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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɛɨɤɫɚ 

ɌɈ Ȼɟɞɚɡɨɜ» ɫɨɞɟɪɠɢɬ 54 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 7 ɪɢɫɭɧɤɨɜ, 15 ɬɚɛ-

ɥɢɰɵ, 25 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 3 ɥɢɫɬɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ.  

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɥɸɛɨɝɨ ɨɛɴɟɤɬɚ – ɷɬɨ ɧɟ 

ɩɪɨɫɬɨɣ ɢ ɨɬɜɟɬɫɬɜɟɧɧɵɣ ɩɪɨɰɟɫɫ, ɜɵɩɨɥɧɟɧɢɟ ɤɨɬɨɪɨɝɨ ɞɨɥɠɧɨ ɛɵɬɶ ɬɟɯɧɢ-

ɱɟɫɤɢ ɜɟɪɧɨ ɢ ɤɚɱɟɫɬɜɟɧɧɨ.  

Ɉɛɴɟɤɬ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ – ɫɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɛɨɤɫɚ ɌɈ Ȼɟɥɚɡɨɜ 

ɭɱɚɫɬɤɚ ȽɌɐ, ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɢ ɈɈɈ «ɋɍɗɄ–ɏɚɤɚɫɢɹ» – «Ɋɚɡɪɟɡ 

ɑɟɪɧɨɝɨɪɫɤɢɣ». Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɯɟɦɚ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ 

ɧɚɞɥɟɠɚɳɟɝɨ ɤɚɱɟɫɬɜɚ ɢ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɞɚɥɶɧɟɣɲɟɦɭ ɪɨɫɬɭ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟ-

ɧɢɹ. 

ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ 

ɛɨɤɫɚ. ɉɨɫɥɟ ɱɟɝɨ ɛɵɥɚ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. Ⱦɥɹ ɫɯɟɦɵ 

ɛɵɥɢ ɜɵɛɪɚɧɵ ɢ ɪɚɫɫɱɢɬɚɧɵ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɸɱɚɬɟɥɢ ɢ ɫɟɱɟɧɢɹ ɩɪɨɜɨ-

ɞɨɜ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɪɤɢ ɤɨɦɦɭɬɚɰɢɨɧɧɨ-ɡɚɳɢɬɧɵɯ ɚɩɩɚɪɚɬɨɜ ɛɵɥɨ ɜɵɹɜ-

ɥɟɧɨ, ɱɬɨ ɜɵɛɨɪ ɤɨɦɦɭɬɚɰɢɨɧɧɨ-ɡɚɳɢɬɧɵɯ ɚɩɩɚɪɚɬɨɜ ɫɞɟɥɚɧ ɜɟɪɧɨ. 
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ABSTRACT 

 

Graduation qualification work on the topic «Power supply of the work shop 

for the inspection of Beleaz» contains 54 pages of a text document, 7 figures, 15 

tables, 25 used sources, 3 sheets of graphic material. 

Designing the power supply system of any object is not a simple and respon-

sible process, the implementation of which should be technically correct and of high 

quality. 

The object of study is the workshop for technical inspection of BelAZ. The 

main purpose of this bachelor’s work is the power supply scheme, which will pro-

vide the electric power of proper quality and correspond to the further growth of 

energy consumption. 

The main task is to develop a power supply scheme that will meet the modern 

requirements of efficiency, reliability and safety of working personnel and the envi-

ronment. 

During the design process, the electrical loads of the box were calculated. 

Then the power supply circuit was designed. Circuit breakers and wire cross-sec-

tions were selected and calculated for the circuit. 

As a result of checking the switching protection devices, it was revealed that 

the choice of switching protection devices was made correctly. 
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ȼȼȿȾȿɇɂȿ 

 

ɉɟɪɟɞɚɱɚ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢ ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɩɪɨɦɵɲɥɟɧ-

ɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɞɨɥɠɧɵ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫ ɜɵɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɷɤɨɧɨ-

ɦɢɢ, ɧɚɞɟɠɧɨɫɬɢ ɢ ɬɪɟɛɭɟɦɵɦ ɤɚɱɟɫɬɜɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  

ȼ ɰɟɯɨɜɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɜɨɞɧɢɤɚ ɤɚ-

ɛɟɥɶɧɵɟ ɥɢɧɢɢ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɩɨɷɬɨɦɭ ɜɵɛɨɪ 

ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ-ɡɚ ɤɚɱɟɫɬɜɚ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɛɨɬɵ ɷɥɟɤ-

ɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɜɥɢɹɧɢɟ, ɩɨɞɤɥɸɱɚɟɦɨɝɨ ɰɟɯɚ, ɧɟ ɞɨɥɠɧɨ ɨɤɚɡɵ-

ɜɚɬɶ ɧɟɝɚɬɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɜɫɟɣ ɫɢ-

ɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɨɛɴ-

ɟɤɬɚ, ɢɦɟɸɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɟ ɮɚɤɬɨɪɵ ɤɨɬɨɪɵɟ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɜɵɛɨɪ ɢ 

ɜɧɟɞɪɟɧɢɟ ɧɨɜɵɯ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɞɪɭɝɨɝɨ ɫɨɜɪɟɦɟɧɧɨɝɨ ɨɛɨɪɭɞɨ-

ɜɚɧɢɹ, ɤɚɱɟɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳ-

ɧɨɫɬɢ, ɜɧɟɞɪɟɧɢɟ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɭɱɟɬɚ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɚɫɫɦɚɬɪɢɜɚ-

ɟɦɵɯ ɫ ɟɞɢɧɵɯ ɩɨɡɢɰɢɣ, ɱɬɨ ɨɛɪɚɳɚɟɬ ɜɧɢɦɚɧɢɟ ɩɪɨɟɤɬɢɪɨɜɳɢɤɨɜ ɧɚ ɜɵɛɨɪ 

ɨɞɧɨɝɨ ɢɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫ-

ɫɦɨɬɪɟɧɵ ɬɨɥɶɤɨ ɜ ɩɪɨɰɟɫɫɟ ɬɜɨɪɱɟɫɤɨɣ ɪɚɛɨɬɵ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ – ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɫɢɫɬɟɦɭ ɷɥɟɤɬɪɨ-

ɫɧɚɛɠɟɧɢɹ ɫɬɪɨɹɳɟɝɨɫɹ ɛɨɤɫɚ ɌɈ Ȼɟɥɚɡɨɜ ɭɱɚɫɬɤɚ ȽɌɐ, ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞ-

ɩɪɢɹɬɢɢ ɈɈɈ «ɋɍɗɄ–ɏɚɤɚɫɢɹ» – «Ɋɚɡɪɟɡ ɑɟɪɧɨɝɨɪɫɤɢɣ». Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɫɚɦɵɦ ɫɨɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ 

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

ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 
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1 Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɱɚɫɬɶ. 

 

1.1 ɇɨɪɦɚɬɢɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɸ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɰɟɯɨɜ 

 

ɋɢɫɬɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɥɨɳɚɞɨɤ ɞɨɥɠɧɨ ɫɨɨɬ-

ɜɟɬɫɬɜɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: 

 ɨɬɫɭɬɫɬɜɢɟ ɩɟɪɟɝɪɭɡɨɤ; 

 ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɫɩɟɪɟɛɨɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ; 

 ɛɟɡɨɩɚɫɧɨɫɬɶ. 

ɉɪɢ ɭɱɟɬɟ, ɜɵɲɟ ɭɩɨɦɹɧɭɬɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢ-

ɫɬɟɦɵ, ɩɨɜɵɲɚɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɲɢɪɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɪɢɦɟɧɟɧɢɟ ɧɨ-

ɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɜɧɟɞɪɟɧɢɹ ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɦɧɢɬɶ, ɱɬɨ ɪɚɡɥɢɱɧɵɟ ɩɪɨɢɡɜɨɞ-

ɫɬɜɟɧɧɵɟ ɩɨɦɟɳɟɧɢɹ ɢɦɟɸɬ ɧɟɫɤɨɥɶɤɨ ɤɥɚɫɫɨɜ ɨɩɚɫɧɨɫɬɢ. Ȼɵɜɚɸɬ ɩɨɦɟɳɟ-

ɧɢɹ ɫɨ ɜɡɪɵɜɨ- ɢ ɩɨɠɚɪɨɨɩɚɫɧɵɦɢ ɡɨɧɚɦɢ, ɫ ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɨɣ ɢɥɢ ɨɪɝɚɧɢ-

ɱɟɫɤɨɣ ɫɪɟɞɨɣ. ȼɵɞɟɥɹɸɬ ɬɚɤɠɟ ɫɭɯɢɟ, ɜɥɚɠɧɵɟ, ɫɵɪɵɟ, ɠɚɪɤɢɟ, ɩɵɥɶɧɵɟ ɩɨ-

ɦɟɳɟɧɢɹ. Ɋɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɫɬɟɩɟɧɢ ɡɚɳɢɬɵ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨ-

ɫɬɢ ɨɬ ɫɪɟɞɵ ɩɪɢɜɨɞɹɬɫɹ ɜ ɉɪɚɜɢɥɚɯ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ (ɉɍɗ). ɉɪɢ 

ɭɱɟɬɟ, ɜɵɲɟ ɭɩɨɦɹɧɭɬɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ, ɩɨɜɵ-

ɲɚɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɲɢɪɟɧɢɹ 

Ʉ ɨɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɚɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɬɧɨɫɹɬɫɹ: 

 ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ; 

 ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɤ ɩɪɟɞɩɪɢɹɬɢɸ; 

 Ƚɉɉ ɩɪɟɞɩɪɢɹɬɢɹ; 

 ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɫɟɬɢ; 

 ɩɪɢɟɦɧɢɤɢ (ɩɨɬɪɟɛɢɬɟɥɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ). 

ɇɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
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ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɫɬɚɧɰɢɸ ɰɟɧɬɪɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢɥɢ ɫɨɛ-

ɫɬɜɟɧɧɭɸ ɫɬɚɧɰɢɸ ɩɪɟɞɩɪɢɹɬɢɹ (Ƚɉɉ). ɋɨɛɫɬɜɟɧɧɚɹ Ƚɉɉ ɧɟɨɛɯɨɞɢɦɚ ɩɪɢ 

ɛɨɥɶɲɨɦ ɩɨɬɪɟɛɥɟɧɢɢ ɷɧɟɪɝɢɢ, ɩɪɢ ɧɚɥɢɱɢɢ ɫɩɟɰɢɚɥɶɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ 

ɧɚɞɟɠɧɨɫɬɢ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɩɪɢ ɭɞɚɥёɧɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɹ ɨɬ 

ɷɧɟɪɝɨɫɢɫɬɟɦ. 

ɇɨɪɦɚɬɢɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɢɫɬɨɱɧɢɤɚɦ ɩɢɬɚɧɢɹ: 

 ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɪɝɚɧɢɡɚɰɢɹɯ ɫ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚɦɢ ǀ ɢ ǀǀ ɤɚɬɟɝɨɪɢɢ 

ɞɨɥɠɧɨ ɛɵɬɶ ɞɜɚ ɢ ɛɨɥɟɟ ɧɟɡɚɜɢɫɢɦɵɯ ɜɡɚɢɦɧɨ ɪɟɡɟɪɜɢɪɭɟɦɵɯ ɢɫɬɨɱ-

ɧɢɤɚ ɩɢɬɚɧɢɹ; 

 ɞɥɹ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɨɫɨɛɨɣ ǀ ɤɚɬɟɝɨɪɢɢ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧ 

ɬɪɟɬɢɣ ɧɟɡɚɜɢɫɢɦɵɣ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ; 

 ɩɢɬɚɧɢɟ ɷɧɟɪɝɨɟɦɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɨɬ ɫɟɬɟɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɫɥɟɞɭɟɬ ɨɫɭ-

ɳɟɫɬɜɥɹɬɶ ɧɚɩɪɹɠɟɧɢɟɦ 110 ɢɥɢ 220 ɤȼ; 

 ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɚɹ ɫɟɬɶ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɞɨɥɠɧɚ ɪɚɛɨɬɚɬɶ 

ɧɚ ɧɚɩɪɹɠɟɧɢɢ 10 ɤȼ, ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ6 ɤȼ, ɷɧɟɪɝɨɟɦɤɢɯ 110 ɤȼ. 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɸ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɨɛɴɟɤɬɨɜ ɨɛɲɢɪɧɵ ɢ 

ɪɟɝɭɥɢɪɭɸɬɫɹ ɨɛɳɢɦ ɱɢɫɥɨɦ ɧɨɪɦɚɬɢɜɧɵɯ ɚɤɬɨɜ. ȼ ɱɚɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ ɞɨɤɭɦɟɧɬɵ: 

 ɉɪɚɜɢɥɚ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ (ɉɍɗ) — ɝɪɭɩɩɚ ɧɨɪɦɚɬɢɜɧɵɯ 

ɞɨɤɭɦɟɧɬɨɜ, ɤɨɬɨɪɚɹ ɧɟ ɹɜɥɹɟɬɫɹ ɞɨɤɭɦɟɧɬɨɦ ɜ ɨɛɥɚɫɬɢ ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ. 

 ɇɌɉ ɗɉɉ-94. ɇɨɪɦɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. ɉɪɨɟɤɬɢɪɨɜɚ-

ɧɢɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ. 

 ɋɇ 357-77. ɂɧɫɬɪɭɤɰɢɹ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɫɢɥɨɜɨɝɨ ɢ ɨɫɜɟɬɢɬɟɥɶɧɨɝɨ 

ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ. 

 ɋɇɢɉ 3.05.06-85. ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ. 

 ȽɈɋɌ 30852.0-2002 (ɆɗɄ 60079-0:1998). Ɇɟɠɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɫɬɚɧ-

ɞɚɪɬ. ɗɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɜɡɪɵɜɨɡɚɳɢɳɟɧɧɨɟ. ɑɚɫɬɶ 0. Ɉɛɳɢɟ ɬɪɟɛɨ-

ɜɚɧɢɹ ɇɌɉ ɗɉɉ 94. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɩɪɟɞɩɪɢɹɬɢɣ. 
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1.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɴɟɤɬɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

 

ɐɟɯ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɫɦɨɬɪɭ ɤɚɪɶɟɪɧɵɯ ɫɚɦɨɫɜɚɥɨɜ ɨɬɧɨɫɢɬɫɹ ɤ ɜɫɩɨ-

ɦɨɝɚɬɟɥɶɧɨɦɭ ɰɟɯɭ. Ɉɧ ɨɛɨɪɭɞɨɜɚɧ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚɦɢ ɫɭɦɦɚɪɧɨɣ ɦɨɳ-

ɧɨɫɬɶ – ɤȼɬ.  

Ɋɚɡɦɟɪɵ ɩɨɥɟɡɧɨɣ ɩɥɨɳɚɞɢ ɰɟɯɚ ȺɯȼɯH =49,2ɯ27,5ɯ15. ɉɥɨɳɚɞɶ ɰɟɯɚ 

ɫɨɫɬɚɜɥɹɟɬ 1353 ɦ2. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɯɚ ɞɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ ɫɨ-

ɫɬɚɜɥɹɟɬ L = 35 ɦ. Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɰɟɯɚ 35 ɲɬɭɤ, ɢɡ ɧɢɯ 

19 ɬɪɟɯɮɚɡɧɵɯ. ɉɨ ɪɟɠɢɦɭ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɜɟ 

ɝɪɭɩɩɵ: ɪɚɛɨɬɚɸɳɢɟ ɜ ɞɥɢɬɟɥɶɧɨɦ ɪɟɠɢɦɟ ɢ ɩɨɜɬɨɪɧɨ-ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ. ɐɟɯ 

ɪɚɛɨɬɚɟɬ ɜ 2 ɫɦɟɧɵ. 

ɗɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ ɨɬɧɨɫɹɬɫɹ ɤ 3 ɤɚɬɟɝɨɪɢɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɩɟɪɟɪɵɜ 

ɜ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɢ ɤɨɬɨɪɵɯ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɳɟɪɛɭ ɩɪɟɞɩɪɢɹ-

ɬɢɹ, ɦɚɫɫɨɜɨɦɭ ɛɪɚɤɭ ɩɪɨɞɭɤɰɢɢ, ɪɚɫɫɬɪɨɣɫɬɜɭ ɫɥɨɠɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɩɪɨɰɟɫɫɚ, ɦɚɫɫɨɜɨɦɭ ɧɟɞɨɨɬɩɭɫɤɭ ɩɪɨɞɭɤɰɢɢ, ɩɪɨɫɬɨɹɦ ɪɚɛɨɱɢɯ ɦɟɫɬ, ɦɟɯɚ-

ɧɢɡɦɨɜ ɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ.  

ɋɪɟɞɚ ɜ ɰɟɯɟ ɧɨɪɦɚɥɶɧɚɹ, ɩɨɦɟɳɟɧɢɟ ɫɭɯɨɟ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 

+30°ɋ, ɧɚɥɢɱɢɟ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɜɨɡɞɭɯɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɪ-

ɦɚɦ ɉȾɄ, ɨɬɫɭɬɫɬɜɭɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɩɵɥɶ, ɝɚɡɵ ɢ ɩɚɪɵ, ɫɩɨɫɨɛɧɵɟ ɧɚɪɭ-

ɲɢɬɶ ɧɨɪɦɚɥɶɧɭɸ ɪɚɛɨɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɉɨ ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɢ ɩɨɦɟɳɟɧɢɟ ɰɟɯɚ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ ɉ-IIɚ – ɧɟ ɩɨ-

ɠɚɪɨɨɩɚɫɧɨɟ; ɩɨ ɜɡɪɵɜɨɨɩɚɫɧɨɫɬɢ ɤ ɤɥɚɫɫɭ ȼ-IIɚ – ɧɟ ɜɡɪɵɜɨɨɩɚɫɧɨɟ. ɉɨ ɫɬɟ-

ɩɟɧɢ ɞɨɫɬɭɩɧɨɫɬɢ – ɨɛɳɟɞɨɫɬɭɩɧɨɟ.  

