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ɪɨɞ ɛɟɡ ɤɪɭɩɧɵɯ ɬɨɪɝɨɜɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ (ɞɚɥɟɟ – ɰɟɧɬɪɵ).  

ɐɟɧɬɪɵ – ɷɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɞɚɧɢɹ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦɢ 

ɩɨɦɟɳɟɧɢɹɦɢ (ɚɬɪɢɭɦɵ) ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɶɸ, ɜ ɤɨɬɨɪɵɯ ɧɚɯɨɞɹɬɫɹ ɩɨɦɟɳɟɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɨɞ ɦɧɨɝɨɫɜɟɬɧɵɦ ɩɨɦɟɳɟɧɢɟɦ ɩɨɧɢɦɚɟɬɫɹ ɜɧɭɬɪɟɧɧɢɣ 

ɟɞɢɧɵɣ ɨɛɴɟɦ, ɨɛɴɟɞɢɧɹɸɳɢɣ ɧɟɫɤɨɥɶɤɨ ɷɬɚɠɟɣ. ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɚ, ɩɨɦɟɳɟɧɢɟ 

ɦɨɠɧɨ ɧɚɡɵɜɚɬɶ ɚɬɪɢɭɦɨɦ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɭɤɚɡɚɧɧɨɦ ɨɛɴɟɦɟ ɟɫɬɟɫɬɜɟɧɧɨɝɨ  

ɨɫɜɟɳɟɧɢɹ. 

Аɧɚɥɢɡ ɩɨɠɚɪɨɜ ɜ ɡɞɚɧɢɹɯ ɰɟɧɬɪɨɜ ɜ Ɋɨɫɫɢɢ ɢ ɡɚ ɪɭɛɟɠɨɦ ɩɨɤɚɡɚɥ, ɱɬɨ, ɧɟ-

ɫɦɨɬɪɹ ɧɚ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɠɚɪɨɜ ɜ ɰɟɥɨɦ, ɜ ɬɚɤɢɯ ɡɞɚɧɢɹɯ ɩɨɠɚɪɵ ɯɚ-

ɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɶɸ ɢ ɱɟɥɨɜɟɱɟɫɤɢɦɢ ɠɟɪɬɜɚɦɢ.  

ɋɨɜɪɟɦɟɧɧɵɟ ɰɟɧɬɪɵ ɞɚɜɧɨ ɜɵɲɥɢ ɡɚ ɪɚɦɤɢ ɧɨɪɦɚɬɢɜɧɵɯ ɜɟɥɢɱɢɧ ɩɥɨɳɚ-

ɞɟɣ ɷɬɚɠɟɣ ɩɨɠɚɪɧɵɯ ɨɬɫɟɤɨɜ [3].  

ɋɨɝɥɚɫɧɨ ɧɨɜɨɦɭ ɧɨɪɦɚɬɢɜɧɨɦɭ ɞɨɤɭɦɟɧɬɭ, ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ Ɇɢɧɫɬɪɨɟɦ 

Ɋɨɫɫɢɢ, «Ɂɞɚɧɢɹ ɢ ɤɨɦɩɥɟɤɫɵ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɟ. ɉɪɚɜɢɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ», 

ɩɪɢ ɞɟɥɟɧɢɢ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɧɚ ɩɨɠɚɪɧɵɟ ɨɬɫɟɤɢ ɜɦɟɫɬɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɫɬɟɧ  

1 ɬɢɩɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɟ ɡɨɧɵ ɛɟɡ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ  

ɲɢɪɢɧɨɣ ɧɟ ɦɟɧɟɟ 8 ɦ.  

Ɏɭɧɤɰɢɢ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɨɧɵ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɨɛɴɟɦɧɨ-ɩɥɚɧɢɪɨɜɨɱɧɨɟ 

ɪɟɲɟɧɢɟ ɜ ɜɢɞɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ), ɞɟɥɹɳɟɟ ɡɞɚɧɢɟ ɧɚ ɱɚɫɬɢ 

ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɢ ɜɵɫɨɬɟ ɡɞɚɧɢɹ ɰɟɧɬɪɚ.  

Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, ɱɬɨ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɡɞɚɧɢɣ ɜ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨ-

ɦɟɳɟɧɢɹɯ (ɚɬɪɢɭɦɵ) ɧɟ ɪɟɞɤɨ ɪɚɡɦɟɳɚɸɬ ɪɚɡɥɢɱɧɭɸ ɩɨɠɚɪɧɭɸ ɧɚɝɪɭɡɤɭ, ɫɨɡɞɚ-

ɜɚɹ ɭɫɥɨɜɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɩɨ ɜɫɟɦɭ ɡɞɚɧɢɸ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɨɠɚɪɧɚɹ 

ɧɚɝɪɭɡɤɚ ɜ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨɦɟɳɟɧɢɹɯ (ɚɬɪɢɭɦɵ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɨɛɴɟɤɬɨɜ 
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ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ. Ʉ ɨɛɴɟɤɬɚɦ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɨɬɧɨɫɹɬɫɹ ɤɢɨɫɤɢ ɢ 

ɥɚɪɶɤɢ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ. 

ȼ ɪɚɧɟɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɛɨɬɚɯ [37, 38, 39] ɩɨ ɢɡɭɱɟɧɢɸ ɩɪɨɛɥɟɦ ɨɛɟɫɩɟɱɟɧɢɹ 

ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɜɨɩɪɨɫ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨ-

ɦɟɳɟɧɢɣ (ɚɬɪɢɭɦɨɜ) ɜ ɜɢɞɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɩɪɟɝɪɚɞ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ.  

Ⱦɚɧɧɚɹ ɬɟɦɚ ɫɬɚɧɨɜɢɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɰɟɧɬɪɵ ɹɜɥɹɸɬɫɹ ɨɞ-

ɧɢɦ ɢɡ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɪɢɜɥɟɱɟɧɢɹ ɢɧɜɟɫɬɢɰɢɣ ɜ ɛɢɡɧɟɫɟ, ɩɨɷɬɨ-

ɦɭ ɦɚɤɫɢɦɚɥɶɧɨ ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɥɨɳɚɞɢ ɬɚɤɢɯ ɰɟɧɬɪɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ 

ɢ ɡɨɧɵ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨɦɟɳɟɧɢɣ (ɚɬɪɢɭɦɵ)) ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɬ ɬɨɥɶɤɨ ɪɚɫɬɢ. 

ɇɚɫɬɨɹɳɚɹ ɞɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɩɪɨɛɥɟɦɚɦ ɢɡɭɱɟɧɢɹ ɯɚɪɚɤ-

ɬɟɪɚ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɱɟɪɟɡ ɦɧɨɝɨɫɜɟɬɧɨɟ ɩɨɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ) ɢ ɩɨɢɫɤɭ ɧɨɜɵɯ 

ɧɚɭɱɧɨ-ɨɛɨɫɧɨɜɚɧɧɵɯ ɩɭɬɟɣ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɷɬɨɝɨ ɹɜɥɟɧɢɹ. ɂɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨ-

ɜɟɞɟɧɧɵɟ ɚɜɬɨɪɨɦ ɞɢɫɫɟɪɬɚɰɢɢ, ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɪɚɡɜɢɬɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɫɧɨɜ  

ɢ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɧɚɭɱɧɨ-ɨɛɨɫɧɨɜɵɜɚɸɳɢɯ ɬɪɟɛɨ-

ɜɚɧɢɹ ɤ ɲɢɪɢɧɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦɚ) ɫ ɧɚɯɨɠɞɟɧɢɟɦ ɜ ɧɟɦ ɩɨ-

ɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ. 

ɋɬɟɩɟɧɶ ɪɚɡɪɚɛɨɬɚɧɧɨɫɬɢ: ɉɪɨɛɥɟɦɟ ɧɚɭɱɧɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɬɪɟɛɨɜɚɧɢɣ  

ɤ ɡɞɚɧɢɹɦ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ ɤ ɡɞɚɧɢɹɦ ɰɟɧɬɪɨɜ, ɩɨ-

ɫɜɹɳɟɧɵ ɪɚɛɨɬɵ ɬɚɤɢɯ ɭɱɟɧɵɯ, ɤɚɤ: ȼ. ɂ. ɉɪɢɫɚɞɤɨɜ, ȼ. ȼ. Ʌɢɰɤɟɜɢɱ, ɋ. ȼ. ɉɭɡɚɱ, 

А. ȼ. Ɏɟɞɨɪɢɧɨɜ, ɋ. ɉ. ɏɚɪɱɟɧɤɨ, ɂ. ȼ. Ʉɨɫɬɟɪɢɧ, Ⱦ. Ƚ. ɉɪɨɧɢɧ, ɂ. Ɋ. ɏɚɫɚɧɨɜ, 

А. ȼ. Ƚɨɦɨɡɨɜ, ȿ. ȿ. Ʉɢɪɸɯɚɧɰɟɜ, ȿ. А Ɇɟɲɚɥɤɢɧ. H. Park, B. J. Meacham, 

G. D. Lougheed, N. A. Dembsey, M. Goulthorpe ɢ ɞɪɭɝɢɟ. 

ȼ ɪɚɛɨɬɚɯ ɷɬɢɯ ɚɜɬɨɪɨɜ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɩɨ ɫɨɡɞɚɧɢɸ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ  

ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ ɡɞɚɧɢɣ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɚ ɢɦɟɧɧɨ: ɞɥɹ 

ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦ ɩɨɦɟɳɟɧɢɟɦ (ɚɬɪɢɭɦ) ɧɚ ɨɫɧɨɜɟ ɨɰɟɧɤɢ ɪɚɫɩɪɨ-

ɫɬɪɚɧɟɧɢɹ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ ɩɨɠɚɪɚ, ɷɜɚɤɭɚɰɢɢ ɥɸɞɟɣ ɩɪɢ ɩɨɠɚɪɟ ɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɩɨɬɟɪɢ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɫɧɨɜɧɵɯ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɩɨɠɚɪɟ.  

Ɉɞɧɚɤɨ ɩɪɨɛɥɟɦɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɱɟɪɟɡ ɦɧɨɝɨɫɜɟɬɧɨɟ ɩɨɦɟɳɟɧɢɟ  

(ɚɬɪɢɭɦ) ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ. 
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Цɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɡɞɚɧɢɣ ɰɟɧ-

ɬɪɨɜ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦɢ ɩɨɦɟɳɟɧɢɹɦɢ (ɚɬɪɢɭɦɵ) ɩɭɬɟɦ ɨɝɪɚɧɢɱɟɧɢɹ ɪɚɫɩɪɨɫɬɪɚ-

ɧɟɧɢɟ ɩɨɠɚɪɚ ɱɟɪɟɡ ɦɧɨɝɨɫɜɟɬɧɨɟ ɩɨɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ) ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɧɟɦ ɩɨɠɚɪ-

ɧɨɣ ɧɚɝɪɭɡɤɢ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ  

ɡɚɞɚɱɢ: 

– ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɫɬɪɨɹɳɢɯɫɹ ɢ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɫ ɦɧɨɝɨ-

ɫɜɟɬɧɵɦɢ ɩɨɦɟɳɟɧɢɹɦɢ (ɚɬɪɢɭɦɵ) ɢ ɜɵɹɜɢɬɶ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɫɯɟɦɵ 

ɨɛɴɟɦɧɨ-ɩɥɚɧɢɪɨɜɨɱɧɵɯ ɪɟɲɟɧɢɣ; 

– ɧɚ ɨɫɧɨɜɟ ɧɚɬɭɪɧɵɯ ɨɛɫɥɟɞɨɜɚɧɢɣ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦɢ ɩɨ-

ɦɟɳɟɧɢɹɦɢ (ɚɬɪɢɭɦɵ) ɜɵɹɜɢɬɶ ɜɢɞ, ɫɩɨɫɨɛɵ ɪɚɡɦɟɳɟɧɢɹ ɢ ɡɧɚɱɟɧɢɟ ɭɞɟɥɶɧɨɣ 

ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ; 

– ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ ɢ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɣ ɤɨɦɩɥɟɤɫ ɞɥɹ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɝɨɪɟɧɢɹ ɨɛɴɟɤɬɨɜ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ 

(ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ); 

– ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ ɢ ɫɬɟɧɞ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨ-

ɩɭɫɤɚɸɳɟɣ, ɩɨɝɥɨɳɚɸɳɟɣ ɢ ɨɬɪɚɠɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɟɣ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ  

ɨɬ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ; 

– ɨɛɨɫɧɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɟ ɤ ɲɢɪɢɧɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ),  

ɨɝɪɚɧɢɱɢɜɚɸɳɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: Ɉɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɬɨɪɝɨɜɨ-

ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɯ ɰɟɧɬɪɚɯ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦɢ ɩɨɦɟɳɟɧɢɹɦɢ (ɚɬɪɢɭɦɵ). 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɉɪɨɰɟɫɫ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɱɟɪɟɡ ɦɧɨɝɨ-

ɫɜɟɬɧɵɟ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦɵ). 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 

1. ɉɨɥɭɱɟɧɵ ɧɨɜɵɟ ɞɚɧɧɵɟ ɩɨ ɜɵɫɨɬɟ ɩɥɚɦɟɧɢ ɩɪɢ ɝɨɪɟɧɢɢ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜ-

ɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɜ ɰɟɧɬɪɚɯ. 

2. ȼɩɟɪɜɵɟ ɩɨɥɭɱɟɧɨ ɡɧɚɱɟɧɢɟ ɢɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɩɥɚ-

ɦɟɧɢ ɩɪɢ ɝɨɪɟɧɢɢ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɜ ɰɟɧɬɪɚɯ. 
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3. ɉɨɥɭɱɟɧɵ ɭɬɨɱɧɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɩɪɨɩɭɫɤɚɸɳɟɣ ɢ ɩɨ-

ɝɥɨɳɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ. 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ: 

– ɜ ɫɨɡɞɚɧɢɢ ɧɚɭɱɧɵɯ ɩɪɟɞɩɨɫɵɥɨɤ ɞɥɹ ɧɨɪɦɢɪɨɜɚɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪ-

ɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɤ ɲɢɪɢɧɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ), ɜɵɩɨɥɧɹɸɳɟɝɨ 

ɪɨɥɶ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɩɪɟɝɪɚɞɵ, ɤɚɤ ɤ ɷɥɟɦɟɧɬɭ ɫɢɫɬɟɦɵ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ 

ɛɟɡɨɩɚɫɧɨɫɬɢ ɡɞɚɧɢɹ ɰɟɧɬɪɚ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦ ɩɨɦɟɳɟɧɢɟɦ (ɚɬɪɢɭɦ); 

– ɜ ɪɚɡɪɚɛɨɬɤɟ ɚɥɝɨɪɢɬɦɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɨɛɨɫɧɨɜɚɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɲɢɪɢɧɭ 

ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ), ɨɝɪɚɧɢɱɢɜɚɸɳɟɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ 

ɢɡ ɨɞɧɨɣ ɱɚɫɬɢ ɡɞɚɧɢɹ ɜ ɞɪɭɝɭɸ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɜ ɧɟɦ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɜɢɞɟ 

ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ.  

Ɇɟɬɨɞɨɥɨɝɢɹ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ 

ɚɜɬɨɪɨɦ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-

ɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ.  

Ɉɫɧɨɜɭ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨɫɬɚɜɥɹɥɢ ɦɟɬɨɞɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ Excel, COMSOL 

Multiphysics, Wolfram Mathematica ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ  

ɩɨ ɩɨɥɟɜɨɣ ɦɨɞɟɥɢ, ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɜ ɩɪɨɝɪɚɦɦɟ FDS (Fire Dynamic Simulator). 

Ɉɫɧɨɜɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨɫɬɚɜɥɹɥɢ ɧɚɬɭɪɧɵɟ ɢ ɥɚɛɨɪɚ-

ɬɨɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ. 

ɉɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ: 

– ɦɟɬɨɞɢɤɚ ɢ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɩɥɚ-

ɦɟɧɢ ɝɨɪɹɳɟɣ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɜɢɞɟ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɜ ɨɛɴɟɦɟ ɦɧɨɝɨ-

ɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ); 

– ɦɟɬɨɞɢɤɚ ɢ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɫɩɨɫɨɛɧɨɫɬɢ ɡɚ-

ɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɩɪɨɩɭɫɤɚɬɶ, ɩɨɝɥɨɳɚɬɶ ɢ ɨɬɪɚɠɚɬɶ ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ; 

– ɪɟɡɭɥɶɬɚɬɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɨɪɟɧɢɹ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ 

ɬɨɪɝɨɜɥɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɲɢɪɢɧɵ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ), ɭɞɨɜɥɟ-

ɬɜɨɪɹɸɳɟɝɨ ɭɫɥɨɜɢɸ ɧɟɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɩɨ ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ; 
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– ɨɰɟɧɤɚ ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɲɢɪɢɧɵ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ), ɩɪɟ-

ɩɹɬɫɬɜɭɸɳɟɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɩɨɠɚɪɚ ɢɡ ɨɞɧɨɣ ɱɚɫɬɢ ɡɞɚɧɢɹ ɜ ɞɪɭɝɭɸ ɩɪɢ 

ɧɚɯɨɠɞɟɧɢɢ ɜ ɧɟɦ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɜɢɞɟ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ. 

ɋɬɟɩɟɧɶ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɢ ɚɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɞɢɫ-

ɫɟɪɬɚɰɢɢ, ɞɨɫɬɢɝɚɥɚɫɶ: 

– ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɫɨɜɪɟɦɟɧɧɵɯ ɩɨɜɟ-

ɪɟɧɧɵɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɞɨɫɬɚɬɨɱɧɭɸ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ; 

– ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɚɥɢɞɢɪɨɜɚɧɧɵɯ ɢ ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦ-

ɩɥɟɤɫɨɜ; 

– ɜɧɭɬɪɟɧɧɟɣ ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɶɸ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɢɯ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶɸ  

ɫ ɞɚɧɧɵɦɢ ɞɪɭɝɢɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɞɨɥɨɠɟɧɵ ɧɚ:  

– 4-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ 

ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ «ɉɪɨɛɥɟɦɵ ɬɟɯɧɨɫɮɟɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ – 2015» (ɝ. Ɇɨɫɤɜɚ, Аɤɚ-

ɞɟɦɢɹ Ƚɉɋ Ɇɑɋ Ɋɨɫɫɢɢ, 2015);  

– 18-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɦɟɠɜɭɡɨɜɫɤɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 

ɫɬɭɞɟɧɬɨɜ, ɦɚɝɢɫɬɪɚɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ «ɋɬɪɨɢɬɟɥɶɫɬɜɨ – ɮɨɪ-

ɦɢɪɨɜɚɧɢɟ ɫɪɟɞɵ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ» (ɝ. Ɇɨɫɤɜɚ, ɆȽɋɍ, 2015);  

– 24-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ 

ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ «ɋɢɫɬɟɦɵ ɛɟɡɨɩɚɫɧɨɫɬɢ – 2015» (ɝ. Ɇɨɫɤɜɚ, Аɤɚɞɟɦɢɹ Ƚɉɋ Ɇɑɋ 

Ɋɨɫɫɢɢ, 2015);  

– 5-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ 

ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ «ɉɪɨɛɥɟɦɵ ɬɟɯɧɨɫɮɟɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ – 2016» (ɝ. Ɇɨɫɤɜɚ, Аɤɚ-

ɞɟɦɢɹ Ƚɉɋ Ɇɑɋ Ɋɨɫɫɢɢ, 2016);  

– 19-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɦɟɠɜɭɡɨɜɫɤɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 

ɫɬɭɞɟɧɬɨɜ, ɦɚɝɢɫɬɪɚɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ «ɋɬɪɨɢɬɟɥɶɫɬɜɨ – ɮɨɪ-

ɦɢɪɨɜɚɧɢɟ ɫɪɟɞɵ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ» (ɝ. Ɇɨɫɤɜɚ, ɆȽɋɍ, 2016);  

– Ⱦɧɹɯ ɧɚɭɤɢ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɪɨɜɟɞɟɧɧɵɯ ɫ 23 ɩɨ 27 

ɦɚɹ 2016 ɝɨɞɚ ɧɚ ɛɚɡɟ ɍɪɚɥɶɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ Ƚɉɋ Ɇɑɋ Ɋɨɫɫɢɢ «Аɤɬɭɚɥɶɧɵɟ ɩɪɨ-
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ɛɥɟɦɵ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ» (ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ, 

ɍɪɚɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ Ƚɉɋ Ɇɑɋ Ɋɨɫɫɢɢ, 2016); 

– 7-ɣ ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ 

ɭɱɚɫɬɢɟɦ «ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ: ɩɪɨɛɥɟɦɵ ɢ ɩɟɪɫɩɟɤɬɢɜɵ» (ɝ. ȼɨɪɨɧɟɠ, ȼɨɪɨ-

ɧɟɠɫɤɢɣ ɢɧɫɬɢɬɭɬ Ƚɉɋ Ɇɑɋ Ɋɨɫɫɢɢ, 2016);  

– 25-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ 

ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ «ɋɢɫɬɟɦɵ ɛɟɡɨɩɚɫɧɨɫɬɢ – 2016» (ɝ. Ɇɨɫɤɜɚ, Аɤɚɞɟɦɢɹ Ƚɉɋ Ɇɑɋ 

Ɋɨɫɫɢɢ, 2016);  

– 5-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ɋɨɣɬɦɚɧɨɜɫɤɢɟ 

ɱɬɟɧɢɹ» (ɝ. Ɇɨɫɤɜɚ, Аɤɚɞɟɦɢɹ Ƚɉɋ Ɇɑɋ Ɋɨɫɫɢɢ, 2017); 

– 6-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ 

ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ «ɉɪɨɛɥɟɦɵ ɬɟɯɧɨɫɮɟɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ – 2017» (ɝ. Ɇɨɫɤɜɚ, Аɤɚ-

ɞɟɦɢɹ Ƚɉɋ Ɇɑɋ Ɋɨɫɫɢɢ, 2017);  

– 20-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɦɟɠɜɭɡɨɜɫɤɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 

ɫɬɭɞɟɧɬɨɜ, ɦɚɝɢɫɬɪɚɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ «ɋɬɪɨɢɬɟɥɶɫɬɜɨ – ɮɨɪ-

ɦɢɪɨɜɚɧɢɟ ɫɪɟɞɵ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ» (ɝ. Ɇɨɫɤɜɚ, ɆȽɋɍ, 2017);  

ɉɭɛɥɢɤɚɰɢɢ. ɉɨ ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɢ ɨɩɭɛɥɢɤɨɜɚɧɨ 18 ɧɚɭɱɧɵɯ ɪɚɛɨɬ, ɢɡ ɧɢɯ 

3 ɫɬɚɬɶɢ – ɜ ɪɟɰɟɧɡɢɪɭɟɦɵɯ ɧɚɭɱɧɵɯ ɢɡɞɚɧɢɹɯ ɢɡ ɩɟɪɟɱɧɹ ȼАɄ ɞɥɹ ɩɭɛɥɢɤɚɰɢɢ 

ɨɫɧɨɜɧɵɯ ɧɚɭɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɢ ɧɚ ɫɨɢɫɤɚɧɢɟ ɭɱɟɧɨɣ ɫɬɟɩɟɧɢ ɤɚɧɞɢ-

ɞɚɬɚ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, 2 – ɫɜɢɞɟɬɟɥɶɫɬɜɚ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨ-

ɝɪɚɦɦ ɞɥɹ ЭȼɆ. 

Ɇɚɬɟɪɢɚɥɵ ɞɢɫɫɟɪɬɚɰɢɢ ɪɟɚɥɢɡɨɜɚɧɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ: 

– ɩɪɨɟɤɬɚ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɬɨɪɝɨɜɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɨ ɚɞɪɟɫɭ: 

Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥɚɫɬɶ, ɝ. ɉɚɜɥɨɜɫɤɢɣ ɉɨɫɚɞ, 1-ɚɹ ɉɭɲɤɢɧɫɤɚɹ ɭɥ.; 

– ɫɩɟɰɢɚɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɜ ɱɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡ-

ɨɩɚɫɧɨɫɬɢ ɞɥɹ ɨɛɴɟɤɬɚ ɤɚɩɢɬɚɥɶɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɬɨɪ-

ɝɨɜɨɝɨ ɰɟɧɬɪɚ «Ʌɨɫɢɧɨ-ɉɟɬɪɨɜɫɤɢɣ ɉɚɫɫɚɠ» ɩɨ ɚɞɪɟɫɭ Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥɚɫɬɶ  

ɝ. Ʌɨɫɢɧɨ-ɉɟɬɪɨɜɫɤɢɣ, ɭɥ. ɉɟɪɜɨɦɚɣɫɤɚɹ, ɜɨɡɥɟ ɤɨɬɟɥɶɧɨɣ № 3; 

– ɫɩɟɰɢɚɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɜ ɱɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡ-

ɨɩɚɫɧɨɫɬɢ ɞɥɹ ɨɛɴɟɤɬɚ ɤɚɩɢɬɚɥɶɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ 
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ɰɟɧɬɪ ɫ ɚɜɬɨɫɬɨɹɧɤɚɦɢ ɨɬɤɪɵɬɨɝɨ ɢ ɤɪɵɬɨɝɨ ɬɢɩɚ ɢ ɫɨɩɭɬɫɬɜɭɸɳɟɣ ɢɧɮɪɚɫɬɪɭɤ-

ɬɭɪɨɣ, ɩɨ ɚɞɪɟɫɭ: ɝ. Ɇɨɫɤɜɚ, ɜ ɪɚɣɨɧɟ ɞ. Ɇɟɲɤɨɜɚ, ɭɱɚɫɬɨɤ № 14/1; 

– ɫɩɟɰɢɚɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɜ ɱɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡ-

ɨɩɚɫɧɨɫɬɢ ɞɥɹ ɨɛɴɟɤɬɨɜ ɤɚɩɢɬɚɥɶɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ «ɉɚɪɤɚ ɪɚɡɜɥɟɱɟɧɢɣ», ɪɚɫɩɨ-

ɥɨɠɟɧɧɨɝɨ ɩɨ ɚɞɪɟɫɭ: ɝ. Ɇɨɫɤɜɚ, ɇɚɝɚɬɢɧɫɤɚɹ ɩɨɣɦɚ, ɭɱɚɫɬɨɤ № 1; 

– ɮɨɧɞɨɜɵɯ ɥɟɤɰɢɣ ɩɨ ɞɢɫɰɢɩɥɢɧɟ «ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɜ ɫɬɪɨɢɬɟɥɶ-

ɫɬɜɟ» ɧɚ ɬɟɦɭ «ɉɪɨɬɢɜɨɩɨɠɚɪɧɵɟ ɩɪɟɝɪɚɞɵ» ɢ ɞɢɫɰɢɩɥɢɧɟ «Эɤɫɩɟɪɬɢɡɚ ɩɨɠɚɪ-

ɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ» ɧɚ ɬɟɦɭ «ɉɪɨɬɢɜɨɩɨɠɚɪɧɚɹ ɡɚɳɢɬɚ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ» ɜ 

ɭɱɟɛɧɨɦ ɩɪɨɰɟɫɫɟ Аɤɚɞɟɦɢɢ Ƚɉɋ Ɇɑɋ Ɋɨɫɫɢɢ. 

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɪɚɛɨɬɵ. Ⱦɢɫɫɟɪɬɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, ɱɟɬɵɪɟɯ 

ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɹ, ɫɩɢɫɤɚ ɥɢɬɟɪɚɬɭɪɵ ɢ ɩɪɢɥɨɠɟɧɢɹ. ɋɨɞɟɪɠɚɧɢɟ ɪɚɛɨɬɵ ɢɡɥɨɠɟ-

ɧɨ ɧɚ 145 ɫɬɪɚɧɢɰɚɯ ɬɟɤɫɬɚ, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 11 ɬɚɛɥɢɰ, 76 ɪɢɫɭɧɤɨɜ, ɫɩɢɫɨɤ ɥɢɬɟ-

ɪɚɬɭɪɵ ɢɡ 155 ɧɚɢɦɟɧɨɜɚɧɢɣ, ɩɪɢɥɨɠɟɧɢɹ ɧɚ 17 ɫɬɪɚɧɢɰɚɯ. 
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ȽɅȺȼȺ 1 

ɉɊɈȻɅȿɆȺ ɈȽɊȺɇɂɑȿɇɂə ɊȺɋɉɊɈɋɌɊȺɇȿɇɂə ɉɈɀȺɊȺ  

ɉɈ ɁȾȺɇɂəɆ ɌɈɊȽɈȼɈ-ɊȺɁȼɅȿɄȺɌȿɅɖɇɕɏ ɐȿɇɌɊɈȼ 

ɋ ɆɇɈȽɈɋȼȿɌɇɕɆɂ ɉɈɆȿЩȿɇɂəɆɂ (ȺɌɊɂɍɆɕ)  

1.1 Ɉɫɨɛɟɧɧɨɫɬɢ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɨɪɝɨɜɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɱɟɧɶ ɬɪɭɞɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɨɜɪɟɦɟɧɧɵɣ ɝɨɪɨɞ ɛɟɡ ɬɨɪɝɨɜɨ-

ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ, ɨɧɢ ɫɬɚɥɢ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɦɟɝɚɩɨɥɢɫɨɜ Ɋɨɫɫɢɢ. 

Ɍɨɪɝɨɜɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɟ ɰɟɧɬɪɵ – ɷɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɛɳɟɫɬɜɟɧɧɵɟ ɡɞɚɧɢɹ 

ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ [2] ɫ ɦɚɫɫɨɜɵɦ ɩɪɟɛɵɜɚɧɢɟɦ ɥɸɞɟɣ, ɫ ɪɚɫɩɨ-

ɥɨɠɟɧɢɟɦ ɜ ɧɢɯ ɩɨɦɟɳɟɧɢɣ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɩɨɠɚɪɧɨɣ ɨɩɚɫ-

ɧɨɫɬɢ [3, 4].  

ɐɟɧɬɪɵ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɥɹ ɩɪɢɜɥɟɱɟɧɢɹ 

ɜ Ɋɨɫɫɢɢ ɢɧɜɟɫɬɢɰɢɣ ɜ ɛɢɡɧɟɫ, ɩɨɷɬɨɦɭ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨɞɨɛɧɵɯ ɡɞɚɧɢɣ ɜ ɞɚɥɶ-

ɧɟɣɲɟɦ ɛɭɞɟɬ ɬɨɥɶɤɨ ɪɚɫɬɢ. Ⱦɚɧɧɵɟ ɭɬɜɟɪɠɞɟɧɢɹ ɛɵɥɢ ɩɨɞɬɜɟɪɠɞɟɧɵ ɢɫɫɥɟɞɨɜɚ-

ɧɢɹɦɢ (ɪɢɫɭɧɨɤ 1.1) [5]. 

 

 

Ɋɢɫɭɧɨɤ 1.1 – Ɉɛɴɟɦ ɬɨɪɝɨɜɵɯ ɩɥɨɳɚɞɟɣ ɰɟɧɬɪɨɜ ɜ ɟɜɪɨɩɟɣɫɤɢɯ ɫɬɪɚɧɚɯ [5]: 

 – ɨɛɴɟɦ ɬɨɪɝɨɜɵɯ ɩɥɨɳɚɞɟɣ, 1 ɩɨɥɭɝɨɞɢɟ 2016 ɝ.;  

 – ɩɥɚɧɢɪɭɟɦɵɣ ɨɛɴɟɦ ɜɜɨɞɚ, 2 ɩɨɥɭɝɨɞɢɟ 2016 ɝ. 

 

0             5 000 000      10 000 000      15 000 000     20 000 000    25 000 000 

ɦ2 

Ɋɨɫɫɢɹ 

ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ 
Ɏɪɚɧɰɢɹ 

ɂɬɚɥɢɹ 
Ƚɟɪɦɚɧɢɹ 

Ɍɭɪɰɢɹ 
ɂɫɩɚɧɢɹ 
ɉɨɥɶɲɚ 

ɇɢɞɟɪɥɚɧɞɵ 
ɒɜɟɰɢɹ 
ɍɤɪɚɢɧɚ 
Ɋɭɦɵɧɢɹ 

ɉɨɪɬɭɝɚɥɢɹ 
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Ɍɢɩɢɱɧɵɟ ɩɥɚɧɢɪɨɜɨɱɧɵɟ ɪɟɲɟɧɢɹ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɧɚ ɪɢɫɭɧɤɚɯ 1.2 ɢ 1.3.  

 

 

Ɋɢɫɭɧɨɤ 1.2 – Ɍɢɩɢɱɧɵɣ ɜɧɟɲɧɢɣ ɜɢɞ ɬɨɪɝɨɜɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ ɢ ɤɨɦɩɥɟɤɫɨɜ [6] 

 

 

Ɋɢɫɭɧɨɤ 1.3 – Ɍɢɩɢɱɧɵɣ ɜɧɭɬɪɟɧɧɢɣ ɜɢɞ ɬɨɪɝɨɜɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ ɢ ɤɨɦɩɥɟɤɫɨɜ [7] 

 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜ ɰɟɧɬɪɚɯ ɜɫɬɪɟɱɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɫɨɱɟɬɚɧɢɹ ɩɨɦɟɳɟɧɢɣ 

(ɝɪɭɩɩ ɩɨɦɟɳɟɧɢɣ) ɫ ɤɥɚɫɫɚɦɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ: 
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– Ɏ2.1 (ɤɢɧɨɬɟɚɬɪɵ) (ɪɢɫɭɧɨɤ 1.4); 

– Ɏ2.2 (ɜɵɫɬɚɜɨɱɧɵɟ ɢ ɬɚɧɰɟɜɚɥɶɧɵɟ ɡɚɥɵ) (ɪɢɫɭɧɨɤ 1.5); 

– Ɏ3.1 (ɦɚɝɚɡɢɧɵ) (ɪɢɫɭɧɨɤ 1.6); 

– Ɏ3.2 (ɪɟɫɬɨɪɚɧɵ, ɤɚɮɟ, ɮɭɞɤɨɪɬɵ) (ɪɢɫɭɧɨɤ 1.7); 

– Ɏ3.6 (ɮɢɬɧɟɫ-ɰɟɧɬɪɵ, ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɟ ɡɨɧɵ ɞɥɹ ɞɟɬɟɣ ɢ ɜɡɪɨɫɥɵɯ, ɚɤɜɚ-
ɩɚɪɤɢ) (ɪɢɫɭɧɨɤ 1.8); 

– Ɏ3.5 (ɩɪɟɞɩɪɢɹɬɢɹ ɛɵɬɨɜɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ) (ɪɢɫɭɧɨɤ 1.9); 

– Ɏ4.3 (ɡɨɧɵ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɩɨɦɟɳɟɧɢɣ ɢ ɨɮɢɫɨɜ) (ɪɢɫɭɧɨɤ 1.10); 

– Ɏ5.2 (ɫɤɥɚɞɫɤɢɟ ɩɨɦɟɳɟɧɢɹ ɚɪɟɧɞɚɬɨɪɨɜ, ɫɬɨɹɧɤɢ ɞɥɹ ɚɜɬɨɦɨɛɢɥɟɣ)  

(ɪɢɫɭɧɨɤ 1.11). 

 

 

Ɋɢɫɭɧɨɤ 1.4 – ɉɨɦɟɳɟɧɢɟ ɤɢɧɨɬɟɚɬɪɚ [8] 

 

 

Ɋɢɫɭɧɨɤ 1.5 – ɉɨɦɟɳɟɧɢɟ ɜɵɫɬɚɜɨɱɧɨɝɨ ɡɚɥɚ [9] 



15 

 

Ɋɢɫɭɧɨɤ 1.6 – ɉɨɦɟɳɟɧɢɟ ɦɚɝɚɡɢɧɚ ɨɞɟɠɞɵ [10] 

 

 

Ɋɢɫɭɧɨɤ 1.7 – Ɏɭɞɤɨɪɬ [11] 

 

 

Ɋɢɫɭɧɨɤ 1.8 – ɑɚɫɬɶ ɩɨɦɟɳɟɧɢɹ ɮɢɬɧɟɫ-ɰɟɧɬɪɚ [12] 



16 

 

Ɋɢɫɭɧɨɤ 1.9 – ɉɨɦɟɳɟɧɢɟ ɯɢɦɱɢɫɬɤɢ [13] 

 

 

Ɋɢɫɭɧɨɤ 1.10 – Ⱥɞɦɢɧɢɫɬɪɚɬɢɜɧɨɟ ɩɨɦɟɳɟɧɢɟ [14] 

 

 

Ɋɢɫɭɧɨɤ 1.11 – ɉɨɞɡɟɦɧɚɹ ɚɜɬɨɫɬɨɹɧɤɚ [15] 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜɵɲɟ ɩɟɪɟɱɧɹ ɤɥɚɫɫɨɜ ɩɨɦɟɳɟɧɢɣ ɩɨ ɮɭɧɤɰɢɨ-

ɧɚɥɶɧɨɣ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ, ɜ ɬɚɤɢɯ ɡɞɚɧɢɹɯ ɩɨɠɚɪɧɚɹ ɧɚɝɪɭɡɤɚ ɪɚɡɧɨɨɛɪɚɡɧɚ 

ɤɚɤ ɩɨ ɫɨɞɟɪɠɚɧɢɸ, ɬɚɤ ɢ ɩɨ ɡɧɚɱɟɧɢɹɦ ɭɞɟɥɶɧɨɣ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ.  

Ɍɚɤ ɠɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤ ɨɫɨɛɟɧɧɨɫɬɹɦ ɰɟɧɬɪɨɜ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɦɚɫ-

ɫɨɜɨɟ ɫɤɨɩɥɟɧɢɟ ɥɸɞɟɣ, ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɥɸɞɟɣ ɢ ɧɚɥɢɱɢɟ ɪɚɡ-

ɥɢɱɧɵɯ ɝɪɭɩɩ ɦɨɛɢɥɶɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ ɜ ɡɞɚɧɢɢ. 

ȼ ɰɟɥɨɦ ɞɟɹɬɟɥɶɧɨɫɬɶ ɰɟɧɬɪɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɭɫɥɭɝ  

ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɪɝɨɜɥɢ, ɨɛɳɟɫɬɜɟɧɧɨɝɨ ɩɢɬɚɧɢɹ, ɛɵɬɨɜɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɤɭɥɶ-

ɬɭɪɧɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɨɝɨ ɞɨɫɭɝɚ ɢ ɬ. ɞ. [16]. Ɉɫɧɨɜɧɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ ɜ ɰɟɧɬɪɚɯ  

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɪɝɨɜɥɢ ɢ ɞɨɫɭɝɚ.  

ȼ Ɋɨɫɫɢɢ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ 2–4 ɷɬɚɠɧɵɟ ɡɞɚɧɢɹ  

ɰɟɧɬɪɨɜ.  

Ɇɚɫɫɨɜɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɫɨɜɪɟɦɟɧɧɵɯ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɜ Ɋɨɫɫɢɢ ɧɚɱɚɥɨɫɶ 

ɨɤɨɥɨ 10 ɥɟɬ ɧɚɡɚɞ, ɩɨɷɬɨɦɭ ɜ Ɋɨɫɫɢɢ ɩɨɤɚ ɟɳɟ ɧɟɬ ɩɨɥɧɨɣ ɫɬɚɬɢɫɬɢɤɢ ɩɨ ɩɨɠɚɪɚɦ 

ɜ ɩɨɞɨɛɧɵɯ ɡɞɚɧɢɹɯ [4, 17, 18].  

ȼ ɬɚɛɥɢɰɟ 1.1 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɨ ɤɪɭɩɧɵɯ ɩɨɠɚɪɚɯ ɜ ɡɞɚɧɢɹɯ ɰɟɧɬɪɨɜ  

ɜ ɦɢɪɟ ɢ ɢɯ ɩɨɫɥɟɞɫɬɜɢɹ. 

 

Ɍɚɛɥɢɰɚ 1.1 – Ⱦɚɧɧɵɟ ɨ ɤɪɭɩɧɵɯ ɩɨɠɚɪɚɯ ɜ ɡɞɚɧɢɹɯ ɰɟɧɬɪɨɜ ɢ ɢɯ ɩɨɫɥɟɞɫɬɜɢɹ 

№ 

ɩ/ɩ 

Ⱦɚɬɚ ɩɨɠɚɪɚ Ƚɨɪɨɞ (ɫɬɪɚɧɚ) ɉɥɨɳɚɞɶ 
ɩɨɠɚɪɚ, ɦ2 

Ʉɨɥɢɱɟɫɬɜɨ ɩɨ-
ɫɬɪɚɞɚɜɲɢɯ, 

ɱɟɥ. 

Ʉɨɥɢɱɟɫɬɜɨ 
ɩɨɝɢɛɲɢɯ, 

ɱɟɥ. 
1 11.06.2005 ɍɯɬɚ (Ɋɨɫɫɢɹ) 500 10 25 

2 26.02.2005 Ɍɚɣɱɠɭɧ (Ɍɚɣɜɚɧɶ) 400 - 2 

3 28.10.2009 Ɍɨɥɶɹɬɬɢ (Ɋɨɫɫɢɹ) 300 2 1 

4 13.03.2009 Ⱦɚɤɤɚ (Ȼɚɧɝɥɚɞɟɲ) 400 30 7 

5 05.01.2009 Ȼɚɧɝɤɨɤ (Ɍɚɢɥɚɧɞ) 500 47 1 

6 26.08.2011 ɏɚɪɛɢɧ (Ʉɢɬɚɣ) 400 - 3 

7 16.01.2011 ɍɮɚ (Ɋɨɫɫɢɹ) 300 15 2 

8 07.09.2012 Ȼɚɥɢ (ɂɧɞɨɧɟɡɢɹ) 300 50 - 

9 28.05.2012 Ⱦɨɯɢ (Ʉɚɬɚɪ) 400 – 19 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.1 

№ 

ɩ/ɩ 

Ⱦɚɬɚ ɩɨɠɚɪɚ Ƚɨɪɨɞ (ɫɬɪɚɧɚ) ɉɥɨɳɚɞɶ 
ɩɨɠɚɪɚ, ɦ2 

Ʉɨɥɢɱɟɫɬɜɨ ɩɨ-
ɫɬɪɚɞɚɜɲɢɯ, 

ɱɟɥ. 

