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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
 

ɏɚɤɚɫɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢɚɥ ɎȽȺɈɍ ȼɈ  
«ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

 
 

Ʉɚɮɟɞɪɚ «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ» 
 
 
 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ  
______   Ƚ.ɇ. ɑɢɫɬɹɤɨɜ 
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ɋɬɭɞɟɧɬɭ  Ɉɧɬɭɠɟɜɭ Ⱥɥɟɤɫɟɸ ȼɢɤɬɨɪɨɜɢɱɭ   
                                                  (ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ) 
Ƚɪɭɩɩɚ Ɂɏɗɧ 16-01(ɡ-16) ɇɚɩɪɚɜɥɟɧɢɟ 13.03.02 _«ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ  
                                                                                                   (ɤɨɞ)                  (ɧɚɢɦɟɧɨɜɚɧɢɟ) 
ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ»_ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɩɢɜɨɜɚɪɟɧɧɨɝɨ ɡɚɜɨɞɚ 
ɁȺɈ «Ɉɱɚɤɨɜɨ» ɝ. Ɍɸɦɟɧɶ 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɢɧɫɬɢɬɭɬɭ №    244    ɨɬ 23.04.2021     
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ⱥ. ɋ. Ɍɨɪɨɩɨɜ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ»  

  (ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ) 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ ɝɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɡɚɜɨɞɚ, ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɰɟɯɨɜ.  
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: 
ȼɜɟɞɟɧɢɟ  

1 Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɱɚɫɬɶ 
1.1 Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
1.2 Ʉɚɪɬɨɝɪɚɦɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ  
1.3 Ɇɟɬɨɞɵ ɜɵɛɨɪɚ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ 
1.4 Ɇɟɬɨɞɵ ɪɚɫɱɟɬɚ ɡɚɡɟɦɥɟɧɢɹ ɢ ɝɪɨɡɨɡɚɳɢɬɵ 

2. Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɱɚɫɬɶ 
2.1 Ⱥɧɚɥɢɡ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɢ ɨɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɟɞɩɪɢɹɬɢɹ 
2.2 Ⱥɧɚɥɢɡ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɩɨ ɤɚɬɟɝɨɪɢɣɧɨɫɬɢ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
2.3 ȼɵɛɨɪ ɫɯɟɦɵ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

3 ɉɪɚɤɬɢɱɟɫɤɚɹ ɱɚɫɬɶ 
3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɧɚɝɪɭɡɨɤ 
3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɩɨ ɩɪɟɞɩɪɢɹɬɢɸ ɜ ɰɟɥɨɦ 
3.3 Ɋɚɫɱɟɬ ɤɚɪɬɨɝɪɚɦɦɵ ɧɚɝɪɭɡɨɤ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɥɨɜɧɨɝɨ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɧɚɝɪɭɡɨɤ 
3.4 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ 
3.5 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ 
3.6 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ 
3.7 ȼɵɛɨɪ ɫɯɟɦɵ ɜɧɭɬɪɟɧɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
3.8 ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɫɟɬɢ ɜɧɭɬɪɟɧɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
3.9 ɉɪɨɜɟɪɤɚ ɤɚɛɟɥɹ ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɤ ɬɨɤɭ ɄɁ 
3.10 Ɋɚɫɱɟɬ ɬɪɟɯɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
3.11 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ 
3.12 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ 
3.13 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
3.14 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
3.15 ȼɵɛɨɪ ɲɢɧ ɢ ɢɡɨɥɹɬɨɪɨɜ ɧɚ ɡɚɤɪɵɬɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ (ɁɊɍ) 
3.16 Ɋɚɫɱɟɬ ɡɚɡɟɦɥɟɧɢɹ Ƚɉɉ 
3.17 Ɇɨɥɧɢɟɡɚɳɢɬɚ ɬɟɪɪɢɬɨɪɢɢ Ƚɉɉ 

Ɂɚɤɥɸɱɟɧɢɟ 
ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 
ɉɟɪɟɱɟɧɶ ɨɛɹɡɚɬɟɥɶɧɵɯ ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ: 

1. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɡɚɜɨɞɚ ɫ ɩɨɞɫɬɚɧɰɢɹɦɢ ɢ ɫɯɟɦɨɣ ɩɪɨɤɥɚɞɤɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ 
2. Ɉɞɧɨɥɢɧɟɣɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
3 Ʉɨɦɩɨɧɨɜɤɚ Ƚɉɉ 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                    _________ Ⱥ. ɋ. Ɍɨɪɨɩɨɜ _ 
                                                                      (ɩɨɞɩɢɫɶ, ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ) 
 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ __________Ⱥ. ȼ. Ɉɧɬɭɠɟɜ __ 

                                                           (ɩɨɞɩɢɫɶ, ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ) 
« 01 » ɢɸɧɹ 2021 ɝ. 
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ɊȿɎȿɊȺɌ 
 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ 

ɩɢɜɨɜɚɪɟɧɨɝɨ ɡɚɜɨɞɚ ɁȺɈ «Ɉɱɚɤɨɜɨ» ɝ. Ɍɸɦɟɧɶ» ɫɨɞɟɪɠɢɬ 69 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 
ɞɨɤɭɦɟɧɬɚ, 28 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 3 ɥɢɫɬɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ.  

ɉɈȾɋɌȺɇɐɂə, ɗɅȿɄɌɊɂɑȿɋɄɂȿ ɇȺȽɊɍɁɄɂ, ɋɂɅɈȼɈɃ 
ɌɊȺɇɋɎɈɊɆȺɌɈɊ, ȼɕɄɅɘɑȺɌȿɅɖ, ɊȺɁɔȿȾɂɇɂɌȿɅɖ, ɌɊȺɇɋɎɈɊɆȺɌɈɊ 
ɌɈɄȺ, ɌɊȺɇɋɎɈɊɆȺɌɈɊ ɇȺɉɊəɀȿɇɂə, ȼɕȻɈɊ ɈȻɈɊɍȾɈȼȺɇɂə, 
ɉɊɈȼȿɊɄȺ ɈȻɈɊɍȾɈȼȺɇɂə, ɌɈɄ ɄɈɊɈɌɄɈȽɈ ɁȺɆɕɄȺɇɂə. 

Ɉɛɴɟɤɬ ɪɟɤɨɧɫɬɪɭɤɰɢɢ – ɡɚɜɨɞ ɁȺɈ «Ɉɱɚɤɨɜɨ» ɝ. Ɍɸɦɟɧɶ. 
Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɪɚɡɪɚɛɨɬɤɢ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ, ɛɟɫɩɟɪɟɛɨɣɧɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. Ɉɫɧɨɜɧɚɹ 
ɡɚɞɚɱɚ – ɪɚɡɪɚɛɨɬɚɬɶ ɫɯɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ 
ɬɪɟɛɨɜɚɧɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɚɞɟɠɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɢ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɩɨɬɪɟɛɧɨɫɬɢ 
ɡɚɜɨɞɚ.  

ȼ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɱɚɫɬɢ ɪɚɛɨɬɵ ɩɪɢɜɟɞɟɧɵ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɧɚɝɪɭɡɨɤ ɩɪɟɞɩɪɢɹɬɢɣ, ɜɵɛɨɪɚ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɩɨɞɫɬɚɧɰɢɣ, ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 

ȼ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɱɚɫɬɢ ɞɚɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɭɳɟɫɬɜɭɸɳɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 
ɢ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɨɞɫɬɚɧɰɢɢ, ɚ ɬɚɤɠɟ ɩɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɯɟɦɵ 
ɩɨɞɫɬɚɧɰɢɢ. 

ȼ ɩɪɚɤɬɢɱɟɫɤɨɣ ɱɚɫɬɢ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɞɥɹ ɤɚɠɞɨɝɨ 
ɭɪɨɜɧɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɩɨɫɥɟ ɱɟɝɨ ɛɵɥɚ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɫɯɟɦɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ 
ɩɨɞɫɬɚɧɰɢɢ ɩɢɜɨɜɚɪɟɧɧɨɝɨ ɡɚɜɨɞɚ ɁȺɈ «Ɉɱɚɤɨɜɨ» ɝ. Ɍɸɦɟɧɶ. Ⱦɥɹ ɫɯɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ: ɜɵɤɥɸɱɚɬɟɥɢ, ɪɚɡɴɟɞɢɧɢɬɟɥɢ, ɢɡɦɟɪɢɬɟɥɶɧɵɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɢ ɚɩɩɚɪɚɬɵ ɡɚɳɢɬɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɨɬɜɟɱɚɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹɦ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɢ. ɉɪɨɜɟɪɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ ɬɨɤɚɦ ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɜɚɧɢɹ ɩɨɤɚɡɚɥɚ ɧɚɢɛɨɥɟɟ ɩɪɚɜɢɥɶɧɨ ɜɵɛɪɚɧɧɵɟ ɚɩɩɚɪɚɬɵ ɡɚɳɢɬɵ, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ. ɉɪɨɢɡɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɦɨɥɧɢɟɡɚɳɢɬɵ ɢ 
ɡɚɡɟɦɥɟɧɢɹ ɧɚ ɩɨɞɫɬɚɧɰɢɢ.  

ɇɨɜɢɡɧɚ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɛɨɫɧɨɜɚɧɢɢ ɜɵɛɨɪɚ ɧɚɢɛɨɥɟɟ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɫɱёɬɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, 
ɫɪɚɜɧɟɧɢɟ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɹ 35/110 ɤȼ.  

ɉɪɚɤɬɢɱɟɫɤɚɹ ɰɟɧɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɡɚɜɨɞɚ 
ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɵɟ ɩɪɨɟɤɬɧɵɟ ɪɟɲɟɧɢɹ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɨɞɨɛɧɵɯ ɩɨɞɫɬɚɧɰɢɣ ɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɩɭɧɤɬɨɜ. 
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THE ABSTRACT 
 
The final qualifying work on the topic "Electricity supply contains 69 pages of a text 

document, 28 sources used by the Ochakovo brewery in Tyumen, 3 sheets of graphic 
material. 

SUBSTATION, ELECTRICAL LOADS, POWER TRANSFORMER, SWITCH, 
DISCONNECTOR, CURRENT TRANSFORMER, VOLTAGE TRANSFORMER, 
EQUIPMENT SELECTION, EQUIPMENT INSPECTION, SHORT CIRCUIT 
CURRENT. 

The object of reconstruction is the plant of CJSC Ochakovo, Tyumen. 
The main purpose of the development of the power supply scheme is to provide high-

quality electricity, uninterrupted power supply. The main task is to develop a power supply 
scheme in such a way that it meets the requirements of safety, reliability and efficiency and 
meets the needs of the plant. 

In the theoretical part of the work, methods for calculating electrical loads of 
enterprises, choosing the number and power of power transformers of substations, 
calculating short-circuit currents are presented. 

In the analytical part, the characteristics of the existing electrical network and 
consumers of the substation are given, as well as the analysis of the existing substation 
scheme is carried out. 

In the practical part, electrical loads were calculated for each level of power supply, 
after which the scheme of the transformer substation of the Ochakovo brewery in Tyumen 
was designed. For the power supply scheme, the following were selected: switches, 
disconnectors, measuring transformers and new-generation protection devices that meet the 
requirements of safety and high reliability. Checking the equipment for short-circuit 
currents showed the most correctly selected protection devices, current and voltage 
transformers. Calculations of lightning protection and grounding at the substation were 
made. 

The novelty of the work consists in justifying the choice of the most modern 
equipment and calculating the electrical loads of the power supply system, comparing the 
voltage level of 35/110 kV. 

The practical value of the proposed option for the reconstruction of the plant is due to 
the fact that the proposed design solutions within the framework of the design of the power 
supply scheme can be used in the design and reconstruction of such substations and 
distribution points. 
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ɉɟɪɟɱɟɧɶ ɨɛɹɡɚɬɟɥɶɧɵɯ ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ: 

1. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɡɚɜɨɞɚ ɫ ɩɨɞɫɬɚɧɰɢɹɦɢ ɢ ɫɯɟɦɨɣ ɩɪɨɤɥɚɞɤɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɫɟɬɟɣ 
2. Ɉɞɧɨɥɢɧɟɣɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
3 Ʉɨɦɩɨɧɨɜɤɚ Ƚɉɉ 
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ɋɪɟɞɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɨɬɪɚɫɥɟɣ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɷɧɟɪɝɟɬɢɤɚ ɡɚɧɢɦɚɟɬ 
ɨɞɧɨ ɢɡ ɜɟɞɭɳɢɯ ɦɟɫɬ. ɍɪɨɜɟɧɶ ɪɚɡɜɢɬɢɹ ɷɧɟɪɝɟɬɢɤɢ ɢ ɷɥɟɤɬɪɢɮɢɤɚɰɢɢ ɜ ɧɚɢɛɨɥɟɟ 
ɨɛɨɛɳёɧɧɨɦ ɜɢɞɟ ɨɬɪɚɠɚɟɬ ɞɨɫɬɢɝɧɭɬɵɣ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ. 
ɗɥɟɤɬɪɢɮɢɤɚɰɢɹ ɨɤɚɡɵɜɚɟɬ ɨɩɪɟɞɟɥɹɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɡɜɢɬɢɟ ɜɫɟɯ ɨɬɪɚɫɥɟɣ 
ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɨɧɚ ɹɜɥɹɟɬɫɹ ɫɬɟɪɠɧɟɦ ɪɚɡɜɢɬɢɹ ɷɤɨɧɨɦɢɤɢ. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɨɫɧɨɜɧɵɦ ɩɨɬɪɟɛɢɬɟɥɟɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɹɜɥɹɸɬɫɹ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɬɪɚɧɫɩɨɪɬ, ɫɟɥɶɫɤɨɟ ɯɨɡɹɣɫɬɜɨ, ɤɨɦɦɭɧɚɥɶɧɨɟ ɯɨɡɹɣɫɬɜɨ ɝɨɪɨɞɨɜ 
ɢ ɩɨɫёɥɤɨɜ. ɉɪɢ ɷɬɨɦ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɟ ɨɛɴɟɤɬɵ ɩɪɢɯɨɞɢɬɫɹ 70% ɩɨɬɪɟɛɥɟɧɢɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ȼɨɥɶɲɭɸ ɝɪɭɩɩɭ ɷɥɟɤɬɪɨɩɪɢёɦɧɢɤɨɜ ɫɨɫɬɚɜɥɹɸɬ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ 
ɨɛɳɟɩɪɨɦɵɲɥɟɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɩɪɢɦɟɧɹɟɦɵɟ ɜɨ ɜɫɟɯ ɨɬɪɚɫɥɹɯ ɧɚɪɨɞɧɨɝɨ 
ɯɨɡɹɣɫɬɜɚ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɞɚɱɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɧɟɨɛɯɨɞɢɦɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɚɱɟɫɬɜɚ ɨɬ ɷɧɟɪɝɨɫɢɫɬɟɦ ɤ ɩɪɨɦɵɲɥɟɧɧɵɦ ɨɛɴɟɤɬɚɦ ɫɥɭɠɚɬ 
ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɩɪɟɞɩɪɢɹɬɢɣ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɫɟɬɟɣ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 
1000 ȼ ɢ ɜɵɲɟ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ 
ɩɨɞɫɬɚɧɰɢɣ. 

ɉɨɬɪɟɛɢɬɟɥɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢɦɟɸɬ ɫɜɨɢ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɱɟɦ ɢ 
ɨɛɭɫɥɨɜɥɟɧɵ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɢɯ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɸ: ɧɚɞёɠɧɨɫɬɶ 
ɩɢɬɚɧɢɹ, ɤɚɱɟɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɟɡɟɪɜɢɪɨɜɚɧɢɟ ɢ ɡɚɳɢɬɚ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɫɨɨɪɭɠɟɧɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɩɪɟɞɩɪɢɹɬɢɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɚɜɢɥɶɧɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ 
ɩɨɤɚɡɚɬɟɥɹɦɢ ɨɫɭɳɟɫɬɜɥɹɬɶ ɜɵɛɨɪ ɧɚɩɪɹɠɟɧɢɹ, ɨɩɪɟɞɟɥɢɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɟ 
ɧɚɝɪɭɡɤɢ, ɜɵɛɢɪɚɬɶ ɬɢɩɚɠ, ɱɢɫɥɨ ɢ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ, ɜɢɞɵ 
ɢɯ ɡɚɳɢɬɵ, ɫɢɫɬɟɦɵ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɩɨɫɨɛɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɧɚɩɪɹɠɟɧɢɹ.                        
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1 Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 
1.1 Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
 
ɉɟɪɜɵɦ ɷɬɚɩɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ 

ɨɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. ɉɨ ɡɧɚɱɟɧɢɸ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
ɜɵɛɢɪɚɸɬ ɢ ɩɪɨɜɟɪɹɸɬ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, 
ɨɩɪɟɞɟɥɹɸɬ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ɉɬ ɩɪɚɜɢɥɶɧɨɣ ɨɰɟɧɤɢ ɨɠɢɞɚɟɦɵɯ 
ɧɚɝɪɭɡɨɤ ɡɚɜɢɫɹɬ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɢɫɬɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ, ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ʉ ɨɫɧɨɜɧɵɦ ɦɟɬɨɞɚɦ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɨɬɧɨɫɹɬɫɹ ɫɥɟɞɭɸɳɢɟ: 
1) ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɫɩɪɨɫɚ; 
2) ɩɨ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɮɨɪɦɵ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɨɤ; 
3) ɩɨ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɦɚɤɫɢɦɭɦɚ (ɦɟɬɨɞ ɭɩɨɪɹɞɨɱɟɧɧɵɯ 

ɞɢɚɝɪɚɦɦ ɩɨɤɚɡɚɬɟɥɟɣ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɨɤ); 
4) ɩɨ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ ɢ ɨɬɤɥɨɧɟɧɢɸ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɨɬ ɫɪɟɞɧɟɣ 

(ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɦɟɬɨɞ). 
Ɉɩɪɟɞɟɥɢɦ ɪɚɫɱɟɬɧɵɟ ɧɚɝɪɭɡɤɢ ɡɚɜɨɞɚ ɦɟɬɨɞɨɦ 1. ɗɬɨɬ ɦɟɬɨɞ ɞɚɟɬ 

ɩɪɢɛɥɢɠɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɬɨɥɶɤɨ ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ 
ɪɚɫɱɟɬɨɜ. 

Ⱥɤɬɢɜɧɚɹ ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɰɟɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤȼɬ : 
 
                                                        ɇCP PKP = ,                                                (1.1)

  
ɝɞɟ CK  – ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ, ɇP  – ɫɭɦɦɚɪɧɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 
ɜɫɟɯ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ, ɤȼɬ . 

 
Ɋɟɚɤɬɢɜɧɚɹ ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɰɟɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɜɚɪ: 

                                                      tgPQ PP = ,                                                  (1.2)
  
ɝɞɟ tg  – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɝɪɭɩɩɵ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ. 

 
ɉɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɰɟɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ, Ⱥɤȼ  : 

                                                    22
PPP QPS += .                                                 (1.3)

  
Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɨɫɜɟɬɢɬɟɥɶɧɵɯ ɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤȼɬ : 
                                                   COɇɈPO KPP = ,                                                  (1.4)

  
ɝɞɟ ɇOP  – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ, ɤȼɬ , COK  – 

ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. 
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1.2 Ʉɚɪɬɨɝɪɚɦɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ  
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞɫɬɚɧɰɢɢ ɦɚɤɫɢɦɚɥɶɧɨ, ɧɚɫɤɨɥɶɤɨ ɩɨɡɜɨɥɹɸɬ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɭɫɥɨɜɢɹ, ɩɪɢɛɥɢɠɚɸɬ ɤ ɰɟɧɬɪɚɦ ɧɚɝɪɭɡɨɤ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɩɨɫɬɪɨɢɬɶ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɭɸ ɢ ɧɚɞɟɠɧɭɸ ɫɢɫɬɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɬɚɤ 
ɤɚɤ ɫɨɤɪɚɳɚɟɬɫɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɫɟɬɟɣ ɜɬɨɪɢɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɭɦɟɧɶɲɚɸɬɫɹ 
ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɢ ɨɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ; ɭɦɟɧɶɲɚɟɬɫɹ ɡɨɧɚ ɚɜɚɪɢɢ, ɭɞɟɲɟɜɥɹɟɬɫɹ 
ɪɚɡɜɢɬɢɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ (ɩɨɞɫɬɚɧɰɢɢ ɫɬɪɨɹɬ ɨɱɟɪɟɞɹɦɢ ɩɨ ɦɟɪɟ ɪɚɫɲɢɪɟɧɢɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ). 

Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɩɭɧɤɬɵ (Ɋɉ) ɢ ɞɪɭɝɢɟ ɤɨɦɦɭɬɚɰɢɨɧɧɵɟ ɭɡɥɵ, ɧɚ ɤɨɬɨɪɵɯ 
ɧɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ, ɜɵɝɨɞɧɟɟ ɪɚɡɦɟɳɚɬɶ ɧɟ ɜ ɰɟɧɬɪɟ, ɚ ɧɚ ɝɪɚɧɢɰɟ 
ɩɢɬɚɟɦɵɯ ɢɦɢ ɭɱɚɫɬɤɨɜ ɫɟɬɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɧɟ ɛɵɥɨ ɨɛɪɚɬɧɵɯ ɩɨɬɨɤɨɜ 
ɷɧɟɪɝɢɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɩɨɞɫɬɚɧɰɢɢ ɩɨ ɬɟɪɪɢɬɨɪɢɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɞɨɫɬɢɝɚɸɬ 
ɧɚɢɦɟɧɶɲɢɯ ɡɚɬɪɚɬ. 

ɉɪɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɦɟɬɨɞ, 
ɢɫɩɨɥɶɡɭɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ ɢ ɩɨɡɜɨɥɹɸɳɢɣ ɨɩɪɟɞɟɥɢɬɶ 
ɰɟɧɬɪ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɩɪɟɞɩɪɢɹɬɢɹ (ɰɟɯɚ). Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɩɪɨɜɟɫɬɢ 
ɚɧɚɥɨɝɢɱɧɨ ɦɟɠɞɭ ɦɚɫɫɚɦɢ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɧɚɝɪɭɡɤɚɦɢ, ɤɨɨɪɞɢɧɚɬɵ ɢɯ ɰɟɧɬɪɚ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 
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ɝɞɟ ii yx ,  – ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ i -ɨɝɨ ɰɟɯɚ. 

ȼɵɛɨɪ ɦɟɫɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ Ƚɉɉ ɩɪɨɜɨɞɹɬ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ. ɇɚ 
ɝɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɧɚɧɨɫɢɬɫɹ ɤɚɪɬɨɝɪɚɦɦɚ ɧɚɝɪɭɡɨɤ, 
ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɦɟɳɟɧɧɵɟ ɧɚ ɝɟɧɟɪɚɥɶɧɨɦ ɩɥɚɧɟ ɨɤɪɭɠɧɨɫɬɢ, 
ɩɪɢɱɟɦ ɩɥɨɳɚɞɢ, ɨɝɪɚɧɢɱɟɧɧɵɟ ɷɬɢɦɢ ɨɤɪɭɠɧɨɫɬɹɦɢ, ɜ ɜɵɛɪɚɧɧɨɦ ɦɚɫɲɬɚɛɟ 
ɪɚɜɧɵ ɪɚɫɱɟɬɧɵɦ ɧɚɝɪɭɡɤɚɦ ɰɟɯɨɜ. 
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ɉɥɨɳɚɞɶ ɤɪɭɝɚ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɦɚɫɲɬɚɛɟ ɪɚɜɧɚ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɰɟɯɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ: 

 
 ( ) mrɊɊ iɊɈiɊi =+ 2  (1.7) 
 
ɂɡ ɷɬɨɝɨ ɜɵɪɚɠɟɧɢɹ ɪɚɞɢɭɫ ɨɤɪɭɠɧɨɫɬɢ ir  ɨɩɪɟɞɟɥɹɟɬɫɹ: 
 

 
( )

m

ɊɊ
r ɊɈiɊi
i 

+
=


, (1.8) 

 
ɝɞɟ ɊɈiɊ  – ɪɚɫɱɟɬɧɚɹ ɨɫɜɟɬɢɬɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ i -ɨɝɨ ɰɟɯɚ; ɊiɊ  –ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ 
ɦɨɳɧɨɫɬɶ i -ɨɝɨ ɰɟɯɚ; m  – ɦɚɫɲɬɚɛ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɳɚɞɢ ɤɪɭɝɚ. 

Ɉɫɜɟɬɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚɧɨɫɢɬɫɹ ɜ ɜɢɞɟ ɫɟɤɬɨɪɚ ɤɪɭɝɚ, ɭɝɨɥ ɫɟɤɬɨɪɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ:  

 360=
Ɋi

ɊɈi
i P

Ɋ
 . (1.9) 
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1.3 Ɇɟɬɨɞɵ ɜɵɛɨɪɚ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ 
 
ɉɪɚɜɢɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɣ ɜɵɛɨɪ ɱɢɫɥɚ ɢ 

ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ Ƚɉɉ ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɧɹ 
ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

ȼɵɛɨɪ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɦɨɳɧɨɫɬɢ 
ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɫɪɟɞɫɬɜ ɄɊɆ. ȼɵɛɨɪ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ ɫɥɟɞɭɟɬ 
ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɡɧɚɱɟɧɢɸ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ (ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ) ɪɚɫɱɟɬɧɨɣ 
ɧɚɝɪɭɡɤɢ ɧɚ ɝɪɚɧɢɰɟ ɛɚɥɚɧɫɨɜɨɝɨ ɪɚɡɝɪɚɧɢɱɟɧɢɹ ɫ ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ. 

ɑɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ ɩɨɞɫɬɚɧɰɢɢ, ɩɢɬɚɸɳɟɣ 
ɩɨɬɪɟɛɢɬɟɥɟɣ I ɢ II  ɤɚɬɟɝɨɪɢɢ, ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɛɨɥɟɟ ɞɜɭɯ. ɉɪɢ 
ɷɬɨɦ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɠɟɥɚɬɟɥɶɧɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɩɪɢɦɟɧɟɧɢɟ ɤɨɦɩɥɟɤɬɧɨɝɨ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. 

ȼɵɛɨɪ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɦɨɳɧɨɫɬɢ 
ɡɚɜɨɞɚ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɚɜɚɪɢɣɧɨɦ 
ɪɟɠɢɦɚɯ, ɚ ɬɚɤɠɟ ɫ ɭɱɟɬɨɦ ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. ɉɪɢ ɷɬɨɦ 
ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɬɵ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɫɬɚɜɲɢɣɫɹ ɜ ɪɚɛɨɬɟ ɞɨɥɠɟɧ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɪɚɛɨɬɭ ɩɪɟɞɩɪɢɹɬɢɹ ɧɚ ɜɪɟɦɹ ɡɚɦɟɧɵ ɜɵɛɵɜɲɟɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫ 
ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɝɨ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚɝɪɭɡɤɢ ɛɟɡ ɭɳɟɪɛɚ ɞɥɹ ɨɫɧɨɜɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɩɪɟɞɩɪɢɹɬɢɹ. 

ɉɪɨɜɨɞɧɢɤɢ ɤɪɭɩɧɵɯ ɫɟɱɟɧɢɣ ɢ ɦɨɳɧɨɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɷɥɟɤɬɪɨɫɟɬɟɣ 
ɢɦɟɸɬ ɩɨɫɬɨɹɧɧɭɸ ɜɪɟɦɟɧɢ ɧɚɝɪɟɜɚ   10 ɦɢɧ, ɩɨɷɬɨɦɭ ɢɯ ɜɵɛɨɪ ɩɨ Ɋɪ =  Ɋ30' ɞɚɟɬ 
ɡɚɜɵɲɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɟɱɟɧɢɣ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ. Ⱦɥɹ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ  
= 1,5−3 ɱ ɢ ɛɨɥɟɟ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɢɧɬɟɪɜɚɥ ɨɫɪɟɞɧɟɧɢɹ ɩɨɥɭɱɚɟɬɫɹ ɪɚɜɧɵɦ 4,5−9 ɱ. 
ɉɨɷɬɨɦɭ ɡɚ ɪɚɫɱɟɬɧɭɸ ɧɚɝɪɭɡɤɭ ɩɪɢ ɜɵɛɨɪɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ 
ɫɪɟɞɧɸɸ ɧɚɝɪɭɡɤɭ ɡɚ ɦɚɤɫɢɦɚɥɶɧɨ ɡɚɝɪɭɠɟɧɧɭɸ ɫɦɟɧɭ ɢɥɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 
ɨɠɢɞɚɧɢɟ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ (1.3.1): 

 

                                                 ɪ.ɬɪ ɫɦ ɢ ɧɊ Ɋ k Ɋ= =                                         (1.10) 

ȼ ɚɜɚɪɢɣɧɵɯ ɫɥɭɱɚɹɯ ɦɚɫɥɹɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɦɨɠɧɨ ɩɟɪɟɝɪɭɠɚɬɶ ɧɚ 40 % 
ɞɨ 5 ɫɭɬɨɤ, ɟɫɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɱɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚɱ, ɪɚɜɧɵɣ ɨɬɧɨɲɟɧɢɸ 
ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɦɨɳɧɨɫɬɢ Sɫɪ.ɤɜ ɡɚ 10 ɱ, ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɧɚɱɚɥɭ ɚɜɚɪɢɣɧɨɣ 
ɩɟɪɟɝɪɭɡɤɢ, ɤ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ Sɧɨɦ, ɧɟ ɩɪɟɜɵɲɚɟɬ 0,93. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɤɚɠɞɵɟ ɫɭɬɤɢ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 6 ɱ (ɫɭɦɦɚɪɧɚɹ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨɞɪɹɞ ɢɥɢ ɫ ɪɚɡɪɵɜɚɦɢ). 

Ɍɚɤ ɤɚɤ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɬɨɱɧɵɣ ɝɪɚɮɢɤ ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɹɬɢɹ ɧɟɢɡɜɟɫɬɟɧ, ɬɨ 
ɧɚ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ Ƚɉɉ, ɉȽȼ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɤɚɠɞɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɵɛɢɪɚɟɬɫɹ ɪɚɜɧɵɦ: ɞɥɹ ɧɚɝɪɭɡɨɤ I-ɣ ɤɚɬɟɝɨɪɢɢ – 0,65−0,7 
ɫɭɦɦɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɩɨɞɫɬɚɧɰɢɢ ɧɚ ɪɚɫɱɟɬɧɵɣ ɭɪɨɜɟɧɶ 5 ɥɟɬ, ɫɱɢɬɚɹ ɫ ɝɨɞɚ ɜɜɨɞɚ 
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ɩɟɪɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ɞɥɹ ɧɚɝɪɭɡɨɤ II -ɣ ɢ III -ɣ ɤɚɬɟɝɨɪɢɢ 0,9−0,95, ɧɨ ɩɪɢ ɜɵɛɨɪɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɩɨ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ ɡɚ ɧɚɢɛɨɥɟɟ ɡɚɝɪɭɠɟɧɧɭɸ ɫɦɟɧɭ, ɞɥɹ II -ɣ ɢ 
III -ɣ ɤɚɬɟɝɨɪɢɢ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,7−0,8. 

ɇɚ Ƚɉɉ ɨɛɵɱɧɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɪɚɡɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫ 
ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɬɨɤɨɜ ɄɁ ɧɚ ɲɢɧɚɯ 6−10 ɤȼ. ɇɨ ɟɫɥɢ ɩɨɡɜɨɥɹɟɬ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ, ɜɨɡɦɨɠɧɚ ɩɚɪɚɥɥɟɥɶɧɚɹ ɪɚɛɨɬɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ, ɱɬɨ 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɫɩɟɪɟɛɨɣɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɩɪɟɞɩɪɢɹɬɢɹ. 

 
Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

                                                                           ,                                                      (1.11) 
 

ɝɞɟ Sɪ – ɩɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɟɞɩɪɢɹɬɢɹ ɫɨ ɫɬɨɪɨɧɵ ɜɵɫɲɟɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ; βɬ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
Ƚɉɉ; Nɬ – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ Ƚɉɉ. 

 
ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ Sɪ.ɬɪ ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɛɨɥɶɲɟɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ 

ɡɧɚɱɟɧɢɹ Sɬ.ɧɨɦ. 
Ƚɉɉ ɢ ɉȽȼ ɫɥɟɞɭɟɬ ɪɚɡɦɟɳɚɬɶ ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɛɥɢɠɟ ɤ ɰɟɧɬɪɭ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɧɚɝɪɭɡɨɤ. ɉɨɞɫɬɚɧɰɢɢ Ƚɉɉ ɢɥɢ ɉȽȼ ɧɚɩɪɹɠɟɧɢɟɦ 35−220 ɤȼ ɞɨɥɠɧɵ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɪɚɡɦɟɳɚɬɶɫɹ ɪɹɞɨɦ ɫ ɨɛɫɥɭɠɢɜɚɟɦɵɦɢ ɢɦɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɤɨɪɩɭɫɚɦɢ, ɚ ɢɯ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɧɚɩɪɹɠɟɧɢɟɦ 6−10 ɤȼ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜɫɬɪɚɢɜɚɬɶ ɜ ɷɬɢ 
ɤɨɪɩɭɫɚ. 

ɉɪɢ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɩɨɥɨɠɟɧɢɹ Ƚɉɉ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɐɗɇ, ɟɟ ɨɛɵɱɧɨ 
ɫɦɟɳɚɸɬ ɜ ɫɬɨɪɨɧɭ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ, ɩɪɢ ɷɬɨɦ ɧɟɠɟɥɚɬɟɥɶɧɨ, ɱɬɨɛɵ Ƚɉɉ 
ɪɚɫɩɨɥɚɝɚɥɚɫɶ ɧɚ ɥɢɧɢɢ, ɫɨɟɞɢɧɹɸɳɟɣ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɫ ɐɗɇ. 

Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɩɨɞɫɬɚɧɰɢɢ (Ɋɉ) ɛɟɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɧɚɨɛɨɪɨɬ, ɜɵɝɨɞɧɟɟ ɫɦɟɳɚɬɶ ɧɚ ɝɪɚɧɢɰɭ ɩɢɬɚɟɦɨɝɨ ɢɦɢ ɭɱɚɫɬɤɨɜ ɫɟɬɢ, ɱɬɨɛɵ ɧɟ ɛɵɥɨ 
ɨɛɪɚɬɧɵɯ ɩɨɬɨɤɨɜ ɷɧɟɪɝɢɢ. 

ɋɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɜɵɛɨɪ ɬɢɩɚ ɢ ɪɚɡɦɟɳɟɧɢɟ ɩɨɞɫɬɚɧɰɢɣ ɨɤɚɡɵɜɚɸɬ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢ ɚɪɯɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ. 
ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɭɱɢɬɵɜɚɬɶ ɤɨɧɮɢɝɭɪɚɰɢɸ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ, 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɭɫɥɨɜɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɜ 
ɱɚɫɬɧɨɫɬɢ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɬɪɚ, ɬɪɟɛɨɜɚɧɢɹ ɩɨɠɚɪɨ- ɢ 
ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɬɢɩ ɩɪɢɦɟɧɹɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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1.4 Ɇɟɬɨɞɵ ɪɚɫɱɟɬɚ ɡɚɡɟɦɥɟɧɢɹ ɢ ɝɪɨɡɨɡɚɳɢɬɵ 
 

Ɂɚɳɢɬɧɨɟ ɡɚɡɟɦɥɟɧɢɟ – ɩɪɟɞɧɚɦɟɪɟɧɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ ɫ ɡɟɦɥɟɣ 
ɢɥɢ ɟɟ ɷɤɜɢɜɚɥɟɧɬɨɦ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɧɟɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ 
ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ ɜɫɥɟɞɫɬɜɢɟ ɡɚɦɵɤɚɧɢɹ ɧɚ ɤɨɪɩɭɫ ɢ ɩɨ ɞɪɭɝɢɦ ɩɪɢɱɢɧɚɦ 
(ɢɧɞɭɤɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɫɨɫɟɞɧɢɯ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ, ɜɵɧɨɫ ɩɨɬɟɧɰɢɚɥɚ, ɪɚɡɪɹɞ 
ɦɨɥɧɢɢ ɢ ɬ.ɩ.). 

Ɂɚɳɢɬɧɨɟ ɡɚɡɟɦɥɟɧɢɟ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɨɩɚɫɧɨɫɬɢ ɩɨɪɚɠɟɧɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɜ ɫɥɭɱɚɟ ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɤ ɤɨɪɩɭɫɭ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɢ ɞɪɭɝɢɦ 
ɧɟɬɨɤɨɜɟɞɭɳɢɦ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɱɚɫɬɹɦ, ɨɤɚɡɚɜɲɢɦɫɹ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ ɜɫɥɟɞɫɬɜɢɟ 
ɡɚɦɵɤɚɧɢɹ ɧɚ ɤɨɪɩɭɫ ɢ ɩɨ ɞɪɭɝɢɦ ɩɪɢɱɢɧɚɦ. 

Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɡɚɳɢɬɧɨɝɨ ɡɚɡɟɦɥɟɧɢɹ – ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɩɨ 
ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1000 ȼ ɜ ɫɟɬɹɯ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɰɟɧɬɪɚɥɶɸ ɢ ɜɵɲɟ 1000 ȼ ɜ ɫɟɬɹɯ ɫ 
ɥɸɛɵɦ ɪɟɠɢɦɨɦ ɧɟɣɬɪɚɥɢ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ (ɤɚɤ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ, ɬɚɤ ɢ ɫ 
ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ). 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ [27] ɡɚɳɢɬɧɨɟ ɡɚɡɟɦɥɟɧɢɟ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ 
ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɹɬɶ: 
• ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɧɚɩɪɹɠɟɧɢɢ 380ȼ ɢ ɜɵɲɟ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɢ 440ȼ ɢ ɜɵɲɟ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ; 
• ɩɪɢ ɧɨɦɢɧɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɹɯ ɨɬ 42ȼ ɞɨ 380ȼ ɩɟɪɟɦɟɧɧɨɝɨ ɢ ɨɬ 110ȼ ɞɨ 440ȼ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɩɪɢ ɪɚɛɨɬɚɯ ɜ ɭɫɥɨɜɢɹɯ ɫ ɩɨɜɵɲɟɧɧɨɣ ɨɩɚɫɧɨɫɬɶɸ, ɨɫɨɛɨ ɨɩɚɫɧɵɯ 
ɢ ɧɚɪɭɠɧɵɯ ɭɫɬɚɧɨɜɤɚɯ. 

ɉɪɢɦɟɱɚɧɢɟ: ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɬɢɯ ɭɫɥɨɜɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɨɛɹɡɚɬɟɥɶɧɨɦ 
ɩɪɢɥɨɠɟɧɢɢ ɤ [28]. 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɧɨɝɨ ɡɚɡɟɦɥɟɧɢɹ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 
1000ȼ: 
- ɫɧɢɠɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɢ ɲɚɝɚ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɡɚɦɵɤɚɧɢɟɦ ɧɚ 
ɤɨɪɩɭɫ ɢ ɩɨ ɞɪɭɝɢɦ ɩɪɢɱɢɧɚɦ, ɞɨ ɛɟɡɨɩɚɫɧɵɯ ɡɧɚɱɟɧɢɣ. 

ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɭɦɟɧɶɲɟɧɢɹ ɩɨɬɟɧɰɢɚɥɚ ɡɚɡɟɦɥɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚ 
ɫɱɟɬ ɦɚɥɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɚ ɬɚɤɠɟ ɩɭɬɟɦ ɜɵɪɚɜɧɢɜɚɧɢɹ 
ɩɨɬɟɧɰɢɚɥɨɜ ɨɫɧɨɜɚɧɢɹ, ɧɚ ɤɨɬɨɪɨɦ ɫɬɨɢɬ ɱɟɥɨɜɟɤ ɢ ɡɚɡɟɦɥɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚ 
ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɩɨɬɟɧɰɢɚɥɚ ɨɫɧɨɜɚɧɢɹ ɞɨ ɡɧɚɱɟɧɢɣ, ɛɥɢɡɤɢɯ ɤ ɩɨɬɟɧɰɢɚɥɭ 
ɡɚɡɟɦɥɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ȼ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 1000ȼ: 
• ɨɛɟɫɩɟɱɟɧɢɟ ɬɚɤɨɝɨ ɬɨɤɚ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɟ (IɁ), ɩɪɢ ɤɨɬɨɪɨɦ ɦɚɝɢɫɬɪɚɥɶɧɚɹ 
ɡɚɳɢɬɚ ɫɪɚɛɚɬɵɜɚɟɬ ɡɚ ɜɪɟɦɹ (), ɩɪɨɢɡɜɟɞɟɧɢɟ ɤɨɬɨɪɨɝɨ ɧɚ ɬɨɤ ɱɟɪɟɡ ɬɟɥɨ ɱɟɥɨɜɟɤɚ 
(Ih) ɧɟ ɩɪɟɜɵɫɢɬ ɤɪɢɬɟɪɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ (Q). 

ɐɟɥɶ ɪɚɫɱɟɬɚ – ɨɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɡɟɦɥɟɧɢɹ 
(ɱɢɫɥɚ, ɪɚɡɦɟɪɨɜ, ɩɨɪɹɞɤɚ ɪɚɡɦɟɳɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ ɢ ɞɥɢɧɵ 
ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɩɨɥɨɫɵ, ɨɛɴɟɞɢɧɹɸɳɟɣ ɢɯ ɜ ɝɪɭɩɩɨɜɨɣ ɡɚɡɟɦɥɢɬɟɥɶ), ɩɪɢ ɤɨɬɨɪɵɯ 
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ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɬɟɤɚɧɢɸ ɬɨɤɚ ɜɵɛɪɚɧɧɨɝɨ ɝɪɭɩɩɨɜɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ (Rɝɪ) ɧɟ 
ɩɪɟɜɡɨɣɞɟɬ ɧɨɪɦɚɬɢɜɧɨɝɨ ɡɧɚɱɟɧɢɹ (Rɡɧ). 

Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɟɬɨɞɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ 
ɧɢɠɟɩɪɢɜɟɞɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 
1. ɍɬɨɱɧɢɬɶ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ. Ⱦɥɹ ɪɚɫɱɟɬɚ ɡɚɳɢɬɧɨɝɨ ɡɚɡɟɦɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵ 
ɫɥɟɞɭɸɳɢɟ ɫɜɟɞɟɧɢɹ: 
• ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ (ɬɢɩ ɭɫɬɚɧɨɜɤɢ, ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ, 
ɫɩɨɫɨɛɵ ɡɚɡɟɦɥɟɧɢɹ ɧɟɣɬɪɚɥɟɣ, ɪɚɡɦɟɳɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬ.ɩ.) 
• ɮɨɪɦɚ ɢ ɪɚɡɦɟɪɵ ɫɬɟɪɠɧɟɣ, ɢɡ ɤɨɬɨɪɵɯ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɢɡɝɨɬɨɜɢɬɶ 
ɩɪɨɟɤɬɢɪɭɟɦɵɣ ɡɚɡɟɦɥɢɬɟɥɶ, ɩɪɟɞɩɨɥɚɝɚɟɦɚɹ ɝɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ ɢɯ ɜ ɡɟɦɥɟ. 
2. Ɉɩɪɟɞɟɥɢɬɶ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɟɦɭ 
ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɚɫɬɟɤɚɧɢɸ ɬɨɤɚ ɡɚɳɢɬɧɨɝɨ ɡɚɡɟɦɥɟɧɢɹ. 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɡɚɦɵɤɚɧɢɹ – ɷɬɨ ɧɚɢɛɨɥɶɲɢɣ ɜɨɡɦɨɠɧɵɣ ɜ ɞɚɧɧɨɣ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɬɨɤ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ. Ⱦɥɹ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 
1000ȼ ɬɨɤ ɨɞɧɨɩɨɥɸɫɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɧɟ ɩɪɟɜɵɲɚɟɬ 10Ⱥ, ɬ.ɤ. ɞɚɠɟ ɩɪɢ 
ɫɚɦɨɦ ɩɥɨɯɨɦ ɫɨɫɬɨɹɧɢɢ ɢɡɨɥɹɰɢɢ ɢ ɡɧɚɱɢɬɟɥɶɧɨɣ ɟɦɤɨɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɮɚɡɵ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɟɦɥɢ ɧɟ ɛɵɜɚɟɬ ɦɟɧɟɟ 100 Ɉɦ. ɇɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɡɚɳɢɬɧɨɝɨ ɡɚɡɟɦɥɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɷɬɨɝɨ ɬɨɤɚ ɢ ɫɨɝɥɚɫɧɨ [26] ɢ [27] ɧɟ 
ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ ɧɨɪɦɚɬɢɜɧɵɯ ɡɧɚɱɟɧɢɣ. 

ȼ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɧɚɩɪɹɠɟɧɢɟɦ ɫɜɵɲɟ 1000ȼ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɸ 
ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɨ ɩɨ ɫɥɟɞɭɸɳɟɣ 
ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ: 

                                                                      (1.12) 
 

ɝɞɟ – ɥɢɧɟɣɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ (ɧɚ ɜɵɫɨɤɨɣ ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ 
ɩɨɞɫɬɚɧɰɢɢ), ɤȼ; –ɞɥɢɧɚ ɷɥɟɤɬɪɢɱɟɫɤɢ ɫɜɹɡɚɧɧɵɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɚɛɟɥɶɧɵɯ ɢ 
ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ, ɤɦ. 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɨɥɭɱɟɧɧɨɦɭ ɪɚɫɱɟɬɧɨɦɭ ɬɨɤɚ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ 
ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ (Ɂɍ) ɜɵɛɢɪɚɸɬɫɹ ɩɨ 
ɬɚɛɥɢɰɟ 1.2. 

ɇɚɢɛɨɥɶɲɢɟ ɞɨɩɭɫɬɢɦɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɳɢɬɧɵɯ ɡɚɡɟɦɥɹɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ [26] ɢ [27]. ɉɪɢ ɫɨɜɦɟɳɟɧɢɢ Ɂɍ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ 
ɢɥɢ ɧɚɡɧɚɱɟɧɢɣ ɩɪɢɧɢɦɚɟɬɫɹ ɦɟɧɶɲɟɟ ɢɡ ɬɪɟɛɭɟɦɵɯ ɩɪɚɜɢɥɚɦɢ ɡɧɚɱɟɧɢɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ. 

3. Ɉɩɪɟɞɟɥɢɬɶ ɬɪɟɛɭɟɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ. 
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɟɫɬɟɫɬɜɟɧɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ Rɂ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
  

                                      , Ɉɦ                                                (1.13) 
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ɝɞɟ: - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɬɟɤɚɧɢɸ ɬɨɤɚ ɟɫɬɟɫɬɜɟɧɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, Ɉɦ; - 
ɬɪɟɛɭɟɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ, Ɉɦ; - ɪɚɫɱɟɬɧɨɟ 
ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ Ɂɍ, Ɉɦ; (ɬɚɛɥɢɰɟ 1.2) 

ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɟɫɬɟɫɬɜɟɧɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ ɬɪɟɛɭɟɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ ɪɚɜɧɨ ɪɚɫɫɱɢɬɚɧɧɨɦɭ ɧɨɪɦɢɪɭɟɦɨɦɭ ɫɨɩɪɨɬɢɜɥɟɧɢɸ Ɂɍ: 

 
 

 
Ɍɚɛɥɢɰɚ 1.2 - Ⱦɨɩɭɫɬɢɦɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɳɢɬɧɵɯ ɡɚɡɟɦɥɹɸɳɢɯ ɭɫɬɪɨɣɫɬɜ 

 

№ 
ɩ/ɩ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɇɚɢɛɨɥɶɲɢɟ, 
ɞɨɩɭɫɬɢɦɵɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɡɚɡɟɦɥɹɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ, Ɉɦ 

1 2 3 

1 ɗɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1000ȼ 
Ɂɚɳɢɬɧɵɟ ɡɚɡɟɦɥɹɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɫɟɬɢ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ 
ɧɟɣɬɪɚɥɶɸ ɩɪɢ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ ɢɥɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɞɨ 100 ɤȼ·Ⱥ 
ɛɨɥɟɟ 100 ɤȼ·Ⱥ 

10 
4 

2 ɗɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 1000ȼ 
Ɂɚɳɢɬɧɵɟ ɡɚɡɟɦɥɹɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɫɟɬɢ ɫ 
ɷɮɮɟɤɬɢɜɧɨ ɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ (ɫ ɛɨɥɶɲɢɦɢ ɬɨɤɚɦɢ 
ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ). Ɂɚɡɟɦɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ 
ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɤ ɟɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɸ 
Ɂɚɳɢɬɧɵɟ ɡɚɡɟɦɥɹɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɫɟɬɢ ɫ 
ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɸ (ɫ ɦɚɥɵɦɢ ɬɨɤɚɦɢ ɡɚɦɵɤɚɧɢɹ ɧɚ 
ɡɟɦɥɸ). 

