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ȼɜɟɞɟɧɢɟ 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ.  

Ⱥɝɪɨɩɪɨɦɵɲɥɟɧɧɵɣ ɤɨɦɩɥɟɤɫ Ɋɨɫɫɢɢ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɫɪɟɞɢ ɞɪɭɝɢɯ 

ɨɬɪɚɫɥɟɣ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɜɵɯɨɞɢɬ ɧɚ ɩɟɪɟɞɨɜɵɟ ɩɨɡɢɰɢɢ ɩɨ ɬɟɦɩɚɦ ɪɨɫɬɚ 

ɩɪɨɢɡɜɨɞɫɬɜɚ [77]. Ȼɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɷɬɨɦ ɩɪɢɨɛɪɟɬɚɟɬ ɧɟ ɬɨɥɶɤɨ ɪɨɫɬ 

ɨɛɴɟɦɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɧɨ ɢ ɨɛɟɫɩɟɱɟɧɢɟ ɫɨɯɪɚɧɧɨɫɬɢ ɩɪɨɢɡɜɟɞɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ. 

Ɉɞɧɨɣ ɢɡ ɜɨɡɪɨɠɞɚɟɦɵɯ ɨɬɪɚɫɥɟɣ Ȼɪɹɧɫɤɨɣ ɨɛɥɚɫɬɢ ɹɜɥɹɟɬɫɹ ɫɚɞɨɜɨɞɫɬɜɨ 

[7, 95]. Ⱦɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɱɚɫɬɢ ɩɥɨɞɨɜɨɣ ɩɪɨɞɭɤɰɢɢ ɜ ɫɭɯɨɮɪɭɤɬɵ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ ɫɭɲɢɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ [38], ɜ ɬɨɦ ɱɢɫɥɟ ɜ Ȼɪɹɧɫɤɨɦ ȽȺɍ ɫɭɲɢɥɤɚ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɉȺɉɊɄɌɈ [52]. ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɥɭɱɲɟɧɵ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɧɚ ɫɭɲɤɟ ɹɛɥɨɤ 

ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɜ ɫɢɫɬɟɦɟ ɜɵɛɪɨɫɚ 

ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ [53, 54]. 

Ɍɚɤɚɹ ɫɭɲɢɥɤɚ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɢɦɟɟɬ ɩɪɨɫɬɭɸ ɤɨɧɫɬɪɭɤɰɢɸ 

ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ ɢ ɪɨɬɨɪ-ɧɚɝɪɟɜɚɬɟɥɶ ɜ ɤɚɱɟɫɬɜɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɨɬɪɟɛɥɹɟɦɨɣ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɟɝɨ ɩɪɢɜɨɞ ɜ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. ȼ «ɨɫɧɨɜɟ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ - ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɜ ɬɟɩɥɨɬɭ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɬɟɪɶ, 

ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɪɚɛɨɬɟ ɪɨɬɨɪɚ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɜ ɡɚɦɤɧɭɬɨɦ 

ɰɢɪɤɭɥɹɰɢɨɧɧɨɦ ɤɨɧɬɭɪɟ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ. Ɋɨɬɨɪ ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɚɤ ɧɚɝɧɟɬɚɧɢɟ 

ɜɨɡɞɭɯɚ, ɬɚɤ ɢ ɟɝɨ ɧɚɝɪɟɜ. ɉɪɢ ɷɬɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɜɵɫɨɤɚɹ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɧɚɝɪɟɜɚ 

ɩɨ ɜɫɟɦɭ ɨɛɴёɦɭ ɜɵɫɭɲɢɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɢ 

ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɩɨɠɚɪɧɨɦ ɨɬɧɨɲɟɧɢɢ» [78]. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ 

ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨɜɭɸ ɫɨɫɬɚɜɥɹɟɬ 0,88…0,95 [92]. 

ɏɚɪɚɤɬɟɪɧɨɣ «ɨɫɨɛɟɧɧɨɫɬɶɸ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɹɜɥɹɟɬɫɹ 

ɰɢɪɤɭɥɹɰɢɹ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɨ ɡɚɦɤɧɭɬɨɦɭ ɤɨɧɬɭɪɭ ɜɧɭɬɪɢ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ 

ɫ ɱɚɫɬɢɱɧɵɦ ɫɛɪɨɫɨɦ ɭɜɥɚɠɧɟɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢ ɩɨɞɫɨɫɨɦ ɬɚɤɨɝɨ ɠɟ 

ɤɨɥɢɱɟɫɬɜɚ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ» [93].  

ɋɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ 

ɨɬɪɚɫɥɹɯ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ [94], ɜ ɬɟɯɧɨɥɨɝɢɹɯ ɫɭɲɤɢ ɩɢɥɨɦɚɬɟɪɢɚɥɨɜ [98]. ȼ 
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ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɟɞɭɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɫɭɲɢɥɨɤ ɞɚɧɧɨɝɨ ɬɢɩɚ ɞɥɹ 

ɫɭɲɤɢ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɫɵɪɶɹ [44, 45, 48, 51], ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ ɡɟɪɧɚ [49, 59, 

60, 61, 62, 78, 87]. Ɉɞɧɚɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɧɟɨɛɯɨɞɢɦɚ ɪɚɛɨɬɚ ɫɭɲɢɥɤɢ ɜ ɪɟɠɢɦɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ. Ʉɚɦɟɪɧɚɹ 

ɤɨɦɩɨɧɨɜɤɚ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɭɲɢɥɤɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɪɝɚɧɢɡɨɜɚɬɶ 

ɬɚɤɨɣ ɪɟɠɢɦ ɪɚɛɨɬɵ. 

Ɉɞɧɨɣ ɢɡ ɬɟɧɞɟɧɰɢɣ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ, ɦɨɞɭɥɶɧɵɯ ɦɚɲɢɧ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɜɵɩɨɥɧɟɧɢɟ ɪɹɞɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɚɝɪɟɝɚɬɚ, ɥɢɛɨ 

ɢɦɟɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɵɪɶɹ. 

Ⱦɥɹ ɪɚɫɲɢɪɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɭɲɢɥɤɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɉȺɉɊɄɌɈ, «ɭɜɟɥɢɱɟɧɢɹ ɟɟ ɝɨɞɨɜɨɣ ɡɚɝɪɭɡɤɢ ɛɵɥɚ 

ɩɪɟɞɥɨɠɟɧɚ ɤɨɧɰɟɩɰɢɹ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɤɚɤ ɪɟɠɢɦ ɤɚɦɟɪɧɨɣ ɫɭɲɤɢ, ɬɚɤ ɢ ɧɟɩɪɟɪɵɜɧɵɣ ɪɟɠɢɦ ɫɭɲɤɢ ɡɚ 

ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɜ ɜɢɞɟ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɞɥɹ ɡɟɪɧɚ» 

[18, 66, 72, 78, 79, 86, 91].  

Ɂɟɪɧɨ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɢɦ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɦ ɩɪɨɞɭɤɬɨɦ ɢ ɭɪɨɜɟɧɶ 

ɫɚɦɨɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɬɪɚɧɵ ɩɨ ɡɟɪɧɭ ɞɨɥɠɟɧ ɫɨɫɬɚɜɥɹɬɶ 95 % [77]. ɉɨɷɬɨɦɭ 

ɜɨɩɪɨɫ ɫɨɯɪɚɧɧɨɫɬɢ ɜɵɪɚɳɟɧɧɨɝɨ ɭɪɨɠɚɹ ɡɟɪɧɚ ɹɜɥɹɟɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ 

ɚɤɬɭɚɥɶɧɵɦ. 

Ⱦɥɹ ɫɭɲɤɢ ɡɟɪɧɚ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɲɚɯɬɧɵɟ ɫɭɲɢɥɤɢ ɫ ɜɵɫɨɬɨɣ 

ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɲɚɯɬɵ ɨɬ 4 ɞɨ 15 ɦ. ȼɪɟɦɹ ɨɞɧɨɝɨ ɩɪɨɩɭɫɤɚ ɡɟɪɧɚ ɱɟɪɟɡ ɲɚɯɬɭ 

ɫɨɫɬɚɜɥɹɟɬ ɨɬ 40 ɦɢɧ. ɢ ɡɚɜɢɫɢɬ ɨɬ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ ɢ ɧɚɫɬɪɨɣɤɢ ɜɵɩɭɫɤɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ.  

ɍɱɢɬɵɜɚɹ ɜɵɫɨɬɭ ɫɭɲɢɥɤɢ ɉȺɉɊɄɌɈ ɜ ɩɪɟɞɟɥɚɯ 2 ɦ, ɠɟɥɚɬɟɥɶɧɭɸ ɟɟ 

ɦɨɛɢɥɶɧɨɫɬɶ ɜ ɩɥɚɧɟ ɩɟɪɟɦɟɳɟɧɢɹ ɤ ɦɟɫɬɚɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɩɟɪɟɪɚɛɨɬɤɢ 

ɩɪɨɢɡɜɨɞɢɦɨɣ ɩɪɨɞɭɤɰɢɢ ɪɚɡɪɚɛɨɬɤɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɜɵɫɨɬɨɣ 4...5 ɦ ɢ 

ɛɨɥɟɟ ɧɟ ɰɟɥɟɫɨɨɛɪɚɡɧɚ.  
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ɉɨɷɬɨɦɭ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɢɟ ɜɦɟɫɬɢɦɨɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɦɨɞɭɥɹ ɜ ɜɢɞɟ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ, ɩɨɡɜɨɥɹɸɳɟɣ ɨɛɟɫɩɟɱɢɬɶ ɬɪɟɛɭɟɦɵɟ ɪɟɠɢɦɵ 

ɫɭɲɤɢ ɡɟɪɧɚ ɩɪɢ ɩɪɢɟɦɥɟɦɵɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɹɯ ɩɪɨɰɟɫɫɚ. 

ɋɬɟɩɟɧɶ ɪɚɡɪɚɛɨɬɚɧɧɨɫɬɢ ɬɟɦɵ. 

ȼɨɩɪɨɫɚɦɢ ɫɭɲɤɢ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɵɪɶɹ ɡɚɧɢɦɚɥɢɫɶ ɦɧɨɝɢɟ ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɢ 

ɡɚɪɭɛɟɠɧɵɟ ɭɱɟɧɵɟ: Ⱥɝɟɟɜ ɉ.ɋ., Ⱥɤɭɥɢɱ ɉ.ȼ., Ⱥɧɬɨɲɢɧ ɂ.Ɇ., Ⱥɬɚɧɚɡɟɜɢɱ ȼ.ɂ., 

Ȼɭɞɧɢɤɨɜ Ⱦ.Ⱥ., Ƚɢɧɡɛɭɪɝ Ⱥ.ɋ., Ƚɨɥɭɛɤɨɜɢɱ Ⱥ.ȼ., Ƚɨɪɹɱɤɢɧ ȼ.ɉ., Ɂɚɝɨɪɭɣɤɨ Ɇ.Ƚ., 

Ʌɟɛɟɞɟɜ ɉ.Ⱦ., Ʌɟɬɨɲɧɟɜ Ɇ.ɇ., Ʌɵɤɨɜ Ⱥ.ȼ., Ɇɚɥɢɧ ɇ.ɂ., Ɇɚɥɶɬɪɢ ȼ.Ɇ., 

Ɇɚɫɚɥɢɦɨɜ ɂ.ɏ., Ɋɨɝɨɜ ɂ.Ⱥ., ɉɚɜɥɭɲɢɧ Ⱥ.Ⱥ., Ɋɭɞɨɛɚɲɬɚ ɋ.ɉ., Ʉɟɣ Ɋ.Ȼ., Ʉɪɢɲɟɪ 

Ɉ., Ʉɭɪɞɸɦɨɜ ȼ.ɂ., Ɇɚɧɚɫɹɧ ɋ.Ʉ., ɋɚɟɧɤɨ ɘ.ȼ., ɋɚɠɢɧ Ȼ.ɋ., ɋɦɟɥɢɤ ȼ.ȼ., 

Ɍɢɯɨɦɢɪɨɜ Ⱦ.Ⱥ., ɐɭɝɥɟɧɨɤ  ɇ.ȼ., Allen T.R., Hukill W.V., Krokida M.K., Meisamiasl 

E., Nwakuba N.R. ɢ ɞɪɭɝɢɟ.  

Ȼɨɥɶɲɨɣ ɜɤɥɚɞ ɜ ɪɚɡɜɢɬɢɟ ɬɟɨɪɢɢ ɭɫɬɚɧɨɜɨɤ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ 

ɜɧɟɫɥɢ ȼ.ɇ. Ʉɨɫɬɨɱɤɢɧ, ȿ.Ƚ. ɒɚɞɟɤ, ɉ.ɂ. Ɍɟɜɢɫ ɢ ɞɪ. 

ɉɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɩɪɨɢɡɜɨɞɹɬɫɹ ɞɥɹ ɥɟɫɧɨɝɨ ɢ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ 

ɫɭɲɢɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɞɥɹ ɫɭɲɤɢ ɩɢɥɨɦɚɬɟɪɢɚɥɨɜ, 

ɨɪɟɯɨɜ [100], ɜ ɯɢɦɢɱɟɫɤɨɣ, ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ [1, 69], ɞɥɹ 

ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ [94], ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɫɭɲɤɢ ɚɜɬɨɦɨɛɢɥɟɣ, ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɧɚ 

ɧɢɯ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ [2], ɪɚɡɨɝɪɟɜɚ ɩɪɢ ɩɟɪɟɜɨɡɤɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ ɢ 

ɚɜɬɨɦɨɛɢɥɶɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ ɡɚɬɜɟɪɞɟɜɚɸɳɢɯ ɢ ɜɹɡɤɢɯ ɦɚɬɟɪɢɚɥɨɜ 

(ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ) [3, 4]. 

Ɋɚɡɪɚɛɨɬɱɢɤɚɦɢ ɞɚɧɧɨɝɨ ɬɢɩɚ ɫɭɲɢɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɜ ɨɛɥɚɫɬɢ 

ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɩɨɦɢɦɨ ɞɚɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɭɤɚɡɵɜɚɥɨɫɶ ɧɚ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ 

ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɫɭɲɤɢ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɡɟɪɧɚ [92]. 

Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɫɭɲɤɚ ɡɟɪɧɚ ɜ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɭɲɢɥɤɚɯ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɫɫɥɟɞɨɜɚɧɚ. ɉɪɢ ɷɬɨɦ ɜɤɥɸɱɟɧɢɟ 

«ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɜ ɜɢɞɟ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɞɥɹ ɡɟɪɧɚ» [18] ɜ 

ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ ɫɭɲɢɥɤɢ ɧɟ ɞɨɥɠɧɨ ɜɥɢɹɬɶ ɧɚ ɪɟɠɢɦ 

ɪɚɛɨɬɵ ɟɟ ɨɫɧɨɜɧɨɝɨ ɦɨɞɭɥɹ – ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ ɞɥɹ ɩɥɨɞɨɜɨ-ɹɝɨɞɧɨɝɨ ɫɵɪɶɹ. 
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ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ - ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ ɡɟɪɧɚ ɜ 

ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɫ ɨɛɨɫɧɨɜɚɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɟё 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
1. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɤɨɧɫɬɪɭɤɰɢɣ ɡɟɪɧɨɫɭɲɢɥɨɤ ɨɛɨɫɧɨɜɚɬɶ ɤɨɧ-

ɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɫɭɲɢɥɤɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ. 

2. Ɋɚɡɪɚɛɨɬɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɧɚɝɪɟɜɚ. 

3. ɂɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɪɟɠɢɦɟ ɫɭɲɤɢ ɡɟɪɧɚ. 

4. ɉɪɨɢɡɜɟɫɬɢ ɩɪɨɜɟɪɤɭ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɨɰɟɧɤɭ ɩɪɟɞɥɚɝɚɟɦɵɯ ɪɟɲɟɧɢɣ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɜ ɪɟɠɢɦɟ ɫɭɲɤɢ ɡɟɪɧɚ.  

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɜ ɪɟɠɢɦɟ ɫɭɲɤɢ ɡɟɪɧɚ ɧɚ ɩɚɪɚɦɟɬɪɵ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ – ɨɛɨɫɧɨɜɚɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɰɢɪɤɭɥɹɰɢɢ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ.  

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ ɡɚɜɢɫɢɦɨɫɬɟɣ, 

ɩɨɡɜɨɥɹɸɳɢɯ ɨɛɨɫɧɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɫɭɲɢɥɤɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɞɥɹ ɪɟɠɢɦɚ ɫɭɲɤɢ ɫɟɦɟɧɧɨɝɨ ɡɟɪɧɚ.  

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ ɨɛɨɫɧɨɜɚɧɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɪɟɠɢɦ ɫɭɲɤɢ ɡɟɪɧɚ.  

Ɇɟɬɨɞɨɥɨɝɢɹ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɨɜ ɝɢɞɪɚɜɥɢɤɢ, ɬɟɩɥɨɬɟɯɧɢɤɢ, ɬɟɨɪɢɢ ɫɭɲɤɢ, ɩɥɚɧɢɪɨɜɚɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɟɬɨɞɨɦ 
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ɤɨɪɪɟɥɹɰɢɨɧɧɨ-ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɨɜɟɞɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦ  

MS Excel, Statistica 13. 

ɉɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ: 
- ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɨɬ 

ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɩɪɢ ɟɝɨ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɰɢɪɤɭɥɹɰɢɢ; 

- ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ; 

- ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɦɨɞɭɥɶɧɨɣ 

ɫɭɲɢɥɤɢ ɜ ɪɟɠɢɦɟ ɫɭɲɤɢ ɡɟɪɧɚ. 

Ɋɟɚɥɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɇɨɞɭɥɶɧɚɹ ɫɭɲɢɥɤɚ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɭɫɩɟɲɧɨ ɩɪɨɲɥɚ ɩɪɨɜɟɪɤɭ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɭɱɯɨɡɚ Ȼɪɹɧɫɤɨɝɨ ȽȺɍ. Ɇɚɬɟɪɢɚɥɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɪɚɛɨɱɢɟ ɱɟɪɬɟɠɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɩɟɪɟɞɚɧɵ ɜ ɈɈɈ «ɈɄȻ ɩɨ ɬɟɩɥɨɝɟɧɟɪɚɬɨɪɚɦ» ɝ. Ȼɪɹɧɫɤ. 

ɋɬɟɩɟɧɶ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ɋɚɡɥɢɱɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 1…4 %. 

          Ⱥɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ. Ɇɚɬɟɪɢɚɥɵ ɞɨɥɨɠɟɧɵ ɧɚ ɧɚɰɢɨɧɚɥɶɧɵɯ ɢ 

ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɧɚɭɱɧɨ – ɩɪɚɤɬɢɱɟɫɤɢɯ ɤɨɧɮɟɪɟɧɰɢɹɯ: «Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ, 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢ ɧɚɞɟɠɧɨɫɬɶ ɦɚɲɢɧ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ» 2023, 2024, 

2025 ɝɝ. (Ȼɪɹɧɫɤɢɣ ȽȺɍ), «ɂɧɧɨɜɚɰɢɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɪɵɜ ɜ ȺɉɄ» 2023, 2024, 

2025 ɝɝ. (Ȼɪɹɧɫɤɢɣ ȽȺɍ), «ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɜ ɚɝɪɚɪɧɨɦ ɢ ɫɬɪɨɢɬɟɥɶɧɨɦ 

ɤɨɦɩɥɟɤɫɟ» 2023, 2024 ɝɝ. (Ɉɪɥɨɜɫɤɢɣ ȽȺɍ). 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɫɨɢɫɤɚɬɟɥɹ ɡɚɤɥɸɱɚɥɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɰɟɥɢ ɢ ɡɚɞɚɱ 

ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ; ɜɵɩɨɥɧɟɧɢɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ, ɚɧɚɥɢɡɟ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ; 

ɨɛɨɫɧɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ; ɨɩɪɟɞɟɥɟɧɢɢ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ; ɮɨɪɦɭɥɢɪɨɜɤɟ ɜɵɜɨɞɨɜ; ɩɨɞɝɨɬɨɜɤɟ ɫɬɚɬɟɣ. 

ɉɭɛɥɢɤɚɰɢɢ. Ɉɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɞɢɫɫɟɪɬɚɰɢɢ ɢɡɥɨɠɟɧɨ ɜ 11 ɩɟɱɚɬɧɵɯ 

ɪɚɛɨɬɚɯ, ɢɡ ɤɨɬɨɪɵɯ 4 ɜ ɢɡɞɚɧɢɹɯ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ȼȺɄ ɊɎ ɢ ɞɜɚ ɩɚɬɟɧɬɚ ɧɚ 

ɩɨɥɟɡɧɵɟ ɦɨɞɟɥɢ ɊɎ № 216716 «ɋɭɲɢɥɤɚ» ɢ № 233989 «ɋɭɲɢɥɤɚ». Ʌɢɱɧɨ ɚɜɬɨɪɭ 

ɩɪɢɧɚɞɥɟɠɚɬ 1,70 ɩ.ɥ. ɢɡ ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɩɭɛɥɢɤɚɰɢɣ 6,71 ɩ.ɥ.  
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ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. Ɉɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ 

ɪɚɛɨɬɵ 156 ɫɬɪɚɧɢɰ ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɚ, ɜɤɥɸɱɚɹ ɜɜɟɞɟɧɢɟ, ɩɹɬɶ ɝɥɚɜ, 

ɡɚɤɥɸɱɟɧɢɟ, ɫɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɢɡ 117 ɧɚɢɦɟɧɨɜɚɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ 6 ɧɚ 

ɢɧɨɫɬɪɚɧɧɵɯ ɹɡɵɤɚɯ. ɋɨɞɟɪɠɢɬ 102 ɪɢɫɭɧɤɚ, 3 ɬɚɛɥɢɰɵ ɢ 5 ɩɪɢɥɨɠɟɧɢɣ. 
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ȽɅȺȼȺ 1 ȺɇȺɅɂɁ ɇȺɉɊȺȼɅȿɇɂə ɂɋɋɅȿȾɈȼȺɇɂə 

 

1.1 ɂɫɬɨɱɧɢɤɢ ɧɚɝɪɟɜɚ ɜ ɫɭɲɢɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ 

 

ɋɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɨɬɧɨɫɹɬɫɹ ɤ ɫɭɲɢɥɤɚɦ ɤɨɧɜɟɤɬɢɜɧɨɝɨ 

ɬɢɩɚ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɫɭɲɢɥɤɚ ɞɨɥɠɧɚ ɢɦɟɬɶ ɢɫɬɨɱɧɢɤ ɧɚɝɪɟɜɚ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. 

ɍɞɨɛɫɬɜɨɦ ɢ ɩɪɨɫɬɨɬɨɣ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɬɟɩɥɨɬɵ ɨɬɥɢɱɚɸɬɫɹ ɫɭɲɢɥɤɢ, 

ɢɫɩɨɥɶɡɭɸɳɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. ɗɬɨ ɭɫɬɚɧɨɜɤɢ ɤɨɧɬɚɤɬɧɨɝɨ ɬɢɩɚ [37, 39, 41, 55, 

63, 64, 65, 67, 88, 89, 90], ɫ ɢɧɮɪɚɤɪɚɫɧɵɦ ɧɚɝɪɟɜɨɦ [15, 16, 17, 29, 40, 43, 47, 80, 

81, 82, 83, 84], ɫ ɋȼɑ-ɧɚɝɪɟɜɨɦ [9, 10, 11, 12, 50], ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ [96]. Ȼɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ 

ɜɨɩɪɨɫɚɦ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɫɭɲɤɢ [24, 28, 30, 31, 32, 33, 34, 35, 56, 57, 58, 74, 112, 113, 

114, 115], ɨɛɨɫɧɨɜɚɧɢɸ ɬɢɩɨɪɚɡɦɟɪɧɨɝɨ ɪɹɞɚ [14], ɢɫɩɨɥɶɡɨɜɚɧɢɸ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ [116, 117]. 

ɂɡ ɢɦɟɸɳɢɯ ɪɟɚɥɶɧɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɨɬɵ ɞɥɹ 

ɤɨɧɜɟɤɬɢɜɧɵɯ ɫɭɲɢɥɨɤ ɬɚɤɢɦɢ ɦɨɝɭɬ ɛɵɬɶ: ɜɨɡɞɭɲɧɵɣ ɫɨɥɧɟɱɧɵɣ ɤɨɥɥɟɤɬɨɪ ɫ 

ɚɤɤɭɦɭɥɹɬɨɪɚɦɢ ɬɟɩɥɨɬɵ, ɬɟɩɥɨɝɟɧɟɪɚɬɨɪ, ɪɚɛɨɬɚɸɳɢɣ ɡɚ ɫɱɟɬ ɫɠɢɝɚɧɢɹ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ, ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɢ, ɪɨɬɨɪ-ɧɚɝɪɟɜɚɬɟɥɶ, 

ɬɪɚɧɫɮɨɪɦɢɪɭɸɳɢɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɜ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ.  

ɋɨɥɧɟɱɧɚɹ ɷɧɟɪɝɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɝɟɥɢɨɫɭɲɢɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɞɥɹ ɫɭɲɤɢ ɡɟɪɧɚ. ɇɚ ɪɢɫ. 1.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɛɚɪɚɛɚɧɧɚɹ ɝɟɥɢɨɫɭɲɢɥɤɚ ɡɟɪɧɚ [9]. 

ɇɚɝɪɟɜ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ (ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ) ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɨɥɧɟɱɧɨɦ 

ɤɨɥɥɟɤɬɨɪɟ 1 ɡɚ ɫɱɟɬ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ.  

ɉɨ ɞɚɧɧɵɦ ȿ.Ɇ. Ȼɚɣɞɚɤɨɜɚ «ȼ ɩɪɨɰɟɫɫɟ ɢɫɩɵɬɚɧɢɣ ɦɚɤɫɢɦɚɥɶɧɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɡɟɪɧɚ, ɫɨɫɬɚɜɢɥɚ 39,8 0ɋ, ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 31,1 0ɋ, ɬɟɦɩɟɪɚɬɭɪɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 52 0ɋ» [8]. 
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ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɣ ɝɟɥɢɨɫɭɲɢɥɤɢ ɹɜɥɹɟɬɫɹ ɟɟ ɧɟɜɵɫɨɤɚɹ ɭɞɟɥɶɧɚɹ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ - 49,2 ɤɝ/(ɦ3 . ɱ), ɜɫɥɟɞɫɬɜɢɟ ɦɚɥɨɣ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɚ 

ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ, ɩɨɫɬɭɩɚɸɳɟɣ ɧɚ ɫɨɥɧɟɱɧɵɣ ɤɨɥɥɟɤɬɨɪ. 

 

 

 

«1 – ɜɯɨɞɧɨɣ ɫɨɥɧɟɱɧɵɣ ɤɨɥɥɟɤɬɨɪ ɫ ɞɜɨɣɧɵɦ ɩɪɨɡɪɚɱɧɵɦ ɩɨɤɪɵɬɢɟɦ; 2 - 

ɝɪɚɜɢɣɧɵɣ ɚɤɤɭɦɭɥɹɬɨɪ ɬɟɩɥɨɬɵ; 3 -  ɩɟɪɟɝɨɪɨɞɤɚ; 4 -  ɞɟɮɥɟɤɬɨɪ; 5 -  

ɜɟɪɬɢɤɚɥɶɧɵɣ ɫɨɥɧɟɱɧɵɣ ɤɨɥɥɟɤɬɨɪ; 6 - ɬɟɩɥɨɜɨɫɩɪɢɧɢɦɚɸɳɚɹ ɫɬɟɧɤɚ; 7, 8 - 

ɪɟɡɢɧɨɜɵɟ ɮɚɪɬɭɤɢ; 9 – ɫɭɲɢɥɶɧɵɣ ɛɚɪɚɛɚɧ; 10 – ɥɨɩɚɬɤɢ; 11, 12 - ɤɪɵɲɤɢ 

ɛɚɪɚɛɚɧɚ; 13 – ɫɟɬɤɚ» [97] 

 

Ɋɢɫɭɧɨɤ 1.1 – ɋɯɟɦɚ ɝɟɥɢɨɫɭɲɢɥɤɢ [38, 97] 

 

ȼ ɪɚɛɨɬɟ [97] ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɝɟɥɢɨɫɭɲɢɥɤɢ ɡɟɪɧɚ ɛɵɥɨ 

ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɪɟɡɟɪɜɧɨɣ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɩɨɞɨɝɪɟɜɚ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ (ɪɢɫ. 1.2). ɉɪɢ ɷɬɨɦ ɝɪɚɜɢɣɧɵɣ ɚɤɤɭɦɭɥɹɬɨɪ ɬɟɩɥɨɬɵ ɛɵɥ 

ɡɚɦɟɧɟɧ ɧɚ ɜɨɞɹɧɨɣ. ɍɞɟɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɛɚɪɚɛɚɧɧɨɣ ɝɟɥɢɨɫɭɲɢɥɤɢ ɜ 

ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɜɵɫɢɥɚɫɶ ɞɨ 79 ɤɝ/(ɦ3.ɱ). ɉɨ ɞɚɧɧɵɦ ɑɟɧɢɧɚ Ⱥ.ɇ. «ɬɟɩɥɨɜɨɣ ɄɉȾ 

ɝɟɥɢɨɫɭɲɢɥɤɢ ɜ ɞɧɟɜɧɨɟ ɜɪɟɦɹ ɫɭɬɨɤ ɫɨɫɬɚɜɢɥ 0,14, ɜ ɧɨɱɧɨɟ ɜɪɟɦɹ - 0,09» [97]. 
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ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ ɤɚɤ ɨɫɧɨɜɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɨɬɵ ɜ 

ɫɭɲɢɥɤɟ ɨɝɪɚɧɢɱɢɜɚɟɬ ɟɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɞɚɟɬ ɧɢɡɤɢɣ ɄɉȾ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. 

 

 

«1 – ɫɨɥɧɟɱɧɵɣ ɤɨɥɥɟɤɬɨɪ; 2 – ɜɨɞɹɧɨɣ ɚɤɤɭɦɭɥɹɬɨɪ ɬɟɩɥɨɬɵ; 3 – ɨɩɨɪɵ ɜɨɞɹɧɨɝɨ 

ɚɤɤɭɦɭɥɹɬɨɪɚ ɬɟɩɥɨɬɵ; 4 – ɫɭɲɢɥɶɧɚɹ ɤɚɦɟɪɚ; 5 – ɜɵɬɹɠɧɚɹ ɬɪɭɛɚ; 6 – ɞɟɮɥɟɤɬɨɪ; 

7 – ɫɢɫɬɟɦɚ ɜɟɧɬɢɥɹɰɢɢ; 8 – ɫɭɲɢɥɶɧɵɣ ɛɚɪɚɛɚɧ; 9 – ɫɢɫɬɟɦɚ ɷɥɟɤɬɪɨɩɨɞɨɝɪɟɜɚ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ; 10 – ɜɵɝɪɭɡɧɨɣ ɦɟɯɚɧɢɡɦ; 11 – ɮɚɪɬɭɤɢ» [97]  

 

Ɋɢɫɭɧɨɤ 1.2 – ɋɯɟɦɚ ɛɚɪɚɛɚɧɧɨɣ ɝɟɥɢɨɫɭɲɢɥɤɢ [38, 97]  

 

ɉɨ ɞɚɧɧɵɦ ɂɫɚɟɜɚ ɋ.ɏ. ɤɚɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɢɫɬɨɱɧɢɤ ɬɟɩɥɨɬɵ ɫɨɥɧɟɱɧɚɹ 

ɷɧɟɪɝɢɹ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɭɲɢɥɤɟ ɉȺɉɊɄɌɈ ɩɨɫɪɟɞɫɬɜɨɦ ɜɤɥɸɱɟɧɢɹ 

ɜ ɫɯɟɦɭ ɰɢɪɤɭɥɹɰɢɢ «ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ 

(ɪɢɫ. 1.3)» [38].  
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«1 - ɫɭɲɢɥɶɧɚɹ ɤɚɦɟɪɚ; 2 – ɞɜɟɪɶ; 3 - ɩɚɬɪɭɛɤɢ ɞɥɹ ɩɨɞɫɨɫɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ; 4 - 

ɩɚɬɪɭɛɨɤ ɞɥɹ ɜɵɛɪɨɫɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ (ɠɚɥɸɡɢ ɜ ɮɨɪɦɟ ɪɨɦɚɲɤɢ); 5 - 

ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɪɨɬɨɪ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ; 6 - ɩɪɢɜɨɞɧɨɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ; 
7 - ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 8 - ɬɟɩɥɨɨɛɦɟɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ; 9 - 

ɜɨɡɞɭɲɧɵɣ ɫɨɥɧɟɱɧɵɣ ɤɨɥɥɟɤɬɨɪ; 10 - ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɟ ɩɨɤɪɵɬɢɟ; 11 - ɩɚɬɪɭɛɨɤ ɞɥɹ 
ɜɯɨɞɚ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɜɟɪɯɧɸɸ ɤɚɦɟɪɭ; 12 - ɩɚɬɪɭɛɨɤ ɞɥɹ ɜɵɯɨɞɚ 
ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢɡ ɜɟɪɯɧɟɣ ɤɚɦɟɪɵ; 13 - ɜɯɨɞɧɨɣ ɩɚɬɪɭɛɨɤ ɫɪɟɞɧɟɣ 
ɤɚɦɟɪɵ; 14 - ɜɵɯɨɞɧɨɣ ɩɚɬɪɭɛɨɤ ɫɪɟɞɧɟɣ ɤɚɦɟɪɵ; 15 – ɩɟɪɟɝɨɪɨɞɤɢ; 16 - ɤɚɧɚɥɵ ɞɥɹ 
ɩɪɨɯɨɞɚ ɩɨɞɨɝɪɟɜɚɟɦɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ; 17 - ɩɚɬɪɭɛɨɤ ɞɥɹ ɜɯɨɞɚ 
ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɧɢɠɧɸɸ ɤɚɦɟɪɭ; 18 - ɩɚɬɪɭɛɨɤ ɞɥɹ ɜɵɯɨɞɚ 
ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢɡ ɧɢɠɧɟɣ ɤɚɦɟɪɵ; 19 – ɡɚɫɥɨɧɤɚ; 20 – ɠɚɥɸɡɢ» 
[38]  

 

«Ɋɢɫɭɧɨɤ 1.3 - ɋɯɟɦɚ ɫɭɲɢɥɤɢ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ» [38] 
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ɉɨ ɞɚɧɧɵɦ ɂɫɚɟɜɚ ɋ.ɏ. ɩɪɢɦɟɧɟɧɢɟ «ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ 

ɨɛɟɫɩɟɱɢɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ 20...25 ºɋ ɜɵɲɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɪɟɤɭɩɟɪɚɰɢɸ ɨɬ 40 ɞɨ 42 % ɬɟɩɥɨɬɵ 

ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ» [38]. 

ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɫɭɲɢɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɜ ɤɚɱɟɫɬɜɟ 

ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɨɬɵ ɞɥɹ ɧɚɝɪɟɜɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɨɥɭɱɢɥɢ ɬɨɩɨɱɧɵɟ ɚɝɪɟɝɚɬɵ, 

ɪɚɛɨɬɚɸɳɢɟ ɧɚ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ: ɩɪɢɪɨɞɧɨɦ ɝɚɡɟ, 

ɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ, ɬɪɚɤɬɨɪɧɨɦ ɤɟɪɨɫɢɧɟ, ɫɨɥɹɪɨɜɨɦ ɦɚɫɥɟ, ɭɝɥɟ, ɬɨɪɮɟ ɢ ɞɪ. [6]. 

Ɍɨɩɨɱɧɵɟ ɚɝɪɟɝɚɬɵ ɛɵɜɚɸɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ (ɪɢɫ. 1.4) ɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 

(ɪɢɫ. 1.5) ɬɢɩɚ. 

 

1 - ɬɨɩɥɢɜɧɵɣ ɧɚɫɨɫ; 2 - ɮɢɥɶɬɪ; 3 - ɤɥɚɩɚɧ; 4 - ɦɚɧɨɦɟɬɪ; 5 - ɫɦɟɫɢɬɟɥɶɧɚɹ 

ɤɨɪɨɛɤɚ; 6 - ɡɚɜɢɯɪɢɬɟɥɶ; 7 - ɜɟɧɬɢɥɹɬɨɪ; 8 - ɮɨɪɫɭɧɤɚ; 9 - ɬɨɩɥɢɜɨɩɪɨɜɨɞ; 10 - 

ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɣ ɩɪɢɛɨɪ; 11 - ɫɜɟɱɚ; 12 - ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ; 13 - ɷɤɪɚɧ; 14 - 

ɤɨɠɭɯ; 15 - ɩɪɨɬɢɜɨɜɡɪɵɜɧɨɣ ɤɥɚɩɚɧ 

 

Ɋɢɫɭɧɨɤ 1.4 – Ɍɨɩɤɚ ɡɟɪɧɨɫɭɲɢɥɤɢ ɋɁɒ-16 [6] 

 



15 

 

 

 

1 - ɫɨɟɞɢɧɢɬɟɥɶɧɵɣ ɤɚɧɚɥ; 2 - ɜɧɭɬɪɟɧɧɹɹ ɫɬɟɧɤɚ; 3 - ɜɨɡɞɭɲɧɵɣ ɤɚɧɚɥ 

(ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɫɬɟɧɤɚɦɢ); 4 - ɧɚɪɭɠɧɚɹ ɫɬɟɧɤɚ; 5 - ɮɨɪɤɚɦɟɪɚ; 6 - ɡɚɛɨɪɧɵɣ 

ɤɚɧɚɥ; 7 - ɨɬɪɚɠɚɬɟɥɶɧɵɣ ɳɢɬ; 8 - ɩɪɨɟɦɵ ɞɥɹ ɩɨɞɫɨɫɚ ɩɨɞɨɝɪɟɬɨɝɨ ɜɨɡɞɭɯɚ 

 

Ɋɢɫɭɧɨɤ 1.5 – ȼɟɪɬɢɤɚɥɶɧɚɹ ɬɨɩɤɚ ɫ ɧɚɤɥɨɧɧɨɣ ɮɨɪɤɚɦɟɪɨɣ [6] 

 

ɋɭɲɢɥɶɧɵɣ ɚɝɟɧɬ ɩɨɥɭɱɚɟɬɫɹ ɫɦɟɲɢɜɚɧɢɟɦ ɬɨɩɨɱɧɵɯ ɝɚɡɨɜ ɫ ɚɬɦɨɫɮɟɪɧɵɦ 

ɜɨɡɞɭɯɨɦ. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɜɟɪɬɢɤɚɥɶɧɨɣ ɬɨɩɤɢ ɫɨɫɬɚɜɥɹɟɬ 92 % 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 15 °ɋ. Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɜɟɪɬɢɤɚɥɶɧɨɣ ɬɨɩɤɢ 

ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɦɟɧɶɲɚɹ ɜ 3,8 ɪɚɡɚ ɡɚɧɢɦɚɟɦɚɹ ɩɥɨɳɚɞɶ, ɧɚ 15…20 % ɦɟɧɶɲɢɣ 

ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ. ɇɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɡɚɬɪɭɞɧɟɧɧɚɹ ɷɤɫɩɥɭɚɬɚɰɢɹ 

ɮɨɪɫɭɧɤɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɦɟɫɢ ɬɨɩɨɱɧɵɯ ɝɚɡɨɜ ɫ ɚɬɦɨɫɮɟɪɧɵɦ ɜɨɡɞɭɯɨɦ ɩɨɜɵɲɚɟɬ 

ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɶ ɫɭɲɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɡɚɝɪɹɡɧɹɟɬ ɩɪɨɞɭɤɬ ɫɨɞɟɪɠɢɦɵɦ 
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ɬɨɩɨɱɧɵɯ ɝɚɡɨɜ. ɉɨɷɬɨɦɭ ɜ ɫɨɫɬɚɜ ɫɭɲɢɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɱɚɫɬɨ ɜɤɥɸɱɚɸɬ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɪɚɛɨɬɭ ɫɭɲɢɥɤɢ ɧɚ ɱɢɫɬɨɦ ɩɨɞɨɝɪɟɬɨɦ ɜɨɡɞɭɯɟ 

(ɪɢɫ. 1.6). 

 

 

1 - ɞɵɦɨɜɚɹ ɬɪɭɛɚ; 2 - ɩɨɦɟɳɟɧɢɟ ɞɥɹ ɨɱɢɫɬɤɢ ɬɪɭɛ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ; 3 - 

ɩɥɚɬɮɨɪɦɚ ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ; 4 - ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 5 - ɫɛɨɪɧɢɤ ɧɚɝɪɟɬɨɝɨ ɜɨɡɞɭɯɚ; 

6 - ɞɢɮɮɭɡɨɪ; 7 - ɤɚɧɚɥ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɡɞɭɯɚ; 8 - ɤɨɠɭɯ ɬɨɩɤɢ; 9 - ɮɨɪɫɭɧɤɚ; 

10 - ɜɟɧɬɢɥɹɬɨɪ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 11  - ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ; 12 - ɨɫɧɨɜɚɧɢɟ; 13 - 

ɜɟɧɬɢɥɹɬɨɪ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ; 14 - ɪɟɝɭɥɹɬɨɪ ɜɨɡɞɭɯɚ; 15 - ɫɨɟɞɢɧɢɬɟɥɶɧɵɣ 

ɩɚɬɪɭɛɨɤ; 16 - ɫɨɟɞɢɧɢɬɟɥɶɧɨɟ ɤɨɥɟɧɨ 

 

Ɋɢɫɭɧɨɤ 1.6 – Ɍɟɩɥɨɝɟɧɟɪɚɬɨɪ ɡɟɪɧɨɫɭɲɢɥɤɢ Ⱥ1-ɍɋɒ [6] 
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Ɇɨɳɧɨɫɬɶ ɬɟɩɥɨɝɟɧɟɪɚɬɨɪɚ ɫɨɫɬɚɜɥɹɟɬ 23 ȽȾɠ/ɱ. Ɋɚɛɨɬɚɟɬ ɤɚɤ ɧɚ 

ɩɪɢɪɨɞɧɨɦ ɝɚɡɟ, ɬɚɤ ɢ ɧɚ ɠɢɞɤɨɦ ɬɨɩɥɢɜɟ. ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ 

ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɲɚɯɬɧɵɯ ɩɪɹɦɨɬɨɱɧɵɯ ɫɭɲɢɥɨɤ ɫɨɫɬɚɜɥɹɟɬ 8,5 ɤɝ/ɬ ɡɟɪɧɚ, 

ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɪɚɛɨɬɭ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɩɪɢɜɨɞɧɵɯ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ – 2,5…4,0 ɤȼɬ·ɱ/ɬ. ɉɪɢ ɷɬɨɦ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɞɥɹ ɬɚɤɢɯ 

ɫɭɲɢɥɨɤ ɫɨɫɬɚɜɥɹɸɬ ɨɤɨɥɨ 50 %, ɞɥɹ ɤɚɦɟɪɧɵɯ ɫɭɲɢɥɨɤ – ɞɨ 75…80 % [6]. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɡɟɪɧɨɫɭɲɢɥɤɢ ɫ ɷɥɟɤɬɪɨɤɚɥɨɪɢɮɟɪɧɵɦ ɧɚɝɪɟɜɨɦ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1.7. 

 

1 – ɜɟɧɬɢɥɹɬɨɪ; 2 – ɡɚɫɥɨɧɤɚ; 3 – ɞɨɡɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ; 4 – ɛɭɧɤɟɪ; 5 –Ɍɗɇɵ; 6 

– ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɚɹ ɪɟɲɟɬɤɚ; 7 – ɫɬɨɣɤɚ, ɪɟɝɭɥɢɪɭɸɳɚɹ ɭɝɨɥ ɩɨɞɴɟɦɚ; 8 – 

ɜɵɩɭɫɤɧɨɣ ɩɚɬɪɭɛɨɤ; 9 – ɨɯɥɚɞɢɬɟɥɶɧɚɹ ɤɚɦɟɪɚ; 10 – ɫɭɲɢɥɶɧɚɹ ɤɚɦɟɪɚ; 11 – 

ɥɢɧɟɣɧɵɣ ɡɚɡɨɪ 

Ɋɢɫɭɧɨɤ 1.7 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɡɟɪɧɨɫɭɲɢɥɤɢ [20] 

 

Ɍɪɭɛɱɚɬɵɣ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶ (Ɍɗɇ) ɢɦɟɟɬ ɩɪɚɤɬɢɱɟɫɤɢ 100% ɄɉȾ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨɜɭɸ. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɞɧɨɤɪɚɬɧɵɣ ɩɪɨɯɨɞ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɱɟɪɟɡ ɧɚɝɪɟɜɚɬɟɥɶɧɵɟ 

ɷɥɟɦɟɧɬɵ. ɋ ɩɨɜɟɪɯɧɨɫɬɶɸ Ɍɗɇɨɜ ɤɨɧɬɚɤɬɢɪɭɟɬ ɧɟ ɜɟɫɶ ɨɛɴɟɦ ɩɪɨɯɨɞɹɳɟɝɨ 

ɜɨɡɞɭɯɚ, ɱɬɨ ɫɧɢɠɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚɝɪɟɜɚ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ. ɉɨɷɬɨɦɭ ɞɥɹ 

ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɭɠɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 

ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɤɚɥɨɪɢɮɟɪɚ. 
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ɉɪɢɦɟɪɨɦ ɫɭɲɢɥɤɢ ɫ ɷɥɟɤɬɪɨɤɚɥɨɪɢɮɟɪɧɵɦ ɧɚɝɪɟɜɨɦ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɫɭɲɢɥɤɚ ɩɨ ɩɚɬɟɧɬɭ № 2018074 (ɪɢɫ. 1.8) [68]. 

