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

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

ɢɧɫɬɢɬɭɬ 

  «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ»  
ɤɚɮɟɞɪɚ 

 

 
ɍɌȼȿɊɀȾȺɘ 

Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
    Ƚ.ɇ. ɑɢɫɬɹɤɨɜ 
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ɋɬɭɞɟɧɬɭ Ʉɭɡɶɦɢɧɭ əɪɨɫɥɚɜɭ ɋɟɪɝɟɟɜɢɱɭ  
(ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ ɫɬɭɞɟɧɬɚ) 

Ƚɪɭɩɩɚ ɏɗɧ 17–01 (17-1) ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 13.03.02   
(ɤɨɞ) 

  «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ»  
(ɧɚɢɦɟɧɨɜɚɧɢɟ) 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɫɯɟɦɵ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɠɢɥɨɝɨ ɦɚɫɫɢɜɚ Ɂɚɜɢɞɧɨɟ ɫ.Ʉɚɣɛɚɥɵ ɜ ɝɪɚɧɢɰɟ ɭɥɢɰ Ⱥɪɛɚɬɫɤɚɹ-
Ɍɚɣɦɵɪɫɤɚɹ. 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɢɧɫɬɢɬɭɬɭ № 243ɨɬ 20.04.21ɝ.  
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ɇ.ȼ. Ⱦɭɥɟɫɨɜɚ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ», ɤ.ɷ.ɧ. 

(ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ) 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɞɚɱɧɨɝɨ ɦɚɫɫɢɜɚ ɩ. Ɂɚɜɢɞɧɨɝɨ, 
ɩɨɨɩɨɪɧɚɹ ɫɯɟɦɚ ȼɅ–0,4ɤȼ ɢ 10ɤȼ  
 
 ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: 
ȼɜɟɞɟɧɢɟ 

1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɴɟɤɬɚ   

2 Ɉɛɨɫɧɨɜɚɧɢɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

3 Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜ ɫɜɹɡɢ ɫ ɩɨɞɤɥɸɱɟɧɢɟɦ ɧɨɜɵɯ 
ɤɨɬɬɟɞɠɟɣ  

4 Ɋɚɫɱёɬ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 10 ɤȼ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

5 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 

6 Ɋɚɫɱёɬ ɬɨɤɨɦ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 

7 Ⱥɧɚɥɢɡ ɤɚɱɟɫɬɜɚ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ ɢ ɪɚɫɱɟɬ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ. Ɂɚɤɥɸɱɟɧɢɟ 

ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɉɟɪɟɱɟɧɶ ɨɛɹɡɚɬɟɥɶɧɵɯ ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ: 
1. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɠɢɥɨɝɨ ɦɚɫɫɢɜɚ Ɂɚɜɢɞɧɨɟ ɫ. Ʉɚɣɛɚɥɵ 

ɜ ɝɪɚɧɢɰɟ ɭɥɢɰ Ⱥɪɛɚɬɫɤɚɹ–Ɍɚɣɦɵɪɫɤɚɹ ɧɚ ɫɬɨɪɨɧɟ 0,4 ɤȼ 
2. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɠɢɥɨɝɨ ɦɚɫɫɢɜɚ Ɂɚɜɢɞɧɨɟ ɫ. Ʉɚɣɛɚɥɵ 

ɜ ɝɪɚɧɢɰɟ ɭɥɢɰ Ⱥɪɛɚɬɫɤɚɹ–Ɍɚɣɦɵɪɫɤɚɹ ɧɚ ɫɬɨɪɨɧɟ 10 ɤȼ 
3. Ɉɞɧɨɥɢɧɟɣɧɚɹ ɫɯɟɦɚ  

 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ     ɇ.ȼ. Ⱦɭɥɟɫɨɜɚ 
 (ɩɨɞɩɢɫɶ) (ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ) 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ      ə.ɋ. Ʉɭɡɶɦɢɧ 
 
 
 

«22» ɮɟɜɪɚɥɹ 2021ɝ. 

(ɩɨɞɩɢɫɶ) (ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ) 
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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɫɯɟɦɵ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɠɢɥɨɝɨ ɦɚɫɫɢɜɚ ɡɚɜɢɞɧɨɟ ɫ.Ʉɚɣɛɚɥɵ ɜ ɝɪɚɧɢɰɟ ɭɥɢɰ Ⱥɪɛɚɬɫɤɚɹ-

Ɍɚɣɦɵɪɫɤɚɹ» ɫɨɞɟɪɠɢɬ 65 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 9 ɪɢɫɭɧɤɨɜ, 30 ɬɚɛɥɢɰ, 25 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 3 ɥɢɫɬɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɊȿɄɈɇɋɌɊɍɄɐɂə, ɗɅȿɄɌɊɈɋɇȺȻɀȿɇɂȿ, ɄɈɌɌȿȾɀ, ɇȺɉɊəɀȿɇɂȿ, 

Ʌɂɇɂə, ɗɅȿɄɌɊɈȻɈɊɍȾɈȼȺɇɂȿ. 

Ɉɛɴɟɤɬ ɪɚɫɱёɬɚ – ɫɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩ. Ɂɚɜɢɞɧɨɟ Ɇɭɧɢɰɢɩɚɥɶɧɨɝɨ 

ɨɛɪɚɡɨɜɚɧɢɹ «Ⱥɥɬɚɣɫɤɢɣ ɪɚɣɨɧ Ȼɟɥɨɹɪɫɤɨɝɨ ɫɟɥɶɫɨɜɟɬɚ Ɋɏ» 

ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɫɩɨɫɨɛɵ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ.  

Ʉ ɨɫɧɨɜɧɵɦ ɜɨɩɪɨɫɚɦ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɚɱɧɨɝɨ ɦɚɫɫɢɜɚ 

ɨɬɧɨɫɹɬɫɹ: ɫɬɪɨɢɬɟɥɶɧɨɟ ɡɨɧɢɪɨɜɚɧɢɟ, ɚɪɯɢɬɟɤɬɭɪɧɨ – ɩɥɚɧɢɪɨɜɨɱɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ, 

ɜɵɛɨɪ ɬɢɩɨɜ ɡɞɚɧɢɣ, ɜɵɫɨɤɢɟ ɷɫɬɟɬɢɱɟɫɤɢɟ ɤɚɱɟɫɬɜɚ, ɩɪɢ ɭɫɥɨɜɢɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ 

ɡɚɫɬɪɨɣɤɢ ɬɟɪɪɢɬɨɪɢɢ, ɭɱёɬ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɩɟɰɢɮɢɤɢ ɛɵɬɚ ɢ ɭɞɨɛɫɬɜ ɩɪɨɠɢɜɚɧɢɹ 

ɧɚɫɟɥɟɧɢɹ [1]. ɂɧɬɟɪɟɫ ɧɚɫɟɥɟɧɢɹ ɤ ɞɚɱɧɨɦɭ, ɢɧɞɢɜɢɞɭɚɥɶɧɨɦɭ ɠɢɥɢɳɧɨɦɭ 

ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɪɚɫɬёɬ, ɩɨɷɬɨɦɭ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɧɚɫɟɥёɧɧɵɯ ɩɭɧɤɬɨɜ ɜɨɡɪɨɫɥɚ.   

ɐɟɥɶɸ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɟɤɨɧɫɬɪɭɤɰɢɹ 

ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɱɚɫɬɢ ɠɢɥɨɝɨ ɦɚɫɫɢɜɚ ɫ ɬɟɦ, ɱɬɨɛɵ 

ɨɛɟɫɩɟɱɢɬɶ ɧɚɫɟɥɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɵɦ ɷɥɟɤɬɪɢɱɟɫɬɜɨɦ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɞɚɧɧɨɣ ɰɟɥɢ, ɜ 

ɪɚɛɨɬɟ ɛɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ, ɫɭɳɟɫɬɜɭɸɳɢɣ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɧɚ ɩɪɟɞɦɟɬ 

ɡɚɝɪɭɡɤɢ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɜɚɪɢɚɧɬ ɫɯɟɦɵ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɜɵɛɪɚɧɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɢɫɩɨɥɧɟɧɢɟ ɥɢɧɢɣ ɢ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ. 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɧɚɝɪɭɡɤɢ ɧɚ ɜɜɨɞɢɦɵɟ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ 

ɤɨɬɬɟɞɠɢ ɢ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɧɨɜɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. Ⱦɥɹ ɞɚɧɧɵɯ ɨɛɴɟɤɬɨɜ 

ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɢ ɜɵɛɪɚɧɵ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɩɪɢɧɢɦɚɟɦɵɟ ɩɪɨɟɤɬɧɵɟ ɪɟɲɟɧɢɹ ɞɨɥɠɧɵ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɫɨɜɪɟɦɟɧɧɨɦɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɭɪɨɜɧɸ. 
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ABSTRACT 

Final qualifying work on the topic " Reconstruction of the power supply scheme of the 

residential area zavidnoye S.Kaibaly in the border of Arbatskaya-Taimyrskaya streets " 

contains 65 pages of a text document, 9 figures, 30 tables, 25 sources used, 3 sheets of 

graphic material. 

RECONSTRUCTION, POWER SUPPLY, COTTAGE, VOLTAGE, LINE, 

ELECTRICAL EQUIPMENT. 

The object of calculation is the power supply system of the Zavidnoye settlement of the 

Municipal formation "Altai District of the Beloyarsky Village Council of the Republic of 

Tatarstan" The subject of the study is methods for determining the parameters of the power 

supply system. 

The main issues of reconstruction of the design of the dacha array include: 

construction zoning, architectural and planning organization, choice of building types, high 

aesthetic qualities, provided that the territory is economically developed, taking into account 

the peculiarities of the specifics of everyday life and the amenities of the population [1]. The 

population's interest in suburban, individual housing construction is growing, so the 

relevance of the development of settlements has increased. 

The purpose of this final qualification work is the reconstruction of the power supply 

scheme of the electric network of the residential area in order to provide the population with 

high-quality electricity. To achieve this goal, the existing power supply scheme was 

analyzed for loading the elements of the power supply system; a new version of the power 

supply scheme of the electric network was developed, the design of lines and transformer 

substations was selected. 

During the work, the loads on the cottages being introduced into the explantation were 

calculated and a new power supply scheme was designed. For these objects, calculations of 

the electrical load were carried out and all elements of the power supply system were 

selected. At the same time, the design decisions made must correspond to the modern 

technological level. 

 
 
 



6  

ɋɈȾȿɊɀȺɇɂȿ 

ȼȼȿȾȿɇɂȿ .......................................................................................................................... 5  

1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɴɟɤɬɚ .................................................................................................. 6  

2 Ɉɛɨɫɧɨɜɚɧɢɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ………………………………7  

2.1 Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɟɬɢ ɠɢɥɨɝɨ ɦɚɫɫɢɜɚ .............. 8 

2.2 Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɨɬɪɟɛɢɬɟɥɹ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɟɬɢ .................... 11 

2.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 0,4 ɤȼ ………. 15 

2.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 0,4 ɤȼ ….….…….. 18 

3 Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫ ɭɱɟɬɨɦ ɧɨɜɨɣ ɡɚɫɬɪɨɣɤɢ................…... 21  

4 Ɋɚɫɱёɬ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 10 ɤȼ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ......................... 41 

4.1 Ɋɚɫɱɟɬ ɩɪɨɜɨɞɨɜ ɢ ɜɵɛɨɪ ɫɟɱɟɧɢɹ …...................................................................... 43  

4.2 Ɉɩɪɟɞɟɥɟɧɢɹ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 10 ɤȼ ……….................. 45 

4.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 10 ɤȼ …………..…………... 46 

5 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ ……………………………………... 47 

5.1 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ 10 ɤȼ …...………………………… 47 

5.2 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ ɞɨ 1 ɤȼ ……………………………. 49 

6 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɫɟɬɢ …............................................................... 50 

6.1Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɫɟɬɢ 10 ɤȼ ………………...……………. 50 

6.2 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɫɟɬɢ ɧɢɠɟ 1 ɤȼ ………………………… 53  

7 Ⱥɧɚɥɢɡ ɤɚɱɟɫɬɜɚ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ ɢ ɪɚɫɱɟɬ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɯɚɪɚɤɬɟɪɧɵɯ 

ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ....................................................................................................... 56  

ɁȺɄɅɘɑȿɇɂȿ .................................................................................................................. 59 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ.......................................................... 60 

 

 
 
 
 

 
 
 



7  

ȼȼȿȾȿɇɂȿ 

 

Ʉ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɟɬɹɦ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɪɢɧɹɬɨ ɨɬɧɨɫɢɬɶ 

ɫɟɬɢ ɧɚɩɪɹɠɟɧɢɟɦ 0,4–110 ɤȼ, ɨɬ ɤɨɬɨɪɵɯ ɫɧɚɛɠɚɸɬɫɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ (ɛɨɥɟɟ 50 % ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ) ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɟ 

ɩɨɬɪɟɛɢɬɟɥɢ (ɜɤɥɸɱɚɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, ɦɟɥɢɨɪɚɰɢɸ, ɤɨɦɦɭɧɚɥɶɧɨ-ɛɵɬɨɜɵɟ 

ɩɨɬɪɟɛɧɨɫɬɢ ɢ ɤɭɥɶɬɭɪɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ). Ɉɫɧɨɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɯɜɚɬɚ ɫɟɬɹɦɢ ɛɨɥɶɲɨɣ 

ɬɟɪɪɢɬɨɪɢɢ ɫ ɦɚɥɵɦɢ ɩɥɨɬɧɨɫɬɹɦɢ ɧɚɝɪɭɡɨɤ.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟ ɜɨɩɪɨɫɨɜ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɯɟɦɵ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɜɹɡɚɧɚ ɫ ɧɟɜɵɩɨɥɧɟɧɢɟɦ 

ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɤɚɱɟɫɬɜɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɚ ɬɚɤɠɟ ɪɨɫɬɨɦ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɠɢɥɨɝɨ ɫɟɤɬɨɪɚ. 

ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬɵ ɛɵɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

• ɨɛɨɫɧɨɜɚɧɢɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ;  

• ɩɪɨɜɟɪɤɚ ɡɚɝɪɭɡɤɢ ɩɨ ɦɨɳɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ 

ɩɨɞɫɬɚɧɰɢɣ; 

• ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɧɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ ɢ ɪɚɫɱɟɬ ɢɯ ɡɚɝɪɭɡɤɢ;  

• ɪɚɫɱɟɬ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 10 ɤȼ;  

• ɪɚɫɱɟɬ ɩɪɨɜɨɞɨɜ ɢ ɜɵɛɨɪ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɧɢɤɨɜ; 

• ɜɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɫɟɬɢ 0,4 ɢ 10 ɤȼ; 

• ɪɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ;  

• ɚɧɚɥɢɡ ɤɚɱɟɫɬɜɚ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ ɢ ɪɚɫɱɟɬ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ 

ɯɚɪɚɤɬɟɪɧɵɯ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ. 
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1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɴɟɤɬɚ 

ɉɪɨɟɤɬɢɪɭɟɦɵɣ ɨɛɴɟɤɬ ɪɚɫɩɨɥɨɠɟɧ ɜ ɸɝɨ-ɡɚɩɚɞɧɨɣ ɱɚɫɬɢ ɬɟɪɪɢɬɨɪɢɢ 

Ɇɭɧɢɰɢɩɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ «Ⱥɥɬɚɣɫɤɢɣ ɪɚɣɨɧ Ȼɟɥɨɹɪɫɤɨɝɨ ɫɟɥɶɫɤɨɝɨ ɫɨɜɟɬɚ Ɋɏ». 

ɇɚ ɦɨɦɟɧɬ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɟɪɪɢɬɨɪɢɹ ɱɚɫɬɢɱɧɨ ɡɚɫɬɪɨɟɧɚ. 

ȼ ɝɪɚɧɢɰɚɯ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɬɟɪɪɢɬɨɪɢɢ ɪɚɡɦɟɳɟɧɨ 700 ɤɨɬɬɟɞɠɟɣ. ɉɥɨɳɚɞɶ 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɬɟɪɪɢɬɨɪɢɢ S=9300 ɦ2. Ⱦɚɧɧɵɣ ɩɨɫɟɥɨɤ ɨɬɧɨɫɢɬɫɹ ɤ ɩɨɬɪɟɛɢɬɟɥɸ III 

ɤɚɬɟɝɨɪɢɢ ɩɨ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɛɵɬɨɜɵɟ ɩɪɢɟɦɧɢɤɢ ɪɚɫɫɱɢɬɚɧɵ ɧɚ ɨɞɧɨɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 220 

ȼ ɱɚɫɬɨɬɵ 50 Ƚɰ. ɉɨɦɢɦɨ ɛɵɬɨɜɵɯ ɩɪɢɟɦɧɢɤɨɜ ɜ ɡɞɚɧɢɹɯ ɩɪɟɞɭɫɦɨɬɪɟɧɨ 

ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɨɬɨɩɥɟɧɢɟ ɫ ɬɪɟɯɮɚɡɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ 380 ȼ, ɱɚɫɬɨɬɨɣ 50 Ƚɰ 

ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. ɉɨɷɬɨɦɭ ɧɚ ɜɜɨɞɟ ɜ ɤɨɬɬɟɞɠ ɩɪɢɧɢɦɚɟɦ ɧɚɩɪɹɠɟɧɢɟ 380 ȼ 

ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ 50 Ƚɰ. 

Ʉɥɢɦɚɬ – ɪɟɡɤɨ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ, ɫ ɪɟɡɤɨ ɜɵɪɚɠɟɧɧɵɦ ɝɨɞɨɜɵɦ ɢ ɫɭɬɨɱɧɵɦ 

ɯɨɞɨɦ ɬɟɦɩɟɪɚɬɭɪ ɜɨɡɞɭɯɚ. 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɬɟɪɪɢɬɨɪɢɹ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɪɚɣɨɧɟ ɫɬɟɩɧɨɣ ɡɨɧɵ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣɫɹ ɠɚɪɤɢɦ ɥɟɬɨɦ, ɯɨɥɨɞɧɨɣ ɡɢɦɨɣ, ɪɟɡɤɢɦ ɤɨɥɟɛɚɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɨɡɞɭɯɚ ɢ ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɚɬɦɨɫɮɟɪɧɵɯ ɨɫɚɞɤɨɜ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɚ – 115 ɞɧɟɣ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 

ɭɫɬɨɣɱɢɜɵɯ ɦɨɪɨɡɨɜ – 25 ɞɧɹ. 

ɉɪɟɨɛɥɚɞɚɸɳɢɟ ɜɟɬɪɚ – ɸɝɨ-ɡɚɩɚɞɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ, ɜ ɝɨɞɭ ɩɨɝɨɞɚ ɫ ɫɢɥɶɧɵɦ 

(ɛɨɥɟɟ 15 ɦ/ɫ) ɜɟɬɪɨɦ ɧɚɛɥɸɞɚɟɬɫɹ 45 ɞɧɟɣ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɵ ɜɟɬɪɵ ɜ ɥɟɬɧɢɣ ɩɟɪɢɨɞ. 

ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ – 2,9 ɦ/ɫ. 

ɍɫɬɨɣɱɢɜɵɣ ɫɧɟɠɧɵɣ ɩɨɤɪɨɜ ɥɨɠɢɬɫɹ ɜ ɤɨɧɰɟ ɧɨɹɛɪɹ. Ɋɚɡɪɭɲɟɧɢɟ ɫɧɟɠɧɨɝɨ 

ɩɨɤɪɨɜɚ ɧɚɱɢɧɚɟɬɫɹ ɜ ɤɨɧɰɟ ɦɚɪɬɚ ɢ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɜ ɫɟɪɟɞɢɧɟ ɚɩɪɟɥɹ. ɍɫɬɨɣɱɢɜɵɣ 

ɫɧɟɠɧɵɣ ɩɨɤɪɨɜ ɫɨɯɪɚɧɹɟɬɫɹ 137 ɞɧɟɣ. ɋɪɟɞɧɹɹ ɬɨɥɳɢɧɚ ɫɧɟɠɧɨɝɨ ɩɨɤɪɨɜɚ ɧɚ 

ɨɬɤɪɵɬɵɯ ɦɟɫɬɚɯ – 10 ɫɦ. 

ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ –0,2 0ɋ, ɚɛɫɨɥɸɬɧɵɣ ɦɢɧɢɦɭɦ ɬɟɦɩɟɪɚɬɭɪ 

ɜɨɡɞɭɯɚ –50 0ɋ, ɦɚɤɫɢɦɭɦ +38 0. 
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Ƚɨɞɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ – ɜ ɫɪɟɞɧɟɦ 347 ɦɦ. ɇɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ 

ɨɫɚɞɤɨɜ ɜɵɩɚɞɚɟɬ ɜ ɥɟɬɧɢɣ ɩɟɪɢɨɞ, 54 % ɨɬ ɝɨɞɨɜɨɣ ɫɭɦɦɵ ɨɫɚɞɤɨɜ. 

ɇɚɢɛɨɥɶɲɚɹ ɝɥɭɛɢɧɚ ɩɪɨɦɟɪɡɚɧɢɹ – 2,85 ɦ. 

 

 
 

Ɋɢɫɭɧɨɤ 1.1 – Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɠɢɥɨɝɨ ɦɚɫɫɢɜɚ Ɂɚɜɢɞɧɨɟ ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰ 
Ⱥɪɛɚɬɫɤɚɹ–Ɍɚɣɦɵɪɫɤɚɹ. 
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2 Ɉɛɨɫɧɨɜɚɧɢɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ  

ȼ ɩɪɨɰɟɫɫɟ ɪɚɡɜɢɬɢɹ ɩɨɫɟɥɤɚ ɫɬɚɥɢ ɫɬɪɨɢɬɶɫɹ ɧɨɜɵɟ ɭɥɢɰɵ, ɚ ɬɚɤɠɟ 

ɩɪɨɢɫɯɨɞɢɥɨ ɩɨɩɨɥɧɟɧɢɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɭɥɢɰ ɧɨɜɵɦɢ ɤɨɬɬɟɞɠɚɦɢ.  

ȼ ɩɨɫɟɥɤɟ ɡɚ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɩɪɨɢɡɨɲɥɨ ɭɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɹ ɡɚ ɫɱёɬ 

ɭɜɟɥɢɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɛɵɬɨɜɨɝɨ ɯɚɪɚɤɬɟɪɚ, ɭɜɟɥɢɱɢɥɚɫɶ ɩɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ ɜɫɥɟɞɫɬɜɢɟ ɭɥɭɱɲɟɧɢɹ ɭɫɥɨɜɢɣ ɛɵɬɚ ɧɚɫɟɥɟɧɢɹ. 

ȼ ɫɜɹɡɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɩɪɢɫɨɟɞɢɧɟɧɢɟɦ ɧɨɜɵɯ 

ɤɨɬɬɟɞɠɟɣ, ɜɨɡɪɨɫɥɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɢ ɧɚ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɩɪɨɜɟɪɤɭ ɡɚɝɪɭɡɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɢ ɪɟɲɢɬɶ ɜɨɩɪɨɫ ɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ.  Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɫɟɬɢ 

ɤɨɫɧɟɬɫɹ ɤɚɤ ɫɭɳɟɫɬɜɭɸɳɟɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ, ɬɚɤ ɢ ɜɧɨɜɶ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɣ 

ɱɚɫɬɢ ɬɟɪɪɢɬɨɪɢɢ ɦɚɫɫɢɜɚ.  

Ⱦɥɹ ɛɨɥɟɟ ɩɨɥɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɩɨɫёɥɤɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɩɪɨɜɟɪɤɭ ɩɨ ɡɚɝɪɭɡɤɟ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɷɥɟɦɟɧɬɨɜ ɫɟɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɜɵɩɨɥɧɢɦ ɪɚɫɱɟɬ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɟɬɢ ɠɢɥɨɣ ɡɨɧɵ. ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ 

ɪɚɡɪɚɛɨɬɚɟɦ ɫɢɫɬɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɬɨɣ ɱɚɫɬɢ ɦɚɫɫɢɜɚ, ɝɞɟ ɧɟɨɛɯɨɞɢɦɨ 

ɩɨɞɤɥɸɱɟɧɢɟ ɜɧɨɜɶ ɜɵɫɬɪɨɟɧɧɵɯ ɤɨɬɬɟɞɠɟɣ. 

2.1  Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɟɬɢ ɠɢɥɨɝɨ ɦɚɫɫɢɜɚ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɹɜɥɹɟɬɫɹ ɪɟɲɚɸɳɢɦ ɮɚɤɬɨɪɨɦ ɞɥɹ ɜɵɛɨɪɚ 

ɤɨɥɢɱɟɫɬɜɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ, ɫɟɱɟɧɢɣ ɤɚɛɟɥɟɣ, ɡɚɳɢɬɧɨɣ 

ɚɩɩɚɪɚɬɭɪɵ, ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɠɢɥɵɯ ɞɨɦɨɜ ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɧɟ ɩɨɫɬɨɹɧɧɨɣ. ȼ ɠɢɥɵɯ 

ɡɞɚɧɢɹɯ ɧɚɝɪɭɡɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɭɞɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ (ɤɢɥɨɜɚɬɬ ɧɚ ɨɞɧɭ 

ɤɜɚɪɬɢɪɭ). ȼɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɦɟɪɚ ɠɢɥɨɣ ɩɥɨɳɚɞɢ ɤɨɬɬɟɞɠɚ, 

ɜɢɞɚ ɤɭɯɨɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɛɨɪɨɜ, ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɨɬɨɩɥɟɧɢɹ. 

Ɋɚɫɱёɬ ɧɚɝɪɭɡɨɤ ɤɨɬɬɟɞɠɟɣ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɚɯ 2.1 

 

 



  

 

Ɍɚɛɥɢɰɚ 2.1 – Ɋɚɫɱɟɬ ɧɚɝɪɭɡɨɤ ɱɚɫɬɧɨɝɨ ɞɨɦɚ  

 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ 

Ʉɨɥ-ɜɨ 
ɗɉ 

ɍɫɬ.  
ɦɨɳɧɨɫɬɶ, 
ɤȼɬ 

Ɉɛɳɚɹ 
ɤȼɬ 

Ʉɨɷɮɮ. 
ɋɩɪɨɫɚ 

Ʉɨɷɮɮɢɰ. 
Ɇɨɳɧɨɫɬɢ 

Ɋɚɫɱɟɬɧɚɹ 
ɦɨɳɧɨɫɬɶ, 
ɤȼɬ 

Ɋɟɚɤɬɢɜɧɚɹ 
ɦɨɳɧɨɫɬɶ, 
ɤȼȺɪ 

ɉɨɥɧɚɹ 
ɦɨɳɧɨɫɬɶ, 
ɤȼȺ 

      
Ɉɛɨɡɧɚɱɟɧɢɟ 

ɲɬ. P. ɤȼɬ 
Pɭ. 
ɤȼɬ 

Kc cosφ tg φ Ɋɪ=Pɭ∙Ʉɫ 

, ɤȼɬ 

Qɪ=Ɋɪ∙tgφ, 
ɤȼɚɪ 

Sɪ=√(Pp²+ 
Qp²), ɤȼȺ 

1 2 3 4 5 6 7 8 9 10 11 

 
1 

ȼɚɪɨɱɧɚɹ ɩɚɧɟɥɶ 
(ɷɥɟɤɬɪɢɱɟɫɤɚɹ 
ɩɥɢɬɚ) 

1,00 3,00 3,00 0,40 1,00 0,00 1,1 0,00 1,20 

2 
ɉɨɫɭɞɨɦɨɟɱɧɚɹ 
ɦɚɲɢɧɚ 

1,00 1,20 1,20 0,30 0,80 0,75 0,36 0,27 0,45 

3 ȼɟɧɬɢɥɹɰɢɹ 3,00 0,30 0,7 0,50 0,70 1,02 0,35 0,46 0,64 

4 
Ɋɨɡɟɬɤɢ ɫɢɥɨɜɵɟ 
(ɝɪɭɩɩɵ) 3,00 2,40 7,20 0,30 0,80 0,75 1,76 1,62 2,70 

5 
Ɉɫɜɟɳɟɧɢɟ 
(ɝɪɭɩɩɵ) 3,00 0,40 1,10 0,70 1,00 0,00 0,64 0,00 0,84 

6 ɏɨɥɨɞɢɥɶɧɢɤ 1,00 0,60 0,60 0,50 0,70 1,02 0,30 0,31 0,43 

 

7 

Ɍɟɥɟɜɢɡɨɪ, 
ɤɨɦɩɶɸɬɟɪ, 
ɦɭɡɵɤɚɥɶɧɵɣ 
ɰɟɧɬɪ 

 

3,00 

 

0,50 

 

1,50 

 

0,80 

 

1,00 

 

0,00 

 

1,1 

 

0,00 

 

1,20 

8 
ɋɬɢɪɚɥɶɧɚɹ 
ɦɚɲɢɧɚ 

1,00 2,00 2,00 0,10 0,80 0,75 0,20 0,15 0,25 

 ɂɬɨɝɨ ȼɋȿȽɈ 
ȾɈɆ 

  15,60    6,71 2,81 7,71 

ɇɚɝɪɭɡɤɢ ɰɨɤɨɥɶɧɨɝɨ ɷɬɚɠɚ 

1 
ɐɢɪɤɭɥɹɰɢɨɧɧɵ 
ɣ ɧɚɫɨɫ 

1,00 0,15 0,15 1,00 0,80 0,75 0,15 0,11 0,19 



  

 

   Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.1 
 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ 

Ʉɨɥ-ɜɨ  

ɗɉ 

ɍɫɬ.  
ɦɨɳɧɨ ɫɬɶ 

Ɉɛɳɚɹ  

ɤȼɬ 

Ʉɨɷɮɮ. 
ɋɩɪɨɫɚ 

Ʉɨɷɮɮɢɰ. 
Ɇɨɳɧɨɫɬɢ 

Ɋɚɫɱɟɬɧɚɹ 
ɦɨɳɧɨɫɬɶ 

Ɋɟɚɤɬɢɜɧɚɹ 
ɦɨɳɧɨɫɬɶ 

ɉɨɥɧɚɹ 
ɦɨɳɧɨɫɬɶ 

 Ɉɛɨɡɧɚɱɟɧɢɟ ɲɬ. P. ɤȼɬ Pɭ. ɤȼɬ Kc cosφ tg φ Ɋɪ=Pɭ*Ʉɫ 

, ɤȼɬ 
Qɪ=Ɋɪ*tgφ, 
ɤȼɚɪ 

Sɪ=√(Pp²+ 
Qp²), ɤȼȺ 

1 2 3 4 5 6 7 8 9 10 11 

2 
Ƚɥɭɛɢɧɧɵɣ 
ɧɚɫɨɫ 

1,00 1,20 1,20 0,80 0,80 0,75 0,76 0,72 1,20 

3 Ɉɫɜɟɳɟɧɢɟ 1,00 0,20 0,20 0,10 1,00 0,00 0,02 0,00 0,02 

4 
Ɉɬɨɩɢɬɟɥɶɧɵɣ 
ɷɥɟɤɬɪɨɤɨɬɟɥ 

1,00 6,00 6,00 0,40 0,80 0,75 2,1 1,80 3,00 

5 
ȼɧɟɲɧɟɟ 
ɨɫɜɟɳɟɧɢɟ 

1,00 0,15 0,15 0,30 1,00 0,00 0,05 0,00 0,05 

 ɂɬɨɝɨ ȼɋȿȽɈ   7,70    3,58 2,63 4,45 

 ɂɌɈȽɈ ɨɛɳɚɹ ɦɨɳɧɨɫɬɶ/ 
ɬɨɤɢ ɩɨ ɮɚɡɚɦ 

 22,30    8,8 5,44 12,16 
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2.2 Ɋɚɫɱёɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɟɬɢ 

ɇɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɟɪɪɢɬɨɪɢɢ ɪɚɫɩɨɥɨɠɟɧɨ 4 ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ 

ɩɨɞɫɬɚɧɰɢɢ. Ɉɩɪɟɞɟɥɢɦ ɢɯ ɪɚɫɱёɬɧɵɟ ɧɚɝɪɭɡɤɢ ɩɨ ɭɱɚɫɬɤɚɦ ɥɢɧɢɣ, ɩɪɢ ɩɨɦɨɳɢ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ. 

Ɋɚɫɱёɬɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɭɱɚɫɬɤɟ ɥɢɧɢɢ ɧɚɯɨɞɹɬɫɹ ɫɨɝɥɚɫɧɨ [10] ɩɨ ɮɨɪɦɭɥɟ. ʟ = K୭ ∙ Pi                                                 (2.1) 

ɝɞɟ Ʉɨ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ, ɤɨɬɨɪɵɣ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ ɩɨ ɬɚɛɥɢɰɚɦ 4.1–4.3 [10]. 

Ɋi – ɞɧɟɜɧɨɣ ɢ ɜɟɱɟɪɧɢɣ ɦɚɤɫɢɦɭɦɵ ɧɚɝɪɭɡɨɤ i-ɝɨ ɩɨɬɪɟɛɢɬɟɥɹ ɢɥɢ i-ɝɨ ɭɱɚɫɬɤɚ 

ɫɟɬɢ. 

 ȿɫɥɢ ɧɚɝɪɭɡɤɢ ɨɞɧɨɪɨɞɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɨɬɥɢɱɚɸɬɫɹ ɩɨ ɜɟɥɢɱɢɧɟ ɛɨɥɟɟ ɱɟɦ ɜ 

ɱɟɬɵɪɟ ɪɚɡɚ, ɬɨ ɫɭɦɦɢɪɨɜɚɧɢɟ ɢɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɟ ɫ ɩɨɦɨɳɶɸ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ, ɚ ɩɨɥɶɡɭɹɫɶ ɬɚɛɥɢɰɚɦɢ 4.4–4.5 [10]. 

Ɋɚɫɱёɬɧɚɹ ɜɟɱɟɪɧɹɹ ɢ ɞɧɟɜɧɚɹ ɧɚɝɪɭɡɤɢ ɩɨ ɭɱɚɫɬɤɚɦ ɥɢɧɢɢ ɢɥɢ ɧɚ ɲɢɧɚɯ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɛɭɞɭɬ ɧɚɯɨɞɢɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ ʟ =  𝑃 +  ʟ,     (2.2) 

ɝɞɟ Ɋ – ɪɚɫɱёɬɧɚɹ ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ, ɤȼɬ; 

 𝑃   – ɛɨɥɶɲɚɹ ɢɡ ɫɥɚɝɚɟɦɵɯ ɧɚɝɪɭɡɨɤ, ɤȼɬ; 

 Ɋ – ɞɨɛɚɜɤɚ ɤ ɛɨɥɶɲɟɣ ɫɥɚɝɚɟɦɨɣ ɧɚɝɪɭɡɤɟ, ɤȼɬ. 

Ɋɚɫɱёɬ ɩɪɨɢɡɜɟɞёɧ ɜ ɷɥɟɤɬɪɨɧɧɨɣ ɬɚɛɥɢɰɟ Microsoft Excel. ɉɪɢɦɟɪ ɪɚɫɱёɬɚ 

ɩɪɢɜɟɞёɧ ɞɥɹ Ɍɉ 32-21-108, ɥɢɧɢɢ 1 ɭɱɚɫɬɨɤ 1-Ɍɉ. Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɥɢɧɢɢ ɩɪɢɜɟɞɟɧɚ 

ɧɚ ɪɢɫɭɧɤɟ 2.1. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɫɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ (2.3).  
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Ɋɢɫɭɧɨɤ 2.1– ɋɯɟɦɚ ɫɟɬɢ 0,4 ɤȼ, ɩɨɥɭɱɚɸɳɟɣ ɩɢɬɚɧɢɟ ɨɬ ɄɌɉ №32-16-108 
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ɍɱɚɫɬɨɤ 17–10 Ɋɜ = 8,8 ɤȼɬ; 

ɍɱɚɫɬɨɤ 10–9 Ɋɜ = 8,8 ∙2∙0,73 = 12,84 ɤȼɬ; 

ɍɱɚɫɬɨɤ 9–8 Ɋɜ = 8,8 ∙4∙0,55 = 19,36 ɤȼɬ;  

ɍɱɚɫɬɨɤ 8–7 Ɋɜ = 8,8 ∙5∙0,48 = 21,12ɤȼɬ; 

ɍɱɚɫɬɨɤ 7–6 Ɋɜ = 8,8∙7∙0,43 = 26,48 ɤȼɬ; 

ɍɱɚɫɬɨɤ 6–5 Ɋɜ = 8,8∙7∙0,43 = 26,48 ɤȼɬ; 

ɍɱɚɫɬɨɤ 5–4 Ɋɜ = 8,8∙7∙0,43 = 26,48 ɤȼɬ; 

ɍɱɚɫɬɨɤ 4–3 Ɋɜ = 8,8∙7∙0,43 = 26,48 ɤȼɬ; 

ɍɱɚɫɬɨɤ 3–2 Ɋɜ = 8,8 ∙12∙0,36 = 38,01 ɤȼɬ; 

ɍɱɚɫɬɨɤ 2–1 Ɋɜ = 8,8∙13∙0,35 = 40,04 ɤȼɬ; 

ɍɱɚɫɬɨɤ 1–Ɍɉ Ɋɜ = 8,8 ∙33∙0,24 = 69,69 ɤȼɬ. 

Ɍɚɤ ɤɚɤ ɧɚɝɪɭɡɤɢ ɨɞɧɨɢɦёɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɛɨɥɟɟ ɱɟɦ ɜ ɱɟɬɵɪɟ 

ɪɚɡɚ, ɫɭɦɦɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɟɞɟɧɨ ɫ ɩɨɦɨɳɶɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ. 

Ɉɩɪɟɞɟɥɹɟɦ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ S, ɷɬɨɝɨ ɠɟ ɭɱɚɫɬɤɚ ɩɨ ɮɨɪɦɭɥɟ [9]. S = P˅˔osφ (2.3) 

 

ɝɞɟ cos ɩɪɢɧɢɦɚɟɦ ɤɚɤ ɞɥɹ Ɍɉ ɫ ɤɨɦɦɭɧɚɥɶɧɨ-ɛɵɬɨɜɨɣ ɧɚɝɪɭɡɤɨɣ, 

cos=0,92[10]. 

ɍɱɚɫɬɨɤ17–10 S = ଼,଼଴,ଽଶ = ͻ,ͷ͹ ɤȼȺ; 
ɍɱɚɫɬɨɤ 10–9 S = ଵଶ,଼ସ଴,ଽଶ = ͳ͵,ͻ͹ ɤȼȺ; 
ɍɱɚɫɬɨɤ 9–8 S = ଵଽ,ଷ଺଴,ଽଶ = ʹͳ,ͲͶ ɤȼȺ; 
ɍɱɚɫɬɨɤ 8–7 S = ଶଵ,ଵଶ଴,ଽଶ = ʹʹ,ͻͷ ɤȼȺ; 
ɍɱɚɫɬɨɤ 7–3 S = ଶ଺,ସ଼଴,ଽଶ = ʹͺ,͹ͺ ɤȼȺ; 
ɍɱɚɫɬɨɤ 3–2 S = ଷ଼,଴ଵ଴,ଽଶ = Ͷͳ,͵ͷ ɤȼȺ; 
ɍɱɚɫɬɨɤ 2–1 S = ସ଴,଴ସ଴,ଽଶ = Ͷ͵,ͷʹ ɤȼȺ; 
ɍɱɚɫɬɨɤ 1–Ɍɉ S = ଺ଽ,଺ଽ଴,ଽଶ = ͹ͷ,͹ͷ ɤȼȺ. 
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Ɉɩɪɟɞɟɥɹɟɦ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ Q, ɷɬɢɯ ɠɟ ɭɱɚɫɬɤɨɜ ɫɨɝɥɚɫɧɨ [9] ɩɨ 

ɮɨɪɦɭɥɟ. Q = √Sଶ − Pଶ;                      (2.4) 

ɍɱɚɫɬɨɤ 17–10 Q = √ͻ,ͷ͹ଶ − ͺ, ͺଶ = ͵,͹ͷ ɤȼɚɪ; 
ɍɱɚɫɬɨɤ 10–9 Q = √ͳ͵,ͻ͹ଶ − ͳʹ,ͺͶଶ = ͷ,Ͷ͹ ɤȼɚɪ; 
ɍɱɚɫɬɨɤ 9–8 Q = √ʹͳ,ͲͶଶ − ͳͻ,͵͸ଶ = ͺ,ʹͷ ɤȼɚɪ; 
ɍɱɚɫɬɨɤ 8–7 Q = √ʹʹ, ͻͷଶ − ʹͳ,ͳʹଶ = ͺ,ͻͺ ɤȼɚɪ; 
ɍɱɚɫɬɨɤ 7–3 Q = √ʹͺ,͹ͺଶ − ʹ͸,Ͷͺଶ = ͳͳ,ʹ͹ ɤȼɚɪ; 
ɍɱɚɫɬɨɤ 3–2 Q = √Ͷͳ,͵ͷଶ − ͵ͺ, Ͳͳଶ = ͳ͸,ͳͺɤȼɚɪ; 
ɍɱɚɫɬɨɤ 2–1 Q = √Ͷ͵,ͷʹଶ − ͶͲ,ͲͶଶ = ͳ͹,Ͳͷɤȼɚɪ; 
ɍɱɚɫɬɨɤ 31–Ɍɉ Q = √͹ͷ,͹ͷଶ − ͸ͻ,͸ͻଶ = ʹͻ,͸ͻɤȼɚɪ. 
Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɨɫɬɚɥɶɧɵɟ ɥɢɧɢɢ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 2.3. 

