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ɜ) ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ.......................................................................................150 Ɇȼɬ; 
ɝ) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ......................................................................................115,4 ɨɛ/ɦɢɧ; 
ɞ) ɬɢɩ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ.........................................................................ɌȾɐ-200000/220; 

12. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
ɚ) ɭɞɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ.........................................................................49990,1 ɪɭɛ/ɤȼɬ; 
ɛ) ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɧɟɪɝɢɢ............................................................................21 ɤɨɩ/ɤȼɬ·ɱ; 
ɜ) ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ..................................................................................................9,2 ɥɟɬ; 
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ȼȼȿȾȿɇɂȿ 
 

Ɋɨɫɫɢɹ ɨɛɥɚɞɚɟɬ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɦɨɳɧɵɯ ɝɢɞɪɨɩɨɬɟɧɰɢɚɥɨɜ ɜ ɦɢɪɟ. 
ɗɧɟɪɝɢɸ ɪɟɤ ɢɫɩɨɥɶɡɭɸɬ Ʉɢɬɚɣ, ɊɎ, Ȼɪɚɡɢɥɢɹ, Ʉɚɧɚɞɚ, ɂɧɞɢɹ, ɋɒȺ. 
Ƚɢɞɪɨɪɟɫɭɪɫɵ Ɋɨɫɫɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɫɟɝɨɞɧɹ ɛɟɡ ɦɚɥɨɝɨ ɜ 900 ɦɥɪɞ. ɤȼɬ∙ɱ, ɨɞɧɚɤɨ, 
ɩɨ ɫɬɟɩɟɧɢ ɨɫɜɨɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɵɯ ɝɢɞɪɨɪɟɫɭɪɫɨɜ Ɋɨɫɫɢɹ ɧɚ 
ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɬɭɩɚɟɬ ɷɤɨɧɨɦɢɱɟɫɤɢ ɪɚɡɜɢɬɵɦ ɫɬɪɚɧɚɦ, ɷɬɨɬ 
ɩɨɤɚɡɚɬɟɥɶ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɧɟɦɧɨɝɢɦ ɩɪɟɜɵɲɚɟɬ 20 %, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɋɒȺ ɢ 
Ʉɚɧɚɞɟ ɫɨɫɬɚɜɥɹɟɬ 50-55 %, ɚ ɜ ɪɹɞɟ ɫɬɪɚɧ Ɂɚɩɚɞɧɨɣ ȿɜɪɨɩɵ ɢ əɩɨɧɢɢ – ɨɬ 60 % 
ɞɨ 90 %. Ƚɢɞɪɨɩɨɬɟɧɰɢɚɥ Ɋɨɫɫɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ 50 % ɜ ɟɜɪɨɩɟɣɫɤɨɣ ɱɚɫɬɢ, ɧɚ 
20% ɜ ɋɢɛɢɪɢ ɢ ɜɫɟɝɨ ɥɢɲɶ ɧɚ 3 % - ɧɚ Ⱦɚɥɶɧɟɦ ȼɨɫɬɨɤɟ. 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɤȼɬ∙ɱ ɧɚ Ƚɗɋ ɜ 7-10 ɪɚɡ, ɬɨ 
ɟɫɬɶ ɧɚ ɩɨɪɹɞɨɤ ɧɢɠɟ, ɱɟɦ ɧɚ ɬɟɩɥɨɜɵɯ ɢ ɚɬɨɦɧɵɯ ɫɬɚɧɰɢɹɯ. ɂɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ 
– ɬɟɤɭɳɚɹ ɜɨɞɚ, ɩɨɫɬɨɹɧɧɨ ɜɨɡɨɛɧɨɜɥɹɟɦɚɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɧɟɮɬɢ, ɝɚɡɚ, ɬɜɟɪɞɨɝɨ 
ɬɨɩɥɢɜɚ ɢ ɹɞɟɪɧɨɝɨ ɝɨɪɸɱɟɝɨ. ȼ ɭɫɥɨɜɢɹɯ ɦɟɞɥɟɧɧɨɝɨ ɩɪɨɝɪɟɫɫɚ ɜ ɫɨɡɞɚɧɢɢ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɨɥɹ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɢ ɜ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɛɚɥɚɧɫɟ ɫɬɪɚɧɵ ɫɨ ɜɪɟɦɟɧɟɦ ɛɭɞɟɬ ɬɨɥɶɤɨ ɜɨɡɪɚɫɬɚɬɶ, ɚ ɭɪɨɜɟɧɶ 
ɪɚɡɜɢɬɢɹ ɷɧɟɪɝɟɬɢɤɢ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɬɪɚɠɚɟɬ ɞɨɫɬɢɝɧɭɬɵɣ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɫɬɪɚɧɵ.  ɉɨɷɬɨɦɭ, ɧɚ ɦɨɣ ɜɡɝɥɹɞ, ɫɬɪɭɤɬɭɪɧɵɦ 
ɥɢɞɟɪɨɦ ɜ ɪɚɡɜɢɬɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɧɚ ɛɥɢɠɚɣɲɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɞɨɥɠɧɚ ɫɬɚɬɶ 
ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɚ, ɤɚɤ ɧɚɢɛɨɥɟɟ ɪɚɡɜɢɬɚɹ, ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɚɹ ɢ 
ɢɧɜɟɫɬɢɰɢɨɧɧɨ ɩɪɢɜɥɟɤɚɬɟɥɶɧɚɹ ɨɬɪɚɫɥɶ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ.  

ɐɟɥɶɸ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɪɚɛɨɬɤɚ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɢ ɡɚɤɪɟɩɥɟɧɢɟɦ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɧɚɧɢɣ, ɚ ɬɚɤɠɟ ɩɭɬɟɦ ɢɧɠɟɧɟɪɧɨɣ ɦɵɫɥɢ ɢ ɬɜɨɪɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ 
ɤ ɪɟɲɟɧɢɸ ɤɨɧɤɪɟɬɧɵɯ ɡɚɞɚɱ, ɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɵɟ ɩɪɨɟɤɬɧɵɟ ɪɟɲɟɧɢɹ. 
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1 Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ Ƚɗɋ 
 

Ɉɥɟɧёɤ - ɪɟɤɚ ɜ əɤɭɬɢɢ, ɛɟɪёɬ ɧɚɱɚɥɨ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ, 
ɡɚɬɟɦ ɩɪɨɬɟɤɚɟɬ ɩɨ əɤɭɬɢɢ. Ɉɞɧɚ ɢɡ ɫɚɦɵɯ ɞɥɢɧɧɵɯ ɪɟɤ Ɋɨɫɫɢɢ.  

ȼ ɪɚɞɢɭɫɟ 200 ɤɦ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɫɬɜɨɪɚ ɧɚɯɨɞɹɬɫɹ ɪɚɡɥɢɱɧɵɟ ɚɷɪɨɩɨɪɬɵ, 
ɧɚɫɟɥɟɧɧɵɟ ɩɭɧɤɬɵ, ɛɭɯɬɵ. 

 
1.1 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ 

 
1.1.1 Ʉɥɢɦɚɬ 

 
Ʉɥɢɦɚɬ ɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ – ɪɟɡɤɨ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ ɫ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɣ ɢ ɯɨɥɨɞɧɨɣ ɡɢɦɨɣ ɫ ɨɤɬɹɛɪɹ ɩɨ ɚɩɪɟɥɶ.  
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɹɧɜɚɪɹ −39,1 °C, ɢɸɥɹ +19,5 °C (ɬɚɛɥɢɰɚ 1.1). 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɛɟɡɦɨɪɨɡɧɨɝɨ ɩɟɪɢɨɞɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 90 ɞɧɟɣ. 
ɗɤɫɬɪɟɦɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɟ ɛɥɢɡ ɫɬɜɨɪɚ: ɥɟɬɨɦ: +34,4°C, 
ɡɢɦɨɣ: −62,9°C. Ƚɨɞɨɜɚɹ ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪ ɩɪɟɜɵɲɚɟɬ 70°ɋ. 

 
Ɍɚɛɥɢɰɚ 1.1 – ɋɪɟɞɧɟɦɟɫɹɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɪɚɣɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɫɬɜɨɪɚ 

Ɇɟɫɹɰ 1 2 3 4 5 6 7 8 9 10 11 12 
Tmax,°ɋ -6 -1 +4 +12 +25 +34 +34 +33 +25 +11 +4 0 
Tmin, °ɋ -51 -45 -29 -15 -1 12 16 10 2 -16 -38 -48 

 
ɋɪɟɞɧɟɝɨɞɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ – ɨɤɨɥɨ 238 ɦɦ. ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ 

ɞɥɢɬɫɹ ɫ ɧɚɱɚɥɚ ɨɤɬɹɛɪɹ ɞɨ ɤɨɧɰɚ ɚɩɪɟɥɹ. ɍɠɟ ɜ ɧɚɱɚɥɟ ɧɨɹɛɪɹ ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɫɬɚɜɥɹɟɬ ɧɢɠɟ −20 °C, ɚ ɩɨɫɥɟ ɫɟɪɟɞɢɧɵ ɧɨɹɛɪɹ ɢ ɞɨ ɫɚɦɨɝɨ ɤɨɧɰɚ 
ɮɟɜɪɚɥɹ ɫɬɨɢɬ ɬɟɦɩɟɪɚɬɭɪɚ ɧɢɠɟ −30 °C. ȼ ɞɟɤɚɛɪɟ, ɹɧɜɚɪɟ ɢ ɮɟɜɪɚɥɟ ɨɬɬɟɩɟɥɢ 
ɢɫɤɥɸɱɟɧɵ. ɉɨɫɥɟ ɫɟɪɟɞɢɧɵ ɦɚɪɬɚ ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɧɢɦɚɟɬɫɹ ɞɨ 
−20 °C ɢ ɜɵɲɟ.  

ȼɨ ɜɫɟ ɫɟɡɨɧɵ ɜ əɤɭɬɢɢ ɜɨɡɞɭɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɭɯɨɣ, ɨɫɨɛɟɧɧɨ ɥɟɬɨɦ. 
ȼɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ ɡɚ ɝɨɞ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 68 %. 

 
1.1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 

 
Ⱦɥɢɧɚ ɪɟɤɢ — 2270 ɤɦ, ɩɥɨɳɚɞɶ ɛɚɫɫɟɣɧɚ — 219 ɬɵɫ. ɤɦ². ɉɢɬɚɧɢɟ ɪɟɤɢ 

ɫɧɟɝɨɜɨɟ ɢ ɞɨɠɞɟɜɨɟ. ȼɨɞɧɚɹ ɫɢɫɬɟɦɚ: Ɉɥɟɧёɤ → Ɉɥɟɧёɤɫɤɢɣ ɡɚɥɢɜ. 
Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɡɚ ɪɟɤɨɣ Ɉɥɟɧёɤ ɡɚ ɩɟɪɢɨɞ 1930-1979 ɝɝ. 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ1. 
ɋɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɫɬɨɤ: 
 W̅ˏːˑˆˑˎˈ˕ːˋˌ = Q̅ˏːˑˆˑˎˈ˕ːˋˌ ∙ t = ͹ͲͲ ∙ ͵ͳͷ͵͸ͲͲͲ = ʹʹ,Ͳ͹ ˍˏଷ,             (1.1) 
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ɝɞɟ Q̅ˏːˑˆˑˎˈ˕ːˋˌ-ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɪɚɫɯɨɞ ɢɡ ɩɪɢɥɨɠɟɧɢɹ Ⱥ, ɬɚɛɥɢɰɵ Ⱥ.1; 
       t-ɱɢɫɥɨ ɫɟɤɭɧɞ ɜ ɝɨɞɭ. 

Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɫɜɹɡɟɣ ɨɛɴɟɦɚ ɢ ɩɥɨɳɚɞɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.2, ɧɚ ɪɢɫɭɧɤɟ 1.1 ɢ 1.2. 

 
Ɍɚɛɥɢɰɚ 1.2 – Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɥɨɳɚɞɢ ɡɟɪɤɚɥɚ ɢ ɨɛɴɟɦɚ ɫɬɨɤɚ 
ɨɬ ɭɪɨɜɧɹ ɜɨɞɵ 

Ʉɪɢɜɚɹ ɡɚɜɢɫɢɦɨɫɬɢ ɨɛɴɟɦɨɜ ɫɬɨɤɚ ɨɬ 
ɭɪɨɜɧɹ ɜɨɞɵ 

Ʉɪɢɜɚɹ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɳɚɞɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
ɫɬɨɤɚ ɨɬ ɭɪɨɜɧɹ ɜɨɞɵ 

ZȼȻ , ɦ V, ɤɦ3 ZȼȻ , ɦ S, ɤɦ2 

10,00 0 10,00 0 
22,12 1 22,10 2 
29,84 2 29,80 3 
38,00 3 34,90 5 
44,00 4 38,50 7 
48,00 5 41,40 8 
50,00 6 44,00 10 
52,00 7 46,40 12 
54,00 8 48,80 13 
56,00 9 51,00 15 
56,50 10 53,00 17 
57,00 11 54,80 18 
58,00 12 56,40 20 
58,90 13 57,80 22 
59,40 14 59,00 23 
60,00 14.8 60,00 25 

 

 
Ɋɢɫɭɧɨɤ 1.1 - Ʉɢɜɚɹ ɡɚɜɢɫɢɦɨɫɬɢ ɨɛɴɟɦɚ ɫɬɨɤɚ ɨɬ ɭɪɨɜɧɹ ɜɨɞɵ 
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Ɋɢɫɭɧɨɤ 1.2 - Ʉɢɜɚɹ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɳɚɞɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɨɬ ɭɪɨɜɧɹ ɜɨɞɵ 

 
Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɫɜɹɡɟɣ ɪɚɫɯɨɞɨɜ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɡɚ ɥɟɬɧɢɣ ɢ ɡɢɦɧɢɣ 

ɩɟɪɢɨɞ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.3, ɪɢɫɭɧɨɤ 1.3. 
 

Ɍɚɛɥɢɰɚ 1.3 – Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɫɯɨɞɚ ɜɨɞɵ ɨɬ ɭɪɨɜɧɹ ɜɨɞɵ ɜ 
ɫɬɜɨɪɟ ɝɢɞɪɨɭɡɥɚ ɞɥɹ ɩɟɪɢɨɞɚ ɨɬɤɪɵɬɨɝɨ ɪɭɫɥɚ 

Ʉɪɢɜɚɹ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɦɟɬɨɤ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɨɬ ɪɚɫɯɨɞɨɜ. 
Ʌɟɬɧɹɹ Ɂɢɦɧɹɹ 

ZɇȻ, ɦ Q, ɦ3/ɫ ZɇȻ, ɦ Q, ɦ3/ɫ 
10,00 0 10,00 0 
11,11 500 11,11 400 
11,90 1000 11,90 800 
12,48 1500 12,48 1200 
12,95 2000 12,95 1600 
13,36 2500 13,36 2000 
13,72 3000 13,72 2400 
14,03 3500 14,03 2800 
14,31 4000 14,31 3200 
14,53 4500 14,53 3600 
14,69 5000 14,69 4000 
14,79 5500 14,79 4400 
14,86 6000 14,86 4800 
14,90 6500 14,90 5200 
14,93 7000 14,93 5600 
14,97 7500 14,97 6000 
15,00 7707 15,00 6165,6 
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Ɋɢɫɭɧɨɤ 1.3- Ʉɪɢɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɫɯɨɞɚ ɜɨɞɵ ɨɬ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɫɬɜɨɪɟ ɝɢɞɪɨɭɡɥɚ 

ɞɥɹ ɩɟɪɢɨɞɚ ɨɬɤɪɵɬɨɝɨ ɪɭɫɥɚ 
 

1.1.3 ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
 

ɉɨ ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɤɚɪɬɟ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɜ ɪɚɣɨɧɟ ɫɬɜɨɪɚ əɤɭɬɫɤɚɹ Ƚɗɋ   
ɧɟɬ ɡɨɧ ɬɟɤɬɨɧɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɚ. 

ȼ ɨɫɧɨɜɚɧɢɢ ɪɟɤɢ Ɉɥɟɧёɤ- ɫɤɚɥɶɧɵɟ ɩɨɪɨɞɵ: ɝɪɚɧɢɬ. 
 
1.1.4 ɋɟɣɫɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 

 
ɋɨɝɥɚɫɧɨ ɋɇɢɉɭ [1] ɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɚɪɬɨɣ ɫɟɣɫɦɢɱɟɫɤɨɝɨ 

ɪɚɣɨɧɢɪɨɜɚɧɢɹ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɈɋɊ-97-ɋ) ɪɚɫɱɟɬɧɚɹ 
ɫɟɣɫɦɢɱɟɫɤɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ əɤɭɬɫɤɨɣ 
Ƚɗɋ ɩɪɢ ɜɟɪɨɹɬɧɨɫɬɢ ɜɨɡɦɨɠɧɨɝɨ ɩɪɟɜɵɲɟɧɢɹ 1% ɪɚɜɧɚ 6 ɛɚɥɥɚɦ ɲɤɚɥɵ MSK-
64. 

 
1.2 ɗɧɟɪɝɨɷɤɨɧɨɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɣɨɧɚ 

 
əɤɭɬɫɤɚɹ Ƚɗɋ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɛɨɬɵ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ əɤɭɬɢɢ. 

Ɉɩɪɟɞɟɥɟɧɧɚɹ ɱɚɫɬɶ ɜɵɪɚɛɨɬɤɢ ɧɨɜɵɯ Ƚɗɋ ɦɨɠɟɬ ɩɨɫɬɚɜɥɹɬɶɫɹ ɧɚ ɜɧɭɬɪɟɧɧɢɣ 
ɪɵɧɨɤ - ɞɥɹ ɧɭɠɞ, ɧɚɩɪɢɦɟɪ, ɨɛɴɟɤɬɨɜ ɝɚɡɨɬɪɚɧɫɩɨɪɬɧɨɣ ɫɢɫɬɟɦɵ "ɋɢɥɚ 
ɋɢɛɢɪɢ". Ɍɚɤɠɟ ɧɚ ɫɨɡɞɚɧɢɟ ɧɨɜɨɝɨ ɤɪɭɩɧɨɝɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɚɣɨɧɚ ɢ ɤɥɚɫɬɟɪɚ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɜɹɡɚɧɧɵɯ ɫ ɝɥɭɛɨɤɨɣ 
ɩɟɪɟɪɚɛɨɬɤɨɣ ɢɦɟɸɳɢɯɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ əɤɭɬɢɢ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ. 
 

1.3 Ⱥɧɚɥɨɝɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɝɢɞɪɨɭɡɥɚ 
 

ȼ ɯɨɞɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɚɧɚɥɨɝɨɜ ɛɵɥɢ ɜɵɛɪɚɧɵ ȼɢɥɸɣɫɤɚɹ Ƚɗɋ 
ɢ Ɂɟɣɫɤɚɹ Ƚɗɋ. 
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2 ȼɨɞɧɨ - ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ  
 

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 (ɬɚɛɥɢɰɚ 
1.2 ɢ 1.3, ɪɢɫɭɧɨɤ 1.2, 1.3 ɢ 1.4); 

 ɷɧɟɪɝɨɫɢɫɬɟɦɚ: ɈȾɍ ȼɨɫɬɨɤɚ, əɤɭɬɫɤɨɟ ɊȾɍ, Pmax=1600 Ɇȼɬ; 
 ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ k୒ = ͺ,͸; 
 ɧɚɝɪɭɡɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ kɧɚɝɪ=3%; 
 ɚɜɚɪɢɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ kɚɜɚɪ=10%; 
 ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ ∆h=0,5 ɦ; 
 ɨɬɦɟɬɤɚ ɇɉɍ=60 ɦ; 
 Q0,01%=7707 ɦ3/ɫ; 
 Q0,1%=6491 ɦ3/ɫ; 
 ɪɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɡɚ ɪɟɤɨɣ Ɉɥɟɧёɤ ɡɚ ɩɟɪɢɨɞ 1930-1979 

ɝɝ. (ɩɪɢɥɨɠɟɧɢɟ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1); 
 ɩɨɬɟɪɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɬɪɟɛɨɜɚɧɢɹ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, 

ɫɚɧɢɬɚɪɧɵɣ ɩɨɩɭɫɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 
 

Ɍɚɛɥɢɰɚ 2.1-ɉɨɬɟɪɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɬɪɟɛɨɜɚɧɢɹ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɫɚɧɢɬɚɪɧɵɣ ɩɨɩɭɫɤ  

Ɇɟɫɹɰ 1 2 3 4 5 6 7 8 9 10 11 12 
Qɢɫɩ. , ɦ3/ɫ 0 0 0 0 8 15 6 2 1 1 1 0 

Qɮɢɥɶɬɪ. , ɦ3/ɫ 1 1 1 1 1 1 1 1 1 1 1 1 
Qɥɶɞɨɨɛɪ., ɦ3/ɫ 0 0 0 -2 -3 0 0 0 0 0 3 2 
Qɲɥɸɡ. , ɦ3/ɫ 0 0 0 0 33 60 25 6 6 4 0 0 

ɋɭɦɦɚ 
ɩɨɬɟɪɶ, ɦ3/ɫ 1 1 1 -1 40 76 32 9 8 6 5 3 

QȼɏɄ , ɦ3/ɫ 260 260 260 260 510 510 510 510 510 510 260 260 
Qɫɚɧ. ɩɨɩ., ɦ3/ɫ 130 

 
 ɫɭɬɨɱɧɵɟ ɢ ɝɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ (ɩɥɚɤɚɬ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɜɨɞɧɨɣ ɷɧɟɪɝɢɢ»). 
 

2.1.2 ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
 

ȼ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɩɨɥɨɜɨɞɶɸ ɢ ɦɟɠɟɧɢ 
ɞɥɹ ɝɨɞɚ 1951 ɧɚɯɨɞɹɬɫɹ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 

 

Ʉɦ=
୕˄˃ˊˑ˅ˑˈ୕భవఱభ  ˒ˑ ˏˈˉˈːˋ = ଵଷ଻ଵ଴ସ = ͳ,͵ʹ,                                                                          (2.1) 
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Ʉɩ=
୕˄˃ˊˑ˅ˑˈ୕భవఱభ  ˒ˑ ˒ˑˎˑ˅ˑˇ˟ˡ = ଶସହଵଶହସ଴ = Ͳ,ͻ͸                                                                      (2.2) 

 
ȼ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɩɨɥɨɜɨɞɶɸ ɢ ɦɟɠɟɧɢ 

ɞɥɹ ɝɨɞɚ 1955 ɧɚɯɨɞɹɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 
 

Ʉɦ=
୕˄˃ˊˑ˅ˑˈ୕భవఱఱ  ˒ˑ ˏˈˉˈːˋ = ଵଷ଻ଵଷଷ = ͳ,                                                                             (2.3) 

 

Ʉɩ=
୕˄˃ˊˑ˅ˑˈ୕భవఱఱ  ˒ˑ ˒ˑˎˑ˅ˑˇ˟ˡ = ଶସସ଺ଶସସ଺ = ͳ                                                                          (2.4) 

 
 ɂɫɯɨɞɹ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ, ɫɪɟɞɧɟɜɨɞɧɵɦ ɝɨɞɨɦ ɛɭɞɟɬ ɝɨɞ 1955, ɬɚɤ ɤɚɤ ɟɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɜɧɵ 1. Ɋɟɡɭɥɶɬɚɬɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 
2.2. 

 
Ɍɚɛɥɢɰɚ 2.2- Ɋɟɡɭɥɶɬɚɬɵ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 

Ɇɟɫɹɰ 1 2 3 4 5 6 7 8 9 10 11 12 
Q50%,ɢɫɯɨɞ, ɦ3/ɫ 8 8 7 140 2668 3434 1237 313 283 223 180 37 

 
ȼɵɱɢɫɥɹɸɬɫɹ ɩɪɢɜɟɞɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɩɨ 

ɩɨɥɨɜɨɞɶɸ ɢ ɩɨ ɦɟɠɟɧɢ ɞɥɹ ɞɚɧɧɨɝɨ ɝɨɞɚ: 
 
Ʉɦ=

୕˄˃ˊˑ˅ˑˈ୕భవలళ  ˒ˑ ˏˈˉˈːˋ = ଺ଷଵଵ଼ = Ͳ,ͷ͵,                                                                          (2.5) 

 

Ʉɩ=
୕˄˃ˊˑ˅ˑˈ୕భవలళ  ˒ˑ ˒ˑˎˑ˅ˑˇ˟ˡ = ଵ଻ସଽଵଽହଶ = Ͳ,ͻͲ                                                                   (2.6) 

 
Ⱦɚɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ 1 ɢ ɹɜɥɹɸɬɫɹ 

ɩɨɧɢɠɚɸɳɢɦɢ, ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɧɟɥɶɡɹ. ɉɨ ɫɪɟɞɧɟɝɨɞɨɜɵɦ ɪɚɫɯɨɞɚɦ, 
ɧɚɢɦɟɧɶɲɢɣ ɩɨɤɚɡɚɬɟɥɶ ɛɭɞɟɬ ɜ 1967 ɝɨɞɭ. ɐɟɥɟɫɨɨɛɪɚɡɧɟɣ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
1967 ɝɨɞ ɜ ɤɚɱɟɫɬɜɟ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ. Ɂɧɚɱɟɧɢɟ ɪɚɫɯɨɞɨɜ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.3. 

 
Ɍɚɛɥɢɰɚ 2.3- Ɂɧɚɱɟɧɢɟ ɪɚɫɯɨɞɨɜ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 

Ɇɟɫɹɰ 1 2 3 4 5 6 7 8 9 10 11 12 
Q90%,ɢɫɯɨɞ, ɦ3/ɫ 8 3 3 8 1643 2385 1828 321 324 289 81 16 

 
ȼ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɢɦɟɸɬɫɹ ɪɚɫɯɨɞɵ, ɤɨɬɨɪɵɟ ɩɪɟɜɵɲɚɸɬ ɡɧɚɱɟɧɢɹ 

ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ. ɇɟɨɛɯɨɞɢɦɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɢɫɩɪɚɜɥɟɧɢɟ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 
ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: ɫɪɟɞɧɟɝɨɞɨɜɨɟ ɡɧɚɱɟɧɢɟ ɞɨ ɢɫɩɪɚɜɥɟɧɢɹ ɞɨɥɠɧɨ ɨɫɬɚɬɶɫɹ 
ɬɚɤɢɦ ɠɟ ɢ ɩɨɫɥɟ ɢɫɩɪɚɜɥɟɧɢɹ.  

ȼɫɟ ɢɬɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɩɨ ɩɨɥɨɜɨɞɶɸ ɢ ɦɟɠɟɧɢ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 2.4.  
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Ɍɚɛɥɢɰɚ 2.4- ɂɬɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
Ɇɟɫɹɰɵ Q90% ɢɬɨɝɨɜɨɟ ɦ3/ɫ Q50%,ɢɬɨɝɨɜɨɟ ɦ3/ɫ 

1 8 8 
2 3 8 
3 3 7 
4 58 140 
5 1643 2668 
6 2976 3434 
7 1237 1237 
8 313 313 
9 283 283 
10 223 223 
11 126 180 
12 37 37 

Qɫɪɟɞɧɟɝɨɞɨɜɨɣ., ɦ3/ɫ 576 712 
 

Ƚɢɞɪɨɝɪɚɮ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 2.1. 
 

 
Ɋɢɫɭɧɨɤ 2.1 –Ƚɢɞɪɨɝɪɚɮ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 

 
2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ 

ɜɵɪɚɛɨɬɤɢ ɧɚ ɨɫɧɨɜɟ ɜɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ 
 

2.2.1 Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɫ ɭɱɟɬɨɦ 
ɬɪɟɛɨɜɚɧɢɣ ȼɏɄ 
 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɛɟɪɟɬɫɹ ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ Q90% (ɬɚɛɥɢɰɚ 2.4) ɢ ɡɧɚɱɟɧɢɹ ɩɨɬɟɪɶ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ (ɬɚɛɥɢɰɚ 2.1). Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 
ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɦɟɫɹɰɟɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɧɚɯɨɠɞɟɧɢɹ ɡɧɚɱɟɧɢɹ 
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ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɷɬɨɬ ɦɟɫɹɰ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. Ⱦɥɹ ɧɚɱɚɥɚ ɪɚɫɫɱɢɬɚɟɦ 
ɪɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɜɨɞɨɬɨɤɭ: 

 
Qɩɨɥɟɡɧɨɟ=Q90%i-Q∑i ,                                                                                                (2.7) 
 
H= ∇ʑʐ- ∇ʜʐ-∆h,                                                                                                 (2.8) 

 

 N= 
ሺ୕˒ˑˎˈˊː˞ˌ∙ୌ∙୩ˏሻଵ଴଴଴                                                                                                     (2.9) 

 
ɉɨɫɥɟ ɪɚɫɱɟɬɚ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɜɨɞɨɬɨɤɭ, ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ 

ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ. Ⱦɚɧɧɵɣ ɪɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ 
ɚɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ, ɩɨ ɮɨɪɦɭɥɚɦ (2.7-2.9), ɧɨ ɜɦɟɫɬɨ ɛɵɬɨɜɨɝɨ ɪɚɫɯɨɞɚ 
ɛɟɪɟɬɫɹ ɪɚɫɯɨɞ ȼɏɄ.  

ɉɨɫɥɟ ɪɚɫɱɟɬɚ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ, ɧɟɨɛɯɨɞɢɦɨ 
ɫɪɚɜɧɢɬɶ ɞɚɧɧɵɣ ɪɟɠɢɦ ɫ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɜɨɞɨɬɨɤɭ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ 
ɫɧɚɱɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ∆N: 

 
∆N=Nɛɵɬ. -NȼɄɏ                                                                                               (2.10) 
 

ɉɨɫɥɟ ɪɚɫɱɟɬɚ ∆N ɧɚɯɨɞɢɬɶɫɹ ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ ɫɭɦɦɭ ɜɫɟɯ ∆N ɢ ɩɪɨɜɟɪɹɟɬɫɹ 
ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɹ. ȿɫɥɢ ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ ɫɭɦɦɚ ∆N ɛɭɞɟɬ ɩɪɟɜɵɲɚɬɶ 0, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɫɟ ɪɚɫɫɱɢɬɚɧɨ ɜɟɪɧɨ. ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.5. 

 
Ɍɚɛɥɢɰɚ 2.5- Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɞɜɭɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ 

№ ɦɟɫɹɰɚ 1 2 3 4 5 6 7 8 9 10 11 12 
Nɛɵɬ., Ɇȼɬ 3 1 1 25 647 1144 490 127 115 91 51 14 
NȼɏɄ , Ɇȼɬ 90 90 90 90 170 170 170 170 170 170 90 90 ∆N,Ɇȼɬ -87 -89 -89 -65 477 974 320 -43 -55 -79 -39 -76 ∑ ∆N, Ɇȼɬ 1153 

 
ɉɨɫɥɟ ɫɪɚɜɧɟɧɢɹ ɞɜɭɯ ɪɟɠɢɦɨɜ ɫɬɪɨɢɬɶɫɹ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ ɩɨ ɫɪɟɞɧɢɦ 

ɝɨɞɨɜɵɦ ɦɨɳɧɨɫɬɹɦ. ɇɚ ɞɚɧɧɨɦ ɛɚɥɚɧɫɟ ɨɬɤɥɚɞɵɜɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɛɵɬɨɜɨɣ 
ɦɨɳɧɨɫɬɢ, ɦɨɳɧɨɫɬɢ ȼɏɄ ɢ ɦɨɳɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ.  

Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɩɨɤɚɡɚɧ ɧɚ ɩɥɚɤɚɬɟ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɞɧɨɣ ɷɧɟɪɝɢɢ». 
ɉɨ ɛɚɥɚɧɫɭ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɦɟɫɹɰɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ 

ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɟ ɦɨɳɧɨɫɬɢ Ƚɗɋ ɜ ɷɬɨɬ ɦɟɫɹɰ. Ɂɧɚɱɟɧɢɟ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɯ 
ɦɨɳɧɨɫɬɟɣ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.6. 
 
Ɍɚɛɥɢɰɚ 2.6 - Ɂɧɚɱɟɧɢɟ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɯ ɦɨɳɧɨɫɬɟɣ ɜ ɦɟɫɹɰ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

Ɇɟɫɹɰ Nɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ, Ɇȼɬ 
əɧɜɚɪɶ 280 

Ɏɟɜɪɚɥɶ 237 
Ɇɚɪɬ 141 

ɇɨɹɛɪɶ 237 
Ⱦɟɤɚɛɪɶ 280 
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2.2.2 Ɋɚɫɱɟɬ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɨɛɴɟɦ ɩɪɢ, 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. Ɋɚɫɯɨɞɵ Ƚɗɋ ɢ ɇȻ: 

 
QȽɗɋ=Qɩɨɥɟɡɧɵɣ+Qɜɨɞɨɯɪɚɧɢɥɢɳɚ-Qɯɨɥɨɫɬɵɟ ɫɛɪɨɫɵ,                                                   (2.11) 

 

QɇȻ=Qɲɥɸɡɨɜɚɧɢɹ+Qɮɢɥɶɬɪɚɰɢɢ+ Qɯɨɥɨɫɬɵɟ ɫɛɪɨɫɵ +QȽɗɋ                                         (2.12) 
    

ɇɚɱɚɥɶɧɵɣ ɨɛɴɟɦ ɪɚɜɟɧ ɨɛɴɟɦɭ ɩɪɢ ɨɬɦɟɬɤɟ ɇɉɍ. ɂɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ ɛɵɥɨ 
ɧɚɣɞɟɧɨ ɩɨ ɮɨɪɦɭɥɟ: 

 

dv=
୕˅ˑˇˑ˘˓˃ːˋˎˋ˜˃ ∙୲ౙଵ଴వ  ,                                                                                                     (2.13) 

 
ɝɞɟ tc- ɤɨɥɢɱɟɫɬɜɨ ɫɟɤɭɧɞ ɜ ɦɟɫɹɰɟ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɩɪɢɥɨɠɟɧɢɟ Ȼ, ɬɚɛɥɢɰɚ Ȼ.1, Ȼ.2. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ȼɗɊ ɩɨ ɭɫɥɨɜɢɸ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ: 
 ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɹɧɜɚɪɹ, ɞɟɤɚɛɪɹ Nɝɚɪ=299 Ɇȼɬ; 
 ɭɪɨɜɟɧɶ ɦɟɪɬɜɨɝɨ ɨɛɴɟɦɚ- ɍɆɈ=39,8 ɦ; 
 ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ Vɩɨɥɟɡɧɵɣ=11,52 ɤɦ3. 
Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜ ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ ɩɨɤɚɡɚɧ ɧɚ ɩɥɚɤɚɬɟ 

«ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɞɧɨɣ ɷɧɟɪɝɢɢ». 
 

2.2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɱɢɯ ɦɨɳɧɨɫɬɟɣ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɬɟɱɟɧɢɟ 
ɝɨɞɚ 
 

Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɭɬɟɦ ɜɩɢɫɵɜɚɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ 
ɫɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɡɨɧ ɪɚɛɨɬɵ. ɉɪɢ ɜɩɢɫɵɜɚɧɢɟ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ: 
 

ɗ=Nɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ·t,                                                                                                (2.14) 
 
ɝɞɟ t- 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                                                                                    (2.15) 
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ɋɭɦɦɚɪɧɚɹ ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ: 
 

Nɪɚɛ.=Nɩɢɤ+Nɛɚɡɚ                                                                                                          (2.16) 
 
ȼɫɟ ɩɨɥɟɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.7. 
 

Ɍɚɛɥɢɰɚ 2.7- Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɪɚɛɨɱɢɯ ɦɨɳɧɨɫɬɟɣ 

Ɇɟɫɹɰ 
Nɛɚɡɚ , 
Ɇȼɬ 

ɗɛɚɡɚ, 
ɦɥɧ.Ʉȼɬ·ɱ 

Nɩɢɤ, 
Ɇȼɬ 

ɗɩɢɤ, 
ɦɥɧ.Ʉȼɬ·ɱ 

Nɪɚɛɨɱɚɹ, 
Ɇȼɬ 

ɗɫɭɦɚɪɧɚɹ, 
ɦɥɧ.Ʉȼɬ·ɱ 

əɧɜɚɪɶ 226 6,5 200 0,69 426 7,19 
Ɏɟɜɪɚɥɶ 207 5,6 177 0,52 384 6,12 

Ɇɚɪɬ 106 3,2 180 0,64 286 3,84 
Ⱥɩɪɟɥɶ 35 1,4 120 0,18 155 1,58 

Ɇɚɣ 133 2,6 140 0,65 273 3,25 
ɂɸɧɶ 84 3,5 160 0,51 244 4,01 
ɂɸɥɶ 114 4 170 0,78 284 4,78 

Ⱥɜɝɭɫɬ 258 4,7 130 0,27 388 4,97 
ɋɟɧɬɹɛɪɶ 199 4,4 160 0,54 359 4,96 
Ɉɤɬɹɛɪɶ 163 3,5 245 1,42 408 4,92 
ɇɨɹɛɪɶ 207 5,6 177 0,52 384 6,12 
Ⱦɟɤɚɛɪɶ 226 6,5 200 0,69 426 7,19 

 
2.2.4 Ɋɚɫɱɟɬ ɪɟɡɟɪɜɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, 

ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɝɢɞɪɨɭɡɥɚ, ɪɚɫɱɟɬ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ 
 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɝɨɞɨɜɵɯ ɦɨɳɧɨɫɬɟɣ (ɩɪɢɥɨɠɟɧɢɟ Ȼ, ɬɚɛɥɢɰɚ Ȼ.2). Ɋɚɫɱɟɬ ɪɟɡɟɪɜɨɜ ɜɵɩɨɥɧɹɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɚɦ: 

 Nː˃ˆ˓˖ˊˑ˚ː˞ˌ˓ˈˊ =Pɦɚɯ·0,03,                                                                               (2.17) 

 Nʏ˅˃˓ˋˌː˞ˌ˓ˈˊ =Pɦɚɯ·0,1,                                                                                            (2.18) 
 N˓ˈˊ.˒˓ˑˈˍ˕˓ˈˏ = ୒˓˃˄଺                                                                                                    (2.19) 

 
ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 2.8. 
 
Ɍɚɛɥɢɰɚ 2.8- Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

ɦɨɳɧɨɫɬɶ ɜ ɦɟɝɚɜɚɬɬɚɯ 

Ɇɟɫɹɰ 
ɇɚɝɪɭɡɤɚ ɫɢɫɬɟɦɵ 

ɋɭɳɟɫɬɜɭɸɳɚɹ 
Ƚɗɋ 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ Ɍɗɋ 

P Pɚɜɚɪ Ɋɧɚɝɪ Nɪɚɛ  P Pɚɜɚɪ Ɋɧɚɝɪ Nɪɚɛ  P Pɚɜɚɪ 

1 1591 160 50 475 1 1591 160 50 475 1 1591 160 
2 1520 150 50 455 2 1520 150 50 455 2 1520 150 
3 1399 140 40 435 3 1399 140 40 435 3 1399 140 
4 1258 130 40 425 4 1258 130 40 425 4 1258 130 
5 1136 110 30 380 5 1136 110 30 380 5 1136 110 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.8 

Ɇɟɫɹɰ 
ɇɚɝɪɭɡɤɚ ɫɢɫɬɟɦɵ 

ɋɭɳɟɫɬɜɭɸɳɚɹ 
Ƚɗɋ 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ Ɍɗɋ 

P Pɚɜɚɪ Ɋɧɚɝɪ Nɪɚɛ  P Pɚɜɚɪ Ɋɧɚɝɪ Nɪɚɛ  P Pɚɜɚɪ 
6 1065 110 30 340 6 1065 110 30 340 6 1065 110 
7 1065 110 30 340 7 1065 110 30 340 7 1065 110 
8 1135 110 30 380 8 1135 110 30 380 8 1135 110 
9 1257 130 40 425 9 1257 130 40 425 9 1257 130 
10 1398 140 40 435 10 1398 140 40 435 10 1398 140 
11 1520 150 50 455 11 1520 150 50 455 11 1520 150 
12 1591 160 50 475 12 1591 160 50 475 12 1591 160 

 
Ƚɪɚɮɢɤ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ, 

ɩɨɫɬɪɨɟɧɧɵɣ ɩɨ ɞɚɧɧɵɦ ɢɡ ɬɚɛɥɢɰɵ 2.8 ɩɪɟɞɫɬɚɜɥɟɧ ɩɥɚɤɚɬɟ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɜɨɞɧɨɣ ɷɧɟɪɝɢɢ».  

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɨ ɹɧɜɚɪɸ: 
 N˒˓ˑˈˍ˕.ʒЭʠ˖˔˕ = Nˢː˅˃˓˟˓˃˄ + N˓ˈˊ.˒˓ˑˈˍ˕ː˃ˆ˓ = Ͷʹ͸ + ʹͶ = ͶͷͲ ʛʑ˕                   (2.20) 
 
2.2.5 Ɋɚɫɱɟɬ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɨ ɭɫɥɨɜɢɸ 

ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ 
 

Ɂɚɞɚɱɚ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɨɩɪɟɞɟɥɟɧɢɟ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ. Ɋɚɫɫɦɨɬɪɢɦ ɞɜɚ ɪɟɠɢɦɚ 
ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɨ ɨɬɦɟɬɤɚɦ ɢ ɩɨ ɦɨɳɧɨɫɬɹɦ. Ɋɚɫɱɟɬ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɤɚɤ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɬɨɝɨ, ɱɬɨ 
ɛɟɪɭɬɫɹ ɪɚɫɯɨɞɵ ɡɚ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ. Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɵ 
ɩɪɢɥɨɠɟɧɢɟ Ȼ, ɬɚɛɥɢɰɚ Ȼ.3, Ȼ.4. 

ɋɭɦɦɚɪɧɚɹ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɩɪɢ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɟ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɨ ɨɬɦɟɬɤɚɦ: ∑ Э=2167 ɦɥɧ.ɤȼɬ·ɱ. 
ɋɭɦɦɚɪɧɚɹ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɩɪɢ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɟ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɨ ɦɨɳɧɨɫɬɹɦ: ∑ Э=2265 ɦɥɧ.ɤȼɬ·ɱ.≈2,3 ɦɥɪɞ.ɤȼɬ·ɱ. 

ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɫɭɦɦɚɪɧɚɹ ɜɵɪɚɛɨɬɤɚ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 
ɩɨ ɦɨɳɧɨɫɬɹɦ ɛɨɥɶɲɟ, ɱɟɦ ɫɭɦɦɚɪɧɚɹ ɜɵɪɚɛɨɬɤɚ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɩɨ ɨɬɦɟɬɤɚɦ. 

 ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨ ɩɪɨɜɨɞɢɬɶ ɪɚɫɱɟɬ ɫɪɚɛɨɬɤɢ 
ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɨ ɭɫɥɨɜɢɸ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɦɟɬɨɞɨɦ 
ɭɪɚɜɧɢɜɚɧɢɹ ɦɨɳɧɨɫɬɟɣ. 

Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɡɚ ɫɪɟɞɧɟɜɨɞɧɵɣ ɢ 
ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ ɩɪɟɞɫɬɚɜɥɟɧ ɩɥɚɤɚɬɟ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɞɧɨɣ ɷɧɟɪɝɢɢ». 
 

2.3 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
 

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ, 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɞɥɹ ɷɬɨɝɨ ɫɬɪɨɢɦ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɫ ɭɤɚɡɚɧɢɟɦ ɥɢɧɢɣ 
ɨɝɪɚɧɢɱɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ ɪɢɫɭɧɤɟ 2.3. 
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ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɢɤɨɣ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ 
ɦɟɬɨɞɢɱɟɫɤɨɦ ɩɨɫɨɛɢɢ «ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ Ƚɗɋ» [2]. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ 
ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 2.9. 

 
Ɍɚɛɥɢɰɚ 2.9–Ⱦɚɧɧɵɟ ɪɚɫɱёɬɚ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 

Ʉɪɢɜɵɟ ɫɜɹɡɢ ȼȻ ɢ ɇȻ ɇɚɩɨɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɪɚɫɱɟɬɧɨɣ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɦɨɳɧɨɫɬɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨ ɪɚɫɯɨɞɭ 

ȼɏɄ Qː˄, ˏଷ/c 
Zː˄.ˊ, ˏ 

Qː˄, ˏଷ/c 
Zː˄.ˊ, ˏ 

Qː˄, ˏଷ/c 
Zː˄.ˊ, ˏ H, ˏ Q, ˏଷ/c H, ˏ Q, ˏଷ/c H, ˏ 

Q, ˏଷ/c 
0 9,97 0 9,97 0 9,97 50,00 1109 42,80 1326 50 260 

200 10,47 200 10,47 200 10,47 49,20 1133 41,05 1297 0 260 
400 10,91 400 10,91 400 10,91 48,40 1157 39,30 1269  260 
600 11,28 600 11,28 600 11,28 47,60 1181 37,55 1240  260 
800 11,61 800 11,61 800 11,61 46,80 1205 35,80 1211  260 
1000 11,90 1000 11,90 1000 11,90 46,00 1229 34,05 1181  260 
1200 12,16 1200 12,16 1200 12,16 45,20 1254 32,30 1150  260 
1400 12,39 1400 12,39 1400 12,39 44,40 1278 30,55 1119  260 
1600 12,60 1600 12,60 1600 12,60 43,60 1302 28,80 1086  260 
1800 12,79 1800 12,79 1800 12,79 42,80 1326 27,05 1053  260 
2000 12,96 2000 12,96 2000 12,96  
2200 13,13 2200 13,13 2200 13,13 
2400 13,27 2400 13,27 2400 13,27 

 
ɉɨ ɞɚɧɧɵɦ (ɬɚɛɥɢɰɚ 2.9) ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɩɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ, 

ɤɨɬɨɪɨɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 2.2 
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Ɋɢɫɭɧɨɤ 2.2- Ɋɟɠɢɦɧɨɟ ɩɨɥɟ 

 
ɉɨ ɪɟɠɢɦɧɨɦɭ ɩɨɥɸ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɧɚɩɨɪɨɜ: 
– ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ H୫ୟ୶ = Ͷͻ  ɦ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 

ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɇɉɍ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ 
ɪɚɫɯɨɞɭ; 

– ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ Hɪɚɫɱ = Ͷʹ,ͺ ɦ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ ɪɚɫɱёɬɧɨɝɨ 
ɧɚɩɨɪɚ; 

– ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ H୫୧୬ = ʹ͹ ˏ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɍɆɈ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ. 
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ɉɪɢ ɇɉɍ=60 ɦ
ɉɪɢ ɍɆɈ=39,8 ɦ
ɉɪɢ Zɜɛ (əɧɜɚɪɶ)=54,5 ɦ
Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ
Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ
Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ

Hmin=27 ɦ

Hɪɚc=42,8ɦ
Qmax=1326 ɦ3/ɫ

Hmax=49ɦ
Qmin=130 ɦ3/ɫ
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

3.1 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɬɢɩɚ ɚɝɪɟɝɚɬɨɜ 
 

3.1.1 ȼɵɛɨɪ ɝɢɞɪɨɬɭɪɛɢɧ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
 

Ƚɢɞɪɨɬɭɪɛɢɧɵ ɜɵɛɢɪɚɸɬɫɹ ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ ɧɚ 
ɫɬɚɧɰɢɢ ɢ ɨɬɧɨɲɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ ɤ ɩɪɟɞɟɥɶɧɨɦɭ ɧɚɩɨɪɭ ɬɭɪɛɢɧɵ.  

Ⱦɥɹ ɞɢɚɩɚɡɨɧɚ ɧɚɩɨɪɨɜ, ɚ ɢɦɟɧɧɨ ɨɬ ɇmin ɞɨ ɇmax, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɪɟɠɢɦɧɨɦɭ ɩɨɥ ɩɨɞɯɨɞɹɬ 2 ɝɢɞɪɨɬɭɪɛɢɧɵ: ɉɅȾ-50-ȼ60, ɉɅ-50 ȼ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɧɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. 
 

Ɍɚɛɥɢɰɚ 3.1 – ɉɚɪɚɦɟɬɪɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɝɢɞɪɨɬɭɪɛɢɧ 
ɉɚɪɚɦɟɬɪɵ ɉɅ-50ȼ ɉɅȾ-50-ȼ60 

Hɩɪɟɞ, ɦ 50 50 
Hmin/Hmax 0,5 0,5 
nI opt , ɨɛ/ɦ 116 113 
QI opt, ɥ/ɦ 1000 1100 

ηɦ opt 0,916 0,91 
QI max, ɥ/ɦ 1500 1650 
ı (QI max) 0,6 0,6 
D1 m , ɦ 0,460 0,350 
Hɦɨɞ , ɦ 12 5 
tɦɨɞ , Oɋ 21 16 

 
Ⱦɥɹ ɛɨɥɟɟ ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜɵɩɨɥɧɹɸɬɫɹ 

ɪɚɫɱɟɬɵ ɞɥɹ ɪɹɞɚ ɫɬɚɧɞɚɪɬɧɵɯ ɞɢɚɦɟɬɪɨɜ ɞɥɹ ɤɚɠɞɨɝɨ ɬɢɩɚ ɬɭɪɛɢɧ. ȼ ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ ɪɚɫɱɟɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɥɹ ɬɭɪɛɢɧɵ ɉɅȾ-50-ȼ60 ɫ ɞɢɚɦɟɬɪɨɦ ɪɚɛɨɱɟɝɨ 
ɤɨɥɟɫɚ D1=6,7 ɦ. 

ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ η˕: 
 η˕ = ͳ − ሺͳ − ηˏሻ ∙ (ሺͳ − ɂሻ + ɂ ∙ √ୈభˏୈభఱ √ʜˏʜN˓భబ √஝ː஝ˏఱ ) = ͳ −  

−ሺͳ − Ͳ,ͺ͸ʹሻ ∙ (ሺͳ − Ͳ,͹ͷሻ + Ͳ,͹ͷ ∙ √଴,ଷହ଺,଻ఱ ∙ √ ହସଶ,଼భబ ∙ √ଵ,ଷଽ∙ଵ଴లଵ,ଵ଺∙ଵ଴లఱ ) = Ͳ,ͻͳ͹ͷ ɨ.ɟ,     (3.1)      

     
ɝɞɟ   ηˏ, Dଵˏ, ʜˏ – ɄɉȾ, ɞɢɚɦɟɬɪ ɢ ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; Dଵ, ʜ୒˓– ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
         ɋˏ, ɋː − ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɨɣ ɢ 
ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ 
ɧɚɬɭɪɧɵɯ ɢ ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ tɧ ɢ tɦ (˕˃˄ˎˋ˙˃ ͵.ͳ); 
         ɂ – ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ. 
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Ɇɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ: 
 N˃ = ଽ,଼ଵ୕భ˓′ ୈభమୌN˓√ୌN˓η˕ηˆ̝˓ଵ଴଴଴ = ଽ,଼ଵ∙ଵ,଻଴ହ∙଺,଻మ∙ସଶ,଼భ,ఱ∙଴,ଽଵ଺ଽ∙଴,ଽ଻ଵ଴଴଴ = ͳͺ͹,ͳͳ ʛʑ˕,   (3.2) 

 
ɝɞɟ   Qଵ˓′ – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; 
         ηˆ̝˓ − ɫɪɟɞɧɢɣ ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ. 

ɑɢɫɥɨ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ Ƚɗɋ ɚɝɪɟɝɚɬɨɜ: 
 Z′ୟ = ୒ˆˠ˔˖˔˕୒a = ସହ଴ଵ଼଻,ଵଵ ≈ ͵,                                                                                       (3.3) 

 
ɝɞɟ   Nˆˠ˔˖˔˕ = ͶͷͲ Ɇȼɬ – ɪɚɫɱɟɬɧɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ. 

Ɋɚɫɫɱɢɬɚɧɧɨɟ ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ Z′ୟ ɨɤɪɭɝɥɹɟɬɫɹ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ Zୟ. 
Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɧɢɦɚɬɶ ɤɪɚɬɧɨɟ 2 ɢɥɢ 3 ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɝɥɚɜɧɚɹ ɫɯɟɦɚ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɛɵɥɚ ɫɢɦɦɟɬɪɢɱɧɨɣ. 

ɉɨɫɥɟ ɱɟɝɨ ɭɬɨɱɧɹɟɬɫɹ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ: 
 Nୟ = ୒˖˔˕Za = ସହ଴ଷ = ͳͷͲ ʛʑ˕                                                                              (3.4)    

 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ: 
 n = n′୍ ˓ ∙ √ୌ˓∙∆ୈభ = ͳͳ͵ ∙ √ସଶ,଼∙ଵ,଴଺଺,଻ = ͳͳ͵,ͺͶ ˑ˄/ˏˋː,                                      (3.5) 

 
ɝɞɟ n′୍ ˓ = ͳͳ͵ ˑ˄/ˏˋː – ɩɪɢɜɟɞёɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɦɨɞɟɥɶɧɨɣ 
ɝɢɞɪɨɬɭɪɛɢɧɵ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ; 
         ∆= Ƞ˕Ƞˏ = ଴,ଽଵ଻ହ଴,଼଺ଶ =1,06 – ɩɨɩɪɚɜɤɚ ɧɚ ɩɪɢɜɟɞёɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɩɪɢ 
ɩɟɪɟɯɨɞɟ ɨɬ ɦɨɞɟɥɢ ɤ ɧɚɬɭɪɟ. 

ɉɨ ɩɨɥɭɱɟɧɧɨɣ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɛɥɢɠɚɣɲɟɟ 
ɛɨɥɶɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɩɨ ɢɡɜɟɫɬɧɨɦɭ 
ɫɬɚɧɞɚɪɬɧɨɦɭ ɪɹɞɭ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ nc=115,4 ɨɛ/ɦɢɧ 

Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɢɚɦɟɬɪɚ ɬɭɪɛɢɧɵ ɢ ɫɬɚɧɞɚɪɬɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɧɚɧɨɫɹɬɫɹ ɧɚ ɝɥɚɜɧɭɸ ɭɧɢɜɟɪɫɚɥɶɧɭɸ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɥɢɧɢɢ ɩɪɢɜɟɞёɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɢɡɜɟɫɬɧɵɦ ɧɚɩɨɪɚɦ ɬɭɪɛɢɧɵ H୫ୟ୶, H˓ ɢ H୫୧୬ , ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɱɢɫɥɢɜ ɬɪɢ 
ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ: 

 n′୍ = ୬˔∙ୈభ√ୌ∙∆ ,                                                                                                         (3.6) 

 
ɝɞɟ nɫ– ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ; 
      H – ɧɚɩɨɪ ɧɚ ɫɬɚɧɰɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ Hmax, Hɪ ɢ Hmin. 
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ɉɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ. 

 n′୍=ଵଵହ,ସ∙଺,଻√ସଽ∙ଵ,଴଺ = ͳͲ͹,ͳ ɨɛ/ɦɢɧ                                                              
 

ɉɪɢ ɪɚɫɱɟɬɧɨɦ ɧɚɩɨɪɟ. 
 n′୍= ଵଵହ,ସ∙଺,଻√ସଶ,଼∙ଵ,଴଺ = ͳͳͶ,ͷͷ ɨɛ/ɦɢɧ                                                          

 
ɉɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ. 
 n′୍=ଵଵହ,ସ∙଺,଻√ଶ଻∙ଵ,଴଺ = ͳͶͶ,ʹ ɨɛ/ɦɢɧ                                                                 

 
ɉɪɨɢɡɜɟɞɟɧɢɟ ɩɪɢɜɟɞёɧɧɨɝɨ ɪɚɫɯɨɞɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ ɧɚ ɄɉȾ: 

 Q′୍ ∙ η˕ = ୒˃ଽ,଼ଵ∙ୈభమ∙ୌPభ,ఱ∙ηˆ̝˓ = ଵସ଻଴଴଴ଽ,଼ଵ∙଺,଻మ∙ସଶ,଼భ,ఱ∙଴,ଽ଻ = ͳ,ʹͶ,                                        (3.7) 

 
ɝɞɟ   Q′୍ ɢ η˕– ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɢ ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɩɨɞɛɨɪɨɦ 
ɤɨɬɨɪɵɯ ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ ɧɚ ɍɏ; 
         N˃ – ɨɤɪɭɝɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; 
         Dଵ, H୔ – ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
         ηˆ̝˓ – ɫɪɟɞɧɢɣ ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ 0,97. 

Ʌɟɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɞɛɨɪɨɦ ɬɚɤɨɣ ɬɨɱɤɢ ɧɚ ɥɢɧɢɢ n′୍ ˓, 
ɱɬɨɛɵ ɩɪɨɢɡɜɟɞɟɧɢɟ Q′୍ ∙ ηʡ ɜ ɷɬɨɣ ɬɨɱɤɟ ɨɛɟɫɩɟɱɢɜɚɥɨ ɜɵɩɨɥɧɟɧɢɟ ɭɤɚɡɚɧɧɨɝɨ 
ɪɚɜɟɧɫɬɜɚ. ɋ ɭɱɟɬɨɦ ɫɨɛɥɸɞɟɧɢɹ ɞɚɧɧɨɝɨ ɭɫɥɨɜɢɹ ɤɨɨɪɞɢɧɚɬɵ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ 
ɪɚɜɧɵ  ηɬ=0,896, Q′୍ = ͳ,͵ͺ ˎ/˔.  

Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (3.7) ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɪɚɫɱɟɬɧɚɹ ɬɨɱɤɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 
ɧɚɩɨɪɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɨɳɧɨɫɬɢ. 

 Q′୍ ∙ η˕ = ଵସ଻଴଴଴ଽ,଼ଵ∙଺,଻మ∙ସଽభ,ఱ∙଴,ଽ଻ = ͳ,Ͳͳ                                      
 
ȼɵɩɨɥɧɹɹ ɭɫɥɨɜɢɟ ɢɡ ɭɪɚɜɧɟɧɢɹ (3.7) ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɤɨɨɪɞɢɧɚɬɵ 

ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ ɞɥɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ ηɬ=0,905, Q′୍ =ͳ,ͳʹ ˎ/˔. 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ɫ 

ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɩɟɪɟɫɱɟɬ ɜ ɤɨɨɪɞɢɧɚɬɭ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɞɜɭɯ ɡɧɚɱɟɧɢɣ ɧɚɩɨɪɚ H୫ୟ୶ɢ  H୫୧୬ ɩɨ ɮɨɪɦɭɥɟ: 

 Q′୍ = ୕ౣi౤ୈభమ∙Z∙√ୌ∙∆ ,                                                                                                   (3.8) 
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ɝɞɟ Q୫୧୬=260 ɦ3/ɫ – ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɬɭɪɛɢɧɭ; 
       Dଵ–ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
       H – ɧɚɩɨɪ, H୫ୟ୶ɢɥɢ H୫୧୬; 
       ∆ – ɩɨɩɪɚɜɤɚ ɧɚ ɩɪɢɜɟɞɟɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
       Z = ͳ– ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɢɧɢɦɚɥɶɧɵɣ ɩɨɩɭɫɤ. 

Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ (3.8) ɞɥɹ ɉɅȾ-50-ȼ60-670 ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ: 
 Q′୍ = ଶ଺଴଺,଻మ∙√ସଽ∙ଵ,଴଺ = Ͳ,ͺͲ ˏయ̝ = ͺͲͲ ˎ/˔      
 
ɉɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ:                              
 Q′୍ = ଶ଺଴଺,଻మ∙√ଶ଻∙ଵ,଴଺ = ͳ,Ͳͺ ˏయ̝ = ͳͲͺͲ ˎ̝

                                     

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɬɭɪɛɢɧ ɉɅ-50 ɢ ɉɅȾ-50-ȼ60 

ɩɪɢɜɟɞɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ, ɬɚɛɥɢɰɵ ȼ.1 ɢ ȼ.2. 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɣ ɤɨɥɢɱɟɫɬɜɚ ɚɝɪɟɝɚɬɨɜ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɄɉȾ 

ɢ ɡɧɚɱɟɧɢɣ QI’·η ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɡɨɧ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɛɪɚɧɵ ɞɢɚɦɟɬɪɵ 
ɝɢɞɪɨɬɭɪɛɢɧ, ɹɱɟɣɤɢ ɤɨɬɨɪɵɯ ɨɤɪɚɲɟɧɵ ɜ ɠɟɥɬɵɣ ɰɜɟɬ. Ƚɍɏ ɫ ɩɨɫɬɪɨɟɧɧɵɦɢ 
ɡɨɧɚɦɢ ɪɚɛɨɬ ɞɥɹ ɬɭɪɛɢɧ ɉɅȾ-50-ȼ60 ɢ ɉɅ-50-ɜ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɟ 
ȼ, ɪɢɫɭɧɨɤ ȼ.3 ɢ ȼ.4. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɡɨɧ ɪɚɛɨɬɵ ɧɚ Ƚɍɏ (ɩɪɢɥɨɠɟɧɢɟ ȼ, 
ɪɢɫɭɧɨɤ ȼ.1 ɢ ȼ.2) ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɛɵɥɢ ɜɡɹɬɵ ɬɭɪɛɢɧɚ ɉɅȾ-50-
ȼ60 ɫ ɞɢɚɦɟɬɪɨɦ D1=6,7 ɦ, ɢ ɬɭɪɛɢɧɚ ɉɅ-50-ȼ ɫ ɞɢɚɦɟɬɪɨɦ D1=6 ɦ. Ⱦɥɹ 
ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɬɢɩɚ ɬɭɪɛɢɧ ɢ ɛɵɥ ɜɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɨɬɦɟɬɤɢ 
ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ. 

 
3.2 Ƚɢɞɪɨɬɭɪɛɢɧɵ ɢ ɢɯ ɩɪɨɬɨɱɧɚɹ ɱɚɫɬɶ 

 
3.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 

 
Ɉɬɦɟɬɤɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟɟ 

ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇Z˓.ˍ. = zʜʐሺQʜʐሻ + Hୗ,                                                                                (3.9) 
 

ɝɞɟ    zʜʐሺQʜʐሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɩɪɢ ɪɚɫɯɨɞɟ Qʜʐ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ Hୗ. 

ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɹ ɬɪɟɯ ɫɥɭɱɚɟɜ, ɬɪɟɛɭɸɳɢɯ 
ɧɚɢɛɨɥɶɲɟɝɨ ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ: 

1. Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ; 
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2. Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɧɚɩɨɪɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ; 

3. Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɟɦɭ ɦɨɳɧɨɫɬɢ ɧɚ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ. 

ȼɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 Hୗ = B − ୸ʜʐሺ୕ʜʐሻଽ଴଴ − σ ∙ H − ͳ,ͷ + Zʤ.ʞʚ.,                                                     (3.10) 

 
ɝɞɟ     B – ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɪɚɜɧɨɟ 10,33 ɦ ɜɨɞ.ɫɬ.; σ –ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɥɹ ɪɚɫɱɟɬɧɵɯ ɭɫɥɨɜɢɣ; 
          H –ɧɚɩɨɪ ɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɭɪɨɜɧɟɦ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢ zʜʐሺQʜʐሻ; 
          ZX.ɉɅ.-ɪɚɡɧɨɫɬɶ ɨɬɦɟɬɨɤ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ ɦɨɞɟɥɶɧɨɣ ɢ ɧɚɬɭɪɧɨɣ 
ɬɭɪɛɢɧɵ, ɤɨɬɨɪɚɹ ɞɥɹ ɉɅ ɪɚɜɧɚ 0, ɞɥɹ ɉɅȾ:  

 

Zɏ.ɉɅ.=
୆బଶ = ଶ,ଷ଺ଶ = ͳ,ͳͺ ˏ,                                                                              (3.11) 

 
ɝɞɟ    B0- ɜɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɞɥɹ ɉɅȾ-50-
ȼ60 ɫ ɞɢɚɦɟɬɪɨɦ D1=6,7 ɦ ɪɚɜɧɚ: 

 
B0=0,375·D1=0,375·6,7=2,36 ɦ                                                                       (3.12) 

 
Ɋɚɫɱɟɬɵ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɞɥɹ ɬɭɪɛɢɧ ɉɅȾ-50-ȼ60 ɫ ɞɢɚɦɟɬɪɨɦ D1=6,7 

ɦ ɢ ɉɅ-50-ȼ ɫ ɞɢɚɦɟɬɪɨɦ D1= 6 ɦ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.2. 
 

Ɍɚɛɥɢɰɚ 3.2-Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ 
ɝɢɞɪɨɬɭɪɛɢɧ 

ɉɚɪɚɦɟɬɪɵ ɉɅȾ-50-ȼ60-670 ɉɅ-50-ȼ-600 
ɇɚɩɨɪ, ɦ Hmax=49 Hɪ=42,8 Hmin=27 Hmax=49 Hɪ=42,8 Hmin=27 
QI’, ɥ/ɫ 1,12 1,38 1,24 1,02 1,38 1,08 
Q, ɦ3/ɫ 351,94 405,28 256,58 320,51 405,28 251,92 
∆ZɊɄ, ɦ 10,78 10,9 10,57 10,71 10,9 10,56 

Ϭ 0,27 0,4 0,32 0,255 0,43 0,33 
Hs, ɦ -0,16 -4,05 4,43 -0,68 -6,59 2,91 

 
ɂɡ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ ɢ ɨɬɦɟɬɨɤ ɭɫɬɚɧɨɜɤɢ ɊɄ 

ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɚɹ ɨɬɦɟɬɤɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɤɨɬɨɪɚɹ ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ ɪɚɫɫɱɢɬɚɧɚ ɞɥɹ ɫɚɦɨɝɨ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɝɨ ɫɥɭɱɚɹ, ɚ ɡɧɚɱɢɬ, ɞɥɹ 
ɞɪɭɝɢɯ ɜɚɪɢɚɧɬɨɜ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɛɭɞɟɬ ɨɞɧɨɡɧɚɱɧɨ ɨɛɟɫɩɟɱɟɧɚ, ɬɨ 
ɟɫɬɶ ɢɦɟɟɦ: 

ɉɅ50-ȼ-600:  Hୱ =  −͸,ͷͻ ɦ ɢ ∇Zɪ.ɤ. = Ͷ,͵ͳ ɦ; 
ɉɅȾ50-ȼ60-670:  Hୱ =  −Ͷ,Ͳͷ ɦ ɢ ∇Zɪ.ɤ. = ͸,ͺͷ ɦ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɵɦ ɜɚɪɢɚɧɬɨɦ 

ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱɟɬɚ ɜɵɛɪɚɧɚ ɝɢɞɪɨɬɭɪɛɢɧɚ ɉɅȾ-50-ȼ60 ɫ ɞɢɚɦɟɬɪɨɦ 
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ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ D1=670. ȼɵɛɨɪ ɬɢɩɚ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɚ ɬɚɤɠɟ ɜɵɛɨɪ ɞɢɚɦɟɬɪɚ 
ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɚɪɚɦɟɬɪɚɦ: 

1. ɇɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɄɉȾ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɡɨɧɵ ɪɚɛɨɬɵ ɧɚ Ƚɍɏ, 
ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɵɯ ɡɚɦɟɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɚɝɪɟɝɚɬɚ ɜ ɰɟɥɨɦ. 

2. ɋɭɦɦɚɪɧɨɟ ɱɢɫɥɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɜɵɛɢɪɚɥɨɫɶ ɧɟ ɛɨɥɶɲɢɦ, ɱɬɨ 
ɩɨɡɜɨɥɢɬ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɢɡɜɟɫɬɢ ɷɤɨɧɨɦɢɸ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɩɨɤɭɩɤɭ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 

3. Ɉɬɦɟɬɤɚ ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɜɵɛɢɪɚɥɚɫɶ ɧɚɢɦɟɧɶɲɟɣ, ɱɬɨ 
ɩɨɡɜɨɥɢɬ ɬɚɤ ɠɟ ɩɪɨɢɡɜɟɫɬɢ ɷɤɨɧɨɦɢɸ ɞɟɧɟɠɧɵɣ ɫɪɟɞɫɬɜ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 
ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ. 

 
3.2.2 Ɋɚɫɱɟɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
 
ɍɝɨɥ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ, ɜɡɹɬɵɣ ɢɡ Ƚɍɏ (ɩɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫɭɧɨɤ 

ȼ5): ˔˒ = ͵Ͷͷ . 
ȼ ɬɚɛɥɢɰɟ 3.3 ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɞɢɚɦɟɬɪɨɜ ɫɬɚɬɨɪɚ, ɤɨɬɨɪɵɟ 

ɜɵɛɢɪɚɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ D0, ɤɨɬɨɪɵɣ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɢɡ Ƚɍɏ 
(ɩɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫɭɧɨɤ ȼ.1) 

 
Ɍɚɛɥɢɰɚ 3.3- Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɬɚɬɨɪɚ 

D4, ɦ Da, ɦ Db, ɦ h, ɦ 
12,49 10,43 12.04 0,55 

 
ɉɨɥɧɚɹ ɜɵɫɨɬɚ ɫɬɚɬɨɪɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
H1=b1+2·h=2,38+2·0,55=3,48  ɦ,                                                                        (3.13) 
 
b1=b0+0,02=2,36+0,02 =2,38 ɦ                                                                          (3.14) 
 
ɋɤɨɪɨɫɬɶ ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɟ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ uɫɪ=6,5 ɦ. 
Ɋɚɫɯɨɞ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ: 
 

Qɜɯ=Q˓ ∙ φଷ଺଴ = ͶͲͷ ∙ ଷସହଷ଺଴ = ͵ͺͺ,͵ͻ ɦ3/ɫ                                                                (3.15) 

 
ɉɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 
 

Fɜɯ=
୕˅˘୙˔˓ = ଷ଼଼,ଷଽ଺ = ͸Ͷ,͹͵ ɦ2                                                                                (3.16) 

 
Ɋɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 

pɜɯ=√୊˅˘஠ = √଺ସ,଻ଷଷ,ଵସ = Ͷ,ͷͶ ɦ                                                                           (3.17) 
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Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɬɭɪɛɢɧɵ ɞɨ ɰɟɧɬɪɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 

aɜɯ=R4+√p˅˘ଶ − ቀୌభଶ ቁଶ = ͸,ʹͶͷ + √Ͷ,ͷͶଶ − ሺଷ,ସ଼ଶ ሻଶ = ͳͲ,ͶͶ ɦ                   (3.18) 

 
ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 
Rɜɯ=aɜɯ+pɜɯ=10,44+4,54=14,98 ɦ                                                                   (3.19) 
 
Ɂɧɚɱɟɧɢɟ φʠ  ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
  ଵେ ∙ φ = a − √aଶ − pଶ = ͳͲ,ͶͶ − √ͳͲ,ͶͶଶ − Ͷ,ͷͶଶ = ͳ,Ͳͺ ,                       (3.20) 

 φ = φ˅˘ଷ଺଴ = ଷସହଷ଺଴ = Ͳ,ͻ͸                                                                                                                                      (3.21) 

 

ȼɵɪɚɠɚɹ ɢɡ ɮɨɪɦɭɥɵ ɡɧɚɱɟɧɢɟ  ଵେ   ɩɨɥɭɱɢɦ: 

  ଵେ = ୟ−√ୟమ−୮మφ = ଵ଴,ସସ−√ଵ଴,ସସమ−ସ,ହସమ଴,ଽ଺ = ͳ,ͳ͵                                                          (3.22) 

 
Ⱦɚɥɟɟ ɡɚɞɚɜɚɹɫɶ ɪɹɞɨɦ ɡɧɚɱɟɧɢɣ ɭɝɥɨɜ φ୧ ɱɟɪɟɡ ∆φ = ͳͷ°  ɜɵɩɨɥɧɹɟɬɫɹ 

ɪɚɫɱɟɬ ɜɫɟ ɫɟɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ. Ⱦɚɧɧɵɟ ɜɫɟ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.4. 
 

Ɍɚɛɥɢɰɚ 3.4-Ɋɚɫɱɟɬ ɡɧɚɱɟɧɢɣ ɞɥɹ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
1 2 3 4 5 6 7 8 9 10 11 12 φ, ° - - ɦ ɦ ɦ-2 x, ɦ x2,ɦ2 p2,ɦ2 p,ɦ a, ɦ R, ɦ 

- 
φ͵͸Ͳ 

φʠ 2·R4+[3] 
[4]-ሺୌభଶ ሻଶ √[ͷ] [6]+[3] [7]2 [8]+ሺୌభଶ ሻଶ √[ͻ] R4+[7] [10]+[11] 

345 0,96 0,91 11,30 8,28 2,88 3,70 13,72 16,74 4,09 9,95 14,04 
330 0,92 0,87 10,81 7,78 2,79 3,66 13,43 16,45 4,06 9,91 13,97 
315 0,88 0,83 10,32 7,29 2,70 3,62 13,14 16,17 4,02 9,87 13,89 
300 0,83 0,79 9,83 6,80 2,61 3,59 12,86 15,88 3,99 9,83 13,82 
285 0,79 0,75 9,34 6,31 2,51 3,55 12,58 15,60 3,95 9,79 13,74 
270 0,75 0,71 8,85 5,82 2,41 3,51 12,30 15,33 3,91 9,75 13,67 
255 0,71 0,67 8,35 5,33 2,31 3,47 12,02 15,05 3,88 9,71 13,59 
240 0,67 0,63 7,86 4,84 2,20 3,43 11,75 14,78 3,84 9,67 13,52 
225 0,63 0,59 7,37 4,34 2,08 3,39 11,48 14,51 3,81 9,63 13,44 
210 0,58 0,55 6,88 3,85 1,96 3,35 11,22 14,25 3,77 9,59 13,37 
195 0,54 0,51 6,39 3,36 1,83 3,31 10,96 13,98 3,74 9,56 13,29 
180 0,50 0,47 5,90 2,87 1,69 3,27 10,70 13,73 3,70 9,52 13,22 
165 0,46 0,43 5,41 2,38 1,54 3,23 10,44 13,47 3,67 9,48 13,15 

  
Ɍ.ɤ. ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɭɝɥɨɜ 𝜑 ɫɟɱɟɧɢɟ ɋɄ ɩɪɢɧɢɦɚɟɬ ɮɨɪɦɭ ɷɥɥɢɩɫɚ, ɬɨ 

ɦɟɬɨɞɢɤɚ, ɭɤɚɡɚɧɧɚɹ ɜɵɲɟ, ɧɟ ɩɨɞɯɨɞɢɬ. ɇɟɞɨɫɬɚɸɳɢɣ ɭɱɚɫɬɨɤ ɩɥɚɜɧɨ 
ɩɪɨɞɥɹɟɬɫɹ ɞɨ 0 ͦ. 

Ɋɚɡɦɟɪɵ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 
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p1=
ୌభଶ∙ୱ୧୬ ሺଷହሻ = ଷ,ସ଼ଶ∙ୱ୧୬ ሺଷହሻ = ͵,Ͳͷ ɦ                                                                           (3.23) 

 
Ɇɟɧɶɲɢɣ ɪɚɞɢɭɫ ɥɸɛɨɝɨ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ: 
 

p2=
ୖ−ሺୖర+୮భ∙ሺଵ−ୡ୭ୱሺୟkሻሻሻଶ∙ୡ୭ୱ ሺୟkሻ                                                                                     (3.24) 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.5. 
 

Ɍɚɛɥɢɰɚ 3.5-Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɪɚɞɢɭɫɨɜ ɞɥɹ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ 
ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ φ, ° p1, ɦ R, ɦ p2 ,ɦ 

150 
3,05 

13,72 4,22 
135 13,43 4,38 
120 13,05 4,15 
105 

3,05 

12,57 3,86 
90 11,98 3,50 
75 11,29 3,07 
60 10,47 2,58 
45 9,55 2,01 

 
ɉɨɫɬɨɹɧɧɭɸ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 
 

k=
𝑄˓ଶ∙𝜋∙భʠ = ଷହ଴ଶ∙ଷ,ଵସ∙଴,ଽସ = ͷ͹                                                                                   (3.25) 

 
ɍɝɨɥ ɩɨɬɨɤɚ ɜ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɟ (ɧɚ ɜɯɨɞɟ ɜ ɤɨɥɨɧɧɵ ɫɬɚɬɨɪɚ): 
 ∂ = arctgሺ୕˓/ሺଶ∙஠∙ୠభሻ୩ ሻ = acrtg ቀସ଴ହ/ሺଶ∙ଷ.ଵସ∙ଶ.ଷ଼ହ଻ ቁ = ʹͷ,͸Ͷ                           (3.26) 

 
Ɂɧɚɱɟɧɢɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɟ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ (ɩɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫɭɧɨɤ ȼ6) 

ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.6. 
 

Ɍɚɛɥɢɰɚ 3.6- Ɂɧɚɱɟɧɢɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
Ⱦɥɹ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ 

ϕ a, ɦ p, ɦ R,ɦ 
345 9,95 4,09 14,04 
330 9,91 4,06 13,97 
315 9,87 4,02 13,89 
300 9,83 3,99 13,82 
285 9,79 3,95 13,74 
270 9,75 3,91 13,67 
255 9,71 3,88 13,59 
240 9,67 3,84 13,52 
225 9,63 3,81 13,44 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.6 
210 9,59 3,77 13,37 
195 9,56 3,74 13,29 
180 9,52 3,70 13,22 
165 9,48 3,67 13,15 

Ⱦɥɹ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ 
ϕ p1,ɦ R, ɦ p2, ɦ 

150 

3,05 

13,72 4,22 
135 13,43 4,38 
120 13,05 4,15 
105 12,57 3,86 
90 11,98 3,50 
75 11,29 3,07 
60 10,47 2,58 
45 9,55 2,01 

 
3.3 ȼɵɛɨɪ ɬɢɩɚ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 

 
Ɇɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ (Ɇɇɍ), ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɤɪɭɩɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧ. ȿё ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɛɴёɦɨɦ ɦɚɫɥɨɜɨɡɞɭɲɧɨɝɨ ɤɨɬɥɚ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɫɭɦɦɚɪɧɨɝɨ 
ɨɛɴɟɦɚ ɫɟɪɜɨɦɨɬɨɪɨɜ, ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɨɞɧɨɣ Ɇɇɍ. 

ɉɨ ɧɨɦɨɝɪɚɦɦɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɫɩɪɚɜɨɱɧɨɦ ɩɨɫɨɛɢɢ 
«Ƚɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ», 
ɱɚɫɬɶ 1, ɫɬɪ. 144 ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɢɩ Ɇɇɍ: 

Ɇɇɍ 12,5/1-40-12,5-2– ɷɬɨ ɦɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫ 
ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɨɦ ɜɦɟɫɬɢɦɨɫɬɶɸ 12,5 ɦ3, ɫɨɫɬɨɹɳɢɦ ɢɡ 1 ɫɨɫɭɞɚ ɧɚ ɞɚɜɥɟɧɢɟ 
4 Ɇɉɚ (40 ɤɝɫ/ɫɦ2), ɫ ɦɚɫɥɨɧɚɫɨɫɧɵɦ ɚɝɪɟɝɚɬɨɦ ȽȺ 12,5/1-40, ɢɦɟɸɳɢɦ ɫɥɢɜɧɨɣ 
ɛɚɤ ɜɦɟɫɬɢɦɨɫɬɶɸ 12,5 ɦ3 ɫ 2 ɧɚɫɨɫɚɦɢ. 

 
3.4 ȼɵɛɨɪ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 

 
Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪ ɩɨɞɛɢɪɚɟɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɫɟɪɢɣɧɵɯ ɬɢɩɨɜ ɩɨ 

ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ 
ɜɪɚɳɟɧɢɹ.  

 ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
  Sɧɨɦ = ୒aୡ୭ୱφ = ଵହ଴଴,଼ହ = ͳ͹͸,ͷ Ɇȼ ∙ Ⱥ                                                                     (3.27) 

 
ɑɢɫɥɨ ɩɨɥɸɫɨɜ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
  ˓ = ଶ∙୤∙଺଴୬ౙ = ଶ∙ହ଴∙଺଴ଵଵହ,ସ = ͷʹ                                                                                     (3.28) 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɵɥ ɜɵɛɪɚɧ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-1460/185-
52ɍɏɅ4. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɧɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.7. 

 
Ɍɚɛɥɢɰɚ 3.7- ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ-1460/185-52ɍɏɅ4  

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ 𝑆ːˑˏ, ʛʑ ∙ ʏ 176,5 

ɇɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ʟːˑˏ, ʛʑ˕ 150 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cosφ, ˑ. ˈ. 0,85 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ Uːˑˏ, ˍʑ 15,75 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Iːˑˏ, ˍʏ 6,48 

ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ nːˑˏ, ˑ˄/ˏˋː 115,4 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ Xୢ, ˑ. ˈ. 1,01 

ɉɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ X’ୢ, ˑ. ˈ. 0,33 
ɋɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ X”ୢ, ˑ. ˈ. 0,24 

 
3.5 Ɋɚɫɱɟɬ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ 

 
3.5.1 Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ 

 
ȼɚɥ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ. 

Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫ ɭɱɟɬɨɦ ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɣɫɬɜɢɹ 
ɫɤɪɭɱɢɜɚɸɳɢɯ, ɢɡɝɢɛɚɸɳɢɯ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ. 

Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ: 
 ʛˍ˓ = Ͳ,ͲͲͻ͹Ͷ ∙ ୒୬˔ˋː˘ = Ͳ,ͲͲͻ͹Ͷ ∙ ଵସ଻଴଴଴ଵଵହ,ସ = ͳʹ,Ͷͳ ˍʜ ∙ ˏ                           (3.29) 

 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɚɥɚ (ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ): 

 D∗˅ ൒ (ହ,ଵ∙ʛˍ˓τˇˑ˒ )଴.ଷଷ = ቀହ,ଵ∙ଵଶ,ସଵଷଶ ቁ଴.ଷଷ = ͳ,ʹ͸ ˏ,                                                      (3.30) 

 
ɝɞɟ      τˇˑ˒ = ͵Ͳ ÷ ͵ͷɆɩɚ. 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɜɚɥɚ ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ 
ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ: Dɜ=1300 ɦɦ. 

 
3.5.2. Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɚ 

 
ɉɪɢ ɪɚɫɱɟɬɟ ɩɨɞɲɢɩɧɢɤɚ ɨɩɪɟɞɟɥɹɟɦ ɟɝɨ ɪɚɡɦɟɪɵ ɢ ɩɪɨɢɡɜɨɞɢɬɶɫɹ 

ɩɪɨɜɟɪɤɚ ɩɨ ɤɪɢɬɟɪɢɸ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. 
Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ: 
 R˓˃ˇ = ଴,଼∙୒୬˔ˋː˘∙ୈభ = ଴,଼∙ଵହ଴଴଴଴ଵଵହ,ସ∙଺,଻  = ͳͷͷ,ʹ ˍʜ                                                       (3.31) 
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Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ d˒, ɫ ɭɱɟɬɨɦ ɨɛɥɢɰɨɜɤɢ, ɨɛɵɱɧɨ 
ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ (15 ÷ 20) ɦɦ ɛɨɥɶɲɟ Dɜ: 
 d˒ = D˅ + Ͳ,Ͳʹ = ͳ,͵ + Ͳ,Ͳʹ = ͳ,͵ʹ ˏ                                                       (3.32) 

  
Ⱦɥɹ ɤɨɥɶɰɟɜɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ: 
  p˖ˇ = ୖ˓˃ˇୢ˒∙୦ɩ

= ଵହହ,ଶଵ,ଷଶ∙଴,ହ = ʹ͵ͷ,ͳͷ ɤɉɚ,                                                                 (3.33) 

 
ɝɞɟ   hɩ = Ͳ,ͷ ɦ, ɜɡɹɬ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɬɚɛɥɢɰɚɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ D˅. 

Ⱦɥɹ ɤɨɥɶɰɟɜɵɯ ɩɨɞɲɢɩɧɢɤɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɨ, ɱɬɨ 
ɞɨɩɭɫɤɚɟɦɨɟ [ɪɭɞ] ɪɚɜɧɨ: 

 [p˖ˇ] = ʹͻ ∙ U = ʹͻ ∙ ͳͷ,ͻͷ = Ͷ͸ʹ,ͷͷ ɤɉɚ,                                                          (3.34) 
 U = ஠∙୬˔ˋː˘∙ୢʞଷ଴ = ଷ,ଵସ∙ଵଵହ,ସ∙ଵ,ଶଶଷ଴ = ͳͷ,ͻͷ ɦ ɫɟɤ⁄                                                       (3.35) 

 
Ɍɨɝɞɚ: p˖ˇ < [p˖ˇ] → ʹ͵ͷ,ͳͷ < Ͷ͸ʹ,ͷͷ ɤɉɚ → ˖˔ˎˑ˅ˋˈ ˅˞˒ˑˎːˈːˑ.  
Ɋɚɫɫɱɢɬɚɟɦ ɫɟɝɦɟɧɬɧɵɣ ɩɨɞɲɢɩɧɢɤ.  
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɭɫɢɥɢɟ ɧɚ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɣ ɫɟɝɦɟɧɬ: 
  Rଵ =  ୖ ˓˃ˇ ሺଵ+ଶ ୡ୭ୱ α+ଶ ୡ୭ୱሺଶ α ሻሻ  = ଵହହ,ଶଵ+ଶ ୡ୭ୱቀయలబభబ ቁ+ଶ∙ୡ୭ୱ ሺଶ∙యలబభబ ሻ = Ͷͺ ˍʜ                     (3.36) 

 
Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɭɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɝɦɟɧɬ: 
 pɭɞ = ୖ˓˃ˇ୪˔ˈˆˏ∙୦˒ = ଵହହ,ଶ଴,ଷଷଷ∙଴,ହ = ͻ͵ʹ,ͳ͵ ˍʞ˃,                                                          (3.37) 

 l˔ˈˆˏ = ଴,଼ହ∙஠∙ୢʞZ˔ˈˆˏ = ଴,଼ହ∙ଷ,ଵସ∙ଵ,ଷଶଵ଴ = Ͳ,͵͵ ˏ                                                       (3.38) 

 
Ⱦɥɹ ɫɟɝɦɟɧɬɧɵɯ ɩɨɞɲɢɩɧɢɤɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɛɵɥɨ ɩɨɥɭɱɟɧɨ, ɱɬɨ 

ɞɨɩɭɫɤɚɟɦɨɟ [ɪɭɞ] ɪɚɜɧɨ: 
 [p˖ˇ] = ͷͲ ∙ U = ͷͲ ∙ ͳͷ,ͻͷ = ͹͵ͷ ɤɉɚ                                                              (3.39) 
 
Ɍɨɝɞɚ: p˖ˇ < [p˖ˇ] → ͻͳʹ,ʹ͹ < ͹͵ͷ ˍʞ˃ → ˖˔ˎˑ˅ˋˈ ːˈ˅˞˒ˑˎːˈːˑ.  
ɇɚɩɪɚɜɥɹɸɳɢɣ ɩɨɞɲɢɩɧɢɤ ɬɭɪɛɢɧɵ, ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɨɫɩɪɢɹɬɢɹ 

ɪɚɞɢɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ. ɉɨ ɪɚɫɱɟɬɚɦ ɜɢɞɧɨ, ɱɬɨ ɜ ɤɨɥɶɰɟɜɨɦ ɩɨɞɲɢɩɧɢɤɟ ɭɞɟɥɶɧɨɟ 
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ɞɚɜɥɟɧɢɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ (p˖ˇ > [p˖ˇ]). Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ 
ɜɵɛɢɪɚɟɬɫɹ ɤɨɥɶɰɟɜɨɣ ɩɨɞɲɢɩɧɢɤ. 

 
3.6. ȼɵɛɨɪ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 

 
ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɢɩ ɗȽɊ.  
Ⱦɥɹ ɩɨɜɨɪɨɬɧɨ – ɥɨɩɚɫɬɧɨɣ ɬɭɪɛɢɧɵ ɩɪɢɧɢɦɚɟɦ: ɗȽɊɄ-150-4 –

ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ ɫ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɦ 
ɤɨɦɛɢɧɚɬɨɪɨɦ ɜɧɟ ɤɨɥɨɧɤɢ ɭɩɪɚɜɥɟɧɢɹ. 

ɝɞɟ, ɗȽɊ – ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ;  
150 – ɞɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ; 
4 – ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɤɨɥɨɧɤɚ 4-ɝɨ ɢɫɩɨɥɧɟɧɢɹ. 
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 

4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ Ƚɗɋ 
 

ɉɪɢ ɜɵɛɨɪɟ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ əɤɭɬɫɤɨɣ Ƚɗɋ ɛɭɞɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɞɜɚ 
ɜɢɞɚ ɛɥɨɤɨɜ: 

 ɨɞɢɧɨɱɧɵɣ. 
 ɨɛɴɟɞɢɧёɧɧɵɣ (ɜ ɤɨɬɨɪɵɣ ɜɯɨɞɢɬ 1 ɭɤɪɭɩɧɟɧɧɵɣ ɛɥɨɤ ɢ 1 

ɨɞɢɧɨɱɧɵɣ). 
Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɝɥɚɜɧɵɦ ɫɯɟɦɚɦ Ƚɗɋ: 
 ɧɚɞɟɠɧɨɫɬɶ ɢ ɛɟɡɨɬɤɚɡɧɨɫɬɶ ɜ ɪɚɛɨɬɟ; 
 ɦɚɧɟɜɪɟɧɧɨɫɬɶ ɫɯɟɦɵ ɬ.ɟ. ɜɨɡɦɨɠɧɨɫɬɶ ɥёɝɤɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ 

ɫɯɟɦɵ ɤ ɢɡɦɟɧɹɸɳɢɦɫɹ ɭɫɥɨɜɢɹɦ ɪɚɛɨɬɵ, ɤɚɤ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɚɤ ɢ ɩɪɢ 
ɪɚɫɲɢɪɟɧɢɢ ɫɬɚɧɰɢɢ, ɪɟɦɨɧɬɨɩɪɢɝɨɞɧɨɫɬɶ; 

 ɩɪɨɫɬɨɬɚ ɢ ɧɚɝɥɹɞɧɨɫɬɶ; 
 ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɦɢɧɢɦɭɦ ɡɚɬɪɚɬ ɧɚ ɪɟɫɭɪɫɵ ɢ ɜɪɟɦɟɧɢ ɧɚ 

ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ɋɍ. 
ɉɪɢ ɭɱɟɬɟ ɨɫɧɨɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɞɥɹ əɤɭɬɫɤɨɣ Ƚɗɋ ɜ ɤɚɱɟɫɬɜɟ Ɋɍ, ɞɥɹ ȼɇ 

ɛɭɞɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɄɊɍɗ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɄɊɍɗ 
ɧɚɢɛɨɥɟɟ ɧɚɞɟɠɧɟɟ ɢ ɡɚɧɢɦɚɟɬ ɦɟɧɶɲɟ ɦɟɫɬɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɈɊɍ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɨɞɫɬɚɧɰɢɢ ɧɚ ɤɨɬɨɪɭɸ ɛɭɞɟɬ ɨɬɩɪɚɜɹɬɫɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ ɫ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ əɤɭɬɫɤɨɣ Ƚɗɋ ɜɵɛɪɚɧɚ ɉɋ “ɍɪɢɰɤɚɹ” 220 ɤȼ, ɤɨɬɨɪɚɹ 
ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ 100 ɤɦ ɨɬ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. 

ɇɚ əɤɭɬɫɤɨɣ Ƚɗɋ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɛɭɞɭɬ ɩɪɢɧɹɬɵ: 
 ɝɟɧɟɪɚɬɨɪɵ; 
 ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ (ȾȽɍ). 
 ɪɟɡɟɪɜɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ 

ɩɢɬɚɬɶɫɹ ɫ ɉɋ “ɕɥɥɵɦɚɯ” 35 ɤȼ. 
Ƚɥɚɜɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɱɟɪɬɟɠɟ 

«Ƚɥɚɜɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ əɤɭɬɫɤɨɣ Ƚɗɋ».  
ȼɵɱɟɪɱɢɜɚɧɢɟ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɜɵɩɨɥɧɟɧɨ ɫ ɭɱёɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ɫɬɚɧɞɚɪɬɨɜ. 
 
4.2 ȼɵɛɨɪ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ 

ɧɚɩɪɹɠɟɧɢɢ 
 

4.2.1 ȼɵɛɨɪ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 

ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɪɟɞɟɥɟɧɢɟ ɢɯ ɱɢɫɥɚ, ɬɢɩɚ ɢ 
ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ.  

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɜ 
ɫɟɬɶ ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ 
ɧɚ ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ ɬ.ɟ. ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɪɚɫɱёɬɧɚɹ 
ɧɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɞɥɹ ɨɞɢɧɨɱɧɨɝɨ ɛɥɨɤɚ: 
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S˓˃˔˚ = ʟʒ ːˑˏ−ʟ˔.ː.ୡ୭ୱφʒ = ଵହ଴−଴,଻ହ଴,଼ହ = ͳ͹ͷ,ͷͻ ʛʑ ∙ ʏ,                                                        (4.1) 

 
ɝɞɟ  P̝ .ː. = Ͳ,͹ͷ ʛʑ˕ – ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, Ɇȼɬ. 

ɉɨ ɩɨɥɭɱɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɦɨɳɧɨɫɬɢ ɜ ɮɨɪɦɭɥɟ (1) ɜɵɛɢɪɚɟɬɫɹ ɫɢɥɨɜɨɣ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɪɚɫɯɨɠɞɟɧɢɹ ɡɧɚɱɟɧɢɣ ɩɨɥɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɨɣ ɩɨ 
ɮɨɪɦɭɥɟ ɨɬ ɩɚɫɩɨɪɬɧɵɯ ɡɧɚɱɟɧɢɣ ɜɵɛɪɚɧɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɟ ɞɨɥɠɧɚ 
ɩɪɟɜɵɲɚɬɶ 40%.  

ɋ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ɛɵɥ ɜɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ-200000/220. 
ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1. 

 
Ɍɚɛɥɢɰɚ 4.1- ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-200000/220 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ 

ɦɨɳɧɨɫɬɶ Sːˑˏ, ʛʑ ∙ ʏ 200 

ȼɵɫɲɟɟ ɧɚɩɪɹɠɟɧɢɟ Uɜɵɫ, ɤȼ 242 
ɇɢɡɲɟɟ ɧɚɩɪɹɠɟɧɢɟ Uɧɢɡ, ɤȼ 15,75 

ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ∆P, ɤȼɬ 580 
ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 

ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ 
∆Pɯ, ɤȼɬ 200 

ɉɨɬɟɪɢ ɬɨɤɚ ɧɚ ɯɨɥɨɫɬɨɦ 
ɯɨɞɭ 

∆Iɯ, % 0,45 

ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ 

Uˍ, % 11 

 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɧɨɦɢɧɚɥɶɧɨɣ ɩɨɥɧɨɣ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 

ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɨɛɴɟɞɟɧɧɨɦ ɛɥɨɤɟ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɮɨɪɦɭɥɚ: 
 S˓˃˔˚ = ʹ ∙ ʟʒ ːˑˏ−ʟ˔.ː.ୡ୭ୱφʒ = ʹ · ଵହ଴−଴,଻ହ଴,଼ହ = ͵ͷͳ,ͳͺ ʛʑ ∙ ʏ                                         (4.2) 

 
ɋ ɭɫɥɨɜɢɟɦ ɬɟɯ ɠɟ ɭɫɥɨɜɢɣ, ɩɨ ɤɨɬɨɪɵɦ ɜɵɛɢɪɚɥɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɞɥɹ 

ɨɞɢɧɨɱɧɨɝɨ ɛɥɨɤɚ ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ-400000/220 ɞɥɹ 
ɨɛɴɟɞɢɧёɧɧɨɝɨ ɛɥɨɤɚ, ɚ ɢɦɟɧɧɨ ɞɥɹ ɭɤɪɭɩɧёɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɟɝɨ.  

ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-400000/220 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 4.2. 

 
Ɍɚɛɥɢɰɚ 4.2- ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-400000/220 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ 

ɦɨɳɧɨɫɬɶ Sːˑˏ, ʛʑ ∙ ʏ 400 

ȼɵɫɲɟɟ ɧɚɩɪɹɠɟɧɢɟ Uɜɵɫ, ɤȼ 242 
ɇɢɡɲɟɟ ɧɚɩɪɹɠɟɧɢɟ Uɧɢɡ, ɤȼ 15,75 

ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ∆P, ɤȼɬ 880 
ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 

ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ 
∆Pɯ, ɤȼɬ 330 

ɉɨɬɟɪɢ ɬɨɤɚ ɧɚ ɯɨɥɨɫɬɨɦ 
ɯɨɞɭ 

∆Iɯ, % 0,4 
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ɉɨɫɥɟ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɩɨɬɟɪɶ ɗɗ ɦɟɬɨɞɨɦ 
ɜɪɟɦɟɧɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ɢ ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ Ĳ. Ɋɚɫɱɟɬ 
ɜɪɟɦɟɧɢ ɦɚɤɫɢɦɚɥɶɧɵɣ: 

 

Ĳ=ሺͲ,ͳʹͶ + ʡౣa౮ଵ଴ర ሻଶ ∙ ͺ͹͸Ͳ = ሺͲ,ͳʹͶ + ସ଴଴଴ଵ଴ర ሻଶ ∙ ͺ͹͸Ͳ=2405 ɱ/ɝɨɞ,                 (4.3) 

 
ɝɞɟ Ɍmax=4000 ɱ - ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɝɟɧɟɪɚɬɨɪɨɜ Ƚɗɋ. 

ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
 
tɪɚɛ=8760-μ·Ɍɩɥ-ω·Ɍɜ=8760-1·30-0,025·60=8728 ɱ,                                        (4.4) 
 

ɝɞɟ  μ=1 1/ɝɨɞ – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ (ɬɟɤɭɳɢɯ, ɫɪɟɞɧɢɯ, ɤɚɩɢɬɚɥɶɧɵɯ); 
        Ɍɩɥ=30 ɱ –ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ; 
        ω=0,025 1/ɝɨɞ – ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ;  
        Ɍɜ=60 ɱ – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɪɟɦɨɧɬɨɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

Ⱦɚɥɟɟ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɩɨɬɟɪɶ ɗɗ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ. Ɋɚɫɱɟɬ 
ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɨɞɢɧɨɱɧɨɝɨ ɢ ɨɛɴɟɞɢɧёɧɧɨɝɨ ɛɥɨɤɚ ɞɥɹ ɜɵɛɨɪɚ ɨɩɪɟɞɟɥёɧɧɨɝɨ 
ɬɢɩɚ ɛɥɨɤɚ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢ ɩɨɫɬɪɨɟɧɢɟ ɝɥɚɜɧɨɣ ɫɯɟɦɵ 
əɤɭɬɫɤɨɣ Ƚɗɋ. 

ɋ ɧɚɱɚɥɚ ɪɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɨɞɢɧɨɱɧɨɝɨ ɛɥɨɤɚ. 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 
∆Wxx=∆Px·tɪɚɛ=0,2·8728=1746 Ɇȼɬ·ɱ                                                            (4.5) 
 
ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ: 
 

∆Wɩ=
∆୔୬˕ ∙ ሺୗ˓˃˚˔ୗːˑˏ ሻଶ ∙ τ = Ͳ,ͷͺ ∙ ሺଵ଻ଵ,ଶଽଶ଴଴ ሻଶ ∙ ʹͶͲͷ = ͸ͻͺ,ͻͷ Ɇȼɬ·ɱ,                   (4.6) 

 
ɝɞɟ n˕ = ͳ −ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

ɂɡɞɟɪɠɤɢ ɧɚ ɩɨɬɟɪɢ ɗɗ, ɞɥɹ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɛɥɨɤɚ: 
 ʗଵ ˄ˎˑˍ˒ˑ˕ˈ˓ˋ=β1·∆Wxx+β2·∆Wɩ=0,9·10-2·1746+1,25·10-2·698,95= 
=24,44 ɬɵɫ.ɪɭɛ/ɝɨɞ                                                                                                      (4.7) 
 

Ɍɚɤ ɤɚɤ 3 ɝɢɞɪɨɚɝɪɟɝɚɬɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 3 
ɟɞɢɧɢɱɧɵɯ ɛɥɨɤɚ, ɫɭɦɦɚɪɧɵɟ ɢɡɞɟɪɠɤɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ. 