 

 

«1 - ɧɟɩɨɞɜɢɠɧɵɣ ɤɚɪɤɚɫ; 2 - ɫɴɟɦɧɵɣ ɡɚɝɪɭɡɨɱɧɵɣ ɩɚɬɪɭɛɨɤ; 3 -ɛɚɥɚɧɫɢɪɭɟɦɵɣ 

ɡɚɬɜɨɪ; 4 - ɩɵɥɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ; 5 -ɦɧɨɝɨɫɟɤɰɢɨɧɧɵɣ ɡɚɬɜɨɪ; 6 - ɛɚɥɚɧɫɢɪɭɟɦɵɣ 

ɜɵɝɪɭɡɨɱɧɵɣ ɩɚɬɪɭɛɨɤ; 7 - ɜɫɚɫɵɜɚɸɳɢɣ ɩɚɬɪɭɛɨɤ; 8 –ɧɚɝɪɟɜɚɬɟɥɢ; 9 – 

ɨɬɪɚɠɚɬɟɥɢ; 10 - ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɢ (Ɍɗɇ); 11 – ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɟ ɢɡɥɭɱɚɬɟɥɢ; 

12 - ɢɧɮɪɚɤɪɚɫɧɵɟ ɢɡɥɭɱɚɬɟɥɢ; 13 – ɜɨɡɞɭɯɨɜɨɞ; 14 – ɨɬɫɨɫɵ; 15 – ɡɚɬɜɨɪɵ; 16 - 

ɤɨɥɟɛɥɸɳɢɣɫɹ ɤɨɪɩɭɫ; 17 – ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɶ; 18 - ɧɚɤɥɨɧɧɵɟ ɩɨɥɤɢ; 19 - ɋ-

ɨɛɪɚɡɧɵɟ ɜɢɥɨɱɧɵɟ ɜɨɪɨɲɢɬɟɥɢ; 20 - ɛɚɥɚɧɫɢɪɭɟɦɵɣ ɜɵɝɪɭɡɨɱɧɵɣ ɩɚɬɪɭɛɨɤ; 21 - 

ɩɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ» [68]  

 

Ɋɢɫɭɧɨɤ 1.8 – Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɡɟɪɧɨɫɭɲɢɥɤɚ [68] 

 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɚɱɚɫɬɭɸ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɧɚɡɵɜɚɸɬ ɫɭɲɢɥɤɢ, ɧɟ 

ɢɦɟɸɳɢɟ ɪɨɬɨɪɧɨɝɨ ɧɚɝɪɟɜɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɤɚɤ ɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɢɥɢ, 

ɧɚɩɪɢɦɟɪ, ɧɚ ɪɢɫ. 1.9 [101]. ɇɚ ɧɚɲ ɜɡɝɥɹɞ ɛɨɥɟɟ ɬɨɱɧɨ ɨɬɧɨɫɢɬɶ ɞɚɧɧɵɣ ɬɢɩ 

ɫɭɲɢɥɨɤ ɤ ɩɧɟɜɦɚɬɢɱɟɫɤɢɦ. ȼ ɧɢɯ ɫɭɲɤɚ ɩɪɨɞɭɤɬɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɫɭɲɢɥɶɧɵɦ ɚɝɟɧɬɨɦ ɩɨ ɚɷɪɨɠɟɥɨɛɭ ɢɥɢ ɬɪɭɛɨɩɪɨɜɨɞɭ, ɞɥɢɧɚ 

ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɩɪɨɞɭɤɬɚ. 
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Ɋɢɫɭɧɨɤ 1.9 – Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɫɭɲɢɥɶɧɵɣ ɚɝɪɟɝɚɬ ɋȺ 600 [101] 

 

ɋɭɲɤɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɦɟɳɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜɦɟɫɬɟ ɫ ɝɨɪɹɱɢɦ 

ɜɨɡɞɭɯɨɦ ɜ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɬɪɭɛɟ ɡɦɟɟɜɢɤɨɜɨɝɨ ɜɢɞɚ. ȼ ɤɚɱɟɫɬɜɟ 

ɬɟɩɥɨɝɟɧɟɪɚɬɨɪɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɜɟɪɞɨɬɨɩɥɢɜɧɵɣ ɬɨɩɨɱɧɵɣ ɛɥɨɤ, ɤɨɬɨɪɵɣ ɬɨɩɢɬɫɹ 

ɞɪɟɜɟɫɢɧɨɣ ɜ ɥɸɛɨɦ ɜɢɞɟ. ɋɭɲɢɥɶɧɵɣ ɚɝɪɟɝɚɬ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ – 50…100 ɤɝ/ɱ, ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɩɪɢ 

ɩɪɨɫɭɲɤɟ - 260…300 °ɋ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɨ 600 ɤɝ/ɱ, ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ 

ɜɟɧɬɢɥɹɬɨɪɚ - 7,5 ɤȼɬ, ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ - ɞɨ 4520 ɦ3/ɱ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɩɨɫɨɛɨɜ ɧɚɝɪɟɜɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

ɪɨɬɨɪɧɵɣ ɧɚɝɪɟɜ ɩɪɨɫɬ ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ, ɛɟɡɨɩɚɫɟɧ ɜ ɩɨɠɚɪɧɨɦ ɨɬɧɨɲɟɧɢɢ, ɧɟ 

ɡɚɝɪɹɡɧɹɟɬ ɜɵɫɭɲɢɜɚɟɦɵɣ ɩɪɨɞɭɤɬ, ɨɬɫɭɬɫɬɜɭɟɬ ɩɪɢɝɨɪɚɧɢɟ ɜɵɫɭɲɢɜɚɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɤ ɩɨɜɟɪɯɧɨɫɬɹɦ, ɧɚ ɤɨɬɨɪɵɯ ɨɧ ɪɚɫɩɨɥɚɝɚɟɬɫɹ, ɤɨɦɩɚɤɬɟɧ, ɧɟ ɬɪɟɛɭɟɬ 

ɨɬɞɟɥɶɧɨɣ ɩɥɨɳɚɞɢ ɞɥɹ ɫɜɨɟɝɨ ɪɚɡɦɟɳɟɧɢɹ, ɢɦɟɟɬ ɬɨɥɶɤɨ ɨɞɢɧ ɩɨɞɜɢɠɧɵɣ 

ɷɥɟɦɟɧɬ – ɪɨɬɨɪ-ɧɚɝɪɟɜɚɬɟɥɶ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɤɚɤ ɧɚɝɪɟɜ, ɬɚɤ ɢ ɧɚɝɧɟɬɚɧɢɟ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. 

ɉɨɩɵɬɤɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɩɥɨɜɨɣ «ɜɟɧɬɢɥɹɬɨɪɧɵɣ» ɷɮɮɟɤɬ ɞɥɹ ɫɭɲɤɢ 

ɨɛɦɨɬɨɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɛɵɥɢ ɩɪɟɞɩɪɢɧɹɬɵ ɟɳё ɜ 40-ɯ ɝɨɞɚɯ [22]. Ɉɞɧɚɤɨ 

ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɤɚɤ ɬɟɯɧɨɥɨɝɢɹ ɧɚɝɪɟɜɚ ɷɬɨɬ ɷɮɮɟɤɬ ɧɟ ɧɚɲɟɥ. 

ɋ 1835 ɝ., ɤɨɝɞɚ ɜɟɧɬɢɥɹɬɨɪ ɛɵɥ ɢɡɨɛɪɟɬɟɧ Ⱥ.Ⱥ. ɋɚɛɥɭɤɨɜɵɦ, ɨɧ 

ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɬɨɥɶɤɨ ɜ ɤɚɱɟɫɬɜɟ ɧɚɝɧɟɬɚɬɟɥɹ ɜɨɡɞɭɯɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɨɬɤɪɵɬɭɸ 
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ɫɟɬɶ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɨɡɧɢɤɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɬɟɪɶ 

ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɨɬɫɭɬɫɬɜɨɜɚɥ ɤɨɪɩɭɫ ɪɨɬɨɪɚ, ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɤɨɧɬɭɪ ɛɵɥ 

ɡɚɦɤɧɭɬ ɢɥɢ ɨɛɟɫɩɟɱɢɜɚɥɫɹ ɱɚɫɬɢɱɧɵɣ ɨɛɦɟɧ ɫ ɚɬɦɨɫɮɟɪɨɣ. 

ɋɩɨɫɨɛ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɢ ɟɝɨ ɪɟɚɥɢɡɚɰɢɹ ɜ ɜɢɞɟ ɩɟɱɟɣ – 

ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɬɢɩɚ ɉȺɉ ɩɪɢɧɚɞɥɟɠɢɬ ɋɋɋɊ [92]. 

ɉɪɨɦɵɲɥɟɧɧɨɟ ɨɫɜɨɟɧɢɟ ɭɫɬɚɧɨɜɨɤ ɞɚɧɧɨɝɨ ɬɢɩɚ ɧɚɱɚɥɨɫɶ ɜ 1963 - 1964 ɝɨɞɚɯ 

ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɡɚɫɥɭɠɟɧɧɨɝɨ ɢɡɨɛɪɟɬɚɬɟɥɹ ɊɋɎɋɊ ɉ.ɂ. Ɍɟɜɢɫɚ.  

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɛɵɥɢ 

ɧɚɱɚɬɵ ɩɪɨɮɟɫɫɨɪɨɦ ȼ.ɇ. Ʉɨɫɬɨɱɤɢɧɵɦ, ɨɞɧɢɦ ɢɡ ɚɜɬɨɪɨɜ ɤɨɧɫɬɪɭɤɰɢɢ 

ɪɨɬɨɪɧɨɝɨ ɧɚɝɪɟɜɚɬɟɥɹ.  

ɉɨ ɞɚɧɧɵɦ Ɍɟɜɢɫɚ ɉ.ɂ. ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɨɬɨɪɚ ɹɜɥɹɟɬɫɹ 

ɟɝɨ ɞɢɚɦɟɬɪ ɪɚɡɦɟɪɨɦ ɨɬ 500 ɞɨ 1100 ɦɦ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɨɠɟɬ 

ɪɟɚɥɢɡɨɜɵɜɚɬɶɫɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɪɨɬɨɪɚɦɢ [92]. 

ɋɩɨɫɨɛ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɢɣ ɄɉȾ 0,75…0,82 ɢ ɨɛɴɟɦɧɨɟ ɝɟɧɟɪɢɪɨɜɚɧɢɟ 

ɬɟɩɥɨɬɵ, ɜɵɫɨɤɭɸ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɧɚɝɪɟɜɚ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɤɚɦɟɪɵ, ɢɧɬɟɧɫɢɜɧɭɸ 

ɬɟɩɥɨɩɟɪɟɞɚɱɭ ɡɚ ɫɱɟɬ ɰɢɪɤɭɥɹɰɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɫ ɜɵɫɨɤɢɦɢ ɫɤɨɪɨɫɬɹɦɢ (ɞɨ 

10…20 ɦ/ɫ). 

ɉɨ ɞɚɧɧɵɦ ɂɫɚɟɜɚ ɋ.ɏ. «ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɭɫɬɚɧɨɜɤɚɯ ɉȺɉ ɪɟɝɭɥɢɪɭɟɬɫɹ 

ɫɥɟɞɭɸɳɢɦɢ ɫɩɨɫɨɛɚɦɢ:  

- ɢɡɦɟɧɟɧɢɟɦ ɱɢɫɥɚ ɨɛɨɪɨɬɨɜ ɪɨɬɨɪɚ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ; 

- ɢɡɦɟɧɟɧɢɟɦ ɧɚɩɪɚɜɥɟɧɢɹ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ; 

- ɩɟɪɢɨɞɢɱɟɫɤɢɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɜɤɥɸɱɟɧɢɹɦɢ ɢ ɨɬɤɥɸɱɟɧɢɹɦɢ ɪɨɬɨɪɚ 

ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ; 

- ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɢɡɦɟɧɟɧɢɟɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɪɨɬɨɪɚ ɰɟɧɬɪɨɛɟɠɧɨɝɨ 

ɜɟɧɬɢɥɹɬɨɪɚ» [38, 46, 92]; 

- ɢɡɦɟɧɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɫɛɪɚɫɵɜɚɟɦɨɝɨ ɢ ɩɨɞɫɚɫɵɜɚɟɦɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. 

ɋɭɲɢɥɤɚ (ɪɢɫ. 1.9) ɞɥɹ ɫɭɲɤɢ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɫɵɪɶɹ ɢɦɟɟɬ 

ɧɟɞɨɫɬɚɬɨɤ ɜ ɜɢɞɟ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɬɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɡɚ ɫɱɟɬ 

ɩɨɞɫɨɫɚ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɫɛɪɨɫɚ ɱɚɫɬɢ ɧɚɝɪɟɬɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ [18].  
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«1 – ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɚɹ ɤɚɦɟɪɚ; 2 – ɞɜɟɪɢ; 3 – ɩɚɬɪɭɛɨɤ ɩɨɞɫɨɫɚ ɫɜɟɠɟɝɨ 

ɜɨɡɞɭɯɚ; 4 – ɩɚɬɪɭɛɨɤ ɜɵɛɪɨɫɚ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ; 5, 6 – 

ɪɟɝɭɥɢɪɭɸɳɢɟ ɡɚɫɥɨɧɤɢ; 7 – ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɪɨɬɨɪ; 8 – Ƚ- ɨɛɪɚɡɧɵɣ ɷɤɪɚɧ; 9 – 

ɪɚɛɨɱɚɹ ɤɚɦɟɪɚ; 11 – ɪɟɝɭɥɢɪɭɸɳɚɹ ɡɚɫɥɨɧɤɚ; 12 – ɤɚɫɫɟɬɵ» [69] 

Ɋɢɫɭɧɨɤ 1.9 – ɋɭɲɢɥɤɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ [69] 

 

ɇɚ (ɪɢɫ. 1.10) «ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɭɲɢɥɤɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɝɪɟɜɚ 

ɉȺɉɊɄɌɈ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɫɭɲɤɢ ɪɚɫɬɢɬɟɥɶɧɨɣ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ 

ɩɪɨɞɭɤɰɢɢ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɹɝɨɞ, ɩɥɨɞɨɜ, ɨɜɨɳɟɣ ɢ ɝɪɢɛɨɜ» [38, 92].  

  

                    «ɚ                                                                  ɛ 

Ɋɢɫɭɧɨɤ 1.10 - ɋɭɲɢɥɤɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɉȺɉɊɄɌɈ (ɚ) ɢ 

ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ (ɛ): 1 – ɪɨɬɨɪ-ɧɚɝɪɟɜɚɬɟɥɶ; 2 –ɫɭɲɢɥɶɧɚɹ ɤɚɦɟɪɚ; 3 

– ɡɚɝɪɭɡɨɱɧɵɣ ɩɪɨɟɦ; 4 – ɤɨɪɩɭɫ; 5 – ɰɢɪɤɭɥɹɰɢɨɧɧɵɟ ɤɚɧɚɥɵ; 6 – 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ» [38, 92] 
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«ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɭɲɢɥɤɢ ɉȺɉɊɄɌɈ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚ 

ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɚ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɪɚɛɨɬɟ ɫɭɲɢɥɤɢ ɩɪɨɢɫɯɨɞɢɬ ɧɟɩɪɟɪɵɜɧɵɣ 

ɜɨɡɞɭɯɨɨɛɦɟɧ – ɢɞɟɬ ɩɨɫɬɨɹɧɧɵɣ ɫɛɪɨɫ ɜ ɚɬɦɨɫɮɟɪɭ ɱɚɫɬɢ ɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɜ 

ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢ ɩɨɞɫɨɫ ɬɚɤɨɝɨ ɠɟ ɤɨɥɢɱɟɫɬɜɚ ɧɟ 

ɩɨɞɨɝɪɟɬɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ.  

ɉɪɢ ɩɨɧɢɠɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɡɚɦɟɬɧɨ ɫɧɢɠɚɥɚɫɶ 

ɫɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ, ɬ.ɤ. ɝɟɧɟɪɢɪɭɟɦɚɹ ɪɨɬɨɪɨɦ-ɧɚɝɪɟɜɚɬɟɥɟɦ ɬɟɩɥɨɬɚ ɜ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɪɚɫɯɨɞɨɜɚɥɚɫɶ ɧɟ ɧɚ ɞɚɥɶɧɟɣɲɢɣ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɚ ɧɚ ɞɨɝɪɟɜ ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɫɭɲɢɥɶɧɭɸ ɤɚɦɟɪɭ ɚɬɦɨɫɮɟɪɧɨɝɨ 

ɜɨɡɞɭɯɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ» [38].  

ȼ ɪɚɛɨɬɟ ɂɫɚɟɜɚ ɋ.ɏ. ɩɪɢɜɟɞɟɧɵ ɫɭɲɢɥɶɧɵɟ ɤɚɦɟɪɵ ɞɥɹ ɩɢɥɨɦɚɬɟɪɢɚɥɨɜ 

ɮɢɪɦɵ ɋɄɊɈɇ (ɪɢɫ. 1.11) [38]. 

 

 

«1 - ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ; 2 - ɠɚɥɸɡɢ; 3 - ɩɪɢɬɨɱɧɵɣ ɤɚɧɚɥ 

ɫɢɫɬɟɦɵ ɜɨɡɞɭɯɨɨɛɦɟɧɚ; 4 - ɨɝɪɚɠɞɟɧɢɹ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ; 5 -

ɰɟɧɬɪɨɛɟɠɧɵɣ ɜɟɧɬɢɥɹɬɨɪ; 6 - ɜɵɬɹɠɧɨɣ ɤɚɧɚɥ ɫɢɫɬɟɦɵ ɜɨɡɞɭɯɨɨɛɦɟɧɚ» [38] 

 

«Ɋɢɫɭɧɨɤ 1.11 – Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɭɲɢɥɶɧɵɟ ɤɚɦɟɪɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɋɄɊɈɇ» [38] 

 

ɉɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɪɨɬɨɪɧɨɝɨ ɧɚɝɪɟɜɚ ɤɚɤ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɬɟɩɥɨɝɟɧɟɪɚɬɨɪɚ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜɫɥɟɞɫɬɜɢɟ ɷɤɨɥɨɝɢɱɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɟɝɨ 

ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɜɫɟɦɟɫɬɧɨ ɜ ɪɚɡɥɢɱɧɵɯ ɬɟɩɥɨɜɵɯ ɫɢɫɬɟɦɚɯ: ɞɥɹ ɫɭɲɤɢ 
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ɩɭɲɧɨ-ɦɟɯɨɜɨɝɨ ɫɵɪɶɹ, ɨɬɨɩɥɟɧɢɹ ɩɨɦɟɳɟɧɢɣ (ɪɢɫ. 1.12), ɫɭɲɤɢ ɟɦɤɨɫɬɟɣ [92] ɢ 

ɬ.ɞ.  

 

 

«1 - ɬɟɥɟɠɤɚ; 2 - ɪɚɛɨɱɚɹ ɤɚɦɟɪɚ; 3 - ɡɚɝɪɚɞɢɬɟɥɶɧɚɹ ɪɟɲɟɬɤɚ; 4 – ɮɥɚɧɟɰ; 5 – 

ɡɚɫɥɨɧɤɚ ɧɚɝɧɟɬɚɬɟɥɶɧɨɝɨ ɤɚɧɚɥɚ; 6 - ɪɨɬɨɪ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ; 7 – 

ɫɨɟɞɢɧɢɬɟɥɶɧɚɹ ɦɭɮɬɚ; 8 – ɤɨɠɭɯ; 9 – ɩɪɢɜɨɞɧɨɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ; 10 - 

ɷɥɟɤɬɪɨɩɢɪɨɦɟɬɪɢɱɟɫɤɢɣ ɲɤɚɮ; 11 - ɛɚɪɚɛɚɧ ɫ ɤɚɛɟɥɟɦ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ; 12 – ɬɹɝɚ; 13 

– ɩɨɞɲɢɩɧɢɤɨɜɵɟ ɨɩɨɪɵ; 14 - ɩɪɢɜɨɞɧɨɣ ɜɚɥ» [38, 92] 

 

«Ɋɢɫɭɧɨɤ 1.12 – ɋɯɟɦɚ ɢ ɜɢɞ ɭɫɬɚɧɨɜɤɢ ɉȺɉ-5 ɜ ɤɨɦɩɥɟɤɬɚɰɢɢ ɞɥɹ 

ɨɛɨɝɪɟɜɚ ɩɨɦɟɳɟɧɢɣ» [38, 92] 

 

«Ɋɇɍ-50» [100] ɢɦɟɟɬ ɞɜɭɯɪɨɬɨɪɧɭɸ ɫɯɟɦɭ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɫɭɲɤɢ 

ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɪɚɫɬɟɧɢɣ, ɝɪɢɛɨɜ, ɮɪɭɤɬɨɜ, ɨɪɟɯɨɜ ɢ ɞɪ. ɫɵɪɶɹ (ɪɢɫ. 1.14) [100]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɦɨɝɭɬ ɢɦɟɬɶ 

ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɜ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɡɚ ɫɱɟɬ 

ɧɚɥɢɱɢɹ ɪɨɬɨɪɧɨɝɨ ɧɚɝɪɟɜɚɬɟɥɹ. Ɉɞɧɚɤɨ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫɭɲɢɥɨɤ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɞɥɹ ɫɭɲɤɢ ɡɟɪɧɚ ɧɟ ɭɫɬɚɧɨɜɥɟɧɨ.  

ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɨɥɶɤɨ ɤɚɦɟɪɧɨɝɨ ɬɢɩɚ ɪɚɡɦɟɳɟɧɢɹ 

ɜɵɫɭɲɢɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɨɣ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɵɯ ɬɟɦɩɟɪɚɬɭɪ ɟɝɨ 

ɧɚɝɪɟɜɚ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɛɚɥɚɧɫ ɦɟɠɞɭ ɨɛɴɟɦɚɦɢ ɫɛɪɚɫɵɜɚɟɦɨɝɨ 
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ɭɜɥɚɠɧɟɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢ ɩɨɫɚɫɵɜɚɟɦɨɝɨ ɫɜɟɠɟɝɨ ɜɨɡɞɭɯɚ, ɧɟ 

ɭɯɭɞɲɚɸɳɢɣ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɣ ɪɟɠɢɦ ɫɭɲɤɢ.  

 

 

 

Ɋɢɫɭɧɨɤ 1.14 – ɋɭɲɢɥɤɚ Ɋɇɍ-50 [100] 

 

ɗɬɨ ɫɨɡɞɚɟɬ ɬɪɭɞɧɨɫɬɢ ɜ ɪɚɡɪɚɛɨɬɤɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɣ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɞɥɹ ɡɟɪɧɚ, ɧɟɫɦɨɬɪɹ 

ɧɚ ɤɨɧɫɬɪɭɤɬɢɜɧɭɸ ɩɪɨɫɬɨɬɭ ɪɨɬɨɪɧɨɝɨ ɧɚɝɪɟɜɚ. 

 

1.2 Ⱥɧɚɥɢɡ ɤɨɧɫɬɪɭɤɰɢɣ ɫɭɲɢɥɨɤ ɤɚɤ ɨɫɧɨɜɵ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ 

 

Ⱦɥɹ ɫɭɲɤɢ ɡɟɪɧɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɭɲɢɥɤɢ ɧɚɩɨɥɶɧɨɝɨ, ɤɚɦɟɪɧɨɝɨ, 

ɛɚɪɚɛɚɧɧɨɝɨ, ɤɨɧɜɟɣɟɪɧɨɝɨ, ɤɚɪɭɫɟɥɶɧɨɝɨ, ɤɨɥɨɧɤɨɜɨɝɨ, ɛɚɲɟɧɧɨɝɨ, ɲɚɯɬɧɨɝɨ 

ɬɢɩɚ, ɚɷɪɨɠɟɥɨɛɚ, ɩɧɟɜɦɚɬɢɱɟɫɤɢɟ ɜ ɜɢɞɟ ɬɪɭɛɵ ɡɦɟɟɜɢɤɨɜɨɝɨ ɬɢɩɚ ɢɥɢ ɩɥɨɫɤɨɣ 

ɛɢɮɢɥɹɪɧɨɣ ɫɩɢɪɚɥɢ ɢ ɞɪ. 

ɇɚɩɨɥɶɧɚɹ ɫɯɟɦɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɪɟɚɥɢɡɭɟɦɚ ɢɡ-ɡɚ ɧɟɜɨɡɦɨɠɧɨɫɬɢ 

ɨɪɝɚɧɢɡɚɰɢɢ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚɝɪɟɜɚ ɟɝɨ ɞɨ 

ɬɪɟɛɭɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 
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ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɭɲɢɥɤɢ ɤɚɦɟɪɧɨɝɨ ɬɢɩɚ (ɪɢɫ. 1.15) ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɩɪɢɜɟɞɟɬ ɤ ɛɨɥɶɲɢɦ ɝɚɛɚɪɢɬɚɦ ɭɫɬɚɧɨɜɤɢ, ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ, 

ɫɥɨɠɧɨɫɬɢ ɭɫɬɪɨɣɫɬɜɚ ɪɚɡɝɪɭɡɤɢ ɜɵɫɭɲɟɧɧɨɝɨ ɡɟɪɧɚ ɢ ɧɟ ɜɵɫɨɤɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ ɧɟɩɨɞɜɢɠɧɨɝɨ ɫɥɨɹ ɡɟɪɧɚ [42]. 

 

«1 - ɤɨɧɜɟɣɟɪ ɞɥɹ ɜɵɝɪɭɡɤɢ ɤɭɤɭɪɭɡɵ; 2 - ɥɸɤ; 3 - ɞɧɢɳɟ; 4 - ɫɭɲɢɥɶɧɚɹ ɤɚɦɟɪɚ; 5 

- ɥɸɤɢ ɞɥɹ ɜɵɯɨɞɚ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɚɝɟɧɬɚ; 6 - ɥɸɤ ɞɥɹ ɡɚɝɪɭɡɤɢ ɤɭɤɭɪɭɡɵ; 7 - ɥɸɤ; 

8 - ɜɟɪɯɧɢɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɤɨɪɢɞɨɪ; 9 - ɧɢɠɧɢɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɤɨɪɢɞɨɪ; 

10 - ɞɜɟɪɧɵɟ ɩɪɨɟɦɵ» [42] 

 

Ɋɢɫɭɧɨɤ 1.5 – Ʉɚɦɟɪɧɚɹ ɫɭɲɢɥɤɚ ɋɄɉ-6 [8] 

 

ɉɨ ɞɚɧɧɵɦ Ȼɚɣɞɚɤɨɜɚ ȿ.Ɇ. «ɛɚɪɚɛɚɧɧɵɟ (ɪɢɫ. 1.16), ɤɨɧɜɟɣɟɪɧɵɟ (ɪɢɫ. 1.17) 

ɫɭɲɢɥɤɢ ɢɦɟɸɬ ɫɥɨɠɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɬɪɭɞɧɨɫɬɶ ɨɪɝɚɧɢɡɚɰɢɢ ɪɟɰɢɪɤɭɥɹɰɢɢ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. 

 

«1 – ɛɚɪɚɛɚɧ; 2,3 – ɛɚɧɞɚɠɢ; 4 – ɡɭɛɱɚɬɵɣ ɜɟɧɟɰ; 5 – ɩɪɢɜɨɞ; 6 – ɨɩɨɪɧɵɟ ɪɨɥɢɤɢ;  

7 – ɨɩɨɪɧɨ-ɭɩɨɪɧɵɣ ɦɟɯɚɧɢɡɦ; 8,9 – ɤɚɦɟɪɵ ɜɜɨɞɚ ɢ ɜɵɜɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ; 10 – 

ɡɚɝɪɭɡɨɱɧɵɣ ɛɭɧɤɟɪ» [97] 

Ɋɢɫɭɧɨɤ 1.16 – Ȼɚɪɚɛɚɧɧɚɹ ɫɭɲɢɥɤɚ ɡɟɪɧɚ [97] 
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Ɋɢɫɭɧɨɤ 1.17 – Ʉɨɧɜɟɣɟɪɧɚɹ ɫɭɲɢɥɤɚ ɡɟɪɧɚ [102] 

 

 Ʉɚɪɭɫɟɥɶɧɵɟ (ɪɢɫ. 1.18), ɤɨɥɨɧɤɨɜɵɟ (ɦɨɞɭɥɶɧɵɟ) (ɪɢɫ. 1.19), ɛɚɲɟɧɧɵɟ 

ɫɭɲɢɥɤɢ (ɪɢɫ. 1.20) ɩɪɨɫɬɵ ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɨ ɨɪɝɚɧɢɡɚɰɢɹ ɪɟɰɢɪɤɭɥɹɰɢɢ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɬɚɤɠɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɡɚɬɪɭɞɧɟɧɚ. 

 

 

 

Ɋɢɫɭɧɨɤ 1.18 – Ʉɚɪɭɫɟɥɶɧɚɹ ɫɭɲɢɥɤɚ ɡɟɪɧɚ [103] 

https://sdexpert.ru/news/project/dostoinstva-i-nedostatki-tipov-zernosushilok/
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Ɋɢɫɭɧɨɤ 1.19 – Ʉɨɥɨɧɤɨɜɚɹ ɫɭɲɢɥɤɚ ɡɟɪɧɚ ɁɋɄ-45 [104] 

 

 

Ɋɢɫɭɧɨɤ 1.20 – Ȼɚɲɟɧɧɚɹ ɫɭɲɢɥɤɚ ɡɟɪɧɚ 

 

ɉɪɢ ɷɬɨɦ ɤɨɥɨɧɤɨɜɵɟ ɡɟɪɧɨɫɭɲɢɥɤɢ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɩɨɜɪɟɠɞɚɸɬ ɡɟɪɧɨ 

ɲɧɟɤɨɜɵɦɢ ɬɪɚɧɫɩɨɪɬɟɪɚɦɢ  ɩɪɢ ɟɝɨ ɡɚɝɪɭɡɤɟ ɢ ɜɵɝɪɭɡɤɟ, ɚ ɬɚɤɠɟ ɜɫɥɟɞɫɬɜɢɟ 

ɬɪɟɧɢɹ ɡɟɪɧɨɜɨɣ ɦɚɫɫɵ ɨ ɩɟɪɮɨɪɚɰɢɸ ɤɨɥɨɧɨɤ [103]. 

Ⱥɷɪɨɠɟɥɨɛɚ (ɪɢɫ. 1.21) ɢ ɩɧɟɜɦɚɬɢɱɟɫɤɢɟ (ɫɦ. ɪɢɫ. 1.8) ɫɭɲɢɥɤɢ ɬɪɟɛɭɸɬ 

ɛɨɥɶɲɨɝɨ ɪɚɫɯɨɞɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɩɧɟɜɦɚɬɢɱɟɫɤɢɟ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ 

ɞɥɹ ɦɟɨɤɨɞɢɫɩɟɪɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɱɬɨ ɩɪɢ ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɜ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ 

ɲɬɚɬɧɨɝɨ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɢɯ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ 

ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ. 
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«1 – ɲɚɯɬɚ; 2 – ɧɚɞɫɭɲɢɥɶɧɵɣ ɛɭɧɤɟɪ; 3 – ɡɚɝɪɭɡɨɱɧɚɹ ɝɨɪɥɨɜɢɧɚ; 4 – ɜɟɪɯɧɹɹ 

ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɚɹ ɪɟɲɟɬɤɚ; 5, 7, 13, 16 – ɜɨɡɞɭɯɨɩɨɞɜɨɞɹɳɢɣ ɤɨɪɨɛ; 6 – ɨɤɧɨ 

ɜɵɬɹɠɧɨɟ; 8 – ɝɥɭɯɚɹ ɩɟɪɟɝɨɪɨɞɤɚ; 9 – ɤɚɦɟɪɚ ɩɚɞɚɸɳɟɝɨ ɫɥɨɹ; 10 – ɜɟɧɬɢɥɹɬɨɪ; 

11 – ɜɵɩɭɫɤɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 12 – ɩɨɞɫɭɲɢɥɶɧɵɣ ɛɭɧɤɟɪ; 14, 15 – 

ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɚɹ ɪɟɲɟɬɤɚ; 17 – ɬɟɩɥɨɝɟɧɟɪɚɬɨɪ; 18 – ɰɢɤɥɨɧ; 19 – 

ɜɟɧɬɢɥɹɬɨɪ; 20 – ɧɟɩɨɞɜɢɠɧɚɹ ɡɚɫɥɨɧɤɚ; 21 – ɩɨɞɜɢɠɧɚɹ ɡɚɫɥɨɧɤɚ; 22 – ɩɚɬɪɭɛɨɤ; 

23 – ɤɚɦɟɪɚ ɫɦɟɲɢɜɚɧɢɹ; 24 – ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɥɚɠɧɨɫɬɢ» [21] 

 

«Ɋɢɫɭɧɨɤ 1.21 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɚɷɪɨɠɟɥɨɛɧɨɣ 

ɡɟɪɧɨɫɭɲɢɥɤɢ ɋɁɒȺ-4» [21] 

 

ɉɨ ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ – ɩɪɨɫɬɨɬɚ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, 

ɤɨɦɩɚɤɬɧɨɫɬɶ, ɜɟɪɬɢɤɚɥɶɧɚɹ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ, ɞɜɢɠɟɧɢɟ ɡɟɪɧɚ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ, ɞɨɫɬɚɬɨɱɧɨ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɭɲɢɥɶɧɨɝɨ 
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ɚɝɟɧɬɚ ɩɨ ɩɨɬɨɤɭ ɡɟɪɧɚ, ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, 

ɨɛɟɫɩɟɱɟɧɢɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɪɟɠɢɦɚ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɬɢɩɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɞɥɹ ɫɭɲɢɥɤɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɹɜɥɹɟɬɫɹ ɫɭɲɢɥɶɧɚɹ ɲɚɯɬɚ (ɪɢɫ. 1.22). 

 

 

1 - ɩɨɞɜɨɞɹɳɢɟ ɤɨɪɨɛɚ; 2 - ɨɬɜɨɞɹɳɢɟ ɤɨɪɨɛɚ 

 

Ɋɢɫɭɧɨɤ 1.22 – ɒɚɯɬɚ ɡɟɪɧɨɫɭɲɢɥɤɢ [6] 

 

ɂɡ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɬɪɟɛɭɸɳɢɯ ɨɩɪɟɞɟɥɟɧɢɹ, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ – 

ɪɚɡɦɟɪɵ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɲɚɯɬɵ, ɜɵɫɨɬɚ ɲɚɯɬɵ, ɮɨɪɦɚ ɢ ɪɚɡɦɟɪɵ 

ɩɨɞɜɨɞɹɳɢɯ ɢ ɨɬɜɨɞɹɳɢɯ ɤɨɪɨɛɨɜ, ɤɨɧɫɬɪɭɤɰɢɹ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɲɚɯɬɵ. 

 

1.3 Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɬɟɯɧɨɥɨɝɢɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ 

 

Ƚɟɧɟɪɚɬɨɪɨɦ ɬɟɩɥɨɬɵ ɜ Ɋɇɍ ɹɜɥɹɟɬɫɹ ɢɡɨɥɢɪɨɜɚɧɧɵɣ ɪɨɬɨɪ ɰɟɧɬɪɨɛɟɠɧɨɝɨ 

ɜɟɧɬɢɥɹɬɨɪɚ, ɬ.ɟ. ɪɨɬɨɪ ɛɟɡ ɤɨɪɩɭɫɚ, ɚ ɢɫɬɨɱɧɢɤɨɦ ɬɟɩɥɨɬɵ - ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ 

ɩɨɬɟɪɢ ɜ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ ɢ ɱɚɫɬɢɱɧɨ ɜ ɰɢɪɤɭɥɹɰɢɨɧɧɨɦ ɬɪɚɤɬɟ. 
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ɄɉȾ ɰɟɧɬɪɨɛɟɠɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ ɧɚ ɪɚɛɨɱɢɯ ɪɟɠɢɦɚɯ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 0,5 ɞɨ 

0,88 [85]. Ⱦɥɹ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɪɨɬɨɪɨɜ ɫɬɚɬɢɱɟɫɤɢɣ ɄɉȾ ɫɧɢɠɚɟɬɫɹ ɞɨ 0,05…0,15 

[92].  

ɂɡ ɦɟɯɚɧɢɤɢ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɞɜɢɠɟɧɢɢ ɫɩɥɨɲɧɵɯ ɫɪɟɞ 

ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɡɚɤɨɧɨɦ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɨɞɧɢɯ 

ɜɢɞɨɜ ɷɧɟɪɝɢɢ ɜ ɞɪɭɝɢɟ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨɜɭɸ. 

ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɡɚɢɦɧɵɦ ɩɟɪɟɯɨɞɨɦ ɬɟɩɥɨɬɵ ɢ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɪɚɛɨɬɵ ɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ. 

ɂɡ ɝɚɡɨɜɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɚɞɢɚɛɚɬɢɱɟɫɤɨɦ ɞɜɢɠɟɧɢɢ 

ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɝɚɡ ɨɯɥɚɠɞɚɟɬɫɹ, ɚ ɫ ɭɦɟɧɶɲɟɧɢɟɦ, 

ɧɚɨɛɨɪɨɬ, ɪɚɡɨɝɪɟɜɚɟɬɫɹ: 

                  ,                                       (1.1) 

ɝɞɟ ɫɪ – ɭɞɟɥɶɧɚɹ ɦɚɫɫɨɜɚɹ ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɚ, Ⱦɠ/(ɤɝ·Ʉ);  

Тɝ - ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ;   – ɫɤɨɪɨɫɬɶ ɝɚɡɚ, ɦ/ɫ. 
 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɮɨɪɦɭɥɨɣ (1.1) ɢ ɩɟɪɜɵɦ ɧɚɱɚɥɨɦ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɩɪɢ 

ɬɨɪɦɨɠɟɧɢɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɟɝɨ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɭɦɟɧɶɲɚɟɬɫɹ, 

ɬɪɚɧɫɮɨɪɦɢɪɭɹɫɶ ɜ ɬɟɩɥɨɬɭ, ɚ ɨɛɳɢɣ ɡɚɩɚɫ ɷɧɟɪɝɢɢ ɩɨɫɬɨɹɧɟɧ. ɇɚɨɛɨɪɨɬ, 

ɪɚɡɝɨɧɹɹɫɶ, ɜɨɡɞɭɯ ɨɬɛɢɪɚɟɬ ɨɬ ɩɨɬɨɤɚ ɷɧɟɪɝɢɸ, ɩɨɧɢɠɚɹ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɭ. 

ɉɨ ɜɬɨɪɨɦɭ ɧɚɱɚɥɭ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɜ ɡɚɦɤɧɭɬɨɣ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ 

ɦɚɬɟɪɢɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɷɧɬɪɨɩɢɹ ɹɜɥɹɟɬɫɹ ɧɟɭɛɵɜɚɸɳɟɣ ɮɭɧɤɰɢɟɣ ɜɪɟɦɟɧɢ. ȿɟ 

ɜɨɡɪɚɫɬɚɧɢɟ ɫɜɹɡɚɧɨ ɫ ɧɟɨɛɪɚɬɢɦɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨɬɭ ɡɚ ɫɱɟɬ, ɧɚɩɪɢɦɟɪ, ɩɨɬɟɪɶ ɧɚ ɜɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ ɜ ɢɞɟɚɥɶɧɵɯ 

ɫɪɟɞɚɯ. 

ɂɫɯɨɞɹ ɢɡ ɩɟɪɜɨɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɜ ɚɞɢɚɛɚɬɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɜ 

ɧɟɫɠɢɦɚɟɦɨɣ ɫɪɟɞɟ ɜɫɹ ɦɨɳɧɨɫɬɶ ɞɢɫɫɢɩɢɪɨɜɚɧɧɨɣ ɜ ɨɛɴɟɦɟ ɭɞɟɥɶɧɨɣ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜɧɭɬɪɟɧɧɢɯ ɫɢɥ ɧɟɨɛɪɚɬɢɦɨ ɩɟɪɟɯɨɞɢɬ ɜ ɬɟɩɥɨɬɭ. 

ɇɚɩɪɢɦɟɪ, ɩɪɢɜɟɞɟɧɧɚɹ ɜ ɞɜɢɠɟɧɢɟ ɜɹɡɤɚɹ ɠɢɞɤɨɫɬɶ ɪɚɫɫɟɢɜɚɟɬ 

ɫɨɨɛɳɟɧɧɭɸ ɟɣ ɷɧɟɪɝɢɸ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɩɪɢɞɟɬ ɜ ɫɨɫɬɨɹɧɢɟ ɩɨɤɨɹ. ȼɢɯɪɶ, 
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ɜɨɡɧɢɤɲɢɣ ɨɬ ɢɦɩɭɥɶɫɚ ɷɧɟɪɝɢɢ, ɡɚɬɭɯɚɟɬ, ɚ ɟɝɨ ɷɧɟɪɝɢɹ ɞɢɫɫɢɩɢɪɭɟɬ ɜ ɨɛɴɟɦɟ ɡɚ 

ɫɱɟɬ ɪɚɛɨɬɵ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɬɟɩɥɨɬɭ.  

ȼɨɡɞɭɯ ɞɜɢɠɟɬɫɹ ɜ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ ɜɟɧɬɢɥɹɬɨɪɚ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ 

ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɢ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ (ɢɥɢ ɫɬɚɬɢɱɟɫɤɚɹ) ɬɟɦɩɟɪɚɬɭɪɚ Т ɫɜɹɡɚɧɚ 

ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɬɨɪɦɨɠɟɧɢɹ Т0 ɡɚɜɢɫɢɦɨɫɬɶɸ:              .                                           (1.2) 

ȼɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ ɜɵɪɚɠɟɧɢɹ (1.2), ɭɱɢɬɵɜɚɹ ɪɚɜɟɧɫɬɜɨ (1.1), ɨɩɪɟɞɟɥɹɟɬ 

ɜɨɡɪɚɫɬɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɫɥɟɞɫɬɜɢɟ ɬɨɪɦɨɠɟɧɢɢ ɩɨɬɨɤɚ. ɉɪɢ ɫɤɨɪɨɫɬɹɯ ɩɨɪɹɞɤɚ 

20…50 ɦ/ɫ ɪɚɡɧɨɫɬɶ ΔТ = Т - Т0 ɧɟɜɟɥɢɤɚ (ɨɤɨɥɨ 1…2 °ɋ), ɢ ɟɟ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 

ɉɪɢ ɫɤɨɪɨɫɬɹɯ ɨɬ 300…400 ɦ/ɫ ΔТ ɫɨɫɬɚɜɥɹɟɬ ɭɠɟ 45…80°ɋ. 

Ɍɟɦɩɟɪɚɬɭɪɚ Т ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɛɨɪɨɦ, ɞɜɢɠɭɳɟɦɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ ɩɨɬɨɤɚ. 

ɇɟɩɨɞɜɢɠɧɵɣ ɩɪɢɛɨɪ ɢɡɦɟɪɹɟɬ ɬɟɦɩɟɪɚɬɭɪɭ Т0 > Т, ɬɚɤ ɤɚɤ ɬɨɪɦɨɡɹɳɢɣɫɹ ɧɚ 

ɩɪɢɛɨɪɟ ɩɨɬɨɤ ɪɚɡɨɝɪɟɜɚɟɬ ɟɝɨ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɩɥɨɨɛɪɚɡɨɜɚɧɢɟ ɜ ɜɨɡɞɭɲɧɨɦ ɩɨɬɨɤɟ ɢɦɟɟɬ ɞɜɨɣɫɬɜɟɧɧɭɸ 

ɩɪɢɪɨɞɭ ɩɪɨɰɟɫɫɚ: ɨɬ ɢɡɦɟɧɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ (ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ) ɢ 

ɜɫɥɟɞɫɬɜɢɟ ɬɪɟɧɢɹ ɨ ɫɬɟɧɤɢ ɢ ɜɧɭɬɪɢ ɩɨɬɨɤɚ ɜɹɡɤɨɣ ɫɪɟɞɵ (ɪɚɛɨɬɚ ɜɧɭɬɪɟɧɧɢɯ ɫɢɥ 

ɬɪɟɧɢɹ). Ɉɛɚ ɩɪɨɰɟɫɫɚ ɧɟɪɚɡɪɵɜɧɨ ɫɨɩɪɨɜɨɠɞɚɸɬ ɞɪɭɝ ɞɪɭɝɚ. 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɥɚɧɫ ɞɜɢɠɭɳɟɝɨɫɹ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɩɟɪɜɨɝɨ ɡɚɤɨɧɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ [92]:                         ሺ       ሻ   Ⱦɠ/ɦ3
,            (1.3) 

 

ɝɞɟ q - ɬɟɩɥɨɬɚ, ɩɨɞɜɨɞɢɦɚɹ ɤ 1 ɦ3
 ɜɨɡɞɭɯɚ (ɢɥɢ ɨɬɜɟɞɟɧɧɚɹ ɨɬ ɧɟɝɨ) ɧɚ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɭɱɚɫɬɤɟ;  

l – ɬɟɯɧɢɱɟɫɤɚɹ ɪɚɛɨɬɚ, ɫɨɜɟɪɲɚɟɦɚɹ 1 ɦ3
 ɜɨɡɞɭɯɚ;  

lɬɪ - ɪɚɛɨɬɚ ɫɢɥ ɬɪɟɧɢɹ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ 1 ɦ3
 ɜɨɡɞɭɯɚ;  

ε2, ε1 - ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɟɱɟɧɢɹɯ ɩɨ ɯɨɞɭ ɩɨɬɨɤɚ 

(       ,     – ɭɞɟɥɶɧɚɹ ɢɡɨɯɨɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ);  
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       - ɩɪɢɪɨɫɬ (ɢɥɢ ɭɛɵɥɶ) ɷɧɟɪɝɢɢ ɨɬ ɪɚɛɨɬɵ ɜɧɟɲɧɢɯ ɫɢɥ 

(ɞɚɜɥɟɧɢɹ);      ሺ       ሻ - ɬɨ ɠɟ, ɨɬ ɢɡɦɟɧɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨɬɨɤɚ. 
 

ɉɪɢɬɨɤ ɬɟɩɥɨɬɵ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: ɢɡɜɧɟ - ɩɨɞɜɨɞɨɦ 

(ɨɬɜɨɞɨɦ) ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɧɚɪɭɠɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɢɡɧɭɬɪɢ – ɩɭɬɟɦ  

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɬɟɩɥɨɬɭ ɪɚɛɨɬɵ ɬɪɟɧɢɹ: q = qɧɚɪ + qɜɧ. ɉɪɢ ɷɬɨɦ qɜɧ ɷɤɜɢɜɚɥɟɧɬɧɚ 

ɪɚɛɨɬɟ ɬɪɟɧɢɹ: qɜɧ = lɬɪ. ɉɨɞɫɬɚɜɥɹɹ ɜɦɟɫɬɨ ε2 ɢ ε1 ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɢɦ 

ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɹ i2 ɢ i1, ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ (ɩɨ ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɸ) 

ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ:                  ሺ       ሻ                                (1.4) 

ȼ ɭɪɚɜɧɟɧɢɟ ɧɟ ɜɯɨɞɢɬ ɪɚɛɨɬɚ ɬɪɟɧɢɹ, ɬɚɤ ɤɚɤ ɨɧɚ ɩɨɥɧɨɫɬɶɸ ɩɪɟɨɛɪɚɡɭɟɬɫɹ 

ɜ ɬɟɩɥɨɬɭ, ɤɨɬɨɪɚɹ ɨɫɬɚɟɬɫɹ ɜ ɜɨɡɞɭɲɧɨɦ ɩɨɬɨɤɟ [15]. 

Ⱦɥɹ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɥɚɧɫ ɜ ɮɨɪɦɟ ɭɪɚɜɧɟɧɢɹ 

Ȼɟɪɧɭɥɥɢ ɛɟɡ ɭɱɟɬɚ ɫɢɥɵ ɬɹɠɟɫɬɢ ɝɚɡɚ ɞɥɹ ɩɨɬɨɤɚ ɧɟɫɠɢɦɚɟɦɨɣ ɫɪɟɞɵ ɢɦɟɟɬ ɜɢɞ: 

     ሺ         ሻ  ሺ     ሻ                                       (1.5) 

ɝɞɟ         - ɫɪɟɞɧɢɟ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɩɨ ɩɨɥɧɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ; 

       - ɞɚɜɥɟɧɢɹ ɜ ɫɟɱɟɧɢɹɯ 1 ɢ 2; 

Δpɩɨɬ - ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɬɪɟɧɢɟ. 

 

ɂɡ ɜɵɪɚɠɟɧɢɹ (1.5) ɜɢɞɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɩɨɥɧɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 

ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɞɟɣɫɬɜɢɹ ɜɧɟɲɧɢɯ ɫɢɥ ɞɚɜɥɟɧɢɹ ɢ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ (ɷɧɟɪɝɢɢ) 

ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɬɪɟɧɢɹ. 

Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ ɞɨɥɢ ɷɧɟɪɝɢɢ, ɫɜɹɡɚɧɧɨɣ ɫ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟɦ, ɤɨɬɨɪɚɹ 

ɡɚɬɟɦ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɬɟɩɥɨɬɭ, Ȼɭɬɚɤɨɜɵɦ ɋ.ȿ. [13] ɜɜɨɞɢɬɫɹ ɟɳɟ ɨɞɧɚ ɫɤɨɪɨɫɬɶ    - ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ, ɜ ɨɫɧɨɜɧɨɦ ɜɢɯɪɟɜɨɝɨ ɞɜɢɠɟɧɢɹ. Ɍɨɝɞɚ, ɨɛɳɢɟ ɩɨɬɟɪɢ ɛɭɞɭɬ 

ɫɭɦɦɨɣ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ ɢ ɧɚ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ: 

 ∑              ሺ         ሻ                                   (1.6) 
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Ʉ ɷɬɨɦɭ ɞɨɛɚɜɥɹɟɬɫɹ ɟɳɟ ɩɨɬɟɪɹ ɨɬ ɢɡɛɵɬɨɱɧɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 

ɩɨɬɨɤɚ, ɪɚɜɧɚɹ     ሺ   ⃛     ⃛ሻ, ɝɞɟ    ⃛    ⃛ – ɫɪɟɞɧɢɟ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɩɨ 

ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ. ɗɬɚ ɷɧɟɪɝɢɹ ɞɥɹ ɩɪɢɧɹɬɨɣ 

ɫɯɟɦɵ ɩɪɨɰɟɫɫɚ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɚ ɜ ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɢɥɢ 

ɩɪɨɢɡɜɟɫɬɢ ɤɚɤɭɸ-ɥɢɛɨ ɩɨɥɟɡɧɭɸ ɪɚɛɨɬɭ ɢ ɜɫɥɟɞɫɬɜɢɟ ɜɹɡɤɨɫɬɢ ɫɪɟɞɵ ɩɨɫɬɟɩɟɧɧɨ 

ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ ɬɟɩɥɨɜɨɟ ɦɨɥɟɤɭɥɹɪɧɨɟ ɞɜɢɠɟɧɢɟ.  