ɂɫɯɨɞɹ ɢɡ ɪɚɫɱёɬɧɨɣ ɩɨɥɧɨɣ ɧɚɝɪɭɡɤɢ ɢ ɡɧɚɱɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɫɨɝɥɚɫɧɚ [8] ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɨɤ ɥɢɧɢɣ ɩɨ ɮɨɪɦɭɥɟ. I =  Sሺ√͵ ∙ Uːሻ ; (2.5) 

 

ɍɱɚɫɬɨɤ 17–10 I =  ͻ,ͷ͹ሺͳ,͹͵ ∙ Ͳ,͵ͺሻ = ͳͶ,ͷͷ А; 
ɍɱɚɫɬɨɤ 10–9 I =  ͳ͵,ͻ͹ሺͳ,͹͵ ∙ Ͳ,͵ͺሻ = ʹͳ,ʹͶ А; 
ɍɱɚɫɬɨɤ 9–8 I =  ʹͳ,ͲͶሺͳ,͹͵ ∙ Ͳ,͵ͺሻ = ͵ʹ,Ͳͳ А; 
ɍɱɚɫɬɨɤ 8–7 I =  ʹʹ,ͻͷሺͳ,͹͵ ∙ Ͳ,͵ͺሻ = ͵ͷ,͵ А; 
ɍɱɚɫɬɨɤ 7–3 I =  ʹͺ,͹ͺሺͳ,͹͵ ∙ Ͳ,͵ͺሻ = ͶͶ,ʹ͹ А; 
ɍɱɚɫɬɨɤ 3–2 I =  Ͷͳ,͵ͷሺͳ,͹͵ ∙ Ͳ,͵ͺሻ = ͸͵,ͷ͸ А; 
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ɍɱɚɫɬɨɤ 2–1 I =  Ͷ͵,ͷʹሺͳ,͹͵ ∙ Ͳ,͵ͺሻ = ͸͸,ͻͷ А; 
ɍɱɚɫɬɨɤ 1–Ɍɉ I =  ͹ͷ,͹ͷሺͳ,͹͵ ∙ Ͳ,͵ͺሻ = ͳͳ͸,ͷ͵ А. 

Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɬɨɤɢ ɨɫɬɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.3. 

2.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 0,4 ɤȼ 

Ɋɚɫɱёɬ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɤɨɧɤɪɟɬɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 

[13]. 

ɉɨɬɟɪɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɥɢɧɢɢ ɫ ɨɞɧɨɣ ɧɚɝɪɭɡɤɨɣ ɧɚ ɤɨɧɰɟ (ɚ ɟɫɥɢ ɥɢɧɢɹ ɢɦɟɟɬ 

ɧɟɫɤɨɥɶɤɨ ɭɱɚɫɬɤɨɜ ɫ ɪɚɡɥɢɱɧɨɣ ɦɨɳɧɨɫɬɶɸ, ɬɨ ɤɚɠɞɵɣ ɭɱɚɫɬɨɤ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɨɬɞɟɥɶɧɨ), ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [11]. 

ΔU = ୔⋅ୖɥ+୕⋅Xɥ୙ɧ
      (2.6) 

ɝɞɟ P ɢ Q – ɚɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɢ, ɩɟɪɟɞɚɜɚɟɦɵɟ ɩɨ ɥɢɧɢɢ; 

Rɥ ɢ ɏɥ – ɚɤɬɢɜɧɨɟ ɢ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ. 

Uɧ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ. 

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [10]. Rˎ = r଴ ⋅ l      (2.7) 

ɝɞɟ l – ɞɥɢɧɚ ɥɢɧɢɢ (ɭɱɚɫɬɤɚ) ɤɦ; 

r0 – ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ 200C, Ɉɦ/ɤɦ.  

Ɋɟɚɤɬɢɜɧɨɟ (ɢɧɞɭɤɬɢɜɧɨɟ) ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ (ɭɱɚɫɬɤɚ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ [6]. Xˎ = x଴ ∙ l     (2.8) 

ɝɞɟ l – ɞɥɢɧɚ ɥɢɧɢɢ (ɭɱɚɫɬɤɚ) ɤɦ; 

ɯ0 – ɭɞɟɥɶɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɤɢɥɨɦɟɬɪɚ ɞɥɢɧɵ ɥɢɧɢɢ 

(ɭɱɚɫɬɤɚ), ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ ɢ ɫɪɟɞɧɟɝɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɪɚɫɫɬɨɹɧɢɹ 

ɦɟɠɞɭ ɧɢɦɢ.  

ɉɨ ɚɛɫɨɥɸɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɢɡ-ɡɚ ɪɚɡɥɢɱɧɨɝɨ ɭɪɨɜɧɹ 

ɧɨɦɢɧɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɬɪɭɞɧɨ ɫɭɞɢɬɶ ɨ ɞɨɩɭɫɬɢɦɨɫɬɢ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ, 
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ɩɨɷɬɨɦɭ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ, ɨɩɪɟɞɟɥёɧɧɵɟ ɩɨ ɮɨɪɦɭɥɟ, ɜɵɪɚɠɚɸɬ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ 

ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ [13] ɩɨ ɮɨɪɦɭɥɟ [10]. 

ΔU% = ∑ Δ୙భ−Ɍɉ୙ɇ
⋅ ͳͲͲ    (2.9) 

Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɣ ɫɱɢɬɚɸɬ ɩɪɢɟɦɥɟɦɵɦɢ, ɟɫɥɢ ɨɧɢ ɜ 

ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɜ ɫɟɬɹɯ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ 5 %, ɚ ɜ 

ɫɟɬɹɯ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 8 %. Ⱦɨɩɭɫɬɢɦɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɧɚɥɢɱɢɟɦ ɩɭɫɤɨɪɟɝɭɥɢɪɭɸɳɢɯ ɫɪɟɞɫɬɜ ɜ ɫɟɬɹɯ, ɧɚɩɪɹɠɟɧɢɟɦ ɧɚ ɡɚɠɢɦɚɯ ɢɫɬɨɱɧɢɤɚ 

ɩɢɬɚɧɢɹ ɢ ɞɨɩɭɫɬɢɦɵɦɢ ɨɬɤɥɨɧɟɧɢɹɦɢ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚ ɡɚɠɢɦɚɯ 

ɷɥɟɤɬɪɨɩɪɢёɦɧɢɤɨ.  

ȼ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɢ ɭɞɨɛɫɬɜɚ ɧɟɦɧɨɝɨ ɜɢɞɨɢɡɦɟɧɢɦ ɮɨɪɦɭɥɭ 

[10]. 𝛥ܷ = ௉⋅𝑟బ+ொ⋅𝑥బ𝑈ɧ ⋅ 𝑙    (2.10) 

Ɋɚɫɱёɬ ɜɟɞёɦ ɧɚ ɩɪɢɦɟɪɟ ɥɢɧɢɢ 1, Ɍɉ №32-16-108. Ɍɚɤ ɤɚɤ ɩɨɬɪɟɛɢɬɟɥɢ ɧɚ 

ɥɢɧɢɹɯ ɢɦɟɸɬ ɪɚɡɧɭɸ ɧɚɝɪɭɡɤɭ, ɪɚɫɱёɬ ɜɟɞёɦ ɩɨ ɭɱɚɫɬɤɚɦ. 

Ɇɚɪɤɚ ɩɪɨɜɨɞɚ ɋɂɉ-2 3×70+1×70. Ⱦɥɹ ɷɬɨɣ ɦɚɪɤɢ ɩɪɨɜɨɞɚ 

r0–ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ 20 0C, 

r0 = 0,44 Ɉɦ/ɤɦ [15]. 

ɯ0 – ɭɞɟɥɶɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɤɢɥɨɦɟɬɪɚ ɞɥɢɧɵ ɥɢɧɢɢ 

(ɭɱɚɫɬɤɚ).  

ɯ0 =0,078 Ɉɦ/ɤɦ [15]. 

ɍɱɚɫɬɨɤ 17-10 =U ଼,଼⋅଴,ସସ+ଷ,଻⋅଴,଴଻଼଴,ଷ଼ ⋅ Ͳ,Ͳ͵ = Ͳ,͵ʹ ȼ; 

ɍɱɚɫɬɨɤ 10-9 =U ଵଶ,଼ସ⋅଴,ସସ+ହ,ସ଺⋅଴,଴଻଼଴,ଷ଼ ⋅ Ͳ,Ͳ͵ = Ͳ,Ͷ͹ ȼ; 

ɍɱɚɫɬɨɤ 9-8 =U ଵଽ,ଷ଺⋅଴,ସସ+଼,ଶହ⋅଴,଴଻଼଴,ଷ଼ ⋅ Ͳ,Ͳ͵ = Ͳ,͹ʹ ȼ; 

ɍɱɚɫɬɨɤ 8-7 =U ଶଵ,ଵଶ⋅଴,ସ+଼,ଽଽ⋅଴,଴଻଼଴,ଷ଼ ⋅ Ͳ,Ͳ͵ = Ͳ,͹ͺ ȼ; 

ɍɱɚɫɬɨɤ 7-3 =U ଶ଺,ସ଼⋅଴,ସସ+ଵଵ,ଶ଼⋅଴,଴଻଼଴,ଷ଼ ⋅ Ͳ,Ͳ͵ = Ͳ,ͻͺ ȼ; 

ɍɱɚɫɬɨɤ 3-2 =U ଷ଼,଴ଵ⋅଴,ସସ+ଵ଺,ଶଽ⋅଴,଴଻଼଴,ଷ଼ ⋅ Ͳ,ͲͶ = ͳ,Ͷʹ ȼ; 

ɍɱɚɫɬɨɤ 2-1 =U ସ଴,଴ସ⋅଴,ସସ+ଵ଺,ଵଽ⋅଴,଴଻଼଴,ଷ଼ ⋅ Ͳ,ͲͶ = ͳ,Ͷ ȼ; 
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ɍɱɚɫɬɨɤ 1-Ɍɉ =U ଺ଽ,଺ଽ⋅଴,ସସ+ଵ଻,଴ହ⋅଴,଴଻଼଴,ଷ଼ ⋅ Ͳ,Ͳ͵ = ʹ,͸ ȼ. 

Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɨɫɬɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ (2.3). 

Ɉɩɪɟɞɟɥɢɦ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ, ɜɵɪɚɠɟɧɧɵɟ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɞɚɧɧɨɣ ɥɢɧɢɢ. 

ɋɭɦɦɚ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɭɱɚɫɬɤɚɯ ɜɟɬɜɢ ɥɢɧɢɢ ɞɨ Ɍɉ ɛɭɞɟɬ ɪɚɜɧɚ 

U10/20-Ɍɉ = 49,08 ȼ. 

ɉɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ, ɜɵɪɚɠɟɧɧɵɟ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 𝛥ܷ% = Ͷͻ,Ͳͺ͵ͺͲ ⋅ ͳͲͲ = ͳʹ,ͻ% 

Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɫɬɚɥɶɧɵɯ ɥɢɧɢɹɯ ɜ ɬɚɛɥɢɰɟ 

(2.3) 

2.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 0,4 ɤȼ  

ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɹɬɢɣ ɷɥɟɤɬɪɨɫɟɬɟɣ ɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 

ɉɨɬɟɪɢ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɤ ɧɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɫɟɬɟɣ, ɬɚɤ ɢ ɩɪɢ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɪɚɫɱёɬɚ 

ɧɚɝɪɭɡɨɱɧɵɯ ɩɨɬɟɪɶ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɦɚɤɫɢɦɚɥɶɧɵɯ 

ɩɨɬɟɪɶ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɢ 

ɱɢɫɥɭ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɨɤ. 

ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ɬɪёɯɮɚɡɧɨɣ ɥɢɧɢɢ ɫɨɝɥɚɫɧɨ [12] ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  

ΔP୫ax = ͵ ⋅ I୫axଶ ⋅ R୪     (2.11) 

ɝɞɟ Rɥ – ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɭɱɚɫɬɤɚ ɥɢɧɢɢ, ɩɨ ɤɨɬɨɪɨɦɭ ɩɪɨɬɟɤɚɟɬ ɬɨɤ Imax 

[12]. ܴ = 𝑟଴ ∙ l     (2.12) 

ɉɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɬɪёɯɮɚɡɧɨɣ ɥɢɧɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɝɥɚɫɧɨ [12] ɩɨ ɮɨɪɦɭɥɟ. 

Wɥ= Ɋmax∙      (2.13) 

ɝɞɟ  – ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɬɨ ɟɫɬɶ ɜɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ 

ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚ, ɪɚɛɨɬɚɹ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɨɣ, ɢɦɟɟɬ ɬɚɤɢɟ ɠɟ ɩɨɬɟɪɢ, ɤɚɤ ɢ 
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ɩɪɢ ɪɚɛɨɬɟ ɩɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦɭ ɝɪɚɮɢɤɭ ɧɚɝɪɭɡɨɤ. 

Ɂɧɚɱɟɧɢɟ ɜɪɟɦɟɧɢ ɩɨɬɟɪɶ  ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɨɝɥɚɫɧɨ [12] ɞɥɹ ɫɟɥɶɫɤɢɯ ɫɟɬɟɣ 

ɢɡ ɭɪɚɜɧɟɧɢɹ. 

 = ሺͲ,ͳʹͶ + Тˏ˃х  ͳͲ−ସ ሻଶТˆˑˇ 

     (2.14) 

ɝɞɟ Т୫ax – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ. Т୫ax = 4000ɱ. 

= (0,124+4000∙ ͳͲ−ସሻ ∙ ͺ͹͸Ͳ=2107 ɱ. 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɣ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɜ ɫɟɬɹɯ 0.38 ɤȼ ɜ ɮɨɪɦɭɥɭ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ 

ɩɨɞɫɬɚɜɢɦ ɟɝɨ ɫɨɫɬɚɜɥɹɸɳɢɟ ɜ ɪɚɡɜёɪɧɭɬɨɦ ɜɢɞɟ. 

Wˎ = ʟ𝑚௔𝑥 ∙  =  ͵ ∙I2
max∙r0∙ l ∙     (2.15) 

ȼɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ  = 2107ɱɚɫɨɜ. ɍɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɫɬɨɹɧɧɨɦɭ ɬɨɤɭ 0,44 Ɉɦ/ɤɦ [16]. 

ɍɱɚɫɬɨɤ 17–10 Wˎ = ͵ ⋅ ͳͶ,͹ͳଶ ⋅ Ͳ,Ͷ͸ ⋅ Ͳ,Ͳ͵ ⋅ ʹͳͲ͹ = ͳͺ,ͺͺͻ ɤȼɬ∙ɱ; 

ɍɱɚɫɬɨɤ 10–9 Wˎ = ͵ ⋅ ʹͳ,Ͷ͹ଶ ⋅ Ͳ,Ͷ͸ ⋅ Ͳ,Ͳ͵ ⋅ ʹͳͲ͹ = ͶͲ,ʹͳͷ ɤȼɬ∙ɱ; 

ɍɱɚɫɬɨɤ 9–8 Wˎ = ͵ ⋅ ͵ʹ,͵͹ଶ ⋅ Ͳ,Ͷ͸ ⋅ Ͳ,Ͳ͵ ⋅ ʹͳͲ͹ = ͻͳ,Ͷʹ͸ ɤȼɬ∙ɱ; 

ɍɱɚɫɬɨɤ 8–7 Wˎ = ͵ ⋅ ͵ͷ,͵ͳଶ ⋅ Ͳ,Ͷ͸ ⋅ Ͳ,Ͳ͵ ⋅ ʹͳͲ͹ = ͳͲͺ,ͺͲͷ ɤȼɬ∙ɱ; 

ɍɱɚɫɬɨɤ 7–3 Wˎ = ͵ ⋅ ͶͶ,ʹͺଶ ⋅ Ͳ,Ͷ͸ ⋅ Ͳ,Ͳ͵ ⋅ ʹͳͲ͹ = ͳ͹ͳ,ͲͶͲ ɤȼɬ∙ɱ; 

ɍɱɚɫɬɨɤ 3–2 Wˎ = ͵ ⋅ ͸͵,ͷ͸ଶ ⋅ Ͳ,Ͷ͸ ⋅ Ͳ,ͲͶ ⋅ ʹͳͲ͹ = Ͷ͸ͻ,ͺͻͲ ɤȼɬ∙ɱ; 

ɍɱɚɫɬɨɤ 2–1 Wˎ = ͵ ⋅ ͸͸,ͻͷଶ ⋅ ͲͶ͸ ⋅ Ͳ,ͲͶ ⋅ ʹͳͲ͹ = ͷʹͳ,Ͷʹʹ ɤȼɬ∙ɱ; 

ɍɱɚɫɬɨɤ 1–Ɍɉ Wˎ = ͵ ⋅ ͳͳ͸,ͷ͵ଶ ⋅ Ͳ,Ͷ͸ ⋅ Ͳ,Ͳ͵ ⋅ ʹͳͲ͹ = ͳͳͺͶ,͸ͺ ɤȼɬ∙ɱ. 

Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɨɫɬɚɥɶɧɵɯ ɥɢɧɢɹɯ. Ɋɟɡɭɥɶɬɚɬɵ 

ɪɚɫɱёɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ (2.3).  

Ɉɩɪɟɞɟɥɢɦ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɦɨɳɧɨɫɬɶɸ 250 ɤȼȺ [13]. 

ΔW୘ = ΔPxx + ΔɊˍз ⋅ ቀୗ୫ax𝑆ːˑˏ ቁ ଶ ⋅ ͺ͹͸Ͳ                                         (2.16) 

ɝɞɟ Sɧɨɦ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 ɍɫɬɚɧɨɜɥɟɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ Sɧɨɦ=250 ɤȼ∙Ⱥ; 

Pxx ɢ Pɤɡ – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨ 

ɤɚɬɚɥɨɝɭ. 

Smax – ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɩɟɪɟɞɚɜɚɟɦɚɹ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɜ ɬɟɱɟɧɢɢ 
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ɝɨɞɚ, Smax= 96,8 ɤȼȺ. 

Pxx =0,82 ɤȼɬ.,Pɤɡ= 4,2 ɤȼɬ [16]. 

Ɍɨɝɞɚ ɫɨɫɬɚɜɹɬ 

ܹ˕ = Ͳ,ͺʹ + Ͷ,ʹ ∙ ሺଽ଺,଼ଶହ଴ሻଶ ∙ ͺ͹͸Ͳ =  ͺͷͲͻ,ʹ ɤȼɬ. 