 ʗ˔˖ˏ˃˓ː˞ˈ˒ˑ˕ˈ˓ˋ =ʗଵ ˄ˎˑˍ˒ˑ˕ˈ˓ˋ ∙ ͵=24,44∙ ͵=73,34 ɬɵɫ.ɪɭɛ/ɝɨɞ                                          (4.8) 
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Ⱦɚɥɟɟ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɞɥɹ ɨɛɴɟɞɢɧёɧɧɨɝɨ ɛɥɨɤɚ ɩɨ ɮɨɪɦɭɥɚɦ, ɤɨɬɨɪɵɟ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɢ ɪɚɫɱɟɬɟ ɞɥɹ ɪɚɫɱɟɬɚ ɨɞɢɧɨɱɧɨɝɨ ɛɥɨɤɚ, ɢɬɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ 
ɞɜɭɯ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.3. 

 
Ɍɚɛɥɢɰɚ 4.3 –ɂɬɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɱɟɬɨɜ ɨɞɢɧɨɱɧɨɝɨ ɢ ɨɛɴɟɞɢɧёɧɧɨɝɨ ɛɥɨɤɨɜ 

ȼɟɥɢɱɢɧɚ Ɉɞɢɧɨɱɧɵɣ ɛɥɨɤ Ɉɛɴɟɞɢɧёɧɧɵɣ ɛɥɨɤ 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ∆Wxx 

, Ɇȼɬ·ɱ 
1746 4626 

ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) 
ɩɨɬɟɪɢ ∆Wɩ , Ɇȼɬ·ɱ 

698,95 16092,42 

ɂɡɞɟɪɠɤɢ ɧɚ ɩɨɬɟɪɢ ʗ˔˖ˏ˃˓ː˞ˈ˒ˑ˕ˈ˓ˋ , ɬɵɫ.ɪɭɛ/ɝɨɞ 
73,34 242,79 

 
4.2.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜ 

ɫɥɭɱɚɟ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ, ɜɫɟ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɧɵ ɦɨɝɥɢ ɜɨɡɥɚɝɚɬɶɫɹ ɧɚ ɨɞɢɧ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ.  ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɭɫɥɨɜɢɹ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɪɚɫɱɟɬ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ ɫɬɚɧɰɢɢ ɢ ɩɨɫɥɟ ɱɟɝɨ ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 

 Pʠʜ̞̝˃ː˙ˋˋ = P̟ ˔˕˃ːˑ˅ˎˈːː˃ˢ ∙ Ͳ,ͲͲͷ=450∙ Ͳ,ͲͲͷ=2,25 Ɇȼɬ                                    (4.9) 
 
ɉɨ ɩɨɥɭɱɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

ɉɨ ɩɨɞɯɨɞɹɳɟɣ ɦɨɳɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɋɁ-2500/6. 
ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁ-2500/6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 
 

Ɍɚɛɥɢɰɚ 4.4-ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁ-2500/6 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ 
ɦɨɳɧɨɫɬɶ 𝑆ːˑˏ, ʛʑ ∙ ʏ 2,5 

ȼɵɫɲɟɟ ɧɚɩɪɹɠɟɧɢɟ Uɜɵɫ, ɤȼ 15,75 
ɇɢɡɲɟɟ ɧɚɩɪɹɠɟɧɢɟ Uɧɢɡ, ɤȼ 6,3 

ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 

∆P, ɤȼɬ 153 

ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ 

∆Pɯ, ɤȼɬ 35 

ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ 

∆Uɤ, % 6 

 
4.2.3 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 

 
ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɧɚ Ɋɍ 220 ɤȼ: 
 S∑ = nˆ ∙ ቀ୔ˆ−୔˔ːୡ୭ୱφˆ ቁ=3·ቀଵହ଴−ଵ,ହ଴,଼ହ ቁ = ͷʹͶ,ͳͳ ʛʑ ∙ ʏ                                         (4.10) 
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ɑɢɫɥɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ 220 ɤȼ: 
 

nɥ=
ୗ∑P˒ˈ˓ˈˇ∙kౙ౥౩ ሺφሻ + ͳ = ହଶସ,ଵଵభయఱ∙భ,మబ,ఴఱ + ͳ = ͵,͹͸,                                                                (4.11) 

 
ɝɞɟ Pɩɟɪɟɞ=135 Ɇȼɬ-ɉɪɟɞɟɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɨɞɧɭ ɰɟɩɶ 220 ɤȼ; 
       k=1,2- ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɢɞɟɧɢɹ ɞɥɹ ȼɅ 220 ɤȼ. 

ɉɨɥɭɱɟɧɧɨɟ ɱɢɫɥɨ ɤɨɥɢɱɟɫɬɜɚ ɥɢɧɢɣ ɨɤɪɭɝɥɹɟɬɫɹ ɜ ɧɚɢɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɢɫɥɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ nɥ=4.  

Ɋɚɛɨɱɢɣ ɬɨɤ ȼɅ 220 ɤȼ: 
 I˓˃˄ = ୗ∑୬ˎ∙√ଷ∙୙ːˑˏ = ହଶସ,ଵଵସ∙√ଷ∙ଶଶ଴ = Ͳ,͵Ͷ ˍʏ                                                             (4.12)   

 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ȼɅ 220 ɤȼ: 
 I˓˃˔˚ = αʡ ∙ α୧ ∙ I˓˃˄ = ͳ ∙ ͳ,Ͳͷ ∙ Ͳ,͵Ͷ = ͵͸ͳ ʏ,                                                 (4.13) 
 

ɝɞɟ α୧ = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɦɚɤɫɢɦɭɦɟ 
ɧɚɝɪɭɡɤɢ;  
      αɌ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ɉɨ ɩɨɥɭɱɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɪɚɫɱɟɬɧɨɝɨ ɬɨɤɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɉɍɗ 
ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɜɵɛɨɪ ɩɪɨɜɨɞɚ Ⱥɋ-240/32. 

ɉɚɪɚɦɟɬɪɵ ɥɢɧɢɢ Ⱥɋ-240/32 ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.5. 
 

Ɍɚɛɥɢɰɚ 4.5- ɉɚɪɚɦɟɬɪɵ ɥɢɧɢɢ Ⱥɋ-240/32 
ɑɢɫɥɨ ɩɪɨɜɨɞɨɜ ɜ 

ɮɚɡɟ 
R0, Ɉɦ/ɤɦ ɏ0, Ɉɦ/ɤɦ b0, ɋɦ/ɤɦ 

Ⱦɨɩɭɫɬɢɦɵɣ 
ɬɨɤ, Ⱥ 

1 0,121 0,435 2,60·10-4 605 
 
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɬɢɩɚ ɩɪɨɜɨɞɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɟɝɨ ɧɚ 

ɞɨɩɭɫɬɢɦɨɫɬɶ ɩɨ ɚɜɚɪɢɣɧɨɦɭ ɬɨɤɭ: 
 I˒.˃˅ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙୙ːˑˏ = ହଶସ,ଵଵଷ∙√ଷ∙ଶଶ଴ = Ͷ͸Ͳ ʏ                                                                 (4.14) 

    
4.2.4 ȼɵɛɨɪ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ Ƚɗɋ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ 
 

Ɉɤɨɧɱɚɬɟɥɶɧɵɦ ɬɢɩɨɦ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ (ɨɞɢɧɨɱɧɵɣ, ɨɛɴɟɞɢɧёɧɧɵɣ) 
ɜɵɛɢɪɚɟɬɫɹ ɬɨɬ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɟɧ. Ɋɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ 
ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ. 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ: 
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K=KɌ·n+m·Kɋɇ+KɄɊɍɗ·t=3·17500+3·2310+8·1700=73030 ɬɵɫ.ɪɭɛ,          (4.15) 
 

ɝɞɟ n=3-ɤɨɥɢɱɟɫɬɜɨ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 
       ɄɌ=17500 ɬɵɫ.ɪɭɛ- ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 
       m=3-ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 
       Kɋɇ=2310 ɬɵɫ.ɪɭɛ- ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 
       KɄɊɍɗ=1700 ɬɵɫ.ɪɭɛ-ɫɬɨɢɦɨɫɬɶ ɷɥɟɝɚɡɨɜɨɣ ɹɱɟɣɤɢ ɄɊɍɗ; 
       t=8-ɤɨɥɢɱɟɫɬɜɨ ɹɱɟɟɤ ɄɊɍɗ. 

Ɂɧɚɱɟɧɢɹ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɨɞɢɧɨɱɧɵɣ ɢ ɨɛɴɟɞɢɧёɧɧɵɣ ɛɥɨɤ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.6. 

 
Ɍɚɛɥɢɰɚ 4.6-ɂɬɨɝɨɜɵɟ ɡɧɚɱɟɧɢɟ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɡɚɬɪɚɬ Ɉɞɢɧɨɱɧɵɣ ɛɥɨɤ Ɉɛɴɟɞɢɧёɧɧɵɣ ɛɥɨɤ 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, 

ɬɵɫ.ɪɭɛ 
73030 74470 

 
ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ: 
 
Ɂ1=ȿ·Ʉ+ɂ=0,15·73030+73,34=11027,84 ɬɵɫ.ɪɭɛ,                                       (4.16) 
 

ɝɞɟ ȿ=0,15-ɧɨɦɢɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
ɂɬɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɩɨɥɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɞɥɹ ɫɯɟɦ ɫ ɪɚɡɧɵɯ ɬɢɩɨɜ 

ɛɥɨɤɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.7. 
 

Ɍɚɛɥɢɰɚ 4.7-ɂɬɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɩɨɥɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɡɚɬɪɚɬ Ɉɞɢɧɨɱɧɵɣ ɛɥɨɤ Ɉɛɴɟɞɢɧёɧɧɵɣ ɛɥɨɤ 
ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ 

ɡɚɬɪɚɬɵ, ɬɵɫ.ɪɭɛ 
11027,84 11413,29 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɡɧɢɰɵ ɦɟɠɞɭ ɨɞɢɧɨɱɧɵɦ ɢ ɨɛɴɟɞɢɧёɧɧɵɦ ɛɥɨɤɨɦ ɜ %: 

 

∆Ɂ=|ʖభ−ʖమʖభ | ∙ ͳͲͲ = |ଵଵ଴ଶ଻,଼ସ−ଵଵସଵଷ,ଶଽଵଵ଴ଶ଻,଼ସ | ∙ ͳͲͲ = ͵%                                       (4.17) 

 
ɂɫɯɨɞɹ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɡɧɢɰɵ ɫɬɨɢɦɨɫɬɢ ɦɟɠɞɭ ɞɜɭɦɹ ɛɥɨɤɚɦɢ ɩɨɥɧɵɯ 

ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ, ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ 
ɝɥɚɜɧɭɸ ɫɯɟɦɭ əɤɭɬɫɤɨɣ Ƚɗɋ ɢɡ ɨɞɢɧɨɱɧɵɯ ɛɥɨɤɨɜ. 
 

4.3 ȼɵɛɨɪ ɫɯɟɦɵ Ɋɍ ȼɇ 
 

Ƚɥɚɜɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɪɨɟɤɬɢɪɭɸɬɫɹ ɢɫɯɨɞɹ ɢɡ 
ɫɥɟɞɭɸɳɢɯ ɬɪɟɛɨɜɚɧɢɣ: 

 ɪɟɦɨɧɬ ɜɵɤɥɸɱɚɬɟɥɟɣ 150 ɤȼ ɢ ɜɵɲɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɛɟɡ ɨɬɤɥɸɱɟɧɢɹ 
ɩɪɢɫɨɟɞɢɧɟɧɢɣ; 

 ɜɨɡɞɭɲɧɚɹ ɥɢɧɢɹ ɨɬɤɥɸɱɚɟɬɫɹ ɨɬ Ɋɍ ɧɟ ɛɨɥɟɟ ɱɟɦ ɞɜɭɦɹ ɜɵɤɥɸɱɚɬɟɥɹɦɢ; 
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 ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɛɥɨɤɨɜ ɨɬɤɥɸɱɚɸɬɫɹ ɨɬ Ɋɍ ɧɟ ɛɨɥɟɟ ɱɟɦ ɬɪɟɦɹ 
ɜɵɤɥɸɱɚɬɟɥɹɦɢ; 

 ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɵ (ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ) ɫɜɹɡɢ ɞɜɭɯ Ɋɍ ɨɬɤɥɸɱɚɸɬɫɹ ɧɟ 
ɛɨɥɟɟ ɱɟɦ ɲɟɫɬɶɸ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɨɛɨɢɯ Ɋɍ ɢ ɧɟ ɛɨɥɟɟ ɱɟɦ ɱɟɬɵɪɶɦɹ – ɜ ɨɞɧɨɦ 
ɢɡ Ɋɍ; 

 ɨɬɤɚɡɵ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɋɍ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɪɟɦɨɧɬɧɵɯ ɪɟɠɢɦɚɯ ɧɟ 
ɞɨɥɠɧɵ ɩɪɢɜɨɞɢɬɶ ɤ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɩɨɬɟɪɟ ɞɜɭɯ ɬɪɚɧɡɢɬɧɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɥɢɧɢɣ, ɚ ɬɚɤɠɟ ɨɞɧɨɜɪɟɦɟɧɧɨɦɭ ɨɬɤɥɸɱɟɧɢɸ ɧɟɫɤɨɥɶɤɢɯ ɥɢɧɢɣ, ɟɫɥɢ ɩɪɢ ɷɬɨɦ 
ɧɚɪɭɲɚɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɚɪɚɥɥɟɥɶɧɨɣ ɪɚɛɨɬɵ ɗɗɋ; 

 ɩɪɢ ɨɬɤɚɡɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ Ɋɍ ɧɟ ɞɨɥɠɧɨ 
ɨɬɤɥɸɱɚɬɶɫɹ ɛɨɥɟɟ ɨɞɧɨɝɨ ɛɥɨɤɚ, ɚ ɜ ɪɟɦɨɧɬɧɨɦ ɪɟɠɢɦɟ Ɋɍ – ɧɟ ɛɨɥɟɟ ɞɜɭɯ 
ɛɥɨɤɨɜ, ɩɪɢ ɷɬɨɦ ɧɟ ɞɨɥɠɧɨ ɜɨɡɧɢɤɚɬɶ ɩɟɪɟɝɪɭɡɤɢ ɥɢɧɢɣ ɢ ɧɚɪɭɲɟɧɢɹ 
ɭɫɬɨɣɱɢɜɨɫɬɢ. 

ɑɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ Ɋɍ-220 ɤȼ –7: 
 4 ȼɅ 220 ɤȼ; 
 3 ɛɥɨɤɚ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɨɦ: “Ɋɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɬɢɩɨɜɵɯ 

ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɩɨɞɫɬɚɧɰɢɣ 
35-750 ɤȼ”, ɩɪɢɦɟɧɹɟɦ ɫɯɟɦɭ ɫ ɞɜɭɦɹ ɪɚɛɨɱɢɦɢ ɫɢɫɬɟɦɚɦɢ ɲɢɧ. ɇɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɛɯɨɞɧɨɣ ɲɢɧɵ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɬɟɦ ɱɬɨ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɦ 
ɝɢɞɪɨɭɡɥɟ ɛɭɞɟɬ ɭɫɬɚɧɨɜɥɟɧɵ ɷɥɟɝɚɡɨɜɵɟ ɹɱɟɣɤɢ ɄɊɍɗ. 

ȼɢɞ ɫɯɟɦɵ ɫ ɞɜɭɦɹ ɫɢɫɬɟɦɚɦɢ ɲɢɧ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 4.1. 
 

 
Ɋɢɫɭɧɨɤ 4.1-ɋɯɟɦɚ ɫ ɞɜɭɦɹ ɫɢɫɬɟɦɚɦɢ ɲɢɧ 

 
4.4 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ 

Ɋɍ ȼɇ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ «RASTRWIN» 
 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ 
RastWin ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ. 

Ɋɚɫɱɟɬ ɚɤɬɢɜɧɨɝɨ ɢ ɢɧɞɭɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-
200000/220: 

 

Rɬ=∆P̱ ∙ ୙ːˑˏమୗːˑˏమ = Ͳ,ͷͺ ∙ ଶସଶమଶ଴଴మ = Ͳ,ͺͶ Ɉɦ,                                                              (4.18) 
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Xɬ=
୙ˍ%ଵ଴଴ ∙ ୙ːˑˏమୗːˑˏ = ଵଵଵ଴଴ ∙ ଶସଶమଶ଴଴ = ͵ʹ,ʹͳ Ɉɦ                                                           (4.19) 

 
Ɋɚɫɱɟɬ ɗȾɋ, ɚɤɬɢɜɧɨɝɨ ɢ ɢɧɞɭɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-

1460/185-52ɍɏɅ4: 
 

Xɝ=x′ୢ′ ∙ ୙ːˑˏమୗːˑˏ = Ͳ,ʹͶ ∙ ଵହ,଻ହమଵ଻଺,ହ = Ͳ,͵Ͷ ʝˏ,                                                         (4.20) 

 

Rɝ=
୶ˆω∙୘a,ˠ = ଴,ଷସଷଵସ∙଴,଴ସହ = Ͳ,Ͳʹ͵ Ɉɦ,                                                                       (4.21) 

 E′′=1,13·Ud=1,13·15,75=17,80 ɤȼ,                                                                   (4.22) 
 

ɝɞɟ Ɍɚ,ɷ=0,045 –ɩɨɫɬɨɹɧɧɚɹ ɡɚɬɭɯɚɸɳɚɹ ɜɪɟɦɟɧɢ. 
Ɋɚɫɱɟɬ ɚɤɬɢɜɧɨɝɨ ɢ ɢɧɞɭɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɫɬɟɦɵ: 
 

Xc=
୙ːˑˏమୗˍˊ = ଶଶ଴మଵହ଴ = ͵ʹ͵ ʝˏ,                                                                             (4.23) 

 

Rɫ=
𝑥˔𝜔∙𝑇𝑎,ˠ = ଷଶଷଷଵସ∙଴,଴ଷହ = ʹͻ,͵ͻ Ɉɦ,                                                                    (4.24) 

 E′′=1,13·Ud=1,13·220=248,6 ɤȼ                                                                   (4.25)   
                 
ɇɚ ɪɢɫɭɧɤɚɯ 4.2, 4.3, 4.4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɡ ɬɚɛɥɢɰ 

ɩɪɨɝɪɚɦɦɵ «RastrKZ». 
 

 
Ɋɢɫɭɧɨɤ-4.2 ɍɡɥɵ 
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Ɋɢɫɭɧɨɤ-4.3 ȼɟɬɜɢ 

 

 
Ɋɢɫɭɧɨɤ-4.4 Ƚɟɧɟɪɚɬɨɪɵ 

 
ɂɬɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɄɁ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 4.8. 
  

Ɍɚɛɥɢɰɚ 4.8- ɂɬɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ ɄɁ 
Ɍɨɱɤɚ ɄɁ Ta K y Iɩ0, ɤȺ iy.ɤȺ 

ɄɊɍɗ 220 ɤȼ, 3ɮ 0,035 1,75 16,99 48,04 
ɄɊɍɗ 220 ɤȼ, 1ɮ 0,035 1,75 8,44 20,89 

Ƚɟɧɟɪɚɬɨɪ, 3ɮ 0,045 1,979 30,37 85,00 
 

4.5 ȼɵɛɨɪ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ 
 

4.5.1 ȼɵɛɨɪ ɢ ɪɚɫɱɟɬ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɢ ɩɪɨɜɨɞɧɢɤɨɜ 
 

ɉɪɢ ɜɵɛɨɪɟ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟɧɢɟ 
ɪɹɞɚ ɬɪɟɛɨɜɚɧɢɣ, ɜɵɬɟɤɚɸɳɢɯ ɢɡ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ. Ɉɞɢɧ ɢɡ ɜɚɠɧɟɣɲɢɯ 
ɜɨɩɪɨɫɨɜ – ɨɛɟɫɩɟɱɟɧɢɟ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ.  

ɉɪɨɜɟɪɤɚ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, 
ɱɬɨɛɵ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɧɢ ɜ ɨɞɧɨɦ ɢɡ ɷɬɢɯ ɪɟɠɢɦɨɜ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɜɨɞɧɢɤɚ ɧɟ 
ɩɪɟɜɵɫɢɬ ɞɨɩɭɫɬɢɦɨɣ.  

ɂɡɨɥɹɰɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɢ ɤɚɛɟɥɟɣ ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 
ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ, ɞɥɹ ɱɟɝɨ ɞɨɥɠɧɨ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ 
ɭɫɥɨɜɢɟ. 

Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɱёɬɧɵɣ ɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɪɢ ɪɚɛɨɬɟ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɫɧɢɠɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 5 %: 
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Iୋ ˓˃˄ ୫ୟ୶ = ͳ,Ͳͷ ∙ Iୋ ːˑˏ = ଵ,଴ହ∙ୗG ːˑˏ√ଷ∙୙G ːˑˏ = ଵ,଴ହ∙ଵ଻଺,ହ√ଷ∙ଵହ,଻ହ = ͸͹ͻ͵ A                         (4.26) 

 
Ɋɚɫɱёɬɧɵɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɨɞɧɨɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ʡଵ − ʡଶ −ʡଷ Ɋɍ220 ɤȼ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɛɨɱɢɦ ɬɨɤɨɦ ɝɟɧɟɪɚɬɨɪɚ: 
 Iʡଵ−ʡଶ−ʡଷ ˓˃˄ ୫ୟ୶ = ଵ,଴ହ∙ୗG ːˑˏ√ଷ∙୙ʡ ːˑˏ = ଵ,଴ହ∙ଵ଻଺,ହ√ଷ∙ଶସଶ = ͶͶʹ ʏ                                        (4.27) 

 
ɉɪɢɫɨɟɞɢɧɟɧɢɟ ɥɢɧɢɣ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ 220 ɤȼ: 
 I୛ଵ−୛ସ ˓˃˄ ୫ୟ୶ = ୗ˓˃˄ ౣa౮√ଷ∙୬W∙୙ ːˑˏ = ୗGభ−Gయ ːˑˏ√ଷ∙୬W∙୙ ːˑˏ = ଷ∙ଵ଻଺,ହ√ଷ∙ସ∙ଶଶ଴ = ͵Ͷ͹ ʏ                       (4.28) 

 
Ɋɚɫɱёɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥёɧɧɨɝɨ ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɣ 

ɢɡ ɥɢɧɢɢ ɫɜɹɡɢ: 
 I୛ଵ−୛ଷ ˓˃˄ ˖˕ˢˉ = ୗGభ−Gయ ːˑˏ√ଷ∙ሺ୬W−ଵሻ∙୙ ːˑˏ = ଷ∙ଵ଻଺,ହ√ଷ∙ሺସ−ଵሻ∙ଶଷ଴ = Ͷ͸͵ A                               (4.29) 

 
Ɋɚɫɱёɬɧɵɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɧɚ 

ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ: 
 Iʡ˔ː ˓˃˄ ୫ୟ୶ = ଵ,଴ହ∙ୗʡ˔ː ːˑˏ√ଷ∙୙ʡ˔ː ːˑˏ = ଵ,଴ହ∙ଶ,ହ√ଷ∙ଵହ,଻ହ = ͻ͸ A                                                     (4.30) 

 
4.5.2 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

 
Ɉɩɵɬ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɧɨɝɢɯ Ƚɗɋ, ɚ ɬɚɤɠɟ ɧɨɪɦɚɬɢɜɧɵɟ 

ɞɨɤɭɦɟɧɬɵ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɱɚɫɬɢ Ƚɗɋ ɨɞɧɨɡɧɚɱɧɨ 
ɩɨɞɬɜɟɪɠɞɚɸɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɝɟɧɟɪɚɬɨɪɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ ɛɥɨɤɚɯ. 
Ɉɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɨɜ ɜ ɛɥɨɱɧɵɯ ɫɯɟɦɚɯ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɶ 
ɝɟɧɟɪɚɬɨɪɧɵɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ, ɚ ɧɟ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ Ɋɍ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɟɧɟɪɚɬɨɪɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɩɨɡɜɨɥɢɬ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ 
ɝɟɧɟɪɚɬɨɪɨɜ Ƚ1...Ƚ3 ɫɨɯɪɚɧɢɬɶ ɩɢɬɚɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɨɬ ɫɟɬɢ 220 ɤȼ. 

ȼ ɬɚɛɥɢɰɟ 4.9 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ ȼȽȽ-20-90/8000 . 
 
Ɍɚɛɥɢɰɚ 4.9 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɉɚɪɚɦɟɬɪɵ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ȼȽȽ-20-90/8000 
Uɝɟɧ=15,75 ɤȼ Uɧɨɦ=20 ɤȼ 
Iɪɚɛ max=6793 Ⱥ Iɧɨɦ= 8000 Ⱥ 
Iɉ0 = 30,37 ɤȺ Iɨɬɤɥ. ɧɨɦ=90 ɤȺ 
iɍ = 85,00 ɤȺ iɍ = 230 ɤȺ 

 
ɉɪɨɜɟɪɤɚ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ: 
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Bˍ,ːˑ˓ˏ ൒ Bˍ,˓˃˔˚                                                                                               
 
Bɤ,ɪɚɫɱ=I˒ˑଶ ∙ ሺtˑ˕ˍˎ + Ͳ,Ͳͳሻ = ͵Ͳ,͵͹ଶ ∙ ሺͲ,Ͳͷ + Ͳ,Ͳͳሻ=55,34 ɤȺ2·ɫ                (4.31) 
 
ȼɤ,ɧɨɪɦ=Iːˑ˓ˏ.˕ˈ˓ˏଶ ∙ tːˑ˓ˏ.˕ˈ˓ˏ = ͻͲଶ ∙ ͵ = ʹͶ͵ͲͲ ɤȺ2·ɫ                                      (4.32) 
 
24300 ɤȺ2·ɫ ൒ 55,34 ɤȺ2·ɫ                                              
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɢɥɨɫɶ, ɝɟɧɟɪɚɬɨɪ ɜɵɛɪɚɧ ɜɟɪɧɨ. Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɶɫɹ 

ɩɪɨɜɟɪɤɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ: Bˍ,ːˑ˓ˏ ൒ Bˍ,˓˃˔˚                                                                                                  
 
Bɤ,ɪɚɫɱ=I˒ˑଶ ∙ ሺtˑ˕ˍˎ + Ͳ,Ͳͳሻ = ͵Ͳ,͵͹ଶ ∙ ሺͲ,Ͳͷ + Ͳ,Ͳͳሻ=55,34 ɤȺ2·ɫ               (4.33) 
 
ȼɤ,ɧɨɪɦ=Iːˑ˓ˏ.˕ˈ˓ˏଶ ∙ tːˑ˓ˏ.˕ˈ˓ˏ = ͳʹͷଶ ∙ ͳ = ͳͷ͸ʹͷ ɤȺ2·ɫ                               (4.34) 
 
15625 ɤȺ2·ɫ ൒ 55,34 ɤȺ2·ɫ 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɢɥɨɫɶ, ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɜɵɛɪɚɧ ɜɟɪɧɨ. 
Ȼɵɥ ɜɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ Ɍɒ-20ɏɅɁ. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 

"ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ". Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ Ɍɒ20 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢɡɦɟɪɢɬɟɥɶɧɵɦ 
ɩɪɢɛɨɪɚɦ ɢ ɭɫɬɪɨɣɫɬɜɚɦ ɡɚɳɢɬɵ. 

ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 4.10. 

 
Ɍɚɛɥɢɰɚ 4.10- ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ Ɍɒ-20ɏɅ3 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ɍɒ-20ɏɅɁ 
Uɝɟɧ=15,75 ɤȼ.  Uɧɨɦ=20ɤȼ 
Iɪɚɛ max=6793 Ⱥ Iɧɨɦ= 8000 Ⱥ 
Iɉ0 = 30,37 ɤȺ Iɬɟɪɦ.ɫɬ. = 160 ɤȺ B = I˒.଴ଶ ∙ ሺtˑ˕ˍˎ + Ͳ,Ͳͳሻ = ͵͸,͵͹ ∙ ∙ ሺͲ,Ͳͷ + Ͳ,Ͳͳሻ = ͷͷ,͵Ͷ ˍʏଶ ∙ ˔ 

B = I˕ˈ˓ˏଶ ∙ t˕ˈ˓ˏ = ͳ͸Ͳଶ ∙ ͵ = ͹͸ͺͲͲ ˍʏଶ ∙ ˔ 

 
ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅɉ-20. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 

"ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ”.  
ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅɉ-20 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 4.11. 
   

Ɍɚɛɥɢɰɚ 4.11 - ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
U1ɧɨɦ, ɤȼ U˓˃˄.ˏ˃˘, ˍʑ U2ɧɨɦ, ȼ Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ 

20 ʹͶ 100/√͵ 0,5 

 
ɂɫɯɨɞɹ ɢɡ ɉɍɗ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨ ɜɫɟɯ ɫɬɨɪɨɧ ɡɚɳɢɳɚɸɬɫɹ 

ɨɝɪɚɧɢɱɢɬɟɥɹɦɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ. ȼ ɰɟɩɢ 15,75 ɤȼ ɛɥɨɱɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɭɫɬɚɧɚɜɥɢɜɚɟɦ Ɉɉɇ-15,75/17,5/10/900 (III) ɍɏɅ3. 
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Ɋɚɡɴɟɞɢɧɢɬɟɥɢ ɞɨɥɠɧɵ ɛɵɬɶ ɫ ɤɚɠɞɨɣ ɫɬɨɪɨɧɵ ɡɚɳɢɳɟɧɵ ɡɚɡɟɦɥɹɸɳɢɦɢ 
ɧɨɠɚɦɢ, ɫɨɝɥɚɫɧɨ ɩɪɚɜɢɥɚɦ ɉɍɗ. ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɁɊ-24ɍ3. 

 
4.5.3 ȼɵɛɨɪ ɹɱɟɣɤɢ ɄɊɍɗ ɧɚ 220 ɤȼ 

 
ȼ ɤɚɱɟɫɬɜɟ Ɋɍ ȼɇ ɛɵɥɨ ɜɵɛɪɚɧɨ ɄɊɍɗ ɮɢɪɦɵ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» əȽȽ-220. 

ɉɚɪɚɦɟɬɪɵ ɹɱɟɣɤɢ ɄɊɍɗ əȽȽ-220 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.12. 
 

Ɍɚɛɥɢɰɚ 4.12-ɉɚɪɚɦɟɬɪɵ ɹɱɟɣɤɢ ɄɊɍɗ əȽȽ-220 

Ɋɚɫɱɟɬɧɵɟ 
ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 
ȼɵɤɥɸɱɚɬɟɥɶ ɮɢɪɦɵ 

«ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» 
əȽȽ-220 

ȼ ɫɨɫɬɚɜ ɜɵɛɪɚɧɧɨɣ ɹɱɟɣɤɢ 
ɄɊɍɗ ɜɯɨɞɢɬ ɪɚɡɴɟɞɢɧɢɬɟɥɶ. 

Uɧɨɦ = 252 ɤȼ; 
Iɧɨɦ = 3150 ɤȺ; 

 

Uɫɟɬɢ ɧɨɦ = 220 ɤȼ Uɧɨɦ = 252 ɤȼ 
Iɪɚɛ max = 442 Ⱥ Iɧɨɦ = 3150 Ⱥ 
Iɩɨ = 16,99 ɤȺ Iɨɬɤɥ.ɧɨɦ. = 50 ɤȺ 
iɭ = 48,04 ɤȺ - 
 

ɉɪɨɜɟɪɤɚ ɹɱɟɣɤɢ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ: Bˍ,ːˑ˓ˏ ൒ Bˍ,˓˃˔˚                                                                                               
 
Bɤ,ɪɚɫɱ=I˒ˑଶ ∙ ሺtˑ˕ˍˎ + Ͳ,Ͳͳሻ = ͳ͸,ͻͻଶ ∙ ሺͲ,Ͳͷ + Ͳ,Ͳͳሻ=17,31 ɤȺ2·ɫ              (4.35) 
 
ȼɤ,ɧɨɪɦ=Iːˑ˓ˏ.˕ˈ˓ˏଶ ∙ tːˑ˓ˏ.˕ˈ˓ˏ = ͶͲଶ ∙ ͵ = ͶͺͲͲ ɤȺ2·ɫ                                        (4.36) 
 
4800 ɤȺ2·ɫ ൒ 17,31 ɤȺ2·ɫ                        
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɹɱɟɣɤɚ ɄɊɍɗ ɜɵɛɪɚɧɚ ɜɟɪɧɨ. 
Ɍɚɤ ɤɚɤ ɄɊɍɗ ɢɦɟɟɬ ɦɨɞɭɥɶɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɩɨɫɬɚɜɥɹɟɬɫɹ ɜ ɡɚɜɨɞɫɤɨɦ 

ɢɫɩɨɥɧɟɧɢɟ, ɬɨ ɢ ɨɫɬɚɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ (ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɡɚɡɟɦɥɹɸɳɢɟ ɧɨɠɢ ɢ ɬ.ɞ.) ɩɪɨɯɨɞɢɬ ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɢ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ. 

 
4.5.4 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ 220 ɤȼ 

 
ɂɫɯɨɞɹ ɢɡ ɉɍɗ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨ ɜɫɟɯ ɫɬɨɪɨɧ ɡɚɳɢɳɚɸɬɫɹ 

ɨɝɪɚɧɢɱɢɬɟɥɹɦɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ.  
ȼ ɰɟɩɢ 220 ɤȼ ɛɥɨɱɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɲɢɧɧɨɝɨ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɢ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɭɫɬɚɧɚɜɥɢɜɚɟɦ Ɉɉɇ-220ɍɏɅ1. 
ȼɵɫɨɤɨɱɚɫɬɨɬɧɵɣ ɡɚɝɪɚɞɢɬɟɥɶ ɢɫɯɨɞɹ ɢɡ ɬɨɤɚ ɪɚɛɨɱɟɝɨ ɭɬɹɠɟɥёɧɧɨɝɨ 

ɪɟɠɢɦɚ ȼɁ-600-0,25. 
Ɏɢɥɶɬɪ ɩɪɢɫɨɟɞɢɧɟɧɢɹ –ɎɉɆ-Ɋɫ-3200-/120-1000 ɭɤɨɦɩɥɟɤɬɨɜɚɧ 

ɤɨɧɞɟɧɫɚɬɨɪɨɦ ɫɜɹɡɢ ɈɈɈ «Ʉɨɧɞɟɧɫɚɬɨɪ».  
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɞɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ 220 ɤȼ 

ɌɈȽɎ-220ɍɏɅ1. ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.13. 
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Ɍɚɛɥɢɰɚ 4.13-ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɈȽɎ-220ɍɏɅ1 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ ɌɈȽɎ-220ɍɏɅ1 
U=220 ɤȼ.  Uɧɨɦ=220ɤȼ 

Iɉ0 = 16,99 ɤȺ Iɞɢɧ.ɫɬ. = 25 ɤȺ B = I˒.଴ଶ ∙ ሺtˑ˕ˍˎ + Ͳ,Ͳͳሻ = ͳ͸,ͻͻଶ ∙ ∙ ሺͲ,Ͳͷ + Ͳ,Ͳͳሻ = ͳ͹,͵ͳ ˍʏଶ ∙ ˔ 
B = I˕ˈ˓ˏଶ ∙ t˕ˈ˓ˏ = ʹͷଶ ∙ ͵ = ͳͺ͹ͷ ˍʏଶ ∙ ˔ 

 
Ɍɚɤ ɠɟ ɛɵɥɢ ɜɵɛɪɚɧɵ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȽ-220/1000ɍɏɅ1 ɢ ɡɚɡɟɦɥɹɸɳɢɣ 

ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȽ-220/1000ɍɏɅ1. Ȼɵɥɚ ɜɵɩɨɥɧɟɧɚ ɩɪɨɜɟɪɤɚ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ 
ɫɬɨɣɤɨɫɬɶ ɪɚɡɴɟɞɢɧɢɬɟɥɹ: Bˍ,ːˑ˓ˏ ൒ Bˍ,˓˃˔˚                                                                                               

 
Bɤ,ɪɚɫɱ=I˒ˑଶ ∙ ሺtˑ˕ˍˎ + Ͳ,Ͳͳሻ = ͳ͸,ͻͻଶ ∙ ሺͲ,Ͳͷ + Ͳ,Ͳͳሻ=17,31 ɤȺ2·ɫ              (4.37) 
 
ȼɤ,ɧɨɪɦ=Iːˑ˓ˏ.˕ˈ˓ˏଶ ∙ tːˑ˓ˏ.˕ˈ˓ˏ = ͵ͳ,ͷଶ ∙ ͵ = ʹͻ͹͹ ɤȺ2·ɫ                                 (4.38) 
 
2977 ɤȺ2·ɫ ൒ 17,31 ɤȺ2·ɫ  
 
4.5.5 ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ  

 
ȼ ɤɚɱɟɫɬɜɟ ɪɟɡɟɪɜɧɨɝɨ ɝɟɧɟɪɢɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɩɢɬɚɧɢɹ 

ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɛɵɥɚ ɜɵɛɪɚɧɚ ɞɢɡɟɥɶ-ɝɟɧɟɪɢɪɭɸɳɚɹ 
ɭɫɬɚɧɨɜɤɚ Ʉɚɦɦɢɧɫ-1000.  

Ɍɚɤ ɠɟ ɛɵɥ ɜɵɛɪɚɧ ɪɟɡɟɪɜɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɤɨɬɨɪɵɣ 
ɡɚɩɢɬɵɜɚɟɬɫɹ ɨɬ ɩɨɫɟɥɤɨɜɨɣ ɉɋ “ɕɥɥɵɦɚɯ” 35ɤȼ ɌɆɇ-2500/35, ɚ ɬɚɤɠɟ 
ɡɚɡɟɦɥɹɟɦɵ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɁɊ-35ɍ3. ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɆɇ-2500/35 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.14. 
 
Ɍɚɛɥɢɰɚ 4.14- ɉɚɪɚɦɟɬɪɵ ɪɟɡɟɪɜɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɆɇ-2500/35 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ 𝑆ːˑˏ, ʛʑʏ 2,5 

ȼɵɫɲɟɟ ɧɚɩɪɹɠɟɧɢɟ Uɜɵɫ, ɤȼ 35 
ɇɢɡɲɟɟ ɧɚɩɪɹɠɟɧɢɟ Uɧɢɡ, ɤȼ 6,3 

ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 

∆P, ɤȼɬ 23,5 

ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ 
ɯɨɥɨɫɬɨɦ ɯɨɞɭ 

∆Pɯ, ɤȼɬ 3,9 

ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ∆Uɤ, % 1 
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5 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 

ȼɫɟ ɫɢɥɨɜɨɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɞɫɬɚɧɰɢɣ, ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɞɨɥɠɧɨ ɛɵɬɶ ɡɚɳɢɳɟɧɨ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ 
ɧɚɪɭɲɟɧɢɣ ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢɥɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹɦɢ ɢ ɨɫɧɚɳɟɧɨ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɫɬɪɨɣɫɬɜɚɦɢ ɩɪɨɬɢɜɨɚɜɚɪɢɣɧɨɣ 
ɚɜɬɨɦɚɬɢɤɢ ɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɡɚɳɢɬɵ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ Ƚɗɋ: ɝɟɧɟɪɚɬɨɪɨɜ, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ Ʌɗɉ. 

 
5.1 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ ɫɨɝɥɚɫɧɨ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɧɢɦɚɟɦ ɤ 

ɭɫɬɚɧɨɜɤɟ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɡɚɳɢɬ ɧɚ ɨɫɧɨɜɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. 
ɇɚ ɝɥɚɜɧɨɦ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɟ ɋȼ-1460/185-52ɍɏɅ4: 
 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɲɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 

ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ; 
 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ (100%) ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ; 
 Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɬɨɤɨɜ ɜɧɟɲɧɢɯ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ; 

 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɫɬɚɬɨɪɚ; 
 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɧɟɲɧɢɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
 Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɛɟɡ ɩɨɬɟɪɢ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɩɨɬɟɪɟ ɜɨɡɛɭɠɞɟɧɢɹ 

ɝɟɧɟɪɚɬɨɪɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ, ɤɨɧɬɪɨɥɶ ɞɥɢɬɟɥɶɧɨɫɬɢ 

ɮɨɪɫɢɪɨɜɤɢ; 
 ɍɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ; 
ɇɚ ɫɢɥɨɜɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɛɥɨɤɚ ɌȾɐ 200000/220/15,75: 
 Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
 ɍɫɬɪɨɣɫɬɜɨ ɜɵɛɨɪɚ ɩɨɜɪɟɠɞɟɧɧɨɣ ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 

ɨɯɜɚɬɵɜɚɸɳɟɟ ɨɛɦɨɬɤɭ ȼɇ (Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ); 

 Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ 220ɤȼ; 

 Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ 15,75 ɤȼ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɛɥɨɤɚ; 
 Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ;  
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 Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ ɜ ɛɚɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɩɨɬɟɪɢ ɨɯɥɚɠɞɟɧɢɹ Ʉɂȼ-220 
ɇɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɋɇ Ƚɗɋ. 
 Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
 ɍɫɬɪɨɣɫɬɜɨ ɜɵɛɨɪɚ ɩɨɜɪɟɠɞɟɧɧɨɣ ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 

ɨɯɜɚɬɵɜɚɸɳɟɟ ɨɛɦɨɬɤɭ ȼɇ (Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ); 

 Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ 220ɤȼ; 

 Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ 15,75 ɤȼ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɛɥɨɤɚ; 
 Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ;  
 Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ ɜ ɛɚɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɩɨɬɟɪɢ ɨɯɥɚɠɞɟɧɢɹ Ʉɂȼ-220 
ɇɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɋɇ Ƚɗɋ: 
 Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɩɭɫɤɨɦ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ 
 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ 
 Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ 
ɇɚ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ 220ɤȼ: 

Ɉɫɧɨɜɧɚɹ ɡɚɳɢɬɚ: 
 ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɄɁ. 
Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ: 
 5-ɬɢ ɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ; 
 ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɞɥɹ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɢ 

ɛɥɢɡɤɢɯ ɦɟɠɞɭɮɚɡɧɵɯ ɄɁ; 
 4-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ 

ɡɟɦɥɸ (ɌɇɁɇɉ); 
 ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220ɤȼ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɍɊɈȼ 220ɤȼ. 
 
5.1.1 Ɋɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 

 
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɧɨɦɢɧɚɥɶɧɵɟ ɬɨɤɢ ɧɚ 

ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ. 
ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ:  
 Iːˆሺଵሻ = ୗːˑˏ√ଷ∙୙ːˑˏ = ଵ଻଺,ହ√ଷ∙ଵହ,଻ହ = ͸Ͷ͸ͻ ʏ                                                                         (5.1)  
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ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɟɞёɧɧɵɣ ɤ ɧɢɡɲɟɣ 
ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ:  

 Iːˆሺଶሻ = ୍ːˆሺభሻ∙୏˔˘୏˕˕ = ଺ସ଺ଽ଼଴଴଴/ହ = Ͷ,ͲͶ ʏ                                                                          (5.2) 

 
Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ: 
 Sːˑˏ,ʡʑ = ୍ːˑˏ,˓ˑ˕ଵ,ଶଶହହ ∙ Uːˑˏ,˓ˑ˕ = ଵ଼଴଴ଵ,ଶଶହହ ∙ ʹ͹Ͳ = ͵ͻ͹ ˍʑʏ                                           (5.3)  

                 
ɉɪɢɧɢɦɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɜɨɡɛɭɠɞɟɧɢɹ (Ɍȼ) ɦɨɳɧɨɫɬɶɸ 400 ɤȼȺ ɢɡ 

ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɹɞɚ. 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Ɍȼ ɫɨ ɫɬɨɪɨɧɵ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ:  
 I˅ː ୘ʑሺଵሻ = ସ଴଴√ଷ∙ଵହ,଻ହ = ͳ͸,͸͸ ʏ,                                                                            (5.4)      

 I˅ː ୘ʑሺଶሻ = ୍˅ː Tʑభʙ˕ = ଵ଺,଺଺ଶ଴ ହ⁄ = Ͷ,ͳ͸ ʏ                                                                  (5.5) 

 
5.2 Ɉɩɢɫɚɧɢɟ ɡɚɳɢɬ ɢ ɪɚɫɱɟɬ ɢɯ ɭɫɬɚɜɨɤ 
 
5.2.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ (I∆G) 
 
ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 

ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣሺIʠʟ < Ͳ,ʹ ∙ Iʜሻ ɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ 
ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ. 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɬɪɟɯɮɚɡɧɨɣ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ 
ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ 
ɧɟɣɬɪɚɥɶɧɵɯ ɜɵɜɨɞɚɯ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ: Iʜʝʛ = ͸Ͷ͸ͻ ʏ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: ηʡʡ = ͺͲͲͲ/ͷ ʏ. 
1) ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ 

ɩɪɢ ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȼɟɥɢɱɢɧɚ  Iʠʟ.ʝ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 

  Iʜʐሺʜሻ = ʙʝʓʜ ∙ f୧ ∙ Iːˆሺଶሻ,                                                                                      (5.6) 
  

ɝɞɟ  ʙʝʓʜ = Ͳ,ͷ - ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ;  
       f୧ = Ͳ,ͳ - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 

ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 Iʠʟ.଴ ൒ Kʜ ∙ Iʜʐሺʜሻ = ʹ ∙ Ͳ,Ͳͷ ∙ Iʜ = Ͳ,ͳ ∙ Iːˆሺଶሻ,                                                   (5.7) 
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ɝɞɟ  Kʜ = ʹ - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
 Iʠʟ.ʝ = ሺͲ,ͳͷ − Ͳ,ʹሻ ∙ Iːˆሺଶሻ                                                                                 (5.8) 
 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: Iʠʟ.ʝ = Ͳ,ʹ ∙ Iːˆሺଶሻ 
2) Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ Kʡ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ 

ɩɨɜɪɟɠɞɟɧɢɹɦ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɧɚɝɪɭɡɤɢ. ȼɟɥɢɱɢɧɚ Kʡ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɨɜ ɧɟɛɚɥɚɧɫɚ, ɜɵɡɜɚɧɧɵɯ ɩɨɝɪɟɲɧɨɫɬɹɦɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɢ ɫɤɜɨɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 
ɡɚɦɵɤɚɧɢɢ ɪɚɜɟɧ:   

 Iʜʐሺʙʖሻ = ʙʏʞ ∙ f୧ ∙ ʙʝʓʜ ∙ Iʛʏʙʠ,                                                                          (5.9) 
 

ɝɞɟ ʙʏʞ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ;  
       f୧ = Ͳ,ͳ - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; 
       ʙʝʓʜ = Ͳ,ͷ - ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ (0,5-ɞɥɹ 
ɨɞɧɨɬɢɩɧɵɯ ɌɌ); 
        Iʛʏʙʠ - ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ 
ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ: 

 Iʛʏʙʠ = ୉′̂′୶ౚ′′ ∙ Iʜ = ଵ,ଵସ଴,ଶସ ∙ ͸Ͷ͸ͻ = ͵Ͳ͹ʹ͹,͹ͷ ʏ                                                 (5.10)       

                                                    
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɪɚɜɟɧ ɩɨ (5.10): 
  Iʜʐሺʙʖሻ = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ଵ,ଵସ଴,ଶସ ∙ ͸Ͷ͸ͻ = ͵Ͳ͹ʹ,͹͹ ʏ                                          

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 Kʡ >  ୍ʜʐሺʙʖሻ ∙୏ʜ୍ʡ = ଷ଴଻ଶ,଻଻∙ଶଷ଴଻ଶ଻,଻ହ =   Ͳ,ʹ,                                                                                 (5.11) 

 
ɝɞɟ Iʡ - ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 
       IɌ=IɆȺɄɋ; 
       Kʜ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. Kʡ > Ͳ,ʹ                                                                                                                  

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ Kʡ = Ͳ,Ͷ. 
2) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ (ɭɜɟɥɢɱɢɜɚɟɬ ɡɨɧɭ ɪɚɛɨɬɵ ɡɚɳɢɬɵ 

ɛɟɡ ɬɨɪɦɨɠɟɧɢɹ): 
 Iʜʡ = ୍∗ʠʟʙʡ = ଴,ଶ଴,ସ = Ͳ,ͷ                                                                                     (5.12) 
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3) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ȼ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ ȼ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 
 B ൒ ୍∗ʠʟʙʡ = ଴,ଶ଴,ସ = Ͳ,ͷ                                                                                          (5.13) 

 
ɉɪɢɧɢɦɚɟɦ ɬɢɩɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ȼ = 1,5 (ɩɪɢ ɷɬɨɦ ɭɫɥɨɜɢɟ 

ɜɵɩɨɥɧɹɟɬɫɹ). 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɩɪɢ ɛɨɥɶɲɢɯ ɬɨɤɚɯ ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɫ ɬɨɤɨɦ 
ɫɪɚɛɚɬɵɜɚɧɢɹ: 

 Iˑ˕˔ = ሺʹ ÷ ͳʹሻ ∙ Iːˆሺଶሻ = ͹ ∙ Iːˆሺଶሻ                                                                     (5.14) 
 
ɇɚ ɪɢɫɭɧɤɟ 5.1 ɩɨɤɚɡɚɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ. 
 

 
Ɋɢɫɭɧɨɤ 5.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ 
 

Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ, ɨɫɬɚɧɨɜ 
ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ ɢ ɧɚ ɩɭɫɤ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 
ɝɟɧɟɪɚɬɨɪɚ. 
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5.2.2 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ (UN 
(UO)) 
 

Ɂɚɳɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 100% ɨɯɜɚɬ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ, 
ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤɚ ɢ ɧɟ ɢɦɟɸɳɟɝɨ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ 
ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɨɪɝɚɧɨɜ ɧɚɩɪɹɠɟɧɢɹ: 
1) ɉɟɪɜɵɣ ɨɪɝɚɧ (U0) ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɫɧɨɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɚɩɪɹɠɟɧɢɹ 

ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ U0 ɢ ɡɚɳɢɳɚɟɬ 85-95% ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ 
ɫɬɨɪɨɧɵ ɮɚɡɧɵɯ ɜɵɜɨɞɨɜ; U0 ɜɤɥɸɱɚɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 3U0 Ɍɇ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɨɜ ɝɟɧɟɪɚɬɨɪɚ, ɢɡɦɟɪɹɟɦɨɟ 
ɨɛɦɨɬɤɨɣ «ɪɚɡɨɦɤɧɭɬɵɣ ɬɪɟɭɝɨɥɶɧɢɤ». 

