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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
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ɤɚɮɟɞɪɚ 

 
ɍɌȼȿɊɀȾȺɘ                       
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

  __     
ɩɨɞɩɢɫɶ                             ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  
 « _____»   ______________  20 ___ 
ɝ. 

 
ɁȺȾȺɇɂȿ 

ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 
ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 

 
  



 
 ɋɬɭɞɟɧɬɭ ________Ɏɪɨɥɨɜɫɤɨɦɭ Ⱦɦɢɬɪɢɸ ȼɢɤɬɨɪɨɜɢɱɭ________________ 
                                          ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ  
Ƚɪɭɩɩɚ ɏɗɧ-16-01 (16-1)ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 13.03.02   
                        ɧɨɦɟɪ                                                                                                         ɤɨɞ 

   «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ»      
                                                                      ɧɚɢɦɟɧɨɜɚɧɢɟ 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɤɨɬɟɥɶɧɨɣ ɫ. Ȼɨɪɨɞɢɧɨ        
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №    323   ɨɬ    05.06.2020  
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȿ.ȼ. ɉɥɚɬɨɧɨɜɚ, ɤ.ɬ.ɧ., ɞɨɰɟɧɬ ɤɚɮ. «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ»  
                                      ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ Ɉɞɧɨɥɢɧɟɣɧɚɹ ɫɯɟɦɚ ɤɨɬɟɥɶɧɨɣ ɫ. Ȼɨɪɨɞɢɧɨ 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ ȼɜɟɞɟɧɢɟ; ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɴɟɤɬɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ; 
Ɋɚɫɱɟɬ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ; ɉɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɬɟɥɶɧɨɣ; Ɋɚɫɱɟɬ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɟɪɜɢɱɧɵɯ ɝɪɭɩɩ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ; Ⱥɜɬɨɦɚɬɢɤɚ 
ɤɨɬɥɚ 800ɤȼɬ; ɋɜɟɬɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɨɫɜɟɳɟɧɢɹ; Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɧɚɝɪɭɡɨɤ ɭɡɥɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɢ ɜɫɟɝɨ ɰɟɯɚ (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɊɌɆ 
36.18.32.4-92); ȼɵɛɨɪ ɟɞɢɧɢɱɧɵɯ ɦɨɳɧɨɫɬɟɣ ɢ ɤɨɥɢɱɟɫɬɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɰɟɯɨɜɵɯ Ɍɉ ɢ ȼɊɍ. Ʉɨɦɩɟɧɫɚɰɢɹ ɪɟɚɤɬɢɜɧɵɯ ɧɚɝɪɭɡɨɤ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɫɟɬɹɯ ɰɟɯɚ; ȼɵɛɨɪ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɦɚɪɤɢ 
ɩɪɨɜɨɞɨɜ, ɤɚɛɟɥɟɣ, ɫɩɨɫɨɛɨɜ ɢɯ ɩɪɨɤɥɚɞɤɢ; Ɋɚɫɱɟɬ ɡɚɳɢɬɧɵɯ ɚɩɩɚɪɚɬɨɜ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɟɦɧɢɤɨɜ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ; ȼɵɛɨɪ ɫɟɱɟɧɢɣ ɩɪɨɜɨɞɨɜ 
ɢ ɠɢɥ ɤɚɛɟɥɟɣ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɗɉ; ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɨɫɜɟɳɟɧɢɹ.  ȼɵɛɨɪ ɳɢɬɨɜ ɨɫɜɟɳɟɧɢɹ, ɤɚɛɟɥɟɣ ɢ ɡɚɳɢɬɧɨɣ 
ɚɩɩɚɪɚɬɭɪɵ; Ɋɚɫɱɟɬ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ           
ɡɚɦɵɤɚɧɢɹ; Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɟɥɶɧɨɣ; Ɂɚɤɥɸɱɟɧɢɟ; 
ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ Ɉɞɧɨɥɢɧɟɣɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; 
Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ; ɉɥɚɧ ɰɟɯɚ ɫ ɪɚɡɜɨɞɤɨɣ ɫɟɬɢ, 
ɪɚɛɨɱɟɝɨ ɢ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ         
 
 
 
 
 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ            _________________                               ȿ.ȼ. ɉɥɚɬɨɧɨɜɚ 
                                                       ɩɨɞɩɢɫɶ                                                     ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

 
 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ        _________________           Ⱦ.ȼ. Ɏɪɨɥɨɜɫɤɢɣ 
                                                                        ɩɨɞɩɢɫɶ,                   ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

 
« ___ » __________ 20__ ɝ. 



ɊȿɎȿɊȺɌ ȼɕɉɍɋɄɇɈɃ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɈɃ ɊȺȻɈɌɕ 
 

 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɫɢɫɬɟɦɵ  
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɤɨɬɟɥɶɧɨɣ ɫ. Ȼɨɪɨɞɢɧɨ» ɫɨɞɟɪɠɢɬ 64 ɫɬɪɚɧɢɰ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 9 ɪɢɫɭɧɤɨɜ, 18 ɬɚɛɥɢɰ, 25 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 
3 ɥɢɫɬɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɊȿɋɍɊɋɈɋȻȿɊȿɀȿɇɂȿ, ɗɇȿɊȽɈɗɎɎȿɄɌɂȼɇɈɋɌɖ, 
ȺȼɌɈɆȺɌɂɄȺ, ɋȼȿɌɈɌȿɏɇɂɑȿɋɄɂɃ ɊȺɋɑȿɌ, ɉɊɈȽɇɈɁɂɊɈȼȺɇɂȿ, 
ȺɇȺɅɂɁ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɤɨɬɟɥɶɧɚɹ ɫ. Ȼɨɪɨɞɢɧɨ. 
ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɦɟɬɨɞɵ, ɫɩɨɫɨɛɵ ɢ ɫɪɟɞɫɬɜɚ ɦɨɞɟɪɧɢɡɚɰɢɢ 

ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɤɨɬɟɥɶɧɨɣ. 
ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɬɟɥɶɧɨɣ ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɤɨɬɟɥɶɧɨɣ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
- ɪɚɫɫɱɢɬɚɬɶ ɬɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ; 
- ɜɵɛɪɚɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɤɨɬɟɥɶɧɨɣ; 
- ɪɚɫɫɱɢɬɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ; 
- ɜɵɛɪɚɬɶ ɫɢɥɨɜɭɸ ɨɫɜɟɬɢɬɟɥɶɧɭɸ ɫɟɬɶ ɤɨɬɟɥɶɧɨɣ. 

ȼ ɬɟɱɟɧɢɟ ɩɪɨɪɚɛɨɬɤɢ ɩɪɨɟɤɬɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: 
 ɛɚɥɵ ɜɵɛɪɚɧɚ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɚɹ ɤɨɬɟɥɶɧɚɹ ɩɨ ɪɚɫɱɟɬɚɦ 

ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ; 
 ɜɵɛɪɚɧɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

ɤɨɬɟɥɶɧɨɣ; 
 ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɜɵɛɪɚɧɚ 

ɫɢɥɨɜɚɹ ɨɫɜɟɬɢɬɟɥɶɧɚɹ ɫɟɬɶ ɤɨɬɟɥɶɧɨɣ; 
ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ: ɩɪɢɦɟɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɞɥɹ 

ɦɨɞɟɪɧɢɡɚɰɢɢ ɤɨɬɟɥɶɧɨɣ ɫ. Ȼɨɪɨɞɢɧɨ. 
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Final qualifying work on the topic "Reconstruction of the system 
power supply of the boiler house with. Borodino ”contains 64 pages of a text 

document, 9 figures, 18 tables, 25 used sources, 3 sheets of graphic material. 
RESOURCE SAVING, ENERGY EFFICIENCY, AUTOMATION, 

LIGHTING TECHNICAL CALCULATION, FORECASTING, ANALYSIS. 
The object of the research is the boiler house with. Borodino. 
The subject of the research is methods, methods and means of modernizing 

the boiler house power supply system. 
The purpose of the study is to improve the efficiency of the boiler house 

technological equipment and to reconstruct the power supply system for the boiler 
house's auxiliary needs. 

To achieve this goal, the following tasks were solved: 
- - calculate heat loads; 
- - select equipment for the boiler room's own needs; 
- - calculate electrical loads; 
- - choose the power lighting network of the boiler room. 

During the development of the project, the following results were obtained: 
 balls a block-modular boiler room was selected according to the 

calculations of thermal loads; 
 selected electrical equipment for the boiler house's own needs; 
 the calculation of electrical loads was made and the power 

lighting network of the boiler house was selected; 
Practical significance: the application of the results of the work for the 

modernization of the boiler house with. Borodino. 
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ȼȼȿȾȿɇɂȿ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ ɪɚɡɜɢɜɚɸɬɫɹ ɜ 

ɧɚɩɪɚɜɥɟɧɢɢ ɦɨɛɢɥɶɧɵɯ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ. ɂɯ ɡɧɚɱɢɬɟɥɶɧɵɦɢ 

ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɹɜɥɹɸɬɫɹ: ɛɨɥɶɲɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɨɩɥɢɜɚ, ɛɨɥɶɲɟɟ 

ɄɉȾ, ɛɵɫɬɪɨɬɚ ɫɛɨɪɤɢ ɢ ɭɫɬɚɧɨɜɤɢ ɤɨɬɟɥɶɧɨɣ, ɬɚɤ ɤɚɤ ɨɧɚ ɫɨɫɬɨɢɬ ɢɡ 

ɧɟɫɤɨɥɶɤɢɯ ɛɥɨɤ-ɦɨɞɭɥɟɣ, ɱɬɨ ɭɩɪɨɳɚɟɬ ɫɬɪɨɢɬɟɥɶɫɬɜɨ. 

ɇɟɦɚɥɨɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɜ 

ɫɟɥɶɫɤɨɣ ɦɟɫɬɧɨɫɬɢ, ɝɞɟ ɬɟɩɥɨɜɨɟ ɫɧɚɛɠɟɧɢɟ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɫɚɦɨɞɟɥɶɧɵɦɢ 

ɩɟɱɧɵɦɢ ɭɫɬɚɧɨɜɤɚɦɢ ɢ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɜ 

ɝɨɪɨɞɫɤɨɣ ɦɟɫɧɨɫɬɢ. 

ɋɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɤɨɬɟɥɶɧɨɣ ɹɜɥɹɟɬɫɹ 

ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɫɚɦɨɣ ɤɨɬɟɥɶɧɨɣ. Ⱦɥɹ ɪɚɛɨɬɵ ɧɚɫɨɫɨɜ, ɜɟɧɬɢɥɹɬɨɪɨɜ, 

ɞɵɦɨɫɨɫɨɜ ɬɪɟɛɭɸɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɞɜɢɝɚɬɟɥɢ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɩɢɬɚɬɶɫɹ ɨɬ 

ɩɨɞɫɬɚɧɰɢɢ ɤɨɬɟɥɶɧɨɣ. Ɍɚɤ ɠɟ ɞɥɹ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɣ ɬɪɟɛɭɟɬɫɹ 

ɚɜɬɨɦɚɬɢɤɚ, ɤɨɬɨɪɚɹ ɬɚɤ ɠɟ ɩɨɬɪɟɛɥɹɟɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɴɟɤɬɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɬɚɜɹɬɫɹ ɰɟɥɢ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɬɟɥɶɧɨɣ ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦɵ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɤɨɬɟɥɶɧɨɣ. 

Ƚɥɚɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɹɜɥɹɸɬɫɹ: 

- ɪɚɫɱёɬ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ; 

- ɜɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɬɟɥɶɧɨɣ; 

- ɪɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ; 

- ɜɵɛɨɪ ɫɢɥɨɜɨɣ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɫɟɬɢ ɤɨɬɟɥɶɧɨɣ. 

Ʉɨɬɟɥɶɧɚɹ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɟɫɩɭɛɥɢɤɢ ɏɚɤɚɫɢɹ ɜ ɫ. 

Ȼɨɪɨɞɢɧɨ Ȼɨɝɪɚɞɫɤɨɝɨ ɪɚɣɨɧɚ ɢ ɢɡɧɚɱɚɥɶɧɨ ɩɪɨɟɤɬɢɪɨɜɚɥɚɫɶ ɞɥɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɧɭɠɞ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ, ɤɨɬɨɪɨɟ 

ɩɟɪɟɫɬɚɥɨ ɫɭɳɟɫɬɜɨɜɚɬɶ. ɋɟɣɱɚɫ Ʉɨɬɟɥɶɧɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɥɶɤɨ ɠɢɥɵɟ ɢ 

ɨɛɳɟɫɬɜɟɧɧɵɟ ɡɞɚɧɢɹ, ɬɚɤɢɟ ɤɚɤ: ɞɟɬɫɤɢɣ ɫɚɞ, ɫɟɥɶɫɤɢɣ ɫɨɜɟɬ, ɫɬɨɥɨɜɚɹ, 

ɲɤɨɥɚ, ɞɜɚ ɤɨɪɩɭɫɚ ɛɨɥɶɧɢɰɵ, ɞɨɦ ɤɭɥɶɬɭɪɵ ɢ ɫɩɨɪɬɢɜɧɵɣ ɡɚɥ. ɀɢɥɵɯ ɡɞɚɧɢɣ 

ɜ ɫ. Ȼɨɪɨɞɢɧɨ ɧɚɫɱɢɬɵɜɚɟɬɫɹ ɜ ɤɨɥɢɱɟɫɬɜɟ 214 ɟɞɢɧɢɰ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ 146 

ɨɞɧɨɤɜɚɪɬɢɪɧɵɯ ɠɢɥɵɯ ɡɞɚɧɢɣ ɢ 68 ɞɜɭɯɤɜɚɪɬɢɪɧɵɯ ɠɢɥɵɯ ɡɞɚɧɢɣ.  

Ⱦɚɧɧɚɹ ɤɨɬɟɥɶɧɚɹ ɧɚɯɨɞɢɬɫɹ ɜ ɚɜɚɪɢɣɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫ ɭɫɬɚɪɟɜɲɢɦ 

ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɫɭɳɟɫɬɜɭɸɬ ɩɨɫɬɨɹɧɧɵɟ ɩɟɪɟɛɨɢ ɜ ɬɟɩɥɨɫɧɚɛɠɟɧɢɢ ɠɢɥɵɯ 

ɡɞɚɧɢɣ ɢ ɨɛɳɟɫɬɜɟɧɧɵɣ ɫɨɨɪɭɠɟɧɢɣ, ɨɫɨɛɟɧɧɨ ɜ ɯɨɥɨɞɧɵɟ ɜɪɟɦɹ. 

ɉɪɢɱɢɧɨɣ ɦɨɞɟɪɧɢɡɚɰɢɢ Ȼɨɪɨɞɢɧɫɤɨɣ ɤɨɬɟɥɶɧɨɣ ɹɜɥɹɟɬɫɹ: 

- ɨɛɜɚɥ ɮɪɨɧɬɚɥɶɧɨɣ ɫɬɟɧɤɢ ɤɨɬɥɚ; 

- ɪɚɛɨɬɚ ɧɚ ɪɟɡɟɪɜɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ; 

- ɱɚɫɬɵɟ ɩɨɪɵɜɵ ɬɪɨɫɨɜ ɲɥɚɤɨɭɞɚɥɟɧɢɹ; 

- ɭɫɬɚɪɟɜɲɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ; 

- ɩɨɫɬɨɹɧɧɵɣ ɩɟɪɟɛɨɢ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. 

Ʉɨɬɟɥɶɧɚɹ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɟɫɩɭɛɥɢɤɢ ɏɚɤɚɫɢɹ ɜ ɫ. 

Ȼɨɪɨɞɢɧɨ Ȼɨɝɪɚɞɫɤɨɝɨ ɪɚɣɨɧɚ. 



Ʉɨɬɟɥɶɧɚɹ ɪɚɫɩɨɥɨɠɟɧɚ ɪɚɣɨɧɟ, ɝɞɟ ɫɪɟɞɧɟɝɨɞɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ 

0,4°ɋ. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ ɞɨɫɬɢɝɚɟɬ 91%. 

ɍɝɨɥɶ ɩɨɫɬɭɩɚɟɬ ɫ ɭɝɨɥɶɧɨɝɨ ɫɤɥɚɞɚ ɫ ɩɨɦɨɳɶɸ ɷɥɟɜɚɬɨɪɚ ɢ ɩɨɞɚɟɬɫɹ ɧɚ 

ɤɨɧɜɟɣɟɪ ɢɥɢ ɫɤɢɩɨɜɵɣ ɩɨɞɴɟɦɧɢɤ, ɩɨɫɥɟ ɱɟɝɨ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɜ ɛɭɧɤɟɪɚɯ 

ɡɚɩɚɫɚ, ɨɬɤɭɞɚ ɭɝɨɥɶ ɜɵɝɪɭɠɚɟɬɫɹ ɜ ɡɚɫɵɩɧɨɣ ɤɨɜɲ ɢ ɜ ɬɨɩɤɭ ɤɨɬɥɚ. 

ȼɨɞɚ, ɩɪɨɲɟɞɲɚɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɨɱɢɫɬɤɭ ɨɬ ɩɪɢɦɟɫɟɣ, ɚɛɪɚɡɢɜɧɵɯ 

ɱɚɫɬɢɰ, ɩɨɫɬɭɩɚɟɬ ɜ ɤɨɬɟɥɶɧɭɸ ɱɟɪɟɡ ɝɪɹɡɟɜɨɣ ɮɢɥɶɬɪ. ɋ ɩɨɦɨɳɶɸ ɫɟɬɟɜɵɯ 

ɧɚɫɨɫɨɜ ɨɧɚ ɩɨɞɚɟɬɫɹ ɜ ɤɨɬɟɥ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɟɟ ɧɚɝɪɟɜ ɬɨɩɨɱɧɵɦɢ ɝɚɡɚɦɢ ɢ 

ɞɚɥɟɟ ɧɚɩɪɚɜɥɹɟɬɫɹ ɤ ɩɨɬɪɟɛɢɬɟɥɸ. ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɞɜɭɯɤɨɧɬɭɪɧɨɣ 

ɫɯɟɦɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɧɚɫɨɫɵ ɤɨɬɥɨɜɨɝɨ ɤɨɧɬɭɪɚ. Ⱦɵɦɨɜɵɟ 

ɝɚɡɵ ɩɨɫɬɭɩɚɸɬ ɜ ɝɚɡɨɯɨɞ ɢ ɞɚɥɟɟ ɜ ɞɵɦɨɜɭɸ ɬɪɭɛɭ. ȼɵɝɪɭɡɤɚ ɡɨɥɵ ɢ ɲɥɚɤɚ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɬɪɚɧɫɩɨɪɬɟɪɚ ɜ ɨɬɜɚɥ ɥɢɛɨ ɛɭɧɤɟɪ-ɲɥɚɤɨɫɛɨɪɧɢɤ. 

ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ ɹɜɥɹɸɬɫɹ: 

- ɚɜɬɨɧɨɦɧɨɫɬɶ - ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ; 

- ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɄɉȾ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ ɫɨɫɬɚɜɥɹɟɬ 

84%; 

- ɞɨɫɬɭɩɧɨɫɬɶ ɢ ɧɟɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ; 

- ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɦɩɥɟɤɬɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɦɢ ɬɢɩɚɦɢ ɤɨɬɥɨɜ; 

- ɷɮɮɟɤɬɢɜɧɨɟ ɫɠɢɝɚɧɢɟ ɧɢɡɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɭɝɥɟɣ; 

- ɧɟɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɤɨɬɟɥɶɧɨɣ ɢ ɧɢɡɤɢɟ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 

- ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ; 

- ɛɟɫɩɟɪɟɛɨɣɧɚɹ ɪɚɛɨɬɚ ɜ ɫɥɨɠɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ; 

- ɜ ɨɬɥɢɱɢɟ ɨɬ ɝɚɡɨɜɨɣ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ ɧɟ ɧɭɠɧɨ 

ɫɨɝɥɚɫɨɜɵɜɚɬɶ ɜ ɨɝɪɨɦɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢɧɫɬɚɧɰɢɣ. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ ɹɜɥɹɸɬɫɹ: 

- ɬɪɟɛɭɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɥɨɳɚɞɢ ɞɥɹ ɯɪɚɧɟɧɢɹ ɭɝɥɹ; 

- ɧɟɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɷɤɨɥɨɝɢɱɧɨɫɬɢ ɬɨɩɥɢɜɚ; 

- ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɨɱɢɫɬɤɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ; 

- ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɟɠɟɞɧɟɜɧɨɣ ɨɱɢɫɬɤɢ ɬɨɩɤɢ; 



- ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɧɚɞ ɩɪɨɰɟɫɫɨɦ ɝɨɪɟɧɢɹ; 

- ɪɚɧɟɟ ɛɵɥɚ ɟɳё ɢ ɩɪɨɛɥɟɦɚ ɫ ɜɵɛɪɨɫɚɦɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ, 

ɨɞɧɚɤɨ ɫɟɣɱɚɫ ɨɧɚ ɥɟɝɤɨ ɪɟɲɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɮɢɥɶɬɪɨɜ.  

