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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 
2.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ݇ே = ͺ,ͺ; 
 Ɂɢɦɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ݇ʖ = Ͳ,͹; 
 ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ 𝛥ℎ =  Ͳ,ͷ ˏ; 
 ɇɨɪɦɚɥɶɧɵɣ ɩɨɞɩɨɪɧɵɣ ɭɪɨɜɟɧɶ: ∇ʜʞʢ = ͵͸Ͳ ˏ; 
 Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɦɟɬɨɤ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɥɹ ɥɟɬɧɟɝɨ ɢ ɡɢɦɧɟɝɨ ɩɟɪɢɨɞɨɜ 

ɨɬ ɪɚɫɯɨɞɨɜ ɢ ɨɬɦɟɬɤɢ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɨɬ ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ (Ɋɢɫɭɧɨɤ 1.1 – 
1.2); 

 Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɤɨɜ ȼɏɄ ɢ ɩɨɬɟɪɢ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
2.1. 

 
Ɍɚɛɥɢɰɚ 2.1 – Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ ɢ ɩɨɬɟɪɢ ɜɨɞɵ ɫ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII 

Ɏɢɥɶɬɪɚɰɢɹ, ɦ3/ɫ 2 2 2 2 2 2 2 2 2 2 2 2 
ɂɫɩɚɪɟɧɢɟ, ɦ3/ɫ 0 0 0 1 3 3 4 4 3 1 0 0 

Ʌɶɞɨɨɛɪɚɡɨɜɚɧɢɟ, ɦ3/ɫ 3 3 3 3 -8 -13 0 0 0 3 3 3 
Ɍɪɟɛɨɜɚɧɢɹ ȼɏɄ, ɦ3/ɫ 109 109 109 109 109 109 109 109 109 109 109 109 

ɋɚɧ.ɩɨɩɭɫɤ, ɦ3/ɫ 54,5 54,5 54,5 54,5 54,5 54,5 54,5 54,5 54,5 54,5 54,5 54,5 
 

2.2 Ʉɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɬɨɤɚ 
 
Ⱦɟɥɢɦ ɝɨɞ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ: ɦɧɨɝɨɜɨɞɧɵɣ (ɩɨɥɨɜɨɞɶɟ) ɢ 

ɦɚɥɨɜɨɞɧɵɣ (ɦɟɠɟɧɶ). ɋɱɢɬɚɟɦ, ɱɬɨ ɤ ɩɟɪɢɨɞɭ ɩɨɥɨɜɨɞɶɹ ɨɬɧɨɫɹɬɫɹ ɦɟɫɹɰɵ, ɜ 
ɤɨɬɨɪɵɟ ɪɚɫɯɨɞɵ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɵ ɫɪɟɞɧɟɝɨɞɨɜɨɦɭ ɪɚɫɯɨɞɭ (Qɩ   Qɫɪ.ɝɨɞ). Ɍɨɝɞɚ 
ɨɫɬɚɥɶɧɵɟ ɦɟɫɹɰɵ ɫɨɫɬɚɜɹɬ ɦɚɥɨɜɨɞɧɵɣ ɩɟɪɢɨɞ (Qm< Qɫɪ.ɝɨɞ).  

ሺ݉ሻ݌  = ௠௡+ଵ ∙ ͳͲͲ, (2.1) 

 
ɝɞɟ ݊ – ɨɛɳɟɟ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ; ݉ – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɱɥɟɧɚ ɪɹɞɚ ɪɚɫɯɨɞɨɜ, ɪɚɧɠɢɪɨɜɚɧɧɨɝɨ ɜ 
ɭɛɵɜɚɸɳɟɦ ɩɨɪɹɞɤɟ. 

 
Ⱦɚɥɟɟ ɜɵɱɢɫɥɹɟɦ ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ ɡɚ ɝɨɞ, ɩɟɪɢɨɞ ɦɟɠɟɧɢ ɢ ɩɟɪɢɨɞ 

ɩɨɥɨɜɨɞɶɹ. Ɋɚɧɠɢɪɭɟɦ ɤɚɠɞɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɢ ɩɨ 
ɮɨɪɦɭɥɟ (2.1) ɜɵɱɢɫɥɹɟɦ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 
2.1.
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Ɋɢɫɭɧɨɤ 2.1 – ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɫɪɟɞɧɢɯ ɪɚɫɯɨɞɨɜ ɡɚ 

ɝɨɞ, ɩɨɥɨɜɨɞɶɟ ɢ ɦɟɠɟɧɶ  
 
2.3 ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ (Ɋ=50%) 
 
Ⱦɥɹ ɡɚɞɚɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɧɚ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 

ɨɬɫɭɬɫɬɜɭɟɬ ɤɨɧɤɪɟɬɧɵɣ ɝɨɞ. ɉɨ ɤɪɢɜɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ 
ɨɩɪɟɞɟɥɹɟɦ ɛɥɢɠɚɣɲɢɟ ɝɨɞɵ ɫɩɪɚɜɚ ɢ ɫɥɟɜɚ ɨɬ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 50%: 
2002 ɢ 1973 ɝ.ɝ.  

ɂɧɬɟɪɩɨɥɢɪɭɟɦ ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɚ ɞɥɹ 50% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ.  
ɋɪɟɞɧɟɩɨɥɨɜɨɞɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 50% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ܳ˒ହ଴%˄˃ˊˑ˅ˑˈ = 440 

ɦ3/ɫɟɤ – ɛɚɡɨɜɨɟ ɡɧɚɱɟɧɢɟ. 
Ɇɚɥɨɜɨɞɧɨɟ ɛɚɡɨɜɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 50% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ܳˏହ଴%˄˃ˊˑ˅ˑˈ = 37,5 

ɦ3/ɫɟɤ. 
ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ. ȼ ɢɬɨɝɟ 

ɩɪɢɧɢɦɚɟɦ ɬɨɬ ɝɨɞ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɢɦɟɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɛɥɢɠɟ ɤ 
ɟɞɢɧɢɰɟ, ɬ.ɟ. ɬɨɬ ɝɨɞ, ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬ ɦɟɧɶɲɭɸ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɪɚɫɯɨɞɨɜ. 

 
2002 ɝɨɞ: 
 ʙˏ = ொˏఱబ%˄˃ˊˑ˅ˑˈொˏ మబబమ = ଷ଻,ହହ଻ = Ͳ,͸͸,                                                                             (2.2) 

 ʙ˒ = ொ˒ఱబ%˄˃ˊˑ˅ˑˈொ˒ మబబమ = ସସ଴ସ଴ଽ = ͳ,Ͳ͹                                                                              (2.3) 
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1973 ɝɨɞ: 
 ʙˏ = ொˏఱబ%˄˃ˊˑ˅ˑˈொˏ భవళయ = ଷ଻,ହହ଼ = Ͳ,͸ͷ,                                                                             (2.4) 

 ʙ˒ = ொ˒ఱబ%˄˃ˊˑ˅ˑˈொ˒ భవళయ = ସସ଴ସଵଷ = ͳ,Ͳ͹                                                                              (2.5) 

 
ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɧɢɦɚɟɦ 1973 ɝ. ɍɦɧɨɠɚɟɦ 

ɧɚ ɩɨɥɭɱɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɪɚɫɯɨɞɵ: ɞɥɹ ɦɟɫɹɰɟɜ, 
ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɩɨɥɨɜɨɞɶɸ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ 1,07, ɞɥɹ ɦɟɫɹɰɟɜ, 
ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɦɟɠɟɧɢ ɧɚ 0,65. (ɬɚɛɥɢɰɟ 2.2).  

 
Ɍɚɛɥɢɰɚ 2.2 – Ɋɚɫɯɨɞɵ ɜ ɪɚɫɱɟɬɧɨɦ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 1973 (Ɋ=50%), ɦ3/ɫ 

Ɇɟɫɹɰɵ I II  III  IV V VI  VII VIII IX X XI  XII Qɫɪ.ɝɨɞ 

ɂɫɯɨɞɧɵɟ 12,9 18 31 109 306 455 500 451,8 340 164 47 25 206 
ɉɪɢɜɟɞ-ɟ 8,4 11,7 20,2 70,9 327,4 486,9 535,0 483,4 363,8 106,6 30,6 16,3 206 

 
2.4 ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (Ɋ=90%) 
 
Ⱦɥɹ ɡɚɞɚɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 90% ɧɚ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ 2005 ɝ. ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ 
ɩɨɥɨɜɨɞɶɸ. 

 ʙˏ = ொˏ భవలఴொˏ మబబఱ = ଶ଴ସଵ = Ͳ,Ͷͻ,                                                                                 (2.6) 

 ʙ˒ = ொ˒ మబబఱொ˒ మబబఱ = ଷଷହଷଷହ = ͳ                                                                                         (2.7) 

 
Ʉɨɪɪɟɤɬɢɪɨɜɤɭ ɡɧɚɱɟɧɢɣ ɷɬɨɝɨ ɝɨɞɚ ɞɟɥɚɬɶ ɧɟɥɶɡɹ, ɨɱɟɜɢɞɧɨ, ɱɬɨ ɷɬɨ 

ɩɪɢɜɟɞɟɬ ɤ ɢɫɤɚɠɟɧɢɸ ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɡɧɚɱɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɧɨɝɨ 
ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɧɢɦɚɟɦ 2005 ɝ. ɛɟɡ ɤɨɪɪɟɤɬɢɪɨɜɤɢ. Ⱦɚɧɧɵɟ ɩɨ 
ɦɚɥɨɜɨɞɧɨɦɭ ɝɨɞɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.3. Ɂɚɬɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɪɚɜɧɟɧɢɟ 
ɪɚɫɯɨɞɨɜ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (ɬɚɛɥɢɰɚ 2.4). 

 
Ɍɚɛɥɢɰɚ 2.3 – Ɋɚɫɯɨɞɵ ɜ ɪɚɫɱɟɬɧɨɦ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 2005 (Ɋ=90%), ɦ3/ɫ 

Ɇɟɫɹɰɵ I II  III  IV V VI  VII VIII IX X XI  XII Qɫɪ.ɝɨɞ. 
ɂɫɯɨɞɧɵɟ 17,7 21,7 22 54 250 348 403 377 299 115 36 18 163 

 
Ɍɚɛɥɢɰɚ 2.4 – ɋɪɚɜɧɟɧɢɟ ɪɚɫɯɨɞɨɜ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 

Ɇɟɫɹɰɵ I II  III  IV V VI  VII VIII IX  X XI  XII 
1973 12,9 18 31 109 306 455 500 451,8 340 164 47 25 
2005 17,7 21,7 22 54 250 348 403 377 299 115 36 18 

Q50%-Q90% -4,8 -3,7 9 55 56 107 97 74,8 41 49 11 7 



 

14 

ȼ ɬɚɛɥɢɰɟ 2.4 ɜ ɦɟɫɹɰɚɯ I ɢ II ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ, ɬɪɟɛɭɟɬɫɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ (ɬɚɛɥɢɰɚ 2.5). 

 
Ɍɚɛɥɢɰɚ 2.5 – ɋɪɚɜɧɟɧɢɟ ɪɚɫɯɨɞɨɜ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɩɨɫɥɟ 
ɤɨɪɪɟɤɬɢɪɨɜɤɢ 

Ɇɟɫɹɰɵ I II  III  IV V VI  VII VIII IX  X XI  XII 
1973 17,8 21,8 31 109 306 455 500 451,8 340 161 46,2 20,1 
2005 17,7 21,7 22 54 250 348 403 377 299 115 36 18 

Q50%-Q90% 0,1 0,1 9 55 56 107 97 74,8 41 46 10,2 2,1 

 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɫɬɪɨɢɦ ɝɢɞɪɨɝɪɚɮ, ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.2: 
 

 
Ɋɢɫɭɧɨɤ 2.2 – Ƚɢɞɪɨɝɪɚɮ ɪɟɤɢ ɇɢɦɚɧ 

 
2.5 Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ 

ɬɪɟɛɨɜɚɧɢɣ ȼХɄ 
 
Ƚɥɚɜɧɵɦ ɤɪɢɬɟɪɢɟɦ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɭɦ ɜɵɬɟɫɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. 
Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (2005ɝ.) ɜɵɱɢɫɥɹɟɦ 

ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɧɚ ɩɨɥɟɡɧɨɦ ɛɵɬɨɜɨɦ ɫɬɨɤɟ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɝɨɞɚ ɩɨ 
ɮɨɪɦɭɥɟ: 

  ʐܰ˞˕.ʒЭʠ = ݇ே ∙ ܳ˒˓ଽ଴% ∙  ʒЭʠ˒ˑˇ˅,    (2.8)ܪ
 
ɝɞɟ ݇ே – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ; ܳ˒˓ଽ଴%  – ɛɵɬɨɜɨɣ ɪɚɫɯɨɞ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɦ3/ɫ; ܪʒЭʠ˒ˑˇ˅ – ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ Ƚɗɋ, ɦ. 
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˅ˇʒЭʠ˒ˑܪ = ܼʑʐ − ܼʜʐ(ܳʜʐሺݐሻ) − ∆ℎ, (2.9) 
 
ɝɞɟ ܼʑʐ − ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ  ʜʞʢ, ɦ; ܼʜʐ(ܳʜʐሺݐሻ) − ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɨ ɥɟɬɧɟɣ ɢɥɢ 
ɡɢɦɧɟɣ ɤɪɢɜɨɣ ɫɜɹɡɢ, ɦ; ∆ℎ − ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ. 

 
Ɂɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɟɦ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ 

ɩɨ ɮɨɪɦɭɥɟ:  
 ʑܰʤʙ = ݇ே ∙ ܳʑʤʙ ∙  ʒЭʠ˒ˑˇ˅, (2.10)ܪ

 
ɝɞɟ ܳʑʤʙ − ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɦ3/ɫ. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 2.6. 
 

Ɍɚɛɥɢɰɚ 2.6 – Ɋɚɫɱɟɬ ɤɨɧɤɭɪɢɪɭɸɳɢɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ 
ɢ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ 

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII 

Qɛɵɬ 90% 17,7 21,7 22 54 250 348 403 377 299 115 36 18 
Qɜɯɤ 109 109 109 109 109 109 109 109 109 109 109 109 ܳˋ˔˒ , ˏଷ/˔ 0 0 0 1 3 3 4 4 3 1 0 0 ܳˎˈˇ, ˏଷ/˔ 3 3 3 3 -8 -13 0 0 0 3 3 3 ܳ˗ˋˎ˟˕˓,  ˏଷ/˔ 2 2 2 2 2 2 2 2 2 2 2 2 ܳ˓˞˄ , ˏ ଷ/˔ 0 0 0 0 5 5 0 0 0 0 0 0 ∑ ܳ˒ˑ˕ˈ˓˟, ˏ ଷ/˔ 5 5 5 6 2 -3 6 6 5 6 5 5 ܳ˒ˑˎ.˄˞˕., ˏ ଷ/˔ 13 17 17 48 248 351 397 371 294 109 31 13 ܼ˅˄, ˏ 360 360 360 360 360 360 360 360 360 360 360 360 ܼː˄, ˏ 310 310 310 311 314 315 316 315 315 312 311 310 ʜ˒ˑˎ, ˏ 50 50 50 49 46 45 44 45 45 48 49 50 ˄ܰ˞˕, ʛʑ˕ 6 7 7 20 99 137 152 145 115 46 13 6 ˅ܰ˘ˍ, ʛʑ˕ 45 45 45 45 46 46 46 46 46 45 45 45 ˄ܰ˞˕- ˅ܰ˘ˍ,  ʛʑ˕ -39 -38 -38 -25 53 91 106 99 69 1 -32 -39 

 
ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ 11 ɦɟɫɹɰ – ɷɬɨ ɦɟɫɹɰ 

ɧɚɱɚɥɚ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
Ⱦɚɧɧɵɣ ɪɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɹɰɟɜ, ɜ ɤɨɬɨɪɵɟ Ƚɗɋ 

ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɧɚ ɪɚɫɯɨɞɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹ ȼɏɄ. 
ɋɬɪɨɢɦ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ, ɩɨ ɞɚɧɧɵɦ ɢɡ ɬɚɛɥɢɰɵ 2.7, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 

ɪɢɫɭɧɤɟ 2.3, ɧɚ ɤɨɬɨɪɨɦ ɢɡɥɢɲɤɢ ɛɵɬɨɜɨɣ ɦɨɳɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɹɟɦ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɜɵɬɟɫɧɟɧɢɟ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ 
ɫɢɫɬɟɦɵ ɢ ɦɚɤɫɢɦɚɥɶɧɨ ɫɝɥɚɞɢɬɶ ɫɪɟɞɧɟɦɟɫɹɱɧɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɝɨɞɨɜɨɦ ɝɪɚɮɢɤɟ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɦɨɳɧɨɫɬɟɣ.  

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɨɢɡɜɟɫɬɢ ɩɟɪɜɵɣ ɩɪɢɛɥɢɠɟɧɧɵɣ ɪɚɫɱɟɬ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɨɬɞɚɱɢ, ɧɚ ɪɢɫɭɧɤɟ ɩɪɨɜɨɞɢɦ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɪɹɦɭɸ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ (ɱɟɪɧɚɹ ɥɢɧɢɹ). 
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Ɍɚɛɥɢɰɚ 2.7 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ 
t, ɦɟɫ. Pɫɪ, Ɇȼɬ Nɫɭɳ. ɝɷɫ, Ɇȼɬ Nɛɵɬ, Ɇȼɬ Nɜɯɤ, Ɇȼɬ 

I 1215 162 6 45 
II  1157 148 7 45 
III  1056 135 7 45 
IV 939 125 20 45 
V 838 122 99 46 
VI  780 108 137 46 
VII 780 108 152 46 
VIII 838 122 145 46 
IX 938 125 115 46 
X 1055 135 46 45 
XI  1156 148 13 45 
XII 1215 162 6 45 

 
Ɂɚ ɩɟɪɜɵɣ ɦɟɫɹɰ ɫɪɚɛɨɬɤɢ ɩɪɢɧɢɦɚɟɦ – ɧɨɹɛɪɶ. ɂɡ ɪɢɫɭɧɤɚ 2.3 ɜɢɞɧɨ, ɱɬɨ 

ɩɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɩɚɥɢ 4 ɦɟɫɹɰɚ, ɚ ɜ ɨɫɬɚɥɶɧɨɣ ɩɟɪɢɨɞ Ƚɗɋ ɪɚɛɨɬɚɟɬ ɩɨ 
ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ. 

 

 
Ɋɢɫɭɧɨɤ 2.3 – Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɫ ɭɱɟɬɨɦ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɛɵɬɨɜɵɯ ɦɨɳɧɨɫɬɟɣ 
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2.6 Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɭɫɥɨɜɢɸ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
 
ɐɟɥɶɸ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɹɜɥɹɟɬɫɹ: 
 ɨɩɪɟɞɟɥɟɧɢɟ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ; 
 ɨɬɦɟɬɤɢ ∇ʢʛʝ; 
 ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
Ɋɚɫɱɟɬ ɧɚɱɢɧɚɟɦ ɫ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɧɚɩɨɥɧɟɧɨ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɧɟɦ ɪɚɜɟɧ ∇ɇɉɍ = 360 ɦ. Ɇɟɫɹɰɟɦ, ɜ ɤɨɬɨɪɵɣ 
ɧɚɱɢɧɚɟɬɫɹ ɫɪɚɛɨɬɤɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɢɧɢɦɚɟɬɫɹ ɩɟɪɜɵɣ ɩɨɫɥɟ ɩɨɥɨɜɨɞɶɹ, ɜ 
ɤɨɬɨɪɨɦ ɦɨɳɧɨɫɬɶ ȼɏɄ ɩɪɟɜɵɲɚɟɬ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɨ ɜɨɞɨɬɨɤɭ, 
ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɷɬɨ ɧɨɹɛɪɶ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɦɨɳɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɪɚɫɯɨɞɚ Ƚɗɋ. 
ɍɪɨɜɧɢ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɪɢɜɵɯ ɫɜɹɡɟɣ. 

Ⱦɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɪɚɫɱɟɬɚ ɦɵ ɞɨɥɠɧɵ ɫɨɛɥɸɞɚɬɶ ɬɪɢ ɭɫɥɨɜɢɹ: 
 ܳʜʐ = ܳʑʤʙ,   
 ܼʑʐː˃ч = ܼʑʐˍˑː,  
 ʒܰЭʠ = ʒܰ˃˓  
 
Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (1 ɢɧɬɟɪɚɰɢɹ ɢ 2 ɢɧɬɟɪɚɰɢɹ) 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.1 ɢ ɬɚɛɥɢɰɚ Ȼ.2. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ȼɗɊ ɩɨ ɭɫɥɨɜɢɸ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ: 
 ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɹɧɜɚɪɹ, ɞɟɤɚɛɪɹ – ˆܰ˃˓ = ͳͳͲ ʛʑ˕; 
 ɭɪɨɜɟɧɶ ɦɟɪɬɜɨɝɨ ɨɛɴɟɦɚ – ʢʛʝ = ͵Ͷͺ,Ͳͳ ˏ; 
 ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ – ܸ˒ ˑˎˈˊː = ͵,Ͳͳ ˍˏଷ. 

  
2.7 Ɋɚɫɱɟɬ ɪɟɡɟɪɜɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɇɢɦɚɧɫɤɨɣ Ƚɗɋ, ɪɚɫɱɟɬ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ 
 
ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ 

ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ ɪɚɜɟɧ ͵ %  ˑ˕ ௧ܲ௠௔௫, ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɨɫɬɚɜɥɹɟɬ 
10% ɨɬ ௧ܲ௠௔௫.  

ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ƚɗɋ, ɩɨɷɬɨɦɭ ɚɜɚɪɢɣɧɵɣ ɛɭɞɟɬ ɪɚɡɦɟɳɟɧ ɧɚ Ɍɗɋ.  

Ɋɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɬɟ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɨɧɨ ɧɟ 
ɩɨɥɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɬ.ɟ. ɤɨɝɞɚ ɧɚ Ƚɗɋ ɢɦɟɟɬɫɹ ɫɜɨɛɨɞɧɚɹ 
ɦɨɳɧɨɫɬɶ. 
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Ɋɟɦɨɧɬɧɚɹ ɩɥɨɳɚɞɶ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ: 
ܨ˓  ˈˏ˔˖щ.ʒЭʠ = ே˓˃˄೘𝑎𝑥଺ ∙ ͳ ˏˈ˔ = ସ଴ଶ଺ = ͸͹ ʛʑ˕ ∙ ˏˈ˔/ˆˑˇ  (2.11) 

 
Ɋɟɦɨɧɬɧɚɹ ɩɥɨɳɚɞɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ: 
ܨ˓  ˈˏ˒˓ˑˈˍ˕. = ேmax˓˃˄଺ ∙ ͳ ˏˈ˔ = ଵଷଶ଺ = ʹʹ ʛʑ˕ ∙ ˏˈ˔/ˆˑˇ  (2.12) 

 
Ʉɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɋ ɦɨɠɧɨ ɩɥɚɧɢɪɨɜɚɬɶ, ɢɫɯɨɞɹ ɢɡ 

ɪɚɫɱɟɬɚ ɨɫɬɚɧɨɜɚ ɤɚɠɞɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ ɩɟɪɢɨɞ ɪɟɦɨɧɬɚ ɜ ɫɪɟɞɧɟɦ 1 ɪɚɡ ɜ 2 ɝɨɞɚ.  
 F˓ˈˏʡЭʠ = N˖˔˕ʡЭʠଶ ∙ ଵଶ ˏˈ˔ + N˖˔˕ʡЭʠଶ ∙ ͳˏˈ˔ = ଼଼଺ଶ ∙ ଵଶ + ଼଼଺ଶ = ͸͸ͷ ʛʑ˕ ∙ ˏˈ˔/ˆˑˇ    (2.13) 

 
Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.4: 
 

 
Ɋɢɫɭɧɨɤ 2.4 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

 
Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.8: 
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Ɍɚɛɥɢɰɚ 2.8 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
Ɇɟɫɹɰ ɋɢɫɬɟɦɚ ɋɭɳɟɫɬɜɭɸɳɚɹ Ƚɗɋ ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ Ɍɗɋ ୫ܲa୶ ːܰ.˓. ˃ܰ.˓. ˓ܰ˃˄.୫a୶ ːܰ.˓. ˓ܰˈˏ. ˓ܰ˃˄.୫a୶ ːܰ.˓. ˓ܰˈˏ. ˓ܰ˃˄.୫a୶ ˃ܰ.˓. ˓ܰˈˏ. 

I 1291 39 129 402 29 0 132 10 0 757 129 0 
II  1232 37 123 369 28 0 110 8 0 754 123 0 
III  1129 34 113 335 28 0 73 6 0 721 113 0 
IV 1010 30 101 312 25 0 69 5 0 629 101 7,5 
V 907 27 91 302 22 0 70 5 0 536 91 126,5 
VI  847 25 85 268 20 0 72 5 0 507 85 196,5 
VII 847 25 85 268 20 0 75 6 0 504 85 196,5 
VIII 906 27 91 302 22 0 79 6 0 526 91 128,5 
IX 1009 30 101 312 24 67 85 6 22 612 101 9,5 
X 1128 34 113 335 27 0 89 7 0 704 113 0 
XI  1131 37 123 369 28 0 109 8 0 754 123 0 
XII 1291 39 129 402 29 0 133 10 0 756 129 0 

 
ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɫɭɦɦɵ: 
 ˖ܰ˔˕.ʒЭʠ = ˅ܰ˞˕.˓˃˄ʒЭʠ + ˓ܰˈˊʒЭʠ = ͳ͵ʹ + ͳͲ = ͳͶʹ ʛʑ˕                                           (2.14) 
 
2.8 Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɭɫɥɨɜɢɸ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
 
Ɂɚɞɚɱɚ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ – ɨɩɪɟɞɟɥɢɬɶ 

ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ. 
Ɋɟɠɢɦ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɨ ɦɨɳɧɨɫɬɹɦ ɜ ɩɟɪɢɨɞ ɧɚɩɨɥɧɟɧɢɹ ɜ 

ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɜ ɬɚɛɥɢɰɟ Ȼ.2, ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɜ ɬɚɛɥɢɰɟ Ȼ.3, ɩɪɢɥɨɠɟɧɢɟ Ȼ.  
ɉɨ ɞɚɧɧɨɦɭ ɪɚɫɱɟɬɭ ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ 

ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɢ ɨɛɴɟɞɢɧɢɦ ɟɝɨ ɫ ɦɚɥɨɜɨɞɧɵɦ 
(ɪɢɫɭɧɨɤ 2.5). 

 

 
Ɋɢɫɭɧɨɤ 2.5 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ 

 
ɉɨ ɞɚɧɧɵɦ ɪɚɫɱɟɬɚ ɩɨɥɭɱɢɥɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ, ɪɚɜɧɭɸ: 
 ∑ Э = ͸ʹͻ,ʹ ˏˎː. ˍʑ˕ ∙ ч = Ͳ,͸͵ ˏˎ˓ˇ. ˍʑ˕ ∙ ч  
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 
3.1 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɬɢɩɚ ɝɢɞɪɨɚɝɪɟɝɚɬɚ 
 
3.1.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 

 
ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ, 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ, ɞɥɹ ɷɬɨɝɨ ɫɬɪɨɢɦ ɪɟɠɢɦɧɨɟ ɩɨɥɟ, ɩɨ ɞɚɧɧɵɦ 
ɬɚɛɥɢɰɵ 3.1, ɫ ɭɤɚɡɚɧɢɟɦ ɥɢɧɢɣ ɨɝɪɚɧɢɱɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ ɪɢɫɭɧɤɟ 3.1. 

 
Ɍɚɛɥɢɰɚ 3.1 – Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 

Ʉɪɢɜɵɟ ɫɜɹɡɢ ȼȻ ɢ ɇȻ ɇɚɩɨɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ 

Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨ ɩɪɨɩɭɫɤɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ ܳː˄, ˏଷ/ܿ ܼː˄., ˏ ʜʜʞʢ, ˏ ʜʢʛʝ, ,ܪ ˅ʑʐяːܪ ˏ ˏ ܳ, ˏଷ/ܿ ܪ, ˏ ܳ, ˏଷ/ܿ 

0 310,00 49,50 37,51 42,54 50 330,23 42 457,32 
50 310,78 48,72 36,73 41,76 49 336,97 41 451,84 
100 311,47 48,03 36,04 41,07 48 343,99 40 446,30 
150 312,08 47,42 35,43 40,46 47 351,31 39 440,69 
200 312,62 46,88 34,89 39,92 46 358,95 38 435,00 
250 313,11 46,39 34,40 39,43 45 366,93 37 429,24 
300 313,56 45,94 33,95 38,98 44 375,26 36 423,40 
350 313,97 45,53 33,54 38,57 43 383,99 35 417,48 
400 314,36 45,14 33,15 38,18 42 393,13 34 411,47 
450 314,72 44,78 32,79 37,82 41 402,72 33 405,37 
500 315,07 44,43 32,44 37,47 40 412,79 32 399,18 
550 315,41 44,09 32,10 37,13 39 423,38 31 392,90 
600 315,74 43,76 31,77 36,80 38 434,52 30 386,51 
650 316,07 43,43 31,44 36,47 37 446,26 29 380,01 
700 316,38 43,12 31,13 36,16 36 458,66 28 373,40 

 
ɂɡ ɩɨɫɬɪɨɟɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ (ɪɢɫɭɧɨɤ 3.1) ɨɩɪɟɞɟɥɹɟɦ: 

 
 ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ H୫a୶ = Ͷͺ,͸ ɦ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ 

ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɇɉɍ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 
ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ; 

 ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ H˓˃˔ч = ͵ͺ ˏ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ ɪɚɫɱɟɬɧɨɝɨ 
ɧɚɩɨɪɚ; 

 ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ H୫୧୬ = ͵͵ ˏ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɍɆɈ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ. 
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Ɋɢɫɭɧɨɤ 3.1 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ 

 
3.2 ȼɵɛɨɪ ɝɢɞɪɨɬɭɪɛɢɧ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
 

ɉɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɪɚɫɯɨɞɟ ɜ ɨɬɦɟɬɤɟ ɇɉɍ ɩɨɥɭɱɚɟɬɫɹ, ɱɬɨ H୫a୶ = Ͷͺ,͸ ˏ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɞɨɣɞɭɬ ɬɭɪɛɢɧɵ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɧɚɩɨɪɨɦ 50 ɦɟɬɪɨɜ. ɂɡ 
ɤɚɬɚɥɨɝɚ ɩɨɞɯɨɞɹɬ ɬɭɪɛɢɧɵ ɫɢɫɬɟɦɵ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɵɯ, ɞɜɭɯ ɬɢɩɨɜ: ɉɅ50-ȼ 
ɢ ɉɅȾ50-ȼ60. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɨɬɭɪɛɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2. 

 
Ɍɚɛɥɢɰɚ 3.2 – Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɞɟɥɶɧɵɯ ɜɵɛɢɪɚɟɦɵɯ ɬɭɪɛɢɧ 

Ɍɢɩ ɉɅ50-ȼ ɉɅȾ50-ȼ60 
Hɩɪɟɞ, ɦ 50 50 

Hmin/Hmax 0,5 0,5 
nI

'
opt, ɨɛ/ɦɢɧ 116 113 
QI

'
opt, ɥ/ɫ 1000 1100 
ɦ opt 0,916 0,910 

QI max, ɥ/ɫ 1500 1650 
 (QI

'
max) 0,60 0,60 

D1ɦɨɞ, ɦ 0,46 0,35 
ɇɦɨɞ, ɦ 12 5 
tɦɨɞ,  0ɋ 21 16 

 
ɉɪɢ ɪɚɫɱɟɬɚɯ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶɫɹ ɞɢɚɦɟɬɪɚɦɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. 
Ⱦɢɚɩɚɡɨɧ ɞɢɚɦɟɬɪɨɜ ɊɄ ɞɥɹ ɉɅ50-ɬɭɪɛɢɧ: 2,8–9,0 ɦ. 
Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɄɉȾ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɞɥɹ ɤɚɠɞɨɝɨ ɞɢɚɦɟɬɪɚ 

ɩɨ ɮɨɪɦɭɥɟ: 
  𝜂ː˕ = ͳ − ሺͳ − 𝜂ˏሻ ∙ [ሺͳ − ሻߝ + ߝ ∙ √஽భˏ஽భఱ ∙ √ʜˏʜ𝑁˓భబ ∙ √௩ː௩ˏఱ ],                                   (3.1) 
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ɝɞɟ 𝜂ː˕, 𝜂ˏ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɢ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 0,75 = ߝ – ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɠɢɞɤɨɫɬɢ 
ɤ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ; ܦଵ, ܦଵˏ – ɞɢɚɦɟɬɪɵ ɧɚɬɭɪɧɵɯ ɢ ɦɨɞɟɥɶɧɵɯ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ʜே˓, ʜˏ – ɧɚɩɨɪɵ ɪɚɫɱɟɬɧɵɣ ɩɪɢ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɦɨɞɟɥɶɧɨɣ 
ɝɢɞɪɨɬɭɪɛɢɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ݒː, ݒˏ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ, ɡɚɜɢɫɹɳɢɟ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɞɥɹ ɧɚɬɭɪɧɨɣ ɢ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
Ɇɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ˃ܰˆ˓ = ͻ,ͺͳ ∙ ܳ˓.˕. ∙ ଵଶܦ ∙ ௣ଵ,ହܪ ∙ 𝜂˕,  (3.2) 

 
ɝɞɟ ܳ˓.˕. – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; 𝜂ˆ̝˓ – ɫɪɟɞɧɢɣ ɄɉȾ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ. 

 
ɉɪɢɜɟɞɟɧɧɨɟ ɱɢɫɥɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ: 
 ܼ′˃ˆ˓ = ே˖˔˕ே′˃ˆ˓, (3.3) 

 
ɝɞɟ ˖ܰ˔˕ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ. 

 
Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɣɬɢ ɭɬɨɱɧɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ, ɧɭɠɧɨ ɩɪɢɧɹɬɶ 

ɭɬɨɱɧɟɧɧɨɟ ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ ܼɚɝɪ, ɤɨɬɨɪɨɟ ɩɨɥɭɱɚɟɦ ɩɭɬɟɦ ɨɤɪɭɝɥɟɧɢɹ ܼ′ ɞɨ 
ɰɟɥɨɝɨ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ. 

Ɉɬɫɸɞɚ ɭɬɨɱɧɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ: 
 ˃ܰˆ˓ = ே˖˔˕ʒЭʠ௓˃ˆ˓  (3.4) 

 
Ɋɚɫɱɟɬɧɚɹ ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ݊ଵ˔′ = ݊ଵ˓′ ∙ √ʜே˓ ∙ ∆˓ ∙ ଵ஽భ,  (3.5) 

 
ɝɞɟ ݊ଵ˔′  – ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ (ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 
ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ). 

 
Ɋɚɫɱɟɬɧɚɹ ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɤɪɭɝɥɟɧɢɟɦ ɞɨ 

ɛɥɢɠɚɣɲɟɝɨ ɛɨɥɶɲɟɝɨ ɜ ɪɹɞɟ ɡɧɚɱɟɧɢɹ ݊ɫ. 
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ɉɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɵɱɢɫɥɹɟɬɫɹ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ, 
ɪɚɫɱɟɬɧɨɝɨ ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɨɜ ɩɨ ɮɨɪɦɭɥɚɦ: 

 ݊ூ ௠௔௫′ = ௡˔ˋː˘஽భ(∆˓ு೘𝑖೙)బ,ఱ , (3.6) 

 ݊ூ ˓˃˔ч′ = ௡˔ˋː˘஽భ(∆˓ு˓)బ,ఱ , (3.7) 

 ݊ூ ௠𝑖௡′ = ௡˔ˋː˘஽భ(∆˓ு೘𝑎𝑥)బ,ఱ (3.8) 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ ȼ.1 ɢ ɬɚɛɥɢɰɟ ȼ.2, ɜ 

ɩɪɢɥɨɠɟɧɢɢ ȼ. 
Ʉ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɫɫɦɨɬɪɟɧɢɸ ɩɪɢɧɢɦɚɸɬɫɹ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50-ȼ-355, 

ɉɅ50-ȼ-425, ɉɅ50-ȼ-500, ɉɅ50-ȼ-530, ɉɅȾ50-ȼ60-400, ɉɅȾ50-ȼ60-500. 
Ⱦɚɧɧɵɣ ɜɵɛɨɪ ɫɜɹɡɚɧ ɫ ɬɟɦ, ɱɬɨ ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

ɞɨɥɠɧɨ ɜɵɛɢɪɚɬɶɫɹ ɤɪɚɬɧɵɦ 2 ɢɥɢ 3, ɱɬɨ ɭɩɪɨɳɚɟɬ ɝɥɚɜɧɭɸ ɫɯɟɦɭ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɨɫɬɶ 
ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɭɥɭɱɲɚɟɬ ɭɫɥɨɜɢɹ ɢ ɫɧɢɠɚɟɬ ɡɚɬɪɚɬɵ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɟɝɨ ɪɟɦɨɧɬɚ. 

ɉɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɵɛɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɪɚɛɨɱɭɸ ɡɨɧɭ 
ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɵ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɧɚɣɬɢ ɪɚɫɱɟɬɧɭɸ ɢ ɦɚɤɫɢɦɚɥɶɧɭɸ 
ɬɨɱɤɢ, ɤɨɬɨɪɵɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɭɪɚɜɧɟɧɢɹ: 

 ܳଵ′ ∙ 𝜂ː˕ = ே˃ˆ˓ଽ,଼ଵ∙஽భమ∙(∆˓∙ு˓)భ.ఱ , (3.9) 

 ܳଵ௠௔௫′ ∙ 𝜂ː˕ = ே˃ˆ˓ଽ,଼ଵ∙஽భమ∙ሺ∆˓∙ு೘𝑎𝑥ሻభ.ఱ (3.10) 

 
Ⱦɥɹ ɉɅ50-ȼ-355: 
 ܳଵ′ ∙ 𝜂ː˕ = ଷ଺଴଴଴ଽ,଼ଵ∙ଷ,ହହమ∙ሺଵ,଴ଷଷ∙ଷ଼ሻభ,ఱ = ͳ,ͳͺͶ ɦ3/ɫ, 
 ܳଵ′ = ͳ,ʹͺ ˏଷ/˔; 𝜂ː˕ = Ͳ,ͻͲͻ, 
 ܳଵ௠௔௫′ ∙ 𝜂ː˕ = ଷ଺଴଴଴ଽ,଼ଵ∙ଷ,ହହమ∙ሺଵ,଴ଷଷ∙ସ଼,଺ሻభ,ఱ = Ͳ,ͺͳͻ ɦ3/ɫ, 

 ܳଵ௠௔௫′ = Ͳ,ͺͻ ˏଷ/˔; 𝜂ː˕ = Ͳ,ͻͳͳ 
 
Ⱦɥɹ ɨɫɬɚɥɶɧɵɯ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɫɜɟɞɟɦ ɪɚɫɱɟɬɵ ɜ ɬɚɛɥɢɰɭ ȼ.3, ɩɪɢɥɨɠɟɧɢɟ 

ȼ. 
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Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɚɛɨɱɟɣ ɡɨɧɵ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ 
ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ, ɩɪɨɩɭɫɤɚɟɦɵɣ ɜ ɧɢɠɧɢɣ ɛɶɟɮ. ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ 
ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ – ɷɬɨ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɵɣ ɤɨɦɩɥɟɤɫ.  