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ 
ɭɫɥɨɜɢɹ ɨɬɫɬɪɨɣɤɢ ɨɬ ɞɟɣɫɬɜɭɸɳɟɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɫɧɨɜɧɨɣ ɱɚɫɬɨɬɵ ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ 
ɢɧɞɭɤɰɢɟɣ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ ሺUʝ Эʚ.ʠʡ.ሻɩɪɢ ɄɁ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ȼɇ. 

Ɋɚɫɱɟɬ Uʝ Эʚ.ʠʡ. ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ 
Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ. 

ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 5.2. 

 

 
Ɋɢɫɭɧɨɤ 5.2 - ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
 

ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
 CΣ = ʠʒ + Cʡ + ʠʧ + ʠʑʒ = ͳ,ͳ + Ͳ,ͲͲ͹ + Ͳ,ͲͲͺ + Ͳ,Ͷͷ =  = ͳ,ͷ͸ͷ ˏˍʣ˗˃ˊ˖,                                                                                                             (5.15)  

      
ɝɞɟ ʠʒ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; 
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       ʠʡ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; 
       ʠʧ – ɟɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ; 
       ʠʑʒ – ɟɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɫɨ ɫɬɨɪɨɧɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ                  

ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ 15,75 ɤȼ: 
 Iେ = ͳ,͹͵ ∙ Uʚ ∙ ω ∙ ʠΣ = ͳ,͹͵ ∙ ͳͷ,͹ͷ ∙ ͵ͳͶ ∙ ͳ,ͷ͸ͷ ∙ ͳͲ−ଷ =  = ͳ͵,͵ͻ ʏ                                                                                                                (5.16) 
 
ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 

ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ 220ɤȼ: 
 Uʝ Эʚ.ʠʡ = ʙ ∙ U଴ ∙ ʠʡሺஜబሻʠʡሺஜబሻ+ʠΣ,                                                                             (5.17) 

 
ɝɞɟ ʙ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ U଴ ɩɨ ɨɛɦɨɬɤɟ 
ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ ɞɥɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ, ʙ = Ͳ,ͷ; 
      ʠʡሺɊ଴ሻ – ɟɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɞɧɨɣ 
ɮɚɡɵ ɬɪɚɫɧɮɨɪɦɚɬɨɪɚ, ʠʡሺɊ଴ሻ = Ͳ,Ͳͳʹ ˏˍʣ˗˃ˊ˖ ; 
      U଴ – ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ: 

 U଴ = ଵଷ ∙ Uʜʝʛ ʑʜ √͵ = ଵଷ⁄ ∙ ଶସଶ√ଷ = Ͷ͸,ͷͺ ˍʑ                                                    (5.18) 

 
Ɍɨɝɞɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 

ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ 220ɤȼ: 
 Uʝ Эʚ.ʠʡ. = Ͳ,ͷ ∙ Ͷ͸ͷͺͲ ∙ ଴,଴ଵଶ଴,଴ଵଶ+ଵ,ହ଺ହ = ͳ͹͹,ʹ͵ ʑ                                             

 
Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ UɈ ɗɅ. ɋɌ.=177,23 ȼ. 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 Uʠʟ ൒ ʙʜʙʑ ∙ ୙బˠˎ.˔˕୬ʡʜ = ଵ,ହ଴,ଽହ ∙ ଵ଻଻,ଶଷభఱ,ళఱ√య∙బ,భ√య ,                                                                         (5.19) 

 
ɝɞɟ nʡʜ = ͳͲͲ/√͵; 
       ʙʜ = ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; 
     nʡʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ Ɍɇ; 
     ʙʑ = Ͳ,ͻͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. Uʠʟ ൒ ͳ,͹ͺ ʑ                                                                                                 U଴ ɢɦɟɟɬ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɭɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɪɟɝɭɥɢɪɭɟɦɭɸ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 5 ɞɨ 20 ȼ. 
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ɉɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: U଴ଵୋ ɫ ɭɫɬɚɜɤɨɣ 5 ȼ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 
5,0 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; U଴ୋ ɫ ɭɫɬɚɜɤɨɣ 15 ȼ ɢ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ  ɫ 
ɞɟɣɫɬɜɢɟɦ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɢ ɫɛɪɨɫ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

2) ȼɬɨɪɨɣ ɨɪɝɚɧ U଴ଷ ɪɟɚɝɢɪɭɟɬ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɟ ɬɪɟɬɟɣ 
ɝɚɪɦɨɧɢɤɢ ɢ ɜ ɧɟɣɬɪɚɥɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɢ ɡɚɳɢɳɚɟɬ ɩɨɪɹɞɤɚ 30% ɜɢɬɤɨɜ 
ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 

Ⱦɥɹ ɨɪɝɚɧɚ U଴ଷ ɭɫɬɚɜɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɨɪɦɨɠɟɧɢɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɨɬ 1 ɞɨ 
3. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ ɦɟɫɬɚ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ 
ɡɚɜɢɫɢɬ ɨɬ Kʡ: 

 ʤ = ଵʙʡ+ଶ                                                                                                       (5.20) 

 
ɉɪɢ  Kʡ = ͳ,ͳ ɨɪɝɚɧ U଴ଷ ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ 32,3 % ɨɛɦɨɬɤɢ 

ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 500 ɦɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ 
ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

 
5.2.3 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (U1>), (U2>) 

 
Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɢɦɟɟɬ ɞɜɟ ɫɬɭɩɟɧɢ. 
1) ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ U2> ɜɵɛɢɪɚɟɬɫɹ: 

 Uେ˓ଶ = ଵ,ସ∙୙ʜ୬ʡʜ = ଵ,ସ∙ଵହ଻ହ଴ଵହ଻ହ଴/ଵ଴଴ = ͳͶͲ ʑ                                                                 (5.21)   

                    
2) ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧ 

ɜɬɨɪɨɣ ɨɪɝɚɧ U1>ɫ ɭɫɬɚɜɤɨɣ ͳ,ʹ ∙ Uʜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢɥɢ ɩɪɢ ɫɛɪɨɫɟ ɧɚɝɪɭɡɤɢ. 

U1> ɜɜɨɞɢɬɫɹ ɜ ɪɚɛɨɬɭ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɝɟɧɟɪɚɬɨɪɚ. 
ɍɫɬɚɜɤɚ U1> ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
 Uେ˓ଵ = ଵ,ଶ∙୙ʜ୬ʡʜ = ଵ,ଶ∙ଵହ଻ହ଴ଵହ଻ହ଴/ଵ଴଴ = ͳʹͲ ʑ                                                               (5.22) 

 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ 

ɢ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ Ͳ,Ͳͻ ∙ Iʜ. 
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 

ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
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5.2.4. Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 
 

Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ ɬɨɤɚɦɢ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɦɟɠɞɭɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɢ ɞɪɭɝɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɪɟɠɢɦɚɯ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɩɪɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɜ ɫɚɦɨɦ 
ɝɟɧɟɪɚɬɨɪɟ. 

Ɂɚɳɢɬɚ ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ I∗ଶ: 
 I∗ଶ = Iଶ/Iʜ,                                                                                                         (5.23) 
 

ɝɞɟ Iଶ– ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ; 
      Iʜ– ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 

Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 
ɡɧɚɱɟɧɢɢ ɬɨɤɚ Iଶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

 tʓʝʞ = A/I∗ଶଶ ,                                                                                                  (5.24) 
 

ɝɞɟ A = ͳ͸ – ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. 
Ɂɚɳɢɬɚ ɫɥɟɞɭɸɳɢɯ ɨɪɝɚɧɨɜ: 
1)  ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ ሺIଶʠʗʒʜሻ ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ Iଶ 

ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 
(ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ). 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ:  I∗ଶʠʗʒʜ = ሺͲ,Ͳͷ − Ͳ,Ͳ͹ሻ; 
 Iଶʠʗʒʜ = Ͳ,Ͳ͸ ∙ Iːˆሺଶሻ                                                                                        (5.25) 
   
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺIଶʞʢʠʙሻ ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ Iଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɩɭɫɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢ  tˏ˃ˍ˔ = ͷͲͲ ˔. 

Ɍɨɝɞɚ: 
 I∗ଶ = √ʏ୲ = √ ଵ଺ହ଴଴ = Ͳ,ͳͺ                                                                                 (5.26) 

 
ɍɫɬɚɜɤɚ ɪɚɜɧɚ: 
 I∗ଶʞʢʠʙ = ୍∗మʙʜ = ଴,ଵ଼ଵ,ଶ = Ͳ,ͳͷ,                                                                             (5.27) 

 
ɝɞɟ ʙʜ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
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Iଶʞʢʠʙ = Ͳ,ͳͷ ∙ Iːˆሺଶሻ                                                                                            (5.28) 
 
ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ 

ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ, ɪɚɜɧɨɝɨ I∗ଶʞʢʠʙ = Ͳ,ͳͷ: 
 tʓʝʞ = ଵ଺଴,ଵହమ ≈ ͹ͳͳ ˔                                                                                      (5.29) 

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɪɟɠɢɦɚɯ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɬɨɤɚɦɢ ɩɟɪɟɝɪɭɡɤɢ Iଶ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɭɪɚɜɧɟɧɢɟɦ: 

 tʠʟ = ଵ଺ሺ୍∗మሻమ,                                                                                                       (5.30) 

 ʏʗʝ = ͳ͸ = I∗ଶଶ ∙ tʠʟ                                                                                     (5.31) 
 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.1. 
 

Ɍɚɛɥɢɰɚ 5.1 - Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɨɤɭ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ I2/Iɇ 

1,0 0,6 0,5 0,4 0,3 0,2 0,18 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ (ɫ) 16 44 64 100 178 400 500 
 
ɏɚɪɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.3. 

 
Ɋɢɫɭɧɨɤ 5.3 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 
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ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜɪɟɦɹ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɦ: tɦɢɧ. = 16 ɫ, tɦɚɤɫ. = 500 ɫ. 

ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 
ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. ɉɪɢ ɷɬɨɦ 
ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ, ɡɚ ɤɨɬɨɪɵɣ ɩɟɪɟɝɪɟɜ ɝɟɧɟɪɚɬɨɪɚ ɫɧɢɠɚɟɬɫɹ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨ 
ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ ɞɨ 0,135 ɨɬ ɷɬɨɣ ɜɟɥɢɱɢɧɵ, ɭɫɥɨɜɧɨ ɧɚɡɵɜɚɟɬɫɹ ɜɪɟɦɟɧɟɦ 
«ɩɨɥɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ» (Iɨɯɥ) ɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 10 ɞɨ 999 ɫ. ɗɬɨɬ 
ɩɚɪɚɦɟɬɪ ɜɵɫɬɚɜɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɭɤɚɡɚɧɢɹɦ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ (tɨɯɥ= 100ɫ). 

4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ  ሺIଶʝʡʠሻ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ Iଶɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɢ ɹɜɥɹɟɬɫɹ 
ɡɚɳɢɬɨɣ ɨɬ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ. 

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
1. ɂɡ ɭɫɥɨɜɢɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɟɪɟɝɪɟɜɚ ɪɨɬɨɪɚ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ 

ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 
2. ɂɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ 

ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɧɚ ɲɢɧɚɯ ȼɇ ɛɥɨɤɚ ɢ ɧɚ ɨɬɯɨɞɹɳɢɯ BɅ. 
3. ɂɡ ɭɫɥɨɜɢɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɫ 

ɡɚɳɢɬɚɦɢ BJI. 
ɉɨ ɩɟɪɜɨɦɭ ɭɫɥɨɜɢɸ: ɜɵɛɨɪ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɤɪɢɜɨɣ 

ɩɪɟɞɟɥɶɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɱɟɪɟɡ ɝɟɧɟɪɚɬɨɪ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 

ɉɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ: 
ɉɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɜ ɤɨɧɰɟ ɥɢɧɢɣ 

220 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ ɪɚɛɨɬɟ 
ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ: 

 I∗ଶʠ.ʖ. ൑ ୍మʛʗʜሺమሻʙʦ = ଵଵ,ଷ⋅ଶ∙(ଡ଼ౚ ˅ː′′ +ଡ଼ʡ+ଡ଼ʚ),                                                                     (5.32)         

 X∗ˎ = Xˎ ∙ ୗ˄୙మ˄ = Ͷ͵,ͷ ∙ ଵ଻଺,ହଶସଶమ = Ͳ,ͳ͵ Ɉɦ/ɤɦ,                                                                (5.33) 

 Xୢ ˅ː′′ = Xୢ ′′ ∙ ሺ୙˅ː୙ːːሻଶ = Ͳ,ʹͶ ∙ ሺ ଶସଶଵହ,଻ହሻଶ = ͷ͸,͸͸,                                               (5.34) 

  Xʡ = ୙ˍ%ଵ଴଴ ∙ ୗ˄ୗːˑˏ = ଵଵଵ଴଴ ∙ ଵ଻଺,ହଶ଴଴ = Ͳ,ͳ,                                                                   (5.35) 

 
ɝɞɟ  Xୢ ˅ː′′ − ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ, 
ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɨɤɨɣ ɫɬɨɪɨɧɟ ɧɚɩɪɹɠɟɧɢɹ;                                                                      
          Xʒ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ;  Xʡ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. 

ɉɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɤɨɧɰɟ ȼɅ 220 ɤȼ: 
 I∗ଶʠ.ʖ. ൑ ଵଵ,ଷ⋅ଶ∙ሺହ଺,଺଺+଴,ଵ+଴,ଵଷሻ = Ͳ,ͲͲ͸ͺ ˑ. ˈ.                                                        (5.36) 
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Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
 Iଶʠ.ʖ. = I∗ଶʠ.ʖ. ∙ ʹ ∙ ୙˅ː୙ːː = Ͳ,ͲͲ͸ͺ ∙ ʹ ∙ ଶସଶଵହ,଻ହ = Ͳ,ʹͳ ɨ.ɟ.                                    (5.37) 

 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: Iଶʠ.ʖ. = Ͳ,ʹͳ ∙ Iːˆሺଶሻ  
ɉɨ ɬɪɟɬɶɟɦɭ ɭɫɥɨɜɢɸ: ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ 

ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɪɟɡɟɪɜɧɵɦɢ ɡɚɳɢɬɚɦɢ ɥɢɧɢɢ. ȼ ɫɜɹɡɢ ɫ 
ɨɬɫɭɬɫɬɜɢɟɦ ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɜɬɨɪɨɦɭ 
ɭɫɥɨɜɢɸ. 

Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɦɟɠɞɭɲɢɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.2.5 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤሺ𝐈૚ሻ 

 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ ɨɛɦɨɬɨɤ 

ɫɬɚɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɢ ɫɨɞɟɪɠɢɬ 
ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 

1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɟɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ 
ɞɟɣɫɬɜɭɸɳɢɣ ɜ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ. 

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
 Iʠʗʒʜ = ୏ʜ∙୍ːˆሺమሻ୏ʑ = ଵ,଴ହ∙୍ːˆሺమሻ଴,ଽ଼ = ͳ,Ͳ͹ ∙ Iːˆሺଶሻ,                                                             (5.38) 

 
ɝɞɟ Kʜ = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; 
       Kʑ = Ͳ,ͻͺ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ t = ͻ ˔. 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
 Iଵʞʢʠʙ = ଵ,଴଼∙୍ːˆሺమሻ଴,ଽ଼ = ͳ,ͳ ∙ Iːˆሺଶሻ                                                                            (5.39)  

    
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. 
ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 

ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.2: 
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Ɍɚɛɥɢɰɚ 5.2 - ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

Ʉɪɚɬɫɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ I Iʜ⁄  

1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) 3600 900 360 300 240 120 60 1 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺIଵሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.4. 
 

 
Ɋɢɫɭɧɨɤ 5.4 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ሺIଵሻ 
 

ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɡɚɳɢɬɵ ɱɟɪɟɡ ɨɬɤɥɸɱɚɸɳɢɣ ɨɪɝɚɧ ɞɟɣɫɬɜɭɟɬ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɚɸɳɟɝɨ ɨɪɝɚɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 
ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,01 ɫ. 

4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 

ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ:  
 Iଵʝʡʠ = ଵ,ସ∙୍ːˆሺమሻ଴,ଽ଼ = ͳ,Ͷʹͻ ∙ Iːˆሺଶሻ Ⱥ                                                                      (5.40) 

 
Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ Uʒ <. 

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ: 
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Uʠʟ = ଴,଺଼∙୙ʜʝʛ୏ʑ∙୬ʡ = ଴,଺଼∙ଵହ଻ହ଴ଵ,଴ଷ∙ଵ଴଴,଴ = ͳͲͶ ʑ                                                               (5.41) 

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

ɦɟɠɞɭɲɢɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.2.6 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ሺ𝐙૚ <ሻ, ሺ𝐙૛ <ሻ 

 
Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɨɪɝɚɧɨɜ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 

ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɞɚɟɬɫɹ ɜ ɜɢɞɟ ɤɪɭɝɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ I ɢ 
II  ɤɜɚɞɪɚɧɬɟ ɫɨ ɫɦɟɳɟɧɢɟɦ ɜ III  ɢ IV  ɤɜɚɞɪɚɧɬ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ. 

1) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɞɟɣɫɬɜɢɹ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɧɟ ɛɨɥɟɟ 1 ɫ. ɍɤɚɡɚɧɧɚɹ 
ɜɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɩɟɪɜɵɦɢ ɫɬɭɩɟɧɹɦɢ 
ɡɚɳɢɬ ɥɢɧɢɣ, ɨɬɯɨɞɹɳɢɯ ɨɬ ɲɢɧ Ƚɗɋ. 

ɋɨɝɥɚɫɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɧɚ ɲɢɧɚɯ 220 ɤȼ Ƚɗɋ 
ɨɞɧɨɝɨ ɛɥɨɤɚ. Zଵ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ 220 ɤȼ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ȼɅ 220 ɤȼ: 
 Zଵ ൑ Ͳ,ͺ ∙ Zʡ + ଴,଼୏ʡ ∙ Zଵʚ′ = Ͳ,ͺ ∙ ͵ʹ,ʹͳ + ଴,ସ଼ ∙ Ͷͷ,ͳͷ = ͵Ͷ,ͺ Ɉɦ,                    (5.42)  

 
ɝɞɟ Kʡ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ, ɱɬɨ ɥɢɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵ; 
       Zʡ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɚɪɹɠɟɧɢɸ ɫɬɨɪɨɧɵ 
220 ɤȼ; 
 Zʡ = ଴,ଵଵ∙ଶସଶଶ଴଴ ଶ = ͵ʹ,ʹͳ ʝˏ                                                                              (5.43) 

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɝɟɧɟɪɚɬɨɪɚ: 
 Zଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ Ͳ,ͳͳ ∙ ଵ଻଺,ହଶ଴଴ + ଴,ସ଼ ∙ ଵ଻଺,ହଶସଶమ ∙ Ͷͷ,ͳͷ = Ͳ,ͳ ˑ. ˈ.                                 (5.44) 

 Zଵɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
 Zଵ = Zଵ ˑ.ˈ. ∙ Z˄ = Ͳ,ͳ ∙ ͳ,Ͷͳ = Ͳ,ͳͶͳ ʝˏ,                                                           (5.45) 
 Z˄ = ୙మ˄ୗʜʒ = ଵହ,଻ହమଵ଻଺,ହ = ͳ,Ͷͳ Ɉɦ                                                                            (5.46) 
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ɍɫɬɚɜɤɚ ɛɭɞɟɬ ɪɚɜɧɚ: 
 Zଵେଷ = Zଵ ∙ ୬ʡ୬ʜ = Ͳ,ͳͶͳ ∙ ଼଴଴଴ ହ⁄ଵହ,଻ହ ଴,ଵ⁄ = ͳ,Ͷ͵ ʝˏ                                                   (5.47) 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ Zଵ = ͳ,Ͷ͵ ʝˏ. 
2) Ɏɭɧɤɰɢɹ ∆Z ɨɬɥɢɱɚɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɨɬ ɤɚɱɚɧɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɨ 

ɫɤɨɪɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɍɫɬɚɜɤɚ ɮɭɧɤɰɢɢ ∆Z, ɜ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɧɢɦɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ, 
ɪɚɫɫɱɢɬɚɧɧɵɯ ɪɚɧɟɟ, ∆Z = ͵Ͳ − ͷͲ ʝˏ˔ˈˍ. 

3) ɉɪɢɧɢɦɚɟɦ ∆Z = ͶͲ ʝˏ˔ˈˍ 
4) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 

ɨɬɫɬɪɨɣɤɢ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɡɤɢ ɢ ɪɟɠɢɦɚ ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 Zʜʏʒʟ = ୙ʜʝʛ√ଷ∙୍ʜʏʒʟ = ଵହ,଻ହ∙ଵ଴య√ଷ∙଺ସ଺ଽ = ͳ,Ͷͳ ʝˏ,                                                         (5.48) 

 
ɝɞɟ Iʜʏʒʟ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ 
ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɬɨɤɚ ɫɬɚɬɨɪɚ ɩɪɢ ɞɜɨɣɧɨɦ ɬɨɤɟ 
ɜɨɡɛɭɠɞɟɧɢɹ ሺʹ ∙ Iʑ.ʜ.ሻ ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɡɚɠɢɦɚɯ ɫɬɚɬɨɪɚ Ͳ,ͻͷ ∙ Uʜ (ɛɟɡ ɭɱɟɬɚ 
ɧɚɫɵɳɟɧɢɹ): 

 Iʣ = మ∙Iʑ.ʜʝʛIʑ.ʤ.ʤ. −଴,ଽହ୶ౚ = మ∙భఴబబవభబ −଴,ଽହଵ,଴ଵ = ʹ,ͻͺ,                                                                (5.49) 

 
ɝɞɟ Iʑ.ʤ.ʤ. – ɬɨɤ ɪɨɬɨɪɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, Ⱥ; 
      xୢ – ɫɢɧɯɪɨɧɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ. 

ɋ ɭɱɟɬɨɦ ɧɚɫɵɳɟɧɢɹ ɦɚɲɢɧɵ ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ 
ɮɨɪɫɢɪɨɜɤɢ ɫɨɫɬɚɜɢɬ ʹ,ͷ ∙ Iʜʝʛ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
 Zʜʏʒʟ.ʣ = ଴,ଽହ∙୙ʜ୍ʣ = ଴,ଽହ∙ଵଶ,ହ =0,38 ɨ.ɟ.,                                                                     (5.50) 

 cosφ ʜʏʒʟ.ʣ = ୡ୭ୱφʜ଴,ଽହ∙୍ʣ = ଴,଼ହ଴,ଽହ∙ଶ,ହ = Ͳ,͵ͷͺ                                                             (5.51) 

 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ φʜʏʒʟ.ʣ = ͸ͻ,Ͳʹ°. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
 



63 
 

Zେ ʖ୍୍ = Zʜʏʒʟ.ʣʙʜ = ଴,ଷ଼ଵ,ଵ = Ͳ,͵Ͷ,                                                                          (5.52) 

 Zେ ʖ୍୍ = Z୍୍ ˑ.ˈ. ∙ Zʐ = Ͳ,͵Ͷ ∙ ଵହ,଻ହమଵ଻଺,ହ = Ͳ,Ͷͺ ʝˏ                                                (5.53) 

 
Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɫɨɫɬɚɜɢɬ: 
 Zେ ʖ୍୍ = Zʠ.ʖ.II∙୬ʡ୬ʜ = ଴,ସ଼∙଼଴଴଴/ହଵହ଻ହ଴/ଵ଴଴ = Ͷ,ͺͺ ʝˏ                                                          (5.54) 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ Z୍୍ = Ͷ,ͺͺ ʝˏ. 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 15%. ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ Zେʛଵ =Ͳ,ʹͳ ʝˏ, Zେʛଶ = Ͳ,͹͵ ʝˏ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ ɧɚɢɛɨɥɶɲɟɣ 

ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. 
ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

ɦɟɠɞɭɲɢɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ 
ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ ȽȽ ɢ ȼȽ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.5. 

 

 
Ɋɢɫɭɧɨɤ 5.5-ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ 

 
5.2.7. Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ ɨɛɦɨɬɨɤ 

ɪɨɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. Ɂɚɳɢɬɚ 
ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 
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1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ 
ɞɟɣɫɬɜɭɸɳɟɣ ɜ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ. ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ:  
 I୔ ʠʗʒʜ. = ʙʜ∙୍˅ː Tʑమ୏ʑ = ଵ,଴ହ∙୍˅ː Tʑమ଴,ଽ଼ = ͳ,Ͳ͹ ∙ I˅ː ୘ʑሺଶሻ                                              (5.55) 

 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
 I୔ ʞʢʠʙ. = ଵ,଴଼∙୍ʜʝʛ.ʟ଴,ଽ଼ = ͳ,ͳ ∙ I˅ː ୘ʑሺଶሻ                                                                 (5.56) 

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 

ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɡɚɞɚɧɧɨɣ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ, ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 5.3. 
 
Ɍɚɛɥɢɰɚ 5.3 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

Ʉɪɚɬɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ I Iʜ⁄  

1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) ɞɥɢɬɟɥɶɧɨ 210 150 120 90 72 60 20  

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ 

ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.6. 
 

 
Ɋɢɫɭɧɨɤ 5.6 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
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4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. ɍɫɬɚɜɤɚ 
ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ: 
 I୔ ʞʢʠʙ. = ଶ,ଵ∙୍ʜʝʛ.ʟ଴,ଽ଼ = ʹ,ͳͶ͵ ∙ I˅ː ୘ʑሺଶሻ                                                                         (5.57) 

 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɩɪɢɧɢɦɚɟɬɫɹ 3,0 ɫ. Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ 

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 

5.3. ȼɵɛɨɪ ɤɨɦɩɥɟɤɫɚ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
 

ɂɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɚ ɭɫɬɚɜɨɤ, ɞɥɹ ɡɚɳɢɬɵ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
ɛɵɥɨ ɜɵɛɪɚɧɨ ɤɨɦɩɥɟɤɫɧɨɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ 
ɝɟɧɟɪɚɬɨɪɨɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɡɚɳɢɬɵ, ɭɩɪɚɜɥɟɧɢɹ, ɢɡɦɟɪɟɧɢɹ ɢ ɤɨɧɬɪɨɥɹ 
ɝɟɧɟɪɚɬɨɪɨɜ ɦɚɥɨɣ ɢ ɫɪɟɞɧɟɣ ɜɟɥɢɱɢɧɵ ɗɄɊȺ 200 ɩɪɨɢɡɜɨɞɫɬɜɚ ɗɄɊȺ. 

ɗɄɊȺ 200 ɢɦɟɟɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɥɹ 
ɡɚɳɢɬɵ ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ, ɚ 
ɬɚɤɠɟ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɚɜɚɪɢɣɧɵɯ ɭɫɥɨɜɢɣ ɜɨ ɜɧɟɲɧɢɯ ɫɢɫɬɟɦɚɯ. 

Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ƚ. 
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6 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ 
 

6.1 ɋɨɫɬɚɜ ɢ ɤɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ 
 

ȼ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɹ ɜɯɨɞɹɬ: 
 ɜɨɞɨɫɥɢɜɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɫ ɞɨɧɧɵɦɢ ɨɬɜɟɪɫɬɢɹɦɢ; 
 ɡɞɚɧɢɟ Ƚɗɋ ɩɪɢɩɥɨɬɢɧɧɨɝɨ ɬɢɩɚ; 
 ɥɟɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ; 
 ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ. 

 
6.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ 

 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɪɟɛɭɟɦɵɯ ɪɚɫɱɟɬɨɜ ɫɧɚɱɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 

ɤɥɚɫɫ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ: 
 Ʉɥɚɫɫ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɜɵɫɨɬɵ ɢ 

ɬɢɩɚ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɣ – 3 ɤɥɚɫɫ. ȼɵɫɨɬɚ Ƚɗɋ 50 ɦ, ɝɪɭɧɬ ɧɚ ɤɨɬɨɪɨɦ 
ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɩɥɨɬɢɧɚ-ɝɪɚɧɢɬ. 

 Ʉɥɚɫɫ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ 
ɧɚɡɧɚɱɟɧɢɹ ɢ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ– 2 ɤɥɚɫɫ. NȽɗɋ=450 Ɇȼɬ. ɋ ɭɱɟɬɨɦ ɬɨɝɨ ɱɬɨ 
ɩɪɨɟɤɬɢɪɭɟɦɵɣ ɝɢɞɪɨɭɡɟɥ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɤɥɚɫɫ 
ɫɨɨɪɭɠɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ-1 ɤɥɚɫɫ. 

 Ʉɥɚɫɫ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɫɥɟɞɫɬɜɢɣ 
ɜɨɡɦɨɠɧɵɯ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɚɜɚɪɢɣ– 2 ɤɥɚɫɫ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɲɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɤɪɢɬɟɪɢɟɜ, ɤɥɚɫɫ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɧɚɢɜɵɫɲɢɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɤɥɚɫɫ 
ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɝɢɞɪɨɭɡɥɚ: 1. 

 
6.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ 

 
Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ∇Ƚɉ ɩɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ: 

   ∇ʒʒʞ = ∇ʜʞʢ + hୱ                                                                                       (6.1) 
                                                            

ɝɞɟ hs-ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ 
ɜɟɪɯɧɟɦ ɛɶɟɮɟ. 

   
hs=h1%+∆hset+a,                                                                                                   (6.2) 
 

ɝɞɟ h1%- ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɨɫɢɦ 1%; 
      ∆hset- ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ; 
      a- ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ ɡɚɜɢɫɢɬ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ ɢ ɫɨɫɬɚɜɥɹɟɬ ɧɟ 
ɦɟɧɟɟ: ɞɥɹ I ɤɥɚɫɫɚ-0,8 ɦ, II  - 0,7 ɦ, III -IV - 0,4 ɦ. 

Ɋɚɫɱɟɬ ɜɵɫɨɬɵ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ: 
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∆hୱୣ୲ = K୵ ∙ ୴మ୐୥ሺୢ+଴,ହ∙∆୦౩౛౪ሻ ∙ cosα,                                                                       (6.3) 

 
ɝɞɟ Kw=1,83·10-6 − ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɋɉ38.13330.2012; 
       υ=17 ɦ/ɫ − ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, ɦ/ɫ;  
       L=13120 − ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ, ɦ;  
       α − ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɨɣ ɨɫɶɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɟɬɪɚ (α);  
       d- ɭɫɥɨɜɧɚɹ ɪɚɫɱɟɬɧɚɹ ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ. 

 

 d = ∇ʜʞʢ−∇ʓʜʏଶ = ହଽ−ଵ଴ଶ = ʹͶ,ͷ ˏ                                                                  (6.4) 

 
ȼɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɩɟɪɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ: 
  ∆hୱୣ୲ = ͳ,ͺ͵ ∙ ͳͲ−଺ ∙ ଵ଻మ∙ଵଷଵଶ଴ଽ,଼ଵ∙ሺଶସ,ହ+଴,ହ∙଴ሻ = Ͳ,Ͳʹͻ,                                                  (6.5) 

 ∆hୱୣ୲ = ͳ,ͺ͵ ∙ ͳͲ−଺ ∙ ଵ଻మ∙ଵଷଵଶ଴ଽ,଼ଵ∙ሺଶସ,ହ+଴,ହ∙଴.଴ଶଽሻ = Ͳ,Ͳʹͻ                                            (6.6) 

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɫɨɬɵ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɛɟɡɪɚɡɦɟɪɧɵɯ ɜɟɥɢɱɢɧ: 
   ୥∙୐୴మ = ଽ,଼ଵ∙ଵଷଵଶ଴ଵ଻మ = ͶͶͷ,Ͷ,                                                                                (6.7) 

  ୥∙୲୴ = ଽ,଼ଵ∙ଶଵ଺଴଴ଵ଻ = ͳʹͶ͸Ͷ,ͷ                                                                             (6.8) 

 
ɂɡ ɝɪɚɮɢɤɚ [5] ɩɨ ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ ɩɨ ɡɧɚɱɟɧɢɹɦ ɢɡ ɮɨɪɦɭɥ (6.7-

6.8) ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ 
୥∙୦̅୴మ  ɢ ୥∙୘̅୴ . Ⱦɚɧɧɵɟ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 6.1. 

 
Ɍɚɛɥɢɰɚ 6.1- Ɉɩɪɟɞɟɥɟɧɢɟ ɛɟɡɪɚɡɦɟɪɧɵɯ ɜɟɥɢɱɢɧ 

Ȼɟɡɪɚɡɦɟɪɧɵɟ ɜɟɥɢɱɢɧɵ g ∙ h̅̅ ̅vଶ  
g ∙ T̅̅ ̅v  g ∙ Lvଶ  0,025 1,9 g ∙ tv  0,09 4,5 

 
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱɟɬɚ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ  ୥∙୦̅୴మ =0,025 ɢ  ୥∙୘̅୴ = ͳ,ͻ ɩɨɫɥɟ ɱɟɝɨ ɜɵɩɨɥɧɹɟɬɫɹ ɜɵɱɢɫɥɟɧɢɟ 
ɫɪɟɞɧɟɝɨ ɩɟɪɢɨɞɚ ɜɨɥɧɵ T̅ ɢ ɫɪɟɞɧɟɣ ɜɵɫɨɬɵ ɜɨɥɧɵ h̅:  

 h̅ = ଴,଴ଶହ∙୴మ୥ = ଴,଴ଶହ∙ଵ଻మଽ,଼ଵ = Ͳ,͹Ͷ,                                                                         (6.9) 
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 T̅ = ଵ,ଽ∙୴୥ = ଵ,ଽ∙ଵ଻ଽ,଼ଵ = ͵,ʹͻ                                                                                 (6.10) 

 
ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ: 
  ɉ̅ = ୥∙୘మ̅̅̅̅ଶ஠ = ଽ,଼ଵ∙ଷ,ଶଽమଶ∙஠ = ͳ͸                                                                                (6.11) 

 
ɉɨɫɥɟ ɪɚɫɱɟɬɚ ɫɪɟɞɧɟɣ ɞɥɢɧɵ ɜɨɥɧɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ 

ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɧɚ ɝɥɭɛɨɤɨɜɨɞɧɨɫɬɶ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɭɫɥɨɜɢɸ: d ൒ Ͳ,ͷ ∙ ɉ̅  ʹͶ,ͷ ൒ ͺ,Ͷͷ  
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɝɥɭɛɨɤɨɜɨɞɧɨɟ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɜɵɫɨɬɵ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
 hଵ% = h̅ ∙ K୧ = Ͳ,͹Ͷ ∙ ʹ,ͳͺ = ͳ,͸ͳ,                                                                (6.12) 
 

ɝɞɟ Ki=2,18 –ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɣ ୥∙୐୴మ . 

ɉɨɫɥɟ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ, ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ 
ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ 
ɩɨ ɮɨɪɦɭɥɟ (6.2): 

 
hs=1,61+0,8+0,029=2,44 ɦ                                                                             
 

Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (6.1): 
  ∇ʒʒʞ = ͷͻ + ʹ,ͶͶ = ͸ͳ,ͶͶ ˏ                                              
 
6.4 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 

 
Ƚɢɞɪɚɜɥɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚɦɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ: ɲɢɪɢɧɭ ɜɨɞɨɫɥɢɜɧɨɝɨ 

ɮɪɨɧɬɚ ɢ ɪɚɡɦɟɪɵ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ, ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ, ɮɨɪɦɭ 
ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɢ ɫɨɩɪɹɠɟɧɢɟ ɟɟ ɫ ɜɨɞɨɛɨɟɦ, ɮɨɪɦɭ ɫɨɩɪɹɠɟɧɢɟ ɛɶɟɮɨɜ, 
ɪɚɡɦɟɪɵ ɝɚɫɢɬɟɥɟɣ ɷɧɟɪɝɢɢ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ. 

 
6.4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 

 
Ɉɩɪɟɞɟɥɹɟɦɵɣ ɪɚɫɱɟɬɧɵɣ   ɪɚɫɯɨɞ ɜɨɞɵ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ 

Qɪ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɩɪɨɩɭɫɤɚɬɶɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢ ɇɉɍ ɱɟɪɟɡ ɜɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɜɨɞɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ ɩɪɢ ɩɨɥɧɨɦ ɢɯ 
ɨɬɤɪɵɬɢɢ ɢ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ Ƚɗɋ. Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɨɫɧɨɜɧɨɝɨ ɢ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ.  
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Ⱦɥɹ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ I ɤɥɚɫɫɚ ɩɪɨɰɟɧɬɵ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 
ɪɚɫɯɨɞɨɜ ɪɚɜɧɵ Qmax.ɨɫɧɨɜɧɨɣ=0,1%, Qmax.ɩɨɜɟɪɨɱɧɵɣ=0,01%. 
 

Qɪ.ɨɫɧɨɜ.=Qmax.ɨɫɧɨɜ-Qɝɷɫ=6491-334·(3-1)=5823 ɦ3/ɫ,                                          (6.13) 
 

ɝɞɟ Qmax.ɨɫɧɨɜɧɨɣ=6491 ɦ3/ɫ- ɨɫɧɨɜɧɨɣ ɪɚɫɯɨɞ 0,1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ. 
ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ ɜɨɡɜɨɞɢɬɫɹ ɜ ɭɫɥɨɜɢɹɯ ɤɪɚɣɧɟɝɨ ɋɟɜɟɪɚ ɜ ɫɜɹɡɢ ɫ ɱɟɦ 

ɜɨɡɦɨɠɧɨ ɨɛɥɟɞɟɧɟɧɢɟ ɜɨɞɨɫɛɪɨɫɚ, ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɛɭɞɟɬ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɝɥɭɛɢɧɧɨɝɨ ɜɨɞɨɫɛɪɨɫɚ. 

ɉɪɢɧɢɦɚɟɦ ɪɚɫɯɨɞ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɩɪɨɩɭɫɤɚɬɶ ɝɥɭɛɢɧɧɵɣ ɜɨɞɨɫɥɢɜ, 
ɪɚɜɧɵɣ  Q˓ = ͷͺʹ͵ˏଷ/˔. 

ɉɪɨɟɤɬɢɪɭɟɦ ɧɟɡɚɬɨɩɥɟɧɧɵɟ ɜɵɯɨɞɧɵɟ ɨɬɜɟɪɫɬɢɹ. ɉɪɢɧɢɦɚɟɦ ɜɵɫɨɬɭ 
ɨɬɜɟɪɫɬɢɹ hɨɬɜ 6 ɦ, ɩɨɪɨɝ ɜɨɞɨɫɛɪɨɫɚ ɧɚ ∇11,00. ȼɨɞɨɫɥɢɜ ɧɟ ɡɚɬɨɩɥɟɧ. ɇɚɩɨɪ ɧɚɞ 
ɰɟɧɬɪɨɦ ɜɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɪɚɜɟɧ: 

 ʜʑʝ = ʜʞʢ − ቀ∇h˒ˑ˓ + ୦ˑ˕˅ଶ ቁ = ͷͻ,ͲͲ − ቀͳͳ + ଺ଶቁ = Ͷͷ ˏ                        (6.14) 

 
ɋɭɦɦɚɪɧɭɸ ɩɥɨɳɚɞɶ ɜɵɯɨɞɧɵɯ ɫɟɱɟɧɢɣ: 
  ∑ω˅ˑ = ୕˓ஜ√ଶ୥ୌʑʝ = ହ଼ଶଷ଴,଼ଶ∙√ଶ∙ଽ,଼ଵ∙ସହ = ʹ͵ͻ ˏଶ,                                                   (6.15) 

 
ɝɞɟ Ɋ = Ͳ,ͺʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ. 

ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
 B = ω˅ˑ୦ˑ˕˅ = ଶଷଽ଺ = ͵ͻ,ͺ ˏ,                                                                                 (6.16) 

 
ɝɞɟ b=6 ɦ –ɫɬɚɧɞɚɪɬɧɚɹ ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɉɩɪɟɞɟɥɢɦ ɱɢɫɥɨ ɩɪɨɥɟɬɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ 
ɮɪɨɧɬɚ ɢ ɫɬɚɧɞɚɪɬɧɨɣ ɲɢɪɢɧɵ ɩɪɨɥɟɬɚ: 

  

n=
୆ୠ = ଷଽ,଼଺ = ͸,͵                                                                                              (6.17) 

 
n ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ ɰɟɥɨɝɨ ɱɢɫɥɚ n=7. ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɲɢɪɢɧɚ 

ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɪɚɜɧɚ: 
 
B=n·b=6·7=42 ɦ                                                                                             (6.18) 

 
ȿɫɥɢ ɤɨɥɢɱɟɫɬɜɨ ɡɚɬɜɨɪɨɜ ɧɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɟ ɪɚɜɧɨ ɢɥɢ ɛɨɥɟɟ ɲɟɫɬɢ 

ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɧɟ ɨɬɤɪɵɬɢɹ ɨɞɧɨɝɨ ɡɚɬɜɨɪɚ ɢ ɢɫɤɥɸɱɚɬɶ ɨɞɢɧ 
ɩɪɨɥɟɬ ɢɡ ɪɚɫɱɟɬɚ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ, ɟɫɥɢ ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɥɟɬɨɜ n 
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ɛɨɥɶɲɟ ɲɟɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɢɬɶ ɟɳɟ ɨɞɢɧ ɩɪɨɥɟɬ. ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɲɢɪɢɧɚ 
ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ B=48 ɦ. 

ɒɢɪɢɧɭ ɫɟɤɰɢɢ ɩɪɢɧɢɦɚɟɦ 12 ɦ. ɒɢɪɢɧɚ ɨɬɜɟɪɫɬɢɹ ɞɨɧɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɧɟ 
ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 50% ɲɢɪɢɧɵ ɫɟɤɰɢɢ. ɒɢɪɢɧɭ ɨɬɜɟɪɫɬɢɹ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 
6 ɦ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ɪɚɜɧɚ 6 ɦ. 

 
6.4.2 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ 

ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ 
 

Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɪɚɫɯɨɞɚ 
ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ: 

 Hʑʝ,˒ˑ˅ = ୕˒ˑ˅మ∑ω˅ˑమஜమ∙ଶ୥ = ଻଴ଷଽమଶଽସమ∙଴,଼ଶమ∙ଶ∙ଽ,଼ଵ = Ͷ͵,ͷ ˏ,                                            (6.19) 

 Q˒ˑ˅ = Q଴,଴ଵ% − n ∙ Qଵ˃ˆ˓ = ͹͹Ͳ͹ − ʹ ∙ ͵͵Ͷ = ͹Ͳ͵ͻ ˏଷ/˔                        (6.20) 
 
Ɋɚɫɱɟɬɧɚɹ ɨɬɦɟɬɤɚ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ: 
  ∇ʣʞʢ˓ = ∇h˒ˑ˓ + ୦ˑ˕˅ଶ + ʜʑʝ,˒ˑ˅ = ͳͳ + ͵ + Ͷ͵,ͷ = ͷ͹,ͷ ˏ                    (6.21) 

 
Ɍɚɤ ɤɚɤ ɩɨɥɭɱɟɧɧɚɹ  ∇ʣʞʢ = ͷ͹,ͷ ˏ ɧɟ ɩɪɟɜɵɲɚɟɬ ɢɫɯɨɞɧɨɣ ∇ʣʞʢ˓ =͸Ͳ ˏ, ɬɨ ɢɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɜɵɛɪɚɧɧɨɦ ȼ, ɩɪɨɩɭɫɬɢɬɶ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ 

ɜɨɡɦɨɠɧɨ. 
 
6.4.3 Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɇȻ 

 
ɉɪɢ ɩɪɨɬɟɤɚɧɢɢ ɜɨɞɵ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ ɜɫɥɟɞɫɬɜɢɟ ɩɚɞɟɧɢɹ ɫɬɪɭɢ ɫɤɨɪɨɫɬɶ 

ɩɨɬɨɤɚ ɜɨɡɪɚɫɬɚɟɬ ɢ ɞɨɫɬɢɝɚɟɬ ɧɚɢɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚ 
ɜɨɞɨɫɥɢɜɨɦ ɜ ɬɚɤ ɧɚɡɵɜɚɟɦɨɦ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ. Ƚɥɭɛɢɧɚ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɭɫɬɚɧɨɜɥɟɧɢɟ ɮɨɪɦɵ ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ ɢ ɩɨɷɬɨɦɭ 
ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ  

ɋɨɩɪɹɠɟɧɢɟ ɛɭɪɧɨɝɨ ɩɨɬɨɤɚ ɫɨ ɫɩɨɤɨɣɧɵɦ ɩɪɨɢɫɯɨɞɢɬ ɜ ɮɨɪɦɟ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɵɠɤɚ. ɉɪɢ ɷɬɨɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɝɥɭɛɢɧɵ h′′ୡ 
ɢ ɛɵɬɨɜɨɣ ɝɥɭɛɢɧɵ hʜʐ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɢɩɵ ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ: 

1. h′′ୡ > hʜʐ − ɫɨɩɪɹɠɟɧɢɟ ɩɨ ɬɢɩɭ ɨɬɨɝɧɚɧɧɨɝɨ ɩɪɵɠɤɚ; 
2. h′′ୡ = hʜʐ −ɫɨɩɪɹɠɟɧɢɟ ɜ ɜɢɞɟ ɩɪɵɠɤɚ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ; 
3. h′′ୡ < hʜʐ − ɫɨɩɪɹɠɟɧɢɟ ɜ ɜɢɞɟ ɧɚɞɜɢɧɭɬɨɝɨ (ɡɚɬɨɩɥɟɧɧɨɝɨ) ɩɪɵɠɤɚ. 
Ʉɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ: 
 hˍ˓ = √ α∙୕˓.ˑ˔ːˑ˅మሺʑ+∑ሺ୬−ଵሻ∙ஔ˄ሻమ∙୥ =య √ ଵ,ଵ∙ହ଼ଶଷమሺସ଼+଻∙଺ሻమ∙ଽ,଼ଵయ = ͹,ͺ ˏ                                         (6.22) 
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ɋɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ: 
 hୡ′ = ୯φ√ଶ୥(ʜʞʢ−ʓʜʝ−୦ౙ′ ) = ଺଴,଻଴,଼∙√ଶ∙ଽ,଼ଵ∙ሺହଽ,଴−ଵ଴,଴଴−଴ሻ = ʹ,Ͷͷ ˏ,                         (6.23) 

 
ɝɞɟ φ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɫɥɢɜɧɨɣ ɝɪɚɧɢ;  
       q – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ. 

 q = ୕౦୆+୬∙ஔʐ = ହ଼ଶଷସ଼+଼∙଺ = ͸Ͳ,͹ ˏయ̝
,                                                                       (6.24) 

 hୡ′ = ୯φ√ଶ୥(ʜʞʢ−ʓʜʝ−୦ౙ′ ) = ଺଴,଻଴,଼∙√ଶ∙ଽ,଼ଵ∙ሺହଽ,଴−ଵ଴,଴଴−ଶ,ହଵሻ = 2,51 ɦ,                     (6.25) 

 h′′ୡ = ୦ౙ′ଶ ቆ√ͳ + ͺ ∙ ቀ୦ˍ˓୦ౙ′ ቁଷ − ͳቇ =  ଶ,ହଵଶ ቆ√ͳ + ͺ ∙ ቀ ଻,଼ଶ,ହଵቁଷ − ͳቇ =  =  ͳͺ,ʹ͵ ɦ                                                                                                                (6.26) 
 
ɉɨɫɥɟ ɪɚɫɱɟɬɚ ɫɨɩɪɹɠёɧɧɵɯ ɝɥɭɛɢɧ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɜɟɥɢɱɢɧ  hୡ′′ = ͳͺ,ʹ͵ ˏ ɢ hɇȻ=4,90 ɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɢɩ ɩɪɵɠɤɚ. 
18,23 ɦ >4,90 ɦ  - ɫɨɩɪɹɠɟɧɢɟ ɩɨ ɬɢɩɭ ɨɬɨɝɧɚɧɧɨɝɨ ɩɪɵɠɤɚ. 
 
6.4.4 Ɋɚɫɱɟɬ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ 

 
ɇɚɩɨɪ ɧɚɞ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɨɣ: 
 H˔˕ = ( ୯୫√ଶ୥)ଶ ଷ⁄ − σ୯మଶ୥(σ୦ౙ′′)మ = ቀ ଺଴,଻଴,ଷହ√ଶ∙ଽ,଼ଵቁమయ − ଵ,ଵଷ∙଺଴,଻మଶ∙ଽ,଼ଵ∙ሺଵ,ଵଷ∙ଵ଼,ଶଷሻమ= =11,0  ɦ,                                                                                                                     (6.27) 
 

ɝɞɟ σ = ͳ,ͳ͵ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ;  
      m = 0,35 ɞɥɹ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ. 

