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ȼȼȿȾȿɇɂȿ 
 

Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɡɚɧɢɦɚɸɬ ɨɫɨɛɨ ɜɚɠɧɨɟ ɦɟɫɬɨ ɜ ɫɨɜɪɟɦɟɧɧɵɯ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ, ɜɵɩɨɥɧɹɹ ɝɥɚɜɧɭɸ ɪɨɥɶ ɩɨ ɪɟɝɭɥɢɪɨɜɚɧɢɸ 
ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦ ɜ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɠɢɦɚɯ, ɚ ɬɚɤɠɟ ɩɨɤɪɵɜɚɹ ɧɚɢɛɨɥɟɟ 
ɧɟɪɚɜɧɨɦɟɪɧɭɸ ɱɚɫɬɶ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ 
ɬɨɜɚɪɧɨɣ ɩɪɨɞɭɤɰɢɢ Ƚɗɋ ɜɟɫɶɦɚ ɩɨɥɨɠɢɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ 
ɰɟɧɨɨɛɪɚɡɨɜɚɧɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɪɵɧɤɟ ɫɛɵɬɚ. 

ɂɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ – ɬɟɤɭɳɚɹ ɜɨɞɚ, ɩɨɫɬɨɹɧɧɨ ɜɨɡɨɛɧɨɜɥɹɟɦɚɹ, ɜ ɨɬɥɢɱɢɟ 
ɨɬ ɧɟɮɬɢ, ɝɚɡɚ, ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɢ ɹɞɟɪɧɨɝɨ ɝɨɪɸɱɟɝɨ. Ʌɢɞɟɪɨɦ ɜ ɪɚɡɜɢɬɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɧɚ ɛɥɢɠɚɣɲɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɫɬɚɧɟɬ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɚ, ɤɚɤ 
ɧɚɢɛɨɥɟɟ ɪɚɡɜɢɬɚɹ, ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɚɹ ɢ ɢɧɜɟɫɬɢɰɢɨɧɧɚɹ ɨɬɪɚɫɥɶ 
ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ. 

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

ɋɭɥɚɤ – ɪɟɤɚ ɧɚ ɋɟɜɟɪɧɨɦ Ʉɚɜɤɚɡɟ, ɩɪɨɬɟɤɚɟɬ ɜ Ɋɟɫɩɭɛɥɢɤɟ Ⱦɚɝɟɫɬɚɧ. 
Ⱦɥɢɧɚ ɪɟɤɢ – 144 ɤɦ, ɩɥɨɳɚɞɶ ɛɚɫɫɟɣɧɚ – 15200 ɤɦ2.  

 
1.1 Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɜ ɪɚɣɨɧɟ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 

Ʉɥɢɦɚɬ ɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ – ɭɦɟɪɟɧɧɨ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ, 
ɡɚɫɭɲɥɢɜɵɣ. ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɹɧɜɚɪɹ ɢɡɦɟɧɹɟɬɫɹ ɨɬ +1ºɋ ɧɚ ɪɚɜɧɢɧɟ ɞɨ -
11ºɋ ɜ ɝɨɪɚɯ. ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢɸɥɹ +24ºɋ. Ƚɨɞɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ 
ɢɡɦɟɧɹɟɬɫɹ ɨɬ 1000 ɦɦ (ɝɨɪɧɚɹ ɱɚɫɬɶ ɛɚɫɫɟɣɧɚ) ɞɨ 400 ɦɦ ɢ ɦɟɧɶɲɟ (ɧɢɡɨɜɶɟ 
ɪɟɤɢ). ɋɪɟɞɧɢɣ ɫɥɨɣ ɨɫɚɞɤɨɜ ɞɥɹ ɛɚɫɫɟɣɧɚ ɪɟɤɢ 700 ɦɦ, ɫɥɨɣ ɢɫɩɚɪɟɧɢɹ 438 ɦɦ. 
ɉɢɬɚɧɢɟ ɪɟɤɢ ɫɦɟɲɚɧɧɨɟ: ɥɟɞɧɢɤɨɜɨɟ, ɫɧɟɝɨɜɨɟ ɢ ɞɨɠɞɟɜɨɟ. ȼɵɫɨɤɨɟ ɜɟɫɟɧɧɟ-
ɥɟɬɧɟɟ ɩɨɥɨɜɨɞɶɟ (ɚɩɪɟɥɶ–ɫɟɧɬɹɛɪɶ) ɫɨɱɟɬɚɟɬɫɹ ɫ ɞɨɠɞɟɜɵɦɢ ɩɚɜɨɞɤɚɦɢ. 

 
1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 

 
Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɪɟɤɨɣ ɋɭɥɚɤ ɡɚ ɩɟɪɢɨɞ 1947–1996 ɝɝ. 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1.  
ɋɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɫɬɨɤ: 
 W̅ɦɧɨɝɨɥɟɬɧɢɣ = Q̅ɦɧɨɝɨɥɟɬɧɢɣ ∙ t = ͳ͹͸ ∙ ͵ͳͷ͵͸ͲͲͲ = ͷ,ͷͷ ˍˏଷ,          

(1.1) 
 

ɝɞɟ    Q̅ɦɧɨɝɨɥɟɬɧɢɣ – ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɪɚɫɯɨɞ ɢɡ ɩɪɢɥɨɠɟɧɢɹ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1; t – ɱɢɫɥɨ ɫɟɤɭɧɞ ɜ ɝɨɞɭ. 
Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɫɜɹɡɢ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.1, ɧɚ ɪɢɫɭɧɤɟ 1.1 ɢ 1.2. 
 

Ɍɚɛɥɢɰɚ 1.1 – Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɫɜɹɡɢ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
Ʉɪɢɜɚɹ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ 
ɛɶɟɮɚ 

Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɢ ɭɪɨɜɧɟɣ 
ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ zɇȻ, ɦ Q, ɦଷ/c zȼȻ, ɦ V, ɤɦଷ 

351,00 0 349 0 
353,00 40 360 0,07 
356,00 80 370 0,14 
359,00 120 380 0,22 
361,20 160 390 0,33 
363,20 200 395 0,423 
365,00 240 400 0,54 
366,50 280   
367,70 320   

 

https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/3320/%D0%92%D0%BE%D0%B4%D0%BD%D0%BE%D0%B5_%D0%BF%D0%B8%D1%82%D0%B0%D0%BD%D0%B8%D0%B5_%D1%80%D0%B5%D0%BA_%D0%B8_%D0%B5%D0%B3%D0%BE_%D0%B2%D0%B8%D0%B4%D1%8B
https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1747/%D0%9F%D0%BE%D0%BB%D0%BE%D0%B2%D0%BE%D0%B4%D1%8C%D0%B5
https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1745/%D0%9F%D0%B0%D0%B2%D0%BE%D0%B4%D0%BE%D0%BA
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Ɋɢɫɭɧɨɤ 1.1 – Ʉɪɢɜɚɹ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 

 

 
Ɋɢɫɭɧɨɤ 1.2 – Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴёɦɨɜ ɢ ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

 
1.3 Ƚɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɚɪɬɚɦɢ ɨɛɳɟɝɨ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɪɚɣɨɧɢɪɨɜɚɧɢɹ 

ɬɟɪɪɢɬɨɪɢɢ ɊɎ, ɪɟɫɩɭɛɥɢɤɚ Ⱦɚɝɟɫɬɚɧ ɜɯɨɞɢɬ ɜ ɫɟɣɫɦɢɱɟɫɤɭɸ ɡɨɧɭ ɫ ɢɫɯɨɞɧɨɣ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɫɨɛɵɬɢɣ ɪɚɜɧɨɣ ɧɟ ɛɨɥɟɟ 8 ɛɚɥɨɜ. ɋɬɜɨɪ 
ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɤɪɟɩɤɨɦ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ. ɉɨɪɨɞɚ ɨɫɧɨɜɚɧɢɹ – ɝɪɚɧɢɬ. 
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1.4 ɗɧɟɪɝɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɣɨɧɚ 
 

ɋɭɥɚɤɫɤɚɹ Ƚɗɋ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨ ɨɬɧɨɫɢɬɫɹ ɤ Ɏɢɥɢɚɥɭ ȺɈ «ɋɈ ȿɗɋ» 
«Ɋɟɝɢɨɧɚɥɶɧɨɟ ɞɢɫɩɟɬɱɟɪɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɷɧɟɪɝɨɫɢɫɬɟɦɵ Ɋɟɫɩɭɛɥɢɤɢ 
Ⱦɚɝɟɫɬɚɧ». Ɍɟɪɪɢɬɨɪɢɹ ɨɩɟɪɚɰɢɨɧɧɨɣ ɡɨɧɵ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɩɥɨɳɚɞɢ 50,3 ɬɵɫ. 
ɤɜ. ɤɦ ɫ ɧɚɫɟɥɟɧɢɟɦ 3,086 ɦɥɧ. ɱɟɥɨɜɟɤ. ȼ ɭɩɪɚɜɥɟɧɢɢ ɢ ɜɟɞɟɧɢɢ Ⱦɚɝɟɫɬɚɧɫɤɨɝɨ 
ɊȾɍ ɧɚɯɨɞɹɬɫɹ ɨɛɴɟɤɬɵ ɝɟɧɟɪɚɰɢɢ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɶɸ 
1904,13 Ɇȼɬ.  

ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɵɟ ɝɢɞɪɨɭɡɥɵ, ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɊȾɍ Ⱦɚɝɟɫɬɚɧɚ, 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.4. 

 
Ɍɚɛɥɢɰɚ 1.4 – Ƚɗɋ, ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɊȾɍ Ⱦɚɝɟɫɬɚɧɚ 

Ƚɗɋ Nɭɫɬ, Ɇȼɬ 

ɑɢɪɤɟɣɫɤɚɹ 1000 
ɂɪɝɚɧɚɣɫɤɚɹ 400 
Ɇɢɚɬɥɢɧɫɤɚɹ 220 

Ʉɚɫɤɚɞ ɑɢɪɸɪɬɫɤɢɯ  81 
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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ 
 
2.1 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɫɬɨɤɚ ɜɨɞɵ 
 
2.1.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 ⎯ɗɧɟɪɝɨɫɢɫɬɟɦɚ: Ⱦɚɝɟɫɬɚɧɫɤɨɟ ɊȾɍ; ⎯Ɉɬɦɟɬɤɚ ɇɉɍ ɋɭɥɚɤɫɤɨɣ Ƚɗɋ: ɇɉɍ = ͵ͻͺ ɦ; ⎯Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ: k୒ = ͺ,ͺ; ⎯ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ: Δh =  Ͳ,ͷ ɦ; ⎯Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ ɢ ɩɨɬɟɪɢ ɜɨɞɵ ɢɡ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 
 

Ɍɚɛɥɢɰɚ 2.1 – ɉɨɬɟɪɢ ɜɨɞɵ ɢɡ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɪɚɫɯɨɞɵ ȼɏɄ 
Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII Qˋ˔˒, ˏଷ ˔⁄  0 0 0 2 5 7 6 4 1 0 0 0 Qˎˈˇˑˑ˄, ˏଷ ˔⁄  5 5 -1 -2 -2 -4 0 0 0 0 2 3 Q˗ˋˎь˕˓, ˏଷ ˔⁄  3 3 3 3 3 3 3 3 3 3 3 3 Q˛ˎюˊ, ˏଷ ˔⁄  0 0 0 0 0 0 0 0 0 0 0 0 Qʑʤʙ, ˏଷ ˔⁄  114 114 114 114 114 114 114 114 114 114 114 114 

 
2.1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɱёɬɧɵɯ ɪɚɫɯɨɞɨɜ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɯɨɞɵ (ɩɪɢɥɨɠɟɧɢɟ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1) ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ 

ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ. Ⱦɥɹ ɡɚɩɨɥɧɟɧɢɹ ɬɚɛɥɢɰɵ Ȼ.1 ɩɪɢɥɨɠɟɧɢɹ Ȼ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɨɷɮɮɢɰɢɟɧɬ: 
 k = Q୬Qɫɪ

,  (2.1) 

  
  ɝɞɟ Q୬ – n-ɵɣ ɱɥɟɧ ɪɹɞɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ; 
 Qɫɪ – ɫɪɟɞɧɢɣ ɦɧɨɝɨɥɟɬɧɢɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɪɹɞɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ: 
 C୴ = √Σሺk − ͳሻଶn = √ͳ,͹͵͵ͷͲ = Ͳ,ͳͻ,  (2.2) 

  
  ɝɞɟ n – ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ. 

ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɪɹɞɚ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ: 
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δେ౬ = ± √ͳ + ͵ ∙ C୴ଶ√ʹ ∙ ሺn − ͳሻ ∙ ͳͲͲ% = √ͳ + ͵ ∙ Ͳ,ͳͻଶ√ʹ ∙ Ͷͻ ∙ ͳͲͲ% = ͳͲ,͸͵%,  (2.3) 

  
  ɝɞɟ n–ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ ɪɹɞɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ: 
 Cୱ = Σሺk − ͳሻଷC୴ଷ ∙ n = Ͳ,ͲͶ͸Ͳ,ͳͻଷ ∙ ͷͲ = Ͳ,ͳ͵Ͷ.  (2.4) 

 
ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɚɫɢɦɦɟɬɪɢɢ 

ɪɹɞɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ: 
 

δେs = ± √͸n ∙ √ͳ + ͸C୴ଶ + ͷC୴ସCୱ ∙ ͳͲͲ%;  (2.5) 

 

δେs = √ ͸ͷͲ ∙ √ͳ + ͸ ∙ Ͳ,ͳͻଶ + ͷ ∙ Ͳ,ͳͻସͲ,ͳ͵Ͷ ∙ ͳͲͲ% = ʹ͸ͺ,Ͷ%. 
 

Ⱦɨɩɭɫɬɢɦɚɹ ɨɲɢɛɤɚ = 104,2%, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ 
ɨɲɢɛɤɚ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɪɹɞɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ, ɧɟ 
ɜɯɨɞɢɬ ɜ ɞɨɩɭɫɬɢɦɵɟ ɩɪɟɞɟɥɵ. 

ɉɨɷɬɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ: 
 Cୱ = ʹ ∙ C୴ = ʹ ∙ Ͳ,ͳͻ = Ͳ,͵ͺ.      (2.6) 
 

ɇɚɡɧɚɱɚɟɬɫɹ ɤɥɚɫɫ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ. Ȼɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ 
ɋɭɥɚɤɫɤɨɣ Ƚɗɋ – ɫɨɨɪɭɠɟɧɢɟ III- ɨɝɨ ɤɥɚɫɫɚ (ɩɨ ɨɛɴёɦɭ ɜɨɞɨɯɪɚɧɢɥɢɳɚ). 
ɂɫɯɨɞɹ ɢɡ ɨɩɪɟɞɟɥёɧɧɨɝɨ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ, ɜɵɱɢɫɥɹɸɬɫɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 
ɩɨɜɟɪɨɱɧɨɝɨ ɢ ɨɫɧɨɜɧɨɝɨ ɪɚɫɯɨɞɨɜ. 
 Mୱ = C୴ ∙ Ɏ;     (2.7) 

  kୱ = Mୱ + ͳ;    (2.8) 
  Qୱ = Qɫɪ ∙ kୱ.     (2.9) 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.2. 
 

Ɍɚɛɥɢɰɚ 2.2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ p, % Ɏ Mୱ kୱ Qୱ 
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0,01 4,16 0,79 1,79 910 
0,1 3,38 0,64 1,64 835 
0,5 2,76 0,52 1,52 775 

 
2.1.3 Ʉɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɪɚɫɯɨɞɨɜ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ ɜɵɛɨɪɚ ɪɚɫɱɟɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɡɞɟɥɢɬɶ ɝɨɞ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ: ɦɧɨɝɨɜɨɞɧɵɣ ɢ 
ɦɚɥɨɜɨɞɧɵɣ. ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɤ ɩɟɪɢɨɞɭ ɩɨɥɨɜɨɞɶɹ 
ɨɬɧɨɫɹɬɫɹ ɦɟɫɹɰɵ, ɜ ɤɨɬɨɪɵɟ ɪɚɫɯɨɞɵ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɵ ɫɪɟɞɧɟɝɨɞɨɜɨɦɭ 
ɪɚɫɯɨɞɭ.  

Ɉɩɪɟɞɟɥɢɜ ɝɪɚɧɢɰɵ ɫɟɡɨɧɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɜɫɟɯ ɥɟɬ ɪɹɞɚ ɜɵɱɢɫɥɢɬɶ 
ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ ɡɚ ɝɨɞ, ɦɚɥɨɜɨɞɧɵɣ ɫɟɡɨɧ ɢ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ. Ɋɚɧɠɢɪɭɟɦ 
ɤɚɠɞɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ 
ɫɬɪɨɹɬɫɹ ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ: 
 Pሺmሻ = mn + ͳ ∙ ͳͲͲ ሺ%ሻ,   (2.10) 

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

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.2. 
Ɋɚɫɱёɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɜɵɛɨɪɚ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 

ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 90%, ɫɪɟɞɧɟɜɨɞɧɨɝɨ – 50%. 
ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɫɪɟɞɧɢɯ ɪɚɫɯɨɞɨɜ ɡɚ ɝɨɞ, 

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

ɩɨɥɨɜɨɞɧɵɯ ɢ ɦɟɠɟɧɧɵɯ ɪɚɫɯɨɞɨɜ 
 

2.1.4 ȼɵɛɨɪ ɪɚɫɱёɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
 

ɉɨ ɤɪɢɜɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɪɟɞɧɟɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɛɥɢɠɚɣɲɢɟ ɤ P=50% ɝɨɞɵ. ȼɵɱɢɫɥɹɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɞɥɹ 
ɦɟɠɟɧɧɨɝɨ ɢ ɩɨɥɨɜɨɞɧɨɝɨ ɩɟɪɢɨɞɨɜ. Ɂɚ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ ɩɪɢɧɢɦɚɟɬɫɹ ɬɨɬ, ɭ 
ɤɨɬɨɪɨɝɨ ɷɬɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɭɱɢɥɢɫɶ ɦɟɧɶɲɢɦɢ – ɬɪɟɛɭɟɬ ɦɟɧɶɲɟɣ 
ɤɨɪɪɟɤɬɢɪɨɜɤɢ – 1989 ɝɨɞ. 

Ɍɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ ɜɵɛɢɪɚɟɬɫɹ ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ ɫ P=90% – 1970. 
 Kʞሺଵଽ଼ଽሻ = Q˒ହ଴%˄˃ˊˑ˅ˑˈሺଵଽ଺ହሻQ˒ ଵଽ଼ଽ = ʹ͹͹ʹ͹͸,ʹͷ = ͳ,ͲͲ͵;   (2.11) 

  
 Kʛሺଵଽ଼ଽሻ = Qˏହ଴%˄˃ˊˑ˅ˑˈሺଵଽ଺ଽሻQˏ ଵଽ଼ଽ = ͳͳͻ,ͳʹͷͳʹͲ,͸ʹͷ = Ͳ,ͻͺͺ;   (2.12) 

   
 Kɉሺଵଽ଻଴ሻ = Q˒ଽ଴%˄˃ˊˑ˅ˑˈሺଵଽ଺଼ሻQ˒ ሺଵଽ଻଴ሻ = ͵Ͳ͹ʹ͹ͷ,ͷ = ͳ,ͳͳ;      (2.13) 

 
 KɆሺଵଽ଻଴ሻ = Qˏଽ଴%˄˃ˊˑ˅ˑˈሺଵଽ଺଼ሻQˏ ሺଵଽ଻଴ሻ = ͻͺ,͵͹ͷͺͷ,͸ʹͷ = ͳ,ͳͷ.   (2.14) 

 
ɉɨɫɬɪɨɢɦ ɝɢɞɪɨɝɪɚɮɵ ɞɥɹ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɬɚɛɥɢɰɚ 

2.3.  Ɋɚɫɱёɬɧɵɟ ɝɢɞɪɨɝɪɚɮɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.2. 
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Ɍɚɛɥɢɰɚ 2.3 – Ɋɚɫɱёɬɧɵɣ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ ɛɟɡ ɢ ɫ ɩɪɢɜɟɞɟɧɢɟɦ 
Ɋɚɫɯɨɞɵ ɜ ɤɭɛɢɱɟɫɤɢɯ ɦɟɬɪɚɯ ɜ ɫɟɤɭɧɞɭ 

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII 
50% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ, 1989 

ɂɫɯɨɞɧɵɟ 170 238 390 278 213 127 113 86 117 97 109 139 
ɋ ɤɨɪɪɟɤɬ. 168 239 391 279 214 125 112 85 113 100 108 137 

90% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ, 1970 
ɂɫɯɨɞɧɵɟ 168 353 367 297 211 115 112 100 111 45 72 95 
ɂɡɦɟɧɟɧɢɹ 0 -114 4 -18 4 8 0 -15 2 55 35 39 
ɋ ɤɨɪɪɟɤɬ. 168 239 371 279 215 123 112 85 113 100 107 134 

 
ɉɨ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɦ ɞɚɧɧɵɦ ɢɡ ɬɚɛɥɢɰɵ 2.3 ɫɬɪɨɹɬɫɹ ɪɚɫɱёɬɧɵɟ 

ɝɢɞɪɨɝɪɚɮɵ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ, ɢɡɨɛɪɚɠёɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 2.2. 
 

 
Ɋɢɫɭɧɨɤ 2.2 –Ɋɚɫɱёɬɧɵɟ ɝɢɞɪɨɝɪɚɮɵ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 

 
2.2 ɉɨɫɬɪɨɟɧɢɟ ɂɄɇ ɗɋ 

 
ɇɚ ɨɫɧɨɜɟ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɦɟɬɨɞɢɤɨɣ, 

ɨɩɢɫɚɧɧɨɣ ɜ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɦ ɩɨɫɨɛɢɢ «ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ Ƚɗɋ» [4] 
ɫɬɪɨɢɦ ɢɧɬɟɝɪɚɥɶɧɵɟ ɤɪɢɜɵɟ. 

Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɵɯ ɤɪɢɜɵɯ ɧɚɝɪɭɡɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 2.4 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 
Ɍɚɛɥɢɰɚ 2.4– Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ  

Ɋ, Ɇȼɬ ʟ˓˃ːˉ , Ɇȼɬ ∆ʟ, Ɇȼɬ t,ɱ ∆Э,ɦɥɧ ɤȼɬ∙ɱ 
Эˍˑˑ˓ˇ, 

ɦɥɧ ɤȼɬ∙ɱ 
ʟˍˑˑ˓ˇ, Ɇȼɬ 

524 655 7 1 0,007 0,007 7 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.4 

Ɋ, Ɇȼɬ ʟ˓˃ːˉ , Ɇȼɬ ∆ʟ, Ɇȼɬ t,ɱ ∆Э,ɦɥɧ ɤȼɬ∙ɱ 
Эˍˑˑ˓ˇ, 

ɦɥɧ ɤȼɬ∙ɱ 
ʟˍˑˑ˓ˇ, 
Ɇȼɬ 

504 648 7 2 0,014 0,021 14 

489 641 11 3 0,033 0,054 25 

480 630 3 4 0,012 0,066 28 

478 627 5 5 0,025 0,091 33 

486 622 2 6 0,012 0,103 35 

507 620 1 7 0,007 0,11 36 

551 619 5 8 0,04 0,15 41 

583 614 3 9 0,027 0,177 44 

609 611 2 10 0,02 0,197 46 

622 609 0 11 0,00 0,197 46 

620 609 1 12 0,012 0,209 47 

619 608 10 13 0,13 0,339 57 

608 598 15 14 0,21 0,549 72 

611 583 13 15 0,195 0,744 85 

609 570 19 16 0,304 1,048 104 

614 551 27 17 0,459 1,507 131 

630 524 17 18 0,306 1,813 148 

655 507 3 19 0,057 1,87 151 

648 504 15 20 0,3 2,17 166 

641 489 3 21 0,063 2,233 169 

627 486 6 22 0,132 2,365 175 

598 480 2 23 0,046 2,411 177 

570 478 478 24 11,472 13,883 655 
 

2.3 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 

Ⱦɚɧɧɵɟ ɝɪɚɮɢɤɢ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ (ɝɪɚɮɢɤ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ) ɢ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɣ (ɝɪɚɮɢɤ ɫɪɟɞɧɢɯ ɦɨɳɧɨɫɬɟɣ).  

Ȼɵɥɢ ɧɚɣɞɟɧɵ ɦɚɤɫɢɦɚɥɶɧɚɹ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɚɹ ɧɚɝɪɭɡɤɚ Ⱦɚɝɟɫɬɚɧɫɤɨɝɨ 
ɊȾɍ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ, ɪɟɡɭɥɶɬɚɬɵ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.5. 
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Ɍɚɛɥɢɰɚ 2.5 - Ƚɨɞɨɜɵɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɧɚɝɪɭɡɤɢ ɊȾɍ Pˎ ˈ˕ˑ୫ୟ୶ = 655 Ṕ ˋˏ˃୫ୟ୶ = 535 
a = 
595 

b = 
60 Pˎ ˈ˕ˑୡ୮ = 578 Ṕ ˋˏ˃ୡ୮ = 461 

a = 
520 

b = 
59 

t Ƚ cos Ƚ P(max) P(cp) 
1 0,26 0,97 653 576 
2 0,79 0,71 637 561 
3 1,31 0,26 611 535 
4 1,83 -0,26 580 504 
5 2,36 -0,71 553 478 
6 2,88 -0,97 537 463 
7 3,40 -0,97 537 463 
8 3,93 -0,71 552 478 
9 4,45 -0,26 579 504 
10 4,97 0,26 610 534 
11 5,50 0,71 637 561 
12 6,02 0,97 653 576 

 
ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɛɵɥ ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ ɦɨɳɧɨɫɬɟɣ (ɪɢɫɭɧɨɤ 

2.3). 
 

 
Ɋɢɫɭɧɨɤ 2.3 – Ƚɪɚɮɢɤ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɦɨɳɧɨɫɬɟɣ 
 
2.4 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ (ȼɗɊ) ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ 
 
Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ȼɗɊ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɱɢɯ ɦɨɳɧɨɫɬɟɣ, ɍɆɈ, 

ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɥɟɡɧɨɝɨ ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
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Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɪɟɝɭɥɢɪɨɜɚɧɧɨɫɬɢ ɫɬɨɤɚ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ 
ɨɬɧɨɲɟɧɢɸ ɩɨɥɟɡɧɨɝɨ ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ Vɩɨɥɟɡɧ = 0,144 ɤɦ3 ɤ ɫɪɟɞɧɟɦɭ ɡɚ 
ɦɧɨɝɨɥɟɬɧɢɣ ɩɟɪɢɨɞ ɨɛɴɟɦɭ ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ Ƚɗɋ: 

Ɂɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɟɦ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ 
ȼɏɄ ɩɨ ɮɨɪɦɭɥɟ:  

 Ⱦ= V˒ˑˎW  ;                                                                                                                 ሺʹ.ͳͷሻ 

 W = ∑ Qˆˑˇ. ˔˓ ∙ tͳͲଽ = ͳ͹͸ ∙ ͵͸ͷ ∙ ʹͶ ∙ ͵͸ͲͲͳͲଽ= ͷ,ͷͷ ˍˏଷ;                              ሺʹ.ͳ͸ሻ 
 Ⱦ = ଴,ଵସସହ,ହହ = Ͳ,Ͳʹ͸.                                                                                                  

 
ɂɡ ɪɚɫɱɟɬɨɜ ɩɨɥɭɱɚɟɦ ɫɭɬɨɱɧɵɣ ɬɢɩ ɪɟɝɭɥɢɪɨɜɚɧɢɹ.  
Ɋɚɫɱɟɬ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɫɭɬɨɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɧɚɱɢɧɚɟɬɫɹ ɫ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɡɨɧɵ ɪɚɛɨɬɵ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ.  

 
2.5 ɉɨɤɪɵɬɢɟ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɫɭɳɟɫɬɜɭɸɳɢɦɢ 

ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ 
 

Ɋɚɫɱɟɬɧɵɟ ɫɭɬɨɱɧɵɟ ɢ ɝɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɞɨɥɠɧɵ 
ɩɨɤɪɵɜɚɬɶɫɹ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɫɬɚɧɰɢɹɦɢ, ɞɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɩɢɫɚɬɶ ɷɬɢ 
ɫɬɚɧɰɢɢ ɜ ɝɪɚɮɢɤɢ, ɢɫɩɨɥɶɡɭɹ ɡɚɞɚɧɧɭɸ ɩɨ ɧɢɦ ɢɫɯɨɞɧɭɸ ɢɧɮɨɪɦɚɰɢɸ. 

ȼ ɫɨɫɬɚɜ Ⱦɚɝɟɫɬɚɧɫɤɨɝɨ ɊȾɍ ɜɯɨɞɹɬ Ƚɗɋ: ɑɢɪɤɟɣɫɤɚɹ, ɂɪɝɚɧɚɣɫɤɚɹ, 
Ɇɢɚɬɥɢɧɫɤɚɹ ɢ ɤɚɫɤɚɞ ɑɢɪɸɪɬɫɤɢɯ. Ȼɟɪɭɬɫɹ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ 
ɫɬɚɧɰɢɣ(Ɍɚɛɥɢɰɚ 1.4) ɢ ɢɯ ɫɭɬɨɱɧɚɹ ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɜɵɪɚɛɨɬɤɚ ɷɧɟɪɝɢɢ. 

ɋɬɪɨɢɦ ɬɪɟɭɝɨɥɶɧɢɤ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ, ɩɪɢɱɟɦ, ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ 
ɪɚɩɨɥɨɠɟɧɚ ɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ, ɚ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ Ƚɗɋ. ȼɩɢɫɵɜɚɟɦ ɟɝɨ ɜ ɂɄɇ, ɫ ɭɱɟɬɨɦ, ɱɬɨ ɞɜɟ ɜɟɪɲɢɧɵ 
ɤɚɫɚɸɬɫɹ ɂɄɇ. 

Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɦ ɡɨɧɭ ɪɚɛɨɬɵ ɋɭɥɚɤɫɤɨɣ Ƚɗɋ ɧɚ ɫɭɬɨɱɧɨɦ ɝɪɚɮɢɤɟ 
ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ. 

 
2.6  Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. 

ɉɨɤɪɵɬɢɟ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɡɨɧɵ ɪɚɛɨɬɵ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ 
ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɬɨɪɵɯ ɩɨɬɪɟɛɭɸɬɫɹ ɜɵɱɢɫɥɟɧɢɹ ɪɹɞɚ 
ɦɨɳɧɨɫɬɟɣ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɦ ɜɵɪɚɛɨɬɨɤ: 
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Nˆ˃˓ = k ∙ Q୧ ∙ H୧,                                                                                                    ሺʹ.ͳ͹ሻ 
 

ɝɞɟ     Nɝɚɪ – ɦɨɳɧɨɫɬɶ ɩɨ ɜɨɞɨɬɨɤɭ; 
k – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ (k=8,8); 
Qi  – ɪɚɫɯɨɞ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɦɟɫɹɰɚ; 
Hi  – ɧɚɩɨɪ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɦɟɫɹɰɚ. 

 Эˆ˃˓= ʹͶ ∙ Nˆ˃˓,                                                                                                      ሺʹ.ͳͺሻ 
 

ɝɞɟ     ɗɝɚɪ – ɜɵɪɚɛɨɬɤɚ ɩɨ ɜɨɞɨɬɨɤɭ. 
 N˔˒ = k ∙ Q˔˒ ∙ H୧,                                                                                                   ሺʹ.ͳͻሻ 
 

ɝɞɟ     Nɫɩ – ɦɨɳɧɨɫɬɶ ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ; 
Qɫɩ – ɪɚɫɯɨɞ ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ. 
 Э˔˒ = ʹͶ ∙ N˔˒,                                                                                                        ሺʹ.ʹͲሻ 
 

ɝɞɟ     ɗɫɩ – ɜɵɪɚɛɨɬɤɚ ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ. 
 Э˒ˋˍ = Эˆ˃˓ − Э˔˒,                                                                                                  ሺʹ.ʹͳሻ 
 
ɝɞɟ     ɗɩɢɤ – ɩɢɤɨɜɚɹ ɜɵɪɚɛɨɬɤɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ. 

 N˓˃˄= N˔˒ + N˒ˋˍ,                                                                                                 ሺʹ.ʹʹሻ 
 

ɝɞɟ  Nɪɚɛ – ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ 
ɦɟɫɹɰɟ; 

Nɩɢɤ – ɩɢɤɨɜɚɹ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɂɄɇ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ 
ɡɨɧɵ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ ɜ ɩɢɤɨɜɨɣ ɱɚɫɬɢ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ. 

Ɂɧɚɹ ɡɧɚɱɟɧɢɹ Nɫɩ, ɗɫɩ, Nɩɢɤ, ɗɩɢɤ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɨɧɚ ɪɚɛɨɬɵ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɛɚɡɨɜɨɣ ɢ ɩɢɤɨɜɨɣ ɱɚɫɬɢ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ, ɜɩɢɫɵɜɚɹ 
ɬɪɭɝɨɥɶɧɢɤɢ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɤɚɬɟɬɚɦɢ. 

ɋɪɚɛɨɬɤɚ–ɧɚɩɨɥɧɟɧɢɟ ɧɚɱɢɧɚɟɬɫɹ ɫ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ 
ɧɚɩɨɥɧɟɧɨ ɢ , ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɧɟɦ ɪɚɜɟɧ ɨɬɦɟɬɤɟ ∇ʜʞʢ = ͵ͻͺ ˏ. 

ȼ ɬɚɛɥɢɰɟ 2.6, 2.7 ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɢɡɦɟɧɟɧɢɟɦ ɦɨɳɧɨɫɬɢ ɜ ɱɚɫɵ, ɞɨ ɩɨɥɧɨɝɨ ɰɢɤɥɚ ɫɪɚɛɨɬɤɢ 
ɧɚɩɨɥɧɟɧɢɹ. ȼɵɩɨɥɧɹɟɬɫɹ 2 ɢɬɟɪɚɰɢɢ. ɂ ɧɚ ɪɢɫɭɧɤɟ 2.4 ɩɨɤɚɡɚɧ ɂɄɇ ɇɨɹɛɪɹ. 
 



21 
 

Ɍɚɛɥɢɰɚ 2.6 – Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ (ɫɭɬɤɢ ɧɨɹɛɪɹ), 1 ɢɬɟɪɚɰɢɹ 
1 ɂɌȿɊȺɐɂə 

ɇɨɹɛɪɶ 

ɱɚɫɵ 
Ɋɚɫɯɨɞɵ Ɉɛɴёɦ ȼɟɪɯɧɢɣ ɛɶɟɮ Zɧɛ ɇɝɷɫ Nɝɷɫ Nɪɚɛ Qɩɨɥ Qɧɛ Qɫɩ Qɜɞɯɪ Qxc Qɝɷɫ Vɧɚɱ dV Vɤɨɧ Zɜɛ ɧɚɱ Zɜɛ ɤɨɧ Zɜɛ ɫɪ 

17 80 156 50 76 0 156 0,498 0,00 0,497 398,00 397,99 398 368 29,85 41 41 
18 80 391 50 311 0 391 0,497 0,00 0,496 397,99 397,94 398 378 19,75 68 68 
19 80 359 50 279 0 359 0,496 0,00 0,495 397,94 397,90 398 377 20,90 66 66 
20 80 240 50 160 0 240 0,495 0,00 0,495 397,90 397,88 398 372 25,57 54 54 
21 80 157 50 77 0 157 0,495 0,00 0,494 397,88 397,86 398 368 29,67 41 41 
22 80 52 50 -28 0 52 0,494 0,00 0,494 397,86 397,87 398 358 39,07 18 18 
23 80 50 50 -30 0 50 0,494 0,00 0,494 397,87 397,87 398 358 39,40 17 ɫɚɧ. ɩ-ɤ 
24 80 50 50 -30 0 50 0,494 0,00 0,495 397,87 397,88 398 358 39,40 17 ɫɚɧ. ɩ-ɤ 
1 80 50 50 -30 0 50 0,495 0,00 0,495 397,88 397,88 398 358 39,41 17 ɫɚɧ. ɩ-ɤ 
2 80 50 50 -30 0 50 0,495 0,00 0,495 397,88 397,89 398 358 39,41 17 ɫɚɧ. ɩ-ɤ 
3 80 50 50 -30 0 50 0,495 0,00 0,495 397,89 397,89 398 358 39,42 17 ɫɚɧ. ɩ-ɤ 
4 80 50 50 -30 0 50 0,495 0,00 0,495 397,89 397,90 398 358 39,42 17 ɫɚɧ. ɩ-ɤ 
5 80 50 50 -30 0 50 0,495 0,00 0,495 397,90 397,90 398 358 39,42 17 ɫɚɧ. ɩ-ɤ 
6 80 50 50 -30 0 50 0,495 0,00 0,495 397,90 397,90 398 358 39,43 17 ɫɚɧ. ɩ-ɤ 
7 80 50 50 -30 0 50 0,495 0,00 0,495 397,90 397,91 398 358 39,43 17 ɫɚɧ. ɩ-ɤ 
8 80 50 50 -30 0 50 0,495 0,00 0,495 397,91 397,91 398 358 39,44 17 ɫɚɧ. ɩ-ɤ 
9 80 75 50 -5 0 75 0,495 0,00 0,495 397,91 397,91 398 361 36,36 24 24 
10 80 101 50 21 0 101 0,495 0,00 0,495 397,91 397,91 398 364 33,80 30 30 
11 80 79 50 -1 0 79 0,495 0,00 0,495 397,91 397,91 398 362 35,91 25 25 
12 80 59 50 -21 0 59 0,495 0,00 0,495 397,91 397,91 398 359 38,19 20 20 
13 80 49 50 -31 0 49 0,495 0,00 0,496 397,91 397,92 398 358 39,63 17 17 
14 80 56 50 -24 0 56 0,496 0,00 0,496 397,92 397,92 398 359 38,67 19 19 
15 80 49 50 -31 0 49 0,496 0,00 0,496 397,92 397,93 398 358 39,64 17 17 
16 80 52 50 -28 0 52 0,496 0,00 0,496 397,93 397,93 398 358 39,16 18 18 
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Ɍɚɛɥɢɰɚ 2.7 – Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ (ɫɭɬɤɢ ɧɨɹɛɪɹ), 2 ɢɬɟɪɚɰɢɹ 
2 ɂɌȿɊȺɐɂə 

ɇɨɹɛɪɶ 

ɱɚɫɵ 
Ɋɚɫɯɨɞɵ Ɉɛɴёɦ ȼɟɪɯɧɢɣ ɛɶɟɮ Zɧɛ ɇɝɷɫ Nɝɷɫ Nɪɚɛ Qɩɨɥ Qɧɛ Qɫɩ Qɜɞɯɪ Qxc Qɝɷɫ Vɧɚɱ dV Vɤɨɧ Zɜɛ ɧɚɱ Zɜɛ ɤɨɧ Zɜɛ ɫɪ 

17 80 156 50 76 0 156 0,498 0,00 0,497 398,00 397,99 398 368 29,85 41 41 
18 80 391 50 311 0 391 0,497 0,00 0,496 397,99 397,94 398 378 19,75 68 68 
19 80 359 50 279 0 359 0,496 0,00 0,495 397,94 397,90 398 377 20,89 66 66 
20 80 240 50 160 0 240 0,495 0,00 0,495 397,90 397,88 398 372 25,57 54 54 
21 80 157 50 77 0 157 0,495 0,00 0,494 397,88 397,86 398 368 29,67 41 41 
22 80 52 50 -28 0 52 0,494 0,00 0,494 397,86 397,87 398 358 39,12 18 18 
23 80 5 5 -75 0 5 0,494 0,00 0,495 397,87 397,88 398 350 47,14 2 ɫɚɧ. ɩ-ɤ 
24 80 5 5 -75 0 5 0,495 0,00 0,495 397,88 397,89 398 350 47,15 2 ɫɚɧ. ɩ-ɤ 
1 80 5 5 -75 0 5 0,495 0,00 0,495 397,89 397,90 398 350 47,16 2 ɫɚɧ. ɩ-ɤ 
2 80 5 5 -75 0 5 0,495 0,00 0,495 397,90 397,91 398 350 47,17 2 ɫɚɧ. ɩ-ɤ 
3 80 5 5 -75 0 5 0,495 0,00 0,496 397,91 397,93 398 350 47,18 2 ɫɚɧ. ɩ-ɤ 
4 80 5 5 -75 0 5 0,496 0,00 0,496 397,93 397,94 398 350 47,20 2 ɫɚɧ. ɩ-ɤ 
5 80 5 5 -75 0 5 0,496 0,00 0,496 397,94 397,95 398 350 47,21 2 ɫɚɧ. ɩ-ɤ 
6 80 5 5 -75 0 5 0,496 0,00 0,497 397,95 397,96 398 350 47,22 2 ɫɚɧ. ɩ-ɤ 
7 80 5 5 -75 0 5 0,497 0,00 0,497 397,96 397,97 398 350 47,23 2 ɫɚɧ. ɩ-ɤ 
8 80 5 5 -75 0 5 0,497 0,00 0,497 397,97 397,98 398 350 47,24 2 ɫɚɧ. ɩ-ɤ 
9 80 73 50 -7 0 73 0,497 0,00 0,497 397,98 397,98 398 361 36,64 24 24 
10 80 101 50 21 0 101 0,497 0,00 0,497 397,98 397,98 398 364 33,84 30 30 
11 80 77 50 -3 0 77 0,497 0,00 0,497 397,98 397,98 398 361 36,19 25 25 
12 80 58 50 -22 0 58 0,497 0,00 0,497 397,98 397,98 398 359 38,44 20 20 
13 80 49 50 -31 0 49 0,497 0,00 0,497 397,98 397,99 398 358 39,65 17 17 
14 80 56 50 -24 0 56 0,497 0,00 0,497 397,99 397,99 398 359 38,71 19 19 
15 80 49 50 -31 0 49 0,497 0,00 0,497 397,99 398,00 398 358 39,66 17 17 
16 80 52 50 -28 0 52 0,497 0,00 0,498 398,00 398,00 398 358 39,25 18 18 
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Ɋɢɫɭɧɨɤ 2.4 – ɂɄɇ ɫɭɬɨɤ ɧɨɹɛɪɹ 
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Ɇɚɤɫɢɦɚɥɶɧɭɸ ɪɚɛɨɱɭɸ ɦɨɳɧɨɫɬɶ Nɪɚɛ.max ɜɵɛɢɪɚɟɦ ɩɨ ɧɨɹɛɪɸ, 
Nɪɚɛ.max = 98 Ɇȼɬ. ɋɨɝɥɚɫɧɨ ɷɬɨɣ ɦɨɳɧɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɟɦ ɫɪɚɛɨɬɤɭ-
ɧɚɩɨɥɧɟɧɢɟ ɜ ɢɧɵɯ ɦɟɫɹɰɚɯ. Nɭɫɬ ɩɪɢɧɢɦɚɟɦ ɫɨɝɥɚɫɧɨ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ 
ɧɨɹɛɪɹ.  

ȼ ɬɟ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɩɨɥɟɡɧɵɣ ɪɚɫɯɨɞ ɩɪɟɜɵɲɚɟɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ, 
ɩɪɨɩɭɫɤɚɟɦɵɣ ɱɟɪɟɡ ɬɭɪɛɢɧɭ, ɧɟɨɛɯɨɞɢɦɵ ɯɨɥɨɫɬɵɟ ɫɛɪɨɫɵ. ɉɪɢ ɜɜɟɞɟɧɢɢ 
ɯɨɥɨɫɬɵɯ ɫɛɪɨɫɨɜ ɜɟɫɶ ɦɟɫɹɰ ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɩɪɢɞɟɪɠɢɜɚɟɬɫɹ 
ɧɚ ɭɪɨɜɧɟ ɇɉɍ, ɢɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɪɚɫɱɟɬ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜ ɷɬɢ ɦɟɫɹɰɵ 
ɧɟ ɬɪɟɛɭɟɬɫɹ.  

ɉɨ ɡɚɜɟɪɲɟɧɢɸ ɪɚɫɱɟɬɨɜ ɫɬɪɨɢɬɫɹ ɝɪɚɮɢɤ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ (Ɋɢɫɭɧɨɤ 2.5), ɧɚ ɤɨɬɨɪɨɦ ɨɬɨɛɪɚɠɟɧɵ ɝɪɚɮɢɤɢ ɤɚɠɞɨɝɨ 
ɦɟɫɹɰɚ. 
 

 
Ɋɢɫɭɧɨɤ 2.5 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɋɭɥɚɤɫɤɨɣ Ƚɗɋ 

 
2.7 Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 
Ƚɥɚɜɧɵɦɢ ɤɪɢɬɟɪɢɟɦ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɭɦ ɜɵɬɟɫɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. 
Ƚɪɚɮɢɤ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ ɫɬɪɨɢɬɫɹ ɧɚ ɫɪɟɞɧɢɯ ɧɚɝɪɭɡɤɚɯ 

ɷɧɟɪɝɨɫɢɫɬɟɦɵ. ɍɤɚɡɵɜɚɸɬɫɹ ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɧɚɝɪɭɡɤɢ ɢ ɧɚɝɪɭɡɤɢ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ (Ɍɚɛɥɢɰɚ 2.8). 

ɋɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɧɚɝɪɭɡɤɢ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 
ɬɚɛɥɢɰɚɦ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ, ɩɭɬɟɦ ɜɵɱɢɫɥɟɧɢɹ 
ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɩɨ ɫɭɬɤɚɦ. Ɋɟɡɭɥɶɬɚɬ ɡɚɧɨɫɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 2.8. 

Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.8. 
 

ɑɚɫɵ 

Zɜɛ,  ɦ 



25 
 

Ɍɚɛɥɢɰɚ 2.8 – Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

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

Pcɪ 576 561 535 504 478 463 463 478 504 535 561 576 

N ɫɭɳ 444 411 378 345 312 279 279 312 345 378 411 444 

N ɝɚɪ 28 29 36 43 53 67 58 50 34 32 25 31 

N ɜɯɤ 33 33 33 33 33 33 33 33 33 33 33 33 

 
ɇɚ ɪɢɫɭɧɤɟ 2.6 ɩɪɟɞɫɬɚɜɥɟɧ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 

 

 
Ɋɢɫɭɧɨɤ 2.6 – ɉɨɤɪɵɬɢɟ ɝɨɞɨɜɨɝɨ ɝɪɚɮɢɤɚ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ 

ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 

2.8 Ɋɚɫɱɟɬ ɪɟɡɟɪɜɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɪɚɫɱɟɬ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ 
 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ 
ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ ɪɚɜɟɧ 2 % ɨɬ ܲɪɚɛ, ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɨɫɬɚɜɥɹɟɬ 
8% ɨɬ ܲݔܽ݉ݐ.   

ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ƚɗɋ, ɩɨɷɬɨɦɭ ɚɜɚɪɢɣɧɵɣ ɛɭɞɟɬ ɪɚɡɦɟɳɟɧ ɧɚ Ɍɗɋ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.9.  

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

ɋɭɳɟɫɬɜɭɸɳɢɟ ȼɏɄ Ȼɵɬɨɜɵɟ ɋɢɫɬɟɦɚ ɅȽɆ
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Ʉɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɋ ɦɨɠɧɨ ɩɥɚɧɢɪɨɜɚɬɶ, ɢɫɯɨɞɹ ɢɡ 
ɪɚɫɱɟɬɚ ɨɫɬɚɧɨɜɚ ɤɚɠɞɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ ɩɟɪɢɨɞ ɪɟɦɨɧɬɚ ɜ ɫɪɟɞɧɟɦ 1 ɪɚɡ ɜ 2 ɝɨɞɚ.  
 
Ɍɚɛɥɢɰɚ 2.9 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

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

ɗɧɟɪɝɨɫɢɫɬɟɦɚ 

Pmax 653 637 611 579 553 537 537 553 579 611 637 653 

ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ 13 13 12 12 11 11 11 11 12 12 13 13 

Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ 52 51 49 46 44 43 43 44 46 49 51 52 

ɋɭɥɚɤɫɤɚɹ Ƚɗɋ 

Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ 70 70 70 70 54 67 58 51 70 70 68 70 

ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ 4 4 4 4 3 3 3 3 4 4 4 4 

Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ 0 0 0 0 0 0 0 0 12 0 0 0 

ɋɭɳɟɫɬɜɭɸɳɢɟ Ƚɗɋ 

Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ 150 144 130 129 153 155 155 153 129 130 144 150 

ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ 9 9 8 8 8 7 8 8 7 8 9 9 

Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ 0 0 0 0 0 0 0 0 26 0 0 0 

Ɍɗɋ 

Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ 432 423 410 380 346 315 324 348 380 411 425 433 

Ɋɚɛɨɱɚɹ+Ⱥɜɚɪ. 485 474 459 427 390 358 367 393 426 460 476 485 

Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ 0 0 0 17 45 60 59 45 17 0 0 0 

Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ 52 51 49 46 44 43 43 44 46 49 51 52 

ɋɭɦɦɵ 718 701 672 654 653 651 650 653 693 672 701 731 

 
ɇɚ ɪɢɫɭɧɤɟ 2.7 ɩɪɟɞɫɬɚɜɥɟɧ ɛɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ ɞɥɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
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Ɋɢɫɭɧɨɤ 2.7 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

 
ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɫɭɦɦɵ:  

 N˖˔˕.ʒЭʠ = N˓˃˄.ʒЭʠ + N˓ˈˊ.ʒЭʠ = ͹Ͳ + Ͷ = ͹Ͷ ʛʑ˕.                                 (2.23)    
 

2.9 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ 
 
ȼ ɫɥɭɱɚɟ ɫɭɬɨɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɭɬɟɦ ɜɵɱɢɫɥɟɧɢɹ ɫɨɝɥɚɫɧɨ ɫɪɚɛɨɬɤɟ.  
ȼ ɤɚɠɞɨɦ ɦɟɫɹɰɟ ɜ ɢɬɨɝɟ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 

ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ ɤɚɠɞɨɝɨ ɱɚɫɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɜɵɪɚɛɨɬɤɢ. 
 Э = N˓˃˄ ∙ ͳͳͲͲͲ , ˏˎː. ˍʑ˕∙ ˚.                                                                                 ሺʹ.ʹͶሻ 
 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɦɟɫɹɱɧɨɣ ɜɵɪɚɛɨɬɤɢ ɧɟɨɛɯɨɞɢɦɨ ɫɭɦɦɭ 
ɜɵɪɚɛɨɬɨɤ ɤɚɠɞɨɝɨ ɱɚɫɚ ɭɦɧɨɠɢɬɶ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɞɧɟɣ ɜ ɦɟɫɹɰɟ. 
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Ɇȼɬ Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ 

ɋɭɥɚɤɫɤɨɣ Ƚɗɋ

Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ 
ɫɭɳɟɫɬɜɭɸɳɢɯ 
Ƚɗɋ

Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ 
Ɍɗɋ

ɇɚɝɪɭɡɨɱɧɵɣ 
ɪɟɡɟɪɜ ɋɭɥɚɤɫɤɨɣ 
Ƚɗɋ

ɇɚɝɪɭɡɨɱɧɵɣ 
ɪɟɡɟɪɜ 
ɫɭɳɟɫɬɜɭɸɳɢɯ 
Ƚɗɋ
Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ

ɋɭɳɟɫɬɜɭɸɳɢɟ 
Ƚɗɋ

ɋɭɥɚɤɫɤɚɹ Ƚɗɋ
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ɋɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɹɜɥɹɟɬɫɹ ɫɭɦɦɨɣ ɜɫɟɯ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ 
ɜɵɪɚɛɨɬɨɤ. Ɋɚɫɱɟɬ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 2.10. 

 
Ɍɚɛɥɢɰɚ 2.10 – Ɋɚɫɱɟɬ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ 

Ɇɟɫɹɰ
ɵ 

I II  III  IV V VI  VII VIII IX X XI  XII Э̅ˏˈ˔ 15,5 15,8 21,9 27,7 38,5 47,9 41,7 36,5 20,1 20,1 14,3 18,6 

Э̅˔˓. ˏː. 319,16 ˏ ˎː.  ˍʑ˕ ∙ ˚ 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ƚɗɋ 
 

3.1 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɬɢɩɚ ɚɝɪɟɝɚɬɨɜ 
 

3.1.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
 

Ɋɟɠɢɦɧɨɟ ɩɨɥɟ – ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ. ɋɬɪɨɢɬɫɹ ɜ 
ɤɨɨɪɞɢɧɚɬɚɯ ɧɚɩɨɪɚ ɢ ɪɚɫɯɨɞɚ. ȼɟɪɯɧɟɣ ɝɪɚɧɢɰɟɣ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɹɜɥɹɟɬɫɹ 
ɧɚɩɨɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢ ɪɚɛɨɬɟ Ƚɗɋ ɫ ɜɨɞɨɯɪɚɧɢɥɢɳɟɦ, ɧɚɩɨɥɧɟɧɧɵɦ ɞɨ 
ɨɬɦɟɬɤɢ ɇɉɍ, ɧɢɠɧɟɣ - ɩɪɢ ɪɚɛɨɬɟ Ƚɗɋ ɫ ɜɨɞɨɯɪɚɧɢɥɢɳɟɦ, ɫɪɚɛɨɬɚɧɧɵɦ ɞɨ 
ɨɬɦɟɬɤɢ ɍɆɈ. ɉɨɫɬɪɨɟɧɢɟ ɷɬɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ 
ɭɪɚɜɧɟɧɢɸ (ɬɚɛɥɢɰɚ 3.1): 
 HȽɗɋሺQȽɗɋሻ = ∇ȼȻ − zɇȻሺQɇȻሻ − ∆h,   (3.1) 
  
ɝɞɟ ∇ȼȻ = ∇ɇɉɍ = ͵ͻͺ,ͲͲ ɦ, ɞɥɹ ɥɢɧɢɢ ɪɚɫɱёɬɧɨɝɨ ɧɚɩɨɪɚ; ∇ȼȻ = ∇ȼȻɪ = ͵ͻ͹,ͺͻ ɦ, ɞɥɹ ɧɢɠɧɟɣ ɝɪɚɧɢɰɵ; ∇ȼȻ = ∇ɍɆɈ = ͵ͻ͹,ͺʹ ɦ; 
 zɇȻሺQɇȻሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɯɨɞɚ ɜ ɇȻ; 
 ∆h –ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ. 

Ɉɝɪɚɧɢɱɟɧɢɟɦ ɫɥɟɜɚ ɧɚ ɪɟɠɢɦɧɨɦ ɩɨɥɟ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ 
ɜɨɞɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɡɚɞɚɧɧɵɦ ɨɝɪɚɧɢɱɟɧɢɟɦ ɩɨ ɭɫɥɨɜɢɹɦ ɧɟɨɛɯɨɞɢɦɨɝɨ 
ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ: 
 Q୫୧୬ = ͷͲ ɦଷ

ɫ⁄  . 
 

 

ɍɪɚɜɧɟɧɢɟ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
 QȽɗɋ = Nɭɫɬk୒ ∙ HȽɗɋ

,  (3.2) 

  
ɝɞɟ Nɭɫɬ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɋɭɥɚɤɫɤɨɣ Ƚɗɋ; 
 k୒ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ; 
 HȽɗɋ – ɧɚɩɨɪ ɧɚ Ƚɗɋ. 

ɍɪɚɜɧɟɧɢɟ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ: 
 QȽɗɋ = QȽɗɋ

୫ୟ୶ ∙ √HȽɗɋHɪ
,  (3.3) 
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ɝɞɟ  QȽɗɋ
୫ୟ୶  – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ Ƚɗɋ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ 

ɩɟɪɟɫɟɱɟɧɢɹ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ 
ɥɢɧɢɟɣ ɪɚɫɱёɬɧɨɝɨ ɧɚɩɨɪɚ; Hɪ – ɪɚɫɱёɬɧɵɣ ɩɨ ɦɨɳɧɨɫɬɢ ɧɚɩɨɪ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ ɪɚɫɱёɬɧɨɝɨ 
ɧɚɩɨɪɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1 ɢ ɧɚ 
ɪɢɫɭɧɤɟ 3.1. 

 
Ɍɚɛɥɢɰɚ 3.1 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ 

Ʉɪɢɜɚɹ ɫɜɹɡɢ ɇɚɩɨɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨ ɪɚɫɱёɬɧɨɣ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ 

Ƚɗɋ QɇȻ, ˏଷ ˔⁄  ZɇȻ, ˏ Hɇɉɍ , ɦ HɍɆɈ , ɦ HɊ, ɦ HȽɗɋ , ɦ QȽɗɋ, ˏଷ ˔⁄  HȽɗɋ , ɦ QʒЭʠ, ˏ 

0 349,16 48,34 48,16 48,23 34,50 102 33,74 113 

50 357,97 39,53 39,35 39,42 34,40 102 33,72 113 

100 363,56 33,94 33,76 33,83 34,30 103 33,70 113 

150 367,28 30,22 30,04 30,11 34,20 103 33,68 113 

200 370,00 27,50 27,32 27,39 34,10 103 33,66 113 

250 372,25 25,25 25,07 25,14 34,00 104 33,64 113 

300 374,28 23,22 23,04 23,11 33,90 104 33,62 113 

350 376,20 21,30 21,12 21,19 33,80 104 33,60 112 

400 378,04 19,46 19,28 19,35 33,70 105 33,58 112 

450 379,83 17,67 17,49 17,56 33,60 105 33,56 112 

500 381,56 15,94 15,76 15,83 33,50 105 33,54 111 

550 383,30 14,20 14,02 14,09 33,40 105 33,52 111 

600 385,11 12,39 12,21 12,28 33,30 106 33,50 111 

650 387,04 10,46 10,28 10,35 33,20 106 33,48 110 

700 389,11 8,39 8,21 8,28 33,10 106 33,46 110 

750 391,21 6,29 6,11 6,18 33,00 107 33,44 109 

800 393,01 4,49 4,31 4,38 32,90 107 33,42 109 
 

ɂɡ ɩɨɫɬɪɨɟɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɹɸɬɫɹ: 
– ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ. ɇɚɯɨɞɢɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɩɨɪɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɇɉɍ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ: 
 H୫ୟ୶ = ͵ͻ,ͷ͵ ɦ.  
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– ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ. ɇɚɯɨɞɢɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 
ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ ɪɚɫɱёɬɧɨɝɨ ɧɚɩɨɪɚ: 
 Hɪ = ͵͵,͵ʹ ɦ.  

 
– ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɩɨɪɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɍɆɈ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
Ƚɗɋ: 

 H୫୧୬ = ͵͵,͵ ɦ. 
 

 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 3.1 ɫɬɪɨɢɬɫɹ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ ɪɢɫɭɧɤɟ 3.1. 

 

 
Ɋɢɫɭɧɨɤ 3.1 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ ɋɭɥɚɤɫɤɨɣ Ƚɗɋ 

 
3.1.2 ȼɵɛɨɪ ɝɢɞɪɨɬɭɪɛɢɧ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɡɦɨɠɧɵɟ ɬɢɩɵ ɝɢɞɪɨɬɭɪɛɢɧ, ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɢɯ 
ɭɫɥɨɜɢɣ: 
 1) ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɧɚɩɨɪɚ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɪɚɫɱɟɬɧɨɝɨ;  

33.00

33.10

33.20

33.30

33.40

33.50

33.60

33.70

33.80

33.90

34.00

100 102 104 106 108 110

H, ɦ

Q, ɦ^3/c

Ɋɟɠɢɦɧɨɟ ɩɨɥɟ ɉɪɢ ∇ȼȻ=398,00

ɉɊɂ ∇ɍɆɈ=397,82

ɉɪɢ ∇Ɋɚɫɱ=397,89

Ɉɝɪɚɧɢɱɟɧɢɟ ɩɨ ɫɚɧ. 
ɩɨɩɭɫɤɭ
ɅɈȽ

Hmin

Hɪɚɫɱ
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2) ɨɬɧɨɲɟɧɢɟ ɧɚɩɨɪɨɜ (H୫୧୬ H୫ୟ୶⁄ ) ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɶɲɟ ɫɩɪɚɜɨɱɧɵɯ 
ɞɚɧɧɵɯ; 

3) ɦɚɤɫɢɦɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧ ɞɨɥɠɟɧ 
ɜɵɛɢɪɚɬɶɫɹ ɫ ɭɱɟɬɨɦ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɤ ɦɟɫɬɭ ɦɨɧɬɚɠɚ. 

ɉɨɥɭɱɟɧɧɨɦɭ ɞɢɚɩɚɡɨɧɭ ɧɚɩɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɧɚ ɫɢɫɬɟɦɚ ɪɟɚɤɬɢɜɧɵɯ 
ɝɢɞɪɨɬɭɪɛɢɧ: ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɚɹ.  ɂɫɯɨɞɹ ɢɡ ɜɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɵɯ 
ɬɪɟɛɨɜɚɧɢɣ, ɜɵɛɢɪɚɟɦ ɝɢɞɪɨɬɭɪɛɢɧɵ – ɉɅ40ɚ-B ɢ ɉɅ40ɛ-B. 

ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧ ɉɅ40ɚ-B ɢ ɉɅ40ɛ-Bɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2. 
 

Ɍɚɛɥɢɰɚ 3.2 – ɉɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɉɚɪɚɦɟɬɪ 
Ɍɭɪɛɢɧɚ 
ɉɅ40ɚ-ȼ 

Ɍɭɪɛɢɧɚ 
ɉɅ40ɛ-ȼ 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ 
ɝɢɞɪɨɬɭɪɛɢɧ 

Hɩɪɟɞ , ɦ 40 40 

Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ H୫୧୬ H୫ୟ୶⁄  0,5 0,5 

Ɉɩɬɢɦɚɥɶɧɚɹ ɩɪɢɜɟɞɟɧɧɚɹ 
ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 

n୍ ɪ′ , ɨɛ ɦɢɧ⁄  125 123 

Ɉɩɬɢɦɚɥɶɧɵɣ 
ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ 

Q୍ ୭୮୲′ , ɥ ɫ⁄  1020 1150 

Ɉɩɬɢɦɚɥɶɧɵɣ ɄɉȾ ɦɨɞɟɥɢ ηɦ ୭୮୲ 0,913 0,904 
ɉɪɢɜɟɞɟɧɧɵɣ 

ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ Q୍  ୫ୟ୶′ , ɥ ɫ⁄  1250-1700 1270-1750 

Ʉɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ ı(Q୍  ୫ୟ୶′ ൯ 0,4-0,65 0,35-0,65 
ɉɪɢɜɟɞɟɧɧɵɣ ɞɢɚɦɟɬɪ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ Dଵ ɦ, ɦ 0,46 0,46 

ɇɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ Hɦɨɞ , ɦ 4 4 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɞɥɹ 
ɢɫɩɵɬɚɧɢɣ ɦɨɞɟɥɢ 

tɦɨɞ , 0C 10 20 

 
 Ɋɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧ ɞɥɹ ɪɚɡɧɵɯ ɞɢɚɦɟɬɪɨɜ. 

 ɄɉȾ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ: 
 
 

ηɬ = ͳ − (ͳ − ηɦ൯ ∙ ൮ሺͳ − İሻ + İ ∙ √DଵɦDଵ5 ∙ √HɦHɪ

భబ ∙ √vୌvɦ

5 ),        (3.4) 

 
ɝɞɟ ηɦ; Dଵɦ; Hɦ − ɄɉȾ, ɞɢɚɦɟɬɪ ɢ ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ (ɬɚɛɥɢɰɚ 3.2);  Dଵ ; Hɪ – ɞɢɚɦɟɬɪ (ɡɚɞɚɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ ɪɹɞɨɦ) ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ 
ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ;  vɦ; vୌ− ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɦɨɞɟɥɶɧɨɣ ɢ 
ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɵɯ ɢ ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ ݐɦ; ݐɧ;  
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İ − ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢ ɩɨɬɟɪɹɦ, ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ (0,75 = ߝ).  

Ɇɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ (ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɩɨɫɥɟ ɭɬɨɱɧɟɧɢɹ 
ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ): 
 
 Nɚɝɪ = ͻ,ͺͳ ∙ Q୍ɪ′ ∙ Dଵଶ ∙ Hɪ ∙ √Hɪ ∙ ηɬ ∙ ηɝ

ɫɪ,            (3.5) 
 
ɝɞɟ Q୍ɪ′ − ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ (ɪɚɫɱɟɬɧɚɹ ɬɨɱɤɚ 
ɨɛɨɡɧɚɱɟɧɚ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɜɵɛɪɚɧɧɨɣ ɬɭɪɛɢɧɵ ɜ 
ɩɪɢɥɨɠɟɧɢɢ Ƚ);  

ηɬ− ɄɉȾ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ 3.4;  
ηɝ

ɫɪ − ɫɪɟɞɧɢɣ ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ 
(ηɝ

ɫɪ  = 0,97).  
ɑɢɫɥɨ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ Ƚɗɋ ɚɝɪɟɝɚɬɨɜ: 

 
 Zɚɝɪ = NɭɫɬNɚɝɪ

,        (3.6) 

 
ɝɞɟ Nɭɫɬ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ;  Nɚɝɪ  − ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ (ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
3.5).  

ɉɨɩɪɚɜɤɚ ɄɉȾ:  
 
 ∆ = ηɧ

ηɦ
,   (3.7) 

 
ɝɞɟ ηɦ− ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ. 

ηɧ− ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ. 
ɋɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ (ɨɤɪɭɝɥɹɟɬɫɹ ɩɨ ɫɬɚɧɞɚɪɬɧɨɦɭ 

ɪɹɞɭ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɛɨɥɶɲɟɝɨ): 
 
 n′

ɫ = nଵɪ
′ ∙ √Hɪ ∙ ∆Dଵ ,        (3.8) 

 
ɝɞɟ nଵɪ

′ − ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ.  
ɉɨ ɩɨɥɭɱɟɧɧɨɣ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɩɪɢɧɢɦɚɟɦ ɛɥɢɠɚɣɲɟɟ 

ɛɨɥɶɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ n′.  
Ɂɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɥɹ ɧɚɩɨɪɨɜ H୫ୟ୶ ; Hɪ ; H୫୧୬ 

ɧɚɯɨɞɹɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3.9) ɢ ɧɚɧɟɫɟɧɵ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ 
ɜɵɛɪɚɧɧɨɣ ɬɭɪɛɢɧɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ (ɩɪɢɥɨɠɟɧɢɢ Ƚ, ɪɢɫɭɧɨɤ Ƚ.1): 
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 n୍′ = n′
ɫ ∙ Dଵ√H ∙ ∆ɪ

,        (3.9) 

 
ɝɞɟ H – ɡɧɚɱɟɧɢɟ ɧɚɩɨɪɨɜ H୫ୟ୶; Hɪ; H୫୧୬.  

Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ ɧɚ ɥɢɧɢɢ n୍ୌɪ
′ ɫ ɭɱɟɬɨɦ 

ɨɤɪɭɝɥɟɧɧɨɝɨ ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ ɢ ɭɬɨɱɧɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɚɝɪɟɝɚɬɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɚ 
ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɧɚ ɥɢɧɢɢ nɪ

′ ɩɨɞɛɢɪɚɟɬɫɹ ɬɚɤɨɟ ɫɨɱɟɬɚɧɢɟ 𝜂ɬ ɢ Q୍′ , ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɨɫɶ ɪɚɜɟɧɫɬɜɨ: 
 
 Q୍′ ∙ ηɬ = Nɚɝɪͻ.ͺͳ ∙ Dଵଶ ∙ Hɪ ∙ √Hɪ ∙ ηɝ

ɫɪ,      (3.10) 

 
ɝɞɟ Nɚɝɪ – ɨɤɪɭɝɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ.  

ɑɟɪɟɡ ɪɚɫɱёɬɧɭɸ ɬɨɱɤɭ ɩɪɨɜɨɞɢɬɫɹ ɥɢɧɢɹ, ɩɚɪɚɥɥɟɥɶɧɚɹ ɥɢɧɢɢ ɨɬɤɪɵɬɢɹ 
ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ − ɚ଴: ɩɨɥɭɱɚɟɬɫɹ ɥɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ 
ɜ (ɩɪɢɥɨɠɟɧɢɢ Ƚ, ɪɢɫɭɧɨɤ Ƚ.1).  

Ɍɚɤ ɠɟ ɫɬɪɨɢɬɫɹ ɥɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɝɟɧɟɪɚɬɨɪɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɥɢɧɢɢ n୫୧୬′ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɚɩɨɪɭ H୫ୟ୶ , 
ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ, ɩɨɞɫɬɚɜɢɜ ɜ ɭɪɚɜɧɟɧɢɟ (3.10) ɜɦɟɫɬɨ Hɪ ɦɚɤɫɢɦɚɥɶɧɵɣ 
ɧɚɩɨɪ ɇmax. 

Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɯɨɞɭ ɫɬɪɨɢɬɫɹ, ɩɪɨɯɨɞɹ ɱɟɪɟɡ ɞɜɟ ɬɨɱɤɢ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɥɢɧɢɹɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɢ ɦɢɧɢɦɚɥɶɧɨɦɭ 
ɪɚɫɯɨɞɚɦ. Ɉɩɪɟɞɟɥɹɟɦɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɹɜɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞёɧɧɨɝɨ 
ɪɚɫɯɨɞɚ: 

 
 Q୍′ = Q୫୧୬Dଵଶ ∙ √H ∙ ∆,      (3.11) 

 
ɝɞɟ Q୫୧୬ - ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɬɭɪɛɢɧɭ;  1ܦ - ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ;  ܪ – ɧɚɩɨɪ (H୫ୟ୶ ɢɥɢ H୫୧୬);  

Δ - ɩɨɩɪɚɜɤɚ ɧɚ ɩɪɢɜɟɞɟɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ. 
ȼɫɟ ɪɚɫɱɟɬɵ ɞɥɹ ɜɵɛɪɚɧɧɵɯ ɬɭɪɛɢɧ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.3 ɢ 3.4. 
 

Ɍɚɛɥɢɰɚ 3.3 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ Dଵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ40ɚ-ȼ 

D1, ɦ 3.75 4,00 4,25 4,50 4,75 
ηɬɭɪɛ 0,92 0,92 0,92 0,92 0,92 

N`ɚɝɪ, Ɇȼɬ 40336,89 45925,94 51879,09 58196,51 64878,35 
Za`, ɲɬ 1,83 1,61 1,43 1,27 1,14 
Za, ɲɬ 2 2 2 2 2 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.3 
D1, ɦ 3.75 4,00 4,25 4,50 4,75 

Nɚɝɪ, Ɇȼɬ 37000 37000 37000 37000 37000 
∆ 1,05 1,05 1,05 1,05 1,05 n′

ɫ, ɦɢɧ-1 196,81 184,57 173,77 164,17 155,57 
ncɢɧɯɪ, ɦɢɧ-1 200,0 187,5 166,7 166,7 150,0 n୫ୟ୶′ , ɦɢɧ-1 116,62 116,58 110,09 116,53 110,65 nɪɚɫɱ

′ , ɦɢɧ-1 127,03 126,98 119,91 126,93 120,53 n୫୧୬′ , ɦɢɧ-1 127,06 127,02 119,95 126,97 120,56 Qଵ′ ∙ ηɬ ሺHɪɚɫɱሻ 
1,45 1,28 1,13 1,01 0,91 Qଵ′ ∙ ηɬ ሺH୫ୟ୶ሻ 
1,12 0,99 0,88 0,78 0,70 

 
Ɍɚɛɥɢɰɚ 3.4 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ Dଵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ40ɛ-ȼ 

D1, ɦ 3,55 3,75 4,00 4,25 4,50 
ηɬɭɪɛ 0,92 0,92 0,93 0,93 0,93 

N`ɚɝɪ, Ɇȼɬ 34185,82 38167,87 43455,18 49086,80 55062,88 
Za`, ɲɬ 2,16 1,94 1,70 1,51 1,34 
Za, ɲɬ 2 2 2 2 2 

Nɚɝɪ, Ɇȼɬ 37000 37000 37000 37000 37000 
∆ 1,04 1,04 1,04 1,04 1,04 n′

ɫ, ɦɢɧ-1 203,83 193,02 181,01 170,42 160,99 
ncɢɧɯɪ, ɦɢɧ-1 200,0 200,0 187,5 166,7 166,7 n୫ୟ୶′ , ɦɢɧ-1 110,80 117,01 116,97 110,46 116,93 nɪɚɫɱ

′ , ɦɢɧ-1 120,69 127,45 127,41 120,32 127,36 n୫୧୬′ , ɦɢɧ-1 120,72 127,49 127,45 120,35 127,40 Qଵ′ ∙ ηɬ ሺHɪɚɫɱሻ 
1,62 1,45 1,28 1,13 1,01 Qଵ′ ∙ ηɬ ሺH୫ୟ୶ሻ 
1,25 1,12 0,99 0,88 0,78 

 
ȼɵɛɨɪ ɩɨɞɯɨɞɹɳɟɝɨ ɬɢɩɚ ɝɢɞɪɨɬɭɪɛɢɧ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ 

ɩɨɪɹɞɤɟ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɬɟ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɥɟɜɚɹ ɝɪɚɧɢɰɚ 
ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɤɨɬɨɪɵɯ ɜɵɯɨɞɢɬ ɡɚ ɩɪɟɞɟɥɵ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɢɥɢ ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɤ ɨɩɬɢɦɭɦɭ ɢɥɢ ɡɚ ɧɢɦ. ɉɨɫɥɟ ɱɟɝɨ 
ɭɞɚɥɹɸɬɫɹ ɬɭɪɛɢɧɵ, ɭ ɤɨɬɨɪɵɯ ɜ ɩɪɨɦɟɠɭɬɤɟ ɦɟɠɞɭ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɢ 
ɦɢɧɢɦɚɥɶɧɵɦɢ ɩɪɢɜɟɞёɧɧɵɦɢ ɨɛɨɪɨɬɚɦɢ ɨɩɬɢɦɭɦ ɧɚɯɨɞɢɬɫɹ ɫɥɢɲɤɨɦ ɛɥɢɡɤɨ 
ɤ ɥɢɧɢɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɨɛɨɪɨɬɨɜ (ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɬɭɪɛɢɧɚ ɞɨɥɠɧɚ ɪɚɛɨɬɚɬɶ ɫ 
ɧɚɢɛɨɥɶɲɢɦ ɄɉȾ ɜ ɞɢɚɩɚɡɨɧɟ ɧɚɩɨɪɨɜ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɨ ɪɚɫɱёɬɧɨɝɨ). 

Ⱥɧɚɥɢɡɢɪɭɹ ɩɨɥɭɱɟɧɧɵɟ ɜɚɪɢɚɧɬɵ ɩɚɪɚɦɟɬɪɨɜ ɞɚɧɧɵɯ ɬɭɪɛɢɧ, ɜɵɛɢɪɚɟɦ 
ɬɭɪɛɢɧɭ ɉɅ40ɚ-ȼ ɫ ɞɢɚɦɟɬɪɨɦ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ D1=4,5 ɦ, ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ 
ɩɪɢɧɢɦɚɟɦ Za= 2, ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ nc= 166,7 ɨɛ/ɦɢɧ. 
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3.1.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 
 

Ɉɬɦɟɬɤɚ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɟё 
ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
 ∇Zɪ.ɤ = ZɇȻሺQɇȻሻ + ɇୗ,      (3.12) 
 
ɝɞɟ  Zɧ.ɛ.ሺQɧ.ɛ.ሻ  – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɩɪɢ  Qɧ.ɛ. ,  ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 
ɪɚɫɱёɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ Hୱ. 

ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɹ ɬɪɟɯ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɫ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ ɫɥɭɱɚɟɜ, ɬɪɟɛɭɸɳɢɯ ɧɚɢɛɨɥɶɲɟɝɨ ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ 
ɤɨɥɟɫɚ: 

1. Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɪɚɫɱёɬɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 
ɧɚɩɨɪɟ; 

2. Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɪɚɫɱёɬɧɨɣ ɦɨɳɧɨɫɬɶɸ ɪɚɫɱёɬɧɨɦ ɧɚɩɨɪɟ; 
3. Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɦɭ ɦɨɳɧɨɫɬɢ ɧɚ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ. 
 
ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

 Hୗ = Hɚɬɦ − ∇ଽ଴଴ − ı ∙ H − ͳ,ͷ + Zɏ.ɉɅ.,               (3.13) 

   
ɝɞɟ Hɚɬɦ = ͳͲ,͵͵ ɦ. ɜɨɞ. ɫɬ. – ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ;  
 ∇ – ɨɬɦɟɬɤɚ ɇȻ ɩɪɢ ɞɚɧɧɨɦ ɪɚɫɯɨɞɟ;   
 ͳ,ͷ – ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ;  
 ı – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɭɧɢɜɟɪɫɚɥɶɧɨɣ  
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɥɹ ɪɚɫɱёɬɧɵɯ ɭɫɥɨɜɢɣ; 
 Zɏ.ɉɅ. – ɪɚɡɧɨɫɬɶ ɨɬɦɟɬɨɤ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ ɦɨɞɟɥɶɧɨɣ ɢ ɧɚɬɭɪɧɨɣ 

ɬɭɪɛɢɧ, ɤɨɬɨɪɚɹ ɞɥɹ ɊɈ ɬɭɪɛɢɧ ɪɚɜɧɚ ୠబଶ , ɚ ɞɥɹ ɉɅ ɬɭɪɛɢɧ ɩɪɢɧɢɦɚɟɬɫɹ 

ɪɚɜɧɨɣ 0. 
ɇɚ ɪɟɠɢɦɧɨɦ ɩɨɥɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɧɚɯɨɞɢɦ ɬɪɢ ɬɨɱɤɢ. 
ɉɟɪɟɫɱɢɬɚɟɦ ɪɚɫɯɨɞ ɞɥɹ ɷɬɢɯ ɬɨɱɟɤ ɩɨ ɮɨɪɦɭɥɟ: 

 
 Q = Qଵ′ ∙ Dଵଶ ∙ √∆ɪ ∙ H.          (3.14) 

 
Ⱦɥɹ ɩɟɪɜɨɣ: ɨɩɪɟɞɟɥɹɟɦ ı = Ͳ,ʹͳ, Q = ͳͲͻ,Ͷͻ ɦଷ/ɫ . ɉɨ ɤɪɢɜɨɣ ɫɜɹɡɢ ɇȻ 

ɨɩɪɟɞɟɥɹɟɦ  ∇ZɇȻሺQୟሻ = ͵͸Ͷ,ͳ͸ ɦ.  
Ⱦɥɹ ɜɬɨɪɨɣ: ɨɩɪɟɞɟɥɹɟɦ ı = Ͳ,͵Ͷ, Q = ͳʹͺ,ͷͺ ɦଷ/ɫ . ɉɨ ɤɪɢɜɨɣ ɫɜɹɡɢ ɇȻ 

ɨɩɪɟɞɟɥɹɟɦ  ∇ZɇȻሺQୟሻ = ͵͸͸,ͷ͸ ɦ.  
Ⱦɥɹ ɬɪɟɬɶɟɣ: ɨɩɪɟɞɟɥɹɟɦ ı = Ͳ,͵Ͷ, Q = ͳʹͺ,ͷͶ ɦଷ/ɫ . ɉɨ ɤɪɢɜɨɣ ɫɜɹɡɢ ɇȻ 

ɨɩɪɟɞɟɥɹɟɦ  ∇ZɇȻሺQୟሻ = ͵͸͸,ͷ͸ ɦ.  
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Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ ɞɥɹ ɤɚɠɞɨɣ ɬɨɱɤɢ (ɩɨ ɮɨɪɦɭɥɟ 3.13): 
 

Ⱦɥɹ ɩɟɪɜɨɣ: Hୗ = ͳͲ,͵͵ − ଷ଺ସ,ଵ଺ଽ଴଴ − Ͳ,ʹͳ ∙ ͵ͻ,ͷ͵ − ͳ,ͷ + Ͳ = Ͳ,ͳʹͶ ɦ; 
 

Ⱦɥɹ ɜɬɨɪɨɣ: Hୗ = ͳͲ,͵͵ − ଷ଺଺,ହ଺ଽ଴଴ − Ͳ,͵Ͷ ∙ ͵͵,͵ʹ − ͳ,ͷ + Ͳ = −ʹ,ͻ ɦ; 
 

Ⱦɥɹ ɬɪɟɬɶɟɣ: Hୗ = ͳͲ,͵͵ − ଷ଺଺,ହ଺ଽ଴଴ − Ͳ,͵Ͷ ∙ ͵͵,͵ − ͳ,ͷ + Ͳ = −ʹ,ͺͻͻ ɦ. 
 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.5. 

 
Ɍɚɛɥɢɰɚ 3.5 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɵ 

Ɍɢɩ 
ɬɭɪɛɢɧɵ 

Dଵ, ɦ Zୟɝɪ, ɲɬ nୡ, 
ɨɛ/ɦɢɧ 

Nୟɝɪ, 
Ɇȼɬ 

Hୗଵ, ɦ Hୗଶ, ɦ Hୗଷ, ɦ 

ɉɅ40ɚ-ȼ-
450 

4,5 2 166,7 37 0,124 -2,9 -2,899 

 Ɋɚɫɫɱɢɬɵɜɚɟɦ ɡɚɝɥɭɛɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ (3.13) ɩɪɢ ɤɚɠɞɨɣ ɢɡ ɜɵɱɢɫɥɟɧɧɵɯ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ.
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɡɚɝɥɭɛɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɩɪɢ ɤɚɠɞɨɣ ɢɡ ɜɵɱɢɫɥɟɧɧɵɯ 

ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ: 
 ∇ZɊ.Ʉ.ଵ = ͵͸Ͷ,ͳ͸ + Ͳ,ͳʹͶ = ͵͸Ͷ,ʹͺ ɦ;    
 ∇ZɊ.Ʉ.ଶ = ͵͸͸,ͷ͸ − ʹ,ͻͲ͸ͳ = ͵͸͵,͸ͷ ɦ;   
 ∇ZɊ.Ʉ.ଷ = ͵͸͸,ͷ͸ − ʹ,ͺͻͻ͵ = ͵͸͵,͸͸ ɦ.    
 
ɂɡ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ Hୱ ɜɵɛɢɪɚɟɦ ɬɚɤɨɟ ɡɧɚɱɟɧɢɟ, 

ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ ɜɨ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ 
ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ, ɬɨ ɟɫɬɶ ɧɚɢɦɟɧɶɲɟɟ ∇ZɊ.Ʉ. = ͵͸͵,͸ͷ ɦ. 

 
3.2 Ɋɚɫɱёɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ 

 
Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɱɟɪɬɟɠɚ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɪɚɡɦɟɪɵ ɜɚɥɚ, 

ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɟɝɨ ɪɚɫɱёɬ ɧɚ ɩɪɨɱɧɨɫɬɶ. ȼɚɥ ɝɢɞɪɨɚɝɪɟɝɚɬɚ 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɞɚɱɢ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɤ ɪɨɬɨɪɭ 
ɝɟɧɟɪɚɬɨɪɚ. Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɭɱɟɬɨɦ ɫɨɜɦɟɫɬɧɨɝɨ 
ɞɟɣɫɬɜɢɹ ɫɤɪɭɱɢɜɚɸɳɢɯ, ɢɡɝɢɛɚɸɳɢɯ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ, ɧɚɪɭɠɧɢɣ ɞɢɚɦɟɬɪ ɜɚɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
 Dɜ

∗ ൒ ቆͷ,ͳ ∙ Ɇɤɪ

Ĳɞɨɩ
ቇ଴,ଷଷ,           (3.15) 

   
ɝɞɟ Ĳɞɨɩ = ሺ͵Ͳ ÷ ͵ͷሻ Ɇɉɚ.  
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ɉɪɢɧɢɦɚɟɬɫɹ Ĳɞɨɩ = ͵ͷ Ɇɉɚ, ɚ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ Ɇɤɪ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ : 
 
 Ɇɤɪ = Ͳ,ͲͲͻ͹Ͷ ∙ Nnɫɢɧɯ

= Ͳ,ͲͲͻ͹Ͷ ∙ ͵͹ͲͲͲͳ͸͸,͹ = ʹ,ͳ͸ ɤɇ ∙ ɦ.           (3.16) 

 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɭɬɨɱɧɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 
 Dɜ

∗ ൒ (ͷ,ͳ ∙ ʹ,ͳ͸͵ͷ )଴,ଷଷ = ͸ͺ͵ ɦɦ.  

 
ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ 

(ɤɪɚɬɧɨɟ 50 ɦɦ ɩɪɢ Dɜ ɦɟɧɟɟ 1000 ɦɦ ɢ ɤɪɚɬɧɨɟ 100 ɦɦ ɩɪɢ D≥1000 ɦɦ). 
ɉɪɢɧɢɦɚɟɦ D˅ = ͹ͲͲ ˏˏ. 

 
3.3 Ɋɚɫɱёɬ ɩɨɞɲɢɩɧɢɤɚ 

 
ɇɚɩɪɚɜɥɹɸɳɢɣ ɩɨɞɲɢɩɧɢɤ ɬɭɪɛɢɧɵ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɨɫɩɪɢɹɬɢɹ 

ɪɚɞɢɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɪɚɛɨɬɟ ɝɢɞɪɨɚɝɪɟɝɚɬɚ. ȿɝɨ ɪɚɫɱёɬ 
ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɪɚɡɦɟɪɚ ɢ ɩɪɨɜɟɪɤɟ ɩɨ ɤɪɢɬɟɪɢɸ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. 

Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ: 
 
 R˓˃ˇ = Ͳ,ͺ ∙ Nnୡ ∙ Dଵ = Ͳ,ͺ ∙ ͵͹ͲͲͲͳ͸͸,͹ ∙ Ͷ,ͷ = ͵ͻ,Ͷ͸ ˍʜ.      (3.17) 

 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ d˒ , ɫ ɭɱɟɬɨɦ ɨɛɥɢɰɨɜɤɢ, ɨɛɵɱɧɨ 

ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 15-20 ɦɦ ɛɨɥɶɲɟ D˅ ɩɨ ɮɨɪɦɭɥɟ: 
 
 d˒ = D˅ + ʹͲ = ͹ͲͲ + ʹͲ = ͹ʹͲ ˏˏ.      (3.18) 
 

ɂɡ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ [5. ɫɬɪ.67], ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ D˅ = ͹ͲͲ, h˒ =͵ͲͲ ˏˏ. 
Ⱦɥɹ ɤɨɥɶɰɟɜɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 
 
 p˖ˇ = R˓˃ˇd˒ ∙ h˒ = ͵ͻ,Ͷ͸Ͳ,͹ʹ ∙ Ͳ,͵ = ͳͺʹ,͸ͻ ˍʞ˃.      (3.19) 

 
Ⱦɥɹ ɬɚɤɢɯ ɩɨɞɲɢɩɧɢɤɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɨ, ɱɬɨ ɞɨɩɭɫɤɚɟɦɨɟ [p˖ˇ] ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 
 [p˖ˇ] = ʹͻ ∙ U = ʹͻ ∙ ͳʹ,ͷ͸ = ͵͸Ͷ,ʹͶ ˍʞ˃.     (3.20) 
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 U = π ∙ n˔ˋː˘ ∙ d˒͵Ͳ = ͵,ͳͶ ∙ ͳ͸͸,͹ ∙ Ͳ,͹ʹ͵Ͳ = ͳʹ,ͷ͸ ˏ ˔ˈˍ⁄ .    (3.21) 

 
ɍɫɥɨɜɢɟ p˖ˇ ൑ [p˖ˇ] ɫɨɛɥɸɞɚɟɬɫɹ. 
Ɋɚɫɱɟɬ ɫɟɝɦɟɧɬɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ:  
 h˒ = ͵ͲͲ ˏˏ;  Z˔ˈˆˏ = ͺ.  
 
Ɉɩɪɟɞɟɥɹɟɦ ɭɫɢɥɢɟ ɧɚ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɣ ɫɟɝɦɟɧɬ: 
 Rଵ = ୖ˓˃ˇଵ+ଶ∙ୡ୭ୱୟ+ଶ ୡ୭ୱሺଶୟሻ , ˍʜ,                                                   

(3.22) 
 

ɝɞɟ a = ଷ଺଴OZ˔ˈˆˏ . 

 
ɍɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɝɦɟɧɬ: 
 p˖ˇ = ୖ˓˃ˇ୪˔ˈˆˏ∙୦˒ ൑ [p˖ˇ], ˍʞ˃;                                                   

(3.23) 
 l˔ˈˆˏ = ሺͲ,ͺͷ − Ͳ,ͻͲሻ ∙ π ∙ ୢ˒Z˔ˈˆˏ , ˏ;                                                               

(3.24) 
 [p˖ˇ] = ͷͲ ∙ U, ˍʞ˃.                                                                                     

(3.25) 
 
Ɋɚɫɱɟɬ:  
 a = ଷ଺଴O଼ = Ͷͷ୓;  
 Rଵ = ଷଽ,ସ଺ଵ+ଶ∙ୡ୭ୱሺସହOሻ+ଶ ∙ୡ୭ୱሺଽ଴Oሻ = ͳ͸,͵ͷ  ˍʜ;  
 l˔ˈˆˏ = Ͳ,ͻͲ ∙ ͵,ͳͶ ∙ ଴,଻ଶ଼ = Ͳ,ʹͷ ˏ;  
 p˖ˇ = ଷଽ,ସ଺଴,ଶହ∙଴,ଷ = ͷʹ͸,ͳ͵ ˍʞ˃;  
 [p˖ˇ] = ͷͲ ∙ ͳʹ,ͷ͸ = ͸ʹͺ ˍʞ˃.  
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ɍɫɥɨɜɢɟ p˖ˇ ൑ [p˖ˇ] ɫɨɛɥɸɞɚɟɬɫɹ. 
 