ɉɪɢɜɟɞɟɧɧɵɣ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ ɦɢɧɢɦɚɥɶɧɨɦ 
ɧɚɩɨɪɚɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

 ܳ௠௔௫.˔˃ː′ = ொ೘𝑖೙௭𝑎∙஽భమ∙√∆˓∙ு೘𝑎𝑥 ,  (3.11) 

 ܳ௠𝑖௡.˔˃ː′ = ொ೘𝑖೙௭𝑎∙஽భమ∙√∆˓∙ு೘𝑖೙ (3.12) 

 
Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɵɯ ɬɭɪɛɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 3.3. 
 

Ɍɚɛɥɢɰɚ 3.3 – ɉɪɢɜɟɞɟɧɧɵɣ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ 
ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɚɯ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ܳ௠௔௫.˔˃ː′   ܳ௠𝑖௡.˔˃ː′    

ɉɅ50-ȼ-355 0,616 0,747 
ɉɅ50-ȼ-425 0,429 0,521 

ɉɅ50-ȼ-500 0,310 0,376 

ɉɅ50-ȼ-530 0,276 0,335 

ɉɅȾ50-ȼ60-400 0,480 0,583 

ɉɅȾ50-ȼ60-500 0,307 0,373 

 
Ƚɥɚɜɧɵɟ ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɫ ɨɛɨɡɧɚɱɟɧɧɨɣ ɪɚɛɨɱɟɣ ɡɨɧɨɣ 

ɞɥɹ ɝɢɞɪɨɬɭɪɛɢɧ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ. 
ɇɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɤ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɫɫɦɨɬɪɟɧɢɸ 

ɩɪɢɧɢɦɚɸɬɫɹ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50-ȼ-355, ɉɅ50-ȼ-500, ɉɅȾ50-ȼ60-400, 
ɉɅȾ50-ȼ60-500, ɬɚɤ ɤɚɤ ɪɚɫɩɨɥɨɠɟɧɢɟ ɡɨɧ ɪɚɛɨɬɵ ɞɚɧɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ 
ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨ. 

 
3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ 
 
ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɨɬɦɟɬɤɭ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɧɭɠɧɨ ɭɱɟɫɬɶ ɟɟ 

ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ: 
ˍ˓ݖߘ  = ʜʐሺܳʜʐሻݖߘ +  ௦,  (3.13)ܪ

 
ɝɞɟ ݖߘʜʐሺܳʜʐሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɪɚɫɯɨɞɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ; ܪ௦ – ɜɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɞɥɹ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ: 

௦ܪ  = ͳͲ,͵ − ∇ʜʐଽ଴଴ − 𝜎 ∙ ܪ − ͳ,ͷ  (3.14) 
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Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ܪ௦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɞɧɨɝɨ ɢɡ ɬɪɟɯ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ 
ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ, ɬ.ɟ. ɜ ɪɟɠɢɦɚɯ ɩɪɢ ɤɨɬɨɪɨɦ ɜɨɡɧɢɤɚɟɬ ɤɚɜɢɬɚɰɢɹ: 

1) Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ȽȺ ɫ ˖ܰ˔˕ ɩɪɢ ܪ˓; 
2) Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ȽȺ ɫ ˖ܰ˔˕ ɩɪɢ ܪ௠௔௫; 
3) Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ȽȺ ɫ ܪ௠𝑖௡ ɢ ɫɨɨɬɜ. ɟɦɭ ܰ ɧɚ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ. 
ɉɪɨɢɡɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɡɧɚɱɟɧɢɣ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ ɞɥɹ ɬɭɪɛɢɧ: ɉɅ50-ȼ-

355, ɉɅ50-ȼ-500, ɉɅȾ50-ȼ60-400 ɢ ɉɅȾ50-ȼ60-500. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ 
ɧɚɣɞɟɦ ɨɬɦɟɬɤɭ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. ɋɜɟɞɟɦ ɜɫɟ ɞɚɧɧɵɟ ɜ ɬɚɛɥɢɰɭ ɪɟɡɭɥɶɬɚɬɨɜ 3.4. 

 
Ɍɚɛɥɢɰɚ 3.4 – Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɞɟɥɶɧɵɯ ɜɵɛɢɪɚɟɦɵɯ ɬɭɪɛɢɧ 

Ɍɭɪɛɢɧɚ D1, ɦ Za nc1, ɨɛ/ɦɢɧ Nɚɝɪ, ɤȼɬ ܪ௦ଵ , ,௦ଶܪ ˏ ,௦ଷܪ ˏ ௠̱𝑖௡˓ݖ ˏ , ˏ 

ɉɅ50-ȼ-355 3,55 4 214 36000 -6,87 -1,53 -4,39 304,60 
ɉɅ50-ȼ-500 5,00 2 150 71000 -6,76 -1,43 -3,99 305,87 

ɉɅȾ50-ȼ60-400 4,00 3 185,5 47000 -4,82 0,22 -2,34 307,07 
ɉɅȾ50-ȼ60-500 5,00 2 150 71000 -4,06 1,1 -1,75 308,56 

 
ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɪɹɞɚ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɜɵɛɪɚɧɚ ɬɭɪɛɢɧɚ ɉɅ50-ȼ-335, ɱɬɨ 

ɨɛɭɫɥɨɜɥɟɧɨ ɫɥɟɞɭɸɳɢɦ: 
1) ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɢɧɢɦɚɥɶɧɨɟ ɡɚɝɥɭɛɥɟɧɢɟ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ; 
2) ɇɚ ɞɚɧɧɭɸ ɬɭɪɛɢɧɭ ɩɨɞɨɛɪɚɧ ɫɟɪɢɣɧɵɣ ɝɟɧɟɪɚɬɨɪ, ɩɨɞɯɨɞɹɳɢɣ 

ɦɨɳɧɨɫɬɢ; 
3) Ɍɭɪɛɢɧɚ ɢɦɟɟɬ ɧɚɢɦɟɧɶɲɢɣ ɞɢɚɦɟɬɪ; 
4) Ɋɚɫɩɨɥɨɠɟɧɢɟ ɪɚɛɨɱɟɣ ɡɨɧɵ ɧɚɯɨɞɢɬɫɹ ɜ ɡɨɧɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɤɩɞ. 
 
3.4 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
3.4.1 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
 
Ⱦɥɹ ɜɵɛɨɪɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɫɥɟɞɭɸɳɢɟ ɞɚɧɧɵɟ: 

ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɢ ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ. 
ɑɢɫɥɨ ɩɨɥɸɫɨɜ: 
݌ʹ  = ଶ∙଺଴∙௙௡ = ଶ∙଺଴∙ହ଴ଶଵସ = ʹͺ, (3.15) 

 
ɝɞɟ ݂ – ɱɚɫɬɨɬɚ ɫɟɬɢ, ɜ Ɉɗɋ Ɋɨɫɫɢɢ ɱɚɫɬɨɬɚ ɫɟɬɢ ɪɚɜɧɚ 50Ƚɰ; ݊ – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɚɝɪɟɝɚɬɚ. 

 
ɉɨ ɤɚɬɚɥɨɝɭ ɜɵɛɢɪɚɟɦ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ȼȽɋ 650/130-32. 
Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.5. 
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Ɍɚɛɥɢɰɚ 3.5 – Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɟɧɟɪɚɬɨɪɚ ȼȽɋ 650/130-32 
Ɍɢɩ ȼȽɋ 650/130-32 

Ɇɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 
ɉɨɥɧɚɹ 45 ɆȼȺ 

Ⱥɤɬɢɜɧɚɹ 36 Ɇȼɬ 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 10,5 ɤȼ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cos φ 0,8 

ɑɚɫɬɨɬɚ 50 Ƚɰ 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 214 ɨɛ/ɦɢɧ 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ 2474 Ⱥ 
Ɍɨɤ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 983Ⱥ 

ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɤɨɥɶɰɚɯ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 190 ȼ 

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨ 
ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ (ɨ.ɟ.) 

ɋɢɧɯɪɨɧɧɨɟ Xd 1,1 
ɉɟɪɟɯɨɞɧɨɟ X'd 0,3 

ɋɜɟɪɯɩɟɪɟɯɨɞɧɨɟ X"d 0,19 

 
3.4.2 ȼɵɛɨɪ ɬɢɩɚ ɢ ɪɚɡɦɟɪɨɜ Ɇɇɍ ɢ ɪɟɝɭɥɹɬɨɪɚ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 
 
Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɨɬɤɪɵɬɢɟɦ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɢ ɭɝɥɨɦ ɩɨɜɨɪɨɬɚ 

ɥɨɩɚɫɬɟɣ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɞɥɹ ɫɦɚɡɤɢ ɩɨɞɩɹɬɧɢɤɚ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɧɚ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɦɚɫɥɹɧɨɟ ɯɨɡɹɣɫɬɜɨ. ɗɬɨɬ ɤɨɦɩɥɟɤɫ ɫɨɫɬɨɢɬ ɢɡ 
ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɪɟɝɭɥɹɬɨɪɚ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɦɚɫɥɨɯɪɚɧɢɥɢɳɚ, 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɧɚɫɨɫɨɜ ɞɥɹ ɩɟɪɟɤɚɱɤɢ ɦɚɫɥɚ. 

Ɇɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ (Ɇɇɍ) ɫɨɫɬɨɢɬ ɢɡ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɚ 
ɦɚɫɥɨɧɚɫɨɫɧɨɝɨ ɚɝɪɟɝɚɬɚ ɢ ɚɩɩɚɪɚɬɭɪɵ ɚɜɬɨɦɚɬɢɤɢ. 

Ⱦɥɹ ɬɭɪɛɢɧɵ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ ɜ ɤɚɬɚɥɨɝɟ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɥɟɞɭɸɳɚɹ Ɇɇɍ: 
Ɇɇɍ 1,6/1-40-2,5-2 (ɦɚɫɫɚ: 4,3 ɬ), ɜ ɤɨɬɨɪɨɣ ɜɤɥɸɱɟɧɵ: 

 Ƚɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪ ȽȺ 1,6/1-40 (ɜɦɟɫɬɢɦɨɫɬɶ 1,6 ɦ3; 1 ɫɨɫɭɞ) 
 Ɇɚɫɥɨɧɚɫɨɫɧɵɣ ɚɝɪɟɝɚɬ ɆȺ2,5-2 (ɜɦɟɫɬɢɦɨɫɬɶ 2,5 ɦ3) 
 ɇɚɫɨɫ: 3ȼ8/40ȽɌ (2 ɲɬ.; ܳ = 3,5 ɥ/ɫ; ܰ = 18 ɤȼɬ); 
 Ⱦɜɢɝɚɬɟɥɶ: 4Ⱥ180S2 (2 ɲɬ.; ܰ = 22 ɤȼɬ; ɦɚɫɫɚ:5,6 ɬ). 
 
3.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ 

ɇɢɦɚɧɫɤɨɣ Ƚɗɋ 
 
ɍɝɨɥ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 𝜑ɫɩ = 225° – ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɭɝɨɥ ɨɯɜɚɬɚ 

ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ, ɛɟɪɟɬɫɹ ɢɡ Ƚɍɏ. 
ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɬɚɤɠɟ ɢɡ Ƚɍɏ: 
 r˅˘ = ͳ,͹͵ͻ ∙ ଵܦ = ͳ,͹͵ͻ ∙ ͵,ͷͷ = ͸,ͳ͹ ˏ    (3.16) 

 
Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ: 
 Dː˃˓ = ͷ ˏ, 
௔ݎ  = ஽ː˃˓ଶ                                                                                                                  (3.17) 
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Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ: 
 B˅ː = Ͷ,͹ͻ ˏ, 
௕ݎ  = ஽˅ːଶ                                                                                                                    (3.18) 

 
ȼɵɫɨɬɚ ɫɬɚɬɨɪɚ: 
˕˔ܤ  = ܾ଴ + Ͳ,ͲͲ͵͵ ∙ ଵܦ = ͳ,ʹͶ + Ͳ,ͲͲ͵͵ ∙ ͵,ͷͷ = ͳ,ʹͷͶ ˏ                            (3.19) 
 
ȼɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ: 
 ܾ଴ = ͳ,ʹͶ ˏ  
 
ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɬɭɪɛɢɧɭ: 
 ܳ଴ = ேଽ,଼ଵ∙ு𝑝∙𝜂ˑ˒˕ = ଷ଺଴଴଴ଽ,଼ଵ∙ଷ଼∙଴,ଽଷହ = ͳͲ͵,ʹͻ ˏଷ/˔                                                 (3.20) 

 
Ɋɚɫɯɨɞ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɫɩɢɪɚɥɶɧɨɝɨ ɤɚɧɚɥɚ ɤɚɦɟɪɵ: 
 ܳ𝑖 = ொ˕∙𝜑ଷ଺଴ = ଵ଴ଷ,ଶଽ∙ଶଶହଷ଺଴ = ͸Ͷ,ͷ͸ ˏଷ/˔                                                                (3.21) 

 
ɉɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ: 
ܨ˅  ˘ = ொ𝑖௏˅ ˘ = ଺ସ,ହ଺ହ,ଶ = ͳʹ,Ͷʹ ˏଷ,                                                                             (3.22) 

 ܾ˅˘ = ͵,ͷͶ, 
 ܽ˅˘ = ݎ˅ ˘ − ௔ݎ = ͸,ͳ͹ − ʹ,ͷ = ͵,͸͹                                                                 (3.23) 
 
Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.6. 
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Ɍɚɛɥɢɰɚ 3.6 – Ɋɚɫɱɟɬ ɡɧɚɱɟɧɢɣ ɞɥɹ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
ȼɟɥɢɱɢɧɚ ɋɟɱɟɧɢɹ 

ɜɯ 1 2 3 4 5 6 7 8 9 10 ɜɵɯ 
r i 6,17 5,83 5,49 5,14 4,8 4,46 4,11 3,77 3,43 3,09 2,74 2,4 
b i 3,53 3,31 3,1 2,89 2,67 2,46 2,25 2,03 1,82 1,6 1,39 1,18 
r k 3,11 3,05 3 2,94 2,88 2,83 2,77 2,71 2,66 2,6 2,54 2,48 

rk/ra 1,24 1,22 1,2 1,18 1,15 1,13 1,11 1,08 1,06 1,04 1,02 0,99 
ln rk/ra 0,215 0,2 0,18 0,17 0,14 0,12 0,10 0,08 0,06 0,04 0,02 -0,01 

ri/ra 2,47 2,33 2,19 2,06 1,92 1,78 1,65 1,51 1,37 1,23 1,1 0,96 
ln ri/ra 0,90 0,85 0,78 0,72 0,65 0,58 0,50 0,41 0,32 0,21 0,1 -0,04 
bln ri/ra 3,19 2,8 2,43 2,09 1,74 1,42 1,13 0,84 0,57 0,33 0,13 -0,05 
rk ctgy 11,60 11,38 11,19 10,97 10,75 10,56 10,34 10,11 9,93 9,70 9,48 9,25 

rk ctgy ln 
rk/ra 

2,5 2,27 2,04 1,82 1,50 1,29 1,08 0,78 0,58 0,38 0,19 -0,09 

m i 2,29 2,07 1,86 1,65 1,43 1,22 1,01 0,79 0,58 0,36 0,15 -0,06 
J i 3,04 2,66 2,30 1,97 1,72 1,40 1,11 0,9 0,63 0,36 0,14 0,04 𝜑 i 224 196 170 146 127 104 82 66 46 27 11 3 

 
ɉɨ ɪɚɫɱɟɬɧɵɦ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɫɟɱɟɧɢɹɦ ɫɩɢɪɚɥɢ ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ 

ɡɚɜɢɫɢɦɨɫɬɢ 𝜑˔˒ = ݂ሺݎ𝑖ሻ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 3.2. 
 

 
Ɋɢɫɭɧɨɤ 3.2 – ɉɨɫɬɪɨɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ 𝜑˔˒ = ݂ሺݎ𝑖ሻ 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɜɨɞɚ ɢɡ Ƚɍɏ: 
′ܤ  = ʹ,ͻͳ͹ ∙ ଵܦ = ʹ,ͻͳ͹ ∙ ͵,ͷͷ = ͳͲ,͵͸ ˏ (3.24) 
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ɒɢɪɢɧɚ ɩɨɞɜɨɞɚ ܤ′ > ͹ ˏ, ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɩɪɨɦɟɠɭɬɨɱɧɵɣ 
ɛɵɱɨɤ. 

 
Ɍɨɥɳɢɧɚ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɛɵɱɤɚ: 
 ܾ ൒ ͳ + ொ೘𝑎𝑥ସ଴଴ = ͳ + ସଷହସ଴଴ = ʹ,Ͳͻ ˏ                                                                      (3.25) 

 
ɉɨ ɪɚɫɫɱɢɬɚɧɧɵɦ ɞɚɧɧɵɦ ɫɬɪɨɢɬɫɹ ɦɨɞɟɥɶ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ, ɩɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 3.3. 

 

 
Ɋɢɫɭɧɨɤ 3.3 – ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ȽȺ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 
4.1 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ 
 
Ƚɥɚɜɧɚɹ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɷɬɚɩɨɜ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ, ɬɚɤ ɤɚɤ ɨɬ ɷɬɨɝɨ ɡɚɜɢɫɢɬ ɜɵɛɨɪ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɟɟ ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɝɢɛɤɨɫɬɶ, ɭɞɨɛɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɢ, 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɲɢɪɟɧɢɹ.  

ȼ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɏɚɛɚɪɨɜɫɤɨɝɨ ɤɪɚɹ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɛɥɢɠɚɣɲɟɣ 
ɩɨɞɫɬɚɧɰɢɟɣ ɹɜɥɹɟɬɫɹ ɉɋ 220 ɤȼ «ɍɪɝɚɥ» ɫ ɪɚɫɫɬɨɹɧɢɟɦ 49 ɤɦ. ɂɫɩɨɥɶɡɭɸɬɫɹ 
ɫɯɟɦɵ ɤɚɤ ɫ ɩɪɨɫɬɵɦɢ ɛɥɨɤɚɦɢ, ɜ ɤɨɬɨɪɵɯ ɤɚɠɞɨɦɭ ɝɟɧɟɪɚɬɨɪɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɩɨɜɵɲɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɬɚɤ ɢ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ. 

 
4.2 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɟɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ 
 ܵ˓˃˔ч = ௉̂ .ːˑˏ−௉̝ ː௖௢௦𝜑 = ଷ଺−ଵ,ସଶ଴,଼ = Ͷ͵,ʹ͵ ʛʑ ∙ ʏ,                                                                (4.1) 

 
ɝɞɟ ̝ܲ ː = Ͳ,Ͳͳ ∙ ̟ܲ ˔˕ = ͳ,Ͷʹ ʛʑ˕; ̟ܲ ˔˕ = ͳͶʹ ʛʑ ∙ ʏ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ; ܿݏ݋𝜑 – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ȽȽ. 

 
ȼɵɛɢɪɚɟɦ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ 

ɌȾɐ-80000/220. 
ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1. 
 

Ɍɚɛɥɢɰɚ 4.1 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-80000/220 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ Sɧɨɦ Ɇȼ∙Ⱥ 80 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɵɫɲɟɣ ɨɛɦɨɬɤɢ Uɜɧ ɤȼ 242 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɢɡɲɟɣ ɨɛɦɨɬɤɢ Uɧɧ ɤȼ 10,5 

ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Uɤ % 11 
ɉɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Δܲɤ ɤȼɬ 280 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ Δܲɯ ɤȼɬ 60 
Ɍɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ܫɯ % 0,3 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ʡ୫a୶ ɢ ɜɪɟɦɹ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ . 

 𝜏 = ቀͲ,ͳʹͶ + ʡ೘𝑎𝑥ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ቀͲ,ͳʹͶ + ସ଴଴଴ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ʹͶͲͷ ч/ˆˑˇ            (4.2) 

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
˄˃˓ݐ  = ͺ͹͸Ͳ − ߤ ⋅ ܶ˒ ˎ − 𝜔 ∙ ܶ˅ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳʹͷ ∙ ͸Ͳ = ͺ͹ʹͺ,ͷ ч,        (4.3)
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ɝɞɟ ߤ = ͳ – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ;  ܶ˒ ˎ =  ͵Ͳ  – ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ; 𝜔 =  Ͳ,Ͳʹͷ  – ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ;  T˅ = ͸Ͳ – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ̆ ˘ = ݊˕ ∙ ∆ܲ̆ ˘ ∙ ˄˃˓ݐ = ͳ ⋅ Ͳ,Ͳ͸ ⋅ ͺ͹ʹͺ,ͷ = ͷʹ͵,͹ͳ ʛʑ˕ ∙ ч,                        (4.4) 
 

ɝɞɟ nʡ – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
 
ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹː = ∆௉̱௡˕ ∙ ቀௌ˓˃˔чௌːˑˏ ቁଶ ∙ 𝜏 = ଴,ଶ଼ଵ ∙ ቀସଷ,ଶଷ ଼଴ ቁଶ ∙ ʹͶͲͷ = ͳͻ͸,͸Ͷ ʛʑ˕ ∙ ч               (4.5) 

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ܷ˒ˑ˕ሺଵሻ = ଵߛ ∙ ∆ ௫ܹ௫ + ଶߛ ∙ ∆ܹː = Ͳ,ͻ ∙ ͳͲ−ଶ ∙ ͷʹ͵,͹ͳ + Ͳ,ͳͳ ∙ ͳͲ−ଶ ∙  ∙ ͳͻ͸,͸Ͷ = Ͷ,ͻ͵ ˕˞˔. ˓˖˄./ˆˑˇ,                                                                     (4.6) 
 

ɝɞɟ ߛଵ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɫɨɝɥɚɫɧɨ Ɏɟɞɟɪɚɥɶɧɨɣ ɫɥɭɠɛɟ ɩɨ 
ɬɚɪɢɮɚɦ, ɪɚɜɧɵɣ Ͳ,ͻ ∙ ͳͲ−ଶ  ˕˞˔. ˓˖˄./ሺʛʑ˕ ∙ чሻ; ߛଶ = Ͳ,ͳͳ ∙ ͳͲ−ଶ ˕˞˔. ˓˖˄./ሺʛʑ˕ ∙ ч˃˔ሻ. 

 
Ⱦɥɹ 4 ɛɥɨɤɨɜ ɜɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ: 
 ܷ˒ˑ˕ሺଶሻ = ܷ˒ˑ˕ሺଵሻ ∙ Ͷ = Ͷ,ͻ͵ ∙ Ͷ = ͳͻ,͹ʹ ˕˞˔. ˓˖˄./ˆˑˇ                                    (4.7) 
 
4.3 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɟɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ 
 ܵ˓˃˔ч = ʹ ∙ ௉̂ .ːˑˏ−௉̝ ː௖௢௦𝜑 = ʹ ∙ ଷ଺−ଵ,ସଶ଴,଼ = ͺ͸,Ͷͷ ʛʑ ∙ ʏ,                                                (4.8) 

 
ɝɞɟ ̝ܲ ː = Ͳ,Ͳͳ ∙ ̟ܲ ˔˕ = ͳ,Ͷʹ ʛʑ˕; ̟ܲ ˔˕ = ͳͶʹ ʛʑ ∙ ʏ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ; ܿݏ݋𝜑 – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ȽȽ. 

 
ȼɵɛɢɪɚɟɬɫɹ ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ-125000/220.  
ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2. 
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Ɍɚɛɥɢɰɚ 4.2 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-125000/220 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ Sɧɨɦ Ɇȼ∙Ⱥ 125 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɵɫɲɟɣ ɨɛɦɨɬɤɢ Uɜɧ ɤȼ 242 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɢɡɲɟɣ ɨɛɦɨɬɤɢ Uɧɧ ɤȼ 10,5 

ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Uɤ % 11 
ɉɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Δܲɤ ɤȼɬ 380 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ Δܲɯ ɤȼɬ 135 
Ɍɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ܫɯ % 0,5 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ʡ୫a୶ ɢ ɜɪɟɦɹ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ . 

 𝜏 = ቀͲ,ͳʹͶ + ʡ೘𝑎𝑥ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ቀͲ,ͳʹͶ + ସ଴଴଴ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ʹͶͲͷ ч/ˆˑˇ      (4.9) 

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
˄˃˓ݐ  = ͺ͹͸Ͳ − ߤ ⋅ ܶ˒ ˎ − 𝜔 ∙ ܶ˅ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳͷ ∙ ͸Ͳ = ͺ͹ʹ͹ ч,              (4.10) 
 

ɝɞɟ ߤ = ͳ – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ;  ܶ˒ ˎ =  ͵Ͳ  – ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ; 𝜔 =  Ͳ,Ͳͷ  – ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ;  T˅ = ͸Ͳ – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ̆ ˘ = ݊˕ ∙ ∆ܲ̆ ˘ ∙ ˄˃˓ݐ = ʹ ⋅ Ͳ,Ͳͻ ⋅ ͺ͹ʹ͹ = ͳͷ͹Ͳ,ͺ͸ ʛʑ˕ ∙ ч,                     (4.11) 
 

ɝɞɟ nʡ – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
 
ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹː = ∆௉̱௡˕ ∙ ቀௌ˓˃˔чௌːˑˏ ቁଶ ∙ 𝜏 = ଴,ଷ଼ଵ ∙ ቀ଼଺,ସହ ଵଶହ ቁଶ ∙ ʹͶͲͷ = ʹͳͺ,ͷ͸ ʛʑ˕ ∙ ч             (4.12) 

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ܷ˒ˑ˕ሺଵሻ = ଵߛ ∙ ∆ ௫ܹ௫ + ଶߛ ∙ ∆ܹː = Ͳ,ͻ ∙ ͳͲ−ଶ ∙ ͳͷ͹Ͳ,ͺ͸ + Ͳ,ͳͳ ∙ ͳͲ−ଶ ∙  ∙ ʹͳͺ,ͷ͸ = ͳͶ,͵ͺ ˕˞˔. ˓˖˄./ˆˑˇ,                                                                     (4.13) 
 

ɝɞɟ ߛଵ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɫɨɝɥɚɫɧɨ Ɏɟɞɟɪɚɥɶɧɨɣ ɫɥɭɠɛɟ ɩɨ 
ɬɚɪɢɮɚɦ, ɪɚɜɧɵɣ Ͳ,ͻ ∙ ͳͲ−ଶ  ˕˞˔. ˓˖˄./ሺʛʑ˕ ∙ чሻ;  



 

33 
 

ଶߛ = Ͳ,ͳͳ ∙ ͳͲ−ଶ ˕˞˔. ˓˖˄./ሺʛʑ˕ ∙ ч˃˔ሻ. 
 
Ⱦɥɹ 2 ɛɥɨɤɨɜ ɜɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ: 
 ܷ˒ˑ˕ሺଶሻ = ܷ˒ˑ˕ሺଵሻ ∙ ʹ = ͳͶ,͵ͺ ∙ ʹ = ʹͺ,͹͸ ˕˞˔. ˓˖˄./ˆˑˇ                              (4.14) 
 
4.4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 ܵ˔.ː. = Ͳ,Ͳͳ ∙ ௉ʒЭʠ.ːˑˏ.௖௢௦𝜑 = Ͳ,Ͳͳ ∙ ଵସଶ଴,଼଴ = ͳ,͹ͺ ʛʑ ∙ ʏ                                              (4.15) 

 
ɋɨɝɥɚɫɧɨ ɋɌɈ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɚ ɬɚɤɠɟ 

ɜɵɩɪɹɦɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɫ ɫɭɯɨɣ ɢɡɨɥɹɰɢɟɣ. 
ɉɨ ɩɨɥɭɱɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

ɉɨ ɩɨɞɯɨɞɹɳɟɣ ɦɨɳɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌɋɁɅ – 1600/10/0,4. 
ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3. 

 
Ɍɚɛɥɢɰɚ 4.3 – ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɌɋɁɅ – 1600/10/0,4 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ ɌɋɁɅ – 1600/10/0,4 
ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ Sɧɨɦ, ɆȼȺ 1,6 

ȼɵɫɲɟɟ ɧɚɩɪɹɠɟɧɢɟ Uȼɇ, ɤȼ 10 
ɇɢɡɲɟɟ ɧɚɩɪɹɠɟɧɢɟ Uɇɇ, ɤȼ 0,4 

ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ ∆Pɯ, ɤȼɬ 2,8 
ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ∆Pɤ, ɤȼɬ 14 

ɉɨɬɟɪɢ ɬɨɤɚ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ ∆Iɯ, % 0,5 
ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ∆Uɤ, % 6 

 
4.5 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ȼɅ Ɋɍ ȼɇ ɢ ɦɚɪɤɢ ɩɪɨɜɨɞɨɜ ȼɅ 
 
ɑɢɫɥɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ 220 ɤȼ: 
 ݊ˎ = ʟ˖˔˕−ʟ˔.ː.௞∙௉ː ˃˕/ୡ୭sφౙ + ͳ = ଵସଶ−ଵ,ସଶଵ,ଶ∙ଵଷହ/଴,଼ହ + ͳ = ͳ,͹Ͷ                                                   (4.16) 

 
ɉɪɢɧɢɦɚɟɬɫɹ 2-ɯ ɰɟɩɧɚɹ ȼɅ 220 ɤȼ. 
 
Ɋɚɛɨɱɢɣ ɬɨɤ ɥɢɧɢɢ: 
ܫ˓  ˃˄ = ௌΣ௡ˎ∙√ଷ∙௎ːˑˏ = ሺଵସଶ−ଵ,ସଶሻ∙ଵ଴యଶ∙√ଷ∙ଶଶ଴ = ͳͺͶ,Ͷ͸ ʏ                                                      (4.17) 

 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɥɢɧɢɢ: 
ܫ˓  ˃˔ч = α˕ ∙ α𝑖 ∙ ܫ˓ ˃˄ = ͳ,Ͳ ∙ ͳ,Ͳͷ ∙ ͳͺͶ,Ͷ͸ = ͳͻ͵,͸ͺ ʏ,                                 (4.18) 
 

ɝɞɟ α˕ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ; 
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α𝑖 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɦɚɤɫɢɦɭɦɟ 
ɧɚɝɪɭɡɤɢ. 

ɋɜɵɲɟ 1 ɤȼ ɜɵɛɨɪ ɫɟɱɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ γ = 1,1 Ⱥ/ɦɦ2. 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɚ: 
ܨ  = ூ˓ ˃˔чఊ = ଵଽଷ,଺଼ଵ,ଵ = ͳ͹͸,Ͳ͹ ˏˏଶ                                                                       (4.19) 

 
ɉɪɨɜɟɪɤɚ ɩɪɨɜɨɞɚ ɩɨ ɧɚɝɪɟɜɭ: 
ܫ˒  .˃˅ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙୙ːˑˏ = ሺଵସଶ−ଵ,ସଶሻ∙ଵ଴యሺଶ−ଵሻ∙√ଷ∙ଶଶ଴ = ͵͸ͺ,ͻ͵ ʏ                                               (4.20) 

ܫ˒  .˃˅ < ܫ̌ ˑ˒ ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞ Ⱥɋ-240/39, ɱɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ 
ɧɚɝɪɟɜɚ. Ⱦɨɩɭɫɬɢɦɵɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ ɫ ɭɱɟɬɨɦ ɩɨɩɪɚɜɨɱɧɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ ̌ܫ ˑ˒ = ͸ͳͲ ʏ. ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 
 
Ɍɚɛɥɢɰɚ 4.4 – ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ ɦɚɪɤɢ Ⱥɋ-240/39 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 
ɍɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ rɭɞ Ɉɦ/ɤɦ 0,011 

ɍɞɟɥɶɧɨɟ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ xɭɞ Ɉɦ/ɤɦ 0,11 
ɉɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ Iɞɨɩ Ⱥ 610 

 
4.6 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ (ɌɗɈ) 
 
ɂɡ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɨɣ, ɭ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ 

ɛɭɞɭɬ ɦɟɧɶɲɟ.  
 
Ɍɚɤ ɤɚɤ ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɫɬɚɧɰɢɹ ɢɦɟɟɬ ɦɨɳɧɨɫɬɶ 142 Ɇȼɬ, ɚ ɬɚɤɠɟ ɧɢɡɤɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɢɬɶ ɄɊɍɗ 220 ɤȼ. 
1) Ⱦɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɩɪɢɧɢɦɚɟɦ ɫɯɟɦɭ Ɋɍ ɨɞɢɧɨɱɧɨɝɨ ɛɥɨɤɚ. 
 ʙ = ʙʡ ∙ ݊ + ʙʠʜ ∙ ݉ + ʙʟʢ ∙ ݐ = ͳͳͳͺ͵͹͸ͲͲ ∙ Ͷ + ʹʹͻ͵ʹͲͲͲ ∙ ͵ ++ͳͲͶ͸͸ͶͲͲͲ ∙ ͹ = ͳʹͶͺ͹ͻͶͶͲͲ ˓˖˄.,                                                                                   (4.21) 
  

ɝɞɟ ݊ – ɤɨɥɢɱɟɫɬɜɨ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; ʙʡ – ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ݉ – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; ʙʠʜ – ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; ʙʟʢ – ɫɬɨɢɦɨɫɬɶ ɹɱɟɣɤɢ ɄɊɍɗ; ݐ – ɱɢɫɥɨ ɹɱɟɟɤ.
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2) Ⱦɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɩɪɢɧɢɦɚɟɦ ɫɯɟɦɭ Ɋɍ ɭɤɪɭɩɧɟɧɧɨɝɨ ɛɥɨɤɚ.  
 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ: 
 ʙ = ʙʡ ∙ ݊ + ʙʠʜ ∙ ݉ + ʙʟʢ ∙ ݐ = ͳͷʹ͹Ͳ͵͸ͲͲ ∙ ʹ + ʹʹͻ͵ʹͲͲͲ ∙ ͵ ++ͳͲͶ͸͸ͶͲͲͲ ∙ ͷ = ͺͻ͹ͷʹ͵ʹͲͲ ˓˖˄.                                                                                       (4.22) 
 
ɇɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɬɪɟɛɭɟɬ 

ɧɚɢɦɟɧɶɲɟɝɨ ɱɢɫɥɚ ɩɨɥɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ: 
 ʖ = ʔː ∙ ʙ + 𝑖ܷ                                                                                               (4.23) 
 
1) Ⱦɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ: 
 ʖ = Ͳ,ͳͷ ∙ ͳʹͶͺ͹ͻͶͶͲͲ + ͳͻ͹ʹͲ = ͳͺ͹͵͵ͺͺͺͲ ˓˖˄.  
 
2) Ⱦɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ: 
 ʖ = Ͳ,ͳͷ ∙ ͺͻ͹ͷʹ͵ʹͲͲ + ʹͺ͹͸Ͳ = ͳ͵Ͷ͸ͷ͹ʹͶͲ ˓˖˄.  
 
Ɋɚɡɧɢɰɚ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɦɟɠɞɭ ɜɚɪɢɚɧɬɚɦɢ: 
 ∆ʖ = ʖభ−ʖమʖభ ∙ ͳͲͲ% = ʹͺ,ͳʹ %                                                                            (4.24) 

Ɋɚɡɧɢɰɚ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ ɦɟɠɞɭ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ ɢ ɭɤɪɭɩɧɟɧɧɵɦ 
ɛɥɨɤɨɦ ɛɨɥɟɟ 5 %, ɧɨ ɧɟ ɫɦɨɬɪɹ ɧɚ ɞɚɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɣ 
ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɢ ɩɪɨɫɬɨɬɵ ɫɯɟɦɵ, ɜɵɛɢɪɚɟɦ ɩɟɪɜɵɣ ɜɚɪɢɚɧɬ. 

 
4.7 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɄɁ ɞɥɹ ɜɵɛɨɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ 
 
4.7.1 Ɋɚɫɱɟɬ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ: 
ˆݔ  = ′′ௗݔ ∙ ௎ːˑˏమௌːˑˏ = Ͳ,ͳͻ ∙ ଵ଴,ହమସହ = Ͳ,Ͷ͹ ʝˏ,                                                              (4.25) 

 
ɝɞɟ ݔௗ′′ – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; ܵːˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ; ܷːˑˏ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ. 

ݎ̂  = ˘ˆ𝜔∙ʡ˃,ˆ = ଴,ସ଻ଷଵସ∙଴,଴ସହ = Ͳ,Ͳ͵ ʝˏ,                                                                       (4.26) 
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ɝɞɟ 𝜔 – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ, ɪɚɜɧɚɹ 314 ɪɚɞ/ɫ; ܶ˃ ,ˆ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, 
ɪɚɜɧɚɹ 0,045 ɫ. 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
˕ݔ  = ௨ˍˊ%ଵ଴଴ ∙ ௎ʑʜమௌːˑˏ = ଵଵଵ଴଴ ∙ ଶସଶమଵଶହ = ͷͳ,ͷͶ ʝˏ,                                                             (4.27) 

 
ɝɞɟ ݑˍˊ% – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ܷʑʜ – ɧɚɩɪɹɠɟɧɢɟ ɨɛɦɨɬɤɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

ݎ̞  = ∆̱ܲ ∙ ௎ʑʜమௌːˑˏమ = Ͳ,͵ͺ ∙ ଶସଶమଵଶହమ = ͳ,Ͷʹ ʝˏ,                                                               (4.28) 

 
ɝɞɟ ܵːˑˏ – ɩɨɥɧɚɹ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ∆̱ܲ  – ɩɨɬɟɪɢ ɄɁ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ. 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ȼɅ 220 ɤȼ: 
ˎ˅ݔ  = ˇ˖,ˑݔ ∙ ݈ = Ͳ,Ͷ͵ͷ ∙ Ͷ͹ = ʹͲ,Ͷͷ ʝˏ,                                                          (4.29) 
 

ɝɞɟ ݔˑ,˖ˇ – ɭɞɟɥɶɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɅ; ݈ – ɞɥɢɧɚ ȼɅ; ݊  – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ. 
ݎ˅  ˎ = ˑݎ ,˖ˇ ∙ ݈ = Ͳ,ͳʹͳ ∙ Ͷ͹ = ͷ,͸ͻ ʝˏ,                                                              (4.30) 
 

ɝɞɟ ˑݎ ,˖ˇ – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɅ. 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ: 
˔ݔ  = ௎ːˑˏమௌˍ.ˊ = ଶଶ଴మଶହ଴ = ͳͻ͵,͸ ʝˏ,                                                                             (4.31) 

 
ɝɞɟ ܷːˑˏ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɢɫɬɟɦɵ; ܵˍ.ˊ – ɦɨɳɧɨɫɬɶ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɫɢɫɬɟɦɵ. 

ݎ̝  = ୶ʠ୘˃,ʠ∙ω = ଵଽଷ,଺଴,଴ସହ∙ଷଵସ = ͳ͵,͹ ʝˏ                                                                         (4.32) 

 
ɗȾɋ ɝɟɧɟɪɚɬɨɪɨɜ: 
ˆܧ  = ′′∗ܧ ∙ ܷ˄ = ͳ,ͳ͵ ∙ ͳͲ,ͷ = ͳͳ,ͺ͹ ˍʑ,                                                             (4.33)
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ɝɞɟ ܷ˄ – ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; ܧ∗′′ – ɫɜɟɪɯɩɟɪɟɯɨɞɧɚɹ ɗȾɋ ɞɥɹ ɝɟɧɟɪɚɬɨɪɚ ɫ ɞɟɦɩɮɟɪɧɨɣ ɨɛɦɨɬɤɨɣ. 
 
ɗȾɋ ɫɢɫɬɟɦɵ: 
˔ܧ  = ′′˔∗ܧ ∙ ܷ˄ଵ = ͳ ∙ ʹ͵Ͳ = ʹ͵Ͳ ˍʑ,                                                                    (4.34) 
 

ɝɞɟ ܧ∗˔′′  – ɡɧɚɱɟɧɢɟ ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɣ ɗȾɋ ɞɥɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ: 
 ʙଵ = ௎ʜʜ௎ʑʜ = ଵ଴,ହଶସଶ = Ͳ,ͲͶ͵                                                                                   (4.35) 

 
4.7.2 ȼɧɟɫɟɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɢ ɪɚɫɱɟɬ 

ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɋɒ ɢ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɜ 
ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ «RastrWin» 

 
ɇɚ ɪɢɫɭɧɤɚɯ 4.1 – 4.3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ, ɜɟɬɜɹɦ, 

ɝɟɧɟɪɚɬɨɪɚɦ. ȼɫɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɡ ɬɚɛɥɢɰ ɩɪɨɝɪɚɦɦɵ «RastrWin», 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ. 

