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ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ȻɊ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ⱥɧɚɛɚɪɫɤɨɣ Ƚɗɋ 
ɧɚ ɪɟɤɟ Ⱥɧɚɛɚɪ. Ɉɰɟɧɤɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɵɯ ɨɬɤɨɫɨɜ ȽɌɋ». 
 
Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ ɪɚɡɞɟɥɚɦ: 

 

Ʉɨɧɫɭɥɶɬɚɧɬ ɪɭɤɨɜɨɞɢɬɟɥɹ ȻɊ _________ _____________ 

  ɩɨɞɩɢɫɶ, ɞɚɬɚ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ___________ ________________ 

  ɩɨɞɩɢɫɶ, ɞɚɬɚ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ___________ ________________ 

  ɩɨɞɩɢɫɶ, ɞɚɬɚ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ ___________ ________________ 

  ɩɨɞɩɢɫɶ, ɞɚɬɚ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬ  ___________ ________________ 

  ɩɨɞɩɢɫɶ, ɞɚɬɚ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɬɪɭɞɚ ___________ ________________ 

  ɩɨɞɩɢɫɶ, ɞɚɬɚ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ___________ ________________ 

  ɩɨɞɩɢɫɶ, ɞɚɬɚ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ___________ ________________ 

  ɩɨɞɩɢɫɶ, ɞɚɬɚ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ ___________ ________________           

  ɩɨɞɩɢɫɶ, ɞɚɬɚ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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ɚ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ .................................................................................. 425 ɦ3/ɫ; 
ɜ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ: 0,5 % ............................................ 4653 ɦ3/ɫ; 
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Ɏɉɍ ................................................................................................ 57 ɦ; 
ɍɆɈ ........................................................................................... 48,38 ɦ; 
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ɛ) ɪɚɫɱɟɬɧɵɣ .................................................................................................... 23,6 ɦ; 
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ɛ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɷɧɟɪɝɢɢ .................................. 0,781 ɦɥɪɞ. ɤȼɬ∙ɱ. 
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ɛ) ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ ................................................................................................... 3; 
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ɞ) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ............................................................................... 125 ɨɛ/ɦɢɧ; 
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ɜ) ɨɛɳɚɹ ɞɥɢɧɚ .................................................................................................. 144 ɦ; 
ɝ) ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ .................................................................................. 38,5 ɦ; 
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ȼȼȿȾȿɇɂȿ 
 
ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɢ ɧɚɯɨɞɢɬɫɹ 10% ɦɢɪɨɜɨɝɨ ɪɟɱɧɨɝɨ ɫɬɨɤɚ, ɨɫɜɨɟɧɢɟ 

ɜɨɞɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɫɬɪɚɧɵ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɟё ɪɚɡɜɢɬɢɹ. Ȼɨɥɶɲɚɹ 
ɱɚɫɬɶ ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɋɢɛɢɪɢ ɢ ɧɚ Ⱦɚɥɶɧɟɦ ɜɨɫɬɨɤɟ, ɬɚɤɠɟ 
ɜɨɫɬɨɱɧɵɟ ɪɟɝɢɨɧɵ ɫɬɪɚɧɵ ɹɜɥɹɸɬɫɹ ɧɚɢɦɟɧɟɟ ɨɫɜɨɟɧɧɵɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɞɬɜɟɪɠɞɚɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɫɜɨɟɧɢɹ Ⱦɚɥɶɧɟɝɨ ɜɨɫɬɨɤɚ ɢ ɋɢɛɢɪɢ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ 
Ⱥɧɚɛɚɪɫɤɨɣ Ƚɗɋ ɜ əɤɭɬɢɢ ɩɨɡɜɨɥɢɬ ɪɚɫɫɦɨɬɪɟɬɶ ɜɨɡɦɨɠɧɵɣ ɩɨɬɟɧɰɢɚɥ Ƚɗɋ ɜ 
ɞɚɧɧɨɦ ɪɟɝɢɨɧɟ. 

ɐɟɥɶɸ ɛɚɤɚɥɚɜɪɫɤɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɪɚɫɱёɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 
Ⱥɧɚɛɚɪɫɤɨɣ Ƚɗɋ, ɜɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɵɛɨɪ 
ɷɤɨɧɨɦɢɱɧɨɝɨ ɩɪɨɮɢɥɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ (ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ 
ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ) ɫ ɜɨɞɨɫɛɪɨɫɨɦ ɨɬɜɟɱɚɸɳɢɦ ɭɫɥɨɜɢɹɦ ɧɚɞɟɠɧɨɫɬɢ, 
ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɦɩɨɧɨɜɤɢ ɝɢɞɪɨɭɡɥɚ. Ⱥ ɬɚɤɠɟ ɨɰɟɧɤɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬɤɨɫɚ 
ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ. 
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1 Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ 
 
ɋɬɜɨɪ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ⱥɧɚɛɚɪɫɤɨɣ Ƚɗɋ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɪɟɤɟ Ⱥɧɚɛɚɪ, ɜ 

Ɋɟɫɩɭɛɥɢɤɟ ɋɚɯɚ (əɤɭɬɢɹ). Ɉɧ ɭɞɚɥёɧ ɧɚ 12 ɤɢɥɨɦɟɬɪɨɜ ɜɜɟɪɯ ɩɨ ɬɟɱɟɧɢɸ ɨɬ 
ɩɨɫёɥɤɚ ɗɛɟɥɹɯ. 

 
1.1 Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɜ ɪɚɣɨɧɟ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
ɂɫɫɥɟɞɭɟɦɵɣ ɪɚɣɨɧ ɨɬɧɨɫɢɬɫɹ ɤ ɪɟɡɤɨ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɦɭ. ɋɪɟɞɧɹɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɹɧɜɚɪɟ ɫɨɫɬɚɜɥɹɟɬ −39°ɋ, ɜ ɢɸɥɟ +20°ɋ. ɋɪɟɞɧɟɟ ɝɨɞɨɜɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ -237 ɦɦ. ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ -
68%. 

 
1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
 
Ⱦɥɢɧɚ ɪɟɤɢ – 939 ɤɦ, ɩɥɨɳɚɞɶ ɛɚɫɫɟɣɧɚ – 100 ɬɵɫ. ɤɦ2, ɫɪɟɞɧɟɝɨɞɨɜɨɣ 

ɪɚɫɯɨɞ ɜɨɞɵ 425 ɦ3/c. ɉɢɬɚɧɢɟ ɪɟɤɢ ɜ ɨɫɧɨɜɧɨɦ ɫɧɟɝɨɜɨɟ ɢ ɞɨɠɞɟɜɨɟ. 
Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɪɟɤɢ Ⱥɧɚɛɚɪ ɡɚ ɩɟɪɢɨɞ 1930-1979 ɝ. ɉɪɟɞɫɬɚɜɥɟɧ ɜ 
ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1. 

ɋɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɫɬɨɤ: 
 W̅ˏːˑˆˑˎˈ˕ːˋˌ = Q̅ˏːˑˆˑˎˈ˕ːˋˌ ∙ t = Ͷʹͷ ∙ ͵ͳͷ͵͸ͲͲͲ = ͳ͵,Ͷ ˍˏଷ,               (1.1) 
 

ɝɞɟ Q̅ˏːˑˆˑˎˈ˕ːˋˌ – ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɪɚɫɯɨɞ ɢɡ ɩɪɢɥɨɠɟɧɢɹ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1; t – ɱɢɫɥɨ ɫɟɤɭɧɞ ɜ ɝɨɞɭ. 
 

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɯɨɞɵ ɪɚɫɱёɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 
1.1. 

 
Ɍɚɛɥɢɰɚ 1.1 – Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ ɪɚɫɱёɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 
Ɉɛɟɫɩɟɱɟɧɧɨɫɬɶ, 

ɪ% 
0,01 0,1 0,5 1 3 5 10 

Ɋɚɫɯɨɞ Q, ɦ3/ɫ 6864 5576 4653 4249 3838 3587 3281 

 
Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɫɜɹɡɢ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.2, ɧɚ ɪɢɫɭɧɤɚɯ 1.1 ɢ 1.2. 
 
Ɍɚɛɥɢɰɚ 1.2 – Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɫɜɹɡɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɢ 
ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

Ʉɪɢɜɚɹ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
ɡɢɦɧɹɹ ɥɟɬɧɹɹ 

ZȼȻ, ɦ V, ɤɦ3 ZɇȻ, ɦ Q, ɦ3/ɫ ZɇȻ, ɦ Q, ɦ3/ɫ 
25 0 25,00 0 25,00 0 

32,75 3 25,89 200 25,89 120 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.2 
Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɢ 
ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

Ʉɪɢɜɚɹ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
ɡɢɦɧɹɹ  

ZȼȻ, ɦ V, ɤɦ3 ZȼȻ, ɦ V, ɤɦ3 ZȼȻ, ɦ V, ɤɦ3 
38,75 6 26,59 400 26,59 240 
43,75 9 27,13 600 27,13 360 
48,5 12 27,53 800 27,53 480 
52,25 15 27,82 1000 27,82 600 
55,25 18 28,00 1200 28,00 720 
57,75 21 28,12 1400 28,12 840 
59,75 24 28,20 1600 28,20 960 
61,5 27 28,28 1800 28,28 1080 
63 30 28,30 2000 28,30 1200 

 

 
Ɋɢɫɭɧɨɤ 1.1 – Ʉɪɢɜɵɟ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
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Ɋɢɫɭɧɨɤ 1.2 – Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴёɦɨɜ ɢ ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

 
1.3 Ƚɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
 
ɋɬɟɩɟɧɶ ɫɟɣɫɦɢɱɟɫɤɨɣ ɨɩɚɫɧɨɫɬɢ ɜ ɪɚɣɨɧɟ ɫɟɥɚ ɋɚɫɤɵɥɚɯ 6 ɛɚɥɥɨɜ ɲɤɚɥɵ 

MSK-64. Ɉɫɧɨɜɚɧɢɟ ɪɟɤɢ ɜ ɦɟɫɬɟ ɫɬɜɨɪɚ ɫɥɨɠɟɧɨ ɢɡ Ⱦɨɥɨɦɢɬɚ. 
 
1.4 ɗɧɟɪɝɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɣɨɧɚ  
 
ɉɨɦɢɦɨ ɜɵɪɚɛɨɬɤɢ ɷɧɟɪɝɢɢ ɞɥɹ ɛɥɢɡɥɟɠɚɳɢɯ ɧɚɫɟɥёɧɧɵɯ ɩɭɧɤɬɨɜ 

ɨɫɧɨɜɧɨɣ ɩɨɬɪɟɛɢɬɟɥɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɞɚɧɧɨɦ ɪɚɣɨɧɟ Ⱥɧɚɛɚɪɫɤɢɣ ɝɨɪɧɨ-
ɨɛɨɝɚɬɢɬɟɥɶɧɵɣ ɤɨɦɛɢɧɚɬ. 
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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ 

 
2.1 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɫɬɨɤɚ ɜɨɞɵ 
 
2.1.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
 ɤɪɢɜɵɟ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɡɚ ɥɟɬɧɢɣ ɢ ɡɢɦɧɢɣ ɩɟɪɢɨɞ, ɚ 

ɬɚɤɠɟ ɤɪɢɜɵɟ ɫɜɹɡɢ ɨɛɴɟɦɚ ɢ ɩɥɨɳɚɞɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɜ 
ɬɚɛɥɢɰɚɯ 1.1 ɢ 1.2, ɪɢɫɭɧɤɢ 1.1, 1.2;  

 ɷɧɟɪɝɨɫɢɫɬɟɦɚ: Ɉɗɋ ȼɨɫɬɨɤɚ, əɤɭɬɫɤɨɟ ɊȾɍ, Pmax=700 Ɇȼɬ;  
 ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ kN = 8,7; 
 ɧɚɝɪɭɡɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ kɧɚɝɪ=3%;  
 ɚɜɚɪɢɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ kɚɜɚɪ=10%; 
 ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ ∆h=0,3 ɦ;  
 ɨɬɦɟɬɤɚ ɇɉɍ=55 ɦ; 
 Q3%=3838 ɦ3/ɫ;  
  Q0,5%=4653 ɦ3/ɫ;  
 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɪɟɤɢ Ⱥɧɚɛɚɪ ɡɚ ɩɟɪɢɨɞ 1930-1969 ɝɝ. ɩɪɟɞɫɬɚɜɥɟɧ 

ɜ ɩɪɢɥɨɠɟɧɢɟ Ⱥ;  
 ɩɨɬɟɪɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɬɪɟɛɨɜɚɧɢɹ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, 

ɫɚɧɢɬɚɪɧɵɣ ɩɪɨɩɭɫɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.11, 2.12. 
 
2.1.2 Ʉɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɪɚɫɯɨɞɨɜ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ ɜɵɛɨɪɚ ɪɚɫɱɟɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ (ɦɟɬɨɞ 

ɪɟɚɥɶɧɨɝɨ ɝɨɞɚ) ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɡɞɟɥɢɬɶ ɝɨɞ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ: 
ɦɧɨɝɨɜɨɞɧɵɣ (ɩɨɥɨɜɨɞɶɟ) ɢ ɦɚɥɨɜɨɞɧɵɣ (ɦɟɠɟɧɶ). ɋɱɢɬɚɟɦ, ɱɬɨ ɤ ɩɟɪɢɨɞɭ 
ɩɨɥɨɜɨɞɶɹ ɨɬɧɨɫɹɬɫɹ ɦɟɫɹɰɵ, ɜ ɤɨɬɨɪɵɟ ɪɚɫɯɨɞɵ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɵ 
ɫɪɟɞɧɟɝɨɞɨɜɨɦɭ ɪɚɫɯɨɞɭ (Qɩ  Qɫɪ.ɝɨɞ). Ɍɨɝɞɚ ɨɫɬɚɥɶɧɵɟ ɦɟɫɹɰɵ ɫɨɫɬɚɜɹɬ 
ɦɚɥɨɜɨɞɧɵɣ ɩɟɪɢɨɞ (Qm < Qɫɪ.ɝɨɞ) . 

 𝑝ሺ𝑚ሻ = ௠௡+ଵ ∙ ͳͲͲ.                                                                                         (2.1) 

 
ɝɞɟ Pሺmሻ – ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ; m – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɱɥɟɧɚ ɪɹɞɚ ɪɚɫɯɨɞɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɩɨ ɭɛɵɜɚɧɢɸ; n – ɨɛɳɟɟ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ. 

 
Ⱦɚɥɟɟ ɜɵɱɢɫɥɹɟɦ ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ ɡɚ ɝɨɞ, ɩɟɪɢɨɞ ɦɟɠɟɧɢ ɢ ɩɟɪɢɨɞ 

ɩɨɥɨɜɨɞɶɹ. Ɋɚɧɠɢɪɭɟɦ ɤɚɠɞɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɢ 
ɜɵɱɢɫɥɹɟɦ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ.  

Ɋɟɡɭɥɶɬɚɬɵ ɡɚɧɨɫɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 2.1. 
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Ɍɚɛɥɢɰɚ 2.1 –  Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɪɟɞɧɟɝɨɞɨɜɵɯ, 
ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɢ ɫɪɟɞɧɟɦɟɠɟɧɧɵɯ ɪɚɫɯɨɞɨɜ 
m P, % Qɝɨɞ, ɦ3/ɫ Ƚɨɞɵ Qɩɨɥɨɜ, ɦ3/ɫ Ƚɨɞɵ Qɦɟɠɟɧ, ɦ3/ɫ Ƚɨɞɵ 
1 2 728 1938 1705 1938 51 1941 
2 4 604 1931 1417 1931 50 1978 
3 6 602 1968 1415 1968 45 1942 
4 8 595 1975 1390 1975 44 1979 
5 10 556 1976 1277 1976 42 1939 
6 12 555 1939 1272 1939 41 1953 
7 14 554 1941 1258 1941 41 1976 
8 16 552 1978 1256 1978 38 1957 
9 18 523 1933 1219 1933 35 1940 
10 20 522 1970 1219 1970 34 1963 
11 22 513 1957 1181 1958 34 1977 
12 24 504 1958 1179 1943 33 1947 
13 25 503 1943 1177 1957 32 1934 
14 27 501 1965 1167 1965 32 1936 
15 29 489 1935 1135 1935 32 1971 
16 31 487 1972 1130 1972 31 1955 
17 33 477 1977 1097 1977 31 1964 
18 35 470 1940 1080 1940 31 1959 
19 37 459 1937 1062 1937 30 1973 
20 39 449 1960 1036 1960 29 1938 
21 41 447 1945 1034 1945 29 1956 
22 43 429 1953 986 1974 29 1960 
23 45 426 1974 972 1953 28 1944 
24 47 419 1942 957 1944 28 1935 
25 49 418 1979 955 1952 28 1975 
26 51 415 1944 942 1942 28 1937 
27 53 413 1952 941 1979 27 1949 
28 55 404 1955 927 1955 27 1951 
29 57 402 1959 922 1959 27 1945 
30 59 395 1949 910 1949 27 1972 
31 61 393 1948 907 1948 26 1933 
32 63 388 1951 893 1951 26 1952 
33 65 372 1932 861 1969 26 1974 
34 67 372 1969 858 1932 26 1948 
35 69 367 1964 839 1964 25 1970 
36 71 361 1956 825 1956 24 1965 
37 73 357 1947 819 1962 24 1932 
38 75 355 1962 810 1947 24 1962 
39 76 335 1950 779 1950 23 1930 
40 78 322 1934 734 1967 23 1931 
41 80 319 1967 728 1934 23 1969 
42 82 318 1936 725 1930 22 1967 
43 84 317 1973 720 1936 21 1968 
44 86 316 1930 719 1973 21 1958 
45 88 287 1971 644 1971 20 1943 
46 90 276 1946 640 1946 19 1950 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.1 
m P, % Qɝɨɞ, ɦ3/ɫ Ƚɨɞɵ Qɩɨɥɨɜ, ɦ3/ɫ Ƚɨɞɵ Qɦɟɠɟɧ, ɦ3/ɫ Ƚɨɞɵ 
47 92 272 1961 627 1961 18 1961 
48 94 265 1954 613 1954 16 1954 
49 96 240 1963 529 1963 16 1946 
50 98 210 1966 486 1966 13 1966 
 

ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɫɪɟɞɧɢɯ ɪɚɫɯɨɞɨɜ ɡɚ ɝɨɞ, 
ɩɨɥɨɜɨɞɶɟ ɢ ɦɟɠɟɧɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.1. 

 

 
Ɋɢɫɭɧɨɤ 2.1 – ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 

 
2.1.3 ȼɵɛɨɪ ɪɚɫɱёɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
 
Ⱦɥɹ ɡɚɞɚɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɧɚ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 

ɨɬɫɭɬɫɬɜɭɟɬ ɤɨɧɤɪɟɬɧɵɣ ɝɨɞ. ɉɨ ɤɪɢɜɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ 
ɨɩɪɟɞɟɥɹɟɦ ɛɥɢɠɚɣɲɢɟ ɝɨɞɵ ɫɩɪɚɜɚ ɢ ɫɥɟɜɚ ɨɬ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 50%: 
1979 ɢ 1944 ɝɝ. ɂɧɬɟɪɩɨɥɢɪɭɟɦ ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɚ ɞɥɹ 50% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ.  

ɋɪɟɞɧɟɩɨɥɨɜɨɞɧɨɟ ɛɚɡɨɜɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 50% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ   
   𝑄˒ହ଴%˄˃ˊˑ˅ˑˈ =  ଽହହ,ସ+ଽସଵ,଼ଶ = ͻͶͺ,͸ ɦ3/ɫɟɤ.                                                 (2.2) 

 
Ɇɚɥɨɜɨɞɧɨɟ ɛɚɡɨɜɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 50% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ  
 𝑄ˏହ଴%˄˃ˊˑ˅ˑˈ = ଶ଻,଼+ଶ଻,଺ଽଶ = ʹ͹,͹Ͷ ɦ3/ɫɟɤ.                                                    (2.3) 
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ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ. ȼ ɢɬɨɝɟ 
ɩɪɢɧɢɦɚɟɦ ɬɨɬ ɝɨɞ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɢɦɟɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɛɥɢɠɟ ɤ 
ɟɞɢɧɢɰɟ, ɬ.ɟ. ɬɨɬ ɝɨɞ, ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬ ɦɟɧɶɲɭɸ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɪɚɫɯɨɞɨɜ. 

1979: 
 Кˏ = ொʛ˄˃ˊˑ˅ˑˈ ఱబ%ொʛభవళవ = ଶ଻,଻ସସଷ,ଽଵ = ͳ,ͲͲͺͷ                                                               (2.4) 

 К˒ = ொʞ˄˃ˊˑ˅ˑˈ ఱబ%ொʞభవళవ = ଽସ଼,଺ଽସ଴,଺ = Ͳ,͸͵ʹ                                                                  (2.5) 

 
1944: 
 Кˏ = ொʛ˄˃ˊˑ˅ˑˈ ఱబ%ொʛభవరర = ଶ଻,଻ସଶ଼,ଵ଺ = Ͳ,ͻͻͳͶ                                                               (2.6) 

 К˒ = ொʞ˄˃ˊˑ˅ˑˈ ఱబ%ொʞభవరర = ଽସ଼,଺ଽହ଺,଼ = Ͳ,ͻͺͷ                                                                  (2.7) 

 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɛɥɢɠɟ ɤ 1 ɞɥɹ 1979 ɝ. Ɍɚɤ ɤɚɤ ɫɪɟɞɧɟɝɨɞɨɜɨɣ 

ɪɚɫɯɨɞ ɫɬɚɥ ɛɨɥɶɲɟ ɢɫɯɨɞɧɨɝɨ, ɬɨ ɩɨɧɢɠɚɟɦ ɩɨɜɵɲɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
Ⱦɚɧɧɵɟ ɪɚɫɯɨɞɨɜ ɜ ɪɚɫɱɟɬɧɨɦ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.2.  

 
Ɍɚɛɥɢɰɚ 2.2 – Ɋɚɫɯɨɞɵ ɜ ɪɚɫɱɟɬɧɨɦ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 1979  (Ɋ=50%) 
Ɇɟɫɹɰɵ 1 2 3 4 5 6 7 8 9 10 11 12 Qɫɪ. ɝɨɞ 

ɦ3/ɫ 

1979 ɝ. 19,7 9,5 6,1 5,1 805 1610 937 864 487 163 66 38 417,533 

ɋ ɩɪɢɜɟɞ. 12,4 6,0 3,9 3,2 811,8 1623,7 945,0 871,3 491,1 103,0 41,7 24,0 411,433 
ɋ 

ɤɨɪɪɟɤɬ. 17,1 8,3 5,3 4,4 811,8 1623,7 945,0 871,3 491,1 141,8 57,4 33,1 417,533 

 
1946: 
 

        𝑄ʞ˄˃ˊˑ˅ˑˈ ଽ଴% = ͸ͶͲ ˏయ௖ .  
 𝑄ʛ˄˃ˊˑ˅ˑˈ ଽ଴% = ͳͻ ˏయ௖ .  

 К˒ = ொʞ˄˃ˊˑ˅ˑˈ వబ%ொʞభవరల = ଺ସ଴଺ସ଴ = ͳ.                                                                            (2.8) 

 

 Кʛ = ொʛ˄˃ˊˑ˅ˑˈ వబ%ொʛభవరల = ଵଽଵ଺ = ͳ,ͳͷʹͺ.                                                                  (2.9) 

 
Ɍɚɤ ɤɚɤ ɨɞɢɧ ɢɡ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɢɜɟɞɟɧɢɹ ɪɚɜɟɧ ɟɞɢɧɢɰɟ, ɪɚɫɯɨɞ ɜ 

ɪɚɫɱɟɬɧɨɦ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɨɫɬɚɜɥɹɟɦ ɛɟɡ ɢɡɦɟɧɟɧɢɣ. Ⱦɚɧɧɵɟ ɪɚɫɯɨɞɨɜ ɜ 
ɪɚɫɱɟɬɧɨɦ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.3. 
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Ɍɚɛɥɢɰɚ 2.3 – Ɋɚɫɯɨɞɵ ɜ ɪɚɫɱɟɬɧɨɦ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 1946 (Ɋ=90%) 
Ɇɟɫɹɰɵ 1 2 3 4 5 6 7 8 9 10 11 12 Qɫɪ. ɝɨɞ, ɦ3/ɫ 

1946 8 5,1 4,7 3,8 758 873 745 537 286 63 19 9 275,967 
 

ɉɪɨɜɟɪɹɟɦ, ɧɟ ɩɪɟɜɵɲɚɸɬ ɥɢ ɜ ɤɚɤɢɟ-ɥɢɛɨ ɦɟɫɹɰɵ ɪɚɫɯɨɞɵ ɦɚɥɨɜɨɞɧɨɝɨ 
ɝɨɞɚ ɚɧɚɥɨɝɢɱɧɵɯ ɪɚɫɯɨɞɨɜ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɜ ɬɚɛɥɢɰɟ 2.4. 
 
Ɍɚɛɥɢɰɚ 2.4 – ɋɪɚɜɧɟɧɢɟ ɪɚɫɯɨɞɨɜ 

Ɇɟɫɹɰɵ 1 2 3 4 5 6 7 8 9 10 11 12 
Q50% 17,1 8,3 5,3 4,4 811,8 1623,7 945,0 871,3 491,1 141,8 57,4 33,1 
Q90% 8 5,1 4,7 3,8 758 873 745 537 286 63 19 9 

Q50%-Q90% 9,1 3,2 0,6 0,6 53,8 750,7 200,0 334,3 205,1 78,8 38,4 24,1 

 
2.2 ɋɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɢ ɩɨɫɬɪɨɟɧɢɟ ɂɄɇ 
 
ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ ɩɪɢɧɚɞɥɟɠɢɬ ɈȾɍ ȼɨɫɬɨɤɚ ɫɭɦɦɚɪɧɨɣ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ 11,23 ɬɵɫ. Ɇȼɬ. ɉɪɟɞɩɨɥɚɝɚɟɦɚɹ ɦɨɳɧɨɫɬɶ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɦɟɧɶɲɟ 0,1 ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɧɟ ɢɦɟɟɬ ɫɦɵɫɥɚ 
ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɫɬɚɧɰɢɸ ɧɚ ɧɚɝɪɭɡɤɭ ɜɫɟɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ ɧɚɯɨɞɢɬɫɹ ɜ əɤɭɬɫɤɨɦ ɊȾɍ ɫɭɦɦɚɪɧɨɣ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ 1623 Ɇȼɬ. Ɇɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɦɟɧɶɲɟ 
0,1 ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɊȾɍ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɟɤɬɢɪɭɟɦ ɧɚ 
ɢɡɨɥɢɪɨɜɚɧɧɭɸ ɧɚɝɪɭɡɤɭ.  

ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɫɬɪɨɢɦ ɩɨ ɦɟɬɨɞɢɤɟ ɢɧɫɬɢɬɭɬɚ 
«ɗɧɟɪɝɨɫɟɬɶɩɪɨɟɤɬ». 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɥɨɬɧɨɫɬɢ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ ɢ ɤɨɷɮɮɢɟɧɬɵ ɞɥɹ 
ɪɚɫɱёɬɚ ɬɢɩɨɜɨɝɨ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 2.5 ɢ 2.6. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ 𝓪௧́ , 𝑏௧́ , 𝓪௧ˎ , 𝑏௧ˎ  ɩɪɢɜɟɞɟɧɵ ɜ ɫɩɪɚɜɨɱɧɵɯ ɬɚɛɥɢɰɚɯ, ɚ 
ɤɨɷɮɮɢɰɢɟɧɬɵ 𝓫˔˖˕ˊ , 𝓫˔˖˕ˎ  ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɝɪɚɮɢɤɭ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɧɚ ɪɢɫɭɧɤɟ 
2.2.  

 
Ɋɢɫɭɧɨɤ 2.2 – ɉɨɤɚɡɚɬɟɥɢ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɞɥɹ ɪɚɣɨɧɚ ɐɟɧɬɪ 

66-58 ɫɟɜɟɪɧɨɣ ɲɢɪɨɬɵ 
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Ɍɚɛɥɢɰɚ 2.5 – Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɥɨɬɧɨɫɬɢ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ   
ȕ ɡɢɦ ȕ ɥɟɬɚ α ɥɟɬɨ P(max) 
0,83 0,85 0,58 700 

 
Ɍɚɛɥɢɰɚ 2.6 – Ʉɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ ɪɚɫɱɟɬɚ ɬɢɩɨɜɨɝɨ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ 

ɑɚɫɵ ɫɭɬɨɤ ɋɟɜɟɪ (66-58 ɫɟɜɟɪɧɨɣ ɲɢɪɨɬɵ) 
Ɂɢɦɚ Ʌɟɬɨ 

0 2.041 -1.03 1.862-0.84 
1 2.281 -1.27 2.062-1.04 
2 2.31 -1.30 2.152-1.14 
3 2.31 -1.33 2.252-1.25 
4 2.31 -1.30 2.342-1.33 
5 2.341 -1.32 2.192-1.20 
6 2.361 -1.30 2.062-1.07 
7 1.551 -0.55 1.52-0.505 
8 0.841 +0.16 0.852+0.15 
9 0.161 +0.834 0.1632+0.84 
10 0.1951 +0.79 1.0 
11 0.2921 +0.68 0.262+0.742 
12 0.4551 +0.50 0.492+0.508 
13 0.391 +0.575 0.392+0.611 
14 0.291 +0.697 0.262+0.742 
15 0.331 +0.641 0.392+0.666 
16 0.4541 +0.53 0.622+0.38 
17 0.0981 +0.90 0.392+0.60ɛ 
18 1.0 0.492+0.508 
19 0.1621 +0.84 0.622+0.38 
20 0.241 +0.742 0.6ɛ2+0.313 
21 0.291+0.707 0.622+0.39 
22 0.781 +0.22 0.752+0.26 
23 1.3ɛ1+0.3ɛ 1.142+0.125 

  
ɉɨɞɫɬɚɜɢɜ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɵ, ɜɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɞɥɹ 

ɩɨɫɬɪɨɟɧɢɹ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
 
 P୲́ = P̝୫ax ∙ ሺȽ୲́ ∙ Ⱦ˔˖˕ˊ + b୲́ሻ,  (2.10) 
 P୲ˎ = P̝୫ax ∙∝ˎˈ˕∙ ሺȽ୲ˎ ∙ Ⱦ˔˖˕ˎ + b୲ˎ ሻ.   (2.11) 
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Ɍɚɛɥɢɰɚ 2.7 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ 

ɑɚɫɵ ɫɭɬɨɤ ɋɟɜɟɪ (66-58 ɫɟɜɟɪɧɨɣ ɲɢɪɨɬɵ) 
Ɂɢɦɚ Ʌɟɬɨ 

0 464 301 
1 436 289 
2 426 279 
3 405 269 
4 426 268 
5 436 269 
6 461 276 
7 516 313 
8 600 354 
9 677 397 
10 666 406 
11 646 391 
12 614 375 
13 629 383 
14 656 391 
15 640 405 
16 635 368 
17 687 381 
18 700 375 
19 682 368 
20 659 355 
21 663 372 
22 607 364 
23 538 343 

Pɫɪ, ɤȼɬ 578 345 
Pmax. ɤȼɬ 700 406 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.7 ɫɬɪɨɢɦ ɫɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɞɥɹ ɥɟɬɚ ɢ ɡɢɦɵ 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.3. 
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Ɋɢɫɭɧɨɤ 2.3 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ: ɡɢɦɚ, ɥɟɬɨ 

 
Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɞɚɧɧɵɯ ɨ ɦɨɳɧɨɫɬɢ ɩɨɬɪɟɛɥɟɧɢɹ, ɩɨɫɬɪɨɢɦ ɂɄɇ. 

Ɋɚɫɱɟɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 2.8 ɢ 2.9. 
 

Ɍɚɛɥɢɰɚ 2.8 – Ɋɚɫɱɟɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ ɜ ɥɟɬɧɢɣ ɩɟɪɢɨɞ. 
ɑɚɫ P,Ɇȼɬ Pɨɤɪ,Ɇȼɬ Pɪɚɧɠ,Ɇȼɬ dP dɗ dPɤɨɨɪ dɗɤɨɨɪ 

1 301 301 406 1 0,001 1 0,001 
2 289 289 405 8 0,016 9 0,017 
3 279 279 397 6 0,018 15 0,035 
4 269 269 391 0 0,000 15 0,035 
5 268 268 391 8 0,040 23 0,075 
6 269 269 383 2 0,012 25 0,087 
7 276 276 381 6 0,042 31 0,129 
8 313 313 375 0 0,000 31 0,129 
9 354 354 375 3 0,027 34 0,156 
10 397 397 372 4 0,040 38 0,196 
11 406 406 368 0 0,000 38 0,196 
12 391 391 368 4 0,048 42 0,244 
13 375 375 364 9 0,117 51 0,361 
14 383 383 355 1 0,014 52 0,375 
15 391 391 354 11 0,165 63 0,540 
16 405 405 343 30 0,480 93 1,020 
17 368 368 313 12 0,204 105 1,224 
18 381 381 301 12 0,216 117 1,440 
19 375 375 289 10 0,190 127 1,630 
20 368 368 279 3 0,060 130 1,690 
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ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ: ɡɢɦɚ, ɥɟɬɨ

ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɦɨɳɧɨɫɬɢ (Ɂɢɦɚ) ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɦɨɳɧɨɫɬɢ (Ʌɟɬɨ)
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.8 
ɑɚɫ P,Ɇȼɬ Pɨɤɪ,Ɇȼɬ Pɪɚɧɠ,Ɇȼɬ dP dɗ dPɤɨɨɪ dɗɤɨɨɪ 
21 355 355 276 7 0,147 137 1,837 
22 372 372 269 0 0,000 137 1,837 
23 364 364 269 1 0,023 138 1,860 
24 343 343 268 268 6,432 406 8,292 

 
Ɍɚɛɥɢɰɚ 2.9 – Ɋɚɫɱɟɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ. 
ɱɚɫ P,Ɇȼɬ Pɨɤɪ,Ɇȼɬ Pɪɚɧɠ,Ɇȼɬ dP dɗ dPɤɨɨɪ dɗɤɨɨɪ 
1 464 464 700 13 0,013 13 0,013 
2 436 436 687 5 0,010 18 0,023 
3 426 426 682 5 0,015 23 0,038 
4 405 405 677 11 0,044 34 0,082 
5 426 426 666 3 0,015 37 0,097 
6 436 436 663 4 0,024 41 0,121 
7 461 461 659 3 0,021 44 0,142 
8 516 516 656 10 0,080 54 0,222 
9 600 600 646 6 0,054 60 0,276 
10 677 677 640 5 0,050 65 0,326 
11 666 666 635 6 0,066 71 0,392 
12 646 646 629 15 0,180 86 0,572 
13 614 614 614 7 0,091 93 0,663 
14 629 629 607 7 0,098 100 0,761 
15 656 656 600 62 0,930 162 1,691 
16 640 640 538 22 0,352 184 2,043 
17 635 635 516 52 0,884 236 2,927 
18 687 687 464 3 0,054 239 2,981 
19 700 700 461 25 0,475 264 3,456 
20 682 682 436 0 0,000 264 3,456 
21 659 659 436 10 0,210 274 3,666 
22 663 663 426 0 0,000 274 3,666 
23 607 607 426 21 0,483 295 4,149 
24 538 538 405 405 9,720 700 13,869 

 
2.3 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ 

ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 
ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɢɡ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ P(t), ɩɨɫɬɪɨɢɦ ɝɨɞɨɜɵɟ ɝɪɚɮɢɤɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɧɚ ɪɢɫɭɧɤɟ 2.4 
ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.10. 

 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɢ ɫɪɟɞɧɹɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɧɨɫɢɬ 
ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɞɥɹ ɪɚɛɨɱɟɝɨ ɞɧɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

 𝑃௧௠௔௫ = 𝑎 + 𝑏 ∙ 𝑐𝑜𝑠|͵Ͳ°𝑡 − ͳͷ°|         (2.12) 
 

ɝɞɟ t – ɧɨɦɟɪ ɦɟɫɹɰɚ. 
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ɉɪɢ 𝑃௠௔௫ = ͹ͲͲ ʛʑ˕ ɢ 𝑃௠௔௫ = ͶͲ͸ ʛʑ˕ ɩɨɥɭɱɚɟɦ: 
 𝑎 = ௉́೘𝑎ೣ+௉ˎ೘𝑎ೣଶ = ଻଴଴+ସ଴଺ଶ = ͷͷ͵.             (2.13) 

 
 𝑏 = ௉́೘𝑎ೣ−௉ˎ೘𝑎ೣଶ = ଻଴଴−ସ଴଺ଶ = ͳͶ͹ (2.14) 

 
ɉɨ ɚɧɚɥɨɝɢɱɧɵɦ ɮɨɪɦɭɥɚɦ ɬɚɤɠɟ ɪɚɫɫɱɢɬɚɟɦ ɝɪɚɮɢɤ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ 

ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ.  
ɉɪɢ 𝑃˔˓ = 578 Ɇȼɬ ɢ  𝑃˔˓= 345 Ɇȼɬ ɩɨɥɭɱɚɟɦ: 
 𝑎 = ௉́˔˓+௉ˎ˔˓ଶ = ହ଻଼+ଷସହଶ = Ͷ͸ʹ                  (2.15) 

 𝑏 = ௉́˔˓−௉ˎ˔˓ଶ = ହ଻଼−ଷସହଶ = ͳͳ͸ (2.16) 

 
Ɍɚɛɥɢɰɚ 2.10 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ 
ɫɪɟɞɧɢɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ  

t α cos ࡼ𝒕𝒎𝒂𝒙 ࡼ𝒕  
1 0,262 0,966 695 574 
2 0,785 0,707 657 544 
3 1,308 0,259 591 492 
4 1,832 -0,258 515 432 
5 2,355 -0,706 449 380 
6 2,878 -0,966 411 350 
7 3,402 -0,966 411 349 
8 3,925 -0,709 449 379 
9 4,448 -0,261 515 431 
10 4,972 0,256 591 492 
11 5,495 0,705 657 544 
12 6,018 0,965 695 574 
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Ɋɢɫɭɧɨɤ 2.4 – Ƚɪɚɮɢɤ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɦɨɳɧɨɫɬɟɣ 

 
2.4 Ɋɚɫɱёɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱёɬɨɦ 

ɬɪɟɛɨɜɚɧɢɣ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ 
 
Ƚɥɚɜɧɵɦ ɤɪɢɬɟɪɢɟɦ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɭɦ ɜɵɬɟɫɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. 
Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (1946ɝ.) ɜɵɱɢɫɥɹɟɦ 

ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɧɚ ɩɨɥɟɡɧɨɦ ɛɵɬɨɜɨɦ ɫɬɨɤɟ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ: 
  𝑁ʐ˞˕.ʒЭʠ = 𝑘ே ∙ 𝑄˒˓ଽ଴% ∙ 𝐻ʒЭʠ˒ˑˇ˅                                                                       (2.17) 

 
ɝɞɟ 𝑘ே  –  ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, 𝑘ே  =  ͺ,͹; 𝑄˒˓ଽ଴% – ɛɵɬɨɜɨɣ ɪɚɫɯɨɞ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɦ3/ɫ; 𝐻ʒЭʠ˒ˑˇ˅ −  ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ Ƚɗɋ, ɦ. 

 𝐻ʒЭʠ˒ˑˇ˅ = 𝑍ʑʐ − 𝑍ʜʐ(𝑄ʜʐሺ𝑡ሻ) − ∆ℎ                                                                   (2.18) 
 
ɝɞɟ 𝑍ʑʐ − ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ  ʜʞʢ, ɦ; 𝑍ʜʐ(𝑄ʜʐሺ𝑡ሻ) − ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɨ ɥɟɬɧɟɣ ɢɥɢ ɡɢɦɧɟɣ 
ɤɪɢɜɨɣ ɫɜɹɡɢ, ɦ; ∆ℎ −  ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ, ∆ℎ = Ͳ,͵ ɦ. 

 
Ɂɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɟɦ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ 

ȼɏɄ:  
Ɋɚɫɱёɬɵ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɵ 2.11, 2.12, 2.13. 
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Ƚɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɋɪɟɞɧɹɹ ɦɨɳɧɨɫɬɶ
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𝑁ʑʤК = 𝑘ே ∙ 𝑄ʑʤК ∙ 𝐻ʒЭʠ˒ˑˇ˅                                                                                 (2.19) 
 
ɝɞɟ 𝑄ʑʤК − ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɦ3/ɫ. 
 
Ɍɚɛɥɢɰɚ 2.11 –Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɩɪɢ ɭɪɨɜɧɟ ȼȻ ɪɚɜɧɨɦ 
ɇɉɍ 

Ɇɟɫɹɰɵ 1 2 3 4 5 6 7 8 9 10 11 12 

Qɛɵɬ, ɦ^3/ɫ 8 5,1 4,7 3,8 758 873 745 537 286 63 19 9 

Zɜɛ, ɦ 55 55 55 55 55 55 55 55 55 55 55 55 

Zɧɛ, ɦ 25,07 25,04 25,04 25,02 27,46 27,65 27,43 26,97 26,21 25,50 25,16 25,08 

ɇɝɷɫ, ɦ 29,63 29,66 29,66 29,68 27,24 27,05 27,27 27,73 28,49 29,20 29,54 29,62 

Nɛɵɬ, Ɇȼɬ 2 1 1 1 180 205 177 130 71 16 5 2 

 
Ɍɚɛɥɢɰɚ 2.12 – Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ 

Ɇɟɫɹɰɵ 1 2 3 4 5 6 7 8 9 10 11 12 

Qɜɯɤ, ɦ^3/ɫ 200 200 200 200 200 200 200 200 200 200 200 200 

Zɜɛ, ɦ 55 55 55 55 55 55 55 55 55 55 55 55 

Zɧɛ, ɦ 26,37 26,37 26,37 25,89 25,89 25,89 25,89 25,89 25,89 26,37 26,37 26,37 

ɇɝɷɫ, ɦ 28,33 28,33 28,33 28,81 28,81 28,81 28,81 28,81 28,81 28,33 28,33 28,33 

Nɜɯɤ, Ɇȼɬ 49 49 49 50 50 50 50 50 50 49 49 49 

 
Ɍɚɛɥɢɰɚ 2.13 – ɋɪɚɜɧɟɧɢɟ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ ɢ ɪɚɛɨɬɵ 
Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ 

Ɇɟɫɹɰɵ 1 2 3 4 5 6 7 8 9 10 11 12 

Nɛɵɬ, Ɇȼɬ 2 1 1 1 180 205 177 130 71 16 5 2 

Nɜɯɤ, Ɇȼɬ 49 49 49 50 50 50 50 50 50 49 49 49 

Nɛɵɬ-Nɜɯɤ, Ɇȼɬ -47 -48 -48 -49 130 155 127 80 21 -33 -44 -47 

Nɢɡɛ, Ɇȼɬ 197 

 
ɋɬɪɨɢɦ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.5, ɧɚ ɤɨɬɨɪɨɦ 

ɢɡɥɢɲɤɢ ɛɵɬɨɜɨɣ ɦɨɳɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɹɟɦ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɜɵɬɟɫɧɟɧɢɟ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɫɢɫɬɟɦɵ ɢ ɦɚɤɫɢɦɚɥɶɧɨ 
ɫɝɥɚɞɢɬɶ ɫɪɟɞɧɟɦɟɫɹɱɧɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɝɨɞɨɜɨɦ ɝɪɚɮɢɤɟ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ 
ɦɨɳɧɨɫɬɟɣ.  

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɨɢɡɜɟɫɬɢ ɩɟɪɜɵɣ ɩɪɢɛɥɢɠɟɧɧɵɣ ɪɚɫɱёɬ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɨɬɞɚɱɢ, ɧɚ ɪɢɫɭɧɤɟ ɩɪɨɜɨɞɢɦ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɪɹɦɭɸ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ (ɱɟɪɧɚɹ ɥɢɧɢɹ). 
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Ɋɢɫɭɧɨɤ 2.5 – Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɫ ɭɱёɬɨɦ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɛɵɬɨɜɵɯ ɦɨɳɧɨɫɬɟɣ 
 

ɍɪɨɜɟɧɶ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɥɢɧɢɢ ɪɚɜɟɧ 400 Ɇȼɬ 
Ɂɚ ɩɟɪɜɵɣ ɦɟɫɹɰ ɫɪɚɛɨɬɤɢ ɩɪɢɧɢɦɚɟɦ - ɫɟɧɬɹɛɪɶ. ɂɡ ɪɢɫɭɧɤɚ 2.5 ɜɢɞɧɨ, 

ɱɬɨ ɩɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɩɚɥɢ 4 ɦɟɫɹɰɚ, ɚ ɜ ɨɫɬɚɥɶɧɵɟ ɦɟɫɹɰɵ, Ƚɗɋ ɪɚɛɨɬɚɟɬ 
ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ. Ⱦɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.14 ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ 
ɩɪɨɜɟɞɟɧɢɹ 1 ɢɬɟɪɚɰɢɢ. 

 
Ɍɚɛɥɢɰɚ 2.14 – Ƚɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

Ɇɟɫɹɰ 1 2 3 4 5 6 7 8 9 10 11 12 Nɝɚɪ, Ɇȼɬ 104 76 ȼɏɄ   76 104 

 
2.5 Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɭɫɥɨɜɢɸ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɨɬɦɟɬɤɚ ɍɆɈ, ɚ 

ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɧɟɱɧɵɟ ɡɧɚɱɟɧɢɹ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɯ ɦɨɳɧɨɫɬɟɣ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. ɋɪɚɛɨɬɤɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɚɱɢɧɚɟɬɫɹ ɩɟɪɜɵɣ ɦɟɫɹɰ ɩɨɫɥɟ 
ɩɨɥɨɜɨɞɶɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɨɬɦɟɬɤɢ ɧɚɱɚɥɚ ɫɪɚɛɨɬɤɢ 
ɞɨɥɠɧɵ ɫɨɜɩɚɫɬɶ ɫ ɤɨɧɟɱɧɵɦɢ ɨɬɦɟɬɤɚɦɢ. Ⱦɥɹ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
ɧɟɨɛɯɨɞɢɦɵ ɫɥɟɞɭɸɳɢɟ ɞɚɧɧɵɟ: ɩɨɬɟɪɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɪɚɫɯɨɞɵ 
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ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 5.1. ȼɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɮɨɪɦɭɥɵ ɞɥɹ 
ɪɚɫɱёɬɚ ɫɪɚɛɨɬɤɢ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ. 

 
QȽɗɋ=Qɩɨɥɟɡɧɵɣ+Qɜɨɞɨɯɪɚɧɢɥɢɳɚ-Qɯɨɥɨɫɬɵɟ ɫɛɪɨɫɵ,                                      (2.20) 
 

QɇȻ=Qɲɥɸɡɨɜɚɧɢɹ+Qɮɢɥɶɬɪɚɰɢɢ+Qɯɨɥɨɫɬɵɟ ɫɛɪɨɫɵ +QȽɗɋ,                        (2.21) 
 𝑄˒ˑˎ.˄˞˕. = 𝑄˄˞˕. − 𝑄˛ˎ. − 𝑄ˋ˔˒. − 𝑄˗ˋˎ˟˕. − 𝑄ˎёˇ,                     (2.22) 
 ∆𝑉 = ொ˅ˑˇˑ˘˓.∙௧ ˔ˏˈ˔.ଵ଴వ ,                                                      (2.23) 

 𝑉 ˑː. = 𝑉 ˃˚. − ∆𝑉,                                                    (2.24) 
 𝑍ʑʐ˔˓. = ௓ʑʐ˃ː˚.+௓ʑʐˍˑː.ଶ ,                                                    (2.25) 

 𝐻 = 𝑍ʑʐ˔˓. − 𝑍ʜʐ − ∆ℎ,                                                (2.26) 
 𝑁ʒЭʠ = 𝑘ே ∙ 𝑄ʒЭʠ ∙ 𝐻,                                          (2.27) 
 
ɇɚɱɚɥɶɧɵɣ ɨɛɴɟɦ ɪɚɜɟɧ ɨɛɴɟɦɭ ɩɪɢ ɨɬɦɟɬɤɟ ɇɉɍ=55ɦ. 
ȼ ɤɚɠɞɨɦ ɩɨɫɥɟɞɭɸɳɟɦ ɦɟɫɹɰɟ ɡɧɚɱɟɧɢɟɦ ɧɚɱɚɥɶɧɨɝɨ ɨɛɴɟɦɚ ɞɨɥɠɧɨ 

ɛɵɬɶ ɪɚɜɧɨ ɡɧɚɱɟɧɢɸ ɤɨɧɟɱɧɨɝɨ ɨɛɴɟɦɚ ɩɪɨɲɥɨɝɨ ɦɟɫɹɰɚ. Ɋɟɡɭɥɶɬɚɬɵ ɩɟɪɜɨɣ 
ɢɬɟɪɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɚɛɥɢɰɟ 2.15.
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Ɍɚɛɥɢɰɚ 2.15– Ɋɟɠɢɦ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (ɧɚɱɚɥɶɧɚɹ ɢɬɟɪɚɰɢɹ) 
ɧɚɱɚɥɶɧɚɹ ɢɧɬɟɪɚɰɢɹ 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
ɋɪɚɛɨɬɤɚ-ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 

10 63 0 1 1 3 59 140 200 199 0 200 17,65 0,3629 17,29 55,00 54,66 54,83 26,37 28,16 49 ȼɏɄ 
11 19 0 0 0 3 16 284 200 300 0 300 17,29 0,7361 16,55 54,66 53,93 54,29 26,87 27,12 71 71 
12 9 0 0 0 3 6 440 200 446 0 446 16,55 1,1405 15,41 53,93 52,71 53,32 27,43 25,59 99 99 
1 8 0 0 0 3 5 467 200 472 0 472 15,41 1,2105 14,20 52,71 51,29 52,00 27,51 24,19 99 99 
2 5,1 0 0 0 3 2,1 350 200 352 0 352 14,20 0,9072 13,29 51,29 50,15 50,72 27,09 23,33 71 71 
3 4,7 0 0 0 2 2,7 197 200 200 0 200 13,29 0,5106 12,78 50,15 49,47 49,81 26,37 23,14 40 ȼɏɄ 
4 3,8 0 0 0 1 2,8 197 200 200 0 200 12,78 0,5106 12,27 49,47 48,78 49,13 25,89 22,93 40 ȼɏɄ 
5 758 0 8 8 1 742 -550 200 192 0 200 12,27 -1,4256 13,70 48,78 50,67 49,72 25,89 23,53 39 ȼɏɄ 
6 873 0 9 9 -12 868 -677 200 191 0 200 13,70 -1,7548 15,45 50,67 52,76 51,71 25,89 25,52 42 ȼɏɄ 
7 745 0 7 7 -7 737 -544 200 193 0 200 15,45 -1,4100 16,86 52,76 54,24 53,50 25,90 27,30 46 ȼɏɄ 
8 537 0 5 5 0 526 -331 200 195 0 200 16,86 -0,8580 17,72 54,24 55,06 54,65 25,89 28,46 48 ȼɏɄ 
9 286 0 3 3 0 280 -83 200 197 0 200 17,72 -0,2151 17,94 55,06 55,26 55,16 25,89 28,97 50 ȼɏɄ 

 
ȼ ɞɚɧɧɨɦ ɪɚɫɱɟɬɟ ɜɢɞɧɨ, ɱɬɨ ɨɬɦɟɬɤɚ ȼȻ ɜ ɤɨɧɰɟ ɫɪɚɛɨɬɤɢ ɦɟɧɶɲɟ ɱɟɦ ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɧɚ 0,26 ɦ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɤɨɪɪɟɤɬɢɪɨɜɤɭ 𝑁ˆ˃˓. Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɦ ɪɚɫɱёɬ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɭɜɟɥɢɱɢɜɚɹ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɭɸ ɦɨɳɧɨɫɬɶ ɬɟɯ ɦɟɫɹɰɟɜ, ɤɨɬɨɪɵɟ ɩɨɩɚɥɢ ɩɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɟ, ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɩɪɨɢɡɜɟɞёɧ 
ɩɨɥɧɵɣ ɰɢɤɥ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɬɚɛɥɢɰɚ 2.16. 
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Ɍɚɛɥɢɰɚ 2.16– Ɋɟɠɢɦ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (ɤɨɧɟɱɧɚɹ) 
ɤɨɧɟɱɧɚɹ ɢɬɟɪɚɰɢɹ 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
ɋɪɚɛɨɬɤɚ-ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 

10 63 0 1 1 3 59 140 200 199 0 200 17,65 0,3629 17,29 55,00 54,66 54,83 26,37 28,16 49 ȼɏɄ 
11 19 0 0 0 3 16 309 200 325 0 325 17,29 0,8009 16,49 54,66 53,86 54,26 26,98 26,98 76 76 
12 9 0 0 0 3 6 464 200 470 0 470 16,49 1,2027 15,28 53,86 52,57 53,22 27,50 25,41 104 104 
1 8 0 0 0 3 5 497 200 502 0 502 15,28 1,2882 14,00 52,57 51,04 51,81 27,59 23,91 104 104 
2 5,1 0 0 0 3 2,1 381 200 383 0 383 14,00 0,9876 13,01 51,04 49,78 50,41 27,21 22,89 76 76 
3 4,7 0 0 0 2 2,7 197 200 200 0 200 13,01 0,5106 12,50 49,78 49,09 49,43 26,37 22,76 40 ȼɏɄ 
4 3,8 0 0 0 1 2,8 197 200 200 0 200 12,50 0,5106 11,99 49,09 48,38 48,73 25,89 22,54 39 ȼɏɄ 
5 758 0 8 8 1 742 -550 200 192 0 200 11,99 -1,4256 13,41 48,38 50,30 49,34 25,89 23,15 39 ȼɏɄ 
6 873 0 9 9 -12 868 -677 200 191 0 200 13,41 -1,7548 15,17 50,30 52,44 51,37 25,89 25,18 42 ȼɏɄ 
7 745 0 7 7 -7 737 -544 200 193 0 200 15,17 -1,4100 16,58 52,44 53,96 53,20 25,90 27,00 45 ȼɏɄ 
8 537 0 5 5 0 526 -331 200 195 0 200 16,58 -0,8580 17,43 53,96 54,80 54,38 25,89 28,18 48 ȼɏɄ 
9 286 0 3 3 0 280 -83 200 197 0 200 17,43 -0,2151 17,65 54,80 55,00 54,90 25,89 28,71 49 ȼɏɄ 
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Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɛɨɬɤɢ ɩɨ ɭɫɥɨɜɢɸ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ: 
– ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɹɧɜɚɪɹ ɢ ɞɟɤɚɛɪɹ – 𝑁ˆ˃˓ = ͳͲͶ ʛʑ˕; 
– ɭɪɨɜɟɧɶ ɦёɪɬɜɨɝɨ ɨɛɴёɦɚ –  ʢʛʝ = Ͷͺ,͵ͺ ˏ; 
–ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ – 𝑉 ˑˎˈˊː = ͳ͹,͸ͷ ˍˏଷ. 