Ɍɨɝɞɚ ɫɭɦɦɚɪɧɵɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɩɨɬɨɤɟ ɫɨɫɬɚɜɹɬ: 

      ̈           ሺ         ሻ      ሺ   ⃛     ⃛ሻ                 (1.7) 

 

Ⱦɥɹ ɡɚɩɢɫɢ ɭɪɚɜɧɟɧɢɹ Ȼɟɪɧɭɥɥɢ ɜ ɨɤɨɧɱɚɬɟɥɶɧɨɦ ɜɢɞɟ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɜɢɞɨɜ 

ɩɨɬɟɪɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ      ̈  ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɪɟɞɧɹɹ ɩɨ ɤɨɥɢɱɟɫɬɜɭ 

ɞɜɢɠɟɧɢɹ ɫɤɨɪɨɫɬɶ  ̈ [13]: 

     ቀ   ̈     ̈ቁ  ሺ     ሻ       ̈ .                             (1.8) 

 

ȼɵɩɨɥɧɟɧɧɵɣ ɚɧɚɥɢɡ ɧɨɫɢɬ ɬɨɥɶɤɨ ɢɥɥɸɫɬɪɚɬɢɜɧɵɣ ɯɚɪɚɤɬɟɪ, ɬ.ɤ. 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɤɨɪɨɫɬɢ ɱɢɫɬɨ ɭɫɥɨɜɧɵɟ, ɧɟ ɩɨɞɞɚɸɳɢɟɫɹ ɢɡɦɟɪɟɧɢɸ ɢ 

ɪɚɫɱɟɬɭ, ɧɨ ɨɧ ɪɚɫɤɪɵɜɚɟɬ ɮɢɡɢɱɟɫɤɭɸ ɤɚɪɬɢɧɭ ɩɪɨɰɟɫɫɚ. 

ɉɨ Ʉɨɦɢɫɫɚɪɨɜɭ Ⱥ.ɉ. «ɚɧɚɥɢɡɢɪɭɹ ɪɚɛɨɬɭ ɜɟɧɬɢɥɹɬɨɪɚ ɜ ɤɨɧɬɭɪɟ, ɛɭɞɟɦ 

ɧɚɡɵɜɚɬɶ ɜɫɟ ɜɢɞɵ ɩɨɬɟɪɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɜɢɠɭɳɟɝɨɫɹ ɩɨɬɨɤɚ ɝɚɡɚ – ɫ 

ɬɪɟɧɢɟɦ ɨ ɫɬɟɧɤɢ ɢ ɜɧɭɬɪɢ ɩɨɬɨɤɚ, ɧɚ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɨɬɪɵɜɵ, ɦɟɫɬɧɵɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɬ. ɞ. - ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɢ ɪɚɡɞɟɥɢɦ ɢɯ ɧɚ ɜɧɭɬɪɟɧɧɢɟ Δhɤ - 

ɩɨɬɟɪɢ ɜ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ ɢ ɜɧɟɲɧɢɟ Δhɜɧ - ɩɨɬɟɪɢ ɜ ɰɢɪɤɭɥɹɰɢɨɧɧɨɦ ɬɪɚɤɬɟ» [46].  

«Ɇɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ (ɦɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ) ɩɟɪɟɞɚɟɬɫɹ ɨɬ ɪɨɬɨɪɚ ɤ ɜɨɡɞɭɯɭ 

ɢ ɫɨɨɛɳɚɟɬ ɤɚɠɞɨɣ ɟɞɢɧɢɰɟ ɨɛɴɟɦɚ ɝɚɡɚ ɷɧɟɪɝɢɸ, ɪɚɜɧɭɸ ɬɟɨɪɟɬɢɱɟɫɤɨɦɭ ɧɚɩɨɪɭ 

ɧɚ ɜɵɯɨɞɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɇɬ; ɮɚɤɬɢɱɟɫɤɢɣ (ɷɮɮɟɤɬɢɜɧɵɣ ɢɥɢ ɩɨɥɧɵɣ) ɧɚɩɨɪ ɇɩ 
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ɛɭɞɟɬ ɦɟɧɶɲɟ ɇɬ ɧɚ ɜɟɥɢɱɢɧɭ ɜɧɭɬɪɟɧɧɢɯ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɬɟɪɶ Δhɤ ɜ 

ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ:» [46]           [61].                                              (1.9) 

 

«ɗɮɮɟɤɬɢɜɧɵɣ ɧɚɩɨɪ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɬɪɚɤɬɚ, ɬ. ɟ. ɧɚ ɩɨɤɪɵɬɢɟ ɜɧɟɲɧɢɯ ɩɨɬɟɪɶ Δhɜɧ ɢ ɩɨɥɟɡɧɭɸ 

ɪɚɛɨɬɭ, ɧɟɨɛɯɨɞɢɦɭɸ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ hɬɟɯ» [46].  

«ɂɡ ɩɨɬɟɪɶ Δhɜɧ ɫɥɟɞɭɟɬ ɜɵɞɟɥɢɬɶ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɭɸ ɫɬɚɬɶɸ ɩɨɬɟɪɢ 

ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜɵɯɨɞɹɳɟɝɨ ɫ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɶɸ ɢɡ ɪɨɬɨɪɚ ɩɨɬɨɤɚ, 

ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɫɬɚɬɢɱɟɫɤɨɟ ɩɪɢ 

ɪɚɫɲɢɪɟɧɢɢ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɪɨɬɨɪɚ Δhɜɵɯ; ɨɫɬɚɥɶɧɭɸ ɱɚɫɬɶ 

ɫɨɫɬɚɜɥɹɸɬ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ (ɪɚɛɨɬɵ) ɧɚ ɬɪɟɧɢɟ ɢ ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɬɪɚɤɬɚ Δhɬ:» [46]  

               .                                        (1.10) 

 

«ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ,  Ⱦɠ/ɦ3
:» [46] 

                      .                                 (1.11) 

 

«ɏɨɬɹ ɷɧɟɪɝɢɹ Δhɬ ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɧɚ ɮɨɪɦɚɥɶɧɨ ɩɨɥɟɡɧɭɸ ɪɚɛɨɬɭ - 

ɩɟɪɟɦɟɳɟɧɢɟ ɜɨɡɞɭɯɚ ɩɨ ɤɨɧɬɭɪɭ, ɨɧɚ ɨɬɧɟɫɟɧɚ ɤ ɩɨɬɟɪɹɦ, ɬɚɤ ɤɚɤ ɜ ɤɨɧɟɱɧɨɦ 

ɫɱɟɬɟ ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ ɬɟɩɥɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɟ ɬɪɢ ɩɨɫɥɟɞɧɢɯ ɫɥɚɝɚɟɦɵɯ 

ɫɨɫɬɚɜɥɹɸɬ ɜ ɫɭɦɦɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɨɬɟɪɢ; ɨɧɢ-ɬɨ ɢ ɨɩɪɟɞɟɥɹɸɬ ɬɟɩɥɨɜɭɸ 

ɦɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ.» [46]. 

«ȼ ɰɢɪɤɭɥɹɰɢɨɧɧɨɦ ɬɪɚɤɬɟ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɧɟɜɟɥɢɤɢ, ɧɟ ɩɪɟɜɵɲɚɸɬ, ɤɚɤ 

ɩɪɚɜɢɥɨ, 20 ɦ/ɫ, ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɬɟɪɢ ɫ ɬɪɟɧɢɟɦ ɨ ɫɬɟɧɤɢ ɤɚɧɚɥɨɜ 

ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɵ. ȼ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɪɨɬɨɪɚ, ɝɞɟ ɪɚɡɜɢɜɚɸɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɟ 

ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ, ɞɨɯɨɞɹɳɢɟ ɞɨ 50 ɦ/ɫ ɢ ɜɵɲɟ, ɡɚɬɪɚɬɵ ɦɨɳɧɨɫɬɢ ɧɚ ɬɪɟɧɢɟ ɨ 

ɞɢɫɤɢ ɤɨɥɟɫɚ ɢ ɜ ɦɟɠɥɨɩɚɬɨɱɧɵɯ ɤɚɧɚɥɚɯ ɦɨɝɭɬ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɢ ɢɯ ɧɚɞɨ 

ɭɱɢɬɵɜɚɬɶ.» [46]. 
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«ɋɬɚɬɶɹ ɩɨɬɟɪɶ Δhɜɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ ɧɚ 

ɜɵɯɨɞɟ ɤɨɥɟɫɚ ɢ ɫɤɨɪɨɫɬɹɦɢ ɩɨɬɨɤɚ ɜ ɤɨɧɰɟ ɬɪɚɤɬɚ (ɩɟɪɟɞ ɤɨɥɟɫɨɦ) ɢ ɬɚɤɠɟ 

ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ. Ɉɫɧɨɜɧɵɦ ɠɟ ɢɫɬɨɱɧɢɤɨɦ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɹɜɥɹɸɬɫɹ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɜ ɫɚɦɨɦ ɤɨɥɟɫɟ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɯɚɪɚɤɬɟɪɚ 

ɬɟɱɟɧɢɹ - ɫɬɪɭɤɬɭɪɵ ɢ ɫɤɨɪɨɫɬɟɣ ɩɨɬɨɤɚ ɜ ɦɟɠɥɨɩɚɬɨɱɧɵɯ ɤɚɧɚɥɚɯ ɢ ɜ 

ɨɫɨɛɟɧɧɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɤɨɥɟɫɚ. ȼ ɪɨɬɨɪɧɵɯ ɧɚɝɪɟɜɚɬɟɥɹɯ 

ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ ɞɨ 90-95 % ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ» [46].  

Ɉɫɬɚɥɶɧɚɹ ɩɨɞɜɨɞɢɦɚɹ ɷɧɟɪɝɢɹ, ɡɚ ɜɵɱɟɬɨɦ ɧɟɢɡɛɟɠɧɵɯ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ 

ɩɨɬɟɪɶ ɜ ɩɨɞɲɢɩɧɢɤɨɜɵɯ ɨɩɨɪɚɯ ɜɚɥɚ, ɬɚɤɠɟ ɪɚɫɯɨɞɭɟɬɫɹ ɩɨɥɟɡɧɨ, ɩɨɷɬɨɦɭ ɜ Ɋɇɍ 

ɡɚɬɪɚɱɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ 100 % [92].  

«ɉɨ ɧɚɣɞɟɧɧɨɣ ɩɨɞɚɱɟ (ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ) L (ɦ3/ɫ), ɩɨɥɧɨɦɭ ɧɚɩɨɪɭ ɇɩ 

(ɉɚ) ɢ ɦɨɳɧɨɫɬɢ Nɜ (ȼɬ) ɧɚ ɜɚɥɭ ɜɟɧɬɢɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɸɬ ɟɝɨ ɜɧɭɬɪɟɧɧɢɣ ɄɉȾ» 

[46]          .                                              (1.12) 

 

«ȿɫɥɢ ɩɪɟɧɟɛɪɟɱɶ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ Δhɤ ɨɫɬɚɥɶɧɵɦɢ 

ɩɨɬɟɪɹɦɢ, ɬɨ ɪɚɡɧɨɫɬɶ 1 -    ɫɨɫɬɚɜɢɬ ɨɛɳɭɸ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɞɨɥɸ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɬɟɪɶ, ɚ ɬɚɤ ɤɚɤ ɨɧɢ ɷɤɜɢɜɚɥɟɧɬɧɨ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɬɟɩɥɨ, ɬɨ   ሺ    ) ɢ ɹɜɥɹɟɬɫɹ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɶɸ ɪɨɬɨɪɚ» [46]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɲɢɥɤɚ ɉȺɉɊɄɌɈ ɦɨɠɟɬ ɛɵɬɶ ɨɫɧɚɳɟɧɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ 

ɦɨɞɭɥɟɦ ɜ ɜɢɞɟ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɬ ɪɚɛɨɬɭ ɜ ɧɟɩɪɟɪɵɜɧɨɦ 

ɪɟɠɢɦɟ ɫɭɲɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɲɬɚɬɧɨɝɨ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ. ɉɪɢ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɨɝɭɬ ɪɚɡɪɚɛɚɬɵɜɚɬɶɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɨɞɭɥɢ ɢ ɞɪɭɝɨɝɨ 

ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɜɨɣɫɬɜ ɜɵɫɭɲɢɜɚɟɦɨɝɨ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɫɵɪɶɹ. 

 

ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 1 

 

ɇɚ ɨɫɧɨɜɟ ɜɵɩɨɥɧɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɭɸ 

ɪɚɛɨɱɭɸ ɝɢɩɨɬɟɡɭ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɫɭɲɢɥɤɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɦɨɠɟɬ 
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ɨɛɟɫɩɟɱɢɬɶ ɪɟɠɢɦ ɫɭɲɤɢ ɡɟɪɧɚ ɡɚ ɫɱɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɜ ɜɢɞɟ 

ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ.  

 

ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ȼɵɩɨɥɧɟɧɧɵɣ ɚɧɚɥɢɡ ɨɩɪɟɞɟɥɢɥ ɰɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ - ɪɚɡɪɚɛɨɬɤɚ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ ɡɟɪɧɚ ɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɫ ɨɛɨɫɧɨɜɚɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɟё ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɦɨɞɭɥɹ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ: 

1. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɤɨɧɫɬɪɭɤɰɢɣ ɡɟɪɧɨɫɭɲɢɥɨɤ ɨɛɨɫɧɨɜɚɬɶ ɤɨɧ-

ɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɫɭɲɢɥɤɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ. 

2. Ɋɚɡɪɚɛɨɬɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɧɚɝɪɟɜɚ. 

3. ɂɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɪɟɠɢɦɟ ɫɭɲɤɢ ɡɟɪɧɚ. 

4. ɉɪɨɢɡɜɟɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ ɩɪɨɜɟɪɤɭ ɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɭɸ 

ɨɰɟɧɤɭ ɩɪɟɞɥɚɝɚɟɦɵɯ ɪɟɲɟɧɢɣ. 

ɉɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ ɪɟɲɚɥɢɫɶ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱ ɩɨ 

ɨɛɨɫɧɨɜɚɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɫɭɲɢɥɶɧɨɣ 

ɲɚɯɬɵ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɫɨɢɫɤɚɬɟɥɟɦ əɥɨɡɨɣ Ⱥ.Ƚ., 

ɬ.ɤ. ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɛɚɡɨɜɨɝɨ ɦɨɞɭɥɹ, ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɢ 

ɟɟ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɨɤɚɡɵɜɚɸɬ ɛɨɥɶɲɨɟ ɜɡɚɢɦɧɨɟ ɜɥɢɹɧɢɟ. 
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Ƚɥɚɜɚ 2 Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ 

 

2.1 Ɉɛɨɫɧɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ 

 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ ɫɭɲɢɥɤɢ ɉȺɉɊɄɌɈ (ɛɚɡɨɜɨɝɨ ɦɨɞɭɥɹ) 

(ɪɢɫ. 2.1) ɞɥɹ ɫɭɲɤɢ ɡɟɪɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ ɢ ɹɜɧɨ ɧɟ ɷɮɮɟɤɬɢɜɧɨ, 

ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɚ ɪɚɡɪɚɛɨɬɤɚ ɜɧɟɲɧɟɝɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ. 

 

 

 

Ɋɢɫɭɧɨɤ 2.1 - ɋɭɲɢɥɶɧɚɹ ɤɚɦɟɪɚ, ɡɚɩɪɚɜɥɟɧɧɚɹ ɧɚɪɟɡɚɧɧɵɦɢ ɹɛɥɨɤɚɦɢ 

 

Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɦɨɞɭɥɶɧɨɣ 

ɡɟɪɧɨɫɭɲɢɥɤɢ ɩɪɨɜɟɥɢ ɚɧɚɥɢɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɚɬɟɧɬɨɜ ɧɚ ɩɨɥɟɡɧɵɟ ɦɨɞɟɥɢ 

[70, 71, 75]. 

ɋɯɟɦɚ ɡɟɪɧɨɫɭɲɢɥɤɢ ɫ ɝɟɧɟɪɚɬɨɪɨɦ ɬɟɩɥɨɬɵ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɬɢɩɚ ɩɨ 

ɩɚɬɟɧɬɭ [70] ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 2.2. 

Ɉɧɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ 2, ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɪɨɬɨɪ 14, 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɧɭɸ ɫɢɫɬɟɦɭ ɪɟɰɢɪɤɭɥɹɰɢɢ ɢ ɪɚɡɝɪɭɡɤɢ ɡɟɪɧɚ 6, ɬɟɩɥɨɨɛɦɟɧɧɢɤ 

17, ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɪɨɬɨɪ 18. 
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1 - ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɚɹ ɤɚɦɟɪɚ; 2 – ɫɭɲɢɥɶɧɚɹ ɲɚɯɬɚ; 3 – ɩɨɞɚɸɳɢɟ ɤɨɪɨɛɚ; 4 – 

ɨɬɜɨɞɹɳɢɟ ɤɨɪɨɛɚ; 5 - ɲɥɸɡɨɜɨɣ ɡɚɬɜɨɪ; 6 - ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪ; 7 - ɡɟɪɧɨɜɨɣ ɛɭɧɤɟɪ; 8 - 

ɡɚɝɪɭɡɨɱɧɵɣ ɰɢɤɥɨɧ; 9 - ɡɚɝɪɭɡɨɱɧɵɣ ɲɧɟɤɨɜɵɣ ɬɪɚɧɫɩɨɪɬɟɪ; 10 - ɪɚɡɝɪɭɡɨɱɧɵɣ ɰɢɤɥɨɧ; 11 – 

ɜɨɡɞɭɲɧɚɹ ɤɚɦɟɪɚ; 12 - ɡɚɫɥɨɧɤɚ; 13 - ɰɟɧɬɪɨɛɟɠɧɵɣ ɜɟɧɬɢɥɹɬɨɪ; 14 - ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɪɨɬɨɪ; 15 

- ɤɚɧɚɥɵ ɪɟɰɢɪɤɭɥɹɰɢɢ; 16 – ɡɚɫɥɨɧɤɢ; 17 - ɬɟɩɥɨɨɛɦɟɧɧɵɣ ɚɩɩɚɪɚɬ; 18 - ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ 
ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɪɨɬɨɪ; 19 - ɤɚɧɚɥ ɪɟɰɢɪɤɭɥɹɰɢɢ; 20 – ɡɚɫɥɨɧɤɚ; 21 – ɜɟɪɯɧɢɣ ɞɚɬɱɢɤ ɭɪɨɜɧɹ 
ɡɟɪɧɚ; 22 – ɧɢɠɧɢɣ ɞɚɬɱɢɤ ɭɪɨɜɧɹ ɡɟɪɧɚ; 23 - ɞɚɬɱɢɤ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ; 24, 25, 26, 27 – 

ɜɨɡɞɭɯɨɜɨɞɵ; 28, 29 – ɩɪɢɜɨɞɧɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ 

Ɋɢɫɭɧɨɤ 2.2 - ɋɯɟɦɚ ɪɚɛɨɬɵ ɫɭɲɢɥɤɢ: ɚ - ɫɯɟɦɚ ɞɜɢɠɟɧɢɹ ɡɟɪɧɚ ɜ ɫɭɲɢɥɤɟ, 
ɛ - ɫɯɟɦɚ ɞɜɢɠɟɧɢɹ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɫɭɲɢɥɤɟ [70] 
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ɇɟɫɦɨɬɪɹ ɧɚ ɧɚɥɢɱɢɟ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɤɚɧɚɥɨɜ ɭ ɨɛɨɢɯ ɪɨɬɨɪɨɜ, 

ɫɭɲɢɥɶɧɵɣ ɚɝɟɧɬ ɧɟ ɪɟɰɢɪɤɭɥɢɪɭɟɬɫɹ ɱɟɪɟɡ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ ɢ ɨɫɧɨɜɧɨɣ ɧɚɝɪɟɜ 

ɞɨɥɠɟɧ ɩɨɥɭɱɢɬɶ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ 17, ɬ.ɤ. ɩɨ ɞɚɧɧɵɦ [38] ɩɪɚɤɬɢɱɟɫɤɢ 

ɨɞɧɨɤɪɚɬɧɵɣ ɜ ɷɬɨɦ ɫɥɭɱɚɟ (ɧɟ ɫɱɢɬɚɹ ɩɨɞɦɟɲɢɜɚɧɢɟ ɱɚɫɬɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, 

ɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɩɨ ɤɚɧɚɥɚɦ ɪɟɰɢɪɤɭɥɹɰɢɢ ɨɫɧɨɜɧɨɝɨ ɪɨɬɨɪɚ) ɩɪɨɯɨɞ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɱɟɪɟɡ ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɪɨɬɨɪ ɩɨɜɵɲɚɟɬ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɭ 

ɩɪɢɦɟɪɧɨ ɧɚ 10 °ɋ.  

Ɍɚɤɚɹ ɫɯɟɦɚ ɬɪɟɛɭɟɬ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɡɧɚɱɢɬɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɨɳɧɨɫɬɢ ɩɪɢɜɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɪɨɬɨɪɚ, ɱɬɨ ɭɫɥɨɠɧɹɟɬ ɤɨɧɫɬɪɭɤɰɢɸ ɫɭɲɢɥɤɢ, ɭɜɟɥɢɱɢɜɚɟɬ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɯɨɞɧɨɝɨ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ.  

ɉɪɢ ɷɬɨɦ ɞɨɥɠɧɚ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɧɚɹ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɟɣ 

ɪɨɬɨɪɨɜ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɪɚɫɯɨɞɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɱɟɪɟɡ 

ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ ɢ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɱɟɪɟɡ ɬɟɩɥɨɨɛɦɟɧɧɢɤ.  

ɉɨ ɞɚɧɧɵɦ Ⱥɤɭɥɢɱɚ ɉ.ȼ. «ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

ɜɨɡɞɭɯɚ ɪɟɰɢɪɤɭɥɹɰɢɸ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɨ ɞɜɭɦ ɫɯɟɦɚɦ: 

1) ɱɚɫɬɶ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɜɨɡɞɭɯɚ ɜɨɡɜɪɚɳɚɟɬɫɹ ɧɚ ɜɯɨɞ ɤɚɥɨɪɢɮɟɪɚ, 

ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɚɬɦɨɫɮɟɪɧɵɦ ɜɨɡɞɭɯɨɦ ɢ ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɜ ɤɚɥɨɪɢɮɟɪɟ ɞɨ 

ɬɪɟɛɭɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɪɢɫ. 2.3 ɚ); 

 2) ɱɚɫɬɶ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɜɨɡɞɭɯɚ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɡɨɧɭ ɩɨɫɥɟ ɤɚɥɨɪɢɮɟɪɚ, 

ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɧɚɝɪɟɬɵɦ ɜ ɤɚɥɨɪɢɮɟɪɟ ɫɜɟɠɢɦ ɜɨɡɞɭɯɨɦ ɢ ɡɚɬɟɦ ɩɨɞɚɟɬɫɹ ɜ 

ɫɭɲɢɥɶɧɭɸ ɤɚɦɟɪɭ» [5] (ɪɢɫ. 2.3 ɛ).  

 

Ɋɢɫɭɧɨɤ 2.3 - ɋɯɟɦɵ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ [5] 
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ɉɪɢ ɷɬɨɦ, ɩɨ Ⱥɤɭɥɢɱɭ ɉ.ȼ. «ɩɨɞ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɪɟɰɢɪɤɭɥɹɰɢɢ k 

ɩɨɧɢɦɚɟɬɫɹ ɨɬɧɨɲɟɧɢɟ ɦɚɫɫɨɜɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɛɫɨɥɸɬɧɨ ɫɭɯɨɝɨ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 

ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɤ ɩɨɫɬɭɩɚɸɳɟɦɭ ɚɛɫɨɥɸɬɧɨ ɫɭɯɨɦɭ 

ɬɟɩɥɨɧɨɫɢɬɟɥɸ (ɚɛɫɨɥɸɬɧɨ ɫɭɯɨɦɭ ɚɬɦɨɫɮɟɪɧɨɦɭ ɜɨɡɞɭɯɭ» [5]. 

ɉɨɷɬɨɦɭ, ɭɱɢɬɵɜɚɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɭɲɢɥɤɢ ɉȺɉɊɄɌɈ, ɧɚ 

ɨɫɧɨɜɟ ɜɵɞɜɢɧɭɬɨɣ ɪɚɛɨɱɟɣ ɝɢɩɨɬɟɡɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɥɨɠɢɥɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ (ɪɢɫ. 2.4). 

 

 

 

«1 – ɛɚɡɨɜɵɣ ɦɨɞɭɥɶ (ɫɭɲɢɥɶɧɚɹ ɤɚɦɟɪɚ ɞɥɹ ɫɭɲɤɢ ɩɥɨɞɨɜɨ-ɹɝɨɞɧɨɝɨ ɫɵɪɶɹ); 2 –

ɪɨɬɨɪ-ɧɚɝɪɟɜɚɬɟɥɶ; 3 – ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɦɨɞɭɥɶ (ɫɭɲɢɥɶɧɚɹ ɲɚɯɬɚ ɞɥɹ ɡɟɪɧɚ); 4 – 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪ; 5 – ɫɨɥɧɟɱɧɵɣ ɤɨɥɥɟɤɬɨɪ» [66] 

 

Ɋɢɫɭɧɨɤ 2.4 – Ʉɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ» [66] 
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ȼ ɩɪɟɞɥɚɝɚɟɦɨɣ ɫɯɟɦɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɪɨɬɨɪ-ɧɚɝɪɟɜɚɬɟɥɶ ɢ 

ɞɜɭɯɤɨɧɬɭɪɧɚɹ ɫɯɟɦɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. ȼɧɟɲɧɢɣ – 

ɜɨɡɞɭɯɨɜɨɞɚɦɢ, ɫɨɟɞɢɧɹɸɳɢɦɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɦɨɞɭɥɶ ɫ ɛɚɡɨɜɵɦ. ȼɧɭɬɪɟɧɧɢɣ 

ɤɨɧɬɭɪ, ɡɚɦɵɤɚɸɳɢɣ ɜɯɨɞ ɢ ɜɵɯɨɞ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɤɚɧɚɥɚɦɢ ɛɚɡɨɜɨɝɨ 

ɦɨɞɭɥɹ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɫɬɨɹɧɧɨɟ ɧɚɥɢɱɢɟ ɜ ɧɟɦ ɧɚɝɪɟɬɨɝɨ ɰɢɪɤɭɥɢɪɭɸɳɟɝɨ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɫɦɟɲɢɜɚɸɳɟɝɨɫɹ ɫ ɩɨɫɬɭɩɚɸɳɢɦ ɱɟɪɟɡ ɫɨɥɧɟɱɧɵɣ ɤɨɥɥɟɤɬɨɪ 

ɚɬɦɨɫɮɟɪɧɵɦ ɜɨɡɞɭɯɨɦ ɢ ɨɬɜɨɞɢɦɵɦ ɢɡ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɨɬɪɚɛɨɬɚɧɧɵɦ 

ɫɭɲɢɥɶɧɵɦ ɚɝɟɧɬɨɦ.  

ȼɧɟɲɧɢɣ ɤɨɧɬɭɪ, ɨɛɪɚɡɭɟɦɵɣ ɜɨɡɞɭɯɨɜɨɞɚɦɢ, ɫɨɟɞɢɧɹɸɳɢɦɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɦɨɞɭɥɶ ɫ ɛɚɡɨɜɵɦ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɞɚɱɭ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢɡ 

ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɱɟɪɟɡ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ ɢ ɨɬɜɨɞ ɟɝɨ ɜ 

ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɬɪɚɤɬ ɛɚɡɨɜɨɝɨ ɦɨɞɭɥɹ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɲɢɜɚɧɢɟ ɜɫɟɯ 

ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ [93]. 

ɋɛɪɨɫ ɱɚɫɬɢ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɛɟɫɩɟɱɢɬɶ ɡɚ 

ɫɱɟɬ ɪɚɛɨɬɵ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɫ ɪɚɡɝɪɭɡɨɱɧɵɦ ɰɢɤɥɨɧɨɦ ɢ ɡɟɪɧɨ-ɨɬɛɨɣɧɵɦ 

ɮɚɪɬɭɤɨɦ ɫ ɮɢɥɶɬɪɭɸɳɢɦ ɨɝɪɚɠɞɟɧɢɟɦ ɜ ɡɚɝɪɭɡɨɱɧɨɦ ɛɭɧɤɟɪɟ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ 

[19]. 

Ⱦɥɹ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɡɟɪɧɚ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɬɛɨɪ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ ɢɡ ɤɚɦɟɪɵ ɪɨɬɨɪɚ. 

Ɍ.ɤ. ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ ɰɢɪɤɭɥɹɰɢɨɧɧɨɦ ɬɪɚɤɬɟ ɛɚɡɨɜɨɝɨ ɦɨɞɭɥɹ 

ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 20 ɦ/ɫ, ɬɨ ɩɪɢ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɜɢɬɚɧɢɹ ɡɟɪɧɚ ɩɲɟɧɢɰɵ ɩɨɪɹɞɤɚ 

8,9…11,5 ɦ/ɫ [36] ɢ ɧɟɛɨɥɶɲɨɣ ɞɥɢɧɟ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɷɬɨ 

ɜɩɨɥɧɟ ɨɫɭɳɟɫɬɜɢɦɨ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɨɬɨɪ-ɧɚɝɪɟɜɚɬɟɥɶ ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɧɚɝɪɟɜ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ, ɟɝɨ ɧɚɝɧɟɬɚɧɢɟ ɜ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ ɢ ɨɬɜɨɞ ɢɡ ɧɟɟ, ɚ ɬɚɤɠɟ ɪɚɛɨɬɭ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ. Ɍɚɤɚɹ ɫɯɟɦɚ ɭɩɪɨɳɚɟɬ ɤɨɧɫɬɪɭɤɰɢɸ ɫɭɲɢɥɤɢ, ɭɦɟɧɶɲɚɟɬ 

ɤɨɥɢɱɟɫɬɜɨ ɫɢɥɨɜɵɯ ɩɪɢɜɨɞɨɜ, ɧɨ ɭɫɥɨɠɧɹɟɬ ɨɪɝɚɧɢɡɚɰɢɸ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɲɧɵɯ 

ɩɨɬɨɤɨɜ ɜ ɫɭɲɢɥɤɟ. 

Ɉɬɛɨɪ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɱɟɪɟɡ ɫɦɨɬɪɨɜɨɟ ɨɤɧɨ 

ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ (ɪɢɫ. 2.5). Ɉɧɨ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɜ ɫɥɭɱɚɟ 



42 

 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ ɛɚɡɨɜɨɝɨ ɦɨɞɭɥɹ ɜ ɪɟɠɢɦɟ ɫɭɲɤɢ ɹɛɥɨɤ ɞɥɹ 

ɭɜɟɥɢɱɟɧɢɹ ɫɛɪɨɫɚ ɭɜɥɚɠɧɟɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɫɭɲɤɢ, 

ɤɨɝɞɚ ɟɝɨ ɜɥɚɠɧɨɫɬɶ ɞɨɫɬɢɝɚɟɬ 100 %. 

Ⱦɥɹ ɩɨɞɨɝɪɟɜɚ ɩɪɢɬɨɱɧɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɤɪɵɲɟ ɫɭɲɢɥɤɢ 

ɢɦɟɟɬɫɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ. ɉɪɢ ɪɚɛɨɬɟ ɛɚɡɨɜɨɝɨ ɦɨɞɭɥɹ ɜ ɧɟɝɨ 

ɩɨɞɚɟɬɫɹ ɨɬɪɚɛɨɬɚɧɧɵɣ ɫɭɲɢɥɶɧɵɣ ɚɝɟɧɬ. ɉɪɢ ɪɚɛɨɬɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ 

ɫɭɲɢɥɶɧɵɣ ɚɝɟɧɬ ɬɭɞɚ ɧɟ ɩɨɞɚɟɬɫɹ, ɧɨ ɩɪɢɬɨɱɧɵɣ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ 

ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɫɨɥɧɟɱɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ, ɫɨɫɬɚɜɥɹɸɳɟɝɨ ɟɝɨ ɜɟɪɯɧɸɸ 

ɤɚɦɟɪɭ.  

             
 

 

Ɋɢɫɭɧɨɤ 2.5 - ɋɦɨɬɪɨɜɨɟ ɨɤɧɨ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɦɨɞɭɥɹ ɞɨɥɠɧɚ ɢɦɟɬɶ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫ. 2.6. 

Ɉɛɨɫɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɛɨɬɵ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɜɵɩɨɥɧɟɧɨ ɫɨɜɦɟɫɬɧɨ ɫ əɥɨɡɨɣ Ⱥ.Ƚ. ɢ ɨɬɪɚɠɟɧɨ ɜ ɩɭɛɥɢɤɚɰɢɹɯ 

[19, 44, 45, 49, 59, 61, 62, 73, 99]. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɞɨɥɠɟɧ ɢɦɟɬɶ 

ɩɪɹɦɨɭɝɨɥɶɧɨɟ ɫɟɱɟɧɢɟ ɪɚɡɦɟɪɨɦ 120×60 ɦɦ, ɚ ɩɨɞ ɜɵɩɭɫɤɧɵɦ ɨɬɜɟɪɫɬɢɟɦ 

ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɬɢɩɚ ɞɨɥɠɟɧ ɛɵɬɶ 

ɭɫɬɚɧɨɜɥɟɧ ɩɚɫɫɢɜɧɵɣ ɜɢɛɪɚɬɨɪ [19]. 
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1 – ɪɚɛɨɱɚɹ ɤɚɦɟɪɚ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ; 2 – ɪɨɬɨɪ-ɧɚɝɪɟɜɚɬɟɥɶ; 3 – ɫɦɨɬɪɨɜɨɟ ɨɤɧɨ 
ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ; 4 – ɫɭɲɢɥɶɧɚɹ ɲɚɯɬɚ; 5 – ɜɨɡɞɭɯɨɡɚɛɨɪɧɢɤ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ; 
6 – ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ; 7 – ɜɟɪɯɧɢɣ ɛɭɧɤɟɪ ɛɟɫɩɪɢɜɨɞɧɨɝɨ 
ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ; 8 – ɧɢɠɧɢɣ ɛɭɧɤɟɪ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ; 9 – ɜɵɩɭɫɤɧɨɟ ɨɬɜɟɪɫɬɢɟ; 10 – ɩɪɢɟɦɧɨɟ ɭɫɬɪɨɣɫɬɜɨ 
ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ; 11 – ɡɟɪɧɨɜɵɟ ɡɚɫɥɨɧɤɢ; 12 – ɤɥɚɩɚɧɚ ɛɟɫɩɪɢɜɨɞɧɨɝɨ 
ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ; 13 – ɩɟɪɟɤɥɸɱɚɬɟɥɶ ɩɨɬɨɤɚ; 14 – ɪɚɡɝɪɭɡɨɱɧɵɣ ɰɢɤɥɨɧ; 15 
– ɡɟɪɧɨɜɨɣ ɛɭɧɤɟɪ; 16 – ɡɟɪɧɨ-ɨɬɛɨɣɧɵɣ ɮɚɪɬɭɤ; 17 – ɮɢɥɶɬɪɭɸɳɟɟ ɨɝɪɚɠɞɟɧɢɟ 

 

Ɋɢɫɭɧɨɤ 2.6 – Ʉɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ [19] 

 

2.2 Ɉɛɨɫɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ 

 

ɉɪɢ ɨɛɨɫɧɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶɫɹ, 

ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫ ɟɟ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ. Ɋɚɡɦɟɪɵ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɲɚɯɬɵ 

ɡɚɜɢɫɹɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ ɦɨɞɭɥɶ ɫɭɲɢɥɤɢ 
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ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ ɤ ɫɦɨɬɪɨɜɨɦɭ ɨɤɧɭ ɤɚɦɟɪɵ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ, ɧɢɠɧɹɹ ɤɪɨɦɤɚ 

ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɜɵɫɨɬɟ 0,9 ɦ ɨɬ ɭɪɨɜɧɹ ɡɟɦɥɢ (ɪɢɫ. 2.7) [60].  

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɩɪɟɞɟɥɚɯ ɷɬɨɣ ɜɵɫɨɬɵ ɞɨɥɠɧɨ ɪɚɡɦɟɫɬɢɬɶɫɹ ɜɵɩɭɫɤɧɨɟ 

ɭɫɬɪɨɣɫɬɜɨ ɫɭɲɢɥɤɢ. 

          

Ɋɢɫɭɧɨɤ 2.7 – ȼɢɞ ɧɚ ɫɦɨɬɪɨɜɨɟ ɨɤɧɨ ɫɭɲɢɥɤɢ ɉȺɉɊɄɌɈ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ ɧɚ ɪɢɫ. 2.8.  

 

 

Ɋɢɫɭɧɨɤ 2.8 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ (ɜ ɦɦ) 

ɫɦɨɬɪɨɜɨɟ ɨɤɧɨ 
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Ɉɛɳɚɹ ɪɚɫɩɨɥɚɝɚɟɦɚɹ ɜɵɫɨɬɚ 900 ɦɦ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɪɚɫɫɬɨɹɧɢɹ h0 (ɜɵɫɨɬɚ 

ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɜɵɩɭɫɤɧɨɝɨ ɩɚɬɪɭɛɤɚ ɫ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɨɦ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ, 

ɩɪɢɧɢɦɚɟɦ 200 ɦɦ), ɜɵɫɨɬɵ ɧɢɠɧɟɝɨ ɛɭɧɤɟɪɚ h1, ɜɵɫɨɬɵ ɜɟɪɯɧɟɝɨ ɛɭɧɤɟɪɚ h2, 

ɜɵɫɨɬɵ h3 ɨɬ ɧɢɡɚ ɨɬɜɨɞɹɳɟɝɨ ɤɨɪɨɛɚ ɞɨ ɩɪɢɦɟɪɧɨ ɫɟɪɟɞɢɧɵ ɩɨɞɜɨɞɹɳɟɝɨ ɤɨɪɨɛɚ 

[60].  

Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɢ ɭɞɟɲɟɜɥɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɧɢɦɚɟɦ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɭɸ 

ɮɨɪɦɭ ɤɨɪɨɛɨɜ ɩɨ ɬɢɩɭ ɡɟɪɧɨɫɭɲɢɥɤɢ Ⱦɋɉ (ɪɢɫ. 2.9).  

 

Ɋɢɫɭɧɨɤ 2.9 – Ɋɚɡɦɟɪɵ ɤɨɪɨɛɨɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ (ɜ ɦɦ) [6] 

 

Ɍɨɝɞɚ ɜɵɫɨɬɚ h3 ɛɭɞɟɬ ɪɚɜɧɚ 250 ɦɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɛɳɭɸ ɜɵɫɨɬɭ 

ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɨɬɜɨɞɢɬɫɹ ɩɪɢɦɟɪɧɨ 450 ɦɦ. 

Ⱦɥɢɧɚ ɤɨɪɨɛɨɜ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɢɧɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɛɭɞɟɬ 

ɨɩɪɟɞɟɥɹɬɶɫɹ ɞɥɢɧɨɣ ɧɢɠɧɟɝɨ ɛɭɧɤɟɪɚ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

ɉɪɢɦɟɦ, ɱɬɨ ɜɵɫɨɬɵ ɛɭɧɤɟɪɨɜ ɨɞɢɧɚɤɨɜɵ, ɬ.ɟ. h1 = h2 = 450/2 = 225 ɦɦ. 

ɋɟɱɟɧɢɟ ɜɵɩɭɫɤɧɨɝɨ ɩɚɬɪɭɛɤɚ ɩɪɢɦɟɦ ɤɜɚɞɪɚɬɧɨɟ ɪɚɡɦɟɪɨɦ 60ɯ60 ɦɦ. 

Ɍɚɤɚɹ ɲɢɪɢɧɚ ɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɭ ɡɟɪɧɨɫɭɲɢɥɤɢ Ⱥ1-ɍɁɆ. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɭɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ ɞɥɹ ɩɲɟɧɢɰɵ ɫɨɫɬɚɜɥɹɟɬ 28…30°, 

ɭɝɨɥ ɧɚɢɦɟɧɶɲɟɝɨ ɧɚɤɥɨɧɚ ɫɚɦɨɬɟɤɚ - 36° [36], ɩɪɢ ɪɚɛɨɬɟ ɫɭɲɢɥɤɢ ɩɪɢɫɭɬɫɬɜɭɟɬ 

ɜɢɛɪɚɰɢɹ ɤɨɪɩɭɫɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɢ ɞɜɢɠɟɧɢɟ ɜɨɡɞɭɯɚ ɜ ɫɥɨɟ ɡɟɪɧɚ, ɩɪɢɧɢɦɚɟɦ 

ɭɝɨɥ ɧɚɤɥɨɧɚ ɫɤɚɬɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɪɚɜɧɵɦ 35°. 

Ɍɨɝɞɚ, ɞɥɢɧɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ L ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɛɭɞɟɬ ɪɚɜɧɚ: 
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    ቀ              ቁ      ɦɦ.                                   (2.1) 
 

Ⱥɧɚɥɨɝɢɱɧɨ, ɲɢɪɢɧɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɲɢɪɢɧɨɣ 

ɜɟɪɯɧɟɝɨ ɛɭɧɤɟɪɚ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɱɬɨ ɩɪɢ ɬɟɯ ɠɟ 

ɢɫɯɨɞɧɵɯ ɡɧɚɱɟɧɢɹɯ ɲɢɪɢɧɵ ɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɜɟɪɯɧɟɣ ɫɟɤɰɢɢ 60 ɦɦ ɢ ɭɝɥɚ 

ɧɚɤɥɨɧɚ ɫɤɚɬɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 35° ɛɭɞɟɬ ɪɚɜɧɨ 703 ɦɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɭɲɢɥɶɧɨɣ 

ɲɚɯɬɵ ɦɨɠɟɬ ɛɵɬɶ ɪɚɜɟɧ 700ɯ700 ɦɦ. 

Ɉɞɧɚɤɨ ɜ 700 ɦɦ ɲɢɪɢɧɵ ɲɚɯɬɵ ɞɨɥɠɧɚ ɜɩɢɫɚɬɶɫɹ ɤɪɚɬɧɨ ɲɢɪɢɧɚ ɤɨɪɨɛɨɜ 

ɲɚɯɬɵ. ɍɱɢɬɵɜɚɹ ɩɪɢɧɹɬɭɸ ɫɯɟɦɭ ɪɚɡɦɟɳɟɧɢɹ ɤɨɪɨɛɨɜ (ɫɦ. ɪɢɫ. 2.7) ɱɟɪɟɡ 200 

ɦɦ, ɜɦɟɫɬɨ 700 ɦɦ ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ɲɢɪɢɧɭ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɪɚɜɧɨɣ 

600 ɦɦ (ɪɢɫ. 2.10). 

 

 

Ɋɢɫɭɧɨɤ 2.10 – ɋɯɟɦɚ ɪɚɡɦɟɳɟɧɢɹ ɤɨɪɨɛɨɜ ɩɨ ɲɢɪɢɧɟ ɲɚɯɬɵ 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɢɧɵ ɤɨɪɨɛɨɜ 700 ɦɦ ɧɟɫɤɨɥɶɤɨ ɦɟɧɶɲɟ, ɱɟɦ, 

ɧɚɩɪɢɦɟɪ, ɫɭɲɢɥɤɢ Ⱥ1-ɍɁɆ, ɭ ɤɨɬɨɪɨɣ ɞɥɢɧɚ ɤɨɪɨɛɨɜ ɫɨɫɬɚɜɥɹɟɬ 1 ɦ. ɒɢɪɢɧɚ ɠɟ 

ɲɚɯɬɵ ɦɨɠɟɬ ɛɵɬɶ ɭɜɟɥɢɱɟɧɚ ɭɫɬɚɧɨɜɤɨɣ ɧɟɫɤɨɥɶɤɢɯ ɦɨɞɭɥɟɣ ɫɨ ɫɜɨɢɦɢ 

ɜɵɩɭɫɤɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ. ɇɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɮɚɤɬɨɪɨɦ 

ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ. 

ȼɵɫɨɬɭ ɲɚɯɬɵ ɨɩɪɟɞɟɥɢɦ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɨɛɪɚɠɟɧɢɣ. ɉɪɢ ɜɵɫɨɬɟ 

ɫɭɲɢɥɤɢ ɉȺɉɊɄɌɈ ɜ ɩɪɟɞɟɥɚɯ 2 ɦ, ɠɟɥɚɬɟɥɶɧɨɣ ɟɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɦɨɛɢɥɶɧɨɫɬɢ 
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ɜ ɩɥɚɧɟ ɩɟɪɟɦɟɳɟɧɢɹ ɧɚ ɞɪɭɝɨɟ ɦɟɫɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɫɨɬɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɦɨɞɭɥɹ, ɬ.ɟ. ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɬɚɤɠɟ ɞɨɥɠɧɚ ɭɤɥɚɞɵɜɚɬɶɫɹ ɜ ɷɬɢ ɩɪɟɞɟɥɵ. ɉɪɢ 

ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɭɱɢɬɵɜɚɬɶ ɭɞɨɛɫɬɜɨ ɡɚɝɪɭɡɤɢ ɢ ɪɚɡɝɪɭɡɤɢ ɫɭɲɢɥɶɧɨɣ 

ɲɚɯɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɫɪɟɞɫɬɜɚɦɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɹ ɢɡ ɨɛɳɟɣ ɜɵɫɨɬɵ ɲɚɯɬɵ ɜ ɩɪɟɞɟɥɚɯ ɨɤɨɥɨ 2-ɯ 

ɦɟɬɪɨɜ ɢ ɨɬɜɟɞɟɧɧɵɯ 0,5 ɦ ɧɚ ɪɚɡɦɟɳɟɧɢɟ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, 

ɜɵɫɨɬɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɞɨɥɠɧɚ ɛɵɬɶ ɜ ɩɪɟɞɟɥɚɯ 1,5 ɦ. 

ɍɱɢɬɵɜɚɹ ɩɪɢɧɹɬɭɸ ɫɯɟɦɭ ɪɚɡɦɟɳɟɧɢɹ ɤɨɪɨɛɨɜ, ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɧɚɥɢɱɢɹ ɜ 

ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɲɚɯɬɵ ɡɚɝɪɭɡɨɱɧɨɝɨ ɡɟɪɧɨɜɨɝɨ ɛɭɧɤɟɪɚ, ɩɪɟɞɨɬɜɪɚɳɚɸɳɟɝɨ, ɜ ɬɨɦ 

ɱɢɫɥɟ, ɜɵɯɨɞ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɱɟɪɟɡ ɜɟɪɯ ɲɚɯɬɵ ɢ ɩɨɞɫɨɫ ɚɬɦɨɫɮɟɪɧɨɝɨ 

ɜɨɡɞɭɯɚ ɜ ɜɟɪɯɧɢɟ ɨɬɜɨɞɹɳɢɟ ɤɨɪɨɛɚ ɨɛɳɚɹ ɫɯɟɦɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɛɭɞɟɬ ɢɦɟɬɶ 

ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫ. 2.11. 

