɇɅɁ ɢɫɩɨɥɶɡɭɸɬ ɞɜɚ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ: ɪɚɡɨɦɤɧɭɬɨɟ ɢ 

ɞɢɧɚɦɢɱɟɫɤɨɟ (ɤɨɬɨɪɨɟ ɬɚɤɠɟ, ɜɨɨɛɳɟ ɝɨɜɨɪɹ, ɹɜɥɹɟɬɫɹ ɪɚɡɨɦɤɧɭɬɵɦ, ɟɫɥɢ ɧɟ 

ɢɫɩɨɥɶɡɭɟɬ ɞɚɧɧɵɟ ɢɡɦɟɪɟɧɢɣ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɭɩɪɚɜɥɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ).  

Ɋɚɡɨɦɤɧɭɬɨɟ ɭɩɪɚɜɥɟɧɢɟ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɭɩɪɚɜɥɟɧɢɹ ɧɟ 

ɭɱɢɬɵɜɚɸɬɫɹ ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɫɬɪɨɢɬɫɹ ɬɨɥɶɤɨ ɧɚ ɨɫɧɨɜɟ 

ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɝɨ ɩɪɚɜɢɥɚ ɪɟɚɝɢɪɨɜɚɧɢɹ ɧɚ ɜɯɨɞɹɳɢɟ ɫɢɝɧɚɥɵ ɢ ɜ ɩɨɫɥɟɞɭɸɳɟɦ 

ɧɟ ɤɨɪɪɟɤɬɢɪɭɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɚɤɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɭɩɪɚɜɥɹɟɦɵɯ 

ɩɚɪɚɦɟɬɪɨɜ. Ⱥɥɝɨɪɢɬɦɵ ɪɚɡɨɦɤɧɭɬɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɩɨɥɚɝɚɸɬ ɭɫɬɚɧɨɜɤɭ 

ɪɚɫɯɨɞɚ ɜɨɞɵ ɜɨ ɜɫɟɯ ɫɟɤɰɢɹɯ ɁȼɈ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɤɭɳɟɣ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ. 

ȼɚɠɧɟɣɲɢɦ ɷɬɚɩɨɦ ɪɚɡɪɚɛɨɬɤɢ ɬɚɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɹɜɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 

ɩɨɞɛɨɪ ɡɧɚɱɟɧɢɣ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɨɡɦɭɳɚɸɳɢɯ 

ɩɚɪɚɦɟɬɪɨɜ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɪɚɡɪɚɛɨɬɱɢɤɢ ɆɇɅɁ ɨɩɪɟɞɟɥɹɸɬ ɜɟɥɢɱɢɧɭ 
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ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɟɣ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɜ 

ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɞɨɛɪɚɧ ɚɥɝɨɪɢɬɦ ɪɚɡɨɦɤɧɭɬɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɪɟɠɢɦɚɦ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ Ⱥɋɍ ɆɇɅɁ (ɪɢɫ. 

1.17). ȼ ɢɧɫɬɪɭɤɰɢɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɣ ɝɪɭɩɩɵ ɦɚɪɨɤ ɫɬɚɥɟɣ ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ 

ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ ɤɚɠɞɭɸ ɫɟɤɰɢɸ ɁȼɈ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ 

ɫɥɢɬɤɚ.  

ɉɨɫɤɨɥɶɤɭ ɪɚɡɨɦɤɧɭɬɨɟ ɭɩɪɚɜɥɟɧɢɟ ɞɚɟɬ ɧɢɡɤɨɟ ɤɚɱɟɫɬɜɨ ɩɪɢ ɩɟɪɟɯɨɞɧɵɯ 

ɪɟɠɢɦɚɯ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɞɟɬɫɹ ɚɤɬɢɜɧɚɹ ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɨɜ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

Ⱦɢɧɚɦɢɱɟɫɤɢɦ (ɡɞɟɫɶ ɢɞɟɬ ɪɟɱɶ ɬɨɥɶɤɨ ɨ ɪɚɛɨɬɚɯ, ɤɚɫɚɸɳɢɯɫɹ ɜɬɨɪɢɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ ɆɇɅɁ) ɧɚɡɵɜɚɸɬ ɭɩɪɚɜɥɟɧɢɟ, ɤɨɝɞɚ ɧɟɤɨɬɨɪɵɦ ɨɛɪɚɡɨɦ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɨɠɟɧɢɟ ɭɱɚɫɬɤɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ (ɧɚɩɪɢɦɟɪ, ɫɪɟɞɧɢɣ ɬɟɩɥɨɨɬɜɨɞ ɢɥɢ 

ɫɪɟɞɧɟɦɚɫɫɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ), ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɷɬɨɝɨ ɪɟɝɭɥɢɪɭɟɬɫɹ ɪɚɫɯɨɞ ɜɨɞɵ 

ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɟɤɰɢɢ. 

ȼ ɪɚɛɨɬɟ [123] ɨɩɢɫɚɧ ɚɥɝɨɪɢɬɦ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɜɵɱɢɫɥɟɧɢɢ ɫɪɟɞɧɟɣ 

ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɫɥɢɬɤɚ ɞɥɹ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɁȼɈ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɜɧɨɫɢɬɫɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɜ ɪɚɫɯɨɞ ɜɨɞɵ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɚɥɝɨɪɢɬɦɨɦ 

ɪɚɡɨɦɤɧɭɬɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

ȼ ɈɈɈ «ɍɪɚɥɦɚɲ-Ɇɟɬɨɛɨɪɭɞɨɜɚɧɢɟ» ɪɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 

ɤɚɱɟɫɬɜɨɦ ɡɚɝɨɬɨɜɨɤ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ ɩɨɞɫɢɫɬɟɦɭ «Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ȾɋȼɈ)» [2]. ɋɢɫɬɟɦɚ ȾɋȼɈ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɦɨɞɟɥɢ 

EKSPRESS, ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ ɡɚɝɨɬɨɜɤɢ ɜɞɨɥɶ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɤɚɧɚɥɚ ɆɇɅɁ, ɨɬɫɥɟɠɢɜɚɟɬ ɬɨɥɳɢɧɭ ɤɨɪɤɢ ɢ ɝɥɭɛɢɧɭ ɠɢɞɤɨɣ 

ɥɭɧɤɢ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɦɚɲɢɧɵ. Ȼɵɫɬɪɨɞɟɣɫɬɜɢɟ ɞɨɫɬɢɝɚɟɬɫɹ 

ɛɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɛɟɡ ɪɟɲɟɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɫɢɫɬɟɦɵ.  

ȼ ɪɚɛɨɬɟ [342] ɩɪɟɞɥɨɠɟɧ ɫɥɟɞɭɸɳɢɣ ɚɥɝɨɪɢɬɦ: ɬɟɦɩɟɪɚɬɭɪɚ ɫɥɢɬɤɚ 

ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɨɞɧɨɦɟɪɧɨɣ ɦɨɞɟɥɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɩɨɫɥɟ ɱɟɝɨ ɩɨ ɪɚɡɧɨɫɬɢ 
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ɡɚɞɚɧɧɨɣ ɢ ɜɵɱɢɫɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɪɚɫɯɨɞɚ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ ɨɫɧɨɜɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɡɚɤɨɧɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

Пɪɨɝɧɨɡɧɨɟ ɭɩɪɚɜɥɟɧɢɟ. ɉɪɟɞɥɚɝɚɟɦɵɣ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ 

ɨɫɧɨɜɚɧ ɧɚ ɪɚɫɱɟɬɚɯ ɩɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

ɋɭɳɟɫɬɜɟɧɧɵɦ ɨɬɥɢɱɢɟɦ ɨɬ ɚɥɝɨɪɢɬɦɚ [342] ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜɦɟɫɬɨ ɪɟɝɭɥɹɬɨɪɚ, 

ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɨ ɬɟɤɭɳɟɣ ɧɟɜɹɡɤɟ, ɩɪɢɦɟɧɹɟɬɫɹ 

ɞɪɭɝɨɣ ɩɨɞɯɨɞ. Ⱥɥɝɨɪɢɬɦ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɪɚɫɫɱɢɬɵɜɚɟɬ ɛɭɞɭɳɟɟ ɪɚɡɜɢɬɢɟ ɩɪɨɰɟɫɫɚ 

ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɟɞɫɤɚɡɵɜɚɟɬ ɛɭɞɭɳɟɟ ɩɨɜɟɞɟɧɢɟ ɭɩɪɚɜɥɹɟɦɨɝɨ 

ɩɚɪɚɦɟɬɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɥɢɱɧɵɯ ɜɯɨɞɨɜ ɢ ɩɨɞɛɢɪɚɟɬ ɜɯɨɞɹɳɢɟ ɜɟɥɢɱɢɧɵ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɰɟɥɶɸ ɢ ɩɪɨɝɧɨɡɨɦ. 

ȼ ɚɧɝɥɨɹɡɵɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɬɚɤɨɣ ɦɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ ɧɚɡɵɜɚɟɬɫɹ MODEL-

BASED PREDICTIVE CONTROL (MBPC) ɢɥɢ MODEL PREDICTIVE CONTROL 

(MPC) [218, 235]. ȼ ɪɨɫɫɢɣɫɤɢɯ ɩɭɛɥɢɤɚɰɢɹɯ ɟɝɨ ɢɧɨɝɞɚ ɧɚɡɵɜɚɸɬ ɭɩɪɚɜɥɟɧɢɟɦ ɫ 

ɩɪɨɝɧɨɡɢɪɭɸɳɢɦɢ ɦɨɞɟɥɹɦɢ [93, 164]. 

ȼ ɪɚɛɨɬɟ [235] ɩɪɢɜɟɞɟɧɵ ɫɥɟɞɭɸɳɢɟ ɨɩɪɟɞɟɥɟɧɢɟ ɢ ɨɩɢɫɚɧɢɟ ɦɟɬɨɞɚ: MPC 

– ɦɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɞɥɹ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 

ɨɩɬɢɦɢɡɚɰɢɢ. ȿɝɨ ɨɫɧɨɜɧɵɟ ɩɪɢɥɨɠɟɧɢɹ – ɡɚɞɚɱɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɢ ɫɥɟɠɟɧɢɹ. 

ɉɭɫɬɶ ɫɨɫɬɨɹɧɢɟ ɭɩɪɚɜɥɹɟɦɨɝɨ ɩɪɨɰɟɫɫɚ x(k) ɢɡɦɟɪɹɟɬɫɹ ɜ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ 𝜏௞, k 

= 0,1,2,...,. «ɍɩɪɚɜɥɹɟɦɵɣ» ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɦɨɠɧɨ 

ɜɵɛɪɚɬɶ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ )(ku , ɤɨɬɨɪɨɟ ɩɨɜɥɢɹɟɬ ɧɚ ɞɚɥɶɧɟɣɲɟɟ 

ɩɨɜɟɞɟɧɢɟ (ɛɭɞɭɳɟɟ ɫɨɫɬɨɹɧɢɟ) ɫɢɫɬɟɦɵ. Ɂɚɞɚɱɚ ɭɩɪɚɜɥɟɧɢɹ ɫɨɫɬɨɢɬ ɜ 

ɧɚɯɨɠɞɟɧɢɢ ɬɚɤɨɝɨ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ u(k), ɤɨɬɨɪɨɟ ɩɟɪɟɜɟɞɟɬ ɫɨɫɬɨɹɧɢɟ 

ɫɢɫɬɟɦɵ ɜ ɬɪɟɛɭɟɦɨɟ, ɬ.ɟ. x(k + 1) – ɛɭɞɭɳɟɟ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ ɛɭɞɟɬ ɪɚɜɧɨ xref(k 

+ 1) – ɬɪɟɛɭɟɦɨɦɭ ɫɨɫɬɨɹɧɢɸ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɥɢɛɨ ɬɟɤɭɳɟɟ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ 

ɞɚɥɟɤɨ ɨɬ ɬɪɟɛɭɟɦɨɝɨ, ɢ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɜɟɫɬɢ ɟɝɨ ɜ ɬɪɟɛɭɟɦɨɟ, ɥɢɛɨ ɬɟɤɭɳɟɟ 

ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ ɨɱɟɧɶ ɛɥɢɡɤɨ ɤ ɬɪɟɛɭɟɦɨɦɭ, ɢ ɟɝɨ ɧɭɠɧɨ ɫɨɯɪɚɧɹɬɶ (ɡɚɞɚɱɚ 

ɫɬɚɛɢɥɢɡɚɰɢɢ). ȿɫɥɢ ɩɪɢ ɷɬɨɦ ɧɭɠɧɚ (ɢ ɜɨɡɦɨɠɧɚ) ɨɩɬɢɦɢɡɚɰɢɹ ɧɟɤɨɬɨɪɨɝɨ 

ɤɪɢɬɟɪɢɹ, ɬɨ ɡɚɞɚɱɚ ɫɬɚɧɨɜɢɬɫɹ ɡɚɞɚɱɟɣ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɫɥɟɞɭɸɳɟɟ ɨɩɪɟɞɟɥɟɧɢɟ. Пɪɨɝɧɨɡɧɵɦ 

ɧɚɡɵɜɚɟɬɫɹ ɦɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɧɚ ɛɚɡɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɫɬɪɨɹɬɫɹ ɚɥɝɨɪɢɬɦɵ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɶ ɛɭɞɭɳɟɝɨ ɩɨɜɟɞɟɧɢɹ ɨɛɴɟɤɬɚ 

ɨɬ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɜ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɢ 

ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɧɚɯɨɠɞɟɧɢɹ ɜɟɥɢɱɢɧ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɫ ɡɚɞɚɧɧɨɣ 

ɬɨɱɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɪɟɛɭɟɦɨɦɭ ɫɨɫɬɨɹɧɢɸ ɨɛɴɟɤɬɚ ɜ ɩɪɨɝɧɨɡɟ (ɪɢɫ. 6.9).  

 

 

Ɋɢɫɭɧɨɤ 6.9. ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɦɟɬɨɞɚ ɩɪɨɝɧɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

 

ɇɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ɩɪɨɝɧɨɡɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɜ ɋȺɍ ɪɚɫɱɟɬ ɩɪɨɝɧɨɡɚ ɩɨ ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɧɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɞɨɥɠɟɧ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɛɵɫɬɪɟɟ, ɱɟɦ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ 

ɜɪɟɦɟɧɢ.  

Пɨɫɬɚɧɨɜɤɚ ɡɚɞɚчɢ. Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, ɭɩɪɚɜɥɹɸɳɢɦ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɹɜɥɹɟɬɫɹ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɁȼɈ. ȼ ɪɚɛɨɬɟ 

[66] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ ɭɩɪɚɜɥɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɠɟɬ ɛɵɬɶ ɜɵɛɪɚɧɚ 

ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɧɚ ɫɩɟɰɢɚɥɶɧɵɯ ɭɱɚɫɬɤɚɯ, ɪɚɡɞɟɥɹɸɳɢɯ 

ɁȼɈ ɜɞɨɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɨɯɥɚɠɞɚɸɳɢɯ ɫɟɤɰɢɣ. ɂɯ ɧɚɡɵɜɚɸɬ ɭɱɚɫɬɤɚɦɢ ɜɥɢɹɧɢɹ ɫɟɤɰɢɣ. 

ɇɟɨɛɯɨɞɢɦɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɪɚɛɨɬɟ [66] ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ 

ɜɵɞɟɥɢɬɶ ɭɱɚɫɬɤɢ ɜɥɢɹɧɢɹ ɫɟɤɰɢɣ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɚɥɝɨɪɢɬɦ ɜɵɱɢɫɥɟɧɢɹ ɬɚɤɢɯ 
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ɜɟɥɢɱɢɧ ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɞɥɹ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɁȼɈ ɆɇɅɁ, ɤɨɬɨɪɵɟ 

ɨɛɟɫɩɟɱɚɬ «ɧɚ ɜɵɯɨɞɟ» ɩɨɞɞɟɪɠɚɧɢɟ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ 

ɜɵɞɟɥɟɧɧɵɯ ɭɱɚɫɬɤɨɜ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ ɭɪɨɜɧɟ.  

Мɚɬɟɦɚɬɢчɟɫɤɚɹ ɦɨɞɟɥɶ ɤɨɧɜɟɤɬɢɜɧɨ-ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ ɜ 

ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɟ. ȼ ɪɚɛɨɬɟ [177] ɩɪɟɞɥɨɠɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ 

ɭɱɢɬɵɜɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɬɚɥɥɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

– ɤɨɧɜɟɤɬɢɜɧɨ-ɤɨɧɞɭɤɬɢɜɧɵɣ ɩɟɪɟɧɨɫ ɬɟɩɥɚ ɜ ɫɥɢɬɤɟ ɢ ɬɟɩɥɨɨɛɦɟɧ ɜɧɭɬɪɢ ɫɬɟɧɨɤ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɨɩɢɫɵɜɚɸɬɫɹ ɧɟɥɢɧɟɣɧɵɦɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɜ 

ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ. Ⱦɥɹ ɱɚɫɬɢ ɫɥɢɬɤɚ, ɧɚɯɨɞɹɳɟɣɫɹ ɜɧɭɬɪɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, 

ɡɚɞɚɧɵ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɯɚɪɚɤɬɟɪɭ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ 

ɪɚɡɥɢɜɤɟ ɩɨɞ ɲɥɚɤɨɦ ɢ ɧɚɥɢɱɢɢ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɥɢɬɤɚ ɢ ɫɬɟɧɤɨɣ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɡɚɡɨɪɚ, ɡɚɩɨɥɧɟɧɧɨɝɨ ɱɚɫɬɢɱɧɨ ɲɥɚɤɨɜɵɦ ɝɚɪɧɢɫɚɠɟɦ, ɱɚɫɬɢɱɧɨ 

ɝɚɡɨɦ. ɉɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ 

ɬɟɦɩɟɪɚɬɭɪ ɢ ɭɫɥɨɜɢɹ ɋɬɟɮɚɧɚ. Ⱦɥɹ ɜɫɟɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɡɚɞɚɧɵ 

ɧɟɨɛɯɨɞɢɦɵɟ ɭɫɥɨɜɢɹ ɨɞɧɨɡɧɚɱɧɨɫɬɢ (ɝɪɚɧɢɱɧɵɟ ɢ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ). 

ɋɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɩɪɢɜɹɡɚɧɚ ɤ ɆɇɅɁ (ɪɢɫ. 6.10), ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ 

ɧɚɯɨɞɢɬɫɹ ɧɚ ɭɪɨɜɧɟ ɦɟɧɢɫɤɚ. 

ɉɪɟɞɥɨɠɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɚɞɚɩɬɢɪɭɟɦɚ ɤ ɪɟɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ 

ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ. ȼ ɪɚɛɨɬɟ [253] ɨɩɢɫɚɧɵ ɚɥɝɨɪɢɬɦɵ ɩɨɞɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ 

ɦɨɞɟɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɭɩɚɸɳɟɣ ɨɩɟɪɚɬɢɜɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 

ɩɪɢɛɨɪɨɜ ɨ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ. Ɇɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɧɚɛɥɸɞɚɬɶ 

ɞɢɧɚɦɢɤɭ ɩɪɨɰɟɫɫɚ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɫɥɢɬɤɚ ɩɪɢ ɢɡɦɟɧɹɸɳɢɯɫɹ ɜɯɨɞɧɵɯ 

ɩɚɪɚɦɟɬɪɚɯ. ȼɵɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɹɜɥɹɸɬɫɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ ɢ ɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ 

ɫɥɹɛɚ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨ ɷɬɢɦ ɞɚɧɧɵɦ ɦɨɝɭɬ ɛɵɬɶ 

ɜɵɱɢɫɥɟɧɵ ɜɟɥɢɱɢɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ, ɬɟɩɥɨɨɬɜɨɞɚ ɢ ɫɪɟɞɧɟɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɰɟɧɬɪɭ ɲɢɪɨɤɨɣ ɝɪɚɧɢ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ 

ɡɚɝɨɬɨɜɤɢ.  
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Ɋɢɫɭɧɨɤ 6. 10. ɋɯɟɦɚ ɦɨɞɟɥɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ: 1 – ɭɪɨɜɟɧɶ ɦɟɧɢɫɤɚ,  

2 – ɝɪɚɧɢɰɚ ɦɟɠɞɭ ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡɚɦɢ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭчɚɫɬɤɨɜ ɜɥɢɹɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɮɭɧɤɰɢɢ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɤ ɢɡɦɟɧɟɧɢɹɦ ɪɚɫɯɨɞɚ ɜɨɞɵ 

ɨɬɞɟɥɶɧɨ ɞɥɹ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɁȼɈ.  

Ɍɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɚɧɨ ɜ ɪɚɛɨɬɟ [144]: 

ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɱɚɫɬɧɵɟ 

ɩɪɨɢɡɜɨɞɧɵɟ ɪɚɡɥɢɱɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɩɨ 

ɩɚɪɚɦɟɬɪɚɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɩɪɟɞɟɥɹɸɳɟɣ ɝɪɭɩɩɵ. ȼ ɬɚɤɨɣ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ 

– ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɜ ɬɨɱɤɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɪɚɫɯɨɞɚɯ ɜɨɞɵ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɡɧɨɫɬɢ ɷɬɢɯ ɪɚɫɯɨɞɨɜ, ɬ.ɟ. ɧɭɠɧɨ 

ɩɪɢ ɜɫɟɯ ɧɟɢɡɦɟɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɩɪɨɰɟɫɫɚ ɜɵɱɢɫɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɬɨɱɤɟ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ. Ɂɚɬɟɦ ɜɧɟɫɬɢ ɢɡɦɟɧɟɧɢɟ ɜ ɪɚɫɯɨɞ ɜɨɞɵ ɜ 

m-ɨɣ ɫɟɤɰɢɢ (ΔGm) ɢ ɨɩɪɟɞɟɥɢɬɶ, ɤɚɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ 

ɭɫɬɚɧɨɜɢɬɫɹ ɩɪɢ ɬɚɤɨɦ ɡɧɚɱɟɧɢɢ. ɉɭɫɬɶ ΔT – ɪɚɡɧɨɫɬɶ ɩɪɟɞɵɞɭɳɢɯ ɢ ɜɧɨɜɶ 

ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɟ ɩɨɜɟɪɯɧɨɫɬɢ. Ɉɬɧɨɲɟɧɢɟ 

ΔT/ΔGm ɞɚɟɬ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜ ɷɬɨɣ ɬɨɱɤɟ (ɪɢɫ. 6.11).  
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Ɋɢɫɭɧɨɤ 6.11. Ɏɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ (ɰɟɧɬɪ 

ɲɢɪɨɤɨɣ ɝɪɚɧɢ) ɤ ɢɡɦɟɧɟɧɢɸ ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ 1-ɣ – 9-ɣ ɫɟɤɰɢɹɯ 

ɁȼɈ. Ɂɧɚɱɟɧɢɟ ɩɪɨɢɡɜɨɞɧɨɣ, °ɋ·ɫ/ɦ3. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɦɟɧɢɫɤɚ, ɦ 

 

Ɉɫɧɨɜɧɨɟ ɬɪɟɛɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɩɪɢ ɪɚɡɞɟɥɟɧɢɢ ɧɚ 

ɭɱɚɫɬɤɢ ɜɥɢɹɧɢɹ [66]: ɜ ɭɱɚɫɬɨɤ ɧɟ ɞɨɥɠɧɵ ɜɯɨɞɢɬɶ ɬɨɱɤɢ, ɧɚ ɤɨɬɨɪɵɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɟɤɰɢɹ ɧɟ ɢɦɟɟɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ, ɬɚɤ ɤɚɤ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

ɭɩɪɚɜɥɹɟɦɵɣ ɩɚɪɚɦɟɬɪ ɛɭɞɟɬ ɦɚɥɨ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ. ɇɚ 

ɪɢɫ. 6.12 ɩɨɤɚɡɚɧɨ, ɤɚɤ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɨɜɟɪɯɧɨɫɬɢ ɤ ɪɚɫɯɨɞɭ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ 1-ɣ, 2-ɣ, 3-ɣ ɢ 4-ɣ ɫɟɤɰɢɹɯ ɁȼɈ 

ɜɵɞɟɥɹɸɬɫɹ ɭɱɚɫɬɤɢ ɜɥɢɹɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɟɤɰɢɣ. Ɇɚɤɫɢɦɭɦɵ ɮɭɧɤɰɢɣ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɤɨɨɪɞɢɧɚɬɚɦ ɮɨɪɫɭɧɨɤ. Ʉɨɧɟɰ ɭɱɚɫɬɤɚ ɜɥɢɹɧɢɹ 3-

ɣ ɫɟɤɰɢɢ ɧɚɯɨɞɢɬɫɹ ɭɠɟ ɡɚ ɩɪɟɞɟɥɚɦɢ ɩɨɥɨɠɟɧɢɹ ɩɟɪɜɨɣ ɮɨɪɫɭɧɤɢ 4-ɣ ɫɟɤɰɢɢ, 

ɬɚɤ ɤɚɤ ɜ ɫɪɟɞɧɟɦ ɡɞɟɫɶ ɜɫɟ ɟɳɟ ɩɪɟɨɛɥɚɞɚɟɬ ɜɥɢɹɧɢɟ 3-ɣ ɫɟɤɰɢɢ. Ⱥɧɚɥɨɝɢɱɧɨ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɡɞɟɥɟɧɢɟ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɫɥɢɬɤɚ ɧɚ ɨɬɪɟɡɤɢ [am, bm], ɜɥɢɹɧɢɹ m-ɣ 

ɫɟɤɰɢɢ ɁȼɈ, m = 1,...,N, N – ɤɨɥɢɱɟɫɬɜɨ ɫɟɤɰɢɣ ɁȼɈ. 