 

 
Ɋɢɫɭɧɨɤ 2.6 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ ɜ 

ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
 
2.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 
 
Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ – ɷɬɨ ɦɝɧɨɜɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɜ 

ɷɧɟɪɝɨɫɢɫɬɟɦɭ ɪɚɛɨɬɚɸɳɢɦɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚɦɢ Ƚɗɋ. Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɭɬɟɦ ɜɩɢɫɵɜɚɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɫɭɬɨɱɧɵɣ ɝɪɚɮɢɤ 
ɧɚɝɪɭɡɤɢ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɡɨɧ ɪɚɛɨɬɵ. ɉɪɢ ɜɩɢɫɵɜɚɧɢɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ. 

 Эˆ˃˓. = 𝑁ˆ˃˓. ∙ ʹͶ                                                         (2.28) 
 

ɝɞɟ 24– ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɨɜ ɜ ɫɭɬɤɚɯ. 
 

ɉɪɢ ɜɵɩɢɫɵɜɚɧɢɢ ɫɬɚɧɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɧɟ ɡɚɬɪɚɝɢɜɚɬɶ ɡɨɧɵ ɪɚɛɨɬɵ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɬɚɧɰɢɣ. Ɍɚɤ ɠɟ ɩɪɢ ɜɩɢɫɵɜɚɧɢɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɬɚɧɰɢɢ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ. Ɋɚɫɱɟɬ ɫɭɬɨɱɧɨɣ ɜɵɪɚɛɨɬɤɢ ɢɡ ɝɨɞɨɜɨɣ: 

 Эʠ˖˕ˑ˚ː˞ˈʠ˖˜ˈ˔˕˅˖ˡ˜ˋˈ=Эˆˑˇˑ˅˃ˢʠ˖˜ˈ˔˕˅˖ˡ˜ˋˈଷ଺ହ ,                                                                         (2.29) 
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ɋɭɦɦɚɪɧɚɹ ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ. 
 
Nɪɚɛ.=Nɩɢɤ+Nɛɚɡɚ ,                                                                                      (2.30) 
 
ȼɫɟ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.17. 
 

Ɍɚɛɥɢɰɚ 2.17- Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɪɚɛɨɱɢɯ ɦɨɳɧɨɫɬɟɣ 
Ɋɟɡɭɥɶɬɢɪɭɸɳɚɹ ɬɚɛɥɢɰɚ 

№ɩ
/ɩ 

∑Nɛɚɡ, 
Ɇȼɬ 

∑ɗɛɚɡ, 
ɦɥɧɄɜɬ∙ɱɚɫ 

Nɝɚɪ, 
Ɇȼɬ 

ɗɝɚɪ, 
ɦɥɧɄɜɬ∙ɱɚɫ 

ɗɩɢɤ, 
ɦɥɧɄɜɬ∙ɱɚɫ 

Nɩɢɤ, 
Ɇȼɬ 

Nɪɚɛ, 
Ɇɜɬ 

Nɪɚɛ.ɫɭɳ 
Ɇȼɬ 

1 22 0,52 104 2,50 1,97 112 134 155 
2 21 0,50 76 1,82 1,32 76 97 155 
3 21 0,50 40 0,96 0,46 31 52 134 
4 20 0,48 39 0,94 0,46 43 63 100 
5 21 0,49 39 0,94 0,44 39 60 92 
6 22 0,53 42 1,01 0,47 42 64 85 
7 23 0,56 45 1,08 0,52 44 67 84 
8 24 0,59 48 1,15 0,57 48 72 90 
9 25 0,60 49 1,18 0,58 52 77 98 
10 25 0,59 49 1,18 0,58 57 82 114 
11 24 0,57 76 1,82 1,25 123 147 102 
12 22 0,54 104 2,50 1,96 110 132 155 
 

ɋɬɪɨɢɦ ɬɪɟɭɝɨɥɶɧɢɤɢ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ, ɝɞɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ 
ɪɚɫɩɨɥɨɠɟɧɚ ɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ, ɚ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ - ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ Ƚɗɋ. ȼɩɢɫɵɜɚɟɦ ɟɝɨ ɜ ɂɄɇ, ɬɚɤ, ɱɬɨɛɵ ɞɜɟ ɜɟɪɲɢɧɵ 
ɬɪɟɭɝɨɥɶɧɢɤɚ ɤɚɫɚɥɢɫɶ ɟё.  
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Ɋɢɫɭɧɨɤ 2.7 – ɂɄɇ ɡɢɦɧɢɯ ɫɭɬɨɤ 

 

 
Ɋɢɫɭɧɨɤ 2.8 – ɂɄɇ ɥɟɬɧɢɯ ɫɭɬɨɤ 
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2.7 Ɋɚɫɱёɬ ɪɟɡɟɪɜɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɪɚɫɱёɬ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ 

 
Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɨɳɧɨɫɬɟɣ ɧɚ 

ɩɨɤɪɵɬɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɜɫɟɦɢ ɭɱɚɫɬɧɢɤɚɦɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɢ 
ɪɚɡɦɟɳɟɧɢɟ ɪɟɡɟɪɜɨɜ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɨ ɤɨɧɤɪɟɬɧɵɦ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦ. 

ɇɚ ɝɨɞɨɜɨɦ ɝɪɚɮɢɤɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ ɫ ɩɢɤɚ ɨɬɤɥɚɞɵɜɚɸɬɫɹ 
ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ. ɇɢɠɟ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɬɚɧɰɢɣ 
ɜɩɢɫɵɜɚɸɬɫɹ ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɤɪɢɬɟɪɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɵɬɟɫɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɩɪɨɜɨɞɢɬɫɹ ɥɢɧɢɹ, 
ɜɵɪɚɜɧɢɜɚɸɳɚɹ ɧɢɠɧɸɸ   ɨɝɢɛɚɸɳɭɸ   ɦɨɳɧɨɫɬɟɣ   ɩɪɨɟɤɬɢɪɭɟɦɨɣ   Ƚɗɋ ɜ 
ɡɢɦɧɢɟ ɦɟɫɹɰɵ, ɩɨɩɚɜɲɢɟ ɩɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. ɗɬɚ ɥɢɧɢɹ ɞɨɥɠɧɚ ɩɪɨɯɨɞɢɬɶ 
ɱɟɪɟɡ ɬɟ ɠɟ ɦɟɫɹɰɵ, ɱɬɨ ɢ ɧɚ ɛɚɥɚɧɫɟ ɷɧɟɪɝɢɢ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɪɟɡɟɪɜɧɨɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 
ɧɢɠɟɫɥɟɞɭɸɳɟɟ: ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ 
ɱɚɫɬɨɬɵ ɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɜ ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɚɯ. ɗɬɨɬ ɪɟɡɟɪɜ ɞɥɹ 
ɞɚɧɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɫɨɫɬɚɜɥɹɟɬ 3% ɨɬ ɡɢɦɧɟɝɨ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ. 
Ɋɚɡɦɟɳɚɟɬɫɹ ɷɬɨɬ ɪɟɡɟɪɜ ɧɚ Ƚɗɋ. 

Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ ɫɨɫɬɚɜɥɹɟɬ 10 % ɡɢɦɧɟɝɨ ɦɚɤɫɢɦɭɦɚ 
ɧɚɝɪɭɡɤɢ. Ɋɚɡɦɟɳɚɟɬɫɹ ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɬɨɥɶɤɨ ɧɚ Ɍɗɋ. 

Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ. Ɋɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɬɟ 
ɦɟɫɹɰɵ, ɤɨɝɞɚ ɨɧɨ ɧɟ ɩɨɥɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɬ. ɟ. ɤɨɝɞɚ ɧɚ 
Ƚɗɋ ɢɦɟɟɬɫɹ ɫɜɨɛɨɞɧɚɹ ɦɨɳɧɨɫɬɶ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɩɨɥɨɜɨɞɶɹ, ɧɨ ɞɨ ɧɚɱɚɥɚ 
ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɛɭɞɟɬ ɜ 
ɫɟɧɬɹɛɪɟ. ɇɚ Ɍɗɋ – ɜ ɢɸɧɟ, ɢɸɥɟ. Ɋɚɫɱɟɬɵ ɦɨɳɧɨɫɬɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 
2.18. 

 
Ɍɚɛɥɢɰɚ 2.18–Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

Ɇɟɫ
ɹɰɵ 

ɗɧɟɪɝɨɫɢɫɬɟɦɚ, Ɇȼɬ 
ɋɭɳɟɫɬɜɭɸɳɢɟ 

Ƚɗɋ, Ɇȼɬ 
ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ, 

Ɇȼɬ 
ɋɭɳɟɫɬɜɭɸɳɢɟ 

Ɍɗɋ, Ɇȼɬ 
Pma

x Pɧɚɝɪ Pɚɜɚɪ Nɪɚɛ Nɧɚɝ
ɪ 

Nɪɟ
ɦ 

Nɪɚ
ɛ Nɧɚɝɪ Nɪɟɦ Nɪɚɛ Nɚɜ

ɚɪ Nɪɟɦ 

1 695 21 70 155 5 0 134 4 0 406 70 0 
2 657 20 66 155 5 0 97 3 0 405 66 0 
3 591 18 59 134 4 0 52 2 0 405 59 0 
4 515 15 52 100 3 0 63 2 0 352 52 0 
5 449 13 45 92 3 0 60 2 0 297 45 0 
6 411 12 41 85 3 0 64 2 0 262 41 44 
7 411 12 41 84 3 0 67 2 0 260 41 43 
8 449 13 45 90 3 0 72 2 0 287 45 0 
9 515 15 52 98 3 16 77 2 13 340 52 0 
10 591 18 59 114 3 0 82 2 0 395 59 0 
11 657 20 66 102 3 0 147 4 0 408 66 0 
12 695 21 70 155 5 0 132 4 0 408 70 0 
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Ɋɢɫɭɧɨɤ 2.9 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

 
ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɫɭɦɦɵ: 
 𝑁˖˔˕.ʒЭʠ = 𝑁˅˞˕.˓˃˄ʒЭʠ + 𝑁˓ˈˊʒЭʠ = ͳ͵Ͷ + Ͷ = ͳ͵ͺ ʛʑ˕                                       (2.31) 
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Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ

Ɇɨɳɧɨɫɬɶ ɪɟɦɨɧɬɧɚɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ
Ɇɨɳɧɨɫɬɶ ɪɟɦɨɧɬɧɚɹ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ
Ɋɟɦɨɧɬɧɚɹ ɦɨɳɧɨɫɬɶ Ɍɗɋ
Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ
ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ
ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ
Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ
Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ
Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ Ɍɗɋ
Ʌɢɧɢɹ ɜɵɬɟɫɧɹɸɳɟɣ ɦɨɳɧɨɫɬɢ
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2.8 Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɭɫɥɨɜɢɸ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
 
ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɜ ɫɪɟɞɧɟɦ ɩɨ ɜɨɞɧɨɫɬɢ ɭɫɥɨɜɢɹɯ ɩɪɨɜɨɞɹɬ ɫ 

ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ ɷɧɟɪɝɢɢ Ƚɗɋ. Ʉɪɢɬɟɪɢɟɦ 
ɨɰɟɧɤɢ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɝɨɞɭ ɫɪɟɞɧɟɣ ɜɨɞɧɨɫɬɢ ɞɥɹ ɧɚɱɚɥɶɧɵɯ ɫɬɚɞɢɣ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɢ 
ɭɫɥɨɜɢɢ ɜɵɬɟɫɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ, ɧɟ ɦɟɧɶɲɢɯ ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɪɚɛɨɬɟ 
Ƚɗɋ ɜ ɪɚɫɱёɬɧɵɯ ɦɚɥɨɜɨɞɧɵɯ ɭɫɥɨɜɢɹɯ. 

ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɭɫɥɨɜɢɹ, ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɫɥɟɞɭɟɬ ɡɚɤɨɧɱɢɬɶ 
ɤɚɤ ɦɨɠɧɨ ɪɚɧɶɲɟ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɧɚɩɨɪɨɜ Ƚɗɋ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɜɵɪɚɛɨɬɤɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ  ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɪɨɜɨɞɢɦ 
ɚɧɚɥɨɝɢɱɧɨ ɪɚɫɱёɬɚɦ, ɨɩɢɫɚɧɧɵɦ ɜ ɩɭɧɤɬɟ 9, ɜɫɟ ɪɚɫɱёɬɵ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 12.1. 
ɉɨ ɞɚɧɧɵɦ ɪɚɫɱɟɬɚɦ ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤɢ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ  ɢ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɚɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 
ɪɢɫɭɧɤɚɯ 2.10. 
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Ɍɚɛɥɢɰɚ 2.19– Ɋɟɠɢɦ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɩɨ ɭɪɨɜɧɹɦ ɧɚɩɨɥɧɟɧɢɹ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
ɢɬɟɪɚɰɢɹ 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

ɋɪɚɛɨɬɤɚ-ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 

10 141,8 0 1 1 3 135,8 138 200 274 0 275 17,65 0,36 17,29 55,00 54,66 54,83 26,76 28,07 67 ȼɏɄ 48 

11 57,4 0 1 1 3 53,4 268 200 321 0 322 17,29 0,69 16,60 54,66 53,98 54,32 26,97 27,35 76 76 55 

12 33,1 0 0 0 3 29,1 434 200 463 0 463 16,60 1,12 15,47 53,98 52,78 53,38 27,48 25,90 104 104 75 

1 17,1 0 0 0 3 14,1 458 200 472 0 472 15,47 1,19 14,29 52,78 51,40 52,09 26,80 25,29 104 104 75 

2 8,3 0 0 0 3 5,3 353 200 358 0 358 14,29 0,91 13,37 51,40 50,25 50,82 26,45 24,37 76 76 55 

3 5,3 0 0 0 2 3,3 320 200 323 0 323 13,37 0,83 12,54 50,25 49,15 49,70 26,34 23,36 66 ȼɏɄ 48 

4 4,4 0 0 0 1 3,4 215 200 218 0 218 12,54 0,56 11,98 49,15 48,38 48,76 25,96 22,80 43 ȼɏɄ 31 

5 811,8 0 8 8 1 794,8 -598 200 197 0 205 11,98 -1,55 13,53 48,38 50,46 49,42 25,91 23,51 40 ȼɏɄ 29 

6 1623,7 0 16 16 -12 1603,7 -687 200 917 0 933 13,53 -1,78 15,31 50,46 52,60 51,53 27,73 23,80 190 ȼɏɄ 137 

7 945,0 0 9 9 -7 933,0 -567 200 366 0 375 15,31 -1,47 16,78 52,60 54,17 53,38 27,19 26,20 83 ȼɏɄ 60 

8 871,3 0 9 9 0 854,3 -314 200 540 0 549 16,78 -0,81 17,60 54,17 54,95 54,56 27,71 26,85 126 ȼɏɄ 91 

9 491,1 0 5 5 0 481,1 -20 200 461 0 466 17,60 -0,05 17,65 54,95 55,00 54,98 27,49 27,48 110 ȼɏɄ 79 
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ɉɨ ɞɚɧɧɵɦ ɪɚɫɱёɬɚ ɩɨɥɭɱɢɥɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ, ɪɚɜɧɭɸ: ∑ Э = ͹ͺͳ ˏˎː. ˍʑ˕ ∙ ˚.                                                                        

 
Ɋɢɫɭɧɨɤ 2.10 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ 

 
2.9 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
 
ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚɱɢɧɚɟɬɫɹ ɫ ɩɨɫɬɪɨɟɧɢɹ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɢɥɢ 

ɧɚɩɨɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 
ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɞɥɹ ɷɬɨɝɨ ɫɬɪɨɢɦ 
ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɫ ɭɤɚɡɚɧɢɟɦ ɥɢɧɢɣ ɨɝɪɚɧɢɱɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ ɪɢɫɭɧɤɟ 2.11.  

 
Ɍɚɛɥɢɰɚ 2.20 – Ⱦɚɧɧɵɟ ɪɚɫɱёɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 

Ʉɪɢɜɵɟ ɫɜɹɡɢ ɧɢɠɧɟɝɨ 
ɛɶɟɮɚ ɞɥɹ ɥɟɬɧɢɯ ɢ ɡɢɦɧɢɯ 

ɭɫɥɨɜɢɣ 

ɇɚɩɨɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢ

ɹ ɩɨ 
ɪɚɫɱёɬɧɨɣ 

ɭɫɬɚɧɨɜɥɟɧɧ
ɨɣ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ 

ɩɨ 
ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ 

Ƚɗɋ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ 

ɩɨ 
ɦɢɧɢɦɚɥɶɧɨ
ɦɭ ɪɚɫɯɨɞɭ 

 

Qɧɛ, ɦ3/ɫ Zɧɛ ɥ, 
ɦ 

Zɧɛ ɡ, 
ɦ 

ɇ ɧɩɭ, 
ɦ 

ɇ ɭɦɨ, 
ɦ ɇɪ, ɦ ɇ, 

ɦ 
Q, 

ɦ3/ɫ ɇ, ɦ Q, 
ɦ3/ɫ 

ɇ, 
ɦ Q, ɦ3/ɫ 

0 25,00 25,00 29,70 23,08 26,51 26,9 590 23,5 671 15 100 

100 25,48 25,76 28,94 22,60 25,75 26 610 23 663 28,9 100 

200 25,89 26,37 28,33 22,19 25,14 25 634 22 649 – – 

300 26,26 26,87 27,83 21,82 24,64 24 661 21 634 – – 

400 26,59 27,28 27,42 21,49 24,23 23,6 672 20,9 632 – – 
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Z
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Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ

Ɇɚɥɨɜɨɞɧɵɣ ɝɨɞ ɋɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ ɇɉɍ ɍɆɈ

ɇɉɍ=55 ɦ

ɍɆɈ=48,38ɦ
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.20 

Ʉɪɢɜɵɟ ɫɜɹɡɢ ɧɢɠɧɟɝɨ 
ɛɶɟɮɚ ɞɥɹ ɥɟɬɧɢɯ ɢ ɡɢɦɧɢɯ 

ɭɫɥɨɜɢɣ 

ɇɚɩɨɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢ

ɹ ɩɨ 
ɪɚɫɱёɬɧɨɣ 

ɭɫɬɚɧɨɜɥɟɧɧ
ɨɣ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ 

ɩɨ 
ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ 

Ƚɗɋ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ 

ɩɨ 
ɦɢɧɢɦɚɥɶɧɨ
ɦɭ ɪɚɫɯɨɞɭ 

 

Qɧɛ, ɦ3/ɫ Zɧɛ ɥ, 
ɦ 

Zɧɛ ɡ, 
ɦ 

ɇ ɧɩɭ, 
ɦ 

ɇ ɭɦɨ, 
ɦ ɇɪ, ɦ ɇ, 

ɦ 
Q, 

ɦ3/ɫ ɇ, ɦ Q, 
ɦ3/ɫ 

ɇ, 
ɦ Q, ɦ3/ɫ 

500 26,87 27,59 27,11 21,21 23,92 – – – – – – 

600 27,13 27,82 26,88 20,95 23,69 – – – – – – 

700 27,34 27,98 26,72 20,74 23,53 – – – – – – 

800 27,53 28,08 26,62 20,55 23,43 – – – – – – 

900 27,69 28,16 26,54 20,39 23,35 – – – – – – 

1000 27,82 28,23 26,47 20,26 23,28 – – – – – – 

1100 27,92 28,28 26,42 20,16 23,23 – – – – – – 

1200 28,00 28,30 26,40 20,08 23,21 – – – – – – 
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Ɋɢɫɭɧɨɤ 2.11 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ 
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Ɋɟɠɢɦɧɨɟ ɩɨɥɟ

ɇ ɧɩɭ

ɇ ɭɦɨ

ɇɪ

Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 
ɪɚɫɱёɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ

Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 
ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ

Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 
ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ

Hmax=28,9 ɦ

Hɪ=23,6ɦ

Hmin=20,9ɦ

Qmax=672 ɦ3/ɫ
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ɂɡ ɩɨɫɬɪɨɟɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɧɚ ɪɢɫɭɧɤɟ 2.11 ɨɩɪɟɞɟɥɹɟɦ: 
 ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ H୫ax = ʹͺ,ͻ ɦ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 

ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɇɉɍ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ 
ɪɚɫɯɨɞɭ; 

 ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ H˓˃˔˚ = ʹ͵,͸ ˏ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ ɪɚɫɱёɬɧɨɝɨ 
ɧɚɩɨɪɚ; 

 ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ H୫୧୬ = ʹͲ,ͻ ˏ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɍɆɈ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ 

 ɩɨ ɢɡɜɟɫɬɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɞɢɚɩɚɡɨɧɚ ɧɚɩɨɪɚ ɩɨɞɛɢɪɚɸɬɫɹ ɜɫɟ 
ɜɨɡɦɨɠɧɵɟ ɬɢɩɵ ɝɢɞɪɨɬɭɪɛɢɧ, ɞɥɹ ɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɧɚɩɨɪɚ ɛɵɥɨ 
ɛɵ ɧɟ ɦɟɧɶɲɟ ɩɨɥɭɱɟɧɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ ɢ ɫɨɨɬɧɨɲɟɧɢɟ ɧɟ 
ɩɪɟɜɵɲɚɥɨ ɛɵ ɚɧɚɥɨɝɢɱɧɨɝɨ ɮɚɤɬɢɱɟɫɤɨɝɨ ɨɬɧɨɲɟɧɢɹ: 

 H୫ax = ʹͺ,ͻ ˏ  
 ு೘𝑖೙ு೘𝑎ೣ = ଶ଴,ଽଷ଴ = Ͳ,͹  

 
ɝɞɟ Hmax – ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɬɭɪɛɢɧɵ, ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɭɤɚɡɚɧɧɵɦ ɜ 
ɬɚɛɥɢɰɟ ɉ.4. ɜ ɦɟɬɨɞɢɱɟɫɤɨɦ ɩɨɫɨɛɢɢ «ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ Ƚɗɋ ɝɨɞɢɱɧɨɝɨ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ» ɋɒɎ ɋɎɍ, 2019 ɝ. ɫɬɪ. 49-52. ɜɵɛɢɪɚɟɬɫɹ ɬɭɪɛɢɧɚ ɉɅ30ɚ-ȼ. 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ƚɗɋ 
 
3.1 ȼɵɛɨɪ ɬɢɩɚ ɢ ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ 
 
Ɉɫɧɨɜɧɵɦ ɤɪɢɬɟɪɢɟɦ, ɹɜɥɹɟɬɫɹ ɩɪɟɞɟɥɶɧɵɣ ɧɚɩɨɪ 𝐻˒˓ˈˇ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɪɚɛɨɬɚɟɬ ɬɭɪɛɢɧɚ. Ⱥ ɬɚɤɠɟ ɨɬɧɨɲɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ ɧɚ ɫɬɚɧɰɢɢ 𝐻௠𝑖௡ ɤ 
ɩɪɟɞɟɥɶɧɨɦɭ ɧɚɩɨɪɭ 𝐻˒˓ˈˇ.  

Ⱦɢɚɩɚɡɨɧɭ ɧɚɩɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɭɪɛɢɧɵ: 
 ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɚɹ ɉɅ30ɚ – ȼ  
 ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɚɹ ɉɅ30ɛ – ȼ. 
 Ɇɨɞɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɨɞɯɨɞɹɳɢɯ ɝɢɞɪɨɬɭɪɛɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 3.1. 
 
Ɍɚɛɥɢɰɚ 3.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɞɟɥɶɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ 

ɉɚɪɚɦɟɬɪ ɉɅ30ɚ – ȼ ɉɅ30ɛ – ȼ 

ɉɪɟɞɟɥɶɧɵɣ ɧɚɩɨɪ Hɩɪɟɞ 30 30 

Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Hmin/Hmax 0,5 0,5 

Ɉɩɬɢɦɚɥɶɧɚɹ ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ 
ɜɪɚɳɟɧɢɹ 

n'1o, ɦɢɧ-1 126 130 

ɄɉȾ ɦɨɞɟɥɢ ɜ ɬɨɱɤɟ ɨɩɬɢɦɭɦɚ ηɦɨ 0,912 0,911 

ɉɪɢɜɟɞɟɧɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ Q'1max, ɥ/ɫ 1950 1900 

Ʉɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ σ (Q'1max) 1 1 

ɉɪɢɜɟɞɟɧɧɵɣ ɞɢɚɦɟɬɪ ɊɄ D'1ɦ, ɦ 0,46 0,46 

ɇɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ Hɦ, ɦ 4 8 

Ɍɟɦɩɟɪɚɬɭɪɚ t, 0C 5 21 

 
ɉɪɢ ɪɚɫɱɟɬɚɯ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶɫɹ ɞɢɚɦɟɬɪɚɦɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. 
 
 Ⱦɢɚɩɚɡɨɧ ɞɢɚɦɟɬɪɨɜ ɊɄ ɞɥɹ ɉɅ30ɚ – ȼ ɬɭɪɛɢɧ: 5-5,6 ɦ. 
 Ⱦɢɚɩɚɡɨɧ ɞɢɚɦɟɬɪɨɜ ɊɄ ɞɥɹ ɉɅ30ɛ– ȼ ɬɭɪɛɢɧ: 5-5,6 ɦ. 
 
ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɞɥɹ ɬɭɪɛɢɧɵ ɉɅ30ɛ– ȼ -530: 
 
– ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ 
 η˕ = ͳ − ሺͳ − ηˏሻ (ሺͳ − εሻ + ε√DభˏˑˇDభఱ ∙ √ୌˏˑˇʜ˓భబ ∙ √ νːνˏˑˇఱ )                        (3.1)  
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η˕ = ͳ − ሺͳ − Ͳ,ͺͺͻሻ (ሺͳ − Ͳ,͹ͷሻ + Ͳ,͹ͷ √଴,ସ଺ହ,ଷఱ ∙ √ ଼ଶଷ,଺భబ ∙ √଴,ଽ଼଼·ଵ଴లଵ,ହଵ·ଵ଴లఱ ) = Ͳ,ͻʹͻ  

 
ɝɞɟ ηˏ – ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; ε – ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ. ɉɪɢɧɢɦɚɟɬɫɹ ε = Ͳ,͹ͷ;  Dଵˏˑˇ – ɞɢɚɦɟɬɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; Hˏˑˇ – ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; Dଵ – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ʜ˓ – ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ɋː – ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ. ȼ  
ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢɧɢɦɚɸɬ ɋː = Ͳ,ͻͺͺ · ͳͲ଺ ˏଶ/˔; ɋˏˑˇ – ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ. ȼ  
ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢɧɢɦɚɸɬ ɋˏˑˇ = ͳ,ͷͳ · ͳͲ଺ ˏଶ/˔.    

 
– Ɇɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ 
 N′˃ˆ˓ = ͻ,ͺͳ · Q୍˓′ · Dଵଶ · H˓ · √H˓ · η˕ ∙ ηˆ                                                (3.2) 
  N′˃ˆ˓ = ͻ,ͺͳ · ͳ,ͺͳͷ · ͷ,͵ଶ · ʹ͵,͸ · √ʹ͵,͸ · Ͳ,ͻ͵Ͳ · Ͳ,ͻ͸ = ͷͳʛʑ˕  
 

ɝɞɟ Q୍˓′  – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ; η˕ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ηˆ – ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ. ɉɪɢɧɢɦɚɸɬ ηˆ = Ͳ,ͻ͸; 
 
– Ʉɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ 
 Z′˃ˆ˓ = N˖˔˕N˃ˆ˓                                                                                                 (3.3) 

 Z′˃ˆ˓ = ଵଷ଼଴଴଴ହଵ଴଴଴ = ʹ,͹ ˛˕ ⇒ Z˃ˆ˓′ = ͵ ˛˕  

 
ɝɞɟ N˖˔˕ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɭɡɥɚ ɜ ɤȼɬ; N˃ˆ˓ – ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ. 

 
ɇɟɨɛɯɨɞɢɦɨ ɨɤɪɭɝɥɟɧɢɟ ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ ɞɨ ɰɟɥɨɝɨ 

ɱɢɫɥɚ (Z˃ˆ˓), ɚ ɬɚɤɠɟ ɭɬɨɱɧɟɧɢɟ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ (N˃ˆ˓).  
 N˃ˆ˓ = N˖˔˕Z˃ˆ˓,                                                                                                (3.4)  



 

41 
 

N˃ˆ˓ = ଵଷ଼଴଴଴ଷ = Ͷ͸ͲͲͲ ˍʑ˕  

 
– ɉɨɩɪɚɜɤɚ ɄɉȾ 
 m = η˕ηˏ,                                                                                                      (3.5) 

 m = ଴,ଽଷ଴଴,଼଼ଽ = ͳ,ͲͶ͸  

 
ɝɞɟ η˕ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ηˏ - ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ. 

 
– ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ 
 𝑛′ = ௡I p′ √୫·ୌ˓Dభ                                                                                              (3.6)  

 𝑛′ = ଵଷ଴·√ଵ,଴ସ଺·ଶଷ,଺ହ,ଷ = ͳʹͳ,ͻ ⇒  𝑛˔ˋː˘′ = ͳʹͷ ˑ˄ˏˋː  

 
ɝɞɟ 𝑛୍ ୮′  - ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɪɚɫɱёɬɧɨɣ 
ɬɨɱɤɟ;  

m– ɩɨɩɪɚɜɤɚ ɧɚ ɄɉȾ; ʜ˓ – ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; Dଵ – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ. 
 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɹɞɚ. 
 
– ɉɪɢɜɟɞɟɧɧɵɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 
 𝑛୍ ௠௔௫′ = ௡˔ˋː˘′ Dభ√୫·ୌ೘𝑖೙                                                                                       (3.7)  

 

 𝑛୍ ௠௔௫′ = ଵଶହ·ହ,ଷ√ଵ,଴ସ଺·ଶ଴,ଽ = ͳͶͳ,͹ ˑ˄ˏˋː 

 𝑛୍ ˓˃˔˚′ = ௡˔ˋː˘′ Dభ√୫·ୌ˓˃˔˚ (3.8)  

 𝑛୍ ˓˃˔˚′ = ଵଶହ·ହ,ଷ√ଵ,଴ସ଺·ଶଷ,଺ = ͳ͵͵,͵ ˑ˄ˏˋː  

 𝑛୍ ௠𝑖௡ ′ = ௡˔ˋː˘′ Dభ√୫·ୌ೘𝑎ೣ (3.9)  
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𝑛୍ ௠𝑖௡′ = ଵଶହ·ହ,ଷ√ଵ,଴ସ଺·ଶ଼,ଽ = ͳʹͲ,ͷ ˑ˄ˏˋː  

 
Ɋɚɫɱɟɬɵ ɉɅ30ɛ-ȼ ɢ ɉɅ30ɚ-ȼ, ɨɩɬɢɦɚɥɶɧɵɯ ɞɢɚɦɟɬɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 3.2.  
 
Ɍɚɛɥɢɰɚ 3.2 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɬɭɪɛɢɧ 

 
ɉɅ30ɛ-ȼ ɉɅ30ɚ-ȼ Dଵ, ɦ 5 5,3 5,6 5 5,3 5,6 η˕, ɨ.ɟ 0,930 0,930 0,931 0,927 0,928 0,928 N′˃ˆ˓, ɤȼɬ 45546 51202 57191 44193 49683 55495 Z˃ˆ˓′ , ɲɬ 3,03 2,7 2,41 3,12 2,78 2,49 Z˃ˆ˓, ɲɬ 3 3 3 4 3 3 N˃ˆ˓, ɤȼɬ 46000 46000 46000 34500 46000 46000 

m 1,046 1,046 1,047 1,046 1,046 1,047 𝑛′, ɨɛ/ɦɢɧ 129,2 121,9 115,4 125,2 118,2 111,9 𝑛˔ˋː˘′ , ɨɛ/ɦɢɧ 130,4 125 115,4 125 120 115,4 𝑛୍ ௠𝑖௡′ , ɨɛ/ɦɢɧ 118,6 120,5 117,5 113,7 115,6 117,5 𝑛୍ ˓˃˔˚′ , ɨɛ/ɦɢɧ 131,2 133,3 130 125,8 127,9 130 𝑛୍ ௠௔௫′ , ɨɛ/ɦɢɧ 139,5 141,7 138,2 133,6 136 138,1 
 
ɂɡ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɭɛɪɚɧɵ ȽɌ: ɉɅ30ɚ-ȼ ɫ 𝐷ଵ = ͷ ˏ ɢ ɉɅ30ɛ-

ȼ 𝐷ଵ = ͷ ˏ, 𝐷ଵ = ͷ,͸ ˏ, ɬ.ɤ. ɭ ɉɅ30ɚ-ȼ ɦɟɧɶɲɢɣ ɄɉȾ, ɚ ɭ ɉɅ30ɛ-ȼ 
ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɛɢɪɚɬɶ ɛɨɥɶɲɨɣ ɞɢɚɦɟɬɪ, ɚ ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 
D1=5 ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɫɪɟɞɢ ɜɵɛɪɚɧɧɵɯ ɬɭɪɛɢɧ. 

ɉɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɵɛɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɪɚɛɨɱɭɸ ɡɨɧɭ 
ɪɚɛɨɬɵ ɞɥɹ ɤɚɠɞɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɧɚɣɬɢ ɪɚɫɱɟɬɧɭɸ ɢ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɨɱɤɢ. 

 
– ɉɪɨɢɡɜɟɞɟɧɢɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɝɟɧɟɪɚɬɨɪɭ. 
 𝑄′˓ · η˕ = N˃ˆ˓′ଽ,଼ଵ·Dభమ·ୌభ˓,ఱ·ηˆ (3.10)  

 
ɝɞɟ N˃ˆ˓′  – ɭɬɨɱɧɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ; Dଵ – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ʜ˓ – ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ηˆ – ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ. 

 
– ɉɪɨɢɡɜɟɞɟɧɢɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɝɟɧɟɪɚɬɨɪɭ 
 𝑄௠௔௫′ · η˕ = N˃ˆ˓ଽ,଼ଵ·Dభమ·ୌ೘𝑎ೣభ,ఱ ·ηˆ    (3.11)  

 
ɝɞɟ N˃ˆ˓ – ɭɬɨɱɧɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ; 
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Dଵ – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ʜ୫ax – ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ηˆ – ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ. 
 
Ʌɟɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɣ 3.10 ɢ 3.11, ɨɩɪɟɞɟɥɟɧɚ ɩɨɞɛɨɪɨɦ ɩɨɥɨɠɟɧɢɹ 

ɬɨɱɟɤ ɧɚ ɥɢɧɢɹɯ 𝑛୍ ˓˃˔˚′  ɢ 𝑛୍ ௠𝑖௡′  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɉɨɞɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɡɜɨɞɹɬ ɞɨ ɜɵɩɨɥɧɟɧɢɹ ɪɚɜɟɧɫɬɜɚ ɦɟɠɞɭ ɥɟɜɨɣ ɢ 

ɩɪɚɜɨɣ ɱɚɫɬɶɸ ɭɪɚɜɧɟɧɢɣ. 
ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.3. 
 

Ɍɚɛɥɢɰɚ 3.3 – Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɧɵɯ ɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɬɨɱɟɤ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 𝟏ࡽ′ ∙ 𝜼ː˕ 𝟏ࡽ′ , ɦ3/ɫ 𝜼ː˕ 𝟏ࡽ𝒎𝒂𝒙′ ∙ 𝜼ː˕ 𝟏ࡽ𝒎𝒂𝒙′  𝜼ː˕ 
ɉɅ30ɛ-ȼ-530 1,417 1,565 0,9055 1,046 1,156 0,9051 
ɉɅ30ɚ-ȼ-530 1,359 1,506 0,9025 1,003 1,107 0,9061 
ɉɅ30ɚ –ȼ-560 1,217 1,341 0,9076 0,898 0,990 0,9074 

 
3.2 ɉɪɨɜɟɪɤɚ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɢ ɩɨ 

ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ 
 
Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɚɛɨɱɟɣ ɡɨɧɵ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ 

ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ, ɩɪɨɩɭɫɤɚɟɦɵɣ ɜ ɧɢɠɧɢɣ ɛɶɟɮ. 
ȼ ɞɚɧɧɨɦ ɤɭɪɫɨɜɨɦ ɩɪɨɟɤɬɟ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ – ɷɬɨ ɪɚɫɯɨɞ 

ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ, ɪɚɜɧɵɣ 100 ɦ3/ɫ.  
ɉɪɢɜɟɞɟɧɧɵɣ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ ɦɢɧɢɦɚɥɶɧɨɦ 

ɧɚɩɨɪɚɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 
 𝑄ʜ௠௔௫′ = ொ೘𝑖೙஽భమ∙√௠∙ு೘𝑎ೣ ;  (3.12) 

 𝑄ʜ௠𝑖௡′ = ொ೘𝑖೙஽భమ∙√௠∙ு೘𝑖೙ ; (3.13) 

 
ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.4. 
 
Ɍɚɛɥɢɰɚ 3.4 – ɉɪɢɜɟɞɟɧɧɵɣ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ 
ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɚɯ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 𝐐ʜ𝐦𝐚𝐱′  𝐐ʜ𝐦𝐢𝐧′  
ɉɅ30ɛ-ȼ-530 0,761 0,647 
ɉɅ30ɚ-ȼ-560 0,761 0,647 
ɉɅ30ɚ-ȼ-530 0,682 0,580 

 
Ɂɨɧɵ ɪɚɛɨɬɵ ȽɌ ɨɛɨɡɧɚɱɟɧɵ ɧɚ Ƚɍɏ ɢ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɉɪɢɥɨɠɟɧɢɢ Ⱥ. 
ɇɚ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɧɵɯ ɡɨɧ ɪɚɛɨɬ, ɛɵɥɢ ɢɫɤɥɸɱɟɧɚ ɢɡ ɞɚɥɶɧɟɣɲɟɝɨ 

ɪɚɫɫɦɨɬɪɟɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɚ: ɉɅ30ɚ-ȼ-530 ɢ ɉɅ30ɚ-ȼ-560, ɧɚɢɛɨɥɟɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɛɭɞɟɬ ɭɫɬɚɧɨɜɢɬɶ ɬɭɪɛɢɧɭ ɦɟɧɶɲɟɝɨ ɞɢɚɦɟɬɪɚ, ɬɚɤ ɠɟ ɥɢɧɢɹ 
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ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɭ ɉɅ30Ȼ-ȼ-530 ɩɨɩɚɞɚɟɬ ɜ ɡɨɧɭ ɫ ɧɚɢɛɨɥɶɲɢɦ ɄɉȾ ɜ 
ɨɬɥɢɱɢɟ ɨɬ ɉɅ30ɚ-ȼ-530. 

 
3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ 
 
Ɉɬɦɟɬɤɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɟё ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: 
 ∇𝑍˓.ˍ. = 𝑍ː˄ሺ𝑄ː˄ሻ + Hௌ                                                                           (3.14)  

 
ɝɞɟ 𝑍ː˄ሺ𝑄ː˄ሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɩɪɢ ɪɚɫɯɨɞɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 
ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ. 

 
Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ Hௌ ɨɩɪɟɞɟɥɟɧɨ ɧɚɢɛɨɥɟɟ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱥɧɚɥɢɡ ɤɚɜɢɬɚɰɢɨɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ, ɬ.ɟ. ɬɪɟɛɭɸɳɢɦɢ ɧɚɢɛɨɥɶɲɟɝɨ 
ɡɚɝɥɭɛɥɟɧɢɹ ɹɜɥɹɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɬɪɢ ɪɟɠɢɦɚ: 

 Ɋɚɛɨɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ H௠௔௫ 
ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ; 

 Ɋɚɛɨɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɧɚɩɨɪɟ H˓˃˔˚ ɢ ɧɨɦɢɧɚɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ; 

 Ɋɚɛɨɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ H௠𝑖௡ ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɦɭ ɦɨɳɧɨɫɬɢ ɨɝɪɚɧɢɱɟɧɢɹ. 

 
ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ: 
 𝐻௦ = ͳͲ − ௓ː˄ሺொː˄ሻଽ଴଴ − 𝜎H − ∆H௦ + ∆𝑍˘.˒ˎ                                               (3.15)  

 ˆˇˈ ∆H௦ – ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɝɥɭɛɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɭɱɢɬɵɜɚɸɳɟɟ 
ɧɟɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ σ ɩɪɢ ɦɨɞɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɹɯ, ɦɚɫɲɬɚɛɧɵɣ ɷɮɮɟɤɬ ɢ 
ɚɧɬɢɤɚɜɢɬɚɰɢɨɧɧɵɣ ɡɚɩɚɫ (1,5 ɦ); 𝜎 – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɥɹ ɪɚɫɱёɬɧɵɯ ɬɨɱɟɤ; H – ɧɚɩɨɪ ɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɭɪɨɜɧɟɦ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢ 𝑍ː˄ሺ𝑄ː˄ሻ; ∆𝑍˘ ˒ˎ – ɪɚɡɧɨɫɬɶ ɜɵɫɨɬ ɨɬɦɟɬɨɤ ɞɜɭɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ ɦɨɞɟɥɶɧɨɣ 
ɢ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧ. Ⱦɥɹ ɊɈ ɬɭɪɛɢɧ ∆𝑍˘ ˒ˎ = ଴,ଷଵ଺∙஽భଶ = Ͳ,͵͹ͷ. 

 
Ɋɚɫɯɨɞ ɜ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɤɚɯ, ɩɨɥɭɱɚɸɬ ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ ɩɨɞɨɛɢɹ, 

ɩɨɞɫɬɚɜɥɹɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ: 
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𝑄 = 𝑄′୍ ∙ 𝑍௔ ∙ 𝐷ଵଶ ∙ √𝑚 ∙ ʜ                                                                        (3.16)  
 
ɝɞɟ 𝑄′୍ – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; 𝑍௔ – ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. ɉɪɢɧɹɬɨ 𝑍௔ = ͵: 𝐻 – ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɧɚɩɨɪ. 

 
ɉɨ ɩɨɥɢɧɨɦɭ ɤɪɢɜɨɣ ɫɜɹɡɢ ɇȻ ɩɨɥɭɱɚɸɬ ɨɬɦɟɬɤɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 𝑍ʜʐ = 𝑓ሺ𝑄ሻ: 
 
ɍɪɚɜɧɟɧɢɟ ɞɥɹ ɥɟɬɧɟɣ ɤɪɢɜɨɣ 
y = - 0,00000000000000000026x6 + 0,00000000000000146337x5 - 

0,00000000000307654012x4 + 0,00000000343184129205x3 - 
0,00000386270592933613x2 + 0,00511766316060402000x + 25,0013576168094 

 
ȼɫɟ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ30Ȼ-ȼ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 3.5 
 
Ɍɚɛɥɢɰɚ 3.5 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 𝐻௦ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɉɅ30ɛ-ȼ 𝐷ଵ, ɦ 5,3 𝑄ሺН௠௔௫ሻ′ , ɦ3/ɫ 1,156 𝑄ሺுɪаɫɱሻ′ , ɦ3/ɫ 1,565 𝑄ሺு௠𝑖௡ሻ′ , ɦ3/ɫ 1,525 𝑄ሺН௠௔௫ሻ, ɦ3/ɫ 178,6 𝑄ሺНɪаɫɱሻ, ɦ3/ɫ 218,4 𝑄ሺН௠𝑖௡ሻ, ɦ3/ɫ 200,3 

 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.5 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɉɅ30ɛ-ȼ 𝑍௠௔௫ 25,81 𝑍ɪаɫɱ 25,96 𝑍௠𝑖௡ 25,89 𝐻௦ ௠௔௫, ɦ 0,4 𝐻௦ ɪаɫɱ, ɦ -4 𝐻௦ ௠𝑖௡, ɦ -1,8 
 

Ɍɚɤɠɟ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɞɥɹ ɤɚɠɞɨɣ 
ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɨɧɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.6. 
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Ɍɚɛɥɢɰɚ 3.6 – Ɉɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ 
ɨɬɫɚɫɵɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɉɅ30ɛ-ȼ-530 𝐷ଵ 5,3 ∇𝑍ʟКሺʜ୫axሻ 26,2 ∇𝑍ʟКሺʜ୮ሻ 21,9 ∇𝑍ʟКሺʜ୫୧୬ሻ 24,1 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɤɨɧɱɚɬɟɥɶɧɨ ɡɚ ɨɬɦɟɬɤɭ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 

ɝɢɞɪɨɬɭɪɛɢɧɵ ɩɪɢɧɢɦɚɟɦ ɧɚɢɦɟɧɶɲɭɸ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɨɬɦɟɬɨɤ  
 ∇𝑍ʟК(ʜ୮) = ʹͳ,ͻˏ 
 
3.4 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ 
 
Ⱦɥɹ ɜɵɛɨɪɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɢɫɩɨɥɶɡɨɜɚɧɵ ɡɧɚɱɟɧɢɹ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɜɵɛɪɚɧɧɨɣ ɬɭɪɛɢɧɵ. 
ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
 Sːˑˏ = N˃ˆ˓c୭ୱφ = ସ଺଴,଼ହ = ͷͶ ʛʑ ∙ ʏ,      (3.17) 

 
ɝɞɟ cosφ = Ͳ,ͺͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ.    
 

ɑɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
 p = ଶ∙f∙଺଴୬c = ଶ∙ହ଴∙଺଴ଵଶହ = Ͷͺ,   (3.18) 

 
ɝɞɟ f – ɱɚɫɬɨɬɚ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɫɟɬɢ; nc – ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ. 

 
ɉɨɫɤɨɥɶɤɭ ɧɚ ɜɵɱɢɫɥɟɧɧɵɟ 𝑁 ሺ𝑆ːሻ ˋ 𝑛˔ˋː˘ ɧɟ ɫɭɳɟɫɬɜɭɟɬ 

ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, ɩɨɷɬɨɦɭ ɩɪɨɜɨɞɢɬɫɹ ɭɩɪɨɳɟɧɧɵɣ ɪɚɫɱɟɬ ɨɫɧɨɜɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ. 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ: 
 S˓˃˔˚ = k ∙ Sːˑˏ = ͳ,Ͳ͹ ∙ ͷͶ,ͳʹ = ͷ͹,ͻͳ ʛʑ ∙ ʏ,                                       (3.19) 
 

ɝɞɟ 𝑘 = ͳ,Ͳ͹ − ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ 𝑐𝑜𝑠𝜑 ( ɩɪɢ 𝑐𝑜𝑠𝜑 = Ͳ,ͺͷ ɡɧɚɱɟɧɢɟ 𝑘 = ͳ,Ͳ͹). 
 

ɍɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ: 
 S∗ = ୗːˑˏଶ୮ = ହସ,ଵଶସ଼ = ͳ,ͳ͵ ʛʑ ∙ ʏ.                                                                (3.20) 
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ɉɨɥɸɫɧɨɟ ɞɟɥɟɧɢɟ, ɡɚɜɢɫɹɳɟɟ ɨɬ ɧɚɝɪɭɡɤɢ ɢ ɨɬ ɫɩɨɫɨɛɚ ɨɯɥɚɠɞɟɧɢɹ: 
 𝜏∗ = 𝐴 ∙ 𝑆∗ఈ = Ͳ,Ͷͷͳ ∙ ͳ,ͳ͵଴,ଶଷଽ = Ͳ,Ͷ͸ ɦ.                                                (3.21) 
   

ɝɞɟ 𝐴 ˋ 𝓪 − ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.7. 
 