 

                                                ɚ                                         ɛ 

1 – ɩɨɞɜɨɞɹɳɢɟ ɤɨɪɨɛɚ; 2 – ɨɬɜɨɞɹɳɢɟ ɤɨɪɨɛɚ; 3 – ɡɚɝɪɭɡɨɱɧɵɣ ɡɟɪɧɨɜɨɣ ɛɭɧɤɟɪ 

 

Ɋɢɫɭɧɨɤ 2.11 – ɋɯɟɦɚ ɪɚɡɦɟɳɟɧɢɹ ɤɨɪɨɛɨɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ: ɚ – ɜɢɞ ɲɚɯɬɵ ɫɨ 

ɫɬɨɪɨɧɵ ɩɨɞɚɸɳɢɯ ɤɨɪɨɛɨɜ; ɛ - ɜɢɞ ɲɚɯɬɵ ɫɨ ɫɬɨɪɨɧɵ ɨɬɜɨɞɹɳɢɯ ɤɨɪɨɛɨɜ 
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ɇɚ ɪɢɫ. 2.12 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɯɟɦɵ ɫ ɨɫɧɨɜɧɵɦɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɭɧɤɟɪɨɜ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɬɢɩɚ. Ɉɛɳɚɹ ɜɵɫɨɬɚ ɭɫɬɪɨɣɫɬɜɚ ɫɨɫɬɚɜɢɥɚ 0,576 ɦ. 
 

        

                                         ɚ                                                   ɛ 

Ɋɢɫɭɧɨɤ 2.12 – ɋɯɟɦɵ ɜɟɪɯɧɟɝɨ (ɚ) ɢ ɧɢɠɧɟɝɨ (ɛ) ɛɭɧɤɟɪɨɜ ɜɵɩɭɫɤɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ 

 

«Ɉɛɴёɦ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɛɟɡ ɭɱёɬɚ ɨɛɴёɦɚ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɝɪɭɡɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ ɫɨɫɬɚɜɥɹɟɬ 0,63 ɦ3
 ɩɪɢ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɚɯ ɲɚɯɬɵ 0,7ɯ0,6ɯ1,5 ɦ. Ⱦɥɹ 

ɩɨɞɚɱɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɲɚɯɬɭ ɩɪɟɞɭɫɦɨɬɪɟɧɨ 9 ɩɨɞɜɨɞɹɳɢɯ ɤɨɪɨɛɨɜ, 8 

ɨɬɜɨɞɹɳɢɯ ɩɨɥɧɵɯ ɤɨɪɨɛɨɜ ɢ 8 ɩɨɥɭɤɨɪɨɛɨɜ» [78]. 

Ɉɩɪɟɞɟɥɢɦ ɪɚɫɱɟɬɧɭɸ ɦɚɫɫɭ ɡɟɪɧɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɦɟɳɟɧɚ ɜ 

ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɟ. 

ɍɱɢɬɵɜɚɹ ɪɚɡɦɟɪɵ ɤɨɪɨɛɚ ɢ ɬɨ, ɱɬɨ ɩɨɞ ɧɢɦ ɨɛɪɚɡɭɟɬɫɹ ɧɟ ɡɚɧɹɬɨɟ ɡɟɪɧɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɨ ɬɪɟɭɝɨɥɶɧɨɣ ɮɨɪɦɵ, ɨɛɪɚɡɨɜɚɧɧɨɟ ɫɤɚɬɚɦɢ ɡɟɪɧɚ ɩɨɞ ɭɝɥɨɦ 

ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ 30°, ɨɛɴɟɦ, ɡɚɧɢɦɚɟɦɵɣ ɨɞɧɢɦ ɤɨɪɨɛɨɦ ɜ ɨɛɳɟɦ ɨɛɴɟɦɟ 

ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ, ɛɭɞɟɬ ɪɚɜɟɧ 0,0065 ɦ3. ɋ ɭɱɟɬɨɦ 21 ɤɨɪɨɛɚ ɨɛɳɢɣ ɨɛɴɟɦ, 

ɡɚɧɢɦɚɟɦɵɣ ɤɨɪɨɛɚɦɢ, ɫɨɫɬɚɜɢɬ 0,166 ɦ3
 [18]. 

ɉɪɢ ɨɛɴɟɦɟ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 0,1 ɦ3
 ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ 

ɩɭɫɬɨɬ ɩɨɞ ɪɚɫɫɟɤɚɬɟɥɹɦɢ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɪɚɜɟɧ 0,025 ɦ3
. 

Ɉɛɴɟɦ ɡɚɝɪɭɡɨɱɧɨɝɨ ɡɟɪɧɨɜɨɝɨ ɛɭɧɤɟɪɚ ɩɪɢ ɜɵɫɨɬɟ ɫɥɨɹ ɡɟɪɧɚ 0,15 ɦ ɪɚɜɟɧ 0,063 ɦ3
.  
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Ɍɨɝɞɚ, ɨɛɳɢɣ ɨɛɴɟɦ, ɡɚɧɢɦɚɟɦɵɣ ɡɟɪɧɨɦ ɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɟ, ɫɨɫɬɚɜɢɬ 0,6 

ɦ3. ɉɪɢ ɧɚɫɵɩɧɨɣ ɩɥɨɬɧɨɫɬɢ ɩɲɟɧɢɰɵ ɨɬ 650 ɞɨ 810 ɤɝ/ɦ3 
[36] ɦɚɫɫɚ ɡɟɪɧɚ ɜ 

ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɟ ɫɨɫɬɚɜɢɬ 390…486 ɤɝ. 

 

2.3 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɚɪɚɦɟɬɪɨɜ ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

 

ɇɚ ɪɢɫ. 2.13 «ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɬɪɭɤɬɭɪɧɨ-ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɦɨɞɭɥɶɧɨɣ 

ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɞɜɭɯɤɨɧɬɭɪɧɨɣ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ» [93]. 

 

 

 

Ɋɢɫɭɧɨɤ 2.13 – ɋɬɪɭɤɬɭɪɧɨ-ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ [93] 

 

ɉɨɞɫɚɫɵɜɚɟɦɵɣ ɜ ɫɭɲɢɥɤɭ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ ɩɨɞɨɝɪɟɜɚɬɶɫɹ ɜ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ, ɢɫɩɨɥɶɡɭɸɳɟɦ ɬɟɩɥɨɬɭ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ 

[51, 54]. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɜɟɥɢɱɟɧɢɹ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɟ ɫɦɟɲɢɜɚɧɢɹ 

(ɫɭɲɢɥɶɧɚɹ ɤɚɦɟɪɚ ɛɚɡɨɜɨɝɨ ɦɨɞɭɥɹ) ɢɦɟɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɜɯɨɞɧɨɣ ɩɚɬɪɭɛɨɤ. 

ɇɟɨɛɯɨɞɢɦɨ «ɭɫɬɚɧɨɜɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ 

ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɟɝɨ 

ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ» [93]. 
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«ɐɢɪɤɭɥɹɰɢɨɧɧɵɟ ɤɚɧɚɥɵ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɪɟɠɢɦɟ 

ɫɭɲɤɢ ɩɥɨɞɨɜɨ-ɹɝɨɞɧɨɝɨ ɫɵɪɶɹ, ɜ ɪɟɠɢɦɟ ɫɭɲɤɢ ɡɟɪɧɚ ɨɛɪɚɡɭɸɬ ɜɧɭɬɪɟɧɧɢɣ 

ɤɨɧɬɭɪ ɪɟɰɢɪɤɭɥɹɰɢɢ (ɪɢɫ. 2.14), ɩɟɪɟɤɪɵɬɵɣ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɩɨɜɨɪɨɬɧɵɦɢ 

ɡɚɫɥɨɧɤɚɦɢ, ɡɚɤɪɟɩɥɟɧɧɵɦɢ ɧɚ ɛɨɤɨɜɵɯ ɫɬɟɧɤɚɯ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ  (ɪɢɫ. 2.15). ȼ 

ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɤɚɧɚɥɨɜ ɡɚɫɥɨɧɤɢ ɩɪɢɨɬɤɪɵɬɵ, ɱɬɨ ɫɨɡɞɚɟɬ 

ɜɧɭɬɪɟɧɧɢɣ ɤɨɧɬɭɪ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ» [93].  

 

           
                                 ɚ                                            ɛ                                       ɜ 

«Ɋɢɫɭɧɨɤ 2.14 – Ɋɟɰɢɪɤɭɥɹɰɢɹ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ: a, ɛ – ɜɧɟɲɧɢɣ ɤɨɧɬɭɪ 

ɪɟɰɢɪɤɭɥɹɰɢɢ; ɜ - ɜɧɭɬɪɟɧɧɢɣ ɤɨɧɬɭɪ ɪɟɰɢɪɤɭɥɹɰɢɢ» [93] 

 

                   
                                                    ɚ                                         ɛ                                            

 

«Ɋɢɫɭɧɨɤ 2.15 – ȼɧɭɬɪɟɧɧɢɣ ɤɨɧɬɭɪ ɪɟɰɢɪɤɭɥɹɰɢɢ: a – ɜɢɞ ɧɚ ɧɢɠɧɸɸ ɡɚɫɥɨɧɤɭ; 

ɛ – ɜɢɞ ɧɚ ɜɟɪɯɧɸɸ ɡɚɫɥɨɧɤɭ» [93] 

 

ɧɢɠɧɹɹ ɡɚɫɥɨɧɤɚ 

ɬɹɝɚ ɭɩɪɚɜɥɟɧɢɹ 

 ɡɚɫɥɨɧɤɨɣ 

ɜɟɪɯɧɹɹ ɡɚɫɥɨɧɤɚ 

ɬɹɝɚ ɭɩɪɚɜɥɟɧɢɹ 

 ɡɚɫɥɨɧɤɨɣ 

ɧɢɠɧɹɹ ɡɚɫɥɨɧɤɚ 
ɜɯɨɞɧɨɟ ɨɬɜɟɪɫɬɢɟ 

ɧɢɠɧɟɝɨ ɩɨɞɫɨɫɚ 

ɜɧɟɲɧɢɣ ɤɨɧɬɭɪ 

ɜɧɟɲɧɢɣ ɤɨɧɬɭɪ 

ɜɧɭɬɪɟɧɧɢɣ ɤɨɧɬɭɪ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɨɞɫɨɫ 
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ȼ ɪɟɠɢɦɟ ɫɭɲɤɢ ɩɥɨɞɨɜɨ-ɹɝɨɞɧɨɝɨ ɫɵɪɶɹ ɜɫɟ ɡɚɫɥɨɧɤɢ ɨɬɤɪɵɬɵ [93]. 

ȼ ɪɟɠɢɦɟ ɫɭɲɤɢ ɡɟɪɧɚ ɧɢɠɧɢɟ ɡɚɫɥɨɧɤɢ ɡɚɤɪɵɬɵ. «ɗɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɧɟɨɛɯɨɞɢɦɵɣ ɩɨɞɩɨɪ ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ» [93]. 

«ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɰɢɪɤɭɥɹɰɢɨɧɵɯ ɤɚɧɚɥɨɜ ɡɚɫɥɨɧɤɢ ɩɪɢɨɬɤɪɵɬɵ, ɱɬɨ 

ɫɨɡɞɚɟɬ ɜɧɭɬɪɟɧɧɢɣ ɤɨɧɬɭɪ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ» [93]. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 

ɪɟɝɭɥɢɪɨɜɚɬɶ ɫɬɟɩɟɧɶ ɧɚɝɪɟɜɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɰɢɪɤɭɥɹɰɢɢ. 

«ɑɚɫɬɶ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɨɫɬɨɹɧɧɨ ɰɢɪɤɭɥɢɪɭɟɬ ɩɨ ɜɧɭɬɪɟɧɧɟɦɭ ɤɨɧɬɭɪɭ 

ɪɟɰɢɪɤɭɥɹɰɢɢ. ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɡɚ ɫɱɟɬ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɩɪɢɜɨɞ ɪɨɬɨɪɚ-

ɧɚɝɪɟɜɚɬɟɥɹ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨɜɭɸ» [93]. 

«ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɫɭɲɢɥɤɢ ɡɚ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɣ ɩɪɨɦɟɠɭɬɨɤ 

ɜɪɟɦɟɧɢ dt : 

   ɤɬ            ɪɧ    ɡɟɪ    ɩ    ɫɬ        ɤȾɠ,                       (2.2) 

 

ɝɞɟ   ɤɬ - ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɨɫɩɪɢɧɹɬɨɣ ɫɭɲɢɥɶɧɵɦ ɚɝɟɧɬɨɦ (ɚɬɦɨɫɮɟɪɧɵɦ 

ɜɨɡɞɭɯɨɦ) ɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ;       - ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɫɬɭɩɢɜɲɟɣ ɫ ɩɨɞɫɚɫɵɜɚɟɦɵɦ ɚɬɦɨɫɮɟɪɧɵɦ 

ɜɨɡɞɭɯɨɦ ɱɟɪɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɚɬɪɭɛɨɤ;   ɪɧ - ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɪɨɬɨɪɚ-

ɧɚɝɪɟɜɚɬɟɥɹ;   ɡɟɪ - ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɢɞɭɳɟɣ ɧɚ ɧɚɝɪɟɜ ɡɟɪɧɚ;   ɩ - ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɱɟɪɟɡ ɨɝɪɚɠɞɟɧɢɹ ɫɭɲɢɥɶɧɨɣ 

ɲɚɯɬɵ;   ɫɬ - ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɢɞɭɳɟɣ ɧɚ ɧɚɝɪɟɜ ɫɬɟɧɨɤ ɢ ɤɨɪɨɛɨɜ ɫɭɲɢɥɶɧɨɣ 

ɲɚɯɬɵ;      - ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɫ ɜɨɡɞɭɲɧɵɦ ɩɨɬɨɤɨɦ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɫɭɲɢɥɤɢ» 

[93]. 
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«Ɉɩɪɟɞɟɥɢɦ ɜɵɪɚɠɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ. 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɨɫɩɪɢɧɹɬɨɣ ɫɭɲɢɥɶɧɵɦ ɚɝɟɧɬɨɦ (ɚɬɦɨɫɮɟɪɧɵɦ 

ɜɨɡɞɭɯɨɦ) ɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ 

               ሺ       ሻ    ,                                   (2.3) 

 

ɝɞɟ    – ɪɚɫɯɨɞ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ, ɤɝ ɫ.ɜ./ɫ; 

h1 - ɷɧɬɚɥɶɩɢɹ ɩɨɞɨɝɪɟɬɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ ɫ.ɜ.;     – ɪɚɫɯɨɞ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɜɟɪɯɧɢɣ ɩɨɞɫɨɫ, ɤɝ ɫ.ɜ./ɫ;     - ɪɚɫɯɨɞ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɧɢɠɧɢɣ ɩɨɞɫɨɫ, ɤɝ ɫ.ɜ./ɫ. 

 

ɗɧɬɚɥɶɩɢɹ ɩɨɞɨɝɪɟɬɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 

ɜɢɞɟ (Ⱥɤɭɥɢɱ ɉ.ȼ. Ɋɚɫɱɟɬɵ ɫɭɲɢɥɶɧɵɯ ɢ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɭɫɬɚɧɨɜɨɤ. Ɇɧ.: 

Ȼɟɥɚɪɭɫ. ɇɚɜɭɤɚ, 2010. 443 ɫ.): 

            ሺ         ሻ,                                           (2.4) 

 

ɝɞɟ   - ɬɟɩɥɨёɦɤɨɫɬɶ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/(ɤɝɋ);    – ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɨɝɪɟɬɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɋ;    – ɧɚɱɚɥɶɧɨɟ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ (ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ), 

ɤɝ/ɤɝ ɫ.ɜ.;   – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 0 ɋ, ɤȾɠ/ɤɝ;   – ɬɟɩɥɨёɦɤɨɫɬɶ ɩɚɪɚ, ɤȾɠ/(ɤɝɋ). 

 

ɉɪɢɦɟɦ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɨɝɪɟɬɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɹɦɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ 

ɢɫɯɨɞɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɬ.ɟ.: 
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              ,                                                             (2.5) 

 

ɝɞɟ    ,    - ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ;    - ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ ɫɭɲɤɢ, ɋ. 

 

ɉɨɞɫɬɚɜɢɦ ɜɵɪɚɠɟɧɢɹ (2.4) ɢ (2.5) ɜ (2.3), ɩɪɨɜɟɞɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ 

ɩɨɥɭɱɢɦ: 

            ,                                                    (2.6) 

ɝɞɟ         

                    ሺ       ሻሺ  ሺ  Т    ሻ    ሺ    ɩሺ       ሻሻሻ [93].     (2.7) 

 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɫɬɭɩɢɜɲɟɣ ɫ ɩɨɞɫɚɫɵɜɚɟɦɵɦ ɚɬɦɨɫɮɟɪɧɵɦ 

ɜɨɡɞɭɯɨɦ 

        ɩɨɞ         ,                                       (2.8) 

 

ɝɞɟ Lɩɨɞ – ɪɚɫɯɨɞ ɩɨɞɫɚɫɵɜɚɟɦɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ, ɤɝ/ɫ;   - ɷɧɬɚɥɶɩɢɹ ɩɨɞɫɚɫɵɜɚɟɦɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ ɫ.ɜ.; 

 

                                 ሺ  Т    ሺ    ɩТ ሻሻ [93].                               (2.9) 

 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ 

   ɪɧ   ሺ   ሻ       ,                               (2.10) 

 

ɝɞɟ N – ɦɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ, ɤȼɬ; 

η –ɄɉȾ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ; 
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     ሺ   ሻ [93].                                        (2.11) 

 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɢɞɭɳɟɣ ɧɚ ɧɚɝɪɟɜ ɡɟɪɧɚ 

                ,                                    (2.12) 

 

ɝɞɟ Ɇɡ – ɦɚɫɫɚ ɡɟɪɧɚ ɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɟ, ɤɝ; 

cɡ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɡɟɪɧɚ, ɤȾɠ/(ɤɝ‧°ɋ); 

Тɡɟɪ – ɬɟɦɩɟɪɚɬɭɪɚ ɡɟɪɧɚ, °ɋ. 

 

ɉɪɢɦɟɦ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɡɟɪɧɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɹɦɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɬ.ɟ.: 

  ɡɟɪሺ ሻ        ሺ ሻ    ,                                   (2.13) 

 

ɝɞɟ    ,    - ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ;   ሺ ሻ - ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, °ɋ. 

 

Ɍɨɝɞɚ   ɡɟɪ          ሺ ሻ.                                      (2.14) 

 

ɋ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɹ (2.14) ɡɚɜɢɫɢɦɨɫɬɶ (2.12) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

                ሺ ሻ       ሺ ሻ,                         (2.15) 

 

ɝɞɟ 

          .                                           (2.16) 

 

ɉɨɬɟɪɢ ɬɟɩɥɨɬɵ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɱɟɪɟɡ ɨɝɪɚɠɞɟɧɢɹ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ 
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   ɩ     ሺ ɫɬሺ ሻ      ሻ  ,                               (2.17) 

ɝɞɟ k – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɱɟɪɟɡ ɫɬɟɧɤɢ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ, ɤȼɬ/(ɦ2‧°ɋ); 

F – ɩɥɨɳɚɞɶ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ, ɦ2
; 

Tɫɬ(t) - ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɨɤ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɜɪɟɦɟɧɢ ɜ ɩɟɪɢɨɞ ɫɭɲɤɢ, °ɋ. 

 

ɉɪɢɦɟɦ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɨɤ ɢ ɤɨɪɨɛɨɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɧɚɯɨɞɢɬɫɹ ɜ 

ɩɪɹɦɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɬ.ɟ.: 

  ɫɬሺ ሻ    ɫɬ   ሺ ሻ   ɫɬ,                                       (2.18) 

 

ɝɞɟ aɫɬ , bɫɬ - ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. 

 

ȼɵɪɚɠɟɧɢɟ (2.17) ɫ ɭɱɟɬɨɦ ɡɚɜɢɫɢɦɨɫɬɢ (2.18) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

   ɩ          ሺ ሻ       ,                                 (2.19) 

 

ɝɞɟ      ሺ      ሻ.                                          (2.20) 

 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɢɞɭɳɟɣ ɧɚ ɧɚɝɪɟɜ ɫɬɟɧɨɤ ɢ ɤɨɪɨɛɨɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ, 

   ɫɬ     ɫɬ ɫɬ  ɫɬ,                                       (2.21) 

 

ɝɞɟ Mɫɬ - ɦɚɫɫɚ ɫɬɟɧɨɤ ɢ ɤɨɪɨɛɨɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ, ɤɝ; 

cɫɬ - ɬɟɩɥɨёɦɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɫɬɟɧɨɤ ɢ ɤɨɪɨɛɨɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ, ɤȾɠ/(ɤɝ°ɋ); 

dTɫɬ  - ɩɪɢɪɚɳɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɧɨɤ ɢ ɤɨɪɨɛɨɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ, °ɋ. 
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ɂɡ ɜɵɪɚɠɟɧɢɹ (2.18)   ɫɬ     ɫɬ    ሺ ሻ.                                       (2.22) 

 

ɋ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɹ (2.22) ɡɚɜɢɫɢɦɨɫɬɶ (2.21) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

                  ሺ ሻ       ሺ ሻ,                              (2.23) 

ɝɞɟ 

             .                                               (2.24) 

 

ɉɨɬɟɪɢ ɬɟɩɥɨɬɵ ɫ ɜɨɡɞɭɲɧɵɦ ɩɨɬɨɤɨɦ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɫɭɲɢɥɤɢ 

           ሺ ሻ  ,                                             (2.25) 

 

ɝɞɟ h3(t) - ɷɧɬɚɥɶɩɢɹ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɤȾɠ/ɤɝ ɫ.ɜ. [93]. 

 

ɗɧɬɚɥɶɩɢɹ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

   ሺ ሻ       ሺ ሻ    ሺ         ሺ ሻሻ,                            (2.26) 

 

ɝɞɟ x1 – ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɤɝ/ɤɝ ɫ.ɜ. 

 

ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɢ ɟɝɨ ɪɟɰɢɪɤɭɥɹɰɢɢ (Ⱥɤɭɥɢɱ ɉ.ȼ. 

Ɋɚɫɱɟɬɵ ɫɭɲɢɥɶɧɵɯ ɢ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɭɫɬɚɧɨɜɨɤ. Ɇɧ.: Ȼɟɥɚɪɭɫ. ɇɚɜɭɤɚ, 2010. 443 

ɫ.): 

               .                                                   (2.27) 

ȼɵɪɚɠɟɧɢɟ (2.25) ɫ ɭɱɟɬɨɦ ɡɚɜɢɫɢɦɨɫɬɟɣ (2.26) ɢ (2.27) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

         ሺ    ሺ ሻ           ሺ ሻ    ሺ       ሻሻ                      (2.28) 
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Ɍɨɝɞɚ, ɩɨɞɫɬɚɜɢɜ ɜɵɪɚɠɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ (2.6), (2.8), 

(2.10), (2.15), (2.19), (2.23) ɢ (2.28) ɜ ɭɪɚɜɧɟɧɢɟ (2.2), ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 

ɩɨɥɭɱɢɦ:     ሺ ሻ          ሺ ሻ        ሺ ሻ               ,            (2.29) 

 

ɝɞɟ  

                           ;                                                 (2.30)                                                                                                  (2.31)             ሺ           ሻ                                                       (2.32)               ;                                                                                        (2.33)                .                                                                                      (2.34) 

 

ȼ ɩɨɥɭɱɟɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ (2.29) ɜɯɨɞɢɬ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ x2, ɤɨɬɨɪɨɟ ɢɦɟɟɬ ɩɟɪɟɦɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 

ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ (Ⱥɤɭɥɢɱ ɉ.ȼ. Ɋɚɫɱɟɬɵ ɫɭɲɢɥɶɧɵɯ ɢ ɬɟɩɥɨɨɛɦɟɧɧɵɯ 

ɭɫɬɚɧɨɜɨɤ. Ɇɧ.: Ȼɟɥɚɪɭɫ. ɇɚɜɭɤɚ, 2010. 443 ɫ.) ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ: 
      ሺ ሻ         ሺ ሻ       ሺ ሻ                                              (2.35) 

 

ɝɞɟ Δ – ɜɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɫɭɲɤɢ, ɤȾɠ/ɤɝ; 

T4(t) – ɬɟɦɩɟɪɚɬɭɪɚ ɨɬɪɚɛɨɬɚɧɧɨɝɨ (ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ) ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, 

°ɋ» [93]. 

 

«Ɍɟɦɩɟɪɚɬɭɪɭ ɨɬɪɚɛɨɬɚɧɧɨɝɨ (ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ) ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ T4(t) 

ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɩɪɹɦɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ: 
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   ሺ ሻ        ሺ ሻ    ,                                       (2.36) 

 

ɝɞɟ   ,    - ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ» [18]. 

 

«Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɥɭɱɚɹ 

            (       )                                       (2.37) 

 

ɝɞɟ cɜ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɤȾɠ/(ɤɝ‧°ɋ); 

Tɡɟɪ.ɧ – ɬɟɦɩɟɪɚɬɭɪɚ ɡɟɪɧɚ ɜ ɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ, °ɋ; 

qɡɟɪ – ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɧɚɝɪɟɜ ɡɟɪɧɚ, ɤȾɠ/ɤɝ ɜɥɚɝɢ; 

qɩ - ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɱɟɪɟɡ ɨɝɪɚɠɞɟɧɢɹ ɫɭɲɢɥɶɧɨɣ 

ɲɚɯɬɵ, ɤȾɠ/ɤɝ ɜɥɚɝɢ» [93]. 

 

«Ɋɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɧɚɝɪɟɜ ɡɟɪɧɚ ɜ ɪɚɫɱɟɬɟ ɧɚ ɨɛɳɟɟ «ɤɨɥɢɱɟɫɬɜɨ ɭɞɚɥɹɟɦɨɣ 

ɜɥɚɝɢ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ: 

      ሺ      ሻ    (      ሺ ሻ        )                              (2.38) 

 

ɝɞɟ Wɜ – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɭɞɚɥɹɟɦɨɣ ɜɥɚɝɢ, ɤɝ. 

 

Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɭɞɚɥɹɟɦɨɣ ɜɥɚɝɢ» [93] 

      ቀ         ቁ ቀ                          ቁ                      (2.39) 

 

ɝɞɟ     ,      – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚɱɚɥɶɧɚɹ ɢ ɤɨɧɟɱɧɚɹ ɜɥɚɠɧɨɫɬɶ ɡɟɪɧɚ, %. 

 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɡɟɪɧɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ ɜɥɚɠɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ [5]: 
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        ሺ        ሻ              ,                             (2.40) 

 

ɝɞɟ     – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɭɯɨɝɨ ɡɟɪɧɚ, ɤȾɠ/(ɤɝ·Ʉ);    – ɜɨɞɵ, ɤȾɠ/(ɤɝ·Ʉ). 

 

«ɉɨɬɟɪɢ ɬɟɩɥɨɬɵ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɱɟɪɟɡ ɨɝɪɚɠɞɟɧɢɹ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ 

ɜ ɪɚɫɱɟɬɟ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɭɞɚɥɹɟɦɨɣ ɜɥɚɝɢ» [93] W, ɤɝ/ɱ, «ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ: 

  ɩ         ሺ ɫɬሺ ሻ     ሻ» [93].                                   (2.41) 

«Ʉɨɥɢɱɟɫɬɜɨ ɭɞɚɥɹɟɦɨɣ ɜɥɚɝɢ ɩɪɟɞɫɬɚɜɢɦ ɜ ɮɭɧɤɰɢɢ ɨɬ ɜɪɟɦɟɧɢ ɫɭɲɤɢ ɜ 

ɜɢɞɟ:                                                         (2.42) 

 

ɝɞɟ aɫ , bɫ - ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ» [93]. 

 

«Ɍɨɝɞɚ, ɜɵɪɚɠɟɧɢɟ (2.35) ɫ ɭɱɟɬɨɦ ɡɚɜɢɫɢɦɨɫɬɟɣ (2.36-2.42) ɩɨɫɥɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

      ሺ ሻ    ሺ      ሻ(         ሺ ሻ)    ሺ      ሻሺ         ሺ ሻሻ      ሺ ሻ                                     (2.43) 

ɝɞɟ            ቆ       ቀ      ቁቇ      ቀ      ቁ  ;                      (2.44) 

          ቀ      ቁ                                                                     (2.45)          ሺ    ሻ                                                                    (2.46)            ;                                                                                      (2.47)                                                                                           (2.48)                                                                                  (2.49)                                                                                       (2.50) 
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                                                                                        (2.51)       ሺ    ሻ                                                                          (2.52)          ሺ    ሻ                                                                   (2.53)                                                                                                (2.54)                                                                                                (2.55)                                                                                           (2.56)                                                                                           (2.57)       ሺ       ሻ                                                                   (2.58)       ሺ       ሺ    ሻሻ                                               (2.59)                                                                                      (2.60)                                                                                      (2.61)                » [93].                                                   (2.62) 

 

«ɉɨɞɫɬɚɜɢɜ ɜɵɪɚɠɟɧɢɟ (2.43) ɜ (2.29) ɩɨɥɭɱɢɦ ɢɫɤɨɦɭɸ ɡɚɜɢɫɢɦɨɫɬɶ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ: 

        ሺ ሻ         ሺ ሻ         ሺ ሻ        ሺ ሻ         ሺ ሻ   ሺ ሻ          ሺ ሻ       ሺ ሻ   ሺ ሻ               ሺ ሻ         ,                (2.63) 

 

ɝɞɟ     ሺ            ሻ                                                                                          (2.64)       ሺ                        ሻ                                                           (2.65)       ሺ          ሻ                                                                            (2.66)       ሺ                        ሻ                           (2.67)                                                                                                                       (2.68)                                                                                                                       (2.69)       ሺ         ሻ                                                                                             (2.70)       ሺ           ሻ                                                                                         (2.71) 
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       ሺ         ሻ                                                                                             (2.72)       ሺ           ሻ             » [93].                                                (2.73) 

 

Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (2.63) ɦɟɬɨɞɨɦ ɗɣɥɟɪɚ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ 

ɢɦɟɟɬ ɜɢɞ:      ሺ       ሻሺ      ሻ,                                       (2.74) 

ɝɞɟ Tmax – ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ; 

τ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ. 

 

ɉɨɥɭɱɚɟɦɵɣ ɜ ɩɪɨɰɟɫɫɟ ɨɩɵɬɨɜ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɰɢɪɤɭɥɹɰɢɢ ɦɨɠɧɨ 

ɪɚɫɫɱɢɬɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [5]:  

                  ,                                                    (2.75) 

 

ɝɞɟ   ,    - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɫɯɨɞɵ ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢ 

ɩɨɞɫɚɫɵɜɚɟɦɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ, ɦ3/ɫ;       – «ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɪɢɯɨɞɹɳɢɣɫɹ ɧɚ» [5] 1 ɤɝ ɫɭɯɨɝɨ 

ɜɨɡɞɭɯɚ ɩɨɞɫɚɫɵɜɚɟɦɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ ɫ.ɜ.;       – ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɪɢɯɨɞɹɳɢɣɫɹ ɧɚ 1 ɤɝ 

ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɦ3/ɤɝ ɫ.ɜ. [8]. 

 

Ɂɧɚɱɟɧɢɹ ɭɞɟɥɶɧɵɯ ɨɛɴɟɦɨɜ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ [5]: 

               ሺ     ሻሺ       ሻ,                             (2.76) 

 

ɝɞɟ      – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ, Ⱦɠ/(ɤɝ·Ʉ); 

p – ɞɚɜɥɟɧɢɟ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɉɚ; 

t – ɬɟɦɩɟɪɚɬɭɪɚ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ, °ɋ; 
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x – ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɤɝ/ɤɝ ɫ.ɜ. [5]. 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɪɚɠɟɧɢɹ (2.74) ɩɨɫɬɪɨɢɦ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ ɞɥɹ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɰɢɪɤɭɥɹɰɢɢ 

ɪɚɜɧɨɝɨ 0,38 (ɪɢɫ. 2.16).  

 
 

Ɋɢɫɭɧɨɤ 2.16 - ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɬɟɱɟɧɢɟ ɩɪɨɰɟɫɫɚ 

ɫɭɲɤɢ 

 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɩɪɢɧɹɬɵ ɬɚɤɠɟ ɫɥɟɞɭɸɳɢɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, 

ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɩɨɢɫɤɨɜɵɯ ɨɩɵɬɨɜ: ɪɚɫɯɨɞ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɨɦ     – 0,13 ɤɝ ɫ.ɜ./ɫ; ɬɟɩɥɨёɦɤɨɫɬɶ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ c0 – 1,01 

ɤȾɠ/(ɤɝɄ); ɧɚɱɚɥɶɧɨɟ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ (ɚɬɦɨɫɮɟɪɧɨɝɨ 

ɜɨɡɞɭɯɚ) x0 – 0,007 ɤɝ/ɤɝ; ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 0 ɋ 

r0 – 2493 ɤȾɠ/ɤɝ; ɬɟɩɥɨёɦɤɨɫɬɶ ɩɚɪɚ cɩ – 1,97 ɤȾɠ/(ɤɝɄ); ɤɨɷɮɮɢɰɢɟɧɬɵ: a1 = 1,16, 

b1 = -0,21, a2 = 0,63, b2 = 1,  aɫɬ  = 0,8, bɫɬ  = - 10, a4 = 0,78, b4 = -7,47; ɦɨɳɧɨɫɬɶ 

ɩɪɢɜɨɞɚ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ N – 17,5 ɤȼɬ; ɄɉȾ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ η – 0,1; ɦɚɫɫɚ 

ɡɟɪɧɚ ɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɟ Ɇɡ – 450 ɤɝ; ɬɟɩɥɨɟɦɤɨɫɬɶ ɡɟɪɧɚ cɡ – 2,078 ɤȾɠ/(ɤɝ‧Ʉ); 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɱɟɪɟɡ ɫɬɟɧɤɢ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ k – 0,002 ɤȼɬ/(ɦ2‧Ʉ); 
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ɩɥɨɳɚɞɶ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ F – 5,2 ɦ2; ɬɟɦɩɟɪɚɬɭɪɚ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ ɫɭɲɤɢ T0 – 17 °ɋ; ɦɚɫɫɚ ɤɨɪɨɛɨɜ, ɫɬɟɧɨɤ ɫɭɲɢɥɶɧɨɣ 

ɲɚɯɬɵ ɢ ɛɚɡɨɜɨɝɨ ɦɨɞɭɥɹ Mɫɬ – 650 ɤɝ; ɬɟɩɥɨёɦɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɫɬɟɧɨɤ ɢ ɤɨɪɨɛɨɜ 

ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ cɫɬ – 0,46 ɤȾɠ/(ɤɝ°ɋ) [18, 93]. 

ȼɵɪɚɠɟɧɢɟ (2.74) ɜ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɫ ɭɱɟɬɨɦ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢɦɟɟɬ 

ɜɢɞ [93]:           ቀ        ቁ                                  (2.77) 

 

Ⱥɧɚɥɢɡ ɪɢɫ. 2.16 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢɦɟɪɧɨ ɡɚ 50 ɦɢɧɭɬ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ 

ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɪɟɰɢɪɤɭɥɹɰɢɢ 0,38 ɞɨɫɬɢɝɚɟɬ 

ɡɧɚɱɟɧɢɹ ɛɥɢɡɤɨɝɨ ɤ ɦɚɤɫɢɦɚɥɶɧɨɦɭ, ɪɚɜɧɨɦɭ 53°ɋ. Ⱦɚɥɟɟ ɬɟɦɩɟɪɚɬɭɪɚ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ, ɢ ɩɪɨɰɟɫɫ ɫɭɲɤɢ ɜɵɯɨɞɢɬ ɧɚ ɫɬɚɰɢɨɧɚɪɧɵɣ 

ɪɟɠɢɦ. 

«Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɚɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɫɭɲɢɥɤɢ 

ɡɚɜɢɫɢɦɨɫɬɶ (2.74) ɩɨɡɜɨɥɹɟɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɢ 

ɨɪɝɚɧɢɡɚɰɢɢ ɟɝɨ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ. 

ɉɨɫɤɨɥɶɤɭ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ ɫɭɲɤɢ ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

ɛɭɞɟɬ ɜ ɩɪɟɞɟɥɚɯ 60…80 °ɋ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

ɩɪɢ ɫɭɲɤɟ ɫɟɦɟɧɧɨɝɨ ɡɟɪɧɚ, ɬɨ ɞɚɧɧɭɸ ɫɭɲɢɥɤɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɢɦɟɧɧɨ ɜ ɞɚɧɧɵɯ ɰɟɥɹɯ» [93]. 

 

2.4 Ȼɚɥɚɧɫ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ  
 

ɋɯɟɦɚ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ ɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫ. 2.17. 

ȼ ɤɚɦɟɪɟ ɫɦɟɲɢɜɚɧɢɹ ɧɚ ɜɯɨɞɟ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɨɛɪɚɡɭɟɬɫɹ ɜɨɡɞɭɲɧɵɣ 

ɩɨɬɨɤ ɫ ɪɚɫɯɨɞɨɦ   :                        , ɦ3/ɫ,                           (2.78) 
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ɝɞɟ       – ɩɨɞɫɨɫ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɩɪɢɨɬɤɪɵɬɭɸ ɞɜɟɪɶ ɫɭɲɢɥɶɧɨɣ 

ɤɚɦɟɪɵ;       – ɩɨɞɫɨɫ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɩɚɬɪɭɛɨɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɩɨɞɫɨɫɚ;    – ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɜɧɭɬɪɟɧɧɢɣ ɤɚɧɚɥ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɣ 

ɤɚɦɟɪɵ. 

 

1 – ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 2 – ɞɜɟɪɶ ɜ ɫɭɲɢɥɶɧɭɸ ɤɚɦɟɪɭ; 3 – 

ɜɧɭɬɪɟɧɧɢɣ ɤɚɧɚɥ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ; 4 – ɪɨɬɨɪ-ɧɚɝɪɟɜɚɬɟɥɶ; 5 – 

ɩɨɞɜɨɞɹɳɢɣ ɩɚɬɪɭɛɨɤ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ; 6 – ɫɭɲɢɥɶɧɚɹ ɲɚɯɬɚ (ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ 

ɦɨɞɭɥɶ); 7 – ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ; 8 – ɜɵɩɭɫɤ; 9 – ɩɚɬɪɭɛɨɤ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɨɞɫɨɫɚ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ; 10 – ɜɧɟɲɧɢɣ ɤɚɧɚɥ ɪɟɰɢɪɤɭɥɹɰɢɢ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ; 11 – ɫɭɲɢɥɶɧɚɹ ɤɚɦɟɪɚ (ɨɫɧɨɜɧɨɣ ɦɨɞɭɥɶ); 12 – ɜɟɪɯɧɢɣ 

ɩɨɞɫɚɫɵɜɚɸɳɢɣ ɩɚɬɪɭɛɨɤ; 13 – ɧɢɠɧɢɣ ɩɨɞɫɚɫɵɜɚɸɳɢɣ ɩɚɬɪɭɛɨɤ 

 

Ɋɢɫɭɧɨɤ 2.17 – ɋɯɟɦɚ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ ɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ 

 

ɉɨɫɥɟ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɛɚɥɚɧɫ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ 

ɜɢɞ: 
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             , ɦ3/ɫ,                                (2.79) 

 

ɝɞɟ     – ɪɚɫɯɨɞ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. 

 

ɉɪɢ ɪɚɛɨɬɟ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɜɫɥɟɞɫɬɜɢɟ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɟɝɨ 

ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɟ ɱɚɫɬɶ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɨɬɜɨɞɢɬɫɹ ɜ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ ɱɟɪɟɡ 

ɜɵɩɭɫɤ ɟɟ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

ɉɨɷɬɨɦɭ, ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɪɚɛɨɬɭ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɛɭɞɟɬ ɪɚɜɟɧ: 

              , ɦ3/ɫ,                                   (2.80) 

 

ɝɞɟ      – ɪɚɫɯɨɞ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ ɜɵɯɨɞɟ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ;      – ɪɚɫɯɨɞ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɱɟɪɟɡ ɜɵɩɭɫɤ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ. 

 

Ʉɨɥɢɱɟɫɬɜɨ ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɛɭɞɟɬ 

ɪɚɜɧɨ:               , ɦ3/ɫ,                                   (2.81) 

 

ɝɞɟ     – ɪɚɫɯɨɞ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɫɛɪɚɫɵɜɚɟɦɨɝɨ ɜ ɚɬɦɨɫɮɟɪɭ ɱɟɪɟɡ ɡɟɪɧɨɜɨɣ 

ɡɚɝɪɭɡɨɱɧɵɣ ɛɭɧɤɟɪ. 

 

ɉɪɢɪɚɜɧɢɜɚɹ ɩɪɚɜɵɟ ɱɚɫɬɢ ɜɵɪɚɠɟɧɢɣ (2.78) ɢ (2.79), ɫ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɣ 

(2.80) ɢ (2.81) ɩɨɥɭɱɢɦ ɛɚɥɚɧɫ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɫɭɲɢɥɤɢ: 

                        .                                  (2.82) 

ɂɡ ɜɵɪɚɠɟɧɢɹ (2.81) ɫ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɣ (2.80) ɢ (2.82) ɤɨɥɢɱɟɫɬɜɨ 

ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ: 
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                         .                            (2.83) 

 

ɂɡ ɜɵɪɚɠɟɧɢɹ (2.83) ɪɚɫɯɨɞ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɛɭɞɟɬ ɪɚɜɟɧ: 

                         .                            (2.84) 

 

ɂɡ ɜɵɪɚɠɟɧɢɹ (2.27) ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɰɢɪɤɭɥɹɰɢɢ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɛɭɞɟɬ ɪɚɜɟɧ: 

                                                                    (2.85) 

 

Ʉɪɨɦɟ ɪɟɰɢɪɤɭɥɹɰɢɢ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɨɢɫɯɨɞɢɬ ɬɚɤɠɟ 

ɪɟɰɢɪɤɭɥɹɰɢɹ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɛɚɡɨɜɨɦ ɦɨɞɭɥɟ. ɉɪɢ ɷɬɨɦ, «ɬɟɦɩɟɪɚɬɭɪɚ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɦɚɫɫɚɦɢ ɫɦɟɲɢɜɚɟɦɵɯ ɜ ɛɚɡɨɜɨɦ ɦɨɞɭɥɟ 

ɩɨɞɫɚɫɵɜɚɟɦɵɯ ɢ ɪɟɰɢɪɤɭɥɢɪɭɸɳɢɯ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ» [93].   

ɉɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɜ ɤɚɦɟɪɟ ɫɦɟɲɢɜɚɧɢɹ 

ɛɚɡɨɜɨɝɨ ɦɨɞɭɥɹ ɫɭɲɢɥɤɢ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ: 

                                                            ,                                   (2.86) 

 

«ɝɞɟ             ,      ,         ,          – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɞɟɥɶɧɵɟ ɨɛɴɟɦɵ 

ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɪɢɯɨɞɹɳɢɟɫɹ ɧɚ 1 ɤɝ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ, ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɨ ɜɧɟɲɧɟɦɭ, ɜɧɭɬɪɟɧɧɟɦɭ ɤɨɧɬɭɪɚɦ ɪɟɰɢɪɤɭɥɹɰɢɢ, 

ɩɨɞɨɝɪɟɬɨɝɨ ɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ, ɩɨɞɫɚɫɵɜɚɟɦɨɝɨ 

ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ» [78] ɱɟɪɟɡ ɩɪɢɨɬɤɪɵɬɭɸ ɞɜɟɪɶ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ 

ɩɨɞɫɨɫ, ɦ3/ɤɝ ɫ.ɜ.  

 

ɋ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɹ (2.76) ɮɨɪɦɭɥɚ (2.86) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

 



67 

     ሺ     ሺ  ሺ        ሻሻ      ሺ  ሺ        ሻሻሻሺ        ሻ        ሺ                     ሻ   ,                    (2.87) 

 

ɝɞɟ   ,   ,   ,      ,       – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɚɜɥɟɧɢɟ ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɨ ɜɧɟɲɧɟɦɭ ɢ ɜɧɭɬɪɟɧɧɟɦɭ ɤɨɧɬɭɪɭ ɪɟɰɢɪɤɭɥɹɰɢɢ, 

ɩɨɞɨɝɪɟɬɨɝɨ ɜɨɡɞɭɯɚ ɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ, ɩɨɞɫɚɫɵɜɚɟɦɨɝɨ 

ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɩɪɢɨɬɤɪɵɬɭɸ ɞɜɟɪɶ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɨɞɫɨɫ, 

ɉɚ. 

 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɞɚɜɥɟɧɢɹ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɚɬɦɨɫɮɟɪɧɨɝɨ 

ɞɚɜɥɟɧɢɹ ɜɫɟɝɨ ɧɚ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ ɩɚɫɤɚɥɟɣ ɜ ɜɵɪɚɠɟɧɢɢ (2.87) ɢɯ ɦɨɠɧɨ 

ɩɪɢɧɹɬɶ ɪɚɜɧɵɦɢ ɢ ɫɨɤɪɚɬɢɬɶ. 

Ɍɨɝɞɚ, ɜɵɪɚɠɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɫ ɭɱɟɬɨɦ 

ɨɪɝɚɧɢɡɚɰɢɢ ɜɧɭɬɪɟɧɧɟɝɨ ɤɚɧɚɥɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

     ሺ   ሺ  ሺ        ሻሻ    ሺ  ሺ        ሻሻሻሺ        ሻ      ሺ           ሻ   .                 (2.88) 

 

Ɍɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɨɦ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

[76]:        ሺ      ሻ  ɦ3/ɫ,                                    (2.89) 

 

ɝɞɟ    – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ, ɤɝ/ɫ; 

ρɜ – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, ɤɝ/ɦ3
; 

μ – ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɨɣ ɫɦɟɫɢ. 

 

Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɧɚ ɪɚɛɨɬɭ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ, 

             , ɤȼɬ,                                            (2.90) 

ɝɞɟ Р – ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ, ɤɉɚ;  

kɜ = 1,2 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɧɚ ɭɬɟɱɤɟ ɜɨɡɞɭɯɚ;  
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ηɜ = 0,85 – ɄɉȾ ɫɢɫɬɟɦɵ.  

 

ɉɨɥɧɨɟ ɞɚɜɥɟɧɢɟ Р ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟɪɟɦɟɳɟɧɢɟ ɡɟɪɧɚ ɩɨ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɭ 

ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɤɨɪɨɫɬɶɸ    (ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ РȾ) ɢ ɩɪɟɨɞɨɥɟɧɢɟ 

ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɜ ɦɚɝɢɫɬɪɚɥɢ (ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ Рɋ), ɬ. ɟ. 

 

Р = РȾ + Рɋ.                                                     (2.91) 

 

Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ 

          ሺ         ሻ, ɉɚ.                                         (2.92) 

 

ɋɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ 

      ሺ   ሻ {    [     ቀ              ቁ  ∑ ]    [  ሺ              ሻ       ]}, (2.93) 

 

ɝɞɟ lɩ – ɞɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ, ɦ;  

dɩ – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ, ɦ;  ∑ - ɫɭɦɦɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ; 

ɇɩ – ɜɵɫɨɬɚ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ, ɦ. 

 

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ (ɦ) ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ 

     √      .                                                        (2.94) 

 

ȼ ɫɨɜɦɟɫɬɧɨɣ ɫ əɥɨɡɨɣ Ⱥ.Ƚ. ɪɚɛɨɬɟ [62] ɞɚɧɨ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 

ɩɚɪɚɦɟɬɪɨɜ ɪɚɡɝɪɭɡɨɱɧɨɝɨ ɰɢɤɥɨɧɚ ɢ ɡɟɪɧɨɨɬɛɨɣɧɨɝɨ ɮɚɪɬɭɤɚ ɜ ɡɟɪɧɨɜɨɦ ɛɭɧɤɟɪɟ. 
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ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 2 

 

1. Ɉɛɨɫɧɨɜɚɧɚ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɢ ɨɩɪɟɞɟɥɟɧɵ 

ɩɚɪɚɦɟɬɪɵ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ; 

2. ɉɨɥɭɱɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ; 

3. ɉɨɥɭɱɟɧɨ ɜɵɪɚɠɟɧɢɟ ɛɚɥɚɧɫɚ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ ɜ ɫɭɲɢɥɤɟ. 
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ȽɅȺȼȺ 3 ɉɈȾȽɈɌɈȼɄȺ ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɈɃ ɑȺɋɌɂ 

ɂɋɋɅȿȾɈȼȺɇɂɃ 

 

3.1 ɉɪɨɝɪɚɦɦɚ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

1. Ɉɩɪɟɞɟɥɢɬɶ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɡɟɪɧɚ ɩɲɟɧɢɰɵ, 

ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. 

