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ɁȺɆɕɄȺɇɂə, ɗɅȿɄɌɊɈɋɇȺȻɀȿɇɂȿ, ɗɅȿɄɌɊɂɑȿɋɄɂȿ ɇȺȽɊɍɁɄɂ. 
 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɣ – ɦɢɤɪɨɪɚɣɨɧ «Ɂɚɩɚɞɧɵɣ» ɫɟɥɚ ȿɪɦɚɤɨɜɫɤɨɝɨ 
Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ. 
 ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɣ – ɫɩɨɫɨɛɵ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 
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 ɐɟɥɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ 
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  ȼɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬɵ ɨɫɧɨɜɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɠɢɥɨɝɨ ɦɢɤɪɨɪɚɣɨɧɚ. 
 ȼ ɬɟɱɟɧɢɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: 

  Ɉɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɠɢɥɢɳɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, 
ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɬɟɪɪɢɬɨɪɢɢ, ɪɚɫɫɦɨɬɪɟɧ 
ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɩɥɚɧ ɪɚɡɜɢɬɢɹ ɝɨɪɨɞɫɤɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɟɧɨ 
ɧɚɩɪɹɠɟɧɢɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; 

  ȼɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɨɫɧɨɜɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɠɢɥɨɝɨ ɦɢɤɪɨɪɚɣɨɧɚ. 
  



 
 

ABSTRACT 
 

 The final qualifying work on the topic "Power supply of the 
Zapadnymicrodistrict of the village of Ermakovsky, Krasnoyarsk Territory" contains 
__ pages of a text document, __ figures, __ tables, __ used sources, 3 sheets of 
graphic material. 
 POWER SUPPLY, POWER LINE, COMPLETE TRANSFORMER 
SUBSTATION, VOLTAGE LOSSES, RELIABILITY RATES, SHORT 
CURRENTS, ELECTRIC SUPPLY, ELECTRIC LOADS. 
 The object of research is the Zapadnymicrodistrict of the village of 
Ermakovsky, Krasnoyarsk Territory. 
 The subject of research is ways of determining the parameters of the power 
supply system. 
 Research methods - theoretical, empirical, comparison, mathematical, 
statistical. 
 Scientific novelty - the use of modern electrical equipment. 
 The purpose of the work is to determine the parameters of the power supply 
system of the Zapadnymicrodistrict of the village of Ermakovsky, Krasnoyarsk 
Territory, taking into account modern requirements for the level of reliability, quality, 
electrical safety and energy efficiency. 
 The significance of the work is due to the fact that theoretical and practical 
skills in studying this topic will make it possible to competently design power supply 
systems using energy-efficient equipment. 
 Scope - the work can be offered to power grid companies as a practical 
development of a project for a power supply system. 
 Tasks of the final qualifying work: 
 - to determine the parameters of prospective housing construction, to analyze 
the current state of the territory, to consider a long-term plan for the development of 
urban electrical networks, to determine the voltage of the projected power supply 
system; 
 - to carry out calculations of the main technical and operational indicators of 
the power supply system of the residential microdistrict. 
 During the development of the project, the following results were obtained: 
 - the parameters of prospective housing construction were determined, an 
analysis of the current state of the territory was carried out, a long-term plan for the 
development of urban electrical networks was considered, the voltage of the 
projected power supply system was determined; 
 - calculations of the main technical and operational indicators of the power 
supply system of the residential microdistrict were made. 
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ȼȼȿȾȿɇɂȿ 
 
 ɍɱɢɬɵɜɚɹ ɜɵɫɨɤɢɟ ɬɟɦɩɵ ɪɚɡɜɢɬɢɹ ɬɟɯɧɨɥɨɝɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɷɧɟɪɝɨɟɦɤɢɯ ɢ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤ ɫɢɫɬɟɦɚɦ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɨɫɨɛɵɟ ɬɪɟɛɨɜɚɧɢɹ. Ɉɞɧɨ ɢɡ ɜɚɠɧɟɣɲɢɯ 
ɬɪɟɛɨɜɚɧɢɣ - ɤɚɱɟɫɬɜɟɧɧɨɟ ɛɟɫɩɟɪɟɛɨɣɧɨɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɨɛɴɟɤɬɨɜ. 

ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɦɢɤɪɨɪɚɣɨɧɨɜ ɜ 
ɫɟɥɶɫɤɨɣ ɦɟɫɬɧɨɫɬɢ ɢɦɟɟɬ ɫɜɨɢ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟɦ ɝɨɪɨɞɨɜ. Ʉɥɸɱɟɜɵɟ ɨɫɨɛɟɧɧɨɫɬɢ: ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɨɛɟɫɩɟɱɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɫɫɪɟɞɨɬɨɱɟɧɧɵɯ ɩɨ 
ɬɟɪɪɢɬɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɷɧɟɪɝɢɢ, ɧɢɡɤɨɟ ɤɚɱɟɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɧɚɞɟɠɧɨɫɬɢ ɢ ɞɪ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɧɚɞɟɠɧɨɝɨ ɢ ɤɚɱɟɫɬɜɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɦɢɤɪɨɪɚɣɨɧɚ «Ɂɚɩɚɞɧɵɣ» ɫ.ȿɪɦɚɤɨɜɫɤɨɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ 
ɤɪɚɹ. 

ɐɟɥɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɦɢɤɪɨɪɚɣɨɧɚ «Ɂɚɩɚɞɧɵɣ» ɫ.ȿɪɦɚɤɨɜɫɤɨɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ 
ɫ ɭɱɟɬɨɦ ɫɨɜɪɟɦɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɭɪɨɜɧɹ ɧɚɞɟɠɧɨɫɬɢ, ɤɚɱɟɫɬɜɚ, 
ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɬɟɨɪɟɬɢɱɟɫɤɢɣ, ɷɦɩɢɪɢɱɟɫɤɢɣ, ɫɪɚɜɧɟɧɢɹ, 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ, ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ. ȼ ɪɚɛɨɬɟ ɩɪɢɦɟɧɹɸɬɫɹ ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 10 ɢ 0,38 ɤȼ, ɜɵɛɨɪ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɄɌɉ, ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɫɪɚɜɧɟɧɢɹ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 10 ɤȼ, 
ɚ ɬɚɤɠɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɤɚɱɟɫɬɜɚ ɧɚɩɪɹɠɟɧɢɹ ɢ ɪɚɫɱɟɬ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ 
ɩɪɚɤɬɢɱɟɫɤɢɟ ɧɚɜɵɤɢ ɩɪɢ ɢɡɭɱɟɧɢɢ ɞɚɧɧɨɣ ɬɟɦɵ, ɩɨɡɜɨɥɹɬ ɝɪɚɦɨɬɧɨ 
ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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1 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɠɢɥɢɳɧɨɝɨ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
1.1 Ⱥɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɬɟɪɪɢɬɨɪɢɢ 

 
 Ɇɢɤɪɨɪɚɣɨɧ «Ɂɚɩɚɞɧɵɣ» ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɤɪɚɣɧɟɦ ɸɝɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ 
ɤɪɚɹ, ɜ ɫ. ȿɪɦɚɤɨɜɫɤɨɟ ȿɪɦɚɤɨɜɫɤɨɝɨ ɪɚɣɨɧɚ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ.  
 ȿɪɦɚɤɨɜɫɤɢɣ ɪɚɣɨɧ ɫ ɸɝɚ ɝɪɚɧɢɱɢɬ ɫ Ɋɟɫɩɭɛɥɢɤɨɣ Ɍɵɜɚ, ɫ ɫɟɜɟɪɚ ɢ ɡɚɩɚɞɚ 
ɫ ɒɭɲɟɧɫɤɢɦ ɪɚɣɨɧɨɦ, ɫ ɜɨɫɬɨɤɚ – ɫ Ʉɚɪɚɬɭɡɫɤɢɦ ɪɚɣɨɧɨɦ. 
 Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɫ. ȿɪɦɚɤɨɜɫɤɨɟ ɞɨ ɝ. Ʉɪɚɫɧɨɹɪɫɤɚ 506 ɤɦ, ɞɨ ɝ. Ⱥɛɚɤɚɧɚ – 
ɫɬɨɥɢɰɵ Ɋɟɫɩɭɛɥɢɤɚ ɏɚɤɚɫɢɹ – 100 ɤɦ, ɛɥɢɠɚɣɲɚɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɚɹ ɫɬɚɧɰɢɹ – 
Ɇɢɧɭɫɢɧɫɤ (75 ɤɦ), ɛɥɢɠɚɣɲɢɣ ɚɷɪɨɩɨɪɬ – ɒɭɲɟɧɫɤɨɟ (30 ɤɦ).   
 ɋɟɥɨ ȿɪɦɚɤɨɜɫɤɨɟ, ɪɚɣɨɧɧɵɣ ɰɟɧɬɪ ȿɪɦɚɤɨɜɫɤɨɝɨ ɪɚɣɨɧɚ, ɫ ɨɛɳɟɣ 
ɱɢɫɥɟɧɧɨɫɬɶɸ ɠɢɬɟɥɟɣ 9 ɬɵɫɹɱ. 
 Ɇɢɤɪɨɪɚɣɨɧ ɩɨɞɟɥɟɧ ɧɚ 19 ɤɜɚɪɬɚɥɨɜ ɭɥɢɱɧɨ-ɞɨɪɨɠɧɨɣ ɫɟɬɶɸ. 
 ȼ ɰɟɧɬɪɟ ɦɢɤɪɨɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɚ ɲɤɨɥɚ ɧɚ 450 ɦɟɫɬ, ɧɚɩɪɨɬɢɜ ɤɨɬɨɪɨɣ 
ɡɚɩɪɨɟɤɬɢɪɨɜɚɧ ɩɟɲɟɯɨɞɧɵɣ ɛɭɥɶɜɚɪ. Ɋɹɞɨɦ ɫ ɛɭɥɶɜɚɪɨɦ ɧɚɯɨɞɢɬɫɹ 
ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨ-ɬɨɪɝɨɜɵɣ ɰɟɧɬɪ.  
 ȼ ɸɝɨ-ɜɨɫɬɨɱɧɨɣ ɱɚɫɬɢ ɦɢɤɪɨɪɚɣɨɧɚ ɧɚɯɨɞɢɬɫɹ ɡɨɧɚ ɚɤɬɢɜɧɨɝɨ ɨɬɞɵɯɚ, 
ɝɞɟ ɪɚɫɩɨɥɨɠɟɧɵ ɫɩɨɪɬɢɜɧɵɟ ɩɥɨɳɚɞɤɢ ɞɥɹ ɜɡɪɨɫɥɵɯ ɠɢɬɟɥɟɣ ɢ ɞɟɬɟɣ 
ɪɚɡɥɢɱɧɨɝɨ ɜɨɡɪɚɫɬɚ. Ɂɚɩɪɨɟɤɬɢɪɨɜɚɧɨ ɮɭɬɛɨɥɶɧɨɟ ɩɨɥɟ, ɩɥɨɳɚɞɤɢ ɞɥɹ ɢɝɪɵ ɜ 
ɛɚɫɤɟɬɛɨɥ ɢ ɜɨɥɟɣɛɨɥ, ɜɟɥɨɫɢɩɟɞɧɵɟ ɞɨɪɨɠɤɢ, ɩɥɨɳɚɞɤɢ ɞɥɹ ɞɟɬɟɣ ɦɥɚɞɲɟɝɨ 
ɲɤɨɥɶɧɨɝɨ ɜɨɡɪɚɫɬɚ. 
 ɑɟɪɟɡ ɦɢɤɪɨɪɚɣɨɧ ɩɪɨɥɨɠɟɧ ɚɜɬɨɛɭɫɧɵɣ ɦɚɪɲɪɭɬ, ɩɪɨɯɨɞɹɳɢɣ ɜ ɨɞɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɢɡ ɰɟɧɬɪɚ ɫ. ȿɪɦɚɤɨɜɫɤɨɟ ɱɟɪɟɡ ɦɢɤɪɨɪɚɣɨɧ «Ɂɚɩɚɞɧɵɣ» ɢ 
ɜɨɡɜɪɚɳɚɸɳɢɣɫɹ ɨɛɪɚɬɧɨ. ɉɪɨɟɤɬɧɵɦ ɪɟɲɟɧɢɟɦ ɩɪɟɞɭɫɦɨɬɪɟɧɨ 4 
ɨɫɬɚɧɨɜɨɱɧɵɯ ɩɭɧɤɬɚ, ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɧɚɜɟɫɚɦɢ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ 
ɦɟɠɞɭ ɨɫɬɚɧɨɜɨɱɧɵɦɢ ɩɭɧɤɬɚɦɢ ɫɨɫɬɚɜɥɹɟɬ 650 ɦ. 
 Ʉɜɚɪɬɚɥɵ ɫ ɭɫɚɞɟɛɧɨɣ ɡɚɫɬɪɨɣɤɨɣ ɨɞɧɨɤɜɚɪɬɢɪɧɵɦɢ ɞɨɦɚɦɢ ɡɚɧɢɦɚɸɬ 
ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɦɢɤɪɨɪɚɣɨɧɚ – 178 ɭɱɚɫɬɤɨɜ. ɉɪɢ ɤɚɠɞɨɦ ɞɨɦɟ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢɭɫɚɞɟɛɧɵɣ ɭɱɚɫɬɨɤ ɩɥɨɳɚɞɶɸ 1200-1800 ɦ2. 
Ȼɨɥɶɲɢɧɫɬɜɨ ɭɱɚɫɬɤɨɜ ɢɦɟɟɬ ɩɥɨɳɚɞɶ 1500 ɦ2.  Ƚɥɚɜɧɵɦɢ ɮɚɫɚɞɚɦɢ 
ɨɞɧɨɤɜɚɪɬɢɪɧɵɟ ɞɨɦɚ ɜɵɯɨɞɹɬ ɧɚ ɭɥɢɰɵ ɢ ɩɪɨɟɡɞɵ, ɫ ɨɛɪɚɬɧɨɣ ɫɬɨɪɨɧɵ 
ɭɱɚɫɬɤɨɜ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɯɨɡɹɣɫɬɜɟɧɧɵɟ ɩɪɨɟɡɞɵ. 
 ɉɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɠɢɥɵɯ ɞɨɦɨɜ ɧɚ ɭɱɚɫɬɤɚɯ ɠɢɥɨɣ ɡɚɫɬɪɨɣɤɢ 
ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɧɨɪɦɚɬɢɜɧɵɟ ɪɚɫɫɬɨɹɧɢɹ: 
 - ɨɬ ɡɞɚɧɢɹ ɞɨ ɝɪɚɧɢɰɵ ɭɱɚɫɬɤɚ (ɤɪɚɫɧɨɣ ɥɢɧɢɢ) – 5,0 ɦ; 
 - ɨɬ ɡɞɚɧɢɹ ɞɨ ɝɪɚɧɢɰɵ ɫ ɫɨɫɟɞɧɢɦ ɭɱɚɫɬɤɨɦ – 3,0 ɦ; 
 - ɦɟɠɞɭ ɡɞɚɧɢɹɦɢ ɧɚ ɫɨɫɟɞɧɢɯ ɭɱɚɫɬɤɚɯ ɩɪɢ ɫɬɟɩɟɧɹɯ ɨɝɧɟɫɬɨɣɤɨɫɬɢ: 
  - I ɫɬɟɩɟɧɢ (ɫɬɟɧɵ ɢɡ ɧɟɝɨɪɸɱɢɯ ɦɚɬɟɪɢɚɥɨɜ) – 6,0 ɦ; 
  - II ɫɬɟɩɟɧɢ (ɫɬɟɧɵ ɢɡ ɧɟɝɨɪɸɱɢɯ ɦɚɬɟɪɢɚɥɨɜ) – 10,0 ɦ; 
  - III, IV ɫɬɟɩɟɧɢ (ɞɟɪɟɜɹɧɧɵɟ ɫɬɟɧɵ) – 15,0 ɦ. 
 ɋɚɪɚɢ, ɯɨɡɹɣɫɬɜɟɧɧɵɟ ɩɨɫɬɪɨɣɤɢ ɞɨɥɠɧɵ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɧɟ 
ɦɟɧɟɟ 1,0 ɦ ɨɬ ɝɪɚɧɢɰɵ ɫ ɫɨɫɟɞɧɢɦ ɭɱɚɫɬɤɨɦ. 
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Эɥɟɤɬɪɨɫɧɚɛɠɟɧиɟ 

ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɦɢɤɪɨɪɚɣɨɧɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɜɵɩɨɥɧɢɬɶ ɨɬ Ƚɉɉ-4 
ɧɚɩɪɹɠɟɧɢɟɦ 110/10ɤȼ ɦɨɳɧɨɫɬɶɸ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 2ɯ16ɦȼȺ. ɋɚɹɧɨɝɨɪɫɤɨɣ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ.  ɉɨ ɞɚɧɧɵɦ ɉɌɋ ɉɈ ɋɚɗɋ ɧɚ 01.05.2007ɝ ɡɚɝɪɭɡɤɚ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ Ƚɉɉ-4 ɫɨɫɬɚɜɥɹɟɬ 49%. ɇɚ ɪɚɫɱɟɬɧɵɣ ɫɪɨɤ ɞɨ 2025ɝ 
ɢɡɦɟɧɟɧɢɣ ɧɚ ɩɨɞɫɬɚɧɰɢɢ ɧɟ ɬɪɟɛɭɟɬɫɹ. 

 

Ɋɢɫɭɧɨɤ 10.1 - ɋɯɟɦɚ ɜɜɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

 
1.2 ɉɟɪɫɩɟɤɬɢɜɧɵɣ ɩɥɚɧ ɪɚɡɜɢɬɢя ɢ ɧɚɩɪяɠɟɧɢɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 

ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢя 
 

ɋɟɥɶɫɤɢɟ ɩɨɫɟɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɫ ɭɱɟɬɨɦ ɩɨɥɨɠɟɧɢɣ ɨ 
ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɦ ɩɥɚɧɢɪɨɜɚɧɢɢ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɞɨɤɭɦɟɧɬɚɯ 
ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɫɭɛɴɟɤɬɨɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɞɨɤɭɦɟɧɬɚɯ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɦɭɧɢɰɢɩɚɥɶɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ, ɚ ɬɚɤɠɟ ɫ ɭɱɟɬɨɦ ɩɪɟɞɥɨɠɟɧɢɣ 
ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɵɯ ɥɢɰ. ɉɪɢ ɩɥɚɧɢɪɨɜɤɟ ɢ ɡɚɫɬɪɨɣɤɟ ɝɨɪɨɞɫɤɢɯ ɢ ɫɟɥɶɫɤɢɯ 
ɩɨɫɟɥɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɡɚɤɨɧɚɦɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, 
ɭɤɚɡɚɦɢ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɩɨɫɬɚɧɨɜɥɟɧɢɹɦɢ ɉɪɚɜɢɬɟɥɶɫɬɜɚ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɦɢ ɢ ɧɨɪɦɚɬɢɜɧɵɦɢ ɚɤɬɚɦɢ ɫɭɛɴɟɤɬɨɜ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ.[!] ɋɉ 42.13330.2016 (ɋɜɨɞ ɩɪɚɜɢɥ. Ƚɪɚɞɨɫɬɪɨɢɬɟɥɶɫɬɜɨ. 
ɉɥɚɧɢɪɨɜɤɚ ɢ ɡɚɫɬɪɨɣɤɚ ɝɨɪɨɞɫɤɢɯ ɢ ɫɟɥɶɫɤɢɯ ɩɨɫɟɥɟɧɢɣ ɫɧɢɩ 2.07.01-89 *) 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɝɟɧɟɪɚɥɶɧɵɯ ɩɥɚɧɨɜ ɫɟɥɶɫɤɢɯ ɩɨɫɟɥɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɯɨɞɢɬɶ ɢɡ ɨɰɟɧɤɢ ɢɯ ɷɤɨɧɨɦɢɤɨ-ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ, ɫɨɰɢɚɥɶɧɨɝɨ, 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ, ɢɫɬɨɪɢɤɨ-ɚɪɯɢɬɟɤɬɭɪɧɨɝɨ ɢ ɩɪɢɪɨɞɧɨ-ɪɟɫɭɪɫɧɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ: 

  ɭɱɢɬɵɜɚɬɶ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɣ ɫɬɚɬɭɫ ɫɟɥɶɫɤɢɯ ɩɨɫɟɥɟɧɢɣ, 
ɩɪɨɝɧɨɡɢɪɭɟɦɭɸ ɱɢɫɥɟɧɧɨɫɬɶ ɧɚɫɟɥɟɧɢɹ, ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɛɚɡɭ, ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ 
ɢ ɪɨɥɶ ɜ ɫɢɫɬɟɦɟ ɪɚɫɫɟɥɟɧɢɹ (ɚɝɥɨɦɟɪɚɰɢɢ), ɚ ɬɚɤɠɟ ɩɪɢɪɨɞɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɟ, 
ɫɨɰɢɚɥɶɧɨ-ɞɟɦɨɝɪɚɮɢɱɟɫɤɢɟ, ɧɚɰɢɨɧɚɥɶɧɨ-ɛɵɬɨɜɵɟ ɢ ɞɪɭɝɢɟ ɦɟɫɬɧɵɟ 
ɨɫɨɛɟɧɧɨɫɬɢ; 

https://docs.cntd.ru/document/5200163#7D20K3
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  ɢɫɯɨɞɢɬɶ ɢɡ ɤɨɦɩɥɟɤɫɧɨɣ ɨɰɟɧɤɢ ɢ ɡɨɧɢɪɨɜɚɧɢɹ ɬɟɪɪɢɬɨɪɢɢ, ɢɯ 
ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɢɦɟɸɳɢɯɫɹ ɪɟɫɭɪɫɨɜ (ɩɪɢɪɨɞɧɵɯ, ɜɨɞɧɵɯ, 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ, ɬɪɭɞɨɜɵɯ, ɪɟɤɪɟɚɰɢɨɧɧɵɯ), ɩɪɨɝɧɨɡɨɜ ɢɡɦɟɧɟɧɢɹ 
ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɛɚɡɵ, ɫɨɫɬɨɹɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɟɟ ɜɥɢɹɧɢɹ ɧɚ ɭɫɥɨɜɢɹ 
ɠɢɡɧɢ ɢ ɡɞɨɪɨɜɶɹ ɧɚɫɟɥɟɧɢɹ, ɫɨɰɢɚɥɶɧɨ-ɞɟɦɨɝɪɚɮɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ, ɜɤɥɸɱɚɹ 
ɦɟɠɝɨɫɭɞɚɪɫɬɜɟɧɧɭɸ ɢ ɦɟɠɪɟɝɢɨɧɚɥɶɧɭɸ ɦɢɝɪɚɰɢɸ ɧɚɫɟɥɟɧɢɹ; 

  ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɭɥɭɱɲɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɢ ɫɚɧɢɬɚɪɧɨ-
ɝɢɝɢɟɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɩɨɫɟɥɟɧɢɣ ɢ ɩɪɢɥɟɝɚɸɳɢɯ ɤ ɧɢɦ 
ɬɟɪɪɢɬɨɪɢɣ, ɫɨɯɪɚɧɟɧɢɟ ɢɫɬɨɪɢɤɨ-ɤɭɥɶɬɭɪɧɨɝɨ ɧɚɫɥɟɞɢɹ; 

 ɨɩɪɟɞɟɥɹɬɶ ɪɚɰɢɨɧɚɥɶɧɵɟ ɩɭɬɢ ɪɚɡɜɢɬɢɹ ɩɨɫɟɥɟɧɢɣ ɫ ɜɵɞɟɥɟɧɢɟɦ 
ɩɟɪɜɨɨɱɟɪɟɞɧɵɯ (ɩɪɢɨɪɢɬɟɬɧɵɯ) ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɨɰɢɚɥɶɧɵɯ, ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ; 

  ɭɱɢɬɵɜɚɬɶ ɩɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɪɵɧɤɚ ɧɟɞɜɢɠɢɦɨɫɬɢ, ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɫɜɨɟɧɢɹ ɬɟɪɪɢɬɨɪɢɣ ɱɟɪɟɡ ɩɪɢɜɥɟɱɟɧɢɟ ɧɟɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɢɧɜɟɫɬɢɰɢɣ ɢ 
ɩɪɨɞɚɠɭ ɝɪɚɠɞɚɧɚɦ ɢ ɸɪɢɞɢɱɟɫɤɢɦ ɥɢɰɚɦ ɡɟɦɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɫɟɥɶɫɤɢɯ ɩɨɫɟɥɟɧɢɣ, ɢɥɢ ɩɪɚɜɚ ɢɯ ɚɪɟɧɞɵ. 