Ʉɨɥɢɱɟɫɬɜɨ 
ɩɨɝɢɛɲɢɯ, 

ɱɟɥ. 
10 27.02.2013 Ʉɚɥɶɤɭɬɬɚ (ɂɧɞɢɹ) 500 50 18 

11 08.08.2013 Ʉɢɪɨɜ (Ɋɨɫɫɢɹ) 600 – – 

12 13.07.2013 ȼɫɟɜɨɥɠɫɤ (Ɋɨɫɫɢɹ) 300 – – 

13 07.07.2013 ȿɤɚɬɟɪɢɧɛɭɪɝ  

(Ɋɨɫɫɢɹ) 

400 – – 

14 06.07.2013 Ɇɨɫɤɜɚ (Ɋɨɫɫɢɹ) 700 – – 

15 24.05.2013 Ʉɪɚɫɧɨɞɚɪ (Ɋɨɫɫɢɹ) 200 1 – 

16 10.04.2013 ȼɥɚɞɢɜɨɫɬɨɤ (Ɋɨɫɫɢɹ) 700 – – 

17 02.04.2013 ɑɟɪɟɦɯɨɜɨ (Ɋɨɫɫɢɹ) 1200 – – 

18 11.03.2013 Ȼɚɪɧɚɭɥ (Ɋɨɫɫɢɹ) 500 – – 

19 08.02.2013 ɂɪɤɭɬɫɤ (Ɋɨɫɫɢɹ) 200 – – 

20 02.02.2013 ȼɥɚɞɢɜɨɫɬɨɤ (Ɋɨɫɫɢɹ) 300 – – 

21 01.01.2013 ȼɥɚɞɢɤɚɜɤɚɡ (Ɋɨɫɫɢɹ) 800 – – 

22 29.12.2014 Ɍɜɟɪɶ (Ɋɨɫɫɢɹ) 400 3 - 

23 25.12.2014 Ɉɪɟɧɛɭɪɝ (Ɋɨɫɫɢɹ) 400 1 1 

24 29.10.2014 ɋɚɪɨɜ (Ɋɨɫɫɢɹ) 3000 – – 

25 16.08.2014 ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ 

(Ɋɨɫɫɢɹ) 
200 – – 

26 11.08.2014 Ɋɟɠ (Ɋɨɫɫɢɹ) 1200 – – 

27 03.05.2014 ȼɥɚɞɢɦɢɪ (Ɋɨɫɫɢɹ) 500 1 – 

28 18.03.2014 Ʉɨɫɬɪɨɦɚ (Ɋɨɫɫɢɹ) 350 – – 

29 05.02.2015 Ɇɨɫɤɜɚ (Ɋɨɫɫɢɹ) 200 1 – 

30 11.03.2015 Ʉɚɡɚɧɶ (Ɋɨɫɫɢɹ) 4000 70 17 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 1.1, ɤɪɭɩɧɵɟ ɩɨɠɚɪɵ ɜ ɡɞɚɧɢɹɯ ɰɟɧɬɪɨɜ ɢɦɟ-

ɸɬ ɛɨɥɶɲɨɣ ɪɚɡɛɪɨɫ ɩɨ ɪɚɡɦɟɪɚɦ ɩɥɨɳɚɞɢ ɩɨɠɚɪɚ, ɜ ɫɪɟɞɧɟɦ ɨɧɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨ-

ɥɨ 400–500 ɦ2, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɚɞɢɢ ɪɚɡɜɢɬɨɝɨ ɩɨɠɚɪɚ. 
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1.2 Ɉɫɨɛɟɧɧɨɫɬɢ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨɦɟщɟɧɢɣ (ɚɬɪɢɭɦɵ)  

ɜ ɡɞɚɧɢяɯ ɬɨɪɝɨɜɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ 

Ɉɫɧɨɜɧɵɦ ɨɛɴɟɦɧɨ-ɩɥɚɧɢɪɨɜɨɱɧɵɦ ɪɟɲɟɧɢɟɦ ɜ ɰɟɧɬɪɚɯ ɫɬɚɥɨ ɭɫɬɪɨɣɫɬɜɨ 

ɚɬɪɢɭɦɚ (ɪɢɫɭɧɨɤ 1.12). 

 

 

Ɋɢɫɭɧɨɤ 1.12 – ɉɪɢɦɟɪɵ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɦɵɯ ɚɬɪɢɭɦɨɜ  

ɜ ɬɨɪɝɨɜɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɯ ɰɟɧɬɪɚɯ Ɋɨɫɫɢɢ [3] 

 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɚɬɪɢɭɦɨɜ ɫɬɚɥɨ ɧɟɨɛɯɨɞɢɦɵɦ ɜ ɰɟɧɬɪɚɯ ɧɟ ɬɨɥɶɤɨ ɫ ɬɨɱɤɢ 

ɡɪɟɧɢɹ ɚɪɯɢɬɟɤɬɭɪɧɨɣ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɢ, ɧɨ ɩɪɟɠɞɟ ɜɫɟɝɨ ɫ ɩɨɡɢɰɢɢ ɭɩɪɚɜɥɟɧɢɹ 

ɫɛɵɬɚ ɩɪɨɞɭɤɰɢɢ ɢ ɨɤɚɡɚɧɢɹ ɭɫɥɭɝ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɫɨɜɪɟɦɟɧɧɨɣ ɷɤɨɧɨɦɢɤɢ ɹɜɥɹ-

ɟɬɫɹ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɥɸɛɨɝɨ ɜɥɚɞɟɥɶɰɚ ɢɥɢ ɚɪɟɧɞɚɬɨɪɚ. 

Ɉɫɧɨɜɧɵɟ ɬɢɩɵ ɚɬɪɢɭɦɨɜ ɩɨ ɦɟɫɬɭ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɧɚ ɪɢɫɭɧɤɟ 1.13. 
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Ɋɢɫɭɧɨɤ 1.13 – Ɍɢɩɵ ɚɬɪɢɭɦɨɜ ɩɨ ɦɟɫɬɭ ɪɚɫɩɨɥɨɠɟɧɢɹ: 

ɚ – ɨɞɧɨɫɬɟɧɧɵɣ, ɨɪɚɧɠɟɪɟɣɧɨɝɨ ɬɢɩɚ; ɛ – ɞɜɭɯɫɬɟɧɧɵɣ; 

ɜ – ɬɪɟɯɫɬɟɧɧɵɣ; ɝ – ɱɟɬɵɪɟɯɫɬɟɧɧɵɣ; ɞ – ɫɢɫɬɟɦɚ ɦɧɨɠɟɫɬɜɚ ɢɡ ɨɞɧɨɭɪɨɜɧɟɜɵɯ ɚɬɪɢɭɦɨɜ; 

ɟ – ɚɬɪɢɭɦ, ɫɨɟɞɢɧɹɸɳɢɣ ɧɟɫɤɨɥɶɤɨ ɡɞɚɧɢɣ; ɠ – ɝɚɥɟɪɟɹ 

 

ɒɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ Ɋɨɫɫɢɢ ɜ ɌɊɐ ɩɨɥɭɱɢɥɢ ɚɬɪɢɭɦɵ ɝɚɥɟɪɟɣɧɨɝɨ 

ɬɢɩɚ, ɭɫɬɪɨɟɧɧɵɟ ɧɚ ɜɫɸ ɞɥɢɧɭ ɢ ɜɵɫɨɬɭ ɡɞɚɧɢɹ, ɫ ɩɪɨɞɨɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ 

ɩɨɦɟɳɟɧɢɣ (ɜ ɨɫɧɨɜɧɨɦ – ɦɚɝɚɡɢɧɵ) ɧɚ ɝɚɥɟɪɟɹɯ. 

ɋɥɨɜɨ ɚɬɪɢɭɦ ɜɵɡɵɜɚɟɬ ɫɟɝɨɞɧɹ ɨɩɪɟɞɟɥɟɧɧɵɟ ɨɩɚɫɟɧɢɹ ɤɚɤ ɭ ɩɪɨɟɤɬɢɪɨɜ-

ɳɢɤɨɜ, ɬɚɤ ɢ ɭ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɧɚɞɡɨɪɧɵɯ ɫɬɪɭɤɬɭɪ. ɉɪɢɱɢɧɚ ɬɚɤɨɝɨ ɧɚɫɬɨɪɨɠɟɧ-

ɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɬɫɭɬɫɬɜɢɢ ɜ ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɵɯ ɚɤɬɚɯ ɢ ɧɨɪɦɚ-

ɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɚɯ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɚɤɨɝɨ ɩɨɧɹɬɢɹ (ɚɬɪɢɭɦ). 

ɋɨɝɥɚɫɧɨ ɤɧɢɝɟ Ɋ. ɋɚɤɫɨɧɚ «Ⱥɬɪɢɭɦɧɵɟ ɡɞɚɧɢɹ», ɚɬɪɢɭɦ ɫ ɝɪɟɱɟɫɤɨɝɨ ɩɟɪɟ-

ɜɨɞɢɬɫɹ ɤɚɤ ɜɧɭɬɪɟɧɧɢɣ ɜɯɨɞɧɨɣ ɞɜɨɪɢɤ, ɜ ɛɨɥɟɟ ɲɢɪɨɤɨɦ ɫɦɵɫɥɟ – ɜɯɨɞɧɨɟ ɩɪɨ-

ɫɬɪɚɧɫɬɜɨ, ɪɚɡɜɢɬɨɟ ɩɨ ɜɟɪɬɢɤɚɥɢ [8].  

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶɫɹ ɫ ɬɟɪɦɢɧɨɦ ɚɬɪɢɭɦ.  

ȼ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɚɯ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ Ɋɨɫɫɢɢ ɢ ɡɚɪɭɛɟɠɧɵɯ 

ɚ ɛ ɜ ɝ 

ɞ ɟ ɠ 
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ɫɬɪɚɧɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɨɝɨ ɬɟɪɦɢɧɚ [20–27]. Ɉɛɨɛɳɢɜ ɢɡɥɨɠɟɧ-

ɧɵɟ ɬɪɚɤɬɨɜɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɷɬɨɝɨ ɫɥɨɜɚ, ɜɨɡɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɟɟ: 

Аɬɪɢɭɦ – ɱɚɫɬɶ ɡɞɚɧɢя ɜ ɜɢɞɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟщɟɧɢя ɫ ɟɫɬɟɫɬɜɟɧɧɵɦ 

ɨɫɜɟщɟɧɢɟɦ, ɩɨɷɬɚɠɧɵɦɢ ɝɚɥɟɪɟяɦɢ, ɧɚ ɤɨɬɨɪɵɟ ɜɵɯɨɞяɬ ɩɨɦɟщɟɧɢя ɪɚɡɥɢɱɧɨ-

ɝɨ ɧɚɡɧɚɱɟɧɢя. 

ɉɨɞ ɦɧɨɝɨɫɜɟɬɧɵɦ ɩɨɦɟɳɟɧɢɟɦ ɩɨɧɢɦɚɟɬɫɹ ɱɚɫɬɶ ɡɞɚɧɢɹ, ɨɛɴɟɞɢɧɹɸɳɚɹ  

ɜ ɟɞɢɧɵɣ ɨɛɴɟɦ ɞɜɚ ɢ ɛɨɥɟɟ ɷɬɚɠɚ ɩɪɢ ɩɨɦɨɳɢ ɭɫɬɪɨɣɫɬɜɚ ɩɪɨɟɦɨɜ ɜ ɦɟɠɞɭɷɬɚɠ-

ɧɵɯ ɩɟɪɟɤɪɵɬɢɹɯ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ, ɚɬɪɢɭɦ – ɷɬɨ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ 

ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ.  

ɂɡ ɨɩɪɟɞɟɥɟɧɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɢɫɬɨɱɧɢɤɚɯ [20–27], ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵ-

ɜɨɞ, ɱɬɨ ɚɬɪɢɭɦɵ ɛɵɜɚɸɬ ɜɟɪɬɢɤɚɥɶɧɨ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɪɚɡɜɢɬɵɟ, ɨɬɤɪɵɬɨɝɨ ɢ ɡɚ-

ɤɪɵɬɨɝɨ ɬɢɩɨɜ.  

ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ ɨɩɪɟɞɟɥɟɧɢɣ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɦɧɨɝɨɫɜɟɬ-

ɧɵɯ ɩɨɦɟɳɟɧɢɣ ɢ ɚɬɪɢɭɦɨɜ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.14 

 

 

Ɋɢɫɭɧɨɤ 1.14 – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨɦɟɳɟɧɢɣ 

 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɨɧɹɬɢɹ ɚɬɪɢɭɦ ɢ ɦɧɨɝɨɫɜɟɬɧɨɟ ɩɨɦɟщɟɧɢɟ ɛɭɞɭɬ ɭɩɨɬɪɟɛ-

ɥɹɬɶɫɹ ɜɦɟɫɬɟ, ɬɚɤ ɤɚɤ ɷɬɢ ɩɨɧɹɬɢɹ ɫɯɨɞɧɵ. 

ɋ ɟɫɬɟɫɬɜɟɧɧɵɦ 
ɨɫɜɟɳɟɧɢɟɦ 

(ɚɬɪɢɭɦɵ) 
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1.3 ɉɪɨɛɥɟɦɵ ɨɝɪɚɧɢɱɟɧɢя ɪɚɫɩɪɨɫɬɪɚɧɟɧɢя ɩɨɠɚɪɚ ɩɨ ɡɞɚɧɢяɦ 

 ɫ ɦɧɨɝɨɫɜɟɬɧɵɦɢ ɩɨɦɟщɟɧɢяɦɢ (ɚɬɪɢɭɦɵ) 

ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɦɨɠɟɬ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ ɞɜɭɦɹ ɫɩɨ-

ɫɨɛɚɦɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ: 

– ɨɛɹɡɚɬɟɥɶɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɞɟɣ-

ɫɬɜɭɸɳɢɦɢ ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ; 

– ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɫɩɟɰɢɚɥɶɧɵɦɢ ɬɟɯɧɢ-

ɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ (ɞɚɥɟɟ – ɋɌɍ) ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɢ 

ɷɬɨɦ ɩɨɠɚɪɧɵɣ ɪɢɫɤ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ. 

Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɩɪɚɤɬɢɤɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫ-

ɧɨɫɬɢ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɜɵɡɵɜɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɡɚɬɪɭɞɧɟɧɢɹ. Эɬɢ ɡɚɬɪɭɞɧɟɧɢɹ ɫɜɹ-

ɡɚɧɵ ɫ ɬɟɦ, ɱɬɨ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɟɞɢɧɵɯ ɩɨɞɯɨɞɨɜ ɜ ɪɟɲɟɧɢɢ ɩɪɨɛɥɟɦ ɜ ɨɛɟɫɩɟɱɟ-

ɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɡɞɚɧɢɣ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ  

ɜ ɧɢɯ ɩɨɦɟɳɟɧɢɣ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ.  

ɋɨɜɪɟɦɟɧɧɵɟ ɰɟɧɬɪɵ ɞɚɜɧɨ ɜɵɲɥɢ ɡɚ ɪɚɦɤɢ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɨɪɦɚɦɢ [1] ɜɟɥɢɱɢɧ 

ɩɥɨɳɚɞɟɣ ɷɬɚɠɟɣ ɩɨɠɚɪɧɵɯ ɨɬɫɟɤɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɟɥɟɧɢɟ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɬɪɚɞɢ-

ɰɢɨɧɧɵɦ ɫɩɨɫɨɛɨɦ ɫ ɩɨɦɨɳɶɸ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɫɬɟɧ 1 ɬɢɩɚ ɧɟɜɨɡɦɨɠɧɨ ɢɡ-ɡɚ 

ɨɫɨɛɟɧɧɨɫɬɟɣ ɨɛɴɟɦɧɨ-ɩɥɚɧɢɪɨɜɨɱɧɵɯ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ (ɭɫɬɪɨɣɫɬɜɚ 

ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨɦɟɳɟɧɢɣ (ɚɬɪɢɭɦɵ)), ɧɨɜɵɯ ɦɚɪɤɟɬɢɧɝɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ (ɬɟɯɧɨ-

ɥɨɝɢɢ ɩɪɨɞɚɠɢ ɬɨɜɚɪɨɜ) ɢ ɩɨ ɞɪɭɝɢɦ ɩɪɢɱɢɧɚɦ.  

Ⱦɟɥɟɧɢɟ ɧɚ ɩɨɠɚɪɧɵɟ ɨɬɫɟɤɢ ɜ ɨɫɧɨɜɧɨɦ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɨɝɪɚɧɢɱɟɧɢɟ ɪɚɫ-

ɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɩɨ ɡɞɚɧɢɸ [3]. ȿɫɬɶ ɞɜɚ ɩɨɞɯɨɞɚ ɩɪɢ ɞɟɥɟɧɢɢ ɡɞɚɧɢɹ ɧɚ ɩɨ-

ɠɚɪɧɵɟ ɨɬɫɟɤɢ: ɩɨ ɞɨɩɭɫɬɢɦɨɣ ɩɥɨɳɚɞɢ ɩɨɠɚɪɧɨɝɨ ɨɬɫɟɤɚ ɢ ɩɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ 

ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ ɩɨɦɟɳɟɧɢɣ [3, 29]. ȼɬɨɪɨɣ ɩɨɞɯɨɞ ɪɟɚɥɢɡɨɜɚɬɶ ɜ ɡɞɚɧɢɹɯ 

ɰɟɧɬɪɨɜ ɧɟɜɨɡɦɨɠɧɨ ɢɡ-ɡɚ ɨɫɨɛɟɧɧɨɫɬɟɣ ɨɛɴɟɦɧɨ-ɩɥɚɧɢɪɨɜɨɱɧɵɯ ɪɟɲɟɧɢɣ ɢ ɦɚɪ-

ɤɟɬɢɧɝɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ. Ɉɞɧɚɤɨ ɩɨ ɩɟɪɜɨɦɭ ɩɨɞɯɨɞɭ ɜ ɪɚɫɱɟɬɟ ɩɨɠɚɪɧɨɝɨ ɪɢɫɤɚ 

ɧɚɩɪɹɦɭɸ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɩɥɨɳɚɞɶ ɩɨɠɚɪɧɨɝɨ ɨɬɫɟɤɚ, ɬ. ɟ. ɩɨɠɚɪɧɵɣ ɪɢɫɤ, ɫɨ-
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ɝɥɚɫɧɨ ɋɌɍ, ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɨɛɨɫɧɨɜɚɧɢɟɦ ɩɨ ɭɜɟɥɢɱɟɧɢɸ ɩɥɨɳɚɞɢ  

ɷɬɚɠɚ ɩɨɠɚɪɧɨɝɨ ɨɬɫɟɤɚ.  

Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨ-

ɫɬɢ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɪɟɝɥɚɦɟɧɬɢɪɭɸɬɫɹ ɋɌɍ.  

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɛɨɫɧɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫ-

ɧɨɫɬɢ ɜ ɋɌɍ ɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɢɫɬɟɦɵ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ  

ɜ ɡɞɚɧɢɹɯ ɰɟɧɬɪɨɜ ɦɨɠɟɬ ɨɩɢɪɚɬɶɫɹ ɧɚ ɪɚɫɱɟɬɧɵɟ ɦɟɬɨɞɵ. 

ɇɚ ɤɚɠɞɨɟ ɡɞɚɧɢɟ ɰɟɧɬɪɚ ɞɨɥɠɧɚ ɪɚɡɪɚɛɚɬɵɜɚɬɶɫɹ ɤɨɧɤɪɟɬɧɚɹ ɫɢɫɬɟɦɚ ɨɛɟɫ-

ɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ (ɞɚɥɟɟ – ɋɈɉȻ) [28] ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɨɫɨɛɟɧɧɨɫɬɟɣ 

ɤɨɧɤɪɟɬɧɨɝɨ ɰɟɧɬɪɚ. 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɋɈɉȻ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ [28] ɩɨɞ-

ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɬɪɢ ɩɨɞɫɢɫɬɟɦɵ (ɪɢɫɭɧɨɤ 1.15). 

 

 

Ɋɢɫɭɧɨɤ 1.15 – ɋɯɟɦɚ ɫɢɫɬɟɦɵ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

 

Ⱦɟɥɟɧɢɟ ɧɚ ɩɨɠɚɪɧɵɟ ɨɬɫɟɤɢ, ɫɨɝɥɚɫɧɨ ɧɨɪɦɚɦ ɜ ɪɟɝɥɚɦɟɧɬɟ [28], ɩɪɨɢɡɜɨ-

ɞɢɬɫɹ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɦɢ ɫɬɟɧɚɦɢ ɢ ɩɟɪɟɤɪɵɬɢɹɦɢ 1 ɬɢɩɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɟɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ ɡɚ ɩɪɟɞɟɥɵ ɩɨɠɚɪɧɨɝɨ ɨɬɫɟɤɚ. Ⱦɟɥɟɧɢɟ 

ɡɞɚɧɢɹ ɧɚ ɩɨɠɚɪɧɵɟ ɨɬɫɟɤɢ ɨɬɧɨɫɢɬɫɹ ɤ ɫɢɫɬɟɦɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɚɳɢɬɵ.  

ɉɪɨɬɢɜɨɩɨɠɚɪɧɵɟ ɫɬɟɧɵ ɹɜɥɹɸɬɫɹ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɦɢ ɩɪɟɝɪɚɞɚɦɢ. ɋɨɝɥɚɫɧɨ ɨɩɪɟ-

ɞɟɥɟɧɢɸ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɩɪɟɝɪɚɞ, ɞɚɧɧɨɝɨ ɜ ɬɟɯɧɢɱɟɫɤɢɯ ɞɨɤɭɦɟɧɬɚɯ [28, 30],  
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ɤ ɧɢɦ ɦɨɝɭɬ ɨɬɧɨɫɢɬɶɫɹ ɨɛɴɟɦɧɵɟ ɷɥɟɦɟɧɬɵ ɡɞɚɧɢɹ ɢɥɢ ɢɧɵɟ ɢɧɠɟɧɟɪɧɵɟ ɪɟɲɟ-

ɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ.  

ȼ ɩɪɚɤɬɢɤɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɚɳɢɬɵ ɡɞɚɧɢɹ ɫɭɳɟɫɬɜɭɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɦɟɧɵ ɩɪɨɟɤɬɧɵɯ ɪɟɲɟɧɢɣ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ ɩɨ ɧɨɪɦɚɬɢɜɧɵɦ 

ɬɪɟɛɨɜɚɧɢɹɦ, ɧɚ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ. Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɪɨɦɢɫɫɚ ɜ ɡɚɩɚɞ-

ɧɵɯ ɚɧɝɥɨɹɡɵɱɧɵɯ ɫɬɪɚɧɚɯ ɩɨɥɭɱɢɥ ɧɚɡɜɚɧɢɟ trade-off [31]. Ɉɫɧɨɜɧɚɹ ɢɞɟɹ  

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɡɚɦɟɧ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɜɵɛɪɚɧɧɨɟ ɪɟɲɟɧɢɟ ɦɨɝɥɨ  

ɛɵɬɶ ɩɪɢɦɟɧɟɧɨ ɜɦɟɫɬɨ ɞɪɭɝɨɝɨ ɛɟɡ ɫɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

Эɮɮɟɤɬɢɜɧɨɫɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɡɚɦɟɧɵ ɞɨɥɠɧɚ ɩɨɞɬɜɟɪɠɞɚɬɶɫɹ ɧɚɬɭɪɧɵɦɢ ɢɫ-

ɩɵɬɚɧɢɹɦɢ ɥɢɛɨ ɪɚɫɱɟɬɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɤɨɬɨɪɵɟ ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 

ɩɪɨɰɟɫɫɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɩɨ ɤɨɧɤɪɟɬɧɨɦɭ ɡɞɚɧɢɸ. 

1.3.1 ɉɪɨɛɥɟɦɵ ɩɪɢɦɟɧɟɧɢя ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɡɨɧ  

ɞɥя ɨɝɪɚɧɢɱɟɧɢя ɪɚɫɩɪɨɫɬɪɚɧɟɧɢя ɩɨɠɚɪɚ ɩɨ ɡɞɚɧɢяɦ 

Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɭɸ ɫɬɟɧɭ 1 ɬɢɩɚ ɜɨɡ-

ɦɨɠɧɨ ɡɚɦɟɧɢɬɶ ɧɚ ɨɛɴɟɦɧɵɣ ɷɥɟɦɟɧɬ ɡɞɚɧɢɹ ɢɥɢ ɢɧɨɟ ɢɧɠɟɧɟɪɧɨɟ ɪɟɲɟɧɢɟ, ɤɨ-

ɬɨɪɨɟ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶ ɟɟ ɮɭɧɤɰɢɸ ɢ ɨɛɟɫɩɟɱɢɜɚɬɶ ɧɟɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ  

ɡɚ ɩɪɟɞɟɥɵ ɩɨɠɚɪɧɨɝɨ ɨɬɫɟɤɚ ɧɚ ɤɚɤɨɦ-ɬɨ ɜɪɟɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ. Ɉɞɧɚɤɨ ɞɚɧɧɵɟ 

ɡɚɦɟɧɵ ɧɟ ɨɝɨɜɨɪɟɧɵ ɜ ɞɨɤɭɦɟɧɬɟ [28], ɧɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɧɨɪɦɚɬɢɜɧɨɦ ɞɨɤɭɦɟɧ-

ɬɟ [32]. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɪɦɚɬɢɜɧɵɦ ɞɨɤɭɦɟɧɬɨɦ [32] ɩɪɨɬɢɜɨɩɨɠɚɪɧɭɸ ɫɬɟɧɭ 

ɞɨɩɭɫɤɚɟɬɫɹ ɡɚɦɟɧɹɬɶ ɧɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɭɸ ɡɨɧɭ ɲɢɪɢɧɨɣ ɧɟ ɦɟɧɟɟ 8 ɦ ɛɟɡ ɪɚɡ-

ɦɟɳɟɧɢɹ ɜ ɟɟ ɩɪɟɞɟɥɚɯ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ. 

ɉɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɨɧɨɣ ɦɨɠɟɬ ɛɵɬɶ ɦɧɨɝɨɫɜɟɬɧɨɟ ɩɨɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ), 

ɤɨɬɨɪɨɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɜɫɸ ɞɥɢɧɭ ɢ ɜɵɫɨɬɭ ɡɞɚɧɢɹ ɰɟɧɬɪɚ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɇɨɜɨɣ Ɂɟɥɚɧɞɢɢ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɩɨɠɚɪɧɨɣ 

ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɯ ɡɞɚɧɢɹɯ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦɢ ɩɨɦɟɳɟɧɢɹɦɢ (ɚɬɪɢɭɦɵ) ɩɨ-

ɤɚɡɚɥɢ, ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɢɧɵ 6 ɦ, ɱɬɨɛɵ ɩɨɠɚɪ ɧɟ ɪɚɫɩɪɨɫɬɪɚɧɢɥɫɹ ɱɟɪɟɡ ɦɧɨ-

ɝɨɫɜɟɬɧɨɟ ɩɨɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ) ɜ ɞɪɭɝɭɸ ɱɚɫɬɶ ɡɞɚɧɢɹ [33]. 
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Ɉɫɨɛɟɧɧɨɫɬɶ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨɦɟɳɟɧɢɣ (ɚɬɪɢɭɦɵ) ɜ ɡɞɚɧɢɹɯ ɰɟɧɬɪɨɜ ɡɚ-

ɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɱɚɫɬɨ ɩɨɠɚɪɧɚɹ ɧɚɝɪɭɡɤɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɧɨɜɨɝɨɞɧɢɯ 

ɟɥɨɤ, ɪɟɤɥɚɦɧɵɯ ɛɚɧɧɟɪɨɜ, ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɢ ɩɪɟɞɦɟɬɨɜ ɢɧɬɟɪɶɟɪɚ, ɬɚɤ ɤɚɤ 

ɫɨɛɫɬɜɟɧɧɢɤ ɡɞɚɧɢɹ ɫɬɪɟɦɢɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ ɩɨɥɟɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɥɨɳɚɞɶ  

ɡɞɚɧɢɹ.  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɨɧɵ ɜ ɜɢɞɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ 

(ɚɬɪɢɭɦ) ɛɟɡ ɭɱɟɬɚ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɹɜɥɟɧɢɹ ɜ ɧɟɦ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɧɟ ɹɜɥɹɟɬɫɹ 

ɩɪɚɜɢɥɶɧɵɦ. Ⱦɚɥɟɟ ɛɭɞɟɬ ɩɪɢɜɟɞɟɧ ɪɚɫɱɟɬɧɵɣ ɫɩɨɫɨɛ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɚɥɢɱɢɟ 

ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ) ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɧɟɨɛ-

ɯɨɞɢɦɨɣ ɲɢɪɢɧɵ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ), ɨɝɪɚɧɢɱɢɜɚɸɳɟɣ ɪɚɫɩɪɨ-

ɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ ɱɟɪɟɡ ɧɟɝɨ. 

ȼ Ɋɨɫɫɢɢ ɢ ɜ ɪɹɞɟ ɡɚɪɭɛɟɠɧɵɯ ɫɬɪɚɧ ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɟɬɫɹ ɧɚɩɪɚɜɥɟɧɢɟ  

ɩɨ ɫɨɡɞɚɧɢɸ ɫɢɫɬɟɦ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɧɵɯ ɦɟɬɨ-

ɞɢɤ, ɩɨɥɭɱɢɜɲɟɟ ɧɚɡɜɚɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ. ȼ Ɋɨɫ-

ɫɢɢ ɞɚɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɥɭɱɢɥɨ ɧɚɡɜɚɧɢɟ ɝɢɛɤɨɟ ɧɨɪɦɢɪɨɜɚɧɢɟ [3, 31, 34–37]. 

Ɋɚɡɪɚɛɨɬɤɨɣ ɪɚɫɱɟɬɧɵɯ ɦɟɬɨɞɨɜ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɋɈɉȻ  

ɜ Ɋɨɫɫɢɢ ɩɨɫɜɹɳɟɧɵ ɪɚɛɨɬɵ ɬɚɤɢɯ ɭɱɟɧɵɯ ɤɚɤ ȼ. ȼ. Ʌɢɰɤɟɜɢɱ, ȼ. ɂ. ɉɪɢɫɚɞɤɨɜ, 

Ⱦ. Ƚ. ɉɪɨɧɢɧ, ɂ. Ɋ. ɏɚɫɚɧɨɜ, Ⱥ. ȼ. Ƚɨɦɨɡɨɜ, ȿ. ȿ. Ʉɢɪɸɯɚɧɰɟɜ, ȿ. Ⱥ. Ɇɟɲɚɥɤɢɧ ɢ 

ɞɪɭɝɢɟ, ɚ ɡɚɪɭɛɟɠɨɦ H. Park, B. J. Meacham, G. D. Lougheed, N. A. Dembsey,  

M. Goulthorpe ɢ ɞɪɭɝɢɟ. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ ɪɚɛɨɬɵ ɫɥɟɞɭɸɳɢɯ ɚɜɬɨɪɨɜ: Ⱥ. ȼ. Ɏɟɞɨɪɢɧɨɜɚ [37],  

ɋ.ɉ. ɏɚɪɱɟɧɤɨ [38] ɢ ɂ. ȼ. Ʉɨɫɬɟɪɢɧɚ [39], ɤɨɬɨɪɵɦɢ ɜɩɟɪɜɵɟ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ 

ɩɪɨɛɥɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɡɞɚɧɢɹɯ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦɢ ɩɨɦɟ-

ɳɟɧɢɹɦɢ (ɚɬɪɢɭɦɵ) ɢ ɜ ɡɞɚɧɢɹɯ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. ȼ ɪɚɛɨɬɚɯ 

ɷɬɢɯ ɚɜɬɨɪɨɜ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ, ɢɦɟɸɳɢɟ ɨɬɧɨɲɟɧɢɟ ɤ ɫɨɡɞɚɧɢɸ ɦɟɬɨ-

ɞɨɜ ɨɰɟɧɤɢ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ ɡɞɚɧɢɣ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɜ 

ɱɚɫɬɧɨɫɬɢ ɞɥɹ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦ ɩɨɦɟɳɟɧɢɟɦ (ɚɬɪɢɭɦ) ɧɚ ɨɫɧɨɜɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ ɩɨɠɚɪɚ, ɷɜɚɤɭɚɰɢɢ ɥɸɞɟɣ ɩɪɢ ɩɨɠɚɪɟ. Ɉɞɧɚɤɨ 

ɩɪɨɛɥɟɦɚ ɞɟɥɟɧɢɹ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦ ɩɨɦɟɳɟɧɢɟɦ (ɚɬɪɢɭɦ)  

ɧɚ ɩɨɠɚɪɧɵɟ ɨɬɫɟɤɢ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ. 
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Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ), ɤɚɤ 

ɷɥɟɦɟɧɬɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɩɪɟɝɪɚɞɵ ɜ ɜɢɞɟ ɨɛɴɟɦɧɨɝɨ ɷɥɟɦɟɧɬɚ ɡɞɚɧɢɹ ɢ ɦɨɞɟ-

ɥɢɪɨɜɚɧɢɹ ɫɢɬɭɚɰɢɢ ɫ ɪɚɡɜɢɬɢɟɦ ɩɨɠɚɪɚ, ɧɚɞɨ ɨɩɪɟɞɟɥɢɬɶɫɹ ɫɨ ɫɰɟɧɚɪɢɹɦɢ ɪɚɫ-

ɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ.  

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɛɨɥɟɟ 20 ɪɚɡɥɢɱɧɵɯ ɩɥɚɧɢɪɨɜɨɤ ɰɟɧɬɪɨɜ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦɢ 

ɩɨɦɟɳɟɧɢɹɦɢ (ɚɬɪɢɭɦɵ), ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ 3 ɨɫɧɨɜɧɵɯ ɫɰɟɧɚɪɢɹ: 

1. ɉɨɠɚɪ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɨɦɟɳɟɧɢɢ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟ-

ɳɟɧɢɹ (ɚɬɪɢɭɦ), ɢ ɡɚ ɫɱɟɬ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɝɨɧɶ ɦɨɠɟɬ ɩɟɪɟɣɬɢ  

ɧɚ ɩɨɦɟɳɟɧɢɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɟ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɵ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟ-

ɳɟɧɢɹ (ɚɬɪɢɭɦ). ɋɯɟɦɚ ɫɰɟɧɚɪɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.16. 

 

 

Ɋɢɫɭɧɨɤ 1.16 – ɋɯɟɦɚ ɩɟɪɜɨɝɨ ɫɰɟɧɚɪɢя: ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ ɢɡ ɩɨɦɟɳɟɧɢɹ ɨɱɚɝɚ ɩɨɠɚɪɚ 

ɜ ɩɪɨɬɢɜɨɥɟɠɚɳɟɟ ɩɨɦɟɳɟɧɢɟ ɱɟɪɟɡ ɦɧɨɝɨɫɜɟɬɧɨɟ ɩɨɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ): 

q – ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ 

 

2. ɉɨɠɚɪ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɨɦɟɳɟɧɢɢ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟ-

ɳɟɧɢɹ (ɚɬɪɢɭɦ), ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɩɨɠɚɪɧɭɸ ɧɚɝɪɭɡɤɭ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟ-

ɳɟɧɢɢ (ɚɬɪɢɭɦ) ɢ ɡɚ ɫɱɟɬ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɞɜɭɯ ɢɫɬɨɱɧɢɤɨɜ ɦɨɠɟɬ 

ɩɟɪɟɣɬɢ ɧɚ ɩɪɨɬɢɜɨɥɟɠɚɳɟɟ ɩɨɦɟɳɟɧɢɟ. ɋɯɟɦɚ ɫɰɟɧɚɪɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɧɚ ɪɢɫɭɧɤɟ 1.17. 

q 
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Ɋɢɫɭɧɨɤ 1.17– ɋɯɟɦɚ ɜɬɨɪɨɝɨ ɫɰɟɧɚɪɢя: ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ ɢɡ ɩɨɦɟɳɟɧɢɹ ɨɱɚɝɚ ɩɨɠɚɪɚ 

ɧɚ ɩɨɠɚɪɧɭɸ ɧɚɝɪɭɡɤɭ, ɧɚɯɨɞɹɳɭɸɫɹ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ) 

ɢ ɧɚ ɩɪɨɬɢɜɨɥɟɠɚɳɟɟ ɩɨɦɟɳɟɧɢɟ: q1, q2– ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ 

 

3. ɉɨɠɚɪ ɩɪɨɢɫɯɨɞɢɬ ɜ ɡɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɦɧɨɝɨɫɜɟɬ-

ɧɨɦ ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ) ɢ ɡɚ ɫɱɟɬ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɦɨɠɟɬ ɩɟɪɟɣɬɢ  

ɧɚ ɩɪɨɬɢɜɨɥɟɠɚɳɢɟ ɩɨɦɟɳɟɧɢɹ. ɋɯɟɦɚ ɫɰɟɧɚɪɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.18. 

 

 

Ɋɢɫɭɧɨɤ 1.18 – ɋɯɟɦɚ ɬɪɟɬɶɟɝɨ ɫɰɟɧɚɪɢя: ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ ɨɬ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ,  

ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ) ɢ ɧɚ ɩɪɨɬɢɜɨɥɟɠɚɳɢɟ ɩɨɦɟɳɟɧɢɹ:  

q – ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ 

1 

2 

q q 

q2 

q1 



28 

Ⱥɧɚɥɢɡ ɢɫɬɨɱɧɢɤɨɜ [28, 29, 40–46] ɩɨɡɜɨɥɹɟɬ ɫɱɢɬɚɬɶ, ɱɬɨ ɩɨɧɹɬɢɟ ɩɪɨɬɢɜɨ-

ɩɨɠɚɪɧɚя ɡɨɧɚ ɫɯɨɞɧɨ ɫ ɩɨɧɹɬɢɹɦɢ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɣ ɪɚɡɪɵɜ ɦɟɠɞɭ ɡɞɚɧɢяɦɢ 

ɢɥɢ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɟ ɪɚɫɫɬɨяɧɢя ɦɟɠɞɭ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɨɣ ɜ ɩɨɦɟɳɟɧɢɹɯ 

ɤɚɬɟɝɨɪɢɢ ȼ1–ȼ4 ɩɨ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ.  

ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɣ ɪɚɡɪɵɜ – ɷɬɨ ɪɚɫɫɬɨɹɧɢɟ, ɩɪɟɩɹɬɫɬɜɭɸ-

ɳɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɩɨɠɚɪɚ ɦɟɠɞɭ ɨɛɴɟɤɬɚɦɢ ɡɚɳɢɬɵ, ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ – ɷɬɨ 

ɪɚɫɫɬɨɹɧɢɟ, ɩɪɟɩɹɬɫɬɜɭɸɳɟɟ ɜ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɩɨɠɚɪɚ ɦɟɠɞɭ ɭɱɚɫɬɤɚɦɢ  

ɫ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɨɣ ɜ ɩɨɦɟɳɟɧɢɢ. 

ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɪɚɫɱɟɬɵ ɨɫɧɨɜɵɜɚɥɢɫɶ ɧɚ ɡɚɤɨɧɟ ɋɬɟɮɚɧɚ – Ȼɨɥɶɰɦɚɧɚ, ɞɥɹ 

ɫɟɪɨɝɨ ɬɟɥɚ, ɡɚɤɨɧ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɮɨɪɦɭɥɨɣ (1.1) [33–36]: 

 
4

0εσE Т , (1.1) 

ɝɞɟ Е – ɩɥɨɬɧɨɫɬɶ ɩɨɥɭɫɮɟɪɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɪɟɚɥɶɧɵɯ ɬɟɥ, ȼɬ/ɦ2; ε – ɫɬɟɩɟɧɶ 

ɱɟɪɧɨɬɵ ɞɥɹ ɫɟɪɨɝɨ ɬɟɥɚ; σ0 =5,67·10-8 ȼɬ/(ɦ2·Ʉ4) – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ ɚɛɫɨ-

ɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ; Т – ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɥɭɱɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, Ʉ. 

ȼ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɚɯ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɚɡɪɵɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɜɟ ɨɫ-

ɧɨɜɧɵɯ ɮɨɪɦɭɥɵ (1.2) ɢ (1.3) ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɦɚ-

ɬɟɪɢɚɥ: 

 
4

ɩɪ 0 ɩɥ 1 2ε σ φɩq Т  , (1.2) 

ɝɞɟ εɩɪ – ɩɪɢɜɟɞɟɧɧɚɹ ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɫɢɫɬɟɦɵ; φ1–2 – ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛ-

ɥɭɱɟɧɧɨɫɬɢ; 

 ɢ 1 2φɩq q  , (1.3) 

ɝɞɟ qɢ – ɢɧɬɟɝɪɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ, ȼɬ/ɦ2. 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɮɨɪɦɭɥɚ (1.4): 

 ɤɪɩq q , (1.4) 

ɝɞɟ qɤɪ – ɤɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɦɚɬɟɪɢɚɥɚ, ȼɬ/ɦ2. 

ȼ ɪɚɛɨɬɟ [40] ɩɨɥɭɱɟɧɵ ɢɧɠɟɧɟɪɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ ɭɝɥɨɜɨɝɨ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ. Ⱦɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɹɜɥɹɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɩɚɪɚ-

ɦɟɬɪɨɦ, ɡɚɜɢɫɹɳɢɦ ɨɬ ɮɨɪɦɵ, ɲɢɪɢɧɵ ɢ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ ɢ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨ-
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ɠɟɧɢɹ ɨɛɥɭɱɚɟɦɨɝɨ ɬɟɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɛɥɭɱɚɸɳɟɝɨ ɩɥɚɦɟɧɢ. Ɍɚɤɠɟ ɭɫɬɚɧɨɜɥɟ-

ɧɨ, ɱɬɨ ɤɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɦɚɬɟɪɢɚɥɚ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ 

ɜɨɡɞɟɣɫɬɜɢɹ. 

ȼɩɟɪɜɵɟ ɜ ɪɚɛɨɬɟ [43] ɜɵɪɚɠɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨ-

ɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɥɨɤɚɥɶɧɨɝɨ ɩɨɠɚɪɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭ-

ɟɬ ɝɨɪɟɧɢɸ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɩɨɦɟɳɟɧɢɢ, ɪɚɡɜɢɬɨɦ ɜɟɪɬɢɤɚɥɶɧɨ. ɋ ɩɨɦɨɳɶɸ 

ɩɨɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɨɡɦɨɠɧɨ ɛɵɥɨ ɭɫɬɚɧɨɜɢɬɶ ɛɟɡɨɩɚɫɧɵɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɭɱɚɫɬɤɚɦɢ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ.  

Ⱦɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɪɨɞɨɥɠɟɧɵ ɜ ɪɚɛɨɬɟ [42], ɚ ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɢɡ-

ɥɨɠɟɧɵ ɜ ɧɨɪɦɚɬɢɜɧɨɦ ɞɨɤɭɦɟɧɬɟ [41].  

Ɂɚɜɢɫɢɦɨɫɬɶ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ [43] ɛɵɥɚ ɜɵɪɚɠɟɧɚ ɮɨɪɦɭɥɨɣ (1.5): 

 
4

0 ɩɥσ
B

ɩ
x

q A Т
D


   
 

,  (1.5) 

ɝɞɟ A, B – ɫɥɨɠɧɵɟ ɮɭɧɤɰɢɢ ɨɩɬɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɱɚɝɚ ɩɨɠɚɪɚ, ɡɚɜɢɫɹɳɢɟ 

ɨɬ ɱɢɫɥɚ Ȼɭɝɟɪɚ; x – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɮɚɤɟɥɚ ɩɥɚɦɟɧɢ ɞɨ ɨɛɥɭɱɚɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɦ; 

D – ɯɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ ɮɚɤɟɥɚ ɩɥɚɦɟɧɢ, ɦ. 

Ɂɧɚɱɟɧɢɹ ɫɥɨɠɧɵɯ ɮɭɧɤɰɢɣ А ɢ B ɧɚɯɨɞɹɬɫɹ ɢɡ ɝɪɚɮɢɤɚ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ  

ɧɚ ɪɢɫɭɧɤɟ 1.19. 

 

Ɋɢɫɭɧɨɤ 1.19 – Ɂɚɜɢɫɢɦɨɫɬɶ ɫɥɨɠɧɵɯ ɮɭɧɤɰɢɣ А ɢ В ɨɬ ɱɢɫɥɚ Ȼɭɝɟɪɚ: 

1 – ɮɭɧɤɰɢɹ А; 2 – ɮɭɧɤɰɢɹ В [42, 43] 
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Ⱦɚɧɧɵɟ ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɩɨ ɮɨɪɦɭɥɟ (1.4) ɢ ɢɡɥɨɠɟɧɧɵɟ  

ɜ ɧɨɪɦɚɬɢɜɧɨɦ ɞɨɤɭɦɟɧɬɟ [41] ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɬɨɥɶɤɨ ɤ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ  

ɢ ɫɤɥɚɞɫɤɢɦ ɡɞɚɧɢɹɦ ɜ ɩɨɦɟɳɟɧɢɹɯ ɤɚɬɟɝɨɪɢɣ (ȼ1–ȼ4) ɩɨ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ. 

Ⱦɥɹ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ ɰɟɧɬɪɵ, ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ  

ɩɨ ɮɨɪɦɭɥɟ (1.4), ɢɡɥɨɠɟɧɧɵɟ ɜ ɞɨɤɭɦɟɧɬɟ [41], ɩɪɢɦɟɧɹɬɶ ɧɟɥɶɡɹ, ɬɚɤ ɤɚɤ ɩɨɥɭ-

ɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɢɧɵɯ ɢɫɯɨɞɧɵɯ ɭɫɥɨɜɢɣ. 

Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ [29, 42, 43, 46, 50, 51] ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨ-

ɜɢɬɶ, ɱɬɨ ɜ ɧɢɯ ɨɬɫɭɬɫɬɜɭɸɬ ɞɚɧɧɵɟ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɩɨɦɟɳɟɧɢɣ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ 

ɢ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨɦɟɳɟɧɢɣ (ɚɬɪɢɭɦɨɜ) ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɨɤɚɡɚɬɟɥɹɦ: 

– ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɦɟɧɢ ɞɥɹ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ; 

– ɢɧɬɟɝɪɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ ɞɥɹ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ; 

– ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ (ɜɵɫɨɬɚ ɢ ɲɢɪɢɧɚ) ɩɥɚɦɟɧɢ ɞɥɹ ɩɨɠɚɪɧɨɣ 

ɧɚɝɪɭɡɤɢ; 

– ɤɪɢɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɩɨɦɟɳɟɧɢɣ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ. 

1.3.2 ɉɪɨɛɥɟɦɵ ɩɪɢɦɟɧɟɧɢя ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɯ ɩɟɪɟɝɨɪɨɞɨɤ  

ɞɥя ɨɝɪɚɧɢɱɟɧɢя ɪɚɫɩɪɨɫɬɪɚɧɟɧɢя ɩɨɠɚɪɚ ɩɨ ɡɞɚɧɢяɦ  

Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɨɝɪɚɧɢɱɟɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪ ɩɨ ɡɞɚɧɢɸ ɫ ɦɧɨ-

ɝɨɫɜɟɬɧɵɦɢ ɩɨɦɟɳɟɧɢɹɦɢ (ɚɬɪɢɭɦ) ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɩɟɪɟ-

ɝɨɪɨɞɨɤ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɩɨɦɟɳɟɧɢɣ ɪɚɡɥɢɱɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ  

ɨɬ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ). ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ, ɭɤɚɡɚɧɧɵɦ ɜ ɫɜɨɞɟ ɩɪɚ-

ɜɢɥ [52], ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɟ ɩɟɪɟɝɨɪɨɞɤɢ ɞɨɥɠɧɵ ɢɦɟɬɶ ɩɪɟɞɟɥ ɨɝɧɟɫɬɨɣɤɨɫɬɢ  

ɧɟ ɦɟɧɟɟ EI 45. Ⱦɚɧɧɵɣ ɩɪɟɞɟɥ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɨɱɟɧɶ ɥɟɝɤɨ ɨɛɟɫɩɟɱɢɬɶ ɫ ɩɨɦɨɳɶɸ 

ɩɟɪɟɝɨɪɨɞɨɤ ɢɡ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɤɢɪɩɢɱ, ɛɥɨɤɢ, ɠɟɥɟɡɨ-

ɛɟɬɨɧ ɢ ɬ.ɩ.), ɧɨ ɨɱɟɧɶ ɬɪɭɞɧɨ ɟɝɨ ɨɛɟɫɩɟɱɢɬɶ ɞɥɹ ɩɟɪɟɝɨɪɨɞɨɤ ɢɡ ɫɜɟɬɨɩɪɨɡɪɚɱ-

ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɬɟɤɥɚ.  

Ɉɫɧɨɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɨɫɬɟɤɥɟɧɧɵɯ ɩɟɪɟɝɨɪɨɞɨɤ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɛɟɫɩɟɱɟ-

ɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɬɤɪɵɬɨɫɬɢ ɢ ɩɪɨɡɪɚɱɧɨɫɬɢ. ȼ ɬɨɪɝɨɜɵɯ ɩɨɦɟɳɟɧɢɹɯ ɨɫɬɟɤ-
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ɥɟɧɧɵɟ ɩɟɪɟɝɨɪɨɞɤɢ ɜɵɩɨɥɧɹɸɬ ɬɚɤɠɟ ɮɭɧɤɰɢɸ ɜɢɬɪɢɧɵ, ɩɨɡɜɨɥɹɹ ɧɟ ɬɨɥɶɤɨ ɡɨ-

ɧɢɪɨɜɚɬɶ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɧɨ ɢ ɞɚɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɫɚɦɵɟ ɩɨɩɭ-

ɥɹɪɧɵɟ ɬɨɜɚɪɵ.  

ɋɩɨɫɨɛɧɨɫɬɶ ɫɬɟɤɥɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɪɨɩɭɫɤɚɧɢɟ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɜɟɬɚ ɫɩɨɫɨɛ-

ɫɬɜɭɟɬ ɜɢɡɭɚɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɝɪɚɧɢɰɵ ɬɨɪɝɨɜɨɣ ɡɨɧɵ. Ɇɨɞɭɥɶɧɨɫɬɶ ɨɫɬɟɤɥɟɧ-

ɧɵɯ ɩɟɪɟɝɨɪɨɞɨɤ ɩɨɡɜɨɥɹɟɬ ɦɟɧɹɬɶ ɤɨɧɮɢɝɭɪɚɰɢɸ ɬɨɪɝɨɜɨɣ ɡɨɧɵ. Ɉɫɬɟɤɥɟɧɧɵɟ 

ɩɟɪɟɝɨɪɨɞɤɢ ɜɢɡɭɚɥɶɧɨ ɪɚɡɦɵɜɚɸɬ ɝɪɚɧɢɰɵ ɩɨɦɟɳɟɧɢɹ ɢ ɞɚɸɬ ɛɥɚɝɨɩɪɢɹɬɧɭɸ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɤɭɩɚɬɟɥɹɦ ɪɚɫɫɦɨɬɪɟɬɶ ɬɨɜɚɪ ɞɨ ɜɯɨɞɚ ɜ ɦɚɝɚɡɢɧ. Ɉɫɬɟɤɥɟɧɧɵɟ 

ɩɟɪɟɝɨɪɨɞɤɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɚɧɨɪɚɦɧɵɣ ɨɛɡɨɪ ɦɚɝɚɡɢɧɚ, ɩɪɢɜɥɟɤɚɹ ɩɨɤɭɩɚɬɟɥɟɣ 

ɤɚɤ ɬɨɜɚɪɨɦ, ɬɚɤ ɢ ɢɧɬɟɪɶɟɪɨɦ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɪɵɧɤɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ 

ɨɫɬɟɤɥɟɧɧɵɯ ɩɟɪɟɝɨɪɨɞɨɤ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɨɝɧɟɫɬɨɣɤɨɝɨ, ɭɞɚɪɨ-

ɩɪɨɱɧɨɝɨ, ɡɚɤɚɥɟɧɧɨɝɨ, ɚɪɦɢɪɨɜɚɧɧɨɝɨ ɢ ɢɧɨɝɨ ɫɬɟɤɥɚ, ɢɡɝɨɬɚɜɥɢɜɚɟɦɨɝɨ ɩɨ ɪɚɡ-

ɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɢ ɢɦɟɸɳɟɝɨ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɫɜɨɣɫɬɜɚ. ɍɤɚɡɚɧɧɵɟ ɪɚɡɧɨɜɢɞɧɨ-

ɫɬɢ ɫɬɟɤɥɚ ɪɚɡɥɢɱɚɸɬɫɹ ɢ ɩɨ ɩɨɜɟɞɟɧɢɸ ɜɨ ɜɪɟɦɹ ɩɨɠɚɪɚ. 

ȼ ɯɨɞɟ ɚɧɚɥɢɡɚ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜɢɞɵ ɫɜɟɬɨ-

ɩɪɨɡɪɚɱɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ [53]: 

– ɨɝɧɟɫɬɨɣɤɨɟ ɫɬɟɤɥɨ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɪɟɞɟɥɚɦɢ ɨɝɧɟɫɬɨɣɤɨɫɬɢ; 

– ɚɪɦɢɪɨɜɚɧɧɨɟ ɫɬɟɤɥɨ;  

– ɡɚɤɚɥɟɧɧɨɟ ɫɬɟɤɥɨ. 

Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɝɧɟɫɬɨɣɤɨɝɨ ɫɬɟɤɥɚ ɹɜɥɹɸɬɫɹ ɟɝɨ 

ɜɵɫɨɤɚɹ ɰɟɧɚ, ɫɥɨɠɧɨɫɬɶ ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ ɢ ɡɚɦɟɧɚ ɫɚɦɨɝɨ ɫɬɟɤɥɚ ɢɡ-ɡɚ ɟɝɨ ɡɧɚ-

ɱɢɬɟɥɶɧɨɝɨ ɜɟɫɚ. ȼɟɫ ɫɬɟɤɥɚ ɫ ɩɪɟɞɟɥɨɦ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɩɨ ɩɨɬɟɪɢ ɰɟɥɨɫɬɧɨɫɬɢ  

ɢ ɬɟɩɥɨɢɡɨɥɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ (EI) ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ  

35–50 ɤɝ/ɦ2, ɚ ɜ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ ɞɨɯɨɞɢɬ ɞɨ 110 ɤɝ/ɦ2 [54]. ȼɵɫɨɤɚɹ ɰɟɧɚ ɨɝɧɟ-

ɫɬɨɣɤɨɝɨ ɫɬɟɤɥɚ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ ɤɨɦɩɚɧɢɹɦɢ 

ɩɪɨɢɡɜɨɞɹɳɢɟ ɨɝɧɟɫɬɨɣɤɢɟ ɫɬɟɤɥɚ ɹɜɥɹɟɬɫɹ ɡɚɪɭɛɟɠɧɵɟ ɤɨɦɩɚɧɢɢ: PILKINGTON 

(ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ) [55–59], Promat (Ƚɟɪɦɚɧɢɹ) [60, 61], Glaverbel (Ȼɟɥɶɝɢɹ) [62], 

SHOTT (Ƚɟɪɦɚɧɢɹ) [63, 64], Saint-Goban Glass (Ɏɪɚɧɰɢɹ) [65–67], Glas Troesh 

(ɒɜɟɣɰɚɪɢɹ) [68]. Ɉɝɧɟɫɬɨɣɤɢɟ ɫɬɟɤɥɚ, ɜɵɩɭɫɤɚɟɦɵɟ ɪɨɫɫɢɣɫɤɢɦɢ ɩɪɨɢɡɜɨɞɢɬɟ-
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ɥɹɦɢ, ɭɫɬɭɩɚɸɬ ɡɚɪɭɛɟɠɧɵɦ ɚɧɚɥɨɝɚɦ ɩɨ ɤɚɱɟɫɬɜɟɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. 

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɝ-

ɧɟɫɬɨɣɤɨɝɨ ɫɬɟɤɥɚ ɫ ɩɪɟɞɟɥɨɦ ɨɝɧɟɫɬɨɣɤɨɫɬɢ EI 45 ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ. 

ȼ ɧɨɪɦɚɬɢɜɧɨɦ ɞɨɤɭɦɟɧɬɟ [32] ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɦɟɧɵ ɩɟɪɟɝɨ-

ɪɨɞɤɢ ɫ ɩɪɟɞɟɥɨɦ ɨɝɧɟɫɬɨɣɤɨɫɬɢ EI 45 ɧɚ ɩɟɪɟɝɨɪɨɞɤɭ ɫ ɩɪɟɞɟɥɨɦ ɨɝɧɟɫɬɨɣɤɨɫɬɢ 

EI 15 ɢɫɩɨɥɶɡɭɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɡɚɳɢɬɭ ɷɬɨɣ ɩɟɪɟɝɨɪɨɞɤɢ ɫ ɩɨɦɨɳɶɸ ɞɪɟɧɱɟɪɧɨɣ 

ɡɚɜɟɫɵ. ȼ ɷɬɨɦ ɬɪɟɛɨɜɚɧɢɢ ɪɟɚɥɢɡɨɜɚɧɨ ɪɟɲɟɧɢɟ, ɭɤɚɡɚɧɧɨɟ ɜ ɫɜɨɞɟ ɩɪɚɜɢɥ [69] 

ɩɨɜɵɲɟɧɢɟ ɩɪɟɞɟɥɚ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɩɟɪɟɝɨɪɨɞɤɢ ɫ ɩɨɦɨɳɶɸ ɞɪɟɧɱɟɪɧɨɣ ɡɚɜɟɫɵ.  

Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɩɨɜɵɲɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɫɨɯɪɚ-

ɧɟɧɢɹ ɰɟɥɨɫɬɧɨɫɬɢ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɜɨɞɹɧɨɣ ɞɪɟɧɱɟɪɧɨɣ 

ɡɚɜɟɫɵ [70–72], ɩɨɩɚɞɚɧɢɟ ɜɨɞɵ ɧɚ ɨɫɬɟɤɥɟɧɢɟ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɦɨɠɟɬ 

ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɪɚɡɪɭɲɟɧɢɸ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ, ɟɫɥɢ ɧɟ ɜɵɩɨɥɧɢɬɶ 

ɪɹɞ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 

– ɨɪɨɲɟɧɢɟ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɞɨɥɠɧɨ ɧɚɱɚɬɶɫɹ ɞɨ ɧɚɝɪɟɜɚ ɫɬɟɤ-

ɥɚ ɞɨ ɧɟɤɨɬɨɪɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ; 

– ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɜɧɨɦɟɪɧɨɫɬɢ ɨɪɨɲɟɧɢɹ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɫ ɰɟ-

ɥɶɸ ɢɫɤɥɸɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɫɬɟɤɥɟ. 

ɇɚ ɩɪɚɤɬɢɤɟ ɞɚɧɧɵɟ ɭɫɥɨɜɢɹ ɨɱɟɧɶ ɬɪɭɞɧɨ ɪɟɚɥɢɡɨɜɚɬɶ. Ⱦɚɧɧɵɣ ɮɚɤɬ 

ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɨɪɨɲɟɧɢɟ ɞɪɟɧɱɟɪɧɨɣ ɡɚɜɟɫɨɣ ɧɟ ɦɨɠɟɬ ɝɚɪɚɧɬɢɪɨ-

ɜɚɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɰɟɥɨɫɬɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɩɨɠɚɪɟ. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɋɌɍ ɞɨ ɩɨɹɜɥɟɧɢɹ ɧɨɪɦɚɬɢɜɧɨɝɨ ɞɨɤɭɦɟɧɬɚ [32] ɩɪɟɞɥɚɝɚ-

ɥɨɫɶ ɧɟɫɤɨɥɶɤɨ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɨɜ (ɡɚɦɟɧ), ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɨɫɬɟɤɥɟɧɧɵɦ 

ɩɟɪɟɝɨɪɨɞɤɚɦ.  

ɉɪɢ ɚɧɚɥɢɡɟ ɋɌɍ ɰɟɧɬɪɨɜ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦɢ ɩɨɦɟɳɟɧɢɹɦɢ (ɚɬɪɢɭɦɵ) ɛɵɥɢ 

ɜɵɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɜɢɞɵ ɡɚɦɟɧɵ: 

– ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɫɬɟɤɥɟɧɧɵɯ ɩɟɪɟɝɨɪɨɞɨɤ ɢɡ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɬɨɥɳɢɧɨɣ 

6 ɦɦ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦ ɨɪɨɲɟɧɢɟɦ ɷɬɨɝɨ ɫɬɟɤɥɚ ɜɨɞɨɣ ɢɡ ɫɩɪɢɧɤɥɟɪɧɵɯ ɨɪɨɫɢɬɟɥɟɣ 

ɫɨ ɫɬɨɪɨɧɵ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ; 
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– ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɫɬɟɤɥɟɧɧɵɯ ɩɟɪɟɝɨɪɨɞɤɚɯ ɢɡ ɚɪɦɢɪɨɜɚɧɧɨɝɨ ɫɬɟɤɥɚ ɬɨɥ-

ɳɢɧɨɣ 6 ɦɦ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦ ɨɪɨɲɟɧɢɟɦ ɷɬɨɝɨ ɫɬɟɤɥɚ ɜɨɞɨɣ ɢɡ ɫɩɪɢɧɤɥɟɪɧɵɦ 

ɨɪɨɫɢɬɟɥɟɣ ɫɨ ɫɬɨɪɨɧɵ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ;  

– ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɫɬɟɤɥɟɧɧɵɯ ɩɟɪɟɝɨɪɨɞɨɤ ɢɡ ɫɬɟɤɥɚ ɬɢɩɚ ɬɪɢɩɥɟɤɫ ɫɨ ɫɩɟ-

ɰɢɚɥɶɧɵɦ ɨɪɨɲɟɧɢɟɦ ɷɬɨɝɨ ɫɬɟɤɥɚ ɜɨɞɨɣ ɢɡ ɫɩɪɢɧɤɥɟɪɧɵɦ ɨɪɨɫɢɬɟɥɟɣ ɫɨ ɫɬɨɪɨ-

ɧɵ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ; 

– ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɫɬɟɤɥɟɧɧɵɯ ɩɟɪɟɝɨɪɨɞɨɤ ɫɨ ɫɬɟɤɥɨɦ ɫ ɧɨɪɦɢɪɭɟɦɵɦ ɩɪɟ-

ɞɟɥɨɦ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɧɟ ɦɟɧɟɟ E15 ɫɨ ɫɩɟɰɢɚɥɶɧɵɦ ɨɪɨɲɟɧɢɟɦ ɷɬɨɝɨ ɫɬɟɤɥɚ ɜɨ-

ɞɨɣ ɢɡ ɫɩɪɢɧɤɥɟɪɧɵɯ ɨɪɨɫɢɬɟɥɟɣ ɫɨ ɫɬɨɪɨɧɵ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɢɥɢ ɫ ɞɜɭɯ  

ɫɬɨɪɨɧ. 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɬɫɹ ɜɢɞ ɡɚɦɟɧɵ, ɫɜɹɡɚɧɧɵɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɩɟɪɟ-

ɝɨɪɨɞɤɚɯ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ. ɉɨɩɭɥɹɪɧɨɫɬɶ ɷɬɨɝɨ ɜɢɞɚ ɫɬɟɤɥɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, 

ɱɬɨ ɞɚɧɧɵɣ ɜɢɞ ɫɬɟɤɥɚ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɞɟɲɟɜɵɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɝɧɟɫɬɨɣɤɢɦ 

ɫɬɟɤɥɨɦ, ɛɟɡɨɩɚɫɧɵɦ ɞɥɹ ɥɸɞɟɣ ɩɪɢ ɟɝɨ ɪɚɡɪɭɲɟɧɢɢ ɢ ɩɪɟɞɟɥ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɬɚ-

ɤɨɝɨ ɫɬɟɤɥɚ ɜɵɲɟ, ɱɟɦ ɭ ɨɛɵɱɧɨɝɨ ɥɢɫɬɨɜɨɝɨ.  

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɜ Ⱥɤɚɞɟɦɢɢ Ƚɉɋ Ɇɑɋ Ɋɨɫɫɢɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɬɟ-

ɪɹ ɬɟɩɥɨɢɡɨɥɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɩɨ ɞɜɭɦ ɤɪɢɬɟɪɢɹɦ I ɢ W 

ɧɚɫɬɭɩɚɥɢ ɜ ɫɪɟɞɧɟɦ ɧɚ 2 ɢ 3-ɣ ɦɢɧɭɬɚɯ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɩɨɬɟɪɹ ɰɟɥɨɫɬɧɨɫɬɢ ɧɟ 

ɧɚɫɬɭɩɚɥɚ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧɭɬ ɛɟɡ ɨɪɨɲɟɧɢɹ, ɧɨ ɩɪɢ ɨɪɨɲɟɧɢɢ ɜɨɞɨɣ ɜ ɪɹɞɟ ɢɫɩɵ-

ɬɚɧɢɣ ɧɚɫɬɭɩɚɥɨ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɫɬɟɤɥɚ [73].  

ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɡɚɤɚɥɟɧɧɨɟ ɫɬɟɤɥɨ ɦɨɠɟɬ ɢɦɟɟɬ 

ɩɪɟɞɟɥ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɬɨɥɶɤɨ ɩɨ ɰɟɥɨɫɬɧɨɫɬɢ (Е), ɧɨ ɧɟ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɬɟɩɥɨ-

ɢɡɨɥɢɪɭɸɳɭɸ ɮɭɧɤɰɢɸ (IW) [73]. 

Ɂɚɤɚɥɟɧɧɨɟ ɫɬɟɤɥɨ ɢɦɟɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɱɚɫɬɢɱɧɨ ɩɪɨɩɭɫɤɚɬɶ, ɨɬɪɚɠɚɬɶ ɢ ɩɨ-

ɝɥɨɳɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɟ ɫɩɟɤɬɪɵ ɢɡɥɭɱɟɧɢɹ [46, 74, 75].  

Ʌɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɢ ɢɡɥɭɱɟɧɢɟ ɢɦɟɸɬ ɨɞɧɭ ɢ ɬɭ ɠɟ ɩɪɢɪɨɞɭ, ɩɨɷɬɨ-

ɦɭ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɡɚɤɚɥɟɧɧɨɟ ɫɬɟɤɥɨ ɩɚɞɚɸɳɟɝɨ 

ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɨɢɫɯɨɞɢɬ ɱɚɫɬɢɱɧɨɟ ɨɬɪɚɠɟɧɢɟ, ɩɪɨɩɭɫɤɚɧɢɟ ɢ ɩɨɝɥɨɳɟɧɢɟ 

ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. Ⱦɚɧɧɨɟ ɫɜɨɣɫɬɜɨ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɧɟ ɛɵɥɨ ɨɬɪɚɠɟ-

ɧɨ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɪɚɛɨɬɚɯ, ɫɜɹɡɚɧɧɵɯ ɫ ɢɡɭɱɟɧɢɟɦ ɩɨɜɟɞɟɧɢɹ ɫɬɟɤɥɚ ɩɪɢ ɩɨɠɚɪɟ.  
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Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɡɚɤɚɥɟɧɧɨɟ ɫɬɟɤɥɨ ɦɨɠɟɬ ɢɦɟɬɶ ɬɨɥɶɤɨ ɩɪɟɞɟɥ ɨɝ-

ɧɟɫɬɨɣɤɨɫɬɢ ɩɨ ɰɟɥɨɫɬɧɨɫɬɢ, ɬɟɦ ɫɚɦɵɦ ɩɨɠɚɪ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɢɬɶɫɹ ɡɚ ɫɱɟɬ 

ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɩɪɨɬɢɜɨɥɟɠɚɳɟɟ ɩɨɦɟɳɟɧɢɟ ɛɟɡ ɪɚɡɪɭɲɟɧɢɹ ɫɚɦɨ-

ɝɨ ɫɬɟɤɥɚ, ɢɫɩɨɥɶɡɭɹ ɫɜɨɣɫɬɜɨ ɫɬɟɤɥɚ, ɱɚɫɬɢɱɧɨ ɩɪɨɩɭɫɤɚɬɶ ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ 

ɩɨɬɨɤ. 

1.4 ȼɵɜɨɞɵ ɩɨ ɩɟɪɜɨɣ ɝɥɚɜɟ 

1. ɋɬɚɬɢɫɬɢɤɚ ɩɨ ɩɨɠɚɪɚɦ ɜ ɡɞɚɧɢɹɯ ɰɟɧɬɪɨɜ ɬɨɥɶɤɨ ɩɨɹɜɥɹɟɬɫɹ, ɧɨ ɭɠɟ ɫɟɣ-

ɱɚɫ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ, ɱɬɨ ɩɨɠɚɪɵ ɜ ɩɨɞɨɛɧɵɯ ɡɞɚɧɢɹɯ ɯɚɪɚɤɬɟɪɢ-

ɡɭɸɬɫɹ ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɶɸ. 

2. ȼ ɞɟɣɫɬɜɭɸɳɢɯ ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɵɯ ɚɤɬɚɯ ɢ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɚɯ 

ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɬɫɭɬɫɬɜɭɟɬ ɩɨɧɹɬɢɟ ɦɧɨɝɨɫɜɟɬɧɨɟ ɩɨɦɟɳɟɧɢɟ  

ɢ ɚɬɪɢɭɦ. 

3. Ɉɫɧɨɜɧɨɣ ɩɪɨɛɥɟɦɨɣ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɋɈɉȻ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɹɜɥɹɟɬɫɹ ɞɟ-

ɥɟɧɢɟ ɡɞɚɧɢɹ ɧɚ ɩɨɠɚɪɧɵɟ ɨɬɫɟɤɢ. Ɍɪɚɞɢɰɢɨɧɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɞɟɥɟɧɢɟ ɧɚ ɩɨɠɚɪ-

ɧɵɟ ɨɬɫɟɤɢ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɩɪɨɢɡɜɟɫɬɢ ɧɟɜɨɡɦɨɠɧɨ ɢɡ-ɡɚ ɨɫɨɛɟɧɧɨɫɬɟɣ ɨɛɴɟɦɧɨ-

ɩɥɚɧɢɪɨɜɨɱɧɵɯ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ (ɭɫɬɪɨɣɫɬɜɚ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨɦɟɳɟ-

ɧɢɣ (ɚɬɪɢɭɦɵ)), ɧɨɜɵɯ ɦɚɪɤɟɬɢɧɝɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ (ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɞɚɠɢ  

ɬɨɜɚɪɨɜ).  

4. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɜ ɩɟɪɜɨɣ ɝɥɚɜɟ, ɞɥɹ ɡɞɚɧɢɣ ɬɨɪɝɨɜɵɯ 

ɰɟɧɬɪɨɜ ɜ Ɋɨɫɫɢɢ ɧɟ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɟ ɧɚɭɱɧɨ-

ɨɛɨɫɧɨɜɚɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɲɢɪɢɧɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) ɤɚɤ  

ɤ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɩɪɟɝɪɚɞɟ, ɤɨɬɨɪɚɹ ɨɝɪɚɧɢɱɢɜɚɟɬ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ.  

5. ɇɚɭɱɧɨ-ɨɛɨɫɧɨɜɚɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɲɢɪɢɧɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ 

(ɚɬɪɢɭɦ) ɞɨɥɠɧɵ ɨɫɧɨɜɵɜɚɬɶɫɹ ɧɚ ɪɚɫɱɟɬɧɵɯ ɦɟɬɨɞɚɯ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ  

ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɞɢɧɚɦɢɤɢ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ, ɚ ɢɦɟɧɧɨ: ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ  

ɢ ɩɨɠɚɪɨɨɩɚɫɧɵɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ. 
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ȽɅАȼА 2  

ɎАɄɌɈɊЫ, ȼɅɂəɘЩɂȿ ɇА ɊАɋɉɊɈɋɌɊАɇȿɇɂȿ ɉɈɀАɊА  

ЧȿɊȿɁ ɆɇɈȽɈɋȼȿɌɇɈȿ ɉɈɆȿЩȿɇɂȿ (АɌɊɂɍɆ) 

 

 

Ɋɚɡɪɚɛɨɬɤɚ ɋɈɉȻ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦɢ ɩɨɦɟɳɟɧɢɹɦɢ (ɚɬɪɢ-

ɭɦɵ) ɞɨɥɠɧɚ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫ ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɩɨ ɡɞɚɧɢɸ 

[17]. Ⱦɚɧɧɨɟ ɭɬɜɟɪɠɞɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɫ ɩɟɪɟɯɨɞɨɦ Ɋɨɫɫɢɢ ɤ ɝɢɛɤɨɦɭ 

ɧɨɪɦɢɪɨɜɚɧɢɸ ɜ ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɴɟɤɬɨɜ ɡɚɳɢɬɵ.  

Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɩɨ ɡɞɚɧɢɸ ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫ ɩɨɦɨɳɶɸ 

ɫɪɟɞɫɬɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɤɨɦɩɟɬɟɧɬɧɨɝɨ ɦɚɬɟɦɚ-

ɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɭɠɧɨ ɨɩɪɟɞɟɥɢɬɶɫɹ ɫ ɮɚɤɬɨɪɚɦɢ, ɜɥɢɹɸɳɢɦɢ ɧɚ ɪɚɫ-

ɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ ɩɨ ɡɞɚɧɢɸ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦɢ ɩɨɦɟɳɟɧɢɹɦɢ (ɚɬɪɢɭɦɵ). 

Ɂɚ ɨɫɧɨɜɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥ ɜɡɹɬ ɜɬɨɪɨɣ ɫɰɟɧɚɪɢɣ, ɢɡ-

ɥɨɠɟɧɧɵɣ ɜ ɩɟɪɜɨɣ ɝɥɚɜɟ, ɬɚɤ ɤɚɤ ɨɧ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦ, ɫ ɬɨɱɤɢ ɡɪɟ-

ɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɩɨ ɡɞɚɧɢɸ, ɢ ɯɭɞɲɢɦ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɩɟɪɜɨɣ 

ɝɥɚɜɟ ɩɨ ɦɚɫɲɬɚɛɚɦ ɩɨɫɥɟɞɫɬɜɢɣ. 

ȼ ɪɚɛɨɬɚɯ [42, 43, 50, 73–80] ɫɤɚɡɚɧɨ, ɱɬɨ ɧɚ ɞɢɧɚɦɢɤɭ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ  

ɜ ɡɞɚɧɢɢ ɜɥɢɹɟɬ ɦɧɨɠɟɫɬɜɨ ɮɚɤɬɨɪɨɜ, ɧɨ ɜɵɞɟɥɹɸɬ ɨɫɧɨɜɧɵɟ: 

– ɩɨɠɚɪɧɭɸ ɧɚɝɪɭɡɤɭ; 

– ɨɛɴɟɦɧɨ-ɩɥɚɧɢɪɨɜɨɱɧɵɟ ɪɟɲɟɧɢɹ ɡɞɚɧɢɹ;  

– ɫɢɫɬɟɦɵ ɚɤɬɢɜɧɨɣ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɚɳɢɬɵ (ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɭɫɬɚɧɨɜɤɢ 

ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢ ɩɪɨɬɢɜɨɞɵɦɧɚɹ ɡɚɳɢɬɚ); 

– ɫɢɫɬɟɦɵ ɩɚɫɫɢɜɧɨɣ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɚɳɢɬɵ. 
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2.1 ɉɨɠɚɪɧɚɹ ɧɚɝɪɭɡɤɚ ɜ ɩɨɦɟɳɟɧɢɹɯ ɦɚɝɚɡɢɧɨɜ  

ɬɨɪɝɨɜɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ 

ɇɚ ɪɚɡɜɢɬɢɟ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ ɩɨ ɡɞɚɧɢɸ ɨɤɚɡɵɜɚɟɬ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢ ɜɟɥɢɱɢɧɚ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ. 

ɉɨɠɚɪɧɚɹ ɧɚɝɪɭɡɤɚ ɡɚɜɢɫɢɬ ɨɬ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɨɦɟɳɟɧɢɣ  

ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ: 

– ɧɚɥɢɱɢɟɦ ɝɨɪɸɱɢɯ ɦɚɬɟɪɢɚɥɨɜ; 

– ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɭɞɟɥɶɧɨɣ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ. 

Ɉɯɜɚɬɢɬɶ ɩɨɥɧɨɫɬɶɸ ɜɟɫɶ ɩɟɪɟɱɟɧɶ ɩɨɠɚɪɧɵɯ ɧɚɝɪɭɡɨɤ ɜ ɡɞɚɧɢɹɯ ɰɟɧɬɪɨɜ 

ɧɟɜɨɡɦɨɠɧɨ, ɬɚɤ ɤɚɤ ɷɬɢ ɡɞɚɧɢɹ ɹɜɥɹɸɬɫɹ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɛɵɥɨ ɪɟɲɟɧɨ ɨɩɪɟɞɟɥɢɬɶ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ 

ɜɫɬɪɟɱɚɟɦɭɸ ɝɪɭɩɩɭ ɩɨɦɟɳɟɧɢɣ ɩɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ.  

ȼ ɯɨɞɟ ɷɤɫɩɟɪɬɢɡɵ ɩɪɨɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɰɟɧɬɪɨɜ ɢ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɛɵ-

ɥɨ ɭɫɬɚɧɨɜɥɟɧɨ (ɪɢɫɭɧɨɤ 2.1), ɱɬɨ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɦɨɣ ɝɪɭɩɩɨɣ ɩɨɦɟɳɟ-

ɧɢɣ ɩɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ ɹɜɥɹɟɬɫɹ Ɏ3.1, ɚ ɧɚɢɛɨɥɶɲɭɸ ɩɥɨ-

ɳɚɞɶ ɜ ɬɚɤɢɯ ɡɞɚɧɢɹɯ ɫɞɚɸɬ ɩɨɞ ɬɨɪɝɨɜɵɟ ɬɨɱɤɢ, ɡɚɧɢɦɚɸɳɢɟɫɹ ɩɪɨɞɚɠɟɣ ɨɞɟɠ-

ɞɵ (ɡɚɧɢɦɚɸɬ 43 % ɬɨɪɝɨɜɨɣ ɩɥɨɳɚɞɢ). 

 

 

 

Ɋɢɫɭɧɨɤ 2.1 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ, ɚɪɟɧɞɭɟɦɨɣ ɜ ɰɟɧɬɪɚɯ ɩɨ ɜɢɞɭ ɞɟɹɬɟɥɶɧɨɫɬɢ 

ɉɪɨɞɚɠɚ ɨɞɟɠɞɵ – 43 % 

Ⱦɪɭɝɢɟ – 9 % 

Ɉɪɝɚɧɢɡɚɰɢɹ ɞɨɫɭɝɚ – 11 % 

Ɉɪɝɚɧɢɡɚɰɢɹ ɩɢɬɚɧɢɹ – 3 % 

ɉɪɨɞɚɠɚ ɩɪɨɞɭɤɬɨɜ ɩɢɬɚɧɢɹ – 10 % 

ɉɪɨɞɚɠɚ ɢɝɪɭɲɟɤ – 11 % 

ɉɪɨɞɚɠɚ ɷɥɟɤɬɪɨɧɢɤɢ – 13 % 



37 

ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɩɨɦɟɳɟɧɢɹ ɦɚɝɚɡɢɧɨɜ ɨɞɟɠɞɵ 

ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɧɮɨɪɦɚɰɢɢ, ɢɡɥɨɠɟɧɧɨɣ ɜ ɢɫɬɨɱɧɢɤɚɯ [51, 76, 

81–88]. Ɂɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɦɚɝɚɡɢɧɨɜ ɫ ɨɞɟɠɞɨɣ ɥɟɠɢɬ  

ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 181 ɞɨ 661 ɆȾɠ/ɦ2 (ɬɚɛɥɢɰɚ 2.1). ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɳɢɟɫɹ 

ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɥɟɠɚɬ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 500 ɞɨ 661 ɆȾɠ/ɦ2. 

 

Ɍɚɛɥɢɰɚ 2.1 – Ɂɧɚɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɚɯ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɦɟɳɟɧɢɣ ɢɥɢ ɡɨɧɵ ɪɚɫɩɨɥɨɠɟɧɢɹ  

ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ 

ɍɞɟɥɶɧɚɹ ɩɨɠɚɪɧɚɹ 

ɧɚɝɪɭɡɤɚ, ɆȾɠ/ɦ2 

ɂɫɬɨɱɧɢɤ 

 

Ɇɚɝɚɡɢɧɵ ɬɨɪɝɨɜɨɝɨ ɰɟɧɬɪɚ 600 51 

Ɇɚɝɚɡɢɧ ɨɞɟɠɞɵ 660 51 

Ƚɨɥɨɜɧɵɟ ɭɛɨɪɵ (ɦɚɝɚɡɢɧ) 500 87 

Ɇɚɝɚɡɢɧ ɨɞɟɠɞɵ 600 87 

Ɇɟɯɨɜɨɣ ɦɚɝɚɡɢɧ 200 87 

Ɍɨɪɝɨɜɵɣ ɰɟɧɬɪ 600 87 

Ɇɚɝɚɡɢɧɵ ɨɞɟɠɞɵ 661 82 

Ɇɚɝɚɡɢɧ ɝɨɥɨɜɧɵɯ ɭɛɨɪɨɜ 502 83 

Ɇɚɝɚɡɢɧ ɨɞɟɠɞɵ 586 83 

Ɇɚɝɚɡɢɧɵ ɨɞɟɠɞɵ, ɨɛɭɜɢ ɢ ɢɝɪɭɲɟɤ 181–650 84 

 

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɫɬɚɬɶɹɯ [82, 86], ɜɵɹɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 

ɞɨɥɟɜɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɦɚɝɚɡɢɧɚɯ ɨɞɟɠɞɵ ɢ ɞɚɥɟɟ ɨɩɪɟɞɟ-

ɥɟɧɚ «ɪɟɚɥɶɧɚɹ» ɩɨɠɚɪɧɚɹ ɧɚɝɪɭɡɤɚ, ɚ ɧɟ ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɞɪɟɜɟɫɢɧɟ. ɋɨɝɥɚɫɧɨ ɢɧ-

ɮɨɪɦɚɰɢɢ ɜ ɫɬɚɬɶɟ [82], ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɦɚɝɚɡɢ-

ɧɨɜ ɫ ɨɞɟɠɞɨɣ ɢɦɟɟɬ 3 ɯɚɪɚɤɬɟɪɧɵɯ ɜɚɪɢɚɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɬɚɛɥɢɰɚ 2.2). 



38 

Ɍɚɛɥɢɰɚ 2.2 – ɏɚɪɚɤɬɟɪɧɵɟ ɜɚɪɢɚɧɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɩɨ ɫɨɫɬɚɜɭ  

ɞɥɹ ɩɨɦɟɳɟɧɢɣ ɩɨ ɬɨɪɝɨɜɥɟ ɨɞɟɠɞɨɣ [82] 

ȼɚɪɢɚɧɬɵ  

ɪɚɫɩɪɟɞɟɥɟɧɢɹ  

ɩɨɠɚɪɧɨɣ 

ɧɚɝɪɭɡɤɢ 

Ɍɟɤɫɬɢɥɶ, % ɉɥɚɫɬɢɤ, % Ⱦɟɪɟɜɨ, % Ʉɨɠɚ ɢ ɤɨɠɡɚ-

ɦɟɧɢɬɟɥɢ, % 

1 55,0 6,0 37,0 2,0 

2 23,0 1,0 76,0 0,0 

3 86,0 2,0 12,0 0,0 

 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɦɵɦ ɜɚɪɢɚɧɬɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ 

ɩɨ ɫɨɫɬɚɜɭ ɹɜɥɹɟɬɫɹ ɩɟɪɜɵɣ ɜɚɪɢɚɧɬ, ɩɨ ɤɨɬɨɪɨɦɭ ɜ ɦɚɝɚɡɢɧɟ ɧɚɯɨɞɢɬɫɹ:  

– 86 % ɬɟɤɫɬɢɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ;  

– 2 % ɩɥɚɫɬɢɤɚ;  

– 12 % ɞɟɪɟɜɚ ɢɥɢ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɞɪɟɜɟɫɢɧɭ. 