ȼ ɨɛɨɢɯ ɜɢɞɚɯ ɩɨɞɲɢɩɧɢɤɨɜ ɭɫɥɨɜɢɟ p˖ˇ ൑ [p˖ˇ]  ɫɨɛɥɸɞɚɟɬɫɹ, ɧɨ ɢɡ-ɡɚ 

ɛɨɥɟɟ ɩɪɨɫɬɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɵɛɢɪɚɟɦ ɫɟɝɦɟɧɬɧɵɣ ɩɨɞɲɢɩɧɢɤ. 
 
3.4 ȼɵɛɨɪ ɬɢɩɚ Ɇɇɍ ɢ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 

 
ȼɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ [38]. 
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 ɋɭɥɚɤɫɤɨɣ Ƚɗɋ ɜ ɤɚɬɚɥɨɝɟ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɥɟɞɭɸɳɚɹ Ɇɇɍ: Ɇɇɍ 
6,3/1-40-8-2 (ɦɚɫɫɚ: 11,2 ɬ). ɉɨ ɧɨɦɨɝɪɚɦɦɟ ɨɩɪɟɞɟɥɹɟɦ ɬɢɩ ɗȽɊ. Ɍɚɤ ɤɚɤ 
ɬɭɪɛɢɧɚ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɚɹ, ɦɧɨɣ ɛɵɥ ɜɵɛɪɚɧ ɗɄȽɊ (ɞɥɹ ȽȺ ɫ ɞɜɭɦɹ 
ɪɟɝɭɥɢɪɭɸɳɢɦɢ ɨɪɝɚɧɚɦɢ). Ⱦɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ – 100 ɦɦ.  

ȼɵɛɪɚɧɧɵɣ ɪɟɝɭɥɹɬɨɪ: ɗȽɊɄ-2ɂ1-100-4. ɉɚɧɟɥɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ 
ɬɢɩɭ ɭɫɢɥɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɨɫɧɨɜɧɨɦ ɤɚɧɚɥɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɧɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦɚɯ.  

ɗȽɊ - ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ 
ɂ - ɧɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦɚɯ 
100- ɞɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ 
4 - ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɤɨɥɨɧɤɚ 4-ɝɨ ɢɫɩɨɥɧɟɧɢɹ. 
 
3.5 Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪ 

 
ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɞɥɹ ɭɬɜɟɪɠɞɟɧɧɨɣ ɬɭɪɛɢɧɵ ɉɅ40ɚ-ȼ ɛɵɥ 

ɩɨɞɨɛɪɚɧ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-733/130-36 ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 3.6. 

 
Ɍɚɛɥɢɰɚ 3.6 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ-733/130-36 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ 
ȿɞɢɧɢɰɵ 

ɢɡɦɟɪɟɧɢɹ 
Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ Sɧɨɦ ɆȼȺ 46,25 
ɇɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ Ɋɧɨɦ Ɇȼɬ 40 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cosφ ɨ.ɟ. 0,8 
ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ Sɧɨɦ ɆȼȺ 46,25 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ Uɧɨɦ ɤȼ 10,5 
ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ nɧɨɦ ɨɛ/ɦɢɧ 166,7 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ Xd ɨ.ɟ. 1,15 

ɉɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ X’d ɨ.ɟ. 0,37 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.6 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ 
ȿɞɢɧɢɰɵ 

ɢɡɦɟɪɟɧɢɹ 
Ɂɧɚɱɟɧɢɟ 

ɋɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ X”d ɨ.ɟ. 0,33 
ɂɫɩɨɥɧɟɧɢɟ ɉɨɞɜɟɫɧɨɟ 
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ Ƚɗɋ 
 

4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ Ƚɗɋ 
 

ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 
ɫɚɦɵɯ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɷɬɚɩɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ, ɬɚɤ ɤɚɤ 
ɨɬ ɷɬɨɝɨ ɡɚɜɢɫɢɬ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɟɟ ɷɤɨɧɨɦɢɱɧɨɫɬɶ, 
ɨɩɟɪɚɬɢɜɧɚɹ ɝɢɛɤɨɫɬɶ, ɭɞɨɛɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ 
ɜɨɡɦɨɠɧɨɫɬɶ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɲɢɪɟɧɢɹ. ȼ ɪɚɣɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ƚɗɋ ɫɭɳɟɫɬɜɭɸɬ ɩɨɞɫɬɚɧɰɢɢ 330 ɤȼ, 110 ɤȼ. ɉɨ ɤɚɪɬɟ–ɫɯɟɦɟ ɪɚɡɦɟɳɟɧɢɹ 
ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɨɞɫɬɚɧɰɢɣ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɛɥɢɠɚɣɲɟɣ ɹɜɥɹɟɬɫɹ 
ɉɋ «ɑɢɪɸɪɬ» 110 ɤȼ ɫ ɪɚɫɫɬɨɹɧɢɟɦ 80 ɤɦ. Ɉɞɧɢɦ ɢɡ ɩɟɪɜɵɯ ɪɟɲɟɧɢɣ, 
ɩɪɢɧɢɦɚɟɦɵɯ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɜɢɞɚ ɛɥɨɤɨɜ Ƚɗɋ. ȼɵɛɨɪ 
ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. ɇɚ ɪɢɫɭɧɤɟ 4.1 ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ 
ɨɞɢɧɨɱɧɨɝɨ ɛɥɨɤɚ. 
 

 
Ɋɢɫɭɧɨɤ 4.1 – ɋɯɟɦɚ ɨɞɢɧɨɱɧɨɝɨ ɛɥɨɤɚ 

 
4.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 
4.2.1 ȼɵɛɨɪ ɝɥɚɜɧɵɯ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɜ ɫɟɬɶ 

ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.1): 

 
 Sɪɚɫɱ = P̂ − Pɫɧcos φ = ͶͲ − Ͳ,ͶͲ,ͻ = ͶͶ ɆȼȺ, 

 
      (4.1) 

  ɝɞɟ Pɝ – ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, ɜ Ɇȼɬ;  
 Pɫɧ – ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɆȼȺ;  
 cosφ  – ɧɨɦɢɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ 

ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ.  

Ȼɵɥ ɜɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɊȾɇ-40000/110-ɍ1. ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ 
ɷɬɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1. 
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Ɍɚɛɥɢɰɚ 4.1 – ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɌɊȾɇ-40000/110-ɍ1 

Sɧɨɦ, ɤȼȺ 
U, ɤȼ ΔPxɯ, ɤȼɬ ΔPɤɡ, ɤȼɬ 

Uɜɧ, ɤȼ Uɧɧ, ɤȼ 
40000 115 10,5 22 170 

 
4.2.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

 
Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, 

ɞɨɫɬɢɝɚɟɬ 1 % ɨɬ Pɭɫɬ ɢ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.2):  
 
 Pɫɧ ൑ ͳ% ∙ Pɭɫɬ = Ͳ,Ͳͳ ∙ ͹Ͷ = Ͳ,͹Ͷ Ɇȼɬ.             (4.2) 
 

ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ Pɫɧ = Ͳ,͹Ͷ Ɇȼɬ. 

ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.3): 
 

 Sɫɧ = Pɫɧcosφ = Ͳ,͹ͶͲ,ͻ = Ͳ,ͶͶ Ɇȼ ∙ Ⱥ,             (4.3) 

   
  ɝɞɟ Pɫɧ – ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, Ɇȼɬ;  
 cosφ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ.  

ɉɨɞɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɋɁ-1000/10,5/0,4/Ⱦ/ɍɧ-11. ȼ ɬɚɛɥɢɰɟ 4.2 
ɩɪɢɜɟɞɟɧɵ ɧɨɦ. ɩɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁ-1000/10,5/0,4/Ⱦ/ɍɧ-11. 

 
Ɍɚɛɥɢɰɚ 4.2 – ɇɨɦ. ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɌɋɁ-1000/10,5/0,4/Ⱦ/ɍɧ-11 

Sɧɨɦ, ɤȼȺ 
U, ɤȼ ΔPxɯ, ɤȼɬ ΔPɤɡ, ɤȼɬ 

Uɜɧ, ɤȼ Uɧɧ, ɤȼ 
1000 10,5 0,4 2,4 9 

 
4.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ 
 
ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɋɭɥɚɤɫɤɨɣ Ƚɗɋ ɜ ɫɢɫɬɟɦɭ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.4): 
 

 SΣ = nˆ ∙ (P̂ − P̝ ːcosφˆ ) = ʹ ∙ (ͶͲ − Ͳ,ͶͲ,ͻ ) = ͺͺ ʛʑʏ.        (4.4) 

 
ɉɪɢ ɢɡɜɟɫɬɧɨɣ ɩɟɪɟɞɚɜɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɨɩɪɟɞɟɥɹɬɫɹ ɤɨɥɢɱɟɫɬɜɨ 

ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ ɩɨ ɮɨɪɦɭɥɟ (4.5): 
 

 nˎ = SΣ ∙ cosφୡP˒ ˓ + ͳ = ͺͺ ∙ Ͳ,ͺͷ͵Ͳ ∙ ͳ,Ͷ + ͳ = ʹ,ͺͻ,        (4.5) 

   
ɝɞɟ P˒ ˓ – ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɧɚ ɨɞɧɭ ɰɟɩɶ, ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɉɍɗ; 
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 cosφୡ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɫɢɫɬɟɦɵ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɢɫɥɨ ɥɢɧɢɣ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ nˎ = ͵. 
Ɍɨɤ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.6): 

 
 I˓˃˄ = SΣnˎ ∙ √͵ ∙ Uˎ = ͺͺͺ ∙ √͵ ∙ ͳͳͲ = Ͳ,ͳͷ ˍʏ,        (4.6) 

   
ɝɞɟ Uˎ – ɧɚɩɪɹɠɟɧɢɟ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, 110 ɤȼ. 

Ɋɚɫɱёɬɧɵɣ ɬɨɤ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.7): 
 

 I˓˃˔˚ = a୧ ∙ a୘ ∙ Iʑʚଵଵ଴ = ͳ,Ͳͷ ∙ ͳ ∙ Ͳ,ͳͷ = Ͳ,ͳ͸ ˍʏ,        (4.7) 
   
ɝɞɟ a୧  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɩɨ ɝɨɞɚɦ 

ɷɤɫɩɥɭɚɬɚɰɢɢ,  
ɩɪɢɧɢɦɚɟɬɫɹ a୧=1,05; 
 a୘– ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ  
ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɥɢɧɢɢ, ɩɪɢɧɢɦɚɟɬɫɹ a୘= 1. 

ɉɨ ɦɟɬɨɞɭ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞɨɦ ɦɚɪɤɢ AC-
240/34. 

 Ⱦɨɩɭɫɬɢɦɵɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɞɥɢɬɟɥɶɧɵɣ ɬɨɤ Iˇˑ˒ = ͸Ͳͷ ʏ. 
- x଴˖ˇ = Ͳ,Ͷ͵ͷ ʝˏ/ˍˏ; 
- r଴˖ˇ = Ͳ,ͳʹͳ ʝˏ/ˍˏ. 
Ɍɨɤ ɥɢɧɢɢ ɜ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ, ɩɪɢ ɚɜɚɪɢɣɧɨɦ ɨɬɤɥɸɱɟɧɢɢ ɥɢɧɢɢ, 

ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.8): 
 

 I˒.˃˅ = SΣሺnˎ − ͳሻ ∙ √͵ ∙ Uˎ = ͺͺሺ͵ − ͳሻ ∙ √͵ ∙ ͳͳͲ = Ͳ,ʹ͵ ˍʏ.        (4.8) 

 
Ɉɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɹɜɥɹɟɬɫɹ I˒.˃˅ < Iˇˑ˒. ɉɨ ɜɵɱɢɫɥɟɧɧɵɦ ɜ ɮɨɪɦɭɥɟ 

(4.8) ɡɧɚɱɟɧɢɸ Ͳ,ʹ͵  ˍʏ < Ͳ,͸Ͳͷ ˍʏ . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, 
ɩɪɨɜɟɪɤɚ ɩɪɨɜɨɞɨɦ ɦɚɪɤɢ AC-240/34 ɩɪɨɣɞɟɧɚ. 

 
4.4 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱёɬ 

 
Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɯɟɦɵ ɪɚɡɥɢɱɚɸɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɫɢɥɨɜɵɯ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɢ ɹɱɟɟɤ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. ɉɨɷɬɨɦɭ ɫɬɨɢɦɨɫɬɶ 
ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.9): 

 
 Ʉ = nɬ ∙ Ʉɬ + nɬɫɧ ∙ Ʉɫɧ + nɜ ∙ Ʉɪɭ,       (4.9) 
   
ɝɞɟ Kɬ – ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 22 ɦɥɧ. ɪɭɛ; 
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 nɬ – ɤɨɥɢɱɟɫɬɜɨ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, 2 ɲɬ; 
 Kɫɧ- ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, 0,87 ɦɥɧ. ɪɭɛ; 
 nɬɫɧ – ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, 3 ɲɬ; 
 KɊɍ– ɫɬɨɢɦɨɫɬɶ ɹɱɟɟɤ ɜɵɤɥɸɱɚɬɟɥɟɣ ɄɊɍɗ, 36 ɦɥɧ. ɪɭɛ; 
 nɜ – ɤɨɥɢɱɟɫɬɜɨ ɹɱɟɟɤ ɜɵɤɥɸɱɚɬɟɥɟɣ ɄɊɍɗ, 8 ɲɬ. 

 
Ʉ = ʹ ∙ ʹʹ + ͵ ∙ Ͳ,ͺ͹ + ͺ ∙ ͵͸ = ͵͵Ͷ,͸ ɦɥɧ.  ɪɭɛ. 
 
ɉɪɢɜɟɞёɧɧɵɟ ɡɚɬɪɚɬɵ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.10): 
 

 Ɂ = Ͳ,ͳͷ ∙ Ʉ + ɂ = Ͳ,ͳͷ ∙ ͵͵Ͷ,͸ + ʹͶ,Ͷ = ͷͲ,ʹ ɦɥɧ. ɪɭɛ,          (4.10) 
   
ɝɞɟ Ʉ – ɫɬɨɢɦɨɫɬɶ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɦɥɧ. ɪɭɛ; 
 ɂ – ɫɬɨɢɦɨɫɬɶ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɦɥɧ.  
ɪɭɛ. 
 

4.5 Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
 
4.5.1 ɉɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ ɞɥɹ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɄɁ 
 
Ⱦɥɹ ɪɚɫɱёɬɚ ɬɨɤɨɜ ɄɁ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɚɤɬɢɜɧɵɟ ɢ 

ɪɟɚɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ, ɚ ɬɚɤɠɟ ɗȾɋ ɚɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɢ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. 

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ (4.11): 

 
 xɝ = xୢ′′ ∙ Uɧɨɦ

ଶSɧɨɦ
= Ͳ,͵͵ ∙ ͳ͵,ͺଶͶͷ,͸ = Ͳ,Ͳͻͻ Ɉɦ,        (4.11) 

   
ɝɞɟ xୢ′′ – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɨ.ɟ, (ɬɚɛɥ. 3.6); 
 Sɧɨɦ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ, ɆȼȺ, (ɬɚɛɥ. 3.6); 
 Uɧɨɦ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɤȼ. (ɬɚɛɥ. 3.6). 

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ (4.12): 

 
 rɝ = ͳ,ʹʹ ∙ xɝT˃ ,ˆ ∙ ω = ͳ,ʹʹ ∙ Ͳ,ͲͻͻͲ,ͲͶͷ ∙ ͵ͳͶ = Ͳ,ͲͲͺ͸ Ɉɦ,        (4.12) 

   
ɝɞɟ xɝ – ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɮɨɪɦɭɥɚ (4.11). 

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ (4.13): 
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 xɬ = uɤɡ%ͳͲͲ ∙ UɌ.ȼɇ
ଶSɌ

= ͳͲ,ͷͳͲͲ ∙ ͳͳͷଶͶͲ = ͵Ͷ,͹ʹ Ɉɦ,          (4.13) 

   
ɝɞɟ uɤɡ%– ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ;  
 UɌ.ȼɇ – ɧɚɩɪɹɠɟɧɢɟ ɨɛɦɨɬɤɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, (ɬɚɛɥ. 

4.1); 
 SɌ – ɩɨɥɧɚɹ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɆȼȺ, (ɬɚɛɥ. 4.1). 

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ (4.14): 

 
 rɬ = ∆Pɤ ∙ UɌ.ȼɇ

ଶSɌ
ଶ = ͳ,ʹͳ ∙ ͷʹͷଶ͸͵Ͳଶ = Ͳ,ͺͶ Ɉɦ,           (4.14) 

   
ɝɞɟ ∆Pɤ – ɩɨɬɟɪɢ ɄɁ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ, (ɬɚɛɥ. 4.1).  

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ (4.15): 

 
 xɥ = xɨ,ɭɞ ∙ ln = Ͳ,Ͷ͵ͷ ∙ ͻͲʹ = ͳ͹,Ͷ Ɉɦ,       (4.15) 

   
ɝɞɟ xɨ,ɭɞ – ɭɞɟɥɶɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɅ, ɪɚɜɧɨɟ 0,435 Ɉɦ/ɤɦ; 
 n – ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ, (ɮɨɪɦɭɥɚ 4.5); 
 l – ɞɥɢɧɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ, ɤɦ. 

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
(4.16): 

 
 rɥ = rɨ,ɭɞ ∙ ln = Ͳ,ͳʹͳ ∙ ͺͲʹ = Ͷ,ͺͶ Ɉɦ,          (4.16) 

   
ɝɞɟ rɨ,ɭɞ– ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɅ, ɪɚɜɧɨɟ 0,121 Ɉɦ/ɤɦ  
 n – ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ, (ɮɨɪɦɭɥɚ 4.5);  
 l – ɞɥɢɧɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ, ɤɦ.  

ɗȾɋ ɝɟɧɟɪɚɬɨɪɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.17): 
 

 Eɝ = ͳ,ͳ͵ ∙ Uɧɨɦ = ͳ,ͳ͵ ∙ ͳͲ,ͷ = ͳͳ,ͺ͹ ɤȼ,                   (4.17) 
   
ɝɞɟ Uɧɨɦ– ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ.  

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.18): 
 

 xɋ = Uɧɨɦ
ଶSɤɡ

= ͳͳͷଶͳͳͲ = ͳʹͲ,ʹ Ɉɦ,             (4.18) 

   
ɝɞɟ Uɧɨɦ – ɧɚɩɪɹɠɟɧɢɟ ɫɢɫɬɟɦɵ;  
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 Sɤɡ – ɦɨɳɧɨɫɬɶ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɫɢɫɬɟɦɵ.  
Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.19): 
 

 rɋ = xʠT˃ ,ʠ ∙ ω = ͳʹͲ,ʹ͵Ͳ,Ͳ͸ ∙ ͵ͳͶ = ͸,͵ͺ Ɉɦ,              (4.19) 

   
ɝɞɟ  xɋ – ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ, (ɮɨɪɦɭɥɚ 4.18).  

 
4.5.2 Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ RastrWin 3 
 
ȼ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɬɨɤɢ ɨɞɧɨɮɚɡɧɨɝɨ ɢ 

ɬɪёɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɲɢɧɚɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ 
ɝɥɚɜɧɵɯ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. ɇɚ ɪɢɫɭɧɤɚɯ 4.2, 4.3 ɢ 4.4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɵɟ 
ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱёɬɚ. 

 

 
Ɋɢɫɭɧɨɤ 4.2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɭɡɥɨɜ ɞɥɹ ɪɚɫɱёɬɚ 

 

 
Ɋɢɫɭɧɨɤ 4.3 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜɟɬɜɟɣ ɞɥɹ ɪɚɫɱёɬɚ 

 

 
Ɋɢɫɭɧɨɤ 4.4 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɨɜ ɞɥɹ ɪɚɫɱёɬɚ 
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Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3. 
 
Ɍɚɛɥɢɰɚ 4.3 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 

Ɍɢɩ ɄɁ ɉ1 Iɩ.଴ iɭ 
1ɮ 9 2,43 3,77 
3ɮ 9 4,85 12,35 
3ɮ 1 58,44 106,48 

 
4.6 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
4.6.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥёɧɧɨɝɨ 

ɪɟɠɢɦɨɜ 
 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɟ 10,5 ɤȼ: 
 

 Iɝ,˓˃˄.୫ୟ୶ = ͳ,Ͳͷ ∙ Iɝ,ɧɨɦ;           (4.20) 
 Iɝ,˓˃˄.୫ୟ୶ = ͳ,Ͳͷ ∙ ʹ,ͷͲ͹ = ʹ,͸͵ ˍʏ. 
 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ (4.21): 
 IɌ.ɪɚɛ.୫ୟ୶ = ୗˆ,ːˑˏ√ଷ∙୙˕,ːˑˏሺ−ହ%ሻ = ସହ,଺√ଷ∙ଵ଴ସ,ହ = Ͳ,ʹͷ ˍʏ.                                           (4.21) 

 
Ɋɚɛɨɱɢɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɜ ɥɢɧɢɢ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ 110ɤȼ, ɜɵɱɢɫɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ (4.22): 
 

 I˓˃˄.୫ୟ୶ = S∑ሺnˎሻ ∙ √͵ ∙ Uːˑˏ = ͺͺ͵ ∙ √͵ ∙ ͳͳͲ = Ͳ,ͳͷ ˍʏ,          (4.22) 

   
ɝɞɟ S∑ – ɩɟɪɟɞɚɜɚɟɦɚɹ ɩɨ ɥɢɧɢɹɦ ɦɨɳɧɨɫɬɶ;  
 nɥ – ɤɨɥɢɱɟɫɬɜɨ ɥɢɧɢɣ;  

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ 
ɨɞɧɨɣ ɢɡ ɥɢɧɢɢ ɫɜɹɡɢ: 

 
 I˓˃˄.˖˕ˉ = S∑ሺnˎ − ͳሻ ∙ √͵ ∙ Uːˑˏ = ͺͺʹ ∙ √͵ ∙ ͳͳͲ = Ͳ,ʹ͵ ˍʏ,          (4.23) 

   
ɝɞɟ S∑ – ɩɟɪɟɞɚɜɚɟɦɚɹ ɩɨ ɥɢɧɢɹɦ ɦɨɳɧɨɫɬɶ;  
 nɥ – ɤɨɥɢɱɟɫɬɜɨ ɥɢɧɢɣ;  
 Uːˑˏ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɥɢɧɢɢ.  
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4.6.2 ȼɵɛɨɪ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ 
ɧɚɩɪɹɠɟɧɢɢ 10,5ɤȼ 

 
Ɋɚɡɴɟɞɢɧɢɬɟɥɢ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢ ɬɨɤɭ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 

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

ɉɪɢ ɜɵɛɨɪɟ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

 Uɧɨɦ ൒ Uɧɨɦ.ɫ;  
  Iɧɨɦ ൒ Iɪɚɛ,୫ୟ୶;  
  Bɤ,ɧɨɪɦ ൒ Bɤ,ɪɚɫɱ.  

 
ɂɫɩɨɥɶɡɭɹ ɤɚɬɚɥɨɝ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɈȺɈ ȼɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» ɞɥɹ 

ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɟɦ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȽȽ–10 ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȼɊɁ–10/4000 ɍ3. ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.5. 
 
Ɍɚɛɥɢɰɚ 4.5 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ 
ȼȽȽ-10 

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ 
ɊȼɊɁ-10/4000 ɍ3 

Uɫɟɬɢ ɧɨɦ = 10,5 ɤȼ Uɧɨɦ = 10 ɤȼ Uɧɨɦ = 10 ɤȼ 
Iɪɚɛ max = 2633 Ⱥ Iɧɨɦ = 4000 Ⱥ Iɧɨɦ = 4000 Ⱥ 
Iɩɨ = 58,44 ɤȺ Iɩɪ.ɫɤɜ = 63 ɤȺ Iɷɥ.ɫɬ = 125 ɤȺ 
iɭ = 106,48 ɤȺ iɩɪ.ɫɤɜ = ͳ͸Ͳ ɤȺ Iɬ.ɫɬ = ͳ͸Ͳ ɤȺ 

 
ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 

4.6. 
 
Ɍɚɛɥɢɰɚ 4.6 – 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 
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ȼɵɛɪɚɧ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɪɨɫɫɢɣɫɤɨɣ ɤɨɦɩɚɧɢɟɣ ɈɈɈ «Ⱥɋɍ-ȼɗɂ», 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɫɢɧɯɪɨɧɢɡɚɬɨɪ ɬɢɩɚ Ⱥɋ-Ɇ3. 
ɉɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɦɟɬɨɞɨɦ ɬɨɱɧɨɣ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ 
ɤɨɦɩɟɧɫɚɬɨɪɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɜɵɛɟɝɚ. Ⱥɋ-Ɇ3 ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɜ 
ɤɥɢɦɚɬɢɱɟɫɤɨɦ ɢɫɩɨɥɧɟɧɢɢ ɍ ɤɚɬɟɝɨɪɢɢ ɪɚɡɦɟɳɟɧɢɹ 4 ɩɨ ȽɈɋɌ 15150 
(ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɨɬ 1 ɞɨ 45°ɋ; ɜɟɪɯɧɟɟ ɩɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ 55°ɋ; ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ 98 % ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
35°ɋ). Ⱥɋ-Ɇ3 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɚɬɦɨɫɮɟɪɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɝɪɭɩɩɟ ɉ ɩɨ ȽɈɋɌ 15150.  

ȼɵɛɪɚɧ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡɚɬɨɪ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɮɢɪɦɨɣ ɈɈɈ «ɘɉɁ 
ɉɪɨɦɫɜɹɡɶɤɨɦɩɥɟɤɬ». ȺɉɄɗ-1 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢɡɦɟɪɟɧɢɣ ɢ 
ɪɟɝɢɫɬɪɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ 
ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɨɝɨ ɬɪɟɯɮɚɡɧɨɝɨ ɢ 
ɨɞɧɨɮɚɡɧɨɝɨ ɬɨɤɚ ɱɚɫɬɨɬɨɣ 50 Ƚɰ ɢ ɧɚɩɪɹɠɟɧɢɟɦ ɨɬ 0,4 ɞɨ 750 ɤȼ. 

ɉɪɢɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɤɨɧɬɪɨɥɢɪɭɟɬ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɫɨɩɨɫɬɚɜɥɹɟɬ ɫ ɧɨɪɦɚɬɢɜɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ȽɈɋɌ 13109-97), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɫɥɟɠɢɜɚɬɶ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɧɨɪɦɚɬɢɜɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ – ɩɪɟɞɨɬɜɪɚɳɚɬɶ ɚɜɚɪɢɣɧɵɟ ɫɢɬɭɚɰɢɢ ɢ 
ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɨɛɟɫɩɟɱɢɜ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ. ɉɨɞɤɥɸɱɟɧɢɟ 
ɤ ɫɟɬɢ ɧɚɩɪɹɠɟɧɢɟɦ ɫɜɵɲɟ 0,4 ɤȼ ɩɪɨɢɡɜɨɞɢɬɫɹ ɱɟɪɟɡ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ. 

 
4.6.3 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 
ȼɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɒɅ–10–1. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 

«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ». ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ-10-1 ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɜ ɬɚɛɥɢɰɟ 4.7. 
 
Ɍɚɛɥɢɰɚ 4.7 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ–10 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ < Uːˑˏ Uʒ = ͳͲ,ͷ ˍʑ Uːˑˏ = ͳͲ ˍʑ I˓˃˄ ୫ୟ୶ < Iːˑˏ Iʒ.˓˃˄ = ʹ͸͵͵ʏ Iːˑˏ = ͶͲͲͲ ʏ 
 

ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-10. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 
«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ». ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-10 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.8. 
 
Ɍɚɛɥɢɰɚ 4.8 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ Uɫɟɬɢ < Uɧɨɦ UȽ = ͳͲ,ͷ ɤȼ Uɧɨɦ = ͳͲ ɤȼ 
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Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ 10,5 ɤȼ 
ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ–10 ɍɏɅ1 ɮɢɪɦɵ ɈȺɈ 
«Ɋɚzɪɹɞ». 
 

4.6.4 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɄɊɍɗ  
 
ɉɚɪɚɦɟɬɪɵ ɞɥɹ ɄɊɍɗ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.9. 

 
Ɍɚɛɥɢɰɚ 4.9 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɹɱɟɟɤ ɄɊɍɗ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 
ȼɵɤɥɸɱɚɬɟɥɶ ɮɢɪɦɵ ɁȺɈ «ɁɗɌɈ» 

əɌɗ-110Ʌ/2500ɍ2 ȼ ɫɨɫɬɚɜ 
ɜɵɛɪɚɧɧɨɣ ɹɱɟɣɤɢ 

ɄɊɍɗ ɜɯɨɞɢɬ 
ɪɚɡɴɟɞɢɧɢɬɟɥɶ. 
Uɧɨɦ = 252 ɤȼ; 
Iɧɨɦ = 3150 ɤȺ; 

 

Uɫɟɬɢ ɧɨɦ = 110 ɤȼ Uɧɨɦ = 110 ɤȼ 

Iɪɚɛmax = 359 Ⱥ Iɧɨɦ= 3150 Ⱥ 
Iɩɨ = 2,43  ɤȺ Iɨɬɤɥ.ɧɨɦ. = 50 ɤȺ 

iɭ = 3,77 ɤȺ 
1Ɏ 

- 

 
əɱɟɣɤɚ ɄɊɍɗ ɬɢɩɚ əɌɗ—110Ʌ/2500ɍ2 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɩɥɟɤɫ 

ɦɨɞɭɥɟɣ: ɜɵɤɥɸɱɚɬɟɥɟɣ, ɫɨɜɦɟɳɟɧɧɵɯ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ-ɡɚɡɟɦɥɢɬɟɥɟɣ, ɛɵɫɬɪɨ 
ɞɟɣɫɬɜɭɸɳɟɝɨ ɡɚɡɟɦɥɢɬɟɥɹ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ,ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, 
ɜɜɨɞɨɜ ɤɚɛɟɥɶɧɵɯ ɢɥɢ ɜɨɡɞɭɲɧɵɯ, ɬɨɤɨɩɪɨɜɨɞɨɜ ɢ ɞɪ., ɩɨɦɟɳɟɧɧɵɯ ɜ 
ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɨɛɨɥɨɱɤɭ, ɡɚɩɨɥɧɟɧɧɭɸ ɲɟɫɬɢɮɬɨɪɢɫɬɨɣ ɫɟɪɨɣ. ɗɬɨ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɛɵɥɨ ɫɩɪɨɟɤɬɢɪɨɜɚɧɨ ɫɩɟɰɢɚɥɶɧɨ, ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɩɪɨɜɟɪɤɚ 
ɢɯ, ɚ ɬɟɦ ɛɨɥɟɟ ɜɵɛɨɪ, ɧɟ ɬɪɟɛɭɟɬɫɹ. 

 
4.6.5 ȼɵɛɨɪ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ 
 
Ⱦɥɹ ɡɚɳɢɬɵ ɰɟɩɢ 110 ɤȼ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɵɫɲɟɝɨ  ɧɚɩɪɹɠɟɧɢɹ 

Ɉɉɇ-110ɍɏɅ1 ɫ ɩɨɥɢɦɟɪɧɨɣ ɜɧɟɲɧɟɣ ɢɡɨɥɹɰɢɟɣ. 
 

5 ɍɫɬɪɨɣɫɬɜɚ ɊɁɢȺ 
 

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

 
5.1 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
ɇɚ ɝɥɚɜɧɨɦ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɟ ɋȼ-733/130-36: 
–ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɲɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 

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

ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ; 

–Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɫɬɚɬɨɪɚ; 
–Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɧɟɲɧɢɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
–Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɛɟɡ ɩɨɬɟɪɢ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; 
–Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɩɨɬɟɪɟ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; 
–Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ, ɤɨɧɬɪɨɥɶ ɞɥɢɬɟɥɶɧɨɫɬɢ 

ɮɨɪɫɢɪɨɜɤɢ; 
–ɍɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ; 
ɇɚ ɫɢɥɨɜɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɛɥɨɤɚ ɌɊȾɇ-40000/110-ɍ1: 
–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 110ɤȼ; 
–Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
–Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɛɥɨɤɚ;  
–Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ; 
ɇɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɋɇ Ƚɗɋ: 
–Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
–Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɩɭɫɤɨɦ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ 
–Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ 
–Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ 
ɇɚ Ʌɗɉ 110ɤȼ: 
ɚ. ɨɫɧɨɜɧɵɟ ɡɚɳɢɬɵ: 

–ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ 
ɄɁ; 
ɛ. ɪɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ: 

–5-ɬɢ ɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 
ɡɚɦɵɤɚɧɢɣ; 

–ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɞɥɹ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɢ 
ɛɥɢɡɤɢɯ ɦɟɠɞɭɮɚɡɧɵɯ ɄɁ; 

–4-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ 
ɡɟɦɥɸ (ɌɇɁɇɉ); 

–ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 110 ɤȼ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɍɊɈȼ 110 ɤȼ. 
Ɂɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ: 
–Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ; 
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–Ƚɚɡɨɜɚɹ ɡɚɳɢɬɚ; 
–ɆɌɁ ɧɚ ɫɬɨɪɨɧɟ 10,5 ɤȼ; 
–Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ; 
– Ɂɚɳɢɬɚ ɭɫɬɪɨɣɫɬɜ Ɋɉɇ. 
 
5.2 Ɋɚɫɱёɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 
 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ: 
 

 Iɝ.ɧɨɦ
ሺଵሻ = Pɧɨɦ/cosφ√͵ ∙ Uɧɨɦ

= ͶͲ ∙ ͳͲଷ/Ͳ,ͻ√͵ ∙ ͳͲ,ͷ = ͳͻ͹ͻ  Ⱥ,     (5.1) 

   
ɝɞɟ Pː ˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ, (ɬɚɛɥ. 3.6); cosφ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, (ɬɚɛɥ. 3.6);  

 Uːˑˏ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, (ɬɚɛɥ. 3.6).  
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɜɟɞёɧɧɵɣ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
 
 Iɝ.ɧɨɦ

ሺଶሻ = Iɝ.ɧɨɦ
ሺଵሻ ∙ KɫɯKɬɬ

= ͳͻ͹ͻ ∙ ͳʹͲͲͲ/ͷ = Ͷ,ͻͷ ʏ,     (5.2) 

   
ɝɞɟ Kɫɯ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ, ɪɚɜɧɵɣ ɟɞɢɧɢɰɟ ɞɥɹ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ  
 «ɡɜɟɡɞɚ»;  
 Kɬɬ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ  
 ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

Ɍɨɤ ɪɨɬɨɪɚ ɩɟɪɜɢɱɧɵɣ: 
 

 Iɧɨɦ.ɪɨɬ
ሺଵሻ = Iɪɨɬ.ɧɨɦ.ͳ,ʹʹͷͷ = ͳʹʹͲͳ,ʹʹͷͷ = ͻͻͷ,ͷ Ⱥ,          (5.3) 

  
ɝɞɟ Iɪɨɬ.ɧɨɦ. – Ɍɨɤ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ. 

Ɍɨɤ ɪɨɬɨɪɚ ɜɬɨɪɢɱɧɵɣ: 
 

 Iɧɨɦ.ɪɨɬ
ሺଶሻ = Iɧɨɦ.ɪɨɬ

ሺଵሻKɬɬ ɜɧ
= ͻͻͷ,ͷͳͲͲͲ/ͷ = Ͷ,͸ʹ Ⱥ,         (5.4) 

  
ɝɞɟ Kɬɬ ɜɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ  
ɧɚɩɪɹɠɟɧɢɹ 110 ɤȼ. 

Ɇɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ: 
 

 Sɧɨɦ.ȼȽଵ = √͵ ∙ Iɧɨɦ.ɪɨɬ ∙ Uɧɨɦ.ɪɨɬ = √͵ ∙ ͻͻͷ,ͷ ∙ ʹͺͷ = Ͷͻͳ,Ͷ ɤȼȺ,         (5.5) 
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ɝɞɟ Iɧɨɦ.ɪɨɬ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ, Ⱥ; 
 Uɧɨɦ.ɪɨɬ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɪɨɬɨɪɚ, ȼ. 
 

5.3 Ɉɩɢɫɚɧɢɟ ɡɚɳɢɬ ɢ ɪɚɫɱɟɬ ɢɯ ɭɫɬɚɜɨɤ 
 
5.3.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ 
 
ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 

ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ  ሺIɋɊ < Ͳ,ʹ ∙ Iɇሻ ɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ 
ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ. 

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

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ: IɇɈɆ = ͳͻ͹ͻ Ⱥ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: ηɌɌ = ʹͲͲͲ/ͷ Ⱥ. 
ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ IɋɊ.0 ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ 

ɩɪɢ ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȿɝɨ ɜɟɥɢɱɢɧɚ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 

 
 Iʜʐሺʜሻ = Kˑˇː ∙ f୧ ∙ Iː = Ͳ,ͷ ∙ Ͳ,ͳ ∙ Iɇ,         (5.6) 
   
ɝɞɟ Kˑˇː – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, ɪɚɜɧɵɣ 0,5; 
 f୧ – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɪɚɜɧɚɹ 0,1; 
 Iː – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ. 

ɍɫɬɚɜɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 

 Iʠʟ.଴ ൒ Kː ∙ Iʜʐሺʜሻ = Kː ∙ Kˑˇː ∙ f୧ ∙ Iː = ʹ ∙ Ͳ,ͷ ∙ Ͳ,ͳ ∙ Iː = Ͳ,ͳ ∙ Iː,           (5.7) 
   
ɝɞɟ Kː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɧɵɣ 2. 

ɂɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ (5.7) ɩɪɢɧɢɦɚɟɬɫɹ ɭɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɤɚ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɚɜɧɚɹ: 

 
 Iʠʟ.଴ = Ͳ,ͳͷ ∙ Iː = Ͳ,ͳͷ ∙ ͳͻ͹ͻ = ʹͻ͹ ʏ.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ KɌ  ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ 
ɩɨɜɪɟɠɞɟɧɢɹɦ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɧɚɝɪɭɡɤɢ. ȼɟɥɢɱɢɧɚ KɌ  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:   

 IɇȻሺɄɁሻ = ɄȺɉ ∙ f୧ ∙ ɄɈȾɇ ∙ IɆȺɄɋ,                                                                          ሺͷ.ͺሻ 
 

ɝɞɟ     ɄȺɉ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ;  
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f୧ = Ͳ,ͳ - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; 
ɄɈȾɇ = Ͳ,ͷ - ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ (0,5 - ɞɥɹ 

ɨɞɧɨɬɢɩɧɵɯ ɌɌ, 1,0 ɞɥɹ ɪɚɡɧɵɯ ɌɌ); IɆȺɄɋ  - ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ 
ɜɵɜɨɞɚɯ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ, ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 IɆȺɄɋ = Eɝ
′′୶ౚ′′ ∙ Iɇ = ଵ,ଷ଴଴,ଷଷ ∙ ͳͻ͹ͻ = ͹͹ͻ͵ Ⱥ.                                                      

(5.9) 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɪɚɜɟɧ ɩɨ (5.8): 
 IɇȻሺɄɁሻ = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ͹͹ͻ͵ = ͹͹ͻ Ⱥ.  
 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɭɫɥɨɜɢɹ: 
 

 Kʡ > Iʜʐሺʙʖሻ ∙ KʜIʡ ,         (5.10) 

   
ɝɞɟ Kː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, 2; 
 Iʡ – ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ, IɌ = IɆȺɄɋ. 
 KɌ > ͹͹ͻ ∙  ʹ͹͹ͻ͵ = Ͳ,ʹ. 

 
ɄɌ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,3. 
ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ (ɭɜɟɥɢɱɢɜɚɟɬ ɡɨɧɭ ɪɚɛɨɬɵ ɡɚɳɢɬɵ ɛɟɡ 

ɬɨɪɦɨɠɟɧɢɹ): 
 

 Iʜʡ = Iʠʟ.଴ʙʡ = Ͳ,ͳͷ ∙ IːͲ,͵ = Ͳ,ͷ ∙ Iː.        (5.11) 

 
Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɨɪɦɨɡɧɨɣ ɬɨɤ ȼ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɬɨɱɤɭ ɢɡɥɨɦɚ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ ɭɫɬɚɜɤɢ ȼ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ 
ɫɥɟɞɭɸɳɟɟ ɭɫɥɨɜɢɟ: 

 
 B ൒ Iʠʟ.଴ʙʡ = Ͳ,ͳͷͲ,͵ = Ͳ,ͷ.           (5.12) 

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

ɜɵɩɨɥɧɹɟɬɫɹ). 
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ɇɚ ɪɢɫɭɧɤɟ 5.1 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ. Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ 
ɡɚɬɜɨɪɨɜ ɢ ɧɚ ɩɭɫɤ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ. 
 

 
Ɋɢɫɭɧɨɤ 5.1− ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɨɞɨɥɶɧɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɡɚɳɢɬɵ 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. 

Ⱦɚɧɧɚɹ ɡɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɨɪɝɚɧɨɜ ɧɚɩɪɹɠɟɧɢɹ. 
ɉɟɪɜɵɣ ɨɪɝɚɧ (U0) ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɫɧɨɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɚɩɪɹɠɟɧɢɹ 

ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ U0 ɢ ɡɚɳɢɳɚɟɬ 85% 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 ሺUɈ ɗɅ.ɋɌ.ሻ  ɩɪɢ ɄɁ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ȼɇ. 
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ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.2. 

 

 
Ɋɢɫɭɧɨɤ 5.2 - ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
 

ɋɭɦɦɚɪɧɚɹ ёɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
 CΣ = ɋȽ + CɌ + ɋɒ + ɋ = Ͳ,͹ + Ͳ,Ͳͳ + Ͳ,ͲͲͺ + Ͳ,ʹͷ = Ͳ,ͻ͸ͺ             (5.13) 
 

ɝɞɟ Cʡ – ёɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; 
 ʠʒ – ёɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; 
 ʠШ–ёɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ; 
 ʠ – ёɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ. 

ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ 10,5 ɤȼ: 
 Iେ = ͳ,͹͵ ∙ UɅ ∙ ω ∙ ɋΣ = ͷ,ͷʹ Ⱥ.                                                                        ሺͷ.ͳͶሻ 
  
ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 

ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ 110 ɤȼ: 
 UɈ ɗɅ.ɋɌ = Ʉ ∙ U଴ ∙ ɋɌ(ȝ଴൯

ɋɌ(ȝ଴൯ + ɋΣ
,                                                                       ሺͷ.ͳͷሻ 

 
ɝɞɟ    Ʉ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ U଴ ɩɨ  
ɨɛɦɨɬɤɟ ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ ɞɥɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ, Ʉ = Ͳ,ͷ; 
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ɋɌ(ȝ଴൯  – ɟɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 
ɨɞɧɨɣ ɮɚɡɵ ɬɪɚɫɧɮɨɪɦɚɬɨɪɚ, ɋɌ(ȝ଴൯ = Ͳ,ͲͲͻ ɦɤɎ

ɮɚɡɭ
; U଴ – ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ 

ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ: 
 U଴ = ͳ͵ ∙ UɇɈɆ ȼɇ √͵ = ͳ͵⁄ ∙ ͳͳͷ√͵ = ʹʹ,ͳ͵ ɤȼ.                                                 ሺͷ.ͳ͸ሻ 

 
Ɍɨɝɞɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ 

ɩɪɢ ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɧɚ ɫɬɨɪɨɧɟ 110 ɤȼ: 
 UɈ ɗɅ.ɋɌ. = Ͳ,ͷ ∙ ʹʹͳ͵ʹ ∙ Ͳ,ͲͳͲ,Ͳͳ + Ͳ,ͻ͸ͺ = ͳͳ͵ ȼ.                                      

 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 UɋɊ ൒ Ʉɇ

Ʉȼ
∙ ͳnɌɇ

∙ U଴ ɗɅ.ɋɌ,                                                                                     ሺͷ.ͳ͹ሻ 

 
ɝɞɟ ʙː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ;  
 ʙ˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ;  
 n˕ː – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ.  
 U˔˓ ൒ ͳ,ͷͲ,ͻͷ ∙ ͳͳͲ,ͷ√͵ Ͳ,ͳ͵ ∙ ͳͳ͵ = Ͳ,ͻͺ ʑ. 

U଴  ɢɦɟɟɬ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɪɟɝɭɥɢɪɭɟɦɭɸ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 5 ɞɨ 20 ȼ. 