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɤɨɬɟɥɶɧɨɣ ɢ ɢɯ  

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɍɚɛɥɢɰɚ 1.Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Pɧ, 

ɤȼɬ 

Ʉɨɥɢɱɟɫɬɜɨ 

ɷɥɟɤɬɪɨɩɪɢёɦɧɢɤɨɜ, 

n 

∑ ܲ 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɉɂɆ-3-600 2,2 2 4,4 

ɉɪɢɜɨɞ ɉɆ-3-600 2,2 4 8,8 

ȼɟɧɬɢɥɹɬɨɪ ɜɵɬɹɠɧɨɣ 0,75 2 1,5 

Ⱦɵɦɨɫɨɫ 4,5 3 13,5 

ɇɚɫɨɫ ɫɟɬɟɜɨɣ 7,5 2 15 

ȼɟɧɬɢɥɹɬɨɪ ɞɭɬɶɟɜɨɣ 15 3 45 

ɗɥɟɤɬɪɨɩɪɢɜɨɞ ɜɚɝɨɧɟɬɤɢ 5,5 1 5,5 

ɉɪɢɜɨɞ ɪɟɲёɬɤɢ 5,5 2 11 

Ⱦɪɨɛɢɥɤɚ 5,5 1 5,5 

Ɍɪɚɧɫɩɨɪɬёɪ ɭɝɥɟɩɨɞɝɨɬɨɜɤɢ 4 1 4 

ȼɨɞɨɧɚɝɪɟɜɚɬɟɥɶ 9 1 9 

ɋɤɪɟɩɟɪ ɒɁɍ 11 1 11 

Ɉɫɜɟɳɟɧɢɟ ɜɧɭɬɪɟɧɧɟɟ 5 - 5 

Ɉɫɜɟɳɟɧɢɟ ɧɚɪɭɠɧɨɟ 1,5 - 1,5 

Ɉɫɜɟɳɟɧɢɟ ɥɚɛɨɪɚɬɨɪɢɢ 2,5 - 2,5 

Ɉɫɜɟɳɟɧɢɟ ɞɪɨɛɢɥɶɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɭɝɨɥɶɧɨɝɨ 

ɫɤɥɚɞɚ 

1,5 - 1,5 



ɇɚɢɦɟɧɨɜɚɧɢɟ 
Pɧ, 

ɤȼɬ 

Ʉɨɥɢɱɟɫɬɜɨ 

ɷɥɟɤɬɪɨɩɪɢёɦɧɢɤɨɜ, 

n 

∑ ܲ 

Ɉɯɪɚɧɧɨɟ ɨɫɜɟɳɟɧɢɟ 5 - 5 

ɋɤɜɚɠɢɧɚ ɧɚɫɨɫɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 17 1 17 

ɇɚɫɨɫ ɯɢɦ. ɨɬɱɢɫɬɤɢ 1,5 2 3 

ɇɚɫɨɫ ɫɦɟɫɢɬɟɥɶɧɵɣ 11 1 11 

ɇɚɫɨɫ ɞɪɟɧɚɠɧɵɣ 7,5 1 7,5 

Ʉɚɥɨɪɢɮɟɪ ɋɎɈɐ ɩɨɞɨɝɪɟɜ ɮɢɥɶɬɪɨɜ 17 1 17 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 3ɯ360/3ɯ36 ȼ 1,5 1 1,5 

ɂɬɨɝɨ: 206,7 

 

ɉɨ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɉɍɗ 

ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ ɦɨɞɭɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ ɨɬɧɨɫɹɬɫɹ ɤ 1 ɤɚɬɟɝɨɪɢɢ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

Ʉ I ɤɚɬɟɝɨɪɢɢ ɨɬɧɨɫɹɬ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ, ɩɟɪɟɪɵɜ ɜ ɪɚɛɨɬɟ ɤɨɬɨɪɵɯ 

ɦɨɠɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɨɩɚɫɧɨɫɬɶ ɞɥɹ ɠɢɡɧɢ ɥɸɞɟɣ, ɩɪɢɱɢɧɢɬɶ 

ɡɧɚɱɢɬɟɥɶɧɵɣ ɭɳɟɪɛ ɧɚɪɨɞɧɨɦɭ ɯɨɡɹɣɫɬɜɭ, ɜɵɡɜɚɬɶ ɩɨɜɪɟɠɞɟɧɢɟ 

ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɦɚɫɫɨɜɵɣ ɛɪɚɤ ɩɪɨɞɭɤɰɢɢ, 

ɧɚɪɭɲɟɧɢɟ ɫɥɨɠɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɨɫɨɛɨ 

ɜɚɠɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɦɦɭɧɚɥɶɧɨɝɨ ɯɨɡɹɣɫɬɜɚ. 

ɉɪɢɦɟɪɵ ɷɥɟɤɬɪɨɩɨɬɪɟɛɢɬɟɥɟɣ I ɤɚɬɟɝɨɪɢɢ: ɧɚɫɨɫɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ 

ɤɚɧɚɥɢɡɚɰɢɢ, ɜɨɞɨɨɬɥɢɜ, ɩɨɞɴɟɦɧɵɟ ɦɚɲɢɧɵ, ɜɟɧɬɢɥɹɬɨɪɵ ɝɥɚɜɧɨɝɨ 

ɩɪɨɜɟɬɪɢɜɚɧɢɹ, ɜɟɧɬɢɥɹɬɨɪɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɨɛɠɢɝɨɜɵɟ, ɚɜɚɪɢɣɧɨɟ 

ɨɫɜɟɳɟɧɢɟ. 

ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɤɨɬɟɥɶɧɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ 

ɩɨɞɫɬɚɧɰɢɢ, ɤɨɬɨɪɚɹ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɨɬɞɟɥɶɧɨ ɜɨɡɥɟ ɡɞɚɧɢɹ. ɇɚɩɪɹɠɟɧɢɟ 

ɩɢɬɚɸɳɟɣ ɫɟɬɢ 380/220 ȼ. ɉɨɞɫɬɚɧɰɢɹ ɡɚɩɢɬɵɜɚɟɬɫɹ ɨɬ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ 



ɧɚɩɪɹɠɟɧɢɟɦ 10 ɤȼ. ɉɟɪɟɱɟɧɶ ɷɥɟɤɬɪɨɩɪɢёɦɧɢɤɨɜ ɰɟɯɚ ɩɪɢɜɟɞёɧ ɜ ɬɚɛɥɢɰɟ 1. 

ɉɨ ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɫɩɟɪɟɛɨɣɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɬɧɨɫɢɬɫɹ 

ɤ 1 ɤɚɬɟɝɨɪɢɢ. Ɉɫɜɟɳɟɧɢɟ ɩɨɦɟɳɟɧɢɣ ɨɛɴɟɤɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɜɟɬɢɥɶɧɢɤɚɦɢ 

ɫɨ ɫɜɟɬɨɞɢɨɞɧɵɦɢ ɥɚɦɩɚɦɢ. Ⱦɥɹ ɡɚɳɢɬɵ ɩɟɪɫɨɧɚɥɚ ɨɬ ɩɨɩɚɞɚɧɢɹ ɩɨɞ ɨɩɚɫɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɡɚɧɭɥɟɧɢɟ ɢ ɡɚɳɢɬɧɨɟ ɡɚɡɟɦɥɟɧɢɟ. 

Ɍɪɟɛɨɜɚɧɢɹ ɩɨ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧɧɨ 

ɨɬɥɢɱɚɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɩɪɢɜɨɞɚ. 

Ɂɚɞɚɱɚɦɢ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɹɜɥɹɸɬɫɹ: ɨɫɭɳɟɫɬɜɥɟɧɢɟ 

ɩɭɫɤɚ, ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ, ɬɨɪɦɨɠɟɧɢɟ, ɪɟɜɟɪɫɢɪɨɜɚɧɢɟ ɪɚɛɨɱɟɣ 

ɦɚɲɢɧɵ, ɩɨɞɞɟɪɠɚɧɢɟ ɟɟ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ; ɭɩɪɚɜɥɟɧɢɟ ɩɨɥɨɠɟɧɢɟɦ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ 

ɦɚɲɢɧɵ. ɉɪɢ ɷɬɨɦ ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɵ ɧɚɢɛɨɥɶɲɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɦɚɲɢɧɵ ɢɥɢ ɦɟɯɚɧɢɡɦɚ, ɧɚɢɦɟɧɶɲɢɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɢ ɪɚɫɯɨɞ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ɋɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɞɟɥɹɬ ɧɚ ɪɚɡɥɢɱɧɵɟ ɝɪɭɩɩɵ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɭɩɪɚɜɥɟɧɢɹ. 

ɉɨ ɫɩɨɫɨɛɭ ɭɩɪɚɜɥɟɧɢɹ ɪɚɡɥɢɱɚɸɬ ɫɥɟɞɭɸɳɢɟ ɫɩɨɫɨɛɵ ɭɩɪɚɜɥɟɧɢɹ: 

- ɪɭɱɧɨɟ ɭɩɪɚɜɥɟɧɢɟ; 

- ɩɨɥɭɚɜɬɨɦɚɬɢɱɟɫɤɨɟ (ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ) 

- ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ. 

Ʉɪɨɦɟ ɨɫɧɨɜɧɵɯ ɮɭɧɤɰɢɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɦɨɝɭɬ 

ɜɵɩɨɥɧɹɬɶ ɧɟɤɨɬɨɪɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɮɭɧɤɰɢɢ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ: 

ɫɢɝɧɚɥɢɡɚɰɢɹ, ɡɚɳɢɬɚ, ɛɥɨɤɢɪɨɜɤɢ ɢ ɩɪɨɱɟɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɷɥɟɤɬɪɨɩɪɢɜɨɞ 

ɞɨɥɠɟɧ ɛɵɬɶ: ɬɨɱɧɵɦ, ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɦ, ɛɟɫɩɟɪɟɛɨɣɧɵɦ, ɨɛɥɚɞɚɬɶ 

ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ. 

Ɉɛɵɱɧɨ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɩɨɥɧɹɸɬ ɧɟɫɤɨɥɶɤɨ 

ɮɭɧɤɰɢɣ. 

ɉɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɤ ɫɢɫɬɟɦɚɦ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ 

ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ: ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɶ; 



ɢɫɤɪɨɛɟɡɨɩɚɫɧɨɫɬɶ; ɛɟɫɲɭɦɧɨɫɬɶ; ɫɬɨɣɤɨɫɬɶ ɤ ɜɢɛɪɚɰɢɢ ɢ ɡɧɚɱɢɬɟɥɶɧɵɦ 

ɭɫɤɨɪɟɧɢɹɦ. 

ɉɨɞ ɦɨɞɟɪɧɢɡɚɰɢɟɣ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɱɚɫɬɢɱɧɚɹ ɢɥɢ ɩɨɥɧɚɹ ɡɚɦɟɧɚ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɜɵɩɨɥɧɹɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɟ ɞɟɣɫɬɜɢɹ ɩɨ ɟɝɨ 

ɧɚɥɚɞɤɟ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɣ. 

Ɇɨɞɟɪɧɢɡɚɰɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɚ ɜ ɫɥɭɱɚɹɯ: 

- ɮɢɡɢɱɟɫɤɨɝɨ ɢ ɦɨɪɚɥɶɧɨɝɨ ɢɡɧɨɫɚ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ; 

- ɜɵɫɨɤɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ; 

- ɩɟɪɟɛɨɟɜ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɨɜ; 

- ɩɟɪɟɯɨɞɚ ɫ ɨɞɧɨɝɨ ɜɢɞ ɬɨɩɥɢɜɚ ɧɚ ɞɪɭɝɨɣ; 

- ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɩɨɫɬɪɨɣɤɢ ɧɨɜɨɣ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ; 

- ɭɜɟɥɢɱɟɧɢɹ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɷɤɨɫɢɫɬɟɦɭ. 

Ɇɨɞɟɪɧɢɡɚɰɢɹ ɤɨɬɟɥɶɧɨɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ: 

- ɨɛɧɨɜɥɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɬɟɥɶɧɨɣ (ɜ ɱɚɫɬɧɨɫɬɢ ɜɨɞɨɝɪɟɣɧɵɯ 

ɤɨɬɥɨɜ), ɫɢɫɬɟɦ ɢ ɭɫɬɚɧɨɜɨɤ ɪɟɝɭɥɢɪɨɜɚɧɢɹ; 

- ɩɟɪɟɩɪɨɟɤɬɢɪɨɜɤɚ ɩɨɦɟɳɟɧɢɣ ɤɨɬɟɥɶɧɨɣ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɢ ɟɟ ɪɚɛɨɬɵ; 

- ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɜɫɟɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɤɨɬɟɥɶɧɨɣ. 

Ɋɚɛɨɬɚ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ ɤɨɬɟɥɶɧɨɣ: 

ɉɨɫɥɟ ɦɨɞɟɪɧɢɡɚɰɢɢ ɩɨɥɭɱɚɟɦ 

- ɭɜɟɥɢɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ 

- ɩɨɜɵɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ 

- ɧɚɞɟɠɧɨɫɬɶ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɟɥɶɧɨɣ 

- ɭɦɟɧɶɲɟɧɢɟ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ 

- ɭɥɭɱɲɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ 

Ɇɨɞɟɪɧɢɡɚɰɢɹ ɩɨɡɜɨɥɹɟɬ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ ɜ ɛɟɡɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɫ ɦɟɧɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ ɢ ɝɨɪɚɡɞɨ ɛɨɥɟɟ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɜɪɟɦɹ. 

Ⱦɥɹ ɦɨɞɟɪɧɢɡɚɰɢɢ ɜɵɛɟɪɟɦ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɭɸ ɭɝɨɥɶɧɭɸ ɤɨɬɟɥɶɧɭɸ. 



ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɬɚɜɹɬɫɹ ɰɟɥɢ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɬɟɥɶɧɨɣ ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦɵ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɤɨɬɟɥɶɧɨɣ. 

Ƚɥɚɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɹɜɥɹɸɬɫɹ: 

- ɪɚɫɱёɬ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ; 

- ɜɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɬɟɥɶɧɨɣ; 

- ɪɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ; 

- ɜɵɛɨɪ ɫɢɥɨɜɨɣ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɫɟɬɢ ɤɨɬɟɥɶɧɨɣ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2. Ɋɚɫɱёɬ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ 

ɋɭɦɦɚɪɧɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɬɟɩɥɨɝɟɧɟɪɢɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɞɨɥɠɧɨ ɩɨɤɪɵɜɚɬɶ ɪɚɫɯɨɞɵ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɨɬɨɩɥɟɧɢɟ, ɜɟɧɬɢɥɹɰɢɸ ɢ 

ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɹɦɢ – ɠɢɥɵɦɢ ɡɞɚɧɢɹɦɢ. 

2.1 Ɋɚɫɯɨɞ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɨɬɨɩɥɟɧɢɟ ɠɢɥɵɯ ɡɞɚɧɢɣ 
 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɱёɬɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɨɬɨɩɥɟɧɢɟ 

ɠɢɥɨɝɨ ɡɞɚɧɢɹ ɩɨ ɭɤɪɭɩɧёɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [1]: 

 ܳˑ˕.˒ˊˏ˃ˍ˔ = ˔ ∗ 𝑡ߙ ∗ Ͳ,ͲͲͳ ∗ ଴ݍ ∗ ܸ́ˇሺݐ˅ː − ː.ˑሻݐ ∗ ͳͲ−଺, ʒˍ˃ˎ˚   (2.1) 

 

Ƚɞɟ ɫ - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɜɨɝɨ 

ɩɨɬɨɤɚ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵɣ ɫ = 1; 

 - ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤ ɭɞɟɥɶɧɨɣ ɨɬɨɩɢɬɟɥɶɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ, ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɱёɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ; 

 - ɭɞɟɥɶɧɚɹ ɨɬɨɩɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɞɚɧɢɹ,  , ɩɪɢɧɢɦɚɟɬɫɹ 

ɩɨ ɬɚɛɥɢɰɚɦ 3 ɢ 4 [1]; 

 - ɫɬɪɨɢɬɟɥɶɧɵɣ ɨɛɴёɦ ɡɞɚɧɢɹ ɩɨ ɧɚɪɭɠɧɨɦɭ ɨɛɦɟɪɭ, ɦ3; 

Ɋɚɫɫɱɢɬɚɟɦ ɨɛɴёɦ ɞɜɭɯɤɜɚɪɬɢɪɧɨɝɨ ɞɨɦɚ: ܸ́ˇ = ܽ ∗ ܾ ∗ ℎ = ͸,ͻ ∗ ͳͳ ∗ ͵ = ʹʹ͹ ˏ͵ 

Ɉɫɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɦ ɚɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ 

ɭɪɚɜɧɟɧɢɸ. 

Ɂɧɚɱɟɧɢɣ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɨɛɴёɦɚ ɡɞɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 2.1: 

Ɍɚɛɥɢɰɚ 2.1 - Ɂɧɚɱɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɨɛɴёɦɚ ɡɞɚɧɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ܸ́ˇ, ˏଷ 

ɋɩɨɪɬɢɜɧɵɣ ɡɚɥ 2000 

ɒɤɨɥɚ 6000 



ɇɚɢɦɟɧɨɜɚɧɢɟ ܸ́ˇ, ˏଷ 

Ȼɨɥɶɧɢɰɚ - ɤɨɪɩɭɫ №1 250 

Ȼɨɥɶɧɢɰɚ - ɤɨɪɩɭɫ №2 540 

Ⱦɟɬɫɤɢɣ ɫɚɞ 2000 

Ⱦɨɦ ɤɭɥɶɬɭɪɵ 3500 

ɋɟɥɶɫɤɢɣ ɫɨɜɟɬ 250 

Ɉɞɧɨɤɜɚɪɬɢɪɧɵɟ ɞɨɦɚ 116 

Ⱦɜɭɯɤɜɚɪɬɢɪɧɵɟ ɞɨɦɚ 227 

ɂɬɨɝɨ: 46912 

 

tɜɧ - ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɨɬɚɩɥɢɜɚɟɦɨɦ ɡɞɚɧɢɢ, °ɋ; 

tɧ.ɨ - ɪɚɫɱёɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, °ɋ. 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ  ɞɥɹ ɠɢɥɵɯ ɡɞɚɧɢɣ ɜ ɭɪɚɜɧɟɧɢɢ (2.1) 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɬɚɛɥɢɰɟ 1.8 [1] ɢɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

 

 (2.2) 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 4.1 [2] ɪɚɫɱёɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ 

ɜɨɡɞɭɯɚ ɞɥɹ ɝɨɪɨɞɚ Ⱥɛɚɤɚɧ tɧ.ɨ=-40°ɋ, ɬɨɝɞɚ ɩɨ ɜɵɪɚɠɟɧɢɸ (2.2) ɩɨɩɪɚɜɨɱɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ  ɛɭɞɟɬ ɪɚɜɟɧ: ߙ𝑡 = ͳ,͵ + Ͳ,Ͳͳ ∗ ሺ−ͶͲሻ = Ͳ,ͻ 

Ɋɚɫɱёɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɢ ɠɢɥɨɝɨ ɡɞɚɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 

4.2 [2] ɢ ɫɨɫɬɚɜɥɹɟɬ tɜɧ =21°ɋ. 

ɍɞɟɥɶɧɚɹ ɨɬɨɩɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɠɢɥɨɝɨ ɡɞɚɧɢɹ ɫ ɭɱёɬɨɦ 

ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɨɛɴёɦɚ ɡɞɚɧɢɹ  =227 ɦ3 ɩɨ ɬɚɛɥɢɰɚɦ 3 ɢ 4 [1] ɫɨɫɬɚɜɥɹɟɬ  

 =0,62 (ɩɨɫɬɪɨɣɤɚ ɞɨ 1958ɝ) ɢ 0,78 (ɩɨɫɬɪɨɣɤɚ ɩɨɫɥɟ 1958) . 



Ɍɨɝɞɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɫɯɨɞɧɵɯ, ɫɩɪɚɜɨɱɧɵɯ ɢ ɪɚɫɱёɬɧɵɯ ɞɚɧɧɵɯ 

ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɧɭɠɞɵ ɨɬɨɩɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 

ɡɞɚɧɢɹ ɩɨ ɭɪɚɜɧɟɧɢɸ (2.1) ɫɨɫɬɚɜɢɬ: ܳˑ˕.˒ˊˏ˃ˍ˔ = ͳ ∗ Ͳ,ͻ ∗ Ͳ,ͲͲͳ ∗ Ͳ,͸ʹ ∗ ʹʹ͹(ʹͳ − ሺ−ͶͲሻ) ∗ ͳͲ−଺ = ͹,͹ʹ͹ ∗ ͳͲ−଺ ʒˍ˃ˎ˚  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɧɚ ɧɭɠɞɵ 

ɨɬɨɩɥɟɧɢɹ ɞɥɹ ɠɢɥɵɯ ɡɞɚɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.2. 

Ɍɚɛɥɢɰɚ 2.2 - Ɋɚɫɯɨɞ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɧɭɠɞ ɨɬɨɩɥɟɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ʉɨɥɢɱɟɫɬɜɨ α 
q, ˍˍ˃ˎˏ3∗˚∗℃ V, ˏ ଷ 

tɜɧ, ℃ 
tɧo, ℃ 

Q, 
ʒˍ˃ˎ˚ ∗ͳͲ−଺ 

ɋɩɨɪɬɢɜɧɵɣ ɡɚɥ 1 0,9 0,78 3888 21 -40 85,64 

ɒɤɨɥɚ 1 0,9 0,78 11160 21 -40 256,93 

Ȼɨɥɶɧɢɰɚ - 
ɤɨɪɩɭɫ №1 

1 0,9 0,78 250 21 -40 10,71 

Ȼɨɥɶɧɢɰɚ - 
ɤɨɪɩɭɫ №2 

1 0,9 0,78 540 21 -40 23,12 

Ⱦɟɬɫɤɢɣ ɫɚɞ 1 0,9 0,78 3240 21 -40 85,64 

Ⱦɨɦ ɤɭɥɶɬɭɪɵ 1 0,9 0,78 4500 21 -40 149,88 

ɋɟɥɶɫɤɢɣ ɫɨɜɟɬ 1 0,9 0,78 250 21 -40 10,71 

Ɉɞɧɨɤɜɚɪɬɢɪɧɵɟ 
ɞɨɦɚ 

146 0,9 0,62 144 21 -40 300,08 

Ⱦɜɭɯɤɜɚɪɬɢɪɧɵɟ 
ɞɨɦɚ 

68 0,9 0,78 288 21 -40 1730,27 

ɂɬɨɝɨ: 2652,98 

 

Ⱦɥɹ ɜɵɛɨɪɚ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɬɟɥɶɧɨɣ ɧɭɠɧɨ ɩɟɪɟɜɟɫɬɢ 

Ƚɤɚɥ/ɱ ɜ Ɇȼɬ. 1 Ƚɤɚɥ/ɱ = 1,163 Ɇȼɬ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɟɥɶɧɨɣ ɛɭɞɟɬ ɪɚɜɧɚ: ܳ = ʹ͸ͷʹ,ͻͺ ∗ ͳͲ−଺ ∗ ͳ,ͳ͸͵ = Ͳ,͵Ͳͺͷ ∗ ͳͲ−ଶ ʛʑ˕ 

 



3. ɉɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɬɟɥɶɧɨɣ 

3.1 ȼɵɛɨɪ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ 
 

ɉɨ ɪɚɫɱёɬɧɵɦ ɞɚɧɧɵɦ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ɢ ɨɬɨɩɥɹɟɦɨɝɨ ɨɛɴёɦɚ 

ɜɵɛɢɪɚɟɦ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɭɸ ɤɨɬɟɥɶɧɭɸ ɮɢɪɦɵ “Ʉɨɬёɥ-Ʉȼ” ɆɄɍ – 1,6 Ɇȼɬ, 

ɪɚɛɨɬɚɸɳɭɸ ɧɚ ɤɚɦɟɧɧɨɦ ɢ ɛɭɪɨɦ ɭɝɥɟ. 

 

3.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɆɄɍ – 1,6. 
 