2. ɂɫɫɥɟɞɨɜɚɬɶ ɨɩɵɬɧɵɣ ɨɛɪɚɡɟɰ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ 

ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. 

3. ɉɪɨɢɡɜɟɫɬɢ ɩɥɚɧɢɪɨɜɚɧɢɟ ɢ ɪɟɚɥɢɡɚɰɢɸ ɦɧɨɝɨɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɩɨ ɭɫɬɚɧɨɜɥɟɧɢɸ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɫɭɲɤɢ ɡɟɪɧɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ ɢ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ.  

4. ɋɪɚɜɧɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

5. ɂɫɫɥɟɞɨɜɚɬɶ ɪɚɛɨɬɭ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ, 

ɨɰɟɧɢɬɶ ɟɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. 

 

3.2 Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

3.2.1 Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɡɟɪɧɚ 

 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɡɹɥɢ ɡɟɪɧɨ ɨɡɢɦɨɣ ɩɲɟɧɢɰɵ ɫɨɪɬɚ «Ɇɨɫɤɨɜɫɤɚɹ – 39». 

Ɉɩɪɟɞɟɥɹɥɢ ɫɨɝɥɚɫɧɨ ɱɚɫɬɧɵɦ ɦɟɬɨɞɢɤɚɦ ɢ ȽɈɋɌɚɦ: ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ 

ɬɪɟɧɢɹ, ɭɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ, ɧɚɫɵɩɧɭɸ ɩɥɨɬɧɨɫɬɶ (ɪɢɫ. 3.1), ɤɨɷɮɮɢɰɢɟɧɬ 

ɜɧɟɲɧɟɝɨ ɬɪɟɧɢɹ [25]. ɂɫɩɨɥɶɡɨɜɚɥɢ ɩɭɪɤɭ ɫ ɩɚɞɚɸɳɢɦ ɝɪɭɡɨɦ, ɷɥɟɤɬɪɨɧɧɵɣ 

ɲɬɚɧɝɟɧɰɢɪɤɭɥɶ DCO220, ɷɥɟɤɬɪɨɧɧɵɟ ɜɟɫɵ Scout Pro, ɜɥɚɝɨɦɟɪ ɡɟɪɧɚ Wile-65 

(ɪɢɫ. 3.2). 

ɇɚɫɵɩɧɭɸ ɩɥɨɬɧɨɫɬɶ ɡɟɪɧɚ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɦɟɬɨɞɢɤɟ [25] (ɪɢɫ. 3.1).  

ɍɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ φ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɛɨɪɨɦ (ɪɢɫ. 3.3 ɚ) [97] ɢ 

ɬɪɚɧɫɩɨɪɬɢɪɨɦ ɫ ɩɚɪɚɥɥɟɥɨɝɪɚɦɦɧɵɦ ɦɟɯɚɧɢɡɦɨɦ (ɪɢɫ. 3.3 ɛ). 
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Ɋɢɫɭɧɨɤ 3.1 – ɉɭɪɤɚ ɫ ɩɚɞɚɸɳɢɦ ɝɪɭɡɨɦ [97] 

 
 

Ɋɢɫɭɧɨɤ 3.2 – ȼɥɚɝɨɦɟɪ ɡɟɪɧɚ Wile-65 [97] 

 

                 

                                ɚ                                               ɛ 

Ɋɢɫɭɧɨɤ 3.3 – Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ: ɚ – 

ɜɨɪɨɧɤɚ ɫ ɡɚɞɜɢɠɤɨɣ [97]; ɛ -  ɬɪɚɧɫɩɨɪɬɢɪ ɫ ɩɚɪɚɥɥɟɥɨɝɪɚɦɦɧɵɦ ɦɟɯɚɧɢɡɦɨɦ 

 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɜɧɟɲɧɟɝɨ ɬɪɟɧɢɹ ɡɟɪɧɚ ɨɩɪɟɞɟɥɹɥɢ, ɢɫɩɨɥɶɡɭɹ ɩɥɨɳɚɞɤɭ ɫ 

ɪɟɝɭɥɢɪɭɟɦɵɦ ɧɚɤɥɨɧɨɦ (ɪɢɫ. 3.4).  
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Ɋɢɫɭɧɨɤ 3.4 – ɉɥɨɳɚɞɤɚ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦ ɧɚɤɥɨɧɨɦ 

 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɢ ɨɛɨɫɧɨɜɚɧɢɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ. 

 

3.2.2 Ɉɩɢɫɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 

 

Ɉɛɳɢɣ ɜɢɞ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɫ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɦɨɞɭɥɟɦ ɜ ɜɢɞɟ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 3.5 [18]. 

 

           
 

Ɋɢɫɭɧɨɤ 3.5 – Ɇɨɞɭɥɶɧɚɹ ɫɭɲɢɥɤɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ [18] 

 

ɇɚ ɪɢɫ. 3.6 ɩɪɟɞɫɬɚɜɥɟɧ ɜɢɞ ɧɚ ɩɨɞɜɨɞɹɳɢɟ ɢ ɨɬɜɨɞɹɳɢɟ ɤɨɪɨɛɚ ɫɭɲɢɥɶɧɨɣ 

ɲɚɯɬɵ. 

ɇɚ ɪɢɫ. 3.7 (ɚ) ɩɪɟɞɫɬɚɜɥɟɧ ɜɢɞ ɱɟɪɟɡ ɤɨɪɨɛ ɞɢɮɮɭɡɨɪɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɧɚ 

ɩɨɞɚɸɳɢɟ ɤɨɪɨɛɚ, ɧɚ ɪɢɫ.  3.7 (ɛ) ɩɪɟɞɫɬɚɜɥɟɧ ɜɢɞ ɱɟɪɟɡ ɤɨɧɮɭɡɨɪ ɫɭɲɢɥɶɧɨɣ 

ɲɚɯɬɵ ɧɚ ɟɟ ɨɬɜɨɞɹɳɢɟ ɤɨɪɨɛɚ. 
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                                      ɚ                                                ɛ 

 

Ɋɢɫɭɧɨɤ 3.6 – ɉɨɞɜɨɞɹɳɢɟ ɤɨɪɨɛɚ (ɚ), ɨɬɜɨɞɹɳɢɟ ɤɨɪɨɛɚ (ɛ) ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ 

 

 

                   

                        ɚ                                                             ɛ 

 

Ɋɢɫɭɧɨɤ 3.7 – ȼɢɞ ɧɚ ɩɨɞɜɨɞɹɳɢɟ (ɚ) ɢ ɨɬɜɨɞɹɳɢɟ ɤɨɪɨɛɚ (ɛ) ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ 

 

ɇɚ ɪɢɫ. 3.8 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɢɞɵ ɡɚɝɪɭɡɨɱɧɨɝɨ ɡɟɪɧɨɜɨɝɨ ɛɭɧɤɟɪɚ (3.8 ɚ) ɢ 

ɧɢɡɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ (3.8 ɛ). 
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                        ɚ                                                                   ɛ 

 

Ɋɢɫɭɧɨɤ 3.8 – ȼɢɞ ɧɚ ɤɨɪɨɛɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɫɜɟɪɯɭ (ɚ) ɢ ɫɧɢɡɭ (ɛ)  

 

ɇɚɞ ɪɚɛɨɱɢɦ ɨɛɴɟɦɨɦ ɲɚɯɬɵ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɡɚɝɪɭɡɨɱɧɵɣ ɡɟɪɧɨɜɨɣ ɛɭɧɤɟɪ 

ɜɵɫɨɬɨɣ 0,3 ɦ, ɢɦɟɸɳɢɣ ɜɯɨɞɧɨɟ ɨɬɜɟɪɫɬɢɟ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ (ɪɢɫ. 3.9), ɢ 

ɡɚɤɪɵɜɚɟɦɵɣ ɩɨɫɥɟ ɪɚɛɨɬɵ ɤɪɵɲɤɨɣ ɫ ɜɟɧɬɢɥɹɰɢɨɧɧɵɦ ɤɨɥɩɚɤɨɦ (ɪɢɫ. 3.10). 

 

     
 

Ɋɢɫɭɧɨɤ 3.9 – Ɂɚɝɪɭɡɨɱɧɵɣ ɡɟɪɧɨɜɨɣ ɛɭɧɤɟɪ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ 
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Ɋɢɫɭɧɨɤ 3.10 – Ʉɪɵɲɤɚ ɡɚɝɪɭɡɨɱɧɨɝɨ ɡɟɪɧɨɜɨɝɨ ɛɭɧɤɟɪɚ 

 

«ɇɢɠɧɢɟ ɤɨɪɨɛɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɹɜɥɹɸɬɫɹ ɨɬɜɨɞɹɳɢɦɢ ɢ ɫɨɫɬɨɹɬ ɢɡ ɞɜɭɯ 

ɩɨɥɧɵɯ ɢ ɞɜɭɯ ɩɨɥɭɤɨɪɨɛɨɜ. ɒɢɪɢɧɚ ɤɨɪɨɛɨɜ ɢ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɧɢɦɢ 

ɫɨɫɬɚɜɥɹɟɬ 100 ɦɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɟɪɧɨ ɜ ɜɵɩɭɫɤɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨɫɬɭɩɚɟɬ ɱɟɪɟɡ ɬɪɢ 

ɜɵɩɭɫɤɧɵɯ ɨɬɜɟɪɫɬɢɹ ɲɚɯɬɵ ɤɚɠɞɨɟ ɪɚɡɦɟɪɨɦ 700ɯ100 ɦɦ» [60]. 

ɉɨɞ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɨɣ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɛɟɫɩɪɢɜɨɞɧɨɟ ɜɵɩɭɫɤɧɨɟ ɭɫɬɪɨɣɫɬɜɨ 

ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɬɢɩɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɪɟɝɭɥɢɪɭɟɦɭɸ ɡɚɫɥɨɧɤɚɦɢ ɩɨɞɚɱɭ ɡɟɪɧɚ ɜ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪ (ɪɢɫ. 3.11 - 3.14). 

 

     

 

Ɋɢɫɭɧɨɤ 3.11 – Ȼɟɫɩɪɢɜɨɞɧɨɟ ɜɵɩɭɫɤɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ 
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                          ɚ                                                                      ɛ 

Ɋɢɫɭɧɨɤ 3.12 – Ȼɟɫɩɪɢɜɨɞɧɨɟ ɜɵɝɪɭɡɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ: 

ɚ – ɜɟɪɯɧɢɣ ɛɭɧɤɟɪ, ɛ- ɧɢɠɧɢɣ ɛɭɧɤɟɪ 

 

             
 

Ɋɢɫɭɧɨɤ 3.13 – «ȼɟɪɯɧɢɣ ɛɭɧɤɟɪ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ» [60] 

 

 

 

 
 

Ɋɢɫɭɧɨɤ 3.14 – «ɇɢɠɧɢɣ ɛɭɧɤɟɪ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ» [60] 
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«ȼɟɪɯɧɢɣ ɛɭɧɤɟɪ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ» [60] ɢɦɟɟɬ ɬɪɢ 

ɡɚɫɥɨɧɤɢ ɞɥɹ ɪɟɝɭɥɢɪɨɜɤɢ ɩɨɬɨɤɨɜ ɡɟɪɧɚ, ɧɢɠɧɢɣ ɛɭɧɤɟɪ – ɨɞɧɭ ɡɚɫɥɨɧɤɭ [60]. 

Ȼɟɫɩɪɢɜɨɞɧɨɟ ɜɵɩɭɫɤɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɜɵɩɭɫɤɨɦ ɤɜɚɞɪɚɬɧɨɣ ɮɨɪɦɵ 

ɪɚɡɦɟɪɨɦ 60ɯ60 ɦɦ ɫ ɞɜɭɦɹ ɨɩɩɨɡɢɬɧɵɦɢ ɡɟɪɧɨɜɵɦɢ ɡɚɫɥɨɧɤɚɦɢ (ɪɢɫ. 3.15), 

ɫɨɟɞɢɧɹɟɦɵɦ ɫ ɩɪɢɟɦɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ (ɪɢɫ. 3.16). 

 

 

Ɋɢɫɭɧɨɤ 3.15 – ȼɵɩɭɫɤ ɫ ɡɟɪɧɨɜɵɦɢ ɡɚɫɥɨɧɤɚɦɢ 

 

        

                           ɚ                                                                 ɛ                              
 

Ɋɢɫɭɧɨɤ 3.16 – ɉɪɢɟɦɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɞɥɹ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ 

ɫɟɱɟɧɢɟɦ 120ɯ60 ɦɦ: ɚ – ɫ ɩɚɫɫɢɜɧɵɦ ɜɢɛɪɚɬɨɪɨɦ; ɛ – ɫ ɡɚɳɢɬɧɨɣ ɜɫɬɚɜɤɨɣ 

 

ɉɚɫɫɢɜɧɵɣ ɜɢɛɪɚɬɨɪ ɭɥɭɱɲɚɟɬ ɭɫɥɨɜɢɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɡɟɪɧɚ ɧɚ 

ɧɚɱɚɥɶɧɨɦ ɪɚɡɝɨɧɧɨɦ ɭɱɚɫɬɤɟ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ. ɉɪɢɧɰɢɩ ɟɝɨ ɪɚɛɨɬɵ  

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 3.17. 
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1 – ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞ; 2 – ɜɵɩɭɫɤ; 3 – ɨɫɶ ɜɢɛɪɚɬɨɪɚ; 4 – ɩɥɚɫɬɢɧɚ ɜɢɛɪɚɬɨɪɚ; 5 – 

ɩɪɭɠɢɧɚ 

 

Ɋɢɫɭɧɨɤ 3.17 – ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɩɚɫɫɢɜɧɨɝɨ ɜɢɛɪɚɬɨɪɚ ɩɪɢɟɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ (ɪɚɡɦɟɪɵ ɜ ɦɦ) 

 

Ⱦɥɹ ɨɬɛɨɪɚ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪ ɜɵɩɨɥɧɟɧɨ ɨɬɞɟɥɶɧɨɟ 

ɡɚɛɨɪɧɨɟ ɨɤɧɨ ɜ ɫɬɟɧɤɟ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ (ɪɢɫ. 3.18).    

 

           
 

Ɋɢɫɭɧɨɤ 3.18 – Ɋɚɫɩɨɥɨɠɟɧɢɟ ɡɚɛɨɪɧɵɯ ɨɤɨɧ 

 

ɉɟɪɟɜɨɞ ɫɭɲɢɥɤɢ ɫ ɪɟɠɢɦɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɡɟɪɧɚ ɧɚ ɪɟɠɢɦ ɪɚɡɝɪɭɡɤɢ 

ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɟɪɟɤɥɸɱɚɬɟɥɹ. Ɉɛɳɢɣ ɜɢɞ 

̌̍̚о̬̦ое ок̦о 

 ̭у̛̹л̦̽о̜ ̵̹̌т̼ 

̌̍̚о̬̦ое ок̦о 

 п̦е̥̏от̬̦̭̌по̬те̬̌ 
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ɩɟɪɟɤɥɸɱɚɬɟɥɹ ɢ ɩɨɞɫɨɟɞɢɧɟɧɢɟ ɰɢɤɥɨɧɚ ɩɪɢ ɪɚɡɝɪɭɡɤɟ ɡɟɪɧɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 

ɪɢɫ. 3.19 - 3.20.  

                         

 

                                 ɚ                                                               ɛ 

Ɋɢɫɭɧɨɤ 3.19 – ɉɟɪɟɤɥɸɱɚɬɟɥɶ ɩɨɬɨɤɚ ɡɟɪɧɚ: ɚ – ɪɟɠɢɦ ɪɟɰɢɪɤɭɥɹɰɢɢ ɡɟɪɧɚ; ɛ – 

ɪɟɠɢɦ ɪɚɡɝɪɭɡɤɢ ɡɟɪɧɚ ɜ ɰɢɤɥɨɧ 

             

Ɋɢɫɭɧɨɤ 3.20 – ɉɨɞɤɥɸɱɟɧɢɟ ɰɢɤɥɨɧɚ ɩɪɢ ɪɚɡɝɪɭɡɤɟ ɡɟɪɧɚ 

 

ȼ ɪɟɠɢɦɟ ɪɟɰɢɪɤɭɥɹɰɢɢ ɡɟɪɧɚ ɧɚɞ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɨɣ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 

ɡɟɪɧɨ-ɨɬɛɨɣɧɵɣ ɮɚɪɬɭɤ ɫ ɮɢɥɶɬɪɭɸɳɢɦ ɨɝɪɚɠɞɟɧɢɟɦ (ɪɢɫ. 3.21). 

 

Ɋɢɫɭɧɨɤ 3.21 – Ɉɛɳɢɣ ɜɢɞ ɡɟɪɧɨ-ɨɬɛɨɣɧɨɝɨ ɮɚɪɬɭɤɚ ɫ ɮɢɥɶɬɪɭɸɳɢɦ 

ɨɝɪɚɠɞɟɧɢɟɦ 
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Ⱦɢɮɮɭɡɨɪ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɢɦɟɟɬ ɩɪɢɫɨɟɞɢɧɢɬɟɥɶɧɵɣ ɮɥɚɧɟɰ 

ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ ɪɚɡɦɟɪɨɦ 480ɯ240 ɦɦ (ɫɦ. ɪɢɫ. 3.7 ɚ), ɚ ɤɨɧɮɭɡɨɪ 

ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɢɦɟɟɬ ɩɟɪɟɯɨɞ ɤɜɚɞɪɚɬɧɨɝɨ ɮɥɚɧɰɚ ɧɚ ɤɪɭɝɥɵɣ ɞɥɹ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɜɨɡɞɭɯɨɜɨɞɚ ɜɧɟɲɧɟɝɨ ɤɨɧɬɭɪɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

ɞɢɚɦɟɬɪɨɦ 150 ɦɦ (ɪɢɫ. 3.22). 

 

                         

Ɋɢɫɭɧɨɤ 3.22 – ɉɪɢɫɨɟɞɢɧɢɬɟɥɶɧɵɣ ɮɥɚɧɟɰ ɤɨɧɮɭɡɨɪɚ 

 

ɉɪɢɜɨɞ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɫɢɧɯɪɨɧɧɵɦ 3-ɯ ɮɚɡɧɵɦ 

ɞɜɢɝɚɬɟɥɟɦ ɱɟɪɟɡ ɱɟɬɵɪɟɯ ɪɭɱɶɟɜɭɸ ɪɟɦɟɧɧɭɸ ɩɟɪɟɞɚɱɭ (ɪɢɫ. 3.23). 

 

          
 

Ɋɢɫɭɧɨɤ 3.23 – ɉɪɢɜɨɞ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ (ɩɨ ɂɫɚɟɜɭ ɋ.ɏ.) [38] 
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Ɉɧ ɩɨ ɞɚɧɧɵɦ ɂɫɚɟɜɚ ɋ.ɏ. «ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɪɢɜɨɞɚ ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɪɨɬɨɪɚ – 17,5 ɤȼɬ, ɱɚɫɬɨɬɚ 

ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ – 1500 ɦɢɧ-1, ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɪɨɬɨɪɚ – 700 ɦɦ; ɜɧɭɬɪɟɧɧɢɣ 

ɞɢɚɦɟɬɪ ɪɨɬɨɪɚ – 550 ɦɦ; ɲɢɪɢɧɚ ɪɨɬɨɪɚ – 150 ɦɦ; ɱɢɫɥɨ ɥɨɩɚɬɨɤ – 20» [38]. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɥɨɫɶ ɜɵɫɭɲɢɜɚɧɢɟ 

ɡɟɪɧɚ ɢɫɯɨɞɧɨɣ ɜɥɚɠɧɨɫɬɢ ɞɨ ɤɨɧɞɢɰɢɨɧɧɨɣ ɜɥɚɠɧɨɫɬɢ 14 % ɢ ɧɢɠɟ ɩɪɢ 

ɮɢɤɫɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɡɟɪɧɚ ɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ [78]. 

ɉɪɟɞɭɫɦɚɬɪɢɜɚɥɨɫɶ ɮɢɤɫɢɪɨɜɚɧɢɟ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ [78]: 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

- ɜɥɚɠɧɨɫɬɶ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ; 

- ɬɟɦɩɟɪɚɬɭɪɚ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ; 

- ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ; 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

- ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɯɨɞɟ ɜ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ; 

- ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ; 

- ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɯɨɞɟ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ; 

- ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ; 

- ɬɟɦɩɟɪɚɬɭɪɚ ɧɢɠɧɟɣ ɬɟɩɥɨɨɛɦɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ; 

- ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɫɨɥɧɟɱɧɨɦ ɤɨɥɥɟɤɬɨɪɟ; 

- ɫɤɨɪɨɫɬɶ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ ɜɯɨɞɟ ɜ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ; 

- ɫɤɨɪɨɫɬɶ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɲɚɯɬɵ; 

- ɫɤɨɪɨɫɬɶ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɩɚɬɪɭɛɤɚɯ ɩɨɞɫɨɫɚ ɩɨɫɥɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ; 

- ɫɤɨɪɨɫɬɶ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɩɚɬɪɭɛɤɟ ɩɨɞɫɨɫɚ; 

- ɫɤɨɪɨɫɬɶ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɟ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ; 

ɡɟɪɧɚ 

- ɜɥɚɠɧɨɫɬɶ; 

- ɬɟɦɩɟɪɚɬɭɪɚ [78]. 
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Ⱦɥɹ ɡɚɦɟɪɚ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɫɭɲɢɥɤɟ, ɫɬɟɧɨɤ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɚɬɱɢɤɢ 

ɬɟɪɦɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɜɨɫɶɦɢɤɚɧɚɥɶɧɵɣ ɢɡɦɟɪɢɬɟɥɶ-ɪɟɝɭɥɹɬɨɪ ɬɟɦɩɟɪɚɬɭɪɵ ɌɊɆ-

138 ɫ ɜɵɜɨɞɨɦ ɪɟɡɭɥɶɬɚɬɨɜ ɡɚɦɟɪɨɜ ɧɚ ɧɨɭɬɛɭɤ, ɩɢɪɨɦɟɬɪ aceline DIN35, ɩɪɢɛɨɪɵ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɬɟɪɦɨɚɧɟɦɨɦɟɬɪ testo 405 V1 ɢ 

ɦɟɬɟɨɦɟɬɪ Ɇɗɋ-200, ɩɪɢɛɨɪ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɬɟɪɦɨɝɢɝɪɨɦɟɬɪ testo 625 ɮɢɪɦɵ «TestoAG», ɚ ɬɚɤɠɟ ɲɬɚɬɧɵɣ ɬɟɪɦɨɫɬɚɬ ɧɚ ɩɭɥɶɬɟ 

ɭɩɪɚɜɥɟɧɢɹ ɫɭɲɢɥɤɢ (ɪɢɫ. 3.24). Ɍɟɦɩɟɪɚɬɭɪɚ ɢ ɜɥɚɠɧɨɫɬɶ ɡɟɪɧɚ ɢɡɦɟɪɹɥɢɫɶ 

ɜɥɚɝɨɦɟɪɨɦ Wile -65 [78]. 

 

 

          

                 ɚ                                ɛ                              ɜ                                     ɝ 

             

                 ɞ                                   ɟ                                          ɠ                       ɡ 

 

ɚ - ɞɚɬɱɢɤ ɬɟɪɦɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ȾɌɋ 015-50Ɇ.ȼ3.500; ɛ - ɜɨɫɶɦɢɤɚɧɚɥɶɧɵɣ 
ɢɡɦɟɪɢɬɟɥɶ-ɪɟɝɭɥɹɬɨɪ ɬɟɦɩɟɪɚɬɭɪɵ ɌɊɆ 138; ɜ - ɮɢɤɫɚɰɢɹ ɩɨɤɚɡɚɧɢɣ 
ɞɚɬɱɢɤɨɜ ɧɚ ɧɨɭɬɛɭɤɟ; ɝ – Ɇɗɋ-200; ɞ - ɬɟɪɦɨɚɧɟɦɨɦɟɬɪ testo 405 V1; ɟ – 

ɬɟɪɦɨɝɢɝɪɨɦɟɬɪ testo 625; ɠ - ɲɬɚɬɧɵɣ ɬɟɪɦɨɫɬɚɬ ɧɚ ɩɭɥɶɬɟ ɭɩɪɚɜɥɟɧɢɹ 
ɫɭɲɢɥɤɢ; ɡ – ɩɢɪɨɦɟɬɪ 

 

Ɋɢɫɭɧɨɤ 3.24 - ɂɡɦɟɪɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ [78] 
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Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɪɟɯɮɚɡɧɵɣ ɫɱɟɬɱɢɤ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɜɤɥɸɱɟɧɧɵɣ ɜ ɰɟɩɶ ɩɢɬɚɧɢɹ ɩɪɢɜɨɞɧɨɝɨ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ 50/5 ɫ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 10 (ɪɢɫ. 3.25 ɚ) [78].  

ɉɨ ɦɟɬɨɞɢɤɟ, ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɜ ɪɚɛɨɬɚɯ Ȼɚɣɞɚɤɨɜɚ ȿ.Ɇ., ɑɟɧɢɧɚ Ⱥ.ɇ., 

ɂɫɚɟɜɚ ɏ.Ɇ., ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɦɨɳɧɨɫɬɶ ɩɨ ɮɨɪɦɭɥɟ [38]: 

 

«Nɞɜ = kɬ∙m/0,125, ɤȼɬ,                                              (3.5) 

 

ɝɞɟ kɬ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɨɤɚ, kɬ = 10; 

m – ɤɨɥɢɱɟɫɬɜɨ ɨɛɨɪɨɬɨɜ ɞɢɫɤɚ ɫɱɟɬɱɢɤɚ, ɩɪɢɯɨɞɹɳɟɟɫɹ ɧɚ ɨɞɧɭ ɫɟɤɭɧɞɭ 

ɢɡɦɟɪɟɧɢɣ; 

0,125 – ɤɨɥɢɱɟɫɬɜɨ ɨɛɨɪɨɬɨɜ ɞɢɫɤɚ ɫɱɟɬɱɢɤɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 1 ɤȼɬ·ɫ» [38]. 

 

ɐɢɮɪɨɜɨɣ ɬɚɯɨɦɟɬɪ DT2234B ɩɨɡɜɨɥɢɥ ɨɩɪɟɞɟɥɢɬɶ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ 

ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ (ɪɢɫ. 3.25 ɛ) [38]. 

 

                     

            ɚ                                 ɛ                                           ɜ                     
 

«Ɋɢɫɭɧɨɤ 3.25 – ɋɱɟɬɱɢɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ (ɚ), ɰɢɮɪɨɜɨɣ ɬɚɯɨɦɟɬɪ (ɛ), 

ɪɭɤɨɹɬɤɚ ɭɩɪɚɜɥɟɧɢɹ ɜɟɥɢɱɢɧɨɣ ɨɬɤɪɵɬɢɹ ɠɚɥɸɡɢ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ (ɜ)» [38] 

 

ɋɯɟɦɚ ɬɨɱɟɤ ɡɚɦɟɪɚ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ ɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 3.26. 
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Р – ɬɨɱɤɢ ɡɚɦɟɪɚ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ; РȽ – ɬɨɱɤɚ ɡɚɦɟɪɚ ɩɚɪɚɦɟɬɪɨɜ ɧɚ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɤɚɧɚɥɚ ɪɟɰɢɪɤɭɥɹɰɢɢ; Рȼ – ɬɨɱɤɚ ɡɚɦɟɪɚ ɩɚɪɚɦɟɬɪɨɜ ɧɚ 

ɜɟɪɬɢɤɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɤɚɧɚɥɚ ɪɟɰɢɪɤɭɥɹɰɢɢ 

 

Ɋɢɫɭɧɨɤ 3.26 – ɋɯɟɦɚ ɬɨɱɟɤ ɡɚɦɟɪɚ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ ɜ ɦɨɞɭɥɶɧɨɣ 

ɫɭɲɢɥɤɟ 

 

Ⱦɥɹ ɡɚɦɟɪɚ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɨɬɜɟɪɫɬɢɹɯ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɦɢɤɪɨɦɚɧɨɦɟɬɪ ɆɆɇ-2400 (5)-1,0 (ɪɢɫ. 3.27). 
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Ɋɢɫɭɧɨɤ 3.27 - ɂɡɦɟɪɟɧɢɟ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨɞɟ ɜ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ 

 

ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɢ 

ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ ɢɡɦɟɪɹɥɨɫɶ ɦɟɬɟɨɦɟɬɪɨɦ Ɇɗɋ-200 (ɪɢɫ. 3.28).  

 

          

 

Ɋɢɫɭɧɨɤ 3.28 – ɂɡɦɟɪɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɟɨɦɟɬɪɨɦ Ɇɗɋ-200 

 

Ɉɧ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɡɦɟɪɟɧɢɣ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɣ ɢɥɢ ɜ 

ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ȽɈɋɌ 12.1.005 ɢ ɋɚɧɉɢɇ 

2.2.4.548-96. 

ȼɫɥɟɞɫɬɜɢɟ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɨɩɪɟɞɟɥɹɥɚɫɶ ɟɝɨ ɫɪɟɞɧɹɹ 

ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɮɢɤɫɚɰɢɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɪɢ ɡɚɦɟɪɟ. 
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ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɭɲɢɥɤɢ ɜ 

ɪɟɠɢɦɟ ɪɚɡɝɪɭɡɤɢ ɡɟɪɧɚ ɜ ɰɢɤɥɨɧ ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɭɬɟɦ ɞɟɥɟɧɢɹ ɦɚɫɫɵ ɡɟɪɧɚ, 

ɩɨɫɬɭɩɢɜɲɟɣ ɜ ɮɢɥɶɬɪɭɸɳɢɣ ɪɭɤɚɜ, ɧɚ ɜɪɟɦɹ ɨɬɛɨɪɚ ɡɟɪɧɚ. 

ȼɡɜɟɲɢɜɚɧɢɟ ɩɨɫɬɭɩɢɜɲɟɝɨ ɜ ɮɢɥɶɬɪɨɜɚɥɶɧɵɣ ɪɭɤɚɜ ɡɟɪɧɚ ɩɪɨɢɡɜɨɞɢɥɢ ɧɚ 

ɷɥɟɤɬɪɨɧɧɵɯ ɜɟɫɚɯ Scout Pro, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɡɜɟɲɢɜɚɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɚɫɫɵ 

2 ɤɝ, ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ 0,1 ɝ.  

ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɜɢɞɟɨɫɴɟɦɤɚ 

ɩɪɨɰɟɫɫɚ ɪɚɛɨɬɵ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɫɭɲɢɥɤɢ. 

ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ Vegas Pro 13 ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɪɚɫɤɚɞɪɨɜɤɚ ɫ ɜɪɟɦɟɧɧɵɦ 

ɢɧɬɟɪɜɚɥɨɦ 0,033 ɫ ɩɪɢ ɨɛɵɱɧɨɣ ɫɴɟɦɤɟ. ɑɚɫɬɶ ɨɩɵɬɨɜ ɫɧɢɦɚɥɨɫɶ ɧɚ ɦɨɛɢɥɶɧɵɣ 

ɬɟɥɟɮɨɧ Samsung Galaxy S9+ ɜ ɪɟɠɢɦɟ ɡɚɦɟɞɥɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 8. ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɜɪɟɦɟɧɧɨɣ ɢɧɬɟɪɜɚɥ ɪɚɫɤɚɞɪɨɜɤɢ ɫɨɫɬɚɜɢɥ 0,004 ɫ. 
 

3.3 Ɇɟɬɨɞɢɤɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɞɜɭɯɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

 

ɇɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɭɲɤɢ ɡɟɪɧɚ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɸɬ 

ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ: 

- ɜɥɚɠɧɨɫɬɶ ɡɟɪɧɚ ωɡ; 

- ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ T3; 

- ɪɚɫɯɨɞ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ L3. 

Ⱦɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɫɯɨɞɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɡɚɫɥɨɧɤɭ ɫɦɨɬɪɨɜɨɝɨ ɨɤɧɚ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ. Ɉɞɧɚɤɨ ɢɡɦɟɪɟɧɢɟ 

ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ ɩɨɞɚɸɳɟɦ ɩɚɬɪɭɛɤɟ ɞɢɮɮɭɡɨɪɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ 

ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɨɥɨɠɟɧɢɹ ɡɚɫɥɨɧɤɢ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ ɚɞɟɤɜɚɬɧɨɝɨ 

ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, ɬ.ɤ. ɜ ɤɚɦɟɪɟ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ 

ɩɪɨɢɫɯɨɞɢɬ ɜɢɯɪɟɨɛɪɚɡɧɨɟ ɞɜɢɠɟɧɢɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢ ɜɫɥɟɞɫɬɜɢɟ ɨɱɟɧɶ 

ɤɨɪɨɬɤɨɣ ɞɥɢɧɵ ɩɨɞɚɸɳɟɝɨ ɩɚɬɪɭɛɤɚ ɬɚɤɨɟ ɞɜɢɠɟɧɢɟ ɫɨɯɪɚɧɹɟɬɫɹ ɢ ɜ ɧɟɦ.  

ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɨɛɟɫɩɟɱɢɬɶ ɞɨɫɬɨɜɟɪɧɨ ɡɚɞɚɧɧɵɣ ɪɚɫɯɨɞ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ ɧɟ ɩɪɟɞɫɬɚɜɥɹɥɨɫɶ ɜɨɡɦɨɠɧɵɦ. ɉɨɷɬɨɦɭ ɜɫɟ ɢɫɩɵɬɚɧɢɹ ɫɭɲɢɥɤɢ 
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ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɣ ɡɚɫɥɨɧɤɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨɞɚɱɟ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. 

Ɉɩɪɟɞɟɥɹɬɶ ɩɨɞɚɱɭ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɨɬɜɨɞɢɦɨɝɨ ɢɡ ɲɚɯɬɵ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɬɚɤɠɟ ɛɵɥɨ ɧɟ ɤɨɪɪɟɤɬɧɨ ɢɡ-ɡɚ ɩɪɨɯɨɞɚ ɜ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ 

ɱɚɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɢɡ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɱɟɪɟɡ ɟɝɨ ɩɪɢɟɦɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, 

ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɝɨ ɩɨɞɫɚɫɵɜɚɧɢɹ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɜɟɪɯ ɲɚɯɬɵ ɜ 

ɨɬɜɨɞɹɳɢɟ ɤɨɪɨɛɚ ɢɡ-ɡɚ ɡɚɦɵɤɚɧɢɹ ɢɯ ɧɚ ɜɫɚɫɵɜɚɸɳɢɣ ɤɚɧɚɥ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ 

ɱɟɪɟɡ ɜɧɟɲɧɢɣ ɤɨɧɬɭɪ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ.  

Ʉɪɨɦɟ ɷɬɨɝɨ ɧɚɛɥɸɞɚɥɫɹ ɬɚɤɠɟ ɜ ɡɚɝɪɭɡɨɱɧɨɦ ɡɟɪɧɨɜɨɦ ɛɭɧɤɟɪɟ ɲɚɯɬɵ ɩɪɢ 

ɟɟ ɩɨɥɧɨɣ ɡɚɝɪɭɡɤɟ ɧɟɤɨɬɨɪɵɣ ɜɵɯɨɞ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜɞɨɥɶ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ 

ɫɬɟɧɤɢ ɤɨɧɮɭɡɨɪɚ, ɤɨɬɨɪɚɹ ɡɚɝɥɭɲɚɟɬ ɬɨɪɰɵ ɩɨɞɚɸɳɢɯ ɤɨɪɨɛɨɜ. ɗɬɨ ɛɵɥɨ ɜɢɞɧɨ 

ɩɨ ɧɟɛɨɥɶɲɨɦɭ ɫɬɨɥɛɢɤɭ ɜɡɜɟɲɟɧɧɵɯ ɩɪɢɦɟɫɟɣ ɡɟɪɧɨɜɨɣ ɦɚɫɫɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɭɞɟɬ ɪɟɚɥɢɡɨɜɚɧ ɩɥɚɧ ɬɢɩɚ 32
 ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɮɚɤɬɨɪɨɜ ɧɚ 

ɬɪɟɯ ɭɪɨɜɧɹɯ: 

- ɜɥɚɠɧɨɫɬɶ ɡɟɪɧɚ ωɡ = 16; 18; 20 %; 

- ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ Т3 = 50; 55; 60 °ɋ. 

Ɉɬɤɥɢɤɨɦ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ ɡɟɪɧɚ ɞɨ 

ɤɨɧɞɢɰɢɨɧɧɨɣ ɜɥɚɠɧɨɫɬɢ 14 %. 

ɉɥɚɧ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 3.1.  

 

Ɍɚɛɥɢɰɚ 3.1 – ɉɥɚɧ ɷɤɫɩɟɪɢɦɟɧɬɚ 

№ 
ɨɩɵɬɚ 

Ɏɚɤɬɨɪɵ ɉɚɪɚɦɟɬɪ ɨɩɬɢɦɢɡɚɰɢɢ 

ɜɥɚɠɧɨɫɬɶ ɡɟɪɧɚ 

ωɡ, % 

ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ 
ɚɝɟɧɬɚ Тɚ, °ɋ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɭɲɤɢ 
ɡɟɪɧɚ t, ɱ 

1 -1 -1 YɋɊ1 

2 -1 0 YɋɊ2 

3 -1 +1 YɋɊ3 

4 0 -1 YɋɊ4 

5 0 0 YɋɊ5 

6 0 +1 YɋɊ6 

7 +1 -1 YɋɊ7 

8 +1 0 YɋɊ8 

9 +1 +1 YɋɊ9 
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Ɉɩɵɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɬɪɟɯ ɤɪɚɬɧɨɣ ɩɨɜɬɨɪɧɨɫɬɢ ɩɨɫɥɟ ɪɚɧɞɨɦɢɡɚɰɢɢ ɢɯ 

ɨɱɟɪɟɞɧɨɫɬɢ. 

ȼ ɩɪɨɝɪɚɦɦɟ STATISTICA 13 ɩɨɥɭɱɢɥɢ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ, ɩɪɨɜɟɪɢɥɢ 

ɚɞɟɤɜɚɬɧɨɫɬɶ ɩɨ ɤɪɢɬɟɪɢɸ Ɏɢɲɟɪɚ, ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɪɟɫɫɢɢ ɩɨ 

ɤɪɢɬɟɪɢɸ ɋɬɴɸɞɟɧɬɚ [38]. 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɬɪɭɞɨɟɦɤɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɭɦɟɧɶɲɟɧɢɹ ɦɚɫɫɵ ɜɵɫɭɲɢɜɚɟɦɨɝɨ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɜɥɚɠɧɹɟɦɨɝɨ ɡɟɪɧɚ ɱɚɫɬɶ 

ɩɨɞɜɨɞɹɳɢɯ ɢ ɨɬɜɨɞɹɳɢɯ ɤɨɪɨɛɨɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɛɵɥɨ ɡɚɝɥɭɲɟɧɨ (ɪɢɫ. 3.29). 

Ɉɫɬɚɜɥɟɧ ɬɨɥɶɤɨ ɪɹɞ ɩɨɞɜɨɞɹɳɢɯ ɤɨɪɨɛɨɜ ɢ ɞɜɚ ɪɹɞɚ ɨɬɜɨɞɹɳɢɯ. 
 

                

                                   ɚ                                                        ɛ                                        
 

Ɋɢɫɭɧɨɤ 3.29 – ȼɢɞ ɲɚɯɬɵ ɫɨ ɫɬɨɪɨɧɵ ɩɨɞɜɨɞɹɳɢɯ (ɚ) ɢ ɨɬɜɨɞɹɳɢɯ (ɛ) ɤɨɪɨɛɨɜ 

 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ, ɩɨɞɜɟɪɝɚɸɳɟɝɨɫɹ ɫɭɲɤɟ, ɩɨ 

ɦɟɬɨɞɢɤɟ [6] ɩɪɨɢɡɜɨɞɢɥɢ ɟɝɨ ɭɜɥɚɠɧɟɧɢɟ ɜ ɤɨɥɢɱɟɫɬɜɟ 200 ɤɝ. 

ɍɜɥɚɠɧɟɧɢɟ ɡɟɪɧɚ ɩɪɨɢɡɜɨɞɢɥɢ ɩɨɫɥɨɣɧɨ ɜ ɜɚɧɧɟ ɫ ɩɨɦɨɳɶɸ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɨɩɪɵɫɤɢɜɚɬɟɥɹ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɜɫɟɣ ɦɚɫɫɵ ɡɟɪɧɚ ɜɪɭɱɧɭɸ 

(ɪɢɫ. 3.30). 
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Ɋɢɫɭɧɨɤ 3.30 – ȼɚɧɧɚ ɫ ɡɟɪɧɨɦ ɜ ɩɪɨɰɟɫɫɟ ɭɜɥɚɠɧɟɧɢɹ 

 

Ʉɨɥɢɱɟɫɬɜɨ ɜɨɞɵ   , ɜɧɨɫɢɦɨɣ ɜ ɦɚɫɫɭ ɡɟɪɧɚ, ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

                       , ɤɝ,                                             (3.6) 

 

ɝɞɟ    – ɦɚɫɫɚ ɭɜɥɚɠɧɹɟɦɨɝɨ ɡɟɪɧɚ, ɤɝ;           – ɤɨɧɟɱɧɚɹ ɢ ɧɚɱɚɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɡɟɪɧɚ, %. 

 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɞɟɪɠɤɢ ɭɜɥɚɠɧɟɧɧɨɝɨ ɡɟɪɧɚ ɫɨɫɬɚɜɥɹɥɚ 3 ɞɧɹ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɥɚɝɢ ɩɨ ɦɚɫɫɟ ɡɟɪɧɚ. ȼ ɬɟɱɟɧɢɟ ɞɧɹ 

ɞɜɚ-ɬɪɢ ɪɚɡɚ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɡɟɪɧɚ. 
 

ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 3 

 

ɉɪɨɝɪɚɦɦɚ ɢ ɪɚɫɫɦɨɬɪɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɨɛɟɫɩɟɱɚɬ ɪɟɚɥɢɡɚɰɢɸ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ. 
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ȽɅȺȼȺ 4  ɊȿɁɍɅɖɌȺɌɕ ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɕɏ ɂɋɋɅȿȾɈȼȺɇɂɃ 

 

4.1 Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɡɟɪɧɚ 

 

Ɉɡɢɦɚɹ ɩɲɟɧɢɰɚ ɫɨɪɬɚ «Ɇɨɫɤɨɜɫɤɚɹ – 39» ɢɦɟɟɬ ɡɟɪɧɨ ɜɵɫɨɤɨɣ ɤɪɭɩɧɨɫɬɢ, 

ɭɞɥɢɧɟɧɧɨ-ɹɣɰɟɜɢɞɧɨɣ ɮɨɪɦɵ, ɛɨɪɨɡɞɤɚ - ɫɪɟɞɧɹɹ. ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɡɟɪɧɨɜɤɢ – 6,4, 

ɲɢɪɢɧɚ – 3,5, ɬɨɥɳɢɧɚ – 3,0 ɦɦ.  

Ɇɚɫɫɚ 1000 ɡɟɪɟɧ ɫɨɫɬɚɜɢɥɚ 49,3 ɝ ɩɪɢ ɜɥɚɠɧɨɫɬɢ 13,2 %. ɇɚɫɵɩɧɚɹ 

ɩɥɨɬɧɨɫɬɶ ɡɟɪɧɚ ɫɨɫɬɚɜɢɥɚ 628 ɤɝ/ɦ3
.  

ɍɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ ɩɪɢ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ 15,0 % ɫɨɫɬɚɜɢɥ 33° (ɪɢɫ. 

4.1). ɍɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ ɨɩɪɟɞɟɥɹɥɫɹ ɩɭɬɟɦ ɜɵɱɢɬɚɧɢɹ ɢɡ 90° ɭɝɥɚ, 

ɮɢɤɫɢɪɭɟɦɨɝɨ ɧɚ ɬɪɚɧɫɩɨɪɬɢɪɟ. 

 

                

 

Ɋɢɫɭɧɨɤ 4.1 – Ɉɩɪɟɞɟɥɟɧɢɟ ɭɝɥɚ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ 

 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɜɧɟɲɧɟɝɨ ɬɪɟɧɢɹ ɡɟɪɧɚ ɩɪɢ ɜɥɚɠɧɨɫɬɢ 15 % ɨɩɪɟɞɟɥɹɥɢ ɩɨ 

ɨɤɪɚɲɟɧɧɨɣ ɫɬɚɥɢ, ɢɦɢɬɢɪɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ: ɭɝɨɥ ɬɪɟɧɢɹ 

ɩɨɤɨɹ -  30°, ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɩɨɤɨɹ ɡɟɪɧɚ ɩɲɟɧɢɰɵ ɩɨ ɨɤɪɚɲɟɧɧɨɣ ɫɬɚɥɢ - 

0,57, ɭɝɨɥ ɬɪɟɧɢɹ ɞɜɢɠɟɧɢɹ - 33°, ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɞɜɢɠɟɧɢɹ – 0,64 (ɪɢɫ. 4.2). 

ɇɚɢɛɨɥɶɲɢɣ ɭɝɨɥ ɬɪɟɧɢɹ ɞɜɢɠɟɧɢɹ ɡɟɪɧɨɜɤɚ ɢɦɟɟɬ ɩɪɢ ɭɤɥɚɞɤɟ ɟɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 

ɫɬɨɪɨɧɨɣ ɛɨɪɨɡɞɤɢ. 



91 

 

           

 

Ɋɢɫɭɧɨɤ 4.2 – Ɉɩɪɟɞɟɥɟɧɢɟ ɭɝɥɚ ɜɧɟɲɧɟɝɨ ɬɪɟɧɢɹ 

 

Ɂɟɪɧɨɜɚɹ ɦɚɫɫɚ ɜɡɹɬɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 

ɡɟɪɧɨɯɪɚɧɢɥɢɳɚ. 

 

4.2 ɉɚɪɚɦɟɬɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɢ ɟɝɨ ɨɞɧɨɤɪɚɬɧɨɣ ɰɢɪɤɭɥɹɰɢɢ ɜ 
ɫɭɲɢɥɤɟ 

 

ȼ ɈɈɈ «ɈɄȻ ɩɨ ɬɟɩɥɨɝɟɧɟɪɚɬɨɪɚɦ» (ɝ. Ȼɪɹɧɫɤ) ɛɵɥ ɢɡɝɨɬɨɜɥɟɧ ɨɩɵɬɧɵɣ 

ɨɛɪɚɡɟɰ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ [60]. 

«ɋɭɲɢɥɤɚ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɂɚɝɪɭɡɨɱɧɵɦ ɲɧɟɤɨɜɵɦ 

ɬɪɚɧɫɩɨɪɬɟɪɨɦ ɡɟɪɧɨ ɩɨɞɚɟɬɫɹ ɜ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ ɢ, ɪɚɫɩɪɟɞɟɥɹɹɫɶ ɦɟɠɞɭ 

ɩɨɞɚɸɳɢɦɢ ɢ ɨɬɜɨɞɹɳɢɦɢ ɫɭɲɢɥɶɧɵɣ ɚɝɟɧɬ ɤɨɪɨɛɚɦɢ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ 

ɬɹɠɟɫɬɢ ɞɜɢɠɟɬɫɹ ɜɧɢɡ ɤ ɛɟɫɩɪɢɜɨɞɧɨɦɭ ɜɵɩɭɫɤɧɨɦɭ ɭɫɬɪɨɣɫɬɜɭ ɢ ɩɪɢɟɦɧɨɦɭ 

ɭɫɬɪɨɣɫɬɜɭ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ.  

Ⱥɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ, ɩɪɨɯɨɞɹ ɱɟɪɟɡ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ, 

ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɚ ɫ ɬɟɩɥɨɜɨɫɩɪɢɧɢɦɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɫɨɥɧɟɱɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɢ ɱɟɪɟɡ ɲɬɚɬɧɵɟ 

ɨɬɜɟɪɫɬɢɹ ɜ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɟ ɞɥɹ ɩɨɞɫɨɫɚ ɜɨɡɞɭɯɚ ɜ ɪɟɠɢɦɟ ɫɭɲɤɢ ɩɥɨɞɨɜɨ-



92 

 

ɹɝɨɞɧɨɝɨ ɫɵɪɶɹ ɩɨɫɬɭɩɚɟɬ ɜ ɤɚɦɟɪɭ ɫɦɟɲɢɜɚɧɢɹ ɫ ɪɟɰɢɪɤɭɥɢɪɭɸɳɢɦ» [93] ɩɨ 

ɜɧɟɲɧɟɦɭ ɢ ɜɧɭɬɪɟɧɧɟɦɭ ɤɨɧɬɭɪɚɦ ɫɭɲɢɥɶɧɵɦ ɚɝɟɧɬɨɦ.  

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɜ ɤɚɦɟɪɭ ɫɦɟɲɢɜɚɧɢɹ ɱɟɪɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɚɬɪɭɛɨɤ 

ɩɨɞɫɨɫɚ ɢ ɩɪɢɨɬɤɪɵɬɭɸ ɧɚ ɲɢɪɢɧɭ 2 ɫɦ ɞɜɟɪɶ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ ɩɨɞɫɚɫɵɜɚɟɬɫɹ 

ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɨɞɫɨɫ ɫɜɹɡɚɧ ɫ ɧɟɯɜɚɬɤɨɣ ɞɥɹ ɪɚɛɨɬɵ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɩɪɢɬɨɤɚ ɜɨɡɞɭɯɚ ɬɨɥɶɤɨ ɱɟɪɟɡ ɲɬɚɬɧɵɟ ɩɚɬɪɭɛɤɢ ɩɨɞɫɨɫɚ 

ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ. 

«ɋɦɟɲɚɧɧɵɣ ɫɭɲɢɥɶɧɵɣ ɚɝɟɧɬ ɪɨɬɨɪɨɦ-ɧɚɝɪɟɜɚɬɟɥɟɦ ɩɨɞɚɟɬɫɹ ɜ 

ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ ɢ ɞɚɥɟɟ ɭɜɥɚɠɧɟɧɧɵɣ ɩɨɫɥɟ ɤɨɧɬɚɤɬɚ ɫ ɡɟɪɧɨɦ ɩɨ ɜɧɟɲɧɟɦɭ 

ɤɨɧɬɭɪɭ ɪɟɰɢɪɤɭɥɹɰɢɢ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɤɚɦɟɪɭ ɫɦɟɲɢɜɚɧɢɹ. ɑɚɫɬɶ ɧɚɝɧɟɬɚɟɦɨɝɨ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɚɛɨɬɵ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɟɰɢɪɤɭɥɹɰɢɸ  ɜɥɚɠɧɨɝɨ ɡɟɪɧɚ ɜ 

ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɟ, ɥɢɛɨ ɜɵɝɪɭɡɤɭ ɜɵɫɭɲɟɧɧɨɝɨ ɡɟɪɧɚ» [93].  

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɧɚɱɚɥɟ ɦɨɞɭɥɶɧɚɹ ɫɭɲɢɥɤɚ ɢɫɩɵɬɵɜɚɥɚɫɶ ɜ 

ɪɟɠɢɦɟ ɨɬɫɭɬɫɬɜɢɹ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɧɨ ɩɪɢ ɩɨɞɚɱɟ 

ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɜɟɪɯɧɸɸ ɢ ɧɢɠɧɸɸ ɤɚɦɟɪɵ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɞɥɹ ɪɟɤɭɩɟɪɚɰɢɢ ɬɟɩɥɨɬɵ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ (ɪɢɫ. 4.3). 
 

         
 

 

Ɋɢɫɭɧɨɤ 4.3 – ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɩɪɢ ɨɞɧɨɤɪɚɬɧɨɣ ɰɢɪɤɭɥɹɰɢɢ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 
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ɉɟɪɟɨɛɨɪɭɞɨɜɚɧɢɟ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɩɪɢ 

ɨɞɧɨɤɪɚɬɧɨɣ ɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 4.4. 

 

 

 

Ɋɢɫɭɧɨɤ 4.4 – ɉɟɪɟɨɛɨɪɭɞɨɜɚɧɢɟ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɩɪɢ 

ɨɞɧɨɤɪɚɬɧɨɣ ɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

 

«ɉɨɝɨɞɧɵɟ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɚ ɛɵɥɢ ɛɥɚɝɨɩɪɢɹɬɧɵɦɢ: ɫɨɥɧɟɱɧɨ, 

ɹɫɧɨɟ ɧɟɛɨ, ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ ɩɪɹɦɨɣ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ - 1010 ȼɬ/ɦ2, ɧɚɱɚɥɶɧɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ – 14 ºɋ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ – 47 

%» [78]. 

ɉɪɢɬɨɤ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɬɨɥɶɤɨ ɱɟɪɟɡ ɲɬɚɬɧɵɟ 

ɩɚɬɪɭɛɤɢ ɩɨɞɫɨɫɚ. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ ɛɟɡ ɟɝɨ ɪɟɰɢɪɤɭɥɹɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ ɡɟɪɧɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 4.5 

[78]. 

Ⱥɧɚɥɢɡ ɪɢɫ. 4.5 «ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɜ 

ɩɪɟɞɟɥɚɯ 17 - 18 ºɋ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɨɝɪɟɬɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
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ɫɪɟɞɧɟɣ ɤɚɦɟɪɵ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɫɨɫɬɚɜɥɹɥɚ 26 - 27 ºɋ ɩɪɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ ɞɨ 37 %» [78]. 

 
 

Ɋɢɫɭɧɨɤ 4.5 - ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ ɡɟɪɧɚ 

ɛɟɡ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ [78, 79] 

 

«ȼ ɪɨɬɨɪɟ-ɧɚɝɪɟɜɚɬɟɥɟ ɜɨɡɞɭɯ ɟɳё ɞɨɝɪɟɜɚɥɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɪɹɞɤɚ 37 ºɋ 

ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜ ɫɪɟɞɧɟɦ 18 % ɢ ɧɚɝɧɟɬɚɥɫɹ ɜ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ» 

[78]. «Ɍɟɪɦɨɞɚɬɱɢɤ ɫɭɲɢɥɤɢ ɩɨɤɚɡɵɜɚɥ ɬɟɦɩɟɪɚɬɭɪɭ 40 ºɋ ɜ ɤɚɦɟɪɟ ɪɨɬɨɪɚ-

ɧɚɝɪɟɜɚɬɟɥɹ» [78].  

«Ɉɬɪɚɛɨɬɚɧɧɵɣ ɭɜɥɚɠɧёɧɧɵɣ ɫɭɲɢɥɶɧɵɣ ɚɝɟɧɬ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 25 - 28 ºɋ ɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɶɸ ɞɨ 40 % ɩɨɫɬɭɩɚɥ ɜ ɧɢɠɧɸɸ ɢ ɜɟɪɯɧɸɸ ɤɚɦɟɪɵ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɞɥɹ ɬɟɩɥɨɨɛɦɟɧɚ ɱɟɪɟɡ ɬɟɩɥɨɨɛɦɟɧɧɵɟ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɪɟɞɧɟɣ ɤɚɦɟɪɵ ɫ ɡɚɫɚɫɵɜɚɟɦɵɦ ɚɬɦɨɫɮɟɪɧɵɦ ɜɨɡɞɭɯɨɦ» [78] (ɪɢɫ. 

4.6).  

Ⱥɧɚɥɢɡ J-d ɞɢɚɝɪɚɦɦɵ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɞɚɧɧɵɯ 

ɩɚɪɚɦɟɬɪɚɯ ɟɝɨ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 8 ɝ/(ɤɝ ɫ.ɜ.) ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨ 

ɜɨɡɦɨɠɧɨɦ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɢ 20 ɝ/(ɤɝ ɫ.ɜ.) [78]. 
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«Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɨɫɬɚɜɥɹɥɚ ɩɨɪɹɞɤɚ 37 

ºɋ, ɱɬɨ ɨɩɪɟɞɟɥɹɥɨɫɶ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢ ɪɚɛɨɬɨɣ 

ɫɨɥɧɟɱɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ» [78]. 

 

 

Ɋɢɫɭɧɨɤ 4.6 – «ɋɯɟɦɚ ɞɜɢɠɟɧɢɹ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɫ ɢɡɦɟɧɟɧɢɟɦ ɟɝɨ 

ɩɚɪɚɦɟɬɪɨɜ ɜ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ» [78] 

 

«Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɫɨɥɧɟɱɧɨɦ ɤɨɥɥɟɤɬɨɪɟ ɞɨ ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɫɭɲɢɥɤɢ 

ɫɨɫɬɚɜɥɹɥɚ 53 ºɋ. ɉɪɢ ɩɨɞɚɱɟ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɫɨɥɧɟɱɧɵɣ 

ɤɨɥɥɟɤɬɨɪ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɧɟɦ ɫɧɢɠɚɥɚɫɶ ɞɨ 37 ºɋ. ɉɪɢ ɷɬɨɦ ɬɟɩɥɨɨɛɦɟɧɧɚɹ 

ɩɨɜɟɪɯɧɨɫɬɶ ɜ ɤɨɧɰɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɦɟɥɚ ɬɟɦɩɟɪɚɬɭɪɭ ɛɨɥɟɟ ɜɵɫɨɤɭɸ, ɱɟɦ 

ɨɦɵɜɚɸɳɢɣ ɟɟ ɨɬɪɚɛɨɬɚɧɧɵɣ ɫɭɲɢɥɶɧɵɣ ɚɝɟɧɬ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɫɨɥɧɟɱɧɨɦ 

ɤɨɥɥɟɤɬɨɪɟ ɡɚ ɫɱɟɬ ɩɨɝɥɨɳɟɧɢɹ ɬɟɩɥɨɬɵ ɨɬ ɩɪɹɦɨɣ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ. 

ȼ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɡɟɪɧɚ ɫɨɫɬɚɜɥɹɥɚ 25  

ºɋ. ɋɧɢɠɟɧɢɟ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ ɧɚ 1% ɛɵɥɨ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɱɟɪɟɡ 1 ɱɚɫ ɫɭɲɤɢ ɩɨ 

ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɜ ɡɟɪɧɨɜɨɦ ɛɭɧɤɟɪɟ» [78]. ɉɪɢ 

ɷɬɨɦ ɧɚ ɜɯɨɞɟ ɜ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ ɫɭɲɢɥɶɧɵɣ ɚɝɟɧɬ ɢɦɟɥ ɬɟɦɩɟɪɚɬɭɪɭ 36,0 ºɋ, 

ɜɥɚɠɧɨɫɬɶ 17,5 %, ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ 6,2 ɝ/ ɤɝ ɫ.ɜ. ɇɚ ɜɵɯɨɞɟ ɢɡ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ 

ɫɭɲɢɥɶɧɵɣ ɚɝɟɧɬ ɢɦɟɥ ɬɟɦɩɟɪɚɬɭɪɭ 25,4 ºɋ, ɜɥɚɠɧɨɫɬɶ 45,4 %, ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ 

9,2 ɝ/ ɤɝ ɫ.ɜ. 

«Ɂɚ 3 ɱɚɫɚ ɫɭɲɤɢ ɫɧɢɠɟɧɢɟ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ ɫɨɫɬɚɜɥɹɥɨ 2%, ɡɚ 4 ɱɚɫɚ ɫɭɲɤɢ 

ɜɥɚɠɧɨɫɬɶ ɡɟɪɧɚ ɫɧɢɡɢɥɚɫɶ ɫ 15,8% ɞɨ 12,5 %» [78]. 
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«ɋɤɨɪɨɫɬɶ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɫɭɲɢɥɶɧɭɸ ɤɚɦɟɪɭ ɩɪɢ ɧɟ 

ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɣ ɡɚɫɥɨɧɤɟ, ɫɨɫɬɚɜɥɹɥɚ ɜ ɫɪɟɞɧɟɦ 6 ɦ/ɫ ɩɪɢ ɡɚɦɟɪɟ ɜ ɤɨɪɨɛɟ 

ɞɢɮɮɭɡɨɪɚ. ɗɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɯɨɞɭ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 0,25 ɦ3/ɫ ɢɥɢ 900 ɦ3/ɱ. 

ɉɪɢ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɣ ɡɚɫɥɨɧɤɟ ɪɚɫɯɨɞ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɫɨɫɬɚɜɥɹɥ 0,43 ɦ3/ɫ 

ɢɥɢ 1555 ɦ3/ɱ. ɂɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ, ɢɡɦɟɪɟɧɧɨɟ ɦɢɤɪɨɦɚɧɨɦɟɬɪɨɦ, ɫɨɫɬɚɜɢɥɨ 

296 ɉɚ.   

ɋɤɨɪɨɫɬɶ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɜɨɡɞɭɯɨɜɨɞɚ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɛɵɥɚ ɪɚɜɧɚ ɜ ɫɪɟɞɧɟɦ 15 ɦ/ɫ. ɗɬɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ ɪɚɫɯɨɞɭ 

ɜɨɡɞɭɯɚ 0,03 ɦ3/ɫ ɢɥɢ 106 ɦ3/ɱ. 

ɇɚ ɜɯɨɞɟ ɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ 

ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɫɨɫɬɚɜɥɹɥɚ 8 ɦ/ɫ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ ɪɚɫɯɨɞɭ 

ɜɨɡɞɭɯɚ 0,1 ɦ3/ɫ ɢɥɢ 360 ɦ3/ɱ. Ȼɨɥɶɲɚɹ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɩɨɞɚɱɟɣ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

ɢ ɨɬɜɨɞɨɦ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɫɜɹɡɚɧɚ ɫ ɩɨɬɟɪɹɦɢ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɡɟɪɧɨɜɨɣ ɛɭɧɤɟɪ, 

ɜɵɩɭɫɤɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɢ ɧɟɩɥɨɬɧɨɫɬɢ ɜ ɫɨɟɞɢɧɟɧɢɹɯ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ. 

ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɜ ɞɜɭɯ ɩɨɞɫɚɫɵɜɚɸɳɢɯ ɩɚɬɪɭɛɤɚɯ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɫɨɫɬɚɜɥɹɥɚ ɜ ɫɪɟɞɧɟɦ 15 ɦ/ɫ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɭɦɦɚɪɧɨɦɭ 

ɪɚɫɯɨɞɭ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɧɢɯ - 0,16 ɦ3/ɫ, ɢɥɢ 594 ɦ3/ɱ. ȼɚɤɭɭɦɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ 

ɜ ɩɨɞɫɚɫɵɜɚɸɳɢɯ ɩɚɬɪɭɛɤɚɯ ɫɨɫɬɚɜɥɹɥɨ 800 ɉɚ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬёɪɚ ɩɨ ɡɟɪɧɭ ɛɵɥɚ ɪɚɜɧɚ 50 ɤɝ/ɱ ɩɪɢ 

ɦɚɫɫɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɦɟɫɢ 0,55. Ɂɚ ɜɪɟɦɹ ɨɩɵɬɚ ɩɨɥɨɜɢɧɚ ɡɚɝɪɭɠɟɧɧɨɝɨ ɡɟɪɧɚ 

ɩɪɨɲɥɚ ɱɟɪɟɡ ɪɟɰɢɪɤɭɥɹɰɢɸ, ɱɬɨ ɨɛɟɫɩɟɱɢɥɨ ɨɞɢɧɚɤɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ ɧɚ ɜɫɟ ɨɛɴɟɦɵ ɡɟɪɧɚ ɩɪɢ ɭɫɥɨɜɢɢ ɟɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɜɢɠɟɧɢɹ. 

ɉɪɢ ɷɬɨɦ ɩɨ ɜɫɟɦɭ ɫɟɱɟɧɢɸ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɧɚɛɥɸɞɚɥɨɫɶ ɪɚɜɧɨɦɟɪɧɨɟ 

ɢɫɬɟɱɟɧɢɟ ɡɟɪɧɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɥɨ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɫɜɨɞɨɨɛɪɚɡɨɜɚɧɢɹ ɜ 

ɛɟɫɩɪɢɜɨɞɧɨɦ ɜɵɝɪɭɡɧɨɦ ɭɫɬɪɨɣɫɬɜɟ» [78] (ɪɢɫ. 4.7). 

«ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢɜɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɫɨɫɬɚɜɥɹɥɚ ɩɨɪɹɞɤɚ 

7 ɤȼɬ ɩɪɢ ɫɢɥɟ ɬɨɤɚ 17 Ⱥ. 

ȼɵɫɭɲɟɧɧɨɟ ɡɟɪɧɨ ɛɵɥɨ ɨɫɬɚɜɥɟɧɨ ɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɟ ɞɥɹ ɨɰɟɧɤɢ 

ɜɨɡɦɨɠɧɨɫɬɢ ɯɪɚɧɟɧɢɹ ɜ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɩɨɝɨɞɧɵɯ ɭɫɥɨɜɢɹɯ. ɋɥɟɞɭɸɳɢɟ ɫɭɬɤɢ 

ɲɟɥ ɞɨɠɞɶ. ɑɟɪɟɡ ɞɜɨɟ ɫɭɬɨɤ ɯɪɚɧɟɧɢɹ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ 
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ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ 68,2 % ɢ ɬɟɦɩɟɪɚɬɭɪɟ 15,1 °ɋ ɜɥɚɠɧɨɫɬɶ ɡɟɪɧɚ ɜ ɡɟɪɧɨɜɨɦ 

ɛɭɧɤɟɪɟ ɫɨɫɬɚɜɥɹɥɚ 13,8 % ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 16,8 °ɋ» [78]. 

      

Ɋɢɫɭɧɨɤ 4.7 – «ɏɚɪɚɤɬɟɪ ɢɫɬɟɱɟɧɢɹ ɡɟɪɧɚ ɢɡ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ» [60] 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

ɧɟɨɛɯɨɞɢɦɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɟɝɨ ɪɟɰɢɪɤɭɥɹɰɢɸ ɜ ɫɭɲɢɥɤɟ. 

 

4.3 ɉɚɪɚɦɟɬɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɢ ɟɝɨ ɨɞɧɨɤɨɧɬɭɪɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ 

 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɜ ɪɟɠɢɦɟ ɨɞɧɨɤɨɧɬɭɪɧɨɣ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɫɭɲɢɥɶɧɚɹ ɤɚɦɟɪɚ ɛɚɡɨɜɨɝɨ ɦɨɞɭɥɹ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɪɢɫ. 4.4, ɚ ɨɬɜɨɞ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɨɢɡɜɨɞɢɥɫɹ 

ɩɨ ɜɨɡɞɭɯɨɜɨɞɭ ɞɢɚɦɟɬɪɨɦ 150 ɦɦ ɜ ɫɩɟɰɢɚɥɶɧɨ ɜɵɩɨɥɧɟɧɧɵɣ ɜ ɛɨɤɨɜɨɣ ɫɬɟɧɤɟ 

ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ ɩɪɢɟɦɧɵɣ ɤɨɪɨɛ (ɪɢɫ. 4.8). 

 

 

 

Ɋɢɫɭɧɨɤ 4.8 – ȼɢɞ ɧɚ ɩɪɢɟɦɧɵɣ ɤɨɪɨɛ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ 
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ɂɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɢ ɟɝɨ ɨɞɧɨɤɨɧɬɭɪɧɨɣ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 4.9. 

 

Ɋɢɫɭɧɨɤ 4.9 - ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɪɟɠɢɦɟ 

ɨɞɧɨɤɨɧɬɭɪɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

 

Ⱥɧɚɥɢɡ ɪɢɫ. 4.9 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɫɬɚɛɢɥɶɧɨ 

ɪɨɫɥɚ ɢ ɜ ɬɟɱɟɧɢɟ ɱɚɫɚ ɞɨɫɬɢɝɥɚ 48 °ɋ [18]. ȼ ɧɚɱɚɥɟ ɫɭɲɤɢ ɢɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ ɫɨɫɬɚɜɢɥ 10 °ɋ, ɜ ɤɨɧɰɟ 

ɫɭɲɤɢ ɩɨ ɦɟɪɟ ɩɪɨɝɪɟɜɚ ɡɟɪɧɚ ɢ ɫɧɢɠɟɧɢɹ ɟɝɨ ɜɥɚɠɧɨɫɬɢ ɫɨɫɬɚɜɢɥ 5 °ɋ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ ɜɵɯɨɞɟ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɫɨɫɬɚɜɥɹɥɚ ɜ 

ɫɪɟɞɧɟɦ ɧɚ 3 °ɋ ɛɨɥɶɲɟ, ɱɟɦ ɧɚ ɜɯɨɞɟ.  

Ɉɛɳɢɣ ɪɚɫɯɨɞ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɱɟɪɟɡ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ ɢ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪ ɫɨɫɬɚɜɢɥ 0,40 ɦ3/ɫ. ɉɪɢ ɷɬɨɦ ɧɚ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ ɩɪɢɯɨɞɢɬɫɹ 

75% ɪɚɫɯɨɞɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɧɚ ɪɚɛɨɬɭ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ – 25%. Ɉɞɧɚɤɨ 

ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ  ɜ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɟ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɢɥɚ 13,6…14,5 

ɦ/ɫ, ɱɬɨ ɞɟɥɚɟɬ ɟɝɨ ɪɚɛɨɬɭ ɧɟɭɫɬɨɣɱɢɜɨɣ.  
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Ɍɚɤɚɹ ɫɢɬɭɚɰɢɹ ɫɜɹɡɚɧɚ ɫ ɧɟɞɨɫɬɚɬɤɨɦ ɨɛɳɟɝɨ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɪɨɬɨɪ-

ɧɚɝɪɟɜɚɬɟɥɶ. Ɉɬɫɸɞɚ ɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ – ɞɨ 12,4 ɦ/ɫ, ɱɬɨ ɨɩɚɫɧɨ ɜɵɧɨɫɨɦ ɡɟɪɧɚ ɢɡ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ. 

ɂ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɜ ɩɨɫɚɫɵɜɚɸɳɢɯ ɩɚɬɪɭɛɤɚɯ – ɜ ɜɟɪɯɧɟɦ ɩɨɞɫɨɫɟ 

(ɪɚɫɩɨɥɨɠɟɧ ɧɚɞ ɩɪɢɟɦɧɵɦ ɤɨɪɨɛɨɦ ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ) ɞɨ 

13 ɦ/ɫ, ɜ ɧɢɠɧɟɦ – 3,3 ɦ/ɫ. ɇɚ ɞɨɥɸ ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

ɩɪɢɯɨɞɢɥɨɫɶ 53% ɨɛɴɟɦɚ ɜɨɡɞɭɯɚ, ɱɟɪɟɡ ɩɨɞɫɚɫɵɜɚɸɳɢɟ ɩɚɬɪɭɛɤɢ – 47%. 

Ⱦɥɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɢɬɨɤɚ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɛɵɥɨ ɡɚɞɟɣɫɬɜɨɜɚɧɨ 

ɪɚɧɟɟ ɜɵɩɨɥɧɟɧɧɨɟ ɜ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɟ ɨɬɜɟɪɫɬɢɟ ɩɨɞ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪ 

ɪɚɡɦɟɪɨɦ 60ɯ120 ɦɦ (ɫɦ. ɪɢɫ. 4.8) ɞɥɹ ɢɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɢ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɢɡɨɲɥɨ ɭɜɟɥɢɱɟɧɢɟ ɨɛɳɟɝɨ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɞɨ 0,44 ɦ3/ɫ ɢ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɨɥɟɣ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ: ɪɟɰɢɪɤɭɥɢɪɭɸɳɢɣ ɫɭɲɢɥɶɧɵɣ 

ɚɝɟɧɬ – 40%, ɱɟɪɟɡ ɩɚɬɪɭɛɤɢ ɩɨɞɫɨɫɚ – 33%, ɱɟɪɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɬɜɟɪɫɬɢɟ – 

27%. Ɂɚɦɟɪ ɪɚɡɪɹɠɟɧɢɹ ɦɢɤɪɨɦɚɧɨɦɟɬɪɨɦ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɤɚɧɚɥɟ ɪɟɰɢɪɤɭɥɹɰɢɢ ɧɚ 

ɜɵɯɨɞɟ ɢɡ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɨɧɨ ɫɧɢɡɢɥɨɫɶ ɫ 240 ɞɨ 120 ɉɚ. ɋɤɨɪɨɫɬɶ 

ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɫɧɢɡɢɥɚɫɶ 

ɞɨ 11 ɦ/ɫ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɵɬɚɧɢɟ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɧɚ ɫɭɲɤɟ ɡɟɪɧɚ ɜ ɪɟɠɢɦɟ 

ɨɞɧɨɤɨɧɬɭɪɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɟɝɨ ɪɟɰɢɪɤɭɥɹɰɢɸ ɧɟ 

ɬɨɥɶɤɨ ɩɨ ɜɧɟɲɧɟɦɭ ɤɨɧɬɭɪɭ – ɨɬ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɞɨ ɤɚɦɟɪɵ ɫɦɟɲɢɜɚɧɢɹ, ɧɨ ɢ 

ɜɧɭɬɪɢ ɤɚɦɟɪɵ ɫɦɟɲɢɜɚɧɢɹ ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɢ ɩɨɞɫɚɫɵɜɚɟɦɨɝɨ 

ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ [93]. 

ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɪɨɬɨɪɨɦ-ɧɚɝɧɟɬɚɬɟɥɟɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɩɪɢɬɨɤɨɦ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɭ ɫɦɟɲɢɜɚɧɢɹ, ɡɚ ɫɱɟɬ 

ɩɪɢɨɬɤɪɵɬɢɹ ɞɜɟɪɢ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ ɛɚɡɨɜɨɝɨ ɦɨɞɭɥɹ. 

ɉɪɢ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɣ ɞɜɟɪɢ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɟɟ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ: ɪɟɰɢɪɤɭɥɢɪɭɸɳɢɣ ɫɭɲɢɥɶɧɵɣ ɚɝɟɧɬ – 

17%, ɱɟɪɟɡ ɩɚɬɪɭɛɤɢ ɩɨɞɫɨɫɚ – 2%, ɱɟɪɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɬɜɟɪɫɬɢɟ – 2%, ɱɟɪɟɡ 
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ɩɪɨɟɦ ɞɜɟɪɢ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ – 79%. Ɉɛɳɢɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɪɨɬɨɪɨɦ-

ɧɚɝɧɟɬɚɬɟɥɟɦ ɭɜɟɥɢɱɢɥɫɹ ɞɨ 0,516 ɦ3/ɫ. 

 

4.4 ɂɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɢ ɟɝɨ ɞɜɭɯɤɨɧɬɭɪɧɨɣ 

ɪɟɰɢɪɤɭɥɹɰɢɢ 

 

Ⱦɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ ɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɛɵɥɨ 

ɨɩɪɨɛɨɜɚɧɨ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɩɟɪɟɨɛɨɪɭɞɨɜɚɧɢɹ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ. 

ɋɧɹɬɢɟ ɨɞɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ ɢ ɭɫɬɚɧɨɜɤɚ ɜɦɟɫɬɨ ɧɟɟ ɨɬɞɟɥɶɧɵɯ ɨɬɫɟɤɚɬɟɥɟɣ 

ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɡɚɛɨɪɧɵɟ ɩɚɬɪɭɛɤɢ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɢ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɩɪɢɜɟɥɨ ɤ ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɢɡ-ɡɚ 

ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ ɞɚɜɥɟɧɢɹ ɧɚ ɟɝɨ ɜɯɨɞɟ (ɪɢɫ. 4.10). 
 

 
 

Ɋɢɫɭɧɨɤ 4.10 – ɍɫɬɚɧɨɜɤɚ ɨɬɫɟɤɚɬɟɥɟɣ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ 

 

Ɂɚɦɟɧɚ ɨɬɫɟɤɚɬɟɥɹ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɧɚ ɜɨɡɞɭɯɨɡɚɛɨɪɧɢɤ (ɪɢɫ. 4.11) 

ɭɥɭɱɲɢɥɚ ɪɚɛɨɬɭ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ, ɩɨɜɵɫɢɜ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ 

ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɟ ɞɨ 14 ɦ/ɫ. 
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Ɋɢɫɭɧɨɤ 4.10 – ɍɫɬɚɧɨɜɤɚ ɜɨɡɞɭɯɨɡɚɛɨɪɧɢɤɚ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ 

 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɡɨɧɟ ɜɯɨɞɧɨɝɨ ɩɚɬɪɭɛɤɚ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ 

ɥɟɜɚɹ ɩɟɪɟɝɨɪɨɞɤɚ ɛɵɥɚ ɨɩɭɳɟɧɚ ɞɨ ɩɨɥɹ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ (ɪɢɫ. 4.11). Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɥɟɜɵɣ ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɤɚɧɚɥ ɛɵɥ ɨɬɤɪɵɬ ɧɚ 1/3 ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ. 

 

 

 

Ɋɢɫɭɧɨɤ 4.10 – ȼɢɞ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɟ ɞɨɫɬɢɝɥɚ 

ɪɚɛɨɱɢɯ ɡɧɚɱɟɧɢɣ ɜ ɩɪɟɞɟɥɚɯ 15,8…16,7 ɦ/ɫ. 
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ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɜɧɭɬɪɟɧɧɟɝɨ 

ɤɨɧɬɭɪɚ ɟɝɨ ɰɢɪɤɭɥɹɰɢɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɡɟɪɧɚ ɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɟ ɩɪɟɞɫɬɚɜɥɟɧɨ 

ɧɚ ɪɢɫ. 4.11. 

 

Ɋɢɫɭɧɨɤ 4.11 – ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɢ ɞɜɭɯɤɨɧɬɭɪɧɨɣ 

ɰɢɪɤɭɥɹɰɢɢ (ɫɭɲɢɥɶɧɚɹ ɲɚɯɬɚ ɛɟɡ ɡɟɪɧɚ) 

 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɟɟ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɡɞɭɲɧɵɯ 

ɩɨɬɨɤɨɜ: ɪɟɰɢɪɤɭɥɢɪɭɸɳɢɣ ɫɭɲɢɥɶɧɵɣ ɚɝɟɧɬ – 23%, ɱɟɪɟɡ ɩɚɬɪɭɛɤɢ ɩɨɞɫɨɫɚ – 

14%, ɱɟɪɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɬɜɟɪɫɬɢɟ – 19%, ɱɟɪɟɡ ɩɪɨɟɦ ɞɜɟɪɢ ɫɭɲɢɥɶɧɨɣ 

ɤɚɦɟɪɵ – 44%. Ɉɛɳɢɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɪɨɬɨɪɨɦ-ɧɚɝɧɟɬɚɬɟɥɟɦ ɫɨɫɬɚɜɢɥ 0,404 ɦ3/ɫ. 

Ɋɚɫɯɨɞ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɱɟɪɟɡ ɜɧɭɬɪɟɧɧɢɣ ɤɚɧɚɥ ɪɟɰɢɪɤɭɥɹɰɢɢ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ, 

ɬ.ɤ. ɨɧ ɡɚɦɵɤɚɟɬ ɜɯɨɞ ɢ ɜɵɯɨɞ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ. 

Ⱥɧɚɥɢɡ ɪɢɫ. 4.11 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɱɟɪɟɡ 5 ɦɢɧ ɪɚɛɨɬɵ ɫɭɲɢɥɤɢ 

ɬɟɦɩɟɪɚɬɭɪɚ ɫɦɟɲɚɧɧɨɝɨ ɚɝɟɧɬɚ ɞɨɫɬɢɝɚɟɬ ɛɨɥɟ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

ɨɞɧɨɤɨɧɬɭɪɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ ɢ ɜɫɟɝɨ ɧɚ 1…2 °ɋ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ 
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̭у̛̹л̦̼̜̽ ̌̐е̦т 
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ɚɝɟɧɬɚ ɧɚ ɜɵɯɨɞɟ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ. ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɢɥɚ 14,5 

ɤȼɬ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɪɨɫɬɟ ɧɚɝɪɭɡɤɢ ɧɚ ɪɨɬɨɪ-ɧɚɝɪɟɜɚɬɟɥɶ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɭɜɟɥɢɱɟɧɢɢ ɟɝɨ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ.  

Ɉɞɧɚɤɨ, ɬɚɤɨɟ ɩɟɪɟɨɛɨɪɭɞɨɜɚɧɢɟ ɫɭɲɢɥɤɢ ɤɚɠɞɵɣ ɪɚɡ, ɤɨɝɞɚ ɩɨɫɥɟ ɫɭɲɤɢ 

ɩɥɨɞɨɜɨ-ɹɝɨɞɧɨɝɨ ɫɵɪɶɹ ɧɟɨɛɯɨɞɢɦɨ ɫɭɲɢɬɶ ɡɟɪɧɨ ɹɜɥɹɟɬɫɹ ɧɟɭɞɨɛɧɵɦ ɜ 

ɷɤɫɩɥɭɚɬɚɰɢɢ. ɉɨɷɬɨɦɭ ɜɦɟɫɬɨ ɫɬɚɰɢɨɧɚɪɧɵɯ ɩɟɪɟɝɨɪɨɞɨɤ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ 

ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɜ ɤɚɠɞɨɦ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɦ ɬɪɚɤɬɟ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ ɛɵɥɢ 

ɭɫɬɚɧɨɜɥɟɧɵ ɜɟɪɯɧɹɹ ɢ ɧɢɠɧɹɹ ɩɨɜɨɪɨɬɧɵɟ ɡɚɫɥɨɧɤɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɯ 

ɮɢɤɫɚɰɢɢ ɜ ɨɬɤɪɵɬɨɦ, ɡɚɤɪɵɬɨɦ ɢ ɫɪɟɞɧɟɦ ɩɨɥɨɠɟɧɢɹɯ (ɪɢɫ. 4.12). 

Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɩɨɜɨɪɨɬɧɵɯ 

ɡɚɫɥɨɧɨɤ ɫɭɲɢɥɤɢ ɧɚ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ (ɪɢɫ. 4.13). 

 

            

         ɚ                                           ɛ                                                     ɜ 

 

Ɋɢɫɭɧɨɤ 4.12 – ɉɨɜɨɪɨɬɧɵɟ ɡɚɫɥɨɧɤɢ: ɚ – ɥɟɜɨɝɨ ɬɪɚɤɬɚ ɜ ɩɨɥɨɠɟɧɢɢ «ɡɚɤɪɵɬɨ»; ɛ 

– ɩɪɚɜɨɝɨ ɬɪɚɤɬɚ ɜ ɩɨɥɨɠɟɧɢɢ «ɨɬɤɪɵɬɨ» (ɫɬɟɧɤɚ ɬɪɚɤɬɚ ɫɧɹɬɚ); ɜ - ɩɪɚɜɨɝɨ ɬɪɚɤɬɚ 

ɜ ɩɨɥɨɠɟɧɢɢ «ɡɚɤɪɵɬɨ» (ɫɬɟɧɤɚ ɬɪɚɤɬɚ ɫɧɹɬɚ) 
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Ɋɢɫɭɧɨɤ 4.13 – ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɢ ɞɜɭɯɤɨɧɬɭɪɧɨɣ 

ɰɢɪɤɭɥɹɰɢɢ ɢ ɪɚɡɥɢɱɧɨɦ ɩɨɥɨɠɟɧɢɢ ɩɨɜɨɪɨɬɧɵɯ ɡɚɫɥɨɧɨɤ 

 

ɋɭɲɢɥɶɧɚɹ ɲɚɯɬɚ ɛɵɥɚ ɡɚɩɨɥɧɟɧɚ ɡɟɪɧɨɦ ɫɪɟɞɧɟɣ ɜɥɚɠɧɨɫɬɢ 16% ɜ 

ɤɨɥɢɱɟɫɬɜɟ 140 ɤɝ.  

ȼ ɧɚɱɚɥɟ ɫɭɲɤɢ ɥɟɜɚɹ ɜɟɪɯɧɹɹ ɩɨɜɨɪɨɬɧɚɹ ɡɚɫɥɨɧɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɫɪɟɞɧɟɦ 

ɩɨɥɨɠɟɧɢɢ, ɠɚɥɸɡɢ «ɪɨɦɚɲɤɚ» (ɫɛɪɨɫ ɱɚɫɬɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢɡ ɪɚɛɨɱɟɣ 

ɤɚɦɟɪɵ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɜ ɤɚɦɟɪɵ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ) 

ɨɬɤɪɵɬɚ. 

Ⱥɧɚɥɢɡ ɪɢɫ. 4.13 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 15 ɦɢɧ ɩɪɨɢɫɯɨɞɢɬ 

ɢɧɬɟɧɫɢɜɧɵɣ ɧɚɝɪɟɜ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɨɬ 27 ɞɨ 46 °ɋ. ɉɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɚ 

ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜɧɚɱɚɥɟ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧɭɬ ɫɧɢɠɚɥɚɫɶ, 

ɩɨɬɨɦ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ ɩɨɜɵɲɚɥɚɫɶ ɞɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɭɪɨɜɧɹ. ɗɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɟɪɢɨɞɟ ɩɪɨɝɪɟɜɚ ɡɟɪɧɚ. 
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Ɉɬɤɪɵɬɢɟ ɩɪɚɜɨɣ ɧɢɠɧɟɣ ɩɨɜɨɪɨɬɧɨɣ ɡɚɫɥɨɧɤɢ ɧɚ 16-ɣ ɦɢɧɭɬɟ ɩɪɢɜɟɥɨ ɤ 

ɧɟɭɫɬɨɣɱɢɜɨɣ ɪɚɛɨɬɟ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɢ ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. ȼɥɚɠɧɨɫɬɶ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ ɜɯɨɞɟ ɜ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ 

ɫɨɫɬɚɜɢɥɚ 27, ɧɚ ɜɵɯɨɞɟ – 59%.  

ɑɟɪɟɡ ɱɚɫ ɜɥɚɠɧɨɫɬɶ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ ɜɯɨɞɟ ɜ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ 

ɫɨɫɬɚɜɢɥɚ 14, ɧɚ ɜɵɯɨɞɟ – 34%. Ɍɟɦɩɟɪɚɬɭɪɚ ɡɟɪɧɚ ɧɚ ɜɵɯɨɞɟ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ 

ɫɨɫɬɚɜɢɥɚ 32,3 °ɋ, ɜɥɚɠɧɨɫɬɶ ɡɟɪɧɚ – 13,3%. Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ 

ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɞɨɫɬɢɝɥɚ 61 °ɋ.  

 Ɂɚɤɪɵɬɢɟ ɠɚɥɸɡɢ «ɪɨɦɚɲɤɚ» ɧɚ 82-ɣ ɦɢɧ ɩɪɨɰɟɫɫɚ ɢ ɨɬɤɪɵɬɨɟ ɫɪɟɞɧɟɟ 

ɩɨɥɨɠɟɧɢɟ ɬɨɥɶɤɨ ɥɟɜɨɣ ɜɟɪɯɧɟɣ ɩɨɜɨɪɨɬɧɨɣ ɡɚɫɥɨɧɤɢ ɩɪɢɜɟɥɨ ɤ ɞɚɥɶɧɟɣɲɟɦɭ 

ɪɨɫɬɭ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɪɨɬɨɪɚ-

ɧɚɝɪɟɜɚɬɟɥɹ ɞɨɫɬɢɝɥɚ 66 °ɋ. 

Ɂɚɤɪɵɬɢɟ ɥɟɜɨɣ ɜɟɪɯɧɟɣ ɩɨɜɨɪɨɬɧɨɣ ɡɚɫɥɨɧɤɢ ɧɚ 111-ɣ ɦɢɧ (ɩɪɟɤɪɚɳɟɧɢɟ 

ɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɨ ɜɧɭɬɪɟɧɧɟɦɭ ɤɨɧɬɭɪɭ) ɩɪɨɰɟɫɫɚ ɩɪɢɜɟɥɨ ɤ 

ɫɧɢɠɟɧɢɸ  ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɭɫɬɨɣɱɢɜɨɣ ɪɚɛɨɬɵ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɧɢɠɧɢɟ 

ɩɨɜɨɪɨɬɧɵɟ ɡɚɫɥɨɧɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɤɪɵɬɵ. ɉɪɢ ɨɬɤɪɵɬɢɢ ɜɟɪɯɧɢɯ ɩɨɜɨɪɨɬɧɵɯ 

ɡɚɫɥɨɧɨɤ ɨɛɪɚɡɭɟɬɫɹ ɜɧɭɬɪɟɧɧɢɣ ɤɨɧɬɭɪ ɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɱɬɨ ɜɟɞɟɬ 

ɤ ɩɨɜɵɲɟɧɢɸ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ɋɟɠɢɦ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɫ ɨɬɤɪɵɬɵɦɢ 

ɜɟɪɯɧɢɦɢ ɩɨɜɨɪɨɬɧɵɦɢ ɡɚɫɥɨɧɤɚɦɢ ɛɵɥ ɢɫɩɵɬɚɧ ɩɪɢ ɫɭɲɤɟ ɡɟɪɧɚ ɜɥɚɠɧɨɫɬɶɸ 16, 

18, 20% ɢ ɦɚɫɫɨɣ 200 ɤɝ.  

ɏɚɪɚɤɬɟɪɧɵɟ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4.14-4.16. 

Ⱥɧɚɥɢɡ ɪɢɫ. 4.14-4.16 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɢɫɯɨɞɧɨɣ ɜɥɚɠɧɨɫɬɢ 

ɡɟɪɧɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɫɧɢɠɚɟɬɫɹ. Ɍɚɤ, ɩɪɢ 

ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ 16% ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ 60° ɞɨɫɬɢɝɚɟɬɫɹ ɧɚ 40-ɣ 

ɦɢɧɭɬɟ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ (ɫɦ. ɪɢɫ. 4.14).  
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Ɋɢɫɭɧɨɤ 4.14 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

(ɜɥɚɠɧɨɫɬɶ ɡɟɪɧɚ 16%) 

 

Ɋɢɫɭɧɨɤ 4.15 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɢ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ 18% 
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Ɋɢɫɭɧɨɤ 4.16 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

(ɜɥɚɠɧɨɫɬɶ ɡɟɪɧɚ 20%) 

 

ɉɪɢ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ 18% ɫɭɲɢɥɶɧɵɣ ɚɝɟɧɬ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ 60°ɋ ɤ 80-ɣ 

ɦɢɧɭɬɟ (ɫɦ. ɪɢɫ. 4.15). ɇɚ 70-ɣ ɦɢɧɭɬɟ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ 52°ɋ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ 20% (ɫɦ. ɪɢɫ. 4.16). ɇɚ ɜɯɨɞɟ ɢ 

ɜɵɯɨɞɟ ɢɡ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɨɩɵɬɚɯ ɫɨɫɬɚɜɥɹɟɬ ɜ ɫɪɟɞɧɟɦ 20°ɋ. 

ȼ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ ɡɟɪɧɚ ɜɥɚɠɧɨɫɬɶɸ 20% (ɫɦ. ɪɢɫ. 4.16) ɧɚ ɜɯɨɞɟ ɜ 

ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɫɨɫɬɚɜɢɥɚ 48,3°ɋ ɩɪɢ 

ɜɥɚɠɧɨɫɬɢ 17%, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɸ 11,0 ɝ/ɤɝ ɫ.ɜ.; ɬɟɦɩɟɪɚɬɭɪɚ 

ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɫɨɫɬɚɜɢɥɚ 39,0°ɋ ɩɪɢ ɜɥɚɠɧɨɫɬɢ 38% ɢ 

ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɢ 16,5 ɝ/ɤɝ ɫ.ɜ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ 19,2°ɋ, 

ɜɥɚɠɧɨɫɬɢ 55%, ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɢ 8,0 ɝ/ɤɝ ɫ.ɜ. ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɰɢɪɤɭɥɹɰɢɢ 

ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɨ ɮɨɪɦɭɥɟ (2.85) ɫɨɫɬɚɜɢɥ 0,54, ɩɨ ɮɨɪɦɭɥɟ 

(2.88) – 1,34. 
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Ȼɚɥɚɧɫ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ ɜ ɫɭɲɢɥɤɟ (ɛɟɡ ɭɱɟɬɚ ɜɧɭɬɪɟɧɧɟɝɨ ɤɚɧɚɥɚ 

ɪɟɰɢɪɤɭɥɹɰɢɢ) ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 4.17. 
 

Ɋɚɫɯɨɞ ɜ 
ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ 

L3, 

0,373 ɦ3/ɫ, 
78,0% 

 

 

Ɉɛɳɢɣ 
ɪɚɫɯɨɞ 

ɫɭɲɢɥɶɧɨɝɨ 
ɚɝɟɧɬɚ 

0,478 ɦ3/ɫ, 

100% 

Ɋɚɫɯɨɞ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 
ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɨ 

ɜɧɟɲɧɟɦɭ ɤɚɧɚɥɭ 
ɪɟɰɢɪɤɭɥɹɰɢɢ L4 

0,132 ɦ3/ɫ, 

28,0% 

Ɋɚɫɯɨɞ ɱɟɪɟɡ 
ɩɪɢɨɬɤɪɵɬɭɸ 

ɞɜɟɪɶ Lɩɨɞ1, 

0,255 ɦ3/ɫ, 

 53,0% 

Ɋɚɫɯɨɞ ɜ 
ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪ 

Lɩɬ, 

0,105 ɦ3/ɫ, 

22,0% 

Ɋɚɫɯɨɞ ɱɟɪɟɡ ɜɟɪɯɧɢɣ 
ɩɨɞɫɚɫɵɜɚɸɳɢɣ ɩɚɬɪɭɛɨɤ 

Lɩɜ, 0,013 ɦ3/ɫ, ɧɢɠɧɢɣ 
ɩɨɞɫɚɫɵɜɚɸɳɢɣ ɩɚɬɪɭɛɨɤ 

Lɩɧ, 0,023 ɦ3/ɫ,  

ɜɫɟɝɨ 0,036 ɦ3/ɫ, 
7,5% 

Ɋɚɫɯɨɞ ɱɟɪɟɡ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ 

ɩɨɞɫɨɫ Lɩɨɞ2, 

0,055 ɦ3/ɫ, 

1% 

 

Ɋɢɫɭɧɨɤ 4.17 – Ȼɚɥɚɧɫ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ ɜ ɫɭɲɢɥɤɟ (ɛɟɡ ɭɱɟɬɚ ɜɧɭɬɪɟɧɧɟɝɨ 

ɤɚɧɚɥɚ ɪɟɰɢɪɤɭɥɹɰɢɢ) 
 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɡɟɪɧɚ ɜ ɤɨɧɰɟ ɫɭɲɤɢ ɫɨɫɬɚɜɢɥɚ 32,2°ɋ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɫɬɟɩɟɧɢ ɧɚɝɪɟɜɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɡɚ ɫɱɟɬ 

ɟɝɨ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɩɪɨɯɨɞɚ ɱɟɪɟɡ ɪɨɬɨɪ-ɧɚɝɪɟɜɚɬɟɥɶ ɫɭɲɢɥɤɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ 

ɜɥɚɠɧɨɫɬɶ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ, ɱɬɨ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶ ɟɝɨ 

ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɫɭɲɢɥɶɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɦɧɨɝɨɤɪɚɬɧɵɣ ɩɪɨɯɨɞ 

ɱɟɪɟɡ ɜɵɫɭɲɢɜɚɟɦɵɣ ɦɚɬɟɪɢɚɥ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶ ɢ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɨɬɧɨɲɟɧɢɹ ɨɛɴɟɦɨɜ ɭɯɨɞɹɳɟɝɨ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 

ɚɝɟɧɬɚ ɢ ɩɪɢɬɨɱɧɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ. 

 

4.5 ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ ɧɚ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ 

 

ȼ ɬɚɛɥɢɰɟ 4.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɢɹ ɦɧɨɝɨɮɚɤɬɨɪɧɨɝɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɬɢɩɚ 32
. 