• ɟɫɥɢ ɡɚɡɟɦɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ 
ɞɥɹ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɜɵɲɟ 1000ȼ 

• ɟɫɥɢ ɡɚɡɟɦɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ 
ɞɥɹ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɞɨ 1000ȼ 

0.5 
250/I, ɧɨ ɧɟ 
ɛɨɥɟɟ 10 (I – 
ɪɚɫɱɟɬɧɵɣ ɬɨɤ 
ɡɚɦɵɤɚɧɢɹ ɧɚ 
ɡɟɦɥɸ, Ⱥ) 
125/ I, ɧɨ ɧɟ 
ɛɨɥɟɟ 10 

 
4. Ɉɩɪɟɞɟɥɢɬɶ ɪɚɫɱɟɬɧɨɟ ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɟɦɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

 
                                                             , Ɉɦɦ,                                       (1.14) 

ɝɞɟ – ɪɚɫɱɟɬɧɨɟ ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɟɦɥɢ, Ɉɦ·ɦ; –ɭɞɟɥɶɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɟɦɥɢ, ɩɨɥɭɱɟɧɧɨɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɪɟɧɢɣ, Ɉɦ·ɦ; ψ– ɤɨɷɮɮɢɰɢɟɧɬ 
ɫɟɡɨɧɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɪɨɦɟɪɡɚɧɢɟ ɢɥɢ ɜɵɫɵɯɚɧɢɟ ɝɪɭɧɬɚ. 
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5. ȼɵɱɢɫɥɢɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɬɟɤɚɧɢɸ ɬɨɤɚ ɨɞɢɧɨɱɧɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 
ɡɚɡɟɦɥɢɬɟɥɹ Rɜ, Ɉɦ. Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ɜɵɛɢɪɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ, 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɢ ɭɫɥɨɜɢɣ ɡɚɥɟɝɚɧɢɹ.  

6. Ɉɩɪɟɞɟɥɢɬɶ ɤɨɧɮɢɝɭɪɚɰɢɸ ɝɪɭɩɩɨɜɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ – ɪɹɞ ɢɥɢ ɤɨɧɬɭɪ — ɫ 
ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ ɟɝɨ ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɨɬɜɟɞɟɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ 
ɞɥɢɧɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɥɨɫɵ. 

7. ȼɵɱɢɫɥɢɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɬɟɤɚɧɢɸ ɬɨɤɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɬɟɪɠɧɹ Rr, Ɉɦ.  
8. ȼɵɛɢɪɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ ɢ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɥɨɫɵ ɫ ɭɱɟɬɨɦ ɱɢɫɥɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ ɢ ɨɬɧɨɲɟɧɢɹ 
ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɫɬɟɪɠɧɹɦɢ ɤ ɢɯ ɞɥɢɧɟ . 

9. Ɋɚɫɫɱɢɬɚɬɶ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɬɟɤɚɧɢɸ ɬɨɤɚ ɝɪɭɩɩɨɜɨɝɨ 
ɡɚɡɟɦɥɢɬɟɥɹ: 

                                                       ,                                            (1.15) 
 

ɝɞɟ –ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɫɬɟɪɠɧɹ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 

ɩɨɥɨɫɵ, Ɉɦ; - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɟɪɬɢɤɚɥɶɧɵɯ 
ɫɬɟɪɠɧɟɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɥɨɫɵ, Ɉɦ; n – ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ. 

10. ɉɨɥɭɱɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɬɟɤɚɧɢɸ ɬɨɤɚ ɝɪɭɩɩɨɜɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ ɧɟ 
ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ ɬɪɟɛɭɟɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ . ȿɫɥɢ ɩɨɥɭɱɟɧɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɩɩɨɜɨɝɨ ɡɚɡɟɦɥɢɬɟɥɹ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ, ɪɚɫɱɟɬ ɫɱɢɬɚɟɬɫɹ 
ɜɵɩɨɥɧɟɧɧɵɦ. ȿɫɥɢ ɛɨɥɶɲɟ ɢɥɢ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɬɪɟɛɭɟɦɨɝɨ ( 20%), 
ɧɟɨɛɯɨɞɢɦɨ ɜɧɟɫɬɢ ɩɨɩɪɚɜɤɢ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɫɯɟɦɭ Ɂɍ: 
• ɢɡɦɟɧɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ; 
• ɤɨɧɮɢɝɭɪɚɰɢɸ Ɂɍ; 
• ɩɪɨɢɡɜɟɫɬɢ ɩɨɜɬɨɪɧɵɣ ɪɚɫɱɟɬ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɳɢɬɧɨɟ ɡɚɡɟɦɥɟɧɢɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɭɬɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 
ɩɪɢɛɥɢɠɟɧɢɣ. 

Ɋɚɫɫɱɢɬɚɬɶ ɦɨɥɧɢɟɡɚɳɢɬɭ— ɷɬɨ ɡɧɚɱɢɬ ɨɩɪɟɞɟɥɢɬɶ ɬɢɩ ɡɚɳɢɬɵ, ɟɟ ɡɨɧɭ ɢ 
ɩɚɪɚɦɟɬɪɵ. 

ɉɨ ɬɢɩɭ ɦɨɥɧɢɟɡɚɳɢɬɚ (ɦ/ɡ) ɦɨɠɟɬ ɛɵɬɶ ɫɥɟɞɭɸɳɟɣ: 
— ɨɞɧɨɫɬɟɪɠɧɟɜɨɣ; 
— ɞɜɭɯɫɬɟɪɠɧɟɜɨɣ ɨɞɢɧɚɤɨɜɨɣ ɢɥɢ ɪɚɡɧɨɣ ɜɵɫɨɬɵ; 
— ɦɧɨɝɨɤɪɚɬɧɨɣ ɫɬɟɪɠɧɟɜɨɣ; 
— ɨɞɢɧɨɱɧɨɣ ɬɪɨɫɨɜɨɣ; 
— ɦɧɨɝɨɤɪɚɬɧɨɣ ɬɪɨɫɨɜɨɣ. 

ɉɚɪɚɦɟɬɪɚɦɢ ɦɨɥɧɢɟɡɚɳɢɬɵ ɹɜɥɹɸɬɫɹ: 
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h — ɩɨɥɧɚɹ ɜɵɫɨɬɚ ɫɬɟɪɠɧɟɜɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ, ɦ; 
hɨ — ɜɵɫɨɬɚ ɜɟɪɲɢɧɵ ɤɨɧɭɫɚ ɫɬɟɪɠɧɟɜɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ, ɦ; 
hx— ɜɵɫɨɬɚ ɡɚɳɢɳɚɟɦɨɝɨ ɫɨɨɪɭɠɟɧɢɹ, ɦ; 
hɦ— ɜɵɫɨɬɚ ɫɬɟɪɠɧɟɜɨɝɨ ɦɨɥɧɢɟɩɪɢɟɦɧɢɤɚ, ɦ; 
h ɚ — ɚɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɦɨɥɧɢɟɨɬɜɨɞɚ, ɦ; 
r0, rɯ— ɪɚɞɢɭɫɵ ɡɚɳɢɬɵ ɧɚ ɭɪɨɜɧɟ ɡɟɦɥɢ ɢ ɧɚ ɜɵɫɨɬɟ ɡɚɳɢɳɚɟɦɨɝ ɫɨɨɪɭɠɟɧɢɹ, ɦ; 
hc— ɜɵɫɨɬɚ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɞɜɨɣɧɨɝɨ ɫɬɪɟɠɧɟɜɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ, ɦ; 
2rɫ, 2rɯ — ɲɢɪɢɧɚ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɡɨɧɵ ɞɜɨɣɧɨɝɨ ɫɬɟɪɠɧɟɜɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ ɧɚ ɭɪɨɜɧɟ 
ɡɟɦɥɢ ɢ ɧɚ ɜɵɫɨɬɟ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɦ; 
α— ɭɝɨɥ ɡɚɳɢɬɵ (ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɸ ɢ ɨɛɪɚɡɭɸɳɟɣ), ɝɪɚɞ; 
L — ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɜɭɦɹ ɫɬɟɪɠɧɟɜɵɦɢ ɦɨɥɧɢɟɨɬɜɨɞɚɦɢ, ɦ; 
ɚ — ɞɥɢɧɚ ɩɪɨɥɟɬɚ ɦɟɠɞɭ ɨɩɨɪɚɦɢ ɬɪɨɫɚ, ɦ; 
hon — ɜɵɫɨɬɚ ɨɩɨɪɵ ɬɪɨɫɚ, ɦ; 
rɯ + r' ɯ — ɲɢɪɢɧɚ ɡɨɧɵ ɬɪɨɫɨɜɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ ɧɚ ɭɪɨɜɧɟ ɡɚɳɢɳɚɟɦɨɝɨ ɫɨɨɪɭɠɟɧɢɹ, 
ɦ; 
ɚ + 2rɫɯ — ɞɥɢɧɚ ɡɨɧɵ ɞɜɨɣɧɨɝɨ ɬɪɨɫɨɜɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ ɧɚ ɭɪɨɜɧɟ ɡɚɳɢɳɚɟɦɨɝɨ 
ɫɨɨɪɭɠɟɧɢɹ, ɦ; 
ɚ + 2rɫ — ɞɥɢɧɚ ɡɨɧɵ ɞɜɨɣɧɨɝɨ ɬɪɨɫɨɜɨɝɨ ɦɨɥɧɢɟɨɬɜɨɞɚ ɧɚ ɭɪɨɜɧɟ ɡɟɦɥɢ, ɦ. 

Ɉɠɢɞɚɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɪɚɠɟɧɢɣ (N) ɦɨɥɧɢɟɣ ɜ ɝɨɞ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ 
ɮɨɪɦɭɥɚɦ: 
— ɞɥɹ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ (ɞɵɦɨɜɵɟ ɬɪɭɛɵ, ɜɵɲɤɢ, ɛɚɲɧɢ) 
 

                                                                                                   (1.16) 
ɝɞɟ hx— ɧɚɢɛɨɥɶɲɚɹ ɜɵɫɨɬɚ ɡɞɚɧɢɹ ɢɥɢ ɫɨɨɪɭɠɟɧɢɹ, ɦ; 
ɩ — ɫɪɟɞɧɟɝɨɞɨɜɨɟ ɱɢɫɥɨ ɭɞɚɪɨɜ ɦɨɥɧɢɢ ɜ 1 ɤɦ2 ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɦɟɫɬɟ 
ɧɚɯɨɠɞɟɧɢɹ ɡɞɚɧɢɹ ɢɥɢ ɫɨɨɪɭɠɟɧɢɹ (ɬ. ɟ. ɭɞɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɭɞɚɪɨɜ ɦɨɥɧɢɢ ɜ 
ɡɟɦɥɸ), 1/(ɤɦ2ɬɨɞ);  
— ɞɥɹ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ 
 

                                                                        (1.17) 
 
ɝɞɟ Ⱥ ɢ ȼ — ɞɥɢɧɚ ɢ ɲɢɪɢɧɚ ɡɞɚɧɢɹ ɢɥɢ ɫɨɨɪɭɠɟɧɢɹ, ɦ. 
ɉɪɢɦɟɱɚɧɢɟ. ȿɫɥɢ ɡɞɚɧɢɟ ɢ ɫɨɨɪɭɠɟɧɢɟ ɢɦɟɸɬ ɫɥɨɠɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ, ɬɨ Ⱥ ɢ ȼ — 
ɷɬɨ ɫɬɨɪɨɧɵ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ, ɜ ɤɨɬɨɪɵɣ ɜɩɢɫɵɜɚɟɬɫɹ ɧɚ ɩɥɚɧɟ ɡɚɳɢɳɚɟɦɵɣ ɨɛɴɟɤɬ. 

 
 
 
 
 



18 
 

2. Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 
2.1 Ⱥɧɚɥɢɡ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɢ ɨɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɟɞɩɪɢɹɬɢɹ 

 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ ɧɚɪɹɞɭ ɫ 

ɧɚɞɟɠɧɨɫɬɶɸ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɶɸ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɚɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɤɚɤ 
ɯɚɪɚɤɬɟɪ ɪɚɡɦɟɳɟɧɢɹ ɧɚɝɪɭɡɨɤ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ, ɩɨɬɪɟɛɥɹɟɦɭɸ ɦɨɳɧɨɫɬɶ, 
ɧɚɥɢɱɢɟ ɫɨɛɫɬɜɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɜ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɨɡɞɭɲɧɵɟ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɢ  
ɩɨɧɢɠɚɸɳɭɸ ɩɨɞɫɬɚɧɰɢɸ 110/10 ɤȼ , ɩɪɟɞɧɚɡɧɚɱɟɧɧɭɸ ɞɥɹ ɩɢɬɚɧɢɹ 
ɩɢɜɨɜɚɪɟɧɧɨɝɨ ɡɚɜɨɞɚ. 

     ɇɚ ɞɚɧɧɨɦ ɡɚɜɨɞɟ ɩɨɬɪɟɛɢɬɟɥɟɦ I ɤɚɬɟɝɨɪɢɢ ɨɬɧɨɫɹɬɫɹ: ɉɢɜɡɚɜɨɞ, ȺɌȻɫ, 
ɊɆɁ. Ʉ ɩɨɬɪɟɛɢɬɟɥɹɦ II  ɤɚɬɟɝɨɪɢɢ ɨɬɧɨɫɹɬɫɹ: ȺɌɄ-4, ɆɄ-61, Ɋɨɫɛɚɤɚɥɟɹ, 
ȼɬɨɪɰɜɟɬɦɟɬ, ȽȺɉɌ, ɉɆɄ-13, ɤ ɩɨɬɪɟɛɢɬɟɥɹɦ III  ɤɚɬɟɝɨɪɢɢ ɨɬɧɨɫɹɬɫɹ: ɋɧɚɛɫɛɵɬ, 
ɋɟɥɶɫɯɨɡɬɟɯ, ɍɆ-19, ɍɉɌɄ, ɉɆɄ-2, ɋɆɉ-159.           

ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɩɨɞɫɬɚɧɰɢɹ ɹɜɥɹɟɬɫɹ ɨɬɤɪɵɬɨɣ, ɬɚɤ ɤɚɤ ɧɟ ɡɚɳɢɳɟɧɚ ɡɞɚɧɢɟɦ 
ɨɬ ɚɬɦɨɫɮɟɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɤɪɨɦɟ ɁɊɍ – 10 ɤȼ . 

ɉɨɞɫɬɚɧɰɢɹ ɩɨ ɭɫɥɨɜɢɹɦ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ ɨɬɧɨɫɢɬɫɹ ɤ ɤɚɬɟɝɨɪɢɢ ɜɵɲɟ 
1000 ȼ . 

ȼ ɨɬɧɨɲɟɧɢɢ ɨɩɚɫɧɨɫɬɢ ɩɨɪɚɠɟɧɢɹ ɥɸɞɟɣ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ 
ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɩɨɞɫɬɚɧɰɢɹ ɩɪɢɪɚɜɧɢɜɚɟɬɫɹ ɤ ɨɫɨɛɨ ɨɩɚɫɧɵɦ ɩɨɦɟɳɟɧɢɹɦ.  

ɉɢɬɚɧɢɟ ɩɨɞɫɬɚɧɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɞɜɭɯɰɟɩɧɨɣ ȼɅ ɧɚɩɪɹɠɟɧɢɟɦ 110 
ɤȼ . 
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2.2 Ⱥɧɚɥɢɡ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɩɨ ɤɚɬɟɝɨɪɢɣɧɨɫɬɢ ɧɚɞɟɠɧɨɫɬɢ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 

ɉɨ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢя ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɉɍɗ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɫɥɟɞɭɸɳɢɟ ɬɪɢ ɤɚɬɟɝɨɪɢɢ. 

I ɤɚɬɟɝɨɪɢя – ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ, ɩɟɪɟɪɵɜ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɤɨɬɨɪɵɯ ɦɨɠɟɬ 
ɩɨɜɥɟɱɶ ɡɚ ɫɨɛɨɣ ɨɩɚɫɧɨɫɬɶ ɞɥɹ ɠɢɡɧɢ ɥɸɞɟɣ, ɭɝɪɨɡɭ ɞɥɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɨɫɭɞɚɪɫɬɜɚ, 
ɡɧɚɱɢɬɟɥɶɧɵɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɭɳɟɪɛ, ɪɚɫɫɬɪɨɣɫɬɜɨ ɫɥɨɠɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ, ɧɚɪɭɲɟɧɢɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɨɫɨɛɨ ɜɚɠɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɦɦɭɧɚɥɶɧɨɝɨ 
ɯɨɡɹɣɫɬɜɚ, ɨɛɴɟɤɬɨɜ ɫɜɹɡɢ ɢ ɬɟɥɟɜɢɞɟɧɢɹ. ɉɪɢɦɟɪ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ I ɤɚɬɟɝɨɪɢɢ: 
ɧɚɫɨɫɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɤɚɧɚɥɢɡɚɰɢɢ, ɝɚɡɨɨɱɢɫɬɤɚ, ɩɪɢɜɨɞɵ ɜɪɚɳɚɸɳɢɯɫɹ ɩɟɱɟɣ, 
ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɩɭɧɤɬɵ, ɩɪɨɦɵɲɥɟɧɧɵɟ ɜɟɧɬɢɥɹɬɨɪɵ, ɚɜɚɪɢɣɧɨɟ ɨɫɜɟɳɟɧɢɟ ɢ 
ɞɪ. 

ɂɡ ɫɨɫɬɚɜɚ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ I ɤɚɬɟɝɨɪɢɢ ɜɵɞɟɥɹɟɬɫɹ ɨɫɨɛɚɹ ɝɪɭɩɩɚ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ, ɛɟɫɩɟɪɟɛɨɣɧɚɹ ɪɚɛɨɬɚ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɛɟɡɚɜɚɪɢɣɧɨɝɨ 
ɨɫɬɚɧɨɜɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ ɰɟɥɶɸ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɭɝɪɨɡɵ ɠɢɡɧɢ ɥɸɞɟɣ, ɜɡɪɵɜɨɜ ɢ 
ɩɨɠɚɪɨɜ. ɇɚɩɪɢɦɟɪ, ɜ ɱɟɪɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ ɤ ɨɫɨɛɨɣ ɝɪɭɩɩɟ ɨɬɧɨɫɹɬɫɹ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɧɚɫɨɫɨɜ ɜɨɞɨɨɯɥɚɠɞɟɧɢɹ ɞɨɦɟɧɧɵɯ ɩɟɱɟɣ. 

II  ɤɚɬɟɝɨɪɢя – ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ, ɩɟɪɟɪɵɜ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɤɨɬɨɪɵɯ 
ɩɪɢɜɨɞɢɬ ɤ ɦɚɫɫɨɜɨɦɭ ɧɟɞɨɨɬɩɭɫɤɭ ɩɪɨɞɭɤɰɢɢ, ɦɚɫɫɨɜɵɦ ɩɪɨɫɬɨɹɦ ɪɚɛɨɱɢɯ, 
ɦɟɯɚɧɢɡɦɨɜ ɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ, ɧɚɪɭɲɟɧɢɸ ɧɨɪɦɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɝɨɪɨɞɫɤɢɯ ɢ ɫɟɥɶɫɤɢɯ ɠɢɬɟɥɟɣ. 

III  ɤɚɬɟɝɨɪɢя – ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ, ɧɟ ɩɨɩɚɞɚɸɳɢɟ ɩɨɞ 
ɨɩɪɟɞɟɥɟɧɢɹ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɤɚɬɟɝɨɪɢɣ (ɪɚɡɥɢɱɧɵɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɦɟɯɚɧɢɡɦɵ ɜ 
ɨɫɧɨɜɧɵɯ ɰɟɯɚɯ, ɰɟɯɢ ɧɟɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɞɪ.). 

ɗɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ I ɤɚɬɟɝɨɪɢɢ ɜ ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɚɯ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɨɬ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɜɡɚɢɦɧɨ ɪɟɡɟɪɜɢɪɭɸɳɢɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ, ɢ 
ɩɟɪɟɪɵɜ ɢɯ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɬ ɨɞɧɨɝɨ ɢɡ 
ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɞɨɩɭɳɟɧ ɥɢɲɶ ɧɚ ɜɪɟɦɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɢɬɚɧɢɹ. 

Ʉ ɱɢɫɥɭ ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɨɬɧɨɫɹɬɫɹ ɞɜɟ ɫɟɤɰɢɢ ɢɥɢ ɫɢɫɬɟɦɵ 
ɲɢɧ ɨɞɧɨɣ ɢɥɢ ɞɜɭɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɫɨɛɥɸɞɟɧɢɢ 
ɞɜɭɯ ɭɫɥɨɜɢɣ: 

1) ɤɚɠɞɚɹ ɢɡ ɫɟɤɰɢɣ ɢɥɢ ɫɢɫɬɟɦ ɲɢɧ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɢɦɟɟɬ ɩɢɬɚɧɢɟ ɨɬ 
ɧɟɡɚɜɢɫɢɦɨɝɨ ɢɫɬɨɱɧɢɤɚ; 

2) ɫɟɤɰɢɢ (ɫɢɫɬɟɦɵ) ɲɢɧ ɧɟ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɢɥɢ ɢɦɟɸɬ ɫɜɹɡɶ, 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɨɬɤɥɸɱɚɸɳɭɸɫɹ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɨɞɧɨɣ ɢɡ ɫɟɤɰɢɣ 
(ɫɢɫɬɟɦ) ɲɢɧ. 
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Ⱦɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɫɨɛɨɣ ɝɪɭɩɩɵ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ I ɤɚɬɟɝɨɪɢɢ ɞɨɥɠɧɨ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɢɬɚɧɢɟ ɨɬ ɬɪɟɬɶɟɝɨ ɧɟɡɚɜɢɫɢɦɨɝɨ ɜɡɚɢɦɧɨ 
ɪɟɡɟɪɜɢɪɭɸɳɟɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɬɪɟɬɶɟɝɨ ɧɟɡɚɜɢɫɢɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɞɥɹ ɨɫɨɛɨɣ ɝɪɭɩɩɵ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɢ ɜ ɤɚɱɟɫɬɜɟ ɜɬɨɪɨɝɨ ɧɟɡɚɜɢɫɢɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɞɥɹ 
ɨɫɬɚɥɶɧɵɯ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ I ɤɚɬɟɝɨɪɢɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɟɫɬɧɵɟ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦ (ɜ ɱɚɫɬɧɨɫɬɢ, ɲɢɧɵ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ), ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɷɬɢɯ ɰɟɥɟɣ ɚɝɪɟɝɚɬɵ ɛɟɫɩɟɪɟɛɨɣɧɨɝɨ ɩɢɬɚɧɢɹ, 
ɞɢɡɟɥɶɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ ɢ ɬ. ɩ. 

ɗɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ II  ɤɚɬɟɝɨɪɢɢ ɜ ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɚɯ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɨɬ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɜɡɚɢɦɧɨ ɪɟɡɟɪɜɢɪɭɸɳɢɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ. 
Ⱦɥɹ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ II  ɤɚɬɟɝɨɪɢɢ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɬ ɨɞɧɨɝɨ ɢɡ 
ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɞɨɩɭɫɬɢɦɵ ɩɟɪɟɪɵɜɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɧɚ ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ 
ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɪɟɡɟɪɜɧɨɝɨ ɩɢɬɚɧɢɹ ɞɟɣɫɬɜɢɹɦɢ ɞɟɠɭɪɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɢɥɢ ɜɵɟɡɞɧɨɣ 
ɨɩɟɪɚɬɢɜɧɨɣ ɛɪɢɝɚɞɵ. 

Ⱦɥɹ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ III ɤɚɬɟɝɨɪɢɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɨɬ 
ɨɞɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɩɟɪɟɪɵɜɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɟɦɨɧɬɚ ɢɥɢ ɡɚɦɟɧɵ ɩɨɜɪɟɠɞɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɧɟ ɩɪɟɜɵɲɚɸɬ ɨɞɧɢ ɫɭɬɤɢ. 