 

 
Ɋɢɫɭɧɨɤ 4.1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 

 

 
Ɋɢɫɭɧɨɤ 4.2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 
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Ɋɢɫɭɧɨɤ 4.3 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 

 
ɉɨɫɥɟ ɡɚɞɚɧɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɪɨɢɡɜɨɞɢɦ ɪɚɫɱɟɬ ɬɨɤɨɜ ɄɁ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 4.4 – 4.6. 
 

 
Ɋɢɫɭɧɨɤ 4.4 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɋɒ 220 ɤȼ 

  

 
Ɋɢɫɭɧɨɤ 4.5 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ 

 

 
Ɋɢɫɭɧɨɤ 4.6 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 220 ɤȼ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɦ ɜ ɨɛɳɭɸ ɬɚɛɥɢɰɭ 4.5 ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ. 
 

Ɍɚɛɥɢɰɚ 4.5 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
Ɍɢɩ ɄɁ ɇɨɦɟɪ ɭɡɥɚ Iɩɨ, ɤȺ iɭ, ɤȺ 

3 ɮ 1 29,18 80,47 

3 ɮ 8 0,70 1,73 

1 ɮ 8 1,05 2,60 

ʙʟʢЭሺଵሻܫ  = ͳ,Ͳͷ ˍʏ > ʙʟʢЭሺଷሻܫ = Ͳ,͹Ͳ ˍʏ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɥɢɱɢɧɚ ɬɨɤɚ 
ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 220ɤȼ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬɧɨɣ ɞɥɹ ɩɪɨɜɟɪɤɢ ɜɵɤɥɸɱɚɬɟɥɟɣ 
ɧɚ ɨɬɤɥɸɱɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. 

 
4.8 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 
 
Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɪɢ ɪɚɛɨɬɟ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɫɧɢɠɟɧɧɨɦ ɧɚ 5% ɧɚɩɪɹɠɟɧɢɢ: 
 Iˆ,˓˃˄ ୫a୶ = ͳ,Ͳͷ ∙ Iˆ,ːˑˏ = ͳ,Ͳͷ ∙ ʹ,Ͷ͹ = ʹ,͸ ˍʏ                                                  (4.36)
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Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 I˕,˓˃˄ ୫a୶ = ୗˆ,ːˑˏ√ଷ∙୙˕,ːˑˏሺ−ହ%ሻ = ସହ,଴√ଷ∙ଶଶଽ,ଽ = Ͳ,ͳͳ ˍʏ                                                 (4.37) 

 
Ɋɚɛɨɱɢɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɜ ɥɢɧɢɢ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ 220ɤȼ: 
 Iˎˠ˒,˓˃˄.௠௔௫ = ୗ∑ሺ୬ˎሻ∙√ଷ∙୙ːˑˏ = ଵସ଴,ହ଼ଶ∙√ଷ∙ଶଶ଴ = Ͳ,ͳͺ ˍʏ                                                  (4.38) 

 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɣ 

ɢɡ ɥɢɧɢɢ ɫɜɹɡɢ: 
 I˓˃˄.˖˕ˉ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙୙ːˑˏ = ଵସ଴,ହ଼ଵ∙√ଷ∙ଶଶ଴ = Ͳ,͵͹ ˍʏ                                                  (4.39) 

 
4.9 ȼɵɛɨɪ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ 

ɧɚɩɪɹɠɟɧɢɢ 10,5 ɤȼ 
 
4.9.1 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 
 
Ɋɚɡɴɟɞɢɧɢɬɟɥɢ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢ ɬɨɤɭ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 

ɢ ɩɪɨɜɟɪɹɸɬɫɹ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɩɨ ɬɟɦ ɠɟ ɡɧɚɱɟɧɢɹɦ, 
ɱɬɨ ɢ ɜɵɤɥɸɱɚɬɟɥɢ. 

ȼɵɛɢɪɚɟɦ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȽȽ-10, ɩɪɨɢɡɜɨɞɢɬɟɥɶ 
«ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȼɊɁ-10/4000 ɍɁ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.6.  

 
Ɍɚɛɥɢɰɚ 4.6 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼȽȽ-10 ɊȼɊɁ-10/4000 ɍɁ U˔ˈ˕ˋ ːˑˏ=10,5 ɤȼ Uːˑˏ = ͳͲ ˍʑ Iːˑˏ = Ͷ,Ͳ ˍʏ I˔ˍ˅ ˍˊ = ͳ͸ͳ ɤȺ 

Uːˑˏ = ͳͲ ɤȼ Iːˑˏ = Ͷ,Ͳ ɤȺ Iˠˎ ˔˕ = ͳʹͷ ɤȺ 
Iˆ.˓˃˄ = ʹ,͸ ˍʏ I୬଴ = ʹͻ,ͳͺ ˍʏ i୷ = ͺͲ,Ͷ͹ ˍʏ i˒˓.˔ˍ˅ = ͸͵ ɤȺ I˕.˔˕ = ͷͲ ɤȺ ʑˍ.˓˃˔ч = I୬଴ଶ ∙ ˍ˕ˑݐ) + (ˊ˓ݐ = ͹͸,͸ʹ ɤȺ2∙ɫ ʑˍ.ːˑˏ = I˕ଶ ∙ ˕ݐ = ͳͳͻͲ͹ ɤȺ2∙ɫ ʑˍ.ːˑˏ = I˕ଶ ∙ ˕ݐ = Ͷ͸ͺ͹ͷ ɤȺ2∙ɫ 

 
ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 

4.7.
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Ɍɚɛɥɢɰɚ 4.7 – ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɩɪɢɛɨɪɚ 
Ɍɢɩ ɩɪɢɛɨɪɚ ɂɧɬɟɪɮɟɣɫ ɩɪɢɛɨɪɚ Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ 

ɉɨɬɪɟɛɥɹɟɦɚɹ 
ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 

 ȼ ɰɟɩɢ ɫɬɚɬɨɪɚ: 
Ⱥɧɚɥɢɡɚɬɨɪ ɫɟɬɢ ȺɉɄɗ-1 RS485 0,5 8 

 ȼ ɰɟɩɢ ɪɨɬɨɪɚ: 
Ⱥɧɚɥɢɡɚɬɨɪ ɫɟɬɢ ȺɉɄɗ-1 RS485 0,5 8 
ɋɢɧɯɪɨɧɢɡɚɬɨɪ Ⱥɋ-Ɇ3 RS485 0,5 10 

 ∑ = 26 ȼ·Ⱥ 

 
4.9.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 
ȼɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɒɅ-10-1. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 

«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ». ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 
4.8. 

 
Ɍɚɛɥɢɰɚ 4.8 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ-10 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ < Uːˑˏ Uʒ = ͳͲ,ͷ ˍʑ Uːˑˏ = ͳͲ ˍʑ I˓˃˄ ୫a୶ < Iːˑˏ Iʒ.˓˃˄ = ʹ,͸ ˍʏ Iːˑˏ = Ͷ,Ͳ ˍʏ 

 
ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-10. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 

«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ».  ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 4.9. 

 
Ɍɚɛɥɢɰɚ 4.9 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ < Uːˑˏ Uʒ = ͳͲ,ͷˍʑ Uːˑˏ = ͳͲ ˍʑ 

 
Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ 10,5 ɤȼ 

ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ – 10 ɍɏɅ1 ɮɢɪɦɵ ɈȺɈ 
«Ɋɚzɪɹɞ». 

 
Ⱦɥɹ ɡɚɳɢɬɵ ɰɟɩɢ 220 ɤȼ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 

Ɉɉɇ-220ɍɏɅ1 ɫ ɩɨɥɢɦɟɪɧɨɣ ɜɧɟɲɧɟɣ ɢɡɨɥɹɰɢɟɣ. 
 
4.9.3 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɄɊɍɗ 
 
Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɵɛɢɪɚɟɦ ɹɱɟɣɤɭ ɄɊɍɗ əȽȽ-220 ɩɪɨɢɡɜɨɞɫɬɜɚ 

«ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ». Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɹɱɟɣɤɢ ɄɊɍɗ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 4.10.
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Ɍɚɛɥɢɰɚ 4.10 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɹɱɟɣɤɢ ɄɊɍɗ 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ Uɧɨɦ = 220 

ɇɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 252 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɤȺ 50 

ɉɚɪɚɦɟɬɪɵ ɫɤɜɨɡɧɨɝɨ ɬɨɤɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ: 

Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ Id. = 125 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ IT. = 50 

ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɫ 3 

ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ 50 Ƚɰ, ɤȼ 440 

ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɪɨɡɨɜɨɝɨ ɢɦɩɭɥɶɫɚ, ɤȼ 900 

ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ (ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ): 

Ⱦɥɹ ɭɱɟɬɚ 0,25 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ 0,5 

Ⱦɥɹ ɡɚɳɢɬɵ 10ɪ 

ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ (ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ): 

Ⱦɥɹ ɭɱɟɬɚ 0,2 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ 0,5 

Ⱦɥɹ ɡɚɳɢɬɵ 3ɪ 
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5 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 
5.1 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ–ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ «ɉɪɚɜɢɥɚɦɢ ɭɫɬɪɨɣɫɬɜɚ 

ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ» ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɡɚɳɢɬ ɧɚ ɨɫɧɨɜɧɨɦ 
ɨɛɨɪɭɞɨɜɚɧɢɢ. 

Ɂɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ ȼȽɋ 650/130-32: 
 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ (ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ 

ɄɁ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ);  
 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ;  
 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ;  
 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ, ɤɨɧɬɪɨɥɶ ɞɥɢɬɟɥɶɧɨɫɬɢ 

ɮɨɪɫɢɪɨɜɤɢ; 
 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;  
 ɍɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ.  
Ɂɚɳɢɬɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-80000/220: 
 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 220 ɤȼ;  

 Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ 10,5 ɤȼ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɛɥɨɤɚ;  
 Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ;  
 Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ – ɡɚɳɢɬɚ ɨɬ ɩɨɬɟɪɢ 

ɨɯɥɚɠɞɟɧɢɹ;  
 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɟɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
Ɂɚɳɢɬɵ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 220 ɤȼ: 
 Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨ–ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ (ɨɬ ɜɫɟɯ ɜɢɞɨɜ 

ɄɁ).
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Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ:  
 Ɍɪɟɯɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ (ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ 

ɡɚɦɵɤɚɧɢɣ); 
 4-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ 

ɡɟɦɥɸ (ɌɇɁɇɉ); 
 Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ (ɨɬ ɛɥɢɡɤɢɯ ɦɟɠɞɭɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ);  
 ɍɊɈȼ 220ɤȼ (ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ 

ɜɵɤɥɸɱɚɬɟɥɟɣ 220ɤȼ).  
Ɂɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ: 
 Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɩɭɫɤɨɦ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ;  
 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ;  
 Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ. 
 
5.2 Ɋɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 
 
ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ: 
 ːܫ ˆሺଵሻ = ௌːˑˏ√ଷ∙௎ːˑˏ = ସହ√ଷ∙ଵ଴,ହ = ʹͶ͹Ͷ ʏ                                                                   (5.1) 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɧɢɡɲɟɣ 

ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ:  
 ːܫ ˆሺଶሻ = ூː ˆሺభሻ∙௄˔˘௄˕˕ = ଶସ଻ସ∙ଵଷ଴଴଴/ହ = Ͷ,ͳʹ ʏ                                                                       (5.2) 

 
Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ: 
 ܵːˑˏ,ʡʑ = ூː ˑˏ,˓ˑ˕ଵ,ଶଶହହ ∙ ܷːˑˏ,˓ˑ˕ = ଽ଼ଷଵ,ଶଶହହ ∙ ͳͻͲ = ͳͷʹ ˍʑʏ                                     (5.3) 

 
ɉɪɢɧɢɦɚɟɦ ɝɟɧɟɪɚɬɨɪ ɜɨɡɛɭɠɞɟɧɢɹ ɦɨɳɧɨɫɬɶɸ 160 ɤȼȺ. 
 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Ɍȼ ɫɨ ɫɬɨɪɨɧɵ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
ʑʜ ʡʑܫ  = ௌːˑˏ,ʡʑ√ଷ∙௎ːˑˏ = ଵ଺଴√ଷ∙ଵ଴,ହ = ͺ,ͺ ʏ                                                                          (5.4) 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Ɍȼ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
ʜʜ ʡʑܫ  = ௌːˑˏ,ʡʑ√ଷ∙௎ːˑˏ = ଵ଺଴√ଷ∙଴,ସ = ʹ͵Ͳ,ͻͶ ʏ                                                                    (5.5) 
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ȼɵɩɨɥɧɢɦ ɩɟɪɟɫɱɟɬ ɬɨɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ: 
 ːܫ ˑˏ,ଶ = ௌːˑˏ,ʡʑ√ଷ∙௎ːˑˏ.˓ˑ˕ = ଵ଺଴଴଴଴√ଷ∙ଵଽ଴ = Ͷͺ͸ ʏ,                                                              (5.6) 

 ːܫ ˑˏ,˓ˑ˕ ଶ = ூː ˑˏ,మ௄˕˕ = ସ଼଺ହ଴଴/ହ = Ͷ,ͺ͸ ʏ                                                                              (5.7) 

 
5.3 Ɋɚɫɱɟɬ ɡɚɳɢɬ ɢ ɜɵɛɨɪ ɭɫɬɚɜɨɤ 
 
5.3.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ 
 
ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 

ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ሺ̝ܫ .ˊ < Ͳ,ʹ ∙  ʜሻ ɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯܫ
ɄɁ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ 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: ːܫ ˑˏ = ʹͶ͹Ͷ ʏ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: 𝜂ʡʡ = ͵ͲͲͲ/ͷ ʏ. 
1) ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ 

ɩɪɢ ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȼɟɥɢɱɢɧɚ ̝ܫ ˓଴ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 

ʜʐሺʜሻܫ  = ʙʝʓʜ ∙ 𝑖݂ ∙ ːܫ ˑˏ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ ːܫ ˑˏ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ ʹͶ͹Ͷ = ͳʹ͵,͹ ʏ,     (5.8) 
 

ɝɞɟ ʙʝʓʜ = Ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ;  𝑖݂ = Ͳ,ͳ – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 
 
ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
ʠʟ.଴ܫ  ൒ ʜܭ ∙ ʜʐሺʜሻܫ = ʹ ∙ Ͳ,Ͳͷ ∙ ːܫ ˑˏ = Ͳ,ͳ ∙ ːܫ ˑˏ = ʹͶ͹,Ͷ ʏ,                             (5.9) 
 

ɝɞɟ ܭʜ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: ܫʠʟ.ʝ = Ͳ,ͳͷ ∙ ːܫ ˑˏ = Ͳ,ͳͷ ∙ ʹͶ͹Ͷ = ͵͹ͳ,ͳ ʏ 
 
2) Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ Ʉɬ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ 

ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɧɚɝɪɭɡɤɢ. ȼɟɥɢɱɢɧɚ Ʉɬ 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: 

ʜʐሺʙʖሻܫ  = ʙʏʞ ∙ 𝑖݂ ∙ ʙʝʓʜ ∙ ʛʏʙʠܫ = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ͳͶ͹ͳ͵,ͺ = ͳͶ͹ͳ,Ͷ ʏ,     (5.10)
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ɝɞɟ ʙʏʞ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ; 𝑖݂ = Ͳ,ͳ – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; ʙʝʓʜ = Ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ, (0,5 – ɞɥɹ 
ɨɞɧɨɬɢɩɧɵɯ ɌɌ, 1,0 ɞɥɹ ɪɚɡɧɵɯ ɌɌ); ܫʛʏʙʠ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ 
ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɤɚɤ: 

ʛʏʙʠܫ  = ா′̂′௫೏′′ ∙ ːܫ ˑˏ = ଵ,ଵଷ଴,ଵଽ ∙ ʹͶ͹Ͷ = ͳͶ͹ͳ͵,ͺ ʏ                                                     (5.11) 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
ʡܭ  >  ூʜʐሺʙʖሻ∙௄ʜூʡ = ଵସ଻ଵ∙ଶଵସ଻ଵଷ,଼ = Ͳ,ʹ,                                                                       (5.12) 

 
ɝɞɟ ʙː = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; 

ʡܫ  = ʛʏʙʠܫ = ͳͶ͹ͳ͵,ͺ ʏ  
 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܭʡ = Ͳ,͵. 
 
3) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ (ɭɜɟɥɢɱɢɜɚɟɬ ɡɨɧɭ ɪɚɛɨɬɵ ɡɚɳɢɬɵ 

ɛɟɡ ɬɨɪɦɨɠɟɧɢɹ) ɪɚɜɧɚ: 
ʜʡܫ  = ூ∗ʠʟʙʡ = ଴,ଵହ଴,ଷ = Ͳ,ͷ                                                                                     (5.13) 

 
4) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ B ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ B ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 
ܤ  ൒ ூ∗ʠʟʙʡ = ଴,ଵହ଴,ଷ = Ͳ,ͷ                                                                                     (5.14) 

 
ɉɪɢɧɢɦɚɟɦ ɬɢɩɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ܤ = ͳ,ͷ (ɩɪɢ ɷɬɨɦ ɭɫɥɨɜɢɟ 

ɜɵɩɨɥɧɹɟɬɫɹ). 
5) Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɩɪɢ ɛɨɥɶɲɢɯ ɬɨɤɚɯ ɤɨɪɨɬɤɨɝɨ 

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

 ˑܫ ˕˔ = ሺͷ ÷ ͸ሻ ∙ ːܫ ˑˏ = ͷ ∙ ʹͶ͹Ͷ = ͳʹ͵͹Ͳ ʏ                                                   (5.15) 
 
ɇɚ ɪɢɫɭɧɤɟ 5.1 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ. 
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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. 

 
5.3.2 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 ሺܷʝ Эʚ.ʠʡ.ሻ ɩɪɢ ɄɁ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ȼɇ. 

Ɋɚɫɱɟɬ ܷʝ 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.
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Ɋɢɫɭɧɨɤ 5.2 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ܷʝ Эʚ.ʠʡ. 

 
ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
Σܥ  = ʡܥ + ʠʒ + ʠʧ + ʠʑʒ = Ͳ,ͲͲ͹ + Ͳ,͹ + Ͳ,ͲͲͺ + Ͳ,ʹͷ = Ͳ,ͻ͸ͷ ˏˍʣ˗˃ˊ˖,           (5.16) 

 
ɝɞɟ ܶܥ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; ܥȽ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; ܥɲ – ɟɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ;  ܥȼ.Ƚ – ɟɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ. 

 
ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 

ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ: 
 ܷ଴ ˠˎ.˔˕ = ܭ ∙ ܷ଴ ∙ ஼ሺఓబሻ஼ሺఓబሻ+஼∑ = Ͳ,ͷ ∙ Ͷ͸ͷ͹Ͳ ∙ ଴,଴ଵଶ଴,଴ଵଶ+଴,ଽ଺ହ = ʹͺ͸ ʑ,               (5.17) 

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

 ܷ଴ = ଵଷ ∙ ௎ʜʝʛ ʑʜ√ଷ = ଵଷ ∙ ଶସଶ√ଷ = Ͷ͸,ͷ͹ ˍʑ                                                            (5.18) 

 
ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ 10,5 ɤȼ: 
஼ܫ  = ͳ,͹͵ ∙ ܷʚ ∙ 𝜔 ∙ ʠΣ = ͳ,͹͵ ∙ ͳͲ,ͷ ∙ ͵ͳͶ ∙ Ͳ,ͻ͸ͷ = ͷ,ͷ ʏ                        (5.19)



 

48 
 

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 ܷʠʟ ൒ ʙʜʙʑ ∙ ଷ௡ʡʜ ∙ ܷ଴ Эʚ.ʠʡ = ଵ,ହ଴,ଽହ ∙ ଷ ∙ ଶ଼଺భబ,ఱቀ√య∙బ,భయ ቁ = ͹,Ͷͷ ʑ,                                              (5.20) 

 
ɝɞɟ ʙʜ = ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ݊ʡʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ Ɍɇ; ʙʑ = Ͳ,ͻͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. ܷ଴ ɢɦɟɟɬ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɪɟɝɭɥɢɪɭɟɦɭɸ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 5 ɞɨ 20 ȼ. 

ɉɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: ܷ଴ଵீ ɫ ɭɫɬɚɜɤɨɣ 5 ȼ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 
6,0 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; ܷ଴ீ ɫ ɭɫɬɚɜɤɨɣ 15 ȼ ɢ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5ɫ ɫ 
ɞɟɣɫɬɜɢɟɦ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ȽȽ ɢ 
ɜɵɤɥɸɱɚɬɟɥɹ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɢ ɫɛɪɨɫ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

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

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

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

 ʤ = ଵʙʡ+ଶ = ଵଵ,ଶ+ଶ = Ͳ,͵ͳ ˑ. ˈ.                                                                                    (5.21) 

 
Ɉɪɝɚɧ ܷ଴ଷ ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ 31,3 % ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ 

ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 

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

 
5.3.3 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (U1>), (U2>) 
 
1) ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ U2> ɜɵɛɢɪɚɟɬɫɹ: 
 ܷ஼ʟଶ = ଵ,ସ∙௎ːˑˏ௡ʡʜ = ଵ,ସ∙ଵ଴ହ଴଴ଵ଴ହ଴଴/ଵ଴଴ = ͳͶͲ ʑ                                                                (5.22) 

 
2) ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɩɟɪɜɨɣ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧ ɜɬɨɪɨɣ 

ɨɪɝɚɧ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢɥɢ ɩɪɢ ɫɛɪɨɫɟ 
ɧɚɝɪɭɡɤɢ. 

ɍɫɬɚɜɤɚ U1> ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
 ܷ஼ʟଵ = ଵ,ଶ∙௎ːˑˏ௡ʡʜ = ଵ,ଶ∙ଵ଴ହ଴଴ଵ଴ହ଴଴/ଵ଴଴ = ͳʹͲ ʑ                                                              (5.23)
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ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ 
ɢ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ Ͳ,Ͳͻ ∙  .ʜܫ

Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 
ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.3.4 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 ܫ∗ଶ: 
ଶ∗ܫ  = ூమூː ˑˏ,                                                                                                               (5.24) 

 
ɝɞɟ ܫଶ – ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ; ːܫ ˑˏ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 

 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 

ɡɧɚɱɟɧɢɢ ɬɨɤɚ ܫଶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
ʓʝʞݐ  = ஺ூ∗మమ ,                                                                                                      (5.25) 

 
ɝɞɟ ܣ = ͵Ͳ – ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. 

 
Ɂɚɳɢɬɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 
 
1. ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ ሺܫଶʠʗʒʜሻ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶ, 

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

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
ଶʠʗʒʜ∗ܫ  = Ͳ,Ͳ͹, 
ଶʠʗʒʜܫ  = Ͳ,Ͳ͹ ∙ ːܫ ˑˏ = Ͳ,Ͳ͹ ∙ ʹͶ͹Ͷ = ͳ͹͵,ͳͺ ʏ                                          (5.26) 
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2. ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺܫଶʞʢʠʙሻ ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ ܫଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɩɭɫɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢ ݐˏ˃ˍ˔ = ͹ͲͲ ˔. 

 
Ɍɨɝɞɚ: 
ଶ∗ܫ  = √ʏ௧ = √ ଷ଴଻଴଴ = Ͳ,ʹͳ                                                                              (5.27) 

 
ɍɫɬɚɜɤɚ ɪɚɜɧɚ: 
ଶʞʢʠʙ∗ܫ  = ூ∗మʙʜ = ଴,ଶଵଵ,ଶ = Ͳ,ͳ͹ͷ,                                                                          (5.28) 

 
ɝɞɟ ʙʜ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 

ଶʞʢʠʙܫ  = Ͳ,ͳͷ ∙ ːܫ ˑˏ = Ͳ,ͳͷ ∙ ʹͶ͹Ͷ = ͵͹ͳ,ͳ ʏ                                                (5.29) 
 
ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ 

ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ, ɪɚɜɧɨɝɨ ܫ∗ଶʞʢʠʙ = Ͳ,ͳͷ. 
ʓʝʞݐ  = ଷ଴଴,ଵହమ ≈ ͳ͵͵͵ ˔  

 
3. ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

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

ʠʟݐ  = ଷ଴ሺூ∗మሻమ = ଷ଴଴,ଶଵమ = ͸ͺͲ,͵ ˔,                                                                              (5.30) 

 ʏʗʝ = ͵Ͳ = ଶଶ∗ܫ ∙ ʠʟݐ = Ͳ,ʹͳଶ ∙ ͸ͺͲ,͵  
 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.1. 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.3.
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Ɍɚɛɥɢɰɚ 5.1 – Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɨɤɭ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ I2/Iɧ 1,0 0,6 0,5 0,4 0,3 0,2 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ (ɫ) 30 83 120 188 333 750 

 

 
Ɋɢɫɭɧɨɤ 5.3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 

 
ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜɪɟɦɹ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɦ: t ɦɢɧ. = 20 ɫ, t ɦɚɤɫ. = 700 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 ሺܫଶʝʡʠሻ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɡɚɜɢɫɢɦɨɣ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶɜɵɲɟ 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: ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ 
ɩɨɜɪɟɠɞɟɧɢɹɦ ɜ ɤɨɧɰɟ ɥɢɧɢɣ 220 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ ɪɚɛɨɬɟ ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ. 

ɉɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɤɨɧɰɟ ȼɅ 220 ɤȼ:
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.ଶʠ.ʖ∗ܫ ൑ ூమʛʗʜሺమሻʙʦ = ଵଵ,ଷ⋅ଶ∙(௑೏ ˅ː′′ +௑ʡ+௑ʚ) = ଵଵ,ଷ⋅ଶ∙ሺଵ଴଴,ଽଷ+଴,଴଺ଶ+଴,଴ଵ଺ሻ = Ͳ,ͲͲ͵ͺ ˑ. ˈ.,       (5.31) 

 

ɝɞɟ ܺ∗ˎ = ܺˎ ∙ ௌ˄௎మ˄ = ʹͲ,Ͷͷ ∙ ସହଶସଶమ = Ͳ,Ͳͳ͸; 

 ܺௗ ˅ː′′ = ܺௗ ′′ ∙ ሺ௎˅ː௎ːːሻଶ = Ͳ,ͳͻ ∙ ሺଶସଶଵ଴,ହሻଶ = ͳͲͲ,ͻ͵  

 
ɝɞɟ ܺௗ ˅ː′′  – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ, 
ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɨɤɨɣ ɫɬɨɪɨɧɟ ɧɚɩɪɹɠɟɧɢɹ; ܺʒ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ; 

 ܺʡ = ௎ˍ%ଵ଴଴ ∙ ௌ˄ௌːˑˏ = ଵଵଵ଴଴ ∙ ସହ଼଴ = Ͳ,Ͳ͸ʹ  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. 

 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
.ଶʠ.ʖܫ  = .ଶʠ.ʖ∗ܫ ∙ ʹ ∙ ௎˅ː௎ːː = Ͳ,ͲͲ͵ͺ ∙ ʹ ∙ ଶସଶଵ଴,ହ = Ͳ,ͳ͹ͷ                                         (5.32) 

 
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 7 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ Ɇɒȼ, ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ 
ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 
ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.3.5 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: 
ʠʗʒʜܫ  = ௄ʜ∙ூː ˑˏ௄ʑ = ଵ,଴ହ∙ூː ˑˏ଴,ଽ଼ = ͳ,Ͳ͹ ∙ ːܫ ˑˏ = ͳ,Ͳ͹ ∙ ʹͶ͹Ͷ = ʹ͸ͷͲ,͹ͳ ʏ,         (5.33)
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ɝɞɟ ܭʜ = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ܭʑ = Ͳ,ͻͺ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ݐ = ͸ ˔. 
 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

 
ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
ଵʞʢʠʙܫ  = ଵ,଴଼∙ூː ˑˏ଴,ଽ଼ = ͳ,ͳ ∙ ːܫ ˑˏ = ͳ,ͳ ∙ ʹͶ͹Ͷ = ʹ͹ʹ͸,Ͷͷ ʏ                               (5.34) 

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

ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.2: 
 

Ɍɚɛɥɢɰɚ 5.2 – ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ܫ ːܫ ˑˏ⁄  1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 
Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ (ɫ) 3800 1200 450 340 280 160 80 3 1 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.4. 
 

 
Ɋɢɫɭɧɨɤ 5.4 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ 

ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ 
 
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. 
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ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ:  
ଵʝʡʠܫ  = ଵ,ହ∙ூː ˑˏ଴,ଽ଼ = ͳ,ͷ͵ͳ ∙ ːܫ ˑˏ = ͳ,ͷ͵ͳ ∙ ʹͶ͹Ͷ = ͵͹ͺ͸,͹͵ ʏ                       (5.35) 

 
Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ܷʒ <. 
 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ: 
 ܷʠʟ = ଴,଺଼∙௎ːˑˏ௄ʑ∙௡ʡ = ଴,଺଼∙ଵ଴ହ଴଴ଵ,଴ଷ∙ଵ଴ହ,଴ = ͸͸,Ͳʹ ʑ                                                           (5.36) 

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ Ɇɒȼ, ɫ 

ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ 
ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 
ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.3.6 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 1ɫ. ɍɤɚɡɚɧɧɚɹ 
ɜɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɩɟɪɜɵɦɢ ɫɬɭɩɟɧɹɦɢ 
ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ, ɨɬɯɨɞɹɳɢɯ ɨɬ ɲɢɧ Ƚɗɋ. 

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

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ȼɅ 220 ɤȼ: 
 ܼଵ ൑ Ͳ,ͺ ∙ ܼʡ + ଴,଼௄ʡ ∙ ܼଵʚ′ = Ͳ,ͺ ∙ ͺͲ,ͷ͵ + ଴,ଶ଼ ∙ ʹͲ,Ͷͷ = ͹ʹ,͸ ʝˏ,                (5.37) 

 
ɝɞɟ ܭʡ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ, ɱɬɨ ɥɢɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵ (ɤɨɥɢɱɟɫɬɜɨ 
ɥɢɧɢɣ); ܼʡ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɩɚɪɹɠɟɧɢɸ ɫɬɨɪɨɧɵ 
220 ɤȼ. 

 ܼʡ = ଴,ଵଵ∙ଶସଶ଼଴ ଶ = ͺͲ,ͷ͵ ʝˏ  
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ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 
ɝɟɧɟɪɚɬɨɪɚ: 

 ܼଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ Ͳ,ͳͳ ∙ ସହ଼଴ + ଴,ଶ଼ ∙ ସହଶସଶమ ∙ ʹͲ,Ͷͷ = Ͳ,Ͳͷ  

 ܼଵɜ ɩɟɪɜɢɱɧɵɯ Ɉɦ ɫɨɫɬɚɜɢɬ: 
 ܼଵ = ܼଵ ˑ.ˈ. ∙ ܼ˄ = Ͳ,Ͳͷ ∙ ʹ,Ͷͷ = Ͳ,ͳʹ ʝˏ,                                                   (5.38) 
 

ɝɞɟ ܼ˄ = ௎మ˄ௌʜʒ = ଵ଴,ହమସହ = ʹ,Ͷͷ 

 
ɍɫɬɚɜɤɚ ɛɭɞɟɬ ɪɚɜɧɚ: 
 ܼଵ஼ଷ = ܼଵ ∙ ௡ʡ௡ʜ = Ͳ,ͳʹ ∙ యబబబఱభబ,ఱబ,భ = Ͳ,͸ͻ ʝˏ                                                          (5.39) 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼଵ = Ͳ,ͺ ʝˏ. 
 
3) Ɏɭɧɤɰɢɹ ∆ܼ ɨɬɥɢɱɚɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɨɬ ɤɚɱɚɧɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɨ 

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

4) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 
ɨɬɫɬɪɨɣɤɢ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɡɤɢ ɢ ɪɟɠɢɦɚ ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ = ௎ːˑˏ√ଷ∙ூʜʏʒʟ = ଵ଴,ହ∙ଵ଴య√ଷ∙ଶସ଻ସ = ʹ,Ͷͷ ʝˏ,                                                        (5.40) 

 
ɝɞɟ ܫʜʏʒʟ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ. 

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ 

ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɬɨɤɚ ɫɬɚɬɨɪɚ ɩɪɢ ɞɜɨɣɧɨɦ ɬɨɤɟ 
ɜɨɡɛɭɠɞɟɧɢɹ ሺʹ ∙ ʑ.ʜ.ሻ ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɡɚɠɢɦɚɯ ɫɬɚɬɨɪɚ Ͳ,ͻͷܫ ∙ ܷʜ (ɛɟɡ ɭɱɟɬɚ 
ɧɚɫɵɳɟɧɢɹ): 

ʣܫ  = మ∙𝐼ʑ.ʜʝʛ𝐼ʑ.ʤ.ʤ. −଴,ଽହ௫೏ = ଶ∙వఴయమమభ−଴,ଽହଵ,ଵ = ͹,ʹʹ ʏ,                                                               (5.41) 

 
ɝɞɟ ܫʑ.ʤ.ʤ. – ɬɨɤ ɪɨɬɨɪɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, Ⱥ; ݔௗ – ɫɢɧɯɪɨɧɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ 
ɨɫɢ. 
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ɋ ɭɱɟɬɨɦ ɧɚɫɵɳɟɧɢɹ ɦɚɲɢɧɵ, ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ 
ɮɨɪɫɢɪɨɜɤɢ ɫɨɫɬɚɜɢɬ ʹ,ͷ ∙  .ʜʝʛܫ

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ.ʣ = ଴,ଽହ∙௎ʜூʣ = ଴,ଽହ∙ଵଶ,ହ = Ͳ,͵ͺ ˑ. ˈ.,                                                         (5.42) 

𝜑 ʜʏʒʟ.ʣݏ݋ܿ  = ௖௢௦𝜑ʜ଴,ଽହ∙ூʣ = ଴,଼଴,ଽହ∙ଶ,ହ = Ͳ,͵Ͷ                                                         (5.43) 

 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ 𝜑ʜʏʒʟ.ʣ = ͹Ͳ,ͳʹ°. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
 ܼூூ ʠʖ = ௓ʜʏʒʟ.ʣʙʜ = ଴,ଷ଼ଵ,ଵ = Ͳ,͵ͷ ˑ. ˈ.,                                                                (5.44) 

 ܼூூ ʠʖ = ܼூூ ˑ.ˈ. ∙ ܼʐ = Ͳ,͵ͷ ∙ ଵ଴,ହమସହ = Ͳ,ͺ͸ ʝˏ                                                 (5.45) 

 
Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɫɨɫɬɚɜɢɬ: 
 ܼூூ ʠʖ = ௓ʠ.ʖ.𝐼𝐼∙௡ʡ௡ʜ = ଴,଼଺∙ଷ଴଴଴/ହଵ଴ହ଴଴/ଵ଴଴ = Ͷ,ͻͳ ʝˏ                                                     (5.46) 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼூூ = Ͷ,ͻͳ ʝˏ. 
 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 15%. ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ ܼ஼ʛଵ =Ͳ,ͳͲ ʝˏ, ܼ஼ʛଶ = Ͳ,͹Ͷ ʝˏ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ ɧɚɢɛɨɥɶɲɟɣ 

ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. 
ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ Ɇɒȼ, 

ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7,5 ɫ – ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ 
ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɝɚɲɟɧɢɟ ɩɨɥɟɣ ȽȽ ɢ ȼȽ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.5.



 

57 
 

 
Ɋɢɫɭɧɨɤ 5.5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ 
 
5.3.7 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: 

1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ 
ɞɟɣɫɬɜɭɸɳɟɣ ɜ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ. ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 

.௉ ʠʗʒʜܫ  = ʙʜ∙ூʜʝʛ.ʟ௄ʑ = ଵ,଴ହ∙ூʜʝʛ.ʟ଴,ଽ଼ = ͳ,Ͳ͹ ∙  ʜʝʛ.ʟ                                             (5.47)ܫ

 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 

.௉ ʞʢʠʙܫ  = ଵ,଴଼∙ூʜʝʛ.ʟ଴,ଽ଼ = ͳ,ͳ ∙  ʜʝʛ.ʟ                                                                 (5.48)ܫ

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 

ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɡɚɞɚɧɧɨɣ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ, ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
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ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.3: 

 
Ɍɚɛɥɢɰɚ 5.3 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ܫ ⁄ʜܫ  1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ (ɫ) ɞɥɢɬɟɥɶɧɨ 250 180 160 120 90 72 45 20 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ 

ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.5. 
 

 
Ɋɢɫɭɧɨɤ 5.5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ 

ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
 

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

.௉ ʞʢʠʙܫ  = ଶ,ଶ∙ூʜʝʛ.ʟ଴,ଽ଼ = ʹ,ʹͶͷ ∙  ʜʝʛ.ʟ                                                                 (5.49)ܫ

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

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
5.4 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 ɩɪɨɢɡɜɨɞɫɬɜɚ ɈɈɈ ɇɉɉ «ɗɄɊȺ». 

ɗɄɊȺ 300 ɩɪɟɞɫɬɚɜɥɹɟɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɥɹ ɡɚɳɢɬɵ 
ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ, ɚ ɬɚɤɠɟ ɞɥɹ 
ɡɚɳɢɬɵ ɨɬ ɚɜɚɪɢɣɧɵɯ ɭɫɥɨɜɢɣ ɜɨ ɜɧɟɲɧɢɯ ɫɢɫɬɟɦɚɯ.
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5.5 Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 
 
ɍɫɬɚɜɤɢ ɡɚɳɢɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.4. 
 

Ɍɚɛɥɢɰɚ 5.4 – ɍɫɬɚɜɤɢ ɡɚɳɢɬ 
Ɂɚɳɢɬɵ ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɧɨɫɢɬɟɥɶɧɵɟ 

ɟɞɢɧɢɰɵ 
ɂɦɟɧɨɜɚɧɧɵɟ 

ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ ܩ∆ܫ 

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,ܫʠʟ.ʝ 

Ͳ,ͳͷ ∙  ʜ 0,62 Ⱥܫ

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,ܭʡ 

Ͳ,͵ - 

ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ 
ɬɨɪɦɨɠɟɧɢɹ, ܫʜʡ 

Ͳ,ͷ ∙  ʜ 2,06 Ⱥܫ

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ ͳ,ͷ ∙ ʝʡʠ ͷܫ ʜ 6,18 Ⱥܫ ∙  ʜ 20,6 Ⱥܫ

ɁɁȽ 
଴ܷ 

 ଶ ܷ଴ீ - 15 ȼݐ ଵ ܷ଴ଵீ - 5 ȼݐ

଴ܷଷ 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,ܭʡ 
1,2 - 

Ɂɉɇ ܷ > 
2ɫɬɭɩɟɧɶ ܷ஼ʟଶ ͳ,Ͷ ∙ ܷʜ 140 ȼ 

1 ɫɬɭɩɟɧɶ ܷ஼ʟଵ ͳ,ʹ ∙ ܷʜ 120 ȼ 

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬ

ɢ ɨɬ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ ܫଶʠʗʒʜ Ͳ,Ͳ͹ ∙  ʜ 0,29 Ⱥܫ

ɉɈ ܫଶʞʢʠʙ Ͳ,ͳͷ ∙  ʜ 0,62 Ⱥܫ

ɈɌɋ I ܫଶʠ.ʖ. Ͳ,ͳ͹ͷ ∙  ʜ 0,72 Ⱥܫ

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. 