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

ȼɬɨɪɨɣ ɨɪɝɚɧ – ɷɬɨ ɨɪɝɚɧ U଴ଷ, ɪɟɚɝɢɪɭɸɳɢɣ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ 
ɬɪɟɬɶɟɣ ɝɚɪɦɨɧɢɤɢ ɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɟɣɬɪɚɥɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. Ⱦɚɧɧɵɣ 
ɨɪɝɚɧ ɡɚɳɢɳɚɟɬ ɨɤɨɥɨ 30% ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 

ɍɫɬɚɜɤɚ ɞɥɹ ɨɪɝɚɧɚ  U଴ଷ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɨɪɦɨɠɟɧɢɹ Ʉɬ ɨɬ 1 
ɞɨ 3. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ Ʉɬ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,2. Ɍɨɝɞɚ ɪɚɫɫɬɨɹɧɢɟ ɨɬ 
ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ ɦɟɫɬɚ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ Ʉɬ 
ɛɭɞɟɬ ɪɚɜɧɨ: 
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 ʤ = ͳʙʡ + ʹ = ͳͳ,ʹ + ʹ = Ͳ,Ͷʹ.         (5.18) 

   
ɉɪɢ KɌ = ͳ,ʹ ɨɪɝɚɧ U଴ଷ ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ 31,3 % ɨɛɦɨɬɤɢ 

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

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

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

 
Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɢɦɟɟɬ ɞɜɟ ɫɬɭɩɟɧɢ. 
1) ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ U2> ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

 Uɋɪଶ = ͳ,Ͷ ∙ UɇnɌɇ
= ͳ,Ͷ ∙ ͳͲͷͲͲͳͲͷͲͲ/ͳͲͲ = ͳͶͲ ȼ,        (5.19) 

   
ɝɞɟ Uʜ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ;  
 nʡʜ  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɧɚɩɪɹɠɟɧɢɹ.  

2) ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ 
ɩɪɟɞɭɫɦɨɬɪɟɧ ɜɬɨɪɨɣ ɨɪɝɚɧ U1 > ɫ ɭɫɬɚɜɤɨɣ ͳ,ʹ ∙ Uʜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 
ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢɥɢ ɩɪɢ ɫɛɪɨɫɟ ɧɚɝɪɭɡɤɢ. 
U1 > ɜɜɨɞɢɬɫɹ ɜ ɪɚɛɨɬɭ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɝɟɧɟɪɚɬɨɪɚ. 
ɍɫɬɚɜɤɚ U1> ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
 

 Uʠ˓ଵ = ͳ,ʹ ∙ Uʜnʡʜ = ͳ,ʹ ∙ ͳͲͷͲͲͳͲͷͲͲ/ͳͲͲ = ͳʹͲ ʑ,         (5.20) 

   
ɝɞɟ Uɇ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ (ɬɚɛɥ. 3.6);  
 nɌɇ  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɧɚɩɪɹɠɟɧɢɹ.  

ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ 
ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɫɬɨɪɨɧɟ 110 ɤȼ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ Ͳ,Ͳͻ ∙ Iɇ. 
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 ɩɟɪɟɝɪɭɡɨɤ ɝɟɧɟɪɚɬɨɪɚ ɬɨɤɚɦɢ 

ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɦɟɠɞɭɮɚɡɧɵɯ 
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ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɢ ɞɪɭɝɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɪɟɠɢɦɚɯ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɚ 
ɬɚɤɠɟ ɩɪɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɜ ɫɚɦɨɦ ɝɟɧɟɪɚɬɨɪɟ. 

Ɂɚɳɢɬɚ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 
1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ ሺIଶʠʗʒʜሻ ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ Iଶ 

ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 
(ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ). ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ  0,07Iɧ. 

2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺIଶʞʢʠʙሻ ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ Iଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɩɭɫɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢ tʛʏʙʠ =͸ͲͲ ˔. 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɧɚ ɤɨɬɨɪɵɣ ɪɟɚɝɢɪɭɟɬ 
ɡɚɳɢɬɚ: 

 
 I∗ଶ = √ʏt = √ ͵Ͳ͸ͲͲ = Ͳ,ʹʹ,        (5.21) 

   
ɝɞɟ ʏ – ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ;  
 t – ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ  
ɡɧɚɱɟɧɢɢ ɬɨɤɚ I2.  

ɍɫɬɚɜɤɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɪɚɜɧɚ: 
 

 I∗ଶʞʢʠʙ = I∗ଶKː = Ͳ,ʹʹͳ,ʹ = Ͳ,ͳͻ,         (5.22) 

   
ɝɞɟ Kː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ.  

ɍɫɬɚɜɤɚ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ: 
 

 Iଶʞʢʠʙ = Ͳ,ͳͻ ∙ Iʜ,        (5.23) 
   
ɝɞɟ Iʜ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ.  

ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 
ɩɨ ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ I∗ଶʞʢʠʙ:  

 
 tʓʝʞ = AI∗ଶʞʢʠʙଶ = ͵ͲͲ,ͳͻଶ ≈ ͺ͵ͳ ˔.         (5.24) 

   
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɪɟɠɢɦɚɯ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɬɨɤɚɦɢ ɩɟɪɟɝɪɭɡɤɢ Iଶ  ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɭɪɚɜɧɟɧɢɟɦ: 
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 tʠʟ = AሺI∗ଶሻଶ.         (5.25) 

 
ɂɡ ɜɵɪɚɠɟɧɢɹ (5.26) ɫɥɟɞɭɟɬ: 
 

 I∗ଶଶ ∙ tʠʟ = ͵Ͳ = ʏʗʝ.         (5.26) 
 

Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.1: 

 
Ɍɚɛɥɢɰɚ 5.1 – Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɨɤɭ 
ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

I2/Iɧ 
1,0 0,6 0,5 0,4 0,3 0,2 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ (ɫ) 20 55 80 125 220 500 
 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
(I2) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.3: 
 

 
Ɋɢɫɭɧɨɤ 5.3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

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

 
ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɜɪɟɦɹ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɦ: t ɦɢɧ = 20 ɫ, t ɦɚɤɫ = 600 ɫ. 
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ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 
ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. ɉɪɢ ɷɬɨɦ 
ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ, ɡɚ ɤɨɬɨɪɵɣ ɩɟɪɟɝɪɟɜ ɝɟɧɟɪɚɬɨɪɚ ɫɧɢɠɚɟɬɫɹ ɨɬ 
ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ ɞɨ 0,135 ɨɬ ɷɬɨɣ ɜɟɥɢɱɢɧɵ, ɭɫɥɨɜɧɨ 
ɧɚɡɵɜɚɟɬɫɹ ɜɪɟɦɟɧɟɦ «ɩɨɥɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ» (Iɨɯɥ) ɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 
ɨɬ 10 ɞɨ 999 ɫ. ɗɬɨɬ ɩɚɪɚɦɟɬɪ ɜɵɫɬɚɜɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɭɤɚɡɚɧɢɹɦ ɡɚɜɨɞɚ-
ɢɡɝɨɬɨɜɢɬɟɥɹ (tɨɯɥ= 100ɫ). 

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

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

ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 
2. ɂɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 

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

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

ɩɪɟɞɟɥɶɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɱɟɪɟɡ ɝɟɧɟɪɚɬɨɪ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɉɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ: 
ɚ) ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ 

ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɲɢɧɚɯ ȼɇ ɛɥɨɤɚ: 
 xୢȼɇ

′′ = xୢ′′ ∙ ቀ୙ɜɧ୙ɧɧ
ቁଶ = 0,33∙ ቀଵଵହଵ଴,ହቁଶ = ͵ͻ,͸,                                              (5.27) 

 
ɝɞɟ    xୢȼɇ

′′- ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɲɟɣ 
ɫɬɨɪɨɧɟ ɧɚɩɪɹɠɟɧɢɹ; 

 xଶȼɇ = xଶ ∙ ቀ୙ɜɧ୙ɧɧ
ቁଶ = 0,331∙ ቀଵଵହଵ଴,ହቁଶ = ͵ͻ,͹,                                               (5.28) 

 
ɝɞɟ   xଶȼɇ  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ, 
ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɜɵɫɲɟɣ ɫɬɨɪɨɧɟ. 
 Iଶɋ.Ɂ.∗ = ଵଵ,ଵ ሺ୶ౚȼɇ′′+୶మȼɇ+ଶ∙୶Ɍሻ = ଵଵ,ଵ ሺଷଽ,଺+ଷଽ,଻+ଶ∙଴,ଵଶሻ =  Ͳ,ͲͳͳͶ ɨ. ɟ. (5.29) 

 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
 Iଶɋ.Ɂ.∗ሺଶሻ = ʹ ∙ Iଶɋ.Ɂ.∗ ∙ ୙ɜɧ୙ɧɧ

= ʹ ∙ Ͳ,ͲͳͳͶ ∙ ቀଵଵହଵ଴,ହቁ = Ͳ,ʹͷ ɨ. ɟ.,                       (5.30)  

 
ɝɞɟ     xɌ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. 
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ɛ) ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɜ ɤɨɧɰɟ 
ɥɢɧɢɣ 500 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ 
ɪɚɛɨɬɟ ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ: 

 
 Iଶɋ.Ɂ.∗ = EƩ

′′xଵƩ + xଶƩ
= ͳͳ,ͳ ∙ ሺሺxୢ′′ + x ɬ + x ɥሻ + ሺx ଶ + x ɬ + x ɥሻሻ,         (5.31) 

   
ɝɞɟ xɅ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ. 

 Iଶɋ.Ɂ.∗ = ͳͳ,ͳ ∙ ሺሺͲ,͵͵ + Ͳ,ͳʹ + Ͳ,ͳʹ͹ሻ + ሺͲ,͵͵ͳ + Ͳ,ͳʹ + Ͳ,ͳʹ͹ሻሻ ; 
 Iଶɋ.Ɂ.∗ = Ͳ,ͺʹ͸ ɨ. ɟ.. 
 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
 Iଶʠ.ʖ.∗ = ʹ ∙ Iଶʠ.ʖ.∗ ∙ ୙˅ː୙ːː = ʹ ∙ Ͳ,ͺʹ͸ ∙ ቀଵଵହଵ଴,ହቁ = ͳͺ,Ͳͺ ˑ. ˈ..                              (5.32) 

 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ 

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

Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɫɟɤɰɢɨɧɧɵɯ 
ɜɵɤɥɸɱɚɬɟɥɟɣ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ 
ɜɵɤɥɸɱɚɬɟɥɟɣ 110 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.3.5 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ (I1) 
 
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: 
 
 IɋɂȽɇ = Kɇ ∙ IɇKȼ

= ͳ,Ͳͷ ∙ IɇͲ,ͻͺ = ͳ,Ͳ͹ ∙ Iɇ,         (5.33) 

   
ɝɞɟ ܭʜ– ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɧɵɣ 1,5;  
  .ʑ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ, ɪɚɜɧɵɣ 0,98ܭ 

ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ – 0,9 ɫɟɤɭɧɞ. 
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2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
 

ଵʞʢʠʙܫ  = ʜܭ ∙ ʑܭʜܫ = ͳ,Ͳͺ ∙ ʜͲ,ͻͺܫ = ͳ,ͳ ∙  ɇ.         (5.34)ܫ

 
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 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 
ɩɟɪɟɝɪɭɡɨɤ 

Ʉɪɚɬɫɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ܫ ⁄ɇܫ  
1,1 1,15 1,2 1,25 1,3 1,4 1,5 2 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 ȽȽ ɢ ȼȽ. 
ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɚɸɳɟɝɨ ɨɪɝɚɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 

ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,01 ɫ. 
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4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 

ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ: 
 
ଵʝʡʠܫ  = ͳ,ʹ ∙ ʜʝʛͲ,ͻͺܫ = ͳ,ͷ͵ ∙ ɇɈɆܫ .         (5.35) 

 
Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ  ሺ ʒܷ <ሻ. ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ: 
 

 ʠܷʟ = Ͳ,͸ͺ ∙ ܷʜʝʛܭʑ ∙ ݊ʡ = Ͳ,͸ͺ ∙ ͳͲͷͲͲͳ,Ͳ͵ ∙ ͳͲͷ = ͸͸,Ͳʹ ȼ.       (5.36) 

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɫɟɤɰɢɨɧɧɵɯ 

ɜɵɤɥɸɱɚɬɟɥɟɣ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ 
ɜɵɤɥɸɱɚɬɟɥɟɣ 110 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.3.6 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ (Z1<),(Z2<) 
 
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. 

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 ɡɚɳɢɬ 
ɥɢɧɢɣ, ɨɬɯɨɞɹɳɢɯ ɨɬ ɲɢɧ Ƚɗɋ. ɋɨɝɥɚɫɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɭɫɥɨɜɢɣ 
ɪɚɛɨɬɵ ɧɚ ɲɢɧɚɯ 110 ɤȼ Ƚɗɋ ɨɞɧɨɝɨ ɛɥɨɤɚ. ܼଵ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ 110 
ɤȼ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 

1) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ȼɅ110 ɤȼ: 
 

 ܼଵ ൑ Ͳ,ͺ ∙ ܼɌ,ହ଴଴ + Ͳ,ͺܭɌ
∙ ܼଵɅ

′ = Ͳ,ͺ ∙ ͵Ͷ,͹ + Ͳ,ͺ͵ ∙ ͶͲ,ͳ͸ = ͵ͺ,Ͷͺ Ɉɦ,         (5.37) 

   
ɝɞɟ ܼʡ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɲɟɣ ɫɬɨɪɨɧɟ; 
 ܼଵʚ′ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ;  
ʡܭ  − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɥɢɧɢɣ.  

ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 
ɝɟɧɟɪɚɬɨɪɚ: 

 ܼଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ Ͳ,ͳͲͷ ∙ Ͷͷ,͸ͶͲ + Ͳ,ͺ͵ ∙ Ͷͷ,͸ͳʹͳଶ ∙ ͶͲ,ͳ͸ = Ͳ,ͳʹͻ. 
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 ܼଵɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ: 
 

 ܼଵ = ܼଵ ˑ.ˈ. ∙ ܼ˄ = Ͳ,ͳʹͻ ∙ ʹ,Ͷʹ = Ͳ,͵ͳ,         (5.38) 
   
ɝɞɟ ܼ˄ – ɛɚɡɢɫɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ. 

Ȼɚɡɢɫɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ: 
 

 ܼ˄ = ˄ܷଶܵʜʒ = ͳͲ,ͷଶͶͷ,͸ = ʹ,Ͷʹ ʝˏ,         (5.39) 

   
ɝɞɟ ˄ܷ – ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ; 
 ܵʜʒ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ. 

ɍɫɬɚɜɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ: 
 

 ܼଵ𝐶ଷ = ܼଵ ∙ ݊ʡ݊ʜ = Ͳ,͵ͳ ∙ ʹͲͲͲͷͳͲ,ͷͲ,ͳ = ͳ,ͳͻ ʝˏ,         (5.40) 

ɝɞɟ ܼଵ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ; 
 ݊ʡ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ; 
 ݊ʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ. 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼଵ = ͳ,ʹ ʝˏ. 
ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 110 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 1,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ 
ɫɛɪɨɨɫɨɦ ȺɊɁ. 

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. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 
ɨɬɫɬɪɨɣɤɢ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɡɤɢ ɢ ɪɟɠɢɦɚ ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 

 
 ܼɇȺȽɊ = ܷɇɈɆ√͵ ∙ ɇȺȽɊܫ

= ͳͲ,ͷ ∙ ͳͲଷ√͵ ∙ ͳͻ͹ͻ = ͵,Ͳ͸ Ɉɦ,        (5.41) 

   
ɝɞɟ ܷʜʝʛ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; 
 .ʜʏʒʟ –ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚܫ 

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

 
ʣܫ  = ʹ ∙ .ʑ.ʤ.ʤܫʑ.ʜʝʛܫ − Ͳ,ͻͷݔௗ = ʹ ∙ ͳʹʹͲͶͻͲ − Ͳ,ͻͷͳ,ͳͷ = ͵,ͷ ˑ. ˈ,        (5.42) 

   
ɝɞɟ ܫʑ.ʤ.ʤ. – ɬɨɤ ɪɨɬɨɪɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, Ⱥ; 
 ;ʑ.ʜʝʛ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚܫ 
  ௗ – ɫɢɧɯɪɨɧɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣݔ 
ɨɫɢ. 

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

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
 

 ܼʜʏʒʟ.ʣ = Ͳ,ͻͷ ∙ ܷʜܫʣ = Ͳ,ͻͷ ∙ ͳʹ,ͷ = Ͳ,Ͷ ˑ. ˈ,        (5.43) 

   
ɝɞɟ ܷʜ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɜ ɨ.ɟ; 
  ʣ – ɬɨɤ ɫɬɚɬɨɪɚ ɩɪɢ ɞɜɨɣɧɨɦ ɬɨɤɟ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɩɨɧɢɠɟɧɨɦܫ 
ɧɚɩɪɹɠɟɧɢɢ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ: 
 

𝜑ʜʏʒʟ.ʣݏ݋ܿ  = 𝜑ʜͲ,ͻͷݏ݋ܿ ∙ ʣܫ = Ͳ,ͻͲ,ͻͷ ∙ ʹ,ͷ = Ͳ,͵ͺ,        (5.44) 

   
ɝɞɟ ܿݏ݋𝜑ʜ – ɧɨɦɢɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ. 

ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ 𝜑ʜʏʒʟ.ʣ = ͸͹,͸͹°. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɩɪɢɦɟɧɹɟɬɫɹ: 
 

 ܼ𝐶 ʖூூ = ܼʜʏʒʟ.ʣʙʜ = Ͳ,Ͷͳ,ͳ = Ͳ,͵ͷ ˑ. ˈ,         (5.45) 

   
ɝɞɟ ʙʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ; 
 ܼʜʏʒʟ.ʣ – ɫɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ 2-ɭɤɪɚɬɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ. 

ɋɨɩɪɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ: 
 

 ܼ𝐶 ʖூூ = ܼூூ ˑ.ˈ. ∙ ܼʐ = Ͳ,͵ͷ ∙ ͳͲ,ͷଶͶͷ,͸ = Ͳ,ͺͶ ʝˏ,         (5.46) 

   
ɝɞɟ ܼூூ ˑ.ˈ. – ɫɨɩɪɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ; 
 ܼʐ – ɛɚɡɢɫɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. 

Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɪɟɥɟ: 
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 Zେ Ɂ୍୍ = Zɋ.Ɂ.୍୍ ∙ nɌnɇ

= Ͳ,ͺͺ ∙ ʹͲͲͲ/ͷͳͲͷͲͲ/ͳͲͲ = ͵,ͳͺ Ɉɦ,   (5.47) 

   
ɝɞɟ Zʠ.ʖ.୍୍ – ɋɨɩɪɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ;  
 nʡ – ɤɨɷɮɮɢɢɰɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ; 
 nʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ. 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ Zଶ = ͵,ʹ ʝˏ. 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ  ɩɨ ɨɫɢ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 15%. ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ 
ɫɦɟɳɟɧɢɹ Zେʛଵ = Ͳ,ͳͷ ∙ Ͳ,͵ͳ = Ͳ,ͲͶ͹ ʝˏ,  Zେʛଶ = Ͳ,ͳͷ ∙ Ͳ,ͺͶ = Ͳ,ͳʹ͸ ʝˏ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ ɧɚɢɛɨɥɶɲɟɣ 
ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ – ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 110 ɤȼ ɢ 
ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɝɚɲɟɧɢɟ ɩɨɥɟɣ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.5. 

 

 
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: 
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 Iʟ ʠʗʒʜ = Kʜ ∙ Iʜʝʛ.ʟKʑ = ͳ,Ͳͷ ∙ Iʜʝʛ.ʟͲ,ͻͺ = ͳ,Ͳ͹ ∙ Iʜʝʛ.ʟ,         (5.48) 

   
ɝɞɟ  Iʜʝʛ.ʟ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ.  

2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 

 
 I୔ ʞʢʠʙ. = ͳ,ʹ ∙ Iʜʝʛ.ʟͲ,ͻͺ = ͳ,ͳ ∙ Iʜʝʛ.ʟ.         (5.49) 

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 

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

Ʉɪɚɬɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ, 

I/Iɧ 
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 5.6: 
 

 
Ɋɢɫɭɧɨɤ 5.6 –ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ 

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

 
 I୔ ʞʢʠʙ. = ʹ,͵ͷ ∙ Iʜʝʛ.ʟͲ,ͻͺ = ʹ,Ͷͷ ∙ Iʜʝʛ.ʟ.        (5.50) 

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

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
5.4 Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 
 
ɍɫɬɚɜɤɢ ɡɚɳɢɬ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱦ, 

ɬɚɛɥɢɰɚɯ Ⱦ1 ɢ Ⱦ2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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6 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ 
 
6.1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɛɟɬɨɧɧɨɣ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 

 
6.1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɥɚɫɫɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ  
 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɤɥɚɫɫ 

ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ. 
ȼɵɫɨɬɚ ȽɌɋ ɨɬ 20 ɞɨ 50 ɦ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ, ɭɫɬɚɧɨɜɥɟɧɧɚɹ 

ɦɨɳɧɨɫɬɶ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 74 Ɇȼɬ ɢ ɱɢɫɥɨ ɩɨɫɬɨɹɧɧɨ ɩɪɨɠɢɜɚɸɳɢɯ ɥɸɞɟɣ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɫɬɪɚɞɚɬɶ ɨɬ ɚɜɚɪɢɢ, ɱɟɥ: ɞɨ 500. ɋ ɭɱёɬɨɦ ɷɬɢɯ ɞɚɧɧɵɯ ɩɨ ɋɉ 
[20] ɧɚɡɧɚɱɚɟɬɫɹ III  ɤɥɚɫɫ ɫɨɨɪɭɠɟɧɢɹ. 

 
6.1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
 
Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɬɫɹ ɨɬɦɟɬɤɚ, ɜɵɱɢɫɥɟɧɧɚɹ ɩɨ 

ɮɨɪɦɭɥɟ: 
 

 ∇ȽȻɉ = ∇ɇɉɍ + hୱ,         (6.1) 
   
ɝɞɟ hୱ– ɩɪɟɜɵɲɟɧɢɟ Ƚɉ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ȼȻ, (ɮɨɪɦɭɥɚ 6.2). 

ɉɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ: 
 

 hୱ = hଵ% + ∆hୱୣ୲ + a,         (6.2) 
   
ɝɞɟ hଵ%– ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ; 
 ∆hୱୣ୲– ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ, (ɮɨɪɦɭɥɚ 6.3); 
 ɚ – ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ, ɪɚɜɧɵɣ 0,4 ɦ. 

ȼɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɜɨɥɧɵ: 
 

 ∆hୱୣ୲ = K୛ ∙ vଶ ∙ Lg ∙ d ∙ cosα୵,       (6.3) 

   
ɝɞɟ v = ͵Ͳ ɦ/ɫ – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ; 
 K୛ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɞɥɹ 30 ɦ/ɫ ɪɚɜɧɵɣ  
310-6; 
 L – ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ; 
 d – ɫɪɟɞɧɹɹ ɝɥɭɛɢɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɟɪɟɞ ɩɥɨɬɢɧɨɣ. 

ɋɪɟɞɧɹɹ ɝɥɭɛɢɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɟɪɟɞ ɩɥɨɬɢɧɨɣ: 
 

 d = ∇ɇɉɍ − ∇ɞɧɚʹ = ͵ͻͺ − ͵͸ͳ,ʹ͵ʹ = ͳͺ,Ͷ ɦ,         (6.4) 

   
ɝɞɟ ∇ɇɉɍ – ɨɬɦɟɬɤɚ ɇɉɍ; 
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 ∇ɞɧɚ – ɨɬɦɟɬɤɚ ɫɭɯɨɝɨ ɞɧɚ. 
 

 ∆hୱୣ୲ = ͵ ∙ ͳͲ−଺ ∙ ͵Ͳଶ ∙ ͹ͶͲͻ,ͺͳ ∙ ሺͳͺ,Ͷሻ ∙ cosͲ° = Ͳ,Ͳͳͳͳ ɦ. 
 

ȼɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ: 
Ɉɩɪɟɞɟɥɟɧɢɟ ɛɟɡɪɚɡɦɟɪɧɵɯ ɜɟɥɢɱɢɧ  ୥∙L୚మ  ɢ ୥∙୲୚ : 

 
 g ∙ LVଶ = ͻ,ͺͳ ∙ ͹ͶͲ͵Ͳଶ = ͺ,Ͳ͸͸;         (6.5) 

 
 g ∙ tV = ͻ,ͺͳ ∙ ʹͳ͸ͲͲ͵Ͳ = ͹Ͳ͸͵,ʹ,         (6.6) 

   
ɝɞɟ t – ɩɟɪɢɨɞ ɞɟɣɫɬɜɢɹ ɜɟɬɪɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 21600 ɫ (6 ɱ.).  

ɉɨ ɝɪɚɮɢɤɭ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɟɥɢɱɢɧɵ 
2

wV

hg
 ɢ 

wV

Tg
 ɞɥɹ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ୥L୚౭మ  ɢ ୥୲୚౭ ɩɨ ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ. 

Ⱦɥɹ  ୥L୚మ = ͺ,Ͳ͸͸: ɩɚɪɚɦɟɬɪɵ ୥୘̅୚౭ = Ͳ,͹ͷ  ɢ ୥୦̅୚౭ = Ͳ,ͲͲͷͶ. Ⱦɥɹ  ୥୲୚ = ͹Ͳ͸͵,ʹ: 

ɩɚɪɚɦɟɬɪɵ ୥୘̅୚౭ = ʹ,ͳ ɢ ୥୦̅୚౭ = Ͳ,Ͳʹͺ. 
ɉɪɢɧɢɦɚɸɬɫɹ ɧɚɢɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ୥୘̅୚౭ = Ͳ,͹ͷ  ɢ ୥୦̅୚౭ = Ͳ,ͲͲͷͶ  ɢ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɜɨɥɧɵ. 
ɋɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɥɧɵ: 
 

 h̅ = Ͳ,ͲͲͷͶ ∙ vଶg = Ͳ,ͲͲͷͶ ∙ ͵Ͳଶͻ,ͺͳ = Ͳ,Ͷͻͷ ɦ.         (6.7) 

 
ɋɪɟɞɧɢɣ ɩɟɪɢɨɞ ɜɨɥɧɵ: 
 

 T̅ = Ͳ,͹ͷ ∙ vg = Ͳ,͹ͷ ∙ ͵Ͳͻ,ͺͳ = ʹ,ʹͻ ɫ.          (6.8) 

 
ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ: 
 

 
Ȝୢ = g ∙ T̅ଶʹπ = ͻ,ͺͳ ∙ ʹ,ʹͻଶʹ ∙ ͵,ͳͶ = ͺ,ʹʹ ɫ.         (6.9) 

 
ɍɫɥɨɜɢɟ ɝɥɭɛɨɤɨɜɨɞɧɨɫɬɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 
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 d > Ͳ,ͷ ∙ Ȝୢ.        (6.10) 
 

18,4 > 4,11 –  ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɝɥɭɛɨɤɨɜɨɞɧɨ. 
ȼɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɜ ɫɢɫɬɟɦɟ ɜɨɥɧ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ: 
 

 hଵ% = k୧ ∙ h̅,        (6.11) 
   

ɝɞɟ k୧- ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ  
୥∙L୚మ. 

 hଵ% = ʹ,ʹʹ ∙ Ͳ,Ͷͻͷ = ͳ,ͳ ɦ. 
 
ɉɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ 

ɜɟɪɯɧɟɦ ɛɶɟɮɟ: 
 hୱ = ͳ,ͳ + Ͳ,Ͳͳͳ + Ͳ,Ͷ = ͳ,ͷͳ ɦ. 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɪɚɜɧɚ: 
 ∇ȽȻɉ = ͵ͻͺ + ͳ,ͷͳ = ͵ͻͻ,ͷͳ ɦ. 
 
6.2 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ 
 
6.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 

 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ɞɨɥɠɟɧ ɩɪɨɩɭɫɤɚɬɶɫɹ 

ɱɟɪɟɡ ɜɫɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɜɨɞɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ ɩɪɢ 
ɩɨɥɧɨɦ ɢɯ ɨɬɤɪɵɬɢɢ ɢ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ Ƚɗɋ ɩɪɢ ɇɉɍ: 

 
 Qɪ = Q୫ୟ୶ − ሺn − ͳሻ ∙ Qʒʏ = ͹͹ͷ,ʹ − ͳ ∙ ͳͲͲ = ͸͹ͷ,ʹ ˏଷ ˔⁄ ,         (6.12) 
   
ɝɞɟ Q୫ୟ୶ - ɪɚɫɱɟɬɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ; 
 n – ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ; 
 Qʒʏ – ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɞɢɧ ɝɢɞɪɨɚɝɪɟɝɚɬ. 

ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
 

 B = Qɪqɜ
= ͸͹ͷ,ʹ͸ʹ,Ͳ͸ = ͳͲ,ͺͺ ɦ,         (6.13) 

   
ɝɞɟ qɜ − ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ, ɜɵɱɢɫɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ (6.14). 

 ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
 

 qɜ = ͳ,ʹͷ ∙ qɪ = ͳ,ʹͷ ∙ Ͷͻ,͸ͷ = ͸ʹ,Ͳ͸ ɦଶ ɫ⁄ ,         (6.14) 
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ɝɞɟ qɪ − ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ, ɜɵɱɢɫɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ (6.15). 
 ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ: 
 

 qɪ = [v୦] ∙ hɇȻ = ͷ ∙ ͻ,ͻ͵ = Ͷͻ,͸ͷ ɦଶ ɫ⁄ ,             (6.15) 
   
ɝɞɟ hɇȻ  −ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɢɜɨɣ Zː˄ = fሺQ) 
ɩɪɢ Qɨɫɧ.୫ୟ୶; 
 [v୦] − ɧɟ ɪɚɡɦɵɜɚɸɳɚɹ ɫɤɨɪɨɫɬɶ ɞɥɹ ɫɤɚɥɵ. 

ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ B ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ ɰɟɥɨɦɭ ɱɢɫɥɭ. 
ɉɪɢɧɢɦɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɥёɬɨɜ n = ʹ ɩɪɢ ɲɢɪɢɧɟ ɩɪɨɥёɬɚ b = ͷ,ͷ ˏ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
 

 B = b ∙ n = ͷ,ͷ ∙ ʹ = ͳͳ ɦ,         (6.16) 
   
ɝɞɟ b – ɲɢɪɢɧɚ ɩɪɨɥёɬɚ, ɦ; 
 n – ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɥёɬɨɜ. 

Ɍɨɥɳɢɧɚ ɛɵɤɚ: 
 

įɛ = ሺͲ,ͳ ÷ Ͳ,ͳ͵ሻ ∙ b + ሺͲ,ͷ ÷ ʹሻ, ɦ;                                                          (6.17) 
 
įɛ = ሺͲ,ͳ ÷ Ͳ,ͳ͵ሻ ∙ ͷ,ͷ + ሺͲ,ͷ ÷ ʹሻ = ሺͲ,ͷͷ ÷ Ͳ,͹ͳͷሻ + ሺͲ,ͷ ÷ ʹሻ, ɦ. 
 
ȼɵɛɢɪɚɟɦ ɛɵɤ ɫ  įɛ = ʹ,͹ ɦ.  
Ɍɨɝɞɚ ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɫ ɭɱɟɬɨɦ ɛɵɤɨɜ: 
 Bɜ = b ∙ n + ሺn − ͳሻ ∙ įɛ = ͷ,ͷ ∙ ʹ + ሺʹ − ͳሻ ∙ ʹ,͹ = ͳ͵,͹.                       (6.18) 
 
6.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
 
ɂɡ ɮɨɪɦɭɥɵ ɪɚɫɯɨɞɚ ɜɨɞɨɫɥɢɜɚ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ, ɫɧɚɱɚɥɚ ɛɟɡ ɭɱɟɬɚ 
ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ - 01H , ɚ ɡɚɬɟɦ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ - 02H . 

 
 H଴ଵ = ሺ Q˓m ∙ B ∙ √ʹgሻଶଷ = ( ͸͹ͷ,ʹ Ͳ,Ͷͻ ∙ ͳͳ ∙ √ʹ ∙ ͻ,ͺͳ)ଶଷ = ͻ,ʹͺ ɦ,        (6.19) 

   
ɝɞɟ m – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɜɨɞɨɫɥɢɜɚ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɩɪɨɮɢɥɹ;  
 B – ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɛɟɡ ɭɱёɬɚ ɛɵɤɨɜ. 

ȼɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɫ ɭɱёɬɨɦ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ, 
ɩɨɥɧɵɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ: 

 



75 
 

 H଴ଶ = ቆ Q˓m ∙ İ ∙ ı˒ ∙ B ∙ √ʹ ∙ gቇଶଷ,         (6.20) 

   
ɝɞɟ ı˒ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ, ɪɚɜɧɵɣ 1; 
 İ – ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ,  
ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ (6.21). 

 H଴ଶ = ሺ ͸͹ͷ,ʹͲ,Ͷͻ ∙ Ͳ,ͺ ∙ ͳ ∙ ͳͳ ∙ √ʹ ∙ ͻ,ͺͳሻଶ/ଷ = ͳͲ,͹ʹ ɦ. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ: 
 

 
İ = ͳ − Ͳ,ʹ ∙ ξ˖ + ሺn − ͳሻξ଴n ∙ H଴ଵb ,     (6.21) 

   
ɝɞɟ n– ɱɢɫɥɨ ɩɪɨɥёɬɨɜ; 
 ξ˖ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ, ɪɚɜɧɵɣ 0,7; 

ξ଴ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ, ɬ.ɟ. ɜɟɥɢɱɢɧɵ 
α, ɢ ɨɬ ɮɨɪɦɵ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɛɵɤɚ, ɞɥɹ ɩɨɥɭɤɪɭɝɥɨɝɨ ɨɱɟɪɬɚɧɢɹ 0,45. 

 

İ = ͳ − Ͳ,ʹ ∙ Ͳ,͹ + ሺʹ − ͳሻ ∙ Ͳ,Ͷͷʹ ∙ ͻ,ʹͺͷ,ͷ = Ͳ,ͺ. 
 
Ƚɟɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ 

ɩɨɬɨɤɚ ɤ ɜɨɞɨɫɥɢɜɭ ϑ଴: 
 

 H = H଴ଶ − α ∙ ϑ଴ଶʹ ∙ g = ͳͲ,͹ʹ − ͳ,ͳ ∙ ͳ,͵Ͷଶʹ ∙ ͻ,ͺͳ = ͳͲ,͸ʹ ɦ,         (6.22) 

   
ɝɞɟ α – ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ; 
 ϑ଴ – ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɩɨɞɯɨɞɟ ɤ ɩɥɨɬɢɧɟ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ 
(6.23). 

ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɩɨɞɯɨɞɟ ɤ ɩɥɨɬɢɧɟ: 
 

 ϑ଴ = Q˓ሺ∇ʜʞʢ − ∇ˇː˃ሻሺB + ሺn − ͳሻįʐሻ,           (6.23) 

   
ɝɞɟ įʐ – ɬɨɥɳɢɧɚ ɛɵɤɚ (ɮɨɪɦɭɥɚ 6.17). 
 ϑ଴ = ͸͹ͷ,ʹሺ͵ͻͺ − ͵͸ͳ,ʹሻ ∙ ሺͳͳ + ሺʹ − ͳሻ ∙ ʹ,͹ሻ = ͳ,͵Ͷ ɦ/c. 
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Ɉɩɪɟɞɟɥɹɟɬɫɹ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɨɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ: H˔˕ = ͳ͸ ˏ. 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ: 
 

 ∇ʒʑ = ∇ʜʞʢ − H˔˕ = ͵ͻͺ − ͳͲ = ͵ͺͺ ɦ.         (6.24) 
 

 ɉɨ ɨɬɦɟɬɤɟ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ ɢ ɜɟɥɢɱɢɧɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɧɚɩɨɪɚ 
ɜɵɱɢɫɥɹɟɬɫɹ ɨɬɦɟɬɤɚ ɜɟɪɯɚ ɛɵɤɚ: 
 
 ∇ʒʐ = ∇ʒʑ + ͳ,͸ ∙ H˔˕ = ͵ͺͺ + ͳ,͸ ∙ ͳͲ = ͶͲͶ ɦ.           (6.25) 
 

6.2.3 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 
 
Ɉɱɟɪɬɚɧɢɟ ɨɝɨɥɨɜɤɚ ɫɬɪɨɢɬɫɹ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ Ʉɪɢɝɟɪɚ-Ɉɮɢɰɟɪɨɜɚ, 

ɤɨɨɪɞɢɧɚɬɵ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.1. 
 

Ɍɚɛɥɢɰɚ 6.1 – Ʉɨɨɪɞɢɧɚɬɵ ɨɝɨɥɨɜɤɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɩɪɨɮɢɥɹ 
ɯ ɭ ɯ ɭ ɯ ɭ 

0,0 0,126 1,4 0,564 2,8 2,462 
0,1 0,036 1,5 0,661 2,9 2,640 

0,2 0,007 1,6 0,764 3,0 2,824 

0,3 0,000 1,7 0,873 3,1 3,013 

0,4 0,006 1,8 0,987 3,2 3,207 

0,5 0,027 1,9 1,108 3,3 3,405 
0,6 0,060 2,0 1,235 3,4 3,609 

0,7 0,100 2,1 1,369 3,5 3,818 

0,8 0,146 2,2 1,508 3,6 4,031 

0,9 0,198 2,3 1,653 3,7 4,249 

1,0 0,256 2,4 1,809 3,8 4,471 
1,1 0,321 2,5 1,960 3,9 4,698 

1,2 0,394 2,6 2,122 4,0 4,938 

1,3 0,475 2,7 2,289 
   

Ɉɝɨɥɨɜɨɤ ɜɨɞɨɫɥɢɜɧɨɝɨ ɩɪɨɮɢɥɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 6.1. 
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Ɋɢɫɭɧɨɤ 6.1 – Ɉɝɨɥɨɜɨɤ ɜɨɞɨɫɥɢɜɧɨɝɨ ɩɪɨɮɢɥɹ 

 
6.2.4 Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ 
 
ɉɪɢ ɩɪɨɬɟɤɚɧɢɢ ɜɨɞɵ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ ɜɫɥɟɞɫɬɜɢɟ ɩɚɞɟɧɢɹ ɫɬɪɭɢ ɫɤɨɪɨɫɬɶ 

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

Ʉɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ: 
 

 hˍ˓ = √ α∙୕ɪ
మሺ୆+ሺ୬−ଵሻ∙įȻሻమ୥య

; 

 
        (6.26) 

 hˍ˓ = √ ଵ,ଵ∙଺଻ହ,ଶ మሺଵଵ+ሺଶ−ଵሻ∙ଶ,଻ሻమ∙ଽ,଼ଵయ = ͸,Ͷͺ ɦ. 

 
 

ɉɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
 

 T଴ = ∇ʜʞʢ − ∇ˇː˃ = ͵ͻͺ − ͵͸ͳ,ʹ͵ = ͵͸,͹͹ ɦ.         (6.27) 
 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɫɟɱɟɧɢɹ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ: 
 

 ξ୘బ = T଴hˍ˓ = ͵͸,͹͹͸,Ͷͺ = ͷ,͸ͺ.         (6.28) 

 

0

5

10

15

20

25

30

35

40

45

50

55

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42

y, ɦ

x, ɦ



78 
 

ɉɨ ɝɪɚɮɢɤɭ Ɇ. Ⱦ. ɑɟɪɬɨɭɫɨɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ 
φ = Ͳ,ͻ ɢ ξ୘బ  ɨɩɪɟɞɟɥɹɸɬɫɹ ξ˔ = Ͳ,͵Ͷ ɢ ξ˔`` = ʹ,͵ͷ. 

ɋɨɩɪɹɠёɧɧɵɟ ɝɥɭɛɢɧɵ: 
 

 hୡ̀ = ξୡ ∙ hɤɪ = Ͳ,͵Ͷ ∙ ͸,Ͷͺ = ʹ,ʹ ɦ;         (6.29) 
 
 hୡ̀̀ = ξୡ`` ∙ hɤɪ = ʹ,͵ͷ ∙ ͸,Ͷͺ = ͳͷ,ʹʹ ɦ.         (6.30) 
 

Ɍɚɤ ɤɚɤ h′′ୡ = ͳͷ,ʹʹ ɦ > hɇȻ = ͻ,ͻ͵ , ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɵɠɨɤ ɨɬɨɝɧɚɧɧɵɣ. 
Ɉɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ ɡɚ ɩɥɨɬɢɧɨɣ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɫɨɩɪɹɠɟɧɢɟ ɛɶɟɮɨɜ ɩɨ ɬɢɩɭ ɡɚɬɨɩɥɟɧɧɨɝɨ ɩɪɵɠɤɚ. 

Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɫ ɧɢɠɧɢɦ ɛɶɟɮɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ 
ɝɥɭɛɢɧɭ ɢɥɢ ɩɨɝɚɫɢɬɶ ɱɚɫɬɶ ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɫ ɩɨɦɨɳɶɸ ɝɚɫɢɬɟɥɟɣ ɷɧɟɪɝɢɢ. 
ɉɪɢɦɟɧɹɟɬɫɹ ɝɚɲɟɧɢɟ ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɫ ɩɨɦɨɳɶɸ ɜɨɞɨɛɨɣɧɨɝɨ ɤɨɥɨɞɰɚ. 

 
6.2.5 Ɋɚɫɱɟɬ ɜɨɞɨɛɨɣɧɨɝɨ ɤɨɥɨɞɰɚ 
 
Ƚɥɭɛɢɧɚ ɜɨɞɨɛɨɣɧɨɝɨ ɤɨɥɨɞɰɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 

ɩɪɢɛɥɢɠɟɧɢɣ. Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ ɝɥɭɛɢɧ ɤɨɥɨɞɰɚ, ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɪɚɫɱɟɬɨɦ, ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 5÷10%. 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ, ɝɥɭɛɢɧɭ ɤɨɥɨɞɰɚ ɨɩɪɟɞɟɥɹɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 d = ı ∙ hୡ′′ − ሺhɧɛ + Z′ሻ,                         (6.31) 
 

ɝɞɟ ı – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɜɟɥɢɱɢɜɚɸɳɢɣ ɝɥɭɛɢɧɭ ɜ ɤɨɥɨɞɰɟ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ  
ɨɛɪɚɡɨɜɚɧɢɟ ɡɚɬɨɩɥɟɧɧɨɝɨ ɩɪɵɠɤɚ,  ı = ͳ,ͳ ; Z′ – ɩɟɪɟɩɚɞ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɫɬɟɫɧɟɧɢɟɦ ɩɨɬɨɤɚ 
ɫɧɢɡɭ ɭɫɬɭɩɨɦ ɝɥɭɛɢɧɨɣ d, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 Z′ = ୯మଶ∙୥ ∙ ( ଵ
φమ∙୦ɧɛ

మ − α
ıమ∙୦ౙ"మ),                                                                    (6.32) 

      
ɝɞɟ φ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɞɥɹ ɜɨɞɨɫɥɢɜɚ ɫ ɲɢɪɨɤɢɦ ɩɨɪɨɝɨɦ,   
ɡɚɜɢɫɹɳɢɣ ɨɬ ɤɪɨɦɤɢ ɭɫɬɭɩɚ, ɩɪɢɧɢɦɚɟɬɫɹ 0,92.  

 Z′ = ସଽ,ଶଷమଶ∙ଽ,଼ଵ ∙ ቀ ଵ଴,ଽଶమ∙ଽ,ଽଷమ − ଵ,ଵଵ,ଵమ∙ଵହ,ଶଶమቁ = ͳ,ʹͺ ɦ, 

 

ɝɞɟ     q = ୕ɪ୆+ሺ୬−ଵሻ∙į = ଺଻ହ,ଶଵଵ+ሺଶ−ଵሻ∙ଶ,଻ = Ͷͻ,ʹ͵  ɦଶ ɫ⁄ .   

    
Ƚɥɭɛɢɧɚ ɤɨɥɨɞɰɚ: 
 ݀ = ͳ,ͳ ∙ ͳͷ,ʹʹ − ሺͻ,ͻ͵ + ͳ,ʹͺሻ = ͷ,ͷͶ ɦ. 
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ɇɚɯɨɞɢɬɫɹ ɩɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ: 
 ଴ܶ = ɇɉɍ − ȾɇɈ + ݀ = ͵ͻͺ + ͵͸ͳ,ʹ͵ + ͷ,ͷͶ = Ͷʹ,͵ͳ ɦ.        (6.33) 
 
ȼɵɱɢɫɥɹɟɦ ɧɨɜɨɟ ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ ɫɟɱɟɧɢɹ ɜ 

ɜɟɪɯɧɟɦ ɛɶɟɮɟ: 
 𝜉଴ = 𝑇బ

ℎɤɪ
= ସଶ,ଷଵ଺,ସ଼ = ͸,ͷ͵ ɦ.                                                  (6.34) 

      
ɉɨ ɝɪɚɮɢɤɭ Ɇ. Ⱦ. ɑɟɪɬɨɭɫɨɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ 𝜑 = Ͳ,ͻ ɢ 𝜉𝑇బ  ɨɩɪɟɞɟɥɹɟɬɫɹ ξɫ = 0,32 ɢ 𝜉௖``= 2,4. 
ȼɵɱɢɫɥɹɟɬɫɹ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ: 
 
ℎ௖, = 𝜉௖ ∙ ℎɤɪ = Ͳ,͵ʹ ∙ ͸,Ͷͺ = ʹ,Ͳ͹ ɦ;                                                         (6.35) 
 
ℎ௖,, = 𝜉௖`` ∙ ℎɤɪ = ʹ,Ͷ ∙ ͸,Ͷͺ = ͳͷ,ͷͷ ɦ.                                                        (6.36) 
 
Ɉɬɫɸɞɚ ɩɟɪɟɩɚɞ: 
 Z′ = ସଽ,ଶଷమଶ∙ଽ,଼ଵ ∙ ቀ ଵ଴,ଽଶమ∙ଽ,ଽଷమ − ଵ,ଵଵ,ଵమ∙ଵହ,ହହమቁ = ͳ,͵ͳ ɦ; 

 ݀ = ͳ,ͳ ∙ ͳͷ,ͷͷ − ሺͻ,ͻ͵ + ͳ,͵Ͳͷሻ = ͷ,ͺ͸͸ ɦ. 
 
