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ɆȿɌɈȾɂɄȺ ɊȺɋɑȿɌȺ, ȾɂȺȽɇɈɋɌɂɊɈȼȺɇɂə ɂ ɊȿȽɍɅɂɊɈȼȺɇɂə 
ɋɂɋɌȿɆЫ ɉȿɊȿɉɍɋɄȺ ȽȺɁȺ ȺȽɊȿȽȺɌȺ ɇȺȾȾɍȼȺ ȾȼɂȽȺɌȿɅə 

 

ɘ.ɉ. Ɇɚɤɭɲɟɜ¹, Ⱥ.ȼ. Ⱦɪɟɜɟɥɶ¹, Ɍ.Ⱥ. Ɇɚɤɭɲɟɜɚ2 
¹ɎȽȻɈɍ ȼɉɈ «ɋɢɛȺȾɂ», Ɋɨɫɫɢɣ, ɝ. Ɉɦɫɤ; 

2Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (ɈɦȽɌɍ), Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ. 
 

Аɧɧɨɬɚɰиɹ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɜɵɛɨɪɚ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ 
ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɷɧɟɪɝɢɟɣ ɨɬ-
ɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɞɜɢɝɚɬɟɥɹ, ɩɨɫɬɭɩɚɸɳɟɣ ɧɚ ɥɨɩɚɬɤɢ ɤɨɥɟɫɚ ɬɭɪɛɢɧɵ. ɍɩɪɚɜɥɟɧɢɟ 
ɜɟɥɢɱɢɧɨɣ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɨɝɪɚɧɢɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɱɚɫɬɨɬ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɩɟɪɟɩɭɫɤɚ ɨɬɪɚ-
ɛɨɬɚɜɲɢɯ ɝɚɡɨɜ. ɉɪɢɜɟɞɟɧɚ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɫɢɫɬɟɦɵ ɩɟɪɟɩɭɫɤɚ ɝɚɡɚ ɜ ɬɭɪɛɢɧɟ 
ɚɝɪɟɝɚɬɚ ɧɚɞɞɭɜɚ ɞɜɢɝɚɬɟɥɹ, ɭɱɢɬɵɜɚɸɳɚɹ ɛɚɥɚɧɫ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɦɟɦɛɪɚɧɭ, 
ɩɪɭɠɢɧɭ, ɲɬɨɤ ɢ ɡɚɫɥɨɧɤɭ. Ɋɚɫɫɦɨɬɪɟɧɵ ɫɩɨɫɨɛɵ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɫɢɫɬɟɦɵ ɩɟɪɟɩɭɫɤɚ ɝɚɡɚ ɦɢɦɨ ɬɭɪɛɢɧɵ. 

 
Кɥɸɱеɜые ɫɥɨɜɚ: ɚɝɪɟɝɚɬ ɧɚɞɞɭɜɚ, ɬɭɪɛɢɧɚ, ɫɢɫɬɟɦɚ ɩɟɪɟɩɭɫɤɚ ɝɚɡɚ.  
 

ȼɜɟɞɟɧɢɟ 
Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɟɣ, 

ɫɧɢɠɟɧɢɹ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɢ ɬɨɤ-
ɫɢɱ-ɧɨɫɬɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɩɪɢɦɟɧɹɸɬ 
ɫɢɫɬɟɦɭ ɧɚɞɞɭɜɚ ɜɨɡɞɭɯɚ. ɇɚɢɛɨɥɶɲɟɟ ɩɪɢ-
ɦɟɧɟɧɢɟ ɩɨɥɭɱɢɥ ɝɚɡɨɬɭɪɛɢɧɧɵɣ ɧɚɞɞɭɜ, ɜ 
ɤɨɬɨɪɨɦ ɰɟɧɬɪɨɛɟɠɧɵɣ ɤɨɦɩɪɟɫɫɨɪ ɢ ɬɭɪɛɢɧɚ 
(ɚɝɪɟɝɚɬ ɧɚɞɞɭɜɚ) ɢɦɟɟɬ ɫ ɞɜɢɝɚɬɟɥɟɦ ɝɚɡɨ-
ɜɭɸ ɫɜɹɡɶ. 

Ɍɪɟɛɭɟɦɨɟ ɦɚɫɫɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ 
ɞɥɹ ɪɚɛɨɬɵ ɞɢɡɟɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟ-
ɧɢɹ Д1] 
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ɝɞɟ α – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ (1,6 
− 2,0); L0 – ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭ-
ɯɚ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɫɝɨɪɚɧɢɹ 1ɤɝ ɬɨɩɥɢɜɚ 
(14,8 ɤɝ); РО – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, 
ɤɝ/(ɤȼɬɱ) (0,18 − 0,22); NО – ɦɨɳɧɨɫɬɶ ɞɜɢɝɚ-
ɬɟɥɹ, ɤȼɬ; φ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɞɭɜɤɢ 
(1,1−1,2). Ⱦɥɹ ɛɟɧɡɢɧɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ α = 1, 
РО = 0,26 – 0,3 ɤɝ/(ɤȼɬɱ). 