 

1.3 Ⱥɧɚɥɢɡ ɫɟɬɢ 6 ɤȼ ȽɌɐ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɜɵɛɨɪ ɢɫɬɨɱɧɢɤɚ ɩɢ-
ɬɚɧɢɹ ɛɨɤɫɚ 

 

ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɪɚɡɪɟɡɚ ɜɧɭɬɪɟɧɧɢɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɫɟɬɢ ɜɵɩɨɥɧɟɧɵ 
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ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɟɣ ɧɚɩɪɹɠɟɧɢɟɦ 6 ɤȼ. Ⱦɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɧɚ ɬɟɪ-

ɪɢɬɨɪɢɢ ɪɚɫɫɬɚɜɥɟɧɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞɫɬɚɧɰɢɢ ɪɚɡɥɢɱɧɨɣ ɦɨɳɧɨɫɬɢ 

ɧɚɩɪɹɠɟɧɢɟɦ 6/0,4 ɤȼ. 

ȼ ɛɥɢɡɢ ɫɬɪɨɹɳɟɝɨɫɹ ɛɨɤɫɚ ɌɈ Ȼɟɥɚɡɨɜ ɢɦɟɸɬɫɹ ɞɜɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ 

ɩɨɞɫɬɚɧɰɢɢ Ɍɉ-4, Ɍɉ-5 ɦɨɳɧɨɫɬɶɸ 250 ɢ 630 ɤȼȺ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɨɞɢɧɚ-

ɤɨɜɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɰɟɯɚ. Ʉ Ɍɉ-4 ɩɨɞɤɥɸɱɟɧɵ ɫɬɨɹɧɨɱɧɵɣ ɛɨɤɫ ɢ ɡɞɚɧɢɟ ɫɬɨ-

ɥɨɜɨɣ, ɤ Ɍɉ-5 ɩɨɞɤɥɸɱɟɧɵ ɞɢɫɩɟɬɱɟɪɫɤɚɹ ȽɌɐ ɢ ɪɟɦɨɧɬɧɵɣ ɛɨɤɫ. Ɍɚɤ ɤɚɤ ɩɨ 

ɨɫɧɨɜɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɩɨɞɫɬɚɧɰɢɢ ɹɜɥɹɸɬɫɹ ɪɚɜɧɨɡɧɚɱɧɵɦɢ, ɧɨ Ɍɉ-5 ɢɦɟɟɬ 

ɧɚɢɦɟɧɶɲɭɸ ɡɚɝɪɭɡɤɭ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɛɨɥɶɲɢɣ ɡɚɩɚɫ ɩɨ ɦɨɳɧɨɫɬɢ, ɩɨ-

ɷɬɨɦɭ ɜ ɟɟ ɜɵɛɢɪɚɟɦ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ. 

 

 

Ɋɢɫɭɧɨɤ 1.1  ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 

 

1.4 Ɉɛɡɨɪ ɦɟɬɨɞɢɤ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. 
 

Ɍɟɨɪɢɹ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɨɫɧɨɜɵ ɤɨɬɨɪɨɣ ɫɮɨɪɦɢɪɨɜɚ-

ɥɚɫɶ ɜ 1930ɟ ɝɨɞɵ, ɫɬɚɜɢɥɚ ɰɟɥɶɸ ɨɩɪɟɞɟɥɢɬɶ ɧɚɛɨɪ ɮɨɪɦɭɥ, ɞɚɸɳɢɯ ɨɞɧɨ-

ɡɧɚɱɧɨɟ ɪɟɲɟɧɢɟ ɩɪɢ ɡɚɞɚɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚɯ ɢ ɝɪɚɮɢɤɚɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɧɚɝɪɭɡɨɤ. ȼ ɰɟɥɨɦ ɩɪɚɤɬɢɤɚ ɩɨɤɚɡɚɥɚ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɩɨɞɯɨɞɚ «ɫɧɢɡɭ ɜɜɟɪɯ», 

ɨɩɢɪɚɸɳɟɝɨɫɹ ɧɚ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɨɬɞɟɥɶɧɵɦ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚɦ ɢ ɢɯ 
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ɝɪɭɩɩɚɦ. ɗɬɚ ɬɟɨɪɢɹ ɫɨɯɪɚɧɹɟɬ ɡɧɚɱɟɧɢɟ ɩɪɢ ɪɚɫɱɟɬɟ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɧɟɛɨɥɶ-

ɲɨɝɨ ɱɢɫɥɚ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɫ ɢɡɜɟɫɬɧɵɦɢ ɞɚɧɧɵɦɢ, ɩɪɢ ɫɥɨɠɟɧɢɢ ɨɝɪɚɧɢ-

ɱɟɧɧɨɝɨ ɱɢɫɥɚ ɝɪɚɮɢɤɨɜ, ɩɪɢ ɪɚɫɱɟɬɚɯ ɞɥɹ 2ɍɊ. 

Ɍɟɨɪɢɹ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜɫɟ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɩɪɢɞɟɪ-

ɠɢɜɚɟɬɫɹ ɧɟɮɨɪɦɚɥɢɡɨɜɚɧɧɵɯ ɦɟɬɨɞɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɤɨɦɩɥɟɤɫɧɨɝɨ ɦɟɬɨɞɚ 

ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɝɨ ɜɨɲɥɢ ɜ «ɍɤɚɡɚɧɢɹ ɩɨ 

ɪɚɫɱɟɬɭ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ» (ɊɌɆ 

36.18.32.0289). Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢ ɷɬɢ ɦɟɬɨɞɵ. 

Ɇɟɬɨɞ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɩɪɨɫɚ ɩɪɨɫɬ ɢ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧ. Ɉɫɧɨɜɚ ɦɟ-

ɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɞɢɧɚɤɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɩɪɨɫɚ ɞɥɹ 

ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɨɞɧɨɣ ɝɪɭɩɩɵ (ɪɚɛɨɬɚɸɳɢɯ ɜ ɨɞɧɨɦ ɪɟɠɢɦɟ) ɧɟ ɡɚɜɢɫɢɦɨ 

ɨɬ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɩɪɢɟɦɧɢɤɨɜ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɫɦɵɫɥ ɦɟɬɨɞɚ 

ɩɨɤɚɡɚɧ ɜ ɜɵɪɚɠɟɧɢɢ ௣ܲ = ௠ܲ௔௫ = ஼ܭ ∙ ௬ܲ;  ܳ௠௔௫ = ௠ܲ௔௫ ∙  𝑔𝜑. Ɇɚɤɫɢɦɚɥɶɧɚɹݐ

ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢɟɦɧɢɤɚ ɛɭɞɟɬ ɪɚɜɧɚ ɩɪɨɢɡɜɟɞɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɫɩɪɨɫɚ ɧɚ ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ, ɚ  ɪɟɚɤɬɢɜɧɚɹ ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɦɚɤɫɢɦɚɥɶ-

ɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɬɚɧɝɟɧɫ ɩɪɢɟɦɧɢɤɚ. 

Ɇɟɬɨɞ «Ɇɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ» ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɞɨɥɠɢɬɟɥɶ-

ɧɚɹ ɪɚɛɨɬɚ ɩɨɬɪɟɛɢɬɟɥɹ ɧɟ ɨɡɧɚɱɚɟɬ ɩɨɫɬɨɹɧɫɬɜɨ ɧɚɝɪɭɡɤɢ ɜ ɬɨɱɤɟ ɟɟ ɩɪɢɫɨɟɞɢ-

ɧɟɧɢɹ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. Ʉɚɤ ɫɬɚɬɢɫɬɢɱɟ-

ɫɤɚɹ ɜɟɥɢɱɢɧɚ Ʌɭɞ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɞɥɹ ɤɚɤɨɝɨ-ɬɨ ɪɚɧɟɟ ɜɵɞɟɥɟɧɧɨɝɨ ɨɛɴɟɤɬɚ ɩɨ 

ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɸ Ⱥ ɢ ɨɛɴɟɦɭ Ʌ/, ɟɫɬɶ ɧɟɤɨɬɨɪɨɟ ɭɫɪɟɞɧɟɧɢɟ ɧɚ ɢɡɜɟɫɬɧɨɦ, 

ɱɚɳɟ ɦɟɫɹɱɧɨɦ ɢɥɢ ɝɨɞɨɜɨɦ, ɢɧɬɟɪɜɚɥɟ. 

Ɇɟɬɨɞ ɭɞɟɥɶɧɵɯ ɩɥɨɬɧɨɫɬɟɣ ɧɚɝɪɭɡɨɤ ɛɥɢɡɨɤ ɤ ɩɪɟɞɵɞɭɳɟɦɭ. Ɂɚɞɚɟɬɫɹ 

ɭɞɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ (ɩɥɨɬɧɨɫɬɶ ɧɚɝɪɭɡɤɢ) ɭ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɥɨɳɚɞɶ ɡɞɚɧɢɹ ɫɨ-

ɨɪɭɠɟɧɢɹ ɢɥɢ ɭɱɚɫɬɤɚ, ɨɬɞɟɥɟɧɢɹ, ɰɟɯɚ (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ 

ɢ ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɯ ɰɟɯɨɜ ɭ = 0,12…0,25 ɤȼɬ/ɦ2; ɞɥɹ ɤɢɫɥɨɪɨɞɧɨɤɨɧ-

ɜɟɪɬɟɪɧɵɯ ɰɟɯɨɜ ɭ = = 0,16…0,32 ɤȼɬ/ɦ2). ɇɚɝɪɭɡɤɚ, ɩɪɟɜɵɲɚɸɳɚɹ 0,4 

ɤȼɬ/ɦ2, ɜɨɡɦɨɠɧɚ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɭɱɚɫɬɤɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɬɟɯ, ɝɞɟ ɢɦɟɸɬɫɹ 

ɟɞɢɧɢɱɧɵɟ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ ɟɞɢɧɢɱɧɨɣ ɦɨɳɧɨɫɬɢ 1,0…30,0 Ɇȼɬ. 

Ɇɟɬɨɞ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɝɪɚɮɢɤɚ ɨɩɢɪɚɟɬɫɹ ɧɚ ɝɪɚɮɢɤ ɪɚɛɨɬɵ ɚɝɪɟɝɚɬɚ, 
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ɥɢɧɢɢ ɢɥɢ ɝɪɭɩɩɵ ɦɚɲɢɧ. ɇɚɩɪɢɦɟɪ, ɝɪɚɮɢɤ ɪɚɛɨɬɵ ɞɭɝɨɜɨɣ ɫɬɚɥɟɩɥɚɜɢɥɶɧɨɣ 

ɩɟɱɢ ɤɨɧɤɪɟɬɢɡɢɪɭɟɬɫɹ: ɭɤɚɡɵɜɚɟɬɫɹ ɜɪɟɦɹ ɪɚɫɩɥɚɜɥɟɧɢɹ (27…50 ɦɢɧ), ɜɪɟɦɹ 

ɨɤɢɫɥɟɧɢɹ (20…80 ɦɢɧ), ɱɢɫɥɨ ɩɥɚɜɨɤ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɭɜɹɡɤɚ ɫ ɪɚɛɨɬɨɣ ɞɪɭ-

ɝɢɯ ɫɬɚɥɟɩɥɚɜɢɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ. Ƚɪɚɮɢɤ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɨɛɳɢɣ ɪɚɫɯɨɞ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɩɥɚɜɤɭ, ɫɪɟɞɧɸɸ ɡɚ ɰɢɤɥ (ɫ ɭɱɟɬɨɦ ɜɪɟɦɟɧɢ ɞɨ ɧɚɱɚɥɚ ɫɥɟ-

ɞɭɸɳɟɣ ɩɥɚɜɤɢ), ɢ ɦɚɤɫɢɦɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ ɞɥɹ ɪɚɫɱɟɬɚ ɩɢɬɚɸɳɟɣ ɫɟɬɢ. 

Ɇɟɬɨɞ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɞɢɚɝɪɚɦɦ ɩɪɢɦɟɧɹɥɫɹ ɞɥɹ ɜɫɟɯ ɭɪɨɜɧɟɣ ɧɚɪɭɡɤɢ 

ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɧɨ ɬɪɚɧɫɮɨɪ-

ɦɢɪɨɜɚɥɫɹ ɜ ɪɚɫɱɟɬ ɧɚɝɪɭɡɨɤ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɪɚɫɱɟɬɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. 

ɉɪɢ ɧɚɥɢɱɢɢ ɞɚɧɧɵɯ ɨ ɱɢɫɥɟ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ, ɢɯ ɦɨɳɧɨɫɬɢ, ɪɟɠɢɦɚɯ ɪɚ-

ɛɨɬɵ ɟɝɨ ɪɟɤɨɦɟɧɞɭɸɬ ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɪɚɫɱɟɬɚ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨ-

ɫɧɚɛɠɟɧɢɹ 2ɍɊ, ɁɍɊ (ɩɪɨɜɨɞ, ɤɚɛɟɥɶ, ɲɢɧɨɩɪɨɜɨɞ, ɧɢɡɤɨɜɨɥɶɬɧɚɹ ɚɩɩɚɪɚ-

ɬɭɪɚ), ɩɢɬɚɸɳɢɯ ɫɢɥɨɜɭɸ ɧɚɝɪɭɡɤɭ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 1 ɤȼ (ɭɩɪɨɳɟɧɧɨ ɞɥɹ ɷɮ-

ɮɟɤɬɢɜɧɨɝɨ ɱɢɫɥɚ ɩɪɢɟɦɧɢɤɨɜ ɜɫɟɝɨ ɰɟɯɚ, ɬ.ɟ. ɞɥɹ ɫɟɬɢ ɧɚɩɪɹɠɟɧɢɟɦ 6  10 ɤȼ 

4ɍɊ). Ɋɚɡɥɢɱɢɟ ɦɟɬɨɞɚ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɞɢɚɝɪɚɦɦ ɢ ɪɚɫɱɟɬɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ 

ɪɚɫɱɟɬɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɡɚɦɟɧɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɚɤɫɢ-

ɦɭɦɚ, ɜɫɟɝɞɚ ɩɨɧɢɦɚɟɦɨɝɨ ɨɞɧɨɡɧɚɱɧɨ ɤɚɤ ɨɬɧɨɲɟɧɢɟ Ɋɦɚɯ/Ɋɫɪ, ɤɨɷɮɮɢɰɢɟɧ-

ɬɨɦ ɪɚɫɱɟɬɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ Ⱥɪ. 

 

2 Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɱɚɫɬɶ. 

 

2.1 ɋɜɟɬɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ ɨɫɜɟɳɟɧɢɹ. 
 

Ɉɫɧɨɜɧɨɟ ɬɪɟɛɨɜɚɧɢɟ ɩɪɢ ɜɵɛɨɪɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɜɟɬɢɥɶɧɢɤɨɜ ɡɚɤɥɸɱɚ-

ɟɬɫɹ ɜ ɞɨɫɬɭɩɧɨɫɬɢ ɩɪɢ ɢɯ ɨɛɫɥɭɠɢɜɚɧɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɡɦɟɳɟɧɢɟ ɫɜɟɬɢɥɶɧɢ-

ɤɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɟ ɷɤɨɧɨɦɢɱɧɨɫɬɢ. ȼɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɨɬɧɨɲɟɧɢɟ 

ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɢɥɢ ɪɹɞɚɦɢ ɫɜɟɬɢɥɶɧɢɤɨɜ ɤ ɪɚɫɱɟɬɧɨɣ ɜɵ-

ɫɨɬɟ λ=L/h, ɭɦɟɧɶɲɟɧɢɟ ɟɝɨ ɩɪɢɜɨɞɢɬ ɤ ɭɞɨɪɨɠɚɧɢɸ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

ɢ ɭɫɥɨɠɧɟɧɢɸ ɟɟ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɚ ɱɪɟɡɦɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɣ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɨɫɜɟɳɟɧɢɹ ɢ ɤ ɜɨɡɪɚɫɬɚɧɢɸ ɪɚɫɯɨɞɨɜ ɷɧɟɪɝɢɢ. 
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Ɋɢɫɭɧɨɤ 2.1 – Ɋɚɡɦɟɳɟɧɢɟ ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ ɰɟɯɟ 

Ƚɞɟ: hɫ – ɜɵɫɨɬɚ ɩɨɞɜɟɫɤɢ ɫɜɟɬɢɥɶɧɢɤɨɜ, ɦ; hɪ – ɜɵɫɨɬɚ ɪɚɛɨɱɟɣ ɩɨ-

ɜɟɪɯɧɨɫɬɢ, ɦ; hu– ɜɵɫɨɬɚ ɩɨɞɜɟɫɚ ɫɜɟɬɢɥɶɧɢɤɨɜ ɧɚɞ ɩɨɥɨɦ, ɦ; h – ɪɚɫɱɟɬɧɚɹ 

ɜɵɫɨɬɚ, ɦ; H – ɜɵɫɨɬɚ ɡɞɚɧɢɹ, ɦ; la – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɫɬɟɧɤɢ ɞɨ ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ 

ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ, ɦ; lɜ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɫɬɟɧɤɢ ɞɨ ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ ɩɪɨɞɨɥɶɧɨɣ 

ɨɫɢ, ɦ; Lɚ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɜ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ, ɦ; Lɜ – ɪɚɫ-

ɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɜ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ, ɦ; Ⱥ – ɞɥɢɧɚ ɩɨɦɟɳɟɧɢɹ, ɦ; 

ȼ – ɲɢɪɢɧɚ ɩɨɦɟɳɟɧɢɹ, ɦ  

Ⱦɥɹ ɪɚɛɨɱɟɝɨ, ɚ ɬɚɤɠɟ ɷɜɚɤɭɚɰɢɨɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɩɪɢɦɟɧɢɦ ɫɜɟɬɨɞɢɨɞ-

ɧɵɟ ɫɜɟɬɢɥɶɧɢɤɢ. 