ɢ ɩɟɪɟɝɪɭɡɨɤ 
 ଵܫ

ɋɈ ܫʠʗʒʜ ͳ,Ͳ͹ ∙  ʜ 4,41 Ⱥܫ

ɉɈ ܫଵʞʢʠʙ ͳ,ͳ ∙  ʜ 4,53 Ⱥܫ

ɈɌɋ ܫଵʝʡʠ ͳ,ͷ͵ͳ ∙  ʜʝʛ 6,31 Ⱥܫ

ȾɁ ܼ < 

1 ɫɬɭɩɟɧɶ 
ܼூ 0,05 Ͳ,͸ͻ ʝˏ ܼ˔ˏூ Ͳ,ͳͷ ∙ ܼூ 0,10 Ɉɦ 

2 ɫɬɭɩɟɧɶ 
ܼூூ 0,35 4,91 Ɉɦ ܼ˔ˏூூ Ͳ,ͳͷ ∙ ܼூூ 0,74 Ɉɦ 

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

ܫ˓  

ɋɈ ܫ௉ ʠʗʒʜ. ͳ,Ͳ͹ ∙  ʜʝʛ.ʟ 5,2 Ⱥܫ

ɉɈ ܫ௉ ʞʢʠʙ. ͳ,ͳ ∙  ʜʝʛ.ʟ 5,35 Ⱥܫ

Ɉɬɫɟɱɤɚ ܫ௉ ʞʢʠʙ. ʹ,ʹͶͷ ∙  ʜʝʛ.ʟ 10,91 Ⱥܫ

 
Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.5.
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Ɍɚɛɥɢɰɚ 5.5 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 

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
ɪɟ

ɞɭ
ɩɪ

ɟɞ
ɢɬ

ɟɥ
ɶɧ

ɵɣ
 

ɫɢ
ɝɧ

ɚɥ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ɒ
ɋȼ

-2
2

0 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ Ⱦɟɣɫɬɜɢɟ 

Ⱦɢɮ. ɡɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ ܩ∆ܫ + + + +    

ɁɁȽ 
଴ܷ 

     + + + ଶݐ  +      ଵݐ

଴ܷଷ ݐ + + +     

Ɂɉɇ ܷ > 
1 ɫɬɭɩɟɧɶ ݐଵ + +      

2 ɫɬɭɩɟɧɶ ݐଶ + +      

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ      +  

ɂɈ + +      

ɈɌɋ I 

      + + ଷݐ   +     ଶݐ +       ଵݐ

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 
 ଵܫ

ɋɈ      +  

ɂɈ + +      

ɈɌɋ 

      + + ଷݐ   +     ଶݐ +       ଵݐ

ȾɁ ܼ < 

1 ɫɬɭɩɟɧɶ 
     + + + ଶݐ   +     ଵݐ

2 ɫɬɭɩɟɧɶ 

      + + ଷݐ   +     ଶݐ +       ଵݐ

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

ܫ˓  

ɋɈ      +  

ɂɈ + +      

Ɉɬɫɟɱɤɚ + +      
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6 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ Ƚɍ 
 
6.1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ 
 
6.1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ 
 
Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ȽȽɉ ɩɪɢɧɢɦɚɟɬɫɹ ɨɬɦɟɬɤɚ, 

ɜɵɱɢɫɥɟɧɧɚɹ ɩɨ ɮɨɪɦɭɥɟ: 
ʒʒʞߘ  = ʜʞʢߘ + ℎ௦,                                                                                      (6.1) 
 

ɝɞɟ ℎ௦ – ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ. 
 ℎ௦ = ∆ℎ௦௘௧ + ℎଵ% + ܽ,                                                                                      (6.2) 
 

ɝɞɟ ∆ℎ௦௘௧ – ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ;  ℎଵ% – ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ; 
а – ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ, ܽ =  Ͳ,ͺ ˏ. 
 
Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɜɨɥɧɵ ɩɨ ɮɨɪɦɭɥɟ: 
 ∆ℎ௦௘௧ = ௐܭ ∙ ௩మ∙௅௚∙ௗ ∙  ௪,                                                                               (6.3)ߙݏ݋ܿ

 
ɝɞɟ ݒ = ͵Ͳ ˏ/˔ – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ; ܭௐ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɪɚɜɧɵɣ: 

ௐܭ  = ͵ ∙ ሺͳ + Ͳ,͵ ∙ ሻݒ ∙ ͳͲ−଻ = ͵,ͲͲ ∙ ͳͲ−଺                                                       (6.4) 
ܮ   = ͷ͸ͲͲ ˏ – ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ; ߙ௪ = Ͳ°; ݀ – ɫɪɟɞɧɹɹ ɝɥɭɛɢɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɟɪɟɞ ɩɥɨɬɢɧɨɣ: 
 ݀ = ఇʜʞʢ−ఇʓʜʏଶ = ଷ଺଴−ଷଵ଴ଶ = ʹͷ ˏ                                                                    (6.5) 

 
ȼɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɜɨɥɧɵ ɜ ȼȻ ɪɚɜɧɚ: 
 ∆ℎ௦௘௧ = ͵,ͲͲ ∙ ͳͲ−଺ ∙ ଷ଴మ∙ହ଺଴଴ଽ,଼ଵ∙ଶହ ∙ °Ͳݏ݋ܿ = Ͳ,Ͳ͸ ˏ                                               (6.6) 

 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ݇𝑖 ɧɚɣɞɟɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɜɟɥɢɱɢɧɵ 
௚∙௅௩మ , 

௚∙௧௩ : 

 ௚∙௅௩మ = ଽ,଼ଵ∙ହ଺଴଴ଷ଴మ = ͸ͳ,ͲͶ,                                                                                  (6.7) 
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 ௚∙௧௩ = ଽ,଼ଵ∙ଶଵ଺଴଴ଷ଴ = ͹Ͳ͸͵,ʹ,                                                                               (6.8) 

 
ɝɞɟ ݐ – ɩɟɪɢɨɞ ɞɟɣɫɬɜɢɹ ɜɟɬɪɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ͸ч = ʹͳ͸ͲͲ ˔. 

 

ɉɨ ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ ɝɪɚɮɢɤɚ ɫɧɢɦɚɟɦ ɜɟɥɢɱɢɧɵ  ୥∙ℎ̅௩మ  ɢ  ୥∙்̅௩  ɞɥɹ 

ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ௚∙௅௩మ  ɢ 
௚∙௧௩ , ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.1. 

 
Ɍɚɛɥɢɰɚ 6.1 – Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɝɪɚɮɢɤɚ 

ɉɚɪɚɦɟɬɪ ሺg ∙ Lሻ/ݒଶ = ͸ͳ,ͲͶ ሺ݃ ∙ ݒ/ሻݐ = ͹Ͳ͸͵,ʹ ሺg ∙ ℎ̅ሻ/ݒଶ 1,65 4 ሺg ∙ ܶሻ/̅̅ ̅̅ ݒ̅  0,019 0,08 

 

ɉɪɢɧɢɦɚɟɦ ɧɚɢɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ 
௚∙ℎ௩మ = Ͳ,Ͳͳͻ ɢ 

௚∙்௩ = ͳ,͸ͷ ɢ ɨɩɪɟɞɟɥɹɟɦ 
ɩɚɪɚɦɟɬɪɵ ɜɨɥɧɵ. 

 
ɋɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɥɧɵ: 
 ℎ̅ = ଴,଴ଵସଶ∙௩మ௚ = ଴,଴ଵସଶ∙ଷ଴మଽ,଼ଵ = ͳ,͵Ͳ ˏ                                                                     (6.9) 

 
ɋɪɟɞɧɢɣ ɩɟɪɢɨɞ ɜɨɥɧɵ: 
 ܶ̅ = ଵ,ସ∙௩௚ = ଵ,ସ∙ଷ଴ଽ,଼ଵ = Ͷ,ʹͺ ˔                                                                              (6.10) 

 
ɇɚɣɞɟɦ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɜɨɥɧɵ ɩɨ ɮɨɪɦɭɥɟ:  
ߣ̅  = ௚∙்̅మଶ𝜋 = ଽ,଼ଵ∙ସ,ଶ଼మଶ∙ଷ,ଵସ = ʹͺ,͸͵ ˏ                                                                      (6.11) 

 
ɉɪɨɜɟɪɤɚ ɧɚ ɝɥɭɛɨɤɨɜɨɞɧɨɫɬɶ: 
 ݀ ൒ ఒ̅ଶ  ;  ʹͷ ൒ ͳͶ,͵ͳͷ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɡɧɚɱɢɬ, ɡɨɧɚ ɝɥɭɛɨɤɨɜɨɞɧɚɹ. 
 
ȼɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɜ ɫɢɫɬɟɦɟ ɜɨɥɧ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ: 
 ℎଵ% = ݇𝑖 ∙ ℎ̅ = ʹ,Ͳͻ ∙ ͳ,͵ = ʹ,Ͳͻ ˏ,                                                                       (6.12) 
 

ɝɞɟ ݇𝑖 = ʹ,Ͳͻ – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɡɧɚɱɟɧɢɹ 

௚∙௅௩మ . 
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ɉɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ 
ɛɶɟɮɟ: 

 ℎ௦ = Ͳ,Ͳ͸ + ʹ,Ͳͻ + Ͳ,ͺ = ʹ,ͻͷ ˏ ≈ ͵,ͲͲ ˏ  
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɪɚɜɧɚ: 
ʒʒʞߘ  = ͵͸Ͳ + ͵ = ͵͸͵ˏ, 
 
ɉɪɢɧɢɦɚɟɦ ߘʒʒʞ = ͵͸͵ ˏ. 
 
6.1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
ʒʐʞߘ  = ʜʞʢߘ + ℎଵ% + ∆ℎ௦௘௧ + ܽ,                                                                  (6.13) 
 

ɝɞɟ ܽ – ɜɟɥɢɱɢɧɚ ɡɚɩɚɫɚ, ɞɥɹ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ 0,8 ɦ. 
ʒʐʞߘ  = ͵͸Ͳ + ʹ,Ͳͻ + Ͳ,Ͳ͸ + Ͳ,ͺ = ͵͸ʹ,ͻͷ ˏ  
 
ɉɪɢɧɢɦɚɟɦ ߘʒʐʞ = ͵͸͵ ˏ. 
 
6.2 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 
6.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 
 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɜɨɞɨɫɛɪɨɫɧɭɸ ɩɥɨɬɢɧɭ: 
 ܳˑ˔ː.˓˃˔ч = ܳ௠௔௫.ˑ˔ː − ሺ݊ − ͳሻ ∙ ܳˆ˃ − ௏˒ ˑˎ௧˔˓ ,                                                         (6.14) 

 
ɝɞɟ ܳ௠௔௫.ˑ˔ː  – ɦɚɤɫɢɦɚɥɶɧɵɣ ɨɫɧɨɜɧɨɣ ɪɚɫɯɨɞ ɫ ɭɱɟɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɩɚɜɨɞɤɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɪɢ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 0,1% ɞɥɹ I ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɣ; ݊ – ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɧɚ ɫɬɚɧɰɢɢ; ܳˆ˃ – ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ. 

 ܳˑ˔ː.˓˃˔ч = ʹͺͲͲ,ͷ − ሺͶ − ͳሻ · ͳͲ͸,͸ − ହ,ସଶ∙ଵ଴వସ∙ଶହଽଶ଴଴଴ = ͳͻͷ͹,ͻͶ ˏଷ/˔  

 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
ܤ  = ொˑ˔ː.˓˃˔ч௤˅ ,                                                                                                       (6.15) 

 
ɝɞɟ ݍ˅ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ; ݍ˓ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ; 
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ℎː˄ – ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɇȻ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɤɪɢɜɨɣ ߘʜʐ = ݂ሺܳʜʐሻ, ɩɪɢ ܳ௠௔௫.ˑ˔ː; ݒˇˑ˒ – ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ, ɪɚɜɧɚɹ 5 ɦ/ɫ, ɬ.ɤ. ɝɪɭɧɬ, 
ɫɥɚɝɚɸɳɢɣ ɞɧɨ ɪɟɤɢ – ɝɪɚɧɢɬ. 

 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ: 
˓ݍ  = ˒ˑˇݒ ∙ ℎː˄ = ͷ ∙ ͻ,͹ = Ͷͺ,ͷ ˏଷ/ܿ                                                        (6.16) 
 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
˅ݍ  = ͳ,ʹͷ ∙ ˓ݍ = ͳ,ʹͷ ∙ Ͷͺ,ͷͲ = ͸Ͳ,͸ʹ ˏଷ/ܿ                                                   (6.17) 
 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
ܤ  = ଵଽହ଻,ଽସ଴,଺ଶ = ͵ʹ,͵Ͳ ˏ  

 
Ɋɚɡɛɢɜɚɟɦ ɜɨɞɨɫɥɢɜɧɨɣ ɮɪɨɧɬ ɧɚ ɨɬɞɟɥɶɧɵɟ ɨɬɜɟɪɫɬɢɹ, ɩɪɢɜɨɞɹ ɲɢɪɢɧɭ 

ɩɪɨɥɟɬɚ ɤ ɫɬɚɧɞɚɪɬɧɨɦɭ ɡɧɚɱɟɧɢɸ, ɩɪɢ ɷɬɨɦ ɮɪɨɧɬ ɞɨɥɠɟɧ ɛɵɬɶ ɛɨɥɶɲɟ ɢɥɢ 
ɪɚɜɟɧ ɪɚɫɱɟɬɧɨɦɭ. 

ܤ  = ݊ ∙ ܾ = ͵ ∙ ͳʹ = ͵͸ ˏ,                                                                              (6.18) 
 

ɝɞɟ ݊ – ɱɢɫɥɨ ɩɪɨɥɟɬɨɜ; ܾ –ɫɬɚɧɞɚɪɬɧɚɹ ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ 12 ɦ. 
 
Ɍɨɥɳɢɧɚ ɛɵɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɥɟɬɚ, ɪɚɜɧɚ: 
ʐߜ  = ሺͲ,ͳʹ ÷ Ͳ,ͳ͸ሻ ∙ ܾ = ሺͲ,ͳʹ ÷ Ͳ,ͳ͸ሻ ∙ ͳʹ = ͳ,ͶͶ ÷ ͳ,ͻʹ ˏ                (6.19) 
 
ɉɪɢɧɢɦɚɟɦ ɪɚɡɪɟɡɧɨɣ ɛɵɤ ɫ ߜʐ = ͵ ˏ. 
 
6.2.2 Ɋɚɫɱɟɬ ɚɜɚɪɢɣɧɨɝɨ ɜɨɞɨɫɛɪɨɫɚ 
 
ɉɨ ɮɨɪɦɭɥɟ (6.20) ɨɩɪɟɞɟɥɹɸɬ ɩɥɨɳɚɞɶ ɜɨɞɨɫɛɪɨɫɧɵɯ ɨɬɜɟɪɫɬɢɣ 𝜔˅ˑ, 

ɡɚɬɟɦ ɧɚɡɧɚɱɚɸɬ ɢɯ ɱɢɫɥɨ ɢ ɪɚɡɦɟɪɵ ɜɨɞɨɫɛɪɨɫɧɨɝɨ ɨɬɜɟɪɫɬɢɹ. 
 ܳ =  ˑ,                                                                                          (6.20)˅ܪ݃ʹ√𝜔˅ˑߤ
 𝜔˅ˑ = ொఓ√ଶ௚ு˅ˑ = ହଶଶ,଻଺଴,଼⋅√ଶ∙ଽ,଼ଵ∙ସ଺,ହ = ʹͳ,͸͵ˏଶ,                                                         (6.21) 

 
ɝɞɟ Q– ɪɚɫɯɨɞ ɱɟɪɟɡ ɚɜɚɪɢɣɧɵɣ ɜɨɞɨɫɛɪɨɫ, ɦ3/ɫ; 
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𝜔˅ˑ – ɩɥɨɳɚɞɶ ɜɵɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ, ɦ2; ߤ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɪɚɜɧɵɣ 0,8; ܪ˅ˑ – ɧɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ: 
 H˅ˑ = ∇ʜʞʢ − ∇ʑʝ = ͵͸Ͳ,Ͳ − ͵ͳ͵,ͷ = Ͷ͸,ͷ ˏ,                                       (6.22) 
 

ɝɞɟ ߘʑʝ – ɨɬɦɟɬɤɚ ɰɟɧɬɪɚ ɜɵɯɨɞɧɨɝɨ ɜɨɞɨɫɛɪɨɫɧɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɪɚɜɧɚɹ: 
ʑʝߘ  = ʞʝߘ + ℎ˅ˑଶ = ͵ͳʹ + ଷଶ = ͵ͳ͵,ͷ ˏ,                                                            (6.23) 

 
ɝɞɟ ℎ˅ˑ=3ɦ – ɜɵɫɨɬɚ ɨɬɜɟɪɫɬɢɹ, ɩɪɢɧɹɬɚɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ; ߘʞʝ – ɨɬɦɟɬɤɚ ɩɨɪɨɝɚ ɨɬɜɟɪɫɬɢɹ, ɪɚɜɧɚɹ: 

ʞʝߘ  =  ∇ʓʜʏ + ℎ˒ = ͵ͳͲ + ʹ = ͵ͳʹˏ,                                                         (6.24) 
 

ɝɞɟ ℎ˒=2ɦ – ɜɵɫɨɬɚ ɩɨɪɨɝɚ, ɦ. 
 
ɒɢɪɢɧɚ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ:  
 ܾ′˅ˑ = 𝜔˅ˑℎ˅ˑ = ଶଵ,଺ଷଷ = ͹,ʹͳ ˏ                                                                           (6.25) 

 
Ʉɨɥɢɱɟɫɬɜɨ ɞɨɧɧɵɯ ɜɨɞɨɫɛɪɨɫɨɜ n=4. ɒɢɪɢɧɚ ɨɞɧɨɝɨ ɞɨɧɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 

ɜɨɞɨɫɛɪɨɫɚ: 
 ܾ˅ˑ = ௕′˅ˑସ = ଻,ଶଵସ = ͳ,ͺ ˏ                                                                              (6.26) 

 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ܾ˅ˑ = ʹ ˏ. 
 
ȼ ɢɬɨɝɟ ɩɪɢɧɢɦɚɟɦ ɞɜɚ ɜɨɞɨɜɵɩɭɫɤɚ, ɜɵɫɨɬɚ ɤɨɬɨɪɵɯ 3 ɦ, ɲɢɪɢɧɚ 2 ɦ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɷɬɨɦ ɩɥɨɳɚɞɶ ɨɞɧɨɝɨ ɫɟɱɟɧɢɹ 6 ɦ2. 
 
6.2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
଴ଵܪ  = ( ொˑ˔ː.˓˃˔ч𝜎ː∙𝜎೙∙௠∙஻∙√ଶ௚)ଶ/ଷ = ቀ ଵଽହ଻,ଽସ ଵ∙ଵ∙଴,ସଽ∙ଷ଺∙√ଶ∙ଽ,଼ଵቁଶ/ଷ = ͺ,ͷ͸ ˏ,                        (6.27) 

 
ɝɞɟ ݉ = Ͳ,Ͷͻ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɞɥɹ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ.
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Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
଴ଶܪ  = ( ொˑ˔ː.˓˃˔ч௠∙𝜎ː∙𝜎೙∙஻∙√ଶ௚)ଶ/ଷ

,                                                                                 (6.28) 

 
ɝɞɟ 𝜎௡ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ; 𝜎ː – ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

 𝜎ː = ͳ − Ͳ,ʹ ∙ 𝜉˖+ሺ௡−ଵሻ∙𝜉బ௡ ∙ ுబభ௕ = ͳ − Ͳ,ʹ ∙ ଴,଻+ሺଷ−ଵሻ∙଴,ସହଷ ∙ ଼,ହ଺ଵଶ = Ͳ,ͻʹ,         (6.29) 

 
ɝɞɟ ܾ – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ; ݊ – ɱɢɫɥɨ ɩɪɨɥɟɬɨɜ; 𝜉˖ = Ͳ,͹ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ; 𝜉଴ = Ͳ,Ͷͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ. 

 
ɇɚɩɨɪ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
଴ଶܪ  = ቀ ଷଵଽହ଻,ଽସ଴,ସଽ∙଴,ଽ଼∙ଵ∙ଷ଺∙√ଶ∙ଽ,଼ଵቁଶ/ଷ = ͻ,Ͳ͵ ˏ  

 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 
˅ܪ  = ଴ଶܪ − ఈ∙௩బమଶ௚ ,                                                                                             (6.30) 

 

ɝɞɟ ݒ଴ = ொˑ˔ː.˓˃˔чሺఇʜʞʢ−ఇʓʜʝሻሺ஻+ሺ௡−ଵሻ∙ఋʐሻ                                                                                  (6.31) 

 
ɋɤɨɪɨɫɬɶ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
଴ݒ  = ଵଽହ଻,ଽସሺଷ଺଴−ଷଵ଴ሻሺଷ଺+ሺଷ−ଵሻ∙ଷሻ = Ͳ,ͻ͵ ˏ/˔  

 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ: 
˅ܪ  = ͻ,Ͳ͵ − ଵ,ଵ∙଴,ଽଷమଶ∙ଽ,଼ଵ = ͺ,ͻͺ ˏ  

 
ɋɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ܪ˔˕ = ͻ ˏ. 
 
Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
ʒʑߘ  = ʜʞʢߘ − ˕˔ܪ = ͵͸Ͳ − ͻ = ͵ͷͳˏ                                                            (6.32) 
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Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɛɵɤɚ ɛɟɬɨɧɧɨɣ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ: 
ʒʐߘ  = ʒʑߘ + ͳ,͸ܪ˔˕ = ͵ͷͳ + ͳ,͸ ∙ ͻ = ͵͸ͷ,Ͷˏ                                           (6.33) 
 
ɉɪɢɧɢɦɚɟɦ ߘʒʐ = ͵͸͸ ˏ. 
 
ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɩɪɨɟɤɬɧɭɸ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ – 

ɧɚɢɛɨɥɶɲɭɸ ɢɡ: ∇ʒʐʞ = ͵͸͵ ˏ, ∇ʒʒʞ = ͵͸͵ ˏ, ∇ʒʐ = ͵͸͸ˏ. 
 
Ɂɚ ɨɬɦɟɬɤɭ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɦ:ߘʒʐ = ͵͸͸ ˏ. 
 
6.2.4 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ 

ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ 
 
ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɜɨɞɨɫɛɪɨɫɧɭɸ ɩɥɨɬɢɧɭ: 
 ܳ˓.˒ˑ˅ = ܳ௠௔௫.˒ˑ˅ − ܳˆ˃ − ௏˒ ˑˎ௧˔˓ ,                                                                      (6.34) 

 
ɝɞɟ ܳ௠௔௫.˒ˑ˅  – ɦɚɤɫɢɦɚɥɶɧɵɣ ɨɫɧɨɜɧɨɣ ɪɚɫɯɨɞ ɫ ɭɱɟɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɩɚɜɨɞɤɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɪɢ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 0,01% ɞɥɹ I ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɣ; ݊ – ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɧɚ ɫɬɚɧɰɢɢ; ܳˆ˃ – ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ. 

 ܳ˓.˒ˑ˅ = ͵͵ͻͻ,͵Ͳ − ͳͲ͸,͸ − ହ,ସଶ∙ଵ଴వସ∙ଶହଽଶ଴଴଴ = ʹͷͷ͸,͹Ͷ ˏଷ/˔  

 
Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɩɨɜɟɪɨɱɧɨɝɨ 

ɪɚɫɯɨɞɚ: 
଴ଵܪ  = ( ொ˓.˒ˑ˅𝜎ː∙𝜎೙∙௠∙஻∙√ଶ௚)ଶ/ଷ = ቀ ଶହହ଺,଻ସଵ∙ଵ∙଴,ସଽ∙ଷ଺∙√ଶ∙ଽ,଼ଵቁଶ/ଷ = ͳͲ,ʹ͵ ˏ,                     (6.35) 

 
ɝɞɟ ݉ = Ͳ,Ͷͻ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɞɥɹ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ. 

 
Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
଴ଶܪ  = ( ொ˓.˒ˑ˅௠∙𝜎ː∙𝜎೙∙஻∙√ଶ௚)ଶ/ଷ

,                                                                                 (6.36) 

 
ɝɞɟ 𝜎௡ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ; 𝜎ː – ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
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𝜎ː = ͳ − Ͳ,ʹ ∙ 𝜉˖+ሺ௡−ଵሻ∙𝜉బ௡ ∙ ுబభ௕ = ͳ − Ͳ,ʹ ∙ ଴,଻+ሺଷ−ଵሻ∙଴,ସହଷ ∙ ଵ଴,ଶଷଵଶ = Ͳ,ͻͳ,       (6.37) 

 
ɝɞɟ ܾ – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ; ݊ – ɱɢɫɥɨ ɩɪɨɥɟɬɨɜ; 𝜉˖ = Ͳ,͹ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ; 𝜉଴ = Ͳ,Ͷͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ. 

଴ଶܪ  = ቀ ଶହହ଺,଻ସ଴,ସଽ∙଴,ଽଽ∙ଵ∙ଷ଺∙√ଶ∙ଽ,଼ଵቁଶ/ଷ = ͳͲ,ͻͲ ˏ  

 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɪɢ ɩɪɨɩɭɫɤɟ 

ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ: 
˅ˑ˒ܪ  = ଴ଶܪ − ఈ∙௩బమଶ௚ ,                                                                                        (6.38) 

 

ɝɞɟ ݒ଴˒ˑ˅ = ொ˓.˒ˑ˅ሺఇʣʞʢ−ఇʓʜʝሻሺ஻+ሺ௡−ଵሻ∙ఋʐሻ                                                                       (6.39) 

 
ɋɤɨɪɨɫɬɶ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
˅଴˒ˑݒ  = ଶହହ଺,଻ସሺଷ଺ଷ−ଷଵ଴ሻሺଷ଺+ሺଷ−ଵሻ∙ଷሻ = ͳ,ͳͷ ˏ/˔, 

˅ˑ˒ܪ  = ͳͲ,ͻͲ − ଵ,ଵ∙ଵ,ଵହమଶ∙ଽ,଼ଵ = ͳͲ,ͺ͵ ˏ  

 
Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɭɸ ɨɬɦɟɬɤɭ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ: 
˓ʣʞʢߘ  = ʒʑߘ + ˅ˑ˒ܪ = ͵ͷͳ + ͳͲ,ͺ͵ = ͵͸ͳ,ͺ͵ ˏ                                   (6.40) 
 
Ɍɚɤ ɤɚɤ ɪɚɫɱɟɬɧɨɣ ɨɬɦɟɬɤɢ ߘʣʞʢ˓ = ͵͸ͳ,ͺ͵ ɦ ɧɟ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɪɨɩɭɫɤɚ 

ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ, ɩɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ ߘʣʞʢ = ͵͸͵ ˏ. 
 
6.2.5 ɉɨɫɬɪɨɟɧɢɟ ɨɝɨɥɨɜɤɚ ɜɨɞɨɫɥɢɜɚ ɩɨ Ʉɪɢɝɟɪ–Ɉɮɢɰɟɪɨɜɭ 
 
Ɉɱɟɪɬɚɧɢɟ ɨɝɨɥɨɜɤɚ ɫɬɪɨɢɬɫɹ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ Ʉɪɢɝɟɪɚ–Ɉɮɢɰɟɪɨɜɚ, ɝɞɟ 

ɤɨɨɪɞɢɧɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 6.2, ɩɟɪɟɦɧɨɠɚɸɬɫɹ ɧɚ ܪ˔˕ = ͻ ˏ.
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Ɍɚɛɥɢɰɚ 6.2 – ɉɪɢɜɟɞɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɨɱɟɪɬɚɧɢɹ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
x y x*  y*  
0 0,126 0 1,134 

0,1 0,036 0,9 0,324 
0,2 0,007 1,8 0,063 
0,3 0 2,7 0 
0,4 0,006 3,6 0,054 
0,5 0,027 4,5 0,243 
0,6 0,06 5,4 0,54 
0,7 0,1 6,3 0,9 
0,8 0,146 7,2 1,314 
0,9 0,198 8,1 1,782 
1 0,256 9 2,304 

1,1 0,321 9,9 2,889 
1,2 0,394 10,8 3,546 
1,3 0,475 11,7 4,275 
1,4 0,564 12,6 5,076 
1,5 0,661 13,5 5,949 

 
Ɉɝɨɥɨɜɨɤ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 6.1. 

 

 
Ɋɢɫɭɧɨɤ 6.1 – Ɉɝɨɥɨɜɨɤ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 

 
6.3 Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɨɜ ɜ ɇȻ 
 
Ɉɩɪɟɞɟɥɢɦ ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ. 
 
Ʉɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ ɩɪɢ ɩɨɥɧɨɦ ɨɬɤɪɵɬɢɢ ɜɫɟɯ ɨɬɜɟɪɫɬɢɣ: 
 ℎˍ˓ = √ ఈ∙ொˑ˔ː.˓˃˔ч.మሺ஻+ሺ௡−ଵሻఋʐሻమ௚య

,                                                                                       (6.41) 

 
ɝɞɟ α – ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ, ɪɚɜɧɵɣ 1,1. 

 ℎˍ˓ = √ ଵ,ଵ∙ଵଽହ଻,ଽସ మሺଷ଺+ሺଷ−ଵሻ∙ଷሻమ∙ଽ,଼ଵయ = ͸,ʹͷ ˏ  
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ɉɟɪɜɚɹ ɫɨɩɪɹɠɟɧɧɚɹ ɝɥɭɛɢɧɚ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 
ɩɪɢɛɥɢɠɟɧɢɣ: 

 hୡଵ′ = ௤೎𝜑∙√ଶ௚∙ሺ∇ʜʞʢ−∇ʓʜʝ−୦ౙభ′ ሻ = ହସ,ସ଴,ଽ∙√ଶ∙ଽ,଼ଵ∙ሺଷ଺଴−ଷଵ଴−଴ሻ  = ͳ,ͻ͵,                     (6.42) 

௖ݍ  = ொˑ˔ː.˓˃˔ч஻ = ଵଽହ଻,ଽସሺଷ଺+ሺଷ−ଵሻ∙ଷሻ = Ͷ͸,͸ˏଶ/˔                                                          (6.43) 

 
ɍɬɨɱɧɢɦ ɜɟɥɢɱɢɧɭ ɩɟɪɜɨɣ ɫɨɩɪɹɠɟɧɧɨɣ ɝɥɭɛɢɧɵ: 
 hୡଵ′ = ௤೎𝜑∙√ଶ௚∙(∇ʜʞʢ−∇ʓʜʝ−୦ౙభ′ ) = ସ଺,ସ଴,ଽ∙√ଶ∙ଽ,଼ଵ∙ሺଷ଺଴−ଷଵ଴−ଵ,ଽଷሻ  = ͳ,͸ͺ                 (6.44) 

 
ȼɬɨɪɚɹ ɫɨɩɪɹɠɟɧɧɚɹ ɝɥɭɛɢɧɚ: 
 hୡ′′ = ୦ౙభ′ଶ ∙ ቆ√ͳ + ͺ ∙ ቀ୦ˍ˓୦ౙభ′ ቁଷ − ͳቇ = ଵ,଺଼ଶ ∙ ቆ√ͳ + ͺ ∙ ቀ଺,ଶହଵ,଺଼ቁଷ − ͳቇ = ͳ͸,ʹͲˏ      (6.45) 

 
Ɉɩɪɟɞɟɥɢɦ ɬɢɩ ɩɪɵɠɤɚ: 
 
Ɍɚɤ ɤɚɤ ℎ′′௖ = ͳ͸,ʹͲˏ > ℎʜʐ = ͻ,͹ ˏ, ɬɨ ɢɦɟɟɦ ɨɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ. 

ɝɞɟ ℎʜʐ − ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɇȻ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɢɜɨɣ ܳ =  ݂ሺܪሻɩɪɢ ܳ௠௔௫.ˑ˔ː 
Ɉɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ ɡɚ ɩɥɨɬɢɧɨɣ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɫɨɩɪɹɠɟɧɢɟ ɛɶɟɮɨɜ ɩɨ ɬɢɩɭ ɡɚɬɨɩɥɟɧɧɨɝɨ ɩɪɵɠɤɚ.  
Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɝɥɭɛɢɧɭ 

ɢɥɢ ɩɨɝɚɫɢɬɶ ɱɚɫɬɶ ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɫ ɩɨɦɨɳɶɸ ɝɚɫɢɬɟɥɟɣ ɷɧɟɪɝɢɢ. 
ɉɪɢɦɟɧɢɦ ɝɚɲɟɧɢɟ ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɫ ɩɨɦɨɳɶɸ ɧɨɫɤɚ ɬɪɚɦɩɥɢɧɚ. 
 
6.3.1 Ɋɚɫɱɟɬ ɧɨɫɤɚ ɬɪɚɦɩɥɢɧɚ ɢ ɞɚɥɶɧɨɫɬɶ ɨɬɥɟɬɚ ɫɬɪɭɢ 
 
ɂɡ ɪɟɤɨɦɟɧɞɚɰɢɣ ɨɬɦɟɬɤɚ ɧɨɫɤɚ ɩɪɢɧɢɦɚɟɬɫɹ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɬɦɟɬɤɢ 

ɧɢɠɧɟɝɨ ɛɶɟɮɚ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɨɬɦɟɬɤɚ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ ∇ʜʐQ଴,଴ଵ%=320,36 ɦ, ɬɨɝɞɚ hʜʐQ଴,଴ଵ%=10,36 ɦ. 
 
ȼɵɫɨɬɚ ɨɬ ɞɧɚ ɞɨ ɧɨɫɤɚ: 
 ܽ = hʜʐQ଴,଴ଵ% + ʹ = ͳͲ,͵͸ + ʹ = ͳʹ,͵͸ ˏ                                                 (6.46) 
 
Ɉɬɦɟɬɤɚ ɧɨɫɤɚ: 
 ∇ʜʝʠ = ∇ʓʜʝ + ܽ = ͵ͳͲ + ͳʹ,͵͸ = ͵ʹʹ,͵͸ ˏ                                       (6.47) 
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Ɉɩɪɟɞɟɥɢɦ ɧɚɩɨɪ ɜɨɞɵ ɧɚ ɧɨɫɤɟ: 
ːݖ  = ∇ʜʞʢ − ∇ʜʝʠ = ͵͸Ͳ − ͵ʹʹ,͵͸ = ͵͹,͸Ͷ ˏ                                        (6.48) 
 
Ⱦɚɥɟɟ, ɢɫɩɨɥɶɡɭɹ ɜɟɥɢɱɢɧɭ ɧɚɩɨɪɚ ɧɚ ɧɨɫɤɟ, ɨɩɪɟɞɟɥɢɦ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ 

ɧɟɦ: 
ːݒ  = 𝜑 ∙ √ʹ ∙ ݃ ∙ ːݖ = Ͳ,ͻ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ͵͹,͸Ͷ = ʹͶ,Ͷ͸ˏ/˔,                          (6.49) 
 ܼ଴ = ∇ʜʞʢ − ∇ʓʜʝ − ℎʜʐ = ͵͸Ͳ − ͵ͳͲ − ͻ,͹ = ͶͲ,͵ ˏ                         (6.50) 
 
Ɉɩɪɟɞɟɥɢɦ ɞɚɥɶɧɨɫɬɶ ɨɬɥɟɬɚ ɫɬɪɭɢ: 
ܮ  = ˃ܭ ∙ ːݖ ∙ 𝜑ଶ ∙ sin ߙʹ ∙ (ͳ + √ͳ + ቀ௭బ௭ː − ͳቁ ∙ ଵ𝜑మ∙s୧୬మఈ),                            (6.51) 

 
ɝɞɟ ߙ – ɭɝɨɥ ɧɚɤɥɨɧɚ ɧɨɫɤɚ, ߙ = ͵Ͳ°; 1=˃ܭ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ, ɩɪɢɧɢɦɚɟɦɵɣ ɢɫɯɨɞɹ ɢɡ ɱɢɫɥɚ Ɏɪɭɞɚ: 

ݎܨ  = ௩మː௚∙ℎː = ଶସ,ସ଺మଽ,଼ଵ∙ଶ,ସ଼ = ʹͶ,͸Ͳ ൑ ͵ͷ,                                                                      (6.52) 

 
ɝɞɟ ℎː – ɜɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ℎː = ௤˅௩ː = ଺଴,଺ଶଶସ,ସ଺ = ʹ,Ͷͺ ˏ, 

ܮ  = ͳ ∙ ͵͹,͸Ͷ ∙ Ͳ,ͻଶ ∙ sinሺʹ ∙ ͵Ͳሻ ∙ ቆͳ + √ͳ + ቀ ସ଴,ଷଷ଻,଺ସ − ͳቁ ∙ ଵ଴,ଽమ∙௦𝑖௡మଷ଴ቇ =         = ͷ͹,ͳ ˏ                                                                                                           (6.53) 
 
ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɛɢɪɚɬɶ ɩɪɨɮɢɥɶ ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɨɬɥɟɬ ɫɬɪɭɢ ɧɚ 

ɪɚɫɫɬɨɹɧɢɟ ɛɨɥɶɲɟ 0,4 ɨɬ ݖ଴– ɧɚɩɨɪɚ ɫɨɡɞɚɜɚɟɦɨɝɨ ɩɥɨɬɢɧɨɣ, ɚ ɬɚɤɠɟ ɫ 
ɧɚɢɦɟɧɶɲɟɣ ɜɵɫɨɬɨɣ ɧɨɫɤɚ.  

ܮ  > Ͳ,Ͷ ∙ ሺ∇ʒʞ − ∇ʓʜʝሻ,  
 ͷͳ,Ͷ ˏ > ʹʹ,Ͷ ˏ  
 
Ɉɩɪɟɞɟɥɢɦ ɝɥɭɛɢɧɭ ɪɚɡɦɵɜɚ: 
ˊ˃˓ܪ  = ݐ − ℎː˄,  
 

ɝɞɟ ݐ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 
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ݐ = (Ͳ,ͳ + Ͳ,Ͷͷ ∙ రݎܨ√ ) ∙ ݎܨ√ ∙ √ℎː˄ௗర ∙ ℎː = (Ͳ,ͳ + Ͳ,Ͷͷ ∙ √ʹͶ,͸Ͳర ) ∙ √ʹͶ,͸Ͳ ∙   ∙ √ଽ,଻ଵర ∙ ʹ,Ͷͺ = ʹ͵,ͻͳ ˏ,                                                                                                     (6.54) 

 
ɝɞɟ ݀ – ɫɪɟɞɧɹɹ ɤɪɭɩɧɨɫɬɶ ɝɪɭɧɬɚ, ɩɪɢɧɢɦɚɟɦ ݀ = ͳ ˏ. 

 
Ɍɨɝɞɚ: 
ˊ˃˓ܪ  = ʹ͵,ͻͳ − ͵,ͳͷ = ʹ͵,ͻͳ ˏ  
 
ɉɪɢɧɢɦɚɸ ܪ˓˃ˊ = ʹͶ ˏ. 
 
Ɉɩɪɟɞɟɥɢɦ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɥɨɬɢɧɵ ɰɟɧɬɪɚ ɪɚɡɦɵɜɚ ɹɦɵ: 
ଵܮ  = ܮ + ௧௧௚ఈభ,                                                                                                 (6.55) 

 

ɝɞɟ  ߙ݃ݐଵ = ߙଶ݃ݐ√ + ଶ∙௚∙ሺ଴,ହ∙ℎː∙ୡ୭s ఈ+௔−ℎː˄ሻ௩మː∙௖௢௦మఈ = ଶ͵Ͳ݃ݐ√ + ଶ∙ଽ,଼ଵ∙ሺ଴,ହ∙ଶ,ସ଼∙ୡ୭s ଷ଴+ଵଶ,ଷ଺−ଽ,଻ሻଶସ,ସ଺మ∙௖௢௦మଷ଴ = = Ͳ,͹ʹ,                                                                                                                              (6.56) 
 

ɝɞɟ ܽ = ͳʹ,͵͸ ˏ – ɜɵɫɨɬɚ ɨɬ ɞɧɚ ɞɨ ɧɨɫɤɚ. 
 