Ɉɛɳɢɟ ɩɨɬɟɪɢ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɄɌɉ ɫɨɫɬɚɜɹɬ 

 ˑܹ˄  =  ܹ̞  +  ˎܹଵ +  ˎܹଶ    (2.17)   

Wɨɛ = 8509,2+7990,84+859,33 = 17358,53 ɤȼɬ∙ɱ. 

Ɉɛɳɟɟ ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɝɨɞ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ Wˆˑˇ = T୫ax ∙ P୫ax,      (2.18) 

ɝɞɟ Ɋmax– ɦɚɤɫɢɦɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɲɢɧɚɯ Ɍɉ. 

Ɍɨɝɞɚ ɨɛɳɟɟ ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɝɨɞ ɫɨɫɬɚɜɢɬ Wˆˑˇ = T୫ax ∙ P୫ax, = 4000∙89,056 = 356224 ɤȼɬ∙ɱ. 

ɞɨɩɭɫɬɢɦɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɝɥɚɫɧɨ [16] ɩɨ ɮɨɪɦɭɥɟ. 

ΔW% = ΔWɨɛWɝɨɞ
∙ ͳͲͲ (2.19) 

  ΔW% = ͳ͹͵ͷͺ,ͷ͵͵ͷ͸ʹʹͶ ∙ ͳͲͲ = Ͷ,ͺ͹ % 

ɉɨɥɭɱɟɧɧɵɟ ɩɨɬɟɪɢ ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ. 

 

 

 

 

 

 

 

 

 



22  

Ɍɚɛɥɢɰɚ 2.2 – Ɋɚɫɱёɬ ɥɢɧɢɣ ɄɌɉ №32–16–108 

1 ɥɢɧɢɹ 
№  

ɭɱ-ɤɚ 
P,  

ɤȼɬ 
Q,  

ɤȼȺɪ 
L,  
ɦ 

U,  
ɤȼ 

R,  
Ɉɦ 

X,  
Ɉɦ 

ΔU, 
 ȼ 

ΣΔU, 
 ȼ 

ΔU, 
% 

S,  
ɤȼȺ 

I, 
 Ⱥ 

ΔWˎ,  
ɤȼɬ∙ɱ 

𝛥ܹˎ ,  
% 

              17–10 8,8 3,75 210 

0,38 

0,44 0,078 2,30 

  

9,57 2,30 12,647  

10–9 12,84 5,47 30 

 

0,48 13,96 0,48 38,466 
9–8 19,36 8,25 30 0,72 21,04 0,72 87,451 
8–7 21,12 9,00 30 0,79 22,96 0,79 10,407 
7–3 26,48 11,28 120 3,96 28,78 3,96 65,441 
3–2 38,01 16,19 30  1,42   41,32 1,42 33,709 
2–1 40,04 17,06 30  1,5   43,52 1,5 37,406 

3/3–3/2 12,84 5,47 30  0,48   13,96 0,48 38,466 
3/2–3/1 16,632 7,09 30  0,62   18,08 0,62 64,542 
3/1–3 19,36 8,25 30  0,72   21,04 0,72 87,451 

10/20–10/9 12,84 5,47 330  5,28   13,97 5,28 42,366 
10/9–10/8 16,89 7,20 30  5,05 49,08 12,9% 18,37 5,05 53,286 
10/1a–10 8,8 3,75 30   ɋɂɉ-2 0,33   9,57 0,33 18,068 

10–7 21,12 9,00 90 3×70+1×70 2,37   22,96 2,37 31,222 
7/3–7 8,8 3,75 90  0,99   9,57 0,99 54,205 
7/1a–7 8,8 3,75 30  0,33   9,57 0,33 18,068 

7–4 26,48 11,28 90  2,97   28,79 2,97 49,110 
4–2 28,86 12,30 60  2,16   31,37 2,16 38,877 

15–14 8,8 3,75 30  0,33   9,57 0,33 18,068 
14–13 12,84 5,47 30  0,48   13,96 0,48 38,466 
13–11 19,36 8,25 60  1,45   21,04 1,45 17,490 
11–10 21,12 9,00 30  0,79   22,96 0,79 10,407 
10–8 23,76 10,12 60  1,78   25,83 1,78 26,343 
8–7 26,49 11,28 30   0,99   28,79 0,99 16,370 
7–6 28,86 12,30 30   1,08   31,37 1,08 19,438 
6–5 31,68 13,50 30   1,18   34,43 1,18 23,416 
5–4 34,32 14,62 30   1,28   37,30 1,28 27,482 
4–3 36,78 15,67 30   1,37   39,98 1,37 31,570 
3–2 38,02 16,19 30   1,42   41,32 1,42 33,720 
2–1 50,16 21,37 30   1,87   54,52 1,87 58,704 

1–Ɍɉ 69,70 75,76 30   2,6   75,56 2,6 11,333 
2 ɥɢɧɢɹ 

№  
ɭɱ-ɤɚ 

P,  
ɤȼɬ 

Q,  
ɤȼȺɪ 

L,  
ɦ 

U,  
ɤȼ 

R,  
Ɉɦ 

X,  
Ɉɦ 

ΔU, 
 ȼ 

ΣΔU, 
 ȼ 

ΔU, 
% 

S,  
ɤȼȺ 

I, 
 Ⱥ 

ΔWˎ,  
ɤȼɬ∙ɱ 

ΔWˎ,  
% 

11–10 8,8 3,75 30 0,38 0,44 0,078 0,33 

8,79 2,3% 

9,57 14,72 18,068  

10–9 12,84 5,47 30  
ɋɂɉ-2 

3×70+1×70 

0,59 13,96 21,47 40,215 2,26% 

9–8 16,896 7,20 30  0,77 18,37 28,25 69,635  

8–Ɍɉ 19,36 8,25 240  7,10 21,04 32,37 731,414  
 



23  

 

Ɋɢɫɭɧɨɤ 2.2– ɋɯɟɦɚ ɫɟɬɢ 0,4 ɤȼ, ɩɨɥɭɱɚɸɳɟɣ ɩɢɬɚɧɢɟ ɨɬ ɄɌɉ №32–16–110 
 
Ɍɚɛɥɢɰɚ 2.3 – Ɋɚɫɱёɬ ɥɢɧɢɣ ɄɌɉ №32–16–110 

1 ɥɢɧɢɹ 
№  

ɭɱ-ɤɚ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
L,  
ɦ 

U,  
ɤȼ 

R,  
Ɉɦ 

X,  
Ɉɦ 

ΔU, 
 ȼ 

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

I,  
Ⱥ 

ΔWˎ,  
ɤȼɬ∙ɱ 

𝛥ܹˎ ,  
% 

              9/1_8/1 8,8 3,75 30 

0,38 

0,44 0,078 0,33 

6,6 1,73% 

9,57 14,72 18,06  
1,12% 

 
 

8/1_6/1 12,84 5,47 60 
ɋɂɉ-2  

3×70+1×70 

1,18 13,97 21,47 80,43 
6/1_4/1 16,896 7,20 60 1,55 16,89 28,25 139,27 
4/1_Ɍɉ 19,36 8,25 120 3,55 16,36 32,37 1365,7 

2 ɥɢɧɢɹ 
№  

ɭɱ-ɤɚ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
L,  
ɦ 

U,  
ɤȼ 

R,  
Ɉɦ 

X,  
Ɉɦ 

ΔU, 
 ȼ 

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

I,  
Ⱥ 

ΔWˎ,  
ɤȼɬ∙ɱ 

ΔWˎ,  
% 

14_13 8,80 3,75 30 

0,38 

0,44 0,78 0,33 

 
 

12,03 
 
  

3,96% 

9,57 14,72 18,06 

 
 
  2,62% 
 
 
 

13_12 16,37 5,47 30 

ɋɂɉ-1  
3×70+1×70 

0,48 13,97 21,48 35,51 
12_11 19,36 7,20 30 0,63 18,37 28,25 66,6 
11_10 22,00 8,25 30 0,72 21,04 32,37 87,45 
10_9 24,29 9,00 30 0,79 22,96 35,32 104,07 
9_6 28,86 10,12 90 2,66 25,83 39,73 1317,38 
6_3 8,80 11,28 90 2,97 28,78 44,28 490,81 
3_2 33,44 12,30 30 1,08 31,37 28,27 194,38 

2_ɬɩ 8,80 13,50 60 2,37 34,43 52,98 468,33 
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Ɋɢɫɭɧɨɤ 2.3– ɋɯɟɦɚ ɫɟɬɢ 0,4 ɤȼ, ɩɨɥɭɱɚɸɳɟɣ ɩɢɬɚɧɢɟ ɨɬ ɄɌɉ №32–16–113 
 

Ɍɚɛɥɢɰɚ 2.4 – Ɋɚɫɱёɬ ɥɢɧɢɣ ɄɌɉ №32–16–113 

1 ɥɢɧɢɹ 
№  

ɭɱ-ɤɚ 
P,  

ɤȼɬ 
Q,  

ɤȼȺɪ 
L,  
ɦ 

U,  
ɤȼ 

R,  
Ɉɦ 

X,  
Ɉɦ 

ΔU, 
 ȼ 

ΣΔU, 
 ȼ 

ΔU, 
% 

S,  
ɤȼȺ 

I, 
 Ⱥ 

ΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

              19–14 12,848 5,47 150 
0,38 

0,44 0,078 2,4 
12,46 3,26% 

13,97 21,45 192,57  
  2,34% 

14–ɬɩ 16,896 7,20 
420 

ɋɂɉ-2 
3×70+1×70 

10,07 18,37 28,25 905,2 
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Ɋɢɫɭɧɨɤ 2.4 – ɋɯɟɦɚ ɫɟɬɢ 0,4 ɤȼ, ɩɨɥɭɱɚɸɳɟɣ ɩɢɬɚɧɢɟ ɨɬ ɄɌɉ №32–16–118 
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Ɍɚɛɥɢɰɚ 2.5 – Ɋɚɫɱёɬ ɥɢɧɢɣ ɄɌɉ №32–16–118 

2 ɥɢɧɢɹ 
№  

ɭɱ-ɤɚ 
P,  

ɤȼɬ 
Q,  

ɤȼȺɪ 
L,  
ɦ 

U,  
ɤȼ 

R,  
Ɉɦ 

X,  
Ɉɦ 

ΔU, 
 ȼ 

ΣΔU, 
 ȼ 

ΔU, 
% 

S,  
ɤȼȺ 

I, 
 Ⱥ 

ΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

              4/3_4/2 8,8 3,75 30 

0,38 

0,44 0,078 0,33 

5,12 1,3% 

9,57 14,72 18,068  
 
 
   2,24% 

4/2_4/1 12,848 5,47 30 ɋɂɉ-2 
3×70+1×70 

0,48 13,96 21,48 38,51 
4/1_4 16,896 7,20 30 0,63 18,37 28,25 66,6 
6_4 8,8 3,75 60 0,66 9,57 14,72 36,13 
4_2 19,36 8,25 60   1,45 21,04 32,37 174,9 

2_Ɍɉ 21,12 9,00 60   1,58 22,96 35,32 208,14 
 

Ɉɩɪɟɞɟɥɹɟɦ ɦɚɤɫɢɦɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɝɥɚɫɧɨ [16] ɤȼȺ . SТʞ = ሺSˎଵ+. . . +Sˎ୬ሻ   (2.20) 

ɄɌɉ №32–16–108SТʞ = ሺ͹ͷ,ͷ͸ + ʹͳ,ͲͶሻ = ͻ͸,͸ ɤȼȺ 

ɄɌɉ №32–16–110 SТʞ = ሺ͵Ͷ,Ͷ͵ + ͳ͸,͵͸ሻ = ͷͲ,͹ͻ ɤȼȺ 

ɄɌɉ №32–16–113 SТʞ = ͳͺ,͵͹ ɤȼȺ 

ɄɌɉ №32–16–118 SТʞ = ʹʹ,ͻ͸ ɤȼȺ 

Ɉɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Kз= ୗ˕˒୬∗ୗːˑˏ ∙ ͳͲͲ    (2.21) 

ɄɌɉ №32–16–108 Kз = ଽ଺,଺ଶହ଴ ∙ ͳͲͲ% = ͵ͺ,͸Ͷ% 

ɄɌɉ №32–16–110 Kз = ହ଴,଻ଽ଺ଷ ∙ ͳͲͲ% = ͺͲ,͸% 

ɄɌɉ №32–16–113 Kз = ଵ଼,ଷ଻଺ଷ ∙ ͳͲͲ% = ʹͻ,ͳͷ% 

ɄɌɉ №32–16–118 Kз = ଶଶ,ଽ଺଺ଷ ∙ ͳͲͲ% = ͵͸,ͶͶ% 

ȼɵɩɨɥɧɢɜ ɪɚɫɱɟɬɵ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɛɵɥɨ ɜɵɹɜɥɟɧɨ, 

ɱɬɨ ɞɚɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɢ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɡɚ ɝɨɞ ɥɟɠɚɬ ɜ 

ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɚɯ. 

 

3 Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜ ɫɜɹɡɢ ɫ ɩɨɞɤɥɸɱɟɧɢɟɦ ɧɨɜɵɯ 
ɤɨɬɬɟɞɠɟɣ 

ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɧɚɯɨɞɹɬɫɹ ɧɟ ɩɨɞɤɥɸɱɟɧɧɵɟ ɤɨɬɬɟɞɠɢ. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɧɟ ɩɨɞɤɥɸɱɟɧɧɵɯ ɤɨɬɬɟɞɠɟɣ ɧɟɨɛɯɨɞɢɦɨ 

ɪɟɲɢɬɶ ɜɨɩɪɨɫ ɨ ɩɪɢɫɨɟɞɢɧɟɧɢɢ ɢɯ ɥɢɛɨ ɤ ɫɭɳɟɫɬɜɭɸɳɢɦ ɄɌɉ ɥɢɛɨ ɨɫɭɳɟɫɬɜɢɬɶ 
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ɜɵɛɨɪ ɧɨɜɵɯ ɄɌɉ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɷɬɢɯ ɤɨɬɬɟɞɠɟɣ.  

ɉɨ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɯɟɦɟ ɨɬ ɄɌɉ№32–16–108 ɛɵɥɨ ɡɚɩɢɬɚɧɨ 36 ɤɨɬɬɟɞɠɟɣ, ɩɪɢ 

ɷɬɨɦ ɡɚɝɪɭɡɤɚ ɧɚ Ɍɉ ɫɨɫɬɚɜɥɹɥɚ Ʉɡ= 38,64%. ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨ 

ɩɪɢɫɨɟɞɢɧɟɧɢɢ ɟɳɟ 32 ɤɨɬɬɟɞɠɟɣ ɤ ɷɬɨɣ Ɍɉ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ 68 

ɤɨɬɬɟɞɠɟɣ ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰ Ⱥɪɛɚɬɫɤɚɹ, Ɋɨɫɬɨɜɫɤɚɹ, ɋɩɚɫɫɤɚɹ. 

Ɉɬ ɄɌɉ№32–16–110 ɛɵɥɨ ɡɚɩɢɬɚɧɨ 14 ɤɨɬɬɟɞɠɟɣ ɩɪɢ ɷɬɨɦ ɡɚɝɪɭɡɤɚ ɧɚ Ɍɉ 

ɫɨɫɬɚɜɥɹɥɚ Ʉɡ= 80,6%. ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨ ɩɪɢɫɨɟɞɢɧɟɧɢɢ ɟɳɟ 

44 ɤɨɬɬɟɞɠɚ, ɜ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ 58 ɤɨɬɬɟɞɠɟɣ ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰ Ⱥɪɛɚɬɫɤɚɹ, Ɋɨɫɬɨɜɫɤɚɹ, 

ɋɩɚɫɫɤɚɹ.  

Ɉɬ ɄɌɉ№32–16–118 ɛɵɥɨ ɡɚɩɢɬɚɧɨ 15 ɤɨɬɬɟɞɠɟɣ, ɩɪɢ ɷɬɨɦ ɡɚɝɪɭɡɤɚ ɧɚ Ɍɉ 

ɫɨɫɬɚɜɥɹɥɚ Ʉɡ= 36,44%. ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨ ɩɪɢɫɨɟɞɢɧɟɧɢɢ ɟɳɟ 

59, ɜ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ ɤɨɬɬɟɞɠɟɣ 64 ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰ Ɋɨɫɬɨɜɫɤɚɹ  

Ɉɬ ɄɌɉ№32–16–113 ɛɵɥɨ ɡɚɩɢɬɚɧɨ 2 ɤɨɬɬɟɞɠɚ, ɩɪɢ ɷɬɨɦ ɡɚɝɪɭɡɤɚ ɧɚ Ɍɉ 

ɫɨɫɬɚɜɥɹɥɚ Ʉɡ= 29,15%. ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨ ɩɪɢɫɨɟɞɢɧɟɧɢɢ ɟɳɟ 

46 ɜ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ 48 ɤɨɬɬɟɞɠɟɣ ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰ Ɍɚɬɚɪɫɤɚɹ.  

Ⱦɨɛɚɜɥɹɟɦ ɜ ɫɯɟɦɭ ɟɳɟ 10 ɄɌɉ ɢ ɡɚɩɭɬɵɜɚɟɦ ɤ ɧɢɦ ɨɫɬɚɜɲɢɟɫɹ ɤɨɬɬɟɞɠɢ. 

Ɉɬ ɄɌɉ№1 ɡɚɩɢɬɵɜɚɟɦ 82 ɤɨɬɬɟɞɠɟɣ ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰ Ʌɶɜɨɜɫɤɚɹ, Ⱥɦɭɪɫɤɚɹ, 

ɋɜɟɪɞɥɨɜɫɤɚɹ. 

Ɉɬ ɄɌɉ№2 ɡɚɩɢɬɵɜɚɟɦ 51 ɤɨɬɬɟɞɠɟɣ ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰɵ Ʌɶɜɨɜɫɤɚɹ ɩɪɨɫɩɟɤɬɚ 

Ɉɥɢɦɩɢɣɫɤɢɣ. 

Ɉɬ ɄɌɉ№3 ɡɚɩɢɬɵɜɚɟɦ 51 ɤɨɬɬɟɞɠɟɣ ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰ ɇɨɜɨɝɨɪɨɞɫɤɚɹ. 

Ɉɬ ɄɌɉ№4 ɡɚɩɢɬɵɜɚɟɦ 60 ɤɨɬɬɟɞɠɟɣ ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰ Ʉɪɵɦɫɤɚɹ, Ʉɚɡɚɧɫɤɚɹ. 

Ɉɬ ɄɌɉ№5 ɡɚɩɢɬɵɜɚɟɦ 60 ɤɨɬɬɟɞɠɟɣ ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰ ɋɟɜɚɫɬɨɩɨɥɶɫɤɚɹ, 

Ɉɦɫɤɚɹ. 

Ɉɬ ɄɌɉ№6 ɡɚɩɢɬɵɜɚɟɦ 55 ɤɨɬɬɟɞɠɟɣ ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰ Ɍɚɣɦɵɪɫɤɚɹ, 

ɋɟɜɚɫɬɨɩɨɥɶɫɤɚɹ. 

Ɉɬ ɄɌɉ№7 ɡɚɩɢɬɵɜɚɟɦ 65 ɤɨɬɬɟɞɠɟɣ ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰ Ʉɪɵɦɫɤɚɹ, Ʉɚɡɚɧɫɤɚɹ, 

ɋɟɜɚɫɬɨɩɨɥɶɫɤɚɹ. 

Ɉɬ ɄɌɉ№8 ɡɚɩɢɬɵɜɚɟɦ 72 ɤɨɬɬɟɞɠɟɣ ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰ Ʌɶɜɨɜɫɤɚɹ Ⱥɦɭɪɫɤɚɹ, 

ɋɜɟɪɞɥɨɜɫɤɚɹ ɩɪɨɫɩɟɤɬ Ɉɥɢɦɩɢɣɫɤɢɣ. 
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Ɉɬ ɄɌɉ№9 ɡɚɩɢɬɵɜɚɟɦ 60 ɤɨɬɬɟɞɠɟɣ ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰ Ʉɪɵɦɫɤɚɹ, 

ɇɨɜɝɨɪɨɞɫɤɚɹ. 