ȼɵɫɨɬɚ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ: 
 h˔˕ = σhୡ′′ − H˔˕ = ͳ,ͳ͵ ∙ ͳͺ,ʹ͵ − ͳͳ,ͳ = ͻ,͸ ˏ                                          (6.28) 
  
6.4.5 Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɩɨɫɥɟ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ ɢ ɤɨɥɨɞɰɚ 

 
ɉɪɢɛɥɢɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɝɥɭɛɢɧɵ ɤɨɥɨɞɰɚ: 
 dˍˑˎ = σhୡ′′ − hː˄ = ͳ,ͳ͵ ∙ ͳ͵,ͳʹ − Ͷ,ͻͲ = ͻ,ͻ͵ ˏ                                      (6.29)  
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Ɂɧɚɱɟɧɢɟ ɫɨɩɪɹɠɟɧɧɵɯ ɩɨɫɥɟ ɫɬɟɧɤɢ ɢɡɦɟɧɹɸɬɫɹ ɢɡ-ɡɚ ɢɡɦɟɧɟɧɢɹ ɜɵɫɨɬɵ 
ɩɚɞɟɧɢɹ ɜɨɞɵ: 

 hୡ′ = ୯φ√ଶ୥(୦˔˕+ʜ˔˕+ୢˍˑˎ−୦ౙ′ ) = ଺଴,଻଴,଼∙√ଶ∙ଽ,଼ଵ∙ሺଽ,଺+ଵଵ,଴+ଽ,ଽଷ−଴ሻ =3,10 ɦ,                  (6.30)  

 

hc
' = ୯φ√ଶ୥(୦˔˕+ʜ˔˕+ୢˍˑˎ−୦ౙ′ ) = ଺଴,଻଴,଼∙√ଶ∙ଽ,଼ଵ∙ሺଽ,଺+ଵଵ,଴+ଽ,ଽଷ−ଷ,ଵ଴ሻ = ͵,ʹ͹  ɦ,                      (6.31)  

 h′′ୡ = ୦ౙ′ଶ ቆ√ͳ + ͺ ∙ ቀ୦ˍ˓୦ౙ′ ቁଷ − ͳቇ =  ଷ,ଶ଻ଶ ቆ√ͳ + ͺ ∙ ቀ ଻,଼ଷ,ଶ଻ቁଷ − ͳቇ =  = ͳͷ,Ͷͺ ˏ,                                                                                                                  (6.32) 
 dˍˑˎ = σhୡ′′ − hː˄ = ͳ,ͳ͵ ∙ ͳͷ,Ͷͺ − Ͷ,ͻͲ = ͳʹ,ͷͻ ˏ                                  (6.33)         

  
ɇɟɨɛɯɨɞɢɦɵ ɟɳɟ ɢɬɟɪɚɰɢɢ ɞɥɹ ɭɬɨɱɧɟɧɢɹ ɝɥɭɛɢɧɵ ɤɨɥɨɞɰɚ. 
ɉɨɫɥɟɞɧɹɹ ɢɬɟɪɚɰɢɹ: 
  dˍˑˎ = σhୡ′′ − hː˄ = ͳ,ͳ͵ ∙ ͳ͸,Ͳͺ − Ͷ,ͻͲ = ͳ͵,ʹͷ ˏ,                                   (6.34) 
 hୡ′ = ୯φ√ଶ୥(୦˔˕+ʜ˔˕+ୢˍˑˎ−୦ౙ′ ) = ଺଴,଻଴,଼∙√ଶ∙ଽ,଼ଵ∙ሺଽ,଺+ଵଵ,଴+ଵଷ,ଶହሻ =2,94  ɦ,                   (6.35) 

 hୡ′ = ୯φ√ଶ୥(୦˔˕+ʜ˔˕+ୢˍˑˎ−୦ౙ′ ) = ଺଴,଻଴,଼∙√ଶ∙ଽ,଼ଵ∙ሺଽ,଺+ଵଵ,଴+ଵଷ,ଶହ−ଶ,ଽସሻ = ͵,Ͳͺ ˏ,                 (6.36) 

 h′′ୡ = ୦ౙ′ଶ ቆ√ͳ + ͺ ∙ ቀ୦ˍ˓୦ౙ′ ቁଷ − ͳቇ =  ଷ,଴଼ଶ ቆ√ͳ + ͺ ∙ ቀ ଻,଼ଷ,଴଼ቁଷ − ͳቇ =  =  ͳ͸,Ͳͺ ˏ,                                                                                                                 (6.37) 
 

 dˍˑˎ = σhୡ′′ − hː˄ = ͳ,ͳ͵ ∙ ͳ͸,Ͳͺ − Ͷ,ͻͲ = ͳ͵,ʹͷ ˏ                                  (6.38) 
 
ȼ ɢɬɨɝɟ ɜ ɤɚɱɟɫɬɜɟ ɝɚɫɢɬɟɥɟɣ ɩɪɢɧɢɦɚɸɬɫɹ ɜɨɞɨɛɨɣɧɚɹ ɫɬɟɧɤɚ ɜɵɫɨɬɨɣ 9,60 

ɦ ɢ ɜɨɞɨɛɨɣɧɵɣ ɤɨɥɨɞɟɰ ɩɨɫɥɟ ɧɟɟ ɝɥɭɛɢɧɨɣ 13,25 ɦ. 
 
6.4.6 Ɋɚɫɱɟɬ ɬɨɥɳɢɧɵ ɢ ɞɥɢɧɵ ɜɨɞɨɛɨɹ ɩɨɫɥɟ ɩɥɨɬɢɧɵ ɢ ɩɨɫɥɟ 

ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ 
 

ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɞɨ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ: 
 vୡ = ୕౦ሺ୆+୬∙ஔʐሻ∙୦′ౙ = ହ଼ଶଷሺସ଼+଼∙଺ሻ∙ଶ,ହଵ = ʹͶ,ͳ͹ ˏ/˔                                                   (6.39) 
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Ⱦɥɢɧɚ ɜɨɞɨɛɨɹ ɞɨ ɫɬɟɧɤɢ: 
 l˅ = Ͳ,ͺ ∙ ʹ,ͷ ∙ ሺͳ,ͻ ∙ hୡ′′ − hୡ′ ሻ = Ͳ,ͺ ∙ ʹ,ͷ ∙ ሺͳ,ͻ ∙ ͳͺ,ʹ͵ − ʹ,ͷͳሻ =  = ͸Ͷ,ʹͷ ˏ                                                                                                                (6.40) 

 
ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɩɨɫɥɟ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ: 
 vୡ = ୕౦ሺ୆+୬∙ஔʐሻ∙୦′ౙ = ହ଼ଶଷሺସ଼+଼∙଺ሻ∙ଷ,଴଼ = ͳͻ,͸ͻ ˏ̝

                                                      (6.41) 

 
Ⱦɥɢɧɚ ɜɨɞɨɛɨɹ ɩɨɫɥɟ ɫɬɟɧɤɢ: 

 l˅ = Ͳ,ͺ ∙ ʹ,ͷ ∙ ሺͳ,ͻ ∙ hୡ′′ − hୡ′ ሻ = Ͳ,ͺ ∙ ʹ,ͷ ∙ ሺͳ,ͻ ∙ ͳ͸,Ͳͺ − ͵,Ͳͺሻ =  = ͷͶ,ͻͶ ɦ                                                                                                                  (6.42) 
 

Ɍɨɥɳɢɧɚ ɜɨɞɨɛɨɹ ɞɨ ɫɬɟɧɤɢ: 
 Ɂʑ = Ͳ,ͳͷ ∙ vୡ ∙ √h′ୡ = Ͳ,ͳͷ ∙ ʹͶ,ͳ͹ ∙ √ʹ,ͷͳ = ͷ,͹Ͷ  ˏ                              (6.43) 
 
Ɍɨɥɳɢɧɚ ɜɨɞɨɛɨɹ ɩɨɫɥɟ ɫɬɟɧɤɢ: 
 Ɂʑ = Ͳ,ͳͷ ∙ vୡ ∙ √h′ୡ = Ͳ,ͳͷ ∙ ͳͻ,͸ͻ ∙ √͵,Ͳͺ = ͷ,ͳͺ ˏ                              (6.44) 
 
6.4.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɩɪɨɮɢɥɹ 

 
Ƚɪɚɜɢɬɚɰɢɨɧɧɵɟ ɛɟɬɨɧɧɵɟ ɩɥɨɬɢɧɵ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ 

ɤɨɧɫɬɪɭɢɪɭɸɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɢ ɛɟɡ 
ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ, ɬ.ɤ. ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɤɚɥɶɧɨɝɨ ɨɫɧɨɜɚɧɢɹ ɞɨɫɬɚɬɨɱɧɨ 
ɜɵɫɨɤɚɹ. Ɂɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɵɫɨɬɟ 
ɫɨɨɪɭɠɟɧɢɹ ɧɚɣɬɢ ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɫɨɨɪɭɠɟɧɢɹ ɩɨ ɨɫɧɨɜɚɧɢɸ. ɇɚɢɛɨɥɟɟ 
ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɬɪɟɭɝɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ, ɢɦɟɸɳɢɣ ɦɢɧɢɦɚɥɶɧɭɸ 
ɲɢɪɢɧɭ ɩɨɧɢɡɭ. 

ɇɨ ɩɪɢ ɫɜɨɟɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɬɨɬ ɩɪɨɮɢɥɶ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ 
ɭɫɥɨɜɢɹɦ: 

 ɨɬɫɭɬɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ; 
 ɭɫɬɨɣɱɢɜɨɫɬɶ ɬɟɥɚ ɩɥɨɬɢɧɵ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ. 
Ȼɟɬɨɧ ɫɥɚɛɨ ɫɨɩɪɨɬɢɜɥɹɟɬɫɹ ɪɚɫɬɹɠɟɧɢɸ, ɜ ɧɟɦ ɧɟɞɨɩɭɫɬɢɦɨ ɩɨɹɜɥɟɧɢɟ 

ɬɪɟɳɢɧ ɫ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɹɜɥɟɧɢɸ ɨɩɚɫɧɨɣ ɮɢɥɶɬɪɚɰɢɢ 
ɫɨ ɜɫɟɦɢ ɜɵɬɟɤɚɸɳɢɦɢ ɩɨɫɥɟɞɫɬɜɢɹɦɢ, ɫɯɟɦɚ ɬɪɟɭɝɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɩɥɨɬɢɧɵ 
ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.1. 
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Ɋɢɫɭɧɨɤ 6.1 - ɋɯɟɦɚ ɬɪɟɭɝɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɩɥɨɬɢɧɵ 

 
ɂɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ ɧɟɞɨɩɭɳɟɧɢɹ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɜɟɪɯɨɜɨɣ 

ɝɪɚɧɢ, ɨɩɪɟɞɟɥɹɟɦ ɜɵɪɚɠɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ʑ୬୍: 
 B୬୍ = ୦√ ρ˄ρ౭∙ሺଵ−୬ሻ+୬∙ሺଶ−୬ሻ∙αభ,                                                                                    (6.45) 

 
ɝɞɟ α1- ɤɨɷɮɮɢɰɢɟɧɬ ɫɧɢɠɟɧɢɹ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɭɬɟɦ ɨɫɬɚɧɨɜɤɢ 
ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɩɪɢɧɢɦɚɟɦɵ ɪɚɜɧɵɣ 0,5; 
        h- ɜɵɫɨɬɚ ɩɨɞɵ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɩɥɨɬɢɧɭ ɪɚɫɫɱɢɬɵɜɚɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ: 

 
h=∇ʜʞʢ − ∇˒ˑˇˑ˛˅˞ = ͷͻ −4,26=54,74 ɦ,                                                    (6.46) 
 ∇˒ˑˇˑ˛˅˞ = ∇ˇːˑ − Ɂ˅ = ͳͲ − ͷ,͹Ͷ = Ͷ,ʹ͸ ˏ                                        (6.47) 
 
ɂɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟ ɲɢɪɢɧɵ ɩɥɨɬɢɧɵ B୬୍୍  ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
 B୬୍୍ = ஓ౤୦୲୥φቀ ρ˄ρ౭+୬−αభቁ,                                                                                              (6.48) 

 
ɝɞɟ φ −ɝɞɟ ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ, tgሺφሻ = Ͳ,͹°; 
       ɀ୬ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɫɨɨɪɭɠɟɧɢɹ, ɩɪɢɧɢɦɚɟɦɵɣ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ,ɀ୬ = ͳ,ʹͷ. 

Ɂɚɞɚɜɚɹɫɶ ɡɧɚɱɟɧɢɹɦɢ n ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɜɟɥɢɱɢɧɵ B୬୍ ɢ B୬୍୍ . Ⱦɚɧɧɵɟ 
ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 6.2. 

 
Ɍɚɛɥɢɰɚ 6.2- Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɜɟɥɢɱɢɧ B୬୍ ɢ B୬୍୍  

n B୬୍, ɦ B୬୍୍ , ɦ 
0,10 36,45 48,88 
0,15 37,09 47,68 
0,20 37,77 46,55 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6.2 
n B୬୍, ɦ B୬୍୍ , ɦ 

0,25 38,53 45,47 
0,30 39,35 44,43 
0,35 40,26 43,44 
0,40 41,26 42,50 
0,45 42,37 41,60 
0,50 43,62 40,73 
0,55 45,02 39,90 
0,60 46,60 39,10 
0,65 48,41 38,33 
0,70 50,50 37,60 
0,75 52,95 36,89 
0,80 55,87 36,20 
0,85 59,42 35,55 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ ɫɬɪɨɢɬɶɫɹ ɝɪɚɮɢɤ (ɪɢɫɭɧɨɤ 6.2) ɡɚɜɢɫɢɦɨɫɬɟɣ n=f(B୬୍) 

ɢ n=f(B୬୍୍ ሻ ɩɨ ɤɨɬɨɪɨɦɭ ɜ ɦɟɫɬɟ ɩɟɪɟɫɟɱɟɧɢɹ ɞɜɭɯ ɥɢɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɬɨɝɨɜɨɟ 
ɡɧɚɱɟɧɢɟ n ɢ ɲɢɪɢɧɵ  ɩɨɞɨɲɜɵ. 

 

 
Ɋɢɫɭɧɨɤ 6.2- Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɟɣ n=f(B୬୍) ɢ n=f(B୬୍୍ ሻ 

 
ɂɫɯɨɞɹ ɢɡ ɪɢɫɭɧɤɚ 6.2 ɩɟɪɟɫɟɱɟɧɢɟ ɞɜɭɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɛɭɞɟɬ ɜ ɬɨɱɤɟ 

n=0,42, Bɩ=42 ɦ. Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɩɪɢɧɢɦɚɟɦ ɲɢɪɢɧɭ ɩɨɞɨɲɜɵ Bɩ=42 
ɦ. 

 
6.4.8 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɲɜɚɦɢ 

 
Ȼɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɪɚɡɪɟɡɚɟɬɫɹ ɩɨ ɩɨɬɨɤɭ ɩɨɫɬɨɹɧɧɵɦɢ ɲɜɚɦɢ ɧɚ 

ɨɬɞɟɥɶɧɵɟ ɫɟɤɰɢɢ. Ɋɚɡɪɟɡɚɟɦ ɩɥɨɬɢɧɭ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɭɫɚɞɨɱɧɵɦɢ ɲɜɚɦɢ c 
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ɩɪɚɜɢɥɶɧɵɦ ɢɧɬɟɪɜɚɥɨɦ 12 ɦ ɩɨ ɨɫɹɦ ɛɵɱɤɨɜ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɲɜɨɜ ɭɜɹɡɵɜɚɟɬɫɹ 
ɫɨ ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɨɬɜɟɪɫɬɢɣ ɜ ɩɥɨɬɢɧɟ (ɱɬɨɛɵ ɧɟ 
ɩɟɪɟɪɟɡɚɬɶ ɨɬɜɟɪɫɬɢɣ), ɚ ɬɚɤɠɟ ɫ ɪɚɡɪɟɡɤɨɣ ɧɚ ɛɥɨɤɢ ɛɟɬɨɧɢɪɨɜɚɧɢɹ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɲɜɵ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɦɟɪɧɵɦɢ ɲɢɪɢɧɨɣ 1 ɫɦ.  
ɒɢɪɢɧɭ ɪɚɫɤɪɵɬɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɲɜɨɜ, ɨɛɪɚɡɭɟɦɵɯ ɩɭɬёɦ ɩɨɤɪɚɫɤɢ 

ɩɨɜɟɪɯɧɨɫɬɢ ɛɥɨɤɚ ɛɢɬɭɦɨɦ ɩɪɢɧɢɦɚɟɦ 5 ɦɦ. ɉɪɢ ɷɬɨɦ ɭɱɢɬɵɜɚɸɬ, ɱɬɨ ɩɪɢ 
ɫɚɦɨɣ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɪɟɞɵ ɲɨɜ ɡɚɦɤɧёɬɫɹ, ɚ ɩɪɢ ɫɚɦɨɣ ɧɢɡɤɨɣ 
ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɫɤɪɨɟɬɫɹ. 

 
6.4.9 Ȼɵɤɢ 

 
ɒɢɪɢɧɚ ɩɪɨɥɟɬɨɜ b=12 ɦ. Ɍɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɜ 

ɩɭɧɤɬɟ 6.4.1   
ɉɚɡɵ ɞɥɹ ɩɥɨɫɤɨɝɨ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ ɩɪɢɧɢɦɚɟɦ ɲɢɪɢɧɨɣ 0,8 ɦ ɢ ɞɥɢɧɧɨɣ 

1,4 ɦ, ɒɢɪɢɧɚ ɩɚɡɨɜ ɞɥɹ ɩɥɨɫɤɨɝɨ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ 0,5ɯ1,0 ɦ, ɞɥɹ ɚɜɚɪɢɣɧɨ-
ɪɟɦɨɧɬɧɨɝɨ 0,5ɯ0,5 ɦ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɡɚɬɜɨɪɚɦɢ 1 ɦ. 

ɒɢɪɢɧɚ ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɲɢɪɢɧɭ ɚɜɬɨɦɨɛɢɥɶɧɨɣ 
ɞɨɪɨɝɢ, ɩɟɲɟɯɨɞɧɨɣ ɞɨɪɨɠɤɢ ɢ ɦɟɫɬɨ ɞɥɹ ɞɜɢɠɟɧɢɹ ɤɪɚɧɚ. ɇɚ ɝɪɟɛɧɟ 
ɩɪɨɟɤɬɢɪɭɟɦ ɩɪɨɟɡɠɭɸ ɱɚɫɬɶ ɲɢɪɢɧɨɣ 3 ɦ, ɦɟɫɬɨ ɞɥɹ ɩɟɲɟɯɨɞɧɨɣ ɞɨɪɨɠɤɢ ɩɨ 
ɤɚɠɞɨɦɭ ɤɪɚɸ ɨɬ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ 0,6 ɦ ɢ ɦɟɫɬɨ ɩɨɞ ɤɪɚɧ 16,24 ɦ. Ɉɛɳɚɹ ɲɢɪɢɧɚ 
ɫɨɨɪɭɠɟɧɢɹ ɩɨ ɝɪɟɛɧɸ 21,11 ɦ. 

 
6.4.10  Ⱦɪɟɧɚɠ ɬɟɥɚ ɛɟɬɨɧɧɨɣ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 

 
ȼɞɨɥɶ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧ ɫɥɟɞɭɟɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɭɫɬɪɨɣɫɬɜɨ 

ɞɪɟɧɚɠɚ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ, ɢɦɟɸɳɢɯ ɜɵɯɨɞɵ ɜ ɩɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ.  
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 2 ɦ 

ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ:   
 𝑎ɞɪ≥

ୌ ∙ ஓ୬୍ˍ˓,୫,                                                                                                                (6.49) 

   𝑎ɞɪ ≥ ହସ,଻ସ ∙ ଵ,ଶହଶହ  = 2,74 ɦ,                                                                                   

 
ɝɞɟ H=∇ʜʞʢ − ∇˒ˑˇˑ˛˅˞=59-4,18=54,82 ɦ - ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ; 
       ∇Y - ɨɬɦɟɬɤɚ ɩɨɥɚ ɝɚɥɟɪɟɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɧɨɣ ɝɚɥɟɪɟɢ; 
       ɀ˒=1,25 - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ; 
        Iɤɪ,˕ = 25 - ɤɪɢɬɢɱɟɫɤɢɣ ɫɪɟɞɧɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ.  

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɞɪɟɧɚɠɧɨɣ ɫɤɜɚɠɢɧɵ 
ɩɪɢɧɢɦɚɟɦ 2,74 ɦ, ɞɢɚɦɟɬɪ ɫɤɜɚɠɢɧɵ ɩɪɢɧɢɦɚɟɦ 0,3 ɦ.  

 
6.4.11  Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 

 



77 
 

ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɝɚɥɟɪɟɢ. 
ɋɦɨɬɪɨɜɵɟ ɝɚɥɟɪɟɢ ɪɚɫɩɨɥɨɠɟɧɵ ɱɟɪɟɡ 15 ɦ ɩɨ ɜɵɫɨɬɟ, ɪɚɡɦɟɪɨɦ 2ɯ2,5 ɦ. 

 Ɉɞɧɚ ɢɡ ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɦɨɬɟɱɧɨɝɨ ɨɬɜɨɞɚ ɜɨɞɵ ɢɡ ɜɫɟɣ 
ɜɵɲɟɥɟɠɚɳɟɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ. 

Ɋɚɡɦɟɪɵ ɝɚɥɟɪɟɣ, ɭɫɬɪɚɢɜɚɟɦɵɯ ɞɥɹ ɰɟɦɟɧɬɚɰɢɢ ɨɫɧɨɜɚɧɢɹ ɩɥɨɬɢɧɵ, 
ɫɨɡɞɚɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɞɪɟɧɚɠɚ, ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ 
ɦɢɧɢɦɚɥɶɧɵɦɢ, ɧɨ ɩɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɩɪɨɜɨɡ ɢ ɪɚɛɨɬɭ ɛɭɪɨɜɨɝɨ, 
ɰɟɦɟɧɬɚɰɢɨɧɧɨɝɨ ɢ ɞɪɭɝɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɨɷɬɨɦɭ ɭɫɬɪɚɢɜɚɟɦ ɝɚɥɟɪɟɸ 
ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɧɭɸ ɝɚɥɟɪɟɸ, ɢɯ ɪɚɡɦɟɪɵ ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɪɢɧɢɦɚɟɦ ɫ ɭɱɟɬɨɦ ɪɚɛɨɬɚɸɳɟɣ ɬɟɯɧɢɤɢ ͵,ͷ˘Ͷ ˏ. 

 
6.4.12  ɐɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ 

 
ɐɟɦ.ɡɚɜɟɫɚ – ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɵɣ ɷɥɟɦɟɧɬ. ɉɪɢɦɟɧɹɟɬɫɹ ɜ ɫɤɚɥɶɧɵɯ 

ɨɫɧɨɜɚɧɢɹɯ. 
ɍɫɬɪɨɢɦ ɡɚɜɟɫɭ ɩɨɞ ɩɨɞɨɲɜɨɣ ɩɥɨɬɢɧɵ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ. 
Ɂɚɜɟɫɵ – ɪɹɞ ɛɭɪɨɜɵɯ ɫɤɜɚɠɢɧ, ɞɢɚɦɟɬɪɨɦ 5-10 ɫɦ, ɜ ɤɨɬɨɪɵɯ ɧɚɝɧɟɬɚɟɬɫɹ 

ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɪɚɫɬɜɨɪ, ɡɚɩɨɥɧɹɸɳɢɣ ɬɪɟɳɢɧɵ ɜɨɤɪɭɝ ɫɤɜɚɠɢɧ ɢ ɫɨɡɞɚɸɳɢɣ 
ɩɪɟɩɹɬɫɬɜɢɟ ɞɥɹ ɜɨɞɵ. 

Ɍɨɥɳɢɧɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ Ɂˊ ɞɨɥɠɧɚ ɛɵɬɶ: 
 

 Ɂˊ > ∆ୌˊ∙ஓ౤୎ˍ˓.˕ ,                                                                                                           (6.50) 

 Ɂˊ >  ଶଽ,଴଺∙ଵ,ଶହଵହ > ʹ,Ͷʹ ˏ,                                                                                    

 
ɝɞɟ ∆Hˊ=29,06 ɦ- ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ; 
       ɀ˒- ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ;  
       Jୡ୰.୫- ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ, ɜ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ ɪɚɜɟɧ 15. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɧɚɡɧɚɱɚɸɬ 
ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ:  

 
L=(0,05÷ Ͳ,ͳሻ ∙ B˒ = Ͳ,ͳ ∙ Ͷʹ = Ͷ,ʹͲ ˏ,                                                       (6.51)   
           

ɝɞɟ ȼɩ=42 ɦ - ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 hˊ˃˅ = ሺͲ,ͷ ÷ Ͳ,ͺሻ ∙ ሺʜʞʢ − ∇˒ˑˇˑ˛˅˞ሻ = Ͳ,͹ ∙ Ͷͺ,Ͷ͵ = ͵ͺ,͵ͳ ˏ          (6.52) 
 
6.4.13  Ⱦɪɟɧɚɠɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɜ ɨɫɧɨɜɚɧɢɢ 

 
Ⱦɥɹ ɨɬɜɨɞɚ ɮɢɥɶɬɪɭɸɳɟɣɫɹ ɜɨɞɵ ɢ ɫɧɢɠɟɧɢɹ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɜ ɨɫɧɨɜɚɧɢɢ ɫɨɨɪɭɠɟɧɢɹ ɭɫɬɪɚɢɜɚɸɬ ɞɪɟɧɚɠɢ.  
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ȼɵɩɨɥɧɢɦ ɞɪɟɧɚɠ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ ɞɢɚɦɟɬɪɨɦ 300 ɦɦ ɫ 
ɲɚɝɨɦ 3 ɦ.  

Ƚɥɭɛɢɧɭ ɫɤɜɚɠɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ:  
 hˇ˓ = ሺͲ,ͷ ÷ Ͳ,͹ሻ ∙ hˊ˃˅ = Ͳ,͸ ∙ ͵ͺ,͵ͳ = ʹʹ,ͻͻ ˏ                                           (6.53) 
 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɪɟɧɚɠɧɵɦɢ ɢ ɰɟɦɟɧɬɚɰɢɨɧɧɵɦɢ ɫɤɜɚɠɢɧɚɦɢ ɩɪɢɦɟɦ 

5 ɦ. 
 
6.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 

 
Ɋɚɫɱɟɬɵ ɩɪɨɜɨɞɹɬ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ: ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ 

ɛɶɟɮɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ∇ʜʞʢ=59 ɦ, ɧɢɠɧɟɝɨ ɛɶɟɮɚ ∇ʢʜʐ୫୧୬= 10,60 ɦ, ɩɪɢ 
ɩɪɨɩɭɫɤɟ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɪɚɫɯɨɞɚ QȼɏɄ= 260 ˏଷ/˔. 

 
6.5.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ 

 
ȼɟɫ ɩɥɨɬɢɧɵ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 
  G˒ˎ = ୗ˒ˎ∙ୠ∙୥∙஡˒ˎୠ+ஔʐ = ଵଵଽଽ,ସ଺∙଺∙ଽ,଼ଵ∙ଶ,ସ∙ଵ଴య଺+଺ = ͳͶͳʹͲ ˍʜ,                                           (6.54) 

 
ɝɞɟ ɛ = 2,4·103 ɤɝ/ɦ3– ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ;        S˒ˎ = ͳͳͻͻ,Ͷ͸ ˏଶ – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɬɢɧɵ; 
      b = 6 ɦ – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ;        Ɂʐ = ͸ ˏ – ɬɨɥɳɢɧɚ ɛɵɤɚ. 

ȼɟɫ ɛɵɤɚ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɚɧɚɥɨɝɢɱɧɨ: 
 G˄ = ୗ˄∙ୠ∙୥∙஡˄ୠ+ஔʐ = ଵସସ଺,ଵହ∙଺∙ଽ,଼ଵ∙ଶ,ସ∙ଵ଴య଺+଺ =17024,1  ɤʜ                                             (6.55) 

 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ɋ.Ȼɟɪɟɡɢɧɫɤɨɝɨ: 
 Qˊ ≈ Ͳ,Ͳͷͷ ∙ f ∙ √f ∙ g ,                                                                                           (6.56) 
 f = ሺhˑ˕˅ + Ͳ,ͷሻ ∙ b = ሺ͸ + Ͳ,ͷሻ ∙ ͹ = Ͷͷ,ͷ ˏଶ                                                (6.57) 
   
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɳɚɞɢ ɡɚɬɜɨɪɚ, ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɩɨ ɮɨɪɦɭɥɟ 

(6.58): 
 Qˊ = Ͳ,Ͳͷͷ ∙ Ͷͷ,ͷ ∙ √Ͷͷ,ͷ ∙ ͻ,ͺͳ =165,6 ɤɇ                                                 
 
ȼɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɢɬɫɹ ɤ 1 ɩ.ɦ.: 
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qˊ = ୕ˊୠ+ஔ˄ = ଵ଺ହ,଺଺+଺ = ͳ͵,ͺ ɤɇ/ɦ                                                                     (6.58) 

 
6.5.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 

 
ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 

ɝɢɞɪɚɜɥɢɤɢ. ɗɩɸɪɵ ɫ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɟɪɯɨɜɭɸ ɢ ɧɢɡɨɜɭɸ ɝɪɚɧɢ 
ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɩɪɢɧɹɬɵ ɩɨ ɬɪɟɭɝɨɥɶɧɢɤɭ. 

Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
ɫ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 
 T˅ = ஡౭∙୥∙୦భమଶ ,                                                                                                     (6.59) 

 hଵ = ∇ʜʞʢ − ∇˒ˑˇ = ͷͻ,ͲͲ − Ͷ,ʹ͸ = ͷͶ,͹Ͷ ˏ,                                              (6.60) 
  T˅ = ଵ଴଴଴∙ଽ,଼ଵ∙ହସ,଻ସమଶ = ͳͶ͸ͻ͹,͹ ˍʜ                                                              

 
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 

ɫ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 Tː = ஡౭∙୥∙୦మమଶ ,                                                                                                      (6.61) 

 hଶ = ∇ʜʐ୫୧୬ − ∇˒ˑˇ = ͳͲ,͸Ͳ − Ͷ,ʹ͸ = ͸,͵Ͷ ˏ,                                            (6.62) 
 Tː = ଵ଴଴଴∙ଽ,଼ଵ∙଺,ଷସమଶ = ͳͻ͹,ͳͷ ˍʜ                                                                    

 
6.5.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 

 
ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɞɨɲɜɭ: 
 W˅ˊ˅ = ρ୵ ∙ g ∙ Sˠ˒ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ʹͶͳ,Ͳ͵ = ʹ͵͸Ͷ,ͷ ˍʜ,                           (6.63) 
 

ɝɞɟ  Sˠ˒ –241,03 ɷɩɸɪɚ ɜɡɜɟɲɢɜɚɜɲɟɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɞɨɲɜɭ. 
 

6.5.4 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 

Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ: 
 pː = ɀː ∙ hː ∙ tgଶ ቀͶͷ° − φଶː ቁ,                                                                               (6.64) 

 
ɝɞɟ  

ɧ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ,  
ɧ=10;  
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       φː = ʹͲ° – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ; 
       hɧ = 1 ɦ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ. 

 pː = ͳͲ ∙ ͳ ∙ tgଶ ቀͶͷ° − ଶ଴ଶ ቁ = Ͷ,ͻ ˍʜ/ˏ                                                       (6.65) 

 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ: 
 Eː = ୮ː∙୦ːଶ = ସ,ଽ∙ଵଶ = ʹ,Ͷͷ ˍʜ                                                                           (6.66) 

 
Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɫɨ ɫɬɨɪɨɧɵ ȼȻ ɜ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɪɭɧɬɚ ɢ 

ɧɚɧɨɫɨɜ: 
  p′ˆ˓ = ɀː ∙ hː ∙ tgଶ ቀͶͷ° − φˆ˓ଶ ቁ,                                                                          (6.67) 

 
ɝɞɟ φˆ˓ = ͵ͷ° − ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɝɪɭɧɬɚ. 

 p′ˆ˓ = ͳͲ ∙ ͳ ∙ tgଶ ቀͶͷ° − ଷହଶ ቁ = ͳ,͹ ˍʜˏ
                                                             

 
Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɫɨ ɫɬɨɪɨɧɵ ȼȻ ɜ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɪɭɧɬɚ: 
 p′′ˆ˓ = ሺɀː ∙ hː + ɀˆ˓˅ˊ˅ ∙ hˆ˓ሻ ∙ tgଶ ቀͶͷ° − φˆ˓ଶ ቁ,                                                 (6.68) 

 ɀˆ˓˅ˊ˅ = ɀˆ˓ − ɀ˅ˑˇ˞ = ʹͷ − ͳͲ = ͳͷ ˍʜˏమ,                                                       (6.69) 

 
ɝɞɟ hˆ˓ = ͷ,͹Ͷ  ˏ − ɬɨɥɳɢɧɚ ɫɥɨɹ ɝɪɭɧɬɚ. 

 p′′ˆ˓ = ሺͳͲ ∙ ͳ + ͳͷ ∙ ͷ,͹Ͷሻ ∙ tgଶ ቀͶͷ° − ଷହଶ ቁ = ʹ͸,ͲͶ ˍʜ/ˏ                       (6.70) 

 
ɑɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ 1 

ɩ.ɦ. ɞɥɢɧɧɵ ɩɥɨɬɢɧɵ Eɚɜ=79,65 ɤɇ. 
 

6.5.5 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ 
 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɧɨɜɧɨɦ ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ 
ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɭɩɪɨɳɟɧɧɨ ɩɨ ɮɨɪɦɭɥɟ A.JI. Ɇɨɠɟɜɢɬɢɧɨɜɚ: 

 W˅ˑˎː = ଵଶ ∙ ୵ ∙ hଵ% ∙ ቀ஛̅஠ + ୦బଶ ቁ,                                                                        (6.71) 

 
ɝɞɟ h1%=1,83 ɦ- ɜɵɫɨɬɚ ɜɨɥɧɵ 1%-ɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ;  
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                 ɉ̅=16,9 ɦ - ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ. 
 h଴ = ஠∙୦భ%మ஛̅ = ଷ,ଵସ∙ଵ,଼ଷమଵ଺ = Ͳ,͸͸ ˏ                                                                           (6.72) 

 
ɉɨɫɥɟ ɪɚɫɱɟɬɚ h0 ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɩɨ ɮɨɪɦɭɥɟ (6.73): 
  W˅ˑˎː = ଵଶ ∙ ͳͲ ∙ ͳ,ͺ͵ ∙ ቀ ଵ଺ଷ,ଵସ + ଴,଺଺ଶ ቁ = Ͷͻ,͸Ͷ ˍʜ/ˏ                                        

 
Ʌɢɧɢɹ ɞɟɣɫɬɜɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ W˅ˑˎː ɧɚɯɨɞɢɬɫɹ ɧɢɠɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɭɪɨɜɧɹ ɩɨɤɨɹ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɧɚ ɜɟɥɢɱɢɧɭ: 
 yୡ = ஛̅ଶ∙஠ − ଷ଼ ∙ hଵ% = ଵ଺ଶ∙ଷ,ଵସ − ଷ଼ ∙ ͳ,ͺ͵ = ͳ,ͺ͸ ˏ                                               (6.73) 

 
Ɋɚɫɱɟɬ ɩɥɟɱɚ ɫɢɥɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɜɪɚɳɟɧɢɹ ɦɨɦɟɧɬɨɜ: 
 y˅ˑˎː = ∆ʜʞʢ − ∆ʞʝʓ − y˔ = ͷͻ − Ͷ,ʹ͸ − ͳ,ͺ͸ = ͷʹ,ͺͺ ˏ                      (6.74) 
 
6.5.6 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

 
Ⱦɥɹ ɫɤɚɥɶɧɨɝɨ ɨɫɧɨɜɚɧɢɹ ɷɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨɫɬɪɨɟɧɚ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɤɚɡɚɧɢɹɦɢ ɋɉ «ɉɥɨɬɢɧɵ ɛɟɬɨɧɧɵɟ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ». 
Ɉɩɪɟɞɟɥɹɟɦ ɧɟɨɛɯɨɞɢɦɵɟ ɩɚɪɚɦɟɬɪɵ: 
 Hୢ = ͷͻ − ͳͲ,͸Ͳ = Ͷͺ,ͶͲ ˏ                                                                        (6.75) 
  
ɂɡ ɋɉ «ɉɥɨɬɢɧɵ ɛɟɬɨɧɧɵɟ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ» ɜɵɛɢɪɚɸɬɫɹ ɫɨɨɬɧɨɲɟɧɢɹ 

ɞɥɹ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ: 
 ୌa౩ୌౚ = Ͳ,Ͷ,                                                                                                        (6.76) 

 ୌౚ౨ୌౚ = Ͳ,ʹ                                                                                                       (6.77) 

 
ɂɡ ɜɵɪɚɠɟɧɢɣ (6.76) ɢ (6.77) ɩɨɥɭɱɢɦ. 

 Hୟୱ =  Ͷͺ,ͶͲ ∙ Ͳ,Ͷ = ͳͻ,͵͸ ˏ,                                                                                    
           Hୢ୰ =  Ͷͺ,ͶͲ ∙ Ͳ,ʹ = ͻ,͸ͺ ˏ                
                                                               
Ɋɚɫɫɱɢɬɚɟɦ ɮɢɥɶɬɪɚɰɢɨɧɧɨɟ ɞɚɜɥɟɧɢɟ: 
 W˗ = ρ୵ ∙ g ∙ Sˠ˒.˗ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͶͲͲ = ͵ͻʹͶ ˍʜ,                                   (6.78) 
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ɝɞɟ Sɷɩ=400 ɦ2- ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ 
ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɜ ɩɪɨɝɪɚɦɦɟ AutoCAD. 

 
6.5.7 Ɋɚɫɱёɬ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 

 
ȼɫɟ ɧɚɩɪɹɠɟɧɢɹ ɫɱɢɬɚɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɩɨɞɨɲɜɵ. 
ɂɫɯɨɞɹ ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɜ ɪɚɫɱёɬɟ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɸɬɫɹ 

ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫɨ ɡɧɚɤɨɦ «–», ɪɚɫɬɹɝɢɜɚɸɳɢɟ – ɫɨ ɡɧɚɤɨɦ «+»  
Ɍɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ ɜɫɟɯ ɫɢɥ ɪɚɫɫɱɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɝɪɚɦɦɵ AutoCAD.  
Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱёɬɚ ɫɨɫɬɚɜɢɦ ɬɚɛɥɢɰɭ 6.3, ɜ ɤɨɬɨɪɭɸ ɜɧɟɫɟɦ ɜɫɟ 

ɧɚɝɪɭɡɤɢ, ɭɦɧɨɠɟɧɧɵɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ. 
 

Ɍɚɛɥɢɰɚ 6.3 – Ɂɧɚɱɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 

ɇɚɝɪɭɡɤɚ Ɂɧɚɱɟɧɢɟ 𝑦𝑓 
Ɉɫɧɨɜɧɨɣ ɫɥɭɱɚɣ 

ɋɢɥɚ, ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, ɤɇ 
Ɍɜ 14697,7 1 14697,7 20,06 294835,9 
Ɍɧ 197,15 1 197,15 2,22 -437,67 
Gɛ 17024,1 0,95 16172,9 8,45 -136661,0 
Gɩɥ 14120 0,95 13414 9,15 -122738,1 
Wɜɡɜ 2364,5 1 2364,5 0 0 
Wɮ 3924 1 3924 9,4 36885,6 
qɡ1 13,8 0,9 12,42 20,03 -248,8 
qɡ2 5,03 0,9 4,53 16,55 -74,92 
qɡ3 5,03 0,9 4,53 16,62 75,23 

Wɜɨɥɧ 49,64 1 49,64 41,01 2035,74 
Eɧ 2,45 1,2 2,94 6,34 18,64 
ȿɚɜ 79,65 1,2 95,58 2,46 235,13 

ΣN 50939,89   ΣN 
ΣM 73925,75 

 
ɋɠɢɦɚɸɳɢɟ ɫɢɥɵ ɫɨ ɡɧɚɤɨɦ ɦɢɧɭɫ, ɚ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɫɨ ɡɧɚɤɨɦ ɩɥɸɫ. 
Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɫɨɫɬɨɢɬ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɧɨɪɦɚɥɶɧɵɯ, ɤɚɫɚɬɟɥɶɧɵɯ ɢ 

ɝɥɚɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɫɨ ɫɬɨɪɨɧɵ ɧɚɩɨɪɧɨɣ ɢ ɧɢɡɨɜɨɣ ɝɪɚɧɟɣ ɩɨ ɤɨɧɬɚɤɬɧɨɦɭ 
ɫɟɱɟɧɢɸ. 

ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɤɨɧɬɚɤɬɟ ɨɫɧɨɜɚɧɢɟ–ɛɟɬɨɧ ıɭ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ 
ɦɟɬɨɞɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɮɨɪɦɭɥɟ ɜɧɟɰɟɧɬɪɟɧɧɨɝɨ ɫɠɚɬɢɹ: 

 σ୷ = − ୒୆ ± ଺∙∑ ୑୆మ ,                                                                                                          (6.79) 

 
ɝɞɟ N – ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; 
      ∑Ɇ – ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; 
      B – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 

ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ ɩɨ ɤɨɧɬɚɤɬɧɨɦɭ 
ɫɟɱɟɧɢɸ: 
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 ɞɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 σ୷୳ = − ୒୆ + ଺∙∑ ୑୆మ = − ହ଴ଽଷଽ,଼ଽସଶ + ଺∙଻ଷଽଶହ,଻ହସଶమ = −ͻ͸ͳ,Ͷͳ  ˍʜˏమ                         (6.80) 

 
 ɞɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 σ୷୲ = − ୒୆ − ଺∙∑ ୑୆మ = − ହ଴ଽଷଽ,଼ଽସଶ − ଺∙଻ଷଽଶହ,଻ହସଶమ = −ͳͶ͸Ͷ,͵     ˍʜˏమ                         (6.81) 

 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ ɩɨ ɤɨɧɬɚɤɬɧɨɦɭ 

ɫɟɱɟɧɢɸ:  
 ɞɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 σ୶୳ = σ୷୳ ∙ m୳ଶ − ɀ୵ ∙ H୳ୢ ∙ ሺͳ − m୳ଶሻ,                                                              (6.82) 
 

ɝɞɟ ɀ୵– ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ. 
 H୳ୢ =  ∇ʜʞʢ − ∇˒ˑˇ = ͷͻ,ͲͲ − Ͷ,ʹ͸ = ͷͶ,͹Ͷ ˏ,                                             (6.83) 

 σ୶୳ = −ͻ͸ͳ,Ͷͳ ∙ Ͳ − ͳͲ ∙ ͷͶ,͹Ͷ ∙ ሺͳ − Ͳଶሻ = −ͷͶ͹,Ͷ  ˍʜˏమ                              

 
 ɞɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 σ୶୲ = σ୷୲ ∙ m୲ଶ − ɀ୵ ∙ H୲ୢ ∙ ሺͳ − m୲ଶሻ,                                                                      (6.84) 
  

ɝɞɟ mt= 0,76 – ɡɚɥɨɠɟɧɢɟ ɧɢɡɨɜɨɣ ɝɪɚɧɢ. 
 H୲ୢ =  ∇ʜʐ୫୧୬ − ∇˒ˑˇ = ͳͲ,͸Ͳ − Ͷ,ʹ͸ = ͸,͵Ͷ ˏ,                                         (6.85) 
 σ୶୲ = −ͳͶ͸Ͷ,͵ ∙ Ͳ,͹͸ଶ − ͳͲ ∙ ͸,͵Ͷ ∙ ሺͳ − Ͳ,͹͸ଶሻ = −ͺ͹ʹ,ͷ͸   ˍʜˏమ                   

 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɢ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 ɞɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 τ୶୷୳ = (ɀ୵ ∙ H୳ୢ + σ୷୳) ∙ m୳ = (ͳͲ ∙ ͷͶ,͹Ͷ + ሺ−ͻ͸ͳ,Ͷͳሻ) ∙ Ͳ =  = Ͳ,Ͳ ˍʜˏమ                                                                                                                      (6.86) 

 
 ɞɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 τ୶୷୲ = −(ɀ୵ ∙ H୲ୢ + σ୷୲ ) ∙ m୲ = −(ͳͲ ∙ ͸,͵Ͷ + ሺ−ͳͶ͸Ͷ,͵ሻ) ∙ Ͳ,͹͸ =  = ͳͲ͸Ͷ,͸ͺ ˍʜˏమ                                                                                                             (6.87) 
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Ƚɥɚɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɨɪɦɚɥɶɧɨ ɤ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ: 
 σଵ୳ = σ୷୳ ∙ ሺͳ + m୳ଶሻ + ɀ୵ ∙ H୳ୢ ∙ m୳ଶ = −ͻ͸ͳ,Ͷͳ ∙ ሺͳ + Ͳଶሻ + ͳͲ ∙ ͷͶ,͹Ͷ ∙ ∙ Ͳଶ =  −ͻ͸ͳ,Ͷͳ ˍʜˏమ                                                                                                                           (6.88) 

 
ȼɬɨɪɨɟ ɝɥɚɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɭ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ: 
 σଷ୳ = −ɀ୵ ∙ H୳ୢ = −ͳͲ ∙ ͷͶ,͹Ͷ = −ͷͶ͹,Ͷ ˍʜˏమ                                                     (6.89)  

  
Ƚɥɚɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɨɪɦɚɥɶɧɨ ɤ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 σଷ୲ = σ୷୲ ∙ ሺͳ + m୲ଶሻ + ɀ୵ ∙ H୲ୢ ∙ m୲ଶ = −ͳͶ͸Ͷ,͵ ∙ ሺͳ + Ͳ,͹͸ଶሻ + ͳͲ ∙ ͸,͵Ͷ ∙  ∙ Ͳ,͹͸ଶ = −ʹʹ͹ʹ,ͻͻ  ˍʜˏమ                                                                                                   (6.90) 

 
ȼɬɨɪɨɟ ɝɥɚɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɭ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 σଵ୲ = −ɀ୵ ∙ H୲ୢ = −ͳͲ ∙ ͸,͵Ͷ = −͸͵,Ͷ ˍʜˏమ                                                       (6.91) 

 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɩɥɨɳɚɞɤɚɯ ɤɨɧɬɚɤɬɧɨɝɨ ɫɟɱɟɧɢɹ ɭ ɜɟɪɯɨɜɨɣ 

ɝɪɚɧɢ: 
 σୡ୳ = ሺଵ+୫౫మ ሻଶ ∙ {σ୷୳ ∙ [cosʹሺα − Ɂሻ + ͳ] + ɀ୵ ∙ h ∙ [cosʹሺα − Ɂሻ − ଵ−୫౫మଵ+୫౫మ]} =  = ሺଵ+଴మሻଶ ∙ {−ͻ͸ͳ,Ͷͳ ∙ [cos Ͳ + ͳ] + ͳͲ ∙ ͷͶ,͹Ͷ ∙ [cos Ͳ − ଵ−଴మଵ+଴మ]} =  = −ͻ͸ͳ,Ͷͳ  ˍʜˏమ                                                                                                                       (6.92) 

 
6.5.8 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 

 
ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɜɵɩɨɥɧɟɧɢɟ 

ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
1) ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
 ɀ୬ ∙ ɀଵୡ ∙ |σଷ| ൑ Rୠ ∙ ɀୡୢ,                                                                                    (6.93) 
 

ɝɞɟ  ɀ୬ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɥɚɫɫ 
ɫɨɨɪɭɠɟɧɢɹ, ɞɥɹ ɫɨɨɪɭɠɟɧɢɣ I ɤɥɚɫɫɚ ɀ୬ = ͳ,ʹͷ;          ɀଵୡ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɀଵୡ = Ͳ,ͻ – ɞɥɹ ɪɚɫɱɟɬɨɜ ɩɨ ɩɟɪɜɨɦɭ 
ɩɪɟɞɟɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɢ ɨɫɧɨɜɧɨɦɭ ɫɨɱɟɬɚɧɢɸ ɧɚɝɪɭɡɨɤ;          σ୫ୟ୶– ɦɚɤɫɢɦɚɥɶɧɨɟ ɝɥɚɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ;          Rୠ– ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɫɠɚɬɢɸ;          ɀୡୢ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ; 
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        ɀୡୢ = ͳ,Ͳ – ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ. 
 ͳ,ʹͷ ∙ Ͳ,ͻ ∙ ʹʹ͹ʹ,ͻͻ ൑ Rୠ ∙ ͳ,Ͳ                                                                      
 ʹͷͷ͹,ͳͳ ൑ Rୠ                                                                                                 
ɉɪɢɧɢɦɚɟɬɫɹ ɤɥɚɫɫ ɛɟɬɨɧɚ ȼ15. Ⱦɚɧɧɵɣ ɤɥɚɫɫ ɛɟɬɨɧɚ ɜɵɛɪɚɧ ɩɨ 

ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɢ. 
2) ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 

ɧɚɩɪɹɠɟɧɢɣ: σ୳୷ ൑ Ͳ,                                                                                                           −ͻ͸ͳ,Ͷͳ ൑ Ͳ                                                                                                 
3) ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 
 |σ୳୷| ൒ Ͳ,ʹͷ ∙ ɀ୵ ∙ H୳ୢ,                                                                                  (6.94) 
 ͻ͸ͳ,Ͷͳ ൒ Ͳ,ʹͷ ∙ ͳͲ ∙ ͷͶ,͹Ͷ                                                                           
 ͻ͸ͳ,Ͷͳ ൒ ͳ͵͸,ͺͷ                                                                                           
ɍɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɫɨɛɥɸɞɚɸɬɫɹ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ 

ɫɨɨɪɭɠɟɧɢɟ ɩɪɨɯɨɞɢɬ ɩɨ ɤɪɢɬɟɪɢɹɦ ɩɪɨɱɧɨɫɬɢ. 
 
6.5.9 Ɉɛɨɫɧɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ 

 
ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɥɨɬɢɧɚ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ 

ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: 
 ୖ∙ஓౙౚ୊∙ஓభౙ ൒ ɀ୬,                                                                                                       (6.95) 

 
ɝɞɟ ɀ୬ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɫɨɨɪɭɠɟɧɢɹ;         ɀଵୡ = ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ;         ɀୡୢ = Ͳ,ͻͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ; 
       R − ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɨɛɨɛɳɟɧɧɨɣ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɫɢɥɵ, 
ɫɨɩɪɨɬɢɜɥɹɸɳɢɟɫɹ ɫɞɜɢɝɭ): 

 R = (G˒ˎ + Gʐ + qˊଵ + qˊଶ + qˊଷ − W˗ − W˅ˊ˅) ∙ tgφ + c ∙ ω,                  (6.96) 
 

ɝɞɟ ω −ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɩɥɨɳɚɞɢ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ, ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ 1 
ɩ. ɦ. 