Ɍɨɝɞɚ: 
ଵܮ  = ͷ͹,ͳ + ଶଷ,ଽଵ଴,଻ଶ = ͻͲˏ  

 
Ⱦɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɹɦɵ ɪɚɡɦɵɜɚ ɜɞɨɥɶ ɬɟɱɟɧɢɹ ɧɚ ɭɪɚɜɧɟɧɢɟ 

ɪɚɡɦɵɬɨɝɨ ɪɭɫɥɚ ɪɚɜɧɚ:  
 ܾ௣ = ʹ,ͷℎˍ˓ + ͵,͹ܪ˓˃ˊ = ʹ,ͷ ∙ ͸,ʹͷ + ͵,͹ ∙ ͳͶ,ʹͳ = ͸ͺ,ʹ ˏ                       (6.57) 
 
6.4 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
 
6.4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 
 
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, ɱɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 6.2.
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ɇɨ ɩɪɢ ɫɜɨɟɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɬɨɬ ɩɪɨɮɢɥɶ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ 
ɭɫɥɨɜɢɹɦ: 

1) ɨɬɫɭɬɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ; 
2) ɭɫɬɨɣɱɢɜɨɫɬɶ ɬɟɥɚ ɩɥɨɬɢɧɵ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ. 
 

 
Ɋɢɫɭɧɨɤ 6.2 – ɋɯɟɦɚ ɬɪɟɭɝɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɩɥɨɬɢɧɵ 

˒ܤ  = ሺʜʞʢ − ʞʝʓሻ ⋅ ሺͲ,͸͹ ÷ Ͳ,͹ሻ = ͷͲ ⋅ ሺͲ,͸͹ ÷ Ͳ,͹ሻ = ͵͵,ͷ ÷ ͵ͷˏ        (6.58) 
 
ɂɫɯɨɞɹ ɢɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ, ɩɪɢɧɢɦɚɸ ɲɢɪɢɧɭ ɩɨɞɨɲɜɵ 

ɩɥɨɬɢɧɵ ܤ˒ = ͵ͷ ˏ. 
 
6.4.2 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɲɜɚɦɢ 
 
ȼ ɩɥɨɬɢɧɚɯ ɧɚ ɠɟɫɬɤɢɯ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɹɯ ɭɫɬɪɨɣɫɬɜɨ ɷɬɢɯ ɲɜɨɜ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɜɨɛɨɞɧɨɟ ɪɚɡɜɢɬɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ ɭɫɚɞɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɢ 
ɩɨɷɬɨɦɭ ɨɧɢ ɧɚɡɵɜɚɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɭɫɚɞɨɱɧɵɦɢ. ɗɬɢ ɲɜɵ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɪɚɫɩɨɥɚɝɚɸɬ ɧɚ ɪɚɜɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɩɨ ɞɥɢɧɟ ɩɥɨɬɢɧɵ, ɡɚɜɢɫɹɳɢɯ ɨɬ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɩɥɨɬɢɧɵ ɜ ɩɟɪɢɨɞ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɲɜɨɜ ɭɜɹɡɵɜɚɟɬɫɹ ɫɨ ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɢ 
ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɨɬɜɟɪɫɬɢɣ ɜ ɩɥɨɬɢɧɟ, ɚ ɬɚɤɠɟ ɫ ɪɚɡɪɟɡɤɨɣ ɧɚ ɛɥɨɤɢ 
ɛɟɬɨɧɢɪɨɜɚɧɢɹ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɟɬɨɧɧɚɹ ɜɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ ɪɚɡɪɟɡɚɧɚ ɲɜɚɦɢ ɩɨ ɨɫɹɦ 
ɛɵɤɨɜ, ɬ.ɟ. ɲɢɪɢɧɚ ɨɞɧɨɣ ɫɟɤɰɢɢ ɦɟɠɞɭ ɲɜɚɦɢ ɪɚɜɧɚ: 

˔˄ܤ  = ܾ + ʐߜ = ͳʹ + ͵ = ͳͷ ˏ,                                                                       (6.59) 
 

ɝɞɟ b – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ; ߜʐ – ɬɨɥɳɢɧɚ ɛɵɤɚ. 
ɒɢɪɢɧɭ ɩɨɫɬɨɹɧɧɵɯ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɭɫɚɞɨɱɧɵɯ ɲɜɨɜ 

ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 5 ɫɦ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɢ 1 ɫɦ ɜ ɩɪɟɞɟɥɚɯ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ. 
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6.4.3 Ȼɵɤɢ 
 
Ƚɨɥɨɜɧɚɹ ɱɚɫɬɶ ɛɵɤɚ ɢɦɟɟɬ ɨɛɬɟɤɚɟɦɭɸ ɜ ɩɥɚɧɟ ɮɨɪɦɭ.  
ɉɚɡɵ ɪɚɛɨɱɢɯ ɡɚɬɜɨɪɨɜ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɥɢɧɢɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ, ɛɵɤɢ 

ɜɵɞɜɢɧɭɬɵ ɜ ɜɟɪɯɧɢɣ ɛɶɟɮ. Ȼɵɤɢ ɪɚɡɛɢɜɚɸɬ ɜɟɫɶ ɜɨɞɨɫɥɢɜɧɨɣ ɮɪɨɧɬ ɧɚ 
ɨɬɞɟɥɶɧɵɟ ɜɨɞɨɫɥɢɜɧɵɟ ɨɬɜɟɪɫɬɢɹ. 

ȼ ɛɵɤɚɯ ɭɫɬɪɨɟɧɵ ɩɚɡɵ ɞɥɹ ɪɚɛɨɱɢɯ ɢ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ, ɩɨɞ 
ɡɚɳɢɬɨɣ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɸɬɫɹ ɪɟɦɨɧɬɧɵɟ ɪɚɛɨɬɵ (ɪɢɫɭɧɨɤ 6.3). 
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Ɋɢɫɭɧɨɤ 6.3 – ɋɯɟɦɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ɜ ɩɥɚɧɟ 

 
Ɂɚɬɜɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɩɨɤɪɵɬɭɸ ɫ 

ɜɟɪɯɨɜɨɣ ɫɬɨɪɨɧɵ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɣ ɨɛɲɢɜɤɨɣ, ɜɵɩɨɥɧɟɧɧɨɣ ɢɡ ɥɢɫɬɨɜɨɣ 
ɫɬɚɥɢ. ɇɟɫɭɳɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɚɥɨɱɧɭɸ ɤɥɟɬɤɭ ɢɡ ɪɢɝɟɥɟɣ ɢ 
ɫɬɨɟɤ.  

Ƚɥɭɛɢɧɚ ɢ ɲɢɪɢɧɚ ɩɚɡɚ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ ɫɨɫɬɚɜɥɹɟɬ – 0,7ɯ0,7 ɦ.  
Ƚɥɭɛɢɧɚ ɢ ɲɢɪɢɧɚ ɩɚɡɚ ɪɟɦɨɧɬɧɨɝɨ ɡɚɬɜɨɪɚ – 0,5ɯ0,5 ɦ.  
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɡɚɬɜɨɪɚɦɢ ɩɪɢɧɢɦɚɟɦ 1 ɦ, ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ 

ɭɞɨɛɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɧɚ ɪɚɛɨɱɟɦ ɡɚɬɜɨɪɟ. 
 
6.4.4 ɍɫɬɨɢ 
 
ɇɚ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɞɜɚ ɪɚɡɞɟɥɶɧɵɯ ɭɫɬɨɹ. 
ɉɟɪɜɵɣ ɪɚɡɞɟɥɶɧɵɣ ɭɫɬɨɣ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɟɠɞɭ ɝɥɭɯɨɣ ɰɟɧɬɪɚɥɶɧɨɣ 

ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɨɣ ɢ ɫɟɤɰɢɟɣ ɝɥɭɛɢɧɧɵɯ ɜɨɞɨɫɛɪɨɫɨɜ. ȼɬɨɪɨɣ ɪɚɡɞɟɥɶɧɵɣ ɭɫɬɨɣ 
ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɟɠɞɭ ɫɟɤɰɢɟɣ ɝɥɭɛɢɧɧɵɯ ɜɨɞɨɫɛɪɨɫɨɜ ɢ ɡɞɚɧɢɟɦ Ƚɗɋ, ɫɥɭɠɢɬ 
ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɩɨɬɨɤɨɜ ɜɨɞɵ, ɢɞɭɳɢɯ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɜɨɞɨɫɥɢɜ. 

 
6.4.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ 
 
ɒɢɪɢɧɚ ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ ɜɤɥɸɱɚɟɬ ɲɢɪɢɧɭ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ, 

ɩɟɲɟɯɨɞɧɨɣ ɞɨɪɨɠɤɢ ɢ ɦɟɫɬɨ ɞɥɹ ɤɨɡɥɨɜɨɝɨ ɤɪɚɧɚ. ɉɪɨɟɡɠɚɹ ɱɚɫɬɶ ɩɪɢɧɢɦɚɟɬɫɹ 
ɲɢɪɢɧɨɣ 4 ɦ, ɲɢɪɢɧɚ ɩɟɲɟɯɨɞɧɨɣ ɞɨɪɨɠɤɢ – 2 ɦ, ɲɢɪɢɧɚ ɩɭɬɟɣ ɤɨɡɥɨɜɨɝɨ ɤɪɚɧɚ 
– 6 ɦ. Ȼɟɡɨɩɚɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɤɨɡɥɨɜɵɦ ɤɪɚɧɨɦ ɢ ɚɜɬɨɞɨɪɨɝɨɣ 
ɩɪɢɧɢɦɚɟɬɫɹ 1 ɦ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɭɬɹɦɢ ɤɨɡɥɨɜɨɝɨ ɤɪɚɧɚ ɢ ɜɟɪɯɨɜɨɣ ɝɪɚɧɶɸ 
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ɛɵɤɚ ɩɪɢɧɢɦɚɟɬɫɹ 1 ɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɲɢɪɢɧɚ ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɨɣ 14 ɦ. 

 
6.4.6 Ƚɚɥɟɪɟɢ ɢ ɞɪɟɧɚɠ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 
 
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɝɚɥɟɪɟɢ. ɉɨ 

ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ ɩɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ ɪɚɫɩɨɥɚɝɚɟɦ ɱɟɪɟɡ 14ɦ. Ɉɞɧɭ ɢɡ 
ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɩɪɨɟɤɬɢɪɭɟɦ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɦɨɬɟɱɧɨɝɨ ɨɬɜɨɞɚ ɜɨɞɵ ɢɡ ɜɫɟɣ ɜɵɲɟɥɟɠɚɳɟɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ. 
Ɋɚɡɦɟɪɵ ɝɚɥɟɪɟɣ, ɭɫɬɪɚɢɜɚɟɦɵɯ ɞɥɹ ɰɟɦɟɧɬɚɰɢɢ ɨɫɧɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɲɜɨɜ 
ɩɥɨɬɢɧɵ, ɫɨɡɞɚɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɞɪɟɧɚɠɚ, ɩɪɢɧɹɬɶ 
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 3ɯ3,5ɦ. Ƚɚɛɚɪɢɬɵ ɞɥɹ 
ɫɦɨɬɪɨɜɵɯ ɝɚɥɟɪɟɣ ɩɪɢɧɢɦɚɟɦ 2ɯ2,5ɦ.  

ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɝɚɥɟɪɟɢ ɧɚ ɨɬɦɟɬɤɚɯ 344,00ɦ ɢ 327,50ɦ. 
Ɍɚɤ ɠɟ ɜ ɩɥɨɬɢɧɟ ɢɦɟɸɬɫɹ ɝɚɥɟɪɟɢ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɟ ɞɥɹ ɫɛɨɪɚ ɢ ɨɬɜɨɞɚ 

ɜɨɞɵ, ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ ɢ ɭɩɥɨɬɧɟɧɢɹ ɲɜɨɜ, ɪɚɡɦɟɳɟɧɢɹ ɄɂȺ 
ɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɤɨɦɦɭɧɢɤɚɰɢɣ. 

 
Ⱦɪɟɧɚɠ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ. 
 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ: 
 ܽˇ˓ ൒ ுˇ˓∙ఊ೙௃೎𝑟.೘ ,                                                                                                      (6.60) 

 ܽˇ˓ ൒ ହ଴∙ଵ,ଶହଶହ , 

 ܽˇ˓ ൒ ʹ,ͷ ˏ,  
 

ɝɞɟ ܽˇ˓ −ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ; ܪˇ˓ −ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ; ܬ௖௥.௠ −ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ (ܬ௖௥.௠ = ʹͷ). 
˓ˇܪ  = ∇ʜʞʢ − ∇ ʓʜʝ = ͵͸Ͳ − ͵ͳͲ = ͷͲ ˏ                                               (6.61) 

 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɩɪɢɧɢɦɚɟɦ 2,7 ɦ.  
 
6.4.7 Ɋɚɫɱɟɬ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɚ 
 
ɇɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɤɚɤ ɩɪɚɜɢɥɨ ɭɫɬɪɚɢɜɚɸɬɫɹ ɬɨɥɶɤɨ ɜɟɪɬɢɤɚɥɶɧɵɟ 

ɞɪɟɧɚɠɧɵɟ ɭɫɬɪɨɣɫɬɜɚ: ɰɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ ɢ ɞɪɟɧɚɠ.  



 

76 
 

 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ݈ˊ = ሺͲ,ͳͲ ÷ Ͳ,ʹͷሻ ∙ ˒ܤ = ሺͲ,ͳͲ ÷ Ͳ,ʹͷሻ ∙ ͵ͷ = ͵,ͷ ÷ ͺ,͹ͷˏ,                      (6.62) 
 

ɝɞɟ ܤ˒ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
 
ɉɪɢɧɢɦɚɸ ݈ˊ = Ͷ,ʹ ˏ. 
 
Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ℎˊ˃˅ = Ͳ,͸ ∙ ௗܪ = Ͳ,͸ ⋅ ሺ͵͸Ͳ − ͵ͳͲሻ = ͵Ͳˏ,                                                (6.63) 

 
ɝɞɟ ܪௗ − ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ. 

 
Ɍɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɯ ɞɨɩɭɫɬɢɦɨɝɨ 

ɝɪɚɞɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɱɟɪɟɡ ɡɚɜɟɫɭ: 
ˊߜ  ൒ ∆ு∙ఊ೙௃೎𝑟.೘ ,                                                                                                        (6.64) 

 
ɝɞɟ ∆ܪ −ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ; ܬ௖௥.௠ − ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ሺܬ௖௥.௠ = ͳͷሻ. 
ܪ∆  = ௗܪ − Ͳ,Ͷ ∙ ௗܪ = ͷͲ − Ͳ,Ͷ ∙ ͷͲ = ͵Ͳ ˏ,                                              (6.65) 

ˊߜ  ൒ ଷ଴⋅ଵ,ଶହଵହ , 

ˊߜ  ൒ ʹ,ͷ ˏ ≈ ͵ ˏ  
 
Ƚɥɭɛɢɧɭ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɪɚɜɧɚ: 
 ℎˇ˓ = Ͳ,͸ ∙ ℎˊ˃˅ = Ͳ,͸ ⋅ ͵Ͳ = ͳͺ ˏ                                                                 (6.66) 
 
Ⱦɥɹ ɨɬɜɨɞɚ ɮɢɥɶɬɪɭɸɳɟɣɫɹ ɜɨɞɵ ɢ ɫɧɢɠɟɧɢɹ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɜ ɨɫɧɨɜɚɧɢɢ ɫɨɨɪɭɠɟɧɢɹ ɭɫɬɪɚɢɜɚɸɬ ɞɪɟɧɚɠɢ.  
ȼ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ ɞɪɟɧɚɠ ɜɵɩɨɥɧɹɸɬ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ 

ɞɢɚɦɟɬɪɨɦ 200 ɦɦ ɫ ɲɚɝɨɦ 3 ɦ. 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɪɟɧɚɠɧɵɦɢ ɢ ɰɟɦɟɧɬɚɰɢɨɧɧɵɦɢ ɫɤɜɚɠɢɧɚɦɢ 6,2 ɦ. 
ɑɟɪɟɡ ɞɪɟɧɚɠɧɵɟ ɫɤɜɚɠɢɧɵ ɮɢɥɶɬɪɭɸɳɭɸɫɹ ɜɨɞɭ ɜɵɜɨɞɹɬ ɜ 

ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɢɥɢ ɞɪɟɧɚɠɧɭɸ ɝɚɥɟɪɟɸ, ɚ ɨɬɜɨɞ ɜɨɞɵ ɜ ɇȻ ɨɫɭɳɟɫɬɜɥɹɸɬ 
ɫɚɦɨɬɟɤɨɦ ɢɥɢ ɧɚɫɨɫɚɦɢ. 
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6.5 Ɉɛɨɫɧɨɜɚɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 

 
ɇɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɢ ∇ɇɉɍ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ ɢ ɦɢɧɢɦɚɥɶɧɵɣ 

ɭɪɨɜɟɧɶ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ.  
ɇɚɝɪɭɡɤɢ ɫɨɛɢɪɚɸɬ ɧɚ ɨɞɧɭ ɫɟɤɰɢɸ, ɚ ɩɪɢ ɫɩɥɨɲɧɨɦ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ 

ɩɥɨɬɢɧɵ ɧɚɝɪɭɡɤɢ ɫɨɛɢɪɚɸɬ ɧɚ 1 ɩ. ɦ. ɞɥɢɧɵ ɫɨɨɪɭɠɟɧɢɹ. 
 
6.5.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ  
 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɩɪɟɞɟɥɟɧɚ ɜ ɩɪɨɝɪɚɦɦɟ AutoCad: ܵ˒ˎ = ͳͲ͸͵ ˏଶ, ܵ˄ = ͳʹͺ͸ ˏଶ. ȼɟɫ ɨɞɧɨɝɨ ɩɨɝɨɧɧɨɝɨ ɦɟɬɪɚ ɜɨɞɨɫɥɢɜɧɨɣ 

ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
ˎ˒ܩ  = ௌ˒ˎ∙௕∙ఊ˄௕+ఋ˄ =   ଵ଴଺ଷ∙ଵଶ∙ଶସଵଶ+ଷ = ʹͲͶͳͲ ˍʜ/ˏ,                                                 (6.67) 

ɝɞɟ ܾ – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ; ߛ˄ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɛɟɬɨɧɚ; ߜ˄ – ɬɨɥɳɢɧɚ ɛɵɤɚ. 
 
ȼɟɫ ɛɵɤɚ ɢ ɬɨɱɤɭ ɟɝɨ ɩɪɢɥɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦ ɠɟ ɫɩɨɫɨɛɨɦ: 
˄ܩ  = ௌ˄∙ఋ˄∙ఊ˄௕+ఋ˄ = ଵଶ଼଺∙ଷ∙ଶସଵଶ+ଷ = ͸ͳ͹͵ ˍʜ/ˏ                                                            (6.68) 

 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ: 
 ܳˊ ≈ Ͳ,Ͳͷͷ ∙ ݂ଵ,ହ ∙ ݃ =  Ͳ,Ͳͷͷ ∙ ͳͷͲଵ,ହ ∙ ͻ,ͺͳ = ͻͻͳ ˍʜ,                            (6.69) 
 

ɝɞɟ ݂ – ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ. 
 ݂ = ሺ∇ʣʞʢ − ∇ʒʑ + Ͳ,ͷሻ ∙ ܾ = ሺ͵͸͵ − ͵ͷͳ + Ͳ,ͷሻ ∙ ͳʹ = ͳͷͲ   ˏଶ        (6.70) 
 
ȼɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɢɬɫɹ ɤ 1 ɩ.ɦ.: 
ˊݍ  = ொˊ௕+ఋ˄ = ଽଽଵଵଶ+ଷ = ͸͸ ˍʜ                                                                             (6.71) 

 
6.5.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
ɗɩɸɪɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɩɪɢɧɢɦɚɟɦ ɩɨ ɬɪɟɭɝɨɥɶɧɢɤɭ. 

Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫ 
ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ. 

 ʑܶʐ = ఊʑ∙ுʑమଶ = ଵ଴∙ହଶమଶ = ͳ͵ͷʹͲ ˍʜ,                                                                      (6.72)



 

78 
 

ɝɞɟ ܪʑ – ɜɵɫɨɬɚ ɩɥɨɬɢɧɵ: 
ʑܪ  = ∇ʜʞʢ − ∇ʞʝʓ = ͵͸Ͳ − ͵Ͳͺ = ͷʹ ˏ                                                         (6.73) 
 
ɋ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 ʜܶʐ = ఊʑ∙ுʜమଶ = ଵ଴∙ଶ,ସସమଶ = ʹͻ,͹͹ ˍʜ,                                                                       (6.74) 

 
ɝɞɟ ܪʜ – ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

ʜܪ  = ∇ʜʐ௠𝑖௡ − ∇˒ˑˇ = ͵ͳͲ,ͶͶ − ͵Ͳͺ = ʹ,ͶͶ ˏ                                       (6.75) 
 
6.5.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 
 
ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ: 
 ܹ˅ ˊ = ʜܪ ∙ ˇˑ˒ܤ ∙ ʑߛ = ʹ,ͶͶ ∙ ͵ͷ ∙ ͳͲ = ͺͷͶ ˍʜ,                                           (6.76) 
 

ɝɞɟ ܪʜ – ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ; ܤ˒ˑˇ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ, ɨɩɪɟɞɟɥɟɧɚ ɜ ɩɭɧɤɬɟ. 
 
6.5.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 
ௗܪ  = ∇ʜʞʢ − ∇ʜʐ௠𝑖௡ = ͵͸Ͳ − ͵ͳͲ,ͶͶ = Ͷͻ,ͷ͸ ˏ                                         (6.77) 
 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɋɇɢɉɚ 2.06.06-85 ɉɥɨɬɢɧɵ ɛɟɬɨɧɧɵɟ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ: 
௔௦ܪ  = Ͳ,Ͷܪௗ = Ͳ,Ͷ ∙ Ͷͻ,ͷ͸ = ͳͻ,ͺʹ ˏ,                                                        (6.78) 
ௗ௥ܪ  = Ͳ,ʹܪௗ = Ͳ,ʹ ∙ Ͷͻ,ͷ͸ = ͻ,ͻͳ ˏ,                                                          (6.79) 
 ˗ܹ = ܵˠ˒ ∙ ʑߛ = ͵Ͷͺ ∙ ͳͲ = ͵ͶͺͲ ˍʜ                                                               (6.80) 
 
ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫ 

ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɨɣ ɜ ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.4. 
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Ɋɢɫɭɧɨɤ 6.4 – ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

 
6.5.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 
Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ: 
ː݌  = ːߛ ∙ ℎː ∙ ଶ݃ݐ ቀͶͷ − 𝜑ଶː ቁ,                                                                           (6.81) 

 
ɝɞɟ ːߛ  – ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ; ℎː – ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ, ℎː = ʹ ˏ; 𝜑ː – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ, 𝜑ː = ʹͲ. 

ː݌  = ͳͲ ∙ ʹ ∙ ଶ݃ݐ ቀͶͷ − ଶ଴ଶ ቁ = ͻ,ͺ ˍʜ/ˏଶ                                                            (6.82) 

 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1ɩ.ɦ. 
ːܧ  = ˓ː∙ℎːଶ = ଽ,଼∙ଶଶ = ͻ,ͺ ˍʜ                                                                             (6.83) 

 
Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ȼȻ: 
ଵ݌  = ːߛ ∙ ℎː ∙ ଶ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ − ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ,                                  (6.84) 

ଵ݌  = ͳͲ ∙ ʹ ∙ ଶ݃ݐ ቀͶͷ − ଷ଻ଶ ቁ − ʹ ∙ ͳͳͲ ∙ ݃ݐ ቀͶͷ − ଷ଻ଶ ቁ = −ͳͲͷ ˍʜ/ˏଶ        (6.85) 

 
ȼ ɬɨɱɤɟ ɧɚ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɪɭɧɬɚ ɬɨɥɳɢɧɨɣ ℎˆ˓ , ɝɞɟ ɞɟɣɫɬɜɭɟɬ ɜɟɫ 

ɧɚɧɨɫɨɜ ɢ ɜɟɫ ɝɪɭɧɬɚ, ɚɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ: 
ଶ݌  = ሺːߛ ∙ ℎː + γˆ˓ ∙ ℎˆ˓ሻ ∙ ଶ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ − ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ,             (6.86) 
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ଶ݌ = ሺͳͲ ∙ ʹ + ͳͺ,Ͳͷ ∙ ʹሻ ∙ ଶ݃ݐ ቀͶͷ − ଷ଻ଶ ቁ − ʹ ∙ ͳͳͲ ∙ ቀͶͷ − ଷ଻ଶ ቁ = −ͻ͸ ˍʜ/ˏଶ,  

 
ɝɞɟ γˆ˓ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 γˆ˓ = γˆ˓˔˖˘ − ሺͳ − nሻ ∙ γ˅ = ʹͺ − ሺͳ − Ͳ,ͲͲͷሻ ∙ ͳͲ = ͳͺ,Ͳͷ ˍʜ/ˏଷ,          (6.87) 
 

ɝɞɟ n – ɩɨɪɢɫɬɨɫɬɶ ɫɭɯɨɝɨ ɝɪɭɧɬɚ, ɞɥɹ ɝɪɚɧɢɬɚ n = Ͳ,ͲͲͷ; 
c – ɫɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ, ɪɚɜɧɨɟ 110 ɤɉɚ. 
 
ɑɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ 1 

ɩ.ɦ: 
 ʔ˃ = ௣భ+௣మଶ = −ଵ଴ହ−ଽ଺ଶ = −ͳͲͳ ˍʜ                                                               (6.88) 

 
Ɍɚɤ ɤɚɤ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɬɪɢɰɚɬɟɥɶɧɨ, ɬɨ ɚɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 

ɧɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɟ ɫɨɨɪɭɠɟɧɢɟ ɨɬɫɭɬɫɬɜɭɟɬ. 
 
ɉɚɫɫɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
˓ˆ݌  = ߛ̂ ˓ ∙ ℎˆ˓ ∙ ଶ݃ݐ ቀͶͷ + 𝜑ˆ˓ଶ ቁ + ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ + 𝜑ˆ˓ଶ ቁ,                              (6.89) 

˓ˆ݌  = ͳͺ,Ͳͷ ∙ ʹ ∙ ଶ݃ݐ ቀͶͷ + ଷ଻ଶ ቁ + ʹ ∙ ͳͳͲ ∙ ݃ݐ ቀͶͷ + ଷ଻ଶ ቁ = ͷͺ͸ ˍʜ/ˏଶ, 

˔˃˒ܧ  = ˓ˆ˓∙ℎˆ˓ଶ = ହ଼଺∙ଶଶ = ͷͺ͸ ˍʜ                                                                     (6.90) 

 
6.5.6 ȼɨɥɧɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 

ɭɩɪɨɳɟɧɧɨ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ʌ. Ɇɨɠɟɜɢɬɢɧɨɜɚ: 
 ܹ˅ ˑˎː = ଵଶ ߛ˅ ∙ ℎଵ% ∙ (λౚ𝜋 + ℎబଶ ),                                                                     (6.91) 

 ܹ˅ ˑˎː = ଵଶ ∙ ͳͲ ∙ ʹ,ͳ͵ ∙ ቀଶଷ,ସ଴𝜋 + ଴,଺ଵଶ ቁ = ͺʹ,ͷ͹ ˍʜ/ˏ,  

 
ɝɞɟ ℎଵ% – ɜɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ, ℎଵ% = ʹ,ͳ͵ ˏ; λୢ – ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ, λୢ = ʹ͵,ͶͲ ˏ. 

 ℎ଴ = 𝜋∙ℎభ%మλౚ = 𝜋∙ଶ,ଵଷమଶଷ,ସ଴ = Ͳ,͸ͳ ˏ                                                                   (6.92) 
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ɉɥɟɱɨ ɫɢɥɵ ܹ˅ ˑˎː ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɪɨɜɧɹ ɩɨɤɨɹ ȼȻ: 
௖ݕ  = λౚଶ𝜋 − ଷ଼ ℎଵ% = ଶଷ,ସ଴ଶ𝜋 − ଷ଼ ∙ ʹ,ͳ͵ = ʹ,ͻ͵  ˏ                                                     (6.93) 

 
6.6 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
6.6.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ 
 
Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɦɟɬɨɞɭ 

ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɟɪɜɨɣ ɝɪɭɩɩɵ (ɩɨ ɧɟɩɪɢɝɨɞɧɨɫɬɢ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ). 
Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɛɟɡ ɭɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ⱦɥɹ ɨɰɟɧɤɢ 
ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɜɜɨɞɹɬɫɹ ɤɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɟ 
ɪɚɫɱɟɬɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɥɨɬɢɧɟ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ 
ɤɪɢɬɟɪɢɹɦɢ ɩɪɨɱɧɨɫɬɢ. 

ɂɫɯɨɞɹ ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɜ ɪɚɫɱɟɬɟ ɩɥɨɬɢɧɵ ɫɠɢɦɚɸɳɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɫɨ ɡɧɚɤɨɦ «–», ɚ ɪɚɫɬɹɝɢɜɚɸɳɚɹ ɫɨ ɡɧɚɤɨɦ «+».  

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɨɜ ɫɨɫɬɚɜɥɹɟɬɫɹ ɬɚɛɥɢɰɚ 6.3, ɜ ɤɨɬɨɪɭɸ ɜɧɟɫɟɧɵ ɜɫɟ 
ɧɚɝɪɭɡɤɢ, ɭɦɧɨɠɟɧɧɵɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ. 

 
Ɍɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ ɪɚɫɫɱɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɝɪɚɦɦɵ AutoCAD. 
 

Ɍɚɛɥɢɰɚ 6.3 – Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ ʜ˃ˆ˓˖ˊˍˋ ߛ௙ ʜ˃˒˓˃˅ˎˈːˋˈ ˔ˋˎ˞ ʠˋˎ˃, ˍʜ ɋɢɥɚ ߛ௙, ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, ɤɇ∙ɦ ʑܶʐ ͳ  ͳ͵ͷʹͲ 13520 17,04 230380,8 ʜܶʐ ͳ  ʹͻ,͹͹ 29,77 -0,81 -24,1 ܩ˒ˎ Ͳ,ͻͷ  ʹͲͶͳͲ 19389,12 -6,44 -124865,9 ܩ˄ Ͳ,ͻͷ  ͸ͳ͹͵ 5864,16 -7,17 -42046,0 ܹ˅ ˊ ͳ  ͺͷͶ 854 0 0,0 ˗ܹ ͳ  ͵ͶͺͲ 3480 8,28 28814,4 ʔː ͳ,ʹ  ͻ,ͺ 11,76 2,67 31,4 ʔ˒˃˔ Ͳ,ͺ  ͷͺ͸ 468,8 -0,67 -314,1 ܹ˅ ˑˎː ͳ  ͺʹ,ͷ͹ 82,57 46,1 3806,5 ݍˊ Ͳ,ͻ  ͸͸ 59 -14,49 -861,8 

 ∑ ܯ = ͻͶͻʹͳ  ˍʜ ∙ ˏ, 
 ∑ ܰ = ˎ˒ܩ + ˄ܩ + ˊݍ − ܹ˅ ˊ − ˗ܹ,                                                              (6.94) 
 ∑ ܰ = ͳͻ͵ͺͻ,ͳʹ + ͷͺ͸Ͷ,ͳ͸ + ͷͻ − ͺͷͶ − ͵ͶͺͲ = ʹͲͻ͹ͻ ˍʜ  
 
Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 



 

82 
 

𝜎௬௨ = − ே஻˒ + ଺ ∑ ெ஻మ˒ = − ଶ଴ଽ଻ଽଷହ + ଺∙ଽସଽଶଵଷହమ = −ͳ͵Ͷ,ͷ ˍʞ˃,                                 (6.95) 

 
ɝɞɟ ∑  .ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ – ˒ܤ ;ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɨɞɨɲɜɭ – ܯ

 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௫௨ = 𝜎௬௨ ∙ ݉௨ଶ − ௪ߛ ∙ ௗ௨ܪ ∙ ሺͳ − ݉௨ଶሻ = −ͳ͵Ͷ,ͷ ∙ Ͳଶ − ͳͲ ∙ ͷʹ ∙ ሺͳ − Ͳଶሻ =     = −ͷʹͲ ˍʞ˃,                                                                                                                     (6.96) 
 

ɝɞɟ ݉௨ – ɡɚɥɨɠɟɧɢɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɧɚ ɭɪɨɜɧɟ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ; ܪௗ௨ – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ȼȻ, ɦ; ߛ௪ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, ɤɇ/ɦ3. 
 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 𝜏௫௬௨ = ௪ߛ) ∙ ௗ௨ܪ + 𝜎௬௨) ∙ ݉௨ = ሺͳͲ ∙ ͷʹ − ͳ͵Ͷ,ͷሻ = Ͳ ˍʞ˃                         (6.97) 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଵ௨ = 𝜎௬௨ ∙ ሺͳ + ݉௨ଶሻ + ௪ߛ ∙ ௗ௨ܪ ∙ ݉௨ଶ = −ͳ͵Ͷ,ͷ ∙ ሺͳ + Ͳଶሻ + ͳͲ ∙ ͷʹ ∙ Ͳଶ =     = −ͳ͵Ͷ,ͷ ˍʞ˃                                                                                                                     (6.98) 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ʖ௨ = ௪ߛ− ∙ ௗ௨ܪ = −ͳͲ ∙ ͷʹ = −ͷʹͲ ˍʞ˃                                                    (6.99) 
 
Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௬௧ = − ே஻˒ − ଺ ∑ ெ஻మ˒ = − ଶ଴ଽ଻ଽଷହ − ଺∙ଽସଽଶଵଷହమ = −ͳͲ͸Ͷ,͵ ˍʞ˃,                               (6.100) 

 
ɝɞɟ ∑  .ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ; ܰ – ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ – ˒ܤ ;ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɨɞɨɲɜɭ – ܯ

 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௫௧ = 𝜎௬௧ ∙ ݉௧ଶ − ௪ߛ ∙ ௗ௧ܪ ሺͳ − ݉௧ଶሻ = −ͳͲ͸Ͷ,͵ ∙ Ͳ,͸͹ଶ − ͳͲ ∙ ʹ,ͶͶ ∙ ሺͳ − −Ͳ,͸͹ଶሻ = −Ͷͻͳ,ʹ ˍʞ˃,                                                                                                  (6.101) 
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ɝɞɟ ݉௧ – ɡɚɥɨɠɟɧɢɟ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɧɚ ɭɪɨɜɧɟ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ; ܪௗ௧  – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɇȻ, ɦ; ߛ௪ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, ɤɇ/ɦ3. 
 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 𝜏௫௬௧ = ௪ߛ)− ∙ ௗ௧ܪ + 𝜎௬௧) ∙ ݉௧ = −(ͳͲ ∙ ʹ,ͶͶ + ሺ−ͳͲ͸Ͷ,͵ሻ) ∙ Ͳ,͸͹ =                  = ͻ͸ͻ,͹ ˍʞ˃                                                                                                                (6.102) 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ʖ௧ = 𝜎௬௧ሺͳ + ݉௧ଶሻ + ௪ߛ ∙ ௗ௧ܪ ∙ ݉௧ଶ = −Ͷͻͳ,ʹ ∙ ሺͳ + Ͳ,͸͹ଶሻ + ͳͲ ∙ ʹ,ͶͶ ∙              ∙  Ͳ,͸͹ଶ = −ͳͷ͵ͳ ˍʞ˃                                                                                                    (6.103) 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଵ௧ = ௪ߛ− ∙ ௗ௧ܪ = −ͳͲ ∙ ʹ,ͶͶ = −ʹͶ,Ͷˍʞ˃                                                      (6.104) 
 
ɇɚɩɪɹɠɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɥɨɬɢɧɭ, ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 6.4. 
 

Ɍɚɛɥɢɰɚ 6.4 – Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɥɨɬɢɧɭ 
ɇɚɩɪɹɠɟɧɢɟ ɇɚɩɨɪɧɚɹ ɝɪɚɧɶ ɇɢɡɨɜɚɹ ɝɪɚɧɶ 𝜎௬ -134,5 -1064,3 𝜎௫ -520 -491,2 𝜏௫௬ 0 696,7 𝜎ଵ -134,5 -24,4 𝜎ଷ -520 -1531 

 
ɋɛɨɪ ɧɚɝɪɭɡɨɤ ɧɚ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɢ ɷɩɸɪɵ ɧɚɩɪɹɠɟɧɢɣ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ƚ, ɪɢɫɭɧɨɤ Ƚ1. 
 
6.6.2 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɢ ɟɟ ɨɫɧɨɜɚɧɢɹ 
 
ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ ɪɚɫɱɟɬɨɜ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ 

ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
 
1. ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
௡ߛ   ∙ ௟௖ߛ ∙ |𝜎ଷ| ൑ ௖ߛ ∙ ܴ௕,                                                                                (6.105) 
 

ɝɞɟ ߛ௡ = ͳ,ʹͷ  – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ;  ߛ௟௖ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ; 
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௖ௗߛ = Ͳ,ͻ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ. 

 ܴ௕ ൒ ఊ೙ ∙ఊ೗೎∙|𝜎య೘𝑎𝑥|ఊ೎ = ଵ,ଶହ∙଴,ଽ∙ଵହଷଵଵ = ͳ͹ʹʹ,ͷ ˍʜ/ˏଶ                                    (6.106) 

 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɬ.ɤ.: 
 ͳ͹ʹʹ,ͷ ˍʜ/ˏଶ ൑ ʹͺͲͲ ˍʜ/ˏଶ  
 
ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɨɝɨ ɭɫɥɨɜɢɹ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɬɫɹ ɤɥɚɫɫ ɛɟɬɨɧɚ ȼ5 

ɫ ɪɚɫɱɟɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ ܴ௕ = ʹͺͲͲ ˍʜ/ˏଶ, ɤɨɬɨɪɵɣ 
ɧɟɨɛɯɨɞɢɦɨ ɭɥɨɠɢɬɶ ɜ ɡɨɧɟ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɫɠɢɦɚɸɳɢɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ.  

 
2. ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ: 
 𝜎௬௨ < Ͳ  
 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 𝜎௬௨ = −ͳ͵Ͷ,ͷ ɤɉɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
3. ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 
 |𝜎௬௨| ൒ Ͳ,ʹͷ ∙ ௪ߛ ∙  ௗ௨,                                                                                 (6.107)ܪ
 |−ͳ͵Ͷ,ͷ | ൒ Ͳ,ʹͷ ∙ ͳͲ ∙ ͷʹ, 
 
ɬ.ɟ. ͳ͵Ͷ,ͷ ˍʜ/ˏଶ ൒ ͳ͵Ͳ ˍʜ/ˏଶ  
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
6.6.3 Ɉɫɧɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ 
 
ɉɥɨɬɢɧɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɫɞɜɢɝ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ – ɩɨ 

ɩɨɬɟɪɟ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. 
ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɥɨɬɢɧɚ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ 

ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ:  
 ோ∙ఊ೎೏ி∙ఊ೗೎ ൒  ௡,                                                                                                      (6.108)ߛ

 
ɝɞɟ ߛ௡ = ͳ,ʹͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ; ߛ௟௖ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ; 
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௖ௗߛ = Ͳ,ͻͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ. 

