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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ «Ƚɚɡɨɫɧɚɛɠɟɧɢɟ ɠɢɥɨɣ 

ɡɨɧɵ ɩɨɫɟɥɤɚ ɫ ɧɚɫɟɥɟɧɢɟɦ 4 ɬɵɫɹɱɢ ɱɟɥɨɜɟɤ» 

ɋɨɞɟɪɠɢɬ: 56 ɫɬɪɚɧɢɰ, 20 ɬɚɛɥɢɰ, 52 ɮɨɪɦɭɥ. 

ȽȺɁɈɋɇȺȻɀȿɇɂȿ ɇȺɋȿɅȿɇɇɈȽɈ ɉɍɇɄɌȺ, ɊȺɋɑȿɌ 

ɉɈɌɊȿȻɅȿɇɂȿ ɉɊɂɊɈȾɇɈȽɈ ȽȺɁȺ ɇȺɋȿɅȿɇɂȿɆ, ɄɈɌȿɅɖɇɕɆɂ 

ȽɈɊɈȾȺ ɂ ɈȻɔȿɄɌȺɆɂ ɄɈɆɆɍɇȺɅɖɇɈȽɈ ɇȺɁɇȺɑȿɇɂə, 

ɌɊȺɋɋɂɊɈȼɄȺ ȽȺɁɈȼɕɏ ɋȿɌȿɃ, ȽɂȾɊȺȼɅɂɑȿɋɄɂɃ ɊȺɋɑȿɌ 

ɋȿɌȿɃ ɇɂɁɄɈȽɈ ɂ ɋɊȿȾɇȿȽɈ ȾȺȼɅȿɇɂə, ɉɈȾȻɈɊ ȽɊɉ, ɆɈɇɌȺɀ 

ɉɈȾɁȿɆɇɈȽɈ ȽȺɁɈɉɊɈȼɈȾȺ, ɋȻɈɊɄȺ ɂ ɋȼȺɊɄȺ ɌɊɍȻ ȼ Ɂȼȿɇɖə, 

ɆɈɇɌȺɀ ɌɊɍȻɈɉɊɈȼɈȾɈȼ, ɉɊȿȾȼȺɊɂɌȿɅɖɇɈȿ ɂ 

ɈɄɈɇɑȺɌȿɅɖɇɈȿ ɂɋɉɕɌȺɇɂȿ ȽȺɁɈɉɊɈȼɈȾȺ. 

Ɉɛɴɟɤɬ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ – ɧɚɫɟɥɟɧɧɵɣ ɩɭɧɤɬ ɱɢɫɥɟɧɧɨɫɬɶɸ 4000 ɬɵɫ. 

ɱɟɥɨɜɟɤ. 

ɐɟɥɶ ɪɚɛɨɬɵ: 

- ɨɛɟɫɩɟɱɢɬɶ ɝɚɡɨɫɧɚɛɠɟɧɢɟɦ ɧɚɫɟɥɟɧɧɵɣ ɩɭɧɤɬ 

- ɪɚɫɫɱɢɬɚɬɶ ɩɨɬɪɟɛɥɟɧɢɟ 

- ɪɚɫɱɟɬ ɢ ɩɨɞɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

- ɬɟɯɧɨɥɨɝɢɹ ɦɨɧɬɚɠɚ ɝɚɡɨɩɪɨɜɨɞɚ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɫɯɟɦɵ 

ɬɪɚɫɫɢɪɨɜɤɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɩɪɨɢɡɜɟɞɟɧ ɜɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
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ȼȼȿȾȿɇɂȿ 
 

Ƚɚɡɨɜɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɨɬɪɚɫɥɟɣ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɷɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɪɨɫɬɨɦ ɝɚɡɨɩɨɬɪɟɛɥɟɧɢɹ, ɚ 

ɬɚɤɠɟ ɝɚɡɢɮɢɤɚɰɢɟɣ ɧɨɜɵɯ ɝɨɪɨɞɨɜ ɢ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ. 

ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 

ɩɪɢɜɨɞɹɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ, ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɜɢɞɚɦɢ ɬɨɩɥɢɜɚ, ɷɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 

ɩɪɢɪɨɞɧɵɣ ɝɚɡ. 

ȼ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɚɬɟɪɢɚɥɵ ɩɨ ɝɚɡɢɮɢɤɚɰɢɢ 

ɩɨɫёɥɤɚ, ɱɢɫɥɟɧɧɨɫɬɶ ɧɚɫɟɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 4000 ɱɟɥɨɜɟɤ. Ƚɚɡɢɮɢɰɢɪɨɜɚɬɶ 

ɩɨɫɟɥɨɤ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɢɪɨɞɧɵɦ ɝɚɡɨɦ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɪɚɛɨɬɟ, ɩɨɡɜɨɥɹɸɬ 

ɝɚɡɢɮɢɰɢɪɨɜɚɬɶ ɩɨɫёɥɨɤ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɭɪɨɜɧɟ, ɪɟɲɚɹ 

ɡɚɞɚɱɢ ɝɚɡɨɫɧɚɛɠɟɧɢɹ ɧɚɫɟɥɟɧɢɹ, ɤɪɨɦɟ ɷɬɨɝɨ, ɩɨɞɞɟɪɠɢɜɚɹ ɷɤɨɥɨɝɢɱɟɫɤɢɣ 

ɛɚɥɚɧɫ. 

ȼɄɊ ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɋɉ 62.13330.2011 

Ƚɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ. Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ ɋɇɢɉ 42-01- 

2002. 
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1 Ƚɚɡɨɫɧɚɛɠɟɧɢɟ 

 Ɉɛɳɢɟ ɫɜɟɞɟɧɢя ɨ ɝɚɡɢɮɢɤɚɰɢɢ ɫɟɥɚ 

ȼ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɚɬɟɪɢɚɥɵ ɩɨ ɝɚɡɢɮɢɤɚɰɢɢ 

ɩɨɫёɥɤɚ, ɱɢɫɥɟɧɧɨɫɬɶ ɧɚɫɟɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 4000 ɱɟɥɨɜɟɤ. 

ȼ ɩɨɫɟɥɤɟ ɪɚɫɩɨɥɨɠɟɧɚ ɬɪɢ ɤɨɬɟɥɶɧɵɯ. Ƚɚɡɢɮɢɰɢɪɨɜɚɬɶ ɩɨɫɟɥɨɤ 

ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɢɪɨɞɧɵɦ ɝɚɡɨɦ ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ ɝɨɪɸɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ: 

ɦɟɬɚɧ – 90%, ɷɬɚɧ – 5,2%; ɩɪɨɩɚɧ – 0,9%, ɛɭɬɚɧ – 0,4%, ɩɟɧɬɚɧ – 0,2, 

ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ – 0,3%, ɚɡɨɬ + ɪɟɞɤɢɟ ɝɚɡɵ – 13 

Ɇɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ: 

- ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɨɬɚɩɥɢɜɚɟɦɵɯ ɡɞɚɧɢɣ, tȼɇ =22°ɋ 

14;  

- ɪɚɫɱɟɬɧɚɹ ɧɚɪɭɠɧɚɹ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɨɬɨɩɥɟɧɢɹ, tɊ.Ɉ = -37°ɋ 14; 

- ɪɚɫɱɟɬɧɚɹ ɧɚɪɭɠɧɚɹ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜɟɧɬɢɥɹɰɢɢ, tɊ.ȼ.= -37°ɋ 14; 

- ɫɪɟɞɧɹɹ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɡɚ ɨɬɨɩɢɬɟɥɶɧɵɣ ɫɟɡɨɧ, tɋɊ.Ɉ = -6,7°ɋ 14; 

- ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ, ɩ0 = 233 ɫɭɬɨɤ 14. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɝɚɡɢɮɢɤɚɰɢɢ ɠɢɥɨɝɨ ɫɟɤɬɨɪɚ – ɬɚɛɥɢɰɚ 1 

(ɫɢɬɭɚɰɢɨɧɧɵɣ ɩɥɚɧ ɥɢɫɬ 1 ɝɪɚɮɢɱɟɫɤɚɹ ɱɚɫɬɶ). 
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Ɍɚɛɥɢɰɚ 1 − ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɝɚɡɢɮɢɤɚɰɢɢ ɠɢɥɨɝɨ ɫɟɤɬɨɪɚ 
 

ɇɨɦɟɪ 
ɤɜɚɪɬɚɥɚ 

ɑɢɫɥɨ ɠɢɬɟɥɟɣ 
(ɩɨɬɪɟɛɢɬɟɥɟɣ ɝɚɡɚ) 

ɉɥɨɳɚɞɶ ɨɬɚɩɥɢɜɚɟɦɵɯ 
ɩɨɦɟɳɟɧɢɣ ɚɜɬɨɧɨɦɧɨɣ ɫɢɫɬɟɦɨɣ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɦ2 
1 90 1620 
2 100 1800 
3 90 1620 
4 90 1620 
5 90 1620 
6 120 2160 
7 120 2160 
8 140 2520 
9 120 2160 
10 80 1440 
11 110 1980 
12 130 2340 
13 150 2700 
14 120 2160 
15 160 2880 
16 150 2700 
17 140 2520 
18 120 2160 
19 80 1440 
20 90 1620 
21 90 1620 
22 90 1620 
23 110 1980 
24 90 1620 
25 110 1980 
26 110 1980 
27 180 3240 
28 150 2700 
29 90 1620 
30 110 1980 
31 120 2160 
32 120 2160 
33 90 1620 
34 90 1620 
35 160 2880 
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𝐻݅ 

Ɍɚɛɥɢɰɚ 2 − ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɨɬɪɟɛɥɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ 
ɤɨɬɟɥɶɧɵɦɢ 

 

Ⱥɛɨɧɟɧɬ ɇɚɢɦɟɧɨɜɚɧɢɟ ɚɛɨɧɟɧɬɚ 
ȼɵɪɚɛɚɬɵɜɚɟɦɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ 

Ƚɤɚɥ/ɱ Ƚɤɚɥ/ɝɨɞ 

1 Ʉɨɬɟɥɶɧɚɹ № 1 2,4 8200 
2 Ʉɨɬɟɥɶɧɚɹ № 2 3,2 11250 
3 Ʉɨɬɟɥɶɧɚɹ № 3 1,6 5500 

 
Ɋɚɫɱɟɬ ɧɢɡɲɟɣ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢя ɢ ɩɥɨɬɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɝɚɡɚ 

 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɨɬɪɟɛɥɟɧɢɹ ɝɚɡɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɧɢɡɲɭɸ ɬɟɩɥɨɬɭ 

ɫɝɨɪɚɧɢɹ ɫɭɯɨɝɨ ɝɚɡɚ, ɤȾɠ/ɦ3, ɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ 

ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3, ɢ ɟɝɨ ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ ɜɹɡɤɨɫɬɶ, ɦ2/ɫ. 

ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɝɚɡɚ, ɤȾɠ/ɦ3, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɭɦɦɚ 

ɩɪɨɢɡɜɟɞɟɧɢɣ ɜɟɥɢɱɢɧ, ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɝɨɪɸɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɧɚ ɢɯ 

ɨɛɴɟɦɧɵɟ ɞɨɥɢ ɩɨ ɮɨɪɦɭɥɟ 

 
 = ܲܳ ܲܳ ⋅ ݅(𝐻݊݉ܥ )∑ 

𝐻݅ , ɤȾɠ/ɦ3, 𝐻 100 
(1) 

 
 

ɝɞɟ (݉ܥ𝐻݊)݅ - ɫɨɞɟɪɠɚɧɢɟ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɦɟɬɚɧɨɜɨɝɨ ɪɹɞɚ ɜ ɝɚɡɟ, %; ܳܲ - ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɝɚɡɚ, ɤȾɠ/ɦ3, 

ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ [4, ɬɚɛɥɢɰɚ 1.3. 

ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
 
 ∑ 𝛿݅ ⋅ 𝜌݅ 𝜌Ƚ = , ɤɝ/ɦ3, 

100 
(2) 

 
 

ɝɞɟ 𝛿݅ - ɫɨɞɟɪɠɚɧɢɟ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɝɚɡɟ, % ɩɨ ɨɛɴɟɦɭ; 𝜌݅ - ɩɥɨɬɧɨɫɬɶ ɫɝɨɪɚɧɢɹ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɝɚɡɚ, ɤɝ/ɦ3, ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ 4, 

ɬɚɛɥɢɰɚ 1.2. 

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɝɚɡɚ, ɦ2/ɫ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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 Ƚ/𝜌Ƚ, ɦ2/ɫ (3)ߤ = Ƚߥ 
 
 

ɝɞɟ ߤȽ- ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɝɚɡɚ, ɉɚɫ; 𝜌Ƚ - ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜɨɣ ɫɦɟɫɢ, ɤɝ/ɦ3, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (2). 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɝɚɡɚ, ɉɚɫ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
 
 ∑ 𝛿݅ ⋅ ߤ ݅ߤȽ = 

100 
, ɉɚɫ, (4) 

 
 

ɝɞɟ 𝛿݅ - ɫɨɞɟɪɠɚɧɢɟ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɝɚɡɟ, % ɩɨ ɨɛɴɟɦɭ; ݅ߤ – ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɝɚɡɚ ɩɪɢ ɧ.ɭ, ɉɚɫ. 
 

ɋɨɝɥɚɫɧɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɩɪɢɪɨɞɧɵɣ ɝɚɡ ɛɟɡ ɭɱɟɬɚ ɋɇ4 ɜɤɥɸɱɚɟɬ 

ɫɥɟɞɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ: ɋ2ɇ6 =5,2%, ɋ3ɇ8=0,9%, ɋ4ɇ10=0,4%, ɋ5ɇ12=0,2%, 

N2=3%, ɋɈ2=0,3%. Ʉɨɥɢɱɟɫɬɜɨ ɦɟɬɚɧɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɝɚɡɟ, ɫɨɫɬɚɜɥɹɟɬ 

90%. 

ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1) 

ɢ ɫɨɫɬɚɜɥɹɟɬ 

 ܳܲ = 
90 ⋅ 35840 + 5,2 ⋅ 63730 + 0,9 ⋅ 93370 + 0,4 ⋅ 123770 

+
 

 𝐻 100 
 

 

+ 
Ͳ,ʹ ⋅ ͵,ʹʹͳ + ͵ ⋅ ͳ,ʹͷͲͷ + Ͳ,͵ ⋅ ͳ,ͻ͹͸ͺ = ͵͹ʹͲͲ ˍДˉ/ˏ3 

100 
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ɉɥɨɬɧɨɫɬɶ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (2) ɢ ɫɨɫɬɚɜɥɹɟɬ 
 

 𝜌Ƚ = 
ͻͲ ⋅ Ͳ,͹ͳ͸ͺ + ͷ,ʹ ⋅ ͳ,͵ͷ͸͸ + Ͳ,ͻ ⋅ ʹ,Ͳͳͻ + Ͳ,Ͷ ⋅ ʹ,͹Ͳ͵ 

100 
+

 

+ 
Ͳ,ʹ ⋅ ͵,ʹʹͳ + ͵ ⋅ ͳ,ʹͷͲͷ + Ͳ,͵ ⋅ ͳ,ͻ͹͸ͺ = Ͳ,͹ͻͶ ˍˆ/ˏ3 

100 
 
 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4) ɢ 

ɫɨɫɬɚɜɥɹɟɬ 

 

 = Ƚߤ 
ͻͲ ⋅ ͳͲͳ ⋅ ͳͲ−͹ + ͷ,ʹ ⋅ ͺ͸ ⋅ ͳͲ−͹ + Ͳ,ͻ ⋅ ͹ͷ ⋅ ͳͲ−͹ 

100 
+

 Ͳ,Ͷ ⋅ ͸ͺ ⋅ ͳͲ−͹ + Ͳ,ʹ ⋅ ʹͺ͵Ͳ ⋅ ͳͲ−͹ + ͵ ⋅ ͳ͸ͷ ⋅ ͳͲ−͹ + Ͳ,͵ ⋅ ͳ͵͹ ⋅ ͳͲ−͹ 
+ 

100 
=

 

= 0,0000107 ɉɚ ⋅ ɫ 
 
 

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɫɨɫɬɚɜɥɹɟɬ ߥȽ = 

0,0000107/0,794=0,0000139 ɦ2/ɫ. 

 
 

Ɋɚɫɱɟɬ ɩɨɬɪɟɛɥɟɧɢя ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɧɚɫɟɥɟɧɢɟɦ 

ɑɢɫɥɨ ɩɨɬɪɟɛɢɬɟɥɟɣ ɝɚɡɚ ɩɨ ɦɢɤɪɨɪɚɣɨɧɚɦ ɜɵɹɜɥɹɸɬ ɢɡ ɚɧɚɥɢɡɚ ɢɯ 

ɧɚɫɟɥɟɧɧɨɫɬɢ, ɷɬɚɠɧɨɫɬɢ ɡɚɫɬɪɨɣɤɢ ɢ ɟɟ ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɱɢɫɥɚ ɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɭɱɪɟɠɞɟɧɢɹ ɝɨɪɨɞɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɧɚɥɢɱɢɢ 

ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɬɨɩɢɬɟɥɶɧɵɯ 

ɫɢɫɬɟɦ, ɬɨɩɥɢɜɧɨɝɨ ɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɩɨɫёɥɤɚ. 

ɉɪɢ ɪɚɫɱɟɬɟ ɩɨɬɪɟɛɥɟɧɢɹ ɝɚɡɚ ɜ ɤɜɚɪɬɢɪɚɯ ɢ ɱɚɫɬɧɵɯ ɞɨɦɚɯ ɧɚ 

ɤɨɦɦɭɧɚɥɶɧɨ-ɛɵɬɨɜɵɟ ɧɭɠɞɵ ɧɨɪɦɚ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɨɬɧɟɫɟɧɚ ɤ ɨɞɧɨɦɭ 

ɱɟɥɨɜɟɤɭ ɜ ɝɨɞ. 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɩɨɬɪɟɛɥɹɟɦɵɣ ɠɢɥɵɦɢ ɡɞɚɧɢɹɦɢ, ɬɵɫ. ɦ3/ɝɨɞ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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ɧ 

𝛿 ⋅ ܳ ܳɝɨɞ  = ܰ ⋅  ɪ ⋅ 10−6, ɬɵɫ. ˏ3/ˆˑˇ ͳͲͲ ⋅ ܳɧ 

(5) 

 

 

ɝɞɟ ܰ – ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɱɟɥ; 𝛿 – ɩɨɬɪɟɛɥɟɧɢɟ ɝɚɡɚ ɜ ɠɢɥɵɯ ɤɜɚɪɬɢɪɚɯ, %; ܳ – ɧɨɪɦɚ ɪɚɫɯɨɞɚ ɝɚɡɚ ɧɚ ɞɚɧɧɵɣ ɜɢɞ ɤɨɦɦɭɧɚɥɶɧɵɯ ɭɫɥɭɝ, ɤȾɠ 7, 

ɩɪɢɥɨɠɟɧɢɟ 5; ܳɪ− ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɫɭɯɨɝɨ ɝɚɡɚ, ɤȾɠ/ɦ³. 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɬɵɫ. ɦ3/ɝɨɞ, ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ ɜɟɧɬɢɥɹɰɢɸ ɠɢɥɵɯ 

ɡɚɫɬɪɨɟɤ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 
 𝑡BH − 𝑡CP.O 𝑡BH − 𝑡CP.O ܳɨ.ɜ.  = [24 + (1 + ܭ) ⋅  𝑡 − 𝑡 

+ 𝑍 ⋅ ܭ ⋅  1ܭ ⋅  𝑡 − 𝑡 
] ⋅ 

BH P.O BH P.B 𝑔 ⋅ 𝐹 ⋅ ݊݋ ⋅ ˓ ⋅ ͳͲ−͸, ɬɵɫ. ɦ3/ɝɨɞ 𝜂0 ⋅ ܳː 

 
(6) 

 
 

ɝɞɟ 1ܭ ,ܭ − ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ 

ɜɟɧɬɢɥɹɰɢɸ, ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɞɚɧɧɵɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢɧɢɦɚɸɬɫɹ ɪɚɜɧɵɦ 
0,25 ɢ 0,4; 𝑡BH, 𝑡P.O, 𝑡P.B, 𝑡CP.O − ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ 

ɨɬɚɩɥɢɜɚɟɦɵɯ ɡɞɚɧɢɣ, ɪɚɫɱɟɬɧɚɹ ɧɚɪɭɠɧɚɹ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɨɬɨɩɥɟɧɢɹ, 

ɪɚɫɱɟɬɧɚɹ ɧɚɪɭɠɧɚɹ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜɟɧɬɢɥɹɰɢɢ, ɫɪɟɞɧɹɹ ɧɚɪɭɠɧɨɝɨ 

ɜɨɡɞɭɯɚ ɡɚ ɨɬɨɩɢɬɟɥɶɧɵɣ ɫɟɡɨɧ, °ɋ; 𝑍 − ɫɪɟɞɧɟɟ ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ ɨɛɳɟɫɬɜɟɧɧɵɯ 

ɡɞɚɧɢɣ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ, ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɬɫɹ 16 ɱ, 𝑔 − ɭɤɪɭɩɧɟɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɱɚɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɧɚ 

ɨɬɨɩɥɟɧɢɟ ɠɢɥɵɯ ɡɞɚɧɢɣ, ɤȾɠ/ɱ ɧɚ 1 ɦ2 ɠɢɥɨɣ ɩɥɨɳɚɞɢ [16]. ; 𝐹 − ɠɢɥɚɹ ɩɥɨɳɚɞɶ ɨɬɚɩɥɢɜɚɟɦɵɯ ɡɞɚɧɢɣ, ɦ2; ݊݋− ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ, ɫɭɬ; 
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ː 

𝜂0 − ɄɉȾ ɨɬɨɩɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢɧɢɦɚɟɬɫɹ 0,85; ܳ˓ − ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɫɭɯɨɝɨ ɝɚɡɚ, ɤȾɠ/ɦ3. 

ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɤɨɦɦɭɧɚɥɶɧɨ-ɛɵɬɨɜɵɟ ɧɭɠɞɵ, ɦ3/ɱ, 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 ݆ܳ ⋅ 106 ݆ܳ = 

ˆˑˇ 
, ɦ3/ɱ, ч ݆݉ 

(7) 

 
 

ɝɞɟ QȽɈȾ − ɝɨɞɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɬɵɫ. ɦ3/ɝɨɞ; 

m − ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ, ɱ/ɝɨɞ. 
 
 

Ⱦɥɹ ɠɢɥɵɯ ɞɨɦɨɜ ɱɢɫɥɨ ɱɚɫɨɜ ɦɚɤɫɢɦɭɦɚ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɚ ɠɢɬɟɥɟɣ, 

ɫɧɚɛɠɚɟɦɵɯ ɝɚɡɨɦ ɨɬ ɫɟɬɢ 7, ɩɪɢɥɨɠɟɧɢɟ 4. 

ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɦ3/ɱ, ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ ɜɟɧɬɢɥɹɰɢɸ ɠɢɥɵɯ ɢ 

ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 ܳ .ˑ˅. ⋅ 106 

3 ܳчሺˑ.˅.ሻ = ݉ 
, ɦ /ɱ ˑ.˅. (8) 

 
 

ɝɞɟ ܳˑ.˅. - ɝɨɞɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ ɜɟɧɬɢɥɹɰɢɸ ɠɢɥɵɯ ɢ 
ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ, ɦɥɧ ɦ3/ɝɨɞ; ݉ˑ.˅. - ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚ ɨɬɨɩɥɟɧɢɟ, ɜɟɧɬɢɥɹɰɢɸ 

ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ, ɱ/ɝɨɞ. 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ, ɱ/ɝɨɞ, ɧɚ ɨɬɨɩɥɟɧɢɟ, 

ɜɟɧɬɢɥɹɰɢɸ ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

 

 ݉ =  ݊  𝑡BH − 𝑡CP.O ⋅ (ܭ + 1) + 24] ⋅
+ 𝑍 ⋅ ܭ 

 
 

𝑡BH − 𝑡CP.O ⋅ ܭ ⋅
] , ɱ/ɝɨɞ, (9) 

 
 

ɨ.ɜ. ݋ 𝑡BH − 𝑡P.O 
1 𝑡BH − 𝑡P.B 

ɝɞɟ ݊݋,𝑡BH, 𝑡P.O, 𝑡P.B, 𝑡CP.O,ܭ,1ܭ, 𝑍 , - ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (6). 
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H 

Ɋɚɫɱɟɬ ɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɧɚ ɤɨɦɦɭɧɚɥɶɧɨ-ɛɵɬɨɜɵɟ ɧɭɠɞɵ 

ɩɪɨɜɟɞɟɧ ɩɨ  ɮɨɪɦɭɥɟ  (5)  ɢ  ɫɜɟɞɟɧ  ɜ  ɬɚɛɥɢɰɭ  3.  ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ 

ɫɭɯɨɝɨ  ɝɚɡɚ  ɫɨɫɬɚɜɥɹɟɬ  QP =37198,05 ɤȾɠ/ɦ³  −  ɪɚɫɱɟɬ  ɪɚɡɞɟɥ  1.2. ɇɨɪɦɚ 
 

ɪɚɫɯɨɞɚ ɝɚɡɚ ɧɚ ɞɚɧɧɵɣ ɜɢɞ ɤɨɦɦɭɧɚɥɶɧɵɯ ɭɫɥɭɝ, ɤȾɠ 7, ɩɪɢɥɨɠɟɧɢɟ 5. 

Ɍɚɛɥɢɰɚ 3 – Ɋɚɫɱɟɬ ɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɧɚ ɤɨɦɦɭɧɚɥɶɧɨ-ɛɵɬɨɜɵɟ ɧɭɠɞɵ 

 
ɇɨɦɟɪ 

ɤɜɚɪɬɚɥɚ 

Ʉɨɥɢɱɟɫɬ 
ɜɨ    

ɩɨɬɪɟɛɢɬɟ 
ɥɟɣ 

 
ɇɚɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɭɟɦɨɝɨ ɝɚɡɚ 

ɇɨɪɦɚ ɪɚɫɯɨɞɚ 
ɝɚɡɚ ɧɚ ɨɞɧɨɝɨ 
ɩɨɬɪɟɛɢɬɟɥɹ 

Ɋɚɫɯɨɞ 
ɝɚɡɚ, ɬɵɫ. 

ɦ3/ɝɨɞ ɆȾɠ ɦ3 

1 90 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 24,194 

2 100 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 26,882 

3 90 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 24,194 

4 90 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 24,194 

5 90 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 24,194 

6 120 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 32,258 

7 120 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 32,258 

8 140 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 37,634 

9 120 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 32,258 

10 80 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 21,505 

11 110 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 29,570 

12 130 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 34,946 

13 150 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 40,323 

14 120 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 32,258 

15 160 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 43,011 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3 
 

ɇɨɦɟɪ 
ɤɜɚɪɬɚɥɚ 

Ʉɨɥɢɱɟɫɬ 
ɜɨ    

ɩɨɬɪɟɛɢɬɟ 
ɥɟɣ 

 
ɇɚɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɭɟɦɨɝɨ ɝɚɡɚ 

ɇɨɪɦɚ ɪɚɫɯɨɞɚ 
ɝɚɡɚ ɧɚ ɨɞɧɨɝɨ 
ɩɨɬɪɟɛɢɬɟɥɹ 

Ɋɚɫɯɨɞ 
ɝɚɡɚ, ɬɵɫ. 

ɦ3/ɝɨɞ 
ɆȾɠ ɦ3 

16 150 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 40,323 

17 140 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 37,634 

18 120 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 32,258 

19 80 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 21,505 

20 90 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 24,194 

21 90 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 24,194 

22 90 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 24,194 

23 110 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 29,570 

24 90 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 24,194 

25 110 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 29,570 

26 110 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 29,570 

27 180 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 48,387 

28 150 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 40,323 

29 90 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 24,194 

30 110 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 29,570 

31 120 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 32,258 

32 120 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 32,258 

33 90 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 24,194 

34 90 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 24,194 

35 160 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɳɢ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɵ 

10000 268,8 43,011 

     1075,274 

 
Ɋɚɫɱɟɬ ɱɚɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɧɚ ɤɨɦɦɭɧɚɥɶɧɨ-ɛɵɬɨɜɵɟ ɧɭɠɞɵ 

ɩɪɨɜɟɞɟɧ ɩɨ ɮɨɪɦɭɥɟ (7) ɢ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 4. ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ 



14  

ː ɫɭɯɨɝɨ ɝɚɡɚ ɫɨɫɬɚɜɥɹɟɬ ܳ˓=37200 ɤȾɠ/ɦ³ − ɪɚɫɱɟɬ ɪɚɡɞɟɥ 1.2. Ⱦɥɹ ɠɢɥɵɯ 
ɞɨɦɨɜ ɱɢɫɥɨ ɱɚɫɨɜ ɦɚɤɫɢɦɭɦɚ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɚ ɠɢɬɟɥɟɣ, ɫɧɚɛɠɚɟɦɵɯ ɝɚɡɨɦ 

ɨɬ ɫɟɬɢ 7, ɩɪɢɥɨɠɟɧɢɟ 4. 
Ɍɚɛɥɢɰɚ 4 − Ɋɚɫɱɟɬ ɱɚɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɧɚ ɤɨɦɦɭɧɚɥɶɧɨ-ɛɵɬɨɜɵɟ ɧɭɠɞɵ 

 

ɇɨɦɟɪ 
ɤɜɚɪɬɚɥɚ 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, 
ɬɵɫ. ɦ3/ɝɨɞ 

ɑɢɫɥɨ ɱɚɫɨɜ ɦɚɤɫɢɦɭɦɚ 
ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, 

ɦ3/ɱ 

1 24,194 1800 13,4 
2 26,882 1800 14,9 
3 24,194 1800 13,4 
4 24,194 1800 13,4 
5 24,194 1800 13,4 
6 32,258 1800 17,9 
7 32,258 1800 17,9 
8 37,634 1800 20,9 
9 32,258 1800 17,9 
10 21,505 1800 11,9 
11 29,570 1800 16,4 
12 34,946 1800 19,4 
13 40,323 1800 22,4 
14 32,258 1800 17,9 
15 43,011 1800 23,9 
16 40,323 1800 22,4 
17 37,634 1800 20,9 
18 32,258 1800 17,9 
19 21,505 1800 11,9 
20 24,194 1800 13,4 
21 24,194 1800 13,4 
22 24,194 1800 13,4 
23 29,570 1800 16,4 
24 24,194 1800 13,4 
25 29,570 1800 16,4 
26 29,570 1800 16,4 
27 48,387 1800 26,9 
28 40,323 1800 22,4 
29 24,194 1800 13,4 
30 29,570 1800 16,4 
31 32,258 1800 17,9 
32 32,258 1800 17,9 
33 24,194 1800 13,4 
34 24,194 1800 13,4 
35 43,011 1800 23,9 

   596,5 
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H 

Ɋɚɫɱɟɬ ɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɧɚ ɧɭɠɞɵ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ 

ɩɪɨɜɟɞɟɧ ɩɨ ɮɨɪɦɭɥɟ (6) ɢ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 5. 

ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɫɭɯɨɝɨ ɝɚɡɚ ɫɨɫɬɚɜɥɹɟɬ 

ɤȾɠ/ɦ³ − ɪɚɫɱɟɬ ɪɚɡɞɟɥ 1.2. 

QP =37198,05 

Ɍɚɛɥɢɰɚ 5 − Ɋɚɫɱɟɬ ɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɧɚ ɧɭɠɞɵ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ 
 

ɇɨɦɟɪ ɤɜɚɪɬɚɥɚ 
ɀɢɥɚɹ ɩɥɨɳɚɞɶ ɨɬɚɩɥɢɜɚɟɦɵɯ 
ɩɨɦɟɳɟɧɢɣ ɱɚɫɬɧɨɝɨ ɫɟɤɬɨɪɚ, ɦ 

Ɋɚɫɯɨɞ ɝɚɡɚ, ɬɵɫ. ɦ3/ɝɨɞ 

1 2880 131,326 
2 2880 145,918 
3 2880 131,326 
4 2880 131,326 
5 2880 131,326 
6 2880 175,101 
7 2880 175,101 
8 2880 204,285 
9 2880 175,101 
10 2880 116,734 
11 2880 160,509 
12 2880 189,693 
13 2880 218,876 
14 2880 175,101 
15 2880 233,468 
16 2880 218,876 
17 2880 204,285 
18 2880 175,101 
19 2880 116,734 
20 2880 131,326 
21 2880 131,326 
22 2880 131,326 
23 2880 160,509 
24 2880 131,326 
25 2880 160,509 
26 2880 160,509 
27 2880 262,652 
28 2880 218,876 
29 2880 131,326 
30 2880 160,509 
31 2880 175,101 
32 2880 175,101 
33 2880 131,326 
34 2880 131,326 
35 2880 233,468 

  5836,703 
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H 

Ɋɚɫɱɟɬ ɱɚɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɧɚ ɧɭɠɞɵ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ 

ɩɪɨɜɟɞɟɧ ɩɨ ɮɨɪɦɭɥɟ (8) ɢ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 6. ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ 

ɫɭɯɨɝɨ ɝɚɡɚ ɫɨɫɬɚɜɥɹɟɬ QP =37200 ɤȾɠ/ɦ³ − ɪɚɫɱɟɬ ɪɚɡɞɟɥ 1.2. 
 

ɑɢɫɥɨ ɱɚɫɨɜ, ɱ/ɝɨɞ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ 

ɜɟɧɬɢɥɹɰɢɸ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (9) ɢ ɫɨɫɬɚɜɥɹɟɬ 

 
 

22 − (−͸,͹) ʹʹ − (−͸,͹) ݉Ɉ.ȼ. = 233 ⋅ [24 ⋅ (1 + 0,25) ⋅ 
22 − ሺ−37) 

+ 16 ⋅ 0,25 ⋅ 0,6 ⋅ 
22 − ሺ−37)

] = 

= 3672 ɱ/ɝɨɞ 
 
 

Ɍɚɛɥɢɰɚ 6 − Ɋɚɫɱɟɬ ɱɚɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɧɚ ɧɭɠɞɵ ɨɬɨɩɥɟɧɢɹ ɠɢɥɨɝɨ 
ɫɟɤɬɨɪɚ 

 

ɇɨɦɟɪ 
ɤɜɚɪɬɚɥɚ 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɬɵɫ. 
ɦ3/ɝɨɞ 

ɑɢɫɥɨ ɱɚɫɨɜ ɦɚɤɫɢɦɭɦɚ 
ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, 

ɦ3/ɱ 

1 131,326 3672 35,8 
2 145,918 3672 39,7 
3 131,326 3672 35,8 
4 131,326 3672 35,8 
5 131,326 3672 35,8 
6 175,101 3672 47,7 
7 175,101 3672 47,7 
8 204,285 3672 55,6 
9 175,101 3672 47,7 
10 116,734 3672 31,8 
11 160,509 3672 43,7 
12 189,693 3672 51,7 
13 218,876 3672 59,6 
14 175,101 3672 47,7 
15 233,468 3672 63,6 
16 218,876 3672 59,6 
17 204,285 3672 55,6 
18 175,101 3672 47,7 
19 116,734 3672 31,8 
20 131,326 3672 35,8 
21 131,326 3672 35,8 
22 131,326 3672 35,8 
23 160,509 3672 43,7 
24 131,326 3672 35,8 
25 160,509 3672 43,7 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6 
 

ɇɨɦɟɪ 
ɤɜɚɪɬɚɥɚ 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɬɵɫ. 
ɦ3/ɝɨɞ 

ɑɢɫɥɨ ɱɚɫɨɜ ɦɚɤɫɢɦɭɦɚ 
ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, 

ɦ3/ɱ 

26 160,509 3672 43,7 
27 262,652 3672 71,5 
28 218,876 3672 59,6 
29 131,326 3672 35,8 
30 160,509 3672 43,7 
31 175,101 3672 47,7 
32 175,101 3672 47,7 
33 131,326 3672 35,8 
34 131,326 3672 35,8 
35 233,468 3672 63,6 

   1589,9 

 
 

Ɋɚɫɱɟɬ ɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɩɨɬɪɟɛɢɬɟɥɹɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ 

ɩɨɫёɥɤɟ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 7. 

Ɍɚɛɥɢɰɚ 7 − Ɋɚɫɱɟɬ ɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɩɨɬɪɟɛɢɬɟɥɹɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ 
ɩɨɫёɥɤɟ 

 

 
ɇɨɦɟɪ 

ɤɜɚɪɬɚɥɚ 

Ɋɚɫɯɨɞ ɝɚɡɚ, ɬɵɫ. ɦ3/ɝɨɞ 

ɧɚ ɤɨɦɦɭɧɚɥɶɧɨ- 
ɛɵɬɨɜɵɟ ɧɭɠɞɵ 

ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ 
ɜɟɧɬɢɥɹɰɢɸ 

ɜɫɟɝɨ 

1 24,194 131,326 155,520 
2 26,882 145,918 172,800 
3 24,194 131,326 155,520 
4 24,194 131,326 155,520 
5 24,194 131,326 155,520 
6 32,258 175,101 207,359 
7 32,258 175,101 207,359 
8 37,634 204,285 241,919 
9 32,258 175,101 207,359 
10 21,505 116,734 138,239 
11 29,570 160,509 190,079 
12 34,946 189,693 224,639 
13 40,323 218,876 259,199 
14 32,258 175,101 207,359 
15 43,011 233,468 276,479 
16 40,323 218,876 259,199 
17 37,634 204,285 241,919 
18 32,258 175,101 207,359 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 7 
 

 
ɇɨɦɟɪ 

ɤɜɚɪɬɚɥɚ 

Ɋɚɫɯɨɞ ɝɚɡɚ, ɬɵɫ. ɦ3/ɝɨɞ 

ɧɚ ɤɨɦɦɭɧɚɥɶɧɨ- 
ɛɵɬɨɜɵɟ ɧɭɠɞɵ 

ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ 
ɜɟɧɬɢɥɹɰɢɸ 

ɜɫɟɝɨ 

19 21,505 116,734 138,239 
20 24,194 131,326 155,520 
21 24,194 131,326 155,520 
22 24,194 131,326 155,520 
23 29,570 160,509 190,079 
24 24,194 131,326 155,520 
25 29,570 160,509 190,079 
26 29,570 160,509 190,079 
27 48,387 262,652 311,039 
28 40,323 218,876 259,199 
29 24,194 131,326 155,520 
30 29,570 160,509 190,079 
31 32,258 175,101 207,359 
32 32,258 175,101 207,359 
33 24,194 131,326 155,520 
34 24,194 131,326 155,520 
35 43,011 233,468 276,479 

ɂɬɨɝɨ 1075,274 5836,703 6911,977 

 

Ɋɚɫɱɟɬ ɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɩɨɬɪɟɛɢɬɟɥɹɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ 

ɩɨɫёɥɤɟ ɢ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 8. 

Ɍɚɛɥɢɰɚ 8 − Ɋɚɫɱɟɬ ɱɚɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɜ ɩɨɫёɥɤɟ 

 
ɇɨɦɟɪ 

ɤɜɚɪɬɚɥɚ 

Ɋɚɫɯɨɞ ɝɚɡɚ, ɦ3/ɱ 

ɧɚ ɤɨɦɦɭɧɚɥɶɧɨ- 
ɛɵɬɨɜɵɟ ɧɭɠɞɵ 

ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ 
ɜɟɧɬɢɥɹɰɢɸ ɜɫɟɝɨ 

1 13,4 35,8 49,2 
2 14,9 39,7 54,6 
3 13,4 35,8 49,2 
4 13,4 35,8 49,2 
5 13,4 35,8 49,2 
6 17,9 47,7 65,6 
7 17,9 47,7 65,6 
8 20,9 55,6 76,5 
9 17,9 47,7 65,6 
10 11,9 31,8 43,7 
11 16,4 43,7 60,1 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 8 
 

 
ɇɨɦɟɪ 

ɤɜɚɪɬɚɥɚ 

Ɋɚɫɯɨɞ ɝɚɡɚ, ɦ3/ɱ 

ɧɚ ɤɨɦɦɭɧɚɥɶɧɨ- 
ɛɵɬɨɜɵɟ ɧɭɠɞɵ 

ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ 
ɜɟɧɬɢɥɹɰɢɸ 

ɜɫɟɝɨ 

12 19,4 51,7 71,1 
13 22,4 59,6 82,0 
14 17,9 47,7 65,6 
15 23,9 63,6 87,5 
16 22,4 59,6 82,0 
17 20,9 55,6 76,5 
18 17,9 47,7 65,6 
19 11,9 31,8 43,7 
20 13,4 35,8 49,2 
21 13,4 35,8 49,2 
22 13,4 35,8 49,2 
23 16,4 43,7 60,1 
24 13,4 35,8 49,2 
25 16,4 43,7 60,1 
26 16,4 43,7 60,1 
27 26,9 71,5 98,4 
28 22,4 59,6 82,0 
29 13,4 35,8 49,2 
30 16,4 43,7 60,1 
31 17,9 47,7 65,6 
32 17,9 47,7 65,6 
33 13,4 35,8 49,2 
34 13,4 35,8 49,2 
35 23,9 63,6 87,5 

ɂɬɨɝ 596,5 1589,9 2186,4 

 
 
 

 Ɋɚɫɱɟɬ ɩɨɬɪɟɛɥɟɧɢя ɝɚɡɚ ɤɨɬɟɥɶɧɨɣ. 
 