ȼ ɪɚɦɤɚɯ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ ɩɨɫɟɥɤɚ ɨɛɹɡɚɬɟɥɶɧɨ ɭɱɢɬɵɜɚɸɬɫɹ ɨɫɧɨɜɧɵɟ 
ɜɨɩɪɨɫɵ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ ɟɝɨ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɜɤɥɸɱɚɹ 
ɛɚɥɚɧɫ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜɫɟɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɢ ɢɫɬɨɱɧɢɤɢ ɢɯ ɩɨɤɪɵɬɢɹ. 
 ɉɪɢ ɷɬɨɦ ɧɚ ɩɥɚɧɟ ɩɨɫɟɥɤɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɬɟɪɪɢɬɨɪɢɢ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ 
ɷɥɟɤɬɪɨɫɟɬɟɜɵɯ ɨɛɴɟɤɬɨɜ: ɤɨɪɢɞɨɪɵ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, 
ɩɥɨɳɚɞɤɢ ɩɨɞ ɩɨɞɫɬɚɧɰɢɢ ɢ ɛɚɡɵ ɷɥɟɤɬɪɨɫɟɬɟɜɵɯ ɩɪɟɞɩɪɢɹɬɢɣ. 
 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɨɫɟɥɤɨɜɵɯ ɫɟɬɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɨ, ɬ.ɟ. 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɨɝɥɚɫɨɜɚɧɢɟ ɷɥɟɤɬɪɨɫɟɬɟɣ 110 (35) ɤȼ ɢ ɜɵɲɟ ɢ ɫɟɬɟɣ 10 ɤȼ. 
 ɉɨɫɬɪɨɟɧɢɟ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɬɨɛɵ ɜ ɲɬɚɬɧɨɦ ɪɟɠɢɦɟ ɜɫɟ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ ɧɚɯɨɞɢɥɢɫɶ ɩɨɞ ɧɚɝɪɭɡɤɨɣ ɫ 
ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɷɬɢɯ 
ɷɥɟɦɟɧɬɨɜ. Ɉɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɟɡɟɪɜɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨɬɪɟɛɢɬɟɥɟɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɯ ɤɚɬɟɝɨɪɢɟɣ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɡɚɬɪɚɬɚɦɢ ɫɪɟɞɫɬɜ ɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɡɟɪɜɧɵɯ ɥɢɧɢɣ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɧɟ ɧɟɫɭɳɢɯ ɧɚɝɪɭɡɤɭ, ɞɨɩɭɫɤɚɟɬɫɹ, ɤɚɤ ɢɫɤɥɸɱɟɧɢɟ, ɩɪɢ 
ɧɚɥɢɱɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɨɛɨɫɧɨɜɚɧɢɣ. ɉɪɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɟɬɟɣ ɦɚɤɫɢɦɚɥɶɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɭɳɟɫɬɜɭɸɳɢɟ 
ɷɥɟɤɬɪɨɫɟɬɟɜɵɟ ɨɛɴɟɤɬɵ. 
 ɋɯɟɦɚ (ɩɪɨɟɤɬ, ɪɚɛɨɱɢɟ ɱɟɪɬɟɠɢ) ɭɱɢɬɵɜɚɟɬ: ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; ɚɤɬɢɜɧɵɟ ɢ ɪɟɚɤɬɢɜɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɫ 
ɡɨɧɢɪɨɜɚɧɢɟɦ ɩɨ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɣ ɨɛɪɚɛɨɬɤɟ ɢ ɢɫɬɨɱɧɢɤɚɦ ɢɯ ɩɨɤɪɵɬɢɹ; 
ɩɨɞɛɨɪ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɟɬɟɣ  ɫɟɥɶɫɤɨɝɨ ɨɤɪɭɝɚ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ, 
ɦɨɳɧɨɫɬɢ, ɧɚɩɪɹɠɟɧɢɹ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ, ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɡɥɚ; ɩɨɞɛɨɪ ɫɯɟɦɵ, ɤɨɧɮɢɝɭɪɚɰɢɢ ɢ 
ɩɚɪɚɦɟɬɪɨɜ ɫɟɬɟɣ ɧɚɩɪɹɠɟɧɢɟɦ 10, 20 ɤȼ, ɚ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢ ɫɟɬɟɣ 
ɧɚɩɪɹɠɟɧɢɟɦ 0,4 ɤȼ; ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɧɚɩɪɹɠɟɧɢɹ; ɤɨɦɩɟɧɫɚɰɢɹ ɪɟɚɤɬɢɜɧɵɯ 
ɧɚɝɪɭɡɨɤ; ɪɟɠɢɦ ɪɚɛɨɬɵ ɧɟɣɬɪɚɥɢ ɢ ɤɨɦɩɟɧɫɚɰɢɹ ɟɦɤɨɫɬɧɵɯ ɬɨɤɨɜ ɜ ɰɟɩɢ; ɬɨɤɢ 
ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ; ɭɱɟɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɫɟɬɟɜɚɹ 
ɚɜɬɨɦɚɬɢɤɚ; ɦɨɥɧɢɟɡɚɳɢɬɚ ɢ ɡɚɡɟɦɥɟɧɢɟ ɫɟɬɢ; ɞɢɫɩɟɬɱɟɪɢɡɚɰɢɹ ɢ 
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ɬɟɥɟɦɟɯɚɧɢɡɚɰɢɹ ɫɟɬɢ; ɞɟɹɬɟɥɶɧɨɫɬɶ ɝɪɚɠɞɚɧɫɤɨɣ ɨɛɨɪɨɧɵ; ɨɪɝɚɧɢɡɚɰɢɹ ɪɚɛɨɬɵ 
ɫɟɬɢ; ɨɪɝɚɧɢɡɚɰɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ; ɫɜɨɞɤɚ (ɩɚɫɩɨɪɬ) ɨɫɧɨɜɧɵɯ ɢ ɤɨɧɤɪɟɬɧɵɯ 
ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɟɬɢ; ɜɟɞɨɦɨɫɬɢ ɩɨ ɨɫɧɨɜɧɨɦɭ 
ɨɛɨɪɭɞɨɜɚɧɢɸ ɢ ɦɚɬɟɪɢɚɥɚɦ; ɪɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ (ɫɦɟɬɚ ɢ ɫɜɨɞɧɚɹ 
ɫɦɟɬɚ). 
 ȼɚɠɧɵɦ ɜɨɩɪɨɫɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɟɬɢ ɩɨɫɟɥɤɨɜɨɝɨ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɧɚɩɪɹɠɟɧɢɹ ɫ ɭɱёɬɨɦ ɩɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ 
ɠɢɥɨɝɨ ɪɚɣɨɧɚ ɢ ɫɢɫɬɟɦɵ ɧɚɩɪɹɠɟɧɢɣ, ɩɪɢɧɹɬɨɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. ȼɵɛɨɪ 
ɧɚɩɪɹɠɟɧɢɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɪɚɣɨɧɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɭɱёɬɨɦ 
ɫɨɤɪɚɳɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

Ⱦɥɹ ɠɢɥɨɝɨ ɪɚɣɨɧɚ ɜɵɛɪɚɧɨ ɧɚɩɪɹɠɟɧɢɟ 10 ɤȼ, ɱɬɨ ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ 
ɧɚɥɢɱɢɟɦ ɉɋ 110/35/10 ɤȼ «ȿɪɦɚɤɨɜɫɤɨɟ».  

 Ʉ ɬɨɦɭ ɠɟ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɠɢɥɵɯ ɪɚɣɨɧɨɜ ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨɣ 
ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɧɚɩɪɹɠɟɧɢɣ 220-110/10ɤȼ. 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɭɱɟɬɨɦ ɭɤɚɡɚɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɦɢɤɪɨɪɚɣɨɧɚ Ɂɚɩɚɞɧɵɣ ɩɨɫɟɥɤɚ ȿɪɦɚɤɨɜɫɤɢɣ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ 
ɤɪɚɹ ɩɪɢɧɹɬɨ - 10/0,4 ɤȼ. 
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 2 Ɋɚɫɱɟɬɧɚя ɱɚɫɬɶ 
 

2.1 Ɋɚɫɱɟɬ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɠɢɥɵɯ ɞɨɦɨɜ, 
ɨɛɴɟɤɬɨɜ ɫɨɰɢɚɥɶɧɨɝɨ ɢ ɤɭɥɶɬɭɪɧɨ-ɛɵɬɨɜɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢя 

 
 Ɂɧɚɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɨɬɞɟɥɶɧɵɯ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɢ ɢɯ 
ɝɪɭɩɩ ɹɜɥɹɸɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. ɉɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ, ɤɨɬɨɪɵɟ ɫɨ ɜɪɟɦɟɧɟɦ ɦɟɧɹɸɬɫɹ.  
 ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɫɱɟɬɧɵɟ ɧɚɝɪɭɡɤɢ, ɬ. ɟ. 
ɫɚɦɵɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɩɨɥɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚɯɨɞɹɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 0,5 ɱɚɫɚ ɜ 
ɤɨɧɰɟ ɪɚɫɱɟɬɧɨɝɨ ɩɟɪɢɨɞɚ. 
 Ɂɚɞɚɱɟɣ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɪɚɫɱɟɬɧɨɣ 
ɦɨɳɧɨɫɬɢ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɩɨ ɤɨɬɨɪɨɣ ɛɭɞɭɬ 
ɨɩɪɟɞɟɥɟɧɵ ɦɨɳɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɫɟɬɢ. 
 Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜ ɫɟɬɹɯ 0,38 ɤȼ ɩɪɨɜɨɞɢɬɫɹ 
ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɧɚɝɪɭɡɤɢ ɧɚ ɜɜɨɞɟ ɜ ɠɢɥɨɣ ɞɨɦ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ ɦɚɤɫɢɦɭɦɨɜ ɧɚɝɪɭɡɤɢ. 

Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɩɢɬɚɸɳɢɯ ɥɢɧɢɣ, ɜɜɨɞɨɜ ɢ ɧɚ ɲɢɧɚɯ Ɋɍ-0,4 ɤȼ Ɍɉ ɨɬ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɤɜɚɪɬɢɪ (Рɤɜ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɭɞɟɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚ 
ɤɜɚɪɬɢɪɭ: 

. . ,  ɤВɬ;ɠ ɞ ɤɜ ɭɊ Ɋ n   (2.1) 
 ɝɞɟ .ɤɜ ɭɊ  – ɭɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɤɜɚɪɬɢɪ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɱɢɫɥɚ ɤɜɚɪɬɢɪ, ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɤ ɥɢɧɢɢ (Ɍɉ), ɬɢɩɚ ɤɭɯɨɧɧɵɯ ɩɥɢɬ, ɤȼɬ/ɤɜɚɪɬɢɪɭ; 
 n   – ɤɨɥɢɱɟɫɬɜɨ ɤɜɚɪɬɢɪ, ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɤ ɥɢɧɢɢ (Ɍɉ). 
 Ʉɜɚɪɬɢɪɵ ɩɨɜɵɲɟɧɧɨɣ ɤɨɦɮɨɪɬɧɨɫɬɢ ɫɬɪɨɹɬɫɹ ɩɨ ɟɞɢɧɢɱɧɵɦ ɩɪɨɟɤɬɚɦ, 
ɢ ɩɨɥɭɱɢɬɶ ɞɨɫɬɨɜɟɪɧɵɟ ɫɜɟɞɟɧɢɹ ɨ ɧɚɝɪɭɡɤɟ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ.  
 ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɩɢɬɚɸɳɢɯ ɥɢɧɢɣ, ɜɜɨɞɨɜ ɢ ɧɚ ɲɢɧɚɯ 
Ɋɍ-0,4 ɤȼ Ɍɉ ɨɬ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɤɜɚɪɬɢɪ Рɪ.ɤɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɡɚɞɚɧɢɟɦ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɹɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ ɧɚ 
ɤɜɚɪɬɢɪɭ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɫɩɪɨɫɚ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ: 

. . ,  ɤВɬ;ɠ ɞ ɤɜ ɭ ɨɊ Ɋ n К    (2.2) 

 ɝɞɟ ɨК  – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ. 
 ȼɫɟɝɨ ɜ ɦɢɤɪɨɪɚɣɨɧɟ «Ɂɚɩɚɞɧɵɣ» ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɨɞɧɨɤɜɚɪɬɢɪɧɵɯ 
ɠɢɥɵɯ ɞɨɦɨɜ 178, . 15 ɤВɬɤɜ ɭɊ  . Ʉɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ ɩɪɢɧɢɦɚɟɬɫɹ 

0,14ɨК  . [1] 
 Ɍɨɝɞɚ ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɲɢɧɚɯ Ɋɍ-0,4 ɤȼ Ɍɉ: 
 . 15 178 0,14 373,8 ɤВɬ.ɠ ɞɊ      
 Ɋɟɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɧɚ ɲɢɧɚɯ Ɋɍ-0,4 ɤȼ Ɍɉ ɜɵɱɢɫɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ 
ɮɨɪɦɭɥɟ: 

. . . ,  ɤВАɪ;ɠ ɞ ɠ ɞ ɠ ɞQ Ɋ tg   (2.3) 
 ɝɞɟ .ɠ ɞtg  – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɛɟɪɟɬɫɹ ɩɨ [1]. 
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 . 373,8 0,2 74,76 ɤВАɪ;ɠ ɞQ     
 ɉɨɥɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɜɜɨɞɟ ɠɢɥɵɯ ɞɨɦɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

2 2
. . . ,  ɤВА;ɠɞ ɠ ɞ ɠ ɞS Ɋ Q   (2.4) 

 2 2
. 373,8 74,76 381,2 ɤВА.ɠ ɞS     

Ɋɚɫɱɟɬɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɧɚ ɜɜɨɞɚɯ ɨɛɴɟɤɬɨɜ ɫɨɰɢɚɥɶɧɨɝɨ ɢ 
ɤɭɥɶɬɭɪɧɨ-ɛɵɬɨɜɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɧɚɫɟɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɩɪɨɟɤɬɚɦ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ɜɟɞɨɦɫɬɜɟɧɧɵɯ 
ɢɧɫɬɪɭɤɰɢɣ.  
 ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɚɝɪɭɡɤɢ ɷɬɢɯ ɨɛɴɟɤɬɨɜ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɭɞɟɥɶɧɵɦ 
ɧɚɝɪɭɡɤɚɦ ɧɚ ɦɟɫɬɨ, ɩɨɫɟɳɟɧɢɸ ɢ ɞɪɭɝɢɦ ɮɢɡɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ. 
 Ɋɚɫɱɟɬɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɧɚ ɜɜɨɞɚɯ ɨɛɴɟɤɬɨɜ ɫɨɰɢɚɥɶɧɨɝɨ ɢ 
ɤɭɥɶɬɭɪɧɨ-ɛɵɬɨɜɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɧɚɫɟɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

. . ,  ɤВɬ;ɪ ɨɛ ɭɞ ɨɛ ɨɛP P n   (2.5) 

 ɝɞɟ .ɭɞ ɨɛP  – ɭɞɟɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɨɛɴɟɤɬɨɜ ɫɨɰɢɚɥɶɧɨɝɨ ɢ 
ɤɭɥɶɬɭɪɧɨ-ɛɵɬɨɜɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɧɚɫɟɥɟɧɢɹ; 
 ɨɛn  – ɱɢɫɥɨ ɦɟɫɬ (ɩɨɫɟɳɟɧɢɣ) ɩɨɬɪɟɛɢɬɟɥɹ. 
 Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɩɪɢɦɟɪɟ ɫɪɟɞɧɹɹ ɲɤɨɥɚ ɧɚ 450 ɭɱɚɳɢɯɫɹ: 
 ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [1], . 0,25 ɤВɬ/ɭɱаɳɢɣɫяɭɞ ɫшP  , 0,33ɫшtg  . 

 Ɋɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ: 
 . 0,25 450 112,5 ɤВɬ.ɪ ɫшP     

 Ɋɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ: 
 . . 112,5 0,33 37,13 ɤВАɪ.ɪ ɫш ɪ ɫш ɫшQ P tg      

 ɉɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ: 
 2 2 2 2

. . . 112,5 37,13 118,47 ɤВА.ɪ ɫш ɪ ɫш ɪ ɫшS Ɋ Q      

 ɉɨ ɩɪɢɱɢɧɟ ɨɞɧɨɬɢɩɧɨɫɬɢ ɪɚɫɱɟɬɚ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ, ɜɫɟ ɨɫɬɚɥɶɧɵɟ 
ɪɚɫɱɟɬɵ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 2.1. 
 
Ɍɚɛɥɢɰɚ 2.1 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɨɛɴɟɤɬɨɜ 
ɫɨɰɢɚɥɶɧɨɝɨ ɢ ɤɭɥɶɬɭɪɧɨ-ɛɵɬɨɜɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɧɚɫɟɥɟɧɢɹ 

№ ɩɨ 
ɩɥɚɧɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɨɬɪɟɛɢɬɟɥɹ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤ
ɚ ɩɨɬɪɟɛɢɬɟɥɹ, 

ɨɛn , 

ɩɦ 

ɍɞɟɥɶɧɚɹ 
ɧɚɝɪɭɡɤɚ, 

.ɭɞ ɨɛP  

ɤȼɬ/ɩɦ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɦɨɳɧɨɫɬɢ, 

tg  

Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ 
ɚɤɬɢɜɧɚɹ, 

ɪP  

ɤȼɬ 

ɪɟɚɤɬɢɜɧɚɹ, 

ɪQ  

ɤȼɚɪ 

ɉɨɥɧɚɹ, 

ɪS  

ɤȼȺ 
Ⱥ ɋɪɟɞɧɹɹ ɲɤɨɥɚ 450 0,25 0,33 112,50 37,13 118,47 

Ȼ 
ɋɩɨɪɬɢɜɧɨ-
ɨɡɞɨɪɨɜɢɬɟɥɶɧɵɣ 
ɤɨɦɩɥɟɤɫ 

800 0,04 0,62 32,00 19,84 37,65 

ȼ 
Ɉɛɳɟɫɬɜɟɧɧɨ-
ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɣ 
ɬɨɪɝɨɜɵɣ ɰɟɧɬɪ 

1200 0,22 0,75 264,00 198,00 330,00 

Ƚ Ɇɨɞɭɥɶɧɚɹ ɤɨɬɟɥɶɧɚɹ 1 600,00 0,75 600,00 450,00 750,00 
ɂɬɨɝɨ: 1008,50 704,97 1230,47 
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2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɢ ɦɨɳɧɨɫɬɢ ɦɢɤɪɨɪɚɣɨɧɚ 
 
 Ɉɛɳɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɭɥɢɱɧɨ-ɞɨɪɨɠɧɨɣ ɫɟɬɢ ɫɨɫɬɚɜɥɹɟɬ 9,65 ɤɦ. 
 Ɋɚɫɱɟɬɧɚɹ ɲɢɪɢɧɚ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɭɥɢɰɵ ɜ ɦɚɥɨɷɬɚɠɧɨɣ ɡɚɫɬɪɨɣɤɟ 
ɫɨɫɬɚɜɥɹɟɬ 7,0 ɦ, ɲɢɪɢɧɚ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɭɥɢɰɵ ɜ ɭɫɚɞɟɛɧɨɣ ɡɚɫɬɪɨɣɤɟ – 6,0 ɦ, 
ɩɪɨɟɡɞɨɜ – 3,0 ɦ. 
 ɉɨɤɪɵɬɢɟ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɭɥɢɰ ɢ ɩɪɨɟɡɞɨɜ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɟ, ɩɨɤɪɵɬɢɟ ɛɭɥɶɜɚɪɚ – ɢɡ ɛɪɭɫɱɚɬɤɢ, ɨɫɬɚɥɶɧɵɟ ɩɟɲɟɯɨɞɧɵɟ 
ɞɨɪɨɠɤɢ – ɫ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɦ ɩɨɤɪɵɬɢɟɦ. ɏɨɡɹɣɫɬɜɟɧɧɵɟ ɩɪɨɟɡɞɵ ɢɦɟɸɬ 
ɳɟɛɟɧɨɱɧɨɟ ɩɨɤɪɵɬɢɟ. 
 ɋɨɝɥɚɫɧɨ ɧɨɪɦɚɦ ɩɪɢ ɲɢɪɢɧɟ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɞɥɹ ɩɨɫɟɥɤɨɜɵɯ ɞɨɪɨɝ ɢ 
ɭɥɢɰ ɫ ɩɨɤɪɵɬɢɟɦ ɩɪɨɫɬɟɣɲɟɝɨ ɬɢɩɚ ɭɞɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 6 ȼɬ/ɦ. 
 Ɉɛɳɢɣ ɩɟɪɢɦɟɬɪ ɯɨɡɹɣɫɬɜɟɧɧɵɯ ɞɜɨɪɨɜ ɫɨɫɬɚɜɥɹɟɬ 200 ɦ. ɋɨɝɥɚɫɧɨ 
ɧɨɪɦɚɦ, ɩɪɢɧɢɦɚɟɦ 3 ȼɬ ɧɚ ɤɚɠɞɵɣ ɩɨɝɨɧɧɵɣ ɦɟɬɪ ɩɟɪɢɦɟɬɪɚ. ɇɚ ɩɥɚɧɟ 178 
ɩɨɦɟɳɟɧɢɹ. ɉɪɢɧɢɦɚɟɦ 250 ȼɬ ɧɚ ɤɚɠɞɨɟ ɢɡ ɧɢɯ. 
 Ɍɨɝɞɚ ɫɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɨɫɜɟɳɟɧɢɟ ɭɥɢɰ ɫɨɫɬɚɜɢɬ: 

. . 3 250 , ɤВɬ;ɭɥ ɨɫɜ ɭɞ ɩɊ Ɋ L L N       (2.6) 
 ɝɞɟ N – ɤɨɥ-ɜɨ ɩɨɦɟɳɟɧɢɣ ɧɚ ɩɥɚɧɟ; 
 ɩL  – ɞɥɢɧɚ ɩɟɪɢɦɟɬɪɚ. 
 . . 6 9650 3 200 250 178 103 ɤВɬ.ɭɥ ɨɫɜɊ         

 Ɋɚɫɱɟɬ ɧɚɝɪɭɡɤɢ ɦɢɤɪɨɪɚɣɨɧɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɭɬɟɦ ɭɦɧɨɠɟɧɢɹ ɫɭɦɦɵ 
ɪɚɫɱɟɬɧɵɯ ɧɚɝɪɭɡɨɤ ɨɬɞɟɥɶɧɵɯ ɝɪɭɩɩ ɨɞɧɨɪɨɞɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɧɚ 
ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɜɦɟɳɟɧɢɹ ɦɚɤɫɢɦɭɦɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɢɛɨɥɶɲɟɣ ɢɡ ɧɚɝɪɭɡɨɤ 
ɩɨ ɮɨɪɦɭɥɟ: 

. . . . 1 1 2 2 ... ,  ɤВɬ;ɪ ɦɪ ɪ ɦɚх ɪ ɪ n ɪnP Ɋ К Ɋ К Ɋ К Ɋ           (2.7) 
 ɝɞɟ .ɪ ɦɚхɊ  – ɧɚɢɛɨɥɶɲɚɹ ɢɡ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɝɪɭɩɩ ɨɞɧɨɪɨɞɧɵɯ 
ɩɨɬɪɟɛɢɬɟɥɟɣ; 
 1ɪɊ  , 2ɪɊ  , … ɪnɊ   – ɪɚɫɱɟɬɧɵɟ ɧɚɝɪɭɡɤɢ ɨɫɬɚɥɶɧɵɯ ɝɪɭɩɩ ɩɨɬɪɟɛɢɬɟɥɟɣ; 
 1К , 2К ,… nК  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɱɚɫɬɢɹ ɜ ɦɚɤɫɢɦɭɦɟ, ɭɱɢɬɵɜɚɸɳɢɟ ɞɨɥɸ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɨɬɞɟɥɶɧɵɯ ɝɪɭɩɩ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɦɚɤɫɢɦɭɦɭ ɧɚɢɛɨɥɶɲɟɣ ɢɡ ɪɚɫɱɟɬɧɵɯ ɧɚɝɪɭɡɨɤ. 
 Ɋɚɫɱɟɬ ɧɚɝɪɭɡɨɤ ɦɢɤɪɨɪɚɣɨɧɚ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 2.2. 
 