 
ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɨɦɵɲɥɟɧɧɨɦ ɪɚɣɨɧɟ ɤ ɩɨɬɪɟɛɢɬɟɥɹɦ I ɤɚɬɟɝɨɪɢɢ 

ɨɬɧɨɫɹɬɫɹ: ɉɢɜɡɚɜɨɞ, ȺɌȻɫ, ɊɆɁ. Ʉ ɩɨɬɪɟɛɢɬɟɥɹɦ II  ɤɚɬɟɝɨɪɢɢ ɨɬɧɨɫɹɬɫɹ: ȺɌɄ-4, 
ɆɄ-61, Ɋɨɫɛɚɤɚɥɟɹ, ȼɬɨɪɰɜɟɬɦɟɬ, ȽȺɉɌ, ɉɆɄ-13.  

Ʉ ɩɨɬɪɟɛɢɬɟɥɹɦ III  ɤɚɬɟɝɨɪɢɢ ɨɬɧɨɫɹɬɫɹ: ɋɧɚɛɫɛɵɬ, ɋɟɥɶɫɯɨɡɬɟɯ, ɍɆ-19, 
ɍɉɌɄ, ɉɆɄ-2, ɋɆɉ-159.           
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 



21 
 

2.3 ȼɵɛɨɪ ɫɯɟɦɵ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 

ɋɢɫɬɟɦɚ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɯɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɢ ɢɫɬɨɱɧɢɤɢ ɩɢɬɚɧɢɹ. Ɉɫɧɨɜɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɰɢɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ 
ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɧɚɞɟɠɧɨɫɬɶ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɫɟɬɢ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ ɧɚɪɹɞɭ ɫ 
ɧɚɞɟɠɧɨɫɬɶɸ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɶɸ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɚɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɤɚɤ 
ɯɚɪɚɤɬɟɪ ɪɚɡɦɟɳɟɧɢɹ ɧɚɝɪɭɡɨɤ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ, ɩɨɬɪɟɛɥɹɟɦɭɸ ɦɨɳɧɨɫɬɶ, 
ɧɚɥɢɱɢɟ ɫɨɛɫɬɜɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢɟɦɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɪɚɡɥɢɱɚɸɬ ɨɛɴɟɤɬɵ ɛɨɥɶɲɨɣ (75-100 Ɇȼɬ ɢ ɛɨɥɟɟ), ɫɪɟɞɧɟɣ (ɨɬ 5-7,5 ɞɨ 75 Ɇȼɬ) ɢ 
ɦɚɥɨɣ (ɞɨ5 Ɇȼɬ) ɦɨɳɧɨɫɬɢ. Ⱦɚɧɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɴɟɤɬɚɦ ɫɪɟɞɧɟɣ 
ɦɨɳɧɨɫɬɢ, ɞɥɹ ɤɨɬɨɪɵɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɦɟɧɹɸɬ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫ ɨɞɧɢɦ 
ɩɪɢёɦɧɵɦ ɩɭɧɤɬɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ (Ƚɉɉ). 

ȿɫɥɢ ɢɦɟɸɬɫɹ ɩɨɬɪɟɛɢɬɟɥɢ I ɤɚɬɟɝɨɪɢɢ, ɬɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɫɟɤɰɢɨɧɢɪɨɜɚɧɢɟ 
ɲɢɧ ɩɪɢɟɦɧɨɝɨ ɩɭɧɤɬɚ ɢ ɩɢɬɚɧɢɟ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɩɨ ɨɬɞɟɥɶɧɨɣ ɥɢɧɢɢ. Ɍɚɤ ɤɚɤ ɞɥɹ 
ɩɨɬɪɟɛɢɬɟɥɟɣ I ɤɚɬɟɝɨɪɢɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɨɜ 
ɩɢɬɚɧɢɹ. 

 ɋɨɝɥɚɫɧɨ ɡɚɞɚɧɢɸ, ɩɢɬɚɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɨ ɨɬ ɩɨɞɫɬɚɧɰɢɢ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɧɚ ɧɚɩɪɹɠɟɧɢɹɯ 220,110,10 ɤȼ . 

Ⱦɥɹ ɜɵɛɨɪɚ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɩɪɟɞɩɪɢɹɬɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɥɟɞɭɟɬ ɪɚɫɫɱɢɬɚɬɶ ɧɟɫɬɚɧɞɚɪɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ. 

Ɋɚɫɱɟɬ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɢɡɜɟɞɟɦ ɩɨ ɮɨɪɦɭɥɟ ɋɬɢɥɥɚ, ɤȼ : 
  
                                               PlU ɊȺɐ 1634,4 += , (1.18) 

 
ɝɞɟ l  – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ, ɤɦ ;  – ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɪɚɜɧɚɹ ɪɚɫɱɟɬɧɨɣ 
ɧɚɝɪɭɡɤɟ ɩɪɟɞɩɪɢɹɬɢɹ, ɨɬɧɟɫɟɧɧɨɣ ɤ ɲɢɧɚɦ ȼɇ Ƚɉɉ, Ɇȼɬ. 

 
53,6022,11161534,4 =+=ɊȺɐU . 

 
Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɩɪɢɧɢɦɚɟɦ ɞɜɚ ɜɚɪɢɚɧɬɚ ɧɚ ɧɚɩɪɹɠɟɧɢɢ 110 ɢ 35 ɤȼ . Ȼɨɥɟɟ 

ɜɵɝɨɞɧɵɣ ɜɚɪɢɚɧɬ ɜɵɛɢɪɚɟɦ ɩɨ ɭɫɥɨɜɢɸ ɦɢɧɢɦɭɦɚ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ. 
 

ȼɚɪɢɚɧɬ 1 
ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ 35 ɤȼ  ɫ ɩɨɧɢɠɟɧɢɟɦ 

ɧɚɩɪɹɠɟɧɢɹ ɧɚ Ƚɉɉ ɞɨ 10 ɤȼ  . 
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35 кВ

Q1 Q2

QS2QS1

T1 T2

Q5 Q6

Q7

Q3
Q4

QS4
QS3

QS6QS5

 
 

Ɋɢɫɭɧɨɤ 1.1 - ɋɯɟɦɚ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɚɪɢɚɧɬ 1 
 

 
ȼɚɪɢɚɧɬ 2 
 
ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ 110 ɤȼ  ɫ ɩɨɧɢɠɟɧɢɟɦ 

ɧɚɩɪɹɠɟɧɢɹ ɧɚ Ƚɉɉ ɞɨ 10 ɤȼ . 

110 кВ

Q1 Q2

QS2QS1

T1 T2

Q5 Q6

Q7

Q3
Q4

QS4
QS3

QS6QS5

 
 

Ɋɢɫɭɧɨɤ 1.2 - ɋɯɟɦɚ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɚɪɢɚɧɬ 2 
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3 ɉɪɚɤɬɢɱɟɫɤɚɹ ɱɚɫɬɶ  
 

3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɧɚɝɪɭɡɨɤ 
 

Ɋɚɫɱɟɬ POPPP PSQP ,,,  ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 1.3  
 
Ɍɚɛɥɢɰɚ 1.3 – Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɡɚɜɨɞɚ 
 

 
 
 

ɋɢɥɨɜɚя ɧɚɝɪɭɡɤɚ Ɉɫɜɟɬɢɬɟɥɶɧɚя ɧɚɝɪɭɡɤɚ ɋɭɦɦɚɪɧɚя 
ɧɚɝɪɭɡɤɚ 

  

ɤȼɬ
Pɇ ,

 

 

CK  

 
cos

 

 
tg

 

 

ɤȼɬ
PP ,

 

 

ɤɜɚɪ
QP ,

 

 

2

,

ɦ
F

 

 

ɤȼɬ
PɍȾ ,

 

 

ɤȼɬ
PɇɈ ,

 

 

CɈK

 
ɤȼɬ
PPɈ ,

 ɤȼɬ
Ɋ
P

ɊɈ

P

,

+

 ɤɜɚɪ
Q

Q

ɊɈ

P

,

+

 

Ⱥɤȼ
SP


,

 

ɉɨɬɪɟɛɢɬɟɥɢ ɷɧɟɪɝɢɢ 0,4 ɤȼ 

1. 29,4 0,6 0,85 0,62 17,65 10,93 9640 0,0
12 

113 0,95 107,
9 

125 10,93 125,47 

2. 315,6 0,5 0,75 0,88 157,8 139,2 600 0,0
12 

7,2 0,95 6,8 165 139,2 215,9 

3. 360 0,65 0,7 1,02 232 236,7 14000 0,0
12 

168 0,95 160 392 236,7 458 

4. 62,2 0,55 0,8 0,75 34,2 25,7 8860 0,0
14 

124 0,95 117,
8 

152 25,7 154 

5. 287,5 0,6 0,75 0,88 172,5 152 720 0,0
11 

7,9 0,95 7,5 180 152 235,7 

6. 327 0,65 0,8 0,75 212,3 159,2 4600 0,0
14 

4,6 0,95 43,7 256 159,2 301,5 

7. 84,4 0,7 0,73 0,94 59,1 55,3 1040 0,0
14 

14,6 0,95 13,9 73 55,3 91,6 

8. 354 0,45 0,78 0,8 159,4 127,9 4848 0,0
12 

58 0,95 55,1 214,5 127,6 250 

9. 889,5 0,4 0,9 0,9 255,4 172 800 0,0
12 

9,6 0,95 9,1 364,5 172 403 

10 348 0,5 0,8 0,75 174 130,5 8330 0,0
11 

91,6 0,95 87 261 130,5 291,8 

11 470 0,35 0,9
5 

0,3
3 

234,6 77,1 5648 0,
01
2 

67,8 0,9
5 

64,
4 

299 77,1 308,8 

12 57,7 0,7 0,7 1,0
2 

40,4 41,2 6490 0,
01
1 

71,4 0,9
5 

61,
6 

102 41,2 110 

13 1561,
1 

0,7 0,85 0,62 1092,8 550 17300 0,0
12 

207,6 0,95 197,
2 

1290 550 1466,6 

14 629 0,6 0,8 0,75 377,4 283 4330 0,0
14 

60,6 0,95 57,6 435 283 519 

15 1552,
5 

0,65 0,7 1,02 1009,1 1029 18450 0,0
12 

221,4 0,95 210,
3 

1219,
4 

1029 1596 

 

 

6978 - - - 4328,7 3190,7 - - 1262,
2 

- 1199
,7 
 

5528,
4 
 

3190,7 
 

6383 
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 3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɩɨ ɩɪɟɞɩɪɢɹɬɢɸ ɜ ɰɟɥɨɦ  
 

ɉɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɚɫɱɟɬɧɵɦ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ 
ɧɚɝɪɭɡɤɚɦ ɩɪɟɞɩɪɢɹɬɢɹ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ ɢ Ɍɉ, ɫ 
ɭɱɟɬɨɦ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. 

ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ 
ɨɩɪɟɞɟɥɹɸɬɫɹ, ɤȼɬ ,ɤɜɚɪ:  

 
 7,127638302,002,0 4,0 === ɊɐɌ SP ɤȼɬ  

 3,63863831,01,0 4,0 === ɊɐɌ SQ ɤɜɚɪ  

 
ɇɟɨɛɯɨɞɢɦɚɹ ɦɨɳɧɨɫɬɶ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɜɚɪ: 

 )
P

(
ɪ

Ɋ
ɧɄɍ tgɮQɊQ −= , (1.19) 

 
ɝɞɟ ɧɮtg   ɪɚɜɟɧ 0,33. 

 
Ɇɨɳɧɨɫɬɶ ɤɨɦɩɟɧɫɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɪɚɜɧɚ, ɤɜɚɪ: 
 

76,1366)33,0
5528

3191
(5528 =−=ɄɍQ   

 
ɇɟɤɨɦɩɟɧɫɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɲɢɧɚɯ 10 ɤȼ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɜɚɪ: 
 
 ɄɍɊЭ QQQ −= , (1.20) 
 

ɝɞɟ ɊЭQ -Ɋɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɨɬɧɟɫɟɧɧɚɹ ɤ ɲɢɧɚɦ 10 ɤȼ Ƚɉɉ ɫ ɭɱɟɬɚɦ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɡɧɨɜɪɟɦɟɧɧɨɫɬɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɢɥɨɜɨɣ ɧɚɝɪɭɡɤɢ. 

 
95,090,0 −=ɊɆɄ  

 
 2,40905,43023,63896,08616 =−+=−+= ɄɍTɊɆɊ QQɄQQ   
 
ȼ ɤɚɱɟɫɬɜɟ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ (Ʉɍ) ɩɪɢɧɢɦɚɸɬɫɹ ɛɚɬɚɪɟɢ ɫɬɚɬɢɱɟɫɤɢɯ 

ɤɨɧɞɟɧɫɚɬɨɪɨɜ (ȻɋɄ). 
ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ȻɋɄ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɤȼɬ : 
 
 ɄɍɍȾɄɍ QɊɊ = , (1.21) 

 
ɝɞɟ ɍȾɊ  – ɭɞɟɥɶɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɫɨɫɬɚɜɥɹɸɳɢɟ 0,2% ɨɬ ɄɍQ . 

61,05,4302002,0 == ɄɍɊ ɤȼɬ, 
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 ɄɍɊ ɊɊɊ +=  , (1.22) 
 

ɝɞɟ ɊɊ  – ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɡɚɜɨɞɚ, ɤȼɬ  ɨɬɧɟɫɟɧɧɚɹ ɤ ɲɢɧɚɦ 10 ɤȼ Ƚɉɉ ɫ 
ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɧɨɜɪɟɦɟɧɧɨɫɬɢ ɦɚɤɫɢɦɭɦɨɜ ɫɢɥɨɜɨɣ ɧɚɝɪɭɡɤɢ 

95,090,0 −=ɊɆɄ  

 
 ( ) ɄɍɐɌɊɈɊɆ ɊɊɊɄɊɊ +++=  , (1.23) 

 
( ) 34,1122161,07,1277,11999,07,10983 =+++=Ɋ  ɤȼɬ 

 
Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɲɢɧɚɯ 10 ɤȼ Ƚɉɉ ɫ ɭɱɟɬɨɦ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ 

ɦɨɳɧɨɫɬɢ, Ⱥɤȼ  : 
 
 34,112212,409034,11221 2222 =+=+= QɊSɊ   

 
ɉɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ ɧɚ ɡɚɜɨɞɟ ɛɭɞɟɬ ɩɪɟɞɭɫɦɨɬɪɟɧɚ Ƚɉɉ. 
ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ Ƚɉɉ 

ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ,ɤȼɬ ,ɤɜɚɪ: 

 
 9,2385,1194302,002,0 6 === ɊȽɉɉɌ SP   
 35,11945,119431,01,0 10 === ɊȽɉɉɌ SQ   
 
ɉɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɡɚɜɨɞɚ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ (ȼɇ) Ƚɉɉ 

ɨɩɪɟɞɟɥɹɟɬɫɹ, Ⱥɤȼ  : 
 

 ( ) ( )2 

2

  ȽɉɉɌȽɉɉɌȼɇP QQPPS +++= , (1.24) 

 

( ) ( ) 2620135,11942,40909,23834,11221 22
 =+++=ȼɇPS  ɤȼȺ 

 
 

 
 
 
 
 
 
 

 
 
 



26 
 

3.3 Ɋɚɫɱɟɬ ɤɚɪɬɨɝɪɚɦɦɵ ɧɚɝɪɭɡɨɤ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɥɨɜɧɨɝɨ ɰɟɧɬɪɚ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 

 
Ɍɚɛɥɢɰɚ 1.4 – Ʉɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɡɚɜɨɞɚ 

 
 

ɤȼɬ
PP ,

 

 

ɤȼɬ
PPɈ ,

 

 
ɦɦr,  

 
ɝɪɚɞ,  

 
ɦx,  

 
ɦy,  

 
( ) xɊP ɊɈP +  

 
( ) yɊP ɊɈP +  

ɉɨɬɪɟɛɢɬɟɥɢ ɷɧɟɪɝɢɢ 0,4 ɤȼ 

1.    17,65 107,35 20 309 480 876 60000 109500 

2.    157,8 6,8 23 15 422 816 69630 134640 

3.      232 160 35 147 250 694 98000 272048 

4.      34,2 117,8 22 279 88 694 13376 105488 

5.     172,5 7,5 24 15 54 414 9720 74520 

6.     212,3 43,7 29 61 204 436 52224 111616 

7.      59,1 13,9 15 69 508 86 42340 6278 

8.     159,4 55,1 26 92 460 616 98670 132132 

9.     355,4 9,1 34 9 722 348 263169 126846 

10.    174 87 29 120 906 538 236466 140418 

11.   234,6 64,4 31 78 812 356 242788 106444 

12.   40,4 61,6 18 217 980 408 99960 41616 

 
13.     
1092,8 

197,2 65 53 982 886 1319611,6 1190606,8 

14.      
377,4 

57,6 37 48 1194 926 519390 402810 

15.    
1009,1 

210,3 62 62 712 896 868212,8 1092582,4 

  4328,65 1199,35 - - - - 3993557 4047545 

 
Ʉɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɦ : 
 

5,451=Ox , 
2,450=Oy . 
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1413151

2

8

4 3

5 6

7

 

10

9 11 12

ȽПП

125
107,9

ТП1

165
6,8

             ТП 
2

392
160

ТП 3

152
117,8

ТП 4

ТП 5

180
7,5

256
43,7

ТП 6

73

7

13,9

        ТП 8

214,5
55,1

ТП 9

364,5
9,1

ТП 10
261
87

ТП 11

299
64,4

102
61,6

ТП 12

ТП 13

1290
197,2

ТП 14

377,4
57,2

ТП 15

1009,1
210,3

Ɋɢɫɭɧɨɤ 1.3 – Ʉɚɪɬɨɝɪɚɦɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
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3.4 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ 
 
Ʉɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ Ƚɉɉ ɫɥɟɞɭɟɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɧɢɦɚɬɶ ɧɟ 

ɛɨɥɟɟ ɞɜɭɯ. ɇɚ Ƚɉɉ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ 
ɹɜɥɹɸɬɫɹ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞɫɬɚɧɰɢɢ. ȼɨɡɦɨɠɧɵ ɬɚɤɠɟ 
ɨɞɧɨɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɢ ɬɪɟɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞɫɬɚɧɰɢɢ, ɧɨ ɷɬɨ ɬɪɟɛɭɟɬ 
ɫɟɪɶɟɡɧɨɝɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ. 

ȼɵɛɨɪ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɩɪɟɞɩɪɢɹɬɢɹ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɫ ɭɱɟɬɨɦ ɪɟɠɢɦɚ 
ɷɧɟɪɝɨɫɧɚɛɠɚɸɳɟɣ ɨɪɝɚɧɢɡɚɰɢɢ ɩɨ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. ȼ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ 
ɪɟɠɢɦɟ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɞɥɹ ɧɚɞɟɠɧɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɢɯ ɩɢɬɚɧɢɟ ɨɬ ɨɫɬɚɜɲɟɝɨɫɹ ɜ ɪɚɛɨɬɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢ ɷɬɨɦ ɱɚɫɬɶ ɧɟɨɬɜɟɬɫɬɜɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ 
ɧɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɦɨɠɟɬ ɛɵɬɶ ɨɬɤɥɸɱɟɧɚ. 

ȼɵɛɟɪɟɦ ɧɨɦɢɧɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ƚɉɉ ɩɨ ɩɨɥɧɨɣ 
ɪɚɫɱɟɬɧɨɣ ɦɨɳɧɨɫɬɢ ȼɇPS . . 

ȿɫɥɢ ɧɚ Ƚɉɉ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɬɨ ɧɨɦɢɧɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ, ȺɆȼ : 

 

 
nɄ

S
S

Ɂ

ȼɇɊ
ɌɇɈɆ 
  

. , (1.25) 

 
ɝɞɟ ɁɄ  – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ (ɞɥɹ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ 7,0=ɁɄ ); 
n  – ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

 

 01,9
27,0

12620
 =


ɌɇɈɆS ɆȼȺ. 

 
ɋɨɝɥɚɫɧɨ ȺɆȼS ɌɇɈɆ =   01,9 , ɜɵɛɢɪɚɟɦ ɞɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇ-10000/110 /10.  
 
Ɍɚɛɥɢɰɚ 1.5 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

 
Ɍɢɩ ɤȼU ȼ ,  ɤȼU ɇ ,  ɤȼɬɊɏɏ ,  ɤȼɬɊɄɁ ,  ,%KU  ,%ɏɏI  
ɌȾɇ-10000/110 115 10,5 8 85 8 0,75 
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3.5 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ 
 
ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ 

35 ɤȼ  ɫ ɩɨɧɢɠɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ Ƚɉɉ ɞɨ 10 ɤȼ . 
 
ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɥɢɧɢɢ Ƚɉɉ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, Ⱥ :  
 

 104,1
3532

12620

3
 =


=


=

HOM

BHP
ɊȺɋɑ

Un

S
I ,  

 
ɝɞɟ ɇɈɆU  – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɸɳɟɣ ɥɢɧɢɢ, ɤȼ ; n  – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ, 
ɲɬ . 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɥɢɧɢɢ Ƚɉɉ ɜ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ, Ⱥ : 
 

  208,2
3531

12620

3
 

 =


=


=
HOM

BHP
ɊȺȻɆȺɄɋ

Un

S
I .  

 
ɗɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ ɨɩɪɟɞɟɥɹɸɬ, 2ɦɦ : 
 

 
Э

ɊȺɋɑ
ЭɄ j

I
F = , (1.26) 

 
ɝɞɟ Эj  – ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, 2ɦɦȺ . 4,1=Эj  

 

35,74
4,1

1,104
==ЭɄF . 

 
Ɉɤɪɭɝɥɹɟɦ ɩɨɥɭɱɟɧɧɨɟ ɫɟɱɟɧɢɟ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ 

ɦɦFɋɌ   70= ; 
ȺI ȾɈɉ   265= . 

ȼ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ 
 

ɊȺȻɆɄȺɋȾɈɉ II  3,1  , 

2,2085,3442653,1 = . 
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 

ȼɵɛɢɪɚɟɦ ɫɬɚɥɟɚɥɸɦɢɧɢɟɜɵɣ ɩɪɨɜɨɞ ɦɚɪɤɢ Ⱥɋ-70/11. 
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Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 

 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɜɵɤɥɸɱɚɬɟɥɢ, ɪɭɛɬɵɫ. : 
 
 19002950 === nɄɄ ȼQ ,  

 
ɝɞɟ ȼɄ  – ɫɬɨɢɦɨɫɬɶ ɜɵɤɥɸɱɚɬɟɥɟɣ ɦɚɪɤɢ ȼȻɉɋ-35III -25/630-1600 ɍɏɅ1, ɪɭɛɬɵɫ. ; n  
– ɤɨɥɢɱɟɫɬɜɨ ɜɵɤɥɸɱɚɬɟɥɟɣ, ɲɬ .  

 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɥɢɧɢɸ, ɪɭɛɬɵɫ. : 
 
 6302152111/70 ===− nlɄɄ ɍȾȺɋ ,  

 
ɝɞɟ ɍȾɄ  – ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ ɥɢɧɢɢ ɧɚ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɞɜɭɯɰɟɩɧɵɯ ɨɩɨɪɚɯ, 

ɪɚɣɨɧ ɩɨ ɝɨɥɨɥɟɞɭ III , ɪɭɛɬɵɫ.  [3, ɬɚɛɥɢɰɚ 10.15]; l  – ɞɥɢɧɚ ɥɢɧɢɢ, ɤɦ ; n  – 

ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ, ɲɬ .  
 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɥɢɧɢɸ, ɪɭɛɬɵɫ. : 
 
 ɪɭɛɬɵɫɄɄɄ QȺɋɅЭɉ .  54,63654,663016/95 =+=+= − .   

 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ƚɉɉ 

 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ Ƚɉɉ, ɪɭɛɬɵɫ. : 
 
 ɪɭɛɬɵɫnɄɄ ɌɌɌ . 7000235001 === ,  
 

ɝɞɟ 1ɌɄ  – ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇ 10000/35, ɪɭɛɬɵɫ. ; Ɍn  – ɤɨɥɢɱɟɫɬɜɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɲɬ . 

 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɜɵɤɥɸɱɚɬɟɥɢ Ƚɉɉ, ɪɭɛɬɵɫ. : 
 
 ɪɭɛɬɵɫnɄɄ ȼQ .  54,6227,3 === ,  

 
ɝɞɟ ȼɄ  – ɫɬɨɢɦɨɫɬɶ ɜɵɤɥɸɱɚɬɟɥɟɣ ɦɚɪɤɢ ȼȻɉɋ-35III -25/630-1600 ɍɏɅ1 ȼɆɍɗ-
35/1250ɍɏɅ1 /3, ɪɭɛɬɵɫ. ; n  – ɤɨɥɢɱɟɫɬɜɨ ɜɵɤɥɸɱɚɬɟɥɟɣ, ɲɬ . 