 ܴ = ˄ܩ) + ˎ˒ܩ − ܹ˅ ˊ˅ − ˗ܹ + (ˊݍ ∙ 𝜑݃ݐ + ʔ˒˃˔ ∙ ′௖ߛ + ܿ ∙ ˒ܤ = ሺ͸ͳ͹͵ + +ʹͲͶͳͲ −−ͺͷͶ − ͵ͶͺͲ + ͷͻሻ ∙ Ͳ,͹ͷ + Ͷ͸ͺ,ͺ ∙ Ͳ,͹ + ͳͳͲ ∙ ͵ͷ = ͳͻͻͳʹˍʜ/ˏଶ,                     (6.109) 
 

ɝɞɟ ݃ݐ𝜑 – ɬɚɧɝɟɧɫ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɞɥɹ ɝɪɚɧɢɬɚ 0,75; ܿ – ɫɰɟɩɥɟɧɢɟ ɞɥɹ ɝɪɭɧɬɚ, 110 ɤɇ/ɦ2; ܤ˒ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 35ɦ. 
 
ɋɞɜɢɝɚɸɳɚɹ ɫɢɥɚ: 
 F = ܶ˅ ˄ − ܶː ˄ + ܹ˅ ˑˎː + ːܧ = ͳ͵ͷʹͲ − ʹͻ,͹͹ + ͺʹ,ͷ͹ + ͳͳ,͹͸ =                  = ͳ͵ͷͺͷ ˍʜ/ˏଶ,                                                                                               (6.110) 
 ଵଽଽଵଶ ∙଴,ଽହଵଷହ଼ହ∙ଵ ൒ ͳ,ʹͷ,  

 ͳ,͵ͻ > ͳ,ʹͷ, ɩɨɷɬɨɦɭ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 



 

86 
 

7 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɨɯɪɚɧɟ ɬɪɭɞɚ 

 
7.1 ɋɜɟɞɟɧɢɹ ɨ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
ɇɚɜɨɞɧɟɧɢɹ ɧɚ Ⱦɚɥɶɧɟɦ ȼɨɫɬɨɤɟ ɡɚɫɬɚɜɢɥɢ ɡɚɞɭɦɚɬɶɫɹ ɨ ɪɟɚɥɢɡɚɰɢɢ 

ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɫɧɢɠɟɧɢɟ ɭɳɟɪɛɚ ɜ ɪɟɝɢɨɧɟ, ɨɬ ɬɚɤɨɝɨ ɪɨɞɚ 
ɫɬɢɯɢɣɧɵɯ ɛɟɞɫɬɜɢɣ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɛɨɪɶɛɵ ɫ ɧɚɜɨɞɧɟɧɢɹɦɢ 
ɹɜɥɹɟɬɫɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɪɟɝɭɥɢɪɭɸɳɢɯ ɜɨɞɨɯɪɚɧɢɥɢɳ, ɫɩɨɫɨɛɧɵɯ ɡɚɞɟɪɠɢɜɚɬɶ 
ɩɚɜɨɞɤɨɜɵɣ ɫɬɨɤ (ɩɪɨɬɢɜɨɩɚɜɨɞɤɨɜɵɟ ɝɢɞɪɨɭɡɥɵ). ɉɨɫɤɨɥɶɤɭ ɇɢɦɚɧ ɹɜɥɹɟɬɫɹ 
ɩɪɚɜɵɦ ɩɪɢɬɨɤɨɦ ɪɟɤɢ Ȼɭɪɟɹ, ɜɨɡɜɟɞɟɧɢɟ Ƚɗɋ ɩɨɡɜɨɥɢɬ ɡɧɚɱɢɬɟɥɶɧɨ ɨɛɥɟɝɱɢɬɶ 
ɪɚɛɨɬɭ Ȼɭɪɟɣɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɢɬɭɚɰɢɸ ɩɨ ɛɨɪɶɛɟ ɫ 
ɩɚɜɨɞɤɚɦɢ. 

Ɇɟɫɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝɢɞɪɨɭɡɥɚ ɧɟ ɪɚɫɩɨɥɨɠɟɧɨ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɡɚɩɨɜɟɞɧɵɯ 
ɢ ɨɫɨɛɨɨɯɪɚɧɹɟɦɵɯ ɡɨɧ. Ȼɥɢɠɚɣɲɚɹ ɡɚɩɨɜɟɞɧɚɹ ɡɨɧɚ «Ȼɭɪɟɢɧɫɤɢɣ ɡɚɩɨɜɟɞɧɢɤ» 
ɪɚɫɩɨɥɨɠɟɧɚ ɩɪɢɦɟɪɧɚ ɜ 53 ɤɦ ɨɬ ɦɟɫɬɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝɢɞɪɨɭɡɥɚ. Ɂɚɩɨɜɟɞɧɢɤ 
ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ȼɟɪɯɧɟɛɭɪɟɢɧɫɤɨɝɨ ɪɚɣɨɧɚ ɏɚɛɚɪɨɜɫɤɨɝɨ ɤɪɚɹ ɜ 
ɛɚɫɫɟɣɧɚɯ ɪɟɤ Ʌɟɜɚɹ ɢ ɉɪɚɜɚɹ Ȼɭɪɟɹ. 

Ƚɨɪɧɵɣ ɯɪɟɛɟɬ ɗɡɨɩ, ɨɬɤɭɞɚ ɧɚɱɢɧɚɟɬɫɹ ɪɟɤɚ ɇɢɦɚɧ ɜ ɏɚɛɚɪɨɜɫɤɨɦ ɤɪɚɟ, 
ɹɜɥɹɟɬɫɹ ɫɟɜɟɪɧɵɦ ɩɪɨɞɨɥɠɟɧɢɟɦ Ȼɭɪɟɢɧɫɤɨɝɨ ɯɪɟɛɬɚ. ȼ ɜɟɪɯɧɟɦ ɬɟɱɟɧɢɢ ɭ 
ɪɟɤɢ ɇɢɦɚɧ ɬɢɩɢɱɧɨ ɝɨɪɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɧɟɫɤɨɥɶɤɨ ɩɨɪɨɝɨɜ ɜɨɡɜɵɲɚɸɬɫɹ ɧɚɞ 
ɜɨɞɧɨɣ ɝɥɚɞɶɸ. Ȼɟɪɟɝɚ ɩɨɤɪɵɬɵ ɥɢɫɬɜɟɧɧɵɦɢ ɥɟɫɚɦɢ ɢ ɬɨɥɫɬɵɦ ɫɥɨɟɦ ɦɯɚ. 
ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɨɱɜ ɹɜɥɹɟɬɫɹ ɢɯ ɦɚɥɨɦɨɳɧɨɫɬɶ. ɇɚ ɝɨɪɧɵɯ ɫɤɥɨɧɚɯ 
ɬɨɥɳɢɧɚ ɩɨɱɜɟɧɧɨɝɨ ɫɥɨɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 10-25 ɫɦ, ɩɪɢɱɟɦ ɷɬɨɬ ɫɥɨɣ ɧɚɩɨɥɨɜɢɧɭ 
ɫɨɫɬɨɢɬ ɢɡ ɨɛɥɨɦɤɨɜ ɝɨɪɧɵɯ ɩɨɪɨɞ. 

Ɋɚɫɬɢɬɟɥɶɧɵɣ ɩɨɤɪɨɜ ɞɨɦɢɧɢɪɭɸɬ – ɥɢɫɬɜɟɧɧɢɰɚ Ʉɚɹɧɞɟɪɚ, ɟɥɶ ɚɹɧɫɤɚɹ, 
ɤɟɞɪɨɜɵɣ ɫɬɥɚɧɢɤ, ɛɟɪɟɡɚ ɤɚɦɟɧɧɚɹ, ɬɨɩɨɥɶ ɞɭɲɢɫɬɵɣ. Ʉɥɚɫɫɢɱɟɫɤɢɯ ɟɥɶɧɢɤɨɜ 
ɨɱɟɧɶ ɦɚɥɨ (ɤɚɤ ɜɟɡɞɟ ɧɚ ɞɚɥɶɧɟɦ ɜɨɫɬɨɤɟ). ɇɚ ɧɢɠɧɟɦ ɩɨɹɫɟ ɜɫɬɪɟɱɚɟɬɫɹ ɟɳɟ ɢ 
ɩɢɯɬɚ. ɂ, ɧɚɨɛɨɪɨɬ, ɧɚ ɜɟɪɯɧɢɯ – ɤɟɞɪɨɜɵɣ ɫɬɥɚɧɢɤ ɢ ɨɥɶɯɨɜɧɢɤ ɤɭɫɬɚɪɧɢɤɨɜɵɣ. 
ɇɟɛɨɥɶɲɚɹ ɞɨɥɹ ɨɬɜɨɞɢɬɫɹ ɢ ɲɢɪɨɤɨɥɢɫɬɜɟɧɧɵɦ ɥɟɫɚɦ. 

ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɨɛɥɚɞɚɸɬ ɪɹɛɱɢɤ, ɝɥɭɯɚɪɶ, ɤɟɞɪɨɜɤɚ, ɫɜɢɪɢɫɬɟɥɶ, ɛɟɥɚɹ 
ɤɭɪɨɩɚɬɤɚ, ɜ ɨɬɞɟɥɶɧɵɯ ɪɚɣɨɧɚɯ ɨɛɢɬɚɟɬ ɮɚɡɚɧ. ɂɡ ɜɨɞɨɩɥɚɜɚɸɳɢɯ ɩɬɢɰ ɤɪɚɣ 
ɧɚɫɟɥɹɸɬ ɝɭɫɢ, ɤɪɨɯɚɥɢ, ɭɬɤɢ. 

ȼ ɪɟɤɟ ɇɢɦɚɧ ɨɛɢɬɚɸɬ ɯɚɪɢɭɫ, ɥɟɧɨɤ, ɬɚɣɦɟɧɶ, ɳɭɤɚ ɢ ɞɪɭɝɢɟ ɜɢɞɵ ɪɵɛ. 
Ɉɫɧɨɜɧɵɟ ɥɟɫɧɵɟ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɜ ɏɚɛɚɪɨɜɫɤɨɦ ɤɪɚɟ: ɥɢɫɢɰɚ, ɜɨɥɤ, ɪɵɫɶ, 

ɚɦɭɪɫɤɢɣ ɬɢɝɪ. Ɍɚɤɠɟ ɜ ɥɟɫɚɯ ɜɫɬɪɟɱɚɸɬɫɹ ɥɨɫɢ, ɤɨɫɭɥɢ, ɨɥɟɧɢ, ɤɚɛɚɪɝɚ ɢ ɤɚɛɚɧɵ. 
ɀɢɜɨɬɧɵɟ, ɡɚɧɟɫɟɧɧɵɟ ɜ Ʉɪɚɫɧɭɸ ɤɧɢɝɭ - ɠɭɠɟɥɢɰɚ, ɚɦɭɪɫɤɢɣ ɤɨɬ, ɛɟɥɨɳɟɤɚɹ 
ɤɪɚɱɤɚ, ɚɦɭɪɫɤɢɣ ɩɨɥɨɡ, ɛɟɥɚɹ ɫɨɜɚ, ɚ ɬɚɤɠɟ ɫɟɪɵɣ ɠɭɪɚɜɥɶ.  

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 ɇɢɦɚɧ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɭɱɚɫɬɤɟ ɨɬɧɨɫɢɬɫɹ ɤ ɜɨɞɧɨɦɭ 
ɨɛɴɟɤɬɭ ɜɵɫɲɟɣ ɤɚɬɟɝɨɪɢɢ ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɩɨɷɬɨɦɭ ɢ ɜ ɩɟɪɢɨɞ 
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ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɢ ɜ ɩɟɪɢɨɞ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɭɡɥɚ ɫɛɪɨɫ ɫɬɨɱɧɵɯ 
ɜɨɞ ɜ ɪɟɤɭ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɦɢ ɉȾɄ. 

 
7.2 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
ȼ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ 

ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɚ ɬɚɤɠɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɦɢɧɢɦɚɥɢɡɚɰɢɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ 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. 
ȼ ɪɚɦɤɚɯ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ 

ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɨɱɢɫɬɤɭ ɥɨɠɚ ɨɬ ɞɪɟɜɟɫɧɨɣ ɢ 
ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɨɫɬɚɬɤɨɜ ɫɬɪɨɟɧɢɣ ɢ ɦɭɫɨɪɚ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɟ ɧɚɫɟɥɟɧɧɵɯ 
ɩɭɧɤɬɨɜ, ɩɨɩɚɞɚɸɳɢɯ ɜ ɡɨɧɭ ɡɚɬɨɩɥɟɧɢɹ, ɩɨɞɬɨɩɥɟɧɢɹ, ɛɟɪɟɝɨɨɛɪɭɲɟɧɢɹ, 
ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ: 

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

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

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

 
7.3 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
 
ɋɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɩɟɪɟɫɟɥɟɧɢɢ 

ɠɢɬɟɥɟɣ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ, ɩɨɞɥɟɠɚɬ ɭɞɚɥɟɧɢɸ ɫɨɨɪɭɠɟɧɢɹ, ɡɚɱɢɳɚɟɬɫɹ 
ɬɟɪɪɢɬɨɪɢɹ, ɫɬɪɨɢɬɟɥɶɧɵɣ ɦɭɫɨɪ ɫɠɢɝɚɟɬɫɹ ɢɥɢ ɠɟ ɜɵɜɨɡɢɬɫɹ, ɨɬɯɨɞɵ 
ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɢ ɬɚɤɠɟ ɜɵɜɨɡɹɬɫɹ. 
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7.4 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. 
ܯ  = ே∙௤ଵ଴଴% ∙ 𝜌,                                                                                                    (7.1) 

 
ɝɞɟ ܰ – ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ, ɦ3 (605910 ɦ3); ݍ – ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (1,8= ݍ%); 𝜌 – ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɬ/ɦ3 (𝜌 = 2,5 ɬ/ɦ3). 

ܯ  = ଺଴ହଽଵ଴∙ଵ,଼ଵ଴଴% ∙ ʹ,ͷ = ʹ͹ʹ͸͸ ˕  

 
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 %. 

ܯ  = ே∙௤ଵ଴଴% ∙ 𝜌,                                                                                                     (7.2) 

 
ɝɞɟ ܰ – ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ, ɬ (60591 ɬ), (10% ɨɬ ɨɛɴɟɦɚ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ); ݍ – ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (1,0= ݍ%); 𝜌 – ɭɞɟɥɶɧɵɣ ɜɟɫ ɚɪɦɚɬɭɪɵ, ɬ/ɦ3 (𝜌 =2,0 ɬ/ɦ3). 

ܯ  = ଺଴ହଽଵ∙ଵ,଴ଵ଴଴% ∙ ʹ,Ͳ = ͳʹͳʹ ˕  

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɨɛɪɚɡɨɜɚɧɨ 27266 ɬ ɥɨɦɚ 

ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ (ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ), 1212 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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7.5 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 
ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 

 
ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ 

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

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

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

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

ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ ɨɫɧɨɜɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ ɩɨ ɨɯɪɚɧɟ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɹɜɥɹɸɬɫɹ: 

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

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

ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ. 
ɋɨɝɥɚɫɧɨ 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. 

Ɋɟɠɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɨɧ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ ɢɫɬɨɱɧɢɤɨɜ (ɁɋɈ) ɩɢɬɶɟɜɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɨɫɟɥɤɨɜ, ɜ ɩɪɟɞɟɥɚɯ ɩɪɨɦɩɥɨɳɚɞɨɤ ɨɛɴɟɤɬɨɜ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ 
ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ ɬɪɟɛɨɜɚɧɢɹɦɢ ɋɚɧɉɢɇ 2.1.4.1110-02. 

 
7.6 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
 
ɇɢɦɚɧɫɤɚɹ Ƚɗɋ ɫɨɝɥɚɫɧɨ ɩɪɨɟɤɬɭ, ɨɬɧɨɫɢɬɫɹ ɤ I ɤɥɚɫɫɭ ɩɨ ɤɚɩɢɬɚɥɶɧɨɫɬɢ 

ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɫɥɭɠɛɵ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. 

ȼ ɫɥɭɱɚɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɦɚɫɲɬɚɛɧɨɣ ɚɜɚɪɢɢ ɧɚ Ƚɗɋ, ɬɚɤɨɣ ɤɚɤ ɩɪɨɪɵɜ 
ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ, ɩɨɫɥɟɞɫɬɜɢɹ ɦɨɝɭɬ ɛɵɬɶ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɦɢ ɞɥɹ ɜɫɟɝɨ 
ɪɟɝɢɨɧɚ. ɉɨ ɬɨɦɭ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɩɟɪɜɨɫɬɟɩɟɧɧɵɯ ɡɚɞɚɱ, ɚ ɜɫɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɛɭɞɟɬ ɥɟɠɚɬɶ ɧɚ 
ɫɨɛɫɬɜɟɧɧɢɤɟ Ƚɗɋ. 
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ɋɨɞɟɪɠɚɧɢɟ ɢ ɩɨɪɹɞɨɤ ɫɨɫɬɚɜɥɟɧɢɹ Ⱦɟɤɥɚɪɚɰɢɢ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ 
ɭɬɜɟɪɠɞɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɡɚɤɨɧɚ «Ɉ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ». Ƚɨɫɷɤɫɩɟɪɬɢɡɚ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɣ ɧɚ ɜɫɟɦ 
ɷɬɚɩɟ ɠɢɡɧɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

ȼ ɫɨɫɬɚɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɞɨɥɠɧɚ ɜɯɨɞɢɬɶ ɫɥɭɠɛɚ 
ɦɨɧɢɬɨɪɢɧɝɚ. Ɂɚɞɚɱɟɣ ɷɬɨɝɨ ɫɩɟɰɩɨɞɪɚɡɞɟɥɟɧɢɹ ɛɭɞɟɬ ɨɰɟɧɤɚ, ɜɢɡɭɚɥɶɧɵɣ 
ɨɫɦɨɬɪ ɢ ɪɚɛɨɬɚ ɫ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ. 

 
7.7 ɉɪɨɬɢɜɨɩɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
 
Ʉɨɦɩɥɟɤɫ ɦɟɪ ɩɨ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɢ ɫɪɟɞɫɬɜɚ 

ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
Ɏɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɨ «ɉɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ», ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦɢ ɢ 
ɜɟɞɨɦɫɬɜɟɧɧɵɦɢ ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ. Ɉɯɪɚɧɚ ɬɪɭɞɚ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ 
ɬɚɤɠɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɡɭɱɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ ɪɚɛɨɬɧɢɤɨɜ ɢ 
ɪɭɤɨɜɨɞɢɬɟɥɟɣ. 

Ɇɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɟ ɩɨɠɚɪɧɨɣ ɱɚɫɬɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɜ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɝɢɞɪɨɭɡɥɚ. 

ɍɱɚɫɬɤɢ ɫɬɚɧɰɢɢ ɨɫɧɚɳɚɸɬɫɹ ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ, ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶ ɡɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɦ ɫɨɫɬɨɹɧɢɟɦ 
ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɩɭɫɤɨɦ ɫɢɫɬɟɦɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ. 
Ʉɨɧɬɪɨɥɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɨɜ ɩɨɠɚɪɨɬɭɲɟɧɢɹ, ɤɨɬɨɪɵɦɢ 
ɨɫɧɚɳɚɸɬɫɹ ɨɛɴɟɤɬɵ. 

Ɉɛɴɟɤɬɚɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɨɞɹɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɧɚ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ 
ɹɜɥɹɸɬɫɹ: 

 ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɵ ȼȽɋ 650/130-32; 
 ɤɚɛɟɥɶɧɵɟ ɫɨɨɪɭɠɟɧɢɹ; 
 ɫɬɚɧɰɢɨɧɧɨɟ ɦɚɫɥɨɯɨɡɹɣɫɬɜɨ; 
 ɢ ɬ.ɞ. 
ɇɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚɯ Ƚɗɋ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɡɚɳɢɬɵ, 

ɤɨɬɨɪɵɟ ɫɢɝɧɚɥɢɡɢɪɭɸɬ ɨ ɧɚɥɢɱɢɢ ɜɨɡɝɨɪɚɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɨɝɧɟɝɚɫɹɳɟɝɨ 
ɜɟɳɟɫɬɜɚ ɩɪɢɦɟɧɹɟɬɫɹ ɪɚɫɩɵɥɟɧɧɚɹ ɜɨɞɚ. ɉɨɠɚɪɨɬɭɲɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɜɪɭɱɧɭɸ. 

ȼ ɬɭɧɧɟɥɹɯ ɫ ɤɚɛɟɥɹɦɢ ɪɚɡɦɟɳɟɧ 1 ɞɚɬɱɢɤ ɧɚ 50 ɦɟɬɪɨɜ ɬɭɧɧɟɥɹ. 
ɋɨɨɪɭɠɟɧɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɜɨɞɹɧɭɸ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ. Ɋɚɡ ɜ ɫɭɬɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɯɨɞ. 

Ɇɚɫɥɹɧɨɟ ɯɨɡɹɣɫɬɜɨ ɫ ɪɟɡɟɪɜɭɚɪɚɦɢ, ɦɚɫɥɨɨɱɢɫɬɢɬɟɥɶɧɨɣ ɢ 
ɪɟɝɟɧɟɪɚɰɢɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ, ɜɯɨɞɹɳɟɟ ɜ ɫɨɫɬɚɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɦɚɫɬɟɪɫɤɨɣ, ɪɚɡɦɟɳɚɟɬɫɹ ɜ ɫɨɨɪɭɠɟɧɢɢ 
ɝɢɞɪɨɭɡɥɚ. Ɇɚɫɥɹɧɨɟ ɯɨɡɹɣɫɬɜɨ ɤɚɤ ɢɫɬɨɱɧɢɤ ɩɨɜɵɲɟɧɧɨɣ ɨɩɚɫɧɨɫɬɢ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɭɫɬɪɨɣɫɬɜɨ ɧɨɜɟɣɲɢɯ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ 
ɡɚɳɢɬ ɫ ɨɬɤɚɱɤɨɣ ɜɨɡɞɭɯɚ ɢɡ ɩɨɦɟɳɟɧɢɣ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɢ ɞɢɫɬɚɧɰɢɨɧɧɵɦ 
ɪɭɱɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ. 
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ɂɫɬɨɱɧɢɤɨɦ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫɢɫɬɟɦ ɩɨɠɚɪɨɬɭɲɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɧɢɠɧɢɣ 
ɛɶɟɮ. 

ɉɪɨɬɢɜɨɩɨɠɚɪɧɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ ɡɚɤɨɥɶɰɨɜɚɧɵ ɢ ɪɚɡɞɟɥɟɧɵ ɫɟɤɰɢɨɧɧɵɦɢ 
ɡɚɞɜɢɠɤɚɦɢ ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɧɟɩɪɟɪɵɜɧɭɸ ɩɨɞɚɱɭ ɜɨɞɵ ɜ ɩɪɨɬɢɜɨɩɨɠɚɪɧɭɸ 
ɫɢɫɬɟɦɭ Ƚɗɋ. Ɂɚɩɨɥɧɟɧɧɵɟ ɜɨɞɨɣ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɩɨɦɟɳɟɧɢɹɯ ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɟ ɦɟɧɟɟ +5°ɋ, ɩɪɨɤɥɚɞɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɬɤɪɵɬɨ. 

ȼɫɟ ɩɨɦɟɳɟɧɢɹ ɧɚ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ ɨɫɧɚɳɟɧɵ ɢɧɫɬɪɭɤɰɢɟɣ ɩɨ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɚɤɬɭɚɥɶɧɨɣ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ, ɚ ɬɚɤɠɟ ɫɪɟɞɫɬɜɚɦɢ 
ɩɟɪɜɢɱɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɜ ɧɟɨɛɯɨɞɢɦɨɦ ɞɥɹ ɷɬɨɝɨ ɨɛɴɟɦɟ. Ɂɚ ɤɚɠɞɵɦ 
ɩɨɦɟɳɟɧɢɟɦ ɞɨɥɠɧɨ ɛɵɬɶ ɡɚɤɪɟɩɥɟɧɨ ɥɢɰɨ, ɨɬɜɟɬɫɬɜɟɧɧɨɟ ɡɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɭɸ 
ɛɟɡɨɩɚɫɧɨɫɬɶ. Ʉɭɪɟɧɢɟ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɫɬɚɧɰɢɢ ɪɚɡɪɟɲɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɫɩɟɰɢɚɥɶɧɨ 
ɨɬɜɟɞɟɧɧɵɯ ɞɥɹ ɷɬɨɝɨ ɦɟɫɬɚɯ.  

ɉɨɞɝɨɬɨɜɤɚ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɟɪɫɨɧɚɥɚ, ɪɚɛɨɱɢɯ ɢ ɫɥɭɠɚɳɢɯ 
ɇɢɦɚɧɫɤɨɣ Ƚɗɋ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ 
ɩɨɥɨɠɟɧɢɣ: 

 ɜɜɨɞɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
 ɩɪɨɜɨɞɢɦɵɟ ɜ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɹɯ ɪɟɝɭɥɹɪɧɵɟ 

ɢɧɫɬɪɭɤɬɚɠɢ (ɩɟɪɜɢɱɧɵɣ, ɩɟɪɢɨɞɢɱɟɫɤɢɣ, ɜɧɟɩɥɚɧɨɜɵɣ ɢ ɰɟɥɟɜɨɣ), ɜ ɬɟɦɚɬɢɤɭ 
ɤɨɬɨɪɵɯ ɨɛɹɡɚɬɟɥɶɧɨ ɜɤɥɸɱɚɸɬɫɹ ɜɨɩɪɨɫɵ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

 ɫɩɟɰɢɚɥɶɧɚɹ ɩɨɞɝɨɬɨɜɤɚ ɩɟɪɫɨɧɚɥɚ; 
 ɡɚɧɹɬɢɹ ɩɨ ɩɨɠɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɦɭ ɦɢɧɢɦɭɦɭ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɤɚɬɟɝɨɪɢɣ ɩɟɪɫɨɧɚɥɚ; 
 ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɬɪɟɧɢɪɨɜɨɤ; 
 ɢɡɭɱɟɧɢɟ ɢ ɩɪɨɜɟɪɤɚ ɡɧɚɧɢɣ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. 
ȼɫɟ ɥɢɰɚ, ɩɪɢɲɟɞɲɢɟ ɧɚ ɪɚɛɨɬɭ, ɭɱɚɳɢɟɫɹ ɢ ɫɬɭɞɟɧɬɵ, ɩɪɨɯɨɞɹɳɢɟ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ ɢɥɢ ɩɪɟɞɞɢɩɥɨɦɧɭɸ ɩɪɚɤɬɢɤɭ ɧɚ ɇɢɦɚɧɫɤɭɸ Ƚɗɋ, ɞɨɥɠɧɵ 
ɩɪɨɣɬɢ ɜɜɨɞɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

Ɂɚɧɹɬɢɹ ɩɨ ɩɨɠɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɦɭ ɦɢɧɢɦɭɦɭ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɤɚɬɟɝɨɪɢɣ ɩɟɪɫɨɧɚɥɚ ɩɪɨɜɨɞɹɬɫɹ ɜ ɰɟɥɹɯ ɭɝɥɭɛɥɟɧɢɹ ɡɧɚɧɢɣ ɩɨ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

 
7.8 Ɍɪɟɛɨɜɚɧɢɹ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ 
 
Ⱦɨ ɧɚɱɚɥɚ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɪɚɛɨɱɢɣ ɨɛɹɡɚɧ: 
 ɩɪɨɣɬɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɦɟɞɢɰɢɧɫɤɢɣ ɨɫɦɨɬɪ; ɩɪɢ ɷɬɨɦ ɞɨɥɠɟɧ 

ɫɨɨɛɳɢɬɶ ɦɟɞɢɰɢɧɫɤɨɣ ɤɨɦɢɫɫɢɢ ɜɫɟ ɞɚɧɧɵɟ ɨ ɫɨɫɬɨɹɧɢɢ ɫɜɨɟɝɨ ɡɞɨɪɨɜɶɹ; 
 ɩɪɨɣɬɢ ɩɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɧɚ ɪɚɛɨɬɭ, ɫɜɹɡɚɧɧɭɸ ɫ ɩɨɜɵɲɟɧɧɨɣ 

ɨɩɚɫɧɨɫɬɶɸ ɢɥɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶɸ ɡɚ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɫɩɟɰɢɚɥɶɧɨɟ 
ɩɫɢɯɨɮɢɡɢɨɥɨɝɢɱɟɫɤɨɟ ɬɟɫɬɢɪɨɜɚɧɢɟ; 

 ɩɪɢɫɬɭɩɢɬɶ ɤ ɜɵɩɨɥɧɟɧɢɸ ɫɜɨɢɯ ɨɛɹɡɚɧɧɨɫɬɟɣ ɬɨɥɶɤɨ ɩɪɢ 
ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɡɚɤɥɸɱɟɧɢɢ ɦɟɞɢɰɢɧɫɤɨɣ ɤɨɦɢɫɫɢɢ ɧɚ ɩɪɟɞɦɟɬ ɜɨɡɦɨɠɧɨɫɬɢ 
ɜɵɩɨɥɧɹɬɶ ɨɩɪɟɞɟɥɟɧɧɵɟ ɪɚɛɨɬɵ ɩɨ ɫɨɫɬɨɹɧɢɸ ɡɞɨɪɨɜɶɹ; 

 ɩɨɥɭɱɢɬɶ ɢɧɫɬɪɭɤɬɚɠɢ ɩɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ: 
1) ɜɜɨɞɧɵɣ – ɭ ɪɚɛɨɬɧɢɤɨɜ ɫɥɭɠɛɵ ɨɯɪɚɧɵ ɬɪɭɞɚ ɩɪɟɞɩɪɢɹɬɢɹ; 
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2) ɩɟɪɜɢɱɧɵɣ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ – ɭ ɪɭɤɨɜɨɞɢɬɟɥɹ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɩɨ 
ɨɬɞɟɥɶɧɵɦ ɩɪɨɝɪɚɦɦɚɦ ɫ ɮɢɤɫɚɰɢɟɣ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɠɭɪɧɚɥɚɯ ɩɨɞ ɪɨɫɩɢɫɶ 
ɢɧɫɬɪɭɤɬɢɪɭɸɳɢɯ ɢ ɢɧɫɬɪɭɤɬɢɪɭɟɦɨɝɨ; 

3) ɩɨɜɬɨɪɧɵɣ ɨɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɪɭɤɨɜɨɞɢɬɟɥɹ ɪɚɛɨɬ; 
4) ɰɟɥɟɜɨɣ. 
 ɩɨɥɭɱɢɬɶ ɧɚ ɪɭɤɢ ɩɨɞ ɪɨɫɩɢɫɶ ɢɧɫɬɪɭɤɰɢɸ (ɢɧɫɬɪɭɤɰɢɢ) ɩɨ ɨɯɪɚɧɟ 

ɬɪɭɞɚ ɩɨ ɫɜɨɟɣ ɩɪɨɮɟɫɫɢɢ, ɩɨ ɛɟɡɨɩɚɫɧɨɦɭ ɩɪɨɢɡɜɨɞɫɬɜɭ ɨɩɪɟɞɟɥɟɧɧɵɯ ɪɚɛɨɬ ɢ 
ɞɪɭɝɢɟ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ; 

 ɩɪɨɣɬɢ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ ɨɛɭɱɟɧɢɟ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ 
ɱɟɪɟɡ ɫɥɭɠɛɭ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

 ɩɪɨɣɬɢ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ ɧɨɪɦ ɨɯɪɚɧɵ ɬɪɭɞɚ ɩɨ ɫɜɨɟɣ ɩɪɨɮɟɫɫɢɢ ɢ 
ɜɢɞɚɦ ɩɨɪɭɱɚɟɦɵɯ ɪɚɛɨɬ; ɩɨɥɭɱɢɬɶ ɭɞɨɫɬɨɜɟɪɟɧɢɟ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɪɨɜɟɪɤɢ 
ɡɧɚɧɢɣ; 

 ɩɪɨɣɬɢ ɜ ɧɟɨɛɯɨɞɢɦɵɯ ɫɥɭɱɚɹɯ ɞɨ ɧɚɱɚɥɚ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɵ 
ɫɬɚɠɢɪɨɜɤɭ ɩɨ ɫɜɨɟɣ ɩɪɨɮɟɫɫɢɢ ɢɥɢ ɜɢɞɭ ɪɚɛɨɬ; 

 ɩɪɨɣɬɢ ɫɩɟɰɢɚɥɶɧɭɸ ɩɨɞɝɨɬɨɜɤɭ ɩɨ ɨɤɚɡɚɧɢɸ ɩɟɪɜɨɣ ɩɨɦɨɳɢ ɩɪɢ 
ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɹɯ ɢ ɡɚɛɨɥɟɜɚɧɢɹɯ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ; 

 ɩɪɨɜɟɪɢɬɶ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɛɨɬɵ ɧɚ ɫɜɨɟɦ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɧɚɥɢɱɢɟ, 
ɤɨɦɩɥɟɤɬɧɨɫɬɶ ɢ ɢɫɩɪɚɜɧɨɫɬɶ ɧɟɨɛɯɨɞɢɦɵɯ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ, ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ, 
ɨɝɪɚɠɞɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ, ɢɧɫɬɪɭɦɟɧɬɚ, ɩɪɢɛɨɪɨɜ ɤɨɧɬɪɨɥɹ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
ɫɨɨɛɳɢɬɶ ɫɜɨɟɦɭ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦɭ ɪɭɤɨɜɨɞɢɬɟɥɸ ɨɛ ɢɦɟɸɳɢɯɫɹ ɧɟɞɨɫɬɚɬɤɚɯ. 

Ɋɚɛɨɬɧɢɤ ɧɟ ɦɨɠɟɬ ɩɪɢɫɬɭɩɚɬɶ ɤ ɪɚɛɨɬɟ, ɟɫɥɢ ɧɟ ɜɵɩɨɥɧɟɧ ɯɨɬɹ ɛɵ ɨɞɢɧ ɢɡ 
ɩɪɟɞɵɞɭɳɢɯ ɩɭɧɤɬɨɜ. 

ɉɨɞɝɨɬɨɜɤɭ ɪɚɛɨɱɢɯ ɦɟɫɬ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɨɫɭɳɟɫɬɜɥɹɟɬ ɨɩɟɪɚɬɢɜɧɚɹ ɫɥɭɠɛɚ, ɫɥɭɠɛɚ ɨɯɪɚɧɵ ɬɪɭɞɚ ɢ ɞɪɭɝɢɟ ɞɨɩɭɳɟɧɧɵɟ 
ɤ ɞɚɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. 

Ɋɚɛɨɬɧɢɤ ɞɨɥɠɟɧ ɧɟɦɟɞɥɟɧɧɨ ɩɪɟɤɪɚɬɢɬɶ ɪɚɛɨɬɭ ɜ ɫɥɭɱɚɟ ɩɨɹɜɥɟɧɢɹ 
ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ, ɨɩɚɫɧɨɫɬɢ ɩɨɜɪɟɠɞɟɧɢɹ ɫɜɨɟɝɨ ɡɞɨɪɨɜɶɹ ɢɥɢ ɡɞɨɪɨɜɶɹ 
ɨɤɪɭɠɚɸɳɢɯ ɥɸɞɟɣ ɢɥɢ ɢɯ ɝɢɛɟɥɢ. 

ɉɨ ɨɤɨɧɱɚɧɢɸ ɪɚɛɨɬɵ ɪɚɛɨɬɧɢɤ ɞɨɥɠɟɧ ɭɛɪɚɬɶ ɪɚɛɨɱɟɟ ɦɟɫɬɨ, ɫɞɚɬɶ 
ɩɨɥɭɱɟɧɧɵɟ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɢ ɢɧɫɬɪɭɦɟɧɬ ɢ ɞɨɥɨɠɢɬɶ ɨɛ ɨɤɨɧɱɚɧɢɢ ɪɚɛɨɬ 
ɫɜɨɟɦɭ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦɭ ɪɭɤɨɜɨɞɢɬɟɥɸ. 

ȼɫɟ ɪɚɛɨɬɵ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ ɩɪɨɢɡɜɨɞɹɬɫɹ ɩɨ ɧɚɪɹɞɚɦ-
ɞɨɩɭɫɤɚɦ, ɪɚɫɩɨɪɹɠɟɧɢɹɦ. 
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8 Ɍɟɯɧɢɤɨ–ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ  
 
8.1 Ɉɛɴɟɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɪɚɫɯɨɞɵ ɜ ɩɟɪɢɨɞ 

ɷɤɫɩɥɭɚɬɚɰɢɢ 
 

8.1.1 Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 
ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɷɬɚɩɨɜ, 

ɧɚɱɢɧɚɹ ɨɬ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɢ ɡɚɤɚɧɱɢɜɚɹ ɭɫɬɚɧɨɜɤɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɷɬɢ ɷɬɚɩɵ 
ɭɤɪɭɩɧɟɧɧɨ ɩɨɤɚɡɚɧɵ ɜ ɤɚɥɟɧɞɚɪɧɨɦ ɝɪɚɮɢɤɟ (ɩɪɢɥɨɠɟɧɢɟ Ⱦ, ɪɢɫɭɧɨɤ Ⱦ1). 

 
Ⱦɚɧɧɵɟ ɩɨ ɨɰɟɧɤɟ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 8.1. 
 

Ɍɚɛɥɢɰɚ 8.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ȿɞɢɧɢɰɚ 

ɢɡɦɟɪɟɧɢɹ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2024 2025 2026 2027 2028 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 142 142 142 142 142 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɑɚɫɵ 4450 4450 4450 4450 4450 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɝɨɞ Ɇȼɬ∙ɱ 631619,79 631619,79 631619,79 631619,79 631619,79 
Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
% 1,5 1,5 1,5 1,5 1,5 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɡɚ ɝɨɞ 

Ɇȼɬ∙ɱ 9474,3 9474,3 9474,3 9474,3 9474,3 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ 
ɝɨɞ 

Ɇȼɬ∙ɱ 622145,49 622145,49 622145,49 622145,49 622145,49 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɪɭɛ./ Ɇȼɬ∙ɱ 1143 1175 1206 1235 1262 
ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɝɨɞ 

ɦɥɧ.ɪɭɛ.. 711,1 731,0 750,3 768,3 785,1 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɦɥɧ.ɪɭɛ. 118,5 121,8 125,1 128,1 130,9 

 
Ƚɥɹɞɹ ɧɚ ɬɚɛɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜ ɝɨɞɵ ɪɟɚɥɢɡɚɰɢɢ 

ɩɪɨɟɤɬɚ ɫ 2024 ɩɨ 2028 ɝɨɞɵ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɬɚɪɢɮɨɜ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ (ɪɭɛ./Ɇȼɬ∙ɱ), ɢɫɯɨɞɹ ɢɡ ɱɟɝɨ ɧɚɛɥɸɞɚɟɬɫɹ ɡɚɦɟɬɧɵɣ ɪɨɫɬ 
ɜɵɪɭɱɤɢ (ɦɥɧ.ɪɭɛ.). 

 
8.1.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 
 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɨɤɭɦɟɧɬɚ 

«ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝ.ɝ. ɨɬ 16.01.2017 
№9. 

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», 
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ɞɨɱɟɪɧɢɦɢ ɢ ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», ɞɨɱɟɪɧɢɦɢ ɢ 
ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ȾɁɈ ɉȺɈ «ɊɭɫȽɢɞɪɨ». 

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

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

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

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
 ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
 ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
 ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
 ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ;  
 ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
 ɧɚɥɨɝ ɧɚ ɜɨɞɭ. 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɚɤɬɢɜɚ, ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɫɱɢɬɚɧɧɨɣ ɧɨɪɦɨɣ ɚɦɨɪɬɢɡɚɰɢɢ. 
Ɋɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ (ɨɬ ɫɭɦɦɵ 

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

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

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.2. 
 