ɋɥɟɞɭɸɳɢɣ ɲɚɝ – ɜɵɱɢɫɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ, ɤɨɬɨɪɨɟ ɭɫɬɚɧɨɜɢɬɫɹ 

ɩɪɢ ɧɚɢɥɭɱɲɢɯ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɢ ɧɟɢɡɦɟɧɧɵɯ 

ɜɨ ɜɪɟɦɟɧɢ ɭɫɥɨɜɢɹɯ ɩɪɨɰɟɫɫɚ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɬɢɦ ɭɫɥɨɜɢɹɦ ɫɪɟɞɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ *
mT  ɧɚ ɭɱɚɫɬɤɚɯ ɜɥɢɹɧɢɹ [am, bm], m = 1,...,N ɢ ɛɭɞɭɬ 

ɩɪɟɞɫɬɚɜɥɹɬɶ ɬɪɟɛɭɟɦɨɟ ɫɨɫɬɨɹɧɢɟ ɨɛɴɟɤɬɚ. 
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Ɋɢɫɭɧɨɤ 6.12. Ɋɚɡɞɟɥɟɧɢɟ ɧɚ ɭɱɚɫɬɤɢ ɜɥɢɹɧɢɹ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. I, II, III, IV – ɭɱɚɫɬɤɢ ɜɥɢɹɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ I, II, III, IV 

ɫɟɤɰɢɣ ɁȼɈ. Ɂɧɚɱɟɧɢɟ ɩɪɨɢɡɜɨɞɧɨɣ, °ɋ·ɫ/ɦ3. Ⱦɥɢɧɚ ɫɥɢɬɤɚ ɨɬ ɦɟɧɢɫɤɚ, ɦ 

 

 

ȼɵчɢɫɥɟɧɢɟ ɪɚɫхɨɞɨɜ ɨхɥɚɠɞɚɸщɟɣ ɜɨɞɵ. Ⱦɚɧɧɵɟ ɨ ɫɤɨɪɨɫɬɢ ɜɵɬɹɝɢɜɚɧɢɹ 

ɫɥɢɬɤɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɪɚɫɩɥɚɜɚ, ɚ ɬɚɤɠɟ 

ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜɟɥɢɱɢɧɚɯ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɫɟɤɰɢɹɯ ɁȼɈ, ɩɨɫɬɭɩɚɸɬ ɜ ɫɢɫɬɟɦɭ 

ɤɚɠɞɵɟ 2ɫ. ɋ ɩɨɦɨɳɶɸ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɦɨɞɟɥɢ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ, ɤɚɤɨɟ 

ɫɨɫɬɨɹɧɢɟ ɨɛɴɟɤɬɚ ɛɭɞɟɬ ɧɚ ɫɥɟɞɭɸɳɟɦ ɬɚɤɬɟ ɢɡɦɟɪɟɧɢɹ ɩɪɢ ɬɟɤɭɳɟɦ ɧɚɛɨɪɟ 

ɡɧɚɱɟɧɢɣ ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ Gm(τk) 

( , ( )), ,...,S S
m m k m kT T G m N   1 1 , 

ɝɞɟ S
mT  – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɭɱɚɫɬɤɟ ɜɥɢɹɧɢɹ m-ɣ ɫɟɤɰɢɢ; τk – ɜɪɟɦɹ 

ɩɨɫɥɟɞɧɟɝɨ (ɬɟɤɭɳɟɝɨ) ɢɡɦɟɪɟɧɢɹ; τk+1 – ɜɪɟɦɹ ɫɥɟɞɭɸɳɟɝɨ ɢɡɦɟɪɟɧɢɹ. Ɇɨɠɧɨ 

ɬɚɤɠɟ ɩɨɞɫɬɚɜɢɬɶ ɜ ɷɬɭ ɡɚɜɢɫɢɦɨɫɬɶ ɞɪɭɝɢɟ ɪɚɫɯɨɞɵ ɜɨɞɵ ɢ ɜɵɱɢɫɥɢɬɶ ɞɥɹ ɧɢɯ 

ɛɭɞɭɳɟɟ ɫɨɫɬɨɹɧɢɟ ɨɛɴɟɤɬɚ. Ɂɚɞɚɱɚ ɚɥɝɨɪɢɬɦɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɧɚɣɬɢ ɬɚɤɢɟ 
* ( )m kG  , ɩɪɢ ɤɨɬɨɪɵɯ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ 

* *( , ( )) , ,...,S
m k m k mT G T m N     1 1 .   (6.9) 

ɂɦɟɸɬɫɹ ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɟɣ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ * ( )m kG   
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* min max( ) [ , ]m k m mG G G  ,   (6.10) 

ɝɞɟ min
mG  – ɦɢɧɢɦɚɥɶɧɵɣ, ɚ max

mG  – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ m-

ɣ ɫɟɤɰɢɢ ɁȼɈ. 

ɂɡ ɪɚɛɨɬɵ [66] ɢɡɜɟɫɬɧɨ ɬɚɤɠɟ, ɱɬɨ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɹɜɥɹɟɬɫɹ ɫɬɪɨɝɨ 

ɦɨɧɨɬɨɧɧɨɣ (ɭɛɵɜɚɸɳɟɣ) ɮɭɧɤɰɢɟɣ ɪɚɫɯɨɞɚ ɜɨɞɵ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɷɬɢɯ 

ɩɪɟɞɟɥɚɯ ɦɨɠɧɨ ɨɬɵɫɤɚɬɶ ɪɟɲɟɧɢɟ (ɟɫɥɢ ɨɧɨ ɫɭɳɟɫɬɜɭɟɬ) ɭɪɚɜɧɟɧɢɹ 

* *( , ( ))S
m k m k mT G T   1 0 .   (6.11) 

Ɉɞɧɢɦ ɢɡ ɩɪɨɫɬɟɣɲɢɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɬɚɤɨɝɨ ɪɨɞɚ ɭɪɚɜɧɟɧɢɣ ɹɜɥɹɟɬɫɹ 

ɦɟɬɨɞ ɞɢɯɨɬɨɦɢɢ. Ⱥɥɝɨɪɢɬɦ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, ɤɨɝɞɚ ɞɨɫɬɢɝɧɭɬɚ ɧɟɨɛɯɨɞɢɦɚɹ 

ɬɨɱɧɨɫɬɶ İ. ɇɚ ɧɟɤɨɬɨɪɵɯ ɭɱɚɫɬɤɚɯ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɜ ɩɟɪɜɵɯ ɫɟɤɰɢɹɯ ɁȼɈ, ɩɪɢ 

ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɚɯ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɫɢɬɭɚɰɢɹ, ɤɨɝɞɚ ɧɢ ɨɞɢɧ ɢɡ ɞɨɩɭɫɬɢɦɵɯ 

ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɪɟɛɭɟɦɨɟ ɡɧɚɱɟɧɢɟ *
mT . ȼ ɬɚɤɢɯ ɫɥɭɱɚɹɯ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɥɢɛɨ ɦɢɧɢɦɚɥɶɧɨ, ɥɢɛɨ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɚɤɫɢɦɚɥɶɧɨ 

ɜɨɡɦɨɠɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ. 

Чɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ. ɇɚ ɝɪɚɮɢɤɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 6.13 ɢ 6.14, 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɞɢɧɚɦɢɤɚ ɩɪɨɰɟɫɫɚ ɩɪɢ ɪɚɡɨɦɤɧɭɬɨɦ ɭɩɪɚɜɥɟɧɢɢ 

(ɪɢɫ. 6.13) ɢ ɩɪɢ ɩɪɨɝɧɨɡɧɨɦ ɭɩɪɚɜɥɟɧɢɢ (ɪɢɫ. 6.14) ɪɚɫɯɨɞɚɦɢ ɜɨɞɵ ɜ ɁȼɈ ɞɥɹ 

ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɯɚɪɚɤɬɟɪɧɨɝɨ ɜɨɡɦɭɳɚɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɤɨɪɨɫɬɶ 

ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɩɪɢ ɩɪɨɱɢɯ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ ɪɚɡɥɢɜɤɢ. ɇɚ ɪɢɫɭɧɤɚɯ 6.13 

ɢ 6.14:  v – ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ; G1, G2 – ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ 1-ɣ 

ɢ 2-ɣ ɫɟɤɰɢɹɯ ɁȼɈ, ST1 , ST2  – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɭɱɚɫɬɤɟ ɜɥɢɹɧɢɹ 1-ɣ ɢ 2-ɣ 

ɫɟɤɰɢɣ ɁȼɈ 
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Ɋɢɫɭɧɨɤ 6.13. Ⱦɢɧɚɦɢɤɚ ɩɪɨɰɟɫɫɚ ɩɪɢ ɪɚɡɨɦɤɧɭɬɨɦ ɭɩɪɚɜɥɟɧɢɢ 

 

 

Ɋɢɫɭɧɨɤ 6.14. Ⱦɢɧɚɦɢɤɚ ɩɪɨɰɟɫɫɚ ɩɪɢ ɩɪɨɝɧɨɡɧɨɦ ɭɩɪɚɜɥɟɧɢɢ 

 

Ɋɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɥɟ ɫɧɢɠɟɧɢɹ ɫɤɨɪɨɫɬɢ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ 

ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚɯɨɞɢɬɫɹ ɜɧɟ ɞɟɣɫɬɜɢɹ 

ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. Ɂɚ ɷɬɨ ɜɪɟɦɹ ɨɧɚ ɭɫɩɟɜɚɟɬ 

ɪɚɡɨɝɪɟɬɶɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɫɢɥɶɧɟɟ, ɱɟɦ ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɫɥɢɬɤɚ 

1 ɦ/ɦɢɧ. Ɂɚɬɟɦ ɧɚɫɬɭɩɚɟɬ ɪɟɡɤɨɟ ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɚɤ ɤɚɤ ɩɨɞɯɨɞɢɬ ɱɚɫɬɶ 

ɫɥɢɬɤɚ, ɤɨɬɨɪɚɹ ɩɟɪɟɨɯɥɚɠɞɟɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɥɢɬɟɥɶɧɨɝɨ ɩɪɟɛɵɜɚɧɢɹ ɜ 
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ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ. ɉɪɢ ɪɚɡɨɦɤɧɭɬɨɦ ɭɩɪɚɜɥɟɧɢɢ ɪɚɫɯɨɞɚɦɢ ɜɨɞɵ ɜ ɁȼɈ ɜɫɥɟɞ ɡɚ 

ɫɧɢɠɟɧɢɟɦ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɭɱɚɫɬɤɟ ɜɥɢɹɧɢɹ ɩɟɪɜɨɣ ɫɟɤɰɢɢ ɧɚɱɢɧɚɟɬɫɹ 

ɫɧɢɠɟɧɢɟ ɧɚ ɭɱɚɫɬɤɟ ɜɬɨɪɨɣ (ɪɢɫ. 6.13), ɚ ɡɚɬɟɦ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɫɟɤɰɢɣ – ɩɨ ɦɟɪɟ 

ɩɪɨɞɜɢɠɟɧɢɹ ɩɟɪɟɨɯɥɚɠɞɟɧɧɨɣ ɱɚɫɬɢ ɫɥɢɬɤɚ. ȼ ɫɥɭɱɚɟ ɩɪɨɝɧɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɩɨɥɧɨɫɬɶɸ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟ ɭɞɚɟɬɫɹ ɬɨɥɶɤɨ 

ɧɚ ɭɱɚɫɬɤɟ ɜɥɢɹɧɢɹ ɩɟɪɜɨɣ ɫɟɤɰɢɢ (ɪɢɫ. 6.14). Ɉɞɧɨɣ ɢɡ ɩɪɢɱɢɧ ɷɬɨɝɨ ɫɥɭɠɚɬ 

ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɧɚ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ 

ɭɱɚɫɬɤɚɯ (ɧɚɱɢɧɚɹ ɫɨ ɜɬɨɪɨɝɨ) ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɧɚ 

ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ. ɑɬɨɛɵ ɧɟ ɡɚɝɪɨɦɨɠɞɚɬɶ ɪɢɫɭɧɨɤ, 

ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɬɨɥɶɤɨ ɞɥɹ 1-ɣ ɢ 2-ɣ ɫɟɤɰɢɣ. Ƚɪɚɮɢɤɢ ɞɥɹ ɫɟɤɰɢɣ 3–9 

ɩɨɞɨɛɧɵ ɝɪɚɮɢɤɚɦ 2-ɣ ɫɟɤɰɢɢ ɢ ɨɬɥɢɱɚɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɫɞɜɢɝɨɦ ɩɨ ɜɪɟɦɟɧɧóɣ 

ɨɫɢ. 

ȼ [66] ɪɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɫɩɨɫɨɛɧɚɹ ɩɨ ɫɜɨɢɦ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɚɥɝɨɪɢɬɦɟ ɭɩɪɚɜɥɟɧɢɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ 

ɜɪɟɦɟɧɢ, ɤɨɬɨɪɚɹ ɭɱɢɬɵɜɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɬɚɥɥɚ 

ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ ɤɨɧɜɟɤɬɢɜɧɨ-ɤɨɧɞɭɤɬɢɜɧɵɣ ɩɟɪɟɧɨɫ ɬɟɩɥɚ ɜ ɫɥɢɬɤɟ ɢ 

ɬɟɩɥɨɨɛɦɟɧ ɜɧɭɬɪɢ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɨɩɢɫɵɜɚɸɬɫɹ ɧɟɥɢɧɟɣɧɵɦɢ 

ɧɟɫɬɚɰɢɨɧɚɪɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɩɪɢ 

ɩɨɦɨɳɢ ɫɩɟɰɢɚɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɩɨɞɫɬɪɨɣɤɢ ɚɞɚɩɬɢɪɭɟɬɫɹ ɤ ɪɟɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ 

ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɭɩɚɸɳɟɣ ɨɬ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ 

ɨɩɟɪɚɬɢɜɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ. 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɜ ɁȼɈ ɭɱɢɬɵɜɚɸɬ ɫɥɨɠɧɵɣ ɦɟɯɚɧɢɡɦ ɬɟɩɥɨɨɬɜɨɞɚ ɡɚ 

ɫɱёɬ ɤɨɧɜɟɤɰɢɢ ɢ ɢɡɥɭɱɟɧɢɹ: 

  ),)(()()),(()( 44
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    (6.12) 

ɝɞɟ  )),(( zGm  , mC  ɢ mIT    – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ, ɩɪɢɜɟɞёɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ 

ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ m-ɣ ɫɟɤɰɢɢ ɁȼɈ,  l– ɩɨɥɭɬɨɥɳɢɧɚ ɫɥɢɬɤɚ: 
lx   – ɬɨɱɤɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ, )(mG   – ɪɚɫɯɨɞ ɜɨɞɵ ɜ m-ɣ ɫɟɤɰɢɢ. Ɂɚɞɚɧɵ 
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ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɢ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. 

ɇɟɥɢɧɟɣɧɚɹ ɤɪɚɟɜɚɹ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ.  

 ȼ ɪɚɛɨɬɟ [Iv10] ɨɩɢɫɚɧɵ ɚɥɝɨɪɢɬɦɵ ɩɨɞɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɭɩɚɸɳɟɣ ɫ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɨɩɟɪɚɬɢɜɧɨɣ 

ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ. Ⱦɚɧɧɵɟ ɨ ɫɤɨɪɨɫɬɢ ɫɥɢɬɤɚ ɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɪɚɫɩɥɚɜɚ, ɚ ɬɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɧɵɯ 

ɜɟɥɢɱɢɧɚɯ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɫɟɤɰɢɹɯ ɁȼɈ, ɩɨɫɬɭɩɚɸɬ ɜ ɫɢɫɬɟɦɭ ɤɚɠɞɵɟ 2 ɫɟɤɭɧɞɵ. 

ɋ ɩɨɦɨɳɶɸ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɦɨɞɟɥɢ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ, ɤɚɤɨɟ ɫɨɫɬɨɹɧɢɟ ɨɛɴɟɤɬɚ 

ɛɭɞɟɬ ɧɚ ɫɥɟɞɭɸɳɟɦ ɬɚɤɬɟ ɢɡɦɟɪɟɧɢɹ ɩɪɢ ɬɟɤɭɳɟɦ ɧɚɛɨɪɟ ɡɧɚɱɟɧɢɣ ɪɚɫɯɨɞɨɜ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ )( kmG  . 

))(,( 1 kmk
S

m
S

m GTT   , Nm ,...,1 ,   (6.13) 

ɝɞɟ S
mT   – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɭɱɚɫɬɤɟ ɜɥɢɹɧɢɹ m–ɣ ɫɟɤɰɢɢ, k – 

ɜɪɟɦɹ ɩɨɫɥɟɞɧɟɝɨ (ɬɟɤɭɳɟɝɨ) ɢɡɦɟɪɟɧɢɹ, 1k – ɜɪɟɦɹ ɫɥɟɞɭɸɳɟɝɨ ɢɡɦɟɪɟɧɢɹ. 

Ɇɨɠɧɨ ɬɚɤɠɟ ɩɨɞɫɬɚɜɢɬɶ ɜ ɦɨɞɟɥɶ ɞɪɭɝɢɟ ɪɚɫɯɨɞɵ ɜɨɞɵ ɢ ɜɵɱɢɫɥɢɬɶ ɞɥɹ ɧɢɯ 

ɛɭɞɭɳɟɟ ɫɨɫɬɨɹɧɢɟ ɨɛɴɟɤɬɚ. Ɂɚɞɚɱɚ ɚɥɝɨɪɢɬɦɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɧɚɣɬɢ ɬɚɤɢɟ

)(G k
*

m  , ɩɪɢ ɤɨɬɨɪɵɯ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ 

 
**

1 ))(,( mkmk
S

m TGT , Nm ,...,1 .   (6.14) 

ɂɦɟɸɬɫɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɟɣ, ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ )(*
kmG   : 

],[)( maxmin*
mmkm GGG  ,   (6.15) 

ɝɞɟ min
mG   – ɦɢɧɢɦɚɥɶɧɵɣ, ɚ max

mG   – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ 

m–ɣ ɫɟɤɰɢɢ ɁȼɈ. 
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6.3. Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɰɢɨɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɜɨɣ ɪɚɛɨɬɵ ɁȼɈ 

ɫɥɹɛɨɜɵɯ ɆɇɅɁ  

 

ȼ ɨɛɥɚɫɬɢ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ ɧɚ ɫɥɹɛɨɜɵɯ ɆɇɅɁ ɜɨɩɪɨɫ ɜɵɛɨɪɚ ɧɚɢɥɭɱɲɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɨɝɨ ɪɟɠɢɦɚ ɨɫɬɚɟɬɫɹ ɨɬɤɪɵɬɵɦ [35, 159]. 

ɇɚɛɨɪɵ ɩɚɪɚɦɟɬɪɨɜ, ɩɨɡɜɨɥɢɜɲɢɟ ɩɨɥɭɱɢɬɶ ɜ ɧɟɤɨɬɨɪɵɯ ɭɫɥɨɜɢɹɯ 

ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɦɨɠɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɤɚɤ ɧɚɛɨɪɵ ɪɚɰɢɨɧɚɥɶɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɪɚɡɥɢɜɤɢ, ɚ ɬɚɤɨɜɵɟ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɦɨɝɭɬ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶɫɹ [58].  

ɗɮɮɟɤɬɢɜɧɵɦ ɫɪɟɞɫɬɜɨɦ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ȼ 

ɩɪɟɞɟɥɚɯ ɬɨɱɧɨɫɬɢ ɤɨɧɤɪɟɬɧɨɣ ɦɨɞɟɥɢ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɞɧɨɡɧɚɱɧɨ 

ɫɨɩɨɫɬɚɜɢɬɶ ɧɚɛɨɪɭ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ (ɝɟɨɦɟɬɪɢɹ ɡɚɝɨɬɨɜɤɢ, ɩɚɪɚɦɟɬɪɵ 

ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɨɝɨ ɪɟɠɢɦɚ) ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɫɥɹɛɚ. ɇɚɦɧɨɝɨ ɛɨɥɟɟ 

ɫɥɨɠɧɨɣ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɩɨɞɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɨɝɨ ɪɟɠɢɦɚ 

(ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜɞɨɥɶ ɆɇɅɁ ɩɪɢ ɨɩɪɟɞɟɥёɧɧɵɯ 

ɝɟɨɦɟɬɪɢɢ ɡɚɝɨɬɨɜɤɢ ɢ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ), ɩɨɡɜɨɥɹɸɳɢɯ ɩɨɥɭɱɢɬɶ ɡɚɞɚɧɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɡɚɝɨɬɨɜɤɢ. ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɜɵɯ ɨɛɵɱɧɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɚɪɚɧɟɟ ɨɩɪɟɞɟɥёɧɧɵɣ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ 

ɡɚɝɨɬɨɜɤɢ. Ɍɚɤɨɝɨ ɪɨɞɚ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɰɢɪɭɸɬɫɹ ɤɚɤ ɨɛɪɚɬɧɵɟ ɡɚɞɚɱɢ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɪɟɲɟɧɢɹ ɬɚɤɢɯ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ 

ɩɪɨɫɬɪɟɥɚ [22]. ȼ ɜɢɞɭ ɬɪɭɞɨɟɦɤɨɫɬɢ ɷɬɨɝɨ ɦɟɬɨɞɚ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɡɞɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɰɟɫɫ ɩɨɢɫɤɚ ɤɨɧɟɱɧɨɝɨ ɪɟɲɟɧɢɹ 

ɜ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɟɪɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧ ɢ ɪɟɚɥɢɡɭɟɬɫɹ ɫ ɧɚɢɦɟɧɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ 

ɦɚɲɢɧɧɨɝɨ ɜɪɟɦɟɧɢ. 

Ɉɞɧɚɤɨ ɜ ɚɥɝɨɪɢɬɦɚɯ ɭɩɪɚɜɥɟɧɢɹ ɛɨɥɶɲɢɧɫɬɜɚ ɫɨɜɪɟɦɟɧɧɵɯ ɆɇɅɁ 

ɤɨɦɩɨɧɟɧɬɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɧɟ 

ɢɫɩɨɥɶɡɭɸɬɫɹ, ɚ ɡɧɚɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɩɨ ɫɟɤɬɨɪɚɦ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɩɨ ɡɚɥɨɠɟɧɧɵɦ ɜ Ⱥɋɍ Ɍɉ ɷɦɩɢɪɢɱɟɫɤɢɦ ɜɵɪɚɠɟɧɢɹɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ 

ɪɚɡɥɢɜɤɢ ɢ ɝɟɨɦɟɬɪɢɢ ɡɚɝɨɬɨɜɤɢ. 
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Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɛɨɬɵ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɟɥɢɱɢɧɵ: ɩɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ gf, ɦ3/(ɦ2ɱ), ɪɚɫɯɨɞ 

ɨɯɥɚɞɢɬɟɥɹ G, ɥ/ɦɢɧ, ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɨɯɥɚɞɢɬɟɥɹ g, ɥ/ɤɝ [58].  ɉɥɨɬɧɨɫɬɶ 

ɨɪɨɲɟɧɢɹ ɪɚɧɟɟ ɛɵɥɨ ɩɪɢɧɹɬɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɪɟɞɧɟɧɧɵɯ 

ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɫɟɤɬɨɪɚɯ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ [58].  ȼ 

ɩɪɚɤɬɢɤɟ ɫɥɹɛɨɜɵɯ ɆɇɅɁ ɜ ɨɫɧɨɜɧɨɦ ɨɩɟɪɢɪɭɸɬ ɫ ɜɟɥɢɱɢɧɨɣ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ 

ɤɚɠɞɵɣ ɫɟɤɬɨɪ, ɤɨɬɨɪɚɹ ɥɢɛɨ ɜɵɱɢɫɥɹɟɬɫɹ ɜ ɪɚɦɤɚɯ ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟɧɢɹ, ɥɢɛɨ 

ɜɜɨɞɢɬɫɹ ɬɟɯɧɨɥɨɝɨɦ ɜɪɭɱɧɭɸ ɧɚ ɨɫɧɨɜɚɧɢɢ ɟɝɨ ɨɩɵɬɚ. ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ 

ɨɯɥɚɞɢɬɟɥɹ ɭɞɨɛɟɧ ɞɥɹ ɚɧɚɥɢɡɚ ɪɟɠɢɦɚ ɨɯɥɚɠɞɟɧɢɹ (ɦɹɝɤɨɟ, ɠɟɫɬɤɨɟ). Ɉɫɨɛɨɟ 

ɜɧɢɦɚɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɭɞɟɥɟɧɨ ɜ ɪɚɛɨɬɟ [57]. 

Ɉɞɧɚɤɨ ɧɚ ɩɪɚɤɬɢɤɟ ɧɟɬ ɟɞɢɧɨɝɨ ɩɨɞɯɨɞɚ ɞɥɹ ɫɢɫɬɟɦɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɜɟɥɢɱɢɧ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɬɟɩɥɨɜɭɸ ɪɚɛɨɬɭ ɁȼɈ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɩɨɦɨɳɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɜ ɨɞɧɢɯ ɭɫɥɨɜɢɹɯ 

ɞɥɹ ɞɪɭɝɢɯ ɫɨɱɟɬɚɧɢɣ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɟɨɛɯɨɞɢɦɚ ɪɚɡɪɚɛɨɬɤɚ ɩɟɪɟɱɧɹ ɜɟɥɢɱɢɧ, ɤɨɬɨɪɵɟ 

ɩɪɟɞɨɫɬɚɜɥɹɥɢ ɛɵ ɢɫɱɟɪɩɵɜɚɸɳɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɪɟɠɢɦɟ ɜɬɨɪɢɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ, ɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɫɪɚɜɧɢɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɵɯ ɪɟɠɢɦɨɜ, ɜɵɹɜɥɹɬɶ «ɭɡɤɢɟ ɦɟɫɬɚ» ɢ 

ɩɪɢɧɢɦɚɬɶ ɪɟɲɟɧɢɹ ɩɨ ɤɨɪɪɟɤɬɢɪɨɜɤɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɥɹ ɢɡɭɱɟɧɢɹ 

ɬɟɩɥɨɜɨɣ ɪɚɛɨɬɵ ɁȼɈ ɫɥɹɛɨɜɨɣ ɆɇɅɁ, ɤɨɬɨɪɚɹ ɛɵ ɩɨɡɜɨɥɹɥɚ ɨɩɪɟɞɟɥɹɬɶ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 

ɡɚɞɚɧɧɨɝɨ ɡɚɤɨɧɚ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ, ɚ ɬɚɤɠɟ 

ɪɚɡɪɚɛɨɬɤɚ ɩɟɪɟɱɧɹ ɢ ɦɟɬɨɞɨɥɨɝɢɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ, 

ɦɨɠɧɨ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɩɨɦɨɳɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɜ ɨɞɧɢɯ ɭɫɥɨɜɢɹɯ ɧɚ ɞɪɭɝɢɟ ɆɇɅɁ ɢ ɜɵɧɨɫɢɬɶ ɜɫɟɫɬɨɪɨɧɧɟɟ ɫɭɠɞɟɧɢɟ ɨɛ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɩɥɨɜɨɣ ɪɚɛɨɬɵ ɁȼɈ ɫɥɹɛɨɜɨɣ ɆɇɅɁ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨɢɫɤɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ, 

ɩɨɡɜɨɥɹɸɳɟɣ ɞɨɫɬɢɱɶ ɡɚɞɚɧɧɵɣ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ 
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ɡɚɝɨɬɨɜɤɢ, ɩɪɢɦɟɧɟɧɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɭɱɚɫɬɤɨɜ ɜɥɢɹɧɢɹ ɫɟɤɰɢɣ ɧɚ 

ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɦɟɬɚɥɥɚ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɜ [251].  