ɆɄɍ – 1,6 ɹɜɥɹɟɬɫɹ ɭɝɨɥɶɧɨɣ ɜɨɞɨɝɪɟɣɧɨɣ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɨɣ 

ɤɨɬɟɥɶɧɨɣ; 

Ɉɛɳɚɹ ɭɫɬɚɧɨɜɨɱɧɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ – 1600 ɤȼɬ (1,6 Ɇȼɬ); 

Ʉɚɬɟɝɨɪɢɹ ɤɨɬɟɥɶɧɨɣ ɩɨ ɧɚɞёɠɧɨɫɬɢ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ – I; 

Ɉɪɢɟɧɬɢɪɨɜɨɱɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ – 143 ɤɝ/ɱ; 

ɇɚɩɪɹɠɟɧɢɟ ɩɪɢɫɨɟɞɢɧɹɟɦɨɣ ɷɥɟɤɬɪɨɫɟɬɢ – 380/220; 

Ɍɟɦɩɟɪɚɬɭɪɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 95 ℃; 

Ʉɨɥɢɱɟɫɬɜɨ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ – 2 ɲɬ.; 

Ƚɚɛɚɪɢɬɵ ɡɞɚɧɢɹ ɤɨɬɟɥɶɧɨɣ: 

- ɞɥɢɧɧɚ – 6,6 ɦ; 

- ɲɢɪɢɧɚ – 4,52 ɦ; 

- ɜɵɫɨɬɚ – 2,7 ɦ; 

Ʉɨɥɢɱɟɫɬɜɨ ɛɥɨɤ-ɦɨɞɭɥɟɣ – 2 ɲɬ; 

Ɍɢɩ ɬɨɩɥɢɜɨɩɨɞɚɱɢ – ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ; 

Ɍɢɩ ɞɵɦɨɜɨɣ ɬɪɭɛɵ – ɫɚɦɨɧɟɫɭɳɚɹ, ɤɨɥɨɧɧɚɹ, ɮɟɪɦɨɜɚɹ. 

 

3.3 ɋɯɟɦɚ ɆɄɍ – 1,6 
 

ɇɚ ɪɢɫɭɧɤɟ 3.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɨɣ 

ɤɨɬɟɥɶɧɨɣ ɆɄɍ – 1,6: 



 

Ɋɢɫɭɧɨɤ 3.1 – Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ ɆɄɍ – 1,6 

 

ɇɚ ɪɢɫɭɧɤɟ 3.2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ ɆɄɍ 

– 1,6: 



 

Ɋɢɫɭɧɨɤ 3.2 – Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ ɆɄɍ – 1,6 

 

ɋɩɢɫɨɤ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 3.2: 

Ɍɚɛɥɢɰɚ 3.2 – ɋɩɢɫɨɤ ɨɛɨɪɭɞɨɜɚɧɢɹ ɆɄɍ – 1,6: 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɇɨɞɟɥɶ Ʉɨɥɢɱɟɫɬɜɨ 
Ʉɨɬёɥ ɜɨɞɨɝɪɟɣɧɵɣ Ʉȼɪ – 0,8 2 
ȼɟɧɬɢɥɹɬɨɪ ɩɨɞɞɭɜɚ ɤɨɬɥɚ - 8 
ȼɫɚɫɵɜɚɸɳɢɣ ɤɚɪɦɚɧ 
ɞɵɦɨɫɨɫɚ 

- 1 

ɇɚɫɨɫ WILLO-BL 32/150-3/2; 
ɷ.ɞɜ. 3 ɤȼɬ 

2 

ɇɚɫɨɫ WILLO-Economy MHI 
203 3~400; ɷ.ɞɜ. 0,55 

ɤȼɬ 

2 

Ⱦɵɦɨɫɨɫ Ⱦ-3,5 ɞɜ. 3,0/1500 1 
Ɂɨɥɨɭɥɨɜɢɬɟɥɶ Ɂɍ 1 
Ȼɚɤ ɡɚɩɚɫɚ ɜɨɞɵ - 1 
ȼɨɞɨɩɨɞɝɨɬɨɜɤɚ ɬɢɩɚ 
Ʉɨɦɩɥɟɤɫɨɧ 

Ʉɨɦɩɥɟɤɫɨɧ - 6 1 

Ɇɟɦɛɪɚɧɧɵɣ ɛɚɤ - 1 
Ɂɚɩɨɪɧɚɹ ɚɪɦɚɬɭɪɚ ɢ Ʉɂɉ 
ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɟɥɶɧɨɣ 

- 1 



ɇɚɢɦɟɧɨɜɚɧɢɟ Ɇɨɞɟɥɶ Ʉɨɥɢɱɟɫɬɜɨ 
Ⱥɜɬɨɦɚɬɢɤɚ ɤɨɬɟɥɶɧɨɣ - 1 
Ɏɢɥɶɬɪɵ ɫɟɬɱɚɬɵɟ - 2 
ɉɪɢɬɨɱɧɚɹ ɜɟɧɬɢɥɹɰɢɹ - 1 
ɉɨɠɚɪɧɚɹ ɫɢɝɧɚɥɢɡɚɰɢɹ - 1 
Ƚɚɡɨɯɨɞɵ ɫ ɢɡɨɥɹɰɢɟɣ - 1 
Ⱦɵɦɨɜɚɹ ɬɪɭɛɚ ɧɚ 
ɪɚɫɬɹɠɤɚɯ Ⱦɭ 450 ɦɦ 
ɜɵɫɨɬɨɣ 21ɦ 

- 1 
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Ɋɢɫɭɧɨɤ 3.3 – ɉɥɚɧ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɰɟɯɟ. 

 



ɋɩɢɫɨɤ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 3.3: 

Ɍɚɛɥɢɰɚ 3.3 – Cɩɢɫɨɤ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɆɄɍ – 1,6 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɍɢɩ ɞɜɢɝɚɬɟɥɹ 
Pɧ, 

ɤȼɬ 

Ʉɨɥɢɱɟɫɬɜɨ 

ɗɉ, n 
∑ ܲ n, ɨɛ/ɦɢɧ Ʉɢ cosɮ tgɮ 

ɇɚɫɨɫ WILLO-BL 

32/150-3/2 

3 2 6 1500 0,25 0,89 0,51 

ɇɚɫɨɫ WILLO-
Economy MHI 
203-1/E/3-400-

50-2 

0,55 2 1,1 1500 0,25 0,83 0,67 

Ⱦɵɦɨɫɨɫ Ⱦ-3,5 ɞɜ. 

3,0/1500 

3 2 6 1500 0,25 0,89 0,51 

ȼɟɧɬɢɥɹɬɨɪ ɞɭɬɶɟɜɨɣ ȺɂɊ100S4 3 2 6 1500 0,65 0,89 0,51 

ȼɟɧɬɢɥɹɬɨɪ ɩɨɞɞɭɜɚ 

ɤɨɬɥɚ 

ȺɂɊ100S4 3 8 24 2400 0,65 0,8 0,75 

 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɟɤɨɬɨɪɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ: 

ɩɚɤɟɬɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɉȼ 2-16-Ɇ1 – ɤɚɛɟɥɶ ɉȼɋ 3x0,75; 

ɥɢɧɢɹ ɭɩɪɚɜɥɟɧɢɹ ɞɵɦɨɫɨɫɨɦ - ɤɚɛɟɥɶ ɆɄɒɜɧɝ-LS 3ɯ0,75; 

ɜɟɧɬɢɥɹɬɨɪ ɞɭɬɶɟɜɨɣ – ɤɚɛɟɥɶ ȼȼȽɧɝ 4ɯ1,5; 

ɬɹɝɨɧɚɩɨɪɨɦɟɪ ȾɇɌ-1 – ɤɚɛɟɥɶ ɆɄɗɒ 3x0,75; 

ɷɥɟɤɬɪɨɤɨɧɬɚɤɬɧɵɣ ɦɚɧɨɦɟɬɪ - ɤɚɛɟɥɶ ɉȼɋ 4x0,75; 

ɩɟɪɜɢɱɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɬɟɦɩɟɪɚɬɭɪɵ ȾɌɋ 035-50Ɇ - ɤɚɛɟɥɶ ɆɄɗɒ 

3x0,75; 

ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ 16 ɷɥɟɤɬɪɨɩɪɢёɦɧɢɤɨɜ: ∑ Pː ˑˏ = Ͷ͵,ͳ ˍʑ˕ଵ଺ଵ . 

 

 

 

 



4 Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ  ɩɟɪɜɢɱɧɵɯ ɝɪɭɩɩ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ 

Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɩɟɪɜɨɦ ɭɪɨɜɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ 

ɤɚɠɞɨɝɨ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ ɨɬɞɟɥɶɧɨ.  

ɉɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɨɩɪɟɞɟɥɢɦ ɧɨɦɢɧɚɥɶɧɵɟ ɚɤɬɢɜɧɵɟ ɦɨɳɧɨɫɬɢ 

ɩɪɢɟɦɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɍɱɬɟɦ, ɱɬɨ ɞɥɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɪɚɛɨɬɚɸɳɢɯ 

ɜ ɞɥɢɬɟɥɶɧɨɦ ɪɟɠɢɦɟ, ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɪɚɜɧɚ ɧɨɦɢɧɚɥɶɧɨɣ (4.1), 

ɬ.ɤ. ɢɯ ɉȼ = 100%. ȿɫɥɢ ɠɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɪɚɛɨɬɚɟɬ ɜ ɩɨɜɬɨɪɧɨ-

ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɪɟɠɢɦɟ, ɬɨ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢɜɨɞɢɬɫɹ ɤ ɞɥɢɬɟɥɶɧɨɦɭ 

ɪɟɠɢɦɭ ɪɚɛɨɬɵ (4.2). 

                                                 ܲ˓ ଵ = ܲː ˑˏ , ˍʑ˕                                       (4.1)   

                                         ܲ˓ ଵ = ܲː ˑˏ√ʞʑ , ˍʑ˕                                       (4.2) 

ɝɞɟ   ܲɪ1 – ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ ɧɚ 1 ɭɪɨɜɧɟ 

(ɤȼɬ); ܲɧɨɦ – ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ (ɤȼɬ); ɉȼ 

– ɩɨɜɬɨɪɧɨɟ ɜɤɥɸɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ (ɨ.ɟ). 

ɉɨɫɥɟ ɪɚɫɱɟɬɚ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɧɚɯɨɞɢɦ ɡɧɚɱɟɧɢɹ ɪɟɚɤɬɢɜɧɵɯ (4.3) 

ɢ ɩɨɥɧɵɯ (4.4) ɪɚɫɱɟɬɧɵɯ ɦɨɳɧɨɫɬɟɣ ɤɚɠɞɨɝɨ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ ɰɟɯɚ ɜ 

ɨɬɞɟɥɶɧɨɫɬɢ. 

                                             ܳ˓ଵ = ܲ˓ ଵݐ𝑔𝜑, ˍʑ˃˓                                   (4.3) 

                                        ܵ˓ଵ = √ܲ˓ ଵଶ + ܳ˓ଵ ଶ , ˍʑА                                   (4.4) 

ɝɞɟ   ܳp1 – ɪɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ ɧɚ 1 

ɭɪɨɜɧɟ (ɤȼɚɪ); ܲp1 – ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɧɚ 1 

ɭɪɨɜɧɟ (ɤȼɬ); ݐ𝑔𝜑 – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ (ɨ.ɟ); ܵp1 – ɪɚɫɱɟɬɧɚɹ 

ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɧɚ 1 ɭɪɨɜɧɟ (ɤȼȺ) 

ɉɨɫɥɟ ɪɚɫɱɟɬɚ ɦɨɳɧɨɫɬɟɣ ɧɚɣɞɟɦ ɡɧɚɱɟɧɢɹ ɪɚɫɱɟɬɧɨɝɨ (4.5) ɢ ɩɭɫɤɨɜɨɝɨ 

(4.6) ɬɨɤɨɜ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ ɜ ɨɬɞɟɥɶɧɨɫɬɢ. 

                                                    𝐼 ଵ = S˓1ଵ଴3√ଷ Uːˑˏ  , А                                   (4.5) 



                                                 𝐼 = 𝐼˒ܭ ଵ , А                                          (4.6) 

ɝɞɟ   ܵp1 – ɪɚɫɱɟɬɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɧɚ 1 ɭɪɨɜɧɟ 

(ɤȼȺ) 𝐼p1 – ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɧɚ 1 ɭɪɨɜɧɟ (Ⱥ); Ʉɩ  – ɤɪɚɬɧɨɫɬɶ 

ɩɭɫɤɨɜɨɝɨ ɬɨɤɚ, ɩɪɢɧɢɦɚɟɦ Ʉɩ = 3; ܷɧɨɦ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ (ɤȼ) 

Ⱦɥɹ ɷɥɟɤɬɪɨɩɟɱɟɣ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɞɭɝɨɜɨɣ ɷɥɟɤɬɪɨɫɜɚɪɤɢ, ɫɜɚɪɨɱɧɵɯ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɚɜɬɨɦɚɬɨɜ ɢɦɩɭɥɶɫɧɨ-ɞɭɝɨɜɨɣ ɧɚɩɥɚɜɤɢ ɢ ɫɜɚɪɨɱɧɵɯ 

ɜɵɩɪɹɦɢɬɟɥɟɣ ɩɭɫɤɨɜɨɣ ɬɨɤ ɧɟ ɪɚɫɱɢɬɵɜɚɟɦ. 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɞɥɹ ɧɚɫɨɫɚ WILLO-BL 32/150-3/2, ɪɟɡɭɥɶɬɚɬɵ 

ɜɵɱɢɫɥɟɧɢɹ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 4.1 ܲ˓ ଵ = ܲː ˑˏ = ͵ ˍʑ˕ ܳ˓ଵ = ͵ ∗ Ͳ,ͷͳ = ͳ,ͷͶ ˍʑ˃˓ ܵ˓ଵ = √͵ଶ + ͳ,ͷͶଶ = ͵,͵͹ ˍʑА 

𝐼 ଵ = ͵,͵͹ ∗ ͳͲଷ√͵ ∗ ʹʹͲ = ͺ,ͺͷ А 

𝐼 = ͵ ∗ ͺ,ͺͷ = ʹ͸,ͷͶ А 

Ɍɚɛɥɢɰɚ 4.1 — Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɩɟɪɜɨɦ ɭɪɨɜɧɟ ɰɟɯɚ 

№ ɩɨ 
ɩɥɚɧɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

Pɧɨɦ cosφ tgφ Pɪ1 Qɪ1 Sɪ1 Iɪ1 Iɩ 

1 ɇɚɫɨɫ WILLO-BL 
32/150-3/2 

3 0,89 0,51 3 1,54 3,37 8,85 26,54 

2 ɇɚɫɨɫ WILLO-BL 
32/150-3/2 

3 0,89 0,51 3 1,54 3,37 8,85 26,54 

3 ɇɚɫɨɫ WILLO-
Economy MHI 203-

1/E/3-400-50-2 

0,55 0,83 0,67 0,55 0,37 0,66 1,74 5,22 

4 ɇɚɫɨɫ WILLO-
Economy MHI 203-

1/E/3-400-50-2 

0,55 0,83 0,67 0,55 0,37 0,66 1,74 5,22 

5 Ⱦɵɦɨɫɨɫ Ⱦ-3,5 ɞɜ. 
3,0/1500 

3 0,89 0,51 3 1,54 3,37 8,85 26,54 

6 Ⱦɵɦɨɫɨɫ Ⱦ-3,5 ɞɜ. 
3,0/1500 

3 0,89 0,51 3 1,54 3,37 8,85 26,54 

7 ȼɟɧɬɢɥɹɬɨɪ ɞɭɬɶɟɜɨɣ 3 0,89 0,51 3 1,54 3,37 8,85 26,54 



№ ɩɨ 
ɩɥɚɧɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

Pɧɨɦ cosφ tgφ Pɪ1 Qɪ1 Sɪ1 Iɪ1 Iɩ 

8 ȼɟɧɬɢɥɹɬɨɪ ɞɭɬɶɟɜɨɣ 3 0,89 0,51 3 1,54 3,37 8,85 26,54 

9 ȼɟɧɬɢɥɹɬɨɪ ɩɨɞɞɭɜɚ 
ɤɨɬɥɚ 

3 0,8 0,75 3 2,25 3,75 9,84 29,52 

10 ȼɟɧɬɢɥɹɬɨɪ ɩɨɞɞɭɜɚ 
ɤɨɬɥɚ 

3 0,8 0,75 3 2,25 3,75 9,84 29,52 

11 ȼɟɧɬɢɥɹɬɨɪ ɩɨɞɞɭɜɚ 
ɤɨɬɥɚ 

3 0,8 0,75 3 2,25 3,75 9,84 29,52 

12 ȼɟɧɬɢɥɹɬɨɪ ɩɨɞɞɭɜɚ 
ɤɨɬɥɚ 

3 0,8 0,75 3 2,25 3,75 9,84 29,52 

13 ȼɟɧɬɢɥɹɬɨɪ ɩɨɞɞɭɜɚ 
ɤɨɬɥɚ 

3 0,8 0,75 3 2,25 3,75 9,84 29,52 

14 ȼɟɧɬɢɥɹɬɨɪ ɩɨɞɞɭɜɚ 
ɤɨɬɥɚ 

3 0,8 0,75 3 2,25 3,75 9,84 29,52 

15 ȼɟɧɬɢɥɹɬɨɪ ɩɨɞɞɭɜɚ 
ɤɨɬɥɚ 

3 0,8 0,75 3 2,25 3,75 9,84 29,52 

16 ȼɟɧɬɢɥɹɬɨɪ ɩɨɞɞɭɜɚ 
ɤɨɬɥɚ 

3 0,8 0,75 3 2,25 3,75 9,84 29,52 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 5 Ⱥɜɬɨɦɚɬɢɤɚ ɤɨɬɥɚ 800Ʉȼɬ 

ɓɢɬ ɚɜɬɨɦɚɬɢɤɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɚɜɚɪɢɣɧɨɣ 

ɨɛɫɬɚɧɨɜɤɢ ɩɪɢ ɪɚɛɨɬɟ ɜɨɞɨɝɪɟɣɧɨɝɨ ɤɨɬɥɚ ɦɨɳɧɨɫɬɶɸ 800 ɤȼɬ ɧɚ ɬɜɟɪɞɨɦ 

ɬɨɩɥɢɜɟ ɫ ɩɨɦɨɳɶɸ ɫɜɟɬɨɜɨɣ ɢ ɡɜɭɤɨɜɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɪɭɱɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɚɜɬɨɦɚɬɢɤɢ ɤɨɬɥɚ Ʉȼɪ 800 Ʉȼɬ 

ɩɨɡɜɨɥɹɸɬ ɩɪɨɢɡɜɟɫɬɢ ɪɭɱɧɨɣ ɩɭɫɤ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɨɫɬɚɧɨɜɤɭ ɤɨɬɥɚ. 

Ⱥɜɚɪɢɣɧɚɹ ɨɫɬɚɧɨɜɤɚ ɤɨɬɥɚ ɫ ɢɧɞɢɤɚɰɢɟɣ ɩɪɢɱɢɧɵ ɚɜɚɪɢɢ ɢ ɩɨɞɚɱɟɣ 

ɡɜɭɤɨɜɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢ: 

ɩɨɧɢɠɟɧɢɢ ɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ; 

ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ; 

ɩɨɧɢɠɟɧɢɢ ɪɚɡɪɹɠɟɧɢɹ ɜ ɬɨɩɤɟ ɤɨɬɥɚ. 

Ȼɥɨɤ ɚɜɬɨɦɚɬɢɤɢ ɤɨɬɥɚ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɭɫɤ ɤɨɬɥɚ ɩɪɢ ɜɵɯɨɞɟ ɡɚ ɩɪɟɞɟɥɵ 

ɚɜɚɪɢɣɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɢɡɜɨɞɹɬɫɹ ɩɭɬɟɦ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɜɤɥɸɱɟɧɢɹ, ɜɵɤɥɸɱɟɧɢɹ) ɜɟɧɬɢɥɹɬɨɪɚ, 

ɩɨɞɚɸɳɟɝɨ ɜɨɡɞɭɯ ɞɥɹ ɝɨɪɟɧɢɹ. 

Ʉ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɜɨɡɦɨɠɧɨɫɬɹɦ ɳɢɬɚ, ɜɵɩɨɥɧɹɟɦɵɦ ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ 

ɫ ɡɚɤɚɡɱɢɤɨɦ, ɨɬɧɨɫɹɬɫɹ ɭɩɪɚɜɥɟɧɢɟ: 

Ⱦɵɦɨɫɨɫɨɦ (ɤɨɦɩɥɟɤɬɭɸɳɢɟ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɞɵɦɨɫɨɫɚ ɩɨɞɛɢɪɚɸɬɫɹ 

ɢ ɩɨɫɬɚɜɥɹɸɬɫɹ ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ; ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 

ɜ ɷɥɟɤɬɪɨɫɢɥɨɜɨɦ ɳɢɬɟ ɤɨɬɟɥɶɧɨɣ) 

Ɋɟɰɢɪɤɭɥɹɰɢɨɧɧɵɦ ɧɚɫɨɫɨɦ (ɧɚɫɨɫ ɢ ɟɝɨ ɤɨɦɩɥɟɤɬɭɸɳɢɟ ɞɥɹ 

ɩɨɞɤɥɸɱɟɧɢɹ ɩɨɞɛɢɪɚɸɬɫɹ ɢ ɩɨɫɬɚɜɥɹɸɬɫɹ ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ; ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɷɥɟɦɟɧɬɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɷɥɟɤɬɪɨɫɢɥɨɜɨɦ ɳɢɬɟ ɤɨɬɟɥɶɧɨɣ). 

 

5.1 ɍɫɬɪɨɣɫɬɜɨ ɚɜɬɨɦɚɬɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɤɨɬɥɚ 800 Ʉȼɬ 
Ⱥɜɬɨɦɚɬɢɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɚɥɶɧɨɣ ɳɢɬ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɜɧɭɬɪɢ 

ɡɚɳɢɬɧɵɦɢ, ɤɨɦɦɭɬɚɰɢɨɧɧɵɦɢ ɚɩɩɚɪɚɬɚɦɢ ɢ ɥɨɝɢɱɟɫɤɢɦɢ ɦɨɞɭɥɹɦɢ, 

ɫɜɹɡɚɧɧɵɦɢ ɦɟɠɞɭ ɫɨɛɨɣ ɩɪɨɜɨɞɤɨɣ, ɧɚ ɧɚɪɭɠɧɨɣ ɱɚɫɬɢ ɛɨɤɫɚ ɤɪɟɩɹɬɫɹ 



ɚɩɩɚɪɚɬɭɪɚ ɡɜɭɤɨɜɨɣ ɢɥɢ ɫɜɟɬɨɜɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɢ ɷɥɟɦɟɧɬɵ ɭɩɪɚɜɥɟɧɢɹ: 

ɤɧɨɩɤɢ, ɬɭɦɛɥɟɪɵ, ɩɟɪɟɤɥɸɱɚɬɟɥɢ. 