 

Ɍɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ, ɢɞɭɳɚɹ ɧɚ ɧɭɠɞɵ ɧɚɫɟɥɟɧɢɹ, ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ ɜ 

ɤɨɬɥɚɯ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɤɨɬɟɥɶɧɨɣ. 
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ɇ 

𝐻 

H 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞɚ ɝɚɡɚ ɜ ɰɟɥɨɦ ɩɨ ɤɨɬɟɥɶɧɨɣ, ɬɵɫ. ɦ3/ɝɨɞ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

 
 Ͷ,ͳͺ͹ ⋅ ܦ ܳȽɈȾ = Ɋ ⋅ 10³, ɬɵɫ. ɦ3/ɝɨɞ, ܳ𝐻 ⋅ (𝜂/100) 

(10) 

 
 

ɝɞɟ D − ɧɚɝɪɭɡɤɚ ɤɨɬɟɥɶɧɨɣ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, Ƚɤɚɥ/ɝɨɞ; 
P − ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɫɭɯɨɝɨ ɝɚɡɚ, ɤȾɠ/ɦ³, ɪɚɡɞɟɥ 1.2. 

 

 − ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɤɨɬɥɚ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɝɚɡɟ, %. 
 

Ɍɪɟɛɭɟɦɵɣ ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɤɨɬɟɥ, ɦ3/ɱ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ Ͷ,ͳͺ͹ ⋅ ܦч ܳЧ  = ⋅ 103, ɦ3/ɱ ܳʟ ⋅ ሺ𝜂/100) 𝐻 

 
(11) 

 
ɝɞɟ ܦч− ɧɚɝɪɭɡɤɚ ɤɨɬɥɚ, Ƚɤɚɥ/ɝɨɞ; ܳʟ − ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɫɭɯɨɝɨ ɝɚɡɚ, ɤȾɠ/ɦ³, ɪɚɡɞɟɥ 1.2. 𝜂 − ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɤɨɬɥɚ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɝɚɡɟ, %. 

Ɋɚɫɱɟɬ ɝɨɞɨɜɨɣ ɪɚɫɯɨɞɚ ɝɚɡɚ ɜ ɰɟɥɨɦ ɩɨ ɤɨɬɟɥɶɧɨɣ, ɬɵɫ. ɦ3/ɝɨɞ, ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ (10) ɢ (11) ɢ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 9. ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ QɊ =37198 

ɤȾɠ/ɦ3. 

Ɍɚɛɥɢɰɚ 9 − Ɋɚɫɱɟɬ ɩɨɬɪɟɛɥɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɤɨɬɟɥɶɧɵɦɢ 
 

 
Ⱥɛɨɧɟɧɬ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɤɨɬɟɥɶɧɨɣ ɄɉȾ, 

% 

Ɋɚɫɯɨɞ 
ɝɚɡɚ, 
ɦ3/ɱ 

Ɋɚɫɯɨɞ 
ɝɚɡɚ, ɬɵɫ. 

ɦ3/ɝɨɞ Ƚɤɚɥ/ɱ Ƚɤɚɥ/ɝɨɞ 

Ʉɨɬɟɥɶɧɚɹ №1 2,4 8200 91 296,8 1014,221 
Ʉɨɬɟɥɶɧɚɹ № 2 3,2 11250 91 395,8 1391,461 
Ʉɨɬɟɥɶɧɚɹ №3 1,6 5500 91 197,9 680,270 

ȼɫɟɝɨ    890,5 3085,9520 
 

Ⱦɥɹ ɝɚɡɨɫɧɚɛɠɟɧɢɹ ɤɨɬɟɥɶɧɵɯ ɩɨɫёɥɤɚ ɬɪɟɛɭɟɬɫɹ 3154,6350 ɬɵɫ.ɦ3/ɝɨɞ 

ɝɚɡɚ. 

Q 
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Ɋɚɫɱɟɬ ɩɨɬɪɟɛɥɟɧɢя ɝɚɡɚ ɯɥɟɛɨɡɚɜɨɞɨɦ 
 

ɉɪɢ ɪɚɫɱɟɬɟ ɩɨɬɪɟɛɥɟɧɢɹ ɝɚɡɚ ɯɥɟɛɨɡɚɜɨɞɚɦɢ, ɧɨɪɦɚ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ 

ɨɬɧɟɫɟɧɚ ɤ ɨɞɧɨɣ ɬɨɧɧɟ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ. ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɯɥɟɛɚ 

ɪɚɫɱɟɬ ɜɟɞɟɬɫɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɨɛɴɟɦ ɫɭɬɨɱɧɨɣ ɜɵɩɟɱɤɢ ɧɚ 1000 

ɠɢɬɟɥɟɣ ɫɨɫɬɚɜɥɹɟɬ 0,6... 0,8 ɬ. 

Ʉɨɥɢɱɟɫɬɜɨ ɪɚɫɱɟɬɧɵɯ ɟɞɢɧɢɰ ɩɨɬɪɟɛɥɟɧɢɹ ɞɥɹ ɯɥɟɛɨɡɚɜɨɞɨɜ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

ɏ. ܲ 𝛿ɏ. ݊ = 
1000 

⋅ ͵͸ͷ ⋅ ݅ܰ ⋅ 100
, (12) 

ɝɞɟ Ɋ - ɨɛɴɟɦ ɫɭɬɨɱɧɨɣ ɜɵɩɟɱɤɢ ɧɚ 1000 ɠɢɬɟɥɟɣ, ɬ; ܰ݅ - ɱɢɫɥɟɧɧɨɫɬɶ ɧɚɫɟɥɟɧɢɹ, ɱɟɥ. 𝛿ɏ. - ɩɪɨɰɟɧɬ ɨɯɜɚɬɚ ɧɚɫɟɥɟɧɢɹ ɭɫɥɭɝɚɦɢ ɯɥɟɛɨɡɚɜɨɞɚ, %. 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɦɥɧ. ɦ3/ɝɨɞ, ɩɨɬɪɟɛɥɹɟɦɨɝɨ ɯɥɟɛɨɡɚɜɨɞɚɦɢ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 𝑞ɏ ⋅ ݊ɏ ܳɏ = ⋅ 10−3, ȽɈȾ ܳɊ 𝐻 

(13) 

ɝɞɟ 𝑞ɏ. ɢ ݊ɏ. - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɨɪɦɚ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɩɪɢ ɜɵɩɟɱɤɟ ɯɥɟɛɚ ɢ 

ɤɨɧɞɢɬɟɪɫɤɢɯ ɢɡɞɟɥɢɣ, ɆȾɠ/ɝɨɞ [16] ɢ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɱɟɬɧɵɯ ɟɞɢɧɢɰ 

ɞɚɧɧɨɝɨ ɜɢɞɚ ɩɨɬɪɟɛɥɟɧɢɹ; ܳɊ - ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɫɭɯɨɝɨ ɝɚɡɚ, ɤȾɠ/ɦ3. 

Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɪɚɫɱɟɬɧɵɯ ɟɞɢɧɢɰ ɩɨɬɪɟɛɥɟɧɢɹ ɞɥɹ ɯɥɟɛɨɡɚɜɨɞɚ 

ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (12) ɢ ɫɨɫɬɚɜɥɹɟɬ ݊ɏ.  = 
0,7 

1000 

 ⋅ ͵͸ͷ ⋅ ͶͲͲͲ = ͳͲʹʹ ˈˇ. 
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Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɩɨɬɪɟɛɥɹɟɦɨɝɨ ɯɥɟɛɨɡɚɜɨɞɚɦɢ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (13) ɢ ɫɨɫɬɚɜɥɹɟɬ ܳɏ = 
ʹͷͲͲ ⋅ ͳͲʹʹ ⋅ 10−3 = Ͳ,Ͳ͸ͺ͹ ˏˎː. ˏ 3/ˆˑˇ 

ȽɈȾ 37200 
 

ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɦ3/ɱ, ɞɥɹ ɤɨɦɦɭɧɚɥɶɧɨ-ɛɵɬɨɜɵɯ ɩɪɟɞɩɪɢɹɬɢɣ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (7) ɢ ɫɨɫɬɚɜɥɹɟɬ 

 ܳх = 
Ͳ,Ͳ͸ͺ͹ ⋅ ͳͲ6 

 
 

6000 

 
= 11,4 ˏ3/ч 

 
 

Ⱦɥɹ ɝɚɡɨɫɧɚɛɠɟɧɢɹ ɯɥɟɛɨɩɟɤɚɪɧɢ ɬɪɟɛɭɟɬɫɹ 68,683 ɬɵɫ.ɦ3/ɝɨɞ ɝɚɡɚ. 
 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɞɥя ɝɚɡɨɫɧɚɛɠɟɧɢя ɧɚɫɟɥɟɧɧɨɝɨ 

ɩɭɧɤɬɚ 

ɋɨɝɥɚɫɧɨ ɪɚɫɱɟɬɚɦ, ɞɥɹ ɝɚɡɨɫɧɚɛɠɟɧɢɹ ɩɨɫёɥɤɚ ɬɪɟɛɭɟɬɫɹ 2186,4 ɬɵɫ. 

ɦ3/ɝɨɞ ɝɚɡɚ, ɪɚɫɱɟɬɧɵɣ ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ ɫɨɫɬɚɜɥɹɟɬ 6911,977 ɦ3/ɱ; ɪɚɫɯɨɞ 

ɝɚɡɚ ɧɚ ɧɭɠɞɵ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ 1589,9 ɬɵɫ. ɦ3/ɝɨɞ ɝɚɡɚ, ɪɚɫɱɟɬɧɵɣ 

ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ ɫɨɫɬɚɜɥɹɟɬ 5836,703 ɦ3/ɱ. 

Ɋɚɫɯɨɞ ɝɚɡɚ ɧɚ ɤɨɦɦɭɧɚɥɶɧɨ-ɛɵɬɨɜɵɟ ɧɭɠɞɵ 1075,274 ɬɵɫ. ɦ3/ɝɨɞ ɝɚɡɚ, 

ɪɚɫɱɟɬɧɵɣ ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ ɫɨɫɬɚɜɥɹɟɬ 596,5 ɦ3/ɱ. 

Ⱦɥɹ ɝɚɡɨɫɧɚɛɠɟɧɢɹ ɤɨɬɟɥɶɧɵɯ ɬɪɟɛɭɟɬɫɹ 3085,9520 ɬɵɫ. ɦ3/ɝɨɞ ɝɚɡɚ, 

ɪɚɫɱɟɬɧɵɣ ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ ɫɨɫɬɚɜɥɹɟɬ 890,5 ɦ3/ɱ. 

Ɋɚɫɱɟɬ ɫɭɦɦɚɪɧɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 10. 
Ɍɚɛɥɢɰɚ 10 – ɋɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ 

 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɚɛɨɧɟɧɬɚ ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɦ3/ɱ Ɋɚɫɯɨɞ ɝɚɡɚ ɬɵɫ. ɦ3/ɝɨɞ 

Ʉɨɬɟɥɶɧɚɹ №1 296,8 1014,221 
Ʉɨɬɟɥɶɧɚɹ № 2 395,8 1391,461 
Ʉɨɬɟɥɶɧɚɹ №3 197,9 680,270 

ɏɥɟɛɨɡɚɜɨɞ 11,400 68,683 
ɇɚɫɟɥɟɧɢɟ 2186,4 6911,977 

ȼɫɟɝɨ 3088,3 10066,61 
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 ɉɪɢɧɰɢɩɢɚɥɶɧɚя ɫɯɟɦɚ ɝɚɡɨɫɧɚɛɠɟɧɢя ɧɚɫɟɥɟɧɧɨɝɨ ɩɭɧɤɬɚ 
 
 

ȼ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɞɜɭɯɫɬɭɩɟɧɱɚɬɚɹ ɫɢɫɬɟɦɚ 

ɝɚɡɨɫɧɚɛɠɟɧɢɹ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɫɟɬɟɣ ɧɢɡɤɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ. 

ɋɟɬɶ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɚ ɬɭɩɢɤɨɜɨɣ, ɨɬ ȽɊɋ, ɤɨɬɨɪɚɹ 

ɩɪɟɞɩɨɥɚɝɚɸɬ ɪɚɡɦɟɳɚɟɬɫɹ ɧɚ ɸɝɟ ɩɨɫёɥɤɚ. ȼ ɩɨɫёɥɤɟ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɚ ɞɜɟ 

ɫɟɬɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɨɞɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɫɟɬɶ, ɞɪɭɝɚɹ ɬɭɩɢɤɨɜɚɹ. 

Ʉɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɫɟɬɶ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ 3 ɤɨɥɟɰ ɢ 12 

ɬɭɩɢɤɨɜɵɯ ɨɬɜɟɬɜɥɟɧɢɣ, ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ ɤ ɫɟɬɢ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ 

ɩɨɦɨɳɢ ɫɟɬɟɜɨɝɨ ȽɊɉ. 

 ȼɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɟɬɟɜɵɯ ȽɊɉ 

Ⱦɥɹ ɩɨɞɜɨɞɚ ɝɚɡɚ ɜ ɩɨɫɟɥɤɟ ɩɪɨɟɤɬɨɦ ɩɪɟɞɭɫɦɨɬɪɟɧ ɬɭɩɢɤɨɜɵɣ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɩɨɞɡɟɦɧɵɣ ɝɚɡɨɩɪɨɜɨɞ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ, ɤ ɤɨɬɨɪɨɦɭ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɞɜɭɯ ɫɟɬɟɜɵɯ ȽɊɉ. 

 
 Ɍɪɚɫɫɢɪɨɜɤɚ ɝɚɡɨɜɵɯ ɫɟɬɟɣ ɜ ɫɟɥɟ 

 
 

ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɩɨɫёɥɤɚ, ɝɚɡɨɩɪɨɜɨɞɵ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ 

ɩɪɨɤɥɚɞɵɜɚɸɬɫɹ ɩɨɞ ɡɟɦɥɟɣ, ɝɚɡɨɩɪɨɜɨɞɵ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɨɤɥɚɞɵɜɚɸɬɫɹ 

ɩɨɞ ɡɟɦɧɨ. 

ȼɵɛɨɪ ɬɪɚɫɫɵ ɝɚɡɨɩɪɨɜɨɞɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɭɱɟɬɨɦ ɤɨɪɪɨɡɢɨɧɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɝɪɭɧɬɨɜ ɢ ɧɚɥɢɱɢɹ ɛɥɭɠɞɚɸɳɢɯ ɬɨɤɨɜ, ɩɥɨɬɧɨɫɬɢ ɡɚɫɬɪɨɣɤɢ, 

ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɬ. ɞ. 

ȼɜɨɞɵ ɝɚɡɨɩɪɨɜɨɞɨɜ ɜ ɠɢɥɵɟ ɞɨɦɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɧɟɠɢɥɵɟ 

ɩɨɦɟɳɟɧɢɹ, ɞɨɫɬɭɩɧɵɟ ɞɥɹ ɨɫɦɨɬɪɚ ɢ ɪɟɦɨɧɬɚ ɝɚɡɨɜɵɯ ɫɢɫɬɟɦ. 

ɐɟɥɟɫɨɨɛɪɚɡɧɨ, ɜɜɨɞɵ ɝɚɡɨɩɪɨɜɨɞɨɜ ɜ ɨɛɳɟɫɬɜɟɧɧɵɟ ɢ ɠɢɥɵɟ ɡɞɚɧɢɹ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɨɦɟɳɟɧɢɹ, ɝɞɟ ɭɫɬɚɧɨɜɥɟɧɵ ɝɚɡɨɜɵɟ 

ɩɪɢɛɨɪɵ. ȼɜɨɞɵ ɧɟ ɞɨɥɠɧɵ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɮɭɧɞɚɦɟɧɬɵ ɢ ɩɨɞ 

ɮɭɧɞɚɦɟɧɬɚɦɢ ɡɞɚɧɢɣ. 
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ɋɨɟɞɢɧɟɧɢɟ ɫɬɚɥɶɧɵɯ ɬɪɭɛ ɜ ɫɟɬɢ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ 

ɫɜɚɪɤɟ. Ɋɟɡɶɛɨɜɵɟ ɢ ɮɥɚɧɰɟɜɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɦɟɫɬɚɯ 

ɭɫɬɚɧɨɜɤɢ ɡɚɩɨɪɧɨɣ ɚɪɦɚɬɭɪɵ, ɝɨɪɟɥɨɤ, ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɯ 

ɩɪɢɛɨɪɨɜ, ɚɜɬɨɦɚɬɢɤɢ ɢ ɞɪ. 

Ɇɢɧɢɦɚɥɶɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ ɢ ɜɟɪɬɢɤɚɥɢ ɦɟɠɞɭ 

ɝɚɡɨɩɪɨɜɨɞɚɦɢ ɢ ɡɞɚɧɢɹɦɢ, ɩɪɨɦɩɪɨɜɨɞɤɚɦɢ, ɫɨɨɪɭɠɟɧɢɹɦɢ ɩɪɢɧɢɦɚɸɬɫɹ 

ɩɪɨɟɤɬɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɧɨɪɦɚɬɢɜɧɵɦɢ 

ɞɨɤɭɦɟɧɬɚɦɢ [7, 17]. Ⱦɨɩɭɫɤɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɷɬɢɯ ɪɚɫɫɬɨɹɧɢɣ ɜ ɫɬɟɫɧɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ. Ɋɟɲɟɧɢɟ ɨɛ ɷɬɨɦ ɩɪɢɧɢɦɚɟɬɫɹ ɩɪɨɟɤɬɧɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ ɫ 

ɭɤɚɡɚɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɤɚɱɟɫɬɜɭ ɩɪɢɦɟɧɹɟɦɵɯ ɬɪɭɛ, 

ɤɨɧɬɪɨɥɸ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɞɪ. Ƚɥɭɛɢɧɚ ɩɪɨɤɥɚɞɤɢ ɝɚɡɨɩɪɨɜɨɞɨɜ 

ɩɪɢɧɢɦɚɟɬɫɹ ɧɟ ɦɟɧɟɟ 0,9 ɦ ɞɨ ɜɟɪɯɚ ɝɚɡɨɩɪɨɜɨɞɚ ɢɥɢ ɮɭɬɥɹɪɚ, ɞɨɩɭɫɤɚɟɬɫɹ 

ɭɦɟɧɶɲɟɧɢɟ ɞɨ 0,7 ɦ ɜ ɦɟɫɬɚɯ, ɝɞɟ ɧɟɬ ɩɪɨɟɡɞɚ ɬɪɚɧɫɩɨɪɬɚ. 

ȼ ɤɨɬɟɥɶɧɨɣ ɩɪɟɞɥɚɝɚɟɬɫɹ ɞɥɹ ɫɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɩɟɪɟɞ 

ɝɚɡɨɝɨɪɟɥɨɱɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɭɫɬɚɧɨɜɢɬɶ ɝɚɡɨɪɟɝɭɥɹɬɨɪɧɵɟ ɭɫɬɚɧɨɜɤɢ. ɋ 

ɭɱɟɬɨɦ ɩɥɚɧɢɪɨɜɤɢ ɩɨɫёɥɤɚ, ɞɥɹ ɝɚɡɨɫɧɚɛɠɟɧɢɹ ɠɢɥɨɝɨ ɫɟɤɬɨɪɚ 

ɩɪɨɟɤɬɢɪɭɸɬɫɹ ɩɨɞɡɟɦɧɵɟ ɤɨɥɶɰɟɜɵɟ ɫɟɬɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɬɭɩɢɤɨɜɵɟ 

ɭɱɚɫɬɤɢ ɩɪɨɟɤɬɢɪɭɸɬɫɹ ɧɚɞɡɟɦɧɵɦɢ. 

ɉɪɢ ɝɚɡɢɮɢɤɚɰɢɢ ɩɨɫёɥɤɚ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɩɪɨɤɥɚɞɵɜɚɸɬɫɹ 

ɩɨɞɡɟɦɧɵɟ ɝɚɡɨɩɪɨɜɨɞɵ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. Ɍɭɩɢɤɨɜɵɟ ɭɱɚɫɬɤɢ 

ɩɪɨɤɥɚɞɵɜɚɸɬɫɹ ɚɧɚɥɨɝɢɱɧɨ (ɩɨɞɡɟɦɧɵɦɢ). 

 

 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢя 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ, ɤɚɤ ɫɦɟɲɚɧɧɵɯ ɝɚɡɨɜɵɯ ɫɟɬɟɣ ɧɢɡɤɨɝɨ 

ɞɚɜɥɟɧɢɹ, ɬɚɤ ɢ ɬɭɩɢɤɨɜɵɯ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɷɬɚɩɨɜ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ, ɫɨɝɥɚɫɧɨ ɩɪɢɧɹɬɨɣ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɟ, 

ɩɪɨɢɡɜɨɞɹɬ ɬɪɚɫɫɢɪɨɜɤɭ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɵɹɜɥɹɸɬ 

ɤɨɧɬɭɪɵ ɝɚɡɨɩɪɨɜɨɞɨɜ  ɜ ɡɚɤɨɥɶɰɨɜɚɧɧɨɣ ɱɚɫɬɢ. Ɍɚɤ ɠɟ ɜɵɹɜɥɹɸɬ ɫɟɤɬɨɪɚ, 
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ɨɛɫɥɭɠɢɜɚɟɦɵɟ ɬɭɩɢɤɨɜɵɦɢ ɭɱɚɫɬɤɚɦɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɝɚɡɨɜɨɣ ɫɟɬɢ ɢɥɢ 

ɫɟɤɬɨɪɚ, ɟɫɥɢ ɫɟɬɶ ɹɜɥɹɟɬɫɹ ɬɭɩɢɤɨɜɨɣ. 