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

Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 255,2 36,2 
ɉɪɨɱɢɟ 274,0 38,9 

ɂɬɨɝɨ ɩɨ Ƚɗɋ  75,1 

 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɜ 
ɩɪɨɰɟɧɬɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.3.
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Ɍɚɛɥɢɰɟ 8.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ, % 
ɗɬɚɩɵ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɩɪɨɟɤɬɚ (ɥɟɬ) 

ɨɬ 1 ɞɨ 5 ɨɬ 6 ɞɨ 15 ɨɬ 16 ɞɨ 25 ɫɜɵɲɟ 25 
0,06 % 0,09 % 0,14 % 0,20 % 

 
ɋɬɨɢɦɨɫɬɶ ɭɫɥɭɝ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɟɞɢɧɵɦɢ ɫɰɟɧɚɪɧɵɦɢ ɭɫɥɨɜɢɹɦɢ «ɊɭɫȽɢɞɪɨ» (ɬɚɛɥɢɰɟ 8.4): 
 

Ɍɚɛɥɢɰɚ 8.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ ɋɭɦɦɚ, ɬɵɫ.ɪɭɛ. 

ɈȺɈ «ɋɈ – ȿɗɋ» 135,38 ɬɵɫ.ɪɭɛ./Ɇȼɬ 19218,5 
ɇɉ ȺɌɋ 0,001097 ɬɵɫ.ɪɭɛ./Ɇȼɬ∙ɱ 1345,9 

ɐɎɊ 0,000318 ɬɵɫ.ɪɭɛ./Ɇȼɬ∙ɱ 390,1 
ɂɬɨɝɨ  20954,6 

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

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

ɬɚɛɥɢɰɟ 8.5. 
 

Ɍɚɛɥɢɰɚ 8.5 – Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 
2024 2025 2026 2027 2028 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ. 60,0 99,4 110,1 110,1 110,1 
Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, ɦɥɧ.ɪɭɛ. 34,8 50,9 53,6 53,6 53,6 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ. 75,1 75,1 75,1 75,1 75,1 
Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ. 26,1 38,1 60,3 60,3 60,3 
Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ. 21,0 21,0 21,0 21,0 21,0 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ. 5,9 5,9 5,9 5,9 5,9 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 222,9 290,4 325,9 325,9 325,9 

 
ɂɡ ɬɚɛɥɢɰɵ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ, ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɧɚɥɨɝɚ ɧɚ ɜɨɞɭ ɢ 

ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ, ɢ ɪɚɫɯɨɞɵ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ, ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ 
ɞɟɧɟɠɧɵɯ ɡɚɬɪɚɬ. 

 
Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ (ɪɢɫɭɧɤɟ 8.1). 
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Ɋɢɫɭɧɨɤ 8.1 – ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ, % 

 
Ⱦɢɚɝɪɚɦɦɚ ɞɚɟɬ ɧɚɝɥɹɞɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɡɚɬɪɚɬɚɯ Ƚɗɋ ɜ ɩɪɨɰɟɧɬɧɨɦ 

ɷɤɜɢɜɚɥɟɧɬɟ, ɧɚɢɛɨɥɶɲɭɸ ɜɟɥɢɱɢɧɭ ɢɦɟɸɬ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɧɚ ɧɢɯ 
ɩɪɢɯɨɞɢɬɫɹ 34 %. Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ 
ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ ɨɛɧɨɜɥɟɧɢɹ ɢ ɡɚɦɟɧɟ ɭɫɬɚɪɟɜɲɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɛɟɡ ɭɳɟɪɛɚ ɞɥɹ ɩɪɟɞɩɪɢɹɬɢɹ. 

 
8.1.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
 
ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 

ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ƚɗɋ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɬɱɢɫɥɹɟɬɫɹ ɜ ɪɟɝɢɨɧɚɥɶɧɵɣ 
ɛɸɞɠɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ Ʉɨɞɟɤɫɨɦ ɊɎ.  

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

ɬɚɛɥɢɰɟ 8.6. 
 

Ɍɚɛɥɢɰɚ 8.6 – ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 
2024 2028 2029 2030 2031 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 202,6 214,0 220,2 226,7 233,0 
ɇȾɋ, ɦɥɧ.ɪɭɛ. - 195,6 272,0 278,0 283,9 

ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, ɦɥɧ.ɪɭɛ. 10,6 6,1 6,1 6,1 6,1 
ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ. 68,1 112,8 110,4 108,0 105,6 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 281,3 528,6 608,7 618,8 628,6 
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ȼ ɩɟɪɜɵɟ ɝɨɞɵ ɇȾɋ ɨɬɫɭɬɫɬɜɭɸɬ. ɇɚɢɛɨɥɶɲɭɸ ɩɪɨɰɟɧɬɧɭɸ ɜɟɥɢɱɢɧɭ ɨɬ 
ɨɛɳɢɯ ɧɚɥɨɝɨɜɵɯ ɪɚɫɯɨɞɨɜ ɢɦɟɟɬ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ ɢ ɇȾɋ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, 
ɱɬɨ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫɬɚɧɰɢɢ ɪɚɫɬɟɬ. 

 
8.2 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 

ɦɨɳɧɨɫɬɢ 
 
ɉɪɢɛɵɥɶ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɮɢɧɚɧɫɨɜɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɨɬ ɩɪɨɞɚɠɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɨɦɩɚɧɢɢ ɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɧɢɰɭ 
ɦɟɠɞɭ ɰɟɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɟɟ ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ.  

Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɩɟɪɜɵɯ ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.7. 
 

Ɍɚɛɥɢɰɚ 8.7 – Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2024 2025 2026 2027 2028 

ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 1207,1 1240,6 1273,1 1303,5 1334,2 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 222,9 290,4 325,9 325,9 325,9 

EBIT (ɩɪɢɛɵɥɶ ɨɬ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɧ.ɪɭɛ. 984,2 950,1 947,2 977,6 1008,3 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 196,8 190,0 789,4 195,5 201,7 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 787,4 760,1 757,7 782,1 806,6 

ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ, % 240 240 240 240 240 

 
ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ ɩɨ ɩɪɨɟɤɬɭ, ɛɟɡ ɫɤɚɱɤɨɜ, ɧɚɱɢɧɚɟɬɫɹ ɫ 2026 ɝɨɞɚ 

ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ. Ⱦɢɧɚɦɢɤɚ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 8.2. 
 

 
Ɋɢɫɭɧɨɤ 8.2 – ɂɡɦɟɧɟɧɢɟ ɫɭɦɦɵ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɩɨ ɩɪɨɟɤɬɭ, ɦɥɧ. ɪɭɛ.
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8.2.1 Ⱥɧɚɥɢɡ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ 
 
ɇɚ ɪɢɫɭɧɤɟ 8.3 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ Cash-Flow ɫ ɭɤɚɡɚɧɢɟɦ ɭɤɪɭɩɧɟɧɧɵɯ 

ɷɬɚɩɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ. 
 

 
Ɋɢɫɭɧɨɤ 8.3 – Ƚɪɚɮɢɤ Cash-Flow 

 
ɇɚ ɝɪɚɮɢɤɟ ɜɢɞɧɨ, ɱɬɨ ɩɪɨɟɤɬ ɨɤɭɩɚɟɬɫɹ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɜɫɟɯ ɷɬɚɩɨɜ 

ɜɨɡɜɟɞɟɧɢɹ ɩɥɨɬɢɧɵ, ɜɜɨɞɚ ɜɫɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ʌɗɉ ɢ ɄɊɍɗ. 
ɉɪɨɜɢɫɚɧɢɟ ɝɪɚɮɢɤɚ (ɟɝɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɫɬɶ ɜ ɨɬɪɢɰɚɬɟɥɶɧɭɸ ɫɬɨɪɨɧɭ) ɫɜɹɡɚɧɚ 
ɫ ɜɵɫɨɤɢɦɢ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹɦɢ ɧɚ ɩɨɤɭɩɤɭ ɢ ɜɜɨɞ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɇɚɝɥɹɞɧɟɟ 
ɷɬɚɩɵ ɜɜɨɞɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɨɠɧɨ ɨɬɫɥɟɞɢɬɶ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱦ, ɪɢɫɭɧɨɤ Ⱦ1. 

 
8.3 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 ɝ.ɝ.»). 

 
8.3.1 Ɇɟɬɨɞɨɥɨɝɢɹ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
ɐɟɥɶɸ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, 

ɤ ɬɚɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ: 
1. ɱɢɫɬɵɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ; 
2. ɢɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ; 
3. ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ; 
4. ɢ ɬ.ɞ.
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Ɋɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ: 
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 ɝ.ɝ.». 

Ɋɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɰɟɧɡɢɨɧɧɨɣ ɜɟɪɫɢɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ProjectExpert, ɮɢɪɦɵ ExpertSystems. 

Ⱦɥɹ ɰɟɥɟɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɪɢɧɢɦɚɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɫɵɥɤɢ: 

1) ɩɟɪɢɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɥɹ ɩɪɨɟɤɬɚ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ ɧɚ ɪɟɤɟ ɇɢɦɚɧ 
ɫɨɫɬɚɜɥɹɟɬ 20ɥɟɬ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

2) ɢɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɹ ɨɬɪɚɠɚɟɬ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɫɢɬɭɚɰɢɸ, ɫɥɨɠɢɜɲɭɸɫɹ ɧɚ 1 ɤɜ. 2021 ɝɨɞɚ; 

3) ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɱɬɨ ɜ ɬɟɱɟɧɢɢ ɩɪɨɝɧɨɡɧɨɝɨ ɩɟɪɢɨɞɚ ɧɟ ɛɭɞɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɝɥɨɛɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ, ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɩɪɚɜɢɥ ɢ ɡɚɤɨɧɨɜ. 

 
8.3.2 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 
ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ 

ɪɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.8. 
 

Ɍɚɛɥɢɰɚ 8.8 – ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ 
ɧɚ ɪɟɤɟ ɇɢɦɚɧ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 11,60 

ɉɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ - PB, ɦɟɫ. 104 
ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ. ɪɭɛ. 2218,12 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI, ɪɭɛ. 1,52 
ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ - IRR, % 16,63 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ∙ɱ 0,18 

ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ./ɤȼɬ 147148,6 

 
ɉɪɨɟɤɬ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ ɧɚ ɪɟɤɟ ɇɢɦɚɧ ɹɜɥɹɟɬɫɹ ɩɪɢɛɵɥɶɧɵɦ, ɬɚɤ ɤɚɤ 

ɢɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ ɪɚɜɟɧ 1,52; ɬɚɤɠɟ ɩɨɤɚɡɚɬɟɥɶ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞɟɧɧɨɝɨ ɞɨɯɨɞɚ 
– NPV> 0, ɷɬɨ ɝɨɜɨɪɢɬ ɨ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɢ ɩɪɨɟɤɬɚ ɞɥɹ ɢɧɜɟɫɬɢɪɨɜɚɧɢɹ. Ƚɗɋ 
ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɤɚɩɢɬɚɥɨɟɦɤɢɦ ɢɫɬɨɱɧɢɤɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɫɪɨɤ 
ɨɤɭɩɚɟɦɨɫɬɢ Ƚɗɋ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ ɞɨ 15 ɥɟɬ. ɉɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 
104 ɦɟɫɹɰɚ ɢɥɢ ɱɭɬɶ ɦɟɧɶɲɟ 9 ɥɟɬ, ɱɬɨ ɧɟɦɧɨɝɨ, ɭɱɢɬɵɜɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ ɜ 
142 Ɇȼɬ. 



 

100 
 

8.3.3 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 
ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɧɭɸ ɱɚɫɬɶ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ⱦɨɯɨɞɧɚɹ 
ɱɚɫɬɶ ɛɸɞɠɟɬɨɜ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱɟɬ ɧɚɥɨɝɨɜɵɯ 
ɩɨɫɬɭɩɥɟɧɢɣ ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.9.  

 
Ɍɚɛɥɢɰɚ 8.9 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2024 2025 2026 2027 2028 

ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.ɪɭɛ. 219,1 210,3 212,8 219,4 421,6 
ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.ɪɭɛ. 68,1 106,4 117,7 115,3 112,8 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ, ɦɥɧ.ɪɭɛ. 287,2 316,6 330,5 334,6 534,5 

 
Ȼɨɥɶɲɭɸ ɱɚɫɬɶ ɜɫɟɯ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ ɡɚɧɢɦɚɟɬ ɮɟɞɟɪɚɥɶɧɵɣ 

ɛɸɞɠɟɬ, ɪɟɝɢɨɧɚɥɶɧɵɣ ɡɚɧɢɦɚɟɬ ɦɚɥɭɸ ɱɚɫɬɶ. Ɏɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ ɜɤɥɸɱɚɟɬ ɜ 
ɫɟɛɹ ɧɚɥɨɝɢ: ɇȾɋ, ɧɚɥɨɝɢ ɧɚ ɩɪɢɛɵɥɶ, ɜɨɞɧɵɣ ɧɚɥɨɝ ɢ ɜɡɧɨɫɵ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ 
ɮɨɧɞɵ. Ɋɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ ɪɚɜɟɧ ɧɚɥɨɝɭ ɧɚ ɢɦɭɳɟɫɬɜɨ. 

 
8.4 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 ɢɧɞɟɤɫɚ 
ɞɨɯɨɞɧɨɫɬɢ ɤ ɢɡɦɟɧɟɧɢɹɦ: 

ɚ) ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ; 
ɛ) ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ; 
ɜ) ɰɟɧɵ ɫɛɵɬɚ; 
ɝ) ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ. 
ɉɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɷɤɫɩɟɪɬɧɨ. 
Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 8.4. 
 

 
Ɋɢɫɭɧɨɤ 8.4 – ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 

 
ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɞɨɯɨɞɧɨɫɬɢ ɩɪɨɟɤɬɚ. 
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Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 8.5. 

 

 
Ɋɢɫɭɧɨɤ 8.5 – ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ 

 
ɍɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɞɨɯɨɞɧɨɫɬɢ 

ɩɪɨɟɤɬɚ. 
Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ PI ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 

8.6. 
 

 
Ɋɢɫɭɧɨɤ 8.6 – Ɂɚɜɢɫɢɦɨɫɬɶ PI ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ 

 
ɍɜɟɥɢɱɟɧɢɢ ɰɟɧɵ ɫɛɵɬɚ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɞɨɯɨɞɧɨɫɬɢ ɩɪɨɟɤɬɚ. 
Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ PI ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ 

ɧɚ ɪɢɫɭɧɤɟ 8.7. 
 

 
Ɋɢɫɭɧɨɤ 8.7 – Ɂɚɜɢɫɢɦɨɫɬɶ PI ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 
 
ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɞɨɯɨɞɧɨɫɬɢ 

ɩɪɨɟɤɬɚ. 
ɋɢɥɶɧɟɟ ɜɫɟɝɨ ɧɚ ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ ɜɥɢɹɸɬ ɫɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɢ 

ɰɟɧɚ ɫɛɵɬɚ ɩɪɨɞɭɤɰɢɢ.
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9 ɋɢɫɬɟɦɵ ɫɦɚɡɤɢ ɢ ɨɯɥɚɠɞɟɧɢɹ ɭɡɥɨɜ ȽȺ, ɨɫɧɨɜɧɵɟ ɭɡɥɵ ɢ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɢɫɩɨɥɧɟɧɢɹ 

 
9.1 ɇɚɡɧɚɱɟɧɢɟ ɢ ɤɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɭɡɥɨɜ ȽȺ 
 
9.1.1 ɉɨɞɩɹɬɧɢɤ 
 
ɉɨɞɩɹɬɧɢɤ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɭɡɥɨɜ ɝɢɞɪɨɚɝɪɟɝɚɬɚ. Ɉɧ ɜɨɫɩɪɢɧɢɦɚɟɬ ɧɚ ɫɟɛɹ ɧɚɝɪɭɡɤɢ, ɫɨɡɞɚɜɚɟɦɵɯ ɦɚɫɫɨɣ 
ɪɨɬɨɪɚ ɢ ɬɭɪɛɢɧɵ, ɚ ɬɚɤɠɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɞɚɜɥɟɧɢɹ ɜɨɞɵ. 

ɉɨɞɩɹɬɧɢɤɢ ɹɜɥɹɸɬɫɹ ɩɨɞɲɢɩɧɢɤɚɦɢ ɫɤɨɥɶɠɟɧɢɹ ɢ ɦɨɝɭɬ ɛɵɬɶ 
ɜɵɩɨɥɧɟɧɵ ɧɚ ɥɸɛɵɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɟ ɧɚɝɪɭɡɤɢ, ɩɨɷɬɨɦɭ ɜɨ ɜɫɟɯ 
ɫɨɜɪɟɦɟɧɧɵɯ ɝɢɞɪɨɚɝɪɟɝɚɬɚɯ ɩɪɢɦɟɧɹɸɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɨɧɢ. 

ɋɨɫɬɨɢɬ ɢɡ 2 ɨɫɧɨɜɧɵɯ ɱɚɫɬɟɣ, ɤɚɤ ɩɪɚɜɢɥɨ:  
– ɜɪɚɳɚɸɳɚɹɫɹ – ɩɹɬɚ (ɜ ɜɢɞɟ ɞɢɫɤɚ ɫ ɡɟɪɤɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, 

ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɧɢɠɟ ɜɨɫɶɦɨɝɨ ɤɥɚɫɫɚ (0,63 ɦɤɦ);  
– ɧɟɩɨɞɜɢɠɧɚɹ – ɫɟɝɦɟɧɬɵ (ɨɩɢɪɚɸɬɫɹ ɧɚ ɪɟɝɭɥɢɪɭɟɦɵɟ ɜɢɧɬɨɜɵɟ 

ɨɩɨɪɵ, ɡɚɤɪɟɩɥɟɧɧɵɟ ɜ ɤɨɪɩɭɫɟ ɩɨɞɩɹɬɧɢɤɚ). 
ɉɨɞɩɹɬɧɢɤ ɭɫɬɚɧɨɜɥɟɧ ɜ ɦɚɫɥɟɧɨɣ ɜɚɧɧɟ (ɦɚɫɥɨɜɚɧɧɟ), ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ 

ɤɨɧɢɱɟɫɤɨɣ ɨɩɨɪɟ ɢɥɢ ɤɪɟɫɬɨɜɢɧɟ. Ⱦɢɫɤ ɩɨɞɩɹɬɧɢɤɚ ɫ ɩɨɦɨɳɶɸ ɮɢɤɫɢɪɭɸɳɢɯ 
ɢ ɤɪɟɩɟɠɧɵɯ ɷɥɟɦɟɧɬɨɜ ɡɚɤɪɟɩɥɟɧ ɧɚ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɫɬɨɜɚ ɪɨɬɨɪɚ, ɦɟɠɞɭ 
ɷɬɢɦɢ ɞɟɬɚɥɹɦɢ ɧɚɯɨɞɹɬɫɹ ɢɡɨɥɹɰɢɨɧɧɚɹ ɩɪɨɤɥɚɞɤɚ. ɐɟɧɬɪ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɩɥɨɳɚɞɢ ɫɟɝɦɟɧɬɚ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɨɩɨɪɵ, ɞɨɥɠɟɧ ɢɦɟɬɶ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ, 
ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɦɭ ɩɪɢ ɜɪɚɳɟɧɢɢ ɡɟɪɤɚɥɚ ɫɟɝɦɟɧɬ ɫɚɦɨɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɢ 
ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚɜɫɬɪɟɱɭ ɞɜɢɠɟɧɢɸ.  

ɋɦɚɡɤɚ ɩɨɞɩɹɬɧɢɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɦɚɫɥɹɧɨɝɨ ɤɥɢɧɚ ɦɟɠɞɭ 
ɫɟɝɦɟɧɬɚɦɢ ɢ ɡɟɪɤɚɥɶɧɵɦ ɞɢɫɤɨɦ. Ɍɨɥɳɢɧɚ ɫɥɨɹ ɫɦɚɡɤɢ ɞɨɥɠɧɚ ɛɵɬɶ 
ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɟ 
ɬɪɭɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɪɢ ɜɫɟɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɝɢɞɪɨɚɝɪɟɝɚɬɚ. Ɉɧ ɪɚɛɨɬɚɟɬ ɧɚ 
ɫɚɦɨɫɦɚɡɤɟ. 

Ɉɯɥɚɠɞɟɧɢɟ ɜ ɦɚɫɥɨɜɚɧɧɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɹɦɢ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɛɨɤɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ, ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɬɟɤɚɟɬ ɨɯɥɚɠɞɟɧɧɚɹ 
ɜɨɞɚ. Ɇɚɫɥɨɨɯɥɚɞɢɬɟɥɢ ɜɵɩɨɥɧɹɸɬɫɹ ɢɡ ɩɪɹɦɵɯ ɢɥɢ U-ɨɛɪɚɡɧɵɯ ɬɪɭɛɨɤ, 
ɞɢɚɦɟɬɪɨɦ 17 – 19 ɦɦ ɧɚ 1 ɤȼɬ ɩɨɬɟɪɶ. Ɇɚɬɟɪɢɚɥɵ ɬɪɭɛɨɤ – ɦɟɞɶ, ɥɚɬɭɧɶ ɢ ɬ.ɞ. 
Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɵɯɨɞɚ ɩɚɪɨɜ ɦɚɫɥɚ, ɦɚɫɥɟɧɚɹ ɜɚɧɧɚ ɫɧɚɛɠɟɧɚ ɫɢɫɬɟɦɨɣ 
ɭɩɥɨɬɧɟɧɢɣ.  

ɉɨɞɩɹɬɧɢɤ ɫ ɫɚɦɨɭɫɬɚɧɚɜɥɢɜɚɸɳɢɦɢɫɹ ɫɟɝɦɟɧɬɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 
ɪɢɫɭɧɤɟ 9.1: 
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Ɋɢɫɭɧɨɤ 9.1 – ɉɨɞɩɹɬɧɢɤ ɫ ɫɚɦɨɭɫɬɚɧɚɜɥɢɜɚɸɳɢɦɢɫɹ ɫɟɝɦɟɧɬɚɦɢ 

 
Ʉɨɪɩɭɫ (1) ɩɨɞɩɹɬɧɢɤɚ ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɜɟɪɯɧɟɣ 

ɤɪɟɫɬɨɜɢɧɵ (2). Ɇɚɫɥɹɧɚɹ ɜɚɧɧɚ (3) ɫɜɚɪɧɚɹ ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɚɛɚɪɢɬɨɜ ɢ 
ɤɨɧɫɬɪɭɤɰɢɢ ɝɟɧɟɪɚɬɨɪɚ ɦɨɠɟɬ ɛɵɬɶ ɰɟɥɨɣ ɢɥɢ ɪɚɡɴɟɦɧɨɣ. Ⱦɜɭɫɥɨɣɧɵɟ 
ɫɟɝɦɟɧɬɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɜɟɪɯɧɟɣ ɬɨɧɤɨɣ ɱɚɫɬɢ (4) ɫ ɛɚɛɛɢɬɨɜɨɣ ɬɪɭɳɟɣɫɹ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɦɚɫɫɢɜɧɨɣ ɧɢɠɧɟɣ ɱɚɫɬɢ (5), ɱɟɪɟɡ ɭɩɪɭɝɢɟ ɬɚɪɟɥɤɢ (6) 
ɷɤɫɰɟɧɬɪɢɱɧɨ ɨɩɢɪɚɸɬɫɹ ɧɚ ɛɨɥɬɵ (7) ɫɨ ɫɮɟɪɢɱɟɫɤɨɣ ɝɨɥɨɜɤɨɣ. ɉɪɢɦɟɧɹɸɬɫɹ 
ɬɚɤɠɟ ɫɟɝɦɟɧɬɵ ɨɞɧɨɫɥɨɣɧɵɟ. Ɉɩɨɪɧɵɟ ɛɨɥɬɵ ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɨɩɨɪɧɵɟ ɫɬɨɣɤɢ 
(8). ȼɪɚɳɚɸɳɢɣɫɹ ɞɢɫɤ (9) ɫ ɡɟɪɤɚɥɶɧɨɣ ɬɪɭɳɟɣɫɹ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɚɤɪɟɩɥɟɧ 
ɛɨɥɬɚɦɢ (10) ɢ ɡɚɮɢɤɫɢɪɨɜɚɧ ɨɬ ɬɚɧɝɟɧɰɢɚɥɶɧɨɝɨ ɫɦɟɳɟɧɢɹ ɲɬɢɮɬɚɦɢ ɧɚ ɜɬɭɥɤɟ 
ɩɨɞɩɹɬɧɢɤɚ (11), ɩɨɫɚɠɟɧɧɨɣ ɧɚ ɜɚɥ ɝɟɧɟɪɚɬɨɪɚ (12) ɜ ɝɨɪɹɱɟɦ ɫɨɫɬɨɹɧɢɢ. ȼɬɭɥɤɚ 
ɡɚɤɪɟɩɥɟɧɚ ɧɚ ɜɚɥɭ ɤɨɥɶɰɟɜɨɣ (13) ɢ ɨɫɟɜɨɣ ɲɩɨɧɤɚɦɢ. Ɇɟɠɞɭ ɜɟɪɯɧɢɦ ɞɢɫɤɨɦ 
ɢ ɜɬɭɥɤɨɣ ɩɨɞɩɹɬɧɢɤɚ ɩɪɨɥɨɠɟɧɚ ɷɥɟɤɬɪɨɢɡɨɥɹɰɢɨɧɧɚɹ ɩɪɨɤɥɚɞɤɚ (14), 
ɩɪɟɞɨɯɪɚɧɹɸɳɚɹ ɞɟɬɚɥɢ ɩɨɞɩɹɬɧɢɤɚ ɨɬ ɤɨɧɬɚɤɬɧɵɯ ɧɚɪɭɲɟɧɢɣ ɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɛɥɭɠɞɚɸɳɢɦɢ ɬɨɤɚɦɢ. ɂɡɨɥɢɪɭɸɬɫɹ ɬɚɤɠɟ ɛɨɥɬɵ ɤɪɟɩɥɟɧɢɹ ɞɢɫɤɚ. Ɉɯɥɚɠɞɟɧɢɟ 
ɦɚɫɥɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɹɦɢ (15), ɜɫɟ ɫɨɟɞɢɧɟɧɢɹ ɤɨɬɨɪɵɯ ɜɵɧɟɫɟɧɵ 
ɧɚ ɧɚɪɭɠɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɦɚɫɥɹɧɨɣ ɜɚɧɧɵ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɦɨɦɟɧɬɚ ɬɪɨɝɚɧɢɹ 
ɩɪɢ ɩɭɫɤɟ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɥɨɜɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɦɚɫɥɹɧɨɣ ɩɥɟɧɤɢ ɩɪɢ ɩɭɫɤɟ ɢ 
ɨɫɬɚɧɨɜɟ ɚɝɪɟɝɚɬɚ ɜ ɧɟɤɨɬɨɪɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɤɪɭɩɧɵɯ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 
ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢɧɭɞɢɬɟɥɶɧɚɹ ɩɨɞɚɱɚ ɦɚɫɥɚ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ ɤɨɥɥɟɤɬɨɪɨɦ 
(16) ɤ ɰɟɧɬɪɭ ɫɟɝɦɟɧɬɨɜ ɦɟɠɞɭ ɬɪɭɳɢɦɢɫɹ ɩɨɜɟɪɯɧɨɫɬɹɦɢ. ɉɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ 
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ɪɟɠɢɦɟ ɩɨɞɚɱɚ ɦɚɫɥɚ ɩɪɟɤɪɚɳɚɟɬɫɹ. ɉɪɢ ɭɫɬɚɧɨɜɤɟ ɋɗɆɉ ɫɟɝɦɟɧɬɨɜ ɧɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɩɨɞɚɱɟ ɦɚɫɥɚ. ɉɨɫɬɨɹɧɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɫɟɝɦɟɧɬɚɦɢ 
ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɭɩɨɪɚɦɢ (17). Ɉɬ ɪɚɞɢɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɧɢɠɧɹɹ ɱɚɫɬɶ 
ɫɟɝɦɟɧɬɚ ɩɪɟɞɨɯɪɚɧɹɟɬɫɹ ɭɩɨɪɧɨɣ ɩɥɚɧɤɨɣ (18). ɉɨɥɨɠɟɧɢɟ ɬɨɧɤɨɣ ɱɚɫɬɢ 
ɫɟɝɦɟɧɬɚ ɮɢɤɫɢɪɭɟɬɫɹ ɩɥɚɧɤɚɦɢ (19 ɢ 20). Ɉɞɢɧɚɤɨɜɨɟ ɜɵɫɨɬɧɨɟ ɩɨɥɨɠɟɧɢɟ 
ɫɟɝɦɟɧɬɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɫɟɜɨɣ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ 
ɫɟɝɦɟɧɬɚɦɢ, ɪɟɝɭɥɢɪɭɟɬɫɹ ɨɩɨɪɧɵɦɢ ɛɨɥɬɚɦɢ ɩɨɫɥɟ ɫɛɨɪɤɢ ɩɨɞɩɹɬɧɢɤɚ ɧɚ ɦɟɫɬɟ 
ɭɫɬɚɧɨɜɤɢ ɢ ɮɢɤɫɢɪɭɟɬɫɹ ɫɬɨɩɨɪɚɦɢ (21). Ʉɪɵɲɤɚ (22) ɦɚɫɥɹɧɨɣ ɜɚɧɧɵ ɢɦɟɟɬ 
ɞɜɨɣɧɨɟ ɦɚɫɥɨɜɨɡɞɭɲɧɨɟ ɭɩɥɨɬɧɟɧɢɟ (23, 24) ɩɨ ɜɬɭɥɤɟ ɩɨɞɩɹɬɧɢɤɚ. ɉɪɨɬɟɱɤɢ 
ɦɚɫɥɚ ɱɟɪɟɡ ɧɟɩɥɨɬɧɨɫɬɢ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɚɫɥɹɧɨɣ ɜɚɧɧɵ 
ɩɪɟɞɨɬɜɪɚɳɚɸɬɫɹ ɩɨɫɬɚɧɨɜɤɨɣ ɜ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɹɯ ɦɚɫɥɨɫɬɨɣɤɢɯ ɩɪɨɤɥɚɞɨɤ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ ɫɟɝɦɟɧɬɨɜ ɢ ɦɚɫɥɚ ɜ ɩɨɞɩɹɬɧɢɤɟ ɢɡɦɟɪɹɟɬɫɹ 
ɬɟɪɦɨɦɟɬɪɢɱɟɫɤɢɦɢ ɫɢɝɧɚɥɢɡɚɬɨɪɚɦɢ ɢ ɬɟɪɦɨɦɟɬɪɚɦɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɜ ɫɟɝɦɟɧɬɚɯ ɢ ɜ ɦɚɫɥɟ. 

 
9.1.2 Ɍɭɪɛɢɧɧɵɣ ɩɨɞɲɢɩɧɢɤ 
 
ɉɨ ɪɨɞɭ ɚɧɬɢɮɪɢɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɪɟɡɢɧɨɜɵɟ ɢ 

ɛɚɛɛɢɬɨɜɵɟ ɫɟɝɦɟɧɬɵ, ɢ ɜɤɥɚɞɵɲɢ. ȼ ɪɟɡɢɧɨɜɵɯ ɫɦɚɡɤɚ ɢ ɨɯɥɚɠɞɟɧɢɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɞɨɣ; ɜ ɛɚɛɛɢɬɨɜɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɚɫɥɨɦ. 

ɉɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɮɢɤɫɚɰɢɢ ɩɨɥɨɠɟɧɢɹ ɜɚɥɚ ɬɭɪɛɢɧɵ ɢ ɩɨɞɜɟɪɠɟɧɵ 
ɥɢɲɶ ɞɟɣɫɬɜɢɸ ɪɚɞɢɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ, ɜɵɡɵɜɚɟɦɵɯ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɨɫɬɶɸ ɪɨɬɨɪɚ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɨɫɬɶɸ ɩɨɬɨɤɚ ɜɨɞɵ. 

Ɍɭɪɛɢɧɧɵɣ ɩɨɞɲɢɩɧɢɤ ɫ ɦɚɫɥɹɧɨɣ ɫɦɚɡɤɨɣ, ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 9.2: 
 

 
Ɋɢɫɭɧɨɤ 9.2 – Ɍɭɪɛɢɧɧɵɣ ɩɨɞɲɢɩɧɢɤ ɫ ɦɚɫɥɹɧɨɣ ɫɦɚɡɤɨɣ 

 
Ʉɨɪɩɭɫ ɩɨɞɲɢɩɧɢɤɚ (2) ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɤɪɵɲɤɟ ɬɭɪɛɢɧɵ. ȼɧɭɬɪɢ ɤɨɪɩɭɫɚ 

ɡɚɤɪɟɩɥɟɧ ɪɚɡɴɟɦɧɵɣ ɜɤɥɚɞɵɲ (3), ɡɚɥɢɬɵɣ ɛɚɛɛɢɬɨɦ. ɋɜɟɪɯɭ ɤɨɪɩɭɫɚ 
ɪɚɡɦɟɳɟɧɚ ɤɪɵɲɤɚ ɩɨɞɲɢɩɧɢɤɚ (4), ɢɦɟɸɳɚɹ ɳɟɥɟɜɨɟ ɭɩɥɨɬɧɟɧɢɟ, 
ɩɪɟɞɨɯɪɚɧɹɸɳɟɟ ɨɬ ɩɪɨɬɟɤɚɧɢɹ ɦɚɫɥɚ ɩɨ ɜɚɥɭ (1) ɜɜɟɪɯ. ɉɨɞɚɱɚ ɦɚɫɥɚ ɜ 
ɩɨɞɲɢɩɧɢɤ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɦɚɫɥɨɩɪɨɜɨɞɭ (6). ɋɧɢɡɭ ɜɤɥɚɞɵɲɚ ɧɚ ɜɚɥɭ 
ɭɫɬɚɧɨɜɥɟɧɨ ɨɬɪɚɠɚɬɟɥɶɧɨɟ ɤɨɥɶɰɨ (5), ɤɨɬɨɪɨɟ ɨɬɛɪɚɫɵɜɚɟɬ ɜɵɬɟɤɚɸɳɟɟ ɢɡ 
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ɩɨɞɲɢɩɧɢɤɚ ɨɬɪɚɛɨɬɚɧɧɨɟ ɦɚɫɥɨ ɜ ɨɬɜɨɞɹɳɢɣ ɦɚɫɥɨɫɛɨɪɧɢɤ (7). ɂɡ ɨɬɜɨɞɹɳɟɝɨ 
ɦɚɫɥɨɫɛɨɪɧɢɤɚ ɦɚɫɥɨ ɬɪɚɧɫɩɨɪɬɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɧɚɫɨɫɚ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ (8). 
Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ ɩɨɞɲɢɩɧɢɤ ɜɨɞɵ ɢɡ ɩɨɥɨɫɬɢ ɪɚɛɨɱɟɝɨ 
ɤɨɥɟɫɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ ɭɫɬɚɧɨɜɥɟɧɨ ɫɚɥɶɧɢɤɨɜɨɟ ɭɩɥɨɬɧɟɧɢɟ (9). 

Ɂɚɡɨɪɵ ɦɟɠɞɭ ɜɚɥɨɦ ɢ ɛɚɛɛɢɬɨɜɵɦ ɜɤɥɚɞɵɲɟɦ ɡɚɜɢɫɹɬ ɨɬ ɞɢɚɦɟɬɪɚ ɜɚɥɚ, 
ɞɥɹ ɜɚɥɚ ɞɢɚɦɟɬɪɨɦ 500-630 ɦɦ ɡɚɡɨɪ ɫɨɫɬɚɜɥɹɟɬ 0,20-0,31 ɦɦ, ɞɥɹ ɇɢɦɚɧɫɤɨɣ 
Ƚɗɋ ɷɬɨɬ ɡɚɡɨɪ ɫɨɫɬɚɜɢɥ 0,28 ɦɦ, ɬ.ɤ. ɞɢɚɦɟɬɪ ɜɚɥɚ 600 ɦɦ.  

ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɤɨɪɩɭɫɚ ɭɫɬɚɧɨɜɥɟɧɵ ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɢ ɫ ɪɚɞɢɚɬɨɪɚɦɢ ɢɡ 
ɥɚɬɭɧɧɵɯ ɬɪɭɛɨɤ. ȼ ɬɪɭɛɤɚɯ ɰɢɪɤɭɥɢɪɭɟɬ ɜɨɞɚ ɢɡ ɫɢɫɬɟɦɵ Ɍȼɋ ɢ ɨɬɜɨɞɢɬɫɹ ɜ 
ɇȻ. Ⱦɥɹ ɡɚɩɨɥɧɟɧɢɹ ɢ ɫɥɢɜɚ ɦɚɫɥɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɲɚɪɨɜɵɟ ɤɪɚɧɵ ɫ ɮɥɚɧɰɚɦɢ, 
ɞɥɹ ɡɚɩɨɥɧɟɧɢɹ – ɧɚ ɜɚɧɧɟ, ɚ ɞɥɹ ɫɥɢɜɚ — ɧɚ ɧɢɠɧɟɣ ɤɪɵɲɤɟ. Ⱦɚɜɥɟɧɢɟ 
ɩɨɞɜɨɞɢɦɨɣ ɜɨɞɵ 0,30–0,35 Ɇɩɚ. Ⱦɚɜɥɟɧɢɟ ɢ ɪɚɫɯɨɞ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɞɚɬɱɢɤɚɦɢ, 
ɦɨɧɨɦɟɬɪɨɦ ɢ ɪɟɥɟ ɪɚɫɯɨɞɚ. Ȼɟɡ ɨɯɥɚɠɞɟɧɢɹ ɜɨɞɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ 
ɩɨɞɲɢɩɧɢɤɚ ɫɨɫɬɚɜɥɹɟɬ 15 ɦɢɧɭɬ. Ɉɛɴɟɦ ɦɚɫɥɚ ɫɨɫɬɚɜɥɹɟɬ 3,2 ɦ3. 