Ɍɚɛɥɢɰɚ 2.2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɦɢɤɪɨɪɚɣɨɧɚ  

№ ɩɨ 
ɩɥɚɧɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɝɪɭɩɩ 
ɩɨɬɪɟɛɢɬɟɥɟɣ 

Ɋɚɫɱɟɬɧɚɹ 
ɚɤɬɢɜɧɚɹ 
ɧɚɝɪɭɡɤɚ, 

, 

ɤȼɬ 

Ɋɚɫɱɟɬɧɚɹ 
ɪɟɚɤɬɢɜɧɚɹ 
ɧɚɝɪɭɡɤɚ, 

ɪnQ 
, 

ɤȼɬ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɭɱɚɫɬɢɹ ɜ 

ɦɚɤɫɢɦɭɦɟ, 
 

Ɋɚɫɱɟɬɧɚɹ 
ɚɤɬɢɜɧɚɹ 
ɧɚɝɪɭɡɤɚ 
ɝɪɭɩɩɵ 

ɩɨɬɪɟɛɢɬɟɥɟɣ, 
, 

ɤȼɬ 

Ɋɚɫɱɟɬɧɚɹ 
ɪɟɚɤɬɢɜɧɚɹ 

ɧɚɝɪɭɡɤɚ 
ɝɪɭɩɩɵ 

ɩɨɬɪɟɛɢɬɟɥɟɣ, 

ɪnQ 
, 

ɤȼɬ 

1-178 
ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ 

ɨɞɧɨɤɜɚɪɬɢɪɧɵɟ ɠɢɥɵɟ ɞɨɦɚ 
373,8 74,76 0,8 299,04 59,81 

 

ɪiɊ
iК

ɪiɊ
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.2 

№ ɩɨ 
ɩɥɚɧɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɝɪɭɩɩ 
ɩɨɬɪɟɛɢɬɟɥɟɣ 

Ɋɚɫɱɟɬɧɚɹ 
ɚɤɬɢɜɧɚɹ 
ɧɚɝɪɭɡɤɚ, 

, 

ɤȼɬ 

Ɋɚɫɱɟɬɧɚɹ 
ɪɟɚɤɬɢɜɧɚɹ 
ɧɚɝɪɭɡɤɚ, 

ɪnQ 
, 

ɤȼɬ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɭɱɚɫɬɢɹ ɜ 

ɦɚɤɫɢɦɭɦɟ, 
 

Ɋɚɫɱɟɬɧɚɹ 
ɚɤɬɢɜɧɚɹ 
ɧɚɝɪɭɡɤɚ 
ɝɪɭɩɩɵ 

ɩɨɬɪɟɛɢɬɟɥɟɣ, 
, 

ɤȼɬ 

Ɋɚɫɱɟɬɧɚɹ 
ɪɟɚɤɬɢɜɧɚɹ 

ɧɚɝɪɭɡɤɚ 
ɝɪɭɩɩɵ 

ɩɨɬɪɟɛɢɬɟɥɟɣ, 

ɪnQ 
, 

ɤȼɬ 
Ⱥ ɋɪɟɞɧɹɹ ɲɤɨɥɚ 112,50 37,13 0,9 101,25 33,42 

Ȼ 
ɋɩɨɪɬɢɜɧɨ-ɨɡɞɨɪɨɜɢɬɟɥɶɧɵɣ 
ɤɨɦɩɥɟɤɫ 

32,00 19,84 0,9 28,8 17,86 

ȼ 
Ɉɛɳɟɫɬɜɟɧɧɨ-
ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɣ ɬɨɪɝɨɜɵɣ 
ɰɟɧɬɪ 

264,00 198 0,7 184,8 138,60 

Ƚ Ɇɨɞɭɥɶɧɚɹ ɤɨɬɟɥɶɧɚɹ 600,00 450 1 600,00 450,00 
 ɍɥɢɱɧɨɟ ɨɫɜɟɳɟɧɢɟ 103 0 1 103 0,00 

ɂɬɨɝɨ: 1316,89 699,68 

 

 ɉɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɦɢɤɪɨɪɚɣɨɧɚ: 

 2 2 2 2
. . . 1316,89 699,68 1491,23 ɤВА.ɪ ɦɤɪ ɪ ɦɤɪ ɪ ɦɤɪS Ɋ Q      

 
 2.3 ȼɵɛɨɪ ɪɚɫɩɨɥɨɠɟɧɢя ɄɌɉ, ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

 
ȼɵɛɨɪ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɧɢɦɚɬɶ ɩɨ ɤɪɢɬɟɪɢɹɦ ɦɢɧɢɦɚɥɶɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ.  
Ⱦɥɹ ɧɟɛɨɥɶɲɢɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ ɫɭɳɟɫɬɜɭɸɬ ɧɚɞɟɠɧɵɟ 

ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ Ɍɉ.  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɱɢɫɥɨ ɧɟɨɛɯɨɞɢɦɵɯ Ɍɉ-10/0,4 ɤȼ ɨɛɵɱɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɨɩɵɬɚ ɢɧɠɟɧɟɪɚ-ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ. 
 Ʉɨɥɢɱɟɫɬɜɨ Ɍɉ ɜ ɩɨɫɟɥɤɟ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɵɜɚɬɶ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ 
ɮɨɪɦɭɥɟ: 

2
.3

2
0,35

( %)

ɪ ɦɤɪS F
N

U


 


 (2.8) 

 ɝɞɟ .p ɦɤɪS  – ɪɚɫɱɟɬɧɚɹ ɩɨɥɧɚɹ ɧɚɝɪɭɡɤɚ ɦɢɤɪɨɪɚɣɨɧɚ, ɤȼȺ; 

F  – ɩɥɨɳɚɞɶ ɦɢɤɪɨɪɚɣɨɧɚ, ɤɦ2; 
%U  – ɞɨɩɭɫɬɢɦɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɥɢɧɢɹɯ 0,38 ɤȼ, %. 

 Ⱦɥɹ ȼɅ-0,38 ɤȼ ɩɪɢɧɢɦɚɟɬɫɹ 7...10%U  . 
 Ɉɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɄɌɉ: 

 
2

3
2

1491,23 511,533
0,35 8 ɲɬ.

(7%)
N


    

 Ⱦɥɹ ɞɚɧɧɨɝɨ ɦɢɤɪɨɪɚɣɨɧɚ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɧɚɦɟɱɚɟɬɫɹ ɫɨɨɪɭɠɟɧɢɟ 
ɞɟɜɹɬɢ ɤɨɦɩɥɟɤɬɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ. 
 ɉɪɢ ɜɵɛɨɪɟ ɦɟɫɬɚ ɪɚɡɦɟɳɟɧɢɹ ɄɌɉ ɜ ɩɟɪɫɩɟɤɬɢɜɧɨɦ ɠɢɥɢɳɧɨɦ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɪɚɫɫɪɟɞɨɬɨɱɟɧɚ ɩɨ ɨɬɞɟɥɶɧɵɦ ɨɛɴɟɤɬɚɦ, 

ɪiɊ
iК

ɪiɊ
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ɢɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɜɵɛɨɪ ɦɟɫɬɚ ɪɚɡɦɟɳɟɧɢɹ ɄɌɉ ɞɨɥɠɟɧ ɛɵɬɶ ɫɜɹɡɚɧ ɫ 
ɚɪɯɢɬɟɤɬɭɪɨɣ. 
 Ɇɟɫɬɨɦ ɭɫɬɚɧɨɜɤɢ ɄɌɉ, ɫɱɢɬɚɟɬɫɹ ɦɟɫɬɨ, ɜɛɥɢɡɢ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ. 
 Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ Ɍɉ ɩɨɤɚɠɟɦ ɧɚ ɩɪɢɦɟɪɟ Ɍɉ-1. 
 ȼɫɟɝɨ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɨɞɧɨɤɜɚɪɬɢɪɧɵɯ ɠɢɥɵɯ ɞɨɦɨɜ 19, . 15 ɤВɬɤɜ ɭɊ  . 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ ɩɪɢɧɢɦɚɟɬɫɹ 0,14ɨК  . [1].  
 ɉɨ ɮɨɪɦɭɥɟ (2.2) ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɲɢɧɚɯ Ɋɍ-0,4 ɤȼ 
Ɍɉ. 
 . 1 15 19 0,26 74,1 ɤВɬ;ɪ ɌɉɊ       

 . 1 74,1 0,2 14,82 ɤВАɪ;ɪ ɌɉQ      

 2 2
. 1 74,1 14,82 75,57 ɤВА.ɪ ɌɉS      

 Ʉɪɨɦɟ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ . 1 75,57 ɤВАɪ ɌɉS    ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ 
ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ȼɅ-0,38 ɤȼ – 6%. 
 . . 1 1,06 75,57 80,1 ɤВА.ɪ ɦɌɉS      

 Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɱɟɬ ɜɟɞɟɬɫɹ ɢ ɞɥɹ ɨɫɬɚɥɶɧɵɯ Ɍɉ, ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 
ɫɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 2.3. 
 
Ɍɚɛɥɢɰɚ 2.3 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɨ Ɍɉ 

№ ɩɨ 
ɩɥɚɧɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɨɬɪɟɛɢɬɟɥɹ Ʉɨ

ɥ-
ɜɨ

 Ʉɨɷɮɮɢɰɢɟɧɬ 
ɨɞɧɨɜɪɟɦ., 

ɨК  

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɦɨɳɧɨɫɬɢ, 

tg  

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɭɱɚɫɬɢɹ ɜ 

ɦɚɤɫɢɦɭɦɟ, 
 

Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ 
ɚɤɬɢɜɧɚɹ, 

ɪP  

ɤȼɬ 

ɪɟɚɤɬɢɜɧɚɹ, 

ɪQ  

ɤȼɚɪ 

ɉɨɥɧɚɹ, 

ɪS  

ɤȼȺ 
Ɍɉ-1 

1-19 
ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ 
ɨɞɧɨɤɜɚɪɬɢɪɧɵɟ 
ɠɢɥɵɟ ɞɨɦɚ 

19 0,26 0,2 1 74,1 14,82 75,57 

ɂɬɨɝɨ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ 6%: 80,1 
Ɍɉ-2 

20-60 
ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ 
ɨɞɧɨɤɜɚɪɬɢɪɧɵɟ 
ɠɢɥɵɟ ɞɨɦɚ 

40 0,4 0,2 1 120 24 122,38 

ɂɬɨɝɨ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ 6%: 129,72 
Ɍɉ-3 

Ƚ Ɇɨɞɭɥɶɧɚɹ ɤɨɬɟɥɶɧɚɹ 1 1 0,75 1 600,00 450,00 750,00 
Ⱥ ɋɪɟɞɧɹɹ ɲɤɨɥɚ 1 1 0,33 0,8 112,50 37,13 118,47 

ɂɬɨɝɨ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ 6%: 895,46 
Ɍɉ-4 

61-79 
ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ 
ɨɞɧɨɤɜɚɪɬɢɪɧɵɟ 
ɠɢɥɵɟ ɞɨɦɚ 

25 0,24 0,2 0,5 45 9 45,89 

ȼ 
Ɉɛɳɟɫɬɜɟɧɧɨ-
ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɣ 
ɬɨɪɝɨɜɵɣ ɰɟɧɬɪ 

1 1 0,75 1 264 198 330 

ɂɬɨɝɨ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ 6%: 398,44 

  

iК
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.3 
Ɍɉ-5 

№ ɩɨ 
ɩɥɚɧɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
         ɩɨɬɪɟɛɢɬɟɥɹ Ʉɨ

ɥ-
ɜɨ

 Ʉɨɷɮɮɢɰɢɟɧɬ 
ɨɞɧɨɜɪɟɦ., 

ɨК  

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɦɨɳɧɨɫɬɢ, 

tg  

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɭɱɚɫɬɢɹ ɜ 

ɦɚɤɫɢɦɭɦɟ, 
 

Ɋɚɫɱёɬɧɚɹ ɧɚɝɪɭɡɤɚ 

 
ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ 
ɨɞɧɨɤɜɚɪɬɢɪɧɵɟ 
ɠɢɥɵɟ ɞɨɦɚ 

29 

0,21 0,2 1 

ɚɤɬɢɜɧɚɹ, 

ɪP  

ɤȼɬ 

ɪɟɚɤɬɢɜɧɚɹ, 

ɪQ  

ɤȼɚɪ 

ɉɨɥɧɚɹ, 

ɪS  

ɤȼȺ 
ɂɬɨɝɨ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ 6%: 98,75 

Ɍɉ-6 

 
ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ 
ɨɞɧɨɤɜɚɪɬɢɪɧɵɟ 
ɠɢɥɵɟ ɞɨɦɚ 

17 0,26 0,2 1 66,3 13,26 67,61 

Ȼ 
ɋɩɨɪɬɢɜɧɨ-
ɨɡɞɨɪɨɜɢɬɟɥɶɧɵɣ 
ɤɨɦɩɥɟɤɫ 

1 1 0,62 0,6 19,2 11,9 22,59 

ɂɬɨɝɨ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ 6%: 95,62 
Ɍɉ-7 

 
ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ 
ɨɞɧɨɤɜɚɪɬɢɪɧɵɟ 
ɠɢɥɵɟ ɞɨɦɚ 

31 0,21 0,2 1 97,65 19,53 99,58 

ɂɬɨɝɨ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ 6%: 105,56 
Ɍɉ-8 

 
ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ 
ɨɞɧɨɤɜɚɪɬɢɪɧɵɟ 
ɠɢɥɵɟ ɞɨɦɚ 

17 0,26 0,2 1 66,3 13,26 67,61 

ɂɬɨɝɨ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ 6%: 71,67 

 

 Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɦɟɫɬ ɭɫɬɚɧɨɜɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ 
ɩɨɞɫɬɚɧɰɢɣ. Ʉɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɨɜ ɧɚɝɪɭɡɤɢ ɩɨɫɟɥɤɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɬɞɟɥɶɧɨ ɞɥɹ 
ɞɧɟɜɧɨɣ ɢ ɜɟɱɟɪɧɟɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɩɨ ɜɵɪɚɠɟɧɢɹɦ: 

1
0

1

;

n

i i
i

n

i
i

Ɋ х
Х
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
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     (2.9) 
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i
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S










 (2.10) 

 ɝɞɟ iɊ  – ɩɨɥɧɚɹ ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɩɨɬɪɟɛɢɬɟɥɹ, ɤȼȺ; 
 iх , iy  – ɚɛɫɰɢɫɫɚ ɢ ɨɪɞɢɧɚɬɚ ɜɜɨɞɚ i – ɬɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ ɩɨ ɤɨɨɪɞɢɧɚɬɧɨɣ 
ɫɟɬɤɟ. 
 Ʉɨɨɪɞɢɧɚɬɵ ɩɨɥɭɱɟɧɧɨɣ ɬɨɱɤɢ ɨɩɪɟɞɟɥɹɸɬ ɰɟɧɬɪ ɧɚɝɪɭɡɤɢ ɩɨɫɟɥɤɚ, ɝɞɟ 
ɛɭɞɟɬ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɄɌɉ-10/0,4 ɤȼ. 
 ɇɚɣɞɟɦ ɤɨɨɪɞɢɧɚɬɵ ɦɟɫɬɚ ɭɫɬɚɧɨɜɤɢ ɩɨɞɫɬɚɧɰɢɢ. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 
ɡɚɧɨɫɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 2.4. 

iК
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Ɍɚɛɥɢɰɚ 2.4 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ Ɍɉ-1 
№  

ɩɨɬɪɟɛɢɬɟɥɹ 
Р,  

ɤȼȺ 
Х,  
ɦɦ 

Y,  
ɦɦ 

РiXi РiYi 

1 2 3 4 5 6 
88 15 134,7 365,8 2020,5 5487 
86 15 149,1 365,7 2236,5 5485,5 
84 15 164,5 365,7 2467,5 5485,5 
82 15 179,6 365,7 2694 5485,5 
80 15 195,2 364,4 2928 5466 
78 15 208,8 364,4 3132 5466 
76 15 224,1 365,7 3361,5 5485,5 
74 15 238,7 365,6 3580,5 5484 
72 15 254 365,6 3810 5484 
70 15 269,8 364,8 4047 5472 
68 15 283,5 364,8 4252,5 5472 
66 15 323,1 360 4846,5 5400 
64 15 336,7 360 5050,5 5400 
62 15 352,2 361,8 5283 5427 
60 15 367,3 361,6 5509,5 5424 
58 15 382 361,3 5730 5419,5 
56 15 398,4 360,6 5976 5409 
55 15 414,6 360,2 6219 5403 
54 15 431,6 360 6474 5400 

 
∑Ɋi 

  
∑ɊiXi ∑ɊiYi 

 
285 

  
79618,5 103555,5 

 

 ɉɨ ɮɨɪɦɭɥɚɦ (2.9) ɢ (2.10) ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɞɥɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ Ɍɉ-1: 
 ∑Рi=285 ɤȼȺ; 

 ∑РiXi=79618,5;    

 ∑РiYi=103555,5; 

 1

79618 5
279 36 мм;

285Ɍɉ
,

X ,    

 1

103555 5
363 35 мм.

285ɌɉY
,

,   

 Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ 
ɩɨɞɫɬɚɧɰɢɣ Ɍɉ-2,3,4,5,6,7,8. 
 ɉɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɚɪɯɢɬɟɤɬɭɪɧɨ-ɩɥɚɧɢɪɨɜɨɱɧɵɦ ɨɬɞɟɥɨɦ ɢ ɩɨɫɟɥɤɨɜɵɦ 
ɫɨɜɟɬɨɦ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞɫɬɚɧɰɢɢ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɦɨɠɧɨ 
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ɭɫɬɚɧɨɜɢɬɶ ɫ ɪɚɫɱɟɬɧɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɢɜɨɞɹɬɫɹ ɜ 
ɬɚɛɥɢɰɟ 2.5. 
 
Ɍɚɛɥɢɰɚ 2.5 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɤɨɨɪɞɢɧɚɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ 
ɩɨɞɫɬɚɧɰɢɣ  

№ ɄɌɉ 
ɧɚ ɩɥɚɧɟ 

Ʉɨɨɪɞɢɧɚɬɵ 
X , ɦɦ Y , ɦɦ 

Ɍɉ-1 279,36 363,35 
Ɍɉ-2 292,11 316,60 
Ɍɉ-3 316,11 253,87 
Ɍɉ-4 193,94 253,42 
Ɍɉ-5 181,44 151,62 
Ɍɉ-6 371,22 121,14 
Ɍɉ-7 179,50 84,30 
Ɍɉ-8 175,80 28,40 

 

 ɉɨɬɪɟɛɢɬɟɥɢ ɦɢɤɪɨɪɚɣɨɧɚ «Ɂɚɩɚɞɧɵɣ» ɨɬɧɨɫɹɬɫɹ ɤ  3 ɤɚɬɟɝɨɪɢɢ 
ɧɚɞɟɠɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɟɣ 3 ɤɚɬɟɝɨɪɢɢ (ɠɢɥɵɟ ɞɨɦɚ ɢ ɫɩɨɪɬɢɜɧɨ-
ɨɡɞɨɪɨɜɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ) ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ Ɍɉ ɫ ɨɞɧɢɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ, ɚ 
ɞɥɹ 2 ɤɚɬɟɝɨɪɢɢ (ɲɤɨɥɚ ɢ ɤɨɬɟɥɶɧɚɹ) – ɞɜɭɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɚɹ Ɍɉ.  
 Ⱦɥɹ ɩɢɬɚɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɞɚɧɧɨɝɨ ɦɢɤɪɨɪɚɣɨɧɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɤ 
ɭɫɬɚɧɨɜɤɟ ɤɨɦɩɥɟɤɬɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞɫɬɚɧɰɢɢ 10/0,4 ɤȼ. 
 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

.
. ,  ɤВА.ɪ ɦɚɤɫ
ɧ ɬɪ

ɡ

S
S

n k



  (2.11) 

ɝɞɟ n  - ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ Ɍɉ;  

 ɡk  - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
 Ⱦɥɹ I ɤɚɬɟɝɨɪɢɢ  ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ (ɗɉ) 0,6 0,7.ɡk    

 Ⱦɥɹ II ɤɚɬɟɝɨɪɢɹ ɗɉ: 0,7 0,8.ɡk    

 Ⱦɥɹ III ɤɚɬɟɝɨɪɢɹ ɗɉ: 0,9 0,95.ɡk    
 Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɚɛɥɢɱɧɵɦ ɞɚɧɧɵɦ: 

.