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ ɪɚɫɯɨɞɨɦ ɨɯɥɚɞɢɬɟɥɹ, 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɥɹɛɚ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɬɟɩɥɨɨɬɞɚɱɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɜ ɩɪɟɞɟɥɚɯ ɤɚɠɞɨɝɨ ɫɟɤɬɨɪɚ ɢɫɩɨɥɶɡɨɜɚɧɨ 

ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ [260]: 

  
33,0PrRe  m

Nu  ,   (6.16) 

ɝɞɟ Nu – ɤɪɢɬɟɪɢɣ ɇɭɫɫɟɥɶɬɚ, ɨɛɵɱɧɨ ɧɚɡɵɜɚɟɦɵɣ ɛɟɡɪɚɡɦɟɪɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɬɟɩɥɨɨɬɞɚɱɢ, 
s

sslNu



 ; Re – ɤɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ, 
s

s

k

ul
Re ; Pr – ɤɪɢɬɟɪɢɣ 

ɉɪɚɧɞɬɥɹ, 
s

sk


Pr ;  λs  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨɞɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ; 

ls – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɫɟɞɧɢɦɢ ɮɨɪɫɭɧɤɚɦɢ; ks  – ɤɨɷɮɮɢɰɢɟɧɬ 

ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ; αs  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ; u – 

ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ, 
2
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 ; Gv – ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɮɨɪɫɭɧɤɭ; ds – 

ɞɢɚɦɟɬɪ ɫɨɩɥɚ ɮɨɪɫɭɧɤɢ.  

ɉɚɪɚɦɟɬɪɵ   ɢ m ɡɚɜɢɫɹɬ ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɩɥɨɫɤɨɫɬɢ 

ɢɫɬɟɱɟɧɢɹ ɞɨ ɨɯɥɚɠɞɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ss dy , (ys – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɥɨɫɤɨɫɬɢ 

ɢɫɬɟɱɟɧɢɹ ɞɨ ɩɨɜɟɪɯɧɨɫɬɢ). ȼɟɥɢɱɢɧɵ   ɢ m ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ  ss dy   ɡɚɞɚɧɵ 

ɬɚɛɥɢɱɧɨ ɜ [260]. 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɜɫɟɯ ɡɧɚɱɟɧɢɣ ɜ (6.16), ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɬɟɩɥɨɨɬɞɚɱɢ ɢɦɟɟɬ ɜɢɞ 

                              m
v

m

ss

s

s

s

s

s
s G

kd

lk

l






















2

33,0
4




 .           (6.17) 

Ⱦɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɣ [159] ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ ɭɱɚɫɬɤɟ, ɩɨɤɪɵɜɚɟɦɨɦ ɮɚɤɟɥɨɦ ɮɨɪɫɭɧɤɢ, 

ɩɨɞɱɢɧɹɟɬɫɹ ɩɚɪɚɛɨɥɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɬɚɤɢɯ ɭɱɚɫɬɤɚɯ, 
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ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɜɵɪɚɠɚɟɬɫɹ ɜ ɜɢɞɟ ɩɚɪɚɛɨɥɢɱɟɫɤɨɣ 

ɮɭɧɤɰɢɢ, ɤɨɬɨɪɚɹ ɩɪɢɨɛɪɟɬɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ spc    ɜ ɬɨɱɤɟ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɨɨɪɞɢɧɚɬɟ ɫɨɩɥɚ ɮɨɪɫɭɧɤɢ ip . ɇɚ ɭɱɚɫɬɤɚɯ, ɧɟ ɨɪɨɲɚɟɦɵɯ 

ɜɨɞɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɶɸ, ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɫɱɢɬɚɟɬɫɹ 

ɪɚɜɧɵɦ ɤɨɧɫɬɚɧɬɟ c  (ɪɢɫ. 5.9). ɇɚ ɝɪɚɧɢɰɚɯ ɨɪɨɲɚɟɦɵɯ ɭɱɚɫɬɤɨɜ ɡɧɚɱɟɧɢɟ

cs   . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɚɪɚɛɨɥɚ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɬɪёɦ ɬɨɱɤɚɦ. Ɍɚɤ ɤɚɤ 

ɜ ɨɞɧɨɣ ɫɟɤɰɢɢ ɨɯɥɚɠɞɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɵ ɨɞɧɨɬɢɩɧɵɟ ɮɨɪɫɭɧɤɢ, ɤɨɬɨɪɵɟ ɞɚɸɬ 

ɨɞɢɧɚɤɨɜɵɣ ɜɨɞɨ-ɜɨɡɞɭɲɧɵɣ ɮɚɤɟɥ, ɬɨ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ – ɨɞɧɚ ɢ ɬɚ 

ɠɟ ɩɚɪɚɛɨɥɚ, ɫɞɜɢɧɭɬɚɹ ɜɞɨɥɶ ɨɫɢ ɚɛɫɰɢɫɫ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɛɨɥɵ 

ɫɜɹɡɚɧɨ ɫ ɪɚɫɯɨɞɨɦ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɫɨɨɬɧɨɲɟɧɢɟɦ (6.17). 

ɉɨ ɨɞɧɢɦ ɞɚɧɧɵɦ (ɧɚɩɪ. ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɨɪɫɭɧɨɤ ɮɢɪɦɵ 

Lechler) ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɚɫɯɨɞɚ ɜɨɞɵ ɦɟɧɹɟɬɫɹ ɢ ɲɢɪɢɧɚ ɪɚɫɤɪɵɬɢɹ ɮɚɤɟɥɚ 

ɮɨɪɫɭɧɤɢ, ɩɨɞɚɸɳɟɣ ɜɨɞɨ-ɜɨɡɞɭɲɧɭɸ ɫɦɟɫɶ. ɉɨ ɞɪɭɝɢɦ ɞɚɧɧɵɦ ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ 

ɤɨɧɢɱɟɫɤɨɝɨ ɮɚɤɟɥɚ ɞɥɹ ɤɚɠɞɨɣ ɮɨɪɫɭɧɤɢ ɬɨɱɧɨ ɢɡɜɟɫɬɟɧ, ɢ ɨɧ ɨɫɬɚɟɬɫɹ 

ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɵɦ ɩɪɢ ɥɸɛɵɯ ɪɚɫɯɨɞɚɯ ɢ ɞɚɜɥɟɧɢɹɯ [159]. Ɉɞɧɚɤɨ, ɜ 

ɥɸɛɨɦ ɫɥɭɱɚɟ, ɲɢɪɢɧɚ ɨɪɨɲɚɟɦɨɝɨ ɭɱɚɫɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɨɫɬɚёɬɫɹ 

ɩɨɫɬɨɹɧɧɨɣ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɭɱɚɫɬɨɤ ɨɝɪɚɧɢɱɢɜɚɸɬ ɨɩɨɪɧɨ-ɩɪɢɜɨɞɧɵɟ ɪɨɥɢɤɢ, 

ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɭɫɬɚɧɨɜɥɟɧɚ ɮɨɪɫɭɧɤɚ (ɪɢɫ. 6.15). ɉɪɢ ɷɬɨɦ ɱɚɫɬɶ ɜɨɞɨ-

ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɨɯɥɚɠɞɚɟɬ ɫɚɦɢ ɪɨɥɢɤɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ 

ɩɪɚɜɢɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɆɇɅɁ. 

 

Ɋɢɫɭɧɨɤ 6.15. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, 

ɩɨɞɚɜɚɟɦɨɣ ɮɨɪɫɭɧɤɨɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɫɥɢɬɤɚ: 

1 – ɮɨɪɫɭɧɤɚ; 2 – ɨɩɨɪɧɨ-ɩɪɢɜɨɞɧɵɟ ɪɨɥɢɤɢ; 3 – ɩɨɜɟɪɯɧɨɫɬɶ ɫɥɢɬɤɚ; 4 – 

ɭɱɚɫɬɨɤ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚɤɪɵɜɚɟɦɵɣ ɮɚɤɟɥɨɦ ɮɨɪɫɭɧɤɢ 
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ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɩɢɫɚɧɧɨɝɨ ɜɵɲɟ ɩɨɞɯɨɞɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɹɛɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ 

ɮɨɪɫɭɧɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɩɨɞɚɱɢ ɨɯɥɚɠɞɚɸɳɟɣ ɫɪɟɞɵ, ɫɨɜɦɟɫɬɧɨ ɫ 

ɩɨɞɯɨɞɚɦɢ ɩɨ ɱɢɫɥɟɧɧɨɦɭ ɪɟɲɟɧɢɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 

ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ [22] ɢ ɪɟɲɟɧɢɸ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɪɚɦɤɚɯ ɚɥɝɨɪɢɬɦɨɜ ɩɪɨɝɧɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ [116] ɩɨɡɜɨɥɢɥɨ 

ɫɨɡɞɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɥɹ ɢɡɭɱɟɧɢɹ ɬɟɩɥɨɜɨɣ ɪɚɛɨɬɵ ɁȼɈ ɫɥɹɛɨɜɨɣ 

ɆɇɅɁ, ɩɨɡɜɨɥɹɸɳɭɸ  ɜɵɱɢɫɥɹɬɶ ɪɚɫɯɨɞɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ 

ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɣ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɭɱɚɫɬɤɟ ɜɥɢɹɧɢɹ 

ɤɚɠɞɨɝɨ ɫɟɤɬɨɪɚ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɟɞɟɧɨ ɞɥɹ ɫɥɹɛɨɜ ɬɨɥɳɢɧɨɣ 250 ɦɦ ɢ ɲɢɪɢɧɨɣ 2 ɦɟɬɪɚ. 

ɉɪɢ ɷɬɨɦ ɁȼɈ ɩɪɢɧɹɬɚ ɫɨɫɬɨɹɳɟɣ ɢɡ ɞɟɜɹɬɢ ɫɟɤɬɨɪɨɜ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɞɥɢɧɚɦɢ L. 

 

ɋɟɤɬɨɪ …       1              2         3         4         5          6            7            8              9 

L , ɦ ……..  0,385    0,385     1,35    2,11     1,28      1,6       1,835      2,025        4,2 

 

Ɍɟɦɩ ɩɚɞɟɧɢɹ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɹɛɚ ɡɚɞɚɧ ɧɚ ɭɪɨɜɧɟ 

5°ɋ/ɦ (ɜ ɩɪɢɜɹɡɤɟ ɤ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɫɥɹɛɚ). ȿɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɩɪɢ ɪɚɡɧɵɯ 

ɫɤɨɪɨɫɬɹɯ ɪɚɡɥɢɜɤɢ ɞɚɠɟ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɡɧɚɱɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɥɹɛɚ ɜ ɩɪɢɜɹɡɤɟ ɤ ɦɚɲɢɧɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ, ɜɧɭɬɪɟɧɧɢɟ ɬɟɩɥɨɜɵɟ ɫɨɫɬɨɹɧɢɹ 

ɨɬɥɢɱɚɸɬɫɹ. ɇɚ ɪɢɫ. 6.16 ɢ 6.17 ɩɪɟɞɫɬɚɜɥɟɧɨ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɫɥɹɛɚ ɞɥɹ ɫɤɨɪɨɫɬɟɣ ɪɚɡɥɢɜɤɢ 1 ɢ 1,1 ɦ/ɦɢɧ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɇɟɨɛɯɨɞɢɦɵɟ 

ɪɚɫɯɨɞɵ ɜɨɞɵ ɩɨ ɫɟɤɬɨɪɚɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɩɪɢ ɩɨɦɨɳɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.1. 
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Ɍɚɛɥɢɰɚ 6.1. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɨɜ ɨɯɥɚɞɢɬɟɥɹ ɩɨ ɫɟɤɬɨɪɚɦ ɁȼɈ 

ɋɤɨɪɨɫɬɶ 
ɪɚɡɥɢɜɤɢ, ɦ/ɦɢɧ 

Ɋɚɫɯɨɞ ɜɨɞɵ ɩɨ ɫɟɤɬɨɪɚɦ ɁȼɈ, ɥ/ɦɢɧ 

1
1 

2
2 

3
3 

4
4 

5
5 

6
6 

7
7 

8
8 

9
9 

1,0  110 192 286 223 94 76 44 28 0 

1,1  217 228 351 300 134 123 88 76 67 

 

Ɋɢɫɭɧɨɤ 6.16. Ɍɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɫɥɹɛɚ ɩɪɢ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ 1,0 

ɦ/ɦɢɧ: 1 – ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ, 2 – ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5ɫɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ, 

3 – ɧɚ ɨɫɢ ɫɥɢɬɤɚ 
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Ɋɢɫɭɧɨɤ 6.17. Ɍɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɫɥɹɛɚ ɩɪɢ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ 1,1 ɦ/ɦɢɧ: 

1 – ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ, 2 – ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5ɫɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ, 3 – ɧɚ 

ɨɫɢ ɫɥɢɬɤɚ. 

 

Ⱥɛɫɨɥɸɬɧɵɟ ɜɟɥɢɱɢɧɵ ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɩɨ ɫɟɤɬɨɪɚɦ ɜ ɱɢɫɬɨɦ ɜɢɞɟ ɧɟ 

ɹɜɥɹɸɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɜɟɥɢɱɢɧɨɣ ɞɥɹ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ 

ɩɨɦɨɳɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɬɚɤ ɤɚɤ ɞɚɠɟ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɣ ɫɟɪɢɢ ɪɚɡɥɢɜɤɢ 

ɜɨɡɦɨɠɧɵ ɫɢɬɭɚɰɢɢ ɫ ɫɭɳɟɫɬɜɟɧɧɵɦ ɜɚɪɶɢɪɨɜɚɧɢɟɦ ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ. Ʉɪɨɦɟ 

ɬɨɝɨ ɷɬɢ ɜɟɥɢɱɢɧɵ ɦɨɝɭɬ ɛɵɬɶ ɫɨɩɨɫɬɚɜɥɟɧɵ ɬɨɥɶɤɨ ɞɥɹ ɫɥɭɱɚɟɜ ɪɚɡɥɢɜɤɢ ɫɥɹɛɨɜ 

ɫ ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ.  

Ȼɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɜɟɥɢɱɢɧɨɣ ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɣ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ 

ɨɯɥɚɞɢɬɟɥɹ gΣ. Ɉɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɷɬɚ ɜɟɥɢɱɢɧɚ ɜ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɪɨɩɨɪɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɚ ɦɟɠɞɭ ɫɟɤɬɨɪɚɦɢ, ɱɢɫɥɨ ɤɨɬɨɪɵɯ ɦɨɠɟɬ 

ɛɵɬɶ ɢ ɛɨɥɟɟ ɞɟɫɹɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɦɨɠɧɚ ɫɢɬɭɚɰɢɹ, ɤɨɝɞɚ ɩɪɢ ɨɞɧɨɦ ɢ ɬɨɦ 

ɠɟ gΣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɯɥɚɠɞɟɧɢɹ ɩɨ ɫɟɤɬɨɪɚɦ ɪɚɡɧɵɯ ɆɇɅɁ ɛɭɞɭɬ ɫɭɳɟɫɬɜɟɧɧɨ 

ɨɬɥɢɱɚɬɶɫɹ.  

ȼ ɩɪɚɤɬɢɤɟ ɪɹɞɚ ɩɪɟɞɩɪɢɹɬɢɣ, ɧɚ ɤɨɬɨɪɵɯ ɞɟɣɫɬɜɭɸɬ ɆɇɅɁ, ɜɜɟɞɟɧɚ 

ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɨɯɥɚɞɢɬɟɥɹ ɧɚ ɫɟɤɬɨɪ gi. ɉɪɢ ɷɬɨɦ ɞɥɹ ɭɞɟɥɶɧɵɯ 

ɪɚɫɯɨɞɨɜ ɨɯɥɚɞɢɬɟɥɹ ɧɚ ɫɟɤɬɨɪɚ ɢ ɩɨɥɧɨɝɨ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɨɯɥɚɞɢɬɟɥɹ 

ɜɵɩɨɥɧɹɟɬɫɹ ɫɥɟɞɭɸɳɟɟ ɫɨɨɬɧɨɲɟɧɢɟ: 
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


 
n

1i

igg ,     (6.18) 

ɝɞɟ n – ɱɢɫɥɨ ɫɟɤɬɨɪɨɜ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 

ɋɪɚɜɧɟɧɢɟ ɜɟɥɢɱɢɧ gi ɞɥɹ ɨɞɧɨɢɦɟɧɧɵɯ ɫɟɤɬɨɪɨɜ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɆɇɅɁ 

ɩɨɡɜɨɥɹɟɬ ɫɪɚɜɧɢɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɵɟ ɪɟɠɢɦɵ ɪɚɡɥɢɜɤɢ ɢ 

ɜɵɛɢɪɚɬɶ ɩɚɪɚɦɟɬɪɵ ɨɯɥɚɠɞɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɞɨɫɬɢɝɚɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫɥɹɛɚ ɩɨ ɞɥɢɧɟ ɁȼɈ. 

ȼ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɪɚɜɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɨɝɨ 

ɪɟɠɢɦɚ ɪɚɡɥɢɱɧɵɯ ɆɇɅɁ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɟɥɢɱɢɧ gi ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ 

ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɩɪɢ ɫɭɳɟɫɬɜɟɧɧɵɯ ɨɬɥɢɱɢɹɯ ɜ ɞɥɢɧɚɯ ɫɟɤɬɨɪɨɜ ɢ ɢɯ ɱɢɫɥɟ. Ⱦɥɹ 

ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɧɚɦɢ ɩɪɟɞɥɨɠɟɧɨ ɜɜɟɫɬɢ ɬɚɤɭɸ ɜɟɥɢɱɢɧɭ ɤɚɤ ɭɞɟɥɶɧɵɣ 

ɪɚɫɯɨɞ ɨɯɥɚɞɢɬɟɥɹ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɫɟɤɬɨɪɚ gi
ɭɞ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

ɨɬɧɨɲɟɧɢɟ gi ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɞɥɢɧɟ ɫɟɤɬɨɪɚ li. 

ɇɚɢɛɨɥɟɟ ɩɨɥɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɬɟɩɥɨɜɨɣ ɪɚɛɨɬɟ ɫɟɤɬɨɪɚ ɁȼɈ ɦɨɠɟɬ ɛɵɬɶ 

ɜɵɧɟɫɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɚɤɨɣ ɜɟɥɢɱɢɧɵ ɤɚɤ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɬɟɩɥɨɨɬɞɚɱɢ, ɬɚɤ ɤɚɤ ɢɦɟɧɧɨ ɷɬɚ ɜɟɥɢɱɢɧɚ ɨɩɪɟɞɟɥɹɟɬ ɨɬɜɨɞɢɦɨɟ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ 

ɦɟɬɚɥɥɚ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɬɚɤɢɟ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɚɤ 

ɞɚɜɥɟɧɢɟ ɢ ɪɚɫɯɨɞ ɨɯɥɚɞɢɬɟɥɹ, ɟɝɨ ɫɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɨɪɫɭɧɤɢ, 

ɞɢɚɦɟɬɪ ɮɚɤɟɥɚ ɢ ɬ.ɞ. ɨɩɪɟɞɟɥɹɸɬ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ.  

Ⱦɥɹ ɜɡɚɢɦɧɨɝɨ ɩɟɪɟɫɱɟɬɚ ɜɟɥɢɱɢɧ gf, gi, gi, G ɧɚɦɢ ɫɨɫɬɚɜɥɟɧ ɩɨɥɧɵɣ ɧɚɛɨɪ 

ɪɚɫɱɟɬɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɩɪɢɜɟɞɟɧɧɵɣ ɜ ɬɚɛɥ. 2. ȿɟ ɩɪɢɧɰɢɩ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ  ɬɨɦ, ɱɬɨ ɧɚ ɩɟɪɟɫɟɱɟɧɢɢ ɫɬɪɨɤɢ ɫ ɨɩɪɟɞɟɥɹɟɦɨɣ ɜɟɥɢɱɢɧɨɣ ɢ 

ɫɬɨɥɛɰɚ ɫ ɜɟɥɢɱɢɧɨɣ-ɚɪɝɭɦɟɧɬɨɦ ɧɚɯɨɞɢɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɪɚɫɱɟɬɧɚɹ 

ɡɚɜɢɫɢɦɨɫɬɶ.  
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Ɍɚɛɥɢɰɚ 6.2. Ɂɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɜɡɚɢɦɧɨɝɨ ɩɟɪɟɫɱɟɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɁȼɈ 

Ɉɩɪɟɞɟɥɹɟɦɚɹ  
ɜɟɥɢɱɢɧɚ 

Ⱥɪɝɭɦɟɧɬ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɫɤɨɦɨɣ ɜɟɥɢɱɢɧɵ 

gf, ɦ3/(ɦ2ɱ) gi, ɥ/ɤɝ gi
ɭɞ, ɥ/(ɤɝ·ɦ) G, ɥ/ɦɢɧ 

gf, ɦ3/(ɦ2ɱ) gf l2

vag

1000

60 i






 

 vag
2000

60 i

 
lb2

G

1000

60




 

gi, ɥ/ɤɝ 




va

l2g

60

1000 f

 
gi lgi

ɭɞ    vba

G

 

gi
ɭɞ, ɥ/(ɤɝ·ɦ) 

 





va

2g

60

1000 f

 
l/gi
 

gi
ɭɞ 

lvba

G

  

 
G, ɥ/ɦɢɧ 

lb2g
60

1000
f 

 
vbagi   vbalgi   

G 

ɨɛɨɡɧɚɱɟɧɨ: v – ɫɤɨɪɨɫɬɶ ɪɚɡɥɢɜɤɢ, ɦ/ɦɢɧ; l – ɞɥɢɧɚ ɢɡɭɱɚɟɦɨɝɨ ɫɟɤɬɨɪɚ, ɦ. 
 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ gf ɢɥɢ 

G ɩɪɢ ɩɨɦɨɳɢ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɮɨɪɫɭɧɨɤ. 

ɉɪɟɞɥɨɠɟɧɨ ɜɵɞɟɥɢɬɶ ɞɥɹ ɜɟɥɢɱɢɧ gf, gi, gi
ɭɞ, G, α ɤɚɠɞɨɝɨ ɫɟɤɬɨɪɚ ɫɜɨɢ 

ɥɢɧɢɢ ɬɪɟɧɞɚ, ɱɬɨɛɵ ɜ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɬɟɯɧɨɥɨɝɢ ɢɥɢ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɦɨɝɥɢ 

ɩɨɥɭɱɢɬɶ ɢɫɱɟɪɩɵɜɚɸɳɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɪɟɠɢɦɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜ 

ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɹɯ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɟɪɟɫɱɟɬɨɜ. 

Ⱦɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɪɚɫɲɢɪɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ  

ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɩɨɦɨɳɢ ɫɨɡɞɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 

ɪɚɫɩɪɟɞɟɥɟɧɢɹɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɬɚɛɥ. 6.1, ɧɚ ɪɢɫ. 

6.18 ɫɨɩɨɫɬɚɜɥɟɧɵ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ gf, gi, gi
ɭɞ  
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Ɋɢɫɭɧɨɤ 6.18. Ɂɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɩɨ ɫɟɤɬɨɪɚɦ 

ɁȼɈ ɞɥɹ ɫɤɨɪɨɫɬɟɣ ɪɚɡɥɢɜɤɢ 1ɦ/ɦɢɧ (ɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ) ɢ 1,1 ɦ/ɦɢɧ (ɛɨɥɶɲɢɟ 

ɡɧɚɱɟɧɢɹ) ɚ – ɩɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ; ɛ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɨɯɥɚɞɢɬɟɥɹ; ɜ – ɭɞɟɥɶɧɵɣ 

ɪɚɫɯɨɞ ɨɯɥɚɞɢɬɟɥɹ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɫɟɤɬɨɪɚ 

 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɩɚɪɚɦɟɬɪɨɜ ɨɯɥɚɠɞɟɧɢɹ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɜɨɞɚ ɬɟɩɥɚ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɞɨɥɠɧɚ ɫɧɢɠɚɬɶɫɹ ɩɨ 

ɞɥɢɧɟ ɁȼɈ. Ɂɚɤɨɧ ɫɧɢɠɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɟɩɥɨɨɬɜɨɞɚ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧ 
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ɧɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɩɪɢ ɩɨɦɨɳɢ ɫɨɡɞɚɧɧɨɣ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ȼɚɠɧɨ ɨɩɪɟɞɟɥɢɬɶɫɹ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɚɤɢɯ ɜɟɥɢɱɢɧ 

ɭɞɨɛɧɨ ɫɪɚɜɧɢɜɚɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɟ ɩɪɢ ɩɨɦɨɳɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɫ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɪɟɠɢɦɚɦɢ 

ɨɯɥɚɠɞɟɧɢɹ (ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɜɤɥɸɱɟɧɧɵɦ ɜ ɋȺɍ ɷɦɩɢɪɢɱɟɫɤɢɦ 

ɡɚɜɢɫɢɦɨɫɬɹɦ ɢɥɢ ɨɩɵɬɭ ɭɩɪɚɜɥɟɧɢɹ ɜ ɪɭɱɧɨɦ ɪɟɠɢɦɟ).  

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 6.18, ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ ɫɟɤɬɨɪ gi  ɤɚɤ 

ɫɨɛɫɬɜɟɧɧɨ ɢ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɟ ɹɜɥɹɸɬɫɹ ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɵɦɢ 

ɜɟɥɢɱɢɧɚɦɢ ɞɥɹ ɚɧɚɥɢɡɚ ɩɚɪɚɦɟɬɪɨɜ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢ ɢɯ ɜɵɛɨɪɚ ɜ 

ɪɭɱɧɨɦ ɪɟɠɢɦɟ, ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ ɦɨɠɟɬ ɛɵɬɶ ɧɚɪɭɲɟɧ ɩɪɢɧɰɢɩ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɫɧɢɠɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ. 

ɉɪɢɱɢɧɚ ɷɬɨɦɭ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɫɟɤɬɨɪɚ ɁȼɈ ɢɦɟɸɬ ɪɚɡɥɢɱɧɭɸ 

ɞɥɢɧɭ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɨɥɶɲɟɟ (ɦɟɧɶɲɟɟ) ɡɧɚɱɟɧɢɟ G ɢɥɢ gi ɞɥɹ ɤɚɤɨɝɨ-ɥɢɛɨ 

ɫɟɤɬɨɪɚ ɧɟ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɜ ɧɟɦ 

ɛɭɞɟɬ ɛɨɥɶɲɟ (ɦɟɧɶɲɟ), ɱɟɦ ɜ ɫɟɤɬɨɪɟ, ɫ ɤɨɬɨɪɵɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɪɚɜɧɟɧɢɟ. 

Ⱦɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɚɧɚɥɢɡɚ ɢ ɫɪɚɜɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɬɨɪɢɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɢɦɢ ɜ ɪɭɱɧɨɦ ɪɟɠɢɦɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɟɥɢɱɢɧɵ gf, 

gi
ɭɞ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɜ ɫɟɤɬɨɪɟ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɟɝɨ 

ɞɥɢɧɵ. ɉɪɢ ɢɯ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɪɚɫɯɨɞɚɦ ɜɨɞɵ ɧɚ ɫɟɤɬɨɪɚ, ɩɨɥɭɱɟɧɧɵɦ ɩɪɢ 

ɩɨɦɨɳɢ ɫɨɡɞɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɩɨɥɭɱɚɟɦ ɪɹɞ ɜɟɥɢɱɢɧ, ɭɛɵɜɚɸɳɢɣ 

ɩɨ ɩɚɪɚɛɨɥɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ.  

Ɉɫɨɛɟɧɧɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɣ ɪɚɛɨɬɵ ɁȼɈ 

ɪɚɡɥɢɱɧɵɯ ɆɇɅɁ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɫɬɭɩɟɧɱɚɬɵɯ ɮɭɧɤɰɢɣ gi
ɭɞ(l) ɩɨ ɜɫɟɣ 

ɞɥɢɧɟ ɁȼɈ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɪɚɜɧɟɧɢɟ ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɧɟ ɬɨɥɶɤɨ 

ɞɥɹ ɪɚɡɧɵɯ ɞɥɢɧ ɫɟɤɬɨɪɨɜ, ɧɨ ɢ ɞɥɹ ɫɥɹɛɨɜ ɪɚɡɧɨɣ ɝɟɨɦɟɬɪɢɢ. 
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6.4. ȼɵɜɨɞɵ  

 

ɍɩɪɚɜɥɟɧɢɟ ɜɬɨɪɢɱɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɫɥɢɬɤɚ ɋȺɍ ɆɇɅɁ ɩɨ ɫɪɟɞɧɟɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ ɧɚ ɭɱɚɫɬɤɚɯ ɜɥɢɹɧɢɹ ɫɟɤɰɢɣ ɁȼɈ ɢɦɟɟɬ 

ɫɭɳɟɫɬɜɟɧɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɩɪɚɜɥɟɧɢɟɦ ɩɨ ɞɪɭɝɢɦ 

ɪɚɫɫɦɨɬɪɟɧɧɵɦ ɱɢɫɥɨɜɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɢɧɬɟɝɪɚɥɶɧɨ-

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɤɪɢɬɟɪɢɹɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ ɆɇɅɁ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ 

ɭɱɚɫɬɨɤ ɜɥɢɹɧɢɹ ɫɟɤɰɢɢ ɁȼɈ ɧɟ ɫɨɜɩɚɞɚɟɬ ɫ ɝɪɚɧɢɰɚɦɢ ɫɟɤɰɢɢ, ɩɪɢɱɟɦ ɭɱɚɫɬɤɢ 

ɜɥɢɹɧɢɹ ɫɨɫɟɞɧɢɯ ɫɟɤɰɢɣ ɱɚɫɬɢɱɧɨ ɩɟɪɟɫɟɤɚɸɬɫɹ.  

Ƚɪɚɧɢɰɵ ɭɱɚɫɬɤɨɜ ɜɥɢɹɧɢɹ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɩɨ ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ, ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɩɪɢɜɟɞɟɧɚ ɜ ɞɚɧɧɨɣ 

ɪɚɛɨɬɟ. 

Ɇɟɬɨɞ ɩɪɨɝɧɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɪɚɫɯɨɞɨɦ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɡɨɧɟ 

ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɬɨɱɧɵɦ ɢ ɷɮɮɟɤɬɢɜɧɵɦ. ȿɝɨ 

ɩɪɟɢɦɭɳɟɫɬɜɚ: ɜɨɡɦɨɠɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɫɬɪɨɝɨɝɨ ɫɨɛɥɸɞɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɪɟɠɢɦɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ, ɜɨɡɦɨɠɧɨɫɬɶ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ 

ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɆɇɅɁ ɢ ɪɚɡɪɚɛɨɬɤɢ ɋȺɍ ɜɬɨɪɢɱɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ. Ʉ ɟɝɨ 

ɩɪɨɛɥɟɦɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɫɥɨɠɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 

ɫɥɨɠɧɨɫɬɶ ɤɚɥɢɛɪɨɜɤɢ ɦɨɞɟɥɢ ɢ ɡɚɞɚɱɭ ɨɛɟɫɩɟɱɟɧɢɹ ɬɚɤɨɣ ɫɤɨɪɨɫɬɢ ɪɚɫɱɟɬɨɜ ɩɨ 

ɦɨɞɟɥɢ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɚɥɝɨɪɢɬɦɭ ɩɪɨɝɧɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜ 

ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 

ɋɨɡɞɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɥɹ ɢɡɭɱɟɧɢɹ ɬɟɩɥɨɜɨɣ ɪɚɛɨɬɵ ɁȼɈ 

ɫɥɹɛɨɜɵɯ ɆɇɅɁ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɨɯɥɚɠɞɟɧɢɹ ɩɨ ɫɟɤɬɨɪɚɦ ɁȼɈ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɝɨ ɡɚɤɨɧɚ 

ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɥɹɛɚ ɢ ɁȼɈ, ɫɤɨɪɨɫɬɢ ɪɚɡɥɢɜɤɢ ɢ ɩɚɪɚɦɟɬɪɨɜ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɮɨɪɫɭɧɨɤ. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɫɟɤɬɨɪɚ ɁȼɈ ɩɪɢ ɩɨɦɨɳɢ ɫɨɡɞɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɥɹ 
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ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɟɣ ɪɚɡɥɢɜɤɢ, ɚ ɢɯ ɨɛɪɚɛɨɬɤɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ 

ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ ɷɦɩɢɪɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɧɚ 

ɫɟɤɬɨɪ ɜ ɪɚɦɤɚɯ ɫɢɫɬɟɦ Ⱥɋɍ Ɍɉ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɩɪɢ ɩɨɦɨɳɢ ɫɨɡɞɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜ ɁȼɈ, 

ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɨɱɟɬɚɧɢɣ ɚɪɝɭɦɟɧɬɨɜ, ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɚɧɚɥɢɡɚ ɩɚɪɚɦɟɬɪɨɜ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢ ɩɪɢ ɭɩɪɚɜɥɟɧɢɹ ɢɦɢ ɜ ɪɭɱɧɨɦ 

ɪɟɠɢɦɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɚɤɢɯ ɜɟɥɢɱɢɧ ɤɚɤ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ 

ɫɟɤɬɨɪɚ ɢɥɢ ɩɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ. 

Ɉɛɨɫɧɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɣ ɪɚɛɨɬɵ ɁȼɈ ɪɚɡɥɢɱɧɵɯ 

ɫɥɹɛɨɜɵɯ ɆɇɅɁ ɧɚ ɛɚɡɟ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɫɬɭɩɟɧɱɚɬɵɯ ɮɭɧɤɰɢɣ gi
ɭɞ(l) ɩɨ ɜɫɟɣ ɞɥɢɧɟ 

ɁȼɈ. 
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ȽɅȺȼȺ 7 

 

ɂɋɋɅȿȾɈȼȺɇɂȿ ȼɅɂəɇɂə ɌȿɉɅɈȼЫɏ ɉɊɈɐȿɋɋɈȼ ɇȺ 

ɎɈɊɆɂɊɈȼȺɇɂȿ ɆȺɄɊɈɋɌɊɍɄɌɍɊЫ ɇȿɉɊȿɊЫȼɇɈȽɈ ɋɅɂɌɄȺ 

 

 

 ȼ ɝɥɚɜɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɨɝɧɨɡɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɩɪɨɰɟɫɫɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɤɪɨɫɬɪɭɤɬɭɪɵ ɧɟɩɪɟɪɵɜɧɵɯ ɫɥɢɬɤɨɜ. ȼ ɩɟɪɜɨɦ 

ɩɚɪɚɝɪɚɮɟ ɩɪɨɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɥɢɹɧɢɹ 

ɞɢɧɚɦɢɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɦɚɫɫɢɜɧɨɝɨ ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɦɚɤɪɨɫɬɪɭɤɬɭɪ. ȼɨ ɜɬɨɪɨɦ ɩɚɪɚɝɪɚɮɟ ɜɵɩɨɥɧɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɦɚɫɫɢɜɧɨɝɨ ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ. Ɍɪɟɬɢɣ 

ɩɚɪɚɝɪɚɮ ɩɨɫɜɹɳɟɧ ɩɪɨɝɧɨɡɧɨɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɫɬɪɭɤɬɭɪɵ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɫɥɢɬɤɚ. ȼ ɱɟɬɜёɪɬɨɦ ɩɚɪɚɝɪɚɮɟ ɜɵɩɨɥɧɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɨɫɨɛɟɧɧɨɫɬɟɣ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɫɬɚɥɶɧɨɝɨ ɢ ɥɚɬɭɧɧɨɝɨ ɫɥɢɬɤɨɜ. ȼ ɩɹɬɨɦ ɩɚɪɚɝɪɚɮɟ 

ɢɡɥɚɝɚɟɬɫɹ ɦɟɬɨɞɢɤɚ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ ɜ 

ɦɚɫɫɢɜɧɨɦ ɥɚɬɭɧɧɨɦ ɫɥɢɬɤɟ. ȼ ɲɟɫɬɨɦ ɩɚɪɚɝɪɚɮɟ ɢɫɫɥɟɞɭɟɬɫɹ ɜɥɢɹɧɢɟ 

ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɪɢɬɟɪɢɹ ɉɟɤɥɟ ɧɚ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ. 

ȼ ɫɟɞɶɦɨɦ ɢɡɭɱɚɟɬɫɹ ɜɥɢɹɧɢɟ ɬɟɪɦɚɥɶɧɨɝɨ ɤɪɢɬɟɪɢɹ ɉɟɤɥɟ ɧɚ ɩɪɨɰɟɫɫ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɥɚɬɭɧɧɨɦ ɫɥɢɬɤɟ. ȼɨɫɶɦɨɣ 

ɩɚɪɚɝɪɚɮ ɫɨɞɟɪɠɢɬ ɜɵɜɨɞɵ ɩɨ ɝɥɚɜɟ. 

 

 

7.1. ɋɬɪɭɤɬɭɪɧɵɟ ɡɨɧɵ ɦɚɫɫɢɜɧɨɝɨ ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ 

 

Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɧɚ ɛɚɡɟ ɦɚɫɫɢɜɧɨɝɨ 

ɤɭɡɧɟɱɧɨɝɨ ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ. ȼ ɟɝɨ ɫɟɱɟɧɢɹɯ ɜɵɹɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɬɢɩɵ 

ɫɬɪɭɤɬɭɪ: ɫɬɨɥɛɱɚɬɵɟ ɤɪɢɫɬɚɥɥɵ, ɫɦɟɲɚɧɧɵɟ ɡɨɧɵ, ɫɨɞɟɪɠɚɳɢɟ ɫɬɨɥɛɱɚɬɵɟ ɢ 

ɪɚɜɧɨɨɫɧɵɟ ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɤɪɢɫɬɚɥɥɵ, ɢ ɡɨɧɵ, ɫɨɞɟɪɠɚɳɢɟ ɬɨɥɶɤɨ 
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ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɪɚɜɧɨɨɫɧɵɟ ɤɪɢɫɬɚɥɥɵ. Эɬɢ ɡɨɧɵ ɦɨɝɭɬ ɛɵɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢ 

ɫɩɪɨɝɧɨɡɢɪɨɜɚɧɵ ɱɢɫɥɟɧɧɵɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ. Ⱦɥɹ ɡɚɬɜɟɪɞɟɜɚɸɳɟɝɨ ɦɚɫɫɢɜɧɨɝɨ 

ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ ɫɦɨɞɟɥɢɪɨɜɚɧɵ ɛɵɥɢ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ, ɬɚɤ ɢ ɩɨɥɟ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ.  Ⱦɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɫɤɨɪɨɫɬɢ ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ 

ɥɢɤɜɢɞɭɫ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɡɨɧɚ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɧɚɱɢɧɚɟɬ ɢɫɱɟɡɚɬɶ ɩɪɢ 

ɩɟɪɜɨɦ ɩɟɪɟɝɢɛɟ ɮɭɧɤɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɡɨɧɚ, ɫɨɞɟɪɠɚɳɚɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ 

ɪɚɜɧɨɨɫɧɵɟ ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɤɪɢɫɬɚɥɥɵ, ɧɚɱɢɧɚɟɬ ɮɨɪɦɢɪɨɜɚɬɶɫɹ ɜ ɬɨɱɤɟ 

ɜɬɨɪɨɝɨ ɩɟɪɟɝɢɛɚ ɮɭɧɤɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɫɥɭɱɚɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 

ɧɚɛɥɸɞɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɫɬɪɭɤɬɭɪɵ: ɚ) ɫɬɨɥɛɱɚɬɚɹ, ɛ) ɫɬɨɥɛɱɚɬɚɹ, ɩɟɪɟɯɨɞɧɚɹ ɨɬ 

ɫɬɨɥɛɱɚɬɵɯ ɤ ɪɚɜɧɨɨɫɧɵɦ (ɋȿɌ - columnar into equiaxed transition) ɢ ɪɚɜɧɨɨɫɧɚɹ; 

ɫ) ɫɬɨɥɛɱɚɬɚɹ ɢ ɦɨɧɨɤɪɢɫɬɚɥɥ ɜɞɨɥɶ ɨɫɢ ɫɥɢɬɤɚ.  

Ⱦɚɥɟɟ ɩɟɪɟɯɨɞ ɨɬ ɡɨɧɵ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɤ ɡɨɧɟ ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ 

ɪɚɜɧɨɨɫɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ, ɤɚɤ ɨɛɳɟɩɪɢɧɹɬɨ ɜ ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ, 

ɋȿɌ (columnar into equiaxed transition). ɋȿɌ ɦɨɠɟɬ ɛɵɬɶ ɪɟɡɤɢɦ ɢɥɢ ɩɨɫɬɟɩɟɧɧɵɦ. 

ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɋȿɌ ɡɚɧɢɦɚɟɬ ɧɟɤɨɬɨɪɭɸ ɡɨɧɭ, ɤɨɬɨɪɚɹ ɡɚɩɨɥɧɟɧɚ ɫɦɟɫɶɸ 

ɫɬɨɥɛɱɚɬɵɯ ɢ ɪɚɜɧɨɨɫɧɵɯ ɤɪɢɫɬɚɥɥɨɜ. 

Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɯ ɢ ɜɚɠɧɵɯ ɡɚɞɚɱ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɟё ɮɢɡɢɱɟɫɤɨɣ ɨɞɧɨɪɨɞɧɨɫɬɢ. 

Ɉɞɧɚɤɨ ɩɨɥɭɱɟɧɢɟ ɨɞɧɨɪɨɞɧɨɝɨ ɫɥɢɬɤɚ ɡɚɬɪɭɞɧɟɧɨ ɜɫɥɟɞɫɬɜɢɟ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɣ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɪɚɡɧɵɯ ɡɨɧɚɯ, ɭɫɚɞɤɢ, ɥɢɤɜɚɰɢɢ ɩɪɢɦɟɫɟɣ, ɮɨɪɦɵ ɫɟɱɟɧɢɹ ɢ 

ɪɚɡɦɟɪɨɜ ɫɥɢɬɤɚ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ 

ɜɵɫɬɭɩɚɟɬ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ. 

ɋɥɢɬɨɤ ɦɨɠɟɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɡɨɧɵ. ȼ ɩɟɪɜɵɟ ɦɨɦɟɧɬɵ 

ɤɚɫɚɧɢɹ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɩɪɨɢɫɯɨɞɢɬ ɨɱɟɧɶ 

ɛɵɫɬɪɨɟ, ɩɪɚɤɬɢɱɟɫɤɢ ɦɝɧɨɜɟɧɧɨɟ ɢ ɝɥɭɛɨɤɨɟ ɩɟɪɟɨɯɥɚɠɞɟɧɢɟ ɪɚɫɩɥɚɜɚ ɧɢɠɟ 

ɬɨɱɤɢ ɥɢɤɜɢɞɭɫɚ ɢ ɮɨɪɦɢɪɭɟɬɫɹ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɡɚɪɨɞɵɲɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, 

ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɪɚɫɬɭɬ, ɦɟɲɚɹ ɞɪɭɝ ɞɪɭɝɭ ɢ ɨɛɪɚɡɭɹ ɦɧɨɠɟɫɬɜɨ ɦɟɥɤɢɯ 

ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɪɚɜɧɨɨɫɧɵɯ ɤɪɢɫɬɚɥɥɨɜ. Ɍɚɤ ɨɛɪɚɡɭɟɬɫɹ ɜɧɟɲɧɢɣ ɫɥɨɣ 

ɫɥɢɬɤɚ, ɧɚɡɵɜɚɟɦɵɣ ɤɨɪɤɨɜɨɣ ɡɨɧɨɣ (ɩɟɪɜɚɹ ɡɨɧɚ ɫɥɢɬɤɚ). Ʉɨɝɞɚ ɩɟɪɟɨɯɥɚɠɞɟɧɢɟ 

ɠɢɞɤɨɫɬɢ ɜɛɥɢɡɢ ɮɪɨɧɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɚɧɨɜɢɬɫɹ ɛɥɢɡɤɢɦ ɤ ɧɭɥɸ, ɧɨɜɵɟ 
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ɡɚɪɨɞɵɲɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɭɠɟ ɧɟ ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ, ɧɨ ɩɪɨɞɨɥɠɚɟɬɫɹ ɪɨɫɬ 

ɬɟɯ ɤɪɢɫɬɚɥɥɨɜ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɨɜɵɜɚɥɢɫɶ ɪɚɧɶɲɟ. ȼɨɨɛɳɟ ɝɨɜɨɪɹ, ɨɧɢ ɦɨɝɭɬ ɪɚɫɬɢ 

ɜ ɩɪɨɢɡɜɨɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɨɞɧɚɤɨ, ɭ ɬɟɯ ɤɪɢɫɬɚɥɥɨɜ, ɤɨɬɨɪɵɟ ɪɚɫɬɭɬ ɩɨɞ 

ɩɪɨɢɡɜɨɥɶɧɵɦ ɭɝɥɨɦ ɤ ɫɬɟɧɤɟ, ɫɤɨɪɨɫɬɶ ɨɬɜɨɞɚ ɬɟɩɥɨɬɵ ɦɟɧɶɲɟ, ɱɟɦ ɫɤɨɪɨɫɬɶ 

ɨɬɜɨɞɚ ɬɟɩɥɚ ɨɬ ɤɪɢɫɬɚɥɥɨɜ, ɪɚɫɬɭɳɢɯ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɫɬɟɧɤɟ. Эɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 

ɬɟɦ, ɱɬɨ ɞɥɢɧɚ ɩɭɬɢ ɬɟɩɥɨɨɬɜɨɞɚ ɩɨ ɨɫɢ ɤɪɢɫɬɚɥɥɨɜ, ɪɚɫɬɭɳɢɯ ɧɚɤɥɨɧɧɨ ɤ ɫɬɟɧɤɟ 

ɛɨɥɶɲɟ, ɱɟɦ ɭ ɪɚɫɬɭɳɢɯ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɧɟɣ. ɉɨɷɬɨɦɭ ɧɚɤɥɨɧɧɵɟ ɤɪɢɫɬɚɥɥɵ 

ɪɚɫɬɭɬ ɦɟɞɥɟɧɧɨ ɢ ɩɨɫɬɟɩɟɧɧɨ ɜɵɤɥɢɧɢɜɚɸɬɫɹ ɛɵɫɬɪɨɪɚɫɬɭɳɢɦɢ ɤɪɢɫɬɚɥɥɚɦɢ, 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ ɨɬɜɨɞɚ ɬɟɩɥɚ. Ɍɚɤ ɨɛɪɚɡɭɟɬɫɹ ɫɥɨɣ 

ɤɪɭɩɧɵɯ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ, ɧɚɡɵɜɚɟɦɵɯ ɫɬɨɥɛɱɚɬɵɦɢ (ɜɬɨɪɚɹ ɡɨɧɚ 

ɫɥɢɬɤɚ). 

Ⱦɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɫɦɨɬɪɟɧɵ ɞɜɚ ɨɫɧɨɜɧɵɯ ɷɬɚɩɚ: 

ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚɱɚɥɨ ɪɚɡɥɢɜɤɢ, ɢ ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ 

ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɣ ɪɟɠɢɦ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɧɚɱɚɥɚ 

ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɡɥɢɜɤɟ ɜ ɢɡɥɨɠɧɢɰɭ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɤɨɬɨɪɨɟ ɫɪɚɜɧɟɧɢɟ ɦɟɠɞɭ ɩɪɨɰɟɫɫɚɦɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

ɫɬɚɬɢɱɧɨɝɨ ɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɨɜ ɫɩɪɚɜɟɞɥɢɜɨ.  

ȼ [336] ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɢɧɚɦɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ 

ɨɩɟɪɚɰɢɨɧɧɨɣ ɬɨɱɤɟ, ɤɨɬɨɪɚɹ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɫɬɟɧɤɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɩɨɫɪɟɞɢɧɟ 

ɦɟɠɞɭ ɜɧɟɲɧɟɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɹɦɢ, ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɤɨɬɨɪɨɣ 

ɢɡɦɟɪɹɟɬɫɹ. 

 ɉɨɥɭɱɟɧɧɵɣ ɞɥɹ ɷɬɨɣ ɬɨɱɤɢ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ, ɤɚɤ ɜɵɱɢɫɥɟɧɧɵɣ, ɬɚɤ 

ɢ ɢɡɦɟɪɟɧɧɵɣ, ɞɨɥɠɟɧ ɫ ɧɟɤɨɬɨɪɵɦ ɡɚɩɚɡɞɵɜɚɧɢɟɦ ɨɬɪɚɠɚɬɶ ɩɟɪɟɯɨɞ ɨɬ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɨɧɵ ɤɪɭɩɧɵɯ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ (columnar) ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ 

ɡɨɧɵ ɤɪɭɩɧɵɯ ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɪɚɜɧɨɨɫɧɵɯ ɤɪɢɫɬɚɥɥɨɜ (equiaxed), ɤɨɬɨɪɵɣ 

ɩɪɨɢɫɯɨɞɢɬ ɜ ɤɪɢɫɬɚɥɥɢɡɭɸɳɟɣɫɹ ɡɚɝɨɬɨɜɤɟ. Эɬɨɬ ɩɪɨɮɢɥɶ ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɟ 

ɯɚɪɚɤɬɟɪɧɵɟ ɩɟɪɟɥɨɦɧɵɟ ɦɨɦɟɧɬɵ. ɋɥɟɞɭɟɬ ɨɠɢɞɚɬɶ, ɱɬɨ ɷɬɢ ɨɫɨɛɟɧɧɨɫɬɢ 

ɩɨɹɜɹɬɫɹ ɫ ɨɩɪɟɞɟɥёɧɧɨɣ ɜɪɟɦɟɧɧɨɣ ɡɚɞɟɪɠɤɨɣ ɢ ɞɥɹ ɢɞɟɧɬɢɱɧɵɯ ɩɟɪɢɨɞɨɜ 

ɜɪɟɦɟɧɢ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɫɜɨɣɫɬɜ ɪɚɡɥɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ, ɜ ɚɧɚɥɨɝɢɱɧɵɯ ɪɚɫɱёɬɧɵɯ 

ɬɨɱɤɚɯ. ȼ ɱɚɫɬɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ ɨɬɪɚɡɢɬ ɩɟɪɟɯɨɞ 
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ɨɬ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɪɚɜɧɨɨɫɧɵɯ 

ɤɪɢɫɬɚɥɥɨɜ (CET – columnar to equiaxed transition). 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɛɨɥɶɲɨɝɨ ɤɭɡɧɟɱɧɨɝɨ 

ɫɥɢɬɤɚ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 7.1 ɢ 7.2.  ɇɚ ɪɢɫ. 7.1 ɩɨɤɚɡɚɧɵ ɫɬɨɥɛɱɚɬɵɟ ɤɪɢɫɬɚɥɥɵ, ɧɚ 

ɪɢɫ. 7.2 ɩɨɤɚɡɚɧɵ ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɪɚɜɧɨɨɫɧɵɟ ɤɪɢɫɬɚɥɥɵ. 

 

 

Ɋɢɫɭɧɨɤ 7.1. ɋɬɨɥɛɱɚɬɵɟ ɤɪɢɫɬɚɥɥɵ ɜ ɫɬɪɭɤɬɭɪɟ ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ. 

 

 

Ɋɢɫɭɧɨɤ 7.2. Ɋɚɜɧɨɨɫɧɵɟ ɤɪɢɫɬɚɥɥɵ ɜ ɫɬɪɭɤɬɭɪɟ ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ. 
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ɉɟɪɟɯɨɞ ɨɬ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ 

ɪɚɜɧɨɨɫɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɧɟ ɹɜɥɹɟɬɫɹ ɨɞɧɨɦɨɦɟɧɬɧɵɦ ɢ ɱёɬɤɢɦ. ɉɨɫɤɨɥɶɤɭ ɨɧ 

ɡɚɧɢɦɚɟɬ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɱɚɫɬɨɤ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɩɨɹɜɥɹɟɬɫɹ ɬɚɤ 

ɧɚɡɵɜɚɟɦɚɹ ɩɟɪɟɯɨɞɧɚɹ ɡɨɧɚ, ɜ ɤɨɬɨɪɨɣ ɩɪɢɫɭɬɫɬɜɭɸɬ ɤɚɤ ɫɬɨɥɛɱɚɬɵɟ ɬɚɤ ɢ 

ɪɚɜɧɨɨɫɧɵɟ ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɤɪɢɫɬɚɥɥɵ (ɪɢɫ. 7.3). 

 

 

Ɋɢɫɭɧɨɤ 7.3. ɉɟɪɟɯɨɞɧɚɹ ɡɨɧɚ, ɫɨɞɟɪɠɚɳɚɹ ɤɚɤ ɫɬɨɥɛɱɚɬɵɟ ɬɚɤ ɢ ɪɚɜɧɨɨɫɧɵɟ 

ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɤɪɢɫɬɚɥɥɵ ɜ ɫɬɪɭɤɬɭɪɟ ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ. 

 

 

7.2. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɛɨɥɶɲɨɝɨ ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɜɬɨɪɨɝɨ ɪɨɞɚ, ɤɨɝɞɚ 

ɢɡɜɟɫɬɟɧ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ. ȼɵɱɢɫɥɹɥɨɫɶ ɬɚɤɠɟ 

ɩɨɥɨɠɟɧɢɟ ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫ. Ⱦɚɧɧɵɟ ɞɥɹ ɡɚɞɚɧɢɹ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 7.4, ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ – ɧɚ ɪɢɫ. 7.5. 
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Ɋɢɫɭɧɨɤ 7.4. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ 

ɫɬɚɥɶɧɨɣ ɡɚɝɨɬɨɜɤɢ. 