Ⱦɥɹ ɪɹɞɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɨɛɵɱɧɨ ɭɫɬɚɧɚɜ-
ɥɢɜɚɸɬ ɨɞɢɧ ɤɨɦɩɪɟɫɫɨɪ, ɞɥɹ V – ɨɛɪɚɡɧɵɯ – 
ɞɜɚ. ɋ ɭɱɟɬɨɦ ɜɵɛɪɚɧɧɨɝɨ ɱɢɫɥɚ ɤɨɦɩɪɟɫɫɨ-
ɪɨɜ ТФ ɧɟɨɛɯɨɞɢɦɚɹ ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɨɞɧɢɦ 
ɤɨɦɩɪɟɫɫɨɪɨɦ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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Ⱦɥɹ ɞɜɢɝɚɬɟɥɹ ɄɚɦȺɁ-740.71-320 (8ɑɇ 
12/13) ɦɨɳɧɨɫɬɶɸ 235 ɤȼɬ ɢ α =1,8, РО = 0,21 
ɤɝ/(ɤȼɬɱ), ɜɟɥɢɱɢɧɚ М Ⱦ = 0,4 ɤɝ/ɫ, ɚ М Ʉ = 0,2 
ɤɝ/ɫ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɫɯɨɞɚ М Ʉ = 0,2 ɤɝ/ɫ 
ɚɛɫɨɥɸɬɧɨɟ ɞɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɤɨɦɩɪɟɫɫɨɪɚ ɞɥɹ ɱɟɬɵɪɟɯɬɚɤɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 
ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɜɧɨ  

  ,18,015,0 ek PP                        (3) 

ɝɞɟ Ɋɟ − ɫɪɟɞɧɟɟ ɷɮɮɟɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɜ 
ɰɢɥɢɧɞɪɟ ɞɢɡɟɥɹ, Ɇɉɚ. 

ȼɟɥɢɱɢɧɭ Ɋɟ  ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 
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ɉɪɢ ɦɨɳɧɨɫɬɢ ɞɢɡɟɥɹ NО = 235 ɤȼɬ, ɪɚɛɨ-
ɱɟɦ ɨɛɴɟɦɟ ɰɢɥɢɧɞɪɚ VС =1,47 ɥ, ɱɢɫɥɟ ɰɢ-
ɥɢɧɞɪɨɜ Т = 8, ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ 
ɜɚɥɚ n =1900 ɦɢɧ-1 ɜɟɥɢɱɢɧɚ Ɋɟ = 1,26 Ɇɉɚ. 
ɂɡ ɮɨɪɦɭɥɵ (3) ɫɥɟɞɭɟɬ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɩɨɥɧɨ-
ɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɦɩɪɟɫɫɨɪɚ Ɋɤ = 
0,2 Ɇɉɚ. ɂɡɛɵɬɨɱɧɨɟ (ɦɚɧɨɦɟɬɪɢɱɟɫɤɨɟ) 
ɞɚɜɥɟɧɢɟ ɦɟɧɶɲɟ ɩɨɥɧɨɝɨ ɧɚ ɜɟɥɢɱɢɧɭ ɚɬɦɨ-
ɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ. 

Ɋɚɫɯɨɞ ɝɚɡɚ ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɩɪɢɦɟɪɧɨ ɧɚ 
3% ɛɨɥɶɲɟ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɤɨɦɩɪɟɫ-
ɫɨɪ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɜ ɰɢɥɢɧɞ-
ɪɚɯ ɞɜɢɝɚɬɟɥɹ. 

.03,1 kT MM                         (5) 

Ⱦɥɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɪɨɬɟɤɚɧɢɹ ɪɚɛɨɱɟɝɨ 
ɩɪɨɰɟɫɫɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ɞɜɢɝɚɬɟɥɹ ɢ ɤɨ-
ɥɢɱɟɫɬɜɚ ɩɨɞɚɜɚɟɦɨɝɨ ɤɨɦɩɪɟɫɫɨɪɨɦ ɜɨɡɞɭɯɚ 
ɩɪɢɦɟɧɹɸɬ ɫɥɟɞɭɸɳɢɟ ɫɩɨɫɨɛɵ ɚɜɬɨɦɚɬɢɱɟ-
ɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Д2,3,4]: 

− ɩɟɪɟɩɭɫɤ ɱɚɫɬɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɦɢ-
ɦɨ ɬɭɪɛɢɧɵ; 
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− ɩɨɜɨɪɨɬ ɫɨɩɥɨɜɨɝɨ ɥɨɩɚɬɨɱɧɨɝɨ ɚɩɩɚɪɚ-
ɬɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ ɢɥɢ ɬɭɪɛɢɧɟ; 

− ɢɡɦɟɧɟɧɢɟ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɧɚ ɜɯɨɞɟ 
ɜ ɬɭɪɛɢɧɭ. 

Ɋɚɫчɟɬ ɩɟɪɟɩɭɫɤɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɂɫɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɯɚɧɢɡɦɵ ɭɤɚɡɚɧɧɵɯ 

ɫɩɨɫɨɛɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɦɟɯɚɧɢ-
ɱɟɫɤɢɟ (ɦɟɦɛɪɚɧɧɵɟ ɫ ɩɪɭɠɢɧɨɣ) ɢɥɢ ɷɥɟɤ-
ɬɪɨɧɧɵɟ. Ⱦɥɹ ɩɪɢɜɨɞɚ ɜ ɞɜɢɠɟɧɢɟ ɡɚɫɥɨɧɤɢ 
ɢɥɢ ɫɨɩɥɨɜɨɝɨ ɚɩɩɚɪɚɬɚ ɦɟɯɚɧɢɡɦ ɩɨɜɨɪɨɬɚ 
ɢɦɟɟɬ ɲɬɨɤ, ɩɨ ɚɧɚɥɢɡɭ ɞɜɢɠɟɧɢɹ ɤɨɬɨɪɨɝɨ 
ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɞɢɚɝɧɨɫɬɢɤɭ ɢ ɨɩɪɟɞɟɥɢɬɶ 
ɧɟɢɫɩɪɚɜɧɨɫɬɢ. ɏɨɞ ɲɬɨɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ 
ɩɨɦɨɳɢ ɢɧɞɢɤɚɬɨɪɚ ɢɥɢ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩ-
ɩɚɪɚɬɭɪɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɞɭɤɬɢɜɧɨɝɨ 
ɞɚɬɱɢɤɚ ɩɟɪɟɦɟɳɟɧɢɹ.  

ɇɚɢɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɚɤɬɢɤɟ ɩɨ-
ɥɭɱɢɥɚ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚ-
ɧɢɹ ɫ ɩɟɪɟɩɭɫɤɨɦ ɝɚɡɚ ɦɢɦɨ ɬɭɪɛɢɧɵ. Ɉɧɚ 
ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɞɜɢɝɚɬɟɥɶ ɬɪɟɛɭɟɦɵɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɜɨɡɞɭɯɚ ɧɚ ɜɫɟɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ 
ɢ ɨɝɪɚɧɢɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟ-
ɧɢɹ ɜɚɥɚ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ. Ɇɨɳɧɨɫɬɶ ɬɭɪ-
ɛɢɧɵ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɧɚɝɪɭɡɤɨɣ ɞɜɢɝɚɬɟɥɹ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧ ɚɝɪɟɝɚɬ ɧɚɞɞɭɜɚ ɫ 
ɤɨɦɩɪɟɫɫɨɪɨɦ, ɬɭɪɛɢɧɨɣ ɢ ɭɫɬɪɨɣɫɬɜɨɦ ɞɥɹ 
ɩɟɪɟɩɭɫɤɚ ɝɚɡɚ ɦɢɦɨ ɬɭɪɛɢɧɵ Д5]. 

 

 
 

Ɋɢɫ. 1. Ɍɭɪɛɨɤɨɦɩɪɟɫɫɨɪ ɫ ɩɟɪɟɩɭɫɤɧɵɦ  
ɭɫɬɪɨɣɫɬɜɨɦ: 1 – ɪɵɱɚɝɢ ɭɩɪɚɜɥɟɧɢɹ ɡɚɫɥɨɧɤɨɣ;  

2 – ɩɧɟɜɦɚɬɢɱɟɫɤɚɹ ɤɚɦɟɪɚɭɩɪɚɜɥɟɧɢɹ;  
3 – ɡɚɫɥɨɧɤɚ 

 
 

ɉɧɟɜɦɚɬɢɱɟɫɤɚɹ (ɜɨɡɞɭɲɧɚɹ) ɤɚɦɟɪɚ 2 
ɝɟɪɦɟɬɢɱɧɨ ɫɨɨɛɳɟɧɚ ɫ ɜɵɯɨɞɨɦ ɤɨɦɩɪɟɫɫɨ-
ɪɚ. ɉɟɪɟɩɭɫɤɧɨɣ ɤɚɧɚɥ, ɡɚɤɪɵɜɚɟɦɵɣ ɡɚɫɥɨɧ-
ɤɨɣ 3, ɫɨɟɞɢɧɟɧ ɤɚɧɚɥɨɦ ɫ ɜɯɨɞɨɦ ɜ ɬɭɪɛɢɧɭ. 
Ⱦɚɜɥɟɧɢɟ ɧɚɞɞɭɜɚ ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɦɟɦɛɪɚɧɭ, 
ɩɨɞɠɚɬɭɸ ɩɪɭɠɢɧɨɣ. ɉɪɢ ɜɟɥɢɱɢɧɟ ɞɚɜɥɟɧɢɹ 
ɛɨɥɶɲɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɦɟɦɛɪɚɧɚ, 
ɩɪɟɨɞɨɥɟɜɚɹ ɭɫɢɥɢɟ ɩɪɭɠɢɧɵ, ɩɟɪɟɦɟɳɚɟɬ 
ɲɬɨɤ, ɤɨɬɨɪɵɣ ɱɟɪɟɡ ɫɢɫɬɟɦɭ ɪɵɱɚɝɨɜ ɨɬɤɪɵ-
ɜɚɟɬ ɡɚɫɥɨɧɤɭ 3. ɉɪɢ ɷɬɨɦ ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɥɢ-
ɱɟɫɬɜɨ ɝɚɡɚ, ɧɚɩɪɚɜɥɹɟɦɨɟ ɧɚ ɤɨɥɟɫɨ ɬɭɪɛɢ-
ɧɵ, ɢ ɫɧɢɠɚɟɬɫɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɚɥɚ. 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ 
ɞɥɹ ɩɟɪɟɩɭɫɤɚ ɝɚɡɚ ɦɢɦɨ ɬɭɪɛɢɧɵ ɫ ɭɫɬɚɧɨɜ-
ɤɨɣ ɢɧɞɢɤɚɬɨɪɚ 7, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ ɜɵ-
ɩɨɥɧɹɸɬɫɹ ɩɪɨɰɟɫɫɵ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɢ ɪɟ-
ɝɭɥɢɪɨɜɚɧɢɹ. 

 
Ɋɢɫ. 2. ɍɫɬɚɧɨɜɤɚ ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɪɟɝɭɥɢɪɨɜɚ-

ɧɢɹ ɫɢɫɬɟɦɵ  ɩɟɪɟɩɭɫɤɚ ɝɚɡɚ: 1 – ɤɨɦɩɪɟɫɫɨɪ;  
2 – ɤɚɦɟɪɚ ɭɩɪɚɜɥɟɧɢɹ; 3 – ɦɟɦɛɪɚɧɚ; 4 – ɩɪɭɠɢ-
ɧɚ; 5 – ɫɬɨɣɤɚ ɤɪɟɩɥɟɧɢɹ ɢɧɞɢɤɚɬɨɪɚ; 6 – ɩɥɚɧɤɚ 

ɩɪɢɜɨɞɚ ɢɧɞɢɤɚɬɨɪɚ 7; 8 – ɜɢɧɬɵ ɡɚɠɢɦɧɵɟ;  
9 – ɦɭɮɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɥɢɧɵ ɲɬɨɤɚ 10; 