.

1,4.ɪ ɦɚɤɫ
ɩɟɪ

ɧ ɬɪ

S
k

S
    (2.12) 

 Ɉɩɪɟɞɟɥɹɟɸɬɫɹ ɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɩɨ ɮɨɪɦɭɥɟ: 
2

.
. .

.

,  ɤВɬ;ɪ ɦɚɤɫ
ɬɪ ɤ ɡ х х

ɧ ɬɪ

S
P P P

S

 
       





  (2.13) 

ɝɞɟ .ɤ ɡP  – ɩɨɬɟɪɢ ɄɁ; 

.х хP  – ɩɨɬɟɪɢ ɏɏ; 
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 .ɧ ɬɪS  – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
 Ɉɩɪɟɞɟɥɹɸɬɫɹ ɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɩɨ ɮɨɪɦɭɥɚɦ: 

.
. В

100
,  ɤ Аɪ;х х

х ɧ ɬɪ
I

Q S     (2.14) 

2
..

.10
,  ɤВА ;

0
ɪɪ ɦɚɤɫɤ ɡ

ɬɪ х
ɧ ɬɪ

SU
Q Q

S

 
       

 
  (2.15) 

ɝɞɟ хQ  - ɩɨɬɟɪɢ ɧɚ ɧɚɦɚɝɧɢɱɟɜɚɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 

 .ɤ ɡU  - ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 
 Ɉɩɪɟɞɟɥɹɸɬɫɹ ɩɨɥɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɩɨ ɮɨɪɦɭɥɟ: 

2 2 ,  ɤВА.ɬɪ ɬɪ ɬɪS P Q       (2.16) 

 Ɉɩɪɟɞɟɥɹɟɬɫɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɬɨɪɨɧɟ ȼɇ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɩɨ ɮɨɪɦɭɥɟ: 
,  ɤВА.ВНɌɉ ɥɢɧ ɬɪS S S      (2.17) 

 ɝɞɟ ɥɢɧS  - ɧɚɝɪɭɡɤɚ ɥɢɧɢɢ 0,4 ɤȼ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ. 
 ɉɨ ɮɨɪɦɭɥɚɦ (2.11) – (2.17) ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɞɥɹ ɄɌɉ-1. 
 Ɉɩɪɟɞɟɥɹɟɬɫɹ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 . 84,3 ɤВА.
1 0,

80,

9

1

5ɧ ɬɪS  


  

 ȼɵɛɢɪɚɟɬɫɹ ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɦɚɪɤɢ ɌɆȽ-100/10/0,4. 
 ɉɪɨɜɟɪɹɟɬɫɹ ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚ ɩɟɪɟɝɪɭɡɨɱɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ: 

 
84,3

 0,84;
100ɩɟɪk    

 0,84 1,4.  
 Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 

 
2

1,97 0,29 2,18 ɤВɬ;
1

80,1

00ɬɪP       
 

 

 
2,6

100 2,6 ɤВАɪ;
100хQ     

 
2

4,5
2,6 2,63 ɤВАɪ;

100 1

,

0

80 1

0ɬɪQ       
 

 

 2 22,18 2,63 3,41 ɤВА;ɬɪS     

 80,1 3,41 83,51 ɤВА.ВНɌɉS     
 Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɨɦɢɧɚɥɶɧɵɟ ɦɨɳɧɨɫɬɢ ɞɥɹ ɨɫɬɚɥɶɧɵɯ 
ɪɚɡɦɟɳɟɧɧɵɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɤɨɦɩɥɟɤɬɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ. 
 Ɋɟɡɭɥɶɬɚɬɵ ɫɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 2.6. 
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Ɍɚɛɥɢɰɚ 2.6 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɨɜ ɢ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ɍɉ 
ɉɚɪɚɦɟɬɪ Ɍɉ-1 Ɍɉ-2 Ɍɉ-3 Ɍɉ-4 Ɍɉ-5 Ɍɉ-6 Ɍɉ-7 Ɍɉ-8 
Sɧ.ɬɪ, ɤȼȺ 80,1 129,71 895,46 398,44 98,75 95,62 105,56 71,67 

kɩɟɪ 0,84 0,85 0,64 1,05 1,04 1,01 0,69 0,47 △Pɬɪ, ɤȼɬ 2,18 1,93 7,43 1,93 2,18 2,18 1,93 1,93 △Qɯ, ɤȼȺɪ 2,60 7,52 8,80 7,52 2,60 2,60 7,52 7,52 △Qɬɪ, ɤȼȺɪ 2,63 2,43 2,04 2,45 2,64 2,64 2,42 2,41 △Sɬɪ, ɤȼȺ 3,41 3,11 7,71 3,12 3,42 3,42 3,10 3,09 
SȼɇɌɉ, ɤȼȺ 83,51 132,82 903,17 401,56 102,17 99,04 108,66 74,76 

Ɇɚɪɤɚ ɌɆȽ- 
100 

ɌɆȽ- 
160 

ɌɆȽ- 
1000 

ɌɆȽ- 
400 

ɌɆȽ- 
160 

ɌɆȽ- 
100 

ɌɆȽ- 
160 

ɌɆȽ- 
100 

 
2.4 ȼɵɛɨɪ ɫɟɱɟɧɢя ɠɢɥ ɤɚɛɟɥя ɧɚ ɧɚɩɪяɠɟɧɢɟ 0,38 ɤȼ 
 
ɋɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ ȼɅɂ-0,38 ɤȼ ɩɨɞɛɢɪɚɟɦ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 

ɬɨɤɚ, ɡɚɪɚɧɟɟ ɪɚɫɫɱɢɬɚɜ ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɦɨɳɧɨɫɬɶ ɥɢɧɢɢ. 

ɗɤɜɢɜɚɥɟɧɬɧɭɸ ɦɨɳɧɨɫɬɶ ɦɚɝɢɫɬɪɚɥɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

,

l

lS

S
n

i
i

n

i
iɊАɋi

ЭКВ












1

1

2

 (2.18) 

ɝɞɟ ɊАɋiS  - ɪɚɫɱɟɬɧɚɹ ɩɨɥɧɚɹ ɧɚɝɪɭɡɤɚ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ, ɤȼȺ; 
li – ɞɥɢɧɚ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ, ɤɦ; 
ɗɤɜɢɜɚɥɟɧɬɧɵɣ ɥɢɧɟɣɧɵɣ ɬɨɤ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

,
3
ЭКВ

ЭКВ
Н

S
I

U



 (2.19) 

Ɉɩɪɟɞɟɥɹɸɬ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ ɦɚɝɢɫɬɪɚɥɢ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

,ЭКВ
Э

ЭК

I
F

j
  (2.20) 

ɝɞɟ ЭКj  - ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ, Ⱥ/ɦɦ2; 
ɉɨ ɡɧɚɱɟɧɢɸ FЭКВ – ɜɵɛɢɪɚɟɬɫɹ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ.  
ɋɨɝɥɚɫɧɨ ɉɍɗ, ɧɟ ɦɟɧɟɟ 50 ɦɦ2 ɞɥɹ ɨɫɧɨɜɧɨɣ ɦɚɝɢɫɬɪɚɥɢ ɢ 25 ɦɦ2 ɞɥɹ 

ɨɬɩɚɣɤɢ (ɞɥɹ ɋɂɉ), ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɥɢɦɚɬɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦɢ ɞɚɧɧɨɝɨ 
ɪɟɝɢɨɧɚ. 

ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ ɨɬɩɚɟɤ ɞɥɹ ȼɅɂ-0,38 ɤȼ ɨɩɪɟɞɟɥɹɸɬ ɩɨ 
ɜɵɪɚɠɟɧɢɸ: 

/

,
3

ɊАɋi
Э

Н ЭК

S
F

U j


 
 (2.21) 

 ɝɞɟ /
ɊАɋiS  - ɪɚɫɱɟɬɧɚɹ ɩɨɥɧɚɹ ɧɚɝɪɭɡɤɚ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ, ɤȼȺ. 

 ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ ɞɥɹ ȼɅɂ-0,38 №1 ɢ №2. 
 ɇɚ ɪɢɫɭɧɤɚɯ 2.1 – 2.2 ɢɡɨɛɪɚɠɟɧɵ ɪɚɫɱɟɬɧɵɟ ɫɯɟɦɵ ȼɅɂ-0,38 №1 ɢ №2. 
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Ɋɢɫɭɧɨɤ 2.1 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ȼɅɂ-0,38 Ʌ-1 

 
 Ʌ-1: Ʌɢɧɢɹ ɪɚɡɜɟɬɜɥɟɧɧɚɹ ɨɩɪɟɞɟɥɢɦ ɦɚɝɢɫɬɪɚɥɶ. 

 Ɇɚɝɢɫɬɪɚɥɶ ɩɨɬɪɟɛɢɬɟɥɟɣ: 1-8. 
 Ɉɩɪɟɞɟɥɢɦ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ ɞɥɹ ɦɚɝɢɫɬɪɚɥɢ: 
 

2 2 2 2

2 2 2 2

53,86 0,05 52,33 0,04 45,29 0,04 46,82 0,04

39,78 0,04 31,21 0,04 14,99 0,04 15,3 0,04
40,63 ɤВА.

0,05 0,04 0,08 0,04 0,08 0,08 0,08 0,08 0,04 0,08ЭКВS

       

        
 

        

 40,63
61,74 А;

3 0,38
ЭКВI  


 

 261,74
32,49 мм .

1,9ЭF    

 ɉɪɢɧɢɦɚɟɦ ɩɪɨɜɨɞ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɦɚɝɢɫɬɪɚɥɢ ɦɚɪɤɢ ɋɂɉ-5ɧɝ(4×70), ɫ 
ɭɱɟɬɨɦ ɩɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɞɚɧɧɨɝɨ ɪɟɝɢɨɧɚ. 
 

 

Ɋɢɫɭɧɨɤ 2.2 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ȼɅɂ-0,38 Ʌ-2 

 

 Ʌ-2: Ʌɢɧɢɹ ɪɚɡɜɟɬɜɥɟɧɧɚɹ ɨɩɪɟɞɟɥɢɦ ɦɚɝɢɫɬɪɚɥɶ. 
 Ɇɚɝɢɫɬɪɚɥɶ ɩɨɬɪɟɛɢɬɟɥɢ: 1-8. 
 Ɉɩɪɟɞɟɥɹɟɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ ɞɥɹ ɦɚɝɢɫɬɪɚɥɢ: 
 32,19 ɤВА;ЭКВS   

 32,19
48,91 А;

3 0,38
ЭКВI  


 

 248,91
25,74 мм ;

1,9ЭF    

 ɉɪɢɧɢɦɚɟɦ ɩɪɨɜɨɞ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɦɚɝɢɫɬɪɚɥɢ ɦɚɪɤɢ ɋɂɉ-5ɧɝ(4×70), ɫ 
ɭɱɟɬɨɦ ɩɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɞɚɧɧɨɝɨ ɪɟɝɢɨɧɚ. 
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 ɉɪɨɜɟɪɤɚ ɜɵɛɪɚɧɧɵɯ ɫɟɱɟɧɢɣ ɠɢɥ ɧɚ ɫɨɨɬɜɟɬɫɬɜɢɟ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 
32144-2013 ɤ ɤɚɱɟɫɬɜɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ (ɧɚɩɪɹɠɟɧɢɸ) ɭ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɨɫɟɥɤɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɪɟɚɥɶɧɵɦ ɩɨɬɟɪɹɦ ɧɚɩɪɹɠɟɧɢɹ ɜ ɥɢɧɢɢ ΔU, ɫ 
ɞɨɩɭɫɬɢɦɵɦɢ ɩɨɬɟɪɹɦɢ ΔUɞɨɩ. 
 Ⱦɥɹ ɜɫɟɯ ɭɱɚɫɬɤɨɜ ɫɟɬɢ 0,4 ɤȼ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɜɨɥɶɬɚɯ ɢ ɜ ɩɪɨɰɟɧɬɚɯ 
ɫɥɟɞɭɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɩɨ ɮɨɪɦɭɥɚɦ: 
  

,
U

l)sinxcosr(S
U

Н

iооɊАɋi 


  (2.22) 

,%
U

U
U

Н
100

  (2.23) 

ɝɞɟ ɊАɋiS  - ɪɚɫɱɟɬɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ I – ɝɨ ɭɱɚɫɬɤɚ, ɤȼ∙Ⱥ; 

li – ɞɥɢɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ, ɤɦ; 
ro, xо – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɢ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ, Ɉɦ/ɤɦ; 
 cosφ, sinφ – ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɚɡɨɜɨɦɭ 
ɫɞɜɢɝɭ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧɢɹ. 
 ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ȼɅɂ-0,38 №1: 
 .2

53,86 (0,868 0,98 0,087 0,20) 0,05
6,04 В;

0,38Ɍɉ ɨɩU 
    

    

 .2
6,04

100 1,59 %.
380Ɍɉ ɨɩU      

 Ⱥɧɚɥɨɝɢɱɧɨ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɞɪɭɝɢɯ ɭɱɚɫɬɨɤ 
ȼɅɂ-0,38 ɤȼ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɡɚɧɨɫɹɬɫɹ ɜ ɬɚɛɥ.№2.7. 
 Ɋɚɫɱɟɬ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɥɢɧɢɣ ɜɵɩɨɥɧɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ, ɞɚɧɧɵɟ ɪɚɫɱɟɬɚ 
ɫɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɟ 2.7. 
 

Ɍɚɛɥɢɰɚ 2.7 – Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ȼɅɂ-0,38 ɤȼ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɭɱɚɫɬɤɚ ȼɅ 

Ⱦɥɢɧɚ 
ɭɱɚɫɬɤɚ, ɤɦ 

Ɇɨɳɧɨɫɬɶ, 
ɬɟɤɭɳɚɹ ɩɨ 

ɭɱɚɫɬɤɭ, ɤȼ∙Ⱥ 

ɉɚɞɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɧɚ 

ɭɱɚɫɬɤɟ, ȼ 

Ɉɬɤɥɨɧɟɧɢɟ ɨɬ 
ɧɨɦɢɧɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ, % 

ȼɅɂ-0,38 ɤȼ №1 
Ɍɉ-ɨɩ.2 0,050 53,86 3,09 0,81 
ɨɩ.2-3 0,040 52,33 2,40 0,63 
ɨɩ.3-4 0,040 45,29 2,08 0,55 
ɨɩ.4-5 0,040 46,82 2,15 0,57 
ɨɩ.5-6 0,040 39,78 1,83 0,48 
ɨɩ.6-7 0,040 31,21 1,43 0,38 
ɨɩ.7-8 0,040 14,99 0,69 0,18 
ɨɩ.8-9 0,040 15,30 0,70 0,18 

ɋɭɦɦɚɪɧɚɹ ɩɨɬɟɪɹ ɧɚɩɪɹɠɟɧɢɹ ɜ, ȼ; % 14,4 3,8 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.7 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɭɱɚɫɬɤɚ ȼɅ 

Ⱦɥɢɧɚ 
ɭɱɚɫɬɤɚ, ɤɦ 

Ɇɨɳɧɨɫɬɶ, 
ɬɟɤɭɳɚɹ ɩɨ 

ɭɱɚɫɬɤɭ, ɤȼ∙Ⱥ 

ɉɚɞɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɧɚ 

ɭɱɚɫɬɤɟ, ȼ 

Ɉɬɤɥɨɧɟɧɢɟ ɨɬ 
ɧɨɦɢɧɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ, % 

ȼɅɂ-0,38 ɤȼ №2 
Ɍɉ-ɨɩ.3 0,065 45,29 3,38 0,89 
ɨɩ.3-4 0,040 46,82 2,15 0,57 
ɨɩ.4-5 0,040 38,25 1,75 0,46 
ɨɩ.5-6 0,040 38,25 1,75 0,46 
ɨɩ.6-7 0,040 29,99 1,38 0,36 
ɨɩ.7-8 0,040 22,03 1,01 0,27 

ɋɭɦɦɚɪɧɚɹ ɩɨɬɟɪɹ ɧɚɩɪɹɠɟɧɢɹ ɜ, ȼ; % 11,42 3,01 
 
 ɉɨ ɜɵɱɢɫɥɟɧɢɹɦ, ɜɟɥɢɱɢɧɚ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ȼɅ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 32144-2013, ɢ ɧɟ ɩɪɟɜɵɲɚɟɬ +/-10% ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ. 
 ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɪɧɨ, ɜɵɛɪɚɧɵ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ ȼɅɂ-0,38 ɤȼ. 
 

 2.5 Ɋɚɫɱɟɬ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 10 ɤȼ 
 
 Ⱦɥɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɦɢɤɪɨɪɚɣɨɧɚ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɜɨɞɧɢɤɨɜ     
ȼɅ-10 ɤȼ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɨɜɨɞ ɋɂɉ-3. ɉɪɨɜɨɞɧɢɤ ɢɦɟɟɬ ɢɡɨɥɹɰɢɨɧɧɵɣ ɩɨɤɪɨɜ 
ɢɡ ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɢ. 
 Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɜɚ ɜɚɪɢɚɧɬɚ ɫɯɟɦɵ ɩɢɬɚɧɢɹ Ɍɉ ɧɚɩɪɹɠɟɧɢɟɦ 10 ɤȼ. 
 ɇɚ ɪɢɫɭɧɤɟ 2.3 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɩɢɬɚɧɢɹ Ɍɉ ɩɨ ɪɚɞɢɚɥɶɧɨ-ɦɚɝɢɫɬɪɚɥɶɧɨɣ 
ɫɯɟɦɟ.  

 

Ɋɢɫɭɧɨɤ 2.2 – Ɋɚɫɱɟɬɧɚɹ ɦɚɝɢɫɬɪɚɥɶɧɚɹ ɫɯɟɦɚ ȼɅ-10 ɤȼ  
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 ɉɪɨɜɨɞ ɧɚ ɭɱɚɫɬɤɟ ɥɢɧɢɣ ɊɌɉ - Ɍɉ-1 - Ɍɉ-2 - Ɍɉ-3 - Ɍɉ-6 ɹɜɥɹɟɬɫɹ 

ɦɚɝɢɫɬɪɚɥɶɧɵɦ ɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 

 Ɋɚɛɨɱɢɣ ɬɨɤ: 
 I˓ =  SВʜʡʞn ∗ √͵ ∗ Uː (2.24) 

 ɝɞɟ Sɪ.ɦɚɤɫ - ɦɚɤɫɢɦɚɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɥɢɧɢɢ, ɤȼȺ; 
 n - ɤɨɥɢɱɟɫɬɜɨ ɥɢɧɢɣ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ; 
 Uɧ - ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ, ɤȼ. 
 ɉɪɢɦɟɱɚɧɢɟ: Iɪ ≤ Iɞɥ.ɞɨɩ 

 Ɋɚɫɫɱɢɬɵɜɚɟɦ ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɬɨɤ ɦɚɝɢɫɬɪɚɥɢ ɩɨ ɮɨɪɦɭɥɟ: 
 𝐼эˍ˅ = √𝐼˓ଵଶ ∗ 𝐿ଵ + 𝐼˓ଶଶ ∗ 𝐿ଶ + 𝐼˓ଷଶ ∗ 𝐿ଷ + 𝐼˓଺ଶ ∗ 𝐿଺𝐿ଵ + 𝐿ଶ + 𝐿ଷ + 𝐿଺  (2.25) 

 ɉɪɨɢɡɜɨɞɢɦ ɪɚɫɱɟɬ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ ɩɨ ɮɨɪɦɭɥɟ: 
 Fэˍ = Iэˍ˅jэˍ  (2.26) 

 ɝɞɟ jɷɤ - ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ jɷɤ = 1,4 
 ɉɪɨɜɟɪɹɟɦ ɩɨ ɭɫɥɨɜɢɸ ɧɚɝɪɟɜɚ. Ɉɩɪɟɞɟɥɢɦ ɬɨɤ ɩɨɫɥɟɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɚ 
ɩɨ ɮɨɪɦɭɥɟ: 
 I˒˃˓ =  SВʜʡʞ√͵ ∗ Uː (2.27) 

 ɉɪɨɢɡɜɨɞɢɦ ɩɪɨɜɟɪɤɭ ɜɵɛɪɚɧɧɵɯ ɩɪɨɜɨɞɨɜ ɩɨ ɩɨɬɟɪɹɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 
ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ ɥɢɧɢɢ ɩɨ ɮɨɪɦɭɥɚɦ: 
  △ U = ∑SВʜʡʞ ∗ ∑L ∗ ሺr଴ ∗ cosφ + x଴sinφሻUː  (2.28) 

 ɝɞɟ L – ɞɥɢɧɧɚ ɭɱɚɫɬɤɚ, ɤɦ; 
 r0 ɢ x0 – ɚɤɬɢɜɧɨɟ ɢ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 1ɤɦ ɩɪɨɜɨɞɚ, Ɉɦ/ɤɦ. 
 cosφ =  rz; sinφ =  xz; (2.29) 
 ɝɞɟ z -ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɚ 
 z = √rଶ + xଶ △ U% = △ U ∗ ͳͲͲUː  

(2.30) 
(2.31) 

 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 
 △ S = SВʜʡʞଶ√͵ ∗ Uଶː ∗ R (2.32) 

 ɝɞɟ SȼɇɌɉ – ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ Ɍɉ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ, ɤȼ;  
 R - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ, Ɉɦ 
 ܴ = 𝐿 ∗ √𝑟଴ଶ + 𝑥଴ଶ (2.33) 

 r0 – ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɚ, Ɉɦ/ɤɦ;  
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 x0 - ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɚ, Ɉɦ/ɤɦ;  
 L – ɞɥɢɧɧɚ ɭɱɚɫɬɤɚ, ɤɦ. 
 Ɉɩɪɟɞɟɥɹɟɦ ɨɛɳɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɲɢɧɚɯ 10 ɤȼ ɊɌɉ: 
 Sɪɬɩ = ∑SȼɇɌɉ + △Sɥɢɧ (2.34) 
 Ɋɚɫɱɟɬ: 
 I˓ଵ =  ଼ଷ,ହଵଵ∗√ଷ∗ଵ଴ = 4,82 Ⱥ; I˓ଶ =  ଵଷଶ,଼ଶଵ∗√ଷ∗ଵ଴ = 7,67 Ⱥ; I˓ଷ =  ଽ଴ଷ,ଵ଻ଵ∗√ଷ∗ଵ଴ = 52,15 Ⱥ; I˓଺ =  ଽଽ,଴ସଵ∗√ଷ∗ଵ଴ = 5,72 Ⱥ. 