Ⱦɜɟɪɰɚ ɤɨɪɩɭɫɚ ɡɚɩɢɪɚɟɬɫɹ ɧɚ ɡɚɦɨɤ. Ʉɥɸɱ ɨɬ ɡɚɦɤɨɜ ɢɦɟɟɬ ɟɞɢɧɵɣ 

ɫɟɤɪɟɬ. 

ȼɧɭɬɪɢ ɤɨɪɩɭɫɚ ɭɫɬɚɧɨɜɥɟɧɚ ɦɨɧɬɚɠɧɚɹ ɩɚɧɟɥɶ. 

ɇɚ ɡɚɞɧɟɣ ɫɬɟɧɤɟ ɹɳɢɤɚ ɢɦɟɸɬɫɹ ɨɬɜɟɪɫɬɢɹ ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɳɢɬɚ ɧɚ 

ɜɟɪɬɢɤɚɥɶɧɭɸ ɫɬɟɧɤɭ. ȼɧɭɬɪɢ ɳɢɬɚ ɧɚ ɩɚɧɟɥɢ ɫɦɨɧɬɢɪɨɜɚɧɚ ɩɭɫɤɨɜɚɹ ɢ 

ɡɚɳɢɬɧɨ-ɤɨɦɦɭɬɚɰɢɨɧɧɚɹ ɚɩɩɚɪɚɬɭɪɚ, ɧɚ ɞɜɟɪɢ ɭɫɬɚɧɨɜɥɟɧɵ ɤɧɨɩɤɢ 

ɭɩɪɚɜɥɟɧɢɹ, ɫɢɝɧɚɥɶɧɵɟ ɥɚɦɩɵ. 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɤ ɳɢɬɭ ɩɨɞɤɥɸɱɚɸɬɫɹ: 

ɉɟɪɜɢɱɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɬɟɦɩɟɪɚɬɭɪɵ ȾɌɋ 035-50Ɇ ɤɚɛɟɥɟɦ 

ɆɄɗɒ 3x0,75 ɞɥɹ ɫɢɝɧɚɥɢɡɚɰɢɢ ɚɜɚɪɢɣɧɨɝɨ ɩɪɟɞɟɥɚ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ; 

ɷɥɟɤɬɪɨɤɨɧɬɚɤɬɧɵɣ ɦɚɧɨɦɟɬɪ ɤɚɛɟɥɟɦ ɉȼɋ 4x0,75 ɞɥɹ ɫɢɝɧɚɥɢɡɚɰɢɢ 

ɚɜɚɪɢɣɧɨɝɨ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɩɪɟɞɟɥɨɜ ɞɚɜɥɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ; 

ɬɹɝɨɧɚɩɨɪɨɦɟɪ ȾɇɌ-1 ɤɚɛɟɥɟɦ ɆɄɗɒ 3x0,75 ɞɥɹ ɫɢɝɧɚɥɢɡɚɰɢɢ 

ɚɜɚɪɢɣɧɨɝɨ ɩɪɟɞɟɥɚ ɫɧɢɠɟɧɢɹ ɪɚɡɪɹɠɟɧɢɹ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ ɥɢɛɨ ɡɚ ɤɨɬɥɨɦ; 

ɜɟɧɬɢɥɹɬɨɪ ɞɭɬɶɟɜɨɣ ɤɚɛɟɥɟɦ ȼȼȽɧɝ 4ɯ1,5; 

ɥɢɧɢɹ ɭɩɪɚɜɥɟɧɢɹ ɞɵɦɨɫɨɫɨɦ ɤɚɛɟɥɟɦ ɆɄɒɜɧɝ-LS 3ɯ0,75; 

ɩɚɤɟɬɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɉȼ 2-16-Ɇ1 ɤɚɛɟɥɟɦ ɉȼɋ 3x0,75 ɞɥɹ 

ɛɥɨɤɢɪɨɜɤɢ ɜɤɥɸɱɟɧɢɹ ɞɵɦɨɫɨɫɚ ɜ ɯɨɞɟ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ. 

 

 

 

 

 

 

 

 

 



6 ɋɜɟɬɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɨɫɜɟɳɟɧɢɹ 

6.1 Ɋɚɫɱɟɬ ɪɚɛɨɱɟɝɨ ɨɫɜɟɳɟɧɢɹ 
Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɫɜɟɬɨɬɟɯɧɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɨɫɜɟɬɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ, ɬ.ɟ. ɨɩɪɟɞɟɥɟɧɢɟ ɮɚɤɬɢɱɟɫɤɨɣ 

ɨɫɜɟɳɟɧɧɨɫɬɢ, ɫɨɡɞɚɜɚɟɦɨɣ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɨɫɜɟɳɟɧɢɹ ɰɟɯɚ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɫɜɟɬɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɫɟɬɢ ɰɟɯɚ ɜɵɩɨɥɧɹɟɬɫɹ 

ɦɟɬɨɞɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ, ɬ.ɤ. ɧɟɬ ɤɪɭɩɧɵɯ 

ɡɚɬɟɧɹɸɳɢɯ ɩɪɟɞɦɟɬɨɜ. ȼɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɪɚɛɨɱɟɝɨ ɨɫɜɟɳɟɧɢɹ ɰɟɯɚ, 

ɪɚɫɫɱɢɬɚɜ ɟɝɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ, ɫɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 6.1.1. 

 

Ɋɢɫɭɧɨɤ 6.1.1 – Ɋɚɡɦɟɳɟɧɢɟ ɫɜɟɬɢɥɶɧɢɤɨɜ 

ɝɞɟ hc – ɜɵɫɨɬɚ ɩɨɞɜɟɫɤɢ ɫɜɟɬɢɥɶɧɢɤɨɜ (ɦ); hp – ɜɵɫɨɬɚ ɪɚɛɨɱɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ (ɦ); hɢ – ɜɵɫɨɬɚ ɩɨɞɜɟɫɚ ɫɜɟɬɢɥɶɧɢɤɨɜ ɧɚɞ ɩɨɥɨɦ (ɦ); h – 

ɪɚɫɱɟɬɧɚɹ ɜɵɫɨɬɚ (ɦ); H – ɜɵɫɨɬɚ ɡɞɚɧɢɹ (ɦ); ݈Ⱥ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɫɬɟɧɤɢ 

ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ (ɦ); ݈ȼ –  ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɫɬɟɧɤɢ ɞɨ 

ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ (ɦ); ܮȺ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɜ 

ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ (ɦ); ܮȼ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɜ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ 

(ɦ); Ⱥ – ɞɥɢɧɚ ɩɨɦɟɳɟɧɢɹ (ɦ); ȼ − ɲɢɪɢɧɚ ɩɨɦɟɳɟɧɢɹ (ɦ). 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɰɟɯɚ, Ⱥ×ȼ×ɇ= 6,6×4,52×2,7 (ɦ). ɉɥɨɳɚɞɶ 

ɰɟɯɚ ɪɚɜɧɚ 29,832 (ɦ2).   

Ɂɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɜɵɫɨɬɵ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ ɜɵɫɨɬɟ ɤɨɬɟɥɶɧɨɣ (6.1.1): 

                                            h = 2,7 ɦ                                  (6.1.1) 



Ɉɩɪɟɞɟɥɢɦ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɜ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ (6.1.2). 

 Ⱥ = 𝜆ɷh, (ɦ)                                         (6.1.2)ܮ                                                       

ɝɞɟ  𝜆ɷ – ɨɬɧɨɲɟɧɢɟ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɤ ɪɚɫɱɟɬɧɨɣ 

ɜɵɫɨɬɟ 𝜆ɷ = 1 ܮ஺ = Ͳ,ͻʹ͸ ∗ ʹ,͹ = ʹ,ͷ ˏ  

Ɉɩɪɟɞɟɥɢɦ ɱɢɫɥɨ ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ ɪɹɞɭ (6.1.3): 

                                                ݊𝑎 = ஺௅ಲ , ሺ˛˕ሻ                                       (6.1.3) 

 ݊𝑎 = ଺,଺ଶ,ହ ≈ ͵ ˛˕ 

ɉɪɢɧɢɦɚɟɦ, ɱɬɨ ɜ ɤɚɠɞɨɦ ɪɹɞɭ ɧɚɯɨɞɢɬɫɹ ɩɨ 3 ɫɜɟɬɢɥɶɧɢɤɨɜ. Ɉɩɪɟɞɟɥɢɦ 

ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɫɬɟɧɵ ɞɨ ɫɜɟɬɢɥɶɧɢɤɚ ɜ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ (6.1.4). 

                                     ݈஺ = ஺−௅ಲሺ ௡𝑎−ଵሻଶ , ሺˏሻ                                       (6.1.4) 

݈஺ = ͸,͸ − ʹ,ͷ ∗ ሺ ͵ − ͳሻʹ = Ͳ,ͺ ˏ 

ɉɪɢɦɟɦ, ɱɬɨ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɜ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ ܮȼ = 2 

ɦ, ɬɨɝɞɚ ɨɩɪɟɞɟɥɢɦ ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɫɜɟɬɢɥɶɧɢɤɨɜ (6.1.5). 

                                            ݊஻ = ஻௅ಳ , ሺ˛˕ሻ                                           (6.1.5) 

݊஻ = Ͷ,ͷʹʹ ≈ ʹ ˛˕ 

ɉɪɢɧɢɦɚɟɦ, ɱɬɨ ɭ ɧɚɫ 2 ɪɹɞɨɜ ɫɜɟɬɢɥɶɧɢɤɨɜ. Ɉɩɪɟɞɟɥɢɦ ɪɚɫɫɬɨɹɧɢɟ ɨɬ 

ɫɬɟɧɵ ɞɨ ɫɜɟɬɢɥɶɧɢɤɚ ɜ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ (6.1.6). 

                                         ݈஻ = ஻−௅ಳሺ ௡ಳ−ଵሻଶ , ሺˏሻ                                    (6.1.6) 

݈஻ = Ͷ,ͷʹ − ʹ ∗ ሺ ʹ − ͳሻʹ = ͳ,ʹ͸ ˏ 

Ɉɬɧɨɲɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 1,5 

(6.1.7). ɉɪɨɜɟɞɟɦ ɩɪɨɜɟɪɤɭ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɛɨɪɚ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 

ɫɜɟɬɢɥɶɧɢɤɚɦɢ. 



                                                   
௅ಲ௅ಳ < ͳ,ͷ                                              (6.1.7) ܮ஺ܮ஻ = ʹ,ͷ ʹ = ͳ,ʹͷ < ͳ,ͷ 

Ɉɩɪɟɞɟɥɢɦ ɤɨɥɢɱɟɫɬɜɨ ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ ɰɟɯɟ (6.1.8) 

                                           ܰ = ݊𝑎 ∗ ݊஻ , ሺ˛˕ሻ                                     (6.1.8) ܰ = ͵ ∗ ʹ = ͸ ˛˕ 

Ɉɩɪɟɞɟɥɢɦ ɢɧɞɟɤɫ ɩɨɦɟɳɟɧɢɹ (6.1.9) 

                                             𝑖 = ஺஻ℎሺ஺+஻ሻ                                                 (6.1.9) 

𝑖 = ͸,͸ ∗ Ͷ,ͷʹʹ,͹ሺͶ,ͷʹ + ͸,͸ሻ = Ͳ,ͻͻͶ 

ȼɵɛɢɪɚɟɦ ɫɜɟɬɢɥɶɧɢɤ Ɋɋɉ05/Ƚ0Ɂ. Ɉɩɪɟɞɟɥɢɦ ɮɭɧɤɰɢɸ ɫɜɟɬɨɜɨɝɨ 

ɩɪɨɬɨɤɚ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɧɚɦ ɩɨɧɚɞɨɛɢɬɫɹ ɩɪɢ 

ɞɚɥɶɧɟɣɲɢɯ ɜɵɱɢɫɥɟɧɢɹɯ, 𝜂 = 0,82. ɉɪɢɧɢɦɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɬɪɚɠɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɨɦɟɳɟɧɢɹ: ɩɨɬɨɥɤɚ 𝜌ɩ = 70 %; ɫɬɟɧ 𝜌ɫ = 50%; ɩɨɥɚ 𝜌p = 10%. 

ɉɪɢɧɢɦɚɟɦ ɧɨɦɢɧɚɥɶɧɭɸ ɨɫɜɟɳɟɧɧɨɫɬɶ ܧɧ = 200 (ɥɤ) ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ܭɡɚɩ = 1,5 [6]. Ɋɚɫɱɟɬ ɨɫɜɟɳɟɧɢɹ ɜɵɩɨɥɧɢɦ ɦɟɬɨɞɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ. ɉɪɢ ɪɚɫɱɟɬɟ ɩɨ ɷɬɨɦɭ ɦɟɬɨɞɭ ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ 

ɥɚɦɩ ɜ ɤɚɠɞɨɦ ɫɜɟɬɢɥɶɧɢɤɟ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɡɚɞɚɧɧɨɣ 

ɦɢɧɢɦɚɥɶɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ ɨɩɪɟɞɟɥɢɦ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (6.1.10). 

                                         Ф = ாː௄ˊ˃˒ி𝑧𝑁𝜂 , ሺˎˏሻ                                     (6.1.10) 

ɝɞɟ   Ɏ – ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ ɨɞɧɨɣ ɥɚɦɩɵ (ɥɦ); ܧɧ – ɧɨɦɢɧɚɥɶɧɚɹ 

ɨɫɜɟɳɟɧɧɨɫɬɶ ɥɚɦɩɵ ܧɧ = 200 (ɥɤ); ܭɡɚɩ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ܭɡɚɩ = 1,5; ܨ 

– ɩɥɨɳɚɞɶ ɩɨɦɟɳɟɧɢɹ (ɦ2); 𝑧 – ɤɨɷɮɮɢɰɢɟɧɬ ɦɢɧɢɦɚɥɶɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ 𝑧 = 

1,15 [6]; ܰ – ɤɨɥɢɱɟɫɬɜɨ ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ ɰɟɯɟ (ɲɬ); 𝜂 – ɤɨɷɮɮɢɰɢɟɧɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ 𝜂 = 0,82 Ф = ʹͲͲ ∗ ͳ,ͷ ∗ ʹͻ,ͺ͵ʹ ∗ ͳ,ͳͷ͸ ∗ Ͳ,ͺʹ = ʹͲͻͳ,ͺͺ ˎˏ 



ɉɨ ɡɧɚɱɟɧɢɸ Ɏ ɜɵɛɢɪɚɟɬɫɹ ɫɬɚɧɞɚɪɬɧɚɹ ɥɚɦɩɚ ɬɚɤ, ɱɬɨɛɵ ɟɟ ɩɨɬɨɤ 

ɨɬɥɢɱɚɥɫɹ ɨɬ ɪɚɫɱɟɬɧɨɝɨ ɡɧɚɱɟɧɢɹ Ɏ ɧɚ [–10 ÷ +20%]. ɉɨɞɛɢɪɚɟɦ ɥɚɦɩɭ ɬɢɩɚ 

ɅɈɇ - 150 ɦɨɳɧɨɫɬɶɸ 70 ȼɬ ɫɨ ɫɜɟɬɨɜɵɦ ɩɨɬɨɤɨɦ Ɏɥ = 2200 (ɥɦ). Ɉɩɪɟɞɟɥɢɦ 

ɨɬɤɥɨɧɟɧɢɟ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ (6.1.11) 

                                            ∆Ф = Фˎ−ФФ ∗ ͳͲͲ%                                   (6.1.11) 

∆Ф = ʹʹͲͲ − ʹͲͻͳ,ͺͺʹʹͲͲ ∗ ͳͲͲ% = +Ͷ,ͻͳ% 

Ɉɬɤɥɨɧɟɧɢɟ ɦɟɠɞɭ Ɏɥ ɢ Ɏ ɫɨɫɬɚɜɢɥɨ +4,91 %, ɱɬɨ ɞɨɩɭɫɬɢɦɨ. 

Ɉɩɪɟɞɟɥɢɦ ɮɚɤɬɢɱɟɫɤɢɣ ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ (6.1.12). 

                                             Ф˗ = ܰ ʚܰФˎ, ሺˎˏሻ                                 (6.1.12) 

ɝɞɟ   Ɏɮ– ɮɚɤɬɢɱɟɫɤɢɣ ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ (ɥɦ); ܰ – ɤɨɥɢɱɟɫɬɜɨ 

ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ ɰɟɯɟ (ɲɬ); ܰɥ – ɤɨɥɢɱɟɫɬɜɨ ɥɚɦɩ ɜ ɫɜɟɬɢɥɶɧɢɤɟ ܰɥ = 1 (ɲɬ); 

Ɏɥ – ɧɨɦɢɧɚɥɶɧɵɣ ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ ɥɚɦɩɵ (ɥɦ) Ф˗ = ͸ ∗ ͳ ∗ ʹʹͲͲ = ͳ͵ʹͲͲ ˎˏ 

 

6.2 Ɋɚɫɱɟɬ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ 
 

Ⱥɜɚɪɢɣɧɨɟ ɨɫɜɟɳɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɫ 

ɩɨɫɬɨɹɧɧɨ ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɧɢɯ ɥɸɞɶɦɢ, ɝɞɟ ɜɵɯɨɞ ɜ ɬɟɦɧɨɬɟ ɨɩɚɫɟɧ ɢɡ-ɡɚ 

ɩɪɨɞɨɥɠɟɧɢɹ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱥɜɚɪɢɣɧɚɹ ɨɫɜɟɳɟɧɧɨɫɬɶ ɪɚɛɨɱɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɧɟ ɦɟɧɟɟ 5% ɧɨɪɦɵ ɢ ɧɟ ɦɟɧɟɟ 2 Ʌɤ ɜɧɭɬɪɢ 

ɡɞɚɧɢɣ. ɂɫɯɨɞɹ ɢɡ ɷɬɢɯ ɬɪɟɛɨɜɚɧɢɣ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: ɤɨɥɢɱɟɫɬɜɨ ɥɚɦɩ, 

ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ; ɜɵɫɨɬɚ ɩɨɞɜɟɫɚ ɚɜɚɪɢɣɧɨɝɨ 

ɨɫɜɟɳɟɧɢɹ; ɬɢɩ ɫɜɟɬɢɥɶɧɢɤɨɜ.  

Ɋɚɫɱɟɬ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɩɪɨɢɡɜɟɞɟɦ ɚɧɚɥɨɝɢɱɧɨ ɪɚɫɱɟɬɭ ɪɚɛɨɱɟɝɨ 

ɨɫɜɟɳɟɧɢɹ.  

Ɂɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɜɵɫɨɬɵ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 

ɜɵɫɨɬɟ ɤɨɬɟɥɶɧɨɣ (6.2.1): 



 ℎ = 2,7 ɦ (6.2.1) 

ɉɪɢɦɟɦ 𝜆ɷ = 1,5, ɬɨɝɞɚ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɜ ɩɪɨɞɨɥɶɧɨɣ 

ɨɫɢ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, (6.2.2) ɛɭɞɟɬ ɫɥɟɞɭɸɳɢɦ:  

஺ܮ                                            = ͳ ∗ ʹ,͹ = ʹ,͹ ˏ                                        (6.2.2) 

Ɉɩɪɟɞɟɥɢɦ ɦɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ ɪɹɞɭ (6.2.3).  

  ݊ ஺ = ଺,଺ଶ,଻ ≈ ʹ ˛˕    (6.2.3) 

ɉɪɢɧɢɦɚɟɦ, ɱɬɨ ɜ ɤɚɠɞɨɦ ɪɹɞɭ ɧɚɯɨɞɢɬɫɹ ɩɨ 2 ɫɜɟɬɢɥɶɧɢɤɚ. Ɍɨɝɞɚ 

ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɜ ɪɹɞɭ ɩɪɢɧɢɦɚɟɦ ܮȺ = 2,7 ɦ. Ɉɩɪɟɞɟɥɢɦ 

ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɫɬɟɧɵ ɞɨ ɫɜɟɬɢɥɶɧɢɤɚ ɜ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ (6.2.4). 

                                  ݈஺ = ଺,଺−ଶ,଻∗ሺଶ−ଵሻଶ = ͳ,ͻͷˏ                                     (6.2.4) 

ɉɪɢɦɟɦ, ɱɬɨ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɜ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ ܮB = 

2,2 ɦ, ɬɨɝɞɚ ɨɩɪɟɞɟɥɢɦ ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɚɜɚɪɢɣɧɵɯ ɫɜɟɬɢɥɶɧɢɤɨɜ (6.2.5).  

                                             ݊஻ = ସ,ହଶଶ,ଶ = ʹ ˛˕                                             (6.2.5) 

ɉɪɢɧɢɦɚɟɦ, ɱɬɨ ɭ ɧɚɫ ɱɟɬɵɪɟ ɪɹɞɚ ɫɜɟɬɢɥɶɧɢɤɨɜ. Ɉɩɪɟɞɟɥɢɦ ɪɚɫɫɬɨɹɧɢɟ 

ɨɬ ɫɬɟɧɵ ɞɨ ɫɜɟɬɢɥɶɧɢɤɚ ɜ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ (6.2.6).  

                                     ݈஻ = ସ,ହଶ−ଶ,ଶ∗ሺଶ−ଵሻଶ = ͳ,ͳ͸ ˏ                                        (6.2.6) 

Ɉɬɧɨɲɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 1,5 

(6.2.7). ɉɪɨɜɟɞɟɦ ɩɪɨɜɟɪɤɭ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɛɨɪɚ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 

ɫɜɟɬɢɥɶɧɢɤɚɦɢ.  

                                          
௅ಲ௅ಳ = ଶ,଻ଶ,ଶ = ͳ,ʹ͵ < ͳ,ͷ                                     (6.2.6) 

 Ɉɩɪɟɞɟɥɢɦ ɤɨɥɢɱɟɫɬɜɨ ɫɜɟɬɢɥɶɧɢɤɨɜ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɜ ɰɟɯɟ 

(6.2.8)  

                                                     ܰ = ʹ ∗ ʹ = Ͷ ɲɬ                                  (6.2.6) 

Ɉɩɪɟɞɟɥɢɦ ɢɧɞɟɤɫ ɩɨɦɟɳɟɧɢɹ ɞɥɹ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ, ɫɨɝɥɚɫɧɨ 

ɮɨɪɦɭɥɟ (6.2.9).  