 

  

Ɋɢɫɭɧɨɤ 7.5. ɉɨɥɨɠɟɧɢɟ ɥɢɤɜɢɞɭɫɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɞɢɭɫɚ ɫɥɢɬɤɚ. ɚ) ɱɟɪɟɡ 2 

ɱɚɫɚ; b) ɱɟɪɟɡ 2,6 ɱɚɫɚ ɩɨɫɥɟ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞёɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɢɡɭɱɚɬɶ ɫɤɨɪɨɫɬɶ 

ɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫ ɩɚɪɚɥɥɟɥɶɧɨ ɫɨ ɫɤɨɪɨɫɬɶɸ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ஻ܶ ɜ ɭɫɥɨɜɧɨɣ ɬɨɱɤɟ ܤ ɧɚ ɝɪɚɧɢɰɟ ɦɟɠɞɭ ɫɥɢɬɤɨɦ ɢ ɫɬɟɧɤɨɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ (ɪɢɫ. 

7.6). 
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Ɋɢɫɭɧɨɤ 7.6. ɋɤɨɪɨɫɬɶ ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫ ɜ ɫɪɚɜɧɟɧɢɢ ɫɨ 

ɫɤɨɪɨɫɬɶɸ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɝɪɚɧɢɰɟ ɫɥɢɬɨɤ/ɫɬɟɧɤɚ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 

 

Ɉɛɟ ɮɭɧɤɰɢɢ ɢɦɟɸɬ ɬɨɱɤɢ ɩɟɪɟɝɢɛɚ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ ɨɞɧɢ ɢ ɬɟ ɠɟ ɦɨɦɟɧɬɵ 

ɜɪɟɦɟɧɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ CET ɢɦɟɟɬ ɦɟɫɬɨ ɦɟɠɞɭ ɞɜɭɦɹ ɬɨɱɤɚɦɢ ɩɟɪɟɝɢɛɚ: 

ɩɟɪɜɚɹ ݐ஼ோ = ͳ.Ͷ ሺчሻ ɢ ɜɬɨɪɚɹ ݐாோ = ʹ.ͷ ሺчሻ ɨɬ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

Ȼɵɥɢ ɬɚɤɠɟ ɜɵɱɢɫɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɝɪɚɞɢɟɧɬɵ ɧɚ ɝɪɚɧɢɰɟ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ. Ⱦɢɧɚɦɢɤɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 7.7. 

 

 

Ɋɢɫɭɧɨɤ 7.7. Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ ɧɚ ɝɪɚɧɢɰɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 
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7.3. ɉɪɨɝɧɨɡɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 

 

ɉɪɨɰɟɫɫ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɷɬɚɩɚ: 

ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɧɚɱɚɥɶɧɵɣ ɡɚɥɢɜɤɢ ɦɟɬɚɥɥɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɢ 

ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɣ ɪɟɠɢɦ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɱɚɥɶɧɵɣ 

ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɛɥɢɡɤɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɡɥɢɜɤɟ ɜ ɢɡɥɨɠɧɢɰɭ. 

Ɇɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɨɛɨɢɯ ɩɪɨɰɟɫɫɚɯ, ɩɨɯɨɠɢ. ȼ ɫɥɢɬɤɚɯ 

ɨɛɵɱɧɨ ɩɪɢɫɭɬɫɬɜɭɟɬ ɡɨɧɚ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ, ɡɨɧɚ ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ 

ɪɚɜɧɨɨɫɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɢ ɩɟɪɟɯɨɞɧɚɹ ɡɨɧɚ ɦɟɠɞɭ ɧɢɦɢ, ɨɞɧɚɤɨ ɩɪɨɬɹɠɟɧɧɨɫɬɢ 

ɷɬɢɯ ɡɨɧ ɨɬɥɢɱɚɸɬɫɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ ɜ 

ɤɭɡɧɟɱɧɨɦ ɢ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɚɯ ɬɚɤɠɟ ɛɭɞɟɬ ɪɚɡɧɵɦ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɧɚɦɢɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɟ 

ɛɭɞɭɬ ɮɨɪɦɢɪɨɜɚɬɶɫɹ ɪɚɡɥɢɱɧɵɟ ɫɬɪɭɤɬɭɪɵ (ɪɢɫ. 7.8 – 7.10). Ȼɟɥɵɦɢ ɬɨɱɤɚɦɢ 

ɜɧɢɡɭ ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɩɨɤɚɡɚɧɵ ɨɩɟɪɚɰɢɨɧɧɵɟ ɬɨɱɤɢ, ɜ ɤɨɬɨɪɵɯ 

ɢɡɦɟɪɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ. 

  

  

Ɋɢɫɭɧɨɤ 7.8. ɋɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɜ 

ɧɟɩɪɟɪɵɜɧɨɦ ɫɥɢɬɤɟ ɥɚɬɭɧɢ. 

Ɋɢɫɭɧɨɤ 7.9 ɋɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɡɨɧɵ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɢ ɡɨɧɵ 

ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɪɚɜɧɨɨɫɧɵɯ 

ɤɪɢɫɬɚɥɥɨɜ. 
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Ɋɢɫɭɧɨɤ 7.10. ɋɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɡɨɧɵ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɢ 

ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɜɞɨɥɶ ɨɫɢ ɫɥɢɬɤɚ. 

 

 ɋɪɟɞɢ ɧɢɯ ɜ ɨɫɧɨɜɧɨɦ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ: 

a/ ɫɬɨɥɛɱɚɬɵɟ ɞɟɧɞɪɢɬɵ ɡɚɩɨɥɧɹɸɳɢɟ ɜɟɫɶ ɞɢɚɦɟɬɪ ɥɚɬɭɧɧɨɝɨ ɫɥɢɬɤɚ 

ɧɚɱɢɧɚɹ ɨɬ ɤɨɪɤɨɜɨɣ ɡɨɧɵ ɢ ɞɨ ɨɫɢ ɫɥɢɬɤɚ (ɪɢɫ. 7.8), 

b/ ɫɬɨɥɛɱɚɬɵɟ ɞɟɧɞɪɢɬɵ, ɫɦɟɲɚɧɧɚɹ ɡɨɧɚ ɩɟɪɟɯɨɞɚ ɨɬ ɫɬɨɥɛɱɚɬɵɯ ɤ 

ɪɚɜɧɨɨɫɧɵɦ ɢ ɞɚɥɟɟ ɡɨɧɚ ɪɚɜɧɨɨɫɧɵɯ ɤɪɢɫɬɚɥɥɨɜ (ɪɢɫ. 7.9), 

c/ ɡɨɧɚ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɢ ɦɨɧɨɤɪɢɫɬɚɥɥ ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜɞɨɥɶ ɨɫɢ 

ɫɥɢɬɤɚ (ɪɢɫ. 7.10).  

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɝɪɚɞɢɟɧɬɵ ɢɦɟɸɬ ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɢ ɪɟɡɤɨ ɢɡɦɟɧɹɸɬɫɹ ɩɪɢ 

ɪɨɫɬɟ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɢ ɫɬɪɟɦɹɬɫɹ ɤ ɤɨɧɫɬɚɧɬɟ ɩɪɢ ɪɨɫɬɟ ɦɨɧɨɤɪɢɫɬɚɥɥɚ. 

ȼɫɟ ɩɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɫɢɬɭɚɰɢɢ (ɪɢɫ. 7.8 – 7.10) ɹɜɥɹɸɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 

ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ ɜɧɭɬɪɢ ɫɢɫɬɟɦɵ ɢ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɡɧɚɱɟɧɢɹ / ɧɚɩɪɚɜɥɟɧɢɹ 

ɬɟɩɥɨɜɨɝɨ ɝɪɚɞɢɟɧɬɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɜɨ ɜɪɟɦɹ 

ɡɚɬɜɟɪɞɟɜɚɧɢɹ. 

ȼ ɫɥɭɱɚɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɨɧɵ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ (ɪɢɫ. 

7.8), ɧɚɛɥɸɞɚɥɫɹ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨ ɜɪɟɦɹ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

(ɪɢɫ. 7.11).  

Ɉɛɨɡɧɚɱɟɧɢɹ ɧɚ ɪɢɫɭɧɤɚɯ 7.11 – 7.13: ௌܶ -  ɢɡɨɬɟɪɦɚ ɫɨɥɢɞɭɫ; ெܶ – ɦɚɤɫɢɦɭɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɩɟɪɚɰɢɨɧɧɨɣ ɬɨɱɤɟ, 𝜏 – ɜɪɟɦɹ, ܪ – ɜɵɫɨɬɚ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ,  ݎ௢௣ - 

ɤɨɨɪɞɢɧɚɬɚ ɨɩɟɪɚɰɢɨɧɧɨɣ ɬɨɱɤɢ, ݐ஼ா்  – ɜɪɟɦɹ ɩɟɪɟɯɨɞɚ ɨɬ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɫɬɨɥɛɱɚɬɵɯ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɪɚɜɧɨɨɫɧɵɯ,  ݐௌ஼ – ɜɪɟɦɹ ɩɨɹɜɥɟɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɚ, 𝛿𝑡 – ɜɪɟɦɹ ɡɚɩɚɡɞɵɜɚɧɢɹ ɦɟɠɞɭ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɡɨɧɵ ɢ ɟɝɨ 

«ɨɬɪɚɠɟɧɢɟɦ» ɜ ɨɩɟɪɚɰɢɨɧɧɨɣ ɬɨɱɤɟ. 
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Ⱦɢɧɚɦɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɩɟɪɚɰɢɨɧɧɨɣ ɬɨɱɤɟ ɜɨ ɜɪɟɦɹ ɧɚɱɚɥɚ ɪɚɡɥɢɜɤɢ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. ɪɢɫ. 7.11. 

ȼ ɫɥɭɱɚɟ ɩɟɪɟɯɨɞɚ ɨɬ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ 

ɪɚɜɧɨɨɫɧɵɯ (CET) (ɪɢɫ. 7.12) ɧɚ ɫɩɟɰɢɮɢɱɟɫɤɨɦ ɩɪɨɮɢɥɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɨɩɟɪɚɰɢɨɧɧɨɣ ɬɨɱɤɟ ɧɚɛɥɸɞɚɟɬɫɹ ɦɚɤɫɢɦɭɦ. ஼ܶா் – ɦɚɤɫɢɦɭɦ ɬɟɦɩɟɪɚɬɭɪɵ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɟɪɟɯɨɞɭ ɨɬ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɤ 

ɮɨɪɦɢɪɨɜɚɧɢɸ ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɪɚɜɧɨɨɫɧɵɯ. 

ȼ ɫɥɭɱɚɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɪɨɫɬɨɦ 

ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɤɨɬɨɪɚɹ ɫɬɚɛɢɥɢɡɚɰɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 

ɦɚɤɫɢɦɚɥɶɧɨɦ ɡɧɚɱɟɧɢɢ – ɜ ɬɟɱɟɧɢɢ ɩɪɨɦɟɠɭɬɤɚ ɜɪɟɦɟɧɢ ݏ  ɬɟɦɩɟɪɚɬɭɪɚ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɧɫɬɚɧɬɭ ɪɚɜɧɭɸ ௌܶ஼ (ɪɢɫ. 7.13).  

ȼɫɟ ɫɩɪɨɝɧɨɡɢɪɨɜɚɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɪɨɮɢɥɢ ɞɥɹ ɧɚɱɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɥɢɬɤɚ, ɩɨɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫ. 7.10 – 7.13, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɭɬёɦ 

ɢɡɦɟɪɟɧɢɣ ɜ ɨɩɟɪɚɰɢɨɧɧɨɣ ɬɨɱɤɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 

 

 

  

Ɋɢɫɭɧɨɤ 7.11. ɋɩɟɰɢɮɢɱɟɫɤɢɣ 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ (ɜ ɨɩɟɪɚ-

ɰɢɨɧɧɨɣ ɬɨɱɤɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ) ɩɪɢ 

ɪɨɫɬɟ ɫɬɨɥɛɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɫɥɢɬɤɟ 

Ɋɢɫɭɧɨɤ 7.12. ɋɩɟɰɢɮɢɱɟɫɤɢɣ 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ (ɜ ɨɩɟɪɚ-

ɰɢɨɧɧɨɣ ɬɨɱɤɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ) ɩɪɢ 

ɫɬɨɥɛɱɚɬɨɦ / ɪɚɜɧɨɨɫɧɨɦ ɪɨɫɬɟ (CET) 
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Ɋɢɫɭɧɨɤ 7.13. ɋɩɟɰɢɮɢɱɟɫɤɢɣ 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ (ɜ 

ɨɩɟɪɚɰɢɨɧɧɨɣ ɬɨɱɤɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ) 

ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɫɬɨɥɛɱɚɬɨɣ 

ɫɬɪɭɤɬɭɪɵ, ɡɚɜɟɪɲɚɸɳɟɣɫɹ 

ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɦɨɧɨɤɪɢɫɬɚɥɥɚ 

 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɭɤɬɭɪɧɵɟ ɡɨɧɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

ɦɚɫɫɢɜɧɨɝɨ ɤɭɡɧɟɱɧɨɝɨ ɫɥɢɬɤɚ ɢ ɫɩɪɨɝɧɨɡɢɪɨɜɚɧɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢ, ɛɵɥɢ 

ɫɨɩɨɫɬɚɜɥɟɧɵ ɫ ɢɡɦɟɪɟɧɢɹɦɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɩɟɪɚɰɢɨɧɧɨɣ ɬɨɱɤɟ. Эɬɢ ɡɨɧɵ ɛɵɥɢ 

ɨɛɧɚɪɭɠɟɧɵ ɜ ɫɬɪɨɟɧɢɢ ɫɥɢɬɤɚ ɜ ɩɪɟɞɫɤɚɡɚɧɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ. ȼ ɱɚɫɬɧɨɫɬɢ, 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɋȿɌ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 

ɝɪɚɞɢɟɧɬɨɜ. Ɍɨɬ ɮɚɤɬ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ 

ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ, ɪɚɜɧɨɟ ݐாோ −  ஼ோ, ɫɨɯɪɚɧɹɟɬ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ, ɨɡɧɚɱɚɟɬ, ɱɬɨݐ

ɋȿɌ ɧɟ ɹɜɥɹɟɬɫɹ ɪɟɡɤɢɦ, ɚ ɡɚɧɢɦɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɜɪɟɦɹ, ɢ ɧɚ ɫɬɪɭɤɬɭɪɟ 

ɫɥɢɬɤɚ ɨɬɪɚɠɚɟɬɫɹ ɤɚɤ ɩɟɪɟɯɨɞɧɚɹ ɫɦɟɲɚɧɧɚɹ ɡɨɧɚ.  

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɡɚɩɚɡɞɵɜɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ [278] ɢ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ [247], [248]. 

Ⱥɧɚɥɢɡ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɋȿɌ ɜ ɧёɦ ɦɨɠɟɬ ɛɵɬɶ ɧɚɦɧɨɝɨ 

ɛɨɥɟɟ ɪɟɡɤɢɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɋȿɌ ɜ ɦɚɫɫɢɜɧɨɦ ɫɬɚɥɶɧɨɦ ɫɥɢɬɤɟ.   Ɏɨɪɦɢɪɨɜɚɧɢɟ 

ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɜɞɨɥɶ ɨɫɢ ɫɥɢɬɤɚ ɩɪɨɢɫɯɨɞɢɬ, ɤɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ ɭ 

ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɦɟɧɹɟɬ ɫɜɨё ɧɚɩɪɚɜɥɟɧɢɟ. Эɬɨɬ ɫɥɭɱɚɣ ɩɨɞɬɜɟɪɠɞёɧ 

ɩɪɢɦɟɪɚɦɢ ɬɚɤɢɦɢ, ɤɚɤ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ 7.14. 
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Ɋɢɫɭɧɨɤ 7.14. ɉɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɫɥɢɬɤɚ ɫ ɞɜɭɦɹ ɬɢɩɚɦɢ ɫɬɪɭɤɬɭɪɵ: 

ɫɬɨɥɛɱɚɬɵɟ ɞɟɧɞɪɢɬɵ ɢ ɦɨɧɨɤɪɢɫɬɚɥɥ 

 

 

 

7.4. ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ 

ɫɬɚɥɶɧɨɝɨ ɢ ɥɚɬɭɧɧɨɝɨ ɫɥɢɬɤɚ 

 

Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ ɜ ɤɪɭɩɧɵɯ ɫɬɚɥɶɧɵɯ ɫɥɢɬɤɚɯ ɨɫɧɨɜɚɧ ɧɚ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɤɪɢɜɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɢ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɞɥɹ ɡɚɬɜɟɪɞɟɜɚɸɳɟɝɨ 

ɦɚɫɫɢɜɧɨɝɨ ɫɥɢɬɤɚ. Ɇɟɬɨɞ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɚɧɚɥɢɡɟ ɷɤɫɬɪɟɦɭɦɨɜ ɮɭɧɤɰɢɢ ɢ ɟё ɬɨɱɟɤ 
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ɩɟɪɟɝɢɛɚ. ȼ ɱɚɫɬɧɨɫɬɢ, CET ɩɪɨɝɧɨɡɢɪɭɟɬɫɹ ɤɚɤ ɩɨɫɬɟɩɟɧɧɵɣ ɩɟɪɟɯɨɞ ɨɬ 

ɫɬɨɥɛɱɚɬɨɣ ɤ ɪɚɜɧɨɨɫɧɨɣ ɫɬɪɭɤɬɭɪɟ.  

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɜ ɡɚɬɜɟɪɞɟɜɚɸɳɟɦ ɦɚɫɫɢɜɧɨɦ ɫɥɢɬɤɟ 

ɨɫɧɨɜɚɧɨ ɧɚ ɭɪɚɜɧɟɧɢɹɯ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɷɬɢɯ ɡɨɧ ɜ ɡɚɬɜɟɪɞɟɜɚɸɳɟɦ ɥɚɬɭɧɧɨɦ ɫɥɢɬɤɟ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɪɚɡɥɢɱɢɹ ɢ 

ɫɯɨɞɫɬɜɨ ɦɟɠɞɭ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɫɬɪɭɤɬɭɪɵ ɩɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ ɢ 

ɥɚɬɭɧɧɨɝɨ ɫɥɢɬɤɚ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ 

ɫɬɪɭɤɬɭɪɧɵɟ ɡɨɧɵ: ɦɟɥɤɨɡɟɪɧɢɫɬɚɹ ɢɥɢ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɤɨɪɤɨɜɚɹ ɡɨɧɚ (fine 

columnar - FC), ɫɬɨɥɛɱɚɬɚɹ (columnar - C), ɡɨɧɚ ɪɚɜɧɨɨɫɧɵɯ ɡɟɪɟɧ, (equiaxed - E). 

ɋɦɟɧɵ ɫɬɪɭɤɬɭɪ, FCCT-ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɢ CET-ɬɪɚɧɫɮɨɪɦɚɰɢɢ, ɩɪɨɝɧɨɡɢɪɭɸɬɫɹ 

ɤɚɤ ɪɟɡɤɢɟ ɩɟɪɟɯɨɞɵ.  

ɇɟɞɚɜɧɨ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɦɟɬɨɞ ɨɩɢɫɚɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɡɚɬɜɟɪɞɟɜɚɸɳɟɝɨ ɫɥɢɬɤɚ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ ɩɨɹɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪ 

ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ. [333]. Эɬɨɬ ɦɟɬɨɞ ɛɵɥ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧёɧ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 

ɧɟɤɨɬɨɪɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɫɬɪɭɤɬɭɪɵ ɜ ɫɬɚɥɶɧɨɦ 

ɦɚɫɫɢɜɧɨɦ ɫɥɢɬɤɟ. Ɍɪɟɛɭɟɬɫɹ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɧɟɤɨɬɨɪɵɟ ɨɫɨɛɵɟ ɬɨɱɤɢ 

ɦɨɞɟɥɢɪɭɟɦɵɯ ɮɭɧɤɰɢɣ, ɩɨɥɭɱɚɟɦɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɧɟɤɨɬɨɪɵɟ ɬɨɱɤɢ ɩɟɪɟɝɢɛɚ (ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɫɦɵɫɥɟ) ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɤɨɬɨɪɵɟ ɪɚɧɟɟ ɛɵɥɢ ɨɩɢɫɚɧɵ 

ɩɪɨɮɟɫɫɨɪɨɦ Ⱦɠ. Ⱦ. ɏɚɧɬɨɦ ɜ ɟɝɨ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɫɬɚɬɶɟ ɨ ɞɜɢɠɟɧɢɢ ɮɪɨɧɬɚ 

ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɦɟɠɞɭ ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ 

ɫɪɟɞɨɣ [246]. ɍɤɚɡɚɧɧɵɣ ɢɧɧɨɜɚɰɢɨɧɧɵɣ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɥɨɤɚɥɢɡɚɰɢɢ 

ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ ɜ ɞɚɧɧɨɦ ɫɥɢɬɤɟ ɢ ɨɫɨɛɟɧɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ ɞɥɹ 

ɩɪɟɞɫɤɚɡɚɧɢɣ ɫɬɪɭɤɬɭɪɧɵɯ ɩɟɪɟɯɨɞɨɜ ɩɪɢɦɟɧɹɟɬɫɹ ɤ ɨɩɢɫɚɧɢɸ ɥɚɬɭɧɧɨɝɨ ɫɥɢɬɤɚ. 

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɭɱɢɬɵɜɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ 

ɤɨɧɬɚɤɬɧɨɝɨ ɫɥɨɹ (ɜɨɡɞɭɲɧɵɣ ɡɚɡɨɪ ɦɟɠɞɭ ɥɚɬɭɧɧɵɦ ɫɥɢɬɤɨɦ ɢ ɝɪɚɮɢɬɨɦ, 

ɤɨɬɨɪɵɣ ɩɨɤɪɵɜɚɟɬ ɜɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɮɨɪɦɵ) ɧɚ ɬɟɩɥɨɩɟɪɟɞɚɱɭ. ɉɨɷɬɨɦɭ 

ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɜɨɡɞɭɲɧɵɦ ɡɚɡɨɪɨɦ, ɮɨɪɦɭɥɢɪɭɸɬɫɹ 
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ɚɧɚɥɨɝɢɱɧɨ, ɤɚɤ ɢ ɜ ɦɨɞɟɥɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɫɦɟɲɚɧɧɨɣ ɡɨɧɵ (mushy 

zone) [203]. 

ɋɤɪɵɬɚɹ ɬɟɩɥɨɬɚ, ɤɨɬɨɪɚɹ ɢɝɪɚɟɬ ɫɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ ɜ ɩɪɨɰɟɫɫɟ 

ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ɬɚɤɠɟ ɭɱɬɟɧɚ ɜ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ. ɇɚɫɬɨɹɳɢɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ 

ɢɡɭɱɚɬɶ ɧɟ ɬɨɥɶɤɨ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ, ɧɨ ɢ ɩɨɥɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ. 

ɇɨɜɵɣ ɦɟɬɨɞ ɩɪɨɝɧɨɡɚ ɫɬɪɭɤɬɭɪɵ ɫɥɢɬɤɚ [333] ɫɜɹɡɚɧ ɫ ɢɧɬɟɪɩɪɟɬɚɰɢɟɣ ɬɨɱɟɤ 

ɩɟɪɟɝɢɛɚ ɧɚ ɪɚɫɱёɬɧɨɣ ɤɪɢɜɨɣ. Ɉɱɟɧɶ ɢɧɮɨɪɦɚɬɢɜɧɨɣ ɮɭɧɤɰɢɟɣ ɜ ɷɬɨɦ ɩɥɚɧɟ 

ɹɜɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫɚ. 

ɉɨ ɞɚɧɧɵɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɩɪɢ ɭɩɪɨɳɟɧɢɢ, ɱɬɨ ɮɨɪɦɚ / 

ɝɟɨɦɟɬɪɢɹ ɫɥɢɬɤɚ ɡɚɦɟɧɹɟɬɫɹ ɮɨɪɦɨɣ ɜɚɥɤɚ, ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɤɪɢɜɚɹ, ɤɨɬɨɪɚɹ 

ɩɨɤɚɡɵɜɚɟɬ ɫɤɨɪɨɫɬɶ ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫɚ ɞɥɹ ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ, 

[336]. Ɋɟɡɭɥɶɬɚɬɵ ɜɡɚɢɦɨɜɨɡɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɫɤɨɪɨɫɬɶɸ ɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ 

ɥɢɤɜɢɞɭɫɚ ɢ ɫɤɨɪɨɫɬɶɸ ɫɦɟɳɟɧɢɹ ɮɪɨɧɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɛɵɥɢ 

ɩɪɨɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢ. 

ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɬɨɱɟɤ ɩɟɪɟɝɢɛɚ ɢ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɬɨɱɟɤ ɧɚ ɤɪɢɜɨɣ ݒ 

(ɪɢɫ.7.15) ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ ɩɪɨɰɟɫɫɵ: 

a / ɨɛɪɚɡɨɜɚɧɢɟ ɜ ɭɫɥɨɜɢɹɯ ɪɟɡɤɨɝɨ ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ 

ɪɚɜɧɨɨɫɧɨɣ ɫɬɪɭɤɬɭɪɵ (ɤɨɪɤɨɜɨɣ ɡɨɧɵ) ɡɚ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ [Ͳ; ா஼ݐ ,[ா஼ݐ   – ɬɨɱɤɚ  

ɩɟɪɟɝɢɛɚ; 

b / ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɬɨɥɛɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ ɡɚ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ [ݐா஼ ;  ,[஼ோݐ
ɫɤɨɪɨɫɬɶ ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫɚ ɢ ɫɤɨɪɨɫɬɶ ɢɧɬɟɪɮɟɣɫɚ s / l (ɡɟɥɟɧɚɹ 

ɥɢɧɢɹ, ɷɤɫɬɪɚɩɨɥɢɪɨɜɚɧɧɚɹ ɞɨ ɧɭɥɹ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ) ɧɚɤɥɚɞɵɜɚɸɬɫɹ ɞɪɭɝ ɧɚ 

ɞɪɭɝɚ ɜ ɬɟɱɟɧɢɟ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ [ݐா஼;  ஼ோ]; ɡɚɬɟɦ ɝɪɚɮɢɤ ɫɤɨɪɨɫɬɢ ɢɡɨɬɟɪɦɵݐ

ɥɢɤɜɢɞɭɫɚ ɨɬɪɵɜɚɟɬɫɹ ɨɬ ɝɪɚɮɢɤɚ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ, ɢ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɟɪɟɞ ɮɪɨɧɬɨɦ ɩɨɹɜɥɹɟɬɫɹ ɩɟɪɟɨɯɥɚɠɞɟɧɧɵɣ ɪɚɫɩɥɚɜ, ɤɨɬɨɪɵɣ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɰɟɧɬɪɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɜɧɨɨɫɧɵɯ ɡɟɪɟɧ,  ݐாோ  - 

ɜɪɟɦɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɬɨɱɤɟ ɩɟɪɟɝɢɛɚ ɮɭɧɤɰɢɢ, ɫɜɹɡɚɧɧɨɟ ɫ ɩɨɥɧɵɦ 

ɢɫɱɟɡɧɨɜɟɧɢɟɦ ɫɬɨɥɛɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ. 
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c/ ɨɛɪɚɡɨɜɚɧɢɟ ɪɚɜɧɨɨɫɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɚɹ ɧɚɱɢɧɚɟɬɫɹ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ݐ஼ோ – ɬɨɱɤɚ ɩɟɪɟɝɢɛɚ ɮɭɧɤɰɢɢ; ɫ ɷɬɨɝɨ ɦɨɦɟɧɬɚ ɢ ɞɨ ɦɨɦɟɧɬɚ ݐ௠௔𝑥 ɩɪɨɢɫɯɨɞɢɬ ɪɨɫɬ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɪɚɜɧɨɨɫɧɵɯ ɡɟɪɟɧ; 

d/ ɨɛɪɚɡɨɜɚɧɢɟ ɪɚɜɧɨɨɫɧɵɯ ɡɟɪɟɧ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ ɩɨɹɜɥɟɧɢɟɦ 

ɫɟɝɪɟɝɚɰɢɢ, ɧɚɱɢɧɚɹ ɫ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ ݐ௠௔𝑥; 

e/ ɩɟɪɟɯɨɞ ɨɬ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɜɧɨɨɫɧɵɯ ɡɟɪɟɧ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɣɫɹ 

ɫɟɝɪɟɝɚɰɢɟɣ  ɬɢɩɚ «Ⱥ», ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɪɚɜɧɨɨɫɧɵɯ ɡɟɪɟɧ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ 

ɫɟɝɪɟɝɚɰɢɟɣ ɬɢɩɚ «V», ɞɨɫɬɢɝɚɟɬ ɫɜɨɟɝɨ ɚɩɨɝɟɹ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ݐ𝑉 – ɬɨɱɤɨɣ 

ɥɨɤɚɥɶɧɨɝɨ ɷɤɫɬɪɟɦɭɦɚ ɚɧɚɥɢɡɢɪɭɟɦɨɣ ɮɭɧɤɰɢɢ. 