2. 𝐼эˍ˅ = √ସ,଼ଶమ∗଴,ଷଶ଺+଻,଺଻మ∗଴,ଵ଼ହ+ହଶ,ଵହమ∗଴,ଵ଻+ହ,଻ଶమ∗଴,ଵଶ଴,ଷଶ଺+଴,ଵ଼ହ+଴,ଵ଻+଴,ଵଶ  = 22,04 Ⱥ. 

3. Fэˍ = ଶଶ,଴ସଵ,ସ  = 15,74 ɦɦ2. 

 ɋɨɝɥɚɫɧɨ ɉɍɗ ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ ɩɨ ɭɫɥɨɜɢɹɦ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɞɥɹ II  ɪɚɣɨɧɚ ɩɨ ɝɨɥɨɥɟɞɭ ɩɪɢɧɢɦɚɟɬɫɹ 70 ɦɦ2.  
 ȼɵɛɢɪɚɟɬɫɹ ɩɪɨɜɨɞ ɦɚɪɤɢ ɋɂɉ-3(1ɯ70).   
 r0 = 0,493 Ɉɦ/ɤɦ; x0 = 0,1 Ɉɦ/ɤɦ. I˒˃˓ =  ଵଶଵ଼,ହସ√ଷ∗ଵ଴  = 70,35 Ⱥ 

310 Ⱥ > 70,35 Ⱥ. 
 △ U = ଴,଼∗ଵଶଵ଼,ହସ∗ሺ଴,ସଽଷ∗଴,ଽ଼+଴,ଵ∗଴,ଶሻଵ଴ = Ͷͻ,ͳͳ В 

 △ U% = ସଽ,ଵଵ∗ଵ଴଴ଵ଴଴଴଴ = Ͳ,Ͷͻ % 

 ܴ = Ͳ,ͺ ∗ √Ͳ,Ͷͻ͵ଶ + Ͳ,ͳଶ = 0,4 Ɉɦ/ɤɦ △ S = ଵଶଵ଼.ହସమ√ଷ∗ଵ଴మ ∗ Ͳ,Ͷ = 3,45 ɤȼȺ 

SɊɌɉ = 1218,54+3,45 = 1221,99 ɤȼȺ 
 

Ɍɚɛɥɢɰɚ 2.8 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɦɚɝɢɫɬɪɚɥɢ 

Ʌɢɧɢɹ Iɷɤɜ, Ⱥ Iɩɚɪ, Ⱥ △U, ȼ △U, % △S, ɤȼȺ Sɪɬɩ, ɤȼȺ 

Ɍɉ-1-Ɍɉ-2-Ɍɉ-3-Ɍɉ-6 22,04 70,35 49,11 0,49 3,45 1221,99 

Ɍɉ-4-Ɍɉ-5-Ɍɉ-7-Ɍɉ-8 13,83 39,67 27,14 0,27 1,07 688,23 
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3 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢя 
 
3.1 ȼɵɫɨɤɨɜɨɥɶɬɧɨɟ ɢ ɧɢɡɤɨɜɨɥɶɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

 
 ȼɵɤɥɸɱɚɬɟɥɢ: 
 ɍɫɥɨɜɢɹ ɧɟɨɯɨɞɢɦɵɟ ɞɥɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɜɵɤɥɸɱɚɬɟɥɹ: 
 ɉɨ ɧɚɩɪɹɠɟɧɢɸ: 
 Uɧɨɦ ≥ Uɫɟɬɢ (2.35) 
 ɉɨ ɬɨɤɭ: 
 Iɧɨɦ ≥ Iɪ 

Iɨɬɤɥ.ɧɨɦ ≥ Iɩɨ 
(2.36) 
(2.37) 

 ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ: 
 iɞɢɧ ≥ iɭɞ (2.38) 
 Ⱦɚɧɧɵɦ ɭɫɥɨɜɢɹɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɵɤɥɸɱɚɬɟɥɶ ȼȼɌɗ - 10-10/630 ɍ2. 
 

Ɍɚɛɥɢɰɚ 2.9 – Ɋɟɡɭɥɶɬɚɬ ɜɵɛɨɪɚ ɜɵɤɥɸɱɚɬɟɥɹ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɉɪɨɜɟɪɤɚ 

1 2 3 

Uɫɟɬɢ =10 ɤȼ Uɧɨɦ =10 ɤȼ Uɧɨɦ ≥ Uɫɟɬɢ 

Iɪɚɛ.ɦɚɤɫ = 70,35 Ⱥ Iɧɨɦ = 630 Ⱥ Iɧɨɦ ≥ Iɪ 

Iɩɨ = 140,7 ɤȺ Iɨɬɤ.ɧɨɦ = 10 ɤȺ Iɨɬɤɥ.ɧɨɦ ≥ Iɩɨ 

iɭɞ = 1,6 ɤȺ Iɞɢɧ = 25 ɤȺ iɞɢɧ ≥ iɭɞ 

 

 Ɋɚɡɴɟɞɢɧɢɬɟɥɢ: 
 ɍɫɥɨɜɢɹ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ: 
 ɉɨ ɧɚɩɪɹɠɟɧɢɸ: 
 Uɧɨɦ ≥ Uɫɟɬɢ (2.39) 
 ɉɨ ɬɨɤɭ: 
 Iɧɨɦ ≥ Iɪ (2.40) 
 ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ: 
 iɞɢɧ ≥ iɭɞ (2.41) 
 Ⱦɚɧɧɵɦ ɭɫɥɨɜɢɹɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊɅɇȾ-1-10/400ɍ1. 
 Ⱦɚɧɧɵɣ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɩɨɞɯɨɞɢɬ ɞɥɹ ɜɫɟɯ ɩɪɨɟɤɬɢɪɭɟɦɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ. 
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Ɍɚɛɥɢɰɚ 2.10 – Ɋɟɡɭɥɶɬɚɬ ɜɵɛɨɪɚ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɉɪɨɜɟɪɤɚ 

Uɫɟɬɢ =10 ɤȼ Uɧɨɦ =10(12) ɤȼ Uɧɨɦ ≥ Uɫɟɬɢ 

Iɪɚɛ.ɦɚɤɫ = 70,35 Ⱥ Iɧɨɦ = 400 Ⱥ Iɧɨɦ ≥ Iɪ 

iɭɞ = 1,6 ɤȺ Iɞɢɧ = 20 ɤȺ iɞɢɧ ≥ iɭɞ 

 

 ɉɪɟɞɨɯɪɚɧɢɬɟɥɢ: 
 ɍɫɥɨɜɢɟ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹ: 
 ɉɪɟɞɨɯɪɚɧɢɬɟɥɶ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ: 
 Iɧ.ɩɪ ≥ 2*Iɧ.ɬɪ (2.42) 
 ɝɞɟ Iɧ.ɩɪ - ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɩɥɚɜɤɨɣ ɜɫɬɚɜɤɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹ; Iɧ.ɬɪ - 
ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
 𝐼ː.˕˓ = ܵ˕˓√͵ ∗ ˅ܷː (2.43) 

 ɝɞɟ Sɬɪ - ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; Uɜɧ - ɧɚɩɪɹɠɟɧɢɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɣ 
ɫɬɨɪɨɧɵ. 
 Ɍɉ-1 𝐼ː.˕˓ = ଵ଴଴√ଷ∗ଵ଴ = 5,77 Ⱥ 

 Iɧ.ɩɪ = 2*5,77 = 11,54 Ⱥ 
 ɉɪɢɧɢɦɚɟɦ ɬɨɤ ɩɥɚɜɤɨɣ ɜɫɬɚɜɤɢ ɪɚɜɧɵɦ 16 Ⱥ. 
 Ⱦɚɧɧɵɦ ɭɫɥɨɜɢɹɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɵɤɥɸɱɚɬɟɥɶ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶ ɉɄɌ 101-
10-16-31,5-ɍ3 
 

Ɍɚɛɥɢɰɚ 2.11 – Ɋɟɡɭɥɶɬɚɬ ɜɵɛɨɪɚ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ 

Ɍɉ Ɇɚɪɤɚ Iɧ.ɩɪ, Ⱥ 
Ɍɉ-1 ɉɄɌ 101-10-16-31,5-ɍ3 11,55 
Ɍɉ-2 ɉɄɌ 101-10-20-31,5-ɍ3 18,48 
Ɍɉ-3 ɉɄɌ 101-10-160-31,5-ɍ3 115,47 
Ɍɉ-4 ɉɄɌ 101-10-50-31,5-ɍ3 46,19 
Ɍɉ-5 ɉɄɌ 101-10-20-31,5-ɍ3 18,48 
Ɍɉ-6 ɉɄɌ 101-10-16-31,5-ɍ3 11,55 
Ɍɉ-7 ɉɄɌ 101-10-20-31,5-ɍ3 18,48 
Ɍɉ-8 ɉɄɌ 101-10-16-31,5-ɍ3 11,55 
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Ɍɚɛɥɢɰɚ 2.12 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹ ɉɄɌ 

Ɍɢɩɨɢɫɩɨɥɧɟɧɢɟ 
ɇɨɦɢɧɚɥɶɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 

ɇɚɢɛɨɥɶɲɟɟ 
ɪɚɛɨɱɟɟ 

ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 

ɇɨɦɢɧɚɥɶɧɵɣ 
ɬɨɤ, Ⱥ 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ 
ɨɬɤɥɸɱɟɧɢɹ, ɤȺ 

ɉɄɌ101-10-
31,5ɍ3 

10 12 
2; 3,5; 5; 8; 10; 

16; 20 
31,5 

 

Ɉɝɪɚɧɢɱɢɬɟɥɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ: 
 ȼɵɛɢɪɚɟɦ Ɉɉɇ-10/11,5/10/1-ɍɏɅ1. 
 
Ɍɚɛɥɢɰɚ 2.13 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɉɉɇ-10/11,5/10/1-ɏɅ1 

ɉɨɤɚɡɚɬɟɥɶ 
Ʉɚɬɚɥɨɠɧɚɹ 

ɜɟɥɢɱɢɧɚ 
Ɋɚɫɱɟɬɧɚɹ 
ɜɟɥɢɱɢɧɚ 

ɍɫɥɨɜɢɹ 
ɜɵɛɨɪɚ 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
(ȼɇ), ɤȼ 

10 10 10 ≥ 10 

 

 Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ: 
 ɍɫɥɨɜɢɹ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
 ɉɨ ɧɚɩɪɹɠɟɧɢɸ: 
 Uɧɨɦ ≥ Uɫɟɬɢ (2.44) 
 ɉɨ ɬɨɤɭ: 
 Iɧɨɦ ≥ Iɪ (2.45) 
 ɉɨ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ: 
 iɞɢɧ ≥ iɭɞ (2.46) 
 Ⱦɚɧɧɵɦ ɭɫɥɨɜɢɹɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɅɄ-10 ɈɗɧɌ 
 Ⱦɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɩɨɞɯɨɞɢɬ ɞɥɹ ɜɫɟɯ ɩɪɨɟɤɬɢɪɭɟɦɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ. 
 

Ɍɚɛɥɢɰɚ 2.14 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɌɅɄ-10 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 10 
ɇɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, Ⱥ 5-2000 
ɇɨɦɢɧɚɥɶɧɵɣ ɜɬɨɪɢɱɧɵɣ ɬɨɤ, Ⱥ 5 
Ʉɨɥɢɱɟɫɬɜɨ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ 2 ɢɥɢ 3 ɢɥɢ 4 
ɇɨɦɢɧɚɥɶɧɚɹ ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɦɨɳɧɨɫɬɢ cosφ2=0,8, ȼ-Ⱥ: ɨɛɦɨɬɤɢ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɨɛɦɨɬɤɢ 
ɞɥɹ ɡɚɳɢɬɵ 

10 15 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɨɛɦɨɬɤɢ: ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɞɥɹ ɡɚɳɢɬɵ 
0,2S; 0,2; 0,5S; 

0,5 10Ɋ 
Ɍɨɤ ɨɞɧɨɫɟɤɭɧɞɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ 0,35 - 40 
Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ 1,54-100 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.14 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɪɟɞɟɥɶɧɚɹ ɤɪɚɬɧɨɫɬɶ ɨɛɦɨɬɤɢ ɞɥɹ ɡɚɳɢɬɵ 10 
ɇɨɦɢɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢɛɨɪɨɜ ɨɛɦɨɬɤɢ 
ɞɥɹ ɢɡɦɟɪɟɧɢɹ 

2-20 

 

 Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ: 
 ɍɫɥɨɜɢɹ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
 ɉɨ ɧɚɩɪɹɠɟɧɢɸ: 
 Uɧɨɦ ≥ Uɫɟɬɢ (2.47) 
 Ⱦɚɧɧɵɦ ɭɫɥɨɜɢɹɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɁɇɈɅ-10-ɍɏɅ2 

Ⱦɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɩɨɞɯɨɞɢɬ ɞɥɹ ɜɫɟɯ ɩɪɨɟɤɬɢɪɭɟɦɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ. 
 

Ɍɚɛɥɢɰɚ 2.15 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɬɟɪɢɫɬɢɤɢ ɁɇɈɅ-10 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɡɧɚɱɟɧɢɟ 
ɇɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ 7,2 ɤȼ, 12 ɤȼ, 17,5 ɤȼ 

ɇɚɩɪɹɠɟɧɢɟ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ 
6000/√3 ȼ, 6300/√3 ȼ, 6600/√3 ȼ, 

6900/√3 ȼ, 10000/√3 ȼ, 10500/√3 ȼ, 
11000/√3 ȼ, 13800/√3 ȼ, 15750/√3 ȼ 

ɇɚɩɪɹɠɟɧɢɟ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ 100 ȼ, 100/3 ȼ, 100/√3 ȼ 
ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 50 Ƚɰ, 60 Ƚɰ 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɨɫɧɨɜɧɨɣ ɜɬɨɪɢɱɧɨɣ 
ɨɛɦɨɬɤɢ 

0,2, 0,5, 1, 3 

ɋɯɟɦɚ ɢ ɝɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ 1/1/1-0-0, 1/1/1/1-0-0-0 
Ʉɥɢɦɚɬɢɱɟɫɤɨɟ ɢɫɩɨɥɧɟɧɢɟ 

(ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ) ɢ 
ɤɚɬɟɝɨɪɢɹ ɪɚɡɦɟɳɟɧɢɹ 

Ɍ2,  
ɍɏɅ2 

  

 ɇɚ ɫɬɨɪɨɧɟ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚɳɢɬɭ ɥɢɧɢɣ ɩɪɨɢɡɜɨɞɢɦ ɫ ɩɨɦɨɳɶɸ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ. 
ɍɫɥɨɜɢɹ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ: 
 Iɧ.ɪ > Iɥ 𝑘ч = 𝐼ˍ.ˊሺଵሻ𝐼ː.˓ > ͵ 

(2.48) 
(2.49) 

 ɝɞɟ Iɧ.ɪ - ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɚɫɰɟɩɢɬɟɥɹ;  
 Iɥ - ɪɚɛɨɱɢɣ ɬɨɤ ɥɢɧɢɢ;  
 kɱ - ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 
 Ɍɉ-1 
 Ʌɢɧɢɹ 1 
 Iɪ = 21,7 Ⱥ 
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 ȼɵɛɢɪɚɟɦ ȼȺ 88-32 
ଵଶହଶହ  

 𝑘ч = ଵଽଷ,ଶ଺ଶହ = ͹,͹ 

 7,7 > 3 
 Ʌɢɧɢɹ 2 
 Iɪ = 21,7 Ⱥ 

 ȼɵɛɢɪɚɟɦ ȼȺ 88-32 
ଵଶହଶହ  

 𝑘ч = ଵ଺ହ,ସ଻ଶହ = ͸,͸ʹ 

 6,62 > 3 
 Ʌɢɧɢɹ ɨɫɜɟɳɟɧɢɹ 
 Iɪ = 17,5 Ⱥ 

 ȼɵɛɢɪɚɟɦ ȼȺ 88-32 
ଵଶହଶ଴  

 𝑘ч = ଵ଺ଵ,ଵ଴ଶ଴ = ͺ,Ͳͷ 

 8,05 > 3. 
 Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɱɟɬ ɜɟɞɟɬɫɹ ɢ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɥɢɧɢ Ɍɉ. Ɋɟɡɭɥɶɬɚɬɵ 
ɫɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 2.16. 
 

Ɍɚɛɥɢɰɚ 2.16 – Ɋɟɡɭɥɶɬɚɬ ɜɵɛɨɪɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 

Ɍɉ Ʌɢɧɢɹ Ɇɚɪɤɚ Iɪ, Ⱥ kɱ Iɫɪ.ɡ, Ⱥ 

Ɍɉ-1 

Ʌɢɧɢɹ 1 ȼȺ 88-32 
ଵଶହଶହ  21,7 7,7 25 

Ʌɢɧɢɹ 2 ȼȺ 88-32 
ଵଶହଶହ  21,7 6,62 25 

Ʌɢɧɢɹ ɨɫɜ. ȼȺ 88-32 
ଵଶହଶ଴  17,5 8,05 20 

Ɍɉ-2 

Ʌɢɧɢɹ 1 ȼȺ 88-32 
ଵଶହଶ଴  16,7 9,4 20 

Ʌɢɧɢɹ 2 ȼȺ 88-32 
ଵଶହସ଴  32,3 7,4 40 

Ʌɢɧɢɹ 3 ȼȺ 88-32 
ଵଶହଶହ  22,8 10,3 25 

Ʌɢɧɢɹ 4 ȼȺ 88-32 
ଵଶହସ଴  31,8 6,8 40 

Ʌɢɧɢɹ ɨɫɜ. ȼȺ 88-32 
ଵଶହଵ଺  12,8 8,1 16 

Ɍɉ-3 
Ʌɢɧɢɹ 1 ȼȺ 88-32 

ଵଶହଷଶ  28,4 14,5 32 

Ʌɢɧɢɹ 2 ȼȺ 88-32 
ଵଶହଵଶହ 106,8 9,9 125 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.16 

Ɍɉ Ʌɢɧɢɹ Ɇɚɪɤɚ Iɪ, Ⱥ kɱ Iɫɪ.ɡ, Ⱥ 

Ɍɉ-4 

Ʌɢɧɢɹ 1 ȼȺ 88-32 
ଵଶହସ଴  39,3 6,05 40 

Ʌɢɧɢɹ 2 ȼȺ 88-32 
ଵଶହଶହ  21,7 6,3 25 

Ʌɢɧɢɹ 3 ȼȺ 88-32 
ଵଶହଶ଴  16,1 7,4 20 

Ʌɢɧɢɹ 4 ȼȺ 88-32 
ଵଶହଶ଴  17,93 9,7 20 

Ʌɢɧɢɹ ɨɫɜ. ȼȺ 88-32 
ଵଶହଵଶ,ହ 9,5 19,4 12,5 

Ɍɉ-5 

Ʌɢɧɢɹ 1 ȼȺ 88-32 
ଵଶହ଼଴  64,6 13,3 80 

Ʌɢɧɢɹ 2 ȼȺ 88-32 
ଵଶହ଼଴  64,6 12,9 80 

Ʌɢɧɢɹ ɨɫɜ. ȼȺ 88-32 
ଵଶହଵଶ,ହ 7,44 31,2 12,5 

Ɍɉ-6 

Ʌɢɧɢɹ 1 ȼȺ 88-32 
ଵଶହ଼଴  76 12,7 80 

Ʌɢɧɢɹ 2 ȼȺ 88-32 
ଵଶହହ଴  40,1 11,2 50 

Ʌɢɧɢɹ ɨɫɜ. ȼȺ 88-32 
ଵଶହଵଶ,ହ 9,42 16,3 12,5 

Ɍɉ-7 

Ʌɢɧɢɹ 1 ȼȺ 88-32 
ଵଶହହ଴  38,5 10,6 50 

Ʌɢɧɢɹ 2 ȼȺ 88-32 
ଵଶହ଼଴  78,4 12,6 80 

Ʌɢɧɢɹ ɨɫɜ. ȼȺ 88-32 
ଵଶହଵଶ,ହ 9,42 16,3 12,5 

Ɍɉ-8 

Ʌɢɧɢɹ 1 ȼȺ 88-32 
ଵଶହ଼଴  62,3 12,4 80 

Ʌɢɧɢɹ 2 ȼȺ 88-32 
ଵଶହହ଴  45,3 11,9 50 

Ʌɢɧɢɹ ɨɫɜ. ȼȺ 88-32 
ଵଶହଵଶ,ହ 9,42 16,3 12,5 

 
 3.2 Ɉɰɟɧɤɚ ɡɚɬɪɚɬ ɩɨ ɩɪɨɟɤɬɢɪɭɟɦɨɦɭ ɨɛɴɟɤɬɭ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ 

ɫɟɬɢ 10 ɤȼ 
 
 Ɋɚɫɱёɬ ɫɬɨɢɦɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ȼɅ-10 ɤȼ: 
 1. Ɍɟɯɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ȼɅ. 
 2. Ʉɨɥɢɱɟɫɬɜɨ ɥɢɧɢɣ – ɨɞɧɚ. 
 3. Mapɤa ɩɪɨɜɨɞɚ – ɋɂɉ-3. 



 

32 
 

 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢ ɨɰɟɧɤɚ ɡɚɬɪɚɬ ȼɅ 10 ɤȼ. 
 ɉɪɨɬɹɠёɧɧɨɫɬɶ ȼɅ-10 ɤȼ: 

L = 1,586 ɤɦ.   
 ɋɟɱɟɧɢɟ ɥɢɧɢɣ ɢ ɰɟɧɚ ɩɪɨɜɨɞɚ: 
 ɋɂɉ-3 3x70 = 93 ɬɵɫ.pɭ6/ɤɦ. 
  

Ɍɚɛɥɢɰɚ 2.17 – Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ȼɅ-10 ɤȼ 

ɋɨɫɬɚɜɥɹɸɳɢɟ ɡɚɬɪɚɬ Ɋɚɫɱёɬ ɡɚɬɪɚɬ 
ȼɟɥɢɱɢɧɚ 

ɡɚɬɪɚɬ, ɬɵɫ. pɭ6. 
ɂɬɨɝɨ 1,586·93 147,5 

ɋɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ȼɅ (c ɭɱёɬɨɦ ɡaɬpaɬ 

ɫɨɩɭɬɫɬɜɭɸɳɢɯ 
ɫɬɪɨɢɬɟɥɶɫɬɜɭ. 