11 – ɪɵɱɚɝ ɲɬɨɤɚ; 12 – ɪɵɱɚɝ ɡɚɫɥɨɧɤɢ; 13 – ɡɚ-
ɫɥɨɧɤɚ; 14 – ɩɟɪɟɩɭɫɤɧɨɟ ɨɬɜɟɪɫɬɢɟ; 15 – ɬɭɪɛɢɧɚ 

 
ɋɢɫɬɟɦɚ ɩɟɪɟɩɭɫɤɚ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ. ȼɨɡɞɭɯ ɩɨɞ ɨɩɪɟɞɟɥɟɧɧɵɦ ɢɡɛɵɬɨɱ-
ɧɵɦ ɞɚɜɥɟɧɢɟɦ PɂɁȻ ɢɡ ɤɨɦɩɪɟɫɫɨɪɚ 1 ɩɨɫɬɭ-
ɩɚɟɬ ɜ ɤɚɦɟɪɭ ɭɩɪɚɜɥɟɧɢɹ 2, ɞɟɣɫɬɜɭɹ ɧɚ 
ɦɟɦɛɪɚɧɭ 3 ɩɥɨɳɚɞɶɸ SɆ, ɫɨɡɞɚɜɚɹ ɫɢɥɭ FɆ 
ɫɨ ɫɬɨɪɨɧɵ ɦɟɦɛɪɚɧɵ Д6] 

FɆ = SɆ ·PɂɁȻ .                        (6) 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɫɢɥɵ FɆ  
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ SɆ  ɢ PɂɁȻ. Ⱦɢɚɦɟɬɪ ɦɟɦ-
ɛɪɚɧɵ 3 ɜɵɩɨɥɧɟɧ ɪɚɡɦɟɪɨɦ 40 ɦɦ (1), 50 ɦɦ 
(2), 60 ɦɦ (3). Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɦɟɦɛɪɚɧɵ 
ɞɢɚɦɟɬɪɨɦ ɪɚɜɧɵɦ 4·10 -2 ɦ ɢ ɩɟɪɟɩɚɞɟ ɞɚɜ-
ɥɟɧɢɹ ɜɨɡɞɭɯɚ 0,1 Ɇɉɚ ɫɢɥɚ ɫɨ ɫɬɨɪɨɧɵ ɦɟɦ-
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ɛɪɚɧɵ ɛɭɞɟɬ ɪɚɜɧɚ 125 ɇ. ɉɪɢ ɞɚɜɥɟɧɢɢ ɛɨ-
ɥɟɟ 0,1 Ɇɉɚ (ɞɥɹ ɧɚɲɟɝɨ ɩɪɢɦɟɪɚ) ɲɬɨɤ 10 
ɞɨɥɠɟɧ ɧɚɱɚɬɶ ɞɜɢɠɟɧɢɟ ɢ ɩɪɢ ɩɨɦɨɳɢ ɪɵɱɚ-
ɝɨɜ 11 ɢ 12 ɨɬɤɪɵɬɶ ɡɚɫɥɨɧɤɭ 13. 

 

 
Ɋɢɫ. 3. ɂɡɦɟɧɟɧɢɟ ɫɢɥɵ ɧɚ ɦɟɦɛɪɚɧɟ  

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ ɢ ɢɡɛɵɬɨɱɧɨɝɨ  
ɞɚɜɥɟɧɢɹ ɜ ɤɚɦɟɪɟ ɭɩɪɚɜɥɟɧɢɹ 

 
ȼɢɧɬɨɜɚɹ ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɩɪɭɠɢɧɚ 4 (ɫɦ. 

ɪɢɫ. 2) ɢɦɟɟɬ ɨɩɪɟɞɟɥɟɧɧɭɸ ɠɟɫɬɤɨɫɬɶ ɋ 
(ɇ/ɦɦ) ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɠɚɬɚ ɧɚ ɜɟɥɢɱɢɧɭ 
Δɏ. ɋɢɥɚ ɫɨ ɫɬɨɪɨɧɵ ɩɪɭɠɢɧɵ FɉɊ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

FɉɊ = ɋ· Δɏ .                        (7) 

ɇɚ ɪɢɫɭɧɤɟ 4 ɩɨɤɚɡɚɧɵ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟ-
ɧɢɹ ɭɫɢɥɢɹ ɧɚ ɩɪɭɠɢɧɚɯ FɉɊ ɠɟɫɬɤɨɫɬɶɸ 20 
ɇ/ɦɦ (1), 30 ɇ/ɦɦ (2), 40 ɇ/ɦɦ (3) ɩɪɢ ɪɚɡɥɢɱ-
ɧɨɣ ɜɟɥɢɱɢɧɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɫɠɚɬɢɹ Δɏ. 
Ⱦɥɹ ɩɪɭɠɢɧɵ ɫ ɠɟɫɬɤɨɫɬɶɸ 20 ɇ/ɦɦ ɩɪɢ ɟɟ 
ɫɠɚɬɢɢ ɧɚ 6 ɦɦ ɫɢɥɚ FɉɊ ɫɨɫɬɚɜɢɬ 125 ɇ. ɋɥɟ-
ɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɠɚɬɢɟ ɩɪɭɠɢɧ ɧɟ ɩɪɟɜɵ-
ɲɚɟɬ 1 ɫɦ, ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɢɡɦɟɧɟɧɢɟ ɫɢɥɵ 
ɩɪɭɠɢɧɵ ɩɪɢɧɹɬɨ ɥɢɧɟɣɧɨɣ. 