Ɉɬ ɄɌɉ№10 ɡɚɩɢɬɵɜɚɟɦ 68 ɤɨɬɬɟɞɠɟɣ ɜ ɝɪɚɧɢɰɚɯ ɭɥɢɰ Ⱦɨɧɟɰɤɚɹ, Ʉɚɡɚɧɫɤɚɹ, 

ɋɟɜɚɫɬɨɩɨɥɶɫɤɚɹ.  

 

Ɋɢɫɭɧɨɤ 3.1 – ɋɯɟɦɚ ɄɌɉ №32–16–108 ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. 
 

ȼɵɛɟɪɟɦ ɦɨɳɧɨɫɬɶ ɄɌɉ ɢɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɧɨɣ ɡɚɝɪɭɡɤɢ. 
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Ɍɚɛɥɢɰɚ 3.1 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɄɌɉ №32–16–108 

2 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

          
49,1 20,92 83 100 

ɋɂɉ-2  
3×50+1×50 

11,12 2,92% 53,37 2535 2,26% 

1 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

97,9 41,72  146,94   180 
ɋɂɉ-2  

3×95+1×95 16,4 4,3% 106,46 6918 3,64 

 SɌɉ = ሺͷ͵,͵͹ + ͳͲ͸,Ͷ͸ሻ = ͳͷͻ,ͺ͵ ɤȼȺ 

ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 250 ɤȼȺ. 

ȼɵɛɢɪɚɟɦ ɄɌɉ 250/10/0,4  

ɄɌɉ №32–16–108 Kз = ଵହଽ,଼ଷଶହ଴ ∙ ͳͲͲ% = ͸͵,ͻ͵% 

 

Ɋɢɫɭɧɨɤ 3.2 – ɋɯɟɦɚ ɄɌɉ №32–16–110 ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
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Ɍɚɛɥɢɰɚ 3.2 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɄɌɉ №32–16–110 

1 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

1 2 3 4 6 7 8 9 10 11 
42,7 18,19 71,46 100 

ɋɂɉ-2  
3×50+1×50 10,88 2,92% 46,41 2156 2,06% 

2 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

82,3 35,06  127,72  140 
ɋɂɉ-2 

3×70+1×70 16,1 4,22% 89,46 6127 3,37% 

 SɌɉ = ሺͶ͸,Ͷͳ + ͺͻ,Ͷ͸ሻ = ͳ͵ͷ,ͺ͹ɤȼȺ 

ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ 160 ɤȼȺ. 

ȼɵɛɢɪɚɟɦ ɄɌɉ 160/10/0,4  

ɄɌɉ №32–16–110 ܭз = ଵଷହ,଼଻ଵ଺଴ ∙ ͳͲͲ% = ͺͶ,ͻ% 

 

Ɋɢɫɭɧɨɤ 3.3 – ɋɯɟɦɚ ɄɌɉ №32–16–118 ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
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Ɍɚɛɥɢɰɚ 3.3 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɄɌɉ №32–16–118 

1 ɥɢɧɢɹ 
P, 
 ɤȼɬ 

Q, 
ɤȼȺɪ 

Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  
ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

1 2 3 4 6 7 8 9 10 11 
49,1 20,92 83 100 

ɋɂɉ-2  
3×50+1×50 

11,12 2,92% 53,37 2535 2,26% 

2 ɥɢɧɢɹ 
P, 
 ɤȼɬ 

Q, 
ɤɜɚɪ 

Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ 
ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

97,9 41,72  132,94   140 
ɋɂɉ-2  
3×70+1×70 16,4 4,3% 106,46 6918 3,64 

SɌɉ = ሺͷ͵,͵͹ + ͳͲ͸,Ͷ͸ሻ = ͳͷͻ,ͺ͵ ɤȼȺ 

ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 250 ɤȼȺ. 
ȼɵɛɢɪɚɟɦ ɄɌɉ 160/10/0,4  
 

ɄɌɉ №32–16–118 ܭз = ଵହଽ,଼ଷଶହ଴ ∙ ͳͲͲ% = ͸͵,ͻ͵% 

 

Ɋɢɫɭɧɨɤ 3.4 – ɋɯɟɦɚ ɄɌɉ №32–16–113 ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
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Ɍɚɛɥɢɰɚ 3.4 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɄɌɉ №32–16–113 

1 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

1 2 3 4 6 7 8 9 10 11 
112,3 47,84  150,45  180 

ɋɂɉ-2  
3×95+1×95 17,25 4,54% 122,3 28529,96 3,53% 

SɌɉ = ͳʹʹ,͵ ɤȼȺ 

ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ 160 ɤȼȺ. 
ȼɵɛɢɪɚɟɦ ɄɌɉ 160/10/0,4  

ɄɌɉ №32–16–113 ܭз = ଵଶଶ,ଷଵ଺଴ ∙ ͳͲͲ% = ͹͸,Ͷ͵% 

 

Ɋɢɫɭɧɨɤ 3.5 – ɋɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɄɌɉ №1 
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Ɍɚɛɥɢɰɚ 3.5 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɄɌɉ №1 

1 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

1 2 3 4 6 7 8 9 10 11 
109,72 46,74  167,76  180 

ɋɂɉ-1  
3×95+1×95 16,85 4,6% 119,26 30346 4,73% 

2 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

102,3 43,58  164,27  180 
ɋɂɉ-1  

3×95+1×95 16,13 4,2% 111,2 29867 4,54% 

SɌɉ = ሺͳͳͻ,ʹ͸ + ͳͳͳ,ʹሻ = ʹ͵Ͳ,Ͷ͸ ɤȼȺ 

ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 250 ɤȼȺ. 
ȼɵɛɢɪɚɟɦ ɄɌɉ 160/10/0,4  
 

ɄɌɉ №1 Kз = ଶଷ଴,ସ଺ଶହ଴ ∙ ͳͲͲ% = ͻʹ,ͳͺ% 

 

Ɋɢɫɭɧɨɤ 3.6 – ɋɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɄɌɉ №2 
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Ɍɚɛɥɢɰɚ 3.6 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɄɌɉ №2 

1 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

1 2 3 4 6 7 8 9 10 11 
36,6 15,59 70,35 100 

ɋɂɉ-2  
3×50+1×50 9,23 2,42% 39,78 2058 1,96% 

2 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

76,7 32,67  123,47  140 
ɋɂɉ-2 

3×70+1×70 15,8 4,15% 83,37 6149 3,16% 

SɌɉ = ሺ͵ͻ,͹ͺ + ͺ͵,͵͹ሻ = ͳʹ͵,ͳͷ ɤȼȺ 

ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 160 ɤȼȺ. 
ȼɵɛɢɪɚɟɦ ɄɌɉ 160/10/0,4  

ɄɌɉ №2 ܭз = ଵଶଷ,ଵହଵ଺଴ ∙ ͳͲͲ% = ͹͸,ͻ% 

 

Ɋɢɫɭɧɨɤ 3.7 – ɋɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɄɌɉ №3 
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Ɍɚɛɥɢɰɚ 3.7 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɄɌɉ №3 

1 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

1 2 3 4 6 7 8 9 10 11 
36,6 15,59 70,35 100 

ɋɂɉ-2  
3×50+1×50 9,23 2,42% 39,78 2058 1,96% 

2 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

76,7 32,67  123,47  140 
ɋɂɉ-2 

3×70+1×70 15,8 4,15% 83,37 6149 3,16% 

 SɌɉ = ሺ͵ͻ,͹ͺ + ͺ͵,͵͹ሻ = ͳʹ͵,ͳͷ ɤȼȺ 

ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 160 ɤȼȺ. 

ȼɵɛɢɪɚɟɦ ɄɌɉ 160/10/0,4  

ɄɌɉ №3 ܭз = ଵଶଷ,ଵହଵ଺଴ ∙ ͳͲͲ% = ͹͸,ͻ% 

 

Ɋɢɫɭɧɨɤ 3.8 – ɋɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɄɌɉ №4 



36  

Ɍɚɛɥɢɰɚ 3.8 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɄɌɉ №4 

1 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

1 2 3 4 6 7 8 9 10 11 
50,7 21,6 94,78 100 

ɋɂɉ-2  
3×50+1×50 10,11 2,26% 55,11 2734 2,29% 

2 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

80,9 34,46  95,36   100 
ɋɂɉ-2 

3×50+1×50 10,21 2,29% 87,93 2786 2,35% 

 SТʞ = ሺͷͷ,ͳͳ + ͺ͹,ͻ͵ሻ = ͳͶ͵,ͲͶ ˍВА 

ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 160 ɤȼȺ. 

ȼɵɛɢɪɚɟɦ ɄɌɉ 160/10/0,4  

ɄɌɉ №4 ܭз = ଵସଷ,଴ସଵ଺଴ ∙ ͳͲͲ% = ͺͻ,Ͷ% 

 

Ɋɢɫɭɧɨɤ 3.9 – ɋɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɄɌɉ №5 
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Ɍɚɛɥɢɰɚ 3.9 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɄɌɉ №5 

1 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

1 2 3 4 6 7 8 9 10 11 
50,7 21,6 94,78 100 

ɋɂɉ-2  
3×50+1×50 10,11 2,26% 55,11 2734 2,29% 

2 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

80,9 34,46  95,36   100 
ɋɂɉ-2 

3×50+1×50 10,21 2,29% 87,93 2786 2,35% 

 SɌɉ = ሺͷͷ,ͳͳ + ͺ͹,ͻ͵ሻ = ͳͶ͵,ͲͶ ɤȼȺ 

ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 160 ɤȼȺ. 

ȼɵɛɢɪɚɟɦ ɄɌɉ 160/10/0,4  

ɄɌɉ №5 Ʉɡ= ଵସଷ,଴ସଵ଺଴ ∙ ͳͲͲ% = ͺͻ,Ͷ% 

 

Ɋɢɫɭɧɨɤ 3.10 – ɋɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɄɌɉ №6 



38  

Ɍɚɛɥɢɰɚ 3.10– Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɄɌɉ №6 

1 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

1 2 3 4 6 7 8 9 10 11 
26,8 11,42 50,35 70 

ɋɂɉ-2  
3×35+1×35 8,11 2,22% 29,13 1567 1,56% 

2 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

83,4 35,53  128,47  140 
ɋɂɉ-2 

3×70+1×70 15,6 4,1% 90,65 6654 3,5% 

 SɌɉ = ሺʹͻ,ͳ͵ + ͻͲ,͸ͷሻ = ͳͳͻ,͸ͺ ɤȼȺ 

ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 160 ɤȼȺ. 

ȼɵɛɢɪɚɟɦ ɄɌɉ 160/10/0,4  

ɄɌɉ №7 ܭз = ଵଵଽ,଺଼ଵ଺଴ ∙ ͳͲͲ% = ͹Ͷ,ͺ% 

 

Ɋɢɫɭɧɨɤ 3.12 – ɋɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɄɌɉ №7 
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Ɍɚɛɥɢɰɚ 3.11 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɄɌɉ №7 

1 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

1 2 3 4 6 7 8 9 10 11 
49,1 20,92 87,36 100 

ɋɂɉ-2  
3×50+1×50 11,37 2,94% 53,37 2597 2,29% 

2 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

87,9 37,45  138,94  140 
ɋɂɉ-2  

3×70+1×70 16,21 4,2% 95,54 6918 3,98% 

 SɌɉ = ሺͷ͵,͵͹ + ͻͷ,ͷͶሻ = ͳͶͺ,ͻͳ ɤȼȺ 

ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 250 ɤȼȺ. 

ȼɵɛɢɪɚɟɦ ɄɌɉ 160/10/0,4  

ɄɌɉ №7 ܭз = ଵସ଼,ଽଵଶହ଴ ∙ ͳͲͲ% = ͻ͵,Ͳ͸% 

 

Ɋɢɫɭɧɨɤ 3.13 – ɋɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɄɌɉ №8 
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Ɍɚɛɥɢɰɚ 3.12 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɄɌɉ №8 

1 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

1 2 3 4 6 7 8 9 10 11 
90,3 38,47  157,76  180 

ɋɂɉ-2  
3×95+1×95 14,39 3,7% 98,5 30346 4,73% 

2 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

74,36 31,68  134,27  140 
ɋɂɉ-2  

3×70+1×70 16,78 4,6% 80,83 19798 2,37% 

 SɌɉ = ሺͻͺ,ͷ + ͺͲ,ͺ͵ሻ = ͳ͹͸,͵͵ ɤȼȺ 

ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 250 ɤȼȺ. 

ȼɵɛɢɪɚɟɦ ɄɌɉ 160/10/0,4  

ɄɌɉ №8 ܭз = ଵ଻଺,ଷଷଶହ଴ ∙ ͳͲͲ% = Ͳ,͹Ͳ% 

 

Ɋɢɫɭɧɨɤ 3.14 – ɋɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɄɌɉ №9 
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Ɍɚɛɥɢɰɚ 3.13 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɄɌɉ №9 

1 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

1 2 3 4 6 7 8 9 10 11 
49,1 20,92 83 100 

ɋɂɉ-2  
3×40+1×40 11,12 2,92% 53,37 2535 2,26% 

2 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

97,9 41,72  132,94  140 
ɋɂɉ-1  

3×70+1×70 16,4 4,3% 106,46 6918 3,64 

 SТʞ = ሺͷͷ,ͳͳ + ͺ͹,ͻ͵ሻ = ͳͶ͵,ͲͶ ˍВА 

ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 160 ɤȼȺ. 

ȼɵɛɢɪɚɟɦ ɄɌɉ 160/10/0,4  

ɄɌɉ №9 ܭз = ଵସଷ,଴ସଵ଺଴ ∙ ͳͲͲ% = ͺͻ,Ͷ% 

 

Ɋɢɫɭɧɨɤ 3.15 – ɋɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ №10 
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Ɍɚɛɥɢɰɚ 3.14 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɄɌɉ №10 

1 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

1 2 3 4 6 7 8 9 10 11 
49,1 20,92 83 100 

ɋɂɉ-2  
3×40+1×40 11,12 2,92% 53,37 2535 2,26% 

2 ɥɢɧɢɹ 
P, 

 ɤȼɬ 
Q, 

ɤȼȺɪ 
Iɪɚɫ, A  Iɞɨɩ, A ɋɟɱɟɧɢɟ  

ΣΔU,  
ȼ 

ΔU, 
% 

S, 
ɤȼȺ 

ΣΔWɥ,  
ɤȼɬ∙ɱ 

ΔWɥ,  
% 

97,9 41,72  132,94   140 
ɋɂɉ-2  

3×70+1×70 16,4 4,3% 106,46 6918 3,64 

SɌɉ = ሺͷ͵,͵͹ + ͳͲ͸,Ͷ͸ሻ = ͳͷͻ,ͺ͵ ɤȼȺ 

ɉɪɢɧɢɦɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 250 ɤȼȺ. 
ȼɵɛɢɪɚɟɦ ɄɌɉ 160/10/0,4  

ɄɌɉ №10 ܭз = ଵହଽ,଼ଷଶହ଴ ∙ ͳͲͲ% = ͸͵,ͻ͵% 

Ɍɚɛɥɢɰɚ 3.15 – ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ 
 

№ ɄɌɉ Sɬɪ, 
ɤȼȺ Ʉɡ Ɇɚɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

1 2 3 4 32–16–108 159,8 0,64 1ɯɌɆ-250/10/0,4 
32–16–113 122,3 0,76 1ɯɌɆ-160/10/0,4 
32–16–118 159,8 0,64 1ɯɌɆ-250/10/0,4 
32–16–110 135,87 0,84 1ɯɌɆ-160/10/0,4 

1 230,46 0,92 1ɯɌɆ-250/10/0,4 
2 123,15 0,76 1ɯɌɆ-160/10/0,4 
3 123,15 0,76 1ɯɌɆ-160/10/0,4 
4 143,04 0,83 1ɯɌɆ-250/10/0,4 
5 143,04 0,83 1ɯɌɆ-250/10/0,4 
6 119,68 0,74 1ɯɌɆ-160/10/0,4 
7 148,91 0,93 1ɯɌɆ-250/10/0,4 

8 176,33 0,7 1ɯɌɆ-250/10/0,4 

9 143,04 0,83 1ɯɌɆ-250/10/0,4 

10 159,8 0,64 1ɯɌɆ-250/10/0,4 
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4 Ɋɚɫɱɟɬ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 10ɤȼ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ȼ ɫɜɹɡɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɦɨɳɧɨɫɬɢ ɜ ɫɟɬɢ 10 ɤȼ, ɜɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɧɚɝɪɭɡɤɢ ɩɨ ɭɱɚɫɬɤɚɦ ɫɟɬɢ ɢ ɩɪɨɜɟɞɟɦ ɜɵɛɨɪ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɧɢɤɨɜ.       

ɇɚ ɪɢɫɭɧɤɟ 4.1 ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 10 ɤȼ.   

 
Ɋɢɫɭɧɨɤ 4.1 – Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɵ ɥɢɧɢɢ 10 ɤȼ 

Ɉɩɪɟɞɟɥɢɦ ɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ 10/0,4ɤȼ 

ɫɨɝɥɚɫɧɨ [23] ɩɨ ɮɨɪɦɭɥɟ P = S ∙ kз ∙ ˔osφ    (4.1) 

 

Ⱥɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ Ɍɉ ɪɚɜɧɚ: 

Ɍɉ 250 ɤȼȺ P = ʹͷͲ ∙ Ͳ,ͺ ∙ Ͳ,ͺ = ͳ͸Ͳ ˍВ˕; 

Ɍɉ 160 ɤȼȺ P = ͳ͸Ͳ ∙ Ͳ,ͺ ∙ Ͳ,ͺ = ͳͲʹ,Ͷ ˍВ˕; 

Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɚ ɜ ɫɟɬɢ 10 ɤȼ ɜɵɩɨɥɧɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɫɟɬɢ 0,4ɤȼ 

ɢ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 2.1. 
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Ⱦɧɟɜɧɨɣ ɦɚɤɫɢɦɭɦ ɧɚɝɪɭɡɨɤ ɥɢɧɢɢ: 

ɭɱɚɫɬɨɤ 1–2 P̌  = 102,4 ɤȼɬ; 

ɭɱɚɫɬɨɤ 2–3 P̌   = 102,4+ 0,73∙102,4=102,4+75=177,4 ɤȼɬ;  

ɭɱɚɫɬɨɤ 3–4 P̌   = 177,4 + 0,73∙102,4 = 177,4+75 =252,4 ɤȼɬ; 

ɭɱɚɫɬɨɤ 4–5 P̌   = 252,4+ 0,73∙102,4=252,4+75=327,4 ɤȼɬ; 

ɭɱɚɫɬɨɤ 5–6 P̌   = 327,4+0,73∙102,4 = 327,4+75 = 407,4 ɤȼɬ; 

ɭɱɚɫɬɨɤ 6–7 P̌   = 407,4+0,73∙102,4 = 407,4+75 = 482,4 ɤȼɬ; 

ɭɱɚɫɬɨɤ 7–8 P̌   = 482,4+ 0,73∙160=482,4+123=605,4 ɤȼɬ; 

ɭɱɚɫɬɨɤ 8–9 P̌   = 605,4+0,73∙102,4 = 605,4+75 = 780,4 ɤȼɬ; 

ɭɱɚɫɬɨɤ 9–ɉɋ P̌   = 780,4+0,73∙160 = 780,4+123 = 903,4 ɤȼɬ; 

ɭɱɚɫɬɨɤ 10–11 P̌   = 102,4ɤȼɬ; 

ɭɱɚɫɬɨɤ 11–12 P̌  = 102,4+0,73∙160 = 102,4+123 = 225, ɤȼɬ; 

ɭɱɚɫɬɨɤ 12–13 P̌   = 225,4+0,73∙102,4 = 225,4+75 = 300,4 ɤȼɬ; 

ɭɱɚɫɬɨɤ 13–14 P̌   = 300,4+0,73∙102,4 = 300,4+75 = 375,4 ɤȼɬ; 

ɭɱɚɫɬɨɤ 14–ɉɋ P̌   = 375,4+0,73∙160 = 375,4+123 = 498,4 ɤȼɬ; 

Ɉɩɪɟɞɟɥɹɟɦ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ S, ɷɬɨɝɨ ɠɟ ɭɱɚɫɬɤɚ ɫɨɝɥɚɫɧɨ [1]. ɩɨ ɮɨɪɦɭɥɟ (2.4). 