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɝɚɡɨɜɭɸ ɫɟɬɶ ɪɚɡɛɢɜɚɸɬ ɧɚ ɭɱɚɫɬɤɢ, ɤ ɤɨɬɨɪɵɦ ɛɭɞɟɬ 

ɩɪɢɫɨɟɞɢɧɟɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɪɚɡɥɢɱɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ. ɗɬɨ ɦɨɝɭɬ ɛɵɬɶ 

ɨɬɞɟɥɶɧɵɟ ɫɬɨɹɤɢ ɠɢɥɵɯ ɡɞɚɧɢɣ, ɨɬɞɟɥɶɧɵɟ ɠɢɥɵɟ ɡɞɚɧɢɹ, ɤɨɦɦɭɧɚɥɶɧɵɟ, 

ɨɛɳɟɫɬɜɟɧɧɵɟ ɢ ɩɪɨɱɢɟ ɩɨɬɪɟɛɢɬɟɥɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɤ ɧɢɦ ɩɪɢɫɨɟɞɢɧɹɸɬ 

ɨɬɜɟɬɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɞɚɸɬ ɝɚɡ ɝɪɭɩɩɚɦ ɡɞɚɧɢɣ. Ɉɬɥɢɱɢɬɟɥɶɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ 

ɷɬɢɯ ɩɨɬɪɟɛɢɬɟɥɟɣ  ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɡɚɪɚɧɟɟ ɧɟ ɢɡɜɟɫɬɧɵ ɦɟɫɬɚ ɢɯ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɝɚɡɨɩɪɨɜɨɞɭ. 

ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɥɢɧɵ ɭɱɚɫɬɤɨɜ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ 

ɪɚɫɱɟɬɧɵɟ ɪɚɫɯɨɞɵ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɚɯ, ɞɥɹ ɡɚɤɨɥɶɰɨɜɚɧɧɨɣ ɱɚɫɬɢ ɝɚɡɨɜɨɣ 

ɭɤɚɡɵɜɚɟɬɫɹ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɝɚɡɚ. 

ɇɚ ɱɟɬɜɟɪɬɨɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɢɚɦɟɬɪɵ ɝɚɡɨɩɪɨɜɨɞɨɜ 

ɡɚɤɨɥɶɰɨɜɚɧɧɨɣ ɱɚɫɬɢ ɝɚɡɨɜɨɣ ɫɟɬɢ. 

ɇɚ ɩɹɬɨɦ ɷɬɚɩɟ ɩɪɨɜɨɞɢɬɫɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɡɚɤɨɥɶɰɨɜɚɧɧɨɣ 

ɱɚɫɬɢ ɝɚɡɨɜɨɣ ɫɟɬɢ, ɭɜɹɡɵɜɚɸɬɫɹ ɤɨɥɶɰɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɚɜɥɟɧɢɟ ɜ ɭɡɥɨɜɵɯ 

ɬɨɱɤɚɯ, ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɝɨ ɷɬɚɩɚ ɜ ɜɤɪ ɪɚɡɪɚɛɨɬɚɧɚ ɤɨɦɩɶɸɬɟɪɧɭɸ 

(ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ) ɦɨɞɟɥɶ ɪɚɛɨɬɵ ɝɚɡɨɜɨɣ ɫɟɬɢ. 

ɇɚ ɲɟɫɬɨɦ ɷɬɚɩɟ ɩɪɨɜɨɞɢɬɫɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɬɭɩɢɤɨɜɵɯ 

ɨɬɜɟɬɜɥɟɧɢɣ ɢ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨɥɧɨɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ. 

ɉɪɢ ɞɜɢɠɟɧɢɢ ɝɚɡɚ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɚɦ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɟɩɟɧɧɨɟ 

ɫɧɢɠɟɧɢɟ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɡɚ ɫɱɟɬ ɩɪɟɨɞɨɥɟɧɢɹ ɫɢɥ ɬɪɟɧɢɹ ɢ 

ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 𝛥ɪ = 𝛥ɪɌɊ + 𝛥ɪɆ.ɋ., ɉɚ, (15) 
 
 

ɝɞɟ 𝛥ɪɌɊ - ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɬɪɟɧɢɟ, ɉɚ; 𝛥ɪɆ.ɋ. - ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ, ɉɚ. 
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ɋɪɟɞɧɹɹ   ɫɤɨɪɨɫɬɶ   ɞɜɢɠɟɧɢɹ   ɝɚɡɚ  ɜ  ɝɚɡɨɩɪɨɜɨɞɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

 
 𝑉/𝐹, ɦ/ɫ, (16) = ݓ 
 
 

 

ɝɞɟ w - ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɚɡɚ, ɦ/ɫ, 

V - ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɦ3/ɱ; 

F - ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɭɱɚɫɬɤɚ ɝɚɡɨɩɪɨɜɨɞɚ, ɦ2. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ, ɞɢɚɦɟɬɪɚ ɬɪɭɛɵ ɢ ɜɹɡɤɨɫɬɢ ɝɚɡɚ 

ɬɟɱɟɧɢɟ ɟɝɨ ɦɨɠɟɬ ɛɵɬɶ ɥɚɦɢɧɚɪɧɵɦ, ɬ. ɟ. ɭɩɨɪɹɞɨɱɟɧɧɵɦ ɜ ɜɢɞɟ 

ɞɜɢɠɭɳɢɯɫɹ ɨɞɢɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɨɝɨ ɫɥɨɟɜ, ɢ ɬɭɪɛɭɥɟɧɬɧɵɦ, ɤɨɝɞɚ ɜ 

ɩɨɬɨɤɟ ɝɚɡɚ ɜɨɡɧɢɤɚɸɬ ɡɚɜɢɯɪɟɧɢɹ ɢ ɫɥɨɢ ɩɟɪɟɦɟɲɢɜɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ. 

Ɋɟɠɢɦ ɞɜɢɠɟɧɢɹ ɝɚɡɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɤɪɢɬɟɪɢɹ Ɋɟɣɧɨɥɶɞɫɚ 

 
 ݒ , = ܴ݁ ܦ ⋅ ݓ 

(17) 

 
 

ɝɞɟ w - ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɝɚɡɚ, ɦ/ɫ; 

D - ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɝɚɡɨɩɪɨɜɨɞɚ, ɦ; 

v - ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɝɚɡɚ, ɦ2/ɫ. 

ɉɪɢ Re<2000 ɜ ɝɚɡɨɩɪɨɜɨɞɚɯ ɝɚɡ ɞɜɢɠɟɬɫɹ ɜ ɪɟɠɢɦɟ ɥɚɦɢɧɚɪɧɨɝɨ 

ɬɟɱɟɧɢɹ, ɚ ɩɪɢ Re>4000 ɜ ɪɟɠɢɦɟ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɱɟɧɢɹ. ɉɪɢ 2000>Re>4000 

ɜ ɝɚɡɨɩɪɨɜɨɞɟ ɜɨɡɧɢɤɚɟɬ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɤɪɢɬɢɱɟɫɤɚɹ ɨɛɥɚɫɬɶ ɞɜɢɠɟɧɢɹ ɝɚɡɚ 

(ɩɟɪɟɯɨɞɧɚɹ ɨɬ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɜ ɬɭɪɛɭɥɟɧɬɧɨɟ). 

Ⱦɥɹ ɫɟɬɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɢɥ 

ɬɪɟɧɢɹ ɨɩɢɫɵɜɚɸɬɫɹ ɮɨɪɦɭɥɨɣ 

 
 
 𝑉2 

ɪɇ − ɪɄ = ͸ʹ͸,ͳ ⋅ 5݀ ߣ 𝜌݈, ʞа, (18) 
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ɝɞɟ ɪɇ - ɞɚɜɥɟɧɢɟ ɜ ɧɚɱɚɥɟ ɝɚɡɨɩɪɨɜɨɞɚ, ɉɚ; 

ɪɄ - ɞɚɜɥɟɧɢɟ ɜ ɤɨɧɰɟ ɝɚɡɨɩɪɨɜɨɞɚ, ɉɚ; 

 - ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ; 

V - ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɦ3/ɱ; 

d - ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɝɚɡɨɩɪɨɜɨɞɚ, ɫɦ; 𝜌 - ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɝ/ɦ3; 

l - ɞɥɢɧɚ ɝɚɡɨɩɪɨɜɨɞɚ, ɦ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ ɝɚɡɚ ɩɨ ɝɚɡɨɩɪɨɜɨɞɭ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɝɨ ɱɢɫɥɨɦ Ɋɟɣɧɨɥɶɞɫɚ. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɢɥ ɬɪɟɧɢɹ 

ɩɨ ɮɨɪɦɭɥɟ (18), ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɜɵɪɚɠɟɧɧɵɣ ɜ ɦ3/ɱ, ɢ 

ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɝɚɡɨɩɪɨɜɨɞɚ, ɜɵɪɚɠɟɧɧɵɣ ɜ ɫɦ, ɩɨɞɫɬɚɜɥɹɹ ɷɬɢ ɡɧɚɱɟɧɢɹ 

ɜ ɮɨɪɦɭɥɭ (17), ɩɨɥɭɱɚɟɦ ɮɨɪɦɭɥɭ ɤɪɢɬɟɪɢɹ Ɋɟɣɧɨɥɶɞɫɚ ɞɥɹ ɷɬɢɯ ɪɚɫɱɟɬɧɵɯ 

ɜɟɥɢɱɢɧ 

 
 𝑉 ܴ݁ = 0,0354 ݀(19) ,ݒ 

 
 

ɝɞɟ V - ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɦ3/ɱ; 

d - ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɝɚɡɨɩɪɨɜɨɞɚ, ɫɦ; 

v - ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɝɚɡɚ, ɦ2/ɫ. 
 

Ɍɭɪɛɭɥɟɧɬɧɨɟ ɞɜɢɠɟɧɢɟ ɝɚɡɚ ɜ ɝɚɡɨɩɪɨɜɨɞɟ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɜ ɬɚɤ 

ɧɚɡɵɜɚɟɦɨɣ ɡɨɧɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢ ɝɥɚɞɤɢɯ ɬɪɭɛ, ɢ ɜ ɡɨɧɟ, ɤɨɝɞɚ ɧɚ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɥɢɹɟɬ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɫɬɟɧɤɢ. 

Ʉɪɢɬɟɪɢɟɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɝɥɚɞɤɨɫɬɢ ɜɧɭɬɪɟɧɧɟɣ ɫɬɟɧɤɢ ɝɚɡɨɩɪɨɜɨɞɚ 

ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ 

 
 ݇ ܴ݁ (݀) < 23, (20) 
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ɝɞɟ Re - ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ; 

k - ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɚɛɫɨɥɸɬɧɚɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɬɟɧɤɢ ɬɪɭɛɵ, ɫɦ; 

d - ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɝɚɡɨɩɪɨɜɨɞɚ, ɫɦ. 
 
 

ɗɤɜɢɜɚɥɟɧɬɧɚɹ ɚɛɫɨɥɸɬɧɚɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɬɟɧɤɢ ɝɚɡɨɩɪɨɜɨɞɚ, ɩɪɢɧɢɦɚɟɦɚɹ ɪɚɜɧɨɣ: 

-ɞɥɹ ɧɨɜɵɯ ɫɬɚɥɶɧɵɯ ɬɪɭɛ 0,01 ɫɦ, 

-ɞɥɹ ɫɬɚɥɶɧɵɯ ɛɵɜɲɢɯ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ - 0,1 ɫɦ, 

-ɞɥɹ ɩɨɥɢɷɬɢɥɟɧɨɜɵɯ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɜɪɟɦɟɧɢ ɷɤɫɩɥɭɚɬɚɰɢɢ - 0,0007 ɫɦ, 

-ɞɥɹ ɦɟɞɧɵɯ ɬɪɭɛ - 0,001 ɫɦ. 
 
 

ɉɪɢ ɪɚɫɱɟɬɟ ɝɚɡɨɩɪɨɜɨɞɨɜ ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ  ɨɩɪɟɞɟɥɹɟɬɫɹ: 

- ɞɥɹ ɥɚɦɢɧɚɪɧɨɝɨ ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ ɝɚɡɚ (Re<2000) ɩɨ ɮɨɪɦɭɥɟ ɋɬɨɤɫɚ 
 
 
 

 (21) ܴ݁ =  ߣ 64

 
 

- ɞɥɹ ɩɟɪɟɯɨɞɧɨɝɨ (ɤɪɢɬɢɱɟɫɤɨɝɨ) ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ ɝɚɡɚ (2000> Re> 

4000) ɩɨ ɮɨɪɦɭɥɟ Ɂɚɣɱɟɧɤɨ 

 
 (22) ,ܴ݁√3 ⋅ 0,0025 = ߣ 
 

 

- ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ ɝɚɡɚ (Re>4000) ɛɟɡɪɚɡɦɟɪɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ ɞɥɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢ ɝɥɚɞɤɨɣ ɫɬɟɧɤɢ ɩɪɢ ܴ݁ (
݇ )<23, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ 4000>Re>100000 ɩɨ ɮɨɪɦɭɥɟ Ȼɥɚɡɢɭɫɚ (23) ɢ ݀ 

ɩɪɢ Re>100000 ɮɨɪɦɭɥɟ Ⱥɥɶɬɲɭɥɹ (24) 
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 0,25ܴ݁ , = ߣ 0,3165
(23) 

 , = ߣ 1
(1,82 ݈𝑔ܴ݁ − 1,64)2 

 
(24) 

 
 

- ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ ɝɚɡɚ (Re>4000) ɞɥɹ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢ ɲɟɪɨɯɨɜɚɬɨɣ ɫɬɟɧɤɢ ɩɪɢ ܴ݁ (
݇ ݀ 

)>23 ɩɨ ɮɨɪɦɭɥɟ Ⱥɥɶɬɲɭɥɹ 
 
 
 
 ݀) 0,11 =  ߣ 0,25 68 ݇ 

+ ܴ݁) . (25) 

 
 

Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɡɚɤɨɥɶɰɨɜɚɧɧɨɣ ɱɚɫɬɢ 

ɝɚɡɨɜɨɣ ɫɟɬɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɜ ɭɡɥɨɜɵɯ ɬɨɱɤɚɯ, ɤɨɬɨɪɨɟ 

ɞɨɥɠɧɨ ɛɵɬɶ ɛɨɥɶɲɟ ɪɚɡɧɨɫɬɢ ɧɚɱɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɩɨɫɥɟ ȽɊɉ ɢ 

ɞɨɩɭɫɬɢɦɵɯ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɝɚɡɨɜɨɣ ɫɟɬɢ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ 

ɨɩɪɟɞɟɥɢɬɶ ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɜ ɭɡɥɨɜɵɯ ɬɨɱɤɚɯ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɭɜɹɡɤɭ 

ɤɨɥɟɰ ɝɚɡɨɜɨɣ ɫɟɬɢ. Ⱦɥɹ ɤɨɥɶɰɟɜɵɯ ɝɚɡɨɜɵɯ ɫɟɬɟɣ ɩɪɢɟɦɥɟɦɨ ɩɪɢ ɭɜɹɡɤɟ 

ɤɨɥɟɰ ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɪɚɜɧɟɧɢɟ, ɚɧɚɥɨɝɢɱɧɨɟ ɜɬɨɪɨɦɭ ɡɚɤɨɧɭ Ʉɢɪɯɝɨɮɚ ɞɥɹ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ: ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ ɫɭɦɦɚ ɜɫɟɯ ɩɟɪɟɩɚɞɨɜ ɞɚɜɥɟɧɢɣ ɜ 

ɡɚɦɤɧɭɬɨɦ ɤɨɧɬɭɪɟ ɪɚɜɧɚ ɧɭɥɸ ɩɪɢ ɭɫɥɨɜɢɢ, ɟɫɥɢ ɜ ɷɬɨɦ ɤɨɧɬɭɪɟ ɧɟɬ 

ɧɚɝɧɟɬɚɬɟɥɟɣ, ɬ.ɟ. ∑ 𝛥Ɋɉܱ ɄɈɅЬɐɍ = 0. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ, ɭɜɹɡɚɧɵ ɥɢ ɜɫɟ ɤɨɥɶɰɚ ɝɚɡɨɜɨɣ ɫɟɬɢ ɫ 

ɞɨɩɭɫɬɢɦɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɧɟ ɜɥɢɹɸɳɟɣ ɧɚ ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɜ ɭɡɥɨɜɵɯ ɬɨɱɤɚɯ, 

ɞɥɹ ɤɚɠɞɨɝɨ ɤɨɥɶɰɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ ɩɨ ɮɨɪɦɭɥɟ 

 
 ∑ 𝛥Ɋ 𝛥 = 

0,5/ ∑ 𝛥Ɋ / 
100%,

 
(26) 
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ɝɞɟ  - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ, %; ∑ 𝛥ʟ - ɫɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜɫɟɯ ɭɱɚɫɬɤɨɜ ɤɨɥɶɰɚ, ɉɚ; 

/ ∑ 𝛥ʟ / - ɫɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜɫɟɯ ɭɱɚɫɬɤɨɜ ɤɨɥɶɰɚ ɩɨ ɦɨɞɭɥɸ, 

ɉɚ. 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɭɱɚɫɬɤɟ ɝɚɡɨɜɨɣ ɫɟɬɢ ɫɤɥɚɞɵɜɚɸɬɫɹ ɢɡ ɩɨɬɟɪɶ 

ɞɚɜɥɟɧɢɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɢɥ ɬɪɟɧɢɹ ɢ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ ɦɟɫɬɧɵɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ. Ⱦɥɹ ɫɟɬɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ 

ɩɪɟɨɞɨɥɟɧɢɟ ɫɢɥ ɬɪɟɧɢɹ ɨɩɢɫɵɜɚɸɬɫɹ ɮɨɪɦɭɥɨɣ (18), ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ 

ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɝɚɡɨɩɪɨɜɨɞɚɯ ɛɨɥɶɲɨɣ 

ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦɢ 10 % ɨɬ ɩɨɫɥɟɞɧɢɯ ɧɟɡɚɜɢɫɢɦɨ ɨɬ 

ɦɚɬɟɪɢɚɥɚ ɬɪɭɛ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɳɢɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɨɬɞɟɥɶɧɨ ɜɡɹɬɨɦ 

ɭɱɚɫɬɤɟ ɝɚɡɨɜɨɣ ɫɟɬɢ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɮɨɪɦɭɥɨɣ 

 
 ܳܲ2 𝛥Ɋ = 1,1 ⋅ ͸ʹ͸,ͳ ⋅ ߣ 𝜌݈, ɉɚ, ݀5 

(27) 

 
 

ɝɞɟ 𝛥Ɋ - ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɭɱɚɫɬɤɟ, ɉɚ; ܳɊ- ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ, ɦ3/ɱ; 

 - ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɨɞɧɨɣ ɢɡ ɮɨɪɦɭɥ (21-25) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɝɚɡɚ ɢ 

ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛ; 

d - ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɝɚɡɨɩɪɨɜɨɞɚ, ɫɦ; 
 
 𝜌 - ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɝ/ɦ3; 

l - ɞɥɢɧɚ ɭɱɚɫɬɤɚ ɝɚɡɨɩɪɨɜɨɞɚ, ɦ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɞɨɛɢɬɶɫɹ ɭɜɹɡɤɢ ɤɨɥɟɰ ɝɚɡɨɜɨɣ ɫɟɬɢ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɨɲɢɛɤɨɣ ɦɟɧɟɟ 1% ɩɨɬɪɟɛɭɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɩɪɢɛɥɢɠɟɧɢɣ ɫ ɭɱɟɬɨɦ 

ɨɬɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɝɨ ɪɚɫɯɨɞɚ ɧɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ. 

ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɨɬɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ, 

ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɜ ɤɨɥɶɰɟ. Ⱦɥɹ ɷɬɨɝɨ 
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 ܭ

 1ܭ

Ʉ݊ 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɜɟɥɢɱɢɧɭ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɢ ɪɚɫɯɨɞɚ ɧɚ 

ɭɱɚɫɬɤɚɯ - P/QP, ɝɞɟ Ɋ - ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɭɱɚɫɬɤɟ, ɉɚ; QɊ – ɪɚɫɱɟɬɧɵɣ 

ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ, ɦ3/ɱ. 