                                             𝑖 = ଺,଺∗ସ,ହଶଶ,଻∗ሺ଺,଺+ସ,ହଶሻ = Ͳ,ͻͻͶ                                     (6.2.6) 

ȼɵɛɢɪɚɟɦ ɫɜɟɬɢɥɶɧɢɤ ɇɋɉ03 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 𝜂 = 0,43. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɨɬɪɚɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɨɦɟɳɟɧɢɹ: ɩɨɬɨɥɤɚ 𝜌ɩ = 70 %; ɫɬɟɧ 𝜌ɫ = 50%; ɩɨɥɚ 𝜌ɪ = 10%. ɇɨɦɢɧɚɥɶɧɭɸ ɨɫɜɟɳɟɧɧɨɫɬɶ ܧɧ = 150 (ɥɤ); 

ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ܭɡɚɩ = 1,3.  

Ɉɩɪɟɞɟɥɢɦ ɧɨɪɦɭ ɨɫɜɟɳɟɧɧɨɫɬɢ ɞɥɹ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ (6.2.10).  

𝑎ܧ                                               = Ͳ,Ͳͷ ∗ ,ːܧ ሺˎˍሻ                                   (6.2.10) ܧ𝑎 = Ͳ,Ͳͷ ∗ ͳͷͲ = ͹,ͷ ˎˍ 

Ɉɩɪɟɞɟɥɢɦ ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ ɨɞɧɨɣ ɥɚɦɩɵ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ (6.2.11).  

                                   Ф = ଻,ହ∗ଵ,ଷ∗ଶଽ,଼ଷଶ∗ଵ,ଵହସ∗଴,ସଷ = ͳͻͶ,Ͷ͹ʹ ˎˏ                   (6.2.11) 

ɉɨɞɛɢɪɚɟɦ ɥɚɦɩɭ ɧɚɤɚɥɢɜɚɧɢɹ ɅɈɇ-25 ɦɨɳɧɨɫɬɶɸ 25 ȼɬ ɫɨ ɫɜɟɬɨɜɵɦ 

ɩɨɬɨɤɨɦ Ɏɥ = 220(ɥɦ). Ɉɩɪɟɞɟɥɢɦ ɨɬɤɥɨɧɟɧɢɟ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ (6.2.12)  

                      ∆Ф = ଶଶ଴−ଵଽସ,ସ଻ଶଶଶ଴ ∗ ͳͲͲ% = +ͳʹ,͹͸Ͷ %                       (6.2.12) 

Ɉɬɤɥɨɧɟɧɢɟ ɦɟɠɞɭ Ɏɥ ɢ Ɏ ɫɨɫɬɚɜɢɥɨ +12,764 %, ɱɬɨ ɞɨɩɭɫɬɢɦɨ.  

Ɉɩɪɟɞɟɥɢɦ ɮɚɤɬɢɱɟɫɤɢɣ ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ (6.2.13).  

                             Ф˗ = Ͷ ∗ ͳ ∗ ʹʹͲ = ͺͺͲˎˏ                           (6.2.13) 

 

6.3 Ɇɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɰɟɯɚ 
Ɋɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɩɪɨɢɡɜɟɞɟɦ ɦɟɬɨɞɨɦ ɫɩɪɨɫɚ. 

Ɋɚɫɱɟɬɧɭɸ ɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚɣɞɟɦ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ (6.3.1). 

                                      ௣ܲଵ.ˑ = ܰܲː ˑˏʙ˔ʙʞʟА, ሺʑ˕ሻ                               (6.3.1) 

ɝɞɟ   ܲp1.ɨ– ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ (ȼɬ); ܰ – ɤɨɥɢɱɟɫɬɜɨ ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ ɰɟɯɟ (ɲɬ); ܲɧɨɦ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ 

ɨɞɧɨɣ ɥɚɦɩɵ (ȼɬ); ܭɫ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ ܭɫ = 0,95; ܭɉɊȺ – ɤɨɷɮɮɢɰɢɟɧɬ 

ɩɨɬɟɪɶ ɜ ɩɭɫɤɨɪɟɝɭɥɢɪɭɸɳɟɣ ɚɩɩɚɪɚɬɭɪɟ ܭɉɊȺ = 1,1 



௣ܲଵ.ˑ = ͸ ∗ ͳͷͲ ∗ Ͳ,ͻͷ ∗ ͳ,ͳ = ͻͶͲ,ͷ ʑ˕ 

Ⱦɥɹ ɥɚɦɩ ɅɈɇ ɩɪɢɧɢɦɚɟɦ cos𝜑 = 1, tg𝜑 = 0 Ɉɩɪɟɞɟɥɢɦ ɪɚɫɱɟɬɧɭɸ 

ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ (6.3.2). 

                                              ܳ௣ଵ.ˑ = ௣ܲଵ.ˑtgφ , ሺʑ˃˓ሻ                           (6.3.2) 

ɝɞɟ   ܳp1.ɨ – ɪɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 

(ȼɚɪ); ܲ p1.ɨ – ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ (ȼɬ); ݐ𝑔𝜑 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ tg𝜑ɅɈɇ = 0 (ɨ.ɟ) ܳ௣ଵ.ˑ = ͻͶͲ,ͷ ∗ Ͳ = Ͳ ʑ˃˓ 

Ɉɩɪɟɞɟɥɢɦ ɪɚɫɱɟɬɧɭɸ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 

(6.3.3). 

                                    ܵ௣ଵ.ˑ = √ ௣ܲଵ.ˑଶ + ܳ௣ଵ.ˑଶ, ሺʑАሻ                          (6.3.3) 

ɝɞɟ ܳp1.ɨ – ɪɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 

(ȼɚɪ); ܲp1.ɨ – ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ (ȼɬ); ܵp1.ɨ – ɪɚɫɱɟɬɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ (ȼȺ) ܵ௣ଵ.ˑ = √ͻͶͲ,ͷଶ + Ͳଶ = ͻͶͲ,ͷ ʑА 

 



 

Ɋɢɫɭɧɨɤ 6.3.1 – ɉɥɚɧ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɜɟɬɢɥɶɧɢɤɨɜ ɪɚɛɨɱɟɝɨ ɨɫɜɟɳɟɧɢɹ 



 

Ɋɢɫɭɧɨɤ 6.3.2 – ɉɥɚɧ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɜɟɬɢɥɶɧɢɤɨɜ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ 

 

 

 

 

 

 

 



7 Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɭɡɥɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɢ ɜɫɟɝɨ 
ɰɟɯɚ (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɊɌɆ 36.18.32.4-92) 

 

Ɋɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ Ɋɪ ɢ ɪɟɚɤɬɢɜɧɚɹ Qp ɦɨɳɧɨɫɬɶ – ɷɬɨ ɦɨɳɧɨɫɬɶ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɬɚɤɨɣ ɧɟɢɡɦɟɧɧɨɣ ɬɨɤɨɜɨɣ ɧɚɝɪɭɡɤɟ iɪ, ɤɨɬɨɪɚɹ 

ɷɤɜɢɜɚɥɟɧɬɧɚ ɮɚɤɬɢɱɟɫɤɨɣ ɢɡɦɟɧɹɸɳɟɣɫɹ ɜɨ ɜɪɟɦɟɧɢ ɧɚɝɪɭɡɤɟ ɩɨ 

ɧɚɢɛɨɥɶɲɟɦɭ ɜɨɡɦɨɠɧɨɦɭ ɬɟɩɥɨɜɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɧɚ ɷɥɟɦɟɧɬ ɫɢɫɬɟɦɵ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɗɉ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1 ɤȼ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɞɥɹ ɤɚɠɞɨɝɨ ɭɡɥɚ ɩɢɬɚɧɢɹ (ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɩɭɧɤɬɚ, ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 

ɲɢɧɨɩɪɨɜɨɞɚ, ɳɢɬɚ ɫɬɚɧɰɢɣ ɭɩɪɚɜɥɟɧɢɹ, ɰɟɯɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ 

ɩɨɞɫɬɚɧɰɢɢ), ɚ ɬɚɤɠɟ ɩɨ ɰɟɯɭ, ɤɨɪɩɭɫɭ ɜ ɰɟɥɨɦ. 

 

Ɍɚɛɥɢɰɚ 7.1 – Ɋɚɫɱɟɬ ɫɢɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɩɨ ɰɟɯɭ 

 

 

 

 

 

ɚɤɬɢɜɧɚɹ, 
ɤȼɬ

ɪɟɚɤɬɢɜɧɚɹ, 
ɤɜɚɪ ɩɨɥɧɚɹ, ɤȼȺ

р ɧɨɦ,min р ɧɨɦ,max

1 2 3 4 5 6 7 8,00 9 10 11 12,0 13 14 15 16 17

1 1 3 3 0,85 0,89 0,51 2,55 1 9

2 1 3 3 0,85 0,89 0,51 2,55 1 9

3 1 0,55 0,55 0,85 0,67 1,11 0,4675 1 0

4 1 0,55 0,55 0,85 0,67 1,11 0,4675 1 0

5 1 3 3 0,85 0,51 1,69 2,55 4 9

6 1 3 3 0,85 0,51 1,69 2,55 4 9

7 1 3 3 0,85 0,75 0,88 2,55 2 9

8 1 3 3 0,85 0,75 0,88 2,55 2 9

9 1 3 3 0,85 0,75 0,88 2,55 2 9

10 1 3 3 0,85 0,75 0,88 2,55 2 9

11 1 3 3 0,85 0,75 0,88 2,55 2 9

12 1 3 3 0,85 0,75 0,88 2,55 2 9

13 1 3 3 0,85 0,75 0,88 2,55 2 9

14 1 3 3 0,85 0,75 0,88 2,55 2 9

15 1 3 3 0,85 0,75 0,88 2,55 2 9

16 1 3 3 0,85 0,75 0,88 2,55 2 9

Иɬоɝо ɫилоɜая 16 43,1 0,85 0,75 0,93 36,635 33,894 126,605 15 0,85 31,1398 28,8096 42,4226 64,5309
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8 ȼɵɛɨɪ ɟɞɢɧɢɱɧɵɯ ɦɨɳɧɨɫɬɟɣ ɢ ɤɨɥɢɱɟɫɬɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɰɟɯɨɜɵɯ 
Ɍɉ ɢ ȼɊɍ. Ʉɨɦɩɟɧɫɚɰɢɹ ɪɟɚɤɬɢɜɧɵɯ ɧɚɝɪɭɡɨɤ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ 
ɰɟɯɚ 

ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɝɥɚɜɧɵɯ 

ɩɨɧɢɡɢɬɟɥɶɧɵɯ ɢ ɰɟɯɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɩɪɟɞɩɪɢɹɬɢɣ ɞɨɥɠɟɧ ɛɵɬɶ ɬɟɯɧɢɱɟɫɤɢ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɦ, ɬɚɤ ɤɚɤ 

ɨɧ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɰɢɨɧɚɥɶɧɨɟ ɩɨɫɬɪɨɟɧɢɟ ɫɯɟɦ 

ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

Ɋɚɡɛɟɪɟɦ ɞɜɚ ɜɚɪɢɚɧɬɚ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

- ɞɜɚ ɧɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɦɟɧɶɲɟɣ ɦɨɳɧɨɫɬɢ; 

- ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɦɟɸɳɢɯɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

8.1 ɉɟɪɜɵɣ ɜɚɪɢɚɧɬ. ɇɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
 

Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.1.1. 

Ɍɚɛɥɢɰɚ 8.1.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

Ɍɢɩ 
ɇɨɦɢɧɚɥɶɧɚɹ  

ɦɨɳɧɨɫɬɶ, ɤȼȺ 

ɇɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 

ɉɨɬɟɪɢ, 
ɤȼɬ 

Ɍɨɤ ɯɯ, 
% 

ɇɚɩɪɹɠɟɧɢɟ 
ɤɡ, % ȼɇ ɇɇ ɯɯ ɤɡ 

ɄɌɉ 32 10 0,4 0,1 0,6 2,8 4,5 
 

Ɉɩɪɟɞɟɥɢɦ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ: 

 ݇ˊ = ܵː݊ ∗ ܵːˑˏ = Ͷ͵,ͳʹʹ ∗ ͵ʹ = Ͳ,͸͹ 

 

ɝɞɟ ܵː - ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ, ɤȼȺ; ݊ - ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; ܵːˑˏ 

- ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

Ɉɩɪɟɞɟɥɢɦ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 

 ∆ܲͳ = ∆ 𝑥ܲ𝑥 + ݇ଶ́ ∗ 𝑥ܲ = Ͳ,ͳͷ + Ͳ,͸͹ଶ ∗ Ͳ,ͻ = Ͳ,ͷͷͶ ˍʑ˕, 



ɝɞɟ ∆ 𝑥ܲ𝑥 - ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ; 𝑥ܲ - ɩɨɬɟɪɢ 

ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ. 

8.2 ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ. ɂɦɟɸɳɢɟɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
 

ɂɦɟɸɬɫɹ ɞɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.2.1 [15]. 

Ɍɚɛɥɢɰɚ 8.2.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

Ɍɢɩ 
ɇɨɦɢɧɚɥɶɧɚɹ  

ɦɨɳɧɨɫɬɶ, ɤȼȺ 

ɇɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 

ɉɨɬɟɪɢ, 
ɤȼɬ Ɍɨɤ ɯɯ, 

% 
ɇɚɩɪɹɠɟɧɢɟ 

ɤɡ, % ȼɇ ɇɇ ɯɯ ɤɡ 
ɄɌɉ 400 10 0,4 0,8 5,5 1,6 4,5 

 

Ɉɩɪɟɞɟɥɢɦ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ: 

 ݇ˊ = ܵː݊ ∗ ܵːˑˏ = Ͷ͵,ͳʹʹ ∗ ͶͲͲ = Ͳ,Ͳͷ͵ͻ 

 

ɝɞɟ ܵː - ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ, ɤȼȺ; ݊ - ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; ܵːˑˏ 

- ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

Ɉɩɪɟɞɟɥɢɦ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 

 ∆ܲʹ = ∆ 𝑥ܲ𝑥 + ݇ଶ́ ∗ 𝑥ܲ = Ͳ,ͺ + Ͳ,Ͳͷ͵ͻଶ ∗ ͷ,ͷ = Ͳ,ͺͳ͸ ˍʑ˕, 
 

ɝɞɟ ∆ 𝑥ܲ𝑥 - ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ; 𝑥ܲ - ɩɨɬɟɪɢ 

ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ. 

 

8.3 ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ 
 

ɉɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɞɜɭɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ: 

 



∆ܹͳ = ∆ܲͳ ∗ 𝜏 ∗ ʹ, 
 

ɝɞɟ 𝜏 - ɜɪɟɦɹ ɩɨɬɟɪɶ, ɱɚɫ. 

ȼɪɟɦɹ ɩɨɬɟɪɶ: 

 𝜏 = ሺͲ,ͳʹͶ + ௠ܶ𝑎𝑥 ∗ ͳͲ−ସሻଶ ∗ ܶ̂ ˑˇ, 
 

ɝɞɟ ܶ̂ ˑˇ - ɜɪɟɦɹ ɡɚ ɝɨɞ, ܶ̂ ˑˇ = ͺ͹͸Ͳ ɱ, ௠ܶ𝑎𝑥 - ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɦɚɤɫɢɦɭɦɚ ɚɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɢ, ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɫɦɟɧ, ɬɚɤ ɤɚɤ ɭ ɧɚɫ ɞɜɟ 

ɪɚɛɨɱɢɯ ɫɦɟɧɵ, ɬɨ ௠ܶ𝑎𝑥 = ͷͲ͸Ͳ ˚.  
 𝜏 = ሺͲ,ͳʹͶ + ͷͲ͸Ͳ ∗ ͳͲ−ସሻଶ ∗ ͺ͹͸Ͳ = ͵Ͷ͹͹ ˚, ∆ܹͳ = Ͳ,ͷͷͶ ∗ ͵Ͷ͹͹ ∗ ʹ = ͵ͺͷʹ,ͷͳ͸ ˍʑ˕/˚, 

 

Ɋɚɫɫɱɢɬɚɟɦ ɫɬɨɢɦɨɫɬɶ ɩɨɬɟɪɶ ɜ ɪɭɛɥɹɯ: 

 ∆ʗͳ = ߚ ∗ ∆ܹͳ = ʹ,Ͳͷ ∗ ͳ,ͳͺ ∗ ͵ͺͷʹ,ͷͳ͸ = ͻ͵ͳͻ,ʹ͵͸ ˓˖˄. 
 

ɝɞɟ ∆ 𝑥ܲ𝑥 - ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ; 𝑥ܲ - ɩɨɬɟɪɢ 

ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ. 

 

ɉɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɞɜɭɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ: 

 ∆ܹʹ = ∆ܲʹ ∗ 𝜏 ∗ ʹ, 
 

ɝɞɟ 𝜏 - ɜɪɟɦɹ ɩɨɬɟɪɶ, ɱɚɫ. 

ȼɪɟɦɹ ɩɨɬɟɪɶ: 

 𝜏 = ሺͲ,ͳʹͶ + ௠ܶ𝑎𝑥 ∗ ͳͲ−ସሻଶ ∗ ܶ̂ ˑˇ, 



 

ɝɞɟ ܶ̂ ˑˇ - ɜɪɟɦɹ ɡɚ ɝɨɞ, ܶ̂ ˑˇ = ͺ͹͸Ͳ ɱ, ௠ܶ𝑎𝑥 - ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɦɚɤɫɢɦɭɦɚ ɚɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɢ, ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɫɦɟɧ, ɬɚɤ ɤɚɤ ɭ ɧɚɫ ɞɜɟ 

ɪɚɛɨɱɢɯ ɫɦɟɧɵ, ɬɨ ௠ܶ𝑎𝑥 = ͷͲ͸Ͳ ˚.  
 𝜏 = ሺͲ,ͳʹͶ + ͷͲ͸Ͳ ∗ ͳͲ−ସሻଶ ∗ ͺ͹͸Ͳ = ͵Ͷ͹͹ ˚, ∆ܹʹ = Ͳ,ͺͳ͸ ∗ ͵Ͷ͹͹ ∗ ʹ = ͷ͸͹Ͷ,Ͷ͸Ͷ ˍʑ˕/˚, 
 

Ɋɚɫɫɱɢɬɚɟɦ ɫɬɨɢɦɨɫɬɶ ɩɨɬɟɪɶ ɜ ɪɭɛɥɹɯ: 

 ∆ʗʹ = ߚ ∗ ∆ܹʹ = ʹ,Ͳͷ ∗ ͳ,ͳͺ ∗ ͷ͸͹Ͷ,Ͷ͸Ͷ = ͳ͵͹ʹ͸,ͷ͵ ˓˖˄. 
 

ɇɚɣɞёɦ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɜɚɪɢɚɧɬɚɦɢ: 

 ∆ʗʹ − ∆ʗͳ = ͳ͵͹ʹ͸,ͷ͵ − ͻ͵ͳͻ,ʹ͵͸ = ͶͶͲ͹,ʹͻͶ ˓˖˄. 
 

ɗɤɨɧɨɦɢɹ ɧɚ ɩɨɬɟɪɹɯ ɩɪɢ ɭɫɬɚɧɨɜɤɢ ɧɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɦɟɧɶɲɟɣ 

ɦɨɳɧɨɫɬɢ ɫɨɫɬɚɜɢɥɚ 4407,294 ɪɭɛɥɹ ɜ ɝɨɞ. 

ɋɬɨɢɦɨɫɬɶ ɬɪɚɧɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ ɫ ɞɜɭɦɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ 

ɦɨɳɧɨɫɬɶɸ 32 ɤȼȺ ɤɚɠɞɵɣ ɫɨɫɬɚɜɥɹɟɬ: Ɂ = 160 ɬɵɫ. ɪɭɛ. (ɛɟɡ ɭɱёɬɚ ɫɬɨɢɦɨɫɬɢ 

ɭɫɬɚɧɨɜɤɢ). 

Ɋɚɫɫɱɢɬɚɟɦ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ: ݐ = ʖ∆ʗʹ − ∆ʗͳ = ͳ͸ͲͲͲͲͶͶͲ͹,ʹͻͶ = ͵͸ ˎˈ˕. 
ɉɨ ɞɚɧɧɵɦ ɪɚɫɱёɬɚɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɛɭɞɟɬ ɨɫɬɚɜɢɬɶ ɢɦɟɸɳɢɟɫɹ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ. 



9 ȼɵɛɨɪ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɦɚɪɤɢ 
ɩɪɨɜɨɞɨɜ, ɤɚɛɟɥɟɣ, ɫɩɨɫɨɛɨɜ ɢɯ ɩɪɨɤɥɚɞɤɢ 

ɐɟɯɨɜɭɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɫɟɬɶ ɜɵɩɨɥɧɹɟɦ ɤɚɛɟɥɶɧɵɦɢ ɥɢɧɢɹɦɢ, 

ɩɪɨɥɨɠɟɧɧɵɦɢ ɜ ɬɪɭɛɚɯ. ɉɪɟɢɦɭɳɟɫɬɜɨ ɞɚɧɧɨɣ ɩɪɨɤɥɚɞɤɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, 

ɱɬɨ ɨɧɚ ɩɨɡɜɨɥɹɟɬ ɡɚɳɢɬɢɬɶ ɤɚɛɟɥɢ ɨɬ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɜɪɟɠɞɟɧɢɣ, ɚ ɬɚɤɠɟ 

ɭɞɨɛɫɬɜɨ ɨɫɦɨɬɪɚ ɢ ɪɟɜɢɡɢɢ. ɇɟɞɨɫɬɚɬɨɤ – ɜɵɫɨɤɢɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ.  

ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɤɨɦɩɥɟɤɬɧɭɸ ɰɟɯɨɜɭɸ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɭɸ ɩɨɞɫɬɚɧɰɢɸ 

(ɄɌɉ). Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɢɡ-ɡɚ ɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ 

ɪɚɫɩɨɥɚɝɚɟɦ ɄɌɉ ɪɹɞɨɦ ɫ ɰɟɯɨɦ. ɄɌɉ ɧɚɯɨɞɢɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɨ ɜɵɞɟɥɟɧɧɨɦ 

ɩɨɦɟɳɟɧɢɢ, ɩɪɢ ɷɬɨɦ ɧɟ ɧɚɪɭɲɚɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɪɟɠɢɦ ɫɚɦɨɝɨ ɰɟɯɚ.  

ɇɚ ɜɜɨɞɚɯ ɄɌɉ ɢɫɩɨɥɶɡɭɟɬɫɹ ɠɟɫɬɤɢɣ ɜɜɨɞ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ 

ɭɫɬɪɨɣɫɬɜ. ɇɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ 

ɜɵɤɥɸɱɚɬɟɥɢ.  

Ⱦɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɰɟɯɚ ɩɪɢɧɢɦɚɟɦ ɪɚɞɢɚɥɶɧɵɟ ɫɯɟɦɵ ɩɢɬɚɸɳɟɣ ɢ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ.  

Ɋɚɞɢɚɥɶɧɵɟ ɫɯɟɦɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɬɟɦ, ɱɬɨ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ 

ɨɬɯɨɞɹɬ ɥɢɧɢɢ, ɩɢɬɚɸɳɢɟ ɤɪɭɩɧɵɟ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ. ɉɪɟɢɦɭɳɟɫɬɜɨ ɞɚɧɧɨɣ 

ɫɟɬɢ ɛɨɥɶɲɚɹ ɧɚɞɟɠɧɨɫɬɶ. ɇɟɞɨɫɬɚɬɨɤ: ɩɨɜɵɲɟɧɧɵɣ ɪɚɫɯɨɞ ɩɪɨɜɨɞɨɜ ɢ 

ɤɚɛɟɥɟɣ; ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɡɚɳɢɬɧɵɯ ɢ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ; 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɥɨɳɚɞɹɯ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɳɢɬɨɜ, 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɲɤɚɮɨɜ; ɬɪɭɞɧɨɫɬɶ ɜ ɩɟɪɟɦɟɳɟɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ.  

Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶɧɚɹ ɫɟɬɶ ɜɵɩɨɥɧɹɟɬɫɹ ɱɟɬɵɪɟɯɠɢɥɶɧɵɦɢ ɤɚɛɟɥɶɧɵɦɢ 

ɥɢɧɢɹɦɢ ɧɚɩɪɹɠɟɧɢɟɦ 380 ȼ ɦɚɪɤɢ ȺȼȼȽ, ɩɪɨɥɨɠɟɧɧɵɦɢ ɜ ɫɩɟɰɢɚɥɶɧɵɯ 

ɤɚɧɚɥɚɯ. ȼ ɩɨɥɭ ɰɟɯɚ ɫɨɨɪɭɠɚɟɬɫɹ ɤɚɧɚɥ ɢɡ ɠɟɥɟɡɨɛɟɬɨɧɚ ɢɥɢ ɤɢɪɩɢɱɚ, 

ɤɨɬɨɪɵɣ ɩɟɪɟɤɪɵɜɚɟɬɫɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ ɩɥɢɬɚɦɢ ɢɥɢ ɫɬɚɥɶɧɵɦɢ 

ɪɢɮɥɟɧɵɦɢ ɥɢɫɬɚɦɢ. Ʉɚɛɟɥɢ ɜɧɭɬɪɢ ɤɚɧɚɥɚ ɭɤɥɚɞɵɜɚɸɬɫɹ ɧɚ ɫɛɨɪɧɵɟ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ ɛɨɤɨɜɵɯ ɫɬɟɧɚɯ.  



ɉɢɬɚɸɳɚɹ ɫɟɬɶ ɜ ɞɚɧɧɨɦ ɰɟɯɭ ɜɵɩɨɥɧɹɟɬɫɹ ɱɟɬɵɪɟɯɠɢɥɶɧɵɦɢ 

ɤɚɛɟɥɶɧɵɦɢ ɥɢɧɢɹɦɢ ɧɚɩɪɹɠɟɧɢɟɦ 380 ȼ ɦɚɪɤɢ ȺȼȼȽ, ɢ ɩɪɨɤɥɚɞɵɜɚɟɬɫɹ ɜ 

ɬɪɭɛɚɯ.  

Ɂɚɳɢɬɚ ɨɬɞɟɥɶɧɵɯ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɢ ɫɢɥɨɜɵɯ ɩɭɧɤɬɨɜ ɨɬ ɬɨɤɨɜ ɄɁ ɢ 

ɩɟɪɟɝɪɭɡɨɤ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɫɟɪɢɢ ȼȺ. 
 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



10 Ɋɚɫɱɟɬ ɡɚɳɢɬɧɵɯ ɚɩɩɚɪɚɬɨɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɟɦɧɢɤɨɜ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ 

ȼ ɤɚɱɟɫɬɜɟ ɚɩɩɚɪɚɬɨɜ ɡɚɳɢɬɵ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ 

ɭɱɚɫɬɤɚ ɰɟɯɚ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɸɱɚɬɟɥɢ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɟ 

ɜɵɤɥɸɱɚɬɟɥɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɩɨɥɧɹɸɬ ɮɭɧɤɰɢɢ ɡɚɳɢɬɵ ɢ ɭɩɪɚɜɥɟɧɢɹ: 

ɡɚɳɢɳɚɸɬ ɤɚɛɟɥɢ, ɩɪɨɜɨɞɚ, ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɟɬɢ ɢ ɩɨɬɪɟɛɢɬɟɥɟɣ ɨɬ ɩɟɪɟɝɪɭɡɤɢ 

ɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ (ɫɜɟɪɯɬɨɤɨɜ ɄɁ), ɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɨɪɦɚɥɶɧɵɣ 

ɪɟɠɢɦ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɜ ɰɟɩɢ ɢ ɨɫɭɳɟɫɬɜɥɹɸɬ ɭɩɪɚɜɥɟɧɢɟ ɭɱɚɫɬɤɚɦɢ ɰɟɩɢ. 

Ⱥɜɬɨɦɚɬɵ ɢɦɟɸɬ ɡɚɳɢɬɧɵɟ (ɫɩɭɫɤɨɜɵɟ) ɭɫɬɪɨɣɫɬɜɚ ɞɜɭɯ ɬɢɩɨɜ: ɬɟɩɥɨɜɨɟ ɪɟɥɟ 

ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɪɟɥɟ ɞɥɹ 

ɡɚɳɢɬɵ ɨɬ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ.  

ȼɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɞɥɹ ɡɚɳɢɬɵ ɥɢɧɢɣ, ɩɢɬɚɸɳɢɯ 

ɝɪɭɩɩɵ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ, ɩɪɨɜɨɞɢɦ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

 𝐼 ˋˍ = 𝐼 ˖˔ˍ.ː˄ + (𝐼 .ˍː − ݇ˋ.ː˄ ∗ 𝐼 ˑˏ.ː˄), 
 

ɝɞɟ 𝐼 ˋˍ - ɩɢɤɨɜɵɣ ɬɨɤ ɝɪɭɩɩɵ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ, Ⱥ; 𝐼 ˖˔ˍ.ː˄ - ɩɭɫɤɨɜɨɣ 

ɬɨɤ ɧɚɢɛɨɥɶɲɟɝɨ ɩɨ ɦɨɳɧɨɫɬɢ ɗɉ ɜ ɝɪɭɩɩɟ, Ⱥ; 𝐼 .ˍː - ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɝɪɭɩɩɵ 

ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɫ ɭɱɟɬɨɦ ɧɚɞɟɠɧɨɫɬɢ, Ⱥ; ݇ˋ.ː˄ - ɤɨɷɮɮɢɰɢɟɧɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɧɚɢɛɨɥɶɲɟɝɨ ɩɨ ɦɨɳɧɨɫɬɢ ɗɉ ɜ ɝɪɭɩɩɟ; 𝐼 ˑˏ.ː˄ - ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɧɚɢɛɨɥɶɲɟɝɨ ɩɨ ɦɨɳɧɨɫɬɢ ɗɉ ɜ ɝɪɭɩɩɟ, Ⱥ. 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚɞɟɠɧɨɫɬɢ ɨɬɫɬɪɨɣɤɢ ɨɬ 

ɩɟɪɟɝɪɭɡɤɢ: 

 𝐼 .ˍː = 𝐼 ˃˔˚ ∗ ݇ː, 
 

ɝɞɟ 𝐼 ˃˔˚ - ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɝɪɭɩɩɵ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ, Ⱥ; ݇ː - 

ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ݇ː = ͳ,ͳ. 

Ɍɨɤ ɨɬɫɟɱɤɢ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɬɫɬɪɨɣɤɢ ɨɬɫɟɱɤɢ: 



 𝐼 ˍ = 𝐼 ˋˍ ∗ ݇ˑ˕˔, 
 

ɝɞɟ 𝐼 ˋˍ - ɩɢɤɨɜɵɣ ɬɨɤ ɝɪɭɩɩɵ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ, Ⱥ; ݇ˑ˕˔ - 

ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɫɬɪɨɣɤɢ ɨɬɫɟɱɤɢ, ݇ˑ˕˔ = ͳ,ʹ. 
Ⱦɚɥɟɟ ɜɵɛɢɪɚɟɦ Ⱥȼ. Ɋɚɫɱɟɬɧɚɹ ɤɪɚɬɧɨɫɬɶ ɬɨɤɚ ɨɬɫɟɱɤɢ: 

 ݇ˍ˓ = 𝐼 ˍ𝐼 ˑˏ.˓˃˔˙, 
 

 

ɝɞɟ 𝐼 ˑˏ.˓˃˔˙ - ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɚɫɰɟɩɢɬɟɥɹ Ⱥȼ; 𝐼 ˍ - ɬɨɤ ɨɬɫɟɱɤɢ ɫ 

ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɬɫɬɪɨɣɤɢ ɨɬɫɟɱɤɢ, Ⱥ. 

Ɉɤɨɧɱɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɩɪɢ ɜɵɛɨɪɟ Ⱥȼ ɹɜɥɹɟɬɫɹ ɟɝɨ ɩɪɨɜɟɪɤɚ: 

 ݇ˍ˓ ൑ ͳͲ. 
 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɢ ɜɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ 

ɞɥɹ ɗɉ №1. 

 𝐼 .ˍː = 𝐼 ˃˔˚ ∗ ݇ː = ͺ,ͺͷ ∗ ͳ,ͳ = ͻ,͹͵ А. 
 

ȼɵɛɢɪɚɟɦ Ⱥȼ ȼȺ47-29 ɫ 𝐼 ˑˏ = ͳͲ А, 𝐼 ˑˏ.˓˃˔˙ = ͳͲ А.  
 𝐼 ˋˍ = ʹ͸,ͷͶ + ሺͻ,͹͵ − Ͳ,ͺͷ ∗ ͺ,ʹͷሻ = ʹͺ,͹ͷ А; 
 𝐼 ˍ = ʹͺ,͹ͷ ∗ ͳ,ʹ = ͵Ͷ,ͷͲ А; 
 



݇ˍ˓ = ͵Ͷ,ͷͲͳͲ = ͵,Ͷͷ. 
 

 

ɉɪɨɜɟɪɢɦ ɩɨ ɭɫɥɨɜɢɸ: 

 ݇ˍ˓ = ͳ,͸͵ ൑ ͳͲ, ɬɨ ɟɫɬɶ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɜɵɛɨɪɚ 

Ⱥȼ.  

 𝐼 ˑˏ ൒ 𝐼 ˑˏ ˓˃˔˙ > 𝐼 ˃˔˚. 
 

Ⱦɚɥɶɲɟ ɜɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 10.1 

Ɍɚɛɥɢɰɚ 10.1 – ȼɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɞɥɹ ɤɚɠɞɨɝɨ ɗɉ 

ɰɟɯɚ 

 

 

 

 

 

 

 

ʻ̛̥̌е̦ов̛̦̌е Ǐ̸̬̭, А I̬.к̦, А ʺ̬̌к̌ Аʦ I̦о̥, А I̦о̥.̶̬̭̌, А Iпу̭к.̦̍, А k̛.̦̍ I̦о̥.̦̍, А Iп̛к, А Iок, А kк̬
1 8,85 9,73 ʦА ϰ7-Ϯ9 10 10 26,54 0,85 8,85 28,75 34,50 3,45

2 8,85 9,73 ʦА ϰ7-Ϯ9 10 10 26,54 0,85 8,85 28,75 34,50 3,45

3 1,74 1,91 ʦА ϰ7-Ϯ9 2 2 5,22 0,85 1,74 5,65 6,78 3,39

4 1,74 1,91 ʦА ϰ7-Ϯ9 2 2 5,22 0,85 1,74 5,65 6,78 3,39

5 8,85 9,73 ʦА ϰ7-Ϯ9 10 10 26,54 0,85 8,85 28,75 34,50 3,45

6 8,85 9,73 ʦА ϰ7-Ϯ9 10 10 26,54 0,85 8,85 28,75 34,50 3,45

7 8,85 9,73 ʦА ϰ7-Ϯ9 10 10 26,54 0,85 8,85 28,75 34,50 3,45

8 8,85 9,73 ʦА ϰ7-Ϯ9 10 10 26,54 0,85 8,85 28,75 34,50 3,45

9 9,84 10,83 ʦА ϰ7-Ϯ9 13 13 29,52 0,85 9,84 31,98 38,38 2,95

10 9,84 10,83 ʦА ϰ7-Ϯ9 13 13 29,52 0,85 9,84 31,98 38,38 2,95

11 9,84 10,83 ʦА ϰ7-Ϯ9 13 13 29,52 0,85 9,84 31,98 38,38 2,95

12 9,84 10,83 ʦА ϰ7-Ϯ9 13 13 29,52 0,85 9,84 31,98 38,38 2,95

13 9,84 10,83 ʦА ϰ7-Ϯ9 13 13 29,52 0,85 9,84 31,98 38,38 2,95

14 9,84 10,83 ʦА ϰ7-Ϯ9 13 13 29,52 0,85 9,84 31,98 38,38 2,95

15 9,84 10,83 ʦА ϰ7-Ϯ9 13 13 29,52 0,85 9,84 31,98 38,38 2,95

16 9,84 10,83 ʦА ϰ7-Ϯ9 13 13 29,52 0,85 9,84 31,98 38,38 2,95



11 ȼɵɛɨɪ ɫɟɱɟɧɢɣ ɩɪɨɜɨɞɨɜ ɢ ɠɢɥ ɤɚɛɟɥɟɣ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɗɉ 

Ƚɥɚɜɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɩɪɢ ɜɵɛɨɪɟ ɄɅ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɭɫɥɨɜɢɟ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ȼ ɞɚɧɧɨɦ ɰɟɯɟ ɧɨɪɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, 

ɜɵɛɟɪɟɦ ɄɅ ɦɚɪɤɢ ȺȼȼȽ (ɫɢɥɨɜɨɣ ɤɚɛɟɥɶ ɫ ɚɥɸɦɢɧɢɟɜɵɦɢ ɠɢɥɚɦɢ ɫ 

ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɨɛɨɥɨɱɤɨɣ ɢɡ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɧɨɝɨ ɩɥɚɫɬɢɤɚɬɚ, ɛɟɡ 

ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɨɜɚ). Ɉɬɜɟɬɜɥɟɧɢɹ ɤ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚɦ ɩɪɨɤɥɚɞɵɜɚɸɬɫɹ ɜ 

ɬɪɭɛɚɯ. Ʉɥɚɫɫ ɧɚɩɪɹɠɟɧɢɹ 380 ȼ, ɜɵɛɢɪɚɟɦ 4ɯ ɠɢɥɶɧɵɣ ɤɚɛɟɥɶ. 

ɋɟɱɟɧɢɟ ɤɚɛɟɥɹ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɧɚɝɪɟɜɭ ɞɥɢɬɟɥɶɧɵɦ ɪɚɫɱɟɬɧɵɦ ɬɨɤɨɦ, 

ɬɨɝɞɚ ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

 𝐼 ˃˔˚.˒ = 𝐼 ˃˔˚ ∗  ,௡ܭ
 

ɝɞɟ ܭ௡ - ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɥɨɜɢɹ ɩɪɨɤɥɚɞɤɢ 

ɩɪɨɜɨɞɨɜ ɢ ɤɚɛɟɥɟɣ (ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɤɥɚɞɤɢ ܭ௡ = ͳሻ. 

ȼɵɛɢɪɚɟɦ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɟ ɭɫɥɨɜɢɸ: 

 𝐼 ˑ˒ ൒ 𝐼 ˃˔˚.˒. 
 

ɋɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ ɢ ɠɢɥ ɤɚɛɟɥɟɣ ɰɟɯɨɜɨɣ ɫɟɬɢ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɭɫɥɨɜɢɸ 

ɫɨɨɬɜɟɬɫɬɜɢɹ ɜɵɛɪɚɧɧɨɦɭ ɡɚɳɢɬɧɨɦɭ ɭɫɬɪɨɣɫɬɜɭ: 

 𝐼 ˑ˒ ൒ ˜˃ˊܭ ∗ 𝐼 , 

 

ɝɞɟ ܭˊ˃˜ - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɳɢɬɵ, ܭˊ˃˜ = ͳ; 𝐼  - ɩɚɪɚɦɟɬɪ ɡɚɳɢɬɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ (ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ). 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɜɵɛɟɪɟɦ ɩɪɨɜɨɞ ɞɥɹ ɗɉ №1: 

 𝐼 ˃˔˚.˒ = 𝐼 ˃˔˚ ∗ ௡ܭ = ͺ,ͺͷ ∗ ͳ = ͺ,ͺͷ А. 
 



ȼɵɛɢɪɚɟɦ ɤɚɛɟɥɶ [10] ɫɟɱɟɧɢɟɦ 4ɯ2,5 ɦɦ2 ɫ 𝐼 ˑ˒ = ʹ͸ А;  
 𝐼 ˑ˒ ൒ 𝐼 ˃˔˚.˒; ሺʹ͸ ൒ ͺ,ͺͷሻ А; 

 𝐼 ˑ˒ ൒ ˜˃ˊܭ ∗ 𝐼 ; ሺʹ͸ ൒ ͳͲሻ А. 
 

ɍɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɤɚɛɟɥɶ ɜɵɛɪɚɧ ɜɟɪɧɨ. 

ȼɵɛɨɪ ɄɅ ɞɥɹ ɜɫɟɯ ɗɉ ɚɧɚɥɨɝɢɱɟɧ. 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɄɅ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 11.1. 

Ɍɚɛɥɢɰɚ 11.1 – Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɄɅ 

 

 

Ⱦɚɥɟɟ ɜɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɢ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɨɣ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ. ɉɨɬɪɟɛɢɬɟɥɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɪɚɛɨɬɚɟɬ 

ɧɨɪɦɚɥɶɧɨ, ɤɨɝɞɚ ɧɚ ɢɯ ɡɚɠɢɦɵ ɩɨɞɚɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ, ɧɚ ɤɨɬɨɪɨɟ ɪɚɫɫɱɢɬɚɧ 

ɞɚɧɧɵɣ ɗɉ. ɉɪɢ ɩɟɪɟɞɚɱɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ ɩɪɨɜɨɞɚɦ ɱɚɫɬɶ ɧɚɩɪɹɠɟɧɢɹ 

ɬɟɪɹɟɬɫɹ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜ ɤɨɧɰɟ ɥɢɧɢɢ, ɬɨ ɟɫɬɶ 

ɭ ɩɨɬɪɟɛɢɬɟɥɹ, ɧɚɩɪɹɠɟɧɢɟ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɧɢɠɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɲɢɧɚɯ ɉɋ. 

ʺ̬̌к̌ Се̸е̛̦е
1 6 в т̬у̵̍̌ 8,85 10 26 Аʦʦʧ 4x2,5

2 5 в т̬у̵̍̌ 8,85 10 26 Аʦʦʧ 4x2,5

3 5 в т̬у̵̍̌ 1,74 2 26 Аʦʦʧ 4x2,5

4 5 в т̬у̵̍̌ 1,74 2 26 Аʦʦʧ 4x2,5

5 4 в т̬у̵̍̌ 8,85 10 26 Аʦʦʧ 4x2,5

6 2 в т̬у̵̍̌ 8,85 10 26 Аʦʦʧ 4x2,5

7 5 в т̬у̵̍̌ 8,85 10 26 Аʦʦʧ 4x2,5

8 3 в т̬у̵̍̌ 8,85 10 26 Аʦʦʧ 4x2,5

9 6 в т̬у̵̍̌ 9,84 13 26 Аʦʦʧ 4x2,5

10 5 в т̬у̵̍̌ 9,84 13 26 Аʦʦʧ 4x2,5

11 5 в т̬у̵̍̌ 9,84 13 26 Аʦʦʧ 4x2,5

12 4 в т̬у̵̍̌ 9,84 13 26 Аʦʦʧ 4x2,5

13 3 в т̬у̵̍̌ 9,84 3 26 Аʦʦʧ 4x2,5

14 3 в т̬у̵̍̌ 9,84 13 26 Аʦʦʧ 4x2,5

15 2 в т̬у̵̍̌ 9,84 13 26 Аʦʦʧ 4x2,5

16 2 в т̬у̵̍̌ 9,84 13 26 Аʦʦʧ 4x2,5

К̌̍ел̽ʻо̥е̬ ЭП Iдоп, АДл̛̦̌, ̥ Спо̭о̍ п̬окл̌дк̛ Ǐ̸̬̭.п., А I̦о̥.̶̬̭̌., А



ɋɨɝɥɚɫɧɨ ɉɍɗ, ɞɥɹ ɫɢɥɨɜɵɯ ɫɟɬɟɣ ɨɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɨɬ 

ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɟ ɞɨɥɠɧɨ ɨɬɤɥɨɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ 5 %. 

ɉɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ ɜ 

ɩɪɨɰɟɧɬɚɯ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

∆ܷ = √͵ ∗ 𝐼 ˃˔˚ ∗ ݎሺ̟ܮ ˇ ∗ 𝜑ݏ݋ܿ + 𝑥˖ˇ ∗ ˏ𝑖݊𝜑ሻܷːˑݏ ∗ ͳͲͲ%. 
 

ɉɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɟɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 

 ∆ܲ = ͵ ∗ 𝐼௣ଶ ∗ ݎ̟ ˇ ∗ ܮ ∗ ͳͲ−ଷ, 
 ∆ܳ = ͵ ∗ 𝐼௣ଶ ∗ 𝑥˖ˇ ∗ ܮ ∗ ͳͲ−ଷ, 

 

ɝɞɟ 𝐼௣ - ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ, Ⱥ; L  - ɞɥɢɧɚ ɤɚɛɟɥɹ, ɦ; ̟ݎ ˇ - 

ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɹ, Ɉɦ/ɦ; 𝑥˖ˇ - ɭɞɟɥɶɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɹ, Ɉɦ/ɦ. 

ɉɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɤɚɛɟɥɟ: 

 ∆ܹ = ∆ܲ ∗ 𝜏, 
 

ɝɞɟ 𝜏 - ɜɪɟɦɹ ɩɨɬɟɪɶ, ɱɚɫ. 