 

Ɋɚɡɦɟɪɵ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ ɛɟɡ ɭɱɟɬɚ ɫɬɟɧ А˘В˘ʜ = Ͷͻ,ʹ˘ʹ͹,ͷ˘ͳͷ ˏ 

ȼɵɫɨɬɚ ɪɚɫɱёɬɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ hP=0,8ɦ, ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɟɪɟɤɪɵɬɢɹ ɞɨ ɫɜɟɬɢɥɶ-

ɧɢɤɚ hC=1,2 ɦ. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɫɜɟɬɢɥɶɧɢɤɨɜ ɞɨ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɚɫɱёɬɧɚɹ ɜɵɫɨɬɚ): 

 h = H − hc − h୮,                                                                                        (2.1) 

 h = ͳͷ − ͳ,ʹ − Ͳ,ͺ = ͳ͵ ˏ.                                       
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Э=L / h – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ ɤ ɪɚɫɱёɬɧɨɣ ɜɵɫɨɬɟ. ɉɪɢɧɢ-

ɦɚɟɦ Э=1 ɞɥɹ ɫɜɟɬɨɞɢɨɞɧɵɯ ɫɜɟɬɢɥɶɧɢɤɨɜ. 

Аܮ  = λэ ∙ ℎ,                                                                                                 (2.2) 

Аܮ  = ͳ ∙ ͳ͵ = ͳ͵ ˏ. 
 

Ʉɨɥɢɱɟɫɬɜɨ ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ ɪɹɞɭ: 

 n = ୅୐ఽ,                                                                                                        (2.3) 

 n = AL୅ = Ͷͻ,ʹͳ͵ = ͵,͹ = Ͷ. 
 

Ɉɩɪɟɞɟɥɢɦ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɫɬɟɧɵ ɞɨ ɫɜɟɬɢɥɶɧɢɤɚ: 

 l୅ = А−୐ఽሺ୬−ଵሻଶ                                                                                        (2.4) 

 l୅ = А − L୅ሺn − ͳሻʹ = Ͷͻ,ʹ − ͳ͵ሺͶ − ͳሻʹ = ͷ ˏ. 
 

ɉɪɢɧɢɦɚɟɦ ɱɢɫɥɨ ɪɹɞɨɜ m = ͵, ɬɨɝɞɚ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɪɹɞɚɦɢ ɛɭɞɟɬ 

ɪɚɜɧɨ: 

 L୆ = ୆୫,                                                                                                     (2.5)   

 L୆ = ʹ͹,ͷ͵ = ͻ,ͳ = ͻˏ.       
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Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɤɪɚɣɧɟɝɨ ɪɹɞɚ ɞɨ ɫɬɟɧɵ: 

 l୆ = ୆−୐ాሺ୫−ଵሻଶ ,                                                                                           (2.6) 

 l୆ = ଶ଻,ହ−ଽሺଷ−ଵሻଶ = Ͷ,͹ͷ ˏ. 

 

ȼɵɱɢɫɥɹɟɦ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɟɬɢɥɶɧɢɤɨɜ ɜ ɰɟɯɭ: N = n ∙ m,                                                                                                    (2.7) 

 N = Ͷ ∙ ͵ = ͳʹ. 

 

ɉɪɨɜɟɪɢɦ ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɹ: 

 LА/L୆ < ͳ,ͷ, (5.8) 

 

13/ͻ = ͳ,ͶͶ < ͳ,ͷ. 

ɝɞɟ   1,5 – ɷɬɨ ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɟ ɱɢɫɥɨ, ɡɚ ɤɨɬɨɪɨɟ ɧɟ ɞɨɥɠɧɨ ɜɵɯɨɞɢɬɶ ɨɬɧɨ-

ɲɟɧɢɟ LȺ/ Lȼ. 

 

Ɋɚɫɱɟɬ ɨɫɜɟɳɟɧɢɹ ɜɵɩɨɥɧɢɦ ɦɟɬɨɞɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɜɟ-

ɬɨɜɨɝɨ ɩɨɬɨɤɚ. ɉɪɢ ɪɚɫɱɟɬɟ ɩɨ ɷɬɨɦɭ ɦɟɬɨɞɭ ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ ɥɚɦɩ ɜ ɤɚɠɞɨɦ 

ɫɜɟɬɢɥɶɧɢɤɟ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɡɚɞɚɧɧɨɣ ɦɢɧɢɦɚɥɶɧɨɣ ɨɫɜɟɳɟɧɧɨ-

ɫɬɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 Ф = ாː௄ˊа˒·ி·௓ே·  ,                                                                                                          (2.8) 

 

ɝɞɟ Eɧ – ɧɨɦɢɧɚɥɶɧɚɹ ɨɫɜɟɳёɧɧɨɫɬɶ, Ʌɤ;  

Kɡɚɩ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ;  

F – ɩɥɨɳɚɞɶ ɩɨɦɟɳɟɧɢɹ, ɦ2;  
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Z –ɨɬɧɨɲɟɧɢɟ ɫɪɟɞɧɟɣ ɨɫɜɟɳɟɧɧɨɫɬɢ ɤ ɦɢɧɢɦɚɥɶɧɨɣ;  

N –ɱɢɫɥɨ ɫɜɟɬɢɥɶɧɢɤɨɜ;  

  – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɢɫɬɨɱɧɢɤɚ ɫɜɟɬɚ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚɣɞɟɦ ɢɧɞɟɤɫ ɩɨɦɟɳɟɧɢɹ i ɢ 

ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɨɰɟɧɢɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɬɪɚɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɨɦɟɳɟ-

ɧɢɹ: ɩɨɬɨɥɤɚ – ʟ˒ = ͷͲ% , ʟ˔ = ͵Ͳ% , ʟ˓ = ͳͲ% .   
 

 i = ୅∙୆୦·ሺ୅+୆ሻ = ସଽ,ଶ·ଶ଻,ହଵଷ·ሺସଽ,ଶ+ଶ଻,ହሻ = ͳ,Ͷͺ. 
 

 Ⱦɥɹ ɰɟɯɨɜɵɯ ɩɨɦɟɳɟɧɢɣ ɨɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɬɪɚɠɟɧɢɹ ɩɨ-

ɬɨɥɤɚ, ɫɬɟɧ ɢ ɩɨɥɚ ɩɨ [10, ɫɬɪ.126, ɬɚɛɥ. 5-1] – ʟ˒ = ͷͲ% , ʟ˔ = ͵Ͳ% , ʟ˓ =ͳͲ% . 
 ɂɫɩɨɥɶɡɭɹ ɧɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬɪɚɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ 

ɜɵɱɢɫɥɟɧɧɵɣ ɢɧɞɟɤɫ ɩɨɦɟɳɟɧɢɹ ɩɨ [10. ɫɬɪ. 134, ɬɚɛɥ. 5-9] ɨɩɪɟɞɟɥɹɟɦ ƞ – 

ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɢɫɬɨɱɧɢɤɚ ɫɜɟɬɚ. 

 Ɉɩɪɟɞɟɥɢɦ ɧɨɪɦɭ ɨɫɜɟɳɟɧɧɨɫɬɢ ɩɨ ɬɚɛɥ. 4-4 [10. ɫɬɪ.104]. Ⱦɥɹ ɱɚɫɬɢ 

ɰɟɯɚ ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɡɜɨɞɹɬɫɹ ɨɫɧɨɜɧɵɟ ɪɚɛɨɬɵ ɩɪɢɧɢɦɚɟɦ ɧɨɪɦɭ ɨɫɜɟɳɟɧɧɨ-

ɫɬɢ Еː = ʹͲͲ ˎˍ. 

ɋɜɟɬɨɜɨɣ ɩɨɬɨɤ ɨɬ ɨɞɧɨɝɨ ɫɜɟɬɢɥɶɧɢɤɚ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɨɪɦɵ 

ɨɫɜɟɳɟɧɧɨɫɬɢ: 

 Ф = Eʜ ∙ Kˊа˒ ∙ A ∙ B ∙ zη ∙ N = ʹͲͲ · ͳ,ͷ · Ͷͻ,ʹ · ʹ͹,ͷ · ͳ,ͳͷͲ,͹ʹ · ͳʹ = ͷͶͲʹ͸ ˎˏ. 
 

ɝɞɟ    z = ͳ,ͳͷ –   ɤɨɷɮɮɢɰɢɟɧɬ ɦɢɧɢɦɚɥɶɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ,  Kˊа˒ = ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ. 

ɉɨ Ɏ ɩɨɞɛɢɪɚɟɦ ɫɜɟɬɨɞɢɨɞɧɵɣ ɫɜɟɬɢɥɶɧɢɤ ɦɨɳɧɨɫɬɶɸ 480 ȼɬ ɫɨ ɫɜɟɬɨ-

ɜɵɦ ɩɨɬɨɤɨɦ Фˎ = ͷͷʹͲͲ ሺˎˏሻ.  
ɉɨ ɡɧɚɱɟɧɢɸ Ɏ ɫɜɟɬɨɞɢɨɞɧɵɣ ɫɜɟɬɢɥɶɧɢɤ ɬɚɤ, ɱɬɨɛɵ ɟɟ ɩɨɬɨɤ ɨɬɥɢɱɚɥɫɹ 

ɨɬ ɪɚɫɱɟɬɧɨɝɨ ɡɧɚɱɟɧɢɹ Ɏ ɧɚ [-10 ÷ +20%]. 
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 ∆Ф% = Фʚ − ФФ · ͳͲͲ% = ͷͷʹͲͲ − ͷͶͲʹ͸ͷͶͲʹ͸ · ͳͲͲ% = ʹ,ͳ͹%. 
 

Ɉɬɤɥɨɧɟɧɢɟ ɮɚɤɬɢɱɟɫɤɨɝɨ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬ 2,17 %. ɂɫɯɨɞɹ 

ɢɡ ɜɵɲɟ ɫɤɚɡɚɧɧɨɝɨ, ɩɪɢɧɢɦɚɟɦ ɜɵɛɪɚɧɧɵɣ ɬɢɩ ɢ ɤɨɥɢɱɟɫɬɜɨ ɫɜɟɬɢɥɶɧɢɤɨɜ. 

Ɏɚɤɬɢɱɟɫɤɢɣ ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ, ɫɨɡɞɚɜɚɟɦɵɣ ɩɪɢɧɹɬɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɫɜɟ-

ɬɢɥɶɧɢɤɨɜ: 

 Ф˗ = ܰ ∙ ˎܰ ∙ Фˎ,                                                                                   (2.9) 

 

Ƚɞɟ    ˎܰ − ɱɢɫɥɨ ɥɚɦɩ ɜ ɫɜɟɬɢɥɶɧɢɤɟ 

 ܰ – ɤɨɥɢɱɟɫɬɜɨ ɫɜɟɬɢɥɶɧɢɤɨɜ 

 Фˎ – ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ ɥɚɦɩɵ 

 Ф˗ = ͳʹ ∙ ͳ ∙ ͷͷʹͲͲ = ͸͸ʹͶͲͲ ሺˎˏሻ. 
 
Ⱥɜɚɪɢɣɧɨɟ ɨɫɜɟɳɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɫ 

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

ɩɹɬɫɬɜɢɣ, ɜɨɡɧɢɤɲɢɯ ɩɨ ɩɭɬɢ ɷɜɚɤɭɚɰɢɢ ɢɡ ɰɟɯɚ. ɍ ɫɬɚɧɨɜɢɦ ɨɤɨɥɨ ɜɵɯɨɞɨɜ 

ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɫɜɟɬɢɥɶɧɢɤɢ ɋȻȺ-1093ɋ 120 LED ɜ ɤɨɥɢɱɟɫɬɜɟ 8 ɲɬɭɤ. 

 Ɋɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɨɫɜɟɳɟɧɢɹ ɩɪɨɢɡɜɨɞɢɦ ɦɟɬɨɞɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɫɩɪɨɫɚ. 

Ɋɚɫɱɟɬɧɭɸ ɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ: 

 ܲ˓ а˔˚.ˑ = ܰ ∙ ܲː ˑˏ ∙ ˔ܭ ∙  ˑ˕,                                                                  (2.10)˒ܭ

 

ɝɞɟ ܰ − ɤɨɥɢɱɟɫɬɜɨ ɥɚɦɩ;  ܲː ˑˏ − ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɥɚɦɩɵ, (ɤȼɬ);  
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˔ܭ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ;  ܭ˒ˑ˕ − ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɜ ɩɭɫɤɨɪɟɝɭɥɢɪɭɸɳɟɣ ɚɩɩɚɪɚɬɭɪɟ. 

Ⱦɥɹ ɡɞɚɧɢɣ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɨɬɞɟɥɶɧɵɯ ɤɪɭɩɧɵɯ ɩɪɨɥɟɬɨɜ Ʉɫ ɩɪɢɧɢɦɚɟɬɫɹ 

ɪɚɜɧɵɦ 0,95. Ⱦɥɹ ɫɜɟɬɨɞɢɨɞɧɵɯ ɫɜɟɬɢɥɶɧɢɤɨɜ ɩɪɢɧɢɦɚɟɬɫɹ: 

˕ˑ˒ܭ – = ͳ,ͳʹ;  

– cos 𝜑ˎэˇ = Ͳ,ͻͺ ሺtg 𝜑ˎэˇ = Ͳ,ʹሻ. 

 ܲ˓ а˔˚.ˑ = ͳʹ ∙ Ͳ,Ͷͺ ∙ Ͳ,ͻͷ ∙ ͳ,ͳʹ = ͸,ͳʹ ሺˍВ˕ሻ. 
 

Ɋɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ: 

 ܳ˓а˔˚.ˑ = ܲ˓ а˔˚.ˑ ∙ tg 𝜑ˎэˇ = ͸,ͳʹ ∙ Ͳ,ʹ = ͳ,ʹ͵ ሺˍВА˓ሻ. 
 

ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ: 

 ܵ˓а˔˚.ˑ = √ܲ˓ а˔˚.ˑଶ + ܳ˓а˔˚.ˑଶ = √͸,ͳʹଶ + ͳ,ʹ͵ଶ = ͹,ͷ͵ ሺˍВАሻ. 
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Ɋɢɫɭɧɨɤ 2.2  Ɋɚɫɩɨɥɨɠɟɧɢɟ ɫɜɟɬɢɥɶɧɢɤɨɜ 

 

2.2 Ɋɚɡɛɢɟɧɢɟ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɧɚ ɝɪɭɩɩɵ ɢ ɪɚɫɱɟɬ ɧɚɝɪɭɡɨɤ 
ɩɨ ɫɢɥɨɜɵɦ ɩɭɧɤɬɚɦ. 

 

Ɍɚɛɥɢɰɚ 2.1 – ȼɟɞɨɦɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɰɟɯɚ 
 

№ ɗɉ ɧɚ 
ɝɟɧ. ɩɥɚɧɟ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɗɉ Ɋɩɚɫɩ, (ɤȼɬ) 

1 ȼɢɧɬɨɜɨɣ ɤɨɦɩɪɟɫɫɨɪ ȼɄ50-15 37 
2 ɐɟɧɬɪɨɛɟɠɧɵɣ ɪɚɞɢɚɥɶɧɵɣ ɜɟɧɬɢɥɹɬɨɪ 

ȼɐ5-50-8  
18,5 

3-6 Ɍɟɩɥɨɜɟɧɬɢɥɹɬɨɪ Ʉɗȼ-180Ɍ5,6W3 0,63 
7 ɋɬɚɧɰɢɹ ɦɚɫɥɨ ɪɚɡɞɚɱɢ ɆɁɍ01-01 13 

8-19 Ɍɟɩɥɨɜɚɹ ɡɚɜɟɫɚ Ʉɗȼ-230ɉ7020W 2,1 
ɂɬɨɝɨ: 96,2 
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Ɋɢɫɭɧɨɤ 2.3 – ɉɥɚɧ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɰɟɯɟ. 

 

Ɍɚɛɥɢɰɚ 2.2 – ɉɚɪɚɦɟɬɪɵ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ 

№ ɗɉ ɧɚ 
ɝɟɧ. ɩɥɚɧɟ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɗɉ Ʉɨɥɢɱɟ-
ɫɬɜɨ 

Ɋɩɚɫɩ, 
(ɤȼɬ) 

,% ɉȼ, % Ɋɧɨɦ, 
(ɤȼɬ) 

1 ȼɢɧɬɨɜɨɣ ɤɨɦɩɪɟɫɫɨɪ 
ȼɄ50-15 

1 37 91 100 40,66 

2 ɐɟɧɬɪɨɛɟɠɧɵɣ ɪɚɞɢɚɥɶ-
ɧɵɣ ɜɟɧɬɢɥɹɬɨɪ ȼɐ5-50-8  

1 18,5 90 100 
20,55 

3-6 Ɍɟɩɥɨɜɟɧɬɢɥɹɬɨɪ Ʉɗȼ-
180Ɍ5,6W3 

4 0,63 70 100 
0,9 

7 ɋɬɚɧɰɢɹ ɦɚɫɥɨ ɪɚɡɞɚɱɢ 
ɆɁɍ01-01 

1 13 90 100 
14,44 

8-19 Ɍɟɩɥɨɜɚɹ ɡɚɜɟɫɚ Ʉɗȼ-
230ɉ7020W 

12 2,1 81 100 
2,6 

 
ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

(2.11) 
 ʟːˑˏ = ʟ˒а˔˒


                                                                                                (2.11) 

 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɟɪɜɢɱɧɵɯ ɝɪɭɩɩ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ 
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ɡɚɞɚɱ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɰɟɯɨɜɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. ȼ ɬɚɛɥɢɰɟ 3.1 ɩɪɟɞ-

ɫɬɚɜɥɟɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɟɪɜɢɱɧɵɯ ɝɪɭɩɩ. 