 
Ʉɚɩɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɪɚɡɴɟɞɢɧɢɬɟɥɢ Ƚɉɉ, ɪɭɛɬɵɫ. : 
 
 33165,66. === nɄɄ ɈɌɍȾɈɌ ,  
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ɝɞɟ ɈɌɍȾɄ .  – ɫɬɨɢɦɨɫɬɶ ɪɚɡɴɟɞɢɧɢɬɟɥɹ 140 ɬ.ɪ., ɪɭɛɬɵɫ. ; n  – ɤɨɥɢɱɟɫɬɜɨ 
ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ, ɲɬ . 

 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ Ƚɉɉ, ɪɭɛɬɵɫ. : 
 
  54,713913354,67000 =++=++= ɈɌQɌȽɉɉ ɄɄɄɄ .  

 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ, ɪɭɛɬɵɫ. : 
 
 08,777654,713954,636 =+=+=  ȽɉɉɅЭɉI ɄɄɄ . 

 
ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ 

 
ɋɭɦɦɚɪɧɵɟ ɟɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɝɨɞɪɭɛɬɵɫ /. : 
 
 )(ɍɆɂɂɂɂ ɉЭɈȺI +++= , (1.27) 
 

ɝɞɟ Ⱥɂ  – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɢɡɞɟɪɠɤɢ, ɝɨɞɪɭɛɬɵɫ /. ; Ɉɂ  – ɢɡɞɟɪɠɤɢ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ 
ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɝɨɞɪɭɛɬɵɫ /. ; ɉЭɂ  – ɫɬɨɢɦɨɫɬɶ ɝɨɞɨɜɵɯ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 

ɝɨɞɪɭɛɬɵɫ /. ; )(ɍɆ  – ɧɚɪɨɞɧɨ-ɯɨɡɹɣɫɬɜɟɧɧɵɣ ɭɳɟɪɛ, ɝɨɞɪɭɛɬɵɫ /. . 
 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɢɡɞɟɪɠɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɝɨɞɪɭɛɬɵɫ /. ,: 
 
 ȺɉȺɋȺ ɂɂɂ += , (1.28) 
 

ɝɞɟ Ⱥɋɂ  – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɢɡɞɟɪɠɤɢ ɫɟɬɢ, ɝɨɞɪɭɛɬɵɫ /. ; Ⱥɉɂ  – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɢɡɞɟɪɠɤɢ ɧɚ ɩɨɞɫɬɚɧɰɢɢ, ɝɨɞɪɭɛɬɵɫ /. . 

 
Ɉɩɪɟɞɟɥɢɦ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɢɡɞɟɪɠɤɢ ɤɚɤ, ɝɨɞɪɭɛɬɵɫ /. : 
 

  =
n

i
i

Ⱥ Ʉ
ɚ

ɂ
1 100

, (1.29) 

 
ɝɞɟ iɚ  – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ; iɄ  – ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ɪɭɛɬɵɫ. . 

 
Ɉɩɪɟɞɟɥɢɦ ɢɡɞɟɪɠɤɢ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɝɨɞɪɭɛɬɵɫ /. : 
 

  =
n

i
i

Ⱥ Ʉ
ɨ

ɂ
1 100

 (1.30) 

 
ɝɞɟ iɨ  – ɧɨɪɦɚ ɩɨ ɨɛɫɥɭɠɢɜɚɧɢɸ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ; iɄ  – ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ɪɭɛɬɵɫ. . 
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ɋɬɨɢɦɨɫɬɶ ɝɨɞɨɜɵɯ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɝɨɞɪɭɛɬɵɫ /. : 
 ЭɂɉЭ = −210 . (1.31) 
 

ɝɞɟ  –ɫɟɛɟɫɬɨɢɦɨɫɬɶ 1 ɱɚɫɤȼɬ  ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; Э  – ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɝɨɞɱɚɫɤȼɬ / . 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɝɨɞɱɚɫɤȼɬ / : 
 
 ȽɉɉɅЭɉ ЭЭЭ += . (1.32) 
 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɥɢɧɢɹɯ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɝɨɞɱɚɫɤȼɬ / : 
 
 = ɊЭɅЭɉ , (1.33) 
 

ɝɞɟ Ɋ  – ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢɹɯ, ɤȼɬ;   – ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, 
ɱɚɫ .  

 
ȼɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɱɚɫ : 
 

 ȽɈȾ
ɆȺɄɋ Ɍ

Ɍ







 +=

2

410
124,0 , (1.34) 

 
ɝɞɟ ɆȺɄɋɌ  – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ, ɝɨɞɱɚɫ ; ȽɈȾɌ  – ɱɢɫɥɨ ɱɚɫɨɜ ɜ ɝɨɞɭ, 
ɱɚɫ  . 

 2,19688760
10

3500
124,0

2

4
=






 += . 

 
ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢɹɯ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɤȼɬ: 
 

 
n

lr

U

SɊ Ɉ

ɇɈɆ

ȼɇɊ 
=

2

2
 , (1.35) 

 
ɝɞɟ Or  – ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ, ɤɦɈɦ ; n  – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ ɥɢɧɢɢ, ɲɬ . 

 

53,40910
2

1542,0

35

62,12 3
2

2

=


=Ɋ , ɤȼɬ 

78,8060502,196853,409 == ɅЭɉЭ . ɤȼɬ·ɱ 
 
ɉɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ Ƚɉɉ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɝɨɞɱɚɫɤȼɬ / : 
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 







+=

2

 

 1

ɌɇɈɆ

ȼɇɊ
ɄɁ

Ɍ
ȼɏɏɌȽɉɉ S

SɊ
n

ɌɊnЭ , (1.36) 

 
ɝɞɟ ɏɏɊ  – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ɤȼɬ; ȼɌ  – ɜɪɟɦɹ ɜɤɥɸɱɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɱ ; 

ɄɁɊ  – ɩɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɤȼɬ; ɌɇɈɆS   – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ȺɆȼ . 

 

3,2733822,1968
10

62,12
85

2

1
876082

2

=





+= ȽɉɉЭ , ɝɨɞɪɭɛɬɵɫ /. ; 

43,10793,27338278,806050 =+=Э , ɝɨɞɪɭɛɬɵɫ /. ; 
5,161911008,10794335,1 2 == −

ɉЭɂ , ɝɨɞɪɭɛɬɵɫ /. ; 
ɪɭɛ/ɝɨɞ. 87670 = 2,7 • 19685 + 367241 • 0,094 = Iɂ - 

 
ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɝɨɞɪɭɛɬɵɫ /. : 
 
 IIɇI ɂɄɊɁ  += , (1.37) 
 

ɝɞɟ ɇɊ  – ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
 

08,125467,8708,777615,0 =+=IɁ  
 

ȼɚɪɢɚɧɬ 2 
 
ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ 110 ɤȼ  ɫ ɩɨɧɢɠɟɧɢɟɦ 

ɧɚɩɪɹɠɟɧɢɹ ɧɚ Ƚɉɉ ɞɨ 10 ɤȼ . 

110 кВ

Q1 Q2

QS2QS1

T1 T2

Q5 Q6

Q7

Q3
Q4

QS4
QS3

QS6QS5

 
 

Ɋɢɫɭɧɨɤ 1.4 - ɋɯɟɦɚ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɚɪɢɚɧɬ 2/ 
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3.6 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ 
 
ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɥɢɧɢɢ Ƚɉɉ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, Ⱥ :  
 

  33,2
11032

12620

3
 =


=


=

HOM

BHP
ɊȺɋɑ

Un

S
I , 

 
ɝɞɟ ɇɈɆU  – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɸɳɟɣ ɥɢɧɢɢ, ɤȼ ; n  – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ, 
ɲɬ . 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɥɢɧɢɢ Ƚɉɉ ɜ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ, Ⱥ : 
 

  66,4
11031

12620

3
 

 =


=


=
HOM

BHP
ɊȺȻɆȺɄɋ

Un

S
I .  

 
ɗɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ ɨɩɪɟɞɟɥɹɸɬ, 2ɦɦ : 
 

 2ɦɦ
j

I
F

Э

ɊȺɋɑ
ЭɄ = , (1.38) 

 
ɝɞɟ Эj  – ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, 2ɦɦȺ ; 4,1=Эj . 

 

7,23
4,1

2,33
==ЭɄF  

 
ɂɡ-ɡɚ ɬɪɟɛɨɜɚɧɢɹ ɭɫɥɨɜɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨɬɟɪɶ ɧɚ “ɤɨɪɨɧɭ” ɧɚ ɧɚɩɪɹɠɟɧɢɟ 110 

ɤȼ  ɞɥɹ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɦɢɧɢɦɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ ɪɚɜɧɨɟ 70 2ɦɦ  
ɦɦFɋɌ   70=  [1]; 

ȺI ȾɈɉ   265=  [1].  

 
ȼ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɫɹ ɭɫɥɨɜɢɟ 

 
,3,1  ɊȺȻɆɄȺɋȾɈɉ II   
4,665,3442653,1 =  

 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
ȼɵɛɢɪɚɟɦ ɫɬɚɥɟɚɥɸɦɢɧɢɟɜɵɣ ɩɪɨɜɨɞ ɦɚɪɤɢ Ⱥɋ-70/11. 

 
 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 

 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɜɵɤɥɸɱɚɬɟɥɢ, ɪɭɛɬɵɫ. : 
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 960024800 === nɄɄ ȼQ ,  

 
ɝɞɟ ȼɄ  – ɫɬɨɢɦɨɫɬɶ ɷɥɟɝɚɡɨɜɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɦɚɪɤɢ ȼɗȻ-110-40/3150ɍɏɅ1, ɪɭɛɬɵɫ. ; 

n  – ɤɨɥɢɱɟɫɬɜɨ ɜɵɤɥɸɱɚɬɟɥɟɣ, ɲɬ . 
 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɥɢɧɢɸ, ɪɭɛɬɵɫ. : 
 
 360021512011/70 ===− nlɄɄ ɍȾȺɋ ,   

 
ɝɞɟ ɍȾɄ  – ɫɬɨɢɦɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɞɜɭɯɰɟɩɧɨɣ ɨɩɨɪɵ, ɪɚɣɨɧ ɩɨ 
ɝɨɥɨɥɟɞɭ III ,; l  – ɞɥɢɧɚ ɥɢɧɢɢ, ɤɦ ; n  – ɤɨɥɢɱɟɫɬɜɨ ɰɟɩɟɣ, ɲɬ . 

 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɥɢɧɢɸ, ɪɭɛɬɵɫ. : 

 
 ɪɭɛɬɵɫɄɄɄ QȺɋɅЭɉ .  132009600360011/70 =+=+= − .  

 
 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ƚɉɉ 

 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ Ƚɉɉ, ɪɭɛɬɵɫ. : 
 
 14000252001 === ɌɌɌ nɄɄ ,  
 

ɝɞɟ 1ɌɄ  – ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇ 10000/110, ɪɭɛɬɵɫ.  ; Ɍn  – ɤɨɥɢɱɟɫɬɜɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɲɬ . 

 
Ʉɚɩɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɜɵɤɥɸɱɚɬɟɥɢ Ƚɉɉ ɪɭɛɬɵɫ. ,: 
 
 9602480 === nɄɄ ȼQ ,  

 
ɝɞɟ ȼɄ  – ɫɬɨɢɦɨɫɬɶ ɷɥɟɝɚɡɨɜɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɦɚɪɤɢ əɗ-110-23(13) ɍ4, ɪɭɛɬɵɫ. ; n  – 
ɤɨɥɢɱɟɫɬɜɨ ɜɵɤɥɸɱɚɬɟɥɟɣ, ɲɬ . 

 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɪɚɡɴɟɞɢɧɢɬɟɥɢ Ƚɉɉ, ɪɭɛɬɵɫ. : 
 
 2,43362,57. === nɄɄ ɈɌɍȾɈɌ ,  

 
ɝɞɟ ɈɌɍȾɄ .  – ɫɬɨɢɦɨɫɬɶ ɪɚɡɴɟɞɢɧɢɬɟɥɹ, ɪɭɛɬɵɫ. ; n  – ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ, ɲɬ . 

 
 
 



36 
 

ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ Ƚɉɉ ɪɭɛɬɵɫ. ,: 
 

2,153032,34396014000 =++=++= ɈɌQɌȽɉɉ ɄɄɄɄ .  

 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ, ɪɭɛɬɵɫ. : 
 

2,285032,1530313200 =+=+=  ȽɉɉɅЭɉII ɄɄɄ .  
 

ɋɪɚɜɧɢɜɚɟɦɵɟ ɜɚɪɢɚɧɬɵ ɫɱɢɬɚɸɬɫɹ ɪɚɜɧɨɷɤɨɧɨɦɢɱɧɵɦɢ, ɟɫɥɢ ɩɪɢɜɟɞɟɧɧɵɟ 
ɡɚɬɪɚɬɵ ɨɬɥɢɱɚɸɬɫɹ ɧɟ ɛɨɥɟɟ, ɱɟɦ ɧɚ 5%. ȼ ɦɨɟɦ ɫɥɭɱɚɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ 
ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɨɬɥɢɱɚɸɬɫɹ ɧɚ 4,6%, ɩɨɷɬɨɦɭ ɜ ɞɚɧɧɨɦ ɤɭɪɫɨɜɨɦ ɩɪɨɟɤɬɟ 
ɦɵ ɜɵɛɢɪɚɟɦ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱɟɬɚ ɜɬɨɪɨɣ ɜɚɪɢɚɧɬ ɫ ɧɚɩɪɹɠɟɧɢɟɦ  110 ɤȼ  ɞɥɹ 
ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɞɚɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ . 
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3.7 ȼɵɛɨɪ ɫɯɟɦɵ ɜɧɭɬɪɟɧɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
 
ȼɵɛɨɪ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 

 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜɵɩɨɥɧɹɸɬ ɩɨ ɪɚɞɢɚɥɶɧɨɣ, ɦɚɝɢɫɬɪɚɥɶɧɨɣ ɢɥɢ 

ɫɦɟɲɚɧɧɨɣ ɫɯɟɦɟ. 
Ɋɚɞɢɚɥɶɧɵɟ ɫɯɟɦɵ ɩɪɢɦɟɧɹɸɬɫɹ ɧɚ ɧɟɛɨɥɶɲɢɯ ɩɨ ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɹɯ ɞɥɹ 

ɩɢɬɚɧɢɹ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɜ ɨɞɧɨɦ ɦɟɫɬɟ ɩɨɬɪɟɛɢɬɟɥɟɣ. 
Ɇɚɝɢɫɬɪɚɥɶɧɵɟ ɫɯɟɦɵ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ 

ɩɨɞɫɬɚɧɰɢɣ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɣ,  ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɹɦɨɦɭ ɩɪɨɯɨɠɞɟɧɢɸ 
ɦɚɝɢɫɬɪɚɥɟɣ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɞɨ ɩɨɬɪɟɛɢɬɟɥɟɣ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɤɪɚɳɟɧɢɸ 
ɞɥɢɧɵ ɦɚɝɢɫɬɪɚɥɢ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɫɯɟɦ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɧɢɡɤɚɹ ɧɚɞɟɠɧɨɫɬɶ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɞɢɚɥɶɧɵɦɢ. ɋɨɱɟɬɚɧɢɟ ɩɪɟɢɦɭɳɟɫɬɜ ɪɚɞɢɚɥɶɧɵɯ ɢ ɦɚɝɢɫɬɪɚɥɶɧɵɯ 
ɫɯɟɦ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɬɶ ɫɢɫɬɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫ ɧɚɢɥɭɱɲɢɦɢ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɞɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɭɡɥɚ ɩɪɢɦɟɦ ɫɦɟɲɚɧɧɭɸ 
ɫɯɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɡɚɦɤɧɭɬɭɸ ɜ ɤɨɥɶɰɨ. ȼ ɤɨɥɶɰɨ ɫɯɟɦɚ ɡɚɦɵɤɚɟɬɫɹ ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ.    

 
ȼɵɛɨɪ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 

 
ɉɢɬɚɧɢɟ ɦɚɥɵɯ ɢ ɫɪɟɞɧɢɯ ɩɨ ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ 

ɧɚɩɪɹɠɟɧɢɢ 6 ɢɥɢ 10 ɤȼ . ȼɵɩɨɥɧɟɧɢɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ ɧɚ 6 ɤȼ  
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɬɨɥɶɤɨ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɟɫɥɢ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ  ɩɪɟɨɛɥɚɞɚɸɬ 
ɩɪɢɟɦɧɢɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɧɨɦɢɧɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ 6 ɤȼ , ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɧɚ 
ɧɚɩɪɹɠɟɧɢɢ 10 ɤȼ  ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɦɟɧɶɲɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɟɬɢ 10 ɤȼ  ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ 
ɷɤɨɧɨɦɢɱɧɵɦɢ. ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɩɪɟɞɩɪɢɹɬɢɹ ɛɭɞɟɦ ɨɫɭɳɟɫɬɜɥɹɬɶ ɧɚ ɧɚɩɪɹɠɟɧɢɢ 
10 ɤȼ . 
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Ɋɢɫɭɧɨɤ 1.5 – ɋɯɟɦɚ ɜɧɭɬɪɟɧɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ 
 

 
ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

 
ɉɪɢ ɜɵɛɨɪɟ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɞɨɥɠɟɧ ɪɟɲɚɬɶɫɹ ɜɨɩɪɨɫ ɨɛ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɣ ɜɟɥɢɱɢɧɟ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɜ ɫɟɬɶ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1 ɤȼ . 

ɋɭɦɦɚɪɧɭɸ ɪɚɫɱɟɬɧɭɸ ɦɨɳɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɧɢɡɲɟɝɨ 
ɧɚɩɪɹɠɟɧɢɹ (ɇȻɄ), ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɜ ɰɟɯɨɜɨɣ ɫɟɬɢ, ɨɩɪɟɞɟɥɹɸɬ ɪɚɫɱɟɬɚɦɢ ɩɨ 
ɦɢɧɢɦɭɦɭ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɜ ɞɜɚ ɷɬɚɩɚ: 

1) ȼɵɛɢɪɚɸɬ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 
2) ɨɩɪɟɞɟɥɹɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɇȻɄ ɜ ɰɟɥɹɯ ɨɩɬɢɦɚɥɶɧɨɝɨ 

ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɢ ɫɟɬɢ ɧɚɩɪɹɠɟɧɢɟɦ 6-10 ɤȼ  ɩɪɟɞɩɪɢɹɬɢɹ. 
 
ɋɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɇȻɄ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɜɚɪ: 

 
 21 ɇɄɇɄɇɄ QQQ += , (1.39) 
 
ɝɞɟ 21  ɢ ɇɄɇɄ QQ  – ɫɭɦɦɚɪɧɵɟ ɦɨɳɧɨɫɬɢ ɇȻɄ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɚ ɭɤɚɡɚɧɧɵɯ            

ɷɬɚɩɚɯ. 
 
 
ȼɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
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Ɇɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɞɢɧɚɤɨɜɨɣ ɦɨɳɧɨɫɬɢ i -ɨɝɨ 

ɰɟɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɲɬ : 
 

 N
SɄ
P

N
iɌɇɈɆɁ

Ɋi
i +


=

  
min , (1.40) 

 
ɝɞɟ ɁɄ  – ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; N  – ɞɨɛɚɜɤɚ ɞɨ 
ɛɥɢɠɚɣɲɟɝɨ ɰɟɥɨɝɨ ɱɢɫɥɚ. 

 
ɗɤɨɧɨɦɢɱɟɫɤɢ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɲɬ : 
 
 mNN iɈɉɌ += min , (1.41) 
 

ɝɞɟ m  – ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ. 
 
ɍɞɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɧɚɝɪɭɡɤɢ ɰɟɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ, 2/ ɦȺɤȼ  : 
 

 
i

Ɋi
i F

S
= , (1.42) 

 
ɝɞɟ iF  – ɩɥɨɳɚɞɶ i -ɨɝɨ ɰɟɯɚ. 

 

013,0
9640

47,125

1

1
1 ===

F

SɊ , 

36,0
600

9,215

2

2
2 ===

F

SɊ , 

033,0
14000

458

3

3
3 ===

F

SɊ , 

017,0
8860

154

4

4
4 ===

F

SɊ , 

33,0
720

7,235

5

5
5 ===

F

SɊ , 

066,0
4600

5,301

6

6
6 ===

F

SɊ , 

088,0
1040

6,91

7

7
7 ===

F

SɊ , 

052,0
4848

250

8

8
8 ===

F

SɊ , 

5,0
800

403

9

9
9 ===

F

SɊ , 
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035,0
8330

8,291

10

10
10 ===

F

SɊ , 

055,0
5648

8,308

11

11
11 ===

F

SɊ , 

017,0
6490

110

12

12
12 ===

F

SɊ , 

084,0
17300

6,1466

13

13
13 ===

F

SɊ , 

12,0
4330

519

14

14
14 ===

F

SɊ , 

086,0
18450

1596

15

15
15 ===

F

SɊ . 

 
ȿɫɥɢ ɭɞɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɧɚɝɪɭɡɤɢ ɰɟɯɚ  
 

2/  2,0 ɦȺɤȼ  , то ȺɤȼɞɨS ɌɇɈɆ →   1000  , 
2/  5,0  2,0 ɦȺɤȼɞɨɨɬ = , то ȺɤȼS ɌɇɈɆ →   1600  , 

2/  5,0 ɦȺɤȼ  , то ȺɤȼS ɌɇɈɆ →   2500 . 
 

Ɋɟɤɨɦɟɧɞɨɜɚɧɨ ɩɪɢɧɢɦɚɬɶ ɫɥɟɞɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɝɪɭɡɤɢ [4, ɫɬɪɚɧɢɰɚ 
103], ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɟɣ I,II ,III  ɤɚɬɟɝɨɪɢɢ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɩɨɬɪɟɛɢɬɟɥɟɣ: 

I ɤɚɬɟɝɨɪɢɹ – ;7,0  65,0 ɞɨɨɬɄɁ =  
II  ɤɚɬɟɝɨɪɢɹ – ;8,0  7,0 ɞɨɨɬɄɁ =  
III  ɤɚɬɟɝɨɪɢɹ – .95,0  9,0 ɞɨɨɬɄɁ =  
 
ɋɧɚɛɫɛɵɬ 

113,087,0
1609,0

125

1 

1
1min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ , 

ɆɉɄ-13 

27,03,1
1607,0

165

2 

2
2min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ , 

ȺɌɄ-4 

26,04,1
4007,0

392

3 

3
3min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ , 

ɍɆ-19 

133,067,0
2509,0

152

4 

4
4min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ , 

ɍɉɌɄ 

12,08,0
2509,0

180

5 

5
5min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ , 

ɉɆɄ-2 
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13,07,0
4009,0

256

6 

6
6min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ , 

ɋɆɉ-159 

15,05,0
1609,0

73

7 

7
7min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ , 

ɆɄ-16 

28,02,1
2507,0

5,214

8 

8
8min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ , 

ȼɬɨɪɰɜɟɬɦɟɬ 

27,03,1
4007,0

5,364

9 

9
9min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ , 

ȽȺɉɌ 

25,05,1
2507,0

261

10 

10
10min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ , 

Ɋɨɫɛɚɤɚɥɟɹ 

23,07,1
2507,0

299

11 

11
11min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ , 

ɋɟɥɶɫɯɨɡɬɟɯɧɢɤɚ 

13,07,0
1609,0

102

12 

12
12min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ , 

ɉɢɜɡɚɜɨɞ 

285,015,1
16007,0

1290

13 

13
13min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ , 

ȺɌȻɫ 

245,055,1
4007,0

435

14 

14
14min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ , 

ɊɆɁ 

299,001,1
16007,0

4,1219

15 

15
15min =+=+


=+


= NN

SɄ
P

N
ɌɇɈɆɁ

Ɋ . 