 

Ɋɢɫɭɧɨɤ 7.15. ȼɡɚɢɦɨɜɨɡɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɫɤɨɪɨɫɬɶɸ ɞɜɢɠɟɧɢɟɦ ɢɡɨɬɟɪɦɵ 

ɥɢɤɜɢɞɭɫ v ɢ vs – ɫɤɨɪɨɫɬɶɸ ɩɟɪɟɦɟɳɟɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ; vC – ɫɤɨɪɨɫɬɶ 

ɩɪɨɞɜɢɠɟɧɢɹ ɮɪɨɧɬɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ; vE – ɫɤɨɪɨɫɬɶ 

ɩɪɨɞɜɢɠɟɧɢɹ ɮɪɨɧɬɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɪɚɜɧɨɨɫɧɵɯ ɢ vAV – 

ɫɤɨɪɨɫɬɶ  ɩɪɨɞɜɢɠɟɧɢɹ ɮɪɨɧɬɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɟɝɪɟɝɚɰɢɣ ɩɪɢ ɪɨɫɬɟ ɪɚɜɧɨɨɫɧɵɯ 

ɤɪɢɫɬɚɥɥɨɜ; tEC – ɜɪɟɦɹ ɩɟɪɟɯɨɞɚ ɨɬ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɪɤɨɜɨɣ ɡɨɧɵ ɤ 

ɮɨɪɦɢɪɨɜɚɧɢɸ ɫɬɨɥɛɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ; tCୖ  – ɜɪɟɦɹ ɡɚɪɨɠɞɟɧɢɹ ɪɚɜɧɨɨɫɧɨɣ 

ɫɬɪɭɤɬɭɪɵ; tEୖ – ɜɪɟɦɹ ɩɪɟɤɪɚɳɟɧɢɹ ɪɨɫɬɚ ɫɬɨɥɛɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ; tmax – ɜɪɟɦɹ  

ɧɚɱɚɥɚ ɫɟɝɪɟɝɚɰɢɢ; tAV – ɦɨɦɟɧɬ ɫɦɟɧɵ ɩɪɟɨɛɥɚɞɚɧɢɹ ɫɟɝɪɟɝɚɰɢɢ ɬɢɩɚ “Ⱥ” [272] 

ɧɚɞ ɫɟɝɪɟɝɚɰɢɟɣ ɬɢɩɚ “V” [333]; tV – ɜɪɟɦɹ ɩɟɪɟɯɨɞɚ ɨɬ ɧɚɪɚɫɬɚɧɢɹ ɤ ɫɩɚɞɭ 

ɫɟɝɪɟɝɚɰɢɢ ɬɢɩɚ “V”. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɨɱɤɚ ɩɟɪɟɝɢɛɚ ݐ஺𝑉 ɞɥɹ ɦɚɫɫɢɜɧɨɝɨ ɫɥɢɬɤɚ ɹɜɥɹɟɬɫɹ 

ɦɨɦɟɧɬɨɦ ɜɪɟɦɟɧɢ, ɤɨɝɞɚ ɬɟɪɦɨɞɢɮɮɭɡɢɹ ɧɚɱɢɧɚɟɬ ɩɪɟɨɛɥɚɞɚɬɶ ɧɚɞ ɝɪɚɞɢɟɧɬɨɦ 

ɜɹɡɤɨɫɬɢ. Ƚɪɚɞɢɟɧɬ ɜɹɡɤɨɫɬɢ ɨɬɜɟɱɚɟɬ ɡɚ ɨɛɪɚɡɨɜɚɧɢɟ ɨɫɚɞɨɱɧɵɯ ɤɨɧɭɫɨɜ ɜ ɫɥɢɬɤɟ, 

ɬɨɝɞɚ ɤɚɤ ɬɟɪɦɨɞɢɮɮɭɡɢɹ ɜɥɢɹɟɬ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɜёɪɞɵɯ ɱɚɫɬɢɰ ɜ 

ɡɚɬɜɟɪɞɟɜɚɸɳɟɦ ɫɥɢɬɤɟ. 

ɍɤɚɡɚɧɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɪɚɜɧɨɨɫɧɚɹ ɫɬɪɭɤɬɭɪɚ ɞɨɦɢɧɢɪɭɟɬ ɜ 

ɦɚɫɫɢɜɧɨɦ ɫɬɚɥɶɧɨɦ ɫɥɢɬɤɟ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɟɝɨ ɜ ɢɡɥɨɠɧɢɰɟ. Эɬɨ ɫɜɹɡɚɧɨ ɫ 

ɬɟɦ, ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɜ ɢɡɥɨɠɧɢɰɟ ɹɜɥɹɟɬɫɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɢ 

ɫɤɨɪɨɫɬɶ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɜɨ ɜɪɟɦɟɧɢ ɢɡ-ɡɚ ɦɟɞɥɟɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɧɚɛɥɸɞɟɧɢɹ ɫɬɪɭɤɬɭɪ ɜ ɧɟɩɪɟɪɵɜɧɵɯ ɫɥɢɬɤɚɯ, ɩɨɤɚɡɵɜɚɸɬ, 

ɱɬɨ ɫɬɨɥɛɱɚɬɚɹ ɫɬɪɭɤɬɭɪɚ ɹɜɥɹɟɬɫɹ ɞɨɦɢɧɢɪɭɸɳɟɣ ɜ ɷɬɢɯ ɨɬɥɢɜɤɚɯ, ɪɢɫ. 7.16. Эɬɨ 

ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɧɟɩɪɟɪɵɜɧɨɟ ɥɢɬɶɟ ɹɜɥɹɟɬɫɹ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɦ ɩɪɨɰɟɫɫɨɦ 

(ɤɪɨɦɟ ɧɚɱɚɥɶɧɨɝɨ ɩɟɪɟɯɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɜ ɩɪɨɰɟɫɫɟ ɡɚɥɢɜɤɢ), ɢ ɨɯɥɚɠɞɟɧɢɟ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɩɪɨɢɫɯɨɞɢɬ ɨɱɟɧɶ ɢɧɬɟɧɫɢɜɧɨ. 

ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɧɚɱɚɥɶɧɵɣ ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɥɢɬɶɹ ɥɚɬɭɧɧɵɯ ɫɥɢɬɤɨɜ ɜ ɞɨɫɬɚɬɨɱɧɨɣ ɫɬɟɩɟɧɢ ɫɨɜɩɚɞɚɟɬ ɫ ɩɪɨɰɟɫɫɨɦ 

ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ [336]. 
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Ɋɢɫɭɧɨɤ 7.16. ɉɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ ɥɚɬɭɧɧɨɝɨ ɫɥɢɬɤɚ; 

ɫɬɨɥɛɱɚɬɚɹ ɫɬɪɭɤɬɭɪɚ, (C), ɤɚɤ ɞɨɦɢɧɢɪɭɸɳɚɹ ɦɨɪɮɨɥɨɝɢɹ ɧɟɩɪɟɪɵɜɧɨ 

ɡɚɬɜɟɪɞɟɜɚɸɳɟɝɨ ɫɥɢɬɤɚ; ɬɨɧɤɚɹ ɫɬɨɥɛɱɚɬɚɹ ɫɬɪɭɤɬɭɪɚ (FC), ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ 

ɩɟɪɢɮɟɪɢɢ ɫɥɢɬɤɚ; (E), ɟɞɜɚ ɡɚɦɟɬɧɵ ɜ ɰɟɧɬɪɟ ɫɥɢɬɤɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ 

ɦɨɧɨɤɪɢɫɬɚɥɥɚ, ɤɨɬɨɪɵɣ ɥɨɤɚɥɢɡɨɜɚɧ ɜ ɨɫɟɜɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

 

Ɂɚɬɜɟɪɞɟɜɚɧɢɟ ɫɥɢɬɤɨɜ ɜ ɮɨɪɦɚɯ-ɢɡɥɨɠɧɢɰɚɯ ɛɵɥɨ ɩɪɟɞɦɟɬɨɦ ɦɧɨɝɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ. ȼ ɱɚɫɬɧɨɫɬɢ, [313] ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

ɞɥɹ ɩɪɨɝɧɨɡɚ ɨɛɪɚɡɨɜɚɧɢɹ «Ⱥ» - ɫɟɝɪɟɝɚɬɨɜ, ɚ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ CET ɩɨɞɨɛɧɵɟ 

ɦɟɬɨɞɵ ɪɚɡɪɚɛɚɬɵɜɚɥɢɫɶ ɜ ɪɚɛɨɬɚɯ [209, 221, 232, 234, 266, 277, 280, 283, 284, 285, 

290, 298, 314, 315, 340, 343, 344]. Ʉɚɤ ɩɪɚɜɢɥɨ, ɜ ɷɬɢɯ ɦɨɞɟɥɹɯ ɩɪɢɦɟɧɹɥɢɫɶ 

ɪɚɡɥɢɱɧɵɟ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ [234, 277, 283, 

284, 285, 343]. ȼ ɱɚɫɬɧɨɫɬɢ, ɛɵɥɢ ɫɞɟɥɚɧɵ ɧɟɤɨɬɨɪɵɟ ɩɨɩɵɬɤɢ ɨɩɢɫɚɬɶ ɪɚɡɥɢɱɢɟ 

ɦɟɠɞɭ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɬɨɥɛɱɚɬɵɯ ɢ ɪɚɜɧɨɨɫɧɵɯ ɤɪɢɫɬɚɥɥɨɜ [209, 221, 232, 266, 

280, 290, 298, 314, 315, 343, 344]. ȼ ɬɟɤɭɳɟɣ ɦɨɞɟɥɢ ɜɵɱɢɫɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɨɟ 

ɩɨɥɟ ɢ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɩɨɥɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ. Эɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɤɚɡɚɬɶ 

ɫɢɬɭɚɰɢɸ ɜ CET ɞɥɹ ɪɚɡɧɵɯ ɬɨɥɳɢɧ ɮɨɪɦɵ-ɢɡɥɨɠɧɢɰɵ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 

ɬɨɦ, ɱɬɨ CET - ɷɬɨ ɩɪɨɰɟɫɫ, ɬɪɟɛɭɸɳɢɣ ɦɧɨɝɨ ɜɪɟɦɟɧɢ (ɪɢɫ. 7.17). Эɬɨ ɨɡɧɚɱɚɟɬ, 
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ɱɬɨ ɫɬɨɥɛɱɚɬɚɹ ɢ ɪɚɜɧɨɨɫɧɚɹ ɫɬɪɭɤɬɭɪɵ ɞɨɥɠɧɵ ɫɨɫɭɳɟɫɬɜɨɜɚɬɶ ɜ ɬɟɱɟɧɢɟ 

ɧɟɤɨɬɨɪɨɝɨ ɩɟɪɢɨɞɚ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ CET. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɧɚɛɥɸɞɟɧɢɹ 

ɦɨɪɮɨɥɨɝɢɢ ɛɵɥɢ ɫɞɟɥɚɧɵ ɩɨ ɧɚɛɥɸɞɟɧɢɹɦ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɫɪɟɡɚ ɧɚ ɫɪɟɞɧɟɣ 

ɜɵɫɨɬɟ 15-ɬɨɧɧɨɝɨ ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ, ɫɟɪɢɣɧɨ ɨɬɥɢɬɨɝɨ ɧɚ ɡɚɜɨɞɟ CELSA-Huta 

Ostrowiec ɜ Ɉɫɬɪɨɜɰɟ ɋɜɟɧɬɨɤɲɢɠɫɤɨɦ (ɪɢɫ. 7.18). 

 

 

Ɋɢɫɭɧɨɤ 7.17. Ⱦɢɧɚɦɢɤɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɩɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ 

ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ ɪɚɡɥɢɱɧɨɣ ɬɨɥɳɢɧɵ ɜ ɮɨɪɦɟ-ɢɡɥɨɠɧɢɰɟ; ɬɟɦɩɟɪɚɬɭɪɧɵɣ 

ɝɪɚɞɢɟɧɬ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ CET; ɩɪɨɰɟɫɫ CሺͲ.͵ሻ − EሺͲ.͵ሻ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɢɨɞɭ [tCୖ ;  tEୖ], ɪɢɫ.7.15. 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɜɟɞɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɜɨ ɜɪɟɦɟɧɢ (ɪɢɫ. 7.17), 

ɚ ɬɚɤɠɟ ɧɚɛɥɸɞɟɧɢɹ ɩɨɥɭɱɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɚ ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ, 

ɞɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɚɜɧɨɨɫɧɚɹ ɫɬɪɭɤɬɭɪɚ ɞɨɦɢɧɢɪɭɟɬ ɜ ɫɬɚɥɶɧɨɦ ɫɥɢɬɤɟ. ɋ ɞɪɭɝɨɣ 

ɫɬɨɪɨɧɵ, ɫɬɨɥɛɱɚɬɚɹ ɫɬɪɭɤɬɭɪɚ ɨɛɵɱɧɨ ɩɪɟɜɚɥɢɪɭɟɬ ɜ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɦ ɥɚɬɭɧɧɨɦ 

ɫɥɢɬɤɟ (ɪɢɫ. 7.16).  
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Ɋɢɫɭɧɨɤ 7.18. ɋɨɫɭɳɟɫɬɜɨɜɚɧɢɟ ɫɬɨɥɛɱɚɬɨɣ ɢ ɪɚɜɧɨɨɫɧɨɣ ɫɬɪɭɤɬɭɪɵ, 

ɜɵɹɜɥɟɧɧɨɟ ɜ ɫɬɚɥɶɧɨɦ ɤɨɜɚɧɨɦ ɫɥɢɬɤɟ 15 ɬɨɧɧ ɩɪɢ ɟɝɨ ɜɟɪɬɢɤɚɥɶɧɨɦ ɪɚɡɪɟɡɟ ɧɚ 

ɫɪɟɞɧɟɣ ɝɥɭɛɢɧɟ. 

 

 

7.5. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɩɪɨɝɧɨɡ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ ɜ ɦɚɫɫɢɜɧɨɦ 

ɥɚɬɭɧɧɨɦ ɫɥɢɬɤɟ 

 

ɇɟɞɚɜɧɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɱɢɫɥɟɧɧɚɹ ɦɨɞɟɥɶ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ [64, 249] 

ɛɵɥɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɚ ɢ ɩɪɢɦɟɧɟɧɚ ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 

ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ. Эɬɚ ɦɨɞɟɥɶ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟɧɢ ɪɚɡɜɢɜɚɟɬ ɦɟɬɨɞ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɪɢɦɟɧɹɟɦɵɣ ɪɚɧɟɟ ɜ ɚɧɚɥɨɝɢɱɧɵɯ ɦɟɬɨɞɚɯ ɪɚɫɱɟɬɚ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ [276, 279, 288, 311, 319, 327]. ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

 𝑐௘௙ሺܶሻߩሺܶሻ 𝜕்𝜕𝜏 = 𝜕𝜕𝑟 [𝜆ሺܶሻ 𝜕்𝜕𝑟] + 𝜆ሺ்ሻ𝑟 ∙ 𝜕்𝜕𝑟                         (7.1ɚ) 

 

( , )T T t r ,     [0, ]mr R ,                         (7.1ɛ) 
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Ɂɚɞɚɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɭɱɢɬɵɜɚɸɳɢɟ ɧɚɥɢɱɢɟ ɝɚɡɨɜɨɝɨ 

ɡɚɡɨɪɚ ɬɚɤ ɠɟ, ɤɚɤ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜ [274, 275] (ɪɢɫ. 7.19). 

a/ ɩɨɜɟɪɯɧɨɫɬɶ ɫɥɢɬɤɚ «ɤɨɧɬɚɤɬɢɪɭɟɬ» ɫɨ ɫɬɟɧɤɨɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɱɟɪɟɡ 

ɜɨɡɞɭɲɧɵɣ ɡɚɡɨɪ, ɪɢɫ. 7.19, 
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Ɋɢɫɭɧɨɤ 7.19. ɋɯɟɦɚ ɦɨɞɟɥɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ. 𝑥,  -  ɤɨɨɪɞɢɧɚɬɵ; 𝑖ܶ௡௚ - ݎ

ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ; ௠ܶ  - ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɨɛɪɚɳёɧɧɨɣ ɤ ɫɥɢɬɤɭ; ɝɚɡɨɜɵɣ ɡɚɡɨɪ, ɭɜɟɥɢɱɢɜɚɸɳɢɣɫɹ ɜ ɫɜɹɡɢ 

ɫ ɭɫɚɞɤɨɣ ɡɚɬɜɟɪɞɟɜɚɸɳɟɣ ɨɛɨɥɨɱɤɢ. 

 

b/ ɫɬɟɧɤɚ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɨɛɪɚɳёɧɧɚɹ ɤ ɫɥɢɬɤɭ, ɩɨɤɪɵɬɚ ɫɥɨɟɦ ɝɪɚɮɢɬɚ ɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɚɤɠɟ «ɤɨɧɬɚɤɬɢɪɭɟɬ» ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɥɢɬɤɚ ɱɟɪɟɡ ɝɚɡɨɜɵɣ ɡɚɡɨɪ  
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 (7.1ɟ) 

ɝɞɟ ߩ - ɩɥɨɬɧɨɫɬɶ; 𝑐௕ - ɬɟɩɥɨёɦɤɨɫɬɶ ɥɚɬɭɧɢ; 𝜆௚, 𝜆௚𝑟 -  ɤɨɷɮɮɢɰɢɟɧɬ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɜɨɡɞɭɲɧɨɦ ɡɚɡɨɪɟ ɢ ɜ ɫɥɨɟ ɝɪɚɮɢɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 𝛿௚ - 

ɬɨɥɳɢɧɚ ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ; 𝜎 - ɩɪɢɜɟɞёɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ; ܶ - ɬɟɦɩɟɪɚɬɭɪɚ; ௅ܶ - ɬɟɦɩɟɪɚɬɭɪɚ ɥɢɤɜɢɞɭɫ; ௌܶ  - ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɥɢɞɭɫ; 𝐿  - 

ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ; ݐ - ɜɪɟɦɹ (ɪɢɫ. 7.19). 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɵɣ ɦɟɬɨɞ ɜɵɱɢɫɥɟɧɢɹ, (7.1), ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɩɪɨɝɧɨɡɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ, ɦɨɠɟɬ 

ɛɵɬɶ ɩɪɢɦɟɧёɧ ɤ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɩɨɥɹ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɨɟ ɜɨɡɧɢɤɚɟɬ 

ɜ ɩɪɨɰɟɫɫɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɦɚɫɫɢɜɧɨɝɨ ɥɚɬɭɧɧɨɝɨ ɫɥɢɬɤɚ. ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɜɨɡɦɨɠɧɵɦ ɨɩɪɟɞɟɥɢɬɶ ɫɬɪɭɤɬɭɪɧɵɟ ɡɨɧɵ ɜ ɦɚɫɫɢɜɧɨɦ ɫɥɢɬɤɟ, ɚɧɚɥɨɝɢɱɧɨ 

ɩɪɟɞɫɤɚɡɚɧɢɹɦ ɫɬɪɭɤɬɭɪɵ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ [217, 325]. 

Ȼɵɥɢ ɫɩɪɨɝɧɨɡɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɫɬɪɭɤɬɭɪɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ:  

- ɨɬ ɦɚɥɵɯ ɫɬɨɥɛɱɚɬɵɯ ɞɟɧɞɪɢɬɨɜ ɤ ɤɪɭɩɧɵɦ ɫɬɨɥɛɱɚɬɵɦ ɞɟɧɞɪɢɬɚɦ (FCCT – 

fine columnar into columnar) ɢ ɨɬ ɤɪɭɩɧɵɯ ɫɬɨɥɛɱɚɬɵɯ ɞɟɧɞɪɢɬɨɜ ɤ 

ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦ ɪɚɜɧɨɨɫɧɵɦ ɤɪɢɫɬɚɥɥɚɦ (CET – columnar into equiaxed 

transition). Ɉɛɚ ɭɩɨɦɹɧɭɬɵɯ ɩɟɪɟɯɨɞɚ ɩɨɤɚɡɚɧɵ ɧɚ ɮɭɧɤɰɢɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ 

ɞɢɧɚɦɢɤɭ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ (ɪɢɫ. 7.20). 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɪɟɞɫɤɚɡɚɧɧɵɟ ɞɜɚ ɫɬɪɭɤɬɭɪɧɵɯ ɩɟɪɟɯɨɞɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɬɨɱɤɚɦ ɩɟɪɟɝɢɛɚ, ɤɨɬɨɪɵɟ ɩɨɹɜɥɹɸɬɫɹ ɧɚ ɷɬɨɣ ɮɭɧɤɰɢɢ. Ȼɨɥɟɟ ɬɨɝɨ, 

ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɣ ɩɟɪɢɨɞ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɫɥɢɬɤɚ ɩɪɨɹɜɥɹɟɬɫɹ, ɤɨɝɞɚ ɮɭɧɤɰɢɹ 

ɢɦɟɟɬ ɥɢɧɟɣɧɵɣ ɯɨɞ (ɪɢɫ. 7.20). 
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Ɋɢɫɭɧɨɤ 7.20. Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɩɪɢ 

ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɦɚɫɫɢɜɧɨɝɨ ɥɚɬɭɧɧɨɝɨ ɫɥɢɬɤɚ. 

 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɜɵɲɟɩɪɢɜɟɞɟɧɧɨɣ ɮɭɧɤɰɢɢ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ 

ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɫɬɪɭɤɬɭɪɧɵɟ ɩɟɪɟɯɨɞɵ FCCT ɢ CET ɩɪɨɢɫɯɨɞɹɬ ɞɨɫɬɚɬɨɱɧɨ 

ɪɟɡɤɨ. Ɋɚɡɥɢɱɚɸɬ ɬɪɢ ɬɢɩɚ ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ: FC (fine columnar), C (columnar) ɢ E 

(equiaxed). ɉɟɪɟɯɨɞ ɨɬ ɡɨɧɵ FC ɤ ɡɨɧɟ ɋ ɧɚɱɢɧɚɟɬɫɹ ɱɟɪɟɡ 5 ɦɢɧɭɬ ɩɨɫɥɟ ɧɚɱɚɥɚ 

ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɩɪɨɞɨɥɠɚɟɬɫɹ ɨɤɨɥɨ 2 ɦɢɧ 30 ɫɟɤ, ɩɨɫɥɟ ɱɟɝɨ 

ɧɚɛɥɸɞɚɸɬɫɹ ɭɠɟ ɬɨɥɶɤɨ ɤɪɭɩɧɵɟ ɫɬɨɥɛɱɚɬɵɟ ɞɟɧɞɪɢɬɵ (ɪɢɫ. 7.20). 

Ⱥɧɚɥɨɝɢɱɧɵɣ ɪɟɡɭɥɶɬɚɬ ɩɪɨɝɧɨɡɚ ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ ɩɨɤɚɡɵɜɚɟɬ ɚɧɚɥɢɡ 

ɤɪɢɜɨɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɩɨɥɨɠɟɧɢɟ ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫ (ɪɢɫ. 7.21). 

 

 

Ɋɢɫɭɧɨɤ 7.21.  ɉɨɥɨɠɟɧɢɟ ɢɡɨɬɟɪɦ ɥɢɤɜɢɞɭɫ ɢ ɫɨɥɢɞɭɫ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ 

ɫɟɱɟɧɢɢ ɫɥɢɬɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɨɬ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɡɚɬɜɟɪɞɟɜɚɧɢɹ. 
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Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɬɚɤɨɣ ɠɟ ɪɟɡɭɥɶɬɚɬ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɪɚɫɩɨɥɨɠɟɧɢɹ ɡɨɧ 

ɫɬɪɭɤɬɭɪɧɵɯ ɩɟɪɟɯɨɞɨɜ ɞɚёɬ ɚɧɚɥɢɡ ɩɨɜɟɞɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ 

ɥɢɤɜɢɞɭɫ – ɨɛɚ ɫɬɪɭɤɬɭɪɧɵɯ ɩɟɪɟɯɨɞɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɨɱɤɚɦ ɥɨɤɚɥɶɧɵɯ 

ɦɢɧɢɦɭɦɨɜ (ɪɢɫ. 7.22).  

 

 

Ɋɢɫɭɧɨɤ 7. 22. ɋɤɨɪɨɫɬɶ ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫ. 