ɉɟɪɜɵɣ ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

 ∑ 𝛥Ɋ 𝛥ܳ1  = −  , ˏ3/ɱ, 

1,75 ∑ 𝛥Ɋ
 Ɋܳ ݅ܭ 

 
(28) 

 
 

ɝɞɟ 𝛥ܳ1 - ɩɟɪɜɵɣ ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɤɨɥɶɰɟ, 

ɦ3/ɱ;  

Ɋ - ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɤɨɥɶɰɟ, ɉɚ; ∑ 𝛥Ɋ 
- ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɢ ɪɚɫɯɨɞɚ ɜ ɤɨɥɶɰɟ. ܳɊ 

ɉɨɩɪɚɜɨɱɧɵɟ ɤɪɭɝɨɜɵɟ ɪɚɫɯɨɞɵ ɞɥɹ ɤɨɥɟɰ ɫɟɬɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫ ɭɱɟɬɨɦ 

ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨɩɪɚɜɨɱɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɟɞɵɞɭɳɢɯ ɤɨɥɟɰ. Ⱦɥɹ ɩɟɪɜɨɝɨ ɤɨɥɶɰɚ 

ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 ∑((𝛥Ɋ/ܳɊ)݊𝛥ܳ1 ) 𝛥ܳ = 𝛥ܳ1  + 

Ʉ݊ , ˏ 3/ɱ, 
Ʉ1 1ܭ ∑(𝛥Ɋ/ܳɊ)1 

(29) 

 
 

ɝɞɟ 𝛥ܳܭ - ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɩɟɪɜɨɝɨ ɩɨ ɯɨɞɭ ɪɚɫɱɟɬɚ ɤɨɥɶɰɚ, 

ɦ3/ɱ; 𝛥ܳ1 - ɩɟɪɜɵɣ ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɩɟɪɜɨɝɨ ɤɨɥɶɰɚ, ɦ3/ɱ; 

(P/QP)n - ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɢ ɪɚɫɯɨɞɚ ɧɚ ɭɱɚɫɬɤɚɯ ɫɨɫɟɞɧɟɝɨ 

ɤɨɥɶɰɚ, ɩɨɩɚɞɚɸɳɢɯ ɜ ɤɨɧɬɭɪ ɪɚɫɱɟɬɧɨɝɨ ɤɨɥɶɰɚ; 𝛥ܳ1 - ɩɟɪɜɵɣ ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɜ n–ɦ ɤɨɥɶɰɟ, ɦ3/ɱ; 
 ∑(𝛥Ɋ/ܳɊ)1 - ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɢ ɪɚɫɯɨɞɚ ɜ ɩɟɪɜɨɦ ɤɨɥɶɰɟ. 
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Ʉ݊ 

 ݅ܭ

݊ К݊ 

ʟ 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɜɟɥɢɱɢɧɵ ∑((𝛥Ɋ/ܳɊ)݊𝛥ܳ1  ) ɭɱɢɬɵɜɚɸɬɫɹ ɜɫɟ 

ɭɱɚɫɬɤɢ ɫɨɫɟɞɧɢɯ ɤɨɥɟɰ, ɩɨɩɚɞɚɸɳɢɯ ɜ ɤɨɧɬɭɪ ɪɚɫɱɟɬɧɨɝɨ ɤɨɥɶɰɚ. 

ɉɨɩɪɚɜɨɱɧɵɟ ɤɪɭɝɨɜɵɟ ɪɚɫɯɨɞɵ ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɤɨɥɟɰ ɫɟɬɢ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 ∑((𝛥Ɋ/ܳɊ)݊𝛥ܳɄ  ) ∑((𝛥Ɋ/ܳɊ)݊𝛥ܳ1 ) 𝛥ܳ = 𝛥ܳ1  +  ݊     + 

Ʉ݊ , ˏ 3/ɱ, 
Ʉ݅ ݅ܭ ∑(𝛥Ɋ/ܳ)݅ ∑(𝛥Ɋ/ܳ)݅ 

(30) 

 
 

ɝɞɟ 𝛥ܳ݅ܭ - ɩɨɩɪɚɜɨɱɧɵɟ ɤɪɭɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɨɫɥɟɞɭɸɳɢɯ ɩɨ ɯɨɞɭ ɪɚɫɱɟɬɚ 

ɤɨɥɟɰ, ɦ3/ɱ; 𝛥ܳ1 - ɩɟɪɜɵɣ ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɪɚɫɫɱɢɬɵɜɚɟɦɨɝɨ ɤɨɥɶɰɚ, 
 

ɦ3/ɱ; 

(P/QP)n - ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɢ ɪɚɫɯɨɞɚ ɧɚ ɭɱɚɫɬɤɚɯ ɫɨɫɟɞɧɟɝɨ 

ɤɨɥɶɰɚ, ɩɨɩɚɞɚɸɳɢɯ ɜ ɤɨɧɬɭɪ ɪɚɫɱɟɬɧɨɝɨ ɤɨɥɶɰɚ; 𝛥ܳɄ - ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɜ n–ɦ ɤɨɥɶɰɟ, ɦ3/ɱ; 𝛥ܳ1 - ɩɟɪɜɵɣ ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɜ n–ɦ ɤɨɥɶɰɟ, ɦ3/ɱ, 
 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɪɚɫɱɟɬɚɯ, ɟɫɥɢ ɧɟ ɨɩɪɟɞɟɥɟɧ ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɜ 

ɞɚɧɧɨɦ ɤɨɥɶɰɟ; ∑(𝛥Ɋ/ܳɊ)݅ - ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɢ ɪɚɫɯɨɞɚ ɜ ɪɚɫɫɱɢɬɵɜɚɟɦɨɦ 

ɤɨɥɶɰɟ. 
Ɉɩɪɟɞɟɥɢɜ ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ, ɜɵɩɨɥɧɹɸɬ ɞɚɥɶɧɟɣɲɢɣ 

ɪɚɫɱɟɬ (ɩɟɪɜɨɟ ɢ ɩɨɫɥɟɞɭɸɳɢɟ ɩɪɢɛɥɢɠɟɧɢɹ), ɩɪɢ ɷɬɨɦ ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ 

ɝɚɡɚ ɫ ɭɱɟɬɨɦ ɩɨɩɪɚɜɨɱɧɨɝɨ ɪɚɫɯɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 
 ܳʞ = ܳʟ + ܳУЧ, ɦ3/ɱ, ʟ (31) 
 
 

ɝɞɟ ܳʞ - ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ ɤɨɥɶɰɚ ɫ ɭɱɟɬɨɦ ɩɨɩɪɚɜɨɱɧɨɝɨ 

ɪɚɫɯɨɞɚ, ɦ3/ɱ; 
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݅ 

ܳʟ - ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ ɤɨɥɶɰɚ, ɦ3/ɱ; ܳУЧ - ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɧɚ ɭɱɚɫɬɤɟ ɤɨɥɶɰɚ, ɦ3/ɱ. 

 
ɉɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɧɚ ɭɱɚɫɬɤɟ ɤɨɥɶɰɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

 ܳУЧ = ܳܭܳ − ܭ , ɦ3/ɱ, ݅ ݊ 

(32) 

 
 

ɝɞɟ ܳУЧ- ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɧɚ ɭɱɚɫɬɤɟ ɤɨɥɶɰɚ, ɦ3/ɱ; ܳܭ - ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɜ ɪɚɫɫɱɢɬɵɜɚɟɦɨɦ ɤɨɥɶɰɟ, ɦ3/ɱ; 
 ,ɩɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɜ ɫɨɫɟɞɧɟɦ ɤɨɥɶɰɟ, ɦ /ɱ, ɞɥɹ ɭɱɚɫɬɤɨɜ -݊ܭܳ 3

ɨɛɫɥɭɠɢɜɚɸɳɢɯ ɨɞɧɨ ɤɨɥɶɰɨ ܳ0 =݊ܭ. 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɭɱɚɫɬɤɚɯ ɝɚɡɨɜɨɣ ɫɟɬɢ ɡɚɜɢɫɹɬ ɨɬ ɩɪɨɬɹɠɟɧɧɨɫɬɢ 

ɭɱɚɫɬɤɚ ɟɝɨ ɞɢɚɦɟɬɪɚ ɢ ɪɚɫɯɨɞɚ ɝɚɡɚ, ɚ ɬɚɤɠɟ ɨɬ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɚɡɚ. 

ɂɡ ɭɫɥɨɜɢɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɝɚɡɨɜɨɣ ɫɟɬɢ ɪɚɫɱɟɬɧɵɣ ɜɧɭɬɪɟɧɧɢɣ 

ɞɢɚɦɟɬɪ ɭɱɚɫɬɤɨɜ ɝɚɡɨɩɪɨɜɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

 ݉ ݀ = 
 ,ˏ˔ 𝜌ܳܲܤܣ   ݊

 ܲ √ 𝛥Ɋ 
,
 

ɍȾ 

(33) 

 
 
 

ɝɞɟ dɊ - ɪɚɫɱɟɬɧɵɣ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɭɱɚɫɬɤɚ, ɫɦ; 

А - ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɤɚɬɟɝɨɪɢɢ ɫɟɬɢ, ɞɥɹ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 

А=626; 

ȼ, n, m - ɤɨɷɮɮɢɰɢɟɧɬɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɦɚɬɟɪɢɚɥɚ ɝɚɡɨɩɪɨɜɨɞɚ, ɞɥɹ 

ɫɬɚɥɶɧɵɯ ɬɪɭɛ ȼ=0,022, n=5, m=2, ɞɥɹ ɩɨɥɢɷɬɢɥɟɧɨɜɵɯ ɬɪɭɛ ȼ=0,0446, 

n=4,75, m=1,75; ܳɊ- ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ, ɦ3/ɱ; 𝛥ɊɍȾ - ɭɞɟɥɶɧɵɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɬɪɟɧɢɟ, ɉɚ/ɦ – ɞɥɹ ɫɟɬɟɣ ɧɢɡɤɨɝɨ 

ɞɚɜɥɟɧɢɹ. 
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ɍɞɟɥɶɧɵɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɬɪɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
 
 𝛥ɊȾɈɉ 𝛥ɊɍȾ = 

 ܮ1,1
, ʞа/ˏ, (34) 

 

 

ɝɞɟ 𝛥ɊɍȾ - ɭɞɟɥɶɧɵɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɬɪɟɧɢɟ, ɉɚ/ɦ; 𝛥ɊȾɈɉ - ɞɨɩɭɫɬɢɦɵɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ, ɉɚ; 

L - ɪɚɫɫɬɨɹɧɢɟ ɨɬ ȽɊɉ ɞɨ ɫɚɦɨɣ ɭɞɚɥɟɧɧɨɣ ɬɨɱɤɢ, ɦ. 

ɂɡ ɭɫɥɨɜɢɣ ɧɚɞɟɠɧɨɫɬɢ ɝɚɡɨɜɨɣ ɫɟɬɢ ɤɨɥɶɰɚ ɩɪɨɟɤɬɢɪɭɸɬɫɹ ɢɡ 

ɝɚɡɨɩɪɨɜɨɞɨɜ ɨɞɧɨɝɨ ɞɢɚɦɟɬɪɚ, ɨɫɪɟɞɧɟɧɧɵɣ ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɣ ɞɢɚɦɟɬɪ 

ɭɱɚɫɬɤɨɜ ɤɨɥɶɰɚ ɝɚɡɨɜɨɣ ɫɟɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 ∑(݀Ɋ ⋅ ݈)ɍɑ ݀ܭ  = ݇ ⋅ ∑ ݈  

, ̝ ˏ, 
ɍɑ 

(35) 

 
 

ɝɞɟ dɄ - ɪɚɫɱɟɬɧɵɣ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɤɨɥɶɰɚ, ɫɦ; 

k - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɜɟɥɢɱɟɧɢɟ ɦɚɬɟɪɢɚɥɶɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɥɶɰɚ ɫ ɩɨɫɬɨɹɧɧɵɦ ɞɢɚɦɟɬɪɨɦ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ k = 1,1; 

dɊ - ɪɚɫɱɟɬɧɵɣ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɭɱɚɫɬɤɚ, ɫɦ; 

l - ɞɥɢɧɚ ɭɱɚɫɬɤɚ, ɦ. 

Ɉɪɢɟɧɬɢɪɨɜɨɱɧɵɣ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɝɚɡɨɩɪɨɜɨɞɚ ɤɨɥɶɰɚ ɝɚɡɨɜɨɣ 

ɫɟɬɢ ɩɪɢɧɢɦɚɟɬɫɹ ɢɡ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɹɞɚ ɜɧɭɬɪɟɧɧɢɯ ɞɢɚɦɟɬɪɨɜ 

ɬɪɭɛɨɩɪɨɜɨɞɨɜ - ɛɥɢɠɚɣɲɢɣ ɛɨɥɶɲɢɣ. 

Ƚɚɡ ɜ ɫɟɬɶ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɟ ɩɨɫɬɭɩɚɟɬ ɢɡ ɫɟɬɟɜɵɯ ɝɚɡɨɪɟɝɭɥɹɬɨɪɧɵɯ 

ɩɭɧɤɬɨɜ, ɝɚɡ ɩɨɫɥɟ ɜɵɯɨɞɚ ɢɡ ɝɚɡɨɪɟɝɭɥɹɬɨɪɧɨɝɨ ɩɭɧɤɬɚ ɧɚɱɢɧɚɟɬ ɩɨɫɬɟɩɟɧɧɨ 

ɪɚɡɛɢɪɚɬɶɫɹ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɢ ɟɝɨ ɪɚɫɯɨɞ ɩɨɫɬɟɩɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɩɭɬɢ 

ɞɜɢɠɟɧɢɹ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɯɨɞɚ ɝɚɡɚ ɩɨ ɩɭɬɢ ɟɝɨ ɞɜɢɠɟɧɢɹ ɫɯɟɦɭ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɛɢɬɶ ɧɚ ɭɱɚɫɬɤɢ ɢ 

ɭɤɚɡɚɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ ɝɚɡɚ ɩɨ ɫɟɬɢ. ɉɪɢ ɷɬɨɦ ɞɥɹ 

ɭɡɥɨɜɵɯ ɬɨɱɟɤ ɝɚɡɨɜɨɣ ɫɟɬɢ ɩɪɢɟɦɥɟɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɪɚɜɧɟɧɢɟ, ɚɧɚɥɨɝɢɱɧɨɟ 
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ɩɟɪɜɨɦɭ ɡɚɤɨɧɭ Ʉɢɪɯɝɨɮɚ ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ: ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ ɫɭɦɦɚ 

ɜɫɟɯ ɩɨɬɨɤɨɜ ɝɚɡɚ, ɫɯɨɞɹɳɢɯɫɹ ɜ ɭɡɥɟ ɜɤɥɸɱɚɹ ɭɡɥɨɜɵɟ ɪɚɫɯɨɞɵ ɝɚɡɚ ɪɚɜɧɚ 

ɧɭɥɸ. ɉɨɬɨɤɚɦ, ɩɨɞɯɨɞɹɳɢɦ ɤ ɭɡɥɭ, ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɡɧɚɤ ɩɥɸɫ, ɚ ɜɵɯɨɞɹɳɢɦ 

– ɦɢɧɭɫ, ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɫɤɨɥɶɤɨ ɝɚɡɚ ɜɯɨɞɢɬ ɜ ɭɡɥɨɜɭɸ ɬɨɱɤɭ ɫɬɨɥɶɤɨ ɢ 

ɞɨɥɠɧɨ ɢɡ ɧɟɟ ɜɵɯɨɞɢɬɶ. Ɍɨ ɟɫɬɶ ɩɪɢ ɜɵɛɨɪɟ ɫɯɟɦɵ ɩɨɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ 

ɬɪɨɣɧɢɤɨɜ (ɤɪɟɫɬɨɜɢɧ) ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɝɚɡɨɜɨɣ ɫɟɬɢ ɜɯɨɞɹɳɢɣ ɢɥɢ 

ɜɵɯɨɞɹɳɢɣ ɩɨɬɨɤ ɧɢ ɧɚ ɨɞɧɨɦ ɭɱɚɫɬɤɟ, ɩɪɢɦɵɤɚɸɳɢɦ ɤ ɬɪɨɣɧɢɤɭ 

(ɤɪɟɫɬɨɜɢɧɟ), ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɪɚɜɟɧ ɧɭɥɸ. 

ȼ ɫɯɟɦɟ ɩɨɞɚɱɢ ɝɚɡɚ ɧɟ ɭɤɚɡɚɧɵ ɦɟɫɬɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɨɬɞɟɥɶɧɵɯ 

ɩɨɬɪɟɛɢɬɟɥɟɣ, ɩɨɷɬɨɦɭ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɫɱɟɬɚ ɩɪɟɞɩɨɥɚɝɚɸɬ ɪɚɜɧɨɦɟɪɧɨɟ 

ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɨ ɞɥɢɧɟ ɭɱɚɫɬɤɨɜ ɝɚɡɨɜɨɣ ɫɟɬɢ, ɬɟɦ ɫɚɦɵɦ 

ɩɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɝɚɡ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɯɨɞɭɟɬɫɹ ɩɨ ɩɭɬɢ ɞɜɢɠɟɧɢɹ. Ɍɚɤɭɸ 

ɧɚɝɪɭɡɤɭ ɧɚɡɵɜɚɸɬ ɩɭɬɟɜɨɣ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɫɨɝɥɚɫɧɨ ɫɯɟɦɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɩɨɬɨɤɨɜ ɩɨ ɭɱɚɫɬɤɚɦ ɩɪɨɯɨɞɢɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɚ, 

ɪɚɡɛɢɪɚɟɦɨɟ ɧɚ ɩɨɫɥɟɞɭɸɳɢɯ ɭɱɚɫɬɤɚɯ ɝɚɡɨɜɨɣ ɫɟɬɢ. Ɍɚɤɭɸ ɧɚɝɪɭɡɤɭ 

ɧɚɡɵɜɚɸɬ ɬɪɚɧɡɢɬɧɨɣ. Ɍɟɦ ɫɚɦɵɦ ɪɚɫɯɨɞ ɝɚɡɚ, ɩɪɨɯɨɞɹɳɢɣ ɩɨ ɭɱɚɫɬɤɭ, 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɤɚɤ ɩɭɬɟɜɭɸ, ɬɚɤ ɢ ɬɪɚɧɡɢɬɧɭɸ ɧɚɝɪɭɡɤɭ, ɬɚɤɨɣ ɪɚɫɯɨɞ 

ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɪɚɫɱɟɬɧɵɦ. 

 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 
 ܳɊ = ܳ𝑇 + ݇ ⋅ ܳɉ, ɦ3/ɱ, (36) 
 
 

ɝɞɟ ܳɊ- ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ, ɦ3/ɱ; ܳ𝑇 - ɬɪɚɧɡɢɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ, ɦ3/ɱ; 

k - ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤ ɩɭɬɟɜɨɦɭ ɪɚɫɯɨɞɭ ɝɚɡɚ, ɭɱɢɬɵɜɚɸɳɢɣ 

ɱɬɨ ɜ ɧɚɱɚɥɟ ɭɱɚɫɬɤɚ ɡɧɚɱɟɧɢɟ ɩɭɬɟɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɫɨɫɬɚɜɥɹɟɬ 100% ɨɬ ܳʞ,  

ɚ ɜ ɤɨɧɰɟ ɭɱɚɫɬɤɚ 0% ɨɬ ܳɉ; ܳɉ - ɩɭɬɟɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ, ɦ3/ɱ. 
Ɍɪɚɧɡɢɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ — ɷɬɨ ɪɚɫɯɨɞ ɝɚɡɚ, ɩɪɨɯɨɞɹɳɢɣ ɩɨ ɭɱɚɫɬɤɭ 
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ɝɚɡɨɩɪɨɜɨɞɚ, ɢ ɪɚɡɛɢɪɚɟɦɵɣ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɧɚ ɩɨɫɥɟɞɭɸɳɢɯ ɭɱɚɫɬɤɚɯ 

ɝɚɡɨɜɨɣ ɫɟɬɢ. 

ɉɭɬɟɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ — ɷɬɨ ɪɚɫɯɨɞ ɝɚɡɚ, ɪɚɡɛɢɪɚɟɦɵɣ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɧɚ 

ɤɨɧɤɪɟɬɧɨ ɜɡɹɬɨɦ ɭɱɚɫɬɤɟ ɝɚɡɨɜɨɣ ɫɟɬɢ. 

ɉɭɬɟɜɨɣ ɪɚɫɯɨɞ ɞɥɹ ɤɚɠɞɨɝɨ ɭɱɚɫɬɤɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
 
 ܳɉ = 𝑔ɍȾ ∙ ݈, ɦ3/ɱ, (37) 
 

 

ɝɞɟ gɍȾ - ɭɞɟɥɶɧɵɣ ɩɭɬɟɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ, ɦ3/ɱɦ; 

l - ɞɥɢɧɚ ɭɱɚɫɬɤɚ, ɦ. 

ɍɞɟɥɶɧɵɣ ɩɭɬɟɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ ɪɚɜɟɧ ɫɭɦɦɟ ɭɞɟɥɶɧɵɯ 

ɪɚɫɯɨɞɨɜ ɝɚɡɚ ɩɢɬɚɸɳɢɯ ɤɨɧɬɭɪɨɜ (ɫɟɤɬɨɪɨɜ), ɤɨɬɨɪɵɟ ɨɛɫɥɭɠɢɜɚɟɬ ɞɚɧɧɵɣ 

ɭɱɚɫɬɨɤ. 