Ʉɚɤ ɩɨɤɚɡɚɥ ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɞɚɧɧɵɯ ɩɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ 

ɩɥɚɦɟɧɢ (ɜɵɫɨɬɵ ɢ ɲɢɪɢɧɵ), ɢɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ  

ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɦɟɧɢ ɞɥɹ ɩɨɦɟɳɟɧɢɣ ɬɨɪɝɨɜɥɢ ɧɟɬ. ɉɪɨɜɟɞɟɧɢɟ ɧɚɬɭɪɧɵɯ ɢɫ-

ɩɵɬɚɧɢɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɷɬɢɯ ɞɚɧɧɵɯ ɧɟɜɨɡɦɨɠɧɨ ɢɡ-ɡɚ ɛɨɥɶɲɨɣ ɫɬɨɢɦɨɫɬɢ ɷɤɫɩɟ-

ɪɢɦɟɧɬɨɜ, ɧɨ ɜɨɡɦɨɠɧɨ ɩɪɨɜɟɞɟɧɢɟ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɞɧɨɣ 

ɢɡ ɬɪɟɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɜ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ.  

2.2 ȼɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɦɨɞɟɥɢ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ 

ɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫɱɟɬɚ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ (ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ [44, 94]) ɫɭɳɟɫɬɜɭɟɬ ɬɪɢ ɦɨɞɟɥɢ ɪɚɡ-

ɜɢɬɢɹ ɩɨɠɚɪɚ: ɢɧɬɟɝɪɚɥɶɧɚɹ, ɡɨɧɧɚɹ ɢ ɩɨɥɟɜɚɹ (ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ). Ʉɚɠɞɚɹ  

ɢɡ ɦɨɞɟɥɟɣ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɢɦɟɟɬ ɫɜɨɸ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ. 
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1. ɂɧɬɟɝɪɚɥɶɧɚя ɦɨɞɟɥɶ ɪɚɡɜɢɬɢя ɩɨɠɚɪɚ 

ɂɧɬɟɝɪɚɥɶɧɚɹ ɦɨɞɟɥɶ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɨɩɢɫɚɧɢɹ ɪɚɡɜɢɬɢɹ 

ɩɨɠɚɪɚ ɧɚ ɭɪɨɜɧɟ ɫɪɟɞɧɟɨɛɴɟɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɚɤɢɯ, ɤɚɤ:  

– ɩɥɨɬɧɨɫɬɶ ɫɪɟɞɵ,  

– ɞɚɜɥɟɧɢɟ,  

– ɬɟɦɩɟɪɚɬɭɪɚ, 

– ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɢ ɬ. ɞ.  

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɡɚɤɨɧɟ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫ, ɩɟɪɜɨɦ ɡɚɤɨɧɟ 

ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢ ɷɦɩɢɪɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɹɯ.  

ɂɧɬɟɝɪɚɥɶɧɭɸ ɦɨɞɟɥɶ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɢɫɩɨɥɶɡɭɸɬ ɬɨɥɶɤɨ ɜ ɩɨɦɟɳɟɧɢɹɯ 

ɜɵɫɨɬɨɣ ɞɨ 6 ɦɟɬɪɨɜ [76]. Ʉɚɤ ɩɨɤɚɡɚɥɚ ɩɪɚɤɬɢɤɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɦɧɨɝɨɫɜɟɬɧɵɟ 

ɩɨɦɟɳɟɧɢɹ ɢɦɟɸɬ ɜɵɫɨɬɭ ɛɨɥɟɟ 6 ɦɟɬɪɨɜ, ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɢɧɬɟɝɪɚɥɶ-

ɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɩɨɦɟɳɟɧɢɣ ɜɵɲɟ 6 ɦɟɬɪɨɜ ɧɟɫɩɪɚɜɟɞɥɢɜɵ. Ɂɧɚɱɟɧɢɹ, ɜɵɞɚɜɚɟɦɵɟ 

ɩɪɨɝɪɚɦɦɚɦɢ, ɨɫɧɨɜɚɧɧɵɦɢ ɧɚ ɢɧɬɟɝɪɚɥɶɧɨɣ ɦɨɞɟɥɢ, ɹɜɥɹɸɬɫɹ ɫɪɟɞɧɟɨɛɴɟɦɧɵɦɢ 

ɜɟɥɢɱɢɧɚɦɢ, ɤɨɬɨɪɵɦɢ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɧɟɜɨɡɦɨɠɧɨ ɨɩɢɫɚɬɶ ɬɟɪɦɨɝɚɡɨɞɢɧɚɦɢɱɟ-

ɫɤɭɸ ɤɚɪɬɢɧɭ ɩɨɠɚɪɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɧɬɟɝɪɚɥɶɧɨɣ ɦɨɞɟɥɢ  

ɩɨɠɚɪɚ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ  

ɧɟɜɨɡɦɨɠɧɨ. 

2. Ɂɨɧɧɚя ɦɨɞɟɥɶ ɪɚɡɜɢɬɢя ɩɨɠɚɪɚ 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɡɨɧɧɨɣ ɦɨɞɟɥɢ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɴɟɦ 

ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɡɨɧɵ. ɇɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɨɣ ɢ ɢɫɩɨɥɶɡɭɟɦɨɣ ɩɪɢ ɪɚɫɱɟɬɚɯ ɹɜɥɹɟɬɫɹ 

ɬɪɟɯɡɨɧɧɚɹ ɦɨɞɟɥɶ (ɪɢɫɭɧɨɤ 2.2), ɩɪɢ ɤɨɬɨɪɨɣ ɨɛɴɟɦ ɪɚɡɛɢɜɚɟɬɫɹ ɬɪɢ ɡɨɧɵ:  

– ɡɨɧɚ ɩɪɢɩɨɬɨɥɨɱɧɨɝɨ ɞɵɦɨɜɨɝɨ ɫɥɨɹ,  

– ɡɨɧɚ ɤɨɧɜɟɤɬɢɜɧɨɣ ɤɨɥɨɧɤɢ, 

– ɡɨɧɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ.  

ȼ ɩɪɟɞɟɥɚɯ ɤɚɠɞɨɣ ɢɡ ɡɨɧ ɝɚɡɨɜɚɹ ɫɪɟɞɚ ɨɩɢɫɵɜɚɟɬɫɹ ɧɚ ɭɪɨɜɧɟ ɭɫɪɟɞɧёɧ-

ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 
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Ɋɢɫɭɧɨɤ 2.2 – ɋɯɟɦɚ ɡɨɧ ɡɨɧɧɨɣ ɦɨɞɟɥɢ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ:  

I – ɡɨɧɚ ɤɨɧɜɟɤɬɢɜɧɨɣ ɤɨɥɨɧɤɢ; 

II – ɡɨɧɚ ɩɪɢɩɨɬɨɥɨɱɧɨɝɨ ɞɵɦɨɜɨɝɨ ɫɥɨɹ; III – ɡɨɧɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ [71] 

 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɡɨɧɧɨɣ ɦɨɞɟɥɢ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɜ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨɦɟɳɟɧɢ-

ɹɯ ɛɨɥɟɟ ɱɟɦ ɨɛɨɫɧɨɜɚɧɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɧɬɟɝɪɚɥɶɧɨɣ, ɬɚɤ ɤɚɤ ɨɧɚ ɨɬɪɚɠɚɟɬ ɬɟɪ-

ɦɨɝɚɡɨɞɢɧɚɦɢɱɟɫɤɭɸ ɤɚɪɬɢɧɭ ɩɨɠɚɪɚ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ. ɇɨ ɜ ɪɹɞɟ ɪɚ-

ɛɨɬ [89–91] ɨɬɦɟɱɟɧɨ, ɱɬɨ ɡɨɧɚ ɩɪɢɩɨɬɨɥɨɱɧɨɝɨ ɞɵɦɨɜɨɝɨ ɫɥɨɹ ɩɪɢ ɫɥɨɠɧɨɣ ɝɟɨ-

ɦɟɬɪɢɢ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨɦɟɳɟɧɢɣ (ɚɬɪɢɭɦɵ) ɧɟ ɹɜɥɹɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨ ɡɚɞɵɦɥɟɧ-

ɧɨɣ ɢ ɪɚɜɧɨɦɟɪɧɨ ɧɚɝɪɟɬɨɣ, ɚ ɡɨɧɚ ɤɨɧɜɟɤɬɢɜɧɨɣ ɤɨɥɨɧɤɢ ɧɟ ɹɜɥɹɟɬɫɹ ɧɟɨɝɪɚɧɢ-

ɱɟɧɧɨ ɫɜɨɛɨɞɧɨɣ [92], ɱɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ ɨɫɧɨɜɧɵɦ ɞɨɩɭɳɟɧɢɹɦ ɡɨɧɧɨɣ ɦɨɞɟɥɢ. 

3. Пɨɥɟɜɚя (ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚя) ɦɨɞɟɥɶ ɪɚɡɜɢɬɢя ɩɨɠɚɪɚ 

ɉɨɥɟɜɚɹ (ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ) ɦɨɞɟɥɶ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɜ ɫɜɨɟɣ ɨɫɧɨɜɟ ɨɩɢ-

ɪɚɟɬɫɹ ɧɚ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɝɢɞɪɨɞɢɧɚɦɢɤɭ (computational fluid dynamics – CFD), 

ɩɪɢ ɷɬɨɦ ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɴɟɦ ɞɟɥɢɬɫɹ ɧɚ ɪɹɞ ɷɥɟɦɟɧɬɚɪɧɵɯ ɨɛɴɟɦɨɜ ɫ ɤɨɧɟɱɧɵɦɢ 
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ɪɚɡɦɟɪɚɦɢ (ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ). Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɦɨɞɟɥɢ – ɷɬɨ ɪɚɫɱɟ-

ɬɵ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɜ ɡɞɚɧɢɹɯ ɫɨ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɟɣ, ɪɚɡɜɢɬɵɯ ɜɟɪɬɢɤɚɥɶɧɨ ɢ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨ [44, 93, 94]. ɉɨɥɟɜɚɹ (ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ) ɦɨɞɟɥɶ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ 

ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɨɣ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɨɠɚɪɚ ɜ ɡɞɚɧɢɹɯ ɫ ɦɧɨɝɨ-

ɫɜɟɬɧɵɦɢ ɩɨɦɟɳɟɧɢɹɦɢ (ɚɬɪɢɭɦɚɦɢ). 

ɉɨɠɚɪ ɜ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨɦɟɳɟɧɢɹɯ (ɚɬɪɢɭɦɵ) ɢ ɩɪɢɦɵɤɚɸɳɢɯ ɤ ɧɢɦ ɩɨ-

ɦɟɳɟɧɢɹɯ – ɷɬɨ ɫɥɨɠɧɵɣ ɬɟɪɦɨɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɬɪɟɯɦɟɪɧɵɣ ɢ ɧɟɫɬɚ-

ɰɢɨɧɚɪɧɵɣ. Ɉɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɩɨɧɢɦɚɧɢɟ ɬɟɪɦɨɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨ-

ɠɚɪɚ ɜ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨɦɟɳɟɧɢɹɯ (ɚɬɪɢɭɦɵ) ɜɧɟɫɥɢ W. K. Chow, T. Tanaka,  

S. Yamada, K. Matsuyama, G. D. Lougheed, ȼ. ȼ. Ʌɢɰɤɟɜɢɱ, ɘ. Ⱥ. Ʉɨɲɦɚɪɨɜ,  

ɘ. Ⱥ. ɉɨɥɹɤɨɜ, ɋ. ȼ. ɉɭɡɚɱ, ȼ. Ɇ. ȿɫɢɧ, ɇɝɭɟɧ Ɍɯɚɧɶ ɏɚɣ, Ⱦɨ Ɍɯɚɧɶ Ɍɭɧɝ ɢ ɞɪ. 

ɉɨɥɟɜɚɹ (ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ) ɦɨɞɟɥɶ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɱɚɳɟ ɜɫɟɝɨ ɩɪɢɦɟɧɹ-

ɟɬɫɹ ɩɪɢ ɧɚɭɱɧɵɯ ɢ ɩɪɢɤɥɚɞɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ – ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɪɚɡɜɢɬɢɟɦ ɷɥɟɤ-

ɬɪɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɯ ɢɫ-

ɩɨɥɶɡɨɜɚɬɶ ɫɬɨɥɶ ɫɥɨɠɧɵɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɪɚɫɱɟɬɨɜ. ɍɪɚɜɧɟɧɢɹ, ɡɚɥɨɠɟɧɧɵɟ ɜ ɩɨ-

ɥɟɜɭɸ (ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɭɸ) ɦɨɞɟɥɶ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɢɮ-

ɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɵɯ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɜɪɟɦɟɧɧɨɝɨ 

ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɜɵɩɨɥɧɢɦɭɸ ɡɚɞɚɱɭ, ɩɨɷɬɨɦɭ 

ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɠɚɪɚ ɩɨ ɩɨɥɟɜɨɣ (ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ) ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶ-

ɡɨɜɚɬɶ ɩɪɨɝɪɚɦɦɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɤɨɬɨɪɵɟ ɪɟɚɥɢɡɭɸɬ ɩɨɥɟɜɭɸ (ɞɢɮɮɟɪɟɧɰɢɚɥɶ-

ɧɭɸ) ɦɨɞɟɥɶ. 

ɂɡ ɡɚɪɭɛɟɠɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɪɟɚɥɢɡɭɸɳɢɯ ɩɨɥɟɜɭɸ (ɞɢɮɮɟ-

ɪɟɧɰɢɚɥɶɧɭɸ) ɦɨɞɟɥɶ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɬɚɤɢɟ, ɤɚɤ: COMSOL 

Multiphysics, ANSYS CFX, FLUENT, STAR-CD – ɨɧɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɟɲɟɧɢɹ 

ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɡɚɞɚɱ. Ʉ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɤɨɦɩɥɟɤɫɚɦ ɦɨɠ-

ɧɨ ɨɬɧɟɫɬɢ Fire Dynamics Simulator (ɞɚɥɟɟ – FDS) [95], SOFIE [96], PHOENICS [97], 

JASMINE, KOBRA-3D, SMARTFIRE ɢ ɩɪɨɝɪɚɦɦɵ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɞɨɤɬɨɪɨɦ ɬɟɯ-

ɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪɨɦ ɋ. ȼ. ɉɭɡɚɱɟɦ [98–100]. ɗɬɢ ɩɪɨɝɪɚɦɦɧɵɟ ɤɨɦɩɥɟɤ-

ɫɵ ɨɫɧɨɜɚɧɵ ɧɚ ɪɟɲɟɧɢɢ ɭɪɚɜɧɟɧɢɹ ɇɚɜɶɟ – ɋɬɨɤɫɚ. 
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ɇɚɢɛɨɥɶɲɭɸ ɩɨɩɭɥɹɪɧɨɫɬɶ ɢɡ ɩɪɨɝɪɚɦɦɧɵɯ ɩɚɤɟɬɨɜ ɞɥɹ ɩɟɪɫɨɧɚɥɶɧɨɝɨ 

ɤɨɦɩɶɸɬɟɪɚ, ɪɟɚɥɢɡɭɸɳɢɯ ɪɚɫɱɟɬ ɩɨ ɩɨɥɟɜɨɣ (ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ) ɦɨɞɟɥɢ ɪɚɡɜɢ-

ɬɢɹ ɩɨɠɚɪɚ, ɡɚɜɨɟɜɚɥ FDS. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ FDS 

ɢɦɟɟɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ, ɤɚɠɞɵɣ ɝɨɞ ɜɵɯɨɞɹɬ ɧɨɜɵɟ ɜɟɪɫɢɢ, ɞɚɧɧɵɣ ɩɪɨ-

ɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɩɪɨɲɟɥ ɜɚɥɢɞɚɰɢɸ [101] ɢ ɜɟɪɢ-

ɮɢɤɚɰɢɸ [102] ɜ ɪɚɡɥɢɱɧɵɯ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɨɪɝɚɧɢɡɚɰɢɹɯ ɦɢɪɚ, ɡɚɧɢ-

ɦɚɸɳɢɯɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ. Ⱦɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ  

ɜ ɬɚɛɥɢɰɟ 2.3, ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

 

Ɍɚɛɥɢɰɚ 2.3 – Ⱥɩɪɨɛɚɰɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ FDS 

ɋɬɪɚɧɚ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ  

ɨɪɝɚɧɢɡɚɰɢɢ 

ɂɫɫɥɟɞɭɟɦɵɣ ɩɚɪɚɦɟɬɪ 

ɋɒȺ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɫɬɚɧ-

ɞɚɪɬɢɡɚɰɢɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ  

ȼɵɫɨɬɚ ɩɥɚɦɟɧɢ  

ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ, ɝɚɡɨɜɨɣ 

ɫɦɟɫɢ  

ɈɈɈ «ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 

ɩɪɢɤɥɚɞɧɨɣ ɰɟɧɬɪ ɝɨɪɟɧɢɹ»  

Ɍɭɪɛɭɥɟɧɬɧɨɫɬɶ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ  

ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ  ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢ-

ɬɭɬ ɩɨɠɚɪɧɨɣ ɨɯɪɚɧɵ  

Ɍɟɦɩɟɪɚɬɭɪɚ ɚɤɬɢɜɚɰɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ 

ɭɫɬɚɧɨɜɨɤ ɫɩɪɢɧɤɥɟɪɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟ-

ɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɜ ɩɪɢɬɨɥɨɱɧɨɦ 

ɫɥɨɟ  

Ɏɢɧɥɹɧɞɢɹ  Ɉɬɞɟɥ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɞɚɧɢɣ  

ɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢɫɬɟɦ. Ƚɨɫɭɞɚɪ-

ɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɰɟɧɬɪ Ɏɢɧɥɹɧ-

ɞɢɢ  

Ɍɟɩɥɨɩɟɪɟɞɚɱɚ ɢɡɥɭɱɟɧɢɟɦ  

Ʉɢɬɚɣ  Ɉɬɞɟɥ ɷɤɫɩɥɭɚɬɚɰɢɢ ɡɞɚɧɢɣ, ɉɨɥɢ-

ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ Ƚɨɧɤɨɧɝɚ  

Ɍɟɦɩɟɪɚɬɭɪɚ  

 

Ⱦɚɧɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ ɩɪɨɲɟɥ ɜɟɪɢɮɢɤɚɰɢɸ ɢ ɜɚɥɢɞɚɰɢɸ ɩɪɢ ɩɨɠɚɪɟ 

ɜ ɡɞɚɧɢɢ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦ ɩɨɦɟɳɟɧɢɟɦ (ɚɬɪɢɭɦɵ) [103, 104]. 

ɋɨɨɬɜɟɬɫɬɜɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ FDS ɦɟɬɨɞɢɤɟ [44, 94] ɧɟ ɜɵɡɵɜɚɟɬ 

ɫɨɦɧɟɧɢɹ, ɬɚɤ ɤɚɤ ɜɫɟ ɬɪɟɛɭɟɦɵɟ ɭɪɚɜɧɟɧɢɹ (ɫɨɯɪɚɧɟɧɢɟ ɦɚɫɫɵ, ɢɦɩɭɥɶɫɚ, ɷɧɟɪ-
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ɝɢɢ, ɯɢɦɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ), ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɨɥɟɜɨɣ (ɞɢɮɮɟ-

ɪɟɧɰɢɚɥɶɧɨ) ɦɨɞɟɥɢ, ɫɨɝɥɚɫɧɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɪɭɤɨɜɨɞɫɬɜɭ Fire Dynamics Simulator 

(Version 6) [105], ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɯ: 

ɭɪɚɜɧɟɧɢɟ ɫɨɯɪɚɧɟɧɢя ɦɚɫɫɵ: 

  ρ ρ 0j

j

u
t x

 
 

  ; (2.1) 

ɭɪɚɜɧɟɧɢɟ ɫɨɯɪɚɧɟɧɢя ɢɦɩɭɥɶɫɚ: 

     τ
ρ ρ ρij

i j i i

j i j

p
u u u g

t x x x

  
    

    ; (2.2) 

ɭɪɚɜɧɟɧɢɟ ɫɨɯɪɚɧɟɧɢя ɷɧɟɪɝɢɢ: 

     λρ ρ
      

            

R

j

j

j j p j j

qp h
h u h

t x t x c x x ; (2.3) 

ɭɪɚɜɧɟɧɢɟ ɫɨɯɪɚɧɟɧɢя ɯɢɦɢɱɟɫɤɨɝɨ ɤɨɦɩɨɧɟɧɬɚ k: 

 
   ρ ρ ρ

  
  

   

 
 
 

k

k j k k

j j j

Y
Y u Y D S

t x x x . (2.4) 

Ⱦɥɹ ɡɚɦɵɤɚɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜɵɲɟ) ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɤɨɬɨɪɨɟ ɞɥɹ ɫɦɟɫɢ ɝɚɡɨɜ ɢɦɟɟɬ ɜɢɞ: 

 0
ρ ,  k

k k

Y
p R T

M  (2.5) 

ɝɞɟ R0 – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ; Mk – ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ k-ɝɨ ɤɨɦɩɨɧɟɧɬɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ  

ɜ ɡɞɚɧɢɢ ɫ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ) ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɨɝɪɚɦɦɧɵɣ 

ɤɨɦɩɥɟɤɫ FDS. 
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2.2.1 Ɉɛɨɫɧɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɬɚɞɢɣ ɩɨɠɚɪɚ 

Ɉɛɨɫɧɨɜɚɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɧɨɪɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɧɵɯ 

ɦɟɬɨɞɨɜ (ɫɨɝɥɚɫɧɨ ɪɚɛɨɬɚɦ [106–108]) ɞɨɥɠɧɨ ɨɫɧɨɜɵɜɚɬɶɫɹ ɧɚ ɡɧɚɧɢɹɯ ɨ ɯɚɪɚɤ-

ɬɟɪɧɵɯ ɫɬɚɞɢɹɯ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ.  

ɉɨɠɚɪ ɜ ɩɨɦɟɳɟɧɢɢ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɯɚɪɚɤɬɟɪɧɵɟ ɫɬɚɞɢɢ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ. 

ȼ ɪɚɛɨɬɚɯ [42, 43, 109, 110] ɭɩɨɦɢɧɚɟɬɫɹ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɨɬ 3 ɞɨ 7 ɫɬɚɞɢɣ ɩɨɠɚɪɚ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɜ ɡɞɚɧɢɹɯ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦɢ ɩɨɦɟɳɟɧɢɹ-

ɦɢ (ɚɬɪɢɭɦɵ) ɛɵɥɨ ɜɵɛɪɚɧɨ 3 ɯɚɪɚɤɬɟɪɧɵɯ ɫɬɚɞɢɢ ɩɨɠɚɪɚ (ɪɢɫɭɧɨɤ 2.3): 

– ɧɚɱɚɥɶɧɚɹ ɫɬɚɞɢɹ ɩɨɠɚɪɚ (ɪɚɡɜɢɜɚɸɳɚɹɫɹ ɫɬɚɞɢɹ ɩɨɠɚɪɚ); 

– ɪɚɡɜɢɬɚɹ ɫɬɚɞɢɹ ɩɨɠɚɪɚ; 

– ɡɚɬɭɯɚɸɳɚɹ ɫɬɚɞɢɹ ɩɨɠɚɪɚ. 

 

 

Ɋɢɫɭɧɨɤ 2.3 –ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜ ɩɨɦɟɳɟɧɢɢ  

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɚɞɢɢ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ: 

I – ɧɚɱɚɥɶɧɚɹ ɫɬɚɞɢɹ ɩɨɠɚɪɚ (ɪɚɡɜɢɜɚɸɳɚɹɫɹ ɫɬɚɞɢɹ ɩɨɠɚɪɚ); 

II – ɪɚɡɜɢɬɚɹ ɫɬɚɞɢɹ ɩɨɠɚɪɚ;  

III – ɡɚɬɭɯɚɸɳɚɹ ɫɬɚɞɢɹ ɩɨɠɚɪɚ [111] 

 

ȼɪɟɦɹ t2 t1 

ɉ
ɚɪ

ɚɦ
ɟɬ

ɪ 
ɩɨ

ɠ
ɚɪ

ɚ 
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Ⱦɥɹ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɯɚɪɚɤɬɟɪɧɵ ɫɥɟɞɭɸɳɢɟ ɱɟɪɬɵ: 

– ɜ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɩɨɠɚɪɚ (ɪɚɡɜɢɜɚɸɳɚɹ ɫɬɚɞɢɹ ɩɨɠɚɪɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ) 

ɩɨɫɬɟɩɟɧɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ; 

– ɪɚɡɜɢɬɚɹ ɫɬɚɞɢɹ ɩɨɠɚɪɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ ɬɟɩɥɨ-

ɜɵɞɟɥɟɧɢɹ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɵɦ ɡɧɚɱɟɧɢɟɦ; 

– ɡɚɬɭɯɚɸɳɚɹ ɫɬɚɞɢɹ ɩɨɠɚɪɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɬɟɩ-

ɥɨɜɵɞɟɥɟɧɢɹ ɞɨ ɦɨɦɟɧɬɚ ɜɵɝɨɪɚɧɢɹ ɜɫɟɣ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ.  

ɍɱɟɬ ɫɬɚɞɢɣ ɩɨɠɚɪɚ ɩɪɢ ɨɛɨɫɧɨɜɚɧɢɢ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɧɟɨɛɯɨɞɢɦ, ɫɨɝɥɚɫɧɨ ɪɚɛɨɬɚɦ [42, 43, 106–108, 103], ɢɧɚɱɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɰɟɥɟ-

ɫɨɨɛɪɚɡɧɨɦɭ ɡɚɜɵɲɟɧɢɸ ɬɪɟɛɨɜɚɧɢɣ.  

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ FDS ɩɨɡɜɨɥɹɟɬ ɫɦɨɞɟɥɢɪɨɜɚɬɶ ɜɫɟ ɫɬɚɞɢɢ ɩɨɠɚɪɚ, 

ɧɨ ɞɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɡɚɞɚɬɶ ɩɪɚɜɢɥɶɧɨ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ⱦɥɹ 

ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨɠɚɪɚ.  

Ɂɚ ɨɫɧɨɜɧɨɣ ɩɨɤɚɡɚɬɟɥɶ ɛɟɪɟɬɫɹ ɦɨɳɧɨɫɬɶ ɩɨɠɚɪɚ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɨɩɪɟɞɟ-

ɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ (2.6):  

 ɧ ɭɞη ψQ Q S , (2.6) 

ɝɞɟ η – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ; Qɧ – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɆȾɠ/ɤɝ;  

ψɭɞ – ɭɞɟɥɶɧɚɹ ɦɚɫɫɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɵɝɨɪɚɧɢɹ ɤɝ/(ɦ2·ɫ); S – ɩɥɨɳɚɞɶ ɩɨɠɚɪɚ, ɦ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɮɨɪɦɭɥɵ (2.6), ɫɦɨɞɟɥɢɪɨɜɚɬɶ ɫɬɚɞɢɢ ɩɨɠɚɪɚ ɦɨɠɧɨ, ɢɫɩɨɥɶ-

ɡɭɹ ɩɨɤɚɡɚɬɟɥɢ ɩɥɨɳɚɞɢ ɩɨɠɚɪɚ ɢ ɭɞɟɥɶɧɭɸ ɦɚɫɫɨɜɭɸ ɫɤɨɪɨɫɬɶ ɜɵɝɨɪɚɧɢɹ: 

1. ɉɥɨɳɚɞɶ ɩɨɠɚɪɚ – ɷɬɨ ɮɭɧɤɰɢɹ ɬɪɟɯ ɩɟɪɟɦɟɧɧɵɯ (ɜɪɟɦɟɧɢ, ɥɢɧɟɣɧɨɣ 

ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɮɨɪɦɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ). 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɩɥɨɳɚɞɶ ɩɨɠɚɪɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɮɨɪɦɭɥɨɣ (2.7): 

 
2

ɥπ( )S a V t , (2.7) 

ɝɞɟ a – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɢɬɵɜɚɸɳɢɣ ɮɨɪɦɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ (ɢɡ ɰɟɧɬɪɚ – 1, 

ɢɡ ɭɝɥɚ – 0,25, ɢɡ ɪɟɛɪɚ – 0,5); Vɥ – ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɥɚɦɟɧɢ 

ɩɨ ɦɚɬɟɪɢɚɥɭ, ɦ/ɫ; t – ɜɪɟɦɹ ɨɬ ɦɨɦɟɧɬɚ ɡɚɠɢɝɚɧɢɹ, ɫ. 
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Ɉɫɧɨɜɵ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɡɚɥɨɠɟɧɵ ɜ ɩɨɠɚɪɧɨ-ɬɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɫɢɥ  

ɢ ɫɪɟɞɫɬɜ ɧɚ ɩɨɠɚɪɟ [112]. Ɉɫɧɨɜɧɵɟ ɞɨɩɭɳɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɟɪɜɵɟ  

10 ɦɢɧɭɬ ɩɨɠɚɪ ɪɚɡɜɢɜɚɟɬɫɹ ɫ ɩɨɥɨɜɢɧɧɨɣ ɨɬ ɢɫɯɨɞɧɨɣ ɫɤɨɪɨɫɬɢ, ɚ ɮɨɪɦɚ ɩɥɨɳɚ-

ɞɢ ɩɨɠɚɪɚ ɡɚɜɢɫɢɬ ɨɬ ɦɟɫɬɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɝɨɪɟɧɢɹ.  

2. ɍɞɟɥɶɧɚɹ ɦɚɫɫɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɵɝɨɪɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɦɚɫɫɵ ɫɝɨɪɟɜɲɟɝɨ ɦɚ-

ɬɟɪɢɚɥɚ, ɢ ɫɨɝɥɚɫɧɨ ɪɚɛɨɬɚɦ [108, 113] ɢɡɦɟɧɟɧɢɟ ɭɞɟɥɶɧɨɣ ɦɚɫɫɨɜɨɣ ɫɤɨɪɨɫɬɢ 

ɜɵɝɨɪɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɬɪɟɦ ɨɱɟɜɢɞɧɵɦ ɩɟɪɢɨɞɚɦ: 

– ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɦɚɫɫɵ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɫ 100 ɞɨ 80 % ɭɞɟɥɶɧɚɹ ɦɚɫɫɨ-

ɜɚɹ ɫɤɨɪɨɫɬɶ ɜɵɝɨɪɚɧɢɹ ɥɢɧɟɣɧɨ ɜɨɡɪɚɫɬɚɟɬ ɫ 0 ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɞɥɹ 

ɷɬɨɝɨ ɜɢɞɚ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ; 

– ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɦɚɫɫɵ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɫ 80 ɞɨ 30 % ɭɞɟɥɶɧɚɹ ɦɚɫɫɨ-

ɜɚɹ ɫɤɨɪɨɫɬɶ ɜɵɝɨɪɚɧɢɹ ɢɦɟɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ; 

– ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɦɚɫɫɵ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɫ 30 ɞɨ 0 % ɭɞɟɥɶɧɚɹ ɦɚɫɫɨɜɚɹ 

ɫɤɨɪɨɫɬɶ ɜɵɝɨɪɚɧɢɹ ɥɢɧɟɣɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɞɨ 0. 

Ⱦɚɧɧɵɟ ɩɟɪɢɨɞɵ ɦɨɠɧɨ ɫɨɩɨɫɬɚɜɢɬɶ ɫ ɬɪɟɦɹ ɫɬɚɞɢɹɦɢ ɩɨɠɚɪɚ (ɪɢɫɭɧɨɤ 2.3). 

Ɋɟɚɥɢɡɚɰɢɹ ɫɬɚɞɢɣ ɩɨɠɚɪɚ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɱɟɪɟɡ ɩɥɨɳɚɞɶ ɩɨɠɚɪɚ ɜ ɩɪɨ-

ɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ FDS ɫɜɹɡɚɧɚ ɫ ɧɟɤɨɬɨɪɵɦɢ ɬɪɭɞɧɨɫɬɹɦɢ, ɩɨɷɬɨɦɭ ɧɚɢɛɨɥɟɟ 

ɩɪɢɟɦɥɟɦɵɦ ɹɜɥɹɟɬɫɹ ɩɨɞɯɨɞ, ɜ ɤɨɬɨɪɨɦ ɪɟɚɥɢɡɚɰɢɹ ɫɬɚɞɢɣ ɩɨɠɚɪɚ ɨɫɭɳɟɫɬɜɥɹ-

ɟɬɫɹ ɱɟɪɟɡ ɭɞɟɥɶɧɭɸ ɦɚɫɫɨɜɭɸ ɫɤɨɪɨɫɬɶ ɜɵɝɨɪɚɧɢɹ.  

Ⱦɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɤ ɲɢɪɢɧɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) 

ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɫɬɚɞɢɹɦɢ ɩɨɠɚɪɚ ɹɜɥɹɸɬɫɹ ɧɚɱɚɥɶɧɚɹ ɢ ɪɚɡɜɢɬɚɹ, ɩɨɷɬɨɦɭ ɛɵ-

ɥɨ ɪɟɲɟɧɨ ɩɪɨɢɡɜɟɫɬɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɨɥɶɤɨ ɷɬɢɯ ɞɜɭɯ ɫɬɚɞɢɣ. 

2.2.2 Ɉɛɨɫɧɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ 

ɜ ɩɨɦɟɳɟɧɢɢ ɦɚɝɚɡɢɧɚ ɨɞɟɠɞɵ 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɪɦɨɝɚɡɨɞɢɧɚɦɢɤɢ ɩɨɠɚɪɚ ɜ ɩɨɦɟɳɟɧɢɢ ɧɚɞɨ ɡɚɞɚɬɶ 

ɧɢɡɲɭɸ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.4. 



47 

Ɍɚɛɥɢɰɚ 2.4 – Ɂɧɚɱɟɧɢɹ ɧɢɡɲɟɣ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ, ɜɫɬɪɟɱɚɸɳɢɯɫɹ  

ɜ ɦɚɝɚɡɢɧɚɯ ɨɞɟɠɞɵ  

ȼɢɞ ɦɚɬɟɪɢɚɥɚ ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ 

ɫɝɨɪɚɧɢɹ, ɆȾɠ/ɤɝ 

ɂɫɬɨɱɧɢɤ 

Тɟɤɫɬɢɥɶ 

Ɍɤɚɧɢ  17–21 85 

ɏɥɨɩɨɤ 18; 20 85, 87 

ɒɟɥɤ 17–21 85, 117 

Ɍɤɚɧɶ ɯɥɨɩɤɨɜɚɹ 17 114 

ɏɥɨɩɨɤ ɢ ɤɚɩɪɨɧ 16,2 117 

Ʌɟɧ 15,7 117 

100 % ɯɥɨɩɤɨɜɚɹ ɬɤɚɧɶ «ɂɜɭɲɤɚ» 13,376 116 

Ɍɤɚɧɶ 75 % ɯɥɨɩɤɚ 25 % ɥɚɜɫɚɧɚ 15,667 116 

Ɍɤɚɧɶ 63 % ɯɥɨɩɤɚ 33 % ɥɚɜɫɚɧɚ «Ɍɭɪɢɫɬ» 16,398 116 

Ɍɤɚɧɶ 29 % ɲɟɪɫɬɶ 71 % ɥɚɜɫɚɧɚ «ɋɩɪɢɧɬ», «Ɍɚɣɦ» 21,999 116 

Ɍɤɚɧɶ 42 % ɲɟɪɫɬɶ 58 % ɥɚɜɫɚɧɚ «Ɋɚɤɢɬɚ» 21,757 116 

Ɍɤɚɧɶ 50 % ɲɟɪɫɬɶ 50 % ɥɚɜɫɚɧɚ «Ȼɟɪɟɫɬɚ», «Ʉɨɫɬɸɦɧɚɹ» 21,606 116 

Ɍɤɚɧɶ 53,5 % ɲɟɪɫɬɶ 46,5 % ɥɚɜɫɚɧɚ «ɇɚɢɧɚ» 21,544 116 

Ɍɤɚɧɢ 20 115 

ɒɟɪɫɬɶ 20 115 

Пɥɚɫɬɢɤ 

ȺȻɋ-ɩɥɚɫɬɢɤ 40 85 

ɉɨɥɢɷɬɢɥɟɧ 47 85 

ɉɨɥɢɫɬɢɪɨɥ 42 85 

ɉɨɥɢɭɪɟɬɚɧ 24 85 

ɉɟɧɨɩɨɥɢɭɪɟɬɚɧ 25–29 85 

ɉɨɥɢɜɢɧɢɥɯɥɨɪɢɞ 18 85 

Ⱥɤɪɢɥɨɧɢɬɪɢɥ-ɛɭɬɚɝɟɧ-ɫɬɢɪɨɥ, ȺȻɋ 35 87; 115 

ɉɟɧɨɩɨɥɢɫɬɢɪɨɥ 41 114 

ɉɟɧɨɩɨɥɢɭɪɟɬɚɧ 24,3 117 

ɉɨɥɢɜɢɧɢɥɯɥɨɪɢɞ, ɉȼɏ 20 87; 115 

ɉɨɥɢɢɡɨɰɢɚɧɭɪɢɬ ɢ ɩɨɥɢɭɪɟɬɚɧ 25 87; 115 

ɉɨɥɢɩɪɨɩɢɥɟɧ 45,7 117 

ɉɨɥɢɷɬɢɥɟɧ  47,1 117 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.4 
ȼɢɞ ɦɚɬɟɪɢɚɥɚ ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ 

ɫɝɨɪɚɧɢɹ, ɆȾɠ/ɤɝ 

ɂɫɬɨɱɧɢɤ 

Дɪɟɜɟɫɢɧɚ ɢ ɦɚɬɟɪɢɚɥɵ ɧɚ ɟɟ ɨɫɧɨɜɟ 

Ⱦɪɟɜɟɫɢɧɚ 13,8;17–20 85, 117 

Ⱦȼɉ  21 114 

Ⱦɋɉ 18 114 

ɉɥɢɬɚ ɫɬɨɥɹɪɧɚɹ 20 114 

Ɏɚɧɟɪɚ 22 114 

Кɨɠɚ ɢ ɤɨɠɡɚɦɟɧɢɬɟɥɢ 

Ʉɨɠɚ  20; 21 85;115 

Ʉɨɠɡɚɦɟɧɢɬɟɥɶ 17,76 117 

Ɂɚ ɨɫɧɨɜɭ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɜɡɹɬɵ ɫɥɟɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ ɧɢɡɲɟɣ 

ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ: ɞɥɹ ɬɟɤɫɬɢɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – 22 ɆȾɠ/ɤɝ, ɞɥɹ ɩɥɚɫɬɢɤɚ –  

47,1 ɆȾɠ/ɤɝ, ɞɥɹ ɞɟɪɟɜɚ ɢ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɞɟɪɟɜɚ – 20 ɆȾɠ/ɤɝ.  

ȼɵɛɨɪ ɧɢɡɲɟɣ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɨɫɧɨɜɵɜɚɥɫɹ ɧɚ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ 

ɧɢɡɲɟɣ ɬɟɩɥɨɬɟ ɫɝɨɪɚɧɢɹ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɢ ɧɚɢɛɨɥɟɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɚɬɟɪɢɚ-

ɥɨɜ ɜ ɬɨɪɝɨɜɵɯ ɦɚɝɚɡɢɧɚɯ. 

2.2.3 Ɉɛɨɫɧɨɜɚɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɦɧɨɝɨɫɜɟɬɧɨɝɨ  

ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) ɢ ɩɨɦɟɳɟɧɢɹ ɦɚɝɚɡɢɧɚ ɨɞɟɠɞɵ 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɩɨ ɩɨɥɟɜɨɣ (ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ) 

ɦɨɞɟɥɢ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ FDS ɪɟɚɥɶɧɵɯ ɨɛɴɟɦɨɜ ɡɞɚɧɢɣ ɡɚɧɢɦɚɟɬ ɨɱɟɧɶ 

ɦɧɨɝɨ ɜɪɟɦɟɧɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɪɟɛɨɜɚɧɢɹ ɤ ɪɟɫɭɪɫɧɵɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɦɨɳɧɨ-

ɫɬɹɦ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ ɜɨɡɪɚɫɬɚɸɬ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟ-

ɧɢɟ ɩɪɨɢɡɜɟɫɬɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚ ɦɨɞɟɥɢ ɮɪɚɝɦɟɧɬɚ ɡɞɚɧɢɹ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦ ɩɨ-

ɦɟɳɟɧɢɟɦ (ɚɬɪɢɭɦ).  
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Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɮɪɚɝɦɟɧɬɚ ɡɞɚɧɢɹ ɛɵɥ 

ɩɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɩɪɨɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɨɛɴɟɦɧɨ-ɩɥɚɧɢɪɨɜɨɱɧɵɯ ɪɟɲɟɧɢɣ 

ɰɟɧɬɪɨɜ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦɢ ɩɨɦɟɳɟɧɢɹɦɢ (ɚɬɪɢɭɦɵ). Ⱦɚɧɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɫɹ  

ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɜɫɬɪɟɱɚɟɦɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ: 

– ɲɢɪɢɧɵ ɢ ɜɵɫɨɬɵ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ); 

– ɲɢɪɢɧɵ, ɞɥɢɧɵ ɢ ɜɵɫɨɬɵ ɩɨɦɟɳɟɧɢɹ, ɩɪɢɦɵɤɚɸɳɟɝɨ ɤ ɦɧɨɝɨɫɜɟɬɧɨɦɭ 

ɩɨɦɟɳɟɧɢɸ (ɚɬɪɢɭɦ). 