 

 
Ɋɢɫ. 4. ɂɡɦɟɧɟɧɢɟ ɭɫɢɥɢɹ ɧɚ ɩɪɭɠɢɧɚɯ  

ɪɚɡɧɨɣ ɠɟɫɬɤɨɫɬɶɸ ɩɪɢ ɢɯ ɫɠɚɬɢɢ  
 

ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 
ɫɢɥɵ ɧɚ ɡɚɫɥɨɧɤɟ ɜ ɡɚɤɪɵɬɨɦ ɫɨɫɬɨɹɧɢɢ ɨɬ 
ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɊɂɁȻ. Ⱦɢɚɦɟɬɪ ɩɟɪɟɩɭ-
ɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 10 ɦɦ (1), 20 ɦɦ (2), 30 ɦɦ 
(3). ɉɪɢ ɡɚɤɪɵɬɨɣ ɡɚɫɥɨɧɤɟ 13 (ɪɢɫ. 2) ɩɥɨɳɚ-
ɞɶɸ SɁ  ɢ ɞɚɜɥɟɧɢɢ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɊɂɁȻ 
ɧɚ ɧɟɟ ɞɟɣɫɬɜɭɟɬ ɫɢɥɚ FɁ ɪɚɜɧɚɹ 

FɁ = SɁ  · ɊɂɁȻ.                        (8) 

 
Ɋɢɫ. 5. Ɂɚɜɢɫɢɦɨɫɬɶ ɭɫɢɥɢɹ ɧɚ ɡɚɫɥɨɧɤɟ  

ɨɬ ɞɢɚɦɟɬɪɚ ɩɟɪɟɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ  
ɢ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ 

 
ɉɪɢ ɞɢɚɦɟɬɪɟ ɩɟɪɟɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 20 

ɦɦ ɢ ɢɡɛɵɬɨɱɧɨɦ ɞɚɜɥɟɧɢɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ 
0,1 Ɇɉɚ ɭɫɢɥɢɟ ɧɚ ɡɚɫɥɨɧɤɟ ɫɨɫɬɚɜɢɬ 35 ɇ. 

ɉɪɢ ɪɚɜɟɧɫɬɜɟ ɞɥɢɧɵ ɪɵɱɚɝɨɜ 11 ɢ 12 (ɫɦ. 
ɪɢɫ. 2) ɛɚɥɚɧɫ ɫɢɥ ɧɚ ɲɬɨɤɟ 10 ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɜɵɪɚɠɟɧɢɟɦ 

FɉɊ = FɆ + FɁ.                      (9) 

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɤɚɦɟɪɵ ɭɩɪɚɜɥɟɧɢɹ ɫ ɞɢɚ-
ɦɟɬɪɨɦ ɦɟɦɛɪɚɧɵ 40 ɦɦ ɢ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜ-
ɥɟɧɢɹ ɧɚɞɞɭɜɚ ɢ ɞɚɜɥɟɧɢɹ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚ-
ɡɨɜ 0,1 Ɇɉɚ ɜɟɥɢɱɢɧɚ FɉɊ ɜ ɦɨɦɟɧɬ ɧɚɱɚɥɚ 
ɨɬɤɪɵɬɢɹ ɡɚɫɥɨɧɤɢ ɫɨɫɬɚɜɢɬ 125 ɇ (ɫɦ. ɪɢɫ. 
3). ɋɢɥɚ ɫɨ ɫɬɨɪɨɧɵ ɦɟɦɛɪɚɧɵ ɢ ɫɢɥɚ ɧɚ ɡɚ-
ɫɥɨɧɤɟ (31 ɇ ɫɦ. ɪɢɫ. 4), ɞɟɣɫɬɜɭɸɬ ɜ ɨɞɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ, ɱɬɨ ɜ ɫɭɦɦɟ ɫɨɫɬɚɜɢɬ 156 ɇ. 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɚɥɚɧɫɚ ɫɢɥ ɩɪɟɞɜɚɪɢɬɟɥɶ-
ɧɨɟ ɫɠɚɬɢɟ ɩɪɭɠɢɧɵ ɞɨɥɠɧɨ ɫɨɫɬɚɜɢɬɶ ɧɟ 6 
ɦɦ, ɚ 7,8 ɦɦ ɫ ɭɱɟɬɨɦ ɭɫɢɥɢɹ ɧɚ ɡɚɫɥɨɧɤɟ. 

Ɉɩɪɟɞɟɥɢɜ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɲɬɨɤ 
10, ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɨɩɬɢɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ 
ɧɚɱɚɥɚ ɨɬɤɪɵɬɢɹ ɤɥɚɩɚɧɚ (ɧɚɩɪɢɦɟɪ, ɢɡɛɵ-
ɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ 1·105 Ɇɉɚ) ɨɩɪɟɞɟɥɹɸɬ ɜɟ-
ɥɢɱɢɧɭ FɉɊ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɟɟ ɤɨɪɪɟɤɬɢ-
ɪɭɸɬ ɦɭɮɬɨɣ 9, ɢɡɦɟɧɹɹ ɞɥɢɧɭ ɲɬɨɤɚ 10. 
ɉɥɨɳɚɞɶ ɦɟɦɛɪɚɧɵ ɢ ɩɟɪɟɩɭɫɤɧɨɝɨ ɨɬɜɟɪ-
ɫɬɢɹ ɞɢɚɦɟɬɪɨɦ D ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ π 
D2/4.
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ɉɥɨɳɚɞɶ ɳɟɥɢ ɩɪɢ ɨɬɤɪɵɬɢɢ ɡɚɫɥɨɧɤɢ ɧɚ 
ɜɟɥɢɱɢɧɭ ΔK ɨɩɪɟɞɟɥɹɸɬ ɢɡ ɜɵɪɚɠɟɧɢɹ 

Sɳ = π·DɈ· ΔK,                     (10) 

ɝɞɟ DɈ – ɞɢɚɦɟɬɪ ɩɟɪɟɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ. 
ɇɚ ɪɢɫɭɧɤɟ 6 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɩɥɨɳɚ-

ɞɢ ɫɟɱɟɧɢɹ ɳɟɥɢ Sɳ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɟɪɟɩɭɫɤ-
ɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɞɢɚɦɟɬɪɨɦ 10 ɦɦ (1), 20 ɦɦ 
(2), 30 ɦɦ (3) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɨɬ-
ɤɪɵɬɢɹ ɡɚɫɥɨɧɤɢ (ɤɥɚɩɚɧɚ) ΔK. 