147,5+(147,5·0,191) 175,673 

 

Ɋɚɫɱёɬ ɫɬɨɢɦɨɫɬɢ ɜɵɤɥɸɱɚɬɟɥɟɣ. 
 ȼɵɤɥɸɱɚɬɟɥɶ ȼȼɗ-M-P-10-20/630ɍXɅ2 – 179164 pɭ6 ɡɚ ɲɬ. 

ɮ. Ʌ-1: 1 ɲɬ. 
 ɮ. Ʌ-2: 1 ɲɬ. 
 
Ɍɚɛɥɢɰɚ 2.18 – Ɋɚɫɱёɬ ɡɚɬɪɚɬ ɧɚ ɜɵɤɥɸɱɚɬɟɥɢ 

ɋɨɫɬɚɜɥɹɸɳɢɟ 
ɡɚɬɪɚɬ 

Ʉɨɥ-ɜɨ, 
ɲɬ. 

ɐɟɧɚ ɡɚ 
ɟɞɢɧɢɰɭ 
ɬɵɫ. pɭ6. 

ȼɟɥɢɱɢɧɚ ɡɚɬɪɚɬ, ɬɵɫ. pɭ6. 

ɮ. Ʌ-1 1 179,164 179,164 

ɮ. Ʌ-2 1 179,164 179,164 

ɂɬɨɝɨ: 358,328 

 

 ɋɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɟ pa6oɬɵ: 
  534,001∙ Ͳ,ͳͻ ∙ ͷ,ͺͷ = ͷ͵ͻ,ͷͶʹ ˕ы˔. ˓˖˄., 
 ɝɞɟ 5,85 - ɢɧɞɟɤɫ ɢɡɦɟɧɟɧɢɹ ɫɦɟɬɧɨɣ ɫɬɨɢɦɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ 
pa6oɬ ɩɨ ɜɢɞɚɦ ɫɬɪɨɢɬɟɥɶɫɬɜ (6eɡ ɭɱёɬɚ ɇȾɋ). 
 O6opɭɞoɜaɧɢe: 
  534,001∙ Ͳ,͸ ∙ ͵,ͻͶ = ͳʹ͸ʹ,͵͹ͺ ˕ы˔. ˓˖˄., 
           ɝɞɟ 3,94 - ɢɧɞɟɤɫ ɢɡɦɟɧɟɧɢɹ ɫɦɟɬɧɨɣ ɫɬɨɢɦɨɫɬɢ o6opɭɞoɜaɧɢɹ (6eɡ ɭɱёɬɚ 
ɇȾɋ). 
           ɉɭɫɤɨɧɚɥɚɞɨɱɧɵɟ pa6oɬɵ: 
           534,001∙ Ͳ,ͲͶ ∙ ͳʹ,͸Ͷ = ʹ͸ͻ,ͻͻͳ ˕ы˔. ˓˖˄.,  
           ɝɞɟ 12,64- ɢɧɞɟɤɫ ɢɡɦɟɧɟɧɢɹ ɫɦɟɬɧɨɣ ɫɬɨɢɦɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ 
pa6oɬ ɩɨ ɜɢɞɚɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ (6eɡ ɭɱёɬɚ ɇȾɋ). 
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           ɉɪɨɱɢɟ ɡɚɬɪɚɬɵ: 
           534,001∙ Ͳ,ͳ͹ ∙ ͹,͹Ͷ = ͹Ͳʹ,͸͵ͻ ˕ы˔. ˓˖˄., 
           ɝɞɟ 7,74 - ɢɧɞɟɤɫ ɢɡɦɟɧɟɧɢɹ ɫɦɟɬɧɨɣ ɫɬɨɢɦɨɫɬɢ ɩɪɨɱɢɯ pa6oɬ ɢ ɡɚɬɪɚɬ 
(6eɡ ɭɱёɬɚ ɇȾɋ). 
 ȼɫɟɝɨ: 
 539,542+ͳʹ͸ʹ,͵͹ͺ + ʹ͸ͻ,ͻͻͳ + ͹Ͳʹ,͸͵ͻ = ʹͺʹͺ,ͷͷͲ ∙ ͳ,Ͳͻ =͵Ͳͺ͵,ͳͳͻ ˕ы˔. ˓˖˄. 
 ʗ˅ˎ = (ʗఈ + ʗ˓ + ʗ଴) ∙ К = ሺͲ,Ͳͳ + Ͳ,Ͳʹͷ + Ͳ,Ͳʹሻ ∙ ͳ͹ͷ,͸͹͵ =ͻ,͸͸ʹ ˕ы˔. ˓˖˄. 
 ʗ˅ыˍˎ = Ͳ,Ͳͻ͵ ∙ ͵ͷͺ,͵ʹͺ = ͵͵,͵ʹͷ ˕ы˔. ˓˖˄. 
 ʗʢ = ʹͷ͸,͸ ˕ы˔. ˓˖˄. 
 ʖІ = Ͳ,ͳʹ ∙ ͵Ͳͺ͵,ͳͳͻ ∙ ͳ,ͳͺ + ʹͷ͸,͸ ∙ ͳ,ͳͺ + Ͳ = ͹͵ͻ,͵ͷͺ ˕ы˔. ˓˖˄. 
 

3.3 Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢя ɜ ɥɢɧɢɢ 0,4 ɤȼ 0,38 ɤȼ 10ɤȼ 
 

 ɇɚ ɫɬɨɪɨɧɟ ɧɢɠɟ 1 ɤȼ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɨɤɢ ɬɪɟɯɮɚɡɧɨɝɨ (𝐼ˍ.ˊሺଷሻ) ɢ 
ɨɞɧɨɮɚɡɧɨɝɨ (𝐼ˍ.ˊሺଵሻ) ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. Ɍɨɤ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ ɜɵɱɢɫɥɹɟɬɫɹ ɞɥɹ ɩɪɨɜɟɪɤɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (kɱ) 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 
 1. Ɉɩɪɟɞɟɥɹɟɦ ɬɨɤ ɨɞɧɨɮɚɡɧɨɝɨ ɤ.ɡ.: 
 𝐼ˍ.ˊሺଵሻ = ܷ˗𝑍˕˓͵ + 𝑍˒ (2.52) 

 ɝɞɟ Uɮ - ɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ; 

  
௓˕˓ଷ  - ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɭ ɨɞɧɨɮɚɡɧɨɝɨ 

ɤ.ɡ. ɧɚ ɤɨɪɩɭɫ; 

  Zɩ - ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɬɥɢ. 

 𝑍˒ = ʹ𝐿 ∗ √𝑟଴ଶ + 𝑥଴ଶ (2.53) 

 ɝɞɟ r0 ɢ x0 - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɚɤɬɢɜɧɨɟ ɢ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɩɪɨɜɨɞɧɢɤɚ;  

 L - ɞɥɢɧɚ ɭɱɚɫɬɤɚ ɩɪɨɜɨɞɧɢɤɚ. 

 2. Ɉɩɪɟɞɟɥɹɟɦ ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤ.ɡ.: 

 𝐼ˍ.ˊሺଷሻ = ˎܷ𝑍ˎ ∗ √𝑟଴ଶ + 𝑥଴ଶ (2.54) 

 ɝɞɟ Uɥ - ɥɢɧɟɣɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ;  
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 r0  ɢ x0 - ɫɭɦɦɚɪɧɵɟ ɚɤɬɢɜɧɵɟ ɢ ɢɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ; 

 Zɥ - ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ. 

 𝑍ˎ = 𝐿 ∗ √𝑟଴ଶ + 𝑥଴ଶ (2.55) 

 3. Ɉɩɪɟɞɟɥɹɟɦ ɭɞɚɪɧɵɣ ɬɨɤ (iɭɞ) ɥɢɧɢɢ: 

 𝑖˖д = √ʹ ∗ 𝑘˖д ∗ 𝐼ˍ.ˊሺଷሻ (2.56) 

 ɝɞɟ kɭɞ - ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɚɪɧɨɝɨ ɬɨɤɚ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ kɭɞ = 1,3. 

  

 Ɍɉ-1 

 Ʌɢɧɢɹ 1 

 Iɪ = 21,7 Ⱥ 

 1. 𝐼ˍ.ˊሺଵሻ = ଷ଼଴଴,ଶ଺+଴,଼଼ = 193,26 Ⱥ 

 Zɩ = ʹ ∗ Ͳ,ʹ͵ ∗ √ͳ,ͻͳଶ + Ͳ,Ͳ͹ͻͶଶ = 0,88 Ɉɦ 

 2. 𝐼ˍ.ˊ ଴,ଷ଼ሺଷሻ = ଷ଼଴ሺ଴,ସସ+଴,଻଼ሻ∗√ଵ,ଽଵమ+଴,଴଻ଽସమ = 180,3 Ⱥ 

 𝐼ˍ.ˊ ଴,ସሺଷሻ = ସ଴଴଴,଻଼∗√ଵ,ଽଵమ+଴,଴଻ଽସమ = 296,46 Ⱥ 

 Zɥ = Ͳ,ʹ͵ ∗ √ͳ,ͻͳଶ + Ͳ,Ͳ͹ͻͶଶ = 0,44 Ɉɦ 

 3. 𝑖˖д ଴,ଷ଼ = √ʹ ∗ ͳ,͵ ∗ ͳͺͲ,͵ = 330,97 Ⱥ 

 𝑖˖д ଴,ସ = √ʹ ∗ ͳ,͵ ∗ ʹͻ͸,Ͷ͸ = 545,03 Ⱥ 

  

 Ʌɢɧɢɹ 2 

 Iɪ = 21,7 Ⱥ 

 1. 𝐼ˍ.ˊሺଵሻ = ଷ଼଴଴,ଶ଺+ଵ,଴଻ = 165,47 Ⱥ 

 Zɩ = ʹ ∗ Ͳ,ʹͺ ∗ √ͳ,ͻͳଶ + Ͳ,Ͳ͹ͻͶଶ = 1,07 Ɉɦ 

 2. 𝐼ˍ.ˊ ଴,ଷ଼ሺଷሻ = ଷ଼଴ሺ଴,ହସ+଴,଻଼ሻ∗√ଵ,ଽଵమ+଴,଴଻ଽସమ = 166,93 Ⱥ 

 𝐼ˍ.ˊ ଴,ସሺଷሻ = ସ଴଴଴,଻଼∗√ଵ,ଽଵమ+଴,଴଻ଽସమ = 296,46 Ⱥ 

 Zɥ = Ͳ,ʹͺ ∗ √ͳ,ͻͳଶ + Ͳ,Ͳ͹ͻͶଶ = 0,54 Ɉɦ 
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 3. 𝑖˖д ଴,ଷ଼ = √ʹ ∗ ͳ,͵ ∗ ͳ͸͸,ͻ͵= 306,90 Ⱥ 

 𝑖˖д ଴,ସ = √ʹ ∗ ͳ,͵ ∗ ʹͻ͸,Ͷ͸ = 545,03 Ⱥ 

 Ʌɢɧɢɹ ɨɫɜɟɳɟɧɢɹ 

 Iɪ = 17,5 Ⱥ 

 1. 𝐼ˍ.ˊሺଵሻ = ଷ଼଴ଵ,ଵଵ+଴,ଶ଺ = 161,10 Ⱥ 

 Zɩ = ʹ ∗ Ͳ,Ͷ͸ ∗ √ͳ,ʹଶ + Ͳ,Ͳͺʹ͹ଶ = 1,11 Ɉɦ 

 2. 𝐼ˍ.ˊ ଴,ଷ଼ሺଷሻ = ଷ଼଴ሺ଴,ହହ+଴,଻଼ሻ∗√ଵ,ଶమ+଴,଴଼ଶ଻మ = 164,67 Ⱥ 

 𝐼ˍ.ˊ ଴,ସሺଷሻ = ସ଴଴଴,଻଼∗√ଵ,ଶమ+଴,଴଼ଶ଻మ = 296,46 Ⱥ 

 Zɥ = Ͳ,Ͷ͸ ∗ √ͳ,ʹଶ + Ͳ,Ͳͺʹ͹ଶ = 0,55 Ɉɦ 

 3. 𝑖˖д ଴,ଷ଼ = √ʹ ∗ ͳ,͵ ∗ ͳ͸Ͷ,͸͹ = 302,74 Ⱥ 

 𝑖˖д ଴,ସ = √ʹ ∗ ͳ,͵ ∗ ʹͻ͸,Ͷ͸ = 545,03 Ⱥ 

 Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɱɟɬ ɜɟɞɟɬɫɹ ɢ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɥɢɧɢɢ Ɍɉ. Ɋɟɡɭɥɶɬɚɬɵ 

ɫɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 2.19. 

  

Ɍɚɛɥɢɰɚ 2.19 - Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɨɤɚ ɄɁ 0,38 ɤȼ ɢ 0,4 ɤȼ 

Ɍɉ Ʌɢɧɢɹ Iˍ.ˊሺଵሻ, Ⱥ 𝐼ˍ.ˊ ଴,ଷ଼ሺଷሻ , Ⱥ 𝐼ˍ.ˊ ଴,ସሺଷሻ , Ⱥ 𝑖˖д ଴,ଷ଼, Ⱥ 𝑖˖д ଴,ସ, Ⱥ 

Ɍɉ-1 
Ʌɢɧɢɹ 1 193,26 180,3 296,46 330,97 545,03 
Ʌɢɧɢɹ 2 165,47 166,93 296,46 306,90 545,03 

Ʌɢɧɢɹ ɨɫɜ. 161,10 164,67 296,46 302,74 545,03 

Ɍɉ-2 

Ʌɢɧɢɹ 1 186,97 135,48 186,69 249,08 343,23 
Ʌɢɧɢɹ 2 296 156,42 186,69 287,57 343,23 
Ʌɢɧɢɹ 3 258,31 156,6 186,69 286,87 343,23 
Ʌɢɧɢɹ 4 193,25 137,10 186,69 252,06 343,23 

Ʌɢɧɢɹ ɨɫɜ. 129,96 116,86 186,69 214,84 343,23 

Ɍɉ-3 
Ʌɢɧɢɹ 1 463,41 298,29 474,21 548,39 871,82 
Ʌɢɧɢɹ 2 1234,80 443,14 474,21 814,71 871,82 

Ɍɉ Ʌɢɧɢɹ Iˍ.ˊሺଵሻ, Ⱥ 𝐼ˍ.ˊ ଴,ଷ଼ሺଷሻ , Ⱥ 𝐼ˍ.ˊ ଴,ସሺଷሻ , Ⱥ 𝑖˖д ଴,ଷ଼, Ⱥ 𝑖˖д ଴,ସ, Ⱥ 

Ɍɉ-4 

Ʌɢɧɢɹ 1 242,02 147,69 186,69 271,52 343,23 
Ʌɢɧɢɹ 2 156,47 126,52 186,96 232,61 343,23 
Ʌɢɧɢɹ 3 148,40 147,69 186,69 227,59 343,23 
Ʌɢɧɢɹ 4 193,25 137,10 186,69 252,06 343,23 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.19 

 Ʌɢɧɢɹ ɨɫɜ. 242,02 127,93 186,69 235,20 343,23 

Ɍɉ-5 
Ʌɢɧɢɹ 1 1061,69 430,51 474,21 791,49 871,82 
Ʌɢɧɢɹ 2 1029,59 427,80 474,21 786,50 871,82 

Ʌɢɧɢɹ ɨɫɜ. 390,45 319,01 474,21 586,50 871,82 

Ɍɉ-6 
Ʌɢɧɢɹ 1 1013,99 426,43 474,21 783,99 871,82 
Ʌɢɧɢɹ 2 581,22 368,57 474,21 677,61 871,82 

Ʌɢɧɢɹ ɨɫɜ. 203,78 231,97 474,21 426,47 871,82 

Ɍɉ-7 
Ʌɢɧɢɹ 1 242,02 147,69 186,69 271,52 343,23 
Ʌɢɧɢɹ 2 148,40 147,69 186,69 227,59 343,23 

Ʌɢɧɢɹ ɨɫɜ. 129,96 116,86 186,69 214,84 343,23 

Ɍɉ-8 
Ʌɢɧɢɹ 1 156,47 126,52 186,96 232,61 343,23 
Ʌɢɧɢɹ 2 193,25 137,10 186,69 252,06 343,23 

Ʌɢɧɢɹ ɨɫɜ. 242,02 127,93 186,69 235,20 343,23 
 

 ɇɚ ɫɬɨɪɨɧɟ ɜɵɲɟ 1 ɤȼ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɨɤɢ ɬɪɟɯɮɚɡɧɨɝɨ (𝐼ˍ.ˊሺଷሻ) ɢ 
ɞɜɭɯɮɚɡɧɨɝɨ (𝐼ˍ.ˊሺଶሻ) ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. Ɍɨɤ ɞɜɭɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
ɜɵɱɢɫɥɹɟɬɫɹ ɞɥɹ ɩɪɨɜɟɪɤɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (kɱ) ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 Ɋɚɫɱɟɬ ɜɟɞɟɦ ɩɨ ɮɨɪɦɭɥɚɦ: 
 1. Ɉɩɪɟɞɟɥɹɟɦ ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤ.ɡ. ɩɨ ɮɨɪɦɭɥɟ (62): 
 𝐼ˍ.ˊሺଷሻ = ːܷ.˔˓√͵ ∗ ∑𝑍 (2.57) 

 ɝɞɟ Uɧ.ɫɪ - ɫɪɟɞɧɟɟ ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ;  

 Z - ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ. 

 Z = Zɥ + Zɬɪ (2.58) 

 ɝɞɟ Zɬɪ - ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 𝑍ˎ = 𝐿 ∗ √𝑟଴ଶ + 𝑥଴ଶ (2.59) 

 ɝɞɟ L - ɞɥɢɧɚ ɭɱɚɫɬɤɚ ɩɪɨɜɨɞɧɢɤɚ;  

 r0 - ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ;  

 x0 - ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ. 

 L - ɞɥɢɧɚ ɭɱɚɫɬɤɚ ɩɪɨɜɨɞɧɢɤɚ. 

 2. Ɉɩɪɟɞɟɥɹɟɦ ɬɨɤ ɞɜɭɯɮɚɡɧɨɝɨ ɤ.ɡ. ɩɨ ɮɨɪɦɭɥɟ (65): 

 𝐼ˍ.ˊሺଶሻ = Ͳ,ͺ͸͹ ∗ 𝐼ˍ.ˊሺଷሻ (2.60) 

 3. Ɉɩɪɟɞɟɥɹɟɦ ɭɞɚɪɧɵɣ ɬɨɤ (iɭɞ) ɥɢɧɢɢ ɩɨ ɮɨɪɦɭɥɟ (66): 
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 𝑖˖д = √ʹ ∗ 𝑘˖д ∗ 𝐼ˍ.ˊሺଷሻ (2.61) 

 ɝɞɟ kɭɞ - ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɚɪɧɨɝɨ ɬɨɤɚ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ kɭɞ = 1,8. 

 Ɍɉ-1 

 1. 𝐼ˍ.ˊ ଵ଴ሺଷሻ = ଵ଴ହ଴଴√ଷ∗ଽ,଴଺ = 669,1 Ⱥ 

 Z=Ͳ,ͳͶͷ√Ͳ,ͺ͸ͺଶ + Ͳ,ͳͲͶଶ + ͳͲ,ʹ√Ͳ,ͺ͸ͺଶ + Ͳ,ͳͲͶଶ + Ͳ,Ͳ͹ͺ = 9,06 Ɉɦ 

 2. 𝐼ˍ.ˊ ଵ଴ሺଶሻ  = 0,867*669,1 = 580,1 Ⱥ 

 3. 𝑖˖д ଵ଴ = √ʹ ∗ ͳ,ͺ ∗ ͸͹ͳ,ͻ = 1,7 ɤȺ. 

 Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɱɟɬ ɜɟɞɟɬɫɹ ɢ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɥɢɧɢɢ Ɍɉ. Ɋɟɡɭɥɶɬɚɬɵ 

ɫɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 2.20. 

 

Ɍɚɛɥɢɰɚ 2.20 - Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɨɤɚ ɤ.ɡ. 10 ɤȼ 

Ɍɉ 𝐼ˍ.ˊ ଵ଴ሺଷሻ , Ⱥ 𝐼ˍ.ˊ ଵ଴ሺଶሻ , Ⱥ 𝑖˖д ଵ଴, ɤȺ 

1 2 3 4 
Ɍɉ-1 669,1 580,1 1,7 
Ɍɉ-2 600,2 520,4 1,53 
Ɍɉ-3 631,5 520,4 1,6 
Ɍɉ-4 577,4 500,6 1,5 
Ɍɉ-5 607,4 526,6 1,6 
Ɍɉ-6 612,4 530,95 1,6 
Ɍɉ-7 623,8 526,3 1,5 
Ɍɉ-8 641,2 516,7 1,5 

 
 3.4 Ⱥɧɚɥɢɡ ɤɚɱɟɫɬɜɚ ɧɚɩɪяɠɟɧɢя ɢ ɪɚɫɱёɬ ɨɬɤɥɨɧɟɧɢя ɧɚɩɪяɠɟɧɢя 

 

 Ʉɚɱɟɫɬɜɨ ɧɚɩɪɹɠɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɬɞɟɥɶɧɵɯ 
ɷɥɟɦɟɧɬɚɯ ɩɢɬɚɸɳɟɣ ɫɟɬɢ. Ɉɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ 
pa6oɬɵ ɫɨɝɥɚɫɧɨ ȽOCɌ ɧɟ ɞɨɥɠɧɵ ɜɵɯɨɞɢɬɶ ɡɚ ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɟɥɵ: 
 ሺ−ʹ,ͷ ÷ +ͷሻ% ˑ˕ܷʜʝʛ – ɞɥɹ ɨɫɜɟɳɟɧɢɹ; 

 ሺ−ͷ ÷ +ͳͲሻ% ˑ˕ܷʜʝʛ – ɧɚ ɡɚɠɢɦɚɯ ɞɜɢɝɚɬɟɥɟɣ; 

 ሺ−ͷ ÷ +ͷሻ% ˑ˕ܷʜʝʛ – ɇɚ ɡɚɠɢɦɚɯ ɨɫɬɚɥɶɧɵɯ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ. 

 Ɉɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ, 
ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ܸ = [(𝑈ˋ˒−∆𝑈˖ч˃˔˕˃˒)−𝑈ːˑˏ𝑈ːˑˏ ] ∙ ͳͲͲ%                                                                (2.62) 
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 Ɉɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 6ɭɞeɦ ɪɚɫɫɱɢɬɵɜɚɬɶ ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ 
ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɞɥɹ ɫɚɦɨɝɨ ɦɨɳɧɨɝɨ ɢ ɫɚɦɨɝɨ ɭɞɚɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ ɨɬ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
 
 ɋɚɦɵɣ ɭɞɚɥёɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤ: 
 Ⱦɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ pa6oɬɵ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ Pɉ 1,05 
ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ. ɉɪɢɧɢɦɚɟɦ  ଴ܷ = ͳͲͷͲͲВ. 
 ɋɚɦɵɣ ɭɞɚɥɟɧɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɟɠɢɦ:  ܷʗʞ = ͳ,Ͳͷ ∙ ːܷˑˏ = ͳ,Ͳͷ ∙ ͳͲ = ͳͲ,ͷˍВ.                                                       
  ଴ܷ = ͳͲ,ͷ ˍВ.     
 cos 𝜑 = Ͳ,ͺ͹ sin 𝜑 = Ͳ,ʹͶ͵ͳ. 
 