Ɍɚɤ ɤɚɤ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɝɥɭɛɢɧɚɦɢ ɤɨɥɨɞɰɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 1%, ɬɨ 

ɩɪɢɧɢɦɚɟɬɫɹ d =5,866 ɦ. 
Ɉɬɦɟɬɤɚ ɩɨɥɚ ɜɨɞɨɛɨɹ: 
ɉȼߘ  = ɞɧɚߘ − ݀ = ͵͸ͳ,ʹ͵ − ͷ,ͺ͸͸ = ͵ͷͷ,͵͸ ɦ.                           (6.37) 
    
Ⱦɥɢɧɚ ɜɨɞɨɛɨɹ ɩɪɢ ɧɚɥɢɱɢɢ ɧɚ ɧɟɦ ɝɚɫɢɬɟɥɹ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ݈ɜ = ሺͲ,͹ͷ ÷ ͳ,Ͳሻ ∙ ݈ɩɪ.                                                                     (6.38) 
 
Ⱦɥɢɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɵɠɤɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ݈ɩɪ = ʹ,ͷ ∙ (ͳ,ͻ ∙ ℎ௖̀̀ − ℎ௖̀൯ = ʹ,ͷ ∙ ሺͳ,ͻ ∙ ͳͷ,ͷͷ − ʹ,Ͳ͹ሻ = ͸ͺ,͸͸ ɦ;          (6.39) 
 ݈ɜ = Ͳ,͹ͷ ∙ ݈ɩɪ = Ͳ,͹ͷ ∙ ͸ͺ,͸͸ʹ = ͷͳ,ͷ ɦ. 
 
Ⱦɥɹ ɪɢɫɛɟɪɦɵ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ: ݈ɜ = ݈ɪ.  
 



80 
 

6.3 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɩɥɨɬɢɧɵ 
 
6.3.1 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(ɪɢɫɭɧɨɤ 6.2). 

ɇɨ ɩɪɢ ɫɜɨɟɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɬɨɬ ɩɪɨɮɢɥɶ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ 
ɭɫɥɨɜɢɹɦ: 

1) Ɉɬɫɭɬɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ; 
2) ɍɫɬɨɣɱɢɜɨɫɬɶ ɬɟɥɚ ɩɥɨɬɢɧɵ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ. 

 

 
 

Ɋɢɫɭɧɨɤ 6.2 – ɋɯɟɦɚ ɬɪɟɭɝɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɩɥɨɬɢɧɵ 
 

Ȼɟɬɨɧ ɫɥɚɛɨ ɫɨɩɪɨɬɢɜɥɹɟɬɫɹ ɪɚɫɬɹɠɟɧɢɸ, ɜ ɧёɦ ɧɟɞɨɩɭɫɬɢɦɨ ɩɨɹɜɥɟɧɢɟ 
ɬɪɟɳɢɧ ɫ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɹɜɥɟɧɢɸ ɨɩɚɫɧɨɣ 
ɮɢɥɶɬɪɚɰɢɢ ɫɨ ɜɫɟɦɢ ɜɵɬɟɤɚɸɳɢɦɢ ɩɨɫɥɟɞɫɬɜɢɹɦɢ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɭɫɥɨɜɢɹ ɧɟɞɨɩɭɳɟɧɢɹ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, 
ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɩɨ ɨɫɧɨɜɚɧɢɸ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɚɤ: 

 𝐵௡ூ = ℎ√ 𝜌ɛ𝜌𝑤ሺଵ−௡ሻ+௡ሺଶ−௡ሻ−𝛼భ ,                                                                           (6.40) 

 
ɝɞɟ ߙଵ– ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɸ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 
ɡɚ ɫɱɟɬ ɭɫɬɪɨɣɫɬɜɚ ɡɚɜɟɫ, ɞɪɟɧɚɠɟɣ ɢ ɲɩɭɧɬɨɜ, ɩɪɢɧɢɦɚɟɦɵɣ 0,5; ߩɛ ɢ ߩ௪ – ɩɥɨɬɧɨɫɬɢ ɛɟɬɨɧɚ ɢ ɜɨɞɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ: 
 

 ℎ = ɇɉɍߘ − ɩɨɞߘ = ͵ͻͺ − ͵ͷͲ,͵ͻ = Ͷ͹,͸ ɦ,         (6.41) 
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ɝɞɟ ߘɩɨɞ – ɨɬɦɟɬɤɚ ɩɨɞɨɲɜɵ, ɜɵɱɢɫɥɹɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ (6.41). 
Ɉɬɦɟɬɤɚ ɩɨɞɨɲɜɵ: 
 

ɩɨɞߘ  = ɞɧɚߘ − ݀ − ɜݐ = ͵͸ͳ,ʹ͵ − ͷ,ͺ͸͸ − Ͷ,ͻ͹͸ = ͵ͷͲ,͵ͻ ɦ.          (6.42) 
 

ɂɡ ɭɫɥɨɜɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɧɚ ɫɞɜɢɝ ɩɨ ɨɫɧɨɜɚɧɢɸ ɲɢɪɢɧɚ 
ɩɨɞɨɲɜɵ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 𝐵௡ூூ = 𝛾𝑛∙ℎ௧𝑔𝜑ሺ 𝜌ɛ𝜌𝑤+௡−𝛼భሻ ,                                                                                    (6.43) 

 
ɝɞɟ ߛ௡ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɫɨɨɪɭɠɟɧɢɹ,  
 ɩɪɢɧɢɦɚɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ. Ⱦɥɹ III  ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ ߛ௡ = ͳ,ͳͷ; ݃ݐ𝜑 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɛɟɬɨɧɚ ɩɨ ɝɪɭɧɬɭ, ɩɪɢɧɢɦɚɟɦɵɣ  ɞɥɹ ɫɤɚɥɵ 
0,7. 

Ɂɚɞɚɜɚɹɫɶ ɪɚɡɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ݊, ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱёɬ (ɬɚɛɥɢɰɚ 6.2) ɢ 
ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɟɣ 𝐵௡ூ = ݂ሺ݊ሻ ɢ 𝐵௡ூூ = ݂ሺ݊ሻ (ɪɢɫɭɧɨɤ 6.3). 

 
Ɍɚɛɥɢɰɚ 6.2 – Ʉɨɨɪɞɢɧɚɬɵ ɡɚɜɢɫɢɦɨɫɬɟɣ 𝐵௡ூ = ݂ሺ݊ሻ ɢ 𝐵௡ூூ = ݂ሺ݊ሻ 

n B'ɩ B''ɩ 

0,1 34,18 48,58 

0,15 34,52 47,45 
0,2 34,91 46,38 

0,25 35,37 45,35 

0,3 35,89 44,36 

0,35 36,49 43,42 

0,4 37,18 42,51 
0,45 37,97 41,64 

0,5 38,88 40,81 

0,55 39,92 40,01 

0,6 41,13 39,24 

0,65 42,54 38,50 
0,7 44,21 37,79 

0,75 46,19 37,10 

0,8 48,59 36,44 

0,85 51,57 35,80 

 
Ɍɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɤɪɢɜɵɯ ɨɩɪɟɞɟɥɢɬ ɢɫɤɨɦɭɸ ɲɢɪɢɧɭ ɩɨɞɨɲɜɵ 

ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ, ɨɧɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.3. 
 



82 
 

 
Ɋɢɫɭɧɨɤ 6.3 – ɉɟɪɟɫɟɱɟɧɢɟ ɤɪɢɜɵɯ 𝐵௡ூ = ݂ሺ݊ሻ ɢ 𝐵௡ூூ = ݂ሺ݊ሻ 

 
Ɍɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɤɪɢɜɵɯ: ݊ = Ͳ,ͷͷ ɢ 𝐵ɩ = ͶͲ ɦ. 

 
6.3.2 Ɋɚɡɪɟɡɤɚ ɩɥɨɬɢɧɵ ɲɜɚɦɢ 
 
Ɋɚɡɪɟɡɤɭ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɨ ɛɵɤɚɦ.  
ɒɢɪɢɧɚ ɫɟɤɰɢɢ ɫɨɫɬɚɜɥɹɟɬ: 
 
b +įɛ = 5,5 + 2,7 = 8,2 ɦ.                                                                             (6.44) 
 
Ɍɟɦɩɟɪɚɬɭɪɧɨ-ɭɫɚɞɨɱɧɵɟ ɲɜɵ ɞɥɹ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ 

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

6.3.3 Ȼɵɤɢ 
 
ɇɚ ɜɨɞɨɫɥɢɜɟ ɭɫɬɪɚɢɜɚɸɬ ɛɵɤɢ ɞɥɹ ɞɟɥɟɧɢɹ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɧɚ 

ɩɪɨɥɟɬɵ ɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɡɚɬɜɨɪɨɜ  
Ɉɝɨɥɨɜɨɤ ɛɵɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɥɭɤɪɭɝɥɵɦ ɞɥɹ ɥɭɱɲɟɝɨ ɨɛɬɟɤɚɧɢɹ 

ɩɨɬɨɤɨɦ. Ɍɨɥɳɢɧɭ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ɩɪɢɧɢɦɚɟɦ ɩɨ ɮɨɪɦɭɥɟ 6.17: ߜɛ = ʹ,͹ ɦ.  
Ɇɢɧɢɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɦɟɠɞɭ ɩɚɡɚɦɢ 0,8 ɦ; 
ɒɢɪɢɧɚ ɩɚɡɚ ɪɟɦɨɧɬɧɨɝɨ ɡɚɬɜɨɪɚ ɚ = 0,5 ɦ; 
Ⱦɥɢɧɚ ɩɚɡɚ ɪɟɦɨɧɬɧɨɝɨ ɡɚɬɜɨɪɚ ɫ = 0,5 ɦ; 
Ⱦɥɢɧɚ ɩɚɡɚ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ m = 2 ɦ; 
ɒɢɪɢɧɚ ɩɚɡɚ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ n = 

௠ଶ  ɦ, ɩɪɢɧɢɦɚɟɦ 1 ɦ; 
Ɍɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ɦɟɠɞɭ ɩɚɡɚɦɢ d0 = 1 ɦ. 
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6.3.4 ɍɫɬɨɢ 
 
Ɇɟɠɞɭ ɫɬɚɧɰɢɨɧɧɨɣ ɢ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɶɸ ɩɥɨɬɢɧɵ ɭɫɬɪɚɢɜɚɟɦ 

ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ ɭɫɬɨɣ, ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɜɨɞɧɵɯ ɩɨɬɨɤɨɜ, ɩɨɩɚɞɚɸɳɢɯ ɜ ɇȻ 
ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ ɢ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ. 
 

6.3.5 Ⱦɪɟɧɚɠ ɬɟɥɚ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
 
ȼɞɨɥɶ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɫɥɟɞɭɟɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɭɫɬɪɨɣɫɬɜɨ 

ɞɪɟɧɚɠɚ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɞɪɟɧ, ɢɦɟɸɳɢɯ ɜɵɯɨɞɵ ɜ ɩɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ, 
ɢɥɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɞɪɟɧ, ɩɪɢɭɪɨɱɟɧɧɵɯ ɤ ɹɪɭɫɚɦ ɛɟɬɨɧɢɪɨɜɚɧɢɹ ɢ ɢɦɟɸɳɢɯ 
ɜɵɯɨɞɵ ɜ ɫɦɨɬɪɨɜɵɟ ɲɚɯɬɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɦɟɠɫɟɤɰɢɨɧɧɵɯ ɲɜɚɯ ɩɥɨɬɢɧɵ. 

Ⱦɢɚɦɟɬɪ ɜɟɪɬɢɤɚɥɶɧɵɯ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɩɪɢɧɢɦɚɟɬɫɹ 10 ɫɦ; 
ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɞɪɟɧ - 2 ɦ.  

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ܽௗ௥, ɚ ɬɚɤɠɟ ɞɨ 
ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɪɨɞɨɥɶɧɨɣ ɝɚɥɟɪɟɢ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ: 

 
 ܽௗ௥ ൒ ௗܪ ∙ ฀௡ܫ௖௥,௠ ,        (6.45) 

   
 ɝɞɟ ܪௗ– ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ, ɜɵɱɢɫɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ (6.40); 
 ฀௡– ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ;  
  ,௖௥,௠–ɤɪɢɬɢɱɟɫɤɢɣ ɫɪɟɞɧɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵܫ 
ɪɚɜɧɵɣ 25. 

ɇɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ: 
 

ௗܪ  = ʜʞʢߘ − ʓʜʝ ߘ  = ͵ͻͺ − ͵͸͵ = ͵ͷ ˏ;        (6.46) 
 
௖௥,௠ܫௗ฀௡ܪ  = ͵ͷ ∙ ͳ,ͳͷʹͷ = ͳ,͸ͳ ɦ.  

 
ɋɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɸ (6.45), ɩɪɢɧɢɦɚɟɬɫɹ ܽௗ௥= 2 ɦ. 

 
6.3.6 Ɋɚɫɱɟɬ ɮɢɥɶɬɪɚɰɢɢ ɜ ɨɫɧɨɜɚɧɢɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɪɚɡɦɟɪɨɜ ɷɥɟɦɟɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ ɮɢɥɶɬɪɚɰɢɢ ɩɨɞ ɩɥɨɬɢɧɨɣ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɋɉ 
«ɉɥɨɬɢɧɵ ɛɟɬɨɧɧɵɟ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ» ɨɬɧɨɲɟɧɢɟ ு𝑎𝑠ு𝑑  ɞɥɹ ɩɥɨɬɢɧ III -ɝɨ ɤɥɚɫɫɚ 
ɪɚɜɧɨ 0,3, ɬɨɝɞɚ ɧɚɩɨɪ, ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɡɚɜɟɫɭ, ɪɚɜɟɧ: 

 
௔௦ܪ  = Ͳ,͵ ∙ ௗܪ = Ͳ,͵ ∙ ͵ͷ = ͳͲ,ͷ  ɦ,        (6.47) 
   
ɝɞɟ ܪௗ – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ, (ɮɨɪɦɭɥɚ 6.48).  
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ɇɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ: 
 

ௗܪ  = ɇɉɍߘ − ɍɇȻ௠𝑖௡ߘ = ͵ͻͺ − ͵͸͵ = ͵ͷ ɦ.         (6.48) 
 
ɇɚɩɨɪ, ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɞɪɟɧɚɠ: 
 

ௗ௥ܪ  = Ͳ,Ͳͷ ∙ ௗܪ = Ͳ,Ͳͷ ∙ ͵ͷ = ͳ,͹ͷ ɦ.         (6.49) 
 

ɋɯɟɦɚɬɢɱɧɨ ɜɢɞ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɭɤɚɡɚɧɢɟɦ ܪ௔௦ ɢ ܪௗ௥ 
ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 6.4. 

 

 
Ɋɢɫɭɧɨɤ 6.4 – ɗɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

 
6.3.7 Ɋɚɫɱɟɬ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ 
 
Ɍɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 

ɡߜ  = ɡܪ∆ ∙ ฀௡ܬ௖௥.௠ = ʹͶ,ͷ ∙ ͳ,ͳͷͳͷ = ʹ,Ͷͷ ɦ,         (6.50) 

   
ɝɞɟ ∆ܪɡ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ, (ɮɨɪɦɭɥɚ 6.51);  

௖௥.௠ܬ  − ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ ɞɥɹ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ. 
ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ: 
 

ɡܪ∆  = ௗܪ − ௔௦ܪ = ͵ͷ − ͳͲ,ͷ = ʹͶ,ͷ ɦ.          (6.51) 
 

Ɂɚɝɥɭɛɥɟɧɢɟ ɡɚɜɟɫɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɞɨɲɜɵ ɫɨɨɪɭɠɟɧɢɹ: 
 

 ℎɡɚɜ = ሺͲ,ͷ ÷ Ͳ,ͺሻ ∙ ௠௔௫ܪ = Ͳ,͸ͷ ∙ ͵ͷ = ʹʹ.ͺ ɦ.         (6.52) 
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Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɡɚɜɟɫɵ: 
 

 ݈ɡ = ሺͲ,Ͳͷ ÷ Ͳ,ͳሻ ∙ 𝐵ɩ = Ͳ,ͳ ∙ ͶͲ = Ͷ ɦ.        (6.53) 
 
6.3.8 Ɋɚɫɱɟɬ ɞɪɟɧɚɠɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜ ɨɫɧɨɜɚɧɢɢ 
 
ȼ ɫɤɚɥɶɧɨɦ ɝɪɭɧɬɟ ɞɪɟɧɚɠ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɤɜɚɠɢɧɵ 

ɞɢɚɦɟɬɪɨɦ d ɪɚɜɧɵɦ 0,3 ɦ. ɑɟɪɟɡ ɧɟё ɜɨɞɚ ɨɬɜɨɞɢɬɫɹ ɜ ɞɪɟɧɚɠɧɭɸ ɝɚɥɟɪɟɸ. 
Ƚɥɭɛɢɧɚ ɫɤɜɚɠɢɧɵ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ: 

 
 ℎɞɪ = ሺͲ,ͷ ÷ Ͳ,͹ሻ ∙  ℎɡɚɜ = Ͳ,ͷ ∙ ʹʹ.ͺ = ͳ͵.͸ͷ ɦ.         (6.54) 
 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɞɪɟɧɚɠɧɨɣ ɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɫɤɜɚɠɢɧ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 2,5 ɦ. 

 
6.3.9 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 
 
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɝɚɥɟɪɟɢ. 

ɋɦɨɬɪɨɜɵɟ ɝɚɥɟɪɟɢ ɪɚɫɩɨɥɨɠɟɧɵ ɱɟɪɟɡ 15 ɦ ɩɨ ɜɵɫɨɬɟ, ɪɚɡɦɟɪɨɦ (1,25ɯ2) ɦ. 
Ɉɞɧɚ ɢɡ ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ 
ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɦɨɬɟɱɧɨɝɨ ɨɬɜɨɞɚ ɜɨɞɵ ɢɡ ɜɫɟɣ 
ɜɵɲɟɥɟɠɚɳɟɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ. 

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

6.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 
 
6.4.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ ɢ ɡɚɬɜɨɪɨɜ 
 
ȼɟɫ ɨɞɧɨɝɨ ɩɨɝɨɧɧɨɝɨ ɦɟɬɪɚ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ: 

 
ɩɥܩ  = ܵɩɥ ∙ ܾ ∙ ݃ ∙ ɛܾߩ + ɛߜ

= ͹Ͷͻ,ͺͻ ∙ ͷ,ͷ ∙ ʹͶͷ,ͷ + ʹ,͹ = ͳʹͲͶͻ,͵Ͷ ɤɇ
ɦ ,        (6.55) 

   
ɝɞɟ ܵɩɥ − ɩɥɨɳɚɞɶ ɩɥɨɬɢɧɵ, ɜɵɱɢɫɥɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ 

«AutoCAD»;  
 

 ܾ – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ;  
  ;ɛ – ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚߩ 
  .ɛ – ɬɨɥɳɢɧɚ ɛɵɤɚߜ 
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ɉɥɟɱɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɱɟɧɢɹ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɫɟɪɟɞɢɧɭ ɩɨɞɨɲɜɵ, 
ɜɵɱɢɫɥɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ «AutoCAD» – 7,19 ɦ. 

 ȼɟɫ ɨɞɧɨɝɨ ɩɨɝɨɧɧɨɝɨ ɦɟɬɪɚ ɛɵɤɚ: 
 
ɛܩ  = ܵɛ ∙ ɛߜ ∙ ݃ ∙ ɛܾߩ + ɛߜ

= ͻͲʹ ∙ ʹ,͹ ∙ ʹͶͷ,ͷ + ʹ,͹ = ͹ͳͷͶ,ͷͳ ɤɇ
ɦ ,        (6.56) 

   
ɝɞɟ ܵɛ −ɩɥɨɳɚɞɶ ɛɵɤɚ, ɜɵɱɢɫɥɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ «AutoCAD». 

ɉɥɟɱɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɱɟɧɢɹ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɫɟɪɟɞɢɧɭ ɩɨɞɨɲɜɵ, 
ɜɵɱɢɫɥɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ «AutoCAD» – 10,92 ɦ. 

ɉɥɨɳɚɞɶ ɡɚɬɜɨɪɚ: 
 

 ݂ = ሺߘɎɉɍ − Ƚȼߘ + Ͳ,ͷሻ ∙ ܾ = ሺͳͳ + Ͳ,ͷሻ ∙ ͷ,ͷ = ͸͵,ʹͷ ɦଶ.        (6.57) 
 

ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɩɨ ɮɨɪɦɭɥɟ Ȼɟɪɟɡɢɧɫɤɨɝɨ: 
 

 ܳɡ ≈ Ͳ,Ͳͷͷ ∙ ݂√݂ ∙ ݃ = Ͳ,Ͳͷͷ ∙ ͸͵,ʹͷ ∙ √͸͵,ʹͷ ∙ ͻ,ͺͳ = ʹ͹ͳ,Ͷͳ ɤɇ.         (6.58) 
 
ȼɟɫ ɡɚɬɜɨɪɚ, ɩɪɢɜɟɞёɧɧɵɣ ɤ ɨɞɧɨɦɭ ɩɨɝɨɧɧɨɦɭ ɦɟɬɪɭ ɞɥɢɧɵ ɫɟɤɰɢɢ: 
 

ɡݍ  =  ܳɡܾ + ɛߜ
= ʹ͹ͳ,ͶͲͺͷ,ͷ + ʹ,͹ = ͵͵,Ͳ͵ͺ ɤɇ

ɦ ,         (6.59) 

   
ɝɞɟ ܳɡ – ɜɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ, ɮɨɪɦɭɥɚ (6.58).  

ɉɥɟɱɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɱɟɧɢɹ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɫɟɪɟɞɢɧɭ ɩɨɞɨɲɜɵ, 
ɜɵɱɢɫɥɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ «AutoCAD» – 19,13ɦ. 

 
6.4.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫɨ 

ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 
 

 
ɜܶ = ௪ߩ ∙ ݃ ∙ ℎଵଶʹ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ Ͷͺଶʹ = ͳͳͳͳͻ,͵ ɤɇ

ɦ ,         (6.60) 

   
ɝɞɟ ܳɡ – ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ;  

 ℎଵ – ɞɟɣɫɬɜɭɸɳɢɣ ɧɚɩɨɪ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɮɨɪɦɭɥɚ (6.61). 
Ⱦɟɣɫɬɜɭɸɳɢɣ ɧɚɩɨɪ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 
 

 ℎଵ = ɇɉɍߘ − ɩɨɞߘ = ͵ͻͺ − ͵ͷͲ = Ͷͺ ɦ.         (6.61) 
 
ɉɥɟɱɨ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ȼȻ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɨɞɨɲɜɵ, ɜɵɱɢɫɥɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ «AutoCAD» – 16 ɦ. 
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Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫɨ 
ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 

 
 

ɧܶ = ௪ߩ ∙ ݃ ∙ ℎଶଶʹ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͳ͵ଶʹ = ͺʹͺ,ͻͷ ɤɇ
ɦ ,         (6.62) 

   
ɝɞɟ ℎଶ – ɞɟɣɫɬɜɭɸɳɢɣ ɧɚɩɨɪ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɮɨɪɦɭɥɚ (6.63). 

Ⱦɟɣɫɬɜɭɸɳɢɣ ɧɚɩɨɪ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 

 ℎଶ = ɍɇȻ௠𝑖௡ߘ − ɩɨɞߘ = ͵͸͵ − ͵ͷͲ = ͳ͵ ɦ.         (6.63) 
 
ɉɥɟɱɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ 

ɫɨ ɫɬɨɪɨɧɵ ɇȻ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɞɨɲɜɵ, ɜɵɱɢɫɥɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ 
«AutoCAD» – 4,33 ɦ. 

 
6.4.3 ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 
 
ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
 

 𝑊ɜɡɜ = ௪ߩ ∙ ݃ ∙ ܵɷɩ
ɜ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͷʹͲ = ͷʹͲͲ ɤɇ

ɦ ,         (6.64) 

   
ɝɞɟ ܵɷɩ

ɜ – ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ, ɜɵɱɢɫɥɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɵ «AutoCAD». 
ɉɥɟɱɨ ɫɢɥɵ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɱɟɧɢɹ, 

ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɫɟɪɟɞɢɧɭ ɩɨɞɨɲɜɵ 0 ɦ. 
 

6.4.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 
 
ɉɥɨɳɚɞɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɟɝɨ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ, ɜɵɱɢɫɥɟɧɚ ɜ ɉɄ «AutoCAD» ɪɚɜɧɚ  ܵɷɩ
ɮ = ͵ʹͷͻ,͸ ɦଶ. ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ: 

 
 𝑊ɮ = ௪ߩ ∙ ݃ ∙ ܵɷɩ

ɮ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͳ͹͸͵,͸ʹ͵ = ͳ͵Ͳͳͷ,ͷͶ ɤɇ
ɦ ,         (6.65) 

   

ɝɞɟ  ܵɷɩ
ɮ  - ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ 

ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ, ɨɩɪɟɞɟɥɟɧɚ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ «AutoCAD». 
ɉɥɟɱɨ ɫɢɥɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 7,38 ɦ. 

 
6.4.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ  
 
Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɧɚɩɨɪɧɭɸ ɝɪɚɧɶ: 
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ɧ݌  = ɧߛ ∙ ℎɧ ∙ ଶ݃ݐ ቀͶͷ − 𝜑ɧʹ ቁ = ͳͲ ∙ ͵ ∙ ଶ݃ݐ (Ͷͷ − ʹͲʹ) = ͳͶ,͹ ɤɇ
ɦଶ ,         (6.66) 

   
ɝɞɟ ߛɧ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, 10 ɤɇ/ɦ3; 

 ℎɧ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ, 3 ɦ; 
 𝜑ɧ – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ, 20. 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ ɨɞɢɧ ɩɨɝɨɧɧɵɣ ɦɟɬɪ: 
 

ɧܧ  = ɧ݌ ∙ ℎɧʹ = ͳͶ,͹ ∙ ͵ʹ = ʹʹ,Ͳͷ ɤɇ
ɦ .         (6.67) 

 
ɉɥɟɱɨ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɞɨɲɜɵ 12,3 

ɦ. 
Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ: 
 

ɝɪ݌ 
′ = ɧߛ ∙ ℎɧ ∙ ଶ݃ݐ ቀͶͷ − 𝜑ɝɪʹ ቁ,         (6.68) 

   
ɝɞɟ 𝜑ɝɪ – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɝɪɭɧɬɚ, 35. 

ɝɪ݌ 
′ = ͳͲ ∙ ͵ ∙ ଶ݃ݐ (Ͷͷ − ͵ͷʹ) = ͺ,ͳ ɤɇ

ɦଶ . 
 
ɍɞɟɥɶɧɵɣ ɜɟɫ ɜɡɜɟɲɟɧɧɨɝɨ ɝɪɭɧɬɚ: 
 

ɝɪߛ 
ɜɡɜ = ɝɪߛ − ሺͳ − ݊଴ሻ ∙ ௪ߛ = ʹͷ − ሺͳ − Ͳ,ʹͷሻ ∙ ͳͲ = ͳ͹,ͷ ɤɇ

ɦଷ ,         (6.69) 

   

ɝɞɟ     ߛɝɪ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɫɤɚɥɶɧɨɝɨ ɨɫɧɨɜɚɧɢɹ, ߛɝɪ = ʹͷ ɤɇ
ɦయ; 

 ݊଴ – ɩɨɪɢɫɬɨɫɬɶ ɫɭɯɨɝɨ ɝɪɭɧɬɚ; 
 .௪ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, 10 ɤɇ/ɦ3ߛ 

Ⱦɚɜɥɟɧɢɟ ɜ ɬɨɱɤɟ ɧɚ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɪɭɧɬɚ, ɝɞɟ ɞɟɣɫɬɜɭɸɬ ɢ ɜɟɫ 
ɧɚɧɨɫɨɜ ɢ ɜɟɫ ɝɪɭɧɬɚ: 

 
ɝɪ݌ 

" = ɧߛ) ∙ ℎɧ + ɝɪߛ
ɜɡɜ ∙ ℎɝɪ൯ ∙ ଶ݃ݐ ቀͶͷ − 𝜑ɝɪʹ ቁ,         (6.70) 

   
ɝɞɟ ℎɝɪ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɫɤɚɥɵ, ℎɝɪ = ͵ ɦ. 

ɝɪ݌ 
" = ሺͳͲ ∙ ͵ + ͳ͹,ͷ ∙ ͵ሻ ∙ ଶ݃ݐ (Ͷͷ − ͵ͷʹ) = ʹʹ,ʹ͹ͷ ɤɇ

ɦଶ . 
 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ ɨɞɢɧ ɩɨɝɨɧɧɵɣ ɦɟɬɪ 
ɞɥɢɧɵ ɩɥɨɬɢɧɵ: 
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ɚɜܧ  = ɝɪ݌

′ + ɝɪ݌
"ʹ ∙ ℎɝɪ = ͺ,ͳ + ʹʹ,ʹ͹ͷʹ ∙ ͵ = Ͷͷ,ͷ͸͵ ɤɇ

ɦ .         (6.71) 

 
6.4.6 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ʌ. Ɇɨɠɟɜɢɬɢɧɨɜɚ: 
 

 𝑊ɜɨɥɧ = ͳʹ ∙ ௪ߩ ∙ ݃ ∙ ℎଵ% ∙ ቆ𝜆ௗ̅̅̅ߨ + ℎ଴ʹቇ,             (6.72) 

   
ɝɞɟ ℎଵ% – ɜɵɫɨɬɚ ɜɨɥɧɵ 1 %-ɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ, (ɮɨɪɦɭɥɚ 6.11); 

 𝜆ௗ̅̅ ̅ – ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ, (ɮɨɪɦɭɥɚ 6.9). 
 

 
ℎ௢ = ߨ ∙ ℎଵ%ଶ𝜆̅ = ͵,ͳͶ ∙ ͳ,ͳଶͺ,ʹʹ = Ͳ,Ͷ͸ʹ ɦ.           (6.73) 

 
ɉɨ ɮɨɪɦɭɥɟ (6.72) ɧɚɣɞёɦ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɭɸ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ: 

 𝑊ɜɨɥɧ = ଵଶ ∙ ͳͲ ∙ ͳ,ͳ ∙ ቀ଼,ଶଶଷ,ଵସ + ଴,ସ଺ଶଶ ቁ = ͳͷ,͵͸Ͷ ɤɇ/ɦ. 

 
Ʌɢɧɢɹ ɞɟɣɫɬɜɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ 𝑊ɜɨɥɧ  ɧɚɯɨɞɢɬɫɹ ɧɢɠɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɭɪɨɜɧɹ ɩɨɤɨɹ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɧɚ ɜɟɥɢɱɢɧɭ: 
 

௖ݕ  = 𝜆ʹ̅ߨ − ͵ͅ ∙ ℎଵ% = ͺ,ʹʹ ͸,ʹͺ − ͵ͅ ∙ ͳ,ͳ = Ͳ,ͺͻ͸ ɦ.         (6.74) 

 
ɉɥɟɱɨ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɞɨɲɜɵ 45,53 ɦ. 
 
6.5 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
ȼɫɟ ɧɚɩɪɹɠɟɧɢɹ ɫɱɢɬɚɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ 

ɩɨɞɨɲɜɵ. 
ɂɫɯɨɞɹ ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɜ ɪɚɫɱёɬɟ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɦ 

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

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

ɧɚɝɪɭɡɤɢ, ɭɦɧɨɠɟɧɧɵɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ. 
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Ɍɚɛɥɢɰɚ 6.3 – ɋɛɨɪ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 

№ ɫɢɥɵ 
Ɉɛɨɡɧɚɱɟɧɢɟ 

ɫɢɥɵ   
ɇɚɩɪɚɜɥɟɧɢɟ 

ɫɢɥɵ 
ɋɢɥɚ, ɤɇ ɉɥɟɱɨ, ɦ 

Ɇɨɦɟɧɬ, 
ɤɇ∙ɦ 

1 Tɜ 1  11119,28 16 177908,54 

2 Tɧ 1  828,945 4,33 3589,33 

3 Tɩ 1  988,747 13,87 13713,920 
4 Gɛ 0,95  6796,79 10,92 74220,91 

5 Gɩɥ 0,95  11446,88 7,19 82303,03 

6 Wɜɡɜ 1 ↑ 5101 0 0,00 

7 Wɮ 1 ↑ 1763,623 7,38 13015,54 

8 Eɧ 1,2  26,46 12,3 325,46 

9 Eɚɜ 1,2  54,675 4,77 260,80 

10 Wɜɨɥɧ 1  15,36 45,53 699,54 

11 qɡ 0,9  29,73 19,13 568,82 

 
Ɋɚɫɱёɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ 

ɫɟɱɟɧɢɢ ɩɥɨɬɢɧɵ (ɩɪɢ ɪɚɫɱёɬɟ ɧɚ ɨɞɢɧ ɩɨɝɨɧɧɵɣ ɦɟɬɪ ɞɥɢɧɵ) ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɚɦ:   

Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ. ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 

 𝜎௬௨ = − 𝐵ɩ
+ ͸ ∑ 𝐵ɩܯ

ଶ ,         (6.75) 

   
ɝɞɟ ∑  ;ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɨɞɨɲɜɭ; ܰ – ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ – ܯ

 𝐵ɩ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
 𝜎௬௨ = − ͳͳͶͲͺ,͸ͶͲ + ͸ ∙ ͵͵ͻͻ͹ͶͲଶ = −ͳʹͲ,͵Ͷ ɤɉɚ. 
 
 ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 

 𝜎௫௨ = 𝜎௬௨݉௨ଶ − ௗ௨ܪ௪ߛ ∙ ሺͳ − ݉௨ଶሻ;           (6.76) 
   
 𝜎௫௨ = −ͳʹͲ,͵Ͷ ∙ Ͳ − ͳͲ ∙ Ͷ͹,͸ͳʹ ∙ ሺͳ − Ͳሻ = −Ͷ͹͸,ͳʹ ɤɉɚ, 

 
 

ɝɞɟ ݉௨ – ɡɚɥɨɠɟɧɢɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɧɚ ɭɪɨɜɧɟ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ; 
 ;ௗ௨ – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚܪ 
 .௪ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, ɤɇ/ɦ3ߛ 

ɇɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 
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ௗ௨ܪ  = ɇɉɍߘ − ɩɨɞߘ = ͵ͻͺ − ͵ͷͲ,Ͷ = Ͷ͹,͸ ɦ.         (6.77) 
 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 

 𝜏௫௬௨ = ௗ௨ܪ௪ߛ) + 𝜎௬௨൯ ∙ ݉௨ = Ͳ ɤɉɚ.    (6.78) 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 

 𝜎ଵ௨ = 𝜎௬௨ሺͳ + ݉௨ଶሻ + ௗ௨݉௨ଶܪ௪ߛ ;         (6.79) 
  
 𝜎ଵ௨ = −ͳʹͲ,͵Ͷ ∙ ሺͳ + Ͳሻ + ͳͲ ∙ Ͷ͹,͸ͳʹ ∙ Ͳ = −ͳʹͲ,͵Ͷ ɤɉɚ. 

 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 

 𝜎ଷ௨ = ௗ௨ܪ௪ߛ− = −ͳͲ ∙ Ͷ͹,͸ͳʹ = −Ͷ͹͸,ͳʹ ɤɉɚ.           (6.80) 
   

Ⱦɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௬௧ = − 𝐵ɩ

− ͸ ∑ 𝐵ɩܯ
ଶ = − ͳͳͶͲͺ,͸ͶͲ − ͸ ∙ ͵͵ͻͻ͹ͶͲଶ = −ͻͺͻ,͸͵ ɤɉɚ. 

 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 

 𝜎௫௧ = 𝜎௬௧݉௧ଶ − ௗ௧ܪ௪ߛ ∙ ሺͳ − ݉௧ଶሻ;           (6.81) 
   
 𝜎௫௧ = −ͻͺͻ,͸͵ ∙ Ͳ,͹͵ଶ − ͳͲ ∙ ͳ͵ ∙ ሺͳ − Ͳ,͹͵ଶሻ = −ͷͺͺ,Ͳͻ͹ ɤɉɚ,  
   
ɝɞɟ ݉௧ = ଶߙ݃ݐ = °ͷͶ݃ݐ = Ͳ,͹͵; 

ଶߙ  = ͷͶ° – ɭɝɨɥ ɦɟɠɞɭ ɧɢɡɨɜɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸ. 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 

 𝜏௫௬௧ = ௗ௧ܪ௪ߛ)− + 𝜎௬௧൯ ∙ ݉௧;         (6.82) 
   
 𝜏௫௬௧ = −ሺͳͲ ∙ ͳ͵ − ͻͺͻ,͸͵ሻ ∙ Ͳ,͹͵ = ͸ʹ͹,ͷ͵ ɤɉɚ.  

 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 

 𝜎Ɂ
௧ = 𝜎௬௧ ∙ ሺͳ + ݉௧ଶሻ + ௗ௧ܪ௪ߛ ݉௧ଶ;         (6.83) 

   
 𝜎Ɂ

௧ = −ͻͺͻ,͸͵ ∙ ሺͳ + Ͳ,͹͵ଶሻ + ͳͲ ∙ ͳ͵ ∙ Ͳ,͹͵ଶ = −ͳͶͶ͹,͹͵ ɤɉɚ. 
 
 Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ (ɮɨɪɦɭɥɚ 6.80): 
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 𝜎ଵ௧ = ௗ௧ܪ௪ߛ− = −ͳͲ ∙ ͳ͵ = −ͳ͵Ͳ,Ͳ ɤɉɚ.  

 
Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɥɨɬɢɧɭ, ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 6.4. 

 
Ɍɚɛɥɢɰɚ 6.4 – Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɥɨɬɢɧɭ 

ɇɚɩɪɹɠɟɧɢɟ 
Ɉɫɧɨɜɧɨɣ ɫɥɭɱɚɣ 

ɧɚɩɨɪɧɚɹ ɝɪɚɧɶ ɧɢɡɨɜɚɹ ɝɪɚɧɶ 𝜎௬, ɤɉɚ -120,34 -989,63 𝜎௫ , ɤɉɚ -476,12 -588,097 𝜏௫௬, ɤɉɚ 0 627,5299 𝜎ଵ, ɤɉɚ -120,34 -130 𝜎ଷ, ɤɉɚ -476,12 -1447,73 
 

6.6 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɢ ɟё ɨɫɧɨɜɚɧɢɹ 
 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɫɨɨɪɭɠɟɧɢɟ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ 
ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

 
1) ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 

 
௡ߛ   ∙ ௟௖ߛ ∙ |𝜎ଷ| ൑ ௖ௗߛ ∙ ܴ௕ ,        (6.84) 
   
ɝɞɟ ߛ௡ = ͳ,ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɧɚɡɧɚɱɚɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ  
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ; 

௟௖ߛ  = ͳ,ͲͲ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱёɬɧɨɝɨ  
ɫɥɭɱɚɹ; 

௖ௗߛ  = Ͳ,ͻ– ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱёɬɧɨɝɨ 
ɫɥɭɱɚɹ. 

ɉɨ ɮɨɪɦɭɥɟ : 
 ܴ௕ ൒ ௡ߛ  ∙ ௟௖ߛ ∙ |𝜎ଷ|ߛ௖ௗ = ͳ,ͳͷ ∙ ͳ ∙ ͳͶͶ͹,͹͵Ͳ,ͻ = ʹͶʹ͵,ͶͶ ɤɇ

ɦଶ . 
 
ɂɡ ɞɚɧɧɨɝɨ ɭɫɥɨɜɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ɛɟɬɨɧ ɤɥɚɫɫɚ ȼ5 ɫ 

ɪɚɫɱёɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ ܴ௕ = ʹͺͲͲɤɇ/ɦଶ, 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 
 ʹͺͲͲ ɤɇ/ɦଶ ൒ ʹͶʹ͵,ͶͶ ɤɇ/ɦଶ. 
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ. 

2)  ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɧɚɩɪɹɠɟɧɢɣ: 
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 𝜎௬௨ < Ͳ; 
 𝜎௬௨ −  ͻͺͻ,͸͵ ɤɉɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ. 
 

3) ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 
 |𝜎௬௨| ൒ Ͳ,ʹͷ ∙ ௪ߛ ∙  ;ௗ௨ܪ
 ͳʹͲ,͵Ͷ ൒ Ͳ,ʹͷ ∙ ͳͲ ∙ Ͷ͹,͸; 
 ͳʹͲ,͵Ͷ ɤɇ/ɦଶ ൒ ͳͳͻ,Ͳ͵ ɤɇ/ɦଶ. 
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
6.7 Ɉɛɨɫɧɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ 
 
Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɨɛɨɛɳɟɧɧɨɣ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ: 
 

 ܴ = ܰ ∙ 𝜑݃ݐ + ܿ ∙ 𝐵;         (6.85) 
   
 ܴ = ͳͳͶͲͺ,͸ ∙ Ͳ,͹͵ + ͳͲͲ ∙ ͶͲ = ͳʹ͸͸Ͳ,ͶͶͻ ɤɇ

ɦ ,  

   
ɝɞɟ ܰ– ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ; 

 𝜑 – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɞɥɹ ɝɪɚɧɢɬɚ, 54; 
 ܿ – ɫɰɟɩɥɟɧɢɟ ɞɥɹ ɝɪɚɧɢɬɚ, 100, ɤɇ/ɦ2; 
 𝐵 – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 

ɋɞɜɢɝɚɸɳɚɹ ɫɢɥɚ: 
 

ܨ  = ɜܶ − ɧܶ + 𝑊ɜɨɥɧ +  ɧ;             (6.86)ܧ
ܨ   = ͳͳͳͳͻ,͵ − ͺʹͺ,ͻͶͷ + ͳͷ,͵͸ + ʹʹ,Ͳͷ = ͳͲ͵ʹ͹,͹ͷ͵ ɤɇ

ɦ
. 