ȼɪɟɦɹ ɩɨɬɟɪɶ: 

 𝜏 = ሺͲ,ͳʹͶ + ௠ܶ𝑎𝑥 ∗ ͳͲ−ସሻଶ ∗ ܶ̂ ˑˇ, 
 

ɝɞɟ ܶ̂ ˑˇ - ɜɪɟɦɹ ɡɚ ɝɨɞ, ܶ̂ ˑˇ = ͺ͹͸Ͳ ɱ, ௠ܶ𝑎𝑥 - ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɦɚɤɫɢɦɭɦɚ ɚɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɢ, ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɫɦɟɧ, ɬɚɤ ɤɚɤ ɭ ɧɚɫ ɞɜɟ 

ɪɚɛɨɱɢɯ ɫɦɟɧɵ, ɬɨ ௠ܶ𝑎𝑥 = ͷͲ͸Ͳ ˚.  



Ⱦɥɹ ɩɪɢɦɟɪɚ ɨɩɪɟɞɟɥɢɦ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɥɹ ɗɉ №1: 

 ∆ܷ = √͵ ∗ ͺ,ͺͷ ∗ ͸ሺͳʹ,͸ ∗ ͳͲ−ଷ ∗ Ͳ,͸ͷ + Ͳ,ͳͳ͸ ∗ ͳͲ−ଷ ∗ Ͳ,͹͸ሻ͵ͺͲ ∗ ͳͲͲ% = Ͳ,ʹ% 

 ∆ܲ =3*ͺ,ͺͷଶ ∗ ͳʹ,͸ ∗ ͳͲ−ଷ ∗ ͸ ∗ ͳͲ−ଷ = Ͳ,Ͳͳ ˍʑ˕, 
 ∆ܳ = ͵ ∗ ͺ,ͺͷଶ ∗ Ͳ,ͳͳ͸ ∗ ͳͲ−ଷ ∗ ͸ ∗ ͳͲ−ଷ = Ͳ,ͳʹͶ ∗ ͳͲ−ଷ ˍʑ˕, 
 𝜏 = ሺͲ,ͳʹͶ + ͷͲ͸Ͳ ∗ ͳͲ−ସሻଶ ∗ ͺ͹͸Ͳ = ͵Ͷ͹͹ ˚, 
 ∆ܹ = Ͳ,Ͳͳ ∗ ͵Ͷ͹͹ = ͵Ͷ,͹͹ ˍʑ˕ ∗ ˚. 
 

Ɋɚɫɱɟɬ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɥɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɫɟɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ.  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 11.2: 

Ɍɚɛɥɢɰɚ 11.2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 

 

 

Се̸е̛̦е rуд О̥/к̥ xуд О̥/к̥
1 6 8,85 4x2,5 12,6 0,116 0,89 0,46 0,27257143 0,015795 7,45E-05 31,085226

2 5 8,85 4x2,5 12,6 0,116 0,89 0,46 0,22714286 0,013163 6,208E-05 25,904355

3 5 1,74 4x2,5 12,6 0,116 0,67 0,74 0,0337988 0,000383 3,906E-06 0,7536406

4 5 1,74 4x2,5 12,6 0,116 0,67 0,74 0,0337988 0,000383 3,906E-06 0,7536406

5 4 8,85 4x2,5 12,6 0,116 0,51 0,86 0,10524886 0,006034 9,37E-05 11,875255

6 2 8,85 4x2,5 12,6 0,116 0,51 0,86 0,05262443 0,003017 4,685E-05 5,9376275

7 5 8,85 4x2,5 12,6 0,116 0,75 0,66 0,19206078 0,011092 9,006E-05 21,829513

8 3 8,85 4x2,5 12,6 0,116 0,75 0,66 0,11523647 0,006655 5,404E-05 13,097708

9 6 9,84 4x2,5 12,6 0,116 0,75 0,66 0,25640114 0,016474 0,0001338 32,420919

10 5 9,84 4x2,5 12,6 0,116 0,75 0,66 0,21366762 0,013728 0,0001115 27,017433

11 5 9,84 4x2,5 12,6 0,116 0,75 0,66 0,21366762 0,013728 0,0001115 27,017433

12 4 9,84 4x2,5 12,6 0,116 0,75 0,66 0,17093409 0,010983 8,917E-05 21,613946

13 3 9,84 4x2,5 12,6 0,116 0,75 0,66 0,12820057 0,008237 6,688E-05 16,21046

14 3 9,84 4x2,5 12,6 0,116 0,75 0,66 0,12820057 0,008237 6,688E-05 16,21046

15 2 9,84 4x2,5 12,6 0,116 0,75 0,66 0,08546705 0,005491 4,459E-05 10,806973

16 2 9,84 4x2,5 12,6 0,116 0,75 0,66 0,08546705 0,005491 4,459E-05 10,806973

sinφ ∆U, % ∆P, кʦт ∆Q, кʦА̬ ∆W, кʦт/̸Дл̛̦̌, ̥ Ǐ̸̬̭., А К̌̍ел̽ cosφʻо̥е̬ ЭП



12 ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɨɫɜɟɳɟɧɢɹ.  
ȼɵɛɨɪ ɳɢɬɨɜ ɨɫɜɟɳɟɧɢɹ, ɤɚɛɟɥɟɣ ɢ ɡɚɳɢɬɧɨɣ ɚɩɩɚɪɚɬɭɪɵ 

Ⱦɥɹ ɫɜɟɬɢɥɶɧɢɤɨɜ ɨɛɳɟɝɨ ɨɫɜɟɳɟɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ 220 ȼ. 

ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɪɚɛɨɱɟɝɨ ɢ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɜɵɩɨɥɧɹɟɬɫɹ 

ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɦɢ ɥɢɧɢɹɦɢ ɨɬ ɝɥɚɜɧɨɝɨ ɳɢɬɚ ɨɫɜɟɳɟɧɢɹ ɢ ɝɥɚɜɧɨɝɨ ɳɢɬɚ 

ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ, ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɲɢɧɚɦ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɩɨɞɫɬɚɧɰɢɢ. ɉɪɢ ɷɬɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ ɨɬ ɩɨɞɫɬɚɧɰɢɢ ɩɟɪɟɞɚɟɬɫɹ ɩɢɬɚɸɳɢɦɢ 

ɥɢɧɢɹɦɢ ɧɚ ɝɪɭɩɩɨɜɵɟ ɨɫɜɟɬɢɬɟɥɶɧɵɟ ɳɢɬɤɢ. ɉɢɬɚɧɢɟ ɢɫɬɨɱɧɢɤɨɜ ɫɜɟɬɚ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɝɪɭɩɩɨɜɵɯ ɳɢɬɤɨɜ ɝɪɭɩɩɨɜɵɦɢ ɥɢɧɢɹɦɢ. 

Ⱦɥɹ ɜɡɪɵɜɨɨɩɚɫɧɵɯ ɩɨɦɟɳɟɧɢɣ ɬɪɟɛɭɸɬ ɩɪɢɦɟɧɹɬɶ ɨɬ ɝɪɭɩɩɨɜɵɯ 

ɳɢɬɤɨɜ ɞɨ ɫɜɟɬɢɥɶɧɢɤɨɜ ɬɪɟɯɩɪɨɜɨɞɧɵɟ ɨɞɧɨɮɚɡɧɵɟ ɥɢɧɢɢ ɫ ɨɛɹɡɚɬɟɥɶɧɵɦ 

ɡɚɡɟɦɥɟɧɢɟɦ ɫɜɟɬɢɥɶɧɢɤɚ ɬɪɟɬɶɢɦ ɩɪɨɜɨɞɧɢɤɨɦ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɪɟɯɮɚɡɧɨɣ 

ɱɟɬɵɪɟɯɩɪɨɜɨɞɧɨɣ ɝɪɭɩɩɨɜɨɣ ɥɢɧɢɢ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɞɥɹ ɨɫɜɟɳɟɧɢɹ ɊɌɉ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɜɟɬɢɥɶɧɢɤɨɜ ɩɨ ɮɚɡɚɦ ɩɨ ɞɥɢɧɟ ɝɪɭɩɩɨɜɨɣ ɥɢɧɢɢ 

ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɪɨɜɨɞɟ, 

ɭɦɟɧɶɲɟɧɢɹ ɫɬɪɨɛɨɫɤɨɩɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɢ ɫɧɢɠɟɧɢɹ ɭɳɟɪɛɚ ɩɪɢ 

ɢɫɱɟɡɧɨɜɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɞɧɨɣ ɢ ɮɚɡ. ɇɚɝɪɭɡɤɭ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 

ɪɚɜɧɨɦɟɪɧɨɣ, ɟɫɥɢ ɦɨɦɟɧɬɵ ɧɚɝɪɭɡɨɤ ɨɬɥɢɱɚɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 

Ɂɚɞɚɱɟɣ ɞɚɧɧɨɝɨ ɪɚɡɞɟɥɚ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɫɜɟɬɢɥɶɧɢɤɨɜ ɩɨ ɮɚɡɚɦ, ɜɵɛɨɪ ɨɫɜɟɬɢɬɟɥɶɧɨɝɨ ɳɢɬɚ ɢ ɩɢɬɚɸɳɟɝɨ ɤɚɛɟɥɹ. 

Ʌɚɦɩɵ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɮɚɡ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɫɭɦɦɚɪɧɚɹ 

ɧɚɝɪɭɡɤɚ ɮɚɡ ɛɵɥɚ ɪɚɜɧɨɦɟɪɧɨɣ. ɇɚɝɪɭɡɤɭ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɪɚɜɧɨɦɟɪɧɨɣ, ɟɫɥɢ 

ɦɨɦɟɧɬɵ ɧɚɝɪɭɡɨɤ ɨɬɥɢɱɚɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ.  

Ɇɨɦɟɧɬ ɧɚɝɪɭɡɨɤ ɞɥɹ ɪɚɛɨɱɟɝɨ ɨɫɜɟɳɟɧɢɹ: 

 ʛ = ∑ 𝑖ܲ ∗ ݈ˎ,                                                 (12.1) 

 

ɝɞɟ 𝑖ܲ - ɦɨɳɧɨɫɬɶ ɥɚɦɩɵ, ɤȼɬ; ݈ˎ - ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɂɉ ɞɨ ɥɚɦɩɵ, ɦ. 

 



∑ ʛА ≈ ∑ ʛʑ ≈ ∑ ʛʠ . 
 

Ɍɚɤɨɟ ɪɚɡɦɟɳɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɜɵɪɚɜɧɢɜɚɬɶ ɧɚɝɪɭɡɤɭ ɩɨ ɮɚɡɚɦ. 

ɉɪɢ ɡɚɞɚɧɧɵɯ ɧɨɦɢɧɚɥɶɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɫɟɬɢ ɢ ɦɚɬɟɪɢɚɥɟ ɩɪɨɜɨɞɧɢɤɚ 

ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɫɟɬɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 

 ∆ܷ = ʛˎʠ ∗ ܵ,                                                          ሺͳʹ.ʹሻ 

 

 

ɝɞɟ ʛˎ - ɦɨɦɟɧɬ ɧɚɝɪɭɡɤɢ ɜ ɥɢɧɢɢ, ;мкВт  ʠ - ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ 

ɨɫɜɟɳɟɧɢɹ, ɞɥɹ ɬɪɟɯɮɚɡɧɨɣ ɫɢɫɬɟɦɵ ɫ ɧɭɥɟɜɵɦ ɩɪɨɜɨɞɨɦ ɫɟɬɢ 220 ȼ ʠ = ͳͶ,͹ 

ɞɥɹ ɫɟɬɢ 380 ȼ - ʠ = ͶͶ, ܵ - ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ, ɦɦ2. 

Ɂɧɚɱɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ 

ɮɨɪɦɭɥɟ: 

 ܵ = ʛˎʠ ∗ ∆ܷˇˑ˒ ,                                                      ሺͳʹ.͵ሻ 

 

ɝɞɟ ∆ ˇܷˑ˒ - ɞɨɩɭɫɬɢɦɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɥɢɧɢɢ (ɪɹɞɭ), ɫɨɝɥɚɫɧɨ 

ɉɍɗ, ɞɨɩɭɫɬɢɦɚɹ ɩɨɬɟɪɹ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɫɨɫɬɚɜɥɹɟɬ 

2,5 %. 

ɉɪɢ ɷɬɨɦ ɦɨɦɟɧɬ ɧɚɝɪɭɡɤɢ ɜ ɥɢɧɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɮɨɪɦɭɥɨɣ: 

 ʛˎ = ݊ ∗ 𝑖ܲ ∗ ቆ݈଴ + ݈ ∗ ሺ݊ − ͳሻʹ ቇ,                            ሺͳʹ.Ͷሻ 

 



ɝɞɟ ݊ - ɤɨɥɢɱɟɫɬɜɨ ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ ɥɢɧɢɢ, ɲɬ; 𝑖ܲ - ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ 

ɥɚɦɩɵ, ɤȼɬ; ݈ ଴ - ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɥɚɦɩɵ ɞɨ ɓɈ, ɦ; ݈  - ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɥɚɦɩɚɦɢ, 

ɦ. 

Ɂɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ: 

 

௣ܲ.௢ = ܰ ∗ ܲː ˑˏ ∗ 𝑐ܭ ∗  ʞʟА,                                      ሺͳʹ.ͷሻܭ

 

ɝɞɟ ܰ - ɤɨɥɢɱɟɫɬɜɨ ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ ɪɹɞɭ, ɲɬ; ܲː ˑˏ - ɧɨɦɢɧɚɥɶɧɚɹ 

ɦɨɳɧɨɫɬɶ ɨɞɧɨɣ ɥɚɦɩɵ, ɤȼɬ; ܭ𝑐 - ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ; ܭʞʟА - ɤɨɷɮɮɢɰɢɟɧɬ 

ɩɨɬɟɪɶ ɜ ɩɭɫɤɨɪɟɝɭɥɢɪɭɸɳɟɣ ɚɩɩɚɪɚɬɭɪɟ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 

ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɞɥɹ ɨɫɜɟɳɟɧɢɹ: 

 𝐼 .ˑ = ௣ܲ.௢√͵ ∗ ܷˎ ∗  𝜑.                                             ሺͳʹ.͸ሻݏ݋ܿ

 

ȼɵɛɨɪ ɩɪɨɜɨɞɧɢɤɨɜ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɫɟɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ 

ɭɫɥɨɜɢɹɦ: 

1. ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɞɨɫɬɚɬɨɱɧɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ; 

2. ɩɪɨɯɨɠɞɟɧɢɟ ɬɨɤɚ ɧɚɝɪɭɡɤɢ ɧɟ ɞɨɥɠɧɨ ɜɵɡɜɚɬɶ ɩɟɪɟɝɪɟɜ ɩɪɨɜɨɞɧɢɤɨɜ 𝐼 ˑ˒ ൒ 𝐼 ˃˄; 
3. ɭ ɢɫɬɨɱɧɢɤɚ ɫɜɟɬɚ ɞɨɥɠɟɧ ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɧɟɨɛɯɨɞɢɦɵɣ ɭɪɨɜɟɧɶ 

ɧɚɩɪɹɠɟɧɢɹ. 

ɉɨ ɪɚɫɱɟɬɧɨɦɭ ɬɨɤɭ ɜɵɛɢɪɚɟɬɫɹ ɨɫɜɟɬɢɬɟɥɶɧɵɣ ɳɢɬɨɤ ɬɢɩɚ ɓɈ, 

ɚɜɬɨɦɚɬ ɧɚ ɜɜɨɞɟ ɢ ɧɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ. ȼɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɫɟɬɢ ɨɫɜɟɳɟɧɢɹ 

ɹɜɥɹɸɬɫɹ ɩɪɨɬɹɠɟɧɧɵɦɢ ɢ ɫ ɦɚɥɵɦɢ ɫɟɱɟɧɢɹɦɢ, ɨɬɤɭɞɚ ɛɨɥɶɲɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɚɥɵɣ ɬɨɤ ɄɁ, ɩɨɷɬɨɦɭ ɤɨɦɦɭɬɚɰɢɨɧɧɚɹ 

ɚɩɩɚɪɚɬɭɪɚ ɧɚ ɫɬɨɣɤɨɫɬɶ ɧɟ ɩɪɨɜɟɪɹɟɬɫɹ. 

 
12.1 ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɪɚɛɨɱɟɝɨ ɨɫɜɟɳɟɧɢɹ 



 
ɉɪɨɜɟɞɟɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɮɚɡɚɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 15.1. 

ɉɨɥɭɱɢɦ 2 ɥɢɧɢɢ ɬɪɟɯɮɚɡɧɨɣ ɧɚɝɪɭɡɤɢ. 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɨɩɪɟɞɟɥɢɦ ɦɨɦɟɧɬɵ ɧɚɝɪɭɡɨɤ ɩɟɪɜɨɝɨ ɪɹɞɚ ɩɪɢ ɪɚɫɫɬɨɹɧɢɢ 

ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɜ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ܮ஺ = ʹ,ͷ ˏ. Ɋɚɫɫɬɨɹɧɢɟ ɞɨ ɩɨɬɨɥɤɚ 

ɪɚɜɧɨ 2,7 ɦ, ɨɬɫɸɞɚ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɥɚɦɩɵ ɩɟɪɜɨɝɨ ɪɹɞɚ ɞɨ ɓɈ ɪɚɜɧɨ: 

 ݈଴ = Ͳ,͹ʹ + ʹ,͹ = ͵,Ͷʹ ˏ, 
 ʛА = Ͳ,Ͳ͹ ∗ ሺ͵,Ͷʹ + ʹ,ͷ ∗ ʹሻ = Ͳ,ͷͺͻ ˍʑ˕ ∗ ˏ, 
 ʛʑ = Ͳ,Ͳ͹ ∗ ሺ͵,Ͷʹ + ʹ,ͷሻ = Ͳ,ͶͳͶͶˍʑ˕ ∗ ˏ, 
 ʛʠ = Ͳ,Ͳ͹ ∗ ͵,Ͷʹ = Ͳ,ʹͶ ˍʑ˕ ∗ ˏ. 
 

Ɉɫɬɚɜɲɢɟɫɹ ɪɹɞɵ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɚɧɚɥɨɝɢɢ, ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 12.1. 

 

Ɍɚɛɥɢɰɚ 12.1.1 – Ɋɚɫɱɟɬ ɦɨɦɟɧɬɨɜ ɧɚɝɪɭɡɨɤ ɩɨ ɮɚɡɚɦ 

 

 

ɇɚɝɪɭɡɤɚ ɩɪɚɤɬɢɱɟɫɤɢ ɜɵɪɚɜɧɟɧɚ ɩɨ ɮɚɡɚɦ, ɬɚɤ ɤɚɤ ɦɨɦɟɧɬɵ ɧɚɝɪɭɡɨɤ 

ɨɬɥɢɱɚɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. ɉɨɷɬɨɦɭ ɨɫɜɟɬɢɬɟɥɶɧɭɸ ɧɚɝɪɭɡɤɭ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 

ɪɚɜɧɨɦɟɪɧɨɣ. 

Ɋɚɫɫɱɢɬɚɟɦ ɦɨɦɟɧɬɵ ɧɚɝɪɭɡɤɢ ɜ ɥɢɧɢɹɯ. 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɨɩɪɟɞɟɥɢɦ ɦɨɦɟɧɬ ɧɚɝɪɭɡɤɢ ɞɥɹ ɩɟɪɜɨɣ ɥɢɧɢɢ: 

 

̬яд ϭ ̬яд Ϯ
lϬ, ̥ 3,42 3,42

LА, ̥
ʺА, кʦт*̥ 2,2932 2,8182 5,1114

ʺʦ, кʦт*̥ 2,8182 3,3432 6,1614

ʺС, кʦт*̥ 3,3432 2,2932 5,6364

∑ ,̋ кʦт*̥
2,5



ʛˎଵ = ݊ ∗ 𝑖ܲ ∗ ቆ݈଴ + ݈ ∗ ሺ݊ − ͳሻʹ ቇ = ͵ ∗ Ͳ,Ͳ͹ ∗ ቆ͵,Ͷʹ + ʹ,ͷ ∗ ሺ͵ − ͳሻʹ ቇ= ͳ,ʹͶ͵ ˍʑ˕ ∗ ˏ. 
 

 

Ɇɨɦɟɧɬɵ ɧɚɝɪɭɡɤɢ ɜ ɨɫɬɚɜɲɢɯɫɹ ɪɹɞɚɯ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɚɧɚɥɨɝɢɢ.  

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 12.2. 

 

Ɍɚɛɥɢɰɚ 12.1.2 – Ɋɚɫɱɟɬ ɦɨɦɟɧɬɨɜ ɧɚɝɪɭɡɨɤ ɜ ɥɢɧɢɹɯ 

 

 

ɇɚ ɪɢɫɭɧɤɟ 12.1.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɩɢɬɚɧɢɹ ɪɚɛɨɱɟɝɨ ɨɫɜɟɳɟɧɢɹ: 
 

̬яд ϭ ̬яд Ϯ
lϬ, ̥ 3,42 3,42

LА, ̥
ʺл, кʦт*̥ 1,2432 1,2432

2,5
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Ɋɢɫɭɧɨɤ 12.1.1 – ɋɯɟɦɚ ɩɢɬɚɧɢɹ ɪɚɛɨɱɟɝɨ ɨɫɜɟɳɟɧɢɹ 

 

 

 

 

 

 

 

 



12.2 ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ 
 

Ɋɚɫɱɟɬ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɩɪɨɢɡɜɟɞɟɦ ɚɧɚɥɨɝɢɱɧɨ ɪɚɫɱɟɬɭ ɪɚɛɨɱɟɝɨ 

ɨɫɜɟɳɟɧɢɹ. 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 15.2. ɉɨɥɭɱɢɦ 2 ɥɢɧɢɢ 

ɬɪɟɯɮɚɡɧɨɣ ɧɚɝɪɭɡɤɢ. 

Ɋɚɫɫɬɨɹɧɢɟ ɞɨ ɩɨɬɨɥɤɚ ɪɚɜɧɨ 2,5 ɦ, ɨɬɫɸɞɚ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɥɚɦɩɵ ɩɟɪɜɨɝɨ 

ɪɹɞɚ ɞɨ ɓȺɈ ɪɚɜɧɨ: 

 ݈଴ = ʹ,ͷ + ͳ,ͺͺ = Ͷ,͵ͺ ˏ. 
 