ɭɱɚɫɬɨɤ 1–2 S = ଵ଴ଶ,ସ଴,଼ = ͳʹͺ,Ͳͷ ɤȼȺ; 
ɭɱɚɫɬɨɤ 2–3 S = ଵ଻଻,ସ଴,଼ = ʹʹͳ,͹ͷ ɤȼȺ; 
ɭɱɚɫɬɨɤ 3–4 S = ଶହଶ,ସ଴,଼ = ͵ͳͷ,ͷ ɤȼȺ; 
ɭɱɚɫɬɨɤ 4–5 S = ଷଶ଻,ସ଴,଼ = ͶͲͻ,ʹͷ ɤȼȺ; 
ɭɱɚɫɬɨɤ 5–6 S = ସ଴଻,ସ଴,଼ = ͷͲͻ,ʹͷ ɤȼȺ; 
ɭɱɚɫɬɨɤ 6–7 S = ସ଼ଶ,ସ଴,଼ = ͸Ͳ͵ ɤȼȺ; 
ɭɱɚɫɬɨɤ 7–8 S = ଺଴ହ,ସ଴,଼ = ͹ͷ͸,͹ͷ ɤȼȺ; 
ɭɱɚɫɬɨɤ 8–9 S = ଻଼଴,ସ଴,଼ = ͻ͹ͷ,ͷ ɤȼȺ; 
ɭɱɚɫɬɨɤ 9–ɉɋ S = ଽ଴ଷ,ସ଴,଼ = ͳͳʹͻ,ʹͷ ɤȼȺ; 
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ɭɱɚɫɬɨɤ 10–11 S = ଵ଴ଶ,ସ଴,଼ = ͳʹͺ ɤȼȺ; 
ɭɱɚɫɬɨɤ 11–12 S = ଶଶହ,ସ଴,଼ = ʹͺͳ,͹ͷ ɤȼȺ; 
ɭɱɚɫɬɨɤ 12–13 S = ଷ଴଴,ସ଴,଼ = ͵͹ͷ,ͷ ɤȼȺ; 
ɭɱɚɫɬɨɤ 13–14 S = ଷ଻ହ,ସ଴,଼ = Ͷ͸ͻ,ʹͷ ɤȼȺ; 
ɭɱɚɫɬɨɤ 14–ɉɋ S = ସଽ଼,ସ଴,଼ = ͸ʹ͵ ɤȼȺ; 
Ɉɩɪɟɞɟɥɹɟɦ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ Q, ɷɬɢɯ ɠɟ ɭɱɚɫɬɤɨɜ ɩɨ ɮɨɪɦɭɥɟ (2.5). 

ɭɱɚɫɬɨɤ 1–2 Q = √ͳʹͺ,Ͳͷଶ − ͳͲʹ,ͶͶଶ = ͹͸,ͺ͵ ɤȼȺɪ; 
ɭɱɚɫɬɨɤ 2–3 Q = √ʹʹͳ,͹ͷଶ − ͳ͹͹,ͶͶଶ = ͳ͵͵,Ͳͷ ɤȼȺɪ; 
ɭɱɚɫɬɨɤ 3–5 Q = √͵ͳͷ,ͷଶ − ʹͷʹ,Ͷଶ = ͳͺͻ,͵ ɤȼȺɪ; 
ɭɱɚɫɬɨɤ 4–5 Q = √ͶͲͻ,ʹͷଶ − ͵ʹ͹,Ͷଶ = ʹͶͷ,ͷͷ ɤȼȺɪ; 
ɭɱɚɫɬɨɤ 5–6 Q = √ͷͲͻ,ʹͷଶ − ͶͲ͹,Ͷଶ = ͵Ͳͷ,ͷͷ ɤȼȺɪ; 
ɭɱɚɫɬɨɤ 6–7 Q = √͸Ͳ͵ଶ − Ͷͺʹ,Ͷଶ = ͵͸ͳ,ͺ ɤȼȺɪ; 
ɭɱɚɫɬɨɤ 7–8 Q = √͹ͷ͸,͹ͷଶ − ͸Ͳͷ,Ͷଶ = ͶͷͶ,Ͳͷ ɤȼȺɪ; 
ɭɱɚɫɬɨɤ 8–9 Q = √ͻ͹ͷ,ͷଶ − ͹ͺͲ,Ͷଶ = ͷͺͷ,͵ ɤȼȺɪ; 
ɭɱɚɫɬɨɤ 9–ɉɋ Q = √ͳͳʹͻ,ʹͷଶ − ͻͲ͵,Ͷଶ = ͸͹͹,ͷͷ ɤȼȺɪ; 
ɭɱɚɫɬɨɤ 10–11 Q = √ͳʹͺଶ − ͳͲʹ,Ͷଶ = ͹͸,ͺ ɤȼȺɪ; 
ɭɱɚɫɬɨɤ 11–12 Q = √ʹͺͳ,͹ͷଶ − ʹʹͷ,Ͷଶ = ͳ͸ͻ,Ͳͷ ɤȼȺɪ; 
ɭɱɚɫɬɨɤ 12–13 Q = √͵͹ͷ,ͷଶ − ͵ͲͲ,Ͷଶ = ʹʹͷ,͵ ɤȼȺɪ; 
ɭɱɚɫɬɨɤ 13–14 Q = √Ͷ͸ͻ,ʹͷଶ − ͵͹ͷ,Ͷଶ = ʹͺͳ,ͷͷ ɤȼȺɪ; 
ɭɱɚɫɬɨɤ 14–ɉɋ Q = √͸ʹ͵ଶ − Ͷͻͺ,Ͷଶ = ͵͹͵,ͺ ɤȼȺɪ 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ (4.2). 

4.1 Ɋɚɫɱɟɬ ɩɪɨɜɨɞɨɜ ɢ ɜɵɛɨɪ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɧɢɤɨɜ  

ɂɫɯɨɞɹ ɢɡ ɪɚɫɱёɬɧɨɣ ɩɨɥɧɨɣ ɧɚɝɪɭɡɤɢ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɢ ɡɧɚɱɟɧɢɹ 

ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɨɤ ɥɢɧɢɢ ɩɨ ɮɨɪɦɭɥɟ (2.10) 
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ɭɱɚɫɬɨɤ 1–2 I =  ͳʹͺ,Ͳͷሺͳ,͹͵ ∙ ͳͲሻ = ͹,Ͷ Ⱥ; 
ɭɱɚɫɬɨɤ 2–3 I =  ʹʹͳ,͹ͷሺͳ,͹͵ ∙ ͳͲሻ = ͳʹ,ͺʹ Ⱥ; 
ɭɱɚɫɬɨɤ 3–4 I =  ͵ͳͷ,ͷሺͳ,͹͵ ∙ ͳͲሻ = ͳͺ,ʹͶ Ⱥ; 
ɭɱɚɫɬɨɤ 4–5 I =  ͶͲͻ,ʹͷሺͳ,͹͵ ∙ ͳͲሻ = ʹ͵,͸͸ Ⱥ; 
ɭɱɚɫɬɨɤ 5–6 I =  ͷͲͻ,ʹͷሺͳ,͹͵ ∙ ͳͲሻ = ʹͻ,ͶͶ Ⱥ; 
ɭɱɚɫɬɨɤ 6–7 I =  ͸Ͳ͵ሺͳ,͹͵ ∙ ͳͲሻ = ͵Ͷ,ͺ͸ Ⱥ; 
ɭɱɚɫɬɨɤ 7–8 I =  ͹ͷ͸,͹ͷሺͳ,͹͵ ∙ ͳͲሻ = Ͷ͵,͹Ͷ Ⱥ; 
ɭɱɚɫɬɨɤ 8–9 I =  ͻ͹ͷ,ͷሺͳ,͹͵ ∙ ͳͲሻ = ͷ͸,͵ͻ Ⱥ; 
ɭɱɚɫɬɨɤ 9–ɉɋ I =  ͳͳʹͻ,͹ͷሺͳ,͹͵ ∙ ͳͲሻ = ͸ͷ,ʹ͹ Ⱥ; 
ɭɱɚɫɬɨɤ 10–11 I =  ͳʹͺሺͳ,͹͵ ∙ ͳͲሻ = ͹,Ͷ Ⱥ; 
ɭɱɚɫɬɨɤ 11–12 I =  ʹͺͳ,͹ͷሺͳ,͹͵ ∙ ͳͲሻ = ͳ͸,ʹͻ Ⱥ. 
ɭɱɚɫɬɨɤ 12–13 I =  ͵͹ͷ,ͷሺͳ,͹͵ ∙ ͳͲሻ = ʹͳ,͹ͳ Ⱥ; 
ɭɱɚɫɬɨɤ 13–14 I =  Ͷ͸ͻ,ʹͷሺͳ,͹͵ ∙ ͳͲሻ = ʹ͹,ͳʹ Ⱥ; 
ɭɱɚɫɬɨɤ 14–ɉɋ I =  ͸ʹ͵ሺͳ,͹͵ ∙ ͳͲሻ = ͵͸,Ͳͳ Ⱥ; 
4.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 10ɤȼ 

ɉɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɭɱɚɫɬɤɚɯ ɥɢɧɢɣ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɚɦ (2.15). 
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Ɍɚɛɥɢɰɵ 4.1 – ɋɟɱɟɧɢɟ ɩɪɨɜɨɞɚ  

 
ɍɱɚɫɬɨɤ 

 
Ⱦɥɢɧɚ, 

ɤɦ 

Sɧɚɝɪ ȼɅ, 

ɤȼȺ 
 
Iɪɚɛ, Ⱥ 

 
Iɞɨɩ, Ⱥ 

 
ɋɟɱɟɧɢɟ 

R, 
Ɉɦ/ɤɦ 

X, 
Ɉɦ/ɤɦ 

1–2 0,15 128,05 7,40 140 ɋɂɉ–3(3×70) 0,369 0,278 

2–3 0,39 221,75 12,82 140 ɋɂɉ–3(3×70) 0,369 0,278 

3–4 0,3 315,50 18,24 140 ɋɂɉ–3(3×70) 0,369 0,278 

4–5 0,343 409,25 23,66 140 ɋɂɉ–3(3×70) 0,369 0,278 

5–6 0,275 509,25 29,44 140 ɋɂɉ–3(3×70) 0,369 0,278 

6–7 0,39 603,00 34,86 140 ɋɂɉ–3(3×70) 0,369 0,278 

7–8 0,43 756,75 43,74 140 ɋɂɉ–3(3×70) 0,369 0,278 

8–9 0,375 975,50 56,39 140 ɋɂɉ–3(3×70) 0,369 0,278 

9–ɉɋ 3,407 1129,25 65,27 180  ɋɂɉ–3(3×120) 0,335 0,078 

10–11 0,15 128,00 7,40 140 ɋɂɉ–3(3×70) 0,369 0,278 

11–12 0,3 281,75 16,29 140 ɋɂɉ–3(3×70) 0,369 0,278 

12–13 0,32 375,50 21,71 140 ɋɂɉ–3(3×70) 0,369 0,278 

13–14 0,24 469,25 27,12 140 ɋɂɉ–3(3×70) 0,369 0,278 

14–ɉɋ 3,407 623,00 36,01 180 ɋɂɉ–3(3×120) 0,335 0,078 
   

ɭɱɚɫɬɨɤ 1–2 ΔU =
ଵ଴ଶ,ଶ⋅଴,ଷ଺ଽ+଻଺,଼ଷ⋅଴,ଶ଻଼ଵ଴ ⋅ Ͳ,ͳͷ = Ͳ,ͺͻ ȼ; 

ɭɱɚɫɬɨɤ 2–3 ΔU =
ଵ଻଻,ସ⋅଴,ଷ଺ଽ+ଵଷଷ,଴ହ⋅଴,ଶ଻଼ଵ଴ ⋅ Ͳ,͵ͻ = Ͷ ȼ; 

ɭɱɚɫɬɨɤ 3–4 ΔU =
ଶହଶ,ସ⋅଴,ଷ଺ଽ+ଵ଼ଽ,ଷ⋅଴,ଶ଻଼ଵ଴ ⋅ Ͳ,͵ = Ͷ,͵͹ ȼ; 

ɭɱɚɫɬɨɤ 4–5 ΔU =
ଷଶ଻,ସ⋅଴,ଷ଺ଽ+ଶସହ,ହହ⋅଴,ଶ଻଼ଵ଴ ⋅ Ͳ,͵Ͷ͵ =6,49 ȼ; 

ɭɱɚɫɬɨɤ 5–6 ΔU =
ସ଴଻⋅଴,ଷ଺ଽ+ଷ଴ହ,ହହ⋅଴,ଶ଻଼ଵ଴ ⋅ Ͳ,ʹ͹ͷ = ͸,Ͷ͹ ȼ; 

ɭɱɚɫɬɨɤ 6–7 ΔU =
ସ଼ଶ,ସ⋅଴,ଷ଺ଽ+ଷ଺ଵ⋅଴,ଶ଻଼ଵ଴ ⋅ Ͳ,͵ͻ = ͳͲ,ͺ͸ ȼ; 

ɭɱɚɫɬɨɤ 7–8 ΔU =
଺଴ହ,ସ⋅଴,ଷ଺ଽ+ହ଼ହ⋅଴,ଶ଻଼ଵ଴ ⋅ Ͳ,ͷ͵ = ͳͺ,ͷ͵ ȼ; 

ɭɱɚɫɬɨɤ 8–9 ΔU =
଻଼଴,ସ⋅଴,ଷ଺ଽ+ହ଼ହ,ଷ⋅଴,ଶ଻଼ଵ଴ ⋅ Ͳ,͵͹ͷ = ͳ͸,ͻ ȼ; 

ɭɱɚɫɬɨɤ 9–ɉɋ ΔU =
ଽ଴ଷ,ସ⋅଴,ଷଷହ+଺଻଻,ହହ⋅଴,଴଻଼ଵ଴ ⋅ ͵,Ͷ͹ = ͳʹ͵,͵ͷ ȼ;  

ɭɱɚɫɬɨɤ 10–11 ΔU =
ଵ଴ଶ,ସ⋅଴,ହ଻଺+଻଺,଼⋅଴,ଷ଼ଶଵ଴ ⋅ Ͳ,ͳͷ = Ͳ,ͺͻ ȼ; 
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ɭɱɚɫɬɨɤ 11–12 ΔU =
ଶଶହ,ସ⋅଴,ହ଻଺+ଵ଺ଽ,଴ହ⋅଴,ଷ଼ଶଵ଴ ⋅ Ͳ,͵ = ͵,ͻͳ ȼ; 

ɭɱɚɫɬɨɤ 12–13 ΔU =
ଷ଴଴,ସ⋅଴,ହ଻଺+ଶଶହ,ଷ⋅଴,ଷ଼ଶଵ଴ ⋅ Ͳ,͵ʹ = ͷ,ͷͷ ȼ; 

ɭɱɚɫɬɨɤ 13–14 ΔU =
ଷ଻ହ,ସ⋅଴,ହ଻଺+ଷଽଷ,଼⋅଴,ଷ଼ଶଵ଴ ⋅ Ͳ,ʹͶ = ͷ,ʹ ȼ; 

ɭɱɚɫɬɨɤ 14–ɉɋ ΔU =
ସଽ଼,ସ⋅଴,ଷଷହ+ଷ଻ଷ,଼⋅଴,଴଻଼ଵ଴ ⋅ ͵,Ͷ͹ = ͸ͺ,Ͳͷ ȼ; 

Ɉɩɪɟɞɟɥɢɦ ɫɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɦɚɝɢɫɬɪɚɥɶɧɨɣ ɫɟɬɢ. 

ɋɭɦɦɚ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɭɱɚɫɬɤɚɯ ɜɟɬɜɢ ɥɢɧɢɢ ɞɨ Ɍɉ ɛɭɞɟɬ ɪɚɜɧɚ 

U1-ɉɋ = 263,74 ȼ. 

ɉɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ, ɜɵɪɚɠɟɧɧɵɟ ɜ ɩɪɨɰɟɧɬɚɯ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (2.16). 

= %U
ଶ଺ଷ,଻ସଵ଴଴଴଴ ⋅ ͳͲͲ = ʹ,͸͵%. 

ɉɨɥɭɱɟɧɧɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɥɟɠɚɬ ɜ ɞɨɩɭɫɬɢɦɵɯ ɩɪɢɞɟɥɚɯ. 

4.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 10 ɤȼ 

Ɋɚɫɱёɬ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɜ ɥɢɧɢɢ ɜɟɞёɦ ɩɨ ɮɨɪɦɭɥɟ (2.15) 

ȼɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ  = 2107 ɱɚɫɨɜ. [21]. 

ɭɱɚɫɬɨɤ 1–2 ΔWɥ = ͵ ⋅ ͹,Ͷଶ ⋅ Ͳ,͵͸ͻ ⋅ Ͳ,ͳͷ ⋅ ʹͳͲ͹ = ͳͻ,ͳ Ɇȼɬ∙ɱ; 

ɭɱɚɫɬɨɤ 2–3 ΔWɥ = ͵ ⋅ ͳʹ,ͺʹଶ ⋅ Ͳ,͵͸ͻ ⋅ Ͳ,͵ͻ ⋅ ʹͳͲ͹ = ͳͶͻ,Ͷ Ɇȼɬ∙ɱ; 

ɭɱɚɫɬɨɤ 3–4 ΔWɥ = ͵ ⋅ ͳͺ,ʹͶଶ ⋅ Ͳ,͵͸ͻ ⋅ Ͳ,͵ ⋅ ʹͳͲ͹ = ʹ͵ʹ,͹ Ɇȼɬ∙ɱ; 

ɭɱɚɫɬɨɤ 4–5 ΔWɥ = ͵ ⋅ ʹ͵,͸͸ଶ ⋅ Ͳ,͵͸ͻ ⋅ Ͳ,͵Ͷ͵ ⋅ ʹͳͲ͹ = ͶͶ͹,͹ Ɇȼɬ∙ɱ; 

ɭɱɚɫɬɨɤ 5–6 ΔWɥ = ͵ ⋅ ʹͻ,ͶͶଶ ⋅ Ͳ,͵͸ͻ ⋅ Ͳ,ʹ͹ͷ ⋅ ʹͳͲ͹ = ͷͷͷ,͹ Ɇȼɬ∙ɱ; 

ɭɱɚɫɬɨɤ 6–7 ΔWɥ = ͵ ⋅ ͵Ͷ,ͺ͸ଶ ⋅ Ͳ,͵͸ͻ ⋅ Ͳ,͵ͻ ⋅ ʹͳͲ͹ = ͳͳͲͷ,ͳ Ɇȼɬ∙ɱ; 

ɭɱɚɫɬɨɤ 7–8 ΔWɥ = ͵ ⋅ Ͷ͵,͹Ͷଶ ⋅ Ͳ,͵͸ͻ ⋅ Ͳ,ͷ͵ ⋅ ʹͳͲ͹ = ʹ͵͸ͷ,͵ Ɇȼɬ∙ɱ; 

ɭɱɚɫɬɨɤ 8–9 ΔWɥ = ͵ ⋅ ͷ͸,͵ͻଶ ⋅ Ͳ,͵͸ͻ ⋅ Ͳ,͵͹ͷ ⋅ ʹͳͲ͹ = ʹ͹ͺͳ Ɇȼɬ∙ɱ; 

ɭɱɚɫɬɨɤ 9–ɉɋ ΔWɥ = ͵ ⋅ ͸ͷ,ʹ͹ଶ ⋅ Ͳ,͵͵ͷ ⋅ ͵,ͶͲ͹ ⋅ ʹͳͲ͹ = ͵Ͳ͹͵ͻ,Ͳ͹ Ɇȼɬ∙ɱ; 

ɭɱɚɫɬɨɤ 10–11 ΔWɥ = ͵ ⋅ ͹,Ͷଶ ⋅ Ͳ,͵͸ͻ ⋅ Ͳ,ͳͷ ⋅ ʹͳͲ͹ = ͳͻ,ͳ Ɇȼɬ∙ɱ; 

ɭɱɚɫɬɨɤ 11–12 ΔWɥ = ͵ ⋅ ͳ͸,ʹͻଶ ⋅ Ͳ,͵͸ͻ ⋅ Ͳ,͵ ⋅ ʹͳͲ͹ = ͳͺͷ,ͷ Ɇȼɬ∙ɱ; 

ɭɱɚɫɬɨɤ 12–13 ΔWɥ = ͵ ⋅ ʹͳ,͹ͳଶ ⋅ Ͳ,͵͸ͻ ⋅ Ͳ,͵ʹ ⋅ ʹͳͲ͹ = ͵ͷͳ,͸ Ɇȼɬ∙ɱ; 

ɭɱɚɫɬɨɤ 13–14 ΔWɥ = ͵ ⋅ ʹ͹,ͳʹଶ ⋅ Ͳ,͵͸ͻ ⋅ Ͳ,ʹͶ ⋅ ʹͳͲ͹ = Ͷͳͳ,ͺ Ɇȼɬ∙ɱ; 

ɭɱɚɫɬɨɤ 14–ɉɋ ΔWɥ = ͵ ⋅ ͵͸,Ͳͳଶ ⋅ Ͳ,͵͵ͷ ⋅ ͵,ͶͲ͹ ⋅ ʹͳͲ͹ = ͻ͵ͷͷ,ͻ͵ Ɇȼɬ∙ɱ; 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2. 
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ΣWɥ = 409474,71 Ɇȼɬ∙ɱ. 