 

ȼɵɲɟɩɪɢɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ ɜ ɥɚɬɭɧɧɨɦ 

ɫɥɢɬɤɟ (ɤɚɤ ɢ ɜ ɫɬɚɥɶɧɨɦ ɫɥɢɬɤɟ, ɪɢɫ. 7.16) ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ 

ɚɧɚɥɢɡɚ ɢ ɢɡɭɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ 

ɩɨɞɨɛɧɵɯ ɜɢɞɨɜ ɫɥɢɬɤɨɜ ɜ ɭɫɥɨɜɢɹɯ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɢɧɮɨɪɦɚɰɢɢ (ɜ ɱɚɫɬɧɨɫɬɢ, 

ɧɚɩɪɢɦɟɪ, ɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ) ɩɪɢ ɩɪɨɝɧɨɡɟ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ ɜ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɦ ɥɚɬɭɧɧɨɦ ɫɥɢɬɤɟ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 

ɡɨɧɚɦɢ ɜ ɚɧɚɥɨɝɢɱɧɨɦ ɫɬɚɥɶɧɨɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ ɜ 

ɫɬɚɥɶɧɨɦ ɫɬɚɬɢɱɟɫɤɨɦ ɦɚɫɫɢɜɧɨɦ ɫɥɢɬɤɟ ɯɨɪɨɲɨ ɢɫɫɥɟɞɭɟɬɫɹ ɩɨ ɩɨɜɟɞɟɧɢɸ 

ɬɟɩɥɨɜɨɝɨ ɝɪɚɞɢɟɧɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɹɸɳɟɣɫɹ ɬɨɥɳɢɧɵ ɮɨɪɦɵ-

ɢɡɥɨɠɧɢɰɵ (ɪɢɫ. 7.18). CET ɩɪɨɹɜɥɹɟɬɫɹ, ɤɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ ɹɜɥɹɟɬɫɹ 

ɩɨɫɬɨɹɧɧɨɣ ɮɭɧɤɰɢɟɣ ɜɪɟɦɟɧɢ. CET - ɷɬɨ ɩɪɨɰɟɫɫ, ɬɪɟɛɭɸɳɢɣ ɦɧɨɝɨ ɜɪɟɦɟɧɢ, 

ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɬɪɭɤɬɭɪɧɵɦɢ ɧɚɛɥɸɞɟɧɢɹɦɢ ɧɚ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ 15-

ɬɨɧɧɨɝɨ ɫɬɚɥɶɧɨɝɨ ɤɭɡɧɟɱɧɨɝɨ ɫɥɢɬɤɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɟɨɪɟɬɢɱɟɫɤɢ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ, 
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ɱɬɨ ɷɬɚ ɫɬɪɭɤɬɭɪɧɚɹ ɬɪɚɧɫɮɨɪɦɚɰɢɹ (CET) ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɟɱɟɧɢɟ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ [ݐ஼ோ; ݐாோ] (ɪɢɫ. 7.16). 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɦɨɞɟɥɶ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɝɨ ɥɚɬɭɧɧɨɝɨ 

ɫɥɢɬɤɚ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ, ɬɚɤ ɢ ɩɨɥɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɜ ɡɚɬɜɟɪɞɟɜɚɸɳɟɦ ɥɚɬɭɧɧɨɦ ɫɥɢɬɤɟ. Эɬɨ ɩɨɡɜɨɥɹɟɬ 

ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɩɨɹɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɥɚɬɭɧɧɨɦ ɫɥɢɬɤɟ. Эɬɨɬ 

ɦɟɬɨɞ ɩɪɨɝɧɨɡɚ ɹɜɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɧɟɞɚɜɧɨ ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ ɦɟɬɨɞɭ ɩɪɨɝɧɨɡɚ 

ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ ɜ ɫɬɚɥɶɧɨɦ ɛɨɥɶɲɨɦ ɫɥɢɬɤɟ ɢɡ ɡɚɬɜɟɪɞɟɜɚɸɳɟɣ ɫɬɚɥɢ (ɪɢɫ. 7.16). 

Эɬɨɬ ɫɩɨɫɨɛ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɡɨɧ ɩɨɡɜɨɥɹɟɬ 

ɪɚɡɥɢɱɢɬɶ ɫɥɟɞɭɸɳɢɟ ɬɢɩɵ ɫɬɪɭɤɬɭɪ: a/ FC – fine columnar, b/ C – columnar, c/ E – 

equiaxed, (ɪɢɫ. 7.21).  

ɋɬɪɭɤɬɭɪɧɵɟ ɬɪɚɧɫɮɨɪɦɚɰɢɢ: FC C , and C E  ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 

ɪɟɡɤɢɦɢ ɩɟɪɟɯɨɞɚɦɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɨɱɤɚɦ ɩɟɪɟɝɢɛɚ ɮɭɧɤɰɢɢ ɝɪɚɞɢɟɧɬɚ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɢɡɨɬɟɪɦɟ ɥɢɤɜɢɞɭɫ (ɪɢɫ. 7.21), ɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɨɱɤɚɦ 

ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɢ ɫɤɨɪɨɫɬɢ ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫ (ɪɢɫ. 7.22). 

 

 

 

7.6. ȼɥɢɹɧɢɟ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɪɢɬɟɪɢɹ ɉɟɤɥɟ ɧɚ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ 

 

 

ȼ ɫɩɥɚɜɚɯ, ɫɨɞɟɪɠɚɳɢɯ ɞɜɟ ɢ ɛɨɥɟɟ ɤɨɦɩɨɧɟɧɬ, ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

ɧɚɫɬɭɩɚɟɬ ɞɟɫɬɚɛɢɥɢɡɚɰɢɹ ɮɚɡɨɜɨɝɨ ɮɪɨɧɬɚ (ɪɢɫ. 7.23). ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɚ 

ɦɚɤɪɨɭɪɨɜɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɞɜɭɯɮɚɡɧɚɹ ɡɨɧɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɫɦɟɫɶ ɢɡ 

ɤɪɢɫɬɚɥɥɨɜ ɢ ɠɢɞɤɨɝɨ ɜɟɳɟɫɬɜɚ. ȼɟɥɢɱɢɧɚ ɤɪɢɬɟɪɢɹ ɉɟɤɥɟ ɜɡɚɢɦɨɫɜɹɡɚɧɚ ɫ 

ɪɚɞɢɭɫɨɦ ɤɪɢɜɢɡɧɵ ɜɟɪɲɢɧɵ ɪɚɫɬɭɳɟɝɨ ɤɪɢɫɬɚɥɥɚ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 

ɜɥɢɹɟɬ ɧɚ ɩɨɹɜɥɟɧɢɟ ɜɬɨɪɢɱɧɨɣ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɞɟɫɬɚɛɢɥɢɡɚɰɢɣ ɮɪɨɧɬɚ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɪɢɫ. 7.24).   
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Ɋɢɫɭɧɨɤ 7. 23. ɂɡɦɟɧɟɧɢɟ ɦɨɪɮɨɥɨɝɢɢ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ (ɠɢɞɤɢɣ 

ɦɟɬɚɥɥ/ɬɜёɪɞɵɣ ɦɟɬɚɥɥ). ɚ) ɩɥɨɫɤɢɣ ɮɪɨɧɬ; b) ɩɟɪɜɢɱɧɚɹ ɞɟɫɬɚɛɢɥɢɡɚɰɢɹ – 

ɩɨɹɜɥɟɧɢɟ ɹɱɟɢɫɬɨɝɨ ɮɪɨɧɬɚ; ɫ) ɹɱɟɢɫɬɵɣ ɮɪɨɧɬ; d) ɜɬɨɪɢɱɧɚɹ ɞɟɫɬɚɛɢɥɢɡɚɰɢɹ – 

ɞɟɧɞɪɢɬɧɵɣ ɮɪɨɧɬ [309]. 

 

 

ȼ ɩɪɨɰɟɫɫɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɧɟ ɜɫɟ ɪɚɫɬɜɨɪɟɧɧɨɟ ɜɟɳɟɫɬɜɨ, ɜɨɤɪɭɝ ɬɜёɪɞɨɝɨ 

ɞɟɧɞɪɢɬɚ, ɦɨɠɟɬ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶɫɹ ɜ ɷɤɫɬɪɚɞɟɧɞɪɢɬɧɵɣ ɪɚɫɩɥɚɜ, ɧɟɤɨɬɨɪɵɟ 

ɱɚɫɬɢɰɵ ɜɫɟ ɟɳɟ ɨɫɬɚɸɬɫɹ ɜ ɦɟɠɞɢɫɩɟɪɫɧɨɦ ɪɚɫɩɥɚɜɟ [265], ɩɨɷɬɨɦɭ ɨɛɨɥɨɱɤɚ 

ɡɟɪɟɧ, ɨɯɜɚɬɵɜɚɸɳɚɹ ɩɟɪɜɢɱɧɵɟ ɢ ɜɬɨɪɢɱɧɵɟ ɞɟɧɞɪɢɬɧɵɟ ɧɚɤɨɧɟɱɧɢɤɢ, 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɦɟɠɞɢɫɩɟɪɫɧɨɝɨ ɪɚɫɩɥɚɜɚ ɨɬ ɷɤɫɬɪɚɞɟɧɞɢɬɪɢɬɚ, ɤɚɤ 
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ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 7.24. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɬɨɥɛɱɚɬɵɟ ɢ ɪɚɜɧɨɨɫɧɵɟ ɡɟɪɧɨɜɵɟ 

ɮɨɪɦɵ ɭɩɪɨɳɚɸɬɫɹ ɜ ɜɢɞɟ ɫɮɟɪɵ ɢ ɰɢɥɢɧɞɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

 

Ɋɢɫɭɧɨɤ 7.24. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɪɨɫɬɚ ɫɬɨɥɛɱɚɬɵɯ (ɚ) ɢ 

ɪɚɜɧɨɨɫɧɵɯ (b) ɤɪɢɫɬɚɥɥɨɜ [265] 

 

ɋɬɪɭɤɬɭɪɧɵɣ ɤɪɢɬɟɪɢɣ ɉɟɤɥɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥёɧ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨ 

ɨɰɟɧɤɚɦ ɪɚɡɦɟɪɨɜ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɫɬɨɥɛɱɚɬɵɯ ɞɟɧɞɪɢɬɨɜ (ɪɢɫ. 7.25). ȼ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɂɧɫɬɢɬɭɬɚ ɦɟɬɚɥɥɭɪɝɢɢ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɉɨɥɶɫɤɨɣ 

ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɛɵɥɢ ɩɨɞɝɨɬɨɜɥɟɧɵ ɨɛɪɚɡɰɵ ɪɚɡɥɢɱɧɵɯ ɫɟɱɟɧɢɣ ɡɚɝɨɬɨɜɤɢ (ɪɢɫ. 

7.25) ɢ ɩɪɨɜɟɞɟɧɵ ɢɡɦɟɪɟɧɢɹ ɪɚɞɢɭɫɨɜ Rexp ɜɟɪɲɢɧ ɫɬɨɥɛɱɚɬɵɯ ɞɟɧɞɪɢɬɨɜ, 

ɫɮɨɪɦɢɪɨɜɚɜɲɢɯɫɹ ɜ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɟ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɪɢɬɟɪɢɹ ɉɟɤɥɟ (ɞɥɹ ɞɢɮɮɭɡɢɢ ܼ݊ ɜ ɪɚɫɩɥɚɜɟ 

ɥɚɬɭɧɢ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɫɬɨɥɛɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ) ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 

[326]: 

                                                         𝑃𝑒 = 𝑉𝐶ோ𝑒𝑥𝑝ଶ஽       (7.1) 

ɝɞɟ 𝑉஼  – ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ, ܦ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ. 
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Ɋɢɫɭɧɨɤ 7.25. Ɉɛɪɚɡɰɵ ɩɪɨɞɨɥɶɧɨɝɨ ɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɣ ɡɚɝɨɬɨɜɤɢ. 

 

ɋɨɝɥɚɫɧɨ ɢɡɦɟɪɟɧɢɹɦ ɪɚɞɢɭɫɚ Rexp ɫɬɪɭɤɬɭɪɧɵɣ ɤɪɢɬɟɪɢɣ ɉɟɤɥɟ ɨɛɵɱɧɨ 

ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ, ɨɞɧɚɤɨ ɢɧɨɝɞɚ ɨɧ ɦɨɠɟɬ ɛɵɬɶ ɢ ɦɟɧɶɲɟ. ȼ ɩɨɫɥɟɞɧɟɦ 

ɭɩɨɦɹɧɭɬɨɦ ɫɥɭɱɚɟ ɞɨɫɬɚɬɨɱɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɜɬɨɪɨɟ ɩɪɢɛɥɢɠɟɧɢɟ 

ɮɭɧɤɰɢɢ ɂɜɚɧɰɨɜɚ [263]. Ɏɭɧɤɰɢɹ ɪɚɜɧɚ Ω – ɜɟɥɢɱɢɧɚ ɩɟɪɟɧɚɫɵɳɟɧɢɹ, 

ɨɩɪɟɞɟɥɹɸɳɚɹ ɪɚɞɢɭɫ ɜɟɪɲɢɧɵ ɪɚɫɬɭɳɟɝɨ ɞɟɧɞɪɢɬɚ, ɪɢɫ. 7.26: ܫଶ = ଶ𝑃௘ଶ𝑃௘+ଵ = 𝛺      (7.2) 

 

 

Ɋɢɫɭɧɨɤ 7.26. Ɂɧɚɱɟɧɢɹ Ω ɞɥɹ ɜɵɱɢɫɥɟɧɢɣ (2). C଴ – ɧɨɦɢɧɚɥɶɧɚɹ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɰɢɧɤɚ (Zn) ɜ ɞɚɧɧɨɦ ɪɚɫɩɥɚɜɟ ɥɚɬɭɧɢ, CL∗ , Cୗ∗ - ɤɨɧɰɟɧɬɪɚɰɢɹ Zn ɜ 

ɠɢɞɤɨɣ ɢ ɬɜёɪɞɨɣ ɮɚɡɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚɛɥɸɞɚɟɦɵɟ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ, 

ɞɜɢɠɭɳɟɣɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ v ≡ vs [267].  
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Ɋɚɞɢɭɫ ɜɟɪɲɢɧɵ ɪɚɫɬɭɳɟɝɨ ɞɟɧɞɪɢɬɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɩɪɟɞɟɥɟ ɭɫɬɨɣɱɢɜɨɫɬɢ 

[219], ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɢɦɟɟɬ ɦɟɫɬɨ ɦɚɪɝɢɧɚɥɶɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ [271]. Ɉɬɫɸɞɚ 

ɫɥɟɞɭɟɬ, ɱɬɨ: 𝜆𝑖 = ܴ𝑡ℎ = ஼ܩ𝜎ா଴.5[∆ܵሺ݉ߨʹ −  ሻ]−଴.5,                                (7.3)ܩ

ɝɞɟ 𝜆𝑖 – ɞɥɢɧɚ ɜɨɡɦɭɳɚɸɳɟɣ ɜɨɥɧɵ ɞɥɹ ɦɚɪɝɢɧɚɥɶɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ, 𝜎ா  – ɫɤɪɵɬɚɹ 

ɷɧɟɪɝɢɹ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ∆ܵ – ɷɧɬɪɨɩɢɹ ɪɚɫɩɥɚɜɚ, ݉ – ɧɚɤɥɨɧ ɥɢɧɢɢ 

ɥɢɤɜɢɞɭɫɚ, ܩ஼ – ɝɪɚɞɢɟɧɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɭ ɜɟɪɲɢɧɵ 

ɫɬɨɥɛɱɚɬɨɝɨ ɞɟɧɞɪɢɬɚ,  ܩ – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ ɭ ɜɟɪɲɢɧɵ ɫɬɨɥɛɱɚɬɨɝɨ 

ɞɟɧɞɪɢɬɚ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɢɦɟɟɬ ɫɦɵɫɥ ɩɪɢɡɧɚɬɶ, ɱɬɨ ɬɟɨɪɟɬɢɱɟɫɤɢ ɩɪɟɞɫɤɚɡɚɧɧɵɣ ɪɚɞɢɭɫ 

ɧɚɤɨɧɟɱɧɢɤɚ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɰɟɧɟɧɧɵɣ ɪɚɞɢɭɫ ɧɚɤɨɧɟɱɧɢɤɚ ɪɚɜɧɵ ɞɪɭɝ ɞɪɭɝɭ, 

expth RR R  . ɂɡ (7.3) ɫɥɟɞɭɟɬ: 

  
*

*0
0* *

/ 1 1L

L

L S

C C
C C k

C C


     

                               (7.4) 

 

ɝɞɟ ܥௌ∗ = 𝑘ܥ௅∗, ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ, (ɪɢɫ. 7.26). Ɍɨɝɞɚ ɢɡ (7.2) ɫɥɟɞɭɟɬ: 

 

      0.5* *
2 02 / 2 1 1L LI Pe Pe C C k C                                   (7.5) 

Ɍɨɝɞɚ (7.3) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ: 

    2
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0

2

1
1 1

E
i

Cv C
S k m G

D k I

 

 
 
 

                

                             (7.6) 

ɝɞɟ     */ 1 /C C LG dC dz v k C D    .  

 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ  

     2 124th C EmG GRA S                                      (7.7) 
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ɂɡ ɥɟɜɨɣ ɱɚɫɬɢ (7.7): 

   2 *1th
C

L

v
m k C GA

D
R

                                     (7.7a) 
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                       (7.7b)  
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                            (7.7c) 

   
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,   expth RR R 
         (7.7d) 

   
 
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v k C R v D
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D D k R
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  
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  
                              (7.7e) 

ȼɟɪɧёɦɫɹ ɤ ɭɪɚɜɧɟɧɢɸ (7). ȿɝɨ ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɜɢɞɟ: 

     

 

2
0

2

1

4

C C C

E
C

R m v k C R v D G D D k R v

D D k R v
S

 

     

 


                    (7.8) 

ɉɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ (7.8): 
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                        (7.9) 

ɝɞɟ D  - ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ, k  - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 
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ɍɪ. (7.9) ɩɪɟɞɫɬɚɜɥɹɟɬ ɭɩɪɨɳɟɧɧɵɣ ɡɚɤɨɧ ɪɨɫɬɚ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɚɞɢɭɫɚ 

ɜɟɪɲɢɧɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɡɚɬɜɟɪɞɟɜɚɧɢɹ, (ɫɬɚɰɢɨɧɚɪɧɵɣ ɪɨɫɬ ɫɬɨɥɛɱɚɬɨɣ 

ɫɬɪɭɤɬɭɪɵ). Ɉɧ ɩɪɨɝɧɨɡɢɪɭɟɬ R  - ɪɚɞɢɭɫ ɜɟɪɲɢɧɵ ɫɬɨɥɛɱɚɬɨɝɨ ɤɪɢɫɬɚɥɥɚ ɩɪɢ 

ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ S Cv v , ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɝɪɚɞɢɟɧɬɟ G , 

ɧɚɥɚɝɚɸɬɫɹ ɧɚ ɫɢɫɬɟɦɭ ɢ ܥ଴ - ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢɡɜɟɫɬɧɚ.  

Ɋɚɡɪɚɛɨɬɚɧ ɡɚɤɨɧ ɨ ɪɨɫɬɟ, ɭɪɚɜɧɟɧɢɟ (7.9) ɩɪɨɝɧɨɡɢɪɭɟɬ R  - ɧɟ ɬɨɥɶɤɨ ɪɚɞɢɭɫ 

ɜɟɪɲɢɧɵ ɫɬɨɥɛɱɚɬɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɪɚɫɬɭɳɟɝɨ ɜ ɫɨɫɬɨɹɧɢɢ ɦɚɪɝɢɧɚɥɶɧɨɣ 

ɫɬɚɛɢɥɶɧɨɫɬɢ ɧɨ ɢ ɪɚɞɢɭɫ ɫɚɦɨɝɨ ɫɬɨɥɛɱɚɬɨɝɨ ɞɟɧɞɪɢɬɚ (ɪɢɫ. 7.24). 

ɍɪɚɜɧɟɧɢɟ (7.9) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ 

ɫɦɟɳɟɧɢɹ ɫɥɢɬɤɚ ɜɞɨɥɶ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ 

ɫɬɨɥɛɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ, S Cv v , ɢ ɩɪɢ ɡɚɞɚɧɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɝɪɚɞɢɟɧɬɟ ɧɚ 

ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ܩ, ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɨɦɢɧɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 

ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ Zn ɜ ɥɚɬɭɧɢ, ܥ଴, ɨɧ ɦɨɠɟɬ ɩɨɥɭɱɢɬɶ ɬɨɥɶɤɨ ɨɞɢɧ 

ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɪɚɞɢɭɫ ɜɟɪɲɢɧɵ (ɬɚɤɠɟ ɪɚɡɦɟɪ ɡɟɪɧɚ) ɜ ɦɨɪɮɨɥɨɝɢɢ ɫɥɢɬɤɚ.  

 

 

7.7. ȼɥɢɹɧɢɟ ɬɟɪɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɉɟɤɥɟ ɧɚ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɥɚɬɭɧɧɨɦ ɫɥɢɬɤɟ 

 

Ɍɟɪɦɚɥɶɧɨɟ ɱɢɫɥɨ ɉɟɤɥɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɨɛɦɟɧɚ ɜ 

ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɟ [279, 319, 275]. Ɉɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 

(ɪɢɫ. 7.27) ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

cr

T

u R
Pe

a


                                                   (7.10) 

 

ɝɞɟ, ܽ  - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɣ ɞɢɮɮɭɡɢɢ, u  - ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ, crR  

- ɜɧɭɬɪɟɧɧɢɣ ɪɚɞɢɭɫ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 
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Ɋɢɫɭɧɨɤ 7.27. ɋɯɟɦɚ ɦɨɞɟɥɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ.  𝑥,  ɤɨɨɪɞɢɧɚɬɵ;  ௌܶ, - ɢɡɨɬɟɪɦɚ ɫɨɥɢɞɭɫ; ଴ܶ - ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ - ݎ

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ;  𝑔̅ - ɝɪɚɜɢɬɚɰɢɹ; ̅ݍ - ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ. 

 

Эɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɥɚɧɫ ɫɢɫɬɟɦɵ (ɪɢɫ. 7.27) ɨɩɢɫɚɧ ɜ [13]. Ɉɧ ɭɪɚɜɧɨɜɟɲɢɜɚɟɬ 

ɦɝɧɨɜɟɧɧɨɟ ɫɤɪɵɬɨɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɢ ɬɟɩɥɨ, ɨɬɛɢɪɚɟɦɨɟ ɨɬ ɬɜёɪɞɨɣ ɨɛɨɥɨɱɤɢ 

ɱɟɪɟɡ ɤɨɧɬɚɤɬɧɵɣ ɫɥɨɣ, (ɪɢɫ. 7.27).  

ȼ ɬɟɪɦɢɧɚɯ ɫɢɫɬɟɦɵ (ɪɢɫ. 7.27) ɨɧ ɜɵɪɚɠɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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                       (7.11) 

ɝɞɟ, 𝛼  - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɦɟɠɞɭ ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ ɢ ɬɜёɪɞɨɣ 

ɤɨɪɨɱɤɨɣ;   - ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ; L  - ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ; K  - ɤɨɷɮɮɢɰɢɟɧɬ 

ɫɨɤɪɚɳɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɟ; inR  - ɪɚɞɢɭɫ ɡɚɝɨɬɨɜɤɢ; ݎ, 𝑥  - 
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ɤɨɨɪɞɢɧɚɬɵ; WT  - ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ; inT  - ɬɟɦɩɟɪɚɬɭɪɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ. 

ɍɤɚɡɚɧɧɵɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɥɚɧɫ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɮɨɪɦɭɥɢɪɨɜɚɬɶ ɚɞɟɤɜɚɬɧɵɟ 

ɨɩɪɟɞɟɥɟɧɢɹ ɞɪɭɝɢɯ ɱɢɫɟɥ, ɩɪɢɝɨɞɧɵɯ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɥɚɬɭɧɧɨɝɨ ɫɥɢɬɤɚ, 

ɤɨɬɨɪɵɟ ɪɟɝɭɥɢɪɭɸɬ ɡɚɬɜɟɪɞɟɜɚɧɢɟ. 

a/ ɑɢɫɥɨ ɋɬɟɮɚɧɚ, ɤɨɬɨɪɨɟ ɪɚɜɧɨ ɨɬɧɨɲɟɧɢɸ of ɫɟɧɫɢɛɢɥɶɧɨɣ ɬɟɩɥɨɬɵ ɤ ɫɤɪɵɬɨɣ 

ɬɟɩɥɨɬɟ 

 0Fc T T
Ste

L


                                                  (7.12) 

b/ ɑɢɫɥɨ Ɏɭɪɶɟ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬ ɨɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ 

ɩɟɪɟɧɨɫɚ to storage rate 

cr

a t
Fo

R
                                                             (7.13) 

c/ ɑɢɫɥɨ Ȼɢɨ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜɧɭɬɪɢ ɫɥɢɬɤɚ ɢ 

ɤɨɧɬɚɤɬɧɨɝɨ ɫɥɨɹ ɤ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɚɤɬɧɨɝɨ ɫɥɨɹ  

0 0

1

crBi R




                                                      (7.14a) 

d/ ɑɢɫɥɨ Ȼɢɨ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜɧɭɬɪɢ 

ɤɨɧɬɚɤɬɧɨɝɨ ɫɥɨɹ ɤ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɚɤɬɧɨɝɨ ɫɥɨɹ 

1

con lay con crBi R




                                               (7.14b) 

ɝɞɟ, c  - ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɥɚɬɭɧɢ; t  - ɜɪɟɦɹ,   - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ; 

F LT T  - ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ; 0  - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɤ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɟ; con  - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɱɟɪɟɡ ɜɨɡɞɭɲɧɵɣ ɡɚɡɨɪ (ɪɢɫ. 

7.27). 

ɉɪɢɦɟɧɟɧɢɟ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɱɢɫɟɥ ɤ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ 

ɥɚɬɭɧɧɵɯ ɫɥɢɬɤɨɜ ɩɨɡɜɨɥɢɥɨ ɩɪɟɞɫɤɚɡɚɬɶ ɮɨɪɦɭ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ, 𝑥,  - ݎ

ɤɨɨɪɞɢɧɚɬɵ, (ɪɢɫ. 7.28). 
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Ɋɢɫɭɧɨɤ 7.28. Ƚɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɟɣ ɜɵɬɹɝɢɜɚɧɢɹ 

ɫɥɢɬɤɚ. 7.53TPe   ɞɥɹ 0.005u   [ɦ/ɫ], 12.05TPe   ɞɥɹ 0.008u   [ɦ/ɫ], ɢ 15.06TPe   ɞɥɹ 

0.010u   [ɦ/ɫ], (7.10). 

 

ȼ ɧɟɩɪɟɪɵɜɧɵɯ ɫɥɢɬɤɚɯ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɨɛɧɚɪɭɠɟɧɵ ɧɟɤɨɬɨɪɵɟ ɪɚɡɥɢɱɧɵɟ 

ɫɬɪɭɤɬɭɪɧɵɟ ɡɨɧɵ, ɧɚɛɥɸɞɚɟɦɵɟ ɜ ɫɬɚɥɶɧɵɯ ɫɥɢɬɤɚɯ [333], [266] [276]. ȼ ɱɚɫɬɧɨɫɬɢ, 

ɮɨɪɦɚ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɡɧɚɱɢɬɟɥɶɧɚ [314], [217], ɬɚɤ ɤɚɤ ɷɬɚ ɫɬɪɭɤɬɭɪɚ 

ɞɨɦɢɧɢɪɭɟɬ ɜ ɦɨɪɮɨɥɨɝɢɢ ɫɥɢɬɤɚ (ɪɢɫ. 7.24).  

Ɉɞɧɚɤɨ ɬɟɤɭɳɢɣ ɦɟɬɨɞ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ 

ɫɥɢɬɤɨɜ ɧɟ ɦɨɠɟɬ ɬɨɱɧɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɫɬɪɭɤɬɭɪɧɵɟ ɡɨɧɵ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɥɚɬɭɧɧɨɦ 

ɫɥɢɬɤɟ (ɪɢɫ. 7.28).  