ȼ ɯɨɞɟ ɷɬɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ: 

– ɲɢɪɢɧɚ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 

ɨɬ 6–10 ɦ; 

– ɧɚɢɛɨɥɟɟ ɜɫɬɪɟɱɚɟɦɵɦɢ ɜ ɩɪɨɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɹɜɥɹɸɬɫɹ ɞɜɭɯɭɪɨɜɧɟ-

ɜɵɟ ɦɧɨɝɨɫɜɟɬɧɵɟ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) (ɪɢɫɭɧɨɤ 2.4); 

– ɜɵɫɨɬɚ ɩɨɦɟɳɟɧɢɹ, ɩɪɢɦɵɤɚɸɳɟɝɨ ɤ ɦɧɨɝɨɫɜɟɬɧɨɦɭ ɩɨɦɟɳɟɧɢɸ  

(ɚɬɪɢɭɦ), ɪɚɜɧɚ 4,5 ɦ; 

– ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɨɬɧɨɲɟɧɢɹ ɞɥɢɧɵ ɤ ɲɢɪɢɧɟ ɩɨɦɟɳɟɧɢɹ, ɩɪɢɦɵɤɚɸɳɟɝɨ 

ɤ ɦɧɨɝɨɫɜɟɬɧɨɦɭ ɩɨɦɟɳɟɧɢɸ (ɚɬɪɢɭɦ), ɪɚɜɧɨ 1,5 (ɪɢɫɭɧɨɤ 2.5); 

– ɫɪɟɞɧɹɹ ɩɥɨɳɚɞɶ ɩɨɦɟɳɟɧɢɹ, ɩɪɢɦɵɤɚɸɳɟɝɨ ɤ ɦɧɨɝɨɫɜɟɬɧɨɦɭ ɩɨɦɟɳɟ-

ɧɢɸ (ɚɬɪɢɭɦ), ɪɚɜɧɚ 216 ɦ2 (ɪɢɫɭɧɨɤ 2.6). 
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Ɋɢɫɭɧɨɤ 2.4 – Ʉɨɥɢɱɟɫɬɜɨ ɭɪɨɜɧɟɣ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ) 

Уɪɨɜɧɢ 

Дɨɥя ɨɬ ɨɛщеɝɨ ɤɨɥɢчеɫɬɜɚ, %
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Ɋɢɫɭɧɨɤ 2.5 – ɑɚɫɬɨɬɚ ɫɨɨɬɧɨɲɟɧɢɣ ɞɥɢɧɵ ɤ ɲɢɪɢɧɟ ɜ ɩɨɦɟɳɟɧɢɹɯ ɬɨɪɝɨɜɥɢ ɨɞɟɠɞɨɣ 
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Ɋɢɫɭɧɨɤ 2.6 – ɑɚɫɬɨɬɚ ɩɥɨɳɚɞɢ ɩɨɦɟɳɟɧɢɣ ɬɨɪɝɨɜɥɢ ɨɞɟɠɞɨɣ 

 

ȼɵɛɨɪ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɮɪɚɝɦɟɧɬɚ ɡɞɚɧɢɹ ɛɵɥ ɨɫɧɨɜɚɧ 

ɧɚ ɚɧɚɥɢɡɟ ɩɪɨɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɰɟɧɬɪɨɜ. Ɋɚɡɦɟɪɵ ɩɨɦɟɳɟɧɢɹ ɦɚɝɚɡɢɧɚ, ɩɪɢ-

ɦɵɤɚɸɳɟɝɨ ɤ ɦɧɨɝɨɫɜɟɬɧɨɦɭ ɩɨɦɟɳɟɧɢɸ (ɚɬɪɢɭɦ), ɛɵɥɢ ɩɪɢɧɹɬɵ 18124,5 ɦ, 

Иɧɬеɪɜɚɥы 

Чɚɫɬɨɬɚ 

  84–115     155–147   147–178   178–210   210–241   241–273   273–304   304–336   336–367 

Чɚɫɬɨɬɚ 

ɂɧɬɟɪɜɚɥɵ ɩɥɨɳɚɞɢ ɩɨɦɟɳɟɧɢɹ, ɦ2 

  0,4–0,7    0,7–1,0     1,0–1,4     1,4–1,7       1,7–2,0    2,0–2,4    2,4–2,7      2,7–3,0     3,0–3,4 

ɂɧɬɟɪɜɚɥɵ ɩɥɨɳɚɞɢ ɩɨɦɟɳɟɧɢɹ, ɦ2 
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ɲɢɪɢɧɚ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ ɫɨɫɬɚɜɥɹɥɚ 6, 8 ɢ 10 ɦ, ɜɵɫɨɬɚ ɦɧɨɝɨɫɜɟɬɧɨɝɨ 

ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) – 9 ɦ. Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɮɪɚɝɦɟɧɬɚ ɡɞɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟ-

ɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.7. 

 

 
 

Ɋɢɫɭɧɨɤ 2.7 – Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ (ɚ) ɮɪɚɝɦɟɧɬɚ ɡɞɚɧɢɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨ ɩɨɥɟɜɨɣ 

(ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ) ɦɨɞɟɥɢ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ FDS (ɛ) ɮɪɚɝɦɟɧɬɚ 

ɪɟɚɥɶɧɨɝɨ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) ɜ ɡɞɚɧɢɢ ɰɟɧɬɪɚ [120] 

2.3 Ɉɛɨɫɧɨɜɚɧɢɟ ɤɪɢɬɟɪɢɹ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɲɢɪɢɧɵ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ), ɩɪɢ ɤɨɬɨɪɨɣ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ ɢɡ ɨɞɧɨɣ ɱɚɫɬɢ ɜ ɞɪɭɝɭɸ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɧɭɠɧɨ ɨɩɪɟɞɟ-

ɥɢɬɶɫɹ ɫ ɤɪɢɬɟɪɢɹɦɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ. 

ȼ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɟɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɤɪɢɬɟɪɢɹ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɚ-

ɬɟɪɢɚɥɨɜ: 

– ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɫɩɥɚɦɟɧɟɧɢɹ (ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɪɢ 

ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɦɚɬɟɪɢɚɥɚ); 

– ɩɨ ɤɪɢɬɢɱɟɫɤɨɦɭ ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ (ɡɧɚɱɟɧɢɟ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨ-

ɤɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɦɚɬɟɪɢɚɥɚ). 

ȼ ɪɚɛɨɬɚɯ [118, 119] ɩɪɢɜɟɞɟɧ ɬɪɟɬɢɣ ɤɪɢɬɟɪɢɣ, ɨɩɢɫɵɜɚɸɳɢɣ ɩɪɨɰɟɫɫ ɜɨɫ-

ɩɥɚɦɟɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ. ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɷɬɨɝɨ ɤɪɢɬɟɪɢɹ ɭɱɢɬɵɜɚɸɬɫɹ: ɬɟɦɩɟɪɚ-

ɚ ɛ 
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ɬɭɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɫɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ ɦɚɬɟɪɢɚɥɚ ɢ ɩɚɞɚɸɳɢɣ ɬɟɩɥɨ-

ɜɨɣ ɩɨɬɨɤ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɨɝɨ ɬɪɟɬɶɟɝɨ ɤɪɢɬɟɪɢɹ ɡɚɬɪɭɞɧɟɧɨ ɢɡ-ɡɚ ɧɟ-

ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɞɚɧɧɵɯ ɩɨ ɦɚɬɟɪɢɚɥɚɦ. Ⱥɜɬɨɪɨɦ ɞɢɫɫɟɪɬɚɰɢɢ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟ-

ɧɢɟ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɪɢɬɟɪɢɹ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨ ɤɪɢɬɢɱɟɫɤɨɦɭ ɬɟɩ-

ɥɨɜɨɦɭ ɩɨɬɨɤɭ, ɬɚɤ ɤɚɤ ɩɪɟɨɛɥɚɞɚɸɳɢɦ ɦɟɯɚɧɢɡɦɨɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɛɭ-

ɞɟɬ ɹɜɥɹɬɶɫɹ ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ. 

Ɉɞɧɢɦ ɢɡ ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɨɝɧɟ-

ɜɵɯ ɢɫɩɵɬɚɧɢɹɯ ɹɜɥɹɟɬɫɹ ɩɨɬɟɪɹ ɬɟɩɥɨɢɡɨɥɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɫɥɟɞɫɬɜɢɟ ɞɨ-

ɫɬɢɠɟɧɢɹ ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɪɚɜɧɨɣ 

3,5 ɤȼɬ/ɦ2. ȼ Ɏɢɧɥɹɧɞɢɢ ɞɚɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 10 ɤȼɬ/ɦ2 

[107]. Ⱦɨɩɨɞɥɢɧɧɨ ɧɟɢɡɜɟɫɬɧɨ, ɩɨɱɟɦɭ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɪɨɝɨɜɨɟ 

ɡɧɚɱɟɧɢɟ ɜ 3,5 ɤȼɬ/ɦ2. Ɇɨɠɧɨ ɜɵɞɜɢɧɭɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɡɧɚɱɟɧɢɟ 3,5 ɤȼɬ/ɦ2 

ɜɡɹɬɨ ɫɨɝɥɚɫɧɨ ɧɟɤɨɟɦɭ ɦɢɧɢɦɚɥɶɧɨɦɭ ɢɡɜɟɫɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɤɪɢɬɢɱɟɫɤɨɣ ɩɥɨɬ-

ɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɧɚɯɨɞɢɬɶɫɹ ɪɹɞɨɦ ɫ ɤɨɧ-

ɫɬɪɭɤɰɢɟɣ. 

ɉɟɪɜɨɩɪɨɯɨɞɰɟɦ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɤɪɢɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 

ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ ɜ Ɋɨɫɫɢɢ ɹɜɥɹɟɬɫɹ Ȼ. ȼ. Ƚɪɭɲɟɜɫɤɢɣ. Ɍɚɤ, ɜ ɪɚɛɨɬɟ [40] ɛɵɥɚ ɨɩɪɟ-

ɞɟɥɟɧɚ ɤɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɞɪɟɜɟɫɢɧɵ, ɪɟɡɢ-

ɧɵ ɢ Ⱦɋɉ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.5. 

 

Ɍɚɛɥɢɰɚ 2.5 Ʉɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ ɨɬ ɜɪɟɦɟɧɢ 

ɜɨɡɞɟɣɫɬɜɢɹ [40]  

Ɇɚɬɟɪɢɚɥ qɤɪ, ɤȼɬ/ɦ2, ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɥɭɱɟɧɢɹ, ɦɢɧ 

3 5 15 30 

Ⱦɪɟɜɟɫɢɧɚ (ɟɥɶ, ɜɥɚɠɧɨɫɬɶ 12 %) 18,6 16,5 14 12,5 

Ɋɟɡɢɧɚ 23,3 19,8 15 14 

Ⱦɋɉ ( = 574 ɤɝ/ɦ3) 16,9 14 10,5 9,3 

Ⱦɋɉ ( = 417 ɤɝ/ɦ3) 14,5 11,8 9 8 

 

Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜ ɩɟɪɜɨɣ ɝɥɚɜɟ, ɤɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ  

ɩɨɬɨɤɚ – ɷɬɨ ɜɟɥɢɱɢɧɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɜɪɟɦɟɧɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɦɚɬɟɪɢɚɥ. ȼɪɟɦɹ 
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ɜɨɡɞɟɣɫɬɜɢɹ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɜɜɟɞɟɧɢɹ ɫɢɥ  

ɢ ɫɪɟɞɫɬɜ ɧɚ ɬɭɲɟɧɢɟ ɩɨɠɚɪɚ [40]. Ȼɵɥɨ ɩɪɢɧɹɬɨ, ɱɬɨ ɤɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɟɩ-

ɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɜɪɟɦɟɧɟɦ ɜɨɡɞɟɣɫɬɜɢɹ ɜ 15 ɦɢ-

ɧɭɬ, ɬɚɤ ɤɚɤ ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɩɨɞɚɱɢ ɩɟɪɜɨɝɨ ɫɬɜɨɥɚ ɧɚ ɬɭɲɟɧɢɟ ɜ ɤɪɭɩɧɵɯ ɝɨɪɨɞɚɯ 

ɪɚɜɧɨ 15 ɦɢɧɭɬɚɦ [122–133]. 

ȼ ɬɚɛɥɢɰɟ 2.6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨ-

ɬɨɤɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɦɟɸɳɢɯɫɹ ɜ ɦɚɝɚɡɢɧɚɯ ɨɞɟɠɞɵ. 

 

Ɍɚɛɥɢɰɚ 2.6 – Ɂɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ qɤɪ 

Ɇɚɬɟɪɢɚɥɵ  qɤɪ, ɤȼɬ/ɦ2 ɂɫɬɨɱɧɢɤ 

В ɢɧɬɟɪɶɟɪɟ ɦɚɝɚɡɢɧɚ 

Ⱦɪɟɜɟɫɢɧɚ (ɫɨɫɧɚ, ɜɥɚɠɧɨɫɬɶ 12 %) 13,9 114; 117 

Ⱦɪɟɜɟɫɢɧɚ ɫɨɫɧɨɜɚɹ  21 114 

ɉɥɢɬɚ ɫɬɨɥɹɪɧɚɹ 45 114 

Ɏɚɧɟɪɚ 40 114 

Ⱦɪɟɜɟɫɧɨ-ɫɬɪɭɠɟɱɧɚɹ ɩɥɢɬɚ ɩɥɨɬɧɨɫɬɶɸ 417 ɤɝ/ɦ3 8,3 117 

ɉɟɧɨɩɨɥɢɫɬɢɪɨɥ (ɩɥɢɬɵ) 28 117 

ɋɥɨɢɫɬɵɣ ɩɥɚɫɬɢɤ 15,4 117 

ɋɬɟɤɥɨɩɥɚɫɬɢɤ 15,3;19,4 114; 117 

Ȼɭɦɚɠɧɨ-ɫɥɨɢɫɬɵɣ ɩɥɚɫɬɢɤ 80 114 

Ⱦɟɤɨɪɚɬɢɜɧɵɣ ɛɭɦɚɠɧɨ-ɫɥɨɢɫɬɵɣ ɩɥɚɫɬɢɤ, ȽɈɋɌ 9590–76 19,0 117 

Ⱦɟɤɨɪɚɬɢɜɧɵɣ ɛɭɦɚɠɧɨ-ɫɥɨɢɫɬɵɣ ɩɥɚɫɬɢɤ, Ɍɍ 400-1-18–64 24,0 117 

ɉɥɢɬɚ ɞɪɟɜɟɫɧɨ-ɜɨɥɨɤɧɢɫɬɚɹ, ȽɈɋɌ 8904–81 13,0;25,0 114; 117 

ɉɥɢɬɚ ɞɪɟɜɟɫɧɨ-ɫɬɪɭɠɟɱɧɚɹ, ȽɈɋɌ 10632–77 12,0 117 

ɉɥɢɬɚ ɞɪɟɜɟɫɧɨ-ɫɬɪɭɠɟɱɧɚɹ ɫ ɨɬɞɟɥɤɨɣ «ɉɨɥɢɩɥɟɧ»,  

ȽɈɋɌ 21-29-94–81 

12,0 117 

ɉɥɢɬɚ ɞɪɟɜɟɫɧɨ-ɜɨɥɨɤɧɢɫɬɚɹ ɫ ɥɚɤɨɤɪɚɫɨɱɧɵɦ ɩɨɤɪɵɬɢɟɦ ɩɨɞ ɰɟɧ-

ɧɵɟ ɩɨɪɨɞɵ ɞɟɪɟɜɚ, ȽɈɋɌ 8904–81 

12,0 117 

ɉɥɢɬɚ ɞɪɟɜɟɫɧɨ-ɜɨɥɨɤɧɢɫɬɚɹ ɫ ɥɚɤɨɤɪɚɫɨɱɧɵɦ ɩɨɤɪɵɬɢɟɦ ɩɨɞ ɰɟɧ-

ɧɵɟ ɩɨɪɨɞɵ ɞɟɪɟɜɚ, Ɍɍ 400-1-199–80 

16,0 117 

Ⱦɨɪɨɠɤɚ ɩɪɭɬɤɨɜɚɹ ɱɢɫɬɨɲɟɪɫɬɹɧɚɹ, Ɍɍ 17-Ɍɚɞɠɢɤɫɤɚɹ ɋɋɊ-463–84 9,0 117 

ɉɨɤɪɵɬɢɟ ɤɨɜɪɨɜɨɟ, ɩɪɨɲɢɜɧɨɟ, ɈɋɌ 17-50–83, ɚɪɬ. 5867 22,0 117 

ɉɨɤɪɵɬɢɟ ɤɨɜɪɨɜɨɟ ɞɥɹ ɩɨɥɚ ɪɭɥɨɧɧɨɟ «ȼɨɪɫɨɥɨɧ», Ɍɍ 21-29-12–72 5,0 117 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.6 
Ɇɚɬɟɪɢɚɥɵ qɤɪ, ɤȼɬ/ɦ2 ɂɫɬɨɱɧɢɤ 

ɉɨɤɪɵɬɢɟ ɤɨɜɪɨɜɨɟ ɢɝɥɨɩɪɨɛɢɜɧɨɟ «Ɇɢɫɬɪɚ-1», Ɍɍ 17-ɗɫɬɨɧɫɤɚɹ 

ɋɋɊ-266–80 

6,0 117 

ɉɨɤɪɵɬɢɟ ɤɨɜɪɨɜɨɟ ɢɝɥɨɩɪɨɛɢɜɧɨɟ «Ɇɢɫɬɪɚ-1», Ɍɍ 17-ɗɫɬɨɧɫɤɚɹ 

ɋɋɊ-266–80 

6,0 117 

ɉɨɤɪɵɬɢɟ ɤɨɜɪɨɜɨɟ ɢɝɥɨɩɪɨɛɢɜɧɨɟ «Ɇɢɫɬɪɚ-2», Ɍɍ 17-ɗɫɬɨɧɫɤɚɹ 

ɋɋɊ-266–80 

5,0 117 

ɉɨɤɪɵɬɢɟ ɤɨɜɪɨɜɨɟ ɢɝɥɨɩɪɨɛɢɜɧɨɟ «Ⱥɜɢɫɬɪɚ» 12,0 117 

ɉɨɤɪɵɬɢɟ ɤɨɜɪɨɜɨɟ ɢɝɥɨɩɪɨɛɢɜɧɨɟ «ȼɟɫɬɪɚ», Ɍɍ 17-ɗɫɬɨɧɫɤɚɹ 

ɋɋɊ-551–86 

5,0 117 

ɉɨɤɪɵɬɢɟ ɤɨɜɪɨɜɨɟ ɬɢɩɚ Ⱥ, Ɍɍ 21-29–35, ɚɪɬ. 10505 4,0 114; 117 

Ȼɭɦɚɝɚ (ɤɧɢɝɢ ɠɭɪɧɚɥɵ)  15 114 

В ɩɪɨɞɭɤɰɢɢ ɦɚɝɚɡɢɧɚ 

ɏɥɨɩɨɤ-ɜɨɥɨɤɧɨ 7,5 117 

Ɍɤɚɧɶ ɯɥɨɩɤɨɜɚɹ, ɧɚɜɚɥ 75 114 

ɏɥɨɩɨɤ ɢ ɤɚɩɪɨɧ 7,5 114 

Ɍɤɚɧɶ ɲɟɪɫɬɹɧɚɹ 60 114 

Ɋɟɡɢɧɚ 14,8 117 

Ʉɚɭɱɭɤ ɧɚɬɭɪɚɥɶɧɵɣ 45 114 

Ʉɚɭɱɭɤ ɫɢɧɬɟɬɢɱɟɫɤɢɣ 35 114 

Ʉɚɪɬɨɧ ɫɟɪɵɣ 10,8;15 114; 117 

ȼɢɧɢɥɢɫ ɤɨɠɚ ɨɛɢɜɨɱɧɚɹ ɩɨɧɢɠɟɧɧɨɣ ɝɨɪɸɱɟɫɬɢ, Ɍɍ 17-21-488–84 30,0 117 

ȼɢɧɢɥɢɫ ɤɨɠɚ, Ɍɍ 17-21-473–84 32,0 117 

Ʉɨɠɚ ɢɫɤɭɫɫɬɜɟɧɧɚɹ «Ɍɟɡɚ», Ɍɍ 17-21-488–84 17,9 117 

Ʉɨɠɚ ɢɫɤɭɫɫɬɜɟɧɧɚɹ «ȼɂɄ-ɌɊ», Ɍɍ 17-21-256–78 20,0 117 

Ʉɨɠɚ ɢɫɤɭɫɫɬɜɟɧɧɚɹ  «ȼɂɄ-Ɍ» ɧɚ ɬɤɚɧɢ 4Ʌɏ, Ɍɍ 17-21-328–80 20,0 117 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 2.6, ɛɥɢɠɚɣɲɢɦ ɡɧɚɱɟɧɢɟɦ ɤ 3,5 ɤȼɬ/ɦ2 ɹɜɥɹɟɬɫɹ 

4,0 ɤȼɬ/ɦ2, ɢ ɨɧɨ ɨɬɧɨɫɢɬɫɹ ɤ ɤɨɜɪɨɜɨɦɭ ɩɨɤɪɵɬɢɸ. Ʉɨɜɪɨɜɨɟ ɩɨɤɪɵɬɢɟ ɪɚɫɩɨɥɚ-

ɝɚɟɬɫɹ ɧɚ ɩɨɥɭ, ɬ. ɟ. ɩɚɪɚɥɥɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧɢɸ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɥɭɱɢɫɬɨɝɨ ɩɨɬɨɤɚ, 

ɩɨɷɬɨɦɭ ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɠɢɝɚɧɢɹ ɨɬ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚɢɦɟɧɶɲɚɹ, ɜ ɨɬ-
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ɥɢɱɢɟ ɨɬ ɦɚɬɟɪɢɚɥɨɜ, ɪɚɫɩɨɥɚɝɚɸɳɢɯɫɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɧɚɩɪɚɜɥɟɧɢɸ ɪɚɫɩɪɨ-

ɫɬɪɚɧɟɧɢɹ.  

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 2.6 ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɧɚɢɛɨɥɟɟ 

ɩɪɢɟɦɥɟɦɵɦ ɡɧɚɱɟɧɢɟɦ ɤɪɢɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɩɨɦɟɳɟɧɢɣ 

ɬɨɪɝɨɜɥɢ ɨɞɟɠɞɨɣ ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɜ 7,5 ɤȼɬ/ɦ2 ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɯɥɨɩ-

ɤɚ ɢ ɤɚɩɪɨɧɚ. ɗɬɨ ɭɬɜɟɪɠɞɟɧɢɟ ɨɫɧɨɜɚɧɨ ɧɚ ɬɨɦ ɨɛɫɬɨɹɬɟɥɶɫɬɜɟ, ɱɬɨ ɷɬɢ ɦɚɬɟɪɢɚ-

ɥɵ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɩɨɦɟɳɟɧɢɢ ɬɨɪɝɨɜɥɢ ɨɞɟɠɞɨɣ ɢ ɢɦɟɸɬ ɦɢɧɢ-

ɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ, 

ɜɫɬɪɟɱɚɟɦɵɯ ɜ ɩɨɦɟɳɟɧɢɹɯ ɬɨɪɝɨɜɥɢ ɨɞɟɠɞɨɣ. 

2.4 Ɉɛɨɫɧɨɜɚɧɢɹ ɤɪɢɬɟɪɢɹ ɪɚɡɪɭɲɟɧɢɹ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ  

ɜ ɜɢɞɟ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 

ɉɨɦɟɳɟɧɢɹ, ɜɵɯɨɞɹɳɢɟ ɜ ɦɧɨɝɨɫɜɟɬɧɨɟ ɩɨɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ), ɨɬɞɟɥɹɸɬɫɹ  

ɨɬ ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɫ ɩɨɦɨɳɶɸ ɨɫɬɟɤɥɟɧɧɵɯ ɩɟɪɟɝɨɪɨɞɨɤ ɢɡ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ, 

ɱɬɨ ɭɠɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜ ɩɟɪɜɨɣ ɝɥɚɜɟ. Ⱦɥɹ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɡɜɢ-

ɬɢɹ ɩɨɠɚɪɚ ɱɟɪɟɡ ɦɧɨɝɨɫɜɟɬɧɨɟ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) ɧɭɠɧɨ ɨɩɪɟɞɟɥɢɬɶɫɹ ɫ ɤɪɢɬɟ-

ɪɢɹɦɢ ɪɚɡɪɭɲɟɧɢɹ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɜ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. 

ȿɞɢɧɨɣ ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɟɣ ɪɚɡɪɭɲɟɧɢɟ ɫɬɟɤɥɚ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɫɨ ɫɜɟɬɨ-

ɩɪɨɡɪɚɱɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ, ɧɟɬ [70–73, 134–142]. ɉɨɷɬɨɦɭ ɚɜɬɨɪɨɦ ɞɢɫɫɟɪɬɚɰɢɢ  

ɡɚ ɦɨɞɟɥɶ ɪɚɡɪɭɲɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɫɨ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ ɛɵɥɨ ɜɵ-

ɛɪɚɧɨ ɞɨɫɬɢɠɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɤɥɚ. Ʉɪɢɬɢɱɟɫɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɩɪɢɧɹɬɨ ɡɧɚɱɟɧɢɟ 350 °ɋ [136]. 

ɋɩɨɫɨɛɧɨɫɬɶ ɫɬɟɤɥɚ ɩɪɨɩɭɫɤɚɬɶ, ɩɨɝɥɨɳɚɬɶ ɢ ɨɬɪɚɠɚɬɶ ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ 

ɩɨɬɨɤ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɚ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɜ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ.  
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2.5 Ɉɛɨɫɧɨɜɚɧɢɟ ɦɨɞɟɥɢ ɜɨɡɞɟɣɫɬɜɢɹ ɨɬ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 

ȼɵɲɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɧɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ ɱɟɪɟɡ ɦɧɨɝɨɫɜɟɬɧɨɟ 

ɩɨɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ) ɛɭɞɟɬ ɜɥɢɹɬɶ ɞɜɚ ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɚ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɜɨ-

ɝɨ ɩɨɬɨɤɚ. Ʌɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɛɭɞɟɬ ɢɫɯɨɞɢɬɶ ɤɚɤ ɨɬ ɩɨɦɟɳɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ 

ɩɪɨɢɡɨɲёɥ ɩɨɠɚɪ, ɬɚɤ ɢ ɨɬ ɝɨɪɹɳɟɝɨ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ. ɇɚ ɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɟɣ ɪɟɡɭɥɶɬɢ-

ɪɭɸɳɢɣ ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɞɜɭɯ ɢɫɬɨɱɧɢɤɨɜ  

ɧɚ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɩɪɟɞɦɟɬ ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɷɬɢɯ ɢɫɬɨɱɧɢɤɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɞɪɭɝ ɡɚ ɞɪɭɝɨɦ, ɩɨɷɬɨɦɭ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɥɭɱɢɫɬɵɣ 

ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɛɭɞɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ (2.8): 

 ɨɛɳ 1 2q q q  , (2.8) 

ɝɞɟ q1 – ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɢɡ ɩɨɦɟɳɟɧɢɹ ɦɚɝɚɡɢɧɚ, ɝɞɟ ɜɨɡɧɢɤ ɩɨɠɚɪ, ȼɬ/ɦ2; 

q2 –ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ 

ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ), ȼɬ/ɦ2. 

Ɏɨɪɦɭɥɨɣ 2.8 ɨɩɢɫɵɜɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɞɜɭɯ ɜɵɲɟɭɤɚ-

ɡɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

2.6 Аɥɝɨɪɢɬɦ ɩɨ ɜɵɛɨɪɭ ɧɟɨɛɯɨɞɢɦɨɣ ɲɢɪɢɧɵ  

ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) 

ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ, ɢɡɥɨɠɟɧɧɵɯ ɜɵɲɟ, ɢ ɪɚɛɨɬ [50, 71, 72, 143] ɛɵɥ ɪɚɡɪɚɛɨ-

ɬɚɧ ɚɥɝɨɪɢɬɦ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɰɟɧɢɬɶ ɲɢɪɢɧɭ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) 

ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɧɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɩɨ ɡɞɚɧɢɸ ɩɨɫɪɟɞɫɬɜɨɦ ɥɭɱɢɫɬɨɝɨ 

ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ (ɪɢɫɭɧɤɢ 2.8, 2.9).  
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ɇɚɱɚɥɨ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɡɞɚɧɢɹ ɢ  

ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɯ 
ɩɟɪɟɝɨɪɨɞɨɤ

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɠɚɪɚ ɜ 
ɩɨɦɟɳɟɧɢɢ 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɝɨɪɟɧɢɹ 
ɥɚɪɶɤɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ

Ⱦɚ

ɇɟɬ

ȼɵɜɨɞ ɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ 
ɩɨɠɚɪɚ ɱɟɪɟɡ ɦɧɨɝɨɫɜɟɬɧɨɟ 

ɩɨɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ)

Ɉɛɪɚɛɨɬɤɚ 
ɢɧɮɨɪɦɚɰɢɢ

Ⱦɚ

Ʉɨɧɟɰ

Ⱥ

Ⱦɚ

Ⱦɚ

Ⱦɚ

ɇɟɬ

ɇɟɬ

ɇɟɬ
ɇɟɬ

 
Ɋɢɫɭɧɨɤ 2.8 – Ⱥɥɝɨɪɢɬɦ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɱɟɪɟɡ ɦɧɨɝɨɫɜɟɬɧɨɟ  

ɩɨɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ) ɫ ɭɱɟɬɨɦ ɩɨɝɥɨɳɟɧɧɨɝɨ ɢ ɩɪɨɩɭɳɟɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɫɬɟɤɥɨ 

tɫɬ ≥ tɤɪ 

qɩ ≥ qɤɪ 

q1 = f(τɝɨɪ); q2 = f(τɝɨɪ); τɜɵɝ 

q’ ≥ qɤɪ 
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Ⱥ Ɂɞɚɧɢɟ

ɋɜɟɬɨɩɪɨɡɪɚɱɧɵɟ 
ɩɟɪɟɝɨɪɨɞɤɢ

Ɏɭɧɤɰɢɨɧɚɥɶɧɨɟ 
ɧɚɡɧɚɱɟɧɢɟ ɡɞɚɧɢɹ 

ɉɨɠɚɪɧɚɹ 
ɧɚɝɪɭɡɤɚ 
ɡɞɚɧɢɹ

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɡɞɚɧɢɹ

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɩɨɦɟɳɟɧɢɣ

ɉɪɨɬɢɜɨɩɨɠɚɪɧɵɟ 
ɩɟɪɟɝɨɪɨɞɤɢ 1-ɝɨ 

ɬɢɩɚ EIW45

ɉɪɨɬɢɜɨɩɨɠɚɪɧɵɟ 
ɩɟɪɟɝɨɪɨɞɤɢ 2-ɝɨ 

ɬɢɩɚ EIW15

ɋɢɫɬɟɦɵ ɚɤɬɢɜɧɨɣ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ 

ɡɚɳɢɬɵ

ɋɪɟɞɧɟɟ 
ɡɧɚɱɟɧɢɟ 
ɭɞɟɥɶɧɨɣ 
ɩɨɠɚɪɧɨɣ 
ɧɚɝɪɭɡɤɢ

ɉɪɨɬɢɜɨɩɨɠɚɪɧɵɟ 
ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɟ 

ɩɟɪɟɝɨɪɨɞɤɢ

Ɍɢɩɵ 
ɩɨɠɚɪɧɨɣ 
ɧɚɝɪɭɡɤɢ

Ɉɝɧɟɫɬɨɣɤɨɟ 
ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɟ 

ɡɚɩɨɥɧɟɧɢɟ ɫ 
ɩɪɟɞɟɥɨɦ 

ɨɝɧɟɫɬɨɣɤɨɫɬɢ 
EIW 45

Ɉɝɧɟɫɬɨɣɤɨɟ 
ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɟ 

ɡɚɩɨɥɧɟɧɢɟ ɫ 
ɩɪɟɞɟɥɨɦ 

ɨɝɧɟɫɬɨɣɤɨɫɬɢ 
EIW 15

ɋɜɟɬɨɩɪɨɡɪɚɱɧɵɟ 
ɩɟɪɟɝɨɪɨɞɤɢ 

ɨɛɵɱɧɨɝɨ 
ɢɫɩɨɥɧɟɧɢɹ

ɋɜɟɬɨɩɪɨɡɪɚɱɧɨɟ 
ɡɚɩɨɥɧɟɧɢɟ 

ɚɪɦɢɪɨɜɚɧɧɨɟ 
ɫɬɟɤɥɨ 

ɋɜɟɬɨɩɪɨɡɪɚɱɧɨɟ 
ɡɚɩɨɥɧɟɧɢɟ 
ɡɚɤɚɥɟɧɧɨɟ 

ɫɬɟɤɥɨ

Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɟ 
ɫɢɫɬɟɦɵ ɩɨɠɚɪɧɨɣ 

ɫɢɝɧɚɥɢɡɚɰɢɢ

Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɟ 
ɫɢɫɬɟɦɵ 

ɩɨɠɚɪɨɬɭɲɟɧɢɹ

ɋɢɫɬɟɦɵ 
ɩɪɨɬɢɜɨɞɵɦɧɨɣ 

ɡɚɳɢɬɵ 
Ɇɟɯɚɧɢɱɟɫɤɚɹ

ȿɫɬɟɫɬɜɟɧɧɚɹ
 

Ɋɢɫɭɧɨɤ 2.9 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɞɚɧɢɹ ɢ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɯ ɩɟɪɟɝɨɪɨɞɨɤ, ɡɚɞɚɜɚɟɦɵɯ ɜ ɚɥɝɨɪɢɬɦɟ 



59 

ɇɚ ɪɢɫɭɧɤɟ 2.8 ɜ ɚɥɝɨɪɢɬɦɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ: τɜɵɝ – ɜɪɟ-

ɦɹ ɜɵɝɨɪɚɧɢɹ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɩɨɦɟɳɟɧɢɢ, ɫ; ∆τ – ɜɪɟɦɟɧɧɨɣ ɲɚɝ ɪɚɫɱɟɬɚ, ɫ; 

τɝɨɪ – ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɝɨɪɟɧɢɟ ɩɨɠɚɪɧɨɣ 

ɧɚɝɪɭɡɤɢ, ɫ; qɤɪ – ɤɪɢɬɢɱɟɫɤɢɣ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ, ɤȼɬ/ɦ2;  

tɫɬ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ, °ɋ; tɤɪ – ɤɪɢɬɢɱɟ-

ɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ, °ɋ; 

 q’ –ɩɚɞɚɸɳɢɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ, ɧɚɯɨɞɹɳɢɣɫɹ ɡɚ ɫɜɟɬɨ-

ɩɪɨɡɪɚɱɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ, ɤȼɬ/ɦ2; qɩ – ɩɚɞɚɸɳɢɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ  

ɦɚɬɟɪɢɚɥɚ, ɤȼɬ/ɦ2; q1 – ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɢɡ ɩɨɦɟɳɟɧɢɹ ɦɚɝɚɡɢɧɚ, ɝɞɟ  

ɜɨɡɧɢɤ ɩɨɠɚɪ ɤȼɬ/ɦ2; q2 – ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɝɨɪɹɳɟɣ ɨɫɬɪɨɜɤɨɜɨɣ  

ɬɨɪɝɨɜɥɢ ɤȼɬ/ɦ2. 

2.7 Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɠɚɪɚ ɜ ɩɨɦɟɳɟɧɢɢ ɦɚɝɚɡɢɧɚ ɨɞɟɠɞɵ 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɛɟɡ ɭɱɟɬɚ ɞɟɣɫɬɜɢɹ ɚɤɬɢɜɧɵɯ ɫɢɫɬɟɦ ɩɪɨɬɢ-

ɜɨɩɨɠɚɪɧɨɣ ɡɚɳɢɬɵ, ɬ. ɟ. ɛɟɡ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢ ɞɵɦɨ-

ɭɞɚɥɟɧɢɹ. ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ FDS ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɚ-

ɞɚɸɳɢɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɩɪɢ ɲɢɪɢɧɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) 

ɨɬ 6 ɞɨ 10 ɦ ɨɬ ɦɚɝɚɡɢɧɚ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ 2,9–1,0 ɤȼɬ/ɦ2 (ɪɢɫɭɧɨɤ 2.10).  
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Ɋɢɫɭɧɨɤ 2.10 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢɡ ɩɨɦɟɳɟɧɢɹ ɦɚɝɚɡɢɧɚ ɨɬ ɲɢɪɢɧɵ 

ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ)  
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Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɜɨ FDS ɛɵɥɚ ɪɚɡɪɚ-

ɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ ɩɨ ɨɛɪɚɛɨɬɤɟ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɨɠɚɪɚ 

ɩɨ ɩɨɥɟɜɨɣ ɦɨɞɟɥɢ, ɢ ɩɨɥɭɱɟɧɨ ɫɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ 

ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɗȼɆ № 2016619249. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 2.10, ɩɪɢ ɩɨɠɚɪɟ ɜ ɩɨɦɟɳɟɧɢɢ ɦɚɝɚɡɢɧɚ ɜɵɩɨɥɧɹɟɬɫɹ 

ɭɫɥɨɜɢɟ ɧɟɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɫɬɨɪɨɧɭ ɦɧɨɝɨɫɜɟɬɧɨɝɨ 

ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ), ɬɚɤ ɤɚɤ ɜɟɥɢɱɢɧɚ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɟ ɩɪɟɜɵɲɚ-

ɟɬ ɤɪɢɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɩɨɦɟɳɟɧɢɣ ɬɨɪɝɨɜɥɢ ɨɞɟɠɞɨɣ 

ɪɚɜɧɨɝɨ 7,5 ɤȼɬ/ɦ2, ɤɨɬɨɪɨɟ ɛɵɥɨ ɨɛɨɫɧɨɜɚɧɨ ɜɵɲɟ. 

2.8 ȼɵɜɨɞɵ ɩɨ ɜɬɨɪɨɣ ɝɥɚɜɟ 

1. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɩɨ-

ɠɚɪɚ ɩɨ ɡɞɚɧɢɹɦ ɫ ɦɧɨɝɨɫɜɟɬɧɵɦɢ ɩɨɦɟɳɟɧɢɹɦɢ (ɚɬɪɢɭɦɵ) ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨ-

ɪɢɬɦ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɰɟɧɢɬɶ ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɲɢɪɢɧɵ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ 

(ɚɬɪɢɭɦ), ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɡɚ ɫɱɟɬ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨ-

ɨɛɦɟɧɚ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɫɬɨɪɨɧɭ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ). 

2. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɦ 

ɡɧɚɱɟɧɢɟɦ ɤɪɢɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɩɨɦɟɳɟɧɢɣ ɬɨɪɝɨɜɥɢ 

ɨɞɟɠɞɨɣ ɹɜɥɹɟɬɫɹ ɩɨɤɚɡɚɬɟɥɶ 7,5 ɤȼɬ/ɦ2.  

3. Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɡɧɚɱɟɧɢɹɯ ɭɞɟɥɶɧɨɣ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɢ ɯɚɪɚɤɬɟɪɟ ɫɨ-

ɫɬɚɜɚ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɩɨɦɟɳɟɧɢɣ ɬɨɪɝɨɜɥɢ ɨɞɟɠɞɨɣ, ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ 

ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɩɨɠɚɪɟ ɜ ɭɤɚɡɚɧɧɨɦ ɩɨɦɟɳɟɧɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɲɢɪɢɧɵ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) 6–10 ɦ. 
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ȽɅАȼА 3 

ɍɋɅɈȼɂə ɊАɁȼɂɌɂə ɉɈɀАɊА ɈɌ ɉɈɀАɊɇɈɃ ɇАȽɊɍɁɄɂ,  

ɇАХɈȾəЩȿɃɋə ȼ ɆɇɈȽɈɋȼȿɌɇɈɆ ɉɈɆȿЩȿɇɂɂ (АɌɊɂɍɆ) 

3.1 Хɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ,  

ɧɚхɨɞɹɳɟɣɫɹ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ) 

Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɪɟɡɭɥɶɬɚɬɵ ɩɨɠɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɨɛɫɥɟɞɨɜɚɧɢɣ ɡɞɚɧɢɣ  

ɜ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨɦɟɳɟɧɢɹɯ (ɚɬɪɢɭɦɵ) ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɚɡɦɟɳɚɸɬɫɹ  

ɧɚ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ – ɧɨɜɨɝɨɞɧɢɟ ɟɥɤɢ, ɪɟɤɥɚɦɧɵɟ ɛɚɧɧɟɪɵ, ɨɫɬɪɨɜɤɨɜɚɹ ɬɨɪɝɨɜɥɹ, 

ɚ ɧɚ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ – ɩɪɟɞɦɟɬɵ ɢɧɬɟɪɶɟɪɚ. ɉɨɹɜɥɟɧɢɟ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ  

ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ), ɫɨɡɞɚɟɬ ɭɫɥɨɜɢɹ ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɩɪɨ-

ɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɢɡ ɨɞɧɨɣ ɱɚɫɬɢ ɡɞɚɧɢɹ ɜ ɞɪɭɝɭɸ ɢ ɜɥɢɹɟɬ ɧɚ ɋɈɉȻ.  

Ʉɚɤ ɛɵɥɨ ɞɨɤɚɡɚɧɨ ɪɚɧɟɟ [50, 143], ɩɨɠɚɪɧɚɹ ɧɚɝɪɭɡɤɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɫɩɪɨ-

ɫɬɪɚɧɟɧɢɸ ɩɨɠɚɪɚ ɩɨ ɡɞɚɧɢɸ ɬɨɥɶɤɨ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɜɟɥɢɱɢɧ. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɭɫɥɨɜɢɣ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɩɨɠɚɪɚ ɱɟɪɟɡ 

ɦɧɨɝɨɫɜɟɬɧɨɟ ɩɨɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ) ɩɪɢ ɧɚɥɢɱɢɢ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɦɧɨɝɨɫɜɟɬ-

ɧɨɦ ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ), ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɨɛɫɥɟɞɨɜɚɧɢɟ ɛɨɥɟɟ 20 ɬɨɪɝɨɜɵɯ  

ɢ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɰɟɧɬɪɨɜ ɜ ɝɨɪɨɞɟ Ɇɨɫɤɜɟ ɢ Ɇɨɫɤɨɜɫɤɨɣ ɨɛɥɚɫɬɢ  

ɧɚ ɩɪɟɞɦɟɬ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɨɣ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɨɛɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɤɥɚɫɫɢɮɢɤɚɰɢɹ 

ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ) 

(ɪɢɫɭɧɨɤ 3.1) ɢ ɛɵɥ ɫɞɟɥɚɧ ɫɥɟɞɭɸɳɢɣ ɜɵɜɨɞ: ɩɨɠɚɪɧɚɹ ɧɚɝɪɭɡɤɚ, ɧɚɯɨɞɹɳɚɹɫɹ  

ɜ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɟ ɦɨɠɟɬ ɫ ɛɨɥɶɲɟɣ ɞɨɥɟɣ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɢɜɟɫɬɢ ɤ ɪɚɫɩɪɨ-

ɫɬɪɚɧɟɧɢɸ ɩɨɠɚɪɚ ɱɟɪɟɡ ɦɧɨɝɨɫɜɟɬɧɨɟ ɩɨɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ). 