 ω = B୬ ∙ ͳ = Ͷʹ ˏ,                                                                                        (6.97) 
 F = T˅ − Tː + W˅ˑˎː + E˃˅ + Eː,                                                                 (6.98) 
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R = ሺͳ͵ͶͳͶ + ͳ͸ͳ͹ʹ,ͻ + ͳʹ,Ͷʹ + Ͷ,ͷ͵ + Ͷ,ͷ͵ − ͵ͻʹͶ − ʹ͵͸Ͷ,ͷሻ ∙ Ͳ,͹ +  +ͳͲͲ ∙ Ͷʹ =20523,91 ɤɇ,                                                                                                     
 F = ͳͶ͸ͻ͹,͹ − ͳͻ͹,ͳͷ + Ͷͻ,͸Ͷ + ͻͷ,ͷͺ + ʹ,ͻͶ = ͳͶ͸Ͷͺ,͹ͳ ˍʜ,             
  ଶ଴ହଶଷ,ଽଵ ∙଴,ଽହଵସ଺ସ଼,଻ଵ∙ଵ,଴ = ͳ,͵͵ ൒ ͳ,ʹͷ                                                                           

 
ɋɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ 

ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ. 
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7 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɬɪɭɞɚ 
 

7.1. Ȼɟɡɨɩɚɫɧɨɫɬɶ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
 

Ɉɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɟɣ ɨɛɳɟɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ. Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɫɥɭɠɛɵ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 
əɤɭɬɫɤɨɣ Ƚɗɋ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɨɥɨɠɟɧɢɟɦ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɝɥɚɦɟɧɬɨɜ, ɡɚɤɨɧɨɜ, 
ɫɬɚɧɞɚɪɬɨɜ, ɦɟɫɬɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ ɞɨɥɠɧɨɫɬɧɵɯ ɢɧɫɬɪɭɤɰɢɣ, ɨɫɧɨɜɧɵɦ 
ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ «Ɉ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ». Ɍɪɟɛɨɜɚɧɢɟɦ ɡɚɤɨɧɚ «Ɉ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ» ɹɜɥɹɟɬɫɹ 
ɫɨɫɬɚɜɥɟɧɢɟɦ Ⱦɟɤɥɚɪɚɰɢɢ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨɥɨɠɟɧɢɟɦ ɭɬɜɟɪɠɞɟɧɧɵɦ ɉɪɚɜɢɬɟɥɶɫɬɜɨɦ ɊɎ. Ⱦɚɧɧɨɟ ɉɨɥɨɠɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬ 
ɫɨɞɟɪɠɚɧɢɟ, ɩɨɪɹɞɨɤ ɫɨɫɬɚɜɥɟɧɢɹ Ⱦɟɤɥɚɪɚɰɢɢ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ. 
Ɉɫɭɳɟɫɬɜɥɟɧɢɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɷɤɫɩɟɪɬɢɡɵ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɞɥɹ ȽɌɋ 
ɩɪɢ ɢɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹɯ, ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɜɜɨɞɟ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɷɤɫɩɥɭɚɬɚɰɢɢ, 
ɜɵɜɨɞɟ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɬɚɤɠɟ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɤɚɩɢɬɚɥɶɧɨɦ ɪɟɦɨɧɬɟ, 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɢɥɢ ɤɨɧɫɟɪɜɚɰɢɢ. 

Ɉɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɟɠɢɬ ɧɚ ɫɨɛɫɬɜɟɧɧɢɤɟ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ əɤɭɬɫɤɨɣ 
Ƚɗɋ, ɫɨɨɪɭɠɟɧɢɹ ɨɫɧɚɳɚɸɬɫɹ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ (ɄɂȺ) 
ɞɥɹ ɨɬɫɥɟɠɢɜɚɧɢɹ ɧɚɩɪɹɠёɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɪɟɠɢɦɚ, ɫɟɣɫɦɢɱɟɫɤɨɝɨ 
ɤɨɧɬɪɨɥɹ. ȼ ɫɨɫɬɚɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɜɜɨɞɢɬɫɹ ɫɩɟɰɢɚɥɶɧɨɟ 
ɩɨɞɪɚɡɞɟɥɟɧɢɟ, ɡɚɞɚɱɚ ɤɨɬɨɪɨɝɨ – ɢɡɦɟɪɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɄɂȺ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ, ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɢ ɨɰɟɧɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ 
ɜɟɥɢɱɢɧ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɏɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ ɫɨɛɫɬɜɟɧɧɢɤ 
ȽɌɋ ɪɚɡɪɚɛɚɬɵɜɚɟɬ ɞɟɤɥɚɪɚɰɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ 
ɞɨɤɭɦɟɧɬɨɦ, ɫɨɞɟɪɠɚɳɢɦ ɫɜɟɞɟɧɢɹ ɨ ɫɨɨɬɜɟɬɫɬɜɢɢ ȽɌɋ ɤɪɢɬɟɪɢɹɦ 
ɛɟɡɨɩɚɫɧɨɫɬɢ.  

 
7.2 Ɉɯɪɚɧɚ ɬɪɭɞɚ 

 
ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɪɟɤɨɧɫɬɪɭɤɰɢɹ, ɪɟɦɨɧɬ ɢ ɨɪɝɚɧɢɡɚɰɢɹ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɷɧɟɪɝɨɫɧɚɛɠɚɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ, ɬɟɪɪɢɬɨɪɢɹ ɢ ɚɤɜɚɬɨɪɢɹ, ɝɞɟ 
ɨɧɢ ɪɚɡɦɟɳɚɸɬɫɹ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɫɪɟɞɫɬɜɚ 
ɦɟɯɚɧɢɡɚɰɢɢ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ 
ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɢɯ ɷɧɟɪɝɨɫɬɚɧɰɢɣ, Ɍɪɭɞɨɜɨɝɨ ɤɨɞɟɤɫɚ, ɋɚɧɢɬɚɪɧɵɦ 
ɩɪɚɜɢɥɚɦ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɫɚɧɢɬɚɪɧɨ-
ɝɢɝɢɟɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ, 
Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɫɬɚɧɞɚɪɬɨɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ, ɉɪɚɜɢɥɚɦ ɬɟɯɧɢɱɟɫɤɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɢ ɫɟɬɟɣ, ɉɍɗ, ɬɟɯɧɢɱɟɫɤɨɦɭ ɪɟɝɥɚɦɟɧɬɭ ɨ 
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ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɩɪɚɜɢɥɚɦ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɊɎ ɢ ɢɧɵɦ 
ɞɟɣɫɬɜɭɸɳɢɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɢ ɨɬɪɚɫɥɟɜɵɦ ɧɨɪɦɚɬɢɜɧɵɦ ɢ ɩɪɚɜɨɜɵɦ ɚɤɬɚɦ. 

Ɉɬɫɬɭɩɥɟɧɢɹ ɨɬ ɬɪɟɛɨɜɚɧɢɣ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɪɚɜɢɥ ɤɚɤ ɩɪɢ 
ɨɛɫɥɭɠɢɜɚɧɢɢ ɞɟɣɫɬɜɭɸɳɟɝɨ, ɬɚɤ ɢ ɜɧɨɜɶ ɜɜɨɞɢɦɨɝɨ ɢɥɢ ɪɟɤɨɧɫɬɪɭɢɪɭɟɦɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɜɜɟɞɟɧɢɹ ɧɨɜɵɯ ɧɨɪɦɚɬɢɜɧɵɯ 
ɚɤɬɨɜ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ. 

Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɬɪɭɞɚ, ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɣ əɤɭɬɫɤɨɣ Ƚɗɋ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ 
ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ, ɨɛɭɱɟɧɢɟ ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɵɦ ɩɪɢёɦɚɦ ɪɚɛɨɬ, 
ɩɪɢёɦɚɦ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɩɨɦɨɳɢ ɩɪɢ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɹɯ, ɜɵɹɜɥɟɧɢɟ ɢ 
ɭɫɬɪɚɧɟɧɢɟ ɩɪɢɱɢɧ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɬɪɚɜɦɚɬɢɡɦɚ, ɩɨɜɵɲɟɧɢɟ ɤɭɥɶɬɭɪɵ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɪɚɡɪɚɛɨɬɤɚ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɢ 
ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɩɪɟɞɭɩɪɟɠɞɟɧɢɸ, ɚ ɬɚɤɠɟ ɩɨ 
ɫɧɢɠɟɧɢɸ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɬɪɚɜɦɚɬɢɡɦɚ ɢ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ.   

ɇɚ əɤɭɬɫɤɨɣ Ƚɗɋ ɨɪɝɚɧɢɡɚɰɢɸ ɪɚɛɨɬɵ ɩɨ ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɨɯɪɚɧɟ 
ɬɪɭɞɚ ɞɨɥɠɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɭɤɨɜɨɞɢɬɟɥɶ ɨɪɝɚɧɢɡɚɰɢɢ, ɪɭɤɨɜɨɞɢɬɟɥɢ 
ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɱɚɫɬɤɨɜ. ɇɚɡɜɚɧɧɵɟ ɥɢɰɚ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɨ 
ɫɜɨɢɦɢ ɞɨɥɠɧɨɫɬɧɵɦɢ ɢɧɫɬɪɭɤɰɢɹɦɢ, ɨɛɹɡɚɧɵ ɨɛɟɫɩɟɱɢɬɶ ɩɪɨɜɟɞɟɧɢɟ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɫɨɡɞɚɧɢɸ ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ 
ɬɪɭɞɚ, ɢɧɫɬɪɭɤɬɚɠ ɢ ɨɛɭɱɟɧɢɟ ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɵɦ ɦɟɬɨɞɚɦ ɪɚɛɨɬɵ ɢ ɤɨɧɬɪɨɥɶ 
ɜɵɩɨɥɧɟɧɢɹ ɩɪɚɜɢɥ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ɉɪɢɤɚɡɨɦ ɪɭɤɨɜɨɞɢɬɟɥɹ Ƚɗɋ ɞɨɥɠɧɨ ɛɵɬɶ ɧɚɡɧɚɱɟɧɨ ɥɢɰɨ, ɨɬɜɟɬɫɬɜɟɧɧɨɟ 
ɡɚ ɨɪɝɚɧɢɡɚɰɢɸ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɟɟ ɜɧɭɬɪɟɧɧɢɣ ɧɚɞɡɨɪ ɡɚ 
ɫɨɫɬɨɹɧɢɟɦ ɨɯɪɚɧɵ ɢ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ.   

Ɋɚɫɫɥɟɞɨɜɚɧɢɹ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ 
ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɩɨɥɨɠɟɧɢɟɦ ɨ ɪɚɫɫɥɟɞɨɜɚɧɢɢ ɢ 
ɭɱɟɬɟ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ. 

ɇɚ əɤɭɬɫɤɨɣ Ƚɗɋ ɞɨɥɠɟɧ ɛɵɬɶ ɨɪɝɚɧɢɡɨɜɚɧ ɤɚɛɢɧɟɬ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, 
ɹɜɥɹɸɳɢɣ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɦ ɢ ɭɱɟɛɧɨ–ɦɟɬɨɞɢɱɟɫɤɢɦ ɰɟɧɬɪɨɦ ɩɨ ɪɚɛɨɬɟ ɫ 
ɩɟɪɫɨɧɚɥɨɦ.  

ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ Ƚɗɋ, ɩɟɪɫɨɧɚɥ ɢ ɞɪɭɝɢɟ ɥɢɰɚ, ɡɚɧɹɬɢɟ 
ɬɟɯɧɢɱɟɫɤɢɦ ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɩɪɨɜɨɞɹɳɢɯ ɫɬɪɨɢɬɟɥɶɧɵɟ, 
ɦɨɧɬɚɠɧɵɟ, ɧɚɥɚɞɨɱɧɵɟ, ɪɟɦɨɧɬɧɵɟ ɪɚɛɨɬɵ, ɢɫɩɵɬɚɧɢɹ ɢ ɢɡɦɟɪɟɧɢɹ, ɨɛɹɡɚɧɵ 
ɜɵɩɨɥɧɹɬɶ ɬɪɟɛɨɜɚɧɢɹ ɧɨɪɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ, ɜɜɟɞɟɧɧɵɯ ɭɩɨɥɧɨɦɨɱɟɧɧɵɦ 
ɨɪɝɚɧɚɦɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɜɥɚɫɬɢ ɩɪɚɜɢɥ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ (ɩɪɚɜɢɥ 
ɛɟɡɨɩɚɫɧɨɫɬɢ), ɫɬɚɧɞɚɪɬɨɜ ɨɪɝɚɧɢɡɚɰɢɢ (ɢɧɫɬɪɭɤɰɢɣ)Ƚɗɋ. 

Ʉɚɠɞɵɣ ɪɚɛɨɬɧɢɤ ɫɬɚɧɰɢɢ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɭɱɟɧ ɛɟɡɨɩɚɫɧɵɦ ɦɟɬɨɞɚɦ 
ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɨɜɟɞɟɧɢɢ ɨɝɧɟɜɵɯ ɪɚɛɨɬ, ɩɪɨɣɬɢ ɩɪɨɜɟɪɤɭ 
ɡɧɚɧɢɣ ɢ ɢɦɟɬɶ ɞɨɤɭɦɟɧɬ ɨ ɩɪɚɜɟ ɩɪɨɜɟɞɟɧɢɹ ɷɬɢɯ ɪɚɛɨɬ. 

ɗɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɞɨɥɠɧɵ ɧɚɯɨɞɢɬɶɫɹ ɜ ɬɟɯɧɢɱɟɫɤɢ 
ɢɫɩɪɚɜɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɛɟɡɨɩɚɫɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ, ɢ ɛɵɬɶ 
ɭɤɨɦɩɥɟɤɬɨɜɚɧɵ ɢɫɩɪɚɜɧɵɦɢ, ɝɨɬɨɜɵɦɢ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɡɚɳɢɬɧɵɦɢ 
ɫɪɟɞɫɬɜɚɦɢ, ɚ ɬɚɤɠɟ ɫɪɟɞɫɬɜɚɦɢ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɦɟɞɢɰɢɧɫɤɨɣ ɩɨɦɨɳɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɩɪɚɜɢɥɚɦɢ ɢ ɧɨɪɦɚɦɢ. 
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Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɪɚɛɨɬ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ, ɹɜɥɹɸɬɫɹ: 

 ɨɮɨɪɦɥɟɧɢɟ ɪɚɛɨɬ ɧɚɪɹɞɨɦ, ɪɚɫɩɨɪɹɠɟɧɢɟɦ ɢɥɢ ɩɟɪɟɱɧɟɦ ɪɚɛɨɬ, 
ɜɵɩɨɥɧɹɟɦɵɯ ɜ ɩɨɪɹɞɤɟ ɬɟɤɭɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ; 

 ɜɵɞɚɱɚ ɪɚɡɪɟɲɟɧɢɹ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɢ ɧɚ ɞɨɩɭɫɤ ɤ 
ɪɚɛɨɬɟ ɫ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ɩɭɧɤɬɚ 5.14 ɉɪɚɜɢɥ; 

 ɞɨɩɭɫɤ ɤ ɪɚɛɨɬɟ; 
 ɧɚɞɡɨɪ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ; 
 ɨɮɨɪɦɥɟɧɢɟ ɩɟɪɟɪɵɜɚ ɜ ɪɚɛɨɬɟ, ɩɟɪɟɜɨɞɚ ɧɚ ɞɪɭɝɨɟ ɦɟɫɬɨ, ɨɤɨɧɱɚɧɢɹ 

ɪɚɛɨɬɵ. 
ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ, ɪɟɦɨɧɬɭ, 

ɧɚɥɚɞɤɟ ɢ ɢɫɩɵɬɚɧɢɹɦ ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ȽɌɋ ɢ ɫɚɦɢɯ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɞɟɣɫɬɜɭɸɳɢɯ ɨɛɳɢɯ ɩɪɚɜɢɥ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ ɷɬɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɫɬɚɧɞɚɪɬɨɜ ɨɪɝɚɧɢɡɚɰɢɢ (ɢɧɫɬɪɭɤɰɢɣ) 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. 

ȼ ɬɟɯɧɢɱɟɫɤɭɸ ɞɨɤɭɦɟɧɬɚɰɢɸ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬɟɯɧɢɱɟɫɤɨɦɭ 
ɨɛɫɥɭɠɢɜɚɧɢɸ ɨɫɧɨɜɧɨɝɨ ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ, ɜɤɥɸɱɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ; ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ȽɌɋ; ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ ȽɌɋ; ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ 
ɧɚɩɨɪɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ; ɩɨ ɨɛɫɥɭɠɢɜɚɧɢɸ 
ɦɟɯɚɧɢɡɦɨɜ ɢ ɡɚɬɜɨɪɨɜ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ; ɩɨ ɪɚɫɱɢɫɬɤɟ ɜɨɞɧɵɯ 
ɨɛɴɟɤɬɨɜ ɨɬ ɫɨɪɚ; ɩɨ ɩɪɨɩɭɫɤɭ ɩɨɥɨɜɨɞɧɵɯ ɢ ɩɚɜɨɞɤɨɜɵɯ ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɱɟɪɟɡ 
ɫɨɨɪɭɠɟɧɢɹ; ɩɨ ɨɩɨɪɨɠɧɟɧɢɸ ɢ ɧɚɩɨɥɧɟɧɢɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɛɶɟɮɚ; ɩɨ 
ɪɚɫɱɢɫɬɤɟ ɜɨɞɨɯɪɚɧɢɥɢɳ ɨɬ ɧɚɧɨɫɨɜ; ɧɚ ɜɫɟɯ ɨɛɴɟɤɬɚɯ Ƚɗɋ, ɜɵɩɨɥɧɹɟɦɵɯ ɜ 
ɡɢɦɧɢɣ ɩɟɪɢɨɞ; ɧɚ ɨɛɴɟɤɬɚɯ Ƚɗɋ ɜɵɩɨɥɧɹɟɦɵɯ ɩɨɞ ɜɨɞɨɣ (ɜɨɞɨɥɚɡɧɵɟ ɪɚɛɨɬɵ); 
ɩɨ ɨɛɫɥɭɠɢɜɚɧɢɸ ɢɧɵɯ ɨɛɴɟɤɬɨɜ Ƚɗɋ, ɞɨɥɠɧɵ ɛɵɬɶ ɜɤɥɸɱɟɧɵ ɬɪɟɛɨɜɚɧɢɹ ɩɨ 
ɛɟɡɨɩɚɫɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɛɨɬ ɢ ɨɯɪɚɧɟ ɬɪɭɞɚ.  

ɇɚ Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɞɨɜɟɞɟɧɵ ɞɨ ɫɜɟɞɟɧɢɹ ɜɫɟɝɨ ɩɟɪɫɨɧɚɥɚ 
ɛɟɡɨɩɚɫɧɵɟ ɦɚɪɲɪɭɬɵ ɫɥɟɞɨɜɚɧɢɹ ɩɨ ɬɟɪɪɢɬɨɪɢɢ ɤ ɦɟɫɬɭ ɪɚɛɨɬɵ, ɨɩɟɪɚɬɢɜɧɵɟ 
ɩɥɚɧɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢ ɷɜɚɤɭɚɰɢɢ ɥɸɞɟɣ ɧɚ ɫɥɭɱɚɣ ɩɨɠɚɪɚ ɢɥɢ ɚɜɚɪɢɣɧɨɣ 
ɫɢɬɭɚɰɢɢ. 

 
7.3 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 

 
Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɢɡɥɨɠɟɧɵ 

ɜ ɩɪɚɜɢɥɚɯ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɭɬɜɟɪɠɞɟɧɧɵɯ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ». ȼ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɟ ɫɨɫɬɨɹɧɢɟ Ƚɗɋ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ ɪɭɤɨɜɨɞɢɬɟɥɹ ɫɬɚɧɰɢɢ ɢɥɢ 
ɞɪɭɝɨɟ ɥɢɰɨ, ɧɚɡɧɚɱɟɧɧɨɟ ɩɪɢɤɚɡɨɦ.  

Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɵ ɭɫɬɚɧɨɜɤɚɦɢ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɢ 
ɫɢɫɬɟɦɨɣ ɨɩɨɜɟɳɟɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɷɜɚɤɭɚɰɢɢ ɥɸɞɟɣ.  

Ɋɭɤɨɜɨɞɢɬɟɥɶ Ƚɗɋ ɨɛɹɡɚɧ:  
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 ɨɪɝɚɧɢɡɨɜɚɬɶ ɢɡɭɱɟɧɢɟ ɢ ɜɵɩɨɥɧɟɧɢɟ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɜɫɟɦɢ ɪɚɛɨɬɧɢɤɚɦɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ;   

 ɨɛɟɫɩɟɱɢɬɶ ɪɚɡɪɚɛɨɬɤɭ ɢ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ 
ɩɨɜɵɲɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;   

 ɭɫɬɚɧɨɜɢɬɶ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɣ ɪɟɠɢɦ ɧɚ ɬɟɪɪɢɬɨɪɢɢ, ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɹɯ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɢɯ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ;   

 ɭɫɬɚɧɨɜɢɬɶ ɩɨɪɹɞɨɤ ɪɟɝɭɥɹɪɧɨɣ ɩɪɨɜɟɪɤɢ ɫɨɫɬɨɹɧɢɹ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ Ƚɗɋ;   

 ɧɚɡɧɚɱɢɬɶ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɥɢɰ ɡɚ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɨ ɤɚɠɞɨɦɭ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ ɭɱɚɫɬɤɭ ɢ ɩɨɦɟɳɟɧɢɸ;   

 ɨ ɤɚɠɞɨɦ ɩɨɠɚɪɟ ɫɨɨɛɳɚɬɶ ɜ ɦɟɫɬɧɵɟ ɨɪɝɚɧɵ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɚɡɧɚɱɚɬɶ ɤɨɦɢɫɫɢɸ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢɱɢɧ ɩɨɠɚɪɚ ɢ 
ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɢ ɬ.ɞ. 

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.   

Ɋɭɤɨɜɨɞɢɬɟɥɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɩɨɠɚɪɧɭɸ 
ɛɟɡɨɩɚɫɧɨɫɬɶ, ɨɛɹɡɚɧɵ: 

 ɨɛɟɫɩɟɱɢɬɶ ɧɚ ɫɜɨɢɯ ɭɱɚɫɬɤɚɯ ɫɨɛɥɸɞɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɢ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, ɩɨɜɵɲɚɸɳɢɯ 
ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ;   

 ɨɛɟɫɩɟɱɢɬɶ ɢɫɩɪɚɜɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɧɟɦɟɞɥɟɧɧɨ ɩɪɢɧɢɦɚɬɶ ɦɟɪɵ ɤ ɭɫɬɪɚɧɟɧɢɸ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɩɪɢɜɟɫɬɢ ɤ ɩɨɠɚɪɭ;  

 ɨɪɝɚɧɢɡɨɜɚɬɶ ɩɨɠɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɭɸ ɩɨɞɝɨɬɨɜɤɭ ɩɨɞɱɢɧɟɧɧɨɝɨ 
ɩɟɪɫɨɧɚɥɚ ɢ ɬɪɟɛɨɜɚɬɶ ɨɬ ɧɟɝɨ ɫɨɛɥɸɞɟɧɢɹ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɢ 
ɜɵɩɨɥɧɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;   

 ɨɛɟɫɩɟɱɢɬɶ ɤɨɧɬɪɨɥɶ ɡɚ ɜɵɩɨɥɧɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɩɟɪɫɨɧɚɥɨɦ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɢ 
ɩɨɞɪɹɞɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ;   

 ɭɫɬɚɧɨɜɢɬɶ ɩɨɪɹɞɨɤ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɫɨɞɟɪɠɚɧɢɟ ɜ ɢɫɩɪɚɜɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɬɨɹɧɧɨɣ ɝɨɬɨɜɧɨɫɬɢ ɤ ɞɟɣɫɬɜɢɸ ɢɦɟɸɳɢɯɫɹ ɧɚ ɭɱɚɫɬɤɟ ɫɪɟɞɫɬɜ 
ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ.  

ȼ ɨɛɹɡɚɧɧɨɫɬɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɜɯɨɞɢɬ: ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ 
ɩɨɠɚɪɚ, ɚɜɚɪɢɢ ɢɥɢ ɞɪɭɝɢɯ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ, ɭɝɪɨɠɚɸɳɢɯ ɩɟɪɫɨɧɚɥɭ ɢ 
ɧɚɪɭɲɚɸɳɢɯ ɪɟɠɢɦ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɢɧɹɬɶ ɦɟɪɵ ɤ ɧɟɦɟɞɥɟɧɧɨɦɭ 
ɜɵɡɨɜɭ ɩɨɠɚɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ, ɢɡɜɟɫɬɢɬɶ ɪɭɤɨɜɨɞɫɬɜɨ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, 
ɨɛɟɫɬɨɱɢɬɶ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɜ ɡɨɧɟ ɩɨɠɚɪɚ, ɜɵɞɚɬɶ ɩɢɫɶɦɟɧɧɵɣ ɞɨɩɭɫɤ ɞɥɹ 
ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ, ɨɪɝɚɧɢɡɨɜɚɬɶ ɟɝɨ ɬɭɲɟɧɢɟ ɢ ɷɜɚɤɭɚɰɢɸ ɩɟɪɫɨɧɚɥɚ (ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ), ɚ ɬɚɤɠɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬ.ɞ.   
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Ʉɚɠɞɵɣ ɪɚɛɨɬɚɸɳɢɣ ɧɚ Ƚɗɋ ɨɛɹɡɚɧ ɡɧɚɬɶ ɢ ɫɨɛɥɸɞɚɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɟ 
ɬɪɟɛɨɜɚɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ, ɜ ɞɪɭɝɢɯ ɩɨɦɟɳɟɧɢɹɯ ɢ ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ, ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɠɚɪɚ ɧɟɦɟɞɥɟɧɧɨ ɫɨɨɛɳɢɬɶ ɜɵɲɟɫɬɨɹɳɟɦɭ 
ɪɭɤɨɜɨɞɢɬɟɥɸ ɢɥɢ ɨɩɟɪɚɬɢɜɧɨɦɭ ɩɟɪɫɨɧɚɥɭ ɨ ɦɟɫɬɟ ɩɨɠɚɪɚ, ɩɪɢɧɹɬɶ ɜɨɡɦɨɠɧɵɟ 
ɦɟɪɵ ɤ ɫɩɚɫɟɧɢɸ ɥɸɞɟɣ, ɢɦɭɳɟɫɬɜɚ ɢ ɩɪɢɫɬɭɩɢɬɶ ɤ ɥɢɤɜɢɞɚɰɢɢ ɩɨɠɚɪɚ 
ɢɦɟɸɳɢɦɢɫɹ ɫɪɟɞɫɬɜɚɦɢ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɦɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ȼɫɟ ɪɚɛɨɬɧɢɤɢ Ƚɗɋ ɞɨɥɠɧɵ ɩɪɨɯɨɞɢɬɶ ɩɨɞɝɨɬɨɜɤɭ ɩɨ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ. ɉɨɞɝɨɬɨɜɤɚ ɪɚɛɨɬɧɢɤɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ:  

 ɜɜɨɞɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;  
 ɪɟɝɭɥɹɪɧɵɟ ɢɧɫɬɪɭɤɬɚɠɢ (ɩɟɪɜɢɱɧɵɣ, ɩɟɪɢɨɞɢɱɟɫɤɢɟ, ɜɧɟɩɥɚɧɨɜɵɟ 

ɢ ɰɟɥɟɜɵɟ) ɩɨ ɜɨɩɪɨɫɚɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;  
 ɫɩɟɰɢɚɥɶɧɚɹ ɩɨɞɝɨɬɨɜɤɚ ɩɟɪɫɨɧɚɥɚ;  
 ɡɚɧɹɬɢɹ ɩɨ ɩɨɠɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɦɭ ɦɢɧɢɦɭɦɭ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɤɚɬɟɝɨɪɢɣ ɩɟɪɫɨɧɚɥɚ;  
 ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɬɪɟɧɢɪɨɜɨɤ; 
 ɩɨɜɵɲɟɧɢɟ ɡɧɚɧɢɣ ɩɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɚɳɢɬɟ ɜ ɭɱɟɛɧɵɯ ɰɟɧɬɪɚɯ; 
 ɢɡɭɱɟɧɢɟ ɢ ɩɪɨɜɟɪɤɚ ɡɧɚɧɢɣ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ.   
ɉɟɪɫɨɧɚɥ Ƚɗɋ ɧɟɫɟɬ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ 

ɛɟɡɨɩɚɫɧɨɫɬɢ. Ʌɢɰɚ, ɜɢɧɨɜɧɵɟ ɜ ɧɚɪɭɲɟɧɢɢ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɧɟɫɭɬ ɞɢɫɰɢɩɥɢɧɚɪɧɭɸ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɭɸ ɢɥɢ ɭɝɨɥɨɜɧɭɸ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ.   

Ɉɛɴɟɤɬɚɦɢ ɜɨɞɹɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɧɚ Ƚɗɋ ɹɜɥɹɸɬɫɹ:   
 ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɵ;  
 ɫɢɥɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ;   
 ɪɟɚɤɬɨɪɵ;  
 ɤɚɛɟɥɶɧɵɟ ɫɨɨɪɭɠɟɧɢɹ;  
 ɫɬɚɧɰɢɨɧɧɨɟ ɦɚɫɥɨɯɨɡɹɣɫɬɜɨ;  
 ɩɨɞɩɭɥɶɬɨɜɵɟ ɩɨɦɟɳɟɧɢɹ.   
ɉɨɜɪɟɠɞɟɧɢɟ ɫɢɧɯɪɨɧɧɵɯ ɦɚɲɢɧ, ɜɵɡɜɚɧɧɨɟ ɩɪɨɛɨɟɦ ɢɡɨɥɹɰɢɢ ɨɛɦɨɬɨɤ 

ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ, ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɩɨɠɚɪ ɫ ɬɹɠɟɥɵɦɢ ɩɨɫɥɟɞɫɬɜɢɹɦɢ. ɇɚ 
ɝɟɧɟɪɚɬɨɪɚɯ Ƚɗɋ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɡɚɳɢɬɵ, ɤɨɬɨɪɵɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ ɞɟɣɫɬɜɢɟɦ 
ɨɬ ɡɚɳɢɬ ɨɬ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɪɟɠɞɟɧɢɣ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɫɢɝɧɚɥɢɡɢɪɭɸɬ ɨ ɧɚɥɢɱɢɢ 
ɜɨɡɝɨɪɚɧɢɹ. ɉɨɠɚɪɨɬɭɲɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɪɭɱɧɭɸ. ȼ ɤɚɱɟɫɬɜɟ ɨɝɧɟɝɚɫɹɳɟɝɨ 
ɜɟɳɟɫɬɜɚ ɩɪɢɦɟɧɹɟɬɫɹ ɪɚɫɩɵɥɟɧɧɚɹ ɜɨɞɚ. ȼɛɥɢɡɢ ɥɨɛɨɜɵɯ ɱɚɫɬɟɣ ɨɛɦɨɬɨɤ 
ɫɬɚɬɨɪɚ ɪɚɡɦɟɳɚɸɬ ɞɪɟɧɚɠɧɵɟ ɤɨɥɶɰɟɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɜ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɟɧɵ 
ɨɬɜɟɪɫɬɢɹ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦɢ ɧɚɫɚɞɤɚɦɢ - ɞɪɟɧɱɟɪɚɦɢ - ɨɫɶ ɤɨɬɨɪɵɯ ɧɚɩɪɚɜɥɟɧɚ ɜ 
ɫɬɨɪɨɧɭ ɨɛɦɨɬɤɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɥɨɠɧɨɦ ɫɪɚɛɚɬɵɜɚɧɢɢ ɡɚɳɢɬɵ ɢɥɢ 
ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɩɨɞɚɱɟ ɜɨɞɵ ɩɪɨɢɫɯɨɞɢɬ ɢɡɥɢɲɧɟɟ ɭɜɥɚɠɧɟɧɢɟ ɢɡɨɥɹɰɢɢ, 
ɩɨɷɬɨɦɭ ɬɪɟɛɭɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɬɢɯ ɭɫɬɪɨɣɫɬɜ. 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚ Ƚɗɋ ɹɜɥɹɸɬɫɹ ɜɨɡɦɨɠɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɩɨɠɚɪɚ, ɬɚɤ ɤɚɤ ɫɨɞɟɪɠɚɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ, 
ɩɨɷɬɨɦɭ ɬɭɲɟɧɢɟ ɢɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ ɩɭɫɤɨɦ ɨɬ ɡɚɳɢɬ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɩɨ ɩɟɪɢɦɟɬɪɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɛɟɡɨɩɚɫɧɨɦ 
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ɪɚɫɫɬɨɹɧɢɢ ɦɨɧɬɢɪɭɸɬɫɹ ɤɨɥɶɰɟɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɧɚ ɤɨɬɨɪɵɯ ɜɟɪɬɢɤɚɥɶɧɨ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɪɟɧɚɠɧɵɟ ɨɪɨɫɢɬɟɥɢ.   

Ʉɚɛɟɥɶɧɵɟ ɫɨɨɪɭɠɟɧɢɹ Ƚɗɋ ɞɨɥɠɧɵ ɨɛɨɪɭɞɨɜɚɬɶɫɹ ɫɢɫɬɟɦɚɦɢ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɩɨ ɤɨɬɨɪɵɦ ɩɨɞɚɟɬɫɹ ɜɨɞɚ ɤ ɨɛɴɟɤɬɭ ɩɨɠɚɪɚ ɢ 
ɡɚɩɨɪɧɨɩɭɫɤɨɜɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ (Ɂɉɍ). Ʉɚɠɞɵɣ ɨɛɴɟɤɬ ɨɫɧɚɳɚɟɬɫɹ ɫɢɫɬɟɦɨɣ 
ɩɨɠɚɪɧɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɨɩɨɜɟɳɟɧɢɹ, ɫ ɩɨɦɨɳɶɸ, ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɨɛɧɚɪɭɠɟɧɢɟ ɩɨɠɚɪɚ, ɚ ɬɚɤɠɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɩɭɫɤɨɦ ɫɢɫɬɟɦɵ ɢ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɩɨɞɚɱɟɣ ɜɨɞɵ ɧɚ ɨɱɚɝ ɩɨɠɚɪɚ.   

Ʉɚɠɞɵɣ ɨɛɴɟɤɬ ɫɬɚɧɰɢɢ ɨɫɧɚɳɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ, ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶ ɡɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɦ ɫɨɫɬɨɹɧɢɟɦ 
ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ. 
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8 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɩɪɢɪɨɞɵ 
 

8.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 

əɤɭɬɫɤɢɣ ɝɢɞɪɨɭɡɟɥ ɪɚɫɩɨɥɨɠɟɧ ɜ ɪɟɫɩɭɛɥɢɤɟ əɤɭɬɢɹ ɧɚ ɪɟɤɟ Ɉɥɟɧёɤ ɜ 8 
ɤɦ ɜɵɲɟ ɩɨ ɬɟɱɟɧɢɸ ɨɬ ɫɟɥɚ Ɍɚɣɦɵɥɵɪ.   

 ɂɫɬɨɤ ɪ.Ɉɥɟɧёɤ ɧɚɯɨɞɢɬɫɹ ɜ ȼɢɥɸɣɫɤɨɦ ɩɥɚɬɟ ɤɨɬɨɪɨɟ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ 
Ʉɪɚɫɧɨɹɪɫɤɨɦ ɤɪɚɟ. Ⱦɥɢɧɚ ɪɟɤɢ - 2292 ɤɦ. ȼ ɫɬɜɨɪɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ əɤɭɬɫɤɨɣ 
Ƚɗɋ ɜɨɞɨɫɛɨɪɧɚɹ ɩɥɨɳɚɞɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɞɨɜɨɥɶɧɨ ɪɚɜɧɢɧɧɭɸ ɫɬɟɩɶ, ɜɟɪɯɧɹɹ, 
ɜɨɫɬɨɱɧɚɹ ɱɚɫɬɶ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬ ɜɵɫɨɬɵ 60 ɦ. ɉɥɨɳɚɞɶ ɜɨɞɨɫɛɨɪɧɨɝɨ 
ɛɚɫɫɟɣɧɚ ɫɨɫɬɚɜɥɹɟɬ 25000 ɤɦ². ɉɥɨɳɚɞɶ ɜɨɞɨɫɛɨɪɚ ɚɫɢɦɦɟɬɪɢɱɧɚ ɢ ɥɟɜɚɹ ɱɚɫɬɶ 
ɛɚɫɫɟɣɧɚ ɛɨɥɶɲɟ ɩɪɚɜɨɣ, ɫɪɟɞɧɢɣ ɭɤɥɨɧ — 0,39 ɦ/ɤɦ, ɲɢɪɢɧɚ ɪɟɤɢ ɞɨ 400 ɦ, 
ɝɥɭɛɢɧɚ ɞɨ 15 ɦ. 

   ɉɢɬɚɧɢɟ ɪɟɤɢ ɫɧɟɝɨɜɨɟ. Ɋɨɥɶ ɞɨɠɞɟɜɵɯ ɨɫɚɞɤɨɜ ɜ ɩɢɬɚɧɢɢ ɪɟɤɢ 
ɧɟɡɧɚɱɢɬɟɥɶɧɚ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɪɢɱɢɧɚɦ: 

 ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɝɨɞɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ (ɨɤɨɥɨ 302 ɦɦ); 
 ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɟ ɫɭɯɢɟ ɜɟɬɪɨɜ - ɫɭɯɨɜɟɢ. 
ȼɫɥɟɞɫɬɜɢɟ ɩɨɞɨɛɧɨɝɨ ɬɢɩɚ ɩɢɬɚɧɢɹ ɪɟɠɢɦ ɪɟɤɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦ, ɧɨ ɛɨɥɶɲɢɦ ɜɟɫɟɧɧɢɦ ɩɨɥɨɜɨɞɶɟɦ ɢ ɨɱɟɧɶ ɦɚɥɵɦ ɫɬɨɤɨɦ 
ɜ ɡɢɦɧɟɟ ɜɪɟɦɹ ɝɨɞɚ. Ʌɟɞɨɫɬɚɜ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɩɟɪɜɨɣ ɩɨɥɨɜɢɧɟ ɞɟɤɚɛɪɹ ɢ 
ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɦɚɪɬɚ - ɚɩɪɟɥɹ. Ʌɟɞɨɯɨɞ ɛɵɜɚɟɬ ɧɟ ɤɚɠɞɵɣ ɝɨɞ, ɜ ɬɟɩɥɵɟ ɝɨɞɵ 
ɩɪɢ ɞɥɢɬɟɥɶɧɵɯ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɥɟɞɨɯɨɞ ɧɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɫɨɜɫɟɦ. ɑɚɳɟ ɥɟɞɹɧɨɣ ɩɨɤɪɨɜ ɨɛɪɚɡɭɟɬɫɹ ɩɭɬɟɦ ɫɦɟɪɡɚɧɢɹ ɩɨɫɬɟɩɟɧɧɨ 
ɪɚɫɲɢɪɹɸɳɢɯɫɹ ɡɚɛɟɪɟɝɨɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɛɟɪɟɝɨɜ. ɉɨɫɥɟ ɫɧɟɠɧɵɯ ɡɢɦ 
ɩɨɥɨɜɨɞɶɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɨɞɴɟɦɨɦ ɭɪɨɜɧɹ ɜɨɞɵ. Ʌɟɬɧɟɟ – 
ɨɫɟɧɧɹɹ ɦɟɠɟɧɶ ɜ ɨɬɞɟɥɶɧɵɟ ɝɨɞɵ ɩɪɟɪɵɜɚɟɬɫɹ ɞɨɠɞɟɜɵɦɢ ɩɚɜɨɞɤɚɦɢ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɬɟɪɪɢɬɨɪɢɹ ɨɬɧɨɫɢɬɫɹ ɤ ɭɦɟɪɟɧɧɨ-ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɦɭ 
ɤɥɢɦɚɬɢɱɟɫɤɨɦɭ ɪɚɣɨɧɭ ɫ ɧɟɭɫɬɨɣɱɢɜɨɣ ɡɢɦɨɣ ɢ ɠɚɪɤɢɦ ɥɟɬɨɦ. ɋɪɟɞɧɹɹ ɝɨɞɨɜɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɫɨɫɬɚɜɥɹɟɬ -11,8 °ɋ ‚ ɚɛɫɨɥɸɬɧɵɣ ɦɢɧɢɦɭɦ -62,9 °ɋ, 
ɚɛɫɨɥɸɬɧɵɣ ɦɚɤɫɢɦɭɦ +35,7°ɋ. Ƚɨɞɨɜɚɹ ɫɭɦɦɚ ɨɫɚɞɤɨɜ ɨɤɨɥɨ 302 ɦɦ (ɨɬ 288 ɞɨ 
480 ɦɦ). 

Ɉɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɡɚɝɪɹɡɧɟɧɢɹ ɪɟɤɢ Ɉɥɟɧёɤ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ 
ɫɬɜɨɪɟ ɹɜɥɹɟɬɫɹ ɫɛɪɨɫ ɧɟɨɱɢɳɟɧɧɵɯ ɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɨɱɢɳɟɧɧɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɫ 
ɤɨɦɦɭɧɚɥɶɧɵɯ, ɩɪɨɦɵɲɥɟɧɧɵɯ, ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɨɛɴɟɤɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ 
ɜɵɲɟ ɩɨ ɬɟɱɟɧɢɸ ɨɬ ɫɬɜɨɪɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. Ȼɟɪɟɝɚ ɪɟɤɢ ɫɥɨɠɟɧɵ ɜ ɨɫɧɨɜɧɨɦ, ɱɬɨ 
ɫɥɭɠɢɬ ɩɪɢɪɨɞɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɨɫɬɭɩɥɟɧɢɹ ɧɟ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ ɜ ɪɟɤɭ. 
Ɉɫɧɨɜɧɵɦɢ ɡɚɝɪɹɡɧɹɸɳɢɦɢ ɜɟɳɟɫɬɜɚɦɢ, ɩɨɫɬɭɩɚɸɳɢɦɢ ɜ ɪɟɤɭ ɫɨ ɫɬɨɱɧɵɦɢ 
ɜɨɞɚɦɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɩɪɟɞɩɪɢɹɬɢɣ ɤɨɦɦɭɧɚɥɶɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɢ 
ɫ ɥɢɜɧɟɜɵɦɢ ɜɨɞɚɦɢ ɫ ɬɟɪɪɢɬɨɪɢɟɣ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɹɜɥɹɸɬɫɹ: 
ɧɟɮɬɟɩɪɨɞɭɤɬɵ, ɧɢɬɪɢɬɵ, ɧɢɬɪɚɬɵ, ɮɨɫɮɚɬɵ, ɚɡɨɬ ɚɦɦɨɧɢɣɧɵɣ, ɜɡɜɟɲɟɧɧɵɟ 
ɜɟɳɟɫɬɜɚ. Ʉɚɱɟɫɬɜɨ ɜɨɞɵ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ȻɉɄ, 
ɏɉɄ, ɦɢɧɟɪɚɥɢɡɚɰɢɢ, ɰɜɟɬɧɨɫɬɢ ɢ ɦɭɬɧɨɫɬɢ.  

Ɋɚɫɬɢɬɟɥɶɧɨɫɬɶ ɷɬɨɣ ɦɟɫɬɧɨɫɬɢ ɞɨɜɨɥɶɧɨ ɫɤɭɞɧɚɹ. ɗɬɨ ɥɢɫɬɜɟɧɧɵɟ ɥɟɫɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɧɟɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ. ȼɫɬɪɟɱɚɸɬɫɹ ɛɟɪɟɡɧɹɤɢ, ɟɥɶɧɢɤɢ. 

https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D0%BF%D1%8C


94 
 

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɡɟɦɟɥɶ – ɝɨɥɚɹ ɬɭɧɞɪɚ, ɝɞɟ ɪɚɫɬɟɬ ɹɝɟɥɶ, ɥɢɲɚɣɧɢɤɢ ɢ ɫɥɚɧɤɚ. ɂɡ 
ɤɭɫɬɚɪɧɢɤɨɜ ɩɪɨɢɡɪɚɫɬɚɸɬ ɝɨɥɭɛɢɤɚ, ɬɨɥɨɤɧɹɧɤɚ, ɛɚɝɭɥɶɧɢɤ. Ɋɟɞɤɨ ɦɨɠɧɨ 
ɜɫɬɪɟɬɢɬɶ ɲɢɩɨɜɧɢɤ, ɛɪɭɫɧɢɤɭ, ɦɨɠɠɟɜɟɥɶɧɢɤ, ɫɦɨɪɨɞɢɧɭ. ȼ ɪɚɣɨɧɟ ɩɥɨɳɚɞɤɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ əɤɭɬɫɤɨɝɨ Ƚɍ ɨɛɢɬɚɟɬ 65 ɜɢɞɚ ɨɯɨɬɧɢɱɶɢɯ ɪɟɫɭɪɫɨɜ. ɂɡ ɧɢɯ 30 
ɜɢɞɚ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, 35 ɜɢɞɨɜ ɩɬɢɰ. Ɉɫɧɨɜɧɵɦɢ ɜɢɞɚɦɢ ɹɜɥɹɸɬɫɹ:  

 ɤɨɩɵɬɧɵɟ - ɥɨɫɶ, ɨɥɟɧɶ ɛɥɚɝɨɪɨɞɧɵɣ, ɨɥɟɧɶ ɩɹɬɧɢɫɬɵɣ, ɤɨɫɭɥɹ, 
ɤɚɛɚɧ, ɥɚɧɶ; 

 ɩɭɲɧɵɟ - ɡɚɹɰ-ɪɭɫɚɤ, ɫɭɪɨɤ-ɛɚɣɛɚɤ, ɛɚɪɫɭɤ, ɥɢɫɢɰɚ, ɟɧɨɬɨɜɢɞɧɚɹ 
ɫɨɛɚɤɚ, ɜɨɥɤ, ɲɚɤɚɥ, ɨɧɞɚɬɪɚ; 

 ɩɬɢɰɵ – ɩɟɪɟɩɟɥ, ɫɟɪɚɹ ɤɭɪɨɩɚɬɤɚ, ɮɚɡɚɧ, ɝɨɪɥɢɰɚ, ɜɹɯɢɪɶ, ɝɭɫɢ 
(ɫɟɪɵɣ ɢ ɛɟɥɨɥɨɛɵɣ), ɭɬɤɢ (ɤɪɹɤɜɚ, ɧɵɪɨɤ ɤɪɚɫɧɨɝɨɥɨɜɵɣ, ɱɢɪɨɤ-ɬɪɟɫɤɭɧɨɤ).          

Ʉ ɤɪɚɫɧɨɤɧɢɠɧɵɦ, ɪɟɞɤɢɦ ɢ ɢɫɱɟɡɚɸɳɢɦ ɠɢɜɨɬɧɵɦ ɨɬɧɨɫɹɬɫɹ: ɪɵɫɶ, 
ɦɟɞɜɟɞɶ, ɲɚɤɚɥ, ɬɚɪɩɚɧ, ɫɚɣɝɚɤ, ɤɨɫɭɥɹ, ɨɪɟɥ, ɤɨɪɲɭɧ ɢ ɞɪ. ɉɨɷɬɨɦɭ, ɧɚɱɢɧɚɹ ɫ 
ɩɟɪɜɨɝɨ ɝɨɞɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɦɨɧɢɬɨɪɢɧɝ ɱɢɫɥɟɧɧɨɫɬɢ ɤɪɚɫɧɨɤɧɢɠɧɵɯ ɢ ɪɟɞɤɢɯ ɜɢɞɨɜ 
ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɦɢɧɢɦɢɡɚɰɢɢ ɜɨɡɞɟɣɫɬɜɢɹ ɨɛɴɟɤɬɨɜ əɤɭɬɫɤɨɝɨ 
ɝɢɞɪɨɭɡɥɚ ɧɚ ɤɪɚɫɧɨɤɧɢɠɧɵɟ ɢ ɪɟɞɤɢɟ ɜɢɞɵ ɠɢɜɨɬɧɵɯ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ 
ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɤɨɦɩɟɧɫɚɰɢɢ ɭɳɟɪɛɚ ɷɬɢɦ ɜɢɞɚɦ ɨɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝɢɞɪɨɭɡɥɚ. 

 ȼɨɞɧɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ ɪɟɤɢ Ɉɥɟɧёɤ ɧɚ ɭɱɚɫɬɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
əɤɭɬɫɤɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɦɢ ɜɢɞɚɦɢ: ɨɦɭɥɶ, ɧɟɥɶɦɚ, ɪɹɩɭɲɤɚ, 
ɦɭɤɫɭɧ ɢ ɬ.ɞ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɪɢɤɚɡɨɦ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɚɝɟɧɬɫɬɜɚ ɩɨ 
ɪɵɛɨɥɨɜɫɬɜɭ ɨɬ 17.09.2009 № 818 «Ɉɛ ɭɫɬɚɧɨɜɥɟɧɢɢ ɤɚɬɟɝɨɪɢɢ  ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ 
ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɨɛɵɱɢ (ɜɵɥɨɜɚ) ɜɨɞɧɵɯ 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ, ɨɛɢɬɚɸɳɢɯ ɜ ɧɢɯ ɢ ɨɬɧɟɫɟɧɧɵɯ ɤ ɨɛɴɟɤɬɚɦ 
ɪɵɛɨɥɨɜɫɬɜɚ» ɪɟɤɚ Ɉɥɟɧёɤ  ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɭɱɚɫɬɤɟ ɨɬɧɨɫɢɬɫɹ ɤ ɜɨɞɧɨɦɭ 
ɨɛɴɟɤɬɭ I ɤɚɬɟɝɨɪɢɢ ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɩɨɷɬɨɦɭ ɢ ɜ ɩɟɪɢɨɞ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɢ ɜ ɩɟɪɢɨɞ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɭɡɥɚ ɫɛɪɨɫ ɫɬɨɱɧɵɯ  
ɜɨɞ ɜ ɪ.Ɉɥɟɧёɤ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɡɚɝɪɹɡɧɹɸɳɢɯ  ɜɟɳɟɫɬɜ 
ɫ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɦɢ ɉȾɄ. 