Ɍɚɛɥɢɰɚ 4.1 – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɢɹ ɦɧɨɝɨɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 
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№ 

ɨɩɵɬɚ 

Ɏɚɤɬɨɪɵ Ɉɬɤɥɢɤ 

ɏ1 ɏ2 Y 

ɜɥɚɠɧɨɫɬɶ ɡɟɪɧɚ 

ωɡ, % 

ɬɟɦɩɟɪɚɬɭɪɚ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

Т3, °ɋ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɭɲɤɢ 

ɡɟɪɧɚ t, ɦɢɧ 

1 16 50 60 

2 16 55 48 

3 16 60 40 

4 18 50 135 

5 18 55 120 

6 18 60 90 

7 20 50 150 

8 20 55 135 

9 20 60 110 

 

ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɜ Statistica 13 ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ: 

                       .                               (4.1) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ R = 0,945, ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ R2 
= 0,893. 

Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ Fɪ = 25,145 > Fɬ = 5,14 ɩɪɢ ɭɪɨɜɧɟ 

ɡɧɚɱɢɦɨɫɬɢ α = 0,05 ɢ ɭɪɨɜɧɟ ɡɧɚɱɢɦɨɫɬɢ F – ɤɪɢɬɟɪɢɹ ɪ = 0,001, ɱɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɚɞɟɤɜɚɬɧɨɫɬɢ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ [23, 38]. 

ɉɨɜɟɪɯɧɨɫɬɶ ɨɬɤɥɢɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 4.18.  
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Ɋɢɫɭɧɨɤ 4.18 – ɉɨɜɟɪɯɧɨɫɬɶ ɨɬɤɥɢɤɚ 
 

Ⱦɜɭɦɟɪɧɨɟ ɫɟɱɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɤɥɢɤɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 4.19. 

 

Кɚɪɬɵ ɥɢɧɢɣ ɭɪɨɜɧя ɞɥя ɉɟɪ3 ɢ ɉɟɪ2 ɢ ɉɟɪ1
Тɚɛɥɢɰɚ ɩɨ ɫɭшɤɟ 10v*10c

ɉɟɪ3 = Ɋɚɫɫɬɨяɧɢɟ ɜɡɜɟшɟɧɧɵɯ ɧɚɢɦɟɧɶшɢɯ ɤɜɚɞɪɚɬɨɜ

 136 

 116 

 96 

 76 

 56 

 36 

 16 

48 50 52 54 56 58 60 62

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɨɋ

15,5

16,0

16,5

17,0

17,5

18,0

18,5

19,0

19,5

20,0

20,5

ȼ
ɥɚ

ɠ
ɧɨ

ɫɬ
ɶ 

ɡɟ
ɪɧ

ɚ,
 %

 

Ɋɢɫ. 4.19 – Ⱦɜɭɦɟɪɧɨɟ ɫɟɱɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɤɥɢɤɚ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɭɲɤɢ ɡɟɪɧɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢ ɜɥɚɠɧɨɫɬɢ 
ɡɟɪɧɚ 
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ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢ ɩɨɧɢɠɟɧɢɟɦ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɭɲɤɢ ɫɧɢɠɚɟɬɫɹ. ɉɪɢ ɷɬɨɦ ɜ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɭɲɤɢ 

ɜɯɨɞɢɬ ɜɪɟɦɹ ɩɪɨɝɪɟɜɚ ɫɚɦɨɣ ɫɭɲɢɥɤɢ, ɤɨɬɨɪɨɟ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 20 ɦɢɧ ɞɨ 

ɧɚɛɨɪɚ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɩɪɟɞɟɥɚɯ 45°ɋ. 

 

4.6 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ 

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɜ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɜ ɚɜɝɭɫɬɟ 2024 ɝɨɞɚ ɧɚ ɛɚɡɟ ɭɱɯɨɡɚ 

Ȼɪɹɧɫɤɨɝɨ ȽȺɍ. Ⱦɥɹ ɢɫɩɵɬɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɡɟɪɧɨ ɩɲɟɧɢɰɵ «Ɇɨɫɤɨɜɫɤɚɹ – 

39» ɩɨɫɥɟ ɨɱɢɫɬɤɢ ɡɟɪɧɨɜɨɝɨ ɜɨɪɨɯɚ ɧɚ ɡɟɪɧɨɨɱɢɫɬɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ «ɉɟɬɤɭɫ».  

Ɉɛɳɢɣ ɜɢɞ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɫ ɡɚɝɪɭɡɨɱɧɵɦ ɲɧɟɤɨɜɵɦ ɬɪɚɧɫɩɨɪɬɟɪɨɦ 

Ɍɋɒ-10 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 4.20.  

Ɍɪɚɧɫɩɨɪɬɟɪ ɢɦɟɟɬ ɩɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ ɫ ɱɚɫɬɨɬɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɞɥɹ 

ɪɟɝɭɥɢɪɨɜɤɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɲɧɟɤɚ. ȼɵɫɨɬɚ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɩɨɪɬɟɪɨɦ – 2,45 ɦ, 

ɜɵɫɨɬɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ – 2,37 ɦ. 

 

       

 

Ɋɢɫɭɧɨɤ 4.20 – Ɉɛɳɢɣ ɜɢɞ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɫ ɡɚɝɪɭɡɨɱɧɵɦ ɬɪɚɧɫɩɨɪɬɟɪɨɦ 

Ɍɋɒ-10 
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ȼ ɪɟɠɢɦɟ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɛɵɥɢ 

ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɭɲɢɥɤɢ ɫ ɩɨɥɧɨɣ ɡɚɝɪɭɡɤɨɣ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ. ɋɭɲɤɟ 

ɩɨɞɜɟɪɝɚɥɨɫɶ ɡɟɪɧɨ ɩɲɟɧɢɰɵ ɫɪɟɞɧɟɣ ɜɥɚɠɧɨɫɬɶɸ 18 % ɜ ɤɨɥɢɱɟɫɬɜɟ 450 ɤɝ.  

ȼɧɚɱɚɥɟ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧɭɬ ɩɪɨɢɡɜɨɞɢɥɫɹ ɪɚɡɨɝɪɟɜ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɢ 

ɟɝɨ ɪɟɰɢɪɤɭɥɹɰɢɢ ɬɨɥɶɤɨ ɩɨ ɜɧɭɬɪɟɧɧɟɦɭ ɤɨɧɬɭɪɭ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 40 °ɋ. ɉɪɢ 

ɷɬɨɦ ɫɭɲɢɥɶɧɵɣ ɚɝɟɧɬ ɜ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ ɧɟ ɩɨɫɬɭɩɚɥ. Ɂɚɬɟɦ ɩɨɞɤɥɸɱɚɥɫɹ 

ɜɧɟɲɧɢɣ ɤɨɧɬɭɪ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫ ɩɨɞɚɱɟɣ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ. 

«ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɪɢ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɟɝɨ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ ɡɟɪɧɚ ɩɪɟɞɫɬɚɜɥɟɧɨ» [79] ɧɚ ɪɢɫ. 4.21. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɫɨɫɬɚɜɢɥɚ 52,3°ɋ.  

 

Ɋɢɫɭɧɨɤ 4.21 – ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ 

ɡɟɪɧɚ ɩɪɢ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ [93] 

 

ɇɚ ɪɢɫ. 4.22 ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɤɪɢɜɚɹ ɢɡɦɟɧɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ (ɫɦ. ɪɢɫ. 4.21), ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɤɪɢɜɚɹ, 

ɩɨɫɬɪɨɟɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɪɟɲɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ (2.63) ɢ ɟɟ 
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п̬одол̛̙тел̦̽о̭т̽ ̭у̹к̛, ̛̥̦ 

̭̥е̹̦̦̼̜̌ ̌̐е̦т тепло̏о̭п̛̛̬̦̥̺̌̀̌́ по̏е̵̬̦о̭т̽ 

подо̬̐ет̼̜ ̌т̥.̏о̚ду̵ ̬е̶̛̬кул̛̬у̛̺̜̀ ̭у̹.̌̐е̦т 

̭ол̦е̸̦̼̜ коллекто̬ ̌т̥о̴̭е̬̦̼̜ ̏о̚ду̵ 

̭у̛̹л̦̼̜̽ ̌̐е̦т 
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ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ (2.77) ɩɨ ɦɟɬɨɞɭ ɧɚɢɦɟɧɶɲɢɯ 

ɤɜɚɞɪɚɬɨɜ. 

 

Ɋɢɫɭɧɨɤ 4.22 – Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ ɡɟɪɧɚ 

 

Ⱥɧɚɥɢɡ ɪɢɫ. 4.22 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚ ɦɨɦɟɧɬ ɨɤɨɧɱɚɧɢɹ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ 

ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɤɪɢɜɨɣ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ. 

ɇɢɡɤɚɹ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 5,6°ɋ, 

ɫɜɹɡɚɧɚ ɫ ɬɟɦ, ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɟ ɨɫɧɨɜɧɨɝɨ ɦɨɞɭɥɹ ɜɨɡɞɭɯ, ɚ 

ɬɚɤɠɟ ɜɧɭɬɪɟɧɧɹɹ ɨɛɲɢɜɤɚ ɤɚɦɟɪɵ ɡɚ ɫɱɟɬ ɟɟ ɯɨɪɨɲɟɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɧɟ ɭɫɩɟɥɢ 

ɩɪɨɝɪɟɬɶɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 17°ɋ ɤ ɧɚɱɚɥɭ ɢɫɩɵɬɚɧɢɣ. 

ɉɨɷɬɨɦɭ ɮɚɤɬɢɱɟɫɤɢɣ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢɦɟɟɬ 

ɨɬɫɬɚɜɚɧɢɟ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɩɪɢ ɮɚɤɬɢɱɟɫɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 52,34 °ɋ ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ ɢ ɪɚɫɱɟɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ 52,16°ɋ ɩɪɟɞɥɨɠɟɧɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɡɜɨɥɢɥɢ 

ɨɩɪɟɞɟɥɢɬɶ  ɬɟɦɩɟɪɚɬɭɪɭ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ  ɫ ɬɨɱɧɨɫɬɶɸ 

ɞɨ 5% [93]. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɝɪɟɜɚ 

ɡɟɪɧɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ 
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ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɫɭɲɤɟ ɡɟɪɧɚ ɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ (ɪɢɫ. 

4.23). 

 
Ɋɢɫɭɧɨɤ 4.23 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɡɟɪɧɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɡɟɪɧɚ ɫɨɫɬɚɜɢɥɚ 35 °ɋ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ 52,34 °ɋ, ɱɬɨ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɞɨ 4% ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ  ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɪɢɫ. 4.23. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɫ ɜɵɫɨɤɨɣ 

ɬɨɱɧɨɫɬɶɸ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɝɪɟɜɚ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ. Ȼɨɥɟɟ ɬɨɱɧɨɟ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ 

ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ ɦɨɠɧɨ ɨɠɢɞɚɬɶ ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɦɨɞɟɥɢ ɞɥɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɡɟɪɧɨɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ. 

Ɉɞɧɚɤɨ ɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ 

ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɝɪɟɜɚ ɡɟɪɧɚ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ ɟɝɨ ɞɚɥɶɧɟɣɲɢɟ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɤɚɱɟɫɬɜɚ. 

ɇɚ ɪɢɫ. 4.24 ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɰɢɪɤɭɥɹɰɢɢ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɪɚɫɫɱɢɬɚɧɧɨɟ ɩɨ ɜɵɪɚɠɟɧɢɸ (2.88). 

y = 1,0751x - 19,809 

R² = Ϭ,ϴϳϵϲ 
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Ɋɢɫɭɧɨɤ 4.24 – ɂɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ 

ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɟɰɢɪɤɭɥɹɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ ɦɟɧɹɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, 

ɢɦɟɹ ɬɟɧɞɟɧɰɢɸ ɧɟɤɨɬɨɪɨɝɨ ɭɦɟɧɶɲɟɧɢɹ ɤ ɤɨɧɰɭ ɩɪɨɰɟɫɫɚ. Ȼɚɥɚɧɫ ɜɨɡɞɭɲɧɵɯ 

ɩɨɬɨɤɨɜ ɜ ɫɭɲɢɥɤɟ (ɛɟɡ ɭɱɟɬɚ ɜɧɭɬɪɟɧɧɟɝɨ ɤɚɧɚɥɚ ɪɟɰɢɪɤɭɥɹɰɢɢ) ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 

ɪɢɫ. 4.25. 

 

Ɋɚɫɯɨɞ ɜ 
ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ 

L3, 

0,489 ɦ3/ɫ, 
79,0% 

 

 

Ɉɛɳɢɣ 
ɪɚɫɯɨɞ 

ɫɭɲɢɥɶɧɨɝɨ 
ɚɝɟɧɬɚ 

0,619 ɦ3/ɫ, 
100% 

Ɋɚɫɯɨɞ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 
ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɩɨ 

ɜɧɟɲɧɟɦɭ ɤɚɧɚɥɭ 
ɪɟɰɢɪɤɭɥɹɰɢɢ L4 

0,202 ɦ3/ɫ, 
33,0% 

Ɋɚɫɯɨɞ ɱɟɪɟɡ 
ɩɪɢɨɬɤɪɵɬɭɸ 

ɞɜɟɪɶ Lɩɨɞ1, 

0,314 ɦ3/ɫ, 
 51,0% 

Ɋɚɫɯɨɞ ɜ 
ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪ 

Lɩɬ, 

0,130 ɦ3/ɫ, 
21,0% 

Ɋɚɫɯɨɞ ɱɟɪɟɡ ɜɟɪɯɧɢɣ 
ɩɨɞɫɚɫɵɜɚɸɳɢɣ ɩɚɬɪɭɛɨɤ 

Lɩɜ, 0,023 ɦ3/ɫ, ɧɢɠɧɢɣ 
ɩɨɞɫɚɫɵɜɚɸɳɢɣ ɩɚɬɪɭɛɨɤ 

Lɩɧ, 0,010 ɦ3/ɫ,  
ɜɫɟɝɨ 0,033 ɦ3/ɫ, 

5% 

Ɋɚɫɯɨɞ ɱɟɪɟɡ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ 

ɩɨɞɫɨɫ Lɩɨɞ2, 

0,070 ɦ3/ɫ, 
11% 

 

Ɋɢɫɭɧɨɤ 4.25 – Ȼɚɥɚɧɫ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ ɜ ɫɭɲɢɥɤɟ (ɛɟɡ ɭɱɟɬɚ ɜɧɭɬɪɟɧɧɟɝɨ 

ɤɚɧɚɥɚ ɪɟɰɢɪɤɭɥɹɰɢɢ) 
 

Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɩɨ ɜɧɭɬɪɟɧɧɟɦɭ ɤɚɧɚɥɭ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 1,5 ɦ3/ɫ. 

Ʉɪɢɜɚɹ ɫɭɲɤɢ ɢ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɤɪɢɜɚɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ ɡɟɪɧɚ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4.26.  
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Ɋɢɫɭɧɨɤ 4.26 – Ʉɪɢɜɚɹ ɫɭɲɤɢ ɢ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɤɪɢɜɚɹ 

 

Ɏɨɪɦɚ ɤɪɢɜɵɯ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɤɚɩɢɥɥɹɪɧɨɩɨɪɢɫɬɵɯ ɤɨɥɥɨɢɞɧɵɯ ɬɟɥ, ɤ 

ɤɨɬɨɪɵɦ ɨɬɧɨɫɢɬɫɹ ɡɟɪɧɨ. ɉɪɨɰɟɫɫ ɫɭɲɤɢ ɩɪɨɞɨɥɠɚɥɫɹ 2,5 ɱɚɫɚ ɞɨ ɞɨɫɬɢɠɟɧɢɹ 

ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ 14,5 %. ɉɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɡɟɪɧɚ ɞɨɫɬɢɝɥɚ 35 °ɋ.  

ɇɚ ɪɢɫ. 4.27 ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɪɢɜɚɹ ɫɤɨɪɨɫɬɢ ɫɭɲɤɢ.  
 

 

Ɋɢɫɭɧɨɤ 4.27 – Ʉɪɢɜɚɹ ɫɤɨɪɨɫɬɢ ɫɭɲɤɢ 
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Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɫɭɲɤɢ ɫɨɫɬɚɜɢɥɚ 2 %/ɱ. ɉɨɫɥɟ ɜɵɝɪɭɡɤɢ ɡɟɪɧɚ ɟɝɨ 

ɜɥɚɠɧɨɫɬɶ ɫɨɫɬɚɜɢɥɚ 13,5…13,8 %, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ. 

Ɋɚɧɟɟ ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɫɭɲɢɥɤɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɜɵɝɪɭɡɤɟ ɡɟɪɧɚ ɢɡ 

ɫɭɲɢɥɶɧɨɣ ɤɚɦɟɪɵ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɜɥɚɠɧɨɫɬɢ 

ɡɟɪɧɚ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɞɨ 1,0%. 

ɋɨɝɥɚɫɧɨ ȽɈɋɌ 28293-89, ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɯɨɝɨ ɡɟɪɧɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɲɚɯɬɧɨɣ 

ɫɭɲɢɥɤɢ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɛɨɥɟɟ ɱɟɦ ɧɚ 

10 °ɋ. Ɍ.ɤ. ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɡɟɪɧɚ ɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ ɞɨɫɬɢɝɚɟɬ 35…40°ɋ, 

ɬɨ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ ɫɭɲɤɢ ɧɟɩɪɟɪɵɜɧɚɹ ɜɵɝɪɭɡɤɚ ɛɟɡ ɨɯɥɚɠɞɟɧɢɹ ɜɵɫɭɲɟɧɧɨɝɨ 

ɡɟɪɧɚ ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɧɟ ɧɢɠɟ 25…30°ɋ. 

Ɍɚɤɨɣ ɪɟɠɢɦ ɜɨɡɦɨɠɟɧ ɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ ɡɚ ɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɡɟɪɧɨɜɵɦɢ 

ɡɚɫɥɨɧɤɚɦɢ ɜ ɜɵɩɭɫɤɧɨɦ ɭɫɬɪɨɣɫɬɜɟ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɪɚɫɯɨɞɚ ɡɟɪɧɚ ɜ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪ ɢ ɨɛɟɫɩɟɱɟɧɢɟɦ ɡɚ ɫɱɟɬ ɱɚɫɬɨɬɧɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɬɚɤɨɣ ɠɟ ɩɨɞɚɱɢ ɡɚɝɪɭɡɨɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɟɪɚ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɫɟɤɰɢɹ ɨɯɥɚɠɞɟɧɢɹ ɡɟɪɧɚ ɦɨɠɟɬ ɨɬɫɭɬɫɬɜɨɜɚɬɶ ɢ ɩɪɢ ɛɨɥɟɟ 

ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɡɚ ɫɱɟɬ ɨɯɥɚɠɞɟɧɢɹ ɡɟɪɧɚ ɜ ɩɪɨɰɟɫɫɟ 

ɟɝɨ ɩɧɟɜɦɨɬɪɚɫɩɨɪɬɢɪɨɜɚɧɢɹ ɜ ɪɚɡɝɪɭɡɨɱɧɭɸ ɟɦɤɨɫɬɶ ɨɬɞɟɥɶɧɵɦ ɜɟɧɬɢɥɹɬɨɪɨɦ ɫ 

ɩɨɞɚɱɟɣ ɜ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ [78]. 

Ɉɞɧɚɤɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɞɥɹ ɪɚɛɨɬɵ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ, ɪɟɤɨɦɟɧɞɭɟɦɵɦ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ 

ɹɜɥɹɟɬɫɹ ɫɭɲɤɚ ɡɟɪɧɚ ɜ ɤɚɦɟɪɧɨɦ ɪɟɠɢɦɟ ɫ ɟɝɨ ɩɨɫɬɨɹɧɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɟɣ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɨɦ [78].  

ɗɬɨ ɫɜɹɡɚɧɨ ɬɚɤɠɟ ɫ ɬɟɦ, ɱɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɡɚɝɪɭɡɨɱɧɨɝɨ 

ɬɪɚɧɫɩɨɪɬɟɪɚ Ɍɋɒ-10 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɚɫɬɨɬɵ ɩɢɬɚɸɳɟɝɨ ɬɨɤɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ 

ɞɚɠɟ ɩɪɢ ɱɚɫɬɨɬɟ ɬɨɤɚ 20 Ƚɰ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚ ɡɚɝɪɭɡɤɟ ɡɟɪɧɚ ɫɨɫɬɚɜɥɹɟɬ 

1,773 ɬ/ɱ (ɪɢɫ. 4.28), ɱɬɨ ɩɪɟɜɵɲɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɢ, ɜ 

ɰɟɥɨɦ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɭɲɢɥɤɢ. 
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Ɋɢɫɭɧɨɤ 4.28 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɡɚɝɪɭɡɨɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɟɪɚ ɨɬ 

ɱɚɫɬɨɬɵ ɬɨɤɚ 

 

Ʉɚɤ ɜɚɪɢɚɧɬ ɜɨɡɦɨɠɧɨ ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɜɤɥɸɱɟɧɢɟ ɡɚɝɪɭɡɨɱɧɨɝɨ 

ɬɪɚɧɫɩɨɪɬɟɪɚ ɩɪɢ ɪɚɛɨɬɟ ɫɭɲɢɥɤɢ ɜ ɪɟɠɢɦɟ ɧɟɩɪɟɪɵɜɧɨɣ ɜɵɝɪɭɡɤɢ ɜɵɫɭɲɟɧɧɨɝɨ 

ɡɟɪɧɚ. Ɉɞɧɚɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɞɚɱɚ ɡɟɪɧɚ ɜ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪ ɛɭɞɟɬ ɧɟɜɵɫɨɤɚɹ, 

ɢ ɨɧ ɮɚɤɬɢɱɟɫɤɢ ɛɭɞɟɬ ɫɛɪɚɫɵɜɚɬɶ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ 

ɚɬɦɨɫɮɟɪɭ. 

ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɯɨɞɟ ɜ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪ ɫɨɫɬɚɜɢɥɚ 

17,8…18,8 ɦ/ɫ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɯɨɞɭ ɜɨɡɞɭɯɚ ɞɨ 0,13 ɦ3/ɫ ɢɥɢ 467 ɦ3/ɱ. 

Ɂɚɦɟɪɵ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɟ ɩɪɢ ɪɚɛɨɬɟ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚ ɜɯɨɞɟ ɨɧɨ ɫɨɫɬɚɜɥɹɟɬ 450…570 ɉɚ. 

ɉɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɨɬɤɪɵɬɢɢ ɡɟɪɧɨɜɵɯ ɡɚɫɥɨɧɨɤ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɜ ɪɟɠɢɦɟ ɪɟɰɢɪɤɭɥɹɰɢɢ ɡɟɪɧɚ ɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɟ ɫɨɫɬɚɜɢɥɚ 

432 ɤɝ/ɱ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɜ ɪɟɠɢɦɟ ɜɵɝɪɭɡɤɢ ɡɟɪɧɚ ɜ 

ɰɢɤɥɨɧ ɫɨɫɬɚɜɢɥɚ 405 ɤɝ/ɱ. ȼɵɝɪɭɡɤɚ ɡɟɪɧɚ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɜ ɦɟɲɤɢ, 

ɩɨɞɜɟɲɢɜɚɟɦɵɟ ɩɨɞ ɪɚɡɝɪɭɡɨɱɧɵɦ ɰɢɤɥɨɧɨɦ. 

ɉɪɢ ɪɚɡɝɪɭɡɤɟ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɧɟɨɛɯɨɞɢɦɚ ɦɚɤɫɢɦɚɥɶɧɚɹ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɞɥɹ ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɦɟɧɢ ɩɪɨɰɟɫɫɚ. Ⱦɥɹ 

ɟɟ ɞɨɫɬɢɠɟɧɢɹ ɜɧɭɬɪɟɧɧɢɣ ɤɚɧɚɥ ɪɟɰɢɪɤɭɥɹɰɢɢ ɧɚ ɝɪɚɧɢɰɟ ɫ ɤɚɦɟɪɨɣ ɪɨɬɨɪɚ-
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ɧɚɝɪɟɜɚɬɟɥɹ ɡɚɤɪɵɜɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɡɚɫɥɨɧɤɚɦɢ ɢ ɨɬɤɪɵɜɚɟɬɫɹ 

ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɞɚɱɚ ɩɪɢɬɨɱɧɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞ ɪɨɬɨɪɚ-

ɧɚɝɪɟɜɚɬɟɥɹ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɯɥɚɠɞɟɧɢɟ ɜɵɫɭɲɟɧɧɨɝɨ ɡɟɪɧɚ ɞɨ 

ɧɟɨɛɯɨɞɢɦɵɯ ɩɪɟɞɟɥɨɜ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ 

ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 450 ɤɝ/ɱ.  

ɍɜɟɥɢɱɟɧɢɟ ɫɟɱɟɧɢɹ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɞɥɹ 

ɞɨɫɬɢɠɟɧɢɹ ɛóɥɶɲɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɬ.ɤ. ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɪɚɫɯɨɞ ɫɛɪɚɫɵɜɚɟɦɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɢ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɛɭɞɟɬ 

ɧɢɠɟ. Ⱦɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɷɬɨɝɨ ɫɧɢɠɟɧɢɹ ɩɪɢɞɟɬɫɹ ɭɜɟɥɢɱɢɬɶ ɦɨɳɧɨɫɬɶ ɢ ɞɢɚɦɟɬɪ 

ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɥɢɛɨ ɩɨɜɵɫɢɬɶ ɟɝɨ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ.  

Ɋɟɲɟɧɢɟɦ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɞɟɥɶɧɨɝɨ 

ɧɚɝɧɟɬɚɬɟɥɹ ɞɥɹ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ. ɉɪɢ ɷɬɨɦ ɜɦɟɫɬɨ ɩɚɫɫɢɜɧɨɝɨ ɜɢɛɪɚɬɨɪɚ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɚɳɢɬɧɭɸ ɜɫɬɚɜɤɭ ɜ ɜɵɩɭɫɤɟ (ɪɢɫ. 4.29) [19]. 

 

 

 

Ɋɢɫɭɧɨɤ 4.29 – Ɋɚɛɨɬɚ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɫ ɡɚɳɢɬɧɨɣ ɜɫɬɚɜɤɨɣ ɜ ɜɵɩɭɫɤɟ 

 

«ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɡɚɳɢɬɧɨɣ ɜɫɬɚɜɤɢ ɜ ɜɵɩɭɫɤɟ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ 

ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɩɪɢ ɭɫɥɨɜɢɢ 

ɩɨɜɵɲɟɧɢɹ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɟɝɨ ɜɯɨɞɟ» [19].  

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɫɭɲɢɥɤɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɜɵɩɭɫɤɚɟɦɵɟ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɩɥɚɫɬɦɚɫɫɨɜɵɟ ɩɪɹɦɨɭɝɨɥɶɧɵɟ ɜɨɡɞɭɯɨɜɨɞɵ 

ɪɚɡɦɟɪɨɦ 120ɯ60 ɦɦ, ɱɬɨ ɡɚ ɦɢɧɭɫɨɦ ɬɨɥɳɢɧɵ ɫɬɟɧɨɤ ɜɨɡɞɭɯɨɜɨɞɨɜ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 68 ɫɦ2
. 
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Ɍɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɩɪɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ 

450 ɤɝ/ɱ ɢ ɦɚɫɫɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɨɣ ɫɦɟɫɢ 0,9 ɤɝ/ɤɝ ɫɨɫɬɚɜɥɹɟɬ 

388 ɦ3/ɱ. 

Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɟ ɩɪɢ 

ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ 15,5 ɦ/ɫ ɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɡɟɪɧɨɜɤɢ 3 ɦ/ɫ 

ɫɨɫɬɚɜɥɹɟɬ 160,2 ɉɚ. 

Ⱦɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ ɪɚɜɧɚ 2,07 ɦ; ɜɵɫɨɬɚ 

ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ ɪɚɜɧɚ 2,05 ɦ; ɩɪɢɜɟɞɟɧɧɵɣ ɜɧɭɬɪɟɧɧɢɣ 

ɞɢɚɦɟɬɪ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ ɪɚɜɟɧ 0,09 ɦ; ɫɭɦɦɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɪɚɜɧɚ 7,26. ɉɪɢ ɪɚɡɝɪɭɡɤɟ ɜ ɰɢɤɥɨɧ ɤɨɷɮɮɢɰɢɟɧɬ ɟɝɨ ɦɟɫɬɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢɧɹɬ ɪɚɜɧɵɦ 5,3. 

ɋɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 2440,7 ɉɚ, ɚ ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ 2600,9 

ɉɚ ɜ ɪɟɠɢɦɟ ɪɟɰɢɪɤɭɥɹɰɢɢ ɡɟɪɧɚ. Ɇɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɪɚɛɨɬɭ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ, ɫɨɫɬɚɜɢɬ 0,40 ɤȼɬ. ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ 

ɧɚ ɩɪɢɜɨɞ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɜ ɪɟɠɢɦɟ ɩɪɨɝɪɟɜɚ ɫɭɲɢɥɤɢ ɫɨɫɬɚɜɢɥɚ 20,0 ɤȼɬ, 

ɩɪɢ ɪɚɡɝɪɭɡɤɟ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨɞɚɱɟɣ 

ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɯɨɞ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ – 13,7 ɤȼɬ. 

ɉɪɢ ɪɚɡɝɪɭɡɤɟ ɡɟɪɧɚ ɜ ɰɢɤɥɨɧ ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 4833,5 ɉɚ, ɚ 

ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ 4993,7 ɉɚ. Ɇɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɪɚɛɨɬɭ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɩɪɢ ɪɚɡɝɪɭɡɤɟ ɡɟɪɧɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ, ɫɨɫɬɚɜɢɬ 0,76 ɤȼɬ. 

ɋɭɲɢɥɶɧɚɹ ɲɚɯɬɚ ɛɵɥɚ ɩɨɥɧɨɫɬɶɸ ɪɚɡɝɪɭɠɟɧɚ, ɩɧɟɜɦɨɨɠɢɠɟɧɢɟ ɡɟɪɧɚ ɜ 

ɡɨɧɟ ɜɵɩɭɫɤɚ ɧɟ ɫɨɡɞɚɥɨ ɩɪɨɛɥɟɦɵ ɫ ɭɞɚɥɟɧɢɟɦ ɩɨɫɥɟɞɧɢɯ ɩɨɪɰɢɣ ɡɟɪɧɚ ɢɡ 

ɧɢɠɧɟɝɨ ɛɭɧɤɟɪɚ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. Ɏɚɪɬɭɤ-ɨɬɛɨɣɧɢɤ ɡɟɪɧɚ ɫ ɮɢɥɶɬɪɭɸɳɢɦ 

ɨɝɪɚɠɞɟɧɢɟɦ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɥɢ ɪɚɛɨɬɭ ɜ ɪɚɫɱɟɬɧɨɦ ɪɟɠɢɦɟ. 

ȼ ɯɨɞɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɪɨɜɟɪɤɢ ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɞɜɭɯɤɨɧɬɭɪɧɚɹ 

ɨɪɝɚɧɢɡɚɰɢɹ ɪɟɰɢɪɤɭɥɢɪɨɜɚɧɢɹ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɨɫɧɨɜɧɨɦ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ 

ɦɨɞɭɥɹɯ ɫɭɲɢɥɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɝɨ ɧɚɝɪɟɜ ɞɨ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɜɵɫɭɲɢɜɚɧɢɟ 

ɡɟɪɧɚ ɞɨ ɤɨɧɞɢɰɢɨɧɧɨɣ ɜɥɚɠɧɨɫɬɢ. ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ ɜɨɡɦɨɠɧɨ ɢ ɞɨ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɡɟɪɧɨɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɫ 
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ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ. Ɉɞɧɚɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɢɡ ɛɨɥɟɟ ɬɟɪɦɨɫɬɨɣɤɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɬ.ɤ. ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 80°ɋ ɧɚɛɥɸɞɚɥɢɫɶ ɫɥɭɱɚɢ ɤɨɪɨɛɥɟɧɢɹ ɫɬɟɧɨɤ 

ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ ɩɪɢ ɫɭɲɤɟ ɹɛɥɨɤ ɜ ɨɫɧɨɜɧɨɦ ɦɨɞɭɥɟ ɫɭɲɢɥɤɢ. 

«Ȼɟɫɩɪɢɜɨɞɧɨɟ ɜɵɩɭɫɤɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɟ ɫɨɛɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɤɨɦɛɢɧɚɰɢɸ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɬɢɩɚ, ɨɞɧɨɬɪɭɛɧɨɝɨ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɧɢɡɤɨɝɨ 

ɞɚɜɥɟɧɢɹ ɧɚɝɧɟɬɚɸɳɟɝɨ ɬɢɩɚ ɫ ɪɚɡɨɦɤɧɭɬɵɦ ɰɢɤɥɨɦ ɜɨɡɞɭɯɚ, ɩɪɢɟɦɧɢɤɨɦ ɬɢɩɚ 

«Ɍɪɨɣɧɢɤ» ɫ ɩɚɫɫɢɜɧɵɦ ɜɢɛɪɚɬɨɪɨɦ ɜ ɜɢɞɟ ɩɨɞɩɪɭɠɢɧɟɧɧɨɣ ɩɥɚɫɬɢɧɵ ɢ ɨɬɛɨɪɨɦ 

ɜɨɡɞɭɯɚ ɢɡ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɫɭɲɢɥɤɢ, ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ 

ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ, ɪɚɡɝɪɭɡɢɬɟɥɟɣ ɜ ɜɢɞɟ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɰɢɤɥɨɧɚ ɞɥɹ 

ɜɵɫɭɲɟɧɧɨɝɨ ɡɟɪɧɚ ɢ ɪɟɡɢɧɨɜɨɝɨ ɡɟɪɧɨ-ɨɬɛɨɣɧɨɝɨ ɮɚɪɬɭɤɚ ɞɥɹ 

ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɡɟɪɧɚ» [99] ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɛɨɬɭ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɧɚ ɬɪɟɛɭɟɦɵɯ ɪɟɠɢɦɚɯ ɫɭɲɤɢ ɡɟɪɧɚ (ɪɢɫ. 4.30). 

 

 

 

Ɋɢɫɭɧɨɤ 4.30 – Ɋɚɛɨɬɚ ɡɟɪɧɨ-ɨɬɛɨɣɧɨɝɨ ɮɚɪɬɭɤɚ ɫ ɮɢɥɶɬɪɭɸɳɢɦ ɨɝɪɚɠɞɟɧɢɟɦ 

 

Ɂɚɛɢɜɚɧɢɹ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɬɢɩɚ ɢ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɡɟɪɧɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɜ ɜɢɞɟ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɧɟ 

ɧɚɛɥɸɞɚɥɨɫɶ. ɉɨɥɨɦɨɤ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɬɚɤɠɟ ɧɟ ɜɵɹɜɥɟɧɨ. 
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ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 4 

 

1. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɨɞɧɨɤɪɚɬɧɨɦ ɩɪɨɯɨɞɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɫɭɲɢɥɤɟ 

ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 37 °ɋ. ɉɪɢ ɷɬɨɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ 

ɡɟɪɧɚ ɫɨɫɬɚɜɢɥɚ 25 °ɋ. ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɩɪɢɜɨɞ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ – 7 

ɤȼɬ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɧɟɨɛɯɨɞɢɦɚ ɪɟɰɢɪɤɭɥɹɰɢɹ 

ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. 

2. ɉɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɟɝɨ ɧɚɝɪɟɜɚ ɞɨɫɬɢɝɚɟɬ 53…60 °ɋ. Ʉɨɷɮɮɢɰɢɟɧɬ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ ɦɟɧɹɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɢɦɟɹ ɬɟɧɞɟɧɰɢɸ 

ɧɟɤɨɬɨɪɨɝɨ ɭɦɟɧɶɲɟɧɢɹ ɤ ɤɨɧɰɭ ɩɪɨɰɟɫɫɚ, ɢ ɫɨɫɬɚɜɥɹɟɬ ɜ ɫɪɟɞɧɟɦ 3,8. ɉɪɢ ɷɬɨɦ, 

ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɡɟɪɧɚ ɫɨɫɬɚɜɥɹɟɬ 35…40°ɋ. Ɇɚɤɫɢɦɚɥɶɧɚɹ 

ɫɤɨɪɨɫɬɶ ɫɭɲɤɢ ɫɨɫɬɚɜɥɹɟɬ 2%/ɱ. 

3. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɥɢɡɚɰɢɢ ɩɥɚɧɚ ɦɧɨɝɨɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɥɭɱɟɧɚ 

ɪɟɝɪɟɫɫɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɭɲɤɢ ɡɟɪɧɚ ɨɬ ɟɝɨ ɜɥɚɠɧɨɫɬɢ ɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. ɇɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 

ɫɭɲɤɢ ɨɤɚɡɵɜɚɟɬ ɜɥɚɠɧɨɫɬɶ ɡɟɪɧɚ. ɉɪɟɞɥɨɠɟɧɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ  ɬɟɦɩɟɪɚɬɭɪɭ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ  ɫ 

ɩɨɝɪɟɲɧɨɫɬɶɸ ɞɨ 5%, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ 

ɧɚɝɪɟɜɚ ɡɟɪɧɚ [93]. 

4. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ 

ɢɡɝɨɬɨɜɥɟɧɢɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɡɟɪɧɨɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɫ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ. 

5. ɂɫɫɥɟɞɨɜɚɧɢɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ 

ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɛɨɬɭ ɦɨɞɭɥɶɧɨɣ 

ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɧɚ ɬɪɟɛɭɟɦɵɯ ɪɟɠɢɦɚɯ ɫɭɲɤɢ ɡɟɪɧɚ. 

Ɋɟɤɨɦɟɧɞɭɟɦɵɦ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɹɜɥɹɟɬɫɹ ɫɭɲɤɚ ɡɟɪɧɚ ɜ 

ɤɚɦɟɪɧɨɦ ɪɟɠɢɦɟ ɫ ɟɝɨ ɩɨɫɬɨɹɧɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɟɣ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɨɦ.  
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ȽɅȺȼȺ 5 ɌȿɏɇɂɄɈ-ɗɄɈɇɈɆɂɑȿɋɄȺə ɈɐȿɇɄȺ ɆɈȾɍɅɖɇɈɃ 
ɋɍɒɂɅɄɂ ȺɗɊɈȾɂɇȺɆɂɑȿɋɄɈȽɈ ɇȺȽɊȿȼȺ 

 

«ȼ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɦɟɬɨɞɢɤɨɣ» [99] [27] «ɨɰɟɧɤɭ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ» 

[99] «ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɩɪɨɜɟɞɟɦ ɩɨ ɫɧɢɠɟɧɢɸ 

ɩɪɹɦɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ» [99] ɦɨɛɢɥɶɧɨɣ 

ɡɟɪɧɨɫɭɲɢɥɤɢ ȺɌɆ-10 (ɪɢɫ.5.1). 

 

Ɋɢɫɭɧɨɤ 5.1 – Ɇɨɛɢɥɶɧɚɹ ɡɟɪɧɨɫɭɲɢɥɤɚ ȺɌɆ-10 [105] 

 

«ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɪɚɛɨɬɭ» [99] «ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ» [99]: 

                     ,  ɪɭɛ./ɬ,                                    (5.1) 

 

«ɝɞɟ    - ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɟɧɨɜɚɰɢɟɣ» [99] ɫɭɲɢɥɤɢ, ɦɚɲɢɧ 

ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɟɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ; 

          – «ɡɚɬɪɚɬɵ ɧɚ ɌɈ ɢ ɪɟɦɨɧɬ» [99] ɫɭɲɢɥɤɢ, ɦɚɲɢɧ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɟɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ; 

          – «ɡɚɬɪɚɬɵ ɧɚ ɡɚɪɩɥɚɬɭ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ» [99] ɫɭɲɢɥɤɢ, ɦɚɲɢɧ ɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɟɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ; 

         - «ɡɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ» [99];    – ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ. 
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«Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɪɟɧɨɜɚɰɢɸ» [99] ɫɭɲɢɥɤɢ, ɦɚɲɢɧ ɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɟɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ: 

                     ,                                                          (5.2)  

 

«ɝɞɟ     - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɡɚɬɪɚɬɵ ɧɚ ɦɨɧɬɚɠ» [99]; 

      « ɚ – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɪɟɧɨɜɚɰɢɸ» [99], %; 

      «   – ɨɛɳɚɹ ɫɬɨɢɦɨɫɬɶ» [99] ɫɭɲɢɥɤɢ, ɦɚɲɢɧ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɟɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ, ɪɭɛ.; 

      «    - ɫɟɡɨɧɧɚɹ» [99] ɢɥɢ ɝɨɞɨɜɚɹ ɡɚɝɪɭɡɤɚ ɫɭɲɢɥɤɢ, ɦɚɲɢɧ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɟɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ, ɱ; 

       Wɫ - ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɭɲɢɥɤɢ, ɬ/ɱ. 

 

«Ɉɛɳɭɸ ɫɬɨɢɦɨɫɬɶ» [99] ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ «ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ» [99]: 

                ,                                                          (5.3) 

 

ɝɞɟ    – ɫɬɨɢɦɨɫɬɶ ɛɚɡɨɜɨɝɨ ɦɨɞɭɥɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 0,5, ɬ.ɤ. ɩɪɢɧɢɦɚɟɦ, ɱɬɨ 50% 

ɫɬɨɢɦɨɫɬɢ ɛɭɞɟɬ ɩɟɪɟɧɨɫɢɬɶɫɹ ɧɚ ɩɪɨɰɟɫɫ ɫɭɲɤɢ ɹɛɥɨɤ; 

    - ɫɬɨɢɦɨɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ, ɪɭɛ.; 

      – «ɫɬɨɢɦɨɫɬɶ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɫ ɪɚɡɝɪɭɡɨɱɧɵɦ ɰɢɤɥɨɧɨɦ» [99], ɪɭɛ. 

 

ɋɬɨɢɦɨɫɬɶ ɛɚɡɨɜɨɝɨ ɦɨɞɭɥɹ ɩɪɢɦɟɦ ɩɨ ɫɬɨɢɦɨɫɬɢ ɞɜɭɯɪɨɬɨɪɧɨɣ ɫɭɲɢɥɤɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ Ɋɇɍ-50, ɢɦɟɸɳɟɣ ɩɪɢɦɟɪɧɨ ɪɚɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɯɨɠɟɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɢɫɩɨɥɧɟɧɢɟ, ɪɚɜɧɨɣ 815000 ɪɭɛ. (ɫɦ. 

ɪɢɫ. 1.14) [100]. 

ɋɬɨɢɦɨɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɩɨ ɞɨɝɨɜɨɪɭ ɫ ɈɈɈ 

«ɈɄȻ ɩɨ ɬɟɩɥɨɝɟɧɟɪɚɬɨɪɚɦ», ɫɨɫɬɚɜɢɥɚ 361666 ɪɭɛ. 
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«ɋɬɨɢɦɨɫɬɶ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɛɭɞɟɬ ɫɤɥɚɞɵɜɚɬɶɫɹ ɢɡ ɫɬɨɢɦɨɫɬɢ 

ɩɪɨɮɢɥɶɧɨɣ ɬɪɭɛɵ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ ɢ ɮɚɫɨɧɧɵɯ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɱɚɫɬɟɣ. 

ɋɬɨɢɦɨɫɬɶ ɩɪɨɮɢɥɶɧɨɣ ɬɪɭɛɵ ɨɛɳɟɣ ɞɥɢɧɨɣ 3,5 ɦ ɫɨɫɬɚɜɥɹɟɬ 1633 ɪɭɛ.  

Ɍɪɟɛɭɟɦɵɟ ɮɚɫɨɧɧɵɟ ɱɚɫɬɢ: ɩɟɪɟɯɨɞ ɫ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɧɚ ɤɪɭɝɥɵɣ ɩɪɨɮɢɥɶ 

ɬɪɭɛɵ – 3 ɲɬ. (633 ɪɭɛ.); ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɨɬɜɨɞ 90° - 2 ɲɬ. (384 ɪɭɛ.); ɤɪɭɝɥɨɝɨ 

ɩɪɨɮɢɥɹ ɞɢɚɦɟɬɪɨɦ 100 ɦɦ ɨɬɜɨɞ 45° - 2 ɲɬ. (422 ɪɭɛ.); ɬɪɭɛɚ ɤɪɭɝɥɨɝɨ ɩɪɨɮɢɥɹ 

ɞɢɚɦɟɬɪɨɦ 100 ɦɦ – 0,8 ɦ (330 ɪɭɛ.), ɫɨɟɞɢɧɢɬɟɥɶ ɩɪɨɮɢɥɹ – 3 ɲɬ. (282 ɪɭɛ.).  

Ɋɚɡɝɪɭɡɨɱɧɵɣ ɰɢɤɥɨɧ (ɩɪɢɧɢɦɚɟɦ ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɰɢɤɥɨɧɨɦ ɐɊɤ-350, 

ɪɚɫɫɱɢɬɚɧɧɵɦ ɧɚ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ 277…554 ɦ3/ɱ [106]) ɦɚɫɫɨɣ 22 ɤɝ, ɫɬɨɢɦɨɫɬɶɸ 

17805 ɪɭɛ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ» [99] ɫɭɲɢɥɤɢ ɩɪɢɦɟɦ ɪɚɜɧɭɸ 0,2 ɬ/ɱ, ɩɨɥɭɱɟɧɧɭɸ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɵɬɚɧɢɣ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ, «ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɭɱɢɬɵɜɚɸɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɦɨɧɬɚɠ» [99], ɞɥɹ ɫɭɲɢɥɨɤ ɩɪɢɦɟɦ ɪɚɜɧɵɦ 1,03, 

«ɫɟɡɨɧɧɭɸ ɡɚɝɪɭɡɤɭ» [99] ɪɚɜɧɨɣ 400 ɱ, ɧɨɪɦɭ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɧɚ 

ɪɟɧɨɜɚɰɢɸ ɞɥɹ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɜɫɥɟɞɫɬɜɢɟ ɟɟ ɩɪɨɫɬɨɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɢ 

ɦɧɨɝɨɥɟɬɧɟɝɨ ɨɩɵɬɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ Ȼɪɹɧɫɤɨɦ ȽȺɍ ɪɚɜɧɨɣ 2% [99]. 

ɋɬɨɢɦɨɫɬɶ ɫɭɲɢɥɤɢ ȺɌɆ-10 ɩɨ ɞɚɧɧɵɦ [107] ɫɨɫɬɚɜɥɹɟɬ 4382170 ɪɭɛ. ɇɨɪɦɭ 

ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɪɟɧɨɜɚɰɢɸ ɞɥɹ ɫɭɲɢɥɤɢ ȺɌɆ-10 ɩɪɢɦɟɦ ɪɚɜɧɨɣ 

10%. 

ɉɪɢ ɪɚɛɨɬɟ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɧɟ ɬɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ  ɦɚɲɢɧ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɟɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ. 

ɉɪɢ ɪɚɛɨɬɟ ɫɭɲɢɥɤɢ ȺɌɆ-10 ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɟɟ ɟɠɟɞɧɟɜɧɭɸ 

ɡɚɩɪɚɜɤɭ ɞɢɡɟɥɶɧɵɦ ɬɨɩɥɢɜɨɦ. 

ɉɪɢɦɟɦ, ɱɬɨ ɬɨɩɥɢɜɨ ɧɚ ȺɁɋ ɯɨɡɹɣɫɬɜɚ ɛɭɞɟɬ ɞɨɫɬɚɜɥɹɬɶɫɹ 

ɬɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤɨɦ ȺɌɁ-17 ɧɚ ɲɚɫɫɢ ɆȺɁ 36312 ɜɦɟɫɬɢɦɨɫɬɶɸ 17000 ɥ, 

ɫɬɨɢɦɨɫɬɶɸ 6500000 ɪɭɛ. (ɪɢɫ. 5.3) [108, 109]. 