Ⱦɚɧɧɵɣ ɜɵɜɨɞ ɛɵɥ ɫɞɟɥɚɧ ɧɚ ɨɫɧɨɜɟ ɫɥɟɞɭɸɳɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ:  

– ɝɨɪɸɱɚɹ ɧɚɝɪɭɡɤɚ ɜ ɡɨɧɟ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɜɵɲɟ, ɱɟɦ ɜ ɪɟɤɥɚɦɧɵɯ 

ɛɚɧɧɟɪɚɯ, ɭɤɪɚɲɟɧɢɹɯ ɤ ɩɪɚɡɞɧɢɤɭ; 
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– ɧɚɯɨɠɞɟɧɢɟ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɜ ɚɬɪɢɭɦɟ ɩɨ ɜɪɟɦɟɧɢ ɡɧɚɱɢɬɟɥɶɧɨ 

ɞɨɥɶɲɟ, ɱɟɦ ɭ ɪɟɤɥɚɦɧɵɯ ɛɚɧɧɟɪɨɜ ɢɥɢ ɭɤɪɚɲɟɧɢɹɯ ɤ ɩɪɚɡɞɧɢɤɭ. 

 

Ɋɢɫɭɧɨɤ 3.1 – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ) 

 

Ȼɵɥɨ ɬɚɤɠɟ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɤɨɧɫɬɪɭɤɰɢɢ ɥɚɪɶɤɨɜ, ɤɢɨɫɤɨɜ ɢ ɞɪɭɝɢɯ ɷɥɟɦɟɧ-

ɬɨɜ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɜɨɡɦɨɠɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɩɨɠɚɪɧɨɣ 

ɧɚɝɪɭɡɤɢ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ (ɪɢɫɭɧɨɤ 3.2).  

 

 

Ɋɢɫɭɧɨɤ 3.2 – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɝɨɪɸɱɢɯ ɦɚɬɟɪɢɚɥɨɜ 

ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɫɚɦɨɝɨ ɨɛɴɟɤɬɚ 

ɉɨɠɚɪɧɚɹ ɧɚɝɪɭɡɤɚ  
ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ  

ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ) 

 

Ɉɛɴɟɤɬɵ, ɫɞɟɥɚɧɧɵɟ 
ɢɡ Ⱦɋɉ ɢ ɫɬɟɤɥɚ 

Ɉɛɴɟɤɬɵ, ɫɞɟɥɚɧɧɵɟ  
ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ  
ɢ ɫɬɟɤɥɚ 

ɍɤɪɚɲɟɧɢɹ ɤ ɩɪɚɡɞ-
ɧɢɤɚɦ (ɇɨɜɵɣ ɝɨɞ, 

ɉɚɫɯɚ ɢ ɬ. ɞ.) 

 

1-ɣ ɬɢɩ ɨɛɴɟɤɬɨɜ 

 

2-ɣ ɬɢɩ ɨɛɴɟɤɬɨɜ 
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ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɥɨɫɶ ɞɜɚ ɬɢɩɚ ɤɨɧɫɬɪɭɤɰɢɢ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ.  

Ʉ ɩеɪɜɨɦɭ ɬɢɩɭ ɨɬɧɨɫɹɬɫɹ ɨɛɴɟɤɬɵ, ɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɨɪɵɯ ɫɨɫɬɨɹɬ ɢɡ ɝɨɪɸ-

ɱɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤɢɯ ɤɚɤ Ⱦɋɉ, ɚ ɬɚɤɠɟ ɢɡ ɫɬɟɤɥɚ. 

Ʉɨ ɜɬɨɪɨɦɭ ɬɢɩɭ ɨɬɧɨɫɹɬɫɹ ɨɛɴɟɤɬɵ ɤɨɧɫɬɪɭɤɰɢɢ, ɤɨɬɨɪɵɯ ɫɨɫɬɨɹɬ ɢɡ ɧɟ-

ɝɨɪɸɱɢɯ ɦɚɬɟɪɢɚɥɨɜ (ɚɥɸɦɢɧɢɟɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɬɟɤɥɚ). 

ɇɚ ɞɢɚɝɪɚɦɦɟ ɩɨɤɚɡɚɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɴɟɤɬɨɜ ɞɥɹ ɨɫɬɪɨɜɤɨ-

ɜɨɣ ɬɨɪɝɨɜɥɢ ɜ ɨɛɫɥɟɞɨɜɚɧɧɵɯ ɰɟɧɬɪɚɯ ɝ. Ɇɨɫɤɜɵ ɢ Ɇɨɫɤɨɜɫɤɨɣ ɨɛɥɚɫɬɢ 

(ɪɢɫɭɧɨɤ 3.3). ȼɫɟɝɨ ɛɵɥɨ ɨɛɫɥɟɞɨɜɚɧɨ ɛɨɥɟɟ 600 ɨɛɴɟɤɬɨɜ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ. 

 

 

Ɋɢɫɭɧɨɤ 3.3 – Ⱦɢɚɝɪɚɦɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɨɛɴɟɤɬɨɜ ɞɥɹ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ 

(ɢɬɨɝɨɜɨɟ ɧɚɛɥɸɞɟɧɢɟ ɜ ɰɟɧɬɪɚɯ)  

 

ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɚ, ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨ-

ɠɚɪɚ ɱɟɪɟɡ ɦɧɨɝɨɫɜɟɬɧɨɟ ɩɨɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ) ɹɜɥɹɟɬɫɹ ɨɫɬɪɨɜɤɨɜɚɹ ɬɨɪɝɨɜɥɹ  

ɜ ɨɛɴɟɤɬɚɯ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ Ⱦɋɉ ɢ ɫɬɟɤɥɚ, ɢɦɟɧɧɨ ɩɨɷɬɨɦɭ ɜ ɞɚɥɶɧɟɣɲɟɦ ɪɟɱɶ 

ɩɨɣɞɟɬ ɨɛ ɷɬɨɦ ɜɚɪɢɚɧɬɟ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ.  

ɉɪɢ ɨɛɫɥɟɞɨɜɚɧɢɢ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɨɠɚɪɧɭɸ ɧɚɝɪɭɡɤɭ ɨɫɬɪɨɜɤɨɜɨɣ 

ɬɨɪɝɨɜɥɢ ɦɨɠɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɩɨ ɜɢɞɭ ɩɪɨɞɚɜɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ. ɇɚɢɛɨɥɟɟ 

ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɦɚɹ ɩɪɨɞɭɤɰɢɟɹ ɜ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɟ (ɪɢɫɭɧɨɤ 3.4): 

– ɸɜɟɥɢɪɧɵɟ ɭɤɪɚɲɟɧɢɹ (ɪɢɫɭɧɨɤ 3.5);  

– ɱɟɯɥɵ ɞɥɹ ɫɨɬɨɜɵɯ ɬɟɥɟɮɨɧɨɜ (ɪɢɫɭɧɨɤ 3.6); 

– ɱɚɫɵ (ɪɢɫɭɧɨɤ 3.7); 

– ɤɨɲɟɥɶɤɢ, ɨɛɥɨɠɤɢ, ɫɭɦɤɢ, ɱɟɯɥɵ (ɪɢɫɭɧɨɤ 3.8).  

 

Ʉɨɧɫɬɪɭɤɰɢɢ ɨɛɴɟɤɬɨɜ ɨɫɬɪɨɜɤɨɜɨɣ 
ɬɨɪɝɨɜɥɢ ɢɡ Ⱦɋɉ ɢ ɫɬɟɤɥɚ –96 % 

Ʉɨɧɫɬɪɭɤɰɢɢ ɨɛɴɟɤɬɨɜ ɨɫɬɪɨɜɤɨɜɨɣ 
ɬɨɪɝɨɜɥɢ ɢɡ ɦɟɬɚɥɥɚ ɢ ɫɬɟɤɥɚ –3 % 

Ⱦɪɭɝɢɟ – 1 %  
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Ɋɢɫɭɧɨɤ 3.4 – Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɜɢɞɚ ɪɟɚɥɢɡɭɟɦɨɣ ɩɪɨɞɭɤɰɢɢ ɜ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɟ 

 

 

Ɋɢɫɭɧɨɤ 3.5 – Ɉɫɬɪɨɜɤɨɜɚɹ ɬɨɪɝɨɜɥɹ ɸɜɟɥɢɪɧɵɦɢ ɭɤɪɚɲɟɧɢɹɦɢ  

 

ɘɜɟɥɢɪɧɵɟ ɭɤɪɚɲɟɧɢя

Чɟɯɥɵ ɧɚ ɫɨɬɨɜɵɟ 
ɬɟɥɟɮɨɧɵ

Чɚɫɵ

Ʉɨɲɟɥɶɤɢ, ɨɛɥɨɠɤɢ, 
ɫɭɦɤɢ, ɱɟɯɥɵ

Дɪɭɝɢɟ

ɘɜɟɥɢɪɧɵɟ ɭɤɪɚɲɟɧɢɹ – 37 % 

ɑɟɯɥɵ ɞɥɹ ɫɨɬɨɜɵɯ ɬɟɥɟɮɨɧɨɜ –14 % 

ɑɚɫɵ –11 % 

Ʉɨɲɟɥɶɤɢ, ɨɛɥɨɠɤɢ, ɫɭɦɤɢ, ɱɟɯɥɵ – 

11 % 

Ⱦɪɭɝɢɟ – 27 % 
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Ɋɢɫɭɧɨɤ 3.6– Ɉɫɬɪɨɜɤɨɜɚɹ ɬɨɪɝɨɜɥɹ ɱɟɯɥɚɦɢ ɞɥɹ ɫɨɬɨɜɵɯ ɬɟɥɟɮɨɧɨɜ 

 

 

Ɋɢɫɭɧɨɤ 3.7– Ɉɫɬɪɨɜɤɨɜɚɹ ɬɨɪɝɨɜɥɹ ɱɚɫɚɦɢ 
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Ɋɢɫɭɧɨɤ 3.8 – Ɉɫɬɪɨɜɤɨɜɚɹ ɬɨɪɝɨɜɥɹ ɤɨɲɟɥɶɤɚɦɢ, ɨɛɥɨɠɤɚɦɢ, ɫɭɦɤɚɦɢ ɢ ɱɟɯɥɚɦɢ 

 

ȼ ɯɨɞɟ ɨɛɫɥɟɞɨɜɚɧɢɹ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɩɪɨɢɡɜɨɞɢ-

ɥɢɫɶ ɡɚɦɟɪɵ ɪɚɡɦɟɪɨɜ (ɞɥɢɧɵ, ɲɢɪɢɧɵ ɢ ɜɵɫɨɬɵ ɨɛɴɟɤɬɚ), ɫɨɛɢɪɚɥɚɫɶ ɢɧɮɨɪɦɚ-

ɰɢɹ ɩɨ ɝɨɪɸɱɟɣ ɧɚɝɪɭɡɤɟ ɬɨɜɚɪɚ, ɬɚɤɠɟ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɡɚɦɟɪɵ ɷɥɟɦɟɧɬɨɜ ɫɚɦɨɝɨ 

ɨɛɴɟɤɬɚ (ɲɢɪɢɧɚ ɢ ɞɥɢɧɚ ɫɬɨɥɟɲɧɢɰɵ, ɜɵɫɨɬɚ ɩɨɥɨɤ ɜɧɭɬɪɢ ɨɛɴɟɤɬɚ ɢ ɬ.ɞ.). 

Ⱦɥɹ ɩɨɞɫɱɟɬɚ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɭɱɢɬɵɜɚɥɚɫɶ ɩɥɨɳɚɞɶ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨ-

ɜɨɣ ɬɨɪɝɨɜɥɢ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ 80 % ɫɥɭɱɚɟɜ ɡɚɦɟɪɨɜ, ɩɥɨɳɚɞɶ ɨɛɴɟɤɬɚ 

ɥɟɠɚɥɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 8,8 ɞɨ 14,8 ɦ2. 

ȼ ɯɨɞɟ ɪɚɫɱɟɬɨɜ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɠɚɪɧɚɹ ɧɚɝɪɭɡɤɚ, ɫɨɞɟɪɠɚɳɚɹɫɹ ɜ 

ɬɨɜɚɪɟ, ɡɚɧɢɦɚɟɬ ɥɢɲɶ 17–25 % ɨɬ ɨɛɳɟɣ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ.  

ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɡɧɚɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɨɫɬɪɨɜɤɨ-

ɜɨɣ ɬɨɪɝɨɜɥɟ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɭɫɟɱɟɧɧɵɦ ɧɨɪɦɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɜ ɪɚɡɦɟɪɟ 

594,7±94,7 ɆȾɠ/ɦ2. 
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3.2 Ɍɟɨɪɟɬɢчɟɫɤɢɟ ɨɫɧɨɜɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ  

ɩɨ ɦɧɨɝɨɫɜɟɬɧɨɦɭ ɩɨɦɟɳɟɧɢɸ (ɚɬɪɢɭɦ) 

ɉɪɟɨɛɥɚɞɚɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ ɱɟɪɟɡ ɦɧɨɝɨɫɜɟɬɧɨɟ 

ɩɨɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ) ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶ ɬɟɩɥɨɜɨɟ ɢɡɥɭɱɟɧɢɟ, ɩɪɢ ɷɬɨɦ ɬɟɩɥɨɩɪɨɜɨɞ-

ɧɨɫɬɶ ɢ ɤɨɧɜɟɤɰɢɹ ɧɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ ɛɭɞɭɬ ɜɥɢɹɬɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢɡ-ɡɚ 

ɧɚɩɪɚɜɥɟɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɢɦɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ [29].  

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɤɨɧɨɜ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɦɟɠɞɭ ɩɪɨɢɡɜɨɥɶɧɨ ɪɚɫ-

ɩɨɥɨɠɟɧɧɵɦɢ ɬɟɥɚɦɢ ɹɜɥɹɟɬɫɹ ɡɚɤɨɧ ɋɬɟɮɚɧɚ – Ȼɨɥɶɰɦɚɧɚ [34]. Ⱦɥɹ ɪɚɫɱɟɬɨɜ 

ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɪɚɫɫɬɨɹɧɢɣ ɨɧ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ ɮɨɪɦɭɥɵ (3.1): 

 
4

ɩ ɩɪ 0 ɩɥ 1 2ε σ φq Т  , (3.1) 

ɝɞɟ qɩ – ɩɚɞɚɸɳɢɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ȼɬ/ɦ2; εɩɪ – ɩɪɢɜɟɞɟɧɧɚɹ ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɫɢ-

ɫɬɟɦɵ; σ0 = 5,67·10–8 ȼɬ/(ɦ2 ·Ʉ4) – ɩɨɫɬɨɹɧɧɚɹ ɋɬɟɮɚɧɚ – Ȼɨɥɶɰɦɚɧɚ; Tɩɥ – ɬɟɦɩɟɪɚ-

ɬɭɪɚ ɩɥɚɦɟɧɢ, Ʉ; φ1–2 – ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɥɭɱɟɧɧɨɫɬɢ.  

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɮɨɪɦɭɥɵ (3.1) ɡɚɬɪɭɞɧɟɧɨ ɢɡ-ɡɚ 

ɬɨɝɨ, ɱɬɨ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ ɟɫɬɶ ɞɜɚ ɩɚɪɚɦɟɬɪɚ, ɞɚɧɧɵɟ ɩɨ ɤɨɬɨɪɵɦ ɨɬɫɭɬ-

ɫɬɜɭɸɬ ɢɥɢ ɧɟ ɞɨ ɤɨɧɰɚ ɢɡɭɱɟɧɵ – ɷɬɨ ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɥɭɱɟɧɧɨɫɬɢ ɢ ɬɟɦ-

ɩɟɪɚɬɭɪɚ ɩɥɚɦɟɧɢ. 

ȼ ɞɚɧɧɨɟ ɜɪɟɦɹ ɞɥɹ ɪɚɫɱɟɬɨɜ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɝɨɪɟɧɢɢ ɞɪɟ-

ɜɟɫɢɧɵ ɢ ɢɡɞɟɥɢɣ ɢɡ ɞɪɟɜɟɫɢɧɵ ɛɟɪɭɬ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɦɟɧɢ 1300 Ʉ [42, 43].  

ɉɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɦɟɧɢ ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɣ, ɢɡ-

ɝɨɬɨɜɥɟɧɧɵɯ ɢɡ Ⱦɋɉ ɧɟ ɤɨɪɪɟɤɬɧɨ, ɬɚɤ ɤɚɤ Ⱦɋɉ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɢɡ ɜɹɠɭɳɢɯ 

ɫɦɨɥ ɢ ɫɬɪɭɠɟɤ ɞɪɟɜɟɫɢɧɵ, ɨɤɚɡɵɜɚɸɳɢɟ ɜɥɢɹɧɢɟ ɧɚ ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ. 

ɉɨɷɬɨɦɭ ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɬ ɨɩɟɪɢɪɨɜɚɬɶ ɩɨɧɹɬɢɟɦ ɢɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧ-

ɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ, ɜ ɤɨɬɨɪɭɸ ɜɯɨɞɢɬ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɦɟɧɢ. 

ɂɧɬɟɝɪɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3.2): 

 
4

ɢ ɩɥ 0 ɩɥ=ε σq T ,  (3.2) 

ɝɞɟ εɩɥ – ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɩɥɚɦɟɧɢ. 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɨɛɥɭɱɟɧɧɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɬɪɟɯ ɩɚɪɚɦɟɬɪɨɜ: ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ, 

ɲɢɪɢɧɵ ɩɥɚɦɟɧɢ ɢ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɩɥɚɦɟɧɢ ɞɨ ɨɛɥɭɱɚɟɦɨɝɨ ɬɟɥɚ.  

ɉɨ ɫɥɨɠɢɜɲɟɣɫɹ ɩɪɚɤɬɢɤɟ ɞɥɹ ɬɜɟɪɞɵɯ ɝɨɪɸɱɢɯ ɦɚɬɟɪɢɚɥɨɜ ɲɢɪɢɧɭ ɩɥɚ-

ɦɟɧɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ (3.3) [144]: 

 ɥ ɫɜ2b V t ,  (3.3) 

ɝɞɟ b – ɲɢɪɢɧɚ ɩɥɚɦɟɧɢ, ɦ; Vɥ – ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɥɚɦɟɧɢ tɫɜ – ɜɪɟɦɹ 

ɫɜɨɛɨɞɧɨɝɨ ɝɨɪɟɧɢɹ, ɫ. 

Ⱦɥɹ ɬɜɟɪɞɵɯ ɝɨɪɸɱɢɯ ɦɚɬɟɪɢɚɥɨɜ (Ⱦɋɉ), ɩɪɢɦɟɧɟɧɧɵɯ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ 

ɨɛɴɟɤɬɨɜ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ, ɜ ɫɩɪɚɜɨɱɧɢɤɚɯ ɧɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɩɨ 

ɨɩɪɟɞɟɥɟɧɢɸ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ ɜ ɨɩɪɟɞɟɥɟɧɢɢ 

ɜɟɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɥɚɦɟɧɢ ɩɪɢ ɝɨɪɟɧɢɢ ɨɛɴɟɤɬɨɜ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ. 

3.3 Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɥɚɦɟɧɢ,  

ɩɪɢ ɝɨɪɟɧɢɢ ɨɛɴɟɤɬɨɜ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɲɟ ɧɚɡɜɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɧɚɬɭɪ-

ɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɵɯ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɩɨ ɜɵɫɨɬɟ ɩɥɚɦɟɧɢ 

ɢ ɢɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ. 

3.3.1 ȼɵɛɨɪ ɢɫхɨɞɧɵх ɞɚɧɧɵх ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɉɨɞɝɨɬɨɜɢɬɟɥɶɧɵɦ ɷɬɚɩɨɦ ɤ ɩɪɨɜɟɞɟɧɢɸ ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥ ɜɵ-

ɛɨɪ ɦɨɞɟɥɢ ɤɨɧɮɢɝɭɪɚɰɢɢ ɨɛɴɟɤɬɚ ɢɡ Ⱦɋɉ. ȼ ɯɨɞɟ ɚɧɚɥɢɡɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɦɨɞɟɥɶ 

ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ, ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɦɚɹ ɜ ɡɞɚɧɢɹɯ 

(ɪɢɫɭɧɨɤ 3.9).  
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Ɋɢɫɭɧɨɤ 3.9 – 3D-ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ (ɬɢɩɢɱɧɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ) 

 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ ɜɵɛɪɚɧɵ ɧɚ ɨɫɧɨɜɟ ɨɛɫɥɟɞɨɜɚ-

ɧɢɹ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ). Ƚɥɚɜɧɵɦ ɤɪɢɬɟɪɢɟɦ 

ɜɵɛɨɪɚ ɹɜɥɹɥɚɫɶ ɱɚɫɬɨɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɪɚɡɦɟɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.10. 

 

 

Ɋɢɫɭɧɨɤ 3.10 – Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ 

ɚ – ɮɪɨɧɬɚɥɶɧɵɣ ɜɢɞ; ɛ – ɜɢɞ ɫɜɟɪɯɭ; ɜ – ɜɢɞ ɫɛɨɤɭ 

ȼ ɦɨɞɟɥɢ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɫɬɟɤɥɚ ɜ ɨɛɴɟɤɬɟ 

ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɫɬɟɤɥɨ ɧɟ ɛɭɞɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɬɶ ɧɚ ɜɵɫɨɬɭ ɩɥɚɦɟɧɢ. 

ɉɨɠɚɪɧɚɹ ɧɚɝɪɭɡɤɚ, ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɬɨɜɚɪɟ, ɢɦɢɬɢɪɨɜɚɥɚɫɶ ɛɪɭɫɤɚɦɢ Ⱦɋɉ. 

ɚ 

ɛ 

ɜ 
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3.3.2 Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.11.  

 

 

Ɋɢɫɭɧɨɤ 3.11 – ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ 

ɬɨɪɝɨɜɥɢ: 1 – ɩɪɢɟɦɧɢɤ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ Ɍɉ-2003 ɬɢɩɚ Ƚɨɪɞɨɧɚ; 2 – ɲɬɚɬɢɜ; 

3 – ɷɤɲɧ-ɤɚɦɟɪɚ SJCAM M10 Cube Mini; 4 – ɨɛɴɟɤɬ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ 

 

ɉɪɢɟɦɧɢɤ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ Ɍɉ-2003 ɬɢɩɚ Ƚɨɪɞɨɧɚ (ɞɚɥɟɟ – ɩɪɢɟɦɧɢɤ ɬɟɩ-

ɥɨɜɨɝɨ ɩɨɬɨɤɚ) ɭɫɬɚɧɚɜɥɢɜɚɥɫɹ ɧɚ ɜɵɫɨɬɟ 0,95 ɦ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 2,5 ɦ ɨɬ ɨɛɴɟɤɬɚ 

ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ. ɉɪɢɟɦɧɢɤ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɭɫɬɚɧɚɜɥɢɜɚɥɫɹ ɩɨɫɟɪɟɞɢɧɟ 

ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ. ɗɤɲɧ-ɤɚɦɟɪɚ SJCAM M10 Cube Mini ɭɫɬɚɧɚɜɥɢɜɚ-

ɥɚɫɶ ɧɚ ɜɵɫɨɬɟ 0,95 ɦ ɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɜ 5 ɦ ɨɬ ɩɪɢɟɦɧɢɤɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. 

ɗɤɲɧ-ɤɚɦɟɪɚ SJCAM M10 Cube Mini ɫ ɩɪɢɟɦɧɢɤɨɦ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɭɫɬɚɧɚɜɥɢ-

ɜɚɥɚɫɶ ɧɚ ɨɞɧɨɣ ɥɢɧɢɢ, ɜɨ ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɷɤɲɧ-ɤɚɦɟɪɚ SJCAM M10 Cube 

Mini ɧɚɯɨɞɢɥɚɫɶ ɜ ɡɚɮɢɤɫɢɪɨɜɚɧɧɨɦ ɩɨɥɨɠɟɧɢɢ. 

ɉɪɢ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɪɢɦɟɧɹɥɫɹ ɩɪɢɟɦɧɢɤ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ (ɪɢɫɭɧɨɤ 3.12), 

ɩɪɢɱɟɦ ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɹɟɦɵɯ ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚ-

ɡɨɧɟ ɨɬ 1 ɞɨ 100 ɤȼɬ/ɦ2, ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɢɟɦɧɢɤɚ – 93,5 (ɦɤȼ·ɦ2)/ɤȼɬ, ɩɨ-

ɝɪɟɲɧɨɫɬɶ ɩɪɢɟɦɧɢɤɚ ɫɨɫɬɚɜɥɹɟɬ ±4,8%. 

1 

3 

2 
4 
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Ɋɢɫɭɧɨɤ 3.12 – ɉɪɢɟɦɧɢɤ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ  

 

ɋɴɟɦ ɞɚɧɧɵɯ ɫ ɩɪɢɟɦɧɢɤɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɩɟɪɟɞɚɱɚ ɢɯ ɧɚ ɤɨɦɩɶɸɬɟɪ  

ɫ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɢɯ ɡɚɩɢɫɶɸ ɛɵɥɨ ɨɫɭɳɟɫɬɜɥɟɧɨ ɫ ɩɨɦɨɳɶɸ ɜɨɥɶɬɦɟɬɪɚ ɭɧɢɜɟɪ-

ɫɚɥɶɧɨɝɨ ɰɢɮɪɨɜɨɝɨ ȼ7-78/1 (ɪɢɫɭɧɨɤ 3.13): ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ ɜɨɥɶɬɦɟɬɪɚ ɫɨ-

ɫɬɚɜɥɹɟɬ ɨɬ 0,1 ɦɤȼ ɞɨ 1000 ȼ, ɩɨɝɪɟɲɧɨɫɬɶ ɜɨɥɶɬɦɟɬɪɚ – 0,004 %, ɩɨɞɤɥɸɱɟɧɢɟ  

ɤ ɤɨɦɩɶɸɬɟɪɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɩɪɨɜɨɞ USB. 

 

Ɋɢɫɭɧɨɤ 3.13 – ȼɨɥɶɬɦɟɬɪ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɰɢɮɪɨɜɨɣ ȼ7-78/1 
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Ɂɚɩɢɫɶ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɧɚ ɷɤɲɧ-ɤɚɦɟɪɭ SJCAM M10 Cube 

Mini (ɪɢɫɭɧɨɤ 3.14), ɩɪɢ ɷɬɨɦ ɮɨɪɦɚɬ ɡɚɩɢɫɢ – 720p, ɱɚɫɬɨɬɚ ɤɚɞɪɨɜ ɩɪɢ ɫɴɟɦɤɟ 

ɜɢɞɟɨ – 60 ɤɚɞɪɨɜ/ɫ. 

 

 

Ɋɢɫɭɧɨɤ 3.14 – ɗɤɲɧ-ɤɚɦɟɪɚ SJCAM M10 Cube Mini 

 

Ɂɚɩɢɫɶ ɜɢɞɟɨ ɢ ɞɚɧɧɵɯ ɫ ɩɪɢɟɦɧɢɤɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ  

ɫ ɩɪɢɜɹɡɤɨɣ ɤ ɚɫɬɪɨɧɨɦɢɱɟɫɤɨɦɭ ɜɪɟɦɟɧɢ. ȼɪɟɦɹ ɦɟɠɞɭ ɷɤɲɧ-ɤɚɦɟɪɨɣ SJCAM 

M10 Cube Mini ɢ ɤɨɦɩɶɸɬɟɪɨɦ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɥɚ ɡɚɩɢɫɶ ɞɚɧɧɵɯ ɫ ɩɪɢɟɦ-

ɧɢɤɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɛɵɥɨ ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɧɨ. 

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɤɚɠɞɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚ-

ɪɚɦɟɬɪɨɜ ɩɥɚɦɟɧɢ ɜ ɩɥɨɫɤɨɫɬɢ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɭɫɬɚɧɚɜɥɢɜɚɥɚɫɶ 

ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɫɟɬɤɚ. ȼɵɫɨɬɚ ɫɟɬɤɢ – 3 ɦ, ɲɢɪɢɧɚ – 8 ɦ, ɪɚɡɦɟɪɵ ɹɱɟɣɤɢ ɫɟɬɤɢ ɫɨ-

ɫɬɚɜɥɹɥɢ 0,1×0,1 ɦ. 

ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɫɹ ɞɧɟɦ, ɜ ɛɟɡɜɟɬɪɟɧɧɭɸ ɩɨɝɨɞɭ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ 

ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ ɜ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɡɦɟɧɹɥɚɫɶ ɜ ɞɢɚɩɚɡɨɧɟ 

ɨɬ 30 ɞɨ 60 %, ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɢɡɦɟɧɹɥɚɫɶ ɨɬ 18 ɞɨ 25 °ɋ. 
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3.3.3 ɂɧɬɟɝɪɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭчɟɧɢɹ ɩɥɚɦɟɧɢ 

ɉɟɪɜɵɦ ɷɬɚɩɨɦ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɛɵɥɨ ɧɚɯɨɠɞɟɧɢɟ 

ɢɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ ɢɡ ɮɨɪɦɭɥɵ (3.4) [42, 43, 47]:  ɩ ɢ 1 2φq q  .  (3.4) 

ɉɨɞɟɥɢɜ ɥɟɜɭɸ ɢ ɩɪɚɜɭɸ ɱɚɫɬɶ ɧɚ ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɥɭɱɟɧɧɨɫɬɢ ɩɨ-

ɥɭɱɚɟɦ ɮɨɪɦɭɥɭ (3.5) ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ 

ɩɥɚɦɟɧɢ:  ɩ
ɢ

1 2φ
q

q


 .  (3.5) 

ȼɟɥɢɱɢɧɚ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɫ ɩɨɦɨɳɶɸ ɩɪɢɟɦ-

ɧɢɤɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. ɉɨɤɚɡɚɧɢɹ ɫ ɩɪɢɟɦɧɢɤɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɡɚɩɢɫɵɜɚɥɢɫɶ  

ɧɚ ɤɨɦɩɶɸɬɟɪ ɫ ɩɪɢɜɹɡɤɨɣ ɤ ɚɫɬɪɨɧɨɦɢɱɟɫɤɨɦɭ ɜɪɟɦɟɧɢ. 

Ⱥɥɝɨɪɢɬɦ ɜɵɱɢɫɥɟɧɢɹ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ: 

1. ɂɡɜɥɟɱɟɧɢɟ ɢɡ ɜɢɞɟɨ ɤɚɞɪɚ ɫ ɩɥɚɦɟɧɟɦ. 

2. ȼɵɱɢɫɥɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɥɚɦɟɧɢ (ɦɚɤɫɢɦɚɥɶɧɨɣ ɜɵɫɨɬɵ 

ɩɥɚɦɟɧɢ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɲɢɪɢɧɵ ɩɥɚɦɟɧɢ) ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɟɦɧɢɤɚ ɬɟɩɥɨɜɨɝɨ 

ɩɨɬɨɤɚ ɫ ɩɨɦɨɳɶɸ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ AutoCAD 2016 ɫ ɧɚɥɨɠɟɧɢɟɦ ɦɚɫ-

ɲɬɚɛɧɨɣ ɫɟɬɤɢ. 

3. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɬɭɪɚ ɩɥɚɦɟɧɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ 

Adobe Photoshop CC. 

4. Ɂɚɝɪɭɡɤɚ ɜɟɥɢɱɢɧɵ ɤɨɧɬɭɪɚ ɩɥɚɦɟɧɢ ɜ ɩɪɨɝɪɚɦɦɭ COMSOL 

Multiphisics 5.2 ɢɥɢ Wolfram Mathematica 10.4.1, ɢ ɜɜɟɞɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚ-

ɦɟɬɪɨɜ ɩɥɚɦɟɧɢ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɟɦɧɢɤɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. 

ȼɵɱɢɫɥɟɧɢɟ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ ɩɥɚɦɟɧɢ ɩɪɨɢɡɜɨɞɢɥɨɫɶ 

ɩɪɢ ɩɨɦɨɳɢ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɝɪɚɦɦ COMSOL Multiphisics 5.2 ɢ Wolfram Mathe-

matica 10.4.1.  
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Ȼɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ ɩɨ ɪɚɫɱɟɬɭ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧ-

ɧɨɫɬɢ ɮɚɤɬɢɱɟɫɤɨɝɨ ɮɚɤɟɥɚ ɩɥɚɦɟɧɢ ɢ ɩɨɥɭɱɟɧɨ ɫɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 

ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɗȼɆ № 2016661290. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɜɟ ɧɟɡɚɜɢɫɢɦɵɟ ɩɪɨɝɪɚɦɦɵ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ 

ɩɨɞɬɜɟɪɞɢɬɶ ɩɪɚɜɢɥɶɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɨɜɨɞɢɥɨɫɶ 

ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚ ɬɟɫɬɨɜɵɯ ɡɚɞɚɱɚɯ ɫ ɢɡɜɟɫɬɧɵɦ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɪɟɲɟɧɢɟɦ. 

Ɋɚɫɱɟɬ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧ ɫ ɢɧ-

ɬɟɝɪɢɪɨɜɚɧɢɟɦ, ɬ. ɟ. ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɥɭɱɟɧɧɨɫɬɢ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɝɟɨ-

ɦɟɬɪɢɢ ɩɥɚɦɟɧɢ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɟɦɧɢɤɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. Ɋɚɫɫɱɢɬɚɬɶ ɭɝɥɨ-

ɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɥɭɱɟɧɧɨɫɬɢ ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɩɨɜɟɪɯɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɢ ɩɨ-

ɜɟɪɯɧɨɫɬɶ ɩɪɢɟɦɚ ɩɚɪɚɥɥɟɥɶɧɵ, ɦɨɠɧɨ ɩɨ ɮɨɪɦɭɥɟ (3.6) [131] (ɝɪɚɮɢɱɟɫɤɚɹ ɢɧ-

ɬɟɪɩɪɟɬɚɰɢɹ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.15):  
    

1 1 2 2

1 1 2 2

2

0
1 2 2 2 1 12 2 2

2 2 2 2 1 2 1 2 0

1φ
π( )( )

b b b b

a a a a

y x y x

b a b a y x y x

z
dx dy dx dy

y y x x x x y y z
 

     
    (3.6) 

 

 
Ɋɢɫɭɧɨɤ 3.15 – Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɚɧɧɵɯ  

ɞɥɹ ɪɚɫɱɟɬɚ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ [145]  
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ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɪɚɫɫɱɢɬɚɬɶ ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɥɭɱɟɧɧɨɫɬɢ ɦɨɠɧɨ  

ɩɨ ɮɨɪɦɭɥɟ (3.7) [146] (ɝɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɧɚ ɪɢɫɭɧɤɟ 3.16):  2

cos(θ )cos(θ )1φ
π

i j

i j

i j i j

i A A

dAdA
A R

    . (3.7) 

 

 

Ɋɢɫɭɧɨɤ 3.16 – Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫɱɟɬɚ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɨɛɥɭɱɟɧɧɨɫɬɢ [146] 

 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɮɚɤɬɢɱɟɫɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɚɦɟɧɢ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɣ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɢɝɭɪɨɣ, ɬ. ɟ. ɩɪɟɞɟɥɵ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɡɚɞɚɸɬɫɹ ɮɭɧɤɰɢɹɦɢ  

(ɪɢɫɭɧɨɤ 3.17).  

 

 

Ɋɢɫɭɧɨɤ 3.17 – Ɏɪɚɝɦɟɧɬ ɩɥɚɦɟɧɢ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ 
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ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɪɟɲɟɧɢɟɦ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɹɜɥɹɟɬɫɹ ɭɦɧɨɠɟɧɢɟ ɩɨɞɵɧ-

ɬɟɝɪɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɧɚ ɧɟɤɨɬɨɪɭɸ ɜɟɫɨɜɭɸ ɮɭɧɤɰɢɸ, ɤɨɬɨɪɚɹ ɜ ɡɨɧɟ ɩɥɚɦɟɧɢ 

ɪɚɜɧɚ 1, ɚ ɡɚ ɟɝɨ ɩɪɟɞɟɥɚɦɢ – 0. ɉɪɢ ɷɬɨɦ ɝɪɚɧɢɰɵ ɦɨɠɧɨ ɡɚɞɚɬɶ ɪɚɡɦɵɬɵɦɢ,  

ɬ. ɟ. ɜ ɨɛɥɚɫɬɢ ɝɪɚɧɢɰ ɜɟɫɨɜɚɹ ɮɭɧɤɰɢɹ ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɩɥɚɜɧɨ ɨɬ 0 ɞɨ 1. Ɍɚɤɨɣ 

ɩɨɞɯɨɞ ɧɚɢɛɨɥɟɟ ɚɞɟɤɜɚɬɟɧ ɜ ɞɚɧɧɨɣ ɡɚɞɚɱɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢ-

ɪɨɜɚɧɢɹ, ɩɪɢ ɷɬɨɦ ɪɟɚɥɶɧɨ ɝɪɚɧɢɰɵ ɩɥɚɦɟɧɢ ɧɟɫɤɨɥɶɤɨ ɪɚɡɦɵɬɵ.  

ɉɪɟɞɥɨɠɟɧɧɵɣ ɩɨɞɯɨɞ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɜɯɨɞɧɵɦ ɞɚɧɧɵɦ  

ɢ ɜ ɬɨɠɟ ɜɪɟɦɹ ɭɩɪɨɳɚɟɬ ɱɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɪɨɢɡɜɨɥɶɧɵ-

ɦɢ ɤɪɚɹɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɪɚɡɪɵɜɚɦɢ ɝɪɚɧɢɰ. 

Ɋɚɛɨɬɚ ɚɥɝɨɪɢɬɦɚ ɛɵɥɚ ɩɪɨɜɟɪɟɧɚ ɧɚ ɬɟɫɬɨɜɵɯ ɡɚɞɚɱɚɯ ɫ ɢɡɜɟɫɬɧɵɦ ɪɟɲɟɧɢɟɦ.  

ɋɪɚɜɧɟɧɢɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɨɜ ɜ ɩɪɨɝɪɚɦɦɚɯ COMSOL Multiphisics 5.2  

ɢ Wolfram Mathematica 10.4.1 ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɧɚ ɩɪɢɦɟɪɟ ɞɜɭɯ ɩɚɪɚɥɥɟɥɶɧɵɯ 

ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɨ  

ɜ ɪɚɛɨɬɟ [29]. ȼ ɬɚɛɥɢɰɟ 3.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɯɟɦɵ ɢ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɭɝɥɨɜɨ-

ɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. 

 

Ɍɚɛɥɢɰɚ 3.1 – ɋɯɟɦɵ ɢ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ 

ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ [29]  

ɋɯɟɦɚ ɍɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɥɭɱɟɧɧɨɫɬɢ 
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Ɍɟɫɬɨɜɵɟ ɪɚɫɱɟɬɵ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɡɧɚɱɟɧɢɹɦɢ: b = 100 ɦɦ, 

h = 50 ɦɦ, r = 25 ɦɦ, ɞɚɬɱɢɤ 22 ɦɦ, ɨɛɥɭɱɚɟɦɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɫɩɨɥɚɝɚɥɚɫɶ 

ɧɚɩɪɨɬɢɜ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɰɟɧɬɪɚ ɢɡɥɭɱɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

ɇɟɤɨɬɨɪɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2. 

 

Ɍɚɛɥɢɰɚ 3.2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɣ: ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɢ ɜ ɩɪɨɝɪɚɦɦɚɯ COMSOL 

Multiphisics 5.2 ɢ Wolfram Mathematica 10.4.1 

Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɹ ɩɨ 

ɭɪɚɜɧɟɧɢɹɦ [18] 

COMSOL Multiphisics 5.2 Wolfram Mathematica 10.4.1 

0,22078 0,22077 0,22072 

 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɚɤɬɢɱɟɫɤɢ ɚɧɚɥɨɝɢɱɧɵ, ɚɞɟɤɜɚɬɧɨɫɬɶ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨ-

ɜɚɧɢɹ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ. 

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ, ɤɚɤ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɪɚɧɟɟ, ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɩɨɥɭɱɟɧɢɹ 

ɜɟɫɨɜɨɣ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɚɹ ɡɚɬɟɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ. ɇɚ ɪɢɫɭɧɤɚɯ 

3.18, 3.19 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɤɪɢɧɲɨɬɵ ɩɪɨɝɪɚɦɦ COMSOL Multiphisics 5.2, Wolfram 

Mathematica 10.4.1 ɧɚ ɤɨɬɨɪɵɯ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɡɚɞɚɧɢɟ ɜɟɫɨɜɨɣ ɮɭɧɤɰɢɢ  

ɩɨ ɢɡɨɛɪɚɠɟɧɢɸ, ɩɨɤɚɡɚɧɧɨɦɭ ɧɚ ɪɢɫɭɧɤɟ 3.17. Ɍɨɱɤɨɣ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ  

ɩɨ ɭɦɨɥɱɚɧɢɸ ɫɱɢɬɚɟɬɫɹ ɥɟɜɵɣ ɧɢɠɧɢɣ ɤɪɚɣ ɤɨɧɬɭɪɚ ɩɥɚɦɟɧɢ. 

 
 

Ɋɢɫɭɧɨɤ 3.18 – Ɂɚɞɚɧɢɟ ɜɟɫɨɜɨɣ ɮɭɧɤɰɢɢ ɜ COMSOLMultiphisics 5.2 
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Ɋɢɫɭɧɨɤ 3.19 – Ɂɚɞɚɧɢɟ ɜɟɫɨɜɨɣ ɮɭɧɤɰɢɢ ɜ Wolfram Mathematica 10.4.1 

 

Ɋɚɫɱɟɬɵ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɡɧɚɱɟɧɢɹɦɢ: ɲɢɪɢɧɚ ɩɥɚɦɟɧɢ –  

2 ɦ, ɜɵɫɨɬɚ ɩɥɚɦɟɧɢ – 1 ɦ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɪɢɟɦɧɢɤɨɦ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ  

ɢ ɩɥɚɦɟɧɟɦ 5 ɦ, ɫɦɟɳɟɧɢɟ ɰɟɧɬɪɚ ɩɪɢɟɦɧɢɤɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɨ ɨɫɹɦ х ɢ ɭ ɫɨ-

ɫɬɚɜɥɹɥɚ 0,25 ɦ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.3. 