 
Ɋɢɫ. 6. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ  
ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɟɪɟɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ  

ɨɬ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɫɥɨɧɤɢ 
 
Ɉɩɪɟɞɟɥɢɜ ɡɧɚɱɟɧɢɟ Sɳ, ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɨ-

ɥɨɠɟɧɢɣ ɲɬɨɤɚ ɢ ɨɬɤɪɵɬɢɹ ɡɚɫɥɨɧɤɢ (ɤɥɚɩɚɧɚ), 
ɨɰɟɧɢɜɚɸɬ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɩɭɫɤɚɟɦɨɝɨ ɝɚɡɚ. 
Ɇɚɫɫɚ ɝɚɡɚ, ɩɟɪɟɩɭɫɤɚɟɦɚɹ ɦɢɦɨ ɬɭɪɛɢɧɵ М ɉ, 
ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɫɥɨɧɤɢ, ɞɚɜ-
ɥɟɧɢɹ ɝɚɡɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɫɤɨɪɨɫɬɢ ɬɟɱɟɧɢɹ 
ɝɚɡɚ, ɟɝɨ ɩɥɨɬɧɨɫɬɢ, ɱɢɫɥɚ Ɇɚɯɚ, ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɩɟɪɟɩɭɫɤɧɨɝɨ ɤɚɧɚɥɚ ɫ ɡɚɫɥɨɧɤɨɣ. 

ɉɪɢ ɪɚɫɱɟɬɟ ɬɭɪɛɢɧɵ ɜɚɠɧɨ ɡɧɚɬɶ ɱɢɫɥɨ 
Ɇɚɯɚ, ɤɨɬɨɪɨɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɨɬɧɨɲɟɧɢɟ ɫɤɨ-
ɪɨɫɬɢ ɩɨɬɨɤɚ ɤ ɦɟɫɬɧɨɣ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ (М =  
/ɚ). ɉɪɢ ɧɨɪɦɚɥɶɧɵɯ ɚɬɦɨɫɮɟɪɧɵɯ ɭɫɥɨɜɢɹɯ 
ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ ɪɚɜɧɚ 340 ɦ/ɫ. ɋ ɩɨɜɵɲɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 
ɉɪɢ М < 1 ɬɟɱɟɧɢɟ ɝɚɡɚ ɧɚɡɵɜɚɸɬ ɞɨɡɜɭɤɨɜɵɦ 
ɢ ɫɠɢɦɚɟɦɨɫɬɶ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ. ɉɥɨɬɧɨɫɬɶ 
ɝɚɡɚ ɜ ɤɨɧɤɪɟɬɧɨɦ ɫɟɱɟɧɢɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ-
ɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɨɣ. ɉɪɢ М > 1 ɬɟɱɟɧɢɟ ɧɚ-
ɡɵɜɚɸɬ ɫɜɟɪɯɡɜɭɤɨɜɵɦ, ɝɚɡ ɫɩɨɫɨɛɟɧ ɫɠɢ-
ɦɚɬɶɫɹ ɢ ɟɝɨ ɩɚɪɚɦɟɬɪɵ ɨɩɪɟɞɟɥɹɸɬ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ. 

ɉɪɢ ɚɞɢɚɛɚɬɧɨɦ ɩɪɨɰɟɫɫɟ ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ 
ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵ-
ɪɚɠɟɧɢɟɦ Д7,8] 

TRа   .                        (11) 

Ⱦɥɹ ɜɵɩɭɫɤɧɵɯ ɝɚɡɨɜ ɞɜɢɝɚɬɟɥɹ ɩɪɢ Ф 
=1,34 (ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ), R = 286,4  
Ⱦɠ/(ɤɝ·Ʉ) (ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ) ɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ T = 1000 Ʉ ɦɟɫɬɧɚɹ ɫɤɨ-
ɪɨɫɬɶ ɡɜɭɤɚ ɚ = 620 ɦ/ɫ. 

ɉɥɨɬɧɨɫɬɶ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ 

ρ = Ɋ / (R·T),                      (12) 

ɝɞɟ Ɋ – ɚɛɫɨɥɸɬɧɨɟ (ɩɨɥɧɨɟ) ɞɚɜɥɟɧɢɟ 
ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɇ/ɦ2;  T – ɬɟɦɩɟɪɚɬɭɪɚ, 850 − 
1000 Ʉ. Ⱦɥɹ Ɋ = 0,2·106 ɇ/ɦ2, R = 
286,4 Ⱦɠ/(ɤɝ·Ʉ), T = 1000 Ʉ ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɛɭ-
ɞɟɬ ɪɚɜɧɚ 0,7 ɤɝ/ɦ3. ɉɪɢ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ 
ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ (ɢɫɬɟɱɟɧɢɹ) ɝɚɡɚ  = 534 ɦ/ɫ ɢ 
М < 1 (ɬɟɱɟɧɢɟ ɝɚɡɚ ɞɨɡɜɭɤɨɜɨɟ). 