 
 

Ɍɚɛɥɢɰɚ 1.6 – Ɉɩɬɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 

 ɇɚɢɦɟɧɨ– 
ɜɚɧɢɟ 
ɩɭɧɤɬɚ 
ɩɢɬɚɧɢɹ 

ɉɨɬɪɟ– 
ɛɢɬɟɥɢ 
ɷɥɟɤɬɪɢ– 
ɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ 

ɁɄ  
2/  

,       

ɦȺɤȼ 



 ; 

,min

ɲɬ
N

 ɲɬ
NN

 

,min +

 

m  
ɲɬ
NɈɉɌ ,

 

Ɍɉ-1 ɋɧɚɛɫɛɵɬ 0,9 0,013 0,87 0,13 0 1 

Ɍɉ-2 ɆɉɄ-13 0,7 0,36 1,3 0,7 0 2 

Ɍɉ-3 ȺɌɄ-4 0,7 0,033 1,4 0,6 0 2 

Ɍɉ-4 ɍɆ-19 0,9 0,017 0,67 0,33 0 1 

Ɍɉ-5 ɍɉɌɄ 0,9 0,33 0,8 0,2 0 1 

Ɍɉ-6 ɉɆɄ-2 0,9 0,066 0,7 0,3 0 1 
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Ɍɉ-7 ɋɆɉ-159 0,9 0,088 0,5 0,5 0 1 

Ɍɉ-8 ɆɄ-61 0,7 0,052 1,2 0,8 0 2 

Ɍɉ-9 ȼɬɨɪɰɜɟɬɦɟɬ 0,7 0,5 1,3 0,7 0 2 

Ɍɉ-10 ȽȺɉɌ 0,7 0,035 1,5 0,5 0 2 

Ɍɉ-11 Ɋɨɫɛɚɤɚɥɟɹ 0,7 0,055 1,7 0,32 0 2 

Ɍɉ-12 ɋɟɥɶɯɨɡɬɟɯ 0,9 0,017 0,7 0,31 0 1 

Ɍɉ-13 ɉɢɜɡɚɜɨɞ 0,7 0,084 1,15 0,85 0 2 

Ɍɉ-14 ȺɌȻɫ 0,7 0,12 1,55 0,45 0 2 

Ɍɉ-15 ɊɆɁ 0,7 0,86 1,01 0,99 0 2 

 
Ɍɚɛɥɢɰɚ 1.6 – ȼɵɛɨɪ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 

 
ȼɵɛɨɪ ɦɨɳɧɨɫɬɢ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɞɥɹ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ 

ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ 
 

ɇɚɢɛɨɥɶɲɭɸ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɭɸ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɟɪɟɞɚɬɶ ɱɟɪɟɡ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɜ ɫɟɬɶ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1000 ȼ ɨɩɪɟɞɟɥɹɸɬ, ɤɜɚɪ: 

 

 ( ) 22
  )( ɊɈɊɌɇɈɆɁɈɉɌTiMAX ɊɊSɄNQ −−= , (1.43) 

 
( ) 49,711251609,0 22

1 =−=TMAXQ , 

( ) 5,1511651607,02 22
2 =−=TMAXQ , 

( ) 4003924007,02 22
3 =−=TMAXQ , 

ɇɚɢɦɟɧɨ– 
ɜɚɧɢɟ 
ɩɭɧɤɬɚ 
ɩɢɬɚɧɢɹ 

ɉɨɬɪɟ– 
ɛɢɬɟɥɢ 
ɷɥɟɤɬɪɢ– 
ɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ 

Ɇɟɫɬɨ 
ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɤȼɬ
Ɋ
P

ɊɈ

P

,

+

 ɤȼɬ
Q

Q

ɊɈ

P

,

+

 

ɁɄ  
Ⱥɤȼ

S ɌɇɈɆ

 

, 

 ɲɬ
N

 

,min

 ɲɬ
NɈɉɌ ,

 

Ɍɉ-1 ɋɧɚɛɫɛɵɬ ɋɧɚɛɫɛɵɬ 125 10,93 0,9 160 0,87 1 
Ɍɉ-2 ɆɉɄ-13 ɆɉɄ-13 165 139,2 0,7 160 1,3 2 
Ɍɉ-3 ȺɌɄ-4 ȺɌɄ-4 392 236,7 0,7 400 1,4 2 
Ɍɉ-4 ɍɆ-19 ɍɆ-19 152 25,7 0,9 250 0,67 1 
Ɍɉ-5 ɍɉɌɄ ɍɉɌɄ 180 152 0,9 250 0,8 1 
Ɍɉ-6 ɉɆɄ-2 ɉɆɄ-2 256 159,2 0,9 400 0,7 1 
Ɍɉ-7 ɋɆɉ-159 ɋɆɉ-159 73 55,3 0,9 160 0,5 1 
Ɍɉ-8 ɆɄ-61 ɆɄ-61 214,5 127,9 0,7 250 1,2 2 
Ɍɉ-9 ȼɬɨɪɰɜɟɬɦɟɬ ȼɬɨɪɰɜɟɬɦɟɬ 364,5 172 0,7 400 1,3 2 
Ɍɉ-10 ȽȺɉɌ ȽȺɉɌ 261 130,5 0,7 250 1,5 2 
Ɍɉ-11 Ɋɨɫɛɚɤɚɥɟɹ Ɋɨɫɛɚɤɚɥɟɹ 299 77,1 0,7 250 1,7 2 
Ɍɉ-12 ɋɟɥɶɯɨɡɬɟɯ ɋɟɥɶɯɨɡɬɟɯ 102 41,2 0,9 160 0,7 1 
Ɍɉ-13 ɉɢɜɡɚɜɨɞ ɉɢɜɡɚɜɨɞ 1290 550 0,7 1600 1,15 2 
Ɍɉ-14 ȺɌȻɫ ȺɌȻɫ 435 283 0,7 400 1,55 2 
Ɍɉ-15 ɊɆɁ ɊɆɁ 1219,4 1029 0,7 1600 1,01 2 
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( ) 89,1651522509,0 22
4 =−=TMAXQ , 

( ) 1351802509,0 22
5 =−=TMAXQ , 

( ) 11,2532564009,0 22
6 =−=TMAXQ , 

( ) 13,124731609,0 22
7 =−=TMAXQ , 

( ) 95,2762142507,02 22
8 =−=TMAXQ ; 

( ) 56,4255,3644007,02 22
9 =−=TMAXQ , 

( ) 19,2332612507,02 22
10 =−=TMAXQ , 

( ) 93,1812992507,02 22
11 =−=TMAXQ , 

( ) 65,1011021609,0 22
12 =−=TMAXQ , 

( ) 26,1831129016007,02 22
13 =−=TMAXQ , 

( ) 67,3524354007,02 22
14 =−=TMAXQ , 

( ) 01,18794,121916007,02 22
15 =−=TMAXQ . 

 
ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɧɚ ɧɚɩɪɹɠɟɧɢɢ ɞɨ 1000 ȼ 

ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɜɚɪ: 

 ɌiɆȺɏPOɊiɇɄ QQQQ   ,1 )( −+= , (1.44) 

 
56,6049,7193,101 −=−=ɇɄQ , 

3,125,1512,1392 −=−=ɇɄQ , 

3,1634007,2363 −=−=ɇɄQ , 

19,14089,1657,254 −=−=ɇɄQ , 

171351525 =−=ɇɄQ , 

91,9311,2532,1596 −=−=ɇɄQ , 

83,6813,1243,557 −=−=ɇɄQ , 

05,14995,2769,1278 −=−=ɇɄQ , 

56,25356,4251729 −=−=ɇɄQ , 

69,10219,2335,13010 −=−=ɇɄQ , 

09,15693,1811,7711 −=−=ɇɄQ , 

45,6065,1012,4112 −=−=ɇɄQ , 

26,128126,183155013 −=−=ɇɄQ , 

67,6967,35228314 −=−=ɇɄQ , 

01,85001,1879102915 −=−=ɇɄQ . 
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Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɇȻɄ ɞɥɹ ɞɚɧɧɨɣ ɝɪɭɩɩɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɜɚɪ: 

 ɌɇɈɆɈɉɌiɇɄPOɊiɇɄ SNQQQQ  ,1 ,2 )( −−+=  , (1.45) 

 
ɝɞɟ   – ɪɚɫɱɟɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 1ɊɄ  ɢ 1ɊɄ . 

51,81605,056,6093,101 −=−+=ɇɄQ , 

5,816025,03,122,1392 −=−+=ɇɄQ , 

040025,03,1637,2363 =−+=ɇɄQ , 

89,402505,019,1407,254 =−+=ɇɄQ , 

102505,0171525 =−−=ɇɄQ , 

11,534005,091,932,1596 =−+=ɇɄQ , 

13,441605,083,683,557 =−+=ɇɄQ , 

95,2625025,005,1499,1278 =−+=ɇɄQ , 

56,2540025,056,2531729 =−+=ɇɄQ , 

81,1625025,069,1025,13010 −=−+=ɇɄQ , 

 81,1625025,009,1561,7711 −=−+=ɇɄQ , 

65,211605,045,602,4112 =−+=ɇɄQ , 

26,231160025,026,128155013 =−+=ɇɄQ , 

33,4740025,067,6928314 −=−+=ɇɄQ , 

01,279160025,001,850102915 =−+=ɇɄQ . 

 
ɋɭɦɦɚɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɇȻɄ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɜɚɪ: 
 21 ɇɄɇɄɇɄ QQQ += , (1.46) 

07,6951,856,601 −=−−=ɇɄQ , 

8,205,83,122 −=−−=ɇɄQ , 

3,16303,1633 −=+−=ɇɄQ , 

3,9989,4019,1404 −=+−=ɇɄQ , 

2710175 =+=ɇɄQ , 

8,4011,5391,936 −=+−=ɇɄQ , 

7,2413,4483,687 −=+−=ɇɄQ , 

1,12295,2605,1498 −=+−=ɇɄQ , 

22856,2556,2539 −=+−=ɇɄQ , 

5,11981,1669,10210 −=−−=ɇɄQ , 

9,17281,1609,15611 −=−−=ɇɄQ , 
8,3865,2145,6012 −=+−=ɇɄQ , 

105026,23126,128113 −=+−=ɇɄQ , 
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11733,4767,6914 −=−−=ɇɄQ , 

57101,27901,85015 −=+−=ɇɄQ . 

 
ɇɚ ɞɚɧɧɨɦ ɩɪɟɞɩɪɢɹɬɢɢ ɭɫɬɚɧɨɜɤɚ ɇȻɄ ɬɪɟɛɭɟɬɫɹ ɬɨɥɶɤɨ ɧɚ Ɍɉ 5, 

ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɍɄɅ(ɉ)ɇ-0,38-50-150ɍɁ, ɤɜɚɪQɇɄ   50= . 

Ɋɚɫɱɟɬɧɭɸ ɦɨɳɧɨɫɬɶ ɇȻɄ ɇɄQ  ɨɤɪɭɝɥɹɟɦ ɞɨ ɫɬɚɧɞɚɪɬɧɨɣ ɛɥɢɠɚɣɲɟɣ 
ɦɨɳɧɨɫɬɢ ɤɨɦɩɥɟɤɬɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ.  
 

Ʉɨɦɩɟɧɫɚɰɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. ȼɵɛɨɪ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɛɚɬɚɪɟɣ 
 

ɉɪɢ ɜɵɛɨɪɟ Ʉɍ ɩɪɢ ɞɨɩɭɳɟɧɢɢ ɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɞɥɢɧɟ ɥɢɧɢɣ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ 
ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜɫɟ ɩɪɟɞɩɪɢɹɬɢɟ ɤɚɤ ɭɡɟɥ ɫɟɬɢ 10 ɤȼ , ɤ ɤɨɬɨɪɨɦɭ ɩɨɞɤɥɸɱɟɧɵ 
ɪɟɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɢ ɬɪɢ ɬɢɩɚ ɢɫɬɨɱɧɢɤɨɜ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ: ɫɢɧɯɪɨɧɧɵɟ 
ɞɜɢɝɚɬɟɥɢ 10 ɤȼ , ɷɧɟɪɝɨɫɢɫɬɟɦɚ ɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɤɨɧɞɟɧɫɚɬɨɪɧɵɟ ɛɚɬɚɪɟɢ. 

 
Ȼɚɥɚɧɫ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɭɡɥɟ 10 ɤȼ  ɩɪɟɞɩɪɢɹɬɢɹ 
 0 104,0 =−−−−++++  ȼɇЭɋȾɇɄȽɉɉɐɌɇȿɋɌɊɊɊ QQQQQQQQQ

ɮ
      (1.47) 

 
Ʉɚɠɞɵɣ ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ (ɋȾ) ɹɜɥɹɟɬɫɹ ɢɫɬɨɱɧɢɤɨɦ 

ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɦɢɧɢɦɚɥɶɧɭɸ ɜɟɥɢɱɢɧɭ ɤɨɬɨɪɨɣ ɩɨ ɭɫɥɨɜɢɹɦ ɭɫɬɨɣɱɢɜɨɣ 
ɪɚɛɨɬɵ ɋȾ ɨɩɪɟɞɟɥɹɸɬ, ɤɜɚɪ: 

 ɇɈɆɋȾɋȾɇɈɆɋȾ ɄɊnQ cos = ,    (1.48) 

 
ɝɞɟ ɋȾɇɈɆɊ   – ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ; ɋȾɄ  – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ 
ɩɨ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ; ɇɈɆcos  – ɧɨɦɢɧɚɥɶɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. 

ɤɜɚɪQɋȾ   0= . 

 
ȼɯɨɞɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ЭɋQ  ɡɚɞɚɟɬɫɹ ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ ɤɚɤ ɷɤɨɧɨɦɢɱɟɫɤɢ 

ɨɩɬɢɦɚɥɶɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɞɚɧɚ ɩɪɟɞɩɪɢɹɬɢɸ ɜ 
ɩɟɪɢɨɞ ɧɚɢɛɨɥɶɲɟɣ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

ɤɜɚɪQЭɋ   4340= . 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɧɚ ȼɇ (ȼȻɄ) 
ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɜɚɪ: 

 
 ЭɋȾɇɄȽɉɉɐɌɇȿɋɌɊɊɊȼɇ QQQQQQQQQ

ɮ
−−−++++=   104,0 ,    (1.49) 

0,5816434005035,11947,395008616 =−−−++++=ȼɇQ . 
Ⱦɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜɵɛɟɪɟɦ ɭɫɬɚɧɨɜɤɭ ɍɄɅ 57-10,5-1000 

ɍ1 ɤɜɚɪQɎȺɄɌ   100010006 == . 
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3.8 ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɫɟɬɢ ɜɧɭɬɪɟɧɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

 
ɋɟɱɟɧɢɟ ɫɥɨɠɧɵɯ ɤɨɥɶɰɟɜɵɯ ɥɢɧɢɣ ɜɵɛɢɪɚɟɦ ɩɨ ɭɫɥɨɜɢɸ ɞɜɭɫɬɨɪɨɧɧɟɝɨ 

ɩɢɬɚɧɢɹ Ɍɉ ɜ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɢ ɝɨɥɨɜɧɨɝɨ ɭɱɚɫɬɤɚ. Ⱦɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɬɨɤɨɜ ɜ ɥɢɧɢɹɯ ɫɨɫɬɚɜɥɹɟɬ ɫɯɟɦɭ ɜɧɭɬɪɟɧɧɟɝɨ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɚɣɨɧɚ. ɇɨɦɟɪɚ ɭɡɥɨɜ ɜ ɫɯɟɦɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɧɨɦɟɪɚɦ ɩɪɟɞɩɪɢɹɬɢɣ ɧɚ ɝɟɧɩɥɚɧɟ ɪɚɣɨɧɚ (ɪɢɫɭɧɨɤ 1.5). 

 
ɇɚɯɨɞɢɦ ɪɚɫɱɟɬɧɵɟ ɩɨɬɨɤɢ ɦɨɳɧɨɫɬɢ ɜ ɥɢɧɢɹɯ. 
 
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɚɫɬɤɚ 1-2, ɤȼȺ: 160160S121 ===−S .  

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɚɫɬɤɚ 5-6, ɤȼȺ: 250250S565 ===−S .  
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɚɫɬɤɚ 3-6, ɤȼȺ: 650400250S 6563 =+=+=− SS .  
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɚɫɬɤɚ 11-7, ɤȼȺ: 160160S7711 ===−S .  
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɚɫɬɤɚ 3-4, ɤȼȺ: 250250S443 ===−S .  
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɚɫɬɤɚ 11-12, ɤȼȺ: 
 
 160160S121211 ===−S ,  

 480160160160S 21
ɪ
2 =++=+= SS ,  

 1700400250250400400SSS 6543
ɪ
3 =++++=+++= SS ,  

 820160160250250S 71211
ɪ
11 =+++=++= SSS .  

 
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɚɫɬɤɚ Ɋɍ-2, ɤȼȺ: 
 

21,2

13,080082,082086,050089,080011,150017,1170036,1480

L

)()( ɪɭ1414ɪɭ1483
ɪ
3ɪɭ1432

ɪ
2

2-Ɋɍ

++++++

=
+++++++

=


−−−−− lSllSllS
S

 

 926,25962 =−ɊɍS .  
 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɱɚɫɬɤɚ Ɋɍ-14, ɤȼȺ: 
 

21,2

85,048004,117001,150032,180035,150039,182008,2800

L

)()( ɪɭ22ɪɭ2101111ɪɭ2111414
14-Ɋɍ

++++++

=
+++++++

=


−−−−− lSllSllS
S

ɊɊ

 

 074,300314 =−ɊɍS .  
 
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɚɫɬɤɚ 2-3, ɤȼȺ: 926,2116480926,2596S 22-Ɋɍ32 =−=−=−

ɪSS
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Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɚɫɬɤɚ 3-8, ɤȼȺ: 926,4161700926,2116S 33-283 =−=−=−
ɪSS .  

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɚɫɬɤɚ 14-11, ɤȼȺ: 
 
 074,2203800074,3003S 1414-Ɋɍ1114 =−=−=− SS .  
 
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɚɫɬɤɚ 11-10, ɤȼȺ: 074,1383820074,2203S 1111-141011 =−=−=−

ɪSS

  
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɚɫɬɤɚ 10-9, ɤȼȺ: 074,883500074,1383S 1010-11910 =−=−=− SS .

  
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɚɫɬɤɚ 9-8, ɤȼȺ: 
 
 074,83800074,883S 99-1089 =−=−=− SS , 

 500926,416074,83S 838-98 =+=+= −SS .  
 
ɇɚɣɞɟɦ ɩɨɬɨɤɢ ɦɨɳɧɨɫɬɢ ɜ ɤɨɥɶɰɟ Ɋɍ-13-15-Ɋɍ. 
 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɱɚɫɬɤɚ Ɋɍ-13, ɤȼȺ: 
 

73,0

36,03200)36,015,0(3200

L

)()( ɪɭ1515ɪɭ15151313
13-Ɋɍ

++
=

++
=


−−− lSllS

S  

 698,381313 =−ɊɍS .  
 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɱɚɫɬɤɚ Ɋɍ-15, ɤȼȺ: 
 

73,0

22,03200)22,015,0(3200

L

)()( ɪɭ1313ɪɭ13131515
15-Ɋɍ

++
=

++
=


−−− lSllS

S  

 302,258615 =−ɊɍS .  
 
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɚɫɬɤɚ 13-15, ɤȼȺ: 
 
 698,6133200698,3813S 1313-Ɋɍ1513 =−=−=− SS ,  
 3200302,2586698,613S 1515-1315 =+=+= −ɊɍSS .  
 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦ, Ⱥ : 
 

 9,24
1031

160

3

 =


=


= −
−

HOM

ji
jiɊȺɋɑ

Un

S
I ,  

 
ɝɞɟ jiS−  –  ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɞɚɧɧɨɦ ɭɱɚɫɬɤɟ, ɤȼȺ; ɇɈɆU  – ɧɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ, ɤȼ ; n  – ɤɨɥɢɱɟɫɬɜɨ ɥɢɧɢɣ, ɲɬ . 

 



48 
 

ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɜɵɛɢɪɚɟɦ ɤɚɛɟɥɶ ɦɚɪɤɢ ȺȺɒɜ ɫ ɚɥɸɦɢɧɢɟɜɵɦɢ 
ɠɢɥɚɦɢ, ɢɡɨɥɹɰɢɟɣ ɠɢɥ ɢɡ ɩɪɨɩɢɬɚɧɧɨɣ ɛɭɦɚɝɢ, ɜ ɚɥɸɦɢɧɢɟɜɨɣ ɨɛɨɥɨɱɤɟ, 
ɛɪɨɧɢɪɨɜɚɧɧɨɣ ɫɬɚɥɶɧɵɦɢ ɥɟɧɬɚɦɢ, ɫ ɩɨɞɭɲɤɨɣ ɢɡ ɛɢɬɭɦɚ. 

ȼɵɛɢɪɚɟɦ ɫɟɱɟɧɢɟ ɠɢɥ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ, ɭɱɢɬɵɜɚɹ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ 
ɬɨɤɚ ɞɥɹ ɤɚɛɟɥɹ ɫ ɛɭɦɚɠɧɨɣ ɢ ɩɪɨɜɨɞɨɜ ɫ ɪɟɡɢɧɨɜɨɣ ɢ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɧɨɣ 
ɢɡɨɥɹɰɢɟɣ ɩɪɢ 3500=ɆȺɏɌ  , 4,1ɗɄ =j . 

 
ɇɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ, 2ɦɦ : 
  

 6,6
4,1

24,9

Jɷɤ

j-i 

ɷɤ ===
ɪɚɫɱI

F .  

 
Ⱦɥɹ ɬɪɟɯɠɢɥɶɧɨɝɨ ɚɥɸɦɢɧɢɟɜɨɝɨ ɤɚɛɟɥɹ, ɩɪɨɤɥɚɞɵɜɚɟɦɨɝɨ ɜ ɡɟɦɥɟ ȺI ȾɈɉ   75=  

ɫ ɫɟɱɟɧɢɟɦ 2  16 ɦɦFɋɌ = . 
 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 1.7. 

 
Ɍɚɛɥɢɰɚ 1.7 – ȼɵɛɨɪ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 10 ɤȼ  

 
ɍɱɚɫɬɨɤ 

Ⱥɤȼ
S ji


−

 
ɲɬ
n,

 Ⱥ
I ɊȺɋɑ

 

 ,

 2 ɦɦ
Fɷɤ

 
2

,

ɦɦ
FɋɌ

 Ⱥ
I ȾɈɉ ,

 
2-1 160 1 9.24 6.6 16 75 
3-4 250 1 14.43 10.31 16 75 
6-5 250 1 14.43 10.31 16 75 
3-6 650 1 37.53 26.81 25 90 
11-12 160 1 9.24 6.6 16 75 
11-7 160 1 9.24 6.6 16 75 
Ɋɍ-2 2596.926 1 149.94 107.09 120 240 
2-3 2116.956 1 122.22 87.30 95 205 

3-8 416.926 1 24.07 42.98 50 140 
Ɋɍ-14 3003.074 1 173.38 123.84 120 240 
Ɋɍ-13 3813.698 1 220.18 157.27 150 275 
Ɋɍ-15 2586.302 1 149.32 106.66 120 240 
13-15 613.698 1 35.43 25.31 25 90 
14-13 2203.074 1 127.19 90.85 95 205 
13-11 2203.074 1 127.19 90.85 95 205 
11-10 1383.074 1 79.85 57.04 70 165 

 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1.7 

 
10-9 883.074 1 50.98 36.41 35 115 
9-8 83.074 1 4.79 3.4 16 75 

 
ɇɚ ɧɚɩɪɹɠɟɧɢɟ 10 ɤȼ  ɦɚɪɤɚ ɤɚɛɟɥɹ ɧɚ ɜɫɟɯ ɭɱɚɫɬɤɚɯ ȺȺɒɜ. 
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3.9 ɉɪɨɜɟɪɤɚ ɤɚɛɟɥɹ ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɤ ɬɨɤɭ ɄɁ 
 

Ɍɟɪɦɢɱɟɫɤɢɣ ɫɬɨɣɤɨɟ ɤ ɬɨɤɚɦ ɄɁ ɫɟɱɟɧɢɟ, 2ɦɦ . ɉɪɨɜɟɪɢɦ ɧɚ ɭɱɚɫɬɤɟ Ɋɍ-2 ɬ.ɤ. 
ɩɨ ɞɚɧɧɨɦɭ ɭɱɚɫɬɤɭ ɩɪɨɬɟɤɚɟɬ ɧɚɢɛɨɥɶɲɢɣ ɬɨɤ Ʉ.Ɂ. 