 

Ɍɚɛɥɢɰɚ 3.3 – Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ ɜ ɩɪɨɝɪɚɦ-

ɦɚɯ COMSOL Multiphisics 5.2 ɢ Wolfram Mathematica 10.4.1 

COMSOL Multiphisics 5.2 Wolfram Mathematica 10.4.1 

0,011801 0,011628 

 

Ɋɚɡɥɢɱɢɹ ɜ ɡɧɚɱɟɧɢɹɯ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɛɴɹɫɧɹɟɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɚɥ-

ɝɨɪɢɬɦɚɦɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɪɚɫɱёɬɧɨɣ ɫɟɬɤɢ.  

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɚ ɜ COMSOL Multiphisics 5.2 ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɨɛɥɭɱɟɧɧɨɫɬɢ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɩɪɢɥɨɠɟɧɢɟ. ɇɚ ɪɢɫɭɧɤɟ 3.20 ɩɪɟɞɫɬɚɜɥɟɧ ɢɧ-

ɬɟɪɮɟɣɫ ɷɬɨɝɨ ɩɪɢɥɨɠɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 3.20 – ɉɪɢɥɨɠɟɧɢɟ ɩɨ ɪɚɫɱɟɬɭ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ ɮɚɤɬɢɱɟɫɤɨɝɨ 

ɮɚɤɟɥɚ ɩɥɚɦɟɧɢ 

 

ɉɪɢ ɜɵɱɢɫɥɟɧɢɹɯ Иɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ ɢɫɩɨɥɶ-

ɡɨɜɚɥɢɫɶ ɡɧɚɱɟɧɢɹ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɨɞɧɨ-

ɦɭ ɤɚɞɪɭ ɜ ɩɪɨɝɪɚɦɦɚɯ COMSOL Multiphisics 5.2 ɢ Wolfram Mathematica 10.4.1 

ɩɪɢ ɪɚɡɧɢɰɟ ɦɟɠɞɭ ɧɢɦɢ ɦɟɧɶɲɟ 10 %. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ Иɧɬɟɝɪɚɥɶɧɨɣ ɢɧ-

ɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ ɩɪɢ ɝɨɪɟɧɢɢ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɩɪɟɞ-

ɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.21. 
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Ɋɢɫɭɧɨɤ 3.21 – Ɂɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ ɩɪɢ ɝɨɪɟɧɢɢ 

 ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɨɬ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ: 

 

 

 

Ɂɧɚɱɟɧɢɟɦ Иɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ ɩɪɢ ɝɨɪɟɧɢɢ 

ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ 72,2±8,4 ɤȼɬ/ɦ2. 

3.3.4 Ƚɟɨɦɟɬɪɢчɟɫɤɢɟ хɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɦɟɧɢ  

ȼ ɯɨɞɟ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɜɢɞɟɨɦɚɬɟɪɢɚɥɨɜ ɛɵɥɨ ɫɞɟɥɚɧɨ ɩɪɟɞ-

ɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɩɥɨɫɤɨɫɬɶ ɩɥɚɦɟɧɢ ɜɨɡɦɨɠɧɨ ɩɪɢɧɢɦɚɬɶ ɡɚ ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɮɨɪ-

ɦɭ ɞɥɹ ɪɚɫɱɟɬɚ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ  

(ɪɢɫɭɧɨɤ 3.22). 

 

Уɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɥɭɱɟɧɧɨɫɬɢ

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ

Ʌɢɧɟɣɧɚя (ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ)

ɂ
ɧɬ

ɟɝ
ɪɚ

ɥɶ
ɧɚ

ɹ 
ɢɧ

ɬɟ
ɧɫ

ɢɜ
ɧɨ

ɫɬ
ɶ 

ɢɡ
ɥɭ

ɱɟ
ɧɢ

ɹ 
ɩɥ

ɚɦ
ɟɧ

ɢ,
 ɤ

ȼ
ɬ/

ɦ2
  

Ʌɢɧɟɣɧɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
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Ɋɢɫɭɧɨɤ 3.22 – ɉɪɢɦɟɪɵ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ ɩɥɚɦɟɧɢ 

ɩɪɢ ɝɨɪɟɧɢɢ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ: 

ɚ – ɞɥɢɧɚ ɫɠɢɝɚɟɦɨɝɨ ɨɛɴɟɤɬɚ 4,4 ɦ; ɛ – ɞɥɢɧɚ ɫɠɢɝɚɟɦɨɝɨ ɨɛɴɟɤɬɚ 5,4 ɦ; 

ɜ – ɞɥɢɧɚ ɫɠɢɝɚɟɦɨɝɨ ɨɛɴɟɤɬɚ 7,4 ɦ 

 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɞɬɜɟɪɞɢɬɶ ɜɵɞɜɢɧɭɬɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ 

ɪɚɫɱɟɬ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ ɮɚɤɬɢɱɟɫɤɨɝɨ ɮɚɤɟɥɚ ɩɥɚɦɟɧɢ ɢ ɮɚ-

ɤɟɥɚ ɩɥɚɦɟɧɢ ɩɪɢɜɟɞɟɧɧɨɣ ɤ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɟ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɢ ɩɪɨɢɡɜɟɞɟɧɵ 

ɞɟɣɫɬɜɢɹ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 

1. ɂɡɜɥɟɱɟɧɢɟ ɢɡ ɜɢɞɟɨ ɤɚɞɪɚ ɫ ɩɥɚɦɟɧɟɦ. 

2. ȼɵɱɢɫɥɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɥɚɦɟɧɢ (ɦɚɤɫɢɦɚɥɶɧɨɣ ɜɵɫɨɬɵ 

ɩɥɚɦɟɧɢ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɲɢɪɢɧɵ ɩɥɚɦɟɧɢ) ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɟɦɧɢɤɚ ɬɟɩɥɨɜɨɝɨ 

ɩɨɬɨɤɚ ɫ ɩɨɦɨɳɶɸ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ AutoCAD 2016 ɫ ɧɚɥɨɠɟɧɢɟɦ ɦɚɫ-

ɲɬɚɛɧɨɣ ɫɟɬɤɢ. 

3. ȼɵɱɢɫɥɟɧɢɟ ɩɪɢɜɟɞɟɧɧɨɣ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɩɪɢ-

ɦɟɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ AutoCAD 2016 ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɞɟɣɫɬɜɢɣ: 

– ɜɵɱɢɫɥɟɧɢɟ ɩɥɨɳɚɞɢ ɩɥɚɦɟɧɢ; 

– ɧɚɯɨɠɞɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɲɢɪɢɧɵ ɩɥɚɦɟɧɢ; 

– ɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ ɩɥɚɦɟɧɢ ɧɚ ɦɚɤɫɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɩɥɚɦɟɧɢ. 

4. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɬɭɪɚ ɩɥɚɦɟɧɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ 

Adobe Photoshop CC. 

ɚ ɛ 

ɜ 
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5. Ɂɚɝɪɭɡɤɚ ɜɟɥɢɱɢɧɵ ɤɨɧɬɭɪɚ ɩɥɚɦɟɧɢ ɜ ɩɪɨɝɪɚɦɦɭ COMSOL 

Multiphisics 5.2 ɢɥɢ Wolfram Mathematica 10.4.1, ɫ ɡɚɞɚɧɧɵɦɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɩɥɚɦɟɧɢ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɩɪɢɟɦɧɢɤɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. 

6. ȼɵɱɢɫɥɟɧɢɟ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ ɱɟɪɟɡ ɩɪɢɜɟɞɟɧɧɭɸ 

ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ ɩɨ ɮɨɪɦɭɥɚɦ [18]. 

ȼ ɬɚɛɥɢɰɟ 3.4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟɤɨɬɨɪɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɭɝɥɨɜɨɝɨ ɤɨ-

ɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ ɮɚɤɬɢɱɟɫɤɨɝɨ ɮɚɤɟɥɚ ɩɥɚɦɟɧɢ ɢ ɮɚɤɟɥɚ ɩɥɚɦɟɧɢ, ɩɪɢ-

ɜɟɞɟɧɧɨɝɨ ɤ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɟ. 

 

Ɍɚɛɥɢɰɚ 3.4 – Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ  

ɮɚɤɬɢɱɟɫɤɨɝɨ ɮɚɤɟɥɚ ɩɥɚɦɟɧɢ ɢ ɮɚɤɟɥɚ ɩɥɚɦɟɧɢ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɤ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɟ 

ɍɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɥɭɱɟɧ-

ɧɨɫɬɢ ɮɚɤɬɢɱɟɫɤɨɝɨ ɮɚɤɟɥɚ  

ɩɥɚɦɟɧɢ 

ɍɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɥɭ-

ɱɟɧɧɨɫɬɢ ɮɚɤɟɥɚ ɩɥɚɦɟɧɢ, 

ɩɪɢɜɟɞɟɧɧɨɝɨ ɤ ɩɪɹɦɨɭɝɨɥɶ-

ɧɨɣ ɮɨɪɦɟ 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ 

ɩɨɝɪɟɲɧɨɫɬɶ, 

%  

0,04448 0,04450 0,045 

0,10911 0,10899 0,111 

0,14565 0,14563 0,014 

0,07232 0,07236 0,055 

0,15196 0,15195 0,007 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 3.4, ɜ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɚɯ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ-

ɜɟɞɟɧɧɭɸ ɜɵɫɨɬɭ ɩɥɚɦɟɧɢ ɞɥɹ ɪɚɫɱɟɬɚ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɥɭɱɟɧɧɨɫɬɢ. 

ȼ ɯɨɞɟ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɲɢɪɢ-

ɧɚ ɩɥɚɦɟɧɢ ɧɢɤɨɝɞɚ ɧɟ ɩɪɟɜɵɲɚɟɬ ɧɚɢɛɨɥɶɲɟɝɨ ɢɡ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɨɛɴɟɤɬɚ 

ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɷɦɩɢɪɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɪɢ-

ɜɟɞɟɧɧɨɣ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ, ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɩɨɞɟɥɢɬɶ ɩɪɢɜɟɞɟɧɧɭɸ ɜɵɫɨɬɭ 

ɩɥɚɦɟɧɢ ɧɚ ɲɢɪɢɧɭ ɩɥɚɦɟɧɢ, ɩɟɪɟɣɞɹ ɜ ɛɟɡɪɚɡɦɟɪɧɵɣ ɜɢɞ. ɗɬɭ ɛɟɡɪɚɡɦɟɪɧɭɸ ɜɟ-

ɥɢɱɢɧɭ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɛеɡɪɚɡɦеɪɧɨɣ ɜыɫɨɬɨɣ (h’). ɇɚ ɪɢɫɭɧɤɟ 3.23 ɩɪɟɞɫɬɚɜɥɟɧɚ 
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ɡɚɜɢɫɢɦɨɫɬɶ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɛɟɡɪɚɡɦɟɪɧɭɸ ɜɵɫɨɬɭ  

ɩɥɚɦɟɧɢ. 
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Ɋɢɫɭɧɨɤ 3.23 – Ɂɚɜɢɫɢɦɨɫɬɶ ɛɟɡɪɚɡɦɟɪɧɨɣ ɜɵɫɨɬɵ ɨɬ ɲɢɪɢɧɵ ɩɥɚɦɟɧɢ 

 

ɗɦɩɢɪɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ ɨɬ ɲɢɪɢɧɵ ɦɨɠɧɨ ɨɩɢɫɚɬɶ 

ɮɨɪɦɭɥɨɣ (3.8):  (0,347 0,127ln( ))h b b  .  (3.8) 

Ɏɨɪɦɭɥɭ (3.8) ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɬɨɥɶɤɨ ɜ ɞɢɚɩɚɡɨɧɟ ɲɢɪɢɧɵ ɩɥɚɦɟɧɢ 

ɨɬ 1 ɞɨ 7,4 ɦ. 

ɉɨ ɞɚɧɧɵɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ (Иɧɬɟɝɪɚɥɶɧɨɣ ɢɧ-

ɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɥɚɦɟɧɢ), ɛɵɥɚ 

ɩɨɫɬɪɨɟɧɚ ɧɨɦɨɝɪɚɦɦɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɪɚɫɫɬɨɹ-

ɧɢɹ (ɪɢɫɭɧɨɤ 3.24). 
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Ɋɢɫɭɧɨɤ 3.24 – ɇɨɦɨɝɪɚɦɦɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ  

ɨɬ ɩɥɚɦɟɧɢ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ: 

Сɬɪɨɤɚ 2
Сɬɪɨɤɚ 4
Сɬɪɨɤɚ 6
Сɬɪɨɤɚ 8
Сɬɪɨɤɚ 14

 

3.4 Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɨɪɟɧɢɹ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɛɨɫɧɨɜɚɬɶ ɲɢɪɢɧɭ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ), 

ɭɞɨɜɥɟɬɜɨɪɹɸɳɭɸ ɭɫɥɨɜɢɸ ɧɟɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɩɨ ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ  

ɨɬ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ), ɛɵɥ 

ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɝɨɪɹɳɟɝɨ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ 

ɬɨɪɝɨɜɥɢ. ɇɚ ɪɢɫɭɧɤɟ 3.25 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɢ ɞɥɢɧɟ ɨɛɴɟɤɬɚ  

7,4 ɦ ɢ ɲɢɪɢɧɟ 2,4 ɦ. 
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Ɋɢɫɭɧɨɤ 3.25 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɪɚɫɫɬɨɹɧɢɹ 

 

ɉɪɢ ɤɪɢɬɢɱɟɫɤɨɦ ɬɟɩɥɨɜɨɦ ɩɨɬɨɤɟ 7,5 ɤȼɬ/ɦ2 ɞɥɹ ɩɨɦɟɳɟɧɢɣ ɬɨɪɝɨɜɥɢ (ɦɢ-

ɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ ɨɞɟɠɞɵ)  

ɧɟ ɩɪɨɢɡɨɣɞɟɬ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ ɡɚ ɫɱɟɬ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 

2,9 ɦ ɨɬ ɝɨɪɹɳɟɝɨ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ (ɪɢɫɭɧɨɤ 3.25).  

Ɇɢɧɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) ɫ ɪɚɡɦɟɳɟɧɢɟɦ 

ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɜɢɞɟ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɣ ɭɫɥɨɜɢɸ ɧɟ-

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɩɨ ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ, ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ 8,2 ɦ  

(ɩɪɢ ɲɢɪɢɧɟ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɞɨ 2,4 ɦ). 

3.5 Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɣɫɬɜɢɹ 

ɥɭчɢɫɬɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɩɨɠɚɪɚ ɜ ɦɚɝɚɡɢɧɟ ɨɞɟɠɞɵ  

ɢ ɝɨɪɟɧɢɹ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ 

ɋ ɭɱɟɬɨɦ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɢɡ ɩɨɦɟɳɟɧɢɹ ɦɚɝɚɡɢ-

ɧɚ ɢ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ, ɧɨ ɛɟɡ ɭɱɟɬɚ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɯ ɩɟɪɟɝɨɪɨɞɨɤ  
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ɢɡ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ)  

ɫ ɪɚɡɦɟɳɟɧɢɟɦ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɜɢɞɟ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ, ɭɞɨɜɥɟɬɜɨɪɹɸ-

ɳɢɣ ɭɫɥɨɜɢɸ ɧɟɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɡɚ ɫɱɟɬ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬɫɹ 

ɧɟ ɦɟɧɟɟ 8,9 ɦ (ɪɢɫɭɧɨɤ 3.26).  

 

 

 

Ɋɢɫɭɧɨɤ 3.26 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɲɢɪɢɧɵ ɦɧɨɝɨɫɜɟɬɧɨɝɨ 

ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ)  
3.6 ȼɵɜɨɞɵ ɩɨ ɬɪɟɬɶɟɣ ɝɥɚɜɟ 

1. ɇɚ ɨɫɧɨɜɟ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɛɵɥɚ ɜɵɛɪɚɧɚ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨ-

ɜɨɣ ɬɨɪɝɨɜɥɢ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɡɧɚɱɟɧɢɹ 

Иɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ ɢ ɡɚɜɢɫɢɦɨɫɬɢ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ 

ɨɬ ɲɢɪɢɧɵ ɩɥɚɦɟɧɢ. ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɡɧɚ-

ɱɟɧɢɟ Иɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ ɪɚɜɧɨɟ 72,2±8,4 ɤȼɬ/ɦ2,  

ɢ ɡɚɜɢɫɢɦɨɫɬɶ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ ɨɬ ɲɢɪɢɧɵ ɩɥɚɦɟɧɢ, ɤɨɬɨɪɚɹ ɨɩɢɫɵɜɚɟɬɫɹ  

ɮɨɪɦɭɥɨɣ (3.8). 
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2. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ. ȼ ɩɪɨɰɟɫɫɟ ɦɨ-

ɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɩɨ ɲɢɪɢɧɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ  

(ɚɬɪɢɭɦ), ɩɪɟɩɹɬɫɬɜɭɸɳɟɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɩɨɠɚɪɚ ɩɨ ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ ɩɪɢ 

ɜɨɡɞɟɣɫɬɜɢɢ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɬɨɥɶɤɨ ɨɬ ɩɥɚɦɟɧɢ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ 

ɬɨɪɝɨɜɥɢ. ɒɢɪɢɧɚ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) ɫɨɫɬɚɜɢɥɚ ɧɟ ɦɟɧɟɟ 8,2 ɦ. 

3. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɢɫɚɧɧɨɣ ɜɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɦɨɞɟɥɢ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɞɟɣɫɬɜɢɢ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɩɨɠɚɪɚ  

ɜ ɦɚɝɚɡɢɧɟ ɫ ɨɞɟɠɞɨɣ ɢ ɝɨɪɟɧɢɹ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ. Ɋɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, 

ɱɬɨ ɲɢɪɢɧɚ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ), ɩɪɟɩɹɬɫɬɜɭɸɳɚɹ ɪɚɫɩɪɨɫɬɪɚɧɟ-

ɧɢɸ ɩɨɠɚɪɚ ɩɨ ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ, ɫɨɫɬɚɜɢɥɚ ɧɟ ɦɟɧɟɟ 8,9 ɦ. 
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ȽɅАȼА 4  

ȼɅɂəɇɂȿ ɈɋɌȿɄɅȿɇɇɈɃ ɉȿɊȿȽɈɊɈȾɄɂ 

 ɂɁ ɁАɄАɅȿɇɇɈȽɈ ɋɌȿɄɅА ɇА ɍɋɅɈȼɂə ɊАɁȼɂɌɂə ɉɈɀАɊА ЧȿɊȿɁ 

ɆɇɈȽɈɋȼȿɌɇɈȿ ɉɈɆȿЩȿɇɂȿ (АɌɊɂɍɆ) 

ɋɬɟɤɥɨ ɨɛɥɚɞɚɟɬ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ɉɞɧɢɦ 

ɢɡ ɬɚɤɢɯ ɫɜɨɣɫɬɜ ɫɬɟɤɥɚ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɱɚɫɬɢɱɧɨ ɩɪɨɩɭɫɤɚɬɶ, ɩɨɝɥɨɳɚɬɶ  

ɢ ɨɬɪɚɠɚɬɶ ɢɡɥɭɱɟɧɢɟ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɬɟɤɥɨ ɢɦɟɟɬ ɫɜɨɣɫɬɜɚ ɫɟɥɟɤɬɢɜɧɨɝɨ ɩɪɨɩɭɫ-

ɤɚɧɢɹ ɫɩɟɤɬɪɚ ɢɡɥɭɱɟɧɢɹ [74, 75].  

Ɂɚɤɚɥɟɧɧɨɟ ɫɬɟɤɥɨ, ɢɫɩɨɥɶɡɭɟɦɨɟ ɜ ɨɫɬɟɤɥɟɧɧɵɯ ɩɟɪɟɝɨɪɨɞɤɚɯ, ɯɨɪɨɲɨ ɩɪɨ-

ɩɭɫɤɚɟɬ ɫɩɟɤɬɪ ɢɡɥɭɱɟɧɢɹ ɞɥɢɧɨɣ ɞɨ 2000 ɧɦ, ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ ɩɪɨɩɭɫɤɚɧɢɹ ɫɩɟɤ-

ɬɪɚ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 2000–3000 ɧɦ [74, 75].  

Ɋɚɫɱɟɬ ɩɪɨɝɪɟɜɚ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɜɢɞɟ ɩɟɪɟɝɨɪɨɞɤɢ ɱɟɪɟɡ 

ɫɩɟɤɬɪ ɢɡɥɭɱɟɧɢɹ ɞɥɢɧ ɜɨɥɧ ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɚɬɢɱɧɵɦ, ɩɨɷɬɨɦɭ ɛɵɥɨ ɜɵɞɜɢɧɭɬɨ 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛ ɨɩɪɟɞɟɥɟɧɢɢ ɞɨɥɢ ɩɨɝɥɨɳɟɧɧɨɝɨ, ɩɪɨɩɭɳɟɧɧɨɝɨ ɢ ɨɬɪɚɠɟɧɧɨ-

ɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɩɚɞɚɸɳɢɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ. 

4.1 Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɜɥɢɹɧɢɹ, ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 

ɧɚ ɡɚɤɚɥɟɧɧɨɟ ɫɬɟɤɥɨ 

ɉɚɞɚɸɳɢɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚ ɫɬɟɤɥɨ ɱɚɫɬɢɱɧɨ ɨɬɪɚɠɚɟɬɫɹ, ɱɚɫɬɢɱɧɨ ɩɨ-

ɝɥɨɳɚɟɬɫɹ ɢ ɱɚɫɬɢɱɧɨ ɩɪɨɩɭɫɤɚɟɬɫɹ [47] (ɪɢɫɭɧɨɤ 4.1). 
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Ɋɢɫɭɧɨɤ 4.1 – ɋɯɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɫɨ ɫɬɟɤɥɨɦ 

 

ȿɫɥɢ ɭɤɚɡɚɧɧɵɟ ɬɟɩɥɨɜɵɟ ɩɨɬɨɤɢ ɨɬɧɟɫɬɢ ɤ ɩɚɞɚɸɳɟɦɭ ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ, 

ɬɨ ɭɪɚɜɧɟɧɢɟ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɮɨɪɦɭɥɨɣ (4.1):  ɩ   
R A D

q q q q , (4.1) 

ɝɞɟ qɩ – ɩɚɞɚɸɳɢɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ȼɬ/ɦ2; qR – ɨɬɪɚɠɟɧɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ȼɬ/ɦ2; 

qA – ɩɨɝɥɨɳɟɧɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ȼɬ/ɦ2; qD – ɩɪɨɩɭɳɟɧɧɵɣ ɫɤɜɨɡɶ ɬɟɥɨ ɬɟɩɥɨɜɨɣ 

ɩɨɬɨɤ, ȼɬ/ɦ2.  

ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ, ɤɚɤɚɹ ɞɨɥɹ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬɪɚɠɚɟɬɫɹ, ɩɨ-

ɝɥɨɳɚɟɬɫɹ ɢɥɢ ɩɪɨɯɨɞɢɬ ɫɤɜɨɡɶ ɫɬɟɤɥɨ, ɡɚɩɢɲɟɦ ɮɨɪɦɭɥɭ (4.1) ɜ ɛɟɡɪɚɡɦɟɪɧɨɦ 

ɜɢɞɟ. Ⱦɥɹ ɷɬɨɝɨ ɤɚɠɞɵɣ ɱɥɟɧ ɮɨɪɦɭɥɵ ɩɨɞɟɥɢɦ ɧɚ ɩɚɞɚɸɳɢɣ ɬɟɩɥɨɜɨɣ 

ɩɨɬɨɤ [47]:  1 R A D   , (4.2) 

ɝɞɟ R – ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɟɥɚ; А – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɚ-

ɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɟɥɚ; D – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɭɫɤɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɟɥɚ. 

4.2 Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬɪɚɠɚɬɟɥɶɧɨɣ, ɩɨɝɥɨɳɚɬɟɥɶɧɨɣ ɢ ɩɪɨ-

ɩɭɫɤɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɬɟɤɥɚ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

qɩ 

qR 

qD 

qА 
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Ȼɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɫɬɟɧɞɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɲɟ- 

ɧɚɡɜɚɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. ɋɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɫɬɟɧɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ  

ɧɚ ɪɢɫɭɧɤɟ 4.2. 

 

 

 

Ɋɢɫɭɧɨɤ 4.2 – ɋɬɟɧɞ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬɪɚɠɚɸɳɟɣ, ɩɨɝɥɨɳɚɸɳɟɣ 

 ɢ ɩɪɨɩɭɫɤɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɟɣ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ:  

ɚ – ɫɯɟɦɚ ɫɬɟɧɞɚ: 1– ɨɛɪɚɡɟɰ ɫɬɟɤɥɚ; 2 – ɪɚɞɢɚɰɢɨɧɧɚɹ ɩɚɧɟɥɶ; 3 – ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ; 4 – ɥɢɧɟɣɤɚ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɩɚɧɟɥɢ ɞɨ ɨɛɪɚɡɰɚ; 5 – ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ;  

6 – ɥɟɩɟɫɬɤɨɜɵɟ ɬɟɪɦɨɩɚɪɵ; 7 – ɤɨɪɨɥɶɤɨɜɵɟ ɬɟɪɦɨɩɚɪɵ; 8 – ɩɪɢɟɦɧɢɤ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ;  

ɛ – ɜɢɞ ɨɞɧɨɝɨ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɬɟɧɞɨɜ 

 

ɚ 

ɛ 
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ɋɯɟɦɚ ɡɚɤɪɟɩɥɟɧɢɹ ɬɟɪɦɨɩɚɪ ɧɚ ɥɢɫɬɟ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ  

ɧɚ ɪɢɫɭɧɤɟ 4.3. Ɍɟɪɦɨɩɚɪɵ ɤɪɟɩɢɥɢɫɶ ɧɚ ɬɟɪɦɨɫɬɨɣɤɢɟ ɝɟɪɦɟɬɢɤɢ. 

 

 

Ɋɢɫɭɧɨɤ 4.3 – ɋɯɟɦɚ ɡɚɤɪɟɩɥɟɧɢɹ ɬɟɪɦɨɩɚɪ ɧɚ ɥɢɫɬɟ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ:  

ɚ – ɨɛɥɭɱɚɟɦɚɹ ɫɬɨɪɨɧɚ; ɛ – ɧɟɨɛɥɭɱɚɟɦɚɹ ɫɬɨɪɨɧɚ 

 

Ⱦɚɧɧɵɟ ɫ ɩɪɢɟɦɧɢɤɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɡɚɩɢɫɵɜɚɥɢɫɶ ɧɚ ɤɨɦɩɶɸɬɟɪ ɫ ɩɨɦɨ-

ɳɶɸ ɦɭɥɶɬɢɦɟɬɪɚ UNI-T UT60A (ɪɢɫɭɧɨɤ 4.4). Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 

ɫɨɫɬɚɜɥɹɟɬ ɨɬ 0,1 ɞɨ 1000 ȼ. ɉɨɝɪɟɲɧɨɫɬɶ ɦɭɥɶɬɢɦɟɬɪɚ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɧɚɩɪɹɠɟ-

ɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1 %. ɉɨɞɤɥɸɱɟɧɢɟ ɤ ɤɨɦɩɶɸɬɟɪɭ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɱɟɪɟɡ ɤɚɛɟɥɶ-

ɩɟɪɟɯɨɞɧɢɤ ɫ RS-232 ɧɚ USB. 

 

 

Ɋɢɫɭɧɨɤ 4.4 – Ɇɭɥɶɬɢɦɟɬɪ UNI-T UT60A 

ɚ ɛ 
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ɇɟ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɛɵɥɨ ɜɨɡɦɨɠɧɨ ɧɚɩɪɹɦɭɸ ɩɨɞɤɥɸɱɢɬɶ ɦɭɥɶɬɢɦɟɬɪ  

ɤ ɤɨɦɩɶɸɬɟɪɭ ɞɥɹ ɡɚɩɢɫɢ ɞɚɧɧɵɯ, ɩɨɷɬɨɦɭ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɩɟɪɟɞɚɬɱɢɤ ɞɥɹ ɦɭɥɶ-

ɬɢɦɟɬɪɚ (ɪɢɫɭɧɨɤ 4.5) ɢ ɩɪɢɟɦɧɢɤ ɞɥɹ ɤɨɦɩɶɸɬɟɪɚ (ɪɢɫɭɧɨɤ 4.6).  

 

 

Ɋɢɫɭɧɨɤ 4.5 – ɉɟɪɟɞɚɬɱɢɤ, ɩɨɞɤɥɸɱɚɟɦɵɣ ɤ ɦɭɥɶɬɢɦɟɬɪɭ UNI-T UT60A: 

ɚ – ɜɢɞ ɫɜɟɪɯɭ; ɛ – ɜɢɞ ɫɧɢɡɭ 

 

 

Ɋɢɫɭɧɨɤ 4.6 – ɉɪɢɟɦɧɢɤ, ɩɨɞɤɥɸɱɚɟɦɵɣ ɤ ɤɨɦɩɶɸɬɟɪɭ: 

ɚ – ɜɢɞ ɫɧɢɡɭ; ɛ – ɜɢɞ ɫɜɟɪɯɭ 

 

ɂɧɮɨɪɦɚɰɢɹ ɦɟɠɞɭ ɦɭɥɶɬɢɦɟɬɪɨɦ ɢ ɩɪɢɟɦɧɢɤɨɦ ɩɟɪɟɞɚɜɚɥɢɫɶ ɩɨɫɪɟɞ-

ɫɬɜɨɦ ɪɚɞɢɨɤɚɧɚɥɚ: ɱɚɫɬɨɬɚ ɤɚɧɚɥɚ – 2,4 ȽȽɰ. ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ  

ɧɚ ɪɢɫɭɧɤɟ 4.7. 

ɚ ɛ 

ɚ ɛ 



93 

 

Ɋɢɫɭɧɨɤ 4.7 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɦɭɥɶɬɢɦɟɬɪɚ UNI-T UT60A ɩɨ ɪɚɞɢɨɤɚɧɚɥɭ ɤ ɤɨɦɩɶɸɬɟɪɭ: 

1 – ɦɭɥɶɬɢɦɟɬɪ UNI-T UT60A; 2 – ɩɟɪɟɞɚɬɱɢɤ; 3 – ɩɪɢɟɦɧɢɤ; 4 – ɤɨɦɩɶɸɬɟɪ 

 

Ɂɚɩɢɫɶ ɞɚɧɧɵɯ ɧɚ ɤɨɦɩɶɸɬɟɪ ɫ ɬɟɪɦɨɩɚɪ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɬɟɪ-

ɦɨɦɟɬɪɚ ɦɧɨɝɨɤɚɧɚɥɶɧɨɝɨ ɌɆ 5131 ɩɪɨɢɡɜɟɞɟɧɧɨɝɨ ɤɨɦɩɚɧɢɟɣ «Эɥɟɦɟɪ» (ɪɢɫɭ-

ɧɨɤ 4.8). Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ −50 ɞɨ +2500 °ɋ. ɉɨɝɪɟɲɧɨɫɬɶ ɩɪɢ-

ɛɨɪɚ ɫɨɫɬɚɜɥɹɟɬ 0,25 %. ɉɨɞɤɥɸɱɟɧɢɟ ɤ ɤɨɦɩɶɸɬɟɪɭ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɱɟɪɟɡ ɤɚ-

ɛɟɥɶ-ɩɟɪɟɯɨɞɧɢɤ ɫ RS-232 ɧɚ USB. 

 

 

Ɋɢɫɭɧɨɤ 4.8 – Ɍɟɪɦɨɦɟɬɪ ɦɧɨɝɨɤɚɧɚɥɶɧɵɣ ɌɆ 5131 [147] 
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ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɤɥɚ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɥɟ-

ɩɟɫɬɤɨɜɵɯ ɬɟɪɦɨɩɚɪ «ɯɪɨɦɟɥɶ – ɚɥɸɦɟɥɶ» (ɪɢɫɭɧɨɤ 4.9). Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪ ɬɟɪɦɨɩɚɪɵ ɫɨɫɬɚɜɥɹɥ ɨɬ −40 ɞɨ 600 °ɋ. 

 

 

Ɋɢɫɭɧɨɤ 4.9 – Ʌɟɩɟɫɬɤɨɜɵɟ ɬɟɪɦɨɩɚɪɵ ɬɢɩɚ «ɯɪɨɦɟɥɶ – ɚɥɸɦɟɥɶ» 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɪɟɞɵ ɢɡɦɟɪɹɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɤɨɪɨɥɶɤɨɜɵɯ ɬɟɪɦɨɩɚɪ ɬɢɩɚ 

«ɯɪɨɦɟɥɶ – ɚɥɸɦɟɥɶ» (ɪɢɫɭɧɨɤ 4.10). Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɬɟɪɦɨɩɚɪɵ 

ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɫɨɫɬɚɜɥɹɥ ɨɬ –40 ɞɨ 1000 °ɋ. 

 

 

Ɋɢɫɭɧɨɤ 4.10 – Ʉɨɪɨɥɶɤɨɜɵɟ ɬɟɪɦɨɩɚɪɵ ɬɢɩɚ «ɯɪɨɦɟɥɶ – ɚɥɸɦɟɥɶ» 
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4.2.1 Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 

Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ: 

1. ɉɪɢɟɦɧɢɤ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɭɫɬɚɧɚɜɥɢɜɚɥɫɹ ɩɟɪɟɞ ɤɚɠɞɵɦ ɷɤɫɩɟɪɢɦɟɧ-

ɬɨɦ ɧɚ ɧɟɤɨɬɨɪɨɦ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɢɡɥɭɱɚɸɳɟɣ ɩɚɧɟɥɢ ɞɥɹ ɪɟɝɢ-

ɫɬɪɚɰɢɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɢɡɥɭɱɚɸɳɟɣ ɩɚɧɟɥɢ. 

2. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɡɧɚɱɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɩɚɧɟɥɢ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ, 

ɩɪɢɟɦɧɢɤ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢɡɜɥɟɤɚɥɫɹ, ɢ ɧɚ ɟɝɨ ɦɟɫɬɨ ɭɫɬɚɧɚɜɥɢɜɚɥɫɹ ɥɢɫɬ ɡɚɤɚ-

ɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɫ ɩɪɢɤɪɟɩɥɟɧɧɵɦɢ ɥɟɩɟɫɬɤɨɜɵɦɢ ɬɟɪɦɨɩɚɪɚɦɢ, ɚ ɤɨɪɨɥɶɤɨɜɵɟ 

ɬɟɪɦɨɩɚɪɵ ɭɫɬɚɧɚɜɥɢɜɚɥɢɫɶ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1–2 ɫɦ ɨɬ ɨɛɪɚɡɰɚ ɞɥɹ ɮɢɤɫɚɰɢɢ  

ɞɚɧɧɵɯ. 

3. ɉɪɢɟɦɧɢɤ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɭɫɬɚɧɚɜɥɢɜɚɥɫɹ ɧɚ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɪɚɫɫɬɨɹ-

ɧɢɢ ɨɬ ɧɟɨɛɥɭɱɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɤɥɚ ɞɥɹ ɮɢɤɫɚɰɢɢ ɩɪɨɲɟɞɲɟɝɨ ɬɟɩɥɨɜɨɝɨ 

ɩɨɬɨɤɚ. 

4. Ʌɢɫɬ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɩɨɞɜɟɪɝɚɥɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ  

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 45–65 ɦɢɧɭɬ. Фɢɤɫɚɰɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɤɚɠ-

ɞɭɸ ɫɟɤɭɧɞɭ. 

4.2.2 Аɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

ɉɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɚɧɧɵɟ ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨ-

ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 

1. ɉɚɞɚɸɳɢɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚɯɨɞɢɥɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.3):  ɩ ɫɬİq q , (4.3) 

ɝɞɟ q – ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɪɟɝɢɫɬɪɢɪɭɟɦɵɣ ɩɪɢɟɦɧɢɤɨɦ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ȼɬ/ɦ2; 

İɫɬ – ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɫɬɟɤɥɚ. 

2. Ɉɬɪɚɠɟɧɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɜɵɱɢɫɥɹɥɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.4) [47, 49]:   1 1 2
α

R
q t t  , (4.4) 



96 

ɝɞɟ α1 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ ɨɛɨɝɪɟɜɚɟɦɨɣ ɫɬɨɪɨɧɟ, ȼɬ/(ɦ2Ʉ); t1 – ɬɟɦɩɟ-

ɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɫ ɨɛɨɝɪɟɜɚɟɦɨɣ ɫɬɨɪɨɧɵ, Ʉ; t2 – ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɚ ɫ ɨɛɨɝɪɟɜɚɟ-

ɦɨɣ ɫɬɨɪɨɧɵ, Ʉ. 

3. ɉɨɝɥɨɳɟɧɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɜɵɱɢɫɥɹɥɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.5) [47, 49]:   Ⱥ 2 3
λ
į

q t t  , (4.5) 

ɝɞɟ λ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɟɤɥɚ, ȼɬ/(ɦ·Ʉ); į – ɬɨɥɳɢɧɚ ɫɬɟɤɥɚ, ɦ;  

t2 – ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɚ ɫ ɨɛɨɝɪɟɜɚɟɦɨɣ ɫɬɨɪɨɧɵ, Ʉ; t3 – ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɚ  

ɫ ɧɟɨɛɨɝɪɟɜɚɟɦɨɣ ɫɬɨɪɨɧɵ, Ʉ. 

4. ɉɪɨɩɭɳɟɧɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɜɵɱɢɫɥɹɥɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.6) [47, 49]:   2 3 4
α

D
q t t  , (4.6) 

ɝɞɟ α2 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ, ȼɬ/(ɦ2Ʉ); t3 – ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɚ ɫ ɧɟɨɛɨɝɪɟ-

ɜɚɟɦɨɣ ɫɬɨɪɨɧɵ, Ʉ; t4 – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɫ ɧɟɨɛɨɝɪɟɜɚɟɦɨɣ ɫɬɨɪɨɧɵ, Ʉ. 

5. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɨɬɪɚɠɚɸɳɟɣ, ɩɨɝɥɨɳɚɸɳɟɣ ɢ ɩɪɨɩɭɫɤɚɸɳɟɣ ɫɩɨɫɨɛɧɨ-

ɫɬɟɣ ɫɬɟɤɥɚ ɛɪɚɥɢɫɶ ɫ ɭɱɟɬɨɦ ɡɧɚɱɟɧɢɣ ɨɬɪɚɠɟɧɧɨɝɨ, ɩɨɝɥɨɳɟɧɧɨɝɨ ɢ ɩɪɨɩɭɳɟɧ-

ɧɨɝɨ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɜ ɨɞɢɧ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ.  

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬɪɚɠɚɸɳɟɣ, ɩɨɝɥɨɳɚɸɳɟɣ ɢ ɩɪɨɩɭɫɤɚɸɳɟɣ 

ɫɩɨɫɨɛɧɨɫɬɟɣ ɬɟɥɚ ɧɚɯɨɞɢɥɢɫɶ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ (4.7), (4.8) ɢ (4.9):  
ɩ

R
q

R
q

 ,  (4.7)  Ⱥ

ɩ

q
A

q
 ,  (4.8)  

ɩ

Dq
D

q
 . (4.9) 

6. ɋɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬɪɚɠɚɸɳɟɣ, ɩɨɝɥɨɳɚɸɳɟɣ  

ɢ ɩɪɨɩɭɫɤɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɟɣ ɬɟɥɚ ɩɨɥɭɱɟɧɵ ɞɥɹ ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ ɩɚɞɚɸɳɟɝɨ 

ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɫ ɞɨɩɭɳɟɧɢɟɦ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɞɱɢɧɹɸɬɫɹ ɡɚɤɨ-

ɧɭ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɚ ɤɪɢɬɟɪɢɟɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɛɵɥɨ 

ɜɵɛɪɚɧɨ ɩɪɚɜɢɥɨ ɬɪɟɯ ɫɢɝɦ [148–151]. 
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4.2.3 Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

ɇɚ ɪɢɫɭɧɤɚɯ 4.11, 4.12 ɢ 4.13 ɢɡɨɛɪɚɠɟɧɵ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧ-

ɬɨɜ ɨɬɪɚɠɚɸɳɟɣ, ɩɨɝɥɨɳɚɸɳɟɣ ɢ ɩɪɨɩɭɫɤɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɟɣ ɫɬɟɤɥɚ ɜ ɡɚɜɢɫɢ-

ɦɨɫɬɢ ɨɬ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɡɚɤɚɥɟɧɧɵɯ ɫɬɟɤɨɥ ɬɨɥɳɢɧɨɣ 

6, 8 ɢ 10 ɦɦ. 
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Ɋɢɫɭɧɨɤ 4.11 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɬɪɚɠɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ (R) 

ɨɬ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ: 

– ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 6 ɦɦ;  

– ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 8 ɦɦ; 

– ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 10 ɦɦ 
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Ɋɢɫɭɧɨɤ 4.12– Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ (А)  

ɨɬ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ: 

– ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 6 ɦɦ;  

– ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 8 ɦɦ; 

– ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 10 ɦɦ 
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Ɋɢɫɭɧɨɤ 4.13 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɨɩɭɫɤɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ (D) 

ɨɬ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ: 

– ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 6 ɦɦ;  

– ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 8 ɦɦ; 

– ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 10 ɦɦ 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 4.11, 4.12 ɢ 4.13, ɡɧɚ-

ɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬɪɚɠɚɸɳɟɣ, ɩɨɝɥɨɳɚɸɳɟɣ ɢ ɩɪɨɩɭɫɤɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɟɣ 

ɫɬɟɤɥɚ ɡɚɜɢɫɹɬ ɨɬ ɟɝɨ ɬɨɥɳɢɧɵ ɢ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. Ʉɨɷɮɮɢɰɢɟɧɬɵ 

ɨɬɪɚɠɚɸɳɟɣ, ɩɨɝɥɨɳɚɸɳɟɣ ɢ ɩɪɨɩɭɫɤɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɟɣ ɫɬɟɤɥɚ ɦɨɠɧɨ ɩɪɟɞ-

ɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɮɭɧɤɰɢɣ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɞɜɭɯ ɩɟɪɟɦɟɧɧɵɯ: ɨɬ ɬɨɥɳɢɧɵ ɫɬɟɤɥɚ ɢ ɩɚ-

ɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɮɨɪɦɭɥɚɯ (4.10), (4.11)  

ɢ (4.12):  ɩ( , )R f d q , (4.10)  ɩ( , )A f d q , (4.11)  ɩ( , )D f d q , (4.12) 

ɝɞɟ d – ɬɨɥɳɢɧɚ ɫɬɟɤɥɚ, ɦɦ. 

ɉɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɛɵɥɢ ɨɛɪɚɛɨɬɚɧɵ ɫ ɩɨɦɨɳɶɸ ɩɪɨ-

ɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɞɜɭɯ ɩɪɨɝɪɚɦɦ MicrosoftExcel ɢ Attestat, ɩɨ-

ɥɭɱɟɧɵ ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬɪɚɠɚɸɳɟɣ, ɩɨɝɥɨɳɚɸɳɟɣ 

ɢ ɩɪɨɩɭɫɤɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɟɣ ɫɬɟɤɥɚ ɨɬ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɬɨɥ-

ɳɢɧɟ ɫɬɟɤɥɚ 6, 8 ɢ 10 ɦɦ. 

ɉɪɢ ɬɨɥɳɢɧɟ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ d = 6 ɦɦ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɜɢɫɢɦɨ-

ɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ:  ɩ0,0711ln( ) 0,1009;R q    (4.13)  ɩ0,6911 0,1130ln( );A q    (4.14)  ɩ0,0427( ) 0,2042.D q    (4.15) 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 

ɫɨɫɬɚɜɥɹɟɬ 0,9934, 0,9867 ɢ 0,9694, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɪɢ ɬɨɥɳɢɧɟ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ d = 8 ɦɦ ɩɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢ-

ɰɢɟɧɬɨɜ:  ɩ0,0673ln( ) 0,0980;R q    (4.16)  ɩ0,6880 0,1000ln( );A q    (4.17)  ɩ0,0324( ) 0,2151.D q    (4.18) 
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Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 

ɫɨɫɬɚɜɥɹɟɬ 0,998, 0,9951 ɢ 0,9789, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɪɢ ɬɨɥɳɢɧɟ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ d = 10 ɦɦ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɜɢɫɢɦɨ-

ɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ:  ɩ0,0636ln( ) 0,0952;R q    (4.19)  ɩ0,6771 0,0850ln( );A q    (4.20)  ɩ0,0221( ) 0,2259.D q    (4.21) 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 

ɫɨɫɬɚɜɥɹɟɬ 0,9942, 0,9962 ɢ 0,9839, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɂɚɜɢɫɢɦɨɫɬɢ ɩɨɥɭɱɟɧɵ ɜ ɢɧɬɟɪɜɚɥɟ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ 1,0  

ɞɨ 66,4 ɤȼɬ/ɦ2. 

ȼ ɪɚɛɨɬɚɯ [152, 153] ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɝɥɨɳɚɸɳɟɣ 

ɢ ɩɪɨɩɭɫɤɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɟɣ ɫɬɟɤɥɚ (0,45 ɢ 0,33 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɜ ɷɬɢɯ ɪɚɛɨɬɚɯ 

ɞɚɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ ɤɨɧɫɬɚɧɬɵ, ɧɟ ɭɱɢɬɵɜɚɸɳɢɟ ɬɚɤɢɟ ɮɚɤ-

ɬɨɪɵ, ɤɚɤ ɬɨɥɳɢɧɚ ɫɬɟɤɥɚ ɢ ɩɚɞɚɸɳɢɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ.  

4.3 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɝɪɟɜɚ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ  

ɫ ɭɱɟɬɨɦ ɩɨɝɥɨɳɟɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɬɟɩɥɨɜɨɦ ɩɨɬɨɤɟ ɜ ɝɪɚɧɢɱɧɵɯ 

ɭɫɥɨɜɢɹɯ ɜɬɨɪɨɝɨ ɪɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.22) [43, 154]   ɩ
0

2
( , τ) τ

λ 2 τ
q x

T x T a ierfc
a

     
 

, (4.22) 

ɝɞɟ T(x, τ) – ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɫɬɪɭɤɰɢɢ, °ɋ; x – ɤɨɨɪɞɢɧɚɬɚ ɩɨ ɨɫɢ х, ɦ; τ – ɜɪɟɦɹ 

ɩɪɨɝɪɟɜɚ, ɫ; qɩ – ɩɚɞɚɸɳɢɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ȼɬ/ɦ2; λ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨ-
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ɫɬɢ ɦɚɬɟɪɢɚɥɚ, ȼɬ/(ɦ·Ʉ); ɚ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɦ2/ɫ; 

ierfc – ɮɭɧɤɰɢɹ ɨɲɢɛɨɤ. 

ɇɚ ɩɨɠɚɪɟ ɜɫɟ ɩɪɨɰɟɫɫɵ ɩɪɨɬɟɤɚɸɬ ɧɟ ɫɬɚɰɢɨɧɚɪɧɨ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥɚ ɜɵ-

ɜɟɞɟɧɚ ɮɨɪɦɭɥɚ (4.23) ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ 

ɧɟɫɬɚɰɢɨɧɚɪɧɨɦ ɬɟɩɥɨɜɨɦ ɩɨɬɨɤɟ [30, 140]:  0 ɩ ɩ
0

3
(0, τ) (τ) (τ) τ

2 λ
a

T T q q d



   , (4.23) 

ɝɞɟ qɩ(τ) – ɮɭɧɤɰɢɹ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɜɪɟɦɟɧɢ. 

Фɨɪɦɭɥɵ (4.22) ɢ (4.23) ɨɛɥɚɞɚɸɬ ɫɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ: ɨɧɢ ɧɟ ɩɪɟɞ-

ɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɚɫɱɟɬɚ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɬɚɤ ɤɚɤ ɷɬɢ ɭɪɚɜɧɟɧɢɹ ɧɟ 

ɭɱɢɬɵɜɚɸɬ ɩɨɝɥɨɳɚɬɟɥɶɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɬɟɤɥɚ (A). 

ɉɪɟɞɥɨɠɟɧɚ ɮɨɪɦɭɥɚ (4.24) ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɨɝɪɟɜɚ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ ɩɪɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɜɬɨɪɨɝɨ ɪɨɞɚ ɩɪɢ ɧɟɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ:  0 ɩɨɝ ɩɨɝ
0

3
(0, τ) (τ) (τ) τ

2 λ
a

T T q q d



   ,  (4.24) 

ɝɞɟ qɩɨɝ(τ) – ɮɭɧɤɰɢɹ ɩɨɝɥɨɳɟɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɜɪɟɦɟɧɢ, ȼɬ/ɦ2. 

Фɭɧɤɰɢɹ ɩɨɝɥɨɳɟɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.25)  ɩɨɝ ɩ ɩ(τ) (τ) ( )q q A q . (4.25) 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɝɥɨɳɚɬɟɥɶɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɫɬɟɤɥɚ, ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɢɡɨɛɪɚɠɟɧɧɵɯ  

ɧɚ ɪɢɫɭɧɤɚɯ 4.11, 4.12 ɢ 4.13 ɛɵɥɚ ɩɪɨɜɟɪɟɧɚ ɧɚ ɞɜɭɯ ɬɟɫɬɨɜɵɯ ɡɚɞɚɱɚɯ. Ɉɛɟ ɬɟ-

ɫɬɨɜɵɟ ɡɚɞɚɱɢ ɫɜɨɞɢɥɢɫɶ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɪɚɡɧɢɰɵ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɬɟɤɥɚ, 

ɩɨɥɭɱɟɧɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, ɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɫɬɟɤɥɚ, ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɛɟɡ ɭɱɟɬɚ 

ɩɨɝɥɨɳɟɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɟɩɪɢɦɟɧɬɨɜ ɛɵɥɚ ɨɩɪɟ-

ɞɟɥɟɧɚ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɬɟɤɥɚ, ɩɨɥɭɱɟɧɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ,  

ɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɫɬɟɤɥɚ, ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɫ ɭɱɟɬɨɦ ɩɨɝɥɨɳɟɧɧɨɝɨ ɩɚɞɚɸɳɟɝɨ ɬɟɩ-

ɥɨɜɨɝɨ ɩɨɬɨɤɚ.  

ȼ ɩɟɪɜɨɣ ɬɟɫɬɨɜɨɣ ɡɚɞɚɱɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɫɬɚɰɢɨɧɚɪɧɵɣ ɩɚɞɚɸɳɢɣ ɬɟɩɥɨɜɨɣ 

ɩɨɬɨɤ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 1,0 ɞɨ 66,4 ɤȼɬ/ɦ2, ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɚ  



102 

ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɛɟɡ ɭɱɟɬɚ ɩɨɝɥɨɳɟɧɧɨɝɨ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɨ ɮɨɪɦɭɥɟ 

(4.22), ɚ ɫ ɭɱɟɬɨɦ ɩɨɝɥɨɳɟɧɧɨɝɨ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ – ɩɨ ɮɨɪɦɭɥɟ (4.26):  ɩ
0

2
( , τ) τ

λ 2 τ
q x

T x T A a ierfc
a

     
 

.  (4.26) 

ȼɨ ɜɬɨɪɨɣ ɬɟɫɬɨɜɨɣ ɡɚɞɚɱɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɣ ɥɭɱɢɫɬɵɣ ɬɟɩɥɨ-

ɜɨɣ ɩɨɬɨɤ. Ⱦɥɹ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɛɵɥɨ ɜɵɛɪɚɧɨ ɞɜɚ ɜɚɪɢɚɧɬɚ 

ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜɨ ɜɪɟɦɟɧɢ ɞɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶ-

ɬɚɬɨɜ (ɪɢɫɭɧɤɢ 4.14; 4.15). 
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Ɋɢɫɭɧɨɤ 4.14 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɜɪɟɦɟɧɢ  

ɩɪɢ ɦɟɞɥɟɧɧɨɦ ɧɚɝɪɟɜɟ ɨɛɪɚɡɰɨɜ 
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Ɋɢɫɭɧɨɤ 4.15 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɜɪɟɦɟɧɢ  

ɩɪɢ ɛɵɫɬɪɨɦ ɧɚɝɪɟɜɟ ɨɛɪɚɡɰɨɜ 
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Ɍɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɚ ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɛɟɡ ɭɱɟɬɚ ɩɨɝɥɨɳɟɧɧɨɝɨ ɩɚɞɚɸɳɟɝɨ  

ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɨ ɭɪɚɜɧɟɧɢɸ (4.23), ɫ ɭɱɟɬɨɦ ɷɬɨɝɨ ɩɨɤɚɡɚɬɟɥɹ – ɩɨ ɭɪɚɜɧɟɧɢɸ 

(4.24). 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɩɨ ɩɟɪɜɨɣ ɬɟɫɬɨɜɨɣ ɡɚɞɚɱɟ 

ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɪɚɫɫɱɢɬɚɧ-

ɧɨɣ ɛɟɡ ɭɱɟɬɚ ɩɨɝɥɨɳɟɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɫɨɫɬɚɜɢɥɚ ɛɨɥɟɟ 100 %, ɚ ɡɧɚɱɟɧɢɟ 

ɪɚɫɯɨɠɞɟɧɢɹ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ, 

ɪɚɫɫɱɢɬɚɧɧɨɣ ɫ ɭɱɟɬɨɦ ɩɨɝɥɨɳɟɧɧɨɝɨ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɫɨɫɬɚɜɢɥɚ 

10–12 %. 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɩɨ ɜɬɨɪɨɣ ɬɟɫɬɨɜɨɣ ɡɚɞɚɱɟ 

ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɪɚɫɫɱɢɬɚɧ-

ɧɨɣ ɛɟɡ ɭɱɟɬɚ ɩɨɝɥɨɳɟɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɫɨɫɬɚɜɢɥɨ ɛɨɥɟɟ 150 %, ɚ ɡɧɚɱɟɧɢɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ  

ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɪɚɫɫɱɢɬɚɧɧɨɣ ɫ ɭɱɟɬɨɦ ɩɨɝɥɨɳɟɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɫɨɫɬɚɜɢ-

ɥɨ 15–20 %. ɇɚ ɪɢɫɭɧɤɚɯ 4.16 ɢ 4.17 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɪɚɜɧɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɪɟɡɭɥɶ-

ɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 6 ɦɦ ɫ ɭɱɟɬɨɦ ɩɨɝɥɨɳɟɧɧɨɝɨ ɬɟɩ-

ɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɤɥɚ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. 
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Ɋɢɫɭɧɨɤ 4.16 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ ɫɬɟɤɥɚ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ ɦɟɞɥɟɧɧɨɦ ɧɚɝɪɟɜɟ: 

– ɪɚɫɱɟɬɧɚɹ;             – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ 
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Ɋɢɫɭɧɨɤ 4.17 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ ɫɬɟɤɥɚ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ ɛɵɫɬɪɨɦ ɧɚɝɪɟɜɟ: 

– ɪɚɫɱɟɬɧɚɹ;             – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ 

 

4.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ)  

ɫ ɭɱɟɬɨɦ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ ɫɨ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ 

ɢɡ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 

ɉɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɲɢɪɢɧɵ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ 

ɩɪɢ ɧɚɥɢɱɢɢ ɨɫɬɟɤɥɟɧɧɵɯ (ɬɨɥɳɢɧɚ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 6, 8, 10 ɦɦ) ɩɟɪɟɝɨɪɨɞɨɤ  

ɫ ɭɱɟɬɨɦ ɩɨɝɥɨɳɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. 

ɉɪɢ 15 ɦɢɧɭɬɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ [122–133] ɜɢɞɧɨ 

ɢɡ ɝɪɚɮɢɤɨɜ ɧɚɝɪɟɜɚ (ɪɢɫɭɧɤɢ 4.18, 4.19, 4.20), ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɫɬɟɤɥɟ ɧɟ ɞɨ-

ɫɬɢɝɚɟɬ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ 350 °ɋ – ɪɚɡɪɭɲɟɧɢɟ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɧɟ ɩɪɨ-

ɢɡɨɣɞɟɬ. ɉɨɷɬɨɦɭ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɞɨ ɩɨɞɚɱɢ ɩɟɪɜɵɯ ɜɨɞɹɧɵɯ ɫɬɜɨɥɨɜ ɩɟɪɜɵ-

ɦɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ ɩɨɠɚɪɧɨɣ ɨɯɪɚɧɵ ɧɚ ɬɭɲɟɧɢɟ ɩɨɠɚɪɚ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɟ ɡɚ-

ɩɨɥɧɟɧɢɟ ɜ ɜɢɞɟ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɛɭɞɟɬ ɫɨɯɪɚɧɹɬɶ ɫɜɨɸ ɰɟɥɨɫɬɧɨɫɬɶ ɢ ɩɪɟɩɹɬ-

ɫɬɜɨɜɚɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɩɨɠɚɪɚ ɡɚ ɫɱɟɬ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. 
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Ɋɢɫɭɧɨɤ 4.18 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɫɬɟɤɥɚ ɨɬ ɜɪɟɦɟɧɢ ɜɨɡɞɟɣɫɬɜɢɹ,  

ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɬɨɥɳɢɧɟ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 6 ɦɦ 

– 6 ɦ;           – 8 ɦ;            – 10 ɦ 

 

 

 

Ɋɢɫɭɧɨɤ 4.19 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɫɬɟɤɥɚ ɨɬ ɜɪɟɦɟɧɢ ɜɨɡɞɟɣɫɬɜɢɹ,  

ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɬɨɥɳɢɧɟ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 8 ɦɦ: 

– 6 ɦ;           – 8 ɦ;            – 10 ɦ 
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Ɋɢɫɭɧɨɤ 4.20 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɫɬɟɤɥɚ ɨɬ ɜɪɟɦɟɧɢ ɜɨɡɞɟɣɫɬɜɢɹ,  

ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɬɨɥɳɢɧɟ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ 10 ɦɦ: 

– 6 ɦ;           – 8 ɦ;            – 10 ɦ 

 

Ɉɛɫɥɟɞɨɜɚɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɡɞɚɧɢɣ ɰɟɧɬɪɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɟɠɞɭ ɫɜɟɬɨ-

ɩɪɨɡɪɚɱɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ ɩɟɪɟɝɨɪɨɞɤɢ ɢ ɝɨɪɸɱɟɣ ɧɚɝɪɭɡɤɨɣ ɜ ɦɚɝɚɡɢɧɟ ɟɫɬɶ ɧɟ-

ɛɨɥɶɲɚɹ ɡɨɧɚ, ɫɜɨɛɨɞɧɚɹ ɨɬ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ. ȼ 80 % ɫɥɭɱɚɹɯ ɡɧɚɱɟɧɢɟ ɫɜɨɛɨɞ-

ɧɨɣ ɡɨɧɵ ɨɬ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɥɟɠɢɬ ɜɵɲɟ ɡɧɚɱɟɧɢɹ 20 ɫɦ. 

ɇɚ ɪɢɫɭɧɤɟ 4.21 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɧɚɱɟɧɢɹ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ  

ɧɚ ɪɚɫɫɬɨɹɧɢɢ 20 ɫɦ ɨɬ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ ɫ ɭɱɟɬɨɦ ɩɪɨɲɟɞɲɟɝɨ ɬɟɩ-

ɥɨɜɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɡɚɤɚɥɟɧɧɨɟ ɫɬɟɤɥɨ 6, 8, 10 ɦɦ ɩɪɢ ɲɢɪɢɧɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨ-

ɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) 6–10 ɦ ɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɩɨ ɫɟɪɟ-

ɞɢɧɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ). 
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Ɋɢɫɭɧɨɤ 4.21 – Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɫ ɭɱɟɬɨɦ ɩɪɨɲɟɞɲɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 

 ɩɪɢ ɲɢɪɢɧɟ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ 2,4 ɦ ɢ ɞɥɢɧɟ 7,4 ɦ: 

– 6 ɦɦ;            – 8 ɦɦ;            – 10 ɦɦ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɚɫɱɟɬɨɜ, ɩɪɢ ɲɢɪɢɧɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ)  

ɧɟ ɦɟɧɟɟ 6,4 ɦ ɢ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɲɢɪɢɧɨɣ 2,4 ɦ ɢ ɞɥɢɧɨɣ 7,4 ɦ ɩɥɨɬɧɨɫɬɶ 

ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɡɚ ɨɫɬɟɤɥɟɧɧɨɣ ɩɟɪɟɝɨɪɨɞɤɨɣ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 20 ɫɦ ɧɟ ɞɨɫɬɢɝɧɟɬ 

ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɜ 7,5 ɤȼɬ/ɦ2. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɪɚɫ-

ɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ ɩɨɫɪɟɞɫɬɜɨɦ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɜɨɡɞɟɣ-

ɫɬɜɢɹ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɨɬ ɦɚɝɚɡɢɧɚ ɢ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɧɟ ɩɪɨɢɡɨɣɞɟɬ. 

Ʉɚɤ ɝɨɜɨɪɢɥɨɫɶ ɜɵɲɟ, ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɡɚɤɚɥɟɧɧɨɟ ɫɬɟɤ-

ɥɨ, ɱɚɫɬɢɱɧɨ ɨɬɪɚɠɚɟɬɫɹ, ɩɨɝɥɨɳɚɟɬɫɹ ɢ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɫɬɟɤɥɨ, ɡɚ ɫɱɟɬ ɷɬɨɝɨ ɷɮ-

ɮɟɤɬɚ ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɢɞɭɳɟɝɨ ɧɚ ɧɚɝɪɟɜ 

ɫɬɟɤɥɚ.  

4.5 ȼɵɜɨɞɵ ɩɨ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ 
1. ɋɬɟɤɥɨ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɩɪɨɩɭɫɤɚɧɢɹ ɫɩɟɤɬɪɚ ɢɡɥɭɱɟɧɢɹ 

ɢ ɦɨɠɟɬ ɬɚɤɠɟ ɨɬɪɚɠɚɬɶ, ɩɨɝɥɨɳɚɬɶ ɢ ɩɪɨɩɭɫɤɚɬɶ ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ. Эɬɢ 

ɫɜɨɣɫɬɜɚ ɜɥɢɹɸɬ ɧɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɠɚɪɚ ɱɟɪɟɡ ɡɚɤɚɥɟɧɧɨɟ ɫɬɟɤɥɨ ɫɜɟɬɨɩɪɨ-

ɡɪɚɱɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ.  
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Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɦɚɥɨɦɚɫɲɬɚɛɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɨɷɮɮɢ-

ɰɢɟɧɬɨɜ ɩɪɨɩɭɫɤɚɸɳɟɣ, ɩɨɝɥɨɳɚɸɳɟɣ ɢ ɨɬɪɚɠɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɹɦ ɡɚɤɚɥɟɧɧɨɝɨ 

ɫɬɟɤɥɚ ɬɨɥɳɢɧɨɣ 6, 8 ɢ 10 ɦɦ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɬɨɪɵɯ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ 

ɷɬɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɫɞɟɥɚɧɵ ɜɵɜɨɞɵ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɜɢɫɹɬ  

ɨɬ ɬɨɥɳɢɧɵ ɫɬɟɤɥɚ ɢ ɜɟɥɢɱɢɧɵ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ.  

2. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɨ ɩɨɝɥɨɳɚɸɳɟɣ, ɨɬɪɚɠɚɸɳɟɣ ɢ ɩɪɨɩɭɫ-

ɤɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɹɯ ɫɬɟɤɥɚ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɹɞ ɪɚɫɱɟɬɨɜ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɯ, ɱɬɨ 

ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɟ ɡɚɩɨɥɧɟɧɢɟ ɩɟɪɟɝɨɪɨɞɤɢ ɜ ɜɢɞɟ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɬɨɥɳɢɧɨɣ  

6, 8 ɢ 10 ɦɦ ɧɟ ɪɚɡɪɭɲɚɬɫɹ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧɭɬ, ɬ. ɟ. ɞɨ ɩɪɢɛɵɬɢɹ ɩɟɪɜɵɯ ɩɨɠɚɪ-

ɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ  

ɡɚ ɷɬɨɣ ɩɟɪɟɝɨɪɨɞɤɨɣ, ɜ ɬɟɱɟɧɢɟ ɭɤɚɡɚɧɧɨɝɨ ɜɪɟɦɟɧɢ ɧɟ ɩɪɨɢɡɨɣɞɟɬ.  

3. ɒɢɪɢɧɚ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ), ɩɪɟɩɹɬɫɬɜɭɸɳɚɹ ɪɚɫɩɪɨ-

ɫɬɪɚɧɟɧɢɸ ɩɨɠɚɪɚ, ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɧɟ ɦɟɧɟɟ 6,4 ɦ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ: 

– ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɝɨɪɟɧɢɢ ɬɨɪɝɨɜɨɝɨ ɩɨɦɟɳɟɧɢɹ, ɩɪɢɦɵɤɚɸɳɟɝɨ ɤ ɦɧɨ-

ɝɨɫɜɟɬɧɨɦɭ ɩɨɦɟɳɟɧɢɸ (ɚɬɪɢɭɦ), ɢ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ; 

– ɩɪɢ ɧɚɥɢɱɢɢ ɦɟɠɞɭ ɨɛɴɟɤɬɨɦ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɢ ɦɚɝɚɡɢɧɨɦ ɫ ɩɨɠɚɪ-

ɧɨɣ ɧɚɝɪɭɡɤɨɣ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ) 

ɩɟɪɟɝɨɪɨɞɤɢ ɫɨ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ ɜ ɜɢɞɟ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɬɨɥɳɢ-

ɧɨɣ 6, 8 ɢ 10 ɦɦ.  
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ɁАɄɅЮЧЕНɂЕ 

1. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɬɨɪɝɨɜɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɛɵɥɨ 

ɜɵɹɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɦɵɦ ɨɛɴɟɦɧɨ-ɩɥɚɧɢɪɨɜɨɱɧɵɦ ɪɟɲɟɧɢɟɦ  

ɜ ɬɨɪɝɨɜɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɯ ɰɟɧɬɪɚɯ ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɫɜɟɬɧɨɟ ɩɨɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ)  

ɫ ɰɟɧɬɪɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɧɚ ɜɫɸ ɞɥɢɧɭ ɢ ɜɵɫɨɬɭ ɡɞɚɧɢɹ ɢ ɫ ɩɪɨɞɨɥɶɧɵɦ 

ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɩɨɦɟɳɟɧɢɣ (ɜ ɨɫɧɨɜɧɨɦ ɦɚɝɚɡɢɧɨɜ) ɧɚ ɝɚɥɟɪɟɹɯ. 

2. ɇɚ ɨɫɧɨɜɟ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɪɚɡɪɚɛɨɬɚɧɚ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɩɨɠɚɪɧɨɣ 

ɧɚɝɪɭɡɤɢ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ (ɚɬɪɢɭɦ). Вɵɹɜɥɟɧɨ, ɱɬɨ 

ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɦɨɣ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɨɣ ɜ ɦɧɨɝɨɫɜɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ  

(ɚɬɪɢɭɦ) ɹɜɥɹɸɬɫɹ ɨɛɴɟɤɬɵ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɫ ɪɚɡɥɢɱɧɨɣ ɩɪɨɞɭɤɰɢɟɣ.  

В ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɛɴɟɤɬɵ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɦɨɠɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɩɨ ɫɨ-

ɞɟɪɠɚɧɢɸ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɴɟɤɬɚ. Чɚɫɬɨ ɜɫɬɪɟɱɚɟɦɵɦɢ ɹɜɥɹ-

ɸɬɫɹ ɨɛɴɟɤɬɵ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ДСɉ ɢ ɫɬɟɤɥɚ. Ɉɫɧɨɜɧɨɣ ɩɪɨɞɭɤɰɢɟɣ ɨɛɴɟɤɬɨɜ 

ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɢɡɞɟɥɢɹ: ɱɚɫɵ, ɸɜɟɥɢɪɧɵɟ ɭɤɪɚɲɟ-

ɧɢɹ, ɱɟɯɥɵ ɞɥɹ ɫɨɬɨɜɵɯ ɬɟɥɟɮɨɧɨɜ ɢ ɤɨɠɝɚɥɚɧɬɟɪɟɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɤɨɲɟɥɶɤɚɦɢ, 

ɨɛɥɨɠɤɚɦɢ, ɫɭɦɤɚɦɢ. Ɉɩɪɟɞɟɥɟɧɨ ɡɧɚɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɨɛɴɟɤɬɚ 

ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ, ɤɨɬɨɪɨɟ ɪɚɜɧɨ 594,7 ± 94,7 ɆДɠ/ɦ2. 

3. ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɥɭɱɟɧɵ: ɷɦɩɢɪɢɱɟ-

ɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɵɫɨɬɵ ɩɥɚɦɟɧɢ ɨɬ ɲɢɪɢɧɵ ɩɪɢ ɝɨɪɟɧɢɢ ɨɛɴɟɤɬɨɜ ɨɫɬɪɨɜɤɨɜɨɣ 

ɬɨɪɝɨɜɥɢ; ɡɧɚɱɟɧɢɟ ɢɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɩɥɚɦɟɧɢ ɩɪɢ ɝɨɪɟɧɢɢ 

ɨɛɴɟɤɬɨɜ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɱɢɬɚɬɶ ɩɚɞɚ-

ɸɳɢɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɩɥɚɦɟɧɢ ɝɨɪɹɳɟɝɨ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ, ɫ ɩɨ-

ɦɨɳɶɸ ɱɟɝɨ ɭɫɬɚɧɨɜɢɬɶ ɛɟɡɨɩɚɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɛɴɟɤɬɚ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ. 

4. Сɬɟɤɥɨ ɨɛɥɚɞɚɟɬ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ.  

Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɫɜɨɣɫɬɜ ɫɬɟɤɥɚ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɱɚɫɬɢɱɧɨ ɩɪɨɩɭɫɤɚɬɶ, ɩɨ-

ɝɥɨɳɚɬɶ ɢ ɨɬɪɚɠɚɬɶ ɢɡɥɭɱɟɧɢɟ. В ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥɢ ɩɪɨɢɡɜɟɞɟɧɵ ɫɟɪɢɢ ɷɤɫɩɟɪɢ-

ɦɟɧɬɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɵɯ ɫɜɨɣɫɬɜ ɞɥɹ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ, ɬɚɤ ɤɚɤ ɡɚɤɚɥɟɧ-

ɧɨɟ ɫɬɟɤɥɨ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɨɫɬɟɤɥɟɧɧɵɯ ɩɟɪɟɝɨɪɨɞɤɚɯ ɬɨɪɝɨɜɨ-
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ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ. ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɥɭɱɟɧɵ ɷɦɩɢ-

ɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɨɩɭɫɤɚɸɳɟɣ, ɩɨɝɥɨɳɚɸɳɟɣ ɢ ɨɬɪɚɠɚɸ-

ɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɨɬ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. 

5. ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɨɛɴɟɦɧɨ-ɩɥɚɧɢɪɨɜɨɱɧɵɯ ɪɟɲɟɧɢɣ ɬɨɪɝɨɜɨ-

ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ, ɚ ɬɚɤɠɟ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɩɨɦɟɳɟɧɢ-

ɹɯ ɬɨɪɝɨɜɥɢ ɢ ɜ ɦɧɨɝɨɫɜɟɬɧɵɯ ɩɨɦɟɳɟɧɢɹɯ (ɚɬɪɢɭɦɵ), ɩɨɡɜɨɥɢɥ ɪɚɡɪɚɛɨɬɚɬɶ ɚɥ-

ɝɨɪɢɬɦ ɞɥɹ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɱɟɪɟɡ ɦɧɨɝɨɫɜɟɬɧɨɟ ɩɨ-

ɦɟɳɟɧɢɟ (ɚɬɪɢɭɦ). ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɛɵɥɨ ɨɛɨɫɧɨɜɚɧɨ ɬɪɟɛɨɜɚɧɢɟ 

ɤ ɲɢɪɢɧɟ ɦɧɨɝɨɫɜɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (ɚɬɪɢɭɦ), ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 

ɩɨɠɚɪɚ ɱɟɪɟɡ ɧɟɝɨ ɩɪɢ ɧɚɥɢɱɢɢ ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɜɢɞɟ ɨɫɬɪɨɜɤɨɜɨɣ ɬɨɪɝɨɜɥɢ. 
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Приложение А  

Свидетельство о государственной регистрации программы для ЭВМ 

«Программа по обработке данных, полученных при моделировании пожара 

по полевой модели» 
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Приложение Б  

Свидетельство о государственной регистрации программы для ЭВМ 

«Программа по расчету углового коэффициента облученности фактического 

факела пламени» 
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Приложение В  

Текст программного кода для передатчика 

$regfile = "m48pdef.dat" 

$crystal = 10000000 

$baud = 2400 

Declare Sub W_register(byval C_bytes As Byte) 

'SPI (nRF24L01) команды 

Const Write_reg = &H20                                      'Определить Команду Записи В 

Реестр 

Const Wr_tx_pload = &HA0                                    'Определить Tx Полезной 

Нагрузки Адрес Регистра 

Const Flush_tx = &HE1                                       'Определить Флеш Tx 

Зарегистрировать Команду 

'SPI (nRF24L01) регистры (адреса) 

Const Config_nrf = &H00                                     'Config адрес регистра 

Const En_aa = &H01                                          'Включить Автоматическое 

Подтверждение регистрации адрес 

Const En_rxaddr = &H02                                      'Включено Rx адреса " адрес 

регистра" 

Const Rf_ch = &H05                                          'RF channel' адрес регистра 

Const Rf_setup = &H06                                       'РФ Setup " (Настройка) адрес 

регистра" 

Const Status = &H07                                         'Статус " адрес регистра" 

Const Rx_addr_p0 = &H0A                                     'rx адрес Pipe0 " зарегистрировать 

адрес" 

Const Tx_addr = &H10                                        'TX address (адрес) 

Dim D_bytes(17) As Byte , W As Byte 

'Config оборудования 
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Config Spi = Hard , Interrupt = Off , Data Order = Msb , Master = Yes , Polarity = Low 

, Phase = 0 , Clockrate = 4 , Noss = 1 

'Программное обеспечение SPI НЕ работает с nRF24L01, используйте 

оборудование SPI только, но эсэсовцы pin-код должен управляться нашей 

функцией 

Config Portc.5 = Output : Ce Alias Portc.5                  'CE pin is output 

Config Portb.2 = Output : Ss Alias Portb.2                  'SS pin is output 

Config Pinc.4 = Input : Irq Alias Pinc.4                    'IRQ pin is input 

                'IRQ pin is input 

'подключение светодиодов индикации 

Config Portd.5 = Output : En_rx Alias Portd.5 

Config Portb.1 = Output : Led Alias Portb.1 

Spiinit 

Do 

Incr W 

If W = 250 Then 

W = 0 

End If 

Set Ce 

Waitms 10 

Reset Ce 

Reset Ss 

D_bytes(1) = Flush_tx                                       'Flush the TX_fifo буфера 

Call W_register(1) 

D_bytes(1) = Write_reg + Status                             'Reset IRQ бит 

D_bytes(2) = &B00110000 

Call W_register(2) 

Gosub Setup_tx                                              'Настройка nrf240l01 для TX 

D_bytes(1) = Wr_tx_pload                                    'Положи 5 байт в TX pload буфера 

Led = 1 
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   Set En_rx 

 Do 

 Loop Until Ischarwaiting() <> 0 

'Inputbin D_bytes(2) , 16 

Inputbin D_bytes(2) , 14 

Reset En_rx 

'''D_bytes(2) = &H15                                           'Байт 1 

'D_bytes(3) = &H27                                           'Байт 2 

'D_bytes(4) = &H3D                                           'Байт 3 

'D_bytes(5) = &H43                                           'Байт 4 

'D_bytes(6) = &H5E                                           'Байт 1 

'D_bytes(7) = &H68                                           'Байт 5 будет увеличиваться каждый 

цикл 

'D_bytes(8) = &H75 

'D_bytes(9) = &H87 

'D_bytes(10) = &H9F 

'D_bytes(11) = &HA8 

'D_bytes(12) = &HB0 

'D_bytes(13) = &HC0 

'D_bytes(14) = &HD8 

'D_bytes(15) = &HE8                                          'Байт 5 будет увеличиваться каждый 

цикл 

Call W_register(15)                                         'Запись 6 байт для регистраци 

Waitms 2 

Set Ce                                                      'Set CE на короткий миг, чтобы передать 

буфер fifo 

Waitms 1 

Reset Ce 

Waitms 10 

  Led = 0 
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Loop 

'Sub подпрограмм 

Sub W_register(byval C_bytes As Byte)                       'Пишите зарегистрировать с 

SPI 

Reset Ss                                                    'Руководство управления СС контакт, 

установить СС низких до смещение, байт 

Spiout D_bytes(1) , C_bytes                                 'Shiftout байты данных SPI корыта, 

C_bytes это количество байт, которые будут написаны 

Set Ss                                                      'Set СС высокого 

End Sub 

Setup_tx:                                                   'Подготовка к TX 

D_bytes(1) = Write_reg + Tx_addr                            'TX адрес 

D_bytes(2) = &H34 

D_bytes(3) = &H43 

D_bytes(4) = &H10 

D_bytes(5) = &H10 

D_bytes(6) = &H01 

Call W_register(6) 

D_bytes(1) = Write_reg + Rx_addr_p0                         'RX адрес для pipe0 

D_bytes(2) = &H34 

D_bytes(3) = &H43 

D_bytes(4) = &H10 

D_bytes(5) = &H10 

D_bytes(6) = &H01 

Call W_register(6) 

D_bytes(1) = Write_reg + En_aa                              'Enable auto ACK на pipe0 

D_bytes(2) = &H01 

Call W_register(2) 

D_bytes(1) = Write_reg + En_rxaddr                          'Включить RX адрес для pipe0 

D_bytes(2) = &H01 
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Call W_register(2) 

D_bytes(1) = Write_reg + Rf_ch                              'Настройка каналов 

D_bytes(2) = 40                                             'Частота 2440 MГц 

Call W_register(2) 

D_bytes(1) = Write_reg + Rf_setup                           'Настройка РФ -> Выходной 

мощности 0 дБм, datarate 2 Мбит / с и МШУ прибыль по 

D_bytes(2) = &H0F 

Call W_register(2) 

D_bytes(1) = Write_reg + Config_nrf                         'Настройка CONFIG -> I=0 

(TX_device), PWR_UP=1, CRC 2bytes, Включить CRC 

D_bytes(2) = &H0E 

Call W_register(2) 

Return 
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Приложение Г  

Текст программного кода для приемника 

regfile = "m48pdef.dat" 

$crystal = 10000000 

$baud = 2400 

'Заявить отдельные подпрограммы 

Declare Sub R_register(byval Command As Byte , Byval C_bytes As Byte) 

Declare Sub W_register(byval C_bytes As Byte) 

'SPI (nRF24L01) команды 

Const Write_reg = &H20                                      'Определить Команду Записи В 

Реестр 

Const Rd_rx_pload = &H61                                    'Define Rx Полезной Нагрузки 

Адрес Регистра 

'SPI (nRF24L01) регистры (адреса) 

Const Config_nrf = &H00                                     'Config адрес регистра 

Const En_aa = &H01                                          'Включить Автоматическое 

Подтверждение регистрации адрес 

Const En_rxaddr = &H02                                      'Включено Rx адреса " адрес 

регистра" 

Const Rf_ch = &H05                                          'RF channel' адрес регистра 

Const Rf_setup = &H06                                       'РФ Setup " (Настройка) адрес 

регистра" 

Const Status = &H07                                         'Статус " адрес регистра" 

Const Rx_addr_p0 = &H0A                                     'rx адрес Pipe0 " зарегистрировать 

адрес" 

Const Rx_pw_p0 = &H11                                       'rx полезной нагрузки ширина , 

Pipe0 " зарегистрировать адрес" 

Const Fifo_status = &H17                                    'fifo - Регистр Состояния " 

регистрация адреса" 
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Dim D_bytes(6) As Byte , B_bytes(14) As Byte 

Config Spi = Hard , Interrupt = Off , Data Order = Msb , Master = Yes , Polarity = Low 

, Phase = 0 , Clockrate = 4 , Noss = 1 

'Программное обеспечение SPI НЕ работает с nRF24L01, используйте 

оборудование SPI только, но эсэсовцы pin-код должен управляться нашей 

функцией 

Config Portc.5 = Output : Ce Alias Portc.5                  'CE pin is output 

Config Portb.2 = Output : Ss Alias Portb.2                  'SS pin is output 

Config Pinc.4 = Input : Irq Alias Pinc.4                    'IRQ pin is input 

             'IRQ pin is input 

Spiinit 

Set Ce 

Waitms 10 

Reset Ce 

Reset Ss 

Print "UT60 RX" 

Call R_register(status , 1)                                 'Читать Регистр СОСТОЯНИЯ 

Reset Ce                                                    'Set CE низко, чтобы получить доступ к 

регистрам 

Gosub Setup_rx                                              'Настройка nRF24L01 для RX 

Waitms 2 

Set Ce                                                      'Set nRF20L01 в режиме приема 

Do 

If Irq = 0 Then                                             'Подождите, пока IRQ происходит, pin-

код становится низким на прерывание 

Reset Ce                                                    'Ресивер должен быть включен до чтения 

pload 

Call R_register(rd_rx_pload , 14)                           'Читать 5 байт RX pload 

регистрации 

'If B_bytes(1) = &H15 Then 
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'If B_bytes(14) = &HE8 Then 

Printbin B_bytes(1) , 14 

'nd If 

'End If 

D_bytes(1) = Write_reg + Status                             'Сброс RX_DR бит состояния 

D_bytes(2) = &B01000000                                     'Напиши 1 до RX_DR бит для 

сброса IRQ 

Call W_register(2) 

Set Ce                                                      'Включить приемник снова 

Waitms 1 

End If 

Loop 

'Sub подпрограмм 

Sub W_register(byval C_bytes As Byte)                       'Пишите зарегистрировать с 

SPI 

Reset Ss                                                    'Руководство управления СС контакт, 

установить СС низких до смещение, байт 

Spiout D_bytes(1) , C_bytes                                 'Shiftout байты данных SPI корыта, 

C_bytes это количество байт, которые будут написаны 

Set Ss                                                      'Set СС высокого 

End Sub 

Sub R_register(byval Command As Byte , Byval C_bytes As Byte) As Byte       

'C_bytes = Count_bytes, номер off байт для чтения 

Reset Ss                                                    'Ручное управление СС контакт, установить 

на низком уровне до переход в/из байт 

Spiout Command , 1                                          'Первый shiftout в реестр, который 

будет читать 

Spiin B_bytes(1) , C_bytes                                  'Прочитал назад байты из SPI 

направлять по nRF20L01 

Set Ss                                                      'Установить СС обратно на высоком уровне 
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End Sub 

Setup_rx:                                                   'Подготовка к RX 

D_bytes(1) = Write_reg + Rx_addr_p0                         'RX адрес для pipe0 

D_bytes(2) = &H34 

D_bytes(3) = &H43 

D_bytes(4) = &H10 

D_bytes(5) = &H10 

D_bytes(6) = &H01 

Call W_register(6)                                          'Отправить 6 байт для SPI 

D_bytes(1) = Write_reg + En_aa                              'Enable auto ACK на pipe0 

D_bytes(2) = &H01 

Call W_register(2) 

D_bytes(1) = Write_reg + En_rxaddr                          'Включить RX адрес для pipe0 

D_bytes(2) = &H01 

Call W_register(2) 

D_bytes(1) = Write_reg + Rf_ch                              'Настройка каналов 

D_bytes(2) = 40                                             'Частота 2440 MГц 

Call W_register(2) 

D_bytes(1) = Write_reg + Rx_pw_p0                           'Set RX pload ширина для pipe0 

D_bytes(2) = 14 

Call W_register(2) 

D_bytes(1) = Write_reg + Rf_setup                           'Настройка РФ -> Выходной 

мощности 0 дБм, datarate 2 Мбит / с и МШУ прибыль по 

D_bytes(2) = &H0F 

Call W_register(2) 

D_bytes(1) = Write_reg + Config_nrf                         'Настройка CONFIG -> I=1 

(RX_device), PWR_UP=1, CRC 2bytes, Включить CRC 

D_bytes(2) = &H0F 

Call W_register(2) 

Return 
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Приɥɨɠɟɧиɟ Д 

(ɨɛязɚтельɧɨе) 
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