 ɍɱɚɫɬɨɤ 0-1: 

 𝐿 = Ͳ,ʹ͵͹ሺˍˏሻ; 
  𝐼𝑚௔𝑥 = ͺͺ,͵͸ А; 
  ∆ ଴ܷ−ଵ = √͵ ∙ ͺͺ,͵͸ ∙ Ͳ,ʹ͵͹ ∙ ሺͲ,ͶͶ͵ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͺ͸ ∙ Ͳ,ʹͶ͵ͳሻ = ͳͶ,͹͵ В; 
  ଵܷ = ͳͲͷͲͲ − ͳͶ,͹͵ = ͳͲͶͺͷ,ʹ͹ В. 
 

 ɍɱɚɫɬɨɤ 1-2: 

 𝐿 = Ͳ,ͳͷ͹ሺˍˏሻ; 
  𝐼𝑚௔𝑥 = Ͷͻ,Ͳʹ А; 
  ∆ ଵܷ−ଶ = √͵ ∙ Ͷͻ,Ͳʹ ∙ Ͳ,ͳͷ͹ ∙ ሺͲ,ͶͶ͵ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͺ͸ ∙ Ͳ,ʹͶ͵ͳሻ = ͷ,Ͷʹ В; 
  ଶܷ = ͳͲͶͺͷ,ʹ͹ − ͷ,Ͷʹ = ͳͲͶ͹ͻ,ͺͷ В. 
 

 ɉɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 

  ∆ ʡܷ = 𝛽ʡሺ ܷఈ ∙ cos 𝜑ʹ +  ˓ܷ ∙ sin 𝜑ʹሻ + ఉమʡଶ଴଴  ( ܷఈ ∙ cos 𝜑ʹ +  ˓ܷ ∙ sin 𝜑ʹ), В    

 ɝɞɟ 𝛽ʡ - ɨɬɧɨɲɟɧɢɟ ɮɚɤɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɤ ɟɝɨ 
ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɪɟɠɢɦɟ pa6oɬɵ   ܷఈ ,  ˓ܷ - ɚɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ KɁ, 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 
  ܷఈ = ∆ʟˍˊ𝑆ʜ.ʡ ∙ ͳͲͲ%                                                                                      (2.63) 

  ˓ܷ = √ ˍܷଶ −  ܷఈଶ                                                                                      (2.64) 
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 Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 𝛽ʡ = Ͳ,͵ʹ. 
 ∆ ܷఈ = ହ,ହସ଴଴ ∙ ͳͲͲ = ͳ,͵ͺ%. 
  ˓ܷ = √ͷ,ͷଶ − ͳ,͵ͺଶ = ͷ,͵ʹ%. 
  ∆ ˕ܷ˓ = Ͳ,͵ʹ ∙ ሺͳ,͵ͺ ∙ Ͳ,ͺ͹ + ͷ,͵ʹ ∙ Ͳ,ʹͶ͵ͳሻ = Ͳ,ͺͲ%. 
  ˕ܷ˓ = ଴,଼଴ଵ଴଴ ∙ ͳͲͲͲͲͲ = ͺͲВ. 
 

 ɉɪɢɜɟɞёɦ ɧɚɩɪɹɠɟɧɢɟ ɤ ɧɢɡɤɨɣ ɫɬɨɪɨɧɟ: 

  ଷܷ = ͳͲͶ͹ͻ,ͺͷ − ͹ͷ = ͳͲͶͲͶ,ͺͷ В; 
  ଷܷ = ͳͲͶͲͶ,ͺͷ ∙ ସ଴଴ଵ଴ହ଴଴ = ͵ͻ͸,͵ͺ В. 
 

 ɍɱɚɫɬɨɤ 3-4: 

 𝐿 = Ͳ,ͳͷ͹ሺˍˏሻ; 
  𝐼𝑚௔𝑥 = ͺ,Ͳ͵ А;  ∆ ଷܷ−ସ = √͵ ∙ ͺ,Ͳ͵ ∙ Ͳ,ͳͷ͹ ∙ ሺ͹,͹Ͷ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͻͷ ∙ Ͳ,ʹͶ͵ͳሻ = ͳͶ,͹ͷ В; 
  ସܷ = ͵ͻ͸,͵ͺ − ͳͶ,͹ͷ = ͵ͺͳ,͸͵ В. 
 

 Ɉɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ: 

 ଵܸ = 𝑈భ−𝑈ːˑˏ𝑈ːˑˏ = ଵ଴ସ଼ହ,ଶ଻−ଵ଴଴଴଴ଵ଴଴଴଴ ∙ ͳͲͲ% = Ͷ,ͺͷ%; 
 ଶܸ = 𝑈మ−𝑈ːˑˏ𝑈ːˑˏ = ଵ଴ସ଻ଽ,଼ହ−ଵ଴଴଴଴ଵ଴଴଴଴ ∙ ͳͲͲ% = Ͷ,͹ͻ%; 
 ଷܸ = 𝑈య−𝑈ːˑˏ𝑈ːˑˏ = ଷଽ଺,ଷ଼−ଷ଼଴ଷ଼଴ ∙ ͳͲͲ% = Ͷ,͵ͳ%; 
 ସܸ = 𝑈ర−𝑈ːˑˏ𝑈ːˑˏ = ଷ଼ଵ,଺ଷ−ଷ଼଴ଷ଼଴ ∙ ͳͲͲ% = Ͳ,Ͷ͵%. 
 

 Ɇɢɧɢɦɚɥɶɧɵɣ ɪɟɠɢɦ: 

  ܷʗʞ = ːܷˑˏ = ͳͲˍВ. 
 cos 𝜑 = Ͳ,ͺ͹ sin 𝜑 = Ͳ,ʹͶ͵ͳ. 
 

 



 

40 
 

ɍɱɚɫɬɨɤ 0-1: 

 𝐿 = Ͳ,ʹ͵͹ሺˍˏሻ; 
  𝐼𝑚௔𝑥 = ͺͺ,͵͸ ∙ Ͳ,͸ = ͷ͵,Ͳʹ А;  ∆ ଴ܷ−ଵ = √͵ ∙ ͷ͵,Ͳʹ ∙ Ͳ,ʹ͵͹ ∙ ሺͲ,ͶͶ͵ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͺ͸ ∙ Ͳ,ʹͶ͵ͳሻ = ͺ,ͺͶ В; 
  ଵܷ = ͳͲͲͲͲ − ͺ,ͺͶ = ͻͻͻͳ,ͳ͸ В. 
 

 ɍɱɚɫɬɨɤ 1-2: 

 𝐿 = Ͳ,ͳͷ͹ሺˍˏሻ; 
  𝐼𝑚௔𝑥 = Ͷͻ,Ͳʹ ∙ Ͳ,͸ = ʹͻ,Ͷͳ А;  ∆ ଵܷ−ଶ = √͵ ∙ ʹͻ,Ͷͳ ∙ Ͳ,ͳͷ͹ ∙ ሺͲ,ͶͶ͵ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͺ͸ ∙ Ͳ,ʹͶ͵ͳሻ = ͵,ʹͷ В; 
  ଶܷ = ͻͻͻͳ,ͳ͸ − ͵,ʹͷ = ͻͻͺ͹,ͻͳ В. 
 

 ɉɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 

  ˓ܷ = √Ͷ,ͷଶ − ͳ,͵ͺଶ = Ͷ,ʹͺ%; 
  ∆ ˕ܷ˓ = Ͳ,ͷͳ ∙ ሺͳ,͵ͺ ∙ Ͳ,ͺ͹ + ͷ,͵͸ ∙ Ͳ,ʹͶ͵ͳሻ = ͳ,ʹ͹%. 
  ˕ܷ˓ = ଵ,ଶ଻ଵ଴଴ ∙ ͳͲͲͲͲͲ = ͳʹ͹ В. 
 

 ɉɪɢɜɟɞёɦ ɧɚɩɪɹɠɟɧɢɟ ɤ ɧɢɡɤɨɣ ɫɬɨɪɨɧɟ: 

  ଷܷ = ͻͻͺ͹,ͻͳ − ͺͲ = ͻͻͲ͹,ͻͳ В; 
  ଷܷ = ͻͻͲ͹,ͻͳ ∙ ଷ଼଴ଵ଴଴଴଴ = ͵͹͸,ͷͲ В. 
 

 ɍɱɚɫɬɨɤ 3-4: 

 𝐿 = Ͳ,ͳͷ͹ሺˍˏሻ; 
  𝐼𝑚௔𝑥 = ͺ,͵ ∙ Ͳ,͸ = Ͷ,ͺʹ А; 
  ∆ ଷܷ−ସ = √͵ ∙ Ͷ,ͺʹ ∙ Ͳ,ͳͷ͹ ∙ ሺ͹,͹Ͷ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͻͷ ∙ Ͳ,ʹͶ͵ͳሻ = ͻ,ͺ͹ В; 
  ସܷ = ͵͹͸,ͷͲ − ͻ,ͺ͹ = ͵͸͸,͸͵ В. 
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Ɉɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ: 

 ଵܸ = 𝑈భ−𝑈ːˑˏ𝑈ːˑˏ = ଽଽଽଵ,ଵ଺−ଵ଴଴଴଴ଵ଴଴଴଴ = −Ͳ,Ͳͻ%; 
 ଶܸ = 𝑈మ−𝑈ːˑˏ𝑈ːˑˏ = ଽଽ଼଻,ଽଵ−ଵ଴଴଴଴ଵ଴଴଴଴ = −Ͳ,ͳʹ%; 
 ଷܸ = 𝑈య−𝑈ːˑˏ𝑈ːˑˏ = ଷ଻଺,ହ଴−ଷ଼଴ଷ଼଴ = −Ͳ,ͻʹ%; 
 ସܸ = 𝑈ర−𝑈ːˑˏ𝑈ːˑˏ = ଷ଺଺,଺ଷ−ଷ଼଴ଷ଼଴ = −͵,ͷʹ%. 
 

 ɉɨɫɥɟɚɜɚɪɢɣɧɵɣ ɪɟɠɢɦ: 

  ܷʗʞ = ͳ,Ͳͷ ∙ ːܷˑˏ = ͳ,Ͳͷ ∙ ͳͲ = ͳͲ,ͷˍВ. 
  ଴ܷ = ͳͲ,ͷˍВ. 
 

 ɍɱɚɫɬɨɤ 0-1: 

 𝐿 = Ͳ,ʹ͵͹ሺˍˏሻ; 
  𝐼𝑚௔𝑥 = ͺͺ,͵͸ ∙ ʹ = ͳ͸͸,͹ʹ А; 
  ∆ ଴ܷ−ଵ = √͵ ∙ ͳ͸͸,͹ʹ ∙ Ͳ,ʹ͵͹ ∙ ሺͲ,ͶͶ͵ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͺ͸ ∙ Ͳ,ʹͶ͵ͳሻ = ʹ͹,ͺͳ В; 
  ଵܷ = ͳͲͷͲͲ − ʹ͹,ͺͳ = ͳͲͶ͹ʹ,ͳͻ В. 
 

 ɍɱɚɫɬɨɤ 1-2: 

 𝐿 = Ͳ,ͳͷ͹ሺˍˏሻ; 
  𝐼𝑚௔𝑥 = Ͷͻ,Ͳʹ ∙ ʹ = ͻͺ,ͲͶ А; 
  ∆ ଵܷ−ଶ = √͵ ∙ ͻͺ,ͲͶ ∙ Ͳ,ͳͷ͹ ∙ ሺͲ,ͶͶ͵ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͺ͸ ∙ Ͳ,ʹͶ͵ͳሻ = ͳͲ,ͺ͵ В; 
  ଶܷ = ͳͲͶ͹ʹ,ͳͻ − ͳͲ,ͺ͵ = ͳͲͶ͸ͳ,͵͸ В. 
 

 Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 𝛽ʡ = ͳ,ʹͺ. 
  

 ɉɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 

  ˓ܷ = √ͷ,ͷଶ − ͳ,͵ͺଶ = ͷ,͵ʹ%. 
  ∆ ˕ܷ˓ = ͳ,ʹͺ ∙ ሺͳ,͵ͺ ∙ Ͳ,ͺ͹ + ͷ,͵ʹ ∙ Ͳ,ʹͶ͵ͳሻ = ͵,ͳͻ%. 



 

42 
 

  ˕ܷ˓ = ଷ,ଵଽଵ଴଴ ∙ ͳͲͲͲͲ = ͵ͳͻВ; 
  ଷܷ = ͳͲͶ͸ͳ,͵͸ − ͵ͳͻ = ͳͲͳͶʹ,͵͸ В; 
  ଷܷ = ͳͲͳͶʹ,͵͸ ∙ ସ଴଴ଵ଴ହ଴଴ = ͵ͺ͸,͵͹ В. 
 

 ɍɱɚɫɬɨɤ 3-4: 

 𝐿 = Ͳ,ͳͷ͹ሺˍˏሻ; 
  𝐼𝑚௔𝑥 = ͺ,Ͳ͵ А; 
  ∆ ଷܷ−ସ = √͵ ∙ ͺ,Ͳ͵ ∙ Ͳ,ͳͷ͹ ∙ ሺ͹,͹Ͷ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͻͷ ∙ Ͳ,ʹͶ͵ͳሻ = ͳͶ,͹ͷ В; 
  ସܷ = ͵ͺ͸,͵͹ − ͳͶ,͹ͷ = ͵͹ͳ,͸ʹ В. 
 

 Ɉɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ: 

 ଵܸ = 𝑈భ−𝑈ːˑˏ𝑈ːˑˏ = ଵ଴ସ଻ଶ,ଵଽ−ଵ଴଴଴଴ଵ଴଴଴଴ ∙ ͳͲͲ% = Ͷ,͹ʹ%; 
 ଶܸ = 𝑈మ−𝑈ːˑˏ𝑈ːˑˏ = ଵ଴ସ଺ଵ,ଷ଺−ଵ଴଴଴଴ଵ଴଴଴଴ ∙ ͳͲͲ% = Ͷ,͸ͳ%; 
 ଷܸ = 𝑈య−𝑈ːˑˏ𝑈ːˑˏ = ଷ଼଺,ଷ଻−ଷ଼଴ଷ଼଴ ∙ ͳͲͲ% = ͳ,͸ͺ%; 
 ସܸ = 𝑈ర−𝑈ːˑˏ𝑈ːˑˏ = ଷ଻ଵ,଺ଶ−ଷ଼଴ଷ଼଴ ∙ ͳͲͲ% = −ʹ,ʹͳ%. 
 

 ɋɚɦɵɣ ɦɨɳɧɵɣ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤ: 
 Ⱦɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ Pɉ 1,05 ɨɬ 
ɧɨɦɢɧɚɥɶɧɨɝɨ. ɉɪɢɧɢɦɚɟɦ   ଴ܷ = ͳͲͷͲͲ В. 
 

 ɍɱɚɫɬɨɤ 0-1: 

 𝐿 = Ͳ,͵Ͷʹሺˍˏሻ; 
  𝐼𝑚௔𝑥 = ͹Ͷ,͹͵ А; 
  ∆ ଴ܷ−ଵ = √͵ ∙ ͹Ͷ,͹͵ ∙ Ͳ,͵Ͷʹ ∙ ሺͲ,ͶͶ͵ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͺ͸ ∙ Ͳ,ʹͶ͵ͳሻ = ͳ͹,ͻͺ В; 
  ଵܷ = ͳͲͷͲͲ − ͳ͹,ͻͺ = ͳͲͶͺʹ,Ͳʹ В. 
 

 ɍɱɚɫɬɨɤ 1-2: 

 𝐿 = Ͳ,ͳͺͷሺˍˏሻ; 
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  𝐼𝑚௔𝑥 = ͶͲ,Ͳ͸ А; 
  ∆ ଵܷ−ଶ = √͵ ∙ ͶͲ,Ͳ͸ ∙ Ͳ,ͳͺͷ ∙ ሺͲ,͸ʹ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͻ ∙ Ͳ,ʹͶ͵ͳሻ = ͹,ʹͲ В; 
  ଶܷ = ͳͲͶͺʹ,Ͳʹ − ͹,ʹͲ = ͳͲͶ͹Ͷ,ͺʹ В. 
 𝛽ʡ = ቀଵଵସ଼,଻ଽଶ∙ଵ଴଴ ቁ = Ͳ,͸Ͷ; 
 ∆ ܷఈ = ହ,ହସ଴଴ ∙ ͳͲͲ = ͳ,͵ͺ%. 
  ˓ܷ = √ͷ,ͷଶ − ͳ,͵ͺଶ = ͷ,͵ʹ%. 
  ∆ ˕ܷ˓ = Ͳ,͸Ͷ ∙ ሺͳ,͵ͺ ∙ Ͳ,ͺ͹ + ͷ,͵ʹ ∙ Ͳ,ʹͶ͵ͳሻ = ͳ,͸Ͳ%; 
  ˕ܷ˓ = ଵ,଺଴ଵ଴଴ ∙ ͳͲͲͲͲ = ͳ͸Ͳ В; 
  ଷܷ = ͳͲͶ͹Ͷ,ͺʹ − ͳ͸Ͳ = ͳͲ͵ͳͶ,ͺʹ В; 
  ଷܷ = ͳͲ͵ͳͶ,ͺʹ ∙ ସ଴଴ଵ଴ହ଴଴ = ͵ͻʹ,ͻͷ В. 
 

 ɍɱɚɫɬɨɤ 3-4: 

 𝐿 = Ͳ,ͲͶͲ ሺˍˏሻ; 
  𝐼𝑚௔𝑥 = ͵ͳ͸,ͷ͸ А; 
  ∆ ଷܷ−ସ = √͵ ∙ ͵ͳ͸,ͷ͸ ∙ Ͳ,ͲͶͲ ∙ ሺͲ,ͳ͸͹ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͷͻ͸ ∙ Ͳ,ʹͶ͵ͳሻ = ͵,ͷͲ В; 
  ସܷ = ͵ͻʹ,ͻͷ − ͵,ͷͲ = ͵ͺͻ,Ͷͷ В. 
 

 Ɉɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ: 

 ଵܸ = 𝑈భ−𝑈ːˑˏ𝑈ːˑˏ = ଵ଴ସ଼ଶ,଴ଶ−ଵ଴଴଴଴ଵ଴଴଴଴ ∙ ͳͲͲ% = Ͷ,ͺʹ%; 
 ଶܸ = 𝑈మ−𝑈ːˑˏ𝑈ːˑˏ = ଵ଴ସ଻ସ,଼ଶ−ଵ଴଴଴଴ଵ଴଴଴଴ ∙ ͳͲͲ% = Ͷ,͹ͷ%; 
 ଷܸ = 𝑈య−𝑈ːˑˏ𝑈ːˑˏ = ଷଽଶ,ଽହ−ଷ଼଴ଷ଼଴ ∙ ͳͲͲ% = ͵,Ͷͳ%; 
 ସܸ = 𝑈ర−𝑈ːˑˏ𝑈ːˑˏ = ଷ଼ଽ,ସହ−ଷ଼଴ଷ଼଴ ∙ ͳͲͲ% = ʹ,Ͷͻ%. 
 

 Ɇɢɧɢɦɚɥɶɧɵɣ ɪɟɠɢɦ: 

 ɍɱɚɫɬɨɤ 0-1: 

 𝐿 = Ͳ,͵Ͷʹ ሺˍˏሻ; 
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  𝐼𝑚௔𝑥 = ͹Ͷ,͹͵ ∙ Ͳ,͸ = ͶͶ,ͺͶ А; 
  ∆ ଴ܷ−ଵ = √͵ ∙ ͶͶ,ͺͶ ∙ Ͳ,͵Ͷʹ ∙ ሺͲ,ͶͶ͵ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͺ͸ ∙ Ͳ,ʹͶ͵ͳሻ = ͳͲ,͹ͻ В; 
  ଵܷ = ͳͲͲͲͲ − ͳͲ,͹ͻ = ͻͻͺͻ,ʹͳ В. 
 ɍɱɚɫɬɨɤ 1-2: 

 𝐿 = Ͳ,ͳͺͷሺˍˏሻ; 
  𝐼𝑚௔𝑥 = ͶͲ,Ͳ͸ ∙ Ͳ,͸ = ʹͶ,ͲͶ А; 
  ∆ ଵܷ−ଶ = √͵ ∙ ʹͶ,ͲͶ ∙ Ͳ,ͳͺͷ ∙ ሺͲ,͸ʹ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͻ ∙ Ͳ,ʹͶ͵ͳሻ = Ͷ,͵ʹ В; 
  ଶܷ = ͻͻͺͻ,ʹͳ − Ͷ,͵ʹ = ͻͻͺͶ,ͺͻ В; 
 

 ɉɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 

 𝛽ʡ = Ͳ,͵ʹ; 
 ∆ ܷఈ = ଵଶ,ଶଵ଴଴଴ ∙ ͳͲͲ = ͳ,ʹʹ%. 
  ˓ܷ = √ͷ,ͷଶ − ͳ,ʹʹଶ = ͷ,͵͸%. 
  ∆ ˕ܷ˓ = Ͳ,͵ʹ ∙ ሺͳ,ʹʹ ∙ Ͳ,ͺ͹ + ͷ,͵͸ ∙ Ͳ,ʹͶ͵ͳሻ = Ͳ,͹͸%; 
  ˕ܷ˓ = ଴,଻଺ଵ଴଴ ∙ ͳͲͲͲͲ = ͹,͸ В; 
  ଷܷ = ͻͻͺͶ,ͺͻ − ͹,͸ = ͻͻ͹͹,ʹͻ В; 
  ଷܷ = ͻͻ͹͹,ʹͻ ∙ ସ଴଴ଵ଴ହ଴଴ = ͵ͺͲ,Ͳͻ В. 
 

 ɍɱɚɫɬɨɤ 3-4: 

 𝐿 = Ͳ,ͲͶͲ ሺˍˏሻ; 
  𝐼𝑚௔𝑥 = ͵ͳ͸,ͷ͸ ∙ Ͳ,͸ = ͳͺͻ,ͻͶ А; 
  ∆ ଷܷ−ସ = √͵ ∙ ͳͺͻ,ͻͶ ∙ Ͳ,ͲͶͲ ∙ ሺͲ,ͳ͸͹ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͷͻ͸ ∙ Ͳ,ʹͶ͵ͳሻ = ʹ,ͳͲ В; 
  ସܷ = ͵ͺͲ,Ͳͻ − ʹ,ͳͲ = ͵͹͹,ͻͻ В. 
 

 Ɉɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ: 

 ଵܸ = 𝑈భ−𝑈ːˑˏ𝑈ːˑˏ = ଽଽ଼ଽ,ଶଵ−ଵ଴଴଴଴ଵ଴଴଴଴ ∙ ͳͲͲ% = −Ͳ,ͳͳ%; 
 ଶܸ = 𝑈మ−𝑈ːˑˏ𝑈ːˑˏ = ଽଽ଼ସ,଼ଽ−ଵ଴଴଴଴ଵ଴଴଴଴ ∙ ͳͲͲ% = −Ͳ,ͳͷ%; 
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 ଷܸ = 𝑈య−𝑈ːˑˏ𝑈ːˑˏ = ଷ଼଴,଴ଽ−ଷ଼଴ଷ଼଴ ∙ ͳͲͲ% = Ͳ,ͲʹͶ%; 
 ସܸ = 𝑈ర−𝑈ːˑˏ𝑈ːˑˏ = ଷ଻଻,ଽଽ−ଷ଼଴ଷ଼଴ ∙ ͳͲͲ% = −Ͳ,ͷ͵%. 
 

 ɉɨɫɥɟɚɜɚɪɢɣɧɵɣ ɪɟɠɢɦ: 

 ɍɱɚɫɬɨɤ 0-1: 

 𝐿 = Ͳ,͵Ͷʹ ሺˍˏሻ; 
  𝐼𝑚௔𝑥 = ͹Ͷ,͹͵ ∙ ʹ = ͳͶͻ,Ͷ͸ А; 
  ∆ ଴ܷ−ଵ = √͵ ∙ ͳͶͻ,Ͷ͸ ∙ Ͳ,͵Ͷʹ ∙ ሺͲ,ͶͶ͵ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͺ͸ ∙ Ͳ,ʹͶ͵ͳሻ = ͵ͷ,ͻ͸ В; 
  ଵܷ = ͳͲͷͲͲ − ͵ͷ,ͻ͸ = ͳͲͶ͸Ͷ,ͲͶ В. 
 

 ɍɱɚɫɬɨɤ 1-2: 

 𝐿 = Ͳ,ͳͺͷሺˍˏሻ; 
  𝐼𝑚௔𝑥 = ͶͲ,Ͳ͸ ∙ ʹ = ͺͲ,ͳʹ А;  ∆ ଵܷ−ଶ = √͵ ∙ ͺͲ,ͳʹ ∙ Ͳ,ͳͺͷ ∙ ሺͲ,͸ʹ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͻ ∙ Ͳ,ʹͶ͵ͳሻ = ͳͶ,Ͷͳ В; 
  ଶܷ = ͳͲͶ͸Ͷ,ͲͶ − ͳͶ,Ͷͳ = ͳͲͶͶͻ,͸͵ В; 
 

 ɉɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 

 𝛽ʡ = ͳ,Ͳͳ; 
 ∆ ܷఈ = ଵଶ,ଶଵ଴଴଴ ∙ ͳͲͲ = ͳ,ʹʹ%. 
  ˓ܷ = √ͷ,ͷଶ − ͳ,ʹʹଶ = ͷ,͵͸%. 
  ∆ ˕ܷ˓ = ͳ,Ͳͳ ∙ ሺͳ,ʹʹ ∙ Ͳ,ͺ͹ + ͷ,͵͸ ∙ Ͳ,ʹͶ͵ͳሻ = ʹ,͵ͻ %; 
  ˕ܷ˓ = ଶ,ଷଽଵ଴଴ ∙ ͳͲͲͲͲ = ʹ͵ͻ В; 
  ଷܷ = ͳͲͶͶͻ,͸͵ − ʹ͵ͻ = ͳͲʹͳͲ,͸͵ В; 
  ଷܷ = ͳͲʹͳͲ,͸͵ ∙ ସ଴଴ଵ଴ହ଴଴ = ͵ͺͺ,ͻ͹ В. 
 

 ɍɱɚɫɬɨɤ 3-4: 

 𝐿 = Ͳ,ͲͶͲ ሺˍˏሻ; 
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  𝐼𝑚௔𝑥 = ͵ͳ͸,ͷ͸ А; 
  ∆ ଷܷ−ସ = √͵ ∙ ͵ͳ͸,ͷ͸ ∙ Ͳ,ͲͶͲ ∙ ሺͲ,ͳ͸͹ ∙ Ͳ,ͺ͹ + Ͳ,Ͳͷͻ͸ ∙ Ͳ,ʹͶ͵ͳሻ = ͵,ͷͲ В; 
  ସܷ = ͵ͺͺ,ͻ͹ − ͵,ͷͲ = ͵ͺͷ,Ͷ͹ В. 
 

 Ɉɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ: 

 ଵܸ = 𝑈భ−𝑈ːˑˏ𝑈ːˑˏ = ଵ଴ସ଺ସ,଴ସ−ଵ଴଴଴଴ଵ଴଴଴଴ ∙ ͳͲͲ% = Ͷ,͸Ͷ%; 
 ଶܸ = 𝑈మ−𝑈ːˑˏ𝑈ːˑˏ = ଵ଴ସସଽ,଺ଷ−ଵ଴଴଴଴ଵ଴଴଴଴ ∙ ͳͲͲ% = Ͷ,ͷ%; 
 ଷܸ = 𝑈య−𝑈ːˑˏ𝑈ːˑˏ = ଷ଼଼,ଽ଻−ଷ଼଴ଷ଼଴ ∙ ͳͲͲ% = ʹ,͵͸%; 
 ସܸ = 𝑈ర−𝑈ːˑˏ𝑈ːˑˏ = ଷ଼ହ,ସ଻−ଷ଼଴ଷ଼଴ ∙ ͳͲͲ% = ͳ,Ͷͷ%. 
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ɁȺɄɅɘɑȿɇɂȿ 

 
 ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɧɚ ɬɟɦɭ 
«ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɦɢɤɪɨɪɚɣɨɧɚ «Ɂɚɩɚɞɧɵɣ» ɫ.ȿɪɦɚɤɨɜɫɤɨɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ 
ɤɪɚɹ» ɩɨ ɡɚɞɚɧɧɨɦɭ ɝɟɧɩɥɚɧɭ ɡɚɫɬɪɨɣɤɢ ɬɟɪɪɢɬɨɪɢɢ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ȼɅ-10 ɤȼ ɢ ȼɅɂ-0,4 ɤȼ. 
 ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɚɫɱɟɬɨɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɜɵɛɪɚɧɵ ɫɟɱɟɧɢɹ, ɢ 
ɦɚɪɤɚ ɩɪɨɜɨɞɨɜ ȼɅɂ-0,4 ɤȼ ɢ ɩɪɨɜɟɞɟɧɚ ɩɪɨɜɟɪɤɚ ɧɚ ɞɨɩɭɫɬɢɦɵɟ ɩɨɬɟɪɢ 
ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɭɱɚɫɬɤɚɯ ɷɥɟɤɬɪɨɫɟɬɢ ɜ ɰɟɥɨɦ. 
 Ɋɚɫɱёɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜɵɩɨɥɧɹɥɫɹ ɦɟɬɨɞɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ. 
 Ɋɚɫɫɱɢɬɚɧɵ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɢ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 
0,38 ɢ 10 ɤȼ. Ɋɚɡɪɚɛɨɬɚɧɚ ɨɩɬɢɦɚɥɶɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 0,4 ɤȼ, 
ɨɬɜɟɱɚɸɳɟɟ ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɞɟɠɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɢ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  
 Ɋɚɫɫɱɢɬɚɧɵ ɬɨɤɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɞɥɹ ɩɪɨɜɟɪɤɢ, ɚ ɜ ɫɥɭɱɚɟ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ, ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɛɨɪɚ ɤɚɛɟɥɟɣ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ. 
 ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɟɯɧɢɱɟɫɤɢɦ 
ɧɨɪɦɚɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɸ ɩɪɟɞɩɪɢɹɬɢɣ. ȼ ɱɚɫɬɧɨɫɬɢ:  

  ɢɫɬɨɱɧɢɤɢ ɩɢɬɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɵ ɤ ɩɨɬɪɟɛɢɬɟɥɹɦ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ;  

  ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɤɚɠɞɨɦ ɧɚɩɪɹɠɟɧɢɢ ɜɵɛɪɚɧɨ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦ;  
- ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɫɬɚɧɰɢɣ ɜɵɩɨɥɧɟɧɵ 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɬɪɟɛɭɟɦɵɣ ɭɪɨɜɟɧɶ ɧɚɞёɠɧɨɫɬɢ ɢ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ 
ɨɛɟɫɩɟɱɟɧ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɨɜɨɞɧɢɤɨɜ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
 
 1. Ɇɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ ɩɨ ɪɚɫɱɟɬɭ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 0,38-110 ɤȼ 
ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ: Ɋɭɤɨɜɨɞɹɳɢɟ ɦɚɬɟɪɢɚɥɵ ɩɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ. – Ɇ.: 
ɋɟɥɶɷɧɟɪɝɨɩɪɨɟɤɬ. №11, 2011. 461 ɫ. 
 2. ɉɍɗ  ɩɪɚɜɢɥɚ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ. ɂɡɞɚɧɢɟ 7. 2013. 220 ɫ. 
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ɩɪɨɟɤɬɚ ɩɨ ɞɢɫɰɢɩɥɢɧɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɫ.-ɯ. ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɧɚɫɟɥɟɧɧɵɯ 
ɩɭɧɤɬɨɜ / Ɍ. Ȼ. Ⱥɲɢɯɦɢɧɚ// – Ɇɨɫɤɜɚ. - 2016. - 270 ɫ. 
 4. Ʌɟɳɢɧɫɤɚɹ, Ɍ. Ȼ. ɉɪɚɤɬɢɤɭɦ ɩɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɸ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ 
/ Ɍ. Ȼ. Ʌɟɳɢɧɫɤɚɹ, ɂ. ȼ. ɇɚɭɦɨɜ // Ɇ.: ȻɂȻɄɈɆ – ɌɊȺɇɋɅɈȽ, 2015. – 455ɫ. 
 5. Ⱥɧɞɪɢɚɧɨɜ, ȼ. ɇ., ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɦɚɲɢɧɵ ɢ ɚɩɩɚɪɚɬɵ / ȼ. ɇ. Ⱥɞɪɢɚɧɨɜ 
// Ɇ.: Ʉɨɥɨɫ, 2012. - 448 ɫ.  
 6. Ȼɭɞɡɤɨ, ɂ. Ⱥ. ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ/ ɂ. Ⱥ. Ȼɭɞɡɤɨ, Ɍ. 
Ȼ. Ʌɟɳɢɧɫɤɚɹ, ȼ. ɂ. ɋɭɤɦɚɧɨɜ// Ɇ.: Ʉɨɥɨɫ, 2013. - 536 ɫ. 
 7. Ȼɭɪɞɭɤɨɜ, Ⱥ. ɉ. Ɇɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ ɩɨ ɪɚɫɱɟɬɭ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɧɚɝɪɭɡɨɤ / Ⱥ. ɉ. Ȼɭɪɭɧɞɭɤɨɜ, ɘ. ɉ. ɉɟɬɢɧ // Ɇ.: ɂɧɮɪɚ – Ɇ, 2015. - 136 ɫ. 
 8. ȼɨɞɹɧɧɢɤɨɜ, ȼ. Ɍ. ȼ 62 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɷɧɟɪɝɟɬɢɤɢ ȺɉɄ. 
ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɜɵɫɲɢɯ ɭɱɟɛɧɵɯ ɡɚɜɟɞɟɧɢɣ /ȼ. Ɍ. ȼɨɞɹɧɧɢɤɨɜ 
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 9. Ⱦɨɛɪɨɥɸɛɨɜ, ɂ. ɉ. Ⱥɜɬɨɦɚɬɢɤɚ: ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ /ɂ. ɉ. Ⱦɨɛɪɨɥɸɛɨɜ // 
ɇɨɜɨɫɢɛɢɪɫɤ: ɇɨɜɨɫɢɛ. ɝɨɫ. ɚɝɪɚɪ. ɭɧ-ɬ. ɂɧɠɟɧɟɪɧɵɣ ɢɧ-ɬ., 2011. - 300 ɫ. 
 10. Ⱦɨɥɢɧ, ɉ. Ⱥ. Ɉɫɧɨɜɵ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ: 
ɍɱɟɛ. ɩɨɫɨɛɢɟ ɞɥɹ ɜɭɡɨɜ / ɉ. Ⱥ. Ⱦɨɥɢɧ // Ɇ.: ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 2014. - 448 ɫ. 
 11. ȿɜɞɨɤɢɦɨɜ, ɘ. ɂ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɨɮɨɪɦɥɟɧɢɸ ɤɭɪɫɨɜɵɯ ɢ 
ɞɢɩɥɨɦɧɵɯ ɩɪɨɟɤɬɨɜ (ɪɚɛɨɬ). ɋɬɚɧɞɚɪɬ ɩɪɟɞɩɪɢɹɬɢɹ ɋɌɉ 01-04 / ɘ. ɂ. 
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ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ / Ⱦ. Ɍ. Ʉɨɦɚɪɨɜ, ɇ. Ɏ. Ɇɨɥɨɫɧɨɜ // Ɇ.: 
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 13. Ʉɨɫɬɸɱɟɧɤɨ, Ʌ. ɉ. ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ: ɭɱɟɛ. ɉɨɫɨɛɢɟ / Ʌ. ɉ. 
Ʉɨɫɬɸɱɟɧɤɨ, Ⱥ. ȼ. ɑɟɛɨɞɚɟɜ // Ʉɪɚɫɧɨɹɪɫɤ: Ʉɪɚɫɧɨɹɪ. ɝɨɫ. ɚɝɪɚɪ. ɭɧ-ɬ, 2011. - 
347 ɫ. 
 14. ɉɪɚɜɢɥɚ  ɭɫɬɪɨɣɫɬɜɚ  ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ. –  Ɇɢɧɢɫɬɟɪɫɬɜɨ ɷɧɟɪɝɟɬɢɤɢ 
ɊɎ. - Ɇ.: ɇɐ ɗɇȺɋ, 2015. - 89ɫ. 
 15. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɸ ɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɸ: ɜ 2 ɬ. / 
ɉɨɞ ɨɛɳ. ɪɟɞ. Ⱥ.Ⱥ.Ɏɟɞɨɪɨɜɚ. Ɍ.2. ɗɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ. – Ɇ.: 
ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 2010. - 321ɫ. 
 16. ɋɟɥɟɠɟɜ, Ȼ. Ⱥ. ɗɥɟɤɬɪɨɬɟɯɧɢɤɚ / Ȼ. Ⱥ. ɋɟɥɟɠɟɜɚ // Ɇ.: Ƚɨɫɷɧɟɪɝɨɢɡɞɚɬ, 
2013. 512 ɫ.  
 17. ɒɤɪɚɛɚɤ, ȼ. ɋ. Ȼɟɡɨɩɚɫɧɨɫɬɶ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɜ 
ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ / ȼ. ɋ. ɒɤɪɚɛɚɤ, Ⱥ. ȼ. Ʌɭɤɨɜɧɢɤɨɜ, Ⱥ. Ʉ. 
Ɍɭɪɝɢɟɜ // Ɇ.: Ʉɨɥɨɫ, 2012. - 512 ɫ. 
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 18. Ʌɨɝɢɧɨɜ, Ⱥ. ȼ. ɉɨɫɨɛɢɟ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ȼɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɧɚɩɪɹɠɟɧɢɟɦ 0,38-20ɤȼ ɫ ɫɚɦɨɧɟɫɭɳɢɦɢ ɢɡɨɥɢɪɨɜɚɧɧɵɦɢ ɢ 
ɡɚɳɢɳɟɧɧɵɦɢ ɩɪɨɜɨɞɚɦɢ. Ʉɧɢɝɚ 2. ɋɢɫɬɟɦɚ ɫɚɦɨɧɟɫɭɳɢɯ ɢɡɨɥɢɪɨɜɚɧɧɵɯ 
ɩɪɨɜɨɞɨɜ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1ɤȼ ɫ ɢɡɨɥɢɪɨɜɚɧɧɵɦ ɧɭɥɟɜɵɦ ɧɟɫɭɳɢɦ 
ɩɪɨɜɨɞɧɢɤɨɦ / Ⱥ. ȼ. Ʌɨɝɢɧɨɜ, ɋ. ȿ. Ʌɨɝɢɧɨɜɚ, Ⱦ. Ƚ. ɒɚɦɚɧɨɜ // ɋ-ɉɛ: ENSTO, 
2016ɝ. - 110 ɫ. 
 19. Ȼɨɪɨɜɢɤɨɜ, ȼ. Ⱥ. ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɟɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. ɍɱɟɛɧɢɤ 
ɞɥɹ ɬɟɯɧɢɤɭɦɨɜ / ȼ. Ⱥ. Ȼɨɪɨɜɢɤɨɜɚ // Ʌ.: ɗɧɟɪɝɢɹ, 2014. - 311 ɫ. 
 20. Ɇɚɤɚɪɨɜ, ȿ. Ɏ. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɟɬɹɦ 0,4-35 ɤȼ, Ɍɨɦ 
1/ɉɨɞ ɂ.Ɍ. Ƚɨɪɸɧɨɜɚ ɢ ɞɪ. - Ɇ.: ɉɚɩɢɪɭɫ ɉɊɈ, 2016. - 140 ɫ. 
 21. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɟɬɹɦ 0,4-35 ɤȼ ɢ 110-150 ɤȼ, Ɍɨɦ 
2/ɉɨɞ ɂ.Ɍ. Ƚɨɪɸɧɨɜɚ, Ⱥ.Ⱥ. Ʌɸɛɢɦɨɜɚ,- Ɇ.: ɉɚɩɢɪɭɫ ɉɊɈ, 2013. - 640 ɫ. 
 22. Ɇɚɤɚɪɨɜ, ȿ. Ɏ. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɟɬɹɦ 0,4-35 ɤȼ ɢ 110-
1150 ɤȼ, Ɍɨɦ 4/ɉɨɞ ɂ.Ɍ. Ƚɨɪɸɧɨɜɚ, Ⱥ.Ⱥ. Ʌɸɛɢɦɨɜɚ,- Ɇ.: ɉɚɩɢɪɭɫ ɉɊɈ, 2015.  - 
320ɫ. 
 23. ɉɨɫɨɛɢɟ ɤ ɤɭɪɫɨɜɨɦɭ ɢ ɞɢɩɥɨɦɧɨɦɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɞɥɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ ɜɭɡɨɜ: ɍɱɟɛ. ɩɨɫɨɛɢɟ ɞɥɹ ɫɬɭɞɟɧɬɨɜ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ ɜɭɡɨɜ, 2-ɟ ɢɡɞ. ɩɟɪɟɪɚɛ. ɢ ɞɨɩ. / ȼ. Ɇ. 
Ȼɥɨɤ, Ƚ. Ʉ. Ɉɛɭɲɟɜ, Ʌ. Ȼ. ɉɚɩɟɪɧɨ ɢ ɞɪ.; ɉɨɞ ɪɟɞ. ȼ. Ɇ. Ȼɥɨɤ. - Ɇ.: ȼɵɫɲ. ɲɤ., 
2012. - 383 ɫ.  
 24. Ɋɨɠɤɨɜɚ, Ʌ. Ⱦ. ɗɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ. ɍɱɟɛ. ɞɥɹ 
ɬɟɯɧɢɤɭɦɨɜ. - 3-ɟ ɢɡɞ., ɩɟɪɟɪɚɛ. ɢ ɞɨɩ. / Ʌ. Ⱦ. Ɋɨɠɤɨɜɚ, Ⱦ. ɋ. Ʉɨɡɭɥɢɧ // Ɇ.: 
ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 2017. - 648 ɫ. 
 25. ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɣ ɫɩɪɚɜɨɱɧɢɤ, ɬ. 3, ɤɧ. 1; ɉɪɨɢɡɜɨɞɫɬɜɨ ɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ: ɋɩɪɚɜɨɱɧɨɟ ɢɡɞɚɧɢɟ / (ɉɨɞ ɪɟɞ.: ɂ.ɇ. Ɉɪɥɨɜɚ) 
7-ɟ ɢɡɞ.,ɢɫɩ). ɢ ɞɨɩ. - IV.: ɗɧɟɪɝɨɚɬɫ ɦɢɡɞɚɬ, 2011. - 882 ɫ. 
 26. ɇɨɪɦɚɬɢɜɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
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 27. ɋɜɨɞ ɩɪɚɜɢɥ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɋɉ 31-110-2003.4. 
2013. 220 ɫ. ȼɟɞɨɦɫɬɜɟɧɧɵɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɧɨɪɦɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
(ɗɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ) 2011. - 130 ɫ. 
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ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɧɚɩɪɹɠɟɧɢɟɦ 0,38-20 ɤȼ ɫ 
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ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ» ɋɈ 153-34.20.815 
 30. «Ȼɸɥɥɟɬɟɧɶ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɪɚɫɰɟɧɨɤ ɢ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ 
ɫɬɪɨɢɬɟɥɟɣ». ɋɢɛɢɪɫɤɢɣ ɪɟɝɢɨɧɚɥɶɧɵɣ ɰɟɧɬɪ, 2013 ɝ . - 50 ɫ. 
 31. Ɏɨɦɢɧɚ, ȼ. ɇ. ɗɤɨɧɨɦɢɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ: ɍɱɟɛɧɢɤ / ȼ. ɇ. 
Ɏɨɦɢɧɚ // Ɇ.:ɂɍɗ Ƚɍɍ, ȼɂɉɄɷɧɟɪɝɨ, ɂɉɄ-ɝɨɫɫɥɭɠɛɵ, 2015. - 329 ɫ. 
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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 31 ɧɚɢɦɟɧɨɜɚɧɢɟ. 

 

«______» _____________________ 
 (ɞɚɬɚ) 

 

____________________   Ⱥ.ɘ. ɑɢɯɚɧɨɜ 

 (ɩɨɞɩɢɫɶ) (ɎɂɈ) 

 



 


	ВВЕДЕНИЕ
	1 Определение параметров перспективного жилищного строительства
	1.1 Анализ современного состояния территории
	1.2 Перспективный план развития и напряжение проектируемой системы электроснабжения
	2 Расчетная часть
	2.1 Расчет и определение электрических нагрузок жилых домов, объектов социального и культурно-бытового обслуживания
	2.2 Определение осветительной нагрузки и мощности микрорайона
	2.3 Выбор расположения КТП, числа и мощности трансформаторов
	2.4 Выбор сечения жил кабеля на напряжение 0,38 кВ
	2.5 Расчет схемы распределительной сети 10 кВ
	3 Выбор оборудования
	3.1 Высоковольтное и низковольтное оборудование
	3.2 Оценка затрат по проектируемому объекту распределительной сети 10 кВ
	3.3 Расчёт токов короткого замыкания в линии 0,4 кВ 0,38 кВ 10кВ
	3.4 Анализ качества напряжения и расчёт отклонения напряжения
	СПИСОК ИСПОЛЬЗОВАННЫХ ИСТОЧНИКОВ