Ɍɚɛɥɢɰɚ 4.2 – Ɋɚɫɱёɬ ɥɢɧɢɢ ɉɋ №29 110/10 

№ ɭɱɚɫɬɤɚ P, ɤȼɬ Q, ɤȼȺɪ S, ɤȼȺ 
U Δ,  

ȼ 
ΔWˎ,  
ɤȼɬ∙ɱ 

1 2 3 6 7 8 1–2 102,44 76,83 128,05 0,89 1902 
2–3 177,4 133,05 221,75 4,00 149,5 
3–4 252,4 189,30 315,50 4,37 232,7 
4–5 327,4 245,55 409,25 6,49 447,7 
5–6 407,4 305,55 509,25 6,47 555,8 
6–7 482,4 361,80 603,00 10,86 1105,1 
7–8 605,4 454,05 756,75 18,53 2365,4 
8–9 780,40 585,30 975,50 16,90 2781,0 

9–ɉɋ 903,4 677,55 1129,25 24,52 30739,07 
10–11 102,4 76,80 128,00 0,89 19,2 
11–12 225,4 169,05 281,75 3,91 185,6 
12–13 300,4 225,30 375,50 5,55 351,6 
13–14 375,4 281,55 469,25 5,20 411,9 
14–ɉɋ 498,4 373,80 623,00 8,63 9355,93 

 

5 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ 

5.1 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ 10 ɤȼ 

ȼɵɤɥɸɱɚɬɟɥɢ ɜɵɛɢɪɚɸɬ ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ IɧɨɦIɪɚɫɱ, ɧɨɦɢɧɚɥɶɧɨɦɭ 

ɧɚɩɪɹɠɟɧɢɸ Uɧɨɦ Uɧɨɦ,ɭ, ɬɢɩɭ ɢ ɪɨɞɭ ɭɫɬɚɧɨɜɤɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɜɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɹ ɞɥɹ ɡɚɳɢɬɵ ȼɅ1-2 ɞɨ ɄɌɉ-1. 

UɧɨɦȼɅ=10 ɤȼ, Iɧɨɦ.ȼɅ=7,4 Ⱥ. ȼɵɛɢɪɚɟɦ ɜɵɤɥɸɱɚɬɟɥɶ ȼȼɌɗ–Ɇ–10–20/630 ɫ 

Uɧɨɦ=10 ɤȼ , Iɧɨɦ=630 Ⱥ. 

Ⱦɥɹ ɨɫɬɚɥɶɧɵɯ ɥɢɧɢɣ ɜɵɛɨɪ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ, ɫɜɟɞɟɦ ɪɟɡɭɥɶɬɚɬɵ ɜ 

ɬɚɛɥɢɰɭ 5.1. 
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Ɍɚɛɥɢɰɚ 5.1 – ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ 10 ɤȼ 
 

ȼɅ Uɧɨɦ
, ɤȼ I˓˃˔ч, Ⱥ Ɍɢɩ 

ɜɵɤɥɸɱɚɬɟɥɹ Iɧɨɦ.ɨɬɤɥ, Ⱥ Ʉɨɥ-ɜɨ 

1 2 3 4 5 6 1–2 10 7,40 ȼȼɌɗ-Ɇ-10-20/630 630 1 
2–3 10 12,82 ȼȼɌɗ-Ɇ-10-20/630 630 1 

3–4 10 18,24 ȼȼɌɗ-Ɇ-10-20/630 630 1 

4–5 10 23,66 ȼȼɌɗ-Ɇ-10-20/630 630 1 

5–6 10 29,44 ȼȼɌɗ-Ɇ-10-20/630 630 1 

6–7 10 34,86 ȼȼɌɗ-Ɇ-10-20/630 630 1 

7–8 10 43,74 ȼȼɌɗ-Ɇ-10-20/630 630 1 

8–9 10 56,39 ȼȼɌɗ-Ɇ-10-20/630 630 1 

9–ɉɋ 10 65,27 ȼȼɌɗ-Ɇ-10-20/630 630 1 

10–11 10 7,40 ȼȼɌɗ-Ɇ-10-20/630 630 1 

11–12 10 16,29 ȼȼɌɗ-Ɇ-10-20/630 630 1 

12–13 10 21,71 ȼȼɌɗ-Ɇ-10-20/630 630 1 

13–14 10 27,12 ȼȼɌɗ-Ɇ-10-20/630 630 1 

14–ɉɋ 10 36,01 ȼȼɌɗ-Ɇ-10-20/630 630 1 

   

ȼȼɌɗ-Ɇ-10-20/630 ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ: Uɧɨɦ=10 ɤȼ; Iɧɨɦ=630 Ⱥ;  

Iɧɨɦ.ɨɬɤɥ. =20 ɤȺ; ɩɪɟɞɟɥɶɧɵɣ ɬɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ Iɩɪ.ɬ. ɫɬ.=20 ɤȺ; 

ɫɨɛɫɬɜɟɧɧɨɟ ɜɪɟɦɹ ɜɵɤɥɸɱɚɬɟɥɹ tɜɤɥ=0,1 ɫ, tɨɬɤɥ=0,18 ɫ. 

5.2 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɧɢɠɟ 1 ɤȼ 

Ⱦɥɹ ɡɚɳɢɬɵ ɥɢɧɢɣ 0,4 ɤȼ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɵɤɥɸɱɚɬɟɥɢ ȼȺ 88. 

ȼɵɤɥɸɱɚɬɟɥɢ ɜɵɛɢɪɚɟɦ ɩɨ ɭɫɥɨɜɢɹɦ: Iɧɨɦ,ɚ ≥ Iɪɚɛ;Iɧɨɦ,ɪɚɫɰ,ɬ ≥ Iɪɚɛ;Iɧɨɦ,ɪɚɫɰ,ɷ ≥ Iɪɚɛ. 

Ɍɚɛɥɢɰɚ 5.2 – ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ 0,4 ɤȼ 

 
№ ɄɌɉ 

Iɪɚɛ, Ⱥ 
I ɧɨɦ,ɪɚɫ  

Ⱥ 

Ɍɢɩ 

ɜɵɤɥɸɱɚɬɟɥɹ 

Iɧɨɦ,ɚ , 

Ⱥ 

Iɧɨɦ,ɪɚɫ
ɰ,ɬ 

, Ⱥ 

Iɨɬɤɥ 

, ɤȺ 

        1 2 3 4 5 6 7 8 

108 
Ʌɢɧɢɹ 1 83 103,75 ȼȺ88-32 160 125 12,5 

Ʌɢɧɢɹ 2 146,94 183,67 ȼȺ88-37 250 200 25 

110 
Ʌɢɧɢɹ 1 42,7 53,37 ȼȺ88-31 100 80 12,5 

Ʌɢɧɢɹ 2 82,3 102,8 ȼȺ88-32 160 125 12,5 

 

 

 



51  

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 5.2 

 
№ ɄɌɉ Iɪɚɛ Ⱥ 

I ɧɨɦ,ɪɚɫ  

, Ⱥ 

Ɍɢɩ 

ɜɵɤɥɸɱɚɬɟɥɹ 

Iɧɨɦ,ɚ , 

Ⱥ 

Iɧɨɦ,ɪɚɫ
ɰ,ɬ 

, Ⱥ 

Iɨɬɤɥ 

, ɤȺ 

        1 2 3 4 5 6 7 9 

118 
Ʌɢɧɢɹ 1 49,1 61,3 ȼȺ88-32 100 80 12,5 

Ʌɢɧɢɹ 2 97,9 122,3 ȼȺ88-32 160 125 12,5 

113 
Ʌɢɧɢɹ 1 150,45 187,5 

 
ȼȺ88-37 

 
250 

 
200 

 
25 
 

1 Ʌɢɧɢɹ 1 167,76 209,7 ȼȺ88-32 320 250 12,5 

Ʌɢɧɢɹ 2 164,27 205,3 ȼȺ88-32 320 250 12,5 

2 Ʌɢɧɢɹ 1 70,35 87,9 ȼȺ88-32 160 125 12,5 

Ʌɢɧɢɹ 2 123,47 154,3 ȼȺ88-33 200 160 17,5 

3 Ʌɢɧɢɹ 1 70,35 87,9 ȼȺ88-32 160 125 12,5 

Ʌɢɧɢɹ 2 123,47 154,3 ȼȺ88-33 200 160 17,5 

4 Ʌɢɧɢɹ 1 94,78 118,4 ȼȺ88-32 160 125 12,5 

Ʌɢɧɢɹ 2 95,36 119,2 ȼȺ88-32 160 125 12,5 

5 Ʌɢɧɢɹ 1 94,78 118,4 ȼȺ88-32 160 125 12,5 

Ʌɢɧɢɹ 2 95,36 119,2 ȼȺ88-32 160 125 12,5 

6 Ʌɢɧɢɹ 1 50,35 62,9 ȼȺ88-32 100 80 12,5 

Ʌɢɧɢɹ 2 128,47 160,5 ȼȺ88-37 250 200 12,5 

7 Ʌɢɧɢɹ 1 87,36 109,2 ȼȺ88-32 160 125 12,5 

Ʌɢɧɢɹ 2 138,94 173,67 ȼȺ88-37 250 200 12,5 

8 Ʌɢɧɢɹ 1 157,76 197,2 ȼȺ88-37 250 200 12,5 

Ʌɢɧɢɹ 2 134,27 167,8 ȼȺ88-37 250 200 12,5 

9 Ʌɢɧɢɹ 1 83 110 ȼȺ88-32 160 125 12,5 

Ʌɢɧɢɹ 2 132,94 183,67 ȼȺ88-37 250 200 12,5 

10 Ʌɢɧɢɹ 1 83 110 ȼȺ88-32 160 125 12,5 

Ʌɢɧɢɹ 2 132,94 183,67 ȼȺ88-37 250 200 12,5 

 
6 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
6.1 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɫɟɬɢ 10 ɤȼ 

Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ 10ɤȼ ɜɟɞɟɬɫɹ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ 

ɟɞɢɧɢɰɚɯ. 

ɂɡɨɛɪɚɡɢɦ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ 



52  

Ʉ1

Ʉ2

Ʉ3

Ʉ4

Ʉ5

Ʉ6

Ʉ7

Ʉ8

Ʉ9

Ʉ10

Ʉ15

Ʉ14

Ʉ13

Ʉ12

Ʉ11

R1-2

X1-2

R2-3

X2-3

X3-4

R3-4

R4-5

X4-5

X5-6

X6-7

X7-8

X8-9

X9-15

X10-11

X11-12

X12-13

X13-14

X14-15

Xc

R5-6

R6-7

R7-8

R8-9

R9-15

R10-11

R11-12

R12-13

R13-14

R14-15

 

Ɋɢɫɭɧɨɤ 6.1 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ  

ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɩɪɨɳɟɧɧɭɸ ɨɞɧɨɥɢɧɟɣɧɭɸ ɫɯɟɦɭ, ɧɚ 

ɤɨɬɨɪɨɣ ɭɤɚɡɵɜɚɸɬɫɹ ɜɫɟ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢ ɢɯ ɩɚɪɚɦɟɬɪɵ, 

ɜɥɢɹɸɳɢɟ ɧɚ ɬɨɤ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɡɞɟɫɶ ɠɟ ɭɤɚɡɵɜɚɸɬɫɹ ɬɨɱɤɢ, ɜ ɤɨɬɨɪɵɯ 

ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɬɨɤ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: Xc = ୗ˄ୗˑ˕ˍˎ                                               (6.1) 

ɝɞɟ Sɨɬɤɥ –ɨɬɤɥɸɱɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɝɨɥɨɜɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɆȼȺ; 

Sɛ – ɛɚɡɢɫɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ, ɪɚɜɧɨɟ 100 ɆȼȺ. Sˑ˕ˍˎ = √͵· Iːˑˏ ˑ˕ˍˎ· Uːˑˏ                            (6.2) 

ɝɞɟ Iɧɨɦ.ɨɬɤɥ., Uɧɨɦ. – ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɨɥɨɜɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ. 
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ܵˑ˕ˍˎ =  √͵·ʹͷ·ͳͲ =  Ͷ͵͵,Ͳͳ ɆȼȺ   (6.3) 

Ȼɚɡɢɫɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: I˄ = ୗ˄୙˄∗√ଷ                                               (6.4) 

ɝɞɟ Uɛ – ɛɚɡɢɫɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɪɚɜɧɨɟ 10,5 ɤȼ. I˄ = ୗ˄√ଷ∗୙˄=5,499 ɤȺ                                 (6.5) 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɢɜɨɞɢɦ ɤ ɛɚɡɢɫɧɵɦ 

ɭɪɨɜɧɹɦ. ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɥɢɧɢɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɹɦ: ܴ = 𝑟଴· ܮ· 𝑈˄𝑈మ˄                                                 (6.6) ܺ = 𝑥଴· ܮ· 𝑆˄𝑈మ˄                                                   (6.7) 

ɝɞɟ rɨ ɢ xɨ – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɢ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɥɢɧɢɣ, Ɉɦ/ɤɦ; L – 

ɞɥɢɧɚ ɥɢɧɢɢ, ɤɦ. 

Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 6.1. 

Ɍɨɤ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɟɯɮɚɡɧɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 𝐼 зሺଷሻ = ଵ௓∑ · 𝐼                                                    (6.8) 

ɝɞɟ Z∑ – ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɭɱɚɫɬɤɚ ɞɨ ɬɨɱɤɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɬɨɱɤɭ Ʉ1 ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ: 
 𝑍∑=

𝑆˄𝑆ˑ˕ˍ= ଵ଴଴ସଷଷ,଴ଵ= 0,23 ɨ. ɟ                                        (6.9) 

 𝐼 зሺଷሻ = ଵ଴,ଶଷ ·5,499=23,9 ɤȺ                                    (6.10) 

ɍɞɚɪɧɵɣ ɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 𝑖˖ˇ  =  𝐼                                     (6.11) ·ˇ˖ܭ·ʹ√ 

ɝɞɟ Ʉɭɞ –ɭɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ 

X∑/ R∑, Ʉɭɞ=1 [4]. 

Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ 10 ɤȼ ɫɜɟɞɟɦ ɜ 

ɬɚɛɥɢɰɭ 6.1 

Ɍɚɛɥɢɰɚ 6.1 – Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 
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ɍɱɚɫɬɨɤ 

 
L, ɤɦ 

 
F, ɦɦ2 

 
rɨ, 

Ɉɦ/ɤɦ 

 
ɯɨ, 

Ɉɦ/ɤɦ 

 
R, 

ɨ.ɟ. 

 
ɏ,  

 ɨ.ɟ. 
1–2 0,15 35 0,369 0,278 0,527 0,397 
2–3 0,39 35 0,369 0,278 1,370 1,032 
3–4 0,3 35 0,369 0,278 1,054 0,794 
4–5 0,343 35 0,369 0,278 1,205 0,908 

5–6 0,275 35 0,369 0,278 0,966 0,728 
6–7 0,39 35 0,369 0,278 1,370 1,032 

7–8 0,53 35 0,369 0,278 1,862 1,403 
8–9 0,375 35 0,369 0,278 1,317 0,992 

9–ɉɋ 3,407 35 0,365 0,078 1,651 1,244 
10–11 0,15 35 0,369 0,278 0,527 0,397 

11–12 0,3 35 0,369 0,278 1,054 0,794 
12–13 0,32 35 0,369 0,278 1,124 0,847 

13–14 0,24 35 0,369 0,278 0,843 0,635 
14–ɉɋ 3,407 35 0,365 0,078 1,054 0,794 

 
Ɍɚɛɥɢɰɚ 6.2 – Ɋɚɫɱɟɬ ɬɨɤɨɜ ɄɁ 

 

Ɍɨɱɤɚ 
ɤɡ 

Z∑,ɨ.ɟ. ɏ∑/ R ∑ Ʉɭɞ I(3)
ɤɡ 

,ɤȺ 
Iɭɞ, ɤȺ 

Ʉ1 0,289 0 1 19,03 26,9 
Ʉ2 0,32 0,245 1 17,2 24,3 
Ʉ3 0,730 0,245 1 7,53 10,65 
Ʉ4 0,514 0,245 1 10,7 15,13 
Ʉ5 0,714 0,245 1 7,7 10,89 
Ʉ6 0,890 0,245 1 6,18 8,74 
Ʉ7 0,345 0,245 1 15,94 22,54 
Ʉ8 0,545 0,245 1 10,09 14,27 
Ʉ9 0,779 0,245 1 7,06 9,98 
Ʉ10 0,432 0,245 1 12,73 18 
Ʉ11 0,214 0,245 1 15,62 22,09 
Ʉ12 0,667 0,245 1 8,24 11,66 
Ʉ13 0,563 0,245 1 9,77 13,81 
Ʉ14 0,783 0,245 1 7,02 9,93 
Ʉ15 0,543 0,245 1 10,13 14,32 
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6.2 Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɫɟɬɢ ɞɨ 1 ɤȼ  

Ⱦɥɹ ɧɚɩɪɹɠɟɧɢɹ ɞɨ 1 ɤȼ ɩɪɢ ɪɚɫɱɟɬɟ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ 

ɦɨɳɧɨɫɬɶ ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ ɧɟ ɨɝɪɚɧɢɱɟɧɚ ɢ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɨɤɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ. 

Ɋɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɨɞɢɦ ɤ ɧɢɡɤɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɩɨ 

ɮɨɪɦɭɥɚɦ: ܴ𝐻 = ܴ˄· ሺ𝑈ːˑˏ,В𝑈ːˑˏ,Нሻଶ                                             (6.12) 

ܺ𝐻 = ܺ˄· ሺ𝑈ːˑˏ,В𝑈ːˑˏ,Нሻଶ                                               (6.13) 

 

ɝɞɟ Rɜ, ɏɜ – ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɵɫɲɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ; 

Rɧ, ɏɧ – ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɵɫɨɤɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɟ ɤ ɧɢɡɤɨɦɭ. 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɄɌɉ №1 (ɞɨ ɞɨɦɚ №1). 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɢɦɟɟɬ ɜɢɞ: 
10 кВ 

 
 

Ɋɢɫɭɧɨɤ 6.1 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ 

ɉɪɢɜɟɞɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤ ɧɢɡɤɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɩɨ ɮɨɪɦɭɥɚɦ (6.12), (6.13): 
 
Rȼ∑ = 0,32 Ɉɦ; (6.14) 

Xȼ∑ = 0,08 Ɉɦ; (6.15) 

К1 0,4кВ 
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Rɇ∑ = Ͳ,͵ʹ·Ͳ,ͲͶ2 = 0,00051 Ɉɦ; (6.16) 

Xɇ∑ = Ͳ,Ͳͺ·Ͳ,ͲͶ2 = 0,00087 Ɉɦ. (6.17) 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɆ-250 10/0,4 

Rтр = 0,0016 Ɉɦ; (6.18) 

Xɬɪ = 0,0029 Ɉɦ. (6.19) 

ɋɭɦɦɚɪɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɤɪɨɦɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɷɥɟɦɟɧɬɨɜ 

ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɵɫɨɤɨɣ ɫɬɨɪɨɧɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɞɨɥɠɧɨ 

ɭɱɢɬɵɜɚɬɶ ɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ Rɞɨɛ. ɉɨɷɬɨɦɭ ɜɜɨɞɢɦ 

Rɞɨɛ=(15÷20) ɦɈɦ 

 

R=Rɬɪ+ Rɞɨɛ=0,0016+0,015=0,0166 Ɉɦ. (6.20) 

Ⱦɥɢɧɚ ɥɢɧɢɢ ɞɨ ɞɨɦɚ №1 L=0,25 ɤɦ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɥɢɧɢɢ ɞɨ ɞɨɦɚ №1: 

R0,4 = Ͳ,Ͷͳͳ·Ͳ,ʹͷ = 0,1 Оɦ; X0,4 

= Ͳ,Ͳ͹ͷ͵·Ͳ,ʹͷ = 0,019 Оɦ. 

ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ: 
 Z∑  = √ሺRН∑ +  R +  RͲ,Ͷሻʹ +  ሺXН∑  +  XͲ,Ͷሻʹమ                           (6.21) 
 

Z∑ = √(0,00051 + 0,0166 + 0,1)2 + (0,00086 + 0,019)2 = 0,12 Оɦ. 

Ɍɪɟɯɮɚɡɧɵɣ ɬɨɤ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ Ʉ1 ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: 𝐼 зሺଷሻ= 𝑈ːˑˏ√ଷ∗௓∑  

𝐼 зሺଷሻ = ଶହ଴√ଷ∗଴,଴ଷହ=6,58ɤȺ 

ɂɡ ɫɨɨɬɧɨɲɟɧɢɹ X∑/R∑, Ʉɭɞ=1,1 

ɍɞɚɪɧɵɣ ɬɨɤ ɞɥɹ ɬɨɱɤɢ Ʉ1: 𝑖˖ˇ = 𝐼 ·ˇ˖ܭ ·ʹ√ зሺଷሻ = √ʹ· ͳ· ͸,ͷͺ=9,3ɤȺ (6.22) 
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Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɫɟɬɢ 0,4 ɤȼ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 

6.1. 

Ɍɚɛɥɢɰɚ 6.3 – Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɫɟɬɢ 0,4 ɤȼ 
 

№ 

ɄɌɉ 
RH∑, 
ɈɦͳͲ−ଷ 

 
XH∑, 
ɈɦͳͲ−ଷ 

R0.4 , 
ɈɦͳͲ−ଷ 

X0.4 , 
ɈɦͳͲ−ଷ 

Rɬɪ , 
Ɉɦ ͳͲ−ଷ 

Xɬɪ, 
Ɉɦ ͳͲ−ଷ 

Z∑, 
Ɉɦ ͳͲ−ଶ 

R0.4 , 
Ɉɦ 

I(3)ɤɡ, 
ɤȺ 

𝐼 ˇ, ɤȺ 

1 2 3 4 5 6 7 8 9 10 11 

108 0,51 0,87 0,1 12 5,5 1,71 35 6,58 1 9,31 

110 0,53 0,87 7 1,3 5,5 1,71 24 9,68 1 13,69 

118 0,15 0,77 23 2,2 5,5 1,71 40 5,78 1 8,18 

113 0,22 0,79 9 17 5,5 1,71 26 8,74 1 12,36 

1 0,13 0,7 23 21 5,5 1,71 42 5,77 1 8,24 

2 0,51 0,87 10 12 5,5 1,71 35 6,58 1 9,31 

3 0,53 0,87 7 13 5,5 1,71 24 9,68 1 13,69 

4 0,15 0,77 23 2,2 5,5 1,71 40 5,78 1 8,18 

5 0,22 0,79 9 17 5,5 1,71 26 8,74 1 12,36 

6 0,13 0,7 23 21 5,5 1,71 42 5,77 1 8,24 

7 0,51 0,87 10 12 5,5 1,71 35 6,58 1 9,31 

2 0,51 0,87 10 12 5,5 1,71 35 6,58 1 9,31 

3 0,53 0,87 7 13 5,5 1,71 24 9,68 1 13,69 

4 0,15 0,77 23 2,2 5,5 1,71 40 5,78 1 8,18 
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7. Ⱥɧɚɥɢɡ ɤɚɱɟɫɬɜɚ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ ɢ ɪɚɫɱɟɬ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ 

ɯɚɪɚɤɬɟɪɧɵɯ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ 

Ʉɚɱɟɫɬɜɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɚɯ 

ɩɢɬɚɸɳɟɣ ɫɟɬɢ. Ɉɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɫɨɝɥɚɫɧɨ ȽɈɋɌ ɧɟ ɞɨɥɠɧɵ ɜɵɯɨɞɢɬɶ ɜ 

ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ, ɡɚ ɩɪɟɞɟɥɵ (-10 ÷ +10) % ɨɬ Uɧɨɦ  

Ɉɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ (7.1). 

                                                V = ሺ୙Иʞ−∆୙˖ч˃˔˕ˍ˃ሻ−୙ːˑˏ୙ːˑˏ ∙ ͳͲͲ%                                   (7.1) 

ɝɞɟ ܸ – ɨɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ ɭɱɚɫɬɤɟ (%);  ܷɧɨɦ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ȼ);  ܷɢɩ – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɢɫɬɨɱɧɢɤɟ ɩɢɬɚɧɢɹ (ȼ);  

∆ܷɭɱɚɫɬɤɚ – ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɭɱɚɫɬɤɟ (ȼ) 

ȼɟɥɢɱɢɧɚ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɢɫɬɨɱɧɢɤɟ ɩɢɬɚɧɢɹ ɡɚ ɫɱɟɬ ɜɫɬɪɟɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫɥɟɞɭɸɳɚɹ:  

− ȼ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ 1,05ܷɧɨɦ;  

− ȼ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ܷɧɨɦ;  

− ȼ ɩɨɫɥɟɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ (1,05÷1,1) ܷɧɨɦ. 

Ɋɚɫɱɟɬ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ: 

1. Ⱦɥɹ ɫɚɦɨɝɨ ɭɞɚɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ ɤɨɬɬɟɞɠ №10; 

Ɉɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɫɚɦɨɝɨ ɭɞɚɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɟɠɢɦ 
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ɉɋ–9: 

L=3,407 ɤɦ; 

r0=0,335; x0=0,078 

cosφ=0,088, sinᵠ=0,44; 

Imax=65,27 A; 

∆Uɉɋ-9 =  √͵·͸ͷ,ʹ͹·͵,Ͷ·ሺͲ,͵͵ͷ·Ͳ,ͺͺ +  Ͳ,Ͳ͹ͺ·Ͳ,ͶͶሻ  =  ͳʹͶ,͸Ͷ ȼ; 

U1 = ͳͲͷͲͲ –  ͳʹͶ,͸Ͷ =  ͳͲ͵͹ͷ,͵ͷ ȼ; 

9–8: 

L=0,37 ɤɦ; 

r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 

Imax=56,39 A; 

∆ܷ9−8 = √͵·ͷ͸,͵ͻͲ·Ͳ,͵͹·ሺͲ,ͷ͸ͺ·Ͳ,ͺͺ +  Ͳ,Ͳ͹ͺͷ·Ͳ,ͶͶሻ  =  ͳͻ,Ͳͻ ȼ; ܷ3 = ͳͲ͵͹ͷ,͵ͷ –  ͳͻ,Ͳͻ =  ͳͲ͵ͷ͸,ʹ͸ ȼ; 

8–7: 

L=0,42 ɤɦ; 

r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 

Imax=43,74 A; 

∆ܷ8–7 = √͵·Ͷ͵,͹Ͷ·Ͳ,Ͷʹ· ሺͲ,ͷ͸ͺ·Ͳ,ͺͺ +  Ͳ,Ͳ͹ͺͷ·Ͳ,ͶͶሻ  =  ͳ͹,ͳ͵ ȼ; ܷ4 = ͳͲ͵ͷ͸,ʹ͸  –  ͳ͹,ͳ͵ =  ͳͲ͵͵ͻ,ͳ͵ ȼ; 

7–6: 

L=0,39 ɤɦ; 

r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 

Imax=34,86 A; 

∆ܷ7–6 = √͵·͵Ͷ,ͺ͸·Ͳ,͵ͻ· ሺͲ,ͷ͸ͺ·Ͳ,ͺͺ +  Ͳ,Ͳ͹ͺͷ·Ͳ,ͶͶሻ  =  ͳʹ,͸ͺ ȼ; ܷ5 = ͳͲ͵͵ͻ,ͳ͵  –  ͳʹ,͸ͺ =  ͳͲ͵ʹ͸,ͷͷ ȼ; 

6–5: 

L=0,275 ɤɦ; 
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r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 

Imax=29,44 A; 

∆ܷ6–5 =  √͵·ʹͻ,ͶͶ·Ͳ,ʹ͹ͷ· ሺͲ,ͷ͸ͺ·Ͳ,ͺͺ +  Ͳ,Ͳ͹ͺͷ·Ͳ,ͶͶሻ  =  ͹,ͷͷ ȼ; ܷ6 =  ͳͲ͵ʹ͸,ͷͷ –  ͹,ͷͷ =  ͳͲ͵ͳͻ ȼ; 

5–4: 

L=0,34 ɤɦ; 

r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 

Imax=23,66 A; 

∆ܷ5–4 =  √͵·ʹ͵,͸͸·Ͳ,͵Ͷ· ሺͲ,ͷ͸ͺ·Ͳ,ͺͺ +  Ͳ,Ͳ͹ͺͷ·Ͳ,ͶͶሻ  =  ͹,ͷ ȼ; ܷ7 = ͳͲ͵ͳͻ –  ͹,ͷ =  ͳͲ͵ͳͳ,Ͳͷ ȼ; 

4–3: 

L=0,3 ɤɦ; 

r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 

Imax=18,24 A; 

∆ܷ4–3 =  √͵ͳͺ,ʹͶ·Ͳ,͵· ሺͲ,ͷ͸ͺ·Ͳ,ͺͺ +  Ͳ,Ͳ͹ͺͷ·Ͳ,ͶͶሻ  =  ͷ,ͳ ȼ; ܷ8 = ͳͲ͵ͳͳ,Ͳͷ –  ͷ,ͳ =  ͳͲ͵Ͳͷ,ͻͷ ȼ; 

3–2: 

L=0,39 ɤɦ; 

r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 

Imax=12,82 A; 

∆ܷ3–2 = √͵·ͳʹ,ͺʹ·Ͳ,͵ͻ· ሺͲ,ͷ͸ͺ·Ͳ,ͺͺ +  Ͳ,Ͳ͹ͺͷ·Ͳ,ͶͶሻ = 4,6 ȼ; ܷ9 = ͳͲ͵Ͳͷ,ͻͷ –  Ͷ,͸ =  ͳͲ͵Ͳͳ,͵ͷ ȼ; 

2–1: 

L=0,15 ɤɦ; 

r0=0,568; x0=0,0785 

cosφ=0,088, sinᵠ=0,44; 
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Imax=7,4 A; 

∆ܷ2–1 = √͵·͹,Ͷ·Ͳ,ͳͷ· ሺͲ,ͷ͸ͺ·Ͳ,ͺͺ +  Ͳ,Ͳ͹ͺͷ·Ͳ,ͶͶሻ  =  ͳ ȼ; ܷ10 = ͳͲ͵Ͳͳ,͵ͷ –  ͳ =  ͳͲ͵ͲͲ,͵ͷ ȼ; 

ɉɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ:∆U˕˓ = ͳʹ͸ В ܷ5 = ͳͲ͵ͲͲ,͵ͷ  −  ͳʹ͸ =  ͳͲͳ͹Ͷ,͵ͷ ȼ. 

ɉɪɢɜɟɞёɦ ɧɚɩɪɹɠɟɧɢɹ ɤ ɧɢɡɤɨɣ ɫɬɨɪɨɧɟ: ܷ9= ͳͲͳ͹Ͷ,͵ͷ  ·0,038=386,62 ȼ; 

ɄɌɉ 1– Ʉɨɬɬɟɞɠ №10: 

L=0,005 ɤɦ; 

r0=1,11; x0=0,0802 

cosφ=0,088, sinᵠ=0,44; 

Imax=22,96 A; 

∆ܷ1–№47 = √͵·ʹʹ,ͻ͸·Ͳ,ͲͲͷ· ሺͳ,ͳͳ·Ͳ,ͺͺ +  Ͳ,ͲͺͲʹͲ·Ͳ,ͶͶሻ  =  Ͳ,ͳͺ ȼ; ܷ10 = ͵ ͺ͸,͸ʹ –  Ͳ,ͳͺ =  ͵ͺ͸,ͷͶ ȼ; 

Ɉɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ:              Vଵ = ͳͲ͵͹ͷ,͵ͷ − ͳͲͲͲͲͳͲͲͲͲ ∙ ͳͲͲ = ͵,͹ͷ %. 
            Vଶ = ͳͲ͵ͷ͸,ʹ͸ − ͳͲͲͲͲͳͲͲͲͲ ∙ ͳͲͲ = ͵,ͷ͸ %. 
            Vଷ = ͳͲ͵͵ͻ,ͳ͵ − ͳͲͲͲͲͳͲͲͲͲ ∙ ͳͲͲ = ͵,͵ͻ %. 
            Vସ = ͳͲ͵ʹ͸,ͷͷ − ͳͲͲͲͲͳͲͲͲͲ ∙ ͳͲͲ = ͵,ʹ͸ %. 
            Vହ = ͳͲ͵ͳͻ − ͳͲͲͲͲͳͲͲͲͲ ∙ ͳͲͲ = ͵,ͳͻ %. 
            V଺ = ͳͲ͵ͳͳ,Ͳͷ − ͳͲͲͲͲͳͲͲͲͲ ∙ ͳͲͲ = ͵,ͳͳ %. 
            V଻ = ͳͲ͵Ͳͷ,ͻͷ − ͳͲͲͲͲͳͲͲͲͲ ∙ ͳͲͲ = ͵,Ͳͷ %. 
            V଼ = ͳͲ͵Ͳͳ,͵ͷ − ͳͲͲͲͲͳͲͲͲͲ ∙ ͳͲͲ = ͵,Ͳͳ %. 
            Vଽ = ͳͲ͵ͲͲ,͵ͷ − ͳͲͲͲͲͳͲͲͲͲ ∙ ͳͲͲ = ͵ %. 
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            Vଵ଴ = ͵ͺ͸,͸ʹ − ͵ͺͲ͵ͺͲ ∙ ͳͲͲ = ͳ,͹Ͷ %. 
            Vଵଵ = ͵ͺ͸,ͷͶ − ͵ͺͲ͵ͺͲ ∙ ͳͲͲ = ͳ,͹Ͷ%. 

Ɍɚɛɥɢɰɚ 7.1 – Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɟɠɢɦ 

 ɥɢ
ɧɢ

ɹ 

 I ɪ
ɚɛ

 , 
Ⱥ

 

 
L,

 ɤ
ɦ 

co
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n 

r ɨ
,Ɉ

ɦ/
 

ɤɦ
 

ɯ ɨ
,Ɉ

ɦ/
 

ɤɦ
 

 
U

, ȼ
 

∆U
ɬɪ

, 
ȼ V
, 

%
 

1 3 4 5 6 7 8 9 10 11 
ɉɋ–9 94,02 3,4 0,88 0,44 0,335 0,078 180,03  3,75 
9–8 56,39 0,375 0,88 0,44 0,568 0,0785 19,09  3,56 
8–7 43,74 0,43 0,88 0,44 0,568 0,0785 17,13  3,39 
7–6 34,86 0,39 0,88 0,44 0,568 0,0785 12,68  3,26 
6–5 29,44 0,275 0,88 0,44 0,568 0,0785 7,55  3,19 
5–4 23,66 0,34 0,88 0,44 0,568 0,0785 7,5  3,11 
4–3 18,24 0,3 0,88 0,44 0,568 0,568 5,1  3,05 
3–2 12,82 0,39 0,88 0,44 0,568 0,568 4,6  3,01 
2–1 7,4 0,15 0,88 0,44 0,568 0,568 1  3 
Ɍɪ-ɪ   0,88 0,44 0,568 0,568  126 1,74 
ɄɌɉ 

№31 - 
Ⱦɨɦ 
№10 

 

22,67 
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Ɍɚɛɥɢɰɚ 7.2 – Ɇɢɧɢɦɚɥɶɧɵɣ ɪɟɠɢɦ 

 ɥɢ
ɧɢ
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,Ɉ ɦ/
 

ɤɦ
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, ȼ
 

∆U
ɬɪ

, ȼ
 

V
, 

%
 

1 3 4 5 6 7 8 9 10 11 
ɉɋ–9 37,61 3,4 0,88 0,44 0,335 0,078 180,03  -0,26 
 9–8 22,56 0,375 0,88 0,44 0,568 0,0785 19,09  -0,46 
8–7 17,50 0,43 0,88 0,44 0,568 0,0785 17,13  -0,57 
7–6 13,94 0,39 0,88 0,44 0,568 0,0785 12,68  -0,6 
6–5 11,78 0,275 0,88 0,44 0,568 0,0785 7,55  -0,72 
5–4 9,46 0,34 0,88 0,44 0,568 0,0785 7,5  -0,79 
4–3 7,30 0,3 0,88 0,44 0,568 0,568 5,1  -0,86 
3–2 5,13 0,39 0,88 0,44 0,568 0,568 4,6  -0,91 
2–1 2,96 0,15 0,88 0,44 0,568 0,568 1  -0,93 
Ɍɪ-ɪ   0,88 0,44 0,568 0,568  126 -1,37 

ɄɌɉ 
№31 - 
Ⱦɨɦ 
№10 

 
9,07 

 

0,005 

 

0,88 

 

0,44 

 

1,11 

 

0,0802 

 

0,18 
 

 

-1,37 

 
 

 
 

Ɋɢɫɭɧɨɤ 7.1 ɗɩɸɪɚ ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɫɚɦɨɝɨ ɭɞɚɥɟɧɧɨɝɨ ɤɨɬɬɟɞɠɚ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ. 

Ȼɵɥɚ ɩɪɨɜɟɞɟɧɚ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɠɢɜɨɝɨ ɦɚɫɫɢɜɚ Ɂɚɜɢɞɧɨɟ 

ɫ.Ʉɚɣɛɚɥɵ ɜ ɝɪɚɧɢɰɟ ɭɥɢɰ Ⱥɪɛɚɬɫɤɚɹ–Ɍɚɣɦɵɪɫɤɚɹ. 

Ɋɚɫɫɱɢɬɚɧɵ ɦɨɳɧɨɫɬɢ ɢ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɡɪɚɛɨɬɚɧ ɜɚɪɢɚɧɬ ɫɯɟɦɵ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɜɵɛɪɚɧɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɢɫɩɨɥɧɟɧɢɟ ɥɢɧɢɣ ɢ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ, ɛɵɥɨ ɜɵɛɪɚɧɨ ɡɚɳɢɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɦɢɧɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɜɵɛɪɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɫɟɬɢ. 

ȼɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɤɚɱɟɫɬɜɚ ɧɚɩɪɹɠɟɧɢɹ ɭ ɯɚɪɚɤɬɟɪɧɵɯ ɷɥɟɤɬɪɨɩɪɢёɦɧɢɤɨɜ, 

ɩɪɨɜɟɞёɧɧɵɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɤɨɬɨɪɵɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɬɤɥɨɧɟɧɢɟ 

ɧɚɩɪɹɠɟɧɢɹ ɥɟɠɚɬ ɜ ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɚɯ. 

ɋɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɚ ɫ ɭɱɟɬɨɦ ɫɨɜɪɟɦɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ 

ɤ ɫɢɫɬɟɦɚɦ, ɬɚɤɢɦ ɤɚɤ ɧɚɞɟɠɧɨɫɬɶ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɥɹ ɱɟɥɨɜɟɤɚ ɢ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɜɫɟ ɩɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ. 
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