ɍɞɟɥɶɧɵɣ ɩɭɬɟɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ ɞɥɹ ɩɢɬɚɸɳɢɯ ɤɨɧɬɭɪɨɜ (ɫɟɤɬɨɪɨɜ) 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 ܳ݅ 𝑔УД  = , ɦ3/ɱɦ, ݈݅ 

(38) 

 
 

ɝɞɟ ܳ݅ - ɪɚɫɯɨɞ ɝɚɡɚ ɜ ɩɢɬɚɸɳɟɦ ɤɨɧɬɭɪɟ (ɫɟɤɬɨɪɟ), ɦ3/ɱ; 
li - ɞɥɢɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɤɨɧɬɭɪɚ (ɫɟɤɬɨɪɚ), ɦ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɪɚɧɡɢɬɧɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɭɬɶ 

ɞɜɢɠɟɧɢɹ ɝɚɡɚ, ɫɨɝɥɚɫɧɨ ɫɯɟɦɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɬɨɤɨɜ. 

Ɍɪɚɧɡɢɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 

3 ܳ𝑇݅ = ∑(ܳ𝑇݅+1 
+ ܳɉ݅+1 

), ɦ /ɱ, (39) 
 
 

ɝɞɟ ܳ𝑇݅- ɬɪɚɧɡɢɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ, ɦ3/ɱ; 
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݅+1 

ܳ𝑇݅+1 
- ɬɪɚɧɡɢɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɫɥɟɞɭɸɳɟɦ ɭɱɚɫɬɤɟ ɩɨ ɯɨɞɭ ɞɜɢɠɟɧɢɹ, 

ɦ3/ɱ; ܳɉ - ɩɭɬɟɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɫɥɟɞɭɸɳɟɦ ɭɱɚɫɬɤɟ ɩɨ ɯɨɞɭ ɞɜɢɠɟɧɢɹ, ɦ3/ɱ. 

ɉɪɢ ɪɚɫɱɟɬɟ ɬɪɚɧɡɢɬɧɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 

ɬɪɚɧɡɢɬɧɵɣ ɢ ɩɭɬɟɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɫɥɟɞɭɸɳɟɦ ɭɱɚɫɬɤɟ ɩɨ ɯɨɞɭ ɞɜɢɠɟɧɢɹ 

ɝɚɡɚ. 

Ɋɚɫɱɟɬ ɭɞɟɥɶɧɨɝɨ ɩɭɬɟɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɩɢɬɚɸɳɢɯ ɤɨɧɬɭɪɨɜ (ɫɟɤɬɨɪɨɜ) 

ɩɪɨɜɟɞɟɧ ɩɨ ɮɨɪɦɭɥɟ (38) ɢ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 11. 

Ɋɚɫɱɟɬ ɩɭɬɟɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɝɚɡɨɩɪɨɜɨɞɚɯ 

ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɨɜɟɞɟɧ ɩɨ ɮɨɪɦɭɥɟ (37) ɢ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 12. 

Ɋɚɫɱɟɬ ɬɪɚɧɡɢɬɧɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɝɚɡɨɩɪɨɜɨɞɚɯ 

ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɨɜɟɞɟɧ ɩɨ ɮɨɪɦɭɥɟ (39) ɢ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 13. 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɫɟɬɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɟɫɥɢ 

ɫɟɬɶ ɨɛɫɥɭɠɢɜɚɸɬ ɧɟɫɤɨɥɶɤɨ ȽɊɉ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨɛɵ ɞɚɜɥɟɧɢɟ 

ɝɚɡɚ ɜ ɭɡɥɨɜɵɯ ɬɨɱɤɚɯ ɫɥɢɹɧɢɹ ɩɨɬɨɤɨɜ ɝɚɡɚ, ɢɞɭɳɢɯ ɨɬ ɪɚɡɧɵɯ ȽɊɉ, ɛɵɥɨ 

ɨɞɢɧɚɤɨɜɵɦ. ɗɬɨɝɨ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ, ɬɨɥɶɤɨ ɢɡɦɟɧɹɹ ɧɚɝɪɭɡɤɭ ɧɚ ȽɊɉ 

(ɭɦɟɧɶɲɚɹ ɢɥɢ ɭɜɟɥɢɱɢɜɚɹ), ɩɪɢ ɷɬɨɦ ɨɛɳɢɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɫɟɬɶ ɞɨɥɠɟɧ 

ɨɫɬɚɜɚɬɶɫɹ ɩɨɫɬɨɹɧɧɵɦ. ɂɡɦɟɧɟɧɢɟ ɧɚɝɪɭɡɤɢ ɧɚ ȽɊɉ ɜɥɢɹɟɬ ɤɚɤ ɧɚ 

ɬɪɚɧɡɢɬɧɵɣ, ɬɚɤ ɢ ɧɚ ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɚɯ. 

Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɚɯ ɫɥɢɹɧɢɹ ɩɨɬɨɤɨɜ ɝɚɡɚ ɨɬ ɪɚɡɧɵɯ ȽɊɉ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 ܳɊ = ܳ𝑇 + ݇ɉ ⋅ ܳɉ + (±݇ȾܳɌ), ɦ3/ɱ, (40) 
 

 

ɝɞɟ ܳɊ- ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ ɫɥɢɹɧɢɹ ɩɨɬɨɤɨɜ ɝɚɡɚ ɨɬ ɪɚɡɧɵɯ 

ȽɊɉ, ɦ3/ɱ; ܳ𝑇 - ɬɪɚɧɡɢɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ, ɦ3/ɱ; 
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kɉ - ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤ ɩɭɬɟɜɨɦɭ ɪɚɫɯɨɞɭ ɝɚɡɚ, ɭɱɢɬɵɜɚɸɳɢɣ 

ɱɬɨ ɜ ɧɚɱɚɥɟ ɭɱɚɫɬɤɚ ɡɧɚɱɟɧɢɟ ɩɭɬɟɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɫɨɫɬɚɜɥɹɟɬ 100% ɨɬ ܳʞ,  

ɚ ɜ ɤɨɧɰɟ ɭɱɚɫɬɤɚ 0% ɨɬ ܳɉ; ܳɉ - ɩɭɬɟɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ, ɦ3/ɱ. 
kȾ - ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤ ɬɪɚɧɡɢɬɧɨɦɭ ɪɚɫɯɨɞɭ ɝɚɡɚ, ɞɥɹ ɭɜɹɡɤɢ 

ɞɚɜɥɟɧɢɣ ɝɚɡɚ ɜ ɭɡɥɨɜɵɯ ɬɨɱɤɚɯ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɭɬɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

(ɤɨɦɩɶɸɬɟɪɧɨɝɨ) ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɝɚɡɨɜɨɣ ɫɟɬɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. 

ɋɨɝɥɚɫɧɨ ɫɯɟɦɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɬɨɤɨɜ ɝɚɡɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ 

ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɪɚɡɪɚɛɨɬɚɧɚ ɤɨɦɩɶɸɬɟɪɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɛɨɬɵ 

ɝɚɡɨɜɨɣ ɫɟɬɢ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɣ ɦɨɞɟɥɢ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɪɚɫɱɟɬɧɨɝɨ 

ɪɚɫɯɨɞɚ ɝɚɡɚ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɝɚɡɨɩɪɨɜɨɞɚɯ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɪɚɫɱɟɬ 

ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 14. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɟɬɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫɜɟɞɟɧ 

ɜ ɬɚɛɥɢɰɭ 15. 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ ɜ ɭɡɥɨɜɵɯ ɬɨɱɤɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
 
 ʟ = ʟ݅ − ∑/𝛥ܲУЧ /, ɤɉɚ, (41) 
 
 

ɝɞɟ Ɋ - ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɟ, ɤɉɚ; ܲ݅ - ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɜ ɩɪɟɞɵɞɭɳɟɣ ɭɡɥɨɜɨɣ ɬɨɱɤɟ ɩɨ ɯɨɞɭ ɞɜɢɠɟɧɢɹ ɝɚɡɚ, 
ɤɉɚ; 

/𝛥ܲУЧ/ - ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɚɯ ɝɚɡɨɜɨɣ ɫɟɬɢ ɨɬ ɩɪɟɞɵɞɭɳɟɣ 

ɭɡɥɨɜɨɣ ɬɨɱɤɢ ɞɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ, ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɝɚɡ ɞɜɢɠɟɬɫɹ ɜ ɨɞɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ, ɤɉɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɤɨɥɶɰɟɜɨɣ ɫɟɬɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 

ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 18. 
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Ɍɚɛɥɢɰɚ 11 - ɍɞɟɥɶɧɵɟ ɩɭɬɟɜɵɟ ɪɚɫɯɨɞɵ ɝɚɡɚ ɞɥɹ ɜɫɟɯ ɩɢɬɚɸɳɢɯ ɤɨɧɬɭɪɨɜ 
(ɫɟɤɬɨɪɨɜ) ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 

 

ɇɨɦɟɪ 
ɤɨɧɬɭɪɚ 

(ɫɟɤɬɨɪɚ) 

Ʉɜɚɪɬɚɥ Ɋɚɫɯɨɞ ɝɚɡɚ 
ɜ ɩɢɬɚɸɳɟɦ 

ɤɨɧɬɭɪɟ 
(ɫɟɤɬɨɪɟ), 

ɦ3/ɱ 

Ⱦɥɢɧɚ 
ɩɢɬɚɸɳɟɝɨ 

ɤɨɧɬɭɪɚ 
(ɫɟɤɬɨɪɚ), ɦ 

ɍɞɟɥɶɧɵɣ 
ɩɭɬɟɜɨɣ ɪɚɫɯɨɞ 
ɝɚɡɚ ɩɢɬɚɸɳɟɝɨ 
ɤɨɧɬɭɪɚ, ɦ3/ɱɦ 

ɧɨɦɟɪ ɪɚɫɯɨɞ 
ɝɚɡɚ, 
ɦ3/ɱ 

Ʉɨɧɬɭɪ №1 24 49,2 349,8 2840 0,1232 
25 60,1 
27 98,4 
28 82,0 
30 60,1 

Ʉɨɧɬɭɪ №2 16 82,0 82,0 790 0,1038 
Ʉɨɧɬɭɪ №3 17 76,5 284,2 2940 0,0967 

19 43,7 
20 49,2 
31 65,6 
33 49,2 

ɋɟɤɬɨɪ №1 15 87,5 87,5 720 0,1215 
ɋɟɤɬɨɪ №2 21 49,2 158,5 1390 0,1140 

22 49,2 
23 60,1 

ɋɟɤɬɨɪ №3 26 60,1 109,3 890 0,1228 
29 49,2 

ɋɟɤɬɨɪ №4 32 65,6 114,8 1100 0,1044 
34 49,2 

ɋɟɤɬɨɪ №5 35 87,5 87,5 890 0,0983 
ɋɟɤɬɨɪ №6 14 65,6 131 620 0,2116 

18 65,6 
ɋɟɤɬɨɪ №7 13 82,0 82,0 590 0,1390 
ɋɟɤɬɨɪ №8 12 71,1 71,1 510 0,1394 
ɋɟɤɬɨɪ №9 8 76,5 136,6 1440 0,0949 

11 60,1 
ɋɟɤɬɨɪ №10 1 49,2 98,4 1540 0,0639 

3 49,2 
ɋɟɤɬɨɪ №11 4 49,2 224,1 1180 0,1899 

6 65,6 
7 65,6 
10 43,7 

ɋɟɤɬɨɪ №12 2 54,6 169,4 1550 0,1093 
5 49,2 
9 65,6 
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Ɍɚɛɥɢɰɚ 12 - Ɋɚɫɱɟɬ ɩɭɬɟɜɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ 
 

ɇɨɦɟɪ 
ɭɱɚɫɬɤɚ 

Ⱦɥɢɧɚ 
ɭɱɚɫɬɤɚ, 

ɦ 

ɇɨɦɟɪ ɤɨɧɬɭɪɚ (ɫɟɤɬɨɪɚ) 
ɨɛɫɥɭɠɢɜɚɟɦɵɦ ɭɱɚɫɬɤɨɦ 

ɍɞɟɥɶɧɵɣ ɩɭɬɟɜɨɣ 
ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ, 

ɦ3/ɱɦ 

ɉɭɬɟɜɨɣ 
ɪɚɫɯɨɞ 

ɝɚɡɚ, ɦ3/ɱ 
1-2 190 Ʉɨɧɬɭɪ №1 0,1232 23,4 
2-3 180 Ʉɨɧɬɭɪ №1, ɋɟɤɬɨɪ №1 0,1232+0,1215=0,2447 44,0 
3-4 380 Ʉɨɧɬɭɪ №1, ɋɟɤɬɨɪ №2 0,1232+0,1140=0,2372 90,1 
4-5 410 Ʉɨɧɬɭɪ №1, ɋɟɤɬɨɪ №2 0,1232+0,1140=0,2372 97,3 
5-6 410 Ʉɨɧɬɭɪ №1, ɋɟɤɬɨɪ№3 0,1232+0,1228=0,246 100,9 
6-7 220 Ʉɨɧɬɭɪ №1 0,1232 27,1 
7-8 360 Ʉɨɧɬɭɪ №1, ɋɟɤɬɨɪ№4 0,1232+0,1044=0,2276 81,9 
8-9 430 Ʉɨɧɬɭɪ №1, Ʉɨɧɬɭɪ №3 0,1232+0,0967=0,2199 94,5 
1-9 260 Ʉɨɧɬɭɪ №1 0,1232 32,0 
9-10 290 Ʉɨɧɬɭɪ №2, Ʉɨɧɬɭɪ №3 0,967 28,0 
10-11 290 Ʉɨɧɬɭɪ №2, Ʉɨɧɬɭɪ №3 0,1038+0,0967=0,2005 58,1 
11-12 390 Ʉɨɧɬɭɪ №2 ɋɟɤɬɨɪ№8 0,1038+0,1394=0,2432 94,9 
12-13 310 Ʉɨɧɬɭɪ №2, ɋɟɤɬɨɪ №1 0,1215 37,7 
2-13 110 Ʉɨɧɬɭɪ №2, ɋɟɤɬɨɪ №1 0,1038+0,1215=0,2253 24,8 
8-14 370 Ʉɨɧɬɭɪ №3, ɋɟɤɬɨɪ №4 0,0967+0,1044=0,2011 74,4 
14-15 520 Ʉɨɧɬɭɪ №3, ɋɟɤɬɨɪ№ 5 0,0967+0,0983=0,195 101,4 
15-16 230 Ʉɨɧɬɭɪ №3 0,0967 22,2 
16-17 450 Ʉɨɧɬɭɪ №3, ɋɟɤɬɨɪ №6 0,0967+0,2116=0,3083 138,7 
11-17 360 Ʉɨɧɬɭɪ №3, ɋɟɤɬɨɪ №7 0,0967+0,1390=0,236 84,8 
3-18 120 ɋɟɤɬɨɪ №1, ɋɟɤɬɨɪ №2 0,1215+0,1140=0,2355 28,3 
5-19 480 ɋɟɤɬɨɪ №2, ɋɟɤɬɨɪ №3 0,1140+0,1228=0,2368 113,7 
14-20 370 ɋɟɤɬɨɪ №4, ɋɟɤɬɨɪ №5 0,1044+0,0983=0,2027 75,0 
17-21 110 ɋɟɤɬɨɪ №6, ɋɟɤɬɨɪ №7 0,2116+0,1390=0,3509 38,6 
21-22 60 ɋɟɤɬɨɪ №6 0,2116 12,7 
11-23 120 ɋɟɤɬɨɪ №7, ɋɟɤɬɨɪ№8 0,1393+0,1394=0,2787 33,4 
31-32 140 ɋɟɤɬɨɪ №9, ɋɟɤɬɨɪ №10 0,0949+0,0639=0,1588 22,2 
32-33 550 ɋɟɤɬɨɪ №9, ɋɟɤɬɨɪ №11 0,0949+0,1899=0,2848 156,6 
31-34 120 ɋɟɤɬɨɪ №9, ɋɟɤɬɨɪ №10 0,0949+0,0639=0,1588 19,1 
34-35 630 ɋɟɤɬɨɪ №9, ɋɟɤɬɨɪ №10 0,0949+0,1093=0,2042 128,6 
32-36 630 ɋɟɤɬɨɪ №10, ɋɟɤɬɨɪ №11 0,0639+0,1899=0,2538 159,9 
34-37 650 ɋɟɤɬɨɪ №10, ɋɟɤɬɨɪ№12 0,0639+0,1093=0,1732 112,6 
37-38 270 ɋɟɤɬɨɪ №12 0,1093 29,5 
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Ɍɚɛɥɢɰɚ 13 - Ɋɚɫɱɟɬ ɬɪɚɧɡɢɬɧɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ 
ɇɨɦɟɪ 
ɭɱɚɫɬɤɚ 

ɉɭɬɟɜɨɣ ɪɚɫɯɨɞ ɝɚɡɚ, 
ɦ3/ɱ 

ɇɨɦɟɪ ɭɱɚɫɬɤɚ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ 

ɬɪɚɧɡɢɬɧɨɝɨ ɪɚɫɯɨɞɚ 
ɝɚɡɚ 

Ɍɪɚɧɡɢɬɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ, 
ɦ3/ɱ 

1-2 23,4 2-3 536,7 
2-3 44,0 3-18 430,2 
3-4 90,1 4-5 311,8 
4-5 97,3 5-6 214,5 
5-6 100,9 ɧɟɬ 0 
6-7 27,1 ɧɟɬ 0 
7-8 81,9 6-7 27,1 
8-9 94,5 7-8 359,8 
1-9 32,0 8-9 977,2 
9-10 28,0 10-11 494,8 
10-11 58,1 11-12 436,7 
11-12 94,9 ɧɟɬ 0 
12-13 37,7 ɧɟɬ 0 
2-13 24,8 12-13 37,7 
8-14 74,4 14-15 176,4 
14-15 101,4 ɧɟɬ 0 
15-16 22,2 ɧɟɬ 0 
16-17 138,7 15-16 22,2 
11-17 84,8 16-17 223,6 
3-18 28,3 ɧɟɬ 0 
5-19 113,7 ɧɟɬ 0 
14-20 75,0 ɧɟɬ 0 
17-21 38,6 21-22 24,1 
21-22 12,7 ɧɟɬ 0 
11-23 33,4 ɧɟɬ 0 

21-24ɉ 0,0  11,4 
31-32 22,2 32-33 316,5 
32-33 156,6 ɧɟɬ 0 
31-34 19,1 34-35 270,7 
34-35 128,6 ɧɟɬ 0 
32-36 159,9 ɧɟɬ 0 
34-37 112,6 37-38 29,5 
37-38 29,5 ɧɟɬ 0 
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Ɍɚɛɥɢɰɚ 14 - Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ 
 

ɇɨɦɟɪ 
ɭɱɚɫɬɤɚ 

ɉɭɬɟɜɨɣ 
ɪɚɫɯɨɞ ɝɚɡɚ, 

ɦ3/ɱ 

kɉ Ɍɪɚɧɡɢɬɧɵɣ 
ɪɚɫɯɨɞ ɝɚɡɚ, 

ɦ3/ɱ 

kȾ Ɋɚɫɱɟɬɧɵɣ 
ɪɚɫɯɨɞ ɝɚɡɚ, 

ɦ3/ɱ 
1-2 23,4 0,55 536,7  549,6 
2-3 44,0 0,55 430,2  454,4 
3-4 90,1 0,55 311,8 0,291 361,4 
4-5 97,3 0,55 214,5 0,709 268,0 
5-6 100,9 0,55 0  55,5 
6-7 27,1 0,55 0  14,9 
7-8 81,9 0,55 27,1  72,1 
8-9 94,5 0,55 359,8  411,8 
1-9 32,0 0,55 977,2  994,8 
9-10 28,0 0,55 494,8 0,58 510,3 
10-11 58,1 0,55 436,7  468,7 
11-12 94,9 0,55 0  52,2 
12-13 37,7 0,55 0  20,7 
2-13 24,8 0,55 37,7  51,3 
8-14 74,4 0,55 176,4  217,3 
14-15 101,4 0,55 0  55,8 
15-16 22,2 0,55 0  12,2 
16-17 138,7 0,55 22,2  98,5 
11-17 84,8 0,55 223,6  270,3 
3-18 28,3 0,55 0  15,5 
5-19 113,7 0,55 0  62,5 
14-20 75,0 0,55 0  41,2 
17-21 38,6 0,55 24,1  45,3 
21-22 12,7 0,55 0  7,0 
11-23 33,4 0,55 0  18,4 

21-24ɉ - 0,55 11,4  11,4 
31-32 22,2 0,55 316,5  328,8 
32-33 156,6 0,55 0  86,1 
31-34 19,1 0,55 270,7  281,2 
34-35 128,6 0,55 0  70,7 
32-36 159,9 0,55 0 0,42 87,9 
34-37 112,6 0,55 29,5  91,4 
37-38 29,5 0,55 0  16,2 



 

 
 

Ɍɚɛɥɢɰɚ 15 - Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɟɬɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ) 
 