Ɉɫɧɨɜɧɭɸ ɱɚɫɬɶ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɞɚɧɧɨɝɨ ɰɟɯɚ ɫɨɫɬɚɜɥɹɸɬ ɫɢɥɨɜɵɟ 

ɨɛɳɟɩɪɨɦɵɲɥɟɧɧɵɟ ɭɫɬɚɧɨɜɤɢ. 

 

Ɍɚɛɥɢɰɚ 2.3 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ 

Ɉɛɳɟɩɪɨɦɵɲɥɟɧɧɵɟ 
ɭɫɬɚɧɨɜɤɢ 

ȼɢɧɬɨɜɨɣ ɤɨɦɩɪɟɫɫɨɪ ȼɄ50-15: 
Pɧɨɦ=40,66 ɤȼɬ; Ʉɢ=0,7; cos 𝜑 = Ͳ,ͺ; f=50 Ƚɰ; ɉȼ=100%; Uɧ=380 
ȼ; ɩɨɬɪɟɛɢɬɟɥɶ ɬɪɟɯɮɚɡɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ; II ɤɚɬɟɝɨɪɢɹ 
ɧɚɞɟɠɧɨɫɬɢ. 

ɋɬɚɧɰɢɹ ɦɚɫɥɨ ɪɚɡɞɚɱɢ ɆɁɍ01-01: 
Pɧɨɦ=14,44 ɤȼɬ; Ʉɢ=0,65; cos 𝜑 = Ͳ,͹ͷ; f=50 Ƚɰ; 

ɉȼ=100%; Uɧ=380 ȼ; ɩɨɬɪɟɛɢɬɟɥɶ ɬɪɟɯɮɚɡɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ 
ɬɨɤɚ; II ɤɚɬɟɝɨɪɢɹ ɧɚɞɟɠɧɨɫɬɢ. 

ɐɟɧɬɪɨɛɟɠɧɵɣ ɪɚɞɢɚɥɶɧɵɣ ɜɟɧɬɢɥɹɬɨɪ ȼɐ5-50-8: 
Pɧɨɦ=20,55 ɤȼɬ; Ʉɢ=0,7; cos 𝜑 = Ͳ,͹ͺ; f=50 Ƚɰ; ɉȼ=100%; 
Uɧ=380 ȼ; ɩɨɬɪɟɛɢɬɟɥɶ ɬɪɟɯɮɚɡɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ; II ɤɚɬɟɝɨ-
ɪɢɹ ɧɚɞɟɠɧɨɫɬɢ. 

Ɍɟɩɥɨɜɟɧɬɢɥɹɬɨɪ Ʉɗȼ-180Ɍ5,6W3: 
Pɧɨɦ=0,9 ɤȼɬ; Ʉɢ=0,7; cos 𝜑 = Ͳ,͹ͺ; f=50 Ƚɰ; ɉȼ=100%; Uɧ=380 
ȼ; ɩɨɬɪɟɛɢɬɟɥɶ ɨɞɧɨɮɚɡɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ; II ɤɚɬɟɝɨɪɢɹ 
ɧɚɞɟɠɧɨɫɬɢ. 
 

 Ɍɟɩɥɨɜɚɹ ɡɚɜɟɫɚ Ʉɗȼ-230ɉ7020W: 
Pɧɨɦ=2,6 ɤȼɬ; Ʉɢ=0,7; cos 𝜑 = Ͳ,͹ͺ; f=50 Ƚɰ; ɉȼ=100%; Uɧ=380 
ȼ; ɩɨɬɪɟɛɢɬɟɥɶ ɬɪɟɯɮɚɡɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ; II ɤɚɬɟɝɨɪɢɹ 
ɧɚɞɟɠɧɨɫɬɢ. 

 

  

ɋɢɥɨɜɵɟ ɨɛɳɟɩɪɨɦɵɲɥɟɧɧɵɟ ɗɍ: ɤɨɦɩɪɟɫɫɨɪɧɵɟ, ɜɟɧɬɢɥɹɰɢɨɧɧɵɟ, 

ɧɚɫɨɫɧɵɟ ɢ ɬ.ɩ. ɉɨɬɪɟɛɢɬɟɥɢ ɷɬɨɣ ɝɪɭɩɩɵ ɫɨɡɞɚɸɬ ɧɚɝɪɭɡɤɭ ɪɚɜɧɨɦɟɪɧɭɸ ɢ 

ɫɢɦɦɟɬɪɢɱɧɭɸ ɩɨ ɜɫɟɦ ɬɪɟɦ ɮɚɡɚɦ. Ɇɨɳɧɨɫɬɶ ɢɯ ɤɨɥɟɛɥɟɬɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟ-

ɞɟɥɚɯ ɨɬ ɟɞɢɧɢɰ ɞɨ ɫɨɬɟɧ ɤȼɬ. Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɞɨɫɬɚɬɨɱɧɨ ɫɬɚɛɢɥɟɧ 

ɜ ɩɪɟɞɟɥɚɯ 0,75-0,85. ɉɨ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢɯ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɤ 

ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚɦ 3-ɣ ɤɚɬɟɝɨɪɢɢ.  

ɉɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ 

ɩɪɢɟɦɧɢɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
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Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ 1ɍɊ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ: 

 

 ʟ˓ଵ = ʟːˑˏ ∙ √ʞВ,                                                                                    (2.12) 

 ʟ˓ଵ = ʟːˑˏ, ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɉȼ=100%. 

 

Ɋɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

 ܳ˓ଵ = ܲ˓ ଵ ∙  𝑔,                                                                                         (2.13)ݐ

Ƚɞɟ    ܲ˓ ଵ – ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ; 

 .𝑔 – ɬɚɧɝɟɧɫ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚݐ 

ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚɯɨɞɢɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

 ܵ˓ଵ = √ܲ˓ ଵଶ + ܳ˓ଵଶ ,                                                                                   (2.14) 

 

Ƚɞɟ    ܲ˓ ଵ – ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ; 

 ܳ˓ଵ – ɪɟɚɤɬɢɜɧɚɹ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ. 

 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ: 

 𝐼 ଵ = ௌ˓భ√ଷ∙𝑈ːˑˏ∙௡,                                                                                          (2.15) 

 

ɝɞɟ     n – ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ; 

 ܵ˓ଵ – ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ; 

 ܷːˑˏ – ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɩɪɹɠɟɧɢɟ. 

ɉɭɫɤɨɜɨɣ ɬɨɤ: 

 𝐼 = ʙ˒ ∙ 𝐼 ଵ,                                                                                            (2.16) 
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ɝɞɟ     Kɩ – ɤɪɚɬɧɨɫɬɶ ɩɭɫɤɨɜɨɝɨ ɬɨɤɚ; 

 𝐼 ଵ – ɪɚɫɱɟɬɧɵɣ ɬɨɤ. 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɞɥɹ ɜɢɧɬɨɜɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ №1: 

 ܲ˓ а˔˚Ι = ͶͲ,͸͸ ሺˍВ˕ሻ; 
 ܳ˓а˔˚Ι = ͶͲ,͸͸ ∙ ͳ,Ͳʹ = Ͷͳ,Ͷ͹ ሺˍВА˓ሻ; 
 ܵ˓а˔˚Ι = √ͶͲ,͸͸ଶ + Ͷͳ,Ͷ͹ଶ = ͷͺ,Ͳͺ ሺˍВАሻ; 
 𝐼 а˔˚Ι = ͷͺ,Ͳͺ ∙ ͳͲଷ√͵ ∙ ͵ͺͲ = ͺͺ,͵ͷሺАሻ; 
 𝐼 ˖˔ˍΙ = ͷ ∙ ͺͺ,͵ͷ = ʹ͸ͷ,ͲͶ ሺАሻ. 
 

Ɍɚɛɥɢɰɚ 2.4 – Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɩɨ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚɦ 

№ ɩɨ 
ɩɥɚɧɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ 

Pɧɨɦ,
ɤȼɬ 

Pɪ1, 
ɤȼɬ 

Qɪ1, 
ɤȼȺɪ 

S1ɪ,ɤȼ
Ⱥ 

Iɪ1, Ⱥ Ʉɩ Iɩ, Ⱥ 

1 ȼɢɧɬɨɜɨɣ ɤɨɦɩɪɟɫ-
ɫɨɪ ȼɄ50-15 40,66 40,66 41,47 58,08 88,35 5 441,75 

2 ɐɟɧɬɪɨɛɟɠɧɵɣ ɪɚ-
ɞɢɚɥɶɧɵɣ ɜɟɧɬɢɥɹ-
ɬɨɪ ȼɐ5-50-8  

20,55 20,55 20,96 29,35 44,65 5 223,26 

3-6 Ɍɟɩɥɨɜɟɧɬɢɥɹɬɨɪ 
Ʉɗȼ-180Ɍ5,6W3 0,9 0,9 0,72 1,15 1,75 5 8,77 

7 ɋɬɚɧɰɢɹ ɦɚɫɥɨ ɪɚɡ-
ɞɚɱɢ ɆɁɍ01-01 14,44 14,44 16,89 22,22 31,81 5 169,04 

8-19 Ɍɟɩɥɨɜɚɹ ɡɚɜɟɫɚ 
Ʉɗȼ-230ɉ7020W 2,6 2,6 2,08 3,33 5,06 5 25,32 

Ɉɞɧɨɮɚɡ-
ɧɚɹ ɪɨɡɟ-
ɬɨɱɧɚɹ 
ɝɪɭɩɩɚ 

Ɋɨɡɟɬɤɢ 0,9 0,9 0,8 1,2 1,82   

Ɍɪɚɧɫ-
ɮɨɪɦɚɬɨɪ 
220/12 ȼ 

əɌɉ-250 ȼɬ 220/12 
ȼ 0,75 0,75 0,56 0,93 1,42   
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Ɍɚɛɥɢɰɚ 2.5 – Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɟɪɜɢɱɧɵɯ ɝɪɭɩɩ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ Ɋɚɫɱɟɬɧɵɟ ɜɟɥɢɱɢɧɵ 

𝑛э  Ʉɪ 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ 

Ip 

ɩɨ ɡɚɞɚɧɢɸ ɬɟɯɧɨɥɨɝɨɜ 
ɩɨ ɫɩɪɚɜɨɱɧɵɦ 

ɞɚɧɧɵɦ 

КɢРɧ КɢРɧt
g𝜑 𝑛𝑝௡ଶ Ɋɪ Qp Sp ɇɚɢɦɟɧɨɜɚ-

ɧɢɟ ɗɉ 
ɲɬ.
*n 

ɇɨɦɢɧɚɥɶɧɚɹ 
(ɭɫɬɚɧɨɜɥɟɧ-

ɧɚɹ) ɦɨɳ-
ɧɨɫɬɶ, ɤȼɬ* Кɢ cos𝜑/ݐ𝑔𝜑 

ɪɧ Рɧ=nɪ
ɧ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
ɓɊ-1 

Ɍɟɩɥɨɜɟɧɬɢ-
ɥɹɬɨɪ Ʉɗȼ-
180Ɍ5,6W3 

2 0,9 1,8 0,7 0,78/0,8 1,26 1 2       

Ɍɟɩɥɨɜɚɹ ɡɚ-
ɜɟɫɚ Ʉɗȼ-
230ɉ7020W 

6 2,6 15,6 0,7 0,78/0,8 10,92 9 41       

ɂɌɈȽɈ (3ɯ 
ɮɚɡɧɚɹ) 8 2,6 

17,45 0,7 0,78/0,8 12,18 10 54 13 1 12,18 9,77 15,62 23,75 

ɓɊ-2 
Ɍɟɩɥɨɜɟɧɬɢ-
ɥɹɬɨɪ Ʉɗȼ-
180Ɍ5,6W3 

1 0,9 0,9 0,7 0,78/0,8 0,63 1 1       

Ɍɟɩɥɨɜɚɹ ɡɚ-
ɜɟɫɚ Ʉɗȼ-
230ɉ7020W 

3 2,6 7,8 0,7 0,78/0,8 5,46 4 20       

ɋɬɚɧɰɢɹ 
ɦɚɫɥɨ ɪɚɡ-
ɞɚɱɢ 
ɆɁɍ01-01 

1 14,44 14,44 0,7 0,75/0,88 9,39 8 209       

Ɍɪɚɧɫɮɨɪ-
ɦɚɬɨɪ 220/12 
ȼ 

4 0,75 3 0,1 0,8/0,75 0,3 0,23 2       

Ɉɞɧɨɮɚɡɧɚɹ 
ɪɨɡɟɬɨɱɧɚɹ 
ɝɪɭɩɩɚ 

7 0,9 6,3 0,5 0,78/0,8 3,15 2,53 6       

ɂɌɈȽɈ (3ɯ 
ɮɚɡɧɚɹ) 16 14,44 32,44 0,58 0,77/0,83 18,93 16 3336 4 1,12 21,20 17,65 27,59 41,96 

 

2.3 ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ ɨɫɜɟɳɟɧɢɹ 

 

Ⱦɥɹ ɫɜɟɬɢɥɶɧɢɤɨɜ ɨɛɳɟɝɨ ɨɫɜɟɳɟɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ 220 ȼ. 

ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɪɚɛɨɱɟɝɨ ɢ ɚɜɚɪɢɣɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɫɚɦɨɫɬɨɹ-

ɬɟɥɶɧɵɦɢ ɥɢɧɢɹɦɢ ɨɬ ɲɢɧ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɨɞɫɬɚɧɰɢɢ. ɉɪɢ ɷɬɨɦ ɷɥɟɤ-

ɬɪɨɷɧɟɪɝɢɹ ɨɬ ɩɨɞɫɬɚɧɰɢɢ ɩɟɪɟɞɚёɬɫɹ ɩɢɬɚɸɳɢɦɢ ɥɢɧɢɹɦɢ ɧɚ ɝɪɭɩɩɨɜɵɟ 

ɨɫɜɟɬɢɬɟɥɶɧɵɟ ɳɢɬɤɢ. ɉɢɬɚɧɢɟ ɢɫɬɨɱɧɢɤɨɜ ɫɜɟɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɝɪɭɩɩɨ-

ɜɵɯ ɳɢɬɤɨɜ ɝɪɭɩɩɨɜɵɦɢ ɥɢɧɢɹɦɢ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɜɟɬɢɥɶɧɢɤɨɜ ɩɨ ɮɚɡɚɦ ɩɨ ɞɥɢɧɟ ɝɪɭɩɩɨɜɨɣ ɥɢɧɢɢ ɜɵ-

ɩɨɥɧɹɟɬɫɹ ɞɥɹ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɪɨɜɨɞɟ, ɭɦɟɧɶɲɟ-
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ɧɢɹ ɫɬɪɨɛɨɫɤɨɩɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɢ ɫɧɢɠɟɧɢɹ ɭɳɟɪɛɚ ɩɪɢ ɢɫɱɟɡɧɨɜɟɧɢɢ ɧɚɩɪɹ-

ɠɟɧɢɹ ɜ ɨɞɧɨɣ ɢɡ ɮɚɡ. ɇɚɝɪɭɡɤɭ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɪɚɜɧɨɦɟɪɧɨɣ, ɟɫɥɢ ɦɨɦɟɧɬɵ 

ɧɚɝɪɭɡɨɤ ɨɬɥɢɱɚɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 

 M = ∑ P୧ ∙ l୧,                              (2.17) 

 

ɝɞɟ:   P୧ − ɦɨɳɧɨɫɬɶ ɥɚɦɩɵ, ɤȼɬ; l୧ − ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɞɨ ɥɚɦɩɵ, ɦ. 

 ∑ ʛа ≈ ∑ ʛ˅ ≈ ∑ ʛ˔.                   (2.18) 

 

Ɍɚɤɨɟ ɪɚɡɦɟɳɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɜɵɪɚɜɧɢɜɚɬɶ ɧɚɝɪɭɡɤɭ ɩɨ ɮɚɡɚɦ. 

ɍ ɢɫɬɨɱɧɢɤɚ ɫɜɟɬɚ ɞɨɥɠɟɧ ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɧɟɨɛɯɨɞɢɦɵɣ ɭɪɨɜɟɧɶ ɧɚɩɪɹ-

ɠɟɧɢɹ. 

ɉɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ, %: 

 ∆U = ୑max୏c∙s ,                                    (2.19) 

 

ɝɞɟ     Ʉɋ = 44 ɞɥɹ ɫɟɬɢ 380/220 ȼ; 

s – ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ. 

ݏ  = ெ𝑖∆Uˇˑ˒∙ʙ˔,                     (2.20) 

 

ɝɞɟ     ∆Uˇˑ˒ – ɞɨɩɭɫɬɢɦɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ, ∆Uˇˑ˒ =2,5%. 

Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ: 

 

Ɋɪ.ɨ.=Ɋɭɫɬ∙Ʉɫ∙ɄɉɊȺ,                                                                                               (2.21) 

 

ɝɞɟ     Ɋɭɫɬ - ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɥɚɦɩ; 
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Ʉɫ - ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ; 

ɄɉɊȺ- ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɜ ɩɭɫɤɨɪɟɝɭɥɢɪɭɸɳɟɣ ɚɩɩɚ-

ɪɚɬɭɪɟ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɜ ɬɪɟɯɮɚɡɧɨɣ ɫɟɬɢ: 

 𝐼 ˑ = 𝑃 ˑ√ଷ∙𝑈ˎ∙˔ˑ௦𝜑,         (2.22) 

 

ɝɞɟ    ɪ ɨР   ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ; 

лU  – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɥɚɦɩɚɯ, ȼ; 

cosφ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɥɚɦɩ. 

ɉɨ ɪɚɫɱɟɬɧɨɦɭ ɬɨɤɭ ɜɵɛɢɪɚɸɬɫɹ ɨɫɜɟɬɢɬɟɥɶɧɵɣ ɳɢɬɨɤ ɬɢɩɚ ɓɈ, ɚɜɬɨ-

ɦɚɬ ɧɚ ɜɜɨɞɟ ɢ ɧɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ. 

ȼɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɫɟɬɢ ɨɫɜɟɳɟɧɢɹ ɹɜɥɹɸɬɫɹ ɩɪɨɬɹɠёɧɧɵɦɢ ɢ ɫ ɦɚ-

ɥɵɦɢ ɫɟɱɟɧɢɹɦɢ, ɨɬɤɭɞɚ ɛɨɥɶɲɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɦɚɥɵɣ ɬɨɤ 

ɤ.ɡ., ɩɨɷɬɨɦɭ ɤɨɦɦɭɬɚɰɢɨɧɧɭɸ ɚɩɩɚɪɚɬɭɪɭ ɧɚ ɫɬɨɣɤɨɫɬɶ ɧɟ ɩɪɨɜɟɪɹɟɬɫɹ. 

 ɉɪɨɜɟɞɟɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɮɚɡɚɦ. 

ɉɨɥɭɱɢɦ 4 ɥɢɧɢɢ ɬɪɟɯɮɚɡɧɨɣ ɧɚɝɪɭɡɤɢ. 

Ȼɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɱɟɬɵɪɟɯɩɪɨɜɨɞɧɵɟ ɤɚɛɟɥɢ ȼȼȽɇȽ ɨɬ ɓɈ ɫɜɟɬɨɞɢ-

ɨɞɧɵɯ ɫɜɟɬɢɥɶɧɢɤɨɜ. 
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Ɋɢɫɭɧɨɤ 2.4 – ɋɯɟɦɚ ɩɢɬɚɧɢɹ ɫɜɟɬɢɥɶɧɢɤɨɜ ɨɬ ɳɢɬɚ ɨɫɜɟɳɟɧɢɹ. 

 

ɓɢɬ ɨɫɜɟɳɟɧɢɹ ɜɵɛɢɪɚɟɦ ɧɚ 4 ɩɪɢɫɨɟɞɢɧɟɧɢɹ. 

Ɇɨɳɧɨɫɬɶ ɫɜɟɬɢɥɶɧɢɤɚ: Ɋ = 480 ȼɬ = 0,48 ɤȼɬ 

Ɉɩɪɟɞɟɥɢɦ ɦɨɦɟɧɬɵ ɧɚɝɪɭɡɨɤ: ܲ – ɦɨɳɧɨɫɬɶ ɫɜɟɬɢɥɶɧɢɤɚ; ݈଴ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɳɢɬɚ ɞɨ ɪɹɞɹ ɫɜɟɬɢɥɶɧɢɤɚ; ݈˒˓ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɜɟɬɢɥɶɧɢɤɚɦɢ. 

1 ɪɹɞ: 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɳɢɬɚ ɞɨ ɪɹɞɚ ɫ ɭɱɟɬɨɦ ɩɨɞɜɟɫɚ ɲɤɚɮɚ ɪɚɜɧɨ 36,9 ɦ 

 ʛ୅ = ܲ ∙ ݈଴ + ܲ ∙ ሺ݈଴ + ͵݈˒˓ሻ = Ͳ,Ͷͺ ∙ ͵͸,ͻ + Ͳ,Ͷͺ ∙ ሺ͵͸,ͻ + ͵ ∙ ͳʹሻ= ͷʹ,͹ ˍВ˕ ∙ ˏ ʛ஻ = ܲ ∙ ሺ݈଴ + ݈˒˓ሻ = ʹ͵,Ͷ͹ ˍВ˕ ∙ ˏ  
 ʛ஼ = ܲ ∙ ሺ݈଴ + ʹ݈˒˓ሻ = ʹͻ,ʹ͵ ˍВ˕ ∙ ˏ. 



30 
 

 

2 ɪɹɞ: 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɳɢɬɚ ɞɨ ɪɹɞɚ ɫ ɭɱɟɬɨɦ ɩɨɞɜɟɫɚ ɲɤɚɮɚ ɪɚɜɧɨ 28 ɦ 

 ʛ୅ = ܲ ∙ (݈଴ + ʹ݈˒˓) = ʹͶ,ͻ͸ ˍВ˕ ∙ ˏ  
 ʛ஻ = ܲ ∙ ݈଴ + ܲ ∙ ሺ݈଴ + ͵݈˒˓ሻ = ͶͶ,ͳ͸ ˍВ˕ ∙ ˏ  
 ʛ஼ = ܲ ∙ (݈଴ + ݈˒˓) = ͳͻ,ʹ ˍВ˕ ∙ ˏ . 
 

3 ɪɹɞ: 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɳɢɬɚ ɞɨ ɪɹɞɚ ɫ ɭɱɟɬɨɦ ɩɨɞɜɟɫɚ ɲɤɚɮɚ ɪɚɜɧɨ 19,1 ɦ 

 ʛ஺ = ܲ ∙ ሺ݈଴ + ݈˒˓ሻ = ͳͶ,ͻ͵ ˍВ˕ ∙ ˏ  
 ʛ஻ = ܲ ∙ (݈଴ + ʹ݈˒˓) = ʹͲ,͸ͻ ˍВ˕ ∙ ˏ 

 ʛେ = ܲ ∙ ݈଴ + ܲ ∙ ሺ݈଴ + ͵݈˒˓ሻ = ͵ͷ,͸ʹ ˍВ˕ ∙ ˏ 

 

ɋɭɦɦɚɪɧɵɟ ɦɨɦɟɧɬɵ ɩɨ ɮɚɡɚɦ: 

 ∑ ʛА = ͷʹ,͹ + ʹͶ,ͻ͸ + ͳͶ,ͻ͵ = ͻʹ,ͷͻ ˍВ˕ ∙ ˏ, 
 ∑ ʛВ = ʹ͵,Ͷ͹ + ͶͶ,ͳ͸ + ʹͲ,͸ͻ = ͺͺ,͵ʹ ˍВ˕ ∙ ˏ, 
 ∑ ʛʠ = ʹͻ,ʹ͵ + ͳͻ,ʹ + ͵ͷ,͸ʹ = ͹͹,Ͳͷ ˍВ˕ ∙ ˏ. 
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ɇɚɝɪɭɡɤɚ ɩɪɚɤɬɢɱɟɫɤɢ ɜɵɪɨɜɧɟɧɚ ɩɨ ɮɚɡɚɦ. 

Ɋɚɫɫɱɢɬɚɟɦ ɦɨɦɟɧɬɵ ɜ ɥɢɧɢɹɯ: 

1 ɥɢɧɢɹ: 

 ݈଴ = ͵͸,ͻ ˏ, ʛଵ = Ͷ ∙ Ͳ,Ͷͺ ∙ ቆ͵͸,ͻ + ͳʹ ∙ ሺͶ − ͳሻʹ ቇ = ͳͲͷ,Ͷͳ ˍВ˕ ∙ ˏ. 
 

2 ɥɢɧɢɹ: 

 ݈଴ = ʹͺ ˏ, ʛଶ = Ͷ ∙ Ͳ,Ͷͺ ∙ ቆʹͺ + ͳʹ ∙ ሺͶ − ͳሻʹ ቇ = ͺͺ,͵ʹˍВ˕ ∙ ˏ. 
 

3 ɥɢɧɢɹ: 

 ݈଴ = ͳͻ,ͳ ˏ, ʛଷ = Ͷ ∙ Ͳ,Ͷͺ ∙ ቆͳͻ,ͳ + ͳʹ ∙ ሺͶ − ͳሻʹ ቇ = ͹ͳ,ʹ͵ ˍВ˕ ∙ ˏ. 
 

Ɉɩɪɟɞɟɥɢɦ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɨɜ ɥɢɧɢɣ: ݏଵ = ͷʹ,͹͹ʹ ∙ ʹ,ͷ = Ͳ,͵ ˏˏଶ, 
ଶݏ = ͶͶ,ͳ͸͹ʹ ∙ ʹ,ͷ = Ͳ,ʹͷ ˏˏଶ, 
ଷݏ = ͵ͷ,͸ʹ͹ʹ ∙ ʹ,ͷ = Ͳ,ʹ ˏˏଶ, 
 

 ȼɵɛɢɪɚɟɦ ɞɥɹ ɩɢɬɚɧɢɹ ɪɹɞɨɜ ɩɪɨɜɨɞ ɦɚɪɤɢ ȼȼȽɧɝ 5ɯ1,5 ɫ Iɞɨɩ=19 Ⱥ. 

 P୮୭ = ʹ ∙ Ͳ,Ͷͺ ∙ ͳ,ͳ = ͳ ˍВ˕. 
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ɉɨ ɮɨɪɦɭɥɟ (16.6) ɧɚɯɨɞɢɦ ɪɚɫɱɟɬɧɵɣ ɬɨɤ: 

 𝐼 ˑ = ͳͲ,ʹʹ ∙ Ͳ,ͻͺ = Ͷ,͸Ͷ А. 
 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɤɚɛɟɥɹ Iɞɨɩ =19 Ⱥ. 

Ɉɩɪɟɞɟɥɹɟɦ ɩɨɬɟɪɢ, ɢɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɩɪɢɧɢɦɚɟɦ ɫɟɱɟɧɢɟ 1,5 ɦɦ2: 

 ∆Uଵ = ͷʹ,͹͹ʹ ∙ ͳ,ͷ = Ͳ,Ͷͻ %, 
∆Uଶ = ͶͶ,ͳ͸͹ʹ ∙ ͳ,ͷ = Ͳ,Ͷ %, 
∆Uଷ = ͵ͷ,͸ʹ͹ʹ ∙ ͳ,ͷ = Ͳ,͵͵ %, 
 

Ɉɩɪɟɞɟɥɢɦ ɫɟɱɟɧɢɟ ɤɚɛɟɥɹ ɨɬ ɳɢɬɚ ɨɫɜɟɳɟɧɢɹ (ɓɈ) ɞɨ ȼɊɍ. 

 P୮୭ = ͳʹ ∙ Ͳ,Ͷͺ ∙ ͳ,ͳʹ = ͸,ͳʹ ˍВ˕. I୫ax = ͸,ͳʹ√͵ ∙ Ͳ,͵ͺ ∙ Ͳ,ͻͺ = ͻ,ͷ А. 
 

ȼɵɛɢɪɚɟɦ ɦɟɞɧɵɣ ɩɪɨɜɨɞ ɩɪɨɜɨɞ ɦɚɪɤɢ ȼȼȽɇȽ 5ɯ2,5 ɫ ɫɟɱɟɧɢɟɦ ɨɫɧɨɜ-

ɧɨɣ ɠɢɥɵ s = 2,5 ɦɦ2 ɢ ɞɨɩɭɫɬɢɦɵɦ ɬɨɤɨɦ 25 Ⱥ. 

Ⱦɥɹ ɡɚɳɢɬɵ ɓɈ ɜɵɛɢɪɚɟɦ ȼȺ 47-63 ɫ ɧɨɦɢɧɚɥɶɧɵɦ ɬɨɤɨɦ 16 Ⱥ. 

 

Ɍɚɛɥɢɰɚ 2.6 – Ɋɚɫɱɟɬ ɪɚɛɨɱɟɝɨ ɨɫɜɟɳɟɧɢɹ. 
Ʌɚɦɩ 
ɜ ɪɹɞɭ 

Ɉɬ 
ɓɈ 
ɞɨ 
ɪɹɞɚ 

l ܯ஺ ܯ஻ ܯ஼ ∑ S ܵ𝑐𝑐 ܯ  𝐼 ˑ˒ ∆ܷ˗ଵ ʟ˓ 𝐼௣ 

ɦ ɤȼɬ*ɦ ɤȼɬ*ɦ ɤȼɬ*ɦ ɤȼɬ*ɦ ˏˏଶ ˏˏଶ Ⱥ % ɤȼɬ Ⱥ 

4 1 16,53 52,7 23,47 29,23 105,4 2,85 2,5 24 2,85 2 5,36 
4 2 10,75 24,96 44,16 19,2 88,32 2,39 2,5 24 2,39 2 5,36 
4 3 10,75 14,93 20,69 35,62 71,23 1,93 2,5 24 1,93 2 5,36 
                                               ɋɭɦɦɚ ɦɨɦɟɧɬɨɜ 
   92,59 88,32 77,05        

 



33 
 

2.4 Ɋɚɫɱɟɬ ɧɚɝɪɭɡɤɢ ɩɨ ȼɊɍ. 

 

ɉɪɚɜɢɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɹɜɥɹɟɬɫɹ ɪɟɲɚɸɳɢɦ 

ɮɚɤɬɨɪɨɦ ɞɥɹ ɜɵɛɨɪɚ ɤɨɥɢɱɟɫɬɜɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ, 

ɫɟɱɟɧɢɣ ɤɚɛɟɥɟɣ, ɡɚɳɢɬɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. 

 

Ɍɚɛɥɢɰɚ 2.7 – Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ (ɮɨɪɦɚ Ɏ636-92). 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ Ɋɚɫɱɟɬɧɵɟ ɜɟɥɢɱɢɧɵ 

𝑛э  Ʉɪ 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ 

Ip 

ɩɨ ɡɚɞɚɧɢɸ ɬɟɯɧɨɥɨɝɨɜ 
ɩɨ ɫɩɪɚɜɨɱɧɵɦ 

ɞɚɧɧɵɦ 

КɢРɧ КɢРɧt
g𝜑 𝑛𝑝௡ଶ Ɋɪ Qp Sp ɇɚɢɦɟɧɨɜɚ-

ɧɢɟ ɗɉ 
ɲɬ.
*n 

ɇɨɦɢɧɚɥɶɧɚɹ 
(ɭɫɬɚɧɨɜɥɟɧ-

ɧɚɹ) ɦɨɳ-
ɧɨɫɬɶ, ɤȼɬ* Кɢ cos𝜑/ݐ𝑔𝜑 

ɪɧ Рɧ=nɪ
ɧ 

 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
ȼɢɧɬɨɜɨɣ 
ɤɨɦɩɪɟɫɫɨɪ 
ȼɄ50-15 

1 40,66 40,66 0,7 0,8/0,75 28,46 21 1653       

ɐɟɧɬɪɨɛɟɠ-
ɧɵɣ ɪɚɞɢ-
ɚɥɶɧɵɣ ɜɟɧ-
ɬɢɥɹɬɨɪ 
ȼɐ5-50-8  

1 20,55 20,55 0,7 0,78/0,8 14,39 12 422       

Ɍɟɩɥɨɜɟɧɬɢ-
ɥɹɬɨɪ Ʉɗȼ-
180Ɍ5,6W3 

4 0,9 3,6 0,7 0,78/0,8 2,52 2 3       

ɋɬɚɧɰɢɹ 
ɦɚɫɥɨ ɪɚɡ-
ɞɚɱɢ 
ɆɁɍ01-01 

1 14,44 14,44 0,65 0,75/0,88 9,39 8 209       

Ɍɟɩɥɨɜɚɹ ɡɚ-
ɜɟɫɚ Ʉɗȼ-
230ɉ7020W 

12 2,6 31,2 0,7 0,78/0,8 2184 18 8       

Ɉɞɧɨɮɚɡɧɚɹ 
ɪɨɡɟɬɨɱɧɚɹ 
ɝɪɭɩɩɚ 

13 0,9 11,7 0,5 0,75/0,88 5,85 5 11       

Ɍɪɚɧɫɮɨɪ-
ɦɚɬɨɪ 220/12 
ȼ 

8 0,75 6 0,1 0,8/0,75 0,6 0,5 4,5       

ɂɌɈȽɈ (3ɯ 
ɮɚɡɧɚɹ) 40 40,66 128,1

5 
0,65 0,78/0,8 83,04 66 66129 6 0,91 75,57 60,42 96,75 147,17 

 

Ɉɩɪɟɞɟɥɢɦ ɫɭɦɦɚɪɧɭɸ ɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ ɰɟɯɚ: 

 ʟ∑ ˓ = Ṗ ˈ˘а + P˓ ˑ + ∆ʟ଴,ସ                          (2.23) 

 Ṗ ˈ˘а = ʟ˓ + ʟ˓ˑ,          
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Ṗ ˈ˘а = ͹ͷ,ͷ͹ + ͸,ͳʹ = ͺͳ,͹ ˍВ˕. 
 

ɋɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɫɟɬɢ 0,4 ɤȼ ɫɨɫɬɚɜɥɹɸɬ 3,4%, 
ɬɨɝɞɚ: 

 ʟ∑ ˙ˈ˘а = ͺ͹,͹ + ͺͳ,͹ ∙ Ͳ,Ͳ͵Ͷ = ͺͶ,Ͷͺ ˍВ˕. 
 

Ɉɩɪɟɞɟɥɢɦ ɫɭɦɦɚɪɧɭɸ ɪɟɚɤɬɢɜɧɭɸ ɦɨɳɧɨɫɬɶ ɰɟɯɚ: 

 Q∑ ˙ˈ˘а = Q˓ + Q˓ˑ,        (2.24) Q∑ ˙ˈ˘а = ͸Ͳ,Ͷʹ + ͳ,ʹ͵ = ͸ͳ,͸ͷ ˍВА˓. 
 

 ɋɭɦɦɚɪɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ: 

 S˙ˈ˘а = √ͺͶ,Ͷͺଶ + ͸ͳ,͸ͷଶ = ͳͲͶ,͸ ˍВА. 
 

3 ɉɪɚɤɬɢɱɟɫɤɚɹ ɱɚɫɬɶ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 
 

3.1 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ 6/0,4 ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɫɯɟɦɵ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɛɨɤɫɚ ɩɨ ɪɟɦɨɧɬɭ Ȼɟɥɚɡɨɜ. 

 

ɉɪɚɜɢɥɶɧɵɣ ɜɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɩɨɞɫɬɚɧɰɢɢ 

ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɜɨɩɪɨɫɨɜ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɫɢɫɬɟɦɵ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. ȼ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɫɢɥɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 

ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɬɶ ɩɢɬɚɧɢɟ ɜɫɟɯ ɷɥɟɤɬɪɨɩɨɬɪɟɛɢɬɟɥɟɣ ɨɛɴɟɤɬɚ. 