Ⱦɥɹ ɞɨɡɜɭɤɨɜɵɯ ɬɟɱɟɧɢɣ ɫɟɤɭɧɞɧɨɟ ɨɛɴ-
ɟɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɚ (ɦ3/ɫ) ɩɟɪɟɩɭɫɤɚɟɦɨɟ 
ɱɟɪɟɡ ɨɬɤɪɵɬɭɸ ɡɚɫɥɨɧɤɭ ɨɩɪɟɞɟɥɢɦ ɢɡ ɜɵ-
ɪɚɠɟɧɢɹ  

 /2 РSSQ щщ  ,    (13) 

ɝɞɟ  – ɫɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ ɝɚɡɚ, ɦ/ɫ; ΔɊ – 
ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɩɟɪɟɞ ɡɚɫɥɨɧɤɨɣ, 
ɇ/ɦ2; ρ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3; µ – ɤɨɷɮɮɢɰɢ-
ɟɧɬ ɪɚɫɯɨɞɚ, ɪɚɜɧɵɣ 0,6 − 0,8. 

Ɇɚɫɫɨɜɵɣ ɫɟɤɭɧɞɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ (ɤɝ/ɫ), 
ɩɟɪɟɩɭɫɤɚɟɦɵɣ ɦɢɦɨ ɬɭɪɛɢɧɵ, ɧɚɯɨɞɢɦ ɩɨ 
ɮɨɪɦɭɥɟ 

M ɉ = Q · ρ.                          (14) 

ɇɚ ɪɢɫɭɧɤɟ 7 ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɫ-
ɯɨɞɚ ɩɟɪɟɩɭɫɤɚɟɦɨɝɨ ɝɚɡɚ М ɉ  ɜ ɤɝ/ɫ ɢ ɜ % ɨɬ 
ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ (ɯɨɞɚ) ɡɚɫɥɨɧɤɢ ΔK. ɏɚ-
ɪɚɤɬɟɪɢɫɬɢɤɚ ɩɨɫɬɪɨɟɧɚ ɞɥɹ ɩɟɪɟɩɭɫɤɧɨɝɨ 
ɤɚɧɚɥɚ ɫ ɞɢɚɦɟɬɪɨɦ 20 ɦɦ ɢ ɩɟɪɟɩɚɞɚ ɞɚɜ-
ɥɟɧɢɹ ɩɟɪɟɞ ɡɚɫɥɨɧɤɨɣ ΔɊ = 1·105 ɉɚ. ɉɪɢ 
ɨɬɤɪɵɬɢɢ ɡɚɫɥɨɧɤɢ ɧɚ 0,5 ɫɦ ɩɥɨɳɚɞɶ ɩɟɪɟ-
ɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɳɟɥɢ. 
Ⱦɚɥɶɧɟɣɲɟɟ ɨɬɤɪɵɬɢɟ ɡɚɫɥɨɧɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ 
ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɩɭɫɤɚɟɦɨɝɨ ɝɚɡɚ. 

ɉɪɢ ɨɬɤɪɵɬɢɢ ɡɚɫɥɨɧɤɢ ɧɚ 0,5 ɫɦ ɜɟɥɢɱɢɧɚ 
Sɳ = 3,14·10-4 ɦ2. Ⱦɥɹ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ Ɋ = 
0,2·106 ɇ/ɦ2, ɩɥɨɬɧɨɫɬɢ ɝɚɡɚ ρ = 0,7 ɤɝ/ɦ3, ɤɨɷɮ-
ɮɢɰɢɟɧɬɟ ɪɚɫɯɨɞɚ µ = 0,6 ɜɟɥɢɱɢɧɚ ɩɟɪɟɩɭɫɤɚ 
ɝɚɡɚ M ɉ ɫɨɫɬɚɜɢɬ 0,07 ɤɝ/ɫ. ȿɫɥɢ ɤ ɬɭɪɛɢɧɟ ɩɪɢ 
ɡɚɤɪɵɬɨɣ ɡɚɫɥɨɧɤɟ ɩɨɞɜɨɞɢɥɨɫɶ 0,2 ɤɝ/ɫ (100 %) 
ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ, ɬɨ ɩɟɪɟɩɭɫɤ 0,07 ɤɝ/ɫ ɫɨ-
ɫɬɚɜɢɬ 35 %. ɇɚɩɪɢɦɟɪ, ɤɨɥɟɫɨ ɬɭɪɛɢɧɵ ɢɦɟɥɨ 
ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ 100 000 ɦɢɧ-1, ɬɨ ɩɟɪɟɩɭɫɤ 35 
% ɝɚɡɚ ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɟɝɨ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ 
ɩɪɢɦɟɪɧɨ ɞɨ 65 000 ɦɢɧ-1. 
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Ɋɢɫ. 7. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɥɢɱɟɫɬɜɚ ɩɟɪɟɩɭɫɤɚɟɦɨɝɨ ɝɚɡɚ  