ȼɨɡɞɟɣɫɬɜɢɟ əɤɭɬɫɤɨɣ Ƚɗɋ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ ɜ 
ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɜ ɩɟɪɢɨɞ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɰɢɢ. 

 
8.2. Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 

ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ əɤɭɬɫɤɨɝɨ 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.  
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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;  

 ɩɟɪɟɫɟɥɟɧɢɟ ɧɚɫɟɥɟɧɢɹ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ. 
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 Ɉɥɟɧёɤ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ əɤɭɬɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ; 
4.  Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɝɢɞɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɢ ɢɡɦɟɧɟɧɢɹ 

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

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɋɉ ɨɬ01.07.1985 № 3907-85 «ɋɚɧɢɬɚɪɧɵɟ 
ɩɪɚɜɢɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳ» ɜ 
ɪɚɦɤɚɯ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɪɚɛɨɬɵ: 

 ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɢ ɨɬ ɨɫɬɚɬɤɨɜ ɫɬɪɨɟɧɢɣ ɢ ɦɭɫɨɪɚ;  
 ɜɵɜɨɡ ɧɟɱɢɫɬɨɬ ɢɡ ɭɛɨɪɧɵɯ, ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ;  
 ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɣ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ;  
 ɡɚɫɵɩɤɚ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɭɝɥɭɛɥɟɧɢɣ ɢ ɬɚɦɩɨɧɚɠ ɫɤɜɚɠɢɧ. 
 Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɨɫɬɚɜ ɫɚɧɢɬɚɪɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɜɯɨɞɢɬ ɨɱɢɫɬɤɚ ɥɨɠɚ ɨɬ 

ɞɪɟɜɟɫɧɨɣ ɢ ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. 
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; 
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       ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ 
ɫɜɹɡɚɧɨ ɫ ɪɚɛɨɬɨɣ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ, ɩɪɨɜɟɞɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɪɚɛɨɬ. 

 
8.3 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 ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɩɟɪɟɫɟɥɟɧɢɢ 
ɠɢɬɟɥɟɣ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ:  

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

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

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

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

 ɧɟɱɢɫɬɨɬɵ ɢɡ ɭɛɨɪɧɵɯ, ɛɵɬɨɜɵɟ ɨɬɛɪɨɫɵ ɜɵɜɨɡɹɬɫɹ ɡɚ ɩɪɟɞɟɥɵ 
ɬɟɪɪɢɬɨɪɢɢ ɡɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɢ. 

 ɨɱɢɫɬɧɵɟ ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɟ ɫɨɨɪɭɠɟɧɢɹ, ɫɜɚɥɤɢ, ɩɨɥɹ ɚɫɫɟɧɢɡɚɰɢɢ, 
ɨɪɨɲɟɧɢɹ ɢ ɮɢɥɶɬɪɚɰɢɢ, ɩɨɩɚɞɚɸɳɢɟ ɜ ɡɨɧɭ ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɢ, ɩɨɞɥɟɠɚɬ 
ɡɚɤɪɵɬɢɸ. 

 ɧɚɜɨɡ, ɧɚɜɨɡɧɵɟ ɫɬɨɤɢ ɢ ɦɭɫɨɪ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ 
ɨɛɟɡɡɚɪɚɠɢɜɚɸɬɫɹ, ɩɨɫɥɟ ɱɟɝɨ ɜɵɜɨɡɹɬɫɹ ɧɚ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɟ ɩɨɥɹ. 

 ɩɨɱɜɚ 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 
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ɩɪɟɞɟɥɵ ɬɟɪɪɢɬɨɪɢɢ ɡɚɬɨɩɥɟɧɢɹ ɢ ɡɚɤɚɩɵɜɚɟɬɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɫɤɨɬɨɦɨɝɢɥɶɧɢɤɚ 
ɧɚ ɝɥɭɛɢɧɭ ɧɟ ɦɟɧɟɟ 2ɦ. 

Ɉɫɧɨɜɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɞɚɧɧɵɣ ɩɟɪɢɨɞ: 
Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɟ: 
 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɩɪɟɞɟɥɶɧɨ-

ɞɨɩɭɫɬɢɦɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ (ɉȾȼ); 
 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɨɛɪɚɡɨɜɚɧɢɹ 

ɨɬɯɨɞɨɜ ɢ ɥɢɦɢɬɨɜ ɧɚ ɢɯ ɪɚɡɦɟɳɟɧɢɟ (ɉɇɈɈɅɊ); 
 Ɋɚɡɪɚɛɨɬɤɚ, ɫɨɝɥɚɫɨɜɚɧɢɟ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɧɨɪɦɚɬɢɜɨɜ ɞɨɩɭɫɬɢɦɵɯ 

ɫɛɪɨɫɨɜ (ɇȾɋ) ɜɟɳɟɫɬɜ ɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ;   
 ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɜɵɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɵɣ 
ɜɨɡɞɭɯ; 

 ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɫɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ 
ɨɛɴɟɤɬɵ; 

 Ɉɮɨɪɦɥɟɧɢɟ Ɋɟɲɟɧɢɹ ɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɜɨɞɧɨɝɨ ɨɛɴɟɤɬɚ ɜ 
ɩɨɥɶɡɨɜɚɧɢɟ ɜ ɰɟɥɹɯ ɫɛɪɨɫɚ ɫɬɨɱɧɵɯ ɢɥɢ ɞɪɟɧɚɠɧɵɯ ɜɨɞ; 

 Ɋɚɫɱɟɬ ɢ ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɜɧɟɫɟɧɢɟ ɩɥɚɬɵ ɡɚ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 
ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ; 

 Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ 
ɤɨɧɬɪɨɥɹ. 

ɋɚɧɢɬɚɪɧɨ- ɬɟɯɧɢɱɟɫɤɢɟ: 
 Ɋɚɡɞɟɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɨɩɚɫɧɵɯ ɨɬɯɨɞɨɜ ɩɨ ɜɢɞɚɦ ɨɬɯɨɞɨɜ ɢ ɤɥɚɫɫɚɦ 

ɨɩɚɫɧɨɫɬɢ; 
 Ɋɚɡɦɟɳɟɧɢɟ ɨɬɯɨɞɨɜ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɢ ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɩɨɥɢɝɨɧɚɯ; 
 ɉɟɪɟɞɚɱɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɨɦɚ ɱɟɪɧɵɯ ɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ, 

ɨɬɯɨɞɨɜ ɤɚɛɟɥɶɧɨɣ ɩɪɨɞɭɤɰɢɢ; 
 ɉɟɪɟɞɚɱɚ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɫɟɥ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ; 
 ɍɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɩɟɪɟɞɚɱɢ ɨɬɯɨɞɨɜ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ 

ɜ ɠɭɪɧɚɥɚɯ; 
 Ɉɪɝɚɧɢɡɚɰɢɹ ɤɨɧɬɪɨɥɹ ɡɚ ɫɨɛɥɸɞɟɧɢɟɦ ɭɫɬɚɧɨɜɥɟɧɧɵɯ  ɧɨɪɦɚɬɢɜɨɜ 

ɉȾȼ;  
 Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɫɬɨɱɧɵɯ , 

ɞɪɟɧɚɠɧɵɯ ɢ ɩɪɢɪɨɞɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ; 
 ɋɨɛɥɸɞɟɧɢɟ ɪɟɠɢɦɚ ɯɨɡɹɣɫɬɜɨɜɚɧɢɹ ɜ ɜɨɞɨɨɯɪɚɧɧɨɣ ɡɨɧɟ;  
 ɉɟɪɟɞɚɱɚ ɯɨɡɹɣɫɬɜɟɧɧɨ ɛɵɬɨɜɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ 

ɨɪɝɚɧɢɡɚɰɢɢ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ; 
 Ɉɪɝɚɧɢɡɚɰɢɹ ɫɬɨɹɧɨɤ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɜ ɫɩɟɰɢɚɥɶɧɨ- ɨɛɨɪɭɞɨɜɚɧɧɵɯ 

ɦɟɫɬɚɯ, ɢɦɟɸɳɢɯ ɬɜɟɪɞɨɟ ɩɨɤɪɵɬɢɟ. 
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8.4. 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: 

 Ʌɨɦ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ, ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ. 
Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 8 22 201 01 21 5: 
 M = ୒∙୯ଵ଴଴% ∙ ρ,                                                                                                           (8.1) 

 
ɝɞɟ N=658278 ɦ3- ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ; 
       q=1,8%- ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ; 
       ρ=2,5 ɬ/ɦ3- ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ. 

 M = ଺ହ଼ଶ଻଼∙ଵ,଼ଵ଴଴% ∙ ʹ,ͷ = ʹͻ͸ʹʹ ˕                                                                 

 
 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 = ୒∙୯ଵ଴଴% ∙ ρ,                                                                                                        (8.2) 

 
ɝɞɟ N=108 ɬ- ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ; 
       q=1,0%- ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ; 
       ρ=2,0 ɬ/ɦ3- ɭɞɟɥɶɧɵɣ ɜɟɫ ɚɪɦɚɬɭɪɵ. 

 M = ଵ଴଼∙ଵ,଴ଵ଴଴% ∙ ʹ,Ͳ = ʹ,ͳ͸ ˕                                                                              

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɨɛɪɚɡɨɜɚɧɨ 29622 ɬ ɥɨɦɚ 

ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ (ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ), 2,16 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. 
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8.5. Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 
ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 
 

ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ əɤɭɬɫɤɨɝɨ Ƚɍ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ 
ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ: 

 ɫɛɪɨɫɨɦ ɫɬɨɱɧɵɯ (ɞɪɟɧɚɠɧɵɯ, ɞɨɠɞɟɜɵɯ ɢ ɬɚɥɵɯ) ɜɨɞ; 
 ɜɵɛɪɨɫɚɦɢ ɜ ɚɬɦɨɫɮɟɪɭ ɨɬ: ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɨɩɪɨɛɨɜɚɧɢɹ ɞɢɡɟɥɶ- 

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

 ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɟɯɨɛɫɥɭɠɢɜɚɧɢɢ ɢ 
ɬɟɤɭɳɢɯ ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɚɯ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ; 

 ɧɚ 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: 

 ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜɨɞɧɵɦ ɪɟɠɢɦɨɦ ɜɨɞɨɬɨɤɚ; 
 ɨɱɢɫɬɤɚ ɜɨɞɵ, ɫɛɪɚɫɵɜɚɟɦɨɣ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ; 
 ɨɛɟɫɩɟɱɟɧɢɟ ɭɫɥɨɜɢɹ ɧɟɩɨɩɚɞɚɧɢɹ ɦɚɫɟɥ ɢ ɞɪɭɝɢɯ ɡɚɝɪɹɡɧɹɸɳɢɯ 

ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɣ ɨɛɴɟɤɬ; 
 ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɨɜ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɧɟɩɨɩɚɞɚɧɢɟ 

ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ. 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 8 ɤɦ ɨɬ Ƚɗɋ ɧɚɯɨɞɢɬɫɹ ɧɚɫɟɥɟɧɧɵɣ ɩɭɧɤɬ 

– ɫ. Ɍɚɣɦɵɥɵɪ, 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 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 Ɉɥɟɧёɤ ɨɬ ɫɛɪɨɫɨɜ əɤɭɬɫɤɨɣ Ƚɗɋ ɧɢɠɟ ɩɨ 
ɬɟɱɟɧɢɸ ɪɟɤɢ.  

Ɋɟɠɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɨɧ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ ɢɫɬɨɱɧɢɤɨɜ (ɁɋɈ) ɩɢɬɶɟɜɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫɟɥɚ Ɍɚɣɦɵɥɵɪ, ɜ ɩɪɟɞɟɥɚɯ ɩɪɨɦɩɥɨɳɚɞɨɤ ɨɛɴɟɤɬɨɜ əɤɭɬɫɤɨɣ 
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 ɜɨɞɨɨɯɪɚɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ, ɨɛɟɫɩɟɱɟɧɧɵɯ ɢɫɬɨɱɧɢɤɨɦ 
ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ, ɩɨɞɪɹɞɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɢ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɫ ɰɟɧɬɪɨɦ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɚɧɢɬɚɪɧɨ-ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɨɝɨ ɧɚɞɡɨɪɚ. 
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9 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
 
9.1 Ɉɛɴёɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɪɚɫɯɨɞɵ ɜ ɩɟɪɢɨɞ 

ɷɤɫɩɥɭɚɬɚɰɢɢ 
 
9.1.1 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

 
ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɷɬɚɩɨɜ, 

ɧɚɱɢɧɚɹ ɨɬ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɢ ɡɚɤɚɧɱɢɜɚɹ ɭɫɬɚɧɨɜɤɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɉɰɟɧɤɚ 
ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 9.1. 

 
Ɍɚɛɥɢɰɚ 9.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ȿɞɢɧɢɰɚ 

ɢɡɦɟɪɟɧɢɹ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2023 2024 2025 2026 2027 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 450 450 450 450 450 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɑɚɫɵ 4666 4666 4666 4666 4666 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ·ɱ 2099700 2099700 2099700 2099700 2099700 
Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
% 1 1 1 1 1 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 

Ɇȼɬ·ɱ 20997 20997 20997 20997 20997 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

Ɇȼɬ·ɱ 2078703 2078703 2078703 2078703 2078703 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɪɭɛ/Ɇȼɬ·ɱ 1190 1222,7 1255,3 1287,8 1320,2 
ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɦɥɧ.ɪɭɛ. 2473,66 2541,63 2609,40 2676,95 2744,30 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ 412,28 423,61 434,90 446,16 457,38 

 
ɍɜɟɥɢɱɟɧɢɟ ɩɪɢɛɵɥɢ ɢ ɇȾɋ ɜɨɡɪɚɫɬɚɟɬ ɜ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɬɚɪɢɮɚ ɧɚ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 
 
9.1.2 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 
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 
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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 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 ɧɚ ɭɪɨɜɧɟ ɰɟɧ ɩɟɪɜɨɝɨ ɤɜɚɪɬɚɥɚ 2026 ɝɨɞɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.2. 

 
Ɍɚɛɥɢɰɚ 9.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɋɬɚɜɤɚ, 

ɬɵɫ.ɪɭɛ/Ɇɜɬ 
ɋɭɦɦɚ, 

ɦɥɧ.ɪɭɛ. 
Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 255,2 114,84 

ɉɪɨɱɢɟ 274 123,30 
ɂɬɨɝɨ ɩɨ Ƚɗɋ 529,2 238,14 

 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɜ %, 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.3. 
 
Ɍɚɛɥɢɰɟ 9.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ 

ɗɬɚɩ ɩɪɨɟɤɬɚ ȼɟɥɢɱɢɧɚ, % 
Ɉɬ 1 ɞɨ 5 ɥɟɬ 0,04 
Ɉɬ 6 ɞɨ 15 ɥɟɬ 0,06 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 9.3 
ɗɬɚɩ ɩɪɨɟɤɬɚ ȼɟɥɢɱɢɧɚ, % 

Ɉɬ 16 ɞɨ 25 ɥɟɬ 0,08 
 

Ȼɵɥ ɜɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɟɞɢɧɵɦ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ ɊɭɫȽɢɞɪɨ, ɪɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 9.4. 

 
Ɍɚɛɥɢɰɚ 9.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 
ɈȺɈ «ɋɈ – ȿɗɋ» 107, 81ɬɵɫ.ɪɭɛ/Ɇȼɬ 60,92 

ɇɉ ȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ 
ɬɨɪɝɨɜɨɣ ɫɢɫɬɟɦɵ) 0.001107ɬɵɫ.ɪɭɛ/Ɇȼɬ·ɱ 4,26 

ɐɎɊ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ 
ɪɚɫɱɟɬɨɜ) 0.00031ɬɵɫ.ɪɭɛ/Ɇȼɬ·ɱ 1,24 

ɂɬɨɝɨ  66,42 
 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɬɵɫ. ɤȼɬ·ɱ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ 
ɤɨɞɟɤɫɨɦ ɊɎ ɞɥɹ ɪɟɤɢ Ɉɥɟɧёɤ ɫɨɫɬɚɜɥɹɟɬ 4,8 ɪɭɛ. 

Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 9.5. 

 
Ɍɚɛɥɢɰɚ 9.5 – Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2023 2024 2025 2026 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 

ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ. 63,65 63,8 63,8 63,8 

Ɋɚɫɯɨɞɵ ɧɚ 
ɫɬɪɚɯɨɜɚɧɢɟ, 

ɦɥɧ.ɪɭɛ. 
29,48 29,52 29,52 29,52 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ. 234,14 238,14 238,14 238,14 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ. 

10,23 10,23 10,23 10,23 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ. 
66,42 66,42 66,42 66,42 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, 
ɦɥɧ.ɪɭɛ. 18,66 18,66 18,66 18,66 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 422,58 426,77 426,77 426,77 
 

ɇɚɢɛɨɥɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ ɢɡ ɜɵɲɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɹɜɥɹɸɬɫɹ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɢ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ. 

Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ (ɪɢɫɭɧɨɤ 9.1). 
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Ɋɢɫɭɧɨɤ 9.1– ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ, %  

 
9.1.3 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: 
 ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ – 20%; 
 ɇȾɋ – 20%; 
 ɜɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ – 34%; 
 ɧɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ – 2,2%  
 ɧɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ  1 ɬɵɫ. ɤȼɬ.ɱ – 4,8 ɪɭɛ. 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 9.6. 
 

Ɍɚɛɥɢɰɚ 9.6– ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2023 2024 2025 2026 2027 
ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 704,66 722,47 744,00 764,86 784,42 

ɇȾɋ, ɦɥɧ.ɪɭɛ. 113,51 763,60 784,52 805,17 824,57 
ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, 

ɦɥɧ.ɪɭɛ. 16,75 16,75 16,75 16,75 16,75 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ. 63,71 64,39 62,99 61,59 60,18 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 900,63 1567,22 1608,24 1648,36 1685,92 
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Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ
Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ
Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ
Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ
ɇɚɥɨɝ ɧɚ ɜɨɞɭ
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ɉɪɢ ɜɨɡɪɚɫɬɚɧɢɢ ɝɨɞɚ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨɜɵɲɟɧɢɟ 
ɧɚɥɨɝɨɜ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɤɚɤ ɧɚ ɪɚɡɜɢɬɢɟ ɩɪɨɟɤɬɚ, ɬɚɤ 
ɢ ɧɚ ɩɨɬɪɟɛɢɬɟɥɹɯ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

 
9.2 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 9.7. 
 

Ɍɚɛɥɢɰɚ 9.7- Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2023 2024 2025 2026 2027 
ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 3737,45 3825,34 3931,45 4034,44 4130,87 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 422,58 426,77 426,77 426,77 428,39 
EBITDA (ȼɚɥɨɜɚɹ ɩɪɢɛɵɥɶ), 

ɦɥɧ.ɪɭɛ. 3718,79 3806,68 3912,79 4015,77 4112,21 

EBIT(ɩɪɢɛɵɥɶ ɨɬ 
ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɧ.ɪɭɛ. 3523,32 3612,38 3729,88 3824,28 3922,12 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ 
ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 704,66 722,48 743,98 764,86 784,42 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), 
ɦɥɧ.ɪɭɛ. 2808,66 2879,90 22965,91 3049,42 3127,70 

ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ,% 20,00 20,00 20,00 20,00 20,00 

 
Ɂɧɚɱɟɧɢɟ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɫɨɫɬɚɜɥɹɟɬ 60% ɨɬ ɜɵɪɭɱɤɢ ɧɟɬɬɨ. 
Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɹ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɜɵɩɨɥɧɟɧɨ 

ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɚ (ɪɢɫɭɧɨɤ 9.2). 
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Ɋɢɫɭɧɨɤ 9.2– ɂɡɦɟɧɟɧɢɟ ɫɭɦɦɵ ɩɪɢɛɵɥɢ/ɭɛɵɬɤɨɜ ɩɨ ɩɪɨɟɤɬɭ, ɦɥɧ. ɪɭɛ. 

 
9.2.1 Ⱥɧɚɥɢɡ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ 

 
ɇɚ ɪɢɫɭɧɤɟ 9.3 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ Cash-Flow ɫ ɭɤɚɡɚɧɢɟɦ ɭɤɪɭɩɧɟɧɧɵɯ 

ɷɬɚɩɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɚ ɬɚɤɠɟ ɭɫɬɚɧɨɜɤɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱦɚɧɧɵɣ ɝɪɚɮɢɤ ɭɦɟɧɶɲɟɧ ɜ ɦɚɫɲɬɚɛɟ, ɞɥɹ ɛɨɥɟɟ ɧɚɝɥɹɞɧɨɝɨ 
ɧɚɛɥɸɞɟɧɢɹ ɷɬɚɩɨɜ. 

 

 
Ɋɢɫɭɧɨɤ 9.3-Ƚɪɚɮɢɤ Cash-Flow ɫ ɭɤɚɡɚɧɢɟɦ ɷɬɚɩɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɭɫɬɚɧɨɜɤɢ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
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ɋɬɪɨɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɫɨɫɬɚɜɥɹɟɬ ɱɭɬɶ ɛɨɥɶɲɟ 8 ɥɟɬ. Ɉɫɨɛɟɧɧɨɫɬɶ ɝɪɚɮɢɤɚ 
ɫɜɹɡɚɧɚ ɫ ɨɫɨɛɟɧɧɨɫɬɶɸ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɪɟɞɧɟɣ Ƚɗɋ ɜ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɪɚɣɨɧɚɯ 
(ɜɵɫɨɤɢɟ ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɛɨɥɶɲɨɟ ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ), ɚ ɬɚɤɠɟ 
ɜɵɫɨɤɢɟ ɧɚɥɨɝɢ ɩɪɢɜɨɞɹɬ ɤ ɫɧɢɠɟɧɢɸ ɩɪɢɛɵɥɢ, ɱɬɨ ɬɚɤɠɟ ɨɤɚɡɵɜɚɟɬ ɧɟɝɚɬɢɜɧɨɟ 
ɜɥɢɹɧɢɟ. 

 
9.3 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 
 
Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ Ɂɚɤɚɡɱɢɤɚ (ɉɪɢɥɨɠɟɧɢɟ 
ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 - «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ 
«ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.»). 

 
9.3.1 Ɇɟɬɨɞɨɥɨɝɢɹ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

 
ɐɟɥɶɸ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, 

ɤ ɬɚɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ: 
1. ɑɢɫɬɵɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ; 
2. ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ; 
3. ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ; 
4. ɂ ɬ.ɞ. 
Ɋɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ: 
ɚ) «Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɪɚɡɪɚɛɨɬɤɟ 

ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ», ɭɬɜɟɪɠɞɟɧɧɵɯ 
ɩɪɢɤɚɡɨɦ ɈȺɈ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ» ɨɬ 07.02.2000ɝ. № 54 ɧɚ ɨɫɧɨɜɚɧɢɢ 
Ɂɚɤɥɸɱɟɧɢɹ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɵ Ɋɨɫɫɢɢ ɨɬ 26.05.1999ɝ. №24-16-1/20-113; 

ɛ) «Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɪɚɡɪɚɛɨɬɤɟ 
ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ ɧɚ ɫɬɚɞɢɢ 
ɩɪɟɞɌɗɈ ɢ ɌɗɈ», Ɇɨɫɤɜɚ, 2008 ɝ., ɭɬɜɟɪɠɞɟɧɧɵɦɢ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ» ɨɬ 
31.03.2008ɝ № 155 ɢ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɨɣ Ɋɨɫɫɢɢ ɨɬ 26.05.99ɝ. №24-16-1/20-113; 

ɜ) ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 - «ȿɞɢɧɵɟ 
ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.»). 

Ɋɚɫɱёɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɰɟɧɡɢɨɧɧɨɣ ɜɟɪɫɢɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ProjectExpert, ɮɢɪɦɵ ExpertSystems.  

Ⱦɥɹ ɰɟɥɟɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɪɢɧɢɦɚɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɫɵɥɤɢ: 

1) ɉɟɪɢɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɥɹ əɤɭɬɫɤɨɣ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 25 ɥɟɬ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

2) ɂɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɹ ɨɬɪɚɠɚɟɬ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɫɢɬɭɚɰɢɸ, ɫɥɨɠɢɜɲɭɸɫɹ ɧɚ 1 ɤɜ. 2020 ɝɨɞɚ. 

3) ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ ɱɬɨ ɜ ɬɟɱɟɧɢɢ ɩɪɨɝɧɨɡɧɨɝɨ ɩɟɪɢɨɞɚ ɧɟ ɛɭɞɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɝɥɨɛɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ, ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɩɪɚɜɢɥ ɢ ɡɚɤɨɧɨɜ. 
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9.3.2 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 

ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱёɬɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ 
ɪɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.8. 

 
Ɍɚɛɥɢɰɚ 9.8-ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ əɤɭɬɫɤɨɣ Ƚɗɋ ɧɚ 
ɪɟɤɟ Ɉɥɟɧёɤ 

ɇɚɢɦɟɧɨɜɚɧɢɟ  

ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 11,6 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ - DPB, ɦɟɫ 110 

ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ.ɪɭɛ 7347,27 
ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI, ɪɭɛ. 1,9 

ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ - IRR, % 19,26 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥ.ɷɧɟɪɝɢɢ, ɪɭɛ/Ʉɜɬ·ɱ 0,21 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ/Ʉɜɬ 49990,1 

 
ɉɪɨɟɤɬ əɤɭɬɫɤɨɣ Ƚɗɋ ɧɚ ɪɟɤɟ Ɉɥɟɧёɤ ɹɜɥɹɟɬɫɹ ɩɪɢɛɵɥɶɧɵɦ. 
 
9.3.3 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 9.9.  

 
Ɍɚɛɥɢɰɚ 9.9 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɛɸɞɠɟɬɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 2020 2021 2022 2023 2024 
ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.Ɋɭɛɥɟɣ 13,96 16,75 16,75 794,86 1520,00 

ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, 
ɦɥɧ.Ɋɭɛɥɟɣ 

0,08 2,84 38,50 66,01 64,84 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ, 
ɦɥɧ.Ɋɭɛɥɟɣ 

14,04 19,59 55,25 860,88 1584,84 

 
ȼ ɫɨɫɬɚɜ ɮɟɞɟɪɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ ɩɨɫɬɭɩɚɸɬ ɧɚɥɨɝɢ ɇȾɋ, ɧɚɥɨɝ ɧɚ 

ɩɪɢɛɵɥɶ, ɜɨɞɧɵɣ ɧɚɥɨɝ, ɜɡɧɨɫɵ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ. ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɧɚɥɨɝ 
ɧɚ ɢɦɭɳɟɫɬɜɨ ɢ ɧɚɥɨɝ ɧɚ ɫɬɪɚɯɨɜɚɧɢɹ ɨɬ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ. 

 
9.4 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 PI ɤ 
ɢɡɦɟɧɟɧɢɹɦ: 
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 cɬɚɜɤɢ ɧɚɥɨɝɨɜ; 
 ɰɟɧɚ ɫɛɵɬɚ;  
 ɫɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ. 
ɉɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɷɤɫɩɟɪɬɧɨ. 
 

 
Ɋɢɫɭɧɨɤ 9.4-ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 

 
ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɸ ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ PI. 
 

 
Ɋɢɫɭɧɨɤ 9.5-ɋɭɦɦɚ PI ɨɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ 

 
ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɰɟɧɵ ɫɛɵɬɚ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɜɟɥɢɱɢɧɚ PI. 
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Ɋɢɫɭɧɨɤ 9.6 - ɋɭɦɦɚ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 

 
ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɸ ɭɦɟɧɶɲɟɧɢɟ 
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10 ɉɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɢ ɝɟɧɟɪɢɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɜɫɬɚɜɨɤ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 
 

10.1 Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɜɫɬɚɜɨɤ ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ 
 

ȼɵɞɚɱɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɩɨɫɬɨɹɧɧɨɣ ɱɚɫɬɨɬɨɣ ɜ ɫɢɫɬɟɦɭ ɹɜɥɹɟɬɫɹ ɧɚ 
ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɨɞɧɢɦ ɢɡ ɫɚɦɨɝɨ ɜɚɠɧɟɣɲɟɝɨ ɩɨɤɚɡɚɬɟɥɹ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ, 
ɬɚɤ ɤɚɤ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɟɛɚɧɢɹ ɱɚɫɬɨɬɵ. ɉɪɚɤɬɢɱɟɫɤɢ ɜɨ 
ɜɫɟɯ ɝɟɧɟɪɢɪɭɸɳɢɯ ɭɫɬɚɧɨɜɤɚɯ ɱɚɫɬɨɬɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚɜɢɫɢɬ ɧɚɩɪɹɦɭɸ ɨɬ 
ɤɨɥɢɱɟɫɬɜɚ ɩɨɞɚɱɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɢɞɚ ɪɚɫɯɨɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɪɚɛɨɱɢɣ 
ɨɪɝɚɧ. ȼ ɧɚɲɟ ɜɪɟɦɹ ɨɞɧɢ ɢɡ ɜɢɞɨɜ ɝɟɧɟɪɢɪɭɸɳɢɯ ɭɫɬɚɧɨɜɨɤ, ɬɚɤɢɟ ɤɚɤ ɜɟɬɪɨɜɚɹ 
ɷɧɟɪɝɟɬɢɤɚ, ɫɨɥɧɟɱɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɢ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɚ, ɢɫɩɨɥɶɡɭɸɬ ɫɯɟɦɭ ɧɚ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɜɫɬɚɜɤɚɯ.  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ (ɪɢɫɭɧɨɤ 10.1) ɩɪɨɫɬɟɣɲɚɹ ɫɯɟɦɚ 
ɜɤɥɸɱɟɧɢɹ ɆȽɗɋ ɜ ɷɥɟɤɬɪɨɫɟɬɶ. 

 

 
Ɋɢɫɭɧɨɤ 10.1 -ɉɪɨɫɬɟɣɲɚɹ ɫɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɆȽɗɋ ɜ ɷɥɟɤɬɪɨɫɟɬɶ 

 
 Ȼɥɨɤ ɛɚɥɥɚɫɬɧɨɣ ɧɚɝɪɭɡɤɢ-ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɫɫɟɢɜɚɧɢɹ 

ɧɟɢɫɩɨɥɶɡɭɟɦɨɣ ɩɨɬɪɟɛɢɬɟɥɟɦ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɦɨɳɧɨɫɬɶ, ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ 
ɜɵɯɨɞɚ ɢɡ ɫɬɪɨɹ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ ɢ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɢ ɭɩɪɚɜɥɟɧɢɹ 

 Ʉɨɧɬɪɨɥɟɪ ɡɚɪɹɞɚ ɫɬɚɛɢɥɢɡɚɬɨɪ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ 
ɡɚɪɹɞɨɦ ȺɄȻ, ɭɩɪɚɜɥɟɧɢɟ ɝɢɞɪɨɬɭɪɛɢɧɨɣ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɷɧɟɪɝɢɢ. 

 ȺɄȻ ɧɟɨɛɯɨɞɢɦɚ ɜ ɤɚɱɟɫɬɜɟ ɧɚɤɨɩɢɬɟɥɹ ɟɦɤɨɫɬɢ, ɨɬ ɪɚɡɦɟɪɚ ɤɨɬɨɪɨɣ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɜ ɚɜɬɨɧɨɦɧɨɦ ɪɟɠɢɦɟ ɩɢɬɚɟɦɨɣ ɟɸ 
ɩɨɬɪɟɛɢɬɟɥɹ. 

 ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɢɡ 
ɩɨɫɬɨɹɧɧɨɝɨ ɜ ɩɟɪɟɦɟɧɧɨɟ. 

ȼ ɞɚɧɧɨɟ ɜɪɟɦɹ ɞɚɧɧɵɣ ɜɢɞ ɝɟɧɟɪɢɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɤɚɯ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɛɥɨɤ-ɫɯɟɦɚ ɩɪɨɫɬɟɣɲɟɣ ɤɨɧɫɬɪɭɤɰɢɢ 
ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ (ȼɗɍ) ɧɚ ɪɢɫɭɧɤɟ 10.2. 
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Ɋɢɫɭɧɨɤ 10.2 -Ȼɥɨɤ-ɫɯɟɦɚ ɩɪɨɫɬɟɣɲɟɣ ȼɗɍ 

 
1-ȼɟɬɪɨɤɨɥɟɫɨ; 
2-Ɉɞɧɨɫɬɭɩɟɧɱɚɬɵɣ ɩɥɚɧɟɬɚɪɧɵɣ ɪɟɞɭɤɬɨɪ; 
3-ɋɬɚɬɨɪ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ; 
4-Ɋɨɬɨɪ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ; 
5-ɋɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ; 
6-ɋɢɫɬɟɦɚ ɜɵɩɪɹɦɢɬɟɥɶ-ɮɢɥɶɬɪ-ɢɧɜɟɪɬɨɪ (ȼɎɂ). 
ȼ ɤɚɱɟɫɬɜɟ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɹɜɧɨ ɩɨɥɸɫɧɵɣ ɝɟɧɟɪɚɬɨɪ, ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ ɤɨɬɨɪɵɣ 
ɩɪɢɜɨɞɢɬɫɹ ɜɨ ɜɪɚɳɟɧɢɹ ɨɞɧɨɫɤɨɪɨɫɬɧɵɦ ɪɟɞɭɤɬɨɪɨɦ 

ȼ ɫɢɫɬɟɦɟ ȼɎɂ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɵɩɪɹɦɢɬɟɥɶ ɤɨɬɨɪɵɣ ɩɪɟɨɛɪɚɡɭɟɬ 
ɷɥɟɤɬɪɢɱɟɫɬɜɨ ɢɡ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɜ ɩɨɫɬɨɹɧɧɵɣ, ɞɚɥɟɟ ɩɨɫɥɟ ɮɢɥɶɬɪɚɰɢɢ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɢɧɜɟɪɬɢɪɭɟɬ ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ ɜ ɩɟɪɟɦɟɧɧɵɣ ɫ ɨɞɧɨɣ ɱɚɫɬɨɬɨɣ. ȼ 
ɩɨɞɨɛɧɵɯ ɫɯɟɦɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɧɨɝɨɭɪɨɜɧɟɜɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɬɚɤ ɤɚɤ ɨɧɢ ɜɨ 
ɦɧɨɝɨɦ ɩɪɟɜɨɫɯɨɞɹɬ ɨɞɧɨɭɪɨɜɧɟɜɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɢ ɫɢɧɭɫɨɢɞɚ ɧɚɩɪɹɠɟɧɢɹ 
ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɜɵɯɨɞɟ ɦɧɨɝɨɭɪɨɜɧɟɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɪɚɤɬɢɱɟɫɤɢ 
ɩɪɢɛɥɢɠɟɧɚ ɤ ɢɞɟɚɥɶɧɨɣ ɜ ɨɬɥɢɱɢɢ ɨɬ ɨɞɧɨɭɪɨɜɧɟɜɨɝɨ. 

Ɇɧɨɝɨɭɪɨɜɧɟɜɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɟ ɪɟɲɟɧɢɟ ɧɚ ɪɵɧɤɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɣ (ɞɨ 3 ɤȼ) ɷɧɟɪɝɟɬɢɤɢ. ȼ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɢɥɨɜɵɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ 
ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɞɥɹ ɩɟɪɟɞɚɱɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɫɬɚɬɢɱɟɫɤɢɟ ɤɨɦɩɟɧɫɚɬɨɪɵ 
ɪɟɚɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɦɧɨɝɨɭɪɨɜɧɟɜɵɯ ɢɧɜɟɪɬɨɪɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɞɜɭɯɭɪɨɜɧɟɜɵɦ: 

 ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɫɩɨɥɶɡɭɹ 
ɫɬɚɧɞɚɪɬɧɵɟ ɧɢɡɤɨɜɨɥɶɬɧɵɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɷɥɟɦɟɧɬɵ, ɬɚɤɢɟ ɤɚɤ IGBT 
ɦɨɞɭɥɢ, ɧɟ ɩɪɢɛɟɝɚɹ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɞɨɪɨɝɨɫɬɨɹɳɢɯ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ;  
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 ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɩɢɬɚɸɳɟɣ ɫɟɬɢ, ɫɬɪɟɦɹɳɟɟɫɹ ɤ ɢɞɟɚɥɶɧɨɣ 
ɫɢɧɭɫɨɢɞɟ ɡɚ ɫɱɟɬ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɫɬɢ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɢɧɚɱɟ ɝɨɜɨɪɹ, 
ɭɪɨɜɧɟɣ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ; 

 ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɪɚɛɚɬɵɜɚɬɶ ɜɵɫɨɤɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɞɨ 3 ɤȼ), ɩɨɡɜɨɥɹɟɬ 
ɷɮɮɟɤɬɢɜɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɩɨɬɨɤɢ ɦɨɳɧɨɫɬɢ ɦɟɠɞɭ ɷɧɟɪɝɨɫɢɫɬɟɦɚɦɢ, 
ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ. 

Ⱦɚɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɯɢɦɢɱɟɫɤɢɯ ɧɟɮɬɹɧɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɚɯ, ɧɚ ɡɚɜɨɞɚɯ ɩɨ ɫɠɢɠɟɧɢɸ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ, ɜ 
ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɢ ɫɭɞɨɜɵɯ ɞɜɢɝɚɬɟɥɹɯ. Ɍɚɤɠɟ 
ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɫɬɶ ɤɪɢɜɨɣ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ 
ɤɨɷɮɮɢɰɢɟɧɬ ɫɢɧɭɫɨɢɞɚɥɶɧɨɫɬɢ ɩɢɬɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɭɜɟɥɢɱɢɬ ɤɚɱɟɫɬɜɨ ɩɢɬɚɸɳɟɣ ɫɟɬɢ, ɚ ɜɵɫɨɤɚɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɫɨɜɦɟɫɬɢɦɨɫɬɶ 
(ɗɆɋ) ɩɨɡɜɨɥɹɟɬ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɞɨɪɨɝɢɯ ɝɚɛɚɪɢɬɧɵɯ ɫɟɬɟɜɵɯ ɮɢɥɶɬɪɨɜ.  ɉɨɦɢɦɨ 
ɜɫɟɝɨ ɷɬɨɝɨ ɦɧɨɝɨɭɪɨɜɧɟɜɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɧɚɩɪɹɠɟɧɢɹ ɩɨɥɭɱɚɸɬ ɲɢɪɨɤɨɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɢɫɬɨɱɧɢɤɚɯ ɜɨɡɨɛɧɨɜɥɹɟɦɨɣ ɷɧɟɪɝɢɢ, ɬɚɤɢɯ ɤɚɤ 
ɜɟɬɪɨɷɧɟɪɝɟɬɢɤɚ, ɫɨɥɧɟɱɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢɥɢ ɆȽɗɋ ɜ ɫɯɟɦɚɯ ɋɇ ɞɥɹ 
ɜɵɪɚɜɧɢɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ. 

ȼ ɯɨɞɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ: 

 ɞɜɭɯɭɪɨɜɧɟɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ; 
 ɬɪёɯɭɪɨɜɧɟɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ; 
 ɬɪёɯɭɪɨɜɧɟɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫ ɨɛɪɚɬɧɵɦ ɯɨɞɨɦ; 
 ɬɪёɯɭɪɨɜɧɟɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ RB-IGBT; 
 ɤɚɫɤɚɞɧɵɣ ɇ-ɦɨɫɬɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ; 
 ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫ ɩɥɚɜɚɸɳɢɦɢ ɤɨɧɞɟɧɫɚɬɨɪɚɦɢ. 

 
10.2 Ⱦɜɭɯɭɪɨɜɧɟɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

 
Ⱦɜɭɯɭɪɨɜɧɟɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ– ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɚɹ 

ɬɨɩɨɥɨɝɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɷɧɟɪɝɢɢ. Ɉɧ ɫɨɫɬɨɢɬ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ ɢ ɞɜɭɯ ɫɢɥɨɜɵɯ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɤɥɸɱɟɣ ɧɚ ɮɚɡɭ. ɍɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ ɞɥɹ ɜɟɪɯɧɟɝɨ ɢ 
ɧɢɠɧɟɝɨ ɫɢɥɨɜɵɯ ɤɥɸɱɟɣ ɫɜɹɡɚɧ ɢ ɝɟɧɟɪɢɪɭɟɬ ɬɨɥɶɤɨ ɞɜɚ ɜɨɡɦɨɠɧɵɯ ɫɨɫɬɨɹɧɢɹ 
ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ (ɧɚɝɪɭɡɤɚ ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɢɥɢ 
ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɲɢɧɨɣ ɢɫɬɨɱɧɢɤɚ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ). 

ɂɫɩɨɥɶɡɭɹ ɦɟɬɨɞɵ ɦɨɞɭɥɹɰɢɢ ɞɥɹ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɭɩɪɚɜɥɹɸɳɢɯ 
ɢɦɩɭɥɶɫɨɜ ɜɨɡɦɨɠɧɨ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫ ɠɟɥɚɟɦɵɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ (ɮɨɪɦɨɣ, ɱɚɫɬɨɬɨɣ, ɚɦɩɥɢɬɭɞɨɣ). ɂɡ-ɡɚ ɫɨɞɟɪɠɚɧɢɹ ɜɵɫɨɤɢɯ 
ɝɚɪɦɨɧɢɤ ɜ ɜɵɯɨɞɧɨɦ ɫɢɝɧɚɥɟ ɞɥɹ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɫɢɧɭɫɨɢɞɚɥɶɧɵɯ ɬɨɤɨɜ 
ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɧɟɨɛɯɨɞɢɦɨ ɮɢɥɶɬɪɨɜɚɬɶ, ɧɨ ɬɚɤ ɤɚɤ ɞɚɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ 
ɨɛɵɱɧɨ ɢɦɟɸɬ ɢɧɞɭɤɬɢɜɧɭɸ ɧɚɝɪɭɡɤɭ (ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ) ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɮɢɥɶɬɪɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ. 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟɦ 
ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɜɟɧɚ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɦɨɳɧɨɣ ɧɚɝɪɭɡɤɨɣ ɬɪɟɛɭɟɬɫɹ ɜɵɫɨɤɨɟ ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɡɜɟɧɚ 
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ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɧɨ ɧɚ ɩɪɚɤɬɢɤɟ ɷɬɨ ɧɚɩɪɹɠɟɧɢɟ ɨɝɪɚɧɢɱɟɧɨ ɦɚɤɫɢɦɚɥɶɧɵɦ 
ɪɚɛɨɱɢɦ ɧɚɩɪɹɠɟɧɢɟɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ. Ⱦɥɹ ɩɪɢɦɟɪɚ ɧɢɡɤɨɜɨɥɶɬɧɵɟ IGBT 
ɬɪɚɧɡɢɫɬɨɪɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɞɨ 690 ȼ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ 
ɨɛɨɣɬɢ ɞɚɧɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɜ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɛɵɥɢ 
ɪɚɡɪɚɛɨɬɚɧɵ ɫɯɟɦɵ ɦɧɨɝɨɭɪɨɜɧɟɜɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ. Ⱦɚɧɧɵɟ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɫɥɨɠɧɟɟ, ɱɟɦ ɞɜɭɯɭɪɨɜɧɟɜɵɟ ɜ ɩɥɚɧɟ ɬɨɩɨɥɨɝɢɢ, ɦɨɞɭɥɹɰɢɢ ɢ 
ɭɩɪɚɜɥɟɧɢɹ, ɧɨ ɩɪɢ ɷɬɨɦ ɢɦɟɸɬ ɥɭɱɲɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨ ɦɨɳɧɨɫɬɢ, ɧɚɞɟɠɧɨɫɬɢ, 
ɝɚɛɚɪɢɬɚɦ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ɋɯɟɦɚ ɞɚɧɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 10.3. 

 

 
Ɋɢɫɭɧɨɤ 10.3- ɋɯɟɦɚ ɞɜɭɯɭɪɨɜɧɟɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

 
Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɹɜɥɹɟɬɫɹ ɜɵɯɨɞɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 10.4. 
 

 
Ɋɢɫɭɧɨɤ 10.4- ȼɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɞɜɭɯɭɪɨɜɧɟɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

 
10.3 Ɍɪёɯɭɪɨɜɧɟɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

 
ȼ ɬɪɟɯɮɚɡɧɵɯ ɬɪɟɯɭɪɨɜɧɟɜɵɯ ɚɜɬɨɧɨɦɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɯ ɜ ɤɚɠɞɨɦ 

ɩɥɟɱɟ ɦɨɫɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɬɪɚɧɡɢɫɬɨɪɚ ɢɥɢ ɬɢɪɢɫɬɨɪɚ, ɜɤɥɸɱɟɧɧɵɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ. ɇɚɩɪɹɠɟɧɢɹ ɦɟɠɞɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɦɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦɢ ɩɪɢɛɨɪɚɦɢ ɞɟɥɹɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɩɨɪɨɜɧɭ ɫ ɩɨɦɨɳɶɸ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɜ ɡɜɟɧɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɚ ɬɚɤɠɟ 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɞɢɨɞɨɜ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɬɨɱɤɚ 
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ɫɨɟɞɢɧɟɧɢɹ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɨɛɴɟɞɢɧɹɟɬɫɹ ɫ ɬɨɱɤɚɦɢ ɫɨɟɞɢɧɟɧɢɹ 
ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɨɜ ɜ ɤɚɠɞɨɦ ɩɥɟɱɟ ɦɨɫɬɚ. ɋɯɟɦɚ 
ɬɪɟɯɭɪɨɜɧɟɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 10.5. 
 

 
Ɋɢɫɭɧɨɤ 10.5-ɋɯɟɦɚ ɬɪɟɯɭɪɨɜɧɟɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

 
ɇɚ ɪɢɫɭɧɤɟ 10.6 ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɨɥɭɱɟɧɧɨɣ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ. 
 

 
Ɋɢɫɭɧɨɤ 10.6-ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

 
ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɯɟɦɟ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɬɪɟɯɮɚɡɧɨɣ 

ɧɚɝɪɭɡɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɪɢ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɹ – ɧɭɥɟɜɨɣ ɭɪɨɜɟɧɶ, ɧɚɩɪɹɠɟɧɢɟ 
ɧɚ ɨɞɧɨɦ ɤɨɧɞɟɧɫɚɬɨɪɟ ɢ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ 
ɤɨɧɞɟɧɫɚɬɨɪɚɯ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɪɚɫɫɦɚɬɪɢɜɚɟɦɭɸ ɫɯɟɦɭ ɧɚɡɵɜɚɸɬ ɬɪɟɯɭɪɨɜɧɟɜɨɣ. 

Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɬɪɟɯɭɪɨɜɧɟɜɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɧɚɩɪɹɠɟɧɢɹ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɞɜɭɯɭɪɨɜɧɟɜɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ: 

 ɩɨɜɵɲɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɨɜɨɥɶɬɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɬɪɚɧɡɢɫɬɨɪɧɵɯ 
ɦɨɞɭɥɟɣ, ɤɨɧɞɟɧɫɚɬɨɪɨɜ); 
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 ɩɨɜɵɲɟɧɧɚɹ ɟɞɢɧɢɱɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ; 
 ɦɟɧɶɲɢɟ ɢɫɤɚɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ ɧɚɝɪɭɡɤɢ ɩɪɢ ɪɚɛɨɬɟ ɜ 

ɪɟɠɢɦɟ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɒɂɆ; 
 ɦɟɧɶɲɢɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɜɟɧɬɢɥɹɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɩɪɢ ɪɚɛɨɬɟ ɜ ɪɟɠɢɦɟ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɒɂɆ. 
ɍɤɚɡɚɧɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɱɚɫɬɢɱɧɨ ɫɨɯɪɚɧɹɸɬɫɹ ɢ ɩɪɢ ɪɚɛɨɬɟ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜ ɪɟɠɢɦɟ ɩɟɪɟ ɦɨɞɭɥɹɰɢɢ. ɉɪɢ ɪɚɛɨɬɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜ 
ɪɟɠɢɦɟ ɮɚɡɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɜɵɯɨɞɧɵɟ ɥɢɧɟɣɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɬɪɟɯɭɪɨɜɧɟɜɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢɦɟɸɬ ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɮɨɪɦɭ, ɤɚɤ ɢ ɜ ɞɜɭɯɭɪɨɜɧɟɜɨɦ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ. 

 
10.4 Ɍɪёɯɭɪɨɜɧɟɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫ ɨɛɪɚɬɧɵɦ ɯɨɞɨɦ 

 
Ɉɫɧɨɜɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɞɚɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɹɜɥɹɟɬɫɹ ɬɟɦ ɱɬɨ ɜ 

ɨɬɥɢɱɢɢ ɨɬ ɩɪɨɫɬɨɝɨ ɬɪɟɯɭɪɨɜɧɟɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɞɚɧɧɵɣ ɬɢɩ ɦɨɠɟɬ 
ɭɱɚɫɬɜɨɜɚɬɶ ɤɚɤ ɜ ɜɵɞɚɱɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɚɤ ɢ ɜ ɩɪɢɟɦ ɟɟ. Ɍɪёɯɭɪɨɜɧɟɜɵɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫ ɨɛɪɚɬɧɵɦ ɯɨɞɨɦ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɤ 
ɩɪɢɦɟɪɭ, ɨɬ ɫɟɬɢ ɞɨ 600 ȼ, ɚ ɬɚɤɠɟ ɜɵɞɚɜɚɬɶ ɝɟɧɟɪɢɪɭɸɳɭɸ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɞɨ 
1200 ȼ. ɉɪɨɫɬɟɣɲɚɹ ɫɯɟɦɚ ɞɚɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 
10.7. 

 

 
Ɋɢɫɭɧɨɤ 10.7-Ɍɪёɯɭɪɨɜɧɟɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ 

 
10.5 Ɍɪёɯɭɪɨɜɧɟɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ RB-IGBT 

 
Ɉɬɥɢɱɢɟ ɞɚɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɨɬ ɩɪɟɞɵɞɭɳɟɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɭɩɪɨɳɟɧɢɢ ɫɯɟɦɵ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ IGBT ɭɧɢɩɨɥɹɪɧɵɟ 
ɬɪɚɧɡɢɫɬɨɪɵ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɥɭɱɲɟɧɢɸ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ.  