 

 
ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɥɨɬɢɧɚ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ 

ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: 
 

 R ∙ γୡୢF ∙ γ୪ୡ ൒ γ୬;         (6.87) 

   
 ͳʹ͸͸Ͳ,ͶͶͻ ∙ Ͳ,ͻͷͳͲ͵ʹ͹,͹ͷ͵ ∙ ͳ ൒ ͳ,ͳͷ ;  
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ͳ,ͳ͸ͷ ൒ ͳ,ͳͷ, ɨɬ ɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
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7 Ɉɯɪɚɧɚ ɬɪɭɞɚ. ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 
7.1 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
 
Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɫɥɭɠɛɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɋɭɥɚɤɫɤɨɣ Ƚɗɋ 

ɹɜɥɹɟɬɫɹ, ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. 
ɉɨɫɥɟɞɫɬɜɢɹ ɚɜɚɪɢɣ ɧɚ Ƚɗɋ (ɩɪɨɪɵɜ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ) ɦɨɝɭɬ ɛɵɬɶ 
ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɦɢ ɞɥɹ ɜɫɟɝɨ ɪɟɝɢɨɧɚ. ɉɨɷɬɨɦɭ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ 
ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɟɣ ɨɛɳɟɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɫɥɭɠɛɵ ɩɨ 
ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ȽɌɋ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɨɥɨɠɟɧɢɹɦɢ 
ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɝɥɚɦɟɧɬɨɜ, ɡɚɤɨɧɨɜ, ɫɬɚɧɞɚɪɬɨɜ, ɦɟɫɬɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ 
ɞɨɥɠɧɨɫɬɧɵɯ ɢɧɫɬɪɭɤɰɢɣ. Ɉɫɧɨɜɧɵɦ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ «Ɉ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ». Ɍɪɟɛɨɜɚɧɢɟɦ ɡɚɤɨɧɚ «Ɉ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ» ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɥɟɧɢɟ Ⱦɟɤɥɚɪɚɰɢɢ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ, 
ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɨɠɟɧɢɟɦ, ɭɬɜɟɪɠɞɟɧɧɵɦ ɉɪɚɜɢɬɟɥɶɫɬɜɨɦ ɊɎ. Ⱦɚɧɧɨɟ 
ɉɨɥɨɠɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬ ɫɨɞɟɪɠɚɧɢɟ, ɩɨɪɹɞɨɤ ɫɨɫɬɚɜɥɟɧɢɹ Ⱦɟɤɥɚɪɚɰɢɢ ɨ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ. Ɉɫɭɳɟɫɬɜɥɟɧɢɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɷɤɫɩɟɪɬɢɡɵ ɹɜɥɹɟɬɫɹ 
ɨɛɹɡɚɬɟɥɶɧɵɦ ɞɥɹ ȽɌɋ ɩɪɢ ɢɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɣ, ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɜɜɨɞɟ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɸ, ɷɤɫɩɥɭɚɬɚɰɢɢ, ɜɵɜɨɞɟ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɬɚɤɠɟ ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɤɚɩɢɬɚɥɶɧɨɦ ɪɟɦɨɧɬɟ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɢɥɢ ɤɨɧɫɟɪɜɚɰɢɢ.  
 Ɉɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɟɠɢɬ ɧɚ ɫɨɛɫɬɜɟɧɧɢɤɟ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ʉɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɋɭɥɚɤɫɤɨɣ 
Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ (ɄɂȺ). ȼ ɫɨɫɬɚɜ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɜɯɨɞɢɬ ɫɩɟɰɢɚɥɶɧɨɟ ɩɨɞɪɚɡɞɟɥɟɧɢɟ, ɡɚɞɚɱɚ 
ɤɨɬɨɪɨɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɡɦɟɪɟɧɢɢ ɫ ɩɨɦɨɳɶɸ ɄɂȺ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ, ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɢ ɨɰɟɧɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ 
ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ.  
 ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɨɝɨ ɢ Ⱥɤɬɚ ɨɛɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ȽɌɋ 
ɫɨɫɬɚɜɥɹɟɬɫɹ Ⱦɟɤɥɚɪɚɰɢɹ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɜ ɤɨɬɨɪɨɣ ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɫɨɨɪɭɠɟɧɢɣ, ɢɯ ɫɨɨɬɜɟɬɫɬɜɢɟ ɤɪɢɬɟɪɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɨɟɤɬɭ, 
ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɦ ɢ ɩɪɚɜɢɥɚɦ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪ ɢ ɦɚɫɲɬɚɛɵ 
ɜɨɡɦɨɠɧɵɯ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ ɢ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɢɯ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɢ 
ɥɢɤɜɢɞɚɰɢɢ. 
 

7.2 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
 

Ɉɛɳɟɫɬɚɧɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ 
Ƚɗɋ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ, ɨɩɨɜɟɳɟɧɢɹ ɢ ɥɢɤɜɢɞɚɰɢɢ ɩɨɠɚɪɚ 
ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɟɚɤɬɨɪɨɜ, ɜ ɩɨɦɟɳɟɧɢɹɯ Ƚɗɋ: ɤɚɛɟɥɶɧɵɯ ɲɚɯɬɚɯ, 
ɤɚɛɟɥɶɧɵɯ ɝɚɥɟɪɟɹɯ, ɜ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɟ, ɤɚɛɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɄɊɍ, Ⱥɋɍ, 
ɩɨɦɟɳɟɧɢɹɯ ɦɚɫɥɨɯɨɡɹɣɫɬɜɚ ɢ ɚɩɩɚɪɚɬɧɨɣ ɧɚ ɦɨɧɬɚɠɧɨɣ ɩɥɨɳɚɞɤɟ, ɚ ɬɚɤɠɟ 
ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɜɵɞɚɱɢ ɫɢɝɧɚɥɚ ɨ ɩɨɠɚɪɟ ɜ ɞɪɭɝɢɯ ɩɨɦɟɳɟɧɢɹɯ Ƚɗɋ. Ⱦɚɧɧɚɹ 
ɫɢɫɬɟɦɚ ɢɧɬɟɝɪɢɪɭɟɬɫɹ ɜ ɫɨɫɬɚɜ ɫɬɚɧɰɢɨɧɧɨɝɨ ɭɪɨɜɧɹ ɭɩɪɚɜɥɟɧɢɹ (ɜɟɪɯɧɟɝɨ) 
ɤɚɤ ɨɬɞɟɥɶɧɚɹ ɩɨɞɫɢɫɬɟɦɚ, ɜɵɩɨɥɧɹɸɳɚɹ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɮɭɧɤɰɢɢ ɤɨɧɬɪɨɥɹ ɢ 
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ɭɩɪɚɜɥɟɧɢɹ, ɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɤɨɦɩɥɟɤɫɵ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɩɨɡɜɨɥɹɸɳɢɯ 
ɨɛɟɫɩɟɱɢɬɶ ɥɨɤɚɥɶɧɵɣ ɢ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɣ ɤɨɧɬɪɨɥɶ ɩɨɠɚɪɧɨɣ ɨɛɫɬɚɧɨɜɤɢ ɧɚ 
ɨɛɴɟɤɬɟ, ɫɨɫɬɨɹɧɢɹ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɡɚɩɭɫɤ ɫɢɫɬɟɦ ɜɨɞɹɧɨɝɨ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɜ ɪɚɦɤɚɯ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ, ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɢ ɪɭɱɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ. 

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɫɢɫɬɟɦɵ:  
− ɨɩɟɪɚɬɢɜɧɵɣ ɩɪɢɟɦ, ɨɛɪɚɛɨɬɤɚ ɢ ɚɪɯɢɜɢɪɨɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨɬ 

ɩɨɠɚɪɧɵɯ ɢɡɜɟɳɚɬɟɥɟɣ ɢ ɭɫɬɪɨɣɫɬɜ ɡɚɳɢɬ; 
− ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɢɝɧɚɥɨɜ ɢ ɭɩɪɚɜɥɹɸɳɢɯ ɤɨɦɚɧɞ ɜ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ (ɜɤɥɸɱɟɧɢɟ ɧɚɫɨɫɨɜ ɩɨɠɚɪɨɬɭɲɟɧɢɹ, 
ɨɬɤɪɵɬɢɟ ɡɚɞɜɢɠɟɤ, ɫɪɚɛɚɬɵɜɚɧɢɟ ɩɪɢɜɨɞɨɜ ɦɟɯɚɧɢɡɦɨɜ) ɢ ɭɫɬɪɨɣɫɬɜ 
ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ: ɜɟɧɬɢɥɹɰɢɢ, ɨɩɨɜɟɳɟɧɢɹ ɢ ɞɪɭɝɢɟ ɭɫɬɪɨɣɫɬɜɚ 
ɚɜɬɨɦɚɬɢɤɢ; 

− ɜɵɞɚɱɚ ɤɨɦɚɧɞ ɢ ɫɢɝɧɚɥɨɜ ɜ ɫɢɫɬɟɦɭ ɫɢɝɧɚɥɢɡɚɰɢɢ (ɫɜɟɬɨɜɨɣ ɢ 
ɡɜɭɤɨɜɨɣ), ɚ ɬɚɤɠɟ ɜ ɤɨɧɬɪɨɥɥɟɪɵ ɥɨɤɚɥɶɧɨɝɨ ɭɪɨɜɧɹ; 

− ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɨɩɟɪɚɬɨɪɭ, ɜ ɫɟɪɜɟɪ ɛɚɡɵ ɞɚɧɧɵɯ Ⱥɋɍ Ɍɉ, ɧɚ ɳɢɬ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ; 

− ɤɨɧɬɪɨɥɶ ɡɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶɸ ɫɢɫɬɟɦɵ. 
ɋɢɥɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚ Ƚɗɋ ɹɜɥɹɸɬɫɹ ɜɨɡɦɨɠɧɵɦɢ ɨɛɴɟɤɬɚɦɢ 

ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɠɚɪɚ, ɬɚɤ ɤɚɤ ɫɨɞɟɪɠɚɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ, ɩɨɷɬɨɦɭ ɬɭɲɟɧɢɟ ɢɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ 
ɩɭɫɤɨɦ ɨɬ ɡɚɳɢɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɩɨ ɩɟɪɢɦɟɬɪɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɧɚ ɛɟɡɨɩɚɫɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɦɨɧɬɢɪɭɸɬɫɹ ɤɨɥɶɰɟɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɧɚ ɤɨɬɨɪɵɯ 
ɜɟɪɬɢɤɚɥɶɧɨ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɨɪɨɫɢɬɟɥɢ.  
 Ʉɚɛɟɥɶɧɵɟ ɫɨɨɪɭɠɟɧɢɹ Ƚɗɋ ɞɨɥɠɧɵ ɨɛɨɪɭɞɨɜɚɬɶɫɹ ɫɢɫɬɟɦɚɦɢ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɩɨ ɤɨɬɨɪɵɦ ɩɨɞɚɟɬɫɹ ɜɨɞɚ ɤ ɨɛɴɟɤɬɭ ɩɨɠɚɪɚ ɢ ɡɚɩɨɪɧɨ-
ɩɭɫɤɨɜɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ. Ʉɚɠɞɵɣ ɨɛɴɟɤɬ ɨɫɧɚɳɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɝɨ 
ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɨɩɨɜɟɳɟɧɢɹ, ɫ ɩɨɦɨɳɶɸ, ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɧɚɪɭɠɟɧɢɟ 
ɩɨɠɚɪɚ, ɚ ɬɚɤɠɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɩɭɫɤɨɦ ɫɢɫɬɟɦɵ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɩɨɞɚɱɟɣ 
ɜɨɞɵ ɧɚ ɨɱɚɝ ɩɨɠɚɪɚ. 

Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɪɢɫɤɨɜ ɫɜɹɡɚɧɧɵɯ ɫ ɩɨɠɚɪɚɦɢ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ɋɭɥɚɤɫɤɨɣ Ƚɗɋ ɛɭɞɭɬ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɦɟɪɵ. ɉɪɨɜɟɞɟɧɢɟ 
ɢɧɫɬɪɭɤɬɚɠɟɣ ɩɟɪɫɨɧɚɥɚ ɩɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɫ 
ɩɪɨɜɟɪɤɨɣ ɡɧɚɧɢɣ ɜ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɫɪɨɤɢ ɩɪɨɜɟɪɤɢ ɩɪɚɜɢɥ ɪɚɛɨɬɧɢɤɨɜ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ. 

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

ȼɜɨɞɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;  
Ɋɟɝɭɥɹɪɧɵɟ ɢɧɫɬɪɭɤɬɚɠɢ (ɩɟɪɜɢɱɧɵɣ, ɩɟɪɢɨɞɢɱɟɫɤɢɟ, ɜɧɟɩɥɚɧɨɜɵɟ ɢ 

ɰɟɥɟɜɵɟ), ɩɨ ɜɨɩɪɨɫɚɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;  
ɉɪɨɜɟɞɟɧɢɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɬɪɟɧɢɪɨɜɨɤ;  
ɉɨɜɵɲɟɧɢɟ ɡɧɚɧɢɣ ɩɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɚɳɢɬɟ ɜ ɭɱɟɛɧɵɯ ɰɟɧɬɪɚɯ;  
ɂɡɭɱɟɧɢɟ ɢ ɩɪɨɜɟɪɤɚ ɡɧɚɧɢɣ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɬ.ɞ. 
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ɉɟɪɫɨɧɚɥ Ƚɗɋ ɧɟɫɟɬ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ. Ʌɢɰɚ, ɜɢɧɨɜɧɵɟ ɜ ɧɚɪɭɲɟɧɢɢ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɧɟɫɭɬ ɞɢɫɰɢɩɥɢɧɚɪɧɭɸ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɭɸ ɢɥɢ ɭɝɨɥɨɜɧɭɸ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ. 

 ɋɩɟɰɢɚɥɶɧɵɟ ɦɟɫɬɚ ɞɥɹ ɤɭɪɟɧɢɹ ɛɭɞɭɬ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɧɚɢɛɨɥɟɟ 
ɛɟɡɨɩɚɫɧɵɯ ɩɨɡɢɰɢɹɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ȼɨ ɜɫɟɯ 
ɩɨɦɟɳɟɧɢɹɯ, ɫɤɥɚɞɚɯ, ɡɞɚɧɢɹɯ ɛɭɞɭɬ ɪɚɡɦɟɳɟɧɵ ɪɚɡɥɢɱɧɵɟ ɩɨɠɚɪɧɵɟ 
ɞɚɬɱɢɤɢ. ȼɨ ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɦɟɫɬɚɯ ɭɫɬɚɧɨɜɥɟɧɵ ɨɝɧɟɬɭɲɢɬɟɥɢ.  

Ⱦɥɹ ɬɭɲɟɧɢɹ ɩɨɠɚɪɨɜ ɧɚ ɝɟɧɟɪɚɬɨɪɚɯ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɨɞɹɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ (ȺɉɌ). 

Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ, ɨɩɨɜɟɳɟɧɢɹ, ɬɭɲɟɧɢɹ ɢ ɥɨɤɚɥɢɡɚɰɢɢ ɩɨɠɚɪɚ ɜɧɭɬɪɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɨɦɟɳɟɧɢɣ ɫ ɩɨɜɵɲɟɧɧɨɣ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɶɸ ɧɚ 
ɋɭɥɚɤɫɤɨɣ Ƚɗɋ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɟɧɧɨɝɨ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ (ȺɉɉɌ). 

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

 
7.3 Ɉɯɪɚɧɚ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ 

 
ɍɫɩɟɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɨɯɪɚɧɨɣ ɬɪɭɞɚ ɡɚɜɢɫɢɬ ɨɬ 

ɨɛɹɡɚɬɟɥɶɫɬɜ, ɜɡɹɬɵɯ ɧɚ ɫɟɛɹ ɧɚ ɜɫɟɯ ɭɪɨɜɧɹɯ ɭɩɪɚɜɥɟɧɢɹ, ɜɫɟɦɢ 
ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ ɢ ɪɚɛɨɬɧɢɤɚɦɢ ɨɪɝɚɧɢɡɚɰɢɢ. 

Ɉɫɧɨɜɧɚɹ ɰɟɥɶ ɭɥɭɱɲɟɧɢɹ ɭɫɥɨɜɢɣ ɬɪɭɞɚ - ɞɨɫɬɢɠɟɧɢɟ ɫɨɰɢɚɥɶɧɨɝɨ 
ɷɮɮɟɤɬɚ, ɬ.ɟ. ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ, ɫɨɯɪɚɧɟɧɢɟ ɠɢɡɧɢ ɢ ɡɞɨɪɨɜɶɹ 
ɪɚɛɨɬɚɸɳɢɯ, ɫɨɤɪɚɳɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ ɢ ɡɚɛɨɥɟɜɚɧɢɣ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟ. 

ɍɥɭɱɲɟɧɢɟ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɛɭɞɟɬ ɞɚɜɚɬɶ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ: 
ɪɨɫɬ ɩɪɢɛɵɥɢ; ɫɨɤɪɚɳɟɧɢɟ ɡɚɬɪɚɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɤɨɦɩɟɧɫɚɰɢɹɦɢ ɡɚ ɪɚɛɨɬɭ 
ɫ ɜɪɟɞɧɵɦɢ ɢ ɬɹɠɟɥɵɦɢ ɭɫɥɨɜɢɹɦɢ ɬɪɭɞɚ; ɭɦɟɧɶɲɟɧɢɟ ɩɨɬɟɪɶ, ɫɜɹɡɚɧɧɵɯ ɫ 
ɬɪɚɜɦɚɬɢɡɦɨɦ, ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɡɚɛɨɥɟɜɚɟɦɨɫɬɶɸ; ɭɦɟɧɶɲɟɧɢɟɦ ɬɟɤɭɱɟɫɬɢ 
ɤɚɞɪɨɜ ɢ ɬ.ɞ. Ɉɫɧɨɜɧɵɦ ɞɨɤɭɦɟɧɬɨɦ ɜ ɧɨɪɦɚɬɢɜɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ 
ɹɜɥɹɟɬɫɹ ɧɨɪɦɚɬɢɜɧɵɣ ɚɤɬ «ɋɢɫɬɟɦɚ ɫɬɚɧɞɚɪɬɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ». 

ɇɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɫ ɱɢɫɥɟɧɧɨɫɬɶɸ ɪɚɛɨɬɧɢɤɨɜ ɛɨɥɟɟ 50 
ɱɟɥɨɜɟɤ ɜ ɨɛɹɡɚɬɟɥɶɧɨɦ ɩɨɪɹɞɤɟ ɫɨɡɞɚɟɬɫɹ ɋɈɌɢɉɄ.  

Ɉɫɧɨɜɧɵɦɢ ɫɨɫɬɚɜɥɹɸɳɢɦɢ ɫɢɫɬɟɦɵ ɨɯɪɚɧɵ ɬɪɭɞɚ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɦɟɪɨɩɪɢɹɬɢɹ: 
– ɫɨɡɞɚɧɢɟ ɫɥɭɠɛɵ ɨɯɪɚɧɵ ɬɪɭɞɚ; 
– ɩɪɨɜɟɞɟɧɢɟ ɚɬɬɟɫɬɚɰɢɢ ɪɚɛɨɱɢɯ ɦɟɫɬ; 
– ɩɪɨɜɟɞɟɧɢɟ ɢɧɫɬɪɭɤɬɚɠɚ ɫ ɫɨɬɪɭɞɧɢɤɚɦɢ ɨɪɝɚɧɢɡɚɰɢɢ; 
– ɪɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɢ ɢɧɫɬɪɭɤɰɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɜ 
ɨɪɝɚɧɢɡɚɰɢɢ. 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɪɟɤɨɧɫɬɪɭɤɰɢɹ, ɪɟɦɨɧɬ ɢ ɨɪɝɚɧɢɡɚɰɢɹ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ 
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ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɧɟɪɝɨɫɧɚɛɠɚɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ, ɬɟɪɪɢɬɨɪɢɹ ɢ ɚɤɜɚɬɨɪɢɹ, ɝɞɟ 
ɨɧɢ ɪɚɡɦɟɳɚɸɬɫɹ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɫɪɟɞɫɬɜɚ 
ɦɟɯɚɧɢɡɚɰɢɢ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɞɟɣɫɬɜɭɸɳɢɦ 
ɋɬɪɨɢɬɟɥɶɧɵɦ ɧɨɪɦɚɦ ɢ ɩɪɚɜɢɥɚɦ (ɋɇɢɉ), ɇɨɪɦɚɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɢɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, 
ɬɪɟɛɨɜɚɧɢɹɦ Ɋɟɱɧɨɝɨ ɪɟɝɢɫɬɪɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, Ɋɨɫɫɢɣɫɤɨɝɨ ɪɟɝɢɫɬɪɚ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, Ɏɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɚɦ «Ɉɛ ɨɫɧɨɜɚɯ ɨɯɪɚɧɵ 
ɬɪɭɞɚ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ» ɢ «Ɉ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ», ɋɚɧɢɬɚɪɧɵɦ ɩɪɚɜɢɥɚɦ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ ɢ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ 
ɨɛɨɪɭɞɨɜɚɧɢɸ, ɧɨɪɦɚɬɢɜɧɵɦ ɚɤɬɚɦ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ Ɋɨɫɬɟɯɧɚɞɡɨɪɚ Ɋɨɫɫɢɢ, 
Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɫɬɚɧɞɚɪɬɚɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ, ɉɪɚɜɢɥɚɦ ɬɟɯɧɢɱɟɫɤɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɢ ɫɟɬɟɣ, Ɇɟɠɨɬɪɚɫɥɟɜɵɦ ɩɪɚɜɢɥɚɦ ɩɨ 
ɨɯɪɚɧɟ ɬɪɭɞɚ (ɩɪɚɜɢɥɚ ɛɟɡɨɩɚɫɧɨɫɬɢ) ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, 
ɉɪɚɜɢɥɚɦ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɉɪɚɜɢɥɚɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɢ ɢɧɵɦ ɞɟɣɫɬɜɭɸɳɢɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɢ ɨɬɪɚɫɥɟɜɵɦ 
ɧɨɪɦɚɬɢɜɧɵɦ ɢ ɩɪɚɜɨɜɵɦ ɚɤɬɚɦ.  
 ɇɚ ɋɭɥɚɤɫɤɨɣ Ƚɗɋ ɞɨɥɠɟɧ ɛɵɬɶ ɨɪɝɚɧɢɡɨɜɚɧ ɤɚɛɢɧɟɬ ɩɨ ɬɟɯɧɢɤɟ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɨɯɪɚɧɟ ɬɪɭɞɚ, ɹɜɥɹɸɳɢɣɫɹ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɦ ɢ ɭɱɟɛɧɨ-
ɦɟɬɨɞɢɱɟɫɤɢɦ ɰɟɧɬɪɨɦ ɩɨ ɪɚɛɨɬɟ ɫ ɩɟɪɫɨɧɚɥɨɦ. 

ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ Ƚɗɋ ɩɟɪɫɨɧɚɥ ɢ ɞɪɭɝɢɟ ɥɢɰɚ, 
ɡɚɧɹɬɵɟ ɬɟɯɧɢɱɟɫɤɢɦ ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɩɪɨɜɨɞɹɳɢɯ ɜ ɧɢɯ 
ɨɩɟɪɚɬɢɜɧɵɟ ɩɟɪɟɤɥɸɱɟɧɢɹ, ɨɪɝɚɧɢɡɭɸɳɢɯ ɢ ɜɵɩɨɥɧɹɸɳɢɯ ɫɬɪɨɢɬɟɥɶɧɵɟ, 
ɦɨɧɬɚɠɧɵɟ, ɧɚɥɚɞɨɱɧɵɟ, ɪɟɦɨɧɬɧɵɟ ɪɚɛɨɬɵ, ɢɫɩɵɬɚɧɢɹ ɢ ɢɡɦɟɪɟɧɢɹ, ɨɛɹɡɚɧɵ 
ɜɵɩɨɥɧɹɬɶ ɬɪɟɛɨɜɚɧɢɹ ɧɨɪɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ, ɞɟɣɫɬɜɭɸɳɢɯ ɜɜɟɞɟɧɧɵɯ 
ɭɩɨɥɧɨɦɨɱɟɧɧɵɦɢ ɨɪɝɚɧɚɦɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɜɥɚɫɬɢ ɩɪɚɜɢɥ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ 
(ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ), ɋɬɚɧɞɚɪɬɚ, ɫɬɚɧɞɚɪɬɨɜ ɨɪɝɚɧɢɡɚɰɢɢ (ɢɧɫɬɪɭɤɰɢɣ) Ƚɗɋ. 

Ʉɚɠɞɵɣ ɪɚɛɨɬɧɢɤ ɫɬɚɧɰɢɢ ɛɭɞɟɬ ɨɛɭɱɟɧ ɛɟɡɨɩɚɫɧɵɦ ɦɟɬɨɞɚɦ ɬɪɭɞɚ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɩɨ ɷɥɟɤɬɪɨ, ɩɨɠɚɪɨ, 
ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬ, ɩɪɨɣɞɟɬ ɩɪɨɜɟɪɤɭ 
ɡɧɚɧɢɣ ɢ ɞɨɥɠɟɧ ɛɭɞɟɬ ɢɦɟɬɶ ɞɨɤɭɦɟɧɬ ɨ ɩɪɚɜɟ ɩɪɨɜɟɞɟɧɢɹ ɷɬɢɯ ɪɚɛɨɬ. 

ɗɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɋɭɥɚɤɫɤɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɛɭɞɭɬ ɧɚɯɨɞɢɬɶɫɹ ɜ 
ɬɟɯɧɢɱɟɫɤɢ ɢɫɩɪɚɜɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɦ ɛɟɡɨɩɚɫɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ, 
ɢ ɛɭɞɭɬ ɭɤɨɦɩɥɟɤɬɨɜɚɧɵ ɢɫɩɵɬɚɧɧɵɦɢ, ɝɨɬɨɜɵɦɢ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɡɚɳɢɬɧɵɦɢ 
ɫɪɟɞɫɬɜɚɦɢ, ɚ ɬɚɤɠɟ ɫɪɟɞɫɬɜɚɦɢ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɦɟɞɢɰɢɧɫɤɨɣ ɩɨɦɨɳɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɩɪɚɜɢɥɚɦɢ ɢ ɧɨɪɦɚɦɢ. 

Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɪɚɛɨɬ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɹɜɥɹɸɬɫɹ: 

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

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

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

Ɋɚɛɨɱɢɟ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɛɭɞɭɬ ɪɚɡɪɚɛɨɬɚɧɵ ɞɥɹ ɜɫɟɯ 
ɩɨɞɪɚɡɞɟɥɟɧɢɣ. 

 
7.4 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 
7.4.1 Ɉɫɧɨɜɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ 

ɩɪɟɞɭɩɪɟɠɞɟɧɢɸ ɢ ɭɫɬɪɚɧɟɧɢɸ ɜɨɡɦɨɠɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, 
ɜɥɢɹɧɢɹ ɧɚ ɡɞɨɪɨɜɶɟ ɧɚɫɟɥɟɧɢɹ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɵ, 
ɪɚɰɢɨɧɚɥɶɧɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɢ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɭ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ. 

Ɉɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɹɜɥɹɟɬɫɹ ɜɧɟɞɪɟɧɢɟ ɩɟɪɟɞɨɜɵɯ ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɯ, ɛɟɡɨɬɯɨɞɧɵɯ ɢ 
ɦɚɥɨɨɬɯɨɞɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɦɚɤɫɢɦɚɥɶɧɨ 
ɫɨɤɪɚɬɢɬɶ ɢɥɢ ɢɡɛɟɠɚɬɶ ɩɨɫɬɭɩɥɟɧɢɣ  ɜɪɟɞɧɵɯ  ɯɢɦɢɱɟɫɤɢɯ  ɢɥɢ  
ɛɢɨɥɨɝɢɱɟɫɤɢɯ  ɤɨɦɩɨɧɟɧɬɨɜ  ɜɵɛɪɨɫɨɜ  ɜ ɚɬɦɨɫɮɟɪɭ, ɩɨɱɜɭ ɢ ɜɨɞɨɟɦɵ, 
ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɢɥɢ ɫɧɢɡɢɬɶ ɜɨɡɞɟɣɫɬɜɢɟ ɮɢɡɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɞɨ ɝɢɝɢɟɧɢɱɟɫɤɢɯ 
ɧɨɪɦɚɬɢɜɨɜ ɢ ɧɢɠɟ. Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɨɬ ɡɚɝɪɹɡɧɟɧɢɹ 
ɜɤɥɸɱɚɸɬ ɫɚɧɢɬɚɪɧɭɸ ɩɨɞɝɨɬɨɜɤɭ ɬɟɪɪɢɬɨɪɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɤ ɡɚɬɨɩɥɟɧɢɸ ɢ 
ɩɨɥɧɭɸ ɨɱɢɫɬɤɭ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ ɨɬ ɞɪɟɜɟɫɧɨ-ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. 
Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɵ 
ɋɚɧɢɬɚɪɧɵɦɢ ɩɪɚɜɢɥɚɦɢ ɋɉ ɨɬ 01.07.1985 № 3907-85 «ɋɚɧɢɬɚɪɧɵɟ ɩɪɚɜɢɥɚ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳ». 

ȼ ɤɨɦɩɥɟɤɫ ɦɟɪɨɩɪɢɹɬɢɣ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɬɟɪɪɢɬɨɪɢɢ ɜɯɨɞɹɬ: 
 ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɣ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ; 
 ɜɵɧɨɫ ɩɪɟɞɩɪɢɹɬɢɣ, ɫɧɨɫ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ; 
 ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɢ ɞɪɭɝɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɜ ɦɟɫɬɚɯ ɡɚɯɨɪɨɧɟɧɢɣ ɢ 

ɫɤɨɬɨɦɨɝɢɥɶɧɢɤɨɜ; 
 ɦɨɧɢɬɨɪɢɧɝ ɜɨɞɨɨɯɪɚɧɧɵɯ ɡɨɧ; 
  ɨɱɢɫɬɤɚ ɨɬ ɞɪɟɜɟɫɧɨɣ ɢ ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. 
ȼ ɤɨɦɩɥɟɤɫ ɪɚɛɨɬ ɩɨ ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɟ ɬɟɪɪɢɬɨɪɢɢ  ɜɯɨɞɹɬ: 
 ɨɱɢɫɬɤɚ ɨɬ ɦɭɫɨɪɚ ɢ ɨɫɬɚɬɤɨɜ ɫɬɪɨɟɧɢɣ; 
 ɜɵɜɨɡ ɧɟɱɢɫɬɨɬ ɢɡ ɭɛɨɪɧɵɯ ɢ ɜɵɜɨɡ ɛɵɬɨɜɵɯ ɨɬɛɪɨɫɨɜ; 
 ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɢ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ; 
 ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɢ ɩɨɫɥɟ ɩɟɪɟɧɨɫɚ ɩɪɨɦɵɲɥɟɧɧɵɯ  ɩɪɟɞɩɪɢɹɬɢɣ. 
Ⱦɥɹ ɫɨɯɪɚɧɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɥɚɧɞɲɚɮɬɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɪɟɤɭɥɶɬɢɜɚɰɢɹ 

ɤɚɪɶɟɪɨɜ ɢ ɡɟɦɟɥɶ, ɨɬɜɨɞɢɦɵɯ ɩɨɞ ɩɪɨɦɵɲɥɟɧɧɵɟ ɩɥɨɳɚɞɤɢ ɢ ɚɜɬɨɞɨɪɨɝɢ, 
ɨɬɜɚɥɵ ɢ ɪɟɡɟɪɜɵ ɝɪɭɧɬɚ. ɉɪɢ ɪɟɤɭɥɶɬɢɜɚɰɢɢ ɩɪɨɜɨɞɢɬɫɹ ɫɪɟɡɤɚ ɢ 
ɜɵɪɚɜɧɢɜɚɧɢɟ ɨɬɤɨɫɨɜ ɜɵɪɚɛɨɬɨɤ, ɩɥɚɧɢɪɨɜɤɚ, ɭɤɥɚɞɤɚ ɩɨɱɜɟɧɧɨ-
ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɥɨɹ ɢ ɩɨɫɚɞɤɚ ɫɚɠɟɧɰɟɜ ɞɟɪɟɜɶɟɜ. 
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ɉɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɦɟɥɤɨɜɨɞɢɣ ɢ ɜɨɡɦɨɠɧɨɦ ɡɚɛɨɥɚɱɢɜɚɧɢɢ ɬɟɪɪɢɬɨɪɢɣ 
ɜɛɥɢɡɢ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɜɵɡɵɜɚɸɳɢɯ ɭɯɭɞɲɟɧɢɟ ɫɚɧɢɬɚɪɧɵɯ ɭɫɥɨɜɢɣ 
ɩɪɨɠɢɜɚɧɢɹ ɧɚɫɟɥɟɧɢɹ, ɛɭɞɭɬ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɢɯ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ. 

ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɚ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɣ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɝɢɞɪɨɭɡɥɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ Ƚɗɋ ɜɨɡɦɨɠɧɨ ɩɪɨɜɟɞɟɧɢɟ ɤɨɦɩɥɟɤɫɚ ɡɚɳɢɬɧɵɯ 
ɦɟɪɨɩɪɢɹɬɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɢɧɢɦɢɡɚɰɢɸ ɜɨɡɦɨɠɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, 
ɫɜɹɡɚɧɧɨɝɨ ɫ ɪɟɡɤɢɦ ɤɨɥɟɛɚɧɢɟɦ ɭɪɨɜɧɹ ɜɨɞɵ ɢɡ-ɡɚ ɢɡɦɟɧɟɧɢɹ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ 
Ƚɗɋ. ȼ ɫɨɫɬɚɜɟ ɦɟɪɨɩɪɢɹɬɢɣ ɦɨɝɭɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶɫɹ ɛɟɪɟɝɨɡɚɳɢɬɧɵɟ 
ɦɟɪɨɩɪɢɹɬɢɹ, ɜɵɧɨɫ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɡɚ ɩɪɟɞɟɥɵ ɜɨɡɦɨɠɧɨɣ 
ɛɟɪɟɝɨɩɟɪɟɪɚɛɨɬɤɢ, ɩɟɪɟɫɟɥɟɧɢɟ ɧɚɫɟɥɟɧɢɹ, ɤɨɦɩɥɟɤɫ ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɯ 
ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɢ ɬ.ɞ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɡɚɬɨɩɥɟɧɢɹ ɫɟɥɶɯɨɡɭɝɨɞɢɣ, ɯɨɡɹɣɫɬɜɚ ɩɨɥɧɨɫɬɶɸ ɬɟɪɹɸɬ 
ɩɨɥɭɱɚɟɦɭɸ ɫ ɧɢɯ ɩɪɨɞɭɤɰɢɸ. ȼ ɰɟɥɹɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɨɬɟɪɶ 
ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɨɜɯɨɡɨɜ, ɡɚɬɪɚɝɢɜɚɟɦɵɯ 
ɝɢɞɪɨɫɬɪɨɢɬɟɥɶɫɬɜɨɦ, ɩɪɨɟɤɬɨɦ ɧɚɦɟɱɚɟɬɫɹ ɨɫɜɨɟɧɢɟ ɪɚɜɧɨɜɟɥɢɤɨɣ ɩɥɨɳɚɞɢ 
ɩɨɫɟɜɧɵɯ ɡɟɦɟɥɶ ɢ ɩɪɨɜɟɞɟɧɢɟ ɧɚ ɜɧɨɜɶ ɨɫɜɚɢɜɚɟɦɵɯ ɡɟɦɥɹɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ 
ɢɯ ɨɤɭɥɶɬɭɪɢɜɚɧɢɸ ɢ ɩɨɜɵɲɟɧɢɸ ɩɥɨɞɨɪɨɞɢɹ. 

Ɂɜɟɪɢ ɢ ɩɬɢɰɵ, ɚ ɬɚɤɠɟ ɩɪɟɫɦɵɤɚɸɳɢɟɫɹ ɢ ɡɟɦɧɨɜɨɞɧɵɟ, ɤɨɬɨɪɵɟ 
ɢɫɱɟɡɧɭɬ ɜ ɫɜɹɡɢ ɫ ɡɚɬɨɩɥɟɧɢɟɦ ɫɜɨɣɫɬɜɟɧɧɵɯ ɞɥɹ ɢɯ ɨɛɢɬɚɧɢɹ ɭɝɨɞɢɣ ɢ 
ɛɢɨɬɨɩɨɜ, ɫɨɯɪɚɧɹɬɫɹ ɜ ɞɨɫɬɚɬɨɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɧɚ ɩɪɢɥɟɝɚɸɳɟɣ ɬɟɪɪɢɬɨɪɢɢ, 
ɤɨɬɨɪɚɹ ɧɟ ɩɨɞɜɟɪɝɧɟɬɫɹ ɢɡɦɟɧɟɧɢɸ. 

ȼ ɫɜɹɡɢ ɫ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɞɥɹ ɟɫɬɟɫɬɜɟɧɧɨɝɨ 
ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɰɟɧɧɵɯ ɩɪɨɦɵɫɥɨɜɵɯ ɪɵɛ, ɨɫɧɨɜɧɨɟ 
ɩɨɩɨɥɧɟɧɢɟ ɢɯ ɧɚɦɟɱɚɟɬɫɹ ɡɚ ɫɱɟɬ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɢɫɤɭɫɫɬɜɟɧɧɨɦɭ 
ɪɵɛɨɪɚɡɜɟɞɟɧɢɸ. 

ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɬɫɭɬɫɬɜɭɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɤɚɱɟɫɬɜɨ ɜɨɞɵ: 
ɨɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɜɨɧɚɱɚɥɶɧɵɦ ɩɪɢɪɨɞɧɵɦ ɫɜɨɣɫɬɜɚɦ ɢ ɨɧɚ ɦɨɠɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ. 

ɋɨɡɞɚɧɢɟ ɋɭɥɚɤɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɟ ɩɪɢɜɟɞɟɬ ɤ ɤɨɪɟɧɧɨɣ 
ɩɟɪɟɫɬɪɨɣɤɟ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

 

7.4.2 ȼɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɪɢɪɨɞɧɭɸ ɫɪɟɞɭ ɜ ɫɬɪɨɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ 

ȼɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɪɟɞɭ, ɨɤɚɡɵɜɚɟɦɵɟ ɜ ɫɬɪɨɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɦɨɝɭɬ ɛɵɬɶ 
ɩɨɞɪɚɡɞɟɥɟɧɵ ɧɚ ɞɜɟ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ: 1) ɜɵɹɜɥɹɟɦɵɟ ɢ ɩɥɚɧɢɪɭɟɦɵɟ ɧɚ 
ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ; 2) ɩɥɨɯɨ ɨɩɪɟɞɟɥɹɟɦɵɟ ɢ ɧɟɨɩɪɟɞɟɥɟɧɧɵɟ, 
ɩɪɨɹɜɥɹɸɳɢɟɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɯɨɞɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɉɟɪɜɭɸ ɝɪɭɩɩɭ 
ɫɨɫɬɚɜɥɹɸɬ ɚɧɬɪɨɩɨɝɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɢ ɨɬɧɟɫɟɧɧɵɟ ɭɫɥɨɜɧɨ ɤ ɩɟɪɜɨɦɭ 
ɭɪɨɜɧɸ. ȼɫɟ ɷɬɢ ɢɡɦɟɧɟɧɢɹ ɩɪɨɝɧɨɡɢɪɭɟɦɵ ɫ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ, 
ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɢɫɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. ȼ ɩɪɨɟɤɬɟ Ƚɗɋ ɨɛɵɱɧɨ 
ɭɞɚɟɬɫɹ ɭɫɬɚɧɨɜɢɬɶ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɨɫɧɨɜɧɵɯ ɚɛɢɨɬɢɱɟɫɤɢɯ 
ɮɚɤɬɨɪɨɜ (ɡɚɬɨɩɥɟɧɢɟ ɡɟɦɟɥɶ, ɢɡɦɟɧɟɧɢɟ ɜɥɚɠɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɢ ɞɪ.) 
ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɤɥɢɦɚɬɢɱɟɫɤɨɝɨ ɪɚɣɨɧɚ.  
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Ɇɨɝɭɬ ɢɦɟɬɶ ɦɟɫɬɨ ɚɧɬɪɨɩɨɝɟɧɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɩɪɨɹɜɥɹɸɳɢɟɫɹ ɜ 
ɫɬɪɨɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɢ ɧɟ ɩɨɞɞɚɸɳɢɟɫɹ ɨɰɟɧɤɟ ɢɥɢ ɩɪɨɝɧɨɡɭ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ 
ɚɤɭɫɬɢɱɟɫɤɢɟ, ɩɵɥɟɜɵɟ ɢ ɩɪɨɱɢɟ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ; ɜɪɟɦɟɧɧɵɟ 
ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞ ɫɬɨɤɚɦɢ ɨɬ ɩɪɟɞɩɪɢɹɬɢɣ, ɜɨɡɦɨɠɧɵɟ ɞɨ ɫɞɚɱɢ ɨɱɢɫɬɧɵɯ 
ɫɨɨɪɭɠɟɧɢɣ. Ɉɞɧɢɦ ɢɡ ɜɢɞɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ ɹɜɥɹɟɬɫɹ 
ɬɟɩɥɨɜɨɟ ɡɚɝɪɹɡɧɟɧɢɟ, ɫɜɹɡɚɧɧɨɟ ɫ ɯɚɪɚɤɬɟɪɨɦ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ, 
ɦɟɯɚɧɢɡɦɚɦɢ, ɫɛɪɨɫɚɦɢ ɬɟɩɥɵɯ ɜɨɞ ɨɬ ɜɫɟɯ ɫɥɭɠɛ ɩɪɨɦɵɲɥɟɧɧɨɣ ɛɚɡɵ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ. Ⱦɥɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɩɨɞɨɛɧɵɯ ɡɚɝɪɹɡɧɟɧɢɣ ɬɪɟɛɭɟɬɫɹ, ɱɬɨɛɵ 
ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɟ ɪɚɛɨɬɵ ɜɟɥɢɫɶ ɧɚɢɛɨɥɟɟ ɩɪɨɝɪɟɫɫɢɜɧɵɦɢ ɦɟɬɨɞɚɦɢ, 
ɭɫɬɪɚɧɹɸɳɢɦɢ ɩɨɩɚɞɚɧɢɟ ɢɥɢ ɭɬɟɱɤɭ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ. ɇɟɨɛɯɨɞɢɦɨ 
ɫɨɡɞɚɜɚɬɶ ɨɬɫɬɨɣɧɵɟ ɩɪɭɞɵ ɢ ɞɪɭɝɢɟ ɦɟɪɨɩɪɢɹɬɢɹ, ɱɬɨɛɵ ɩɨɦɟɲɚɬɶ 
ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ ɜɨɞɨɬɨɤɢ ɡɚɝɪɹɡɧɟɧɧɨɣ ɜɨɞɵ, ɨɫɨɛɟɧɧɨ ɨɬ ɛɟɬɨɧɧɵɯ ɡɚɜɨɞɨɜ. 

ɇɨɪɦɚɬɢɜɵ, ɤɚɫɚɸɳɢɟɫɹ ɭɫɬɪɚɧɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɡɞɭɯɚ ɬɪɟɛɭɸɬ, ɱɬɨɛɵ 
ɫɬɪɨɢɬɟɥɢ ɧɟ ɩɪɢɦɟɧɹɥɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɦɚɲɢɧɵ, ɜɵɞɟɥɹɸɳɢɟ ɱɪɟɡɦɟɪɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ. ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ, ɯɪɚɧɟɧɢɢ ɢ ɭɤɥɚɞɤɟ 
ɡɚɩɨɥɧɢɬɟɥɹ ɞɥɹ ɛɟɬɨɧɚ, ɜɵɝɪɭɡɤɟ ɢ ɯɪɚɧɟɧɢɢ ɰɟɦɟɧɬɚ ɧɟɨɛɯɨɞɢɦɵ ɦɟɪɵ ɩɨ 
ɫɧɢɠɟɧɢɸ ɩɨɩɚɞɚɧɢɹ ɜ ɚɬɦɨɫɮɟɪɭ ɩɵɥɢ, ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɨɣ ɞɨɥɠɧɨ 
ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɧɚ ɩɪɟɞɟɥɶɧɨ ɧɢɡɤɨɦ ɭɪɨɜɧɟ. ɋɠɢɝɚɧɢɟ ɭɞɚɥɟɧɧɨɣ 
ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɢ ɝɨɪɸɱɢɯ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ 
ɬɨɥɶɤɨ ɫ ɪɚɡɪɟɲɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɪɝɚɧɨɜ. 

ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɜɨɡɧɢɤɚɸɬ 
ɧɟɩɪɟɞɜɢɞɟɧɧɵɟ ɩɢɤɨɜɵɟ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɢ ɚɬɦɨɫɮɟɪɵ, ɤɨɬɨɪɵɟ ɯɨɬɹ ɢ ɧɨɫɹɬ 
ɜɪɟɦɟɧɧɵɣ ɯɚɪɚɤɬɟɪ, ɧɨ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ.  
ɇɟɩɪɟɞɜɢɞɟɧɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɭɫɬɪɚɧɟɧɵ ɜ ɧɚɢɤɪɚɬɱɚɣɲɢɟ ɫɪɨɤɢ, 
ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɷɤɨɫɢɫɬɟɦɟ ɜɨɞɨɬɨɤɚ ɢ ɩɨɛɟɪɟɠɶɹ. 

ɂɡɦɟɧɟɧɢɟ ɤɚɱɟɫɬɜɚ ɜɨɞɵ, ɚɬɦɨɫɮɟɪɵ, ɩɨɱɜɵ ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɢɡ-ɡɚ 
ɧɟɞɨɱɟɬɚ ɦɟɫɬɧɵɯ ɭɫɥɨɜɢɣ, ɧɟɞɨɫɬɚɬɨɱɧɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɩɪɨɟɤɬɚ, ɢɥɢ 
ɨɬɤɥɨɧɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɨɬ ɩɪɨɟɤɬɚ. 

ȼ ɩɪɨɟɤɬɚɯ Ƚɗɋ ɞɨɥɠɧɨ ɧɚɦɟɱɚɬɶɫɹ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɡɟɦɟɥɶɧɨ-ɫɤɚɥɶɧɵɯ 
ɪɚɛɨɬ ɫɧɹɬɢɟ, ɫɤɥɚɞɢɪɨɜɚɧɢɟ, ɢ ɯɪɚɧɟɧɢɟ ɩɚɯɚɧɨɝɨ ɫɥɨɹ ɡɟɦɥɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɜɨɡɜɪɚɬɨɦ ɟɝɨ ɧɚ ɧɟɤɭɥɶɬɢɜɢɪɨɜɚɧɧɵɟ ɬɟɪɪɢɬɨɪɢɢ. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɭɛɨɪɤɭ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɦɭɫɨɪɚ ɜɫɟɯ ɜɢɞɨɜ. Ⱦɚɧɧɵɟ ɪɚɛɨɬɵ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɨɯɪɚɧɟɧɢɟ ɥɚɧɞɲɚɮɬɚ, ɢ ɭɫɬɪɚɧɹɸɬ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɢ ɝɪɭɧɬɨɜɵɯ ɜɨɞ, ɩɨɱɜɵ ɢ ɜɨɡɞɭɯɚ. 

Ƚɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɹɜɥɹɟɬɫɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɦ ɢ 
ɞɨɥɝɨɜɪɟɦɟɧɧɵɦ ɩɨ ɜɨɡɞɟɣɫɬɜɢɸ ɧɚ ɩɪɢɪɨɞɧɭɸ ɫɪɟɞɭ, ɩɨɷɬɨɦɭ ɧɭɠɧɨ 
ɫɨɛɥɸɞɚɬɶ ɜɫɟ ɧɨɪɦɵ ɢ ɩɪɚɜɢɥɚ, ɱɬɨɛɵ ɫɨɯɪɚɧɢɬɶ ɩɪɢɪɨɞɭ. 
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8 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
 

8.1 Ɉɛɴёɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɪɚɫɯɨɞɵ ɜ ɩɟɪɢɨɞ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

 
8.1.1 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

 
ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɷɬɚɩɨɜ, 

ɧɚɱɢɧɚɹ ɨɬ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɢ ɡɚɤɚɧɱɢɜɚɹ ɭɫɬɚɧɨɜɤɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɉɛɴɟɦɵ 
ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɪɨɝɧɨɡɧɨɦ ɩɟɪɢɨɞɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.1. 
 
Ɍɚɛɥɢɰɚ 8.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ȿɞɢɧɢɰɚ 

ɢɡɦɟɪɟɧɢɹ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2023 2024 2025 2026 2027 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 74 74 74 74 74 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɑɚɫɵ 4313 4313 4313 4313 4313 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ 
ɝɨɞ 

Ɇȼɬ∙ɱ 319160 319160 319160 319160 319160 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 

% 1 1 1 1 1 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɡɚ ɝɨɞ 

Ɇȼɬ∙ɱ 3191,6 3191,6 3191,6 3191,6 3191,6 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɝɨɞ Ɇȼɬ∙ɱ 315968 315968 315968 315968 315968 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɪɭɛ/Ɇȼɬ∙ɱ 1483 1525 1565 1604 1642 
ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɝɨɞ 

ɦɥɧ.ɪɭɛ. 468,58 481,85 494,49 506,81 518,82 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɨɬ ɪɟɚɥɢɡɢɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɦɥɧ.ɪɭɛ 78,10 80,31 82,42 84,47 86,47 

 
ɂɡ ɜɫɟɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ ɩɨɤɚɡɚɬɟɥɟɣ ɢɡɦɟɧɹɸɬɫɹ Ɍɚɪɢɮ ɧɚ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ ɜɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɢɡ ɷɬɨɝɨ ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɭɜɟɥɢɱɟɧɢɟ ɜɵɪɭɱɤɢ ɨɛɭɫɥɨɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟɦ ɬɚɪɢɮɨɜ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 

 
8.1.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 

 
Ɍɟɤɭɳɢɦɢ ɪɚɫɯɨɞɚɦɢ ɧɚɡɵɜɚɸɬɫɹ ɡɚɬɪɚɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ.  
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɪɚɫɫɱɢɬɚɧɵ ɢɫɯɨɞɹ ɢɡ ɫɪɟɞɧɟɝɨ ɫɪɨɤɚ 

ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.  
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, 

ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
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ɦɨɳɧɨɫɬɢ. ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.2. 
 
Ɍɚɛɥɢɰɚ 8.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɋɬɚɜɤɚ, 

ɬɵɫ.ɪɭɛ./Ɇȼɬ 
 ɋɭɦɦɚ, 

ɦɥɧ.ɪɭɛ. 
Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 255,34 18,9 

ɉɪɨɱɢɟ 274,15 20,29 
ɂɬɨɝɨ 39,18 

 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ ɚɤɬɢɜɨɜ. ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 
ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.3. 

 
Ɍɚɛɥɢɰɟ 8.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ, % 

ɗɬɚɩ ɩɪɨɟɤɬɚ ȼɟɥɢɱɢɧɚ 
Ɉɬ 1 ɞɨ 5 ɥɟɬ 0,12 

Ɉɬ 6 ɞɨ 15 ɥɟɬ 0,17 
Ɉɬ 16 ɞɨ 25 ɥɟɬ 0,30 
ɋɜɵɲɟ 25 ɥɟɬ 0,40 

 
Ɋɚɫɫɱɢɬɵɜɚɸɬɫɹ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ ɜ 

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

 
Ɍɚɛɥɢɰɚ 8.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 
ɈȺɈ «ɋɈ – ȿɗɋ» 135,45 ɬɵɫ.ɪɭɛ./Ɇȼɬ 10,02 

ɇɉ ȺɌɋ 0,0022 ɬɵɫ.ɪɭɛ./Ɇȼɬ∙ɱ 0,70 
ɐɎɊ 0,000637 ɬɵɫ.ɪɭɛ./Ɇȼɬ∙ɱ 0,20 
ɂɬɨɝɨ  10,93 

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

ɤɨɞɟɤɫɨɦ ɊɎ ɞɥɹ ɪɟɤɢ ɋɭɥɚɤ 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 

2023 2024 2025 2026 2027 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 

ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ. 22,50 23,74 23,74 23,73 23,72 
Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, 

ɦɥɧ.ɪɭɛ. 11,61 12,01 12,01 12,01 12,01 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ. 39,18 39,18 39,18 39,18 39,18 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 8.5 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2023 2024 2025 2026 2027 
Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ. 1,45 1,50 1,50 1,50 1,50 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ. 10,93 10,93 10,93 10,93 10,93 
ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ. 4,22 4,60 4,60 4,60 4,60 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 89,90 91,96 91,96 91,95 91,94 
 

Ȼɨɥɶɲɭɸ ɱɚɫɬɶ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɫɨɫɬɚɜɥɹɸɬ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ 
ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ. Ʉɚɠɞɵɣ ɩɨɤɚɡɚɬɟɥɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɬɟɱɟɧɢɟɦ 
ɜɪɟɦɟɧɢ, ɚ ɢɬɨɝɨɜɚɹ ɫɬɨɢɦɨɫɬɶ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɧɚ ɩɹɬɨɦ ɝɨɞɭ ɭɜɟɥɢɱɢɥɚɫɶ 
ɩɪɢɦɟɪɧɨ ɧɚ 35%. 

Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ (ɪɢɫ. 8.1) 

 

 
Ɋɢɫɭɧɨɤ 8.1 – ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ 

 
8.1.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

 
ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 

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

ɍɱɬɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɥɨɝɢ: 
- ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ – 20%; 
- ɇȾɋ – 20%; 
- ɜɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ – 34%; 
- ɧɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ – 2,2%; 

23.7

12

39.2

1.5
10.9

4.6

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ.

Ɋɚɫɯɨɞɵ ɧɚ 
ɫɬɪɚɯɨɜɚɧɢɟ, ɦɥɧ.ɪɭɛ.

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ.

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ.
Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ 
ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ.
ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ.



105 
 

- 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 

2023 2024 2025 2026 2027 
ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, 

ɦɥɧ.ɪɭɛ. 127,98 154,03 158,69 163,16 167,53 
ɇȾɋ, ɦɥɧ.ɪɭɛ. - 64,51 170,64 175,01 179,27 

ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ 
ɮɨɧɞɵ, ɦɥɧ.ɪɭɛ. 0,60 0,60 0,60 0,60 0,60 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, 
ɦɥɧ.ɪɭɛ. 25,61 27,22 26,02 25,49 24,97 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 154,19 246,36 355,95 364,26 372,37 
 

Ȼɨɥɶɲɭɸ ɱɚɫɬɶ ɧɚɥɨɝɨɜɵɯ ɪɚɫɯɨɞɨɜ ɫɨɫɬɚɜɥɹɸɬ ɇȾɋ ɢ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ. 
Ʉɚɠɞɵɣ ɩɨɤɚɡɚɬɟɥɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. 
 

8.2 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 
ɦɨɳɧɨɫɬɢ 
 

ɉɪɢɛɵɥɶ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɪɨɟɤɬɚ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɜɵɪɭɱɤɨɣ ɨɬ ɩɪɨɞɚɠ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ, ɢ ɡɚɬɪɚɬɚɦɢ ɧɚ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɨ. 

Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɩɟɪɜɵɯ ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.7. 
 

Ɍɚɛɥɢɰɚ 8.7 - Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2023 2024 2025 2026 2027 
ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 677,6 624,5 574,3 527,8 484,4 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 790,6 792,6 792,6 792,6 792,6 
EBITDA (ȼɚɥɨɜɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 805,4 828,5 850,4 872,2 893,5 

EBIT(ɩɪɢɛɵɥɶ ɨɬ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɧ.ɪɭɛ. 751,6 772,9 795,4 817,7 839,5 
ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 139,4 154,9 159,1 163,6 167,9 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 612,2 618,3 636,3 654,2 671,6 
ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ, % 20 20 20 20 20 

 
Ⱦɢɧɚɦɢɤɚ ɪɚɫɯɨɞɨɜ ɦɟɧɶɲɟ, ɱɟɦ ɞɢɧɚɦɢɤɚ ɞɨɯɨɞɨɜ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɩɪɢɛɵɥɶ ɪɚɫɬɟɬ. Ⱦɢɧɚɦɢɤɚ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 8.2: 
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Ɋɢɫɭɧɨɤ 8.2 – Ⱦɢɧɚɦɢɤɚ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ, ɦɥɧ. ɪɭɛ. 

 
ɇɚ ɪɢɫɭɧɤɟ 8.3 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ ɂɡɦɟɧɟɧɢɟ ɫɭɦɦɵ ɩɪɢɛɵɥɢ/ɭɛɵɬɤɨɜ 

ɩɨ ɩɪɨɟɤɬɭ, ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɭɤɪɭɩɧɟɧɧɵɯ ɷɬɚɩɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɨɟɤɬɚ, ɦɥɧ. 
ɪɭɛ. 

 

 
Ɋɢɫɭɧɨɤ 8.3 – ɂɡɦɟɧɟɧɢɟ ɫɭɦɦɵ ɩɪɢɛɵɥɢ/ɭɛɵɬɤɨɜ ɩɨ ɩɪɨɟɤɬɭ, ɫ 

ɞɨɛɚɜɥɟɧɢɟɦ ɭɤɪɭɩɧɟɧɧɵɯ ɷɬɚɩɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɨɟɤɬɚ, ɦɥɧ. ɪɭɛ. 
 

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 ɝɝ.»). 
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8.3.1 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 

ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱёɬɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ 
ɪɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.8. 
 
Ɍɚɛɥɢɰɚ 8.8 - ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɋɭɥɚɤɫɤɨɣ Ƚɗɋ 
ɧɚ ɪɟɤɟ ɋɭɥɚɤ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 11,6 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ - DPB, ɦɟɫ. 149 
ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ.ɪɭɛ. 1631,5 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI, ɪɭɛ. 1,95 
ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ - IRR, % 19,84 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥ.ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ∙ɱ 0,89 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ./ɤȼɬ 68936,5 

 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɷɬɨɬ ɩɪɨɟɤɬ ɷɤɨɧɨɦɢɱɟɫɤɢ 

ɰɟɥɟɫɨɨɛɪɚɡɟɧ, ɬɚɤ ɤɚɤ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɨɟɤɬɚ ɦɟɧɟɟ 15 ɥɟɬ, ɫɬɚɧɰɢɹ ɢɦɟɟɬ 
ɫɪɟɞɧɸɸ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ (0,89 ɪɭɛ.), ɚ ɬɚɤ ɠɟ ɫɪɚɜɧɢɬɟɥɶɧɨ 
ɧɟɛɨɥɶɲɢɟ ɤɚɩ.ɜɥɨɠɟɧɢɹ (68936,5 ɪɭɛ./ɤȼɬ). 

 
8.3.2 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

 
ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɧɭɸ ɱɚɫɬɶ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ⱦɨɯɨɞɧɚɹ 
ɱɚɫɬɶ ɛɸɞɠɟɬɨɜ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱёɬ ɧɚɥɨɝɨɜɵɯ 
ɩɨɫɬɭɩɥɟɧɢɣ ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.9.  
 
Ɍɚɛɥɢɰɚ 8.9 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2023 2024 2025 2026 2027 
ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɪɞ.ɪɭɛ. 132,20 223,14 333,93 342,77 351,40 
ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɪɞ.ɪɭɛ. 25,61 27,22 26,02 25,49 24,97 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ, ɦɥɪɞ.ɪɭɛ. 157,81 250,36 359,95 368,26 376,37 
 

ɇɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɢɡ-ɡɚ ɩɨɜɵɲɟɧɢɹ ɜɵɪɭɱɤɢ ɨɬ 
ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
 

8.4 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
 

Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɢɫɤɨɜ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ - ɦɟɬɨɞ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɢɧɚɧɫɨɜɨɣ 
ɦɨɞɟɥɢ ɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɩɨɤɚɡɚɬɟɥɶ. 
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ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɟɥɢɱɢɧɵ ɢɧɞɟɤɫɚ 
ɞɨɯɨɞɧɨɫɬɢ ɤ ɢɡɦɟɧɟɧɢɹɦ: 

ɚ) ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ; 
ɛ) ɰɟɧɵ ɫɛɵɬɚ;  
ɜ) ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ; 
ɝ) ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ. 
ɉɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɷɤɫɩɟɪɬɧɨ. 
ɇɚ ɪɢɫɭɧɤɟ 8.4 ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ. 
 

 
Ɋɢɫɭɧɨɤ 8.4 - ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ 

ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 
 
ɉɨ ɞɚɧɧɨɦɭ ɝɪɚɮɢɤɭ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ, ɢɧɞɟɤɫ 

ɩɪɢɛɵɥɶɧɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ - ɧɚɨɛɨɪɨɬ, ɬɨ ɟɫɬɶ 
ɩɪɢɫɭɬɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɚɹ ɨɛɪɚɬɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ 
ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ, ɩɪɨɟɤɬ ɛɭɞɟɬ ɛɵɫɬɪɟɟ ɨɤɭɩɚɬɶɫɹ ɢ ɛɭɞɟɬ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ. 

ɇɚ ɪɢɫɭɧɤɟ 8.5 ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ.  

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

-60 -40 -20 0 20 40 60

N
P

V
, ɦ

ɥɪ
ɞ.

ɪɭ
ɛ.

ɉɚɪɚɦɟɬɪɵ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ,%



109 
 

 
Ɋɢɫɭɧɨɤ 8.5 - ɋɭɦɦɚ ɜɟɥɢɱɢɧɵ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ 

ɫɛɵɬɚ 
 
ɉɨ ɞɚɧɧɨɦɭ ɝɪɚɮɢɤɭ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɬɚɤɨɣ ɩɨɤɚɡɚɬɟɥɶ, ɤɚɤ ɢɧɞɟɤɫ 

ɩɪɢɛɵɥɶɧɨɫɬɢ ɩɪɹɦɨ ɡɚɜɢɫɢɬ ɨɬ ɰɟɧɵ ɫɛɵɬɚ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɰɟɧɵ ɫɛɵɬɚ, 
ɪɚɫɬɟɬ ɩɪɢɛɵɥɶ ɫ ɤɚɠɞɨɣ ɟɞɢɧɢɰɵ ɩɪɨɞɭɤɰɢɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɪɚɫɬɟɬ ɢɧɞɟɤɫ 
ɩɪɢɛɵɥɶɧɨɫɬɢ. 

ɇɚ ɪɢɫɭɧɤɟ 8.6 ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɫɭɦɦɵ ɜɟɥɢɱɢɧɵ NPV ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ.  

 

 
Ɋɢɫɭɧɨɤ 8.6 - ɋɭɦɦɚ ɜɟɥɢɱɢɧɵ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ 

ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 
 

ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɟɥɢɱɢɧɵ 
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PI. 
ɇɚ ɪɢɫɭɧɤɟ 8.7 ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ. 
 

 
Ɋɢɫɭɧɨɤ 8.7 ─ ɋɭɦɦɚ ɜɟɥɢɱɢɧɵ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴёɦɚ 

ɢɧɜɟɫɬɢɰɢɣ 
 

ɉɨ ɞɚɧɧɨɦɭ ɝɪɚɮɢɤɭ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɢɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ 
ɢɦɟɟɬ ɨɛɪɚɬɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɨɛɴёɦɚ ɢɧɜɟɫɬɢɰɢɣ. ɑɟɦ ɛɨɥɶɲɟ ɢɧɜɟɫɬɢɰɢɣ 
ɩɪɢɜɥɟɤɚɟɬɫɹ ɜ ɩɪɨɟɤɬ, ɬɟɦ ɦɟɧɶɲɟ ɢɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ. 
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9. ɉɟɪɫɩɟɤɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɹ ɢ ɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ 
 
Ⱥɤɤɭɦɭɥɹɬɨɪɧɚɹ ɛɚɬɚɪɟɹ ɫɥɭɠɢɬ ɢɫɬɨɱɧɢɤɨɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ.  
Ɇɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɣ ɩɨɥɟɡɧɵɣ ɡɚɪɹɞ ɚɤɤɭɦɭɥɹɬɨɪɚ ɧɚɡɵɜɚɟɬɫɹ 

ɡɚɪɹɞɧɨɣ ёɦɤɨɫɬɶɸ, ɢɥɢ ɩɪɨɫɬɨ ɟɦɤɨɫɬɶɸ. ȿɦɤɨɫɬɶ ɚɤɤɭɦɭɥɹɬɨɪɚ – ɷɬɨ 
ɡɚɪɹɞ, ɨɬɞɚɜɚɟɦɵɣ ɩɨɥɧɨɫɬɶɸ ɡɚɪɹɠɟɧɧɵɦ ɚɤɤɭɦɭɥɹɬɨɪɨɦ ɩɪɢ ɪɚɡɪɹɞɟ ɞɨ 
ɧɚɢɦɟɧɶɲɟɝɨ ɞɨɩɭɫɬɢɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. ȼ ɫɢɫɬɟɦɟ ɋɂ ɟɦɤɨɫɬɶ 
ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɢɡɦɟɪɹɸɬ ɜ ɤɭɥɨɧɚɯ. 

ɑɚɳɟ ɜɫɟɝɨ ɚɤɤɭɦɭɥɹɬɨɪɵ ɜ ɛɚɬɚɪɟɟ ɫɨɟɞɢɧɹɸɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ. 
ɇɚɩɪɹɠɟɧɢɟ ɨɬɞɟɥɶɧɨɝɨ ɚɤɤɭɦɭɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɬɟɪɢɚɥɨɦ ɟɝɨ 
ɷɥɟɤɬɪɨɞɨɜ ɢ ɫɨɫɬɚɜɨɦ ɷɥɟɤɬɪɨɥɢɬɚ ɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɢɡɦɟɧɟɧɨ, ɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɨɛɴɟɞɢɧɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɩɨɜɵɲɚɟɬ 
ɜɵɯɨɞɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ɛɚɬɚɪɟɢ  

ɉɚɪɚɥɥɟɥɶɧɨɟ ɨɛɴɟɞɢɧɟɧɢɟ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɜ ɛɚɬɚɪɟɟ ɭɜɟɥɢɱɢɜɚɟɬ 
ɨɛɳɭɸ ɟɦɤɨɫɬɶ ɛɚɬɚɪɟɢ ɢ ɫɧɢɠɚɟɬ ɟɟ ɜɧɭɬɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. 
ɉɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɬɪɟɛɭɟɬ ɭɫɥɨɠɧɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 
ɫɯɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɫɜɹɡɚɧɧɨɟ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɪɚɡɞɟɥɶɧɨɣ ɡɚɪɹɞɤɢ 
ɤɚɠɞɨɝɨ ɨɬɞɟɥɶɧɨɝɨ ɚɤɤɭɦɭɥɹɬɨɪɚ ɢ ɢɯ ɤɨɦɦɭɬɚɰɢɟɣ, ɢ ɜ ɷɬɨɣ ɫɜɹɡɢ ɩɨɤɚ 
ɧɟ ɧɚɲɥɨ ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ. 

 
9.1 ɋɜɢɧɰɨɜɨ-ɤɢɫɥɨɬɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ 
 
ɗɬɨ ɬɢɩ ɚɤɤɭɦɭɥɹɬɨɪɨɜ, ɩɨɥɭɱɢɜɲɢɣ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɜɢɞɭ 

ɭɦɟɪɟɧɧɨɣ ɰɟɧɵ, ɧɟɩɥɨɯɨɝɨ ɪɟɫɭɪɫɚ (ɨɬ 500 ɰɢɤɥɨɜ ɢ ɛɨɥɟɟ), ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ. 

ɉɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɜɵɩɭɫɤɚɸɬɫɹ ɜɚɪɢɚɧɬɵ ɨɛɫɥɭɠɢɜɚɟɦɵɯ (ɡɚɥɢɜɚɧɢɟ 
ɷɥɟɤɬɪɨɥɢɬɚ, ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, ɤɨɧɬɪɨɥɶ ɩɥɨɬɧɨɫɬɢ ɷɥɟɤɬɪɨɥɢɬɚ, ɟɝɨ 
ɡɚɦɟɧɚ) ɢ ɧɟ ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɜ ɝɟɪɦɟɬɢɱɧɨɦ ɤɨɪɩɭɫɟ (ɢɫɤɥɸɱɚɟɬɫɹ ɩɪɨɥɢɜɚɧɢɟ 
ɷɥɟɤɬɪɨɥɢɬɚ ɩɪɢ ɢɡɦɟɧɟɧɢɣ ɩɨɥɨɠɟɧɢɹ, ɩɟɪɟɜɨɪɚɱɢɜɚɧɢɣ) ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ 
ɛɚɬɚɪɟɣ. 

Ɉɛɫɥɭɠɢɜɚɟɦɵɟ ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ ɦɨɝɭɬ ɜɵɩɭɫɤɚɬɶɫɹ 
ɫɭɯɨɡɚɪɹɠɟɧɧɵɦɢ (ɛɟɡ ɡɚɥɢɬɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ), ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɢɯ ɫɪɨɤ 
ɯɪɚɧɟɧɢɹ ɢ ɧɟ ɬɪɟɛɭɟɬ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɩɪɢ ɯɪɚɧɟɧɢɢ, ɡɚɥɢɜɤɚ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɟɪɟɞ ɜɜɨɞɨɦ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ. 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 9.1. 

https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B0%D0%BA%D0%BA%D1%83%D0%BC%D1%83%D0%BB%D1%8F%D1%82%D0%BE%D1%80
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Ɋɢɫɭɧɨɤ 9.1 – ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɫɜɢɧɰɨɜɨ-ɤɢɫɥɨɬɧɨɝɨ ɚɤɤɭɦɭɥɹɬɨɪɚ 
 
Ɋɚɛɨɬɚɸɬ ɧɚ ɪɟɚɤɰɢɢ ɞɢɨɤɫɢɞɚ ɫɜɢɧɰɚ ɢ ɫɜɢɧɰɚ, ɤɨɬɨɪɚɹ ɩɪɨɢɫɯɨɞɢɬ ɜ 

ɪɚɫɬɜɨɪɟ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. Ʉɨɝɞɚ ɤ ɷɥɟɤɬɪɨɞɚɦ ɩɨɞɤɥɸɱɚɸɬɫɹ ɩɨɬɪɟɛɢɬɟɥɢ 
ɷɧɟɪɝɢɢ, ɫɬɚɪɬɭɟɬ ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ. Ɉɤɫɢɞ ɫɜɢɧɰɚ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɫ 
ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ, ɚ ɫɜɢɧɟɰ ɨɤɢɫɥɹɟɬɫɹ ɞɨ ɫɭɥɶɮɚɬɚ ɫɜɢɧɰɚ. ȼɨɨɛɳɟ, ɜ 
ɚɤɤɭɦɭɥɹɬɨɪɟ ɩɪɨɢɫɯɨɞɢɬ ɲɟɫɬɶ ɞɟɫɹɬɤɨɜ ɪɚɡɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɧɨ 
ɜɚɠɧɵ ɬɨɥɶɤɨ ɞɜɟ. Ʉɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɹɞɤɚ ɚɤɤɭɦɭɥɹɬɨɪɚ, ɞɢɨɤɫɢɞ ɫɜɢɧɰɚ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɤɚɬɨɞɟ, ɚ ɧɚ ɚɧɨɞɟ ɩɪɨɢɫɯɨɞɢɬ ɨɤɢɫɥɟɧɢɟ ɫɜɢɧɰɚ. Ʉɨɝɞɚ 
ɚɤɤɭɦɭɥɹɬɨɪ ɡɚɪɹɠɚɸɬ, ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɬɧɚɹ ɪɟɚɤɰɢɹ. 

ɉɪɢ ɪɚɡɪɹɞɤɟ, ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɯɨɞ ɪɚɫɬɜɨɪɚ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɢɡ ɤɨɬɨɪɨɝɨ 
ɜɵɞɟɥɹɟɬɫɹ ɜɨɞɚ (ɬɚɤ ɤɚɤ ɨɧɚ ɥɟɝɱɟ), ɚ ɩɥɨɬɧɨɫɬɶ ɷɥɟɤɬɪɨɥɢɬɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɫɧɢɠɚɟɬɫɹ (ɩɪɢ ɡɚɪɹɞɤɟ ɨɩɹɬɶ ɠɟ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ). ɉɪɢ ɷɬɨɦ 
ɤɢɫɥɨɪɨɞ ɢ ɜɨɞɨɪɨɞ ɦɨɝɭɬ ɜɵɞɟɥɹɬɶɫɹ ɢɡ ɷɥɟɤɬɪɨɥɢɬɚ ɜ ɜɢɞɟ ɩɭɡɵɪɶɤɨɜ, ɱɬɨ 
ɧɚɡɵɜɚɸɬ «ɤɢɩɟɧɢɟɦ»(ɜ ɤɨɧɰɟ ɡɚɪɹɞɚ ɷɬɨ ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ). ɗɬɨ ɧɟɠɟɥɚɬɟɥɶɧɨɟ 
ɹɜɥɟɧɢɟ, ɩɪɢ ɡɚɪɹɞɟ ɟɝɨ ɫɥɟɞɭɟɬ ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɛɟɝɚɬɶ, ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ 
ɜɨɞɚ ɧɟɨɛɪɚɬɢɦɨ ɪɚɫɯɨɞɭɟɬɫɹ, ɧɚɪɚɫɬɚɟɬ ɩɥɨɬɧɨɫɬɶ ɷɥɟɤɬɪɨɥɢɬɚ ɢ ɟɫɬɶ ɪɢɫɤ 
ɜɡɪɵɜɚ ɨɛɪɚɡɭɸɳɢɯɫɹ ɝɚɡɨɜ. ɉɨɷɬɨɦɭ ɛɨɥɶɲɢɧɫɬɜɨ ɡɚɪɹɞɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɫɧɢɠɚɟɬ ɡɚɪɹɞɧɵɣ ɬɨɤ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɚɤɤɭɦɭɥɹɬɨɪɚ.  

ɉɨɬɟɪɢ ɜɨɞɵ ɦɨɠɧɨ ɜɨɡɦɟɫɬɢɬɶ ɞɨɥɢɜɤɨɣ ɧɨɜɨɣ (ɢɫɩɨɥɶɡɭɸɬ 
ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɭɸ ɜɨɞɭ ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɩɪɢɦɟɫɟɣ), ɚ ɩɪɢ ɡɚɪɹɞɟ 
ɫɧɢɠɚɸɬ ɡɚɪɹɞɧɵɣ ɬɨɤ (ɟɫɥɢ ɜ ɫɚɦɨɦ ɚɤɤɭɦɭɥɹɬɨɪɟ ɩɨɜɵɲɚɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ). 
ɇɟ ɭ ɜɫɟɯ ɫɜɢɧɰɨɜɨ-ɤɢɫɥɨɬɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɞɨɥɢɜɤɢ ɜɨɞɵ, ɱɬɨ ɞɟɥɚɟɬ ɢɯ ɩɨ ɫɭɬɢ ɪɚɫɯɨɞɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ, ɬɚɤ ɤɚɤ 
ɜɨɡɦɟɫɬɢɬɶ ɩɨɬɟɪɢ (ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɜ ɥɸɛɨɦ ɫɥɭɱɚɟ) ɧɟɜɨɡɦɨɠɧɨ. 

ɍɫɬɪɨɣɫɬɜɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 9.2. 

https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D0%BC%D1%83%D1%87%D0%B8%D0%B9_%D0%B3%D0%B0%D0%B7
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Ɋɢɫɭɧɨɤ 9.2 – ɋɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ 

 
Ɉɧ ɫɨɫɬɨɢɬ ɢɡ: 

 ɗɥɟɤɬɪɨɞɵ: ɪɟɲɟɬɤɢ ɢɡ ɫɜɢɧɰɚ, ɜ ɹɱɟɣɤɚɯ ɤɨɬɨɪɵɯ ɞɢɨɤɫɢɞ ɫɜɢɧɰɚ; 
 Ɋɚɡɞɟɥɢɬɟɥɶɧɵɟ ɩɥɚɫɬɢɧɵ (ɤɨɬɨɪɵɟ ɧɟ ɜɫɬɭɩɚɸɬ ɜ ɪɟɚɤɰɢɸ ɫ ɤɢɫɥɨɬɨɣ); 
 ɗɥɟɤɬɪɨɥɢɬ, ɜ ɤɨɬɨɪɵɣ ɩɨɝɪɭɠɟɧɵ ɪɟɲɟɬɤɢ; 
 Ʉɨɪɩɭɫ. 

Ɍɚɤɠɟ ɟɫɬɶ: ɫɥɢɜɧɨɟ ɨɬɜɟɪɫɬɢɟ ɫ ɡɚɝɥɭɲɤɨɣ, ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɢ 
ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɜɵɜɨɞɵ, ɨɩɨɪɧɵɟ ɷɥɟɦɟɧɬɵ, ɤɪɵɲɤɚ. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɜɥɢɹɟɬ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɭɸ 
ɩɪɨɜɨɞɢɦɨɫɬɶ. ɉɨɥɭɱɚɟɬɫɹ ɬɚɤ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ ɩɪɨɜɨɞɢɦɨɫɬɶ, ɬɟɦ ɦɟɧɶɲɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɱɬɨ ɜɥɢɹɟɬ ɧɚ ɩɪɨɰɟɧɬ ɩɨɬɟɪɶ. ȿɫɥɢ ɚɤɤɭɦɭɥɹɬɨɪ 
ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɭɫɥɨɜɢɹɯ ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ, ɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɛɭɞɟɬ ɜɵɲɟ. ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ 
ɡɚɦɟɪɡɚɧɢɟ ɷɥɟɤɬɪɨɥɢɬɚ ɢ ɩɨɫɥɟɞɭɸɳɢɣ ɪɚɡɪɵɜ ɚɤɤɭɦɭɥɹɬɨɪɚ. 

ɇɟɞɨɫɬɚɬɤɢ: 
 ɇɟ ɞɨɥɠɧɵ ɯɪɚɧɢɬɶɫɹ ɜ ɪɚɡɪɹɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ; 
 Ȼɨɥɶɲɨɣ ɜɟɫ ɢ ɪɚɡɦɟɪ; 
 ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɬɟɦɩɟɪɚɬɭɪɚɦ; 
 ɗɧɟɪɝɨɟɦɤɨɫɬɶ ɧɢɡɤɚɹ (ɟɫɥɢ ɛɪɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɫ ɜɟɫɨɦ); 
 ɗɤɨɥɨɝɢɱɟɫɤɢ ɨɩɚɫɧɵ (ɢɡ-ɡɚ ɫɨɟɞɢɧɟɧɢɣ ɫɜɢɧɰɚ); 
 Ɉɝɪɚɧɢɱɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ ɪɚɡɪɹɞɚ. 
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ɉɪɟɢɦɭɳɟɫɬɜɚ: 
 Ɉɱɟɧɶ ɧɢɡɤɢɣ ɫɚɦɨɪɚɡɪɹɞ, ɜ ɷɬɨɦ ɫɦɵɫɥɟ ɫɜɢɧɰɨɜɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ 
ɨɬɧɨɫɹɬɫɹ ɤ ɥɢɞɟɪɚɦ; 
 Ɍɪɟɛɭɸɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ; 
 Ɇɨɝɭɬ ɩɪɨɢɡɜɨɞɢɬɶ ɛɨɥɶɲɭɸ ɬɨɤɨɨɬɞɚɱɭ ɜ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ; 
 ɉɪɨɫɬɵ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɞɟɲɟɜɵɟ. 

 
9.2 Ʌɢɬɢɣ-ɢɨɧɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ (Li-ion) 
 
ɍɫɬɪɨɣɫɬɜɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 9.3. 
 

 
Ɋɢɫɭɧɨɤ 9.3 – ɍɫɬɪɨɣɫɬɜɨ ɥɢɬɢɣ-ɢɨɧɧɨɝɨ ɚɤɤɭɦɭɥɹɬɨɪɚ 

 
ɗɬɨ ɬɢɩ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɚɤɤɭɦɭɥɹɬɨɪɚ, ɤɨɬɨɪɵɣ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧёɧ ɜ 

ɫɨɜɪɟɦɟɧɧɨɣ ɛɵɬɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɯɧɢɤɟ ɢ ɧɚɯɨɞɢɬ ɫɜɨё ɩɪɢɦɟɧɟɧɢɟ ɜ 
ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɨɦɨɛɢɥɹɯ ɢ ɧɚɤɨɩɢɬɟɥɹɯ ɷɧɟɪɝɢɢ ɜ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ. ɗɬɨ ɫɚɦɵɣ ɩɨɩɭɥɹɪɧɵɣ ɬɢɩ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɜ ɬɚɤɢɯ 
ɭɫɬɪɨɣɫɬɜɚɯ ɤɚɤ ɫɨɬɨɜɵɟ ɬɟɥɟɮɨɧɵ, ɧɨɭɬɛɭɤɢ, ɰɢɮɪɨɜɵɟ 
ɮɨɬɨɚɩɩɚɪɚɬɵ, ɜɢɞɟɨɤɚɦɟɪɵ ɢ ɷɥɟɤɬɪɨɦɨɛɢɥɢ. Li -ion ɨɬɧɨɫɹɬɫɹ ɤ ɫɚɦɵɦ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ. 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ: 
Ɏɢɡɢɱɟɫɤɢɣ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɥɢɬɢɣ-ɢɨɧɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɨɫɧɨɜɚɧ ɧɚ 

ɫɩɨɫɨɛɧɨɫɬɢ ɢɨɧɨɜ ɥɢɬɢɹ ɜɫɬɪɚɢɜɚɬɶɫɹ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ ɞɪɭɝɨɝɨ 
ɦɚɬɟɪɢɚɥɚ, ɬɟɦ ɫɚɦɵɦ ɧɚɤɚɩɥɢɜɚɹ ɡɚɪɹɞ ɧɚ ɨɞɧɨɦ ɷɥɟɤɬɪɨɞɟ, ɩɪɢ ɪɚɡɪɹɞɤɟ ɨɧɢ 
ɩɟɪɟɯɨɞɹɬ ɨɛɪɚɬɧɨ ɤ ɞɪɭɝɨɦɭ ɷɥɟɤɬɪɨɞɭ, ɨɬɞɚɜɚɹ ɷɥɟɤɬɪɨɧ. ɇɚ ɪɢɫɭɧɤɟ 9.4 
ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ. 

https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B0%D0%BA%D0%BA%D1%83%D0%BC%D1%83%D0%BB%D1%8F%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%91%D1%8B%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%BE%D0%B1%D0%B8%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D1%82%D0%B5%D0%BB%D0%B5%D1%84%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D1%83%D1%82%D0%B1%D1%83%D0%BA
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%BE%D0%B9_%D1%84%D0%BE%D1%82%D0%BE%D0%B0%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%BE%D0%B9_%D1%84%D0%BE%D1%82%D0%BE%D0%B0%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4%D0%B5%D0%BE%D0%BA%D0%B0%D0%BC%D0%B5%D1%80%D0%B0
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Ɋɢɫɭɧɨɤ 9.4 – ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɥɢɬɢɣ-ɢɨɧɧɨɝɨ ɚɤɤɭɦɭɥɹɬɨɪɚ 

 
ɇɚ ɫɯɟɦɟ ɦɨɠɧɨ ɩɨɫɦɨɬɪɟɬɶ ɭɫɬɪɨɣɫɬɜɨ ɥɢɬɢɣ-ɢɨɧɧɨɝɨ ɚɤɤɭɦɭɥɹɬɨɪɚ. ɍ 

ɧɟɝɨ ɟɫɬɶ ɞɜɚ ɬɢɩɚ ɷɥɟɤɬɪɨɞɨɜ: ɤɚɬɨɞɵ ɧɚ ɚɥɸɦɢɧɢɟɜɨɣ ɮɨɥɶɝɟ ɢ ɚɧɨɞɵ ɧɚ 
ɦɟɞɧɨɣ, ɤɨɬɨɪɵɟ ɪɚɡɞɟɥɟɧɵ ɩɨɪɢɫɬɵɦ ɫɟɩɚɪɚɬɨɪɨɦ, ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, 
ɩɪɨɩɢɬɚɧ ɷɥɟɤɬɪɨɥɢɬɨɦ. 

Ɂɚɪɹɞ ɩɟɪɟɧɨɫɢɬ ɢɨɧ ɥɢɬɢɹ, ɤɨɬɨɪɵɟ ɦɨɠɟɬ ɜɧɟɞɪɹɬɶɫɹ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ 
ɪɟɲɟɬɤɢ ɢɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɪɚɡɨɜɵɜɚɹ ɯɢɦɢɱɟɫɤɢɟ ɫɜɹɡɢ. 

ȿɫɥɢ ɝɨɜɨɪɢɬɶ ɩɪɨɫɬɵɦ ɹɡɵɤɨɦ, ɬɨ ɩɪɢ ɩɨɞɚɱɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɷɥɟɤɬɪɨɞɵ, 
ɢɨɧɵ ɥɢɬɢɹ ɩɟɪɟɯɨɞɹɬ ɢɡ ɥɢɬɢɟɜɨɝɨ ɤɚɬɨɞɚ ɜ ɭɝɨɥɶɧɵɣ, ɱɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɟɣ, ɚ ɩɪɢ ɩɨɞɚɱɟ ɧɚɝɪɭɡɤɢ (ɬɨ ɟɫɬɶ, ɩɪɢ ɡɚɪɹɞɤɟ), ɩɪɨɢɫɯɨɞɢɬ 
ɨɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ. 

Ʉ ɫɨɠɚɥɟɧɢɸ, ɩɪɢ ɡɚɪɹɞɤɟ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɷɥɟɤɬɪɨɞ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɟ 
ɞɨ ɤɨɧɰɚ, ɤɪɨɦɟ ɬɨɝɨ, ɩɪɨɞɭɤɬɵ ɨɤɢɫɥɟɧɢɹ ɩɨɫɬɟɩɟɧɧɨ ɫɤɚɩɥɢɜɚɸɬɫɹ, ɩɨɷɬɨɦɭ 
Li -ion ȺɄȻ ɩɨɫɬɟɩɟɧɧɨ ɬɟɪɹɟɬ ɫɜɨɸ ɟɦɤɨɫɬɶ ɢ ɫɞɟɥɚɬɶ ɫ ɷɬɢɦ ɧɢɱɟɝɨ ɧɟɥɶɡɹ. 

ɑɚɫɬɨ ɜɡɪɵɜɚɥɢɫɶ ɥɢɬɢɣ-ɢɨɧɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ ɩɟɪɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɝɞɟ 
ɚɧɨɞ ɛɵɥ ɢɡ ɥɢɬɢɹ. ɉɨɫɥɟ ɰɢɤɥɨɜ ɡɚɪɹɞɤɢ ɢ ɪɚɡɪɹɞɤɢ ɧɚ ɧɟɦ ɨɛɪɚɡɨɜɵɜɚɥɢɫɶ 
ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɢɥɢ ɤ ɡɚɦɵɤɚɧɢɸ, ɤɨɬɨɪɨɟ ɢ ɜɵɡɵɜɚɥɨ ɜɨɡɝɨɪɚɧɢɟ 
ɢɥɢ ɜɡɪɵɜ. Ɇɚɬɟɪɢɚɥ ɚɧɨɞɚ ɡɚɦɟɧɢɥɢ ɧɚ ɝɪɚɮɢɬ ɢ ɨɬ ɷɬɨɝɨ ɧɟɞɨɫɬɚɬɤɚ 
ɢɡɛɚɜɢɥɢɫɶ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ: 
 Ɉɱɟɧɶ ɜɵɫɨɤɚɹ ɷɧɟɪɝɨɩɥɨɬɧɨɫɬɶ (ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɦȺɱ(ɟɦɤɨɫɬɶ) 
ɢ ɨɛɴɟɦɚ); 
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 ȼɵɫɨɤɢɣ ɬɨɤ ɩɪɢ ɪɚɛɨɬɟ; 
 ɇɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ; 
 ɋɚɦɨɪɚɡɪɹɞ ɨɱɟɧɶ ɧɢɡɤɢɣ; 
 Ƚɨɬɨɜɧɨɫɬɶ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ; 
 ȼɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɜɚɬɶ ɚɤɤɭɦɭɥɹɬɨɪɵ ɥɸɛɵɯ ɪɚɡɦɟɪɨɜ ɢ ɮɨɪɦ; 
 Ⱦɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɨɱɟɧɶ ɲɢɪɨɤɢɣ. 

ɇɟɞɨɫɬɚɬɤɢ: 
 Ⱦɨɪɨɝɢɟ (ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɢɯ ȺɄȻ); 
 ɉɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɪɚɛɨɬɚ ɭɯɭɞɲɚɟɬɫɹ, ɩɪɢ ɧɢɡɤɢɯ ɫɧɢɠɚɟɬɫɹ 
ɟɦɤɨɫɬɶ, ɯɨɬɹ ɞɢɚɩɚɡɨɧ ɜɫɟ ɠɟ ɲɢɪɨɤ; 
 ɋɪɨɤ ɫɥɭɠɛɵ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ; 
 Ɉɩɚɫɧɨɫɬɶ ɜɡɪɵɜɚ ɢɥɢ ɜɨɡɝɨɪɚɧɢɹ; 
 ɇɟ ɫɚɦɨɟ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ ɡɚɪɹɞɤɢ ɢ ɪɚɡɪɹɞɤɢ; 
 ɇɟɞɨɩɭɫɬɢɦɵ ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɜɪɟɠɞɟɧɢɹ; 
 Ɍɪɟɛɭɸɬ ɫɬɪɨɝɨɝɨ ɫɨɛɥɸɞɟɧɢɹ ɩɪɚɜɢɥ ɡɚɪɹɞɤɢ ɢ ɢɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɝɭɬ ɡɚɜɢɫɟɬɶ ɨɬ ɬɢɩɚ ɚɤɤɭɦɭɥɹɬɨɪɚ, ɯɢɦɢɱɟɫɤɨɝɨ 

ɫɨɫɬɚɜɚ ɟɝɨ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɪɟɞɟɥɚɯ. 
 ɗɧɟɪɝɨɟɦɤɨɫɬɶ: ɨɬ 110 ɞɨ 280 ȼɬɱ/ɤɝ; 
 Ʉɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ ɡɚɪɹɞɚ ɢ ɪɚɡɪɹɞɚ ɩɪɢ ɟɦɤɨɫɬɢ 80%: 600-700; 
 Ɂɧɚɱɟɧɢɟ ɜɧɭɬɪɟɧɧɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ: ɨɬ 4 ɞɨ 15 ɦɈɦ/Ⱥɱ; 
 ɇɚɩɪɹɠɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ: ɨɬ 2,5 ȼ ɞɨ 4,2 ȼ; 
 ɋɚɦɨɪɚɡɪɹɞ: ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɬɟɩɟɧɢ ɡɚɪɹɞɚ. ɉɪɢ 100% ɡɚɪɹɞɟ ɢ 
ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ – ɨɤɨɥɨ 1,5% ɜ ɦɟɫɹɰ; 
 ɋɤɨɪɨɫɬɶ ɛɵɫɬɪɨɣ ɡɚɪɹɞɤɢ: ɨɤɨɥɨ 60 ɦɢɧɭɬ. 

ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɟɝɨɞɧɹ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɧɵɟ ɫɨɟɞɢɧɟɧɢɹ: 
ɥɢɬɢɣ-ɮɟɪɪɨɮɨɫɮɚɬ (LiFePO4, LFP), ɥɢɬɢɣ-ɦɚɪɝɚɧɰɟɜɵɣ, ɤɨɛɚɥɶɬ ɥɢɬɢɹ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɫɯɟɦ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 9.1. 