ɨɬ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɫɥɨɧɤɢ 
 

ȼ ɩɪɨɰɟɫɫɟ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ 
ɩɟɪɟɩɭɫɤɚ ɝɚɡɚ ɦɢɦɨ ɬɭɪɛɢɧɵ ɩɪɨɜɟɪɹɸɬ ɰɟ-
ɥɨɫɬɧɨɫɬɶ ɦɟɦɛɪɚɧɵ 3 (ɫɦ. ɪɢɫ. 2) ɩɪɭɠɢɧɵ 4 
ɢ ɝɟɪɦɟɬɢɱɧɨɫɬɶ ɩɟɪɟɩɭɫɤɧɨɣ ɡɚɫɥɨɧɤɢ 13. 
ɍɫɬɚɧɚɜɥɢɜɚɸɬ ɭɩɨɪɧɭɸ ɩɥɚɧɤɭ 6 ɧɚ ɲɬɨɤ 10 
ɢ ɡɚɤɪɟɩɥɹɸɬ ɟɟ. ɉɥɚɧɤɚ 6 ɞɨɥɠɟɧ ɤɚɫɚɬɶɫɹ 
ɲɬɨɤɚ ɢɧɞɢɤɚɬɨɪɚ ɱɚɫɨɜɨɝɨ ɬɢɩɚ 7, ɲɤɚɥɚ ɤɨ-
ɬɨɪɨɝɨ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ 0 Д5]. 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɢ ɧɚɫɬɪɨɣɤɢ ɩɟɪɟɩɭɫɤɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɩɥɚɜɧɨ ɩɨɜɵɲɚɸɬ ɞɚɜɥɟɧɢɟ ɜ ɤɚ-
ɦɟɪɟ 2 ɩɪɢ ɩɨɦɨɳɢ ɤɨɦɩɪɟɫɫɨɪɚ ɢɥɢ ɧɚɫɨɫɚ, 
ɧɚɛɥɸɞɚɸɬ ɡɚ ɧɚɱɚɥɨɦ ɞɜɢɠɟɧɢɹ ɲɬɨɤɚ 10 ɢ 
ɨɬɤɪɵɬɢɟɦ  ɡɚɫɥɨɧɤɢ (ɤɥɚɩɚɧɚ) 13. Ɂɚɩɢɫɵɜɚ-
ɸɬ ɞɚɜɥɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɧɚɱɚɥɨ 
ɞɜɢɠɟɧɢɹ ɲɬɨɤɚ, ɢ ɫɪɚɜɧɢɜɚɸɬ ɟɝɨ ɫ ɞɚɧɧɵɦɢ 
ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɤɨɪɪɟɤɬɢɪɭɸɬ ɫɢɥɭ ɩɪɭɠɢɧɵ 4, ɢɡɦɟɧɹɹ ɞɥɢɧɭ 
ɲɬɨɤɚ 10 ɩɪɢ ɩɨɦɨɳɢ ɦɭɮɬɵ 9. Ⱦɚɥɟɟ, ɩɨɜɵ-
ɲɚɹ ɞɚɜɥɟɧɢɟ ɜ ɤɚɦɟɪɟ 2, ɨɩɪɟɞɟɥɹɸɬ ɡɚɜɢ-
ɫɢɦɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɲɬɨɤɚ ɢ ɨɬɤɪɵɬɢɟ ɡɚ-
ɫɥɨɧɤɢ ɨɬ ɜɟɥɢɱɢɧɵ ɞɚɜɥɟɧɢɹ. 

Ɂɚɤɥючɟɧɢɟ 
1. ɉɪɟɞɫɬɚɜɥɟɧɚ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɫɢɫɬɟ-

ɦɵ ɩɟɪɟɩɭɫɤɚ ɝɚɡɚ ɦɢɦɨ ɬɭɪɛɢɧɵ, ɩɪɢɜɟɞɟɧɵ 
ɞɢɚɝɪɚɦɦɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥ, ɞɟɣɫɬɜɭɸ-
ɳɢɯ ɧɚ ɦɟɦɛɪɚɧɭ, ɩɪɭɠɢɧɭ, ɡɚɫɥɨɧɤɭ ɜ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɨɬ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ. 

2. ɉɪɢɜɟɞɟɧɵ ɦɟɬɨɞɢɤɢ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ 
ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɩɟɪɟɩɭɫɤɚ ɝɚɡɚ ɦɢ-
ɦɨ ɬɭɪɛɢɧɵ.   

 
Ȼɢɛɥɢɨɝɪɚɮɢчɟɫɤɢɣ ɫɩɢɫɨɤ 
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AЛstrКМt. TСТs КrЭТМХО НОsМrТЛОs ЭСО prШЛХОms ШП 

sОХОМЭТЧР sЭrЮМЭЮrКХ КЧН КНУЮsЭmОЧЭ pКrКmОЭОrs ШП К 
sвsЭОm ШП КЮЭШmКЭОН МШЧЭrШХ Лв ОЧОrРв ШП КЧ ОЧРТЧО’s 
ОбСКЮsЭ РКsОs ПХШаТЧР ЭШ ЭСО ЛХКНОs ШП К ЭЮrЛТЧО 
аСООХ. CШЧЭrШХХТЧР ЭСО КТr prОssЮrО’s mКРЧТЭЮНО КЭ ЭСО 
ШЮЭХОЭ ШП ЭСО МШmprОssШr КЧН ХТmТЭТЧР ЭСО mКбТmЮm 
spООН ШП ЭСО ЭЮrЛШМШmprОssШr’s sСКПЭ Тs МКrrТОН ШЮЭ Лв 
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ЭСО ОбСКЮsЭОН РКsОs’ rОМТrМЮХКЭТШЧ. TСОrО Тs prОsОЧЭОН 
К mОЭСШН ШП МКХМЮХКЭТЧР sвsЭОm ШП ЭСО РКs rОМТrМЮХКЭТШЧ 
ТЧ ЭСО ЭЮrЛТЧО ШП sЮpОrМСКrРТЧР ОЧРТЧО’s ЮЧТЭ, МШЧsТНОr-
ТЧР ЛКХКЧМО ШП ПШrМОs ТЧПХЮОЧМТЧР ЭСО mОmЛrКЧО, 
sprТЧР, rШН КЧН sМrООЧ. TСОrО КrО МШЧsТНОrОН ЭСО 
аКвs ШП НТКРЧШsТЧР КЧН rОРЮХКЭТШЧ ШП К sвsЭОm ШП РКs 
rОМТrМЮХКЭТШЧ pКsЭ ЭЮrЛТЧО. 

 
KОваШrНs: sЮpОrМСКrРОН ЮЧТЭ, ЭЮrЛТЧО, sвsЭОm ШП 

РКs rОМТrМЮХКЭТШЧ. 
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