Ɉɩɢɫɚɧɢɟ ɫɬɚɬɢɱɟɫɤɨɝɨ ɫɬɚɥɶɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɫɥɢɬɤɚ, ɢɥɥɸɫɬɪɢɪɭɟɦɨɟ 

ɩɨɜɟɞɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫɚ (ɪɢɫ. 7.22), ɞɨɤɚɡɵɜɚɟɬ, ɱɬɨ CET 

ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ 
R R

E Ct t .  

ɇɟɤɨɬɨɪɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ CET ɹɜɥɹɟɬɫɹ 

ɪɟɡɤɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ ɩɪɢ ɚɧɚɥɢɡɟ ɧɟɩɪɟɪɵɜɧɨɥɢɬɵɯ ɫɥɢɬɤɨɜ (ɪɢɫ. 7.29).  
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Ɋɢɫɭɧɨɤ 7.29. ɋɬɪɭɤɬɭɪɧɵɟ ɡɨɧɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɚɬɭɧɧɨɝɨ ɫɥɢɬɤɚ FC – fine 

columnar, C – columnar, E – equiaxed structure; SC – single crystal (core) situated 

axially along the ingot. 

 

ɇɟɤɨɬɨɪɵɟ ɨɰɟɧɤɢ ɪɚɞɢɭɫɚ ɤɪɢɜɢɡɧɵ ɜɟɪɲɢɧ ɫɬɨɥɛɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ expR -  

(ɩɨɥɨɜɢɧɚ ɲɢɪɢɧɵ ɫɬɨɥɛɱɚɬɵɯ ɡɟɪɟɧ) ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ ɡɧɚɱɟɧɢɹɦ ɫɬɪɭɤɬɭɪɧɨɝɨ 

ɱɢɫɥɚ ɉɟɤɥɟ, (7.1) ɤɨɝɞɚ ɫɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ ɫɥɢɬɤɚ ɢɡɜɟɫɬɧɚ ݒ௖ሺݑሻ.  

Ɂɚɤɨɧ ɪɨɫɬɚ ɞɥɹ ɞɨɦɢɧɚɧɬɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɬɨɥɛɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɤɪɢɬɟɪɢɹ ɩɪɟɞɟɥɶɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɞɥɹ ɫɬɪɭɤɬɭɪɧɵɯ ɱɢɫɟɥ ɩɟɤɥɟɣ 

ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ (7.9). 

Ȼɨɥɟɟ ɬɨɝɨ, ɚɧɚɥɨɝɢɱɧɵɣ ɡɚɤɨɧ ɪɨɫɬɚ ɦɨɠɧɨ ɬɚɤɠɟ ɩɨɥɭɱɢɬɶ ɞɥɹ ɱɢɫɟɥ 

ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɪɢɬɟɪɢɹ ɉɟɤɥɟ ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ, ɢɫɩɨɥɶɡɭɹ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɦɟɬɨɞ 

ɮɨɪɦɭɥɢɪɨɜɤɢ ɡɚɤɨɧɚ ɪɨɫɬɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɚɜɢɥɶɧɚɹ ɮɭɧɤɰɢɹ ɂɜɚɧɰɨɜɚ 

ɪɚɡɜɢɜɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɩɪɢɦɟɧɟɧ ɬɪɟɬɢɣ ɬɟɪɦɢɧ. 

ɋɮɨɪɦɭɥɢɪɨɜɚɧɚ ɦɨɞɟɥɶ ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɥɢɬɶɟ ɥɚɬɭɧɧɵɯ 

ɫɥɢɬɤɨɜ (ɪɢɫ. 7.27) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɨɦɟɪɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɱɢɫɥɚ ɉɟɤɥɟ, ɭɪɚɜɧɟɧɢɟ 

(7.10). ȼ ɦɨɞɟɥɢ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɤɨɧɬɚɤɬɧɵɣ ɫɥɨɣ (ɜɨɡɞɭɲɧɵɣ ɡɚɡɨɪ ɦɟɠɞɭ 

ɫɥɢɬɤɨɦ ɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɦ). 

Ɂɧɚɱɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɝɨ ɱɢɫɥɚ ɉɟɤɥɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɫɦɟɳɟɧɢɹ ɫɥɢɬɤɚ 

ɜɞɨɥɶ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɦɨɝɭɬ ɛɵɬɶ ɨɰɟɧɟɧɵ ɢɡ-ɡɚ ɩɪɢɦɟɧɟɧɢɹ ɦɨɞɟɥɢ. 

Ɇɨɞɟɥɶ ɧɟ ɩɨɡɜɨɥɹɥɚ ɪɚɫɫɱɢɬɵɜɚɬɶ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫɚ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ (ɩɨ ɚɧɚɥɨɝɢɢ (ɪɢɫ. 7.22)). 
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Ɉɞɧɚɤɨ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɩɨɥɨɠɟɧɢɟ s/l-ɢɧɬɟɪɮɟɣɫɚ ɜ ɩɨɞɜɢɠɧɨɦ ɥɚɬɭɧɧɨɦ 

ɫɥɢɬɤɟ (ɪɢɫ. 7.28).  

Ȼɨɥɟɟ ɬɨɝɨ, ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɬɨɱɤɢ ɩɟɪɟɝɢɛɚ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɮɨɪɦ s/l-ɢɧɬɟɪɮɟɣɫɚ ɨɬɜɟɬɫɬɜɟɧɧɵ ɡɚ ɬɪɚɧɫɮɨɪɦɚɰɢɸ CET (ɪɢɫ. 

7.30). 

Ɍɨɱɤɢ ɩɟɪɟɝɢɛɚ, ɜɢɞɢɦɵɟ ɜ (ɪɢɫ. 7.30), ɫɜɹɡɚɧɵ ɩɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ, ɤɨɬɨɪɚɹ 

ɩɟɪɟɫɟɤɚɟɬ ɜɵɱɢɫɥɟɧɧɵɟ ɮɨɪɦɵ s/l-ɢɧɬɟɪɮɟɣɫɚ. 

ɉɟɪɟɫɟɱɟɧɢɹ ɷɬɨɣ ɥɢɧɢɢ ɫ ɜɵɱɢɫɥɟɧɧɵɦɢ ɮɨɪɦɚɦɢ ɩɨɡɜɨɥɹɸɬ ɢɧɬɭɢɬɢɜɧɨ 

ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɬɪɚɧɫɮɨɪɦɚɰɢɹ CET ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ ɛɨɥɶɲɟɦ ɪɚɞɢɭɫɟ ɫɥɢɬɤɚ 

(ɩɨɡɠɟ ɜɨ ɜɪɟɦɟɧɢ), ɤɨɝɞɚ ɫɤɨɪɨɫɬɶ ɫɦɟɳɟɧɢɹ ɫɥɢɬɤɚ (ɢ ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ ɫɤɨɪɨɫɬɶ 

ɞɜɢɠɟɧɢɹ ɢɧɬɟɪɮɟɣɫɚ s/l) ɜɨɡɪɚɫɬɚɟɬ. 

 

Ɋɢɫɭɧɨɤ 7.30.  Ʌɨɤɚɥɢɡɚɰɢɹ ɬɨɱɟɤ ɩɟɪɟɝɢɛɚ (ɝɢɩɨɬɟɬɢɱɟɫɤɚɹ ɥɨɤɚɥɢɡɚɰɢɹ 

ɨɫɬɪɨɝɨ CET) ݎ = Ͳ  ɨɩɪɟɞɟɥɹɟɬ ɩɨɜɟɪɯɧɨɫɬɶ ɫɥɢɬɤɚ,  ݎ = Ͳ.ͳͷ ɫɜɹɡɚɧɧɭɸ ɫ ɨɫɶɸ 

ɫɥɢɬɤɚ; ݎ - ɥɭɱ ɫ ɧɚɱɚɥɨɦ ɧɚ ɨɫɢ ɫɥɢɬɤɚ ɧɚɩɪɚɜɥɟɧɧɵɣ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɧɨɪɦɚɥɢ. 

 

 

Ƚɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ ɪɟɡɤɨ ɨɤɚɧɱɢɜɚɟɬɫɹ ɧɚ ɨɫɢ ɫɥɢɬɤɚ, (ɪɢɫ. 7.30). Эɬɨ ɨɡɧɚɱɚɟɬ, 

ɱɬɨ ɬɟɤɭɳɚɹ ɭɩɪɨɳɟɧɧɚɹ ɦɨɞɟɥɶ, (ɪɢɫ. 7.30), (11) ɧɟ ɦɨɠɟɬ ɩɪɟɞɫɤɚɡɚɬɶ ɨɛɪɚɡɨɜɚɧɢɟ 

SC-ɦɨɧɨɤɪɢɫɬɚɥɥɚ (ɫɟɪɞɰɟɜɢɧɵ), ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɨɫɟɜɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɤɚɤ 

ɩɨɤɚɡɚɧɨ ɧɚ ɩɪɨɞɨɥɶɧɨɦ ɭɱɚɫɬɤɟ ɦɟɞɧɨɝɨ ɫɥɢɬɤɚ, (ɪɢɫ. 7.29). 
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ɉɨɷɬɨɦɭ ɛɨɥɟɟ ɫɥɨɠɧɚɹ ɦɨɞɟɥɶ, [64], ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɬɟɤɭɳɢɟ ɫɨɨɛɪɚɠɟɧɢɹ ɜ 

ɛɥɢɠɚɣɲɟɦ ɛɭɞɭɳɟɦ. Ɉɞɧɚɤɨ ɩɪɟɞɥɚɝɚɟɦɚɹ ɦɨɞɟɥɶ ɞɨɥɠɧɚ ɛɵɬɶ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɚ, ɱɬɨɛɵ ɛɵɬɶ ɚɞɚɩɬɢɪɨɜɚɧɧɨɣ ɤ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɟ ɥɚɬɭɧɧɵɯ 

ɫɥɢɬɤɨɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɨɡɞɭɲɧɵɣ ɡɚɡɨɪ ɫɥɟɞɭɟɬ ɬɚɤɠɟ ɭɱɢɬɵɜɚɬɶ ɩɪɢ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ. ɇɟɤɨɬɨɪɵɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɷɬɢɦ ɜɨɡɞɭɲɧɵɦ 

ɡɚɡɨɪɨɦ, ɫɥɟɞɭɟɬ ɜɜɨɞɢɬɶ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɫɥɢɬɤɨɜ 

ɥɚɬɭɧɢ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ [249]. 

 

 

7.8. ȼɵɜɨɞɵ  

 

ȼɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɥɢɹɧɢɹ ɞɢɧɚɦɢɤɢ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɦɚɫɫɢɜɧɨɝɨ ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɦɚɤɪɨɫɬɪɭɤɬɭɪ. Ɋɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɫɥɢɬɤɚ ɩɨ ɢɡɦɟɪɹɟɦɵɦ ɩɚɪɚɦɟɬɪɚɦ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ ɢ ɦɟɬɨɞɢɤɚ ɧɚ ɨɫɧɨɜɟ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ, ɫɤɨɪɨɫɬɢ ɩɪɨɞɜɢɠɟɧɢɹ 

ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɧɚ ɝɪɚɧɢɰɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, 

ɩɨɡɜɨɥɹɸɳɚɹ ɨɩɪɟɞɟɥɹɬɶ ɪɟɠɢɦɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɆɇɅɁ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɧɟɨɛɯɨɞɢɦɨɣ ɫɬɪɭɤɬɭɪɵ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ. 

ɉɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɦɚɫɫɢɜɧɨɝɨ 

ɫɬɚɥɶɧɨɝɨ ɫɥɢɬɤɚ ɢ ɩɨɫɬɪɨɟɧɚ ɩɪɨɝɧɨɡɧɚɹ ɦɨɞɟɥɶ ɫɬɪɭɤɬɭɪɵ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɫɥɢɬɤɚ. ɋɞɟɥɚɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ 

ɫɬɚɥɶɧɨɝɨ ɢ ɥɚɬɭɧɧɨɝɨ ɫɥɢɬɤɨɜ. ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 

ɉɟɤɥɟ ɧɚ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ, ɚ ɬɚɤɠɟ ɜɥɢɹɧɢɟ 

ɬɟɪɦɚɥɶɧɨɝɨ ɤɪɢɬɟɪɢɹ ɉɟɤɥɟ ɧɚ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɜ 

ɧɟɩɪɟɪɵɜɧɨɦ ɥɚɬɭɧɧɨɦ ɫɥɢɬɤɟ. 
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ɈɋɇɈȼɇЫȿ ȼЫȼɈȾЫ ɉɈ ɊȺȻɈɌȿ 

 

ȼ ɞɢɫɫɟɪɬɚɰɢɢ ɪɟɲɟɧɚ ɜɚɠɧɚɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ ɩɪɨɛɥɟɦɚ ɩɪɨɝɧɨɡɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɟ, ɢɡɥɨɠɟɧɵ 

ɧɨɜɵɟ ɧɚɭɱɧɨ ɨɛɨɫɧɨɜɚɧɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɢ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɨɪɝɚɧɢɡɚɰɢɢ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ 

ɦɟɬɚɥɥɨɜ ɜ ɦɚɲɢɧɚɯ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ, ɜɧɨɫɹɳɢɟ ɡɧɚɱɢɬɟɥɶɧɵɣ 

ɜɤɥɚɞ ɜ ɪɚɡɜɢɬɢɟ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ. Ɉɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 

1. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɟ ɩɨɤɚɡɚɧɵ 

ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɩɨɫɨɛɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɫ ɰɟɥɶɸ ɪɟɲɟɧɢɹ ɧɚ ɛɚɡɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 

ɦɨɞɟɥɟɣ ɡɚɞɚɱ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɆɇɅɁ, ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɰɢɨɧɚɥɶɧɵɯ ɪɟɠɢɦɨɜ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ, ɫɩɨɫɨɛɨɜ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ 

ɢ ɡɚ ɫɱёɬ ɷɬɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɹ. 

2. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɚɫɱёɬɨɜ, ɩɪɨɢɡɜɨɞɢɦɵɯ ɩɨ ɦɨɞɟɥɹɦ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɜɤɥɸɱɚɸɳɢɦ ɭɫɥɨɜɢɹ ɋɬɟɮɚɧɚ, ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɪɚɫɱёɬɚ 

ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɭɡɥɚɯ ɜɛɥɢɡɢ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ ɩɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɪɚɜɧɨɦɟɪɧɨɦɭ ɲɚɛɥɨɧɭ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ 

ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɬɨɬ ɠɟ ɲɚɝ ɩɨ ɜɪɟɦɟɧɢ, ɱɬɨ ɢ ɞɥɹ ɨɫɧɨɜɧɨɣ ɹɜɧɨɣ ɤɨɧɟɱɧɨ-

ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ, ɩɪɢɦɟɧɹɟɦɨɣ ɩɪɢ ɪɚɫɱёɬɚɯ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ. Ɋɚɡɪɚɛɨɬɚɧ 

ɫɩɨɫɨɛ ɜɵɱɢɫɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɡɚɞɚɱɟ 

ɋɬɟɮɚɧɚ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱёɬɵ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɛɵɫɬɪɟɟ, ɱɟɦ ɜ 

ɪɟɚɥɶɧɨɦ ɪɟɠɢɦɟ ɜɪɟɦɟɧɢ, ɱɬɨ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɫɢɫɬɟɦɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɩɪɨɰɟɫɫɨɦ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ. 

3. ȼɩɟɪɜɵɟ ɪɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ 

ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɫ ɧɚɥɢɱɢɟɦ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
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ɭɫɥɨɜɢɣ ɋɬɟɮɚɧɚ ɢ ɧɨɜɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ, ɩɨɡɜɨɥɹɸɳɢɣ ɪɚɫɫɱɢɬɵɜɚɬɶ ɬɨɥɳɢɧɭ ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɨɛɨɥɨɱɤɢ 

ɫɥɢɬɤɚ ɢ ɞɥɢɧɭ ɠɢɞɤɨɣ ɮɚɡɵ ɜɞɨɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɢ, ɚ ɬɚɤɠɟ ɫɤɨɪɨɫɬɢ 

ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦ ɢ ɝɪɚɧɢɰ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɢ ɝɪɚɞɢɟɧɬɵ ɬɟɦɩɟɪɚɬɭɪ 

ɜɛɥɢɡɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɵɯ ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɠɢɦɚɯ 

ɪɚɡɥɢɜɤɢ. 

4. ɉɪɨɜɟɞɟɧɨ ɫɢɫɬɟɦɧɨɟ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɫ ɪɚɫɱёɬɨɦ ɝɪɚɧɢɰ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɨ ɭɫɥɨɜɢɹɦ 

ɋɬɟɮɚɧɚ, ɩɨ ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɨɣ ɦɨɞɟɥɢ, ɩɨ ɦɟɬɨɞɭ ɜɜɟɞɟɧɢɹ ɮɭɧɤɰɢɢ ɫɨɫɬɚɜɚ 

ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɦɟɫɢ, ɚ ɬɚɤɠɟ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ ɧɨɜɨɦɭ ɦɟɬɨɞɭ ɧɚɯɨɠɞɟɧɢɹ 

ɩɨɥɨɠɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɜɧɭɬɪɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ 

ɜɵɛɢɪɚɬɶ ɫɬɪɭɤɬɭɪɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɧɚɢɛɨɥɟɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ 

ɬɪɟɛɨɜɚɧɢɹɦ ɤɨɧɤɪɟɬɧɨɣ ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɞɥɹ 

ɩɪɨɝɧɨɡɧɵɯ ɦɨɞɟɥɟɣ, ɜɵɱɢɫɥɟɧɢɟ ɩɪɨɢɡɜɨɞɧɵɯ ɩɪɢ ɪɚɫɱёɬɚɯ ɫɤɨɪɨɫɬɟɣ ɢ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɢɥɢ ɢɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɡɚɦɟɳɚɸɳɟɟ 

ɧɚɬɭɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ. 

5. Ɋɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɧɨɡɧɚɹ ɦɨɞɟɥɶ ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɫɨɬɨɜɨɣ ɆɇɅɁ ɢ ɜɵɱɢɫɥɟɧɢɹ ɬɨɥɳɢɧɵ ɮɨɪɦɢɪɭɸɳɟɣɫɹ 

ɬɜёɪɞɨɣ ɤɨɪɨɱɤɢ ɫɥɢɬɤɚ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɪɟɲɟɧɢɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 

ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫ ɭɫɥɨɜɢɟɦ ɋɬɟɮɚɧɚ ɢ ɡɚɞɚɧɢɢ ɝɪɚɧɢɱɧɵɯ 

ɭɫɥɨɜɢɣ ɬɪɟɬɶɟɝɨ ɪɨɞɚ, ɜ ɤɨɬɨɪɵɯ ɡɚɞɟɣɫɬɜɨɜɚɧɚ ɜɟɥɢɱɢɧɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɬ 

ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɤɢ ɤ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɟ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɜ ɪɟɠɢɦɟ 

ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɢɡ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɢɬɨɝɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ, ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɤɨɪɨɱɤɢ 

ɡɚɝɨɬɨɜɤɢ ɤ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɢ ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɵ 

ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɤɭɳɢɯ ɡɧɚɱɟɧɢɣ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɢ ɟё ɪɚɫɯɨɞɚ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɝɢɥɶɡɵ 

ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. Ɇɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɨɩɪɟɞɟɥɹɬɶ 

ɬɟɩɥɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. 
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6. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɫɱёɬɚ ɩɨɥɨɠɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ 

ɡɨɧɵ ɤɪɢɫɬɚɥɥɢɡɭɸɳɟɣɫɹ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɭɫɥɨɜɢɣ ɋɬɟɮɚɧɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɥɢɬɤɚ, ɨɩɪɟɞɟɥɹɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɮɨɪɦɵ ɠɢɞɤɨɣ ɥɭɧɤɢ ɤ 

ɢɡɦɟɧɟɧɢɹɦ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ, ɚ ɬɚɤɠɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɨ ɜɪɟɦɹ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚɛɥɸɞɚɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɫɥɢɬɤɚ ɜ ɥɸɛɵɯ ɬɨɱɤɚɯ ɢ ɩɨɥɨɠɟɧɢɟ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɜ ɥɸɛɨɦ ɫɟɱɟɧɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɮɨɪɦɵ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɧɚɦɢɤɢ 

ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ ɩɨɡɜɨɥɹɸɬ ɜɵɪɚɛɚɬɵɜɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɨɞɛɨɪɭ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ, ɚ ɬɚɤɠɟ 

ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɆɇɅɁ, ɫ ɰɟɥɶɸ ɧɚɢɛɨɥɟɟ ɫɬɪɨɝɨɝɨ ɫɨɛɥɸɞɟɧɢɹ 

ɬɪɟɛɨɜɚɧɢɣ ɤ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɪɟɠɢɦɭ ɪɚɡɥɢɜɤɢ. 

7. ȼɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ 

ɤɨɧɮɢɝɭɪɚɰɢɢ ɮɨɪɫɭɧɨɤ ɜ ɁȼɈ, ɡɚɤɥɸɱɚɸɳɚɹɫɹ ɨɩɪɟɞɟɥɟɧɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨ ɲɢɪɢɧɟ ɫɥɹɛɨɜɨɣ ɆɇɅɁ ɩɭɬɟɦ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ 

ɡɚɞɚɱɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɫɥɢɬɤɟ ɫ ɩɨɦɨɳɶɸ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɇɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɢ 

ɪɚɫɱɟɬɚ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɫɭɧɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɨɞɨɛɪɚɧɵ ɬɚɤɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɮɨɪɫɭɧɨɱɧɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ ɜ ɁȼɈ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɧɚɢɦɟɧɶɲɢɦ ɬɟɦɩɟɪɚɬɭɪɧɵɦ 

ɝɪɚɞɢɟɧɬɚɦ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɛɟɫɩɟɱɢɜɚɬɶ ɧɚɢɥɭɱɲɟɟ ɜɨɡɦɨɠɧɨɟ ɤɚɱɟɫɬɜɨ 

ɦɟɬɚɥɥɚ, ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɆɇɅɁ. 

8. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɨɰɟɧɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɥɢɬɤɚ, ɤɚɤ ɧɚ 

ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɬɚɤ ɢ ɜ ɩɪɨɰɟɫɫɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɆɇɅɁ. ɂɫɫɥɟɞɨɜɚɧɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɬɚɤɢɯ 

ɱɢɫɥɨɜɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɤɚɤ ɦɚɤɫɢɦɚɥɶɧɨɟ, ɦɢɧɢɦɚɥɶɧɨɟ ɢ 

ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɬɟɩɥɨɨɬɜɨɞ, ɦɚɤɫɢɦɚɥɶɧɵɣ 

ɝɪɚɞɢɟɧɬ, ɢ ɢɧɬɟɝɪɚɥɶɧɨ-ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɤɪɢɬɟɪɢɢ ɧɚ ɭɱɚɫɬɤɚɯ ɜɥɢɹɧɢɹ 

ɫɟɤɰɢɣ ɤ ɢɡɦɟɧɟɧɢɹɦ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ (ɪɚɫɯɨɞɨɜ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ) ɢ 
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ɢɯ ɫɨɨɬɜɟɬɫɬɜɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɨɛɟɫɩɟɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ 

ɩɪɨɞɭɤɰɢɢ. 

9. ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ 

ɜɨɞɵ ɜ ɁȼɈ, ɞɚɸɳɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɫɬɪɨɝɨɝɨ ɫɨɛɥɸɞɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɜɬɨɪɢɱɧɵɦ 

ɨɯɥɚɠɞɟɧɢɟɦ ɜ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɚɯ ɪɚɡɥɢɜɤɢ, ɚ ɬɚɤɠɟ ɢɦɢɬɚɰɢɨɧɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɆɇɅɁ. ɇɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ 

ɩɪɨɝɧɨɡɧɨɣ ɦɨɞɟɥɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɪɚɡɪɚɛɨɬɚɧɚ 

ɦɟɬɨɞɢɤɚ ɩɪɨɝɧɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɚɦɢ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɁȼɈ. 

10. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɤɪɢɜɵɯ ɫɤɨɪɨɫɬɢ 

ɩɪɨɞɜɢɠɟɧɢɹ ɢɡɨɬɟɪɦɵ ɥɢɤɜɢɞɭɫ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɜɛɥɢɡɢ 

ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ, ɢ ɫɬɪɭɤɬɭɪɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɦɩɥɟɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ 

ɩɪɨɢɡɜɨɞɫɬɜɟ, ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 

ɩɨ ɢɡɦɟɪɹɟɦɵɦ ɩɚɪɚɦɟɬɪɚɦ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɜɤɢ ɢ ɦɟɬɨɞɢɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ 

ɨɩɪɟɞɟɥɹɬɶ ɪɟɠɢɦɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɆɇɅɁ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ 

ɫɬɪɭɤɬɭɪɵ ɧɟɩɪɟɪɵɜɧɨɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ. 

11. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɬɪёɯɦɟɪɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɩɨɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ, ɚɥɝɨɪɢɬɦɵ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ 

ɡɚɞɚɱɢ, ɚ ɬɚɤɠɟ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫ ɭɱёɬɨɦ 

ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ 

ɡɨɧɵ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɁȼɈ) ɦɚɲɢɧɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ 

(ɆɇɅɁ) ɁȺɈ "ɄɈɊȺȾ", ɝ. Ɇɨɫɤɜɚ, ɊɎ. 

12. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɤɚɫɚɸɳɢɟɫɹ ɜɥɢɹɧɢɹ ɪɚɡɧɵɯ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɬɟɩɥɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɫɥɢɬɤɚ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚ 

ɝɥɭɛɢɧɭ ɢ ɮɨɪɦɭ ɠɢɞɤɨɣ ɥɭɧɤɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɜɵɪɚɛɨɬɤɟ 

ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɤɨɦɟɧɞɚɰɢɣ ɞɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɪɟɠɢɦɨɜ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɨɪɬɨɜɨɣ ɆɇɅɁ ȿɧɚɤɢɟɜɫɤɨɝɨ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɡɚɜɨɞɚ 

ɁȺɈ «ȼɌɋ». 
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ȼɧɟɞɪɟɧɢɟ ɞɚɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɩɨɡɜɨɥɹɟɬ ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɨ 

ɜɵɩɭɫɤɚɟɦɨɣ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ ɩɪɢ ɫɧɢɠɟɧɢɢ ɟɟ ɫɟɛɟɫɬɨɢɦɨɫɬɢ, 

ɭɜɟɥɢɱɢɬɶ ɫɪɨɤ ɫɥɭɠɛɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɆɇɅɁ, ɨɛɟɫɩɟɱɢɬɶ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɟ. 
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