Ɍɚɛɥɢɰɚ 3.7 – ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

Ɉɩɪɟɞɟɥɹɟɦɵɣ 
ɩɚɪɚɦɟɬɪ Ʉɨɷɮɮɢɰɢɟɧɬ 

ɋɩɨɫɨɛɵ ɨɯɥɚɠɞɟɧɢɹ 

Ʉɨɫɜɟɧɧɨɟ 
ɨɯɥɚɠɞɟɧɢɟ 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɨɞɹɧɨɟ 
ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ 

ɜɨɡɞɭɲɧɨɟ ɨɛɦɨɬɨɤ ɪɨɬɨɪɚ 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ
ɟ ɜɨɞɹɧɨɟ 

ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ 
ɢ ɪɨɬɨɪɚ 

ɉɨɥɸɫɧɨɟ 
ɞɟɥɟɧɢɟ τ∗, ˏ 

A Ƚ 
0,529 
0,246 

0,451 
0,239 

0,432 
0,239 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɦɚɲɢɧɵ CA 

R y 
18,8 
0,18 

8,9 
0,105 

0,6 
0,105 

 
ɉɨɫɤɨɥɶɤɭ ɫɩɨɫɨɛ ɨɯɥɚɠɞɟɧɢɹ: ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɨɞɹɧɨɟ ɨɛɦɨɬɨɤ 

ɫɬɚɬɨɪɚ ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɨɡɞɭɲɧɨɟ ɨɛɦɨɬɨɤ ɪɨɬɨɪɚ, ɨɛɭɫɥɚɜɥɢɜɚɹɫɶ ɷɬɢɦ ɢ 
ɜɵɛɢɪɚɥɢɫɶ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 

Ⱦɢɚɦɟɬɪ ɪɨɬɨɪɚ: 
 D୧ = τ∗∙ଶ୮π = ሺ଴,ସ଺∙ସ଼ሻଷ,ଵସ = ͹,Ͳͻ ˏ.                                                                   (3.22)  

 
ɉɪɟɞɟɥɶɧɚɹ ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ: 
 ϑ˒˓ = π∙Di∙k˓˃ˊˆ∙୬˔ˋː˘଺଴ = ଷ,ଵସ∙଻,଴ଽ∙ଶ∙ଵଶହ଺଴ = ͻʹ,ͺʹ ˏ/˔.                                      (3.23) 

 
ɉɪɢ 𝐷𝑖 = ͹,Ͳͻ ɦ ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɪɨɬɨɪɚ ɜ ɪɚɡɝɨɧɧɨɦ ɪɟɠɢɦɟ ɧɟ 

ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ (𝜗˒˓ = ͳ͸Ͳ ˏ/˔ሻ. 
Ⱦɢɚɦɟɬɪ ɲɚɯɬɵ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɜɧɭɬɪɟɧɧɟɦɭ ɞɢɚɦɟɬɪɭ ɤɪɨɦɨɤ 

ɫɬɚɬɨɪɚ ɬɭɪɛɢɧɵ 𝐷˛ = ͹,ͳ͹ ɦ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɚɲɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.7: 
 𝐶௔ = ோௌ∗೤ = ଼,ଽଵ,ଵଷబ,భబఱ = ͺ,͹ͻ.                                                                        (3.24) 

 
ȼɵɫɨɬɚ ɚɤɬɢɜɧɨɣ ɫɬɚɥɢ: 
 𝑙௔ = ௐೞ஽𝑖మ = ଷ଴∙஼𝑎∙ௌ˓˃˔˚గ∙௡˔ˋː˘∙஽𝑖మ = ଷ଴∙଼,଻ଽ∙ହ଻,ଽଵଷ,ଵସ∙ଵଶହ∙଻,଴ଽమ = Ͳ,͹͹ ɦ.                                             (3.25) 

 
ɉɪɢɧɢɦɚɟɬɫɹ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ 

ɚɤɬɢɜɧɨɣ ɫɬɚɥɢ 𝑙௔∗ = Ͳ,ͺͲ ˏ. 
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ɉɨɫɤɨɥɶɤɭ ஽𝑖௟𝑎 = ଻,଴ଽ଴,଼଴ = ͺ,ͺ͹, ɬɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɢɫɩɨɥɧɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɡɨɧɬɢɱɧɨɟ. 

ȼɧɟɲɧɢɣ ɞɢɚɦɟɬɪ ɜɚɥɚ: 
 𝑑˅ = ͳ͵ ∙ √ ேˆˈː௡˔ˋː˘య = ͳ͵ ∙ √ସ଺଴଴଴ଵଶହయ = ͻ͵,ͳ͸ ɫɦ.                                              (3.26) 

ɝɞɟ 𝑁ˆˈː – ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ. 
 
ɉɪɢɧɢɦɚɟɬɫɹ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ (ɨɤɪɭɝɥɹɸɬ ɤɪɚɬɧɨ 50 ɦɦ 

ɩɪɢ 𝑑˅ < ͳ ˏ). Ɍ.ɟ. 𝑑˅ = ͻͷ ˔ˏ. 
Ɉɛɳɚɹ ɦɚɫɫɚ ɝɟɧɟɪɚɬɨɪɚ (ɩɪɢɛɥɢɠɟɧɧɨ): 
 𝐺ˆˈː = y ∙ 𝐷𝑖 ∙ 𝑙௔∗ = Ͷͷ ∙ ͹,Ͳͻ ∙ Ͳ,ͺͲ = ʹͶ͸,͹ʹ ˕.,                                      (3.27) 
 

ɝɞɟ y = ሺͶͶ ÷ ͷͲሻ. 
 

ȼɟɫ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɫ ɜɚɥɨɦ ɫɨɫɬɚɜɥɹɟɬ 50 – 55% ɨɛɳɟɣ ɦɚɫɫɵ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 

 𝐺˓ˑ˕ = Ͳ,ͷͷ ∙ 𝐺ˆˈː = Ͳ,ͷͷ ∙ ʹͶ͸,͹ʹ = ͳ͵ͷ,͸ͻ ɬ.                                        (3.28) 
 
Ⱦɢɚɦɟɬɪ ɚɤɬɢɜɧɨɣ ɫɬɚɥɢ: 
 𝐷௔ = 𝐷𝑖 + ሺˑ˕ Ͳ,ͷ ˇˑ Ͳ,ͻሻ = ͹,Ͳͻ + Ͳ,͹ = ͹,͹ͻ ɦ.                              (3.29) 
 
Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɝɟɧɟɪɚɬɨɪɚ ɡɚɧɟɫɟɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.8. 
 

Ɍɚɛɥɢɰɚ 3.8 – Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɝɟɧɟɪɚɬɨɪɚ ɋȼ – 779/80 – 48 
ɗɥɟɦɟɧɬ 

ɝɟɧɟɪɚɬɨɪɚ 
ɉɚɪɚɦɟɬɪɵ Ɂɚɜɢɫɢɦɨɫɬɶ Ɂɧɚɱɟɧɢɟ, 

ɦ 

ɋɬɚɬɨɪ 
ɜɵɫɨɬɚ ɤɨɪɩɭɫɚ hɫɬ (ɨɬ 1,7 ɞɨ 1,9)la 1,44 

ɞɢɚɦɟɬɪ ɤɨɪɩɭɫɚ Dɫɬ (1,05+0,0017*n)Di 8,96 
ɞɢɚɦɟɬɪ ɚɤɬɢɜɧɨɣ ɫɬɚɥɢ Da Di+( ɨɬ 0,5 ɞɨ 0,9) 7,79 

ȼɟɪɯɧɹɹ ɤɪɟɫɬɨɜɢɧɚ ɜɵɫɨɬɚ hɜ.ɤ (ɨɬ 0,1 ɞɨ 0,12)Di 0,78 
ȼɟɪɯɧɹɹ ɤɪɟɫɬɨɜɢɧɚ ɞɢɚɦɟɬɪ ɥɭɱɟɣ Dɜ.ɤ Dɫɬ 8,96 

ɉɨɞɩɹɬɧɢɤ 
ɜɵɫɨɬɚ hɩ (ɨɬ 0,15 ɞɨ 0,2)Di 1,28 

ɞɢɚɦɟɬɪ ɤɨɠɭɯɚ Dɩ (ɨɬ 0,4 ɞɨ 0,5)Di 3,19 

ɇɢɠɧɹɹ ɤɪɟɫɬɨɜɢɧɚ 
ɜɵɫɨɬɚ hɧ.ɤ (ɨɬ 0,25 ɞɨ 0,30)Dɲ 2,01 

ɞɢɚɦɟɬɪ ɥɭɱɟɣ Dɧ.ɤ Dɲ+0,4 7,57 

ɇɚɞɫɬɪɨɣɤɚ 
ɜɵɫɨɬɚ hɨ ɨɬ 0,3 ɞɨ 0,5 0,4 

ɞɢɚɦɟɬɪ dɨ (ɨɬ 0,2 ɞɨ 0,25)Di 1,63 

Ʉɪɚɬɟɪ 
ɞɢɚɦɟɬɪ Dɤɪ (ɨɬ 1,4 ɞɨ 1,5)Di 10,29 

ɦɢɧɢɦɚɥɶɧɚɹ ɲɢɪɢɧɚ ɩɨɞɯɨɞɚ b ɨɬ 0,4 ɞɨ 0,5 0,45 
ɂɫɩɨɥɧɟɧɢɟ Ɂɨɧɬɢɱɧɨɟ 
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Ⱦɥɹ ɜɵɛɪɚɧɧɨɣ ɬɭɪɛɢɧɵ ɦɚɪɤɢɪɨɜɤɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: ɋȼ –  779/80 – 48. 
 
3.5 Ƚɢɞɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɛɟɬɨɧɧɨɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɟё ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ 
 
ɐɟɥɶɸ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɹɜɥɹɟɬɫɹ 

ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɨɜ ɟё ɪɚɞɢɚɥɶɧɵɯ ɫɟɱɟɧɢɣ ɢ ɮɨɪɦɵ ɫɩɢɪɚɥɢ ɜ ɩɥɚɧɟ. ȼ 
ɨɫɧɨɜɭ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɫɱёɬɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɡɚɥɨɠɟɧɵ ɬɪɢ ɭɫɥɨɜɢɹ, 
ɤɨɬɨɪɵɦ ɞɨɥɠɟɧ ɩɨɞɱɢɧɹɬɶɫɹ ɩɨɬɨɤ ɩɪɨɬɟɤɚɸɳɟɣ ɜ ɧɟɣ ɠɢɞɤɨɫɬɢ: 

1. Ɋɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 
ɚɩɩɚɪɚɬɚ. ɗɬɨ ɭɫɥɨɜɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ, ɟɫɥɢ ɜ ɥɸɛɨɦ ɪɚɞɢɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɛɭɞɭɬ 
ɨɞɢɧɚɤɨɜɵ ɪɚɞɢɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɢ υr .  

2. Ɉɞɢɧɚɤɨɜɚɹ ɡɚɤɪɭɬɤɚ ɩɨɬɨɤɚ (ɩɨɫɬɨɹɧɫɬɜɨ ɦɨɦɟɧɬɚ ɫɤɨɪɨɫɬɢ) ɩɟɪɟɞ 
ɧɚɩɪɚɜɥɹɸɳɢɦ ɚɩɩɚɪɚɬɨɦ, ɬ.ɟ. υur = const, ɝɞɟ υu – ɨɤɪɭɠɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 
ɫɤɨɪɨɫɬɢ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɩɨɬɨɤɚ; r – ɪɚɞɢɭɫ ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɨɱɤɢ.  

Ɋɚɡɦɟɪɵ ɪɚɞɢɚɥɶɧɵɯ ɫɟɱɟɧɢɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɞɨɥɠɧɵ ɛɵɬɶ ɬɚɤɢɦɢ, 
ɱɬɨɛɵ ɫɪɟɞɧɢɟ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɜ ɧɢɯ ɧɟ ɩɪɟɜɨɫɯɨɞɢɥɢ ɩɪɟɞɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ, 
ɨɩɪɟɞɟɥɹɟɦɵɯ ɭɪɨɜɧɟɦ ɞɨɩɭɫɬɢɦɵɯ ɩɨɬɟɪɶ. 

ɉɨ ɱɟɪɬɟɠɭ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ (ɩɪɢɥɨɠɟɧɢɟ ,,) ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɫɧɨɜɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ. 

1. ɍɝɨɥ ɨɛɯɜɚɬɚ ɞɥɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 𝜑ɫɩ = 187°30`. 
2. ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɬɚɤɠɟ ɢɡ Ƚɍɏ: 
 R˅˘ = ͳ,ͷ͹ͺ ∙ 𝐷ଵ = ͳ,͸͸͵ ∙ ͷ,͵ = ͺ,ͺͳ ˏ.                                                  (3.30) 

 
          3. Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ: 

 Dː˃˓ = ͺ,ʹͳ ˏ. 
 
Ɋɚɞɢɭɫ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ: 
 𝑟௔ = ஽ː˃˓ଶ = ଼,ଶଵଶ = Ͷ,ͳͲͷ ˏ.                                                                                       (3.31) 

 
4. Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɵɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ: 
 D˅ː = ͹,ͳ͹ ˏ .     
 
Ɋɚɞɢɭɫ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɵɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ: 
                    𝑟௕ = ஽˅ːଶ = ଻,ଵ଻ଶ = ͵,ͷͺͷ ˏ.                                                                                        (3.32) 

 
5. ȼɵɫɨɬɚ ɫɬɚɬɨɪɚ: 
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 𝐵˔˕ = 𝑏଴ + Ͳ,ͲͲ͵͵ ∙ 𝐷ଵ = ͳ,ͻͻ + Ͳ,ͲͲ͵͵ ∙ ͷ,͵ = ʹ ˏ.                             (3.33)  
 

ɝɞɟ 𝑏଴ – ɜɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ. 
 

          6.  ȼɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ: 
 
 𝑏଴ = Ͳ,͵͹ͷ 𝐷ଵ = Ͳ,͵͹ͷͷ,͵ = ͳ,ͻͻ ˏ.                                                     (3.34)      
   
7. ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɬɭɪɛɢɧɭ: 
 𝑄଴ = ேଽ,଼ଵ∙ு𝑝∙ఎˑ˒˕ = ସ଺ ଴଴଴ଽ,଼ଵ∙ଶଷ,଺∙଴,ଽଷ = ʹͳ͵,͸ͷ ˏଷ/˔.                                         (3.35) 

 
8. Ɋɚɫɯɨɞ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɫɩɢɪɚɥɶɧɨɝɨ ɤɚɧɚɥɚ ɤɚɦɟɪɵ: 
 𝑄𝑖 = ொ˕∙ఝଷ଺଴ = ଶଵଷ,଺ହ∙ଵ଼଻,ହଷ଺଴ = ͳͳͳ,ʹ͹ ˏଷ/˔.                                                     (3.36) 

 
ɝɞɟ 𝜑 – ɭɝɨɥ ɨɛɯɜɚɬɚ. 

 
9. ɉɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ: 
 𝐹 ˘ = ொ˅˘జ˅˘ = ଵଵଵ,ଶ଻ସ,ଶ = ʹ͸,Ͷͻ ˏଶ.                                                                    (3.37) 

 
10. ȼɵɫɨɬɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ: 
 𝐹 ˘ = 𝑏଴ሺ𝑟௔ − 𝑟௕ሻ + ሺ𝑟 ˘ − 𝑟௔ሻ ∙ 𝑏˅˘ − ሺ௕˅˘−௕బሻమଶ tan ͳͷ°,                             (3.38) 

 
ɇɚɣɞɟɧɚ 𝑏˅˘ଵ = ͷ,ͺͶ ˏ.               
                                            𝑎˅˘ = 𝑟 ˘ − 𝑟௔ = ͺ,ͺͳ − Ͷ,ͳͲͷ = Ͷ,͹Ͳͻ ˏ.                                                (3.39) 
 
Ɂɧɚɱɟɧɢɹ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.9. 
 

Ɍɚɛɥɢɰɚ 3.9 – Ɋɚɫɱɟɬ ɡɧɚɱɟɧɢɣ ɞɥɹ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 

ȼɟɥɢɱɢɧɚ 
ɋɟɱɟɧɢɹ 

ɜɯ 1 2 3 4 5 6 7 8 9 10 ɜɵɯ 

ri 8,81 8,34 7,86 7,39 6,91 6,44 5,96 5,49 5,01 4,54 4,06 3,59 

bi 5,82 5,44 5,05 4,66 4,27 3,89 3,50 3,11 2,73 2,34 1,95 1,56 

rk 5,13 5,03 4,93 4,82 4,72 4,61 4,51 4,41 4,30 4,20 4,10 3,99 

rk/ra 1,25 1,23 1,20 1,17 1,15 1,12 1,10 1,07 1,05 1,02 1,00 0,97 

ln(rk/ra) 0,22 0,20 0,18 0,16 0,14 0,12 0,09 0,07 0,05 0,02 0,00 -0,03 

ri/ra 2,15 2,03 1,92 1,80 1,68 1,57 1,45 1,34 1,22 1,10 0,99 0,87 

ln(ri/ra) 0,76 0,71 0,65 0,59 0,52 0,45 0,37 0,29 0,20 0,10 -0,01 -0,14 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.9 

ȼɟɥɢɱɢɧɚ 
ɋɟɱɟɧɢɹ 

ɜɯ 1 2 3 4 5 6 7 8 9 10 ɜɵɯ 

b·ln(ri/ra) 4,45 3,85 3,28 2,74 2,23 1,75 1,31 0,90 0,54 0,23 -0,02 -0,21 

rk·ctg(γ) 19,15 18,77 18,38 17,99 17,60 17,22 16,83 16,44 16,06 15,6 15,28 14,89 
rk·ctg(γ)·ln(r

k/ra) 
4,28 3,81 3,35 2,89 2,45 2,01 1,58 1,17 0,76 0,35 -0,04 -0,42 

mi 3,84 3,45 3,06 2,67 2,29 1,90 1,51 1,13 0,74 0,35 -0,04 -0,42 

Ji 4,27 3,76 3,26 2,79 2,33 1,90 1,50 1,13 0,80 0,50 0,25 0,05 

ϕi 187,5 164,9 143,2 122,3 102,4 83,6 65,9 49,6 34,9 21,9 10,9 2,3 

ai 4,71 4,23 3,76 3,28 2,81 2,33 1,86 1,38 0,91 0,43 -0,04 -0,52 

 

ɉɨ ɪɚɫɱёɬɧɵɦ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɫɟɱɟɧɢɹɦ ɫɩɢɪɚɥɢ ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ 𝜑˔˒ = 𝑓ሺ𝑟𝑖ሻ. Ƚɪɚɮɢɤ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.1 ɡɧɚɱɟɧɢɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.10. 

 

 
Ɋɢɫɭɧɨɤ 3.1 – ɉɨɫɬɪɨɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ 𝜑˔˒ = 𝑓ሺ𝑟𝑖ሻ 

 
Ɍɚɛɥɢɰɚ 3.10 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
ϕ 0 18,75 37,5 56,25 75 93,75 112,5 131,25 150 168,75 187,5 

r 3,5 4,4 5,1 5,68 6,21 6,7 7,15 7,59 8,01 8,41 8,81 

 
12.  Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɜɨɞɚ ɢɡ Ƚɍɏ: 
 𝐵′ = ʹ,͸ͻͷ ∙ 𝐷ଵ = ʹ,͸͵ ∙ ͷ,͵ = ͳͶ,ʹͺ͵ͷ ˏ. (3.40) 

 
ɒɢɪɢɧɚ ɩɨɞɜɨɞɚ 𝐵′ > ͹  ˏ, ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɩɪɨɦɟɠɭɬɨɱɧɵɣ 

ɛɵɱɨɤ. 
13. Ɍɨɥɳɢɧɚ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɛɵɱɤɚ: 
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𝑏 ൒ ͳ + ொ೘𝑎ೣସ଴଴ = ͳ + ଺଻ଶସ଴଴ = ʹ,͸ͺ ˏ.                                                             (3.41) 

 
13. Ɉɩɪɟɞɟɥɢɦ ɲɢɪɢɧɭ ɩɨɞɜɨɞɚ ɫ ɭɱɟɬɨɦ ɲɢɪɢɧɵ ɛɵɱɤɚ: 
 𝐵 = 𝐵′ +  𝑏 = ͳͶ,ʹͺ͵ͷ + ʹ,͸ͺ = ͳ͸,ͻ͸͵ͷ ˏ.                                          (3.42)  
 
3.6 Ɋɚɫɱёɬ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ 
 
3.6.1 Ɋɚɫɱёɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ 
 
ȼɚɥ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɞɚɱɢ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɤ ɪɨɬɨɪɭ ɝɟɧɟɪɚɬɨɪɚ. Ɋɚɫɱёɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɨɢɡɜɨɞɟɧ ɫ 
ɭɱɟɬɨɦ ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɤɪɭɱɢɜɚɸɳɢɯ, ɢɡɝɢɛɚɸɳɢɯ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɭɫɢɥɢɣ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɚɥɚ: 𝐷∗˅ ൒ (ͷ,ͳ ∙ ெˍ˓[ఛˇˑ˒])଴,ଷଷ
                                                                               (3.43)  

 
ɝɞɟ [𝜏ˇˑ˒] = ͵Ͳ ÷ ͵ͷ ʛ˒˃. ɉɪɢɧɹɬɨ 𝜏ˇˑ˒ = ͵Ͳʛʞ˃ 𝑀ˍ˓ – ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ: 

 𝑀ˍ˓ = ଴,଴଴ଽ଻ସ·ே˃ˆ˓௡೎ = ଴,଴଴ଽ଻ସ·ସ଺଴଴଴ଵଶହ = ͵,ͷͺͶʛ˒˃                                      (3.44)  

 𝐷∗˅ ൒ ቀͷ,ͳ ∙ ଷ,ହ଼ସଷ଴ ቁ଴,ଷଷ
  

 𝐷∗˅ ൒ Ͳ,ͺͶͻ ˏˏ  
 
ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɨɤɪɭɝɥɟɧɨ ɞɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ 

(ɤɪɚɬɧɨɟ 50 ɦɦ ɩɪɢ 𝐷˅ ɦɟɧɟɟ 1000 ɦɦ ɢ ɤɪɚɬɧɨɟ 100 ɦɦ ɩɪɢ 𝐷 ൒ ͳͲͲͲ ɦɦ), D˅ = ͺͷͲ ˏˏ. 
 
3.6.2 Ɋɚɫɱёɬ ɩɨɞɲɢɩɧɢɤɚ 
 
ɇɚɩɪɚɜɥɹɸɳɢɣ ɩɨɞɲɢɩɧɢɤ ɬɭɪɛɢɧɵ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɨɫɩɪɢɹɬɢɹ 

ɪɚɞɢɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ. ȼ Ʉɉ ɩɪɢɦɟɧɹɟɬɫɹ ɩɨɞɲɢɩɧɢɤ ɧɚ ɜɨɞɹɧɨɣ ɫɦɚɡɤɟ. 
Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ: 
 𝑅˓˃ˇ = Ͳ,ͺ ∙ ቀ ே˃ˆ˓௡೎∙஽భቁ = Ͳ,ͺ ∙ ସ଺଴଴଴ଵଶହ∙ହ,ଷ = ͷͷ,ͷͷ ˍʜ                                      (3.45)  

 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ ɫ ɭɱɟɬɨɦ ɨɛɥɢɰɨɜɤɢ 𝑑௡ ɩɪɢɧɹɬ 0,870 ɦ 

(ɧɚ 15-20 ɦɦ ɛɨɥɶɲɟ 𝐷˅). 
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ɍɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɞɥɹ ɤɨɥɶɰɟɜɨɝɨ ɩɨɞɲɢɩɧɢɤɚ: 
 𝑝˖ˇ = ோ˓˃ˇௗ˒∙ℎ˒ ൑ [𝑝˖ˇ], ˍʞ˃                                                                          (3.46)  

 
ɝɞɟ ℎ˒ – ɜɵɫɨɬɚ ɩɨɞɲɢɩɧɢɤɚ. ɉɪɢɧɹɬɚ 400 ɦɦ 
 

Ⱦɨɩɭɫɬɢɦɨɟ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ 
 [𝑝˖ˇ] = ʹͻ ∙ U, ˍʞ˃                                                                                  (3.47)  

 𝑈 = 𝓹 ∙ 𝑛˔ˋː˘ ∙ ௗ˒ଷ଴ , ˏ ˔ˈˍ⁄                                                                          (3.48)  

 
Ɋɚɫɱёɬɵ: 
 𝑝˖ˇ = ହହ,ହହ଴,଼଻଴∙଴,ସ = ͳͷͻ,͸ʹ  ˍʞ˃  

 𝑈 = ͵,ͳͶ ∙ ͳʹͷ ∙ ଴,଼଻଴ଷ଴ = ͳͳ,͵ͺ ˏ/˔ˈˍ  

 [𝑝˖ˇ] = ʹͻ ∙ ͳͳ,͵ͺ = ͵͵Ͳ,Ͳͻ  ˍʞ˃  
 
ɍɫɥɨɜɢɟ 𝑝˖ˇ ሺͳͷͻ,͸ʹሻ ൑ [𝑝˖ˇ]ሺ͵͵Ͳ,Ͳͻሻ ɫɨɛɥɸɞɟɧɨ. 
 
Ɋɚɫɱёɬ ɫɟɝɦɟɧɬɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ: 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɜɵɫɨɬɚ ɩɨɞɲɢɩɧɢɤɚ ℎ˒ = ͶͲͲ ˏˏ ɢ ɱɢɫɥɨ ɫɟɝɦɟɧɬɨɜ 𝑍˔ˈˆˏ = ͺ  
ɍɫɢɥɢɟ ɧɚ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɣ ɫɟɝɦɟɧɬ: 
 𝑅ଵ = ோ˓˃ˇଵ+ଶ∙c୭ୱ ఈ+ଶ∙c୭ୱሺଶఈሻ , ˍʜ                                                                     (3.49)  

 
ɝɞɟ 𝓪 − ɰɟɧɬɪɚɥɶɧɵɣ ɭɝɨɥ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɟɝɦɟɧɬɨɜ, ɪɚɜɧɵɣ: 

 𝓪 = ଷ଺଴௓˔ˈˆˏ                                                                                                   (3.50)  

 
ɍɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɝɦɟɧɬ: 
 𝑝˖ˇ = ோభ௟˔ˈˆˏ∙ℎ೙ ൑ [𝑝˖ˇ], ˍʞ˃                                                                          (3.51)  

 
ɝɞɟ 𝑙˔ˈˆˏ – ɞɥɢɧɚ ɫɟɝɦɟɧɬɚ ɜ ɨɤɪɭɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 
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 𝑙˔ˈˆˏ = ሺͲ,ͺͷ − Ͳ,ͻͲሻ𝓹 ∙ ௗ˒௓˔ˈˆˏ , ˏ                                                                (3.52)  

 
Ⱦɨɩɭɫɤɚɟɦɨɟ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ 
 [𝑝˖ˇ] = ͷͲ ∙ U, ˍʞ˃                                                                                 (3.53)  

 
Ɋɚɫɱёɬ: 
 𝑎 = ଷ଺଴𝑂଼ = Ͷͷ°  

 𝑅ଵ = ହହ,ହହ ଵ+ଶ∙c୭ୱ ସହ°+ଶ·c୭ୱ ଽ଴° = Ͷͺ,ͳͳ  ˍʜ  

 l˔ˈˆˏ = Ͳ,ͻ ∙ ͵,ͳͶ ∙ ଴,଼଻଴଼ = Ͳ,ʹͻ ˏ  

 𝑝˖ˇ = ହହ,ହହ଴,ଶଽ∙଴,ସ = ͶͳͶ,Ͷͳ ˍʞ˃  

 [𝑝˖ˇ] = ͷͲ ∙ ͳͳ,͵ͺ = ͷ͸ͻ,ͳ͵ ˍʞ˃  
 
ɍɫɥɨɜɢɟ 𝑝˖ˇ ሺͶͳͶ,Ͷͳሻ ൑ [𝑝˖ˇ]ሺͷ͸ͻ,ͳ͵ሻ ɫɨɛɥɸɞɟɧɨ. 
 
Ⱦɥɹ ɩɪɨɟɤɬɚ ɩɪɢɧɹɬ ɫɟɝɦɟɧɬɧɵɣ ɩɨɞɲɢɩɧɢɤ, ɤɚɤ ɛɨɥɟɟ ɧɚɞɟɠɧɵɣ. 
 
3.7 ȼɵɛɨɪ ɬɢɩɚ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢ 

ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 
 
Ɇɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɞɚɜɥɟɧɢɹ ɦɚɫɥɚ ɜ 

ɫɢɫɬɟɦɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɚɹ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɜɨɪɨɬ ɥɨɩɚɬɨɤ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 
ɚɩɩɚɪɚɬɚ. 

Ⱦɥɹ ɬɭɪɛɢɧɵ ɉɅ30ɛ-530 ɩɨ ɝɪɚɮɢɤɭ [10, ɪɢɫɭɧɨɤ 10.9, ɫ 144] ɨɩɪɟɞɟɥɢɥɢ 
ɫɥɟɞɭɸɳɢɣ ɬɢɩ MHɍ: MHɍ 4/1-40-4-2. 

Ⱦɥɹ ɪɚɞɢɚɥɶɧɨ - ɨɫɟɜɨɣ ɬɭɪɛɢɧɵ ɜɵɛɪɚɧ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ 
ɪɟɝɭɥɹɬɨɪ ɛɟɡ ɤɨɦɛɢɧɚɬɨɪɚ ɬɢɩɚ ɗȽɊ-150-4 ɝɞɟ: ɗȽɊ – ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ 
ɪɟɝɭɥɹɬɨɪ ɛɟɡ ɤɨɦɛɢɧɚɬɨɪɚ, 150 – ɞɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ, 4 – 
ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɤɨɥɨɧɤɚ 4-ɝɨ ɢɫɩɨɥɧɟɧɢɹ 
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4 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ 
 
4.1 ɇɚɡɧɚɱɟɧɢɟ ɤɥɚɫɫɚ ȽɌɋ 
 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ ɢ ɬɢɩɚ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɣ ɧɚɡɧɚɱɟɧ III  ɤɥɚɫɫ ȽɌɋ 

ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 1.1 2. ȼɵɫɨɬɚ 55,00 – 25,00 = 30,00 ɦ; ɫɤɚɥɶɧɨɟ 
ɨɫɧɨɜɚɧɢɟ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɢ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚɡɧɚɱɟɧ III ɤɥɚɫɫ 
ȽɌɋ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 1.2 2. ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ 138 Ɇȼɬ. 

ɑɢɫɥɨ ɩɨɫɬɨɹɧɧɨ ɩɪɨɠɢɜɚɸɳɢɯ ɥɸɞɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɫɬɪɚɞɚɬɶ ɩɪɢ 
ɚɜɚɪɢɢ ɧɚ Ƚɗɋ ɞɨ 500 ɱɟɥɨɜɟɤ; ɱɢɫɥɨ ɥɸɞɟɣ, ɭɫɥɨɜɢɹ, ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ 
ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɛɵɬɶ ɧɚɪɭɲɟɧɵ ɩɪɢ ɚɜɚɪɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɞɨ 
2000. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 1.3 2 ɧɚɡɧɚɱɟɧ III ɤɥɚɫɫ ȽɌɋ. 

ɂɬɨɝ: ɧɚɡɧɚɱɟɧ III ɤɥɚɫɫ ȽɌɋ, ɬɚɤ ɤɚɤ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɶɲɢɦ ɢɡ ɬɪёɯ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɚɛɥɢɰ. 

 
4.2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ 
 
4.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ 
 
4.2.1.1 Ƚɪɭɧɬɨɜɚɹ ɩɥɨɬɢɧɚ 
 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɜɵɱɢɫɥɟɧɚ: 
 ∇ʒʒʞ = ∇ʜʞʢ + ℎ௦ = ͷͷ,ͲͲ + ʹ,Ͷͻ = ͷ͹,Ͷͻ ≈ ͷ͹,ͷ ˏ,                           (4.1) 
 

ɝɞɟ ℎ௦ − ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɭɪɨɜɧɟɦ ɜ 
ɜɟɪɯɧɟɦ ɛɶɟɮɟ. 

 ℎ௦ = ℎ௥௨௡ଵ% + ∆ℎ௦௘௧ + 𝑎 = ͳ,ͻͺ + Ͳ,ͲͲʹͻ + Ͳ,ͷ = ʹ,Ͷͻ ˏ,                     (4.2) 
 

ɝɞɟ ℎ௥௨௡ଵ% − ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɪɚɫɱёɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 1% ɧɚ ɨɬɤɨɫ 
ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ; 

 ℎ௦௘௧ − ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ;  𝑎 = Ͳ,ͷ − ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ.  
 

ȼɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɪɚɫɫɱɢɬɚɧɚ ɩɨ ɮɨɪɦɭɥɟ: 
 ∆ℎ௦௘௧ = 𝑘௪ ∙ ௏ೢమ∙௅௚∙ௗ ∙ cos 𝓪 = ͳͶ,͹ ∙ ͳͲ−଻ ∙ ଵଷమ∙ଵ଻ସ଻ଽ,଼ଵ∙ଵହ ∙ cos Ͳ = Ͳ,ͲͲʹͻͷ ˏ.      (4.3) 

 
ɝɞɟ 𝑘௪ = ͳͶ,͹ ∙ ͳͲ−଻ − ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɋɉ 3; 

 
 𝑘௪ = ͵ ∙ ሺͳ + Ͳ,͵ ∙ 𝑉௪ሻ ∙ ͳͲ−଻ = ͵ ∙ ሺͳ + Ͳ,͵ ∙ ͳ͵ሻ ∙ ͳͲ−଻ 
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= ͳͶ,͹ ∙ ͳͲ−଻                        (4.4) 
 
 𝑉௪ = ͳ͵ ˏ/˔ − ɪɚɫɱёɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦ ɧɚɞ ɭɪɨɜɧɟɦ 

ɜɨɞɵ; 
 𝐿 − 1747 ɦ – ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ; 
 𝓪 = Ͳ − ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɨɣ ɨɫɶɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ 

ɜɟɬɪɚ; 
 𝑑 − ɭɫɥɨɜɧɚɹ ɪɚɫɱёɬɧɚɹ ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ, ɜ ɭɫɥɨɜɢɹɯ 

ɤɭɪɫɨɜɨɝɨ ɩɪɨɟɤɬɚ: 
 𝑑 = ∇ʜʞʢ−∇ʓʜʏଶ = ହହ,଴଴−ଶହ,଴଴ଶ = ͳͷ,Ͳ ˏ.                                                        (4.5) 

 
ȼɵɱɢɫɥɟɧɵ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ: 
 ௚௅௏ೢమ = ଽ,଼ଵ∙ଵ଻ସ଻ଵଷమ = ͳͲͳ,Ͷͳ                                                                                 (4.6) 

 ௚௧௏ೢమ = ଽ,଼ଵ∙ଶଵ଺଴଴ଵଷమ = ͳ͸͵ͲͲ                                                                                (4.7) 

 
ɝɞɟ 𝑡 = ͸ ˚ = ʹͳ͸ͲͲ ˔. 
 

ɂɡ ɝɪɚɮɢɤɚ 3, ɉɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫ. ȼ.1 ɩɨ ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ ɩɨ 
ɡɧɚɱɟɧɢɹɦ ௚௅௏ೢమ ɢ ௚௧௏ೢమ ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ: 

 

Ⱦɥɹ ௚௅௏ೢమ = ͳͲͳ,Ͷͳ                 
௚ℎ௏ೢమ = Ͳ,Ͳͳͻ;                           ௚்௏ೢమ = ͳ,͸ 

 

Ⱦɥɹ ௚௧௏ೢ = ͳ͸͵ͲͲ                 
௚ℎ௏ೢమ = Ͳ,Ͳͻ;                             

௚்௏ೢమ = Ͷ,Ͷ 

 
ɋɪɟɞɧɢɣ ɩɟɪɢɨɞ ɢ ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɥɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 
 𝑇 = ͳ,͸ ∙ ௏ೢ௚ = ͳ,͸ ∙ ଵଷଽ,଼ଵ = ʹ,ͳʹ ɫ. 
 ℎ = Ͳ,Ͳͳͻ ∙ ௏ೢమ௚ = Ͳ,Ͳͳͻ ∙ ଵଷమଽ,଼ଵ = Ͳ,͵͵ ɦ. 
 
ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ: 
 

ௗ = ௚்మଶగ = ଽ,଼ଵ∙ଶ,ଵଶమଶ∙ଷ,ଵସ = ͹,Ͳʹ ɦ.                                                                     (4.8) 

 
ɉɪɨɜɟɪɹɟɦ ɭɫɥɨɜɢɟ 𝑑 > Ͳ,ͷௗ, ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɬɚɤ ɤɚɤ 15,0 >3,51. 
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ȼɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
 ℎଵ% = ℎ ∙ 𝑘𝑖 = Ͳ,͵͵ ∙ ʹ,Ͳͻ = Ͳ,͸ͺ ɦ,                                                           (4.9) 
 

ɝɞɟ 𝑘𝑖 − ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ 3, ɉɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫɭɧɨɤ 
ȼ.2. 

ȼɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɧɚ ɨɬɤɨɫ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɞɥɹ 
ɮɪɨɧɬɚɥɶɧɨ ɩɨɞɯɨɞɹɳɢɯ ɜɨɥɧ: 

 ℎ௥௨௡ଵ% = 𝑘௥𝑘௣𝑘௦௣𝑘௥௨௡ℎଵ% = ͳ ∙ Ͳ,ͻ ∙ ͳ,Ͷ ∙ ʹ,͵ ∙ Ͳ,͸ͺ = ͳ,ͻͺ ɦ,              (4.10) 
 

ɝɞɟ 𝑘௥ = ͳ, 𝑘௣ = Ͳ,ͻ − ɤɨɷɮɮɢɰɢɟɧɬɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɨɬɤɨɫɚ, 
ɩɪɢɧɢɦɚɟɦɵɟ ɩɨ ɋɉ 3, ɉɪɢɥɨɠɟɧɢɟ Ƚ, ɪɢɫ. Ƚ.1; 

 𝑘௦௣ = ͳ,Ͷ − ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ 3, ɉɪɢɥɨɠɟɧɢɟ Ƚ, ɪɢɫ. Ƚ.2;  𝑘௥௨௡ = ʹ,͵ − ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɝɪɚɮɢɤɚɦ 3, ɉɪɢɥɨɠɟɧɢɟ Ƚ, 
ɪɢɫ. Ƚ.3 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɝɨɫɬɢ ɜɨɥɧɵ ೏ℎభ% = ଻,଴ଶ଴,଺଼ = ͳͲ,ʹ͹ ɧɚ ɝɥɭɛɨɤɨɣ 
ɜɨɞɟ. 

 
4.2.1.2 Ȼɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ 
 
Ⱦɥɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ 

ɨɩɪɟɞɟɥɟɧɚ: 
 ∇ʒʐʞ = ∇ʜʞʢ + ℎଵ% + ∇ℎ௦௘௧ + 𝑎 = ͷͷ,ͲͲ + Ͳ,͸ͺ + Ͳ,ͲͲʹͻ + Ͳ,Ͷ =  = ͷ͸,Ͳͻ ˏ,                                                                                               (4.11) 
 

ɝɞɟ 𝑎 = Ͳ,Ͷ ˏ − ɜɟɥɢɱɢɧɚ ɡɚɩɚɫɚ, ɡɚɜɢɫɢɬ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ. 
 
4.3 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ 
 
ɉɨ ɤɪɢɜɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɦɟɬɤɢ ɇȻ ɨɬ ɪɚɫɯɨɞɚ ɨɩɪɟɞɟɥɟɧɵ ɨɬɦɟɬɤɢ ɇȻ 

ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɩɨɜɟɪɨɱɧɨɦ ɫɥɭɱɚɹɯ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɚɡɧɚɱɟɧɧɵɦ ɤɥɚɫɫɨɦ 
ȽɌɋ: ɨɫɧɨɜɧɨɣ ɫɥɭɱɚɣ – 3%, ɩɨɜɟɪɨɱɧɵɣ – 0,5%. 

ɉɪɢ ɪɚɫɯɨɞɟ 𝑄ˏ˃ˍ˔.˓˃˔˚ˑ˔ː = ͵ͺ͵ͺ ˏଷ/˔  ˑ˕ˏˈ˕ˍ˃ ∇ʢʜʐ = ʹͺ,ͷͶ ˏ; 
ɉɪɢ ɪɚɫɯɨɞɟ 𝑄ˏ˃ˍ˔.˓˃˔˚˒ˑ˅ = Ͷ͸ͷ͵ ˏଷ/˔  ˑ˕ˏˈ˕ˍ˃ ∇ʢʜʐ = ʹͺ,͸ʹ ˏ; 
ɉɪɢ ɪɚɫɯɨɞɟ 𝑄˔˃ː.˒ˑ˒. = ͳͲͲ ˏଷ/˔  ˑ˕ˏˈ˕ˍ˃  ∇ʢʜʐ = ʹͷ,Ͷͺ ˏ. 
 
4.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɪɚɫɯɨɞɨɜ ɩɪɢ ɩɪɨɩɭɫɤɟ ɜɨɞɵ ɞɥɹ 

ɨɫɧɨɜɧɨɝɨ ɢ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱёɬɧɨɝɨ ɫɥɭɱɚɹ 
 
ɇɚɩɨɪ ɧɚ ɫɨɨɪɭɠɟɧɢɢ ɩɪɢ ɨɫɧɨɜɧɨɦ ɪɚɫɱёɬɧɨɦ ɫɥɭɱɚɟ: 
 



 

58 
 

𝐻ˑ˔ː = ∇ʜʞʢ − ∇ʜʐ(𝑄ˏ˃ˍ˔.˓˃˔˚ˑ˔ː ) = ͷͷ,ͲͲ − ʹͺ,ͷͶ = ʹ͸,Ͷ͸ ɦ.               (4.12) 
 
ɇɚɩɨɪ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ ɪɚɫɱёɬɧɨɦ ɫɥɭɱɚɟ: 
 𝐻˒ˑ˅ = ∇ʣʞʢ − ∇ʜʐ(𝑄ˏ˃ˍ˔.˓˃˔˚˒ˑ˅ ) = ͷ͹,ͲͲ − ʹͺ,͸ʹ = ʹͺ,͵ͺ ˏ               (4.13) 
 
ɉɚɜɨɞɨɤ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɩɭɳɟɧ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ, ɬɚɤ ɤɚɤ 𝐻ˑ˔ː > 𝐻௠̞𝑖௡. 

 
Ɋɚɫɯɨɞ ɱɟɪɟɡ ɨɞɢɧ ɝɢɞɪɨɚɝɪɟɝɚɬ ɩɪɢ ɨɫɧɨɜɧɨɦ ɪɚɫɱёɬɧɨɦ ɫɥɭɱɚɟ: 
 𝑄ʒʏ̝ˑː = ேʒʏሺˍʑ˕ሻଽ,଼ଵ∙ሺுˑ˔ː−∆ℎሻ∙ = ସ଺∙ଵ଴యଽ,଼ଵ∙ሺଶ଺,ସ଺−଴,ଷሻ∙଴,ଽଷ = ͳͻʹ,͹Ͷ ˏଷ/˔                       (4.14) 

 
Ɋɚɫɯɨɞ ɱɟɪɟɡ ɨɞɢɧ ɝɢɞɪɨɚɝɪɟɝɚɬ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ ɪɚɫɱёɬɧɨɦ ɫɥɭɱɚɟ: 
 𝑄ʒʏ˒ˑ˅ = ேʒʏ[ˍʑ˕]ଽ,଼ଵ∙ሺு˒ˑ˅−∆ℎሻ∙ = ସ଺∙ଵ଴యଽ,଼ଵ∙ሺଶ଼,ଷ଼−଴,ଷሻ∙଴,ଽଷ = ͳ͹ͻ,ͷ͸ ˏଷ/˔                       (4.15) 

 
ɋɨɝɥɚɫɧɨ ɋɉ 3 ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɩɭɫɤɟ 

ɪɚɫɱёɬɧɵɯ ɪɚɫɯɨɞɨɜ –  𝑚, ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ ሺ𝑛 − ͳሻ ɩɪɢ ɱɢɫɥɟ 
ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ Ƚɗɋ 𝑛 ൑ ͸. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 𝑚 = ͵ − ͳ = ʹ. 
 𝑄ʒЭʠˑ˔ː = 𝑄ʒʏ̝ˑː ∙ 𝑚 = ͳͻʹ,͹Ͷ ∙ ʹ = ͵ͺͷ,Ͷͺ ˏଷ/˔                                           (4.16) 
 𝑄ʒЭʠ˒ˑ˅ = 𝑄ʒʏ˒ˑ˅ ∙ 𝑚 = ͳ͹ͻ,ͷ͸ ∙ ʹ = ͵ͷͻ,ͳʹ ˏଷ/˔                                          (4.17) 
 
Ɋɚɫɱёɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɞɥɹ ɨɫɧɨɜɧɨɝɨ 

ɪɚɫɱёɬɧɨɝɨ ɫɥɭɱɚɹ ɫɨɫɬɚɜɥɹɟɬ: 
 𝑄˓˃˔˚ˑ˔ː = 𝑄ˏ˃ˍ˔.˓˃˔˚ˑ˔ː − 𝑄ʒЭʠˑ˔ː − 𝑄˔,                                                                   (4.18) 
  

ɝɞɟ 𝑄˔ = ௏˒ +௏˒ ˓்̝ ˓ = ଵ଻,଺ହ∙ଵ଴వଶ଴଻ଷ଺଴଴଴ = ͺͷͳ,ͳͺ ˏଷ/˔;  

 𝑄ˏ˃ˍ˔.˓˃˔˚ˑ˔ː = ͵ͺ͵ͺ ˏଷ/˔ – ɪɚɫɱёɬɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱёɬɧɨɝɨ 
ɫɥɭɱɚɹ. 

 𝑄˓˃˔˚ˑ˔ː = ͵ͺ͵ͺ − ͵ͺͷ,Ͷͺ − ͺͷͳ,ͳͺ = ʹ͸Ͳͳ,͵ͷ ˏଷ/˔. 
 
Ɋɚɫɱёɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɞɥɹ ɩɨɜɟɪɨɱɧɨɝɨ 

ɪɚɫɱёɬɧɨɝɨ ɫɥɭɱɚɹ ɫɨɫɬɚɜɥɹɟɬ: 
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𝑄˓˃˔˚˒ˑ˅ = 𝑄ˏ˃ˍ˔.˓˃˔˚˒ˑ˅ − 𝑄ʒЭʠ˒ˑ˅ − 𝑄˔ = Ͷ͸ͷ͵ − ͵ͷͻ,ͳʹ − ͺͷͳ,ͳͺ = ͵ͶͶʹ,͹ ˏଷ/˔,  
 

ɝɞɟ 𝑄ˏ˃ˍ˔.˓˃˔˚˒ˑ˅ = Ͷ͸ͷ͵ ˏଷ/˔ −ɪɚɫɱёɬɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɩɨɜɟɪɨɱɧɨɝɨ 
ɪɚɫɱёɬɧɨɝɨ ɫɥɭɱɚɹ. 

 
 
4.3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɞɪɭɝɢɟ ɜɨɞɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ 

ɝɢɞɪɨɭɡɥɚ 
 
Ɋɚɫɱɟɬɧɵɟ ɪɚɫɯɨɞɵ ɦɨɝɭɬ ɫɛɪɚɫɵɜɚɬɶɫɹ ɱɟɪɟɡ ɝɥɭɛɢɧɧɵɟ ɜɨɞɨɫɛɪɨɫɵ ɢɥɢ 

ɞɨɧɧɵɟ ɨɬɜɟɪɫɬɢɹ. Ⱦɨɧɧɵɣ ɜɨɞɨɫɛɪɨɫ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɨɩɨɪɨɠɧɟɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɠɟ ɜɨɞɨɫɩɭɫɤɨɦ (ɜɨɞɨɜɵɩɭɫɤɨɦ). ɉɨɥɧɨɟ 
ɨɩɨɪɨɠɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶɫɹ ɩɪɢ ɥɢɤɜɢɞɚɰɢɢ ȽɌɋ. 

Ɂɚɞɚɟɦɫɹ ɞɢɚɦɟɬɪɨɦ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ: 𝐷 = ͵ ˏ. 
ɉɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ ɰɟɧɬɪɚ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ ɐɈ ɜɵɲɟ 

ɩɨɬɨɥɤɚ ɝɚɥɟɪɟɢ ɧɟ ɦɟɧɟɟ ɱɟɦ ஽ଶ + ʹˏ = ଶଶ + ʹ = ͵ˏ. ʑ ˇ˃ːːˑˏ ˔ˎ˖˚˃ˈ ͵,ͷ ˏ.  
 ∇ʥʝ = ∇˒ˑˎ ˆ˃ˎˈ˓ˈˋ + ℎˆ˃ˎˈ˓ˈˋ + ͵,ͷ,                                                (4.19) 
 

ɝɞɟ ∇˒ˑˎ ˆ˃ˎˈ˓ˈˋ = ʹͷ,ͲͲˏ; 
 ℎˆ˃ˎˈ˓ˈˋ = ͵,ͷ ˏ – ɜɵɫɨɬɚ ɝɚɥɟɪɟɢ. 
 
 ∇ʥʝ = ʹͷ,ͲͲ + ͵,ͷ + ͵,ͷ = ͵ʹ,ͲͲ ˏ, 
 
ɇɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ: 
 𝐻 = ∇ʜʞʢ+∇ʢʛʝଶ − ∇ʥʝ = ହହ,଴଴+ସ଼,ଷ଼ଶ − ͵ʹ,ͲͲ = ͳͻ,͸ͻ ˏ                       (4.20) 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ: 
 
 𝑄 = 𝜇 ∙ 𝜔 ∙ √ʹ ∙ 𝑔 ∙ 𝐻,                       (4.21) 
 
ɝɞɟ 𝜇- ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ 0,8; 𝜔- ɩɥɨɳɚɞɶ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ. 
 𝑄 = 𝜇 ∙ 𝜔 ∙ √ʹ ∙ 𝑔 ∙ 𝐻 = Ͳ,ͺ ∙ ͵,ͳͶ ∙ ͳ,ͷଶ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ͳͻ,͸ͻ = ͳͳͳ,Ͳͻˏଷ/˔ 

 
Ʉɨɥɢɱɟɫɬɜɨ ɜɨɞɨɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɪɨɩɭɫɤɚ 

ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ: 
 𝑛 = ொ೎ொ = ଼ହଵ,ଵ଼ଵଵଵ,଴ଽ = ͹,͸͸ ˏ ≈ ͺ ˏ,                                                               (4.22) 
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4.3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 
 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
 𝐵 = ொ˓˃˔˚ˑ˔ː௤˅ = ଶ଺଴ଵ,ଷହଶ଺,ହହ = ͻͺ ɦ,                                                                         (4.23) 

 
Ʉɨɧɫɬɪɭɤɬɢɜɧɨ ɩɪɢɧɢɦɚɟɦ 𝑏 = ͳͶ ˏ. 