ɇɨɦɟɪ 
ɤɨɧɬɭɪɚ 
(ɤɨɥɶɰɚ) 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɭɱɚɫɬɤɨɜ ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ 

 
ɧɨɦɟɪ 

ɧɨɦɟɪ 
ɫɨɫɟɞɧɟɝɨ 
ɤɨɧɬɭɪɚ 
(ɤɨɥɶɰɚ) 

 
l, ɦ 

 
dn x s, ɦɦ 

 
QP, ɦ3/ɱ 

 
Re 

 


 
P, ɉɚ 

 
P/QP 

Ʉ1 1-2 Ʉ2 180 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 549,6 70849 0,0194 175,0 0,3185 
2-3  180 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 454,4 58582 0,0203 118,9 0,2616 
3-4  380 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 361,4 46586 0,0215 168,1 0,4651 
4-5  380 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 268,0 34553 0,0232 107,5 0,4011 
5-6  400 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 55,5 7151 0,0344 6,8 0,1231 
6-7  200 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -14,9 1921 0,0333 -0,3 0,0172 
7-8  350 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -72,1 9301 0,0322 -9,5 0,1316 
8-9 Ʉ3 410 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -411,8 53084 0,0208 -239,0 0,5804 
1-9 Ʉ2 250 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -994,8 128249 0,0171 -690,3 0,6939 −͵͸͵ Δ = ⋅ ͳͲͲ% = −Ͷ͹,ͺͺ% Ͳ,ͷ ⋅ ͳͷͳͷ 

-363 2,9924 
/Ɋ/=1515 

Ʉ2 1-2 Ʉ1 190 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -549,6 70849 0,0194 -175,0 0,3185 
1-9 Ʉ1 260 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 994,8 128249 0,0171 690,3 0,6939 
9-10 Ʉ3 290 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 510,3 65783 0,0198 234,6 0,4598 
10-11 Ʉ3 290 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 468,7 60423 0,0202 202,2 0,4314 
11-12  390 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 52,2 6726 0,0349 5,8 0,1118 
12-13  310 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -20,7 2671 0,0347 -0,7 0,0350 
2-13  110 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -51,3 6614 0,0351 -1,6 0,0311 

956 Δ =  ⋅ ͳͲͲ% = ͳͶͷ,ͺ͸% , Ͳ,ͷ ⋅ 1310 

 956  2,0815 
/Ɋ/=1310 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 15 
 

ɇɨɦɟɪ 
ɤɨɧɬɭɪɚ 
(ɤɨɥɶɰɚ) 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɭɱɚɫɬɤɨɜ ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ 

 
ɧɨɦɟɪ 

ɧɨɦɟɪ 
ɫɨɫɟɞɧɟɝɨ 
ɤɨɧɬɭɪɚ 
(ɤɨɥɶɰɚ) 

 
l, ɦ 

 
dn x s, ɦɦ 

 
QP, 
ɦ3/ɱ 

 
Re 

 


 
P, ɉɚ 

 
P/QP 

 
 
 

Ʉ3 

8-9 Ʉ1 430 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 411,8 53084 0,0208 239,0 0,5804 
8-14  370 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 217,3 28013 0,0245 67,2 0,3092 
14-15  520 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 55,8 7189 0,0344 8,7 0,1567 
15-16  230 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -12,2 1576 0,0406 -0,2 0,0180 
16-17  450 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -98,5 12703 0,0298 -20,5 0,2078 
11-17  360 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -270,3 34844 0,0232 -95,8 0,3544 
10-11 Ʉ2 290 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -468,7 60423 0,0202 -202,2 0,4314 
9-10 Ʉ2 290 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -510,3 65783 0,0198 -234,6 0,4598 −ʹ͵ͺ Δ = ⋅ ͳͲͲ% = −ͷͶ,ͻͲ% Ͳ,ͷ ⋅ ͺ͸ͺ 

 -238 2,5177 
/Ɋ/= 868 
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ɉɟɪɜɵɣ ɩɨɩɪɚɜɨɱɧɵɣ ɪɚɫɯɨɞ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (28) ɢ ɫɨɫɬɚɜɥɹɟɬ 
 

-ɞɥɹ ɤɨɥɶɰɚ 2𝛥ܳ1 = − 
956

 = -262,3 ɦ3/ɱ ܭ ͳ,͹ͷ⋅ʹ,Ͳͺͳͷ 
 

-ɞɥɹ ɤɨɥɶɰɚ 3𝛥ܳ1 = − 
−238

 = 54,1 ɦ3/ɱ ܭ ͳ,͹ͷ⋅ʹ,ͷͳ͹͹ 
 

 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ ɪɚɫɯɨɞ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (30) ɢ ɫɨɫɬɚɜɥɹɟɬ: 
 

-ɤɨɥɶɰɨ 1 𝛥ܳɄ 

 
-ɤɨɥɶɰɨ 2 𝛥ܳɄ 

 
-ɤɨɥɶɰɨ 3 𝛥ܳɄ 

= 69,3 + 
((0,3185+0,6939)⋅(−ʹ͸ʹ,͵)+Ͳ,ͷͺͲͶ⋅ͷͶ,ͳሻ = −ͻɦ3/ɱ 

2,9924 

 = −ʹ͸ʹ,͵ + ((0,3185+0,6939)⋅(−ͻ)+ሺͲ,Ͷͷͻͺ+Ͳ,Ͷ͵ͳͶሻ⋅ͷͶ,ͳሻ = −ʹͶ͵,ͷ ɦ3/ɱ 
2,0815 

 

= 54,1 + 
ሺͲ,ͷͺͲͶ⋅(−ͻ)+(0,4214+0,4598)⋅(−ʹͶ͵,ͷ)) = −͵Ͷ,ʹ ɦ3/ɱ 

2,5177 
 

Ɍɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ, ɩɪɨɢɡɜɟɥɚ ɪɚɫɱɟɬɵ ɩɪɢ ɩɨɫɥɟɞɭɸɳɢɯ ɩɪɢɛɥɢɠɟɧɢɹɯ ɢ ɨɩɪɟɞɟɥɢɥɚ ɩɨɩɪɚɜɨɱɧɵɣ ɪɚɫɯɨɞ ɞɥɹ 
ɜɫɟɯ ɤɨɥɟɰ. Ɋɚɫɱɟɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 14 ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɨɤɨɧɱɚɬɟɥɶɧɵɯ ɪɚɫɱɟɬɚɯ. 
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Ɍɚɛɥɢɰɚ 16 – ɋɜɨɞ ɩɨɩɪɚɜɨɱɧɵɯ ɪɚɫɯɨɞɨɜ. 
 
 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɨɤɚɡɚɬɟɥɹ 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɩɨɬɨɤɨɜ 

ɇɨɦɟɪ ɩɪɢɛɥɢɠɟɧɢɹ  

1 2 3 4 5 ɂɬɨɝɨ 

Ʉɨɥɶɰɨ1 
Ɉɲɢɛɤɚ ɜ ɤɨɥɶɰɟ, % -47,9 9,2 2,5 0,8 0,2 0,1  

Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɭɜɹɡɤɚ 
ɤɨɥɶɰɚ, ɦ3/ɱ 

 
69,3 

 
-12,2 

 
-3,3 

 
-1,0 

 
-0,3 

 
-0,1 

 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ 
ɪɚɫɯɨɞ ɜ ɤɨɥɶɰɟ, ɦ3/ɱ 

 
-9,0 

 
-16,9 

 
-4,2 

 
-1,2 

 
-0,3 

 
-0,1 

 
-31,7 

Ʉɨɥɶɰɨ 2 
Ɉɲɢɛɤɚ ɜ ɤɨɥɶɰɟ, % 145,9 16,2 2,0 0,4 0,1 0,0  

Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɭɜɹɡɤɚ 
ɤɨɥɶɰɚ, ɦ3/ɱ 

 
-262,3 

 
-22,1 

 
-2,8 

 
-0,5 

 
-0,1 

 
0,0 

 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ 
ɪɚɫɯɨɞ ɜ ɤɨɥɶɰɟ, ɦ3/ɱ 

 
-243,5 

 
-25,7 

 
-4,5 

 
-1,0 

 
-0,3 

 
-0,1 

 
-275,1 

Ʉɨɥɶɰɨ 3 
Ɉɲɢɛɤɚ ɜ ɤɨɥɶɰɟ, % -54,9 -18,8 -0,2 0,0 0,0 0,0  

Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɭɜɹɡɤɚ 
ɤɨɥɶɰɚ, ɦ3/ɱ 

 
54,1 

 
14,4 

 
0,2 

 
0,0 

 
0,0 

 
0,0 

 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɪɭɝɨɜɨɣ 
ɪɚɫɯɨɞ ɜ ɤɨɥɶɰɟ, ɦ3/ɱ 

 
-34,2 

 
3,2 

 
-2,1 

 
-0,6 

 
-0,1 

 
0,0 

 
-33,8 
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Ɍɚɛɥɢɰɚ 17 - Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɟɬɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ) 
ɇɨɦɟɪ 

ɤɨɧɬɭɪɚ 
(ɤɨɥɶɰɚ) 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɭɱɚɫɬɤɨɜ 
QP, 
ɦ3/ɱ 

Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ 

ɧɨɦɟɪ ɧɨɦɟɪ 
ɫɨɫɟɞɧɟɝɨ 
ɤɨɧɬɭɪɚ 
(ɤɨɥɶɰɚ) 

l, ɦ dn x s, ɦɦ   Qɍɑ , 
ɦ3/ɱ 

Qɉ  , 
ɦ3/ɱ 

Re  P, ɉɚ P/QP 

 
 
 
 

Ʉ1 

1-2 Ʉ2 190 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 549,6 243,4 793,0 10223 0,0179 336,1 0,4238 
2-3  180 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 454,4 -31,7 422,8 54502 0,0207 104,8 0,2478 
3-4  380 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 361,4 -31,7 329,7 42505 0,0220 143,2 0,4342 
4-5  410 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 268,0 -31,7 236,4 30472 0,0239 86,3 0,3650 
5-6  410 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 55,5 -31,7 23,8 3070 0,0363 1,3 0,0558 
6-7  220 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -14,9 -31,7 -46,6 6002 0,0359 -2,7 0,0579 
7-8  360 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -72,1 -31,7 -103,8 13382 0,0294 -17,9 0,1729 
8-9 Ʉ3 430 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -411,8 2,1 -409,6 52811 0,0209 -236,9 0,5782 
1-9 Ʉ2 260 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -994,8 243,4 -751,4 96864 0,0179 -414,0 0,5510 

Δ = 
0 

100%=-0,01% Ͳ,ͷ⋅ͳ͵͸Ͳ 

0 2,8866 
/Ɋ/=1360 

 
 
 

Ʉ2 

1-2 Ʉ1 190 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -549,6 -243,4 -793,0 10223 0,0179 -336,1 0,4238 
1-9 Ʉ1 260 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 994,8 -243,4 751,4 96864 0,0179 414,0 0,5510 
9-10 Ʉ3 290 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 510,3 -241,3 268,9 34672 0,0232 76,5 0,2844 
10-11 Ʉ3 290 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 468,7 -241,3 227,4 29311 0,0242 57,0 0,2508 
11-12  390 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 52,2 -275,1 -222,9 28740 0,0243 -74,1 0,3323 
12-13  310 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -20,7 -275,1 -295,8 38137 0,0226 -96,6 0,3265 
2-13  110 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -51,3 -275,1 -326,4 42080 0,0221 -40,7 0,1247 

Δ =
  0 100%=-0,01% Ͳ,ͷ⋅ͳͲͺ͹ 

0 2,2935 
/Ɋ/=1087 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 17 
ɇɨɦɟɪ 

ɤɨɧɬɭɪɚ 
(ɤɨɥɶɰɚ) 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɭɱɚɫɬɤɨɜ 
QP, 
ɦ3/ɱ 

Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ 

ɧɨɦɟɪ ɧɨɦɟɪ 
ɫɨɫɟɞɧɟɝɨ 
ɤɨɧɬɭɪɚ 
(ɤɨɥɶɰɚ) 

l, ɦ dn x s, ɦɦ   Qɍɑ , 
ɦ3/ɱ 

Qɉ  , 
ɦ3/ɱ 

Re  P, ɉɚ P/QP 

 
 
 

Ʉ3 

8-9 Ʉ1 430 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 411,8 -2,1 409 52811 0,0209 236,9 0,5782 
8-14  370 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 217,3 -33,8 183,5 23659 0,0255 50,0 0,2724 
14-15  520 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 55,8 -33,8 22,0 2835 0,0354 1,4 0,0636 
15-16  230 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -12,2 -33,8 -46,0 5930 0,0361 -2,8 0,0600 
16-17  450 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -98,5 -33,8 -132,3 17057 0,0277 -34,3 0,2592 
11-17  360 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -270,3 -33,8 -304,1 39198 0,0225 -117,7 0,3871 
10-11 Ʉ2 290 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -468,7 241,3 -227,4 29311 0,0242 -57,0 0,2508 
9-10 Ʉ2 290 ɉɗ 80 ȽȺɁ CDR 21-225ɯ10,8 -510,3 241,3 -268,9 34672 0,0232 -76,5 0,2844 Δ = 

−Ͳ 
100%=-0,01% Ͳ,ͷ⋅ͷͺͷ 

-0 2,1558 
/Ɋ/=585 
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Ɍɚɛɥɢɰɚ 18 – Ɋɟɡɭɥɶɬɚɬɵ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɤɨɥɶɰɟɜɨɣ ɫɟɬɢ ɧɢɡɤɨɝɨ 

ɞɚɜɥɟɧɢɹ 

ɇɨɦɟɪ ɭɱɚɫɬɤɚ Qɇ, ɦ3/ɱ QɄ, ɦ3/ɱ Pɇ, ɤɉɚ PɄ, ɤɉɚ 

1-2 793,0 336 5,000 4,664 

2-3 422,8 105 4,664 4,559 

3-4 329,7 143 4,559 4,416 

4-5 236,4 86 4,416 4,330 

5-6 23,8 1 4,330 4,328 

6-7 46,6 3 4,331 4,328 

7-8 103,8 18 4,349 4,331 

8-9 409,6 237 4,586 4,349 

1-9 751,4 414 5,000 4,586 

9-10 268,9 76 4,586 4,510 

10-11 227,4 57 4,510 4,452 

11-12 222,9 74 4,527 4,452 

12-13 295,8 97 4,623 4,527 

2-13 326,4 41 4,664 4,623 

8-14 183,5 50 4,349 4,299 

14-15 22,0 1 4,299 4,298 

15-16 46,0 3 4,300 4,298 

16-17 132,3 34 4,335 4,300 

11-17 304,1 118 4,4525 4,335 



 

 
 

Ɋɚɫɱɟɬ ɬɭɩɢɤɨɜɵɯ ɨɬɜɟɬɜɥɟɧɢɣ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 19.  

Ɍɚɛɥɢɰɚ 19 - Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɬɭɩɢɤɨɜɵɯ ɨɬɜɟɬɜɥɟɧɢɣ 

 
 
 
 
 
 
 
50 

ɇɨɦɟɪ 
ɭɱɚɫɬɤɚ 

l, ɦ dn x s, ɦɦ QP, ɦ3/ɱ Re  P, ɉɚ Pɇ, ɤɉɚ PɄ, ɤɉɚ 

ɋɟɬɶ 1   ɋɟɬɶ 1      

3-18 130 ɉɗ 80 ȽȺɁ CDR 21-50ɯ2,4 17,6 10208 0,0315 368 4,574 4,206 
5-19 460 ɉɗ 80 ȽȺɁ CDR 21-1100ɯ5,3 61,9 16319 0,0280 278 4,359 4,081 
14-20 350 ɉɗ 80 ȽȺɁ CDR 21-90ɯ4,3 41,6 13415 0,0294 273 4,331 4,058 
17-21 300 ɉɗ 80 ȽȺɁ CDR 21-90ɯ4,3 63,7 20522 0,0264 493 4,362 3,869 
21-22 70 ɉɗ 80 ȽȺɁ CDR 21-50ɯ2,4 6,2 3618 0,0384 30 3,869 3,839 
11-23 300 ɉɗ 80 ȽȺɁ CDR 21-75ɯ3,6 31,5 12181 0,0301 342 4,478 4,136 
ɋɟɬɶ 2   ɋɟɬɶ 2      

31-32 150 ɉɗ 80 ȽȺɁ CDR 21-160ɯ7,7 327,8 59451 0,0203 283 5,000 4,717 
32-33 520 ɉɗ 80 ȽȺɁ CDR 21-1100ɯ5,3 83,7 22089 0,0260 534 4,717 4,183 
31-34 120 ɉɗ 80 ȽȺɁ CDR 21-160ɯ7,7 281,1 50968 0,0211 173 5,000 4,827 
34-35 630 ɉɗ 80 ȽȺɁ CDR 21-1100ɯ5,3 72,5 19116 0,0269 502 4,827 4,325 
32-36 620 ɉɗ 80 ȽȺɁ CDR 21-1100ɯ5,3 89,3 23546 0,0255 712 4,717 4,005 
34-37 620 ɉɗ 80 ȽȺɁ CDR 21-1100ɯ5,3 89,0 23469 0,0256 708 4,827 4,119 
37-38 250 ɉɗ 80 ȽȺɁ CDR 21-63ɯ3,0 15,5 7144 0,0344 189 4,119 3,931 
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 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɟɬɢ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢя. 
Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɝɚɡɨɜɨɣ ɫɟɬɢ ɫɪɟɞɧɟɝɨ 

ɞɚɜɥɟɧɢɹ ɩɪɨɜɟɞɟɧ ɩɨ ɦɟɬɨɞɢɤɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ 7. 

ɐɟɥɶɸ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɞɢɚɦɟɬɪɚ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɝɚɡɨɩɪɨɜɨɞɚ ɢ ɞɢɚɦɟɬɪɚ ɨɬɜɟɬɜɥɟɧɢɣ, ɱɬɨɛɵ ɤ ɤɚɠɞɨɦɭ 

ɢɡ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɨɫɬɭɩɚɥ ɬɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ ɝɚɡɚ. 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɝɚɡɨɩɪɨɜɨɞɚ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ – 

ɥɢɫɬ 3 ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 

Ⱦɢɚɦɟɬɪɵ ɭɱɚɫɬɤɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɚɡɚ, ɩɪɨɯɨɞɹɳɟɝɨ 

ɩɨ ɭɱɚɫɬɤɭ, ɢ ɩɟɪɟɩɚɞɚ ɤɜɚɞɪɚɬɚ ɞɚɜɥɟɧɢɹ ɧɚ ɭɱɚɫɬɤɟ, ɤɉɚ2/ɦ, ɤɨɬɨɪɨɟ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 ܳɍɑ

2
 

(ɪ2  − ɪ2 )ɍɑ  = ͳ,ͳ ⋅ ͳ,ʹ͸ͺ͹ ⋅ ͳͲ−4 ⋅ ߣ 𝜌݈ɍɑ, ʛʞа2, ɇ Ʉ ݀5 
 

1) 
 

 

ɝɞɟ  - ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ; 

Qɍɑ - ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ ɝɚɡɨɜɨɣ ɫɟɬɢ, ɦ3/ɱ; 

d - ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɭɱɚɫɬɤɚ ɝɚɡɨɩɪɨɜɨɞɚ, ɫɦ; 
 - ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɝ/ɦ3; 

lɍɑ - ɞɥɢɧɚ ɭɱɚɫɬɤɚ ɝɚɡɨɩɪɨɜɨɞɚ, ɦ. 

Ɋɚɫɱɟɬ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɝɚɡɨɜɨɣ ɫɟɬɢ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ ɫɜɨɞɢɬɫɹ ɤ 

ɨɩɪɟɞɟɥɟɧɢɸ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɜ ɤɨɧɰɟ ɨɬɜɟɬɜɥɟɧɢɹ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ 

ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɟ 

 
 

ɪɄ.ɍɑ > ɪɄ, (42) 
 
 

ɝɞɟ ɪɄ.ɍɑ – ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɜ ɤɨɧɰɟ ɭɱɚɫɬɤɚ, ɤɉɚ; 

ɪɄ. − ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɩɨɬɪɟɛɢɬɟɥɟɣ, 

ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɧɟɱɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɤɨɧɰɟ ɭɱɚɫɬɤɚ, ɤɉɚ. 
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Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ ɜ ɤɨɧɰɟ ɨɬɜɟɬɜɥɟɧɢɹ, ɤɉɚ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
 

 ˓К.УЧ.  = √˓2 − ሺ˓2 − ˓2 )УЧ, ʜ.УЧ ʜ К 
 

43) 
 

 

ɝɞɟ ɪɇ.ɍɑ –ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɜ ɧɚɱɚɥɟ ɭɱɚɫɬɤɚ, ɤɉɚ; 
ɪ 2  ɪ 2 

ɇ Ʉ ɍɑ – ɩɨɬɟɪɢ ɤɜɚɞɪɚɬɚ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ, ɤɉɚ2. 
 