ɋ ȺɁɋ ɯɨɡɹɣɫɬɜɚ ɟɠɟɞɧɟɜɧɵɣ ɩɨɞɜɨɡ ɬɨɩɥɢɜɚ ɤ ɫɭɲɢɥɤɟ ȺɌɆ-10 ɛɭɞɟɬ 

ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫ ɩɨɦɨɳɶɸ ɩɪɢɰɟɩɧɨɝɨ ɬɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤɚ ɮɢɪɦɵ ARTAZ  (ɪɢɫ. 

5.4) ɫɬɨɢɦɨɫɬɶɸ 406960 ɪɭɛ. [110] , ɚɝɪɟɝɚɬɢɪɭɟɦɨɝɨ ɫ ɬɪɚɤɬɨɪɨɦ ɆɌɁ-80.1 

ɫɬɨɢɦɨɫɬɶɸ 2370000 ɪɭɛ. [111].  

https://auto.drom.ru/spec/archive/maz/truck/fuel-tanker/used/all/
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Ɋɢɫɭɧɨɤ 5.3 – Ɍɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤ ȺɌɁ-17 [109] 

 

   
 

Ɋɢɫɭɧɨɤ 5.4 – ɉɪɢɰɟɩɧɨɣ ɬɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤ [110] 

 

«Ʉɨɷɮɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɣ ɡɚɬɪɚɬɵ ɧɚ ɦɨɧɬɚɠ ɞɥɹ» [99] 

ɬɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤɨɜ ɢ ɬɪɚɤɬɨɪɚ ɩɪɢɦɟɦ ɪɚɜɧɵɦ 1, ɧɨɪɦɭ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ 

ɨɬɱɢɫɥɟɧɢɣ ɪɚɜɧɨɣ 13% [99], ɝɨɞɨɜɭɸ ɡɚɝɪɭɡɤɭ ɬɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤɚ ȺɌɁ-17 

ɪɚɜɧɨɣ 1200 ɱ, ɩɪɢɰɟɩɧɨɝɨ ɬɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤɚ ɪɚɜɧɨɣ 400 ɱ, ɬɪɚɤɬɨɪɚ ɆɌɁ-80.1 

ɪɚɜɧɨɣ 1095 ɱ. ɋɭɬɨɱɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɭɲɢɥɤɢ ȺɌɆ-10 ɫɨɫɬɚɜɥɹɟɬ 45 ɬ/ɱ 

ɢɥɢ ɩɪɢ 10-ɬɢ ɱɚɫɨɜɨɣ ɪɚɛɨɱɟɣ ɫɦɟɧɟ 4,5 ɬ/ɱ. 

Ɂɚɬɪɚɬɵ ɧɚ ɌɈ ɢ ɪɟɦɨɧɬ ɫɭɲɢɥɤɢ, ɦɚɲɢɧ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɟɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ [99]                    ,                                                         (5.4)  

 

«ɝɞɟ     – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɌɈ ɢ ɪɟɦɨɧɬ» [99], %. 
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Ⱦɥɹ ɫɭɲɢɥɤɢ ȺɌɆ-10 ɢ ɫɨɩɭɬɫɬɜɭɸɳɟɝɨ ɤɨɦɩɥɟɤɫɚ ɦɚɲɢɧ ɧɨɪɦɚ 

ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɌɈ ɢ ɪɟɦɨɧɬ ɫɨɫɬɚɜɢɬ 6%. 

Ⱦɥɹ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɧɨɪɦɭ «ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɌɈ ɢ 

ɪɟɦɨɧɬ» [99] ɩɪɢɦɟɦ 0,5% ɜ ɫɜɹɡɢ ɫ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɶɸ ɫɭɲɢɥɤɢ.  

«Ɂɚɬɪɚɬɵ ɧɚ ɡɚɪɩɥɚɬɭ» [99] 

 

           ሺ          ሻ     ,                                             (5.5)  

 

«ɝɞɟ    – ɬɚɪɢɮɧɚɹ ɫɬɚɜɤɚ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ» [99], ɪɭɛ./ɱ; 

     «    – ɤɨɷɮɮɢɰɢɟɧɬ ɫɥɨɠɧɨɫɬɢ ɪɚɛɨɬ» [99]; 

      «     – ɪɚɡɦɟɪ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɩɥɚɬɵ ɬɪɭɞɚ» [99], %; 

         – ɱɢɫɥɨ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ, ɱɟɥ. 

 

Ɍɚɪɢɮɧɚɹ ɫɬɚɜɤɚ ɪɚɛɨɱɟɝɨ, ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɫɭɲɢɥɤɭ, ɫɨɫɬɚɜɥɹɟɬ 240 ɪɭɛ./ɱ, 

ɜɨɞɢɬɟɥɹ ɬɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤɚ ɢ ɬɪɚɤɬɨɪɢɫɬɚ 480 ɪɭɛ./ɱ.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɥɨɠɧɨɫɬɢ ɪɚɛɨɬ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 1, ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɩɥɚɬ ɞɥɹ 

ɪɚɛɨɱɟɝɨ ɫɭɲɢɥɤɢ 10%, ɞɥɹ ɜɨɞɢɬɟɥɹ ɢ ɬɪɚɤɬɨɪɢɫɬɚ ɬɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤɨɜ 25% ɞɥɹ 

ɜɚɪɢɚɧɬɚ ɧɚ ɛɚɡɟ ɫɭɲɢɥɤɢ ȺɌɆ-10,   

Ⱦɥɹ ɪɚɛɨɱɟɝɨ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɩɪɢɧɢɦɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɫɥɨɠɧɨɫɬɢ ɪɚɛɨɬ 

ɪɚɜɧɵɦ 0,5, ɬ.ɤ. ɜ ɬɟɱɟɧɢɟ 2,5 ɱ ɰɢɤɥɚ ɫɭɲɤɢ ɩɚɪɬɢɢ ɡɟɪɧɚ ɪɚɛɨɱɢɣ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 

ɡɚɞɟɣɫɬɜɨɜɚɧ, ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɩɥɚɬ 10%. 

Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ 

             ,                                                 (5.6) 

 

ɝɞɟ N  - ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫɭɲɢɥɤɢ, ɤȼɬ; 

            - ɫɬɨɢɦɨɫɬɶ 1 ɤȼɬ·ɱ, 9 ɪɭɛ./ɤȼɬ·ɱ. 
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ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫɭɲɢɥɤɢ ȺɌɆ-10 ɫɨɫɬɚɜɥɹɟɬ 37,6 

ɤȼɬ. 

«Ɂɚɬɪɚɬɵ ɧɚ ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ ɩɪɢ ɪɚɛɨɬɟ ɫɭɲɢɥɤɢ» [8] ȺɌɆ-10 

           ,                                                 (5.7) 

 

«ɝɞɟ q  - ɫɪɟɞɧɢɣ ɪɚɫɯɨɞ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɫɭɲɢɥɤɨɣ, ɥ/ɱ» [8]; 

           - «ɫɬɨɢɦɨɫɬɶ ɥɢɬɪɚ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ» [8], 68 ɪɭɛ./ɥ. 

 

ɉɪɢ ɪɚɛɨɬɟ ɫɭɲɢɥɤɢ ȺɌɆ-10 ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɟɟ ɟɠɟɞɧɟɜɧɭɸ 

ɡɚɩɪɚɜɤɭ ɞɢɡɟɥɶɧɵɦ ɬɨɩɥɢɜɨɦ. 

ɉɪɢ ɫɪɟɞɧɟɦ ɪɚɫɯɨɞɟ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɫɭɲɢɥɤɨɣ ȺɌɆ-10 70 ɥ/ɱ [105] ɢ 

10-ɬɢ ɱɚɫɨɜɨɣ ɪɚɛɨɬɟ ɫɭɲɢɥɤɢ ɜ ɫɭɬɤɢ ɪɚɫɯɨɞ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɫɨɫɬɚɜɢɬ 700 

ɥ/ɫɭɬɤɢ. 

ɉɪɢ ɫɟɡɨɧɧɨɣ ɡɚɝɪɭɡɤɟ ɫɭɲɢɥɤɢ 400 ɱ ɫɟɡɨɧɧɚɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɬɨɩɥɢɜɟ 

ɫɨɫɬɚɜɢɬ 28000 ɥ.  

ɉɪɢɦɟɦ, ɱɬɨ ɧɚ ȺɁɋ ɯɨɡɹɣɫɬɜɚ ɞɚɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɨɩɥɢɜɚ ɛɭɞɟɬ 

ɞɨɫɬɚɜɥɹɬɶɫɹ ɜ ɫɟɡɨɧ ɞɜɭɦɹ ɪɟɣɫɚɦɢ ɬɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤɚ ȺɌɁ-17 ɫɨ ɫɪɟɞɧɢɦ 

ɪɚɫɯɨɞɨɦ ɬɨɩɥɢɜɚ 30 ɥ/100 ɤɦ ɢ ɩɥɟɱɨɦ ɞɨɫɬɚɜɤɢ 50 ɤɦ. 

Ɍɨɝɞɚ, ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɜɧɨɫɢɦɵɟ ɬɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤɨɦ ȺɌɁ-17 ɛɭɞɭɬ 

ɪɚɜɧɵ:               ሺ     ሻ,                                         (5.8) 

 

ɝɞɟ     - ɪɚɫɯɨɞ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɥ/100 ɤɦ;   – ɱɢɫɥɨ ɪɟɣɫɨɜ ɬɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤɚ;    – ɩɥɟɱɨ ɞɨɫɬɚɜɤɢ, ɤɦ. 

 

Ɂɧɚɱɟɧɢɟ    ɩɪɢɧɢɦɚɟɦ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɪɚɜɧɵɦ ɫɟɡɨɧɧɨɣ ɡɚɝɪɭɡɤɟ 

ɫɭɲɢɥɤɢ. 
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ɋ ȺɁɋ ɯɨɡɹɣɫɬɜɚ ɟɠɟɞɧɟɜɧɵɣ ɩɨɞɜɨɡ ɬɨɩɥɢɜɚ ɤ ɫɭɲɢɥɤɟ ɛɭɞɟɬ 

ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫ ɩɨɦɨɳɶɸ ɩɪɢɰɟɩɧɨɝɨ ɬɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤɚ, ɚɝɪɟɝɚɬɢɪɭɟɦɨɝɨ ɫ 

ɬɪɚɤɬɨɪɨɦ ɆɌɁ-80.1 ɫ ɱɚɫɨɜɵɦ ɪɚɫɯɨɞɨɦ ɬɨɩɥɢɜɚ ɧɚ ɬɪɚɧɫɩɨɪɬɧɵɯ ɨɩɟɪɚɰɢɹɯ 10 

ɤɝ/ɱ. ȼɪɟɦɹ ɩɨɞɜɨɡɚ ɢ ɡɚɩɪɚɜɤɢ ɫɭɲɢɥɤɢ ɩɪɢɦɟɦ 1 ɱ.  

Ɍɨɝɞɚ, ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɜɧɨɫɢɦɵɟ ɬɪɚɤɬɨɪɨɦ ɆɌɁ-80.1 ɫ ɩɪɢɰɟɩɧɵɦ 

ɬɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤɨɦ ɛɭɞɭɬ ɪɚɜɧɵ: 

             ሺ       ሻ,                                             (5.9) 

 

ɝɞɟ     - ɪɚɫɯɨɞ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɬɪɚɤɬɨɪɨɦ, ɤɝ/ɱ; 

    – ɜɪɟɦɹ ɩɨɞɜɨɡɚ ɬɨɩɥɢɜɚ ɢ ɡɚɩɪɚɜɤɢ ɫɭɲɢɥɤɢ, ɱ/ɫɭɬɤɢ;     – ɩɥɨɬɧɨɫɬɶ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, 860 ɤɝ/ɦ3
;      – ɫɭɬɨɱɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɭɲɢɥɤɢ, 45 ɬ/ɫɭɬɤɢ. 

 

«Ɍɚɪɢɮɧɭɸ ɫɬɚɜɤɭ ɪɚɛɨɬɧɢɤɨɜ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɥɨɠɧɨɫɬɢ ɢ ɞɨɩɥɚɬ, 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɱɢɬɵɜɚɸɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɦɨɧɬɚɠ, ɌɈ ɢ ɪɟɦɨɧɬ, ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 

ɨɬɱɢɫɥɟɧɢɹ,» [99] ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, «ɚ ɬɚɤɠɟ ɫɟɡɨɧɧɭɸ ɡɚɝɪɭɡɤɭ ɫɭɲɢɥɤɢ» [99], 

ɦɚɲɢɧ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɟɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ, «ɩɪɢɧɹɥɢ 

ɫɨɝɥɚɫɧɨ ɧɨɪɦɚɬɢɜɧɵɦ ɞɨɤɭɦɟɧɬɚɦ» [99] ɢ ɮɚɤɬɢɱɟɫɤɢɦ ɞɚɧɧɵɦ.  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 5.1. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɜ ɪɟɠɢɦɟ ɫɭɲɤɢ ɡɟɪɧɚ ɫɧɢɠɚɟɬ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ 537 ɪɭɛ./ɬ ɢɥɢ 24 %. Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ 

ɨɤɭɩɚɸɬɫɹ ɫɭɲɤɨɣ 727 ɬ ɡɟɪɧɚ. 

ɋɪɚɜɧɢɦ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ ɧɚ ɫɭɲɤɭ ɡɟɪɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɭɲɢɥɨɤ.  

Ⱦɥɹ ɫɭɲɢɥɤɢ ȺɌɆ-10 ɩɪɢ ɬɟɩɥɨɬɟ ɫɝɨɪɚɧɢɹ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ 42,7 

ɆȾɠ/ɤɝ ɢ ɪɚɫɯɨɞɟ ɬɨɩɥɢɜɚ 70 ɤɝ/ɱ ɤɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɹɟɦɨɣ ɬɟɩɥɨɬɵ ɫɨɫɬɚɜɢɬ: 

42,7·70 = 2989,0 ɆȾɠ/ɱ. ɉɪɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 4,5 ɬ/ɱ ɜ ɪɚɫɱɟɬɟ ɧɚ ɬɨɧɧɭ ɡɟɪɧɚ 

ɩɪɢɞɟɬɫɹ: 2989,0 / 4,5 = 664,2 ɆȾɠ/ɬ. 
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«Ɍɚɛɥɢɰɚ 5.1 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ» [99] 

№ 

ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɋɭɲɢɥɤɚ  

ȺɌɆ-10  

Ɇɨɞɭɥɶɧɚɹ 

ɫɭɲɢɥɤɚ 

ɂɡɦɟɧɟɧɢɟ 

ɩɨɤɚɡɚɬɟɥɹ,  

± % 

1 ɋɬɨɢɦɨɫɬɶ ɫɭɲɢɥɤɢ Cɨ, ɪɭɛ. 4382170 1205556 - 73 

2 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɭɲɢɥɤɢ 

Wc, ɬ/ɱ 

4,5 0,2 - 95 

 

 

3 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ 
ɪɟɧɨɜɚɰɢɸ ɫɭɲɢɥɤɢ Cɚ, ɪɭɛ./ɬ 

251 206 
 

 

- 59 Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ 
ɪɟɧɨɜɚɰɢɸ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ ɦɚɲɢɧ Cɚ , ɪɭɛ./ɬ 

249 - 

 

 

4 

Ɂɚɬɪɚɬɵ ɧɚ ɌɈ ɢ ɪɟɦɨɧɬ 
ɫɭɲɢɥɤɢ Cɬɨ, ɪɭɛ./ɬ 

147 50 
 

 

- 81 

 

Ɂɚɬɪɚɬɵ ɧɚ ɌɈ ɢ ɪɟɦɨɧɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
ɦɚɲɢɧ Cɬɨ, ɪɭɛ./ɬ 

113 - 

 

 

5 

Ɂɚɬɪɚɬɵ ɧɚ ɡɚɪɩɥɚɬɭ Cɡɩ, ɪɭɛ./ɬ  
59 660 

 

 

+203 Ɂɚɬɪɚɬɵ ɧɚ ɡɚɪɩɥɚɬɭ 

ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
ɦɚɲɢɧ Cɡɩ, ɪɭɛ./ɬ 

266 - 

6 Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɭɸ 
ɷɧɟɪɝɢɸ Cɷɥ, ɪɭɛ./ɬ 

76 787 + 1035 

7 Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ Cɬ, ɪɭɛ./ɬ 1079 - - 

8 ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ Cɷ, 

ɪɭɛ./ɬ 
2240 1703 - 24 

 

ɋ ɭɱɟɬɨɦ ɫɨɨɬɧɨɲɟɧɢɹ 1 ɤȼɬ·ɱ = 3,62 ɆȾɠ ɢ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 

ȺɌɆ-10 ɪɚɜɧɨɣ 37,6 ɤȼɬ. ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ ɧɚ ɬɨɧɧɭ ɡɟɪɧɚ ɨɬ 

ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫɭɲɢɥɤɢ ȺɌɆ-10 ɫɨɫɬɚɜɢɬ 37,6/4,5·3,62 = 30,2 ɆȾɠ/ɬ. 

Ɍɨɝɞɚ ɫɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ ɧɚ ɫɭɲɤɭ ɬɨɧɧɵ ɡɟɪɧɚ ɜ ɫɭɲɢɥɤɟ ȺɌɆ-10 

ɫɨɫɬɚɜɢɬ: 664,2 + 30,2=694,4 ɆȾɠ/ɬ. 

ȼ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ ɜɵɫɭɲɢɜɚɟɦɚɹ ɩɚɪɬɢɹ ɡɟɪɧɚ ɫɨɫɬɚɜɢɥɚ 0,45 ɬ. Ɍɨɝɞɚ ɜ 

ɫɭɲɢɥɤɟ ȺɌɆ-10 ɧɚ ɫɭɲɤɭ ɷɬɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɡɟɪɧɚ ɛɵɥɨ ɛɵ ɡɚɬɪɚɱɟɧɨ ɬɟɩɥɨɬɵ: 
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694,4·0,45 = 312,5 ɆȾɠ. 

ȼ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ ɩɪɢ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɩɪɢɜɨɞ ɪɨɬɨɪɚ-

ɧɚɝɪɟɜɚɬɟɥɹ 17,5 ɤȼɬ ɢ ɜɪɟɦɟɧɢ ɫɭɲɤɢ 2,5 ɱ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɫɨɫɬɚɜɢɬ: 

17,5·2,5·3,62 = 158,4 ɆȾɠ ɢɥɢ 352 ɆȾɠ/ɬ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɧɢɠɟɧɢɟ ɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ ɧɚ ɫɭɲɤɭ ɡɟɪɧɚ ɜ ɦɨɞɭɥɶɧɨɣ 

ɫɭɲɢɥɤɟ ɫɨɫɬɚɜɢɬ (312,5-158,4)/312,5·100% = 49,3% ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɭɲɢɥɤɨɣ 

ȺɌɆ-10.  

ɉɪɢ ɷɬɨɦ ɞɚɥɶɧɟɣɲɟɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɡɟɪɧɨɫɭɲɢɥɤɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɩɨɡɜɨɥɢɬɶ ɟɳɟ ɛɨɥɶɲɟ ɩɨɜɵɫɢɬɶ 

ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ. 

ɉɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ 

ɪɟɲɚɟɬɫɹ ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɨɛɴɟɦɚ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɢ ɩɪɢɦɟɧɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ 

ɪɨɬɨɪɨɜ-ɧɚɝɪɟɜɚɬɟɥɟɣ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɨɳɧɨɫɬɶɸ ɩɪɢɜɨɞɧɵɯ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ.  

 

ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 5 

Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ «ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɧɚɝɪɟɜɚ ɩɨ ɤɪɢɬɟɪɢɸ ɩɪɹɦɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɧɚ ɩɪɨɰɟɫɫ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɜ 

ɫɪɚɜɧɟɧɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ» [99]   ɫɭɲɢɥɤɢ ȺɌɆ-10 ɨɧɢ ɫɧɢɠɚɸɬɫɹ ɧɚ 537 

ɪɭɛ./ɬ ɢɥɢ 24 % ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ. «ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ 

ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɪɟɦɟɧɟɦ ɫɭɲɤɢ» [99] 727 ɬ ɡɟɪɧɚ ɜ 

ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ [99].  

ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ ɜ ɦɨɞɭɥɶɧɨɣ 

ɫɭɲɢɥɤɟ ɢ ɦɨɛɢɥɶɧɨɣ ɡɟɪɧɨɫɭɲɢɥɤɟ ȺɌɆ-10 ɩɨɤɚɡɚɥɚ, ɱɬɨ ɫɧɢɠɟɧɢɟ ɪɚɫɯɨɞɚ 

ɷɧɟɪɝɢɢ ɧɚ ɫɭɲɤɭ ɡɟɪɧɚ ɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ ɫɨɫɬɚɜɥɹɟɬ 49,3%.  

ɉɪɢɦɟɧɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɫɲɢɪɟɧɢɟ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ, ɭɜɟɥɢɱɟɧɢɟ 

ɟɟ ɝɨɞɨɜɨɣ ɡɚɝɪɭɡɤɢ. ɗɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ ɩɪɢ ɫɧɢɠɟɧɢɢ ɜɥɚɠɧɨɫɬɢ 

ɡɟɪɧɚ ɫ 20 ɞɨ 14 % ɫɨɫɬɚɜɢɥɚ 352 ɆȾɠ/ɬ ɩɪɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨ ɜɥɚɠɧɨɦɭ 

ɡɟɪɧɭ 0,2 ɬ/ɱ.  
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Ɂɚɤɥɸɱɟɧɢɟ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɩɪɟɞɥɨɠɟɧɚ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɢ ɨɛɨɫɧɨɜɚɧɵ ɩɚɪɚɦɟɬɪɵ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɜ ɪɟɠɢɦɟ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ 

ɚɝɟɧɬɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɫɧɢɠɟɧɢɟ ɷɧɟɪɝɨɟɦɤɨɫɬɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɧɚ 

ɩɪɨɰɟɫɫ ɫɭɲɤɢ ɡɟɪɧɚ.  

Ɉɛɳɢɟ ɜɵɜɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ: 

1. ɋɭɲɢɥɤɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɭɲɤɭ ɡɟɪɧɚ ɡɚ ɫɱɟɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɜ ɜɢɞɟ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ 

ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ: ɜɧɟɲɧɢɣ – ɜɨɡɞɭɯɨɜɨɞɚɦɢ, 

ɫɨɟɞɢɧɹɸɳɢɦɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɦɨɞɭɥɶ ɫ ɛɚɡɨɜɵɦ; ɜɧɭɬɪɟɧɧɢɣ - ɡɚɦɵɤɚɟɬ ɜɯɨɞ ɢ 

ɜɵɯɨɞ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɤɚɧɚɥɚɦɢ ɛɚɡɨɜɨɝɨ ɦɨɞɭɥɹ. ɋɛɪɨɫ ɱɚɫɬɢ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɪɚɛɨɬɵ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɤɨɦɛɢɧɚɰɢɸ ɛɟɫɩɪɢɜɨɞɧɨɝɨ 

ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɬɢɩɚ ɢ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɫ 

ɪɚɡɝɪɭɡɨɱɧɵɦ ɰɢɤɥɨɧɨɦ ɢ ɡɟɪɧɨ-ɨɬɛɨɣɧɵɦ ɮɚɪɬɭɤɨɦ ɫ ɮɢɥɶɬɪɭɸɳɢɦ 

ɨɝɪɚɠɞɟɧɢɟɦ ɜ ɡɚɝɪɭɡɨɱɧɨɦ ɛɭɧɤɟɪɟ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ. 

2. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ 

ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɝɪɟɜɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɫ 

ɩɨɝɪɟɲɧɨɫɬɶɸ ɞɨ 5 %.  

Ɉɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ: ɨɛɴɟɦ ɫɭɲɢɥɶɧɨɣ 

ɲɚɯɬɵ ɛɟɡ ɭɱɟɬɚ ɨɛɴɟɦɚ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɫɨɫɬɚɜɥɹɟɬ 0,63 ɦ3
 

ɩɪɢ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɚɯ ɲɚɯɬɵ 0,7ɯ0,6ɯ1,5 ɦ; ɜ ɲɚɯɬɟ ɩɪɟɞɭɫɦɨɬɪɟɧɨ 9 

ɩɨɞɜɨɞɹɳɢɯ ɤɨɪɨɛɨɜ, 8 ɨɬɜɨɞɹɳɢɯ ɩɨɥɧɵɯ ɤɨɪɨɛɨɜ ɢ 8 ɩɨɥɭɤɨɪɨɛɨɜ.  

3. ɉɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɟɝɨ ɧɚɝɪɟɜɚ ɞɨɫɬɢɝɚɟɬ 60 °ɋ. ɉɪɢ ɷɬɨɦ, 

ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɡɟɪɧɚ ɫɨɫɬɚɜɥɹɟɬ 35 °ɋ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɫɭɲɤɢ ɪɚɜɧɚ 

2%/ɱ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɭɲɢɥɤɢ 0,2 ɬ/ɱ ɩɪɢ ɧɚɱɚɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ 20%. 
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Ɍɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɩɪɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ 450 ɤɝ/ɱ 

ɢ ɦɚɫɫɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɨɣ ɫɦɟɫɢ 0,9 ɤɝ/ɤɝ ɫɨɫɬɚɜɥɹɟɬ 388 ɦ3/ɱ. 

Ɇɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɪɚɛɨɬɭ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ, ɫɨɫɬɚɜɥɹɟɬ 0,76 ɤȼɬ.  

ɉɨɥɭɱɟɧɵ ɪɟɝɪɟɫɫɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɭɲɤɢ ɡɟɪɧɚ ɨɬ 

ɟɝɨ ɜɥɚɠɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɡɟɪɧɚ ɨɬ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɞɨ 

4% ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɝɪɟɜɚ ɡɟɪɧɚ. 

4. ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɟɟ 

ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɩɨ ɤɪɢɬɟɪɢɸ ɩɪɹɦɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɧɚ 

ɩɪɨɰɟɫɫ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɧɢ ɫɧɢɠɚɸɬɫɹ ɧɚ 537 ɪɭɛ./ɬ ɢɥɢ 24 % ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  ɫɭɲɢɥɤɢ ȺɌɆ-10. ɉɪɢ ɫɧɢɠɟɧɢɢ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ ɫ 20 ɞɨ 14 % 

ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ ɫɨɫɬɚɜɢɥɚ 352 ɆȾɠ/ɬ, ɱɬɨ ɬɚɤɠɟ ɧɚ 49,3% ɦɟɧɶɲɟ. 

ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɪɟɦɟɧɟɦ ɫɭɲɤɢ 727 ɬ 

ɡɟɪɧɚ ɜ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɟ. 
 

Ɋɟɤɨɦɟɧɞɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɭ 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɧɟɨɛɯɨɞɢɦɨ 

ɭɜɟɥɢɱɢɬɶ ɦɨɳɧɨɫɬɶ ɩɪɢɜɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢ ɞɢɚɦɟɬɪ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ, 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɬɞɟɥɶɧɵɣ ɜɟɧɬɢɥɹɬɨɪ ɞɥɹ ɪɚɛɨɬɵ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɫ 

ɞɜɭɯɪɟɠɢɦɧɵɦ ɡɚɛɨɪɨɦ ɜɨɡɞɭɯɚ – ɢɡ ɤɚɦɟɪɵ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɢ ɢɡ ɚɬɦɨɫɮɟɪɵ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 

ɫɭɲɢɥɨɤ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɞɥɹ ɪɚɡɥɢɱɧɨɝɨ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 

ɫɵɪɶɹ. 

 

ɉɟɪɫɩɟɤɬɢɜɵ ɞɚɥɶɧɟɣɲɟɣ ɪɚɡɪɚɛɨɬɤɢ ɬɟɦɵ 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɫɭɲɤɢ ɫɟɦɹɧ ɪɚɡɥɢɱɧɵɯ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ 

ɤɭɥɶɬɭɪ ɜ ɫɭɲɢɥɤɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ. 
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ɉɪɢɥɨɠɟɧɢɟ Ȼ 

Ɋɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ (2.63) 

       Кол-̏о уд̌л́е̥. ̏л̛̌̐ W̏, к̐ 20,93 ʺ̭̭̌̌ ̵̹̌т̼ ̛ к̥̌е̬̼ ̍.̥. ʺ̭т, к̐ 650   КϬ 1,8531065 

˄д. теплое̥. ̏од̼ ˁ̏, 
кД̙/;к̐·КͿ 4,19 

˃еплое̥. ̭те̦ок ̵̹̌т̼ ˁ̭т, 
кД̙/;к̐·КͿ 0,46   Кϭ 11,153738 

ʻ̸̌̌л. те̥пе̬. ̚е̬̦̌ t̚.̦, 
̬̐̌д. 17 ˀе̬̐. ко̴̾. те̥п. ок̬у̙. ̏о̚ду̵̌ bϭ -0,21   КϮ 15,75 

ʺ̭̭̌̌ ̚е̬̦̌ ʺ̚,к̐ 450 ˀе̬̐. ко̴̾. те̥п. ок̬у̙. ̏о̚ду̵̌ ̌ϭ 1,16   Кϯ 362,1618 

˄д.тепл.̏л̙̌.̚е̬̦̌ 
ˁ̚.̦,кД̙/;к̐·КͿ 2,078 ˀе̬̐. ко̴̾. те̥пе̬. от̬̌̍. ̌̐е̦т̌ bϮ 1   Кϰ -0,2808 

ʺо̺̦.д̛̏̐.̬ото̬̌-̦̬̌̐е̏. N, 
кВт 17,5 ˀе̬̐. ко̴̾. те̥пе̬. от̬̌̍. ̌̐е̦т̌ ̌Ϯ 0,63   Кϱ 239,2 

КʿД ̬ото̬̌-̦̬̌̐е̏̌тел́  0,1 ʻ̸̌̌л̦̽̌́ ̏л̙̦̌о̭т̽ ̚е̬̦̌, % 18   Кϲ 27,393709 

ˀ̵̭̌. п̦е̥̏от̬̦̭̌п. Lп̦, к̐/̭ 0,13 Ко̦е̸̦̌́ ̏л̙̦̌о̭т̽ ̚е̬̦̌, % 14   Кϳ 601,3618 

ˀ̵̭̌од ̌т̥о̴̭е̬.̏о̚д. Lпод, 
к̐/̭  0,32 ʺ̭̭̌̌ ̼̭̏у̹е̦̦о̐о ̚е̬̦̌, к̐ 429   Кϴ 0,1409191 

˃е̥пе̬. ̌т̥о̴̭е̬. ̏о̚ду̵̌ t0 17 ˀе̬̐е̭̭. ко̴̾. уд̌л. ̏л̛̌̐, ̭̌ 0,0027   Кϵ 89,242174 

˃еплот̌ п̬̌оо̬̍̌̚. ƌϬ, кД̙/к̐ 2493 ˀе̬̐е̭̭. ко̴̾. уд̌л. ̏л̛̌̐, b̭ 0,1   КϭϬ 0,0705203 

ˀ̵̭̌од под̭о̭ ̏е̵̛̬̦̜ Lп.̏, 
к̐/̭ 0,023 ˀ̵̭̌од под̭о̭ ̛̛̦̙̦̜ Lп.̦, к̐/̭ 0,01   

ʺ̚/W̏-

1 20,5 

˄д. теп. ̭у̵. ̚е̬̦̌ ˁ̚.к, 
кД̙/;к̐·КͿ 1,34 Ƌп 0,0541   кϭϭ 510,75 

˃е̥пе̬. ̭у̵о̐о ̚е̬̦̌ t̚.к, 
̬̐̌д. 40 Ƌ̚ 512,32   кϭϮ 17,3061 

Ко̴̾. теплоот. о̬̙̐̌. К, 
кВт/;̥²·°ˁͿ 0,002 дел̽т̌ -441,1   кϭϯ 0,0333216 

ʿло̺̌д̽  о̬̙̐̌д. ̵̹̌т̼ F, ̥² 5,2 h3 107,58   кϭϰ -0,139838 

ˀе̬̐. ко̴̾. те̥пе̬. о̬̙̐̌д. 
b̭т -10 

  

  кϭϱ 0,63648 

ˀе̬̐. ко̴̾. те̥п. от̬. ̌̐е̦т̌ 
b5   кϯϬ 0,0073   кϭϲ 1967,5341 

ˀе̬̐. ко̴̾. те̥п. от̬. ̌̐е̦т̌ 
̌ϱ   кϯϭ 2,0571   кϭϳ 18,8427 

˄д. теплое̥. п̬̌̌ ˁп, 
кД̙/;к̐·КͿ 1,97 кϯϮ 0,2646   кϭϴ -0,776318 

˄д. тепл. ̭у̵. ̏о̚д. ˁϬ, 
кД̙/;к̐·КͿ 1,01 кϯϯ 60,34   кϭϵ -0,2222 

ˀе̬̐. ко̴̾. те̥п. от̬̌. ̭у̹. ̌̐. 
̌ϰ 0,78 кϯϰ 31,475   кϮϬ 686,47826 

ˀе̬̐. ко̴̾. те̥пе̬. о̬̙̐̌д. 
̭̌т 0,8 кϯϱ 2080   кϮϭ 0,0242681 

Ко̴̾. ̬е̶. от̬̌̍. ̭у̹. ̌̐. К̬, 
к̐/к̐ 0,38 кϯϲ -1146   кϮϮ 0,5424638 

ˀе̬̐. ко̴̾. те̥п. от̬̌. ̭у̹. ̌̐. 
b4 -7,47 кϯϳ 87,625   кϮϯ 0,2942037 

Вл̌̐о̭од. ̌т̥о̴̭. ̏о̚д. dϬ, 
к̐/к̐ 0,007 кϯϴ 76571   кϮϰ 0,0005665 

Вл̌̐о̭од. ̭у̛̹л. ̌̐е̦т̌  dϭ, 
к̐/к̐ 0,017 кϯϵ 3225,3 

 

кϮϱ 0,0131974 

     

кϮϲ -29,57282 

     

кϮϳ 1281,0558 

     

кϮϴ 19,385164 

     

кϮϵ -0,540672 
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ɉɪɢɥɨɠɟɧɢɟ ȼ 

 

Ɋɚɫɱɟɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ 

 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ 

k30= k31= k32= k33= k34= k35= k36= k37= k38= k39=  

0,0072 2,0571 0,2646 60,3398 31,4752 2080,021 1145,74 87,625 76570,956 3225,284  

ɦɟɬɨɞ ɗɣɥɟɪɚ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɪɚɫɱɟɬ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɨɩɵɬ  

t, ɫ f=dT/dt T, °ɋ Tɚɩ (Ɍ-Ɍɚɩ)^2 Ɍɨɩ  

0 0,039864 17 17 0 5,6 

300 0,030276 28,95924 31,21437 5,085607 13,1 

600 0,023439 38,04201 39,72599 2,835784 21 

900 0,015516 Tmax 45,07363 44,82278 0,062925 33,6 

1200 0,007279 35,43 49,72844 47,87477 3,436101 38,9 

1500 0,001698 τ 51,91214 49,70231 4,883354 40,5 

1800 2,91E-05 585 52,42163 50,79665 2,640571 41,5 

2100 -0,00014 52,43035 51,45194 0,95728 41,7 

2400 -0,00012 52,38828 51,84433 0,295876 42 

2700 -9,5E-05 52,352 52,0793 0,074363 42,3 

3000 -7,6E-05 52,32336 52,22 0,010683 42,9 

3300 -6,2E-05 52,30043 52,30425 1,46E-05 43 

3600 -5,2E-05 52,28169 52,3547 0,005331 43,3 

3900 -4,4E-05 52,26608 52,38491 0,01412 44,5 

4200 -3,8E-05 52,25289 52,403 0,022534 44,8 

4500 -3,3E-05 52,24158 52,41383 0,029669 45 

4800 -2,9E-05 52,2318 52,42032 0,035541 45,9 

5100 -2,5E-05 52,22323 52,4242 0,040388 46 

5400 -2,2E-05 52,21568 52,42653 0,044456 46,5 

5700 -2E-05 52,20897 52,42792 0,047938 47,7 

6000 -1,8E-05 52,20297 52,42876 0,050977 49,4 

6300 -1,6E-05 52,19757 52,42925 0,053676 49,9 

6600 -1,5E-05 52,19269 52,42955 0,056104 50,5 

6900 -1,4E-05 52,18825 52,42973 0,058313 50,7 

7200 -1,2E-05 52,1842 52,42984 0,060338 51,1 

7500 -1,1E-05 52,18049 52,4299 0,062208 51,7 

7800 -1,1E-05 52,17707 52,42994 0,063943 51,9 

8100 -9,7E-06 52,17392 52,42997 0,065559 52,3 

8400 -9E-06 52,171 52,42998 0,067069 52,3 

8700 -8,4E-06 52,16829 52,42999 0,068484 52,3 

9000 -7,8E-06 52,16577 52,42999 0,069813 52,3 

21,19902 
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ɉɪɢɥɨɠɟɧɢɟ Ƚ  

Ⱥɤɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɪɨɜɟɪɤɢ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ 
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Ɍɚɛɥɢɰɚ – Ɍɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ 

№ 

ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ȿɞɢɧɢɰɵ 

ɢɡɦɟɪɟɧɢɹ 

ɑɢɫɥɟɧɧɵɟ 

ɡɧɚɱɟɧɢɹ 

1 ɋɩɨɫɨɛ ɧɚɝɪɟɜɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ  ɪɨɬɨɪɧɵɣ 

2 ɋɩɨɫɨɛ ɧɚɝɪɟɜɚ ɜɵɫɭɲɢɜɚɟɦɨɝɨ ɡɟɪɧɚ  ɤɨɧɜɟɤɬɢɜɧɵɣ 

3 Ɇɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɤȼɬ 17,5 

4 ȼɦɟɫɬɢɦɨɫɬɶ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɬ 0,450 

5 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɬ/ɱ 0,432 

6 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɭɲɢɥɤɢ ɩɨ ɡɟɪɧɭ ɜɥɚɠɧɨɫɬɶɸ 18 %  ɬ/ɱ 0,225 

 

ȼɥɚɠɧɨɟ ɡɟɪɧɨ ɡɚɝɪɭɠɚɥɨɫɶ ɜ ɫɭɲɢɥɶɧɭɸ ɲɚɯɬɭ ɲɧɟɤɨɜɵɦ ɬɪɚɧɫɩɨɪɬɟɪɨɦ Ɍɋɒ-10, 

ɨɛɨɪɭɞɨɜɚɧɧɵɦ ɱɚɫɬɨɬɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɬɪɚɧɫɩɨɪɬɟɪɚ (ɪɢɫ.). 

 

 

Ɋɢɫɭɧɨɤ – Ɉɛɳɢɣ ɜɢɞ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɫ ɡɚɝɪɭɡɨɱɧɵɦ ɬɪɚɧɫɩɨɪɬɟɪɨɦ 

 

Ⱦɥɹ ɢɫɩɵɬɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɡɟɪɧɨ ɩɲɟɧɢɰɵ «Ɇɨɫɤɨɜɫɤɚɹ – 39» ɜɥɚɠɧɨɫɬɶɸ 18 %. 

ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɢɡɦɟɪɹɥɚɫɶ ɦɟɬɟɨɦɟɬɪɨɦ Ɇɗɋ-200 ɢ ɫɨɫɬɚɜɢɥɚ ɧɚ ɜɯɨɞɟ ɜ 

ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪ ɫɨɫɬɚɜɢɥɚ 17,8…18,8 ɦ/ɫ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɯɨɞɭ ɜɨɡɞɭɯɚ ɞɨ 0,13 ɦ3/ɫ 

ɢɥɢ 467 ɦ3/ɱ. 

Ɂɚɦɟɪɵ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɟ ɩɪɢ ɪɚɛɨɬɟ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɛɟɡ 

ɩɨɞɚɱɢ ɡɟɪɧɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚ ɜɯɨɞɟ ɨɧɨ ɫɨɫɬɚɜɥɹɟɬ 450 ɉɚ, ɩɪɢɟɦɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɨɡɞɚɟɬ 

ɩɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚ 3 ɉɚ, ɜ ɫɟɪɟɞɢɧɟ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɤɚɧɚɥɚ ɞɚɜɥɟɧɢɟ 168 ɉɚ, ɜ ɜɟɪɯɧɟɦ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɤɚɧɚɥɟ ɪɚɡɪɹɠɟɧɢɟ 180 ɉɚ. 

ɉɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɨɬɤɪɵɬɢɢ ɡɟɪɧɨɜɵɯ ɡɚɫɥɨɧɨɤ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ 

ɜ ɪɟɠɢɦɟ ɪɟɰɢɪɤɭɥɹɰɢɢ ɡɟɪɧɚ ɜ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɟ ɫɨɫɬɚɜɢɥɚ 432 ɤɝ/ɱ. 
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ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɜ ɪɟɠɢɦɟ ɜɵɝɪɭɡɤɢ ɡɟɪɧɚ ɜ ɰɢɤɥɨɧ ɫɨɫɬɚɜɢɥɚ 

405 ɤɝ/ɱ. ɋɭɲɢɥɶɧɚɹ ɲɚɯɬɚ ɛɵɥɚ ɩɨɥɧɨɫɬɶɸ ɪɚɡɝɪɭɠɟɧɚ, ɩɧɟɜɦɨɨɠɢɠɟɧɢɟ ɡɟɪɧɚ ɜ ɡɨɧɟ ɜɵɩɭɫɤɚ 

ɧɟ ɫɨɡɞɚɥɨ ɩɪɨɛɥɟɦɵ ɫ ɭɞɚɥɟɧɢɟɦ ɩɨɫɥɟɞɧɢɯ ɩɨɪɰɢɣ ɡɟɪɧɚ ɢɡ ɧɢɠɧɟɝɨ ɛɭɧɤɟɪɚ ɜɵɩɭɫɤɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɜɵɩɭɫɤɚ ɩɨɫɥɟ ɟɝɨ ɨɱɢɫɬɤɢ ɨɬ ɭɩɥɨɬɧɟɧɢɣ. 

Ɏɚɪɬɭɤ-ɨɬɛɨɣɧɢɤ ɡɟɪɧɚ ɫ ɮɢɥɶɬɪɭɸɳɢɦ ɨɝɪɚɠɞɟɧɢɟɦ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɥɢ ɪɚɛɨɬɭ ɜ 

ɪɚɫɱɟɬɧɨɦ ɪɟɠɢɦɟ 

 

5. Ɋɟɡɭɥɶɬɚɬɵ 

 

ȼ ɯɨɞɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɪɨɜɟɪɤɢ ɭɫɬɚɧɨɜɢɥɢ: 

1. Ⱦɜɭɯɤɨɧɬɭɪɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɰɢɪɤɭɥɢɪɨɜɚɧɢɹ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɨɫɧɨɜɧɨɦ ɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɦɨɞɭɥɹɯ ɫɭɲɢɥɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɝɨ ɧɚɝɪɟɜ ɞɨ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ 

ɜɵɫɭɲɢɜɚɧɢɟ ɡɟɪɧɚ ɞɨ ɤɨɧɞɢɰɢɨɧɧɨɣ ɜɥɚɠɧɨɫɬɢ. 

2. Ȼɟɫɩɪɢɜɨɞɧɨɟ ɜɵɩɭɫɤɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɟ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɤɨɦɛɢɧɚɰɢɸ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɬɢɩɚ, 

ɨɞɧɨɬɪɭɛɧɨɝɨ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚɝɧɟɬɚɸɳɟɝɨ ɬɢɩɚ ɫ ɪɚɡɨɦɤɧɭɬɵɦ 

ɰɢɤɥɨɦ ɜɨɡɞɭɯɚ, ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɦ ɩɪɢɟɦɧɢɤɨɦ ɬɢɩɚ «Ɍɪɨɣɧɢɤ» ɢ ɨɬɛɨɪɨɦ ɜɨɡɞɭɯɚ ɢɡ 

ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɫɭɲɢɥɤɢ, ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɚ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ, 

ɪɚɡɝɪɭɡɢɬɟɥɟɣ ɜ ɜɢɞɟ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɰɢɤɥɨɧɚ ɞɥɹ ɜɵɫɭɲɟɧɧɨɝɨ ɡɟɪɧɚ ɢ ɪɟɡɢɧɨɜɨɝɨ ɮɚɪɬɭɤɚ-

ɡɟɪɧɨɨɬɛɨɣɧɢɤɚ ɞɥɹ ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɡɟɪɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɛɨɬɭ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɧɚ ɬɪɟɛɭɟɦɵɯ ɪɟɠɢɦɚɯ ɫɭɲɤɢ ɡɟɪɧɚ. 

3. ɋɨɫɬɚɜɢɥɢ ɧɚɫɬɨɹɳɢɣ ɚɤɬ ɜ ɬɨɦ, ɱɬɨ ɪɚɫɫɦɨɬɪɟɜ ɦɚɬɟɪɢɚɥɵ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 

ɢɫɩɵɬɚɧɢɣ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɩɨɞɨɝɪɟɜɚ, ɭɫɬɚɧɨɜɢɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɦɨɞɭɥɹ ɜ ɜɢɞɟ ɫɭɲɢɥɶɧɨɣ ɲɚɯɬɵ ɞɥɹ 

ɫɭɲɤɢ ɡɟɪɧɚ ɩɲɟɧɢɰɵ. Ʉɨɧɫɬɪɭɤɰɢɹ ɛɟɫɩɪɢɜɨɞɧɨɝɨ ɜɵɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɡɟɪɧɨɜɨɝɨ ɦɨɞɭɥɹ ɜ 

ɜɢɞɟ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɫ ɦɚɬɟɪɢɚɥɨɩɪɨɜɨɞɨɦ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ 50ɯ108 ɦɦ, ɨɬɛɨɪɨɦ 

ɜɨɡɞɭɯɚ ɢɡ ɤɚɦɟɪɵ ɪɨɬɨɪɚ-ɧɚɝɪɟɜɚɬɟɥɹ ɦɨɞɭɥɶɧɨɣ ɫɭɲɢɥɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɝɨ ɧɚɞɟɠɧɭɸ ɪɚɛɨɬɭ, 

ɤɚɤ ɜ ɪɟɠɢɦɟ ɪɟɰɢɪɤɭɥɹɰɢɢ ɡɟɪɧɚ, ɬɚɤ ɢ ɩɪɢ ɟɝɨ ɜɵɝɪɭɡɤɟ ɫ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɞɨ 0,45 ɬ/ɱ. 

ɇɚɥɢɱɢɟ ɩɚɫɫɢɜɧɨɝɨ ɜɢɛɪɚɬɨɪɚ ɜ ɜɢɞɟ ɩɨɞɩɪɭɠɢɧɟɧɧɨɣ ɩɥɚɫɬɢɧɵ ɩɨɞ ɜɵɝɪɭɡɧɵɦɢ ɡɟɪɧɨɜɵɦɢ 

ɡɚɫɥɨɧɤɚɦɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɟɪɚ ɧɚ 5%, 

ɦɚɫɫɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɦɟɫɢ ɧɚ 0,02 ɤɝ/ɤɝ ɫ.ɜ., ɫɧɢɠɚɟɬ ɨɩɚɫɧɨɫɬɶ ɡɚɜɚɥɚ. Ɏɢɥɶɬɪɭɸɳɢɣ 

ɤɨɥɩɚɤ ɫ ɨɬɛɨɣɧɢɤɨɦ ɡɟɪɧɚ ɜ ɜɢɞɟ ɮɚɪɬɭɤɚ ɢɡ ɪɟɡɢɧɨɜɵɯ ɩɨɥɨɫ ɜ ɡɚɝɪɭɡɨɱɧɨɦ ɛɭɧɤɟɪɟ 

ɡɟɪɧɨɜɨɝɨ ɦɨɞɭɥɹ ɫɭɲɢɥɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞɟɠɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɡɟɪɧɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ. 
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ɉɪɢɥɨɠɟɧɢɟ Ⱦ 

Ⱥɤɬ ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɇɂɊ 

 

 