ɝɞɟ 𝑞˅ − ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ, ɪɚɜɧɵɣ: 
 𝑞˅ = ͳ,ʹͷ ∙ 𝑞˓ = ͳ,ʹͷ ∙ ʹͳ,ʹͶ = ʹ͸,ͷͷ ˏଷ/˔                                             (4.24) 
 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ: 
 𝑞˓ = [𝑣ℎ] ∙ ℎʜʐ = ͷ ∙ ͵,ͷͶ = ʹͳ,ʹͶ ˏଷ/˔,                                                  (4.25) 
 

ɝɞɟ [𝑣ℎ] − ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ; 
 ℎʜʐ = ͵,ͷͶ ˏ − ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɢɜɨɣ ∇ʜʐ = 𝑓ሺ𝑄ʜʐሻ ˒˓ˋ 𝑄ˑ˔ː ௠௔௫. 

ɉɪɢ ɤɨɥɢɱɟɫɬɜɟ ɩɪɨɥёɬɨɜ n>6 ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɧɟ ɨɬɤɪɵɬɢɹ ɨɞɧɨɝɨ ɢɡ ɧɢɯ ɢ ɡɚɩɪɨɟɤɬɢɪɨɜɚɬɶ ɧɚ ɨɞɢɧ ɩɪɨɥёɬ ɛɨɥɶɲɟ.  

ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 𝐵 = 𝑏 ∙ 𝑛 = ͳͶ ∙ ͺ = ͳͳʹ ɦ,                                                                       (4.26) 
 

ɝɞɟ 𝑏 = ͳͶ ˏ − ɫɬɚɧɞɚɪɬɧɚɹ ɲɢɪɢɧɚ ɩɪɨɥёɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ ɡɚɜɨɞɨɜ-ɢɡɝɨɬɨɜɢɬɟɥɟɣ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ; 

 𝑛 = ͺ − ɱɢɫɥɨ ɩɪɨɥёɬɨɜ. 
 
4.3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
 
ɉɨ ɨɫɧɨɜɧɨɣ ɮɨɪɦɭɥɟ ɪɚɫɯɨɞɚ ɞɥɹ ɜɨɞɨɫɥɢɜɨɜ ɜɫɟɯ ɬɢɩɨɜ ɦɟɬɨɞɨɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ ɨɩɪɟɞɟɥɹɸɬ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ, 
ɫɧɚɱɚɥɚ ɛɟɡ ɭɱёɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ (𝐻଴ଵሻ, ɚ ɡɚɬɟɦ ɫ ɭɱёɬɨɦ ɫɠɚɬɢɹ ɢ 
ɩɨɞɬɨɩɥɟɧɢɹ ሺ𝐻଴ଶሻ: 

 𝐻଴ଵ = ( ொ˓˃˔˚ˑ˔ː௠∙஻∙√ଶ௚)మయ = ቀ ଶ଺଴ଵ,ଷହ଴,ସଽ∙ଵ଺଼∙√ଶ∙ଽ,଼ଵ ቁమయ = ͵,͹ͳ ˏ                                        (4.27) 

 
ɝɞɟ 𝑚 = Ͳ,Ͷͻ − ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɚ ɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ 5, 
ɪɚɡɞɟɥ 6-4. 
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𝐻଴ଶ = ( ொ˓˃˔˚ˑ˔ː௠∙ఌ∙𝜎∙஻∙√ଶ௚)మయ = ቀ ଶ଺଴ଵ,ଷହ଴,ସଽ∙଴,ଽ଼∙ଵ∙ଵ଺଼∙√ଶ∙ଽ,଼ଵ ቁమయ = ͵,͹͹ ˏ,                         (4.28) 

 
ɝɞɟ 𝜎 = ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ 4, ɪɚɡɞɟɥ 6-3; 

 𝓮 − ɤɨɷɮɮɢɰɢɟɧɬ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ: 
 𝓮 = ͳ − Ͳ,ʹ ∙ ೤+ሺ௡−ଵሻ∙బ௡ ∙ ுబభ௕ = ͳ − Ͳ,ʹ ∙ ଴,଻+ሺଵଶ−ଵሻ∙଴,ସହଵଶ ∙ ଷ,଻ଵଵସ = Ͳ,ͻͺ.       (4.29) 

 
ɝɞɟ 𝑏 − ɲɢɪɢɧɚ ɩɪɨɥёɬɚ; 𝑛 − ɱɢɫɥɨ ɩɪɨɥёɬɨɜ; 

 ௬ = Ͳ,͹ − ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ; 
 ଴ = Ͳ,Ͷͷ − ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ ɞɥɹ 

ɩɨɥɭɤɪɭɝɥɨɝɨ ɨɱɟɪɬɚɧɢɹ. 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱёɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ 

ɜɨɞɨɫɥɢɜɭ: 
 𝐻 = 𝐻଴ଶ ∙ ௔∙௏బమଶ௚ = ͵,͹͹ ∙ ଵ,ଵ∙଴,ସଵమଶ∙ଽ,଼ଵ = ͵,͹͸ ˏ,                                                  (4.30) 

 

ɝɞɟ    𝑉଴ = ொ˓˃˔˚ˑ˔ːሺ∇ʜʞʢ−∇ʓʜʏሻ∙ሺ஻+ሺ௡−ଵሻ∙ఋʐሻ = ଶ଺଴ଵ,ଷହሺହହ,଴଴−ଶହ,଴଴ሻ∙ሺଵ଺଼+ሺଵଶ−ଵሻ∙ସሻ = Ͳ,Ͷͳ ˏ̝ ; 
 𝓭ʐ = 4 ɦ – ɬɨɥɳɢɧɚ ɛɵɤɚ; 𝐵 = ͳ͸ͺ ˏ − ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ. 
 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ: 
 ∇ʒʑ = ∇ʜʞʢ − 𝐻˔˕ = ͷͷ,ͲͲ − Ͷ = ͷͳ,ͲͲ ˏ,                                       (4.31) 
 

ɝɞɟ 𝐻˔˕ = Ͷ ˏ − ɫɬɚɧɞɚɪɬɧɵɣ ɧɚɩɨɪ, ɛɥɢɠɚɣɲɢɣ ɤ 𝐻 = ͵,͹͸ˏ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ. 

 
4.3.5 ɉɪɨɜɟɪɤɚ ɩɪɨɩɭɫɤɚ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱёɬɧɨɝɨ ɪɚɫɯɨɞɚ 
 
ɉɨ ɨɫɧɨɜɧɨɣ ɮɨɪɦɭɥɟ ɪɚɫɯɨɞɚ ɞɥɹ ɜɨɞɨɫɥɢɜɨɜ ɜɫɟɯ ɬɢɩɨɜ ɦɟɬɨɞɨɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ ɨɩɪɟɞɟɥɹɸɬ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ, 
ɫɧɚɱɚɥɚ ɛɟɡ ɭɱёɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ ሺ𝐻଴ଵሻ, ɚ ɡɚɬɟɦ ɫ ɭɱёɬɨɦ ɫɠɚɬɢɹ ɢ 
ɩɨɞɬɨɩɥɟɧɢɹ ሺ𝐻଴ଶሻ: 

 𝐻଴ଵ = ( ொ˓˃˔˚˒ˑ˅௠∙஻∙√ଶ௚)మయ = ቀ ଷସସଶ,଻଴଴,ସଽ∙ଵ଺଼∙√ଶ∙ଽ,଼ଵቁమయ = Ͷ,Ͷ͹ ˏ                                       (4.32) 

 𝐻଴ଶ = ( ொ˓˃˔˚˒ˑ˅௠∙ఌ∙𝜎∙஻∙√ଶ௚)మయ = ቀ ଷସସଶ,଻଴଴,ସଽ∙଴,ଽ଻∙ଵ∙ଵ଺଼∙√ଶ∙ଽ,଼ଵቁమయ = Ͷ,ͷ͸ ˏ,                        (4.33) 
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ɝɞɟ 𝓮 − ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ: 

 𝓮 = ͳ − Ͳ,ʹ ∙ ೤+ሺ௡−ଵሻ∙బ௡ ∙ ுబభ௕ = ͳ − Ͳ,ʹ ∙ ଴,଻+ሺଵଶ−ଵሻ∙଴,ସହଵଶ ∙ ଷ,଻ଵଵସ = Ͳ,ͻ͹,    (4.34) 

 
ɝɞɟ 𝑏 = ͳͶ − ɲɢɪɢɧɚ ɩɪɨɥёɬɚ; 

 𝑛 = ͳʹ − ɱɢɫɥɨ ɩɪɨɥёɬɨɜ; 
 ௬ = Ͳ,͹ − ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ; 
 ଴ = Ͳ,Ͷͷ − ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ ɞɥɹ 

ɩɨɥɭɤɪɭɝɥɨɝɨ ɨɱɟɪɬɚɧɢɹ. 
 

ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱёɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ 
ɜɨɞɨɫɥɢɜɭ: 

 𝐻˒ˑ˅ = 𝐻଴ଶ − ௔∙௏బమଶ௚ = Ͷ,ͷ͸ ∙ ଵ,ଵ∙଴,ହଵమଶ∙ଽ,଼ଵ = Ͷ,ͷͶ ˏ,                                     (4.35) 

 

ɝɞɟ 𝑉଴ = ொ˓˃˔˚˒ˑ˅ሺ∇ʜʞʢ−∇ʓʜʏሻ∙ሺ஻+ሺ௡−ଵሻ∙ఋʐሻ = ଷସସଶ,଻଴ሺହହ,଴଴−ଶହ,଴଴ሻ∙ሺଵ଺଼+ሺଵଶ−ଵሻ∙ସሻ = Ͳ,ͷͳ ˏ̝ ; 
 𝓭ʐ = 4 ɦ – ɬɨɥɳɢɧɚ ɛɵɤɚ; 

 𝐵 = ͳ͸ͺ ˏ − ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ. 
 
Ɋɚɫɱёɬɧɚɹ ɨɬɦɟɬɤɚ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ: 
 ∇ʣʞʢ˓ = ∇ʒʑ + 𝐻˒ˑ˅ = ͷͳ,ͲͲ + Ͷ,ͷͶ = ͷͷ,ͷͶˏ                             (4.36) 
 
ɉɪɢɧɹɬɚ ɩɪɨɟɤɬɧɚɹ ɨɬɦɟɬɤɚ ∇ʣʞʢ = ͷ͹,ͲͲ ˏ. 
 
4.3.6 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 
 
Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 

4.1 ɢɫɩɨɥɶɡɨɜɚɧɚ ɬɚɛɥɢɰɚ 6-12 5. Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 4.1 ɩɪɨɮɢɥɹ ɩɨɥɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ ɭɦɧɨɠɟɧɢɹ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ ɧɚ 
ɡɧɚɱɟɧɢɟ 𝐻˔˕ = Ͷ,Ͳ ɦ. 

ɋɨɩɪɹɠɟɧɢɟ ɜɨɞɨɥɢɜɧɨɣ ɝɪɚɧɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜɨɞɨɛɨɹ ɨɱɟɪɱɟɧɨ ɩɨ ɞɭɝɟ 
ɪɚɞɢɭɫɨɦ 10,16 ɦ, ɨɩɪɟɞɟɥёɧɧɵɦ ɩɨ ɬɚɛɥɢɰɟ 6-14 5. 
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Ɋɢɫɭɧɨɤ 4.1 – ɉɪɨɮɢɥɶ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 

Ɍɚɛɥɢɰɚ 4.1 – Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɮɢɥɹ 
№ x y x*  y* 
1 0 0,126 0 0,504 
2 0,1 0,036 0,4 0,144 
3 0,2 0,007 0,8 0,028 
4 0,3 0 1,2 0 
5 0,4 0,006 1,6 0,024 
6 0,5 0,027 2 0,108 
7 0,6 0,06 2,4 0,24 
8 0,7 0,1 2,8 0,4 
9 0,8 0,146 3,2 0,584 
10 0,9 0,198 3,6 0,792 
11 1 0,256 4 1,024 
12 1,1 0,321 4,4 1,284 
13 1,2 0,394 4,8 1,576 
14 1,3 0,475 5,2 1,9 
15 1,4 0,564 5,6 2,256 
16 1,5 0,661 6 2,644 

 
Ɉɬɦɟɬɤɚ ɜɟɪɯɚ ɛɵɤɚ ɨɩɪɟɞɟɥɟɧɚ 
: ∇ʒʐ = ∇ʒʑ + ͳ,͸𝐻˔˕ = ͷͳ,ͲͲ + ͳ,͸ ∙ Ͷ = ͷ͹,ͶͲ ˏ                               (4.37) 
 
ɉɪɨɟɤɬɧɚɹ ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ ɩɥɨɬɢɧ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ ɩɪɢɧɹɬɚ: 
 ∇ʒʞ = ʜʏИʐ[∇ʒʞ, ∇ʒʐʞ, ∇ʒʐ] = ͷ͹,ͷͲ ˏ                                            (4.38) 
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ɋɨɩɪɹɠɟɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜɨɞɨɛɨɹ ɦɨɠɧɨ ɨɱɟɪɬɢɬɶ 
ɩɨ ɞɭɝɟ ɋ-D ɪɚɞɢɭɫɨɦ 𝑅 = ͳͲ,ͳ͸ ˏ. ȼɟɥɢɱɢɧɭ ɷɬɨɝɨ ɪɚɞɢɭɫɚ ɧɚɡɧɚɱɚɸɬ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ ɩɥɨɬɢɧɵ 𝑝˅ = ͵Ͳ ˏ ɢ ɧɚɩɨɪɚ ɧɚ ɜɨɞɨɫɥɢɜɟ 𝐻˔˕ = Ͷ,ͲͲ ˏ, 
ɨɩɪɟɞɟɥёɧɧɵɦ ɩɨ ɬɚɛɥɢɰɟ 6-14 5. 

 
4.3.7 Ɋɚɫɱёɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ 
 
ɉɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
 𝑇଴ = ∇ʜʞʢ − ∇ʓʜʏ = ͷͷ,ͲͲ − ʹͷ,ͲͲ = ͵Ͳ,ͲͲ ˏ                                   (4.39) 
 
Ʉɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ: 
 ℎˍ˓ = √ ఈ∙ொమ˓ሺ஻+∑ሺ௡−ଵሻ∙ఋʐሻమ∙௚య = √ ଵ,ଵ∙ଶ଺଴ଵ,ଷହమሺଵ଺଼+ሺଵଶ−ଵሻ∙ସሻమ∙ଽ,଼ଵ =య ʹ,ͷ͹ ˏ                         (4.40) 

 

ȼɵɱɢɫɥɹɟɦ ɨɬɧɨɲɟɧɢɟ 𝜉 బ் = బ்ℎˍ˓ = ଷ଴,଴଴ଶ,ହ଻ = ͳͳ,͸ͻ ɦ ɢ ɨɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ 𝜑 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɫɥɢɜɧɨɣ ɝɪɚɧɢ ɩɨ ɬɚɛɥɢɰɟ 9-
10 5. 

ɉɨ ɝɪɚɮɢɤɭ Ɇ.Ⱦ. ɑɟɪɬɨɭɫɨɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ 𝜑 ˋ 𝜉 బ் , ɨɩɪɟɞɟɥɹɟɦ 𝓯 ′̝ = Ͳ,ʹʹͶ ˋ 𝓯′′̝ = ʹ,ͻͷ. 
ɋɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 ℎ′̝ = 𝓯 ′̝ ∙ ℎˍ˓ = Ͳ,ʹʹͶ ∙ ʹ,ͷ͹ = Ͳ,͸ ˏ                                                          (4.41) 
 ℎ′̝′ = 𝓯 ′̝′ ∙ ℎˍ˓ = ʹ,ͻͷ ∙ ʹ,ͷ͹ = ͹,͸ ˏ                                                          (4.42) 
 ℎ′̝′ = ͹,͸ ˏ > ℎʜʐ = ͵,ͷͶ ˏ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɇȻ ɨɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ. 
Ɉɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ ɧɟ ɞɨɩɭɫɬɢɦ, ɩɨɷɬɨɦɭ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɫɨɩɪɹɠɟɧɢɟ 

ɛɶɟɮɨɜ ɩɨ ɬɢɩɭ ɡɚɬɨɩɥɟɧɧɨɝɨ ɩɪɵɠɤɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɜ ɧɢɠɧɟɦ 
ɛɶɟɮɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɝɥɭɛɢɧɭ ɢɥɢ ɩɨɝɚɫɢɬɶ ɱɚɫɬɶ ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɫ 
ɩɨɦɨɳɶɸ ɝɚɫɢɬɟɥɟɣ ɷɧɟɪɝɢɢ. Ⱦɥɹ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɜɵɫɨɬɨɣ 
ɦɟɧɟɟ 40 ɦ ɝɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɫɛɪɚɫɵɜɚɟɦɨɣ ɜɨɞɵ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ 
ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɨɣ. 

 
4.3.8 Ɋɚɫɱёɬ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ 
 
Ɋɚɫɫɱɢɬɚɟɦ ɜɵɫɨɬɭ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ ɩɨ ɮɨɪɦɭɥɟ: 
 ℎ˔˕ = 𝜎ℎ"௖ − ʜ˔˕,                                                                                                 (4.43) 
 

ɝɞɟ ʜ˔˕ − ɧɚɩɨɪ ɧɚɞ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɨɣ, ɪɚɜɧɵɣ: 
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ʜ˔˕ = ( ௤௠∙√ଶ∙௚)మయ − ఈ∙௤మଶ∙௚∙(𝜎∙ℎ೎" )మ,                                                                                (4.44) 𝑞 – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ, ɪɚɜɧɵɣ: 
 𝑞 = ொˑ˔ː.˓˃˔˚.ሺ஻+௕ሻ+ሺ୬−ଵሻ∙ఋʐ,                                                                                                    (4.45) 

 𝑞 = ଶ଺଴ଵ,ଷହሺଵ଺଼+ଵସሻ+ሺଵଶ−ଵሻ∙ସ = ͳʹ,ʹ͹ ˏమ௖ ,  
 𝜎 – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ, 𝜎 = ͳ,ͳ; 𝑚 − ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɫɬɟɧɤɢ, ɪɚɜɧɵɣ 0,35. 

 ʜ˔˕ = ቀ ଵଶ,ଶ଻଴,ଷହ∙√ଶ∙ଽ,଼ଵቁమయ − ଵ,ଵ∙ଵଶ,ଶ଻మଶ∙ଽ,଼ଵ∙ሺଵ,ଵ∙଻,଺ሻమ = ͵,ͺͷ ˏ,  
 
ȼɵɫɨɬɚ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ: 
 
 ℎ˔˕ = ͳ,ͳ ∙ ͹,͸ − ͵,ͺͷ = Ͷ,Ͷ͹ ˏ. 
 
ɉɪɢɦɟɪ ɜɨɞɨɫɥɢɜɧɨɣ ɫɬɟɧɤɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 4.2. 
 

 
 

Ɋɢɫɭɧɨɤ 4.2 – ɋɯɟɦɚ ɤ ɪɚɫɱёɬɭ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ 
 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɫɨɬɵ ɫɬɟɧɤɢ  ℎ˔˕ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɭɫɥɨɜɢɟ 
ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ ɡɚ ɫɬɟɧɤɨɣ: 

 
ɉɪɢɧɢɦɚɟɦ ɩɨɥɧɭɸ ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɩɟɪɟɞ ɫɬɟɧɤɨɣ ɪɚɜɧɨɣ: 
 ʡˑ = ℎ˔˕ + ʜ˔˕,                                                                                                        (4.46) 
 ʡˑ = Ͷ,Ͷ͹ + ͵,ͺͷ = ͺ,͵ʹ ˏ.  
 
ȼɵɱɢɫɥɹɟɦ ɨɬɧɨɲɟɧɢɟ ɩɨ: 
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Ɍ୘బ = ʡˑ୦ˍ˓ = ଼,ଷଶଶ,ହ଻ = ͵,ʹͷ.  
 
Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ ɪɚɫɱёɬɭ ɩɨ [3] ɨɩɪɟɞɟɥɹɟɦ: 
  Ɍc = Ͳ,ͶͶͷ,  Ɍc′′ = ͳ,ͺ;  
 
Ɉɩɪɟɞɟɥɹɟɦ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ: 
 hc′ = Ɍc ∙ hˍ˓ = Ͳ,ͶͶͷ ∙ ʹ,ͷ͹ = ͳ,ͳ ˏ, 

 hc′′ = Ɍc′′ ∙ hˍ˓ = ͳ,ͺ ∙ ʹ,ͷ͹ = Ͷ,͸ ˏ. 
 
Ɍɚɤ ɤɚɤ  ℎ′′௖ = Ͷ,͸ ˏ > ℎʜʐ = ͵,ͷͶ ˏ, ɡɚ ɫɬɟɧɤɨɣ ɧɟ ɨɛɪɚɡɭɟɬɫɹ 

ɡɚɬɨɩɥɟɧɧɵɣ ɩɪɵɠɨɤ, ɩɪɨɜɟɞёɦ ɚɧɚɥɨɝɢɱɧɵɣ ɪɚɫɱёɬ ɞɥɹ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ 
ɫɬɟɧɤɢ. 

 ʜ˔˕ = ቀ ଵଶ,ଶ଻଴,ଷହ∙√ଶ∙ଽ,଼ଵቁమయ − ଵ,ଵ∙ଵଶ,ଶ଻మଶ∙ଽ,଼ଵ∙ሺଵ,ଵ∙ସ,଺ሻమ = ͵,͸Ͷ ˏ.  
 
ȼɵɫɨɬɚ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ: 
 
 ℎ˔˕ = ͳ,ͳ ∙ Ͷ,͸ − ͵,ͺͷ = ͳ,ʹ͵ ˏ. 
 

 
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɫɨɬɵ ɫɬɟɧɤɢ  ℎ˔˕ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɭɫɥɨɜɢɟ 

ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ ɡɚ ɫɬɟɧɤɨɣ: 
 
ɉɪɢɧɢɦɚɟɦ ɩɨɥɧɭɸ ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɩɟɪɟɞ ɫɬɟɧɤɨɣ ɪɚɜɧɨɣ: 
 ʡˑ = ͳ,ʹ͵ + ͵,͸Ͷ = Ͷ,ͺ͹ ˏ.  
  
ȼɵɱɢɫɥɹɟɦ ɨɬɧɨɲɟɧɢɟ: 
 Ɍ୘బ = ʡˑ୦ˍ˓ = ସ,଼଻ଶ,ହ଻ = ͳ,ͻ.  
 
Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ ɪɚɫɱёɬɭ ɩɨ [3] ɨɩɪɟɞɟɥɹɟɦ: 
  Ɍc = Ͳ,͸ͻ,  Ɍc′′ = Ͳ,ͺ;  

 
Ɉɩɪɟɞɟɥɹɟɦ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ: 
 hc′ = Ɍc ∙ hˍ˓ = Ͳ,͸ͻ ∙ ʹ,ͷ͹ = ͳ,ͺ ˏ, 
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 hc′′ = Ɍc′′ ∙ hˍ˓ = Ͳ,ͺ ∙ ʹ,ͷ͹ = ʹ,ͳ ˏ. 
 
Ɍɚɤ ɤɚɤ  ℎ′′௖ = ʹ,ͳ ˏ < ℎʜʐ = ͵,ͷͶ ˏ, ɡɚ ɫɬɟɧɤɨɣ ɨɛɪɚɡɭɟɬɫɹ ɡɚɬɨɩɥɟɧɧɵɣ 

ɩɪɵɠɨɤ, ɱɟɝɨ ɢ ɬɪɟɛɨɜɚɥɨɫɶ ɞɨɛɢɬɶɫɹ. 
 
Ɍɨɥɳɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ: 
 𝓭˅ = Ͳ,ͳͷ ∙ 𝑣௖ ∙ √ℎ௖′ ,                                                                                                (4.47) 
 

ɝɞɟ 𝑣௖ − ɫɤɨɪɨɫɬɶ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ, ɪɚɜɧɚɹ: 
 𝑣௖ = ௤ℎ೎′ = ଵ଻,଻ଵ,ଵ = ͳͷ,ͷ ˏ/˔,                                                                              (4.48) 

 
Ɍɨɝɞɚ ɬɨɥɳɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ ɪɚɜɧɚ: 
 𝓭˅ = Ͳ,ͳͷ ∙ ͳͷ,ͷ ∙ √ͳ,ͳ = ʹ,ͷ ˏ.  
 
Ⱦɥɢɧɚ ɜɨɞɨɛɨɹ:  
 𝑙˅ = ሺͲ,͹ͷ ÷ ͳሻ ∙ 𝑙˒˓,                                                                                           (4.49) 
 

ɝɞɟ 𝑙˒˓ − ɞɥɢɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɵɠɤɚ, ɪɚɜɧɚɹ: 
 𝑙˒˓ = ʹ,ͷ ∙ ሺͳ,ͻℎ′௖′ − ℎ௖′ ) =ʹ,ͷ ∙ ሺͳ,ͻ ∙ Ͷ,͸ − ͳ,ͳሻ = ͳͻ,ͳ ˏ,                         (4.50) 
 𝑙˅ = ͳ ∙ ͳͻ,ͳ = ͳͻ,ͳˏ.  
 
4.4 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɩɥɨɬɢɧɵ 
 
4.4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 
 
Ɍɪɟɭɝɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ, ɢɦɟɸɳɢɣ ɦɢɧɢɦɚɥɶɧɭɸ 

ɲɢɪɢɧɭ ɩɨɧɢɡɭ, ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ. ɗɬɨɬ ɩɪɨɮɢɥɶ ɞɨɥɠɟɧ 
ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ ɭɫɥɨɜɢɹɦ: ɨɬɫɭɬɫɬɜɢɸ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ 
ɩɥɨɬɢɧɟ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɟё ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ. 

Ƚɪɚɜɢɬɚɰɢɨɧɧɵɟ ɛɟɬɨɧɧɵɟ ɩɥɨɬɢɧɵ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ 
ɤɨɧɫɬɪɭɢɪɭɸɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɢ ɛɟɡ 
ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ, ɬɚɤ ɤɚɤ ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɤɚɥɶɧɨɝɨ ɨɫɧɨɜɚɧɢɹ 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ. ɉɨ ɷɬɢɦ ɩɪɢɱɢɧɚɦ ɨɩɬɢɦɚɥɶɧɵɣ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɮɢɥɶ 
ɬɚɤɨɣ ɩɥɨɬɢɧɵ - ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ ɫ ɜɟɪɲɢɧɨɣ ɧɚ ɨɬɦɟɬɤɟ ɇɉɍ. 
Ɂɚɥɨɠɟɧɢɟ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 0,7÷0,8, ɚ 
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ɩɪɢ ɨɰɟɧɤɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɜɟɥɢɱɢɧɭ ɡɚɥɨɠɟɧɢɹ ɦɨɠɧɨ 
ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ. 

ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ ℎ ɪɚɜɧɚ: 
 ℎ = ∇ʜʞʢ − ∇ʞʝʓ = ͷͷ,ͲͲ − ͳͻ,ͷͲ = ͵ͷ,ͷͲ ˏ,                                    (4.51) 
 

ɝɞɟ ∇ʞʝʓ = ∇ʓʜʏ − ሺ͵,ͷ + ʹሻ = ʹͷ,ͲͲ − ሺ͵,ͷ + ʹሻ = ͳͻ,ͷͲ ˏ.                     
(4.52) 

               
ɂɡ ɭɫɥɨɜɢɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɧɚ ɫɞɜɢɝ ɩɨ ɨɫɧɨɜɚɧɢɸ ɲɢɪɢɧɚ 

ɩɨɞɨɲɜɵ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 Ͳ,͹ℎ = Ͳ,͹ ∙ ͵ͷ,ͷͲ = ʹͶ,ͺͷ ˏ                                                                   (4.53) 
 Ͳ,ͺℎ = Ͳ,ͺ ∙ ͵ͷ,ͷͲ = ʹͺ,Ͷ ˏ                                                                     (4.53) 
 
ɉɪɢɧɢɦɚɟɦ ȼ ɰɟɥɨɟ ɱɢɫɥɨ ɜ ɞɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ: ʑ = ʹͷˏ. 
 
4.4.2 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɲɜɚɦɢ 
 
ɒɜɵ ɭɫɬɪɚɢɜɚɸɬ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɨɧɨɥɢɬɧɨɫɬɢ ɛɟɬɨɧɚ ɫɟɤɰɢɣ ɩɥɨɬɢɧɵ 

ɦɟɠɞɭ ɲɜɚɦɢ ɩɪɢ ɧɟɪɚɜɧɨɦɟɪɧɨɣ ɨɫɚɞɤɟ ɩɥɨɬɢɧɵ ɢ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ. 

ȼ ɩɥɨɬɢɧɟ, ɜɨɡɜɨɞɢɦɨɣ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ, ɪɚɡɪɟɡɤɚ ɲɜɚɦɢ ɧɚ ɫɟɤɰɢɢ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɨɫɹɦ ɛɵɤɨɜ.  

ɒɢɪɢɧɚ ɫɟɤɰɢɢ ɫɨɫɬɚɜɥɹɟɬ: 
 𝐵˔ˈˍ = 𝑏 + 𝓭˄ = ͳͶ + Ͷ = ͳͺ ˏ,                                                                (4.54) 
 

ɝɞɟ 𝑏 − ɲɢɪɢɧɚ ɩɪɨɥёɬɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ; 
 𝓭˄ − ɬɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ. 

 
Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɲɜɵ ɞɥɹ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɩɪɢɧɢɦɚɸɬɫɹ 

ɲɢɪɢɧɨɣ 1 ɫɦ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5 ɦ ɨɬ ɥɢɰɟɜɵɯ ɝɪɚɧɟɣ ɝɪɟɛɧɹ, ɚ ɜɧɭɬɪɢ ɬɟɥɚ 
ɩɥɨɬɢɧɵ 0,3 ɫɦ. 

 
4.4.3 Ȼɵɤɢ 
 
Ɋɚɡɦɟɪɵ ɛɵɤɨɜ ɜɨɞɨɫɛɪɨɫɧɵɯ ɩɥɨɬɢɧ ɫɥɟɞɭɟɬ ɧɚɡɧɚɱɚɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɢɩɚ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɬɜɨɪɨɜ, ɪɚɡɦɟɪɨɜ ɜɨɞɨɫɛɪɨɫɧɵɯ ɨɬɜɟɪɫɬɢɣ, 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢ ɚɜɚɪɢɣɧɵɯ ɜɵɯɨɞɨɜ ɢɡ ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ, ɚ ɬɚɤɠɟ 
ɪɚɡɦɟɪɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɦɨɫɬɨɜɵɯ ɩɪɨɥɟɬɧɵɯ ɫɬɪɨɟɧɢɣ. 

Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɛɵɤɚ ɪɚɜɧɚ 4 ɦ. Ɋɚɡɪɟɡɧɨɣ ɛɵɤ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 
ɩɨɥɭɛɵɤɨɜ, ɢɯ ɫɭɦɦɚɪɧɚɹ ɬɨɥɳɢɧɚ ɨɛɵɱɧɨ ɧɚ 1,5 ɦ ɛɨɥɶɲɟ, ɱɟɦ ɧɟɪɚɡɪɟɡɧɨɝɨ. 
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ɉɪɢ ɷɬɨɦ ɬɨɥɳɢɧɭ ɩɚɡɨɜɨɝɨ ɩɟɪɟɲɟɣɤɚ ɛɵɤɚ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɧɟɨɛɯɨɞɢɦɨ 
ɧɚɡɧɚɱɚɬɶ 0,8 ɦ. 

ɉɚɡɵ ɪɚɛɨɱɢɯ ɡɚɬɜɨɪɨɜ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɥɢɧɢɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ, ɛɵɤɢ 
ɜɵɞɜɢɧɭɬɵ ɜ ɜɟɪɯɧɢɣ ɛɶɟɮ. ɒɢɪɢɧɚ ɩɚɡɚ ɫɨɫɬɚɜɥɹɟɬ 1 ɦ. ɉɚɡɵ ɪɟɦɨɧɬɧɵɯ 
ɡɚɬɜɨɪɨɜ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɪɚɡɦɟɳɟɧɵ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1,0 ɦ ɨɬ 
ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ, ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɭɞɨɛɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɧɚ ɧёɦ. 

 
4.4.4 ɍɫɬɨɢ 
 
ɍɫɬɨɢ ɩɥɨɬɢɧ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɡɚɳɢɬɵ, ɩɪɢɦɵɤɚɸɳɟɣ ɤ ɜɨɞɨɫɥɢɜɭ 

ɡɟɦɥɹɧɨɣ ɩɥɨɬɢɧɵ, ɢɥɢ ɛɟɪɟɝɚ ɨɬ ɪɚɡɦɵɜɚ ɜɨɞɨɣ, ɫɛɪɚɫɵɜɚɟɦɨɣ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ; 
ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɥɚɜɧɨɝɨ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɜɨɞɨɫɥɢɜɭ ɢ ɩɥɚɜɧɨɝɨ ɟɝɨ 
ɪɚɫɬɟɤɚɧɢɹ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ; ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɩɚɫɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɮɢɥɶɬɪɚɰɢɢ ɜ ɡɨɧɟ ɩɪɢɦɵɤɚɧɢɹ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɤ ɡɟɦɥɹɧɨɣ ɢɥɢ ɛɟɪɟɝɭ; 
ɬɚɤɠɟ ɨɧɢ ɫɥɭɠɚɬ ɨɩɨɪɚɦɢ ɞɥɹ ɡɚɬɜɨɪɨɜ ɢ ɦɨɫɬɨɜ. 

Ɋɚɡɥɢɱɚɸɬ ɭɫɬɨɢ ɫɨɩɪɹɝɚɸɳɢɟ, ɭɫɬɪɚɢɜɚɟɦɵɟ ɞɥɹ ɫɨɩɪɹɠɟɧɢɹ 
ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɫ ɝɪɭɧɬɨɜɨɣ ɢɥɢ ɫ ɛɟɪɟɝɨɦ (ɛɟɪɟɝɨɜɨɣ ɭɫɬɨɣ), ɢ 
ɪɚɡɞɟɥɶɧɵɟ (ɜ ɜɢɞɟ ɪɚɡɞɟɥɶɧɵɯ ɫɬɟɧɨɤ), ɤɨɬɨɪɵɟ ɨɬɞɟɥɹɸɬ ɜɨɞɨɫɥɢɜ ɨɬ ɝɥɭɯɨɣ 
ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɢɥɢ ɡɞɚɧɢɹ Ƚɗɋ. ɍɫɬɨɢ ɫɨɫɬɨɹɬ ɢɡ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ: 
ɩɪɨɞɨɥɶɧɨɣ ɩɨɞɩɨɪɧɨɣ ɫɬɟɧɤɢ, ɢɝɪɚɸɳɟɣ ɪɨɥɶ ɛɟɪɟɝɨɜɨɝɨ ɛɵɤɚ (ɜ ɩɪɟɞɟɥɚɯ 
ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ ɜɨɞɨɫɥɢɜɚ), ɜɟɪɯɨɜɨɣ ɫɨɩɪɹɝɚɸɳɟɣ ɫɬɟɧɤɢ (ɜ ɩɪɟɞɟɥɚɯ 
ɩɨɧɭɪɚ) ɢ ɧɢɡɨɜɨɣ ɫɨɩɪɹɝɚɸɳɟɣ ɫɬɟɧɤɢ, ɱɚɫɬɨ ɢɯ ɧɚɡɵɜɚɸɬ ɨɬɤɪɵɥɤɚɦɢ.  

 
4.4.5 Ⱦɪɟɧɚɠ ɬɟɥɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ 
 
ȼɞɨɥɶ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧ ɫɥɟɞɭɟɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɭɫɬɪɨɣɫɬɜɨ 

ɞɪɟɧɚɠɚ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ, ɢɦɟɸɳɢɯ ɜɯɨɞɵ ɜ ɩɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ. 
Ⱦɢɚɦɟɬɪ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ ɩɪɢɧɢɦɚɟɦ 20 ɫɦ. ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ 
ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɧɚɡɧɚɱɚɟɦ ɧɟ ɦɟɧɟɟ 𝑎ˇ˓ = ʹ ɦ. ɉɪɢ ɷɬɨɦ ɞɨɥɠɧɨ 
ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 

 𝑎ˇ˓ ൒ ு೏ ∙ఊ೙ூˍ˓.˕ ,                                                                                                  (4.55) 

 ʹ ˏ ൒ ଶଽ,ହଶ∙ଵ,ଵହଶହ = ͳ,͵͸ ˏ  

 
ɝɞɟ 𝐻ௗ = ʹͻ,ͷʹ ˏ − ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ;  𝓬௡ = ͳ,ͳͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ (ɞɥɹ 
III  ɤɥɚɫɫɚ ȽɌɋ); 

 𝐼ˍ˓.˕ = ʹͷ − ɤɪɢɬɢɱɟɫɤɢɣ ɫɪɟɞɧɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ. 
 

ɉɪɢɧɢɦɚɟɦ 𝑎ˇ˓ = ͳ,Ͷ ˏ. 
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4.4.6 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 
 
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ 

ɝɚɥɟɪɟɢ. ɉɨ ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ ɝɚɥɟɪɟɢ ɫɥɟɞɭɟɬ ɪɚɫɩɨɥɚɝɚɬɶ ɱɟɪɟɡ 15 ɦ. Ƚɚɥɟɪɟɢ, 
ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɟ ɞɥɹ ɫɛɨɪɚ ɢ ɨɬɜɨɞɚ ɜɨɞɵ, ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ 
ɢ ɭɩɥɨɬɧɟɧɢɹ ɲɜɨɜ, ɪɚɡɦɟɳɟɧɢɹ ɄɂȺ ɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɤɨɦɦɭɧɢɤɚɰɢɣ. 
Ƚɚɥɟɪɟɹ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɪɚɡɦɟɪɵ: ɲɢɪɢɧɚ – 2,5 ɦ, ɜɵɫɨɬɚ – 3,5 ɦ ɢ 
ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɨɬɦɟɬɤɚɯ 20,50ɦ, 39,00ɦ. ɉɪɢ ɧɚɥɢɱɢɢ ɧɟɫɤɨɥɶɤɢɯ ɝɚɥɟɪɟɣ ɜ 
ɩɥɨɬɢɧɟ ɧɢɠɧɹɹ, ɭɫɬɪɚɢɜɚɟɦɚɹ ɜɨɡɦɨɠɧɨ ɛɥɢɠɟ ɤ ɨɫɧɨɜɚɧɢɸ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɰɟɦɟɧɬɢɪɨɜɚɧɢɹ ɨɫɧɨɜɚɧɢɹ ɢ ɧɚɯɨɞɢɬɫɹ ɧɚ ɨɬɦɟɬɤɟ 20,50ɦ.    
 

4.5 Ɉɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɩɥɨɬɢɧɵ 
 
4.5.1 ɉɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ ɢ ɞɪɟɧɚɠɧɵɟ ɭɫɬɪɨɣɫɬɜɚ 
 
ȼ ɨɫɧɨɜɚɧɢɢ ɩɥɨɬɢɧɵ, ɫɬɨɹɳɟɣ ɧɚ ɫɤɚɥɟ, ɭɫɬɪɚɢɜɚɟɦ ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ 

ɡɚɜɟɫɭ ɢ ɜɟɪɬɢɤɚɥɶɧɵɣ ɞɪɟɧɚɠ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ 
ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 𝑙ଵ = ሺͲ,Ͳͷ ÷ Ͳ,ͳሻ ∙ 𝐵˒ = Ͳ,ͳ ∙ ʹͷ = ʹ,ͷˏ.                                                  (4.56) 
 

ɝɞɟ 𝐵˒ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
 

Ɋɚɫɫɬɨɹɧɢɟ 𝑙ଶ ɩɪɢɧɢɦɚɟɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ 𝑙ଶ = ͷ ˏ. 
 
Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ: 
 ℎˊ˃˅ = ሺͲ,ͷ ÷ Ͳ,ͺሻ ∙ 𝐻௠௔௫ = Ͳ,͸ ∙ ʹͻ,ͷʹ = ͳ͹,͹ͳ ˏ.                                   (4.5) 
 ˆˇˈ H୫ax −  ˏ˃ˍ˔ˋˏ˃ˎ˟ː˞ˌ ː˃˒ˑ˓. 
 H୫ax = ∇ʜʞʢ − ∇ʜʐmin = ͷͷ,ͲͲ − ʹͷ,Ͷͺ = ʹͻ,ͷʹ ˏ,  
 

ɝɞɟ ∇ʜʐmin –  ɦɢɧɢɦɚɥɶɧɚɹ ɨɬɦɟɬɤɚ ɇȻ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɨɩɭɫɤɭ 
ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɪɚɫɯɨɞɚ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɤɪɢɜɨɣ ∇ʢʜʐ = 𝑓ሺ𝑄ʜʐሻ.  

 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɪɹɞɚɦɢ ɰɟɦɟɧɬɚɰɢɨɧɧɵɯ ɫɤɜɚɠɢɧ, ɚ ɬɚɤɠɟ ɦɟɠɞɭ 

ɫɤɜɚɠɢɧɚɦɢ ɜ ɪɹɞɭ ɩɪɢɧɢɦɚɟɬɫɹ 2 ɦ. 
 
Ɍɨɥɳɢɧɚ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ: 
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𝓭ˊ˃˅ = ∆ு௃ˍ˓ ∙ 𝓬ℎ =  ଶ଴,଺଺ଵହ ∙ ͳ,ͳͷ = ͳ,͸ ˏ,                                                         (4.58) 

 
ɝɞɟ ∆𝐻 – ɧɚɩɨɪ, ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɡɚɜɟɫɭ;  𝐽ˍ˓ = ͳͷ – ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɞɥɹ ɡɚɜɟɫɵ; 𝓬௡ = ͳ,ͳͷ –  ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ. 

 
ɉɨ ɷɩɸɪɟ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫ ɰɟɦ. 

Ɂɚɜɟɫɨɣ ɜ ɨɫɧɨɜɚɧɢɢ ɧɚɯɨɞɢɦ ∆𝐻:  
 ∆𝐻 = 𝐻ௗ − 𝐻௔௦ = ʹͻ,ͷʹ − ͺ,ͺͷ͸ = ʹͲ,͸͸ˏ,      (4.59) 
 

ɝɞɟ 𝐻ௗ – ɩɨɥɧɵɣ ɮɢɥɶɬɪɚɰɢɨɧɧɵɣ ɧɚɩɨɪ; 𝐻௔௦  - ɧɚɩɨɪ ɧɚ ɰɟɦ. Ɂɚɜɟɫɟ  
 
Ƚɥɭɛɢɧɚ ɞɪɟɧɚɠɚ: 
 ℎˇ˓ = Ͳ,ͷ ∙ ℎˊ˃˅ = Ͳ,ͷ ∙ ͳͺ,ͲͲ = ͻ,ͲͲ ˏ.                                                    (4.60) 
 
4.6 Ɏɢɥɶɬɪɚɰɢɨɧɧɵɟ ɪɚɫɱёɬɵ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ 
 
Ɋɚɫɱёɬɵ ɩɪɨɜɨɞɹɬ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱёɬɧɨɝɨ ɫɥɭɱɚɹ: ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ 

ɛɶɟɮɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ∇ʜʞʢ, ɧɢɠɧɟɝɨ ɛɶɟɮɚ ∇ʢʜʐ௠𝑖௡. 
ɉɪɨɜɟɞёɦ ɮɢɥɶɬɪɚɰɢɨɧɧɵɣ ɪɚɫɱёɬ ɩɥɨɬɢɧɵ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ. Ⱦɥɹ 

ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫ ɰɟɦ. ɡɚɜɟɫɨɣ ɜ ɨɫɧɨɜɚɧɢɢ (III ɤɥɚɫɫ ɫɨɨɪɭɠɟɧɢɹ): 
 ு𝑎ೞு೏ = Ͳ,͵,                                                                                                     (4.61) 

 ு೏ೝு೏ = Ͳ,Ͳͷ,                                                                                                   (4.62) 

 
ɝɞɟ 𝐻௔௦ = Ͳ,͵𝐻ௗ = Ͳ,͵ ∙ ʹͻ,ͷʹ = ͺ,ͺ͸ ˏ − ɧɚɩɨɪ ɧɚ ɰɟɦ. ɡɚɜɟɫɟ; 

 𝐻ௗ௥ = Ͳ,Ͳͷ𝐻ௗ = Ͳ,Ͳͷ ∙ ʹͻ,ͷʹ = ͳ,Ͷ͹͸ ˏ − ɧɚɩɨɪ ɧɚ ɞɪɟɧɚɠɟ. 
 
4.7 Ɉɛɨɫɧɨɜɚɧɢɟ ɧɚɞёɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
 
Ɋɚɫɱёɬɵ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 

ɜɵɩɨɥɧɹɸɬɫɹ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ. Ⱦɚɧɧɵɣ ɪɚɫɱёɬ 
ɜɵɩɨɥɧɟɧ ɩɪɢ ɭɪɨɜɧɟ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ ɪɚɜɧɵɦ ∇ʜʞʢ, ɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ∇ʢʜʐ௠𝑖௡. 
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4.7.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 
 
4.7.1.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ ɢ ɡɚɬɜɨɪɨɜ 
 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɬɨɱɤɚ ɩɪɢɥɨɠɟɧɢɹ 

ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ 𝐺˒ˎ ˋ 𝐺˄ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɩɪɨɝɪɚɦɦɟ AutoCAD: 
 𝑆˒ˎ = ͶͶͳ,ͳͺ ˏଶ, 𝑆˄ = ͻͻͷ,ͻ͸ ˏଶ. 
ȼɟɫ 1 ɩ.ɦ. ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 𝐺˒ˎ = ௌ˒ˎ∙௕∙௚∙ఘ˄௕+ఋ˄ = ସସଵ,ଵ଼∙ଵସ∙ଽ,଼ଵ∙ଶସ଴଴ଵସ+ସ = ͺͲ͹ͺ,ͺͷ ˍʜ/ˏ                                (4.63) 

 
ɝɞɟ   𝑆˒ˎ − ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɬɢɧɵ; 𝑏 − ɲɢɪɢɧɚ ɩɪɨɥёɬɚ; 𝓭˄ − 
ɬɨɥɳɢɧɚ ɛɵɤɚ; 𝓺˄ − ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ. 

ȼɟɫ ɛɵɤɚ ɢ ɬɨɱɤɭ ɟɝɨ ɩɪɢɥɨɠɟɧɢɟ ɨɩɪɟɞɟɥɸ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ: 
 𝐺˄ = ௌ˄∙ఋ˄∙ఘ˄∙௚௕+ఋ˄ = ଽଽହ,ଽ଺∙ସ∙ଶସ଴଴∙ଽ,଼ଵଵସ+ସ = ͷʹͳͲ,ͺ͹ ˍʜˏ.                                         (4.64) 

ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ: 
 𝑄ˊ ≈ Ͳ,Ͳͷͷ ∙ 𝑓 ∙ √𝑓 ∙ 𝑔,                                                                               (4.65)  
 

ɝɞɟ 𝑓 − ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ. 
 𝑓 = ሺ∇ʣʞʢ − ∇ʒʑ + Ͳ,ͷሻ𝑏 = ሺͷ͹,ͲͲ − ͷͳ,ͲͲ + Ͳ,ͷሻ ∙ ͳͶ = ͻͳ ˏଶ      (4.66)   
                                                       𝑄ˊ = Ͳ,Ͳͷͷ ∙ ͳͳͷ ∙ √ͻͳ ∙ ͻ,ͺͳ = Ͷ͸ͺ,Ͷ ˍʜ  
 
 ȼɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɢɬɫɹ ɤ 1 ɩ.ɦ. ɞɥɢɧɵ ɫɟɤɰɢɢ: 
 𝑞ˊ = ொˊ௕+ఋ˄ = ସ଺଼,ସଵସ+ସ = ʹ͸,Ͳʹ ˍʜ/ˏ                                                                (4.67) 

 
4.7.1.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
ɗɩɸɪɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɟɪɯɨɜɭɸ ɢ ɧɢɡɨɜɭɸ ɝɪɚɧɢ 

ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɢɦɟɸɬ ɮɨɪɦɭ ɪɚɜɧɨɛɟɞɪɟɧɧɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ 
ɬɪɟɭɝɨɥɶɧɢɤɚ. 

Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫɨ 
ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 

 𝑇 = ఘೢ∙௚∙ℎభమଶ = ଵ଴଴଴∙ଽ,଼ଵ∙ଷହ,ହమଶ = ͸ͳͺʹ,͵͸ ˍʜ/ˏ,                                          (4.68) 

 
ɝɞɟ ℎଵ = ∇ʜʞʢ − ∇ʞʝʓ = ͷͷ,ͲͲ − ͳͻ,ͷͲ = ͵ͷ,ͷͲ ˏ. 
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𝑇 ′ = ఘೢ∙௚∙ℎభ′మଶ = ଵ଴଴଴∙ଽ,଼ଵ∙ଷ଻,ହమଶ = ͸ͺͻͺ,ͷͶ ˍʜ/ˏ,                                        (4.69)  

 
ɝɞɟ ℎ′ଵ = ∇ʣʞʢ − ∇ʞʝʓ = ͷ͹,ͲͲ − ͳͻ,ͷͲ = ͵͹,ͷͲ ˏ. 

 
ɋɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 𝑇 = ఘೢ∙௚∙ℎమమଶ = ଵ଴଴଴∙ଽ,଼ଵ∙ହ,ଽ଼ଶ = ͳ͹ͷ,ͷͷ ˍʜ/ˏ,                                             (4.70) 

 
ɝɞɟ ℎଶ = ∇ʢʜʐ௠𝑖௡ − ∇ʞʝʓ = ʹͷ,Ͷͺ − ͳͻ,ͷͲ = ͷ,ͻͺ ˏ. 

 𝑇′ː = ఘೢ∙௚∙ℎమమଶ = ଵ଴଴଴∙ଽ,଼ଵ∙ଽ,ଵଶଶ = ͶͲͺ,ͳͻ ˍʜ/ˏ,                                            (4.71) 

 
ɝɞɟ ℎଶ = ∇ʢʜʐ௠௔௫ − ∇ʞʝʓ = ʹͺ,͸ʹ − ͳͻ,ͷͲ = ͻ,ͳʹ ˏ. 