Ɍɚɤ ɤɚɤ ɩɪɨɟɤɬɢɪɭɟɦɵɣ ɛɨɤɫ ɨɬɧɨɫɢɬɫɹ ɤ III ɤɚɬɟɝɨɪɢɢ ɧɚɞɟɠɧɨɫɬɢ, ɬɨ 

ɩɨɞɤɥɸɱɟɧɢɟ ɩɪɨɢɡɜɨɞɢɦ ɨɞɧɨɣ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɟɣ ɤ ɛɥɢɠɚɣɲɟɣ Ɍɉ. 

ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɫɯɨɞɹ ɢɡ ɪɚɫɩɨɥɨɠɟɧɢɹ Ɍɉ ɩɨ 

ɦɟɫɬɧɨɫɬɢ. ȼɵɛɢɪɚɟɦ ɛɥɢɠɚɣɲɢɣ ɦɟɧɟɟ ɧɚɝɪɭɠɟɧɧɭɸ Ɍɉ-5. 
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Ɍɚɛɥɢɰɚ 3.1 – ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
 

Ɍɢɩ ɇɨɦɢɧɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ, ɤȼȺ 

ɇɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 

ɉɨɬɟɪɢ, ȼɬ Ɍɨɤ ɯɯ, 
% 

ɇɚɩɪɹɠɟɧɢɟ 
ɤɡ, % 

ȼɇ ɇɇ ɯɯ ɤɡ 
ɌɆ 630 6 0,4 1050 7600 1,6 5,5 

  

Ɉɩɪɟɞɟɥɢɦ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ Ɍɉ-5 ɦɨɠɧɨ ɜɵɱɢɫ-
ɥɢɬɶ ɩɨ ɜɵɪɚɠɟɧɢɹɦ, ɢɫɩɨɥɶɡɭɹ ɤɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛ-
ɥɢɰɟ 12.1: 

 ∆P̞ ˓ = n · ∆P̆ ˘ + ∆Pˍˊ୬ · ቀ S˓Sːˑˏቁଶ,                                                               (3.1) ∆Q˕˓ = n · I˘˘·Sːˑˏଵ଴଴ + uˍˊ·Sమ˓୬·ଵ଴଴·Sːˑˏ. ,                                                                        (3.2) 

 

ɝɞɟ     𝑛 − ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; ∆ܲ̆ ˘ − ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, (ɤȼɬ); ∆̱ܲ ˊ − ɩɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, (ɤȼɬ); 𝐼 ˘ − ɬɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, %; ݑˍˊ − ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, %. 

 ∆P̞ ˓ = ͳ,Ͳͷ + ͹,͸ · (ͳͲͶ,͸͸͵Ͳ )ଶ = ͳ,ʹ͸ ሺˍВ˕ሻ; 
∆Q˕˓ = ͳ,͸ · ͸͵ͲͳͲͲ + ͷ,ͷ · ͳͲͶ,͸ଶͳͲͲ · ͸͵Ͳ = ͳͳ ሺˍВА˓ሻ. 

 

3.2 ȼɵɛɨɪ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ. 
 

ȼɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɞɥɹ ɡɚɳɢɬɵ ɥɢɧɢɣ, ɩɢɬɚɸɳɢɯ 

ɝɪɭɩɩɭ ɷɥɟɤɬɪɨɩɪɢёɦɧɢɤɨɜ, ɩɪɨɢɡɜɨɞɢɦ ɩɨ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɹɦ: ɉɭɫɤɨ-

ɜɨɣ ɬɨɤ ɩɨ ɞɜɢɝɚɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɩɹɬɢ ɤɪɚɬɧɵɣ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ 

ɜɵɤɥɸɱɚɬɟɥɢ ɤɚɬɟɝɨɪɢɢ ɋ 
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ɉɢɤɨɜɵɣ ɬɨɤ ɝɪɭɩɩɵ ɗɉ: 

 

 ɩɢɤ ɩ.ɧɛ ɪ . ɧ.ɧɛI I I I ,ɢ ɧɛk                                                                        (3.3) 

 

ɝɞɟ     ɩɢɤI  ɩɢɤɨɜɵɣ ɬɨɤ, Ⱥ;   

ɩ.ɧɛI  – ɩɭɫɤɨɜɨɣ ɬɨɤ ɧɚɢɛɨɥɶɲɟɝɨ ɩɨ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢёɦɧɢɤɚ 

ɜ ɝɪɭɩɩɟ, Ⱥ;  

ɧ.ɧɛI  – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɧɚɢɛɨɥɶɲɟɝɨ ɩɨ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢёɦɧɢɤɚ 

ɜ ɝɪɭɩɩɟ, Ⱥ; 

ɪI  – ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɝɪɭɩɩɵ ɷɥɟɤɬɪɨɩɪɢёɦɧɢɤɨɜ, Ⱥ; 

.ɢ ɧɛk  – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɧɚɢɛɨɥɶɲɟɝɨ ɩɨ 

ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚ ɜ ɝɪɭɩɩɟ. 

ȿɫɥɢ ɜ ɝɪɭɩɩɟ ɞɨ 5 ɗɉ ɬɨ ɜ ɮɨɪɦɭɥɟ ɛɭɞɟɬ ɨɬɫɭɬɫɬɜɨɜɚɬɶ 
.ɢ ɧɛk . 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚɞɟɠɧɨɫɬɢ ɨɬɫɬɪɨɣɤɢ ɨɬ ɩɟɪɟ-

ɝɪɭɡɤɢ: 

 I˓а˔˚ˍ = I˓а˔˚ ∙ kː ,                                                                                     (3.4) 

 

ɝɞɟ    𝐼 а˔˚ - ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɝɪɭɩɩɵ ɗɉ,  ݇ː- ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɩɪɢɦɟɦ݇ː =1,1. 

Ɍɨɤ ɨɬɫɟɱɤɢ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɬɫɬɪɨɣɤɢ ɨɬɫɟɱɤɢ: 

 Iˑˍ = I˒ˋˍ ∙ kˑ˕˔ ,                                                                                        (3.5) 

 

ɝɞɟ    𝐼 ˋˍ – ɩɢɤɨɜɵɣ ɬɨɤ ɝɪɭɩɩɵ ɗɉ, ݇ˑ˕˔ -  ɨɬɫɬɪɨɣɤɢ ɨɬɫɟɱɤɢ, ɩɪɢɦɟɦ ݇ˑ˕˔ =1,2. 

Ⱦɚɥɟɟ ɜɵɛɢɪɚɟɦ Ⱥȼ. Ɋɚɫɱɟɬɧɚɹ ɤɪɚɬɧɨɫɬɶ ɬɨɤɚ ɨɬɫɟɱɤɢ: 
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kˍ˓ = IˑˍIːˑˏ ˓а˔˙ ,                                                                                            (3.6) 

 

ɝɞɟ    𝐼 ˑˏ ˓а˔˙- ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɚɫɰɟɩɢɬɟɥɹ Ⱥȼ, ɩɪɢɧɢɦɚɟɬɫɹ ɛɥɢɠɚɣɲɢɦ ɤ 𝐼 а˔˚ˍ. 

Ɉɤɨɧɱɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɩɪɢ ɜɵɛɨɪɟ Ⱥȼ ɹɜɥɹɟɬɫɹ ɟɝɨ ɩɪɨɜɟɪɤɚ: 

 kˍ˓ ൑ ͳͲ .                                                                                                  (3.7) 

 

 ɉɪɢɦɟɪ: ɩɪɨɢɡɜɟɞɟɦ ɜɵɛɨɪ Ⱥȼ ɧɚ ɓɊ-1. 

             I˓а˔˚ˍ = ʹ͵,͹ͷ А, 
 

ɉɪɨɢɡɜɟɞɟɦ ɜɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɹ ɧɚ ɫɚɣɬɟ ɩɪɨɢɡɜɨɞɢɬɟɥɹ [9]ɜɵɛɟɪɟɦ 

ȼȺ 47-63 ɫ Iːˑˏ = ʹͷ А. 

 I˒ˋˍ = Ͷͷ,ͷ͵ А, 

 Iˑˍ = I˒ˋˍ ∙ kˑ˕˔ = Ͷͷ,ͷ͵ ∙ ͳ,ʹ = ͷͶ,͸͵ А, 
             kˍ˓ = IˑˍIːˑˏ ˓а˔˙ = ͷͶ,͸͵ʹͷ = ʹ,ʹ А. 
 

ɉɪɨɜɟɪɢɦ ɩɨ ɭɫɥɨɜɢɸ: 

 kˍ˓ ൑ ͳͲ, ʹ,ʹ ൑ ͳͲ. 

Ⱦɚɥɶɧɟɣɲɢɣ ɜɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɚɧɚɥɨɝɢɱɧɵɣ, ɫɜɟɞɟɦ ɜɵɛɪɚɧɧɵɟ ɢ 
ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɜ ɬɚɛɥɢɰɵ 3.2. 
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Ɍɚɛɥɢɰɚ 3.2 – ȼɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 

№ ɷɥ. 
ɩɪɢёɦ-
ɧɢɤɚ 

𝐼 а˔˚ , А 𝐼 ˖˔ˍ, А ʙʜ ʙˑ˕˔ 𝐼 а˔˚ʙ, А 
Ɍɢɩ ɚɜɬɨ-
ɦɚɬɚ,ɫɟ-
ɪɢɹ 

𝐼 ˑˏ ˅ыˍ,А 𝐼ːˑˏ ˓а˔ ˅ыˍ,А  𝐼ˑˍ ʙˍ˓ 
ʙˍ˓ ːˑˏ 
 

ȼɊɍ 147,17 441,75 1,1 1,2 161,88 ȼȺ 99ML 160 160 632,50 3,95 10 
ɓɊ-1 23,75 25,32 1,1 1,2 26,13 ȼȺ 47-100 25 25 54,63 2,20 10 
ɓɊ-2 41,96 169,04 1,1 1,2 46,16 ȼȺ 47-100 50 50 228,40 4,57 10 
Ɋɨɡɟɬɤɢ 1,82 1,82 1,1 1,2 2 ȼȺ 47-63 2,5 2,5 2,18 0,87 10 
Ɍɪɧɫ-
ɮɨɪɦɬɚ-
ɬɨɪɵ 

1,42 1,42 1,1 1,2 1,56 ȼȺ 47-63 2 2 1,7 0,85 10 

1 88,55 441,75 1,1 1,2 97,4 ȼȺ 47-100 100 100 530,10 5,30 10 
2 44,65 223,26 1,1 1,2 49,1 ȼȺ 47-100 50 50 267,91 5,36 10 
3 1,75 8,77 1,1 1,2 1,93 ȼȺ 47-63 2,5 2,5 10,52 4,21 10 
4 1,75 8,77 1,1 1,2 1,93 ȼȺ 47-63 2,5 2,5 10,52 4,21 10 
5 1,75 8,77 1,1 1,2 1,93 ȼȺ 47-63 2,5 2,5 10,52 4,21 10 
6 1,75 8,77 1,1 1,2 1,93 ȼȺ 47-63 2,5 2,5 10,52 4,21 10 
7 31,81 169,04 1,1 1,2 34,99 ȼȺ 47-100 35 35 202,85 5,80 10 
8 5,06 25,32 1,1 1,2 5,56 ȼȺ 47-63 6 6 30,38 5,06 10 
9 5,06 25,32 1,1 1,2 5,56 ȼȺ 47-63 6 6 30,38 5,06 10 
10 5,06 25,32 1,1 1,2 5,56 ȼȺ 47-63 6 6 30,38 5,06 10 
11 5,06 25,32 1,1 1,2 5,56 ȼȺ 47-63 6 6 30,38 5,06 10 
12 5,06 25,32 1,1 1,2 5,56 ȼȺ 47-63 6 6 30,38 5,06 10 
13 5,06 25,32 1,1 1,2 5,56 ȼȺ 47-63 6 6 30,38 5,06 10 
14 5,06 25,32 1,1 1,2 5,56 ȼȺ 47-63 6 6 30,38 5,06 10 
15 5,06 25,32 1,1 1,2 5,56 ȼȺ 47-63 6 6 30,38 5,06 10 
16 5,06 25,32 1,1 1,2 5,56 ȼȺ 47-63 6 6 30,38 5,06 10 
17 5,06 25,32 1,1 1,2 5,56 ȼȺ 47-63 6 6 30,38 5,06 10 
18 5,06 25,32 1,1 1,2 5,56 ȼȺ 47-63 6 6 30,38 5,06 10 
19 5,06 25,32 1,1 1,2 5,56 ȼȺ 47-63 6 6 30,38 5,06 10 

 

3.3 ȼɵɛɨɪ ɤɚɛɟɥɶɧɨ-ɩɪɨɜɨɞɧɢɤɨɜɨɣ ɩɪɨɞɭɤɰɢɢ. 
 

Ⱦɥɹ ɜɵɛɨɪɚ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɪɚɫɱɟɬɧɵɦ ɬɨɤɨɦ ɩɨ ɳɢɬɚɦ 

ɢ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɚɦ. Ⱦɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɚɪɤɨɣ ɤɚɛɟɥɹ ȼȼȽɇȽ, 

ɷɬɨ ɦɟɞɧɵɣ ɤɚɛɟɥɶ ɝɞɟ, ɢɡɨɥɹɰɢɨɧɧɵɣ ɫɥɨɣ ɩɨɤɪɵɜɚɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɦ ɫɨɫɬɚ-

ɜɨɦ, ɛɥɚɝɨɞɚɪɹ ɟɦɭ ɜ ɩɪɨɰɟɫɫɟ ɝɨɪɟɧɢɹ ɢɡɨɥɹɰɢɢ ɜɵɞɟɥɟɧɢɟ ɞɵɦɚ ɩɪɚɤɬɢɱɟɫɤɢ 

ɨɬɫɭɬɫɬɜɭɟɬ. ɉɨ ɫɬɚɬɢɫɬɢɤɟ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɨɞɭɤɬɵ ɝɨɪɟɧɢɹ ɩɪɨ-

ɜɨɞɤɢ, ɚ ɢɦɟɧɧɨ ɟɞɤɢɣ ɞɵɦ, ɤɨɬɨɪɵɣ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɨ ɜɫɟɣ ɩɥɨɳɚɞɢ ɩɨ-

ɦɟɳɟɧɢɹ. ȼ ɫɢɥɭ ɷɬɨɝɨ ɬɟɪɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɪɢɟɧɬɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ 

ɨɬɪɚɜɥɟɧɢɟ ɞɵɯɚɬɟɥɶɧɵɯ ɩɭɬɟɣ ɱɟɥɨɜɟɤɚ. Ɇɧɨɝɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɤɚɛɟɥɹ ɫɬɚɥɢ 

ɩɨɥɶɡɨɜɚɬɶɫɹ ɫɩɟɰɢɚɥɶɧɵɦ ɉȼɏ ɫ ɦɟɧɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɩɪɢɦɟɫɟɣ, ɱɟɦ ɡɧɚ-

ɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɢɥɢ ɜɵɞɟɥɟɧɢɟ ɝɚɡɚ. 
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Ɍɚɛɥɢɰɚ 3.3 ȼɵɛɨɪ ɫɟɱɟɧɢɣ ɩɪɨɜɨɞɨɜ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ  
Ɍɪɚɫɫɚ 

Ⱦɥɢɧ
ɚ, ɦ 

ɋɩɨɫɨɛ ɩɪɨɤɥɚɞɤɢ 

Ʉɚɛɟɥɶ, ɩɪɨɜɨɞ 

I ɪɚɫɱ, 
Ⱥ 

I ɡɚ-
ɳɢɬɵ
, Ⱥ ɧɚɱɚɥɨ ɤɨɧɟɰ Ɇɚɪɤɚ 

Ʉɨɥ-ɜɨ 
ɢ ɫɟɱɟ-
ɧɢɟ 
ɠɢɥ 

𝐼 ˑ˒,А 

Ɋɍ ɇɇ ȼɊɍ 38 ɜ ɡɟɦɥɟ 
ɐɋȻɒɧ
ɝ(Ⱥ)-LS 

4ɯ50 173 147,17 160 

ȼɊɍ ɓɊ-1 53,6 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 5ɯ2,5 25 23,75 25 

ȼɊɍ ɓɊ-2 33,6 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 5ɯ10 58 41,96 50 

ȼɊɍ Ɋɨɡɟɬɤɢ 44 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 3ɯ2,5 24 1,82 2,5 

ȼɊɍ Ɍɪɚɧɫ-
ɮɨɪɦɚ-
ɬɨɪɵ 

44 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 3ɯ1,5 21 1,42 2 

ȼɊɍ 1 11,2 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ25 104 88,55 100 

ȼɊɍ 2 3 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ10 58 44,65 50 

ȼɊɍ 3 9 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 1,75 2,5 

ɓɊ-1 4 11,1 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 1,75 2,5 

ɓɊ-1 5 30,6 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 1,75 2,5 

ɓɊ-2 Ɋɨɡɟɬɤɢ 48 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 3ɯ2,5 24 1,82 2,5 

ɓɊ-2 
Ɍɪɚɧɫ-
ɮɨɪɦɚ-
ɬɨɪɵ 

48 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 3ɯ1,5 21 1,42 2 

ɓɊ-2 6 11,8 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 1,75 2,5 

ɓɊ-2 7 28,8 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ4 33 31,81 32 

ɓɊ-2 8 2 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 5,06 6 

ɓɊ-2 9 4 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 5,06 6 

ɓɊ-2 10 4 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 5,06 6 

ȼɊɍ 11 4,8 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 5,06 6 

ȼɊɍ 12 6,8 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 5,06 6 

ȼɊɍ 13 6,8 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 5,06 6 

ɓɊ-1 14 2,5 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 5,06 6 

ɓɊ-1 15 4,5 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 5,06 6 

ɓɊ-1 16 4,5 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 5,06 6 

ɓɊ-1 17 26,9 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 5,06 6 

ɓɊ-1 18 24,9 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 5,06 6 

ɓɊ-1 19 22,9 ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ȼȼȽɇȽ 4ɯ1,5 19 5,06 6 

 

3.4 ȼɵɛɨɪ ɫɢɥɨɜɵɯ ɩɭɧɤɬɨɜ ɢ ɩɪɨɱɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ. 
 