 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ ɩɟɪɟɞ ɨɬɜɟɬɜɥɟɧɢɟɦ, ɤɉɚ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
 

 ˓ʜ.УЧ = √˓2 − ∑ 𝛥ʟʠ, ʜ 
 

44) 
 

 

ɝɞɟ ɪɇ − ɧɚɱɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɩɨɫɥɟ ɝɨɥɨɜɧɨɝɨ ȽɊɉ, ɤɉɚ; 

 Ɋɋ 
 
− ɫɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɤɜɚɞɪɚɬɚ ɞɚɜɥɟɧɢɹ ɩɨ ɯɨɞɭ ɞɜɢɠɟɧɢɹ ɝɚɡɚ 

ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɝɚɡɨɜɨɣ ɫɟɬɢ, ɤɉɚ2. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɟɬɢ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 18. 
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Ɍɚɛɥɢɰɚ 18 – Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɟɬɢ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ 
 

ɇɨɦɟɪ 
ɭɱɚɫɬɤɚ 

Ⱦɢɚɦɟɬɪ 
ɭɱɚɫɬɤɚ,  

dn  S , ɦɦ 

Ⱦɥɢɧɚ 
ɭɱɚɫɬɤɚ, 

l, ɦ 

Ɋɚɫɯɨɞ ɝɚɡɚ 
ɧɚ ɭɱɚɫɬɤɟ, , 

Q , ɦ3/ɱ 
ɍɑ 

Re  ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ 

ɭɱɚɫɬɤɟ,  ( ɪ
2     ɪ2  ) , 
ɇ Ʉ 

Ɇɉɚ2
 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ 

ɪɇ  , Ɇɉɚ ɪɄ  , Ɇɉɚ 

ȽɊɋ-1 127ɯ5(117) 300 3088,3 692155 0,0193 0,0280 0,280 0,225 

1-2 127ɯ5(117) 540 2261,9 506941 0,0195 0,0273 0,225 0,152 

2-3 127ɯ5(177) 210 1965,1 440421 0,0196 0,0080 0,152 0,123 

1-4 89ɯ5(79) 310 826,4 274304 0,0217 0,0166 0,225 0,184 

2-Ʉ1 76ɯ5(66) 960 296,8 117921 0,0235 0,0176 0,152 0,074 

3-ȽɊɉ 1 89ɯ5(79) 30 1569,3 520893 0,0213 0,0057 0,123 0,097 

3-Ʉ2 70ɯ5(60) 180 395,8 172979 0,0234 0,0094 0,123 0,075 

4-Ʉ3 60ɯ5(50) 120 197,9 103788 0,0250 0,0042 0,184 0,172 

4-ȽɊɉ2 102ɯ5(92) 1850 628,5 179138 0,0215 0,0265 0,184 0,086 
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ɁȺɄɅɘЧȿɇɂȿ 
 
 

ȼ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ ɤɨɦɩɥɟɤɫɧɨɟ ɝɚɡɨɫɧɚɛɠɟɧɢɟ ɠɢɥɨɣ 

ɡɨɧɵ ɩɨɫɟɥɤɚ ɫ ɧɚɫɟɥɟɧɢɟɦ 4 ɬɵɫɹɱɢ ɱɟɥɨɜɟɤ, ɪɚɫɯɨɞ ɝɚɡɚ 10066,6 ɬɵɫ. ɦ3 ɜ 

ɝɨɞ. 

Ɋɚɫɱɟɬɵ ɜɟɥɢɫɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɫɱɟɬɧɵɯ ɝɨɞɨɜɵɯ ɢ ɱɚɫɨɜɵɯ ɪɚɫɯɨɞɨɜ 

ɝɚɡɚ ɧɚ ɛɵɬɨɜɨɟ ɢ ɤɨɦɦɭɧɚɥɶɧɨ-ɛɵɬɨɜɨɟ ɩɨɬɪɟɛɥɟɧɢɟ. 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɨɛɴɟɦɵ ɩɨɬɪɟɛɥɟɧɢɹ ɝɚɡɚ; 

ɪɚɡɪɚɛɨɬɚɧɚ ɞɜɭɯɫɬɭɩɟɧɱɚɬɚɹ ɫɢɫɬɟɦɚ ɝɚɡɨɫɧɚɛɠɟɧɢɹ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɜ 

ɫɟɛɹ ɫɟɬɶ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ ɢ ɞɜɟ ɬɭɩɢɤɨɜɵɟ ɫɟɬɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ; 

ɩɪɨɢɡɜɟɞɟɧ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɟɬɟɣ, ɜɫɟ ɤɨɥɶɰɚ ɭɜɹɡɚɧɵ ɫ 

ɩɨɝɪɟɲɧɨɫɬɶɸ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɟ 0,01%; ɩɨɞɨɛɪɚɧɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ȽɊɉ ɢ 

ȽɊɋ. 

Ɋɚɫɱɟɬɵ ɜɵɩɨɥɧɟɧɵ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɧɨɪɦ ɢ ɩɪɚɜɢɥ ɫɨɜɪɟɦɟɧɧɨɝɨ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɭɱɬɟɧɵ ɬɪɟɛɨɜɚɧɢɹ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɦɟɪɨɩɪɢɹɬɢɣ. 

ɉɪɢɧɹɬɢɟ ɢɧɠɟɧɟɪɧɵɯ ɪɟɲɟɧɢɣ ɛɵɥɨ ɨɫɧɨɜɚɧɨ ɧɚ ɜɵɛɨɪɟ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ ɨɪɝɚɧɢɡɚɰɢɢ ɫɢɫɬɟɦ ɝɚɡɨɫɧɚɛɠɟɧɢɹ ɩɨɫɟɥɤɚ ɜ 

ɭɫɥɨɜɢɹɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɟɧɞɟɧɰɢɣ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɵɯ 

ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ. 
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ɉɚɪɤ 

ɋɟɥɶɫɤɚя 
ɚɞɦɢɧɢɫɬɪ. 
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Ɍɟɪɪɢɬɨɪɢя 
ɛɨɥɶɧɢɰɵ 

  
Мɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

 Ƚɚɡɨɫɧɚɛɠɟɧɢɟ ɠɢɥɨɣ ɡɨɧɵ ɩɨɫɟɥɤɚ ɫ ɧɚɫɟɥɟɧɢɟɦ 4 ɬɵɫяɱɢ 
 ɱɟɥɨɜɟɤ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɨɬɚɩɥɢɜɚɟɦɵɯ 
 ɡɞɚɧɢɣ tɜɧ=22°ɋ, ɪɚɫɱɟɬɧɚя ɧɚɪɭɠɧɚя ɞɥя ɩɪɨɟɤɬɢɪɨɜɚɧɢя 
 ɨɬɨɩɥɟɧɢя tɪ.ɨ.=-37°ɋ, ɪɚɫɱɟɬɧɚя ɧɚɪɭɠɧɚя ɞɥя 
 ɩɪɨɟɤɬɢɪɨɜɚɧɢя ɜɟɧɬɢɥяɰɢɢ tɪ.ɜ.=-37°ɋ, ɫɪɟɞɧяя ɬɟɦɩɟɪɚɬɭɪɚ 
 ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɡɚ ɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ tɫɪ=-6,7°ɋ, 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɩ=233 ɞɧя. 
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̗̤C 
 
 

К1 

̣ 

 

̴̴̸̴̗̻̹̹̼̹͓͂̈́̓̈́̿͆̿͐́ͅ ̴̼͓͆́͊ͅ 

 
̴̞̹͓͂͆̿͐́ 

̴̣̹͓̾̈́́ 

       

̤̕-08.03.01.05-2020-̗̥       

      

̵̥̼̼̼̈́̾̽ͅ ̸̴̨̹̹̈́̿͐́͏̽ ̶̧̼̹̼̹́̈́͆͆ͅ 
̜̺̹̹́́̈́́͂-̼̹͆̈́͂͆̿͐́ͅ͏̽ ̼̼͇́͆͆͆ͅ 

      

̜̻̀. ̞͂̿.͇͋. N̸͂̾. ̟̼͆ͅ ̸̣͂̓. ̴̴̘͆ 

̴̴̵̤̻̈́. ̶̗͇͓̹̿   ̴̴̵̗̻̺̹̼̹͂́́ͅ ̺̼̿͂̽ ̻͂́͏ 
̴̹̓͂̿̾ͅ ͅ  ́ ̴̹̹̼̹̿́̀ͅ 4 ͆ ͏͓̼͋ͅ ̶̹̹͋̿͂̾. 

̴̸̥̼͓͆ ̟̼͆ͅ ̶̟̼͆͂ͅ 

̶̸̤͇̾͂͂. ̶̢̹̹̿́   ̧ 1 6     

    

̴̗̹̹́̈́̿͐́͏̽ ̴̓̿́ ̠ 1:5000 ̛̜̥̼̥ 
̡. ̾͂́͆̈́. ̶̢̹̹̿́   

̴̶̛. ̴͈̾. ̴̠̹͆͒͌́̾͂   



20 

 
 
 
 
 
 
 
 

3,828 
38 

 
 
 
 
 
 
 
 
 

16,2 
63͉3,0 

270 

4,030 36 

87,9 

4,049 110͉5,3 

91,4 
120

 
37 110͉5,3 

650 

 

 
4,735 

328,8 
160͉7,7 32 

140 

5,000 

31 281,2 
4,827 160͉7,7 

120 
34 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 У˔ˎˑ˅ːыˈ  ˑ˄ˑˊː˃чˈːˋя  ˋ ˋˊˑ˄˓˃ˉˈːˋя 

 
̴̶̸̗̻͂̓̈́͂͂ ̷̼̻́̾͂͂ ̸̴̶̹̼͓̿́ 

 
 

18,9 ̴̸̤͉͂ͅ ̷̴̴̻, ̀ ³/͋, 
110͉6,3 ̴̘̼̹̀͆̈́ ̷̴̶̸̴̻͂̓̈́͂͂ ̀̀; ̴͍̼͆͂̿́ ̹̼͆́̾ͅ ̵͇͆̈́͏, ̀̀ 

370 ̴̘̼̿́, ̀ 

3,884 

̴̶̘̹̼̹̿́ ̷̴̴̻ ̶ ̶͇̻̿͂͂̽ ̹͆͂͋̾ ̴́ 
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Мɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
Ƚɚɡɨɫɧɚɛɠɟɧɢɟ ɠɢɥɨɣ ɡɨɧɵ ɩɨɫɟɥɤɚ ɫ ɧɚɫɟɥɟɧɢɟɦ 4 ɬɵɫяɱɢ 
ɱɟɥɨɜɟɤ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɨɬɚɩɥɢɜɚɟɦɵɯ 
ɡɞɚɧɢɣ tɜɧ=22°ɋ, ɪɚɫɱɟɬɧɚя ɧɚɪɭɠɧɚя ɞɥя ɩɪɨɟɤɬɢɪɨɜɚɧɢя 
ɨɬɨɩɥɟɧɢя tɪ.ɨ.=-37°ɋ, ɪɚɫɱɟɬɧɚя ɧɚɪɭɠɧɚя ɞɥя 
ɩɪɨɟɤɬɢɪɨɜɚɧɢя ɜɟɧɬɢɥяɰɢɢ tɪ.ɜ.=-37°ɋ, ɫɪɟɞɧяя ɬɟɦɩɟɪɚɬɭɪɚ 
ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɡɚ ɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ tɫɪ=-6,7°ɋ, 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɩ=233 ɞɧя. 
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̹̼͆ͅ ̷̼̻́̾͂͂ ̸̴̶̹̼͓̿́, ̴̣̾ 

 
 
 

̴̴̶̡̹̼̹̓̈́̿́ ̴̓͂͆͂̾ ̷̴̴̻ 
 

̗̤̣ №1 ̣̹̼͇̹̈́͂̾͆̈́̀͏̽ ̗̤̣ 

20  Нˑˏˈ˓ ˍ˅˃˓˕˃ˎ˃ 

̣ ̴̣̹͓̾̈́́ 

      

̤̕-08.03.01.05-2020-̗̥       

      

̵̥̼̼̼̈́̾̽ͅ ̸̴̨̹̹̈́̿͐́͏̽ ̶̧̼̹̼̹́̈́͆͆ͅ 
̜̺̹̹́́̈́́͂-̼̹͆̈́͂͆̿͐́ͅ͏̽ ̼̼͇́͆͆͆ͅ 

      

̜̻̀. ̞͂̿.͇͋. N̸͂̾. ̟̼͆ͅ ̸̣͂̓. ̴̴̘͆ 

̴̴̵̤̻̈́. ̶̗͇͓̹̿   ̴̴̵̗̻̺̹̼̹͂́́ͅ ̺̼̿͂̽ ̻͂́͏ 
̴̹̓͂̿̾ͅ ͅ  ́ ̴̹̹̼̹̿́̀ͅ 4 ͆ ͏͓̼͋ͅ ̶̹̹͋̿͂̾. 

̴̸̥̼͓͆ ̟̼͆ͅ ̶̟̼͆͂ͅ 

̶̸̤͇̾͂͂. ̶̢̹̹̿́   ̧ 2 6     

    

̴̥͉̹̀ ͅ ̹̼͆ ́ ̷̼̻̾͂͂ ̸ ̴̶̹̼͓̿́ ̠  1:5000 ̛̜̥̼̥ 
̡. ̾͂́͆̈́. ̶̢̹̹̿́   

̴̶̛. ̴͈̾. ̴̠̹͆͒͌́̾͂   



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

̶̧̿͂́ͅ͏̹ ̵̴̻̹̼͓͂͂́͋́ ̼ ̵̴̼̻̺̹̼͓͂̈́́ 
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Мɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ƚɚɡɨɫɧɚɛɠɟɧɢɟ ɠɢɥɨɣ ɡɨɧɵ ɩɨɫɟɥɤɚ ɫ ɧɚɫɟɥɟɧɢɟɦ 4 ɬɵɫяɱɢ 
ɱɟɥɨɜɟɤ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɨɬɚɩɥɢɜɚɟɦɵɯ 
ɡɞɚɧɢɣ tɜɧ=22°ɋ, ɪɚɫɱɟɬɧɚя ɧɚɪɭɠɧɚя ɞɥя ɩɪɨɟɤɬɢɪɨɜɚɧɢя 
ɨɬɨɩɥɟɧɢя tɪ.ɨ.=-37°ɋ, ɪɚɫɱɟɬɧɚя ɧɚɪɭɠɧɚя ɞɥя 
ɩɪɨɟɤɬɢɪɨɜɚɧɢя ɜɟɧɬɢɥяɰɢɢ tɪ.ɜ.=-37°ɋ, ɫɪɟɞɧяя ɬɟɦɩɟɪɚɬɭɪɚ 
ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɡɚ ɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ tɫɪ=-6,7°ɋ, 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɩ=233 ɞɧя. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
К-1 

̗̤C ̴̴̸̴̗̻̹̹̼̹͓͂̈́̓̈́̿͆̿͐́ͅ ̴̼͓͆́͊ͅ 

 
К1 ̴̞̹͓͂͆̿͐́ 

18,9 ̴̸̤͉͂ͅ ̷̴̴̻, ̀ ³/͋, 
110͉6,3 ̴̘̼̹̀͆̈́ ̷̴̶̸̴̻͂̓̈́͂͂ ̀̀; ̴͍̼͆͂̿́ ̹̼͆́̾ͅ ̵͇͆̈́͏, ̀̀ 

370 ̴̘̼̿́, ̀ 

3,884 

̴̶̘̹̼̹̿́ ̷̴̴̻ ̶ ̶͇̻̿͂͂̽ ̹͆͂͋̾ ̴́ 
̹̼͆ͅ ̸̷̹̹̈́́͂ͅ ̸̴̶̹̼͓̿́, ̴̣̾ 

      
̤̕-08.03.01.05-2020-̗̥       

      

̵̥̼̼̼̈́̾̽ͅ ̸̴̨̹̹̈́̿͐́͏̽ ̶̧̼̹̼̹́̈́͆͆ͅ 
̜̺̹̹́́̈́́͂-̼̹͆̈́͂͆̿͐́ͅ͏̽ ̼̼͇́͆͆͆ͅ 

      

̜̻̀. ̞͂̿.͇͋. N̸͂̾. ̟̼͆ͅ ̸̣͂̓. ̴̴̘͆ 

̴̴̵̤̻̈́. ̶̗͇͓̹̿   ̴̴̵̗̻̺̹̼̹͂́́ͅ ̺̼̿͂̽ ̻͂́͏ 
̴̹̓͂̿̾ͅ ͅ  ́ ̴̹̹̼̹̿́̀ͅ 4 ͆ ͏͓̼͋ͅ ̶̹̹͋̿͂̾. 

̴̸̥̼͓͆ ̟̼͆ͅ ̶̟̼͆͂ͅ 

̶̸̤͇̾͂͂. ̶̢̹̹̿́   ̧ 3 6     

    

̴̥͉̹̀ ͅ ̹̼͆ ͅ ̸̷̹̹̈́́͂ ̸ ̴̶̹̼͓̿́ ̠  1:5000 ̛̜̥̼̥ 
̡. ̾͂́͆̈́. ̶̢̹̹̿́   

̴̶̛. ̴͈̾. ̴̠̹͆͒͌́̾͂   



 

1 - ɡɚɞɜɢɠɤɚ 
2 - ɮɢɥɶɬɪ 
3 - ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨ-ɡɚɩɨɪɧɵɣ ɤɥɚɩɚɧ 
4 - ɪɟɝɭɥяɬɨɪ ɞɚɜɥɟɧɢя ɊȾɍК-2ȼ-50 
5 - ɫɛɪɨɫɧɨɣ ɤɥɚɩɚɧ 
6 - ɛɚɣɩɚɫ 

      

̤̕-08.03.01.05-2020-̗̥       

      

̵̥̼̼̼̈́̾̽ͅ ̸̴̨̹̹̈́̿͐́͏̽ ̶̧̼̹̼̹́̈́͆͆ͅ 
̜̺̹̹́́̈́́͂-̼̹͆̈́͂͆̿͐́ͅ͏̽ ̼̼͇́͆͆͆ͅ 

      

̜̻̀. ̞͂̿.͇͋. N̸͂̾. ̟̼͆ͅ ̸̣͂̓. ̴̴̘͆ 

̴̴̵̤̻̈́. ̶̗͇͓̹̿   ̴̴̵̗̻̺̹̼̹͂́́ͅ ̺̼̿͂̽ ̻͂́͏ 
̴̹̓͂̿̾ͅ ͅ  ́ ̴̹̹̼̹̿́̀ͅ 4 ͆ ͏͓̼͋ͅ ̶̹̹͋̿͂̾. 

̴̸̥̼͓͆ ̟̼͆ͅ ̶̟̼͆͂ͅ 

̶̸̤͇̾͂͂. ̶̢̹̹̿́   ̧ 5 6     

    
̴̣̿́ ̗̤̥ ͅ ̷̹͇͓̈́̿͆͂̈́͂̀ ̸̴̶̹̼͓̿́ 

̧̤̘̞-2̖-50 ̠ 1:5000 ̛̜̥̼̥ 
̡. ̾͂́͆̈́. ̶̢̹̹̿́   

̴̶̛. ̴͈̾. ̴̠̹͆͒͌́̾͂   



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 - ɡɚɞɜɢɠɤɚ 
2 - ɮɢɥɶɬɪ 
3 - ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨ-ɡɚɩɨɪɧɵɣ ɤɥɚɩɚɧ 
4 - ɪɟɝɭɥяɬɨɪ ɞɚɜɥɟɧɢя ɊȾɍК-2ȼ-50 
5 - ɫɛɪɨɫɧɨɣ ɤɥɚɩɚɧ 
6 - ɛɚɣɩɚɫ 

       
̤̕-08.03.01.05-2020-̗̥       

      

̵̥̼̼̼̈́̾̽ͅ ̸̴̨̹̹̈́̿͐́͏̽ ̶̧̼̹̼̹́̈́͆͆ͅ 
̜̺̹̹́́̈́́͂-̼̹͆̈́͂͆̿͐́ͅ͏̽ ̼̼͇́͆͆͆ͅ 

      

̜̻̀. ̞͂̿.͇͋. N̸͂̾. ̟̼͆ͅ ̸̣͂̓. ̴̴̘͆ 

̴̴̵̤̻̈́. ̶̗͇͓̹̿   ̴̴̵̗̻̺̹̼̹͂́́ͅ ̺̼̿͂̽ ̻͂́͏ 
̴̹̓͂̿̾ͅ ͅ  ́ ̴̹̹̼̹̿́̀ͅ 4 ͆ ͏͓̼͋ͅ ̶̹̹͋̿͂̾. 

̴̸̥̼͓͆ ̟̼͆ͅ ̶̟̼͆͂ͅ 

̶̸̤͇̾͂͂. ̶̢̹̹̿́   ̧ 6 6     

    
̴̥͉̹̀ ̗̤̥ ͅ ̷̹͇͓̈́̿͆͂̈́͂̀ ̸̴̶̹̼͓̿́ 

̧̤̘̞-2̖-50 ̠ 1:5000 ̛̜̥̼̥ 
̡. ̾͂́͆̈́. ̶̢̹̹̿́   

̴̶̛. ̴͈̾. ̴̠̹͆͒͌́̾͂   
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