 𝑊 = 𝑆ˠ˒ ː ∙ 𝑔 ∙ 𝓺𝑤 = Ͳ,ͺ͵ ∙ ͻ,ͺͳ ∙ ͳͲͲͲ = ͺ,ͳͶ ˍʜ/ˏ,                                             
 
4.7.1.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 
 
ɗɩɸɪɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɢɦɟɟɬ ɜɢɞ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɫ ɜɵɫɨɬɨɣ ɨɬ 

ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɨɞɨɲɜɵ ɫɨɨɪɭɠɟɧɢɹ: 
 𝑝˅ˊ˅ = 𝓺௪ ∙ 𝑔 ∙ ℎଵ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͵ͷ,ͷ = ͵Ͷͺ,͵ ˍʜ                                  (4.72) 
 𝑝′˅ˊ˅ = 𝓺௪ ∙ 𝑔 ∙ ℎ′ଵ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͵͹,ͷ = ͵͸͹,ͻ ˍʜ                               (4.73) 
 
ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ: 
 𝑊 ˊ˅ = 𝑆ˠ˒ ∙ 𝓺௪ ∙ 𝑔 = ͳͶͻ,ͷ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ = ͵͸͸͸,ͷ ˍʜ/ˏ,                      (4.74) 
 

ɝɞɟ 𝑆ˠ˒ = ͳͶͻ,ͷ ˏଶ − ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɚ ɫ 
ɩɨɦɨɳɶɸ AutoCAD. 

ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɹ: 
 𝑊′˅ˊ˅ = 𝑆′ˠ˒ ∙ 𝓺௪ ∙ 𝑔 = ʹʹͺ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ = ͷͷͻͳ,͹ ˍʜ/ˏ,                      (4.75) 
 

ɝɞɟ 𝑆′ˠ˒ = ʹʹͺ ˏଶ − ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɚ ɫ 
ɩɨɦɨɳɶɸ AutoCAD. 
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4.7.1.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 
 
ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨɫɬɪɨɟɧɚ ɜ ɩ. 5. ȼ ɤɚɱɟɫɬɜɟ 

ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɥɨɬɢɧɭ ɭɱɢɬɵɜɚɟɬɫɹ ɱɚɫɬɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, 
ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ: 

 𝑊˗ = 𝓺௪ ∙ 𝑔 ∙ 𝑆ˠ˒ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͺ͸,͹ʹ = ͺͷͲ,͹ ˍʜ/ˏ,                         (4.76) 
 

ɝɞɟ 𝑆ˠ˒ = ͺ͸,͹ʹ ˏଶ − ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, 
ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ. 
 

Ⱦɥɹ ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɹ: 
 𝑊′˗ = 𝓺௪ ∙ 𝑔 ∙ 𝑆′ˠ˒ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͺ͵,͵͹ = ͺͳ͹,ͺʹ ˍʜ/ˏ,                     (4.77) 
 

ɝɞɟ 𝑆′ˠ˒ = ͺ͵,͵͹ˏଶ − ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, 
ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ. 

 
4.7.1.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 
Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ: 

 𝑝ː = 𝓬 ∙ ℎː ∙ 𝑡𝑔ଶ (Ͷͷ − ቀఝଶː ቁ) = ͻ ∙ ʹ ∙ 𝑡𝑔ଶ (Ͷͷ − ቀଶ଴ଶ ቁ) = Ͷ,Ͷͳˍʜ/ˏଶ (4.78)    

                                                                        
ɝɞɟ 𝓬 = ͻ ˍʜ/ˏଷ − ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ; 

 ℎː − ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ, ɩɪɢɧɢɦɚɟɦ ℎː = ͳ ˏ; 
 𝜑ː = ʹͲ° − ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ. 

 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1 ɩ.ɦ.: 
 𝐸ː = ℎː∙௣ːଶ = ଵ∙ସ,ସଵଶ = ʹ,ʹͳ ˍʜ/ˏ                                                                 (4.79) 

 
4.7.1.6 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɩɨɜɟɪɨɱɧɨɦ 

ɫɥɭɱɚɹɯ ɨɩɪɟɞɟɥɟɧɚ ɭɩɪɨɳɟɧɧɨ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ʌ. Ɇɨɠɟɜɢɬɢɧɨɜɚ: 
 𝑊 ˑˎː = Ͳ,ͷ ∙ 𝓺௪ ∙ 𝑔 ∙ ℎଵ% ቀగ̅ + ℎబଶ ቁ                                                             (4.80) 

 𝑊 ˑˎː = Ͳ,ͷ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ ∙ Ͳ,͸ͺ ∙ ቀ଻,଴ଶଷ,ଵସ + ଴,ଶଵଶ ቁ = ͹,ͺ͸ ˍʜ/ˏ  
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ɝɞɟ ℎଵ% − ɜɵɫɨɬɚ ɜɨɥɧɵ 1%-ɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ; ̅ − ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ. 
 ℎ଴ = గ∙ℎభ%మ

̅
= ଷ,ଵସ∙଴,଺଼మ଻,଴ଶ = Ͳ,ʹͳ ˏ                                                                 (4.81)  

 
Ʌɢɧɢɹ ɞɟɣɫɬɜɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ 𝑊 ˑˎː ɧɚɯɨɞɢɬɫɹ ɧɢɠɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɭɪɨɜɧɹ ɩɨɤɨɹ ȼȻ ɧɚ ɜɟɥɢɱɢɧɭ: 
 𝑦 = ̅ଶగ − ଷ଼ ℎଵ% = ଻,଴ଶଶ∙ଷ,ଵସ − ଷ଼ ∙ Ͳ,͸ͺ = ͳͲ,͹͹ ˏ                                           (4.82) 

 
4.8 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
Ɉɰɟɧɤɚ ɨɛɳɟɣ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɩɪɢɜɟɞɟɧɚ ɜ ɫɟɱɟɧɢɢ ɧɚ ɭɪɨɜɧɟ 

ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱёɬɨɜ ɫɨɫɬɚɜɥɟɧɚ ɬɚɛɥɢɰɚ 4.2, ɜ ɤɨɬɨɪɨɣ ɡɚɧɟɫɟɧɵ 

ɧɚɝɪɭɡɤɢ, ɭɦɧɨɠɟɧɧɵɟ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ ɧɚɝɪɭɡɤɟ 𝓬௙. ȼ ɩɪɢɜɟɞёɧɧɵɯ ɮɨɪɦɭɥɚɯ ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɪɟɞɢɧɵ 
ɪɚɫɱёɬɧɨɝɨ ɫɟɱɟɧɢɹ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ ɩɪɢɧɹɬ ɫɨ ɡɧɚɤɨɦ «ɩɥɸɫ», ɩɪɨɬɢɜ 
ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ – ɫɨ ɡɧɚɤɨɦ «ɦɢɧɭɫ»; ɧɨɪɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɫɢɥɵ ɢ 
ɧɚɩɪɹɠɟɧɢɹ ɫɨ ɡɧɚɤɨɦ «ɩɥɸɫ», ɫɠɢɦɚɸɳɢɟ – ɫɨ ɡɧɚɤɨɦ «ɦɢɧɭɫ». Ɍɨɱɤɢ 
ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ ɪɚɫɫɱɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ 
AutoCAD. 

 
Ɍɚɛɥɢɰɚ 4.2 – Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ 

№ 
ɩ/ɩ 

Ɉɛɨɡɧɚɱɟ
ɧɢɟ ɫɢɥɵ f  

ɇɚɩɪɚɜ
ɥɟɧɢɟ 
ɫɢɥɵ 

Ɉɫɧɨɜɧɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ 

Ɉɫɨɛɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ 

ɋɢɥɚ, ɤɇ ɉɥɟɱɨ, 
ɦ 

Ɇɨɦɟɧɬ 
ɤɇ∙ɦ ɋɢɥɚ, ɤɇ 

ɉɥɟɱɨ
, 
ɦ 

Ɇɨɦɟɧɬ
, ɤɇ∙ɦ 

1 2 3 4 5 6 7 8 9 10 

1 ɜT  1,0 ĺ 6182,4 11,8 72951,9 6898,5 12,5 86231,7 

2 ɧT  1,0 ĸ 175,5 -1,993 -349,9 408,2 -3 -1224,6 

3 ɛG
 

0,95 Ļ 5605,3 -6,3 -35313,5 5605,3 -8,5 -47645,2 

4 ɩлG
 

0,95 Ļ 7674,9 -3,5 -26862,2 7674,9 -3,5 -26862,2 

5 ɜзɜW
 

1,0 Ĺ 3666,5 0,0 0,0 5591,7 0,0 0,0 

6 фW
 

1,0 Ĺ 850,7 8,6 7315,8 817,8 8,6 7033,3 

7 ɧE  1,2 ĺ 2,6 3,67 9,7 2,6 3,7 9,7 

8 ɜɨлɧW
 

1,0 ĺ 7,9 33,9 266,3 7,9 33,9 266,3 

9 qɡ 0,9 Ļ 23,4 -11,2 -262,3 23,4 -11,2 -262,3 

10 Wɧ 1 Ļ 8,14 11,5 93,7 178,9 9,7 1735 

      
8794,63 

   
17856,52 

  
7073 

   
19288,83 
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4.9 Ɋɚɫɱёɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ 
 
Ɋɚɫɱёɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɟɱɟɧɢɹɯ ɩɥɨɬɢɧɵ (ɩɪɢ 

ɪɚɫɱёɬɟ ɧɚ 1 ɩ.ɦ. ɞɥɢɧɵ): 
Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 𝜎௬௨ = − ே஻ + ଺∙∑ ெ஻మ = − ଼଻ଽସ,଺ଷଶହ + ଺∙ଵ଻଼ହ଺,ହଶଶହమ = −ͳͺͲ,Ͷ ˍʜ/ˏଶ                     (4.83) 

 𝜎௫௨ = 𝜎௬௨ ∙ 𝑚௨ଶ − 𝓬௪ ∙ 𝐻ௗ௨ ∙ ሺͳ − 𝑚௨ଶሻ                                                           (4.84) 
 𝜎௫௨ = −ͳͺͲ,Ͷ ∙ Ͳଶ − ͻ,ͺͳ ∙ ͵ͷ,ͷͲ ∙ ሺͳ − Ͳଶሻ = −͵Ͷͺ,͵ ˍʜ/ˏଶ,  
 

ɝɞɟ 𝓬௪ = ͻ,ͺͳ ˍʜ/ˏଷ– ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ; 
 𝐻ௗ௨ = ∇ʜʞʢ − ∇ʞʝʓ = ͷͷ,ͲͲ − ͳͻ,ͷͲ = ͵ͷ,ͷͲ ˏ  – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ 

ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ; 
 𝑚௨ = t𝑔 𝓪ଵ, 
 

 ɝɞɟ 𝓪ଵ = Ͳ° – ɭɝɨɥ ɦɟɠɞɭ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸ.  
 𝜏௫௬௨ = (𝓬௪ ∙ 𝐻ௗ௨ + 𝜎௬௨) ∙ 𝑚௨ = (ͻ,ͺͳ ∙ ͵ͷ,ͷͲ + ሺ−ͳͺͲ,Ͷሻ) ∙ Ͳ = Ͳ           (4.85) 
 𝜎ଵ௨ = 𝜎௬௨ ∙ ሺͳ + 𝑚௨ଶሻ + 𝓬௪ ∙ 𝐻ௗ௨ ∙ 𝑚௨ଶ                                                           (4.86) 
 𝜎ଵ௨ = −ͳͺͲ,Ͷ ∙ ሺͳ + Ͳଶሻ + ͻ,ͺͳ ∙ ͵ͷ,ͷͲ ∙ Ͳଶ = −ͳͺͲ,Ͷ ˍʜ/ˏଶ  
 𝜎ଷ௨ = −𝓬௪ ∙ 𝐻ௗ௨ = −ͻ,ͺͳ ∙ ͵ͷ,ͷͲ = −͵Ͷͺ,͵ ˍʜ/ˏଶ;                                 (4.87) 
 
Ⱦɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ:  
 𝜎௬௧ = − ே஻ − ଺∙∑ ெ஻మ = − ଼଻ଽସ,଺ଷଶହ − ଺∙ଵ଻଼ହ଺,ହଶଶହమ = −ͷʹ͵,ʹ ˍʜ/ˏଶ                     (4.88) 

 𝜎௫௧ = 𝜎௬௧ ∙ 𝑚௧ଶ − 𝓬௪ ∙ 𝐻ௗ௧ ∙ ሺͳ − 𝑚௧ଶሻ                                                             (4.89) 
 𝜎௫௧ = −ͷʹ͵,ʹ ∙ Ͳ,͹Ͷଶ − ͻ,ͺͳ ∙ ͷ,ͻͺ ∙ ሺͳ − Ͳ,͹Ͷଶሻ = −͵Ͷʹ,Ͳ͵ ˍʜ/ˏଶ,  
 

ɝɞɟ 𝐻ௗ௧ = ∇ʢʜʐ௠𝑖௡ − ∇ʞʝʓ = ʹͷ,Ͷͺ − ͳͻ,ͷͲ = ͷ,ͻͺ ˏ - ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ 
ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ. 
  𝑚௧ = ˔tg 𝓪ଶ=tg ͷʹ° = Ͳ,͹Ͷ,                                                                       (4.90) 

 
ɝɞɟ 𝓪ଶ = ͷʹ° – ɭɝɨɥ ɦɟɠɞɭ ɧɢɡɨɜɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸ. 
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𝜏௫௬௧ = −(𝓬௪ ∙ 𝐻௧ௗ + 𝜎௧௬) ∙ 𝑚௧,                                                                   (4.91) 
 
 𝜏௫௬௧ = −ሺͻ,ͺͳ ∙ ͷ,ͻͺ − ͷʹ͵,ʹሻ ∙ Ͳ,͹Ͷ = ͵͸ʹ,ͺ ˍʜ/ˏଶ 
 
 𝜎ଵ௧ = 𝜎௬௧ ∙ ሺͳ + 𝑚௧ଶሻ + 𝓬௪ ∙ 𝐻௧ௗ ∙ 𝑚௧ଶ,                                                         (4.92) 
 𝜎ଵ௧ = −ͷʹ͵,ʹ ∙ ሺͳ + Ͳ,͹Ͷሻ + ͻ,ͺͳ ∙ ͷ,ͻͺ ∙ Ͳ,͹Ͷଶ = −ͺͲ͸,ͷˍʜ/ˏଶ  
 𝜎ଷ௧ = −𝓬௪ ∙ 𝐻௧ௗ                                                                                           (4.93) 
 𝜎ଷ௧ = −ͻ,ͺͳ ∙ ͷ,ͻͺ = −ͷͺ,͹ ˍʜ/ˏଶ. 
 

Ƚɞɟ 𝜎௬௨ , 𝜎௫௨ , 𝜎௬௧ , 𝜎௫௧ – ɧɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɢ 
ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭ ɜɟɪɯɨɜɨɣ ɢ ɧɢɡɨɜɨɣ ɝɪɚɧɟɣ, ɤɉɚ; 

 𝜏௫௬௨  , 𝜏௫௬௧  – ɤɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɢ ɜɟɪɬɢɤɚɥɶɧɵɦ 
ɩɥɨɳɚɞɤɚɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭ ɜɟɪɯɨɜɨɣ ɢ ɧɢɡɨɜɨɣ ɝɪɚɧɟɣ, ɤɉɚ; 

 𝜎ଵ௨ , 𝜎ଷ௨, 𝜎ଵ௧ , 𝜎ଷ௧  – ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭ ɜɟɪɯɨɜɨɣ ɢ 
ɧɢɡɨɜɨɣ ɝɪɚɧɟɣ, ɤɉɚ; 

 𝑁 – ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; 
 𝑀 – ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; 
 𝑏 – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 

 
Ɋɚɫɱёɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 4.3. 
 

Ɍɚɛɥɢɰɚ 4.3 – Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɥɨɬɢɧɭ 

 
4.10 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɢ ɟё ɨɫɧɨɜɚɧɢɹ ɞɥɹ ɨɫɧɨɜɧɨɝɨ 

ɫɥɭɱɚɹ 
 
ɉɪɨɜɟɪɤɚ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ 

ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ. 
1. ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
2.  𝓬 ∙ 𝓬௟௖ ∙ |𝜎ˊ| ൑  𝓬௖ௗ ∙ 𝑅௕,                                                                              (4.94) 

 
ɝɞɟ 𝓬𝑛 = ͳ,ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ; 

 𝓬𝑙𝑐 = ͳ,Ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ; 

ɇɚɩɪɹɠɟɧɢɟ  ɇɚɩɨɪɧɚɹ ɝɪɚɧɶ ɇɢɡɨɜɚɹ ɝɪɚɧɶ 𝜎௬, ˍʜ/ˏଶ -180,4 -523,2 𝜎௫ , ˍʜ/ˏଶ -348,3 -342 𝜏௫௬, ˍʜ/ˏଶ 0 362,8 𝜎ଵ, ˍʜ/ˏଶ -180,4 -806,5 𝜎ଷ, ˍʜ/ˏଶ -348,3 -58,7 
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 𝑅𝑏 = ʹͺͲͲ ɤɉɚ – ɪɚɫɱёɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɫɠɚɬɢɸ; 
 𝓬𝑐𝑑 = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ. 
 ͳ,ͳͷ ∙ ͳ,Ͳ ∙ |−͵Ͷͺ,͵| ൑ ͳ ∙ ʹͺͲͲ   

 ͶͲͲ,ͷ ൑ ʹͺͲͲ   
 
2. Ɉɬɫɭɬɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ:  
 𝜎௬௨ < Ͳ                                                                                                         (4.95) 
 −ͳͺͲ,͵͸ ˍʞ˃ < Ͳ  
 
3. ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ:  
 |𝜎௬௨| ൒ Ͳ,ʹͷ ∙ 𝓬௪ ∙ 𝐻ௗ௨                                                                                   (4.96) 
 ͳͺͲ,͵͸ ˍʞ˃ ൒ ͺ͹,Ͳ͹ ˍʞ˃  
 
ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɩɥɨɬɢɧɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɤɪɢɬɟɪɢɹɦ ɩɪɨɱɧɨɫɬɢ. 
 
4.11 Ɉɛɨɫɧɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ 
 
ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɥɨɬɢɧɚ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ 

ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: 
 ோ∙ఊ೎𝐹∙ఊ೗೎ ൒ 𝓬௡,                                                                                                     (4.97) 

 
ɝɞɟ 𝓬௡ = ͳ,ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ [4]; 

 𝓬௟௖ = ͳ,Ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ [4]; 
 𝓬௖ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ [8]; 
 𝑅 – ɪɚɫɱёɬɧɨɟ ɡɧɚɱɟɧɢɟ ɨɛɨɛɳёɧɧɨɣ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɫɢɥɵ, 

ɫɨɩɪɨɬɢɜɥɹɸɳɟɣɫɹ ɫɞɜɢɝɭ); 
 𝐹 – ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɨɛɨɛɳɟɧɧɨɣ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ.  

 𝑅 = (𝐺˒ˎ + 𝐺˄ + 𝑞ˊ − 𝑊˗ − 𝑊 ˊ˅) ∙ tg 𝜑 + 𝐸˒ː ∙ 𝓬௖ + 𝑐 ∙ ʑ,                     (4.98) 
 

ɝɞɟ 𝓬′௖ - ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɞɥɹ ɩɚɫɫɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ 
ɩɪɢɧɢɦɚɟɬɫɹ 0,7; 
 𝑡𝑔𝜑 - ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɭɧɬɚ.  
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𝑅 = ሺ͹͸͹Ͷ,ͻ + ͷ͸Ͳͷ,͵ + ʹ͵,Ͷ − ͺͷͲ,͹ − ͵͸͸͸,ͷሻ ∙ 𝑡𝑔 ͷʹ° + Ͳ ∙ Ͳ,͹ +ʹͷ,ͲͲ ∙ ͳͷͲ = ͳͲ͹͹Ͳ,͹ ˍʜ.     
 𝐹 = 𝑇 − 𝑇 + 𝑊 ˑˎː + 𝐸ː,                                                                          (4.99) 
 𝐹 = ͸ͳͺʹ,Ͷ − ͳ͹ͷ,ͷ + ͹,ͻ + ʹ,͸ = ͸Ͳͳ͹,͵ ˍʜ   
  ଵ଴଻଻଴,଻∙ଵ଺଴ଵ଻,ଷ∙ଵ,଴ = ͳ,͹ͻ ൒ ͳ,ͳͷ  

 
ɋɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɭɫɬɨɣɱɢɜɨɫɬɢ.  
 
4.12 Ɋɚɫɱёɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɹ 
 
Ɋɚɫɱёɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɟɱɟɧɢɹɯ ɩɥɨɬɢɧɵ (ɩɪɢ 

ɪɚɫɱёɬɟ ɧɚ 1 ɩ.ɦ. ɞɥɢɧɵ): 
 
Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 𝜎௬௨ = − ଻଴଻ଶ,ଽଽଶହ + ଺∙ଵଽଶ଼଼,଼ଷଶହమ = −ͻ͹,͹ ˍʜˏమ,       
                                                                         𝜎௫௨ = −ͻ͹,͹ ∙ Ͳଶ − ͻ,ͺͳ ∙ ͳͲͷ,ͲͲ ∙ ሺͳ − Ͳଶሻ = −͵͸͹,ͻ ˍʜ/ˏଶ,  
 

ɝɞɟ     𝓬௪ = ͻ,ͺͳ ˍʜ/ˏଷ– ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ; 
 𝐻ௗ௨ = ∇ʣʞʢ − ∇ʞʝʓ = ͷ͹,ͲͲ − ͳͻ,ͷͲ = ͵͹,ͷͲ ˏ  – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ 

ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ; 
 𝑚௨ = t𝑔 𝓪ଵ, ɝɞɟ 𝓪ଵ = Ͳ° – ɭɝɨɥ ɦɟɠɞɭ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸ.  

 𝜏௫௬௨ = (ͻ,ͺͳ ∙ ͵͹,ͷͲ + ሺ−ͻ͹,͹ሻ) ∙ Ͳ = Ͳ,    
       𝜎ଵ௨ = −ͻ͹,͹ ∙ ሺͳ + Ͳଶሻ + ͻ,ͺͳ ∙ ͵͹,ͷͲ ∙ Ͳଶ = −ͻ͹,͹ ˍʜˏమ,  
 𝜎ଷ௨ = −ͻ,ͺͳ ∙ ͵͹,ͷͲ = −͵͸͹,ͻ ˍʜˏమ,         
                  
Ⱦɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 𝜎௬௧ = − ଻଴଻ଶ,ଽଽଶହ − ଺∙ଵଽଶ଼଼,଼ଷଶହమ = −Ͷ͸ͺ,ͳ ˍʜˏమ,     
              𝜎௫௧ = −Ͷ͸ͺ,ͳ ∙ Ͳ,͹Ͷଶ − ͻ,ͺͳ ∙ ͻ,ͳʹ ∙ ሺͳ − Ͳ,͹Ͷଶሻ = −͵ʹͲ,Ͷ ˍʜ/ˏଶ,  
 

ɝɞɟ 𝐻ௗ௧ = ∇ʢʜʐ௠௔௫ − ∇ʞʝʓ = ʹͺ,͸ʹ − ͳͻ,ͷͲ = ͻ,ͳʹ ˏ - ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ 
ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ. 
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  𝑚௧ = ˔tg 𝓪ଶ=tg ͷʹ° = Ͳ,͹ͺͳ,    
                                                                     

 𝜏௫௬௧ = −ሺͻ,ͺͳ ∙ ͻ,ͳʹ − Ͷ͸ͺ,ͳሻ ∙ Ͳ,͹ͺͳ = ʹͻͷ,͹ ˍʜˏమ , 
 𝜎ଵ௧ = −Ͷ͹ͺ,ͳ ∙ ሺͳ + Ͳ,͹ͺͳሻ + ͻ,ͺͳ ∙ ͻ,ͳʹ ∙ Ͳ,͹ͺͳଶ = −͸ͻͻ ˍʜˏమ.  
 𝜎ଷ௧ = −ͻ,ͺͳ ∙ ͻ,ͳʹ = −ͺͻ,ͷ ˍʜ/ˏଶ. 
 

ɝɞɟ   𝜎௬௨ , 𝜎௫௨, 𝜎௬௧ , 𝜎௫௧ – ɧɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɢ 
ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭ ɜɟɪɯɨɜɨɣ ɢ ɧɢɡɨɜɨɣ ɝɪɚɧɟɣ, ɤɉɚ;  𝜏௫௬௨  , 𝜏௫௬௧  – ɤɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɢ ɜɟɪɬɢɤɚɥɶɧɵɦ 
ɩɥɨɳɚɞɤɚɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭ ɜɟɪɯɨɜɨɣ ɢ ɧɢɡɨɜɨɣ ɝɪɚɧɟɣ, ɤɉɚ; 

 𝜎ଵ௨ , 𝜎ଷ௨, 𝜎ଵ௧ , 𝜎ଷ௧  – ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭ ɜɟɪɯɨɜɨɣ ɢ ɧɢɡɨɜɨɣ 
ɝɪɚɧɟɣ, ɤɉɚ; 

 𝑁 – ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; 
 𝑀 – ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; 
 𝑏 – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
 

Ɋɚɫɱёɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 4.4. 
 

Ɍɚɛɥɢɰɚ 4.4 – Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɥɨɬɢɧɭ 

 
4.13 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɢ ɟё ɨɫɧɨɜɚɧɢɹ ɞɥɹ ɩɨɜɟɪɨɱɧɨɝɨ 

ɫɥɭɱɚɹ 
 
ɉɪɨɜɟɪɤɚ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ 

ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ. 
1. ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
 𝓬 ∙ 𝓬௟௖ ∙ |𝜎ˊ| ൑  𝓬௖ௗ ∙ 𝑅௕,                                                                            (4.100) 
 

ɝɞɟ 𝓬𝑛 = ͳ,ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ; 
 𝓬𝑙𝑐 = ͳ,Ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ; 
 𝑅𝑏 = ʹͺͲͲ ɤɉɚ – ɪɚɫɱёɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɫɠɚɬɢɸ; 
 𝓬𝑐𝑑 = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ. 

ɇɚɩɪɹɠɟɧɢɟ ɇɚɩɨɪɧɚɹ ɝɪɚɧɶ ɇɢɡɨɜɚɹ ɝɪɚɧɶ 𝜎௬, ˍʜ/ˏଶ -97,7 -468,1 𝜎௫ , ˍʜ/ˏଶ -367,9 -320,4 𝜏௫௬, ˍʜ/ˏଶ 0 295,7 𝜎ଵ, ˍʜ/ˏଶ -97,7 -699 𝜎ଷ, ˍʜ/ˏଶ -367,9 -89,5 
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ͳ,ͳͷ ∙ ͳ,Ͳ ∙ |−͵͸͹,ͻ| ൑ ͳ ∙ ʹͺͲͲ   
 Ͷʹ͵,Ͳ͸ ൑ ʹͺͲͲ   
 
2. Ɉɬɫɭɬɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ 

ɮɨɪɦɭɥɚ (6.33):  
 −ͻ͹,͹ ˍʞ˃ < Ͳ  
 
3. ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɩɨ ɮɨɪɦɭɥɟ (4.96): 
  ͻ͹,͹ ˍʞ˃ ൒ ͻͳ,ͻ͹ ˍʞ˃  
 
ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɩɥɨɬɢɧɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɤɪɢɬɟɪɢɹɦ ɩɪɨɱɧɨɫɬɢ. 
 
4.14 Ɉɛɨɫɧɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɞɥɹ ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɹ 
 
Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɨɛɨɛɳɟɧɧɨɣ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (6.36): 
 𝑅 = ሺ͹͸͹Ͷ,ͻ + ͷ͸Ͳͷ,͵ + ʹ͵,Ͷ − ͷͷͻͳ,͹ − ͺͳ͹,ͺሻ ∙ 𝑡𝑔 ͷʹ° + Ͳ ∙ Ͳ,͹ +ʹͷ,ͲͲ ∙ ͳͷͲ = ͻ͵ͻ͸,͵ ˍʜ,     
 
ɋɞɜɢɝɚɸɳɚɹ ɫɢɥɚ: 
 𝐹 = ͸ͺͻͺ,ͷ − ͶͲͺ,ʹ + ʹ,͸ + ͹,ͻ = ͸ͷͲͲ,ͻ ˍʜ.   
 
ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɥɨɬɢɧɚ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ 

ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: 
 ଽଷଽ଺,ଷ∙ଵ଺ହ଴଴,ଽ∙ଵ,଴ = ͳ,Ͷͷ ൒ ͳ,ʹͷ  

 
ɋɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɭɫɬɨɣɱɢɜɨɫɬɢ.  
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5 Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɪɨɢɡɜɨɞɫɬɜɨ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬ 
 
5.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɷɬɚɩɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
5.2 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɩɪɨɩɭɫɤɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ I 

ɨɱɟɪɟɞɢ 
 
ɉɪɨɩɭɫɤ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ I ɨɱɟɪɟɞɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ 

ɫɬɟɫɧёɧɧɨɟ ɪɭɫɥɨ: 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɜɪɟɦɟɧɧɵɯ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 

ɪɚɫɱɟɬɧɵɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɢɫɯɨɞɹ ɢɡ 
ɟɠɟɝɨɞɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ (ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ), ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɣ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɢ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɨɨɪɭɠɟɧɢɣ (ɞɥɹ ɩɟɪɟɦɵɱɟɤ IV 
ɤɥɚɫɫɚ ɩɪɢ ɫɪɨɤɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɨ 10 ɥɟɬ - 10%). 

Q10% = 3281 ɦ3/ɫ; ▼ɍȼ (Q10%) = 28,46 ɦ  
 
ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜ ɫɠɚɬɨɦ ɪɭɫɥɟ: 
 𝑉ˉ = ொభబ%𝜔˔ˉ = ଷଶ଼ଵଵହ଻,ସଷ = ʹͲ,ͺͶ ˏ̝.  
 

ɝɞɟ 𝜔˔ˉ – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɫɠɚɬɨɝɨ ɪɭɫɥɚ. 
 𝜔˔ˉ = 𝐵˔ˉ ∙ ℎ˔ˉ = Ͷͷ,ͷ ∙ ͵,Ͷ͸ = ͳͷ͹,Ͷ͵ ˏଶ  
 𝐵˔ˉ = Ͷͷ,ͷ ˏ, ɩɨ ɪɚɫɩɨɥɨɠɟɧɢɸ ɫɨɨɪɭɠɟɧɢɣ ɧɚ ɪɚɡɪɟɡɟ  
 

ɝɞɟ 𝐵଴ – ɲɢɪɢɧɚ ɪɭɫɥɚ ɪɟɤɢ. 
 𝐵଴ = ͵ʹͲ ˏ  

 ℎ˔ˉ = ℎ଴ =฀ ʢʑ ሺ𝑄ଵ଴%ሻ − ∇ʓʜʏ = ʹͺ,Ͷ͸ − ʹͷ = ͵,Ͷ͸ ˏ.  
 
Ⱦɨɩɭɫɬɢɦɚɹ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɞɥɹ ɝɪɭɧɬɨɜ ɪɭɫɥɚ ɪɟɤɢ (ɞɨɥɨɦɢɬɨɜ) 

ɫɨɫɬɚɜɥɹɟɬ 6,5 ɦ/ɫ, ɫɤɨɪɨɫɬɶ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɭɸ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɢɡɨɣɞёɬ ɪɚɡɦɵɜ ɪɭɫɥɚ. ɇɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɲɢɪɢɧɭ 
ɫɠɚɬɨɝɨ ɪɭɫɥɚ, ɱɬɨɛɵ ɭɫɥɨɜɢɹ ɧɟɪɚɡɦɵɜɚɟɦɨɫɬɢ ɜɵɩɨɥɧɹɥɨɫɶ, ɦɢɧɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɫɠɚɬɨɝɨ ɪɭɫɥɚ ɞɨɥɠɧɚ ɛɵɬɶ 𝜔˔ˉ = ொభబ%௏̌ ˑ˒ = ଷଶ଼ଵ଺,ହ = ͷͲͷ ˏଶ, 𝑏˔ˉ = ହ଴ହଷ,ସ଺ =ͳͶ͸ ˏ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɤɨɬɥɨɜɚɧɟ I ɨɱɟɪɟɞɢ ɦɨɠɧɨ ɛɭɞɟɬ ɜɨɡɜɟɫɬɢ ɬɨɥɶɤɨ ɱɚɫɬɶ 
ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ, ɤɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ ɫɨɫɬɚɜɢɬ 2. 
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5.3 ɉɪɨɩɭɫɤ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɜɬɨɪɨɣ ɨɱɟɪɟɞɢ ɱɟɪɟɡ ɞɨɧɧɵɟ 
ɨɬɜɟɪɫɬɢɹ ɜ ɜɨɞɨɫɛɪɨɫɟ 

 
5.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɨɧɧɵɯ 

ɨɬɜɟɪɫɬɢɣ ɢɡ ɭɫɥɨɜɢɹ ɧɟɪɚɡɦɵɜɚɟɦɨɫɬɢ ɪɭɫɥɚ ɪɟɤɢ 
 𝑛௠𝑖௡ = ொభబ%௏̌ ˑ˒∙ℎ˓∙௟ = ଷଶ଼ଵଵଶ∙ଷ,ସ଺∙ଵସ = ͷ,͸,              (5.1) 

 
ɝɞɟ Vɞɨɩ - ɞɨɩɭɫɬɢɦɚɹ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɞɥɹ ɛɟɬɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 12 ɦ/ɫ; ℎ˓ – ɝɥɭɛɢɧɚ ɜɨɞɵ ɧɚ ɩɨɪɨɝɟ ɛɵɫɬɪɨɬɨɤɚ;  𝑙 − ˛ˋ˓ˋː˃ ˑ˕˅ˈ˓˔˕ˋˢ , ɩɪɢɧɢɦɚɟɦ ɲɢɪɢɧɭ ɞɨɧɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɜ 
ɫɬɪɨɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɪɚɜɧɨɣ ɲɢɪɢɧɟ ɜɨɞɨɫɛɪɨɫɧɵɯ ɨɬɜɟɪɫɬɢɣ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ.  

 
Ɇɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ 6  
 
5.3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɨɣ ɨɬɦɟɬɤɢ ɩɨɪɨɝɚ ɞɨɧɧɵɯ ɨɬɜɟɪɫɬɢɣ 
 
ɇɚɡɧɚɱɚɟɦ ɪɚɡɦɟɪɵ ɨɬɜɟɪɫɬɢɹ, ɢɫɯɨɞɹ ɢɡ ɤɨɧɫɬɪɭɤɰɢɢ ɛɟɬɨɧɧɨɣ 

ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ: 8 ɞɨɧɧɵɯ ɨɬɜɟɪɫɬɢɹ ɲɢɪɢɧɨɣ 14 ɦ, ɢ ɜɵɫɨɬɨɣ 5 ɦ. 
ɇɚɡɧɚɱɚɟɦ ɜɪɟɦɹ ɩɟɪɟɤɪɵɬɢɹ ɪɭɫɥɚ: ɞɟɤɚɛɪɶ ɫ ɪɚɫɯɨɞɨɦ 19 ɦ3/ɫ 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, Qɩɟɪ = 19 ɦ3/ɫ ∇ɍɇȻQɩɟɪ = 25,09 ɦ 
 
ɍȼȻ = ɍɇȻQɩɟɪ+ZMax = 25,09+1= 26,09 ɦ,             (5.2) 
 

ɝɞɟ ZMax – 1ɦ, ɩɟɪɟɩɚɞ ɩɪɢ ɩɟɪɟɤɪɵɬɢɢ ɪɭɫɥɚ, ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱɟɬɚɯ 
ɩɪɢɧɢɦɚɟɦ 1ɦ.  

 𝐻˒ = ሺ ொ˒ˈ˓௠∙௕∙√ଶ௚ሻଶ ଷ⁄ = ሺ ଵଽ଴.ଷହ∙ଵସ∙√ଶ∙ଽ.଼ଵሻଶ ଷ⁄ = Ͳ,ͻʹ ɦ,            (5.3) 

 
ɝɞɟ b – ɲɢɪɢɧɚ ɞɨɧɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 14; 

m – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞ ɜɨɞɨɫɥɢɜɚ. 
 𝓩ʞʓʝ =  ʢʑʐ − 𝐻˒ =  ʹ͸,Ͳͻ –  Ͳ,ͻʹ =  ʹͷ,ͳ͹ ˏ,           (5.4) 
 
ɇɚɡɧɚɱɚɟɦ ɨɬɦɟɬɤɭ ɩɨɪɨɝɚ ɞɨɧɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 25,2 ɦ. 
Ɉɩɪɟɞɟɥɹɟɦ ɤɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ ɞɥɹ ɩɪɨɩɭɫɤɚ ɩɚɜɨɞɤɚ ɩɪɢ Q10%: 
Ɉɩɪɟɞɟɥɹɟɦ ɪɟɠɢɦ ɪɚɛɨɬɵ ɞɨɧɧɵɯ ɨɬɜɟɪɫɬɢɣ:  
 𝓩˅ˈ˓˘ʓʝ =  𝓩ʞʓʝ +  ℎ =  ʹͷ,ʹ + ͷ = ͵Ͳ,ʹ ˏ  ɢ ɫɪɚɜɧɢɜɚɟɦ ɫ ∇ ɍɇȻ ሺ𝑄 ͳͲ%ሻ =  ʹͺ,Ͷ͸ ˏ < 𝓩˅ˈ˓˘ʓʝ = ͵Ͳ,ʹ ˏ – ɨɬɜɟɪɫɬɢɟ ɧɟɡɚɬɨɩɥɟɧɧɨɟ. 
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Ɉɩɪɟɞɟɥɹɟɦ 𝐻˅ˑ =  ொభబ%మ𝜇మ∙𝜔ˇˑమ∙ଶ௚ = ଷଶ଼ଵమ଴,଻଺మ∙ସଶ଴మ∙ଶ∙ଽ,଼ଵ = ͷ,Ͷʹ ˏ,      (5.5) 

ɝɞɟ 𝜔ˇˑ = ͷ ∙ ͳͶ ∙ ͸ = ͶʹͲ ˏଶ;  
 

  𝜇 = ଵሺଵ+𝜉˅˘+ଶ௚௅/஼మோሻ = ଵሺଵ+଴,ଷ+ଶ∙ଽ,଼ଵ∙ଷଶ,଺/ଵ଴ସ,଴ଷଶమଶ,ଽଶሻ = Ͳ,͹͸,                             (5.6) 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɒɟɡɢ ʠ =  ͳͲͶ,Ͳ͵ʹ – ɩɨ ɬɚɛɥɢɰɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ R ɢ n, 

ɒɟɪɨɯɨɜɚɬɨɫɬɶ 0,013 
Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɞɢɭɫ: 
 𝑅 = 𝜔௫ = ௕∙ℎ௕+ଶℎ = ଵସ∙ହଵସ+ଶ∙ହ = ʹ,ͻʹ ˏ,              (5.7) 

 𝐿 – ɞɥɢɧɚ ɞɨɧɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 32,6 ɦ, ɩɨ ɱɟɪɬɟɠɭ; 𝜉˅˘ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɜɯɨɞɟ = 0,3; 
 𝓩ʢʑʐሺ𝑄˔˕˓ሻ = 𝓩ʞʓʝ + ʜ˅ˑ + Ͳ,ͷ ∙ ℎ˅ˑ,                                                 (5.8) 
 𝓩ʢʑʐሺ𝑄˔˕˓ሻ = ʹͷ,ʹ + ͷ,Ͷʹ + Ͳ,ͷ ∙ ͷ = ͵͵,ͳʹ ˏ.      

       
Ⱦɥɹ ɩɪɨɩɭɫɤɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɜ ɞɜɟ ɨɱɟɪɟɞɢ ɧɟɨɛɯɨɞɢɦɨ 6 

ɨɬɜɟɪɫɬɢɣ, ɢɡ ɭɫɥɨɜɢɣ ɧɟɪɚɡɦɵɜɚɟɦɨɫɬɢ ɪɭɫɥɚ ɢ ɬɪɟɛɭɟɦɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɜɟɥɢɱɢɧɵ Bɫɠ = 108 ɦ, ɜ ɤɨɬɥɨɜɚɧɟ I ɨɱɟɪɟɞɢ ɦɨɠɧɨ ɜɨɡɜɟɫɬɢ ɬɨɥɶɤɨ 2 ɩɪɨɥёɬɚ 
ɫ 2-ɦɹ ɞɨɧɧɵɦɢ ɨɬɜɟɪɫɬɢɹɦɢ, ɱɬɨ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɩɭɫɤ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɪɚɫɯɨɞɨɜ. 

ɉɨɷɬɨɦɭ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɞɪɭɝɨɣ ɜɚɪɢɚɧɬ ɩɪɨɩɭɫɤɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ 
ɱɟɪɟɡ ɫɬɪɨɢɬɟɥɶɧɵɣ ɬɭɧɧɟɥɶ. 

 
5.4 Ɋɚɫɱёɬ ɬɭɧɧɟɥɹ ɞɥɹ ɩɪɨɩɭɫɤɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ 
 
ȼ ɫɜɹɡɢ ɫ ɧɟɜɨɡɦɨɠɧɨɫɬɶɸ ɩɪɨɩɭɫɤɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ 1 ɢ 2 

ɨɱɟɪɟɞɢ, ɪɚɫɫɦɨɬɪɢɦ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɩɭɫɤɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɱɟɪɟɡ 
ɬɭɧɧɟɥɶ. 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɬɭɧɧɟɥɹ: 
 𝑄 = 𝐵 ∙ ℎ˒ ∙ 𝐶 ∙ √𝑅 ∙ 𝐼 = ͳͶ ∙ ͳͶ ∙ Ͳ,ͺͷ ∙ ͸Ͷ,ͳ ∙ √Ͷ,Ͷͳ ∙ Ͳ,ͲͲͷͶͻ = ͳ͸͸Ͳ,ͺʹͷ 

ɦ3/ɫ,                 (5.8) 
ɝɞɟ B=14 ɦ, ɲɢɪɢɧɚ ɬɭɧɧɟɥɹ; 
 

hɩ=H∙0,85=14∙0,85=11,9 ɦ 
 𝐼 – ɍɤɥɨɧ ɩɨ ɞɥɢɧɟ ɬɭɧɧɟɥɹ: 
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𝐼 = ʞʑʞ−ʞʜʞ௅ = ଶ଻−ଶଶ,ହ଼ଶ଴ = Ͳ,ͲͲͷͶͻ,              (5.9)  

 
R – uɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɞɢɭɫ: 
 𝑅 = ஻∙ℎ˒஻+ଶ∙ℎ˒ = ଵସ∙଴,଼ହ∙ଵସଵସ+ଶ∙ଵସ∙଴,଼ହ = Ͷ,Ͷͳ ˏ,            (5.10)  

 
C=64,1 – ɤɨɷɮɮɢɰɢɟɧɬ ɒɟɡɢ ɩɪɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ n = 0,02. 

 𝑄 = ͳͶ ∙ ͳͶ ∙ Ͳ,ͺͷ ∙ ͸Ͷ,ͳ ∙ √Ͷ,Ͷͳ ∙ Ͳ,ͲͲͷͶͻ = ͳ͸͸Ͳ,ͺʹͷ ɦ3/ɫ,   
          

ɉɨɥɭɱɟɧɧɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɧɟ ɞɨɫɬɚɬɨɱɧɚ ɞɥɹ ɩɪɨɩɭɫɤɚ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ 3281 ɦ^3/ɫ, ɜɨɡɜɟɞɟɦ ɞɜɚ ɬɭɧɧɟɥɹ ɞɥɹ ɩɪɨɩɭɫɤɚ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ. 

ɉɪɢ ɭɫɬɪɨɣɫɬɜɟ ɞɜɭɯ ɧɢɬɨɤ ɬɭɧɧɟɥɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɫɬɚɜɢɬ: 𝑄 = ͳ͸͸Ͳ,ͺʹͷ ∙ ʹ = ͵͵ʹͳ,͸ͷͳ ˏయ̝
, ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ.  

 
5.5 Ɋɚɫɱёɬ ɩɟɪɟɦɵɱɟɤ ɫ ɭɱёɬɨɦ ɩɪɨɩɭɫɤɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ 

ɱɟɪɟɡ ɬɭɧɧɟɥɶ 
 ʢʑʐ = ʢʜʐ + 𝐼 ∙ 𝐿 + 𝑍 = ʹͺ,Ͷ͸ + Ͳ,ͲͲͷͶͻ ∗ ͺʹͲ + ͸,Ͷʹ = ͵ͻ,͵ͺ ˏ.   (5.11) 
 𝑍 = ሺଵ+఍˅˘ሻ∙௏మଶ∙௚ = ሺଵ+଴,ଷሻ∙ଽ,଼ହమଶ∙ଽ,଼ଵ = ͸,Ͷ,            (5.12) 

 
ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜ ɬɭɧɧɟɥɟ: 
 𝑉 = ொ𝜔 = ଷଶ଼ଵ∙଴,ହଵସ∙ଵସ∙଴,଼ହ = ͻ,ͺͷ, ˏ/˔,            (5.13)  

 
ɋɤɨɪɨɫɬɢ ɪɚɡɦɵɜɚɸɳɢɟ, ɞɥɹ ɝɪɭɧɬɨɜ ɞɨɥɨɦɢɬɨɜ ɩɨɷɬɨɦɭ ɬɭɧɧɟɥɶ 

ɧɟɨɛɯɨɞɢɦɨ ɨɛɥɢɰɨɜɵɜɚɬɶ ɛɟɬɨɧɧɵɦ ɤɪɟɩɥɟɧɢɟɦ, ɬɨɝɞɚ ɪɚɡɦɵɜɚɸɳɢɟ 
ɫɤɨɪɨɫɬɢ ɫɨɫɬɚɜɹɬ 10 ɦ/ɫ: 

 ʒʑʞ˕ = ʢʑʐ + 𝑑 = ͵ͻ,͵ͺ + ͻ,ʹ = Ͷͺ,ͷͻ ˏ  
 𝑑 = ℎː + ∆ℎ + 𝑎 + ˎˈˇˑ˘ˑˇ + ˆˎ˖˄ˋː˃ ˔ˈˊˑːːˑˆˑ ˒˓ˑˏˈ˓ˊ˃ːˢ.       (5.14) 
 𝑑 = ͳ,ͻͺ + Ͳ,ͲͲʹͻ + Ͳ,ͷ + ʹ + Ͷ,͹ʹ = ͻ,ʹ ˏ  
 ʒʜʞ˕ = ʢʜʐ + 𝓪 = ʹͺ,Ͷ͸ + ͹,ʹʹ = ͵ͷ,͸ͺ ˏ  
 𝓪 = Ͳ,ͷ + ˎˈˇˑ˘ˑˇ + ˆˎ˖˄ˋː˃ ˔ˈˊˑːːˑˆˑ ˒˓ˑˏˈ˓ˊ˃ːˋˢ = Ͳ,ͷ + ʹ +Ͷ,͹ʹ = ͹,ʹʹ ˏ,                (5.15) 
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5.6 Ɍɟɯɧɨɥɨɝɢɹ ɜɨɡɜɟɞɟɧɢɹ ɬɭɧɧɟɥɹ 
 
Ɂɚɤɪɵɬɵɣ ɫɩɨɫɨɛ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ȻȼɊ ɫɛɨɪɧɢɤ ɎȿɊ 29-01-059-07 

ɪɚɡɪɚɛɨɬɤɚ ɤɚɥɨɬɬ ɲɢɪɢɧɨɣ ɛɨɥɟɟ 9 ɦ ɩɪɢ ɛɟɬɨɧɧɨɣ ɨɛɞɟɥɤɟ ɞɥɹ ɝɪɭɧɬɨɜ 6-7 
ɝɪɭɩɩɵ (ɞɨɥɨɦɢɬɵ), ͹ͻ,͵ ʛ˃˛ ∙ ˚ − ͳͲͲ ˏଷ 

Ɉɛɴёɦ ɬɭɧɧɟɥɹ: 
 𝑉˕ = 𝐵 ∙ 𝐻 ∙ 𝐿 = ͳͶ ∙ ͳͶ ∙ ͺʹͲ = ͳ͸Ͳ͹ʹͲ ˏଷ,          (5.16) 
    
Ɉɛɴёɦ ɤɚɥɨɬɬɵ: 
 𝑉ˍ = ௏଺̞ = ଵ଺଴଻ଶ଴଺ = ʹ͸͹ͺ͸,͹ ˏଷ,            (5.17) 

 
ȼɪɟɦɹ ɧɚ ɜɨɡɜɟɞɟɧɢɟ ɤɚɥɨɬɬɵ: 
 𝑇ˍ = 𝑉ˍ ∙ ଻ଽ,ଷଵ଴଴ = ʹ͸͹ͺ͸,͹ ∙ ଻ଽ,ଷଵ଴଴ = ʹͳʹͶʹ ˚,           (5.18) 

 
Ɋɚɡɪɚɛɨɬɤɚ ɫɪɟɞɧɟɣ ɲɬɪɨɫɫɵ (ɹɞɪɚ) ɫɛɨɪɧɢɤ ɎȿɊ 29-01-061-05 ɜ ɝɪɭɧɬɚɯ 

ɝɪɭɩɩɵ 6-7 (ɞɨɥɨɦɢɬɵ), ͺͲ,Ͳ͹ ʛ˃˛ ∙ ˚ − ͳͲͲ ˏଷ 
ȼɪɟɦɹ ɜɨɡɜɟɞɟɧɢɟ ɲɬɪɨɫɫɵ: 
 𝑇˛ = ሺ𝑉˕ − 𝑉ˍሻ ∙ ଼଴,଴଻ଵ଴଴ = ሺͳ͸Ͳ͹ʹͲ − ʹ͸͹ͺ͸,͹ሻ ∙ ଼଴,଴଻ଵ଴଴ = ͳͲͺͲͺͶ ˚.      (5.19) 

 𝑇ˍ + 𝑇˛ = ʹͳʹͶʹ + ͳͲͺͲͺͶ = ͳʹͻ͵ʹ͸ ˚. 
 𝑇మరଶସ = భమవయమలమరଶସ = ʹʹͶ,ͷʹ ˏˈ˔, 3 ɫɦɟɧɵ 1 ɦɟɯɚɧɢɡɦ, ɞɥɹ ɨɞɧɨɝɨ ɬɭɧɧɟɥɹ 

ȼɨɡɶɦёɦ 6 ɦɟɯɚɧɢɡɦɨɜ, 3 ɩɨɞɯɨɞɧɵɟ ɲɬɨɥɶɧɢ, ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ 
ɞɥɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬ ɞɥɹ ɨɞɧɨɝɨ ɬɭɧɧɟɥɹ 224,52/6=37,42 ɦɟɫ. = 3,12 ɝɨɞɚ. 

 
5.7 Ʉɨɧɫɬɪɭɤɰɢɹ ɩɟɪɟɦɵɱɟɤ 
 
Ɍɢɩ ɢ ɩɪɨɮɢɥɶ ɩɟɪɟɦɵɱɟɤ ɜɵɛɪɚɧ – ɤɚɦɟɧɧɨ-ɡɟɦɥɹɧɚɹ ɩɥɨɬɢɧɚ, 

ɬɪɚɩɟɰɟɢɞɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ.  
ɒɢɪɢɧɭ ɩɨ ɝɪɟɛɧɸ ɩɪɢɧɢɦɚɟɦ 10 ɦ. 
Ɉɬɤɨɫɵ ɧɚɡɧɚɱɟɧɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɝɥɚ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ 

ɨɬɫɵɩɚɟɦɵɯ ɝɪɭɧɬɨɜ ɢ ɦɟɬɨɞɚ ɜɨɡɜɟɞɟɧɢɹ ɫɨɨɪɭɠɟɧɢɹ: ɜɟɪɯɨɜɨɣ ɨɬɤɨɫ – 1:2, 
ɧɢɡɨɜɨɣ ɨɬɤɨɫ - 1:1,5. 