Ɍɭɪɛɢɧɧɵɣ ɩɨɞɲɢɩɧɢɤ ɫ ɜɨɞɹɧɨɣ ɫɦɚɡɤɨɣ, ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 9.3: 
 

 
Ɋɢɫɭɧɨɤ 9.3 – Ɍɭɪɛɢɧɧɵɣ ɩɨɞɲɢɩɧɢɤ ɫ ɜɨɞɹɧɨɣ ɫɦɚɡɤɨɣ 

 
ȼɨɞɚ ɞɥɹ ɫɦɚɡɤɢ ɩɨɞɲɢɩɧɢɤɚ ɩɨɞɚɟɬɫɹ ɫɧɢɡɭ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ (10), ɚ 

ɨɬɜɨɞɢɬɫɹ ɫɜɟɪɯɭ ɬɪɭɛɨɩɪɨɜɨɞɨɦ (11). ɉɪɨɬɟɱɤɢ ɜɨɞɵ ɩɨ ɜɚɥɭ ɜɧɢɡɭ ɨɬɜɨɞɹɬɫɹ 
ɩɨ ɞɪɟɧɚɠɧɨɣ ɬɪɭɛɤɟ (12). ȼ ɧɟɤɨɬɨɪɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɩɨɞɲɢɩɧɢɤɨɜ ɩɪɨɬɟɱɤɢ 
ɜɨɞɵ ɩɨ ɜɚɥɭ ɜɜɟɪɯ ɩɪɟɞɭɩɪɟɠɞɚɸɬɫɹ ɨɛɵɱɧɵɦɢ ɫɚɥɶɧɢɤɨɜɵɦɢ ɭɩɥɨɬɧɟɧɢɹɦɢ. 
Ɂɚɡɨɪɵ ɜ ɩɨɞɲɢɩɧɢɤɚɯ ɫ ɪɟɡɢɧɨɜɵɦɢ ɜɤɥɚɞɵɲɚɦɢ ɨɛɵɱɧɨ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 
ɪɚɜɧɵɦɢ ɡɚɡɨɪɚɦ ɜ ɛɚɛɛɢɬɨɜɵɯ ɩɨɞɲɢɩɧɢɤɚɯ ɢɥɢ ɧɟɦɧɨɝɨ ɦɟɧɶɲɢɦɢ, ɬɚɤ ɤɚɤ 
ɪɟɡɢɧɚ ɥɟɝɱɟ ɞɟɮɨɪɦɢɪɭɟɬɫɹ.
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9.1.3 Ƚɟɧɟɪɚɬɨɪɧɵɣ ɩɨɞɲɢɩɧɢɤ 
 
Ƚɟɧɟɪɚɬɨɪɧɵɣ (ɧɚɩɪɚɜɥɹɸɳɢɣ) ɩɨɞɲɢɩɧɢɤ ɝɟɧɟɪɚɬɨɪɚ ɜɨɫɩɪɢɧɢɦɚɟɬ 

ɪɚɞɢɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ ɨɬ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɧɟɛɚɥɚɧɫɚ ɪɨɬɨɪɚ ɢ 
ɨɬɤɥɨɧɟɧɢɹ ɥɢɧɢɢ ɜɚɥɚ ɨɬ ɨɫɢ ɜɪɚɳɟɧɢɹ. ɇɚɩɪɚɜɥɹɸɳɢɣ ɩɨɞɲɢɩɧɢɤ – 
ɫɟɝɦɟɧɬɧɵɣ. ȼ ɪɚɞɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɫɟɝɦɟɧɬɵ ɨɩɢɪɚɸɬɫɹ ɧɚ ɫɮɟɪɢɱɟɫɤɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ ɜɢɧɬɨɜɵɯ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɩɨɪ, ɫɧɢɡɭ ɫɟɝɦɟɧɬɵ ɨɩɢɪɚɸɬɫɹ ɧɚ 
ɢɡɨɥɹɰɢɨɧɧɨɟ ɤɨɥɶɰɨ, ɫɨɟɞɢɧɟɧɧɨɟ ɫ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɶɸ.  

ɉɨɜɟɪɯɧɨɫɬɶ ɬɪɟɧɢɹ ɫɟɝɦɟɧɬɨɜ ɨɛɥɢɰɨɜɚɧɚ ɷɥɚɫɬɢɱɧɵɦ 
ɦɟɬɚɥɥɨɩɥɚɫɬɦɚɫɫɨɜɵɦ ɩɨɤɪɵɬɢɟɦ. ɗɬɨ ɩɨɤɪɵɬɢɟ ɧɟ ɬɪɟɛɭɟɬ ɲɚɛɪɨɜɤɢ 
(ɜɵɪɚɜɧɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡ ɦɟɬɚɥɥɚ) ɧɚ ɦɨɧɬɚɠɟ, ɨɧɨ ɩɨɞɝɨɬɨɜɥɟɧɨ ɤ ɪɚɛɨɬɟ 
ɧɚ ɡɚɜɨɞɟ – ɢɡɝɨɬɨɜɢɬɟɥɟ. Ⱦɥɹ ɮɢɤɫɚɰɢɢ ɫɟɝɦɟɧɬɨɜ ɩɪɢ ɪɟɝɭɥɢɪɨɜɤɟ ɡɚɡɨɪɨɜ ɜ 
ɰɢɥɢɧɞɪɟ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɤɪɟɫɬɨɜɢɧɵ ɢɦɟɸɬɫɹ ɩɨ ɞɜɚ ɪɟɡɶɛɨɜɵɯ ɨɬɜɟɪɫɬɢɹ 
ɧɚ ɤɚɠɞɵɣ ɫɟɝɦɟɧɬ ɞɥɹ ɨɬɠɢɦɧɵɯ ɛɨɥɬɨɜ. 

ɐɢɪɤɭɥɹɰɢɹ ɦɚɫɥɚ ɜ ɜɚɧɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɚɞɢɚɥɶɧɵɦɢ ɨɬɜɟɪɫɬɢɹɦɢ ɜɨ 
ɜɬɭɥɤɟ ɩɨɞɲɢɩɧɢɤɚ, ɪɚɛɨɬɚɸɳɢɦɢ ɩɪɢ ɜɪɚɳɟɧɢɢ ɤɚɤ ɰɟɧɬɪɨɛɟɠɧɵɟ ɧɚɫɨɫɵ.  

 
9.1.4 ɋɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ (Ɍȼɋ) 
 
ɋɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ (Ɍȼɋ) ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɨɞɚɱɢ 

ɜɨɞɵ ɫɢɫɬɟɦɚɦ ɢ ɦɟɯɚɧɢɡɦɚɦ ɚɝɪɟɝɚɬɚ ɞɥɹ ɢɯ ɨɯɥɚɠɞɟɧɢɹ ɢ ɫɦɚɡɤɢ. 
ɉɨɬɪɟɛɢɬɟɥɹɦɢ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɵ ɹɜɥɹɸɬɫɹ: 

– ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɢ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ; 
– ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɢ ɩɨɞɩɹɬɧɢɤɚ ɢ ɩɨɞɲɢɩɧɢɤɨɜ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ; 
– ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɢ ɩɨɞɲɢɩɧɢɤɨɜ ɝɢɞɪɨɬɭɪɛɢɧ ɫ ɦɚɫɥɹɧɨɣ ɫɦɚɡɤɨɣ; 
– ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ ɫ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ; 
– ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ ɫɢɫɬɟɦ ɬɢɪɢɫɬɨɪɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɫ ɜɨɞɹɧɵɦ 

ɨɯɥɚɠɞɟɧɢɟɦ; 
– ɩɨɞɲɢɩɧɢɤɢ ɝɢɞɪɨɬɭɪɛɢɧ ɫ ɜɨɞɹɧɨɣ ɫɦɚɡɤɨɣ; 
– ɭɩɥɨɬɧɟɧɢɟ ɜɚɥɨɜ ɝɢɞɪɨɬɭɪɛɢɧ; 
– ɥɚɛɢɪɢɧɬɧɵɟ ɭɩɥɨɬɧɟɧɢɹ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɊɈ ɝɢɞɪɨɬɭɪɛɢɧ ɩɪɢ ɪɚɛɨɬɟ 

ɜ ɪɟɠɢɦɟ ɫɢɧɯɪɨɧɧɨɝɨ ɤɨɦɩɟɧɫɚɬɨɪɚ; 
– ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 
– ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɢ ɦɚɫɥɨɧɚɩɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ; 
– ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ ɢ ɭɡɥɵ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɞɪɭɝɢɟ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɞɨɩɨɬɪɟɛɢɬɟɥɢ (ɤɨɦɩɪɟɫɫɨɪɵ, ɜɨɡɞɭɯɨɞɭɜɤɢ, ɧɚɫɨɫɵ ɢ ɬ.ɩ.). 
Ɇɚɫɥɨɨɯɥɚɞɢɬɟɥɢ ɩɪɟɞɧɚɡɧɚɱɚɸɬɫɹ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɦɚɫɥɚ ɩɨɞɩɹɬɧɢɤɚ ɢ 

ɩɨɞɲɢɩɧɢɤɨɜ ɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɢɯ ɦɚɫɥɹɧɵɯ 
ɜɚɧɧɚɯ, ɜ ɡɨɧɟ ɰɢɪɤɭɥɹɰɢɢ ɦɚɫɥɚ. ɑɢɫɥɨ ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɟɣ ɢ ɩɨɞɚɱɚ 
ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɡɚɜɢɫɹɬ ɨɬ ɨɬɜɨɞɢɦɵɯ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ ɜ ɩɨɞɩɹɬɧɢɤɟ ɢ 
ɩɨɞɲɢɩɧɢɤɚɯ. ɂɧɨɝɞɚ ɜɵɩɨɥɧɹɸɬɫɹ ɜɵɧɨɫɧɵɟ ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɢ, ɤɨɬɨɪɵɟ 
ɫɨɟɞɢɧɹɸɬɫɹ ɫ ɦɚɫɥɹɧɵɦɢ ɜɚɧɧɚɦɢ ɬɪɭɛɨɩɪɨɜɨɞɚɦɢ. 
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ɉɨɞɲɢɩɧɢɤɢ ɝɢɞɪɨɬɭɪɛɢɧ ɢɫɩɨɥɶɡɭɸɬ ɜɨɞɭ ɞɥɹ ɫɦɚɡɤɢ ɢ ɨɯɥɚɠɞɟɧɢɹ. ȼ 
ɩɨɞɲɢɩɧɢɤɚɯ ɫ ɜɨɞɹɧɨɣ ɫɦɚɡɤɨɣ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ ɞɚɠɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɟ 
ɩɪɟɤɪɚɳɟɧɢɟ ɩɨɞɚɱɢ ɜɨɞɵ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɸ ɜɤɥɚɞɵɲɟɣ. 

ɋɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɇɢɦɚɧɫɤɨɣ Ƚɗɋ ɛɭɞɟɬ ɫɚɦɨɬɟɱɧɚɹ – ɩɪɢ ɧɚɩɨɪɚɯ 10–60 ɦ, ɫ ɡɚɛɨɪɨɦ ɜɨɞɵ ɢɡ 
ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ. 

Ɍȼɋ ɜɵɩɨɥɧɹɸɬɫɹ ɫ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɢ ɩɪɢ 
ɦɢɧɢɦɚɥɶɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬɚɯ. ɋɯɟɦɵ Ɍȼɋ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɢɡɦɟɧɟɧɢɟ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɱɢɫɥɟ ɨɩɟɪɚɬɢɜɧɵɯ 
ɩɟɪɟɤɥɸɱɟɧɢɣ, ɛɵɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɵ ɢ ɬɪɟɛɨɜɚɬɶ ɦɢɧɢɦɭɦ 
ɨɛɫɥɭɠɢɜɚɧɢɹ. 

 
9.1.5 Ɋɚɫɱɟɬ ɪɚɫɯɨɞɨɜ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ 
 
Ɋɚɫɯɨɞɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚ, ɡɚɞɚɸɬ 

ɡɚɜɨɞɵ-ɢɡɝɨɬɨɜɢɬɟɥɢ ɝɟɧɟɪɚɬɨɪɚ ɢ ɬɭɪɛɢɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ. ɇɚ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɫɬɚɞɢɹɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɟ ɪɚɫɯɨɞɵ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɚɧɚɥɨɝɚɦ ɢɥɢ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ.  

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɩɨɞɩɹɬɧɢɤɚ ɝɟɧɟɪɚɬɨɪɚ: 
 ܳˏ = ଼,଺∙ଵ଴−ళ∙ʏ∙ீబ೎య/మ∙௡య/మ∆௧ = ଼,଺∙ଵ଴−ళ∙ଷ,ହ∙଺଴଴య/మ∙ଶଵସయ/మଶ = ͸ͻ ˏଷ/ч˃˔,                (9.1) 

 
ɝɞɟ ʏ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɢɩɚ ɝɟɧɟɪɚɬɨɪɚ; ܩ଴௖ – ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɩɨɞɩɹɬɧɢɤ, ɬ; ݊ – ɧɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ, ɨɛ/ɦɢɧ; ∆ݐ – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɟɪɟɩɚɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ 
ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɟɣ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɧɢɦɚɬɶ 1,5–2,0℃. 

 
Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɩɨɞɲɢɩɧɢɤ ɬɭɪɛɢɧɵ ɫ ɜɨɞɹɧɨɣ ɫɦɚɡɤɨɣ: 
 ܳ௡ = ሺͲ,͹ ÷ ͳ,Ͳሻ ∙ ˅ܦ = Ͳ,ͺͷ ∙ Ͳ,͸ = Ͳ,ͷͳ ˎ/˔,                                                   (9.2) 
 

ɝɞɟ ܦ˅ – ɞɢɚɦɟɬɪ ɬɭɪɛɢɧɧɨɝɨ ɜɚɥɚ, ɦ. 
 
9.2 ɋɪɚɜɧɟɧɢɟ ɬɭɪɛɢɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɧɚ ɦɚɫɥɹɧɨɣ ɢ ɜɨɞɹɧɨɣ 

ɫɦɚɡɤɟ 
 
ɉɪɟɢɦɭɳɟɫɬɜɚ ɬɭɪɛɢɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɧɚ ɜɨɞɹɧɨɣ ɫɦɚɡɤɟ: 
 ɗɤɨɥɨɝɢɱɧɨɫɬɶ, ɧɟɬ ɧɢɤɚɤɨɝɨ ɧɟɝɚɬɢɜɧɨɝɨ ɜɥɢɹɧɢɹ ɜ ɜɢɞɭ ɩɨɥɧɨɝɨ 

ɨɬɫɭɬɫɬɜɢɹ ɦɚɫɥɚ; 
 ɉɪɨɫɬɨɬɚ, ɧɚɞɟɠɧɨɫɬɶ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɨɛɫɥɭɠɢɜɚɧɢɢ; 
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 Ɉɬɫɭɬɫɬɜɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɫɦɚɡɤɢ ɩɨɞɲɢɩɧɢɤɚ 
ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɨɬɫɭɬɫɬɜɢɟ ɨɩɟɪɚɰɢɣ ɩɨ ɨɛɫɥɭɠɢɜɚɧɢɸ, ɡɚɦɟɧɟ ɢ ɪɟɦɨɧɬɭ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

 Ɋɟɡɢɧɨɜɚɹ ɨɫɧɨɜɚ ɜɤɥɚɞɵɲɚ ɩɪɨɢɡɜɨɞɢɬ ɩɥɨɬɧɨɟ ɩɪɢɥɟɝɚɧɢɟ 
ɞɟɬɚɥɟɣ, ɚ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɫɧɢɠɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɜɚɥɚ, ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɩɨɩɚɞɚɧɢɟ 
ɜɨɞɵ ɜ ɡɨɧɭ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. 

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɬɚɤɢɯ ɩɨɞɲɢɩɧɢɤɨɜ ɦɨɠɧɨ ɨɬɧɟɫɬɢ: 
 ȼ ɤɨɥɶɰɟɜɵɯ ɩɨɞɲɢɩɧɢɤɚɯ, ɝɞɟ ɫɦɚɡɤɚ ɢ ɨɯɥɚɠɞɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɜɨɞɨɣ, ɫɥɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɤɢ ɡɚɡɨɪɨɜ; 
 Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɟɦɨɧɬɧɨ-ɧɚɥɚɞɨɱɧɵɯ ɞɟɣɫɬɜɢɣ ɩɪɢɞɟɬɫɹ 

ɪɚɡɨɛɪɚɬɶ ɩɨɥɧɨɫɬɶɸ ɜɟɫɶ ɩɨɞɲɢɩɧɢɤ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɜɪɟɦɹ ɪɟɦɨɧɬɚ; 
 ȼɚɥ ɨɛɥɢɰɨɜɵɜɚɟɬɫɹ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɶɸ, ɜ ɡɨɧɟ ɩɨɞɲɢɩɧɢɤɚ; 
 ɉɪɟɤɪɚɳɟɧɢɟ ɩɨɞɚɱɢ ɜɨɞɵ ɜɵɡɨɜɟɬ ɫɝɨɪɚɧɢɟ ɪɟɡɢɧɵ. 
ɉɪɟɢɦɭɳɟɫɬɜɚ ɬɭɪɛɢɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɧɚ ɦɚɫɥɹɧɨɣ ɫɦɚɡɤɟ: 
 ȼ ɫɪɚɜɧɟɧɢɢ ɫ ɩɨɞɲɢɩɧɢɤɨɦ ɧɚ ɪɟɡɢɧɨɜɨɣ ɨɫɧɨɜɟ ɛɨɥɟɟ ɩɪɨɫɬɨɟ ɢ 

ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɡɚɡɨɪɨɜ, ɩɨɫɟɝɦɟɧɬɧɨ; 
 Ⱦɨɩɭɫɤɚɟɬɫɹ ɩɪɟɤɪɚɳɟɧɢɟ ɩɨɞɚɱɢ ɜɨɞɵ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɜ ɬɟɱɟɧɢɢ 15 

ɦɢɧ; 
 Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɟɦɨɧɬɧɨ-ɧɚɥɚɞɨɱɧɵɯ ɪɚɛɨɬ ɧɟ ɬɪɟɛɭɟɬɫɹ 

ɪɚɡɨɛɪɚɬɶ ɩɨɥɧɨɫɬɶɸ ɜɟɫɶ ɩɨɞɲɢɩɧɢɤ, ɱɬɨ ɭɦɟɧɶɲɚɟɬ ɜɪɟɦɹ ɪɟɦɨɧɬɚ. 
ɇɟɞɨɫɬɚɬɤɢ ɬɭɪɛɢɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤ ɧɚ ɦɚɫɥɹɧɨɣ ɫɦɚɡɤɟ: 
 Ɋɢɫɤ ɭɬɟɱɤɢ ɦɚɫɥɚ, ɱɬɨ ɦɨɠɟɬ ɧɚɧɟɫɬɢ ɜɪɟɞ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ; 
 Ɇɚɫɥɨ ɝɨɪɸɱɟɟ; 
 Ɍɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɦɚɡɤɢ 

ɩɨɞɲɢɩɧɢɤɚ (ɧɚɫɨɫɵ, ɪɟɡɟɪɜɭɚɪɵ ɢ ɬ.ɩ.), ɚ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɟ ɜɪɟɦɟɧɢ ɧɚ 
ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɪɟɦɨɧɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

 
9.3 Ⱦɚɧɧɵɟ ɩɨ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ 
 
ɇɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɇɢɦɚɧɫɤɨɣ Ƚɗɋ ɩɪɢɧɢɦɚɟɦ ɩɨɞɩɹɬɧɢɤ ɫɤɨɥɶɠɟɧɢɹ ɫ 

ɛɚɛɛɢɬɨɜɵɦɢ ɫɟɝɦɟɧɬɚɦɢ, ɝɟɧɟɪɚɬɨɪɧɵɣ (ɧɚɩɪɚɜɥɹɸɳɢɣ) ɩɨɞɲɢɩɧɢɤ ɧɚ 
ɦɚɫɥɹɧɨɣ ɫɦɚɡɤɟ. ɉɪɨɜɟɞɹ ɚɧɚɥɢɡ ɢ ɫɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦ ɫɦɚɡɨɤ ɛɵɥɨ ɩɪɢɧɹɬɨ 
ɪɟɲɟɧɢɟ, ɱɬɨ ɬɭɪɛɢɧɧɵɣ ɩɨɞɲɢɩɧɢɤ ɨɫɟɜɨɣ ɬɭɪɛɢɧɵ ɉɅ50–ȼ–355 ɛɭɞɟɬ ɧɚ 
ɪɟɡɢɧɨɜɨɣ ɨɫɧɨɜɟ ɫ ɜɨɞɹɧɨɣ ɫɦɚɡɤɨɣ. ȼ ɫɜɹɡɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɤɚɦɟɪɵ ɪɚɛɨɱɟɝɨ 
ɤɨɥɟɫɚ ɢ ɮɨɪɦɨɣ ɩɨɞɚɱɢ ɜɨɞɵ ɬɚɤɨɟ ɪɟɲɟɧɢɟ ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ. 

Ɇɚɪɤɚ ɦɚɫɥɚ, ɡɚɥɢɜɚɟɦɚɹ ɜ ɨɫɧɨɜɧɵɟ ɭɡɥɵ ɝɢɞɪɨɚɝɪɟɝɚɬɚ Ɍɩ–30 (ȽɈɋɌ 
9972–74). Ɉɛɪɚɛɨɬɤɚ ɢ ɯɪɚɧɟɧɢɟ ɦɚɫɥɚ ɜ ɦɚɫɥɨɯɨɡɹɣɫɬɜɟ, ɨɛɴɟɦɚ ɪɟɡɟɪɜɧɨɝɨ 
ɦɚɫɥɚ ɞɨɥɠɧɨ ɯɜɚɬɚɬɶ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɱɟɬɵɪɟɯ ɚɝɪɟɝɚɬɨɜ ɫɬɚɧɰɢɢ ɢ ɨɛɴɟɦɚ ɧɟ 
ɦɟɧɟɟ ɨɞɧɨɣ ɡɚɝɪɭɡɤɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ.
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 

Ɍɚɛɥɢɰɚ Ⱥ.1 – Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɪ.ɇɢɦɚɧ 
Ƚɨɞɵ I II  III  IV V VI  VII VIII IX X XI  XII ܳ˔˓.ˆˑˇ 

1960 10,4 3,6 3 8,6 146 294 641 230 130 45 11,8 8 128 

1961 5,2 2,1 2 22,4 407 442 541 418 313 103 37,4 14,2 192 

1962 8,4 4,1 3,5 64,5 379 522 647 407 303 122 32,1 14 209 

1963 7,6 2,7 2,4 88,9 149 290 442 436 151 124 26 13,6 144 

1964 8,2 3,1 2,7 29,8 262 584 609 601 342 112 43,3 19,7 218 

1965 9,8 4,1 3,5 120,7 324 641 756 565 256 222 44 22,4 247 

1966 6,5 2,6 2,4 47,1 208 486 641 562 309 90 31 15 200 

1967 5 2 1,6 63,2 193 257 823 319 223 105 21,8 10,5 169 

1968 6,3 2,5 2,4 18,4 302 486 570 522 313 80 19,5 9,8 194 

1969 8,2 3,5 2,9 34,5 227 376 490 369 328 155 39,1 18,1 171 

1970 13,1 3,7 3,5 91,1 280 318 402 748 506 171 52,8 29 218 

1971 7,2 2,9 2,2 37,9 415 486 629 259 306 108 41,8 14,5 192 

1972 12 4,4 3,6 31,5 450 308 879 379 617 159 41 24,9 243 

1973 12,9 18 31 109 306 455 500 451,8 340 164 47 25 206 

1974 20 7,1 5,4 29,6 505 218 217 609 744 170 39,5 30,3 216 

1975 10 3,2 2,5 59,2 622 751 273 204 212 87 24,9 17,8 189 

1976 11,8 6,4 5,3 45,2 300 251 474 329 328 156 41,8 23,6 164 

1977 23,2 6,9 5,6 81,3 494 342 490 1128 804 238 61,9 44 310 

1978 17,5 7,7 5,8 119,2 685 339 407 597 641 197 45,2 28,9 257 

1979 7,4 2,2 2,1 95,3 249 241 410 1229 310 137 33,6 21,5 228 

1980 1,7 0,9 0,8 141,7 597 641 413 601 390 158 42,9 12,9 250 

1981 6,6 2 1,2 123 382 442 1599 634 510 207 40,2 17,5 330 

1982 2,9 1,3 1,2 15 537 309 518 566 203 77 16,1 6,4 188 

1983 4,8 1,5 0,9 31,1 372 486 224 365 325 152 35,7 14,7 168 

1984 9,6 1,7 1,5 87,7 276 315 399 745 502 168 49,4 25,6 215 

1985 3,8 0,9 0,6 34,4 411 483 626 255 303 105 38,3 11,1 189 

1986 8,6 2,3 1,1 28,1 447 304 876 376 614 156 37,6 16,9 239 

1987 9,5 2,7 1,6 105,9 455 316 335 345 610 184 43,7 21 202 

1988 16,6 5,1 3,4 26,2 510 245 214 605 701 166 36,1 26,8 213 

1989 9,3 2,9 2,4 7,4 292 229 145 521 129 44 10,7 6,8 117 

1990 4,1 1,4 1,3 21,3 441 417 540 406 312 101 36,2 13 191 

1991 7,2 3,5 2,8 63,4 377 406 239 709 521 121 30,9 12,9 208 

1992 6,4 2 1,7 87,7 439 434 289 152 149 123 24,8 12,5 143 

1993 7,1 2,4 2 28,7 261 488 672 241 611 111 37,5 18,5 207 

1994 8,7 3,4 2,8 117,3 635 564 255 322 755 221 33,3 21,3 245 

1995 5,3 1,9 1,8 45,9 485 207 640 556 308 88 29,9 13,9 199 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 

Ƚɨɞɵ I II  III  IV V VI  VII VIII IX X XI  XII ܳ˔˓.ˆˑˇ 

1996 8,8 3,3 2,5 125,3 384 444 1645 636 513 210 42,5 19,8 336 

1997 5,2 1,8 1,7 17,2 491 310 521 568 185 79 18,3 8,7 184 

1998 7,1 2,8 2,3 33,3 374 489 226 368 327 154 38 16,9 170 

1999 11,9 3,1 2,9 90 279 317 401 747 505 170 51,6 27,9 217 

2000 6 2,2 1,5 36,7 413 485 628 257 305 107 40,6 13,4 191 

2001 10,9 3,7 2,9 30,4 449 306 878 378 616 158 39,9 23,8 241 

2002 11,8 4,1 3,2 105,1 457 319 303 347 621 203 45,9 23,3 204 

2003 18,8 6,5 5,3 28,4 504 217 216 608 737 169 38,3 29,1 215 

2004 8,9 2,5 1,9 58,1 632 757 272 192 187 86 23,7 16,7 186 

2005 17,7 21,7 22 54 250 348 403 377 299 115 36 18 163 

2006 22,1 6,2 5,7 80,1 493 312 489 1156 771 237 56,3 42,9 306 

2007 16,4 7 6,1 118,1 683 338 406 603 640 202 44 27,8 258 

2008 4,9 1,2 1,2 75,2 198 192 327 982 247 109 25,8 16,3 182 

2009 2,9 1,6 1,4 182,6 596 640 417 600 388 156 41,8 11,8 253 ܳɫɪ 9,5 3,9 3,6 63,9 400,5 396,9 519,1 511,6 415,2 141,6 36,4 19,1 210 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

ȼɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 

Ɍɚɛɥɢɰɚ Ȼ.1 – Ɋɟɠɢɦ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (1 ɢɬɟɪɚɰɢɹ – ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ) 
Ɇɟɫɹɰɵ Q ɩɨɥ Q ɜɨɞɯ QȼɏɄ QȽɗɋ QɇȻ V  ɧɚɱ dV Vɤɨɧ ZȼȻ (ɧɚɱ) ZȼȻ(ɤɨɧ) ZȼȻ(ɫɪ) ZɇȻ HȽɗɋ NȽɗɋ NȽȺɊ 

11 31 67 109 97 99 5,42 0,17 5,25 360,00 359,39 359,69 311,99 47,71 40 40 
12 13 165 109 178 180 5,25 0,44 4,80 360,00 358,02 359,01 313,17 45,84 70 70 
1 13 172 109 184 186 4,80 0,46 4,34 358,02 356,67 357,34 313,26 44,09 70 70 
2 17 89 109 105 107 4,34 0,21 4,13 356,67 355,99 356,33 312,12 44,21 40 40 
3 17 85 109 102 109 4,13 0,23 3,90 355,99 355,21 355,60 312,14 43,45 38 ɜɯɤ 
4 48 54 109 102 109 3,90 0,14 3,76 355,21 354,69 354,95 312,14 42,80 38 ɜɯɤ 
5 248 -141 109 107 109 3,76 -0,38 4,14 354,69 356,02 355,36 311,59 43,77 40 ɜɯɤ 
6 351 -244 109 107 109 4,14 -0,63 4,77 356,02 357,93 356,98 311,59 45,39 42 ɜɯɤ 
7 397 -290 109 107 109 4,77 -0,78 5,55 357,93 360,50 359,21 311,59 47,63 44 ɜɯɤ 
8 371 -264 109 107 109 5,55 -0,71 6,26 360,50 363,85 362,17 311,59 50,58 47 ɜɯɤ 
9 294 -187 109 107 109 6,26 -0,48 6,74 363,85 366,41 365,13 311,59 53,54 49 ɜɯɤ 
10 109 -2 109 107 109 6,74 -0,01 6,75 366,41 366,43 366,42 312,14 54,28 50 ɜɯɤ 

 
ɉɪɢɦɟɱɚɧɢɟ: 
ȼ ɞɚɧɧɨɦ ɪɚɫɱɟɬɟ ɜɢɞɧɨ, ɱɬɨ ɨɬɦɟɬɤɚ ȼȻ ɜ ɤɨɧɰɟ ɫɪɚɛɨɬɤɢ ɛɨɥɶɲɟ ɱɟɦ ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɧɚ 6,43 ɦ, ɨɛɴɟɦɵ Vɤɨɧ ɨɬɥɢɱɚɸɬɫɹ ɨɬ Vɧɚɱ ɧɚ 

2,33. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ˆܰ˃˓.  
Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɦ ɪɚɫɱɟɬ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɭɜɟɥɢɱɢɜɚɹ ɝɚɪɚɧɬɢɪɨɜɚɧɧɭɸ ɦɨɳɧɨɫɬɶ ɬɟɯ ɦɟɫɹɰɟɜ, ɤɨɬɨɪɵɟ ɩɨɩɚɥɢ 

ɩɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɟ, ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɩɪɨɢɡɜɟɞɟɧ ɩɨɥɧɵɣ ɰɢɤɥ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ (ɬɚɛɥɢɰɚ Ȼ.2). 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.2– Ɋɟɠɢɦ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (2 ɢɬɟɪɚɰɢɹ - ɜɵɩɨɥɧɹɟɬɫɹ) 

Ɇɟɫɹɰɵ Q ɩɨɥ Q ɜɨɞɯ QȼɏɄ QȽɗɋ QɇȻ V  ɧɚɱ dV Vɤɨɧ ZȼȻ (ɧɚɱ) ZȼȻ(ɤɨɧ) ZȼȻ(ɫɪ) ZɇȻ HȽɗɋ NȽɗɋ NȽȺɊ 

11 31 176 109 206 208 5,42 0,46 4,96 360,00 358,49 359,25 313,53 45,71 81 81 
12 13 287 109 299 301 4,96 0,77 4,20 358,49 356,20 357,35 314,58 42,77 110 110 
1 13 310 109 322 324 4,20 0,83 3,37 356,20 353,04 354,62 314,82 39,80 110 110 
2 17 234 109 250 252 3,37 0,57 2,80 353,04 350,24 351,64 314,05 37,59 81 81 
3 17 90 109 107 114 2,80 0,24 2,56 350,24 348,90 349,57 312,22 37,34 34 ɜɯɤ 
4 48 59 109 107 114 2,56 0,15 2,41 348,90 348,01 348,46 312,22 36,23 33 ɜɯɤ 
5 248 -146 109 102 104 2,41 -0,39 2,80 348,01 350,22 349,12 311,52 37,59 33 ɜɯɤ 
6 351 -249 109 102 104 2,80 -0,65 3,44 350,22 353,38 351,80 311,52 40,28 35 ɜɯɤ 
7 397 -290 109 107 109 3,44 -0,78 4,22 353,38 356,28 354,83 311,59 43,25 40 ɜɯɤ 
8 371 -264 109 107 109 4,22 -0,71 4,93 356,28 358,39 357,34 311,59 45,75 42 ɜɯɤ 
9 294 -187 109 107 109 4,93 -0,48 5,41 358,39 359,98 359,18 311,59 47,59 44 ɜɯɤ 
10 109 -2 109 107 109 5,41 -0,01 5,42 359,98 360,00 359,99 312,14 47,84 44 ɜɯɤ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 

Ɍɚɛɥɢɰɚ Ȼ.3 – Ɋɟɠɢɦ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɩɨ ɦɨɳɧɨɫɬɹɦ, ɩɪɢɧɹɬɵɦ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
Ɇɟɫɹɰɵ Q ɩɨɥ Q ɜɨɞɯ QȼɏɄ QȽɗɋ QɇȻ V  ɧɚɱ dV Vɤɨɧ ZȼȻ (ɧɚɱ) ZȼȻ(ɤɨɧ) ZȼȻ(ɫɪ) ZɇȻ HȽɗɋ NȽɗɋ NɉɊ ɗȽɗɋ 

11 42 164 109 206 208 5,42 0,43 4,99 360,00 358,59 359,29 313,53 45,76 81 81 58,4 
12 20 280 109 300 302 4,99 0,75 4,24 358,59 356,36 357,47 314,58 42,89 110 110 79,5 
1 8 313 109 321 323 4,24 0,84 3,41 356,36 353,21 354,78 314,80 39,98 110 110 79,4 
2 13 237 109 250 252 3,41 0,57 2,83 353,21 350,40 351,81 314,05 37,76 81 81 58,5 
3 26 110 109 136 138 2,83 0,29 2,54 350,40 348,77 349,59 312,60 36,99 43 ɜɯɤ 31,2 
4 103 51 109 154 156 2,54 0,13 2,41 348,77 348,01 348,39 312,85 35,54 47 ɜɯɤ 33,9 
5 304 -150 109 154 161 2,41 -0,40 2,81 348,01 350,27 349,14 312,20 36,94 49 ɜɯɤ 35,2 
6 458 -300 109 158 165 2,81 -0,78 3,59 350,27 353,99 352,13 312,24 39,89 54 ɜɯɤ 38,9 
7 494 -390 109 104 106 3,59 -1,04 4,63 353,99 357,52 355,75 311,55 44,20 40 ɜɯɤ 28,5 
8 446 -294 109 152 154 4,63 -0,79 5,42 357,52 360,00 358,76 312,12 46,63 61 ɜɯɤ 43,8 
9 335 0 109 335 337 5,42 0,00 5,42 360,00 360,00 360,00 313,86 46,13 133 ɜɯɤ 95,7 

10 158 0 109 158 160 5,42 0,00 5,42 360,00 360,00 360,00 312,91 47,09 64 ɜɯɤ 46,1 

              Σ 629,2 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 

 
Ɋɢɫɭɧɨɤ Ȼ.1 – ɂɄɇ ɡɢɦɧɢɯ ɫɭɬɨɤ 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 

 
Ɋɢɫɭɧɨɤ Ȼ.2 – ɂɄɇ ɥɟɬɧɢɯ ɫɭɬɨɤ 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

Ɍɚɛɥɢɰɚ ȼ.1 – Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɪɚɡɧɵɯ ɞɢɚɦɟɬɪɚɯ ɞɥɹ 
ɬɭɪɛɢɧɵ ɉɅ50-ȼ 

D1, ɦ 3,55 4 4,25 4,5 5 5,3 
ɄɉȾ ɬɭɪɛɢɧɵ 0,917 0,918 0,919 0,919 0,92 0,921 

N' ɚɝɪ, ɤȼɬ 39357 50021 56531 63377 78329 88106 

z', ɲɬ 3,608 2,839 2,512 2,241 1,813 1,612 

z, ɲɬ 4 3 3 2 2 2 

Nɚɝɪ, ɤȼɬ 36 47 47 71 71 71 

Δ 1,033 1,034 1,035 1,035 1,037 1,038 

n'ɫ1, ɨɛ/ɦɢɧ 204,725 181,782 171,171 161,662 145,636 137,459 

nɫ1, ɨɛ/ɦɢɧ 214 187,5 187,5 166,7 150 150 

nIHmin, ɨɛ/ɦɢɧ 130,117 128,394 136,352 128,357 128,208 135,835 

nIHɪ, ɨɛ/ɦɢɧ 121,255 119,649 127,066 119,615 119,476 126,583 

nIHmax, ɨɛ/ɦɢɧ 107,22 105,799 112,357 105,769 105,646 111,931 

 
Ɍɚɛɥɢɰɚ ȼ.2 – Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɪɚɡɧɵɯ ɞɢɚɦɟɬɪɚɯ ɞɥɹ 
ɬɭɪɛɢɧɵ ɉɅ50-ȼ 

D1, ɦ 3,15 3,35 3,75 4 4,5 5 

ɄɉȾ ɬɭɪɛɢɧɵ 0,905 0,906 0,907 0,908 0,909 0,91 
N' ɚɝɪ, ɤȼɬ 34404 38955 48867 55661 70524 87162 

z', ɲɬ 4,127 3,645 2,906 2,551 2,013 1,629 

z, ɲɬ 4 4 3 3 2 2 

Nɚɝɪ, ɤȼɬ 36 36 47 47 71 71 

Δ 1,051 1,052 1,053 1,055 1,056 1,057 

n'ɫ1, ɨɛ/ɦɢɧ 226,705 213,272 190,613 178,87 159,071 143,231 

nɫ1, ɨɛ/ɦɢɧ 230,8 214 200 187,5 166,7 150 

nIHmin, ɨɛ/ɦɢɧ 123,449 121,673 127,23 127,11 127,075 126,989 

nIHɪ, ɨɛ/ɦɢɧ 115,041 113,386 118,565 118,452 118,42 118,34 

nIHmax, ɨɛ/ɦɢɧ 101,725 100,261 104,84 104,741 104,712 104,642 

 
Ɍɚɛɥɢɰɚ ȼ.3 – Ɋɚɫɱɟɬɧɵɟ ɢ ɦɚɤɫɢɦɚɥɶɧɵɟ ɬɨɱɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ଵܳ′ ∙ 𝜂ː˕ ଵܳ′ , ɦ3/ɫ 𝜂ː˕ ଵܳ௠௔௫′ ∙ 𝜂ː˕ ଵܳ௠௔௫′  𝜂ː˕ 

ɉɅ50-ȼ-355 1,184 1,28 0,909 0,819 0,89 0,911 

ɉɅ50-ȼ-425 1,075 1,195 0,910 0,744 0,820 0,9115 

ɉɅ50-ȼ-500 1,170 1,280 0,9097 0,809 0,890 0,9115 

ɉɅ50-ȼ-530 1,040 1,160 0,9105 0,719 0,280 0,85 

ɉɅȾ50-ȼ60-400 1,180 1,320 0,901 0,816 0,920 0,9025 

ɉɅȾ50-ȼ60-500 1,137 1,260 0,9034 0,786 0,870 0,901 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
Ɋɢɫɭɧɨɤ ȼ.1 – Ƚɥɚɜɧɚɹ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɪɢɜɟɞɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ ɢ ɪɚɫɯɨɞɚ, ɫ 
ɨɛɨɡɧɚɱɟɧɧɨɣ ɪɚɛɨɱɟɣ ɡɨɧɨɣ ɞɥɹ ɝɢɞɪɨɬɭɪɛɢɧ ɉɅ50-ȼ-355 (ɤɪɚɫɧɵɣ), ɉɅ50-ȼ-

425 (ɫɢɧɢɣ) ɢ ɉɅ50-ȼ-500 (ɠɟɥɬɵɣ), ɉɅ50-ȼ-530 (ɡɟɥɟɧɵɣ) 
 

  

Ɋɢɫɭɧɨɤ ȼ.2 – Ƚɥɚɜɧɚɹ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɡɚɜɢɫɢɦɨɫɬɢ 
ɩɪɢɜɟɞɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ ɢ ɪɚɫɯɨɞɚ, ɫ 

ɨɛɨɡɧɚɱɟɧɧɨɣ ɪɚɛɨɱɟɣ ɡɨɧɨɣ ɞɥɹ ɝɢɞɪɨɬɭɪɛɢɧ ɉɅȾ50-ȼ60-400 (ɡɟɥɟɧɵɣ), 
ɉɅȾ50-ȼ60-500 (ɫɢɧɢɣ)
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 
 

Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ Ƚɍ 
 

 

 
Ɋɢɫɭɧɨɤ Ƚ1 – ɇɚɝɪɭɡɤɢ, ɞɟɣɫɬɜɭɸɳɢɟ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɟɱɟɧɢɢ ɧɚɝɪɭɡɨɤ ɢ 

ɜɨɡɞɟɣɫɬɜɢɣ
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ɉɊɂɅɈɀȿɇɂȿ Ⱦ 
 

Ɍɟɯɧɢɤɨ–ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
 

 
Ɋɢɫɭɧɨɤ Ⱦ.1 – Ʉɚɥɟɧɞɚɪɧɵɣ ɝɪɚɮɢɤ 

 