ɉɪɨɫɬɟɣɲɚɹ ɫɯɟɦɚ ɞɚɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 10.8.  
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Ɋɢɫɭɧɨɤ 10.8- ɋɯɟɦɚ ɬɪёɯɭɪɨɜɧɟɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ RB-IGBT 

 
10.6 Ʉɚɫɤɚɞɧɵɣ ɇ-ɦɨɫɬɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

 
Ʉɚɫɤɚɞɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ - ɜɵɫɨɤɨ ɦɨɞɭɥɶɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ, 

ɫɨɫɬɨɹɳɢɣ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɨɞɧɨɮɚɡɧɵɯ ɢɧɜɟɪɬɨɪɨɜ, ɨɛɵɱɧɨ ɧɚɡɵɜɚɟɦɵɦɢ 
ɫɢɥɨɜɵɦɢ ɹɱɟɣɤɚɦɢ, ɫɨɟɞɢɧɟɧɧɵɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɚɡɵ. 
Ʉɚɠɞɚɹ ɫɢɥɨɜɚɹ ɹɱɟɣɤɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɫɬɚɧɞɚɪɬɧɵɯ ɧɢɡɤɨɜɨɥɶɬɧɵɯ ɤɨɦɩɨɧɟɧɬɚɯ, 
ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɯ ɥɟɝɤɭɸ ɢ ɞɟɲɟɜɭɸ ɡɚɦɟɧɭ ɜ ɫɥɭɱɚɟ ɜɵɯɨɞɚ ɢɡ ɫɬɪɨɹ. ɋɯɟɦɚ 
ɞɚɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 10.9. 

 

 
Ɋɢɫɭɧɨɤ 10.9- Ʉɚɫɤɚɞɧɵɣ ɇ-ɦɨɫɬɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
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Ɉɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɞɚɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɹɜɥɹɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɨɥɶɤɨ ɧɢɡɤɨɜɨɥɶɬɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɩɪɢ ɷɬɨɦ ɨɧ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɹɬɶ ɦɨɳɧɨɣ ɧɚɝɪɭɡɤɨɣ ɫɪɟɞɧɟɝɨ ɞɢɚɩɚɡɨɧɚ ɧɚɩɪɹɠɟɧɢɹ.  

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ ɱɬɨ ɱɚɫɬɨɬɚ ɤɨɦɦɭɬɚɰɢɢ ɜ ɤɚɠɞɨɣ ɹɱɟɣɤɟ ɧɢɡɤɚɹ, 
ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɱɚɫɬɨɬɚ ɤɨɦɦɭɬɚɰɢɢ, ɩɪɢɥɨɠɟɧɧɚɹ ɤ ɧɚɝɪɭɡɤɟ – ɜɵɫɨɤɚɹ, ɱɬɨ 
ɭɦɟɧɶɲɚɟɬ ɩɨɬɟɪɢ ɧɚ ɩɟɪɟɤɥɸɱɟɧɢɟ ɤɥɸɱɟɣ, ɞɚɟɬ ɧɢɡɤɭɸ ɫɤɨɪɨɫɬɶ ɧɚɪɚɫɬɚɧɢɹ 
ɧɚɩɪɹɠɟɧɢɹ (dv/dt) ɢ ɩɨɦɨɝɚɟɬ ɢɡɛɟɠɚɬɶ ɪɟɡɨɧɚɧɫɨɜ. Ⱦɚɧɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
ɪɚɛɨɬɚɟɬ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɞɨ 1500 ȼ ɜɤɥɸɱɢɬɟɥɶɧɨ. ȼɵɯɨɞɧɨɟ ɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 10.10. 

 

 
Ɋɢɫɭɧɨɤ 10.10- Ɏɚɡɧɨɟ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

 
10.7 ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫ ɩɥɚɜɚɸɳɢɦɢ ɤɨɧɞɟɧɫɚɬɨɪɚɦɢ 

 
ȼɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ ɩɥɚɜɚɸɳɢɦɢ ɤɨɧɞɟɧɫɚɬɨɪɚɦɢ 

ɩɨɥɭɱɚɟɬɫɹ ɩɭɬɟɦ ɩɪɹɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜɵɯɨɞɚ ɮɚɡɵ ɫ ɩɨɥɨɠɢɬɟɥɶɧɨɣ, 
ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɲɢɧɨɣ ɢɥɢ ɩɨɞɤɥɸɱɟɧɢɟɦ ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɨɪɵ. Ʉɨɥɢɱɟɫɬɜɨ 
ɭɪɨɜɧɟɣ ɜɵɯɨɞɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɧɚɜɟɫɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ 
ɢ ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ. Ⱦɚɧɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
ɪɚɛɨɬɚɟɬ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɞɨ 3 ɤȼ ɜɤɥɸɱɢɬɟɥɶɧɨ. ɋɯɟɦɚ ɤɚɫɤɚɞ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ 
ɩɥɚɜɚɸɳɢɦɢ ɤɨɧɞɟɧɫɚɬɨɪɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 10.11. 
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Ɋɢɫɭɧɨɤ 10.11- ɋɯɟɦɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ ɩɥɚɜɚɸɳɢɦɢ ɤɨɧɞɟɧɫɚɬɨɪɚɦɢ 

 
ɗɬɨɬ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɤɚɫɤɚɞɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɬɚɤɠɟ 

ɢɦɟɟɬ ɦɨɞɭɥɶɧɭɸ ɬɨɩɨɥɨɝɢɸ, ɝɞɟ ɤɚɠɞɚɹ ɹɱɟɣɤɚ ɫɨɫɬɨɢɬ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ ɢ ɞɜɭɯ 
ɫɜɹɡɚɧɧɵɯ ɤɥɸɱɟɣ. Ɉɞɧɚɤɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɚɫɤɚɞɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 
ɞɨɛɚɜɥɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɢɥɨɜɵɯ ɤɥɸɱɟɣ ɤ ɤɨɧɞɟɧɫɚɬɨɪɧɨɦɭ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɸ ɧɟ ɭɜɟɥɢɱɢɜɚɟɬ ɧɨɦɢɧɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɚ 
ɬɨɥɶɤɨ ɭɦɟɧɶɲɚɟɬ ɫɤɨɪɨɫɬɶ ɧɚɪɚɫɬɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (dv/dt), ɭɥɭɱɲɚɹ 
ɤɨɷɮɮɢɰɢɟɧɬ ɝɚɪɦɨɧɢɤ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. Ʉɚɤ ɢ ɭ ɤɚɫɤɚɞɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, 
ɦɨɞɭɥɶɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬ ɫɬɨɢɦɨɫɬɶ ɡɚɦɟɧɵ ɷɥɟɦɟɧɬɨɜ, ɨɛɥɟɝɱɚɟɬ ɩɨɞɞɟɪɠɤɭ ɢ 
ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɭɸ ɪɚɛɨɬɭ.  

ȼɵɯɨɞɧɨɟ ɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 10.12. 
 

 
Ɋɢɫɭɧɨɤ 10.12- ȼɵɯɨɞɧɨɟ ɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ ɩɥɚɜɚɸɳɢɦɢ 

ɤɨɧɞɟɧɫɚɬɨɪɚɦɢ 
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Ʉɨɧɞɟɧɫɚɬɨɪɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɬɪɟɛɭɟɬ ɬɨɥɶɤɨ ɨɞɢɧ ɢɫɬɨɱɧɢɤ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɞɥɹ ɩɢɬɚɧɢɹ ɜɫɟɯ ɹɱɟɟɤ ɢ ɮɚɡ. ɉɨɷɬɨɦɭ, ɦɨɠɧɨ ɨɛɨɣɬɢɫɶ ɛɟɡ 
ɜɯɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɚ ɤɨɥɢɱɟɫɬɜɨ ɹɱɟɟɤ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɡɜɨɥɶɧɨ 
ɭɜɟɥɢɱɟɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɭɟɦɨɣ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɢ.  

ɉɨɞɨɛɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɸ ɫ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɧɨɣ ɬɨɱɤɨɣ, ɷɬɨɦɭ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɸ ɬɪɟɛɭɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɣ ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɚɯ. 

ȼɫɟ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 
ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 10.1. 

 
Ɍɚɛɥɢɰɚ 10.1- Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 

Ɍɢɩ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥ

ɹ 

Ⱦɜɭɯɭɪɨɜɧɟ
ɜɵɣ 

Ɍɪёɯɭɪɨɜɧɟɜ
ɵɣ 

Ɍɪёɯɭɪɨɜɧɟɜ
ɵɣ ɫ 

ɨɛɪɚɬɧɨɣ 
ɫɜɹɡɶɸ 

Ɍɪёɯɭɪɨɜɧɟɜ
ɵɣ RB-IGBT 

Ʉɚɫɤɚɞɧ
ɵɣ ɇ-

ɦɨɫɬɨɜɨɣ 

ɉɪɟɨɛɪɚɡɨɜɚɬ
ɟɥɶ ɫ 

ɩɥɚɜɚɸɳɢɦɢ 
ɤɨɧɞɟɧɫɚɬɨɪɚ

ɦɢ 

Ɋɚɛɨɱɟɟ 
ɧɚɩɪɹɠɟɧɢɟ 

Ⱦɨ 1,2 ɤȼ Ⱦɨ 600 ȼ 
Ⱦɨ 1,2 ɤȼ 

+600 ȼ 
(ɨɛɪ.ɫɜ) 

Ⱦɨ 1,2 ɤȼ 
+600 ȼ 
(ɨɛɪ.ɫɜ) 

Ⱦɨ 1,5 
ɤȼ 

Ⱦɨ 3 ɤȼ 

ȼɵɯɨɞɧɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

    
  

ɉɨɬɟɪɢ Ɇɚɥɟɧɶɤɢɟ Ȼɨɥɶɲɢɟ Ȼɨɥɶɲɢɟ Ɇɚɥɟɧɶɤɢɟ 
Ɇɚɥɟɧɶɤ

ɢɟ 
Ȼɨɥɶɲɢɟ 

ɋɥɨɠɧɨɫɬɶ 
ɫɯɟɦɵ Ʌɟɝɤɚɹ 

ɍɫɥɨɠɧɟɧɧɚ
ɹ Ʌɟɝɤɚɹ Ʌɟɝɤɚɹ ɋɥɨɠɧɚɹ ɋɥɨɠɧɚɹ 

 
10.8 ɉɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɢ ɫ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦɢ ɜɫɬɚɜɤɚɦɢ 

ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 
 

ɂɡɭɱɢɜ ɜɫɟ ɦɨɞɟɥɢ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɩɨɫɬɪɨɟɧɢɟ ɝɟɧɟɪɢɪɭɸɳɟɣ ɫɯɟɦɵ ɧɚ 
ɨɫɧɨɜɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɜɫɬɚɜɨɤ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɨɞɟɥɢ 
ɛɵɥɢ ɜɡɹɬɵ ɫɥɟɞɭɸɳɢɟ ɞɚɧɧɵɟ: 

 
Ɍɚɛɥɢɰɚ 10.2- ɉɚɪɚɦɟɬɪɵ ɧɚɝɪɭɡɤɢ ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ 

ɇɚɢɦɟɧɨɜɚɧɢɹ Ɂɧɚɱɟɧɢɹ 
ɇɨɦɢɧɚɥɶɧɨɟ ɦɟɠɞɭɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 37,66 ɤȼ 

ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 50 Ƚɰ 
Ⱥɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ 25 Ɇȼɬ 

 
Ɍɚɛɥɢɰɚ 10.3- ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ 

ɇɚɢɦɟɧɨɜɚɧɢɹ Ɂɧɚɱɟɧɢɹ 
ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ 50 Ɇȼ·Ⱥ 

ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 50 Ƚɰ 
ɇɚɩɪɹɠɟɧɢɟ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ 10,5 ɤȼ 
ɇɚɩɪɹɠɟɧɢɟ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ 35 ɤȼ 

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 0,008 Ɉɦ 
Ɋɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 0,1 Ɉɦ 
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Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 10.13. 
 

 
Ɋɢɫɭɧɨɤ 10.13- Ƚɟɧɟɪɢɪɭɸɳɚɹ ɦɨɞɟɥɶ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɜɫɬɚɜɨɤ ɩɨɫɬɨɹɧɧɨɝɨ 

ɬɨɤɚ 
ɝɞɟ 1-ɚɤɤɚɦɭɥɹɬɨɪɧɚɹ ɛɚɬɚɪɟɹ; 
       2-ɮɢɥɶɬɪɵ; 
       3-ɫɢɥɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ; 
       4-ɬɪɚɧɫɮɨɪɦɚɬɨɪ; 
       5-ɧɚɝɪɭɡɤɚ; 
       6-ɛɥɨɤ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɤɨɧɬɪɨɥɶ. 

ȼ ɫɢɥɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɜɯɨɞɹ 3 ɛɥɨɤɚ, ɝɞɟ ɤɚɠɞɵɣ ɛɥɨɤ ɢɞɟɬ ɧɚ ɫɜɨɸ ɮɚɡɭ, 
ɤɨɬɨɪɵɟ ɭɱɚɫɬɜɭɸɬ ɜ ɜɵɞɚɱɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 3 ɛɥɨɤɚ ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɩɪɢɟɦɟ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  

 

 
Ɋɢɫɭɧɨɤ 10.14-Ȼɥɨɤɢ ɫɢɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
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ȼ ɨɞɧɨɦ ɫɢɥɨɜɨɦ ɛɥɨɤɟ ɧɚɯɨɞɢɬɫɹ ɦɧɨɝɨɭɪɨɜɧɟɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ. 

ɋɢɥɨɜɚɹ ɱɚɫɬɶ ɫɨɫɬɨɢɬ ɢ ɞɜɭɯ ɫɢɫɬɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɪɚɛɨɬɚɸɳɢɯ ɜ 
ɜɵɩɪɹɦɢɬɟɥɶɧɨɦ ɢ ɢɧɜɟɪɬɨɪɧɨɦ ɪɟɠɢɦɟ. ȼɵɯɨɞɧɵɦɢ ɢ ɜɵɯɨɞɧɵɦɢ 
ɧɚɩɪɹɠɟɧɢɹɦɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɹɜɥɹɸɬɫɹ ɩɟɪɟɦɟɧɧɵɟ ɬɪёɯɮɚɡɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɫ 
ɪɚɡɥɢɱɚɸɳɢɦɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. ɋɨɩɪɹɠɟɧɢɟ ɞɚɧɧɵɯ ɫɯɟɦ 
ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɰɟɩɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. ɇɟɨɛɯɨɞɢɦɵɦ ɬɪɟɛɨɜɚɧɢɟ ɤ ɫɢɥɨɜɨɦɭ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɸ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɜɟɪɫɢɪɨɜɚɧɢɹ ɩɨɬɨɤɚ 
ɦɨɳɧɨɫɬɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ, ɜɵɩɪɹɦɢɬɟɥɶɧɵɣ ɢ ɢɧɜɟɪɬɨɪɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɜ 
ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɵɣ Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɭɪɨɜɧɟ 
ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
Ⱦɚɧɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɨɞɧɨɣ ɮɚɡɵ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 10.15.  

 

 
Ɋɢɫɭɧɨɤ 10.15-Ɇɧɨɝɨɭɪɨɜɧɟɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɮɚɡɵ Ⱥ 

 
Ʉɨɧɬɪɨɥɢɪɭɸɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 10.16.  
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Ɋɢɫɭɧɨɤ 10.16- ɋɨɫɬɚɜ ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 
ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɫɧɨɜɚɧ ɧɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 

ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɫɢɧɭɫɚ ɢ ɤɨɫɢɧɭɫɚ ɜ ɢɧɬɟɝɪɚɥɶɧɭɸ ɫɢɫɬɟɦɭ 
ɫɱɢɫɥɟɧɢɹ dq. ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɪɹɞɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɹ ɫ ɩɨɦɨɳɶɸ 
ɤɨɧɬɪɨɥɟɪɚ. Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɞɟɥɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɱɢɫɟɥ ɧɚ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ 
ɢ ɦɧɢɦɨɟ ɡɧɚɱɟɧɢɹ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɚɟɦ ɜɵɩɪɹɦɥɟɧɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ. 

Ʉɨɧɟɱɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɛɨɬɵ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜ 
ɪɟɠɢɦɟ ɫɛɪɨɫɚ ɧɚɝɪɭɡɤɢ. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 10.17. 

 

 
Ɋɢɫɭɧɨɤ 10.17- Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɢɡɦɟɧɟɧɢɹ ɦɨɳɧɨɫɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɛɪɨɫɚ ɧɚɝɪɭɡɤɢ 

 
Ⱥɧɚɥɢɡɢɪɭɹ ɞɚɧɧɵɟ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɫɛɪɨɫɟ 

ɧɚɝɪɭɡɤɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɦɨɞɧɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɩɥɚɜɧɨ ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ 
ɤɨɥɟɛɚɧɢɣ ɢ ɩɪɨɜɚɥɨɜ. ɋ ɩɨɦɨɳɶɸ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɤɚɤ 
ɡɧɚɱɟɧɢɹ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢ ɝɟɧɟɪɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɚɤ ɢ ɩɪɢ 
ɩɨɬɪɟɛɥɟɧɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɉɨɬɨɦɭ ɱɬɨ ɤɨɥɟɛɚɧɢɹ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɩɪɢ 
ɪɟɡɤɨɦ ɢɡɦɟɧɟɧɢɹ ɧɚɝɪɭɡɤɟ ɦɨɠɟɬ ɩɚɝɭɛɧɨ ɫɤɚɡɵɜɚɬɶ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɟ. 
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Ɍɚɤ ɠɟ ɦɨɠɧɨ ɡɚɦɟɧɢɬɶ ɩɨ ɨɫɰɢɥɥɨɝɪɚɦɦɟ PI_error (ɩɨɫɥɟɞɧɹɹ 
ɨɫɰɢɥɥɨɝɪɚɦɦɚ) ɱɬɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɨɱɧɨɫɬɢ ɫ 
ɬɪɟɛɭɟɦɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɝɨɜɨɪɢɬ ɨ ɦɢɧɢɦɚɥɶɧɵɯ ɩɨɬɟɪɹɯ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
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ɁȺɄɅɘɑȿɇɂȿ 
 

ȼ ɞɢɩɥɨɦɧɨɦ ɩɪɨɟɤɬɟ ɪɚɫɫɱɢɬɚɧɵ ɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɢ 
ɩɚɪɚɦɟɬɪɵ əɤɭɬɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɧɚ ɪɟɤɟ Ɉɥɟɧёɤ, ɹɜɥɹɸɳɟɝɨɫɹ ɫɨɨɪɭɠɟɧɢɟɦ I 
ɤɥɚɫɫɚ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 
ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ ɞɥɹ ɫɥɭɱɚɟɜ: ɨɫɧɨɜɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 0,1% ɢ ɩɨɜɟɪɨɱɧɨɝɨ 0,01% ɪɚɜɧɵɯ 6491 ɦ3/ɫ ɢ 7707 ɦ3/ɫ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ȼ ɯɨɞɟ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɭɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ, ɪɚɜɧɚɹ 450 Ɇȼɬ ɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ 2,3 ɦɥɪɞ.ɤȼɬ·ɱ. 

ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɢ ɬɢɩ 
ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ 
ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ (ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɩɨ ɧɚɩɨɪɭ ɢ ɪɚɫɯɨɞɭ), ɧɚ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɧɚɩɨɪɵ. 

 ɦɚɤɫɢɦɚɥɶɧɵɣ: 49,00 ɦ; 
 ɪɚɫɱɟɬɧɵɣ: 42,80 ɦ; 
 ɦɢɧɢɦɚɥɶɧɵɣ 27,00 ɦ. 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞɵ ɱɟɪɟɡ ɜɫɟ ɚɝɪɟɝɚɬɵ Ƚɗɋ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 

ɪɚɫɱɟɬɧɨɦɭ ɧɚɩɨɪɭ, ɫɨɫɬɚɜɥɹɟɬ 1215,84 ɦ3. 
ɉɪɢ ɜɵɛɨɪɟ ɬɭɪɛɢɧ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɞɜɚ ɜɚɪɢɚɧɬɚ ɉɅ-50-ȼ ɢ ɉɅȾ-50-ȼ60. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɫ ɬɪɟɦɹ 
ɝɢɞɪɨɚɝɪɟɝɚɬɚɦɢ ɉɅȾ50-ȼ60-670. 

ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɞɥɹ ɜɵɛɪɚɧɧɨɣ ɬɭɪɛɢɧɵ ɫ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɨɣ 
ɜɪɚɳɟɧɢɹ 115,4 ɨɛ/ɦɢɧ ɛɵɥ ɩɨɞɨɛɪɚɧ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-1460/185-52ɍɏɅ4 ɫ 
ɧɨɦɢɧɚɥɶɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ 150 Ɇȼɬ. 

Ⱦɚɥɟɟ ɜɵɥɚ ɜɵɛɪɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ƚɗɋ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ ɢ 
ɩɪɢɧɹɬɚ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚ 7 ɩɪɢɫɨɟɞɢɧɟɧɢɣ (3 
ɩɨɞɯɨɞɹɳɢɯ ɛɥɨɤɚ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ, 4 ɨɬɯɨɞɹɳɢɯ ȼɅ) ɄɊɍɗ 220 
ɤȼ- ''ɞɜɟ ɪɚɛɨɱɢɟ ɲɢɧɵ''. ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɢ ɤɚɬɚɥɨɝɚɦ ɛɵɥɨ ɜɵɛɪɚɧɨ 
ɫɥɟɞɭɸɳɟɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: ɛɥɨɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȾɐ-
200000/220, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɌɁɋ-2500/6, ɪɟɡɟɪɜɧɵɣ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɌɆɇ-2500/35, ɞɥɹ ȼɅɗɉ-ɫɬɚɥɟɚɥɸɦɢɧɟɜɵɟ 
ɩɪɨɜɨɞɚ ɦɚɪɤɢ Ⱥɋ-240/32. 

ɉɨɫɥɟ ɜɵɛɨɪɚ ɨɫɧɨɜɧɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ 
ɨɛɹɡɚɬɟɥɶɧɵɣ ɩɟɪɟɱɟɧɶ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɉɍɗ. Ɍɚɤ ɠɟ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɥɹ ɪɟɥɟɣɧɵɯ 
ɡɚɳɢɬ. 

Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ ɛɵɥɚ ɩɪɢɧɹɬɚ ɩɪɢɩɥɨɬɢɧɧɚɹ. 
ȼ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ ɜɯɨɞɢɬ: 
 ɜɨɞɨɫɛɪɨɫɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɫ ɞɨɧɧɵɦɢ ɜɨɞɨɩɪɨɩɭɫɤɧɵɦɢ 

ɨɬɜɟɪɫɬɢɹɦɢ – 96,0 ɦ; 
 ɥɟɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ - 137,9 ɦ; 
 ɫɬɚɧɰɢɨɧɧɚɹ ɱɚɫɬɶ ɩɥɨɬɢɧɵ – 140,5; 
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 ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ 144,0 ɦ. 
ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɵ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɢ 

ɯɚɪɚɤɬɟɪɧɵɟ ɨɬɦɟɬɤɢ ɩɥɨɬɢɧɵ: 
 ɨɬɦɟɬɤɚ ɩɨɞɨɲɜɵ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ – 4.26 ɦ; 
 ɱɢɫɥɨ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ – 8; 
 ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ – 6 ɦ; 
 ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ – 61,44 ɦ; 
 ɲɢɪɢɧɚ ɝɪɟɛɧɹ – 21,11 ɦ. 
Ɍɚɤɠɟ ɜ ɷɬɨɦ ɪɚɡɞɟɥɟ ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɩɥɨɬɢɧɵ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɤɨɷɮɮɢɰɢɟɧɬ 
ɧɚɞɟɠɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1,33 (ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɫɨɨɪɭɠɟɧɢɣ 
I ɤɥɚɫɫɚ – 1,25). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɥɨɬɢɧɚ əɤɭɬɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɨɬɜɟɱɚɟɬ 
ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɞɟɠɧɨɫɬɢ. ɉɪɢ ɪɚɫɱɟɬɟ ɩɥɨɬɢɧɵ ɧɚ ɩɪɨɱɧɨɫɬɶ ɫɠɢɦɚɸɳɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ, ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɡɧɚɱɟɧɢɹ 
ɨɬɫɭɬɫɬɜɭɸɬ. ɉɥɨɬɢɧɚ ɨɬɜɟɱɚɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹ ɋɇɢɉ. 

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 – 9,2 ɥɟɬ;  
 ɫɟɛɟɫɬɨɢɦɨɫɬɶ – 21 ɤɨɩ/ɤȼɬ·ɱ;  
 ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ – 49990,1 ɪɭɛ/ɤȼɬ. 
ɂɡ ɷɬɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ əɤɭɬɫɤɨɣ Ƚɗɋ ɹɜɥɹɟɬɫɹ 

ɨɛɨɫɧɨɜɚɧɧɵɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 
Ɍɚɛɥɢɰɚ Ⱥ.1-ɂɫɯɨɞɧɵɣ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɞɥɹ ɪɟɤɢ Ɉɥɟɧёɤ 

Ƚɨɞ 1 2 3 4 5 6 7 8 9 10 11 12 
Qɫɪɟɞɧɟɝɨɞ., 

ɦ3/ɫ 
1930 2 2 1 6 1560 1749 2420 653 531 318 62 12 610 
1931 5 4 4 5 1908 3622 1159 495 430 297 124 20 673 
1932 9 1 1 21 1007 1643 2279 678 353 230 67 55 529 
1933 21 4 4 7 1997 2950 1449 318 300 133 106 15 609 
1934 3 3 2 5 1502 2173 2191 514 531 512 71 31 628 
1935 6 5 4 13 1325 2667 2880 671 642 327 64 18 719 
1936 5 4 4 6 2492 3374 1753 477 412 247 72 9 738 
1937 6 6 5 103 1917 4410 3039 470 407 359 241 18 915 
1938 1 1 1 19 2810 4010 1661 618 247 145 97 12 802 
1939 6 5 5 4 1954 1819 2721 619 556 554 115 8 697 
1940 6 4 4 9 1891 4752 1150 371 370 212 55 11 736 
1941 7 7 6 11 2067 3551 1813 342 295 155 71 60 699 
1942 3 3 3 6 1537 2597 1871 636 407 295 88 6 621 
1943 4 1 0 1 2951 4119 1201 366 141 124 65 50 752 
1944 2 2 2 16 1854 1466 2102 683 625 618 88 13 623 
1945 4 4 3 18 1885 4258 2367 424 377 309 159 81 824 
1946 6 5 5 4 3057 4046 1219 74 71 49 27 10 714 
1947 1 1 1 25 1926 2870 1731 654 524 336 85 10 680 
1948 2 2 2 7 1096 1961 1578 636 599 454 76 67 540 
1949 3 1 0 11 2350 3268 1484 512 194 106 74 57 672 
1950 6 6 4 2 1749 2526 1277 671 660 401 67 48 618 
1951 13 12 10 27 2138 4187 1294 324 259 199 80 12 713 
1952 3 3 2 8 1255 3743 2933 283 159 97 74 25 715 
1953 15 8 6 8 1944 4682 1307 601 565 353 58 46 799 
1954 2 0 0 6 1190 2243 955 200 190 110 85 14 416 
1955 8 8 7 140 2668 3434 1237 313 283 223 180 37 712 
1956 3 3 3 13 3092 4399 1396 177 106 44 39 27 775 
1957 11 9 8 2 2774 3480 2109 406 318 159 23 8 776 
1958 5 4 4 7 1131 3728 1247 689 583 304 78 9 649 
1959 4 3 3 50 1814 2455 1801 583 401 371 67 5 630 
1960 4 4 3 11 2562 4070 2343 212 88 65 60 32 788 
1961 17 10 7 32 1679 2314 1254 699 689 565 48 41 613 
1962 2 0,3 0,2 10 2209 3000 1590 607 513 284 141 12 837 
1963 7 6 6 3 1184 2152 1820 524 377 254 76 7 535 
1964 3 3 2 9 2916 4505 1195 424 342 302 124 6 819 
1965 4 4 3 21 1855 3445 1078 389 336 265 16 13 619 
1966 6 6 4 9 1219 2102 2173 673 618 442 87 74 618 
1967 9 3 3 8 1643 2385 1828 321 324 289 81 16 576 
1968 7 6 6 32 2961 4646 1378 495 212 37 32 4 818 
1969 2 2 2 12 1596 2809 2615 530 536 448 46 44 720 
1970 18 4 3 30 3022 3834 2126 565 354 177 78 58 856 
1971 3 3 2 10 2580 3975 1272 365 306 300 46 42 742 
1972 15 10 9 78 2280 3021 2669 542 365 295 80 9 781 
1973 6 6 5 13 1431 4576 1360 194 177 81 44 40 661 
1974 2 1 1 12 3145 3940 1542 300 224 124 74 71 786 
1975 2 2 2 64 1708 2738 1909 654 571 530 41 37 688 
1976 13 4 4 14 1997 4717 1266 371 289 274 32 18 750 
1977 8 7 4 12 2615 3410 1348 247 62 58 35 5 651 
1978 3 2 2 42 2880 4010 1531 389 248 206 34 15 780 
1979 6 4 3 10 2315 3798 1833 559 371 194 53 6 763 

Qɫɪ, ɦ3/ɫ 6 4 4 20 2053 3313 1755 470 371 265 76 27 700 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 
 
Ɍɚɛɥɢɰɚ Ȼ.1- ɋɪɚɛɨɬɤɚ – ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ 
ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (1-ɚɹ ɢɬɟɪɚɰɢɹ) 

t 
ɦ3/ɫ ɤɦ3 ɦ Ɇȼɬ 

Qɩ Q90%, QȼɏɄ Qɜɨɞɨɯ QȽɗɋ 
QɇȻ 

 
Vɧ

 Vɤ 
Zɧ, 
ȼȻ  

Zɤ, 
ȼȻ 

Zɫɪ 
Z 

ɇȻ 
ɇ N Nɝɚɪ 

8 304 313 510 199 503 510 14,81 14,28 60,00 59,56 59,8 11,12 48,2 208 ȼɏɄ 
9 275 283 510 228 503 510 14,28 13,67 59,56 59,16 59,4 11,12 47,7 207 ȼɏɄ 
10 217 223 510 288 505 510 13,67 12,89 59,16 58,70 58,9 11,12 47,3 205 ȼɏɄ 
11 121 126 450 470 591 592 12,89 11,64 58,70 57,85 58,3 11,27 46,5 237 237 
12 34 37 260 690 724 725 11,64 9,79 57,85 56,20 57,0 11,49 45,0 280 280 
1 7 8 260 752 759 760 9,79 7,77 56,20 53,75 55,0 11,55 42,9 280 280 
2 2 3 260 682 684 685 7,77 5,95 53,75 50,28 52,0 11,43 40,1 237 237 
3 2 3 260 440 442 443 5,95 4,77 50,28 46,72 48,5 10,99 37,0 141 141 
4 59 58 260 200 259 260 4,77 4,23 46,72 44,58 45,7 11,25 33,9 76 ȼɏɄ 
5 1603 1643 510 -1127 476 510 4,23 7,25 44,58 52,94 48,8 11,85 36,4 149 ȼɏɄ 
6 2900 2976 510 -2451 449 510 7,25 13,82 52,94 59,25 56,1 11,12 44,5 172 ȼɏɄ 
7 1205 1237 510 -721 484 510 13,82 15,75 59,25 61,26 60,3 11,12 48,6 202 ȼɏɄ 

 
Ɍɚɛɥɢɰɚ Ȼ.2- ɋɪɚɛɨɬɤɚ – ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ 
ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (2-ɚɹ ɢɬɟɪɚɰɢɹ) 

t 
ɦ3/ɫ ɤɦ3 ɦ Ɇȼɬ 

Qɩ Q90%, QȼɏɄ Qɜɨɞɨɯ QȽɗɋ 
QɇȻ 

 
Vɧ

 Vɤ 
Zɧ, 
ȼȻ  

Zɤ, 
ȼȻ 

Zɫɪ 
Z 

ɇȻ 
ɇ N Nɝɚɪ 

8 304 313 510 199 503 510 14,81 14,28 60,00 59,56 59,8 11,12 48,2 208 ȼɏɄ 
9 275 283 510 228 503 510 14,28 13,67 59,56 59,16 59,4 11,12 47,7 207 ȼɏɄ 
10 217 223 510 288 505 510 13,67 12,89 59,16 58,70 58,9 11,12 47,3 205 ȼɏɄ 
11 121 126 510 518 639 640 12,89 11,51 58,70 57,75 58,2 11,35 46,4 255 255 
12 34 37 260 742 776 777 11,51 9,52 57,75 55,92 56,8 11,58 44,8 299 299 
1 7 8 260 815 822 823 9,52 7,34 55,92 53,08 54,5 11,65 42,4 299 299 
2 2 3 260 764 766 767 7,34 5,29 53,08 48,47 50,8 11,56 38,7 255 255 
3 2 3 260 547 549 550 5,29 3,83 48,47 42,69 45,6 11,19 33,9 160 160 
4 59 58 260 200 259 260 3,83 3,29 42,69 39,80 41,2 11,25 29,5 66 ȼɏɄ 
5 1603 1643 510 -1127 476 510 3,29 6,31 39,80 51,13 45,5 11,85 33,1 136 ȼɏɄ 
6 2900 2976 510 -2451 449 510 6,31 12,87 51,13 58,68 54,9 11,12 43,3 167 ȼɏɄ 
7 1205 1237 510 -721 484 510 12,87 14,81 58,68 60,00 59,3 11,12 47,7 199 ȼɏɄ 

 
Ɍɚɛɥɢɰɚ Ȼ.3- ɋɪɚɛɨɬɤɚ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ 
ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ, ɪɟɠɢɦ ɩɨ ɨɬɦɟɬɤɚɦ  

t 
Ɇ3/ɫ Ʉɦ3 Ɇ Ɇȼɬ 

Qɩ Q90%, QȼɏɄ Qɜɨɞɨɯ QȽɗɋ 
QɇȻ 

 
Vɧ

 Vɤ 
Zɧ, 
ȼȻ 

Zɤ, 
ȼȻ 

Zɫɪ 
Z 

ɇȻ 
ɇ N Nɝɚɪ 

8 303 313 510 200 503 511 14,81 14,27 60,00 59,56 59,8 11,12 48,66 210 ȼɏɄ 
9 274 283 510 228 502 510 14,27 13,66 59,56 59,16 59,4 11,12 48,24 208 ȼɏɄ 
10 216 223 510 288 504 510 13,66 12,89 59,16 58,69 58,9 11,12 47,81 207 ȼɏɄ 
11 173 180 510 474 647 649 12,89 11,62 58,69 57,84 58,3 11,37 46,90 261 255 
12 30 37 260 720 750 752 11,62 9,69 57,84 56,10 57,0 11,54 45,43 293 299 
1 6 8 260 831 837 839 9,69 7,47 56,10 53,29 54,7 11,67 43,03 310 299 
2 6 8 260 817 823 825 7,47 5,28 53,29 48,44 50,9 11,65 39,22 278 255 
3 5 7 260 542 547 549 5,28 3,83 48,44 42,70 45,6 11,19 34,38 162 160 
4 141 140 260 200 341 343 3,83 3,29 42,70 39,80 41,3 11,46 29,79 87 ȼɏɄ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ȼ.3 
5 2605 2668 510 

   -
1127 

1478 1533 3,29 6,31 39,81 51,13 45,5 13,39 32,08 408 ȼɏɄ 

6 3346 3434 510 
-

2451 
895 966 6,31 12,88 51,13 58,68 54,9 11,85 43,05 331 ȼɏɄ 

7 1204 1237 510 -721 483 510 12,88 14,81 58,68 60,00 59,3 11,12 48,22 200 ȼɏɄ 

 
Ɍɚɛɥɢɰɚ Ȼ.4- ɋɪɚɛɨɬɤɚ – ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ 
ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ, ɪɟɠɢɦ ɩɨ ɦɨɳɧɨɫɬɹɦ 

t 
Ɇ3/ɫ Ʉɦ3 Ɇ Ɇȼɬ 

Qɩ Q90%, QȼɏɄ 
Qɜɨɞɨ

ɯ 

QȽɗ

ɋ 
QɇȻ 

 
Vɧ

 Vɤ 
Zɧ, 
ȼȻ 

Zɤ, 
ȼȻ 

Zɫɪ 
Z 

ɇȻ 
ɇ N Nɝɚɪ 

8 303 313 510 238 541 549 14,81 14,17 60,00 59,49 59,7 11,19 48,55 226 ȼɏɄ 
9 274 283 510 239 513 521 14,17 13,53 59,49 59,08 59,3 11,14 48,14 212 ȼɏɄ 
10 216 223 510 299 515 521 13,53 12,73 59,08 58,59 58,8 11,14 47,70 211 ȼɏɄ 
11 173 180 510 460 633 635 12,73 11,50 58,59 57,74 58,2 11,34 46,83 255 255 
12 30 37 260 738 768 770 11,50 9,52 57,74 55,92 56,8 11,56 45,27 299 299 
1 6 8 260 805 811 813 9,52 7,37 55,92 53,13 54,5 11,63 42,89 299 299 
2 6 8 260 748 754 756 7,37 5,36 53,13 48,69 50,9 11,54 39,37 255 255 
3 5 7 260 530 535 537 5,36 3,94 48,69 43,26 46,0 11,17 34,81 160 160 
4 141 140 260 244 385 387 3,94 3,29 43,26 39,80 41,5 11,57 29,96 99 ȼɏɄ 

5 2605 2668 510 
-

1800 
805 860 3,29 8,11 39,80 54,23 47,0 12,50 34,51 239 ȼɏɄ 

6 3346 3434 510 
-

2400 
946 1017 8,11 14,54 54,23 59,76 57,0 11,92 45,07 367 ȼɏɄ 

7 1204 1237 510 -101 
110
3 

1130 14,54 14,81 59,76 60,00 59,9 12,07 47,81 454 ȼɏɄ 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 
Ɍɚɛɥɢɰɚ ȼ.1- Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ-50-ȼ60 
ɉɚɪɚɦɟɬɪɵ ɉɅȾ-50-ȼ60 

D1,ɦ 3,55 4 4,5 5 5,6 6 6,3 6,7 7,1 
ηɬ 0,911 0,912 0,913 0,914 0,915 0,916 0,916 0,917 0,911 

Naɝɪ., Ɇȼɬ 52,2 66,3 84,0 103,9 130,5 149,9 165,3 187,1 210,3 
Z’a, ɲɬ. 8,6 6,8 5,3 4,2 3,4 2,9 2,7 2,3 2,1 
Za, ɲɬ. 9 7 6 4 4 3 3 3 3 

Nɚɝɪ ɭɬɨɱɧ. Ɇȼɬ 50 64 75 110 112,50 150 150 150 150 
∆ 1,06 1,06 1,06 1,06 1,06 1,06 1,06 1,06 1,07 

n’c, ɨɛ/ɦɢɧ 214,1 190,1 169,1 152,3 136,1 127,0 121,0 113,8 107,5 
nɫɢɧɯ ɨɛ/ɦɢɧ 230,8 200,0 187,5 166,7 142,8 136,4 125,0 115,4 115,4 
n'I ɩɪɢ Hmin, 

ɨɛ/ɦɢɧ 
153,4 149,6 157,7 155,7 149,3 152,7 146,9 144,2 152,8 

n'I ɩɪɢ Hmax, 
ɨɛ/ɦɢɧ 

113,9 111,1 117,1 115,6 110,8 113,4 109,1 107,1 113,4 

n'I ɩɪɢ Hɪ, 
ɨɛ/ɦɢɧ 

121,8 118,9 125,3 123,5 118,6 121,3 116,7 114,55 121,35 

QI’·η 1,50 1,52 1,71 1,67 1,36 1,58 1,43 1,27 1,13 
QI’·η ɩɪɢ Hmax 1,38 1,24 1,39 1,36 1,11 1,29 1,17 1,03 0,92 
QI’ ɩɪɢ Hmin ɥ/ɫ 3,86 3,04 1,94 1,94 1,55 1,35 1,22 1,08 0,96 
QI’ ɩɪɢ Hmax ɥ/ɫ 2,87 2,26 1,44 1,44 1,15 1,00 0,91 0,80 0,71 
 
Ɍɚɛɥɢɰɚ ȼ.2- Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ-50-ȼ 
ɉɚɪɚɦɟɬɪɵ ɉɅ-50-ȼ 

D1,ɦ 3,55 4 4,5 5 5,6 6 6,3 6,7 7,1 
ηɬ 0,919 0,921 0,922 0,923 0,924 0,925 0,925 0,926 0,926 

Naɝɪ., Ɇȼɬ 46,6 59,3 75,1 92,9 116,6 134,0 147,8 167,2 187,9 
Z’a, ɲɬ. 9,43 7,42 5,86 4,74 3,77 3,28 2,98 2,63 2,34 
Za, ɲɬ. 10 8 6 5 4 4 3 3 3 

Nɚɝɪ ɭɬɨɱɧ. Ɇȼɬ 45 55 75 90 112,5 112,5 150 150 150 
∆ 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 

n’c, ɨɛ/ɦɢɧ 218,6 194,1 172,7 155,5 138,94 129,72 123,57 116,23 109,71 
nɫɢɧɯ ɨɛ/ɦɢɧ 230,8 200,0 187,5 166,7 142,80 136,40 125,00 125,00 115,40 
n'I ɩɪɢ Hmin, 

ɨɛ/ɦɢɧ 
154,8 151,1 159,2 157,2 150,76 154,23 148,37 157,75 154,28 

n'I ɩɪɢ Hmax, 
ɨɛ/ɦɢɧ 

114,9 112,1 118,2 116,7 111,91 114,49 110,14 117,10 114,52 

n'I ɩɪɢ Hɪ, 
ɨɛ/ɦɢɧ 

122,99 120,00 126,48 124,88 119,74 122,50 117,85 125,29 122,54 

QI’·η 1,32 1,30 1,37 1,11 1,33 1,16 1,40 1,24 1,66 
QI’·η ɩɪɢ Hmax 1,08 1,06 1,12 0,91 1,09 0,95 1,14 1,01 1,35 
QI’ ɩɪɢ Hmin ɥ/ɫ 3,90 3,07 2,42 1,96 1,56 0,68 0,615 1,09 0,97 
QI’ ɩɪɢ Hmax ɥ/ɫ 2,89 2,28 1,80 1,46 1,16 0,51 0,46 0,81 0,72 
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Ɋɢɫɭɧɨɤ ȼ.3- Ƚɍɏ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ-50-ȼ60 ɫ ɡɨɧɚɦɢ ɪɚɛɨɬ. Ʉɪɚɫɧɵɦ ɰɜɟɬɨɦ ɨɛɨɡɧɚɱɟɧɚ ɡɨɧɚ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ɫ ɞɢɚɦɟɬɪɨɦ D1=6,7 

ɦ, ɡɟɥɟɧɵɦ ɰɜɟɬɨɦ ɨɛɨɡɧɚɱɟɧɚ ɡɨɧɚ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ɫ ɞɢɚɦɟɬɪɨɦ D1=6,3 ɦ 
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Ɋɢɫɭɧɨɤ ȼ.4- Ƚɍɏ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ-50-ȼ ɫ ɡɨɧɚɦɢ ɪɚɛɨɬ. Ʉɪɚɫɧɵɦ ɰɜɟɬɨɦ ɨɛɨɡɧɚɱɟɧɚ ɡɨɧɚ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ɫ ɞɢɚɦɟɬɪɨɦ D1=6,7 ɦ, 

ɡɟɥɟɧɵɦ ɰɜɟɬɨɦ ɨɛɨɡɧɚɱɟɧɚ ɡɨɧɚ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ɫ ɞɢɚɦɟɬɪɨɦ D1=6,3 ɦ , ɫɢɧɢɦ ɰɜɟɬɨɦ ɨɛɨɡɧɚɱɟɧɚ ɡɨɧɚ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ɫ ɞɢɚɦɟɬɪɨɦ D1=6 
ɦ 
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Ɋɢɫɭɧɨɤ ȼ.5- ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɦɨɞɟɥɢ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ-50-ȼ60 
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Ɋɢɫɭɧɨɤ ȼ.6- ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ-50-ȼ60-670 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 
 

Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 
Ɍɚɛɥɢɰɚ Ƚ.1-ɍɫɬɚɜɤɢ ɡɚɳɢɬ 

Ɂɚɳɢɬɵ 
 

ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢ
ɟ 

Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɧɨɫɢɬɟɥɶɧɵɟ 

ɟɞɢɧɢɰɵ 
ɂɦɟɧɨɜɚɧɧɵɟ 

ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ I∆G 

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,Iʠʟ.ʝ Ͳ,ʹ ∙ Iːˆሺଶሻ 0,81 Ⱥ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,Kʡ 

Ͳ,Ͷ - 

ɍɫɬɚɜɤɚ 
ɧɚɱɚɥɶɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ, Iʜʡ 
Ͳ,ͷ ∙ Iːˆሺଶሻ 2,02 Ⱥ 

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ ͳ,ͷ ∙ Iːˆሺଶሻ 6,06 Ⱥ 

Ɍɨɤ ɨɬɫɟɱɤɢ, Iɨɬɫ ͹ ∙ Iːˆሺଶሻ 28,28 Ⱥ 

ɁɁȽ 
U଴ 

tଵ U଴ଵୋ - 5 ȼ tଶ U଴ୋ - 15 ȼ U଴ଷ 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,Kʡ 
1,5 - 

Ɂɉɇ U > 

2ɫɬɭɩɟɧɶ Uେʟଶ ͳ,Ͷ ∙ Uʜ 140 ȼ 

1 ɫɬɭɩɟɧɶ Uେʟଵ ͳ,ʹ ∙ Uʜ 120 ȼ 

Ɂɚɳɢɬɚ 
ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥ
ɶɧɨɫɬɢ ɨɬ 

ɧɟɫɢɦɦɟɬɪɢɱ
ɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 

Iଶ 

ɋɈ Iଶʠʗʒʜ Ͳ,Ͳ͸ ∙ Iːˆሺଶሻ 0,24 Ⱥ 

ɉɈ Iଶʞʢʠʙ Ͳ,ͳͷ ∙ Iːˆሺଶሻ 0,61 Ⱥ 

ɈɌɋ I Iଶʠ.ʖ. Ͳ,ʹͳ ∙ Iːˆሺଶሻ 0,85 Ⱥ 

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵ

ɯ ɤ.ɡ. ɢ 
ɩɟɪɟɝɪɭɡɨɤ 

Iଵ 

ɋɈ Iʠʗʒʜ ͳ,Ͳ͹ ∙ Iːˆሺଶሻ 4,32 Ⱥ 

ɉɈ Iଵʞʢʠʙ ͳ,ͳ ∙ Iːˆሺଶሻ 4,44 Ⱥ 

ɈɌɋ Iଵʝʡʠ ͳ,Ͷʹͻ ∙ Iːˆሺଶሻ 5,77 Ⱥ 

ȾɁ Z < 
1 ɫɬɭɩɟɧɶ Z୍ 0,1 ͳ,Ͷ͵ ʝˏ 

2 ɫɬɭɩɟɧɶ Z୍୍ 0,34 4,88 Ɉɦ 

Ɂɚɳɢɬɚ 
ɪɨɬɨɪɚ ɨɬ 

ɩɟɪɟɝɪɭɡɤɢ 
I˓ 

ɋɈ I୔ ʠʗʒʜ. ͳ,Ͳ͹ ∙ I˅ː ୘ʑሺଶሻ 4,45 Ⱥ 
ɉɈ I୔ ʞʢʠʙ. ͳ,ͳ ∙ I˅ː ୘ʑሺଶሻ 4,58 Ⱥ 

Ɉɬɫɟɱɤɚ I୔ ʞʢʠʙ. ʹ,ͳͶ͵ ∙ I˅ː ୘ʑሺଶሻ 8,91 Ⱥ 
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Ɍɚɛɥɢɰɚ Ƚ.2 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ. 

                                                   Ⱦɟɣɫɬɜɢɟ     
     
 
 
      Ɂɚɳɢɬɵ 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ/
Ƚ 

Ƚɚ
ɲ

ɟɧ
ɢɟ

 ɩ
ɨɥ

ɟɣ
 

Ɉ
ɫɬ

ɚɧ
ɨɜ

 ɬ
ɭɪ

ɛɢ
ɧɵ

 ɢ
 

ɫɛ
ɪɨ

ɫ 
Ⱥ

ɊɁ
 

ɉ
ɭɫ

ɤ 
ɉ

ɀ
Ɍ 

ȽȽ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ-
22

0 
ɢ 

ȼ-
Ɍɋ

ɇ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

Ɇ
ɒ

ȼ
 

ɉ
ɪɟ

ɞɭ
ɩɪ

ɟɞ
ɢɬ

ɟɥ
ɶɧ

ɵ
ɣ 

ɫɢ
ɝɧ

ɚɥ
 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ 𝐼∆𝐺 + + + +  

 
 

ɁɁȽ 
U଴ 

tଵ       + tଶ + + +     U଴ଷ t + + +     

Ɂɉɇ U > 

1 ɫɬɭɩɟɧɶ tଵ + +    
 

 

2 ɫɬɭɩɟɧɶ tଶ + +    
 

 

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

Iଶ 

ɋɈ       + 

ɂɈ + +      

ɈɌɋ I 
tଵ      +  tଶ     +   tଷ + +      

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. 

ɢ ɩɟɪɟɝɪɭɡɨɤ 
Iଵ 

ɋɈ       + 
ɂɈ + +      

ɈɌɋ 
tଵ      +  tଶ     +   tଷ + +      

ȾɁ Z < 

1 
ɫɬɭɩɟɧɶ 

tଵ     +   tଶ + + +     

2 
ɫɬɭɩɟɧɶ 

tଵ      +  tଶ     +   tଷ + +      

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

I˓ 
ɋɈ       + 
ɂɈ + +      

Ɉɬɫɟɱɤɚ + +      
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