Ʉɨɧɫɬɪɭɤɰɢɢ ɜɟɪɯɨɜɨɣ ɢ ɧɢɡɨɜɨɣ ɩɟɪɟɦɵɱɟɤ ɢ ɢɯ ɨɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 5.1 ɢ 5.2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɋɢɫɭɧɨɤ 5.1 – ȼɟɪɯɨɜɚɹ ɩɟɪɟɦɵɱɤɚ 

 

 
Ɋɢɫɭɧɨɤ 5.2 – ɇɢɡɨɜɚɹ ɩɟɪɟɦɵɱɤɚ 

 
5.8 Ɍɟɯɧɨɥɨɝɢɹ ɜɨɡɜɟɞɟɧɢɹ ɩɟɪɟɦɵɱɟɤ 
 
ɉɟɪɟɞ ɜɨɡɜɟɞɟɧɢɟɦ ɩɟɪɟɦɵɱɟɤ ɨɬɫɵɩɚɟɦ ɫɤɚɥɶɧɵɣ ɛɚɧɤɟɬ, ɡɚɬɟɦ 

ɧɚɱɢɧɚɟɦ ɨɬɫɵɩɤɭ ɩɟɪɟɦɵɱɟɤ ɜ ɫɬɨɹɱɭɸ ɜɨɞɭ.  
ɋɨɝɥɚɫɧɨ Ƚɗɋɇ 36-01-004-3 “ȼɨɡɜɟɞɟɧɢɟ ɩɥɨɬɢɧ, ɫɩɨɫɨɛɨɦ ɨɬɫɵɩɤɢ 

ɝɪɭɧɬɚ ɜ ɢɫɤɭɫɫɬɜɟɧɧɵɟ ɩɪɭɞɤɢ ɫɥɨɹɦɢ ɞɨ 4 ɦ” ɧɚ 1000ɦ3 ɝɪɭɧɬɚ ɩɪɢɯɨɞɢɬɫɹ 
16,87 ɦɚɲ.ɱ./1000 ɦ3.  

 Ⱦɥɢɧɚ ɜɟɪɯɨɜɨɣ ɩɟɪɟɦɵɱɤɢ 717 ɦ 
ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɜɟɪɯɨɜɨɣ ɩɟɪɟɦɵɱɤɢ: 
 

 𝜔˅˒ = ሺ௔+௕ሻଶ ∙ ℎ = ሺଽଶ,ହ଺ହ+ଵ଴ሻଶ ∙ ሺͶͺ,ͷͻ − ʹͷሻ = ͳʹͲͻ,͹ͷ ˏଶ,        (5.20) 

 
Ɉɛɴёɦ ɜɟɪɯɨɜɨɣ ɩɟɪɟɦɵɱɤɢ: 
 
 𝑉˅˒ = 𝜔˅˒ ∙ 𝐿 = ͳʹͲͻ,͹ͷ ∙ ͹ͳ͹ = ͺ͸͹͵ͻͲ,͹ͷ ˏଷ,        (5.21) 
 
Ⱦɥɢɧɚ ɧɢɡɨɜɨɣ ɩɟɪɟɦɵɱɤɢ 410 ɦ 
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ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɧɢɡɨɜɨɣ ɩɟɪɟɦɵɱɤɢ: 
 

 𝜔ː˒ = ሺ௔+௕ሻଶ ∙ ℎ = ሺସ଻,ଷ଼+ଵ଴ሻଶ ∙ ሺ͵ͷ,͸ͺ − ʹͷሻ = ͵Ͳ͸,Ͷͳ ˏଶ  
 
Ɉɛɴёɦ ɧɢɡɨɜɨɣ ɩɟɪɟɦɵɱɤɢ: 
 

 𝑉ː˒ = 𝜔˅˒ ∙ 𝐿 = ͵Ͳ͸,Ͷͳ ∙ ͶͳͲ = ͳʹͷ͸ʹͺ,ͳ ˏଷ 
 
Ⱦɥɢɧɚ ɜɟɪɯɨɜɨɣ ɩɟɪɟɦɵɱɤɢ ɬɭɧɧɟɥɹ 876 ɦ 
 
Ɉɛɴёɦ ɜɟɪɯɨɜɨɣ ɩɟɪɟɦɵɱɤɢ ɬɭɧɧɟɥɹ: 
 
 𝑉˅˒˕ = 𝜔˅˒ ∙ 𝐿 = ͳʹͲͻ,͹ͷ ∙ ͺ͹͸ = ͳͲͷͻ͹Ͷͳ ˏଷ 
 
Ⱦɥɢɧɚ ɧɢɡɨɜɨɣ ɩɟɪɟɦɵɱɤɢ ɬɭɧɧɟɥɹ 547 ɦ 
Ɉɛɴёɦ ɧɢɡɨɜɨɣ ɩɟɪɟɦɵɱɤɢ ɬɭɧɧɟɥɹ: 
 
 𝑉ː˒˕ = 𝜔ː˒ ∙ 𝐿 = ͵Ͳ͸,Ͷͳ ∙ ͷͶ͹ = ͳ͸͹͸Ͳ͸,ʹ͹ ˏଷ 
 
ɋɭɦɦɚɪɧɵɣ ɨɛɴёɦ ɩɟɪɟɦɵɱɟɤ: 
 𝑉 ˈ˓ = 𝑉 ˒ + 𝑉 ˒ + 𝑉 ˒˕ + 𝑉 ˒˕ = ͺ͸͹͵ͻͲ,͹ͷ + ͳʹͷ͸ʹͺ,ͳ + ͳͲͷͻ͹Ͷͳ +ͳ͸͹͸Ͳ͸,ʹ͹ = ʹʹʹͲ͵͸͸,ͳʹ   
 
ȼɪɟɦɹ ɜɨɡɜɟɞɟɧɢɹ ɩɟɪɟɦɵɱɟɤ: 
 𝑇 = ௏˒ ˈ˓∙்˒ ˈ˓ଵ଴଴଴ = ଶଶଶ଴ଷ଺଺,ଵଶ∙ଵ଺,଼଻ଵ଴଴଴ = ͵͹Ͷͷ͹,ͷ͹ ˚.                   (5.22) 

 
5.9 Ɉɬɤɚɱɤɚ ɜɨɞɵ ɢ ɜɨɞɨɩɨɧɢɠɟɧɢɟ ɜ ɤɨɬɥɨɜɚɧɟ 
 
ɉɟɪɜɨɨɱɟɪɟɞɧɭɸ ɨɬɤɚɱɤɭ ɜɨɞɵ ɜɵɩɨɥɧɹɟɦ ɦɟɬɨɞɨɦ ɨɬɤɪɵɬɨɝɨ 

ɜɨɞɨɨɬɥɢɜɚ 
Ɉɩɪɟɞɟɥɹɟɦ ɨɛɴёɦ ɜɨɞɵ, ɤɨɬɨɪɭɸ ɬɪɟɛɭɟɬɫɹ ɨɬɤɚɱɚɬɶ ɢɡ ɤɨɬɥɨɜɚɧɚ ɫ 

ɭɱёɬɨɦ ɮɢɥɶɬɪɚɰɢɢ: 
 𝑉˅ˑˇ˞ = 𝑆ˍˑ˕ ∙ ℎ˅ ∙ ͵ = ͳͳͶͷ͸͹,ʹ ∙ ͵,Ͷ͸ ∙ ͵ = ͳͳͺͻʹͲͺ,͹ ˏଷ,       (5.23) 
 

ɝɞɟ кɨɬS  – ɩɥɨɳɚɞɶ ɤɨɬɥɨɜɚɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ AutoCad; 
 ɜh  – ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɤɨɬɥɨɜɚɧɟ ɩɪɢ ɫɬɪɨɢɬɟɥɶɧɨɦ ɪɚɫɯɨɞɟ ɜɨɞɵ ɜ ɪɟɤɟ 

Qɫɬɪ=3281 ɦ3/c, ɪɚɜɧɚɹ: 
 ℎ˅ =฀ ʢʑ ሺQͳͲ%ሻ − ʓʜʝ = ʹͺ,Ͷ͸ − ʹͷ = ͵,Ͷ͸ ˏ,         (5.24) 
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Ɉɬɤɚɱɤɭ ɨɫɭɳɟɫɬɜɥɹɟɦ ɧɚɫɨɫɚɦɢ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ ɛɟɪɟɝɭ. 
ɉɥɚɧɢɪɭɟɦ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɧɚɫɨɫɨɜ: ɨɫɧɨɜɧɨɣ ɢ ɪɟɡɟɪɜɧɵɣ, ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ 
ɜɥɢɹɟɬ ɧɚ ɜɪɟɦɹ ɨɬɤɚɱɤɢ. Ɉɛɴɟɦ ɨɬɤɚɱɢɜɚɟɦɨɣ ɜɨɞɵ ɪɚɜɟɧ 2-3 ɨɛɴɟɦɚɦ 
ɤɨɬɥɨɜɚɧɚ. ɇɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɱɤɢ, ɬɨ ɟɫɬɶ ɝɪɚɞɢɟɧɬ 
ɧɚɩɨɪɨɜ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ ɞɨɩɭɫɬɢɦɵɣ ɞɥɹ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ, ɢɡ ɤɨɬɨɪɨɝɨ 
ɫɥɨɠɟɧɵ ɨɬɤɨɫɵ ɩɟɪɟɦɵɱɟɤ ɢ ɤɨɬɥɨɜɚɧɚ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɩɪɨɢɡɨɣɞɟɬ 
ɫɭɮɮɨɡɢɹ – ɢ ɪɚɡɦɵɜ ɛɨɪɬɨɜ. 

Ⱦɥɹ ɨɬɤɪɵɬɨɝɨ ɜɨɞɨɨɬɥɢɜɚ ɩɪɢɦɟɧɹɸɬ ɧɚɫɨɫɵ ɬɢɩɚ Ⱦ – ɨɞɧɨɫɬɭɩɟɧɱɚɬɵɟ. 
ɋɨɝɥɚɫɧɨ ȽɈɋɌ 22247-96, ɞɥɹ ɨɬɤɚɱɤɢ ɜɨɞɵ ɜɵɛɪɚɧɵ ɧɚɫɨɫɵ Varisco ɦɚɪɤɢ 
JE6-250 G11 FT40,  ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɨɪɵɯ ɪɚɜɧɚ ɜW = 250 ɦ3/ɱɚɫ ɩɪɢ 
ɜɵɫɨɬɟ ɩɨɞɴɟɦɚ ɜɨɞɵ ɞɨ 15 ɦ. Ʉɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ ɩɪɢɧɹɬɨ n=6, ɫ ɭɱɟɬɨɦ 
ɜɨɞɨɩɨɧɢɠɟɧɢɹ. 

Ɉɩɪɟɞɟɥɹɟɦ ɜɪɟɦɹ ɨɬɤɚɱɤɢ ɩɪɢ ɪɚɛɨɬɟ 24 ɱɚɫ/ɫɭɬ: 
 𝑇ˑ˕ˍ = ௏˅ˑˇ˞ௐ˅∙௡ = ଷ,ସ଺ଶହ଴∙଺ = ͹ͻʹ,ͺͳ ˚ = ͵Ͷ ˔˖˕,          (5.25) 

 
Ɉɩɪɟɞɟɥɹɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɜɨɞɵ: 
 𝐽 = ℎ௧ˑ˕ˍ = ଷ,ସ଺ଷସ = Ͳ,ͳ ˏ/˔˖˕,             (5.26) 

 
ɉɨɥɭɱɟɧɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɱɤɢ ɧɢɠɟ ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ ɞɥɹ 

ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɨɜ (ɞɨɥɨɦɢɬ) ɢ ɤɪɟɩɥɟɧɢɹ ɨɬɤɨɫɨɜ ɩɟɪɟɦɵɱɟɤ 𝐽ˇˑ˒ = Ͳ,ͷ ˏ/˔˖˕.  
 
5.10 ɐɢɤɥ ɡɟɦɟɥɶɧɨ-ɫɤɚɥɶɧɵɯ ɪɚɛɨɬ ɜ ɤɨɬɥɨɜɚɧɟ 
 
ɉɪɨɢɡɜɨɞɫɬɜɨ ɡɟɦɟɥɶɧɨ-ɫɤɚɥɶɧɵɯ ɪɚɛɨɬ ɫɨɫɬɨɢɬ ɢɡ: 
 ɪɵɯɥɟɧɢɹ ɝɪɭɧɬɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɛɭɪɨɜɡɪɵɜɧɵɯ ɪɚɛɨɬ (ȻȼɊ); 
 ɪɚɡɪɚɛɨɬɤɢ ɝɪɭɧɬɚ ɷɤɫɤɚɜɚɬɨɪɨɦ, ɩɨɝɪɭɡɤɢ ɟɝɨ ɜ ɬɪɚɧɫɩɨɪɬ, 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɝɪɭɧɬɚ ɢ ɫɤɥɚɞɢɪɨɜɚɧɢɹ.  
Ɉɩɪɟɞɟɥɹɟɦ ɨɛɳɢɣ ɨɛɴɟɦ ɡɟɦɟɥɶɧɨ-ɫɤɚɥɶɧɵɯ ɪɚɛɨɬ: 
 𝑊ˊ˔˓ = 𝑊ͳ + 𝑊ʹ + 𝑊͵ = ͳ͹ͺ͹ͷ͵,͹͹ + ͹ͳͷͲͳ,ͷͳ + ʹͶ͵͸Ͳ =ʹ͹Ͷ͸ͳͷ,ʹͺ ˏଷ.  
 

ɝɞɟ W1 – ɨɛɴɟɦ ɜɪɟɡɤɢ ɤɨɬɥɨɜɚɧɚ;  
W2 – ɜɵɟɦɤɚ ɞɨɪɨɝ ɢ ɩɪɨɟɡɞɨɜ, ɪɚɜɧɚ 40% ɨɬ W1; 
W3 – ɜɵɟɦɤɚ ɩɨɞ ɜɨɞɨɛɨɣ ɢ ɪɢɫɛɟɪɦɭ. 

 
5.11 Ȼɭɪɨɜɡɪɵɜɧɵɟ ɪɚɛɨɬɵ 
 
Ɋɚɡɪɚɛɨɬɤɭ ɝɪɭɧɬɨɜ ɫ ɩɨɦɨɳɶɸ ȻȼɊ ɩɪɨɜɨɞɢɦ ɦɟɬɨɞɨɦ ɫɤɜɚɠɢɧɧɵɯ 

ɡɚɪɹɞɨɜ. ɋɯɟɦɚ ɛɭɪɟɧɢɹ – ɜɟɪɬɢɤɚɥɶɧɵɟ ɫɤɜɚɠɢɧɵ ɫ ɫɟɬɤɨɣ ɪɚɫɩɨɥɨɠɟɧɢɹ 4x4 
ɦ. Ȼɭɪɟɧɢɟ ɫɤɜɚɠɢɧ ɜ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ (ɞɨɥɨɦɢɬ) ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
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ɫɬɚɧɤɨɜ ɪɨɬɨɪɧɨ-ɲɚɪɨɲɟɱɧɨɝɨ ɛɭɪɟɧɢɹ. Ⱦɚɧɧɚɹ ɫɯɟɦɚ ɛɭɪɟɧɢɹ ɩɨɤɚɡɚɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.3. 

 

 
Ɋɢɫɭɧɨɤ 5.3 – ɋɯɟɦɚ ɦɟɬɨɞɚ ɫɤɜɚɠɢɧɧɵɯ ɡɚɪɹɞɨɜ 

 
Ʉɥɚɫɫ ɩɨɪɨɞ ɨɫɧɨɜɚɧɢɹ (ɞɨɥɨɦɢɬ) ɩɨ ɨɬɧɨɫɢɬɟɥɶɧɨɦɭ ɩɨɤɚɡɚɬɟɥɸ 

ɬɪɭɞɧɨɫɬɢ ɛɭɪɟɧɢɹ ɩɨɪɨɞɵ, ɫɨɝɥɚɫɧɨ ɲɤɚɥɵ Ɇ. Ɇ. ɉɪɨɬɨɞɶɹɤɨɧɨɜɚ ɨɬɧɨɫɢɬɫɹ ɤ 
ɤɚɬɟɝɨɪɢɢ III A ɫɪɟɞɧɟɣ ɬɪɭɞɧɨɫɬɢ ɛɭɪɟɧɢɹ ɢɦɟɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɤɪɟɩɨɫɬɢ 8f  . 

ɂɫɯɨɞɹ ɢɡ ɤɥɚɫɫɚ ɩɨɪɨɞɵ, ɜɵɛɪɚɧɚ ɦɨɞɟɥɶ ɛɭɪɨɜɨɝɨ ɫɬɚɧɤɚ 
ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɛɭɪɟɧɢɹ ɬɢɩɚ 5ɋȻɒ-200-36 ɫɨ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɶɸ ɛɭɪɟɧɢɹ 

10 /ɛV м ч .  
ɋɦɟɧɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɛɭɪɨɜɨɝɨ ɫɬɚɧɤɚ: 
 ʞ˄.˔ˏ = ்̝ ˏʡబ+ʡ˅ ∙ Кˋ.˄ = ଼଴,ଵ+଴,଴ଶ ∙ Ͳ,ͺ = ͷ͵,͵͵ ˏ̝ˏ

,                   (5.27) 

 
ɝɞɟ ɫмТ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɦɟɧɵ, ɱ, (Тɫɦ = 8 ɱ); 

0 ɜТ Т - ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɫɧɨɜɧɵɯ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ (20% ɨɬ Т0), ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ 1ɦ ɫɤɜɚɠɢɧɵ, ɱ; 

.и ɛК – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɦɟɧɧɨɝɨ ɜɪɟɦɟɧɢ. 
 𝑇଴ = ଵ௏˄ = ଵଵ଴ = Ͳ,ͳ,              (5.28) 

 
Ɉɩɪɟɞɟɥɹɟɦ ɨɛɴɟɦ ɛɭɪɨɜɵɯ ɪɚɛɨɬ ɜ ɩɦ ɛɭɪɟɧɢɹ. Ɉɛɴɟɦ ɝɪɭɧɬɚ, 

ɩɪɢɯɨɞɹɳɢɣɫɹ ɧɚ 1 ɫɤɜɚɠɢɧɭ ɪɚɜɟɧ V = 4∙4∙6 = 96 ɦ3. Ⱦɢɚɦɟɬɪ ɫɤɜɚɠɢɧ dɫкɜ=200 
ɦɦ. 

Ƚɥɭɛɢɧɚ ɫɤɜɚɠɢɧ: 
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𝐿˔ˍ˅ = ʜ˖˔˕ + ℎ˒ = Ͷ + ʹ = ͸ ˏ,            (5.29) 
 

ɝɞɟ Hɭɫɬ – ɜɵɫɨɬɚ ɪɚɛɨɱɟɝɨ ɭɫɬɭɩɚ, ɞɥɹ ɷɤɫɤɚɜɚɬɨɪɚ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɹɟɬ 4 ɦ, 
hɩ – ɝɥɭɛɢɧɚ ɩɟɪɟɛɭɪɚ, ɪɚɜɧɚɹ: 

 ℎ˒ = ሺͳͲ ÷ ͳʹሻ ∙ 𝑑˔ˍ˅  
 ℎ˒ = ͳͲ ∙ 𝑑˔ˍ˅ = ͳͲ ∙ Ͳ,ʹ = ʹ ˏ,                      (5.30) 
 

Ʉɨɥɢɱɟɫɬɜɨ ɫɤɜɚɠɢɧ: 
 𝑁˔ˍ˅ = ௐଽ଺ = ଷସଷ଻଴,ଶଵଵଽ଺ = ʹͺ͸Ͳ,ͷͺ ˛˕,           (5.31) 

 
ɝɞɟ W – ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ. 
 

Ʉɨɥɢɱɟɫɬɜɨ ɫɤɜɚɠɢɧ ɩɪɢɧɹɬɨ n=2861 ɲɬ. 
Ɉɛɴɟɦ (ɜ ɩɨɝɨɧɧɵɯ ɦɟɬɪɚɯ) ɛɭɪɟɧɢɹ: 
 𝑉 ˏ.˄˖˓ = 𝑁˔ˍ˅ ∙ 𝐿˔ˍ˅ = ʹͺ͸ͳ ∙ ͸ = ͳ͹ͳ͸͸ ˒ˏ,         (5.32) 
 
Ʉɨɥɢɱɟɫɬɜɨ ɫɦɟɧ, ɬɪɟɛɭɟɦɨɟ ɧɚ ɛɭɪɢɥɶɧɵɟ ɪɚɛɨɬɵ:  
 𝑛˔ˏ = ௏˒ˏ.˄˖˓ʞ˄.˔ˏ = ଵ଻ଵ଺଺ହଷ,ଷଷ = ͵ʹͳ,ͻ ˔ˏˈː,           (5.33) 

 
5.12 ɉɪɨɢɡɜɨɞɫɬɜɨ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ 
 
Ɋɚɡɪɚɛɨɬɤɚ ɪɚɡɪɵɯɥɟɧɧɨɝɨ ɝɪɭɧɬɚ ɜɵɩɨɥɧɹɟɦ ɤɨɦ.  
ɐɢɤɥ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɫɨɫɬɨɢɬ ɢɡ ɧɚɛɨɪɚ ɝɪɭɧɬɚ ɷɤɫɤɚɜɚɬɨɪɨɦ ɩɪɹɦɚɹ 

ɥɨɩɚɬɚ ɫ ɩɨɝɪɭɡɤɨɣ ɜ ɬɪɚɧɫɩɨɪɬ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɜ ɩɨɥɟɡɧɭɸ ɧɚɫɵɩɶ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ 3 ɤɦ, ɪɚɛɨɬɵ ɧɚ ɨɬɜɚɥɟ 

ɋɨɝɥɚɫɧɨ ɋɇɢɉ IV-2-82 ɋɛɨɪɧɢɤ 1. Ɂɟɦɥɹɧɵɟ ɪɚɛɨɬɵ, ɪɚɡɪɵɯɥɟɧɧɵɣ 
ɝɪɭɧɬ ɨɫɧɨɜɚɧɢɹ (ɞɨɥɨɦɢɬ), ɨɬɧɨɫɢɬɫɹ ɤ VI  ɝɪɭɩɩɟ ɝɪɭɧɬɨɜ. Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɡɪɵɯɥɟɧɧɨɝɨ ɝɪɭɧɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɞɧɨɤɨɜɲɨɜɵɟ 
ɷɤɫɤɚɜɚɬɨɪɵ. 

ȼɵɛɪɚɧ ɷɤɫɤɚɜɚɬɨɪ ET – 26FS, ɟɦɤɨɫɬɶɸ ɤɨɜɲɚ 1,25 ɦ3, ɧɚ ɝɭɫɟɧɢɱɧɨɦ 
ɯɨɞɭ. 

ȼ ɤɚɱɟɫɬɜɟ ɬɪɚɧɫɩɨɪɬɚ ɞɥɹ ɩɨɝɪɭɡɤɢ ɝɪɭɧɬɚ ɜɵɛɪɚɧ ɫɚɦɨɫɜɚɥ. ɂɫɯɨɞɹ ɢɡ 
ɭɫɥɨɜɢɹ, ɱɬɨ ɨɛɴɟɦ ɤɭɡɨɜɚ ɚɜɬɨɫɚɦɨɫɜɚɥɚ  ɪɚɜɟɧ 4÷5 ɤɨɜɲɟɣ ɷɤɫɤɚɜɚɬɨɪɚ, ɬɨ 
ɟɫɬɶ 35 1,25 6,25W м   , 

6,25ɦ3 · 2,45ɬ/ɦ3(ɞɨɥɨɦɢɬ) = 15,3125ɬ,  
ɩɨɞɛɢɪɚɟɦ ɫɚɦɨɫɜɚɥ ɄȺɆȺɁ 6540 ɨɛɴɟɦɨɦ ɤɭɡɨɜɚ 11 ɦ3, 

ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 18,5 ɬ.    
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Ɍɟɯɧɢɱɟɫɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɤɫɤɚɜɚɬɨɪɚ: 
 ʞ˕ = ଷ଺଴଴∙௤∙Кː௧˙௄˓ = ଷ଺଴଴∙ଵ,ଶହ∙଴,ଽଶହ∙ଵ,ହ = ͳͲͺ ˏଷ/˚˃˔,          (5.34) 

 
ɝɞɟ  q – ɜɦɟɫɬɢɦɨɫɬɶ ɤɨɜɲɚ; 

Кɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɥɧɟɧɢɹ ɤɨɜɲɚ ɷɤɫɤɚɜɚɬɨɪɨɜ. ɋɨɝɥɚɫɧɨ «ɋɛɨɪɧɢɤ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɨɫɨɛɢɹ ɩɨ ɪɟɤɭɥɶɬɢɜɚɰɢɢ ɡɟɦɟɥɶ, 
ɧɚɪɭɲɚɟɦɵɯ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɤɚɪɶɟɪɨɜ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɜɬɨɦɨɛɢɥɶɧɵɯ 
ɞɨɪɨɝ», ɞɥɹ ɯɨɪɨɲɨ ɜɡɨɪɜɚɧɧɨɣ ɫɤɚɥɶɧɨɣ ɩɨɪɨɞɵ Кɧ=0,9; 𝑡ɰ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɰɢɤɥɚ (ɞɥɹ ɞɚɧɧɵɯ ɭɫɥɨɜɢɣ), ɫ; 

Кɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɪɚɡɪɵɯɥɟɧɢɹ ɝɪɭɧɬɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ, 
ɢɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɹ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɨɛɴɟɦɚ ɝɪɭɧɬɚ ɩɨɫɥɟ 
ɪɚɡɪɚɛɨɬɤɢ. ɋɨɝɥɚɫɧɨ  ȿɇɢɊ ȿ2 ȼ1 Ɂɟɦɥɹɧɵɟ ɪɚɛɨɬɵ. Ɇɟɯɚɧɢɡɢɪɨɜɚɧɧɵɟ ɢ 
ɪɭɱɧɵɟ ɡɟɦɥɹɧɵɟ ɪɚɛɨɬɵ (ɉɪɢɥɨɠɟɧɢɟ 2), ɷɬɨ ɡɧɚɱɟɧɢɟ ɞɥɹ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɨɜ 
ɪɚɜɧɨ 50%.  

 
Ʉɨɷɮɮɢɰɢɟɧɬ Кɪ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 К˓ = ହ଴%ଵ଴଴% + ͳ = ͳ,ͷ,             (5.35) 

 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɤɫɤɚɜɚɬɨɪɚ: 
 ʞˠ = ʞ˕ ∙ ʡ˓ ∙ К˅ = ͳͲͺ ∙ ͳ ∙ Ͳ,ͺ = ͺ͸,Ͷ ˏଷ/˚˃˔,         (5.36) 
 

ɝɞɟ Пɬ – ɬɟɯɧɢɱɟɫɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ; 
Тɪ – ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɢɨɞɚ ɪɚɛɨɬɵ Тɪ=1 ɱɚɫ; 
Кɜ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɲɢɧɵ ɩɨ ɜɪɟɦɟɧɢ, ɩɪɢɧɢɦɚɟɦɵɣ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɇɟɬɨɞɢɱɟɫɤɢɦɢ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ 
ɩɪɨɜɟɪɤɟ ɬɟɯɧɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɯ ɧɨɪɦ ɜɪɟɦɟɧɢ ɪɚɫɱɟɬɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɦ 
ɦɟɬɨɞɨɦ ɪɚɜɧɵɦ 0,7÷0,8. 

 
ɇɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɚ ɬɪɚɧɫɩɨɪɬɚ: 
 ሺ𝑚 − ͳሻ ∙ ʡ௡ = ௅భ௏భ + ௅మ௏మ + ʡ˓ + ʡˊ = ଶ,ଽହ଺଴ + ଶ,ଽହଶ଴ + Ͳ,ͳͳ + Ͳ,ʹͷ = Ͳ,Ͷ͸,   (5.37) 

 
ɝɞɟ m – ɤɨɥɢɱɟɫɬɜɨ ɟɞɢɧɢɰ ɬɪɚɧɫɩɨɪɬɚ ɧɚ 1 ɷɤɫɤɚɜɚɬɨɪ; 

Тɩ – ɜɪɟɦɹ ɩɨɝɪɭɡɤɢ 1 ɦɚɲɢɧɵ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 5.38; 
L1, L2 – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɫɬɜɨɪɚ ɝɢɞɪɨɭɡɥɚ ɞɨ ɛɟɬɨɧɧɨɝɨ ɡɚɜɨɞɚ ɬɭɞɚ ɢ ɨɛɪɚɬɧɨ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, L1,=L= 2,95 ɦ; 
V1, V2 – ɫɤɨɪɨɫɬɢ, ɫ ɤɨɬɨɪɵɦɢ ɞɜɢɠɟɬɫɹ ɷɤɫɤɚɜɚɬɨɪ ɬɭɞɚ ɢ ɨɛɪɚɬɧɨ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, V1=60 кɦ/ɱ, V2=20 кɦ/ɱ; 
Тɪ – ɜɪɟɦɹ ɪɚɡɝɪɭɡɤɢ ɫɚɦɨɫɜɚɥɚ ɜ ɱɚɫ, Тɪ= 40 cɟк = 0,011 ɱ; 
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Тɡ – ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ ɜ ɩɭɬɢ ɱɚɫ, Тɡ =15 ɦɢɧ = 0,25 ɱ. 
 

ȼɪɟɦɹ ɩɨɝɪɭɡɤɢ: 
 ʡ௡ = ௐʞˠ = ଺,ଶହ଼଺,ସ = Ͳ,Ͳ͹ʹ ˚,             (5.38) 

 
ɝɞɟ W – ɟɦɤɨɫɬɶ ɤɭɡɨɜɚ ɜ ɦ3; 

Пэ – ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɤɫɤɚɜɚɬɨɪɚ ɦ3/ɱɚɫ. 
 

Ɍɨɝɞɚ: 
 𝑚 = ଴,ସ଺଴,଴଻ଶ + ͳ = ͹,͵ͳ ˛˕.  
 
ɉɪɢɧɹɬɨ  m = 8 ɲɬ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɤɫɤɚɜɚɬɨɪɚ ɜ ɦɟɫɹɰ: 
 ʞˠ = ʞ௠ ∙ ʡ˓ ∙ К˅ = ͳͲͺ ∙ ͺ ∙ ʹͳ ∙ Ͳ,ͺ = ͳͶͷͳͷ,ʹ ˏଷ/˚,        (5.39) 
 
Ɍɨɝɞɚ ɜɪɟɦɹ ɪɚɛɨɬɵ ɷɤɫɤɚɜɚɬɨɪɚ: 
 ʡ = ௐʞˠ = ଶ଻ସ଺ଵହ,ଶ଼ଵସହଵହ,ଶ = ͳͺ,ͻʹ ˏˈ˔,           (5.40) 

 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ: 
 𝐽ˊ˓ = ௐ் = ଵ଼,ଽଶଶ଻ସ଺ଵହ,ଶ଼ = Ͳ,ͲͲͲͲ͹ ˏˈ˔/ˏଷ,          (5.41) 

 
5.13 ɉɪɨɢɡɜɨɞɫɬɜɨ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ 
 
ɐɢɤɥ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ ɫɨɫɬɨɢɬ ɢɡ: 
 ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɪɚɛɨɬ: ɨɩɚɥɭɛɨɱɧɵɟ ɢ ɚɪɦɚɬɭɪɧɵɟ ɪɚɛɨɬɵ; 
 Ɉɫɧɨɜɧɵɯ ɪɚɛɨɬ: ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɬɪɚɧɫɩɨɪɬ ɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ (ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɢ ɜɟɪɬɢɤɚɥɶɧɵɣ), ɩɨɞɝɨɬɨɜɤɚ ɛɥɨɤɚ ɤ ɛɟɬɨɧɢɪɨɜɚɧɢɸ, 
ɭɤɥɚɞɤɚ ɢ ɭɩɥɨɬɧɟɧɢɟ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɭɯɨɞ ɡɚ ɛɟɬɨɧɨɦ ɢ ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ 
ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ. 

 
5.14 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɴёɦɨɜ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ 
 
Ɉɛɴɟɦ ɛɟɬɨɧɢɪɨɜɚɧɢɹ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ, ɜɨɞɨɛɨɹ ɢ ɪɢɫɛɟɪɦɵ 

Vɜ=118355,31 ɦ3.  
Ɉɛɴɟɦ ɛɟɬɨɧɢɪɨɜɚɧɢɹ ɡɞɚɧɢɹ Ƚɗɋ V ɜ = 39756,65 ɦ3. 
Ɉɛɳɢɣ ɨɛɴɟɦ ɛɟɬɨɧɢɪɨɜɚɧɢɹ Vɜ =158111,96 ɦ3. 
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5.15 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 
 
ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɛɟɬɨɧɧɨɦ ɡɚɜɨɞɟ, 

ɩɪɢɧɢɦɚɟɦ ɛɟɬɨɧɧɵɣ ɡɚɜɨɞ «ɋɌȺɇȾȺɊɌ-15», ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɜ 2,95 ɤɦ ɨɬ 
ɩɪɨɢɡɜɨɞɢɦɵɯ ɪɚɛɨɬ ɜ ɦɟɫɬɟ ɜɨɡɜɟɞɟɧɢɹ ɩɥɨɬɢɧɵ. Ɍɢɩ ɡɚɜɨɞɚ: 
ɩɨɥɭɚɜɬɨɦɚɬɢɱɟɫɤɢɣ, ɫɬɚɰɢɨɧɚɪɧɵɣ. 

Ȼɚɡɨɜɚɹ ɤɨɦɩɥɟɤɬɚɰɢɹ: 
 ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɶ Ȼɉ-1Ƚ-450ɋ; 
 ɫɤɢɩɨɜɵɣ ɩɨɞɴɟɦɧɢɤ ɫ ɥɟɛɟɞɤɨɣ; 
 ɷɫɬɚɤɚɞɚ ɫ ɜɵɫɨɬɨɣ ɜɵɝɪɭɡɤɢ 3 ɦ; 
 ɞɨɡɢɪɭɸɳɢɣ ɤɨɦɩɥɟɤɫ 10ɦ3 (2x5ɦ3); 
 ɞɨɡɚɬɨɪ ɰɟɦɟɧɬɚ Ⱦɐ-150 (150 ɤɝ); 
 ɞɨɡɚɬɨɪ ɜɨɞɵ ȾȼɉɅ-1; 
 ɤɨɦɩɪɟɫɫɨɪ Abac (ɂɬɚɥɢɹ); 
 ɩɨɥɭɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɩɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ; 
Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 10÷15 ɦ3/ɱɚɫ; 
 ɨɛɳɚɹ ɦɨɳɧɨɫɬɶ 32 ɤȼɬ; 
 ɢɫɩɨɥɧɟɧɢɟ ɡɢɦɧɟɟ (ɜ ɫɜɹɡɢ ɫ ɜɵɛɪɚɧɧɵɦ ɪɟɝɢɨɧɨɦ); 
 
5.16 Ɍɪɚɧɫɩɨɪɬ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ (ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ) 
 
Ⱦɨɫɬɚɜɤɭ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɨɬ ɛɟɬɨɧɧɨɝɨ ɡɚɜɨɞɚ ɨɫɭɳɟɫɬɜɥɹɟɦ ɩɭɬɟɦ 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɚɜɬɨɛɟɬɨɧɨɫɦɟɫɢɬɟɥɟɦ.   
ȼɵɛɪɚɧ ɚɜɬɨɛɟɬɨɧɨɫɦɟɫɢɬɟɥɶ 3DA ɧɚ ɲɚɫɫɢ ɄȺɆȺɁ-43255 ɫ ɟɦɤɨɫɬɶɸ 

ɛɚɪɚɛɚɧɚ 3 ɦ3.    
Ɉɩɪɟɞɟɥɟɧ ɨɛɴɟɦ ɫɦɟɫɢ ɩɟɪɟɜɨɡɢɦɵɣ ɨɞɧɢɦ ɚɜɬɨɛɟɬɨɧɨɫɦɟɫɢɬɟɥɟɦ ɞɨ 

ɦɟɫɬɚ ɩɨɞɚɱɢ ɜ ɛɥɨɤ: 
 𝑄 = ௤∙଺଴∙்∙௞௧ሺ˙ሻ = ଷ∙଺଴∙଼∙଴,଼ଶ଺ = ͶͶ,͵ͳ ˏଷ/˔ˏˈː˃,           (5.42) 

 
ɝɞɟ  q – Ɉɛɴɟɦ ɩɨɪɰɢɢ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 3 ɦ3, ɩɟɪɟɜɨɡɢɦɵɣ ɡɚ 1 ɪɟɣɫ ɜ ɦ3; 

60 – ɤɨɥɢɱɟɫɬɜɨ ɦɢɧɭɬ ɜ ɱɚɫɟ; 
Т – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɦɟɧɵ ɜ ɱɚɫɚɯ; 
k – Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ = 0,8; 
t(ɰ) – 26 ɦɢɧ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɰɢɤɥɚ ɜ ɦɢɧɭɬɚɯ t (ɰ) = t (ɡɚɝɪɭɡɤɚ 5 ɦɢɧ)+ 

t (ɝɪɭɡɨɜɨɣ ɩɪɨɛɟɝ 8 ɦɢɧ)+ t (ɜɵɝɪɭɡɤɚ 3 ɦɢɧ)+ t (ɩɨɪɨɠɧɢɣ ɩɪɨɛɟɝ 5 ɦɢɧ)+ t 
(ɨɱɢɫɬɤɚ ɤɭɡɨɜɚ 5 ɦɢɧ). 

 
Ʉɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧ ɜ ɫɦɟɧɭ (ɜɡɹɬɶ ɢɡ ɤɚɥɟɧɞɚɪɧɨɝɨ ɝɪɚɮɢɤɚ): 
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N˓ = Q୍ = ଺ସ଴଴ସସ,ଷଵ = ͳͶͶ,ͶͶ ˏ˃˛ˋː ˅ ˔ˏˈː˖,            

(5.43) 
 

ɝɞɟ  I = 6400ɦ3/ ɦɟɫ=ɦ3/cɦ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɭɤɥɚɞɤɢ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɛɥɨɤ ɜ ɦ3/ɱ 
ɫ ɤɚɥɟɧɞɚɪɧɨɝɨ ɝɪɚɮɢɤɚ. 

 
5.17 Ɍɪɚɧɫɩɨɪɬ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ (ɜɟɪɬɢɤɚɥɶɧɵɣ) 
 
ȼɵɛɪɚɧɚ ɫɯɟɦɚ ɩɨɞɚɱɢ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɛɥɨɤɢ ɛɟɬɨɧɢɪɨɜɚɧɢɹ ɩɨ 

ɜɟɪɬɢɤɚɥɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɛɚɲɟɧɧɵɯ ɛɟɬɨɧɨɭɤɥɚɞɨɱɧɵɯ ɤɪɚɧɨɜ.   ɋɯɟɦɚ ɫ 
ɪɚɡɦɟɳɟɧɢɟɦ ɛɟɬɨɧɨɭɤɥɚɞɨɱɧɵɯ ɤɪɚɧɨɜ ɧɚ ɨɬɦɟɬɤɚɯ ɞɧɚ ɤɨɬɥɨɜɚɧɚ.   

Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɭɤɥɚɞɤɢ ɛɥɨɤɨɜ ɜɵɛɪɚɧ ɛɚɲɟɧɧɵɣ ɛɟɬɨɧɨɭɤɥɚɞɨɱɧɵɣ 
ɤɪɚɧ ɄȻȽɋ-500, ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 12,5-25 ɬ. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɤɪɚɧɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.1. 

 
Ɍɚɛɥɢɰɚ 5.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɪɚɧɚ ɄȻȽɋ-500 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɇɚɢɛɨɥɶɲɢɣ ɜɵɥɟɬ ɤɪɸɤɚ, ɦ. 40 

ȼɵɫɨɬɚ ɩɨɞɴɟɦɚ, ɦ. 45 
Ȼɚɡɚ ɤɪɚɧɚ, ɦ. 10 

Ⱦɥɢɧɚ ɤɨɥɟɢ, ɦ. 10 
ɋɤɨɪɨɫɬɶ ɩɟɪɟɞɜɢɠɟɧɢɹ, ɦ/ɦɢɧ. 11 

ȼɟɫ, ɬ. 313 
Ƚɪɭɡɨɩɨɞɴёɦɧɨɫɬɶ, ɬ. 12,5-25 

 
Ʉɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧɨ-ɱɚɫɨɜ ɞɥɹ ɭɤɥɚɞɤɢ ɛɟɬɨɧɚ ɤɪɚɧɚɦɢ ɛɚɲɟɧɧɵɦɢ 

ɛɟɬɨɧɨɭɤɥɚɞɨɱɧɵɦɢ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 12,5-25 ɬ ɨɩɪɟɞɟɥɹɟɦ ɩɨ Ƚɗɋɇ37-01-
002-01 – 10,26 ɦɚɲ/ɱ ɧɚ 100 ɦ3 ɛɟɬɨɧɚ. 

ȼɪɟɦɹ ɭɤɥɚɞɤɢ ɛɟɬɨɧɚ: 
 𝑇 ˍ = V∙்ଵ଴଴ = ଵହ଼ଵଵଵ,ଽ଺∙ଵ଴,ଶ଺ଵ଴଴ = ͳ͸ʹʹʹ,ʹͻ ˏ˃˛˚ = ͸͹͸ ˔˖˕,        (5.44) 

 
ɝɞɟ V – ɨɛɴɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɛɟɬɨɧɚ; 
      Т – ɤɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧɨ-ɱɚɫɨɜ, ɨɩɪɟɞɟɥɟɧɧɨɟ ɩɨ Ƚɗɋɇ 37-01-002-01 ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɛɪɚɧɧɵɦ ɬɢɩɨɦ ɤɪɚɧɨɜ. 

 
5.18 Ɉɩɚɥɭɛɨɱɧɵɟ ɪɚɛɨɬɵ 
 
ɉɥɨɳɚɞɶ ɨɩɚɥɭɛɥɢɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɦ2: 
 𝑆 = 𝑉 ∙ Кˑ˒ = ͳͷͺͳͳͳ,ͻ͸ ∙ Ͳ,Ͷ = ͸͵ʹͶͶ,͹ͻ ˏଶ,         (5.45) 
 

ɝɞɟ V – ɨɛɴɟɦ ɛɟɬɨɧɚ ɜɧɭɬɪɢ ɨɩɚɥɭɛɥɢɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ S, ɦ3; 
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0,4ɨɩK   – ɤɨɷɮɮɢɰɢɟɧɬ ɨɩɚɥɭɛɥɢɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɦ2/ɦ3, ɞɥɹ 
ɦɚɫɫɢɜɧɵɯ ɩɥɨɬɢɧ. 

Ɍɢɩ ɨɩɚɥɭɛɤɢ: ɞɟɪɟɜɹɧɧɚɹ ɤɪɭɩɧɨɩɚɧɟɥɶɧɚɹ ɳɢɬɨɜɚɹ ɩɥɨɫɤɚɹ ɫ ɬɹɠɚɦɢ. 
 
5.19 Ɍɟɯɧɨɥɨɝɢɹ ɦɨɧɬɚɠɚ ɨɩɚɥɭɛɤɢ 
 
Ɇɨɧɬɚɠ ɨɩɚɥɭɛɤɢ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɛɟɬɨɧɨɭɤɥɚɞɨɱɧɵɯ ɤɪɚɧɨɜ.  

Ʉɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧɨ-ɱɚɫɨɜ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɢ ɪɚɡɛɨɪɤɢ ɜɵɛɪɚɧɧɨɝɨ ɬɢɩɚ ɨɩɚɥɭɛɤɢ 
ɩɪɢ ɩɨɞɚɱɟ ɤɪɚɧɚɦɢ ɛɚɲɟɧɧɵɦɢ ɛɟɬɨɧɨɭɤɥɚɞɨɱɧɵɦɢ 12,5-25 ɬ: ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
Ƚɗɋɇ37-01-015-01 – 13,21 ɦɚɲ/ɱ ɧɚ 100 ɦ2 ɨɩɚɥɭɛɥɢɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.  

ȼɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɚɥɭɛɨɱɧɵɯ ɪɚɛɨɬ: 
 𝑇 ˒ = ୗ∙்ଵ଴଴ = ଺ଷଶସସ,଻ଽ∙ଵଷ,ଶଵଵ଴଴ = ͺ͵ͷͶ,͸Ͷ ˏ˃˛˚ = ͵Ͷͻ ˔˖˕,         (5.46) 

 
ɝɞɟ S – ɩɥɨɳɚɞɶ ɨɩɚɥɭɛɥɢɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ; 
      Т – ɤɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧɨ-ɱɚɫɨɜ, ɨɩɪɟɞɟɥɟɧɧɨɟ ɩɨ Ƚɗɋɇ 37-01-015-01 ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɛɪɚɧɧɵɦ ɬɢɩɨɦ ɨɩɚɥɭɛɤɢ. 

 
5.20 Ⱥɪɦɚɬɭɪɧɵɟ ɪɚɛɨɬɵ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɚɦɨɣ ɯɨɥɨɞɧɨɣ ɩɹɬɢɞɧɟɜɤɢ ɪɟɝɢɨɧɚ (-

34ɋ),  ɫɨɝɥɚɫɧɨ ɋɉ 63.13330.2012 ɜɵɛɪɚɧɚ ɚɪɦɚɬɭɪɚ ɦɚɪɤɢ Ⱥ500ɋ ɢ Ⱥ600 ɢɡ 
ɫɬɚɥɢ ɦɚɪɤɢ 20Ƚ2ɋɎȻɎ, ɞɢɚɦɟɬɪɨɦ 10-40ɦɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ 
ɤɨɧɫɬɪɭɤɰɢɢ. Ɍɢɩ ɜɵɛɪɚɧɧɨɣ ɚɪɦɚɬɭɪɵ: ɝɨɪɹɱɟɤɚɬɚɧɚɹ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ 
ɩɪɨɮɢɥɹ. 

Ɉɛɴɟɦ ɚɪɦɚɬɭɪɧɵɯ ɪɚɛɨɬ: 
 𝑉 ˓ = V ∙ К˃˓ = ͳͷͺͳͳͳ,ͻ͸ ∙ ͳͷ = ʹ͵͹ͳ͸͹ͻ,Ͷ ˍˆ = ʹ͵͹ͳ,͸ͺ ˕ˑːː,       (5.47) 
 

ɝɞɟ V – ɨɛɴɟɦ ɛɟɬɨɧɚ ɞɥɹ ɚɪɦɢɪɨɜɚɧɢɹ S, ɦ3; 
15ɚɪK   – ɤɨɷɮɮɢɰɢɟɧɬ ɚɪɦɢɪɨɜɚɧɢɹ. 

 
5.21 Ɍɟɯɧɨɥɨɝɢɹ ɦɨɧɬɚɠɚ ɚɪɦɚɬɭɪɧɵɯ ɢɡɞɟɥɢɣ 
 
Ɇɨɧɬɚɠ ɚɪɦɚɬɭɪɧɵɯ ɢɡɞɟɥɢɣ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɛɟɬɨɧɨɭɤɥɚɞɨɱɧɵɯ 

ɤɪɚɧɨɜ.  Ʉɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧɨ-ɱɚɫɨɜ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɚɪɦɨɤɚɪɤɚɫɨɜ ɢ ɚɪɦɨɮɟɪɦ 
ɦɚɫɫɨɣ ɞɨ 5 ɬɨɧɧ ɤɪɚɧɚɦɢ ɛɚɲɟɧɧɵɦɢ ɛɟɬɨɧɨɭɤɥɚɞɨɱɧɵɦɢ 12,5-25 ɬɨɧɧ 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ Ƚɗɋɇ 37-01-027-02 – 75,21 ɦɚɲ/ɱ ɧɚ 100 ɬ. ɚɪɦɚɬɭɪɵ.  

ȼɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɚɪɦɚɬɭɪɧɵɯ ɪɚɛɨɬ: 
 T˃ ˓ = ௏˃ ˓∙்ଵ଴଴ = ଶଷ଻ଵ,଺଼∙଻ହ,ଶଵଵ଴଴ = ͳ͹ͺ͵,͹Ͷ ˏ˃˛˚ = ͹ͷ ˔˖˕,         (5.48) 
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ɝɞɟ Vаɪ – ɨɛɴёɦ ɚɪɦɚɬɭɪɧɵɯ ɪɚɛɨɬ; 
      Т – ɤɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧɨ-ɱɚɫɨɜ, ɨɩɪɟɞɟɥɟɧɧɨɟ ɩɨ Ƚɗɋɇ 37-01-027-02 ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɛɪɚɧɧɵɦ ɬɢɩɨɦ ɚɪɦɚɬɭɪɵ. 

 
5.22 ȼɢɛɪɢɪɨɜɚɧɢɟ ɛɟɬɨɧɚ 
 
ȼɢɛɪɢɪɨɜɚɧɢɟ ɛɟɬɨɧɚ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɝɥɭɛɢɧɧɨɝɨ ɜɢɛɪɚɬɨɪɚ. 
Ʉɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧɨ-ɱɚɫɨɜ ɜɢɛɪɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ Ƚɗɋɇ37-01-002-

02 – 28,68 ɦɚɲ/ɱ ɧɚ 100 ɦ3 ɛɟɬɨɧɚ. 
ȼɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɜɢɛɪɢɪɨɜɚɧɢɹ: 
 T˅ ˋ˄ = ௏∙்ଵ଴଴ = ଵହ଼ଵଵଵ,ଽ଺∙ଶ଼,଺଼ଵ଴଴ = Ͷͷ͵Ͷ͸,ͷͳ ˏ˃˛˚ = ͳͺͺͻ,ͶͶ ˔˖˕,        (5.49) 
 

ɝɞɟ V – ɨɛɴёɦ ɜɢɛɪɢɪɭɟɦɨɝɨ ɛɟɬɨɧɚ; 
      Т – ɤɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧɨ-ɱɚɫɨɜ, ɨɩɪɟɞɟɥɟɧɧɨɟ ɩɨ Ƚɗɋɇ 37-01-002-02 ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɛɪɚɧɧɵɦ ɬɢɩɨɦ ɜɢɛɪɚɬɨɪɚ. 
 

ɋɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ: 
 T˄ ˈ˕.˓ = T̟ ˍ + Tˑ ˒ + T˃ ˓ + T˅ ˋ˄ = ͳ͸ʹʹʹ,ʹͻ + ͺ͵ͷͶ,͸Ͷ + ͳ͹ͺ͵,͹Ͷ +Ͷͷ͵Ͷ͸,ͷͳ = ͹ͳ͹Ͳ͹,ͳͺ ˏ˃˛˚ ,              (5.50) 

 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ: 
 𝐽 = ௏் = ଻ଵ଻଴଻,ଵ଼ଵହ଼ଵଵଵ,ଽ଺ = Ͳ,Ͷͷ ˏ˃˛˚ˏయ ,             (5.51) 

 
ɝɞɟ V – ɨɛɴёɦ ɛɟɬɨɧɚ; 

Т – ɫɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ. 
 
5.23 Ɍɟɯɧɨɥɨɝɢɹ ɜɨɡɜɟɞɟɧɢɹ ɝɪɭɧɬɨɜɵɯ ɩɥɨɬɢɧ 
 
Ⱦɥɹ ɜɨɡɜɟɞɟɧɢɹ ɝɪɭɧɬɨɜɵɯ ɤɚɦɟɧɧɨ-ɡɟɦɥɹɧɵɯ ɩɥɨɬɢɧ ɩɪɢɦɟɧɹɟɬɫɹ 

ɫɥɟɞɭɸɳɢɣ ɫɨɫɬɚɜ ɪɚɛɨɬ: 
 Ɋɚɡɪɚɜɧɢɜɚɧɢɟ ɝɪɭɧɬɚ ɫɥɨɹɦɢ; 
 ɍɩɥɨɬɧɟɧɢɟ ɝɪɭɧɬɚ ɫ ɭɜɥɚɠɧɟɧɢɟɦ; 
 ɍɫɬɪɨɣɫɬɜɨ ɢ ɫɨɞɟɪɠɚɧɢɟ ɜɴɟɡɞɨɜ, ɫɴɟɡɞɨɜ ɢ ɩɪɨɟɡɞɨɜ ɩɨ ɧɚɫɵɩɢ; 
 Ɉɱɢɫɬɤɚ ɤɭɡɨɜɨɜ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɩɪɢ ɜɵɝɪɭɡɤɟ ɝɥɢɧɢɫɬɵɯ 

ɝɪɭɧɬɨɜ.  
Ɉɩɪɟɞɟɥɹɟɦ ɩɥɨɳɚɞɢ ɢ ɞɥɢɧɵ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɝɪɭɧɬɨɜɵɯ ɝɥɭɯɢɯ 

ɩɥɨɬɢɧ  ωˎˆ˒ = ʹ͸ͷʹ ˏଶ, ω˒ˆ˒ = ͳ͸͸ͻ,͸ʹͷ ˏଶ, ɢ ɞɥɢɧɵ 𝐿ˎˆ˒ = ͵Ͷ͹,͹ ˏ, 𝐿˒ˆ˒ =͵ͳ͵,ʹͻ ˏ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ AutoCAD. 
ɋɭɦɦɚɪɧɵɣ ɨɛɴёɦ ɝɥɭɯɢɯ ɝɪɭɧɬɨɜɵɯ ɩɥɨɬɢɧ: 



 

98 
 

 𝑉˓.˒ˎ  = ሺ𝜔ˎˆ˒ሻ ∙ 𝐿ˎˆ˒ + ሺ𝜔˒ˆ˒ሻ ∙ 𝐿˒ˆ˒ ,          (5.52) 
 𝑉˓.˒ˎ  = ʹ͸ͷʹ ∙ ͵Ͷ͹,͹ + ͳ͸͸ͻ,͸ʹͷ ∙ ͵ͳ͵,ʹͻ = ͳͶͶͷͳ͹͹,ʹʹ ˏଷ . 
  
ȼɪɟɦɹ ɨɬɫɵɩɤɢ ɩɥɨɬɢɧ ɨɩɪɟɞɟɥɹɟɦ ɩɨ Ƚɗɋɇ 81-02-36-2017 “Ɂɟɦɥɹɧɵɟ 

ɤɨɧɫɬɪɭɤɰɢɢ ȽɌɋ” ɬɚɛɥɢɰɚ Ƚɗɋɇ 36-01-001-02 ɪɚɜɧɨ 17.16 ɦɚɲ/ɱ ɧɚ 1000 ɦ3, 
ɧɚɫɭɯɨ ɜɨɡɜɨɞɢɦ ɢɡ ɧɟɫɜɹɡɧɵɯ ɝɪɭɧɬɨɜ ɤɚɬɤɚɦɢ ɦɚɫɫɨɣ ɫɜɵɲɟ 16 ɬ. 

 𝑇ˆ˓. ˒ˎ = ௏ˆ˓.˒ˎଵ଴଴଴ ∙ 𝑇 = ቀଵସସହଵ଻଻,ଶଶ  ଵ଴଴଴ ቁ ∙ ͳ͹,ͳ͸ = ʹͶ͹ͻͻ,ʹͶ ˚˃˔ˑ˅,      (5.53) 

 
5.24 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɴёɦɨɜ ɪɚɛɨɬ ɩɨ ɷɬɚɩɚɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
ȼɪɟɦɹ ɜɨɡɜɟɞɟɧɢɹ ɩɟɪɟɦɵɱɟɤ: 
 𝑇 = ௏˒ ˈ˓∙்˒ ˈ˓ଵ଴଴଴ = ଶଶଶ଴ଷ଺଺,ଵଶ∙ଵ଺,଼଻ଵ଴଴଴ = ͵͹Ͷͷ͹,ͷ͹ ˚,          (5.54) 

 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ: 𝐽ˊ˓ = ௐ் = ଵ଼,ଽଶଶ଻ସ଺ଵହ,ଶ଼ = Ͳ,ͲͲͲͲ͹ ˏˈ˔/ˏଷ,           (5.55) 

 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ: 
 𝐽 = ௏் = ଻ଵ଻଴଻,ଵ଼ଵହ଼ଵଵଵ,ଽ଺ = Ͳ,Ͷͷ ˏ˃˛˚ˏయ ,             (5.56) 

 
ȼɪɟɦɹ ɜɨɡɜɟɞɟɧɢɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ (1 ɫɦɟɧɚ 1 ɦɟɯɚɧɢɡɦ): 
 𝑇ˆ˓. ˒ˎ = ௏ˆ˓.˒ˎଵ଴଴଴ ∙ 𝑇,                                (5.57) 

 ʡˆ˓. ˒ˎ ቀଵସସହଵ଻଻,ଶଶ  ଵ଴଴଴ ቁ ∙ ͳ͹,ͳ͸ = ʹͶ͹ͻͻ,ʹͶ ˚˃˔ˑ˅ = ͳͶͺ ˏˈ˔, 

 
1 ɫɦɟɧɚ 1 ɦɟɯɚɧɢɡɦ 
 
Ɉɛɴɟɦ ɡɟɦɥɹɧɵɯ ɢ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.2 ɢ 5.3. 
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Ɍɚɛɥɢɰɚ 5.2 – Ɉɛɴɟɦɵ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ 
№ 

ɷɬɚɩɚ 
Ɂɟɦɥɹɧɵɟ ɪɚɛɨɬɵ Ɉɛɴɟɦ, ɦ3 Ɇɟɫɹɰɵ ɉɪɢɦɟɱɚɧɢɹ 

I 
ɋɬɪɨɢɬɟɥɶɧɵɟ ɬɭɧɧɟɥɢ 2 ɲɬ 

ɩɪɨɯɨɞɤɚ 
321440 450 

3 ɫɦɟɧɵ 
1 ɦɟɯɚɧɢɡɦ 

ȼɵɟɦɤɚ ɝɪɭɧɬɚ 

II  Ʉɨɬɥɨɜɚɧ (ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ) 274615,28 19 
1 ɫɦɟɧɵ 

1 ɦɟɯɚɧɢɡɦ 
ɇɚɫɵɩɧɵɟ ɪɚɛɨɬɵ 

ɉɟɪɟɦɵɱɤɢ ɤɨɬɥɨɜɚɧɚ I ɨɱɟɪɟɞɢ 

I ɉɟɪɟɦɵɱɤɢ ɬɭɧɧɟɥɹ 1227347,27 123 
1 ɫɦɟɧɵ 

1 ɦɟɯɚɧɢɡɦ 

II  ɉɟɪɟɦɵɱɤɢ ɪɭɫɥɚ ɪɟɤɢ 993018,85 100 
1 ɫɦɟɧɚ 

1 ɦɟɯɚɧɢɡɦ 

III  
Ʌɟɜɨɛɟɪɟɠɧɚɹ ɝɪɭɧɬɨɜɚɹ 

ɩɥɨɬɢɧɚ ɞɨ ɨɬɦɟɬɤɢ 39,20 ɦ 
269368,3 27 

1 ɫɦɟɧɚ 
1 ɦɟɯɚɧɢɡɦ 

III  
ɉɪɚɜɨɛɟɪɟɠɧɚɹ ɝɪɭɧɬɨɜɚɹ 

ɩɥɨɬɢɧɚ ɞɨ ɨɬɦɟɬɤɢ 39,20 ɦ 
30145,97 3 

1 ɫɦɟɧɚ 
1 ɦɟɯɚɧɢɡɦ 

IV 
Ʌɟɜɨɛɟɪɟɠɧɚɹ ɝɪɭɧɬɨɜɚɹ 

ɩɥɨɬɢɧɚ ɨɬ ɨɬɦɟɬɤɢ 39,20 ɦ ɞɨ 
ɨɬɦɟɬɤɢ 49,50 ɦ 

158290 16 
1 ɫɦɟɧɚ 

1 ɦɟɯɚɧɢɡɦ 

IV 
ɉɪɚɜɨɛɟɪɟɠɧɚɹ ɝɪɭɧɬɨɜɚɹ 

ɩɥɨɬɢɧɚ ɨɬ ɨɬɦɟɬɤɢ 39,20 ɦ ɞɨ 
ɨɬɦɟɬɤɢ 49,50 ɦ 

106036,9 11 
1 ɫɦɟɧɚ 

1 ɦɟɯɚɧɢɡɦ 

V 
ɉɪɚɜɨɛɟɪɟɠɧɚɹ ɝɪɭɧɬɨɜɚɹ 

ɩɥɨɬɢɧɚ ɨɬ ɨɬɦɟɬɤɢ 49,50 ɦ ɞɨ 
ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ 

71900,06 7 
1 ɫɦɟɧɚ 

1 ɦɟɯɚɧɢɡɦ 

V 
Ʌɟɜɨɛɟɪɟɠɧɚɹ ɝɪɭɧɬɨɜɚɹ 

ɩɥɨɬɢɧɚ ɨɬ ɨɬɦɟɬɤɢ 49,50 ɦ ɞɨ 
ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ 

79797,15 8 
1 ɫɦɟɧɚ 

1 ɦɟɯɚɧɢɡɦ 

 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ J=0,45 ɦɚɲ/ɱ/ɦ3 
 

Ɍɚɛɥɢɰɚ 5.3. – Ɉɛɴɟɦɵ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ  
№ 

ɷɬɚɩɚ Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ Ɉɛɴɟɦ, ɦ3 Ɇɟɫɹɰɵ ɉɪɢɦɟɱɚɧɢɹ 

III  
ȼɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ ɞɨ 

ɨɬɦɟɬɤɢ 40,2 
59177,66 159 1 ɫɦɟɧɚ, 1 ɤɪɚɧ 

III  Ɂɞɚɧɢɟ Ƚɗɋ ɞɨ ɨɬɦɟɬɤɢ 40,2 19878,33 53 1 ɫɦɟɧɚ, 1 ɤɪɚɧ 

IV 
ȼɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ ɨɬ 

ɨɬɦɟɬɤɢ 40,2 ɞɨ ɨɬɦɟɬɤɢ 50,5 
29588,83 79 1 ɫɦɟɧɚ, 1 ɤɪɚɧ 

IV 
Ɂɞɚɧɢɟ Ƚɗɋ ɨɬ ɨɬɦɟɬɤɢ 40,2 ɞɨ 

ɨɬɦɟɬɤɢ 50,5 
9939,16 27 1 ɫɦɟɧɚ, 1 ɤɪɚɧ 

V 
ȼɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ ɨɬ 

ɨɬɦɟɬɤɢ 50,5 ɞɨ ɩɪɨɟɤɬɧɨɣ 
ɨɬɦɟɬɤɢ 

29588,83 79 1 ɫɦɟɧɚ, 1 ɤɪɚɧ 

V 
Ɂɞɚɧɢɟ Ƚɗɋ ɨɬ ɨɬɦɟɬɤɢ 50,5 ɦ 

ɞɨ ɩɪɨɟɤɬɧɨɣ ɨɬɦɟɬɤɢ 
9939,16 27 1 ɫɦɟɧɚ, 1 ɤɪɚɧ 
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6 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ 
Ⱥɧɚɛɚɪɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ 

 
6.1 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ Ⱥɧɚɛɚɪɫɤɨɝɨ Ƚɍ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɪɚɛɨɬ: 
 ɜɵɟɦɤɚ ɝɪɭɧɬɚ ɢ ɫɤɥɚɞɢɪɨɜɚɧɢɟ ɟɝɨ ɜ ɩɨɥɟɡɧɭɸ ɧɚɫɵɩɶ; 
 ɨɬɫɵɩɤɚ ɩɟɪɟɦɵɱɟɤ; 
 ɩɨɞɝɨɬɨɜɤɚ ɩɥɨɳɚɞɤɢ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɟɟ ɨɛɭɫɬɪɨɣɫɬɜɨ; 
 ɪɚɫɱɢɫɬɤɚ ɢ ɩɥɚɧɢɪɨɜɤɚ ɬɟɪɪɢɬɨɪɢɢ; 
 ɜɨɡɜɟɞɟɧɢɟ ɢ ɩɨɫɥɟɞɭɸɳɢɣ ɞɟɦɨɧɬɚɠ ɜɪɟɦɟɧɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ; 
 ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ; 
 ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨɫɟɥɤɚ ɷɤɫɩɥɭɚɬɢɪɭɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ.  
ȼ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ 

ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɚ ɬɚɤɠɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɦɢɧɢɦɢɡɚɰɢɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ.  

ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 
 ɫɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɥɚɧɞɲɚɮɬɨɜ, ɤɥɢɦɚɬɢɱɟɫɤɢɟ 

ɢɡɦɟɧɟɧɢɹ;  
 ɩɨɞɝɨɬɨɜɤɚ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɫɜɨɞɤɚ ɥɟɫɚ ɢ ɫɚɧɚɰɢɹ 

ɬɟɪɪɢɬɨɪɢɢ;  
 ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɧɚ ɷɬɚɩɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ;  
 ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɨɛɪɚɳɟɧɢɟ ɫ ɨɬɯɨɞɚɦɢ; 
 ɨɩɚɫɧɨɫɬɢ ɢ ɪɢɫɤɢ ɞɥɹ ɧɚɫɟɥɟɧɢɹ ɢ ɩɟɪɫɨɧɚɥɚ, ɫɜɹɡɚɧɧɵɟ ɫ ɫɨɫɬɨɹɧɢɟɦ 

ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɩɨɪɹɞɤɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ.  
ɋɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɛɭɞɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦɢ 

ɩɪɨɰɟɫɫɚɦɢ: 
1.  Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜɨɞɧɨɝɨ, ɥɟɞɨɜɨɝɨ ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ 

ɪɟɠɢɦɨɜ;  
2. ɂɡɦɟɧɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɢ ɫɟɞɢɦɟɧɬɚɰɢɢ ɧɚɧɨɫɨɜ;  
3.  Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɝɢɞɪɨɯɢɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɢ ɢɡɦɟɧɟɧɢɟ 

ɤɚɱɟɫɬɜɚ ɜɨɞɵ Ⱥɧɚɛɚɪ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ Ⱥɧɚɛɪɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ; 
4.  Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɝɢɞɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɢ ɢɡɦɟɧɟɧɢɹ 

ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ ɜɨɞɨɟɦɚ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɪɟɱɧɨɣ ɬɢɩ 
ɷɤɨɫɢɫɬɟɦɵ ɢɡɦɟɧɢɬɫɹ ɧɚ ɨɡɟɪɧɵɣ. 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜɵɲɟ ɩɨ ɬɟɱɟɧɢɸ ɨɬɫɭɬɫɬɜɭɸɬ ɧɚɫɟɥɟɧɧɵɣ ɩɭɧɤɬɵ, 
ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɩɨɞɜɟɪɝɚɬɶɫɹ ɡɚɬɨɩɥɟɧɢɸ ɧɟ ɛɭɞɭɬ ɜɵɩɨɥɧɹɬɶɫɹ ɬɪɟɛɨɜɚɧɢɹ 
ɋɉ ɨɬ 01.07.1985 № 3907-85 «ɋɚɧɢɬɚɪɧɵɟ ɩɪɚɜɢɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳ». ɉɨɷɬɨɦɭ ɜɵɩɨɥɧɹɬɶɫɹ ɜ ɪɚɦɤɚɯ 
ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɩɨɥɧɹɬɶ ɫɥɟɞɭɸɳɢɟ ɪɚɛɨɬɵ: 

 ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɢ ɨɬ ɨɫɬɚɬɤɨɜ ɫɬɪɨɟɧɢɣ ɢ ɦɭɫɨɪɚ;  
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 ɜɵɜɨɡ ɧɟɱɢɫɬɨɬ ɢɡ ɭɛɨɪɧɵɯ, ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ;  
 ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɣ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ;  
 ɡɚɫɵɩɤɚ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɭɝɥɭɛɥɟɧɢɣ ɢ ɬɚɦɩɨɧɚɠ ɫɤɜɚɠɢɧ; 
ɇɨ ɛɭɞɭɬ ɜɵɩɨɥɧɹɬɶɫɹ ɪɚɛɨɬɵ ɩɨ ɨɱɢɫɬɤɟ ɥɨɠɚ ɨɬ ɞɪɟɜɟɫɧɨɣ ɢ 

ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɭɤɚɡɚɧɵ ɫɚɧɢɬɚɪɧɵɯ ɩɪɚɜɢɥɚɯ.  
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɟ ɧɚɫɟɥɟɧɧɵɯ 

ɩɭɧɤɬɨɜ, ɩɨɩɚɞɚɸɳɢɯ ɜ ɡɨɧɭ ɡɚɬɨɩɥɟɧɢɹ, ɩɨɞɬɨɩɥɟɧɢɹ, ɛɟɪɟɝɨɨɛɪɭɲɟɧɢɹ, 
ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ: 

 ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ, ɢɫɤɥɸɱɚɸɳɢɟ ɡɚɬɨɩɥɟɧɢɟ ɢ ɩɨɞɬɨɩɥɟɧɢɟ 
ɨɫɬɚɜɥɹɟɦɵɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɩɪɟɞɩɪɢɹɬɢɣ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɧɨɪɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɢ ɛɵɬɚ ɧɚɫɟɥɟɧɢɹ; 

 ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɞɪɟɧɢɪɨɜɚɧɢɸ ɟɫɬɟɫɬɜɟɧɧɨɝɨ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɬɨɤɚ ɫ ɫɨɛɫɬɜɟɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɵ; 

       ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ 
ɫɜɹɡɚɧɨ ɫ ɪɚɛɨɬɨɣ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ, ɩɪɨɜɟɞɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɪɚɛɨɬ. 

ɇɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɚɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɧɟ ɹɜɥɹɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦɢ, ɬɚɤ 
ɤɚɤ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 200 ɦɟɬɪɨɜ ɨɬɫɭɬɫɬɜɭɸɬ ɩɨɫɟɥɟɧɢɹ.  

 
6.2 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
 
Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ, ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɜɨɞɨɯɪɚɧɢɥɢɳ ɪɟɝɥɚɦɟɧɬɢɪɭɸɬɫɹ ɋɉ ɨɬ 1.07.1985 № 3907-85 «ɋɚɧɢɬɚɪɧɵɟ 
ɩɪɚɜɢɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳ», ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦɢ: 

1. Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɩɪɟɞɩɪɨɟɤɬɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɪɨɟɤɬɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳ ɩɨɞɥɟɠɚɬ ɨɛɹɡɚɬɟɥɶɧɨɦɭ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ 
ɨɪɝɚɧɚɦɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɚɧɢɬɚɪɧɨɝɨ ɧɚɞɡɨɪɚ. 

2. Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɫɚɧɢɬɚɪɧɵɟ 
ɩɨɩɭɫɤɢ ɫɨɫɬɚɜɥɹɸɬɫɹ ɫ ɭɱɟɬɨɦ ɧɟɨɛɯɨɞɢɦɵɯ ɢɧɠɟɧɟɪɧɵɯ ɢɡɵɫɤɚɧɢɣ ɪɚɫɱɟɬɨɜ, 
ɜɚɪɢɚɧɬɧɵɯ ɩɪɨɪɚɛɨɬɨɤ ɜ ɌɗɈ (ɌɗɊ), ɜ ɩɪɨɟɤɬɚɯ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜɨɞɨɯɪɚɧɢɥɢɳ.  

3. Ɋɚɛɨɬɵ ɩɨ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɨɥɠɧɵ ɛɵɬɶ 
ɡɚɤɨɧɱɟɧɵ ɧɟ ɩɨɡɞɧɟɟ, ɱɟɦ ɡɚ ɨɞɢɧ ɜɟɫɟɧɧɟ-ɥɟɬɧɢɣ ɫɟɡɨɧ ɞɨ ɧɚɱɚɥɚ ɡɚɩɨɥɧɟɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 

4. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɟɪɟɧɨɫɭ ɢ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɟ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, 
ɩɪɟɞɩɪɢɹɬɢɣ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. 

ɋɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ⱥɧɚɛɚɪɫɤɨɣ Ƚɗɋ ɧɟ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɩɟɪɟɫɟɥɟɧɢɢ ɠɢɬɟɥɟɣ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ. ɉɨɷɬɨɦɭ ɪɹɞ 
ɞɚɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ:  

- ɇɟɱɢɫɬɨɬɵ ɢɡ ɭɛɨɪɧɵɯ, ɛɵɬɨɜɵɟ ɨɬɛɪɨɫɵ ɜɵɜɨɡɹɬɫɹ ɡɚ ɩɪɟɞɟɥɵ 
ɬɟɪɪɢɬɨɪɢɢ ɡɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɢ. 

- Ɉɱɢɫɬɧɵɟ ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɟ ɫɨɨɪɭɠɟɧɢɹ, ɫɜɚɥɤɢ, ɩɨɥɹ ɚɫɫɟɧɢɡɚɰɢɢ, 
ɨɪɨɲɟɧɢɹ ɢ ɮɢɥɶɬɪɚɰɢɢ, ɩɨɩɚɞɚɸɳɢɟ ɜ ɡɨɧɭ ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɢ, ɩɨɞɥɟɠɚɬ 
ɡɚɤɪɵɬɢɸ. 
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 ɇɚɜɨɡ, ɧɚɜɨɡɧɵɟ ɫɬɨɤɢ ɢ ɦɭɫɨɪ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ 
ɨɛɟɡɡɚɪɚɠɢɜɚɸɬɫɹ, ɩɨɫɥɟ ɱɟɝɨ ɜɵɜɨɡɹɬɫɹ ɧɚ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɟ ɩɨɥɹ. 

 ɉɨɱɜɚ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɩɨɦɟɳɟɧɢɣ, ɡɚɝɨɧɨɜ ɩɪɨɠɢɝɚɟɬɫɹ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɝɨɪɸɱɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢɥɢ ɨɪɨɲɚɟɬɫɹ ɪɚɫɬɜɨɪɚɦɢ ɞɜɭɪɟɬɢ 
ɨɫɧɨɜɧɨɣ ɫɨɥɢ ɝɢɩɨɯɥɨɪɢɬɚ ɤɚɥɶɰɢɹ ɢɥɢ ɯɥɨɪɧɨɣ ɢɡɜɟɫɬɢ, ɫɨɞɟɪɠɚɳɟɣ ɧɟ 
ɦɟɧɟɟ 5% ɚɤɬɢɜɧɨɝɨ ɯɥɨɪɚ, ɩɨɫɥɟ ɱɟɝɨ ɫɥɨɣ ɩɨɱɜɵ ɝɥɭɛɢɧɨɣ ɞɨ ɱɢɫɬɨɝɨ 
ɜɵɜɨɡɢɬɫɹ ɡɚ ɩɪɟɞɟɥɵ ɬɟɪɪɢɬɨɪɢɢ ɡɚɬɨɩɥɟɧɢɹ ɢ ɡɚɤɚɩɵɜɚɟɬɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 
ɫɤɨɬɨɦɨɝɢɥɶɧɢɤɚ ɧɚ ɝɥɭɛɢɧɭ ɧɟ ɦɟɧɟɟ 2ɦ. 

 ȼɵɲɟ ɩɨ ɬɟɱɟɧɢɸ ɱɟɪɟɡ ɪɟɤɭ ɩɪɨɯɨɞɢɬ ɠɟɥɟɡɧɚɹ ɞɨɪɨɝɚ ɤ ɝɨɪɧɨ 
ɞɨɛɵɜɚɸɳɟɦɭ ɩɪɨɢɡɜɨɞɫɬɜɭ, ɤɨɬɨɪɚɹ ɩɨɩɚɞɚɟɬ ɜ ɡɨɧɭ ɡɚɬɨɩɥɟɧɢɹ ɢɡ ɷɬɨɝɨ 
ɫɥɟɞɭɟɬ, ɱɬɨ ɜɵɩɨɥɧɹɸɬɫɹ ɦɟɪɨɩɪɢɹɬɢɹ: 

 ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ 
ɜɵɧɨɫɢɦɵɯ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ, ɩɨɞɥɟɠɚɬ ɭɞɚɥɟɧɢɸ ɦɨɫɬɵ, ɬɟɥɟɝɪɚɮɧɵɟ 
ɫɬɨɥɛɵ, ɮɭɧɞɚɦɟɧɬɵ ɢ ɞɪɭɝɢɟ ɫɨɨɪɭɠɟɧɢɹ. 

 Ɉɫɬɚɜɲɢɣɫɹ ɫɬɪɨɢɬɟɥɶɧɵɣ ɦɭɫɨɪ, ɫɨɥɨɦɚ, ɝɧɢɥɚɹ ɞɪɟɜɟɫɢɧɚ ɢ ɞɪ. 
ɫɠɢɝɚɸɬɫɹ ɧɚ ɦɟɫɬɟ. 

 Ɇɟɬɚɥɥɢɱɟɫɤɢɣ ɥɨɦ ɫɨɛɢɪɚɟɬɫɹ ɢ ɜɵɜɨɡɢɬɫɹ ɡɚ ɩɪɟɞɟɥɵ ɬɟɪɪɢɬɨɪɢɢ 
ɡɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɢ. 

 ȼɵɝɪɟɛɚ ɭɛɨɪɧɵɯ ɩɨɫɥɟ ɜɵɜɨɡɚ ɨɬɯɨɞɨɜ ɞɟɡɢɧɮɢɰɢɪɭɸɬɫɹ ɫɭɯɢɦɢ 
ɩɪɟɩɚɪɚɬɚɦɢ ȾɌɋ ɄȽ ɢɥɢ ɯɥɨɪɧɨɣ ɢɡɜɟɫɬɶɸ ɢ ɡɚɫɵɩɚɸɬɫɹ ɱɢɫɬɵɦ ɝɪɭɧɬɨɦ. 

Ɉɫɧɨɜɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɞɚɧɧɵɣ ɩɟɪɢɨɞ:
 1 Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɟ        
 1.1 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɩɪɟɞɟɥɶɧɨ-
ɞɨɩɭɫɬɢɦɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ (ɉȾȼ) ;    
 1.2 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɨɛɪɚɡɨɜɚɧɢɹ 
ɨɬɯɨɞɨɜ ɢ ɥɢɦɢɬɨɜ ɧɚ ɢɯ ɪɚɡɦɟɳɟɧɢɟ (ɉɇɈɈɅɊ);     
 1.3 Ɋɚɡɪɚɛɨɬɤɚ, ɫɨɝɥɚɫɨɜɚɧɢɟ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɧɨɪɦɚɬɢɜɨɜ ɞɨɩɭɫɬɢɦɵɯ 
ɫɛɪɨɫɨɜ (ɇȾɋ) ɜɟɳɟɫɬɜ ɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ;   
 1.4 ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɜɵɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ 
ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ;          
 1.5 ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɫɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ 
ɨɛɴɟɤɬɵ;   

1.6 Ɉɮɨɪɦɥɟɧɢɟ Ɋɟɲɟɧɢɹ ɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɜɨɞɧɨɝɨ ɨɛɴɟɤɬɚ ɜ 
ɩɨɥɶɡɨɜɚɧɢɟ ɜ ɰɟɥɹɯ ɫɛɪɨɫɚ ɫɬɨɱɧɵɯ ɢɥɢ ɞɪɟɧɚɠɧɵɯ ɜɨɞ;    
 1.7 Ɋɚɫɱɟɬ ɢ ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɜɧɟɫɟɧɢɟ ɩɥɚɬɵ ɡɚ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 
ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ;        1.8
 Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ
 2 ɋɚɧɢɬɚɪɧɨ- ɬɟɯɧɢɱɟɫɤɢɟ       
 2.1 Ɋɚɡɞɟɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɨɩɚɫɧɵɯ ɨɬɯɨɞɨɜ ɩɨ ɜɢɞɚɦ ɨɬɯɨɞɨɜ ɢ 
ɤɥɚɫɫɚɦ ɨɩɚɫɧɨɫɬɢ;          
 2.2 Ɋɚɡɦɟɳɟɧɢɟ ɨɬɯɨɞɨɜ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɢ ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɩɨɥɢɝɨɧɚɯ ;   
 2.3 ɉɟɪɟɞɚɱɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɨɦɚ ɱɟɪɧɵɯ ɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ, 
ɨɬɯɨɞɨɜ ɤɚɛɟɥɶɧɨɣ ɩɪɨɞɭɤɰɢɢ;        
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 2.4 ɉɟɪɟɞɚɱɚ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɫɟɥ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ;        
 2.5 ɍɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɩɟɪɟɞɚɱɢ ɨɬɯɨɞɨɜ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ 
ɜ ɠɭɪɧɚɥɚɯ;          2.6
 Ɉɪɝɚɧɢɡɚɰɢɹ ɤɨɧɬɪɨɥɹ ɡɚ ɫɨɛɥɸɞɟɧɢɟɦ ɭɫɬɚɧɨɜɥɟɧɧɵɯ  ɧɨɪɦɚɬɢɜɨɜ ɉȾȼ
  

2.7 Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɫɬɨɱɧɵɯ, 
ɞɪɟɧɚɠɧɵɯ ɢ ɩɪɢɪɨɞɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ;      

2.8 ɋɨɛɥɸɞɟɧɢɟ ɪɟɠɢɦɚ ɯɨɡɹɣɫɬɜɨɜɚɧɢɹ ɜ ɜɨɞɨɨɯɪɚɧɧɨɣ ɡɨɧɟ;  
 2.9 ɉɟɪɟɞɚɱɚ ɯɨɡɹɣɫɬɜɟɧɧɨ ɛɵɬɨɜɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ 
ɨɪɝɚɧɢɡɚɰɢɢ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ;     2.10 Ɉɪɝɚɧɢɡɚɰɢɹ 
ɫɬɨɹɧɨɤ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɜ ɫɩɟɰɢɚɥɶɧɨ- ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɦɟɫɬɚɯ, ɢɦɟɸɳɢɯ 
ɬɜɟɪɞɨɟ ɩɨɤɪɵɬɢɟ . 

 
6.3 Ɉɬɯɨɞɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 
 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɛɨɥɶɲɨɣ 

ɨɛɴɟɦ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ, ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ: 

6.4.1 Ʌɨɦ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ, ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ 
Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 8 22 201 01 21 5 
 𝑀 = ே∙௤ଵ଴଴% ∙ 𝓺, ɬ,                                                                   (6.1) 

 𝑁 – ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ, ɦ3 (158111,96 ɦ3); 𝑞 – ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (𝑞 =1,8%); 𝓺 – ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɬ/ɦ3 (𝓺 =2,5 ɬ/ɦ3). 
 𝑀 = ே∙௤ଵ଴଴% = ଵହ଼ଵଵଵ,ଽ଺∙ଵ,଼ଵ଴଴% ∙ ʹ,ͷ = ͹ͳͳͷ,ͲͶ ˕,            (6.2) 

 
6.4.2 Ʌɨɦ ɢ ɨɬɯɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɟɡɚɝɪɹɡɧɟɧɧɵɟ ɱɟɪɧɵɟ ɦɟɬɚɥɥɵ ɜ ɜɢɞɟ 

ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ, ɧɟɫɨɪɬɢɪɨɜɚɧɧɵɟ 
Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 4 61 010 01 20 5 
ɍɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɉɪɢɥɨɠɟɧɢɟɦ ɤ ɫɛɨɪɧɢɤɭ Ɍɢɩɨɜɵɯ ɧɨɪɦ ɩɨɬɟɪɶ ɦɚɬɟɪɢɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ ɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ (ɞɨɩɨɥɧɟɧɢɟ ɤ ɊȾɋ 82-202-96) Ɇɨɫɤɜɚ, Ƚɨɫɫɬɪɨɣ Ɋɨɫɫɢɢ, 1988ɝ., 
ɬɚɛɥɢɰɚ 4, ɧɨɪɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɚɪɦɚɬɭɪɵ ɫɨɫɬɚɜɥɹɟɬ 1,0 %. 

 𝑀 = ே∙௤ଵ଴଴% ∙ 𝓺,ɬ,                 (6.3) 

 𝑁 – ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ, ɬ (2371,68 ɬ); 𝑞 – ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (𝑞 =1,0%). 
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𝓺- ɭɞɟɥɶɧɵɣ ɜɟɫ ɚɪɦɚɬɭɪɵ, ɬ/ɦ3 (𝓺 =2,0 ɬ/ɦ3) 
 𝑀 = ே∙௤ଵ଴଴% = ଶଷ଻ଵ,଺଼∙ଵ,଴ଵ଴଴% ∙ ʹ,Ͳ = Ͷ͹,Ͷ͵ ˕,         (6.4) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɨɛɪɚɡɨɜɚɧɨ ͹ͳͳͷ,ͲͶ ɬ 

ɥɨɦɚ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ (ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ), 47,43 ɬ ɨɬɯɨɞɨɜ 
ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɜɢɞɟ ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ. Ɉɬɯɨɞɵ ɛɟɬɨɧɚ ɞɨɥɠɧɵ ɛɵɬɶ 
ɜɵɜɟɡɟɧɵ ɧɚ ɡɚɯɨɪɨɧɟɧɢɟ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɨɥɢɝɨɧ. Ɉɬɯɨɞɵ ɱɟɪɧɨɝɨ 
ɦɟɬɚɥɥɚ ɞɨɥɠɧɵ ɛɵɬɶ ɩɟɪɟɞɚɧɵ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ, ɢɦɟɸɳɟɣ 
ɥɢɰɟɧɡɢɸ ɧɚ ɡɚɝɨɬɨɜɤɭ ɥɨɦɚ ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɰɟɥɹɯ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɩɥɚɜɤɢ, 
ɬɚɤ ɤɚɤ ɱɟɪɧɵɣ ɦɟɬɚɥɥ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ ɪɟɫɭɪɫɨɦ. 

 
6.4 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 
 
ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ Ⱥɧɚɛɚɪɫɤɨɝɨ Ƚɍ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ 

ɫɪɟɞɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ: 
1) ɋɛɪɨɫɨɦ ɫɬɨɱɧɵɯ (ɞɪɟɧɚɠɧɵɯ, ɞɨɠɞɟɜɵɯ ɢ ɬɚɥɵɯ) ɜɨɞ; 
2) ȼɵɛɪɨɫɚɦɢ ɜ ɚɬɦɨɫɮɟɪɭ ɨɬ: ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɨɩɪɨɛɨɜɚɧɢɹ ɞɢɡɟɥɶ- 

ɝɟɧɟɪɚɬɨɪɨɜ, ɫɜɚɪɨɱɧɵɯ ɢ ɨɤɪɚɫɨɱɧɵɯ ɪɚɛɨɬ, ɩɪɨɜɨɞɢɦɵɯ ɜ ɩɟɪɢɨɞ ɬɟɤɭɳɢɯ ɢ 
ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ; 

3) Ɉɛɪɚɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɟɯɨɛɫɥɭɠɢɜɚɧɢɢ ɢ 
ɬɟɤɭɳɢɯ ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɚɯ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ; 

4) ɇɚ ɫɪɟɞɭ ɨɛɢɬɚɧɢɹ ɧɚɫɟɥɟɧɢɹ ɛɥɢɡɥɟɠɚɳɢɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɰɟɫɫɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ ɢ ɫɨɫɬɨɹɧɢɟɦ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. 

 
ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ ɨɫɧɨɜɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ ɩɨ ɨɯɪɚɧɟ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɹɜɥɹɸɬɫɹ: 
1. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɜɨɞɧɵɦ ɪɟɠɢɦɨɦ ɜɨɞɨɬɨɤɚ; 
2. Ɉɱɢɫɬɤɚ ɜɨɞɵ, ɫɛɪɚɫɵɜɚɟɦɨɣ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ; 
3. Ɉɛɟɫɩɟɱɟɧɢɟ ɭɫɥɨɜɢɹ ɧɟɩɨɩɚɞɚɧɢɹ ɦɚɫɟɥ ɢ ɞɪɭɝɢɯ ɡɚɝɪɹɡɧɹɸɳɢɯ 

ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɣ ɨɛɴɟɤɬ; 
4. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɨɜ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɧɟɩɨɩɚɞɚɧɢɟ 

ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ. 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɨɛɫɥɭɠɢɜɚɸɳɟɦɭ ɩɟɪɫɨɧɚɥɭ Ⱥɧɚɛɚɪɫɤɨɝɨ Ƚɗɋ ɛɭɞɟɬ 

ɧɟɨɛɯɨɞɢɦɨ ɦɟɫɬɨ ɠɢɬɟɥɶɫɬɜɨ, ɚ ɟɡɞɢɬɶ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɧɚɫɟɥɟɧɧɨɝɨ ɩɭɧɤɬɚ 
ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ ɢ ɬɪɟɛɭɟɬ ɦɧɨɝɨ ɜɪɟɦɟɧɢ, ɛɭɞɟɬ ɜɨɡɜɟɞɟɧ ɝɨɪɨɞ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5 
ɤɦ ɨɬ Ƚɗɋ. ɉɨɷɬɨɦɭ ɫɨɝɥɚɫɧɨ ɋɉ ɨɬ 2.2.1/2.1.11200-03 «ɋɚɧɢɬɚɪɧɨ-ɡɚɳɢɬɧɵɟ 
ɡɨɧɵ ɢ ɫɚɧɢɬɚɪɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɟɞɩɪɢɹɬɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ ɢɧɵɯ ɨɛɴɟɤɬɨɜ» 
ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɢɹ 
ɫɚɧɢɬɚɪɧɨ-ɡɚɳɢɬɧɨɣ ɡɨɧɵ: ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ (ɜɵɛɪɨɫɵ ɜ ɚɬɦɨɫɮɟɪɭ 
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ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɜɵɛɪɨɫɨɜ) ɢ ɮɢɡɢɱɟɫɤɢɯ (ɲɭɦ, 
ɢɧɮɪɚɡɜɭɤ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ) ɮɚɤɬɨɪɨɜ. 

Ɍɚɤɠɟ, ɫɨɝɥɚɫɧɨ ɋɉ ɨɬ 2.1.4.1110-02 «Ɂɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ 
ɢɫɬɨɱɧɢɤɨɜ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɢɬɶɟɜɨɝɨ ɧɚɡɧɚɱɟɧɢɹ», ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ 
ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɧɟ ɭɯɭɞɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɪɟɤɢ Ⱥɧɚɛɚɪ ɨɬ ɫɛɪɨɫɨɜ 
Ⱥɧɚɛɚɪɫɤɨɣ Ƚɗɋ ɧɢɠɟ ɩɨ ɬɟɱɟɧɢɸ ɪɟɤɢ.  

Ɋɟɠɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɨɧ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ ɢɫɬɨɱɧɢɤɨɜ (ɁɋɈ) 
ɩɢɬɶɟɜɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɝɨɪɨɞɚ, ɜ ɩɪɟɞɟɥɚɯ ɩɪɨɦɩɥɨɳɚɞɨɤ ɨɛɴɟɤɬɨɜ 
Ⱥɧɚɛɚɪɫɤɨɣ Ƚɗɋ ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ ɬɪɟɛɨɜɚɧɢɹɦɢ ɋɚɧɉɢɇ 2.1.4.1110-02: 

 ɜ ɩɟɪɜɨɦ ɩɨɹɫɟ ɁɋɈ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ ɫɩɭɫɤ ɥɸɛɵɯ ɫɬɨɱɧɵɯ ɜɨɞ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɫɬɨɱɧɵɯ ɜɨɞ ɜɨɞɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ; 

 ɜɵɹɜɥɟɧɢɟ ɨɛɴɟɤɬɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɢɫɬɨɱɧɢɤɨɜ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɫ 
ɪɚɡɪɚɛɨɬɤɨɣ ɤɨɧɤɪɟɬɧɵɯ ɜɨɞɨɨɯɪɚɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ, ɨɛɟɫɩɟɱɟɧɧɵɯ 
ɢɫɬɨɱɧɢɤɨɦ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ, ɩɨɞɪɹɞɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɢ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɫ 
ɰɟɧɬɪɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɚɧɢɬɚɪɧɨ-ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɨɝɨ ɧɚɞɡɨɪɚ. 
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7 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɬɪɭɞɚ 
 

7.1 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
 
Ⱥɧɚɛɚɪɫɤɚɹ Ƚɗɋ ɨɛɨɪɭɞɨɜɚɧɚ ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, 

ɧɚɩɪɚɜɥɟɧɧɨɣ ɧɚ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɥɸɞɟɣ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ 
ɩɨɠɚɪɚ. Ɉɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ (ɫɨɨɪɭɠɟɧɢɣ) ɢ 
ɪɚɡɦɟɳɟɧɧɵɯ ɜ ɧɢɯ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɭɫɬɪɨɣɫɬɜ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ ɪɭɤɨɜɨɞɢɬɟɥɟɣ 
ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɢɥɢ ɧɚ ɫɩɟɰɢɚɥɶɧɨ ɧɚɡɧɚɱɟɧɧɵɯ ɞɨɥɠɧɨɫɬɧɵɯ ɥɢɰ. 
ɉɨɠɚɪɨɨɩɚɫɧɵɦ ɜɟɳɟɫɬɜɨɦ ɧɚ Ƚɗɋ ɹɜɥɹɟɬɫɹ ɦɚɫɥɨ.  

Ⱦɥɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɚɩɩɚɪɚɬɧɵɯ (ɦɚɫɥɨɨɱɢɫɬɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, 
ɦɚɫɥɨɧɚɫɨɫɵ) ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɨɞɞɨɧɵ ɧɚ ɫɥɭɱɚɣ ɤɚɤɢɯ-ɥɢɛɨ ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ 
ɩɪɨɬɟɱɟɤ ɦɚɫɥɚ.  

Ɍɚɤ ɠɟ ɩɨɠɚɪɨɨɩɚɫɧɵɦ ɨɛɴɟɤɬɨɦ ɧɚ Ƚɗɋ ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ.  
ɋɢɫɬɟɦɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɩɨɫɬɨɹɧɧɨ ɝɨɬɨɜɚ ɤ ɩɨɞɚɱɟ 

ɜɨɞɵ ɧɚ ɤɨɥɥɟɤɬɨɪɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ.  
ȼɨ ɢɡɛɟɠɚɧɢɟ ɩɨɠɚɪɚ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɫɥɟɞɭɸɳɢɟ ɦɟɪɨɩɪɢɹɬɢɹ:  
 Ɍɟɪɪɢɬɨɪɢɹ ɫɬɚɧɰɢɢ ɞɨɥɠɧɚ ɩɨɫɬɨɹɧɧɨ ɫɨɞɟɪɠɚɬɶɫɹ ɜ ɱɢɫɬɨɬɟ, 

ɨɱɢɳɚɬɶɫɹ ɨɬ ɫɝɨɪɚɟɦɵɯ ɨɬɯɨɞɨɜ. Ɂɚɩɪɟɳɚɟɬɫɹ ɡɚɝɪɨɦɨɠɞɚɬɶ ɦɚɬɟɪɢɚɥɚɦɢ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɩɪɨɟɡɞɵ ɜɨɤɪɭɝ ɡɞɚɧɢɣ ɢ ɞɨɪɨɝɢ; 

 Ɍɟɪɪɢɬɨɪɢɹ ɫɬɚɧɰɢɢ ɞɨɥɠɧɚ ɢɦɟɬɶ ɨɛɨɪɭɞɨɜɚɧɧɵɟ ɤɨɧɬɪɨɥɶɧɨ-
ɩɪɨɩɭɫɤɧɵɟ ɩɭɧɤɬɵ, ɚ ɬɚɤɠɟ ɧɚɪɭɠɧɨɟ ɨɫɜɟɳɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɞɟɣɫɬɜɭɸɳɢɦɢ ɧɨɪɦɚɦɢ; 

 ȼɫɟ ɩɪɨɟɡɞɧɵɟ ɞɨɪɨɝɢ ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶɫɹ ɜ ɢɫɩɪɚɜɧɨɦ ɫɨɫɬɨɹɧɢɢ. 
ɉɨɞɴɟɡɞɵ ɤ ɩɨɠɚɪɧɵɦ ɝɢɞɪɚɧɬɚɦ, ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɫɬɨɹɧɧɨ ɫɜɨɛɨɞɧɵɦɢ, ɚ ɜ 
ɡɢɦɧɟɟ ɜɪɟɦɹ ɨɱɢɳɚɬɶɫɹ ɨɬ ɫɧɟɝɚ ɢ ɧɚɥɟɞɢ; 

 ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɞɨɥɠɧɵ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɨɪɨɠɧɵɟ 
ɡɧɚɤɢ ɢ ɩɨɹɫɧɹɸɳɢɟ ɧɚɞɩɢɫɢ, ɧɟ ɞɨɩɭɫɤɚɸɳɢɟ ɨɫɬɚɧɨɜɤɢ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ, 
ɞɪɭɝɢɯ ɦɟɯɚɧɢɡɦɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɦɟɫɬɚɯ ɫɭɠɟɧɢɹ ɩɪɨɟɡɞɧɵɯ ɞɨɪɨɝ, ɜ 
ɦɟɫɬɚɯ ɜɵɟɡɞɚ ɩɨɠɚɪɧɵɯ ɦɚɲɢɧ ɢ ɜ ɦɟɫɬɚɯ ɪɚɫɫɬɚɧɨɜɤɢ ɩɨɠɚɪɧɨɣ ɬɟɯɧɢɤɢ ɩɨ 
ɨɩɟɪɚɬɢɜɧɨɦɭ ɩɥɚɧɭ ɩɨɠɚɪɨɬɭɲɟɧɢɹ; 

 ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫɥɟɞɭɟɬ ɪɟɝɭɥɹɪɧɨ ɫɤɚɲɢɜɚɬɶ ɢ 
ɜɵɜɨɡɢɬɶ ɬɪɚɜɭ. Ɂɚɩɪɟɳɚɟɬɫɹ ɯɪɚɧɟɧɢɟ ɜɵɫɭɲɟɧɧɨɣ ɬɪɚɜɵ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 
ɷɧɟɪɝɨɩɪɟɞɩɪɢɹɬɢɹ ɢ ɧɚ ɩɪɢɥɟɝɚɸɳɟɣ ɩɥɨɳɚɞɤɟ (ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɛɥɢɠɟ 100 ɦ).  

ɋɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɨɞɹɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɜɵɩɨɥɧɹɸɬɫɹ ɞɥɹ: 
 ɤɚɛɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ (ɝɚɥɟɪɟɢ, ɤɚɧɚɥɵ ɢ ɞɪ.);  
 ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ;  
 ɝɟɧɟɪɚɬɨɪɨɜ;  
 ɩɨɞɳɢɬɨɜɵɯ ɤɚɛɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ.  
Ⱦɥɹ ɡɚɳɢɬɵ ɩɨɦɟɳɟɧɢɣ ɦɚɫɥɨɯɨɡɹɣɫɬɜɚ, ɢ ɦɚɫɥɨɧɚɩɨɥɧɟɧɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɭɫɬɚɧɨɜɤɚ ɩɟɧɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ (ɞɚɥɟɟ 
ȺɍɉɉɌ) ɫ ɜɨɡɞɭɲɧɨ-ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɧɨɣ, ɩɨɥɭɱɚɟɦɨɣ ɚɝɪɟɝɚɬɧɵɦ ɫɩɨɫɨɛɨɦ, ɫ 
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ɩɪɢɦɟɧɟɧɢɟɦ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ. ɉɨɞɚɱɚ ɩɟɧɵ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɪɨɬɚɰɢɨɧɧɵɯ ɨɪɨɫɢɬɟɥɟɣ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ.  

Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɩɨɠɚɪɚ, ɜ ɡɚɳɢɳɚɟɦɵɯ ɩɨɦɟɳɟɧɢɹɯ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ 
ɭɫɬɚɧɨɜɤɚ ɞɵɦɨɜɵɯ ɚɞɪɟɫɧɨ-ɚɧɚɥɨɝɨɜɵɯ ɢɡɜɟɳɚɬɟɥɟɣ.  

Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ:  
 ɨɛɧɚɪɭɠɟɧɢɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɦɟɫɬɚ ɜɨɡɝɨɪɚɧɢɹ ɢ (ɢɥɢ) ɡɚɞɵɦɥɟɧɢɹ;  
 ɩɟɪɟɞɚɱɢ ɫɨɨɛɳɟɧɢɹ ɨ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɫɢɬɭɚɰɢɹɯ ɧɚ ɩɭɥɶɬ ɩɨɠɚɪɧɨɣ 

ɫɢɝɧɚɥɢɡɚɰɢɢ ɢ ɧɚ ɩɨɫɬ ɩɨɠɚɪɧɨɣ ɨɯɪɚɧɵ, ɧɚ ɤɨɬɨɪɨɦ ɨɪɝɚɧɢɡɨɜɚɧɨ 
ɤɪɭɝɥɨɫɭɬɨɱɧɨɟ ɞɟɠɭɪɫɬɜɨ  

 ɜɵɞɚɱɢ ɫɢɝɧɚɥɚ ɧɚ ɡɚɩɭɫɤ ɫɢɫɬɟɦɵ ɨɩɨɜɟɳɟɧɢɹ ɨ ɩɨɠɚɪɟ. 
 