ȼɵɛɨɪ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɳɢɬɨɜ ɩɪɨɢɡɜɨɞɢɦ ɢɫɯɨɞɹ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
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ɤɨɥɢɱɟɫɬɜɚ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ, ɥɢɞɢɪɭɸɳɢɟ ɩɨ-

ɡɢɰɢɢ ɧɚ ɪɵɧɤɟ ɢɦɟɟɬ ɤɨɦɩɚɧɢɹ EKF. ɉɪɨɢɡɜɟɞɟɦ ɜɵɛɨɪ ɳɢɬɨɜ ɢɡ ɤɚɬɚɥɨɝɚ 

ɷɬɨɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. Ⱦɥɹ ȼɊɍ ɜɵɛɢɪɚɟɦ ɦɨɞɟɥɶ ɳɢɬɚ ɤɨɦɩɚɧɢɢ «ȼɊɍ ɤɨɪɩɭɫ 

ɭɧɢɜɟɪɫɚɥɶɧɵɣ», ɳɢɬ ɨɫɜɟɳɟɧɢɹ ɦɨɞɟɥɢ «ɓɊɇ 18Ɇ», ɳɢɬ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ-

ɧɵɣ 1 «ɓɊɇ 36», ɳɢɬ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ 2 «ɓɊɇ 24» 

 

3.5 ɉɪɨɜɟɪɤɚ ɩɨ ɞɨɩɭɫɬɢɦɵɦ ɩɨɬɟɪɹɦ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɢɥɨɜɨɣ ɢ 
ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɫɟɬɢ. 
 

Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɧɚɩɪɹɠɟɧɢɹ ɢ ɦɨɳɧɨɫɬɢ ɜ ɰɟɯɨɜɨɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ 
ɫɟɬɢ. 

ɉɨɬɪɟɛɢɬɟɥɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɪɚɛɨɬɚɸɬ ɧɨɪɦɚɥɶɧɨ, ɤɨɝɞɚ ɧɚ ɢɯ 
ɡɚɠɢɦɵ ɩɨɞɚɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ, ɧɚ ɤɨɬɨɪɨɟ ɪɚɫɫɱɢɬɚɧɵ ɞɚɧɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚ-
ɬɟɥɶ ɢɥɢ ɭɫɬɪɨɣɫɬɜɨ. ɉɪɢ ɩɟɪɟɞɚɱɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ ɩɪɨɜɨɞɚɦ ɱɚɫɬɶ ɧɚɩɪɹ-
ɠɟɧɢɹ ɬɟɪɹɟɬɫɹ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜ ɤɨɧɰɟ ɥɢɧɢɢ, ɬ.ɟ. 
ɭ ɩɨɬɪɟɛɢɬɟɥɹ, ɧɚɩɪɹɠɟɧɢɹ ɩɨɥɭɱɚɟɬɫɹ ɦɟɧɶɲɢɦ, ɱɟɦ ɜ ɧɚɱɚɥɟ ɥɢɧɢɢ. 

ɋɨɝɥɚɫɧɨ ɉɍɗ, ɞɥɹ ɫɢɥɨɜɵɯ ɫɟɬɟɣ ɨɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɧɨɪɦɚɥɶ-
ɧɨɝɨ ɞɨɥɠɧɨ ɫɨɫɬɚɜɥɹɬɶ ɧɟ ɛɨɥɟɟ  ±5%. 

ɉɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ ɞɥɹ 
ɜɵɛɪɚɧɧɵɯ ɫɟɱɟɧɢɣ ɤɚɛɟɥɟɣ: 

 ∆ܷ = √ଷ∙𝐼 а˔˚∙௅ሺ௥̟ ˇ∙𝑐௢௦𝜑+௫˖ˇ∙௦𝑖௡𝜑ሻ𝑈ːˑˏ ∙ ͳͲͲ%,                                                 (3.8) 

 

ɝɞɟ:    ̟ݎ ˇ, 𝑥˖ˇ- ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɢ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɉɦ/ɦ; ܮ - ɞɥɢɧɚ ɥɢɧɢɢ, ɦ. 

ɉɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ:  

 

32 103  LrIP удpɚɚɫ ,                                                                             (3.9) 

 

 PW ,                                                                                               (3.10) 
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ɝɞɟ    𝜏 – ɜɪɟɦɹ ɩɨɬɟɪɶ, ɦɨɠɧɨ ɧɚɣɬɢ ɩɨ ɮɨɪɦɭɥɟ: 

 𝜏 = ሺͲ,ͳʹͶ + ௠ܶ௔௫ ∙ ͳͲ−ସሻଶ ∙ ܶ̂ ˑˇ,                                                         (3.11) 

ɝɞɟ    ܶ̂ ˑˇ = ͺ͹͸Ͳ ˚, 
௠ܶ௔௫ – ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɫɦɟɧ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ, ɭ ɧɚɫ ɞɜɭɯ-

ɫɦɟɧɧɨɟ ௠ܶ௔௫ = ͵ͷͲͲ˚. 𝜏 = ͳͻ͸ͺ˚. 
 

Ɍɚɛɥɢɰɚ 3.4 – ɉɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ. 
Ɍɪɚɫɫɚ Ⱦɥɢ

ɧɚ, 
ɦ 

Cos
φ 
 

Sin
φ 
 

Ʉɚɛɟɥɶ, ɩɪɨɜɨɞ 𝐼 а˔˚, 
Ⱥ 

∆ܷ, 
ȼ 

∆ܷ, 
% 

∆ܲ, 
ɤȼɬ 

ΔQ 
ɤȼȺɪ 

∆ܹ, 
ɤȼɬ*ɱ 

ɧɚɱɚɥ
ɨ 

ɤɨ-
ɧɟɰ 

R0, 
Ɉɦ/ɤ
ɦ 

ɏ0, 
Ɉɦ/ɤɦ 

ɋɟɱɟ-
ɧɢɟ 
ɠɢɥ  

Ɋɍ 
ɇɇ 

ȼɊɍ 38 0,78 0,62 0,37 0,0625 4ɯ50 147,17 
3,170

85 

0,834

43 

0,913

58 

0,154

32 
1797,92 

ȼɊɍ 
ɓɊ-
1 

53,6 0,78 0,62 7.4 0,116 5ɯ2,5 23,75 
12,88

526 

3,390

86 

0,671

19 

0,010

52 
1320,90 

ȼɊɍ 
ɓɊ-
2 

33,6 0,77 0,63 1,84 0,073 5ɯ10 41,96 
3,572

05 

0,940

01 

0,326

55 

0,012

96 
642,65 

ȼɊɍ 
Ɋɨ-
ɡɟɬɤ
ɢ 

44 0,78 0,6 7.4 0,116 3ɯ2,5 1,82 
0,810

25 

0,213

22 

0,003

24 

0,000

05 
6,37 

ȼɊɍ Ɍɪ-ɪ 44 0,8 0,63 12,3 0,126 3ɯ1,5 1,72 
1,300

25 

0,342

17 

0,004

80 

0,000

05 
9,45 

ȼɊɍ 1 11,2 0,8 0,6 0,74 0,0662 4ɯ25 88,55 
1,085

16 

0,285

57 

0,194

96 

0,017

44 
383,68 

ȼɊɍ 2 3 0,78 0,62 1,84 0,073 4ɯ10 44,65 
0,343

48 

0,090

39 

0,033

01 

0,001

31 
64,97 

ȼɊɍ 3 9 0,78 0,62 12,3 0,126 4ɯ1,5 1,75 
0,263

85 

0,069

44 

0,001

02 

0,000

01 
2,00 

ɓɊ-1 4 11,1 0,78 0,62 12,3 0,126 4ɯ1,5 1,75 
0,325

42 

0,085

64 

0,001

25 

0,000

01 
2,47 

ɓɊ-1 5 30,6 0,78 0,62 12,3 0,126 4ɯ1,5 1,75 
0,897

10 

0,236

08 

0,003

46 

0,000

04 
6,81 

ɓɊ-2 Ɋɨ-
ɡɟɬɤ
ɢ 

48 0,78 0,6 7.4 0,116 3ɯ2,5 1,82 

0,883

90 

0,232

61 

0,003

53 

0,000

06 
6,95 

ɓɊ-2 
Ɍɪ-ɪ 48 0,8 0,63 12,3 0,126 3ɯ1,5 1,72 

1,418

45 

0,373

28 

0,005

24 

0,000

05 
10,31 

ɓɊ-2 6 11,8 0,78 0,62 12,3 0,126 4ɯ1,5 1,75 
0,345

94 

0,091

04 

0,001

33 

0,000

01 
2,62 

ɓɊ-2 7 28,8 0,75 0,66 4.63 0,095 4ɯ4 31,81 
5,609

59 

1,476

21 

0,404

78 

0,008

31 
796,61 

ɓɊ-2 8 2 0,78 0,62 12,3 0,126 4ɯ1,5 5,06 
0,169

54 

0,044

61 

0,001

89 

0,000

02 
3,72 

ɓɊ-2 9 4 0,78 0,62 12,3 0,126 4ɯ1,5 5,06 
0,339

07 

0,089

23 

0,003

78 

0,000

04 
7,44 

ɓɊ-2 10 4 0,78 0,62 12,3 0,126 4ɯ1,5 5,06 
0,339

07 

0,089

23 

0,003

78 

0,000

04 
7,44 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.4 

ȼɊɍ 11 4,8 0,78 0,62 12,3 0,126 4ɯ1,5 5,06 
0,406

89 

0,107

08 

0,004

53 

0,000

05 
8,92 

ȼɊɍ 12 6,8 0,78 0,62 12,3 0,126 4ɯ1,5 5,06 
0,576

42 

0,151

69 

0,006

42 

0,000

07 
12,64 

ȼɊɍ 13 6,8 0,78 0,62 12,3 0,126 4ɯ1,5 5,06 
0,576

42 

0,151

69 

0,006

42 

0,000

07 
12,64 

ɓɊ-1 14 2,5 0,78 0,62 12,3 0,126 4ɯ1,5 5,06 
0,211

92 

0,055

77 

0,002

36 

0,000

02 
4,65 

ɓɊ-1 15 4,5 0,78 0,62 12,3 0,126 4ɯ1,5 5,06 
0,381

46 

0,100

38 

0,004

25 

0,000

04 
8,37 

ɓɊ-1 16 4,5 0,78 0,62 12,3 0,126 4ɯ1,5 5,06 
0,381

46 

0,100

38 

0,004

25 

0,000

04 
8,37 

ɓɊ-1 17 26,9 0,78 0,62 12,3 0,126 4ɯ1,5 5,06 
2,280

26 

0,600

07 

0,025

41 

0,000

26 
50,02 

ɓɊ-1 18 24,9 0,78 0,62 12,3 0,126 4ɯ1,5 5,06 
2,110

73 

0,555

45 

0,023

52 

0,000

24 
46,30 

ɓɊ-1 19 22,9 0,78 0,62 12,3 0,126 4ɯ1,5 5,06 
1,941

19 

0,510

84 

0,021

64 

0,000

22 
42,58 

 

3.6 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. ɉɪɨɜɟɪɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

 

Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɧɚɪɭɲɟɧɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɜ ɫɟɬɢ ɢɥɢ ɜ ɷɥɟɦɟɧɬɚɯ ɷɥɟɤɬɪɨɨɛɨ-

ɪɭɞɨɜɚɧɢɹ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ ɢɥɢ ɧɟ-

ɩɪɚɜɢɥɶɧɵɯ ɞɟɣɫɬɜɢɣ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɭɳɟɪɛɚ, 

ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɜɵɯɨɞɨɦ ɢɡ ɫɬɪɨɹ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɨɜ 

ɄɁ, ɚ ɬɚɤɠɟ ɞɥɹ ɛɵɫɬɪɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫɢ-

ɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɚɜɢɥɶɧɨ ɨɩɪɟɞɟɥɹɬɶ ɬɨɤɢ ɄɁ ɢ ɩɨ ɧɢɦ 

ɜɵɛɢɪɚɬɶ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ, ɡɚɳɢɬɧɭɸ ɚɩɩɚɪɚɬɭɪɭ (ɢɥɢ ɠɟ ɩɪɨɜɟɪɢɬɶ ɭɠɟ 

ɜɵɛɪɚɧɧɭɸ ɧɚ ɫɬɨɣɤɨɫɬɶ ɤ ɬɨɤɭ ɄɁ). 

Ɋɚɫɱɟɬ ɬɨɤɨɜ ɄɁ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɢ ɜ 

ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ. 
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Ɋɢɫɭɧɨɤ 3.1 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ 
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Ɋɢɫɭɧɨɤ 3.2 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ 

 

 Ɍɪɟɯɮɚɡɧɵɟ ɄɁ; 

Ɍɨɱɤɚ Ʉ1 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 ܴ˕ = ∆̱ܲ ˊ ∙ ቀ 𝑈ːːௌːˑˏ.˕ቁଶ ∙ ͳͲ଺ = ͹,͸ ∙ ቀ ଴,ସ଺ଷ଴ቁଶ ∙ ͳͲ଺ = ͵,Ͳ͸ ሺˏʝˏሻ,               (3.12) 

 𝑍˕ = ܷˍˊ ∙ 𝑈ːమːௌːˑˏ.˕ ∙ ͳͲସ = ͷ,ͷ ∙ ଴,ସమ଺ଷ଴ ∙ ͳͲସ = ͳ͵,ͻ͹ ሺˏʝˏሻ,                          (3.13) 
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Ƚɞɟ    ∆̱ܲ ˊ – ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ܷːː – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ ɧɢɡɤɨɣ ɫɬɨɪɨɧɵ; ܵːˑˏ.˕ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ܷˍˊ – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 

 ܺ˕ = √𝑍ଶ̞ − ܴଶ̞ = √ͳ͵,ͻ͹ଶ − ͵,Ͳ͸ଶ = ͳ͵,͸͵ሺˏʝˏሻ.                          (3.14) 

 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɄɅ Ʉ1: 

 ܴଵ = ݎ̱ ˎ ∙ ݈ = Ͳ,͵͹ ∙ ͵ͺ = ͳͶ,Ͳ͸ ሺˏʝˏሻ; 
 ଵܺ = ܺˍˎ ∙ ݈ = Ͳ,Ͳ͸ʹͷ ∙ ͵ͺ = ʹ,͵ͺ ሺˏʝˏሻ. 

 

Ƚɞɟ    ̱ݎ ˎ, ܺˍˎ – ɚɤɬɢɜɧɵɟ ɢ ɢɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ; ݈ – ɞɥɢɧɚ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ. 

 

ɋɭɦɦɚɪɧɨɟ ɚɤɬɢɜɧɨɟ ɢ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɤɪɨɦɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɰɟɯɨɜɨɝɨ ɬɪɚɧɫ-

ɮɨɪɦɚɬɨɪɚ, ɞɨɥɠɧɨ ɭɱɢɬɵɜɚɬɶ ɩɟɪɟɯɨɞɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɧɬɚɤɬɨɜ. Ⱦɥɹ 

ɷɬɨɝɨ ɜ ɪɚɫɱɟɬ ɜɜɨɞɢɦ ɞɨɛɚɜɨɱɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɤɥɸɱɚ-

ɬɟɥɹ, ɤɨɬɨɪɨɟ ɫɨɫɬɚɜɥɹɟɬ ܴ˓а˔˙ = Ͳ,͹Ͷ,  ܺ˓а˔˙ = Ͳ,ͷͷ, ܴˍ.˔ = Ͳ,͸ͷ (ɦɈɦ) ɷɬɢ ɡɧɚ-

ɱɟɧɢɹ ɞɥɹ ɤɚɠɞɨɝɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɜɵɛɢɪɚɟɦ ɢɡ ɬɚɛɥɢɰɵ [3, 

ɉ2.7 ɫ. 546]. 

 ܴˇˑ˒ଵ = ܴ˓а˔˙ + ܴˍ.˔ = Ͳ,͹Ͷ + Ͳ,͸ͷ = ͳ,͵ͻ ሺˏʝˏሻ                            (3.15) 

 𝛴ܺଵ = ଵܺ + ܺ˕ + ܺ˓а˔˙ = ʹ,͵ͺ + ͳ͵,͸͵ + Ͳ,ͷͷ = ͳ͸,ͷ͸ሺˏʝˏሻ.       (3.16) 

 ܴ𝛴ଵ = ܴଵ + ܴ˕ + ܴˇˑ˒ଵ ∙ ʹ = ͳͶ,Ͳ͸ + ͵,Ͳ͸ + ʹ,͹ͺ = ͳͻ,ͻ ሺˏʝˏሻ.   (3.17) 
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Ɍɨɤ ɄɁ: 

 𝐼 ଵሺଷሻ = 𝑈ːː∙ଵ଴య√ଷ∙√ோ𝛴మ+𝑋𝛴మ = ଴,ସ∙ଵ଴య√ଷ∙√ଵଽ,ଽమ+ଵ଺,ହ଺మ = ͺ,ͻʹ ሺˍАሻ.                                (3.18) 

 

Ɍɨɱɤɚ Ʉ2: 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɄɅ Ʉ2: 

 ܴଶ = ݎ̱ ˎ ∙ ݈ = ͹,Ͷ ∙ ͷ͵,͸ = ͵ͻ͸,͸Ͷ ሺˏʝˏሻ; 
 ܺଶ = ܺˍˎ ∙ ݈ = Ͳ,ͳͳ͸ ∙ ͷ͵,͸ = ͸,ʹʹ ሺˏʝˏሻ. 