Ɋɚɫɱɟɬ ɦɨɦɟɧɬɨɜ ɧɚɝɪɭɡɨɤ ɩɨ ɮɚɡɚɦ ɩɪɢ ɚɜɚɪɢɣɧɨɦ ɨɫɜɟɳɟɧɢɢ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 12.2.1 

 

Ɍɚɛɥɢɰɚ 12.2.1 – Ɋɚɫɱɟɬ ɦɨɦɟɧɬɨɜ ɧɚɝɪɭɡɨɤ ɩɨ ɮɚɡɚɦ 

 

 

ɇɚɝɪɭɡɤɚ ɦɚɤɫɢɦɚɥɶɧɨ ɜɵɪɚɜɧɟɧɚ ɩɨ ɮɚɡɚɦ. 

Ɋɚɫɱɟɬ ɦɨɦɟɧɬɨɜ ɧɚɝɪɭɡɨɤ ɜ ɥɢɧɢɹɯ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 12.2.2  

 

Ɍɚɛɥɢɰɚ 12.2.2 – Ɋɚɫɱɟɬ ɦɨɦɟɧɬɨɜ ɧɚɝɪɭɡɨɤ ɜ ɥɢɧɢɹɯ 

 

 

ɇɚ ɪɢɫɭɧɤɟ 12.2.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɩɢɬɚɧɢɹ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ: 

̬яд ϭ ̬яд Ϯ
lϬ, ̥ 4,38 4,38

LA, ̥
ʺА, кʦт*̥ 0,3915 0,5065 0,898

ʺʦ, кʦт*̥ 0,5065 0,2245 0,731

ʺС, кʦт*̥ 0,2245 0,3915 0,616

2,3

∑ ,̋ кʦт*̥

̬яд ϭ ̬яд Ϯ
lϬ, ̥ 4,38 4,38

LA, ̥
ʺл, кʦт*̥ 0,2765 0,2765

2,3



 

Ɋɢɫɭɧɨɤ 12.2.1 – ɋɯɟɦɚ ɩɢɬɚɧɢɹ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ 



13 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ           
ɡɚɦɵɤɚɧɢɹ  

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɬɨɤɨɜ ɄɁ ɞɨɥɠɧɚ ɛɵɬɶ ɫɨɫɬɚɜɥɟɧɚ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ, 

ɜɤɥɸɱɚɸɳɚɹ ɜɫɟ ɷɥɟɦɟɧɬɵ, ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɬɟɤɚɸɬ ɬɨɤɢ ɜ ɜɵɛɪɚɧɧɨɣ ɬɨɱɤɟ 

ɪɚɫɱɟɬɚ. ɇɚ ɫɯɟɦɟ ɩɪɢɜɨɞɹɬɫɹ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɚɫɱɟɬɚ. 

ɉɨ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɟ ɫɨɫɬɚɜɥɹɟɬɫɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ, ɜ ɤɨɬɨɪɨɣ ɤɚɠɞɵɣ 

ɷɥɟɦɟɧɬ ɡɚɦɟɧɹɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. 

Ɋɚɫɱɟɬ ɬɨɤɨɜ ɄɁ ɜ ɫɟɬɹɯ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1 ɤȼ ɜɵɩɨɥɧɹɟɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ (ɦɈɦ). ɉɪɢ ɷɬɨɦ ɭɱɢɬɵɜɚɸɬɫɹ ɚɤɬɢɜɧɵɟ ɢ 

ɢɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ ɄɁ. 

Ɂɚɦɟɬɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɨɤɚɡɵɜɚɸɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɤɨɧɬɚɤɬɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɞɨɫɬɨɜɟɪɧɵɯ ɞɚɧɧɵɯ ɨ 

ɱɢɫɥɟ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɤɨɧɬɚɤɬɨɜ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɭɱɢɬɵɜɚɬɶ ɢɯ ɫɨɜɨɤɭɩɧɨ.  

ɇɚ ɪɢɫɭɧɤɟ 13.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɥɢɧɢɢ: 

 

7654321 12111098 16151413

К1 К2 К3 К4 К5 К6 К7 К8 К9 К10 К11 К12 К13 К14 К15 К16

 

Ɋɢɫɭɧɨɤ 13.1 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɥɢɧɢɢ 

 

13.1 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɨɞɧɨɮɚɡɧɨɝɨ ɬɨɤɚ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɩɨ ɉɍɗ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɭɩɪɨɳɟɧɧɚɹ ɮɨɪɦɭɥɚ: 



 𝐼ʙʖሺଵሻ = ܷ˗்ܼ͵ + ܼ௡, 
 

ɝɞɟ ܷ˗ - ɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ; ்ܼ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɥɨɜɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ܼ௡ - ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɬɥɢ ɩɪɹɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ 

ɩɪɨɜɨɞɚ ɥɢɧɢɢ ɢɥɢ ɤɚɛɟɥɹ. 

ɉɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɬɥɢ: ɮɚɡɧɵɣ-ɧɭɥɟɜɨɣ ɩɪɨɜɨɞ: 

 ܼ௡ = √(ܴ˗ + ܴ𝜕 + ்்ܴ + ܴ஺)ଶ + ሺܺ′ + ܺ𝑐 + ்்ܺ + ܺАሻଶ, 
 

ɝɞɟ ܴ˗ - ɫɭɦɦɚɪɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɮɚɡɧɨɝɨ ɩɪɨɜɨɞɚ; ܴ𝜕 - 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɭɝɢ ɜ ɬɨɱɤɟ ɄɁ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 30 ɦɈɦ; ்்்்ܴܺ - 

ɚɤɬɢɜɧɨɟ ɢ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 0,15 ɦɈɦ ɢ 0,21 

ɦɈɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ܴ஺ܺА - ɚɤɬɢɜɧɨɟ ɢ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ; ܺ𝑐 - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ; ܺ′ - 
ɜɧɟɲɧɟɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɬɥɢ “ɮɚɡɚ-ɧɭɥɶ”, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 

0,6 Ɉɦ/ɤɦ. 

ɉɪɢ ɪɚɫɱɟɬɟ ɨɞɧɨɮɚɡɧɵɯ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 

ɭɱɢɬɵɜɚɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ 

ɜ ɫɟɛɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɬɭɲɟɤ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɨɤɚ ɚɜɬɨɦɚɬɚ ɢ ɩɟɪɟɯɨɞɧɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ ɢ ɫɨɫɬɚɜɥɹɟɬ ɞɥɹ ɚɜɬɨɦɚɬɨɜ ɫ ɧɨɦɢɧɚɥɶɧɵɦɢ ɬɨɤɚɦɢ 

ɪɚɫɰɟɩɢɬɟɥɹ: 

 𝐼 .˙.ːˑˏ < ͷͲ А − ܴ஺ = ͳͷ ˏʝˏ, ஺ܺ = ͻ ˏʝˏ; 
 𝐼 .˙.ːˑˏ < ͳͲͲ А − ܴ஺ = ͵,ͷ ˏʝˏ, ஺ܺ = ͳ,͵ ˏʝˏ; 
 



𝐼 .˙.ːˑˏ < ͳ͸Ͳ А − ܴ஺ = ʹ ˏʝˏ, ஺ܺ = Ͳ,ͺ͸ ˏʝˏ; 
 𝐼 .˙.ːˑˏ < ʹͷͲ А − ܴ஺ = ͳ,Ͷ ˏʝˏ, ஺ܺ = Ͳ,ͷͷ ˏʝˏ. 

 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɨɩɪɟɞɟɥɢɦ ɬɨɤ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɞɥɹ ɗɉ №1. 

Ɉɩɪɟɞɟɥɢɦ ɫɭɦɦɚɪɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɮɚɡɧɨɝɨ ɩɪɨɜɨɞɚ: 

 ܴ˗ = ଴ݎ ∗ ݈ = ͳʹ,͸ ∗ ͸ = ͹ͷ,͸ ˏʝˏ, 
 

ɝɞɟ ݎ଴ - ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɹ, Ɉɦ/ɤɦ; ݈ - ɞɥɢɧɚ ɤɚɛɟɥɹ, ɦ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɫɬɨɪɨɧɟ 0,4 ɤȼ: 

 

ܺீௌ଴,ସ = ܺீௌଵ଴ ∗ ቆ ˔ܷ˓.ˍ˔ܷ˓.ːˑˏቇଶ ∗ ͳͲଷ = Ͳ,ʹ͹ͺ ∗ ( Ͳ,ͶͳͲ,ͷ)ଶ ∗ ͳͲଷ = Ͳ,ͶͲ͵ ˏʝˏ. 
 

ȼɧɟɲɧɟɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɬɥɢ “ɮɚɡɚ-ɧɭɥɶ”: 

 ܺ′ = 𝑥଴ ∗ ݈ = Ͳ,ͳͳ͸ ∗ ͸ = Ͳ,͸ͻ͸ ˏʝˏ. 
 

Ⱦɥɹ ɗɉ №1 ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɚɫɰɟɩɢɬɟɥɹ 𝐼 ˑˏ.˓˃˔˙ = ͳͲ А, ɬɨɝɞɚ 

ɚɤɬɢɜɧɨɟ ɢ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ܴ஺ =ͳʹ ˏʝˏ ɢ ஺ܺ = ͸ ˏʝˏ. 
ɉɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɬɥɢ: ɮɚɡɧɵɣ-ɧɭɥɟɜɨɣ ɩɪɨɜɨɞ: 

 ܼ௡ = √ሺ͹ͷ,͸ + ͵Ͳ + Ͳ,ͳͷ + ͳʹሻଶ + ሺͲ,͸ͻ͸ + Ͳ,ͶͲ͵ + Ͳ,ʹͳ + ͸ሻଶ= ͳͳ͹,ͻͺ ˏʝˏ. 
 

Ɉɩɪɟɞɟɥɢɦ ɬɨɤ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɞɥɹ ɗɉ №1: 

 



𝐼ʙʖሺଵሻ = ܷ˗்ܼ͵ + ܼ௡ = ʹʹͲͳͺ͵ + ͳͳ͹,ͻͺ = ͳ,͹͹ ˍА. 
 

Ɋɚɫɱɟɬ ɞɥɹ ɨɫɬɚɜɲɢɯɫɹ ɗɉ ɩɪɨɜɨɞɢɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 13.1. 

 

Ɍɚɛɥɢɰɚ 13.1.1 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɨɤɚ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Точка КЗ Но̥е̬ ЭП r0 x0 l Rф XGS(0,4) X' I̦о̥.̬а̭ц RA XA Zn Iкз
1 1 12,6 0,116 6 75,6 0,403 0,696 10 12 6 117,9766 1,774528

2 2 12,6 0,116 5 63 0,403 0,58 10 12 6 105,3957 1,974941

3 3 12,6 0,116 5 63 0,403 0,58 2 19 10 112,7072 1,8533

4 4 12,6 0,116 5 63 0,403 0,58 2 19 10 112,7072 1,8533

5 5 12,6 0,116 4 50,4 0,403 0,464 10 12 6 92,82018 2,226266

6 6 12,6 0,116 2 25,2 0,403 0,232 10 12 6 67,69695 2,985198

7 7 12,6 0,116 5 63 0,403 0,58 10 12 6 105,3957 1,974941

8 8 12,6 0,116 3 37,8 0,403 0,348 10 12 6 80,25246 2,550652

9 9 12,6 0,116 6 75,6 0,403 0,696 13 25 12 131,4256 1,600866

10 10 12,6 0,116 5 63 0,403 0,58 13 25 12 118,8843 1,761631

11 11 12,6 0,116 5 63 0,403 0,58 13 25 12 118,8843 1,761631

12 12 12,6 0,116 4 50,4 0,403 0,464 13 25 12 106,357 1,958045

13 13 12,6 0,116 3 37,8 0,403 0,348 13 25 12 93,84929 2,203321

14 14 12,6 0,116 3 37,8 0,403 0,348 13 25 12 93,84929 2,203321

15 15 12,6 0,116 2 25,2 0,403 0,232 13 25 12 81,37024 2,51802

16 16 12,6 0,116 2 25,2 0,403 0,232 3 25 12 81,37024 2,51802



14 Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɟɥɶɧɨɣ 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɫɬɨɢɦɨɫɬɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɟɥɶɧɨɣ ɫɥɟɞɭɟɬ ɩɨɥɶɡɨɜɚɬɶɫɹ 

ɭɤɪɭɩɧɟɧɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ [11]. 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɫɤɥɚɞɵɜɚɸɬɫɹ ɢɡ ɡɚɬɪɚɬ ɧɚ: 

1. ɋɬɨɢɦɨɫɬɶ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɤɨɬɟɥɶɧɨɣ; 

2. ɋɬɨɢɦɨɫɬɶ ɫɚɦɨɣ ɤɨɬɟɥɶɧɨɣ. 

ȼ ɫɬɨɢɦɨɫɬɶ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɤɨɬɟɥɶɧɨɣ 

ɜɯɨɞɹɬ ɡɚɬɪɚɬɵ ɧɚ ɤɚɛɟɥɢ, ɩɢɬɚɸɳɢɟ ɨɬɞɟɥɶɧɵɟ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ, ɢ 

ɤɨɦɭɬɚɰɢɨɧɧɨ-ɡɚɳɢɬɧɵɟ ɚɩɩɚɪɚɬɵ. 

ȼ ɫɬɨɢɦɨɫɬɶ ɡɚɦɟɧɵ ɤɨɬɟɥɶɧɨɣ ɜɯɨɞɹɬ ɡɚɬɪɚɬɵ ɧɚ ɩɨɤɭɩɤɭ ɤɨɬɟɥɶɧɨɣ ɢ 

ɟё ɦɨɧɬɚɠ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɬɨɢɦɨɫɬɢ ɩɥɚɧɢɪɭɟɦɨɝɨ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɨɛɴɟɤɬɚ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɨɫɭɳɟɫɬɜɥɹɬɶ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɭɱɢɬɵɜɚɸɳɢɯ 

ɪɟɝɢɨɧɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ, ɪɟɝɢɨɧɚɥɶɧɨɤɥɢɦɚɬɢɱɟɫɤɢɟ, ɢɧɠɟɧɟɪɧɨ-

ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɢ ɞɪɭɝɢɟ ɭɫɥɨɜɢɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɨ ɮɨɪɦɭɥɟ: 

ʠʞʟ = [(∑ 𝐶𝑖 ∗ ܯ ∗ ஼ܭ ∗ ˓˕ܭ ∗𝑁
𝑖=ଵ ˆˈ˓ܭ ∗ [(ˑːˊܭ ∗ ʜʓʠ, ሺͳͶ.ͳሻ 

ɝɞɟ: 𝐶𝑖 - ɢɫɩɨɥɶɡɭɟɦɵɣ ɭɤɪɭɩɧɟɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ - ɞɥɹ ɛɚɡɨɜɨɝɨ ɪɚɣɨɧɚ; 

N - ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨ ɤɨɧɤɪɟɬɧɨɦɭ ɨɛɴɟɤɬɭ; Ɇ 

- ɦɨɳɧɨɫɬɶ ɩɥɚɧɢɪɭɟɦɨɝɨ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɨɛɴɟɤɬɚ; ܭ஼ - ɤɨɷɮɮɢɰɢɟɧɬ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɭɞɨɪɨɠɚɧɢɟ ɫɬɨɢɦɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɫɟɣɫɦɢɱɟɫɤɢɯ 

ɪɚɣɨɧɚɯ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɩɪɢɥɨɠɟɧɢɟ № 3) [11]; ܭ˕˓ - ɤɨɷɮɮɢɰɢɟɧɬ 

ɩɟɪɟɯɨɞɚ ɨɬ ɛɚɡɨɜɵɯ ɰɟɧ ɎȿɊ 2001 ɝɨɞɚ ɤ ɰɟɧɚɦ ɬɟɤɭɳɟɝɨ ɩɟɪɢɨɞɚ [12]; ܭ˓ˈˆ - 
ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɟɝɢɨɧɚɥɶɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 

ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ; ܭˊˑː - ɤɨɷɮɮɢɰɢɟɧɬ ɡɨɧɢɪɨɜɚɧɢɹ, 

ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɡɧɢɰɭ ɜ ɫɬɨɢɦɨɫɬɢ ɪɟɫɭɪɫɨɜ ɜ ɩɪɟɞɟɥɚɯ ɪɟɝɢɨɧɚ (ɩɪɢɥɨɠɟɧɢɟ 

№ 3) [11]: 

Ɋɚɫɫɱɢɬɚɟɦ ɫɬɨɢɦɨɫɬɶ ɩɥɚɧɢɪɭɟɦɨɝɨ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɨɛɴɟɤɬɚ: 



Ⱦɥɹ ɪɚɫɱɟɬɚ ɫɬɨɢɦɨɫɬɢ ɜɵɛɟɪɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɫɨɝɥɚɫɧɨ ɭɤɪɭɩɧɟɧɧɵɦ 

ɩɨɤɚɡɚɬɟɥɹɦ ɫɬɨɢɦɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ [11]. ɍɤɪɭɩɧɟɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ 

ɩɪɢɧɢɦɚɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 1 [13], 𝐶𝑖 = ͹͸Ͷ ˓˖˄; ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨ ɤɨɧɤɪɟɬɧɨɦɭ ɨɛɴɟɤɬɭ ɩɪɢɦɟɦ ɪɚɜɧɵɦ ɨɛɴɟɦɭ 

ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ, N = 80 ˏଷ; ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ 

ɭɞɨɪɨɠɚɧɢɟ ɫɬɨɢɦɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɫɟɣɫɦɢɱɟɫɤɢɯ ɪɚɣɨɧɚɯ Ɋɨɫɫɢɣɫɤɨɣ 

Ɏɟɞɟɪɚɰɢɢ ɜɵɛɢɪɚɟɦ ɫɨɝɥɚɫɧɨ ɩɪɢɥɨɠɟɧɢɸ № 3 [11], ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

Ɋɟɫɩɭɛɥɢɤɨɣ ɏɚɤɚɫɢɹ ܭ஼ = ͳ,Ͳʹ; ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɯɨɞɚ ɨɬ ɛɚɡɨɜɵɯ ɰɟɧ ɎȿɊ 

2001 ɝɨɞɚ ɤ ɰɟɧɚɦ ɬɟɤɭɳɟɝɨ ɩɟɪɢɨɞɚ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɩɪɢɥɨɠɟɧɢɟɦ №1 [12], ܭ˕˓ = ͳ;  ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɟɝɢɨɧɚɥɶɧɨ-

ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜɵɛɢɪɚɟɦ ɩɨ 

ɩɪɢɥɨɠɟɧɢɸ №2 [11],  ܭ˓ˈˆ = ͳ,Ͳͻ; ɤɨɷɮɮɢɰɢɟɧɬ ɡɨɧɢɪɨɜɚɧɢɹ, ɭɱɢɬɵɜɚɸɳɢɣ 

ɪɚɡɧɢɰɭ ɜ ɫɬɨɢɦɨɫɬɢ ɪɟɫɭɪɫɨɜ ɜ ɩɪɟɞɟɥɚɯ ɪɟɝɢɨɧɚ ɩɪɢɧɢɦɚɟɦ ɫɨɝɥɚɫɧɨ 

ɩɪɢɥɨɠɟɧɢɸ № 3 [11], ܭˊˑː = ͳ,Ͳͻͳ; ɇȾɋ = 1,18. 

 

ʠʞʟ = [(∑ ͹͸Ͷ ∗ ͶͶ ∗ ͳ,Ͳʹ ∗ ͳ ∗଼଴
𝑖=ଵ ͳ,Ͳͻ ∗ ͳ,Ͳͻͳ)] ∗ ͳ,ͳͺ = ͵ͺͶͻͳͻͲ,ͺͻ ˓˖˄. 

 

Ⱦɥɹ ɩɨɥɧɨɝɨ ɪɚɫɱɟɬɚ ɫɬɨɢɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɧɭɠɧɨ ɫɥɨɠɢɬɶ 

ɡɚɬɪɚɬɵ ɧɚ ɩɨɤɭɩɤɭ ɤɨɬɟɥɶɧɨɣ, ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɤɨɬɟɥɶɧɨɣ ɢ ɡɚɬɪɚɬɵ 

ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɸɱɚɬɟɥɢ ɢ ɤɚɛɟɥɢ. 

Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 14.1. 

Ɍɚɛɥɢɰɚ 14.1 – Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ 

 

 

ʻ̛̥̌е̦ов̛̦̌е Кол-во, ̥/̹т Це̦̌ ̌̚ ед., ̬у̍ О̺̍̌я ̭то̛̥о̭т̽, ̬у̍
ʦА ϰ7-Ϯ9-Ϯ 2 148,21 296

ʦА ϰ7-Ϯ9-ϭϬ 6 118,12 709

ʦА ϰ7-Ϯ9-ϭϯ 8 148,21 1186

Аʦʦʧ ϰxϮ,ϱ 65 24,19 1572
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ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɜɫɟ 

ɩɨɫɬɚɜɥɟɧɧɵɟ ɰɟɥɢ ɢ ɡɚɞɚɱɢ. 

Ȼɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɨɬɚɩɥɢɜɚɟɦɨɣ ɩɥɨɳɚɞɶɸ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɱɟɬɧɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɨɣ 

ɛɵɥɚ ɜɵɛɪɚɧɚ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɚɹ ɤɨɬɟɥɶɧɚɹ ɆɄɍ – 1,6Ɇȼɬ. 

Ȼɵɥɨ ɜɵɛɪɚɧɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɤɨɬɟɥɶɧɨɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ 

ɛɟɫɩɟɪɟɛɨɣɧɭɸ ɪɚɛɨɬɭ. 

Ȼɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɞɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

Ȼɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɢ ɜɵɛɪɚɧɚ ɫɢɥɨɜɚɹ ɨɫɜɟɬɢɬɟɥɶɧɚɹ ɫɟɬɶ ɤɨɬɟɥɶɧɨɣ. 
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Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɦɧɨɣ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ. ɂɫɩɨɥɶɡɨɜɚɧɧɵɟ 
ɜ ɪɚɛɨɬɟ ɦɚɬɟɪɢɚɥɵ ɢ ɤɨɧɰɟɩɰɢɢ ɢɡ ɨɩɭɛɥɢɤɨɜɚɧɧɨɣ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɵ ɢ 
ɞɪɭɝɢɯ ɢɫɬɨɱɧɢɤɨɜ ɢɦɟɸɬ ɫɫɵɥɤɢ ɧɚ ɧɢɯ. 
 
         Ɉɬɩɟɱɚɬɚɧɨ ɜ  1  ɷɤɡɟɦɩɥɹɪɟ. 
 
         Ȼɢɛɥɢɨɝɪɚɮɢɹ  25  ɧɚɢɦɟɧɨɜɚɧɢɣ. 
 
         ɗɥɟɤɬɪɨɧɧɵɣ  ɷɤɡɟɦɩɥɹɪ ɫɞɚɧ ɧɚ ɤɚɮɟɞɪɭ. 
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