 
Ɍɚɛɥɢɰɚ 9.1 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɫɯɟɦ ɚɤɤɭɦɭɥɹɬɨɪɨɜ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Pb H2SO4 Ʌɢɬɢɣ-ɢɨɧɧɵɟ 
ɉɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ, ȼɬ·ɱ/ɤɝ 10÷35 90÷120 
ɍɞɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ȼɬ/ɤɝ 180 1000÷1800 

Ʉɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ 200÷400 2000÷5000 
ɋɚɦɨɪɚɡɪɹɞ, % ɜ ɦɟɫɹɰ 15÷35 2÷3 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɩɨɫɬɨɹɧɧɵɣ 
ɬɨɤ 

0.2ɋ ɞɨ 4ɋ 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ, 
°ɋ 

–20 ÷ +45 –60 ÷ +70 

ɐɟɧɚ, $/ɤȼɬ·ɱ 270 600÷1200 
Ɉɫɨɛɟɧɧɨɫɬɢ ɇɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ 
ɋɚɦɵɟ 

ɫɨɜɪɟɦɟɧɧɵɟ 
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ȼ ɬɚɛɥɢɰɟ 9.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɬɨɞɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ Li-ion ɚɤɤɭɦɭɥɹɬɨɪɨɜ. 

 
Ɍɚɛɥɢɰɚ 9.2 - ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɬɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ Li -ion 

ɉɚɪɚɦɟɬɪ/ɬɢɩ LiCoO2 LiMn2O4 LiFePO4 
ɇɚɩɪɹɠɟɧɢɟ 
ɷɥɟɦɟɧɬɚ, ȼ 

3.6 3.7 3.2 

Ɉɩɬɢɦɚɥɶɧɚɹ 
ɝɥɭɛɢɧɚ ɪɚɡɪɹɞɚ, % 

85–90 85–90 85–90 

Ⱦɨɩɭɫɬɢɦɚɹ ɝɥɭɛɢɧɚ 
ɪɚɡɪɹɞɚ, % 

100 100 100 

ɐɢɤɥɢɱɟɫɤɢɣ ɪɟɫɭɪɫ, 
80% 

700–1000 1000–2000 1000–2000 

Ɉɩɬɢɦɚɥɶɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ, °ɋ 

+20…+30 +20…+30 +20…+30 

Ⱦɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ 
ɬɟɦɩɟɪɚɬɭɪ, °ɋ 

–10… +60 –10…+45 –10..+60 

ɋɪɨɤ ɫɥɭɠɛɵ ɥɟɬ, 
ɩɪɢ +20°ɋ 

5–7 10 20–25 

ɋɚɦɨɪɚɡɪɹɞ ɜ ɦɟɫ., % 1–2 1–2 1–2 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ 

ɪɚɡɪɹɞɚ, ɦȺ/ɫɦ2 
(0.7–1)ɋ (0.7–1)ɋ 1ɋ 

Ɇɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ 
ɡɚɪɹɞɚ, ɱ 

2–3 2–2.5 2–3 

Ɍɪɟɛɨɜɚɧɢɹ ɤ 
ɨɛɫɥɭɠɢɜɚɧɢɸ 

ɧɟɬ ɧɟɬ ɧɟɬ 

ɍɪɨɜɟɧɶ ɫɬɨɢɦɨɫɬɢ ɜɵɫɨɤɢɣ ɫɪɟɞɧɢɣ ɧɢɡɤɢɣ 
 

Ɍɟɩɟɪɶ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɩɪɨ LiFePO4 ɚɤɤɭɦɭɥɹɬɨɪɵ. 
Ɉɧɢ ɛɟɡɨɩɚɫɧɵ, ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɨɣ ɷɥɟɤɬɪɨɟɦɤɨɫɬɶɸ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 

ɜɵɞɟɥɹɸɬ ɬɨɤɫɢɧɵ, ɞɨɥɝɨɜɟɱɧɵ. 
Ⱦɚɧɧɵɣ ɬɢɩ ɚɤɤɭɦɭɥɹɬɨɪɚ ɚɤɬɢɜɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɤɚɤ ɛɭɮɟɪɧɵɣ 

ɧɚɤɨɩɢɬɟɥɶ ɷɧɟɪɝɢɢ ɜ ɫɢɫɬɟɦɚɯ ɚɜɬɨɧɨɦɧɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɨɜ ɢ ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ, ɚ ɬɚɤɠɟ ɜ ɫɤɥɚɞɫɤɨɣ 
ɬɟɯɧɢɤɟ (ɬɪɚɧɫɩɨɪɬɢɪɨɜɳɢɤɢ ɩɚɥɥɟɬ, ɤɨɦɩɥɟɤɬɨɜɳɢɤɢ, ɛɭɤɫɢɪɨɜɨɱɧɵɟ ɬɹɝɚɱɢ), 
ɜɨɞɧɨɦ ɬɪɚɧɫɩɨɪɬɟ ɢ ɷɥɟɤɬɪɨɦɨɛɢɥɹɯ. 

ɂɯ ɨɫɧɨɜɚ – ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ Li-ion ɫ ɢɡɦɟɧɟɧɧɵɦ 
ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ: ɞɥɹ ɚɧɨɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɥɢɬɢɹ ɮɟɪɪɨɮɨɫɮɚɬ ɜɦɟɫɬɨ 
ɤɨɛɚɥɶɬɚɬɚ ɥɢɬɢɹ. 

LFP ɛɚɬɚɪɟɢ ɫɨɫɬɨɹɬ ɢɡ ɷɥɟɤɬɪɨɞɨɜ, ɩɥɨɬɧɨ ɩɪɢɠɚɬɵɯ ɤ ɩɨɪɢɫɬɨɦɭ 
ɫɟɩɚɪɚɬɨɪɭ ɫ ɨɛɟɢɯ ɫɬɨɪɨɧ. Ⱦɥɹ ɩɢɬɚɧɢɹ ɭɫɬɪɨɣɫɬɜ ɢ ɤɚɬɨɞ, ɢ ɚɧɨɞ 
ɩɨɞɤɥɸɱɚɸɬɫɹ ɤ ɬɨɤɨɫɴɟɦɧɢɤɚɦ. ȼɫɟ ɤɨɦɩɨɧɟɧɬɵ ɩɨɦɟɳɟɧɵ ɜ ɩɥɚɫɬɢɤɨɜɵɣ 
ɤɨɪɩɭɫ, ɡɚɥɢɬɵ ɷɥɟɤɬɪɨɥɢɬɨɦ. ɇɚ ɤɨɪɩɭɫ ɩɨɦɟɳɚɟɬɫɹ ɤɨɧɬɪɨɥɟɪ, ɤɨɬɨɪɵɣ 
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ɪɟɝɭɥɢɪɭɟɬ ɩɨɞɚɱɭ ɬɨɤɚ ɜɨ ɜɪɟɦɹ ɡɚɪɹɞɤɢ. ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ LiFePo4 
ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɨɫɧɨɜɚɧ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɥɢɬɢɣ ɮɟɪɪɨɮɨɫɮɚɬɚ ɢ ɭɝɥɟɪɨɞɚ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
ȼɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɜɫɟ LFP ɹɱɟɣɤɢ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɟ 

ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ:  
-ɩɢɤɨɜɨɟ ɧɚɩɪɹɠɟɧɢɟ – 3,65 V;  
-ɧɚɩɪɹɠɟɧɢɟ ɜ ɫɪɟɞɧɟɣ ɬɨɱɤɟ – 3,3 V;  
-ɧɚɩɪɹɠɟɧɢɟ ɜ ɩɨɥɧɨɫɬɶɸ ɪɚɡɪɹɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ – 2,0 V;  
-ɧɨɦɢɧɚɥɶɧɨɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ – 3,0-3,3 V;  
-ɦɢɧɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨɞ ɧɚɝɪɭɡɤɨɣ – 2,8 V;  
-ɞɨɥɝɨɜɟɱɧɨɫɬɶ – ɨɬ 2-ɯ ɞɨ 7 ɬɵɫ. ɰɢɤɥɨɜ ɡɚɪɹɞɚ/ɪɚɡɪɹɞɚ;  
-ɫɚɦɨɡɚɪɹɞ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 15-18 ɋɨ – ɞɨ 5% ɜ ɝɨɞ. 
Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ: 
-Ⱦɨɥɝɨɜɟɱɧɨɫɬɶ – ɞɨ 7 000 ɰɢɤɥɨɜ; 
-ȼɵɫɨɤɢɣ ɬɨɤ ɡɚɪɹɞɚ, ɱɬɨ ɫɨɤɪɚɳɚɟɬ ɜɪɟɦɹ ɜɨɫɩɨɥɧɟɧɢɹ ɷɧɟɪɝɢɢ; 
-ɋɬɚɛɢɥɶɧɨɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɧɟ ɩɚɞɚɟɬ ɞɨ ɩɨɥɧɨɝɨ 

ɢɫɱɟɪɩɚɧɢɹ ɡɚɪɹɞɚ; 
-ȼɵɫɨɤɨɟ ɩɢɤɨɜɨɟ ɧɚɩɪɹɠɟɧɢɟ – 3,65 ȼɨɥɶɬɚ; 
-ȼɵɫɨɤɚɹ ɧɨɦɢɧɚɥɶɧɚɹ ɟɦɤɨɫɬɶ; 
-ɇɟɛɨɥɶɲɨɣ ɜɟɫ – ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɤɢɥɨɝɪɚɦɦɨɜ; 
-ɇɢɡɤɢɣ ɭɪɨɜɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɩɪɢ ɭɬɢɥɢɡɚɰɢɢ; 
-Ɇɨɪɨɡɨɫɬɨɣɤɨɫɬɶ – ɪɚɛɨɬɚ ɜɨɡɦɨɠɧɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬ -30 ɞɨ +60 ɋɨ. 
Ɉɫɧɨɜɧɵɟ ɧɟɞɨɫɬɚɬɤɢ: 
-ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ. 
ɉɪɢɦɟɧɟɧɢɟ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɧɚ ɨɫɧɨɜɟ ɥɢɬɢɣ-ɠɟɥɟɡɨ-

ɮɨɫɮɚɬɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɩɨɡɜɨɥɹɟɬ: 
1. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɢɡɛɟɠɚɬɶ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɨɪɨɝɨɫɬɨɹɳɭɸ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ, ɧɟɨɛɯɨɞɢɦɭɸ 
ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɜɢɧɰɨɜɨ-ɤɢɫɥɨɬɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɫɬɨɢɦɨɫɬɶ ɜɥɚɞɟɧɢɹ ɛɚɬɚɪɟɟɣ. 
2. ɇɚ ɩɨɞɫɬɚɧɰɢɹɯ, ɩɨɬɪɟɛɥɹɸɳɢɯ ɡɧɚɱɢɬɟɥɶɧɵɟ ɢɦɩɭɥɶɫɧɵɟ ɬɨɤɢ, – 
ɡɚɦɟɬɧɨ ɫɧɢɡɢɬɶ ɬɪɟɛɭɟɦɵɣ ɧɨɦɢɧɚɥ ɛɚɬɚɪɟɢ, ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɞɜɭɯɭɪɨɜɧɟɜɨɣ 
ɫɬɪɭɤɬɭɪɵ ɓɉɌ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ Ɂȼɍ ɢ, ɬɟɦ ɫɚɦɵɦ, ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ 
ɤɨɧɟɱɧɭɸ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɋɈɉɌ. 
3. ɇɚ ɤɪɭɩɧɵɯ ɷɧɟɪɝɨɨɛɴɟɤɬɚɯ (Ƚɗɋ, Ⱥɗɋ) – ɢɡɛɟɠɚɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɦɟɬɶ 
ɪɚɡɜɟɬɜɥɟɧɧɵɟ ɤɚɛɟɥɶɧɵɟ ɬɪɚɫɫɵ ɋɈɉɌ ɢ, ɬɟɦ ɫɚɦɵɦ, ɫɧɢɡɢɬɶ ёɦɤɨɫɬɶ 
ɩɨɥɸɫɨɜ ɋɈɉɌ ɧɚ «ɡɟɦɥɸ», ɱɬɨ ɜɚɠɧɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɨɪɪɟɤɬɧɨɣ ɪɚɛɨɬɵ 
ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɢɡɨɥɹɰɢɢ. 
4. ɇɚ ɩɨɞɫɬɚɧɰɢɹɯ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɫɢɫɬɟɦɵ ɊɁȺ, – 
ɝɚɥɶɜɚɧɢɱɟɫɤɢ ɪɚɡɜɹɡɚɬɶ ɧɚɝɪɭɡɤɢ ɧɚ ɪɚɡɥɢɱɧɵɟ ɡɨɧɵ ɢ ɫɧɢɡɢɬɶ ёɦɤɨɫɬɶ 
ɩɨɥɸɫɨɜ ɫɟɬɢ ɧɚ ɡɟɦɥɸ ɜ ɤɚɠɞɨɣ ɡɨɧɟ, ɱɬɨ ɜɚɠɧɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɢɧɢɦɢɡɚɰɢɢ 
ɪɢɫɤɨɜ ɥɨɠɧɨɝɨ ɫɪɚɛɚɬɵɜɚɧɢɹ ɊɁȺ. 

ȼ ɰɟɥɨɦ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɥɢɬɢɣ-ɢɨɧɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ 
ɛɚɬɚɪɟɣ ɜ ɪɹɞɟ ɩɪɢɦɟɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ. ɗɤɨɧɨɦɢɹ 
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ɫɪɟɞɫɬɜ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɧɟɫɤɨɥɶɤɢɯ ɦɢɥɥɢɨɧɨɜ ɪɭɛɥɟɣ ɧɚ ɨɞɧɭ ɛɚɬɚɪɟɸ. 
ɉɪɨɝɧɨɡɢɪɭɟɦɵɣ ɫɪɨɤ ɫɥɭɠɛɵ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɧɚ ɨɫɧɨɜɟ ɥɢɬɢɣ-
ɠɟɥɟɡɨ-ɮɨɫɮɚɬɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ, ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ 
ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɫɭɪɫɧɵɯ ɢɫɩɵɬɚɧɢɣ ɢ ɩɟɪɜɵɯ ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɩɪɨɟɤɬɨɜ, 
ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 20 ɥɟɬ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɢɜɚɸɳɟɝɨ ɡɚɪɹɞɚ. ȼɦɟɫɬɟ ɫ ɬɟɦ, 
ɩɪɢɦɟɧɟɧɢɟ ɅɂȺȻ ɢɦɟɟɬ ɫɜɨɢ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɤɨɬɨɪɵɟ 
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ.  
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ɁȺɄɅɘЧȿɇɂȿ 
 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɩɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɢ 

ɩɚɪɚɦɟɬɪɵ ɋɭɥɚɤɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɧɚ ɪɟɤɟ ɋɭɥɚɤ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ 
ɫɨɨɪɭɠɟɧɢɟɦ III  ɤɥɚɫɫɚ.  

ȼ ɯɨɞɟ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɭɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ, ɪɚɜɧɚɹ 74 Ɇȼɬ ɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ 319,16 ɦɥɧ. ɤȼɬ·ɱ. 

Ȼɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɢ ɬɢɩ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ 
ɪɚɛɨɬɵ (ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɩɨ ɧɚɩɨɪɭ ɢ ɪɚɫɯɨɞɭ), ɧɚ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɧɚɩɨɪɵ:  
 ─ ɦɚɤɫɢɦɚɥɶɧɵɣ – 39,53 ɦ; 
 ─ ɪɚɫɱɟɬɧɵɣ – 33,32 ɦ; 
 ─ ɦɢɧɢɦɚɥɶɧɵɣ – 33,3 ɦ. 
 ɉɪɢ ɜɵɛɨɪɟ ɬɭɪɛɢɧ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɞɜɚ ɜɚɪɢɚɧɬɚ ɉɅ40ɚ-ȼ ɢ ɉɅ40ɛ-ȼ. 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɫ ɞɜɭɦɹ 
ɝɢɞɪɨɬɭɪɛɢɧɚɦɢ ɉ40ɚ-ȼ-450. 

ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɞɥɹ ɜɵɛɪɚɧɧɨɣ ɬɭɪɛɢɧɵ ɫ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɨɣ 
ɜɪɚɳɟɧɢɹ 166,7 ɨɛ/ɦɢɧ ɛɵɥ ɩɨɞɨɛɪɚɧ ɫɟɪɢɣɧɵɣ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-733/130-36 
ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ 40 Ɇȼɬ.  

Ȼɵɥɚ ɜɵɛɪɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ƚɗɋ ɫ ɟɞɢɧɢɱɧɵɦɢ ɛɥɨɤɚɦɢ ɢ ɩɪɢɧɹɬɚ 
ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɄɊɍɗ 110 ɤȼ. ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɢ 
ɤɚɬɚɥɨɝɚɦ ɛɵɥɨ ɜɵɛɪɚɧɨ ɫɥɟɞɭɸɳɟɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ: ɌɊȾɇ-40000/110-ɍ1, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: ɌɋɁ-1000/10,5/0,4/Ⱦ/ɍɧ-11, ɞɥɹ ȼɅɗɉ – ɫɬɚɥɟɚɥɸɦɢɧɟɜɵɟ 
ɩɪɨɜɨɞɚ ɦɚɪɤɢ Ⱥɋ-240/32. 

ɉɨɫɥɟ ɜɵɛɨɪɚ ɨɫɧɨɜɧɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ 
ɨɛɹɡɚɬɟɥɶɧɵɣ ɩɟɪɟɱɟɧɶ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ. Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ ɛɵɥɚ ɩɪɢɧɹɬɚ ɪɭɫɥɨɜɚɹ. 
ȼɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ ɩɪɢɧɹɬɚ ɛɟɬɨɧɧɨɣ. ȼ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ ɜɯɨɞɹɬ:  

– ɫɬɚɧɰɢɨɧɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ; 
– ɜɨɞɨɫɥɢɜɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɜɨɞɨɫɥɢɜɨɦ;  
Ɋɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɵ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɢ ɯɚɪɚɤɬɟɪɧɵɟ 

ɨɬɦɟɬɤɢ ɩɥɨɬɢɧɵ:  
– ɱɢɫɥɨ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ – 2 ɲɬ; 
– ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ ɜ ɫɜɟɬɭ – 5,5 ɦ; 
– ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ – 404 ɦ;  
– ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ – 40 ɦ. 

ɉɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɩɪɢ ɨɫɧɨɜɧɵɯ 
ɧɚɝɪɭɡɤɚɯ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ 
ɫɨɫɬɚɜɥɹɟɬ 1,165 ɞɥɹ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ (ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 
ɫɨɨɪɭɠɟɧɢɣ III ɤɥɚɫɫɚ – 1,15). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɥɨɬɢɧɚ Ʉɨɪɟɰɤɨɝɨ ɝɢɞɪɨɭɡɥɚ 
ɨɬɜɟɱɚɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɞɟɠɧɨɫɬɢ. ɉɪɢ ɪɚɫɱɟɬɟ ɩɥɨɬɢɧɵ ɧɚ ɩɪɨɱɧɨɫɬɶ 
ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ, ɪɚɫɬɹɝɢɜɚɸɳɢɟ 
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ɧɚɩɪɹɠɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ. ɉɥɨɬɢɧɚ ɨɬɜɟɱɚɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ, 
ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɦɢ ɋɉ.  

 ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɪɚɫɫɦɨɬɪɟɧɵ 
ɦɟɪɨɩɪɢɹɬɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ. Ɍɚɤɠɟ ɩɟɪɟɱɢɫɥɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ 
ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ ɜɨɡɜɟɞɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɭɡɥɚ.  

ɉɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
– ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ – 149 ɦɟɫɹɰɟɜ; 
– ɫɟɛɟɫɬɨɢɦɨɫɬɶ – 0,89 ɪɭɛ./ɤȼɬ·ɱ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɋɭɥɚɤɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

ɂɫɯɨɞɧɵɣ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ 
 

Ɍɚɛɥɢɰɚ Ⱥ.1 – ɂɫɯɨɞɧɵɣ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ 

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

1 1947 99 144 149 179 218 204 181 132 103 93 97 120 143 
2 1948 52 59 186 183 260 392 308 220 130 128 52 105 173 
3 1949 80 106 139 155 226 315 283 244 157 100 83 118 167 
4 1950 96 109 146 165 311 347 272 210 134 145 80 117 178 
5 1951 73 104 134 140 197 337 250 178 96 38 37 99 140 
6 1952 47 61 78 128 176 310 227 184 98 38 51 110 126 
7 1953 100 108 138 148 191 309 256 201 124 124 115 118 161 
8 1954 130 134 145 158 218 315 277 211 130 77 60 113 164 
9 1955 91 108 158 194 234 349 255 201 120 80 100 114 167 
10 1956 76 106 170 183 212 325 248 188 108 94 82 104 158 
11 1957 85 107 137 148 254 349 264 218 127 122 93 108 168 
12 1958 100 115 142 146 189 323 267 201 132 81 56 110 155 
13 1959 97 110 147 156 183 256 246 239 134 124 106 117 160 
14 1960 92 121 144 151 206 275 277 228 118 92 41 105 154 
15 1961 97 109 160 196 261 292 286 219 132 102 73 115 170 
16 1962 83 106 136 145 405 426 239 203 112 67 56 109 174 
17 1963 62 102 131 157 361 352 306 214 133 78 63 93 171 
18 1964 109 120 140 176 228 338 276 205 140 129 134 113 176 
19 1965 100 110 143 156 230 347 270 228 218 138 160 119 185 
20 1966 101 142 137 165 219 305 261 204 117 138 103 123 168 
21 1967 124 139 171 270 514 470 379 300 215 181 165 142 256 
22 1968 93 105 132 173 267 321 297 230 146 138 154 114 181 
23 1969 108 109 135 180 238 276 246 189 113 76 134 118 160 
24 1970 35 62 85 259 323 337 266 211 115 112 100 110 168 
25 1971 80 106 141 151 196 267 250 213 142 146 176 111 165 
26 1972 26 61 89 106 374 263 270 195 118 106 72 107 149 
27 1973 98 108 143 181 435 489 281 223 121 94 130 125 202 
28 1974 85 104 163 193 427 433 290 224 140 120 199 103 207 
29 1975 100 109 140 151 421 389 269 210 131 109 55 187 189 
30 1976 102 109 175 184 370 451 322 237 139 107 94 117 201 
31 1977 100 109 136 163 369 395 259 188 108 72 112 124 178 
32 1978 125 111 142 286 468 454 401 307 229 208 155 117 250 
33 1979 121 134 147 259 385 407 304 241 161 155 134 132 215 
34 1980 56 95 151 269 431 369 296 220 135 145 180 122 206 
35 1981 135 108 160 236 364 361 279 211 128 87 68 111 187 
36 1982 115 112 165 159 288 339 296 217 143 117 117 117 182 
37 1983 105 109 128 145 284 370 312 230 139 118 96 115 179 
38 1984 96 108 138 215 401 412 287 214 129 101 85 104 191 
39 1985 84 87 158 178 296 307 239 177 101 73 32 114 154 
40 1986 96 110 144 244 393 332 298 227 136 133 107 113 194 
41 1987 97 108 138 201 254 258 221 211 111 75 101 108 157 
42 1988 65 67 80 151 178 215 200 160 101 75 45 92 119 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 

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

Qɫɪ. 
ɝɨɞ 

43 1989 98 110 140 204 235 378 248 212 128 114 85 118 172 
44 1990 96 101 106 229 309 347 278 215 121 124 69 113 176 
45 1991 90 125 139 149 190 237 269 220 135 104 47 105 151 
46 1992 95 106 130 124 373 399 249 186 104 58 70 119 168 
47 1993 94 110 143 158 342 349 250 261 146 89 100 104 179 
48 1994 127 130 150 196 431 447 318 220 156 168 92 140 215 
49 1995 122 113 145 231 293 328 295 267 167 145 174 119 200 
50 1996 99 128 174 196 224 310 303 243 148 118 111 114 181 

ɋɪɟɞɧɟɦɟɫɹɱ. 93 105 132 173 267 321 297 230 146 138 154 114 176 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɞɧɨɣ ɷɧɟɪɝɢɢ 
 
Ɍɚɛɥɢɰɚ Ȼ.1 – ɋɪɟɞɧɟɝɨɞɨɜɵɟ ɪɚɫɯɨɞɵ 

ɇɨɦɟɪ Ƚɨɞɵ 
Q 

ɫɪ.ɝɨɞ. Ƚɨɞɵ Qɭɛɵɜ K=Q/Qɫɪ K-1 
ሺܭ− ͳሻଶ 

ሺܭ− ͳሻଷ P,% 
1 1947 143 1967 256 1,456 0,456 0,208 0,095 1 

2 1948 173 1978

 
250 1,422 0,422 0,178 0,075 3 

3 1949 167 1979 215 1,223 0,223 0,050 0,011 5 
4 1950 178 1994 215 1,223 0,223 0,050 0,011 7 
5 1951 140 1974 207 1,177 0,177 0,031 0,006 9 
6 1952 126 1980 206 1,172 0,172 0,030 0,005 11 
7 1953 161 1973 202 1,149 0,149 0,022 0,003 13 
8 1954 164 1976 201 1,143 0,143 0,021 0,003 15 
9 1955 167 1995 200 1,138 0,138 0,019 0,003 17 
10 1956 158 1986 194 1,104 0,104 0,011 0,001 19 
11 1957 168 1984 191 1,086 0,086 0,007 0,001 21 
12 1958 155 1975 189 1,075 0,075 0,006 0,000 23 
13 1959 160 1981 187 1,064 0,064 0,004 0,000 25 
14 1960 154 1965 185 1,052 0,052 0,003 0,000 27 
15 1961 170 1982 182 1,035 0,035 0,001 0,000 29 
16 1962 174 1968 181 1,030 0,030 0,001 0,000 31 
17 1963 171 1996 181 1,030 0,030 0,001 0,000 33 
18 1964 176 1993 179 1,018 0,018 0,000 0,000 35 
19 1965 185 1983 179 1,018 0,018 0,000 0,000 37 
20 1966 168 1977 178 1,013 0,013 0,000 0,000 39 
21 1967 256 1950 178 1,013 0,013 0,000 0,000 41 
22 1968 181 1964 176 1,001 0,001 0,000 0,000 43 
23 1969 160 1990 176 1,001 0,001 0,000 0,000 45 
24 1970 168 1962 174 0,990 -0,010 0,000 0,000 47 
25 1971 165 1948 173 0,984 -0,016 0,000 0,000 49 
26 1972 149 1989 172 0,978 -0,022 0,000 0,000 51 
27 1973 202 1963 171 0,973 -0,027 0,001 0,000 53 
28 1974 207 1961 170 0,967 -0,033 0,001 0,000 55 
29 1975 189 1957 168 0,956 -0,044 0,002 0,000 57 
30 1976 201 1966 168 0,956 -0,044 0,002 0,000 59 
31 1977 178 1970 168 0,956 -0,044 0,002 0,000 61 
32 1978 250 1992 168 0,956 -0,044 0,002 0,000 63 
33 1979 215 1955 167 0,950 -0,050 0,003 0,000 65 
34 1980 206 1949 167 0,950 -0,050 0,003 0,000 67 
35 1981 187 1971 165 0,939 -0,061 0,004 0,000 69 
36 1982 182 1954 164 0,933 -0,067 0,005 0,000 71 
37 1983 179 1951 161 0,916 -0,084 0,007 -0,001 73 
38 1984 191 1969 160 0,910 -0,090 0,008 -0,001 75 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ Ȼ.1 

ɇɨɦɟɪ Ƚɨɞɵ 
Q 

ɫɪ.ɝɨɞ. Ƚɨɞɵ Qɭɛɵɜ K=Q/Qɫɪ K-1 
ሺܭ− ͳሻଶ 

ሺܭ− ͳሻଷ P,% 
39 1985 154 1959 160 0,910 -0,090 Ͳ,ͲͲͺ −Ͳ,ͲͲͳ 77 
40 1986 194 1956 158 0,899 -0,101 Ͳ,ͲͳͲ −Ͳ,ͲͲͳ 79 
41 1987 157 1987 157 0,893 -0,107 Ͳ,Ͳͳͳ −Ͳ,ͲͲͳ 81 
42 1988 119 1958 155 0,882 -0,118 Ͳ,ͲͳͶ −Ͳ,ͲͲʹ 83 
43 1989 172 1960 154 0,876 -0,124 Ͳ,Ͳͳͷ −Ͳ,ͲͲʹ 85 
44 1990 176 1985 154 0,876 -0,124 Ͳ,Ͳͳͷ −Ͳ,ͲͲʹ 87 
45 1991 151 1991 151 0,859 -0,141 Ͳ,ͲʹͲ −Ͳ,ͲͲ͵ 89 
46 1992 168 1972 149 0,848 -0,152 Ͳ,Ͳʹ͵ −Ͳ,ͲͲͶ 91 
47 1993 179 1947 143 0,813 -0,187 Ͳ,Ͳ͵ͷ −Ͳ,ͲͲ͸ 93 
48 1994 215 1951 140 0,796 -0,204 Ͳ,ͲͶͳ −Ͳ,ͲͲͺ 95 
49 1995 200 1952 126 0,717 -0,283 Ͳ,ͲͺͲ −Ͳ,Ͳʹ͵ 97 
50 1996 181 1988 119 0,677 -0,323 Ͳ,ͳͲͶ −Ͳ,Ͳ͵Ͷ 99 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.2 – ɋɪɟɞɧɟɦɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɯɨɞɵ 

ɇɨɦɟɪ Ƚɨɞɵ QMAX  Ƚɨɞɵ Qɭɛɵɜ K=Q/Qɫɪ K-1 
ሺܭ− ͳሻଶ 

ሺܭ− ͳሻଷ P,% 
1 1947 204 1973 489 1,423 0,423 0,179 0,076 1 
2 1948 392 1967 470 1,368 0,368 0,136 0,050 3 
3 1949 315 1978 454 1,322 0,322 0,103 0,033 5 
4 1950 347 1976 451 1,313 0,313 0,098 0,031 7 
5 1951 337 1994 447 1,301 0,301 0,091 0,027 9 
6 1952 310 1974 433 1,260 0,260 0,068 0,018 11 
7 1953 309 1962 426 1,240 0,240 0,058 0,014 13 
8 1954 315 1984 412 1,199 0,199 0,040 0,008 15 
9 1955 349 1979 407 1,185 0,185 0,034 0,006 17 
10 1956 325 1992 399 1,162 0,162 0,026 0,004 19 
11 1957 349 1977 395 1,150 0,150 0,022 0,003 21 
12 1958 323 1948 392 1,141 0,141 0,020 0,003 23 
13 1959 256 1975 389 1,132 0,132 0,018 0,002 25 
14 1960 275 1989 378 1,100 0,100 0,010 0,001 27 
15 1961 292 1983 370 1,077 0,077 0,006 0,000 29 
16 1962 426 1980 369 1,074 0,074 0,006 0,000 31 
17 1963 352 1981 361 1,051 0,051 0,003 0,000 33 
18 1964 338 1963 352 1,025 0,025 0,001 0,000 35 
19 1965 347 1993 349 1,016 0,016 0,000 0,000 37 
20 1966 305 1955 349 1,016 0,016 0,000 0,000 39 
21 1967 470 1957 349 1,016 0,016 0,000 0,000 41 
22 1968 321 1990 347 1,010 0,010 0,000 0,000 43 
23 1969 276 1950 347 1,010 0,010 0,000 0,000 45 
24 1970 337 1965 347 1,010 0,010 0,000 0,000 47 
25 1971 267 1982 339 0,987 -0,013 0,000 0,000 49 
26 1972 263 1964 338 0,984 -0,016 0,000 0,000 51 
27 1973 489 1951 337 0,981 -0,019 0,000 0,000 53 
28 1974 433 1970 337 0,981 -0,019 0,000 0,000 55 
29 1975 389 1986 332 0,966 -0,034 0,001 0,000 57 
30 1976 451 1995 328 0,955 -0,045 0,002 0,000 59 
31 1977 395 1956 325 0,946 -0,054 0,003 0,000 61 
32 1978 454 1958 323 0,940 -0,060 0,004 0,000 63 
33 1979 407 1968 321 0,934 -0,066 0,004 0,000 65 
34 1980 369 1949 315 0,917 -0,083 0,007 -0,001 67 
35 1981 361 1954 315 0,917 -0,083 0,007 -0,001 69 
36 1982 339 1996 310 0,902 -0,098 0,010 -0,001 71 
37 1983 370 1952 310 0,902 -0,098 0,010 -0,001 73 
38 1984 412 1953 309 0,900 -0,100 0,010 -0,001 75 
39 1985 307 1985 307 0,894 -0,106 0,011 -0,001 77 
40 1986 332 1966 305 0,888 -0,112 0,013 -0,001 79 
41 1987 258 1961 292 0,850 -0,150 0,022 -0,003 81 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ Ȼ.2 

ɇɨɦɟɪ Ƚɨɞɵ QMAX  Ƚɨɞɵ Qɭɛɵɜ K=Q/Qɫɪ K-1 
ሺܭ− ͳሻଶ ሺܭ − ͳሻଷ P,% 

42 1988 215 1969 276 0,803 -0,197 0,039 -0,008 83 
43 1989 378 1960 275 0,801 -0,199 Ͳ,ͲͶͲ −Ͳ,ͲͲ  ͅ 85 
44 1990 347 1971 267 0,777 -0,223 Ͳ,ͲͷͲ −Ͳ,Ͳͳͳ 87 
45 1991 237 1972 263 0,766 -0,234 Ͳ,Ͳͷͷ −Ͳ,Ͳͳ  ͵ 89 
46 1992 399 1987 258 0,751 -0,249 Ͳ,Ͳ͸ʹ −Ͳ,Ͳͳͷ 91 
47 1993 349 1959 256 0,745 -0,255 Ͳ,Ͳ͸ͷ −Ͳ,Ͳͳ͹ 93 
48 1994 447 1991 237 0,690 -0,310 Ͳ,Ͳͻ͸ −Ͳ,Ͳ͵Ͳ 95 
49 1995 328 1988 215 0,626 -0,374 Ͳ,ͳͶͲ −Ͳ,Ͳͷ  ʹ 97 
50 1996 310 1947 204 0,594 -0,406 Ͳ,ͳ͸ͷ −Ͳ,Ͳ͸͹ 99 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.3 - ɋɪɟɞɧɟɦɢɧɢɦɚɥɶɧɵɟ ɪɚɫɯɨɞɵ 

ɇɨɦɟɪ Ƚɨɞɵ Qmin Ƚɨɞɵ Qɭɛɵɜ K=Q/Qɫɪ K-1 
ሺܭ− ͳሻଶ 

ሺܭ− ͳሻଷ P,% 
1 1947 99 1981 135 1,456 0,456 0,208 0,095 1 
2 1948 52 1954 130 1,402 0,402 0,161 0,065 3 
3 1949 80 1994 127 1,369 0,369 0,136 0,050 5 
4 1950 96 1978 125 1,348 0,348 0,121 0,042 7 
5 1951 73 1967 124 1,337 0,337 0,114 0,038 9 
6 1952 47 1995 122 1,316 0,316 0,100 0,031 11 
7 1953 100 1979 121 1,305 0,305 0,093 0,028 13 
8 1954 130 1982 115 1,240 0,240 0,058 0,014 15 
9 1955 91 1964 109 1,175 0,175 0,031 0,005 17 
10 1956 76 1969 108 1,165 0,165 0,027 0,004 19 
11 1957 85 1983 105 1,132 0,132 0,017 0,002 21 
12 1958 100 1976 102 1,100 0,100 0,010 0,001 23 
13 1959 97 1966 101 1,089 0,089 0,008 0,001 25 
14 1960 92 1965 100 1,078 0,078 0,006 0,000 27 
15 1961 97 1975 100 1,078 0,078 0,006 0,000 29 
16 1962 83 1977 100 1,078 0,078 0,006 0,000 31 
17 1963 62 1953 100 1,078 0,078 0,006 0,000 33 
18 1964 109 1958 100 1,078 0,078 0,006 0,000 35 
19 1965 100 1996 99 1,068 0,068 0,005 0,000 37 
20 1966 101 1947 99 1,068 0,068 0,005 0,000 39 
21 1967 124 1989 98 1,057 0,057 0,003 0,000 41 
22 1968 93 1973 98 1,057 0,057 0,003 0,000 43 
23 1969 108 1987 97 1,046 0,046 0,002 0,000 45 
24 1970 35 1961 97 1,046 0,046 0,002 0,000 47 
25 1971 80 1959 97 1,046 0,046 0,002 0,000 49 
26 1972 26 1950 96 1,035 0,035 0,001 0,000 51 
27 1973 98 1963 96 1,035 0,035 0,001 0,000 53 
28 1974 85 1961 96 1,035 0,035 0,001 0,000 55 
29 1975 100 1986 96 1,035 0,035 0,001 0,000 57 
30 1976 102 1992 95 1,024 0,024 0,001 0,000 59 
31 1977 100 1993 94 1,014 0,014 0,000 0,000 61 
32 1978 125 1968 93 1,003 0,003 0,000 0,000 63 
33 1979 121 1960 92 0,992 -0,008 0,000 0,000 65 
34 1980 56 1955 91 0,981 -0,019 0,000 0,000 67 
35 1981 135 1991 90 0,970 -0,030 0,001 0,000 69 
36 1982 115 1957 85 0,917 -0,083 0,007 -0,001 71 
37 1983 105 1974 85 0,917 -0,083 0,007 -0,001 73 
38 1984 96 1985 84 0,906 -0,094 0,009 -0,001 75 
39 1985 84 1962 83 0,895 -0,105 0,011 -0,001 77 
40 1986 96 1971 80 0,863 -0,137 0,019 -0,003 79 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ Ȼ.3 

ɇɨɦɟɪ Ƚɨɞɵ Qmin Ƚɨɞɵ Qɭɛɵɜ K=Q/Qɫɪ K-1 ሺܭ − ͳሻଶ 
ሺܭ− ͳሻଷ P,% 

41 1987 97 1949 80 0,863 -0,137 Ͳ,Ͳͳͻ −Ͳ,ͲͲ͵ 81 
42 1988 65 1956 76 0,819 -0,181 Ͳ,Ͳ͵͵ −Ͳ,ͲͲ͸ 83 
43 1989 98 1951 73 0,787 -0,213 Ͳ,ͲͶͷ −Ͳ,ͲͳͲ 85 
44 1990 96 1988 65 0,701 -0,299 Ͳ,Ͳͺͻ −Ͳ,Ͳʹ͹ 87 
45 1991 90 1963 62 0,669 -0,331 Ͳ,ͳͳͲ −Ͳ,Ͳ͵͸ 89 
46 1992 95 1980 56 0,604 -0,396 Ͳ,ͳͷ͹ −Ͳ,Ͳ͸ʹ 91 
47 1993 94 1948 52 0,561 -0,439 Ͳ,ͳͻ͵ −Ͳ,Ͳͺͷ 93 
48 1994 127 1952 47 0,507 -0,493 Ͳ,ʹͶ͵ −Ͳ,ͳʹͲ 95 
49 1995 122 1970 35 0,377 -0,623 Ͳ,͵ͺͺ −Ͳ,ʹͶͳ 97 
50 1996 99 1972 26 0,280 -0,720 Ͳ,ͷͳͺ −Ͳ,͵͹͵ 99 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

ɂɧɬɟɝɪɚɥɶɧɚɹ ɤɪɢɜɚɹ ɧɚɝɪɭɡɤɢ ɹɧɜɚɪɹ 
 

 
Ɋɢɫɭɧɨɤ ȼ.1 – ɂɄɇ ɹɧɜɚɪɹ 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 
 

Хɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɭɪɛɢɧɵ ɉɅ40ɚ-ȼ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫɭɧɨɤ Ƚ.1 – ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɉɅ40ɚ-ȼ 
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ɉɊɂɅɈɀȿɇɂȿ Ⱦ 
  

Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ 
 
Ɍɚɛɥɢɰɚ Ⱦ.1 − ɍɫɬɚɜɤɢ ɡɚɳɢɬ 

Ɂɚɳɢɬɵ ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢ
ɟ 

Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɧɨɫɢɬɟɥɶɧɵ

ɟ ɟɞɢɧɢɰɵ 

ɂɦɟɧɨɜɚɧɧ
ɵɟ 

ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ I∆G 

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,IɋɊ.Ɉ 

Ͳ,ͳͷ ∙ Iɇ 0,74 Ⱥ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,KɌ 

Ͳ,͵ - 

ɍɫɬɚɜɤɚ 
ɧɚɱɚɥɶɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ, IɇɌ 
Ͳ,ͷ ∙ Iɇ 2,48 Ⱥ 

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ ͳ,ͷ ∙ Iɇ 7,43 Ⱥ 

ɁɁȽ 
U଴ 

tଵ U଴ଵୋ - 5 ȼ tଶ U଴ଶୋ - 10 ȼ tଷ U଴ୋ - 15 ȼ U଴ଷ 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,KɌ 
1,2 - 

Ɂɉɇ U> 

2ɫɬɭɩɟɧɶ  UେɊଶ ͳ,Ͷ ∙ Uɇ 140 ȼ 

1 ɫɬɭɩɟɧɶ  UେɊଵ ͳ,ʹ ∙ Uɇ 120 ȼ 

Ɂɚɳɢɬɚ 
ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥ
ɶɧɨɫɬɢ ɨɬ 

ɧɟɫɢɦɦɟɬɪɢɱ
ɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 

Iଶ 

ɋɈ IଶɋɂȽɇ Ͳ,Ͳ͹ ∙ Iɇ 0,35 Ⱥ 

ɉɈ IଶɉɍɋɄ Ͳ,ͳͷ ∙ Iɇ 0,74 Ⱥ 

ɈɌɋ I Iଶɋ.Ɂ. Ͳ,ʹʹ ∙ Iɇ 1,09 Ⱥ 

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵ

ɯ ɤ.ɡ. ɢ 
ɩɟɪɟɝɪɭɡɨɤ 

Iଵ 

ɋɈ Iʠʗʒʜ ͳ,Ͳ͹ ∙ Iʜ 5,3 Ⱥ 
ɉɈ Iଵʞʢʠʙ ͳ,ͳ ∙ Iʜ 5,45 Ⱥ 

ɈɌɋ Iଵʝʡʠ ͳ,ʹʹͶ ∙ Iʜʝʛ 6,06 Ⱥ 
ɉɍɋɄ UେɊ Ͳ,͸͸ ∙ Uʜʝʛ 66 ȼ 

ȾɁ Z < 
1 ɫɬɭɩɟɧɶ Z୍ 0,129 1,2 ʝˏ 

2 ɫɬɭɩɟɧɶ Z୍୍ 0,35 3,2 Ɉɦ 

Ɂɚɳɢɬɚ 
ɪɨɬɨɪɚ ɨɬ 

ɩɟɪɟɝɪɭɡɤɢ 
I˓ 

ɋɈ I୔ ʠʗʒʜ. ͳ,Ͳ͹ ∙ Iʜʝʛ.ʟ 2,66 Ⱥ 
ɉɈ I୔ ʞʢʠʙ. ͳ,ͳ ∙ Iʜʝʛ.ʟ 2,74 Ⱥ 

Ɉɬɫɟɱɤɚ I୔ ʞʢʠʙ. ʹ,ͳͻ ∙ Iʜʝʛ.ʟ 5,45 Ⱥ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱦ 
 
Ɍɚɛɥɢɰɚ Ⱦ.2 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ 
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ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ I∆G + + + +   

ɁɁȽ 
U଴ 

tଵ      + tଶ       tଷ + + +    U଴ t + + +    

Ɂɉɇ U > 

1 ɫɬɭɩɟɧɶ tଵ + +     

2 ɫɬɭɩɟɧɶ tଶ + +     

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

Iଶ 

ɋɈ      + 

ɂɈ + +     

ɈɌɋ I 
tଵ     +  tଶ + +     

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 
Iଵ 

ɋɈ      + 
ɂɈ + +     

ɈɌɋ 
tଵ     +  tଶ + +     

ȾɁ Z < 

1 
ɫɬɭɩɟɧɶ 

tଵ     +  tଶ + + +    

2 
ɫɬɭɩɟɧɶ 

tଵ     +  tଶ + +     

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

I˓ 
ɋɈ      + 
ɂɈ + +     

Ɉɬɫɟɱɤɚ + +     
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ɉɊɂɅɈɀȿɇɂȿ ɀ 
 

Ⱥɧɚɥɢɡ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ 
 

 
Ɋɢɫɭɧɨɤ ɀ.1 – Ⱥɧɚɥɢɡ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ ɫ ɭɤɪɭɩɧёɧɧɵɦɢ ɷɬɚɩɚɦɢ ɩɪɨɟɤɬɚ 
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