 
 

 42,76
90

894,07274
=


=


=

T

nɄɁ
T K

tI
S   

 
ɝɞɟ ɄɁI  – ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɄɁ, Ⱥ ;  

nt  – ɩɪɢɜɟɞɟɧɧɨɟ ɜɪɟɦɹ  ɄɁ, ɫ ;  

TK  – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɨɝɪɚɧɢɱɟɧɢɟ     ɞɨɩɭɫɬɢɦɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɠɢɥ ɤɚɛɟɥɹ. 

 
Ȼɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ 95 2ɦɦ . 
 
ɇɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɨɜ ɩɪɢɧɢɦɚɟɦ ɫɬɚɧɞɚɪɬɧɵɦ ɫɟɱɟɧɢɟɦ 120 2ɦɦ . 
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3.10 Ɋɚɫɱɟɬ ɬɪɟɯɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
 

Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɧɚɪɭɲɟɧɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɄɁ ɜ ɫɟɬɢ ɢɥɢ ɜ ɷɥɟɦɟɧɬɚɯ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ ɢɥɢ ɧɟɩɪɚɜɢɥɶɧɵɯ ɞɟɣɫɬɜɢɣ 
ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɭɳɟɪɛɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɜɵɯɨɞɨɦ ɢɡ 
ɫɬɪɨɹ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɨɜ ɄɁ, ɚ ɬɚɤɠɟ ɞɥɹ ɛɵɫɬɪɨɝɨ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɚɜɢɥɶɧɨ ɨɩɪɟɞɟɥɢɬɶ ɬɨɤɢ ɄɁ ɢ ɩɨ ɧɢɦ ɜɵɛɢɪɚɬɶ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɡɚɳɢɬɧɭɸ 
ɚɩɩɚɪɚɬɭɪɭ ɢ ɫɪɟɞɫɬɜɚ ɨɝɪɚɧɢɱɟɧɢɹ ɬɨɤɨɜ ɄɁ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɄɁ ɫɨɫɬɚɜɥɹɸɬ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ, ɜ ɤɨɬɨɪɨɣ ɜɫɟ ɦɚɝɧɢɬɧɵɟ 
ɫɜɹɡɢ ɡɚɦɟɧɟɧɵ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɢ ɜɫɟ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦɢ. 

 
ɂɫɯɨɞɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɄɁ ɫ ɭɤɚɡɚɧɧɵɦɢ ɬɨɱɤɚɦɢ ɄɁ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.6. 
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Ɋɢɫɭɧɨɤ 1.6 – ɂɫɯɨɞɧɚɹ ɫɯɟɦɚ ɢ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɄɁ 
 
Ɋɚɫɱɟɬ ɬɨɤɨɜ ɄɁ ɜɵɩɨɥɧɹɥɫɹ ɜ ɩɪɨɝɪɚɦɦɟ MathCAD2000. 
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Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɬɨɤɚ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɷɬɨɣ ɠɟ ɬɨɱɤɟ 

ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɱɟɧɢɟ, ɭɦɧɨɠɢɬɶ ɧɚ ɤɨɪɟɧɶ ɢɡ ɬɪɟɯ, ɚ ɡɚɬɟɦ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ.  
 

Ɍɚɛɥɢɰɚ 1.8 – Ɋɚɫɱɟɬ ɬɨɤɨɜ ɄɁ 
 

Ɍɨɱɤɚ 
ɄɁ 

ɤȼU Ȼ  ,  .. , ɟɨɄɍȾ  ɤȺI ɄɁ  ,  ɤȺIɍȾ  ,
 

17 115 1,161 3,945 6,48 
16 10,5 1,471 8,434 17,55 
2 10,5 1,055 7,274 10,85 
1 10,5 1,026 6,695 9,71 
3 10,5 1,038 6,963 10,22 
4 10,5 1,024 6,455 9,35 
6 10,5 1,022 6,24 9,02 
5 10,5 1,021 5,732 8,27 
8 10,5 1,043 7,118 10,5 
14 10,5 1,316 8,273 15,39 
11 10,5 1,042 7,162 10,55 
12 10,5 1,02 5,581 8,05 
7 10,5 1,027 6,792 9,86 
10 10,5 1,038 7,079 10,39 
9 10,5 1,033 6,969 10,18 
13 10,5 1,277 8,179 14,77 
15 10,5 1,164 7,966 13,11 
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3.11 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ 

 
ȼɵɤɥɸɱɚɬɟɥɶ – ɷɬɨ ɤɨɦɦɭɬɚɰɢɨɧɧɵɣ ɚɩɩɚɪɚɬ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɜɤɥɸɱɟɧɢɹ 

ɢ ɨɬɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ ɜ ɥɸɛɵɯ ɪɟɠɢɦɚɯ: ɞɥɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ, 
ɩɟɪɟɝɪɭɡɤɚ, ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ, ɯɨɥɨɫɬɨɣ ɯɨɞ, ɧɟɫɢɧɯɪɨɧɧɚɹ ɪɚɛɨɬɚ. 

 
ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɞɨɩɭɫɬɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɩɚɪɚɦɟɬɪɚɦ: 
1) ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ ;ɇɈɆɍɋɌ UU   

2) ɩɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ ; ɇɈɆɆȺɄɋɊȺȻ II   

3) ɩɨ ɬɨɤɭ ɨɬɤɥɸɱɟɧɢɹ ; ɈɌɄɅɇɈɆɄɁ II   

4) ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ .ɆȺɄɋɍȾ II   

 
ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ 

 
ȼɵɛɢɪɚɟɦ ɜɵɤɥɸɱɚɬɟɥɶ ɬɢɩɚ ȼɗȻ-110-40/3150ɍɏɅ1/ 

 
Ɍɚɛɥɢɰɚ 1.9 – ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 110 ɤȼ  

 
ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ 

ɜɟɥɢɱɢɧɵ 
Ʉɚɬɚɥɨɠɧɵɟ 
ɞɚɧɧɵɟ 

ɇɈɆɍɋɌ UU   
110 ɤȼ 110 ɤȼ 

ɇɈɆɆȺɄɋɊȺȻ II   
 64,2 Ⱥ 1250 Ⱥ 

ɈɌɄɅɇɈɆɄɁ II    
 3945 Ⱥ 40000 Ⱥ 

ɆȺɄɋɍȾ II 
 

6480 Ⱥ 100000 Ⱥ 

 
 
ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ɇɇ 10 ɤȼ 
 
ȼɵɛɢɪɚɟɦ ɜɵɤɥɸɱɚɬɟɥɶ ɬɢɩɚ ȼȼɊ-10-/1600ɍɏɅ2 [3, ɬɚɛɥɢɰɚ 5.1]. 

 
Ɍɚɛɥɢɰɚ 1.10 – ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ȼɇ 10 ɤȼ  

 
ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ 

ɜɟɥɢɱɢɧɵ 
Ʉɚɬɚɥɨɠɧɵɟ 
ɞɚɧɧɵɟ 

ɇɈɆɍɋɌ UU   
10 ɤȼ 10 ɤȼ 

ɇɈɆɆȺɄɋɊȺȻ II   
728,62 Ⱥ 1000 Ⱥ 

ɈɌɄɅɇɈɆɄɁ II    
8434 Ⱥ 20000 Ⱥ 

ɆȺɄɋɍȾ II 
 

17550 Ⱥ 52000 Ⱥ 
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ȼɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 
 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɨɡɞɭɲɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɪɚɡɦɵɤɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ ɩɪɢ ɧɟɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɚɯ ɢ ɞɥɹ ɪɟɞɤɢɯ 
ɨɩɟɪɚɬɢɜɧɵɯ ɩɟɪɟɤɥɸɱɟɧɢɣ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ. 

ȼɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɞɨɩɭɫɬɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɜɚɠɧɟɣɲɢɦ 
ɩɚɪɚɦɟɬɪɚɦ: 

1. ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ ;ɇɈɆɍɋɌ UU   

2. ɩɨ ɞɥɢɬɟɥɶɧɨɦɭ ɬɨɤɭ ; ɇɈɆɆȺɄɋɊȺȻ II   

3. ɩɨ ɬɨɤɭ ɨɬɤɥɸɱɟɧɢɹ . ɈɌɄɅɇɈɆɄɁ II   

4. ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɟ ɚɜɬɨɦɚɬɵ, ɛɥɚɝɨɞɚɪɹ ɬɨɤɨɨɝɪɚɧɢɱɢɜɚɸɳɟɦɭ ɷɮɮɟɤɬɭ 
ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ, ɧɟ ɩɪɨɜɟɪɹɸɬɫɹ ɢ ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ 
ɩɪɨɜɟɪɹɸɬɫɹ ɬɨɥɶɤɨ ɫɟɥɟɤɬɢɜɧɵɟ ɚɜɬɨɦɚɬɵ. 

 
ȼɵɛɢɪɚɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ ɗɈ6ɋ. 
 

Ɍɚɛɥɢɰɚ 1.11 – ȼɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ  
 

ɍɫɥɨɜɢɟ 
ɜɵɛɨɪɚ 

Ɋɚɫɱɟɬɧɵɟ 
ɜɟɥɢɱɢɧɵ 

Ʉɚɬɚɥɨɠɧ
ɵɟ ɞɚɧɧɵɟ 

ɇɈɆɍɋɌ UU   0,4 ɤȼ 0,4 ɤȼ 

ɈɌɄɅɇɈɆɄɁ II    21468 Ⱥ 40000 Ⱥ 
 

Ɍɚɛɥɢɰɚ 1.12 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɗɈ6ɋ 
 

Ɍɢɩ ȺI ɇɈɆ   ,

 
Ɉɬɤɥɸɱɚɸ

ɳɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ, Ⱥ 

ɗɈ6ɋ 1
000 

40000 

 
 

ȼɵɛɨɪ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ  
 

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ – ɷɬɨ ɤɨɦɦɭɬɚɰɢɨɧɧɵɣ ɚɩɩɚɪɚɬ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɜɢɞɢɦɨɝɨ ɪɚɡɪɵɜɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɛɟɡ ɧɚɝɪɭɡɤɢ (ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɜɵɤɥɸɱɟɧɧɨɣ ɜɵɤɥɸɱɚɬɟɥɟɦ). 

Ⱦɨɩɭɫɤɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɥɟɞɭɸɳɢɯ 
ɨɩɟɪɚɰɢɣ: 
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1) ɨɬɤɥɸɱɚɬɶ ɢ ɜɤɥɸɱɚɬɶ ɧɟɡɧɚɱɢɬɟɥɶɧɵɣ ɧɚɦɚɝɧɢɱɢɜɚɸɳɢɣ ɬɨɤ ɫɢɥɨɜɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 

2) ɨɬɤɥɸɱɚɬɶ ɢ ɜɤɥɸɱɚɬɶ ɧɟɣɬɪɚɥɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɡɚɡɟɦɥɹɸɳɢɯ 
ɞɭɝɨɝɚɫɹɳɢɯ ɪɟɚɤɬɨɪɨɜ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜ ɫɟɬɢ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ; 

3) ɨɬɤɥɸɱɟɧɢɹ ɢ ɜɤɥɸɱɟɧɢɹ ɡɚɪɹɞɧɨɝɨ ɬɨɤɚ ɲɢɧ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɫɟɯ 
ɧɚɩɪɹɠɟɧɢɣ (ɤɪɨɦɟ ɛɚɬɚɪɟɣ ɤɨɧɞɟɧɫɚɬɨɪɨɜ) ɢ ɬ.ɞ. 

 
ȼɵɛɢɪɚɟɦ ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɧɚ ɫɬɨɪɨɧɟ ȼɇ Ƚɉɉ 110 ɤȼ  – ɊɇȾ-110/630ɍ1. ɇɚ 

ɫɬɨɪɨɧɟ ȼɇ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 10 ɤȼ  – ɊȼɁ-10/1000ɍ3. 
 

Ɍɚɛɥɢɰɚ 1.13 – ȼɵɛɨɪ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ȼɇ Ƚɉɉ 110 ɤȼ  
 

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ 
ɜɟɥɢɱɢɧɵ 

Ʉɚɬɚɥɨɠɧɵɟ 
ɞɚɧɧɵɟ 

ɇɈɆɍɋɌ UU   
110 ɤȼ 100 ɤȼ 

ɇɈɆɆȺɄɋɊȺȻ II   
64,2 Ⱥ 630 Ⱥ 

ɈɌɄɅɇɈɆɄɁ II    
3945 Ⱥ 63000 Ⱥ 

 
 
Ɍɚɛɥɢɰɚ 1.14 – ȼɵɛɨɪ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɚ ɫɬɨɪɨɧɟ ȼɇ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 10 
ɤȼ 

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ 
ɜɟɥɢɱɢɧɵ 

Ʉɚɬɚɥɨɠɧɵɟ 
ɞɚɧɧɵɟ 

ɇɈɆɍɋɌ UU   
10 ɤȼ 10 ɤȼ 

ɇɈɆɆȺɄɋɊȺȻ II   
728,6 Ⱥ 1000 Ⱥ 

ɈɌɄɅɇɈɆɄɁ II    
8434 Ⱥ 41000 Ⱥ 
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3.12 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ 
 
ɇɚ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɜɨɡɧɢɤɚɸɬ ɜɨɥɧɵ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɩɪɹɦɵɯ ɭɞɚɪɨɜ ɦɨɥɧɢɣ ɜ ɩɪɨɜɨɞɚ, ɥɢɛɨ ɩɟɪɟɤɪɵɬɢɣ ɜɨɡɞɭɲɧɵɯ ɩɪɨɦɟɠɭɬɤɨɜ ɩɪɢ 
ɭɞɚɪɟ ɦɨɥɧɢɢ ɜ ɨɩɨɪɭ. ɗɬɢ ɜɨɥɧɵ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɞɨɯɨɞɹɬ ɞɨ ɩɨɞɫɬɚɧɰɢɢ ɢ 
ɜɵɡɵɜɚɸɬ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɟ ɩɟɪɟɧɚɩɪɹɠɟɧɢɟ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ. Ɉɧɢ ɦɨɝɭɬ 
ɜɵɡɵɜɚɬɶ ɩɨɜɪɟɠɞɟɧɢɟ ɢɡɨɥɹɰɢɢ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɷɬɨɝɨ ɢ ɡɚɳɢɬɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟɥɢɧɟɣɧɵɟ ɨɝɪɚɧɢɱɢɬɟɥɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ. 

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɚɬɦɨɫɮɟɪɧɵɯ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ 
ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɢɡɨɥɹɰɢɢ ȼɅ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɫɬɨɪɨɧɚɯ ȼɇ, ɇɇ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɨɝɪɚɧɢɱɢɬɟɥɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɬɢɩɚ: Ɉɉɇ 110, Ɉɉɇ 10. 

ȼɵɛɢɪɚɟɦ ɞɥɹ ɡɚɳɢɬɵ ɧɚ ɫɬɨɪɨɧɟ ȼɇ Ɉɉɇ X/X-110/40,5ɍɏɅ1,  
ɧɚ ɇɇ Ɉɉɇ X/X 10/11,5 ɍɏɅ1 /Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ/. 
 

Ɍɚɛɥɢɰɚ 1.15 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Ɉɉɇ 
 

 
Ɍɢɩ 

ɤȼUɇɈɆ   ,  
ɇɚɢɛɨɥɶɲɟɟ 

ɤȼU ȾɈɉ   ,
 

ɇɨɦɢɧɚɥɶɧɵɣ 
ɪɚɡɪɹɞɧɵɣ 
ɬɨɤ, ɤȺ 

Ɉɉɇ-ɏ/ɏ-110/40,5 
ɍɏɅ1 

110 121 10 

Ɉɉɇ-ɏ/ɏ10/11,5 
ɍɏɅ2 

10 11,5 10 
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3.13 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 
 
Ɍɚɛɥɢɰɚ 1.16 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ  

 
 
Ɍɢɩ 

ɤȼUɇɈɆ   ,  ɤȼU ɊȺȻɇɈɆ   ,  ȺI ɇɈɆ   ,  
Ɍɨɤ 
ɷɥɟɤɬɪɨɞɢɧɚɦɢ–
ɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, 
ɤȺ 

ɩɟɪɜɢɱɧɵɣ ɜɬɨɪɢɱɧɵɣ 

ɌȼɌ-110-I-
100/5 

110 115 100 5 - 

ɌɅɄ-10-
600/5 

10 12 600 5 81 
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3.14 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 
 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɸɬɫɹ: 
– ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɭɫɬɚɧɨɜɤɢ ;ɇɈɆɍɋɌ UU   
– ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɯɟɦɟ ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ; 
– ɩɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ; 
– ɩɨ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ: ,2 ɇɈɆSS   

ɝɞɟ ɇɈɆS  – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɜ ɜɵɛɪɚɧɧɨɦ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ; 2S  – ɧɚɝɪɭɡɤɚ ɜɫɟɯ 
ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɪɟɥɟ, ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ ɧɚɩɪɹɠɟɧɢɹ, 
ȼ.Ⱥ. 

 
Ɍɚɛɥɢɰɚ 1.17 – ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

 
 
 
ɉɪɢɛɨɪɵ 

 
 
Ɍɢɩ 

 
ȺȼSɉɈɌ  ,  

 

ɲɬ
nɄȺɌɍɒȿɄ

 

,

 

 
 

cos  

 
 

sin  

 

ɲɬ
nɉɊɂȻɈɊɈȼ

 

,

 

 
ȼɬS ɉɈɌɈȻɓ  ,  

 ȼɬɊ  ,  ȼɬQ  ,  
1.ȼɨɥɶɬɦɟɬɪ ɗ-335 2,0 1 1 0 1 2 - 

2.ȼɚɬɬɦɟɬɪ Ⱦ-335 1,5 2 1 0 1 3 - 

3.ȼɚɪɦɟɬɪ Ⱦ-335 1,5 2 1 0 1 3 - 

4.Ⱦɚɬɱɢɤ ɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ 

ȿ-829 10 - 1 0 1 10 - 

5.Ⱦɚɬɱɢɤ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ 

ȿ-830 10 - 1 0 1 10 - 

6.ɋɱɟɬɱɢɤ ɚɤɬɢɜɧɨɣ 
ɷɧɟɪɝɢɢ 

ɂ-680 2,0 2 0,38 0,925 1 4 9,7 

7.ȼɚɬɬɦɟɬɪ Ⱦ-305 2,0 2 1 0 1 4 - 

8.ɑɚɫɬɨɬɨɦɟɪ ɗ-371 3,0 1 1 0 1 3 - 

ɂɬɨɝɨ: 39 9,7 

 
ȼɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ, Ⱥȼ  : 
 
 1,407,939 2222

2 =+=+= QPS .  
 
ȼɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɇȺɆɂ-10, [2, ɬɚɛɥ. 5.13], ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ 0,5, ɞɥɹ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫɱɟɬɱɢɤɨɜ, 75 ȼ.Ⱥ. 
Ɉɬɫɸɞɚ , ȺȼS =   751,402 . 
 

Ɍɚɛɥɢɰɚ 1.18 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 
 

 
Ɍɢɩ 

ɤȼUɇɈɆ   ,  ɤȼU ɈȻɆɇɈɆ   ,  
ɩɟɪɜɢɱɧɨɣ ɜɬɨɪɢɱɧɨɣ 

ɇȺɆɂ-10 10 10000 100 
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3.15 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

 
ɋɨɫɬɚɜ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɬɚɧɰɢɣ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ 

ɩɨɞɫɬɚɧɰɢɢ, ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɧɚɥɢɱɢɹ ɫɢɧɯɪɨɧɧɵɯ ɤɨɦɩɟɧɫɚɬɨɪɨɜ, 
ɬɢɩɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. ɇɚɢɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ ɜɵɩɨɥɧɟɧɧɵɯ ɩɨ ɭɩɪɨɳɟɧɧɵɦ ɫɯɟɦɚɦ, ɛɟɡ ɫɢɧɯɪɨɧɧɵɯ 
ɤɨɦɩɟɧɫɚɬɨɪɨɜ, ɛɟɡ ɩɨɫɬɨɹɧɧɨɝɨ ɞɟɠɭɪɫɬɜɚ. ɗɬɨ – ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɨɛɞɭɜɚ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɲɤɚɮɨɜ ɄɊɍɇ, ɚ ɬɚɤ ɠɟ ɨɫɜɟɳɟɧɢɟ ɩɨɞɫɬɚɧɰɢɢ. 

ɇɚɢɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɫ.ɧ. ɩɨɞɫɬɚɧɰɢɣ ɹɜɥɹɸɬɫɹ 
ɨɩɟɪɚɬɢɜɧɵɟ ɰɟɩɢ, ɫɢɫɬɟɦɚ ɫɜɹɡɢ, ɬɟɥɟɦɟɯɚɧɢɤɢ, ɚɜɚɪɢɣɧɨɟ ɨɫɜɟɳɟɧɢɟ, ɫɢɫɬɟɦɚ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ. 

Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɜɵɛɢɪɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɧɚɝɪɭɡɤɚɦɢ ɜ ɪɚɡɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɩɨɞɫɬɚɧɰɢɢ, ɧɨ ɧɟ ɛɨɥɟɟ 160 Ⱥɤȼ . 

 
Ɍɚɛɥɢɰɚ 1.19 – ɇɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɬɚɧɰɢɢ 

 
ɗɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ ɍɫɬɚɧɨɜɥɟɧɧɚɹ 

ɦɨɳɧɨɫɬɶ, ɤȼɬ 
Ʉɨɥɢɱɟɫɬɜɨ 
ɩɪɢɟɦɧɢɤɨɜ 

ɋɭɦɦɚɪɧɚɹ 
ɦɨɳɧɨɫɬɶ, 
ɤȼɬ 

Ɉɛɨɝɪɟɜ: 
– ɒɤɚɮɵ ɊɁ 
– ɒɤɚɮɵ ɄɊɍ 

 
0,5 
0,6 

 
13 
13 

 
6,5 
7,8 

Ɉɬɨɩɥɟɧɢɟ ɢ ɨɫɜɟɳɟɧɢɟ 
 ɩɨɦɟɳɟɧɢɹ ɩɟɪɫɨɧɚɥɚ: 
– ɇɚɪɭɠɧɨɟ ɨɫɜɟɳɟɧɢɟ 
– ɇɚɝɪɭɡɤɚ, ɩɨɬɪɟɛɥɹɟɦɚɹ 
ɨɩɟɪɚɬɢɜɧɵɦɢ ɰɟɩɹɦɢ 

 
5,5 
4,5 
 
1,8 

 
1 
1 
 
1 

 
5,5 
4,5 
 
1,8 

ɂɬɨɝɨ: 29,7 
 

ɋ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɩɪɨɫɚ 0,7 ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɩɨɞɫɬɚɧɰɢɢ ɦɨɝɭɬ 
ɛɵɬɶ ɩɪɢɧɹɬɵ ɞɜɚ ɌɋɁ ɩɨ 160 Ⱥɤȼ . 
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3.16 ȼɵɛɨɪ ɲɢɧ ɧɚ ɡɚɤɪɵɬɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ (ɁɊɍ) 
 
ȼ ɁɊɍ 10 ɤȼ  ɨɲɢɧɨɜɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɠɟɫɬɤɢɦɢ ɚɥɸɦɢɧɢɟɜɵɦɢ ɲɢɧɚɦɢ. 
 
ɇɚɢɛɨɥɶɲɢɣ ɬɨɤ ɜ ɰɟɩɢ ɫɛɨɪɧɵɯ ɲɢɧ, Ⱥ : 
 

 29,808
103

10104,1

3

)4,1..3,1( 3
. =




=



=

ɇɈɆ

ɌHOM
ɆȺɄɋ

U

S
I   

 
ȼɵɛɢɪɚɟɦ ɚɥɸɦɢɧɢɟɜɵɟ ɱɟɬɵɪɟɯɩɨɥɨɫɧɵɟ ɲɢɧɵ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɫ 

ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɩɨɥɨɫ ɩɨ ɫɬɨɪɨɧɚɦ ɤɜɚɞɪɚɬɚ, ɨɞɧɚ ɩɨɥɨɫɚ ɧɚ ɮɚɡɭ. 
 
ɋɛɨɪɧɵɟ ɲɢɧɵ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɧɟ ɜɵɛɢɪɚɸɬɫɹ, ɩɨɷɬɨɦɭ 

ɫɟɱɟɧɢɟ ɜɵɛɢɪɚɟɦ ɩɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ: ȺII ȾɈɉɆȺɄɋ 4550= . 

Ɋɚɡɦɟɪɵ ɲɢɧ – ɦɦHhbh   157 ,140 ,8 ,80 1 ==== . 
 
Ɇɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 
 
ɇɚɢɛɨɥɶɲɟɟ ɭɞɟɥɶɧɨɟ ɭɫɢɥɢɟ ɩɪɢ ɬɪɟɯɮɚɡɧɨɦ ɄɁ, Ɇɇ / : 
 

 7
2

10
16

−



=

b

ɄI
f ɎɍȾ , (1.50) 

 
ɝɞɟ ɍȾI  – ɭɞɚɪɧɵɣ ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ, Ⱥ ; ɎɄ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ. 

 

 108,010
816

45,017550 7
2

=



= −f  

 
Ɋɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɫɢɥɚ f  ɫɨɡɞɚɟɬ ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ, ɲɢɧɚ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɦɧɨɝɨɩɪɨɥɟɬɧɚɹ ɛɚɥɤɚ, ɫɜɨɛɨɞɧɨ ɥɟɠɚɳɚɹ ɧɚ ɨɩɨɪɚɯ, Ɇɇ / : 

 27,0
10

5108,0

10

22

=


=


=
lf

M   

 
ɝɞɟ l  – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɩɨɪɧɵɦɢ ɢɡɨɥɹɬɨɪɚɦɢ, ɦ . 

ɇɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧɵ, ɜɨɡɧɢɤɚɸɳɟɟ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɢɡɝɢɛɚɸɳɟɝɨ 
ɦɨɦɟɧɬɚ, Ɇɉɚ: 

 32,25
67,106

27,0
===

W

Ɇ
ɊȺɋɑ ,  

 
ɝɞɟ W  – ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɞɟɣɫɬɜɢɸ 
ɭɫɢɥɢɹ, 2ɫɦ : 

 

 67,106
6

8010

6

22

=


=


=
hb

W .  
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ɒɢɧɵ ɦɟɯɚɧɢɱɟɫɤɢ ɩɪɨɱɧɵ, ɬɚɤ ɤɚɤ ɆɉɚɆɉɚ ȾɈɉɊȺɋɑ   84  32,25 ==  . 

ɉɪɨɜɟɪɤɚ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɩɪɢ ɄɁ  
 
ɉɪɨɜɟɪɤɚ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɩɪɢ ɄɁ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɭɫɥɨɜɢɸ 
 qq min ,  
 

ɝɞɟ minq  – ɦɢɧɢɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɩɨ ɭɫɥɨɜɢɸ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ. 
 
ɂɧɬɟɝɪɚɥ Ⱦɠɨɭɥɹ 
 
 5,770006)015,001,0(17550)( 2

ɨɬɤ
2 =+=+= aɄɁK TtIB   

 
Ɇɢɧɢɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɩɨ ɭɫɥɨɜɢɸ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, 2ɦɦ : 
 

 3095
90

10770 3

min =


==
C

B
q K   

 
ɒɢɧɵ ɬɟɪɦɢɱɟɫɤɢ ɫɬɨɣɤɢ, ɬɚɤ ɤɚɤ 2

min   3200 ɦɦqq = . 

 
ɉɪɨɜɟɪɤɚ ɲɢɧ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ 

 
ɀɟɫɬɤɢɟ ɲɢɧɵ, ɭɤɪɟɩɥɟɧɧɵɟ ɧɚ ɢɡɨɥɹɬɨɪɚɯ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɞɢɧɚɦɢɱɟɫɤɭɸ ɤɨɥɟɛɚɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ, ɧɚɯɨɞɹɳɭɸɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 
ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɥ. ȼ ɬɚɤɨɣ ɫɢɫɬɟɦɟ ɜɨɡɧɢɤɚɸɬ ɤɨɥɟɛɚɧɢɹ, ɱɚɫɬɨɬɚ ɤɨɬɨɪɵɯ 
ɡɚɜɢɫɢɬ ɨɬ  ɦɚɫɫɵ ɢ ɠɟɫɬɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ. ɗɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɥɵ, 
ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɄɁ, ɢɦɟɸɬ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɤɨɬɨɪɵɟ ɢɡɦɟɧɹɸɬɫɹ ɫ ɱɚɫɬɨɬɨɣ 50 ɢ 100 
Ƚɰ  . ȿɫɥɢ ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɲɢɧɵ – ɢɡɨɥɹɬɨɪɵ ɫɨɜɩɚɞɭɬ ɫ 
ɷɬɢɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɬɨ ɧɚɝɪɭɡɤɢ ɧɚ ɢɡɨɥɹɬɨɪɵ ɢ ɲɢɧɵ ɜɨɡɪɚɫɬɭɬ. ȿɫɥɢ ɫɨɛɫɬɜɟɧɧɵɟ 
ɱɚɫɬɨɬɵ ɦɟɧɶɲɟ 30 ɢ ɛɨɥɶɲɟ 200 Ƚɰ  , ɬɨ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɟɡɨɧɚɧɫɚ ɧɟ ɜɨɡɧɢɤɚɟɬ. ȼ 
ɛɨɥɶɲɢɧɫɬɜɟ ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɢɦɟɧɹɟɦɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɲɢɧ ɷɬɢ ɭɫɥɨɜɢɹ ɫɨɛɥɸɞɚɸɬɫɹ, 
ɩɨɷɬɨɦɭ ɉɍɗ ɧɟ ɬɪɟɛɭɟɬ ɩɪɨɜɟɪɤɢ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɫ ɭɱɟɬɨɦ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ. 
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3.17 ȼɵɛɨɪ ɢɡɨɥɹɬɨɪɨɜ 
 

ȼ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɲɢɧɵ ɤɪɟɩɹɬɫɹ ɧɚ ɨɩɨɪɧɵɯ, ɩɪɨɯɨɞɧɵɯ ɢ 
ɩɨɞɜɟɫɧɵɯ ɢɡɨɥɹɬɨɪɚɯ. ɀɟɫɬɤɢɟ ɲɢɧɵ ɤɪɟɩɹɬɫɹ ɧɚ ɨɩɨɪɧɵɯ ɢɡɨɥɹɬɨɪɚɯ, ɜɵɛɨɪ 
ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢɹɦ: 

1) ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɇɈɆɍɋɌ UU  ; 

2) ɩɨ ɞɨɩɭɫɤɚɟɦɨɣ ɧɚɝɪɭɡɤɟ ȾɈɆɊȺɋɑ FF  . 

 
ȼɵɛɢɪɚɟɦ ɢɡɨɥɹɬɨɪɵ ɂɉ-10/1000-3000 ɏɅ2 
 
Ⱦɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɝɨɥɨɜɤɭ ɢɡɨɥɹɬɨɪɚ, ɇ : 
 
 ɇFF ɊȺɁɊȾɈɉ   180030006,06,0 ===   

 
ɝɞɟ ɊȺɁɊF  – ɪɚɡɪɭɲɚɸɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɢɡɝɢɛ, ɇ . 

 
Ɋɚɫɱɟɬɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɢɡɨɥɹɬɨɪ, ɇ : 
 

 ɇl
ɚ

i
F ɄɁ

ɊȺɋɑ   58,777105
03,0

5190
3103 7

2
7

2

=== −−   

 
Ɍɚɛɥɢɰɚ 1.20 – ȼɵɛɨɪ ɢɡɨɥɹɬɨɪɨɜ 

 
ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ 

ɜɟɥɢɱɢɧɵ 
Ʉɚɬɚɥɨɠɧɵɟ 
ɞɚɧɧɵɟ 

ɇɈɆɍɋɌ UU   
10 ɤȼ 10 ɤȼ 

ȾɈɆɊȺɋɑ FF 
 

777,58 ɇ 1800 ɇ 

 
ɍɫɥɨɜɢɟ ɫɨɛɥɸɞɚɟɬɫɹ, ɢɡɨɥɹɬɨɪ ɜɵɛɪɚɧ ɩɪɚɜɢɥɶɧɨ. 
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3.18 Ɋɚɫɱɟɬ ɡɚɡɟɦɥɟɧɢɹ Ƚɉɉ 
 
ɉɨɞɫɬɚɧɰɢɹ 110 ɤȼ  ɨɬɧɨɫɢɬɫɹ ɤ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɦ ɫ ɛɨɥɶɲɢɦɢ ɬɨɤɚɦɢ 

ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ (ɛɨɥɟɟ 500 Ⱥ ). ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɬɟɤɚɧɢɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ 
ɞɥɹ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɪɢ ɷɬɨɦ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ 0,5 Ɉɦ . ɍɞɟɥɶɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬɚ ɜ ɪɚɣɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ Ƚɉɉ ɪɚɜɧɨ 28 Ɉɦ  ɩɪɢ ɫɪɟɞɧɟɣ 
ɜɥɚɠɧɨɫɬɢ ɝɪɭɧɬɚ. Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɩɪɨɦɟɪɡɚɧɢɟ ɡɟɦɥɢ 
ɞɥɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ 5,1=ɋɌ , ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɩɨɥɨɫɨɣ 5,3=ɉ . Ɋɚɫɱɟɬɧɨɟ 
ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬɚ ɞɥɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ ɢ ɩɨɥɨɫɵ, Ɉɦ : 

 
 425,128. === ɋɌȽɊɋɌɍȾ  , 

 925,328. === ɉȽɊɉɍȾ  ,   

 
ɝɞɟ ȽɊ - ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ, Ɉɦ . 

 
ȼɵɩɨɥɧɹɟɦ ɧɚ ɩɨɞɫɬɚɧɰɢɢ ɤɨɧɬɭɪɧɨɟ ɡɚɡɟɦɥɟɧɢɟ ɩɪɢ ɩɨɦɨɳɢ ɡɚɝɥɭɛɥɟɧɢɣ ɧɚ 

0,7 ɦɟɬɪɚ ɷɥɟɤɬɪɨɞɨɜ ɢɡ ɬɪɭɛ ɫ ɧɚɪɭɠɧɵɦ ɞɢɚɦɟɬɪɨɦ 60 ɦɦ ɢ ɞɥɢɧɨɣ 5 ɦɟɬɪɨɜ. 
ȼɟɪɯɧɢɟ ɤɨɥɶɰɚ ɷɥɟɤɬɪɨɞɨɜ ɫɨɟɞɢɧɹɟɦ ɩɪɢ ɩɨɦɨɳɢ ɫɜɚɪɤɢ ɫɬɚɥɶɧɨɣ ɩɨɥɨɫɨɣ 4-40ɦɦ  
. 

Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɬɟɤɚɧɢɹ ɬɨɤɚ ɨɞɧɨɝɨ ɫɬɟɪɠɧɹ, Ɉɦ : 
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ɝɞɟ l  -ɞɥɢɧɚ ɫɬɟɪɠɧɹ, ɦ ; d -ɞɢɚɦɟɬɪ ɫɬɟɪɠɧɹ, ɦ ; h -ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ 
ɞɨ ɫɟɪɟɞɢɧɵ ɡɚɝɥɭɛɥёɧɧɨɝɨ ɫɬɟɪɠɧɹ ɧɚ ɝɥɭɛɢɧɭ ɦH 7,0= . 

Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɬɟɤɚɧɢɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ 
ɩɨɥɨɫɵ ɛɟɡ ɭɱɟɬɚ ɷɤɪɚɧɢɪɨɜɚɧɢɹ, Ɉɦ : 

 

 811,0
7,004,0

1202
ln

12014,32

98

ɚ
2

ln
2

22

ɉ =






=







=
H

l

l
R ɍȾ




  

 
ɝɞɟ l  -ɞɥɢɧɚ ɩɨɥɨɫɵ ɪɚɜɧɚɹ 120, ɦ ; a -ɲɢɪɢɧɚ ɩɨɥɨɫɵ, ɦ . 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɟɫɬɟɫɬɜɟɧɧɵɯ ɡɚɡɟɦɥɟɧɢɣ ɧɚ ɩɨɞɫɬɚɧɰɢɢ ɪɚɜɧɨ 3,3 Ɉɦ . 

ɇɟɨɛɯɨɞɢɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɡɚɡɟɦɥɟɧɢɣ, Ɉɦ : 
 

 589,0
5,03,3

5,03,3Ɂ =
−


=
−


=
ɁȿɁ

ȿɁ
ɂɁ RR

RR
R   

 



63 
 

ɝɞɟ ɋR - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɡɚɡɟɦɥɟɧɢɹ, Ɉɦ ; ɁR -ɧɨɪɦɢɪɨɜɚɧɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɟɧɢɹ, Ɉɦ . 

Ɉɩɪɟɞɟɥɢɦ ɩɪɢɛɥɢɠɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɟɧɢɣ, ɲɬ . 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɡɚɢɦɧɨɝɨ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɩɪɢɧɢɦɚɟɦ 5,0−ЭɄɊɄ . 

 3,24
5,0589,0

164,7

ɄɗɄɊ

ɈȾ.ɋɌ
. =


=


=

ɂɁ
ɉɊɋɌ R

R
ɉ   

 
ɋɨɝɥɚɫɧɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɱɢɫɥɭ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɟɧɢɣ 

ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɡɚɡɟɦɥɢɬɟɥɹɦɢ ɩɨ ɤɨɧɬɭɪɭ ɪɚɜɧɨ 5 ɦɟɬɪɨɜ. 
 
Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɞɥɹ ɫɬɟɪɠɧɟɣ ɢ ɩɨɥɨɫ: 

44,0. =ɋɌЭɄɊɄ ; 26,0. =ɉЭɄɊɄ . 
Ɉɩɪɟɞɟɥɢɦ ɨɬɞɟɥɶɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɚɫɬɟɤɚɧɢɸ ɞɥɹ ɩɨɥɨɫɵ ɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 

ɡɚɡɟɦɥɟɧɢɹ ɫ ɭɱɟɬɨɦ ɜɡɚɢɦɧɨɝɨ ɷɤɪɚɧɢɪɨɜɚɧɢɹ, Ɉɦ : 

 119,3
26,0

811,0

ɄɗɄɊ.ɉ
ɉ1 === ɉR

R   

 282,16
44,0

164,7

ɄɗɄɊ.ɋɌ

..
ɋɌɈȾɇ, === ɋɌɈȾɇR

R   

 
Ɉɩɪɟɞɟɥɢɦ ɬɪɟɛɭɟɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɬɟɤɚɧɢɸ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ ɫ 

ɭɱɟɬɨɦ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɩɨɥɨɫɵ, Ɉɦ : 

 72,0
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589,0119,3

R-R ɂɁɉ

ɂɁ
ɋɌ

1

1

=
−


=


=
RR

R ɉ   

 
Ɉɩɪɟɞɟɥɢɦ ɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ ɞɥɹ ɤɨɧɬɭɪɚ 

ɡɚɡɟɦɥɢɬɟɥɹ. 

 6,22
72,0

282,16

RɋɌ

.
ɋɌ === ɋɌɈȾɇR

N   

 
ɉɪɢɧɢɦɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ ɪɚɜɧɵɦ 24. 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɡɚɡɟɦɥɢɬɟɥɟɣ, Ɉɦ : 
 

 663,0
44,024

282,16

KN ɗɄɊ.ɋɌɋɌ

,
ɋɌ =


=


= ɋɌɈȾɇR

R   

 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, Ɉɦ : 
 

 469,0
3,3

1

119,3

1

663,0

111

R

11

ȿɁ.ɉɋɌɁ 1

=++=++=
RRR

  

 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɤ ɤɨɧɬɭɪɭ ɡɚɡɟɦɥɟɧɢɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɨɞɫɬɚɧɰɢɢ ɭɤɥɚɞɵɜɚɟɬɫɹ 

ɜɵɪɚɜɧɢɜɚɸɳɚɹ ɫɟɬɤɚ ɢɡ ɩɨɥɨɫ, ɤɨɬɨɪɵɟ ɩɪɨɤɥɚɞɵɜɚɸɬɫɹ ɧɚ ɝɥɭɛɢɧɟ 0,7 ɦɟɬɪɚ ɨɬ 
ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ. 
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3.19 Ɇɨɥɧɢɟɡɚɳɢɬɚ ɬɟɪɪɢɬɨɪɢɢ Ƚɉɉ 
 

Ɇɨɥɧɢɟɡɚɳɢɬɭ ɩɨɞɫɬɚɧɰɢɢ ɜɵɩɨɥɧɹɟɦ ɩɪɢ ɩɨɦɨɳɢ ɱɟɬɵɪёɯ ɫɬɟɪɠɧɟɜɵɯ 
ɦɨɥɧɢɟɨɬɜɨɞɨɜ, ɞɜɚ ɢɡ ɤɨɬɨɪɵɯ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɧɚ ɥɢɧɟɣɧɵɯ ɩɨɪɬɚɥɚɯ, ɚ ɞɜɚ ɞɪɭɝɢɯ ɧɚ 
ɨɬɞɟɥɶɧɨ ɫɬɨɹɳɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɩɨɪɚɯ ɜɵɫɨɬɨɣ ɜɨɫɟɦɶ ɦɟɬɪɨɜ. 

Ɇɨɥɧɢɟɨɬɜɨɞɵ ɪɚɫɩɨɥɨɠɟɧɵ ɩɨ ɭɝɥɚɦ ɱɟɬɵɪɟɯɭɝɨɥɶɧɢɤɚ. Ɇɚɤɫɢɦɚɥɶɧɨɟ 
ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɨɥɧɢɟɬɜɨɞɚɦɢ ɩɨ ɞɢɚɝɨɧɚɥɢ ɫɨɫɬɚɜɥɹɟɬ 39,6 ɦɟɬɪɚ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɞɫɬɚɧɰɢɢ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɛɵɬɶ 
ɡɚɳɢɳɟɧɨ, ɫɨɫɬɚɜɥɹɟɬ 6 ɦɟɬɪɨɜ. 

ɉɪɟɜɵɲɟɧɢɟ ɜɟɪɲɢɧɵ ɦɨɥɧɢɟɨɬɜɨɞɨɜ ɧɚɞ ɡɚɳɢɳɚɟɦɵɦ ɫɨɨɪɭɠɟɧɢɟɦ 
ɫɨɫɬɚɜɢɬ: 8A Dh =  

Ƚɞɟ D -ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɨɥɧɢɟɬɜɨɞɚɦɢ ɩɨ ɞɢɚɝɨɧɚɥɢ.  
ɉɪɨɜɟɪɢɦ ɞɥɹ ɤɚɠɞɨɣ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɩɚɪɵ ɦɨɥɧɢɟɬɜɨɞɨɜ ɜɵɫɨɬɭ 

ɡɚɳɢɳɟɧɧɨɝɨ ɭɱɚɫɬɤɚ Ɉh . 
 7hɈ ah−= , (1.52) 
 

ɝɞɟ h- ɜɵɫɨɬɚ ɦɨɥɧɢɟɬɜɨɞɚ ɦ  ; a - ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɨɥɧɢɟɬɜɨɞɚɦɢ ɦ . 

 35,5
7

5,36
56,10Ɉ =−=h   

 
Ɍɚɤ ɤɚɤ ɭɫɥɨɜɢɟ ɡɚɳɢɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɵɫɨɬɨɣ 6 ɦɟɬɪɨɜ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, 

ɭɜɟɥɢɱɢɦ ɜɵɫɨɬɭ h  ɞɨ 11,3 ɦɟɬɪɨɜ. 
 09.6

7

5,36
3.11Ɉ =−=h   

 
ɍɫɥɨɜɢɟ ɡɚɳɢɬɵ ɜɵɩɨɥɧɹɟɬɫɹ. 
ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɧɚ ɥɢɧɟɣɧɵɯ ɩɨɪɬɚɥɚɯ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɱɬɚɯ 

ɦɨɥɧɢɟɩɪɢɟɦɧɢɤɢ ɞɥɢɧɧɨɣ 3,3 ɦɟɬɪɚ. Ɂɨɧɚ ɡɚɳɢɬɵ ɦɨɥɧɢɟɬɜɨɞɨɜ ɫɬɪɨɹɬɫɹ 
ɭɩɪɨɳɟɧɧɨ ɦɟɬɨɞɨɦ ɬɪɟɭɝɨɥɶɧɢɤɨɜ. 

ȼ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɪɨɟɤɰɢɢ ɩɨ ɜɵɫɨɬɟ 6 ɦɟɬɪɨɜ ɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ 
ɨɩɪɟɞɟɥɢɦ ɪɚɞɢɭɫɵ ɡɨɧɵ ɡɚɳɢɬɵ ɦɨɥɧɢɟɨɬɜɨɞɨɜ. 

1. ɇɚ ɭɪɨɜɧɟ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ. 
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2. ɇɚ ɭɪɨɜɧɟ 6 ɦɟɬɪɨɜ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ. 
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ɁȺɄɅɘɑȿɇɂȿ  
 

Ɋɟɡɭɥɶɬɚɬɨɦ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɩɢɜɨɜɚɪɟɧɨɝɨ ɡɚɜɨɞɚ ɁȺɈ «Ɉɱɚɤɨɜɨ» ɝ.Ɍɸɦɟɧɶ. ɋɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɩɪɨɟɤɬɢɪɨɜɚɥɚɫɶ ɫ ɭɱɟɬɨɦ ɫɨɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɫɢɫɬɟɦɚɦ, ɬɚɤɢɦ ɤɚɤ 
ɧɚɞɟɠɧɨɫɬɶ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɥɹ ɱɟɥɨɜɟɤɚ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

ȼɵɛɪɚɧɧɨɟ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɪɨɜɟɪɟɧɨ ɧɚ ɞɟɣɫɬɜɢɟ ɬɨɤɨɜ 
ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 

Ⱥɧɚɥɢɡ ɤɚɱɟɫɬɜɚ ɧɚɩɪɹɠɟɧɢɹ ɭ ɯɚɪɚɤɬɟɪɧɵɯ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ, ɩɪɨɜɟɞɟɧɧɵɣ 
ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ, ɩɨɤɚɡɚɥ, ɱɬɨ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɥɟɠɚɬ ɜ 
ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɚɯ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɫɨɨɪɭɠɟɧɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɩɪɟɞɩɪɢɹɬɢɣ ɧɟɨɛɯɨɞɢɦɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ 
ɨɫɭɳɟɫɬɜɢɥɢ ɜɵɛɨɪ ɧɚɩɪɹɠɟɧɢɹ, ɨɩɪɟɞɟɥɢɥɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ, ɜɵɛɢɪɚɥɢ 
ɬɢɩɚɠ, ɱɢɫɥɨ ɢ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ, ɜɢɞɵ ɢɯ ɡɚɳɢɬɵ, 
ɫɢɫɬɟɦɵ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɩɨɫɨɛɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɧɚɩɪɹɠɟɧɢɹ.                        

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ ɧɚɪɹɞɭ ɫ 
ɧɚɞɟɠɧɨɫɬɶɸ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɶɸ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɚɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɤɚɤ 
ɯɚɪɚɤɬɟɪ ɪɚɡɦɟɳɟɧɢɹ ɧɚɝɪɭɡɨɤ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ, ɩɨɬɪɟɛɥɹɟɦɭɸ ɦɨɳɧɨɫɬɶ, 
ɧɚɥɢɱɢɟ ɫɨɛɫɬɜɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɜ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɨɡɞɭɲɧɵɟ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɢ  
ɩɨɧɢɠɚɸɳɭɸ ɩɨɞɫɬɚɧɰɢɸ 110/10 ɤȼ , ɩɪɟɞɧɚɡɧɚɱɟɧɧɭɸ ɞɥɹ ɩɢɬɚɧɢɹ 
ɩɢɜɨɜɚɪɟɧɧɨɝɨ ɡɚɜɨɞɚ. 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɩɨɞɫɬɚɧɰɢɹ ɹɜɥɹɟɬɫɹ ɨɬɤɪɵɬɨɣ, ɬɚɤ ɤɚɤ ɧɟ ɡɚɳɢɳɟɧɚ ɡɞɚɧɢɟɦ 
ɨɬ ɚɬɦɨɫɮɟɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɤɪɨɦɟ ɁɊɍ – 10 ɤȼ . 

ɉɨɞɫɬɚɧɰɢɹ ɩɨ ɭɫɥɨɜɢɹɦ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ ɨɬɧɨɫɢɬɫɹ ɤ ɤɚɬɟɝɨɪɢɢ ɜɵɲɟ 
1000 ȼ . 

ȼ ɨɬɧɨɲɟɧɢɢ ɨɩɚɫɧɨɫɬɢ ɩɨɪɚɠɟɧɢɹ ɥɸɞɟɣ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ 
ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɩɨɞɫɬɚɧɰɢɹ ɩɪɢɪɚɜɧɢɜɚɟɬɫɹ ɤ ɨɫɨɛɨ ɨɩɚɫɧɵɦ ɩɨɦɟɳɟɧɢɹɦ.  

 
 
 
 
 
 
 



66 
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