 ܴˇˑ˒ଶ = ܴ˓а˔˙ + ܴˍ.˔ = ͷ + ͷ = ͳͲ ሺˏʝˏሻ                          

 𝛴ܺଶ = 𝛴ܺଵ + ܺଶ + ܺ˓а˔˙ = ͳ͸,ͷ͸ + ͸,ʹʹ + ͳͲ = ͵ʹ,͹ͺ ሺˏʝˏሻ.       
 ܴ𝛴ଶ = ܴ𝛴ଵ + ܴଶ + ܴˇˑ˒ଶ ∙ ʹ = ͳͻ,ͻ + ͵ͻ͸,͸Ͷ + ʹͲ = Ͷ͵͸,ͷͶ ሺˏʝˏሻ.    
         

Ɍɨɤ ɄɁ: 

 𝐼 ଵሺଷሻ = 𝑈ːː∙ଵ଴య√ଷ∙√ோ𝛴మ+𝑋𝛴మ = ଴,ସ∙ଵ଴య√ଷ∙√ସଷ଺,ହସమ+ଷଶ,଻଼మ = Ͳ,ͷ͵ ሺˍАሻ.                           
 

Ɍɨɱɤɚ Ʉ3: 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɄɅ Ʉ3: 

 ܴଷ = ݎ̱ ˎ ∙ ݈ = ͳ,ͺͶ ∙ ͵Ͳ,Ͷ = ͷͷ,ͻͶ ሺˏʝˏሻ; 
 ܺଷ = ܺˍˎ ∙ ݈ = Ͳ,Ͳ͹͵ ∙ ͵Ͳ,Ͷ = ʹ,ʹʹ ሺˏʝˏሻ. 
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ܴˇˑ˒ଷ = ܴ˓а˔˙ + ܴˍ.˔ = ͷ,ͷ + ͳ,͵ = ͸,ͺ ሺˏʝˏሻ                             

 𝛴ܺଷ = 𝛴ܺଵ + ܺଷ + ܺ˓а˔˙ = ͳ͸,ͷ͸ + ʹ,ʹʹ + ʹ,͹ = ʹͶ,Ͷͺ ሺˏʝˏሻ.        
 ܴ𝛴ଷ = ܴ𝛴ଵ + ܴଷ + ܴˇˑ˒ଷ ∙ ʹ = ͳͻ,ͻ + ͷͷ,ͻͶ + ͳ͵,͸ = ͺͻ,ͶͶሺˏʝˏሻ.        
         

 

Ɍɨɤ ɄɁ: 

 𝐼 ଵሺଷሻ = 𝑈ːː∙ଵ଴య√ଷ∙√ோ𝛴మ+𝑋𝛴మ = ଴,ସ∙ଵ଴య√ଷ∙√଼ଽ,ସସమ+ଶସ,ସ଼మ = ʹ,Ͷͻ ሺˍАሻ.                           
 

ɉɪɨɞɨɥɠɢɦ ɪɚɫɱɟɬ ɬɪёɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɩɨ ɬɨɱɤɚɦ Ʉ4-Ʉ12 

ɚɧɚɥɨɝɢɱɧɵɦ ɫɩɨɫɨɛɨɦ ɢ ɫɜɟɞɟɦ ɡɧɚɱɟɧɢɹ ɜ ɬɚɛɥɢɰɭ…. 

 

Ɍɚɛɥɢɰɚ 3.5– Ɋɚɫɱɟɬ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ 

№ 
ɗɉ 

Rɞɨɩ,ɦɈɦ Xɪɚɫɰ,ɦɈɦ Rɫɭɦ,ɦɈɦ Xɫɭɦ,ɦɈɦ L,ɦ Iሺ̱ଷሻ,ɤȺ 

1 2,05 0,83 30,24 18,13 11,2 6,55 
2 6,8 2,7 32,22 19,48 3 6,13 
3 310 530 440,60 547,69 9 0,33 
4 310 530 883,07 564,18 11,1 0,22 
6 310 530 544,58 555,97 11,8 0,30 
7 10 10 232,78 37,22 28,8 0,98 
10 56 80 194,64 104,98 4 1,04 

 11 56 80 134,94 97,16 4,8 1,39 
19 56 80 774,21 115,67 22,9 0,30 

 

 Ɉɞɧɨɮɚɡɧɵɟ ɄɁ: 

 ɉɪɢ ɪɚɫɱɟɬɟ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɫɨɫɬɚɜɥɹɸɬɫɹ ɬɪɢ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ - ɩɪɹ-

ɦɨɣ, ɨɛɪɚɬɧɨɣ ɢ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. 

 Ɍɨɤ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 𝐼 ଵሺଵሻ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 𝐼 ଵሺଵሻ = ܷːːː√͵ ∙ 𝑍Σሺଵሻ                                                                                                ሺ͵.ͳͻሻ 
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   𝑍Σሺଵሻ = ଵଷ √ሺʹܴଵΣ + ܴ଴Σሻଶ ∙ ሺʹ ଵܺΣ + ܺ଴Σሻଶ                                             (3.20) 

 

Ƚɞɟ    ܴଵΣ, ଵܺΣ – ɫɭɦɦɚɪɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 

 ܴ଴Σ, ܺ଴Σ – ɫɭɦɦɚɪɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 

 

 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɹɦɨɣ ɢ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 

ɩɪɢ ɫɨɟɞɢɧɟɧɢɢ ɨɛɦɨɬɨɤ / ɪɚɜɧɵ ɞɪɭɝ ɞɪɭɝɭ. Ⱥ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨ-

ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɜɨɡɶɦёɦ ɢɡ ɬɚɛɥɢɰɵ [3 ɉ2.4]. 

 Ɍɨɱɤɚ Ʉ1: 

 Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɥɹ ɤɚɛɟɥɶɧɨɣ 

ɥɢɧɢɢ.  

 ܴ଴ˍˎଵ = ଴ݎ ∙ ݈ = ͳ,Ͷͺ ∙ ͵ͺ = ͷ͸,ʹͶ ሺˏʝˏሻ; 
 ܺ଴ˍˎଵ = ܺ଴ ∙ ݈ = Ͳ,ʹͷ ∙ ͵ͺ = ͻ,ͷ ሺˏʝˏሻ. 
 𝛴ܺ଴ଵ = ܺ଴ˍˎ + ܺ଴˕˓ + ܺ˓а˔˙ = ͻ,ͷ + ͳ͵,͹ + Ͳ,ͷͷ = ʹ͵,͹ͷ ሺˏʝˏሻ.     
 ܴ𝛴଴ଵ = ܴ଴ˍˎ + ܴ଴˕˓ + ܴˇˑ˒ଵ ∙ ʹ = ͷ͸,ʹͶ + ͵,Ͳ͸ + ʹ,͹ͺ = ͸ʹ,Ͳͺሺˏʝˏሻ.         

 

 Ɉɩɪɟɞɟɥɢɦ 𝑍Σଵሺଵሻ ɩɨ ɮɨɪɦɭɥɟ (3.20) 

  𝑍Σଵሺଵሻ = ͳ͵ √ሺʹ ∙ ͳͻ,ͻ + ͸ʹ,Ͳͺሻଶ + ሺʹ ∙ ͳ͸,ͷ͸ + ʹ͵,͹ͷሻଶ = ͵ͺ,ͻ ሺˏʝˏሻ 

 𝐼 ଵሺଵሻ = ͶͲͲ√͵ ∙ ͵ͺ,ͻ = ͷ,ͻ͵ ሺˍАሻ 
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Ɍɨɱɤɚ Ʉ2: 

 Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɥɹ ɤɚɛɟɥɶɧɨɣ 

ɥɢɧɢɢ.  

 ܴ଴ˍˎଶ = ଴ݎ ∙ ݈ = ʹͻ,͸ ∙ ͷ͵,͸ = ͳͷͺ͸,͸ ሺˏʝˏሻ; 
 ܺ଴ˍˎଶ = ܺ଴ ∙ ݈ = Ͳ,Ͷ͸Ͷ ∙ ͷ͵,͸ = ʹͶ,ͺ͹ሺˏʝˏሻ. 
 𝛴ܺ଴ଶ = 𝛴ܺ଴ଵ + ܺ଴ˍˎଶ + ܺ˓а˔˙ = ʹ͵,͹ͷ + ʹͶ,ͺ͹ + ͳͲ = ͷͻ,͸ʹሺˏʝˏሻ.       
(17.20) 

 ܴ𝛴଴ଶ = ܴ𝛴଴ଵ + ܴ଴ˍˎଶ + ܴˇˑ˒ଶ ∙ ʹ = ͸ʹ,Ͳͺ + ͳͷͺ͸,͸ + ʹͲ = ͳ͸͸ͺ,͹ሺˏʝˏሻ.         
 

 Ɉɩɪɟɞɟɥɢɦ 𝑍Σଶሺଵሻ. 
  𝑍Σଶሺଵሻ = ͳ͵ √ሺʹ ∙ Ͷ͵͸,ͷͶ + ͳ͸͸ͺ,͹ሻଶ + ሺʹ ∙ ͵ʹ,͹ͺ + ͷͻ,͸ʹሻଶ= ͺͶͺ,ʹͺ ሺˏʝˏሻ 

 𝐼 ଶሺଵሻ = ͶͲͲ√͵ ∙ ͺͶͺ,ʹͺ = Ͳ,ʹ͹ ሺˍАሻ 

 

Ɍɨɱɤɚ Ʉ3: 

Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɥɹ ɤɚɛɟɥɶɧɨɣ 

ɥɢɧɢɢ.  

 ܴ଴ˍˎଷ = ଴ݎ ∙ ݈ = ͹,͵͸ ∙ ͵͵,͸ = ʹͶ͹,͵ ሺˏʝˏሻ; 
 ܺ଴ˍˎଷ = ܺ଴ ∙ ݈ = Ͳ,ʹͻʹ ∙ ͵͵,͸ = ͻ,ͺሺˏʝˏሻ. 
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𝛴ܺ଴ଷ = 𝛴ܺ଴ଵ + ܺ଴ˍˎଷ + ܺ˓а˔˙ = ʹ͵,͹ͷ + ͻ,ͺ + ʹ,͹ = ͵͸,ʹͷሺˏʝˏሻ.       
(17.20) 

 ܴ𝛴଴ଷ = ܴ𝛴଴ଵ + ܴ଴ˍˎଷ + ܴˇˑ˒ଷ ∙ ʹ = ͸ʹ,Ͳͺ + ʹͶ͹,͵ + ͳ͵,͸ =͵ʹʹ,ͻͺሺˏʝˏሻ.         
 

 Ɉɩɪɟɞɟɥɢɦ 𝑍Σଷሺଵሻ. 
  𝑍Σଷሺଵሻ = ͳ͵ √ሺʹ ∙ ͺͻ,ͶͶ + ͵ʹʹ,ͻͺሻଶ + ሺʹ ∙ ʹͶ,Ͷͺ + ͵͸,ʹͷሻଶ = ͳ͸ͻ,͹ ሺˏʝˏሻ 

 𝐼 ଷሺଵሻ = ͶͲͲ√͵ ∙ ͳ͸ͻ,͹ = ͳ,͵͸ ሺˍАሻ 

 

Ⱦɚɥɶɧɟɣɲɢɣ ɚɧɚɥɨɝɢɱɧɵɣ ɪɚɫɱɟɬ ɬɨɱɟɤ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚ-

ɧɢɹ ɩɪɨɞɨɥɠɢɦ ɜ ɬɚɛɥɢɰɟ (3.6). 

Ɍɚɛɥɢɰɚ 3.6 – Ɋɚɫɱɟɬ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 

№ 
ɗɉ 

Rɞɨɩ,ɦɈɦ Xɪɚɫɰ,ɦɈɦ Rɫɭɦ0,ɦɈɦ Xɫɭɦ0,ɦɈɦ 𝑍Σଷሺଵሻ,ɦɈɦ L,ɦ Iሺ̱ଵሻ,ɤȺ 

1 2,05 0,83 33,15 2,97 170,17 11,2 1,36 
2 6,8 2,7 22,08 0,88 168,95 3 1,37 
3 310 530 442,80 4,54 2368,82 9 0,10 
4 310 530 546,12 5,59 4624,18 11,1 0,05 
6 310 530 580,56 5,95 2852,84 11,8 0,08 
7 10 10 533,38 10,94 1338,41 28,8 0,17 
10 56 80 196,80 2,02 1019,35 4 0,23 

 11 56 80 236,16 2,42 692,69 4,8 0,33 
19 56 80 1126,68 11,54 4416,39 22,9 0,05 

 

 ɉɪɨɜɟɪɤɚ ɧɚ ɨɬɤɥɸɱɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟ-
ɧɢɸ: 

 𝐼 ˕ˍˎ ൒ √ʹ𝐼∞ሺଷሻ,                                                                                        (3.21) 
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Ɍɚɛɥɢɰɚ 3.7 – ɉɪɨɜɟɪɤɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ. 

ɇɨɦɟɪ ɗɉ Ɇɚɪɤɚ ȼȺ Iɤɡ(3), ɤȺ 
ɉɪɟɞɟɥɶɧɚɹ ɨɬɤ.ɫɩɨ-

ɫɨɛɧɨɫɬɶ, ɤȺ 
ȼɊɍ ȼȺ-99ML 8.92 18 
ɓɊ-1 ȼȺ 47-100 0.53 10 
ɓɊ-2 ȼȺ 47-100 2.49 10 

1 ȼȺ 47-100 6,55 10 
2 ȼȺ 47-100 6,13 10 
3 ȼȺ 47-63 0,33 4,5 
4 ȼȺ 47-63 0,22 4,5 
6 ȼȺ 47-63 0,30 4,5 
7 ȼȺ 47-100 0,98 10 
10 ȼȺ 47-63 1,04 4,5 
11 ȼȺ 47-63 1,39 4,5 
19 ȼȺ 47-63 0,30 4,5 

 

ɉɪɨɢɡɜɟɞɟɦ ɩɪɨɜɟɪɤɭ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 

ɧɚ ɥɢɧɢɹɯ ɤ ɨɞɧɨɮɚɡɧɵɦ ɄɁ ɩɨ ɭɫɥɨɜɢɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ: 

 
(1)
ɄɁ

ɪɰ.ɧɨɦ

I
3.

I
                                                                                                 (3.22) 

 
Ɍɚɛɥɢɰɚ 3.8 – ɉɪɨɜɟɪɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɚɜɬɨɦɚɬɨɜ ɤ ɨɞɧɨɮɚɡɧɵɦ ɄɁ. 

ɇɨɦɟɪ 
ɗɉ 

Ɇɚɪɤɚ ȼȺ 

ɉɪɟɞɟɥɶ-
ɧɚɹ 

ɨɬɤ.ɫɩɨɫɨɛ-
ɧɨɫɬɶ, ɤȺ 

Iɧɨɦ.ɪɚɫɰ., 
Ⱥ 

Iɤɡ(1), ɤȺ Iɤɡ(1)/ Iɧɨɦ.ɪɚɫɰ. 

ȼɊɍ ȼȺ-99ML 18 160 5,93 37,06 
ɓɊ-1 ȼȺ 47-100 10 25 0,27 10,8 
ɓɊ-2 ȼȺ 47-100 10 50 1,36 27,2 

1 ȼȺ 47-100 10 100 1,36 13,6 
2 ȼȺ 47-100 10 50 1,37 27,4 
3 ȼȺ 47-63 4,5 2,5 0,10 40 
4 ȼȺ 47-63 4,5 2,5 0,05 20 
6 ȼȺ 47-63 4,5 2,5 0,08 32 
7 ȼȺ 47-100 10 32 0,17 5,31 
10 ȼȺ 47-63 4,5 6 0,23 38,33 
11 ȼȺ 47-63 4,5 6 0,33 55 
19 ȼȺ 47-63 4,5 6 0,05 8,33 
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ɁȺɄɅɘɑȿɇɂȿ 
 

Ɋɟɡɭɥɶɬɚɬɨɦ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɪɨɟɤɬ ɫɢɫɬɟɦɵ ɷɥɟɤ-

ɬɪɨɫɧɚɛɠɟɧɢɹ ɛɨɤɫɚ ɌɈ Ȼɟɥɚɡɨɜ. Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɩɪɨɟɤɬɢɪɨɜɚɥɚɫɶ ɫ ɭɱɟɬɨɦ 

ɫɚɦɵɯ ɫɨɜɪɟɦɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ.  

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɧɚ 

ɫɢɥɨɜɵɯ ɩɭɧɤɬɚɯ ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɟɞɟɧ ɜɵɛɨɪ ɤɚɛɟɥɟɣ ɢ ɚɩɩɚɪɚ-

ɬɨɜ ɡɚɳɢɬɵ. Ʉɚɛɟɥɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɬɢɩɚ ȼȼɇɧɝ, ɚ ɚɜɬɨɦɚɬɵ ȼȺ-99 ML, ȼȺ 47-

63, ȼȺ 47-100 ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɤɨɦɩɚɧɢɢ EKF. 

ɉɪɨɜɟɞɟɧɵ ɫɜɟɬɨɬɟɯɧɢɱɟɫɤɢɣ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬɵ ɨɫɜɟɳɟ-

ɧɢɹ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɜɵɛɪɚɧɵ ɬɢɩɵ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɜɟɬɢɥɶɧɢɤɨɜ ɢ ɫɟ-

ɱɟɧɢɟ ɤɚɛɟɥɟɣ ɜ ɫɢɫɬɟɦɟ ɨɫɜɟɳɟɧɢɹ. ȼ ɩɪɨɟɤɬɟ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɬɚɤɠɟ ɚɜɚɪɢɣ-

ɧɨɟ ɨɫɜɟɳɟɧɢɟ. 

ȼɫɟ ɤɨɦɦɭɬɚɰɢɨɧɧɨ-ɡɚɳɢɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɪɨɜɟɪɟɧɨ ɧɚ ɨɬɤɥɸɱɚɸ-

ɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨ ɬɨɤɭ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ ɱɭɜɫɬɜɢɬɟɥɶ-

ɧɨɫɬɶ ɤ ɨɞɧɨɮɚɡɧɵɦ ɤɨɪɨɬɤɢɦ ɡɚɦɵɤɚɧɢɹɦ.  
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