7.2 Ɉɯɪɚɧɚ ɬɪɭɞɚ 
 
ɐɟɥɶ ɜɟɞɟɧɢɹ ɨɯɪɚɧɵ ɬɪɭɞɚ - ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɵɯ ɢ ɧɨɪɦɚɥɶɧɵɯ 

ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɞɥɹ ɪɚɛɨɬɧɢɤɨɜ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, 
ɭɫɥɨɜɢɣ ɩɪɢ ɤɨɬɨɪɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɭɫɬɪɚɧɟɧɢɟ 
ɤɚɤɢɯ-ɥɢɛɨ ɧɚɪɭɲɟɧɢɣ ɧɨɪɦ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, ɧɨ ɢ ɩɪɟɞɭɩɪɟɠɞɟɧɢɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ.  

Ɂɚɞɚɱɢ, ɪɟɲɚɟɦɵɟ ɩɪɢ ɜɟɞɟɧɢɢ ɨɯɪɚɧɵ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ:  
 ɭɫɬɚɧɨɜɥɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɮɭɧɤɰɢɣ ɢ ɨɛɹɡɚɧɧɨɫɬɟɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ 

ɞɥɹ ɪɚɛɨɬɨɞɚɬɟɥɟɣ ɢ ɪɚɛɨɬɧɢɤɨɜ ɧɚ ɜɫɟɯ ɭɪɨɜɧɹɯ ɩɪɨɢɡɜɨɞɫɬɜɚ;  
 ɩɥɚɧɢɪɨɜɚɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, ɨɪɝɚɧɢɡɚɰɢɹ ɢɯ 

ɢɫɩɨɥɧɟɧɢɹ, ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɬɪɨɥɶ, ɭɱɟɬ, ɚɧɚɥɢɡ ɢ ɨɰɟɧɤɚ ɩɪɨɜɨɞɢɦɨɣ ɪɚɛɨɬɵ;  
 ɨɪɝɚɧɢɡɚɰɢɹ ɩɨɞɝɨɬɨɜɤɢ ɩɟɪɫɨɧɚɥɚ, ɨɛɭɱɟɧɢɟ ɪɚɛɨɬɧɢɤɨɜ ɦɟɬɨɞɚɦ ɢ 

ɩɪɢɟɦɚɦ ɛɟɡɨɩɚɫɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ, ɩɪɨɜɟɪɤɚ ɡɧɚɧɢɣ, ɚɬɬɟɫɬɚɰɢɹ, 
ɫɬɚɠɢɪɨɜɤɚ, ɞɭɛɥɢɪɨɜɚɧɢɟ, ɢɧɫɬɪɭɤɬɚɠ;  

 ɨɪɝɚɧɢɡɚɰɢɹ ɩɪɨɩɚɝɚɧɞɵ ɬɪɟɛɨɜɚɧɢɣ ɧɨɪɦɚɬɢɜɨɜ ɢ ɩɟɪɟɞɨɜɨɝɨ ɨɩɵɬɚ ɩɨ 
ɨɯɪɚɧɟ ɬɪɭɞɚ ɫɪɟɞɢ ɩɟɪɫɨɧɚɥɚ;  

 ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ;  

 ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɪɚɛɨɬɧɢɤɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɪɟɦɨɧɬɟ 
ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ;  

 ɩɪɢɜɟɞɟɧɢɟ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɪɦɚɦɢ;  

 ɫɨɡɞɚɧɢɟ ɞɥɹ ɪɚɛɨɬɧɢɤɨɜ ɫɨɰɢɚɥɶɧɵɯ ɭɫɥɨɜɢɣ, ɭɫɬɚɧɨɜɥɟɧɢɟ 
ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɬɪɭɞɚ ɢ ɨɬɞɵɯɚ;  

 ɨɪɝɚɧɢɡɚɰɢɹ ɫɚɧɢɬɚɪɧɨ-ɛɵɬɨɜɨɝɨ ɢ ɥɟɱɟɛɧɨ-ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɨɝɨ 
ɦɟɞɢɰɢɧɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɪɚɛɨɬɧɢɤɨɜ;  

 ɨɪɝɚɧɢɡɚɰɢɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɬɛɨɪɚ ɪɚɛɨɬɧɢɤɨɜ;  
 ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɛɨɬɧɢɤɨɜ ɫɪɟɞɫɬɜɚɦɢ ɡɚɳɢɬɵ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɨɩɚɫɧɵɯ ɢ 

ɜɪɟɞɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɚɤɬɨɪɨɜ;  
 ɧɨɪɦɨɬɜɨɪɱɟɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ, ɨɪɝɚɧɢɡɚɰɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɧɢɤɨɜ 

ɧɨɪɦɚɬɢɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ.  
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8 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

 
8.1 Ɉɛɴёɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɪɚɫɯɨɞɵ ɜ ɩɟɪɢɨɞ 

ɷɤɫɩɥɭɚɬɚɰɢɢ 
 
8.1.1 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 
ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɷɬɚɩɨɜ, 

ɧɚɱɢɧɚɹ ɨɬ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɢ ɡɚɤɚɧɱɢɜɚɹ ɭɫɬɚɧɨɜɤɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
Ɉɛɴёɦɵ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɝɨɞɵ ɧɚɱɚɥɚ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.1. 
 

Ɍɚɛɥɢɰɚ 8.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ȿɞɢɧɢɰɚ 
ɢɡɦɟɪɟɧɢɹ 

Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2024 2025 2026 2027 2028 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 115 138 138 138 138 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɑɚɫɵ 
5760 5760 5760 5760 5760 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ∙ɱ 55200 66240 66240 66240 66240 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 

% 
2,00 2,00 2,00 2,00 2,00 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 

Ɇȼɬ∙ɱ 
1104,00 1324,80 1324,80 1324,80 1324,80 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

Ɇȼɬ∙ɱ 
54096,00 64915,20 64915,20 64915,20 64915,20 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɪɭɛ/ Ɇȼɬ∙ɱ 
1143,00 1175,00 1206,00 1235,00 1262,00 

ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɦɥɧ.ɪɭɛ. 
61,83 76,28 78,29 80,17 81,92 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ 9,43 11,64 11,94 12,23 12,50 

 
Ⱦɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱёɬɨɜ, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨɥɭɱɟɧɧɚɹ ɜɵɪɭɱɤɚ ɜɨɡɪɚɫɬɚɟɬ. 
ɗɬɨ ɫɜɹɡɚɧɨ ɩɪɟɠɞɟ ɜɫɟɝɨ ɫ ɪɨɫɬɨɦ ɬɚɪɢɮɨɜ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 

 
8.1.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 
 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ «ɉȺɈ 

«ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 – «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» 
ɧɚ 2017-2042 ɝɝ.) ɫ ɭɱɟɬɨɦ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɭɧɢɮɢɤɚɰɢɢ ɢɫɯɨɞɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɰɟɥɹɯ ɨɛɟɫɩɟɱɟɧɢɹ ɟɞɢɧɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɩɪɨɝɧɨɡɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ ɫɪɟɞɧɟɫɪɨɱɧɵɣ ɢ ɞɨɥɝɨɫɪɨɱɧɵɣ ɝɨɪɢɡɨɧɬ 
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ɩɥɚɧɢɪɨɜɚɧɢɹ ɜɫɟɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», 
ɞɨɱɟɪɧɢɦɢ ɢ ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», ɞɨɱɟɪɧɢɦɢ ɢ 
ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ȾɁɈɈȺɈ «ɊɭɫȽɢɞɪɨ». 

ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɟɪɟɱɟɧɶ ɧɚɢɛɨɥɟɟ 
ɡɧɚɱɢɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɣ ɢ ɞɨɩɭɳɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
ɩɨɞɝɨɬɨɜɤɢ ɪɚɫɱɟɬɨɜ ɜ ɪɚɦɤɚɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɝɧɨɡɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ 
ɫɪɟɞɧɟɫɪɨɱɧɭɸ ɢ ɞɨɥɝɨɫɪɨɱɧɭɸ ɩɟɪɫɩɟɤɬɢɜɭ, ɜɤɥɸɱɚɹ ɩɪɨɜɟɞɟɧɢɟ ɪɚɫɱɟɬɚ 
ɩɚɪɚɦɟɬɪɨɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ. 

Ɂɚɬɪɚɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɧɚɡɵɜɚɸɬɫɹ ɬɟɤɭɳɢɦɢ 
ɪɚɫɯɨɞɚɦɢ, ɷɬɨ ɞɟɧɟɠɧɵɟ ɫɪɟɞɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɪɚɛɨɬ ɢɥɢ ɭɫɥɭɝ. 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ 
ɩɪɟɞɩɪɢɹɬɢɹ, ɬɚɤ ɤɚɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɟɥɢɱɢɧɭ ɡɚɬɪɚɬ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɟɞɢɧɢɰɭ 
ɩɪɨɞɭɤɰɢɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɫɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɚɫɯɨɞɨɜ, 
ɨɤɚɡɵɜɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɢ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ. 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
 ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
 ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
 ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
 ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ;  
 ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
 ɧɚɥɨɝ ɧɚ ɜɨɞɭ. 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɚɤɬɢɜɚ, 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɫɱɢɬɚɧɧɨɣ ɧɨɪɦɨɣ ɚɦɨɪɬɢɡɚɰɢɢ. 
Ɋɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ (ɨɬ ɫɭɦɦɵ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɢɦɭɳɟɫɬɜɚ ɨɛɴɟɤɬɨɜ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɢ 
ɨɛɴɟɤɬɨɜ ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɹ ɰɟɥɟɣ ɫɬɪɚɯɨɜɚɧɢɹ, 
ɫ ɭɱɟɬɨɦ ɩɪɢɪɨɫɬɚ ɛɚɥɚɧɫɨɜɨɣ ɫɬɨɢɦɨɫɬɢ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɦ ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɚ ɢɫɬɟɤɲɢɣ ɩɟɪɢɨɞ ɨɬ ɞɚɬɵ ɩɨɫɥɟɞɧɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ): 0,08%. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.2. 
 

Ɍɚɛɥɢɰɚ 8.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ɬɵɫ.ɪɭɛ/Ɇɜɬ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 

Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 255,2 35,22 
ɉɪɨɱɢɟ 274,0 37,81 

ɂɬɨɝɨ ɩɨ Ƚɗɋ  73,03 
 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ 
ɪɟɦɨɧɬ ɜ ɩɪɨɰɟɧɬɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.3. 
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Ɍɚɛɥɢɰɟ 8.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ 

ɗɬɚɩ ɩɪɨɟɤɬɚ ȼɟɥɢɱɢɧɚ, % 
Ɉɬ 1 ɞɨ 5 0,06 

Ɉɬ 6 ɞɨ 15 0,09 
Ɉɬ 16 ɞɨ 25 0,14 
ɋɜɵɲɟ 25 0,2 

 
Ɋɚɫɫɱɢɬɵɜɚɸɬɫɹ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɟɞɢɧɵɦ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ ɊɭɫȽɢɞɪɨ, ɪɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 8.4. 

 
Ɍɚɛɥɢɰɚ 8.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ 
 ɋɭɦɦɚ, 
ɦɥɧ.ɪɭɛ. 

ɈȺɈ «ɋɈ – ȿɗɋ» 135,38 ɬɵɫ.ɪɭɛ/Ɇɜɬ 18,68 
ɇɉ ȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɬɨɪɝɨɜɨɣ ɫɢɫɬɟɦɵ) 0,001097ɬɵɫ.ɪɭɛ/Ɇɜɬ*ɱ 1,31 

ɐɎɊ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ ɪɚɫɱɟɬɨɜ) 0,000318 ɬɵɫ.ɪɭɛ/Ɇɜɬ*ɱ 0,38 
ɂɬɨɝɨ  20,37 

 
ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɬɵɫ. ɤȼɬ·ɱ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ 

ɤɨɞɟɤɫɨɦ ɊɎ ɞɥɹ ɪɟɤɢ ɫɨɫɬɚɜɥɹɟɬ 4,8 ɪɭɛ. 
Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 8.5. 
 

Ɍɚɛɥɢɰɚ 8.5 – Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2024 2025 2026 2027 2028 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 

ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ. 
87,58 118,68 118,90 118,90 118,90 

Ɋɚɫɯɨɞɵ ɧɚ 
ɫɬɪɚɯɨɜɚɧɢɟ, ɦɥɧ.ɪɭɛ. 

50,05 56,38 55,39 54,25 53,11 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ. 

60,86 73,03 73,03 73,03 73,03 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ. 

3,13 3,52 3,46 5,09 4,98 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ. 

16,97 20,37 20,37 20,37 20,37 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ. 4,34 5,68 5,72 5,72 5,72 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 222,93 277,66 276,88 277,36 276,11 

 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɨɫɧɨɜɧɭɸ ɱɚɫɬɶ ɡɚɬɪɚɬ 

ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɡɚɧɢɦɚɸ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ. 
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Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 8.1. 

 

 
Ɋɢɫɭɧɨɤ 8.1– ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ, % 

 
8.1.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
 
ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 

ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ƚɗɋ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɬɱɢɫɥɹɟɬɫɹ ɜ 
ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ Ʉɨɞɟɤɫɨɦ ɊɎ.  

ɍɱɬɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɥɨɝɢ: 
 ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ – 20%; 
 ɇȾɋ – 20%; 
 ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ – 34%; 
 ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ – 2,2%  
 ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ 1 ɬɵɫ. ɤȼɬ·ɱ – 4,8 ɪɭɛ. 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 8.6. 
 

Ɍɚɛɥɢɰɚ 8.6 – ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2029 2030 2031 2032 2033 
ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 200,09 206,46 212,67 219,05 225,45 

ɇȾɋ, ɦɥɧ.ɪɭɛ. 228,18 270,20 275,89 281,74 287,62 
ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, 

ɦɥɧ.ɪɭɛ. 
14,36 14,36 14,36 14,36 14,36 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ. 119,86 117,24 114,63 112,01 109,40 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 562,49 608,26 617,54 627,17 636,83 

 

39%

23%

27%

1%
8%

2%
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ.

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, ɦɥɧ.ɪɭɛ.

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ.

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ.

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ 
ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ.

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ.
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Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɨɫɧɨɜɧɵɟ ɧɚɥɨɝɨɜɵɟ ɨɬɱɢɫɥɟɧɢɹ 
ɩɪɢɯɨɞɹɬɫɹ ɧɚ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ ɢ ɧɚɥɨɝ ɧɚ ɞɨɛɚɜɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ (ɇȾɋ). 
ȼɢɞɧɨ, ɱɬɨ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɫɨɫɬɚɜɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɩɨɫɬɭɩɥɟɧɢɣ ɜ 
ɛɸɠɟɬ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ Ƚɗɋ. 

 
8.1.4 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 

ɦɨɳɧɨɫɬɢ 
 
ɉɪɢɛɵɥɶ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɮɢɧɚɧɫɨɜ ɪɟɡɭɥɶɬɚɬɨɦ ɨɬ ɩɪɨɞɚɠɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɨɦɩɚɧɢɢ ɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɧɢɰɭ 
ɦɟɠɞɭ ɰɟɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɟё ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ.  

Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɩɟɪɜɵɯ ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.7. 
 

Ɍɚɛɥɢɰɚ 8.7 – Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2024 2025 2026 2027 2028 

ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 977,59 1205,64 1237,23 1266,80 1296,63 
Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 222,93 277,66 276,88 277,36 276,11 

EBITDA (ȼɚɥɨɜɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 972,82 1199,92 1231,50 1261,08 1290,90 

EBIT(ɩɪɢɛɵɥɶ ɞɨ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɧ.ɪɭɛ. 697,26 875,20 908,74 940,93 973,37 
ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 100,22 175,04 181,75 188,19 194,67 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 597,04 700,16 726,99 752,74 778,69 
ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ,% 20,0 20,0 20,0 20,0 20,0 

 
8.1.5 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 
 
Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ Ɂɚɤɚɡɱɢɤɚ, ɫɨɝɥɚɫɧɨ 
ɟɞɢɧɵɦ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ ɉȺɈ ɊɭɫȽɢɞɪɨ. 

 
8.1.5.1 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 
ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɧɭɸ ɱɚɫɬɶ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ⱦɨɯɨɞɧɚɹ 
ɱɚɫɬɶ ɛɸɞɠɟɬɨɜ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱёɬ ɧɚɥɨɝɨɜɵɯ 
ɩɨɫɬɭɩɥɟɧɢɣ ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧɚ ɜ ɬɚɛɥɢɰɟ 8.8.  

 
Ɍɚɛɥɢɰɚ 8.8 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɛɸɞɠɟɬɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 2024 2025 2026 2027 2028 
ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.ɪɭɛ 212,46 306,69 240,88 338,55 532,14 
ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.ɪɭɛ 76,64 89,06 115,90 133,68 129,28 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ, ɦɥɧ.ɪɭɛ 294,13 400,76 361,79 477,25 666,43 
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ɋɬɪɨɢɬɟɥɶɫɬɜɨ Ⱥɧɚɛɚɪɫɤɨɣ Ƚɗɋ ɨɛɟɫɩɟɱɢɬ ɪɟɝɭɥɹɪɧɨɟ ɩɨɫɬɭɩɥɟɧɢɟ 

ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬɵ. Ȼɨɥɶɲɨɣ ɨɛɴɟɦ 
ɩɨɫɬɭɩɥɟɧɢɣ ɜ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ ɦɨɠɧɨ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɚɡɜɢɬɢɹ 
ɪɟɝɢɨɧɚ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫ ɦɨɦɟɧɬɚ ɧɚɱɚɥɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɛɸɞɠɟɬɵ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɬɫɹ. 

 
8.1.5.2 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
 
Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɢɫɤɨɜ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ – ɦɟɬɨɞ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɢɧɚɧɫɨɜɨɣ 
ɦɨɞɟɥɢ ɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɩɨɤɚɡɚɬɟɥɶ. 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɟɥɢɱɢɧɵ 
ɩɪɨɝɧɨɡɧɨɝɨ ɬɚɪɢɮɚ ɤ ɢɡɦɟɧɟɧɢɹɦ: 

ɚ) ɐɟɧɚ ɫɛɵɬɚ; 
ɛ) ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ; 
ɜ) ɋɬɚɜɤɚ ɧɚɥɨɝɨɜ; 

Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 8.2, 8.3, 8.4. 
ɉɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɷɤɫɩɟɪɬɧɨ. 
 

 
Ɋɢɫɭɧɨɤ 8.2 – ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ 

Ƚɪɚɮɢɤ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɰɟɧɵ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ (PI). 
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Ɋɢɫɭɧɨɤ 8.3 – ɋɭɦɦɚ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ  

 
Ƚɪɚɮɢɤ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɢɬ ɤ 

ɭɦɟɧɶɲɟɧɢɸ PI.  
 

 
Ɋɢɫɭɧɨɤ 8.4 – ɋɭɦɦɚ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 
 
Ƚɪɚɮɢɤ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ ɩɪɢɜɨɞɢɬ ɤ 

ɭɦɟɧɶɲɟɧɢɸ ɜɟɥɢɱɢɧɵ PI. 
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9 Ɉɰɟɧɤɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɵɯ ɨɬɤɨɫɨɜ ȽɌɋ 
 
9.1 ɍɫɬɨɣɱɢɜɨɫɬɶ ɨɬɤɨɫɨɜ ɝɪɭɧɬɨɜɵɯ ɩɥɨɬɢɧ 
 
Ɉɬɤɨɫɵ ɝɪɭɧɬɨɜɵɯ ɩɥɨɬɢɧ ɩɪɢ ɧɟɤɨɬɨɪɵɯ ɭɫɥɨɜɢɹɯ ɦɨɝɭɬ ɩɨɬɟɪɹɬɶ 

ɭɫɬɨɣɱɢɜɨɫɬɶ, ɩɪɨɢɡɨɣɞɟɬ ɢɯ ɞɟɮɨɪɦɚɰɢɹ ɜ ɮɨɪɦɟ ɨɩɨɥɡɚɧɢɹ (ɫɤɨɥɶɠɟɧɢɹ) 
ɱɚɫɬɢ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɩɨ ɧɟɤɨɬɨɪɨɣ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɩɪɟɞɟɥɚɯ 
ɱɚɫɬɢ ɜɵɫɨɬɵ ɨɬɤɨɫɚ, ɩɨ ɜɫɟɣ ɜɵɫɨɬɟ ɨɬɤɨɫɚ ɢɥɢ ɫ ɡɚɯɜɚɬɨɦ ɱɚɫɬɢ ɨɫɧɨɜɚɧɢɹ 
ɪɢɫɭɧɨɤ 9.1. ɍɫɬɨɣɱɢɜɨɫɬɶ ɨɬɤɨɫɨɜ ɝɪɭɧɬɨɜɵɯ ɩɥɨɬɢɧ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ 
ɩɪɢ ɥɸɛɨɣ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɫɯɟɦ. 

 

 
ɚ – ɜ ɩɪɟɞɟɥɚɯ ɱɚɫɬɢ ɨɬɤɨɫɚ; 

ɛ – ɜ ɩɪɟɞɟɥɚɯ ɜɫɟɣ ɜɵɫɨɬɵ ɨɬɤɨɫɚ; 
ɜ – ɫ ɡɚɯɜɚɬɨɦ ɱɚɫɬɢ ɨɫɧɨɜɚɧɢɹ; 

1 – ɦɚɫɫɢɜ ɨɛɪɭɲɟɧɢɹ. 
 

Ɋɢɫɭɧɨɤ 9.1 – ȼɢɞɵ ɨɩɨɥɡɚɧɢɹ ɨɬɤɨɫɨɜ 
 

Ɋɚɡɪɚɛɨɬɚɧɨ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ ɪɚɫɱёɬɨɜ: ɦɟɬɨɞ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɢɥ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɢ ɤɪɭɝɥɨɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɤɨɥɶɠɟɧɢɹ ɢ ɦɟɬɨɞ 
ɜɟɫɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɤɪɭɝɥɨɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɤɨɥɶɠɟɧɢɹ. ȼ 
ɝɢɞɪɨɦɟɥɢɨɪɚɬɢɜɧɨɣ ɩɪɚɤɬɢɤɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ 
ɤɪɭɝɥɨɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɤɨɥɶɠɟɧɢɹ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɫ 
ɪɚɡɛɢɜɤɨɣ ɟɝɨ ɧɚ ɨɬɫɟɤɢ. Ɂɚɞɚɱɚ ɪɚɫɱёɬɚ ɫɨɫɬɨɢɬ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬɤɨɫɨɜ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟ ɦɟɧɟɟ ɧɨɪɦɚɬɢɜɧɨɝɨ ɞɥɹ 
ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ. 

ɇɨɪɦɚɦɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɨɩɭɫɤɚɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɪɚɫɱɟɬɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɧɢɡɨɜɨɝɨ ɨɬɤɨɫɚ ɦɟɬɨɞɨɦ ɤɪɭɝɥɨɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɤɨɥɶɠɟɧɢɹ, 
ɞɚɧɧɵɣ ɦɟɬɨɞ ɢ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɪɚɛɨɬɟ. 

 
9.2 Ɏɢɥɶɬɪɚɰɢɨɧɧɵɣ ɪɚɫɱёɬ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ 
 
Ⱦɥɹ ɪɚɫɱёɬɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ 

ɮɢɥɶɬɪɚɰɢɨɧɧɵɣ ɪɚɫɱёɬ ɢ ɨɬɨɛɪɚɡɢɬɶ ɝɪɚɮɢɱɟɫɤɢ ɞɟɩɪɟɫɫɢɨɧɧɭɸ ɤɪɢɜɭɸ. 
Ɂɚɞɚɱɚɦɢ ɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɪɚɫɱёɬɨɜ ɹɜɥɹɸɬɫɹ: ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɪɶ ɜɨɞɵ 

ɱɟɪɟɡ ɬɟɥɨ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɢ ɟё ɨɫɧɨɜɚɧɢɟ, ɟɫɥɢ ɨɧɨ ɜɨɞɨɩɪɨɧɢɰɚɟɦɨ; 
ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɤɪɢɜɨɣ ɞɟɩɪɟɫɫɢɢ ɢ ɜɵɯɨɞɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɧɚɩɨɪɚ. ɉɪɢ 
ɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɪɚɫɱёɬɚɯ ɝɪɭɧɬɨɜɵɯ ɩɥɨɬɢɧ ɩɪɢɧɢɦɚɸɬ ɫɥɟɞɭɸɳɢɟ 
ɞɨɩɭɳɟɧɢɹ: 
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 Ɏɢɥɶɬɪɚɰɢɸ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ; 
 Ƚɪɭɧɬ ɬɟɥɚ ɩɥɨɬɢɧɵ ɫɱɢɬɚɸɬ ɨɞɧɨɪɨɞɧɨ-ɢɡɨɬɪɨɩɧɵɦ; 
 ȼɨɞɨɭɩɨɪ ɫɱɢɬɚɸɬ ɬɟɨɪɟɬɢɱɟɫɤɢ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɵɦ, ɩɨɥɨɠɟɧɢɟ 

ɤɪɢɜɨɣ ɞɟɩɪɟɫɫɢɢ ɨɞɧɨɪɨɞɧɨɣ ɩɥɨɬɢɧɵ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɤɚɱɟɫɬɜɚ ɝɪɭɧɬɚ, ɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɪɚɡɦɟɪɚɦɢ ɩɪɨɮɢɥɹ ɩɥɨɬɢɧɵ. 

ɉɪɨɟɤɬɧɵɣ ɩɪɨɮɢɥɶ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɩɪɢɜɨɞɹɬ ɤ ɪɚɫɱёɬɧɨɣ ɫɯɟɦɟ, ɜ 
ɤɨɬɨɪɨɣ ɢɫɤɥɸɱɚɸɬ ɨɬɞɟɥɶɧɵɟ ɦɟɥɤɢɟ ɞɟɬɚɥɢ ɢ ɧɟ ɭɱɢɬɵɜɚɸɬ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ 
ɩɪɢɝɪɭɡɤɟ ɢɡ ɤɪɭɩɧɨɩɨɪɢɫɬɵɯ ɝɪɭɧɬɨɜ, ɭɥɨɠɟɧɧɵɯ ɩɨɜɟɪɯ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɵɯ 
ɷɥɟɦɟɧɬɨɜ – ɷɤɪɚɧɨɜ ɢɥɢ ɩɨɧɭɪɨɜ. ȼ ɜɟɪɯɧɟɦ ɛɶɟɮɟ ɡɚ ɪɚɫɱёɬɧɵɣ ɭɪɨɜɟɧɶ 
ɩɪɢɧɢɦɚɸɬ ɇɉɍ, ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ – ɭɪɨɜɟɧɶ ɜɨɞɵ ɦɚɤɫɢɦɚɥɶɧɵɣ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɛɭɞɟɬ ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ ɪɚɫɯɨɞ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ. 

Ɋɚɫɱёɬ ɩɪɨɜɟɞёɧ ɩɨ ɫɯɟɦɟ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 
9.2.  

Kɬ=100 ɦ/ɫɭɬ, ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ ɬɟɥɚ ɩɥɨɬɢɧɵ. 
Ʉɹ=0,4 ɦ/ɫɭɬ, ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ ɹɞɪɚ. 
 

 
Ɋɢɫɭɧɨɤ 9.2 – Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɫɯɟɦɚ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ 

 
Ⱦɥɹ ɪɚɫɱёɬɚ ɤɪɢɜɨɣ ɞɟɩɪɟɫɫɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɜɟɫɬɢ ɩɥɨɬɢɧɭ ɤ 

ɨɞɧɨɪɨɞɧɨɦɭ ɜɢɞɭ, ɞɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ ɜɢɪɬɭɚɥɶɧɵɯ ɞɥɢɧ. Ⱦɥɹ ɷɬɨɝɨ 
ɹɞɪɨ ɫɨ ɫɪɟɞɧɟɣ ɬɨɥɳɢɧɨɣ: 

 

 𝑏˔˓ =  ௕˅+௕ːଶ = ହ+ଵହଶ = ͳͲ ˏ;                                                                        (9.1) 

 
ɂ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɮɢɥɶɬɪɚɰɢɢ Ʉɹ ɩɪɢɜɨɞɹɬ ɤ ɩɪɢɡɦɟ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɮɢɥɶɬɪɚɰɢɢ Ʉɩ. ȼɢɪɬɭɚɥɶɧɚɹ ɞɥɢɧɚ ɹɞɪɚ ɨɩɪɟɞɟɥɢɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ: 
 𝐿ˢ =  𝑏˔˓ К˒Кˢ = ͳͲ ଵ଴଴଴,ସ = ʹͷͲͲ ˏ;                                                                (9.2) 

 
ɋɯɟɦɚ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɫ ɜɢɪɬɭɚɥɶɧɵɦ ɹɞɪɨɦ ɢ ɪɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɫ 

ɤɪɢɜɨɣ ɞɟɩɪɟɫɫɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 9.3, 9.4. 
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Ɋɢɫɭɧɨɤ 9.3 – ɋɯɟɦɚ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɫ ɜɢɪɬɭɚɥɶɧɵɦ ɹɞɪɨɦ 

 
ɉɨɥɨɠɟɧɢɟ ɤɪɢɜɨɣ ɞɟɩɪɟɫɫɢɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɭɪɚɜɧɟɧɢɸ: 
 𝑦 =  √𝐻 ଵଶ − ʹ ∙ ௤˕௞˕ ∙ 𝑥 = √͵Ͳ ଵଶ − ʹ ∙ ଴,଴଴଴ଵ଻଴,଴଴ଵ ∙ ʹͷͲ͸ = ͸,ͳͲ͹ ˏ;                (9.3) 

 
ȼɟɥɢɱɢɧɭ ɭɞɟɥɶɧɨɝɨ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɪɚɫɯɨɞɚ ɧɚɯɨɞɹɬ ɩɨ ɮɨɪɦɭɥɟ: 
 𝑞˕ = 𝑏˔˓ ∙ ு భమ−ு మమଶ∙௅˓˃˔˚ ∙ 𝑘௠ = ͳͲ ∙ ଷ଴−ଷ,଺ଶଶ∙ଶହ଻଺ ∙ Ͳ,ͲͲͳ = Ͳ,ͲͲͲͳ͹ ˏయ˔˖˕ ;                   (9.4) 

 

 
Ɋɢɫɭɧɨɤ 9.4 – Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɫ ɤɪɢɜɨɣ ɞɟɩɪɟɫɫɢɢ 

 
Ɍɚɛɥɢɰɚ 9.1 – Ɋɚɫɱёɬ ɤɨɨɪɞɢɧɚɬ ɞɟɩɪɟɫɫɢɨɧɧɨɣ ɤɪɢɜɨɣ 
x 0 6 250 500 750 1000 1250 
y 30 29,966 28,530 26,979 25,334 23,574 21,672 
x 1500 1750 2000 2250 2500 2506 2568,760 
y 19,586 17,250 14,543 11,199 6,274 6,107 3,961 

 
Ɋɚɫɫɱɢɬɚɟɦ ɜɵɯɨɞɧɨɣ ɝɪɚɞɢɟɧɬ: 
 𝑙˅˞˘ = ௬೙−భ−௬೙௫೙−௫೙−భ = ଶ଼,ହଷ−ଶ଺,ଽ଼ହ଴଴−ଶହ଴ = Ͳ,ͲͲ͸;                                                          (9.5) 
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9.3 Ɋɚɫɱёɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬɤɨɫɚ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ 
 
ɇɢɡɨɜɨɣ ɨɬɤɨɫ ɩɥɨɬɢɧɵ ɛɨɥɶɲɟ ɜɫɟɝɨ ɹɜɥɹɟɬɫɹ ɩɨɞɜɟɪɠɟɧɧɵɦ 

ɨɛɪɭɲɟɧɢɸ (ɫɩɨɥɡɚɧɢɸ), ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ 
ɟɝɨ ɭɫɬɨɣɱɢɜɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɜɵɱɟɪɱɢɜɚɟɦ ɩɨɩɟɪɟɱɧɵɣ ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ ɜ 
ɨɞɢɧɚɤɨɜɨɦ ɜɟɪɬɢɤɚɥɶɧɨɦ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ ɫ ɭɤɚɡɚɧɢɟɦ ɩɨɥɨɠɟɧɢɹ 
ɤɪɢɜɨɣ ɞɟɩɪɟɫɫɢɢ ɪɢɫ 9.4. 

Ɋɚɫɱёɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬɤɨɫɚ ɜɟɞёɦ ɧɚ 1 ɦ ɞɥɢɧɵ ɩɥɨɬɢɧɵ. ɉɪɢ 
ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɜɫɟ ɫɢɥɵ ɩɟɪɟɧɨɫɢɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 
ɫɤɨɥɶɠɟɧɢɹ, ɤɪɨɦɟ ɮɢɥɶɬɪɚɰɢɨɧɧɨɣ, ɤɨɬɨɪɭɸ ɭɱɢɬɵɜɚɟɦ, ɤɚɤ ɨɛɴɟɦɧɭɸ. 
Ɋɚɫɱёɬ ɜɵɩɨɥɧɹɟɦ ɦɟɬɨɞɨɦ ɤɪɭɝɥɨɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɤɨɥɶɠɟɧɢɹ 
ɝɪɚɮɨɚɧɚɥɢɬɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 

1. ɉɪɨɞɥɟɜɚɟɦ ɥɢɧɢɸ ɧɢɡɨɜɨɝɨ ɨɬɤɨɫɚ ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɨɫɧɨɜɚɧɢɟɦ. 
2. ɂɡ ɬɨɱɤɢ B ɨɩɭɫɤɚɟɦ ɜɧɢɡ ɜɟɪɬɢɤɚɥɶɧɭɸ ɩɪɢɹɦɭɸ ɜɵɫɨɬɨɣ ɪɚɜɧɨɣ 

ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ, ɮɢɤɫɢɪɭɹ ɬɨɱɤɨɣ C 
3. ɑɟɪɟɡ ɬɨɱɤɭ C, ɜ ɫɬɨɪɨɧɭ ɜɟɪɯɨɜɨɝɨ ɨɬɤɨɫɚ ɩɪɨɜɨɞɢɦ 

ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɥɢɧɢɸ ɞɥɢɧɨɸ 5∙Hɩɥ, ɮɢɤɫɢɪɭɹ ɬɨɱɤɨɣ M 
4. Ɂɚɬɟɦ ɱɟɪɟɡ ɬɨɱɤɭ M ɢ A, ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɧɚ ɛɪɨɜɤɟ ɧɢɡɨɜɨɝɨ 

ɨɬɤɨɫɚ ɩɪɨɜɨɞɢɦ ɥɭɱ MM , ɧɚ ɤɨɬɨɪɨɦ ɜɵɛɢɪɚɟɦ ɰɟɧɬɪ ɫɤɨɥɶɠɟɧɢɹ O ɢ ɪɚɞɢɭɫ 
ɤɪɢɜɨɣ ɫɤɨɥɶɠɟɧɢɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɤɪɢɜɨɣ ɫɤɨɥɶɠɟɧɢɹ ɛɵɥ ɡɚɯɜɚɱɟɧ 
ɜɟɫɶ ɧɢɡɨɜɨɣ ɨɬɤɨɫ ɢ ɱɚɫɬɢɱɧɨ ɝɪɭɧɬ ɨɫɧɨɜɚɧɢɹ.  

Ɋɚɡɛɢɜɚɟɦ ɩɨɥɭɱɟɧɧɵɣ ɫɟɤɬɨɪ ɨɛɪɭɲɟɧɢɹ ɧɚ ɨɬɫɟɤɢ ɲɢɪɢɧɨɣ 0,1∙R. ɋɱёɬ 
ɜɟɞёɦ ɨɬ ɧɭɥɟɜɨɝɨ ɨɬɫɟɤɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɫɢɦɦɟɬɪɢɱɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɚ, ɨɩɭɳɟɧɧɨɝɨ ɢɡ ɰɟɧɬɪɚ ɫɤɨɥɶɠɟɧɢɹ ɬɨɱɤɚ O ɤ ɩɥɨɫɤɨɫɬɢ 
ɨɫɧɨɜɚɧɢɹ. Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɦ ɪɚɫɱёɬ ɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ. 

Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɫ ɤɪɢɜɨɣ ɞɟɩɪɟɫɫɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 9.5. 

 𝓬 ˆ˓ = ʹͶ,ͷ ˍː/ˏଷ  

 𝓬 ː˃˔ଵ = ʹͷ,ͷ ˍː/ˏଷ  
 
ɉɪɢɜɟɞёɧɧɚɹ ɜɵɫɨɬɚ ɞɥɹ ɩɨɥɨɫɵ № 4: 
 ℎ˒˓ = ℎଵ + ℎː˃˔ଵ ∙ ఊ ː˃˔భఊ ˆ˓ = ͳʹ,ͻͻ + Ͳ,ͺ͹ ∙ ଶହ,ହଶସ,ହ = ͳ͵,ͺͻ ˏ;                      (9.6) 

 
Ⱦɥɢɧɚ ɞɭɝɢ ɤɪɢɜɨɣ ɫɤɨɥɶɠɟɧɢɹ: 
 𝑙ଵ = గ∙ோ∙ఉభଵ଼଴ = ଷ,ଵସ∙଼଴∙ଷ଴ଵ଼଴ = Ͷͳ,ͺ͹ ˏ;                                                           (9.7) 
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Ɋɢɫɭɧɨɤ 9.5 – Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɤ ɫɬɚɬɢɱɟɫɤɨɦɭ ɪɚɫɱёɬɭ ɧɢɡɨɜɨɝɨ ɨɬɤɨɫɚ 
ɩɥɨɬɢɧɵ 

 
ɉɨɞɫɱёɬ ɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ ɩɪɢɜɟɞёɧ ɜ ɬɚɛɥɢɰɚ 9.2. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɫɱёɬɨɜ ɬɚɛɥɢɰɵ 9.2: 
 К˖ = ௕∙∑ ℎ˒˓∙௖௢௦ఈ∙௧௚ఝ∙ఊ ˆ˓+∑ ௖∙௟௕∙∑ ℎ˒˓∙௦𝑖௡ఈ∙ఊ ˆ˓+ ∑ ℎː˃˔∙௕∙௟˅˞˘∙ೝ𝑅 = ଼∙ଵଶ଴଺,଴଺+ଵ଺ହ,଻ଶ଼∙଼ହଷ,଻ହ∙ଶସ,଻ସ∙଼∙ଵ,ସସ∙ళఴ,యవఴబ = ͳ,͵ͺ;             (9.8) 

 
ɋɨɝɥɚɫɧɨ ɪɚɫɱёɬɚɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ Ʉɭ=1,38>1,15=Ʉɧ, ɩɪɨɟɤɬɢɪɭɟɦɚɹ 

ɝɪɭɧɬɨɜɚɹ ɩɥɨɬɢɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɷɮɮɢɰɢɟɧɬɭ ɧɚɞɟɠɧɨɫɬɢ ɞɥɹ 3 ɤɥɚɫɫɚ 
ɫɨɨɪɭɠɟɧɢɹ.
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Ɍɚɛɥɢɰɚ 9.2 – Ɉɩɪɟɞɟɥɟɧɢɟ ɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ ɧɚ ɧɢɡɨɜɨɣ ɨɬɤɨɫ ɩɥɨɬɢɧɵ 
№ ɩɨɥɨɫɵ sin α cos α h1, ɦ hɧɚɫ1, ɦ hɩɪ, ɦ hɩɪ∙sinα∙Ȗɝɪ hɩɪ∙cosα∙Ȗɝɪ ϕ tg ϕ hɩɪ∙cosα∙tg ϕ∙Ȗɝɪ C l, ɦ C∙l 

8 0,78 0,62 3,53 0 3,53 67,57 53,98 
  

31,31 
   

7 0,7 0,71 8,66 0 8,66 148,52 151,52 
  

87,88 
   

6 0,6 0,80 11,53 0 11,53 169,49 225,99 
  

131,07 
   

5 0,5 0,87 12,81 0 12,81 156,92 271,80 30 0,58 157,64 2,5 41,87 104,67 
4 0,4 0,92 12,99 0,87 13,89 136,16 311,98 

  
180,95 

   
3 0,3 0,95 10,26 3,59 13,99 102,83 326,97 

  
189,64 

   
2 0,2 0,98 6,53 5,38 12,12 59,39 290,94 

  
168,74 

   
1 0,1 0,99 2,81 6,32 9,38 22,97 228,57 

  
132,57 

   
0 0 1,00 0 5,53 5,75 0,00 140,77 

  
81,65 

   
-1 -0,1 0,99 0 2,13 2,21 -5,42 53,95 

  
31,29 

   
-2 -0,2 0,98 0 0,92 0,96 -4,68 22,95 21 0,38 13,31 1,75 34,89 61,06 

ɋɭɦɦɚ 
   

24,74 94,82 853,75 
   

1206,06 
  

165,72 
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ɁȺɄɅɘɑȿɇɂȿ 
 
ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥ 

ɡɚɩɪɨɟɤɬɢɪɨɜɚɧ Ⱥɧɚɛɚɪɫɤɢɣ ɝɢɞɪɨɭɡɟɥ ɧɚ ɪɟɤɟ Ⱥɧɚɛɚɪ, ɫɨɨɪɭɠɟɧɢɸ ɩɪɢɫɜɨɟɧ 
III  ɤɥɚɫɫ ɨɩɚɫɧɨɫɬɢ. ȼ ɯɨɞɟ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱёɬɨɜ ɪɚɫɫɱɢɬɚɧɚ 
ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɢ ɬɢɩ 
ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ Ƚɗɋ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱёɬɨɜ ɧɚ Ƚɗɋ ɛɭɞɭɬ ɭɫɬɚɧɨɜɥɟɧɵ 3 
ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ30Ȼ-ȼ-530. ɉɨ ɢɦɟɸɳɢɦɫɹ ɞɚɧɧɵɦ ɞɥɹ ɬɭɪɛɢɧɵ ɫ 
ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 125 ɨɛ/ɦɢɧ ɛɵɥ ɜɵɛɪɚɧ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ – 
779/80 – 48. 

Ⱦɥɹ ɩɨɞɨɛɪɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɨ ɞɚɧɧɵɦ ɝɢɞɪɨɥɨɝɢɱɟɫɤɨɝɨ ɪɹɞɚ 
ɡɚɩɪɨɟɤɬɢɪɨɜɚɧ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɭɫɥɨɜɢɹɦ ɪɟɥɶɟɮɚ ɢ ɤɥɢɦɚɬɚ ɫɨɫɬɚɜ 
ɧɚɩɨɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ – ɩɥɨɬɢɧɧɚɹ, Ɂɞɚɧɢɟ Ƚɗɋ – 
ɪɭɫɥɨɜɨɟ. ȼ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ ɜɯɨɞɹɬ: Ʌɟɜɨɛɟɪɟɠɧɚɹ ɢ ɩɪɚɜɨɛɟɪɟɠɧɚɹ 
ɤɚɦɟɧɧɨ-ɡɟɦɥɹɧɚɹ ɩɥɨɬɢɧɚ, ɜɨɞɨɫɥɢɜɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ, ɫɬɚɧɰɢɨɧɧɚɹ ɱɚɫɬɶ. 
Ɋɚɫɱёɬɧɵɦ ɩɭɬёɦ ɨɩɪɟɞɟɥɟɧɚ ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ – 58 ɦ, ɱɢɫɥɨ 
ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ – 8, ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ – 14 ɦ. 
ɉɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɩɪɢ ɧɚɝɪɭɡɤɚɯ 
ɨɫɧɨɜɧɨɝɨ ɢ ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱёɬɨɜ ɤɨɷɮɮɢɰɢɟɧɬ 
ɧɚɞɟɠɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1,79 ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ ɢ 1,45 ɞɥɹ 
ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɹ, ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɞɥɹ III ɤɥɚɫɫɚ 
ɫɨɨɪɭɠɟɧɢɣ – 1,15). Ⱥɧɚɛɚɪɫɤɚɹ Ƚɗɋ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɞɟɠɧɨɫɬɢ, 
ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ, ɪɚɫɬɹɝɢɜɚɸɳɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ.  

Ⱦɚɥɟɟ ɜ ɪɚɛɨɬɟ ɛɵɥɢ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɷɬɚɩɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɇɸɣɫɤɨɝɨ 
ɝɢɞɪɨɭɡɥɚ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɇɸɣɫɤɨɣ Ƚɗɋ ɪɚɡɞɟɥɟɧɨ ɧɚ 5 ɷɬɚɩɨɜ. ɉɨ ɢɬɨɝɚɦ 
ɪɚɫɱɟɬɨɜ ɛɵɥ ɩɨɫɬɪɨɟɧ ɤɚɥɟɧɞɚɪɧɵɣ ɝɪɚɮɢɤ ɞɥɹ ɞɚɧɧɨɣ Ƚɗɋ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ 
Ƚɗɋ, ɫ ɩɭɫɤɨɦ ɜɫɟɯ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ, ɡɚɣɦёɬ 9 ɥɟɬ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɪɚɫɫɦɨɬɪɟɧɵ 
ɦɟɪɨɩɪɢɹɬɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ. Ɍɚɤɠɟ ɩɟɪɟɱɢɫɥɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ 
ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ ɜɨɡɜɟɞɟɧɢɹ ɝɢɞɪɨɭɡɥɚ.  

ɉɨ ɬɟɯɧɢɤɨ – ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ:  
 ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ – 9,1 ɥɟɬ;  
 ɫɟɛɟɫɬɨɢɦɨɫɬɶ – 23 ɤɨɩ/ɤȼɬ·ɱ;  
 ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ – 52666,7 ɪɭɛ/ɤȼɬ.  
ɂɡ ɷɬɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ⱥɧɚɛɚɪɫɤɨɣ Ƚɗɋ 

ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɧɵɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

ɂɫɯɨɞɧɵɣ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ 
 

Ɍɚɛɥɢɰɚ Ⱥ.1 – Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɞɥɹ ɪɟɤɢ Ⱥɧɚɛɚɪ 
Ƚɨɞɵ I II  III  IV  V VI  VII  VIII  IX  X XI  XII  Qɫɪ. Ƚɨɞ 

1930 6,6 5,6 5,4 5,2 482 440 524 1363 818 88 37 15 316 

1931 13,9 11 8 8 622 3063 2094 643 661 89 22 8 604 

1932 8 6,6 5,1 5,1 432 580 1468 1326 484 88 38 18 372 

1933 11 8 6,6 6,6 542 2856 1597 523 579 107 31 15 523 

1934 9,5 7,9 6,9 4,9 363 742 770 1187 578 158 26 11 322 

1935 8 6,6 5,1 5,1 798 1190 972 1336 1379 124 32 15 489 

1936 11 8 6,6 5,6 681 1058 584 897 379 129 38 24 318 

1937 12,1 9,1 6,6 5 723 925 1524 1511 626 102 35 24 459 

1938 13,9 9,5 8 7,2 1100 3514 1358 1228 1326 100 40 27 728 

1939 17,1 9,5 8,5 9,5 598 1943 903 1772 1145 184 42 24 555 

1940 16,8 13,9 8 6,6 472 1636 1351 1148 792 133 44 24 470 

1941 12,4 8 6,6 6,1 1181 1963 1240 1291 615 201 79 43 554 

1942 22,7 11 8 6,6 806 1611 938 865 489 165 67 34 419 

1943 6,6 5,1 4,5 3,6 1696 1862 992 842 504 94 13 11 503 

1944 9,5 6,6 5,1 3,9 600 1592 1377 761 454 94 59 19 415 

1945 13,9 6,6 3,6 3,6 511 1550 1269 1394 448 126 23 12 447 

1946 8 5,1 4,7 3,8 758 873 745 537 286 63 19 9 276 

1947 13,7 5,1 3,9 3,7 398 1293 1025 905 429 143 47 17 357 

1948 8 6,6 5,1 4,5 442 1427 1285 897 482 110 31 15 393 

1949 6,6 5,5 4,7 4 643 1180 907 1087 733 111 41 19 395 

1950 7 5,3 3,9 3,6 468 1339 818 847 422 70 26 14 335 

1951 8 5,1 4,2 3,9 411 1395 1247 834 577 127 28 14 388 

1952 9,5 6,6 5,7 5,1 518 1556 1114 1105 484 98 40 19 413 

1953 12,5 9,5 6,6 5,1 491 2005 1333 511 519 174 54 25 429 

1954 12,4 6,6 5,1 3,6 358 921 751 757 280 50 23 12 265 

1955 11,4 9,5 6,6 5,6 929 1464 997 615 629 110 41 31 404 

1956 11 5,1 4,5 3,7 440 1264 746 681 995 116 44 21 361 

1957 10,2 7,3 6,5 5,1 1595 1325 1120 954 890 190 34 15 513 

1958 8 6 5,1 3,9 1698 1864 994 843 506 95 15 15 504 

1959 11 8 6,6 4,9 501 1693 1379 580 455 95 60 28 402 

1960 15,3 11,4 5,9 5 512 1551 1270 1396 450 127 25 14 449 

1961 9,5 7,3 6,6 4,7 760 875 746 465 287 70 20 11 272 

1962 13,9 9,4 6,9 4,4 502 1458 650 712 773 86 29 19 355 

1963 11 8,5 7,3 5,6 457 820 528 430 410 124 45 36 240 

1964 24,1 13,9 9,5 11 1109 1056 902 732 395 110 29 17 367 

1965 8 5,1 3,6 3,6 714 1478 981 1052 1610 105 28 18 501 

1966 9,5 8 5,1 5,1 289 961 509 430 243 42 13 9 210 

1967 5,1 3,6 3,6 3,6 480 491 523 1361 817 86 35 14 319 

1968 12,4 9,5 6,6 6,6 621 3062 2093 641 659 88 20 6 602 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 

Ƚɨɞɵ I II  III  IV  V VI  VII  VIII  IX  X XI  XII  Qɫɪ. Ƚɨɞ 

1969 6,6 5,1 4,5 3,6 431 578 1466 1325 503 86 37 17 372 

1970 9,5 6,8 5,6 5,2 541 2854 1595 527 578 105 29 14 522 

1971 8 6,6 5,1 3,6 362 741 768 772 577 161 23 14 287 

1972 6,6 5,1 3,6 5,1 796 1188 954 1335 1377 123 31 14 487 

1973 9,5 6,6 5,1 5,1 679 1057 583 896 378 127 37 22 317 

1974 9,6 6,6 5,1 5,1 722 924 1522 1137 625 101 34 22 426 

1975 12,4 8 6,6 6,6 626 3513 1357 834 619 98 38 25 595 

1976 15,3 9,5 6,6 8 596 1971 902 1771 1143 183 41 22 556 

1977 15,3 12,4 6,6 5,1 564 1634 1349 1146 790 132 42 22 477 

1978 11 8 5,1 5,1 1180 1961 1238 1289 613 199 78 41 552 

1979 19,7 9,5 6,1 5,1 805 1610 937 864 487 163 66 38 418 

ɋɪ ɦɧɨɝɨɥɟɬ 11 8 6 5 680 1518 1086 967 646 117 37 19 425 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɢɧɵ ɉɅ30ɛ-ȼ-46 

 
Ɋɢɫɭɧɨɤ Ȼ.1 – ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫ ɨɛɨɡɧɚɱɟɧɧɨɣ ɪɚɛɨɱɟɣ ɡɨɧɵ ɉɅ30ɛ-ȼ-530
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